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CITATION NOTICE 

This volurae contains the abstracts of papers presented at the 
Twenty-Ninth Annual Conference on Mass Spectrometry and Allied Topics, 
held in Minneapolis, Minnesota, May 24-29, 1981. It is intended that 
this volume be distributed only to members of ASMS and non-meraber 
registrants of the.conference and, therefore, it should not be considered 
a publication. It is requested that any reference to individual reports 
be cited in the following forra: "Author(s); presented at the 29th Annual 
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May 24-29, 1981." 



INTRODUCTION 

The "Bound Volume" of ASMS is the official record of the society, 
containing not only the abstracts of papers presented at the Annual 
Conference on Mass Spectrometry and Allied Topics, but also'reports of 
workshops, standing and ad hoc coramittees, special reports (such as the 
Salary Survey which appears in this volurae), minutes of business meetings 
and other matters of interest to the membership. There having been no 
substantive changes in the Constitution and By-Laws of ASMS, these are 
not reprodutred in the present volume; they appear in the 1980 Bound 
Volume. 

As retiring editor, I want to thank all the contributors for the 
care that went into preparing their abstracts and for adherence to the 
deadlines. Particular thanks are due Henry Fales, Secretary of the 
Society, and the committee and workshop chairpersons, whose reports had 
to be prepared in the very short time between the end of the ASMS meet
ing and press deadline. 

Special thanks go to ASTM, and particularly Robert Meltzer and 
Bruce Vieth, which for the second year is handling the printing and dis- . 
tribution of the Bound Volume, after having done such a fantastically 
fine job with the 1980 volume. 

The deepest expression of gratitude, however, is reserved for Mrs. 
Judith Watson of the newly formed ASMS office. It was she who, for the 
first time, assembled the many contributions and added the remaining items 
needed to transforra huge stacks of separate sheets of paper into the 
volume you are now reading. With Judith doing so much and doing it so 
well, the job of Editor this year became downright easy. 

Wade L. Fite, Editor 
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President Burnaby Munson, Department of Chemistry, University of 
Delaware, Newark, DE 19711 

Vice President Catherine C. Fenselau, Department of Pharmacology, Johns 
(Programs) Hopkins University, 725 N. Wolfe Street, Baltimore, MD 21205 

Vice President W. Alan Wolstenholme, VG Instruments, 13840 West Oak Glen 
(Arrangements) Road, Valley Center, CA 92082 

Secretary Henry M. Fales, National Institutes of Health, Building 10, 
Room 7N322, Bethesda, MD 20205 

Treasurer Margaret A. Frisch, IBM, Thomas J. Watson Research Center, 
PO Box 218, Yorktown Heights, NY 10598 

Chairman Mynard Hamming, Conoco, Inc., Research and Development, 
ASTM E-14 Ponca City, OK 74601 

Directors- Wade L. Fite, Extranuclear Laboratories, Inc., PO Box 11512, 
at-Large Pittsburgh, PA 15238 

J. Throck Watson, Department of Biochemistry, Michigan 
State University, East Lansing, MI 48824 

Past President James A. McCloskey, Department of Medicinal Chemistry, 
University of Utah, Salt Lake City, UT 84112 

ASMS Office Judith Watson, PO Box 1508, East Lansing, MI 48823 



The American Society for Mass Spectrometry is grateful to the following 
corporate members and sponsors for their support of the 1980 Conference. 

BALZERS 
8 Sagamore Park Road 
Hudson, NH 03051 
*Dr. Philip Irving 

HEYDEN & SON, INC. 
247 South 41st Street 
Philadelphia, PA 19104 
*Mr. Joel Packman 

R. J. BRUNFELDT CO. 
P. O. Box 3636 
Bartlesville, OK 74003 

INFICON LEYBOLD-HERAUS 
6500 Fly Road 
East Syracuse, NY 13057 
.*Mr. Russ Carr 

COMMERCIAL TESTING/ENGINEERING 
4 90 Orchard Street 
Golden, CO 80401 
*Mr. M. L. Jacobs 

JEOL, LTD/USA 
235 Birchwood Avenue 
Cranford, NJ 07016 
*Mr. R. S. Martin 

CORNELL UNIVERSITY 
G-24 Uris Hall 
Ithaca, NY 14853 
*Mr. Dan Bartholomew 

KOR ISOTOPES, INC. 
56 Rogers Street 
Cambridge, MA 02142 
*Mr. Joel Bradley 

CVC, INC. 
52 5 Lee Road 
P. O. Box 1886 
Rochester, NY 14603 
*Mr. Larry Gilbert 

KRATOS SCIENTIFIC INSTRUMENTS 
24 Booker Street 
Westwood, NJ 07675 
*Mr. C. H. Benney 

EXTRANUCLEAR LABORATORIES, 
100 Beta Drive 
P. O. Box 11512 
Pittsburgh, PA 15238 
*Mr. Michael McKeown 

INC. MERCK & CO./ISOTOPES 
P. 0. Box' 2000 
Rahway, NJ 07 065 
*Dr. S. P. Manrao 

FINNIGAN CORPORATION 
845 West Maude Avenue 
Sunnyvale, CA 94086 
*Mr. Michael Story 

NIH/EPA CIS . 
EPA, PM-218 
Washington, DC 20460 
*Dr. Steve Heller 

FINNIGAN INSTITUTE 
11 Triangle Park Drive 
Cincinnati, OH 45246 
*Dr. Don Dejongh 

GALILEO ELECTRO-OPTICS 
Galileo Park 
Sturbridge, MA 01518 
*Mr. P. W. Graves 

NICOLET INSTRUMENT CORPORATION 
522 5 Verona Road 
Madison, WI 53711 
*Mr. J. J. Christenson 

NUCLIDE CORPORATION 
642 East College Avenue 
State College, PA 16801 
*Mr. L. F. Herzog 

HEWLETT PACKARD 
1601 California Avenue 
Palo Alto, CA 94304 
*Dr. James Serum 

PERGAMON PRESS 
Maxwell House 
Pairview Park 
Elmsford, NY 10523 
*Ms. Dawn Cusumano 



PERNICKA CORPORATION 
450 East Middlefield Road 
Mountain View, CA 94 04 3 
*Mr. J. C. Pernicka 

RDS/NERMAG, INC. 
3064 Scott Blvd. 
Santa Clara, CA 95050 
*Mr. David Sparknian 

SCIENTIFIC GLASS ENGINEERING 
2 007 Kramer Lane 
Austin, TX 78758 
*Mr. K. O. Mahler 

SCIEX, INC. 
55 Glencameron Road, Suite 202 
Thornhill, Ontario L3T 1P2 
CANADA 
*Dr. A. Lovett 

SHRADER ANALYTICAL LABORATORIES 
3450 Lovett Avenue 
Detroit, MI 48210 
Dr. S. R. Shrader 

TEKNIVENT CORPORATION 
10774 Trenton Avenue 
St. Louis, MO 63132 
*Mr. P. F. Berger 

UTI INSTRUMENTS CO. 
325 North Mathilda Avenue 
Sunnyvale, CA 94 086 
*Mr. S. Dahle-Fuller 

VACUMETRICS, INC. 
2261 Palma Drive 
Ventura, CA 93003 
*Mr. G. Peele 

VG INSTRUMENTS 
58 Buckingham Drive 
Stamford, CT 06902 
*Mr. G. L. Kearns 

•Representative 



PROCEEDINGS OF THE TVfENTY-NINTH ANNUAL CONFERENCE 

PLENARY LECTURES 

THE ISOTOPIC RECORD OF PRECAMBRIAN EVOLUTION 
J.M. Hayes 

LASER MULTIPHOTON IONIZATION: WRITING AN OPTICAL SIGNATURE ON MASS 
SPECTROMETRY 

Richarti N. Zare 

INTRODUCTORY LECTURE 

BASICS OF m'DROGEN REARRANGEMENTS IN ELECTRON IMPACT MASS SPECTRA 
Maurice M. Bursey 3 

GAS CHROMATOGRAPHY/MASS SPECTROMETRY 

CURRENT DEVELOPMENT IN TRIPLE STAGE QUADRUPOLE GC/MS/DS 
Michael S. Story, Urs Steiner, Charles A. Boicnott, Steve Sokolow, 
Mark Weiss and John R.B. Slayback 4 

GAS CHROMATOGRAPHY-FOURIER TRANSFORM MASS SPECTROMETRY (GC/FTMS) 
Robert L. White, E.B. LetJforiJ, Jr., C.L. Wilkins, anti M.L. Gross 5 

HIGH PRESSURE GC/MS USING 40 Dm POROUS LAYER BEAD SMALL PARTICLE 
PACKED COLUMNS 

Paul Vouros B.L. Karger and D.A. Lewis 7 

A FUSED-SILICA OPEN-SPLIT INTERFACE FOR CAPILLARY COLUMN GAS 
CHROMATOGRAPHY-MASS SPECTROMETRY 

Christine N. Kenyon and Paul C. Goodley 9 

ISOTOPE CLUSTER CHROMATOGRAPHY AND ITS USE IN DRUG METABOLISM STUDIES 
Robert J. Anderegg 11 

DIETHYLSILYL ETHER DERIVATIVES IN GAS CHROMATOGRAPHY AND GAS 
CHROMATOGRAPHY-MASS SPECTROMETRY OF HYDROXYPREGNANES 

Hiroshl Miyazaki, Masataka Ishibashi, Kouwa Yamashita, and 
Toshihlro Nlshlna 13 

GC/MS OF TRICHOTHECENE HEPTAFLUOROBUTYRATES AND APPLICATION TO 
GRAIN ANALYSIS 

P.-Y. Lau, P.M. Scott, and S.R. Kanhere 15 

ANALYSIS OF TRICHOTHECENES USING CHEMICAL IONIZATION MASS SPECTROSCOPY 
J.M. Rothberg, J.L. MacDonald, J.C. Swims, and T.R. Romer 17 

PRECISION AND ACCURACY IN A LARGE MULTI-LABORATORY ENVIRONMENTAL 
SURVEY USING GC/MS 

William L. Budde 19 

CHARACTERIZATION OF HYDROCARBON EMISSIONS FROM VEHICLES ON THE ROAD 
CV. Hampton, W.R. Plerson, T.M. Harvey, W.S. Updegrove, R.S. Marano, 
and D. Schuetzle 20 



IONIZATION PROCESSES AND ORGANIC MECHANISMS 

RESONANCE ENCHANCED MULTIPHOTON IONIZATION AND FRAGMENTATION OF 
POLYATOMIC MOLECULES 

Thomas E. Carney and Thomas Baer 22 

THE ROLE OF THERMALLY PRODUCED IONS IN MASS SPECTROMETRIC 
DESORPTION METHODS 

Robert J. Cotter and Alfred L. Yergey 23 

ION FORMATION FROM ORGANIC SOLIDS BY LASER OR SWIFT ION IRRADIATION, 
RELATED TO THEIR ACIDITY AND BASICITY SCALE 

Franz R. Krueger 25 

LASER DESORPTION MS/MS OF SUCROSE AND THE MECHANISM OF DESORPTION 
IONIZATION 

Don Zakett, Alan E. Schoen, R. Graham Cooks, and Philip H. Hemberger .. 27 

LASER IONIZATION MASS SPECTROMETRY OF NONVOLATILE MOLECULES 
E.D. Hardin and M.L. Vestal ". . 29 

MECHANISMS IN MOLECULAR SIMS AND OTHER FORMS OF DESORPTION IONIZATION (DI) 
K.L. Busch, S.E. Unger, and R.G. Cooks 30 

32 

EFFECT OF ENERGETIC ELECTRONS ON BREAKDOWN GRAPHS DETERMINED BY THRESHOLD 
PHOTOELECTRON-COINCIDENT PHOTOION (TPE-CPI) MASS SPECTROMETRY 

J. Gilman, T. Hsieh, and G.G. Meisels 

COINCIDENCE SPECTROMETRY YIELDS AN ENERGETIC MODEL FOR THE STEREOSELECTIVE 
ELIMINATION OF ACETIC ACIU IN MASS SPECTROMETERS 

Mark M. Green, Richard McCIuskey, and Jurgen Vogt 34 

PARA-ISOTOLUENE: A NEW ENTRY INTO THE C H '*'/C H ""̂  SYSTEM 
J.J. Gajewski and J.E. Bartmess 37 

CHEMICAL PROPERTIES OF THE GAS-PHASE BENZVALENE RADICAL CATION AND OTHER 
SELECTED C,H, RADICAL CATIONS 

D.L. Miller and M.L. Gross 38 

FRAGMENTATION OF THE 2-METHYL-2-PENTENE AND 4-MEIHYL-2-PENTENE 
MOLECULAR IONS 

A.G. Harrison and K.R. Laderoute 40 

SYMPOSIUM: HIGH TEMPERATURE MASS SPECTROMETRY 

SOME NEW DEFINITIONS OF HIGH TEMPERATURE MASS SPECTROMETRY 
Richard F. Porter 42 

THERMODYNAMIC STUDIES AT HIGH TEMPERATURES BY THE MASS SPECTROMETRIC 
KNUDSEN CELL METHOD 

J. Drowart 43 

ION BEAM AND ION CYCLOTRON RESONANCE STUDIES OF HIGH TEMPERATURE SPECIES 
J. L. Beauchamp, P.B. Armentrout and L.F. Halle 46 



MASS SPECTROMETRIC STUDIES OF COMBUSTION PROCESSES 
Fred J. Kohl 47 

PHOTODETACHMENT SPECTROSCOPY 
W.C. Lineberger 48 

SYMPOSIUM: HIGH RESOLUTION GCMS IN ENVIRONMENTAL CHEMISTRY AND BIOCHEMISTRY 

CHIRAL CAPILLARY ANALYSIS OF ̂ REE AND PHOSPHORYLATED CARBOHYDRATES 
William R. Sherman and Alan L. Leavitt 49 

THE APPLICATION OF HIGH RESOLUTION GAS CHROMATOGRAPHY/HIGH RESOLUTION 
MASS SPECTROMETRY TO ENVIRONMENTAL ANALYSIS 

J.R. Hass, T.W. Cochran, andM.-J. Bobenrieth 50 

ADVANTAGES OF THICK FILM CAPILLARY COLUMNS IN VACUUM OUTLET GC/MS 
P.A. Leclercq, G.J. Scherpenzeel and C.A. Cramers 51 

POLYCHLORODIBENZODIOXINS AND POLYCHLORODIBENZOFURANS IN 
ENVIRONMENTAL SAMPLES 

H.R. Buser 54 

HIGH RESOLUTION GAS CHROMATOGRAPHY-NEGATIVE CHEMICAL IONIZATION MASS 
SPECTROMETRY OF INDOLEAMINES 

P.L. Taylor and S.P. Markey 55 

APPLICATION OF CAPILLARY COLUMN GCMS WITH LOW RESOLUTION ACCURATE MASS 
MEASUREMENT TO THE ANALYSIS OF HUMIC ACID DEGRADATION PRODUCTS 

D.S. Millington and D. Norwood 59 

ORGANIC PROCESSES/FOSSIL & SYNTHETIC FUELS 

MASS SPECTROMETRIC OBSERVATIONS OF THE OXIDATIVE FATE OF CARBON COMPOUNDS 
OVER HEATED COPPER (II) OXIDE 

George M. Wood, Billy T. Upchurch, Ronald F. Hoyt, PatrlclaA. Paulln, 
and Edwin L. Wildner 63 

GAS PHASE NITRATION AND NITROSATION OF AROMATIC RADICAL CATIONS 
Robert J. Schmidt, D.S. Ross, and S.E. Buttrill, Jr 65 

ANALYSIS OF COAL LIQUIDS 
Thomas Aczel ' 67 

STRATEGIES FOR THE IDENTIFICATION OF GENOTOXIC CONSTITUENTS IN 
HEAVY-END COAL LIQUIDS 

Bary W. Wilson, Richard A. Pelroy, Milton L. Lee, and Douglas W. Later . 69 

PYROPROBE/GC/MS ANALYSIS OF SELECTED COALS 
R.J. Pancirov and T.R. Ashe 71 

CHARACTERIZATION OF POLYCYCLIC AROMATIC HYDROCARBONS IN SOLVENT REFINED 
COAL AND DIESEL PARTICULATES BY MASS SPECTROMETRY/MASS SPECTROMETRY 

Karl V. Wood, J.D. Clupek, D. Zakett and R.G. Cooks 72 

NON-CONVENTIONAL USES OF GC/MS IN THE ANALYSIS OF REFINERY STREAMS 
AND SYNFUELS 

S.G. Colgrove and Thomas Aczel 73 



DI-AND TRICYCLIC HYDROCARBONS AS INDICATORS OF HIGHER TERRESTRIAL INPUT • 
IN A SALAWATI (INDONESIA) RESERVOIR 

J. Stuart Richardson and Denis E. Milller '. 75 

IDENTIFICATION OF CRUDE OILS BY SELECTIVE' CHEMICAL IONIZATION 
MASS SPECTROMETRY 

R.P. Morgan, C.A. Gilchrist, P.D. Burke, and K.R. Jennings 77 

PYROLYSIS GC-MS-C AND '"•'G FT NMR ANALYSIS OF ARABIAN HEAVY AND 
IRANIAN LIGHT ASPHALTENES 

E.J. Gallegos and D.M. Wilson 79 

HYDRODESULFURIZATION OF DIBENZOTHIOPHENE STUDIED BY GC/MS 
CS. Hsu, T.R. Ashe, and T.A. Pecoraro 80 

HIGH TEMPERATURE MASS SPECTROMETRY 

MASS SPECTROMETRIC MEASUREMENT OF THE THERMOCHEMICAL PROPERTIES,0F 
GASEOUS CaOH AND SrOH 

Edmond Murad 81 

A THERMODYNAMIC STUDY OF THE THULIUM-TELLURIUM SYSTEM 
Margaret A. Frisch ' 82 

MASS SPECTROMETRIC DIFFERENTIAL ANALYSIS OF IONIZATION AND FRAGMENTATION 
PATTERNS OF GASEOUS TITANIUM OXIDE SPECIES 

Serge Banon, Christian Chatlllon, and Michel Alllbert 83 

MASS SPECTROMETRIC STUDIES OF THE BERKELIUM-249 AND PROTACTINIUM-231-
OXYGEN SYSTEMS 

P.D. Klelnschmldt and J.W. Ward 85 

VAPORIZATION KINETICS OF MOLTEN SELENIUM . 
Yun-Kuang Huang, J. Edward Bennett, and Paul W. Gilles 87 

STUDIES OF MOLECULAR' SPECIES IN THE ARSENIC-OXYGEN SYSTEM 
R.D. Brittain, K.H. Lau, and D.L. Hildenbrand 88 

THERMODYNAMIC STUDY OF GASEOUS RARE EARTH - IRIDIUM CARBIDES 
K.A. Gingerich, B.M. Nappi, R. Haque, and M. Pelino 89 

HIGH TEMPERATURE PHOTOELECTRON SPECTROSCOPY OF SMALL MOLECULES 
J.M. Dyke, G.D. Josland, R.A. Lewis, A. Morris, and A.M.A. Ridha 91 

MASS SPECTROMETRIC STUDY OF THE GAS SPECIES IN THE GERMANIUM-LITHIUM SYSTEM 
C.H. Wu and H.R. Ihle 93 

TEMPERATURE DEPENDENT ELECTRON IMPACT FRAGMENTATION IN HIGH TEMPERATURE 
MOLECULAR BEAMS 

D.W. Bonnell and J.W. Hastie 95 

UPDATING OF AN AEI-MS9 MASS SPECTROMETER, AN IN-HOUSE CONVERSION 
G.K. Elgendorf, D. Catt, and M. Vagg 97 

UPGRADING 21-110 MASS SPECTROGRAPHS 
L.F. Herzog, T.J. Eskew, D.J. Marshall, and K.H. Underwood 98 



ION MOLECULE REACTIONS/DYNAMICS & STRUCTURES OF IONS 

GAS-PHASE REACTIONS OF Fe"*" WITH KETONES AND ETHERS 
R.C. Burnier, G.D. Byrd, and B.S. Preiser 100 

INTERACTIONS OF TRANSITION METAL IONS WITH KETONES IN THE GAS PHASE 
Kevin A. Kalmbach and Douglas P. Ridge 101 

PROTON TRANSFER AND ISOTOPIC EXCHANGE REACTIONS OF ArH"*" 
J.H. Futrell, W. Llndinger, H. Villinger, and F. Howorka 103 

GENERATION OF TRANSITION METAL POLYSULFIDE IONS IN THE GAS PHASE BY 
SEQUENTIAL REACTIONS OF METAL IONS WITH ETHYLENE SULFIDE 

T.J. Carlin, M.B. Wise, and B.S. Preiser 105 

REACTIONS OF METAL DIMER IONS IN THE GAS PHASE 
R.B. Freas and D.P. Ridge 106 

THE DEPENDENCE OF. ABSOLUTE BIMOLECULAR ION-MOLECULE CONSTANTS AND BRANDING 
RATIOS ON INTERNAL ENERGY IN THE REACTANT ION 

P.R. Kemper and M.T. Bowers 108 

COLLISIONAL DISSOCIATION OF CLUSTERED NEGATIVE IONS, 0H"(H20)J^ (n=l-4) 
Richard L.C. Wu and Thoraas 0. Tiernan 109 

MOBILITY OF NEGATIVE HALOGEN IONS 
T. Fujii and G.G. Meisels Ill 

THE EFFECT OF MONOSOLVATION ON NEGATIVE ION BASICITY 
G.W. Caldwell and J.E. Bartmess 113 

COMPILATION OF GAS PHASE NEGATIVE ION THERMOCHEMISTRY 
John E. Bartmess 115 

QUANTITATIVE STUDIES OF THE KINETICS OF ION DISSOCIATION AND ION MOLECULE 
DECLUSTERING USING A TRIPLE QUADRUPOLE 

P.H. Dawson and D.J. Douglas 116 

TWO LASER MULTIPHOTON DISSOCIATION OF IONS IN THE ICR SPECTROMETER 
N.B. Lev, J.P. Honovlch, and R.C. Dunbar 118 

DISSOCIATION RATES FOR THE n-BUTYLBENZENE MOLECULAR ION DERIVED FROM 
PHOTODISSOCIATION ION KINETIC ENERGY SPECTRA I 

I.W. Griffiths, E.S. Mukhtar, F.M. Harris, and J.H. Beynon 119 

ISOMERIZATION OF PHENOL PRIOR TO GO ELIMINATION 
H.J. Walther, H. Eyer, U.P. Schlunegger, C.I. Porter, E.A. Larka, 
and J.H. Beynon 121 

LOSS OF HYDROXYL FROM IONIZED ACETIC ACID ENOL ' . 
Charles E. Hudson and David J. McAdoo ' 123 

INSTRUMENTAL TECHNIQUES 

COMPARISON OF LOW AND HIGH ENERGY COLLISION INDUCED DISSOCIATION 
FRAGMENTATION OF SELECTED METHYL KETONES 

J.A. Nystrom, D.J. Harvan, R.D. Voyksner, W.L. Grady, R.L. Cerny, 
J. Yinon, M.M. Bursey, M.W. Siegel, and J.R. Hass 125 



SELECTED METASTABLE ION MONITORING USING. DEUTERIUM LABELLED INTERNAL 
STANDARDS: QUANTIFICATION OF m- AND p- HYDROXYPHENYLACETIC ACID IN 
A SINGLE RAT CAUDATE NUCLEUS 

David A. Durden 127 

A LINEAR, BI-POLAR, d̂ i DECADE CURRENT-TO-FREQUENCY CONVERTER 
James L. Lawrence, Jr., and David L. Raymond 129 

A FREQUENCY SWEPT DETECTOR FOR ION CYCLOTRON RESONANCE MASS SPECTROMETERS 
J. Wronka and D.P. Ridge 130 

EQUILIBRIUM AND DOUBLE RESONANCE IN THE UNQUENCHED MODE IN TRAPPED ICRv 
SPECTROMETRY 

John E. Bartmess and Gary Caldwell 132 

COMPUTER CONTROLLED ELECTRON lONIZATION-FLASH DESORPTION MASS SPECTROMETRY ' 
WITH ELECTROTOPTICAL ION DETECTION 

H.G. Boettger, CE. Giffin, T.D. Lee, W.R. Anderson, Jr., and G. 
Doyle Daves, Jr 134 

A THIN LAYER CHROMATOGRAM SCANNER COUPLED TO A MASS SPECTROMETER FOR TLC-MS 
L. Ramaley, M.E. Nearing, W.D. Jamieson, and R.G. Ackraan 135 

APPLICATION OF LANTHANUM HEXABORIDE CATHODES IN MASS SPECTROMETRY 
L. Kelner, H.M. Fales, S.P. Markey, and G.K. Crawford 137 

APPLICATION OF DYNAMIC EMITTANCE MATCHING TO SECONDARY ION MASS SPECTROMETRY 
J.R. Wyatt, T.M. Barlak, J.E. Campana, R.J. Colton, and J.J. DeCorpo ... 139 

DESIGN AND PERFORMANCE OF A MODULAR PYROLYSIS MASS SPECTROMETRY SYSTEM 
Henk L.C. Meuzelaar, Joe H. Tomlinson, Donna J. Iwamoto, and 
David L. Pope 141 

A PYROLYSIS-MASS SPECTROMETRY STUDY OF THE ROLE OF ORGANIC RELEASING AGENTS 
IN GRAPHITE FURNACE ATOMIC ABSORPTION SPECTROSCOPIC ANALYSIS OF SEA WATER 

C.G. Fllnn, R. Guevremont, and W.D. Jamieson 142 

POSITIVE IONS OBSERVED IN SPARKED SF AND SF -CONTAINING MIXTURES AT 40 kPa 
L.C. Frees, I. Sauers, L.G. Christophorou, and H.W. Ellis 144 

A METHOD FOR MEASURING THE GAIN OF AN ELECTRON MULTIPLIER 
William J. Fies, Jr 146 

IONIZATION PROCESSES & INSTRUMENT DESIGN 

STUDIES OF ELECTRONIC TRANSITIONS AND EXCITED STATE CHEMISTRY BY ION KINETIC 
ENERGY SPECTROMETRY 

A.J. lilies and M.T. Bowers 147 

A STUDY OF DOUBLY-CHARG ED ORGANIC IONS BY THE CHARGE-STRIPPING TECHNIQUE 
T. Ast, C.J. Porter, C.J. Proctor, and J.H. Beynon 148 

MASS SPECTROMETRIC INVESTIGATION OF THE KINETICS AND ENERGETICS OF THE 
IONIZATION OF VAN DER WAALS CLUSTERS 

J.H. Futrell, K. Stephan, T.D. Mark, K.I. Peterson, A.W. Castleman, Jr., 
and N. Djurlc 150 

•UNIMOLECULAR FRAGMENTATION OF IONS: COMPETITION BETWEEN STATE SPECIFIC 
AND ENERGY RANDOMIZED PATHWAYS 

J.P. Gilman, T. Hsieh, and G.G. Meisels ; 152 



NEUTRAL FRAGMENT SPECTRA OF THE TETRAMETHYL DERIVATIVES OF THE 
GROUP IVA ELEMENTS 

Gerald D. Flesch and Harry J. Svec 154 

THERMAL IONIZATION SPECTRA OF ORGANIC CATIONS 
Alfred L. Yergey and Robert J. Cotter 155 

CHARACTERIZATION AND OPTIMIZATION OF THERMOSPRAY IONIZATION 
J.J. Carmody, C.R. Blakley, and M.L. Vestal ' 156 

EFFECT OF Ni BETA PENETRATION DEPTH ON THE ELECTRON CAPTURE DETECTOR 
AND THE ATMOSPHERIC PRESSURE IONIZATION MASS SPECTROMETER 

M.J. Connally, S.W. Warden, and E.P. Grimsrud 157 

AN IMPROVED FI/FD/EI ION SOURCE FOR USE ON A MODIFIED AEI MS9 
MASS SPECTROMETER 

A.M. Hogg and J.D. Payzant 159 

SIMPLE MASS SPECTROMETRIC ASSAY OF CARBON 14 FOR BIOMEDICAL STUDIES 
R.C. Abbott, M. Anbar, and J.H. McReynolds 161 

A NOVEL EI/CI ION SOURCE FOR A QUADRUPOLE MASS SPECTROMETER 
George C Stafford, Donald C. Bradford, and David R. Stephens 163 

DESIGN AND DEVELOPMENT OF A NEW LG-MS USING SIMS AND COLLISION 
INDUCED DISSOCIATION 

Richard D. Smith ; 165 

THE DESIGN OF A' TOTALLY-COMPUTER-AUTOMATED ECLECTIC TRIPLE 
QUADRUPOLE MS/MS 

Carla M. Wong, Richard W. Crawford, Victor C. Barton, James E. Bowman, 
and Hal R. Brand 167 

ION DYNAMICS OF AN RF-ONLY MASS FILTER 
Donald M. Mintz, Charles A. Boitnott, and Urs Steiner 168 

AN IMPROVED TIME OF FLIGHT MASS SPECTROMETER 
A. Kernel, E. Younginger, and R.A. Day, ' 170 

THE DEVELOPMENT OF A NEW HIGH PERFORMANCE MAGNET FOR THE KRATOS MS 80 
S. Evans, L.C.E. Taylor, D.R. Denne, H.J.M. Fitches, C.J. Wakefield, 
and K.R. Compson ' 171 

STABLE CHANNEL ELECTRON MULTIPLIERS 
P. Henkel and J. Gray 173 

SYMPOSIUM: ADVANCES IN ISOTOPE RATIO MEASUREMENTS 

ADVANCES IN ISOTOPE RATIO MEASUREMENTS IN GEOCHEMISTRY 
S.S. Goldich •.. 175 

THE COMPOSITION OF PLANETARY ATMOSPHERES ' ' • 
M.B. McElroy : 176 

A FRACTIONATION MODEL FOR THERMAL lONISATION 
K. Habfast 177 



OZONE MEASUREMENT IN THE STRATOSPHERE 
K. Mauersberger 180 

HIGH SENSITIVITY MASS SPECTROMETRY 
W.R. Shields and Associates 181 

BIOMEDICAL AND FORENSIC APPLICATIONS 

ISOTOPE RATIO MEASUREMENTS OF IRON, ZINC, AND COPPER IN BLOOD, URINE, FECES, 
AND SWEAT OF MEN GIVEN ISOTOPE TRACERS 

Phyllis E. Johnson and Glenn I. Lykken 182 

THE RELATIVE BIOAVAILABILITY OF CARPROFEN TABLETS DETERMINED BY 
THE SASIV TECHNIQUE 

W.A. Garland, W.G. Crouthamel, S.V. Givens, I. Patel, J.J. Konikoff, 
B.J. Miwa, F. Rublo, T. Crews, G. Woo, A. Holazo, and H.P. Blumenthal .. 184 

A SIMPLE METHOD FOR THE QUANTIFICATION OF FREE FATTY ACID TURNOVER . 
USING (16,16,16-2H ) HEXADECANOIC ACID 

Kou-Yl Tsemg; Carol Gilfillan, and Satish'C. Kalhan 185 

1,2,3-PROPANETRIOL, TRIACETATE ISOTOPE RATIOS 
M. Wolfe . 186 

STATISTICAL EVALUATION OF THE NON-LINEARITY OF STANDARD CURVES IN ID-MS 
J.A.A. Jonckheere and A.P. DeLeenheer 188 

A PORTABLE MS DESIGNED FOR LOCAL CEREBRAL BLOOD FLOW AND BRAIN TISSUE 
METABOLISM STUDIES BY COMPUTER-ASSISTED TOMOGRAPHY, USING INHALED STABLE 
XENON AS TRACER 

L.F. Herzog, D.J. Marshall, and T.J. Eskew 190 

THE USE OF A MOBILE ATMOSPHERIC PRESSURE CHEMICAL IONIZATION MASS 
SPECTROMETER IN THE DETECTION OF ILLICIT DRUGS 

Lyal V.S. Hood, William R. Davidson, and Sabatino Nacson 192 

GLYCEROL TRIETHERS: SYNTHESIS, CHARACTERIZATION BY MASS SPECTROMETRY, 
AND USE AS NONABSORBABLE MARKERS IN INTESTINAL ABSORPTION STUDIES 

V.J. Fell, C.J. Lamoureux, and C.B. Struble 194 

18 
THE SYNTHESIS OF 0 LABELED ANALOGS OF PYRIMIDINE NUCLEOSIDES 

R. Thomas Solsten and K.H. Schram 195 

INDUCTIVELY COUPLED PLASMA MS/INSTRUMENT DESIGN 

MASS SPECTROMETRIC ANALYSIS OF SOLUTIONS WITH AN INDUCTIVELY 
COUPLED PLASMA ION SOURCE 

R.S. Houk, H.J. Svec, and V.A. Fassel 197 

APPLICATION OF MASS SPECTROMETRY TO STUDY OF ION AND NEUTRAL DIFFUSION 
THROUGH ALUMINA 

Vincent D. Meyer and Paul Fortucci 198 

IONIC MASS SPECTRA FROM Ar/H PLASMAS IN A PLANAR MAGNETRON SPUTTERING 
DEVICE 

K. Hoefler, G. Rettinghaus, and P. Irving 200 



AN ATMOSPHERIC PRESSURE PLASMA/QUADRUPOLE MASS SPECTROMETER SYSTEM 
FOR ELEMENTAL ANALYSIS 

D.J. Douglas, E.S.K. Quan, R.G. Smith, and J.B. French 202 

PULSED PHOTOIONIZATION LIGHT SOURCE FOR TIME RESOLVED HIGH PRESSURE 
MASS SPECTROMETRY 

S.E. Buttrill, Jr., R.J. Schmidt, and D.S. Ross 204 

CHEMISTRY OF MICROWAVE INDUCED REACTIONS IN HYDROCARBONS 
I. Platzner and P. Marcus ; 206 

HIGH VOLTAGE, LOW CURRENT DUAL CATHODE GLOW DISCHARGE FOR ATOMIC 
MASS SPECTROMETRY 

T.J. Loving, P.J. Savickas, and W.W. Harrison 208 

OPTICAL AND MASS SPECTROMETRY OF INERT AND REACTIVE GLOW DISCHARGE 
SPUTTERING OF DISC CATHODES 

S.L. Tong, R.B. Keefe, and W.W. Harrison 210 

CHEMICAL IONIZATION WITHOUT DIFFERENTIAL PUMPING 
David P. Beggs and Stuart D. Lerner 212 

AUTOMATED MULTIMODE MASS SPECTROMETRY (AMMS): II. DISCUSSION OF 
SEVERAL INNOVATION CONCEPTS 

C. Chang 213 

ENVIRONMENTAL APPLICATIONS OF MASS SPECTROMETRY 

IDENTIFICATION OF NITROAROMATICS IN DIESEL EXHAUST PARTICULATE 
BY GC/NICIMS 

K.B. Tomer, M.D. Erickson, D.L. Newton, P.R. Gentry, and E.D. Pellizzari' 
and R.B. Zweidlnger 215 

GC/MS INVESTIGATIONS OF PARTICULATE ORGANIC MATTER FOUND IN THE 
ENVIRONMENTAL SAMPLES 

R.C. Lao, M. Lanoy, R.S. Thomas, and S.W. Lee 217 

BREATH ANALYSIS BY APCI/MS-A STUDY OF HUMAN EXPOSURE TO ORGANIC VOLATILES 
F.M. Benoit, A. Lovett, S. Nacson, A. Ngo and W. Davidson 218 

ATMOSPHERIC PRESSURE IONIZATION MASS SPECTROMETRY: THE ISOMER SPECIFIC 
DETERMINATION OF TRACE LEVELS OF 2,3,7,8-TCDD IN THE PRESENCE OF 
CONTAMINANTS 

R.K. Mitchum, W.A. Korfmacher, and G.F. Moler 220 

APPLICATIONS OF GC-MS FOR DETERMINATION OF CHLORINATED DIBENZO-p-DIOXINS 
AND CHLORINATED DIBENZOFURANS IN THE PRODUCTS FROM INCINERATION OF 
CHEMICAL WASTES 

T.O. Tiernan, J.H. Garrett, J.G. Solch, G.F. VanNess, 
and M.L. Taylor 222 

GC-MS PROCEDURES FOR DETERMINATION OF CHLORINATED DIBENZO-p-DIOXIN 
ISOMERS IN PARTICULATES FROM COMBUSTION SOURCES 

J.G. Solch, T.O. Tiernan, G.F. VanNess, J.H. Garrett, and 
M.L. Taylor 224 

QUANTITATIVE HRGC - HRMS: STUDY ON THE USE OF A NON-ISOTOPICALLY 
LABELLED INTERNAL STANDARD IN THE ANALYSIS OF 2,3,7,8-TCDD IN MILK 

Yves Tondeur, J. Ronald Hass, Phillip W. Albro, Joanna L. Schroeder, 
and Kun Chae 226 

I 



MASS SPECTRAL IDENTIFICATION OF CHEMICAL RESIDUES ENCOUNTERED IN THE 
TOTAL DIET PROGRAM 

David L. Helkes 228 

IDENTIFICATION AND QUANTITATION OF POLYCHLORINATED DIBENZOFURANS IN 
ENVIRONMENTAL SAMPLES 

L.M. Smith, J.L. Johnson, D.L. Stalling, J.D. Petty, and 
G.R. Dub.iy 230 

THE CHARACTERIZATION AND ENVIRONMENTAL IMPACT OF COMPOUNDS FORMED 
IN THE PHOTODEGRADATION OF POLYBROMINATED BIPHENYL CONGENERS 

D.G. Patterson, D.L. Orti, L.W. Yert, R.G. Hill, Jr., J. Lee, 
J.S. Holler, and L.L. Needham , 231 

CHEMICAL IONIZATION MASS SPECTROMETRY OF N-NITROSOUREAS 
Gary A. McCIuskey, Shing-Kwan Huang, and William Lijinsky. . . . : 233 

ISOTOPE RATIO MASS SPECTROMETRY 

ISOTOPE DILUTION SPARK SOURCE MASS SPECTROMETRIC DETERMINATION OF SULFUR IN 
NBS IRON BASE ALLOYS 

P.J. Paulsen and R.W. Burke 235 

NEGATIVE ION FORMATION FROM SF ON HOT SURFACES 
J.E. Delmore 236 

CORRELATIONS BETWEEN THE MASS DISCRIMINATION FACTORS OF URANIUM 
AND PLUTONIUM 

D.W. Crawford and M.A. Lege! 238 

A PRECISE METHOD FOR THE MASS SPECTROMETRIC DETERMINATION OF 
LITHIUM ISOTOPE RATIOS 

E. Mlchiels and P. DeBlevre 240 

THE DETERMINATION OF B AND LI IN NUCLEAR MATERIALS BY SEGONDARY 
ION MASS SPECTROMETRY 

R.E. Eby and W.H. Christie 242 

A SIMS STUDY OF THE RESIN BEAD AS A THERMAL ION SOURCE 
David H. Smith, W.H. Christie, and R.E. Eby 244 

A QUADRUPOLE MASS SPECTROMETER FOR A MOBILE LABORATORY TO 
MEASURE ISOTOPE RATIOS 

J.R. Walton, D.H. Smith, H.S. McKown, and J.A. Carter 246 

A PORTABLE, SOLID SOURCE, QUADRUPOLE MS FOR RAPID ASSAY OF U AND Pu 
M.W. Echo 248 

DEVELOPMENTS IN FULLY AUTOMATIC THERMAL lONIZATION-MASS SPECTROMETRY 
R.C. Haines and P.J. Turner 250 

AUTOMATED NITROGEN ISOTOPE RATIO ANALYSIS 
W.E. Rayford, R. Klelman, and R.D. Plattner 252 



INSTRUMENT TECHNIQUES/DISEASE PROFILING 

ENHANCED MASS SPECTROMETRIC SENSITIVITY FOR TRACE METALS IN 
BIOLOGICAL SYSTEMS 

M.A. Bourgeois and F.A. White 253 

MASS SPECTROMETRIC STUDIES OF INTERCALATES 
Donald L. Dugger, Daniel W. Oblas, "and Sophia Su 256 

S/N ENHANCEMENT USING A SIGNAL AVERAGER 
David L. Smith and James A. McCloskey 258 

ELECTROHYDRODYNAMIC IONIZATION MASS SPECTROMETRY OF DYES AND 
DYE-METAL COMPLEXES 

Kelvin W. Chan, S.-T.F. Lai, and Kelsey D. Cook .' 260 

ON THE ORIGIN OF THE BROAD PEAK SHAPES OBSERVED IN CF-252 FISSION 
FRAGMENT MASS SPECTROMETRY 

B.T. Chait and F.H. Field 262 

TWO-STEP FRAGMENTATION REACTIONS STUDIED IN A CONVENTIONAL 
DOUBLE-FOCUSSING MASS SPECTROMETER 

R.K. Boyd and B. Shushan '. 263 

A NEW LINKED SCAN AT CONSTANT B^E 
R.K. Boyd, C.J. Porter, and J.H. Beynon .- 264 

ANALYTICAL APPLICATIONS OF A NEW TRIPLE ANALYZER MASS SPECTROMETER 
Edward K, Chess, Michael L. Gross, Philip A. Lyon, and 
Frank W. Crow 265 

GCMS DETECTION OF DISEASE STATES THROUGH QUANTITATION OF URINARY 
DICARBOXYLIC ACIDS AS THEIR DICYCLOHEXYL ESTERS 

E.J. Norman, H.K. Berry, O.J. Martelo, and M.D. Denton 267 

FATTY ACID PROFILES OF CANDIDA ALBICANS, CANDIDA TROPICALIS, 
ASPERGILLUS FUMIGATUS, AND ASPERGILLUS NIGER DETERMINED BY CHEMICAL 
IONIZATION MASS SPECTROMETRY 

John Greaves, Robert Suzuki, and John Roboz 269 

INCREASED EXCRETION OF GLUTARATE, 3-HYDROXYISOVALERATE AND 
METHYL-GLUTAGONATE DURING CLINICAL EPISODES OF PROPIONIC ACIDEMIA 

T. Kuhara, T. Shinka, M. Matsuo, and I. Matsumoto 270 

DETERMINATION OF POLYOLS IN BIOLOGICAL FLUIDS AND TISSUES BY 
SELECTED ION MONITORING 

John Roboz, Elisabeth Barfod, and Robert Suzuki 272 

PROFILING OF ORGANIC ACIDS IN HUMAN AMNIOTIC FLUID AND THE 
DYSMATURE FETUS 

K. Mltsutake, T. Shinka, I. Matsumoto, K. Kabashima, and 
T. Kato 273 

LCMS/ORGANIC MECHANISMS 

SIMPLIFIED LC-MS SYSTEMS USING THE THERMOSPRAY TECHNIQUE 
C.R. Blakley and M.L. Vestal 275 

USE OF NON-VOLATILE BUFFER SOLUTIONS WITH LC/MS 
Paul E. lielley 276 



LC/MS OF LIPOPHILIC COMPOUNDS USING NONAQUEOUS REVERSED-PHASED 
CHROMATOGRAPHY 

Patricia C Tway and Walton B. Caldwell 278 

LC/MS INTERFACE FOR EI AND DCl TECHNIQUE 
C. Brunnee, L. Delgmann, G. Dielmann, W. Meyer, and P. Thorenz 280 

UNIMOLECULAR DECOMPOSITION OF ETHOXYTRIMETHYLSILANE 
David A. Herold, and Jean H. Futrell 281 

STEREOCHEMISTRY OF WATER AND ACETIC ACID LOSS FROM TETRALIN 
RADICAL CATIONS 

G. Groenewold and M.L. Gross 283 

DIRECT DETERMINATION OF DEUTERIUM IN WATER USING METASTABLE IONS 
J.P. Schmlt and G. Boulay 285 

THE DETERMINATION OF STRUCTURES OF ION-MOLECULE REACTION 
INTERMEDIATES USING A TRIPLE ANALYZER MASS SPECTROMETER 

Jackson 0. Lay, Edward K. Chess, and Michael L. Gross 287 

KINETIC ENERGY RELEASE - A SENSITIVE PROBE FOR THE GAS PHASE 
UNIMOLECULARE ISOMERISATIONS OF IONIZED STEROID ALCOHOLS 

ZE'EV V.I. Zaretskii and Pnina Dan 289 

MIKE SPECTROMETRY OF SOME NITRAMINE EXPLOSIVES 
J. Yinon, D.J. Harvan, and J.R. Hass 291 

GC/MS ANALYSIS OF SUBSTITUTED 1,3-OXAZOLIDINES, TETRAHYDRO-1,3-
OXAZINES AND l-OXA-4-AZASPIRO(4.5) DECANES 

K.J. Welch and T.A. Lajiness 293 

UNIQUE HYDROGEN REARRANGEMENT DURING THE REDUCTION OF MALEIMIDE 
WITH LITHIUM ALUMINUM DEUTERIDE 

M.S.B. Nayar, L.A. Geelhaar, and P.S. Gallery 295 

LC - MS - NCI OF EXPLOSIVES 
R.D. Voyksner, Y. Tondeur, C.E. Parker, J.D. Henion, and J. Yinon 297 

GAS CHROMATOGRAPHY MASS SPECTROMETRY 

CAPILLARY COLUMN GC/MS CHARACTERIZATION OF DIESEL EXHAUST 
PARTICULATE EXTRACTS 

T.J. Prater, T. Riley, and D. Schuetzle 299 

GC/MS ANALYSIS OF PRIORITY POLLUTANTS: A COMPARISON OF PACKED COLUMN 
AND FUSED SILICA CAPILLARY GC/MS ANALYSIS 

J. E. Wilkinson, B.N. Colby, T.R. Smith, and A.D. Sauter 301 

CAPILLARY COLUMN GLC-EIMS ASSAY FOR XYLONIDINE IN CHICKEN EGGS 
R.W. Walker, J.E. Taylor, A.A. Vanlderstine, R.M. Weppelman, 
H.E. Mertel and W.J.A. VandenHeuvel 302 

TRACE ANALYSIS OF ORGANIC DIAMINES IN URINE 
R.L. Settlne, F. Fish, and R.E. Hurst ' 304 



HIGHLY SELECTIVE PROCEDURES FOR THE MASS SPECTROMETRIC DETERMINATION 
OF STEROIDS AT THE PICOGRAMME LEVEL 

Simon J. Gaskell and Paul W. Brooks 306 

QUANTITATION OF THE LOCAL ANESTHETIC DIBUCAINE WITH GAS CHROMATOGRAPHY/ 
MASS SPECTROMETRY 

David Alkalay and Stephen Carlsen .' 308 

METABOLIC STUDIES USING GC/CI/MS AND STABLE ISOTOPE TRACERS .. 
T.D. Paul, J.H. McReynolds, M. Anbar, and M.D. Scanlon ' 309 

AUTOMATED QUALITATIVE AND QUANTITATIVE ANALYSIS OF URINARY STEROIDS 
WITH A GAS CHROMATOGRAPHY MASS SPECTROMETRY-COMPUTER SYSTEM 

James Vrbanac and Charles Sweeley 311 

METABOLIC PROFILES OF ORGANIC ACIDS FROM HUMAN PLASMA 
David Issachar and Charles Sweeley 313 

DEHYDRATION AND N-ACYLATION OF PRIMARY AMIDES AS DERIVATIZATION. 
METHODS FOR GAS CHROMATOGRAPHY-MASS SPECTROMETRY 

Martin Stogniew and Patrick S. Gallery 315 

ROUTINE AUTOMATED GC/MS FOR BIOCHEMICAL ANALYSIS 
Graham S. King, Brian R. Pettit, and Michael J. Wallington 317 

QUANTITATIVE HRGC-HRMS: STUDY ON THE USE OF A NON-ISOTOPICALLY 
LABELLED INTERNAL STANDARD IN THE ANALYSIS OF 2,3,7,8-TCDD IN 
ENVIRONMENTAL SAMPLES 

Yves Tondeur, J. Ronald Hass, Phillip W. Albro and Kun Chae 319 

A MULTIFUNCTIONAL GC-TOFMS INTERFACE 
A. Kornel and R.A. Day '. '. 320 

GC/MS ANALYSIS OF VOLATILE ORGANIC COMPOUNDS BY FUSED SILICA 
CAPILLARY COLUMN 

A.E. Rosecrance, N.W. Flynn, and J.E. Nemmers 321 

COMPOUND IDENTIFICATION CRITERIA FOR AUTOMATED GC/MS DATA REDUCTION 
B.N. Colby and T.R. Smith 322 

ALTERNATE APPROACHES TO QUANTITATIVE DATA REDUCTION FROM CAPILLARY 
COLUMN GC/MS 

J.M. McGuire, W.M. Shackelford, John .S. Craig, A.W. Garrison, 
and J. D. Pope . . . 323 

AN AUTOMATIC ANALYSIS PROGRAM FOR GC/MS DATA 
D. Thomas Terwilliger and Walter C Davidson 325 

BIOMEDICAL APPLICATIONS 

QUANTIFICATION OF DIETHYLSTILBESTROL PRODUCED FROM STILPHOSTROL 
USING CAPILLARY GC/MS/SIM TECHNIQUES 

Fred P. Abramson and Harry C. Miller, Jr 327 

QUALITATIVE ANALYSIS OF TRIMETHYLSILYLATED DAUNOSAMINE AND 
N-ALKYLATED ANALOGUES BY ISOBUTANE CHEMICAL IONIZATION GC/MS 

P.A. Andrews, F.E. Chou, and N.R. Bachur 329 



QUANTITATIVE ANALYSIS OF A - TETRAHYDROCANNABINOL AND METABOLITES 
USING NEGATIVE ION CHEMICAL IONIZATION 

Rodger L. Foltz and Dennis M. Chinn 331 

EVALUATION OF GLUCOSE CARBON RECYCLING AND TRUE GLUCOSE 
TURNOVER IN HUMANS USING ul ( C) GLUCOSE TRACER ALONE WITH CHEMICAL 
IONIZATION GC/MS AND RATIO MASS SPECTROMETRY 

Kou-Yl Tserng and Satish C. Kalhan 333 

SERUM VS PLASMA LEVELS OF TRICYCLIC ANTIDEPRESSANTS 
Joseph J. Saady and N. Narasimhachari 334 

A GC/MS, STABLE-ISOTOPE DILUTION ASSAY FOR 4-HEPTANONE, 4-HEPTANONE . 
FORMATION IN DIABETES MELLITUS 

Wm. F. Bryant, J.R. Althaus, and J.P. Freeman 336 

BIOCHEMICAL INVESTIGATIONS OF DICARBOXYLIC ACIDURIA BY 
GAS CHROMATOGRAPHY-MASS SPECTROMETRY 

Toshihlro Shinka, Tomiko Kuhara, and Isamu Matsumoto ; 338 

ANALYSIS OF DEOXYALDONIC ACIDS IN ISCHEMIC AND INFARCTED HEART 
MUSCLE BY GC/MS 

Shin-Ichi Haraguchi, Hironori Toshima, Isamu Matsumoto, 
Tomiko Kuhara and Toshihlro Shinka 340 

THE CERTIFICATION OF ORGANIC ANALYTES IN A HUMAN SERUM STANDARD 
REFERENCE MATERIAL BY ID/MS 

M.J. Welch, E. White V, L.T. Sniegoskl, R. Schaffer, 
H.S. Hertz, and A. Cohen 342 

THE CHARACTERIZATION OF CORTISOL AND RELATED STEROID DERIVATIVES BY 
ELECTRON IMPACT AND NEGATIVE ION CHEMICAL IONIZATION MASS SPECTROMETRY 

J.S. Holler, D.G. Patterson, and L.W. Yert 344 

THE ORIGIN OF THE (M-l)" ION IN THE NEGATIVE CHEMICAL IONIZATION 
(NCI) MASS SPECTRA OF THE 1,4-BENZODIAZEPIN -2-ONES 

W.A. Garland and B.J. Miwa 346 

NEGATIVE ION MASS SPECTRA OF ALCOHOLS 
J.M. Knox and A.B. Denison 347 

EVALUATION OF SEP-PAK C „CARTRIDGES FOR BIOLOGICAL SAMPLE CLEAN-UP 
FOR TRICYCLIC ANTIDEPRESSANT ASSAYS 

N. Narasimhachari 349 

FAST ATOM BOMBARDMENT MS 

FAST ATOM BOMBARDMENT MASS SPECTROMETRY 
M. Barber, R.S. Bordoll, R.D. Sedgwick, and A.N. Tyler 351 

DEVELOPMENT OF THE FAST ATOM BOMBARDMENT SOURCE 
L.C.E. Taylor, S. Evans, H.J.M. Fitches, and K.R. Compson 353 

CONVERSION TO FAST ATOM BOMBARDMENT AND ITS APPLICATION 
R.A. McDowell, A. Dell, H.R. Morris, and T. Redfern 355 



^ 

FAST ATOM BOMBARDMENT/SECONDARY ION QUADRUPOLE MASS SPECTROMETRY 
Donald F. Hunt and William M. Bone 357 

FAST ATOM BOMBARDMENT (FAB); A NEW METHOD OF STUDYING 
INTRACTABLE ANTIBIOTICS 

M. Barber, R.S. Bordoli, R.D. Sedgwick and A.N. Tyler 359 

PEPTAIBOPHOL ANTIBIOTICS STUDIED BY FAST ATOM BOMBARDMENT 
MASS SPECTROMETRY 

K.L. Rinehart, Jr., L.A. Gaudioso, M.L. Moore, J.C. Cook, Jr., 
M. Barber, R.S. Bordoli, R.D. Sedgwick, A.N. Tyler, and B.N. Green 361 

FAST ATOM BOMBARDMENT (FAB) MS OF GLYCOALKALOIDS 
L.C.E. Taylor, S. Evans, R. Self, and D.T. Coxon 363 

STRUCTURAL STUDIES OF CEPHALOSPRINS USING A FAST ATOM BOMBARDMENT SOURCE 
V.C. Parr, B.N. Green, R.H. Bateman, and J.C. Bill 365 

THE FAST ATOM BOMBARDMENT (FAB) MASS SPECTRA OF GLUCOSINOLATES 
L.C.E. Taylor, S. Evans, R. Self, and G.R. Fenwlck 367 

POLYENE ANTIBIOTICS STUDIED BY FAST ATOM BOMBARDMENT MASS SPECTROMETRY 
K.L. Rinehart, Jr., J.C. Cook, Jr., R.C. Pandey, M.D. Lee, 
G.P. Schaffner, M. Barber, R.S. Bordoll, R.D. Sedgwick, A.N. Tyler, 
and B.N. Green 369 

FAST ATOM BOMBARDMENT MASS SPECTROMETRY: APPLICATION TO LEUKOTRIENES 
AND SLOW-REACTING SUBSTANCES 

H.R. Morris, .P.M. Clinton, G.W. Taylor, M. Barber, R.S. Bordoli, 
R.D. Sedgwick, A. Tyler, and B.N. Green 371 

STRUCTURAL STUDIES ON PEPTIDES BY MASS SPECTROMETRY: APPLICATION 
OF FAST ATOM BOMBARDMENT 

D.H. Williams, C. Bradley, S. Santlkarn, G. Bojesen, L.C.E. Taylor, 
and S. Evans 373 

FAST ATOM BOMBARDMENT: PEPTIDE STRUCTURE DETERMINATION AND 
MIXTURE ANALYSIS 

H.R. Morris, M. Panico, M. Judkins, A. Dell, and R. McDowell 375 

MASS SPECTRA OF FREE POLYPEPTIDES BY FAST ATOM BOMBARDMENT (FAB) 
M. Barber, R.D. Sedgwick, R.S. Bordoli, and A.N. Tyler 377 

FAST ATOM B0MBAIU3MENT MASS SPECTROMETRY: APPLICATION TO PEPTIDE 
SEQUENCING AND THE IDENTIFICATION OF NOVEL PITUITARY PEPTIDES 

H.R. Morris, A. Dell, A.T. Etienne, M. Panico, M. Barber, 
R.S. Bordoll, R.D. Sedgwick, A. Tyler, G.P. Vinson, B.J. Whltehouse, 
and B.N. Green . 379 

SYMPOSIUM: ARE THERE ALTERNATIVE METHODOLOGIES TO GCMS? 

CAN THE PRIORITY POLLUTANTS BE MEASURED WITHOUT GC/MS? 
Ronald A. Hites • 381 

INCREASED SPECIFICITY IN OPTICAL DETECTION FOR LIQUID CHROMATOGRAPHY 
J.L. DiCesare and L.S: Ettre 385 

LIQUID CHROMATOGRAPHY WITH ELECTROCHEMICAL DETECTION: A SENSITIVE 
ALTERNATIVE TO GCMS IN SELECTED APPLICATIONS 

Ronald E. Shoup 386 



RECENT DEVELOPMENT IN CATECHOLAMINE ANALYSIS BY HPLC: A REVIEW 
Paul S. Satoh and Rose Mary Kupiecki •; 387 

PRINCIPLES OF RADIOIMMUNOASSAY APPLIED TO LOW MOLECULAR WEIGHT COMPOUNDS 
F.A. Fitzpatrick 389 

ION MOLECULE REACTIONS 

THE USE OF GC/MS AND GC/FTIR TO SOLVE INDUSTRIAL PROBLEMS 
David M. Hindenlang and Danne E. Smith ....•." 390 

IMPROVED ORGANIC IDENTIFICATION USING COMBINED CAPILLARY GAS 
CHROMATOGRAPHY/MASS SPECTROMETRY/FOURIER TRANSFORM INFRARED (GC/MS/FTIR) 

R.W. Crawford, T.B. Hirschfeld, R.H. Sanborn, C.M. Wong, and " 
H.R. Brand 391 

ON THE POPULATION OF BENZYL AND TROPYLIUM IONS ORIGINATING FROM C H^ 
P. Ausloos and S.G. Lias ..? 392 

THE BENZYL AND TROPYLIUM CATIONS, TWO DISTINCT AND STABLE SPECIES 
IN THE GAS PHASE 

D.K. Sen Sharma and P. Kebarle 393 

THE C_H O"*" ION: BENZYL VS TROPYLIUM ION STRUCTURES 
D.H. Russell, E.H. McBay, and D.C. Canada 394 

KINETIC EVIDENCE FOR TWO DISTINCT STRUCTURES OF C H^ 
S.G. Lias and P. Ausloos ' ?.? . 395 

PROPYL IONS AND PROTONATED CYCLOPROPANE AS INTERMEDIATES IN THE 
REACTION OF METHYL CATIONS WITH ETHYLENE 

R.N. Abernathy and F.W. Lampe . 396 

GAS-PHASE ION CHEMISTRY WITH AND WITHOUT SOLVENT 
Diethard K. Bohme and Gervase I. Mackay 398 

TANDEM MASS SPECTROMETRIC STUDIES OF THE REACTIONS OF SOLVATED ANIONS 
P.M. Hierl, M.J. Henchman, and J.F. Paulson 399 

THE TEMPERATURE DEPENDENCE OF ION-MOLECULE REACTIONS AND ION 
DIFFUSION IN N CO AND A CO/CO, MIXTURE 

J.V. Headley, R.S. Mason, and K.R. Jennings 401 

GAS-PHASE NUCLEOPHILIC REACTIONS AT SATURATED AND CARBONYL CARBON 
Richard N. McDonald and A. Kasem Chowdhury 404 

GAS PHASE HYDROGEN-DEUTERIUM EXCHANGE REACTIONS IN CARBANIONS: EXCHANGE 
OF VINYL AND ARYL PROTONS BY D O 

Robert R. Squires, C.H. DePuy, and Veronica M. Bierbaum 406 

ISOMERIZATION OF BENZYL CHLORIDE RADICAL CATION DETERMINED BY 
ICR PHOTODISSOCIATION SPECTROSCOPY 

J.P. Honovlch and R.C. Dunbar 408 

+ 
METASTABLE CH AND SOME OF ITS ISOTOPIC ANALOGS: TUNNELING 
THROUGH THE CENTRIFUGAL BARRIER 

A.J. lilies, M.F. Jarrold, and M.T. Bowers 409 

GAS PHASE REACTIONS OF EXCITED Cr"*"-
R.B. Freas and D.P. Ridge 411 



GAS PHASE ION CHEMISTRY AND PHOTOCHEMISTRY OF 0 H o"*" 
C.J. Cassady, B.S. Preiser, and D. Russell 413 

ISOTOPE RATIOS 

SYSTEMATIC ERROR IN ISOTOPIC ANALYSIS OF NOBLE GAS MIXTURES 
Robert E. Ellefson 416 

IMPROVED PRECISION OF DIFFERENTIAL HYDROGEN ISOTOPE RATIO ANALYSIS ' 
THROUGH THE USE OF TWO ISOTOPIC STANDARDS 

D.A. Schoeller, D.W. Peterson, and J.M. Hayes 418 

ISOTOPIC ANALYSIS VIA ATOMIC EMISSION SPECTROSCOPY - AN OLD TECHNIQUE 
WITH NEW PROMISE FOR THE 'EIGHTIES 

Martin C. Edelson and Velmer A. Fassel 420 

ELECTRODEPOSITION AS A SAMPLE MOUNTING TECHNIQUE FOR U AND Pu 
ISOTOPIC ANALYSIS 

R.E. Perrin, D.J. Rokop, J.H. Cappis, and W.R. Shields 422 

ISOTOPIC RATIO MASS SPECTROMETERS FOR THE ANALYSIS OF URANIUM HEXAFLUORIDE 
C Sulfridge and H.C. Jones 424 

THE DETERMINATION OF SUBNANOGRAM QUANTITIES OF URANIUM BY ISOTOPE 
DILUTION MASS SPECTROMETRY 

W.R. Kelly and J.D. Fassett 426 

EXPERIMENTAL STRATEGIES FOR FULLY AUTOMATED HIGH PRECISION ISOTOPE 
RATIO DETERMINATIONS 

K. Habfast and D. Tuttas 427 

A COMBINED MASS SPECTROMETRIC ATOMIC ABSORPTION TECHNIQUE FOR 
EVALUATION OF VAPORIZATION MECHANISMS 

D.L. Styrls and J.H. Kaye 428 

RECENT DEVELOPMENTS IN NUCLIDE GAS-SOURCE ISOTOPE RATIO MASS SPECTROMETERS 
M.M. Michlik, D.A. Smith, T.J. Eskew, and L.F. Herzog 430 

RECENT DEVELOPMENTS IN NUCLIDE THERMIONIC-SOURCE ISOTOPE RATIO MASS 
SPECTROMETERS 

L.F. Herzog, J.H. Szyblst, and T.J. Eskew 432 

RECENT ADVANCES IN FULLY AUTOMATIC COMPUTER CONTROLLED STABLE 
ISOTOPE RATIO ANALYSIS 

J.E. Cantle and R.M. Elliott 434 

THE APPLICATION OF PYROLYSIS-GAS CHROMATOGRAPHY-MASS. SPECTROMETRY TO THE 
STRUCTURAL CHARACTERIZATION OF AUSTRALIAN COALS 

R. P. Philp and T. D. Gilbert 435 

COMPUTERS: NEW ALGORITHMS AND HARDWARE; CONTROL OF NEW TECHNIQUES; 
APPLICATIONS. 

A UNIVERSAL MAGNETIC TAPE FORMAT FOR GC/MS DATA 
L.E. Slivon and W.L. Budde , . , 436 

IMPROVED SYSTEMS FOR COMPUTER RETRIEVAL AND INTERPRETATION OF MASS SPECTRA 
I.K. Mun, D.B. Stauffer, R.G. Dromey, S.O. Russo, and F.W; McLafferty .. 437 



QUANTITATION OF MASS SPECTRAL DATA WITH A MICROCOMPUTER SYSTEM 
Michael A. Grayson and Charles H. Brennenstuhl 438 

DESIGN AND TESTING OF A NEW MULTICHANNEL ANALYSER 
P. Boulanger, R. Bisson, and M. Baril ; 440 

COMPUTER ASSISTED MS/MS FOR MIXTURE ANALYSIS 
A.E. Schoen, D. Zakett, and R.W. Korzenlowski 443 

AN AUTOMATED TRIPLE QUADRLTOLE MASS SPECTROMETER 
H.R. Gregg, J.W. Chai, J.A. Chakel, P.A. Hoffman, R.K. Latven, 
R.S. Matthews, C.A. Myerholtz, B.H. Newcome, and C.G. Enke 445 

A USER-ORIENTED DATA SYSTEM FOR A TRIPLE QUADRUPOLE MS/MS SYSTEM 
S.W. Quigley, M.R.A. Smith, W.R. Davidson, and J.A. Buckley 447 

COMPUTER ASSISTED HIGH RESOLUTION MS/MS 
F.W. Crow and R.L. Lapp 448 

AUTOMATION OF A HIGH-RESOLUTION. MS/MS INSTRUMENT 
I.K. Mun, M.P. Barbalas, D.C. McGllvery, T.A. McCarrick, P.J. Todd, 
I.J. Amster, A.S. Bishop, and F.W. McLafferty 449 

COMPUTER-CONTROLLED ICR MASS SPECTROMETER FOR ANALYSIS OF ION-MOLECULE 
RATE CONSTANTS 

V.C. Anicich "and W.T. Huntress 450 

THE DEVELOPMENT OF A FULLY COMPUTER CONTROLLED DOUBLE FOCUSSING 
MAGNETIC SECTOR MASS SPECTROMETER 

J.C. Bill, T.R. Kemp, J.C. Sadler, and M.J. Wallington 451 

OPTIMIZED FAST SCANNING WITH A HIGH PERFORMANCE SECTOR FIELD GC^/MS/DS SYSTEM 
H. Kaufmann, U. Rapp, K. Weissenberg, and M. Schmidt 453 

UPACS II - MASS SPECTROMETRY SYSTEM 
L. Baczynskyj, D.J. Duchamp, L.C. Jones, M.D. Kenny, D. Marks, 
J.F. Zieserl, and J.B. Aldrich 454 

SOFTWARE FOR AUTOSAMPLING ON A FINNIGAN/INCOS GC/MS/DS 
Scott Campbell 455 

AUTOMATED ACQUISITION AND PROCESSING OF PHOTOPLATE HIGH RESOLUTION 
MASS SPECTRAL DATA BY AN 'INCOS' - 'VARIAN' SYSTEM 

W.D. Jamieson, F.G. Mason, and D.E. Webber 457 

THE NIH/EPA MASS SPECTRAL SEARCH SYSTEM: A STATUS REPORT 
D.P. Martinsen, S.R. Heller, G.W.A. Milne, and W.L. Budde • 459 

AN IMPROVED MULTIPLE ION DETECTION SYSTEM 
D.E. Giblin and F.W. Crow '. . 460 

COMPUTER CONTROL FOR SSMS ELECTRICAL DETECTION 
P. Marushla and J. Delmore 462 

MINIMUM-NOISE DATA COLLECTION WITH VARIABLE SCAN RATE: A DIGITAL 
FILTERING METHOD 

T.J. Eskew 464 

MIAQ: INCOS MULTIPLE-ION AUTOMATIC QUANTITATION - THE CORRECT WAY TO 
QUANTITATE 

Paul P. Dymerski, Arthur G. Palmer, and James R. Dahlgran 465 



LIQUID CHROMATOGRAPHY/MASS SPECTROMETRY 

CHARACTERIZATION OF NATURAL MIXTURES OF STEROL PEROXIDES BY LC/MS 
USING DIRECT LIQUID INLET (DLI) INTERFACE 

Francois R. Sugnaux, A.A. Leslie Gunatilaka, and Carl Djerassi 467 

CHARACTERIZATION OF TWO NEW MODIFIED URACIL DERIVATIVES FROM HUMAN URINE 
BY COMBINED LIQUID CHROMATOGRAPHY-MASS SPECTROMETRY 

C.G. Edmonds, E.E. Jenkins, James A. McCloskey, C.R. Blakley, 
M.L. Vestal, N.C. De,. A. Farber, S.P. Dutta, and G.B. Chheda 469 

THE CURRENT STATUS OF PARTICULATE IMPACT MASS SPECTROMETRY 
Frank T. Greene 471 

LIQUID IONIZATION MASS SPECTROMETRY - THE EFFECT OF SOLVENTS 
M. Tsuchlya, Y. Sugano, T. Taira, andY. Saito 472 

THE CONSTRUCTION AND USE OF A NEW DLI MICRO LC/MS DIAPHRAM INTERFACE 
Jack Henion ; 474 

MICRO-COLUMN LC/MS 
David E. Games, Michael S. Lant, Steven A. Westwood, and 
Brian J. Woodhall 476 

ROUTINE DIRECT LIQUID INTRODUCTION LC/MS 
Jack Henion 478 

LC/MS METHOD FOR THE SEPARATION AND QUANTITATION OF THE Cis TRANS 
ISOMERS OF THIOTHIXENE 

N. Narasimhachari, S. Goldln, M. Mumtaz, and R.O. Friedel 480 

ANALYSIS OF BIOMASS SAMPLES USING AN LC/MS INCORPORATING SIMS, RIBBON 
STORAGE TECHNIQUES, AND A TRIPLE QUADRUPOLE MASS SPECTROMETER 

Richard D. Smith and A.L. Johnson 482 

STUDIES OF ERGOT ALKALOIDS USING LC/MS AND MS/MS . 
David E. Games, Christine Eckers, Brian P. Swann, and David N.B. Mallen 484 

BIOCHEMISTRY 

AMINO ACID ANALYSIS BY ELECTRON CAPTURE NEGATIVE ION CHEMICAL 
IONIZATION MASS SPECTROMETRY 

Donald F. Hunt and Mary Sisak 486 

QUANTIFICATION OF PICOMOLE AMOUNTS OF LEU-ENKEPHALIN IN CANINE BRAIN 
CAUDATE NUCLEI WITH FD-MS 

D.M. Desiderio and S. Yamada ' 487 

IN BEAM CHEMICAL IONIZATION OF PEPTIDES AND PEPTIDOLIPIDS 
W. Rodney Mathews, Keith L. Clay, and Robert C. Murphy . 488 

THE ROLE OF PEPTIDE SEQUENCING BY GCMS IN THE DETERMINATION OF THE 
STRUCTURE OF LARGE PROTEINS 

N.J. Royal, W.C. Herllhy, Steven A. Carr, R.J. Anderegg, and 
K. Bieraann . 490 

PROTEIN SEQUENCING BY LIQUID FLOW MASS SPECTROMETRY 
P. Tao, J. Carmody, C.R. Blakley, D. Dyckes, and M.L. Vestal 493 



STUDIES ON MOLECULAR SPECIES OF GLYCEROPHOSPHOLIPIDS BY A GC/MS SYSTEM • 
Kunihiko Salto, Minoru Kino, and Masami Gamo 494 

APPLICATION OF CHEMICAL IONIZATION MASS SPECTROMETRY TO THE STRUCTURAL 
CHARACTERIZATION OF COMPLEX MACROLIDE ANTIBIOTICS 

Makoto Suzuki, Ken-ichi Harada, Naohito Takeda, and Akira Tatematsu 496 

IDENTIFICATION BY HIGH RESOLUTION MASS SPECTROMETRY OF 5-CARBOMETHOXY-
VALERAMIDINE, A HYDROLYSIS PRODUCT OF THE ANTISICKLING AGENT 
DIMETHYL ADIPIMIDATE 

S. Lewis, R. Pennathur-Das, R. Halpin, K. Cerrone, B. Lubin, 
G.L. Kenyon, and W.C. Mentzer • •. 498 

THE DETERMINATION OF STEROID CONJUGATES IN SALIVA 
Simon J. Gaskell, Elizabeth M.H. Finlay, and Michael S. Morton 500 

METABOLISM OF NEPETALACTONE AND RELATED COMPOUNDS IN NEPETA CATARIA L. 
AND COMPONENTS OF ITS BOUND ESSENTIAL OIL 

George R. Waller and Ronald D. Johnson 502 

SYMPOSIUM: GAS PHASE METAL ION CHEMISTRY FROM CATALYSIS TO THE IONOSPHERE 

GAS PHASE CHEMISTRY OF METAL- AND METAL-CONTAINING IONS WITH AMINES 
John Allison, S.K. Huang, M. Lombarski, and B. Radecki 503 

STUDIES OF CLUSTERS ABOUT METALLIC IONS 
A.W. Castleman, Jr., P.M. Holland, D.M. Lindsay, T.D. Mark, 
K.I. Peterson, F.J. Schelling, R.J. Stanley, and B.L. Upschulte 506 

ATMOSPHERIC CHEMISTRY OF METEOR DERIVED IONS 
Eldon Ferguson '. .• 508 

GAS PHASE STUDIES 0^ LASER GENERATED TRANSITION METAL IONS 
R.C. Bumler, G.D. Byrd, T.J. Carlin, M.B. Wise, R.B. Cody, and 
B.S. Preiser 509 

HIGH MASS AND THERMOLABILE COMPOUNDS 

SECONDARY ION MASS SPECTRA OF SOME PROTECTED OLIGONUCLEOTIDES 
W. Ens, K.G. Standing, J.B. Westmore and K.K. Ogilvie .. 513 

IDENTIFICATION OF MODIFIED BASES AND NUCLEOSIDES FROM ALKYLATED NUCLEIC 
ACIDS BY CHROMATOGRAPHY/SECONDARY ION MASS SPECTROMETRY AND MASS' 
SPECTROMETRY/MASS SPECTROMETRY 

S.E. Unger, D.V. Davis, R.G. Cooks, C.-J. Chang, J. Gomes, and 
D. Ashworth 515 

APPLICATION OF THE ION-DRIFT SPECTROMETER TO MACROMASS SPECTROMETRY. 
III. FINAL REPORT AND CONCLUSIONS 

K. Nakamae, Vijay Kumar,' and Malcolm Dole • 517 

INTENSE MOLECULAR IONS FROM LABILE AND POLAR COMPOUNDS BY ION EVAPORATION 
J.V. Irlbarne, P.J. Dziedzic, and B.A. Thomson 519 

ELECTRON lONIZATION-FLASH DESORPTION MASS SPECTROMETRY USING ELECTRO-
OPTICAL ION DETECTION 

T.D. Lee, W.R. Anderson, Jr., H.G. Boettger, and C.E. Giffin 521 



IONIZATION PROCESSES IN LASER DESORPTION 
R.J. Day and D.M. Hercules 523 

THE DETERMINATION OF MOLECULAR WEIGHT DISTRIBUTIONS OF POLYGLYCOL 
OLIGOMERS BY FIELD DESORPTION MASS SPECTROMETRY . 

Robert P. Lattlmer and Gordon E. Hansen 525 

ENHANCEMENT OF FIELD DESORPTION MASS SPECTRA OF ALKALI METAL SALTS 
BY POLYHYDROXYL ADDITIVES 

Gordon W. Wood and Wing Fung Sun 527 

FIELD DESORPTION MASS SPECTROMETRY AND FAST ATOM BOMBARDMENT MASS 
SPECTROMETRY IN STRUCTURAL STUDIES OF HIGH MASS OLIGOSACCHARIDES 
( tl 4000 DALTONS) 

A.L, Burlingame, C.E. Ballou, and A. Dell 528 

HIGH RESOLUTION-HIGH MASS BY FT-MS 
Sahba Ghaderi, Vern Burger, Robert Spencer, John Marra, Richard 
Hein, and Terry Peterson 530 

THE INTERACTION OF HEAVY WATER CLUSTER IONS WITH NEUTRAL GASES 
H. Udseth, H. Zmoia, R.J. Beuhler, and L. Friedman 531 

PHARMACOLOGY 

A SENSITIVE AND SPECIFIC STABLE ISOTOPE ASSAY FOR WARFARIN AND 
ITS METABOLITES 

E.D. Bush, L.K. Low, and W.F. Trager '. 533 

METASTABLE ION MONITORING FOR THE MEASUREMENT OF A'-TETRAHYDROCANNABINOL 
IN PLASMA TO THE LOW PICOGRAM LEVEL 

D.J. Harvey, J.T.A. Leuschner, and W.D.M. Paton 535 

IDENTIFICATION AND SIMULTANEOUS QUANTITATION OF CODORPHONE AND FIVE OF 
ITS METABOLITES IN HUMAN URINE AS THEIR TMS OXIME, N-TMS, O-TMS 
DERIVATIVES VIA GC/MS 

James V. Evans, Richard J. Helms, and Jerry L. Leeling 537 

IMPROVEMENTS IN A GC/MS ASSAY FOR 1-a- ACETYLMETHADOL (LAAM) AND ITS 
METABOLITES 

Dennis M. Chinn and Rodger L. Foltz . ...' 539 

QUANTITATION OF METHADONE AND METABOLITES IN HUMAN FECES BY DIRECT 
PROBE CHEMICAL IONIZATION MASS SPECTROMETRY 

M.J. Kreek, F.A. Bencsath, A.M. Fanizza, and F.H. Field. 540 

METABOLISM AND DISPOSITION OF INHALED 2-BUTANONE IN RATS DETERMINED 
BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY 

E.L. White and D.E. Rickert 541 

APPLICATION OF CHEMICAL IONIZATION MASS SPECTROMETRY TO THE " 
IDENTIFICATION AND CHARACTERIZATION OF TRIALKYLPHOSPHATE FLAME 
RETARDANTS AND THEIR METABOLITES 

J.M. Kennish, K. Wong, C Garvie-Gould, and R.K. Lynn 542 

STUDIES ON THE METABOLISM OF PROCARBAZINE BY MASS SPECTROMETRY 
Simon H. Kuttab, S. Tanglertpalbul, Paul Vouros 544 



METABOLISM OF TWO TETRACHLOROBIPHENYL ISOMERS IN RHESUS MONKEYS 
H.T. Cory, G.D. Daves, and W.P. McNulty 546' 

HPLC AND FD MASS SPECTRAL IDENTIFICATION OF THIOLYTIC CONJUGATION 
AND DEGRADATION METABOLITES OF THE ANTICANCER DRUG m-AMSA 

M. Przybylski, I. Dietrich, D. Shoemaker, and R.L. Cysyk 548 

SECONDARY ION MASS SPECTROMETRY FOR IDENTIFICATION OF NEUROACTIVE 1 
CHOLINEAZIRIDINIUM ANALOGS 

Adam Vincze, R. Graham Gooks, and Israel Hannin 549 

ACCURATE MASS CHROMATOGRAPHY AS A HIGHLY SPECIFIC TECHNIQUE FOR THE 
DETECTION OF DRUG METABOLITES IN COMPLEX MIXTURES OF BIOLOGICAL ORIGIN 

Thomas A. Baillie 551 

GAS-PHASE ATOMIC METAL CATIONS. LIGAND BINDING ENERGIES, OXIDATION 
CHEMISTRY AND CATALYSIS 

Ralph H. Staley 552 

ION BEAM STUDIES OF REACTIVE INTERMEDIATES IN ORGANOMETALLIC CHEMISTRY 
J.L. Beauchamp, L.F. Halle, and P.B. Armentrout 556 

SOLIDS, PYROLYSIS 

SIMS OF ALKALI HALIDES: STABILITY OF HIGH MASS CLUSTERS 
T.M. Barlak, J.E. Campana, R.J. Colton, J.J. DeCorpo and J.R. Wyatt ... 557 

SECONDARY ION MASS SPECTROMETRY OF SMALL-MOLECULE SOLIDS AT 15K: 
CLUSTER FORMATION 

Robert G. Orthand Josef Mlchl 559 

SECONDARY ION MASS SPECTROMETRY OF FROZEN AQUEOUS SOLUTIONS 
Robert G. Orth and Josef Michl 560 

INTENSITY CALIBRATION STANDARDS FOR MOLECULAR SIMS 
J.E. Campana, J.J. DeCorpo, J.R. Wyatt, and R.J. Colton 562 

QUADRUPOLE SIMS: FUNDAMENTAL PRINCIPLES, PREFILTER TRANSMISSION 
CHARACTERISTICS AND PERFORMANCE CHARACTERISTICS 

Gene R. Sparrow, and- Johnie Brown 564 

ANALYSIS OF POLYMERS BY PYROLYSIS MASS SPECTROMETRY 
D. C Conway and Roman Marak 565 

A TECHNIQUE OF FOCUSED CRYOGENIC TRAPPING FOR HEADSPACE AND PYROLYTIC 
ANALYSIS OF POLYMERS ON A FUSED SILICA CAPILLARY COLUMN 

James G. Moncur, Terry E. Sharp, and. Leroy M. Law ' 566 

THERMAL ANALYTICAL CHARACTERIZATION OF POLYMER COATED PAPER 
J.A. Nikora, C.M. Yavornitzky, and R.A. Yount 567 

HIGH MASS AND THERMOLABILE COMPOUNDS 

SOME EXAMPLES- OF CALIFORNIUM-252 TIME OF FLIGHT MASS SPECTROMETRY " 
C.J. McNeal, R.D. Macfarlane and H.M. Fales 569 

FAST HEAVY IONS INDUCED DESORPTION MASS SPECTROMETRY OF NUCLEOSIDES 
MODIFIED BY CARCINOGENIC POLYCYCLIC HYDROCARBONS 

S. Delia Negra, Y.M. Glnot, Y. Le Beyec, M. Spiro, and P. Vigny 570 



FAST ATOM BOMBARDMENT MASS^SPECTROMETRY OF MOLECULAR CATIONS, ANIONS, 
AND ZWITTERIONS 

G. Hansen, C. Fenselau, T. Chen, D. Heller, and R. Cotter 572 

NEGATIVE ION MASS SPECTROMETRY OF MIDDLE MOLECULES: CHEMICAL 
IONIZATION AND FAST ATOM BOMBARDMENT 

D.N. Heller, T.S. Chen, G. Hansen, and C Fenselau 574 

QUANTITATIVE ANALYSIS IN BIOLOGICAL FLUIDS OF THE QUATERNARY 
AMMONIUM SALTS, PANCURONIUM AND NORCURON (ORG NC 45), BY 
DIRECT INSERTION CIMS 

T-L. Nguyen, L.D. Gruenke, R.A. Upton, N. Castagnoli, Jr., and 
R.D. Miller 576 

IN-BEAM ELECTRON IMPACT AND MASS ANALYSED ION KINETIC ENERGY STUDIES 
OF QUATERNARY AMMONIUM SALTS •• 

M. Ohashi, R. Barron, and W. Benson .• 578 

MASS SPECTRAL ANALYSIS OF LONG CHAIN QUATERNARY AMINE MIXTURES 
Robert J. Cotter, Gordon Hansen, and Thomas R. Jones '. 580 

CHEMICAL IONIZATION MASS SPECTROMETRY OF THERMOLABILE ORGANIC COMPOUNDS. 
ADDUCT ION FORMATION WITH AMMONIA, TRIETHYLAMINE OR PYRIDINE 

D.I. Carroll, J.G. Nowlin, R.N. Stillwell, and E.C. Homing 582 

THE THERMAL DESORPTION CHEMICAL IONIZATION MASS SPECTROMETRY OF 
l,3,5,7-TETRANITRO-l,3,5,7-TETRAAZACYGLOOCTANE (HMX) 

Russell G. Spreen and Burnaby Munson 583 

HIGH-PERFORMANCE MOLECULAR SIMS 
J.E. Campana, T.M. Barlak, J.R. Wyatt, J.J. DeCorpo, and R.J. Colton ... 585 

A CERAMIC DIRECT INSERTION TIP FOR DESORPTION CHEMICAL IONIZATION 
F.A. Bencsath and F.H. Field 587 

FIELD DESORPTION AND DESORPTIVE CHEMICAL IONIZATION MASS SPECTRAL 
STUDIES OF PHORBOL ESTERS • . . 

C.E. Costello, A. Schkuta, K. Biemann, and V.N. Reinhold 588 

DESORPTIVE CHEMICAL IONIZATION OF POLYPEPTIDES AND POLYPEPTIDE DERIVATIVES 
Steven A. Carr, V.N. Reinhold, and K. Biemann 590 

DESORPTIVE CHEMICAL IONIZATION (DCl) STUDIES OF CARBOHYDRATES AND 
GLYCOCONJUGATE MATERIALS 

V.N. Reinhold and S.A. Carr 592 

PULSED FIELD DESORPTION TIME-OF-FLIGHT MASS SPECTROMETER 
S.E. Buttrill, Jr., R.H. Fleming, M. Rossi, W. Gohl, and L.N. Goeller .. 594 

A METHOD FOR THE MASS CALIBRATION OF PHOTOPLATES IN FIELD DESORPTION 
AND ITS APPLICATION TO SOME PEPTIDES 

R. Espinosa-Leniz, J.E. Girard, and E. White V 596 

NEGATIVE ION FIELD DESORPTION MASS SPECTRA OF COMPLEX ANIONS 
CONTAINING TECHNETIUM 

S.A. Carr, C.E. Costello, C. Orvig, A. Davison, and K. Blemann ;.. 598 

A FIELD IONIZATION MASS SPECTROMETER SYSTEM FOR DETECTION OF ORGANIC 
VAPORS IN AIR 

Ronald H. Fleming and S.E. Buttrill, Jr 600 



MINICOMPUTER-BASED MULTICHANNEL ANALYZER FOR ACQUISITION OF LOW INTENSITY 
MASS SPECTRA 

Charles R. Snelling, Jr., J. Carter Cook, Jr., Richard M. Milberg, 
and Kenneth L. Rinehart, Jr 602 

PESTICIDE RESIDUES 

THE ANALYSIS OF PARAQUAT RESIDUES IN WHEAT USING GAS CHROMATOGRAPHY -
CHEMICAL IONIZATION MASS SPECTROMETRY 

Perry S. Wilkes and Geraldine D. Sanders 604 

FALCARINOL IN CARROTS BY GC-MS 
R.D. Plattner, Roger E. England, Kathleen L. Payne-Wahl, and 
Shelly G. Yates i 607 

GC/MS ANALYSIS OF ANIMAL TISSUE SAMPLES FOR TRACE LEVELS OF 
DIETHYLSTILBESTROL 

M.K. Hoffman and P.O.. Hsu 609 

A CONFIRMATORY METHOD FOR FOSTHIETAN RESIDUES IN CORN TISSUE BY 
GAS CHROMATOGRAPHY-NEGATIVE ION CHEMICAL IONIZATION MASS SPECTROMETRY 

S.J. Stout, M.O. Poeppel, and J.W. Higham • 611 

MASS SPECTROMETRIC STUDY OF ETHOPROP (0-ETHYL-S, S-DIPROPYL 
PHOSPHORODITHIOATE) 

W.T. Lewis and A.K. Bhattacharya 613 

UNUSUAL POLYCHLORINATED XENOBIOTIC CHEMICALS FOUND IN FISH FROM MAJOR 
WATERSHEDS IN THE GREAT LAKES 

Brian G. Butterworth, Kenneth L. Johnson, Douglas W. Kuehl, 
and Edward N. Leonard 614 

MASS SPECTRAL IDENTIFICATION OF CHLORINATED ORGANIC COMPOUNDS FROM 
SEDIMENTS COLLECTED NEAR AN INDUSTRIAL AREA 

Douglas G. Burrows, Williara D. MacLeod, Jr., L. Scott Ramos, and 
Donald W. Brown •...' 615 

QUANTITATIVE ANALYSIS OF POLYCHLORINATED STYRENES, BENZENES, AND 
HEXACHLOROBUTADIENE IN GREAT LAKES FISH 

Kenneth L. Johnson, Brian C. Butterworth, Douglas W. Kuehl, and 
Edward N. Leonard 617 

QUANTITATION OF HALOGENATED ORGANIC COMPOUNDS II. DIOXINS AND FURANS 
C.E. Parker, P.W. Albro, and M.J. Bobenrieth 618 

COMPARISON OF GC/MS WITH MS/MS IN THE ANALYSIS OF PCBs IN COMPLEX MIXTURES 
R.D. Voyksner, G.W. Sovocool, M.M. Bursey, and J.R. Hass 620 

A QUALITY ASSURANCE PROGRAM FOR A GC/MS/COMPUTER SYSTEM ENGAGED IN 
ANALYSIS OF VOLATILE ORGANIC COMPOUNDS 

D.J. Smith, E.D. Pellizzari, N. Castillo, M.D. Erickson, and 
CS. Sparacino 622 

TRACE DETECTION IN REAL TIME OF CHLORINE AND SULFUR-CONTAINING COMPOUNDS 
OF ENVIRONMENTAL CONCERN 

S.D. Tanner, B.A. Thomson, G.B. DeBrou, andN.H. Hijazi 623 

PULSED POSITIVE ION NEGATIVE ION CHEMICAL IONIZATION MASS SPECTROMETRIC 
APPLICATIONS TO ENVIRONMENTAL AND HAZARDOUS WASTE ANALYSIS 

L.D. Betowskl, H.M. Webb, and A.D. Sauter 625 



GC-MS TECHNIQUES FOR COMPREHENSIVE ASSESSMENT OF CHLORINATED DIBENZO-p-
DIOXINS AND DIBENZOFURANS IN COMBUSTION PARTICULAIES 

G.F. VanNess, M.L. Taylor, J.H. Garrett, J.G. Solch, and 
T.O. Tiernan ...; 627 

ANALYSIS CF GREAT LAKES FISH SAMPLES FOR 2,3,7,8-ICDD 
D.R. Hilker, P.W. O'Kcefe and Carol Meyer 629 

RAPID SCREENING OF ENVIRONMENTAL SAMPLES FOR LOW TO SUB-PPT LEVELS OF 
POLYCHLORINATED DIBENZO-p-DIOXINS USING TRIPLE QUADRUPOLE MASS SPECTROMETRY 

G.A.V. Rees, H. Tosine, T. Sakuma, W.R. Davidson, B.A. Thomson, 
L.M. Danylewych, B. Shushan, J.E. Fulford, and N.M. Reid 631 

FOSSIL AND SYNFUELS/APPLICATIONS OF MSMS 

ANALYSIS OF PCB COMPONENTS HAVING NO ORTHO SUBSTITUTED CHLORINES IN 
ENVIRONMENTAL SAMPLES 

G.R. Dubay, L.M. Smith, D.L. Stalling, and J.D. Petty 633 

STRUCTURAL AND ANALYTICAL APPLICATIONS OF HIGH RESOLUTION MS/MS 
M.P. Barbalas, M.T. Cheng, C Wesdemiotis, I.J. Amster, C.J. Sack, 
and F.W. McLafferty 634 

THE ANALYSIS OF NITRATED POLYNUCLEAR AROMATIC HYDROCARBONS IN DIESEL 
EXHAUST PARTICULATES BY MASS SPECTROMETRY/MASS SPECTROMETRY TECHNIQUES 

T. Riley, T. Prater, D. Schuetzle, T.M. Harvey, and D. Hunt 636 

IDENTIFICATION OF ACID FRACTION COMPONENTS OF PRIORITY POLLUTANT 
MIXTURES BY TRIPLE QUADRUPOLE MASS SPECTROMETRY 

J.A. Chakel, C.A. Myerholtz, and C.G. Enke ' 638 

FUNDAMENTAL FACTORS WHICH INFLUENCE CID (MS/MS) SPECTRA IN TRIPLE 
QUADRUPOLES 

P.H. Dawson, J.B. French, J.A. Buckley, D. Simmons, and D.J. Douglas-... 640 

MS/MS CHARACTERIZATION OF DIESEL EMISSIONS 
Thomas R. Henderson, Robert E. Royer, and Charles R. Clark 642 

ANALYSIS OF PHENOLIC AND POLYNUCLEAR AROMATIC HYDROCARBON SPECIES IN 
ALTERNATE FUELS AND EFFLUENTS ' 

L.R. Hilpert and K.L. Richie 644 

EXTENDED USE OF THE PURGE AND TRAP TECHNIQUE ON LOW VOLATILITY 
ORGANICS IN WATER 

Albert R. Trussell and James G. Moncur 646 

CHEMICAL CHARACTERIZATION OF MUTAGENIC EXTRACTS OF BAG FILTER ASH 
FROM AN EXPERIMENTAL FLUIDIZED BED GOAL COMBUSTOR 

Ray L. Hanson, C.R. Clark, and C.H. Hobbs 648 

A SOPHISTICATED AUTOMATIC PROCEDURE FOR THE QUANTITATIVE 
DETERMINATION OF PRIORITY POLLUTANTS 

P.A. Ryan, C.J. Wakefield, H.J.M. Fitches, and K.R. Compson 650 

COAL STRUCTURE: GC-MS STUDIES OF THE OXIDATIVE DEGRADATION 
PRODUCTS OF COAL AND "OXYCOAL" 

R. Mlnard, N. Deno, J. Stroh, C Koch, T. Reed, S. Soboczenski, 
and D. Jones 652 



ANALYSIS OF ORGANO SURFUR COMPOUNDS IN CRUDE OIL AND COAL 
LIQUEFICATION SAMPLES 

Donald F. Hunt and Jeffrey Shabanowitz 655 

MASS SPECTROMETRIC ANALYSIS OF BIOMARKERS IN CHINESE YANGSANMU 
CRUDE OIL 

Wang Xieqing, Lang Renchl and Su Huanhua 657 

MASS SPECTROMETRY/MASS SPECTROMETRY 

THE EFFECT OF MULTIPLE COLLISIONS ON THE COLLISIONALLY ACTIVATED 
DECOMPOSITIONS OF GASEOUS IONS 

P.J. Todd and F.W. McLafferty 659 

DETERMINATION OF RADICAL ISOMERIZATION RATES USING MS/MS 
G.N. McEwen and M.A. Rudat 660 

ION ENERGETICS OF CO"*" BY TRIPLE QUADRUPOLE MASS SPECTROMETRY 
R.K. Latven and C.G. Enke 661 

MULTIPLE DISSOCIATION REACTIONS IN A TRIPLE SECTOR MASS SPECTROMETER 
D.J. Burinsky, R.G. Cooks, E.K. Chess, and M.L. Gross 663 

STUDIES USING TANDEM QUADRUPOLE MASS SPECTROMETRY 
Donald F. Hunt, Anne B. Glordanl, Jeffrey Shabanowitz, and 
Gerald Rhodes 665 

DESCRIPTION AND APPLICATIONS OF A HYBRID MS/MS INSTRUMENT OF BQQ DESIGN 
G.L. Glish, S.A. McLuckey, and R.G. Gooks 666 

AN ATMOSPHERIC PRESSURE IONIZATION MS/MS AND ITS APPLICATIONS 
V. Caldecourt, D. Zakett, and J. Tou 668 

AN INTEGRATED APPROACH TO THE RAPID SCREENING OF TRACE COMPONENTS IN 
COMPLEX MIXTURES BY MS/MS 

W.R. Davidson, J. Fulford, N.M. Reid, T. Sakuma, B. Shushan, and 
B.A. Thomson 670 

DIRECT ANALYSIS OF COMPLEX ENVIRONMENTAL MATRICES FOR PRIORITY POLLUTANTS 
BY TRIPLE QUADRUPOLE MASS SPECTROMETRY 

T. Michael Harvey, Donald F. Hunt, and Jeffrey Shabanowitz... 672 

A CURIE-POINT MS/MS SYSTEM FOR ANALYSIS OF BIOMATERIALS AND FOSSIL FUELS 
Henk L.C Meuzelaar, William H. McClennen, Gary S. Metcalf, and 
George R. Hill '. 673 

SIMS .+ MS/MS = SIMS/MS 
G.L. Glish and P.J. Todd 675 

ATMOSPHERIC PRESSURE ION CLUSTERS IDENTIFIED BY COLLISION 
INDUCED DISSOCIATION 

M.W. Siegel and H.H. Lo 677 



POSITIVE AND NEGATIVE CHEMICAL IONIZATION 

NCI SPECTRA OF SOME TRANSITION METAL CHELATES 
I.K. Gregor, K.R. Jennings, and G.A. Warburton 680 

QUALITATIVE AND QUANTITATIVE APPLICATIONS OF NEGATIVE CHEMICAL 
IONIZATION MASS SPECTROMETRY: ANALYSIS OF CATECHOLAMINE METABOLITES 
AND INDOLEAMINEALDEHYDE CONDENSATION PRODUCTS 

Kym F. Faull, Manlsha Sahni, and Jack D. Barchas 682 

NEGATIVE MASS SPECTRA OF THE DINITROTOLUENE ISOMERS 
Michel J.F. Asselln and Jocelyn J.R. Pare 683 

LIMITATIONS OF NICI-GCMS FOR ANALYSIS OF BIOGENIC AMINES 
G.M. WllliaiBS, J.R. Crowley, and M.W. Couch 685 

NEGATIVE ION CHEMICAL IONIZATION (OH") MASS SPECTRA OF TRICHOTHECENES 
W.C. Brumley, D. Andrzejewski, P.A. Dreifuss, J.A.G. Roach, and 
J.A. Sphon 687 

POSITIVE AND NEGATIVE CHEMICAL IONIZATION MASS SPECTROMETRY OF 
N-PROTECTED AMINO ACIDS 

George Barany and Mark A. Steine 689 

CHEMICAL IONIZATION WITH CF, 
4 

M.A. Rudat 691 

REDUCTION OF TRINITROAROMATIC COMPOUNDS IN WATER BY CHEMICAL IONIZATION 
MASS SPECTROMETRV 

Jehuda Yinon and Miriam Laschever • 693 

THE ASSESSMENT OF MATRIX EFFECTS ON IDENTIFICATION AND QUANTITATION 
BY CHEMICAL IONIZATION MASS SPECTROMETRY 

G.J. Kallos, V. Caldecourt and J.C. Tou 695 

RING AND SUBSTITUENT PROTONATION OF SUBSTITUTED ANILINES AND HYDRATION 
OF THE RESULTING IONS 

Y.K. Lau, K. Nishizawa, and P. Kebarle 697 

DESORPTION CHEMICAL IONIZATION (DCl) WITH THE RIBERMAG RIO-IO QUADRUPOLE 
MASS SPECTROMETER: APPLICATION TO THE DETERMINATION OF STEREOISOMERS OF 
3-HYDROXY STEROIDS AND DERIVATIVES 

Pierre Tecon, Yutaka Hirano, and Carl Djerassi 698 

FACTORS AFFECTING REACTIVITY IN AMMONIA CHEMICAL IONIZATION MASS 
SPECTROMETRY 

T. Keough and A.J. DeStefano 700 

FINGERPRINTING OF NATURAL FAT SAMPLES (TRIGLYCERIDES) BY THE DCl TECHNIQUE 
M. Hoehn, U. Rapp, and E. Schulte 702 

SOME APPLICATIONS OF AMMONIA CHEMICAL IONIZATION MASS SPECTROMETRY 
A.J. DeStefano and T. Keough 703 

METHYL CATION TRANSFER REACTIONS 
Karl Blom and Burnaby Munson . 705 



DYNAMICS AND STRUCTURES OF GASEOUS IONS 

INFRARED TWO-LASER PHOTODISSOCIATION SPECTROSCOPY OF VAN DER WAALS 
CLUSTERS USING MASS SPECTROMETRIC DETECTION 

Mark Hoffbauer, Kopln Liu, W.R. Gentry, and C.F. Giese 707 

THE MAGNITUDE OF COLLISIONAL EXCITATION OF IONS MEASURED AS A 
FUNCTION OF ION ENERGY, TYPE OF COLLISION GAS AND GAS PRESSURE 

I.W. Griffiths, E.S. Mukhtar, R.E. March, F.M. Harris, and J.H. Beynon . • 709 

A STUDY OP THE FRAGMENTATION OF METASTABLE H S IONS 
M.F. Jarrold, A.J. lilies, and M.T. Bowers 710 

THE UNIMOLECULAR DECOMPOSITION RATES OF ENERGY SELECTED 
METHYLNITRITE IONS 

J.P. Gilman, T. Hsieh, and G.G. Meisels '. 712 

RESONANCE EFFECTS IN THE ANGULAR DISTRIBUTIONS AND BRANCHING RATIOS 
OF THE PHOTOELECTRONS IN C.H, AND C N, 

Albert C Parr, D.L. Ederer, John B. West, and J.L. Dehmer 714 

THE DYNAMICS OF C,H,o'i' DISSOCIATION 
C. Lifshitz and E. Tzidony 715 

FOURIER TRANSFORM MASS SPECTROMETRY STUDIES OF GAS PHASE 
CARBANION CHEMISTRY 

Robert L. White, Allison Howard, S.W. Staley, and C.L. Wilkins 717 

FORMATION OF ETHYL AND PROPYL IONS FROM C.H I, I-C H I , and 2-C H^I 
R. Buff, H.M. Rosenstock, M.A. AlmosEer Ferrelra, A.C. Parr, and 
R. Stockbauer and J.L. Holmes 719 

THE FRAGMENTATION BEHAVIOR OF FORMALDEHYDE MOLECULAR CATIONS 
R. Bombach, J. Dannacher, J.-P. Stadelmann, and J. Vogt 720 

TIME RESOLVED'PHOTOIONIZATION AND ELECTRON IMPACT MASS SPECTROMETRY 
IN THE MILLISECOND RANGE; THE KINETIC SHIFT IN PYRIDINE 

Chava Lifshitz ••• ' 722 

AUTOMATED TIME-RESOLVED ION-MOLECULE REACTION STUDIES BY FOURIER 
TRANSFORM MASS SPECTROMETRY 

Robert B. Spencer, Vern Burger, Sahba Ghaderi, John Marra, 
Richard Hein, and Terry Peterson .-. . . 724 

THE THERMOCHEMISTRY AND DISSOCIATION DYNAMICS OF STATE SELECTED C^HgO^ -
IONS: ETHYL ACETATE, p-DIOXANE, AND n-BUTYRIC ACID 

Maria L. Fraser Monteiro, Luis Fraser Monteiro, James Butler, 
Tomas Baer, and J. Ronald Hass " 725 

THE STRUCTURES OF BROMO-CARBONIUM IONS • 
John L. Holmes, F.P. Lossing, R. McFarlane, and Johan K. Terlouw 727 

BIOCHEMISTRY 

QUANTITATIVE AND QUALITATIVE ANALYSIS OF INTACT CONJUGATED BILE SALTS 
IN HUMAN BILE USING RADIAL COMPRESSION HPLC, FIELD DESORPTION AND FAST 
ATOM BOMBARDMENT MASS SPECTROMETRY 

J.O. Whitney, S. Lewis, K.M. Straub, F.G. Walls, A.L. Burlingame, 
and M.M. Thaler 729 



USE OF GC/MS IN THE IDENTIFICATION OF ABNORMALITIES IN 
STEROID BIOSYNTHESIS 

P.V. Fennessey and E.R. Orr 731 

QUANTITATIVE STEROL ANALYSIS BY SELECTIVE ION MONITORING USING 
A DIRECT INSERTION PROBE 

T.A. WittstTuck and E. Caspl 733 

THE SPECTRA OF POLYPEPTIDES OBTAINED WITH CF-252 FISSION 
FRAGMENT MASS SPECTROMETRY 

B.T. Chait, J. Shpungin, B.F. Gisln, and F.H. Field 734 

FRAGMENTATION OF TRIMETHYLSILYLATED MONOGLUCURONIDES OF DIHYDRODIOLS 
FROM NAPHTHALENE 

J. Bakke, G. Struble, and V.J. Fell 735 

MASS SPECTROMETRY OF GLUTATHIONE, CYSTEINE, AND MERCAPTURIC ACID 
CONJUGATES OF STYRENE OXIDE 

D.J. Harvan, B. Yagen, 0. Hernandez, and J.R. Hass 737 

QUEUINE. STRUCTURAL STUDIES AND DISTRIBUTION IN NATURE 
P.F. Crain, S.K. Sethi, B.P. Baslle, CS. Cheng, T. Kinoshlta, 
J.A. McCloskey, and J.R. Katze 739 

THE STRUCTURAL DETERMINATION OF 3-(2-CARBOXYETHYL) CYTOSINE FOLLOWING 
IN VITRO REACTION OF BETA-PROPIOLACTONE WITH CALFTHYMUS DNA 

Jerome J. Solomon, Alvin Segal, John Mignano, and John Dino 741 

SYNTHESIS AND GC/MS OF 0'-METHYLATED NUCLEOSIDES AND DEUTERATED ANALOGS 
R.G. Teece and K.H. Schram ; '. 742 

THE INCORPORATION OF ^̂ C AND N LABELED PRECURSORS INTO THE 
URIDINE NUCLEOTIDE POOL IN VITRO AND IN VIVO 

Lawrence Anderson, Anne Monks, Christine Chisena, Richard Cysyk, 
and John Strong 744 

INCORPORATION OF 4-AMIN0-5- HYDROXYMETHYLPYRIMIDINE INTO THIAMINE 
BY MICROORGANISMS 

Robert H. White 746 

ALKYLATION REACTIONS OF GUANOSINE 5'-MONOPHOSPHATE BY 
PHOSPHORAMIDE MUSTARD. 

V.T. Vu, C.G. Fenselau, and O.M. Colvin 748 

A NOVEL NUCLEOPHILIC AROMATIC SUBSTITUTION OF AN ACYLOXY GROUP AT 0^ 
OF DEOXYGUANOSINE 

Jerome J. Solomon, Alvin Segal, Benjamin L. Van Duuren, and 
Urszula Mate 750 

PRODUCTS OF THE REACTION OF BLEOMYCIN WITH DNA 
L. Gilonl, C.R. Iden, and A.P. Grollman 751 

MICRO STRUCTURE DETERMINATION OF LEPIDOPTERAN SEX PHEROMONES USING GC-MS 
Ryohei Yamaoka, Tamio Ueno, and Hiroshl Fukami 753 

APPLICATION OF MASS SPECTROMETRY TO MICROANALYSIS OF CHINESE HERBS 
Chen Yao-zu, Ma Xu-yl, and Zhang Hue-die 755 



PLENARY LECTURE 

THE ISOTOPIC RECORD OF PRECAMBRIAN EVOLU
TION; J^ \A^ Hayes; Biogeochemical Laboratories, Depts. 
Chem. and Geol., Indiana University, Bloomington, IN 67^03. 

Whendid life first arise on Earth and how did the various 
levels of organizational and biochemical complexity sub
sequently develop? Microfossils and other morphological 
remains have always seemed to provide the best evidence 
bearing on the first question (which cannot, in any case, 
be answered with precision because of the fragmentary na
ture of the most ancient sedimentary records). If the 
second question is to be explored, however, chemical evi
dence must be defined, because one microbe looks much 
like another after billions of years of burial. It now 
appears that no significant molecular structures have 
survived in rocks older than 2,5 billion years, but that 
substantial and biochemically significant variations in 
the ^^C/'^C ratios of sedimentary organic materials can 
be observed in that time interval. While not yet fully 
interpretable, these variations are consistent with 
(i) the existence of autotrophs 3.5 billion years before 
the present, (ii) an early carbon cycle inwhich methano-
gens functioned as the only recyclers on an anaerobic 
earth, and (iii) the subsequent development of aerobiosis 
more than 600 million years after the first appearance 
of microfossils. (Work performed at UCLA with J. W. 
Schopf and other members of the Precambrian Paleobiology 
Research Group, 1979-1980.) 
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LASER MULTIPHOTON IONIZATION: WRITING AN 
OPTICAL SIGNATURE ON MASS SPECTROMETRYj RICHARD N. ZARE; 
Department of Chemistry, Stanford University, Stanford, CA. 
94305. 

Traditional light sources are so weak that the interaction of 
radiat ion .'with matter usually involves single-pho ton proces
ses , e.g., absorption or emission. Pulsed laser light sources 
are so strong that multiple photon processes often readily 
occur, presenting.experimentalists with many novel and exotic 
phenomena. Multiphoton absorption of infrared light by nolv-
atomic molecules leads to dissociation while multiphoton ab
sorption of visible or ultraviolet light leads to ionization. 
The latter possibility can serve as an alternative ion source 
for mass spectrometry with the advantages of high inherent 
sensitivity and selectivity. Laser multiphoton ionization 
(MPI) can be used to detect single atoms, to differentiate 
between isotropic and isomeric'Species, and to determine 
structure-! information on and fragmentation kinetics of ex
ciced intermediate states seldom accessible to study by other 
•means. Indeed, MPI may be the "poor man's synchrotron 
source" for photoionization studies. A general review will 
be presented of the rapid progress being made in this new 
field of inquiry. 
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BASICS OF IIYDROGEN REARRANGEMENTS IN ELECTRON Î 4PACT MASS SPECTRA 

Maurice M. Bursey 

Department of Chemistry 045 A, University of North Carolina at Chapel Hill^ 

Chapel Hill, North Carolina 27514 

First, to gain an appreciation of where to expect rearrangements, it is important 
to consider two comparisons of simple cleavages and rearrangements as chemical 
reactions: 

Because bonds are formed as well as broken in rearrangements, but only 

broken in simple cleavages, rearrangements cost less energy than cleavages. 

Because the two reacting centers have to be brought near each other in 
rearrangements, rearrangements cost more order (in the activated complex) 
than cleavages. 

So J in general, the appearance potentials of rearrangement reactions are lower 
than those of simple cleavages (provided there are no complications from symmetry) 
and, because of the constraints on achieving the activated complex, the ultimate 
maximum rates^ for rearrangements^ --, those achieved at very high energies -- are 
lower than those for simple cleavages. Therefore there are energy regions where 
the rates of rearrangements are as fast as, or even faster than, those of simple 
cleavages: those of low energy (low voltage electron impact, chemical ionization, 
etc.). There are also conditions of sampling high-energy ions where the, rates 
of rearrangements are so slow relative to those of simple cleavages that they 
are suppressed (the short-time end of field ionization kinetics, coUisional 
activation). Rearrangements are more competitive with simple cleavages at low 
internal energies. 

Second, rearrangements of hydrogen can be divided into two"categories: random 
rearrangements and specific rearrangements. Random rearrangements most commonly 
occur in hydrocarbon ions: molecular ions of alkanes and alkenes, and alkyl 
ions, for example. The origin of scrambling in alkane molecular ions is 
rooted in the energy of different ion structures. Ethane, with 18 electrons, 
and diborane, with 16 electrons, have quite different structures; ethane molec
ular ion, with 17 electrons, has a low-energy excited state of the diborane 
form, and passing through this form before fragmentation leads to hydrogen 
scrambling. At least, one alkene scrambling mechanism consists of sequential 
1,3 hydrogen shifts: the loss of C^H by a retro-Diels-Alder process of the 
molecular ion of cyclohexene has been studied at different times after ioniza
tion and the formation of different labeled products from a labeled precursor 
is consistent with this mechanism. These ions, and also alkyl ions, may also 
scramble by carbon skeletal rearrangements in some cases. The scrambling is 
most important in the smaller ions in each series. 

There are many examples of well understood specific rearrangements. Those 
mentioned are the McLafferty rearrangement and the elimination of H O and HX 
from alcohols and alkyl halides respectively. The y hydrogen transfer of the 
McLafferty rearrangement occurs before the cleavage of the 6 bond in at least 
one case, and radical site stability thus explains why secondary H is trans
ferred 10 times faster than primary H. The hydrogen to be transferred must also 
be no more than 1.8 A distant from the ketone oxygen, nor more than about 50° 
above the carbonyl system plane. The preferred geometry for loss of water is 
also a six-membered ring. In such rings there is a stereochemical preference 
for loss of water through a chair conformation of the six atoms. In some 
cyclic systems stereochemical specificity ordains the intermediacy of a boat 
form for selection of the 4-hydrogen or a hydrogen of a 4-substituent of a 
4-alkylcyclohexanol. Loss of HX often passes through a five-membered ring, and 
some stereospecificity is preserved; when the selectivity is compared to the 
selectivity of five-membered ring water loss (rare), they are similar. 



CURRENT DEVELOPMENT IN TRIPLE STAGE 
QUADRUPOLE GC/MS/MS/DS; MICHAEL S. STORY, URS STEINER, 
CHARLES A. BOITNOTT, STEVE SOKOLOW, MARK WEISS and 
JOHN R.B. SLAYBACK; Finnigan Corporation, 845 W. Maude Ave., 
Sunnyvale, California 94085 ' 

In this paper, we will report on recent advancements in the 
design and development of a triple stage quadrupole (TSQ) 
mass spectrometer/data system. 1 
The TSQ hardware consists of a gas chromatograph, an elec
tron impact/chemical ionization source (EI/CI), three tandem 
quadrupoles, turbomolecular vacuum pumps, dual/independent 
pulsed positive ion-negative chemical ionization .modules, a 
multiplexer control assembly and a complete interactive data 
system. ' 
To meet the complexities of TSQ instrument control and data 
processing, the data system provides convenient, interactive 
control of all instrument configurations and mass scanning 
modes during real time operation. This allows the chemist 
to define a sequence of experiments that will cycle auto
matically during the acquisition of data, thus maximizing 
the information obtained from a single sample analysis. The 
data system also senses analog input values, labels printer 
and CRT outputs according to the experiment and sortsdata 
which have been acquired from multi-configurational analyses. 
The unit mass resolution provdied by tandem quadrupole 
operation allows use of conventional software programs to 
interpret GC/MS/MS or MS/MS data. 



GAS CMOiaTOGRAPHY-POURIER TRANSFORM MASS SPEPnOETRY (GC/FTHS) 

ROBERT L. WHITE, E. B. UBPORD, Jr., C. L. WILKINS, and M. L. GROSS, Department of 

Chanistry, University of Nebraska, Lincoln, NE 68588 

QC/MS/CX3M systems have greatly simplified, the task of multicomponent mixture analysis and 

have become an important tool'for the analytical chemist. It is therefore important to 

consider the implementation of GC/MS/COM i n the evaluation of the analytical capabilities 

of Fourier Transform Mass Spectrometry (ETWS). Preliminary experiments indicate that 

GC/PIMS/COM is feasible and raay be applicable to conplex mixture analysis. 

The basic operation.of a Fourier Transform Mass Spectrometer is quite different from that 

of conventional mass spectraneters. In FIMS, ion formation and detection are performed 

vdthin the same region of the. spectrometer. Ion detection is accanplished by applying 

a radio frequency sweep to opposing sides of the analyzer cell in such a way as to excite 

the cyclotron motion of ions having resonant frequencies within the bandwidth of the sweep. 

The excited notion is observed as a damped oscillating voltage on the receiver plates of 

the analyzer cell. Etiurier transformation of the time dcmain signal results in a frequency 

spectrun vrtiich can then be related to the mass spectnm of the naterial inside the 

analyzer cell. Signal darrping in nws is a consequence of excited ions colliding with 

neutral molecules within the analyzer cell. This occurance must be minimized in order to 

obtain high resolution nass data since resolution is directly related to the nuraber of 

cyclotron orbits that ions are allowed to conplete. For GC/PIMS, a separator interface 

between the gas chronatograph and the analyzer cell is necessary in order to reduce the 

pressure in the cell to a tolerable level. In the present system, a jet separator is 
_Q 

used for t h e GC interface and pressures as low as 5x10 torr have been attained at the 

analyzer cell. At this pressure, a mass resolution of 20,000 (defined as the full width 

at half peak height) at nv̂ z 156 can routinely be achieved. 

In addition to high resolution nass analysis, chemical ionization mass spectra for 

capillary column eluents can also be obtained using FIMS. By introducing a suitable 

CI reagent gas into the spectrometer and allowing ion-molecule reactions to occur prior 

to ion detection, it is possible to obtain a mixed CI/EI mass spectrum of a srall quantity 

of sample naterial. Because CI reagent pressures are usually only 10-100 times higher 

than those of sanples, some EI coraponents of the sample will often be seen among the 

CI peaks. 

T;. B. Ledford, Jr., R. L. White, S. Ghaderi, C. L. Wilkins, and M.' L. Gross, Anal Chan, 
52, pp 2450-2451 (1980). 



Peak switching over large mass ranges can be performed in FINS by sinply changing the 

radio frequency sweep claracteristics in such a vay as to detect only selected ions fron 

the total mass spectrum. Preliminary GC/FIMS peak switchirq results indicate that it is 

possible to switch frcm nv/z 78 from benzene to n\/z 156 frcm bromobenzene in 300 ms at a 

mass resolution of 20,000 using a SCOT capillary column. The 300 ms scan times were more 

than sufficient to provide GC peak.profiles for the eluting components. 

Evaluation of GC/FIMS sensitivity vas accomplished by nDnitoring nv'z 78 from benzene 

while injecting diminishing quantities of benzene into the gas chrcmatograph. Figure 1 

illustrates the sensitivity of GC/FIMS as a function of the on-column quantity of benzene 

injected. The experiment was performed by monitoring nv/z 78 and using the integrated 

absolute intensity of the time dcmain signal as a GC detector response. 
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Figure 1 

In conclusion, a GC/FTMS/COM system has been constructed and is capable of: rapid 

scannirg, low or high mass resolution, peak switching over arbitrarily wide mass ranges, 

nanogram range on-column detection limits, chemical ionization of eluting ccitponents 

without instrument modifications, and on-line GC detection using the integrated absolute 

intensity of the tine domain signal as a detector response. 
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PACKED COLUMNS; PAUL VOUROS, B.L. KARGER and D.A. LEWIS: Institute 

of Chemical Analysis and'Department of Chemistry, Northeastern 

University, Boston, MA 02115 

Due to their high efficiencies and low volume flow rates, 

open tubular capillary columns are finding more wide spread use in 

the field of GC/MS analyses. Small particle packed columns can also 

be used as a viable alternative to capillary columns in high 

resolution GC/MS separations. Based on theoretical expressions 

total coluran efficiencies of 30,000 to 50,000 theoretical plates 

have been obtained with small particle packed GC columns when used 

2 

in conjunction with elevated inlet pressures . Using a custom 

biiilt high pressure syringe injector capable of operation at pressures 

up to 25 atmospheres and kO )im porous layer beadscolumns, we have 

succeeded in obtaining GC/MS analyses with efficiencies of 10,000 

theoretical plates/meter. Outlet volume flow rates of 5 to 10 

ml/rain were obtained for these columns, these flow rates can be 

adjusted somewhat by varying the coluran tube diameter to accommodate 

the conductance of the mass spectrometer thus allowing direct MS 

coupling to the CC without the use of separators. For this work 

an open split connector using fused silica connecting tubing was 

used-̂ . 

Due to the packed nature of these columns, sample capacities 

of 0.5 to 1 jug/meter were possible. This compares to 10 to 100 

ng/column c a p a c i t i e s typically observed with capillary columns. 

Sufficiently wide GC peaks were obtained with these columns to 

allow 3 or more raass spectral scans to be obtained for all but the 

fastest eluting components with a scan rate of 5 sec/scan (see fig 1). This 

feature should be of considerable value for GC/high resolution MS 

applications. Analysis times of <3 rain for unretained components 

were obtained as a result of the small particle diaraeters used. 



Applications of these columns include separation of both low 

and high molecular weight hydrocarbons, alcohols,fatty aoid methyl 

esters, polychlorinated biphenyls and oxidized steroids as their 

trimethylsilyl ethers. Based on our initial results, small particle 

microbore GC colurans offer cosiderable advantages for use in GC/MS 

analyses combining the high efficiencies and low flow rates of 

capillary colurans with the higher sample capacities of conventional 

packed GC columns. 

^G. Guiochon, Anal. Chem., _52 (I98O) 2002 

^H.H. Lauer, H. Poppe, and J.F.K. Huber, J. Chromatogr'., 1̂ 2 (1977) I 

3W.D. Koller and G. Tressl, H.R.C.&C.C, i (1980) 359 

- .00-1 

50-

lyi'ii"! mil llillll 

1 00 

Figure 1 High Temperature/High Pressure Separation of 

High Molecular Weight Hydrocarbons 

Columni Ira x 1mm i.d. with 3^ OV-101 on Zipax 
37-'I't um 
Conditions I T= 290°C, P.= 13.2 atm, carrier gas. 
Helium, flow rate 5.2 ml/min, scan rate 5 sec/scan 
Solutes: 1= n-C 26- n-C 28 3= n-C3Q, k= n-C32 



A FUSED-SILICA OPEN-SPLIT INTERFACE FOR 
CAPILLARY COLUMN GAS CHROMATOGRAPHY-MASS SPECTROMETRY 

CHRISTINE N. KENYON and PAUL C. GOODLEY 
Hewlett-Packard Company 
1601 California Avenue 
Palo Alto, CA 94304 

Open-split, techniques for the coupling of capillary gas chromatography columns to a mass 
spectrometer appear to offer significant advantages over direct coupling methods which 
have been widely used in the past (1-3). When the open-split technique is utilized with 
recently developed fused silica tubing as the GC/MS transfer line, several advantages are 
realized: 

1. Gas chromatography is unaffected by the vacuum system of the mass spectrometer; 

2. GC.columns can be changed without an isolation valve or venting the vacuum system; 

3. The dynamic range of the sample can be greater than the dynamic range of the mass 
spectrometer because a portion of the GC effluent can be split to vent during elution 
of highly concentrated components while maintaining a high yield for those components; 
and 

4. The GC column can be operated at any desired flow rate because the purge gas may be 
used as make-up gas when necessary and because any gas coming through the GC column 
which.is in excess of the capacity of the mass spectrometer pumping system can be 
vented. 

There are, of course, a few disadvantages of this type of an interface: 

1. More plumbing connections are required than for a direct connection; and 

2. Vacuum leak detection is more difficult. 

A modified version of the Scientific Glass Engineering open-split interface has been 
tested on a 5985B GC/MS system. The interface features an al1-fused-silica sample 
contact area. A diagram of the interface is shown in Figure 1. 

HP 5985 OPEN SPLIT GC/MS INTERFACE 

GC OVEN WALL 

I/ALUMINUM INTERFACE BLOCK/. Y 
l - l IB SWA 

Figure 1 
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The design incorporates a coaxial helium blanket surrounding the interface region of the 
GC column outlet and the MS inlet. The design also incorporates a replacement fused-
silica scavenge-gas sleeve along with a changeable fused-silica conductance transfer-line 
to the MS ion source. The highly inert chemical nature of the fused silica environment 
allows for a wide range of chemical compounds to be transferred to the ion source. The 
system has been tested for its ability to preserve GC peak resolution and for its chemical 
inertness. Hydrocarbons from C12 to C42, acids, bases, and diols have been used as test 
compounds. The results with a series of acids and diamines appear in Figure 2. 

Peak shape is excellent for all of the test 
compounds investigated and is probably only 
dependent on the quality of the GC columns 
employed. 

Figure 2. TIC of Organic Acids and 
Diamines . 

ThE system has also been used for the analysis 
of acid, base-neutral, and volatile EPA priority 
pollutant standards as well as for the analysis 
of polynuclear aromatic compounds in pollutant 
sample extracts. The total ionization 
chromatogram from the analysis of a series of 
pollutant standards and their deuterated 
internal standard analogues by EPA Methods 1624 
and 1625 is illustrated in Figure 3. 

Note the excel lent peak shape obtained for this 
analysis of volatiles, acids, and bases on a 
single 12M SE54 column. It was found that a 12M 
narrow bore-fused silica column gave equal 
resolution to that of a 24M column with shorter 
analysis time and better sensitivity. 

I!' 
IJ i 

li j L l y * ^ 

Figure 3. TIC. of H- and D- Base Neutrals 
and Acids. 

1. Henneberg, 0. et al, Chromatographia 8, 9 (1975). 
2. Henneberg, D. et al, J. Chromatogr. 167, 139 (1978). 
3. Koller, W.D. and G. Tressl, HRC 8 CC 3, 359 (1980). 
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Isotope Cluster Chromatography and its Use in Drug Metabolism Studies, Robert J. 
Anderegg, Department of Chemistry, University of Maine, Orono, Maine 04469. 

In many GCMS analyses, the compounds of interest contain multiple chlorine or 
bromine atoms, and thus exhibit characteristic isotope clusters in their mass spectra 
Pesticides and drug metabolites are two examples. It would be useful to be able to 
screen a GCMS data set for these isotope clusters in the presence of many non-halogenated 
species, and so minimize the tedious sorting through vast numbers of mass spectra A ' 
computer program to do such screening has had limited success (1), One difficulty has 
been to discriminate between a relatively low information-content cluster (such as that 
produced by a fragment containing one chlorine atom) and random ions occurring in the 
mass spectra of non-halogenated compounds'. 

We have overcome this problem by use of a more sophisticated algorithm for searching 
for the clusters. Our routine calculates the shape of the desired cluster from the 
number of chlorine and/or bromine atoms present. The unknown spectrum which is to be 
searched IS broken down into parts, each containing exactly as many masses as are present 
in the cluster. Comparison of the known cluster with each of these spectrum parts is 
analogous to a library search routine, so we have employed a library search-type algorithm 
to calculate a similarity index (2) for each of the spectrum parts. The spectrum as a 
Whole IS assigned a score based on the weighted sum of these similarity indices and on the 
intensity of each potential cluster. A normalized plot of these scores vs. scan number 
in a GCMS experiment results in an "isotope cluster chromatogram" (FigurF"l) The pro
gram discriminates well between halogenated and non-halogenated compounds, even when only 
a single chlorine or bromine atom is present. The same algorithm could be applied to 
sulfur or silicon isotopes, or to artificial isotope clusters generated by stable isotope 
labeling of the compound of interest (3,4). 

* l i C i T O P E CLU TER L H P u n f i T O C - P f i n 

L 

F -

I. I I 

Y.> 
- ' ^ — I — I — 

1 ];0 150 170 1-

scan number 
i 10 2 : 

r i t" 'a)^Cl 'c?u??er'^Kf n ' ' ^ ' : ° Y ° ^ ' T °^ ? "'^""' ' ' ' ^ ' ' ^^ ^^^ ^ lysodren-treated 
Ipf; iLil\ • ^ ' ^^2 c lus te r , c) tota l ion izat ion p lo t . Numbers at the fa r 
l e f t indicate maximum score in the chromatogram. "umoers at tne fa r 
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We are currently usingthe program to search for metabolites of lysodren 
[l-(o-chlorophenyl)-l-(p'-chlorophenyl)-2',2-dichloroethane], an anticancer drug con
taining four chlorine atoms, and its analogues. 

References: 

1. D. C. "Canada and F. E. Regnier, J. Chrom.' Sci., 14, 149-154 (1975). 

2. R. A. Hites, Ph.D. Thesis, Massachusetts Institute of Technology (1968). 

3. R. F. Morfin, I. Leav, P. Ofner, and J. C. Orr, Fed. Proc, 29^, 247 (1970). 

4. K.' Clay, W. D. Watkins, and R. C. Murphy, Drug Metab. Disp., S, 149-156 
,(1977). ^ 
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DIETHYLSILYL ETHER DERIVATIVES IN.GAS CHROMATOGRAPHY AND GAS 

' CHROMATOGRAPHY-MASS SPECTROMETRY OF HYDROXYPREGNANES 

HIROSHI MIYAZAKI, MASATAKA ISHIBASHI, 

KOUWA YAMASHITA AND TOSHIHIRO NISHINA • '• 

Research Laboratories of Pharmaceutical Division, Nippon Kayaku, Co., 

3-31 Shimo, Kita-ku, Tokyo 115 and Toranomon Hospital, 2 Aoicho, 

Akasaka, Minato-ku, 107 Tokyo" , JAPAN 

In previous papers, it was found that•dimethylethylsilyl (DMES), dimethy1-n-propyl-
silyl (DMnPS) and dimethylisopropylsllyl (DMiPS) ether derivatives of hydroxysteroids, •'-"̂^ 
catecholamines^^ and prostaglandins"'') provided excellent GC-MS properties, especially 
these silyl ether derivatives gave the characteristic ions of [M-C2H5] or'. [M-C3H7] as a 
prominent or base peak in EI raode. In the case of pregnanetriols, it was difficult to 
find the above advantage of these derivatives. On the other hand, it is known that 
dimethylsilylating agents, such as dimethyIdlchlorosilane and dlmethyldiacetoxysilane, 
react.with 1,2- or 1,3-diol group of hydroxysteroids to form the thermally stable cyclic 
silyl ether (sillconide), which gives the molecular ion with high Intensity in EI mode. 
However, the dimethylsilyl ether derivatives have not been used for GC-MS because of 
their Instability. Then, N,0-bis(dlethylsllyl)trifluoroacetamide (DEHS-BSTFA) was syn
thesized as a new silylating agent to investigate the GC and GC-MS properties and stabi
lity of the resulting DES-DEHS ether derivatives of hydroxysterolds. 

[APPARATUS] A Shlmadzu GC-5A with FID and a Shimadzu LKB-9000B GC-MS with GCMSPAC-500 
data processing systeni were employed. 
[SAMPLES AND REAGENTS] Pregnanes used in this study were commercially available.. 
Compound number [6],[7],[10],[11] and [12] in table were kindly supplied by Dr. D. K. 
Fukushima, Institute for Steroid Research,N. Y. and Prof. T. Nambara, Pharmaceutical 
Institute, Tohoku University, Japan. DEHS-BSTFA was synthesized as follows; Diethyl-
chlorosilane was prepared from trichlorosilane and ethylmagnesium bromide and then was 
treated wich trifluoroacetamide according to the analogous method for preparation of 
BSTFA. It was obtained as a colorless clear liquid, bp. 95°C/ 48 mmHg. 

[RESULTS AND DISCUSSION] GC and GC-MS data of the DEHS ether derivatives of hydroxy-
pregnanes were summarized in table. The hydroxypregnanes DEHS ether derivatives were 
prepared in the same way as the TMS ether derivatives. The reactivity of DEHS-BSTFA 
to hydroxypregnanes iri pyridine were nearly equal to those of BSTFA. All hydroxy-
pregnanes were easily derivatized at roora temperature without formation of by-product 
and exhibited a sharp, Gaussian peak. The hydroxypregnanes with a sterically hindered 
17a-hydroxy group, such as pregnanetriols, were derivatized within 1 hour under the mild 

Table Gas chromatographic and mass spectrometric data of the DEHS or DES-
DEHS ether derivatives of hydroxypregnanes 

Compounds MU MW [M]- [M-29]'^ Other fragment ions {%) 

1) 5a-Pre9nane-3a.20a-diol 
2) 5a -Pr 'egnane-3B,20B-d io l 
3) 5 a - P r e g n a n e - 3 a , Z 0 a - d i o l 
4) 5B -P rcgnane -3S ,20B-d i o l 
5) 5 a - P r e g n a n e - 3 a , 1 7 a , 2 0 a - t r i o l 
6) 5 a - P r e g n a n e - 3 6 . 1 7 a . 2 0 a - c r i o l 
7) 5 Q - P r e g n a n e - 3 6 , W a , Z 0 B - l r i o l 
8) S 6 - P r e g n a n e - 3 o , 1 7 a . Z O a - t r i o l 
9) S - P r e g n e n e - 3 B , 1 7 a , 2 0 B - t r i o l 

10) 3 a . l 7 c i , 2 0 a - l r i h y d r o x y - 5 S - p r e g -
nan-11-one 

11) 5 3 - P r e g n a n e - 3 a . l l e , 1 7 a , 2 0 a -
t e t r a o l 

12) 5 f l - P r e g n a n e - 3 a . l l S . 1 7 a . 2 0 3 -
t e t r a o l 

13} 5 f l - P r e g n f l n e - 3 a . l l B . 1 7 Q . 2 0 a . 2 1 -
pen tao l ( a - C O r t o l ) 

14) 5 0 - P r e g n a n e - 3 a . 1 1 f l , 1 7 a . 2 0 3 , 2 1 -
p e n t a o l ( B - c o r t o l ) 

32.29 
32. as 
31.72 
31.05 
31.41 
33.29 
32.73 
31.05 
32 .68 

0.2. 
0.2 
0.1 
0.2 

1.0 
0.5 

63.6 
60.6 
92.2 
57.6 

100.0 

388(3) 360(2) 
28a(9 ) 283(7 ) 
28«(5 ) 269(5 ) 
388(4) 284(5 ) 
185(100) 171(19) 
185(100) 171(17) 
185(100) 171(23) 
185(100) 171(23) 
400(15) 185(85) 

103(13) 
131(100) 
103(19) 
103(18) 
103(18) 
103(19) 
119(24) 

233(3) 131(100) 121(2) 
131(100) 121(5) 103(18) 
131(100) 121(4) 
283(4) 269(4 ) 
147(24) 119(11) 
147(19) 119(11) 
147(16) 119(11) 
147(16) 119(11) 
171(27) 147(68) 

32.4 3.1 416(17) 185(100) 171(20) 147(20) 103(21) 

19.9 0 .4 504(26) 238(17) 185(100) 171(23) 147(24) 

40.5 0 .6 504(27) 238(16) 185(100) 171(23) 147(27) 

26 .8 1.7 205(100) 175(48) 171(49) 147(62) 103(63) 

27 .5 1.0 287(36) 205(100) 175(52) 157(40) 147(60) 

DEHS ether 
DES-DEHS e ther (s i l i con ide) 
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condition described above, ,to give their DEHS-17,20-diethylsilyl (DES) ether derivative. 
The hydrolytic stability was investigated using [8] as a model compound, indicating 
that the DEHS-rDES ether derivative Is stable for a week at room temperature. 

The mass fragmentation pattern o£ the pregnanediol DEHS ether derivatives were 
closely related to that if the corresponding TMS ether derivatives except for 14 mass 
unit shift per one hydroxyl group. The hydroxypregnanes with 17, 20-dlol group gave 
a molecular ion with prominent intensity due to the formation of 17, 20-DES. None of 
pregnanes TMS ether derivatives gave a characteristic ion with high Intensity In high 
mass region. The DES ether derivative gave characteristic fragment lon at m/z 185 as 
a base peak except for [9], which produced'by the cleavage of D-rlng system and elimi
nation of one proton. Figure 1 shows the raass spectrum of [8] 3-DEHS-17, 20-DES ether 
derivative. The mass spectra of the reaction products of a- and g-cortols with DEHS-
BSTFA provided the molecular ions with prominent intensity at m/z 710, respectively. 
The structure of these derivatives were identified to be 3,11,21-trls DEHS-17,20-DES 
ether derivatives. 

Figure 2 shows the separation of 15 kinds of the pregnane DEHS, DEHS-DES arid MO-
DEHS-DES ether derivatives tising • " a SE-30 WCOT glass capillary column. Thirteen 
compounds except for [3] and [16] could be almost completely•separated. ' This method 
was applied.to the analysis of urinary hydroxypregnanes of the patient with congenital 
adrenocortical hyperplasia (CAH). Gas chromatography revealed that several peaks were 
observed in that patient urine. Figure 3 shows the selected lon recording of hydroxy- ' 
pregnanes. In extracts from the above patient urine monitored at the molecular ions of 
pregnanetriol (m/z 506), 11-oxopregnanetrlol (m/z 520), pregnenetrlol (m/z 504) and 
pregnanetetraol (m/z 608), respectively. Peak 1 and 2 corresponding, to the ion of m/z 
506 and 520 were estimated to be 56-pregnane-3a,17a,20a-trlol and its 11 oxygenated 
derivative. The structure of both peaks were confirmed by their mass spectral data in 
comparison with their authentic compounds. 

In coricluslon, DEHS-BSTFA reacted sraoothly with 1,2-dlol and/or llS-hydroxy group 
into the DEHS-DES ether, derivatives without formation of by-product. The resulting 
DEHS-17,20-DES ether derivatives may be helpful for the Identification of hydroxy- • 
pregnanes and also profitable for the microanalysis of them in biological fluids by 
selected ion monitoring. 

[REFERENCES] 

)- Et 506 

hMM-
[HASS NUMBER] 

Fig.^ Hâ 3 spectrum of the OES-OtHS ether derivatiwes 
of 58-pregnane-3.-i,17a,20a-trioI 

1) H. Miyazaki, et a l . , Biomed. Mass Spectrom., 
4, 23 (1977). 2) H. Miyazaki, et a l . , Bloiaed. 
Mass Spe<:trom., 5̂  , 469 (1978). 3) H. Miyazaki, 
et a l . , Bimed. Mass Spectrom., 6̂, .57 (1979). 4) 
J. Yanaglsawa, et a l . Anal. Biochem., 104, 75 
(1980). 5) H. Miyazaki, et a l . , Chem. Pharm. Bull 
(Tokyo). , 29, 796 (1981). 6) H. Miyazaki, et a l . , 
J. Chromatogr.,153, 83 (1978). 7) H. Miyazaki, et 
a l . , Biomed. Mass Spectrom., in press. 

[RETENTION TIBE MINUTES] 

Fig.2 Separation of the DES-DEHS or HO-DES-DEHS ether derivatives 
of hydroxypregnanes 

15) 56-P-3a,20fl-diol-. 16) 5B-P-30,2Oa-diol; 17) 56-P-3a.l7a,21-
tr iol-20-one; 18) 5B-P-3a.l7a,2I-tr iol-I ] ,20-dione; 19) cortolone 
20) B-cortolone 

5 10 
[P.ETENTJOH TIKE KINUTES] 

Fig.3 Selected ion recording of the MO-OES-DEHS 
ether derivatives of hydroxypregnanes in 
extracts obtained from the urine of patient 
with CAK 
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GC/MS OF TRICHOTHECENE HEPTAFLUOROBUTYRATES AND APPLICATION TO GRAIN 
ANALYSIS, P.-Y. LAU, P.M. SCOTT and S.R. KANHERE, Health and Welfare 
Canada, Health Protection Branch, Food Research Division, Tunney's 
Pasture, Ottav/a, Ontario, CANADA, KIA 0L2 . 

Trichothecene mycotoxins are a class of naturally occurring toxin 
produced by Fusariura and some other species of molds. Under suitable 
teraperature and humidity conditions, these molds are capable of rapid 
growth during harvest, drying, transport and storage of crops. In the 
suminer of 1980, the Ontario v/hite v/inter vjheat crop was found to be 
extensively contaminated with pinf: kernels, later shown to be associated 
with the presence of Fusarium graminearum. Analysis of an initial 25 
samples of the wheat in this laboratory for trichothecenes revealed the 
presence of deoxynivalenol (vomitoxin, DON) in all samples, while T-2 
toxin, HT-2 toxin and diacetoxyscirpenol (DAS) did not appear to be 
present. 

E.I. mass spectra of 10 trichothecenes (deoxynivalenol, diacetoxy
scirpenol, HT-2 toxin, T-2 toxin, T-2 triol, T-2 tetraol, neosolaniol, 
nivalenol, fusarenon-X, 3-acetyldeoxynivalenol) as their heptafluoro-
butyrate (HFB) derivatives have been recorded. A quantitative deter
mination of DON in various grain products by both electron capture gas 
chromatography and GC/MS/single ion monitoring (SIM) has been developed 
in conjunction with an assessment of contamination of wheat in different 
provinces in Canada. Fifty grams of sample were extracted with methanol-
water, treated with ammonium sulfate solution, partitioned into ethyl 
acetate and then cleaned-up by silica gel coluran chroraatographŷ -. The 
HFB derivative was used for GC/EC and GC/MS/SIM analyses. GC column 
teraperature was 170''C for GC/EC and 180°C for GC/MS. 

The relatively strong raolecular ion of DON-tris-heptafluorobutyrate 
(DON-HFB) at m/z 884 under EI conditions was used for single ion monitoring. 
Because of its high m/z value, this ion offers very high specificity and 
sensitivity. The detection limit of DON was estimated to be 1-3 pg 
(S/N=3). This corresponds to low ppb level with the final extract con
centration equivalent to 0.1 g of sample/ral. Theoretically, the sensi
tivity can be improved down to ppt level if a higher concentration of the 
extract is used. 

Forty-five wheat samples from Ontario, Quebec and western provinces 
in Canada were analyzed for DON by both GC/EC and GC/MS/SIM methods. In 
general, the results obtained from both methods were in good agreeraent 
except interference frora Western Canadian wheat samples was observed in 
the GC/EC analysis. Results indicated that around 98% of the Ontario 
white winter wheat saraples and 100% of the Quebec red spring wheat samples 
that we analysed were contaminated by DON. Western Canadian wheat was 
fortunately not a problem. 

This method has also been applied to the analysis of DON in corn, 
barley, soybeans, corn flour, oats flour, corn flalces, corn syrup, corn 
starch, bran, dried white peas, kidney beans, etc. GC interference from 
corn flour, corn flakes and bran samples can be eliminated by GC/MS/SIM 
method. 

P.M. Scott, P.-y. Lau and S.R. Kanhere, submitted to JAOAC (1981) for 
publication. 
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Three other trichothecenes, namely, diacetoxyscirpenol (DAS), HT-2 
toxin and T-2 toxin were analysed sirailarly. Their SIM ion, column 
temperature and detection limit were: m/z 502 [DAS-HFB - HOAc]t, 210°C, 
13-23 pg; ra/z 654 [HT-2 toxin.bis-HFB. - HOAc - (CH,)2 CHCH2COOH]:, 220°C, 
40-80 pg; m/z 602 [T-2 toxin.HFB - HOAc]t, 240°C, 1 ng respectively. 

Further studies are underway to assess the extent of trichothecene 
contamination of various Canadian grains. 
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ANALYSIS OF TRICHOTHECENES USING CHEHICAL IONIZATION MASS SPECTROSCOPY; J. H. ROTHBERG, J. L. 
MACDONALD, J. C. SWIMS, and T. R. ROMER;. Ralston Purina Co., St. Louis, MO 63188. 

An analysis method has been developed for the detection of selected trichothecenes by negative 
chemical ionization mass spectrometry. Trichothecenes are a class of toxic compounds produced 
by the mold Fusarium. This class of compounds is important to the food and feed industry 
because the presence of low levels of trichothecenes will cause feed refusal, a resulting loss 
of feed efficiency, vomiting, lower white cell counts, and other toxic effects. This analysis 
technique enables the separation and confirmation of trichothecenes in.naturally contaminated 
grains. 

Trichothecenes are closely related in structure (Figure I) consisting of two six membered 
rings, a five membered ring, and an epoxide bridge. The trichothecenes differ by substitution 
of hydroxyl groups, acetate esters or isobutyl esters at one of four sites on the molecule. 
In order to improve their volatility for gas chromatography, a derivatization method, using n-
heptafluorobutrylimidazole (HFBI), had been developed for use in GC/EC detection of some 
trichothecenes (1). Chemical ionization mass spectrometry has been shown to be very useful 
for the detection of these compounds due to the production of abundant high mass ions (2). 
Few interferences are seen in the high mass region when samples are analyzed using selected 
ion monitoring. 

Negative chemical ionization improves the sensitivity to these compounds, due to the electro
negativity of the heptafluorobutyl (HFB) groups attached to the trichothecenes. NCI chroma
tograms are similar to the electron capture gas chromatograms of these compounds. The hepta
fluorobutyl esters are formed at the site of the hydroxyl groups on the trichothecene molecule. 
Depending on the number of hydroxyl groups,"], 2, or 3 HFB groups may attach, increasing the 
molecular weight of the compound by 196 amu with each attachment. .This produces relatively 
high molecular weight compounds in the range of 550-950 amu. 

Derivatization .is performed by taking the sample to dryness, adding 150 microliters of HFBI 
and 1 milliliter of toluene. The reaction is performed at room temperature except in the case 
of the tri-hydroxy compounds, which are heated at 100°C for 10 minutes. The excess HFBI is 
removed by washing with 5% sodium bicarbonate. The organic layer is removed and injected into 
the GC/MS. 

The NCI spectra are characterized by the molecular ion, loss of HF (M-20) groups, and loss of 
intact HFB (M-213) groups. Figures I and II show typical NCI-methane spectra of Fusarenon-X 
and HT-2 Toxin. 

A Hewlett Packard 5985B mass spectrometer, operated in the negative chemical ionization mode, 
was used for the analysis. Methane was the reactant gas and the source temperature was 125° 
C. Tabulated spectra of six trichothecene standards are shown below. The molecular ion is 
underlined. 
Deoxynivalenol/tri-HFB 213(100), 884(66), 194(63), 885(21), 458(12), 671(7), 884(5), 

864(5). 
Fusarenon-X/tri-HFB 942(100), 213(80), 194(67), 943(35), 942(8), 902(9), 728(9), 

922(5). 
Neosolaniol/di-HFB 213(100), 194.'67), 692(97), 754(51), 693(24), 774(25). 755(14), 

734(9). 
HT-2/di-HFB 816 100), 817(36), 233(22), 818(9), 796(7), 583(6), 797(4). 
Diacetoxyscirpenol/HFB 480(100), 481(26), 194(24), 482(7), 483(9), 562(2). 542(9). 

522(6). 
T-2/HFB 580(100), 531(30). 194(25), 583(10), 237(11), 662(4), 642(8), 

622(5) 
Initial screening of samples is performed by GC with electron capture detection. Confirmation 
of positive samples is performed by selacted ion monitoring (SIM) mass spectrometry using the 
molecular ion of the derivative. Using SIM, coeluting peaks can be separated and quantitated 
without difficulty. Figure III shows separation of six trichothecene standards. The GC 
conditions used in this study were: 6 ft. x 2 mm ID glass column packed with 5% SEr30. The 
column was temperature programmed from 150°C to 250°C at 8°C/min. The injection temperature 
was 175''C and the interface temperature was 275°C. A SIM chromatogram from an extract of corn 
is shown in Figure IV, confirming the presence of DON and HT-2. 
(1) Romer, T.R.; Boling, T.M.; MacDonald, J.L.; JAOAC 61(4), 1978, pg. 802-808. 
(2) MacDonald, J.L.; Romer. T.R, Proc. 25th Annual Conf. Mass Spec. Allied Topics, 

Washington. DC (1977). 
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PRECISION AND ACCURACY IN A LARGE 
MULTI-LABORATORY ENVIRONMENTAL S U R V E T T C T N G G C / H S 

William L. Budde 
Office of Research and Development 

U.S. Environmental Protection Agency 
26 W. St. Clair Street 
Cincinnati, Ohio 45268 

During the second half of 1980, the U.S. Environmental Protection Agency conduct
ed a large scale, multi-media, integrated (air, water, soil, sediment, and biota) 
environmental monitoring program in the vicinity of a closed chemical manufacturing 
waste disposal site. This program employed, for the organic compound analyses, a 
massive application of. gas chromatography/mass spectrometry (GC/MS). The GC/HS 
analyses were designed to identify and to measure up to 152 individual target, com
pounds and mixtures of target compounds (product formulations) and to identify up to 
20 of the most prominent non-target compounds in each sample. A majority of the 
sample extracts was submitted to conventional glass capillary or fused silica capil
lary GC/MS, but some conventional packed column GC/MS was employed. Surrogate 
quality, control compounds were added to.each of the original water samples at known • 
levels (5-25 micrograms per liter) to evaluate the performance of the six labora
tories that participated in the survey. 

Fluorobenzene and £-bromofluoro-benzene were added to each water sample that was 
submitted to the purge and trap extraction followed by GC/MS analysis with a packed 
column (EPA Method 624). For 598 measurements of fluorobenzene by six different 
laboratories in five different types of ambient water (drinking, ground, sump, storm 
sewer and surface) the mean recovery was 99.7% with a standard deviation of 18.1%. 
In 588 measurements of p-bromofluorobenzene the mean recovery was 94.3% with a 
standard deviation of 2'7.9%. These statistics were utilized in the validation of 
data from all laboratories that applied Method 624. 

2-Fluorophenol, l-fluoronaphthalene, and 4,4'-dibromooctafluorobiphenyl were 
added to each water sample that was extracted with methylene chloride and submitted 
to GC/MS analysis witha.30 meter SE54 fused silica capillary column. 2-Fluorophenol 
was measured 378 times with a mean recovery of 48.0% and a standard deviation of 
30.5%. 1-Fluoronaphthalene was measured 429 times and gave a mean recovery of 55.0% 
with a standard deviation of 33.2%. 4,4'-Dibromooctafluorobiphenyl was measured 406 
times with a mean recovery of 48.2% and a standard deviation of 34.2%. 

All of the above statistics were computed after rejection of outliers associated, 
with systematic method errors. Again these statistics were used to validate the data 
from Method 625. The lower mean recoveries observed with Method 625 are caused by 
losses during liquid-liquid extraction and concentration of the extract. With Method 
624, losses due.to extraction inefficiency are automatically corrected by the method 
of calibration in samples without a matrix effect. 
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Charac te r i za t ion of Hydrocarbon Emissions f r o m Vehicles on the Road 

C. V. Hampton , W. R. Pierson, T. M. Ha rvey * , W. S. Updegrove, R. S. Marano, D. Schuetzle 
Ford Motor Co. , Engineering & Research Staf f , Dearborn, M I '(8121 

A GC/MS survey o f gas-phase organic compounds generated by motor vehicles .in highway operat ion was 
conducted in the Al legheny Mountain Tunnel of the Pennsylvania Turnp ike. ' Object ives of the study 
were p r imar i l y to ident i fy not only the exhaust emissions but also the cont r ibu t ions f r o m any other 
aspect of vehic le operat ion in the tunnel second, to develop quan t i t a t i on methodology to resolve 
components in to Diesel and gasol ine-powered vehicle con t r ibu t ions ; and t h i r d , to compare veh ic le 
emission rates generated in an on-road set t ing w i th those obtained f r o m ta i lp ipe and evapora t i ve 
emissions studies. 

The Al legheny Tunnel is a we l l charac te r i zed exper imenta l s i t e ; env i ronmenta l tests have been 
conducted there by this laboratory tor the past ten years.^ ' Because of the s t rong d iu rna l and weekly 
t r a f f i c pat terns in the tunne l , samples were obta ined in periods dominated by gasol ine-powered vehicles 
as w e l l as periods dominated by Diesel vehic les. In this manner, concent ra t ions for speci f ic components 
were var ied as a func t ion of t r a f f i c compos i t ion . The t r a f f i c composi t ion and t r a f f i c volume were 
de te rmined by v isual count in combina t ion ' w i t h a road- tube axle counter . Tunnel air f l ow was 
mon i to red w i t h ah anemometer . By combin ing these four exper imenta l var iab les : concen t ra t i on , air 
th roughput , t r a f f i c composi t ion and t r a f f i c vo lume, emission rates for speci f ic components were 
generated. L inear regression analysis weighted for t r a f f i c f l ow asymmet ry , fan speed and tunnel a i r 
th roughput provided resolut ion in to Diesel and gasoline emission ra tes. The fo l l ow ing re la t ionship was 
used: 

%G(E - E D ) + E 
100 S D D = [ P C Tunnel "^"^"^EFAN + ^ <^WFAN^ VT. 

% G = % Gasoline vehicles 
E = emission r a t e ; D-Diesel , G-Gasoline 
P = t r a f f i c asymmet ry fac to r 

o^B = air f low we igh t ing fac tors 

C = concen t ra t ion 
V = t o t a l vehic le count 
L = length of tunnel 
S = tunnel a i r volume dur ing sampl ing 

TUNNEL SAMPLE 
6.4% DIESEL TRAFFIC 

^yjLLLLu^jjjj^ 
1 ' r 

TUNNEL SAMPLE 
68.5% DIESEL TRA FFI C 

W W I I U A I J U . , ^ ^ ^ 

FIGURE 2 

Sampling 

Samples were co l l ec ted in car t r idges packed w i t h Tenax GC. Tunnel samples were obta ined w i t h and 
w i t hou t upstream f i l t e r i n g in order to evaluate the con t r ibu t ion of condensed phase m a t e r i a l captured 
in the sampl ing process. Concurrent sampl ing of the tunnel a i r and of the tunnel in take ven t i l a t i on a i r 
p e r m i t t e d d isc r im ina t ion between veh ic le -der ived and ambient background components . Approx imate ly 
* 0 % of the a i r f l ow in to the tunnel dur ing these exper iments entered through the tunne l en t rance under 
the piston ac t ion of the t r a f f i c and the preva i l ing w ind . The rest of the air i n f l ow was prov ided by large 
in take fans loca ted on the east and west side of the mountain above the tunne l po r ta l s . 
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GC/MS Analysis 

The samples were analyzed by thermal desorption gas chromatography/mass spectrometry using a VG 
Micromass MM-16 magnetic sector instrument coupled with a Finnigan 2000 data svstem. Sample 
desorption was achieved using an injector port patterned after a design by Zlatkis e t . al.^ connected in 
series with a liquid-nitrogen-cooled capillary t rap .^^ The GC column employed was a 50 m. x 0.25 
m.m. i.d. silicone oi! SF-96 borosilicate glass capillary, temperature programmed from -20°C to 230 C 
at a rate of 3°C/minute. Hexafluorobenzene was used as an internal standard. 

Results 

Comparison of the tunnel samples collected under various traffic compositions shows that O t h e same 
peaks are always present and 2) the intensities of the peaks vary with traffic composition. This is 
described by the reconstructed ion chromatograms shown ih Figures 1 and 2. Figure 1 describes exhaust 
gases collected during a period of 6.>i% Diesel traffic; Figure 2, gases collected during a period of 
68.5% Diesel traffic. 

Over three hundred of the four hundred compounds found in the tunnel air have been identified. The 
major components are homologous series of n-aikanes {CyC2f)y branched alkanes, alkenes, and various 
alkyl series based on cyclopentane, cyclohexane, benzene, styrene, indene, naphthalene and decalin. 

The samples were found to be too complex'for adequate species identification by mass spectral analysis 
alone. Additional criteria were needed to assist in identifications. Advantage was taken of the 
thermodynamic properties inherent in gas chromatographic data to devise a new version of the classical 
isothermal relationship between carbon number and logarithm of the retention tirrie. This linear, 
empirical relationship (reciprocal carbon number versus log retention time) derived for linear 
programmed temperature chromatography aided in locating compounds within a homologous series. 
Compounds have been shown to elute from an SF-96 column according to boiling point in a well-defined 
manner.* ' It was therefore possible to specify for each class of compound a relationship between 
boiling point and retention t ime (Figure 3). In this manner, the identifications of isomers exhibiting 
nontinique mass spectra were resolved. 

Good agreement was obtained between emission rates from- this study and those obtained from tailpipe 
and evaporative emission values.*^ ' Table I shows the comparison. Twenty two compounds have been 
quantitated and resolved into Diesel and gasoline contributions. These will be published at a later date . 

>UP.RISON OF TAILPIPE EMISSIONS ( n g / . . . . ) WITH 
ALCULATEO EMISSIONS TQK GASOLINE VEHICLES 
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C. V. Hampton, W. R. Pierson, T. M. Harvey, W. S. Updegrove and R. S. Marano, "Hydrocarbon 
gases emitted from vehicles on the road, I. A qualitative GC/MS survey," submitted to 
Environmental Science and Technology. 

2) W. R. Pierson and W. W. Brachaczek, 5AE Paper 760039 (1976) (and references therein). 
3) A. Zlatkis, H. A. Lichtenstein, and A. Tishbee, Chromatographia 6, 67-70 (1973). 
*) E. D. Pellizzari, B. H. Carpenter, J. E. Bunch, and E. Sawicki, Environ. Sci. Technol. 9, 556-

560(1975). 
5) F. T. Eggertsen, S. Groennings, and 3. 3. Hoist, Analytical Chem. 32, 90'>-909 (1960). 
6) F. M. Black and L. E. High, SAE Paper 7701t1 (1977). 
7) F. M. Black and L. E. High,' EPA-600/2-80-085 (1980); 3. Air Pollut. Control Assoc. 30, 1216-1221 

(1980). 
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RESONANCE ENCHANCED MULTIPHOTON IONIZATION AND FRAGMENTATION OF POLYATOMIC MOLECULES, 
THOMAS E. CARNEY and Tomas Baer; Department of Chemistry, Universi ty of North Carol ina, 
Chapel H i l l , North Carol ina. 

A new form of mass spectrometry has emerged in the past two years, known as multiphoton 
ion iza t ion (MPI) mass spectrometry. The technique usually employs pulsed v i s i b l e dye or UV 
lasers to ionize molecules by the absorption of a minimum of 3 or 4 photons. The ion iza t ion 
e f f i c iency may be enhanced by several orders o f magnitude by tuning the laser to a resonant 
state at the 2 or 3 photon level of the neutral molecule, thus the term resonance enhanced 
multiphoton ion iza t ion , or REMPI. The REMPI mass spectra of most polyatomic molecules 
exh ib i t , considerably more fragmentation than is observed by conventional e lectron impact or 
UV photoionization methods. With benzene, fo r example, the most abundant fragment is C^, 
whi le parent ions are completely absent. The abundance of smal l , high energy fragments 
implies the absorption of many v i s i b l e photons. There is current ly considerable in te res t in 
e luc idat ing the absorption and fragmentation pathways in the REMPI process. 

Our experiment consists of a nitrogen laser pumped dye laser , the output of which is 
focused in to the ionizat ion/accelerat ion region of a 30 cm long t i m e - o f - f l i g h t (TOF) mass 
spectrometer. A small port ion of the laser pulse is s p l i t to a fast photo-diode which 
provides the s t a r t signal .to a time-to-amplitude converter, while detected ions produce 
stop pulses. The TOF spectrum is then displayed on a multichannel analyzer. With th is 
apparatus we can co l lec t ion TOF d i s t r i bu t i on at f ixed .laser wavelengths, or we can scan the 
laser, wavelength and co l lec t mass analyzed ions. 

Two basic mechanisms have been proposed fo r the absorption pathways in the REMPI 
process. One p o s s i b i l i t y involves absorption of photons by an autoionizing "ladder" of 
states of the neutral molecule. , At some point autoionizat ion w i l l be faster than photon 
absorption and the molecule w i l l ionize and "explode" in to fragments. A l t e rna t i ve l y , 
parent ions may f i r s t be formed via the lowest energy ion izat ion pathway. These parent ions 
may then absorb photons up a ladder of ionic s tates, again resu l t ing in "explosion" of the 
parent ion. We have observed d i rec t evidence of the ionic ladder process wi th the molecule 
2,4-hexadiyne, ' a l inear benzene isomer, and wi th toluene. In each case a dramatic change 
in the mass spectrum was observed upon changing the laser wavelength over a small range in 
the green legion. At longer wavelengths only parent ions were observed. At s l i g h t l y 
shorter wavelengths severe fragmentation occurs, wi th very few parent ions.^remaining. This 
change in wavelength correlates exactly with the a b i l i t y to pump the X tb ff t r ans i t i on in 
the parent ion wi th one photon. Thus the one photon t rans i t i on from the ground state of the 
parent ion acts as a bottleneck f o r . f u r t he r absorption and fragmentation. 

We have also studied fragmentation patterns as a funct ion of laser power. In agree
ment w i th other workers^.^ i t was found that each fragment exhib i ts a di f ference laser 
power dependence. In add i t ion , the dependence on laser power is a l i nea r l y decreasing 
funct ion of the number of carbon atoms in the fragment ion. 

We have confirmed the results of Zandee and Bernstein"* which showed that a l l benzene 
fragments exh ib i t the same laser wavelength spectrum. That i s , a l l spectroscopy is deter
mined by the resonant states of the neutral parent molecule. Such observations serve as 
the basis fo r select ive ion izat ion and fragmentation of molecules in a mixture by tuning 
the laser to appropriate resonances. 

REFERENCES 
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The Role of Thermally Produced Ions in Mass 
Spectrometric Desorption Methods 

Robert J. Cotter 
Middle Atlantic Mass SpecCrometry Facility 

The Johns Hopkins University 
Baltimore, MD 21205 

Alfred L. Yergey 
National Institutes of Health 

Bethesda, MD 20205 

In addition to molecular ions (Mt), the field desorption technique often 
produces cationized (M-H4a+) and protonated (MH+) molecular species. The cat-
ionized species^ in particular, are easily formed at reduced fields, or using 
untreated wires (l)y conditions which suggest a greater role for the tempera
ture (emitter current) in the actual ion forraation process. In addition, many 
organic salts, such as quaternary ammonium and phosphonium halides (MX), pro
duce molecular cations (M+) under similarly relaxed field conditions (2). 
Laser desorption, using wavelengths in the infra-red region, has been shown by 
a number of investigators to also desorb these more easily formed cationized 
molecules and molecular cations (3-5) . 

As a demonstration of the importance of temperature in the desorption 
process, mass spectra of glucose and several quaternary ammonium salts have, 
been obtained, using an ionization technique which is purely thermal. The 
instrumental configuration is shown in Figure 1. The source is an electron 
impact source; however, no electron beam is used in the experiments, and che 
ions are forraed solely by heating che probe tip, onto which the sample has 
been previously coated. Figure 2 shows a spectrura of glucose obtained by this 
technique, in which cationized species are observed, along wich sodium and 
potassium ions. 

Figure 3 is a thermal desorption spectrum of tetramethyl ammonium chlor
ide. In addition to the molecular cacion, a decomposition peak ac mass 58 is 
observed and results from the loss of neuCral mechane Co reform an imminium 
ion which retains a tetravalent nitrogen. This even electron species is dif
ferent from Chat expected in EI or CI speccra, where loss of methyl halide 
produces volatile neutral tertiary amines, which are subsequently ionized or 
protonated to give peaks at mass 59 and 60 respeccively. 

Tetra n-butyl ammonium chloride shows similar imminium ion formacion (Fig
ure 4), and in this respect the spectra resemble those obtained by field desorp
tion (FD), fission fragmentation induced desorption (FFID) and laser desorption 
(LID) (6). Recent results in our laboratory in the analysis of long chain 
quaternary amines by fast atora bombardment (FAB) indicate that similar processes 
are occurring. (7) 

(1) F.W. Rbllgen and H.-R. Schulten, Org. Mass SpecCrom., 10^ 660 (1975) 

(2) F.W. Rbllgen, U. Geissmann, H.J. Heinen and S.J. Reddy, Int. J. Mass 

Spectrom. Ion Fhys., 24, 235 (1977) 

(3) M.A. Posthumus, P.G. Kistemaker, H.C.C. Meuzelaar, and M.C. Ten 

Noever de Brauw, Anal Chera., 50, 985 (1978) 

(4) R. Stoll and F.W. RBllgen, Org. Mass Spectrora., 14, 642 (1979) 

(5) R.J. Cotcer, Anal. Chem., 53, 719 (1981) 

(6) B. Schueler and F.R. Krueger, Org. Mass Spectrom., 14, 439 (1979) 

(7) R.J. Cotter, G. Hansen and T. Jones, RPA7, 29th ASMS, 1981 

(8) R. Stoll and F.W. RBllgen, J. Chera. Soc, Chem. Commun., 789 (1980) 

(9) R.J. Cotter and A.L. Yergey, J. Am. Chem. Soc, 103, 1596 (1981) 

23 



m-

AJ.ISN3iNl 3AliVn3H AilSN3iNI 3AliT13a 

AilSN3J.NI 3AliV13a 

24 

http://AilSN3J.NI


ION FORMATION FROM ORGANIC SOLIDS BY LASER OR SWIFT ION IRRADIATION, RELATED 
TO THEIR ACIDITY AND BASICITY SCALE 

FRANZ R. KRUEGER • 

Institut fur Biophysik -Physik fiir Mediziner- Universitat Frankfurt/Main, 
Haus 74, Th.-Stern-Kai 7, D-6000 Frankfurt/Main 70, West Germany 

By means of the LAMMA method negative and positive ions can be obtained from 
solid organic substances via Q-sv/itched UV-laser induced desorption (Q-LD) [I] . 
A laser beam is' focused on to an about 1 ym 0 spot of the surface of the or
ganic bulk. Typical fluxes are about sorae 10'-Wcm"2 for some tens of nano
seconds. The instantaneously produced ions are detected by a time-of-flight 
technique (TOF). The obtained mass spectra are similar to those produced by 
252-Cf fission-fragment induced desorption (FFID)[2,3J measuring secondary 
ions produced from an organic bulk surface when penetrated by 100 MeV fission 
fragments also detected by TOF. The molecular mass spectra are also similar 
to those obtained by SIMS adopted to TOF [4]. Magnetic spectrometers, however, 
measure also the ions evaporated up to raicroseconds after the primary event 
(laser shot, fast ion traversion). These ion types may be of similar kind, as 
observed with SIMS [5l, but also raay differ, as observed with LD [6]. Here we 
deal only with the instantaneously produced ions. 

As a rule, all these ions are produced via a very rapid energy transfer to 
the organic lattice, thus depositing suddenly the energy necessary for a 
phase transfer from the solid into the gaseous state. In order to predict the 
ion types being produced by these fast processes, first of all we have to 
obey the ranking of the typical relaxation frequencies: 

"^electron proton '^sceletal 

. ^ 10^« s-1 - 10^^ S - ' -M Y ^ S - ' 

As it is energetically more favorable to produce ions via proton transfer 
than via electronic ionization in the condensed phase, and as the electronic 
relaxation is very fast, we expect non-radical species except with aprotic 
substances like such unpolar species as parafflnes, some steroids, condensed 
homocyclic aromatics, graphite, and so on. 
In the mass spectra we will expect the charged acids A and bases B from the 
reactions ^ ^ ^ g- ^ fj+ _. ^+ „ , B + H"' 

if A and B are weak acids or bases, respectively. In the condensed phase. 
Otherwise stating, the neutral A or B should be strong acids or bases, re
spectively. The A'"*"' and B(~) may either be molecular species or sufficient
ly polar order structures of the lattice or the surface. 

As the sceletal relaxation is slow compared with the energy transfer and pro-
tic ionization of neutrals, the instantaneous "evaporation" is a Franck-
Condon-type process: a non-adiabatic transition from the electronic hyper
surface forraing the bound states into quasifree states, as it is depicted in 
the figure on the next page. 
Also preforraed "cluster" ions like kationized bases or even anionized acids 
are suddenly evaporated, thus forming ions of the type (RJ.,! i j,,i £\ "•". (a+Halid) ~ 

Generally, one is able to say that clusters of the order n can be formed by 
the decay of larger surface areas, which are of the type (b a _ . . ) " and 
(a b _ ) clusters with b. ,b-, ,b,, . . . . being any charged bases or 
even" negative sites in zwitter ions (-C00 ) etc., and a.,3,,a,,.... being 
any charged acids or positive sites (-NH_+). 
The dynamics of forming such clusters have been prooved to be in Q-LD depen
dent only on the alkali-basicity and halidei-acidity of alkali halide clusters 
in the solid state £7], whereas in FFID kinetic relaxation phenomena alter 
the picture. 
Also with organic ionics the ion production yields seem to be mainly depen
dent on the acidity and basicity of the clusters, raolecules, and polar sub
structures in that sense, that neutral bases being strong in the condensed 
phase forra weak charged acids as kations, and neutral acids being strong in 

25 



Examples of 

weak charged 
acids 

strong neutral 
bases / acids 

(H3O ) 

C3H3. 
+ H,C-S =CH. 

• H'* (M-45)"^ with 
R H amino acids 

NH, 

R:f-COO -Alk 

(M+1) 
(M+Kat) 
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the condensed phase form 
weak charged b a s e s a s anions. 
Kations of the onium type, 
which are not able to loose 
a proton as certain quater
nary amraonium or tertiary 
sulfonium ions are the stron
gest lines measured in the 
mass spectra. 

On the other hand, the pro
duction of clusters via gas 
phase reactions could be ex
cluded experimentally, as 
well as proton transfer in. 
the gas phase. A neutral 
evaporation and subsequent 
ionization has been falsi
fied by exact TOF-analysis 
in FFID. 
In the table thus favored 
ion species are given. 

Due to the fact that non-
preformed ions raostly have 
to be formed via rapid pro
ton transfer, strong kinetic 
H/D-isotope effects are ex
pected. They have been ob
served in a hindrance of ion 
formation frora deuterated 
substances in Q-LD and FFID 
(e.g. by. a factor of 4 with 
amino acids in FFID). 

It is worthwile to notice, 
that the observed kinds of 
ions do not depend strongly 
on the kind of primary lat
tice perturbation rather 
than of the rate of energy 
transfer. Irradiation into 
UV-resonances of molecules 
(e.g. X=265 nra with aroraa-
tics) do not alter the mass 
spectra significantly, com
pared with non-resonant ir
radiation. However, the mass 
spectral background is alter
ed systematically but unspe-
cifically with wave length 
and pulse duration (psec-
measurements [82). In FFID is 
no fragraentation dependence 
on priraary ion LET, being in 
good agreement with the dia-
batic desorption model.C9] 

R.Wechsung, Adv.in Mass Spectr.8,(1980),942 
Science 191,(1976), 920 

in Mass Spectr. 8,(1980),918 
on from Organic Solids, Munster (in press) 

Org. Mass Spectr. 22.- (1977), 595 
Huber, Anal. Chem. (Oct. 1980) 
nkfurt 1981) 
ication 
.Galster, H.Voit, Surf. Science 95,(1980)603 

vjeak charged 
bases 

(H20) 

H^S 

HNOj 

HCNO 
HCNS 

. HS-CHj 

R|-X-R-

M 

(OH ) 

SH" 

"°2" 
CNO 

CNS 

CHjS" 

R-S-S" 

J- (Br") 

R--|+-H 

" -Hal 

(M-1) 
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LASER DESORPTION MS/MS OF SUCROSE AND THE MECHANISM OF DESORPTION IONIZATION, Don Zakett, 
Alan E. Schoen, R. Graham Cooks, Dept. of Chem., Purdue Univ., West Lafayette,TN 47907 
and Philip H. Hemberger, Union Carbide Corp., Nuclear Div., Oak Ridge Y12 Plant, Oak Ridge, 
TN 37830 

A combined LD/CI/EI source has been constructed and put into operation on the Purdue MS/MS 
(MIKES) instrument. Preliminary results have been obtained for LD of sucrose. The LDMS 
of sucrose has been obtained using a pulsed source combined with conventional scanning 
techniques and shows a striking resemblance to that previously obtained by SIMS (1). The 
LDMS/MS spectrum of silver cationized sucrose (S), (lO^Ag+s) = m/z 449, has also been 
obtained and displays several structurally significant fragmentations which again parallel 
SIMS processes. Temporal studies of the ion desorption resulting from a 10 nsec laser 
pulse have been conducted and indicate that ion production occurs for periods of 200 psec -
1.5 msec following the laser pulse and is dependent upon CI source pressure. 

Desorption ionization methods such as field desorption(2) fission fragment desorption(3), 
secondary ion mass spectrometryt*' and laser desorption(5) have increased the number of 
types of compounds which can be studied by mass spectrometry. Additional structural 
information can often be obtained by combining conventional mass analysis with collision-
induced dissociation (CID) of a mass selected ion and subsequent fragment ion mass analysis. 
The technique of MS/MS has been successfully applied using FD ionizationv^) and, as ex
pected, increased the amount of structural information from the analysis. 

We report here the first successful combination of LD with MS/MS. A Quanta Ray DCR-IA 
(Mountainview, CA) pulsed Q-switched Nd:YAG laser with harmonic generator crystals was used 
in these studies. Only the 1064 nm output was actually used and the laser was typically 
operated at 10 Hz set to deliver 0.1 J/pulse. The Q-switched pulse width was-approximately 
10 nsec and with a focussed spot size of 2 mm., the power density at the sample surface was 
approximately 109 W/cm2. 

Figure 1 shows the LDMS of sucrose supported on a silver foil extension to the mass 
spectrometer solids probe. The sucrose was mixed with ammonium chloride and silver powder 
and deposited on the foil from aqueous solution. The mass spectrum was obtained by slowly 
scanning the magnet (ca. 1 amu/sec) while repetitively pulsing the laser at 10 Hz. Analog 
signal detection (Keithley #640 electrometer) was used to record the LDMS. The long time 
constant of this electrometer effectively smoothed the pulsed character of the mass spectrum 
(10 laser shots across a mass peak). 

The laser irradiation was observed to produce an intense silver cation beam (m/z 107/109) 
from the silver foil sample support which cationized the intact, laser desorbed, sucrose 
molecules resulting in pseudomolecular ions at m/z 449/451. Only minor peaks corresponding 
to (S+Na)''' and (S+K)"'', S=sucrose, were observed at m/z 365 and m/z 381 respectively. 
Thermal generation of NH3 (from the NH4CI) resulted in formation of (AgNH3)''' and (Ag(NH3)2)* 
which with Ag'*' were the dominant low mass ions observed in the mass spectrum. As shown in 
Figure 1 the major fragmentations of (S+Ag)''" and (S+AgNHs)'*' are centered about the 
glycosidic linkage with only minor amounts of water loss from the molecular ion. 

The LDMS of sucrose is strikingly similar to that obtained by SIMS shown in Figure 2. 
Here sucrose mixed with ammonium chloride supported on silver foil was ionized by bombard
ment with a high energy ion beam. The silver cationized molecule, pseudomolecular ion minus 
water, and glycosidic cleavage ions 'are again present. The thermally related ammonia 
containing ions are not observed in the SIMS spectrum suggesting that bulk heating is more 
prevalent iri LD. The sucrose fragment ion peaks are of similar relative intensities in both 
LD and SIMS suggesting that these peaks result from unimolecular fragmentation of the intact 
silver cationized sucrose molecule as a consequence of the exothermicity of the cationlza
tion process and energy deposited in the desorption event. If so, this implies that most 
molecules are desorbed intact and; subsequently cationized by silver. There is no evidence 
for desorption of neutral fragments. 
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LASER IONIZATION MASS SPECTROMETRY OF 
NONVOLATILE MOLECULES; E. D. HARDIN and M. L. VESTAL; 
Dept. of Chem., Univ. of Houston, Houston, TX 77004 

A new laser ionization mass spectrometer has been devel
oped which employs a moving stainless steel belt onto which 
the sample is either electrosprayed or thermosprayed for 
continuous sample introduction. Ionization is produced by 
focusing the output of a'tunable dye laser onto the moving 
belt. The dye laser is pumped by a pulsed N2 laser and the 
output is typically 400 microjoules in 5-7 nsec pulses at 
25 hz focused to a spot diameter of 0.1-1mm. Except for the 
use of a gated boxcar integrator to process the pulsed ion 
signal, the mass spectrometer is a conventional quadrupole. 
Mass spectra have been recorded for a number of nonvolatile 
biomolecules including saccharides, amino acids, peptides, 
nucleosides, and nucleotides. Generally, these spectra show 
intense cationized molecular ions, often including multiple 
alkali addition, and little fragmentation. Protonated mo
lecular ions are also observed and are particularly intense 
for basic samples such as guanosine, adenosine, arginine and 
histidine. 

Time-of-flight distributions have.been measured on select
ed ions which show that ions produced by laser desorption/' 
ionization have broad kinetic energy distributions. Typi
cally, most probable kinetic energies are about 6 eV with 
high energy tails extending beyond 25 eV. Analysis of the 
TOF spectra show that a substantial fraction of the ob
served ions are formed by metastable decomposition of larger 
clusters in flight and often only a" sma'll'fraction of the 
observed ions are formed directly at or near the surface^ 
The size of the precursor clusters is dependent on the sur
face coverage and the laser power density. A model of the 
laser desorption/ionization process is proposed which ac
counts qualitatively for the observed effects. 
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MECHANISMS IN MOLECULAR SIMS AND OTHER FORMS OF DESORPTION IONIZATION (DI); K.L. BUSCH, 
S.E. UNGER, and R.G. COOKS; Department of Chemistry, Purdue University, West Lafayette, IN 
47907. 

Molecular SIMS is concerned with identification and quantitation of bulk organic materials 
supported on heterogeneous substrates. Desorption of ions from surfaces occurs as a result 
of energy deposition by impact of a primary ion. The ejected secondary ions arise by three 
common processes: direct desorption of precharged ions from the solid matrix, cationization 
(and anionization), and electron ionization. Of these, the first two differentiate SIMS from 
gas phase ionization techniques such as EI and CI, and bind it most strongly to other 
desorption ionization techniques -- FD, PD, LD, and EHD. The use of these techniques has 
made possible the analysis of thermally fragile, nonvolatile, and high molecular weight 
compounds. 

DIRECT DESORPTION - When the sample itself is precharged, then, the desorpition efficiency, 
and both specificity and sensitivity, are optimized. Samples can be analyzed from such 
diverse matrices as plant tissue2, chromatography media3, or vacuum compatible liquid 
phases4. The neutral matrix can be essentially transparent to the desorption process. 
Derivatization reactions can be used to convert neutral samples to precharged forms (re
verse derivatization) with concomitant spectral enhancement^; An example of this is shown 
in Figure 1, where p-toluenesulfonic acid was used to convert the neutral zwitterionic 
compound into its precharged protonated form. 

CATIONIZATION - Cationization is an ionization process; the creation of a stable species 
(C+M) is controlled by many experimental factors. As in FD and LD, addition of alkali 
salts promotes the formation of the appropriate-cationized species in SIMS. Cationization 
with metals such as silver, commonly observed in SIMS, has now been observed in LD experi-
ments°, specifically in the case.of sucrose, from which (Ag+H)+ can be formed. Cationiza
tion promises to become a general method of ion formation in desorption ionization mass 
spectrometry. 

COMPARISONS WITH OTHER DESORPTION IONIZATION METHODS - The recurrent similarity in spectra 
of complex organic molecules obtained by SIMS, FD, PD, LD, and EHD suggests close relation
ships between.them. Comparisons between SIMS and other methods have been made for biologi-
calD'7 and for organometallic compounds^. Using the same quadrupole mass spectrometer and 
ion optics, a direct comparison between SIMS and LD has been made^. The LD spectrum of 
thiamine hydrochloride is very similar to that obtained by SIMS and other techniques. 
The spectra of complex quaternary salts can also be compared (Figure 2 ) ; similarities are 
evident, as are some differences (vide infra). The reverse derivatization effect operates 
in FDI O , as well as in LD^ and SIMS^T" 

A MODEL FOR DESORPTION IONIZATION - Figure 3 summarizes several key elements in a general 
model of desorption ionization: (i) isomerization of energy deposited at a surface, (ii) 
a low energy desorption event for preformed ions, (iii) a separate ionization event of 
.variable efficienty for desorbed neutrals, (iv) separability of desorption and ionization 
from dissociation processes of metastable ions, the major source of fragment ions. Sim
ilarities in spectra arise because of the propensity to desorb preformed ions (ii) and the 
similarities in the metastable ion fragmentations after various DI processes. Differences 
arise because of different instrumental factors (iv), sample preparation methods (iii), and 
especially because of a different total energy input (i). Practically, then, for these 
methods of desorption ionization, the question is not "how" applied energy acts to desorb 
ions, but rather "how much" energy is applied, and with what spectral effects. 

This DI model suggests that desorption is followed by chemical reactions of two types 
occurring in two distinct regions. First, in the selvedge, fast ion/molecule reactions or 
electron ionization can occur. Second, in free vacuum, unimolecular dissociations occur, 
governed by the internal energy of the parent ion, the characteristic time scale of the 
instrument, and the particular gas phase structure of the ion. These metastable transitions 
are analogous to those observed in those other forms of mass spectrometry which sample gas 
phase dissociations. The interaction between the incident primary ion and bulk organic 
molecules at the surface can be considered as an extension of keV ion-molecule interaction 
processes which form the basis of the collision induced dissociation process. Thus, the 
model would suggest that the collision results in an electronic excitation of surface spe
cies, followed by a very rapid (lO'^l sec) isomerization of energy into vibrational modes 
of excitation. 
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Effect of Energetic Electrons on Breakdown Graphs Determined by Threshold Photoelectron -
Coincident Photoion (.TPE - CPI) Mass Spectrometry, J. P. Gilman, T. Hsieh and G. G. Meisels 
Dept. of Chem., Univ. of Nebraska, Lincoln, Nebraska 68538. 

The understanding of ion fragmentation processes has been greatly enhanced by TPE-CPI 
mass spectrometry. This technique permits the study of the chemical fates of ions pro
duced in specifically selected internal energy states; this leads directly to breakdown 
graphs, which reflect the extent to which competitive ion fragmentation pathways occur as 
a function bf internal energy.' In addition, breakdown curves also provide exact branching 
ratios of all competing fragmentations at a given internal energy; those have been used as 
a stringent quantitative test of Q.E.T. theory. 

In TPE-CPI MS, breakdown curves are usually obtained by time-of-flight analysis of 
ions that are formed in coincidence with their corresponding zero kinetic energy (ZKE) 
electrons. Our threshold photoelectron (TPE) detector consists of a collimated hole 
structure which efficiently transmits ZKE electrons while filtering out most of the 
energetic ones due to their non-zero transverse velocity component.' However, a small 
but significant number of these non-thermal electrons isstill transmitted. If not 
accounted for these non-ZKE electrons can distort breakdown graphs and lead to false 
interpretations. 

We report here a method to correct breakdown graphs for the false coincidences 
caused by the transmission of energetic electrons; it relies on convoluting the internal 
energy distribution of the molecular ion with the transmission function of the TPE detector 
and the postulated breakdown curve until the experimental and calculated curve match. The 
internal energy distribution can be represented by the photoelectron spectrum if the energy 
dependent transmission function of the electron analyzer is narrow. Usually PE Spectrome
ters using retarding field and deflection analyzers with preacceleration (except for very 
low energy electrons)^ show little energy discrimination. The transmission function of 
the TPE detector has been determined', the Hel PES truncated at the photon energy was 
used to estimate the internal energy distribution. 

• fE 

FCE),^p = i ' Pt^^^O^'post ^(^-'')^'' (1) 

P P(x)T(E-x)dx 

x= E'<;( < E; P(E) = photoelectron spectrum; ^(E) ^̂  = postulated breakdown graph; 
T(E) = Ttie TPE transmission function; and F(E)EXP = '̂ '̂  experimental breakdown graph. 

The result of the convolution 1s shown in figure 1 and the resulting corrected break
down curves are consistent with those reported by Stockbauer and Inghram". 

Application of this method to the C,He isomers are shown in figures 2-4 where the 
dashed lines indicate the uncorrected breakdown curves and the solid lines indicate the 
curves corrected for the energetic electrons transmitted. The energy scale is given in 
terms of the excess energy above the most stable.ionic isomer E* where 

E* = hV + [AH^+ - AHg+] - IP^ (2) 

the enthalpy term refers to the energy released when the ground state Isomer X+ re
arranges to the most stable ionic structure B+ (2-butene). 

The corrected breakdown graphs indicate that the four olefinic C^Ha isomers (fig. 2) 
are indistinguishable from each other suggesting that these isomers have completely equili
brated to a mixture of interconverting structures before fragmentation. 

However, breakdown graphs of methlcyclopropane (MCP) and cyclobutane (CB) are similar 
to the olefinic isomers only in a narrow energy region (from onset of CsHs"*" to 2.6 eV). 
At higher internal energies, the behavior of MCP and CB is interpreted as a competition 
between rearrangement to the olefinic structure and fragmentation through a different 
intermediate.* 

The results demonstrate that in these cases the energetic electrons transmitted 
through the TPE detector have a significant contribution on the uncorrected breakdown 
graphs. 

Conversely, if the breakdown graph transmission function and PES curve are known, one 
can construct a derived PES in the same manner as the corrected breakdown graph. Although 
similar to a threshold PES, this derived PES represents an integrated PES up to a fixed 
energy but below the Hel resonance energy (21.21 eV). If the threshold function for the 
production of two or more states are not step functions, the intensities in the derived 
PES and Hel PES will be different. A simple model (fig. 5) shows two transitions and the 
relation between the threshold law, TPES, and the PES. 
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A derived PES was constructed for CFjI in the photon energy region 10.00 eV to 11.80 
eV (fig. 6) by using known Breakdown graphs, PES^ and again matching the calculated curves 
with our experimental breakdown curves (fig. 7) by this convolution technique. The inten
sity of the lowest transition- in the derived PES is less than in the Hel PES and greater 
than in the TPES. Corrections to the Hel PES based on the kinetic energy discrimination 
in the analyzer (1/E) ̂ '' produce only a small change on the spectrum and cannot account 
for the difference observed between the Hel and the derived PES. This change in- intensities 
is not observed in either propane or the butene isomers which suggests that the difference 
between the Hel and derived PES in CF3I may arise from a substantial deviation of threshold 
behavior from a step function. Therefore, a PES with a photon source below that of the 
Hel resonance energy and the Hel PES should show a marked intensity difference in the tv/o 
lowest energy transitions. 

We are' grateful for the support of the Department of Energy under Contract 
#DE-AS02-76ER02567 and thank Mr. Pradip R. Das for his assistance in drawing the graphs 
and Professor J. L. Beauchamp for his suggestions on the CF3I system. 
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Coincidence Spectrometry Yields an Energetic Model for the Stereoselective 
Elimination of Acetic Acid in Mass Spectrometers. 

Mark M. Green, Department of Chemistry, Polytechnic Institute o£ New York, 
Brooklyn; N.Y.; Richard McCIuskey, Departraent o£ Cheraical Engineering, 
Clarkson College of Technology, Potsdam, N.Y.; JUrgen.Vogt, Physikalisch-
Cheraisches Institut, Universitat Basel, Switzerland. 

The rearrangeraent loss of acetic acid frora 2-butyl acetate cation radical 
exhibits a conformationally reasonable stereoselectivity which parallels the 
thermal process. (1-6) Figure 1.shows the photoelectron photoion coincidence 
spectrura for 2-butyl acetate (7-9) for the processes forming ra/e 56 (M-HOAc) 
and m/e 43. (10-12) The data are qualitatively consistent witK expectations 
from tTieory. (13,14) The literature supports a close correspondence between 
the nonbonding region of a photoelectron spectrum and the energy deposition 
on electron impact in that energy region (15-19,20). The thermal energy has 
been taken into account by convolution of the Boltzmann distribution of 
s-butylacetate at various ion source teraperatures with the breakdown graph 
for m/e 56 (21-24). Figure 2 shows the ion average energies (A) for the 
various ion source temperatures (0)between 300 and 600 K . Figure 3 shows 
the energy distribution corresponding to an ion source teraperature of 500 K; 
also plotted is a Boltzmann distribution for neutral 2-butylacetate at 950.K 
(which has the same average energy) (25,26). 
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TE. A. katrib, T.P. Debies, R.J. Colton, T.H. Lee and J.W. Rabalais, Chera. 
Phys. Lett., 22̂ , 196 (1973). 

17. S. Trajmar, Acc Chera. Res., 13, 14 (1980) and references therein. 
18. See reference 15 above and M.Tnokuti, Rev.-Mod. Phys., 43, 297 (1971). 
19. See: W.C. Tam and C.E. Brion, J. Electron Spectrosc. Rel. Phenora., 3̂, 
467 (1974); ibid., 4, 139 (1974). 
20. Although the overall photoelectron spectrum in Fig. 1 could not be quan
titatively correlated with the 70 eV energy deposition function over all ioni
zing energies. See reference 11 above and: B.N. McMaster, Specialist Periodi
cal Reports. Mass Spectrometry, Vol. 3,The Chemical Society, 1975, p.lU-14. 
TT. W.A. Chupka, ibid. 54, 1936 (1971); 30, 191 (1959); Effective use has 
been raade of the procedures by: F.W. McLaFTerty, T. Wachs, C. Lifshitz, G. 
Innorta and P. Irving, J. Am. Chem. Soc., 92, 6867 (1970); D.J. McAdoo, P.F. 
Bente, H I , M.L. Gross, and F.W. McLafferty, Org. Mass Spectrom. 9, 525 (1974); 
P.F. Bente, III, F.W. McLafferty, D.J. McAdoo, and C. Lifshitz, J. Phys. Chem. 
79, 713 (1975). 
TZ. All the fundamental frequencies for 2-butylacetate are available in the 
literature and were treated as harmonic oscillators. See: J.E. Saunders, J.J. 
•Lucier and F.F. Bentley, Applied Spectroscopy, 2_2, 697 (1968): "CRC Atlas of 
Spectral Data and Physical Constants of Organic Compounds," J.G. Grasselli 
and W.M. Ritchey, Eds., 2nd Ed., (1975); L.J. Bellamy, "The Infrared Spectra 
of Complex Molecules," John Wiley, N.Y., 1958. The density of states calcu
lation-followed the algorithm of: T. Beyer and D.F. Swinehart, "Number of 
Multiply Restricted Partitions," Commun. Assoc Comput. Machin, 16, 379 (1973). 
The Boltzmann distributions were calculated for the ion source temperatures 
reported in reference (13) above and also for various temperatures between 
800OK and 1200OK (see below). See W. Forst, "Theory of Unimolecular Reactions" 
Acaderaic Press, N.Y., 1973, p. 153 for these procedures. 
23. W. Forst, "Theory of Uniraolecular Reactions," Acaderaic Press, N.Y., 1973, 
p. 308. . • : 
24. The breakdown curve (m/e 56, Fig. lb) was terminated at 13.0 eV and the 
branching ratios of m/e 5^1'Fig. lb(o) were multiplied by the corresponding 
relative intensity o l the photoelectron spectrum (Fig. la). This yields the 
ionization deposited internal energy spectrum of the m/e 56 precursors. 
25. M.M, Green is grateful to the National Institutes of Health General Medi
cal Sciences and the Petroleum Research Fund administrated by the American 
Chemical Society for the financial support for this work. We are indebted to 
T. Mukhopadhyay, and M. Vairamani and L. Bumm for technical help with the 
experiments. 
26. The work in Basel has been supported by the Schweizweischer Nationalfonds 
zur Fbrderung der wissenschaftlichen Forschung, Part C 17 of Project No. 2. 
212-0.79. Financial support by Ciba-Geigy SA, Hoffraan-La Roche 5 Cie SA, and 
Sandoz SA, Basel, is gratefully acknowledged. 
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FJ-g;i (a) Photoelectron spectrum of 2-butyl acetate measured under sarae con
ditions as for the branching ratios in part (b); 

(b) Branching ratios for m/e 56 and m/e 43 from 2-butyl acetate. See 
references 7 and 8 in the text. 

BOLTZMANN TEl iVtRATURC 

Fig. 2 Average vibrational energy E 
vs. temperature in K. (v) corresponds 
to computed 2-butyl acetate cation 
radical energy at various ion source 
temperatures (see text) and (o) to 
computed thermal average energies 
for 2-butyl acetate at various 
temperatures. 

Fig. 3 For both curves: relative 
probability versus vibrational inter
nal energy (eV on abscissa). (o) 
corresponds to 2-butyl acetate cation 
radical in the mass spectrometer ion 
source'' held at 500 K and (+) to a 
therraal distribution of 2-butyl ace
tate at 950 K. See the text. 
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MAM0E9 

Para-Isotoluene. A New Entry into the CvHe /CYS? System. J.J.GaJevfski and J.E.Bartmess 

Department of Chemistry, Indiana University, Bloomington, Hf l|-7l;05 

Various CTHS isomers have been shovm by use of ion-molecule reactions^ and photo-

dissociation^ to give non-interconverting radical cations after the primary electron 

ijnpact event. The CyH7"*" fragment ion is a mixture of benzylium and tropylium cations, the 

ratio being a function of the isomer and electron energy. We report here a new CyHe 

isomer, para-isotoluene, I , synthesized via the scheme. 

COaH CONMC2 

1" 
0 
T 

11 CHiNMe^ CHsH 

An electron impact IP of 8.6 ± .1 eV is found for I. The 70 eV mass spectrum is similar 

to that of toluene, but with greater fragment ion abundance. The AHt for I is found by 

reacting it with successively stronger bases as in reaction 1. The onset for 91" 

A" + isotoluene -• AH + 91" (1) 

production in the ICR is at nPrS- as base, making It 23.5 ± 2 kcal/mole higher in energy 

than toluene. The 91" exchanges two protons with O^O, consistent with the benzyl anion 

structure. These results put the radical cation of para-isotoluene 15 ± 4 kcal/mole 

higher in energy than that of toluene, and comparable to that of cycloheptatriene. The 

lack of reactivity of 92* with alkyl nitrates indicates that it is not the toluene 

radical cation. 

The CyH/"*' formed on electron impact reacts with isotoluene to give 105. Using the 

criteria that the reactive fraction of CyHy''' is of the benzyl structure, while the non

reactive part is tropylium,^ we find that 91 here is ca. 96% benzylium at 20 eV electron 

energy with a slight increase in tropylium at lower energies. This contrasts with 91'*' 

from toluene which is only 607S benzyl ion under comparable conditions.^ 

The chemistry of the neutral is also different from toluene: isotoluene is protonated 

by its radical cation readily (k = 2,2 x 10"^° cc-molec"̂ S"''-), while the more stable 

tautomer is unreactive. Numerous higher mass reaction products are also observed. 

(1) Hoffman, M. K.; Bursey, M. M.; Tetrahedron Lett.. 1971, 2539-2542, 

(2) Dunbar, R. C.; Fu, E.; J. Am. Chem. Soc, 1971, ^ k'i'jk. 

(3) Jackson, J. A.; Lias, S. G.; Ausloos, P.; J. Am. Chem. Soc., 1977, 22^ 7515-7521. 
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CHEMICAL PROPERTIES OF THE GAS-PHASE 

BENZVALENE RADICAL CATION AND 

OTHER SELECTED CgH, RADICAL CATIONS 

D.L. MILLER and M.L. GROSS 

Department of Chemistry 

University of Nebraska-Lincoln 

Lincoln, NE. 68588 

The ion structure and chemical properties of the benzvalene (I) 

radical cation have been investigated using the techniques of Fourier 

Transform Mass Spectrometry (FT-MS) and collision spectroscopy (CID). 

The radical cation reacts with selected reagent neutrals (1,3-

butadiene, methyl vinyl ether, etc.), and the resulting ion-molecule 

reactions have been compared to those produced by reaction of the 

neutrals with the CgH, radical cations from other sources. Several of 

these characteristic reactions are shown below. The results of these 

-It 
C3H7I ^ CqH,T' 4 I 

•+ C3H-̂ I -> NO RX 

f It 

-It 

•;;̂ 0̂CH3 

C8H8^ 4 CH30H 

C9H120^ 

C8H90'̂  4 -CHS 

•:?̂ ^̂ 0CH3 > CSHB* CH30H 

"IT 
•:;̂ ^̂ 0CH3 ) C9H120'*' 
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experiments are . consistent with the concept that the benzvalene 

radical cation possesses a unique . ion structure at ionizing energies 

close to the threshold. 

The mechanism of one of the characteristic reactions, that with 

1,3-butadiene, has been investigated using both C-13 and H-2 labeling. 

The following reaction mechanism is proposed based on the results of 

these preliminary studies: 

^-

Further labeling studies are underway to confirm the mechanism. 

The. high energy coUisional activation spectra, have been taken 

for benzvalene, benzene, 3,4- dimethylenecyclobutene, and several 

acyclic CgHg isomers and the spectra compared. Differences are 

observed which correlate with the low energy ion-molecule 

reactivities but distinctions are less dramatic as seen in the table. 

PARTIAL CA SPECTRA 

SOURCE 

BENZENE 

2,4-HEXADIYNE 

DMCB 

BENZVALENE 

63 

4.4 

6.9 

7.0 

1.6 

62 

2.7 

7.6 

3.8 

2.8 

61 

• 1.9 

5.7 

2.4 

3.3 

52 

16 

17 

20 

37 

M/Z 

51 

28 

24 

25 

• 29 

50 

23 

19 

19 

8 

39 

9.0 

5.8 

9.2 

2.2 

37 

4.8 

4.8 

4.3 

7.0 

Finally, the structure of the collision complex produced by 

reaction of ionized benzene with 2-propyl iodide in the FT-MS was 

investigated by producing the complex in the chemical ionization 

source of the MS50-TA and acquiring the high energy coUisional 

activation spectrum of the complex. Comparision of the spectrum of 

the complex with the spectra of model compounds such as protonated 

isopropylbenzene, n-propylbenzene, 1,3,5-trimethylbenzene and other 

isomers show that the complex appears to possess the structure of 

protonated isopropylbenzene. 

H-,C 

HC -I 

H-,C 
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FRAGMENTATION OF THE 2-METHYL-2-PENTENE AND 4-METHYL-2-PENTENE 

MOLECULAR IONS 

A. G; Harrison and K. R. Laderoute 

Department of Chemistry 
University of Toronto 

Toronto, Canada 

The 70 eV electron impact mass spectra of 2-methyl-2-pentene and 
4-methyl-2-pentene are essentially identical. In addition, both molecular 
ions show the same metastable fragmentation reactions (90% loss of CHj, 10% 
loss of CjH^) with identical kinetic energy releases. 

In a study of the raetastable loss of methyl we have obtained the results 
for deuterium labelled compounds presented in the Table. The labelled com
pounds differing only by double bond position show identical behaviour. The 
major fragmentation reactions in the metastable ion domain involve loss of 
CH3 and loss of CD3 with only a rainor loss of the mixed methyls CH2D and CHDj. 
If only intact raethyl groups are lost, the loss of CH, from the d3 labelled 
molecules should equal the loss of CD3 from the dg molecules while the loss 
of CD3 from the d3 compounds should equal the loss of CH3 from the dg com
pounds. That this is not so can be attributed in part to a kinetic isotope 
effect; however, the metastable ions for CD3CH2CH=C(CD3)2 showed only 70% 
loss of CD3 and, surprisingly, 17% loss of CH3 with 13% loss of mixed methyls. 
Frora these results, ignoring the small amount of isotopic scrambling, we 
derive k /k__, 1.7 and the relative importances of the methyl loss 

1-113 LLJ3 
processes, as follows. 

0.30 H C ^ CH; CH 0.28 

0.15 

The equivalence of the two double bond isomers can be rationalized in 
terms of interconversion through the 1,1,2-trimethylcyclopropane molecular 
ion intermediate as indicated in the Scheme. This mechanism is supported by 
preliminary studies of deuteriura labelled trimethylcyclopropanes which show 
metastable ion intensities in agreement with those obtained for the acyclic 
isomers.' • 
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TABLE 

Metastable Fragmentation of Labelled C-H.,, Isoraers 

M e t h y l l o s t % 

CD, 

r 

CH CH D CHD CD 

50.3 7.7 7.0 35 .0 

AX..; 
/ 

o^zY^-^^YY 

5 0 . 3 6 . 1 . 8 . 0 3 5 . 6 

7 1 . 4 , 7 . 3 4 . 3 1 7 . 1 

DjC ' ' V 7 2 . 6 6 . 8 4 . 0 1 6 . 5 

< + / l -h "CH, 

218 

' — s 

174 

192 

-f-'CH, 

218 
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SOME NEW DEFINITIONS OF HIGH TEMPER
ATURE MASS SPECTROMETRY. RICHARD F . PORTER. 
Dept. of Chemis t ry , Cornell University, Ithaca, N . Y . 14853. 

Over the pas t 25 y e a r s m a s s spec t romet ry has c l ea r ly demon
s t ra ted its value as an analytical tool for charac ter iza t ion of 
high tempera ture chemical reac t ions . No other technique bas 
been as general ly useful for identttication of gaseous reac t ion 
products and for measu remen t of their thermodynamic p r o 
p e r t i e s . In the first pa r t of this l ec ture , I will a t tempt to 
ci te some of the important h is tor ica l highlights tliat led to the 
development of this a r e a of r e s e a r c h . In the second p a r t , I 
will descr ibe some recen t investigations in our laboratory 
which include high tempera ture ion-molecule reac t ions , p r o 
ton t ransfer reactions involving metal a toms and "high t em
pe ra tu re molecules" generated by ion neutralization techniques. 
Trans ient neutral species formed in various s ta tes of e lect ronic 
excitation by the react ion 

RH* + M(g) - RH + M"^ (M = K, Na, Mg o r Zn) 

may undergo radiat ive t ransi t ion or r e l ease internal energy by 
fragmentation. From measurement of fragmentation energies 
ver t ica l e lect ron affinities of ions may be obtained. Resul ts 
for CH ••• ions (n = 1-5) will be d iscussed. 
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•THERMODYNAMIC STUDIES AT HIGH TEMPERATURES BY THE MASS SPECTROMETRIC KNUDSEN CELL METHOD 

J. DROWART 

Laboratorium voor Fysische Chemie 

Vrije Universiteit Brussel 

Pleinlaan 2, B-1050 Brussels, Belgium. 

Mass spectrometric studies characterizing the gaseous species vaporizing from surfaces 

or effusing from Knudsen cells were initiated almost thirty years ago. The method has since 

been applied to the investigation of numerous elemental, binary,.ternary and more complex 

systems in order to identify the components of the gas phase, to measure their partial 

pressures and to calculate there from either the thermodynamic properties of the gaseous 

molecules or those of the condensed phases. 

Through such investigations, mass spectrometry has contributed much to the quantitative 

knowledge and to the understanding of chemical bonding, to the elucidation of vaporization 

processes and of phase relations and to the solution.of practical thermochemical problems at 

high temperatures. 

Extended descriptions and discussions of the method have already been given (1-4) , while 

many of the results are included in compendia of thermochemical properties. Reference is 

made to these publications for details. 

Recent studies in the author's laboratory are summarized as follows. 

The investigation of the As-0 system involved the study of As.Og (arsenolite),. of 

As O.Cs), As 0 (s), of meta-, pyro- and ortho-uranylarsenate, placed in quartz cells and of 

mixtures of PbO(s), Bi-0 (s) or Fe^O,(s) with As„0_(s) or ortho-uranylarsenate. placed in 

stainless steel cells. Temperature ranged from 375 K for As.O,(s) to 1250 K for the last 

cited systems. The molecules characterized are As.O.(g) above As,0,(3) and As.O,(g) through 

As 0 (g) and 0 , in varying proportions, above the different arsenates. As 0 (g), AsO,(g) 

and AsOCg) were observed at the highest temperatures. Thermodynamic functions were 

calculated from known (As 0,,g) or estimated molecular parameters; for As^O (g), a trans 

rather than a eis or a bipyramidal structure was retained. Absolute pressure determinations 

by quantitative vaporization of weighed amounts of the various initial compositions and 

metathesis reactions were used to determine reaction enthalpies.. The 0 K values, in 

kcal-mol are, for the reactions As 0,^ (g) + As.O,^ +2^^^ " ^ ̂ ^l^G+n+l^^^ ' ^ ° ^ " " "' 

-3.6 ± 0.2 and -3.4 + 0.2; for n .= 1,-3.6 ± 0.1 and -3.6 + 0.2; for n = 2, -4.6 ±0.4 and 

-4.0 + 0.2 by the 2nd and 3rd law respectively; for As Og(g) + 1/2 02(g) = As^O^(g), 22.7 

and 22.6 + 0.7; for As 0 (g) + M0(g) = As 0..(g) + M(g), with M = Bi, 0.0 and with M = Pb, 

7.0 by the 3rd law. For the reaction 2 As_0^(s) = As.0 .(g), the enthalpy difference at 

298 K equals 82.8 and 84.5 kcal'mol" . The, again 0 K values, are, for As 0 (g) + AsO,(g) = 

As^O^fg) .+ AsO(g), 1.8 (3rd law), for As^Og(g) = 2 fiS^O^ig), 109.2 (2nd) and 106.6 C3rd law) 

and for As,0_(g) = AsOCg) + AsOjCg), 86.4 (3rd law) kcal-mol" , These data lead to 

D°(0-As^O,^ ) = 81.6, 79.8 and 76.0 ± 1.5 kcal-mol"-' for n = 0 to 3 respectively. With 

D°(AsO) = 114.8 ± 1 kcal-mol"""̂ , the last three reactions yield 905.4 ± 3 kcal-mol" for the 
u • . _j 
atomization energy of As.OgCg), compared to 908.6 + 2 kcal-mol calculated from the vapor 
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pressure and the enthalpy of formation of As.O,̂  (arsenolite). The atomization energies for 

AsO.,(g) and As„0-(g) are respectively 198.2 ± 2 and 399.4 ± 3 kcal-mol* . 
2 ^ i i> 

The A.S.O, ions undergo metastable transitions, hitherto rarely observed in high tem

perature mass spectrometry. Their fragmentation is further temperature dependent. For 

As.O (g) e.g., the parent to As_0, fragment ion intensity ratio, R, at 20 eV, decreases 

approximately exponentially from 3.9 at 400 K to 0.9 at 1200 K; AP(As 0*) varies from 12.7 eV 

at 400 K to 11.5 eV at 1080 K, but IP(As 0 g) is, within experimental uncertainty, constant 

at 9.4 ± 0.3 eV. These observations can be interpreted in terms of the theory of uni

molecular reactions of positive ions (5), under the assumption that the thermal vibrational 

energy distribution, PCE), in the neutral molecule is quantitatively transferred during the 

ionization process and that the energy deposition function, D(y), is, except for its depen

dence on energy under electron impact, basically given by the photo-electron spectrum (6). 

To calculate R, the internal energy distribution in the molecular ion, calculated by 

convolution of D(y) with PCE] was integrated respectively below and above an effective 

cut-off energy of 13.2 eV, estimated from AP(As 0.) at 400 K and PCE) at the same temperature. 

The simplifying assumptions described above, which imply that auto-ionization is not very 

pronounced, are critically discussed during the lecture. General conclusions are drawn also 

with respect to the mass spectrometric determination of the thermodynamic properties of 

complex molecules studied in a wide temperature interval. 

In the system Gd-S, known compositions near stoichiometry, mixtures thereof with Gd 

metal, Gd_S Cs) and Gd2S-Cs). all placed in tungsten cells, were investigated between 1500 

and 2400 K. By preferential effusion of GdCg), the two phase system GdCl) + GdSCs) changes 

monovariantly in composition until the hypostoichiometric phase limit, GdS„ _^, is reached; 

next the composition moves bivariantly through the GdS,_̂  homogeneity range towards the 

congruently effusing composition, GdS, noA-n nn ^^ 2320 K, where the gas phase is made up of 
1 . Uo^iU. OZ 

comparable amounts of GdCg), GdS(g) and S(g). Gd„S-(s)' effuses preferentially towards S^Cg) 

at low temperatures, with evolution in composition towards Gd,S.(s), which also effuses 

congruently at 2320 K. At lower temperatures, vaporization of Gd-S (s) is noncongruent and 

is concluded to lead towards formation of GdS Cs), after traversing the Gd~S (s) + GdS(s) 

two-phase region. Absolute pressures were determined by quantitative vaporization of 

samples of known weight and composition, which as in an earlier study of EuS(s) (7), made 

possible i) the determination of the ionization cross section ratios aCGd)/aCS) and 

aCGdS)/a(Gd); ii) the calculation of pressures as a function of composition; iii) the 

determination of the composition at phase limits and at .congruency; iv) the measurement of 

enthalpies of formation and dissociation, in particular D^CGdS) = 122.8 ±1.7 kcal*mol" . 

0CGdS)/aCGd) = 0.65 ± 0,05 at 20 eV indicates, as for several homonuclear and binary 

diatomic oxide molecules, substantial departure from the additivity of the atomic cross 

sections. 

In view of the particular importance of cross section ratios in thermochemical studies 

by mass spectrometry, the dependence of this parameter on the nature of the heteroatom was 

measured for the chalcogenides PbSCg), PbSeCg) and PbTe(g). The results are aCMX)/aCM) = 

0.83, 1.03 and 1.46 for X = S, Se and Te respectively. 

The reaction SeO(g) + SeS(g) = SOCg) + Se„Cg) was investigated between 1300 and 1800 K 
• • • - 1 • 

to establish the dissociation energy for an oxide in the vicinity of 100 kcal mol , to be 
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used in other metathesis reactions. The reaction enthalpy for the above equilibrium equals 

-12.7 ± 0.4 (2nd) and -12.6 ± 0.2 (Srd law) and leads, with p°(S3) = 123.6 ± 0.1, DgCSe^J = 

78.65 + 0.06 and D°(SeS) = 87.7 + 1.6 to D°(SeO) = 101.94 + 1.5 kcal mol" . Since a system 

consisting initially of MnSe(s), EuS(s) and Fe^O (s) was retained for this study, the 

molecules FeO(g) and MnO(g) were also observed. For the reaction FeO(g) + Se(g) = Fe(g) + 

SeO(g), the enthalpy difference, at 0 K, equals -S.9 ± 1.2 (2nd) and -5.7 ± 0.2 (3rd law) 

and yields D°(FeO) = 95.9 + 1.8 kcal mol" . The 2nd-3rd law agreement could only be obtained 
5 

with a X A electronic state as is at present spectroscopically established (8). The 

enthalpy difference for the reaction MnO(g) + Fe(g) = Mn(g) + FeO(g) is -8.5 ± 0.4 (2nd) and 

-7.9 + 0.2 (3rd law) and gives D°(MnO) = 88.0 ± 1.8 kcal mol" , based on a X E state. 
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ION BEAM AND ION CYCLOTRON RESO
NANCE STUDIES OF mCH TEMPERATURE SPECIES; J . 
L. BEAUCHAMP. P . B. ARMENTROUT and L. F . 
HALLE; Dept. ol Chem., Calif. I n s t of Tech. , Pasadena, 
CA 91125 

An examination of thresholds for endothermic react ions of 
atomic metal ions with small molecules yields bond d isso
ciation energies for diatomic metal hydride, halide, oxide, 
nitride and carbide ions. These data a re related to bond 
dissociation energies in the corresponding neutrals by 
adiabatic ionization potentials for the lat ter . Metathesis 
reactions of small metal containing ions studied using ion 
beam techniques and ion cyclotron resonance spectroscopy 
provide additional insights into the thermochemical p roper 
ties and reactivity of these high temperature species. 
Available data will be summarized and discussed with an 
emphasis on periodic trends in reactivity and bond ener
gies and their relationship to electronic s t ruc tures . 
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MASS SPECTROMETRIC-STUDIES OF COMBUSTION 
PROCESSES;' FRED J. KOHL; National Aeronautics and Space 
Administration, Lewis Research Center, Cleveland, OH 44135 

The role of .the raass spectrometer in the determination of 
the reactants and products of various combustion processes 
is discussed. Most combustion processes take place at near-
atmospheric or higher pressures. Because mass spectrometers 
are inherently low pressure devices, a sample must be ex
tracted from the systera under study and transferred to the 
mass spectrometer for analysis. The transfer must be raade 
in such a way that the cheraical integrity of the saraple is 
not altered by the sarapling process. Classical methods of 
sampling have long been employed to determine the concentra
tions of the major products of combustion--species which 
are usually permanent gases. More recently, free jet 
expansion raolecular beara sarapling has come into wide use. 
This technique allows the detection and measurement of 
free radicals, interraedlate'molecules, ions, condensible 
high temperature molecules, and other reactive species. 
Combustion-type applications now have been extended to 
include studies of rocket propellant systems, internal 
combustion engines, pollutant formation, coal-dust flames, 
and chemically inhibited flames. Advances have also been 
made in the direct sarapling of thermal and laser-induced 
pyrolysis processes. Flaraes have been used as wall-less 
containers forthe study of cheraical equilibria and for the 
derivation of thermodynamic properties for metal-containing 
molecules. Considerable effort has been devoted to the 
sampling of ions in flames in which ion-extraction and 
focusing present additional complications to the experimen
tal technique. Illustrative exaraples of the use of free 
jet expansion molecular beam sampling are given for 
hydrocarbon flames, raetal-containing systeras, and special 
applications. 
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MAM0C5 PHOTODETACHMENT SPECTROSCOPY; W. C. 
LINEBERGER. Department of Chemistry and Joint Institute for 
Laboratory Astrophysics, University of Colorado and National 
Bureau of Standards; Boulder, Colorado. 

The availability of intense tunable and fixed frequency 
lasers has increased enormously the variety of species which 
can be studied in cross photon beam-ion beam experiments. 
Two major experimental approaches have been developed for 
the study of negative ions: fixed frequency negative ion 
photoelectron spectroscopy and tunable laser photodetach
ment /pho tod issoc iat ion spectroscopy. The former technique 
is best suited for determinations for electron affinities 
and structural properties of ions and radicals, while the 
latter provides extremely accurate electron affinities and 
dynamical information on electron molecule interactions. 
Utilizing either sputter negative ion sources or electrical 
discharges in volatile transition metal comnl.exes, we have 
been able to study a number of transition metal anions, 
their hydrides and oxides. Results oh these high ^empera-
ture species will be reviewed. 
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CHIRAL CAPILLARY ANALYSIS OF FREE AND PHOS
PHORYLATED CARBOHYDRATES. William R. Sherman 

and Alan L. Leavitt, Dept, of Psychiatry, Washington Univer
sity School of Medicine, St- Louis, MO 63110. 

Previously reported chromatographic separations of carbo
hydrate enantiomers have been performed with dlastereo-
Isomers prepared with a pure optical Isomer of a chlral sub-, 
stance and then separated by conventional GC on packed or 
capillary columns. A more attractive alternative Is the use 
of GC derivatives chromatographed on a chlral phase since 
nany derivative types are available which form In quantita
tive yield and the mass spectra of vhich have been evaluated. 
Our laboratory wished to determine the chlral composition 
of' the myo-lnosltol 1-phosphate (MIP) elevated In cerebral 
cortex of rats upon administration of lithium, a drug used 
to treat mania. The Importance of the chlral analysis lay 
In the fact that L-MIP Is the product of de novo inositol 
biosynthesis and D-MIP is a product of lipid metabolism, and 
likely to be meaningful In terms of neural function. 
We found that, while hepta-(trimethylsilyl)-DL-MIP was not 
resolved, penta-(trimethylsilyl) myo-lnositol-1-dimethy1-
phosphate was well-separated by capillary GC on the com
mercially-available Chlrasll-Val of Frank, Nicholson and 
Bayer (e.g., J. Chromatog. 1A6 197, 1978). Quantitative 
analysis on the chlral capillary column vith a flame photo
metric detector revealed that lithltim, at several dose 
levels, elevated both enantiomers of HLP, however, the D-
Isomer was always affected to a much greater degree. This 
was confirmed by ion monitoring using NH3 CI GC/MS. 
We have found that per-(heptafluorobutyrlc) esters are the 
most generally useful for separations of simple sugar enan-
t iomers. DL-Arablnose, -fucose, -xylose, -mannose and 
-chlro-lnosltol were all well-resolved In this form by a 20 
meter column. DL-Glucose vas best separated as the methane-
boronate-TMS derivative. However, in general, alkaneboro-
nates, (with trimethylsilyl or acetyl coderlvatization, as 
necassary, were less effective. 
Supported by NIH Grants NS-05159 and RR-00954, 
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THE APPLICATION OF HIGH RESOLUTION GAS 
CHROMATOGRAPHY/HIGH RESOLUTION MASS SPECTROMETRY TO 
ENVIRONMENTAL ANALYSIS; J.R. Hass, T.W. COCHRAN and M.-J. 
Bobenrieth; N.I.E.H.S., P.O. Box 12233, Research Triangle 
Park, NC 27709 

There is at present little argument concerning the advan
tages of high resolution capillary gas chromatographic 
columns in comparison to lower resolution packed columns 
for the analysis of environmental matrices. In contrast, 
a number of environmental laboratories contend that low 
resolution mass spectrometers are adequate, especially in 
combination with high resolution gas chroraatography. In 
this paper we present the results for the analysis of 
complex samples using high resolution gas chromatography 
in combination with mass spectrometry at various resolutions 
ranging frora "unit" on a quadrupole instrument to 10,000 
on a double-focusing mass spectrometer. The results are 
critically compared on the basis of reliability of identi
fications, sensitivity, dynamic range, and. the reliability 
of quantitative results. 
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ADVANTAGES OP TH^CK FILM CAPILLARY COLUMNS IN VACUUM • OUTLET GC/MS 

P.A. LECLERCQ, G.J.\ SCHERPENZEEL and C.A. CRAMERS 

Laboratory of Instrumental Analysis 

Eindhoven University of Technology 

P.O. Box 513, .5600 MB Eindhoven, Netherlands. 

It was recently shown .[1,2] that the use of thin-film capillary columns at 

vacuuin outlet has raany advantages over the normal, operation at atmospheric 

outlet pressure. It was derived theoretically and confirmed by experiments 

that the direct insertion of glass or fused silica columns into the ion 

source of a mass spectrometer can cause an appreciable gain in speed of 

analysis (inversely proportional to the inlet pressure) without significant 

loss in separation power under optimum chromatographic conditions'. 

This paper deals with the application of thick-film columns for vacuum outlet 

GC/MS. These columns show enhanced resolution and less adsorption, and. have 

higher sample capacity than thin-film capillaries. Drawbacks are that the 

optimum plate height and the analysis time are increased. It will be shown, 

however, that the latter drawback, which is solely caused by the increased 

resistance to mass transfer,in the liquid phase, is.compensated by the.gain 

in speed of analysis by vacuum outlet operation..' 

Theory 

Band broadening in capillary columns is "satisfactorily described by the 

Golay equation, extended to situations of appreciable pressure drop by 

Giddings et al. £3-5]. By differentiating this equation with respect to the 

gas velocity, the minimum value of.the plate height, H/ and the optimum value 

of the gas velocity, v, are found [6]. ' 

From' these equations for the optimum gas chromatographic conditions, the 

following equation for the hold-up time, t , of the carrier gas can be 

derived for optimum vacuum outlet conditions [7]: ' . 

• - (i) t = 1 N C =i + C o 2 m P s 

In eq. 1 the following symbols are used: 

- N is the plate number,-.N = L/H 

- L is the column length 

- C is the term describing the resistance to mass transfer in the mobile 

(gas) phase, which is a function of k, r, and D [6] 

- k is the capacity ratio of a solute 

- r is the column radius 

- D is the diffusion coefficient of a component in the carrier gas at 

atmospheric pressure 
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- p . is the optimum inlet pressure at' vacuum outlet operation 

- p is the atmospheric pressure 

- C is the term describing the resistance to mass transfer in the stationary 

(liquid) phase, which is a function of k, d_, and D [6] 

- df is the film thickness 

- D is the diffusion coefficient of a component in the liquid phase 

Using eq. 1, thick film (C « C-) and thin film columns (C >> C ) can be 
In s in o 

compared under vacuum outlet conditions. Assuming N arid C constant (meaning 
Li_, . , > L. . . for a column with r constant, and k is constant, implying thick thin IT 4 .1 

operation of the thick film column at a higher temperature than the thin 

film one) it can be derived that 

t P C P 
thick _ i, thick s 1 ,,, 
t P C P 
thin i,thin m i,thin 

where t stands for either t or the retention time, t , of a component: 

tR= t„(l + k). ° " , / 

By combining the well known Poiseuille equation for viscous flow with the 

equation for the minimum plate height, it can be derived that 

/Sn ^i,thick 2 

^ s ^1 ^ 
'i,thin ~ ̂ i,thick\ / C P. ,_.. ^ '̂ ' 

* ' "1 1, thick 
C ' P, • • 
s 1 

under optimum vacuum outlet conditions. 

A direct comparison of vacuura outlet vs. atraospheric pressure outlet oper

ation of a thick film column is very, complicated. However, vacuum outlet 

operation of a thick-film column can easily be compared with atraospheric 

outlet pressure operation of a thin-film column. ', 

The gain in speed of analysis for a given thin-film column, operated under 

vacuum outlet conditions as compared to atmospheric outlet conditions, has 

been shown to equal [1,2] 
- 2 2 ^ / 2 3 

• a = ^ ^ = ' ^ i > t h i n " Pj) • - ^ ( , , 
V p 

atm i , t h i n 
where v is the optimum linear gas velocity: v - L/t . 

Theoretically, a loss in column efficiency up to 12.5% cari be expected in 

this case. For a given separation problem, requiring N theoretical plates, 

the column should be 9/8 longer under vacuum outlet conditions. The gain 

in analysis time is therefore reduced: 
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thin,vac _ 9 , - , 
t ^ u - 4- ~ 8 G '̂ ' 
thin,atm 

Keeping the carrier gas, r, k and N constant (L and the teraperature are 

different) the ratio of retention times for optimum chromatographic con

ditions is therefore: 

thick,vac _ thick,vac ' thin,vac _ thick,vac 8 ,,. 
t ~ t ^ t ~ t 9 G 
thin,atra thin,vac thin,atm thin,vac 

This ratio can be calculated using eqs. 2, 3 and 4. 

Results and discussion 

Vacuum outlet operation of capillary columns always results in a gain in 

speed of analysis as compared to the normal use at atmospheric outlet pres

sure. This is valid, under optimum chromatographic conditions, for both thick 

and thin-film columns. 

The gain in speed of analysis is particularly pronounced for low pressure 

drop columns with subatmospheric optlraura inlet pressures. The use of wide 

bore and/or short capillaries is therefore recommended. 

Vacuura outlet operation of low pressure drop thick-flira columns practically 

always yields even shorter analysis tiraes than atmospheric outlet pressure 

operation of thin-film columns (N and k constant). It can be calculated that 

even very thick film columns (C = C ) yield such gain if. P. < 0.5 bar; if 

C /C = 2, a gain is already obtained if P. < 1 bar. 

As with thin-filra columns, the optimum inlet pressures and hence the gain-

factors of thick-film colurans are carrier gas dependent [2]. 

Experimental data show the validity of the theory. In Fig. 1 the behavior 

of a thick-film (C /C = 5) and a thin film (C /C = 80) column are compared. 

It can be seen that the optimum carrier gas velocities of the thick-film 

column are slightly lower than those of the thin-film one. The expected 

increase in plate height of the former column is actually a decrease, due 

to better coating efficiency. Taking this advantageous effect into account, 

the calculated values of inlet pressure and retention tirae ratios (eqs. 3, 

2 and 6) agree very well with the measured data. -i 
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Fig. 1. H. vs. V curves of thick (1 ym) and thin (0.4 nm) film SE-30 glass, 

capillary colurans (0.4 mm i.d.', length 34 m and 30 m, respectively). Carrier 

gas: N,-. Curves for n-dodecane at 149 C and 127 C, respectively (k = 2.0). 

Outlet pressures as indicated. 
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POLYCHLORODIBENZODIOXINS AND POLY-
CHLORODIBENZOFURANS IN ENVIRONMENTAL SAMPLES; 
H.R. BUSER; Swiss Federal Research Station, 
CH-8820 Wadenswil, Switzerland 

High-resolution gas chromatography (HRGC) in 
combination with mass spectrometry (MS) was used 
to separate and identify polychlorodibenzodioxin 
(PCDD) and polychlorodibenzofuran (PCDF) Isomers, 
including the extremely toxic 2378-tetra-
substituted compounds. Glass capillary and fused 
silica columns.with different stationary phases 
(OV-101, OV-17, silar 10c) and lengths of up to 
50 meters were used. Glass capillary columns were 
connected to the MS via a platinum or a fused 
silica interface; fused silica columns were 
connected directly with the oolumn and leading 
into the ion source. The quadrupole MS was 
operated in the electron-irapact (EI) or negative 
ion chemical ionization (NCI) mode. Complete or 
partial mass spectra were recorded using a data 
system. Mass specific detection was carried out 
in the analog raode. These analytical techniques 
were used to study the separation and occurrence 
of all 22 tetrachlorodibenzodioxins (TCDDs) and 
other PCDDs and PCDFs at parts-per-trillion 
(ppt) levels in a variety of saraples including 
fish tissue samples from several American rivers, 
human tissue and human blood samples as well as 
environmental samples from known contaminated 
areas. 
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HIGH RESOLUTION GAS CHROMATOGRAPHY - NEGATIVE CHEMICAL IONIZATION MASS SPECTROMETRY 
OF INDOLEAMINES. P. L. Taylor and S. P. Markey. Laboratory of Clinical Science, 
National Institute of Mental Health, Bethesda, Maryland 20205 

The theoretical advantages of capillary columns for GCMS analysis of biological 
compounds are well known. The increased resolution and low sample adsorption of 
these columns should provide a significant improvement in performance compared with 
that of packed columns. In practice, however, the fragility of glass columns and 
the difficulties encountered in interfacing with existing GCMS systems has precluded 
their widespread adoption by the analytical community. The recent introduction of 
flexible fused silica columns has considerably simplified problems of handling and 
interfacing, and we are now able to report our experiences in the adaptation of 
three assays, previously performed on packed columns to high resolution capillary 
chromatography. 

The three compounds which we wish to analyze are the putative pineal hormone 
melatonin, its urinary metabolite 6-hydroxymelatonin, and the neurotransmitter 
serotonin. The extraction and derivatization procedures for the assay of these 
compounds by negative chemical ionization GCMS have been described previously (1-3). 
The three analytes show circadian rhythms, and in order to investigate the phase 
relationships between these rhythms it is frequently necessary to analyze large 
numbers of samples from a single subject. In the cases of melatonin and serotonin 
extremely low levels (1-10 pg/ml) are present at some parts of the cycle, and in 
addition very limited amounts of biological fluids such as human cerebrospinal 
fluid are available. A suitable analytical method should therefore be able to 
detect < I pg per sample. Interference from other compounds present In the biological 
matrix is a peraistent problem, and although the specificity conferred by the existing 
NCI-GCMS method is excellent, further improvement would be useful. The general require
ments for the method are therefore as follows: 

1. High sensitivity - minimum sample loss. 
2. High resolution - ability to discriminate against interfering compounds. 
3. Short retention time - high throughput. 
h. Constant retention cime - certainty of peak identification. 

The configuration which we adopted initially is shown in Fig. 1. The requirement 
for minimum sample loss precluded the use of an inlet splitter, and the requirements 
for a short and constant retention time Implied the use of high temperature isothermal 
column operation. This in tum ruled out the use of on-column injection. We therefore 
adopted a solid injection system of the dropping needle type. The rejection of the 
injection solvent provided by this technique simplified the problems of interfacing . 
at the downstream end of the column, which was Inserted directly into the MS source 
via a 1/8" dia stainless steel tube equipped with a T joint through which the methane 
reagent gas was coaxially introduced. The Finnigan 1015 quadrupole mass spectrometer 
was operated in the NCI mode under conditions sirailar to those described previously 
(1-3). 

Initial results obtained with this system were disappointing, in that isothermal 
operation of the column at high temperatures gave poor peak shapes with severe tailing, 
although results were good when temperature programming was employed. In addition, 
further deterioration of performance occurred as the needle became dirty and the 
fragile tip chipped. The injection system was therefore modified to incorporate the 
principle of thermal focussing, by raising the whole assembly clear of the column oven, 
leaving a 50 mm length of the column exposed to the air. A moveable heater was 
fitted as shown in Fig. 2. The injection sequence with this apparatus is as follows. 
With the needle and heater raised, sample (1-10 yl) is injected onto the tip of the 
needle. Solvent evaporates and is carried away by the carrier gas via the restriction 
at the top (Fig, 2,1). 

The needle is then lowered into the heated area (Fig. 2,2) and the sample 
evaporates ana condenses in the unheated section of the column. The heater is then 
lowered, heating the cold trap rapidly and releasing the sample onto the rest of the 
column (Fig. 2,3). This system gave excellent peak shapes at all column temperatures, 
and was completely Indifferent to the condition of the needle tip. 

The properties of three commercially available columns have been investigated in 
this system, and the plot of N against inlet pressure (Fig. 3) with serotonin-acetate/ 
PFP derivative as the analyte shows the results. Practical retention tiraes ranged 
from 2 to 7 minutes depending on column and analyte. In general, the wider bore 
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column gave the best results, with regard to both high resolution and low retention 
time, although some problems were encountered with the inlet system when operating 
at very low pressures, as the dropping needle injector requires a positive flow of 
helium upwards to remove the solvent and prevent air entering through the vent. 
This problem also ruled out the use of hydrogen as the carrier gas, as in this case 
negative inlet pressures would be required for optimum resolution. 

Maximum resolution obtainable under these conditions is considerably lower 
than that clairaed by the column raanufacturers, partly because of the nature of the 
analyte and partly because the tall end of the column was operated under vacuura. 
We have investigated the use of an open split interface (4) to overcome the latter 
problem, and although this device increased the available resolution by about 20%, 
sensitivity under opcimum conditions was reduced by 70% compared to that obtained 
with the direct connection. 

Experience with these compounds using packed columns suggests that best results 
are obtained using "medium polarity" stationary phases such as 0V17 and 0V225. 
Unfortunately, fused silica coluDms with chese phases are not available at present, 
and Che SE52 and SE54 phases which we have been using have.proved inadequate to 
separate melatonin from interfering compounds present in human blood extracts. 
Although the minimum detectable quantity of melatonin was 2-5 times lower on the 
high resolution capillary system than with a packed column, plasma samples could not 
be satisfactorily analyzed on the capillary column due to the quantity of plasma 
extract which had to be applied, and the deleterious effect of that mass of material 
on the resolution of the column. In contrast, a long (5 M x 2mm) conventional 
column packed with 1% 0V225 could easily provide the separation and capacity required 
for melatonin analysis. In the case of 6-OH-melatonin in human urine the high levels 
of the analyce and relative freedom from interfering compounds simplify the chromato
graphy, and while capillary columns gave excellent results there was no clear 
evidence of improvement compared with results obtained from the packed column. 
The technique has proved most useful in the measurement of serotonin in human and 
Rhesus monkey cerebrospinal fluid. Ultimate sensitivity towards serotonin is high, 
as shown in Fig. 4, where successive injections of standard of 1 pg or 100 fg 
interspersed with blanks were made. Ions were monitored at two masses, M/z 348 
and 368 corresponding to M - HF and M - 2HF. In Fig. 5 a biological sample is 
shown. Here, ions corresponding to the deuterated internal standard were also 
monitored. Using this technique we have demonstrated the presence of a marked 
diurnal variation in serotonin levels in Rhesus monkey cerebrospinal fluid (Fig. 6). 

In summary, the improvement in performance expected from the substitution of 
high resolution capillary columns for packed columns in the GCMS measurement of 
indolealkylamines has only been obtained in one out of three assays studied. 
Further improvements may, however, be expected as Che range of stationary phases 
available from the manufacturers of the columns is extended. 
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APPLICATION OF CAPILLARY COLUMN GCMS WITH LOW RESOLUTION ACCURATE MASS MEASUREMENT 
TO THE ANALYSIS OF HUMIC ACID DEGRADATION PRODUCTS. 

D. S. Millington and D. Norwood 
Department of Environmental Sciences and Engineering 

University of North Carolina 
Chapel Hill, N.C. 27514 

Humic substances are believed to be the end-products of a general, natural metabolic 

process involving oxidation and polymerization of biologically degraded lignin. As they 

occur in aquatic systems, these substances, which account for most of the organic content 

(both natural and anthropogenic), can be broadly subdivided into two subcategories: a 

combined humic-hymatomelanic acid (HA) fraction that precipitates at pH 2 and a soluble 

fulvic acid (FA) fraction, which forms the bulk of the dissolved humic material. Our 

studies have centered on the isolation, purification and controlled oxidative degradation 

of HA and FA and on the identification of the products, using GC/MS as the primary analyti

cal tool. The major goals are to provide a background of data for assessment of possible 

health hazards due to the treatment of drinking water and to shed more light on the chemical 

nature of humic substances. 

Experimental 

The procedures for isolation of humic material from a natural source (Black Lake, 

Elizabethtown, N.C.) and its reaction with chlorine and permanganate have been described 
1 2 

previously. ' After methylation using distilled ethereal diazomethane, oxidation products 

were analyzed by GC/MS using a HP-5710A gas chromatograph/VG-Micromass 7070F double 

focussing MS/VG-Datasystems 2035 Computer Combination. Separations were performed on either 

a 50m Applied Science "Quadrex" glass OV-17 coated capillary column or a 25m Hewlett-Packard 

"fused-silica" SP2100 column. A grob-type injector was employed, operated usually in 

"split" mode. The reactant gas used for CI was isobutane. Accurate mass determinations 

(around ±15 ppm RMS) were performed at a scan rate of 1.5s/decade and a resolution of "1500 
3 

using tetraiodoethylene as the internal calibrant, by a technique previously published. 

Results and discussion 

The TIC chromatogram from an exhaustive permanganate oxidation of HA is shown in 

Figure 1. The main compounds identified are straight (and some branched) chain fatty acid 

methyl esters, a series of aliphatic diesters with terminal carboxyl groups and a large 

number of one-ring aromatic esters. All isomers of benzene mono, di, tri, tetra, penta and 

hexacarboxylic esters were identified. Most of these have been verified by comparison of 

GC retention and MS data with those of authentic samples. Another prominent series of 

aromatic esters, indicated by the ? symbol in Figure 1, was also observed and interpreted as 

derivatives of mono-°=-keto benzenecarboxylic acids. The lowest molecular weight member has 

been positively identified as phthalonic acid dimethyl ester. Interpretation of these 

structures was greatly aided by the CI spectra (see Figure 2) and by prior knowledge that 
4 

KMnO. plus napthalene gives phthalonic acid in high yield. These compounds have not been 

previously reported as oxidation products of humic material and constitute the first evi

dence for the possible existence of fused-ring structures in the humic acid macromolecule. 

Chlorine has also proved to be an effective degrader of humic acid, producing a 
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Figure 1. DEGRADATIOM PRODUCTS OF HUMiC ACiD ANALYZED BY G C - M S 
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similar distribution of compound 

types to those generated by perman

ganate oxidation plus a number of 

chlorinated aliphatic acids. The 

TIC chromatogram of components 

separated on SP2100 is shown in 

Figure 3. The major products, 

eluting early in the chromatogram, 

are dichloro- and trichloroacetic 

acid methyl esters. Other promi

nent components are dichloro-

succinic, maleic and fumaric acids. 

These were easily identified from 

the CI and accurate mass data (see 

Figure 4 for example). A complete 

list of the degradation products 
5 

will be published, showing the 

status of component identifica

tion to be about 80% complete, most 

of the remainder being minor com

ponents. 

Conclusions 

A powerful analytical technique for analysis of degradation products of humic material 

has been developed. Three major factors have contributed to the success of this method 
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Figure 3. 
ETHER EXTRACT OF CHLORINATED HUMIC ACID (METHYL ESTERS) 
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for component identification: 

(1) The use of fused-silica capillary GC columns, replacing the standard packed columns 

employed in an earlier study, has more than trebled the number if identifiable products 

(Table 1). 
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Table 1. SUMMARY OF COMPONENTS DETECTED BY GC/MS 

Aliphatic mono-esters 

Aliphatic di-esters 

Aromatic esters 

Chlorinated compounds 

Others 

^ OV-17 

^ SP-2100 

(2) The ability to employ scan rates compatible with the sharp elution profiles of the 

capillary GC peaks using a double focussing MS has enabled realization of the full potential 

of the equipment. 

(3) The routine acquisition of accurate mass data without compromise to the sensitivity or 

scan speed, made possible by the low resolution technique, enables the determination of 

elemental composition of components. This vital additional information has been the most 

valuable interpretative aid, enabling the identification of many more components with greater 

confidence than is currently feasible using nominal mass spectral data with library search 

techniques. 
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MASS SPECTROMETRIC OBSERVATIONS OF THE OXIDATIVE FATE OF CARBON COMPOUNDS OVER HEATED 
COPPER (II) OXIDE; George M. Wood, Billy T. Upchurch*, Ronald F. Hoyt. Patricia A. Paulln, 
and Edwin L. Wildner ; NASA, Langley Research Center, Hampton,VA 23665 

The use of copper (II) oxide for the oxidation of organic compounds and the subsequent 
determination of their carbon, nitrogen, and hydrogen composition dates to Gay-Lussac 
and Thenard in ISll-'-. Historically, these oxidative processes have been carried out under 
high temperature conditions which assured complete oxidation of almost any organic compound'̂ . 
We have observed the oxidative process for a number of compounds as a function of tempera
ture ranging from ambient to that necessary for complete oxidation. Additionally, ue have 
used Isotopic labeling of the reaction products to examine the oxidation process for several 
saturated and unsaturated low molecular weight compounds; to observe the decarbonization 
process In stainless steel; and to study the exchange of oxygen atoms between those of 
copper (II) oxide and of carbon monoxide, carbon dioxide, and labeled oxygen. 

These measurements were obtained by flowing gas mixtures through a packed heated quartz 
or stainless steel tube, with the effluent directly input through a capillary inlet into 
the lon source region of a modified CEC 21-lOA mass spectrometer * Isotope exchange studies 
with the labeled oxygen on the copper (II) oxide revealed that oxygen exchange between the 
CuO* and gaseous oxygen did not proceed below 775°C, the temperature around which CuO begins 
to be transformed to CU2O with the evolution of oxygen"̂ . It was further observed that the 
oxygen in carbon dioxide did not exchange with the labeled CuO below approximately 500°C. 
Oxidation of carbon monoxide on the other hand was observed to result in complete trans
formation of CO to monolabeled CO2 at temperatures near 225°C (fig. 1). Isotopic 
scrambling of the CO2 composition was observed at temperatures above 500°C; however, It has 
not yet been determined if part or all of this results from instrumental artifacts. 

The oxidation of a series of low molecular weight alkanes was accomplished on unlabeled CuO 
by passing a mixture of the alkane and an inert gas over the heated substrate at a fixed 
mass flow rate. By monitoring the alkane depletion and the CO2 evolved, the conversion to 
CO2 and H2O was mass spectrometrically determined as a function of temperature. It was 
found methane was not completely oxidized until the temperature exceeded approximately 750°C 
(fig. 2). Oxidation of the remaining Cĵ -Cg alkanes show a progressively decreasing tempera
ture for complete oxidation with Increasing carbon number (Table 1). Several alkenes, 
alkynes, and benzene were also tested with CuO. Single mass monitoring demonstrated a 
desorption of the alkene frora the substrate as the temperature was increased. Desorption 
was essentially completed prior to the onset of oxidation, which then proceeded In a manner 
similar to the alkanes (fig. 3). The alkynes and the benzene desorption bulge was more 
pronounced, but was also completed prior to the onset of oxidation to CO2, with maximum 
evolution occurring at considerably lower temperatures than for the corresponding alkanes. 
The oxidative conversion efficiency to CO2 was observed to decrease with further increases 
in temperature (fig* h ) , while at the same time the alkyne or benzene concentration continued 
to decrease towards zero. This suggests that decomposition and/or polymerization processes 
arc effected at the higher temperature, yielding products, such as methane or ethane, that 
are less efficiently converted to CO2. The apparent lack of a clear temperature-carbon 
number relationship also suggests that the conversion processes for unsaturated hydrocarbons 
on CuO are more complex than for the saturated. 

CONVERSION TEMPERATURES FOR OXIDATION TO CO2 OVER CuO, ̂ C 

Carbon Monoxide 

TABLE 1 

1. Wilson, N, Hi, "An Approach to Organic Chemical Analysis," Pergamon Press, ?TY (1966) 
2. Nierderl, J. B. and Nierderl, V., "Org. Quantitative Microanal.," John Wiley, NY (1938) 
3. Wood, G. M., Upchurch, B. T. and Hughes, D. B., Paper H-IOS, 23rd An. Conf. Mass Spec, 

Houston (1975) 
4. Haag, G,, "Gen. and Inorg. Chem," John Wiley, NY (1969); pp. 218, 753 
* Old Dominion Univ., Norfolk, VA 23508; **Consultant, h Merry Terrace, Newport News, VA 23606 
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Carbon II 

1 
2 
3 
4 
5 
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ALKANES 
10% 
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365 
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310 
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100% 
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630 
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100% 

325 
425 

OTHER 
10% 100% 
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220 310 
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GAS PHASE NITRATION AND NITROSATION OF • . 

AROMATIC RADICAL CATIONS 

.Robert J. Schmidt; D, S, Ross and S, E. Buttrill, Jr. 

Mass Spectrometry Development Program 

.SRI International Menlo Park, CA 94025 

The mechanism of aromatic nitration in.solution is, generally thought to,Involve the 

following five steps: + + 
+ + . NOj + ArH -* ArHNO^dr) 

H + HNO3 «• H2NO3 + ^ 
+ • + • • ArHNOj (ff) -» ArHNOj (a) 

H2NO3 ji NO2 + HgO . + .+ 
ArHNOgCa) + B -» ArNOj + BH 

Recently Perrin* has suggested that the nitration itself Involves the initial oxida

tion of the aromatic (ArH) by NOg to an aromatic radical cation followed by the 

reaction of the radical cation^with neutral NOj, 

NO2 + ArH -* ArH"*" + NOj ArH* +.N02' - ArHN02(a) 

This reaction is postulated to produce directly a sigma complex which subsequently 

looses a proton to a convenient base (e.g.' a solvent raolecule). Perrin's mechanism by

passes the formation of an intermediate 7r-complex. From the point of view of gas 

phase ion chemistry, it is quite'reasonable, since the ionization potentials of. all 

aromatic hydrocarbons are less than the ionization potential of nitrogen dioxide. 

Additional interest in the mechanisra of gas phase aromatic nitration is aroused by 

the recent results of Regnts and Preiser^ on the gas phase nitrosation of benzene. 

They formed a benzene-NO -coraplex by each of the following reactions: 

+ ' + 
CH^ONO + C„H« - CH„0 + C^H^NO + + • 

+ ^ ^ ' + *^G"6- + CH3ONO -̂  CgHgNO + CH3O. 
CH3ONONO + CgHg- CH3ONO + CgHgNO 

They demonstrated on the basis, of its photodissoclation spectrura and ion chemistry 

that the CgHgNO product of these reactions was a ff-coraplex and was distinctly dif

ferent from the ion formed by protonating authentic nltrosobenzene. 

We have used the apparatus described in Paper' PAM0C5 of this conference to study the 

mechanism of the gas phase nitrosation and nitration of aromatic radical cations. 

In a raixture of benzene and NO which is ionized by the pulsed argon resonance lamp to 

produce only benzene raolecular ions and NO , the dominant product at long reaction 

time Is CgHgNO formed by the reaction 

(CjH^)t + NO - .CeH^No"" + C^H^ 

A trace amount.of pyridine added to the reaction mixture leads to the results shown In 

Figure 1. The CgHgNO ion does not transfer a proton to pyridine, even at the 

longest reaction times. This result deraonstrates that even In the high pressure mass 

spectrometer with tens of thousands of collisions, the 17-complex does not rearrange 

to a sigma bonded structure. Our results simply confirm and extend those of Reents 

and Frleser by shown that the benzene NO complex formed directly from NO at.high 

pressures has the same structure as the ion which they formed by bimolecular processes 

at the rauch lower pressures of their ICR raass spectrometer. 

The resultsfor the gas phase nitration of aromatic radical .cations are corapletely dif

ferent from the nitrosation case. Previously Dunbar, et al,^ showed that NOj could 

be transferred to neutral aroraatic raolecules by the following reaction, 

CH2ONO2 + ArH " .-» ArHNOg + CH2O 

No attempt was raade to determine the structure of the ion product formed. Ausloos and 

Lias"* observed the formation of this ion by NO^ transfer from ethyl nitrate. In addi

tion, they found that NO^ reacted directly with aromatic hydrocarbons by transferring 

an oxygen aromatic lon in the low pressure ICR mass spectrometer. 
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In the pulsed photoionization high pressure mass spectrometer, we have confirmed the 
oxygen ion transfer reaction for several aromatic hydrocarbons including benzene, 
toluene, and xylene. However, we find that the gas phase oxidation (charge transfer) 
of aromatic hydrocarbons by NOj is always much faster than the 0+ transfer reaction. 

Figure 2 shows the results of a time resolved study of a mixture of benzene-dg, nitro
gen dioxide, and a trace amount of pyridine in a 10 torr helium carrier gas. This 
mixture is photolonlzed by the pulsed argon resonance lamp so that the only ions pro
duced initially are the benzene radical cation and a small amount of NO^. 

In a Tî complex between C^H^ • and NO^ the aromatic character of the hydrocarbon is 
retained; none of the ring hydrogens becomes acidic. In constrast, formation of a 
Sigma complex in which nitrogen is bound to carbon results in one of the ring hydro
gens becoming acidic. The least acidic sigma coraplex would be the one with the most 
stable structure, protonated nitrobenzene. Therefore, any sigma complex should be 
capable of transferring a proton to substances more basic than nitrobenzene. The 
observation of D transfer from the coraplex formed between the benzene-dg radical 
cation and NOj to pyridine shows that this species is a sigma bonded structure. 

There is a striking difference between the gas phase reactions of aromatic radical 
cations with NO and NOj. The gas phase nitrosation product is formed exclusively as a 
17-coraplex, even when both reactants are initially radical species! In constrast, the 
reaction of aromatic radical cations with NOj appears to lead exclusively to a sigma 
bonded product. The complete disappearance of the CgOgNO^ products shown In Figure 1 
provides no evidence that even a small fraction of this ion retains the ff-coraplex 
structure. Both these results strongly support Perrin's suggestion that aromatic 
nitration involves the oxidation of the aromatic hydrocarbons by NOg and the sub
sequent reaction of the aromatic cation with NOg. 

Refererences 

1. C. L. Perrin, J. Am. Chem. Soc. 1979, 99, 5516. 
2. W. D. Reents and B. S. Preiser, J. Am. Chem. Soc, 1980, 102, 271. 
3. R. C. Dunbar, et al, J. Am. Chem. Soc, 1972, 93, 6863. 
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ANALYSIS OF COAL LIQUIDS 

Thomas Aczel 
Exxon Research and Engineering Company 
Baytown Analytical Research Division 

Baytown, Texas 

Detailed mass spectrometric characterization of coal liquids has been one of the major 
activities of our laboratory over the past 15 years. This presentation will review the 
methodology developed in this period, the reasoning .used in selecting particular options 
among the available analytical procedures and illustrate the capabilities of our approach 
with examples taken from the high resolution, low voltage MS analyses of mild pyrolyzates 
of chemically treated and untreated coals. 

The methodology developed is-sumnarized in Slides 1-3. 

Differentiation between neutral and acidic oxygen types, such as aromatic furans and 
hydroxyaromatics requires separated fractions. Differentiation between basic, pyridinic, 
and neutral, pyrrolic type nitrogen compounds also requires physical separation of the two 
classes. 

Decisions on what particular methodology to use on a given sample or set 
based on a variety of factors, including sample characteristics, budget a 
traints and a realistic view of the importance of the analytical data in 

Capabilities of this analytical methodology, and in particular of the high resolution 
MS can be illustrated with recent work on the composition of organics in coal.^ In this 
case, our interest was focused on the nature of cleavable etheric bonds and the adjacent 
aromatic moieties that might yield phenols during coal liquefaction and pyrolysis.2 MS 
data obtained on the pyrolyzates of a large number of model compounds indicated that the 
bonds most likely to be cleaved are of the type Ar-0-CH2-Ar. This type of etheric bridges 
are widely believed to be present in coal structures, although there is no definite 
information available in the literature on the nature of the aromatic structures adjacent 
to these bridges. We gained an insight into the average distribution of these aromatic 
structures by pyrolyzing untreated coal samples and coal treated with KOH and by the high 
resolution HS identification of the very complex pyrolyzates obtained. 

Treatment with KOH selectively blocks the phenol functions existing in the coal 
structure. Pyrolyzates. from untreated coals thus contain phenols derived both from ether 
cleavage and phenols that existed as such in the original coal structure; pyrolyzates from 
treated coals contain only phenols derived from ether cleavage. Detailed MS comparison of 
the pyrolyzates can thus lead to the differentiation of these two types of phenols. 

The complexity of the MS spectra is illustrated in Slide 4. 

Summary data on the characterization are shown in Slides 5-7. Major conclusions that 
can be deduced from these data are summarized below: 

• One ring phenols are mostly formed during pyrolysis. 

. Hydroxy-groups in coal are located mainly on multiring aromatics. 

• Cleavable etheric bonds are not .directly attached to furanic or 
thiophenic structures. 

. Polyether units are ordered tail to tail. 

^Siskin, Michael and Aczel, Thomas, "Pyrolysis Studies on theStructure of Ethers and 
Phenols in Coals" to be presented at the International Conference on Coal Science in 
Dusseldorf, West Germany, September 7-9, 1981. 

^Aczel, Thomas, Williams, R. B., Brown, R. A., and Pancirov, R. J., "Chemical Characteriza
tion of Synthoil Feeds and Products", Chapter 17, Academic Press, Inc., 1978. 

67 



AirSIS OF LIGHT DISIILLArtS. 
LYJI5 a n i ta t DiSiiiinrEs MD t.t.vf inx, 

unstnutArtn FtKrions 

WRAFFIHS CTCLO«f«FIHS, 
" C E - C I ; EEKffNiS. MmTHEHOBtHZTTIFS-

FIHRnHAatS. WENCHS 

* C E - C U S*TUR*ri HlWtCS 

UlS/UOnS. m i K 

u o v i i c i fYDDOcunn, 
" "IC «HD TOIM 

) conmuNDS 

v ntOiiiATi !Kn tr 

I J - I . - ^ mtVT. J f l t?;HH 

t j i H i ^ 

CajHi^Oj 

t j lHjD 
tl9H;oO, 

tran 160 

ClSXlfeO'. 

t i l " l b " ? 

t ie^ ibSj 
Cj ;» i , jMj 

Ci,"| jSjO 

cn ' - ips io i 

t n - u m i i u i t p * 

t , . r fMDr r»C£ufH i i€« 

i:,-DIHIMOJl>FllJO»t«E 

Cu-CHaUITHWPt 

[ i - ip i i iTW(]. tmiFuhi i iB[« o> 

t , H-o-omiMi t joPrBt* 

c5 T>ll irrDH)i>ri.w«Wii.. i . 

CvOIHYD«0"FLUOR[HOrHIOFW[Pe 

c,- iH[oiMiioMK«zoiHioM.ie 

' Ci-HY[carrDIIHiO>WWKlM»i[«K 

ccHtMiiior- tf waaifiEt Cf 'nEnto win untaiici CWFOSniM ff rMO-OXTKH COflWUiIlS IJi COAi. PiUlYZAHS 

H Y f o c u n i a 

l^fCHT HIRCENI QFI DBY 15H-fME 

CttifOICm IRE MED IBIRC»1ED TREtJED liMItEtTEQ 

sutFuR-oiTCEii ciyini i i iH 

ns Evia«u i)icic*rt5 iwr nosi of i « KW-OI 
nuiicuM IHOSE tour Ik J RING D<*.y o>£ uoruijt ainC. ME 

£S7I(WTES ON WIOIN CF ftCNIXS IFi COAL PrUXYZAIES 

68 



STRATEGIES FOR THE IDENTIFICATION OF GENOTOXIC 
•CONSTITUENTS IN HEAVY-END COAL LIQUIDS. 

Bary W.. Wilson and Richard A. Pelroy 
Battelle .Pacific Northwest Laboratory, Richland, Washington 

Milton L. Lee and Douglas W. Later 
" " Department of Chemistry 

Brighara Young University, Provo, Utah 

The induction of microbial mutation in the Ames assay and skin carcinogenesis in mice 
by SRC-I and SRC-II coal liquids appears to be restricted to the heavy-end fractions of 
these materialsfl). Fractional distillation of full boiling range SRC process solvent and 
other coal liquid source materials shows, for example, that mutagenic activity of intact 
50°F boiling point cuts is expressed by those materials which distill above 700°F for 
SRC-II, and above 750°F for SRC-I. A nuraber of specific mutagens and/or carcinogens have 
been identified in these full boiling range liquids by GCMS following chemical fractionation 
and chromatographic separation of the raw materialsf^). The most mutagenically active 
constituents of the full boiling range materials in general are primary aromatic amines 
which are concentrated in moderately polar or basic fractions. Heavy-end materials exhibit 
mutagenicity in their highly polar fraction as well as in the moderately polar ones where 
the simple primary aromatic amines are concentrated. However, the high polarity and/or 
molecular weight of a substantial number of the compounds comprising the heavy ends pre
cludes GC and, hence, GCMS as a method for the general analysis' of these materials. We have 
developed a strategy involving several direct inlet mass spectrometric techniques including 
high resolution, field desorption and metastable ion analysis' to characterize a number of 
heavy-end coal refining products including both liquid and solid phase materials. 

Mutagenically active fractions of the heavy-end materials were submitted to high reso
lution mass spectral analysis to obtain elemental compositions of the major components. The 
moderately polar fractions yielded elemental compositions containing one or two nitrogens 
and essentially no oxygen, and the highly polar fractions contained compounds having oxygen 
as heteroatoms with some which contained both oxygen and nitrogen. In order.to ascertain 
the functionality of the heteroatoms observed in the active fractions, second field free 
region metastable ion energy analyses were performed with a VGMM ZABIF double-focussing mass 
spectrometer.' Figure 1 compares the metastable ion spectra of a putative aminobenzo[a]pyrene 
(m/e 267) in a moderately polar active fraction to authentic aminobenzo[a]pyrene which was 
synthesized for comparison. (Both the-6- and 7-amino isomers of this compond exhibited 
mutagenic activity.) Note that the M-17 transition ions appear to be extremely useful in 
detecting primary amino functionalities in complex nitrogen-rich fractions by metastable ion 
analysis. Figure 2 illustrates a metastable scan from a more highly.polar region of the 
m/e 271 ion with elemental composition CigHi3N0 which was the only ion reported at that 
nominal mass.' (An analogous spectrum was obtained from m/e 257; however, HRMS showed that 
there was a component of a Cj-azabenzanthracene also present at that m/e value.) Although 
the compounds cannot be positively identified from these data, it is clearfrom HRMS and 
metastable ion analysis that they contain primary amino as well as hydroxyl functionality 
and structures have been proposed based upon the most probable PAH parent compoundl^). 
Since the mutagenic activity for this particular fraction was eliminated after treatment 
with'nitrous acid, which selectively converts primary amines to their corresponding phenols, 
the hydroxylated primary amines identified are-considered good candidates as genotoxins in 
these more polar fractions. 

In order to confirm metastable ion data which indicated the presence of amine function
ality on parent ring structures already containing nitrogen such as quinolines, phenanthri-
dines, or higher benzologs, a specific fractionation and derivitization procedure was devel
oped!^). The extraction step yields a highly'enriched araine fraction which is then 
derivitized with pentafluoro proprionic anhydride. The PFP derivitives of the amines are 
easily distinguished by HRMS from any non-derivitized aza components present, due in part 
to the relative mass deficiency conferred by the five fluorine atoms as well as the overall 
increase in mass. This method has been used to confirm the presence of aza amines as well, 
as primary aromatic amines and their C1-C4 ajkyl homologs having from 1 to 7 rings in 
moderately polar mutagenic fractions by HRMSl", and is currently being developed for the 
identification and quantitative estimation of primary amine content in coal-derived products 
by negative ion CI at low resolution. 
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Finally, from molecular weight data obtained from high.pressure dextran size exclusion 
chromatography, it appeared that EI and even CI ionization modes discriminated against 
higher molecular weight components in the heavy-end materials leading to underestimation 
of their actual molecular weight range by MS analysis. Field desorption was thus applied 
as a method for more accurately estimating the molecular weight of these materials, many 
of which are solids or extremely viscous at room temperature. SRC-I solid product, for 
example, which appeared to contain no compounds above mass 800 to 850 by EI or CI, yielded 
peaks in excess of m/e 1400 by FD. The limiting factor in the former methods is probably 
failure to evaporate the high molecular weight components from the probe rather than frag
mentations which occur subsequent to ionization. 

In summary, high performance raass spectrometric techniques have been applied to char
acterize SRC materials and to identify higher molecular weight primary aromatic amines as 
well as their hydroxylated and aza analogs in genotoxic fractions from the heavy-ends. 

_jA^ 

SOLVED)' I 

3^ 
METASTABLE ION ENERGY - METASTABLE ION ENERGY -

Fig 1. Metastable ion energy scan (upper) 
of the m/e 267 ion (elemental 
composition C20H13N) from SRC-II 
heavy distillate compared to the 
spectrum of authentic 7-amino-
benzo[a]pyrene (lower). 

Fig. 2 Metastable ion energy spectrum of 
• m/e 271 from SRC-II heavy distil

late. M-16, M-17 and M-27 ions 
arise from losses involving the 
amine group, while the M-18, 
M-28, and M-29 ions arise from 
oxygenated losses.' . 
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PYR0PR0BE/6C/HS AHALYSIS OF SELECTED COALS 

R. J . PANCIROV AND T. R. ASHE 
EXXON RESEARCH AMD ENGINEERING COMPANY 

LINDEN, NEW JERSEY 07036 

A series of e ight coals were examined by pyrolysis gas chronatography mass 
spectrometry (Py/GC/MS). The coals were spec i f i ca l l y chosen to cover a wide 
range of d i f f e ren t ranks and oxygen contents. The scope of the study was to 
see i f Py/GC/MS could provide data that would be charac ter is t ic f o r the 
d i f f e ren t coals. Along with the data that related to the oxygen contents of 
the coals, there was the p o s s i b i l i t y that the data obtained from th i s study 
could provide Information on the processabl l t ly of coals. This aspect of the 
data i s outside the scope of the present study fo r neither the time nor the 
addi t ional information required to f u l l y evaluate t h i s phase of the work was 
ava i lab le . 

The analysis was carr ied out using a Chemical Data Systems (CDS) 120 
Pyroprobe, the GC was a Perkln-Elner 900, and the mass spectrometer a duPont 
21-491. The pyrolyses were performed at 600, 800, and 1000°C. The pyrolysate 
was passed through a 10 f t 10% SP2100 column programmed from 60 to 320°C at 
8°C/m1n. The pyrolysis condit ions were a heating rate of 10,000°C/sec and a 
hold time of 20 sec a t the upper temeprature. The coals were run as received. 
Though these were the upper l i m i t s set fo r the probe, the actual temperature 
of the pyrolys is was somewhat lower. Tests showed that the actual pyro lys is 
temperature was about 200°C lower than the l i m i t set on the probe. However, 
a l l data w i l l be reported a t the temperature reading of the probe. 
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Characterization of polycyclic Aromatic Hydrocarbons in Solvent Refined Coal and 
Diesel Particulates by Mass Spectrometry/Mass-Spectrometry, Karl V. Wood, J. D. Ciupek, 
D. Zakett and R. G. Cooks. 

Mass spectrometry/mass spectrometry (ms/ms) can be used for the analysis of compounds of 
interest in complex raixtures like solvent refined coal (SRC) and diesel engine-particulates. 
Of particular interes.t is the.,selectivity and specificity of ms/ms for differentiating 
compounds having the same molecular weight. Nitrogen-containing compounds are of special 
interest in SRC because of the high concentration of nitrogen relative to that found in 
petroleum, and the toxicity of sorae of these compounds. 

The differences observed in methane chemical ionization ms/ras .for isomeric amino-PNAs and 
methyl-aza-PNAs will be described. Protonated araino-PNAs tend to fragment by -loss of NH2 
(16) and NH3(17) while methyl-aza-PNAs lose CH3(15).and CH4(16).. For example,., in. Figure 1 
these mass loss differences along with differences in fragment ion intensities allow, 
differentiation of these two corapound types'. (Amino-PNA, 1-amino anthracene, MW 193;.Methyl-
aza-PNA, 2-methyl benzoquinoline, MW 193,) As the number of fused rings increases past 
three the differences in .the ms/ms spectra of these two compound types becomes less well-
defined. 

x27 

L 
xl4 

200 140 200 140 m/z 

MIKES 
1X553 

A7VyvX\/VA_A^ 
170 IOO m/z m/z 

Figure I 

When using ms/ms for the analysis of nitrogen containing constituents in SRC it is nec
essary to correct for the ' \ isotopic contribution from the peak one mass less than the 
nitrogen containing peak of interest. When using the direct insertion probe this contri
bution can usually.be separated by comparing the time/ion intensity profile of the ion of 
interest with profile of the lower mass ion. This procedure was used to show that the 
predominant nitrogen containing species at ra/z 144 is methyl quinoline isomer(s) and at 
m/z 182 is methyl carbazole isomer(s) 

The ms/ms procedure for nitrogen containing PNA's raight be facilitated by using NH3 
chemical ionization for preliminary compound separation via specific ionization. Similarly 
a simple acid/base/neutral separation might help provide a more definitive analysis as to 
the presence of mutagenic amino-PNAs. Both these avenues are being examined. 

In conclusion it is worth emphasizing that ms/ms done with high energy collisions (MIKES) 
gives substantially different spectra to that done with low energy collisions (triple 
quadrupole). Examples of this comparison will be made for sorae representative compounds 
including 4-methyl quinoline/1-amino naphthalene (MW 143), 5-methyl carbazole/2-amino 
fluorene (MW 181) and the previously raentioned HW 193 compounds. An example of the varia
tion of ms/ms spectra with collision energy in the low energy regime will be discussed. It 
is evident that collision energy controls the degree of fragmentation and is a valuable 
structural diagnostic. 
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NON-CONVENTIONAL USES OF GC/HS IN THE 
ANALYSIS OF REFINERY STREAMS ANU SYRFUFLS 

S. G. Colgrove and Thomas Aczel 
Exxon Research and Engineering Company 
Baytown Analytical Research Division 

Baytown, Texas 
81AN T0216 

GC/MS techniques play a significant role in. the detailed characterization of refinery 
streams and synfuels. In our laboratories GC/MS constitutes a part of an integrated 
analytical approach that often includes such techniques as liquid-liquid separations, 
ultra-high resolution low voltage MS, low resolution MS, and chemical analyses. This 
presentation will emphasize some of these procedures including the integration of GC/MS 
and high resolution low voltage MS data, the use of GC/MS to determine compound type and 
chemical class distribution-as a function of boiling range and the proposed .use of GC/MS 
data as calibration for MS distillation. 

The need for integrating GC/MS and ultra-high resolution MS data stems from the 
complementary nature of these techniques. Ultra-high resolution, low voltage MS determines 
all volatile components in a synfuel or refinery stream, including aromatic hydrocarbons, 
sulfur, nitrogen, and oxygen compounds; but it is restricted to an empirical formula ' 
analysis, with no possibility of determining the isomeric distribution within carbon 
number homologs. 

This function can be readily assumed by GC/MS for a large number of homologs. 
Relative concentrations of individual isomers of a given carbon number homolog determined 
by GC/MS, are normalized to the concentration of the latter, as obtained by high. . 
resolution MS. 

This procedure is justified by the good agreement observed between GC/MS and by low 
voltage MS either in the low or high resolution mode. This agreeraent is illustrated by 
Slides 1-2 for sets of alkyl-benzenes and hydroxy-benzenes. 

Another important task of GC/MS is to'determine the relative concentrations of various 
classes of components as a function of boiling point. This is feasible with the avail
ability of a good boiling point type GC coluran. We generally use 30-60 meter fused silica 
capillary columns, coated with polymethylsiloxane phases such as SE30, OVIOI, or DB-1 
(J & W Scientific). 

Determination of the relative concentrations of the various classes are carried out 
using fragment peak summations in a priori designated boiling point/retention time 
intervals (Slide 3). 

Availability of a good boiling point/retention time correlations, combined with MS 
fragmentation patterns are also helpful in the identification of components that are not 
included in the GC/MS library or that-cannot be unequivocably identified. In addition, the 
correlation can also be used to determine the boiling points of coraponents for which no 
reliable boiling points are available in.the literature. These boiling points, as well as 
average boiling points for carbon number homologs, calculated from the boiling point of 
the individual isomers, and weighted for the isomeric distribution, can be used for cali
bration data for our MS distillation procedure.! 

In conclusion, we have found the GC/MS has a definitive role in our overall analytical 
study for synfuels and refinery streams. This role is not limited to the conventional 
identification approach, as important as this function is, but it can be extended to 
improve and to complement our other procedures. 

Ifhomas Aczel and Lumpkin, H. E., Proceedings, The 18th Annual Conference on Mass 
Spectrometry, San Francisco, California, May 1970, Pages B37-B39. 
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Di- and Tricyclic tiydrocarbons as Indicators of Higher Terrestrial Input In 
A Salawati (Indonesia) Reservoir^ Byl T. Stuart Richardson and Denis E 7 
Miiller, Phi I lips Petroleum Corapany, Bartlesville, Oklahoraa 74004 

This work describes the computerized GC/MS analysis of the saturate fraction 
of a primarily terrestrially derived oil from a Salawati reservoir. Our at
tention focussed upon certain polycyclic terpanes which might be used as un
ambiguous indicators of terrigenous input to the oil source sediment. Ten
tative structures of four dicyclic and eleven tricyclic terpanes present in 
the extract are based upon possible biological precursors and raass spectral 
data. . 
An m/z 123 mass chromatogram. Figure 1, was used to initially detect the 
possible presence of dicyclic terpanes. Two isomers of 208 molecular weight 
and two of 222 molecular weight were found as Compounds 1, 2, 3, and 4, re
spectively. Figure 2 shows the mass spectrum of Compound 1 with its pro
posed structure (I). Structures of possible precursors onocerin, ambrien, 
manool and agathic acid, all natural products found in terrestrial plants, 
are given in Figure 3. Agathic acid is produced by members of the genus 
Agathis', a group of conifers found in the land areas between New Zealand 
and Malaysia. 
Mass chromatograms of m/z 163 (Figure 4 ) , 177, and 191 (fragments character
istic of tricyclic terpanes) were used to detect the presence of- the eleven 
tricyclic terpane skeletal structures. 
Figure 5 gives the raass spectrum and proposed structure (II) of Compound 5. 
Presumably, the prominent m/z 163 fragraent arises from the dual fragmenta
tions illustrated by the following: 

Extrapolation of this fraqmentation scheme gives skeletal structures of the 
remaining tricyclic terpanes. They occur in four distinct structural types 
(III, IV, V, and VI) and range in molecular weiqht from 234 to 346. Table I 
shows their arrangement according to raolecular weight and structure type. 
Structure Types IV, V, and VI are exclusively ' associated with molecular 
weights at or below 276. Structure Type III is exclusively associated with 
molecular weights at or above 304. Precursors of terpanes with structure 
Types IV, V, and VI are probably abietic and/or pimaric acids (Figure 6 ) . 
Both of these are exclusively associated with higher plants, "roducts. frora 
their thermal alteration can thus serve as unambiguous terrestrial biomark-
ers. Terpanes with structure Type III arise from the cyclization of squal-
ene, or squalene-like compounds (Figure 6 ) . The R substitution is a Cj^-
Cji alkyl group. Squalene occurs in both higher plants and marine en
vironments. This latter qroup of tricyclic terpanes may not be used as un
ambiguous terrestrial biomarkers. 

Acknowledgment: Our thanks qo to J. A. Lytle for his help in obtainino much 
ot the mass spectral data. 
References: 1) Anders, 0. E. and Robinson, W. F., Geochim. Cosmochim. Acta. 
3b, 66! (1971): 2) Bendoraitis, J. G., Adv. Ora. Reochera. 1973, 209 (1974); 
1) Douglas, A. G. and Grantham, P. J.., Adv. Org. Geochem. 1973, 261 (1974); 
4) Eglinton, G. and Murphy, M. T. J., Organic Geochemistry, Springer-Verlao 
Co., 602 (1969); 5) Gallegos, E. J., Anal. Chem. 43, 1151 (1971); 6) Geis-
man, F. A. and Crout, n. H. G.. Organic Chemistry of Secondary Plant Met
abolism, Freeman Cooper & Co.,~251 ( 1969); 7) Peed, W. CT, Geochim. 
Cosmochim. Acta. 41. 237 (1977); 8) Simoneit, B. R. T., Geochim. Cosmochim. 
Acta. 41, 463 (1977). 
A more~3etailed description of this work will be submitted for publication 
in Analytical Cheraistry. 
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IDENTIFICATION OF CRUDE OILS BY SELECTIVE CHEMICAL IONISATION MASS SPECTROMETRY 

R.P. Morgan and C.A. Gilchrist 

Shell Research.Limited, Thornton Research Centre, P.O. Box i, Chester, CHI 3SH, U.K.. 

P.D. Burke and K.R. Jennings 

Department of Chemistry, [Jniversity of Warwick, Coventry, U.K. 

A large amount of effort has been devoted to the analysis and characterisation of crude 
oils. Unfortunately, no single technique exists which is sufficient for the unambiguous 
identification-of an oil and hence a number of compleraentary techniques must be used. 
Consequently, the identification becomes time consuming and thus expensive.' We are 
attempting to develop a rapid mass spectrometric technique, which is capable of automation, 
to identify all types of oils and their precursors. 

OH cheraical ionisation ionises selectively the aromatic portion of an oil ( ^ ) . We 
have utilised this to obtain simple, low resolution mass spectra of crude oils which are 
similar in character to those obtained by Sieck (2) using photoionisation. A typical 
spectrum is shown in the figure. 

0 

IOO 

I I.I 

^ 

250 270 

FIG. 1 - Typical OH" chemical ionisation moss spectrum of a crude oil 
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Each reference crude oil spectrum is reduced to the thirty-three peaks' noted in the 
figure by asterisks and this fingerprint spectrum is then stored in a computer library. 
Unknown spectra are then mathematically compared with the library spectra by a least 
squares routine and the results outputted to a line-printer. Typical results from a 
crude oil sample which is in the library and from a crude oil saraple not represented'in 
the library are shown in Table 1 and Table 2 respectively. (The letters A, B, C etc. 
denote geographical areas while the subscripts 1, 2, 3 etc. denote different fields within 
geographical areas.) 

Table 1 

Top ten mismatches of unknown I {Cp) 
with the reference library of spectra 

Top ten mismatches of an oil (II) from 
outside the reference library of spectra 

Crude oil 

C2 

Bit 

Bg 

B3 

Cl 

B5 

B1 

A„ 

Ag 

A2 

Mismatch 

1.0 

4.2 

5.3 

5.5 

5.6 

•5.7 

6.1 

6.6 

6.7 

7.4 

Crude oil 

As 

A2 

Al 

A4 

B2 

A8 

B5 

A6 

Dl 

A3 

Mismatch 

4.2 

4.6 

5.5 

5.8 

5.8 

5.9 

6.8 

7.1 

7.6 

7.6 

The results show that the method can be used to identify individual fields where the 
unknown oil is present in the library and can identify the geographical area of origin of 
an oil when it is not represented in the reference library. 

Extension of this method to distillate derived oils and weathered crudes has not proved 
entirely satisfactory, but the use of B/E CA spectra, combined with this method, shows 
promise of providing an automated oil analysis technique. 

References 

1. A.L.C. Smit and F.H. Field, J. Amer. Chem. Soc. 99, 6̂ 171 (1977). 

2, L.W. Sieck, Anal. Chem. 51, -128 (1979). 
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PYROLYSIS GC-MS-C AND ^^C FT NMR 
ANALYSIS OF- ARABIAN HEAVY AND 
IRANIAN LIGHT ASPHALTENES • 

E. J.- GALLEGOS AND D. M. WILSON 
CHEVRON RESEARCH COMPANY 
RICHMOND, CALIFORNIA 9J)802 

Py-GC/MS-C and FT NMR were used In 
the analysis of asphaltenes from Arabian Heavy 
and Iranian Light crudes. Both show release of 
volatile coraponents at a peak temperature of 
'v-490°C as measured by thermal gravimetric 
analysis. 

Py-GC/MS-C revealed the presence ofa 
homologous series of n-alkanes, branched alkenes, 
alkenes and/or monocyclic alkanes, alkylbenzenes, 
acenaphthenes, and acenophthylenes in the carbon . 
range fT-om '̂-Cio to 'C35. Also identified were 
benzothlophenes, dlbenzothlophenes, naphthalenes, 
phenanthrenes, pyrenes, and higher polynuclears 
along with the well-known "biomarkers" hopanes, 
hopenes, and steranes from C27 through C35. 
These data are consls-tent with that obtained from 
13c FT NMR. 

Molecules are pyrolytlcally released, 
through chemical bond clearage, from large 
coraplex raaoromolecu'lar systems. The release of 
these molecules Is similar to the release of raany 
similar components In the pyrolysis of kerogens 
and coals. The relationship of these various 
complex systems is discussed. 
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HYDRODESULFURIZATION OF DIBENZOTHIOPHENE STUDIED BY GC/HS 

C. S. HSU, T. R. ASHE AND T. A. PECORARO 
EXXON RESEARCH AND ENGINEERING COMPANY 

LINDEN, NEW JERSEY 07036 

Combined gas chromatography-mass spectrometry has been used to 
elucidate the complexity of the hydrodesulfurization (HDS) of dibenzothiophene 
(DBT). With an active system, many new products were produced. Only through 
detailed mass spectral interpretation can these materials be identified. 

In the 70-ev EI spectra, the predominant fragmentation pathway for the 
hydrogenated sulfur compounds, such as tetrahydrodibenzothlophene and 
octahydrodibenzothiophene, appeared to be via a retro-Diels-Alder mechanism. 
The fragmentation of the hydrogenolyzed DBT, such as benzylcyclopentane and 
cyclopentylcyclohexylmethane, exhibited a rearrangement via a four-centered 
intermediates. 

Through the characterization of the products, HDS was found to be a 
very complex process. Quantitation by GC/MS was applied when there were 
unresolved materials present in the gas chromatographic (GC) analysis. 

Better resolution of the HDS products of DBT was obtained by using a 
SP2250 column or its equivalent rather than a methyl silicone column conven
tionally used. A SP2250 column resolves not only tetrahydrodibenzothiophene 
from dibenzothiophene, but also the materials isomeric with cyclohexylbenzene 
from those of bicyclohexyl. If a whole group of isomers rather than individual 
isomers is of interest, GC .quantitation can be done by integrating the peak 
areas of all the components in the isomer region. 
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MASS SPECTROMETRIC MEASUREMENT OF THE THERMOCHEMICAL 
PROPERTIES OF GASEOUS CaOH and SrOH 

By 

Edmond Murad 
Air Force Geophysics Laboratory, Hanscom AFB, MA 01731 

Four gaseous equilibria 

Ca(g) + H^OCg) = CaOH(g) + H(g) 

Ca(g) + H20(g) = CaO (g)V H2(g) 

Sr(g) +"H20(g) = SrOH(g) + H(g) 

Sr(g) + H20(g) = SrO(g) + H2(£) 

were measured over the temperature range 1896 - 2001K when H„0(g) was passed 

over a Knudsen cell containing CaO(s) and SrQ(s).- These gaseous species were 

measured in a 30.5 cm radius of curvature, 60°-•sector mass spectrometer. The 

Knudsen cell was made of molybdenum and was heated radiatively by a tantalum 

heater. The effusing gaseous, species were ionized by electron impact, and the 

appearance potentials were' measured using a digitally-scanned electron energy 

control and a multichannel analyzer.' The apparatus has been described in 

detail previously. The heats of reaction were'measured and found to be 

AH.(OK) = 26.0 + 4. AH (OK) = 21.9 + 5, "AH (OK) = 26.2 f 4, and AH,(OK) = 

20.6 + 3 kcal/mol. These heats of reaction to DQ(Ca-OH) = D^(Sr-OH) = 92 + h 

kcal/mol. Comparison of D„(CaO) and D-(SrO) derived from this work with pre

vious determinations * leads to D^(CaO) = 9 4 + 3 kcal/mol and D^(SrO) = 

98 + 3 kcal/mol. In addition to the dissociation energies, the following 

appearance potentials were measured: AP(CaO ) = 7.6 + 0.5 eV, AP(CaOH ) = 

5.5 + 0.2 eV, AP(SrO"**) = 7.0 + 0,2 eV and AP(SrOH"̂ ) = 5.1 + 0.2 eV. 

REFERENCES 

• 1. E..Murad. J. Chem. Phys., 73̂ , 1381 (1980) 

2. R. Colin, P. Goldfinger and M. Jeunehomme, Trans Faraday Soc, 60, 306 

(1964) 

3. J. Drowart, G. Exsteen and G. Verhaegen, Trans. Faraday Soc, 60, 1920 

(1964) 



MPM0C2 A THERMODYNAMIC STUDY OF THE 
THULIUM-TELLURIUM SYSTEM; MARGARET A. FRISCH; IBM 
Research Center, PO Box 218, Yorktown Heights, NY 10598 

The vaporization behavior of single crystal TmTe, heated in a 
tungsten Kundsen cell, was studied over the temperature range 1000 to 
I S O C K . t he temperature was cycled up and down many times until the 
entire sample was vaporized. The time-temperature dependence of the 
vapor pressure was measured by a quadrupole mass spectrometer, using 
beam modulation and ion counting techniques. An IBM S/7 computer 
was employed for measurement and control of the temperature, for 
control of the mass spectrometer and ion source and for measurement of 
the ion signals. The ion signals for Tm and Te were integrated and 
equated to the sample mass for absolute pressure calibration. 

Ounng the initial heattng, Tm was preferentially vaporized until a 
composition of about TmQ ^g^Te was reached at 1600°K. However, the 
composition at congruency was found to be a function of the temperature. 
At 1800°K the composition is about Tmg QQTC. The enthalpies for 
removal of Tm. and Te from the lattice also reflect this observation. For 
the 1:1 composition the AH is 306 kJ mole"^ for Tm and 329 kJ mole"^ 
for Te. These reaction enthalpies gradually change to 279 and 361 kJ 
mo le" \ respectively, as the composition mpves to 0.77. However, the AH 
.for the reaction TmTe(s) = Tm(g|. + Te(g) is a constant over the entire 
composition range, being 636 + 6 kJ mole"'- In addition to Tm and Te, the 
diatomic molecules. TmTe and TOj were also observed and their 
dissociation energies measured. The thermodynamic details of these and 
other equilibrium reactions will be presented. 
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MASS SPECTROMETRIC DIFFERENTIAL ANALISIS OF IONIZATION AND 

FRAGMENTATION PATTERNS OF GASEOUS TITANIUM OXIDE SPECIES 

Serge BANON, Christian CHATILLON, and Michel ALLIBERT 

Laboratolre de Thermodynamique et Physlco - Chlmie -
Metallurgiques, Associe au CNRS LA 29, 

E.NiS.E.E.G., B.P. 44, 38401 SAINT MARTIN D' HERES, FRANCE 

The dissociative Ionization of TIO and TIO2 gas Into Tl"*" and TlO"*" has been studied by 

use of either a single conventional effusion cell or a multiple effusion cell, coupled with 

a mass spectrometer.' The ionization efficiency curves of Tl"*" and TIO**" are simultaneously 

recorded for molecules vaporizing from different samples, through the partial vaporization 

reactions: 

Tl(s) t Tl(g) + very small TlO(g) from 0 impurity (a) 

TijOjCl) : Tl(g) + TiO(g) + Ti02(g) + (b) 

TlO(s) t Tl(g) + TlO(g) (c) 

T102_x(s) : TiO(g) + Ti02(g) (d) 

The comparative recordings of the ionization of Tl gas from (a) and (c) (Fig. 1) show that 

Tl"*" is mainly parent ion." In'fact, a slight departure from the pure Tl curve Indicates that 

there is a small fragmenC contribution since Ti and TIO gaseous species are simultaneously 

present in comparable amounts above TIO solid. To get better conditions for the observation 

of a possible dissociative ionization of TiO gas, a TI3O5 sample was heated (reaction (b)) 

. at 2290 K In a conventional single molybdenum cell, and the ionization efficiency curves 

were recorded. (Fig. 2 for Ti"*") 

The comparative recordings (Fig. 3) of Ti"*" and TIO'* from (c) and (d) show that T1+ and 

TIO**" from T10i_955 are fragment ions. The first fragmentation thresholds correspond to the 

following processes: 

TIO + e"" * Ti"*" + 0 + 2 e- 12.8 ± 0.4 eV observed 

TIO2 + e" ->• + O2 -t" 2 e- 14.6 ± 0.5 eV 

TIO2 + e" * TIO"*" + 0 + 2 e" 13.7 ± 0.5 eV . 

The first fragmentation threshold for Ti02 into Tl"*" shovs a shift towards lower 

energies meaning that the value of the dissociation energy of the TIO2 molecule has to be 

decreased by 8.5 (±2) kcal/mol. The fragmentation to ionization cross-section ratios are 

estimated at 30 eV and 70 eV as follows: 

TIO2 * Ti"*" cjf/ct = 0.046 (30 eV), 1.135 (70 eV) 

TIO2 "̂  TiO+- a i / a = 0.262 (30 eV), 1.254 (70 eV) 
\ 

TiO * Tl""" of/o = 0.006 (30 eV); 1 
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Fig. 1. Simultaneous recordings of Ti"*" 
efficiency curves, obtained when 
vaporizing pure Ti(s) and TiO(s). 

Fig. 2. Tl"*" ionization efficiency curve 
obtained when vaporizing TI3O5 
liquid. 
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Fig. 3. simultaneous recordings of Ti"*" and TIO"*" efficiency curves obtained when 
vaporizing TiO(s) and TiOi.965(s). 
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MASS SPECTROMETRIC STUDIES OF THE BERKELIUM-249 

AND PROTACTINIUM-231-OXYGEN SYSTEMS! 

P. D. Kleinschmidt and J. W. Ward 

Los Alamos National Laboracory 
Los Alamos, New Mexico 87545 

We have measured the pressures of ^^^Bk (half life 320 days) and of the 231pa_231pa02 
(half life 32,800 years) systems using Knudsen effusion mass spectrometry. The mass 
spectrometer is an Extranuclear quadrupole. In addition, effusing material can be collected 
on a target and analyzed for alpha and beta activity. 

The vapor pressure of ^^'Bk metal was measured over the range of 1100 to 1500 K. The vapor 
pressures are described by the equations: 

LogioP(atm) = -(15,753+264)/T + 5.84+0.22 [solid, 1107 to 1319 K] 

Log iQPtatm) = -(15,047+203/T + 5.27+0.14 [liquid, 1345 to 1523 K] 

from which are obtained the heats of vaporization: 

AH°298f2nd Law) = 74,586+1192 cal./mole [solid points], 

AH°298t2nd Law) = 73,331+891 cal'/mole [liquid points]. 

The third law value is: 

AH°298f3rd Law) = 74,168+60 cal./mole [all points]. 

From the change in slope of the pressure equation a heat of melting of 3,200 cal./mole and an 
entropy change of 1.9 cal./deg.-mole was obtained. We have arbitrarily chosen 1050ĵ l00'-'C as 
the melting point. (Early work indicates it is to be 986°C [ll but recent results indicate 
it may be higher [2].) From the data a boiling point of 2860+50 K is calculated. The sample 
of seven milligrams of high-purity metal was vaporized from a single crystal tungsten cup in 
a molybdenum effusion cell. Initially the vapor contained a large amount of the more volatile 
Cf249 which upon further vaporization decreased Co a small percentage of t h e . ^ ^ ^ B k intensity. 
Appropriate corrections were made to the mass 249 intensity., (249Q£ ^g (.ĵg decay product of 
2 4 9 B ^ •) Electronic energy levels from Conway, et̂  al. [3] were used to calculate the gas phase 
free-energy function. From the correlation of Ward and Hill [4], the crystal entropy was 
estimated to be 18.7+0.3 cal./deg.-mole. Neodymium was used as the model and the magnetic 
entropy was calculated for a f° trivalent ground state. 

The vapor pressure of 231pa metal was measured over the range 2000 K to 2400 K. The vapor 
pressure is described by che equacion: • 

LogioP(aCm) = -(28,181+1,157)/T + 6.48+0.54 

from which is obtained the heat of vaporization: 

AH0298 = 136,400+5,300 cal./mole. 

Using the thermodynamic func tions given in Getting, Rand and Ackermann [5], the third law 
value is: 

AH°298 = 135,920+810 cal./mole. 

The presence of the Pa02 and PaO molecules in the vapor indicated an oxide to be presenC. 
CrysCallography of Che residue in the single crystal tungsten cup and Che tungsten, effusion 
cell indicated ic Co be PaO]^ 93. However, by analogy wich UO2 the stoichiometry could be as 
low as PaO I' 5 [6] ac 2200 K. The PaO can come from a congruently vaporizing subs toichiome trie 
compound and from the reduction of the oxide by che metal. Of the Cwo samples used in this 
study, the first had only oxides presenc in the vapor and the second had Pa present along with 
the oxides. After depletion of the metal the intensities and slopes of Pa02 and PaO were 
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T(K) P(atm) AH°;qR ( ca l . /mo le ) 

Solid 
1107 
1124 

"*1128 
1155 

1159 
1176 
1219 
1254 

*1282 
1319 

Liquid 
1345 
1371 
1380 
*1421 
1443 
1528 

4.02x10-9 
6.62x10-9 
8.54x10-9 
1.44x10-8 
1.66x10-8 
2.85x10-8 
9.04x10-8 

1.95x10-' 
4.01x10-7 
7.04x10-7 

1.24x10-6 
1.87x10-6 
2.44x10-6 
4.70x10-6 
7.09x10-6 
2.59x10-5 

74,120 
74,113 
73,798 

74,315 
74,238 
74,031 
73,852 
73,978 
73,728 
74,287 

74,158 
74,412 
74,145 
74,367 
74,263 
74,400 

X • • I I I " 

^Hfi i iq). 66 65 Kcal/mol 

AHfi»a- 7206Kcal/mol -

AHzM • 74l±09Kcal /mol 

•LIQUIO(nMnitpec) 
• SCUD (rrau spM) 
• TARGET DATA 

^denotes target point 1000/T,K 

almosc the same as in the previous sample. For Pa02 we obtained: 

LogioP(atm) = -(28,365+281)/T + 7.51+0.13 [1st sample] 

LogioP(aCm) = -(27,585+733)/T + 6.76+0.33 [2nd sample] 

from which: 

AHO2173 = 129,800+1,300 cal./mole [1st sample] 

^H°2168 "" 126,200+3,400 cal./mole [2nd sample!. 

Estimating spectroscopic consCants for Pa02(g) by comparison with other actinides and 
estimating the heat capacity of Pa02(s) by using that of U02(s) we obtain a heat of 
sublimation of Pa02(s) at 298 K of 142,200 for sample 1 and 138,600 cal./mole for sample 2. 
These values are similar to that obtained for UO2. The ionization potential of Pa62 is 0.5 
eV lower than that for PaO. This is different in Th02 where Che ionization potential of the 
Th02 is 3 eV higher than that of ThO. We believe this effect is due to the first 5f eleccron 
which is delocalized in the metal. 

Work performed under the auspices of the U. S. Department of Energy, Office of Basic t 
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Vaporization Kinetics of Molten Selenium 

Yun-Kuang Huang, J. Edward Bennett and Paul W. Gilles 

Department of Chemistry 
University of Kansas 

Lawrence, Kansas 66045 

4 
Selenium is known to consist of long chain molecules (10 atoms per chain) In thermo

dynamic equilibrium with about 40 wt % of Sen rings in the molten state at about 500 K.' 
Selenium vapor consists of about kk% Se^., 33^ Se_, 13^ Se_ and only 1^ Sen, the rest being 

Se„, Se_ and Se,. Two of these gaseous molecules, Se^ and Se,, are ri.ngs, and the others 

are generally believed to be rings also. Since the structures of the liquid and the 
gaseous molecules are seemingly so different, one can suspect that the vaporization of 
molten selenium might be a retarded process; Z , e . , , with the vaporization coefficient being 
less than unity. Also, it is puzzling that the concentration of SCo in the vapor is so 
low despite the fact that its concentration in the liquid is so high and that SCQ has the 
highest atomization energy per atom. This research was carried out (A) to seek answers to 
these problems, (B) to determine the vaporization coefficient, the activation enthalpy and 
the activation entropy'of vaporization for each vapor species', (C) to investigate whether 
non-equilibrium vaporizations give different vapor compositions from equilibrium vaporiza
tions, (D) to ascertain whether changing the structure of liquid selenium will affect the 
rate of vaporization and the vapor composition, and (E) to reveal the fundamental mechanism 
of the vaporization reaction. 

The experiments involve both Knudsen (equilibrium) and Langmuir (non-equilibrium) 
types of vaporization from pyrex glass crucibles. An EAI QUAD 200 quadrupole mass spec
trometer and its HP 2116B minicomputer-based data acquisition and equipment control system 
was used to measure the vapor compositions, and a Cahn RG 2000 vacuum microbalance was 
used to measure the rate of weight loss, both as a function of temperature. A complemen
tary experiment was also performed in which the liquid was changed by doping it with 
var ious concentrat ions of thaI 1ium, and the resuItant samples were subjected to the same 
vapor izat ion stud Ies, 

The experimental results are expressed in terms of Knudsen and Langmuir pressures; 
equilibrium and activation enthalpies, entropies and free.energies of vaporization; 
vaporization coefficients; and mol percent of each vapor species. These results indi
cate that (A) the vaporization of molten selenium is indeed a retarded reaction with a 
vaporization coefficient of about 0.1 at 500 K for all vapor species and for all samples, 
pure and doped; (B) the vapor compositions under equilibrium and non-equilibrium conditions 
are about the same; (C) the activation enthalpy and entropy of vaporization for each species 
are lower than the equilibrium enthalpy and entropy of vaporization in all samples, whereas 
the activation free energy of vaporization for each species is higher than the equilibrium 
free energy of vaporization in all samples by about 2 Kcal/mol at 500 K. 

A mechanism for the vaporization of molten selenium based on the transition-state 
theory is postulated in which the rate-limiting step is proposed to be the formation of 
short chain molecules lying on the liquid surface but still weakly bonded to long chains 
buried in the bulk. These short chains contain the same number of atoms as the gaseous 
ring molecules they form. Besides being able to explain the experimental observations, 
this mechanism indicates that Sen rings in the liquid do not vaporize directly to form Sen 
gaseous ring molecules. They are in equilibrium with long chain molecules in the liquid, 
which, in turn, have to form the weakly bonded short chain activated complexes on the 
liquid surface before vaporizing, A critical test of this mechanism is proposed, which 
also suggests an important alternate route to prepare high purity single crystals of 
tr i gona1 selenium. 

The microbalance experiments were performed at Arkansas State University. Financial 
support came from the U. S. Department of Energy under contract E(ll-l)-n40 and from the 
University of Kansas General Research Fund, 
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STUDIES OF MOLECULAR SPECIES IN THE 
ARSENIC-OXYGEN SYSTEM 

R. D. Brittain, K. H, Lau, and D. L. Hildenbrand 

Materials Research Laboratory 
SRI International 

Menlo Park,.CA 94025 

In previous studies of che As-0 system, the gaseous molecules As^Og and AsO were 
identified, the former from electron diffraction and vapor density measurements on the 
saCuraced vapor over As203(s), and the latter from the electronic band spectrum pro
duced by a discharge source containing AS2O3. By analogy with the N-0 and P-O systems, 
it seems reasonable that polyatomic species such as AS2O3, A's02, and others might play 
a significant role in the chemistry of the As-O system, buC deCailed studies have not 
been reported Co d a t e . We are investigating the gaseous arsenic oxides by mass spec
trometry using a molecular effusion beam source; both quadrupole and magnetic sector 
instruments are being used. 

In the mass spectrum of the saturated vapor over As203(s) at about 370 K,. the ions 
Aŝ Og"*", ^.Si^O^-^, AS304''', and AS2O3'*' were observed with threshold appearance potentials 
(AP) of 10.3, 15.5, 13.0, and 18.0 eV, all + p-.3 eV. Aŝ Ofi"*" is clearly a parent ion, 
in agreement with earlier studies, and the o'ther ions are fragments. On superheating 
the vapor to 1000 K during passage through a second chamber, the AP's of Aŝ 05"'',' 
As304+» and 'AS2O3"'" dropped to 9.0, 11.5, and 10.0 eV, while AsO"''. appeared at 9.0 eV, 
signifying che presence of neutral AS4O5, AS2O3, and AsO. The AP of AS3O4''" dropped 
to 10.5 eV on heating the unsaturated vapor to 1200 K, and the new ion As/jÔ "̂  appeared 
at 8.9 eV, indicating the latter to be a parent. In going one step further and super
heating the vapor over a mixture of AS2O3 and CaO to about 1500 K, AP(As304''') decreased 
tO/«9.3 eV and the additional ions As^03+, AS303'^, and As02"^ not observed under other 
conditions appeared at 8.8, 11.0, and 10.8 eV. 

The results indicate a surprising degree of complexity in As~0 vapor, ahd point 
up the need for careful AP determinations in the identification process. Note that 
the ion AS3O4+ appears at four distinct threshold energies. Thus far, the stable 
gaseous species AS4O5, AS4O5, AS4O4, AS4O3, AS3O/,, AS2O3, As02, and AsO have been 
positively identified, and thermochemical studies of all but AS3O4 and AS4O3 have been 
carried out. The data for As^Og agree closely with previous mass effusion rate mea
surements, while the results on AsO yield a dissociation energy within 0.06 eV of a 
value derived from a predissociation in the B state of AsO. 
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Thermodynamic Study, of Gaseous Rare Earth - Iridium Carbides' 

K.A. Gingerich, B.M. Nappi, R. Haque and H. Pelino 
"Department of Chemistry, Texas A&M University 

College Station, Texas 77843 

The existence of stable mixed transition metal dicarbides and monocarbides has 
been established by high .temperature mass spectrometric studies in a number of in
vestigations (1-5). Here we present new examples from the lanthanum and yttrium mixed 
carbides with iridium. 

The graphite effusion cell containing a lanthanum-iridium or yttrium-iridium 
sample was inserted into an outer tantalum Knudsen cell to minimize the loss of carbon 
at the high temperature of investigati.on. Excess graphite was added to insure unit 
activity of carbon in the condensed system. Each series of experiments was preceded 
by a pressure calibration using gold as a standard. The instrument and the experimental 
procedure used have been described previously (6). The mixed carbides were observed 
in connection with the investigation of gaseous Lair (7) and IrY"(8) and reference to 
these two papers is made for additional experimental details. The new mixed carbides 
observed and measured were IrLaC, IrLaC2, IrLaC^, IrYC and IrYC2. 

Information concerning the bond energies of the IrMCp molecules was derived from 
the third law evaluations of the reactions 

'lr(g) + M(g) + nC (graph) .= IrMCĵ (g) 

The necessary thermal functions'were taken from literature for the .elements (9). For
the new carbide molecules they were calculated from estimated molecular parameters by 
standard statistical thermodynamic procedures. The geometries considered were: 
MIrC (linear), IrMC (linear), MCIr (linear) and MCIr (bent) for the the monocarbdies; 
IrMCp (linear) and IrC2M (linear) for the dicarbides and IrC3La (linear) for the tri-
carbide. The partial pressures were obtained from the measured ion currents on the 
basis of a calibration utilizing the known Au2(g) = 2 Au(g) (10) equilibrium. In 
Table I the selected third law reaction enthalphies are given for IrMC(g) and IrMC2(g). 

Table I: Selected enthalpies for the reaction Ir(g) + H(g) + nC(graph.)= IrHCn(g) and 
derived atomization energies and heats of formation of the molecules MlrCp. 
Values are in kcal mol"K 

"°1^""1^ ^^0 . • . ^"298.15 Pg "298.15 ""f,298.15 

YlrC 
YIrC2 
La IrC 
LalrCo 
LalrCj 

-67.6+8 
-61.4+8 
-78.6+8 
-95.4+15 
-52.7±15 

-67.9+8 
-61.6±8 
-78.8±8 
-95.i±15 
-52.6±15 

238±8 
401 ±8 
249±8 
435±15 
563±15 

240+8 
404±8 
250+8 
438±15 

. 566±15 

194+8 
200+8 

, 184±8 
168±15 
210+15 

They were obtained as the respective average of the various assumed geometries. Also 
included are the derived atomization energies, Dg and D2q8,l5, and the standard heats 
of formation obtained for these gaseous molecules from tne'selected reaction enthalpies 
and from the heats of sublimation given by Hultgren et.al. (9). For IrLaC2 the selected 
value for the reaction enthalpy corresponds to the average of the 2nd and 3rd law re
sults obtained for each of the two assumed geometries. The error terms correspond to 
estimated overall uncertainties. The results for LaIrC3 are based on only two data 
sets for which the respective reaction enthalphy disagrees by 7 kcal. We consider the 
results for LaIrC2(g) and LaIrC3(g) presented here as tentative. 
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Table II: Atomization energies, D Q , of mixed rare earth 
(values are in kcal mol'l). 

platinum metal carbides 

Molecule Ref. Molecule Ref. 

ScRhC 
CeRhC 
CeRuC 
La IrC 
YlrC 

239±7 
242±10 
261±10 
249+10 
238+10 

(4) 
(3) 
(3). 

This 
inv. 

RhScC, 
RhYC2'^ 
RhCeC, 
PtCeC5 
YIrC2 

386±10 
399±10 
400±12 
405+12 
401±10 

(4) 
(4) 

• (1) 
(1). 
This 
inv. 

Tentative values (in kcal mol" ) from this investigation: 
LalrCg, 435±16 ; LalrCj, 563+16. 

In Table II the atomization energies for the known mixed gaseous rare earth -
platinum metal carbides are summarized. For either the monocarbides or the dicarbides 
the atomization energies are quite similar. The small trends that may be noted reflect 
the trend in the respective binary compounds. Thus the atomization energies of the 
mixed rhodium dicarbides with scandium, yttrium, and apparently cerium reflect the 
stability trend of the corresponding rare earth dicarbides. For the mixed cerium 
carbides with rhodium and platinum the difference in atomization energies reflects 
the difference in the dissociation energies of RhC and PtC. In general, the bond 
additivity concept appears to be applicable. But it may not be confidently applied to 
obtain information concerning the geometry or electronic partition function of a given 
molecule. There aretoomany variations possible in the individual component properties 
that may act differently in different molecules. For the application of the bond 
additivity concept reliable values for the dissociation energies of the diatomic rare 
earth carbides would also be needed, which are lacking. There is an urgent need for 
experimental spectroscopic data of such molecules. Such data are completely lacking. 
For the scandium compounds theoretical calculations of the molecular and electronic 
structure may also be possible. 

Acknowledgement: The authors thank the National Science Foundation for the suppport 
given this work under Grant No. CHE-8007549. 
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High Temperature Photoelectron Spectroscopy of Small Molecules 

by J. M. Dyke, G. D. Josland, R, A. Lewis, A. Morris and A. M, A. Ridha 
Department of Chemistry, The University, Southampton S09 5NH, U.K. 

In recent studies, both ground and excited states of atoms have been observed by 
photoelectron spectroscopy (1, 2). For germanium and tin (1), bands associated with 
ionization from the outermost p orbital have been recorded from the ground (J=0) state 
as well as from the two lowest excited states (J=l and J=2). Also bromine atoms in their 
first excited (J=i) state have been generated via the rapid reaction F + HBr (2). 

As a continuation of these studies, the vacuum ultraviolet photoelectron spectrum 
(u.v.p.e.s.) of gallium has been recorded. This element was chosen for study as the 
ground state configuration of gallium is 4s^4p^ and the separacion of the lowest J=i 
and J=7 states is 0.102 eV. The first band of gallium (obcained by evaporating the 
metal at 1720 K) recorded with Nel radiation shows 
ionizations Ga"*" (4s^, J=0) -* Ga(4s^4p^, J=2) ̂ ^ 

two peaks corresponding to the 
f) and Ga-*" (4s2, J=0) g--— Ga (4s24p^, J=i). 

The relative intensities of these bands for ionization from the J=2' and J=i states is 
measured as (0.69 ± 0.07):1 giving an effective temperature of excited gallium of 
(1100 ± 150)K. The corresponding intensity ratio observed in the Hel spectrum of 
gallium is (5.0 ± 0.8):1. This result can be explained in terms of autoionization in the 
excited J=2 state. The 21.217 eV Helphoton excites a transition Ga*3d'^hs^hp^ ^—Ga3d^°4s24p\ 
J=2;and the excited state, Ga*, then autoionizes to give, states of Ga"*". No such resonance 
transition is possible from the gallium ground state (... 3d̂ '̂ 4ŝ 4p-̂ , J=0 with Hel radiation. 
Bands associated with the (4s)~-̂  ionization of gallium have also been observed with Hel 
radiation and show clear evidence of ah autoionization process involving the Ga3d^^4s^4p^, 
J=2 state. 

As an example of an unstable species generated by high temperature pyrolysis we cite 
the dimethylsilaethylene molecule. The band which we associate with the firsc ionizaCion 
potential of dimethylsilaethylene, obtained frora pyrolysis of diraethylsilacyclobutane at 
'̂  970 K is shown in Figure 1. 
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Figure 1: the band associated with the first ionization potential of dimethylsilaethylene 
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Ethylene was also observed as a pyrolysis product and when the area of the first 
band of ethylene and the first band of dimethylsilaethylene are plotted against • 
temperature (measured '•̂ 2 mm outside the furnace), the dimethylsilaethylene intensity 
showed a clear maximum at '̂ 970 K, whereas the ethylene signal increased steadily from 
850 K, in agreement with a mass spectrometric low-pressure pyrolysis study of 
1,1 dimethyl 1-silacyclobutane. The vertical and adiabatic ionization potentials of 
dimethylsilaethylene determined in this study are (8.00 ± 0.01) eV and (7.50 t 0.05) eV 
respectively. Figure 1 also shows some resolvable, regular vibrational structure, 
measured as (600 ± 50) cm~l^assigned tentatively to excitation of the Si-C stretching 
vibration in the ion reduced from the neutral molecule value of 1001 cm" . 

As a continuation of our interest in diatomic metal and non-metal oxides such
as CO, SiO and GeO, we have recently recorded the u.v.p.e.s. of SnO by vapourizing 
Sn02(s) from an alumina lined carbon furnace at 1150 K. In molecules of this type, an 
important requirement is to use a theoretical method which accurately predicts vertical 
ionization potentials and this series provides a suitable test for such a method. For 
example, comparison has been made between experimental ionization potentials and 
ionization potentials predicted viâ  the transition state approximation with the 
MSXa method (with sphere radii determined via Norman's criterion and overlapped by 30%) 
and. Hartrce-Fock-Slater calculations using STO basis' functions of double-zeta quality. 
The agreement between experimental and computed vertical ionization potentials.obtained 
via the Hartree-Fock-Slater method is. very satisfactory whereas the MSXa predictions 
are poor, probably because molecules of this type have a relatively large inter-sphere 
region where the-potential is assumed constant (3). 
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MASS SPECTROMETRIC STUDY OF THE GAS SPECIES IN THE GERMANIUM-LITHIUM SYSTEM; C.H. Wu. 
H. R. 

In earlier studies of the gaseous lithium-group IVa-compounds the dissociation energies 
of SiLiCl] and PbLi[2] have been measured. This work was continued and extended by an 
investigation of the gaseous lithium-germanium molecules. Dimers and polymers of germanium 
and lithium have previously been observed and the atomization energies of the following 
species have been determined: Ge2C3], Ge3 to Ge7[41, Li2[5] and LinC6]. In the present study 
we have analyzed the vapor composition over Ge-Li alloys by Knudsen effusion mass spectro
metry! From the measurements the dissociation energy of GeLi and the atomization energy of 
GeLi2 were derived. 

EXPERIMENTAL 

The experimental arrangement used for this vork has been described in detail earlierC?]. 
Briefly, it consists of a quadrupole mass filter (Quad, 250B, EAI, Palo Alto, CA) and a 
molybdenum Knudsen cell heated by a rf generator as source for the moleculer beam enclosed 
in the ultra high vacuum chamber. A base pressure < 10"*' Torr is maintained during 
measurements. 

A shutter between the orifice of the Knudsen cell and the ion source enables a distinc
tion between residual background and signals due to molecules effusing from the cell. The 
sensitivity is such, that the vapor pressure of lithium at its triple point (=7x10"''Torr) 
leads to an ion current of 3.5 x 10~'"A. Samples of the alloy were prepared in situ by 
melting together the constituents in about equal quantities. 

The relative intensities of"the ions detected during vaporization at 1370K are shown' in 
Table I. 
Table I: Relative ion intensities at I370K and composition Ge/Li = 1 

Ion Li Li- Ge • Ge„ 

Intensity 1.0 2.0xlO~^ 2.0x10 5,OxlO~^ 

Ion GeLi ^ ^ ^ ^ o GeLi GeLi, ^^2^^9 

Intensity 1.3xlO~^ 1.2xl0"^ ..S.Oxlo"^ 1.Oxio'^ S.Oxlo"^ 

The species were identified by their m/e ratio, their isotopic composition, and their com
plete shutterability. The ion abundancies of GeLi^, GcLi^ and Ge2l'i2 were too low to permit 
the evaluation of atomization energies. From the measured ion intensities I^ and from ioni
zation cross sections of molecules estimated to be 0.75 ^ cJiCSl, constants of gas equilibria 
were calculated from which the dissociation energy of GeLi and the atomization energy .of 
GeLi2 were determined. 

The ion intensities were measured at an electron energy 2.5 eV above the appearance 
potentials of the ions to avoid dissociative ionization of molecules. Values of the free 
energy function ~(Gj - HQ)/T for the monatomic spec ies were caken frora Stull and Sinke[93, 
for Ge2 frora ref. ClO, 11] and those for Li2 from JANAF tables [123, The equilibrium dis
tance for GeLi was calculated as the sum of the metallic single bond radii according to Pau-
ling[13]. The same internuclear distance has been assumed for Ge-Li in linear GeLi2. The 
vibrational frequency for GeLi was calculated-using che Guggenheimer relation[14] for polar 
bonded diatomic molecules and the frequencies for GeLio were estimated from the relation 
suggested by Herzberg[15]. The electronic contribution to the free energy function was com
puted using a ground state degeneracy g- = 2 for GeLi(g) and gi = 3 for GeLi2(g)., The results 
for the calculation of the enthalpies or the reaction GeLi(g) + Ge(g) -*• Ge2(g) + Li(g) and 
the dissociation energy DQ(GeLi) are given in Table II. 

Table II: Third law enthalpies for the reaction GeLi(g) + Ge(g) -̂  Ge-(g) + Li(g) 
• . ' o o . • 1 o ^ .. 

T . . K 

(K) 
1403 4.75 X 
} h ] 3 2.19 X 
1593 1.73 x 
1428 3.88 X 
1369 1.88 X 

D (GeLi).= 48,3 kcal/mol 

The measured stabilities of the group IVa-lithides are compared with values calculated 
according to Pauling's rule: D(A-B) = l/2[D(A-A) + D(B-B)] + 23(x -x ) kcal/mol in Table III. 

93 

•°2 
'°2 
'°2 
'°2 

mol 

• -A[.(G,j, - HQ)/T] • 

(cal 

using 

mol" K ') 
0.72 
0.72 
0.72 
0.72 
0.73 

0 
DqCGe^) = 64 

AHQ 

• (kcal/mol) 
-18.19 
-16.15 
-15.27 
-17.94 
-15.24 
-16.56 

9 kcal/mol 



Table III: 

Molecule 

SiLi 
GeLi 
PbLi 

Stability of group 
o 

''o.obs. 
(kcal/mol) 

67.0 
48.3 
17.9 

IVa - lithides 
o 
0,Pauling 
(kcal/mol)' 

63.0 
59.9 
36.2' 

o o • '. 
O.obs. O.Pauling 

(kcal/mol) 
+ 4.0 
-11.6 

• -18.3. 

With higher Z a decrease of the measured D (MLi) relative to the calculated value is ob
served. From the enthalpies of the reactions: GeLi_(g) + Ge2(g) •* Ge,(g) + Li2(g) and 
GeLi2(g) + Ge(g) -•- 2GeLi (g) as given in Tables IV and V an atomization energy DQ(GeLi2) = 
106.8 kcal/mol is obtained. 

Table IV: Third law enthalpies for the reaction GeLi2(g) + Ge(g) -4 Ge_(g) + Li2(g) 

T, . . . : • -K 

(K) • • •• _• 

1428 1.38 X 10_, 
1413 . 2.72 X 10 ̂  
1370 1.39 X lo",' 
1343 2.00 X lo""̂  

D (GeLi ) = 104.3 kcal/mol 

Table 

T 

1307 2.22 X 10_^ 
1370 7.37 X 10_j 
1413 1.16 X 10 

-A[(G.j - Hp)/T], 

(cal mol"' K"') 

1.99 " 
2.00 
2.03 
2.05-

reaction GeLi 

-A[(G° - H°)/T] 

(cal mol"' K"') 
• 2.09 
2.03 
2.01 

(g) 

.., AHQ . 

(kcal/mol •) " 
14.99 
12.96 

•14.42 • 
13.19 

• 13.89 • 

+ Ge (g) •-»-. 2GeLi (g) 
0 

(kcal/mol) 
12.62 

• 9.88 
15.43 
12.64 

D (GeLi.) = 109.3 kcal/mol D (GeLi ) = 106.8 kcal/mol 
"0^"="'2 
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TEMPERATURE.DEPENDENT ELECTRON IMPACT FRAGMENTATION 
IN-HIGH TEMPERATURE MOLECULAR BEAMS 

D. W. Bonnell and J. W. Hastie .. 
Chemical Stability and Corrosion Division 

National Bureau of Standards 
Washington,'DC 20234 

High temperature mass spectrometry normally assumes the electron impact process . 
to be temperature independent, since kT « eV. For the alkali halides, where fragmen
tation is .extensive, the MVMX'*' ratio.is normally temperature insensitive by Knudsen 
Effusion Mass Spectrometry (KMS). However, in one'known exception, Akishin et al. (1) 
reported the observation of-a 20 percent variation ,in the ratio Cs+/CsCl+ over the 
temperature range 800 K to 900 K. This effect can be explained in.terms of Franck-
Condon overlap for the molecule -• molecule-ion transition. Bloom et al. (2), in 
explaining extended curvature in the toe region of ionization efficiency curves of 
alkali metal fragment ions invoked the Franck-Condon principle to postulate approximate 
functions for various states of CsCl leading to ionization. They suggested that the 
Franck-Condon region of vertical transition overlap' for ground state CsCl intersected 
the repulsive edge of the lowest bound state for the molecule-ion. More recently, 
Dronin and Gorokhov (3) modeled the CsCl ionization process and obtained good agreement 
with the experimental results (1), but, unfortunately, the details of the calcula
tion (4) are unavailable in this country in any form except abstract. They argue that, 
at the vaporization temperature, the alkali halide.molecules have a substantial popu
lation of excited vibrational and rotational states. Typically, for CsCl at 800 K, 
only 32 percent of the molecules are in the v = 0-state, and the rotational population' 
peaks in a broad maximum near J = 60. This temperature-sensitive thermal population of 
upper states affects the extent of Franck-Condon overlap and hence the degree of frag
mentation as a function of temperature. However, there are no other reports in the 
literature, to our knowledge, of an observed temperature dependent fragmentation in 
alkali halide systems. Feather and Searcy (5) reported no detectable temperature depen
dence in the ratio Na-^/NaCl ••• over the temperature range'850 to 1050 K. Table 1 summa
rizes fragmentation ratio data for some alkali chlorides. 

In the application of Transpiration Mass Spectrometry (TMS) to alkali halide sys
tems, anomalously high ratios for M-*'/MX+are observed (6). This can be interpreted in 
terms of the above model by noting that the source temperature is not a good descrip
tion of the final state of the expansion. In addition to translational cooling, both 
rotation and,.in many cases, vibration, relax, to the temperature of the isentropic 
expansion, thus the true temperature of molecules in the beam is very low. Using . 
this argument, and calculating expansion temperature from source pressures using the 
sudden freeze approximation (6, 7 ) , a comparison of the TMS and KMS data can be made. 
Typical results for NaCl are given in Figure 1. Note the smooth transition from.low 
(TMS) to high (KMS) temperatures. The curve is qualitatively very similar to that 
obtained for the ratio bf v = 0 to vibrationally excited states from a thermal Boltzmann 
distribution. On the other hand. Table 1 entries for K-t-ZKOH-"- show that TMS and KMS 
values are in reasonable agreement, and a pressure dependence plot shows only, minimal 
dependence even at low temperatures, indicating good v = 0 state overlap. 

It is still uncertain whether thermodynamic data obtained via KMS is significantly 
influenced by this effect. Future applications of the TMS method will need careful 
attention to this effect; however, it should be possible to extract more detailed 
information about molecule and molecule-ion potential functions from TMS experiments. 
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Table 1 
Fragmentation Ratios of Selected Alkali Halides/Hydroxides 

Molecule 

NaCl 

KCl 

CsCl 

KOH 

R = M'^/MX"' 

1.7 
1.4 
1.0 and 0.8 
1.5 

25 t o 33 

6.0 
60 to 85 

86 
154 
110 

86; 70; 67 
310 t o 135 

0.43 
1.1 . 
2 .0 ± 0.3 

Temperature 
K 

•V. 950 

t- SIO 
850 t o 1050 
952 . 

1090 t o 1440° 

•V 900 
990 

1. 830 
861 
850 
800; 828; 900 
980 |to 1440° 

623 to 670 
650. t o 950 
990° 

eV 

75 
20 
70 
30 
30 

75 
30 

75 
50 
20 
90 
30 

50 
100 

30 

Comments 

(8) 
(9) 
(5) 
(6) 

This work 

(8) 
This work 

(8) 
(10) 
(11) 

(1) 
This work 

(12) 
(13) 

This work 

Assumes no contribution to M or HX from^M2X or^higher polymers; for X = halide and 
M > Li, it has been concluded (14) that M and MX have the same molecular origin. 
Literature data are from KMS experiments where T, 

beam 
In present study. 

with supersonic expansion conditions T. << T 
. , beam source. 
Sample temperature. Calculated beam temperature < 100 K due to expansion. 
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UPDATING OF AN AEI-MS9 HASS SPECTROMETER, 
AN IN-HOUSE CONVERSION: G. K. EIGENDORF, 

D. CATT and M. VAGG, Department of Chemistry, University of 
British Columbia, Vancouver, B.C., Canada V6T 1Y6 

An AEI-MS9 mass spectrometer, vintage 1964, has been overhauled extensively. 

All components of the control console, except for the original UV chart recorder, have 
been replaced. A new console was constructed from three 19 inch rack-mount cabinets 
with desk front. 

Wherever possible, electronic components manufactured in North America were utilized. 
In addition a hexapole and y-lens kit were obtained from KRATOS. 

The analyzer section was also reconstructed. Rotary pumps were placed in a cubicle 
separate from the analyzer. New ion gauges and thermocouples with controls and 
protection features were added. A new inlet system for gaseous and liquid samples 
and a multiple reference inlet system have been added. 

Controls for baking heaters, probes and interface heaters are located in a separate 
small cabinet. 

The feed through plate at the ESA box which carries the leads for the ESA plates, 
the y and z lenses and the monitor has also been replaced. A KRATOS HS50 magnet 
has been used to replace the old magnet. 
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uPGRAirirte 21-1.10 MASS SPECTROGRAPHS 

L.F. Herzog, T.J. Eskew, D.J. Marshall, and K.H. Underwood, 

NUCLIDE CORP, 642 E. College A v e , State College, PA 16801 

There are a substantial number of CEC/du Pont 21-110 mass spectrographs 
in the field, but many are not in use - due to failures in electronics, de
creased resolution, loss of sensitivity, and/or loss of ability to measure 
trace-abundance species due to increases in background-spectrum levels and/or 
in "fogging", coupled with the fact that the manufacturer no longer provides 
assistance in solving such problems. 

The ion-optics of the "110" a r e , however, fundamentally sound, and the 
materia.ls, used in its high vacuum system, and, the methods of joining and. 
gasketing used, and so on, are. compatible with the attainment of ultra-high 
vacuum'. Hence, in the hands of persons who have the in-house. exp.ertise. to 
keep it running, it still has the capability to be an exceptionally useful 
ion analyzer — as papers given at th'js Conference demonstrate.. Hence, up
dating and upgrading an' i dl e . 21-.110 and adding mechanisms to keep it in 
good alignment more easily i s , we felt, well worth considering — since 
today such an instrument, new, costs at least $500,000.. 

We have therefore worked out a complete program for upgrading 21-llOs 
which can (if the budget so dictates) be executed piecemeal, with each 
change improving some aspect of performance. We also made it an objective 
to make it convenient to add later-developed accessories such as ion, laser 
and fi eld desorption probes , and EOID or other mill ti-channel electrical ' 
detector arrays, and to automate operation. 

Fortunately, many electronic components used in Nuclide's GRAF.Ill 
spectrographs can,be used without change in the 110, simplifying both up
grading and later servicing; this also helps keep costs down., (IncidenT 
tally, these components can also be fitted to existing mass spectrographs 
of other manufacture, in many cases.) 

Two magnet regulators are offered - one regulates coil current only 
(with very high stability) while the other can regulate magnetic field as 
well. The current-only regulator is offered, even though the ability to 
precisely set magnet field rather than current-is essential to monitoring 
selected ions by stepping among the magnetic field values that bring 
desired species into focus onto a detector at a fixed radius, because this 
capability is not required for photoplate detection only. A l s o , there is 
a serious problem in implementing field control, in that most 110 magnets 
do not provide any space in the magnet-gap in which to mount a field sensor. 
Sensing field in an auxiliary gap created in series with the main gap by 
raising the top yoke piece by 0.040" is recommended — reasons for this 
choice and the use of a temperature-compensated Hall probe being given. 

The original electronics of the 110 are not packaged in standard-width 
electronic racks, while the GRAF Ill's are. To keep down cost we decided 
to use them "as is", mounted in a new 2-bay console. This yields a fringe-
benefit: some of the new pumps recommended can be added in locations 
originally filled with electronics. 

Automated MS control and data processing systems developed for GRAF 
III (e.g., PC-SIM and DACS-III) transfer and analyze photoplate-collected 
spectra, and collect and analyze data taken using electrical ion detection 
by scanning or peak-stepping. 

Improving Ion Transmission and Focusing 

The 21-110 has a 25 inch radius cylindrical electrostatic analyzer, 
which gives it the capability of resolution as high as 50,000. As de
livered, it has no ion-optical elements for deflecting or focusing the 
beam in the Z-direction, although it does have mechani cal provision for 
adjusting the positions of various parts relative to each other. Since 
gains in sensitivity of up to XIOOO are often possible (depending on how 
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good alignment was before),-Nucl ide especially recommends that electrical 
beam-steering and focusing be added. The GRAF Ill's FEA-1 c o n t r o T provides 
the voltages necessary to deflect 1;he beam and to touch-up its focus via an 
einzel lens. 

Spark Source 21-110 

The complete upgrading program additionally' includes thoroughly 
cleaning and degreasing the system, and replacing the original hivac "oil" 
diffusion pumps with much higher speed pumps of other types, to eliminate 
"oi 1" hydrocarbon spectrum bui Idup, reduce all background, spectrum, inten
sities','and substantially decrease pumpdown'time to operating vacuum levels 
after changing samples. 

A GRAF III source housing with a high-conductance pumping lead replaces 
the, original; it connects, to a new drift-tube housing.in which ion lens 
elements not, present, in; the, original facilitate maximizing !beam transmission 
and focus without the need ,to make tedious' mechanical adjustments! With the 
GRAF III source housing installed, accessories designed for it such as ion, 
laser and electron-beam probes can be added as easily as on the Nuclide 
spectrograph.., ,.. . 

The new 's'ource housi nq also has ports on' both sides oh which to mount 
electrode motion mechanisms. This makes it possible to add a system -for-' 
precise automatic control of the location of the spark with respect to the 
ion-optical axis, of the type H. Svec and R. Conzemius added- td a Nuclide 
G R A F - I I . 

The original "fi nal ; ampl if i er". of the R-f spark-forming circuit'is . 
retained because neither the technology nor the components available has 
changed appreciably. , - .. 

The 21-110 ' s orig'i nal' pumpi ng system had three oil diffusion pumps-.' 
Estimated speeds at 'these ports are given in a table; all are quite low. 
In comparison, the new pumping system i ns tal 1 ed on a S'park-l 10 that is the 
basis of an analytical service is as follows: the replacement GRAF III 
source housing has a 6-inch pumping port, with a 1500 L/S turbopump and 
6-inch valve; speed at the source port is now over 700 L/S, a more than 
tenfold increase. 

The replacement drift tube housing also has a higher-conductance 
source-isolation valve and a much larger pumping port with 150 L/S ion 
pump. 

A valved 270 L/S turbo was added to pump the magnetic analyzer using 
one of the photoplate access ports. The original "short circuit" in the 
pumping systems of ESA and magnetic analyzer was eliminated and 150 L/S 
getter-ion pumps installed on both ports. 

"Organic" (EB Source) 21-llOs 

The upgrading program for EB-source ("organic") 21-llOs is identical 
in most particulars. However, if it will have to cope with very high gas 
flow rates, as in GC/MS or "chemical" ionization, and trace-species 
detection is not important, a very large (e.g. 6"). source diffosion pump 
may be recommended. New capabilities are offered for the EB-110 also — 
for example, the field desorption probe we described at this Conference 
in 1980. 

Summary: 

The changeover to the GRAF Ill's source housing, increases in pumping 
speed, elimination of the possibility of oil contamination, addition of 
electrical beam-steering and focusing-, and the replacement of the original 
electronics with modern Nuclide units not only brings the 110 spectrographs 
up to modern standards but restores them and their owners to a relationship 
with a HS manufacturer who will accept responsibi1ity. for servicing them, 
and who has an ongoing^development program for mass spectrographs, the re
sults of which will thereafter be directly applicable to the modified 110s. 
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GAS-PHASE REACTIONS OF Fe+ WITH KETONES AND ETHERS 

R.C. Burnier, G.D. Byrd, and B.S. Preiser 

Department of Chemistry 
Purdue University 

West Lafayette, Indiana .47907 

A pulsed laser has been used in conjunction with an ICR spectrometer to generate and 
study the-gas phase ion-molecule reactions of Fe'*' with simple carbonyls and ethers. Some 
examples of these reactions are presented in Table I. In both systems initial interaction 
generates a chemically activated species which can then undergo the sequential processes 
of oxidative addition, rearrangement, and reductive elimination. 

For ketones, decarbonylation by Fe is an important reaction channel only for the 
smaller ketones such as acetone and 2-butanone. With larger ketones facile B-hydride shifts 
compete effectively with the alkyl recombination. No evidence for metal-carbene complexes 
formed by a-elimination is observed. - - ' 

For large aliphatic ketones a number of competitive initial dissociation processes may 
exist. In particular, rather extensive dehydrogenation occurs for ketones with.long 
unbranched.alkyl groups and for.alkyl groups branched at the a-carbon loss of CH. dominates. 
Thus, interaction with.the alkyl portion of the ketone becomes more important as the ketone 
increases in size: 

For ethers, the oxidative addition of Fe across the C-0 bond produces a metal alkoxide 
which'undergoes B-elimination with neutral alkane or alcohol loss. 

In general, the direct cleavage of C-C, C-H, and C-0 bonds produces alkyl, acyl, and 
alkoxide Fe'*' intermediates whose kinetic labilities should be strongly influenced by the 
extent of coordinative saturation of the metal. The absence of other coordinating ligands 
provides the ideal.environment for B-elimination. 

. More details-of this work will be printed in the Journal of American Chemical Society. 
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I n t e r a c t i o n s Of T r a n s i t i o n M e t a l I o n s W i t h K e t o n e s I n The Gas P h a s e 
K e v i n A. Kal i . ibach a n d D o u g l a s P . R i d g e 

U n i v e r s i t y o f D e l a w a r e , Ne\.-ark, D e . 19711 

F r a g m e n t a t i o n a n d c o n d e n s a t i o n a r e t w o r e a c t i v e c h a n n e l s a v a i l a b l e t o 

a t r a n s i t i o n m e t a l - k e t o n e c o r a p l e x . A l l raetal i o n s s t u d i e d forra, t h e 

s t a b i l i z e d c o n d e n s a t i o n p r o d u c t . The o b s e r v e d c o l l i s i o n c o m p l e x m u s t h a v e 

a l i f e t i m e o f a t l e a s t a i r i l l i s e c o n d i n o r d e r t o b e o b s e r v e d w i t h d r i f t 

mode I o n C y c l o t r o n R e s o n a n c e S p e c t r o s c o p y . S - t a b i l i z a t i o n cian o c c u r by a 

r a d i a t i v e p r o c e s s o r c o l l i s i o n w i t l i a . n e u t r a l . 

-> [M-Ke tone ] 
+N + 

-> [ M - K e t o n e ] + N 

> [M-Ke tone ] "*" + h"̂  

The p r e s s u r e d e p e n d e n c e o f t h e K d o u b l e r e s o n a n c e i n s e v e r a l s y s t e m . s 

i n d i c a t e s a r a d i a t i v e s t a b i l i z a t i o n o f t h e c o l l i s i o n c o m p l e x , p r o b a b l y 

t h r o u g h i n f r a r e d e m m i s i o n by t h e c a r b o n y l c h r o m o p h o r e . 

W h i l e Mn and Cr fo rm t h e c o n d n s a t i o n p r o d u c t e x c l u s i v e l y , ke - t one 

c o m p l e x e s w i t h . F e , Co and Ni c a n u n d e r g o f r a g m e n t a t i o n r e a c t i o n s w i t h 

c y c l i c k e t o n e s . The r e a c t i o n s o f Fe w i t h c y c l o h e x a n o n e - a r e shown b e l o w . 

V'io° - -> FeCgHg -̂  

> FeCgHgO"*" •!• H^ 

I n a d d i t i o n , r e a c t i o n s o f Co and Ni a l s o p r o d u c e a m e t a l - k e t e n e c o m p l e x 

i o n . D e u t e r i u m l a b e l i n g , s t u d y o f t h e 2 - c y c l o h e x e n - 1 - ^ o n e a n d n o r c a n i p h o r 

sys te i r :S s u g g e s t a n e l e c t r o c y c l i c r e v e r s i o n m e c h a n i s i a . 

_+ 
-^ FeJ +D2C=C=0 

Reac t ion of Fe wi th cyc lohep tanone and 2 - c y c l o h e p t e n - 1 - o n e produce 

s i i r . i la r p r o d u c t s i n c l u d i n g dehyd rogena t i on , l o s s of k e t e n e o r methyl 

ke t ene n e u t r a l . 

1) Allison, John; Ph.D. Thesis (1977) 
University of Delaware; Newark,' De. 19711 
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An in te res t ing synthetic technique to produce odci-carbcn cycl ic 
2 

ketones has been recently reported 

-F̂ COn 

Br Br 

^ 7 ( ^ ^ , 
-2 Br 

The proposed intermediate, an iron oxy-allyl complex ion (Noyori Reagent) 

is believed to add electrocyclicly to a diene or olefin producing the 

ketone product. 

The (Fe-C,K.O) product ion, which has the same stoichiometry as the 

+ 18 Noyori reagent ion, is observed from reaction of Fe and O-

cyclopentanone. Further study to determine the exact s-tructure. 

Fe-0- Fe-0- requirca. 

These studies suggest that, electrocyclic processes occur in the 

fragmentation of cyclic ketones by transition metal ions. This sim.ilarity 

to the - .Noyori reaction may indicate that similar synthetic routes are 

possible utilizing metal, i9ns to activate ketene for electrocyclic 

addition. 

2), Moyori, Ryoji; Accounts of Chemical Research 
Volume 12,2(1979) p.61 
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PROTON TRANSFER AND ISOTOPIC EXCHANGE REACTIONS OF AR H 

J.H. FUTRELL*. W. LINDINGER. H. VILLINGER AND F. HOWORKA -

INST. F. EXPERIMENTALPHYSIK DER UNIVERSITST INNSBRUCK, ABT. F. ATOM-

UND MOLEKULPHYSIK, KARL SCHONHERRSTRASSE I , A 6020 INNSBRUCK. AUSTRIA 

The proton t ransfer reactions from ArH , to H-, D,, CH., N., O,, CO and CO2 

and the corresponding deuteron t ransfer reactions of ArD wi th H- and D. as well as 

several isotopic exchange reactions of the type 

XH'̂  "^ ^2 -* '"•̂ ^ * ^° 

have been investigated in a drift experiment. The apparatus used for these investiga

tions is a slow flow drift tube like the one described by Lindinger et al. , but with 
2 

the addition of a venturi inlet similar to the disign of Smith and Adams through 

which ions, preselected by a quadrupole mass filter, enter the drift chamber. From 

the decline of the reactant ion signal with addition of reactant gas to the buffer, 
3 

reaction rate coefficients are obtained in the usual way , and as such measurements , 

are performed at drift conditions of various E/N values (E denoting the electric 

field strength and N the number density of the buffer gas), rate coefficients are 

obtained as a function of the relative kinetic enerav KE , between the reactants ' . 

Helium was used as a buffer gas; in some cases argon was used. 

The proton transfer reactions of ArH (D)"'" with H2(D2) all proceed fast at room 

temperature (the values of the rate constants being in the range from 8 to 5 x 10 
3 - 1 

cm sec ) and show a decline of the rate coefficients by nearly a factor of 2 

when KE is increased up to a few tenths of an eV. Besides the fast proton transfer, 
cm '̂  

no isotopic exchange is observed in these reactions. In Ar - H- mixtures, equili

brium between ArH'^ and H, is easily obtained, and a Van't Hoff plot, obtained from the 

equilibrium constants, at various E/N values, a difference in the proton affinities 

iPA = 0.55 eV is calculated, which is in agreeraent with the accepted values of the 

proton affinities of Ar and H,. 

The reactions of ArH'^ with CH., N., 0-, O-, CO and COp were investigated in 

the energy regime from thermal to a few eV, KE . All these reactions proceed rapidly 
cm ^ 

with rate coefficients close to the theoretical limits ; no kinetic energy dependences 

of these rate coefficients were observed. 

While in the reaction of ArH with D^ no isotopic exchange to produce ArD 

was observed, isotopic exchange is fast in the reaction of H, with D. and of N-H 

with D.. Further tests seern to indicate that isotopic exchange does not occur, in 

reactions of XH with D-, when it has to compete with an exoergic, and therefore 

fast proton transfer channel, i.e., when PA(D,) > PA(X). In cases where the 

proton transfer channel is endoergic, the complexes XH -D- seem to have a life

time long enough to allow for the isotopic exchange to produce XD . 
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A more detailed discussion on the kinetics of the proton transfer reactions 

of ArH'*' with the molecules listed above will be given 1n a forthcoming paper. 

Fulbright Fellow 1980/81 on leave from Dept. Chem. Univ.,Salt Lake City, Utah 

84112, USA 
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Generation of Transition Metal Polysulfide Ions in the 
Gas Phase by Sequential Reactions of Metal Ions with Ethylene Sulfide 

T.J. Carlin, M.B. Wise, and B.S. Preiser 

Department of Chemistry 
Purdue University -

West Lafayette, Indiana 47907 

Sequential reactions of some atomic metal ions with ethylene sulfide in the gas phase 
lead to the fonnation of metal polysulfide ions. V*" was found to attach at least eight 
sulfur atoms by the reaction -

VS n-1 

CH,-CH, 

' \ C2H4 (n = 1 

Similarly Co and Ti were observed to attach at leastfive sulfurs and Fe at least.six. 
Al''" and Cu''" show only direct attachment of ethylene sulfide. At higher pressures additional 
reaction products are observed and postulated as corresponding to "dithiolene" ions. 
All the masses observed in the V''"-ethylene sulfide system can be fit to the general formula 

r^s-

.1 . I I L 
50 IOO 100 2 0 0 250 3 0 0 300 

M a t s (oinul 

V chemical ionization mass spectra of ethylene sulfide at neutral gas 
pressures of approximately (a) 1 x 10-7 torr (b) 2 x ID"? torr (c) 
5 X 10"7 torr and (d) 5 x 10-6 torr. Other conditions were a trapping 
time of 250 ms and an observing frequency of 65.2 kHz. 
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REACTIONS OF METAL DIMER IONS IN TKE G7LS PHASE 

R. B . F r e a s a n d D. P . R i d g e , U n i v e r s i t y o f D e l a v / a r e , N e w a r k , D e . 19711 

R e c e n t i n v e s t i g a t i o n s i n o u r l a b o r a t o r y h a v e b e e n d o n e u t i l i z i n g t h e 

t e c h n i q u e o f i o n c y c l o t r o n r e s o n a n c e s p e c t r o s c o p y (ICR) t o e x p l o r e t h e 

c h e m i s t r y o f m e t a l c l u s t e r i o n s and t h e i r r e a c t i o n s w i t h s i m p l e o r g a n i c 

n e u t r a l s . The o b j e c t i v e h a s b e e n t o s t u d y t h e s e r e a c t i o n s t o g a i n k n o w l e d c e 

c o n c e r n i n g t h e m e c h a n i s r a s a n d s t r u c t u r e s o f t h e s p e c i e s - i n v o l v e d , a s w e l l 

a s t o p r o v i d e a n i n s i g h t a s t o t h e r e l a t i o n s h i p o f c a t a l y t i c p r o c e s s e s . 

The m e t a l d i r a e r i o n s Mn, a n d C o , a r e m a j o r p e a k s i n t h e 

f r a g n . e n t a t i o n s p e c t r u m p r o d u c e d i n t h e ICR by 70 eV e l e c t r o n i m p a c t upon 

t h e c o r r e s p o n d i n g b i n u c l e a r c a r b o n y l s , d i r a a n g a n e s e d e c a c a r b o n y l , M n _ ( C O ) . j . , 

a n d d i c o t a l t o c t a c a r b o n y l , C O p ( C 0 ) „ . The o r g a n i c s p e c i e s s t u d i e d i n c l u d e d 

s i m p l e a l k a n e s , a l c o h o l s and a l k y l h a l i d e s . P r e c u r s o r s o f t h e p r o d u c t i o n s 

w e r e u n a m b i g u o u s l y i d e n t i f i e d by t h e d o u b l e r e s o n a n c e t e c h n i q u e . 

C o n s i d e r a b l e i n t e r e s t h a s a r i s e n c o n c e r n i n g t h e a c t i v a t i o n o f 

c a r b o n - c a r b o n b o n d s i n s i m p l e a l k a n e s a n d r e c e n t l i t e r a t u r e r e p o r t s t h e 

c l e a v a g e o f p e n t a n e by s m a l l c l u s t e r s o f m e t a l a t o m s c o c o n d e n s e d a t 77K. 

A l t h o u g h t h e m o n o m e t a l l i c Co i o n h a s been , o b s e r v e d t o r e a c t , i n c o n t r a s t 

t o t h e l i t e r a t u r e n e i t h e r o f t h e d i r a e r i o n s h a v e b e e n o b s e r v e d t o r e a c t 

w i t h a l k a n e s . 

W i t h a n y a l c o h o l , t h e o n l y r e a c t i o n - o f t h e Hn- i o n t h a t h a s b e e n 

o b s e r v e d i s t h e same a s t h a t o f t h e r e a c t i o n w i t h m e t h a n o l shown i n [ 1 ] , 

t h a t i s , c l e a v a g e o f t h e Mn-Mn bond and f o r m a t i o n o f a n MnROK p r o d u c t 

i o n . 

Mn2''' + CH,OI! >• MnCH-OH''" + Mn [1 ] 

The reaction of the dimanganese ion with isopropyl bromide is shown 

belov;, and is representative of the reaction'with any alkyl bromide. 

, ' Y + , .. Mn. -f i-C,H_Br -» r'nC,H,̂ Br 

58 

32 

•> Mn2Br''' + CjK,^ [2] 

•̂  MJipKBr"*' + C,H, 
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In t h e r e a c t i o n wi th t h e a l k y l bromides t he r e a c t i o n channne l to 

produce t h e MnRBr-f p roduc t i s a s i g n i f i c a n t l y l e s s i rapor tan t pa thvay t h a n 

in t h e ana logous r e a c t i o n s wi th t h e a l k y l c h l o r i d e s and t h e a l c o h o l s . VJith 

e t h y l i o d i d e , MnCjH-I i s not observed a s a r e a c t i o n p r o d u c t . 

The r e a c t i o n s of t he dimanganese i o n s a r e p e r c e i v e d t o proceed 

th rough i n s e r t i o n of one end of t h e manganese dimer ion i n t o t h e R-X bond 

ana logous t o t h e r e a c t i o n s of monoinetal l ic i o n s wi th t h e s e o r g a n i c s . The 

proposed r e a c t i o n scheme i s shown below. 

,Br 

— . Mn Mn 

( I I ) ( I ) R -

Y 
> Mn-Br + ( I I I ) 

[R"''-Mn-Er] —^ Mn.HBr"'' + o l e f i n 

(IV) (V) 

I n s e r t i o n i n t o t h e R-Br bond p roduces i n t e r m e d i a t e ( I ) . I f c l e a v a g e 

of t h e Mn-Mn bond o c c u r s , t h e p r o d u c t s shown i n ( I I ) a r e o b s e r v e d . I f 

c l e a v a g e of t h e Mn-R bond in (I) o c c u r s , t h e n t h e p r o d u c t s a r e t h o s e i n 

( I I I ) and ( IV) . (IV) r e a c t s v i a p r o t o n t r a n s f e r t o g ive t h e p r o d u c t s 

observed i n (V). 

In c o n t r a s t t o t h e dimanganese i o n , t h e c o b a l t dimer has no t been 

obse rved t o r e a c t t o c l e a v e t h e Co-Co bond. Also t h e d i c o b a l t ion r e a c t s 

wi th a l c o h o l s and a l k y l h a l i d e s t o e l i m i n a t e KX forming C o , ( o l e f i n ) a s a 

p r o d u c t . A t y p i c a l r e a c t i o n , t h a t wi th i s o p r o p y l bromide i s shown i n [ 3 ] . 

. • „ r. " „ „ ,. + 
CO2 + i-C,H Br COjCjH, •̂  HBr 

40 ^ [31 
— > C02HBr + C^Hg 

Again a proton transfer is most likely responsible for the formation 

of the Co-HBr product as in (IV). 

In general, the metal dimer ions so far observed are less reactive 

than their monometallic counterparts, although interestinc- reactivity is 

seen and needs to be studied more thoroughly. 

^ S.C. Davis and K.J. Klabunde; J. Am. Chem. Soc, 100, 5973(1978). 

^ R.B. Freas'and D.P. Ridge; J. Am. Chem, Soc, 102, 7129(1980). 

^ J. Allison and D.P. Ridge; J. 7W.. Chem. Soc, 98,' 7445 (1976) . 
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n-lE DEPENDENCE OF ABSOLUTE BIMOLECULAR ION-
MOLECULE CONSTANTS ANT; BRANT3TNG RATIOS ON INTERNAL ENERGY IN 
THE REACTANT ION; F. R.. KEMPER and M. T. BOU^RS; Dept. of 
Cht;m.» Univ. of Calif., Santa Barbara, CA 93L06 

In recent years bes'-tlful experiments have been done using 
coincidence techniqiies .-to measure the dependence of absolute 
unimolecular rate constants on the internal energy of the 
reactant ion. Only a few bimolecular studies have been done, 
however, due to the difficult Cask of forming the reactant 
in a knô -ni energy state under noncoincidence conditions and 
often these studies required the reactant ion have signifi
cant kinetic energy. In this paper we report the first re
sults obtained on the UCSB Tandem ICR. In this instrument 
reactant ions are forraed in a temperature variable high 
pressure source, extracted and accelerated, Dempster Mass 
analyzed, deaccelerated .and injected through a miniature . 
• Wein filter into a differentially pumped ICR cell. . Vibra
tionally excited ions are formed in the.source by charge 
transfer. The amount of internal energy is determined by 
measuring the kinetic energy release of the charge transfer 
reaction and invoking energy conservation. It will be 
shown NH3 Ions can be conveniently formed with known amounts, 
of internal enrgy between 0-5 eV. These ions are then 
Injected into.the ICR cell at kinetic energies <0.2 eV 
and absolute and relative rate constants measured. A 
number of systems will be reported. 
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COLLISIONAL DISSOCIATION OF CLUSTERED NEGATIVE IONS, 0H"(H20)n, Cn-1-4) 

Richard L.C. Wu and Thomas O. Tiernan 
Brehm Laboratory, • Wright State University 

Dayton, Ohio 45435 

Studies of ion-molecule clustering reactions advance our underst einding of the ionized 
species present in the upper atmosphere, and are also useful in elucidating the basic theory 
of nucleation phenomena. Thermodynamic data, such as dissociation energies, are iinportant 
in determining the stability of such clusters. Thus feir, these data have been derived only 
from high pressure mass spectrometer measurements. It is desirable, however, to verify the 
latter results by obtaining bond energy data for ion clusters by using different techniques. 
The present study entails measurements of the energy thresholds for collision-induced 
dissociation (CID) reactions of cluster ions obtained with a tandem mass spectrometer. Such 
methods have previously been applied in several studies reported from our laboratory. 

The apparatus used in the present study has been previously described. The projectile 
ions, 0H~(H20)n, (n=l-4), were produced by electron impact on a gaseous mixture of HjO and 
N2O at elevated pressure (~'>0.1 torr) emd ambient temperature. The projectile ions are 
apparently produced by a sequence of processes which involve, initially, dissociative 
electron attachment, followed by appropriate negative ion-molecule reactions yielding the 
clustered species of interest, 0" + H2O -t- 0H~ + OH, and OH" + n H2O -»- 0H'{H20)n, n=l-4. The 
measured translational energy thresholds were corrected in order to take account of the 
incident ion energy distribution and the Doppler motion of the neutral target. 

Typical excitation functions for 0H~(H20)/Ar and 0H~(H2O)2/Xe reactions are shown in 
Figures 1 euid 2, respectively. Table 1" summarizes the translational energy thresholds 
derived from these excitation functions, and from similar data obtained using OH~(H20)3 amd 
0H"(H20)i, as the projectile ions. The uncertainty in the values of EQ is ±0.1 eV (CM), 
which is estimated from the ranges of EQ values which yield a good fit to the experimental 
data. The high pressure"mass spectrometric equilibrium data of Kebarle and co-workers are 
also shown in Tcible I. Within experimental errori the present results are in excellent 
agreement with the previously reported data which are available. 

Acknowledgement 
This work was supported in part by U.S. DOE contract No. DE-AC02-80ER-10668 with 

Wright State University. 

Table 1. Bond Dissociation Energy Data For Negative Cluster Ions 

Bond Dissociation Energy (eV) 
Species Studied Method of Formation This Study Lit. 

OH" • H2O N2O + H2O + e Dg(OH~ - H20)=1.0 ± 0.1 1.08 ^ 

H2O + e + trace H2O2 

0H~ •(H20)2 N2O + H2O + e D»(OH~ • H2O - H2O)=0.7 ± 0.1 0.71 

D^(OH- - 2H20l=1.7 ±0.1 

0H~ • •(H20)3 N2O + H2O + e D*(OH" • 2H2O - H2O)=0.7 ± 0.1 0.65 * 

OH" • (H20)^ N2O + H2O + e D*(OH-- 3H2O - H20)=0.65 ± 0.1 0.62 ^ 

*J.D. Payzant, R.'Yamdagni, and P. Kebarle, Can. J- Chem. 49̂ , 3309 (1971). 
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Fig. 1. Cross section for the reaction OH" (HjO) .+ Rr -• OIT + HjO + Ar 
as a function of translational energy. Solid line is the 
calculated "best fit" excitation function. 

6 a 10 12 14 . IG 18 

ION ENERGY (eV.LAB) 

Fig. 2. Cross section for the reaction Oir(H20)2 + Xe ••• OH" (HjO) 
HjO + Xe as a function of translational energy. Solid 
line is the calculated "best fit" excitation function. 
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MOBILITY OF NEGATIVE HALOGEN IONS 

T. Fuji! and G.G. Meisels 
Department of Chemistry, University of Nebraska, Lincon, NE 68588 

Knowledge of the mobilities of negative halogen ions is important to a quantitative under
standing of plasma, laser and electrical discharge physics and radiation chemistry in atmo
spheres containing halogenated compounds, and to the measurement of ion-molecule reaction 
rate constants in negative chemical ionization as well as their application to analytical 
negative chemical ionization. The energy or temperature dependence of drift properties may 
also be used to derive ion-molecule.interaction potential (1). However, only little informa
tion about nobilities of negativities is available. 

The mobilities of SFs in He and of F", Cl Br' and l' in Ar, Xe, Hj, N2, CO, CH^ have been ..._ — . . . - . . , . . «, .^,0 .i «..« 01 1 , V. I , Ul aiivj 1 III rtr, AC, n 2 , it2» t , t i , LHi, nave Deen 
investigated at 298n< over the field strength.(E/P) range of 5 to 25 V/cm Torr using time-
resolved high pressure mass spectrometry and an ion source with coaxial electron entrance and 
ion drift fields. The reduced mobilities obtained by this method are in good agreement with 
those obtained in drift tubes, when comparison is possible. Results are compared with 
."Langevin" polarization limits and with the drift properties of isoelectronic positive alkali 
ions measured previously. 

APPARATUS. Measurements were conducted using a pulsed high pressure mass spectrometer 
described previously (2). Briefly the electron entrance aperture and ion exit slit are 
coaxial, the parallel equipotential lines are parallel throughout the entire drift region 
and the electron gun is pulsed by unblocking 0.1 t- 0.2 ysec at ca^ 1 kHz. A new detection 
system for negative ion is employed. 

MOBILITY OF SF'̂  IH; He. Figure 1 shows a typical arrival time distribution of SFJ in He at the 
extraction potential E of 7.5 V/cm in the limit of low electron energy (16 eV nominal) and 
.high ion source pressure (1.0 Torr). The points are experimental and the solid line is the 
calculated distribution (3). 

Figure 2 shows the variation of the measured drift velocities (vj)for SFe in He with 
increasing E/P at a source pressure of 1.0 Torr. VJ varies linearly with E/P throughout the 
entire range studied, as expected for E/P < 30,V7cm/Torr. The slope leads to a measured 
mobility of SFJ in He Ko(SF67He, 298°K) = 12.0 + 0.2 cm==/V-sec, in good agreement with the 

• value 12.2.cm /V-^ec obtained using a drift tube mass-spectrometer.. 

1-
z 
r) 
0 
0 

z 
0 

/ 

.1 

1 SFolnH. 

• i. 
— • , 20 40 

ARRIVAL TIME (*i».c) 60 

Figure 1: Arrival time distribution of SFl 
in He. E/p was 7.5 V/cm Torr and T was 2980K. 
The solid curve is the calculated distribution. 

Ion 

F" 

CT 

Br" 

I " 

K^ 

Thts work 

3.56 + 0.08 

Z.89 + 0.06 

2.46 • 0.02 

2.28 • 0.07 

cm /v sec) 

Literature 

3.33 1 0.17 

2.87 + 0.14 

2.40 + 0.12 

2.27 • O.ll 

5 10 
E/p, V/oi,.T«, 

Figure 2: Dependence of drift velocities 
of SF6 in He on E/P. P(He) = 1.0 Torr, 
T = 298°K, 16 eV electrons. 

TABLE I. 

Low Field Mobilities of Negative Halogen 
Ions in Ar at 298°K. 

*Visiting Research Scientist from the 
National Institute for Environmental 
Studies in Japan. 
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MOBILITIES OF F , C T , Br AND I" IH Ar. Measurements of low-field mobility of F", Cl", Br
and I" in Ar were made at 298°K (Table I). The comparison between this work and literature 
values indicates excellent agreement except for F". Even for F", however, the discrepancy is 
still within the combined error limits of the two methods. 

Table II compares experimental and theoretical mobility (Langevin polarization limit, Kp,t) 
in terms of the ratio Ko/Ko,t for a number of negative halogen ions and their positive, 
isoelectronic alkali ion analogues in Ar. Although the measured F", Cl", Sr" and I" mobil
ities decrease with increasing ionic mass as predicted, measured values are consistently 16 
to 18% higher than calculated values;, this has been observed frequently. The ratios of 
Ko/Ko,t for all the negative ions are virtually identical; similarly, Ko/Ko,t values are 
essentially the same for all alkali ions. 

The differences in these ratios must be ascribed to the larger ionic radius of negative ions, 
suggesting that failure of the point charge approximation inherent in Langevin theory is a 
primary cause of the deviation of Ko/Kg't ^"'O'" unit, , 

MOBILITIES OF C V IN Ar. Xe. H2', N2, CO AND CM,. Mobilities of the Cl' ions in several gases 
have also been measured. No other such measurements have been reported to date for halide ion 
drift in the molecular gases. 

Our results, including those reported previously for K'̂  ions, are shown in Table III and 
compared with' the polarization limit, again in terms of ICo/Ko,t- ^o/Ko.t for Cl^ in Hz is 
about the same as that for all the halide'ions in Ar. It is less than unity for Xe arid the 
other molecular gases. ' ' 

A comparison of the mobilities of the C T ions with those of its positive, isoelectronic 
counterpart, k"*" (Tables II and III), shows no obvious correlation. We believe that this 
indicates the need'to consider all compoents of the intermolecular potential ahd that the 
observed differences at a single temperature only reflect an accidental combination of terms 
which determine the dependence of zero-field mobilities on temperature.' 

ACKNOWLEDGEMENTS: We are grateful for the support of this research by the Department of 
Energy, Contract Number 0E-AS02-76ER02567.A005. • 

LITERATURE CITED. 1. E.W. McDaniel and E.A. Mason, "The Mobility and Diffusion of Ions in 
Gases", Wiley, New York, 1973. 2. A'.J. lilies and G.G. Meisels, Anal. Chem.. 52. (1980) 325. 
3. C. Chang, G.J. Sroka, G.G. .Meisels, Int. J. Mass Spectrom. Ion Phys.. 11 (1973) 367. 

TABLE I I . 
This work 

KJan^ /V -sec ) 

2.89 1.16 

2.46 1.18 

2.2s 1.17 

L i t e r a t u r e 

; K „ ( c i . ^ / » - s « ) 

3.0Z 

^2.66 

! . ! S 

2.10 

v 
1.07 

!.« 
I.OT 

1.08 

Ratios of Measured Mobilities (Kg) to 
Those in Polarization Limits (K^ t) 

'•" '•" "•' '-"? '••" ' for a Number of Ions in Ar Gases' 

Neutra l 

g i s 

Ar 

Xe 

"2 . 

" 2 

CO 

CH, 

c r This work 

•(^(cn^/V-sec} 

2.89 • 0.06 

1.27 • 0.05 

12.93 • 0 . 5 . 

2.52 • 0.04 

Z.37 + 0.03 

2 . 1 2 + 0 . 0 9 4 

„ . 

.. "o'*. . ! 

1.16 

0.98 

11.S 

0 .9S. 

0,95 

0.82 

K L i t e r i t u r e 

Kj j(cn^/V-sec) 

2 .« ( 

1.35 

, 12.75 

2.55 

2.30 

— 

" » " • . ' 
1.09 

1.08 

11.5 

0.99 

0.94 

— 

TABLE I I I . 

l i t i e s of Cl 
Ions iri Several Gases at 2980K. 
Reduced Mobi l i t ies of C l " arid K 
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The Effect of Monosolvatlon on Negative Ion Basicity. G. W. Caldwell and J. E. Bartmess, 

Department of Chemistry, Indiana Itaiversity, Bloomington, IN ItTllOS 

We have measured the gas-phase equilibrium constantis for reaction ( l ) using pulsed 

RO-..HOR' + R"OH S RQ-.-HOR" + R'OH (l) 

ion cyclotron resonance spectroscopy (ICR). Results of all measurements are listed in 

Table I, Entropy changes, AS° . , are calculated from ratios of symmetry numbers of 

reactants and products. Our results are in agreement with previously reported 

equilbrium constants.^ 

Table I 

Reaction (l)* aG°^ AH°° 

1- . ,1S2- ,1 

i " , i n 3 - , i 
i - , i r U-,1 

2-, 2 :^ 2 - , i 

2",2 = 3",2 
2", 2 z: it-,2 

5-,3 - 3 - , i 
3-,3 n 3-,2 
3-,3 2 k-,^ 
3-,5 n 5-,5 

k-,k Z k- ,1 

k-,k Z k-,2 

k-,k Z k-,^ 

k-,k 71 'j-,k 

-1.6(-1.2)'^ 

-2.7 

-3.0 

.8(.i^)'^ 

-1 .1 

-1.6 

, -8 
. 1 

- .6 

-2.6 

1.7 

.7 

.5 

-2.2 

-1.2 

-2.3 
-2.6 

1.2 

- .7 

-1.2 

1.2 

.5 

- . 2 

-2.2 

2 . 1 

1.1 

-.9 

-1.8 

^nomenclature: 1 = MeOH, 2 = EtOH, J = nPrOH, k = tBuOH and 5 = tBuCHeOH. Thus, 

MeO--..HOMe is 1-,1. 

''T = 300 K, kcal/mole. 

Itocertainties are ± .3 kcal/mole; TiS = O.k kcal/mole. 

Tieferenoe 1, 

For the alcohols studied, monosolvatlon results in a decrease In basicity (reaction 

2) relative to the free anion. The stronger the acid (H bond donor), the smaller the 

RO-...HOR' + H* - ROH + R'OH (2) 
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decrease Is. The relative hydrogen bonding strengths of the cluster ions can be 

calculated via a thermochemical cycle. These are shown in the Figure vs iH° ..: the 

bond strengths appear to be linearly related to the acid/base properties of the 

alcohols, but lack of an absolute value to anchor these relative numbers with prevents 

derivation of an equation analogous to that of Yamdagni and Kebarle.^ The linearity and 

relative insensitivity of the synmetrical cases to changing structure is analogous to 

the corresponding positive ion clusters.^ 

The deviation of the C5 carbon alcohols from the lines in the figure is 

attributable to a perturbation on equilibrium 1,'arising from bimolecular clustering of 

the larger alcohols at low pressures.'*' We are In the process of correcting the data for 

this effect. 

(1) Mclver, R. T., Jr.; Scott, J. A.; Riveros, J. M.; J. Am. Chem. Soc, 1973, 21> 2706. 

(2) Yamdagni, R.; Kebarle, P.; ibid.; 1971, ^ 7139. 

(3) Bomse, D. S.; Beaucharap, J. L.; J. Ph.VB. Chem., 198I, 85^ 1|88. 

{k) Bartmess, J. E.; Caldwell, G. W.; 28th Conf. on Mass Spec.; Allied Topics, Hew York, 

1980 Paper RIM0C3; submitted, J. Ph.ys. Chem. 

o-rl,l 

+ 

r 3 , k 

I 
r5,5 
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Conipilatlon of Gas Phase Negative Ion Thermochemistry. John E. Bartmess, Department of 

Chemistry, Indiana University, Bloomington, IN It7't05 

A comprehensive search of the literature for data pertaining to the heats of 

formation of negative ions in the gas phase is described. . Using thermochemistry derived 

from the gas phase equilibrium acidity scale as a framework, thermochemical limits can be 

placed on many negative ions, based on the occurance of ion-molecule reactions. The data 

are checked for internal consistency in terms of structural effects on acidity and 

electron affinities. Error limits are assigned. 

One of the chief problems in.such an assignment of thermochemistry is the lack of 

suitable heats of formation for neutral ccmpounds. Those cases where a single neutral 

heat would support several pieces of gas phase data are noted. 
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QUANTITATIVE STUDIES OF THE KINETICS OF ION DISSOCIATION AND ION MOLECULE DECLUSTERING 
USING A TRIPLE QUADRUPOLE. P.H. Dawson, National Research Council, Physics Division, 
Ottawa, KIA 0R6; and D.J. Douglas, SCIEX INC., 55 Glencameron Rd., Thornhill, Ontario, 
Canada, L3T1P2. 

Triple quadrupole MS/MS systems are being applied to a rapidly growing variety of 
analyCical tasks. Since llctle discussion of che fundamentals of collision induced 
dissociation (CID), central to these Instruments, has appeared, the optimization of these 
instruments has been largely empirical. To gain a beCter understanding of the basic CID 
process we have (1) studied the effect of collision energy on fragment yields, (2) measured 
fragment ion energies, and (3) Investigated the dependence of fragment yields on Carget gas 
density. The results we report here show that CID occurs through an efficient activation 
step followed by unimolecular dissociation and that relative fragment yields can be 
understood in conventional kineclc terms. 

All experiments were performed on a prototype TAGA" 6000 triple quadrupole MS/MS 
•system. A unique feature of this instrument is the use of close coupled quadrupoles. Ion 
lenses, which can introduce strong energy- or mass-dependent transmission between quads, 
are not used. Close coupled quads assure a high ion transmission over a broad range of ion 
energy and mass, facilitating quantitative measurement of the energy dependence of reaction 
cross secclons and fragment energy distributions. 

Figure 1 shows the cross section for fragmentation of Ĉ H5Br''" on a nitrogen target 
plotted against LAB and centre of mass coLltsion energy. The threshold expected from the 
published bond strengths (2 determinations) are shown by arrows ."a" and "b". The threshold 
allowing for a kinetic shift due Co Che residence time In quadrupole 2 is shown by the 
arrow "c". This kinetic shift is largely masked by thermal motion of the target. From 
threshold the cross section rises to a maximum {Oj^-^>100 A^) over an energy range of a 
few volts (centre of niass), implying an efficient use of translational energy to promote 
reaction. Also shown are Cwo model cross secclons. The flrsC, (I), is ChaC predicced by a 
line of centres model, widely used to describe endochermlc processes. The second, (II), 
was calculaced assuming Chat the parent ion and CargeC form a collision complex leading Co 
randomizaclon of che cenCre of mass energy in the parent ion. Uhile the efficiency of the 
CID process ts high (greater Chan (I)), it is not so great as predicted by model II. 
Evidently, If a collision complex is forraed, not all Che energy randomizes in Che available 
degrees of freedom of Che organic ion. 

The form of che fragraentation cross section has also been studled^for C6H5CI"*" 
ions incident on N2 and Ar targets. The maximum cross section was 56 A^ in each case, 
and furtherraore, Che shape of the cross sections, when plotted against centre of mass 
energy, were Che same, indicaCing that N2 vibration and rotation do not participate 
appreciably in the fragmencacion process. The resulcs obtained on these simple compounds 
were found to apply to che fragraenCaClon of a complex organic ion, proConaCed dimechyl-
morphollno- phosphoraraidate (DMMPA) of mass 196 (see paper RPC6). Despite the complexity 
of the many sequential and competing dissociation pathways of this ion, che overall 
fragment yield showed similar behavior to that of Figure 1, reaching a maximum at 8 eV 
(centre of mass) [64 eV (LAB)]. 

The detailed mechanism of the CID of polyatomic ions in chis energy range has received 
llccle discussion. Ic has ofcen been assumed ChaC che process occurs by a cwo sCep 
mechanism: an acclvaCion step followed by unimolecular fragmentation. The evidence to 
date has been largely inferential. Direct evidence for this mechanism Is provided by the 
fragmenC ion energies. These are conveniencly measured on Che TAGA"* 6000 by changing the 
rod offset of quadrupole 3 to obtain a stopping curve. An example of this Is shown in 
Figure 2 which records the energy distribution of Che Cf̂ Hĉ '̂  fragment from dissociation of 
C6H5CI on an argon target at 25 eV energy (LAB). The arrows show the energy calculated 
assuming the fragmencacion occurs chrough an acCivatlon step in which the parent loses some 
kineclc energy, followed by a unimolecular dissociaCion with minimal kinetic energy 
release. The angles refer Co Che scattering angle (in centre of mass co-ordinates) 
occuring in the activation step. There Is good agreeraent between the calculated and 
measured energies. FragmenC ions have less energy Chan parenCs, and acquire a spread in 
energy from Che range of scattering angles possible in the activating collision. Also 
shown (by Che dashed line) is che parenC energy disCribuClon shifted by the ratio of che 
fragment to parent mass (77/112). This Is Che energy fragmenC ions would have if chey 
moved at the same speed that the parent has before the collision. Since parenC ions lose 
an appreciable fraction of cheir LAB energy in che acclvaCion sCep, fragmenC ions are. 
shifced Co somewhat lower energies. 

For the case of a heavy parent Incident on a light target, Che fragment energies 
conform raore closely to Ef = (mf/mp)Ep where subscripts "p" and "f" refer to parent and 
fragraents respectively. This has been observed for che fragmenCs of DMMPA (mass = 1 9 6 ) 
with an N2 target. Fragraent energies were found to be proportional Co fragmenC raass, 
essentially because all fragments move wich the speed of the centre of mass of the 
collision partners, and chis is (approximately) the speed of the parenC. 
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The dependence of fragmenC yield on CargeC gas pressure has received only qualicacive 
description In the literature. In fact, relative fragment yields can be understood in 
conventional terras of the reaction kinetics for sequential and competing reactions. Figure 
3 Illustrates Chis by showing the fragraent yields from the declustering of H(H20)3"'" 
(mass = 55) on an argon target (parent energy 35 eV). Loss of one to three water molecules 
is possible. Yields are plotted against target thickness (nuraber density x length; units 
of 10^^ cm~2) since it is only this product which enters the solution to the rate 

1 in Figure 3 were calculated bj " " " 
.netic scheme: 

equations. The solid lines in Figure 3 were calculated by solving Che rate equations 
describing the following kinetic scherae: 

Cross sections (o) for each step are shown in A^. The fit to the data is good, indica
ting that the rate equations can quantitatively describe the pressure dependence. No raass 
dependent corrections to the lon transraission were used. Furthermore, it was not necessary 
Co include scaCCerlng losses in Che kineCics IndicaCing Chat the RF only quadrupole is 
highly efficient in retaining fragment ions. Again, Che salienC features of Chis sCudy on 
a simple system were found to apply to the fragmentation of DMMPA. Modelling the pressure 
dependence of the fragmentation of DMMPA shows fragraents resulting frora up to four colli
sions of precursor i o n s . Sca t t e r i ng lo s se s were again found to he small (<5%) for a wide 
range of fragraenC masses. The sequenCial formacion of daughCer and granddaughter ions 
could be observed, and was of use in deCermining Che fragmencacion pathways of this complex 
ion. 

The results reported here show ChaC while Che developmenc of Criple quadrupoles has . 
been prompted by their analytical capabilities, these instruments will also be useful for 
the exploration of the dynamics of ion molecule inceracclons. 

FIGURE 1 

C f t H j C l ' — * - C ^ H a ^ C I PAREr^ ELAt-25aV 
WATER CLUSTERS 

FIGURE 2 FIGURE 3 
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TVJO LASER MULTIPHOTON DISSOCIATION OF lOHS 
IN THE ICR SPECTROMETER; N.B. LEV, J.P. HOMOVICH, and R.C. 
DUNBAR, Chenistry Department, Case Western Reserve University 
Cleveland, OH 44106. 

Two photon dissociation of iodobenzene cations by visible 

light at felOO A has been shown to be enhanced by simul

taneous irradiation with infrared photons from a low power 

cw CO, laser. In studies of other ions which undergo 

visible two photon dissociations, adding Infrared irradia

tion enhances the visible-dissociation in some cases (e.g., 
o 

bromobenzene at 5145 A ) , but not in others (e.g., 1- and 
o 

2-methylnaphthalene at 6100 A). Computer simulation of 

the two laser multiphoton experiment shows that 

coUisional deactivation of the excited ions produced by 

absorption of one visible photon is the main relaxation 

process competing with the absorption of additional 

photons. Varying the efficiency of the coUisional 

deactivation process by using bath gases other than the 

parent neutrals provides further information about the 

rates of the competing processes. 
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DISSOCIATION RATES FOR THE n-BUTYLBENZENE MOLECULAR ION DERIVED FROM PHOTODISSOCIATION ION 
KINETIC ENERGY SPECTRA. I.W.Griffiths, E.S.Mukhtar, F.M.Harris and J.H.Beynon, Royal 
Society Research Unit, University College of Swansea, Singleton Park, Swansea SA2 8PP, U.K. 

A simple form of the quasi-equilibrium theory (QET) is applied in the calculation of 
phocodissociation £ragment-ion currents for competing reactions of the positive molecular 
ion of n-butylbenzene. Previous experimental results^ have shown that dissociation of • 
the molecular ions gives mainly.fragment ions of masses 91 u and 92 u the relative abund
ances being governed by the photoexcitation energy. The object of the calculations is to 
determine the ratio R for [91'''/92'̂ ] currents and adjust two of the parameters in the 
equations used to bring.the calculated and experimental values of R into agreement. 

The method is one which was applied initially to.calculate the effect of competing 
dissociation reactions for excited raolecular ions of nitrobenzene. Rate constants are 
needed and their dependence on the internal energy E of the ion is approximated by the 
simple QET equation • 

fi - E ̂ "̂  
(1) K(E) = 

where E^ is the critical energy for a given dissociation and S is a constant which has 
been described as an 'effective number of oscillators*. Each dissociation reaction will 
have its corresponding rate equation. 

Highly excited ions formed by electron-impact ionization in the source dissociate 
unimolecularly very rapidly with the result that the majority of ions which reach the 
second field-free region of a ZAB-2F spectrometer have internal energies less than the 
lowest critical energy for dissociation. These stable ions are irradiated in the second 
field-free region with monochromatic radiation from an argon-ion laser and a fraction of 
them are photoexcited by an amount e, the photon energy. 

The calculation monitors the fate of ions formed in the source which subsequently 
reach and pass through the interaction region. For this an initial internal energy 
distribution has been used which is estimated from the photoelectron spectrum of the 
molecule.^ The probabilities of the ions that are photoexcited fragmenting to give 
gi"*" and 92''' ions is governed by the rate constants for the two reactions. These depend 
on the photoexcitation energy given to the ionr and thus lead to a prediction of the 
dependence of R on wavelength. 

The critical energies have been taken from'previous work'* and the frequency factor 
for the formation of 91"'' is assumed to be 3x10^^ s" i.e. of the order of a molecular 
vibrational period. The frequency factor VQ for 92"'" formation, and S, were considered 
to be adjustable parameters. The calculations resulted in the derivation of two 
equations. 

17 
(a) for the formation of 92* 

K^(E) = 6xl09 [^-V^ ^̂^ 

(b) for the forraation of 91"*" 
17 

.nil- 2.61 

with the internal energy E in units o£ eV. The values o£ R calculated are shown in 
Table 1 together with the measured values for four photoexcitation energies. It can 
be seen that the measured values agree with the experimental data within the 
experimental error. 

Table 1 Relative abundances of the photo fragment ions 91* and 92* for various 
photoexcitation energies. Ratio r91*/92*l 

Wavelength (nm) Photoexcitation energy (eV) Experimental Calculated 
514.5 2.41 1.02±0.05 1.02 
488.0 2.54 1.30±0.05 1.25 
457.9 2.71 1.69+0.05 1.70 
357 3.47 6.90+0.30 6.90 
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•Relatively small changes'in S and v take the calculated values out of agreement 
with the experimental data. Thus, the errors in S and VQ are judged to be ±1 and 
±1x10^ respectively. 

Because of uncertainties in the initial internal energy distribution of the parent 
ions, in the dependence of the probability of photoexcitation on internal energy and in 
the critical- energies for the two dissociation reactions, the use of a more sophisticated 
rate equation in the calculations does not seem justified. The simple equation seems to 
be adequate since the rate equations (2) and (3) satisfactorily predict the photo-
dissociation pattern of the n-butylbenzene molecular ion observed in practice. 
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ISOMERIZATION OF PHENOL TO CO ELIMINATION 

H.J. WALTHER, H. EYER and U.P. SCHLUNEGGER 
Institute of Organic Chemistry, University of Berne, Switzerland and 

C.I. PORTER, E.A. LARKA and J.H. BEYNON 
Royal Society Research Unit, University College of Swansea, 
Great Britain. 

Phenol has been suggested to isomerize prior to the well known 

CO elimination. Maquestiau et al. proposed an unsaturated openchained 

aldehyde as the isomeric structure, but without any experimental 

proof. 

In this work, five possible openchained isomeres of phenol have been 

synthesized and compared with phenol by MIKES, CID/MIKES, "kinetic 

energy release" measurements and FI-CID/MIKES: CH -C=C-C=C-CH -OH (I), 

CH2-C=C-CH=CH-CH0 {trans: II; els: III) and CH -CH=CH-C=C-CHO 

(trans: IV; cis: V). 

All of them show a loss of 28 mass units iri the MIKE spektra of the 

molecular ion. The corresponding metastable peak shapes of II- and 

III are almost identical and very similar to that of phenol, while 

I, IV and V are significantly different. The kinetic energy releases 

(T ) by MIKES are the same for II and III and slightly different 

to phenol. The CID/MIKE spectra of the molecular ions of II and III 

show small differences in the ion abundances. They are most similar 

to that of phenol-measured on a modified MAT CH5-DF and a VG Micro-

mass ZAB-2F mass spectrometer. 

It has been suggested that the remaining differences could originate 

from an incomplete isomerization of the phenolic ion. Therefore 

the FI-CID/MIKE spectra of II, III and phenol have been recorded. 

The comparison with the EI-CID/MIKE spectra shows differences only 

for phenol. 

The results imply that phenol partially isomerizes prior to the 

loss of CO. An isomerization of about 40 % to- the structure of 

cis 2-hexer-4-yn-l-al is in good accordance with the spectral data. 
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Loss df Hydroxyl from Ionized Acetic Acid Enol 

Charles E. Hudson and David J, McAdoo 
Marine Biomedical Institute 
The University of Texas Medical Branch 
Galveston, Texas 77550 

In 1980 Holmes and Losslng reported that the title lon gives a metastable peak for 

loss of OH which Is not of Gaussian shape. From thermochemical measurements they concluded 

that the daughter is the acetyl lon, whose production requires the transfer of a hydrogen 

atom frora 0 Co C, They proposed that the peak shape be explained by a superposition of 

two processes: (1) A low energy mechanism with a narrow peak having stepwise 0 to C 

hydrogen transfer and fragnnentation and (2) A high energy process giving a wider peak In 

which the hydrogen rearrangement is concerted with fragmentation. 

In a reinvestigation of the problem using the MS 50 triple analyzer at the Midwest 

Center for Mass Spectrometry, we have obtained data (Table 1) that generally agrees with 

reference 1. However, we suggest a different interpretation, , 

Table 1 

Precursor 

CHJCO2H 

CHjCOjD 

CH3CH2CH2CO2H 

CHjCH^CH^CO^D 

CDJCH2CH2CO2H 

CDjCH^CHjCO^D 

Ion 

CH3C(=S')CH'^" 

CH3C(=5")0D"^" 

CH2=C(OH)2'̂ -

CH2=C(0H)0D'^' 

CH2=C(OD)OH'^ 

^2=0(00)2"^-

(i) 

(2) 

(3) 

(4) 

(4') 

(5) 

Metastable Peak 
Height Ratio 
-0D/-0H 

0 

14 

0 

2.7 

2.7 

5.7 

T 
-OH °-5 

7.4 

15 

19 

33 

36 

29 

(meV) 
-OD 

7.0 

21 

18 

35 

The -OD/-0H ratio is approximately that expected from an Isotope effect on single hydrogen 

transfer reaction. 

Since the stepwise and concerted mechanisms would involve essentially the same atomic 

motions we did not see how they could be distinct, competing reactions. Also both 

CH.̂ C(=0')OD and CH„=C(OD)„ ' lose OH with energy releases larger than for the undeuterated 

Ions, .demonstrating that the acid and enol structures which Interconvert also have 

elevated energy releases. I.e. Increased energy releases follow stepwise hydrogen transfers, 
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The peak for loss of OH from k_ and V is less intense and wider than the peak for 

loss of OD. From 5̂  both peaks are wide. The loss of OH from 4_ and 4̂* and che OD loss 

from 5 both require a transfer of D from 0 to C. If the energy of this process Is raised 

by an isotope effect then it should be suppressed. Assuming that the isocope effect raises 

2 
the transition state energy by 1.5 kcal/mole or less , then at least 21% of the excess 

energy is converted Into translational energy of fragmentation. The analysis is applicable 

to CD,CH(CH,)C0 H also. It fragments as follows: 

Table 2 gives the data for this corapound. 

CH,=CHC + CD • 

Table 2 

Relative Peak Height 

M-CD /M-CHj 

2.7 

TQ_3 (meV) 

17.6 25.4 

Thus a surprisingly large fraction of the increased activation energy due to.the deuterium 

Isotope effect on hydrogen transfer In one part of an ion can be released in.subsequent, 

fragraentation in another part of the ion. Supported by Robert A. Welch Foundation Grant 

H-609. 

1. J.L. Holraes and F.P. Lossing, J. Amer. Chem. Soc., 102: 3732 (1980. 

2. K.B. Wiberg, Chera. Rev., 55: 713 (1955). 
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RAGMENTATION 
snerj''^ 
Hass • 

1. William Rand Kenan, Jr.-Laboratories o t Chemis t ry , The University of North 
Carolina, Chapel Hill, NC arsitt-. 
2. Laboratory of Environmental Chemistry, N.I.E.H.S., PO Box 12233,Research 
Triangle Park, NC 27709 
3. The Weiimann Institute of Science, Rehovot, Israel 
k. Extranuclear Laboratories, Inc., PO Box ,11512, Pittsburgh, PA 15238 

The recent development of quadrupole mass filters for the analysis with 
collision-induced decomposition (CID) or mass spectrometry/mass spectrometry 
(MS/MS) offers an alternative to the older: CID mass analyjed ion kinetic 
energy speotrometry (MIKES) technique. GID/MIKES employs first momentum and 
then kinetic energy analysis in a double focussing mass spectrometer. Both 
different modes and levels of ion excitation are observed in each technique. 
The tandem quadrupole methodology is based upon energy conversion (via momentum 
trsmsfer) in relatively low-energy collisions (0-lOOeV acceleration) while 
the CID/MIKES technique is based upon high-energy collisions {ZOOO-SOOOeW 
acceleration) with electronic excitation occuring in the glancing collisions. 
The study of several simple methyl ketones was undertaken in order to. 
compare the differences in the MS/MS spectra. 

Table 1. (intensities corrected for metastables observed) compares the 
CID spectra of the stable molecular ions obtained with a tandem quadrupole 
(ExtrEinuclear Laboratories, Inc.) with those obtained with a double focussing 
instrument (VG Micromass ZAB/2F). The compounds studied are acetone, 
2-butanone, cyclopropyl methyl ketone, and 3-methyl-2-pentanone. Collision 
gases used were He and N. in the tandem quadrupole (QQ) and. He in the ZAB/2F 
instruraent. The QQ spectra show less fragmentation but the fragments 
obtained carry more of the initial primary ion intensity than do the. fragment-
ions of the sector instrument. The QQ fragments (detection of peaks above 
1%) further show greater structural significance while the additional CID-
MIKES ions add little structural information. 

Literature cites several studies concerning the appearance energy (AE) 
of several acetone fragment ions. By looking at the ions observed, one cam 
suggest possible ranges of energy transfer in the QQ instrument. Acetone has 
an ioniiation potential (IP) equal to 9.7eV (935kj/mol). The QQ spectra show 
primarily the acyl ion, CH^CO* (AE = 10.4eV or 67kJ/mol above the IP of acetone). 
The high-energy CID/MIKES spectrum shows the presence of several other ions 
whose AEs are known. These ions include C2H2O* (96kJ/mol above acetone's 
IP), C2H3+ (695kJ/mol above acetone's IP), and CH2* (probably has a higher 
AE than C^H3*). In the QQ speotra, the acyl ion carries 94-1005? of the 
daughter xon current while the CID/MIKES shows only 80%. In the case of 
direct mixture analysis, the low intensity daughter ions could easily lead 
to misidentiflcation of mixture components. These-low intensity fragments 
hence would only be useful for fingerprinting the spectra. 

In the case of 2-butanone, QQ spectra contain two acyl. ions (95-97?5 
total fragment ourrent) as well as the C2H5+ ion (325kj/mol above the IP of 
2-butanone). The CID/MIKES spectrum also contains these two acyl ions (8895) 
as well as a wealth of ions which are products typical of higher energy 
processes (again only useful in fingerprinting spectra). . 

For cyclopropyl methyl ketone on the QQ, one see^ the structurally 
informative acyl ions (98-100?S total daughter ion ourrent) but also the 
cyclopropyl cation (C3H5*). The CID/MIKES spectrum has the above three ions 
(acyl ions, 94?5) as well as the fingerprinting CcH70* and C3H3+ ions. 

For both the QQ and the CID/MIKES speotra, 3-methyl-2-pentamone's 
major ion is the McLafferty rearrangement ion (QQ,56-76?5i CID/MIKES, 77%). 
The QQ carries the remainder of its fragment current in the two acyl ions. 
The two acyl ions and the McLafferty rearrangement ion fragments yield 925i 
of the total ion current in CIDAIIKES spectra. 

In conclusion,, the use of He as a low-energy oollision gas produces 
spectral information sufficient to characteriie and identify compounds of 
this class. The use of N2 as a low-energy collision gas produces more 
fragmentation but not necessarily more useful information. Additional 
peaks found in the high-energy CID/MIKES are primarily beneficial for 
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fingerprinting speotra. In direct mixture analysis, the use of low-energy 
He CID would give simple ions which are. not complicated by structurally 
uninformative ions. 

EXPERIMENTAL! 
The methyl ketones were commercial samples with no impurities detectable 

by mass spectrometric survey. Ketones were used as obtained. 
High energy CID/MIKES measurements were made on the reverse geometry 

Nier-Johnson mass spectrometer, VG Micromass ZAB/2F. Samples were run with 
a source pressure of 5 x 10"? torr, a source temperature of 200 C, and an 
accelerating voltage of 7 kV. He was used as a collision gas at a presRure 
of 2 X..10-7 torr gauge (5 X 10-3 torr in the collision cell). The collision 
cell pressure yielded a 505? reduction of the main beam intensity. 

Low energy CID measurements were made on a tandem quadrupole systeir 
containing a quadrupole field collision cell developed by Extramuclear. 
Laboratories, Inc. This cell system allows the use of two sets of 
quadrupole rods instead of three sets with an R.F. only collision region 
within the field cell. The collision cell may be biased so that the primary 
ion beam in the cell differs from that imposed by the ion source potential, 
and eui axial field (focussing, collecting) can be imposed. Both He and N2 
were introduced into the collision cell. Collision gas pressure was adjusted 
to yield maximum fragmentation of the main ion beam. Souroe pressure and 
temperature were comparable to those of the ZAB/2F. 

TABLE 1 

ACETONE 

aa (He) 

43 100 
15 

(N?). 

100 
6 

.• 

ZAB-2F 

ll • 
42 
41 
39 
38 
37 
29 
27 
26 

• 15 
14 

CyclODroDvl Methyl Ketone 

aa .(He) 

69 44 
43 100 
41 

iNgi 

100 
100 

3.5 

ZAB-2F 

P 
69 
^ 3 . 
k l 
39 

(He) 

0.7 . 
100. 
12. 
1.8 
1.4 
0.7 
0.5 
1.8 
1.8 
-0.8 
2.4 

. 0.7 

(He) 

• 5 . ^ 
100. 
44. 
2.4.. 
1.9 

2 

aa 

ll 
29 

• 1 

aa 
85 
72 
43 

-Butanone 

(He) 

100 
.59 
8 

-Methvl 

(He) 

31 
100 

(N?) 

26 
100 
2 

, 

ZAB-2F 

71 
57 
56 
55 
53 
43 
42 
41 
39 
29 
28 
27 
26 
15 

-2-Pentanone 

(N?) 

46 
100 
32 

ZAB-2F 

85 
72 
71 
5? 56 
55 

tl 
39 
29 
27 

(He). 

3.1 
100. 
1.8 
0.9 
1.0 

90. 
5.'* 
1.7 
1.2 
'+.9 
0.9 

0.7 

(He) 

14. 
100. 

1.7 
2.6 
1.3 
0.7 
1.0 
6.3 
0.7 
0.7 
0.5 
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SELECTED METASTABLE ION MONITORING USING DEUTERIUM LABELLED INTERNAL STANDARDS: QUANTIFI
CATION OF m- AND £-HYDROXYPHErfYLACETIC ACID IN A SINGLE RAT CAUDATE NUCLEUS: DAyiD A. 
DURDEN: Psychiatric Research Div., University Hospital, Saskatoon, Sask., Canada, S7N 0X0. 

Selected metastable ion monitoring (SMIM) of fragraent ions using linked magnetic (B) and 
electric sector (E) at constant accelerating voltage (V) of a double focussing mass spec
trometer has proven to be a sensitive and specific method in nature for quantifying biogen
ic products at the picomole level (1,2). The procedures first reported (1,2) used only one 
value for the constant E/B and thus the internal standard was limited to one which 
underwent the same fragment loss as the unknown. This obviated the use of a stable isotope 
labelled internal standard. 

In this report is described a simple raodification to a VG 70-70 mass spectrometer which 
allows two values of E/B to be set up using analog circuitry in conjunction with a raultiple 
ion detector controller (DIGMID). 

For the two corapounds, the protonated parent ion Mi and the deuterated parent ion M3 and 
fragment ions M2 and M^ the following conditions apply. Parent ion Mi formed in the ion 
source is detected unchanged in the norraal operating raode a t Ei and V by manually selecting 
Bl. Ion M2» resulting from decomposition of metastable ions Mi in the first field free 
region between the ion source and che electric sector, is detected at V, E2 and B2 where: 

B2 = (M2/M1) • Bl , E2 = (M2/M1) • El and Ki = Ei/Bi 

Stable isotope labelled parent ion M3 is detected at V, Ei and B3 where: 

B3 = /Ms /Ml • Bl , K2 = E1/B3 = Ki-yMi/M3 

Ion M4, frora decomposition of raetastable M3 ions is detected at V, Bi* and E14 where: 

Bit = Bl (M1+/M3) • /M3/M1 and K2 = Ki -J Mi /M3 

These values are shown scheraatically on Figure 1. The line at constant Ej represents the 
condition of normal raagnetic scan analysis of ions forraed in the ion source. The lines of 
.Kl and K2 passing through the origin and Bi and B2 at Ei represent the conditions for 
detection of raetastable peaks from ions forraed in the first field free region. 

Figure 2a illustrates the interconnections required for monitoring a raetastable 
transition at one value of E/B. In the modified circuit 2b, the output of the variable 
amplifier which sets Ki may be reduced by the factor .yMi/M3 by the "metastable ratio 
araplifier" dependj.ng upon the DIGMID channel setting. The metastable ratio amplifier 
(Figure 3) is a precision, amplifier with an adjustable gain of 1.00000 (channel 1 or 2) or 
a lower value (channel 3 or 4) which operates.in a raanner similar to a raass measurement 
decade amplifier. If all four channels are selected.in sequence, then both parents and 
both raetastable peaks can be detected. For SMIM quantitation only che raetastable peaks•M2 
and M(4 were selected. Rcutionihip B«twc«n B and E 

Figure 1. 
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Figure 2. 

Mctastabl* Ratio Ampl i tMr 

Figure 3. 

An exaraple of use of SMIM is the quantitation of m- and p-hydroxyphenylacetic acids in a 
single caudate nucleus using di-deuterated internal standards. The acids were exCracted, 
derivatized with pentafluoropropionic anhydride and trifluoroethanol and separated on a 
SCOT OV-101 capillary coluran. The metastable transitions observed were loss of CO2CH2CF3 
from the raolecular iona Mi = 380 and M3 = 382, i.e. Mi •»• M2 - 380 + 253 and M3 -»• M^ = 382 
255. It was found Chat the concentrations of meta and para hydroxyphenylacetic 'acid, 
deterrained by MSIM corresponded to values obtained with regular high resolution SIM of a 
pool of ten caudates. 

Table 1. Concentrations of m- and ̂ -hydroxyphenylacetic acids .in rat caudate nucleus. 

Method and amount of internal standard 

SMIM, single CN. 800 resolution 
1.0 or 2.5 ng I.S. 

SIM, pooled 10 C.N. 5000 resolution 
100 ng I.S. 

m-HPAA 
Tng/g) 

9.7 ± 1.7 

9.4 ± 1.2 

p-HPAA 
Tng/g) 

40 ± 3.6 

43 ± 3.9 

1. Gaskell, S.J. and Millington, D.S., Biomed. Mass Spectrom. 5̂  (1978) 557-8. 
2, Harvey, D.J., Leuschner,. J.T.A. and Paton, W.D.M., J. Chromatogr. 202 (1980) 83-92. 

Supported by Saskatchewan Health and the Medical Research Council of Canada. 
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A LINEAR, BI-POLAR, 6!j DECADE 
CURRENT-TO-FREQUENCDf CONVERTER 

BY JAMES L. LAWRENCE, JR., and DAVID L. RAYMOND, Analog Technology Corp. 
15859 E. Edna Place, Irwindale, CA 91706 

The scientist's requirement for increased utility, quantitative accuracy 
and resolution in various spectrometric measurements has led to the pro
liferation of microprocessors for interactive control of the spectro
meter and processing of the low-level resolved ion or photon current 
signal. Nevertheless, fast quantization of these low-level signals is 
particularly difficult and presents a limitation on system performance 
when the currents vary over a 10' dynamic range and when high accuracy 
must be maintained for small currents on the order of 10"1*A. Time-
honored electroraeter techniques (current-to-voltage converters), whether 
range switched amplifiers followed by analog-to-digital converters or 
single-range systems followed by voltage-to-frequency converters, do not 
possess the desired composite qualities of speed, accuracy, and wide 
dynamic range. Limitations'of electrometers and other low-level current-
measuring techniques when integrated with data systems are discussed. 

This paper describes a unique, closed-loop, current-to-frequency (I/F) 
converter which stems from space technology in which a succession of 
small charge feedback pulses is selectively generated to null the input 
current.' An early generic relation to the ATC I/F used resistive feed
back to form the charge pulses but suffered poor low end linearity and 
lacked comparable dynamic range due to the inability to precisely control 
the width and amplitude of the voltage pulse driving the resistor. (1) 
An ATC design of that period used capacitive charge feedback and offered 
superior performance, but also required autozeroing and the cooperation 
of a host processor for its operation.(2) In this new I/F converter, 
feedback pulses are generated by applying voltage pulses of precisely 
controlled magnitude to a precision capacitor to produce pulses of pre
cisely determined charge content.(3) These pulses are then applied to a 
charge dividing circuit including a raatched pair of bi-polar transistors. 
The charge dividing circuit bypasses the bulk of the charge in each 
pulse, while applying only a fraction of each pulse as the feedback 
current. This transfer function is temperature compensated. In essence, 
since this I/F converter is a nulling device which works on the integral 
of the charge signal, it is independent.of the threshold variations en
countered in pulse counting and other I/F systems. Since the charge per 
pulse is accurately controlled and the output pulse repetition rate is 
exactly proportional to input current, an interface data system may be 
readily programmed to calculate average current for selectable counting 
intervals or, alternatively, the total charge into the I/F converter. 

Linearity and noise measureraents on production converters at charge feed
back sensitivities ranging from 10-14 to 10'"12 c/pulse and at varying 
integration periods are presented. Worst-case integral nonlinearlty of 
0.1% between the IHz and 2MHz operating points with a noise figure less 
than IO"-*- A is demonstrated. ' • ' 

References: 

(1) Woodruff and Malrastadt, "High speed charge to current data domain 
converter for Measurement Systems", Analytical Cheraistry, Vol. 46, 
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A Frequency Swept Detector for Ion Cyclotron 

Resonance Mass Spectrometers 

J. Wronka and D. P. Ridge 

A frequency swept bridge detector with a frequency range of 

30 KHz to 1.5 MHz for use with Ion Cyclotron Resonance Mass Spec

trometers (ICR-MS) has been constructed and demonstrated. A 

detector of this type has several advantages which greatly 

increase the abilities and versatility of ICR-MS. Such a detec

tor allows a much greater mass range, as determined by the for

mula m = qH/oc. This increase can be accomplished by the use of 

lower radio frequencies allowed by the bridge, and superconduct

ing magnets which increase the magnetic field strength (H). The 

use of a higher field also facilitates trapping experimients 

thereby allowing the longer observation time required for high 

resolution work. 

The detector has a faster response time than previous detec

tors which facilitates pulsed ICR-MS experiments. The decreased 

response time also allows rapid scan ICR-MS that would be neces

sary for rapid acquisition of data needed for small sample sizes 

or GC-ICR-MS. This ability to do rapid scan makes it possible to 

use computer interfacing and signal averaging techniques. 

The ability to sweep frequency greatly increases the ability 

of ICR mass spectrometry to elucidate ion molecule chemistry. 

One variation on the traditional double resonance experiment is 

particularly useful in determining all of the daughter (product) 

ions from any given parent ; (reactant) ion. A reactant is 
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irradiated at its cyclotron frequency with a signal that is 

amplitude modulated at some audio frequency. Phase sensitive 

detection at this modulation frequency yields a single spectrum 

of all the daughters of a given parent. Both endothermic and 

exothermic reactions may be observed. 

Special features of the bridge detector include the use of a 

ninety degree sync output available on many inexpensive commer

cial voltage controlled signal generators, .and characterization 

and simple automatic correction of phase shift to allow broadband 

detection. Any high quality broadband (video) amplifier or 

transformer has a phase shift proportional to frequency so that a 

composite signal is not distorted when it is amplified. The 

phase shift is the result of a constant (frequency independent) 

signal delay in the amplifier or transformer. This phase shift 

is kept to a minimum in the detector by limiting the number of 

amplifiers and may be compensated for by a delay line in the 

reference signal. A simple radio . frequency phase sensitive 

detector based on a balanced modulator demodulator is included in 

the bridge detector. 

The detector is simple to construct and implement since the 

phase sensitive detector eliminates the need for signal modula

tion schemes used in the past. Performance of this detector is 

excellent as shown by the attainment of a resolution of greater 

than 20,000 at mass 262. The detector may be used at constant 

field or constant frequency with no adjustments other than the 

initial setting of the radio frequency level applied. 
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MPB6 

Equilibrium and Double resonance in the Unquenched Mode in Trapped ICRvSpectrometry 

John E. Bartmess and Gary Caldwell, Department of Chemistry, Indiana University, 

Bloomington IN ItTfiO? 

If the quench pulse in a Mclver-type trapped ICR cell is turned off, the ion 

density increases until some ballance is achieved between lon production and coUisional 

ion loss to the walls. This unquenched continuous mode of operation has been shown 

to give greater sensitivity for detection of small samples with chemical ionization.^ 

These previous studies have dealt only with the simple case of a single reagent ion 

and a single eample. Can the unquenched mode provide information regarding ion-

molecule kinetics and equilibria? For a typical equilibrium scheme 

h i 

X s , 
ss = L 

T ^ , , (S1-S2+SJ 

(Z) S* 

•̂ eo 

ra^ 
T^ ss 

V P 

k is the primary ion appearance rate from electron impact, and k.̂  is the 

constant magnetic field coUisional loss rate constant ( ca. lO"-"-̂  cc-molec ^-s~^). 

Let Si = ki(Y), Sa = k2(Z), etc. Then the steady state solution to the normal kinetic 

expression for the above scheme is 

, (Si+S2)S4+SiSj_) 

Sj_(Si+S2+Ŝ )(S3+S4+Sĵ 1 

(Z) ((Si+S2)S4+SiSj^) 

(Y) ((Si+S£)S3+SaS,) 

where T is the total ion current, K is the true equilibrium constant, and K is 
' eq ^ app 

the apparent one based on the steady state abundances. For proton transfer between n-
donor bases, ki-k3 is ca. 5xlO"-̂ °cc-molec"̂ s"'-. and we find: 

_ 2 
Base . 

HCOaEt 

HCOEPT 

HCOaBu 

MegCO 

MeCOaEt 

EtaS 

The theory predicts and we observe (1) equilibria are always in the right direction 

compared to the true equilibria (2) they are independent of total pressure and base 

ratio up to 10"^ Torr (3) when k4 approaches k^ the apparent equilibria level off. 

For anions, where ka and Tâ , may be comparable to k̂  the K • may represent only the 
ll app 

kinetic partioning of the primary anion signal. Unquenched double resonance between 
XH and YH can be near baseline if the rates are fast. For k4= IL ^0% decrease is seen. 
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Even for k4 less than 11 some decrease is senn in double resonance. 

The theory also predicts that all intermediates, forming and reacting bimolecularly 

will be seen even if they form slowly and react' rapidly, 'Fhe unquenched abundances 

represent neither short nor long times but the integral over all times. The time-

dependent theory predicts that the half life for establishing or ejecting the steady 

state is directly related to 11 ; terms in the other rate constants are of negligible 

importance at microtorr pressures. 

(1) Hunter, R.L., Mclver, R.T,,Jr,, Anal.Chem. 1979.^1.699-70U 
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COMPUTER CONTROLLED ELECTRON IONIZATION -

FLASH DESORPTION MASS SPECTROMETRY WITH ELECTRO-OPTICAL ION DETECTION 

H.G. Boettger and C.E. Giffin 
Jet; Propulsion Laboratories 
Pasadena, California 91103 

T.D. Lee, W.R. Anderson, Jr., and G. Doyle Daves, Jr. 
Departraent of Chemistry and Biochemical Sciences 
Oregon Graduate Center, Beaverton, Oregon 97006 

Electron ionisation - flash desorption mass spectrometry^*^ is characterized 
by rapid ('̂  50 ms) desorption of the sample requiring simultaneous collection 
of the resulting ions. The increased sensitivity ('vlÔ ) of electro-optical 
ion detection^ (EOID) over that of photoplate detection has resulted in a re
duction of the saraple size and an increase in the raolecular weight range for 
which complete spectra can be obtained. 

Efficient use of the EOID with the El-flash desorption technique has been 
accomplished by computer coordination of operation of the spectrometer and 
sample probe control unit. (Figure 1) A signal frora the computer activates 
a circuit which counts end of scan signals'(EOS) frora the detector. After a 
set number of EOS, the probe is fired and the sample desorbed. Ion produc
tion is then terminated using a beam switch with a variable delay. The beam 
switch eliminates unwanted ions due to background and secondary products. It 
also ensures that: ion production does not occur during computer readout of the 
detector. 
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A THIN LAYER CHROMATOGRAM SCANNER COUPLED TO A MASS SPECTROMETER FOR TLC-MS 

L. RAMALEY and M. E. NEARING, Departraent of Chemistry, ' ' • 
Dalhousie University, Halifax, N.S., Canada, B3H 4J3 

W. D. JAMIESON Atlantic Research Laboratory, National Research Council of Canada 
1411 Oxford Street, Halifax, N.S,, Canada, B3H 3Z1 

R, G. ACKMAN, Technical University of Nova Scotia, 

Halifax, N.S., Canada, B3J 2X4 

A device which couples directly to a Finnigan 4000 quadrupole raass spectroraeter 
through the direct probe inlet and allows scanning of 1X10 cm TLC plates has been 
described previously (1). Therraal energy from a 150 W tungsten Incandescent lamp desorbs 
samples'from the plate. These are swept into the ion source through a heated transfer 
line by CI reagent gas which continuously flows over the plate. This scanner has che 
advantage that It requires no raodification of the mass spectrometer and can be inserted 
or removed in a matter of minutes, making changeover frora one raethod of sample 
introduction to another very simple. Tests showed.(1) that good sensitivity (10 ng; 
2s sweep scan; 80-250 ra/z) could be obtained for thermally stable corapounds such as 
phenanthrene and benzophenone. • However, on a relative basis peaks were twice as wide as 
the spots on the plate. This degradation of spatial resolution was attributed to 
retention of heat by the plate, resulting in continued sample desorption after passing 
the heated area and to a raeraory effect in the plate charaber. For less stable compounds 
results were somewhat disappointing. Cholesterol produced only fragraent Ions with m/z 
less than 120 and raethyl stearate produced' no ions at all above ra/z 80 (the lower mass 
scan limit used). 

In an attenipt to iraprove the scanner perforraance, the incandescent energy source was 
replaced with a small, pulsed CO2 laser designed and built by the.Physics Division of the 
National Research Council of Canada (NRCC). The laser produces 20 raJ pulses at 10.6 pm 
at rates frora 1.5 to 6 pulses per second (pps). Above 6 pps the energy per pulse falls 
off markedly. The energy is focused to a 1.0 era long line on the plate by a 15 era focal 
length cylindrical lens. All transmission optics are NaCl. No changes were made to the 
scanning charaber itself. The laser and its power supply must be well shielded to prevent 
rf interference. 

Tests were performed both by spotting compounds on E Merck Silica Gel 60 TLC plates 
(no indicator) co simulate chromatograms and by chroraatographing actual mixtures. 
Background was due to CI reagent gas, usually raethane, with raajor contributions at m/z 
249 and 251 attributed to oxidation of the filament to ReÔ "'" by water vapor. Polar 
components in solvents, e.g. acetone or water, were found to also contribute to Che 
background due to incomplete desorption from the plate surface prior to the scan. With 
respect to reproducibility of peak heighc (about 20%), linearity (ion counts increase 
raore rapidly than amount of sample in the spot) and reproducibility of Rf values (very 
good), lamp and laser desorption produced the sarae results. 

For thermally stable compounds such as phenanthrene and benzophenone laser 
desorption produced no increase in spatial resolution, yet gave about a factor of cen 
less sensitivity. Since laser desorption produces no bulk heating of the plate, the loss 
of resolution was attributed to the dead-volume in the plate charaber. Modifications are • 
presently underway in an attempt to correct this problera. Sensitivity appears to be a 
function of both laser pulse rate and pulse energy. Sensitivity increases up to 6 pps 
but declines rapidly after that as laser pulse energy decreases, even though the total 
energy supplied to che plate does not change significantly. Laser pulse energy cannot be 
increased indefinitely because the silica gel layer itself evaporates at sufficiently 
high energies. Studies are presently underway to deterralne che optimum relation between 
sensitivity, energy per pulse and pulse rate. 

Laser desorption proved far superior to lamp desorption for more thermally sensitive 
.compounds. Cholesterol (base peak, m/z 369) and methyl stearate (base peak, m/z 299) 
were both readily detectable. The sensitivity was about a factor of five less than 
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for more stable compounds. Neither lamp nor laser desorption removed all the material 
from the plate. Plates could be rerun or subjected Co other raethods of detection after 
an initial scan. 

In general with the present apparatus lamp desorption is simpler and more sensitive 
for corapounds of moderate thermal stability. Laser desorption provides much better 
results for less stable compounds. 
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MPB9 APPLICATION OF lANTHANUM HEXABORIDE CATHODES IN MASS SPECTROMETRY 

L. Kelner, H, M, Fales, S, P. Markey, National Institutes of Health, 
Bethesda, Maryland 20205, and 
C. K. Crawford, Kimball Physics, Inc., Wilton, NH 03806 

we report here preliminary data on the possible application of poly
crystalline and single crystal lanthanum hexaboride (LaBg) as an electron 
emitter for EI and CI analytical ion sources. LaBg is a refractory compound 
with a low work function (2.6 eV) and over the last few years it has been 
developed into =» valuable thermoionic electron emitter for use in electron 
probe instrumentation. Surprisingly, LaBg has not found much application in 
mass spectrometry except as mentioned by Buckingham (1) and as used in the 
Omegatron {2). 

Polycrystalline (sintered)' and single-crystal LaBg cathodes were mounted 
on standard filament asserablies of Finnigan 3000, AEI MS-9, LKB-9000 and LKB-2091 
mass spectrometers.' Polycrystalline cathodes were made of lanthanum hexaboride 
powder deposited on an outgassed 50 um thick carbon strip which was in tum 
mounted on metal (Ta) holders. Single-crystal cathodes were made of a precision-
machined grain-of-sand sized lanthanum hexaboride block mounted on a precision-
etched 50 um thick arch-shaped carbon strip, which was in turn mounted in 
refractory metal holders. The emitting surface was oriented in the (100) direc
tion. Details of mounting procedures are discussed thoroughly (by CKC) elsewhere 
(3). The cathodes are directly heated by I^R heating using the original equip
ment power supplies. Typical operating parameters were 2.5-4 V and 1.1-2.0 A, 
Actual parameters depend upon cathode diraensions, emission current required, 
and desired life. Chemical and raechanical stability of the cathodes are good, 
and they are not harmed by repeated exposure to the ambient atmosphere when 
cold. 

We estimated the equilibrium source temperature when using Re and LaBg fila
ments on three different instruments: LKB-9000, LKB-2091 and Finnigan-3000 
(Table I). Differences in temperatures between instruments are mainly due to 
the differences in the thermal masses of their sources along with thermal 
transfer variations within the vacuum system. Because of its lower power 
requirements use of LaBg resulted in' lower ion eource temperatures especially 
on the Finnigan'3000. 

We have also compared the ionization efficiency of ion sources with LaBg 
and rhenium filaments. In electron ionization sources (LKB-9000 and LKB-2091) 
similar efficiencies for ionization were observed using the same eraission 
current derived from Re and LaBg cathodes (50-60 uA) for both methyl stearate 
and N-(2,3-epoxypropyl)phthalamide (2,3-EPP). However, in the chemical 
ionization (CI) raode using the Finnigan-3000 more efficient ionization by LaBg 
cathodes at the same emission {1.57 mA) has been observed in both positive and 
negative ion detection (Table II), At lower emission current the advantage of 
LaBg is even greater: close to the .order of magnitude difference was observed, 
when detecting ion m/z 299 (methyl stearate) in positive CI at .4mA of the 
eraission current. 

Thus, application of the lanthanum hexaboride cathode may offer better 
performance in terms of ion current output per sample introduced, as well as 
being useful in analyzing thermally unstable compounds. The lifetime of LaBg 
in raass spectrometers will be investigated in the near future. 
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TABLE I. Equilibrium temperature("C) of the ion source with no heating other 
than filament 

Re filament 

LaBg polycryat. 

LaBg single-
crystal 

LKB-9000 
I era = 60 UA 

260' 

230 

— 

LKB-2091 
I em = 60yA 

217 

187 

Finnigan-3000 
I era = 1.5 mA 

150 

-

80 

TABLE II. Relative efficiency of ionization in the Finnigan CI ion source. 

Single crystal Polycrystalline 
Re LaBg LaBg 

203 (neg. CI) 1 2 3 

204 (pos CI) 1 . 5 . ' 3 
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Application of Dynamic Emittance 
Matching to Secondary Ion Mass 

Spectrometry 

J. R. Wyatt, T. M. Barlak, J. E. Campana 
R. J. Colton, and J. J. DeCorpo 

Code 6110 
Naval Research Laboratory 
Washington, D. C. 20375 

Recently, we described a high-performance,SIMS instrument which is 
based on a double-focusing mass spectrometer. In that report we described 
an experiment to determine the viewing area, where the primary beam was ras-
tered over a molybdenum wire grid as the secondary ion beam deflectors were 
manually swept. The results of this experiment suggested it should be pos
sible to increase the viewing area of the instrument by synchronously raster
ing the secondary ion beara and the primary beam. 

2 
This method was theoretically and conceptually described by Liebl and 

is termed dynamic emittance matching (DEM). This method optimizes the trans
mission of the secondary ion beam (when the primary ion beam is rastered) by 
matching the emittance of the sputtered ion beam with the acceptance of the 
mass spectrometer. In DEM the primary and secondary ion deflectors are syn
chronously rastered so as to deflect secondary ions emitted from the larger 
viewing.area onto the object slit. Liouville's theorem can be invoked to 
show that the net effect of DEM is to decrease the divergence of the secon
dary ion beara so that it is nearer the acceptance angle of the mass spectro
raeter at the object slit. 

The Figure illustrates DEM as incorporated into our SIMS instrument. 
The optics between the first set of secondary ion deflectors and object 
slit have been omitted for simplicity as shown in the inset. Both x and y 
deflectors are included in our system; however, the figure represents only 
the y-deflector system. The dotted lines depict secondary ions resulting 
from a given sample origin and focused on the object slit. As the primary 
ion beam is moved, all other, instrumental conditions reraaining the same, the 
secondary ions will have trajectories significantly divergent from the for
mer. These lon trajectories would continue in a linear fashion at the exit 
of the acceleration portion of the beam transfer optics and actually miss 
the object slit of the spectrometer. DEM directs these divergent ions onto 
the object slit as depicted by the broad lines in the Figure. 

Results and Discussion 
o 

The experiment with a raolybdenum grid described previously was repeat
ed with the DEM system. The most dramatic difference between the two exper
iraents is the number of wires which can be actually viewed. Thirty to forty 
wires can be counted in the DEM traces obtained. This result indicates a x-
axis view of 0.75-1 cm as corapared to our previous result obtained without 
the DEM of 0.025 cm. The second observation is the increased spacial reso
lution of the signal which is less than the grid spacing (.025 cm). This 
improvement in spacial resolution compared to our previous experiments is 
due to bur ability to dynamically tune the ion optics with the aid of the 
oscilloscope image and the use of a more sharply focused primary ion beam. 

The improvement in ion transraission under full primary ion beam raster 
conditions (1 crâ ) with DEM was evaluated by raeasuring the signal of a high 
mass cluster ion32 ^^ Q ^ J ̂ ^̂  . ^ ^ 14 32. A series of measurements gave a 
range of ion transmission factors from a low of 7 to a high of 30 times 
greater than the signal obtained without DEM. These transmission factors 
were dependent on how carefully the ion optics were adjusted between, each 
measurement. 
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The concept of DEM has been incorporated into our SIMS instrument. 
Tliis feature has resulted in notable-increases in the viewing area and ion 
transmission of the SIMS instrument. . Under full primary ion beam raster 
conditions the viewing area and ion transraission have increased at least 
a factor of ten. These positive attributes of the DEM systera permit a more 
average analysis of the surface under study and better instrumental sensi
tivity in the raolecular SIMS mode.. Additionally, this feature has added 
an imaging capability to our system, a feature not available on conventional 
SIMS instruraents. 
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Dr.^l<M AIID PERFORMANCE OF. A MODULAR PYROLYSIS 
HASS SPECTROMETRY SYSTEM; MENK L. C^ MEyi_ELAAl?, JOE II, 
TOMLINSON, DOMNA J. IWAMOTOAND DAVIU L. POPE, Biomaterials • 
Profiling Center, Univ. of Utah, Salt Lake Ciiy, UT 84108. 

Pyrolysis mass spectrometry (Py-MS) is a relatively young 
field. The Py-MS instrumentation described in the literature 
thus far is very heterogeneous and includes filament, direct 
probe and laser pyrolysis techniques in combination with dif
ferent ionization techniques such- as (low voltage) EI, CI, FI 
and FD, as well as totally different mass spectrometers, e.g. 
quadrupoles, TOF instruments and single and double focussing 
magnetic spectrometers.- In-order to- enable the comparison of 
different pyrolysis methods under standardized experimental 
conditions, a modular Py-MS system was designed based dn arr 
Extranuclear (]uadrupole mass filter equipped with an open 
cross-beam type EI source surrounded by a LN2 cooled screen, ' 
which combines filament (Curie-point), direct probe and 
laser pyrolysis capabilities. In addition the system 
features fully automated sample introduction, time-resolved 
recording of pyrolysis events and capabilities for identifi
cation of individual pyrolysis products by coUisional 
activation MS. The Py-MS system is connected to a IIP 21MX 
data system through an Extranuclear (Interlink ) interface ' 
with fast ion; counting channel. Specially developed com
puter programs enable signal averaging, mass peak identifi
cation, as well-as operator-interactive spectrum normaliza
tion ond feature selection operations. Final evaluation of 
Py-MS patterns is perfoniied with the ARTHUR program package 
for multivariate statistical analysis. Applications investi
gated thus far include-classification of cells and tissues, 
characterization of coals and shales, identification of drugs 
and metabolites in body fluids, and mechanisms and kinetics 
of polymer degradation. 
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A PYROLYSIS - MASS SPECTROMETRY STUDY OF THE ROLE OF ORGANIC RELEASING AGENTS 
IN GRAPHITE FURNACE ATOMIC ABSORPTION SPECTROSCOPIC ANALYSIS OF SEA WATER* 

C. G,- FLINN, R, GUEVREMONT and W. D. JAMIESON 
Atlantic Research Laboratory, National Research Council of Canada 

lAll Oxford Street, Halifax, N.S., Canada, B3H 3Z1 

Severe Interferences resulting from volatilization of the salt matrix has made 
direct graphite furnace atomic absorption spectrometry. (GFAAS) impractical for 
determination of trace metals in seawater. These difficulties can be alleviated for 
several elements by adding EDTA or citric acid to the seawater. Detection limits of 0.01 
and 0.12 ug/L for cadmium and zinc in seawater, using these "releasing agents" or "matrix 
modifiers", have been reported (1,2). Extension to determination of Cu, Fe, and Mn is 
being investigated. The physical and chemical processes relevant to such matrix 
modification are Important in selection of reagents. 

Sea salt pyrolysis experiments were performed with a CDS-Pyroprobe (model 120-382, 
direct introduction Pt filaraent probe) and a Finnigan hOOO mass spectrometer interfaced 
to an INCOS data system. The system studied, for the most part, was Zn in 50% sea water 
with 10 mg/mL citric acid as.matrix modifier; 5 pZ samples were deposited on the 
filaraent. Sample pyrolysis emulated graphite furnace operation. Desolvation; ramp at 
SOO^/min to 100", total 4 min. Char (optional for PY-MS): ramp at 200°/sec to <500'', 
total 20 sec. .Atomize: ramp at 100*" or 200^/sec to ,^1400**, total 20 sec. Temperatures 
were checked by optical pyrometry. Mass spectral conditions: electron irapact 
ionization, electron energy = 16 eV, source temperature = 150", scan frequency = 2 or 
10 Hz, low mass ^ m/z 11, high mass <• m/z 300. Use of a modified version of the INCOS 
STABility program helped detect ionic multiplets and aided in mass assignment 
procedures. 

Mass spectra obtained at 16 eV selectively enhanced metal atom ion counts and 
reduced the complexity of the spectra- Profile data allowed assessment of source 
defocusing during the initial burst of pyrolysis products. Species identified 
tentatively as present during the pyrolysis included: H^O, S2, H2S, HCl, C2-5 ^2-Q *̂ 0~7 
(<200-); CO2, C2H^02, CS2 (200-350*'); CS2. Zn (>A00*'); C(1300^). 

A memory effect complicated determination of analytical sensitivity and effect of 
sample size. Cleaning the filament with dilute-HNO3 reduces this memory effect. Sample 
composition was varied to include Cd and.Hg. Ascorbic, tartaric,.malonic and succinic 
acids were evaluated as matrix modifiers. Cd and Hg were successfully volatilized from 
the salt matrix. Citric and tartaric acids were very effective; others less so. 

Frora this preliminary investigation: strongly reducing conditions exist in the 
solid phase at relatively low temperatures; no gaseous organometallic compounds were 
observed; several derivatives of seawater components were identified (e.g. HCl, HjS, 
S2(SO2 ?), CS2); there is evidence of ion-molecule reactions during the initial burst of 
pyrolysis products. Isotope dilution analyses by PY-MS are possible, depending on the 
memory effect. 

REFERENCES 
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POSITIVE IONS OBSERVED IN SPARKED SFg AND SFG-CONTAINING MIXTURES AT 40 kPa* 

L. C. Frees, I. Sauers, L. G. Christophorou, and H. W. Ellis 

Atomic, Molecular and High Voltage Physics Group 

Health and Safety Research Division 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

Because of its high dielectric strength, SF^ is finding increasing acceptance by industry 
as an insulator in high voltage equipment. Although SFg itself is inert and nontoxic, 
some of the products of its decomposition under electrical stress are highly reactive and 
toxic. The decomposition of SFe has been studied for nearly 30 years but is still not 
well understood. We have assembled a mass spectrometer with a high pressure spark ion 
source in order to study the decomposition of SFg and other dielectric gases.^ 

The apparatus consists of a spark ion source, operable at pressures up to 100 kPa, coupled 
to a quadrupole mass spectrometer equipped with an appropriate ion-focusing lens assembly. 
The ion source houses a pair of tungsten electrodes (0.8-mm-diameter rods with.rounded 
ends) spaced '\'l mm apart and mounted on a linear motion feedthrough so that, the distance 
between the electrodes and the entrance aperture can be varied from 0.5 to 20 mm. The 
aperture, fashioned from 25-iJm-thick-electroformed nickel, has a hole diameter of 30 \im. 
The mass spectrometer is also equipped with an electron impact ionizer so that neutral 
species produced as a result of the spark.can also be observed. 

The spark was produced with a'positive high voltage pulse applied to one of the electrodes. 
The other electrode and the aperture were at ground potential. The high voltage pulse had 
a duration of 2 \ is and a repetition rate of 100 Hz. The spark current was typically 1 A. 

The mass spectrum of positive ions produced in the spark ion source with dielectric grade 
SFe (99.6% purity, by volume) at 40 kPa was dominated by ions containing impurities. The 
most intense ions, N202F^, SzNF^t, SOaFs"*", • S2NOF4"*", and S2N02Ft,"*", have been identified by 
their isotope ratios. Among the less intense ions are H2SOF2 , N2F1, , S2F7 , S2NF8 , 
and SuNFe"*". The addition of 1% O2 to SFe greatly intensified the SO2F5+ peak, while the 
addition of 1% N2 resulted in enhanced intensities for the N2O2F+, S2NFU''", S2NOF1,''", 
S2NO2F1,'*', S2NF8''", and SuNFe"*" ions. The addition of D2O to the SFG resulted in new peaks 
in the mass range 89 through 92 u, confirming the assignment of the 88 u peak to H2SOF2 . 

When a fresh sample of SFg was sparked, the most intense ions were S2NF1, and S2NFa"^. 
After '^1/2 hour of sparking, however, SO2F5"'', S2N0Fi| , and S2NO2F1,"'" became the most intense 
peaks, indicating that these ions are the result of reactions involving the products of 
previous sparking. 

In order to minimize the effect of impurities, the ion source and gas handling lines were 
baked out overnight at 300*0, resulting in a much lower background pressure and water 
content. Several cycles of a freeze-pump-thaw purification procedure (at liquid N2 
temperature) significantly decreased the impurity contentrations in the SFe (to <20 ppm N2 
and <5 ppm O2). 

For the purified SFe at 40 kPa, the most intense ion was S2F7 (confirmed by isotope ratio 
measurements). There was a moderate intensity of SF3 and traces of SOFa"*", S02F3'^, S^F^, 
S3F3 , S2OF5 , S1+F7 , and S3OF9 , indicating that even these low levels of impurities can 
have an observable effect on the ion chemistry of the discharge. 

At a pressure of 13 kPa, over 70 ion species of the form Sĵ Fy"*" (x = 2-16, y = 0 or an odd 
integer from 1 to 11) were observed. These ions were all deficient in fluorine, relative 
to SFe » suggesting that they were formed iri the rapidly cooling plasma after the spark 
pulse. They could not have been formed in subsequent ion-molecule reactions between 

•Research sponsored by the Division of Electric Energy Systems, U.S. Department of Energy, 
under contract W-7405-eng-26 with the Union Carbide Corporation. 

Also Departraent of Physics, The University of Tennessee, Knoxville, Tennessee 37916. 

Permanent address: Department of Natural Sciences, Eckerd College, St. Petersburg, 
Florida 33733. 
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precursor ions and residual SFg molecules while drifting from the spark region to the 
aperture because reactions increasing only the sulfur content of the lon would require 
breaking 6 sulfur-fluorine bonds, requiring collision energies in excess of 20 eV. 

The spark color was a light blue at 13 kPa, changing to pale red at 40 kPa, indicating 
lower spark temperatures at higher pressures, for a constant power in the spark. This 
temperature difference is probably the reason for the difference in mass spectra. 

At 40 kPa, mixtures of purified SFe with O2, at concentrations of 500, 5,000, and 50,000 ppm 
O2, resulted in the appearance of SOFa"*", S02F3"*", SO2F5"'', S2OF5"'", and S3OF7''", At the 
50,000 ppm O2 level, SOFa"*" and S3OF7''' were the dominant ions. The S2F7'̂  was almost absent, 
and the overall ion intensity had decreased by a factor of 8. 

Mixtures of purified SFe with N2, at a concentration of 500 ppm, resulted in the appearance 
of S2NFe''' as the most intense peak, followed by S2F7"*', ' SNOFi* , and N202r^. At a level of 
20,000 ppm N2, N202F^, and S2NOF(4''" were the dominant ions. There was little S2F7"'" and 
the overall ion intensity was less than half that for purified SFg. 

Since the addition of impurities at levels as low as 500 ppm has such a large effect, the 
impurity-containing ions are probably .the result of ion-molecule reactions between precursor 
ions, such as S2F7''", and impurity-containing molecules as the ions drift toward the aperture. 

When first sparked, a mixture of purified SFe ^nd 5,000 ppm H2O resulted in a mass spectrum 
consisting entirely of water clusters of.the form H^(H20)n (n = 2-5; for 10,000 ppm of 
H2O, n = 2-6) with traces of H2SOF3'*" and, possibly, HSQ̂ "•". After- the gas had been sparked 
for 1 hour, the water clusters were absent, and the spectrum was essentially that of 
purified SF5 with the addition of SOFs"*" and H2S0F3'̂ , indicating that the .H2O had been 
consumed in reactions with decomposition products (e.g., with SF4 which has been detected 
using the electron'impact ionizer). 

Mixtures of 1% 2-CttF8 in SFg behaved differently. The S2F7 intensity was only decreased 
by a factor of 4, while SCî OFî  (confirmed by sulfur and carbon isotope ratios) became 
the most intense peak. A moderately strong peak appeared, confirmed by isotope ratios to 
be S2CF,5 , in addition to many smaller peaks 200 u higher in mass than other ions present 
in both pure SFe and SFg + 2-C[,F8 spectra, suggesting the formation of clusters or complexes 
of 2-Ci,Fe with some of the ions. 

The general effect of impurities or che additives studied so far on the spark ion spectruni 
of SFg is to decrease the overall ion intensity and to dominate the ion chemistry. This 
can have important effects in applications such as alternating current circuit breakers 
where SFg is used to quench the arc produced when the circuit is broken. The ability of 
the gas to withstand the voltage rise on the next cycle of power is directly related to 
the number density of ions present after the arc ceases. These results also help to 
explain the effects that impurities have on the decomposition products of SFg. 

^L. C. Frees, L. G, Christophorou, H. W. Ellis, and I. Sauers, 28th Annual Conference on 
Mass Speotrometry and A l l i e d Topics , New York, 1980, p. 197. 

^L. C. Frees, I. Sauers, H. W. Ellis, and L. G. Christophorou, J . Phys, D: Appl, Phys. (in 
press). 
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A METHOD FOR MEASURING THE GAIN OF AN 
ELECTRON MULTIPLIER; WILLIAM J. FIES. JR.; Finnigan 
Corporation, 815 W. Maude Avenue, Sunnyvale, CA 94086 

This paper presents a method for measuring the gain of an 
electron multiplier that does not reguire direct measure
ment of the input current. The method is based on the 
•relation between the DC current and the.RMS noise current 
at the input to the electron multiplier.' Errors also arise 
if shot noise is not the dominant noise source in the 
system. However, methods for evaluating these errors are 
presented. The method offers a means for comparing the 
quality of various devices that use electron multipliers 
and also for judging the relative;degradation over the 
life of an electron multiplier. 
Experimental results are presented, that were obta.ined from 
measurements on various types of electron multipliers 
installed in a quadrupole mass spectrometer. The-method 
is particularly suitable for implementation in the 
computerized data systems in common use with mass 
spectrometers. 
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STUDIES OF ELECTRONIC TRANSITIONS AND EXCITED 
STATE Cllli^aSTRY BY 10>: KINETIC ENERGY SPECTROMETRY; A. J. 
ri.LLF.S jnd M . T . E0U1R5; Dept. of Chem., Univ. of Ca. , Santa 
Barbara, CA 93106 

Ion-atom collisions c^curir.g at high .energies (8 KV) involve 
electron-cloud in::erac ̂ioiis with, relatively small momenta 
exchange. During these collision.'^ translational energy of 
the ion (the fast: particle) may be converted into internal 
energy of che systeni ap.d vice versa, leading to a form of 
kinetic energy spectronetry. We have used the ZAB-2F in two 
different types of experirnenta, both' involving the study of 
excited- states using the collision cell. 
In the first type'of experiment use has been made of the fact 
thac the ground state and exciced states of ions may have 
different kinetic energy releases after a collision. This 
allows one to study reaccions of electronic exciCed states in 
the ion source. We have already demonstrated that an excited 
state of NO can be coUisionally stablized and are in the 
process of measuring self stablization efficiencies. 
The second experiment involves Che use of high translational 
energy resolution (>40,000 FWHM) Co study electronic transi
tions in the collision itself. For exaraple the following 
reactions with Kr are observed by the energy gain and loss 
of the main beam. 

Kr+(^P3/2) -̂  Kr+(^Pi/2) AH=+0.67.eV 
Kr'^(^Pi/2) -̂  Kr+(^P3/2) AH =-0.67 eV 
This experiment can cherefore be used to study both the 
energies of .electronic'states of ions and as a specific 
probe for individual states-as in part 1. As an example of 
the latter experiment v̂e have shovjn that the two elecCronlc 
sCatcs of Kr react 'wlch- N2O at different rates. Quantita
tive measurement cf these rates will'be attempCed in order 
to compare our results vith tVic kno;jn published rates, and 
to establi=;h the technique. Data on a number of molecular 
systems will be presented as well. 
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A STUDY OF DOUBLY-CHARGED ORGANIC IONS BY THE CHARGE-STRIPPING TECHNIQUE. T. Ast, 
C.J. Porter, C.J. Proctor and J.H. Beynon, Royal Society Research Unit, University College 
of Swansea, Singleton Park, Swansea SA2 8PP, U.K. 

+ 2-v _ 

Charge-stripping reactions : m i + N - » - m | + N + e , where N represents an atom or mole
cule of a neutral collision gas, have been studied in a collision cell located in the second 
field-free region of a double-focusing mass spectrometer of reyersed geometry. Charge-
stripping takes place in an isolated system in which the ion ra^ provides, through its trans
lational energy, the source of electronic energy to drive the reaction. The translational 
energy loss can be measured by passing the product m^* ions through an electric sector 
analyser and, provided certain conditions are met^, the translational energy loss will 
equal the ionization energy of m^- This constitutes a useful and generally applicable 
niethod for determination of double-ionization energies; it overcomes most of the problems 
associated with the commonly employed electron impact threshold measurements. An accuracy 
of ± 0.5 eV is typically achieved; the method is fast and straightforward and the sensi
tivity adequate for most species studied. 

A typical charge-stripping peak is shown in Figure 1(a). It represents the process 
^7^8* •*" ^^7^8* ^" toluene, using nitrogen as collision gas. Figure 1(b) shows the peak due 
to the main beam of stable CyHs' ions plotted under identical conditions so that the two 
can be compared. In order to obtain the translational energy loss Qmin in the charge-
stripping process (the translational energy difference' between singly- and doubly-charged 
ions), the high energy side of the charge-stripping peak is extrapolated to the baseline and 
its position corrected for the initial energy spread of the m* ions. Therefore, the peak 
onset represents the mf ions which have lost minimum translational energy in becoming m̂ "̂  
ions; any other processes involving.additional translational energy loss contribute to the 
peak broadening on the low energy side. 

Good agreement with literature values was found for a.number of organic compounds (Table 
1). Results for a number of monosubstituted-benzene molecular ions are shown in Table 2. 

Experiments were performed with a number of different collision gases; significant 
changes in peak abundances and widths were observed, but the position of the peak onset 
remained constant. The results of these experiments are shown in Table 3 which suggest 
oxygen to be the most efficient collision gas for charge-stripping. Helium collision gas 
causes considerable broadening of the charge-stripping peaks, which become almost twice as 
wide as the main beam as shown in Figure 2. 

Significant differences have been observed for production of doubly-charged ions from 
neutral molecules in the source by electron impact, and from singly-charged ions by the 
charge-stripping process. Thus, nitrobenzene gives an abundant doubly-charged molecular ion 
in the source but an extremely weak charge-stripping peak. On the other hand, methane shows 
no trace of the doubly-charged molecular ion in the source, but gives an abundant CH "*" ion 
by charge-stripping process'. 

References 

1. R.P. Morgan, J.H. Beynon, R.H. Bateman, B.N. Green, Int.J.Mass Spectrom. Ion Phys.,28, 
171 (1978). 

2. T.Ast, C.J. Porter, C.J. Proctor and J.H. Beynon, Bui1.Soc.Chem.Beograd,46, 135 (1981). 
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TABLE 1. Coinparison of experimental and literature values of ionization energies of some 
organic molecular ions. 

Compound IE(m'*"), eV^ IE(m+), eV^ 

Benzene 16.8 16.9 
Toluene 15.7 15.7 
Benzonitrile 16.9 16.9 
Naphthalene 15.0 14,7 
Biphenyl 13.3 13.6 
Anthracene 14.0 14.0 

a This work . 
b Literature value 
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TABLE 2. Ionization energies of some monosubstituted benzene molecular ionsCeHsX 

Substituent 

COOCH3 

COC2H5 

- CH2NH2 

NHC2H5 

N(CH3)2 

I 

NH2 

CHO 

lECCeHsX*-), 

12.8 

13.2 

13.7 

13.9 

14.5 

• 14.9 

15.4 

15.7 

eV lECCgHsX)^ 

9.35'' 

9.27" 

8.64*' 

7.56'= 

7.14 

8.72 

7.70 

9.53 

eV Substituent 

CH3 

Br 

OH 

Cl 

CN 

H 

F 

IE (CfiHsX*-), 

15.7 

15.7 

16.1 

16.2 

16.7 

16.8 

• 17.2 

eV IE(C 6H5X)^,eV 

8.82 

8.98 

8.50 

9.07 

9.71 

9.24 

9.20 

a All values obtained by photoionization method, unless 'specified otherwise, 
b Electron impact method. c Charge transfer method. 

TABLE 3. Effect of different collision gases on the charge-stripping process C7H9*-*- C-7H8 
in toluene.^ 

Collision 
gas 

C7Hg• peak width at 
half-height, eV 

CyHe peak width at 
• half-height, eV 

Abundance ratio 

CyHiVCyHJ--. 

Ar 

CHl, 

COJ 

He 

CO 

N2 

O2 

3.79 

3.92 

3.84 

4.03 

3.84' 

3.87 

3.83 

5.01 

5.47-

5.31 

7.79 

4.67 

4.46 

4.11 

6.2 X 10 

9.9 X 10" 

3.0 X 10 

5.3 X 10" 

2.2 X 10 

3.9 X 10~ 

4.6 X 10 

a T h e pressure of the. collision gas was adjusted in each case so as to effect an 80% 
attenuation of the main beam. .: 

ION ENEROY H t l PER DIVISION ) 

25 " 20 15 10 

QmIn !cV) 

2-f 

FIGURE I. Comparison of peak widths a) for the CyHg peak from the charge-stripping process 
CyHg* -4 CyHg"*" and b) for the main beam of stable CyHg' ions in toluene. 

4 7 4 
FIGURE 2. The peak - due to the charge-stripping-process CyHg * -*- CyHg in toluene obtained with 
nitrogen collision gas (lower trace) and helium collision gas (upper trace). 
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MASS SPECTROMETRIC INVESTIGATION OF THE KINETICS AND ENERGETICS OF THE- IONIZATION 

OF VAN DER WAALS CLUSTERS 

J. H. Futrell 

Dept. Chemistry, University Utah, Salt Lake City, Utah 84112, USA 

K. Stephan, T. D. Mark 

Kernphysik und Gaselektronik, Institut fiir Experimentalphysik 

Leopold Franzens Universitat, A 6020 Innsbruck, Austria 

K. I. Peterson, A.W. Castleman, Jr. 

Dept. Chemistry, University Colorado, Boulder, Colorado, 80309, USA 

N. Djuric 

Institute of Physics, 11001 Beograd,, Jugoslavien 

The formation and investigation of ,the physical and chemical properties of Van 

der Waals cluster molecules is a topic of considerable current interest. Little in

formation exists on kinetics parameters for the formation of these species and for 

their electron impact ionization and-subsequent decomposition mechanisms. Accordingly, 

we have used our molecular-beam-deflection-mass-spectrometer-technique /I,2/ to in

vestigate the cluster systems (CO-) and (NH,) with x up to 10. For both neat and 

seeded beams we have investigated the kinetic energy distributions of the neutral 

species, the electron impact ionization appearance potentials of the respective 

ionic clusters, the energy profiles of fragment cluster ions and the in-flight de

composition processes (both unimolecular and collision induced) forVan der Waals 

and proton bound cluster ions /3-5/. 

-5 

The experimental apparatus used in the present study consists of a 10 m aper

ture molecular beam source and a reversed geometry double focussing mass spectrometer. 

The expansion chamber is pumped by a 500 l/s turbomolecular pump. The supersonic jet 

is sampled transversely by an electron impact ion source and an ion optical system 

described in detail in Ref. I and 2. The transverse sampling of the supersonic beam 

results in ions originating from the beam having a significantly different velocity 

distribution than ions originating from the stagnant background gas. Application of 

a deflection voltage allows the separation of beam components from the background 

gas. Moreover, we have used the general utility of the high resolution mass spectro- ' 

meter in order to positively identify and analyze certain cluster ions. In the 

ammonia system, for example, the NH. produced by electron impact ionization of 

(NH,). at m/z = 18 is contaminated, under certain circumstances, with NH,, OH,, 

0 and with NH.* produced in the background gas via reaction NH,* 4 NH, -* NH.*.. 

The present results include appearance potentials of the following ions: (CO,), > 

(CO COg)*, (Ar COj)*, NH^*, (NHj)^*, (NH3)2H*, (NH3)3*, (NH3)3H* and (NH^ NH3)*. Using 

a thermodynamic cycle the exothermicity of the reaction of CO, with CO, to form (CO,), 

was found to be 17.5 + 3 kcal/mole in good agreement with previous high, pressure mass . 

spectrometry determinations /5,7/, thus resolving previous discrepancies between ioni

zation and ion molecule studies. Unfortunately in case of ammonia not all of the existing 

discrepancies could be resolved. In both cases it was possible to detect the fragment 
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ions (NH. NH,y* and (CO CO.)* and'raeasure their appearance potential in good agreement 

with values derived from the respective monomer fragmentation. 

The present apparatus was also used to investigate the dissociation of ion clusters 

as a function of time after ionization, using the well established technique of decoup

ling the acceleration and deflection'electric fields /8/. The reliability of the tech

nique was demonstrated by a study of well-characterized metastable ions in propane which 

corrobates and extends previous measurements, lending credence to the presently re

ported metastable cluster ions. Our tentative conclusion is that small cluster ions 

should be described by a"loosely-coupled mode. The simple dissociations of (002)2 > 

(NH,),* and (NH.j.H* are all collision-induced, supporting this model. On the other 

hand, the observation bf true (unimolecular decay) metastables for the rearrangement 

decay of the ammonia dimer ion to NH.* and for the dissociation of the proton bound 

trimer to the proton bound dimer ion suggest strongly-coupled oszillators which are 

most appropiately treated by a statistical model such as the QET. Molecular complexity, 

the availability of a rearrangement decomposition channel, and the strength of bonding 

in the cluster are relevant factors which affect the transition from short-lifetime to-

long-lifetime cluster ions. 

A full account of this work will be submitted for publication, see Ref. 3-5 
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UNIMOLECULAR f=RAGMENTATION OF IONS: COMPETITION BETWEEN STATE SPECIFIC 
AND ENERGY RANDOMIZED PATHWAYS 
J.P. Giiman, T. Hsieh and G.G. Meisels, Dept. of Chem., Univ. bf Nebraska, Lincoln, NE 68588 

The fragmentation of gaseous ions is generally interpreted in terms of the widely accepted quasiequili
brium theory of mass .spectra (QET). It is usually applied by assuming that molecular ions are formed in 
a distribution of electronically and vibrationally excited states which rapidly convert to vibrationally 
excited s tates of the ground electronic state of the ion. Fragmentation is then described by a series of 
consecutive and competitive fragmentation processes from, an energy randomized-intermediate. That 
is, energy randomization over all vibrational and rotational degrees of freedom is normally assumed to 
occur entirely within the ground electronic s ta te . 

"Isolated" (non-interconverting) e l e c t r o n i c s t a t e s have beenrevoked. repeatedly t oexp l a ln unexpected 
results in organic mass spectrometry, however, unambiguous verification of the existence of "isolated" 
s tates is difficult at best. 

We have recently presented evidence that the assumption of conversion to tlie ground state and 
randomization may not hold for methylnitrite ion (CHpNO*'). The fragments NO+(30) and CH30''"(m/e 
31) are formed non-competitively and we have postulated that they come from different electronic 
surfaces of the parent ion, possibly involving a curve crossing in the formation of CH30'"(1). This 
unique behavior may be associated with the -ONO group where the lone pair electrons may play an 
important role. The relatively small size of this molecule may also be of significance. We report here 
on our investigation of these factors using threshold photoelectron-coincident photoion (TPE-CPI) mass 
spectrometry (2) of the higher homologues of methylnitrite; ethylnitrite (C2H5ONO), deuterated 
ethylnitrite (CzDsONO), and n-propylnitrite (n-CsHTOND). 

Ethylnitrite and deuterated ethylnitrite were synthesized by dripping diluted sulfuric acid into a cold, 
aqueous solution of ethanol (or C2D5OD) and sodium nitr i te. The escaping gas was passed through a 
cone, solution of NaOH to remove NO2 and through a drying tube containing CaClj, and collected at 
0 ^ . Trap-to-trap distillation was repeated several times before the product was stored in a dry ice-
acetone cold bath. h-Propylnitrite was obtained from Frinton laboratories and was further purified by 
vacuum distillation. - " ' . 

Asymmetric peak broadening of m/e 31 ( C H P T but not of m/e 30 (NO'') in the TOF curve (Fig. 1) from 
TPE-CPI of methylnitrite is the principal evidence supporting that these ions arise from separate non-
interconverting electronic states of CHjONO"''. In propylnitrite, the peak analogous to CHp*" is the 
QH^O+ion (m/e 59) but it-is not observed in the TOF curve (Fig. 2). Mass resolution in the TPE-CPI 
apparatus in. the TOF mode is approximately 30 and is not sufficient to resolve m/e 59 from m/e 60 
(CHpNO*'). However, low and high energy electron impact mass spectra indicate that C3H7O* is not a 
major fragmentation pathway in the decomposition of n-propylnitrite, unlike the processes leading to 
C H p * and C2H5O* in methyl and ethylnitrite, respectively. In.addition, no rnetastable ions from n-
propylnitrite ion were observed in the 3rd field-free region of the triple sector mass spectrometer (EBE; 
Kratos MS50TA) but this may be due to the very weak parent ion intensity (''>'0.3% of base peak intensity 
in 70 eV EI mass spectrum). Collision-induced dissociation (CID) also produced no peaks corresponding 
to m/e 59 (Fig. 7)" indicating that C ^ f i * is not a significant fragmentation product ion. Evidence 
obtained from the metstable, CID and TPE-CPI studies suggest that the fragmentation of n-CsHTONO'' 
to CSHTO*" ion does not involve dissociation from different electronic states and that its fragmentation 
behavior is statistical in nature. 

In the fragmentation of ethylnitrite, a fragment is observed at m/e ^5 (Fig. 1); it includes two 
unresolved ions, C2HjO''' and CHjNO'*'. The corresponding ions in deuterated ethylnitri te are CD3NO* 
(m/e its) and C2D^' ' ' (m/e 50) (Fig. 2). The - TPE-CPI mass spectra do not permit a conclusive 
elimination of asymmetric peak broadening of C2D5O*. However, a metastable peak (MIKES scan of 3rd 
field-free region) was observed for CjDsO'' (Fig. 6) suggesting that the lifetime of CoDjONO*" (and 
correspondingly C^HsONO*" (Fig. 7)). Although CD^NO*" was also observed as a metastable it probably 
arises from collision-induced dissociation as is the case with NO"*̂  from methylnitrite ion. (1). 
Breakdown graphs constructed from TOF curves (Figs. 3-5; not corrected for false coincidences due to 
the transmission of energetic electrons through the TPE detector, see MAMOB7) suggest similarity in 
their fragmentation processes leading to CH30*from CHpNO'' 'and QD^O'''from C P s O N O t These 
studies indicate that ehtylnitrite may be non-statistical in its fragmentation behavior and further work 
using a quadrapole mass analyzer to improve resolution in the TPE-CPI results is underway. 

This investigation was supported in part by the U.S. Department of Energy under contract DE-A502-
76ER02567 and the National Science Foundation through the regional facility in mass spectrometry at 
the University of Nebraska. We also wish to thank Mr. Pradip R. Das for his assistance in preparing this 
manuscript. 
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NEUTRAL FRAGMENT SPECTRA OF THE 
TETRAMETHYL DERIVATIVES OF THE GROUP IVA ELEMENTS 

Gerald D. Flesch and Harry J. Svec 
Ames Laboratory-USDOE and Dept. of Chemistry 

Iowa State Univ., Ames, Iowa 50011 

A neutral fragment mass spectrometer capable of simultaneous mass anal
ysis of positive ions and neutral fragments resulting from interactions of 
electrons and molecules has been used to characterize the unimolecular de
compositions of the title compounds. Neutral species are produced in the 
primary chamber of the dual-chambered ion source using 200 ua pulses of 
50 eV electrons. The neutral species diffuse into the secondary chamber. 
Ions formed there are characterized by mass spectra and ionization efficiency 
plots . 

A "normal" mass spectrum is obtained when the 30 pa, 15 eV, secondary 
chamber electron beam is "on". An "autoionizing" spectrum is obtained when 
the secondary chamber electron beam is "off". Residual oxygen is used to 
calibrate the energy scale for the ionization efficiency plots. 

Mass Spectra. The two quadrupole mass filters were adjusted to obtain 
the maximum sensitivity at the lowest resolution compatible with obtaining 
good data. Ions obtained in the "norraal" spectrum could result from simple 
ionization or from dissociation ionization. Ionization efficiency studies 
usually permit differentiation between the two possibilities. CHa"*", C2H2"'", 
and C2Hi,+ are formed in low abundance in the secondary charaber by simple 
ionization of neutral fragments in or near their ground states. Except for 
C(CH3)3"*", M(CH3)3+ is formed by dissociative ionization of slightly excited 
M(CH3)i,' . This excited species accounts for >907. of the neutral species 
observed. Other metal-containing fragments are observed in low abundance. 
Spectra obtained at higher resolution indicate that the neutral fragments 
tend toward three-ligand species. 

Abundances of "auto" ions are very low. All ions M(CH3)n (n=p-3) are 
observed except C+. The abundances of both "normal" and "auto" ions vary 
linearly with pressure. 

Ionization Efficiency. Ionization efficiency data are good for CH3, 
C2H2, and CaHi, and ionization energies with ±0.15 eV uncertainties are 
obtained. Comparison to literature values indicates that C2H2 and C2Hi, are 
formed in the ground state and that CHa is formed with 0.29 eV excitatlonal 
energy, corresponding to symmetric stretch (0.3A eV) .-

Ionization and appearance energies for the metal-containing fragments 
are reproducible to ±0.5 eV. MCCHj) 3"*", except for C(CH3)3"'", result from 
dissociative ionization of M(CH3)i,". Most of the other ions M(CH3)j, 
(n=0,l,2) result from ionization of neutral fragments. 

Summary. At least four kinds of neutral species are produced: 
1). fragments containing only ligands; 2) fragments containing the central 
atom; 3) slightly excited molecular species, e.g. MCCHs).,*; and 4) highly 
excited molecular species, e.g. M(CH3)i,**. 

The CH3 fragment is produced in a vibrationally excited state, and 
C2H2 and C2H1, in their ground states. 

The most abundant product of electron - M(CH3)^ interactions is 
M(CH3)^ . 

This research is described fully in the issue of the International 
Journal of Mass Spectrometry and Ion Physics dedicated to the 60th birthday 
of Professor Doctor H. D. Beckey. 
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THERMAL IONIZATION SPECTRA OF ORGANIC CATIONS 

Alfred L. Yergey 
National Institute of Child Health and Human Development 
National Institutes of Health, Bethesda, MD 20205 

Robert J. Cotter 
Middle Atlantic Mass Spectrometry Facility 

Baltimore, MD 21205 

Thermal ionization, mass spectra of a wide variety of alkyl and alkyl/aryl ammonium, 
phosphonium and sulfonium, choline and its derivatives and more complex quaternary salts 
have been recorded. The spectra exhibit substantial molecular cation peaks, M , (from 
the salt, MX) as well'as fragment ions that are principally even electron species. These 
spectra are qualitatively similar to those produced by field desorption/collisional acti
vation (FDCA), by laser induced desorption, and by ocher new techniques for the mass 
spectrometry of non-volatile materials, but the process giving rise to our spectra is a 
purely thermal one. -No auxilliary ionization means are employed to produce ions; we 
merely heat salt coated filaments inside the ion source. 

A Finnigan 4000 quadrupole with an INCOS data systera was used in conjunction with a 
solids probe designed for thermal ionization. The probe, filaments and instrument modi
fications are described elsewhere in detail . Samples of salts were dissolved in water 
at concentrations of about 100 ng/ul* Filaments were prepared by placing 10 \il of a salt 
solution on the surface and drying "the solvent under a heat lamp. Dried filaments were 
inserted into the ion .source on the end of the solids probe and heated using current 
pulses that were adjusted for best spectra. Typical operating conditions involved pulses 
of 1,1 sec in a 2.4 sec cycle; the pulses had plateau current levels of about 2 amperes. 
Independent filament temperature raeasureraents show that at temperature <900*C, M ions 
are at a maximum and at temperature >1000°C fragment ions intensities are maximized. 

From the present work it cannot be determined whether the ions observed are produced 
on the surface and desorbed, or whether they are the product of gas phase decomposition 
after volatilization of the salt. In any case, at filament temperatures below about 
llOO^C, the ions observed are alraost exclusively even electron species. Based on earlier 
studies using MIKES^ and FDCA , we suggest that the mechanisms leading to the observed 
fragraents involve a series of a-cleavages and hydrogen rearrangements to yield a series 
iraminium (or phosphinium or sulfininiura) ions for salts that have alkyl substituents,e.g. 

+ + 1 , + 1 
R.N -»- R2 N=CHR , R'CH=N=CHR , etc, 

for tetraalkyl ammonium salts. For salts with some aromatic substituents, few if any 
imminium ions are seen, rather there are successive losses of one or 2 molecules of 
hydrogen at teraperatures just above the temperatures where M is seen, and then at 
higher temperatures, hydrocarbon fragraents are observed, 

1. A.L. Yergey, N.E. Vielra and J.W. Hansen, Anal. Chem., 52, 1811 (1980). 

2. M.L. Sigsby. R.J. Day and R.G. Cooks, Org. Mass Spect., 14, 556 (1979). 

3. H.H. Gierlich, F.W. Rollgen, F. Borchers and K, Levsen, Org. Mass Spect., 12, 387 
(1977). 
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CHARACTERIZATION AND OPTIMIZATION OF. 
-THERMOSPRAY IONIZATION; J. J. CARMODY. C. R. BLAKLEY, and . 
M. L. VESTAL; Dept. of Chem., University of Houston, Houston 
Texas 77004. 

Recently we discovered a new ionization technique which, 
appears widely applicable to mass spectrometry of nonvolatile 
molecules. This new technique, which we are tentatively 
calling the thermospray process, generally provides spectra 
-which are similar to those obtained by field desorption or 
plasma desorption without some of the disadvantages.. In 
particular, the new technique is compatible with on-line LC; 
it is fast, sensitive, relatively simple, and inexpensive. 
This new ionization technique employs apparatus.developed for 
on-line LC-MS coupling. While the mechanism of the ioniza- -
tion process is not yet fully known, it appears that ions 
are .produced by a combination of partial vaporization by 
very rapid heating of a liquid solution containing the 
sample and final vaporization by impact of an aerosol con
taining the sample on a heated metal plate. No ionizing 
source such,as an electron beam or strong electric field is -
required. We have recently undertaken a series of studies 
aimed at establishing the dependence of this ionization 
process on-critical parameters such as vaporizer temperature 
and geometry, liquid flow rate, and solvent composition. 
The results of these studies are presented together with a 
discussion of their implications concerning the mechanism 
of the process. Procedures for optimizing the performance 

.of the thermospray ionization process are described. 
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EFFECT OF "Ni BETA PENElKATrON DEPTH ON THE EIECTRON CAPTORE DB1ECT0H AND TOE 
ATMOSPHERIC HfflSSURE IONIZATION HASS SPECTP.rWETER 

H. J.. Coruially, S. If. Ibrden, and E. P. Orlmarud, Deparlment of Chemistry, 
Montana State University, Bozeman, Montana 59717. 

Tho typical geometry of the Eleotron Capture Detector (ECD) or the Atmospheric . 
Pressure Ionization-(API) mass spectrometer lon source is cylindrical where the beta emitter, 
"Ni (embedded onto Pt foil), forms the entire cylindrical nail. We would like to determine 
the density of ioniaation caused by the beta flux within these cells as a function of 
distance from the cell walls. 

An APIHS was need with two different, lon sources.' In loii source A Ionization is 
caused by a small disk containing 0.20 nCl of ^TH. 'Rie disk Is momble so that the 
distance, d, between the disk and the lon-sampllng aperture Is continuously variable. Ion 
source B has a large l5-inCl *'N1 foil forming the. cell wall in addition to the small 
movable disk. The total positive lon signal is measured as a function of d for each cell. 

source A 
has movable 

clisk^ on ly 

sou rce B 
also has " N i 

13- u It I t /W 11. Id 8 £ 1 

disk to ape r tu re 
d i s t a n c e (mni) 

The results shown above are for air carrier gas at ambient temperature and pressure. 
For these conditions, total negative lon signals varied with d in exactly the same manner. 
At higher source temperatures, the total positive lon signals are consistently lower (most 
likely due to the reduced mass density), but are dependent on d in a proportionately 
similar manner as the data shown above. 

The ion signals observed are thou^t to reflect the Ionization density caused by "Nl 
beta radiation in a small portion of the source immediately adjacent to the sampling 
aperture. The most striking feature of the data is the relatively large signals observed 
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when the disk is very close (d^ 1 mm) for both sources (see region marked "X" on figure). 
Thla result Is somewhat unexpected In that the "average" ̂ ^Nl beta is calculated to 
travel about 13 mm In one atmosphere of air, and should cause somewhat greater Ionization 
per path length as the beta loses energy during its flight. The increased lon density 
observed necr the foil surface Is due to low energy betas and those which are backscattered 
frcm the Pt foil on which tha *'N1 Is embedded. (Obviously, J of all betas are initially 
directed backwards inte the Pt foil. Because of the large atomic mass of Pt a significant 
fraction of these will backscatter with reduced energy Into the source.} 

We are presently attempting to transfonn the data shown above so that the ionization 
density thoughout any Imagined cell design can be precisely predicted. Tlhlle this work 
Is is not yet conplete, a qualitative prediction for the lO-om cell Is readily obtained 
frcm the data shown in the above figure. This data suggests that the ionization density 
near ths wall of a 10-mm cell will be significantly greater than that in more central 
regions of the cell. 

This conclusion is drawn by considering two small volumes within the IOHSOI cell. 
Let onewolume, x, be near the cell wall and another, y, be near the axis of the cell. 
The relative Ionization density at point y is estimated from the data in the figure 
in the region marked "T". This measurement ( hSK) Is proportional to the lon density at 
a point on the axis and at the end of the cylinder. Ibe lon density at a point on-axis 
and at the center of the cylinder may be np to twice this value (proportional to 90K). 
At point X, ionization from long-range betas should be similar in magnitude to that seen 
at point y. However, point x also experiences considerable addition ionization A:om 
short range effects (see regTon "X" of the figure). The curvature of the cylindrical foil 
will further enhance the short range effects. "Bius, we expect ionization density near 
the wall ef the 10-mm cell will be at least 2x greater than that near the axis of the cell. 

Significance for APIMS and ECD. In optimizing the *'Ni API source, the most Important 
consideration is to cause maximum ionization near the sampling aperture. Our data suggests 
that a cylindrical source of smaller dimensions than the 10-mm source used here will 
provide greater total lon signals even thou^ its net activity will be less. 

Recent developments in the theory of the ECD indicate that positive ions will 
contribute (subtract from) the normal ECD response to sample. The magnitude of this 
positive lon contribution will depend on the penetration depth of the ionizing radiation 
relative to the size of the cell. In our present studies of Gas phase Coulometry, we 
have taken advantage of this knowledge by designing ECDs i4ilch are affected minimally 
by the posltive-lon contribution to the response. 
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AN IMPROVED FI/FD/EI ION SOURCE FOR USE ON A MODIFIED AEI MS9 MASS SPECTROMETER. 
A. H. Hogg & J. D. Payzant; Department of Chemistry, University of Alberta, Edmonton, 
Alberta, Canada T6G 2G2 • -

An FI/FD/EI ion source has been in use in our laboratory for about 5 years. It was 
described at the 1977 ASMS meeting and later in the literature (A.M. Hogg & J'.D. Payzant, 
Int. J. Hass Spectrom. Ion Physics 27^ (1978) 291). It has been used on a routine basis 
for hydrocarbon analysis in the FI mode and to a lesser extent- for FD analysis of organic 
and organometallic compounds which could not be handled by EI and CI. Some limitations in 
the design have become apparent over the years and an improved version is now in use which 
incorporates several'modifications. These changes, while relatively minor, have made 
routine day-to-day operation much more satisfactory. 

Sensitivity in the .Fl/FD mode is always less than ideal and the following modifications 
have been made to improve it. 
a) A narrower more gas-tight ionization chamber gives a higher loeal sample pressure around 
the emitter particularly in GC/FIMS operation. 
b) The use of a high negative voltage (""-1700 V) on the MS9's Y deflection plates (mean 
Y voltage) has been found- to give.-a gain of X4 on our -instrument when operated at a resolu
tion of -1000 with wide slits. 
c) An integrating input before the normal interface of our KRATOS DS50 data system give 
much better results where FI peaks are a collection of single ion peaks in close suc
cession. 

It has been found that performance can deteriorate and discharges occur which can only 
be cured by cleaning the counter electrode slit (sometimes this may be due to a broken 
emitter wire becoming lodged in the slit). Modifications in the new source allow the beam 
centering plates, the counter electrode and even the ion chamber walls to be removed 
quickly without disturbing the rest of the source. Reassembly and rejigging is v e r y simple 
and the source can be removed,- the counter electrode cleaned and the system put back in 
operation again in less than 1/2 hour. 

A new ionization chamber geometry is now used which is very similar to that of the 
standard EI source but only 1/3 of the width. A standard KRATOS filament and trap are used 
and higher-field collimating magnets have been installed.. SOOpA trap current can be 
maintained and sensitivity, using the repeller probe, is indistinguishable from the stand
ard source. High resolution EI scans can be interspersed with FI work without changing 
sources. For calibration purposes between FI runs it is only necessary to withdraw the 
emitter probe si ightly, sensitivity is adequate without the use of a repeller. 

Unlike the original design the new source uses standard KRATOS spacers and the heater 
wells in the new heater block accommodate Vacumetrics MS9 heaters (or the original 
KRATOS heaters). Jigging is simple using the standard MS9 source jig and rods. 

emitter. 
A floating variable voltage supply is needed to provide heating current for the 

ciiiiLter. Because high voltage arcs are a constant hazard, regulated supplies especially 
ones which incorporate feedback from a total emission monitor, have been found to be 
troublesome. A very primative supply using an alkaline D-cell (which lasts for several 
months of normal use) together with a simple current limiting circuit on the high voltage-
feed to the emitter is now used and has proved to be completely trouble free. 
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SIMPLE MASS SPECTROMETRIC 
ASSAY OF CARBON 14 FOR BIOMEDICAL STUDIES 

R.C. Abbott, M. Anbar and J.H. McReynolds 
Department of Biophysical Sciences 

..... School of Medicine. 
SUNY/Buffalo, New York 14214 

The possibility of mass spectrometric assay of. very small amounts of '̂̂ C 
was conceived in 1969 by M. Anbar. The first experimental attempts along this 
line were reported in 1974 (1). The objective of these early experiments was 
to assay l''c/12c isotopic ratios in the form of CN- ions down to 10-^^,-
to facilitate more sensitive carbon dating. This goal, which was not reached 
at that time because of background interference (^"si", ^SS-JH-) 
(2,3,4), has since been achieved by much more elaborate instrumentation 
involving accelerator generated C" ions (5,6). , • 

Compared with carbon dating, biomedical tracer studies-require a lower 
sensitivity of detection of I'̂C atoms by about 8 orders of magnitude. 
Consequently we concentrated our efforts to develop a simple mass ,. 
spectrometric technique which will meet the. biomedical needs without a -
prohibitive cost of instrumentation. Our goal has been ,to assay l̂ Ĉ with a 
sensitivity of 10^ higher than that achieved by routine scintillation 
counting, thus allowing clinical -tracer studies with a total body radiation 
dose of the order of 0.1 mrad. We,aimed at a mass spectrometric assay of 
3 x 10-^5 Ci (3 X 10^ l̂ C atoms), at specific activities of the order of 
6 X 10-5 Ci/mole, in less than 1 min. At this specific activity 
3 X 10-15 Ci 1''C would constitute 5 x 10-11 moles or 3xlol3 l^c 
atoms, giving a l.''c/12c ratio (R) of 3-x -10.̂ /3 x 10^3 = io-6. This . 
would require an overall ionization and detection efficiency of about 3 x 
10-5 ions/l^C .atom, an abundance sensitivity m/z 14/13 of <_ 10-^ 
(allowing assay of R £ 10-^) and a background of ,R <_ 10-^. These three, 
objectives have been achieved in a simple mass spectrometric system. 

The production of C- ions at a high yield was achieved in a small cold 
cathode discharge source in which COj is diluted in an overwhelming excess 
of He in the presence of Cs vapor. The pressure in the source is estimated at 
0.5 Torr, the partial pressure of CO2 10"^ to 10-'' Torr; cathode, 
potential - 2500V; source temperature 100 to 150°C; partial pressure of Cs 
about 10-3 Torr. A detailed description of the complex set of reactions 
taking place in the ionization source under these conditions is beyond the 
scope of this communication. In a very simplified manner it can be said that 
excited helium atoms produce from COj C atoms andC* ions and that these 
are converted to C- ions by reaction with Cs atoms. 

Under the conditions described above we can detect one C" ion for. every 
1.25x10^ CO2 molecules entering the source diluted with 5 x lO' He 
atoms, with the yield of C- decreasing with ..the square root of its partial 
pressure in He. This.change in sensitivity of detection of C- does not, 
affect, however, the ratio R, which depends on the ratio of l''C02 to 
12CO2. in the feed,-. . • ' -; . 

The two species that can interfere with our assay are '-•'CH-
(+1-2CD-) and ^-'CHj. These species could be formed from organic 
contaminants and especially from H2O in..the feed gas. Organic contaminants 
can be quantitatively removed by oxidation over CuO, but the par1;ial pressure 
of the water thus produced cannot be readily reduced below 10-^ 1;orr without 
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a chemical conversion train (3). To check on the yield of CH-.and CH^ 
formed from CO2 and H2O we deliberately added overwhelming amounts of 
H2O to the feed gas (H2O/CO2 = 30). We then observed at 4 torr H2O a-
significant increase in the m/z 13/12 ratio-by about 0.03 while R increased by 
< 7x10-3. We then measured theyield of CH- in the form of CD- by 
adding D2O (98 percent 0) to the gas feed. 4R was proportional to the 
partial pressure of D2O. At a-partial pressure of 3000 ppm D2O and 98 ppm 
CO2 we observed AR = 0.013. From.this value we can calculate the yields of 
CH- and CHj formed from CO2 and H2O under the expected routine 
operating conditions. Under the latter conditions we expect a partial 

Pressure of < 10"^ torr H2O in the feed gas, thus the contribution of 2CH? to m/z 14/12 would be < 0.007 x 10-8/4 = 1-8 x lO-H. The 
contribution of I^CH- to m/z 13/12 would be < 0.03 x 10-8/4 = 7.5 x 
10"11 and therefore the expected contribution of I^CH- to R would be 
< 10-12. Remembering that the CHj and CH- background due to 
hydrocarbon contamination can be quantitatively removed (< 10-1") by passing 
over CuO (3), we conclude that the projected background at m/z 14 due to 
13CH- (plus 12cD-) and 12CH2 is < 10-10, as required by "our 
rather ambitious design parameters. The requirement of abundance sensitivity-
of < 10-^ is readily achievable between m/z 13 and .14 with a magnetic sector 
(1). 

We have thus proven the feasibility of the mass spectrometric assay of 
l^C at sensitivities which exceed routine scintillation counting by over 4 
orders of magnitude.- We are now designing a gas chromatographic preseparator 
followed by a CuO combustion furnace'and a chemical water removal system (3) 
(7) to allow handling of a'variety of ^'^Z labelled compounds. 

Acknowledgement. This research has been sponsored by a grant from NIGMS NIH 
number 15768. ' - -
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A NpVEL EI/CI ION SOURCE FOR A QUADRUPOLE MASS SPECTROMETER; 
GEORGE C. STAFFORD, DONALD C.-BRADFORD, and DAVID R. STEPHENS ' 
Finnigan MAT Corp., 8̂ 5 W. Maude Avenue, Sunnyvale, CA 94-086 

The object of this research program is to develop an improved ion source 
for a quadrupole raass spectrometer with optimized perforraance in both 
EI and CI operation. A main consideration is the reduction of ionizer 
contamination so that we can raaintain high sensitivity and extend the 
operating period between routine cleaning. A final goal was to Incorporate 
into the ion source design an electric discharge as an alternative to the 
conventional -filament. 

We have observed operation of an ion source under CI conditions quickly 
contaminates the inside of the ionization chamber (ion volurae). Although 
this contaralnatlon does not seriously reduce perforraance in the CI raode, 
ionizer sensitivl1:y in the EI raode is drastically reduced by ion chamber 
contamination. Therefore, an ionizer designed to-be operated in EI and 
ci should have separate ion chambers to eliminate cross contamination 
between these two raodes of operation. . 

To allow for separate EI and CI lon chambers, we designed an lon source 
with Interchangeable lon chambers which can be removed through the solid 
probe vacuum lock. This exchange Is accomplished with a special probe 
and without loss of the manifold vacuura. Both the EI and CI ion chambers 
were designed to give optimum perf orman'ce.. in their respective mode of 
operation. The EI chamber has a relatively large electron entrance 
aperture to allow a high electron current inside the lon volume in order 
to increase ionizer sensitivity. Also the EI ion exit aperture is very 
open so that Ions can be efficiently extracted by the lens system and 
Injected into the quadrupole filter (see the EI configuration dlagrara). 

On the other hand, both the electron entrance and the ion exit aperture 
are much smaller in the CI ion charaber. These smaller apertures reduce 
the conductance of the lon chamber and allow for the high reagent gas 
pressure (~'l torr) necessary for CI operation (see the CI configuration 
d i a g r a m ) . . . 

The new Ionizer design also Incorporates a low current electric. ; dis
charge as an alternative to the conventional, filament. The cup electrode 
opposite the filament (see diagrams) functions as a conventional electron 
beara trap under normal EI operation, however, this cup electrode is 
also used as the discharge cathode under CI conditions. Under CI 
pressures of approxiraately- 1 torr, a potential of 1 to 2 KV will produce 
a low current (100 uA) stable gaseous discharge Inside the hollow cathode 
electrode. The discharge will Inject energetic electrons Into the lon 
chamber causing ionization of reagent gas and sample raolecules. Ion 
source sensitivity with the electric discharge is comparable to CI 
operation with the filament. The electric discharge will be most 
useful when corrosive or oxidizing CI reagent gases are used that 
would norraally adversely effect filament longevity." 

163 



El Configuration 

L 
. j f ^ 

Magnet Assembly 

Filament ^ 

GC or LC Inlet ^ ^ 

1 

^ 

ll u 
K '' 

" 
\ 

ionization'' 
Chamber 

Electron Beam Trap -
and Hollow Cathode 
Discharge Electrode 

Un 

L 
X 

\ 
A 

Quadrupole 
Filter 

lon Source Block 

Cl Configuration 

Magnet Assembly 

Lens Assembly 

lon Source Block 

164 



DESIGN AND DEVELOPMENT OF A NEW LC-MS USING 
SIMS AND COLLISION INDUCED DISSOCIATION 

Richard D. Smith 
Physical Sciences Department 
Pacific Northwest Laboratory 
Richland, Washington 99352 

At the ASMS meeting last year we reported the initial results obtained using a new 
LC-MS interface. The LC-MS designed in this work utilizes' a moving ribbon interface for 
evaporation of the mobile phase (froma Spectra Physics 8700 HPLC), sample storage, and 
transfer to the analysis section. In the SIMS mode the solid residue is bombarded with 
high energy ions and emitted secondary ions are energy selected and analyzed using a quad
rupole mass spectrometer. Alternatively, the ribbon is heated rapidly and desorbed species 
are ionized using electron impact. Figure 1 gives and overall schematic illustration of 
the apparatus. 

In the development of a new LC-MS instrument using secondary ion emission, we have 
attempted to maximize both sensitivity and selectivity. The thermal desorption/electron 
impact mode of operation was included to allow conventional mass spectrometric analysis for 
comparison with the SIMS mode without degrading its performance. The instrument includes 
a triple.quadrupole analyzer to allow the application of collision induced dissociation 
(CID) techniques for enhanced selectivity. Novel features of this instrument include 
aerosol deposition of the LC mobile phase for more efficient evaporation', ribbon storage^ 
and clean-up techniques^. Figure 2 demonstrates the application of ribbon storage tech
niques to a complex fuel sample showing the reconstructed ion chromatograms for ribbon 
passages at three different temperatures. Figure 3 gives results of a calibration experi
ment obtained in the SIMS mode of operation demonstrating detection limits in the 10 pg. 
range for arginine while scanning. 

Our experience with LC-MS using electron impact and SIMS ionization methods in con
junction with ribbon storage capabilities indicates significant promise. The major 
findings on the basis of these studies may be summarized as follows: 

1. Ribbon storage techniques offer extended analytical capabilities for both TD/EI 
and SIMS methods. In the TD/EI mode the separated chromatographic material may be examined 
repeatedly at increasing temperatures while in the SIMS mode only minor sample amounts are 
consumed in each subsequent analysis under the relatively high primary ion currents. In the 
TD/EI mode the ribbon storage technique allows several advantages over the conventional 
approach including the selectivity from multiple passes at increasing temperatures, the -
potential of decoupling the moving ribbon speed for LC deposition from the speed through 
the flash heater, and removal of the requirement to optimize the flash heater temperature 
for each compound of interest. 

2. The "SIMS ionization mode offers an effective and sensitive method for the detection 
and identification of many, particularly thermally labile, highly polar compounds. Initial 
results indicate that quantitation is possible by adjustment of ribbon speed, or sample 
flow to the ribbon, to limit material to less than a monolayer on the ribbon surface. At 
higher concentrations response becomes nearly independent of concentration while very 
thick layers may act as an insulator and cause a suppression of ionization. The suppression 
might be avoided by use of fast atom bombardment. 

3. Ribbon cleaning using silver vapor deposition offers an effective mechanism for 
reduction of background due to impurities, ribbon contamination, and residual material 
from previous analyses. The combination of TD/EI'and SIMS may prove to be a particularly . 
effective combination, particularly in conjunction with ribbon storage techniques. In 
such a dual source, for example, the first ribbon pass can be in the SIMS mode which 
results in only minor sample consumption while subsequent ribbon passes could use the 
TD/EI mode. The combined approach offers the possibility o f a greatly enhanced ability 
for identification of complex samples while reducing to a minimum compounds which might 
not be responsive to one of the methods. 
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FIGURE 1. Schematic i n u s t r a t i o n of the LC-MS using electron impact and SIMS ion iza t ion . 
Not i l l u s t r a t e d is the water-cooled copper shie ld for the upper ribbon path to 
the analysis region to prevent heating in the "clean-up" region. 
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FIGURE 2. Normalized total ion counts as a function of scan number for a LC-MS analysis 
of methanol soluble fraction from a Sephadex LHr20 column separation of a re
torted shale oil. The reconstructed ion chromatograms were obtained in the 
TD/EI mode and represent three passes of the separated material from a single 
injection through the analysis, region at the indicated temperatures.. 

im ARGININE ON Rl 

FIGURE 3. Mass spectrometric response at m/z 173 for samples spanning eight orders of 
magnitude in concentration (10 pg to 1 mg). Samples were placed in uniform 
spots on the ribbon and the maximum count-rate plotted versus sample size. 
Also indicated are the background count rates for a clean ribbon and a water 
"blank." 
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THE DESIGN OF A TOTALLY-COMPUTER-AUTOMATED ECLECTIC TRIPLE 
QUADRUPOLE MS/MS* 

Carla M. Wong, Richard W. Crawford, Victor C. Barton 
James E. Bowman and Hal R. Brand 

Lawrence Livermore National Laboratory 
P.O. Box 808, L-310 

-Livermore, California 94550 

-The triple quadrupole mass spectrometer as an unique analytical instrument 
has been previously described by Yost and Enke. At Lawrence Livermore National 
Laboratory, a need for this .instrument has been clearly noted due to the 
variety and complexity of sample types and the urgency with which some 
analyses are needed. Additionally, much of our data have to be transportable 
to the large systems computers such as the CDC7600 or'the CRAY for modeling 
studies. 

Given these constraints, we decided to build a completely automated system 
using two LSI-11/23 computers, one to control data manipulation and storage 
and the other one to handle data acquisition and control of all of the mass 
spectrometer hardware. 

All ionization voltages, source elements, axial energy and interquad 
lenses are designed to be under computer control. This enables us to perform 
such functions as automatic tuning procedures, switching the source from EI to 
CI or from positive to negative ions. 

The quads are set up to scan rapidly, with one or both under "firmware" or 
"software" scan control. The resolution, DC on/off, CID chamber pressure and 
gas type are computer controlled. ' 

The detector high voltage and positive/negative ion current measurements 
are under computer.control. 

The system is differentially-pumped by three turbo molecular pumps and 
will have a direct inlet solid probe, gas chromatograph, and gas and pyroprobe 
inlets. 

Work performed under the auspices of the U.S. Department of Energy by the 
Lawrence Livermore National Laboratory under contract number W-7405-ENG-48. 
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ION DYNAMICS OF AN RF-ONLY MASS FILTER 

Donald M. Mintz; Charles A. Boitnott, aiid Urs Steiner 

FINNIGAN-MAT 
845 W. Maude Ave. 

. Sunnyvale, CA 94086 

The performance of a quadrupole mass filter operated in the RF-only mode has been 
modeled by two independent methods. The first is a multi-particle trajectory outcome 
survey. The second method employed a phase space approach, whereby transmission was taken 
to be the acceptance of an RF-only mass filter, averaged over initial RF phase. The goal 
was to characterize the dependence of transmission, path length, and transverse kinetic 
energy on operating parameters of the RF-only mass filter. 

By the first method, ions are injected into a mass filter from a parallel beam source 
with established axial energy. The initial transverse velocity was taken to be zero in all 
cases. It was assumed that the beam soxirce filled an entrance aperture uniformly in regard 
to position and initial RF phase. Path length through the filter could be calculated along 
the trajectories by summing contributions from each integration step (l/600th of an RF 
cycle). Average transverse kinetic energy was noted by calculating values at each 
integration,step, summing, and, finally, averaging over both the number of steps and over 
all of the trajectories surveyed (approximately 100). The exit aperture was taken to have 
a radius of rQ, that of the circle inscribed in the quadrupole rods. 

By the phase space method, on the other hand, the range of initial velocities could be 
that which would be limited by the exit aperture Cin this case, 0.127 cm radius). High RF 
voltages and high particle masses may permit ions having enormous amounts of transverse 
kinetic energy (exceeding 100 eV) to enter and be transmitted. Experimentally, the initial 
transverse- kinetic energy, especially for particles which have passed through lens apertures 
before entering the RF-only mass filter, should not exceed a few eV. 

The two methods thus differ in their selected range of initial transverse velocities. 
The actual emittance of the first mass filter of a triple quadrupole instrument, as 
transformed by exit lenses, has not been characterized. As a result, it was felt that the 
two methods outlined above would serve as useful limits to the actual device performance. 
The calculations were performed using parameters of a commercial mass filter having 
r = 0.275 cm, a length of 14 cm, and operated at 1.492 MHz RF frequency. 

The dependence of ion transmission and transverse kinetic energy on RF voltage for the 
multi-particle calculation are displayed in figures 1 and 2, respectively. The quantity 
labelled n̂ cur/m is a measure of peak to peak RF voltage V, where ni(-.j™ is the minimum mass 
transmitted at a given RF voltage. That is, at cutoff, 

2eV 
• • q = 0.908 = 2—2" 

"̂ CUT̂  ro 

where w = 2TTf furnishes the RF frequency. The prediction of the phase space method for the 
dependence of ion transmission on RF voltage is shown here in figure 3 for m = 40. 

The two methods differ scmewhat in their dependence of transmission on RF voltage. In 
the low RF voltage range, the principle limitation (phase space) comes from an inability to 
contain ions having even thermal off-axis velocity components. This is an ignored issue in 
the multi-particle calculation, so that the phase space method is probably accurate. 
Similarly, oscillations of transmission with RF voltage, which arise in the phase space 
calculation from the presence of an exit aperture, are expected to be realistic. 

in the high RF voltage regime, near cutoff, a substantial amount of energy is pumped 
into transverse ion motion. As seen in figure 2, the quantity Ei for m = 400 AMU is roughly 
10 times that for m = 40 AMU, That is, ions injected into a -'- mass filter of a given 
value of mprjm/m with no initial transverse velocity assume roughly the same average value of 
transverse velocity over the course of 20-120 cycles in the filter. At the same time, the 
multi-particle calculation predicts that a smaller range of starting positions may be 
transmitted as m̂ ytp/m approaches 1, That the transmission goes to zero as niQjj,j./m -> 1 makes 
sense, since trajectories for m < ITICUT H e outside the region of stability for a mass 
filter. This result is more reasonable than that of the phase space calculation, where the 
transmission oscillates about a continuous rise as m -̂  n̂ cuT" This is probably an artifact 
of permitting the initial transverse energy to assume any arbitrary large value. The 
plateau in the lower trace of figure 3 demonstrates the effect of even a fairly large 
upper limit (1 eV) to the initial transverse kinetic energy. 
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M IMPROVED TINE Q£ FLIGHT WASS SPECTROMETER. BY A. KORNEL. E. YOUNGINGER 

AND R. A. DAYJ UNIVERSITY OF CINCINNATI., CHEMISTRY DEPARTMENT. CINCINNATI. 

OHIO 45221 

The Time of Flight Mass Spectrometer (TOFMS) in our laboratories (Bendix Model 
12-101) had been modified to give a resolution of 500-700 (M/AM) and a sensi
tivity of 0.37 X 10 S tor 1 (Ref. 1). This resolution and sensitivity 
are suitable for modification to a capillary GCMS system, however, the original 
analog scanner and electrometer circuits could not withstand the faster scan
ning rates required by the use of capillary GC columns. Therefore, if was 
decided to improve upon these circuits and to further improve the ion source 
geometry (for sensitivity) such that the TOFMS could be interfaced with a 
capillary GC. 

The ocilliscope had been generally used as the TOFMS output device. Since 
this output is acquired at the rate of 10,000 spectra per second, it does not 
lend itself to direct interface with a data system. The analog scanner must 
.be used to interface to a data system. Since the original scanner and elect
rometer circuits were of vacuum tube design, they were not suitable for the 
following reasons: (1) loss of resolution, (2) loss of sensitivity, and (3) 
an increase in background noise (all compared to the ocilliscope output). 
Also, the scanner output being proportional to the square root of the mass 
(t = ITKM) presented a problem in interfacing to the available VG2000 Data 
System. This was due to software only being available for either linearly 
or exponentially acquired scans. 

The new electrometer and scanner circuits were designed using state of the 
art integrated circuitry. The electrometer (Analog Devices AD 51SKH) was 
redesigned to minimize all capacitances (i.e. time constants), was built on 
a P.C. board small enough to fit into the original analog electrometer (thus 
totally shielded) range switch, and this unit was mounted on an aluminum 
plate bolted directly to the detector header (thereby keeping all lines to 
a minium). This arrangement proved very satisfactory for sensitivity, speed, 
and reduction of noise. The solid state analog scanner was built into the 
original scanner console (a new console is being designed) and consists 
basically of a dual integrator. This arrangement presents the mass'output 
linearly with respect to time (t = KM). The scan rate over the range of 
500 to 17 AMU is 4 seconds. 

After completing and testing the efficiency of the electronic changes, the 
ion source was further modified. The modifications consisted of enlarging 
the first ion grid to O.S inches for increased ion throughput and, thus, 
increased sensitivity and enlarging the electron beam exit from 1/16 inch 
to 1/8 inch, thus improving the trap current. Further, the ion source inlet 
tube was modified such that a gas inlet system and a capillary GC interface 
could be used, either simultaneously or separately. 

The resulting TOFMS is suitable for interfacing to a capillary GC system. 
It can be scanned rapidly (4 sec., 500-17 AMU), has a linear mass output 
(t = KM) and has exceptionally high sensitivity. This makes the TOFMS an 
instrument relatively simple to operate and adequate for organic capillary 
GCMS analysis. 

Ref. 1. J. Lehman, E. Younginger, Inter. J. Hass Spectrum and Ion Physics, 
33, (1980) 95-98. 
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THE DEVELOPMENT OF A NEW HIGH PERFORMANCE MAGNET FOR THE-KRATOS MS80 
. S, Evans, L.C.E. Taylor, D.R. Denne, H.J.M, Fitches, C.J. Wakefield, 
K.R, Compson, Kratos Limited, Barton Dock Road, Urmston, Manchester, England 

Most commercial, mass spectroraeters are based upon the ion optical equations 
developed by Hintenberger and Konig. These equations, however, make a number 
of assumptions which restrict ..their value for modern mass spectrometer design. 
Thus: 

1. Fringing fields are ignored and all magnetic fields are assumed to be homogeneous. 
2. All aberration terms higher than second order are assumed to be small and are 

therefore ignored. 
3. The theory is confined to the radial plane and Z-direction defocussing effects 

are not considered. 

The computer program TRIOCl) enables third order terras and non ideal fringe fields-
to be considered. These methods have been extended'by us to include the use of 
hexapole lenses, which in advanced mass spectrometer designs contribute significantly 
to maximising sensitivity at high resolving power. 

Applying these computer treatments to existing mass spectrometer designs reveals that . 
many geometries, including .the so called zero-alpha-beta instruments, have finite 
second order aberrations and third order terms which in some cases are large and 
virtually uncorrectable. 

More complex magnet designs are now possible. The relative sizes of electrostatic 
and magnetic analysers and their associated field free regions are now seen to be 
less rigidly defined. For example, a dramatic reduction in-size of the ion optical 
system for a given performance is now possible. Furthermore, careful optimization 
of the construction of the magnet can also radically improve its scanning 
capabilities, A magnet incorporating all these benefits has been fitted to a 
Kratos MS80 mass spectrometer. 

Fomblin and P.F.K, materials 
frequently used as reference 
compounds in mass 
spectrometry, are used here 
to demonstrate the major 
advantages of the new magnet 
design. All the data 
presented here has been 
acquired via a Kratos DS55 
data system. 

Figure 1 illustrates the mass 
range now available at full 
ion accelerating potential, 
formerly 1000 amu, this has 
now been more than doubled. 
The spectrum was obtained 
using Fomblin, 
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The exceptional scanning capability 
is demonstrated in figure 2 which depicts 
the interscan reports for successive scans 
of the spectrum of PFK, The scans, covering 
more than a decade in mass, were obtained 
at a 1000 resolving power, 0,1 second per 
decade scan rate and a reset time of less 
than 0,2 of a second. The successive 
times recorded in the fifth column confirm 
the overall cycle time of better than 0.3 
seconds. 
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The consistency of the 
spectrura obtained under these 
scanning conditions is 
illustrated in figures 3 and 
4 which show plots of the 
spectrum recorded during 
consecutive scans of the 
magnet 

Figure 4 

Figure 3 

(1) Matsuo T; Matsuda H; 
Fujita Y; Wollnik H, 
Mass Spectroscopy (Japan)Vol 24 
No l.Mar '76 pp I9-6I 
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STABLE CHANNEL ELECTRON MULTIPLIERS 
P. Henkel and J. Gray; Galileo Electro-Opcics Corporation, Sturbridge, MA 01518 

Significantly.sTnaller gain degradation has been observed with a new Channeltron® 
detector incorporating a preamplified Spiraltron configuration and specially engineered 
materials. 

The glass surface of Channeltron electron multipliers widely used in mass spectro
meters are inherently stable in air; however, changes in gain during operation occur due 
to the electron cascade within them in combination with environmental factors. Normally, 
the greatest change occurs during the initial period of use when layers of gases adsorbed 
on the surface are being removed. Large degradation in Channeltron gain may be induced 
after this period of desorption by exposure to organic substances or.operation at 
pressures greater than 10~^ torr - conditions prevalent in organic raass spectrometry. 

It was hypothesized that both the desorption period and the magnitude of post-
desorption gain degradation raay be dependent upon multiplier material and/or configura
tion. Experiments were conducted in a cryogenically roughed, ion pumped, stainless 
steel and glass bell jar. Standard 4700 Series Channeltrons were used as a control. 
All detectors were operated simultaneously under Identical conditions at 3000V and an 
output count rate of 50,000 cts/sec. Although these conditions are not representative 
of environments encountered in organic mass spectrometry, in our opinion the relative 
test results (Indicated below) are valid. 

The improved stability of the new Channeltron is particularly evident after the 
period of desorption as.shown in the table. The period of desorption was substantially 
the same as had previously been observed for Series 4700 detectors. The rapid degradation 
of the standard detectors observed in our experiments is not a coiraoon phenomenon in the 
field and is, we believe. Indicative of some form of harsh environment in our test 
chamber (quite possibly'the proximity of hot filaments used to excite the detectors). 
The new Channeltrons were not similarly affected. 

The new detectors have been designated 5000 Series Channeltrons®. Future work will 
include evaluation under actual organic mass spectrometry conditions through cooperative 
efforts with manufacturers and individual users of mass spectrometers. 

COMPARATIVE GAIN OF MEV AKD STAMDARD CHAKNELTRONS» AFTER DESORPTION 

AS A PERCENT^ OF ORIGINAL GAUi 

Cain After 1x10^ Counca Gala Afcer 2x10^° Coimta 
Detector Original Gain Original Gain 

Hew Channeltron fl 60Z 65Z 

New Channeltroa #2 451 A5Z 

Hew Channeltron #3 62Z 66Z 

Standard 4700 fl lOZ *Not measured 

Standard 4700 12 22Z *lIot meaaured 

Standard 4700 S3 13Z *Not measured 

Standard 4700 f4 44Z 4Z 

Standard.4700 #5 35Z 5Z 

Standard 4700 f6 60Z 13Z 

*Due to the common high voltage configuration uaed In this teat, we were 
unable Co adjust for the Increasing difference In gain between che new 
Channeltrons and the standard Channeltrons. The pulse amplitude range 
capability of our counting electronics waa exceeded and testing of che 
standard Channeltrons was terminated at 10^ counts with cheir gain 
^6x10^. 
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ADVANCES IN ISOTOPE RATIO MEASUREMENTS IN 
GEOCHEMISTRY; S. S. GOLDICH, Branch of Isotope Geology, U.S. 
Geological Survey, Federal Center, Denver, CO. 80225 

.Advances in isotope ratio measurements are very evident in 
many areas of geochemistry within recent years. The ^'''Sm-
"*.'Nd decay system is now firmly established as a useful 
tool in geochronology, and, similarly, the '^^Lu-"^Hf sys
tem shows great promise. U-Pb and Th-Pb ratio measurements 
.have been extended to very small samples, and precise mea
surements have advanced not only age determinations but also 
understanding of geologic processes and of geologic history. 
Precise measurements of the isotopes of Sr, Pb, Nd, and, now, 
Hf provide a principal mode of attack on the fundamental but 
difficult problems of crustal and mantle evolution. Improve
ments, in isotope ratio measurements stem from three major 
sources: (1) improvements in mass spectrometers and related 
instrumentation, (2) refinements in chemical preparation 
procedures, and (3) progress in the use of data acquisition 
systems. Advances in measuring of light-stable isotope 
ratios have greatly increased the volume and quality of the 
data with applications becoming increasingly important in 
volcanology, climate research, underground water derivation 
and movements, geothermal development, ore genesis, and rock 
alteration. As the volume of analytical data obtained by in
strumental methods in geochemistry increases there is a con
stant and pressing need for maintaining standards of preci
sion and accuracy. Isotope-dilution mass-spectrometric deter
minations of minor and trace elements best fill this need 
for reliable standard r e fe rence materials. 
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THE COMPOSITION OF PLANETARY ATMOSPHERES; 
M.B. McELROY; Center for'Earth and Planetary Physics, 
Harvard University, Cambridge, MA 02138 

The elemental and isotopic composition of the Martian atmo
sphere was studied with mass spectrometers carried on the 
U.S. spacecraft Viking. Similar data areavailable for 
Venus from experiments on the U.S. Pioneer and Soviet Venera 
•probles. In combination with more extensive information for 
the Earth and meteorites, these data provide invaluable 
clues to the nature of the origin and early evolutionary 
history of the planets. Present understanding of these 
issues is reviewed. It Is argued that condensation in che 
early, solar nebula raay have proceeded more rapidly at the 
orbit of Mars, less rapidly at Venus. The pre-Venus mater
ial may have acquired significant concentrations of noble 
gases from the early solar wind while pre-Mars material inay 
have.differentiated losing volatiles during the first lO' 
years. Biological transformations Influenced the composi
tion of the terrestrial atmosphere from an early time and 
.are presently dominant for Important gases as N^, 0 CO., 
and CH,. I l l 
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A FRACTIONATION MODEL FOR THERMAL' lONISATION 

by K. Habfast, Finnigan MAT GmbH, Bremen (F.R.G.) 

Due to fractionation, the observed isotope ratio from a multiple fila

ment thermal ionisation source norraally is not the "true" isotope ratio 

of the sample. The true ratio has to be calculated from the raeasured 

data by application of (1) standard samples or internal standards of 

known isotopic coraposition and (2) a theoretical model which predicts, 

how fractionation "depends on the.different experimental parameters. 

The raodel presented here is based on a proposal of Kannc and assuraes 

(a): Langmuir type evaporation and complete mixing of the (solid) 

sample at any time, (b): partial decomposition of the sample into 

two chemically different isotopic species during evaporation and 

(c): different ion yields for the different evaporating species. 

By application of some meaningful approximations to the exact mathe

matical solution of the generalized Ralleigh distillation.equation, 

which is appropriate for the problem, one can deduce an explicit 

expression ..for the observed isotope ratio r , of a. saraple, having 

the "true" ratio R : o 

The two species have the evaporation rates dA/dt resp. dB/dt and 

the resp'. ion yields Ya and Yb. More.over, we define: 

oCj 3 = SQR (heavy/light raass) of the two species 

q = relative araount of undecomposed sample on the filament 

k = dB/dA ; j = Yb/Ya 

By integration of.the ion current/time profile i (t), the tirae depen-

i - : 
dence of r , can be calculated, .because 

obs • 

• • b • 

where M : Molecular weight of the saraple; F = 96522 A • s/mol 

Q : loaded sample weight in grams. 

177 



Some iraportant consequences are as follows: 

(1) 

(2) 

Y " - Y ^ ) i ^ Y ' ('^' "̂ '•̂ )̂ 

for q ='e ̂  S: 0,37, only if Ya = Yb 

(3) for an exponentially decaying ion current 1 = i • exp (-u • t) 

(i.e. for a constant evaporation temperature) and under the 

assumption that only one species evaporates (k = 0): 

a) the fractionation pattern is linear with time: 

"RT " °^' F ' yyQ, ^^^ 
b) t he f r a c t i o n a t i o n per mass d i f f e r e n c e A M i s g iven by 

c) t he measur ing e r r o r between two i d e n t i c a l saraples which 

a r e raeasured wi th d i f f e r e n t sample weight ( 6 Q ) , ion 

c u r r e n t s ( A i ) , ion y i e l d s ( i y) and a t d i f f e r e n t raeasuring 

t i raes ( A t ) i s 

/l-r„U^ ^ A M • " * . . . v . . , ^ , , . , . y , w > > / A r . M i 

^obs 2 ^M^PV^ffj'f^)' 
(4) the slope of the fractionation curve may be positive, negative 

or even zero, depending on an eventual change of k and/or j 

with time during evaporation. 

If, for a multl isotope system, equation (1) is applied twice for 

two ratios r , ,' resp. r , T, q can be eliminated and a general obsl '̂  obs2 ^ • ' 
equation for the normalization to an internal standard ratio (RQ2' 

is obtained: 

^ _ (QCM -> -fê  p.)(0^2 ̂ -fejSz) (o<,. -̂fe (3,. - ̂  - -fe) 
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The maximum normalization error {if the chemical form which evaporates 

is not known) is thus given by 

F - f ^ ^ Y ^ ( Rt>t-R») • A M^ , p _ iWLt , p MLI- I 
/V 

M, 1 MT T = Lower raasses of the ratios 
t l 11 t t ^ 

N : excess raass of the heavier chemical species 

We get F = 0, if the lower masses of both ratios are equal. 

If a sample (R .) and a standard (R p) of a two isotope system 

are raeasured, assuming k = O and identical saraple weights, but 

different ion current/tirae profiles ift), then their measured and 

true ratios are related as follows for an external normalization: 

/ ^ 

"' ' J- fyi,(t)-di J 

^ ' 2 - - O^ - y{ 

This equation reduces to the well-known: 

"o-t r?oa 

if the ion.current/tirae profiles of both runs are identical. 

(?) 
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OZONE MEASUREMENT TN THE STRATOSPHERE; K. 
MAUERSBERGER; School of Physics and Astronomy, University of 
Minnesota, Minneapolis, MN 55455 

A gas expansion system, combined with a mass spectrometer, 
has beentested and flown successfully in the stratosphere. 
In this arrangeraent, neutral gas particles are formed into a 
molecular beam which traverses the ion source of the mass 
spectrometer without wall interactions. Vertical profiles 
of constituents such as H2O, CO2, O3 and others have been 
measured. Before each flight the mass spectrometer system 
is calibrated in-the laboratory for many gases of interest, 
including ozone. Ozone mixing ratios determined in recent 
flights have accuracies of better than S%. 
The sensitivity of the mass spectrometer system is suffi
ciently high to also measure the heavy isotope of ozone at 
50 amu. A large, unexpected variation in the 50/48 ratio 
has been found, always exceeding.the theoretical value of 
6.1 X 10"^. During a day flight the ratio was almost three 
times higher than the theoretical value at 40 km. During 
night flights ratios of 8 x 10'^ have been measured, in
dicating a pronounced diurnal variation in the 50/48 ozone 
ratio. An enhancement of heavy ozone in the upper strato
sphere has been recently predicted by Cicerone and McCrumb 
(1980).* 

*R. J. Cicerone and J. L. McCrumb, Geophys, Res. Lett. 7, 
251, 1980. ^ -
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HIGH SENSITIVITY MASS SPECTROMETRY; VT R̂ . 

^hields &.Associates, Los Alamos National Laboratory 

High sensitivity mass spectrometry should be defined, at. 
least for the purposes of this discussion, as the measure
ment of a very small number of ions. The sample size's for 
the measurements described are all rather large and range 
from 10"^ to 10 ^° grams; the ratios range from 1:1 to 
1:10 . In every case the bottom detection limit is at the 

• attogram level. The instruments used to make these measure-, 
ments were all equipped with modified "Nier" linear thin 
lens sources, and collectors and measuring systems optimized 
at Los Alamos National Laboratory. The instruments are in 
no way unique but the methods used to eliminate isobaric 
•interferences warrants the discussion. 
Samples and measurements to be discussed: 

u233^ 4-9's pure 235-238 atom ratio 

Pû **** ' 239-244 atom ratio 

Bi 205, 206, 207, 208, 209 etc. 
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ISOTOPE RATIO"MEASUREMENTS OF IRON, ZINC, AND COPPER IN BLOOD, URINE, FECES, AND 
SWEAT OF MEN GIVEN STABLE ISOTOPE TRACERS 

Phyllis E. Johnson and Glenn I. Lykken 

USDA/SEA, Human Nutrition Research Center 
and 

Department of Physics, University'of North Dakota 
Grand Forks, ND, 58202 

The use of radioisotopes in research with human subjects is often ethically 
contraindicated, or, as in the case of copper, not practical due to the short half-lives of 
the radioisotopes available. -As research in trace metal metabolism and nutrition has 
increased, so has the need for the use pf stable isotopes in humans, and for methods of 
analyzing them. 

There are various published methods for EI/MS of metal chelates which have been applied 
to the analysis of metal isotopes in plasma, urine, and brain tissue. We found that 
problems arose when other samples of biological origin, such as feces, were used, due to 
the different matrix. We report here an adaptation of the method of Hui and Boulton (1) 
for the•analysis of isotopes of iron, zinc and copper as their tetraphenylporphyrin 
chelates with samples derived from plasma, red cells, urine, feces, and sweat of men, and 
from plants. 

Samples of tissue and excreta were ashed in a low temperature asher, followed by 
treatment with 50% H2O2. The ash was dissolved in 12 N HCl and the iron, zinc, and.copper 
separated as the complex anions ori Dowex-1-Cl, with a step gradient of 4 M, 2.5 M, 0.5 H, 
and 0.005 M HCl.' Samples were evaporated to dryness and derivatized with meso-
tetraphenylporphyrin (TPP) in refluxing dimethylformamide. Solvent was removed by heating. 

Each sample was dissolved in CHCl3, and 5-25 pl of the resulting solution was placed on 
'the direct probe of a Dupont DP-102 mass spectrometer. Analyses were done in the electron 
impact mode, with the source at 220" and the probe at a constant temperature of 275°. 
Repetitive scans of the mass region of the molecular ion were made, and ratios of ion 
intensities were computed after 200-500 scans. Masses scanned were.m/e 664-672, 675-685, 
and 674-682 for Fe TPP, Zn TPP and Cu TPP, respectively. 

Calibration curves were prepared using standards of 1% to 40 atom % excess of '*Fe, 
^^Fe, ^Zn, ̂ °Zn, and ^^Cu, and the theoretical and measured isotope ratios were compared. 
Eight levels of enrichment were used for each isotope. Levels of enrichment were measured 
with about 2.5% accuracy. 

This procedure is sufficiently quick and accurace for the routine measurement of 
enrichment factors in blood, urine, feces, and sweat from human subjects given stable 
isotopes as tracers. Absorption of an isotope dose can be measured by the method of fecal 
monitoring (2), or total dietary absorption of the metal in question can be measured after 
an equilibration period, using isotope dilution (3). Using isotope dilution, serial, 
absorption measurements can be made on the same subject after only one isotope dose. 

Using the former method, a man on a low copper diet was found to absorb 69% of a 2 mg 
dose of ^^Cu, while he and another subject on a diet adequate in copper absorbed 70% and 
85% of the 2 mg ^^Cu dose, respectively.. 

Using the latter method, two men on a diet low in zinc were found to absorb 64% and 83% 
of dietary zinc before being depleted of zinc, and 75% and 100% of dietary zinc after two 
months of depletion. 

It was possible to detect "̂"Fe and '̂'Zn in the sweat of these men 10 weeks after they 

ingested the isotopes, as shown in Table I. 

Intrinsically labelled foodstuffs can be produced by injection of stable isotopes into 
plants grown in soil in a conventional manner. Corn, wheat, and sunflowers were labelled 



Table I. Sweat of Men Given Fe and Zn 

m/e 666/668 (^Se) 679/676 (^^Zn) 

Unenriched standard .064 .394 

Blank .067 .384 

Volunteer 1' .121 ..421 

Volunteer 2 " ' .163 .428 

with Fe, Zn or ^^Cu at the pollination stage. The metal oxides were dissolved in HCl 
and then buffered at pH 6-7 with 0.1 M citrate-phosphate buffer before injection into the 
plants just below the heads or flowers. Copper enrichment was measured by both mass 
spectrometry and neutron activation analysis (Table II). Enrichment values vary somewhat 
between the two techniques because'of the heterogeneity of the samples; grains were sampled 
as kernels rather than ground. 

Table II. Cu Enrichment in Wheat and Corn 

Corn 

IJheac 
Wheat 
Wheat 
Wheat 

Cu, pg/g 

0.13 

• 3.30 
2.58 
2.82 
1.49 

atom 

. NAA' 

25 

68 
. 72 
74 

• 21 

, 65 
'. Cu 

MS 

• 35 

79 
77 
76 
34 
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THE RELATIVE BIOAVAILABILITY OF CARPROFEN 
TABLETS DETERMINED BY THE SASIV* TECHNIQUE W.A. Garland.^ 
W.G. Crouthamel,^ S.V. Givens,'^ I. Patel ,D J.J. Konikoff." 
B.J. Miwa/ F. Rubio.3 T. Crews,* G. Woo,* A. Holazo,'' 
and H.P. Blumenthal." Departments of Biochemistry and Drug 
Metabolism, (*) Pharmacokinetics and Biopharmaceutics { " ) , 
Biostatistics C*"), and Clinical Pharmacology (°), Hoffmann-
La Roche, Inc., Nutley, N.J. 07110. 

The relative bioavailability of tablets containing the new 
antiinflamatory agent, carprofen, was determined by co
administering to volunteers the tablet containing unlabeled 
drug and an aqueous solution containing an equivalent amount 
of '3c-Carprofen. Nine volunteers were given a 50 mg tablet, 
9 volunteers were given a 100 mg tablet and 9 volunteers were 
given a 150 mg tablet.- Serial plasma samples were obtained 
and analyzed by GC/CIMS/SIM (1) for '^C-carprofen and '•̂ C-
carprofen. 2^ -Carprofen was used as the internal standard 
in the assay. The procedure of Dutcher et al (2) was used 
to correct for isotope overlap. No difference was found 
between the elimination rate constants of '•̂  C-carprofen 
and ^^-C-carprofen. As expected, the aqueous solution of 
carprofen showed higher maximum plasma concentrations and 
shorter times to reach maximum plasma concentrations than 
the tablet. Virtually no difference was found between the 
areas under the plasma concentration-time curves of the 
solution and tablet confirming a comparable extent of ab
sorption of carprofen given in the tablet or aqueous solu
tion. Statistical power calculations for the AUC measure
ments indicated that the number of subjects required for 
80% power with a 25% difference at the a=o.05 level would 
be 4, 7, and 3 subjects, respectively, for the groups that 
ingested the 50, 100, and 150 mg tablets. 
*Simultaneous administration of a stable isotope variant 

1. B.J. Hodshon, W.A. Garland, C.W. Perry, G.J. Bader, 
BMS, 6, 325, (1979) 

2. J.S. Dutcher, J.H. Strong, W.K. Lee, A.J. Atkinson, 
Proceed: 2nd Intntl. Conf. on Stable Isotopes, U.S. 
Gov't Printing Office, Wash. D . C , 1976, P 186 
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A SIMPLE METHOD FOR THE QUANTIFICATION OF 
FREE FATTY ACID TURNOVER USING [16,16,16-2H-]HEXADECANOIC 
ACID. KOU-YI TSERNG, • CAROL GILFILLAN and SATISH C. KALHAN, 
Division of Pediatric Metabolism, Case Western Reserve Uni
versity at Cleveland Metropolitan General Hospital, [ 
•Cleveland, Ohio, 44109 

A safe, stable isotopic method for the measurement of 
free fatty acid turnover in humans has been developed using '•_. 
[l6,16,16-2H3]hexadecanoic acid (palmitic acid) and gas
chromatography mass spectrometry. The plasma^ sample (50 ul) 
was treated with 1 ml 2,2-dimethoxypropane, (DMP) and'25 ul 
concentrated hydrochloric acid. DMP serves as water sca
venger, deprotelnlzing agent and as a methylatlng agent. 
Complete methylation of free fatty acids occurred in 15 
"minutes .at room temperature. Transmethylation of esterfied 
fatty acids in plasma (triglycerides, phospholipids, etc) 
was negligible, thus eliminating the need for their pre-
removal by thin-layer chromatography. A 10 meter wall' ' 
coated glass capillary column (SP-2100) and splitless injec
tion mode, were used for gas-chromatographic analysis. 
Electron impact at 70 eV was used for ionization of samples. 
The molecular'ions of palmitic acid methyl ester (m/e 270) 
and that of the tracer (m/e 273) were monitored. The amount 
of palmitic.acid required was only 1.5 ug and enrichment 
as low as 0.1% could be easily detected. 

The procedure was evaluated in 3 mongrel dogs by simul
taneously infusing deuterium arid [l-l^C] labelled hexade-
canoic acid, according to the prime-constant rate infusion 
technique. Similar turnover rates of palmitic acid were 
observed by both tracer techniques. 
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1,2,3-PHOPAlffiTHIOL,TRIACETATE ISOTOPE RATIOS 
W. Wolfe I Dept. of Surgical Research. 
Harvard Medical School, M.G.H.-S.B.I. 
51 Blossom St., Boston, Mass.0211'f 

The nCH-SBI Kass Spec Lab Is a Consortium facility shared by the 
Harvard Medical School Dept. of Surgical Hesearch and the M.I.T. Dept. 
of Nutritional Biochemistry. The lab Is Involved almost exclusively 
with measuring regulators of human metabolism by means of stable 
Isotope tracers. One of several ourrent Interests Is fat metabolism, 
and In that context it is Important to be able to measure the rate 
of glycerol flux. 

"Flux" Is defined as the rate of Infusion of a labelled molecule 
divided by the percent exoess of that molecule In the physiological 
matrix at a later time. Glycerol flux serves as an Index of llpolysls 
In the fat cell, since glycerol Is not synthesized In the body, and 
glycerol released within the fat cell cannot be reincorporated Into 
triglycerides. Fatty acids, on the other hand, -OEUI either be 
released into the plasma or re-esterlfled. Thus, the rate of 
glycerol flux expressed In relation to free fatty acid flux gives an 
Index of the relative rates of llpolysls and re-esterlfloatlon. 
We presented the method for measuring PFA flux at the 1979 ASMS Conf., 
In Seattle. 

The method for measuring glycerol flux Involves giving a large 
priming dose of the perdeuterated glycerol to rapidly achieve an 
enrichment plateau, followed by a constant Infusion of the labelled 
molecule In tracer amounts. We then measure the dilution of the 
labelled moleoule by the appearance of the unlabelled molecule In 
the plasma. We are not. In this case, tracing the metabolic pathway 
of the label Itself, which Is subject to Isotope effects. 

One of the several factors to be considered In the analysis of 
plasma glycerol Is the fact that there might be as little as 50 ul 
of plasma to work with. This Is the oase for small or premature 
Infants, small laboratory animals, or adults where larger samples 
may be talcen, but must be split Into several small aliquots for 
diff errant analyses. In this amount of plasma there are about 
I* nanomoles of available glycerol. The enriched portion to be 
measured makes up about 1% of the total, or about kO picomoles. 
This Is adequate for measurements both of enrichment and total amount, 
but It would be preferable not to split the sample farther for 
analysis of other substances. 

One such other molecule Is glucose. Deuterated glucose Is 
frequently administered slmnltaneously with glycerol to facilitate 
the measurement of glucose flux. In most oases, glucose would be the 
more Important measurement, and therefore, the best sugar derivatives 
are applied to the combined glucose, glycerol plasma extract. 

Of the several derivatives which oan be applied, the two that 
nleely exemplify the Isotope effeot are the triacetate and trl-TMS 
derivatives. Both of these would be oonsidered excellent glycerol 
derivatives I they are easy to make, stable, separate well on GC, 
have well oharacterlced mass speotra, ean be quantitated on GC-FID, 
give reproducible responae factors, and are sensitive at the levels 
of enrichment being measured. However, the triacetate derivative Is 
Inferior because It yields no lon In E.I. or C.I. which Is not 
affected by the presence of the Isotopes being measured. This Is 
not the case for the trl-TMS derivative. 
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In the B.I. spectrum, rearrangement Ions as well as fragment Ions 
oocur at masses 103 and 1^5. Since the pressure dependence of the 
rearrangement Ions Is so different from that of the fragment Ions, 
these Ions oannot.be used for quantitation. The other major Ions, 
at 115 and ll6, shift upward to 119 and 120, respectively, for the 
perdeuterated glycerol. The relative abundances In the labelled and 
unlabelled spectra differ. ' The methane C.I. spectra are primarily 
the result of the loss of acetic acid,. and also display relative 
abundance differences In the labelled and unlabelled molecule. 

We have defined this relative lon abundance effect as "rho". . 
An Isotope effect or an Inverse Isotope effect occurs If rho Is 
less than or greater than 1, respectively. Rho Is measured by the 
ratio of the relative lon abundances of the labelled and unlabelled 
fragments to the theoretical value. All Ions are 'plus' J. '*, or5 -
type, so there Is no labelled-unlabelled lon overlap. Theoretical 
values are cross checked on Nuclide 3-60 Isotope ratio mass spec 
whenever possible. 

This Is valuable shorthand notation In biomedical SIM 
measurements of low level enrichment. It Is distinguished from . 
statistical effects of labelled-unlabelled fragment overlap, and 
from other terms which have been used to refer to specific Isotope 
events such aa probability of breaking a primary or secondary 
bond with deuteration. The triacetate derivative yields some 
Ions (esBll5/119) whose rho value Is greater than one, and several 
Ions whose rho value Is less than one. The trl-TMS derivative would 
be more suitable If It oould be used because it yields several ions 
whose rho value s are 1. 

FAT CELL K a j i p 

^ ^ 

^ - ^ ^ r 

mm 
m i ^ ~ \ 

^ — z 

< - ? ^ - -

i ^ ^ ^ 
^ 6 t . ^ f 

T S ^ ' ^ ' Z 

(a) (b) (c) 

(a) Fat Cell showing rationale for glycerol turnover. 
(b) Separation from Internal standard and quantitation by GC-FID 
(c) Glycerol triacetate natural and deuterated E.I. mass spectral 

values for n must be used when dlffereht from 1. 

This paper has been submitted with more detail to Biomedical 
Mass Spectrometry. 
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STATISTICAL EVALUATION OF THE NON-LINEARITY OF STANDARD CURVES IN ID-MS 

J.A.A. Jonckheere and A.P. De Le'enheer 

Laboratoria voor Medische Biochemie en voor Klinische Analyse, De Pintelaan 135, 
9000 GENT, BELGIUM " . ' . • • 

The fundamental principles of, isotope dilution mass'spectrometry (ID-MS), in
dicate that a linear relationship between isotope ratio and mole ratio'exists 
only under particular circumstances. Departure from linearity depends on the 
actual values of p. and q- in the equation (1) : 

Yi 
(Eq.l) 

X P l 

Several data handlino procedures have been proposed to deal with the possible 
non-linearity (e.g. inverse ratio.'s, atom % excess, weighted linear regression) 
(2). Instead of artificially transforming the data to a linear model,we report 
theuse of weighted polynomial regression, with model-testing to describe the . 
possible curvature of standard curves. In terms of matrix mathematics the mini
mization- of weighted square deviations of any polynomial (i.e. including the li
near equation) is expressed as : ' 

I X"^ P xJ X P Y 

where 

1 X, 
3 

1 "1 '1 
1 2 3 
i. A Q " O "0 

1 2 3 
1 ''n '̂n \ 

and y stands for the mole ratio, x for the.isotope ratio, A being the coeffi
cient matrix and P the square matrix of the weighting factors. These factors 
are the inverse of the variances, determined by replicate analysis of each stan
dard mixture. The computer program calculates the different polynomials (up to 
a fifth degree) and the residuals around the curves are used in a F-test for 
significance to select the best fitting polynomial. The "unknown x values are 
calculated by an iteration procedure. 

The present raethod has been applied to experimental data of two published ID-MS 
studies (3)(4). In both cases a higher degree polynomial was selected. 
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The figures show the deviation from the theoretical values for both a weighted 
linear (») and a.weighted polynomial (q).regression. As can be seen, the F-test 
indicated'that, although a. very high correlation may be found for the linear mo
del, the higher degree polynomial is the better choice, 

• Y = 1 .39 . 5 3fl IQ K 

1.89 10 .X 

X theore t i ca l 
2 . 1 1 7.0 

X/Y theoretical 

This Study proves that, the eventual curvature of-ID-MS calibration l.ines can be 
described ve r y accurately by-means of higher degree polynomials. The ability to 
check different.models allows one to adapt the same calculating procedure regard
less of the degree of labeling (qj .value). 
The applicability of this method is even wider in view of the fact that any chro
matographic separation of the internal standard, due to high resolution capilla
ry columns or polydeuterated compounds, destroys the validity of the basic ID-MS 
equation (Eq. 1) and subsequent calculating procedures based on this formula.' 

Programs are available in both Fortran IV and HPL Basic. 
This work was supported b y a NFSR grant to the first author. 
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A PORTABLE MS DESIGNED FOR LOCAL CEREBRAL BLOOD FLOW AND BRAIN TISSUE METABOLISM STUDIES 
BY COMPUTER-ASSISTED TOMOGRAPHY, USING INHALED STABLE XENON AS TRACER. L.F. HERZOG, 
D.J. MARSHALL, AND T.J. ESKEW, Nuclide Corporation,- 642 E. College Ave., State College, 
PA 16801 

Introduction: 

Combining continuous mass spectrographic analysis of a subject's breath with x-ray 
scans by computer-assisted tomography (CT) provides a non-invasive technique for measur
ing local cerebral bloodflow (LCBF). 

CT reveals the distribution, in tissue, of substances which strongly absorb x-rays, 
such as the heavy, inert gas xenon —with a spatial resolution (for present generation 
CTs) of ^ 0,5 cm. The role of the mass spectrometer is to provide continuously, during 
the experiment, accurate data on the concentration of Xe in the subject's blood. This can 
be done very conveniently by measuring the Xe concentration in breath, since it has been 
shown that the Xe in breath and blood are in equilibrium at the end of an expiration. 
Since equilibrium exists only at this "end tidal" point, the MS (or other Xe-detector) 
must be able to provide many — say, 10 or more — accurate Xe measurements during a single 
breath. 

Mass spectrometric monitoring of the changing concentration of xenon in the breath 
of a subject during uptake and washout also provides needed information as to the optimal 
times at which to make x-ray scans, so that x-ray exposure can be minimized. Thus the in
herent advantages of using xenon for these 3-dimensional studies in humans can be realized 
— i.e., that it is inert, diffusable, soluble in body fats, absorbs x-rays strongly, is 
only mildly anaesthetic, and can be administered by Inhalation. 

An important advantage of using a mass spectrometer for LCBF — Xe measurements is that 
the instrument can also be used for other medical MS analyses such as studying numerous 
other constituents of breath or blood, with each gas species' concentration being measured 
several times during a single breath. 

Mass Spectrometer: 

A Nuclide 3-60-Sectorr mass spectrometer, equipped with a fast "flowby"—type inlet is 
now being used for CT/MS-Xe studies by Dr. David Rottenberg and colleagues C. Ray, J. 
Conti and V. Dhawanat The Memorial Sloan Kettering Cancer Center, This instrument uses a 
permanent magnet as the ion analyzer; the species being monitored is selected by changing 
the ion accelerating voltage. Turbomolecular pumping was selected because tubos pump 
xenon as well as air gases and require no cold trap or cooling water. The inlet, analyzer 
and pumping system are all mounted on or in a small, mobil^cart. This resides in the CT 
room while the electronics are in the adjoining room with the CT's controls and computer. 

The high voltage supply of the .MS, which is used to set mass, is controlled by a Hew
lett-Packard 9825T programmable calculator via a DAC-16 D/A converter, for monitoring 
selected ions or scanning; the PC also accepts MS output signals digitized by an IR3A IDVM, 
and processes them to calculate the relative abundances of the selected species. (The 
IR3A's denoinlnator provides the time base). This data is then relayed to the CT's own 
major (remote) data-processing computer for correlation'with x-ray'scan data, e t c . 

Sampling of the subject's breath is continuous via the "flow-by" inlet, which provides ra
pid response to changes in sample composition with minimal blurring. It has a microvalve 
at its distal end, which is attached to a mask worn by the subject. A small vacuum pump 
pulls gas through this sampling-valve, through a long plastic tube (at a rate of approx
imately 3 ml per minute), past an orifice containing a fixed-conductance gold "leak," 
which admits a very small portion, '^0.1 ml/mln, into the MS's ionization chamber. After 
a step-change in sample gas composition the lag until the MS records it is only a few • 
seconds. More importantly, the response time (RC) of the inlet-plus-MS after the lag is 
only î 100 ms for Xe (and substantially less for substantially lighter species). 

All breathing mixtures are formulated to contain approximately 1% argon — it's concen
tration in the terrestrial atmosphere, so that the intensities of all other species can be 
ratioed to argon as an internal-calibration standard. 

Calibrations made using 20 to 80% Xe showed that the intensity of the m/e 68 peak 
varied linearly with Xe concentration. (Doubly-charged xenon 136, at m/e 68, is used when 
the electron multiplier is used, since this doubles the ion's energy, when HV mass-selec
tion is used, and improves precision.) 
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Xenon level chcinges in breath recorded during a typical experiment are shown in Fig 1. 
When Xe adminstration is commenced, Xe begins to increase — but the level rises and falls 
cyclically as the subject breathes; the minima aire the end-tidal values. After a few 
minutes the average level becomes constant — saturation has taken place. Then, the xenon 
is replaced by air (or oxygen), and the Xe level starts to fall again, cycling as the 
patient breathes — but now the end-tidal values are the maxima. The shape of this 
"minmax" curve corresponds well with theory. 

During the Xe analysis data on other breath constituents such as Ar, N2, O2, or CO2, can 
also be obtained, by peak stepping; if (e.g.,) only CO2 and Xe are monitored, the MS mon
itors each for 20 milliseconds every 40 ms. 
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THE USE OF A MOBILE ATMOSPHERIC PRESSURE 
CHEMICAL IONIZATION MASS SPECTROMETER IN 

THE DETECTION OF ILLICIT DRUGS . ' ' 

Lyal V.S. Hood, United States Customs Service, 
1301 Constitution Avenue, N.W. Washington, D.C, 

William R. Davidson and Sabaiiino Nacson, SCIEX INC., 
55 Glencameron Road, Thornhill, Ontario Canada L3T IP2 

The illegal importation of cocaine and heroin is a serious problem in most western • 
countries. During the past decade U.S. Customs has employed trained dogs in the examination 
of cargo and conveyances for concealed drug contraband, and has been keenly interested in 
complementary instrumental approaches to drug detection. One technique which has shown 
potential in detecting these drugs in a non-invasive manner is atmospheric pressure chemical 
ionization mass spectrometry (APCI/MS), the preliminary use of which is described in this 
paper. 

A Sdex Inc. Mobile TAGA™ 3000 API/MS system was used to characterize the volatile 
constituents associated with illicit drugs and was employed as a detection device in 
practical laboratory exercises. This instrumentation has been previously described in 
detail. (1) Briefly the system incorporates a corona discharge APCI source, a cryovacuum 
pumping system, appropriate ion optics, and.a quadrupole mass filter all under computer 
control and fully integrated in a mobile van. Vapor sampling was performed usinq a direct 
inlet in realtime, and a wire probe coated with OV-17 for short term (up to 1 minute) 
concentration with subsequent thermal desorption and analysis. 

Seizure samples of heroin and cocaine were analyzed by the APCI/MS technique to characterize 
the drug principals and the associated volatile impurities such as solvents, decomposition 
products; diluents and by-products. Detectibility limits were determined for these common 
constituents and are shown in the Table. Positive ion spectra were determined for most of 
the compounds with detectibility measurements made in a single ion monitoring mode for MH'*' 
ions; for acetic acid negative ion spectra were obtained with detectiblity limits measured 
for (M-H)" ions. Studies were also done of detectibility as a function of chemical 
background in the environment. For the volatile constituents such as acetone, acetic acid, 
and methyl benzoate, environmental background was extremely variable and could reduce 
practical detectibility limits by as much as several orders of magnitude. For the less 
volatile drug diluents (m/z > 190), background levels observed at the ions of interest 
(MH*') were still significant, reducing practical detection limits for these compounds from 
several fold to one order of magnitude. Background levels in the mass range of heroin and 
cocaine, (m/z > 300) in most environments did not affect detectibility limits significantly. 

Compound 

Heroin 
6-Monoacetylmorphine 
Acetyl codeine 
Cocaine 
Benzoylecgonine 
Ecgonine 
Methyl Benzoate 
Procaine 
Lidocaine 
Caffeine 
Acetone 
Acetic Acid 

APCI/MS DETECTIBILITY LIMITS 
FOR DRUGS, DILUENTS, 

DECOMPOSITION PRODUCTS, 
AND SOLVENTS 

m/z 

370 
328 
342 
304 
290 
186 
137 
237 
235 
195 
59 

• 59 

Detectibility 
Limit (PPT) 

19 
0.9 
2 
2 
3 
7 
10 
2 

• • 4 

0.5 
38 

' 17 
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Practical laboratory exercises were conducted in Whi 
drugs as articles of luggage containing samples pass 
(2), or as people carrying samples were examined usi 
constituents were easily detected in realtime using 
acetic acid. Due to sampling line losses, nonvolati 
themselves, were not detected in realtime. A probe 
analysis (1 minute sample collection) for the nonvol 
conveyances. The thermal desorption profile for a s 

ch the APCI/MS was used for detection of 
ed through a baggage examination system 
ng an air curtain. The volatile 
these procedures as shown in Figure 1 for 
le compounds such as heroin and cocaine 
concentrator was used for near realtime 
atile drugs in luggage, on people, or in 
ample of cocaine is shown in Figure 2. 

100 

TIME 
0 10 20 30 0 10 20 30 

TIME (SEC) 

Figure 1. Realtime detection 
of acetic acid at m/z=59: 
person under air curtain 
holding a brief case. 

Figure 2. 1 min probe concentrator.response 
for cocaine at m/z=304:(A) background 
(B) person carrying cocaine sample. 

Field exercises were also conducted using the mobile system in the real-life circumstances 
found at a seaport and airport. The practical use of this approach for drug detection is 
being further studied in additional tests now in progress. 
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GLYCEROL TRIETHERS: SYNTHESIS, CHARACTERIZATION BY MASS SPECTROMETRY, AND USE AS 
NONABSORBABLE MARKERS IN INTESTINAL ABSORPTION STUDIES, V. J. Fell, C. J. Lamoureux, 
and C. B. Struble, Metabolism and Radiation Research Laband NDSU Animal Science 
Dept., State University Station, Fargo, ND 58105 

Tritium labeled glycerol triethers have been proposed as nonabsorbable markers 
for study of intestinal absorption and metabolism.^ Their synthesis was accomplished 
by following sequence: alkylation of 1,2-isopropylidene glycerol with an unsaturated 
alkyl methanesulfonate, (2) hydrolysis, (3) alkylation with a saturated alkyl methane 
sulfonate, (4) catalytic reduction with tritium. We prepared our glycerol triethers 
from an iso'mer of 1,3-benzylidene glycerol because we were able to prepare it in 
greater purity than 1,2-i3opropylidene glycerol. 

Purification of the glycerol triethers was accomplished by chromatography and/or 
recrystallization. Dlalkyl ethers formed in the alkylation reactions could be 
removed only with difficulty by chroraatography. Differential refractive index moni
toring of column chromatographic effluents showed "base line" separation of dlalkyl 
ethers and glycerol triethers; however, the glycerol triether fractions usually con
tained dlalkyl ethers when analyzed by chemical ionization mass spectrometry. 
Although repeated chromatography ultimately yielded product of acceptable purity, 
recrystallization yielded higher quality material. 

The electron impact spectra of glycerol triethers and dlalkyl ethers are charac
terized by the following: 

9H2-0-C12H25 No M+- or weak M+-
(;H-0-CI8H37 CI2H25'1+ 169 

CH2O-C12H25 Ci8H3.̂ 1+ 253 
Ci2H250-CH=CH-0Ci8H37 *• 180 

C12H25-O-C12H25 No M+- or weak M+' 
Ci2H25"l* 169 

Chemical ionization spectra with isobutane show large molecular ions with very 
little fragmentation. 

Intestinal absorption studies indicated that 1,3-dibutyl-2-decyl-9,10-3H2 
glycerol was extensively absorbed and/or metabolized whereas 1,3-didodecyl-2-
octadecyl-9,10-3H2 glycerol was much less absorbed and/or metabolized. 

BILE FISTULATED RATS 
Triether 14-10-1( 12-18-12 
Bile 5.5$ 0.3$ 
Urine 16.5 0.23 
Feces 64.9 .83.3 

RATS 
BILE FISTULATED BLADDER 
BLADDER CATHETER CATHETER 
1 mg 12-18-12 (15 wCi) 1 mg 12-18-12 (20 nCi) 
5 g Simulated Meal 1 ml Triolein 

Bile 0.27$ + 0.01 
Urine 0.23+0.13 Urine' 2.67$+ 1.22 
Feces 83.3 + 15.8 Feces 88.98 + 2.13 
GI + Contents 9.56 + 8.51 CI + Contents 0.09 + 0.01 
Liver 0.009 + 0.006 Liver 0.I3 + O.03 
Kidney O.OOl + 0.001 Kidney . 0.01 +0.005 
Carcass 0.68 + 0.71 . Carcass O.81 + 0.09 
Recovery 93.9 + 12.2 Recovery 92.7 + 2.2 . 

Approximately 80$ of the tritium activity in the urine of rats dosed with 
1,3-didodecyl-2-octadecyl-9,10-3H2 glycerol was volatile and appeared to be trit
iated water. Thus, even the high raolecular weight triethers appear to be 
metabolized to a small extent. Their use as nonabsorbed markers in absorption and 
metabolism studies is questioned. 
'' R. G. H. Morgan and A. F. Hofmann, J. Lipid Res., 21, 223 (1970). ' 
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THE SYNTHESIS OF '®0 LABELED ANALOGS OF PYRIMIDINE NUCLEOSIDES 
R. THOMAS SOLSTEN and K.H. SCHRAM 
DEPARTMENT OF PHARMACEUTICAL SCIENCES, UNIVERSITY OF ARIZONA 
TUCSON, ARIZONA 85721 

INTRODUCTION" 
The use of pyrimidine nucleosides as anti-neoplastic and anti-viral agents has 

increased dramatically in recent years. The ability to monitor plasma levels of these 
drugs and their metabolites aids clinicians in designing dosage schedules for maximal 
therapeutic effects with minimal toxicity. Quantitation of drugs and metabolites in 
biological fluids by GC-MS is best accomplished with internal standards and isotopically 
labeled analogs have proven to be superior internal standards.' •* Therefore, a general 
synthetic scheme for the preparation of these internal standards should be of significant 
value in metabolic and clinical studies of the pyrimidine nucleosides. • Vie have devised 
such a scheme for the preparation of highly enriched ^0 labeled analogs of these 
therapeutically useful compounds. 

SYNTHESIS 
Treatment of 2',3'-0-isopropylidene uridine with triphenylphosphine and diethyl 

azodicarboxylate affords the corresponding 0^,5* anhydro nucleoside in ca. 75% yield.^^'^ 
Ring opening with Na^^OHwill introduce the label into the base portion of the nucleoside 
in a quantitative manner. Subsequent reclosure and a second opening with either Na OH 
or Na ^OH followed by_de-blocking gives one the free nucleoside labeled in the base, 
the sugar, or both portions. The TMS derivatives were made for each compound and the 
isotopic purity measured for the M-15 ion. 
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In all cases the isotopic purity was found to be greater than' 97% when 99% Na'^OH 
was used for the anhydro opening reaction, 

MASS SPECTRA 
The purity of the isotopic label is evident in the M-15 region (m/z 517) of the 

mass spectra shown below. The location of the label in either the., sugar or the base is 
indicated by the ion at m/z 348 (350) formed by cleavage of the glycosidic bond. 
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MASS SPECTROMETRIC ANALYSIS OF SOLUTIONS 
WITH AN INDUCTIVELY COUPLED PLASMA ION SOURCE; R. S..Houk, 
H. J. Svec, and V. A. Fassel; Ames Lab., U.S. Dept. of 
Energy and Dept. of Chem., Iowa State Univ., Ames, IA 50011 

Inductively coupled plasmas (ICP's) are widely used as ex-, 
citation sources for elemental determinations at all con
centration levels by optical emission spectrometry. Solu
tion aerosols are directly and continuously introduced into 
ICPs, hence samples can be changed in 1-2 minutes. Most 
elements are extensively ionized in ICPs. Thus, rapid 
sample throughput and efficient analyte ionization raake 
ICPs potentially useful as ion sources for rapids" direct 
elemental and isotopic analysis of solutions (1). 
Because the ICP operates at 1 atm and -6000 K, an interface 
between the ICP and the mass spectroraeter is necessary. 
Plasraa particles (ions, electrons, and neutral species) are 
sampled through a 50-70 gm diameter orifice into the first 
stage of a differentially pumped vacuum.system. Ions are 
collected from the resulting supersonic jet by an electro
static ion lens'. The lens focusses the ions into the . 
second stage of the vacuum system. Here the ions are m/z-
resolved by a quadrupole mass spectrometer and detected by 
a Channeltron electron multiplier. 

Our prototype inductively coupled plasma-mass spectrometer 
(ICP-MS) has been described (1). In the present paper im
provements to the ion sampling, focussing, mass analysis, 
and data acquisition functions are described. Analytical 
.figures of merit such as detection limits, accuracy, and 
precision obtained for trace elemental and isotopic analy
sis by ICP-MS are given. 

(1) Houk, R. S.;, Fassel, V... A. , Flesch, G. D.; Svec, H..J., 
Gray, A . L . ; and Taylor, C.' E. Anal. Chem. 1980, _52, 
2283-2289. 
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APPLICATim OF MASS SPECTHOMETRY TO STUDY OF ION AND NEUTPAL DIFFUSION THROUGH ALUMINA; 
VINCEOT' D. ̂ EYER AND PAUL FORTUCCI, GTE Lighting Products, Danvers, MA 01923. 

A mass analyzer has been used to detect ions and neutrals vtfiich have permeated 
through the alumina arc tube of high pressure sodium, HPS, lamps. In this paper a des
cription of the msthod and apparatus is given,and the results of measurements as a 
function of time, position on the arc tube and bias voltage are reported. 

The HPS lanp consists of a polycrystalline alumina arc tube in an evacuated outer 
jacket. The arc tube is charged with a sodium aitalgam and a rare gas fill. A discharge 
across the electrodes produces pressure broadened sodium resonance radiation, P—• S, 
centered in the yellow region of the visible spectrum. During operation the wall of 
the arc tube can reach 1500 tC. In SOKE rare cases HPS lanps develop darkened outer 
jackets. Surface analyses of darkened outer jackets have detected high concentrations 
of sodium, indicating sodium loss through the arc tube. 

To canfirm the sodium leakage a quadrupole mass analyzer and an operating arc tube, 
separated by a slit, vrere placed in an ultra-high vacuum system. A slide mechanism 
coupled to feedthroughs permitted linear and rotary motion of the arc tube. This arrange
ment, shown in figure 1, itakes it possible to position any point'on the arc tube in 
front of the slit. With the filaments in the ionization chamber of the mass analyzer 
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Figure 2 

turned on, both ions and neutrals which make their way into the" ionization chamber are 
detected. But with the filaments turned off, only those species vrfiich are already ion
ized can be detected. Sodium ions ahd neutral sodium atoms fron operating arc tubes 
have been detected. In addition potassium and lithium ions and, in one case, msrcury 
atcms were detected. Figure 2 shows the signal at mass 23 as a function of position 
along the arc tube and a second measurement is shown to demonstrate the repeatability. 
The signal in this case represents both ions and neutrals since the filanents were on. 
A reduction in signal occurs-v*ien the filanents are turned off. Over short periods of 
time the results are repeatable, but the nature of sodium permsation changes with time. 
Data accumulated over the life of an arc tube showed that initially leakage is by ions; 
as the tube ages neutrals are detected, and toward the end of life neutrals are the 
doninant species. 

Figure 3 shows the waveform of the voltage on the arc tube and of the signal at 
nass 23 with the filaments both on and off. The detection of both ions and neutrals 
is demonstrated by the reduction in signal v4ien the filaments are turned off, and by 
the shape of the waveforms. The charged species, sodium ions, follow the AC voltage 
on the arc tube but the neutral species, sodium atccns.are not affected by the voltage. 

By monitoring the signal as the lanp was turned off, it was found that the decay 
of the. sodium ions is much nore rapid than that of sodium atoms. Another property of 
sodium permeation is denonstrated in figure 4. The signal at mass 23 is recorded as 
the lanp is turned off. The sodium ion signal disappears very rapidly, but v*ien the 
voltage is reapplied the signal at nass 23 reappears even though the lamp remains 
extinguished. The signal does not reappear if the voltage is reapplied after a long 
time. These resiilts indicate that sodium pemeation is a function of the tenperature 
of the arc tube. As the tube cools, penreation decreases. 
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An additional type of measurement was made by electrically isolating the arc tube 
and varying the voltage (bias) between the slit and the arc tube. This type of neasure-
ment establishes the threshold voltage necessary to extract positive sodium ions frcm 
the operating arc tube. Figure 5 shows this threshold voltage as a function of position 
on the arc tube. The change with position reflects the voltage drop across the arc tube. 

J MASS SPtC SLrT 
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Figure 5 
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Measurements as a function of the distance between the slit"and the arc tube have 
shown that the signal varies inversely with distance, but the threshold voltage is 
independent of this distance. These results demonstrate that the-extraction of sodium 
ions requires a voltage bias to overcone a barrier; either to pass ions through the 
arc tube or to remove ions bound to the arc tube exterior. 

. The suggestions and cooperation of E. Wyner and D. Dugger are acknowledged.. 

199 



IONIC MASS SPECTRA FROM Ar/H2 PLASMAS 
IN A PLANAR MAGNETRON SPUTTERING DEVICE 

K. Hoefler, G. Rettinghaus, BALZERS AG, FL-9496 Balzers, Liechtenstein 
and P. Irving, BALZERS, Hudson, NH 03051 

Introduction 

Studies of sputtering in dc diode systems have shown that small impurities 
of H2 in Ar drastically reduce the deposition rate (1). For sputtering in a 
planar magnetron system however, Maniv and Westwood (2) found no change,in 
the deposition rate even with H2/Ar ratios of up to 1.0 (Ar pressure con
stant) . The reason for this different behavior was assumed to be the tendency 
to convert hydrogen ions to ArH'*'-in the .magnetron plasma (ArH"*" hias the same 
sputtering yield .as Ar ), so that H and the H2 , with their smaller sput
tering yields, would not substantially contribute to the discharge current. 
Until now it was not clear to what extent ArH is formed, since there are no 
experimental data for the low pressure region ( MO.2 Pa) typical of magnetron 
discharge. The aim of our experiment was to identify the ionic species exist
ing in an Ar/H2 magnetron plasma and to determine their abundance as a func
tion of the mixing ratio-. 

Experimental -'" 

The experimental setup consists of a 12.7 cm x 38.1 cm planar magnetron with 
Cu-cathode operated at a constant current of 4A (ca. 600 VDC) and a differ
entially pumped Quadrupole Mass Analyzer (BALZERS QMA 150) setup for the 
analysis of ions from plasmas. The ions are sampled through an electrically 
isolated aperture and focussed to the entrance aperture of the rod system by 
ion optics. After passing through the mass filter, the ions are deflected by 
90° to the conversion dynode of the off-axis SEM; The SEM signal goes to an 
electrometer amplifier for current measurement. 

Special attention was paid to the avoidance of artifacts occasionally resul
ting from secondary processes in the plasma sheath or in the orifice region 
(3). To ensure minimum disturbance of the plasma by the sampling device, the 
ion intensity was recorded as a function of the extraction voltage (giving 
probe characteristics) to find a convenient extraction mode. To get addition
al information about the plasma properties Langmuir probe measurements were 
made. 

The discharge was first operated in pure argon at 0.2 Pa and then (with Ar 
flow fixed) the total pressure was increased by admitting H2 up to the de
sired mixing ratio. 

Results and Discussion 

The Langmuir probe measurement yielded a plasma potential of Vp]̂ = +3V, com
pared to the grounded vacuum vessel. The ionic mass spectra were recorded 
with the sampling orifice at floating potential (Vfi ̂  -9V). The extraction 
voltage relative to the plasma was therefore about 12V. 

Figure 1 summarizes some of. the results obtained with different. H2/Ar ratios, 
R. The main features - in the.spectrum for R 4 0.01 occur, at the mass numbers 
20, 40, 63 and 65-. These originate from the ions Ar"*"*", Ar , and Cu"*̂  respec
tively. At larger ratios, there isia spectacular increase .of the peaks at 
m/e = 41 (ArH"*") and m/e = 2, 3-(H2"*'', H3''') , while the intensity of the Ar'*'-
ion decreases. The Cu"*" ion intensity'remains constant.'For ratios- R - 0.56 
the total ion intensity decreases whereby the gradient is different for dif
ferent species. 
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Prom the overall behavior of the spectra, it is clear that the ArH"*" ion plays 
an-important role in the magnetron sputtering plasma as was assumed by Maniv 
and Westwood (2). Most of the Ar"*" ions are converted to ArH"*". But. the inten
sities of the light ions, especially H3"'', are not negligible. It is difficult 
to see why they should not contribute to the discharge current, thus reducing 
the overall sputtering rate. On the other hand, the Cu"*" intensity is constant 
up to R = 0.28 and the decrease for R ^ 0.56 "does not contradict the result 
of a constant deposition rate seen-by Maniv and-Westwood. This general de
crease-may- be caused by a- reduction of the ionization efficiency, because of 
the lower electron temperature in the case of H2 present in the discharge. 
- (The Langmuir probe measurement showed a decrease of the electron temperature 
by about 50% from R ^ 0.01 to R = 0.56). 
The discrepancy above may be explained by the possibility of different plasma 
cheraistry inside the dense zone of the magnetically confined plasma just in 
front of the cathode. Therefore it appears necessary to analyze the ionic 
species actually hitting the cathode. 

Fig. 1: Ionic Mass Spectra as a Function of H2/Ar Mixing Ratio R 
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AN ATMOSPHERIC PRESSURE PLASMA/QUADRUPOLE MASS SPECTROMETER SYSTEM FOR ELEMENTAL ANALYSIS. 
D.J. Douglas, E.S.K. Quan and R.G. Smith.' SCIEX INC., 55 Glencameron Rd., Thornhill, 
Ontario, Canada, L3T1P2; and J.B. French, University of Toronto Institute for Aerospace 
Studies, 4925 Dufferin St., Downsview, Ontario, Canada. 

Introduction 

Work is progressing in this labl and others^ on the coupling of atmospheric 
pressure argon plasmas to quadrupole mass spectrometers for elemental analysis. Both 
microwave induced plasmas (MIP) and inductively coupled plasmas (ICP) are currently under 
development here. In these instruments solutions are nebulized and carried into the plasma 
where the dissolved solids are vapourized, dissociated and ionized. The resulting ions are 
extracted into the quadrupole vacuum system (either TAGA" 3000 or TAGA" 6000) through a 
differentially pumped region. Results of the.analysis of some NBS reference materials with 
an MIP source will be reported here. 

Since the initial report on this work,l a number of improvements have been made to 
the plasma system. A new torch design, incorporating separate plasma and nebulizer gas 
flows is now in use.^ This torch uses swirl in the plasma gas to centre the plasma in 
the discharge tube (I.D. 4mm}. The sample is injected on the centreline and directed at 
the plasma. (The torch Is analogous to an ICP torch in this respect, although a toroidal 
plasma is not formed.) Microwave power is coupled to the resonant cavity through the 
electric field, rather than the magnetic field as used in the original work with a Beenaker 
cavity. This gives a better Impedance match and a hotter plasma. A shield gas (N2) has 
been added to sheath the plasma and prevent entralnment of air In the tail-flame, this has 
greatly reduced the formation of NO which limits the sensitivity of the Instrument to 
elements of high ionization potential. Lastly, a cross flow pneumatic nebulizer is now in 
use and this produces a more stable signal, than the ultrasonic nebulizer used previously. 
Although the pneumatic nebulizer produces less aerosol, the detection-1imits are not 
degraded because of the other improvements In the plasma system. All sample handling is at 
atmospheric pressure and the response time of the system is a few seconds, permitting the 
rapid direct analysis of solutions for trace elements. Detection limits are comparable to 
or improve on those of the best atomic emission Instruments. 

Results 

(a) NBS Orchard Leaves (SRM 1571) 

Table I shows the results of analysis of NBS orchard leaves, for four elements at the 
minor and trace level. Orchard leaves were ashed at 550°C. Following addition of 
concentrated HCl and a few drops of HNQ3, the sample was warmed to dissolve the residue 
and, after cooling, diluted to volume. This work-up gave a lOOX dilution of the trace 
element concentrations (W/W). Each element was determined by simple calibration of the 
instrument with dilute solutions of the element, and also by standard addition. Copper was 
also determined by isotope dilution. Of these elements, only Sr showed a matrix effect. 
Chromium suffered a background peak at ^^Cr, but this was overcome by measuring ^^cr. 
The slightly high value obtained in the Cr determination can most likely be attributed to 
contamination of the sample digest by a few ppb of chromium. Other elements were readily 
detected but were not quantified in this preliminary study. 

(b) NBS Standard Water (SRM 1643a) 

NBS standard water was analyzed directly with no work-up and the results are shown in 
Table II. Several elements showed a matrix effect and some showed interferences from the 
oxide-or hydroxide of Ca (e.g., CaO"'' interferes with " F e ) . The matrix effect was 
overcome by using standard addition. Isotope dilution could also be used to overcome 
matrix effects for each of these elements and would also' provide greater precision. Inter
fering peaks were circumvented by measuring alternate Isotopes and in some cases, by matrix 
matching the blank and subtracting this background. Thus some care in the analysis is 
necessary, but If this is done, a wide range of trace elements can be determined. 

(c) NBS Uranium Isotopic Standards 

The MIP/TAGA" system Is suited to the direct measurement of Isotope ratios of elements 
in solution. Table III illustrates this with the determination of isotope ratios of 
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several NBS uranium standards. Solutions of 5 or.10 ppm concentration were used and the 
measurement time was I to 2 minutes per sample. Since the sample uptake rate was approxi
mately 1.5 ml min"l, this corresponds to 7.5 - 30 g of uranium per determination. The 
precision and accuracy of this Initial data Is 1.5% or better. As the sources of noise and 
uncertainty are Identified through continued development, the precision will improve and is 
expected to be In the 0.1 to 1% range for all samples. Thus Isotope ratios of moderate 
precision with rapid sample throughput will be possible. 

Conclusion 

The results reported here Illustrate the use of a microwave plasma/quadrupole system 
for elemental analysis and Isotope ratio determinations. A program 1s now underway to add 
this elemental analysis capability (both MIP and ICP) to the commercially available TAGA" 
3000 and TAGA" 6000 quadrupole systems. 
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Tible 1. Delfctlon Llmlti for icme element* In iqueouT 
solution (ng/ml). 

TABLE I I 

Element 

Ag 
Od 
Cu 
Pb 
Tl 
U 

MIPfTAGA"!". 
0.1 
1 

0.2 
1 
1 

1.5 

ICP/AES 
6 
3 

1.5 
12 

300 
45 

AAS 
5 
1 
2 
10 
30 

-

DETERMINATION OF TRACE ELEMENTS IN 
NBS STANDARD WATER (SRM 1643a) 
CONCENTRATIONS IN ng/ml (ppb) 

TABLE III 
Element 

Sr 

In 

Ni 

V 

Ba 

Cr 

Cd 

Ag 

MIP/TAGA" 

212+15 ' 

62+6 

48+3 

70+12 

41+4 

19+3 

11+1 

3.9+0.5 

. Cer t i f i ed 

239ĵ 5 

72+4 

55+3 

53+3 

. 46j+2 

17+2" 

. 10+1 

2.8+^0.3 

SAMPLE 

U-005 

U-010 

U-500 

U-930 

cofTimon 

ISOTOPE 

U 

RATIOS OF NBS URANIUM STANDARDS 

MIP/TAGA" 

{4.95+0.03)xl0-3 

(9.95+0.15)xl0-3 

0.9981+.004 

17.30+0.15 

(7.24+0.05)xl0-3 

CERTIFIED 

4.92x10-3 

10.14x10-3 

• ' 0.9997 

17.348 

7.202x10-3 
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PULSED PHOTOIONIZATION LIGHT SOURCE FOR TIME RESOLVED 
HIGH PRESSURE MASS SPECTROMETRY 

,S. E. Buttrill,.Jr., R, J. Schmidt and D. S. Ross 
Mass Spectrometry Development Program 
SRI International, Menlo Park, CA 94025 

At the 1979 ASMS Meeting in Seattle, we described a high pressure flow discharge mass 
spectrometer systera for monitoring low concentrations of organic compounds in ambient 
air.^ Recently, we modified this system in order to carry out studies of the ion 
molecule chemistry involved in gas phase nitration and nitrosation of aromatic radical 
cations (see paper MPM0B3 of this conference). Data collection is now carried out 
using a PDPll/2 Coraputer System connected to the ion counting electronics via an ion 
counting interface. The-system operates as a pulsed high pressure mass spectrometer, 
and allows us to record the time dependence of the ion concentrations within the 
source following the ionization pulse. This paper describes a new pulsed photoioni
zation light source which is extremely•simple, efficient, and selectivel 

Figure 1 shows a schematic of the flow discharge ion source. The rapid gas flow 
through the inner 0,5 inch tube rapidly carries ions to the ion exit aperture. For 
operation up to 50 torr, this aperture is a 0.004 inch hole. Almost all of the gas 
is pumped away through the annular space between the inner and outer tubes which com
prised the ion source. The mass spectrometer vacuum system must only contend with 
those gas molecules which exit the source together with the ions. The pulsed photo
ionization source is shown schematically in Figure 1 approximately 1,5 inches behind 
the ion exit aperture. We find that the source can operate with the light source any
where from 1.0 to 4,5 inches back. 

The pulsed field ionization light source.consists of an electrical discharge within a 
flow of pure argon confined within a l/8th inch glass tube. Figure 2 shows a scale 
drawing of the construction of the discharge region. Argon (or other suitable gas) 
flows between the l/l6th inch ceramic insulator and the inside of the glass tube. The 
ceramic insulator is a standard thermocouple shield which contains two molybdenum 
wires. A high voltage pulse applied to these wires causes a short (approximately 10 
microseconds) discharge in the pure argon. The discharge produces argon ions, elec
trons, and excited argon atoms. Although the argon gas is constantly flowing through 
the pulsed lamp, the flow rate is so low that argon ions and electrons do not escape 
Into the ion source itself. Only the argon resonance radiation at 11.83 and 11.62 eV 
leaves the discharge lamp. These vacuum UV photons produce a nearly uniform ioniza
tion of organic molecules throughout the ion source downstream of the pulsed lamp. 

Typical operating conditions for the flow discharge ion source using argon in the 
pulsed lamp are 10 torr helium carrier gas, 0,7 torr argon, and less than 50 microns 
organics. Flow velocity within the ion source is variable, but is typically approx
imately 200 cm/s. The ion source has been operated from 30 up to 200°C, 

The use of argon resonance radiation allows a large number of organic compounds to be 
ionized with little or no fragmentation. Benzene, toluene, xylene, acetaldehyde, 
pyridine, furan, naphthalene, ethyl ether, the fluorobenzenes, ethyl nitrate, anisole, 
THF, NO, and NOg have all been ionized. Compounds which are not ionized include 
oxygen, hydrogen, nitrogen, argon, water and helium. As would be expected, when 
helium is used as the discharge lamp gas, extensive ionization of these compounds is 
produced because of the much higher energy of the helium'resonance radiation. Other 
carrier gases may be used in the ion source and other discharge gases may be used 
within the pulsed lamp, but care must be taken to assure that the gases utilized are 
compatable. In general, molecular gases are not suitable as carriers because they 
absorb the vacuura uv radiation. In this case, the ion signal at short times is very 
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weak and rises to a large value when.the gas originally present, near the "lamp exit' 
reaches the lon sarapling orifice, A possible suitable combination would be hydrogen 
in the lamp together with argon as a carrier gas. The carrier gas must be of 
extremely high purity because reaction of organic ions with trace impurities can com
pete effectively with the ion molecule chemistry of interest. 

The new pulsed high pressure mass spectroraeter systera was tested by raeasuring the 
equilibrium constant for the benzene diraerization reaction. 

A van't Hoff plot of the equilibrium constant versus l/T yielded a value of £H = -14.70 
kcal/mol and a value of ^ = 22,5 eu. For comparison, other literature values for 
these quantities are 15.03 kcal/mol and -23,2 eu,* 

Further details of this light source will be reported in a full publication to be sub
mitted to the International Journal of Mass Spectrometry and Ion Physics, 
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CHEMISTRY OF MICROWAVE INDUCED REACTIONS IN HYDROCARBONS. 

I. PLATZNER and P. MARCUS, Dept. of Chem., Nuclear Research Centre-Negev, 
Beer-Sheva POBox 9001, ISRAEL. 

The glowing plasma of pure hydrocarbons and their mixtures with Ar, Kr, 0- or N, was 

directly sampled with a TOF-MS at the following conditions: a) gas flow rates (through 

a 16 mm OD quartz tube with a 0.05. mm axially located pinhole) : 0.3-2 lit/h, b) total 

pressure: 0.5-5 torr, c) MW power at 2540 MHz : 20-160 watt. Low electron energy 

spectra, (15 eV) were recorded. 

In the methane discharge, mainly unsaturated molecular species with 2 to 6 carbon atoms 

were identified. The more important reactions besides the formation of C-, radicals and 

ions are believed to be: a) radical, and ion-molecule reactions of CH,, CH- radicals and 

of hydrogen deficient ions, CM,, CH , with methane; b) further condensation reactions 
+ + 

of C„ ions, mainly C,H, and C.H, with methane and C- neutrals. In the presence of 

argon or krypton an increased rate of polymerization is observed. This is attributed 

to an efficient primary process Ar (or Kr ) + CU.—r Ar (or Kr) + CH^ + H„ followed by 
electron impact ionization of the CH„ radical, rather than to dissociative charge 

+ + + 
transfer Ar + CH. —> Ar + CH. + H., which for Kr Ions and ground state methane is 
not known. 

Detailed experiments were carried out to study the polymerization process in methane (1) 

acetylene(2) and propylene. The reactivity of n-hexane, cyclo-hexane, several partially 

unsaturated hexanes and benzene in the microwave discharges was also qualitatively 

studied. Only polyacetylenes of the general formula H-4CSC-)— H (n = 1,2,3, ...) were 
+ 

identified In the plasma of pure acetylene. The C.H- ions and C.H' radicals are 

assumed to be the-reaction precursors. Calculation based on known reaction rate constants 

for the ions and radicals with acetylene show that even relatively low ion concentrations 

may contribute significantly to the polymerization processes. Ions were identified 

in a RF plasma of acetylene (3). Besides polyacetylenes, oxidation products as CO, 

CO., C.H.O and CH.O , and the following nitrogen containing molecular species: 

H-4te:C4— CN ( n = 0, 1, 2 ...) were observed in the presence of oxygen and nitrogen. 

Argon does not change essentially the chemical behaviour of the acetylene plasma. 

In propylene a more complex behaviour Is observed, indicating several reaction channels. 

The dominant products are C.H, and C.H^ followed by unsaturated C. hydrocarbons, 

CgHg and C-H„. Among the Cg compounds only benzene shows a strong tendency towards 

condensation. In its spectrum C.H., C.H,, C.H. and. C.H. are the fragmentation products. 

About ten significant peaks are present in the 80-200 mass range, among them (in decreasing 

Intensities): C.Hg.CH., (or probably cyclic C.H.), C.Hj.CgHj, CgH-.C,H,, C.Hg.C.H, 

naphtalene, CgH. .CH„.CgH. and CgH..C.H-,. Low yields of polymerization products were 

observed in 1-hexine, trans 2-hexene and cyclo-hexane. No high molecular weight products 

were formed in cis 2-hexene, 1-hexene and n-hexane, the last being almost inert towards 

MW irradiation. C.H. and C.H. are the major fragments, contributing to di and 

triacetylene and others in trace quantities. 
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HIGH VOLTAGE, LOW CURRENT DUAL CATHODE GLOW DISCHARGE.FOR ATOMIC MASS SPECTROMETRY, T. J. 
Loving, P. J'. Savickas, and W. W. Harrison, Department of Chemistry, University of Virginia, 
Charlottesville, Virginia 22901 

A review of the literature shows a continuing increase in the use of glow discharges 
in analytical spectroscopy. These applications include the area of atomic emission, atomic 
atsorptlon, atomic fluorescence, and mass spectrometry. In recent years, we have studied 
the glow discharge in several different configurations, most of which have involved relati
vely large cathodes in low voltage, high current applications. By res-tricting the size 
(surface area) of the cathode, it is possihle to achieve satisfactory current density at 
small currents with an attendant high voltage which promotes cathodlc sputtering. This 
study describes the use of two such mini-electrodes,• both serving as cathodes in a DC 
glow discharge. 

Experimental 

Our glow discharge chamber was designed to accommodate numerous cathode geometries 
while offering the possibility of simultaneous atomic absorption and mass spectrometric 
analysis. (Figure l) The rest'of the experimental arrangement has been described 
previously.-'->2 

IxTmm dual pin cathodes similar in geometry to those used in spark source mass 
spectrometry were used throughout this work, and have performed favorably compared to our 
previous cathode geometries^. The entire vacuum housing acts as the anode in this con
figuration. 

TO MASS 
SPECTROMETER 

12 «a - 1 0 lorr) 

/ \ Fe losoroarce 

/ ^ ^ . : 
A/ 

_ y ^ ^ ^ , _ _ " 3 " ' 

Time Sputtered - mir 

Figure 1. (A) Dual pin cathodes in stainless steel holders, (B) Ion exit orifice leading 
to high vacuum chamber for quadrupole mass filter, (C) Electrical feedthru-cathode holder 
assembly, (D) Gas inlet and pumping port, (E) Quartz vindov for atomic absorption measure
ments . 
Figure 2.- Start up performance of pin type cathodes. SS -30̂ 4 sample - Ar discharge. 

Results and Discussion 

The dual pin cathode geometry has several advantages compared to previous designs. Th 
cathode site is smaller, thus racLking more efficient use of the sample material, vhile 
alloving lover discharge currents. This leads to a resultant decrease in pover dissipation 
at comparable experimental conditions, vhich keeps the rate of desorption of gases off the 
chamber vails to a minimum. 

Folloving the atomic and ionic populations simultaneously allovs us to study the effec 
of changing various experimental parameters. A plot of time vs. atomic absorption and ion-
intensities of several .discharge species for a stainless steel #30U sample is shovn in 
Figure 2. 

When the discharge is initiated, a pre-equilibrium period occurs vhere a significant 
amount of vater is seen in the mass spectrum. We have duplicated this pre-equilibrium 
situation artificially by introducing vater vapor into the discharge, and have observed 
comparable effects, i.e., a decrease in elemental ion and absorbance intensity, coupled 

208 



vith an increase in discharge- voltage, at'constant current. This' is believed to be caused 
by a decrease in sputter yield' and ionization efficiency in the discharge due to the 
.presence of vater.^ Upon discontinuation of the flov of water vapor into the discharge, a 
relatively short amount of time is needed to re-establish equilibrium. 

The sputtered atomic population is seen in Figure 3 to be concentrated around the ion 
exit orifice. 

lODl Scfii SO 

Figure 3. . Atomic absorption profile 
of Fe in a SS ^30k sample - 2 .0 ma -
1.0 Torr 

Figure k. Mass spectrum of 105£ 
arsenic, 90% car'bon pressed pin 
cathodes. 

We have found this condition to be related to a more favorable Fe to Ar ion ratio. 
The observed increase in this ratio is attributed to a greater distribution of more 
efficient sputtering angles and less redeposition onto the cathode surface, because of the 
smaller cathode diameter. 

An additional use of this cathode geometry involves the pressing of non-conducting or 
conducting povdered samples into a conducting graphite matrix cathode vhose make up is 
similar to those used in spark source mass spectrometry. Figure k shovs a mass spectrum 
of an arsenic doped graphite piri cathode. 

The good reproducibility of the As ion current over a number of scans shovs that the 
sample is homogeneous; hence.this should be a good method for analysis of mixtures. Water 
is persistent in this spectrum, constantly being introduced into the discliarge from the 
cathode material, as no special handling or drying procedures vere taken. 
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OPTICAL AND MASS SPECTROMETRY OF INERT AHD REACTIVE GLOW DISCHARGE SPUTTERING OF DISC 
CATHODES, S. L. Tong, R. B. Keefe, and W. W. Harrison, Department of Chemistry, University 
of Virginia, Charlottesville, Virginia 22901 

To better understand atomization and ionization phenomena in glow discharges, it is 
useful to determine the effects of discharge gases and discharge parameters on various 
species. We have designed a source vhich CEin be monitored optically for neutral atoms 
(ground state and excited) and by mass spectrometry for ionic populations. The inert 
discharge atmosphere of argon vas altered by systematically introducing increasing per
centages of oxygen while observing the changes in atomic and ionic populations. Our long 
term goal in these studies is the application of glov discharge mass spectrometry to trace 
element analysis.-'- '̂  

Experimental 

The water-cooled disc cathode discharge source coupled to a quadrupole mass filter 
which allovs simultaneous atomic absorption profile measurements and ion analysis is shown 
in Figure 1. 

b) 

.Figure 1. (a) Diode glow discharge source for optical and raass spectrometry. (A) Water-
cooled cathode holder, (B) HolloV cathode lamp, (C) Chopper, (D) Quartz windows, (E) Gas 
inlet, (F) Anode plate and ion exit orifice, (G) Pump port, (H) TO spectrophotometer, 
(l) To quadrupole mass filter. 

(b) Cross-sectional view of the water-cooled cathode holder, (A) Disc cathode, (B) Macor 
shield, (C) Macor cylinder body, (D) Aluminum cylinder, (E) Cooling water, (F) TO glow 
discharge charaber, (G) Adjustable collar, (H) Cathode lead. 

Thin disc cathodes of chromium, copper and niobium have been used. Argon, and a mixture 
of oxygen and argon from very low to high percentages served as discharge gases. Typical 
source pressure varies from 0.3-1-2 Torr vith discharge currents up to 20 mA, and voltages 
of ltOO-1200 V. 

Results and Discussion. 

Figure 2 shows typical atomic density profiles for a chromium cathode in an argon 
discharge. The general trends and the maxima at the boundary of the cathode dark space 
and the negative glow are consistent with those reported at lover pressure discharges.3 
The relative atomic density maxima vary in location as 'a function of pressure, as does 
the rate of decrease in atomic density with distance from the cathode surface. Figure 3 
compares the effect of discharge pressure on atomic density adjacent to the exit orifice 
and the extracted ion current from this location. Plots are shown for three different 
cathode-anode distances. Higher pressure tends to decrease ion current at large cathode-
anode distances, an effect which is also observed to a less dramatic degree.with the 
atomic densities. 

Abrupt changes in the sputtering rates on introducing a small percentage of O2 in an 
inert atmosphere discharge often have been known in the range of -0.5-1%^' . Our results 
from optical studies in Figure k show: (l) With the careful control of the discharge 
conditions, in particular the discharge voltage, high sputtering rates were attained at even 
higher levels of O2 (up to 3%). (2) While maintaining the discharge above a certain critical 
voltage as shovn, the sputtering rates vere significantly enhanced as compared to a pure 
argon discharge. 
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Mass spectrometric measurements under similar conditions confirm the optical results 
and shov no detectable or very lov signal levels of O"*" and 02"*" at O2 partial pressures up 
to- 5^. On increasing the O2 level in Ar to the range of 5-100^, Ar"*" drops by a factor of 
10 and Cr"*" decreases by as much as 200x, vhile 02"*" and 0*̂  become the predominant ion species. 
Only CrO"*" and Cr02 are observed- in contrast to a previous report vhere greater abundance 
of the higher -oxides in the negative ion sampling mode were observed^. The ratio .of M0"*"/M 
has a value of -0.01 initially and increases at higher percentages of O9. 

\ 
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Figure 2.. Atomic density profiles 
for chromium in an argon discharge 
using a chromium disc cathode. 

Figure 3.. Sputtered chromium absorbance 
and,ion current (Cr"̂ ) as a function of 
discharge pressure and voltage. Cathode-
anode distance; A = 6 mm, B = 9-5 aim, 
C = .13 ram. 
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Figure U. Sputtered chromium absorbance 
as a function of discharge voltage for 
different percentages of O2 in Ar. 
Ptotal =0.60 Torr. 
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CHEMICAL IONIZATION WITHOUT DIFFERENTIAL PUMPING 

DAVID P. BEGGS and STUART D. LERNER 
Hewlett-Packard Company 
1601 California Avenue 

Palo Alto, CA 94304 

Previously chemical ionization sources have been constructed in differentially pumped 
vacuum systems. This was necessary because of the need to maintain a relatively high 
pressure inside the ion source, a relatively low pressure just outside the ion source, and 
an even lower pressure in the analyzer and detector regions. The differentially pumped 
system was designed to evacuate the source region with one pump and the analyzer'and 
detector regions with another pump. These differentially pumped systems include a large 
high vacuum pump in the source region (1.IOOO L/sec) and a smaller high vacuum pump in the 
analyzer region (M50 L/sec). The two pumping regions are separated by a baffle which 
allows transmission of the ion beam but restricts gas flow between the two pumping regions. 
The pressure in the ion source is usually 1 Torr, while the pressure just outside the 
source is 10"^ Torr. This pressure is too high for effective operation of the analyzer, 
hence the need for a differentially pumped system which allows the analyzer pressure to 
stay below 1 x 10'"* Torr. 

A new chemical ionization source has been designed which will operate with only one small 
high vacuum pump servicing the complete vacuum system. The successful operation of this 
ion source in the chemical ionization mode is achieved through the combination of several 
design factors. A 110 L/sec turbo-molecular pump was used as the high vacuum pump. This 
pump situated in the middle of the vacuum chamber provides good pumping efficiency and 
excellent performance over a wide range of pressures. The use of a quadrupole mass filter 
provides an analyzer which has a high tolerance to increased analyzer pressures. The 
source is designed to minimize extraneous gas flow out of the ion source. - The sample 
inlet line is sealed from the vacuum system via a spring-loaded polymeric sealing 
interface. The inlet line and the ion source chamber are mechanically contiguous. The 
ion exit and electron inlet holes are the only apertures in the ion source. These holes 
have been reduced in size to provide an optimum gas flow/sample sensitivity design for 
this system. 

The performance of this new source compares favorably with the performance of other 
chemical ionization sources now in use. A typical reagent spectrum obtained with this 
source is shown below. 

REAGENT -SPECTRUM 

The methane reagent spectrum shows very reasonable abundances of C,Hr and C,Hc . The 
presence of water in the reagent gas contributes the H,0 at m/e 19. Static pressure 
measurements as well as measurement of the relative abundance of C,Hc have shown the ion 
source pressure to lie-between 0.5 and 1.0 Torr. i 0 

A large number of different compounds, representing various functional groups, have been 
analyzed with the source. The resulting "spectra show excell,ent quality. No indication of 
fragmentation has been observed. This indicates that collision induced dissociation 
outside the source, or low pressure fragmentation inside the source is not occurring. 
Representative sample spectra will be shown and discussed. 

1. F.H. Field, M.S.B. Munson, I.A.C.S., 87, 3289 (1965). 
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AUTOMATED MUhTIMOPE MASS SPECTROMJilTRY (AMMS): II. DISCUSSION OF SEVERAL INNOVATION CONCEPTS. 
C. CHANG, Brehm Lab. and Dept. of Chem., Wright State University, Dayton, Ohio 45435. 

In a GC-MS system In order to provide a more comprehensive chemical analysis.it is 
. desirable that the sample-be analyzed under various mass spectrometric operating modes 
including variations of ionization modes (EI, CI, etc.)» ion charge polarities (positive/ 
negative ion CI, etc.) and CI reagent gases. Automated multimode mass spectrometry (AMMS) • 
is a mass spectrometric technique in which two or more different operating modes are conduc
ted either simultaneously or sequentially in rapid succession with the cycle for each 
period short in comparison with the sample residence time within the ion source. "Presented 
in the following are-several innovation concepts for achieving a better design of AMMS. 

Concept 1: Simultaneous Positive Ion and' Negative Ion CI (SPINICI), Slmulatneous 
positive-ion and negative' ion EI' has been known for some" time^ but was not widely adopted 
due to its limited- analytical' capability.' On thê  other hand, the negative ion CI has been 
a well" established analytical technique*.̂  This simultaneous detection of both positive ions 
and negative ions in a CI source represents the best choice, and probably the only choice if 
one is interested in obtaining both EI and CI within a single GC run. It a l lows for the most 
efficient utilization of the sample materials and analysis time. 

Fig. 1 is the schematic of an ion source for simultaneous PICI and NICI analysis. An 
- electron beam is entering the source along the center line. With the sample and CI reagent 
gas Introduced into the source both positive ions and negative ions of the sample will be 
formed simultaneously under favorable condition. The electrostatic potential'field shown in 
the figure.is reptoduced from a previous calculation^ which shows that a favorable field can 
be achieved for extracting both positive ions and negative ions with high collection 
efficiency. This is especially true during an EI operation because of less frequent lon-
molecule collisions. 

Concept 2: Variation of Ion Source Conductance Through Reversible Gaseous Flow. In 
order to individually optimize the operating, conditions of CI and EI and to facilitate the 
rapid CI/EI or CI/CI switching the ion source conductance should be made variable. However, 
due to the delicate nature of the ion source assembly no conventional design has been made 
practical to effect rapid and repetitive variation of the ion source conductance without 
severely deteriorating the operation of CI or EI. In the present approach the variation of 
the effective lon source conductance is achieved.without changing the lon source config
uration. 'For the purpose of illustration a simplified schematic of the present design Is 
shown in Fig. 2 (A and B). In this figure a three-way valve is shown which is placed in the 
close vicinity of the source and in communication with the ion source using a short flexible 
tubing. The second port of the valve is connected to a CI reagent gas source while the 
third port is constantly exposed to the mass spectrometer vacuum housing. During a CI 
operation the CI teagent gas is flowing into the ion source as shown in Fig, 2 (A), At the 
completion of the CI operation the yalve is switched to a new position as shown in Fig. 2 
(B). Instead of being idle and acting as a dead volume the flexible tubing Is seen to 
provide a new pumping route for the ion source. The gaseous flow in this tubing is reversed 
and the residue gaseous content of the ion source will be rapidly pumped away. The effective 
ion aource conductance' will also be substantially'increased during the subsequent EI 
operation. 

Concept 3: Elimination of Dead Voliime In the CI Reagent Gas Inlet System, In the 
conventional single source mass spectrometers capable of CI/EI or CI/CI switching a relative 
long waiting time is.normally required for each mode switching. The root of the problem is 
to a large extent due to the undesirable CI reagent gas inlet system design in which a large 
dead volumeHnevltably exists. During each mode switching the gas that is trapped within 
the volume must bt>. pumped away which, can cause a time delay at least in the order of several 
sec. 

However, under closer examination it is found that this large dead volume is really not 
necessary, and can be eliminated if a better CI reagent gas inlet system can be divised. 
This concept is schematically represented by a 4-way valve design shown in Fig, 2 (C, D and 
E). Only one of the three ports at a time as shown (C, D or E) is in communication with the 
fourth port which is connected to the ion source. • The most unique feature, of this valve is 
that each CI reagent gas inlet port Is equipped with a built-in flow restrictor. This flow 
restrlctor. serves the function of a conventional metering valve for regulating the flow rate 
of•the CI reagent gas. The restrictor shown here is in the form of a porous element. Many 
other possible forms of the flow restrictor, such as a single or multiple capillary passages 
or adjustable needle, etc. can also be employed. Since the flow restrictor is placed in the 
close vicinity of the valve aperture there is practically no dead volume and instant CI/EI 
or CI/CI switching can be achieved. ... ^ • 

For the purpose of evaluation the ion ,source gas pressure profiles during a typical 
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operation cycle in a design based on these concepts are calculated. For simplicity a cyclic 
operation with a format of [̂  CI/* EI] is chosen for the present calculation. Assume that 
the mass spectrometer is interfaced with a capillary GC column with its effluent (containing 
a sample of M.W. of 256 and concentration of 0.01%) directly introduced into the ion source 
continously. He is used as the GC carrier gas. (1 cc-atm/mln) and CH^ is the CI reagent gas 
independently introduced into the lon source during the CI operation (2 cc-atm/min). The 
lon source is assumed to have a-volume of 0.5 cc and have two lon exit aperture of 0.5 mm -
dia, each. The flexible tubing ,is assumed to have an ID pf 0,48 cm and length of 2 cm. 

The results of this calculation are shown In Fig, 3 which shows the time profiles of the 
pressures of CH^, He, sample and the total mixture during one complete .operation cycle. The 
results clearly indicate that a switching period of 0,1 sec is more .than adequate allowing 
for lon source rejuvenation and pressure stabilization in a cyclic EI/CI or CI/CI.operation. 

The above three innovation concepts are based on sound physical principle and can be 
economically implemented without much engineering difficulties. It forms the basis of a new 
automated multimode mass spectrometer system (Fig. 4) which is currently in progress. This 
offers a promise of more complete sample analysis without sacrifice of either spectra qual
ity or detection sensitivity, with a saving of sample material, analysis time and labor, 

1, C. Chang, Amer. Lab. 12 (11), 49 (1980). 2. C, Chang. 28th Annual Conference on 
Mass Spect, and Allied Topics, (1980) p. 34. 3. H.J. Svec and G.D. Flesch, Int, J, Mass 
Spect. Ion Phys., 1 (1968) pp. 41-52. 4. Hunt, D.F., et al. Anal. Chem. 48. 2098 (1976). 
5. C. Chang, G.J. Sroka, and G.G. Meisels, Int. J. Mass. Spect. Ion Phys., 11 (1973) p. 367,. 
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for CH4, sample. He and the total mixture 
during -one CI/EI operation cycle. 
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Fig. 1. The schematic of an ion source for 
SPINICI. The solid curves 1 , 2 , 3 and 4 are 
calculated equipotential lines^ corresponding 
to 20, 40, 60 and 80%, respectively, of the 
extraction potential (In the positive ion 
side). The solid points are the measured' 
values. The dash curves are the estimated 
equipotential lines in the negative ion side . 
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Fig. 4, Schematic illustration of a mass spectrometer design 
for AMMS application. The quadrupole mass filters 8 and 10 
and the electron multiplier 9 are mounted on a rotatable shaft. 
The shown position corresponds to SPINICI operation. When they 
are swung to the new position (dash line) the mass spectrometer 
becomes capable of MS/MS operation (triple-quadrupole MS). 
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.2. The schematic representation of a 3-way valve (A and B) 
i 4-way valve for CI/EI and multiple CI operation. 
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IDENTIFICATION OF NITROAROMATICS IN DIESEL EXHAUST PARTICULATE BY GC/NICIMS; K. B 
TOMER, M. D. ERICKSON, D. L. NEWTON, P. R. GENTRY, and E. D. PELLIZZARI, Analytical 
Sciences Division, Research Triangle Park, NC 27709 and R. B. ZWEIDINGER, Mobile Source 
Emissions Research Branch, Environmental Sciences Research Laboratory, U.S.E.P.A, Research 
Triangle Park, NC 27711. 

Diesel exhaust particulate extracts have been found to be mutagenic in the .\mes micro
bial assay.^ This mutagenicity has generated much concern about health effects from 
exposure to diesel exhaust particulate. The importance of identifying mutagenic organic 
components in diesel exhaust particulates and complexity of the organic material has led to 
separation of extracts into less complex fractions. One semipolar fraction, which exhibited 
high mutagenicity, was selected for intensive characterization. 

To identify components, the fraction was initially analyzed by glass capilliiry/negative 
ion chemical ionization mass spectrometry (GC/NICIMS). The NICIMS analyses were performed 
using methane as a moderating gas, with negative ion formation by capture of thermal elec
trons. The reconstructed gas chromatogram (RGC) is shown in Fig. 1. For comparison the 
electron impact GC/MS analysis was also performed, with the RGC also shown in Fig. 1. As 
expected, the NICIMS (inalyses showed much less interference from hydrocarbons in the spectra. 
Figs. 2 and 3 show the NICI mass spectrum of two components (Peaks No. 53 and 80) identified 
as nitroanthracene and nitropyrene by comparison of elution times and spectra with standards. 
NICI mass spectra of authentic materials are shown in Figs. 4 and 5. In addition to the 
excellent spectral agreement the retention times agreed. In the absence of a complete 
series of standards the exact position of the nitro substituent.on the ring as well as the 
configuration of the aromatic nucleus cannot be unambiguously specified. Nitropyrene has 
been characterized as a direct mutagen. Therefore confirmation of its identj.ty was a 
primary concern. High resolution mass spectral analysis of the extract gave CigH9N02 as 
the composition of the m/z 247 ion. GC/FTIR was also used for confirmation. The standard 
spectra of nitropyrene and the unknown spectra are shown in Fig. 6. Again, an excellent 
correlation was observed with major absorbance peaks occurring at identical wave numbers 
(±4 cm'M. 

Thus nitropyrene/fluoranthene and nitroanthracene/phenanthrene were identified in 
mutagenic diesel exhaust particulate extracts with a high degree of certainty. 

This work was supported by EPA Contract No. 68-02-2767. 

^Ames, B. N., J. McCann, E. Yamasaki, Mutation Res., 31, 347 (1975) 
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Fig..-1. A) RGC of NICI analysis; B) RGC of EI analysis. 
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GC/MS INVESTIGATIONS OF PARTICULATE 
ORGANIC MATTER FOUND IN THE ENVIRONMENTAL SAMPLES; R.C. Lao, 
M. Lanoy» R. S. Thomas and S. W. Lee; Chemistry Division, 
Air Pollution Control Directorate, Environment Canada.Ottawa, 
Canada, KIA 1C8 

The compounds of particulate organic raatter (POM) are found 
throughout the biosphere as trace pollutants. Although often 
present only in trace concentrations, these compounds are 
the source of rauch concern since many of them have shown 
biological activities. Sharp increases in cost of the petro
chemical fuels used for conventional heating systems 
stimulated a corresponding interest in renewable resource 
fuels and wood burning stoves as alternative domestic 

"heating sources, this type of heating may increase substantT 
ially the existing POM and other toxic organic pollutants 
into the environment. 

In this study, high resolution capillary GC is used for the 
analysis of•organic pollutants and confirmation is made by 
quadrupole GC/MS. Negative ion spectra are obcained with 
CI source for the identification of many corapounds found in 
the samples;' Results will be given for the samples of 
wood burning stove emissions, incinerator exhaust and other 
environmental contaminated sources. 
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BREATH ANALYSIS BY APCI/MS - A STUDY OF HUMAN EXPOSURE TO ORGANIC VOLATILES. 
F.M. Benoit, Health and Welfare Canada, Ottawa, Canada, KIA 0L2, W. Davidson, 
A. Lovett, S. Nacs.on and A. Ngo, Sciex Inc., Thornhill, Canada, L3T 1P2 

Real time breath analysis by direct exhalation into a TAGA 3000 via a 
specially designed inlet system has been used to study the human uptake and elimina
tion of some organic volatiles via the respiratory system. The technique of APCI/MS 
permits the extraction of volatiles directly from the exhaled gaseous matrix by high 
pressure chemical ionization, thus eliminating the conventional chemical workup which 
usually must precede the analysis of exhaled breath by GC/MS. 

In a series of experiments to test the feasibility of breath analysis by APCI/ 
MS, a TAGA 3000 was equipped with an inlet system which was .designed to allow a con
trolled and measurable amount of breath into the ion chamber. This was accomplished 
by inserting a removable capillary tube of known bore and length between the mouth
piece and a mixing chamber into which a carrier gas (zero air) was flowing at a known 
rate. The quantity of breath introduced into the ion chamber was determined by the 
pressure drop across the capillary at constant carrier gas flow. The pressure drop 
across the capillary was measured with a magnehelic manometer which was in view of the 
subject. The subject was asked to breathe into the mouthpiece such as to maintain a 
constant pressure on the magnehelic gauge. An adjustable by-pass valve opening to 
the atmosphere was used to dump the excess breath. 

Two problems which caused difficulties were .saturation of the ion signal and 
interferences from compounds of high proton affinities, both of which occurred at 
higher inlet pressures. The response curves for each solvent studied (methanol, 
toluene and tetrachloroethylene), obtained by introducing known quantities of the 
vapour into the system, showed a linear portion at concentrations in the low ppm and 
below range and a curved portion at concentrations in the high ppm and above range. 
In order to obtain precise quantitative estimations all the results in present study 
were obtained at ion chamber concentrations oorresponding to the. linear portion of 
the responses curves. Interference from volatiles of higher proton affinity than the, 
compound of interest occurred when the concentrations in the ion chamber were suffi
ciently high that collisions between the protonated exposure compound and a compound 
of higher proton affinity were likely. This served to deplete the ion signal of the 
exposure compound and the quantitative response factor, determined in the absence of 
interferences, was no longer valid. This problem was eliminated by dilution of the 
breath sample. It was found that at a pressure differential of " 0.2 inches of water 
across a capillary of bore 0.5 mm and length 5 cm, the problems of saturation and 
interference were eliminated and good sample sensitivity was maintained. Under such 
conditions a dilution factor of 1000:1 was achieved. 

Under medical supervision, human subjects were exposed to artificially con
taminated atmospheres containing low levels of methanol {•• 100 ppm), toluene (' 50 ppm) 
or tetrachloroethylene (" 100 ppm) for a period of " 90 min. in an enclosed chamber. 
The exposure levels were selected to be one half the recommended TLV-TWA for each 
compound. The exposure compound was loaded by bleeding bottled air, which had been 
bubbled through the selected solvent, into an airstream from outdoors. During the 
exposure experiment, the level of the exposure compound in the exposure chamber was 
monitored continuously by FID. The subject's breath was monitored during (in some 
cases) and after (in all cases) the exposure period for a selected ion, characteristic 
of the exposure compound (methanol: MH*, /e 33, toluene: (M-H)'*' , "i/e 91 and tetra
chloroethylene: C T , '"/e 35). 

The instrument response to the subject's breath was virtually instantaneous; 
at the beginning of each exhalation the ion signal rose sharply and at the end of 
each exhalation dropped sharply to background levels with little or no tailing. Cross 
contamination of the system from one breath to another was not observed. 

The levels of the exposure compound on a subject's breath was observed to be 
an average of 1S% for methanol, 17% for toluene and 13% for tetrachloroethylene of 
the levels in the air of the exposure chamber. These results indicate that a sub
stantial amount of the organic volatile was retained by the subjects. The fate of 
the retained materials has not been determined. It is noteworthy, however, that no 
metabolic products of the exposure compound could be identified unambiguously in the 
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breath of exposed subjects. 

The disappearance ofthe exposure compound from the subject's breath following 
exposure was exponential and followed first order kinetics. The half life varied from 
subject to subject and from compound to compound. Average half life values for the 
disappearance of the exposure.compound from breath were 24 min. for methanol, 27 min. . 
for toluene and 79 min. for tetrachloroethylene, indicating a fairly rapid clearout 
of the respiratory system following exposure. However, we must be cautious in the 
interpretation of this result because the disposal route of the exposure compound is 
unknown. It could well be that the disappearance of the exposure compound occurs .by 
absorption into the body rather than by emission into the exhaled breath. 

These preliminary results demonstrate the viability of APCI/MS for the real 
time monitoring of volatile compounds on the breath of human subjects. 
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ATMOSPHERIC PRESSURE IONIZATION MASS SPECTROMETRY: 
THE ISOMER SPECIFIC DETERMINATION OF TRACE LEVELS OF 

•.2,3,7,8-TCDD IN THE PRESENCE OF CONTAMINANTS . . 

R. K. Mitchum, W. A. Korfmacher and G. F. Moler 
DHHS/FDA/National Center for Toxicological. Research 

Jefferson, Arkansas 72079 

The d i s t r i bu t i on of chlorinated'hydrocarbons in the environment and food chain, has 
been a concern of regulatory agencies for many years and w i l l continue to be one of the 
prime regulatory and research areas in the federal and indust r ia l sector. Of the numerous 
chlor inated aromatic hydrocarbons the most tox ic ' and persistent class of compounds is 
represented by the tetrachlorodibenzo-£-dioxins (TCDDs). The 2,3,7,8-tetrachl.orodibenzo-
£-d iox in (2,3,7,8-TCDD) isomer has been found to be the most potent chemical toxicant of 
th i s group. The analyt ical methods which have been u t i l i z e d fo r the determination of 
TCDDs include electron capture gas chromatography, GC-low resolut ion mass spectrometry, 
GC-high resolut ion mass spectrometry, metastable ion monitor ing, and low and high pressure 
negative chemical ionizat ion mass spectrometry. Several interferences exist which 
preclude de te rmina t ion by several of these a n a l y t i c a l techn iques . These inc lude 
contaminants such as p,p'-DDE, a minor component of toxaphene, PCBs, benzyl phenyl ethers 
and tetrachloromethoxybiphenyls which in te r fe re with the analysis by having s imi lar gas 
chromatographic retent ion indices and/or in te r fe r ing mass ions. 

•The var ia t ion in the biological a c t i v i t y of the TCDD isomers and the f ind ing of 
several TCDD isomers in environmental samples has led to the need for an isomer-specif ic 
method for the determination of 2,3,7,8-TCDD. The synthesis of the 22 TCDD isomers has 
recently been reported. Lamparski and Nest r ick( l ) have reported an isomer-specif ic method 
for 2,3,7,8-TCDD based on extensive HPLC f rac t ionat ion combined with LR/GC and low 
resolut ion electron impact mass spectrometry. Buser and Rappe(2) have recently reported 
an isomer-specif ic method for 2,3,7,8-TCDD using HR/GC combined with low resolut ion 
electron impact mass spectronetry. 

The negative ion chemical ionizat ion mass spectrometry of the TCDD isomers in an 
oxygen-rich plasma has been proposed(3) to be speci f ic for the 2:2 chloro-subst i tu ted TCDD 
isomers based upon both the formation of a unique ion , the 4,5-dichloro-l,2-benzoquinone 
radical anion, and the phenoxide ion resu l t ing from oxygen subst i tu t ion with loss of 
ch lor ine . This paper reports the invest igat ion of the reactions of the 22 TCDD isomers in 
an oxygen-rich plasma at atmospheric pressure and demonstrates the se lec t i v i t y of t h i s 
methodology for the 2,3,7,8-TCDD isomer when coupled with high resolut ion cap i l l a r y gas 
chromatography. 

Dissociat ive electron capture to form Cl" is the predominant pathway for a l l 22 TCDD 
isomers. Associative electron capture occurs for a l im i ted number of the TCDD isomers. 
Al l of the 2:2 subst i tuted TCDD isomers form molecular anions except for the 1,3,7,8- and 
2,3,7,8-isomers. The 1:3 TCDD isomers substi tuted in the 1,2,4,6 and 1,2,4,9 posit ions 
also form molecular anions. 

The formation of the.,oxygen-substituted phenoxide ion corresponding to the M-19 anion 
(M-Cl+0) is shown to occur for a l l of the 2:2 chloro-subst i tuted TCDD isomers. This 
observation is contrary to the general scheme proposed by Hass(3), a lbe i t under d i f fe ren t 
condi t ions, that only TCDD isomers having chlor ine in the peri posi t ion could form the 
phenoxide anion and that the 2,3,7,8-TCDD isomer does not form th i s ion-molecule product. 

The formation of the dichlorobenzoquinone anion, m/z 176, is shown (Figure 1) to occur 
for a l l 2:2 chloro-subst i tuted isomers. The 1:3 and 0:4 chloro-subst i tuted isomers did 
not form m/z 176; th is resul t agrees with previous predict ions (3) . 

A high resolut ion gas chromatogram of the 22 TCDD isomers (Figure 1) was obtained by 
monitoring m/z 35. Since a l l 22 TCDD isomers undergo d issoc ia t ive electron capture to 
form C l " , t h i s high resolut ion chromatogram would analogously correspond to a typ ica l 
analysis using electron impact and monitoring the molecular i on , m/z 320. The s e l e c t i v i t y 
of the ion molecule reaction to form m/z 176 is shown in Figure 1. Three TCDD isomers 
fa i l ed to separate completely from 2,3,7,8-TCDD when monitoring m/z 35: 1,2,3,7- , 
1,2,3,8- and 1,2,3,9-TCDD. These isomers were shown not to in te r fe re with 2,3,7,8-TCDD 
when the dichlorobenzoquinone anion, m/z 176, was monitored. Therefore, baseline 
resolut ion of the 2,3,7,8-TCDD isomer is obtained in the presence of isomers which co-
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elute chromatographically. Appl icat ion of both t h i s ion-monitoring .scheme and the 
c a p i l l a r y . chromatography is straightforward and the technique allows for an isomer-
speci f ic determination of the 2,3,7,8-TCDD isomer. 

The invest igat ion of compounds which are known to in te r fe re with low resolut ion 
electron impact analysis was •• performed on a mixture consist ing of £ , £'-DDE, PCB's 
(Arochlors 1242, 1254and 1260), toxaphene, and a cormercial pest ic ide mixture (A l l tech 
PE-Mix-A, . containing several chlorinated pesticides) to determine the extent of any 
inter ference. Even though th i s mixture represents a worst-case example ( i . e . , very l i t t l e 
sample cleanup) the resul ts (Figure 2) indicated' that no. interference with 2,3,7,8-TCDD 
determination existed when the methodology .described here was used.' This lack of 
in ter ference, coupled with the capacity for baseline reso lu t ion 'o f the 2,3,7,8-TCDD isomer 
in the presence of other i n te r fe r ing TCDD isomers, is of s ign i f i can t analy t ica l value. 

(1) Lamparski, L. L.; Nestr ick, T. J . Anal. Chem. 1980, 52, 2045-2054. 

(2) Buser, H. R.; Rappe, C. Anal; Chem. 1980, 52, 2257-2262. 

(3) Hass, J .R. ; Fr iesen, H.D.; Hoffman, M..K., Org. Mass Spectrom., 1979. 14. 9-16. 
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Figure 1 
Chromatogram of the 22 isomeric.TCDDs. 
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Figure 2 
Traces a -d : Chromatogram of 
mixture of i n t e r f e r r i ng compounds. 
Traces e -h : Chromatogram of 
mixture plus .3 ng each C and 

C 2,3,7,8-TCDD. 
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APPLICATIONS OF GC-HS FOR DETERMINATION OF CHLORINATED DIBENZO-p-DIOXINS 

AND CHLORINATED DIBENZOFURANS IN THE PRODUCTS FROM INCINERATION 
• OF CHEMICAL WASTES 

T.O. Tiernan, J.H. Garrett, J.G. Solch, G.F. VanNess and M.L. Taylor 
Brehm Laboratory and Depts. of Chemistry and Pharmacology/Toxicology 

.- Wright. State University, Dayton, Ohio 45435-

A comprehensive analytical scheme has been developed for quantitative determination of 
the entire series of chlorodibenzo-p-dioxins (CDDs) and Chlorodibenzofurans (CDFs) in stack 
effluents and other products resulting from combustion of chemical wastes. Samples are 
Initiallv extracted and fractionated as Indicated bv the flow chart in Fiqure 1. 

Figure 1. FLOW DIAGRAM SHOWING SEQUENCE OF OPERATIONS IN PREPARATIOH 
OF COHBUSTION PRODUCT SAMPLES FOR ANALYSES OF CHLORINATEP 

DIBENZO-p-DIOXINS (CDDs) AND DIBENZOFURANS (CDFsl 

I SOXHLET EXTRACTION OF SAMPLE WITH BEHZEME] 

I PRELIMINARY CLEAH-UP, ACID-BASE WASHES I 
I ~ 

ISILICA ADSORBENT CHROHATOGRAPBIf| 

ALUMINA ADSORBENT CHROHATOCRAPUY 

CAPILLARY COLUMN 
c c - u w s o r 
TETDA-CDOS 

-I CDDs AND CDFo F r a c t i o n h 

^ 
CAPILIARY COLUMN GC-
LBHS OF HEXA-, 
HEPTA-, OCTA-CDDn 

CAPILIARY COLUMN 
GC-LRMS OF 
TETRA-, PENTA-, HEXA-
HEPTA-, 0CTA-CDF8 

HPLC FRACTIOHATIOH J 
I CAPILUUIY COLUMl CC-IRMS | 

The resultant extracts are analyzed using both capillary column GC-low resolution MS (Perkin 
Elmer Sigma III GC coupled to a Kratos MS-25 MS) and capillary column GC-high resolution MS 
(Varian 3700 GC, coupled to an AEI MS-30 MS). Several different capillary GC columns • 
(50-meter) are utilized, including OV-101, Silar IOC and new mixed phase, Silov-82. Selected 
ion monitoring MS is used to detect and quantitate CDDs and CDFs. At least one CDD and CDF 
isomer of each chlorinated class (Cl through Cla) is used for instrument calibration. 
Typical results from the analysis of one sampling train sample, collected during incinera
tion of chlorinated chemical wastes, are shown in Table 1. The use of capillary GC columns 
in the" GC-MS analyses permit the determination of individual TCDD Isomers iri the combustion 
products. All 22 TCDD isomer standards are available for calibration purposes. Typical 
results of TCDD-lsomer analyses are shown in Table 2. Similar results for other chemical 
waste combustion studies will be presented, along with a more detailed description of the 
analytical procedures. 



TABLE 1. HIGH RESOLUTION GAS CHROMATOGRAPHIC-LOW RESOLUTION MASS SPECTROMETRIC 
DATA OW TOTAL CDDs AMD CDFs- (TETRACHLORINATED THROUGH OCTACHLORINATED) IN PROBE 
WASH SAMPLE FROM INCINERATION TESTS AT ROIJ.INS ENVIRONMENTAL SERVICES, DEER PARK, 
TEXAS. 

CDD/CDF^ 

TCDD 
PCDD 
HxCDD 
HpCDD 
OCDD 

TCDF 
PCDF 
HxCDF 
HpCDF 
OCDP 

NUMBER OF , 
APPARENT ISOMERS 

7 
4 
2 
1 

- 1 

7 
6 
4 
2 
1 

MINIMUM 
QUANTITY OF TOTAL CDD/CDF DETECTABLE 
DETECTED IN TOTAL SAMPLE (ng) QUANTITY (ng) 

3.8 0.4 
4 0.3 
1 0.5 
2 2 
5 3 

5 0.2 
30 0.3 
25 0.5 
12 2 
10 3 

% RECOVERY 

a. Prefix designations are: T = tetra- penta-; Hx = hexa-; Hp = hepta; 0 = octa-

b. Results corrected for recovery on the basis of recovery of added internal standards. 

c. Recoveries for the CDDs were estimated on the basis of recovery of two internal standards 
added to the samples prior to processing. These standards are "cii,-2,3,7,8-TCDD, the 
recovery of which was assumed to be indicative of the recoveries of native PCDDs and 
lower chlorinated CDDs. (that Is, mono- through penta- CDDs), and "cl 1,-1,2,3,4,6,7,8-
HpCDD, the recovery of which was assumed to be Indicative of the recoveries of native 
HxCDDs and higher chlorinated CDDs (that is, hexa- through octa- CDDs). No isotopically-
labelled CDFs were available, and so the recoveries of CDFs could not be directly 
assessed. However, recoveries of CDFs are probably on the same order as the corresponding 
CDDs. 

TABLE 2. TCDD ISOMERS DETERMINED IN COMBUSTION PRODUCT SAMPLES FROM 
INCINERATION OF VARIOUS CHEMICAL WASTES 

SAMPLE DESIGNATION 

6-0606 

80-07-027-44 

ORIGIN 

Rollins Environmental 
Services - Chlorinated 
Waste Incineration 
Stack Effluent 

ENSCO - Chlorinated 
Waste Incineration 
Stack Effluent 

Acurex - PCP Waste 
Incineration - Ash 

TCDD ISOMERS 
DETECTED 

1,3,6,8-
1,3,7,9-
1,3,6,9-
1,2,7,9-
Others 

1,3,6,8-
•1,3,7,9-
1,3,6,9-
1,2,7,95 
Others 

1,2,7,9-
1,3,6,8-
1,3,7,9-
Others "̂  

% OF TOTAL 
TCDDs . 

25 
22 
9 
9 
35 

20 
. 18 

3 
5 
54 

— 
— 
— 
— 

TCDDs are also observed at retention times corresponding to the 1,3,7,8-; 1,2,6,8-; and 
1/2,6,9- isomers, but these isomers are apparently no completely resolved from several 
other TCDD isomers which could also account for these peaks. 

TCDDs are also observed at retention times corresponding to the 1,3,7,8-; 1,2,6,8-; and 
1,2,3,4- isomers, but these peaks may also be accounted for by several other isomers, 

TCDDs are also observed at retention times corresponding to the 1,3,7,8- and 1,2,3,4-
TCDD isomers, but these isomers are not uniquely resolved from other TCDD isomers under 
the conditions of these analyses. 
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. GC-MS PROCEDimES FOR DETERMINATION OF•CHLORINATED DIBEN20-p-DI0XIN 
ISOMERS IN PARTICULATES FROM COMBUSTION SOURCES 

J.G: Solch, T.O. Tiernan, G.F. VanNess, J.H. Garrett and M.L, Taylor 
Brehm Laboratory and Depts. of Chemistry and Pharmacology/Toxicology 

Wright State University, Dayton, Ohio 45435 

The efficacy of several different capillary gas chromatographic columns for separating 
the 22 isomers of tetrachlorodibenzo-p-dioxin (TCDD), and for quantitative measurements of 
these using GC-MS, has been determined. The GC columns evaluated include 50-meter OV-17, 
OV-101, and Silar IOC columns, which have been previously utilized in various laboratories, 
as well as a new mixed-phase 50-meter column, Silov-82, developed to our specifications. 
These studies indicate that the latter column is superior to those previously employed (see 
Table 1 and Figure 1) for TCDD isomer deteimiinations, and exhibits excellent sensitivity 
(picogram-level) analytical reproducibility, and stability. 

The Silov-82 column has been used in a Perker-Elmer Sigma III Gas Chromatograph coupled 
to a Kratos MS-25 Mass Spectrometer which is controlled by a DS-50SM Computer system, for 
analyses of TCDD isomers in a variety of combustion products. 

TABLE 1. TCDD ISOMERS UNIQUELY RESOLVED ON DIFFERENT CAPILLARY GC COLUMNS 

Number of TCDD 
Isomers Resolved 

7 
• 9 

.11 
14 

Column Coating 

OV-17 
OV-101 

Silar IOC . 
• Silov 82 

These solid seimples were first extracted in a Soxhiet apparatus, generally using benzene, 
and the extracts were subjected to a sequence of washings with dilute base, concentrated 
acid and water. The orgemic extracts were next separated preliminarily by liquid coltmm 
chromatography using a combination acid and base-treated silica gel and highly activated 
basic alumina. The extracts were fiirther fractionated using reverse phase High Performance 
Liquid Chromatography. Finally, these extracts, containing the TCDDs, were subjected to 
GC-MS analysis, as described above. Some extracts were also analyzed by GC-high resolution 
mass.spectrometry using a Varian 3740 Gas Chromatograph coupled to an AEI MS-30. Mass 
Spectrometer. 

The results of analyzing extracts of fly ash from a municipal refuse incinerator are 
shown in Figure 2. At least eighteen TCDD isomers were detected, the 1,3,6,8-, 1,3,7,9-, 
and 1,3,7,8- isomers being the major species, while 2,3,7,8-TCDD is present only at very 
low concentrations. Figure 3 shows similar results for soot collected from the chimney of 
a wood-rburning fireplace. In'this case, at least 15 distinct isomers are present, and 
again, the major isomer components are 1,3,6,8- emd 1,3,7,9-TCDD. The results of similar 
amalyses of other combustion products will also be discussed. 
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Figure 1. Selected Ion Mass Chromatograms For Sllov-82 Capillary Column GC-MS Analysis Of 
A Mixture of 22 TCDD Isomers.. 

.LL. 

Figure 2. Selected Ion Mass Chromatograms For Silqv-82 Capillary Column GC-MS Analysis Of 
•An Extract Of Fly Ash From A Municipal Refuse Incinerator. 

Figure 3. Selected Ion Mass Chromatograms For Silov-82 Capillary Column GC-MS Analysis Of 
Soot From a Wood-Burning Fireplace. 
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QUANTITATIVE HRGC - HRMS: STUDV ON THE USE OF A NON - ISOTOPICALLY LABELLED INTERNAL 
STANDARD IN THE ANALYSIS OF 2,3,7,8-TCDD IN MILK. 

Yves Tondeur, J. Ronald Hass, Phillip W. Albro, Joanna L. Schroeder and Kun Chae 

NIEHS, P.O. Box 12233, Research Triangle Park, NC 27709 

Introduction 
A high resolution .glass capillary column gas chromatograph coupled to a high resol

ution mass spectrometer has proven itself useful as an analytical tool in meeting the 
requirements to identify, confirm and quantitate trace levels of TCDD (/). During the 
past few years, specific qualitative criteria have been developed. Quantitative 
analysis usually involves the use of an internal standard which is typically an isotopic 
variant of TCDD added to compensate for sample handling losses. By using selected ion 
monitoring techniques, the limitations of the use of a non - isotopically labelled 
internal standard (2) are evaluated. 

instrumentation 
GC: • HP - 5700 gas chromatograph with a 20 m fused silica OV 1 column (i.d. 0-2 mm; 

coupled directly into the MS source) is progranmed from 150°C to 220°C at 8°C/min. 
MS: Reversed geometry ZAB-2F VG Micromass coupled to a Finnigan/Incos 2300 Data 

System is operated in the EI mode (70 eV). The exact masses monitored.are m/z 321.8935 
for TCDD and m/z 339.8841 for (2). The lock mass is a fragment ion from C^I, at m/z 
277.8093. Usually, the corresppnding dwell times are 0.5, 0.5 and 0.2 sec respective
ly. The resolution is 10,000 (5% valley) and the accelerating voltage is 8 KV. The 
window size of the scanning ESA voltage is 200 ppm (see fig. 2) allowing one to visualize 
the peak profile centered in the channel. 

Results and Discussion 
As a part of the development of a validated procedure for the analysis of TCDD (ppt 

level) in human milk, a GC-MS evaluation of the utility of 1,2,3,4-tetrachloro-7-fluoro-
dibenzo-p-dioxin (2) as an internal standard is being conducted. The two compounds ) 
and 2 do not coelute (AR^^ = 46 sec; RSD = 1.6%; N = 6) and produce ions at different m/z. 

Evaluation of the GC-MS system: In the range of the concentrations envisaged (i.e. from 
10 to 100 pg/pl), the variation of the latter has been found to have no significant effect 
upon the area ratio measurements, although the ratio is significantly affected by the-
dwell times (0.2; 0.5; 1 sec). Neither parameter affects the precision on the area rai;io 
evaluations. A minimum variance is observed when the amounts of TCDD and F-TCDD 
(2) are equal and does not exceed unreasonable values when the weight ratio ranges from 
0.3 to 12 (fig. 4). Data obtained over a period of 4 days show a significant variation 
for the area ratios indicating the need of a better control of the mass spectrometer 
parameters. For example, one notices that the ratio value increased when the absolute 
intensity of the lock mass decreased. 

Evaluation through the procedure: Goat milk (lipid content = 25 mg/ml; RSD 1.3!6; 
N = 3 ) , used in these exploratory experiments, is spiked followed by an hydrolysis, 
extraction and two clean-up steps. The first step in the. clean-up (removal of the 
bulk of the lipids and aliphatic compounds) is definitely not sufficient by itself, as 
evidenced by (1) chemical noise (fig.3), (2) the presence of an "quantitative 
interference", i.e. an unidentified component in the mixture which co-elutes with TCDD, 
affecting the sensitivity. The difference between the measured area ratio of the 
sample and the one obtained from the standard mixture on the same day is 70 times the 
standard deviation of the latter The response obtained from the control milk spiked 
after clean-up and prior GC-MS is within one o. The second clean-up step (removal 
of traces of lipids, PCB's and other potential chlorinated interferences) is fully 
justified as exemplified by the elimination of the previously mentioned "quantitative 
interference" and by the net reduction in chemical noise. Although the data in fig. (5) 
are indicating that the 2 compounds are not recovered to the same extent, it would be 
at this moment premature to decide whether or not 2 is a suitable internal standard. 
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Mass Spectral Identification of Chemical 
Residues Encountered in the Total Diet Program 

David L. Heik.es 
U. S. Food and Drug Adm. 
Total Diet Research Center 
Kansas City, MO 64106 

The Total Diet Program of the Food and Drug Administration consists o£ the 
surveillance of residue levels of pesticides and industrial chemicals in processed 
foods.. Each sample, or market basket, represents the food consumed by a 16-19 
year-old male in two weeks. The various items of each market basket are divided 
into twelve composites, and analyzed by procedures found in the Pesticide Analytical 
Manual of the FDA. Frequently, residues of tetrachloronitrobenzene '(TCNB) and 
related compounds have been found in the composite of potatoes. TCNB (Fusa+ex®, 
•Tecnazene®) is used as a post-harvest sprout suppressant on potatoes. The recommended 
application rate for Fusarex®(6% TCNB) is 1.0 lb. for each 600 lbs. of potatoes. 

A sample of Fusarex® was assayed using.gas chromatography with electron capture 
detection and mass spectral confirmation. . 

TABLE 1 
Assay of Fusarex® 

Identity ppm 

Tetrachloronitrobenzene (TCNB) 58,300 (5.83%) 
Trichloronitrobenzene 570 
Tetrachlorobenzene . 383 • 
Pentachloronitrobenzene (PCNB) 280 
Pentachlorobenzene (QCB) Ih 

In addition to the impurities found in Fusarex®, several other residues found 
in potatoes were identified by mass spectrometry. Gas chromatographic comparison 
of these residues with available or synthesized standards, showed the tetrachlorinated 
compounds found to be the 2,3,5,6-isomers. TABLE 2 lists the compounds identified 
in potatoes with GLC retention data relative to pentachlorobenzene (QCB). 

TABLE 2 
Compounds Found in Potatoes 

relative retention 
Identity (QCB = 1.00; 6.5 min) 

3% OV-1, 130° 

Tetrachlorobenzene 0.40 
Trichloronitrobenzene 0.86 
2,3,5,6-Tetrachloroanisole 1.02 
Tetrachloronitrobenzene (TCNB) 1.37 
Tetrachloroaniline (TCA) 1.50 
Tetrachlorothioanisole (TCTA) 2.72 

' Pentachloronitrobenzene (PCNB) 2.98 
Tetrachloro-p-nitroanisole ? *̂ 5 
Trichloronitrothloanisole 3.60 
Tetrachloro-p-anisidine 3.63 

Tetrachloro-p-nitroanisole, tetrachloro-p-anisidine and trichloronitrothioanisole 
are previously unreported metabolites of TCNB. Their mass spectra are represented in 
Figures 1 to 3, respectively. 
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Figure 1 - Electron impact mass spectrum of 
tetrachloro-p-nitroanisole. 
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Figure 2 - Electron impact mass spectrum of 
tetrachloro-p-anisidine. 
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Figure 3 - Electron impact mass spectrum of trichloronitrothioanisole. 
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IDENTIFICATION AND QUANTITATION OF POLY
CHLORINATED DIBENZOFURANS IN ENVIRONMENTAL SAMPLES; L.M. 
SMITH, J.L. JOHNSON, D.L. STALLING, J.D. PETTY, G.R. DUBAY; 
Columbia Nat'l. Fishery Res. Lab; RR 1, Columbia, MO 65201 

High resolution (HR) GC/negative ionization (NI)-MS was 
used to identify polychlorinated dibenzofurans (PCDFs) in 
processed fish tissue sample's. The most abundant tetrchloro-
dibenzofuran (TCDF) found in the tissues has the same 
retention time as 2,3,7,8-TCDF which is very similar in 
structure and toxicity to 2,3,7,8-TCDD. The level of con
tamination in most samples measured as total PCDF residues 
ranged from 25 to-250 ppt. A composite fish sample from an 
area of extremely liigh PCB contamination was found to have a 
total furan contamination of 2000 ppt (2 ppb) including 1 ppb 
of the component wliich matched 2,3,7,8-TCDF in retention time 
and NiMo spectrum. Detection of PCDF residues at 1 ppt (per 
component) and below was possible by means of multiple ion 
detection (MID) NIMS; the practical limit of sensitivity was 
100 femtograms for individuals components. 

A specially developed procedure, which was a critical 
clement of this study, permitted quantitative removal of PCBs 
and other interferences from planar aromatic residues each 
as those of PCDFs. Recent improvements in the application 
of carbon adsorbants to the enrichment of planar aromatic 
compounds has allowed tlie removal of a wide variety of non-
planar compounds which are known to interfere with the 
analysis of chlorinated-dibonzofurans and -dibenzodioxins. 

Both electron-impact and NIMS were tested for the analysis 
of PCDF and NIMS was demonstrated to be more sensitive than 
EIMS. The extent of sensitivity enhancement for NI with 
respect to EI was observed to be dependent on the extent and 
position of chlorine substitution. Pentachlorodibenzofurans 
with different substitution patterns showed significantly 
differenc increases in response in NIMS. Thus, a large 
number of standards are required to 'determine the concen
tration of individual PCDF components. The sensitivity of 
components was increa'sed by using MID of the four most 
intense ions within .the molecular ion cluster of all PCDF. 
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THE CHARACTERIZATION AND ENVIRONMENTAL IMPACT OF COMPOUNDS FORMED 
IN THE PHOTODEGRADATION OF POLYBROMINATED BIPHENYL CONGENERS 
D. G. Patterson, D. L. Ortl, L. W. Yert, R. H. Hill, Jr., 

J, Lee, J. S. Holler, and L. L. Needham 
Department of Health and Human Services, Public Health Service, 
Centers for Disease Control, Center for Environmental Health, 
Clinical Chemistry Division, Atlanta, Georgia 30333 

In 1973 and 1974, a segment of Michigan's population was exposed to grain, meat, dairy, 
and poultry products that had been contaminated with.Flremaster FF-1, a polybrominated 
biphenyl (PBB) mixture'consisting primarily of hexabrominated biphenyl (see Figure 1). PBBs 
have low acute toxicity, but are fat-soluble, biologically persistent, and capable of 
causing chronic injury to the liver, kidneys, skin, and lymphatic tissue. In addition, PBBs 
have been found in chronic rat-feeding studies to Induce neoplastic liver nodules. 

Purpose 
Degradation of PBBs in the environment can occur by metabolic as well as photochemical 

pathways. We have undertaken the study of PBB photochemistry in order to assess the envi-. 
ronmental significance of this nonbiologlcal degradation pathway. 

Results and Discussion 
Gas chromatography, nuclear magnetic resonance, and gas chromatography/mass spectro

metry (GC/MS) analyses have been used to determine major photodegradation products from a 
number of Important congeners occurring in the commercial polybrominated biphenyl mixture 
(see Figures 4-8). Rabbit-ear testing was used to examine concurrent changes in biological 
activity under photolytic conditions. The major component in Flremaster, the inactive 
hexabromoblphenyl PBB-4̂  (see Figure 1), is observed to photodegrade to a biologically 
active mixture of lower brominated biphenyls (see Figure 5). The evidence for the structu
ral assignments for the various decomposition products will be reviewed. Structural identi
fication of isomeric PBBs is'assisted by hydride reduction of higher brominated homologues. 
This reduction when conducted using deuterium reducing agents, can generate Isotopically 
labeled materials for use in quantitative, analyses. 

Because of this severe activity generated in the photodegradation of PBB-4 (see Figure 
5), several soil saraples from a manufacturing plant site have been examined for PBB resi
dues. The results suggest that significant degradation has occurred (see Figure 2). 
Samples with very low levels of PBB were analyzed by negative ion chemical Ionization maas . 
spectrometry which provided Increased sensitivity (see Figure 3). 
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CHEMICAL IONIZATION HASS SPECTROMETRY OF N-NITROSOUREAS 

Gary A. McClusky, Shing-Kwan Huang, and William Lijinsky 

Chemical Carcinogenesis Program 
Frederick Cancer Research Center 

Frederick, MD 21701 

Many N-nitrosoureas are carcinogens and mutagens, and are important compounds in the 

drug and agricultural chemical industries. A more thorough investigation of the mass 

spectrometry of N-nitrosoureas would facilitate the analysis and characterization of this 

class of compounds. Electron impact ionization of these thermally sensitive compounds 

generally results in.weak intensity or no molecular ions. Enhancement of the molecular ion 

region eases compound identification and detection by improving the chemical signal to noise 

ratio for direct mass spectrometric analysis or the MS/MS technique of CID/MIKES. 

The chemical ionization of monosubstituted nitrosoureas resulted in formation df (M+H)"*" 

ions with a 10-100 fold enhancement over electron impact ionization. The base peak was 

derived from the (M+H)"*" ion by loss of hydrogen isocyanate to form a protonated di azotic 

NO H 
I - HNCO I - H2O -N2 

R*N-C-NHo , R-N=N-OH , RN'̂  . R'̂  

H 0 • 

acid ion. Subsequently, the loss of H2O can occur to produce a diazonium ion followed by 

loss of N2 to generate a carbenium ion. The presense of an ion at {M-28)''' was indicative 

of the corresponding ..urea as an impurity ir the nitrosourea. 

As the number of substituent groups is increased, the chemical ionization of di- and 

trisubstituted nitrosoureas produced substituted isocyanate cations with much greater 

relative intensity. In addition, when Rj has a B-activating substituent as in BCNU, the 

H 
I 

N=0+ 
I /R2 - RiN=N-OH + R2 

Rl N-C-N, V 0 = C - N ' 

II ^R3 • ^ "R3 
0 
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nitroso and activating group can be loss to give an intense fragment ion with the following 

proposed structure. 

NO 

I CH2^ 
CICH2CH2N-C-NHCH2CH2CI -NO, Cl V I ,N-C-NHCH2CH2C1 

II '~. 7 CH2 11 
+0-H +0-H 
BCNU 

The negative chemical ionization of monosubstituted nitrosoureas resulted in the 

formation of intense (M-H)", (M-30)", diazotate, and isocyanate ions. In addition, there 

were novel ions appearing at (M+13)" and (M+42)". These novel ions are proposed to be 

formed from an ion molecule reaction between hydrogen isocyanate, (M-30)" and (M-H)". The 

CID/MIKE spectrum indicated that these ions are not just hydrogen bonding adducts but are 

covalently bonded adducts.. 

This work was supported by Contract No. NOl-CO-75380 with the National Cancer Institute, 

NIH, Bethesda. MD 20014. 
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ISOTOPE DILUTION SPARK SOURCE HASS SPECTRO
METRIC DETERMIHATION OF SULFUR IN NBS IRON BASE ALLOYS. " 
P. J. PAULSEN and R. W. BURKE; Center for Analytical Chemistry 
National Measurement Laboratory, National Bureau of Standards, 
Washington, DC • 20234 

The sulfur'content of iron base alloys needs to be controlled 
at or below specific concentrations depending on the end use 
of the alloy. At.the same time, routine laboratory methods 
for measuring sulfur need to be rapid, accurate and low cost. 
The instrumental techniques currently used are fully capable 
of meeting these criteria provided standards of proven ac
curacy are available. In response to recent discrepancies 
reported for sulfur in steels, a procedure has been developed 
at NBS utilizing spark source mass spectrometry (SSMS) iso
tope dilution for the determination of sulfur in iron base 
Standard Reference Materials (SRM). This mothod is 10 to 100 
times more sensitive than the chemical techniques used pre
viously to certify sulfur in iron SRM'.s and has the advantage 
of being a definitive method. Samples, spiked with "̂"S, are 
dissolved in a HNO3-HCI mixture by heating at 1S0°C in a 
sealed glass tube. This dissolution technique prevents the 
loss of any sulfur prior to the equilibration of the natural 
and spike isotopes. The equilibrated solution is evaporated 
several times with HCl to remove all traces of HNO3. The 
sulfur compounds are then reduced to H2S using a mixture of 
hypophosphorus, hydroiodic, and hydrochloric acids. The 
H2S is collected as AgjS by passing the H2S through a AgN03 
solution. The dried AgjS is mixed with 6-9's pure gold 
powder, pressed into electrodes and analyzed in the SSMS. 
The altered sulfur isotopic ratios are measured on the S+' 
.ion using electronic detection SSMS. Sulfur blanks below 
1 ug are obtained by use of pure acids and by evaporating 
the sample under a nitrogen gas atmosphere. 
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NEGATIVE ION FORMATION FROM SFg ON HOT SURFACES 

J . E. DELMORE 

Exxon Nuclear Idaho Co. I n c . 
Box 2800 

Idaho Falls, Idaho 83401 

Positive surface ionization is a widely used technique for the isotopic 
analysis of a number of elements. The corresponding negative ion technique has 
found much less use. One of the main reasons is that hot filaments emit elec
trons, which are accelerated by the potentials on the negative ion lens, and 
repulsed by the potentials on the postive ion lens. Negative surface ionization 
(NSI) must then be limited to conditions under which the resulting electron 
current does not become large enough .to disrupt the operation of the lens due to 
arcing, charge density defocusing or heating of the focus, plates. 

Hot filaments operated in the negative ion mode have the potential of ioni
zing not only by NSI, but also by electron attachment. Many molecules attach 
thermal electrons (<0.5 volts) to form negative ions. The electron attachment 
rate drops off very rapidly at electon energies above 0.5 volts. The region in 
a surface ionization source where'electrons have such low energy is limited to 
Just in front of the filament. 

Electron emission (EE) is governed by the. temperature and .by the work func
tion (i}>) of the surface, and is described by the Richardson equation: '. 

• EE « T2 exp (--t»/kT)' ' 

If the ionization mechanism were.electron capture, ion.intensity should be pro
portional to EE. 

Surface ionization rates can be estimated with reasonable accuracy for only 
a few simple atoms. Molecules, particularly if a decomposition is involved, do 
not fit a simple theory. The theory, where it does apply, predicts that lower
ing 4) improves the lon to electron ratiol' 

A method for differentiating between NSI and electron attachment is to mea
sure relative ionization efficiency on several ' filament materials with widely 
differing work functions. If the ionizaton mechanism is electron capture the 
ionization process will be similar on alllonizers for a constant electron flux. 
NSI will give different ionization efficiencies under constant electron flux.' 

The hexafluorides are a group of molecules that are of considerable interest 
for this type of ion source. Hexafluorides of S, Se, Te, Mo, W, Re, Ir, Pt, 
Os, Au and U readily form negative ions. All except SFg (ea <0.5 volts) 
have high electron affinities (3 to 10 volts), and SF5 has a high thermal 
electron attachment rate. Thus SFg will form negative ions from an electron 
attachment process, while the others will form negative ions from an NSI 
process. 

UF5 and SFg are already widely used for the isotopic analysis of Q and 
S respectively, using electron bombardment positive ionization. As these mole
cules readily form negative ions, the investigation of the possibility of per
forming isotopic analyses of these molecules using the negative ion technique 
described earlier is a logical step. SFg was chosen for the initial experi
ment due to its non-corrosive nature. 

An experiment was set up with a gas inlet connected by a variable leak to 
the source housing of a NBS 12-90 surface ionization isotope ratio mass spec
trometer. Single filaments of LaBg, ZrC, Hf, W and Re were tested sequen
tially. The source was pumped to 2*10"° torr, and SFg gas introduced to give 
*/̂ »10~7 torr. SFg- was the major ion, giving IQ-̂ ''. amp at the collector. Peak 
shapes and baselines were good. A temperature plateau (̂ 20°) was observed 
over which little change (A).25^) in ion intensity occurred, 
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SFg- reached a maximuni and approximately constant intensity at a con
stant electron flux for all 5 ionizers. This supports an electron attachment 
mechanism, as would be predicted from the ea and the eleotron attachment rate. 
The drop in intensity when exceeding this optimum electron flux is probably due 
to defocusing in the ion lens from charge density. 

The use of a variable leak precluded, high accuracy measurements on sulfur 
isotope ratios. A viscous flow dual gas inlet would be required to check out 
this aspect of the measurement. Precision within a measurement, however, is a 
prerequisite for high accuracy, and this could be checked. A peak stepping 
data system with a single deep faraday collector was used. All five ionizers 
gave precisions of better than 0.0256 under most circumstances. When attention 
was paid to operating on the more favorable portion of the ionization curve, 
and intensity kept below the point where secondary electrons became a problem, 
LaBg produced precisions, of better than 0.005$ in the 32/34 sulfur ratio. 
This precision approaches the limit for the mass speotrometers data system. 

The next question to ask is why this type of ion source might be preferred 
to the electron bombardment sources that are already in wide use for sulfur 
isotope ratio measurements. The answer is in the mechanical and electronic 
simplification. The electron trap and. all that is required to support it is 
replaced with a simple filament aligned with the lens, and a simple power supply 
to heat this filament A strong potential also exists for improved sensitivity 
due to the high ionization efficiency. 
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CORRELATIONS BETWEEN.THE MASS DISCRIMINATION FACTORS OF URANIUM AND PLUTONIUM, 
D. W. Crawford and M. A. Legel, U.S. Departraent of Energy, New Brunswick Laboratory, 
Argonne, IL 60h39 

Calibrated synthetic mixtures of Pu and Pu isotopes were analyzed by triple-filament 
thermal ionization mass spectrometry to determine the mass discrimination factor of 
plutonium relative to that of uranium. This comparison is significant since previous mass 
discrimination factors for plutonium have been based upon the mass discrimination of 
uranium. Recent availability of calibrated plutonium.standards have made this study 
possible. 

Five synthetic mixtures of plutonium were obtained frora the Savannah River Plant, The 
mixtures were.prepared by mixing solutions, of National Bureau of Standards (NBS) 949b 
metal of high -̂̂ P̂u content withSRP production metal 018A of high ^^^Pu content. Both 
"parent" solutions have well-characterized isotopic and assay values and were 
independently analyzed. Weighed allquants from one liter stock solutions of the parents 
were nixed to yield ^^Pu/ Pu values of approximacely 1, 0.1, 10, 0.25, and 4 with 
prepared uncertainties of ± 0.10%. 

These solutions were analyzed concurrently with a series of five calibrated uranium 
isotopic standards with ^^^U/^-'^U ratios corresponding to the '̂̂ P̂u/̂ -'̂ Pu ratios. The' 
high purity NBS U^Og isotopic standard reference material was dissolved in 1:1 HNO^, and 
evaporated to dryness. The residues were dissolved and 5% HNÔ j and uranium the 
concentration adjusted to 1 g/1. Table I lists the ^"^^Pu/ -̂ "Pu ratios in the Pu mixtures 
and the corresponding -̂ "U/ U ratios in the uranlura solutions. 

RATIO VALUES FOR CALIBRATED SOLUTIONS USED 

^̂  NBS URANIUM ISOTOPIC STANDARDS 

Mixture 242p^^239p^ Standard 238^/235y 

SRP /n 0.9144+0.10% SRM U-500 1.000302 
SRP //2 0.08592 ^^^ U-900 0.096379 
SRP //3 8.2903 SRM U-100 8.803140 
SRP llh 0.2436 SRM U-800 0.234432 
SRP #5 3.7071 SRM U-200 3.979963 

Values for January 1981 

Ampoules containing allquants of plutonium mixtures were opened and the solution 
quantitatively separated from its decay products and other impurities by a HNO|j anion 
exchange. The concentration of the resulting clean plutonium solution was adjusted to 1 
mg Pu/ml in 5% HNO3, 

A Nuclide 12"90*^ thermal ionization mass spectromecer was used for the analysis. A 
triple-filament assembly, consisting of Cwo rhenium sample filaments and a central rhenium 
ionizing filament, was used as the ion source. Approximately 7 yl of the sample solution 
was evaporated onto each of the sample filaments and, by passing an electrical current 
chrough che filaments, was further heated to form the metal oxide by passing an eleccrical 
currenC through the filament. The assembly was Inserted into che source of che mass 
SpecCrometer. At a source pressure of 5 x 10~ torr, the filaments were "flashed" to a 
specific temperature for 15 seconds, or until the pressure began to drop, to drive off any 
volatile components (but not the oxide) prior to the beginning of the analysis. The 
measurement was begun when the pressure in the source had dropped to the low end of che 
10 torr range. The ionizing filament temperature was increased to a temperature of 
approxiraately 2100°C and controlled by ° Re"*" incensity monitoring. Current Co a single 
sample filament was increased Co yield a Cotal M"*" intensity of IV (1 x 10" A) for five 
minutes, a total 3V signal for ten minutes, and readjusted, if necessary, Co a 3V 
intensity at about 15 minutes. The ionizing filament Intensity was rechecked and if a 
stable M intensity existed at typical filament currents with source and analyzer tube 
pressures of 10 and 10 torr, respectively, data acquisition was begun. Sets of 
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isotope ratio measurements were taken until approximately 45 minutes, at which time the 
analysis was terminated. This resulted in an average burntlme of approximately 30 minutes 
for each filament run. 

_. _f a Cotal of five scans of the reference peak and the peak 
239D.. ,^J 242O„. 235U ^nd ^^^U) to yield a total of nine ratios. 

Each set of ratios consisted of a Cotal of five 
being measured (i.e. ^^^Pu and ^^^Pu; ^ ^ ^ and ^-"U) to yl 
When applicable, any individual ratio in a set which was determined to be a scatistical 
outlier was deleted and a new average determined accordingly. An internal precision 
statement (relative standard, deviation) was calculated for each set and for the mean of 
all sets for one filament loading. Table II shows che resulCs of che measureraents of the 
plutonium and uranium in terms of mass discriminacton facCors. 

M i x t u r e 

SRP in 
SRP 112 
SRP 113 
SRP till 
SRP 1)5 

MEAN 
NBS-

SRM-947 

„ , . ^P lu ton ium 

1 . 0 0 1 9 7 1 
1 .001357 
1 .001884 
1 .001590 
1 . 0 0 1 4 2 3 

1 .001645 

1 . 0 0 1 6 6 1 

TABLE I I 

RSD f o r n 
F i l a m e n t I d g s . 

0.02% 
0.03% 
0 .03% 
0 .03% 
0.04% 

0.02% 

0 .03% 

n=5 
n=5 
n=4 
n=5 
n=5 

n=5 

SRiM# 

U-100 
U-200 
U-500 
U-800 
U-900 

MEAN 

233^j^Aii^j c_p_ 

1 .001995 
• 1 .001609 

1 .001789 
1 .001637 
1 .001461 

1 .001698 

RSD f o r n 
F i l a m e n t L d g s . 

0 .04% 
0 .03% 
0 .03% 
0.04% 
0 . 0 1 % 

0.02% 

n=4 
n=4 
n=6 
n=4 
n=5 

Prepared/measured ratio 

To observe the fractionation pattern as a function of the rate of change of the correction 
per unit time,' the individual sets of values were plotted on a graph of correction vs. 
burntlme. The slope of the correction curve (theoretically, a straight line) was 
determined for each filaraent loading and the average of all loadings per sample 
calculated. Table III shows these results. 

TABLE III 
OBSERVED FRACTIONATION PATTERNS OF PLUTONIUM AND URANIUM 

correction 
y=mx + b 

Plutonium 

burntime 

Uranium 

Mixture 

SRP 111 
SRP #2 
SRP #3 
SRP #4 

•SRP #5 

Slope 

-3.0 
-3.2 
-2.8 
-4.7 
-3.0 

X 10"^ minutes" 

X 10' 

10-5 
5 

Standard 

SRM U-100 
SRM U-200 
SRM U-500 
SRM U-800 
SRM U-900 

Slope 

5 
-5 
,-5 
5 
5 

- 2 . 3 X 
- 3 . 3 X 
- 3 . 7 X 
- 3 . 7 X 
- 4 . 9 X 

10 ' 
10 
10 
10 
10 

minutes 

MEAN -3.3 X 10 -3.6 X 10 

The study concludes that the mass discrimination corrections due to fractionation are very 
similar for uranium and plutonium while undergoing therraal ionization. 
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A PRECISE METHOD FOR'THE MASS SPECTROMETRIC DETERMINATION 
OF LITHIUM ISOTOPE RATIOS. • . 

E. MICHIELS and P. DE BIEVRE, Universicy.of•Antwerpen, General 
Bureau for Nuclear Measuremencs, Geel, Belgium. 

A mass spectromecric method has been developed for the determination of precise ratio 
measuremencs-on lithium. The method yields an external reproducibility of better Chan 
1 part in 10 (s.d.) on 1 microgram samples. We have applied our raethod to a first 
syscem calibration by means of synchetic'mixtures. An absolute value for the isotope 
abundances of a natural Li sample has been established as well as an atomic weight. 

The samples were loaded on the Re filaments of a triple filaraent thermal ionization 
source as lithium iodide in 1 Mg/Ml solution. The droplets were dried at room temperature 
in approxiraately 20 minutes in an exsiccator under alowered pressure of 0.5 atm. It is 
believed that in this way more uniform and reproducible sample layers are obtained than 
is the case with sample drying using resistance heating. To avoid cross contamination 
during the drying process each saraple was put in a liccle plascic box wich a few holes 
in the.upper side. . 

The raass spectrometric analysis was accorapllshed at an ionizing filaraent temperature of 
860 *C, deterrained with a pyrometer. The ionizing filament teraperature proved to be 
an extremely critical parameter which had to be controlled very carefully. Reproducible 
changes in temperature of a few tens of degrees resulted in more than one percent 
reproducible changes in the observed isotope ratio. To eliminate erroneous filament 
temperature setting due to clianges in resistance of the filament with temperacure, 
readjuscmenc to 860 C was made after two minutes. The'external' reproducibility of 
these temperatures was well within 5 C. 
The cemperature of the evaporation filaments is equally critical. Therefore, a measurement 
pattern (sum of the two isocope signals vs time) had to be followed ridgidly. 

Due to isotopic fractionation, the isotope ratio changes with time. Both !norraal','reverse' 
and 'zero' fractionation were observed during the first part (45 minutes) of the 
raeasurement. In all cases che isoCope ratio came eo the same value and remained almost 
constant (to within ± O.OI %) for at least two hours. Data were taken (digital voltmeter 
readings) becween 50 - 70 rainutes, when the change with cime of the isotope ratio was 
negligible. 

As a result of careful control of the sample drying and instrumental analysis parameters 
single internal standard deviations better than 0.01 % have been obtained consistently. 

The method has been applied to a first rough-system calibration with the aid of synthetic 
isocope raixtures of Li ( Li/Li = 0.99) and Li ( Li/Li = 0.9999) che racios of which were 
known Co better than 0.03 % and prepared previously (1). Mixtures were used at 2 - 7 -
7.5 - 8 - 20 - 50 - 80 - 92 % Li. The absolute natural isotope Li/ Li isotope racio 
derived is : , _ 

Li/ Li atom ratio = 0.08140 ± 0.00014 . 

The absolute isotopic coraposition of natural Li consequently is : 

' i 

^Li = 92.472 ± 0.012 atom Z . 

Li = 7.528 ± 0.012 atom % 
7, 

The relative atomic weight of natural Li is therefore : 

6.94067 ± 0.00012. 

These values can be compared to chose obtained by Flesch (2) and Callis (3). 

A more extensive system calibration and a thorough error -analysis will still' be 
performed and published elsewhere. 

* this work vas made possible by the allocation of a grant from the Commission 
of the European Communities. 
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Table I : Lithium System Calibration (20 - 27th April 1981). 

R , (s. ) 
obs. ^ int. 

obs. 

A 202 

A 207 

A 208 

A 220 

A 250 

A 280 

A 292.5 

0.02)359 

0.072925 

0.087357 

0.24700 

1.0I657_ 

4.01949 

12.6056 

1) 0.021551 (0.018%) 
2) 0.021526 (0.019%) 
3) 0.021572 (0.019%) 

. 0.073397 

0.08786 

1) 0.24776. 
2) 0.24758 

1) 1.01260 
2) 1.01216 

1) 3.8928 
2). 3.89029 

1)11.319 "' 
2)i1.300 
3)11.315. 

.(P.023%) 

(0.011%) 

(0.0081%) 
(0.011%) 

(0.012%)' . 
(0.011%) 

(0.014%) 
(0.012%) 

(0.0096%) 
(0.010%) • 
(0.011%) 

0.9869 
0.9880 
0.9860 

0.9851 

0.9854 

0.9857 
.0.9864 

0.9851 
0.9855 

0.9852 
0.9859. 

0.9852 
0.9870 
0.9856 

0.021267 

0.0723025 

0.0865775 

0,24422 

0.99749 

3.8353 

11.1515 

A 299 : Rg = 0.0001145 ± 0.00000286 (that is 2.5%) (99.99 % ^Li). 

K = 0.98593 ± 0.00012 that is 0.087 %. 

Table 2 : Li/ Li isotope ratio of a natural lithium .sample . (March 1981). 

n = 6 

obs. .7^. 

0.08250 
0.08248 
0.08249 
0.08273 . 
0.08248 
0.08271 •• 

'̂ obsV = 0-082565 1 

^rue = 0.08140 ± 

= int. 

0.0088% 
• 0.0077%' 
• 0.0072% 
• O.OI1% 
0.011% 
0.0071% 

"0.00012. 

0.00014 

References : 

(1) J. Pauwels, K.F. Lauer, Y. Le Duigou, P.J. De Bievre and G.H. Debus, 
The preparation of-precisely defined.Lithium Isotope Mixtures, Anal. Chim. 
Acta 43 (1968) 211 - 220. 

(2) G.D. Flesch, A.R. Anderson and H.J. Svec, Int. J. Mass Spec. Ion Phys. 12 (1973) • 
(3) E.L. Callis, A.E. Essling, G. Reedy,. R.J. Meyer, Proc. 28th Ann. Meeting ASMS, 1980. 
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THE DETERMINATION OF B AND LI IN NUCLEAR MATERIALS 
BY SECONDARY ION MASS SPECTROMETRY* 

R. E. Eby and W. H. Christie 
Analytical Chemistry Division 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

We have used secondary ion mass spectrometry (SIMS) to perform mass and isotopic 
analysis for B and Li in samples that are not readily amenable to more conventional mass 
spectrometric techniques (e.g;,surface ionization, electron impact, etc.). In this paper 
three specific applications of SIMS analysis to nuclear materials will be discussed: 
first, the quantitative determination of B and its isotopic composition in borosilicate 
glasses; second, the determination of the isotopic composition of B and Li in irradiated 
nuclear-grade aluminum oxide/boron carbide composite pellets, and, lastly, the quantitative 
and isotopic determination of B and Li in highly radioactive solutions of unknown composi
tion. 

In the SIMS technique it is well known that some method of surface charge compensation 
must be employed in the analysis of insulator materials. It is also recognized that 
samples to be analyzed must be presented, as reasonably flat, smooth surfaces. In our 
analysis technique we have met both of these criteria by distributing pulverized samples 
as a thin film on a flat conducting substrate. Solid samples are typically prepared by 
grinding in a mortar. The powdered material is placed in a small plastic vial and 
enough water added to create a suspension after shaking. The suspension is allowed to 
settle briefly and a 1 pl pipet is inserted.into the top of the solution in order to with
draw a ul or less of suspended sample fines out for analysis. This suspension is de
posited on a conducting substrate, dried'and loaded into the SIMS instrument for analysis. 

. We have studied the effect of analyzing borosilicate glasses, prepared in the above 
mentioned fashion, using bothO" and O2 primary beams and have established that statis
tically equivalent results are obtained with either beam. Since 02''' beams are more 
readily generated in our duoplasmatron ion source, we used this beam for all analyses. 
All analytical results in this study were corrected for counting system dead time and 
bias due to isotopic fractionation by calibration with standards of known composition. 
Table I presents the results of SIMS isotopic analysis for B in a series of borosilicate 
glasses containing natural B. 

Table II presents the results of SIMS quantitative analysis for B in five boro
silicate glass samples. The samples were ground, weighed, dissolved in dilute HF and 
spiked with a known solution containing enriched i^B. The quantitative results obtained 
are compared to results for the same samples analyzed by conventional atomic absorption 
methods. 

Irradiated Al203/Bi,C composite pellets, used as reactor control rods, were analyzed 
using SIMS in a manner analogous to that described for borosilicate glasses. Using 1 yl 
of an aqueous suspension of this material reduced the radioactivity handled to a few 
milliroentgen of radiation for each sample. We were able to determine isotopic values 
for both Li and B in this type sample. . 

The application of SIMS to the quantitative determination of B and Li in solutions 
of unknown composition was examined by analyzing a radioactive liquid generated in the 
Three-Mile Island nuclear reactor accident. The original sample consisted of a highly 
radioactive aqueous solution that "indicated about 1 Rh"Vl-"^ of B, y activity on contact 
with the sample vial surface. These samples were diluted and spiked with enriched 
^Li and '"B standards. This resulted in a sample that gave a combined a , S activity 
of approximately 1 mR'^h-'. These samples were then analyzed via SIMS to provide 
quantitative and isotopic information for Li and B. An advantage of the SIMS method for 

•Research sponsored by the U. S. Department of Energy, Division of Basic Energy Sciences, 
under contract W-7405-eng-26 with the Union Carbide Corporation. 
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this kind of analysis is the fact that very low levels of radiation were actually 
handled because of the ultrahigh sensitivity of the method for Li and B. A detailed 
account of this work has been published.(1) 

Table I. SIMS Isotopic Analysis of Borosilicate Glass Powders 

sample 
no. 

1 
1 .' 
2 
2 
3 
3 
4 
4 
5 
5 

. 6 
6 

• 7 
7 
8 
8 
9 
•9 

av 
. SD 

atom ratio 
l°B/iiB av 

0.2469 
0.2468 
0.2495 
0.2472 
0.2469 
0.2478 • 
0.2467 
0.2497 
0.2456. 
0.2474 
0.2457 
0.2467 
0.2455 
0.2465 
0.2470 
0.2463 
0.2469 
0.2463 

0.2469 
0.0009 

soa 

0.0005 
0.0005 

• 0.0019 
0.0007 
0.0013 
0.0013 
0.0008 
0.0006 
0.0008 
0.0006 
0.0009 
0.0009 
0.0016 
0.0009 
0.0006 
0.0005 
0.0010 
0.0006 

0.0009 

t ' 
RSOb 

0.20 • 
0.20 
0.76 
0.28 
0.53 
0.52 
0.32 . 
0.24 
0.33 
0.24 

• 0.37 
0.36 
0.65 
0.25 
0.24 . 
0.20 
0.41 
0.24 

0.35 

nC 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
• 8 
10 
10 

. 10 
10 
10 
10 
10 

1 abs error 
100(y - x)/yd 

0.00 
-0.04 
1.05 
0.12 
0.00 
0.36 
-0.08 
0.41 
-0.53 
0.20 
-0.49 
-0.08 
-0.57 
-0.16 
0.04 
-0.24 
0.00 
-0.24 

-0.01 
0.34 

*SD = standard deviation. , % RSD = percent relative SD. 
n = number of replicates. x = '"B/^'B average, natural 
'"B/iiB taken as 0.2469 = y. 

Table II. Comparative Quantitative Analysis of Boron 

sample 
no. 

isotope 
dilution SIMS 

. wt % B 

atomic 
absorption 
wt % B 

1 
2 
3 
4 

• 5 

3.94 
3.88 
3.98 
3.87 
3.94 

3.91 
3.90 
3.92 
3.90 
3.88 

(1) W. H. Christie, R. E. Eby, R. J. Warmack, and L. Landau,. Anal. Chem. 53; 1.3 (1981). 
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A SIMS Study of the Resin Bead as a 

Thermal Ion Source* 

David H. Smith, W. H. Christie, and R. E. Eby 
Analytical Chemistry Division 
Oak Ridge National Laboratory 
Oak Ridge, .Tennessee 37830 

Using a single anion resin bead as a vehicle for introducing uranium samples into a 

mass spectrometer for thermal emission isotopic analysis was first suggested by workers 

at NBS. Its application was extended to separation of uranium and plutonium from highly 
2 

radioactive solutions by Walker et al. of this.laboratory. The principal advantages of 

using this method are: (1) simplified chemical preparation (only adj'ustment of acid 

strength and uranium concentration is .required); (2) reduced transportation costs; 

(3) improved ionization efficiency; (4) reduced loss of sample as oxide species. It was 

decided to investigate the bead-sample-filament system using secondary ion mass spec

trometry (SIMS). 

Beads were prepared in a way to simulate actual sample treatment as closely as 

possible. They were mounted on flat Re filaments and heated for varying lengths of 

time (2 min to 2 hours) at 170b°C. 

The beads were examined after this treatment by optical and scanning electron micros

copy. This revealed that, even after the longest burns, the beads retained their integrity. 

The beads slowly evaporate and dissolve into the Re filament, leaving hemispherical carbon 

skeletons. 

SIMS investigations revealed that carbon had penetrated through, the thickness of 

the Re filament, while uranium had not left the bead in detectable quantities, even along 

grain boundaries. Uranium penetration of the bead is essentially complete, even though 

loading is only about 1%. . 

We conclude that ionization occurs at the bead-filament interface, where there is a 

surface rich in carbon; Re-C composite surfaces are known to have work functions about 
3 

0.4 eV higher than that of pure polycrystalline Re. The bead serves as a reservoir of 

uranium,feeding sample to the ionization region as the bead dissolves or evaporates and 

simultaneously serving as a reducing medium, preventing undue loss of sample as oxide. 

species. 

Our observations made clear that a bead is small with respect to the size of the 

individual Re grains of the filament surface. The work functions of these grains will 

vary with the lattice face aligned with the surface. It would thus be desirable to 

devise a means of identifying those grains of high work function. 

A detailed account of this work has been published. ' 

•Research sponsored by the U. S. Department of Energy, Division of Basic Energy Sciences, 

under contract •#W-7405-eng-26, with the Union Carbide Corporation. 
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A Quadrupole Mass Spectrometer for a Mobile 
Laboratory to Measure Isotope Ratios* 

J. R. Walton, D. H. Smith, H. S. McKown and J. A. Carter 
Analytical Chemistry Division 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

A mobile laboratory has been assembled for the Office of Safeguards and Security to be 
used for "on-site" inspection of plant operations handling special nuclear materials. The 
necessary chemistry on the collected sample and a rapid measurement of the isotopic composi
tion, with the use of a quadrupole mass spectrometer, can be performed on uranium, plu
tonium, and other elements. 

The vehicle is a 22-foot long Model G Fleetwood mobile home. . It contains all the 
needs and requirements for the chemical preparation and the isotopic measurements of the • 
samples. The quadrupole and control unit are mounted in two modules which are anchored on 
a low bench on the left side of the vehicle. A microscope, vortex mixer, and a centrifuge 
are mounted on a work bench on the right side. 

The mobile laboratory has three electrical systems. One provides 115-volt power to 
operate all 115-volt instruments and appliances. This system is used when power is avail
able from a public utility. A fifty-foot heavy-duty power cord is available to be plugged 
into any adequate 115-volt power source. A second power source is a self-contained in
verter which operates from two heavy-duty 12-volt marine batteries. The output is 1000 
volt amperes at 115 volts, with a low distortion sinusoidal wave form. The batteries, 
which can tolerate many deep discharge cycles, are charged by a 130-ampere generator turned 
by the vehicle engine. This power is used to keep the quadrupole pumping system function
ing while in transit. The inverter will continue to furnish 115-volt power for more than 
two hours while the vehicle engine is turned off. A third source of power uses an on-board 
auxiliary battery to provide power for 12-volt lighting, appliances, and accessories. 

The mass spectrometer is a Balzers quadrupole mass spectrometer model QMG 311. The 
instrument was assembled in two modules and adapted for thermal ionization by the 
J. Pernicka Corporation. The pumping system is comprised of a Pfeiffer turbomolecular 
pump and Pfeiffer direct drive rotary vane backing pump. Pressures of 10"^ torr are rou
tinely maintained. A 0-12 ampere d.c. power supply furnishes current for the thermal 
ionization filament. The ion measurement system is composed of a 17-stage Cu/Be secondary 
electron multiplier with a range of 10"'"* to 10"' amperes and a linear amplifier with an 
output limit of 10 volts. A Tektronix 31 programmable calculator serves both to control 
mass scanning and acquire and process data. The information may be recorded on thermal 
paper tape or bulk storage is available on cassette tapes. These are convenient for storage 
of different programs and also serves as a long-term storage for mass spectral data. The 
thermal ion probe is 20 cm long and the barrell is 1.6 cm in diameter. The highly polished 
surfaces aid in sliding the probe through the "0" rings in the vacuum lock while maintain
ing vacuum integrity. The filament posts are spaced 6 mm apart by a fused glass insulator. 
The ends of a "V" shaped rhenium filament are spot welded to the opposite sides of the 
posts. The end view would show the filament lying diagonally between the two posts. The 
reason for this configuration is to assure that the sample at the center of the filament 
would lie on the field axis of the quadrupole. The thermal ion probe vacuum lock is rough 
pumped by a second Pfeiffer direct drive pump. A sample change may be made and operating 
pressure obtained in less than four minutes. 

•Research sponsored by the U. S. Department of Energy, Division of Basic Energy Sciences, 
under Contract W-7405-eng-26 with the Union Carbide Corporation. 
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Uranium standards were loaded on resin beads, a technique developed at Oak Ridge 
National Laboratory several years ago.^ This involves adjusting the pH of the solution, 
adding a tracer of an enriched isotope, if needed, and exposing the solution to resin beads 
by agitating in a vortex mixer for 20 minutes. One bead is selected and mounted at the 
center of the "V" shaped filament and held in place with collodion. Five minutes.at low 
temperatures (800-1200°C) are required for the destruction of the resin bead and condition
ing of the sample for stable ion emission. This, technique produces high sensitivity for 
uranium as well as plutonium. A sample of 1-3 ng of uranium results in a 5 to 8 volt 
signal which lasted more than one hour. We have successfully measured uranium concentra
tion as low as 10 ppb. 

• Table 1 shows some results utilizing certified NBS isotopic uranium standards. The 
statistics shown represent one standard deviation on five separate loadings. All the re
sults agree to better than 1.6 percent. The amount of sample on each bead was from 1-3 ng 
of the element. 

Table 1. Results of NBS Uranium Standards 

NBS Nur 

U-930 

U-750 

U-500 

U-200 

U-100 

U-030 

U-010 

U-950a 

nber 

(natural) 

Cer t i f ied 
235U/238U 

17.3487 . 

3.1660 

0.9997 

0.2513 

0.1136 

0.0314 

0.01014 

0.007253 

Measured 
235u/23eu 

17.6259 

3.2013 

0.9993 

0.2474 

0.1143 

0.03191 

0.01025 

0.007240 

± 0.2699 

± 0.0090 

± 0.0053 

± 0.0030 

+ 0.0015 

± 0.00064 

± 0.00019 

+0.00021 

Boron is used as a neutron capturing agent and its concentration in a liquid-cooled 
nuclear reactor is of utmost importance. Isotope dilution mass spectrometry using enriched 
•'"B as a tracer would be an effective way of making that measurement. Boron isotopic 
ratios have been determined using less than 100 ng of boron.^in the form of Na2Bi,07 on a 
platinum "V" shaped filament. Ion masses 88 and 89 (Na2B02 ) were monitored to determine 
the '"B/'^B ratio. These ratios have been determined at less than 1 percent standard.de
viation. Table 2 shows some results of boron analysis. 

Table 2. Boron Analysis 

"Normal" 
Boron Standard 

Quadrupole. 
Analysis 

i"B/iiB ratio 0.2469 

Sample B 

2.167 ± 0..bl9 

460 ppm 

480 ppm 

^R7~L. Walker, R. E. Eby, C. A. Pritchard and J. A. Carter, Anal. Lett. 7_, 563 (1974). 

i»B/iiB ratio (i°B •. 
spiked) 

•Measured amt. of B 
in sample 

Spark source isotope 
dilution 

0.2501 ± 0.0020 

Sample C 

1.382 ± 0.010 

820 ppm 

840 (titration) 
ppm 
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A Portable, Solid Source, Quadrupole MS for Rapid Assay of U and Pu 
M. W. Echo,' Exxon Nuclear Idaho Co., P. 0. Box 2800,' Idaho Falls, Idaho 83401 

The effective safeguarding of fissionable material at a nuclear plant requires the capability 
to make frequent analyses of the isotopic composition of such material. For this and other 
reasons, the Safeguards Development Section at the Idaho Chemical. Processing Plant was assign
ed the task of developing a light weight, transportable mass spectrometer which could be con
veniently carried into a nuclear plant and used to perform mass assays on uranium and pluto
nium. . . 

Target specifications for the instrument were as follows: It should weigh less than 150 kilo
grams, require only standard electrical power and cooling water, and require not more than one 
microgram of sample for an analysis. It should detennine the isotopic ratio of uranium 235 to 
uranium 238 with,an accuracy of 1% or.better for material of 5% or more enrichment, require not 
more than 20 minutes for an analysis, have a resolution at mass 238 of 300 or better and an 
abundance sensitivity of 3,500 or better, and its operation should be made as nearly automatic 
as practical. 

Three instruments were selected as candidates; two quardupoles and one magnetic sector machine. 
From these, a gas chromatograph mass spectrometer built by Hewlett-Packard Company was chosen, 
their Model 5992A. The gas chromatograph parts of the instrument were of no use and were re
moved ahd discarded. 

The Hewlett-Packard GCMS is built with the mass filter assembly physically inside of the oil 
diffusion pump. Access to the entrance lens on the quadrupole assembly is gained through 
the center of the diffusion pump heater and up through the center of the diffusion pump 
boiler. The gate valve and lock assembly are affixed at the base of the diffusion pump. 
The decision was made to. use a thermal emission, single filament source. A common glass to 
metal seal assembly was chosen to hold the filament which is a one by thirty mil Rhenium 
ribbon. The vacuum lock-shaft is a 3/4 inch tube. The filament assembly plugs into a socket 
in the end of the lock shaft. The filament power is supplied by a regulated and programmable 
power supply. Accelerating voltage.is supplied by the circuitry that was originally used for 
the sample ionization current. A cold cathode gauge was installed for pressure measurement, 
but it is not very.accurate at operating pressure and is often very difficult to start. 

The vacuum lock is carried on another vertical shaft and is raised and lowered manually into 
and out of the lock assembly. It is indexed by a rail mechanism so that its vertical posi
tion is easily controlled. The lock shaft is swung inward and indexed, then raised stepwise 
through the lock mechanism and gate valve into battery with a docking •fixture on the entrance 
lens. Two ball valves control the'connection of the mechanical pump to either the diffusion 
pump or the vacuum lock or both. About three minutes are normally required to insert a 
sample andpump down to operating vacuum. The oil diffusion pump produces a vacuum of better 
than 10"̂  torr; and will maintain an operating vacuum of about 2 x 10" for normal' sample 
frequency. The instrument has no other high vacuum pumping device, nor cold trap. From a 
cold, secured, shutdown condition, operating vacuum is attained in about 3 hours. 

The Model 5992 GCMS is furnished with a model 9825 programmable calculator which controls al
most all of the mass spectrometer functions. The basis of this control is a large machine 
language program which is loaded into memory from a cassette tape. This machine language or 
binary program recognizes a number of calls by means of which the operation of the mass 
spectrometer, is controlled. This provides aconvenient means for very fast program execution 
but, since the binary cannot be listed or changed, severly limits innovation in programming. 
Many variations in data collection routines were tried. The final program makes use of a 
Selected Ion Monitor or "sim" call, which sets up the mass filter to focus' the designated mass; 
sets the mass gain and offset parameters; makes the specified number of discrete observations 
of collector current; and stores the mean of those observations in a program variable. A 
Galileo Channeltron infinite dynode multiplier is used in the collector and its output is fed 
into a logarithmic preamplifier. If a single observation is specified in the "sim" call, the 
log of the collector current is returned and stored; if more than one, the mean of the anti-
log is returned and stored. The data collected during a single sample run comprises a total 
of 1,357,500 discrete measurements of collector current, and takes about 3-1/2 minutes. Fig
ure 1 shows a log plot of NBS SRM-U 750, indicating resolution and peak shape. 

Originally, liquid samples were loaded onto the filament. About one microliter, containing 
about one microgram of uranium, was evaporated to dryness in the center of the filament rib
bon. Subsequently an improved technique was developed, whereby a small depression is made in 
the center of the filament. The depression is about 200 micrometers in diameter.and depth. 
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A resin bead containing the sample is then loaded into the depression and heated. By this 
means a condition.is thought to occur during analysis similar to that of a double filament 
source, whereby sample ionization takes place o.n a much hotter surface than for evaporation. 
A substantial increase in sensitivity has been observed using this technique. Resin beads 
containing 3 nanograms of uranium have been satisfactorily analyzed using this method. The 
better results are obtained using beads of 100 micron diameter or smaller. After the f'ila-
ment is loaded into the'spectrometer and pumped down, the remainder of the operation is 
completely automatic. The filament is run up, parameters adjusted for best focus, data 
taken and reduced, and results printed.out, all under calculator control. After the data 
are taken and reduced, the printout includes the date, sample ID, operating parameters, 
background, values for each measurement, the final results, the measured ratio, and the 
percent standard deviation. 

The first evaluation program consisted of a series of 30 samples, each of which.was run 4 to 
6 times. The results of these analyses indicated an accuracy of better than 1 percent. Final 
modifications to the instrument were then completed; and a second evaluation program was car
ried out, similar to the first except forthe dimpled filament and resin bead loadings, and 
that somewhat fewer samples were run. All of the target specifications for the spectrometer 
have been met or exceeded. The accruacy is better than 1 per cent, even for wide ratios, 
and analyses of 10 nanogram samples can be routinely performed at the rate of 6 or more per. 
hour by persons with little or no technical training. The weight of the instrument is 88 
kilograms and of the calculator and printer, about 26 kilograms. If the printer is omitted 
and the calculator's own printer is used, the weight would drop to about 98 kilograms, total. 
The spectrometer can be carried short distances reasonably easily by two persons and has 
been transported in the trunk of a Volkswagen Rabbit. . 

It is strongly believed that the performance of this instrument could be substantially im
proved. The log preamp, for example, was designed for GCMS work, and is not ideal for the 
present usage. Further refinements and adjustments would undoubtedly result in improved per
formance. 

75.36 % 

LOG PLOT OF 

URANIUM STANDARD NBS U-750 
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DEVELOPMENTS'. IN FULLY AUTOMATIC THERMAL IONIZATION - MASS SPECTROMETRY 
R.C. Haines - P.J. Turner 

VG Isotopes Ltd., winsford, Cheshire, England 

The work described here consists of a more rapid analysis of uranium than 
previously reported and at a reduced cost. Some small samples of uranium 
have been analysed using the Daly detector and this will primarily interest 
those who work with plutonium. All the measurements were made in the fully 
automatic mode of the Isomass 54E thermal ionization mass spectrometer. The 
data in the table consists of 15 loadings of NBS U500 Standard. These two 
microgram samples were loaded onto the tantalum side filaments of triple 
filament beads. The ionizing filament was rhenium. The average analysis 
time for these samples was 30 minutes. A mean value of 1.00363 was obtained 
for.the 235/238 ratio and the relative standard deviation was 0.024 percent 
one sigma. Rejection of one "rogue" value (sample 4) inproved the relative 
standard deviation to 0.020 percent. 

N 

1 
2 

3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 

MEASURED 
RAW 

1.003864 
1.003858 • 
1.003504 
1.004193 
1.003437 
1.003808 
1.00 3290 
1.003455 
1.003623 
1.003344 
'1.003412 
1.003418 
1.003762 
1.003656 
1.003750 

BIAS 
.CORRECTED • 

.999933 

.999927 

.999574 
1.000260 
.999507 
.999957 
.999361 
.999525 
.999693 
.999415 
.999483 
.999489 
.999831 
.999726 
.999819 

ERROR 

% 
.029 
.015 
.014 
.015 
.015 
.008 
.018 
.015 
.039 
.011 
.008 
.021 
.035 
.014 
.025 

TRUE 

.9997 

.9997 

.9997 

.9997 

.9997 
. .9997 
.9997 
.9997 
.9997 . 
.9997 
.9997 
.9997 
.9997 

' .9997 
.9997 

% FROM 
TRUE 

.02 

.02 

-.01 
.06 

-.02 • 
.03 

-.03 
-.02 
-.00 
-.03 
-.02 
-.02 
.01 
.00 
.01 

T . 

(MINS) 

29 
32 

31 
32 
35 
29 
30 
35 
30 
31 
30 
30 
32 
31 
30 

MEAN = 1.003630 

ACCURACY 0.024 PERCENT 1 SIGMA 

BIAS .00131 PER AMU 

The observed fractionation factor of 1.0039 corresponds to the value expected 
near the beginning of the fractionation curve, where the observed value 
approaches the NBS value multiplied by the square root of 238/235 as expected 
from a simple model of fractionation. 

The peak jumping cycle also included the 2 34 and 2 36 isotopes. The mean value 
for the 234/238 ratio was 0.010454 with a relative standard deviation of 
0.192 percent on& sigma. 

For the small uranium samples we have exploited the powers of the Daly 
detector. The loadings were of two nanograms of NBS U500 standard on single 
rhenium boat filaments. At the 35 minute point in the analysis the mean 
235/238 ratio measured on nine loadings was observed to be 1.011418 with a 
relative standard deviation of 0.106 percent 1 sigma. At about 50 minutes 
the standard deviation had improved to 0.08 percent. 

250 



NBS U500 -_2 N^o2£ams_-_Single 5heniuin_Filament 

N 

1 
2 

3 
4 

5 
6 

7 

8 
9 

MEASURED 

RAW 

1.009505 
1.013228 

1.011646 
1.011930 
1.010929 

1.010039 

1.011613 
1.011507 

1.012362 

BIAS 

CORRECTED 

.997809 
1.001489 

.999926 

1.000206 
.999217 
.998337 

.999893 

.999788 

1.000633 

ERROR 

% 
.040 
.049 

.029 

.024 

.019 

.037 

.036 

.026 

.024 

TRUE 

.9997 

.9997 

.9997 

.9997 

.9997 

.9997 

.9997 

.9997 

.9997 

% FROM 

, TRUE 

-.19 
.18 
.02 

.05 

-.05 
-.14 

.02 

.01 

.09 

T 

(MINS) 

33, 
34 

32 
30 
37 

29 

35 • 

33 
35 

MEAN' = 1.011418 

ACCURACY 0.106 PERCENT 1 SIGMA 

BIAS .00391 PER AMU 

To demonstrate the relatively good linearity of the Daly detector system, we' 
have observed the change of the 87/86 ratio with ion beam size in a sample 
of NBS 987 strontium standard. The change in the 87/86 ratio represents the 
effect of non-linearity on the 11 to 1 88/86 ratio being superimposed on the 
87/86 ratio via the internal fractionation correction. The ion intensities 
of the strontium 88 beam were in the range 5xlO~l'̂ A to 9X10~13A. This data 
indicates that in the normal operating ion current range 5x10"^^ to SxlO"̂ ;̂̂  
the linearity corrections needed are 0.2% or less. Uncertainty in these 
linearity corrections would leave a residual error of 0.05% or less, which 
corrpares favorably with other measurement errors. 

This systematic and predictable behavior of the Daly detector is a consequence 
of its design principles. It consists of a high voltage electrode operating 
at about 20KV which attracts the ion beam. The collision of the ions with 
the electrode is a high gain process, several electrons being produced for 
each ion. These electrons then strike a scintillator to produce light which 
passes to a photomultiplier external to the vacuum system. The initial ion-
electron conversion on a planar metal surface leads to a very stable gain and 
one which is essentially constant across the peak top, giving peak top 
flatness of better than 0.1%. It is these characteristics which make the 
detector suitable for measurements of the precision described above. 
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Automated Nitrogen Isotope Ratio Analysis 

W. E. Rayford, R. Kleiman, and R. D. Plattner, Northern Regional Research Center, 
Science and Education Administration, Agricultural Research, U.S. Department of 
Agriculture, Peoria, IL 6160A 

Traditionally, isotopic analysis of nitrogen gas has been a labor-intensive 
.operation that requires generating nitrogen gas from ammonium salts under 
nonatmospheric conditions and Injecting it Into the mass spectrometer. The 
analytical procedures most coimnonly employed are modifications of those developed 
by Rittenberg et al. (1,2) for tracer investigations involving the use of ^̂ N 
enriched corapounds. Ross and Martin (3), in 1970, developed a conversion system 
that replaced the Rittenberg tube with throw-away vials and lithium hypobromite 
reservoir. Later, Porter and O'Deen (4) improved Ross and Martin's conversion 
system by making it easier to construct and maintain. We now report a computer-
controlled system for nitrogen isotope .determination following the techniques of 
Porter and O'Deen. 

When totally implemented, this system will allow around-the-clock analysis. The 
system consists of electrical and mechanical modifications of a corranercial gas 
chromatographic automatic sampler that enables it to generate nitrogen gas from 
dry annnonium salts under computer control. Computer-controlled valves are 
installed to control the vacuum and transference of nitrogen gas to the mass 
spectrometer. ^̂ N enrichment or deletion is determined with a Varian Mat 250 
mass spectrometer, which is controlled by a Hewlett-Packard 9815 desktop computer. 

Comparison of the Porter and O'Deen conversion system and our autoraated conversion 
system is done by analyzing the results of identical enriched and deleted nitrogen 
samples. (Table 1). The results reported by O'Deen and Porter (5) were done 
following their traditional procedures. Though all the procedures in the comparison 
are not identical, the results show that the performance of the automatic injection 
system compares favorably to that of the manual system. 
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Comparison of Automatic Nitrogen System 
with Porter and O'Deen System 

standard^ 

0.01 
0.11 
0.2 
0.5 
1.0 
NH^Cl 

Automated 

Atom % -"-̂ N̂  

0.0082 
0.1085 
0.2076 
0.5163 
1.0090 
0.3702 

N„-Generated 

Standard 

Deviation 

+0.00068 
+0.00112 
+0.00102 
+0.00242 
+0.00069 
+0.00109 

Porter & O'Deen 

Atom % -"-̂ N̂  

0.0055 
0.1059 
0.2063 
0.5074 
1.0123 
0.3684 

r- Supplied by B. B. Mclnteer, Los Alamos, New Mexico. 
— Six analyses per sample. 
— Three analyses per sample. 
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ENHANCED MASS SPECTROMETRIC SENSITIVITY FOR TRACE METALS IN. BIOLOGICAL SYSTEMS 

M.A; Bourgeois and F.A. White 
Departments of Nuclear Engineering and Engineering Science 

Rensselaer Polytechnic Institute 
Troy, New York 12181 

I. Introduction 

The basic problem of trace metal detection in either physical or biological systems 
differs substantially from the usual mass spectrometric measurements in organic chemistry. 
In trace metal detection it is often desirable to obtain a mass spectrum which consists 
solely of an elemental spectra, completely free from'the complex molecular spectra which 
is so essential to structure elucidation and the identification or organic materials and 
reaction products. Further, it is also desirable to completely suppress the generation of 
multiply-charged ions in order that only atomic, singly-charged specie reach the detector 
focal plane. 

Two other prerequisites for achieving the ultimate sensitivity in trace metals analysis 
include (1) high transmission in the mass analyzer and (2) the simultaneous detection of 
multiple isotopes and elements. We have attempted to address all three of these objectives 
in the belief that mass spectrometry will ultimately exceed all otheranalytical methods 
in determining trace metals in biological systems. 

II. Ion Production 

The technique that we have proposed and tested^for in production is based on previous 
research that focused ori thehigh temperature diffusion of impurities in metals.(''^^ As a 
practical technique we are now "encapsulating" a micropipetted'sample by a very thin film 
(T'5000°A) of high work function material (rhenium on a rhenium surface .ionization filament. 
Fig. 1). This encapsulation (1) prevents prompt loss of neutral sample' atoms, and (2) the 
diffusion process totally dissociates molecular species so that only atomic ions appear 
in the mass spectrum. Trace metal atoms (after.thin film "encapsulation") will thus emerge 
from the thin sputtered film as neutrals or ions. The efficiency o1̂  ion production is pre
dicted by the Saha-Langmuir relationship: 

N . 1+A exp(q(IP-(f,)/kT) 

where N^ is the relative rate of positive ions emitted to N total atoms evaporated from 
the filament surface, A is a constant assumed to be unity, IP is the ionization potential 
of the sample atoms,' ^ is the'surface work function of the filament or coating and T is the 
absolute temperature-of the filament surface. " ' . . 

As expected,'we' have found this technique does, indeed, enhance ion production as well 
as eliminating the molecular spectrum (oxides, etc.) which is usually superposed on the 
elemental spectrum. Some investigators have suggested that as many as 99% of the sample 
atoms are lost via the prompt evaporation of neutrals from conventional surface ionization 
filaments, so that this method of sample conservation/ionization appears to be especially 
attractive for very small sample assay. ' • 

III. Ion Transmission 

There is usually a trade-off between ion transmission and mass resolution, and this 
trade-off imposes serious limitations on the minimum number of sample atoms that can be 
identified. However, in principle at least, the surface ionization-diffusion source 
eliminates, the need for high, resolution in metals analysis inasmuch as only the elemental 
spectrum'is recorded. With, unit mass rather than millimass resolution required, it becomes 
feas^ible to analyze the heavy metals with a rather wide aperture source and/or detector 
slits, and withmagnetic analyzers of reasonable radii of curvature. 

Nevertheless, even large magnets often cost less than sophisticated electronics and 
data processing equipment, so we are suggesting that magnetic analyzers, either single or 
sector tandem, have an advantage over other types of mass filters. Specifically, we have 
recently installed a very high vacuum tube in a previously reported inhomogeneous field 
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(3) 
magnet of 30" mean radius^ . The radial ion optic trajectories of this 255° sector are 
shown in Figure 2. Because of the inhomogeneous field (0.5 index), ions are focused in 
both the "z" and radial directions, so that a very high transmission is achievable even 
for off-axial ions. 

Virtually 100% transmission can be expected for a well-designed surface ionization 
source, since the magnet design was originally conceived to accomodate 5 Hev alpha 
particles with a radial acceptance angle of + 15°, and an axial or "z" acceptance angle 
of + 2°. Of comparable importance is the substantial unit mass dispersion at the detector 
focal plane that will permit multiple detectors to simultaneously monitor several isotopes. 
This very large (75 ton) magnet has also been designed with a 4" pole piece gap and a 270° 
overall geometry so that both ion source and detector are wholly within the boundaries of 
the magnet. Consequently, there are ho "fringing field" regions to defocus the ion beam. 

IV. Ion Detection 

If the ultimate sensitivity is ever to be achieved in trace metal analysis, it is clear 
that "scanning" of the mass spectrum with a single detector is not an option. Only if all 
mass channels simultaneously record the arrival of multiple ion beams can maximum isotopic/ 
elemental information be obtained. 

(4) In the past, this laboratory has introduced the use of reversed biased p-n junctions 
(with ion-electron converters) to detect ion beams in the 10"^° to 10" ampere range. 
Because of their small size and independence from magnetic fields, p-n junctions have several 
advantages over electron multipliers. Now, however, it would appear that the advent of ,,. 
the microchannel plate^^) coupled with photo-diode arrays or charge coupled devices (CCD's); ' 
will permit the eventual real-time monitoring of the entire elemental spectrum . It is 
beyond the scope of this paper and present work.to present detail, but microchannel plates 
are now being fabricated with channel densities approaching 10" per cm and CCD's with 
packing densities of 10 per cm are being projected for 1990. Thus we predict the develop
ment of a real-time, solid state "photographic plate", with a spatial resolution (mass 
channel width) of 10 microns or less. And while we have not implemented this system, this 
laboratory will be reporting shortly an extended focal plane instrument which will accomodate 
the simultaneous detection of lithium to lead. 

V. Conclusion 

Collectively, these developments in ion production, transmission, and detection, 
should greatly enhance research relating to the life sciences. 

We have successfully applied the surface ionization-diffusion source to detect heavy 
metals (e.g., Pb, U, etc.) in the food chain, and we envision further developments that 
should permit trace assays of many metals in the 10"^^g to 10"'°g range. At this sensitivity 
labelled stable isotopes will complement radiotracers in nuclear medicine; new measurements 
can be made of biological, lifetimes, and the role of trace elements can be assessed in 
metabolism, carcinogenesis, and epidemiological studies. We would even submit that an 
increased world-wide attempt to correlate trace metal concentrations with the early incidence 
of cancer,, merits a serious and objective reappraisal. 
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MASS SPECTROMETRIC STUDIES OF INTERCALATES 

Donald L. Dugger, Daniel W. Oblas, and Sophia Su 
GTE Laboratories Incorporated, Waltham, MA 02254 

Although Intercalated compounds have been known for over 50 years, only recently 
has considerable interest been shown in these layered compounds. Intercalated com
pounds are composed of host material, a layered structure such as graphite, interspersed 
with donor or acceptor elements or compounds called guest species. These layers are 
arranged in an orderly fashion, and the number of layers of host raaterial between the 
guest raolecules determine the properties of the corapound. 

Potential applications of intercalated compounds has spurred the current Interest 
in these materials. Most of the suggested uses are based on their conductivity 
properties. For exaraple, in the fiber form intercalates have been tested as light 
weight electrical conductors. Other potential applications include superconductivity, 
battery electrodes, and solid electrolytes. Applications not based on their conducting 
properties Include use as. a catalysis, dispensing system, and chemical storage. 

Graphite intercalation compounds exhibit several.problems and limitations which 
make them difficult to characterize and effectively limit their use in many applica
tions. Namely, they are generally not stable in air. In some cases this is due to 
oxidation of the guest material, while in others they deinterlate when removed frora 
the vapor of the guest molecules, Delntercalation often occurs at elevated teraperatures, 
both in air or in a vacuum. 

Several methods are currently in use to' characterize intercalated corapounds. 
The two most widely used are x-ray diffraction and electrical resistivity. Since the 
introduction of the guest molecule into the lattice of the host material alters the 
spacing of the lattice, x-ray diffraction is very sensitive to this change and is 
used to determine whether or not intercalation has taken place. Other methods which 
have been employed to a lesser extent are thermal gravimetric analysis and infrared 
reflectance spectroscopy. This paper reports preliminary data on another technique, 
thermal desorption raass spectrometry, which could provide valuable information 
regarding the nature of the species in the lattice. This is important in defining 
the raechanisras Involved in intercalation, which in t u m may lead to development of 
new compounds. The technique involves the thermal desorption of a sample placed in a 
quartz probe. The probe is 1/2" diameter frora Cangal inc., which is Inserted into an 
Hitachi RMS-4 mass spectrometer through a modified inlet port. The probe is resist
ively heated by ramping a DC power supply using a variable speed motor. 

Most of the compounds prepared in the lab used highly oriented pyrolytic graphite 
(HOPG). Some of the early work involved the use of graphite fibers, while the 
coramercial compounds were made from graphite powders. Four guest molecules were 
studied; BR2, HNO3, FeCl3, and SbF5. The last two were also obtained commercially as 
powders and analyzed in a similar manner to the materials prepared in the laboratory. 

The results for Br2 intercalated in HOPG and fibers were the same. This compound 
is known to be highly unstable once reraoved from Br^ vapor. Therefore, in a vacuum 
with very little heat applied, Br2 is readily detected. No carbon-bromine compounds 
were detected even when the sample was heated in vacuum to 900^C. The only other 
peaks in the mass spectrum were due to HBr which is probably the result of hydrolysis 
in the mass spectrometer. The commercial FeClo intercalate was found to be poor 
material by both x-ray diffraction and thermal desorption raass spectrometry. The 
material prepared in the lab however, liberated FeClo dlmer on heating to 200 C. 
This was consistent with the TGA' results. Some CI2 was evolved, but no carbon-
chlorine compounds were detected. Again some hydrolysis occurred in the mass 
spectrometer as evidenced by the presence of HCl in the spectrum. These results do 
not agree entirely with published literature where reduction of ferric to ferrous at 
high temperature is reported. Since Fe^Cl^ Is the dominant species in the vapor phase 
of pure FeCl and the same material is detected coming out of the intercalate upon 
heating, this suggests that the ferric chloride remains intact in the graphite matrix. 
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The results obtained for Sh¥r do not support the conclusions given in the literature. 
The major compound detected during thermal desorption mass spectrometry was SbF^. A 
small amount of SbF_ was also detected. In addition, very small amounts of SbOF^ were 
found as well as-carbon-fluorine compounds. The presence of SiF, in the spectrum was 
due to reaction of HF with the' quartz probe. The most complicated results were 
obtained for HNOo in HOPG, There was evidence of extensive oxidation of the graphite 
and reduction of the nitric acid to NO and NO2. In addition to the two nitrogen 
oxides the other major products were CO, C02» and H2O. Due to the complexity of the 
reactions, the exact nature of the Intercalated species is not-clear. 

In summary, thermal desorption mass spectrometry has demonstrated a usefulness in 
characterizing Intercalated compounds. Moreover, initial studies suggest that 
additional work is required to identify the intercalated species. This would result 
in redefining or confirming reaction mechanisms which in turn would be helpful in 
identifying routes to prepare new Intercalated compounds. 
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S/N ENHANCEMENT USING A SIGNAL AVERAGER; David L. Smith and James A. McCloskey: Dept. of 
Medicinal Chemistry, University of Utah, Salt Lake City, Utah 84112 

Ion signals from a mass spectrometer may be weak because of small sample size or because 
a low sensitivity mode of operation has been used. Field desorption, high resolution and 
metastable ion measurements are examples of the latter. These modes of operation are espe
cially useful when low volatility samples are analyzed. The signal-to-noise ratio (S/N) can 
often be improved by scanning slower and using a lower, frequency.filter. This approach works 
well until the scan-time becomes.a significant fraction of the duration of the analysis. We, 
as well as many other workers in mass spectrometry (1), have been using a signal averager to 
obtain more information from weak signals. This approach permits us to have rapid sampling 
of changing intensities through fast scanning and still have good S/N. We present here 
several applications in which we have employed the Nicolet 1170 signal averager and MAT 731 
mass spectrometer. 

The first example illustrates how the signal averager may be used to scan ion signals 
obtained by repetitive scanning of the magnetic field over a limited mass range. The 
purpose of the experiment is to see if the nitrogen atom in the 7-position of guanosine is 
biosynthetically incorporated into the hypermodified nucleoside 0- Guanosine was synthe
sized with 15N in the. 7-position and incorporated into a growing E. Coli mutant which was 
unable to synthesize guanosine using normal pathways (2). The tRNA from E. Coli was isolated 
and enzymatically digested to give free nucleosides which were purified by chromatography. 
The isolated Q weighing approximately 0.5 ug was derivatized using BSTFA and DMF to give a 
volatile derivative of molecular weight 1036. Low resolution spectra were acquired by 
repetitively scanning the magnet over a 10 mass unit range which included the molecular ion. 
Approximately 50 scans were acquired and integrated for the entire sample. The molecular 
weight was shown to be 1036 indicating that the nitrogen in the 7-position of guanosine is 
not used in the synthesis of Q. 

In cases where interfering ions are present, isotope ratio measurements may be performed 
using high resolution. In this case the magnetic field is held constant and the peak match
ing unit is used to sequentially focus two different mass intervals on the collector. Ion 
intensities from the two mass intervals are accumulated for the duration of the sample in • 
two quadrants of signal averager memory. This technique was used to analyze a mixture con
taining approximately 80% guanosine-'^Cig and 20% guanosine-13(;.|g. The objective here was 
to measure the relative amounts of ^^C and 13c guanosine added to the growth medium and in 
the guanosine isolated from the tRNA. Three aliquots of 1 ug each were analyzed for both 
the nucleoside substrate and the isolated nucleoside. The resolving power of the instrument 
was 10,000 and the percent standard deviation for the six measurements was approximately 2. 
Use of a signal averager in isotope ratio measurements improves the accuracy by properly 
integrating ion signals for the entire sample, thus minimizing effects due to isotopic 
fractionation. 

The signal averager may also be used with the peak matching unit to improve the accuracy 
of exact mass measurements in cases where the ion beam is so weak that good peak shapes are 
not present on the screen for any given scan. Statistical fluctuations in ion intensities 
are reduced since peaks representative of the entire sample are used for analysis. . Futher-
more, since the display of the peaks may be made very large using a chart recorder, exact 
mass measurements may be made using low resolution conditions. This feature is especially 
useful in field desorption mass spectrometry where ion signals are typically very weak and 
the presence of ions of different elemental compositions occurring at the same mass is 
unlikely. Our method of making exact mass measurements using a signal averager is illus
trated in Fig. 1 using guanosine. An aqueous solution containing adenosine, N^-methyladeno
sine and guanosine was loaded on the emitter wire using the syringe technique. The molecu
lar ion of adenosine, m/z 267, was monitored and stored in quadrant I throughout the experi
ment, while data in the other three quadrants were acquired sequentially. Quadrant III 
recorded the molecular ion for N^-methyladenosine, m/z 281, when the peak match ratio was 
set to the ratio of exact masses for 267 and 281. Quadrant IV recorded the 281 peak when 
the peak match ratio was changed by 200 ppm. Quadrant II was used to record the peak of the 
unknown, m/z 283. Peak profiles from the four quadrants of memory are output to a chart 
recorder and centroids are determined using triangulation. Differences between the centroids 
of the 267 and 281 peaks and between the two 281 peaks were used to calibrate the peak match 
unit and to calibrate the x-axis in terms of .ppm of the 267 mass. These are then used to 
calculate the exact mass of the unknown at m/z 283. When using a resolution of 1,000, the 
error in the exact mass measurement for the molecular ion of guanosine is usually less than 
10 ppm. 

In another application we have used the signal averager to increase the S/N when moni
toring metastable ions. This mode of operation is highly selective and is particularly 
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useful for mixture analysis since only ions which are daughters of a specified parent are 
recorded. The mass spectrometer, electronics have been modified so that two different meta
stable ion transitions-may be monitored repetitively. The results given in Fig. 2 illus
trates this type of measurement using a sample consisting of 2 yg of adenosine Cin and 
25 ng of adenosine ^^CIQ. The S/N for the 25.ng of adenosine 1 3 C I Q .suggests that this can 
be a sensitive method of analysis. 

In conclusion, we find the signal average to be an extremely useful and versatile addi
tion to a mass spectrometer. The primary benefits are the ability to. integrate, ion signals 
and to record peak profiles for different masses through the duration of the analysis. Addi
tional advantages include the ability to expand the display of the data, subtract background, 
correct the baseline and smooth the data. 

ACCURATE MASS MEASUREMENTS IN FD MS 
METASTABLE ION TRANSITIONS 

IN FREE ADENOSINE 

REF m/z 281 + 200 ppm 

REF m/z 281 

UNKNOWN m/z 283 

REF m/z 267 

' I - M CALIBRATES PEAK MATCH UNIT 
n r - H GIVES ppm OF MASS PER CHANNEL 

•'C„ 2ug 

267 ̂  237 

%o25ng ' 

277^— 246 

I }\ 
32 K .51K 

Fig. 1..Illustration of how a signal 
averager may be used to make accurate 
mass measurements in low resolution 
field desorption mass spectrometry. 

Fig. 2. Illustration of how a signal 
averager may be used for selected meta
stable ion transition measurements.' 
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ELECTROHYDRODYNAMIC IONIZATION MASS SPECTROMETRY OF DYES AND DYE-METAL COMPLEXES. 
KELVIN W. CHAN, S.-T. F. UAf^ and KELSEY D. COOK* School of Chemical Sciences and Materials 
Research Laboratory, Universi ty of I l l i n o i s , Urbana, IL 61801 

Electrohydrodynamic ionizat ion mass spectrometry (EHMS)' has been used as a probe of 
the chemistry of ion association of metal chelates in glycerol so lu t i on , prel iminary to 
d i rec t sampling and observation of dye-metal complexes. This study represents an extension 
of e a r l i e r work where EHMS was found to be useful fo r character izat ion of ion ic species in 
glycerol so lu t i on , including products of a l ka l i ion association with polymers^ and other 
organic compounds, and products of organic and inorganic sa l t d i s s o c i a t i o n . ' ' * The present 
study considers the f e a s i b i l i t y of EHMS analysis of t rans i t i on metal complexes. 

Ethylenediaminetetraace'tic acid (EDTA, Hi,Y) forms stable anionic complexes with a wide 
range of metals. For example, the EDTA complex of i r o n ( I I I ) , (Fe-EDTA)", has Kf > 10^^ in 
water. Despite th i s s t a b i l i t y , no negative ion corresponding to (Fe-EDTA)" (predicted M/Z 
344) or to uncomplexed EDTA (HjY' , M/Z 291; HaY^", M/Z 145; HY^'", H/Z 96.3; Y*" , M/Z 72) 
was observed when a solut ion of Fe2(S0^)3 and EDTA in glycerol was sampled by EHMS. Rather, 
s ingly charged posi t ive ions of M/Z 611, 589, 537, 515, 463, 441 and 367 were observed. \ 
Reviewing the possible solut ion chemistry of the system, i t became clear that e s t e r i f i c a t i o n 
of the carboxyl ic acid (EDTA) with the alcohol (g lycerol ) had taken place in the presence 
of F e ( I I I ) , which can act as a Lewis acid cata lyst . The observed posi t ive ions can be 
assigned to the sodiated or protonated t e t r a - , t r i - , d i - , and monoesters of EDTA and 
glycerol (Table 1) . 

To avoid e s t e r i f i c a t i o n , solut ions of EDTA complexes of weaker Lewis acids (Cu^ , Câ  )_ 
were prepared. In EHMS spectra of these so lu t ions, no ester was detected, but nei ther was 
the complex anion nor free EDTA observed. There are at least three possible explanations of 
th is observation: 1) The complexed ion and/or EDTA ex i s t in glycerol solut ion as neutrals 
e i ther by " t i g h t " ion pair ing with counterions or by protonation by glycerol (deprotonated 
glycerol was observed); 2) solvent evaporation from sampled ions in the f i r s t f i e l d - f r e e 
region may produce " fas t " metastable ions which are not detected due to the i r reduced . 
energy; or 3) complex and EDTA ions may be too highly charged for EHMS sampling. These 
p o s s i b i l i t i e s are being tested in ongoing experiments. 

I t should be noted that t r i p l y charged cations of the type [M+3Na]' have been 
observed in our previous study of polyethylene g lycols .^ Furthermore, doubly negative ions 
have also been sampled.* However, sampling cations is generally simpler, suggesting that 
several of the aforement ioned.d i f f icu l t ies may be avoided by employing cat ion ic complexes 
with simpler solut ion chemistry. 

2 ,2 ' -B ipyr id ine (bipy) forms stable cat ion ic chelates with several metal ions. F ig. 1 
and 2 are spectra of two f ract ions of crystals from a f rac t iona l c r y s t a l l i z a t i o n procedure 
fo r the preparation of Cr(bipy)3(C10i.)2. Sample 1 (Fig. 1) was labeled as Cr(bipy)3^' ' ' , 
while sample 2 (F ig. 2) was- from a f rac t ion that was assumed to be the a i r oxidat ion 
product Cr(b ipy)3 ' . Surpr is ing ly , Cr{bipy)2Clt was the most abundant species in s o l u t i o n l , 
while only a small amount of Cr(bipy)3 and Cr(bipy)2Cl"'" was detected. Zn(bipy)2Cl''" was 
also detected, suggesting contamination from Z n ( I I ) . Sample 2 was comprised pr imar i l y of 
b ipyr idy l and chloro complexes of zinc', with v i r t u a l l y no chromium complex. (A l l ions were 
i den t i f i ed by the i r M/Z and isotopic pat terns, which agreed well with calculated values.) 
I t was found la te r that amalgamated zinc was used to reduce C r ( I I I ) chloride to C r ( I I ) in 
one of the preparation steps. The Cr ( I I ) was subsequently complexed with b ipyr id ine . 
Clear ly , some of the Zn^'*' produced during chromium reduction was complexed upon the addit ion 
of b ipy r id ine . Furthermore, the ions observed indicated that there was substantial l igand 
exchange between Cl " and bipyr id ine in so lu t ion . By contrast , commercially prepared 

Ru(bipy) â "*" showed no evidence of such exchange (F ig. 3) . 
Extension of th is work to probe the stoichiometry of dye-metal complexes in glycerol 

solut ion is in i t s ear ly stages. Experiments with Indigo Carmine showed that the dye (a 
disodium sa l t ) underwent par t ia l and complete d issoc ia t ion. Negative ions [M-Na]" and 
[M-2Na]^" were observed. In the posi t ive ion spectrum, evidence of extended sodium asso
c ia t ion ([M+Na] and [M+2Na]^''") was observed (Table 2) . As these and the EDTA studies are 
extended to observe interact ions with wider var ie t ies of ions, they should establ ish the 
range of systems for which EHMS can be.used to probe the chemistry of ion association in 
so lu t ion . 
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Table 1 . 

F e , ( S O , ) , ( 3 . 0 TOle I ) * EDTA ( 3 . 0 mole I ) . I n G l yce ro l (100.0 mole X) 

Table 2 

Ind igo Carmine ( 0 . 9 mole i ) i n G l yce ro l (100 n 

H/Z R e l a t i v e I n t e n s i t y (X) 

611 1.0 

589 70 .0 

537 13.0 

515 100.0 

463 0.50 

M l 6 .0 

367 2 .0 

lon 

V(OR),*Na* 

T(OR),*H* 

ltiliQR)^4Na* 

HY(OR)jt.H* 

H2 ' ' (0R) j tNa* 

H j K O R l ^ t h * 

H,Y(OR)+H* 

P o s i t i v e . i o n s 

Negat ive ions 

m 
489 

467 

256 

443 

256 

210 

R e l a t i v e [n tens 

26.3 

10.5 

100.0 

• 17.0 

45 .0 

100.0 

M (i) Ion 

(BtNa)'* 

( W H ) * 

( B * ! l l a ) ^ * 

• (» -Na) ' 

(M-2NatG) 

(H-2Ba)^" 

Fig 1 Sample 1 + NaCl (4 ,7 mo le 'X ) i n g l y c e r o l (100.0 mole I ) 

J i 

• F i g . 2 Sample 2.+ NaCl ( 5 . 6 mole t } ' i n G lyce ro l (100.0 mole X) 

Zn(bipy)jCI * 

4 - T - ^ h -

F i g . 3 RL(b ipy)2Cl2 (1 .3 mole X) *• NaCl ( 6 . 0 mole t ) i n 

G lyce ro l (100.0 mole %] 

Ru(bipy)j 

BipYt-H* a i p r * c t - H * 
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ON THE ORIGIN OF THE BROAD PEAK SHAPES OB
SERVED IN CF-252 FISSION FRAGMENT MASS 

SPECTROMETRY; .B.T. CHAIT, and F.H. FIELD. The" Rockefeller 
University, New York, N.Y. 10021 

Cf-252 fission fragment mass spectrometry produces signifi
cant quasi-molecular (QM) ion yields for large, involatile, 
and fragile molecules of biological interest.^ However, 
broad peak shapes are often observed, especially for QM 
ions, e.g., the base width of the (M + Na)"*" lon peak of 
6-endorphin (M=3487) is '̂ 200 daltons^. We find that one 
cause of the broad peak shapes is the metastable decompo
sition of parent ions in flight. Grid electrodes were 
placed at the end of the flight tube in front of the ion 
detector and also at the source end downstream of the 
sample foil. By applying retarding potentials to the end 
grids it was possible to separate metastable decomposition 
products from the parent•ions and to investigate the major 
metastable decay reactions. By applying appropriate poten
tials to the source grids, the residence time of ions in 
the acceleration zone could be varied and further informa-

• tion concerning the decomposition reactions and their decay 
rates could be obtained. Results obtained with ala-ala-
'ala, guanosine, 5'AMP, erythromycin, and chlorophyll will 
be discussed. A significant and useful sharpening of the 
QM ion peaks could be achieved by applying retarding poten
tials which were large enough to reject all metastable decay 
products. However, for some of these compounds, only a very 
small fraction of the QM ions formed survive the flight to 
the detector. It was further determined that where both a 
protonated and a sodium cationized QM ion were observed 
for a given compound, the latter species was formed with 
substantially less internal excitation. 

1. R.D. Macfarlane in Biochemical Applications of Mass 
Spectrometry, First Supplementary Volume. Edited by G.R. 
Waller and O.C. Dermer, John Wiley & Sons, Inc. 1980. 
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• TWO-STEP FRAGMENTATION REACTIONS STUDIED IN A CONVENTIONAL DOUBLE-FOCUSSING MASS SPECTROMETER.-

R. K. Boyd and B. Shushan, Chemistry Dept., University of Guelph, Guelph, Ontario, Canada, 
NIG 2W1 

The majority of studies of metastable and coUisionally activated ions, In double 
focussing mass spectrometers, Involve single-step reactions, i.e., those occurring within 
the timeframe pertinent to a single field-free region.' The present work was devoted to 
investigating two-step fragmentations, one step in each of two field-free regions: 

„+ 1st FFR • , ,• + 2nd FFR . . . + ' M^ > (TO^) + m^ • > m^ + m^ 

The specificity of such processes should be greater than that of single-step reactions. 
While it should be possible to design instrumentation better suited to such studies, this 
report is concerned with methods applicable to conventional instruments. 

The various scan laws were derived by.an adaptation of a general approach described 
previously!, and will be given in full elsewhere: Table 1 summarises the more interesting 
scan laws thus obtained; those requiring changes in the accelerating voltage ,V were omitted, 
in view of the resulting detuning of the ion source. (For all cases in Table 1, the apparent 
mass m* = m̂ /m̂ )̂ . • As in all linked scans, the problem of ..artifacts must be faced. In the 
present context, this has'already been fully discussed by Lacey and Macdonald2,3. On a two-
dimensional (pu) ion intensity map2, regions of ion current arising from two-step fragmenta
tions are roughly circular, in contrast with the narrow ellipses parallel to the p axis 
which arise from single-step reactions in the first field-free region. Unfortunately, the 
two-step reactions give signals which are less intense than the single-step "artifacts", by 
at least one order of magnitude. 

Both aspects are illustrated by Figure 1, the result of an experiment using 3-chloro-
phenol; this test-case was chosen in view of an extensive previous investigation, again due 
to Lacey and Macdonald^>3. The experiment used the first scan law listed in Table 1, (simple 
B scan, scan line parallel to u axis), with the electric sector field set (constant p) to 
transmit (M-CO)"*"' ions formed in the first field-free region from molecular ions of -S-chloro-
phenol (35ci). The relative intensities and widths (u-dimension), of the peaks arising from 
the one- and two-step fragmentations, are well exemplified by Figure 1. 

Clearly, if such experiments are to be of any practical value, some method of 
discrimination against artifacts is necessary. This might be achieved by introducing an 
electrically isolable collision cell in each field-free region. Application of a potential, 
to such a cell, shifts che velocity of fragment ions formed within the cell away from that 
of similar ions formed outside the cell^. If the potential applied to the first collision 
cell is an a.c. potential (1000 Hz, say), while the second cell potential is at a frequency 
at least one order of magnitude lower (e.g. 90 Hz), the resulting ion-current signal could 
be demodulated using two lock-ln amplifiers in series, the first tuned to the higher 
frequency. Such a procedure should transmit only signals modulated at both frequencies, 
i.e. would discriminate strongly in favour of the two-step reactions. 

1. R. K. Boyd and J. H. Beynon, Org. Mass Spectrom. 12, 163 (1977). 

2. M. J. Lacey and C. G. Macdonald, Org. Mass Spectrom. 13, 285 (1978). 

3. M. J. Lacey and C. G. Macdonald, Int. J. Mass Spectrom. Ion Phys. 30, 359 (1979). 

h. J. H. Beynon and R. G. Cooks, Int. J. Mass Spectrom. Ion Phys. ISy 107 (1976). 
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TABLE I. Linked Scan Laws, Connecting V, E,' B, for 

-> (" ) + "z -> m" + m-
^ n 3 

Masses 
Specified 

-l'°2 

=2. mj 

"!• "3 

"n- "3 

(V/V^) 

1 

1 • 

1 

1 

(E/E^) 

(m^/lDj^) 

Scan 

Scan 

Scan 

B 

Scan 
• 

Scan 

(m2/niĵ )Bĵ  

Scan 

Scan Lav 

B only 

B^/E = (mj/m^) (Bj/E^^) 

.E only 

f/a-F./E^) = 

(m,/m )^B^2. 
J a n 

B-scan at 0.7813 E, 

IVI-CO(FFRI) ..2 

followed by 

-CKFFF^ 

XlO 

UL/ V,VIA*J«JVIAI. 

M-CO(HFR.O 

Y 

40 » 
m/z 

60 



THIS PAGE LEFT 
INTENTIONALLY BLANK 



A NEW LINKED SCAN AT CONSTANT B^E; R.K. BOYD, 
Univ. of Guelph, Guelph, Ontario, Canada NIG 2W1, C.J. PORTER 
and J.H. BEYNON, Royal Society Research Unit, Univ. Coll. of 
Swansea, Swansea SA2 8PP, UK. 

The simultaneous scanning of tvo of the fields of a mass spec
trometer such that a particular relationship "between them is 
maintained constant has been successfully employed on numer
ous occasions.1 These scans are principally those in which 
the ratio B/E, E^/V or [B2(1-E)]/E^is held constant during 
the scan, where B represents the magnetic field, V the ion ac
celerating voltage and E the electric sector voltage. The 
scans at constant B/E and E/V give a spectrum showing all the 
daughter ions from a pre-selected parent ion, the constant 
[B2(I-E)]/E^ scan gives a spectrum showing all parent ions 
that fragment to lose a pre-selected neutral fragment. In all 
three scans it is fragmentations in the first field-free re
gion that are studied,and the method has particularly impor
tant analytical advantages. For example, the peaks in the 
spectra are narrower than those that are obtained when only 
one of the fields is varied. The narrower the peaks, the 
greater the ability to separate them from one another and to 
measure their individual heights. Most work in the recent 
past has been concerned.with' the linked scan at constant 
B/E. Its limitations in performance will be discussed and com
pared with the new linked scan at constant B^E which partial
ly overcomes some of these limitations and thus results in 
spectra in which the individual peaks are better resolved,one 
from another. This scan makes use of fragmentations occurring 
in the second field-free region and is the first linked scan 
to do so.. It depends for its success on the use of reversed 
geometry, in which a magnetic sector is used to pre-select s. 
particular reactant ion before its fragmentation is studied 
and is capable of a mass resolution of several thousand. Like 
all other linked scans the nev linked scan is susceptible to 
the presence of artefact or interference peaks vhich will be 
discussed and shown to he easily distinguishable from the 
true peaks in the spectrum. 
1. R.K.Boyd & J.H.Beynon, Org.Mass Spectrom.12, l63 (19TT). 
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ANALYTICAL APPLICATIONS OF A NEW 

TRIPLE ANALYZER MASS SPECTROMETER 

Edward K. Chess, Michael L. Gross, 

Philip A. Lyon, and Frank W. Crow 

Department of Chemistry, University of Nebraska 

Lincoln, Nebraska 68588 

The application of a new triple analyzer mass spectrometer to 

problems of complex mixture analysis requires high resolution mass 

selection, high dynamic range, and good transmission for collision-

induced decomposition (CID) fragments. Suitable experiments were 

performed for purposes of evaluating the Kratos MS50-TA, a high 

resolution triple analyzer mass spectrometer of EBE geometry (1). It 

was found that reasonable quality full CID spectra can be obtained 

with moderate signal averaging (50 - 150 scans at 20 sec/scan) for 

raixture components separated at a mass resolution of 46,000 (10% 

valley) . No interference of one moleculair ion was observed in the 

CID spectrum of the other even under conditions in which a mass 

resolution of 47,000 is needed to separate '-12'̂ 14' '̂ ~ 

phenyIcyclohexene) and CgHĵ gS- (cyclohexyl-n-propylsulf ide) . 

At moderate mass resolving powers (R=10,000-20,000) , a dynamic 

range of 10 was demonstrated using mixture components requiring these 

resolutions for complete separation. For example, the analysis of 1 

ppt pyridine in benzene requires better than 10,000 resolution to 

separate the pyridine M. from the isobaric mono-C13-containing benzene 

ion. The dynamic range can be extended to 10 to 10 in cases 

requiring only low resolution (R=l,000-3,000). Single reaction 

monitoring leads to dynamic ranges of better than 10 (2). 

The transraission of the collision chamber, located in the third 

field-free region between the magnet and the second electrostatic 

analyzer, has been shown to be as much as 4% for the ion fragments 

produced in the CID of methane. 

The MS50-TA is well configured for applications of multiple 

reaction monitoring, wherein the products from an ionic decomposition 

occurring in the first field-free region (either unimolecularly or 

collision-induced) are uniquely and unambiguously focussed in the 

third field-free region . where further decorapositions (again, 

unimolecular or CID products) can be monitored. Thus, the structure 
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of a secondary ion can be studied uniquely,, free of isomeric or 

isobaric interferences which may hinder the study of this ion when 

formed in the source (3) . 

Another means of separating components of a mixture is to use a 

derivatizing reagent ion to selectively, react with corapounds 

containing a specific functional group. For example, the o-

quinodiraethane radical cation (I) was shown to react with neutral 

styrene (II) through a Diels-Alder type cycloaddition to form 2-

phenyltetralin (III) . The adduct was identified using unimolecular 

and CID spectra and labelling experiments. The reaction was carried 

out at -1 torr pressure in a CI source using a 4:1.mixture of NO:He as 

the ionizing gas. The identity of the olefin (styrene, in this case) 

can thus be deduced frora the CID spectrura of the I-M reaction comple^j. 

The evaluation of the triple analyzer and the multiple reaction 

demonstration will be published in Anal. Chem.. The ionic 

derivatization study will be submitted to J. Am. Chem. Soc., 

It 
Y ^ ^ ^ 

+ 

'I I I I I 
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GCMS DETECTION OF DISEASE STATES THROUGH QUANTITATION OF URINARY DICARBOXYLIC 
ACIDS AS THEIR DICYCLOHEXYL ESTERS 

EJ NORMAN, HK BERRY, OJ MARTELO AND MD DENTON 
DEPT. OF MEDICINE, UNIV. OF CINTI., CINTI., OHIO 45267 

We have previously presented a rapid method for the quantitation of urinary methyl
malonic acid (MMA) (1). Patients with vitamin B,, deficiency have elevated levels . 
of urinary MMA since B,- is required for conversion of MMA to succinic acid. MMA 
levels are a good indication oî  vitamin B,, distribution and functiori since they are 
directly related to a B,2 dependent metabolic pathway. 

Efforts to include in this assay measurement of formiminoglutamic acid (FIGLU) were 
unsuccessful since FIGLU degrades to glutamic acid during the procedure. 

Precise determination of urinary MMA has become increasingly important because of 
reports that the serum B,- radioassay can give false values (2). Furthermore, serum 
B,. and B,,-binding proteins in some cancer patients have been shown to be abnormally 
high (3,4) while tissue stores of the vitamin are low. Detection of this functional 
B,, deficiency may only be determined through urinary MMA quantitation. 

The past three years 789 patients have been assayed for urinary MMA who had presented 
with megaloblastic anemia, other anemias, elevated red cell mean corpuscular volume 
or unexplained neurological disorders. Most patients gave levels <5.0 yg MMA/ml 
which we have arbitrarily established as our normal range. A few showed slightly 
elevated levels between 5.0 and 20 p'j HMA/ml urine. We have recently made creatinine 
measurements on urines with slightly elevated levels of MMA for a better evaluation. 
Although some patients .with 20 pg MMA/ml may have been B,- deficient, none to date 
have been found by their physician to have pernicious anemia as confirmed by the 
Schilling Test. 

Twenty-two patients with clearly elevated levels of urinary MMA (>25. ug MMA/ml) 
were all found to be B,, deficient through the Schilling Test and a clinical response 
to intramuscular injections of B.o- The strikingly abnormal elevated levels of 
urinary MMA have proven to be more diagnostic of B,- deficiency than the serum B.^ 
levels. With rapid, reliable quantitation by mass spectrometry urinary MMA measure
ment is now an extremely useful clinical test. 

GCMS was also used for the detection of 3-hydroxy-3-methylglutaryl-CoA lyase 
(E.C.4.1.3.4.) deficiency in double first cousins (5). This enzyme is in the last 
step of leucine catabolism and is involved in ketogenesis. To date five other 
children have been reported with this disorder. However, the children we have diag
nosed are the first reported in the United States. 

The girl (K) was diagnosed at age 11 months and the boy (B) at age 8 months. The 
children were hospitalized in different cities for Reye's Syndrome because of their 
symptoms of lethargy, tachypnea, vomiting, hepatomegaly and hypoglycemia. However, 
metabolic acidoses led to urinary organic acid screening for K. Elevated levels of 
2-hydroxy-3-methylglutaric acid (HMG), 3-methylglutaconic acid (MGT), 3-methylglutaric 
acid (MG) and 3-hydroxyisovaleric acid (HIV) were found. HMG and MGT were in amounts 
> 2 mg/m'l. Identification of MGT was accomplished by noting prominent ions at m/z 
145 and m/z 127, a difference of 18 mass units. This fragmentation pattern suggested 
a cyclohexyl ester of a dicarboxyllc acid with a molecular weiqht of 144 (1). MGT 
in the leucine degradation pathway was indicated. Similarly, HMG gave prominent ions 
at m/z 163 and m/z 145, 18 mass units apart, suggesting a dicarboxylic acid with a 
molecular weight of 162 (1). Authentic acid standards were then obtained for con
firmation. An acid screen on B revealed identical elevated acids. 

Dietary restriction of leucine was only partially successful in reducing excretion 
of the acids. Fat was also shown to contribute to elevated acid levels. Acid quanti
tation studies suggest that life threatening episodes of hypoglycemia are best pre
vented on a low protein and low fat diet. Both children are now over two years of 
age and are developing normally. 
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FATTY ACID PROFILES OF CANDIDA ALBICANS, CANDIDA TROPICALIS, ASPERGILLUS FUMIGATUS,' 
AND ASPERGILLUS' NIGER DETERMINED BY CHEMICAL IONIZATION MASS SPECTROMETRY. 

JOHN GREAVES, ROBERT SUZUKI, ANO JOHN ROBOZ 

Department of Neoplastic Diseases 
Mount Sinai School of Medicine of the City University of New York 
New York, N.Y. 10029 

Chemical ionization mass spectrometry (methane) was utilized to determine the fatty 
acid content to characterize these organisms at the genera and species levels as 
part of a study to search for metabolic markers for the rapid diagnosis of opportu
nistic infections in immunosuppressed' patients. Pure microorganisms were saponified 
with 5 % NaOH (in 50 % methanol) by sonification and heating and then taken to 
pH = 2 with 6 N HCl. Methyl derivatives were formed by heating the samples with 
4 ml .BCl3-methanol for- 20 min at 80°C. Extraction was made with 8 ml hexane-
chloroform (4:1 V/V), .repeated 3 times, followed by evaporation .with dry nitrogen 
at room temperature. The. derivatives were separated on a 3% SP-2100 gas chromatog
raphic column (Supelco Inc.) using temperature programming (140 - 2250C & 40/min) 
and quantified by programmed selected ion monitoring of 5 groups of ions, each 
group consisting of 3 or 4 masses representing as many as 7 compounds per group. 
Twenty-three fatty acids were monitored and quantified for each organism. Several 
ratios were of chemotypic and potential diagnostic importance. The 16:1/16:0 
ratio was 10 times larger in the Aspergillus genus than in the Candida genus. 
The 20:0/19:0 ratio was 20 times larger in A. niger than ih A. fumigatus. The ratios 
of 12:0/14:0 and 16:0/18:1.were reversed in the two Candida species, while cyclic. 
17:0 was apparently absent in C. tropicalis. 

This work was partially supported by Grant CA-I5936 from the National Cancer Institute 
and by the T.J. Martell Memorial Foundation for Leukemia Research. 
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INCREASED EXCRETION OF GLUTARATE> 3-HYDROXYISOVALERATE AND METHYL-

GLUTACONATE DURING CLINICAL EPISODES OF PROPIONIC ACIDEMIA 

T. Kuhara, T. Shinka, M. Matsuo" and I. Matsumoto 

Research Institute of Medical Mass Spectrometry, Kurume 

University School of Medicine, Kurume, Fukuoka 830 and 

"Kobe Children's Hospital, Kobe, Hyogo, Japan 

Propionic Acidemia was first:reported in 1961 by Childs et al.. It re

sults from the reduced activity of propionyl CoA carboxylase. Patients with 

propionic acidemia present with episodic metabolic ketoacidosis, protein, 

intolerance and a remarkably elevated plasma glycine concentration. In pa- . 

tients with propionic acidemia, propionyl CoA undergoes metabolic changes 

which facilitate transport frora mitochondria. The metabolites thus formed 

are methyIcitrate, propionylglycine, 3-hydroxypropionate, 3-hydroxyvalerate, 
' , 1-4) 

3-oxovalerate, 2-methyl-3-hydroxyvalerate and 2-methyl-3-oxovalerate . We 

are interested in the factors which affect the profiles of these metabolites 

and other metabolic intermediates. The factors may be genetic make-up, age, 

or the patient's clinical/nutritional condition. Here we report comparative 

studies of two metabolic profiles of different clinical conditions of the 

sarae girl with propionic acidemia which provided new perspectives of bio

logical interest. 

Forty micrograms of n-heptadecanoic acid was added to the urine volume 

equivalent of 1 mg of creatinine as an internal standard. Organic acids were 

extracted with ether at pH 1. As their trimethylsilyl derivatives, the acids 

were analyzed by combined gas chromatography-mass spectrometry. A 2 mm x 2 m 

glass column packed with 3 % OV-17 was used for separation. The oven tem

perature was kept at 80"C for 2 min. and then programmed at 6 "C/min. up 

to 280"C. Mass spectra were measured repetitively every 5 seconds, stored in 

a memory disc and treated by a data processing system. 

The relative concentrations of 3-hydroxypropionate in normal controls, 

in the patient under favorable conditions and during a clinical episode, 

were 0.77, 0.59 and 42.7, respectively; the values being expressed as rela

tive peak ratios to the internal standard. The relative concentrations of 

3-hydroxyisovalerate were 0.13, 0.14 and 6.45; glutarate: 0.06, 0.13 and 

3.05; and methyIglutaconate: 0.05., 0.10 and 3.78, respectively. During a 

clinical episode the relative concentrations of 3-hydroxypropionate in

creased 72 times, 3-hydroxyisovalerate increased 46 times and glutarate 

increased 23 times over those values measured under favorable conditions. 

3-Hydroxypropionate is derived from isovaleryl CoA, the catabolic inter

mediate of leucine. It is known that the formation of 3-hydroxyisovalerate 
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is enhanced with the decrease in isovaleryl CoA dehydrogenase activity as 

in isovaleric acidemia. Glutarate is a catabolic intermediate of lysine, 

hydroxylysine and tryptophan. Norraally, glutarate, as its CoA ester, is 

dehydrogenated to give glutaconyl CoA, the latter usually oxidized .to acetyl 

CoA via acetoacetyl CoA. Increase in glutarate suggests that in a patient 

during a clinical episode, glutaryl CoA dehydrogenase activity is suppressed. 

Dehydrogenases of propionyl CoA, isovaleryl CoA and glutaryl CoA are all 

FAD-dependent flavoproteins. During a clinical"episode, propionyl CoA in 

high concentrations results in the inhibition of isovaleryl CoA and glutaryl 

CoA dehydrogenase. The inhibitory mechanism may be competitive inhibition, by 

propionyl CoA, acting as product inhibition by acrylyl CoA, or change in 

mitochondrial redox state induced by the enhancement of 0-oxidation of pro

pionyl CoA. As isovaleryl CoA and glutaryl CoA are the precursors of acetyl 

CoA, the suppression of the catabolism of these intermediates may lead' to 

the decrease in acetyl CoA level in mitochondria. 

"During a; clinical episode, the amount of methylglutaconate increased 38 

times over the value measured under favorable conditions. Methylglutaconate 

is the precursor of acetyl CoA and also the catabolic intermediate of leu

cine. The urinary excretion of methylglutaconate results in the decrease in 

the cellular free acetyl CoA level. 

We have demonstrated that the catabolism of potent ketogenic amino 

acids is severely suppressed in the patient with propionic acidemia during ai 

clinical episode. Leucine catabolism is suppressed at two stages. The second 

stage is immediately before acetyl CoA production. The regulation which 

causes the decrease in the mitochondrial acetyl CoA level should assist in 

lowering mitochondrial propionyl CoA levels by preventing the competitive' 

inhibition of acetyl CoA from the metabolism of propionyl CoA, the metabo

lism of which is analogous to the metabolism of acetyl CoA. This interpreta

tion is supported by the favorable effect of leucine restriction in methyl

malonic acidemia ( Wada, personal communication) in which propionyl CoA ac-
4) cumulation also takes place '. The effect of lysine restriction in patients 

with propionic acidemia and methylmalonic acidemia is not defined at present. 
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DETERWINAT-ION-OF'.POLYOLS IN BIOLOGICAL FLUIDS^AND TISSUES BY SELECTED ION MONITORING. 

John Roboz, Elisabeth Barfod, and Robert Suzuki 

Department of Neoplastic Diseases 
The Mount Sinai School of Medicine of the City University of New York 
New York, N.Y. 10029 

Serum arabinitol levels were found to be of importance in diagnosing invasive 
candidiasis in immunosuppressed patients (Roboz, Suzuki, and Holland, J. Clin. 
Microbiol., 12, 594, 1980)..To investigate the possible importance of other polyols, 
a technique was developed for the quantitation of 7 additional polyols: erythritol, 
threitol, adonitol, xylitol, mannit'ol, galactitol, and sorbitol. Polyols were' 
analyzed as acetate derivatives to provide optimal chromatographic separation . 
(3% SP-2340, Supelco, Inc.); trimethylsilyl derivatives are not adequate for the 
pentitols.' In serum, proteins were removed with methanol, lipids extracted with 
hexane-chloroform, and' the aqueous layer was evaporated. Urine was desalted with 
methanol and the supernatant evaporated. Organ tissues (kidney, liver, spleen, 
heart, and lung) were ground in ice-cold methanol, hydrolyzed in acidic methanol,, 
and evaporated. Acetate derivatives were made by heating with acetic anhydride • 
and pyridine. For quantitation the M-59 ions (loss of CH3COO) obtained in chemical 
ionization (methane) were monitored. Normal values were obtained for all 8 polyols 
in.the matrices studied. Abnormal serum polyols were found in several patients 
suspected of invasive candidiasis and aspergillosis. Elevated polyol patterns 
were also found in culture media in vjhich fungi were grown. Unlike in serum, no 
significant differences were as yet found in polyol patterns between normal, and 
pathological samples. Significant increases were found in tissue arabinitol and 
some other polyol concentrations in experimental animals infected with'Candida 
in the neutropenic state. 

This work was partially supported by tyrant CA-15936 from the National Cancer 
Institute and by the T.G. Martell Memorial Foundation for Leukemia Research. 
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PROFILING OF ORGANIC ACIDS IN HUMAN AMNIOTIC FLUID AND THE DYSMATURE FETUS 

K.. Mitsutake, T. Shinka, I. Matsumoto, °K. Kabashima and "T. Kato 

Res. Inst, of Medical Mass Spectrom. and "Dept. of Obstet. and Gynec. 
Kurume Univ. Sch. of Med., Kurume, Fukuoka 830, Japan 

We have.studied the profiles of organic acids in amniotic fluid for four years. In 
this report, we discuss the organic acid profiles of amniotic fluid from dysmature infants 
born after placental transfer dysfunction. These infants have, some similar characteristics. 
Usually they are of normal length for this gestational age. We also notice an abnormal 
lack of subcutaneus tissue and distended abdomen. These characteristics lead us to guess.' 
that she. experienced starvation in the uterus. As these infants are very sensitive to 
hypoglycemia and infection, they have high perinatal mortality and mobidity rates. In or
der to make it possible to diagnose this condition before birth, we have studied the organic 
acid profiles of amniotic fluid from such fetuses. 

Thirty one specimens of amniotic fluid at 35 to 41 weeks gestation were obtained.at 
delivery or Ceasarean section avoiding contamination by blood. The material was classified 
into two groups. One group .consisted of infants which were found to have an appropriate 
size for gestational age. The other group consisted of infants which were found to have a 
birth weight below the tenth percentile according to the Japanese standard growth curve. 
Sample preparation was performed as follows: Three ml of amniotic fluid was used for the 
analysis of organic acids. Fifty )jg of heptadecanoate was added to the amniotic fluid 
before deproteinization with cold ethanol. Organic acids were extracted three times with 
a mixture of diethyl ether and ethyl acetate under acidic conditions. Thecombined extracts 
were evaporated to dryness under a nitrogen stream and a residue was derivatized with bis-
(trimethylsilyl)trifluoroacetamide(BSTFA). For the GC/MS analysis, JEOL D.-lOO combined with 
a JMA-2000 data acquisition and processing system was used. A 2 m glass column packed with 
3% OV-17 was used for the separation of organic acids. Column temperature was kept at 80°C 
for 2 min and then programmed'from 80 to 290"C at 6°C/min. 

Figure 1 shows the gas chromatogram of organic acids from amniotic fluid. Of more than 
46 peaks detected, 23 peaks were identified by comparison of their mass spectra and meth
ylene unit values with reference data. Lactate, glycolate, 3-hydroxybutyrate, phosphate, 
lactate dimer, citrate, palmitate and stearate were detected in relatively large peaks. 

Figures 2-5 indicate the concentration'of typical' compounds in normal amniotic fluid 
comparing .with those of dysmature infants. The values were expressed as the relative peaks 
ratios to the internal standard. In Fig. 2, lactate concentration in amniotic fluid are 
shown. As stated in a previous report (1), normal amniotic fluid has a large amount of 
lactate compared to the other body fluid such as urine or serum, and it decreases with 
gestation. The mean concentration of lactate in amniotic fluid was lower in dysmature 
infants than in the normal infants especially from 35 to 38 weeks gestation. Peak No.18 
on gas chromatogram was identified as 3-deoxy-2-C-hydroxymethyl-pentono-l ,4-lactone, using 
deuteriotrimethylsilyl derivative. Although the origin of this compound is not known yet, 
this netabolite in dysmature infants was significantly lower than that of normal amniotic 
fluid (Fig. 3). We also found that amniotic fluid 3-hydroxybutyrate in dysmature infants 
was significantly higher than that of normal infants shown in Fig. 4. Other organic acids 
in amniotic fluid such as palmitate and palmitoleate (Fig. 5) were not signifi'cantly dif
ferent in both groups. 

Placental transfer dysfunction may lead to an inadequate supply of glucose and other 
nutrients for the fetus.and a failure to synthesize substrates necessary for fetal growth. 
A decreasing supply of glucose leads to the increased oxidation of free fatty acids and 
ketone bodies, sparing the non-obligatory oxidation of glucose. A large amount of acetyl-
CoA produced by^-oxidation of fatty acids causes hyperketonemia. So we guess that ketone • 
bodies such as 3-hydroxybutyrate increase in fetal blood and'perhaps in. amniotic fluid (2) 
and fetal"lung alveolus are filled with amniotic fluid. Thus analysis of organic acid in 
amniotic fluid by GC/MS may lead to an accurate and rapid diagnosis in prenatal diagnosis 
of dysmature infants. 

(1) K. Mitsutake, T. Shinka-, T. Kuhara, I. Matsumoto, K. Kabashima andT. Kato, 28th 
Annual Conference on Mass Spectrometry and Allied Topics, 288(1980).. 

(2) D. R. Abramovich, Obstet. Gynecol., 54, 15(1979). 
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Fig.l; Gas chrotatogram of organic acids 

in amniotic fluid 

1: lactate, 2: glycolate, 3: 2-OH butyra

te, 4: 3-aR butyrate, 3-CH propionate 

5: oxalate, 7: 'urea, phosphate, 8: glyce-

rate, 9: succinate, fumarate, 10: lactate 

dimer, 12: malate, 16: laurate, 18: 3-de-

oxy-2-C-hydroxymethyl-pentono-l,4-lactone 

19:^-glyoerof*iosphate, 20: citrate, myr

istate, 22: palmitate & palmitoleate, 23: 

stearate, oleate & linoleate. 
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Fig.2-5; Concentrations of lactate, 3-deoxy-2-C-hydroxyiiiethyl-pentono-l,4-lactone, 

3-hydroxybutyrate, palraitateand palmitoleate in amniotic fluid of patients 

..with appropriate-for-date infants and snall-for date ( dysmature ) infants. 
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• SIMPLIFIED LC-MS SYSTEMS' USING THE 
THERMOSPRAY TECHNIQUE;- C. R. BLAKLEY and M. L. Vestal; 
Dept. of Chem., University of Houston, Houston, TX 77004. 

Recently a new electrically heated vaporizer has been de
veloped as a replacement for the flame and laser vaporizers 
used in our earlier work. Performance of the LC-MS systems 
obtained with the new vaporizer is comparable to, or better 
than, the best performance obtained with the flame or laser 
vaporizers. Furthermore, the electrically heated system 
gives better stability and reproducibility and it is much . 
less expensive than, the earlier approaches. Our present sys
tem appears somewhat more.efficient and less expensive than 
the jet separators commonly employed for GC-MS. This version 
of the vaporizer has recently been installed on all of our 
operating LC-MS systems including the second-generation pro
totype instrument at the University of Utah, a Biospect 
quadrupole, and a CH-5'magnetic instrument. The latter two 
installations involve minor modifications to the standard 
commercial instruments. Details of the modifications are 
presented and data on the performance of these LC-MS systems 
are given. These data were obtained using reversed-phase 
LC conditions on nonvolatile biomolecules such as amino 
acids, small peptides, nucleosides, and nucleotides. 
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USE OF NON-VOLATILE BUFFER SOLUTIONS WITH LC/MS . 

Paul E. Kelley 

Finnigan-MAT Corp. 

INTRODUCTION 
Spectinomycin is an antibacterial isolated from.the fermentation broth of Streptomyces 
spectabilis.!»2 xts hydrolysis with hydrochloric acid produces actinarnine. Gas 
chromatography (GC) analysis of silylated spectinomycin can produce several peaks, 
depending upon the reagent and conditions used.-^ 

Myers and Rindler'^ have described a rapid and relatively simple method of separation 
for these compounds, using paired ion HPLC (high-performance liquid chromatography). 
Because spectinomycin and actinarnine lack UV (ultraviolet) adsorbing chromaphores.. 
conventional LC detection is difficult without post-column derivatization. On the other 
hand, the mass spectrometer coupled to the HPLC via a moving-belt LC/MS interface provides 
rapid separation and positive identification of spectinomycin in the presence of, 
actinamine without any post-column treatment. 

EXPERIMENTAL 
The mass spectrometer .used for these experiments was a Finnigan Model ^000 equipped with 
the Incos data system, tbe Finnigan LC/MS interface, and aii Altex gradient-elution HPLC 
Model y/332. 
MS Conditions (chemical' ionization) 

electron energy 
emission ' 
source temperature 

mass range 
scan time 
CI reagent gas 
ion source 

70 eV • 
0.35 mA 
250°C 
185 - 650 AMU ' 
3 s ' 
methane 
0.33 torr (44 Pa) 

LC/MS Interface Conditions 
belt 
sample split 
infrared heater 
vaporizer heater 
clean-up heater 
belt scrubbing solution 

HPLC Conditions 
column 
flow 
mobile phases 

gradient 
injector loop 

Kapton 
0.1 cm-^/min to mass spectrometer 
100% 
270''C 
280°C • .. 
65% m e t h a n o l / 2 5 % H20/10% Snoop 

150 mm X 4 . 6 mm U l t r a s p h e r e - O D S 
1 cm3/inin 
A = 0,2 M sodium sulfate, 0,02 M sodium 
heptanesulfonate and 0.1% acetic acid 
in water. 
B = acetonitrile 
linear 95% A to 70% A in 10 min. 
20 uL 

Standards of spectinomycin and actinamine (Upjohn Company, Kalamazoo, MI) were made to 
0.5 mg/ml and 1.0 mg/ml respectively. 
The presence of the buffer salts necessitated use of a wiping mechanism to prevent build
up of salt deposits on the LC/MS belt. This wiper was in the LC/MS interface under the 
infrared heater on the return section of the belt. (See Figure 1.) The salt deposits 
were washed from the belt by continuous extraction with a solution of water/mcthanol/Snoop 
at a flow rate of 0.1 cm-^/min. The residual Snoop also acted as a wetting agent, which 
aids the non-polar Kapton belt surface in accepting and evenly distributing the polar 
-mobile phase, from the HPLC, 

RESULTS AND DISCUSSION' 
Figure 2 shows the CI methane positive ion current plot (time vs. intensity) of the 
M + H ions m/.z 333 and m/z 207 for spectinomycin and actinamine. The Ultrasphere-ODS 
column provided baseline resolution of the two components. The CI methane positive ion 
mass spectrum for actinamine gives the protonated molecular ion (M + H) at m/z 207 and 
the M + C2H5 and M + C3H5 adducts at m/z 235 and m/z 247.- The mass spectrum of 
spectinomycin, which was eluted approximately 11 minutes into the analysis, produces a 
strong protonated molecular ion at rii/z 333'and, like actinamine .ĵ ives the M + C2H5 and 
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M + C3H5 confirriiation. 

Although" much attention has in the past been focused toward non-polar mobile phases, 
these data demonstrate that the belt-transport LC/MS interface can operate.satisfactorily 
with polar solvents (such as water) and non-volatile buffer salts. The belt extraction 
or wiping process is also a useful tool for analyses involving ion-paired liquid 
chromatography. It should also be noted that the presence of non-volatile salts does 
not modify the CI reagent gases. 

. ' • CONCLUSION • . 
Coupled to the mass spectrometer via the moving belt LC/MS interface, the'HPLC provides 
rapid analysis and positive identification. The moving belt interface also offers 
capabilities for non-polar and polar mobile phases, volatile and non-volatile buffers, 
and chemical and electron impact modes of ionizatiori. 

.REFERENCES 
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Figure 1. Diagram of LC/MS Interface with "belt wiper". 
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Figure 2. Summed Ion mass chromatogram for Ions specific (o actinamine and spectinomycin from 
PICI mass spectra. 
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LC/MS of Lipophilic Compounds Using Nonaqueous Reversed-Phase Chromatography 

Patricia C. Tway and Walton B. Caldwell; Merck Sharp & Dohme Research Laboratories, 
P.O. Box 2000, Rahway. NJ 07065. 

Most liquid chromatography work on lipophilic low polarity samples is done using a 
reversed-phase columnwith an aqueous mobile phase. Some of these compounds have little 
UV absorbance above 230 nm so that detection is generally by infrared or refractive 
index which are relatively insensitive detection systems. LC/MS would be an ideal way 
not only to detect these compounds at low levels, but also to obtain structural informa
tion about unknown peaks in the chromatogram. The belt LC/MS interface system, however, 
can only handle small amounts of water so that it is generally necessary to split the 
mobile phase onto the belt which limits the sensitivity of the system. Many of these 
lipophilic compounds have very limited solubility in an aqueous mobile phase so.large 
sample quantities cannot be injected onto the column to make up for the lost sensitivity 
from the split. 

The avermectins, a group of natural products, are potent, broad spectrum anti
parasitic agents which are isolated from the mycelia of streptomyces avermitilis. 

B.,, Avermectin 
I a 

Information about the other components present in the avermectin broth samples would 
allow the microbiologist to better understand the fermentation process and to develop 
higher yielding fermentation conditions. The main objective of this work was to 
develop a liquid chromatographic system which could separate a mixture of avermectin-
type compounds and which could be readily used with LC/MS to characterize and identify 
the different components in the avermectin broth samples. All of the previous liquid 
chromatography on these samples had been done on reversed-phase systems using buffered 
aqueous eluents. 

Nonaqueous reversed-phase liquid chromatography (NARP) is generally applicable to 
low polarity lipophilic compounds and was found to give good separation of the 
avermectin broth samples. The use of organic eluents enables larger than normally 
expected quantities of sample to be injected onto the column and also, allows a higher 
portion of the sample to be put into the mass spectrometer via the belt interface. 

A NARP LC/MS system was developed to monitor four components in broth sample 
which had previously been identified. These compounds have no UV above 220 nm, so 
the LC system was developed using the LC/MS. In addition, by changing the mobile 
phase, other components in the broth samples were separated and characterized. 
Fingerprint patterns from various sample batches were compared, although no new major 
components were found. 
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NARP LC/MS was also found to be applicable to other compounds of pharmaceutical 
interest and has been used to study these samples. 
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LC/MS INTERFACE FOR EI AND DCl TECH
NIQUE; C. BRUNNEE. L. D E L C ^ M A N N , O , DIELMANN, 
W. MEYER, P . THORENZ; Varian MAT GmbH, 2800 Bremen, 
Barkhausenst rasse 2, Germany 

The system is based on the moving belt principle. Technical 
features: The belt c a r r i e s the sample directly into the ionization 
chamber through two differentially pumped vacuum s tages . The 
heated part of the belt in the source has a length of a few mi l l i 
mete r s only. Therefore very rapid heating is achieved, allowing 
the ionization of labile compounds. The whole t ranspor t system of 
the belt can be assembled outside the vacuum and put into place in 
l ess than a minute. 

Performance data: Maximum flow for eluents from LC containing 
up to i30 % water is I ml /min . Usable spectra can be obtained from 
samples in the ng range. Typical e.xamples of LC/MS analyses 
will be presented. For adenosine using HnO as reactant gas the 

• only significant peak i n t h e m a s s region between 100 and 300 is 
the quasi-molecular peak M + l . The labile adenosine monophos
phate shows a quasi-molecular peak of 5 % height, the base peak 
being at mass 251 ( M - H2PO3). 
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UNIMOLECULAR DECOMPOSITION OF ETHOXYTRIMETHYLSILANE. David A. Herold, Department of 

Pathology, University of Virginia, Charlottesville, VA 22908, Jean H. Futrell, Department of 

Chemistry, University of Utah, Salt Lake City, UT 84112. 

The spectrum of ethoxytrimethylsilane is well documented and the peaks identified by 

accurate mass measurements; however, the mechanisms of decompositions have not been explored. 

The multiplicity of decomposition pathways and the conmerical availability of the deuterium 

labeled ethanols made the investigation of the labeled ethoxytrimethylsilane most attractive. 

The mass spectra and metastable transitions are shown .for the ethoxytrimethylsilane 

and the deuterated analogues. Discussion is based on the unlabeled ethoxytrimethylsilane. 

The DADI (Direct Analysis of Daughter Ions) analysis of the molecular ion. (m/z 118) gave the 

following 2 daughter ions: 1) 118 -CH.̂  103 

This represents an alpha cleavage of the Si-CH, bond. 2) 118 -C?H40 74 

This loss was not observed in the mass spectra of the 1 ,l-d_-TMS-dq (spectrum 5) or the 

1,1,2,2,2-dc-TMS-dq (spectrum 8), where it would be seen free from interferences. Based 

on the mechanism presented in Scheme I, it was thought that this ion should appear at m/z 

84, 2 amu above the 51(00,), peak. The small, peak at m/z 84 resulted only froip isotopic 

contributions from Si(CD,),. One explanation for this is that the resultant DSi(CD,), 

species had sufficient internal energy to decompose rapidly when formed in the source. 

DADI analysis of the M-15 ion (m/z 103) gave transitions for 3 daughter ions. 

1) 103 -C7H4 75 .This loss of ethylene had several potential sources. DADI 

analysis showed that the loss occurred exclusively by the mechanism shown in Scheme II. 

This was confirmed by the mass spectrum of ethoxy-1.l-d^-TMS (spectrum 2). Had the loss 

occurred as.shown in Scheme IV, there would have been a peak at m/z 77 due to the 

CH,-CDo-0-Si Hp species; however, the peak at m/z 77 was due solely to the isotopic con

tributions from m/z 75. 

2) 103 -CH2O 73 The loss of CH^O occurred as shown in scheme III. Examination 

of the spectra of ethoxy TMS (spectrum 1), ethoxy-2,2,2-d,-TMS (spectrum 3 ) , and ethoxy-TMSd„ 

(spectrum 5) demonstrated that m/z 73 had two origins: (A) the alpha cleavage from the 

molecular ion, which accounted for approximately 2/3 of the ion current and (B) the re

arrangement presented in Scheme III, which accounted for the remaining 1/3. 

3) 103 -CpHgO ^ 59 The loss of CjH.O can be explained as a variant of Scheme I. 

Transfer of the proton (deuterium) from the 1 position of the ethoxy-TMS was established from 

the 1 amu shift up in those species labeled in the 1 position in reference to the unlabeled 

species. 

DADI analysis of m/z 75 and m/z 73 revealed one transition each. 1) 75 -C^Ha ^ 47 

2) 73 -C?Ha , 45. The elimination of ethylene can be explained by the mechanism in 

scheme IV. 

The DADI analysis of m/z 59 gave two metastable transitions. 1.) 59 -CH4 .. 43 

This would be the loss of CH. in a variation of Scheme IV (not shown in diagram). 

2) 59 -C?Ha ^ 31. 

A loss of ethylene by Scheme IV would explain this final transition. 

.The decomposition of ethoxytrimethylsilane occurred with numerous rearrangement pro

cesses which have been elucidated by the mass spectra and DADI analysis of the deuterated 

analogs. 
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STEREOCHEMISTRY OF WATER AND ACETIC ACID LOSS 

FROM TETRALIN RADICAL CATIONS 

G. Groenewold and M.L. Gross 

Departraent of Chemistry 

University of Nebraska 

Lincoln, Nebraska 68588 

The mechanisra of expulsion of water and acetic acid from 

tetralin radical cations has been under investigation since 
1 2 3 1976. ' ' The purpose of the present study is to investigate the 

stereochemistry of the water and acetic acid losses and to examine the 

hydrogen scrambling processes occurring in the system. The strategy 

chosen for this work involved synthesis of specifically deuterium. 

labeled compounds to be studied using ultra high resoultion and 

metastable techniques. 

I II III 

A stereospecific epoxide cleavage gave trans-4-d.-l-tetralol 

(I) . The cis-4-d,-l-tetralol (II) was obtained by epimerizing the 

trans- compound. Mass spectral analysis showed that the (M-HOH/M-HOD) 

ratio for I was 4.5/1.0 and was 1.2/1.0 for II. These experiments 

were done at R > 80,000 to separate the M-HOD frora a M-HOH,H 

interference. Unimolecular MIKES spectra were obtained using beams of 

R = 50,000 to minimize C and incomplete labeling interferences. 

These experiments showed that the (M-HOH/M-HOD) ratio was 6.0/1.0 for 

I and 3.1/1.0 for II. In addition, similar examinations of the 

cycloreversion reaction occurring in I, II, 1-tetralol-OD and 4,4-d2-

1-tetralol revealed that the hydroxyl and 4C hydrogens exchange prior 

to cycloreversion. 

These results are interpreted in terms of an ionic epimerization 

and a slower hydroxyl - 4C.hydrogen exchange which is subject to an 

isotope effect and becomes competitive with the epimerization in the 

metastable time window. Structure III is proposed as a probable 

intermediate in the elimination of water and in the exchange of 

hydrogen. 
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The 1,4 elimination pf acetic acid from cis- and trans-4-d.-l-

acetoxytetralin was also examined and was observed to exhibit some 

stereospecificity via ultra high resolution. However, the (M-HOAc/M-

DOAc) ratio obtained from the MIKES spectra is 2.8/1.0 for both 

compounds, demonstrating that the. stereochemical integrity of the 

elimination has disappeared within 1 to 10 microseconds. The results 

of this study will be submitted to Organic Mass Spectrometry for 

publication. 

1. M.L. Gross and F.L. DeRoos, J. Araer.. Chera. Soc. , 98, 7128-7132 

(1976). 

2. M.L. Gross, E. Chiu, D. Pokorny and F.L. DeRoos, Org. Mass 

Spectrom. , 12, 55-62 (1977). 

3. S.F. Wojinski and M.L. Gross, Org. Mass Spectrom. , 14, 135-139 

(1979) . 
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DIRECT DETERMINATION OF DEUTERIUM IN HATER USING METASTABLE .IONS. 

J.P. Schmit and G. Boulay 

Dept. of Chemistry, Univ. of Sherbrooke, Sherbrooke, CANADA. J U 2R1 

Deuterium determination in water is usualy obtainedin two 

steps: first by."reducing water into hydrogen with urani um. furnace, and 

second by measuring the ratio H,/DH with a mass spectrometer especially 

designed for the isotopic measurements. 

Taking advantage of the capability of double focusing mass 

spectrometer, to retrace parent ions, it is possible to quantify deute

rium in water with good occuracy at ppm level. 

The method is based on the isotopic exchange properties of 

the hydroxylic hydrogen of n-propanol with water.. 

CjH-OH + DOH C,H,OD +HOH 
_^ "3"7 

H OH(D) 

/ \ 

CHo 

CH, 

m/e"60(61) 

+ 

CH2 

m/e 42 18(19) 

Assuming that the deuterium content of the terminal methyl 

group of n-propanol is a constant,, the exchanged deuterium is measured 
+ + 

by comparison of the intensity- ratio between 61' >42' and 
+ + 

60' »42' transitions for the unknowns and the standards, when 

scanning up the accelerating voltage the magnetic and electrostatic 
+ 

sectors being set on'the 42' ion properties. 

The calibrat ion curve with standards from natural level to 

100^ deuterated water yields a second degree polynomial curve with 

R-Square of 0.9994. From 0 to 1% of deuterium in water the curve can 

be assimilated to a straight line (degree 1) with R-Square of 0.9993 
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and Y intercept equal to 0.061 * 0.001 (n = 4 ) . 

D2O/H2O CALIBRATION (0.025 % to 98.2 % \i,^0) 

log DOH/HOH 

DjO/HjO CALIBRATION (0 % to 1 % D2O) 

c-i 
o.ira 

a.aa / 

7.e» y 

E.ea / 

•̂*» Y ^ 
9.90 / 

' ••* . . jY 
i W \ H - 1 

•1.88 . 

L&JB «-s» U9 
DOH/HOH 
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THE DETERMINATION OF STRUCTURES OF ION-MOLECULE REACTION 
INTERMEDIATES USING A TRIPLE ANALYZER MASS SPECTROMETER 

Jackson 0. Lay, Edward K. Chess, and Michael L. Gross 
Departraent of Chemistry,.University of Nebraska 

Lincoln, Nebraska 68588' 

The investigation ' bf the mechainistic details of ion-molecule 
reactions would be greatly aided . if the structure of the collision 
complex could be determined. This is difficult because the complex is 
often too short-lived under the single collision conditions in an Ion 
Cyclotron Resonance (ICR). cell, for example. Thus, it can only be 
investigated by studying its fragraents, using both normal and 
isotopically-labelled . reagents, and by establishing mechanistic 
pathways using double resonance experiments. Recent investigations, 
using a high pressure (1 torr) chemical ionization (CI) source to 
provide stabilizing collisions, have led to the observation of 
collision complexes whose structures can be probed using their 
unimolecular and collision-induced decorajxDsition (CID) reactions. 
The experiments have been conducted using the MS50-TA, a high 
resolution triple analyzer mass spectrometer (1). The high mass 
resolution available with this instrument allows unambiguous selection 
of the ion to be investigated, here, the collision complex. These 
techniques have been applied tp several systems previously studied by 
ICR and Fourier-transform mass spectrometry (FT-MS). 

The structure of the ion-molecule adduct formed in the reaction 
of the allyl ion and CgH_R (R=H,OH) has been investigated by 
comparison of the CID spectrum of the adduct with that of several 
model compounds. The adduct shows a large loss of ethene and very 
small methane loss with benzene as the neutral, consistent with a 
structure resembling protonated allylbenzene or/a-methylstyrene (Table 
1). The CID spectrum is substantially different than those of 
protonated indane,«<-, o-, m-, and £-methylstyrene. The. adduct formed 
in the reaction with neutral phenol gave a CID spectrum which was. 
consistent with protpnated allylphenol rather than protonated allyl 
phenyl ether as the ion-molecule product (Table 2). 

Table 1 
NMUVt OF THL COLLISION CliriPLFKi SU'i C[D lir 
PROIUUittO NbUTHALbi ClVl^C POSSIBLt COLLISION 
CDHPLEXES 

Table 2 
C3K5* AND PHENOL. RIKC OR OXTCEN ATTACK 

502 CIO OF PROTONATED NEUTRALS GIVING POSSlBL£ 
COLLISION COMPLEXES 

rV2 

103 

91 • 

IT 

4t 

0^ 
i 

4< 
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6 

y ^ ^ 
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45 

' 3 

0^ 
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21 
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A 

CO CC'r.r 
3 8 4 

26 13 53 

4 3 4 

1 • 1 4 . 

rt/2 

115 

IO? 

U 

41 

OY 0 ' ^ 
1 

;Jo 

g 

I J 

2 

' 16 

14 

24 

COLLISION 
COnPLEX 

5 

26 

9 

15 

IZ ABSOLUT? 

INCLUDES A SHALL TIETASTABLE CONTRIBUTION 

127. ABSOLUTE 

The structure of various C-jH- isomers have also been 
determined by investigating the adduct formed with benzene as the 
neutral reactant (Table 3) . The premise is that each structurally 
distinct isomer should give a unique collision complex, or perhaps a 
different and distinguishable set of isomeric collision complexes. 
Thus, 1-propenyl, 2-propenyl, and allyl cations should be 
distinguished easily based on the CID spectra of their pressure-
stabilized adducts with benzene. This was found to be true. The 2-
propenyl cation and benzene give an adduct with relatively raore methyl 
and less ethene loss than allyl cation and benzene. This is 
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consistent with the CID spectrum .of tlie model corapound, protonated •<-
methylstyrene. On the other hand, 1-propenyl cation gives a unique 
ion-molecule product whose CID spectrum is intermediate between that 
for either allyl or 2-propenyl cation. 

The o-quinodimethane (2) and styrene (3) radical cations react 
with neutral styrene in an ICR spectrometer to yield product ions 
suggestive of different activated collision complexes. By using a 4:1 
mixture of NO:He as the low energy charge-exchange ionizing gas, the 
collision coraplexes from both of these reactions have been generated 
in good yield in a CI source. Subsequent investigations of these 
complexes have revealed that their structures are, indeed, very 
different. We have shown that the 6-quinodiraethane ion (I) reacts 
with styrene through a Diels-Alder type cycloaddition to yield 2-
phenyltetralin (II) by comparing the uniraolecular and CID spectra of 
the "complexes with those of model compounds, and through the use of 
deuterium labelling. 

. It 

CC-
. . I 1 1 

similar experiments have shown that the collision coraplex from 
the styrene + styrene ion-raolecule reaction is definitely not 1- or 
2-phenyltetralin, [2.2]paracyclophane, or any other reasonable acyclic 
structure, such as 2;3-diphenyl-2-butene, 2,4-diphenyl-2-butene, or 
1,4-diphenyl-l-butene'. The diphenylcyclobutanes were ruled, out in a 
previous study (3). This complex shows a high tendency to return to 
starting materials without H/D scrambling, unlike any of the model 
systems. Thus, we propose structure III or IV as the complex for this 
reaction, and have initiated further studies to synthesize appropriate 
precursors which will decompose to form these structures. 

Table 3. 

N\ruRE OF THE REACTING .C3H5' ION. 50"'. CID 0^ THf 
COMPLEX FROM VARIOUS C J H J ' I O N S REACTING WIIH 
BENZENE 

' A . 
3.910.1- l . O t t , . ? 5.at0.< 7.310.6 

A2.9..1.6 53.Iti.7 42..7I1.5 40.6:6.6 

4.6t0.3 4.AtO.a G.itO.Z 6-9t0.6 

3.610.5 4.1t0.5 3.7,0.3 4.410.3 

" INCLUDES A SMALL METASTABLE CONTRIBUTION 

1) M. L. Gross, P. A. Lyon, F. W. Crow, and S. Evans, presented at the 
28th Annual Conference on Mass Spectrometry and Allied Topics, New 
York, N.Y., May 25-30, 1980. 

2) Unpublished results. 
3) C. L..Wilkins, M. L. Gross, J. Ara. Chem. Soc., 93, 895(1971). 
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KINETIC ENERGY RELEASE - A SENSITIVE PROBE FOR THE GAS PHASE UNIMOLECULARE ISOfCRlSATIONS 
OF IONIZED STEROID ALCOHOLS; ZE'EV V.I. ZARETSKII and PNINA DAN; Isotope Dept.', The 
Weizmann Institute of Science, 76 100 Rehovot, Israel. • 

It has been found recently that kinetic energy release (KER) measured for the transitions 
occurring in the MIKE spectra are very sensitive to the stereochemical differences in 
steroid hydrocarbons and ketones^. This paper reports a study of the mechanism of the 
CH3 and H2O losses occurring from the ionized androstane alcohols (eleven stereoisomers 
differing in both configuration of the OH groups and the mode of the rings A/B junction), 
vitamins D2 and D3, ergosterol (provitamin D2) and cholesterol, using KER which accompanies 
dissociation. The critical energy values [Ê . - A(X)* -I(M)] and metastable/daughter ions 

H,C 

HO-J 
\̂  
z 
3 

4 

HjC 

q 
H. 

5 a 

5a 

5/3 

5/3 

c J 
3/3 

3 a 

3 ^ 

, 3 a 

7 

8 

9 

JO 

5a,3/3 

5a ,3a 

5/3,3/3 

5/3,3a 

n 3a 

12 3 3 

CsHiT 

H (3 

H,C<r8"l7 

H 14 
HO 

15 

C8H|7 

HjCfs^lS m̂  
H0\*' 

H,C CsHiT H,C 

HO*' 

C9H19 

ratios Cni*/D ) were also deterTnineci for. the reactions studied. The KER values have been 
measured with Varian MAT-731 double focusing mass spectrometer, of Mattauch-Herzog 
geometry^, for the M"* ->• CM-CH3) + , M-+ -»• (M-H2O)'*, (M-H2O) •+ ->• (M-H2O-CH3)* and 
CM-CH3) -4 (M-CHa-HzO)-*' metastable. transitions occurring in the 1st FFR, by scanning the 
accelerating voltage with fixed electric sector voltage and fixed magnetic field. It 
was demonstrated that while the H2O elimination reactions give rise to narrow metastable 
peaks, thus indicating little KER, the losses of the angulare CH3 from both M"^ and 
CM-H2O)'"*" ions produce, in many cases, broad metastable peaks. This suggests that a 
rate determining isomerisation, prior to decomposition, occurs and a large quantity of 
kinetic energy releases upon subsequent CH3 loss, especially from the (M-H2O)'* ions. 
The isomerisation mechanisms, preceding the decompositions, will be discussed. 
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Table: KER Data {Tsi , , meV; mean error ± 5%) for Steroids 1-18. 

Compound M^'-CHj M*--H20 ( M - H J O ^ ' - C H J ' (M-CH3)*-H20 

95 27 
86 • . 28 

• 81 28 
67 29 

85 • - • 3 1 
54 • 30 

• .176 • .35 
186 36 
76 41 

105 42 
- • 28 

31 . 

161 34 
282 55 
213 49 
355 .• 69 

Z.V.I. Zaretskii, E. Larka/ I. Howe and J.H. Beynon, 28th Annual Conf. on Mass 
Spectrometry and Allied Topics, N.Y. (1980). 
^U. Herzig and P. Krenmayr, Org. Mass Spectrom., j ^ , 75 (1979); Z.V.I. Zaretskii and 
p. Dan, submitted to Org. Mass Spectrom. 
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REFERENCES 
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62 
42 
99 
92 
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94 
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HIKE SPECTROMETRY OF SOME NITRAMINE E)(PLOSIVES 

J. Yinon*, D.J. Harvan and J.R. Hass 

NIEHS, Research-Triangle Park, N.C. 27709 

The mass spectrometry of nitramines has always been of great interest because of their 
use as explosives. The EI mass spectra of nitramines have been characterized by abund
ant fragment ions and very scarce molecular ions (1,2). Moreover, large differences in 
the relative abundances of the major ions have been reported by various groups (3), which 
were attributed to the formation, of thermal decomposition fragments prior to ionizat;|on. 
CI mass spectra of nitramines, although producing in some compounds abundant (M + X) 
ions, have also been characterized by abundant fragment ions (2,4,5,6).-

In order to learn more about the fragmentation processes of nitramines, Mass-Analyzed 
Ion Kinetic Energy (MIKE) Spectrometry (with and without collision-induced decomposition) 
has been used to study the fragmentation pathways .in both.EI and methane-positive CI of 
some nitramine explosives, including RDX, HMX and tetryl.- MIKE spectra were obtained 
on a VG Micromass ZAB-2F reversed geometry mass spectrometer with a combined EI/CI 
source and connected to a modified Finnigan Incos data system (7). Collision-induced 
MIKE spectra were obtained with helium in the collision cell. Accurate mass measure
ments of the nitramine mass spectra were done on a VG Micromass 70-70F double-focusing 
mass spectrometer with a 22-50 data system. 

The data obtained was used to determine fragmentation maps for the studied compounds 
in both EI and CI modes. The figure shows the fragmentation map of RDX in the EI mode. 
Results showed that the fragmentation pathways of RDX and HMX are very similar but 
differ from the fragmentation pathway of tetryl which is both a nitramine and a 
nitroaromatic compound. Ions which appeared in the niass spectrum but did not have an 
apparent precursor (according to the MIKE measurements) could be formed by thermal 
decomposition (in the solid probe or the ion source) followed by ionization. In 
compounds where no molecular ions were observed in their mass spectrum, fragment ions 
appearing in the mass spectrum but without an apparent precursor ion, could be fonned, 
by either fragmentation or thermal decomposition or both (these pathways are shown 
in the figure by broken lines). Nevertheless, ions which have a precursor and seem 
therefore to be formed by fragmentation, could be in part due to thermal decomposition.. 

References 

1. S. Bulusu, T. Axenrod and G.W.A. Milne, Org. Mass Spectr. 3 ,̂ 13 (1970). 
2. S. Zitrin and.J. Yinon, Advances in Mass Spectr. in Biochem. and Medicine, 1, 369 (1976) 
3. J. Yinon and S.Zitrin, "The Analysis of Explosives", Pergamon Press, Oxford, 1981. 
4. J. Yinon, Biom. Mass Spectr. 1, 393 (1974). 
5. P. Vouros, B.A. Petersen, L. Colwell, B.L. Karger and H. Harris, Anal. Chem. 49, 1039 

(1977). 
6. J. Yinon, Org. Mass Spectr. 15, 6,37 (1980). 
7. M. Weiss, J. Karnofsky, J.R. Hass and D.J. Harvan, Proc. of 27th Annual Conference on 

Mass Spectrometry and Allied Topics, Seattle, Washington, 1979. p. 270. 

* On sabbatical leave from the Weizmann Institute of Science, Rehovot, Israel. 
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GC/MS ANALYSIS OF SUBSTITUTED 1,3-OXAZOLIDINES, 
TETRAHYDR0-1,3-0XAZINES AND l-0XA-4-AZASPIR0[4.5]DECANES 

K. J. WELCH AND T. A. LAJINESS 

Corporate Research, S. C. Johnson & Son, Inc., Racine, WI 53403 

In order to study the relationship between structure and biological activity, a 
series of biologically-active compounds are being investigated.(1) This collection of 
compounds has provided an opportunity to study the JTiass spectra of some structurally- '.'• 
related heterocycles. 

The mass spectra of the oxaza compounds were taken with a Finnigan 4000 GC/MS 
(electron impact and methane chemical ionization). High resolution mass spectra 
(electron impact) of selected compounds were obtained at the Midwest Center for Mass 
Spectrometry, University of Nebraska, Lincoln, Nebraska 68588.(3) 

Mass Spectra of the Alkyl-Substituted Oxazol'idines and Tetrahydrooxazines 

The electron-impact spectra for the alkyl oxazolidines (Scheme I n=l), and the 
alkyl tetrahydrooxazines (Scheme I n=2) were characterized by the facile loss of the 
alkyl substituent (Rl) to form the species A. Loss of ketene from A produced the 
stable ion C. There was evidence for a secondary route to Ĉ  via the species B̂. The 
origin of the ions D anti E appears to be the result of CO loss from A and Ĉ  respectively. 

Ions common to the EI spectra were found in the CI spectra. In some cases, the 
masses of the ions were shifted due.to different decompositions of even-electron 
species (CI) versus odd-electron species (EI). An ion scarcely observed in the EI-
spectra was found which corresponded to the rearrangement and rupture of the MH-̂ .iori 
at the dashed line a. 

Mass Spectry of the Phenyl-Substituted Oxazolidines 

The EI fragmentation of the phenyl-substituted oxazolidines (Scheme II) produced 
ions corresponding to the loss of the phenyl group (C) and loss of the acetyl radical 
{B). The phenyl oxazolidines also produced the species A which appeared to be formed 
from the rearrangement and rupture of the heterocyclic"rTng (dashed line a). The niost 
probable precursor of the intense benzoylium ion D is A. However, a portion of the 
benzoylium abundance may. be due to the rupture of\B ariS E as shown (dashed line b). 
This would be the converse of CO elimination noted in the other compounds. 

Mass Spectra of the Oxaazaspirodecanes 

The EI fragmentation of the spiro compounds (Scheme III) had ions (cir. 1% RA) 
corresponding to.the loss of the'acetyl radical or an alkyl (Rl or Rj) radical. The 
major ions appeared to be from decompositions involving the alicyclic ring. Rupture of 
the alicyclic ring combined with hydrogen migration (dashed line a) formed the species A. 
Further fragmentation of A to £, £ and E_ is consistent with the other compounds studied. 
There appears to be evidence for an alternate decomposition of M through rupture (dashed 
line b)-and loss of an even-electron molecule to form £. Chou(2) reported an odd-electron 
species for a similar molecule. Since the loss of ketene from Ĉ  could occur at two 
locations, the structure for D is not attempted. The CI mass spectra, as.expected 
contained no ions corresponding to C.or £. 

1. T.A. Lajiness, E.S. Oonnithan and A.G. Hageman, "Abstracts of Papers", 181st National 
Meeting of'the American Chemical Society, Atlanta, GA, March 1981; American Chemical 
Society: Washington, D.C, MEDI 43. ' • 

2. S. Chou, J.A. Nelson and T.A. Spencer, J. Ora. Chem. 1974, 39, 2359. 

3. Mass spectral data presented at the meeting will be made available upon request. 
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SCHEME I 

FRAGMENTATION OF ALKYL-
SUBSTITUTED OXAZOLIDINES 
AND ALKYL-SUBSTITUTED 
TETROHYDROOXAZINES 
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SCHEME II 

EI FRAGMENTATION OF PHENYL-
SUBSTITUTED OXAZOLIDINES 
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UNIQUE HYDROGEN REARRANGEMENT DURING THE REDUCTIOl OF MALEIMIDE WITH LITHIUM ALUMINIM 

DEUTERIDE; M.S.B.NAYAR, L.A.GEELHAAR and P.SiCALLERY; Dept. of Medicinal Chemistry, 

University o£ Maryland, 636 W.Lombard St.,Baltimore, MD 21201. 

2 
• Attempted preparation of pyrrolidine-2,2,3,4,S,5- H^ by the reduction of 

raaleimide with lithium aluminum deuteride surprisingly resulted in the formation of 

pyrrolidine containing only 5 deuterium atoms, as indicated by the mass spectrum o£ the 

N-tTifluroacetyl derivative. The labeled pyrrolidine was oxidized to l-pyrroline with 

sodium persulfate and reacted.with HCN to obtain-2-cyancipyrrolidine. The mass spectrum 

of its trifluroacetyl derivative indicated the presence of four deuterium atoms. 

1-Pyrroline was further oxidized with rabbit liver homogenate to obtain 4-aminobutanoic 

acid. The Tnass spectrum obtained after derivatization with dimethyl acetal of dimethyl-
2 2 

formamide indicated that the oxidation-product is a mricture of 2,4,4- Hj and 3,4,4- H3 

analogues of 4-aminobutanoic acid. 

A mechanism is proposed for the reaction based on the structure of 

pyrrolidinone- H3 (5) isolated from the reaction mixture(Scheme 1). S-Pyrrolinone;. 

which is a postulated intermediate, on reduction with lithium aluminum deuteride 

yielded pyrrolidine-2H3 (Scheme 2). 

l - ^ w ' ^ O 
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H 
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(H)D.^ ^H(O) (HID 

iiyi — 'LO-O ̂  „̂>ri 

1̂  

HID) 

D 

N"CN 

CO 

CF, 

(H)D ..HCD) 

" z N - f - D - i O H 
D 

.10 

(a) LiAlD4; (b) H20;' (c)- 5 N HCl; (d) diniethylfonnamide dimethyl acetal; 

Ce) Na2S208, NaCH; (f) HCN; (g) (CF3CO)20; (h) rabbit liver homogenate 

Scheme 1 
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H2N- C H J - CH- C H j - COOH 
(CF3C0)20 o< 

I 
COCF3 

CH2CI2 : CH3OH/ NoHCOj / — — \ LIAID^ 

O ^ ' ^ Y Z K ' 

Scheme 2 

Irrespective of the mechanism, it is obvious that a migration of hydrogen 

from N to C has taken place, since reduction of maleimide-^H with lithium aluminum 

hydride led to the formation of pyrrolidine-3- H. Although it is generally accepted 

that metal hydrides abstract active hydrogen atoms with the liberation of H2,^our 

findings indicate that the reaction of maleimide with lithium aluminum hydride does 

not take this course. 

(7) M.S.B'.Nayar and P.S.Gallery, J.Org.Chem. 4S, 1044 (1981). 

(2) W.G.Brown, Org. React . 6, 469 (1951). 
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L C - M S - NCI OF EXPLOSIVES 

R.D. Voyksner.' , Y. Tondeur , C.E.. Parker , J.D. Henion , and. J. .Yinon ' 

1. NIEHS. Research Triangle Park, N.C. 27709 

2. Department of Chemistry, U.N.C-C.H.,. Chapel Hill, N.C. 27514 
3. N.Y. State College of Veterinary Medicine, Cornell University, Ithaca, N.Y. 14853 
• 4. On sabbatical leave i'rom the Weizmann Institute of Science, Rehovot, Israel 

The analysis of'explosives mixtures is of major importance in several analytical 
fields such as forensic identification of post-explosion residues and environmental 
analysis of water contaminated by explosives. 

A variety of methods and techniques have been used for the analysis of explosives 
(1) with various degrees of success. 

We have used a direct LC-MS combination (2,-3) for the analysis of explosives in 
order to combine the separation capability of the HPLC with the specificity and sensi
tivity of the mass spectrometer. 

The mass spectrometer.used in this research was a Finnigan 3300 CI mass spectrometer 
(previously modified for negative ion CI operation) connected to a Finnigan/Incos 2300 
data system. 

The HPLC consisted of two Waters Associates 600 A pumps, a Waters Associates 660 
Solvent Programner and a Perkin-Elmer LC-55 Variable Wavelength UV detector. 

The LC-MS interface was an unmodified Hewlett-Packard Direct Liquid Insertion 
Probe LC-MS Interface, a variable split-type interface. 

The probe inlet system of the MS was modified to accept the 1/2" 00 LC probe, and a 
sliding fit "desolvation chamber" was threaded into a modified source input adaptor 
plate on the Finnigan source. No modifications of the pumping system were necessary. 

The investigated explosives were pure standards-(obtained from the Israel Police 
Headquarters, Jerusalem, Israel) and military mixtures (obtained from the N.C. State 
Bureau of Investigation, Raleigh, N.C.) 

The investigated mixtures were octol (consisting of TNT and HMX) and tetrytol 
(consisting of tetryl and TNT). A standard, mixture was made up of pure compounds and 
consisted of RDX and tetryl. 

Best LC separation results were obtained under the following conditions: RP-18 
reversed-phase column, 4.6 mm X 10 cm length (Brownlee Labs, Inc.). Solvents were 
acetonitrile: water (50:50) and methanol: water (50:50). Flow rate was 1 ml/min. 
UV detector wavelength was 254 nm. ' 

Negative - ion chemical ionization was found to be the most sensitive MS mode 
of operation. The LC solvents function as electron energy moderators, and the mode 
of ionization is by electron capture. The figure shows the LC-MS-NCI spectra of Octol. 

Sensitivity measurements were done by injecting various amounts of TNT (in acetoni-
trile/water solution) into the. LC-MS system, and scanning the mass spectrometer over 
a 100-400 amu range at 4 sec/scan. The smallest detectable amount of TNT was 100 ng, 
injected on column (or approximately 1 ng to the MS source). 

A TNT-acetonitrile/water solution, continuously flowing through the LC and into 
the mass spectrometer was used to investigate the temperature effects in the ion source 
under NCI conditions. Experiments were done in the temperature range of 160-260°C. 
It was found that relative ion abundances (relative to m/z 197) of high mass ions 
(m/z 227, 210) were decreasing with increasing temperature, while abundances of lower 
mass ion fragments (m/z 152, 167, 181) were increasing.m/z 226 ion abundance was 
constant throughout the investigated temperature range. 

Although more research has to be done in the use of LC-MS of explosives, it seems 
to be a powerful technique for the analysis of explosives mixtures in both forensic and 
environmental applications. 

References . ' . 

1. J. Yinon and S. Zitrin, "The Analysis of Explosives", Pergamon Press, Oxford, 1981. 

2. J.D. Henion, Anal. Chem.,.50, 1687 (1978). 

3. A. Melera, Advancesin Mass Spectr., 88, 1597 (1980). 
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ĝ 
• s ; — " 

» • h 
s . . " 

a l l 
SI'S 
fe?uj 

= -S X 

1 
g 

If 

." • z -

H : 

sas 
*-
«. 
s» K 
§: 
'a 

sllS 

Ifd 
HI.8 
y 

X 

S 
I 

' 
1 -
z t -

s^*-. . 

S 

• 

s 

^ " 

—' 
1 

'•-

298 



CAPILLARY COLUMN GC/MS CHARACTERIZATION OF DIESEL EXHAUST PARTICULATE EXTRACTS 

T. 3. Prater, T. Riley and D. Schuetzle 
Analytical Sciences Department ., . 
Scientific Research Laboratory . • • • . . . 

Dearborn, Michigan '(8121 

INTRODUCTION . 

Previous studies have shown that most of the direct-acting Salmonella typhimurium mutagenic activity 
>50%) in diesel exhaust particulate extracts is concentrated in chemical fractions which contain 
compounds of moderate polarity (1). Analytical-scale normal phase high performance liquid 
chromatography(NP-HPLC) (2), packed-column GC/MS and high resolution MS analysis were used in that 
work to determine that these moderately-polar fractions consisted primarily of polynuclear aromatic 
hydrocarbon (PAH) derivatives. The objective of this study was to extend the previous work by 
developing preparative scale NP-HPLC fractionation followed by fused silica capillary GC/MS analysis 
in order to improve component resolution. 

EXPERIMENTAL 

Light duty diesel exhaust particulate samples were collected on T60A20 Pallaflex filters using a dilution 
tube and a chassis dynomometer test facility..; Filter samples were soxhiet extracted, with 
dichloromethane (DCM). 

HPLC analysis was performed on a .Varian Model 5600 LC equipped with a 7.8 mm i.d. x 30 cm long 
Microporasil 10 column. The solvent program consisted of 10096 hexane for 5 min, then 1% DCM/min 
for 5 min, followed by a linear gradient to 100% DCM in the next 25 min, 100% DCM for 10 min, then 
10% acetonitrile/min for 10 min, and a final 10 miri flush with 100% acetonitr i le. The chromatographic 
separation was monitored by UV at 25* nm and by fluorescence at 25*/320 nm. Further details of this 
technique are presented elsewhere (3). .. 

GC/MS analyses were performed on a VGMM ZAB-2F mass spectrometer equipped with a-30 m long x 
0.25 mm i.d. SE5* fused silica capillary column interfaced directly to the mass spectrometer source. 
Sample injections were directly on-column and temperature programming was 80 to 270° at '(°/min. 
Electron impact ionization techniques were used. 

RESULTS AND DISCUSSION 

This investigation emphasized the analysis of HPLC fractions containing nonpolar and moderately polar 
PAH derivatives. Nonpolar aliphatic and highly polar HPLC fractions were not characterized by 
GC/MS. The nonpolar and moderately polar PAH derivatives which were identified are listed 
respectively in Tables I and II. Many of the compounds identified have a large number of Isomers as 
indicated by the parentheses in the tables. This is illustrated by the mass chromatograms in Fig. 1 
which show the increasing complexity of the isomer series as methyl substituents are added to 
anthracene and phenanthrene. There are probably more isomers for the methylated anthracene and 
phenanthrenes than we were able to resolve even with the high-resolution fused-silica capillary column. 
It would be difficult and of limited utility to identify every specific isomer present in these fractions. 
For this reason, synthesis of standards and identification of isomers are only being undertaken on those 
groups of PAH and PAH-derivatives which yield a relatively high level of direct- or indirect-acting 
Ames activity. This has been found to be the case, for the nitrated-PAH derivatives which tend to show 
high levels of direct-acting mutagenicity compared to other PAH and P/\H derivatives in these samples. 
In summary, the combination of normal phase HPLC fractionation followed by capillary GC/MS analysis 
proved to be a very useful approach to the characterizaiton of diesel exhaust particulate ext ract . 

1. Schuetzle, D., Lee, F .S . -C , Prater ,T. J, and Tejada, S. B., Intern. 3. Env. Anal. Chem., 9, 93, 1981. 

2. Schuetzle, D. and Perez, 3. M., Proceedings of the 7'tth /Annual Meeting of the Air Pollution 
Control /Association, Paper #81-56.*, Philadelphia, PA (3une 21-26, 1981). 

3. Levine, S. and Skewes, L., 3. Chromatogr., In preparation (1981). 
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Table I. Nonpolar PAH Identified in Diesel Exhaust Particulate Extract 

dibenzothiophene 
methyl dibenzothiophene isomersO) 
dimethyl dibenzothiophene isomers(7) 
fluoranthene and pyrene 
BaP, BeP, perylene,and isomersO) 
tetramethyl dibenzothiophene isomers(12) 
benzo(g,h,i) fluoranthene 
methyl benz(a)anthracene isomersCt) 
pentamethyl dibenzothiophene isomers(*) 
methyl (fluoranthene and pyrene)isomers(7) 

anthracene and phenanthrene 
methyl (phenanthrene and anthracene) isomers(*) 
dimethyl (phenanthrene and anthracene) isomers(13) 
trimethyl dibenzothiophene isomers(9) 
trimethyl (phenanthrene and anthracene) isomers(15) 
tetramethyl (phenanthrene and anthracene) isomers(16) 
benz(a)anthracene, chrysene, benzo(c)phenanthrene, 

trlphenylene isomers(2) 
dimethyl benz(a)anthracene isomers(2) 

Table I I . Moderately Polar PAH Derivatives Identified in Diesel Exhaust Particulate Extract 

benz(a)anthracene dione 
thioDtanthone isomer 
pyrenone 
methyl thioxanthone 
benz(d,e)anthrone and isomersO) 
1,1' biphenyl-ol 
(pyrene or fluoranthene) carboxaldehyde 
phenanthrene 
xanthone 
(anthracene or phenanthrene) dione 
methyl (anthracene or phenanthrene)dione 
anthracene carboxaldehyde 
dimethyl (anthracene and phenanthrene) 

carboxaldehyde isomers(8) 

methyl (anthrone and phenanthrone) isomers 
dimethyl (anthrone and phenanthrone) isomers 
trimethyl (anthrone and phenanthrone) isomers 
dimethyl thioxanthone 
1-nitropyrene 
fluorenone 
dibenzofuran carboxaldehyde 
anthrone isomer 
xanthene carboxaldehyde 
dibenzothiophene carboxaldehyde 
phenanthrene carboxaldehyde 
methyl(anthracene and phenanthrene) 

carboxaldehyde isomersO) 

Figure 1. Mass chromacograms of phenanthrene(P) and anthracene(A) (178) , 
methy1-A and -P (192), dimethy1-A and - P ( 2 0 6 ) , and trimethy1-A 
and -P(220) 
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GC/MS ANALYSIS OF PRIORITY POLLUTANTS: A COMPARISON OF PACKED COLUMN AND FUSED SILICA 
CAPILLARY GC/MS ANALYSES; J.E. WILKINSON, B.N. COLBY, and T.R. SMITH; Systems, Science 
and Software, La Jolla, CA 92038 and A.D. SAUTER, US-EPA, Environmental Monitoring and 
Support Laboratory, Box 15027, Las Vegas, NV 89114 

The accepted standard for theanalysis of extractable priority pollutants is a 
packed column GC/MS, Method 625.' Excellent precision and accuracy, however, has 
been reported^ for selected priority pollutants using a fused silica capillary col
umn directly coupled with the GC/MS ion source (FSCC/MS). This enables compositing of 
acid and base/neutral fractions for simultaneous analysis at low nanogram levels in 
one forty minute acquisition. A SE-54 fused silica capillary column is temperature 
progranmed from 30° (3 min) to 285° at 10°/miriute after :splitless injection. Carrier 
gas (He) flow is maximized at 48 cm/second. Data obtained by both separate and com
posited fraction analyses are comparable to Method 625 data.^ 

There are several other advantages of the FSCC/MS technique. Interferences are 
minimized due to increased chromatographic resolution. Accuracy is improved by elim
inating the problem of compound crossover during sample extraction. Analyses,of acid 
and base/neutral fractions of an extremely complex sample indicates that up to 2058 of 
some base/neutral compounds can crossover into the acid fraction. Compositing the 
fractions just prior to GC/MS analysis eliminates this potential problem, thus increas
ing analytical accuracy. Since total GC/MS analysis time is decreased by a factor of 
two, analytical costs are considerably decreased. 

1 Federal Register, Vol. 44, No. 233, pp. 69540, 69552, December 3, 1979. 

2 A.D. Sauter, et al., 28th Annual Conference on Mass Spectrometry and Allied Topics, • 
1980, NY, NY. - .. 

3 Data provided by Dr. R.G. Beimer of TRW, Inc. 
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Capillary Column GLC-EIMS Assay For Xylonidine in Chicken Egps 

R,W. Walker, J.E. Taylor, A.A. Van Iderstine 
R.M. Weppelman, H.E. Mertel and W.J.A. VandenHeuvel 

Merck' Sharp & Dohme Research Laboratories 
Rahway, New Jersey 07065 

• . INTRODUCTION 

Various aryl iminoimidazoline derivatives including the antihypertensive drup cloni-: 
dine have marked anovulatory and antigonadal activities in laying hens. Among the most 
act ive of these is xylonidine [2-(2 ,6-xylylimino)-imidazoline]» the structure of which is 
shown. Because of its avian antifertility act ion, xylonidine 
was of interestas a forced molting agent. Forced molting-refers to 
the practice of forcing hens' to stop laying,eggs for a period of .. 
several weeks. * One result of.this lull.in reproductive activity . 
is a molt which gives the practice its name. There are-sevcral *'"3 
economic advantages to forced molting. When molted hens resume production, ;they generally 
lay more eggs and produce' eggs with more durable shells and at smaller cost in feed than 
untreated hens. Unfortunately, the only procedure currently available for forced molting 
hens is starvation, usually for a period of about 10 days. This drastic treatment almost 
certainly is detrimental to health and viability. In contrast, xylonidine appeared quite 
safe for laying hens and thus offered a desirable alternative to starvation. 

For xylonidine to become a viable candidate as a forced molting agent, the xylonidine 
concentration in eggs from treated hens had to-be determined. This, in turn, reauired the 
development of a very sensitive, selective assay procedure. Toward this end a capillary 
column gas-liquid chromatographic (GLC) with electron impact ionizat ion mass spectrometric 
CMS) procedure was developed, xylonidine-d^ serving as the internal standard. Although the 
structure of xylonidine would suggest the need for derivatization of this drug prior to 
analysis, the GLC-MS detection limit of the assay for underivatized drug C 0.3 ppb) was 
sufficient to permit quantification of xylonidine in yolk and albumen from eggs produced 
by chickens on-drug and for up to two weeks post-medication. 

Isolat ion 

Yolk and albumen samples to which internal standard (200 ng) had been added were 
deproteinated with perchloric acid. Supernatants were first washed with chloroform to 
remove lipids, and then extracted with toluene after pH adiustment. to >9. The toluene 
residue was equilibrated with O.IN acetic acid/petroleum ether and the aaueous phase 
recovered and reduced to dryness. The resulting residue was dissolved in methanol and 
charged to a 10 m SE-30 capillary column using a dropping needle iniector. 

GLC-MS Instrumentation 

A Finnigan 3200-6110 GC-MS-COM instrument operated in the electron impact mode and 
utilizing selected ion monitoring was used. Chromatographic conditions were as follows: 

10 m X 0.33 mm I.D. glass capillary column coated with SE-30 
Oven temperature = 190°C 
-Injection port temperature = 220°C 
Carrier gas (helium) 
Flow rate c_a. 2 ml/min 
Retention time of xylonidine = 0.8 min 
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The mass spectrometer was operated using the following conditions: 

Ionizing potential = 70 ev : 
Emission current = 0.8 mA 
Electron multiplier = 1800'V 

The M-15 ions for xylonidine Cm/e 174) and xylonidine-d^ Cm/e 178) were monitored and the 

peak height intensities obtained via computer printout. 

Calibration Standards 

Calibration mixtures each containing 200 ng of xylonidine-d^ and xylonidine levels up 
to 2000 ng were prepared. The m/e 174 to m/e 178 peak height intensity ratios from a series 
of isolates obtained from control egg yolk and albumen Cto which the standard mixtures had 
been added) were measured and linear calibration-plots constructed. 

Regression equations and correlation coefficients, calculated with the R 5/1 Computer 
System (Bolt, Beranek and Neuman, Inc. , Cambridge, MA), are shown in the following table: 

Regression of l!74^Ii78 vs. ng Xylonidine for Standards and Spiked Extracts 

Samples 

Standards 

Yolk Isolates 

-Albumen Isolates 

No. of 
Points 

22 

6 

6 -

Regression 
Slope + SD^ 

.005182+ .00007 

.004428 Jf .00004 

.004589 + .00004 

Equation 
Intercept + SD 

.0579 + .0542 

,1524 + .0375* 

.1395 4̂  0429* 

r^ 

:9996 

.9997 

- .9996 

All slopes are significantly different Cp < . 0 5 ) . 

* 
Significantly different from zero. 

CONCLUSIONS 

When hens were medicated with 75 ppm xylonidine in the feed for two weeks, the 
concentration of. drug in the yolks of eggs laid prior to cessation of egg production 
reached a maximum of/v75 ppb. The drug residues in the albumen of these eggs was 
highly correlated with the yolk residue and was .-1̂ /4 as great. Following the removal 
of xylonidine from their diet the hens resumed laying. No albumen samples from any 
post-treatment eggs.contained detectable (0.3 ppb) xylonidine. Drug concentrations 
of up to 11 ppb were found in the yolks of eggs from those chickens which resumed 
.production within a few days post dose. 

REFERENCES 

1. R. M. Weppelman, R. L. Tolman, A-. Vanlderstine, L. Peterson and G. 01son,Experientia 
(in press). 

2. H. H. M. Zeelen, World's Poultry Science Journal 31, 57 (1975). 

3. D. E. Wakeiing, World's Poultry Science Journal 33,.12 (1977). 

4. P. M. J. van den Bergh and P. H. Cox, Chromatographia 5, 301 C1972). 
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Trace Analysis of Organic Diamines in Urine. R. L. Settine, F. Fish and 
R. E. Hurst. The .UAB GC/MS Center and Department of Public Health, 
University of Alabama in Birmingham. 

Dyes and pigments derived from benzidine and benzidine congeners are used ex
tensively in the leather, textile, and paper industries by a multitude of 
workers who are routinely exposed to these chemicals. Benzidine and 3,3'-
dichlorobenzidine common precursors for the manufacture of dyes and pigments 
of this type are either officially classified as bladder carcinogens or are 
strongly suspected of being carcinogenic. Without a knowledge of the metab
olism in humans of each dye or pigment and with the knowledge of precursor 
activity, demonstration of risk to workers is dependent on the identifica
tion of carcinogenic compounds or metabolites in body fluids. The method 
used toidentify such substances in body fluids must be: 1) sensitive at low 
concentrations; 2) have a high degree of structural specificity; and 3) be 
free from interference by other body fluid contaminants. 

A number of methods have been reported in the literature for the determina
tion of organic diamines in complex aqueous matrices. .While .these methods 
are adequate in one or more of the above areas, they fall short of an unequiv
ocal sensitive methodology. 

We are reporting herein a method based upon fused silica capillary gas 
chromatography (GC) and single ion monitoring mass spectrometry (SIM) that 
allows one to measure these levels of potentially carcinogenic amines and 
their metabolites in body fluids such as. urine. 

Urine specimens ' (100 ml) were extracted at pH 6-7 with chloroform, and the 
extracts were evaporated to dryness after adding p-chlorobiphenyl as an in
ternal standard. The residue was dissolved in 100 ul benzene containing 1% 
butylamine and 1 pl aliquots were used for GC/MS analysis. The analysis of 
underivatized diamines was made possible by introducing the fused silica cap
illary column directly into the ion source of the Hewlett-Packard 5985-A 
GC/MS system. 

The marked effect of removing the glass-lined transfer tiibing is graphically 
illustractd in Fig. 1 which shows the elution profiles of DCB before and 
after modification. Both peaks are displayed against a common time interval 
of 30 sec, and. the peak heights have been normalized to the same absolute 
scale. With the unmodified instrument 700 pg of DCB afforded a broad peak 
with extensive tailing, but after removal of the transfer tubing 200 pg of 
DCB afforded a sharp, almost symmetrical peak with a tailing factor of less 
t han 1.3. The dynamic ranges of response curves wltJi various substituted 
benzidines were linear from 50 pg to 20 ng. (See Fig. 2.) Quantitation was 
unreliable below 50 pg because of statistical scanning errors and the column 
was overleaded above 20 ng. In analysis of urine, the amines could be quan
tified at 100 parts per trillion of urine,- and detected at 50 parts per 
trillion. 

In conclusion, we have described- a convenient method for detecting quantify
ing aromatic .diamines in urine with a sensitivity of at least 200 parts per 
trillion. Major contributing factors to this sensitivity are the lack of in
terferences from other urinary constituents and the very low baseline signal 
at the selected ions. When this sensitivity is coupled with the requirement 
that a positive response be simultaneously observed for several characteris
tic ions, the possibilities of false positive or false negative results are 
minimized. The sensitivity is not limited by the volume of urine extracted 
since only 1 yl is actually injected. 

The procedure was applied to 16 urine samples not expected to-, contain 
any aromatic diamines or their metabolites and three samples spiked 
with DCB as a check for potential interferences. The entire procedure 
was found to be convenient for analyzing multiple samples and the 
analyses of the spiked samples were in close agreement with the amounts 
added; Most importantly, there was no indication that other constituents 
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would either mask or falsely indicate the presence of any of the four 
amines examined. Thus the procedure seems to be eminently well-suited 
to use in industrial toxicology settings as well as in research labora
tories investigating the metabolism of the benzine-based dyes and 
pigments. 
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HIGHLY SELECTIVE PROCEDURES FOR THE HASS SPECTROMETRIC DETERMINATION OF 

STEROIDS AT THE PICOGRAMME LEVEL' 

Simon J. Gaskell, Tenovus Institute for Cancer Research, Welsh National 

School of Medicine, Heath, Cardiff, CF4 4XX, U.K. 

Paul W. Brooks, VG Analytical Ltd., Tudor Road, Altrincham, Cheshire, WA14 

5RZ, U.K. 

The selectivity of detection during gas chromatographic-mass spectro

metric (GC-MS). analyses of biological extracts frequently determines the 

degree of confidence in the identification and quantification of trace 

components. Established techniques of. selected ion monitoring (SIM) at en-
1 2 

hanced MS resolution and of metastable peak monitoring are of proven value 

in the analysis of steroids at the picogramme level in biological samples. 

Thus, for example, both techniques have been applied to the characterisation 

and quantification of dehydroepiandrosterone and testosterone in male saliva, 

where concentrations of 70-300 pg/ml have been observed . Recent studies 

of negative chemical ionisation (CI) MS suggest the value of this technique 

for highly sensitive and selective analyses, particularly when ionisation 

takes place by electron capture. Here we report an exploratory study of the 

utility of GC-negative CIMS in the detection of steroids at the picogramme 

level, exemplified by the analysis of testosterone in saliva. 

Male saliva (3-15 ml) was extracted with 4 volumes of diethyl ether. 
After preparation of the oxime derivative, a steroid 3-oxime fraction was 

4 
obtained by chromatography on a micro-column of sulphoethyl-Sephadex LH-20 . 
Aliquots of the fraction were converted to methyl oxime (MO) or pentafluoro-

benzyl oxime (PFBO) derivatives by oxime exchange . Conversion of the MO 

fraction to tert-butyldimethylsilyl (TBDMS) ethers gave a suitable derivative 

for detection of testosterone by high resolution selected ion monitoring 

or metastable peak monitoring. The PFBO fraction was trimethylsilylated. 

GC-MS analyses were performed using VG 7000 series double-focusing mass 

spectrometers. Separations were achieved on glass capillary columns {20 m) 

coated with OV-1 liquid phase. 

The electron impact mass spectrum of testosterone PFBO, TMS ether Inclu

ded an intense molecular ion (m/z 555) . GC-high resolution MS with SIM of 

M Indicated a detection limit of ca. 10 pg. Analysis of a derivatised 

saliva extract confirmed the presence'of testosterone; the detection of 

two peaks of characteristic relative abundance, corresponding to the syn 

and anti isomers of the oxime, further substantiated the identification. 

The negative CI (Isobutane) spectrum of testosterone PFBO, TMS ether 

showed a base peak of m/z 181 (C,F.CHp~) and an ion of m/z 535 (|M-H-F| ) of 

moderate intensity; no molecular ion was observed. GC-MS with SIM of m/z 535 

(at a resolution of 1000) gave a detection limit of 30 pg whereas 3 pg was 

detectable by monitoring m/z 181. Testosterone was detected in male saliva 

by monitoring either m/z 181 or 535. 
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The Table summarises the selective procedures currently available for 

high sensitivity GC-MS analyses of testosterone in biological samples. While 

individual procedures may be preferable for certain applications, the value 

of complementary evidence obtained by several procedures is important when 

unequiyocal identification and reliable quantification are required. 
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Table. Procedures for the selective GC-MS detection of testosterone 

Derivative* 

TBDMS ether 

MO, TBDMS 
ether 

TBDMS oxime, 
TBDMS ether 

PFBO, TMS 
ether 

t Technique 

EI, high resolution SIM: 
lM-C4Hg.| . , 

EI, high resolution- SIM: 
IM^C^H/ 
EI, metastable peak , 
monitoring: M-^1M-C.HQ1 

EI, high resolution SIM: 
iM-C^Hgl 

EI, high resolution SIM: 
M 

-ve CI, SIM: IM-H-FI" 

Approximate 
Detection Limit 

20 pg 

30 pg 

20 pg . 

10 pg 

References 

3 

3 . 

6 

7 

10 pg-

30 pg 

3 pg 

This work 

* TBDMS : tert-butyldimethylsilyl; MO : methyl oxime; PFBO : pentafluorobenzyl 
oxime; TMS : trimethylsilyl. 

EI : electron impact; CI : chemical ionisation; SIM : selected ion monitoring 
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QUANTITATION OF THE LOCAL ANESTHETIC DIBUCAINE 

WITH GAS CHROMATOGRAPHY / MASS SPECTROMETRY 

DAVID ALKALAY AND STEPHEN CARLSEN 

RESEARCH.DEPARTMENT., PHARMACEUTICALS DIVISION., 

CIBA-GEIGY CORPORATION, ARDSLEY, NY 10502 . 

DlBUCAINE, NUPERCAINAL'^, 2-BUTOXY-N-[2-(DIETHYLAMIN6)-ETHYLJ-4-QUINO-

LINECARBOXAMIDE, IS A POTENT LOCAL ANESTHETIC USED FOR RELIEVING A NUMBER 

OF PAINFUL SKIN CONDITIONS, IT IS ALSO BEING USED AS AN INJECTABLE PREPA

RATION FOR SPINAL ANESTHESIA, 

A CHEMICAL IONIZATION AND AN ELECTRON IMPACT GC/MS ASSAYING APPROA

CHES ARE PRESENTED FOR DETERMINING CONCENTRATIONS OF UNCHANGED DRU(5 IN 

BIOLOGICAL FLUIDS,' BoTH USE DEUTERIUM-LABELED DIBUCAINE AS THE INTERNAL 

STANDARD AND RELY ON THE SAME SAMPLE EXTRACTION AND PREPARATION PROCE

DURE. DIBUCAINE IS STABLE IN HUMAN SERUM AT LEAST FOR ONE MONTH WHEN 

STORED AT -20°C. OVERALL DRUG EXTRACTION AND PROCESSING RECOVERIES AVER

AGE 54%, AS DETERMINED ON THE BASIS OF SAMPLES SPIKED WITH RADIOACTIVE 

DRUG, 

UNDER CHEMICAL IONIZATION CONDITIONS (CH^J), THE ASSAYING LIMITS ARE 

IN THE RANGE OF 1-80 NG/ML OF SERUM, UNDER ELECTRON IMPACT CONDITIONS, 

THE ANALYTICAL RANGE IS 20-800 NG/ML. 

BOTH PROCEDURES ARE SPECIFIC AND ACCURATE, FOR CONCENTRATIONS EX

CEEDING 2 NG/ML, THE LONG-TERM PRECISION IS ASSOCIATED WITH AN OVERALL 

STANDARD DEVIATION OF 8%. LOWER CONCENTRATIONS TEND TO BE SOMEWHAT OVER

ESTIMATED AND LESS PRECISE. THE CHEMICAL IONIZATION PROCEDURE HAS BEEN 

FOUND SUITABLE FOR MONITORING THERAPEUTIC LEVELS IN MAN• 
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Metabolic Studies Using GC/CI/MS and Stable Isotope Tracers* 
. T.D. Paul, J.H. McReynolds, M. Anbar and ..M.D. Scanlon 

Department of Biophysical Sciences, SUNV at Buffalo 
• Buffalo, NY 14214 

Stable isotope, labelled .compounds (•'-̂02, •'-̂N alanine and uniformly 
labelled ^'c glucose) and GC/CI/MS have been utilizedin human and animal, 
experiments to examine substrate utilization and availability in energy 
producing metabolism. 

Multiple system organ failure (MSDF) is a physiological response of 
patients which is usually triggered by an infectious agent... This syndrome is 
the major causeof late'mortality following trauma. The clinical course 
following injury and medical intervention is temporary recovery followed by 
pulmonary failure associated with abnormal metabolism for energy production 
which eventually results in aberrant substrate flow between organs. The 
derangement in substrate utilization and availability leads to autocannibalism 
of peripheral muscle and breakdown of metabolism in the heart and liver and 
eventually the.sequential organ failure results in death. We are studying 
human patients using stable.isotope tracer techniques and GC/CI/MS to 
elucidate the biochemical mechanism of.the syndrome. 

In the MSOF patients blood was drawn before, during and after a 2 hr 
perfusion experiment (1 mg/kg + 0.02 mg/kg/min •'•'C2, •'-̂N ALA) from three 
locations (radial artery, femoral vein and right atrium). Plasma was 
deprotienized and separated by cation exchange chromatography. Methyl 
lactate, ethoxlme-methyl pyruvate, and N-acetyl-n-propyl-Ala were analyzed by 
GC/MS and isobutane chemical ionization. A separate deprotienized plasma 
sample was separated by anion exchange chromatography for glucose and urea. 
These components were analyzed by direct probe GC/CI/MS; NHj was used as the 
reagent gas for glucose. 

The significant arterial venous differences in the alanine pool and in .the 
lactate pool suggest that there is muscle cannibalism to generate amino acids 
and that the muscle is synthesizing lactate for energy production. The 
alanine pool and lactate-pyruvate pool enrichments suggest that alanine is 
being converted to lactate-pyruvate directly and that these two pools are 
trying to supply substrate to the heart for energy metabolism. The relatively 
small glucose enrichment suggests that very little of the lactate pool that 
comes from alanine is produced by glycolysis. This metabolic shunt may serve 
to conserve glucose for the brain by substituting lactate as the major energy 
source for the heart. -

Chemical evidence has accumulated suggesting that hypothermic, 
hyperkalemic cardiac arrest during surgery has a preserving effect on the 
heart, facilitating clinical postroperative recovery. It has been suggested 
that additional improvement in myocardial preservation could be achieved by 
supplying appropriate nutrients during hypothermic and hyperkalemic 
conditions. Consequently a better understanding of the biochemistry of 
nutrient utilization is called for. Myocardial metabolism has been 
investigated in a surgical preparation which allows complete control of 
arterial inflow and coronary venous outflow in a segment of the intact working 
canine heart. 

In the canine heart perfusion experiment; heart tissue was homogenized in 
the cold with ethoxyamine and HCIO4. The precipitate was processed by basic 
digestion, EtOH precipitation and acid hydrolysis to isolate the glucose 
incorporated into glycogen. The glucose was analyzed by direct probe 
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NH3-CI~MS. Methyl and ethoxime-methyl esters of the Keto acids and Krebs 
cycle acids found in the supernatant were analyzed by GC/isobutane CI/MS. 

The lack of significant i^C incorporation into the unperfused heart 
tissue and thigh muscle indicated that the pedicle perfusion technique can be 
a powerful tool to study selective substrate utilization in'a representative 
part of the heart while leaving the rest of fhe organism virtually intact. 
The results from fhe l̂ C labelling studies indicate that various metabolic 
processes were acting over the one hour perfusion period. Since the lactate 
and pyruvate I'C.incorporation were equal and. the citric acid cycle 
incorporation was approximately one-third the lactate and pyruvate 
incorporation, the data suggest that whereas glucose was used as an energy 
source during the perfusion period, it was not the sole energy source. To 
account for the ^^C dilution in the Krebs cycle intermediates other sources 
such as endogenous fatty acids or muscle branch chain'amino acids must also be 
metabolized! 

These studies indicate that stable isotope labelled compounds and GC/CI/MS 
provide a specific and sensitive technique to study metabolic mechanisms of 
substrate utilization and distribution in MSOF and energy conversion 
metabolism in perfused heart tissue. The ultimate goal in both studies is to ' 
develop rational treatment strategies which result in .increased surivival in 
MSOF and decreased post-surgical complications and increased survival during-
prolonged periods of cardiac bypass and myocardial preservation. 

•These studies'were supported by Grant HL 15676 from the National H=art, Lung 
and Blood Institute and Grant 'GM 15768 from The National Institutes of General 
Medical Sciences. 
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AUTOMATED OliALITATIVE AND QUANTITATIVE ANALYSIS OF URINARY STEROIDS WITH A GAS CHROMATOGRAPHY 
MASS SPECTROMETRY-COMPUTER SYSTEM. JAMES VRBANAC AND CHARLES SWEELEY, Department of 
Biochemistry, Michigan State University, East Lansing, Michigan 

Introduction: Urine contains a coraplex mixture of organic compounds that represent the end 
products of metabolism of proteins, fats, carbohydrates, steroid hormones, drugs and other 
substances of endogenous and exogenous origin. Wrine is a useful physiological fluid for 
"metabolic profiling" studies since it does not require an invasive technique to obtain the 
samples and the levels of metabolites are much higher than in other physiological fluids. 
Previous work (1) in this laboratory has involved a system, called MSSMET, which uses methy
lene unit retention' indices in performing an off-line reverse.library search of selected mass 
chromatograms from repetitive scanning gas chromatography/mass spectrometry data. This 
system has provided automated qualitative and quantitative analyses of organic acids in urine 
The research described here is a parallel effort to develop a reproducible procedure for the 
isolation and derivatization of urinary steroids and to apply the MSSMET system for the auto
mated qualitative and quantitative analysis of this Important class of metabolites. 
Methods: Various procedures .for the isolation and derivatization of urinary steroids were 
investigated for the reproducibility. The method of Leunissen and Thijssen (2) was found to 
give the desired reproducibility. Reproducibility of the method was determined by capillary 
column GC using a Hewlett-Packard 5840A GC equipped with flame ionization detection. Samples 
were analyzed by GC/MS with an LKB-2091 with dual processor foreground/background data system 

• equipped with both packed and' capillary column capabilities. Samples were ionized by elec
tron impact-at 70 eV using a h second scan cycle time for packed column (m/s 50-750) and a 2 
second scan cycle time for the capillary coluran (m/s 50-550). Columns were temperature 
programmed from 180-280 deg C at 2 deg/mln. ... 

Results: Following establishment of a quantitative procedure for the isolation and derivati
zation of urinary steroids, attention was turned to development of optimum qualitative and 
quantitative conditions for GC/MS analysis of urinary steroids. A 3M .OV-101.packed coluran 
was evaluated first. Although it was known that many of the steroids do not separate satis-' 
factorily by packed coluran chroraatography, mass chroraatography was examined for its potential 
in quantitating poorly resolved GC peaks. The results of these studies demonstrated that 
many steroids can be quantitated by mass chromatography, and that certain poorly resolved 
steroids on packed columns have almost identical mass spectra and thiis cannot be adequately 
analysed by mass chromatography: le., androsterone and etiocholanolone; THF and cfTHF, etc. 
An alternative approach, using capillary columns for the automated GC/MS/Coraputer analysis 
of urinary steroids, was then Investigated. To accurately quantitate the sharper capillary 
column peaks the scan cycle time was shortened to 2 seconds. The data in Figure 1 were 
obtained with a 50M OV-101 WCOT capillary column. The total ion Intensity is plotted on the 
ordinate and scan number is plotted on the abscissa. Some of the major steroid peaks have 
been labelled. 

For each compound searched for by the MSSMET program (within a "window" defined by the reten
tion times of the co-injected hydrocarbons), one ion that is both characteristic and intense 
is used for quantitative purposes (the designate ion) and a few other ions produced during 
fragmentation are used to confirm the identity of the compound in question. Table I shows 
the Integrated areas of the designate'lon determined by MSSMET expressed as a percent of the 
sum of the areas for these-S urinary steroids. The data are from h separate GC/MS analyses 
of the same sample and demonstrate the overall good reproducibility of the computer-assisted 
automated metabolic-profiling of urinary steroids using capillary column GC/MS. 
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Figure 1. GC/MS analysis of urinary steroids using a 50M WCOT OV-101 capillary column. The 
total ion intensity is plotted on the ordinate and scan number is plotted on the abscissa 
(2 second scan cycle time). Identity of peaks: 1) C-24 hydrocarbon, 2) androsterone, 
3) etiocholanolone, 4) C-26 hydrocarbon, 5) 113-hydroxy-androsterone, 6) 116-hydroxy-etlocho-
lanolone, 7) 16a-hydroxy-dehydroeplandrosterone, 8) pregnanediol and C-28 hydrocarbon, 
9) pregnanetriol, 10) THE, 11)- C-30 hydrocarbon, 12) THF, 13) aTHF, 14) a-cortolone, 15) 
6-cortolone and 6-cortol, 16) a-cortol, 17) C-32 hydrocarbon. 

TABLE I 

Precision: Capillary Column GC/MS Profiling of Urinary Steroids 

Steroid 

Androsterone 
Etiocholanolone 

Pregnanediol 
Pregnanetriol 
THE 
Etio./Andro. 

1 

9.45 
11.6 

59.1 
14.4 
5.44 
1.22 

Run Number 

2' 

8.59 
11.5 
58.6 
.'15.6 
5.77 
1.33 

3 

10.1 
12.9 
56.6 
14.6 
5.80 
1.28 

4 

10.1 
12.7 

56.3 
15.1 
5.86 
1.26 -

Mean +S.D.-' 

9.56 +0.72 
12.2 +0.7 
57.7 +1.4 
14.9 +0.5 
5.72 +0.19 
1.27 +0.05 

Values are the Integrated peak areas determined by MSSMET of a characteristic ion 
for each steroid expressed as a percent of. the sum of the areas for these 5 urinary 
steroids. Data are from 4 separate GC/MS analyses of the same sample. . 

2 
Ratio of etiocholanolone to androsterone. 

3 
Overall precision was +4.4 percent. 
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METABOLIC PROFILES OF ORGANIC ACIDS FROM HUMAN PLASMA. David Issachar and Charles C 
Sweeley. Department of Biochemistry Michigan State University, East Lansing, Michigan 48824 

The comprehensive metabolic profiles of plasma organic acids from Normal, Polyserositis 
and diabetic patients has been studied. For this purpose a new method, called ORUF, has 
been developed. The ORUF Is based on the addition of oleic acid to a plasma sample before 
the ultrafiltration step. The oleic acid, which effectively competes for binding sites on 
the protein, results in the release of other organic acids which are then recovered in the 
ultraflltrate. Use of ORUF, followed by anion exchange, gives a plasma organic acids frac
tion in high and reproducible yields. 

The derivatized samples (oxime-TMS) were analyzed with an LKB-2091 gas chromatograph/ 
mass spectrometer which is connected to a computer. The Identification and quantitative 
determination was done by the Mass Spectral Metabolic Program (MSSMET), using a reverse 
library search. 

Figure 1 represents a typical chromatogram of plasma organic acids from normal, poly
serositis and diabetic patients. Table 1 represents the normalized concentration factors of 
selected organic acids found in plasma samples of those patients. The data in Table 1 shows 
high levels of several acids such as: 2-Hydroxybutyric; 3-Hydroxybutyric and Glucose. For 
polyserositis patients it seems that the high level of pyruvic and the relatively low level 
of citric might be significant and characteristic for this metabolic disease. 

Using the capillary GC/MS system, better resolution was obtained. Figure 2 represents 
a chromatogram of plasma organic acids obtained with a scan cycle of 2 seconds. The 16 
second width of a typical peak in this chromatogram allows automated metabolic profiling 
using capillary GC/MS with a 2 second scan cycle. 

m/z 73 

200 300 400 500 
SCAN IIUMBER 

Figure 1 Chromatograms of plasma organic acids (presented by m/z 73) extracted from: (A) 
Normal; (B) Polyserositis (Familial Mediterranean Fever); (C) Diabetes. The peaks are: (1) 
Lactic, Background; (2) 2-Hydroxybutyrlc; (3) 2-Hydroxyis6valerlc; (4) 3-Hydroxybutyric; (5) 
Pyruvic oxime; (6) UNK-DI-6; . (7) Ketoisocaprolc; (8) 2-Ketoisocaproic oxime; (9) Phosphoric 
(10) 4-Deoxytetronic;.(ll) UNK-DI-30; (12) 2-Deoxytetronlc; (13) Erythronic; (14) Threonlc; 
(15) 0-Hydroxybenzoic; (16) UNK-DI-35; (17) Tropic I.S.; (18) Glucose; (19) Citric, U-59; 
(20) UNK-17; (21) Glucose oxime; (22) Hexuronic; (23) Uric. 
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Figure 2 Capillary GC/MS chromatogram of organic acids from normal human plasma. 

' Table I . ' 

Normalized concentration factors of. selected plasma organic acids 
. (n=3) (n=3) (n=3) 

R.I. Acid Normal Diabetic Polyserositis 

1085 2-Hydroxyisobutyric 
1102 Lactic 
1131 Caproic 
1132 Phenol 
1166 2-Hydroxybutyric 
1200 3-Hydroxybutyric 
1219 Pyruvic oxime 
1274 Glycerol 
1293 2-Keto-isocaproic 
1320 Acetoacetic 
1362 4-Deoxyerythronic 
1382 4-Deoxythreonic 
1404 Fumaric 
1433 Phenylacetic 
1433 0-MethyIbenzoic 
1445 3-Deoxytetronlc (UN-20) 
1464 2-Deoxytetronic (UN-22) 
1497 Glutaric 
1560 Erthronlc (UN-28) 
1586 Threonlc (UN-30) 
1600 ' Adipic 

.1625 0-Hydroxybenzoic 

.1678 5-Hydroxymethyl-2-Furolc (UN-38) 
1698 2-Phenyllactlc 
1690 0-Hydroxyphenylacetic 
1796 Suberic '• 
.1883 Citric 
1899 Myristic Tetradecanoic 
1892• Azelaic Nonanedioic 
1952 Glucose oxime (UN-57) " 
1958 0-Hydroxycinnamic 
1962 ,. Galacturonic-(l) 
1963 Gluconic . . ' ' 
1994 Pentadecanoic 
2194 3-Indoleacetic 
1342 2-Keto-isocapfoic/ 

2-Keto-3-methyl-valeric 

16 
Overload 

— 
93 
17 
133 
114 
37 
10 
30 
22 
35 
— - • • 

1 
1 
4 
16 

— 
66 
31 

3 

5 

r 
227 
11 
14 
48 
7 
87 
14 . 
3 
23 
24 

24 
Overload 
4 
49 
72 
754 
79 . 
44 
13 
23 
53 
23 
3 
1 

r 
5 
15 
4 
68 
41 -

11 

1 

6 
590 
5 
28 
853 
7 
52 
9 

— 
24 
49 -

18 
Overload 

9 
234 
19 
140 
300 
46 
8 
41 
45 
18 

2 
' 1 
21 
31 

103 
54 
1 

2770 
48 
7 
1 
3 

102 
14 
13 
174 
32 
268 
39 
3 
20 
14 
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DEHYDRATION AND N-ACfLATION OF PRIMARY AMIDES AS DERIVATIZATION MEIHODS FOR GAS 

CHROMATOGRAPHY-MASS SPECTROMETRY, MARTIN STOGNIEW AND PATRICK S. 

GALLERY; DEPT..'of MED. CHEM. U. of MARYLAND, BALTIMORE,MD. 21201 

Rapid and reproducible methods for the preparation o£ stable deri

vatives are important for quantitative mass spectral analyses. There are 

few suitable derivatization methods for primary amides. Here we present 

studies on the derivatization of primary amides using phenylacetamide 

as a model compound. Treatment with trifluoroacetlc anhydride (TF/\A) 

followed by (̂ C/MS analysis revealed multiple corapounds including phenyl-

acetonitrile and N-trifluoroacetylated phenylacetamide. This nitrile 

was formed in the injector port since and infrared spectrum recorded prior 

to injection showed no absorption in.the nitrile region. A TFAA-pyridine 

system produced phenylacetonitrile nearly quantitatively in solution thus 

removing the need for thermal degradation in the injector port. The results 

are consistent with nitrile formation proceeding through 0-trifluoroacylation 

followed by thermal or base catalyzed elimination of trifluoroacetlc acid. 

Reaction of phenylacetamide with N-methyl-bis-(trifluoroacetamide) 

CMBTFA) yielded exclusively N-trifluoroacetylphenylacetamide Cl) , which 

was stable and has better GC/MS characteristics when compared.to the par

ent amide. The assignment of N-acylation, rather than 0-acylation, was 

based on infrared spectroscopy, electron impact fragmentation, and deuterium 

labeling studies. The IR spectrum o£ 1 showed a strong absorption of 

3380 cm indicating an N-H stretch. This removed the possibility o£ a 

carbinolimine C-C=N-) tautomer. The mass spectrum showed a base peak at 

m/z 118 which can be accounted for by loss of. trifluoroacetamide from N-

acylated phenylacetamide or loss of trifluoroacetate from the 0-acylated 

phenylacetamide. When 1-N-D C 1 exchanged in D2O) was analyzed by mass 

spectroraetry, a base peak at ra/z 118 indicated that the fragment did not. 

contain the label. This indicated that the compound was the N-acylated amide 

and not 0-acylated amide, since the deuterated 0-acylated amide would have 

displayed-a base peak at ra/z 119. This mass spectral analysis must be 

considered tentative,, sine the exact structure of the ion m/z 118 was 

not determined. The possibility remained that ra/z 118 arose frora 0-

acylated amide through the loss of trifluoroacetamide. Indirect evidence 

was obtained by reducing 1 with lithiura aluminum hydride. 0-Acylated mat

erial would be expected to reduce to phenethylamine, while N-acylated 

material would reduce to N-(2 , 2 , 2-trif luoroethyl)-2-phen ethylamirie (2). 

GC/MS analysis of the reduction mixture gave a major component with a 

mass spectrum consistent with 2. Neither phenethylamine nor phenethanol was 

detected in the mixture. Authentic 2 was synthesized by the reduction of 

N-trifluoroacetylphenethylamine and found to have the sarae mass spectrum as 

the reduction product of 1. 
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Two methods for. the quantitative derivatization of primary amides 

are presented. Nitrile formation with TFAA employing pyridine as catalyst 

for pre-column dehydration increases the yield and the precision of the 

procedure. N-Trifluoroacetylation with MBTFA has the advantage of increasing 

the molecular weight and adding fluorine atoms which could be useful for 

negative cheraical ionization analysis. 

TFAA 

Py 
^ 

. 0 
II 

0-C-CF, 

Ph-CH2-t=NH 

Ph-CH2-CONH2 

MBTFA 

Ph-CH^-CN 

0 0 
II II 

Ph-CH^-C-N-C-CFj 
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Routine Automated GC-MS for Biochemical Analysis 

Grahams. King and Brian R, Pettit 
Bernhard Baron Memorial Research Laboratories 
QueenCharlotte's Maternity Hospital 
London W6 OXG. U.K. " 

Michael J. Wallington 
V.G.Analytical Ltd.' 
Alt r i ncham 
Cheshire U.K. 

Due to the routine nature of a lot of the analyses performed at Queen 
Charlotte's Hospital when considering the purchase of new high-performance 
mass spectrometry equipment it was• decided to install an automatic liquid 
Injector to reduce the amount of time spent by skilled staff 'on mundane 
operations. It was also hoped that such a facility would increase the sample 
throughput.. In due course the equipment' was installed and this comprised a 
VG70-70F mass spectrometer and 2250 data system with a Hewle t.t-Packa rd 
5700-series gas chromatograph, combined packed-capillary inlet system and 
7672A auto-sampler. The control system for automatic operation is described 
in the following figure: • • 

CONTROL SYSTEM 
AT PRESENT. 

WWM>5TIIl" t» - - • [ o 

OMUMV 
COMTNOU^ jZ-^ MS b ' 

It has been found that for handling small samples it is esse'ntial to 
use the alternate wash option on the 99 sample injector and so this 
effectively reduces the sampler's capacity to h 9 , Because this option is 
used it has been important to make the BCD bottle code available to the data 
system, on infrequent occassions it has been known for t'he belt to getout 
ofphase. 

There are two ways in which we have used the machine for unattended 
operation: for repetitive scanning of- temperature programmed runs and for 
selected ion monitoring. We have as yet not attempted high resolution runs 
unattended. Typical instrumental conditions are as follows: 

1. Repetitive scanning at 3 seconds/decade for 20 to 30 
samplesat 30 minutes per analysis, plus 10 minutes to 
recycle the oven. Total run time may be about 20 hours. 

2. • Selected ion monitoringoftwo to four ions in about 40 
saraples, including six standards and two blanks. This 
can vary from 5 to 30 minutes per analysis, when the 
total run time is. from 3 hours to 20 hours. We prefer 
to use Isothermal operation when possible. 
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The main use to which we have applied automatic Injection, for repetitive 
canning of gas chromatograms Is in organic acid profile analysis. Organic 
elds are analysed as their TMS-ester-ethers on a temperature programmed run 
sing 3% OVI, The procedure Is applied to pediatric urine samples looking 
or metabolic problems and also to animal urines in drug metabolism studies, 
t is quite feasible with 5MBytes of disc storage to analyse 20.T25 samples 
n a o v e r n i g h t r u n . 

Two examples are given of the types of assays performed using selected 
on monitoring, assays. Phenylacetic acid Is being studied in our unit- as 
art of an investigation of. the biological significance of 
henylethylamine * . • A high sensitivity and high throughput assay was 
equired for the compound in CSF and plasma. An electron capture procedure 
sing pentafluorobenzyl esters has been adapted for selected ion monitoring, 
he molecular ion at m/z 316 Is compared with the molecular, ion of the 
henyl pen t a-deu t e r ium analogue at m/z 321. The lock mass :is column bleed 
rom the 3%.OVI column at m/z 281. Peaks corresponding to the range lOpg to 
ng are commonly detected. Each, single analysis takes about h minutes. 

Galac tosemla is an inherited disease of galactose metabolism. To date 
he method of diagnosis .(prenatal and postnatal) involves ..cell culture and 
nzyme studies.; this can be a long and expensive procedure. We have 
eveloped a. rapid and specific method for diagnosis based upon measurement 
f . the galactose reduction product galactitol . Significantly increased 
evels of galactitol (8 mlcromol/1) occur in amniotic fluid from affected 
regnancles, 'the normal level is 0.5+0.2 mlcromol/1. We have also studied 
he distribution of hexitols in a variety of body materials with various 
a thologi es. 

The assay uses the epimer Iditol as .ah internal standard and.all of the 
amallian epimeric hexitols (mannltol,sorbitol,galactitol and myo-inositol) 
re analysed as" their hexa-acetates on' a SllarlOC column. The raw sample is 
cetylated with acetic anhydide ..and l-methylimidazole,the product 
artitioned . between water and ethyl • acetate and an aliquot injected on 
olumn.The coefficient of variance is usually well below 5%. 

The analyses shown here use the ion at m/z 259 (Ci|HjrO,Q)for SIM of the 
Idltols and m/z 210 (CiQHiQOc) for inositol-; in this case m/z 207 of column 
leed is used as a lock mass. Recent experiments have-, shown that m/z 361 
^15^21*^10^ for the alditols and m/z' 373 ( 0 J ^ H 2 I 0 I Q ) for inositol, with m/z 
55 as a lock is superior for the analysis. Interference, from' minor ions in 
lucose pentaacetate is thereby eliminated. In spite of the small 
roportion of the total ion current carried by these ions, the low isolation 
osses and high instrument sensitivity give an excellent assay. Each single 
nalysis. takes about 25 minutes. 

Conclus ions 
Unattended operation of selected ion monitoring has emphasised 

thefollowingpoints:-
1. A-lock-mass or anti-drift arrangement is essential. 
2. Temperature programming reduces, sample throughput. 
3. Automatic methods for processing the large volume of data 

inamulti-samplerunareessential. 
4. Failsafe operation is imporant to avoid- loss of valuable samples 
5. Data must be consolidated on the disc after each injection 

to allow for unforseen halts in an overnight run. 
6. Considerable savings in.operator time can be made for selected lon 

monitoring. Overnight runs can be routine on packed columns. 
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Quantitat.ive HRGC-HP.,̂ S: Study on the use 
b f at non- iso top ica l l y label led in terna l standard in the 
analysis of 2,3,7,8-TCDD in environmental samples. . 
YvesTondeur; J.Ronald Ha'-s, P h i l l i p U. A lb ro , and Kuri Chae; 
National I ns t i t ue .o f Environmental Health Sciences, Research 
Tr iangle Park, N.C. 27705 

H high reso lu t ion glass c a p i l l a r y column gas chromatograph 
coupled to a high resolut ion mass spectrcmeter has proven 
i t s e l f useful as an ana ly t ica l too l in meeting the requ i re
ments to pos i t i ve l y i d e n t i f y , confirm and quant i ta te t race-
levels o f TCDD. During.the past few years, speci f ic q u a l i 
t a t i v e c r i t e r i a ( re tent 'on t ime, chlor ine isotope r a t i o , 
/N s- 2.5 . . . ) have been developed although debate continues. 

Quant i ta t ive analys is-usual ly involves the use of i n t e r 
nal standards which are t y p i c a l l y an isotopic var iant of TCDD 
added to compensate fo r sample handling losses. Potential 
problems associated wi th t h e i r use are discussed. By 
conducting a set of experiments a t loiv levels (ppt) using 
selected ion monitoring techniques, the extent and the 
l im i t a t i ons of the use of a non- isotop ica l ly label led in ternal 
standard y ie ld ing a d i f f e r e n t ion than the tox ic material of 
i n t e r e s t - i n the GC-MS determination step are evaluated and 
discussed. 
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A MULTIFUNCTIONAL GC-TOF.f'lS INTERFACE, BY A, KORNEL AND R. A, DAY, UNIVERSITY 
OF CINCINNATI, DEPARTMENT OF CHEMISTRY, CINCINNATI, OHIO /15221 

The modified TOFMS in our laboratories showed a high degree of sensitivity 
and has been further modified to incorporate use of a capillary GC system 
(Ref. 1). The GC interface previously used was for packed columns and em
ployed, either a membrane separator or an open splitter, thus, diverting only 
a fraction of the sample to the ion source. It was decided to change this 
interface to one compatible with all types of GC columns available (i.e. 
packed, microbore, SCOT, WCOT, or wide bore WCOT of glass, stainless, or 
fused silica) with emphasis for use witli capillary columns. 

The entire GC gas inlet system up to and including tlie injection. port v.'ere 
redesigned. These changes include: I)- use of oxygen and H-O removal traps 
prior to 2) incorporation of a precise helium flow control unit with pro
visions for make up gas for a separator (Chromalytic PLJ- and 3) a modified 
injection port utilizing Grob style splitless injection (Chromalytic PL). 

The multifunctional GCMS interface centers around an all glass jet separator 
(SGE3 . This separator can be used' with any of the columns desired including 
WCOT or other capillary columns. (Separator requires make up gas with use of 
capillary columns.) The separator vacuum side is monitored by a thermocouple 
gauge tube, thus, allowing reproducible make up-gas flow settings. A plug-
in divert:valve (Analtech Ass.) is-used to initially calibrate the make up 
gas flow. (Range o£ 20 to 35 atm- ml min . for capillary columns.) The 
separator connecting lines (glass lined tubing, SGE) and valves (SGE) are 
situated in an oven between- the GC oven and the ion source oven of our modi
fied TOFMS. The valving permits one to use the interface-as a direct inlet, 
or a splitter,-.or through the separator as mass. spectrometer pumping rates 
dictate. The interface, also lends itself to use of the sub-atmospheric 
pressure capillary GC method (Ref. 2). 

As was stated, the separator unit lies between the GC- and -ion source and, 
thus, heated connecting lines must be used. For IVCOT fused silica columns, 
the column end may be directly brought up to the separator interface, or if -
desired, the column may be run through the oven directly into the ion source 
for use at sub-atmospheric pressures. For the use with packed or glass col
umns, a stainless steel or nickel 200 (Analtech Ass.) transfer line may be 
employed. In.order to maintain even heating and ease of installation of 
these lines (or columns), a simple heated transfer pipe was devised. This 
consists of clamping the desired length and wattage of cromalux heat pipe 
parallel to alcoa 5052-0 aluminum tubing 1/4 inch O.D. with stainless hose 
clamps. The tube/heat pipe is then bent to the desired shape and the trans
fer line or fused silica column can be easily slipped through. Thermocouples 
were used at several intervals to check for temperature stability. The heat 
pipes' temperatures were regulated using inexpensive lamp dimmers (Triac) , 
(auto transformers, etc. could also be used). 

Further, the TOFMS at our disposal required some modification of the pumping 
system. The analyser diffusion pump was changed from mercury to use poly
phenyl ether (Santovac 5, .'lonsanto) . This required changing the heater to 
1500 W from 750 W. Also, the source housing had a 2 inch diffusion pump 
added directly beneath with no trap or baffle. This pum'-.. also uses Santovac 
5. Finally, all roughing lines were shortened. 

The interface described is relatively easy to construct, using readily obtain
able materials, and is very competitive with respect to cost when considering 
prefab units. It is multifunctional, thus, not limiting the type of columns 
which can be used. The design is readily adaptable to other configurations 
as'GC and MS systems dictate. 

Ref. 1 A. Kornel, E. Younginger, R.A. Day, ASMS presentation, 1981 Nat'l Meeting 

Ref. 2 C.A. Cramers, G.J. Scherpenzeel and P.A. Leclerco, J. of Chromatog. 203 
(1981) 207-216. 
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GC/MS ANALYSIS OF VOLATILE ORGANIC COMPOUNDS BY 
FUSED SILICA CAPILL.WY COLUMN, ft. E. Rosecrance. N. W. Flynn, 
J. E. Nemmers, Science Applications, Inc., P. 0. Box 2351, 
La Jolla, California 92038. 

Fused silica capillary columns can provide significant advan
tages over packed columns for GC/MS analysis by improving 
chromatographic resolution and increasing instrumental sensi
tivity. The resolution, inertness, flexibility and stability 
of fused silica capillary columns make them well suited for 
GC/MS analysis of low level organic pollutants and complex 
mixtures that are often encountered in environmental samples. 
The analysis of volatile organic compounds in environmental 
samples is routinely accomplished in our laboratory using the 
same fused silica (SE-54) wall coated open tubular column that 
we employ for the analysis of acid, base and neutral extrac
table compounds. Volatile organic analysis by fused silica 
capillary columns proceeds as analysis by packed columns with 
the additional use of cryogenic focusing during the desorption 
phase of the analysis. Desorption of volatile organic com
pounds is accomplished co-incident with cryogenic focusing at 
the initial loop of the capillary column. The focal area is 
intrinsic to the column instead of in a trap preceeding the 
column which was generally the method employed when using 
Boro-silicate columns. We have found that instrumental 
sensitivity is greatly increased when comparing capillary 
columns with packed columns for volatile organic analysis and 
data reliability is excellent even when analyzing complex 
environmental samples. Precision and accuracy data will be 
presented for volatile organic analyses of a variety of envi
ronmental samples. Comparison of the effectiveness of several 
adsorbant materials for volatile organic compounds will also 
be discussed. 
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COMPOUND IDENTIFICATION CRITERIA FOR AUTOMATED GC/MS DATA REDUCTION; B.N. COLBY and 
T.R. SMITH; Systems, Science and Software, La Jolla, CA 92038 

In recent years, user oriented software has become available from data system man
ufacturers. One consequence of this has been an increase in data reduction automation 
for both qualitative and quantitative analyses. With this increase in automation, the 
analyst has had to transfer more and more of his decision making to the data system in 
some form of computer program which can mimic the analyst and produce the desired data 
in a convenienc and economical form. In order to achieve this goal, the analyst must 
provide the program with criteria identifying such things as what constitutes a peak in 
the chromatogram, whether or not to perform background subtraction, what is acceptable 
agreement for a.data base library search, and so on. In this presentation the criteria 
which can be used to locate and identify target compounds, specifically some of the EPA 
Consent Decree Priority Pollutants, will be discussed. Specifics which will be covered 
include retention time and relative retention time plus a collection of forward, reverse 
and comparative data base spectral matching parameters. Several novel approaches to 
spectral comparison will be included among the comparative data tiase spectral matching 
routines and parameters tested. Test parameters have been addressed using triplicate 
standard analyses iri order to identify short-term, long-term and concentration depen
dent variations. 
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Alternate Approaches to Quantitative 
Data Reduction from Capillary Column GC/MS 

J. M. McGuire, W. M. Shackelford; 
John S. Craig, A. W; Garrison, and J. D. Pope 

Environmental Research Laboratory 
U.S. Environmental Protection Agency 

College Station Road, Athens-, GA 30613 

Three different approaches for quantitative processing of 
capillary column GC/MS data acquired in scanning - mode were 
evaluated. The first approach utilized the Finnigan-MAT SS200 
program ACLEAN to recognize each GC peak and extract the best 
spectrum for each. This program providesas an output the sum 
of the absolute intensities for all ions within the extracted 
spectrum. It was this summation that was chosen as the first 
response. The second approach was a minor modification of the 
first: the most intense peak height within the extracted 
spectrum was used as the response. The third approach utilized 
a system of programs that we had obtained from Stanford and 
optimized, in-house for processing packed column GC/MS runs. 
The output used as a response from these programs was the 
background-corrected, integrated area of the most intense ion 
in those spectra selected as comprising a GC peak. 

Relative molar response factors (RMR) for each of the above 
outputs for 35 compounds were calculated relative to the 
corresponding response of 4-fluoro-2-iodo toluene. Single 
operator precision and accuracy were determined and are 
summarized in the table. 

RMR 

Max. 
4.48 
9.17 
7.16 

Table 
S t a t i s t i c s 

Min CV 
1 
2 
2 

Approach Min. Max. Min CV . Max CV Av CV 
1 .32 4.48 1 64 26 
2 .33 9.17 2 • 71 43 
3 .38 7.16 2 67 .41 

Utilizing the determined RMR's for Approach 1 where 
available, and a weighted average RMR where not> a spiked 
complex environmental sample was analyzed. Recoveries found 
were reasonable. 

Qualitatively, the spectra extracted by Approaches 1 and 3 
were put through both PBM and a modified Biemann search. Both 
gave excellent results. Consequently, we conclude that it is 
possible to obtain both qualitative and quantitative 
information- about an unknown-sample from a single GC/MS run. 
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PAPER TPB - 17 

AN AUTOMATIC ANALYSIS PROGRAM FOR GC/MS DATA, D. Thomas Terwilliger, .Department, of 
Chemistry, University of Pennsylvania, Philadelphia, Pa. 19104, and Walter C. 
Davidson, Halcon Research and Development Corporation, Montvale, N,J. 07645 

This paper presents a description of an algorithm for identifying components in 
GC/MS runs of mixtures. It is designed to identify components automatically, providing 
background-free spectra which are corrected for changes in concentration during the 
course of the scan, the latter being most Important for capillary runs. These spectra 
are passed to an in-house library search system- (1) for identification. This program has 
been Incorporated into both the Varian SS/100 and the Kratos DS-50-S data systems. 

The work of Dromey et.al. (2) demonstrated the utility and general principles of a 
computerized analysis of GC/MS data from the viewpoint of enhancing chromatographic 
Information. They developed an elaborate procedure which identifies peaks by coincidence 
of individual mass chromatogram peaks, and predicts the shape of mass chromatograms 
within an area of multiple Incompletely resolved eluants, based on a model calculated 
from components which are completely resolved in the same analysis. 

These two determinations allow closely eluting components to be discerned and 
further permit calculation of a "resolved" mass spectrun for unresolved analytes, 
including estimation of ion abundance for those ions common to the unresolved components. 
This work.is extremely complex and not readily adaptable to other systems, as it is 
partially programmed in language unique to the D.E.C. computer family. Dromey's 
algorithm is the most sophisticated published to date. Others have used electronic 
data processing to reduce, somewhat, manual inspection of data (3), or for routine 
qualitative analysis of complex.samples (4). 

The primary goal of our algorithm was not to design a program that would be 
foolproof in the worst possible test case, but to develop a good working system which 
could be used routinely on all GC/MS data taken in the laboratory. It has been designed 
to be run by the chemist who is not necessarily a computer expert, and to provide a 
quick Indication of the composition of an unknown mixture. Thus our program is 
substantially less complicated than other programs which have attempted similar tasks, 
requiring only, a minimum number of options and parameters to be specified. It is 
written entirely in fortran, and is readily adaptable to other data systems. 

Our algorithm, like that of Dromey (2), relies on the coincidence of raass 
chromatogram peaks, but tests for them only within a peak defined by the summed ion 
current. The summed ion current chromatogram is computed by summing the abundance of 
many, but generally not all, of the ions in each scan, and thus is different from the 
T.I.C."or R.I.C. values. In this way the contribution to-the baseline "noise" of large 
background ions may be eliminated by excluding them from the sum. This approach is, 
perhaps still less sensitive than Dromey's, but the positive identifications are very 
reliable. The slope threshold for detection of a peak may be set very low, as all peak' 
occurrences are "cross checked" with mass chromatogram data. Integration of peak areas 
and determination of peak start and end times is simplified by this approach. Ions 
which are unique to, or predominant in the spectrum of each (unresolved) component 
within a chromatographic peak are thus found and listed, but no attempt is made to 
estimate a corrected intensity for ions common to the spectra of more than one 
unresolved component. These spectra of "unique ions" are stored and may be plotted out^ 
at the conclusion of the run. 

Our analysis does correct data for the change of eluant concentration during a 
scan, and allow subtraction of any two such corrected spectra. The results are then 
available for manual interpretation or library searching (1). Reverse search techniques 
are employed, thus the disadvantage of not producing a completely resolved spectrum is 
reduced. This technique avoids the problem which might be caused by an inappropriate 
model (such as might be produced from non-ideal chromatography) which could cause very 
poor searching results and complicate manual interpretation if ions present in a 
component were subtracted out. 

The algorithm described here uses the above approach to provide the benefits of: 

1.) Definition of chromatographic peaks from the summed ion current chromatograms 
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2.) Enhanced use of chromatographic resolution by close inspection of mass 

spectral data to discern overlapping components within a chromatographic 
peak. 

Our experience with this system to date has been very encouraging. Typically the 
program locates and quantifies all significant GC peaks, usually picking out several 
that are not noticeable to the analyst;'these trace components often being the ones of 
greatest Interest to us. Unresolved GC components are separated correctly in most cases 
where the overlap is not too severe. 

The-.T.I.C. trace of a GC/MS run of the products from the pyrolysis of dl-thio-
methyl-benzoate is shown,in Fig. 1. In this analysis, 33 separate components were 

L^ 
F i g . 1 TIC 

F i g . 2 ..OUTPUT 

Ttinnlll 

F i g . - 3 Scan 250 

located by the program and spectra such as the one shown in Fig. 2.were generated. This 
spectrum, identified as dl-phenyl sulfide, is considerably different from the simple -
plot of scan number 250, shown, in Fig. 3 . The region from m/e 160 to m/e 170 shows the 
presence of impurities most clearly. In all, four components were identified by the 
prograra as-eluting at this time.- Most of the observable GC peaks in Fig. 1 actually 
consist of-two or more components which can be easily discerned from the program output, 
but which are not at all obvious from the T.I.C. trace. 

In conclusion, this system is able to provide useful identifying information to 
the chemist who is able to use his own interpretive skills to-'suppleraent output from che 
program. -It is simple and quick enough to be run routinely, but sophisticated enough to 
provide reliable information which can reduce interpretation time substantially. 
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QUANTIFICATION OF DIETHYLSTILBESTROL PRODUCED FROM STILPHOSTROL USING 
CAPILLARY GC/MS/SIM TECHNIQUES. 

1 2 

•FRED P. ABRAMSON AND HARRY C. MILLER, JR. 
DEPARTMENTS OF•PHARMACOLOGY AND UROLOGY 

GEORGE WASHINGTON UNIVERSITY • • ' 
WASHINGTON, DC 20037 

Sti Iphostro I,' diethylstiIbescrol diphosphate, is a prodrug form of diethyl-
stilbestrol (DES).-Several clinical investigators have noted.that one or two weeks 
of 1000 mg/day infusions- of stilphostrol produced subjective and objective improve
ment in patients wich-advanced'prostatic carcinoma in whom oral doses' of DES (1-5 
mg) were no longer effective. There are two possible explanations for this 
increased therapeutic effect. The high levels of acid phosphatase in the prostate 
gland could selectively dephosphorylate stilphostrol and lead to a selective 
concentration of DES. Alternatively, the use of a 1000-fold higher dose might 
explain these observations, alchough the bioavailability of DES from either 
intravenous or oral stilphostrol had noc been established. To answer these 
questions, A GC/MS assay for DES was developed and applied to the produccion of 
DES from stilphostrol in experimental animals as well as patients with prostaCic 
care inoma. 

Originally, a packed column incerfaced to 'the mass specc rometer with a jec 
separator was used. To adequately study the pharmacokinetics of small oral doses 
of DES, which produced plasma concentrations averaging less chan 3 ng/ml, the 
original assay (Abramson and Miller, Proc. ASMS, 1977.) was modified by directly 
coupling a polymechoxysiloxane fused silica capillary to the Dupont 21-491 mass 
spectrometer while using a 4-channel multiple ion detector. DimethylstiIbestro1 
now serves as an internal standard. 

One ml of plasma is adjusted to pH 5.8 wich one ml of a phosphate-citrate 
buffer and extracted with' 3 ml of methylene chloride. The CHCl is evaporated and 
the residue is derivatized with TFAA (257o in CHC1-) for 20 minutes at room 
temperature, then evaporated again and reconstituted in 50 microliters of CH Cl . 
1.5 ul of this solution are fronted by ^ pl of n-dodecane and injected over a 30 
second period using a splitless technique. Thirty seconds later the splitter is 
opened and the column is programmed at 15 /min to 225 from its initial cempera
ture of 150°. The molecular ion. of DES-di-TFA is monitored at M/z 460, the 
molecular ion of the internal standard-di-TFA appears at M/z 432, and the (M-29)'^ 
ion from DES is also monitored at M/z 431. When tissue samples are analyzed, 200 
mg samples' are initially homogenized in 3- ml of the pH 5.8 buffer and then 
extracted and processed as were plasma samples. 

Blank plasma, prostate, liver, and muscle tissues show liccle incerference. 
Analyses of spiked samples show chaC the I imit of quanticaCion is less chan 0.5 
ng/ml of plasma or ng/gm of cissue. The system is linear up to 10,000 ng/ml. 

Initial experimencs demonscrated chac incravenous scilphoscrol infusions pro
duced approximacely 1000 cimes the plasma concentrations of DES which were found 
in other patients receiving conventional oral DES therapy (3600 ng/ml vs 2.4 
ng/ml). 

The tissue distribution of DES was compared for intravenous DES and stil
phostrol in male rats. Using comparable doses (1.2 mg/kg or 2.0 mg/kg respec
tively), the amounC of DES in prostate, liver and muscle at 5 hours after the dose 
compared to the plasma concentration at that time showed no selective advantage 
for scilphoscrol over DES icself. Thus, the higher plasma concencracions of DES 
produced by scilphostrol infusions must explain the improved efficacy of stil
phostrol over DES. 
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The bioavailability of DES from oral stilphostrol was also unknown. Using 
dogs, the plasma concentracions of DES were compared for a single 50 mg tablet of 
scilphoscrol and a 31.3 mg dose of DES (50 mg of diethylscilbescrol diphosphate 
contains 31.3 mg of DES). These studies showed that the bioavailabilicy of 
stilphostrol was 297o higher than for DES itself. Thus, oral stilphostrol can be 
used as an alternative source of DES. 

Finally, several metabolites of DES have been detected in plasma and various 
tissues of raCs. Dienestrol was the most abundant metabo lice in all tissues 
examined, as well as che mosc abundanC in che plasma of che one patient examined 
for metabolites following a stilphostrol infusion. 

Ocher metabolices dececced were O-methyl DES, mechoxy-DES and hydr'oxy-DES. 

Suppporced by NIH GranC No. CA 20753 
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QUALITATIVE ANALYSIS OF TRIMETHYLSILYLATED DAUNOSAMINE AND N-ALKYLATED 

ANALOGUES BY ISOBUTANE CHEMICAL IONIZATION GC/MS. P.A. ANDREWS, F.E. CHOU, and 

N.R. BACHUR, Department of Medicinal Chennistry, University of Maryland, Laboratory of Clinical 

Biochemistry, BCRP, DCT, NCI, Baltimore, Maryland 21201 

The search for anticancer anthracycline antibiotics with diminished toxic side effects has led to the 

development of compounds with alterations on the glycosidic portion of the molecule. The N,N-dialkyla-

ted analogues have proven particularly promising in reducing the dose-limiting cordiotoxicity of the 

anthracyclines (I). Metabolism and disposition studies in rodents on some of these analogues have shown 

that N-dealkylation of the daunosamine moiety is an important metabolic pathway for these drugs (2,3). 

Previously, examination of the metabolic alterations on the glycosidic portion of these anthracycline 

antibiotics could hove employed field desorption moss spectrometry of the Intact metabolite, insensitive 

and imprecise TLC methods applied to the hydrolytically removed sugar, or electron Impact analysis of 

the peracetylated sugar (4). In order to elucidate the structural changes on'the sugar residue of meta

bolites of the N,N-diall<ylated anthracycline analogues, we have devised an Isobutane chemical ionization 

(Cl) GC/MS analysis of the trimethylsilylated sugar residues. 

Parent drugs or purified isolated metabolites are hydrolyzed with 0.2 N HCl for 30 min ot IOO°C. 

The generated aglycones are removed by ethyl acetate extraction. The remaining aqueous extract is dried 

with a'nitrogen jet. The residue is dissolved in 25-100 ul of trimethylsilylimidazole/pyridine {l:k)y heated 

10 min at 65°C, and an aliquot injected onto a 1.8 m x 2.6 mm I.D. glass column packed with 3% OV-17 on 

100/ 120 Gas Chrom Q. The carrier gas is heliurn at a flow rate of 40 ml/min and the column temperature 

is programmed, after a 5 min hold, from 120 to 250 C at 10 /min. The column is coupled via a jet 

separator maintained at 200-250 C to the source of a VG 30F mass spectrometer operated under VG 

Dotasystems 2040 computer control. ' The source conditions for Cl analysis are 150 C, 52 eV, 4 kV, and 

170^A emission current. 

Electron impact analysis of the derivatized sugars gave spectra displaying extensive fragmentation 

and no parent ions. Isobutane Cl provided spectra with strong quasi-molecular ions (MH) and limited 

fragmentation. GC analysis indicated the presence of the oc-anomer In all analogues studies. The natural 

/3-anomer which was presumed to be the major peak eluted first. In all cases, the later eluting(X-anomer 

gave identical although more intense fragments than the ^-anomer. The following sugars have been 

analyzed: 

Retention Time (mtn) Lowest Amount 

Sugar 

Daunosamine 

Dinnefhyldcunosamine 

Monobenzyldaunosamine 

Dibenzyldounosamine 

Rabbit Metabolite 

P (o^-Anomer) 

9.1 (9.5) • 

9.0 (9.5) 

17.1 (17.8) 

(23.8) 25.7 (27.2) 

17.1 (17.8) 

Detected* 

5.7 

7.6 

8.6 

73.5 

— 

[nmoD 

* Defined as detectable [ M H ] * peak 
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Daunosamine and the N-mono or di-alkylated analogues follow common and predictable fragmenta

tion pathways when subjected to isobutane Cl. The following schemes are proposed: 

..THS 

^ ) 
®n^/ 

Hsc7 Z—J + r n s - O H 

rt^s 

r n s 

T h 5 J> \ [nnr 

/HH-?oj 

•H © 
H O - C H - C H - C = N R , 

[ M H - //&]'^ 

+ H,C=.CH-CiTM£ 

Following dosing with 3.0 mg/kg N,N-dibenzyldaunorubicin, the bile from a 2-3 kg rabbit was 

collected 0-8 hr through a surgically cannulated bile duct. Parent drug and bile metabolites were 

extracted into ethyl acetate and the major metabolite isolated by TLC. The metabolite was purified by 

passing through a C.g Sep-Pak cartridge, then hydrolyzed, extracted, and derivatized as.above. Isobutane 

Cl GC/MS. analysis of this sugar gave an identical retention time and mass spectra as N-

monobenzyldaunosamine.. - .. . 

In conclusion we have utilized an alternative, highly sensitive and precise isobutane chemical ioniza

tion GC/MS method for conclusive chemical identification of N-mono and di-alkylated daunosamine 

analogues. We identified a major biliary metabolite of N,N-dibenzyldaunorubicin in rabbits as N-mono-

benzyldaunorubicinol. We are investigating the application of this method to epimeric, N-acetylated, and 

other N-alkylated analogues. 
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QUANTITATIVE ANALYSIS OF ^9 -
TETRAHYDROCANNABINOL AND METABOLITES 

USING NEGATIVE ION CHEMICAL IONIZATION 

Rodger L. Foltz and Dennis M. Chinn 
Center for Human Toxicology, University of Utah 

Salt Lake City, Utah 84112 

OBJECTIVE: Development of a rapid GC/MS assay for ^^ -tetrahydrocannabinol (THC) 
and two of it's metabol ites, 11-hydroxy-^ -THC and 9-carboxy-^' -THC, which has 
sufficient sensitivity, and specificity to permit accurate quantitation of these 
compounds in body fluids at concentrations as low as'100 pg/ml. 
BACKGROUND: The sensitivity of previously published GC/MS and immunological assays has 
not permitted reliable measurement of THC at body fluid concentrations below 1 nq/ml(l). 
However, tne plasma concentration of THC falls below that level within a few hours after 
smoking a marijuana cigarette.(2), so a more sensitive assay is needed for medi- • 
colegal examinations and for pharmacokinetic studies. Electron impact (EI) ahd positive 
ion chemical ionization (CI) offer similar sensitivities for THC, although CI using 
ammonia as reagent gas is more selective than EI ionization (3,4). After extraction 
from the body fluid, cannabinoids are normally converted to less polar derivatives to 
improve their chromatographic behavior. Trimethylsilylation has' been most widely used 
for this purpose. 

METHOD: After addition of deuterium-labeled analogs of each of the cannabinoids to the 
body fluid specimen, the cannabinoids are extracted by means of the scheme shown in 
FIGURE 1. For each body fluid sample, two extracts are generated, one containing THC 
and 11-hydroxy-THC, and the other containing 9-carboxy-THC. The THC and hydroxylated 
metabolite are converted to their trifluoroacetate (TFA) derivatives by briefly heating 
an ethyl acetate solution of the extract with trifluoroacetic anhydride. The carboxy 
metabolite is first converted to its methyl ester by reaction with diazomethane and 
then treated with trifluoroacetlc anhydride. For the GC/MS analysis we have used either 
packed columns (OV-17, SP-2250, SE-30) or capillary columns (SE-52, OV-101). With a 
packed column methane serves as the carrier gas; for capillary columns hydrogen is used 
as the carrier gas and methane is added to the ion source through a make-up gas inlet. 
Ionization of the derivatized cannabinoids is achieved by means of electron-capture 
formation of negative ions at an ion chamber pressure of 0.3 to 0.4 torr and a temper
ature of approximately 150°C. The ion currents are monitored at m/z 410 and 413 
(corresponding to the molecular anions for THC-TFA and THC-d3-TFA), m/z 408 and 411 
(corresponding to loss, of trifluoracetic acid from the molecular anion of the bis-TFA 
derivative of 11-hydroxy-THC and its trideuterated analog), and m/z 454 and 457 (corres
ponding to the molecular anion of the TFA derivative of 9-carbomethoxy-THC and its tri
deuterated analog). 

DISCUSSION: Previously in our laboratory, THC was extracted from blood or plasma with 
hexane (4). However, the extraction efficiency varied widely from sample to sample and 
was particularly poor in the case of decomposed blood. The new procedure involves the 
addition of acetonitrile to the body fluid to separate the cannabinoids from blood pro
teins in a manner similar to a procedure reported by.Rosenthal and Brine (5). After 
removal of the precipitated protein by decantation and the acetonitrile by evaporation, 
the cannabinoid can be efficiently extracted from the aqueous residue. At a concentration 
of 10 ng/ml, the overall recovery of THC by this procedure varies from 40-70%, in con
trast to recoveries of THC of 0 to 60% following a simple hexane extraction of the body 
fluid. An even more significant improvement is the use of negative ion chemical ionization 
of the TFA derivatives of the cannabinoids,.rather than either ammonia positive ion chemical 
ionization or electron impact ionization of their trimethylsilyl derivatives. In the case 
of THC, a direct comparison of sensitivities has shown that at least.a ten-fold improvement 
in sensitivity can be achieved by the new method. Furthermore, there is less interference 
from endogenous components of body fluid under the conditions of negative ion CI. The neg
ative ion CI mass spectra of the TFA derivatives of THC and 9-carbomethoxy-THC each show only 
one prominent peak, and it corresponds to the derivative's molecular anion, a circumstance 
ideally suited for quantitative analysis by selected ion monitoring. The negative ion CI 
mass spectrum of the 11-hydroxy-THC is not as well suited for selected ion monitoring because 
its base peak corresponds to the trifluoroacetate anion. Nevertheless, a peak at m/z 408 
with a relative abundance of 12% can be monitored for quantitative measurements. FIGURE 2 
shows the ioncurrent profiles resulting from analysis of plasma containing 100 pg/ml of THC 
and 5 ng/ml of the internal standard, THC-d3. The assay was performed on a Finnigan Model 
4000 GC/MS using a 25 meter capillary column coated with OV-101. Two microliters of extract 
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was in jected without s p l i t t i n g at a column temperature of 150° C. Af ter 1 minute the GC 
oven temperature was increased to 250° C at 15° per minute. The amount of THC-TFA i n t r o 
duced in to the cap i l l a ry column was approximately 5 pg. Because of the extremely high 
ion iza t ion e f f i c iency of negative ion chemical ion izat ion o f t h i s THC de r i va t i ve , the assay's 
s e n s i t i v i t y is l im i ted pr imar i ly by the b io logical background. I f necessary the background 
cont r ibut ion could be reduced by a chromatographic clean-up of the b io log ica l ex t rac t , or 
by use of a MS/MS technique as recently reported by Harvey, et a l . (6) . 
Negative ion chemical ion izat ion of the pentafluorobenzyl (PFB) ether o f THC has also been 
explored. Under CI condit ions the PFB der ivat ive of THC undergoes d issociat ive electron 
capture to give an intense peak at m/z'3 13. Preliminary data indicate that the negative 
ion current generated from the PFB der ivat ive is approximately 10 times the negative ion 
current generated from an equal amount of the TFA der ivat ive of THC. However, the re la t i ve 
freedom from interferences in analysis of b io logica l extracts remains to be evaluated. 
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Solid (diw 

:c[4:e (7:1) 

•0) 

FIGURE 1 

O r , 

GC/K 

Schcn 
IJ -h , 

nte ph*',<! 
H*ih hUh 2 r.l 0.1 H 
Evaccr»te to erynttt 
O f i v i t i ; - ? w1;fi i r f / l 

"•hydrlCc 
flvnjjvt t j z e a TFA*. Oy 

S Jna ly i l j for THC 
n-n/dro.y-THC 

« for e,trJCl1on of THC 

HCl 

oro»cet1c ' 

GC/MS 

-TCH froa p 

Anueoui ohjse 
1 Acidify with 1 H HCl 
1 AaO 2 l l hejano-ethyl 

1 Vortej.. ccr.irifjge 

rgjnlc pHa-.e Aqof2:js ph«* 
Iv,porate co (disc»rB) 
Orynesi 

Trc*t -Uh CMj,t;̂ , trwn «Rh 
t i - i f luoroacn'c Jnnyorlde 

Rtmove t . c t i i TfAA By evipont t 
*n * l / l 1 l for 9-c»r£io.y.TliC 

<iBa *nd other body f luids 

332 



EVALUATION OF GLUCOSE CARBON RECYCLING AND 
TRUE GLUCOSE TURNOVER IN HUMANS USING 

ul[13c]GLUCOSE TRACER ALONE WITH CHEMICAL IONIZATION GC/MS 
AND RATIO MASS SPECTROMETRY. KOU-YI TSERNG and SATISH C. 
KALHAN. Dlv. of Fed. Metab., Case Western Reserve Unlv. at 
Cleveland Metropolitan General Hospital, Cleveland, OH, 44109 

In order to quantify "true" glucose production rates, as 
well as glucose carbon recycling In humans without tbe use of 
multiple isotopic tracers, a method using ul[13c]glucose alone 
has been developed. This method Is based on the following 
rationale: During metabolism, glucose uniformly labelled 
with 13c (m + 6) will split into three carbon intermediates. 
As a result of dilution with unlabelled intermediates, the 
chances of two labelled intermediates Joining together to 
form a uniformly labelled glucose (m + 6) are negligible. 
Thus, measurement of the uniformly labelled molecule (m + 6) 
will have only a negligible contribution by recycled glucose 
carbon and the "true" rate of glucose production can be esti
mated. The glucose production rate, including the recycling, 
can be quantified by measuring the 13c enrichment of glucose 
carbon by converting the plasma glucose to CO2, by enzymatic 
decarboxylation, and measuring the 13c/12c ratio of the CO2 
using an isotope ratio mass spectrometer. 

The plasma.glucose, enrichment of (m + .6) lon was measured 
by chemical ionization GC/MS. The plasma sample was 
deproteinized and the glucose converted to the aldonitrile 
"penta acetate derivative. .• A six feet 3% OV-17 column at 200C 
was used. Methane at 10 ml/min was used as a carrier and a 
reagent gas.. The CI spectrum of this derivative showed only 
quasimolecular ion (m/e 328), with no background at m/e 334, . 
.resulting in marked sensitivity. Enrichments as low as 
0.01% could be easily detected. Glucose turnover and recycl
ing were estimated in six normal subjects. The tracer was -
administered as prime-constant rate infusion. The mean rate 
of glucose production was 2.1 mg/kg.min which is similar to 
the published reports using non-recycling tracers. Glucose 
carbon recycling was 3 to 26% in the postabsorptive state. 
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Serum v s . Plasma Levels of T r i c y c l i c An t idepressan t s 
by 

Joseph J . Saady and 
N. Narasimhachari 

Departments of Pathology •'-. and Psych ia t ry , Medical c o l l e g e of V i r g i n i a , Box 597 
Richmond, Virginia 23298 

OBJECTIVE 

Since the l a t e 1960 's to e a r l y - 1 9 7 0 ' s , the idea of t h e r a p e u t i c drug moni tor ing has 
expanded from the moni tor ing of an t i convu l san t drugs by GLC, t o p re sen t day monitoring-
of t r i c y c l i c a n t i d e p r e s s a n t drugs (TCA) by GC/MS. There has been a g rea t deal of i n t e r e s t 
i n r ecen t years of moni tor ing TCA l e v e l s and c o r r e l a t i n g them to c l i n i c a l r e s p o n s e . 
Unfor tuna te ly , many blood c o l l e c t i n g tubes ( 1 ) , methodologies and i n s t rumen ta t i on lend 
themselves to, interferences and cause erroneous results. One of the areas that we felt 
n e e d e d i n v e s t i g a t i o n was s e r u m v s . p l a s m a l e v e l s o f TCA. Most o f t h e work w h i c h c o r r e l a t e s 
TCA b l o o d l e v e l s a n d t h e r a p e u t i c r e s p o n s e r e p o r t p l a s m a l e v e l s , w h i l e a few r e p o r t s u s e 
s e r u m v a l u e s , a n d o t h e r s u s e t h e two t e r m s i n t e r c h a n g e a b l y . T h i s s t u d y was p e r f o r m e d 
t o d e m o n s t r a t e t h e d i f f e r e n c e , i f a n y , b e t w e e n s e r u m a n d p l a s m a l e v e l s o f TCA. 

PROCEDURE 

Two 7 ml V e n o j e c t ( K i n ^ l e - T e r u m o , \ I n c . ) b l o o d c o l l e c t i o n t u b e s w e r e s i m u l t a n e o u s l y 
c o l l e c t e d f r o m e a c h p a t i e n t , o n e f e d t o p ' t u b e ( s e r u m ) and ' t h e o t h e r a s o d i u m h e p a r i n 
g r e e n t o p t u b e - ( p l a s m a ) . T h r e e o f t h e p a t i e n t s w e r e t a k i n g d e s i p r a m i n e (DMI) ; e i g h t , 
i m i p r a m i n e ( I M I ) ; a n d o n e , n o r t r i p t y l i n e (NTR). A f t e r a l l o w i n g t i m s f o r c l o t t i n g , c e l l s 
w e r e s p u n down a n d t h e s e r u m ' a n d ' p l a s n s . w e r e t r a n s f e r r e d t o a p p r o p r i a t e l y l a b e l e d t u b e s , 
t h e n f r o z e n until analysis by GC/MS. 

The a n a l y s i s was p e r f o r m e d i n a c c o r d a n c e w i t h t h e m e t h o d o f N a r a s i m h a c h a r i (2 ) , 
w h i c h makes u s e o f d e u t e r a t e d IMI a n d DMI a s i n t e r n a l s t a n d a r d s . 2000 n g e a c h o f D4 
IMI a n d D4 DMI w e r e a d d e d t o 2 ml p a t i e n t p l a s m a a n d s e r u m a s i n t e r n a l s t a n d a r d . 1 ml 
of IN NaOH was a d d e d a l o n g w i t h 10 ml o f h e x a n e - i s o p r o p a n o l ( 9 0 : 1 0 ) , a n d extracted for 
5 m i n . on a R o t o r a c k . The s o l v e n t was e v a p o r a t e d t o d r y n e s s a n d t h e r e s i d u e d e r i v a t i z e d 
w i t h N - m e t h y l - b i s t r i f l u o r o a c e t a m i d e a t SO^C f o r 15 m i n . S a m p l e s w e r e i n j e c t e d i n t o a 
H e w l e t t P a c k a r d 5 9 8 5 A GC/MS, a n d q u a n t i t a t i o n p e r f o r m e d u s i n g - s t a n d a r d c u r v e s . 

RESULTS 

The e l e c t r o n i m p a c t mode was u s e d f o r m o n i t o r i n g IMI a n d DMI s e l e c t e d i o n m o n i t o r 
o f m / z 234 a n d 2 0 3 r e s p e c t i v e l y ( F i g . 1 a n d 2 ) . F o r N T R , - t h e same e x t r a c t i o n a n d d e r i v i z a -
t i o n m e t h o d was u s e d e x c e p t t h e m e t h a n e c h e m i c a l i o n i z a t i o n mode was u s e d m o n i t o r i n g 
m / z 3 6 0 , a n d m / z 367 f o r t h e D4 DMI ( F i g . 3 ) . Tbe r e s u l t s h a v e b e e n t a b u l a t e d i n T a b l e 
1 . An i n t r a c l a s s c o r r e l a t i o n b e t w e e n s e r u m a n d p l a s m a was p e r f o r m e d f o r I M I , DMI, a n d 
t h e sum o f IMI a n d DMA. The c o r r e l a t i o n v a l u e s w e r e 0 . 9 7 , 0 . 9 6 , a n d 0 . 9 6 5 r e s p e c t i v e l y . 

CONCLUSION 

I t c a n b e s e e n f rom T a b l e 1 a n d t h e s t a t i s t i c a l a n a l y s i s t h a t p l a s m a a n d s e r u m l e v e l s 
f o r IMI a n d DMI a r e c l i n i c a l l y a n d s t a t i s t i c a l l y t h e same f o r p a t i e n t s t a k i n g I M I . F u r t h e r , 
t h e s t u d i e s s u g g e s t t h a t t h e same i s true for p a t i e n t s t a k i n g DMI o r NTR. T h e s e d a t a 
show t h a t v e n o j e c t r e d t o p t u b e s c a n b e s u b s t i t u t e d f o r v e n o j e c t s o d i u m h e p a r i n g r e e n 
t o p b l o o d c o l l e c t i o n t u b e s w i t h o u t a f f e c t i n g r e s u l t s s i g n i f i c a n t l y . A l t h o u g h o n e m u s t 
b e c a u t i o u s a b o u t t h e v a r i o u s m e t h o d o l o g i e s u s e d i n r e s e a r c h , t h e s e d a t a s u g g e s t t h a t 
c l i n i c i a n s c a n e q u a t e t h e s e r u m a n d p l a s m a l e v e l d a t a f o u n d i n t h e l i t e r a t u r e w i t h a 
h i g h e r d e g r e e o f c o n f i d e n c e . 
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A GC/MS, STABLE-ISOTOPE DILUTION ASSAY FOR 4-HEPTANONE 

4-Heptanone Formation in Diabetes Mellitus 

Wm. F. Bryant, J. R. Althaus, and 0. P. Freeman 

National Center for Toxicological Research 

Jefferson, Arkansas 72079 

During the past decade GC/MS techniques have provided sensitive methods for 

identification of biochemical markers associated with specific disease states in humans. 

One such marker associated with diabetes mellitus is 4-heptanone. However, the clinical 

significance of 4-heptanone elimination remains obscure. Little information is available 

concerning the mechanism of formation, distribution, or metabolism. • We therefore 

undertook the development of an assay method employing 3,3,5,5-[ H.]-4-heptanone as the 

internal standard. This assay method has been used in studies of the effect of 

hypoglycemia on 4-heptanone elimination. 

The general theory of stable-isotope dilution mass spectrometry developed by Pickup 

and McPherson gave the following predictions for the form of the calibration graph to be 

expected for 4-heptanone when the indicated internal standard is used: (1) the function 

for this system is a special case where, the general calibration function (Eq. 1) reduces 

to a linear form; and (2) the function passes through the origin. 

" ^ " ^ ^ " ^ ^ ^ ^ (Eq.l) 
114/118 N P + H 0 

118 " '̂ IIS 

The prediction of linearity arises because there is no overlap in the mass spectra between 

the two forms of 4-heptanone; hence, Q... and P.,g are both zero. Thus, Eq. 1, which is 

non-linear, reduces to Eq. 2. 

^,i„nit,= — ' ' l Y (Eq.2) 
114/118 n, g 

Eq. 2 is a l inear funct ion where P-i-ia/Q-iio is the slope and the intercept is obviously 

zero. 
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-2 -3 -4 -5 -6 -7 
Mixtures containing varying amounts of 4-heptanone (10 ,10 ,10 ,10 ,10 ,10 

m-moles/ml) and 10' m-moles/ml of the internal standard were used to obtain experimental 

estimates of the calibration parameters. Linear regression analysis gave an intercept of 

3.26 X 10'^ - 3.3 X 10'^ CI (952), a slope of 0.9930, and a correlation coefficient of 

0.999. Thus, both predictions based on Eq. 1 were confirmed. Precision for the method 

was assessed using five measurements of response ratio for each of the calibration 

standards. Relative standard deviations ranged from 0.6/100 at a molar ratio of 100 to 

2/100 at a molar ratio of 0.01. At the limit of detection the relative standard deviation 

was about 14/100 and corresponded to a concentration of 4-heptanone in urine of 1.2 ng/ml. 

The internal standard was checked for stability against back-exchange in aqueous 

solutions buffered at pH 7. The mole per cent deuterium distribution of the ketone 

isolated after 24 hr was unchanged from that used in preparing the mixture: 96.6 mole % 

of ̂ H ^ and 3.4 mole % ^ H y 

Preliminary studies of 24 hr urine elimination by diabetics and controls confirmed 

that 4-heptanone elimination by the diabetics was considerably greater. The mean values 

for diabetic subjects (N = 6) was found to be 2.9 mg/24 hr, whereas that for controls (n = 

3) was 0.18 mg/24 hr. 
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BIOCHEMICAL INVESTIGATIONS OF DICARBOXYLIC ACIDURIA 

BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY 

Toshihlro Shinka, Tomiko Kuhara and Isamu Matsumoto 

Research Institute of Medical Mass Spectrometry, Kurume University 

School of Medicine, Kurume Fukuoka 830, Japan 

Medium-chain dicarboxylic acids are usually found in small amounts in 

normal urine. Unusually high amounts of dicarboxylic acids are'excreted by 

dicarboxylic aciduria patients, however. In order to investigate long-chain 

fatty acid metabolism in dicarboxylic aciduria, urine samples, from patients 

with ketotic and non-ketotic dicarboxylic aciduria were analyzed using GCMS. 

Urine was frozen to -20°C immediately after collection and stored- at, 

this temperature until analysis. Urinary organic acids were extracted with 

two volumes of diethyl ether and trimethylsilylated with BSTFA (bis-tri

methylsilyl trifluoroacetamide). Organic acids were separated by gas 

chromatography on.a 2 m glass column packed with 3% OV-17 on Gas Chrom Q. 

Oven temperature was maintained at 80°C for 2 min, then programmed from 80°C 

to 290°C at 6"C/min. A JEOL JMS-D 100 gas chromatography-mass spectrometer 

on line with a JMA-2000 data acquisition and processing system was used.' 

Large amounts of adlpate, suberate, and 3-hydroxydecanedioate, were . 

found in the urine of both ketotic and non-ketotic patients. No medium-

chain monocarboxylic acids or their 3-hydroxyderivatives were detected in 

either group, however. Futhermore, large amounts of sebaciate were found 

in the non-ketotic patients, but only small amounts were found in the 

ketotic patients. The increase of ketone bodies in ketotic patients was not 

proportional with their excretion of medium-chain dicarboxylic acids. 

Long-chain fatty acids are usually transported into the mitochondria 

and then oxidized by the mitochondrial^-oxidation system. Medium-chain 

fatty acyl-CoA, an intermediate in the catabolism of long-chain fatty acids, 

can not pass through the mitochondrial membrane. However, free medium-chain 

fatty acids can easily pass through the membrane. Medium-chain fatty acids 

are oxidized by the microsomalou-oxidation system and converted to corres

ponding medium-chain dicarboxylic acids. There are three possible causes of 

dicarboxylic acid formation: (1) an enzyme diflciency in the mitochondrial 

P-oxidation cycle, (2) enzyme inhibition, as in hypoglycine A treatment , 

and (3) transport defects, such as the decrease in flow into the mitochon

dria observed in carnitine deficiency. Several researchers have suggested 

that a possible enzyme defect in mitochondrial -oxidation is one of three 
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"•'2 3) 
kinds of acyl-CoA dehydrogenase found in mitochondria ' and that this 

enzyme defect causes accumulation of mono-carboxylic acids, which are then 

converted to corresponding dicarboxylic acids in the microsome. The ex

istance of a 6-oxidation system in the outer mitochondria has been previ

ously reported. Peroxisomal fatty acyl-CoA oxidase in human liver has maxi

mal activity for fatty acids with Cj^2~^i8' Activity with Cg, however, is 

less than 10% of that for C 4) 16 
Peroxisomal p-oxidation in rats was re-

„5) ported to be enhanced to. the mitochondrial level by some drugs'" . We found 

large amounts of 3-hydroxydecanedioate in both types of patients. It seems, 

therefore, that enzyme inhibition occurs below the C^^ level. We also found 

that adipate is the predominant compound in dicarboxylic aciduria, and that 

the increase in ketone bodies was only indirectly related to the excretion 

of medium-chain dicarboxylic acids. These factors lead us to assume that 

most of fatty acid ^-oxidation occurs- in the peroxisome in dicarboxylic. 

aciduria and that the accumulation of'dicarboxylic acids is caused by the 

substrate specificity of peroxisomal p-oxidase. 

1. Tanaka, K., Kean, E. A. and Johnson, B. (1976) New Eng. J. Med. 

295, 461-467. • . ' " , . Y. '. .. " , 

2. Tanaka, K., Mantagos,. S. , Genel, M. , Seashore, M. R., Billings, 

B. A. and Baretz, B. 'H. (1977) Lancet ii, 986-987 

3.. Gregersen, N.,.Rosleff, F., Kolvraa,. S., Hobolth, N., Rasmussen, 

and Laurizen, R. (1980) Clin. Chira. Acta 102, 179-189 

4. .Bronfman, M. , Inestrosa, N. C , Leighton, F. (1979) Biochem. 
Biophys. Res.-Commun. 88, 1030-1036 

5. Shindo, Y. and Hashimoto, T. (1978) J. Biol. Chem. 84, 1177-1181 

URINARY EXCRETION OF C4-C„DICARB0XYUC ACIDS 
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3-OH-8ijtyric 
, acid 

333.2 

243.8 

147.7 

105.2 

27.4 

0.9 

0.2^0.1 
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acid . 

53.4-

95.6 

62 4 -

46.4 

20.8 

. N.D. 

N.D. 

Succiiic 
acid 

0.7 

0.5. 

• 0 5 ' 

0.6 

0.6 

2.5 

1.0*0.9 

Adipic acid 

- 4.1 " 

6.6 

10.4 -

1.2 

7.4 

r u 

0.1 ±0.'l 

Suberic acid 

• 1.8 • 

3.0 

2.5 

2.2 

3.2 

14.2 . . 

o.2io.r . 

Sebacic acid 

N.D. 

. NO. 

N.D. -

N.D. 

0.1 

3.9 

• N.D. 

3-OH-Decane 
dioic acid-

2.6 

2.7 

•3.1 • 

1.2 

4.4 

. <•' 
0.4*0.3 

* Relative peak area 
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ANALYSIS OF DEOXYALDONIC ACIDS IN ISCHEMIC AND INFARCTED HEART MUSCLE BY GC/MS 

Shin-Ichi Haraguchi, Hironori Toshima, 
"Isamu Matsumoto, "Tomiko Kuhara and "Toshihlro Shinka 

The 3rd Department of Internal Medicine and "Research Institute of 
Medical Mass Spectrometry, Kurume University School of Medicine, 

Kurume, Fukuoka 830, Japan 

The profile of organic acids in the normal rat heart muscle has been studied. For the 
purpose of examining change of the organic acid in pathological conditions, the organic 
acids in the rat heart muscle disturbed by'reducing a blood supply, were Investigated. 

In order to examine the variation of the organic acids by the time elapsed after 
decapitation, rat hearts were obtained with the following time interval; 2 min, 4 min, 6 
min, 10 min, 15 min and 30 minutes. They were immediately frozen in dry ice-acetone. The 
tissues were rinsed with a saline solution to remove the blood in the heart, and then 
minced with scissors. After 20 ug of heptadecanoic acid per mg of protein was added as an 
internal standard, they were homogenized and deproteinized with cold ethanol. The protein 
concentration was determined by a BIO-RAD Protein Assay Method. Organic acids were 
extracted at pH 1 with diethyl ether and ethyl acetate. After trimethylsilylation, the 
samples were analyzed by GC/MS with a 3% OV-17 column on Gas Chrom Q (80-100 mesh). Oven 
temperature was programmed at a rate of 6"C/min from 80°C up to 290"C. The temperature of 
a molecular separator was kept at 280°G and the electron energy was 75 eV. The date were 
processed with a Chromatopac 4-B for GC and a JMA-2000 data acquisition and processing 
system for GC/MS. 

Over 40 peaks were detected on the gas chromatogram and the identified compounds were 
demonstrated, as shown in Fig. 1. The identification was performed by comparison of their 
retention time and mass spectra with those in references (1). And a profile of organic 
acid of the healthy rat heart muscle was established. 

The variation of these organic acids in rat heart muscle by the time elapsed after 
decapitation was examined. It is presumed that supply of oxygen and coronary blood flow is 
extremely reduced at 4 minutes after decapitation, and it is observed that the heart 
stopped beating and coronary flow was at a standstill in 6 minutes after decapitation. At 
4 minutes time elapsed, almost all peaks increased as compared with that of control, es
pecially, peak No.2, No.26, No.28, No.36 and peak No.40. At 10 minutes after decapitation, 
the peaks which increased at 4 minutes decreased, but two peaks of peak No.16 and No.20 
newly increased and unknown peaks appeared at position of peak No.24, No.28, No.32, No.36 
and so on. 

A variation of these organic acids by the time elapsed after decapitation is tabulated, 
as shown in Fig. 2. The,diagram shows that lactate, glycolate, 3-deoxy-2-C-(hydroxymethyl)-
tetronate, 3-deoxyerythropentonate, 3-deoxy-2-C-(hydroxymethyl)erythropentonate and fatty 
acids of palmitate and stearate were increased by time elapsed until 4 minutes, but they 
were decreased- from 6 minutes, when the rat heart stopped beating. On the contrary, 2-
deoxytetronate and dideoxypentonate increased from 6 minutes. 

As an Increase in fatty acid and lactate has already been reported in Ischemic heart 
muscle (2), It is reas-onably understood that the fatty acids and lactate were accumulated 
in rat heart muscle which was obtained by 4 minutes time elapsed and in which coronary 
blood flow might be reduced. It is presumed that a temporal decrease in fatty acids at 2 
minutes might be related to decrease in uptake of fatty acids by ischemic myocardium (3). 
As it is not clearly known on metabolism"of deoxyaldonic acids, it Is hard to discuss the 
variation of these deoxyaldonic acids, biochemically. Lawson (4) reported that urinary 
excretion of 2-deoxytetronic acid changed more than that of the other deoxytetronic acids 
in an experiment in which a high glucose diet was given. And it is known that oxidation 
of pentose and deoxypentose may yield pentonic acid and 2-deoxypentonic acid, and that 
ascorbic acid is metabolized via threonlc acid and pentonic acid. It is, therefore, 
strongly suggested that the deoxyaldonic acids in the heart muscle might be related to 
glucose metabolism, and their variation might be also concerned with disturbance of 
carbohydrate metabolism, especially, pentose phosphate shunt, by reducing the coronary 
blood flow. 
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Fig. 1 

The gas chrcmatiogram of organic acid in rat heart muscle. The peaks were 
identified as follows ; 1) lactic acid, 2) glycolic acid, 4) 3-hydroxypropionic 
acid, 7) glycerol, 9) 2-methylglyceric acid, 10) phosphoric acid, 11) glyceric acid, 
14) succinic acid + fumaric acid, 15) 3-deoxytetronic acid, 16) 2-deoxytetDDnic acid, 
17) 3-deoxy-2-C-(hydroxymethyl) tetrono-1,4-lactone, 19) malic acid, 20) dideoxypentonic 
acid, 22) 3-deoxy-2-C-(hydroxyiiEthyl) tetronic acid, 23) 3-deoxypentono-l,4-lactone, 
24) 3-deoxyerythropentonic acid, 26) 3-deoxy2-C-(hydroxymethyl)pentono-1,4-lactone, 
27) (3-glycerophosphoric acid,'28) c<,-glycerophosphoric acid + 3-deoxy2-C-(hydroxymethyl)-
erythropentonic acid, 36) palmitic acid, 40) stearic acid. 
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THE CERTIFICATION OF ORGANIC ANALYTES IN A HUMAN SERUM STANDARD REFERENCE MATERIAL BY ID/MS 

M. J. Welch, E. White V, L. T. Sniegoskl, R. Schaffer, H. S. Hertz, and A. Cohen 

Center for Analytical Chemistry 
National Bureau of Standards 

Washington, DC 20234 

Introduction. A serum matrix containing accurately known concentrations of analytes is 
needed as a clinical chemistry accuracy base for routine and reference methods. To help 
meet this need, the National Bureau of Standards has issued a freeze-dried human serum 
Standard Reference Material in which five Inorganic and three organic analytes have been 
certified by Isotope dilution mass spectrometric (ID/MS) techniques. This paper describes the 
methods used and the results obtained for cholesterol, glucose, and uric acid in this 
material. These methods have been previously tested on frozen serum pools and found to pro
vide results of high precision and accuracy.[1, 2]. 

Methods 
Serum Preparation. Via ls of the freeze-dried serum.from each of the machines used fo r v ia l 
f i l l i n g were randomly chosen. The contents of each v ia l were weighed and dissolved in a 
weighed quant i ty (10.00 ± 0.02 mL) of .di luent water supplied wi th the serum. 

Addit ion o f Labeled Mater ia l . For each analyte a known weight of the l i q u i d serum was added ' 
to an aqueous solut ion containing a known weight of a stable isotope labeled analogue of the 
analyte. The labeled materials used were cho les te ro l -d i , g lucose-U-"C, and ur ic acid-^^Nz. 
For cholesterol and glucose the quanti ty of labeled material used fo r each sample was such 
that the uniabeled/1abeled ra t i o measured by mass spectrometry would be in the range of 0.9 
to 1 .1 . For ur ic acid the labeled material was added in excess to f a c i l i t a t e the i so la t i on 
steps, resu l t ing in unlabeled/labeled ra t ios of 0.11 to 0.14.. The spiked-serum was allowed 
to equ i l ib ra te before i so la t ion of the analyte was. begun.. . 

I so la t ion and Der iva t iza t ion . For cho les te ro l , ' the serum was treated wi th KOH to hydrolyze 
esters. The cholesterol was extracted with hexane, d r i ed , and treated wi th b i s ( t r ime thy l -
s i l y l )acetamide to form the TMS ether. For glucose, the serum was treated wi th a large, v o l 
ume of ethanol to p rec ip i t a te ' p ro te in . The resu l t ing solut ion was deionlzed and then freeze-
d r ied . To the residue was added 1-butylboronic acid in dry pyr idine and the mixture was 
heated.- Next, acetic anhydride was added to complete the de r i va t i ve , a-D-glucofuranose 
cyc l i c 1,2:3,5-bis(butylboronate)-6-acetate or glucose BBA. For ur ic ac i d , the serum was 
f reeze-dr ied. The residue was then dissolved in an aqueous l i t h ium carbonate so lu t ion and 
treated with t r i e thy lan i l i n i um carbonate to form a mixture of several te t raethy l ur ic acid 
isomers. These were sublimed and then separated by th in- layer chromatography. The most 
abundant isomer (3 ,7 -d ihydro-8-e thoxy- l ,3 ,7 - t r ie thy l - lH-pur ine-2 ,6-d ione) , designated as the 
A isomer,'was u t i l i z e d for the measurements. 

Cal ibrat ion Standards. For each analyte, a series of standards were prepared to cover the 
unlabeled/labeled range.described above. Each standard consisted of known weights of pure 
unlabeled analyte (SRM) and the labeled analogue and was der ivat ized as described for the 
serum samples.. . 

GC/MS. Isotope ra t i o measurements were made with a low resolut ion magnetic sector instrument 
operated in the electron impact mode a t 70 eV. Magnetic switching was employed to a l t e r 
nately measure labeled and unlabeled ions for one second in te rva ls . Measurements were made 
on the fo l lowing masses: cho les tero l , 458, 465; glucose, 297, 302; ur ic ac id , 280, 282. 
Samples were introduced to the mass spectrometer via a gas chromatograph. For cho les te ro l , 
the packed column was 1.5 m long wi th a 3 percent coating of a nonpolar s i l i cone phase. At 
a column temperature of 250-255 °C cholesterol-TMS eluted in s ix minutes. For glucose the 
column was a 100 m SCOT column with a nonpolar s i l i cone phase. The glucose BBA eluted in 
45 minutes at a column temperature of 210 °C. For ur ic-ac id a 6 m por t ion of the glucose 
column was used. The te t rae thy lu r ic acid A isomer eluted in 10 minutes at a column tempera
ture o f 162 "C.. 

Measurement Protocol. Each sample.was measured between measurements of the two standards 
whose ra t ios most c losely bracketed the'sample. Cholesterol and ur ic acid measurements f o l 
lowed the protocol previously described in deta i l [ 1 ] . For glucose BBA, wi th i t s long 
re tent ion t ime, the protocol u t i l i z e d was s imi lar to that described for urea [ 3 ] . Linear 
in te rpo la t ion of the measured ra t i o of the sample'between the measured ra t ios of the brack
et ing standards was used to f ind the o r ig ina l analyte concentrat ion. The measurement order 
was reversed on a second day and the mean nf tho two days measurements was the reported resu l t . 
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Results. The following tables show the results for the three analytes. 

Table'1. Cholesterol Content of the Human Serum SRM 

Set 

1 

2 

3 

Mean 

' tt of 
Vials 

' 6 

7. 

10 

mq Cholesterol 
q Dry Serum 

17.955 

17.853 

17.886 : 

17.898 

% CV 

0.15 

0.07 

0.10 

0.29 

Table 2. Glucose Content of the Human Serum SRM 

Set 

1 

2 

Mean 

# of 
Vials 

. 6 

6 • 

mg Glucose 
q Dry Serum 

15.013 . 

15.002 

15.008 

%.a 

0.16 

0.40 

•0.29 

Table 3. Uric. Acid Content of the Human Serum SRM 

Set 

• 1 

2 

Mean 

# of 
Vials 

6 

5 

mg Uric Acid 
g Dry Serum 

1.0185 

1.0187 

1.0186 

% CV 

0.10 

0.17 

0.13 

Discussion. The results demonstrate that the serum is homogeneous with respect to these 
three analytes. The coefficients of variation are generally in the ranges expected for 
multiple samplings of one serum pool using these ID/MS methods. Measurements of different 
masses (329 and 336) made on a few of the cholesterol samples confirmed the results reported 
in Table 1. Measurements of another tetraethyl isomer made on the uric acid samples con
firmed the results, shown in Table 3. The most significant variations found were In the fill 
weights of the vials. Therefore, it is necessary to weigh the contents of each vial for the 
most accurate results. 

Conclusion.' Our results demonstrate that this.material can-provide an accuracy base for 
clinical chemistry. 
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THE CHARACTERIZATION OF CORTISOL AND RELATED STEROID DERIVATIVES BY ELECTRON 
IMPACT AND NEGATIVE ION CHE^aCAL IONIZATION MASS SPECTROMETRY 

J, S. Holler, D, G. Patterson, and L. W. Yert 
Department of Health and Human Services, Public Health Service, Centers fcr 
Disease Control, Center for Environmental Health, Clinical Chemistry Division, 

Atlanta, Georgia 30333 
A knowledge of the decomposition products and metabolic products of Cortisol is a pre

requisite to the development of biologically based reference materials. . The development of 
a validated, quantitative GC/MS method for serum Cortisol requires an examination for 
possible Interferences. A number of possible decomposition products have been analyzed to 
establish chromatographic behavior, reference mass spectra, and non-interference in the mass 
spectral method. With few exceptions, the electron Impact mass spectra of the methoxime-
trimethyl silylethers (MO-TMS) exhibit molecular ions. .Major fragmentation pathways involve 
reactions of the protecting groups. .Ions at M-15 (loss of CH3) and M-31 (loss of OCH3) can 
be attributed to the methoxime group. The ions characteristic of the TMS derivatives are 
observed: ™/z=73 and 75 and neutral losses of 15 p and 90 y.• Significant stereochemical 
effects are observed for one pair of stereoisomers studied. 

A key component in the use of mass spectrometry in quantitation is the high specificity 
generally observed in multiple ion monitoring techniques. Additional specificity may be 
obtained by using an alternate Ionization technique such as negative ion chemical ionization 
(NCI). Negative chemical ionization has been shown to be very^sensitive for certain 
compounds I and may be the method of choice for the accurate, precise quantitation of trace 
compounds below the 1 ppb level. Under conditions of methane chemical ionization, the 
negative ion mass spectrum of the Cortisol derivative is characterized by a base peak at 
™/z=459. This ion does retain the label portion of the analysis of the d-3 Cortisol deriva
tive, and hence could be used in quantitative studies. An examination of the NCI spectra of 
the decomposition products studied indicates gas chromatographic separation of those com
pounds exhibiting a significant ion at °/z=459. 

The. NCI spectra of these steroid derivatives exhibit the (M-H)~ ion in all cases. The 
major fragmentation of the TMS derivatives are the loss of 73 p and the forraation of the ion 
at ™/z=89. Most derivatives exhibit only small peaks due to loss of CH3 and OCH3. The 
observed NCI spectra were less Intense.than the spectra obtained in electron impact ioniza
tion. Exact comparisons are difficult because of different Injection volumes and a loss of 
source tuning and sensitivity in chemical ionization conditions. Reconstructed Ion Chromato
grams are 50 to hOO times less intense in negative chemical ionization. There are fewer 
fragment ions in negative chemical ionization, hence a greater number of ion counts per 
fragment ion. The base peaks in negative chemical ionization were 20 to 200 times less 
sensitive than the base peaks in electron impact. 
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THE ORIGIN OF THE (M-l)' ION IN THE NEGATIVE 
CHEHICAL IONIZATION (NCI) MASS SPECTRA OF THE 1,4-BENZO-
DIAZEPIN-2-0NES W.A. GARLAND and B.J. MIWA. Department of 
Biochemistry and Drug Metabolism, Hoffmann-LaRoche Inc., 
Nutley, New Jersey 07110. 

NCI is an excellent ionization technique for the mass 
spectral analyses of trace amounts of the medically 
Important 1,4-benzodiazepin-2-ones in complex biolog
ical matrices (1-3). The low temperature, i.e., an 
ion source temperature less than 125° C, NCI mass spectra 
of this class of compounds consist principally of M-
and (M-l)"1ons. The generation of (M-l)" Ions Is 
favored by the presence of trace amounts of air In the 
Ion source. The NCI mass spectra of analogs of dia
zepam (R=CH3) either trideuterated at the methyl 
position, pentadeuterated at 2', 3', 4', 5', and 6' or 
trideuterated at 6, 8 and 9 show H' and.(M-l)" ions, 
but no (M-2)" Ions. The NCI mass spectrum of an analog 
of diazepam dideuterated at position 3, however, shows 
both H- and (M-2)' Ions indicating that this position 
is the origin of hydrogen atom lost to generate the 
(M-l)~ Ion. The NCI mass spectrum of 3, 3-dideuterated 
desmethyl diazepam (R=H), on the other hand, shows 
only H - and (M-l)" ions as does the mass spectra of 
2', 3', 4', 5', 6' pentadeuterated desmethyl diazepam 
and 6, 8, 9 - trideuterated desmethyl diazepam. By 
elimination, we suggest that for desmethyl diazepam the 
hydrogen atom lost to generate the (M-l)" Ion Is that 
located on the amide nitrogen. The spectrum of desmethyl 
diazepam deuterated at the amide nitrogen, although 
complicated by exchange of the deuterium In the CI ion 
source, supports our suggestion. 
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NEGATIVE ION MASS SPECTRA OF ALCOHOLS 
J. M. Knox and A. B. Denison, Dept. of Physics and Astronomy 
University of Wyoming, Laramie, WY . 82071.* 

Negative ion fragments from alcohols have Been observed for both high energy (70eV) and low 
energy (2-20eV) impact electrons: In the lower energy range, several resonant dissociative 
attachment (DA) processes have been observed. Isopropanol and five isomers of n-nonanol 
were examined. The spectrometer used was a Bendix Model 14 Time-of-Flight which had been 
modified for increased negative ion sensitivity by adjusting the high voltage on the various 
plates.of the detector (1). A digital data acquisition system was developed using a linear 
gate and stretcher as described by Seyse, et al. (2). For the electron impact energy 
calibration, the known (3) DA resonance of 0" from background oxygen was used. The data 
were treated with a 1-2-1 smoothing before the instrument functiori was removed using a 
deconvolution procedure similar to that of Christophorou, et al. (3). 

Isopropanol 
For isopropanol the mass spectra obtained af 70eV were in good generaTagreement with the 
previous published work (4). The ionization efficiency curves for 0" and OH" were also in 
good agreement with the previous work. After deconvolution, resonant dissociative attachment 
processes were observed with maximum intensity at 8.65 ± .3eV in OH" and at 6.6 ' 
(calibration standard), 9.5 ± .2, and 11.3 ± .3eV in 0". As shown in Figure 1, there is an 
indication that the 11.3eV resonance may itself be split into two or three peaks with 
maxima at 10.8, 11.6, and 12.6eV. 

The 6.6eV DA intensity was found to-be essentially pressure independent. Figure 2 and was 
observable in the background gas. We have therefore assumed throughout this work that this 
peak always arises from background oxygen and have used it as the energy callbrant. This 
assumption.was regularly checked by pressure studies. The other isopropanol resonance peaks 
were found to be linearly dependent on the sample pressure. 

n-Nonanol 
Negative ion mass spectra were obtained at 70eV for each of the five n'-nonanol isomers. 
(See the table.) Several relatively intense peaks are seen to be common to all of the 
isomers studied: 16, 17, 20,.24-27, 35, 37, 41, 43, 141, and 143. Peaks that are less 
intense, but common tO"all the isomers,Include 12-15, 18.5, and 32. Fragments in the mass 
range of 49-137 amu are not observed in all isomers and may be a useful tool in the 
identification of particular isomers. 

Several fragments were observed to have DA resonances. Fragments at m/e = 1, 16, 17, and 
141 are resonant in' all isomers. The energy of the peak maxima are indicated in figures 
3-6. These energies were not found to vary with OH position for the accuracy of our 
equipment. Other DA processes observed for particular isomers are given in the table below. 

Additional Fragments 

Molecule 
3-nonanol 
4-nonanol 

5-nonanol 

Fraqment (m/e) 
• '57 

71 
• . 99 
85 
99 

DA Resonance Peak (eV) 
7.8 ± .4 
8.3 + .1 
8.0 ± .1, 9.8 ± .2 
8.2 ± .4, 10.7 ± .5 
7.8 ± .9, 11.1 ± .8 

(1) W. W. Hunt, et al.. Rev. Sci. Inst., 36, 10 (1955). 
(2) R. J. Seyse, et al., ibid., 44, 1673 IT973). 
(3) L. G. Christophorou, et al., J. Phys. B4, 1163 (1971). 
(4) S. Tsuda, et al., Bui. Chem. Soc. Japan, 42,-2514 (1969) and references therein. 

*Vfark sî jported in part by larairie ETC (DOE), laramie, WY 82071 
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T*BLE 1. Obierved ncgit lve Ion M I S spectra for the f l vs noninol I s o n r s . A l l In ten i l t tes t n glwan raUtWe to the n s t Intense pcik i t H/e - 16. 

Mi leculVs^* 1 12 13 14 IS 16 17 18 18.5 19 JO 24 Z5 26 27.Z 32 35 37 41 

1-Nonanol 

2-Nondnol 

3-Non»nol 

4.No<ianol 

b-Nonanol 

^ . i , . . " ^ 

l-Ilaiianol 

2-Nonanol 

3-Nonano) 

4'I<ondno] 

5-Nun*nol 

6.1 

2.36 

1.5 

3.1 . 

43 

1.65 

3.76 

Z.Ul 

1.92 

1.60 

1.86 

2.69 

2.4B 

2.25 

2.53 

46 

3.07 

1.39 

2.20 

1.26 

1.38 

2.20 

2.23 

1.61 

1.60 

49 

1.19 

1.41 

-
1.20 

1.39 

2.55 

1.99 

1.75 

1.68 

51.2 

1.21 

1.24 

1.14 

2.73 

1.55 

1.50 

1.30 

55 

1.13 

1.13 

91.79 

98.37 

95.46 

96.58 

99.63 

57 

1.21 

1.62 

1.75 

11.78 

15.42 

14.36 

5.49 

5.40 

59 

1.20 

3.21 

1.60 

1.67 

70 

1.93 

-
-

1.79 

4.19 

3.24 

1.54 

1.77 

71 

l . a ; 

1.62 

1.64 

72 

1.58 

1.89 

2.44 

3.37 

1.8S 

3.52 

83 

1.17 

1.17 

3.06 

4.05 

4.24 

2.42 

2.70 

65 

1.14 

1.43 

2.53 

10.»4 

19.58 

20.74 

11.31 

7.64 

99 

1.75 

1.57 

5.41 

10.16 

11.30 

5.06 

3.13 

113 

1.55 

1.57 

1.26 

2.43 

13.89 

12.66. 

3.94 

3.55 

127 

2.07 

1.50 

1.56 

1.46 

1.22 

1.24 

132 

1.51 

24.65 

3.14 

5:96 

2.07 

2.31 

137 

1.57 

1.21 

1.15 

7.04 

2.52 

3.45. 

1.72 

1.59 

141 

2.87 

5.40 

3.12 

3.30 

1.86 

3.13 

2.90 

3.19 

4.63 

143 

6.36 

6.2J 

6.09 

3.93 

3.e6 
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Evaluation of SEP-PAK C,,, Cartridges for Biological Sample 
Clean-Up for Tricyclic Antidepressant Assays 

N. Narasimhachari 
Department of Psychiatry, Medical College of Virginia, Richmond VA 23298 

. Introduction 

The extraction method is the most commonly used method for biological sample clean-up for 
the-assay of tricyclic antidepressants and their metabolites. We have recently reported an ex
traction procedure for the quantitation of tricyclic antidepressants and metabolites using 
deuterated compounds as internal standards (1, 2). SEP-PAK cartridges (Waters Associates, 
Milford, Hass.) have recently been used for the clean-up of serum or plasma samples for nucle
oside and warfarin analysis. We have now examined the use of C,„ SEP-PAK cartridges for sepa
rating tricyclic antidepressants, their desmethyl metabolites" ana hydroxy metabolites from 
plasma, urine and saliva samples. We have evaluated the advantages specifically sample clean
liness, specificity, efficiency, reproducibility over the conventional extraction method. 

Materials and Methods 

All solvents are pesticide grade. Tricyclic antidepressant drugs were all obtained from 
pharmaceutical research laboratories as mentioned in a previous report [2]. d.-Imipramine and 
desipramine were used as internal standards for all tricyclic drugs [2]. In addition dldeu-
teromethyl amitriptyline and dideuteromethyl doxepin were prepared by reduction of N-formyl . 
derivatives of nortriptyline and desmethyl doxepin using Li aluminum deuteride. C,o 
cartridges were purchased from Waters Associates. 

Carbonate-bicarbonate buffer: A mixture of 5 g each of sodium carbonate and sodium bicarbonate 
were dissolved in 100 ml of water and stored in a refrigerator. 

C,g SEP-PAK Clean Up Procedure: The cartridge is activated by passing 2 ml of methanol by 
pressurizing through a plastic or glass syringe followed by 2 ml of distilled water. 

0.5 ml of sodium carbonate-bicarbonate buffer was added to the aqueous solution, or plasma 
solution, the mixture thoroughly mixed on a vortex mixer, and passed through the cartridge via. 
the syringe at a flow rate not greater than 5 ml/min. followed by one milliliter of washings 
from the sample tube. The cartridge was then washed by passing 2 x 2 ml of distilled water. 

Ten milliliters of solvent mixture, hexane and isopropanol (9:1) were passed through the 
cartridge and the eluate collected in a 15 ml glass stoppered centrifuge tube. The eluate con
sisted of 0.4 ml of aqueous layer from the void volume of the cartridge, and was drawn off and 
discarded. The organic layer was evaporated under a current of nitrogen, the residue deriva
tized to trifluoroacetyl derivative using N-methyl-trifluoroacetamide according to the method 
described in an earlier report [2^. 

Gas chromatographic-mass spectrometry: The GC and GC-MS-SIM conditions for quantitation of all 
tricyclic antidepressant drugs were described in detail [2]. All quantitations were carried 
out using the EI mode with ionization potential 70 ev, source temperature 260°, separator 
temperature 250°C. In all cases in these initial evaluation studies, the complete mass spectra 
of the drug peaks were obtained from plasma and urine samples in order to ascertain the sample 
cleanliness. 

Results 

Column efficiency: The extraction efficiency of added standards was over 90% and more consis
tent than extraction method. The calibration curves were linear and similar to those reported 
by extraction method [2]. . 

Final Sample Cleanliness: As illustrative examples, a few of the mass spectra obtained from 
patient plasma and urine samples processed through the SEP-PAK cartridges are given in Fig. 1 
and 2. In over 20 samples that we have so far processed by this method under the GC-HS con
ditions we have used, the spectra indicated that the sample peaks were clean and contained 
only the drug or the drug and internal standard. The samples were at least as clean as those 
obtained by the conventional extraction method we have been using in our laboratories. The SIM 
recording for desipramine assay is shown in Fig. 3. Parellel determinations of clinical 
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samples (20) were carried out for all tricyclic drugs by the two methods, one using the SEP-
PAK and the second by extraction method. The results are in good agreement. 

Conclusions 

The saving in time for the analysis using SEP-PAK cartridges is the most important 
favourable factor for this method. The three step extraction method involves shaking, cen
trifuglng, withdrawal of solvent or aqueous layers, in all the three steps. In parallel ex-
perimentswe found that 8 samples and two standards could be readied for GC-MS analysis in 40 
minutes, while..the conventional extraction methods took 150 minutes. Another advantage in the 
SEP-PAKcartridge is that the organic layer is quantitatively recoverable, while in extraction 
method, only a fraction is recoverable, and sometimes losses are high due to emulslficatlon. 

References 

1. N. Narasimhachari and.R. 0.-Friedel, Res. Comm. Psych. Psych. Beh., 4, 477 (1979). 

2. N. Narasimhachari and R. 0.. Friedel, Federation Proceedings 30, 209 (1980). 
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Fast Atom Bombardment Mass Spectrometrv .- -

, by ' 

M. Barber, R.S. Bordoll, R.D. Sedgwick and A.N. Tyler, 

U.M.I.S.T. Chemistry Department,. Sackville St. Manchester. M60 1QD 

': • . :England. 

The technique of •fast atom bombardment, as a means of inducing 

sputtering . of large organic .molecules from the solid, has been 
(12) developed at U.M.I.S.T. over the : last four' years.^ ' ' The use 

of neutral species as the sputtering medium has two major 

advantages; ease of introduction of the beam into the high 

voltage region of large magnetic instruments, and a diminution 

in the charging effect associated with ion bombardment of 

insulators. 

The techniques of producing beams of fast neutral . particles 

(1-10 Ke'V and typically rare gases) are well known. Indeed, any 

high pressure -discharge ion source will produce a considerable " 

yield of - fast rare • gas atoms. This oocurs by resonant- charge 

exchange to produce - atoms with essentially the same kinetic 

energy as the original ions. In the original work the ion 

source of an MS902 was modified to accept the fast atom beam 

and samples mounted on a stage which was inserted to intercept 

the beam th rough an axially mounted vacuum lock. - We have -

recently modified, in a -• similar way, the ion source of the 

'V.G. ZAB for this purpose. The . characteristics, of this ion 

source are, -

(i) production of high intensity pseudomolecular ions 

of the form (M+X)"^ or (M-X)" where X is either 

a proton or some . suitable cation, 

(ii) structurally significant fragmentation and metastable 

information, 

(iii) sufficient sensitivity to deal with sub nanomole 

quantities of materials. 

Originally the sample lifetime was low. Hovrever, we have 

developed methods of prolonging the lifetime . (tens of minutes 

to hours) by the use of suitable viscous, low vapour pressure 

sample substrates, e.g. dissolution of the sample in glycerol, and 

by heating the stage, to provide surface mobility and "healing" 

properties.' The quality of the results obtained is demonstrated 

by the accompanying mass spectrum of the co-enzyme of 'Vit. B--

shown in the figure. We have, applied this technique to many 

classes of compounds, and the versatility of .the method is ahown 

by the following brief list of materials successfully analysed: 
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oligosaccharides, peptide antibiotics, glycopeptides, penicillins and 

cephalosporins (both free and as their salts) glycoside antibiotics 

(both free and as salts); oligo peptides (maximum so far 26 amino 

acids) glycolipids, oligo nucleotides, neurotoxins, metal bearing 

compounds of biological importance,' e.g. VIT ^- lo ' siderophores, etc., 

and a range of organo metallic salts. 

We now intend to extend the application of this ion source to 

encompass on-line L.O.M.S, 

COENZYME B,3 

illliliMmmikikiiitoi^^ L M J 

1300 

.JL r' 157S 

iliMMWiMw.' 'tWAlw'Ww^titaMiiiiw 

.<lil4Mi*h..«tliM»Jlllk^^ iiniii, iiDiii J JL 

1. M. Barber, R.S. Bordoli, R.D. Sedgwick and A.N. Tyler, 

J.C.S. Chem. Comm., 325, 1981. 

2. D. Surman and J.C. 'Vickerman, J.C.S. Chem. Comm.. 324, 1981. 
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DEVELOPMENT OF THE FAST ATOM BOMBARDMEPrt SOURCE, L.C.E. Taylor, S. Evans, 
H.J.M. Fitches, K.R. Compson, Kratos Limited, Manchester, England, 

The fast atom bombardment source pioneered by Barber et al has its origins in 
secondary ion mass spectrometry. The advantages of a fast atom beam as opposed to 
a charged particle beam are obvious when used in conjunction with a high voltage 
double focussing mass spectrometer. The problems associated with steering a 
charged primary beam are eliminated when a neutral beam is employed to bombard the 
target sample. Consequently no special problems are encountered when operating 
the mass spectrometer in negative ion mode. 

As with SIMS techniques the sample material is supported on a target stage, 
conveniently this may be of copper'although other metals may be used e.g, silver, 
gold. 

Sample preparation is an essential requirement for SIMS and FAB spectrometry, both 
of which are subject to sample "fading" effects. However, the use'of a suitable 
liquid support medium of low vapour pressure has been found to prevent the sample 
fading phenomenon. The use of glycerol has been very effective for many sample 
materials although this is by no means general and liquids such as tetragol and 
poly glycol ethers have been used successfully in cases where glycerol is unsuitable. 

In conjunction with the MS50 high resolution mass spectrometer the FAB source has 
proven very effective in obtaining mass spectral information on many compounds 
previously not emenable to conventional ionization techniques. This includes not 
only high molecular weight involatile thermally labile compounds such as peptides 
but in addition low molecular weight organic sulphate and sugar containing s£imples. 
The spectra observed generally produce an extensive amount of structurally 
significant fragments including second field free region metastables. The use 
of FAB is not restricted to high voltage instruments and can be used very 
effectively on lower voltage instruments such as the MS80. 

The properties of the source may best be described by reference to one particular 
compound, in this case cyanocobalamin (vitamin Bio^" This material runs easily 
by FAB, and is typical .. of the average sensitivity- that can be obtained. Many 
samples give better intensity (up to 10 ) depending upon the polarity of 
functional groups within a particular molecule. Generally compounds which are 
good proton donors or acceptors will give the most intense spectra. 

The samples of Bi2 were loaded into a matrix of glycerol acidified with dil .HCl. 
Typical sample quantity was 10-2Cyig of B]^2' 

The use of an acid medium was found to enhance the intensity of the (M + H)"*" 
ion. The general appearance of the low resolution positive and negative ion 
spectra is shown in Figs 1 and 2 respectively. It can be seen that the 
observation of a peak at every nominal mass value is characteristic of FAB mass 
spectra in both detection modes. In both these spectra the most intense peak 
corresponds to the loss of CN viz: 1329 is (M + H - CN)+ and 132^ is (M-CN)~. 
In both cases the spectra contain significant fragment ion peaks, for example, 
the m/z 1270 peak due to the loss of acetamide from the (M + H - CN)"*" species. 
This has been reported in the FD spectruni by 83̂ 2 ̂ y Schulten. The II83 peak 
corresponds to the loss of the 5T6-Dimethylbenzimidazolyl group attached to the 
central Co ion. The positive LRP spectrum has a metastable at 1053 due to this 
process. The loss of the 5i6-bimethylbenzimidazolyl and the attached sugar 
group is indicated at nv'z IO69, 

Mass raeasurement at LRP by peak matching of the 1329 peak using Ultramark 1621 
as a reference gave a 2.6 ppm error for the ( M + H - CN) species, however, at 
high resolution the (M + H)"*" was measured to 0,3 ppm. 

The quality of spectra and ion intensity allows low resolution data acquisition., 
using pre-calibration from the usual fluorocarbon reference materials. Examples 
are shown in Figs 1 and 2 for a scan rate of 3O seq/decade although faster 
scans are possible, but not necessary due to prolonged sample lifetime, 
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One feature of the Bi2 sP^ctrum is the fast decay of the (M + H)"*" adduct ion 
compared to the duration of the rest of the spectrum peaks, which are detected 
for periods in excess of 30 minutes. This would appear due to reduction of the 
Bi2 to an oxidation state of +2..with the loss of the cyanide, group. Collision 
induced decomposition has been used to obtain a B/E spectruni from nŷ z 1329, 
indicating the fragment ions arising from the ( M + H - CN) ion. 

The maximum usable resolution is limited only by sensitivity. In the case of 
Bl2i we have been able to obtain acceptable signal to noise at about 4O,O0O 
resolution, whereas for.the major peaks of triazine, in excess of 80,000'has 
been obtained. 

The ability to operate at high resolution is valuable as this permits more 
accurate mass measurements to be obtained. 
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C O N V E R S I O N T O FAST A T O M BOMBARDMENT A N D ITS APPL ICATION 

R.A. M c D o w e l l , A . De l l and H.R. Morris 
Department, of Biochemistry, Imperial Co l l ege , London , U. K. 

f . Redfern 
M-Scan L td , 5 The Ridgeway, Iver, Bucks, U . K . 

Fo l low ing the announcement of Fast Atom Bombardment by Barber, Sedgwick, Bordol i and 
Ty le r (1) we hove developed a number of FAB systems for use on Z A B , MS 50 and MS 902 
mass spectrometers. We invest igated the performance character ist ics of a number of ion producing 
sources and chose to assess the Townsend discharge and the sadd le- f ie ld guns for our mass 
spectrometric purposes. 

The sadd le- f ie ld gun was o r ig ina l l y used by-Barber and co-workers and is cur rent ly , f i t t ed to 
commercial systems being marketed by Kratos and V G A n a l y t i c a l , This, gun (2) is a. co ld cathode 
dev ice and has a unique electrostat ic saddle- f ie ld conf igura t ion . The basic source has been 
modi f ied by the manufacturers and is marketed as a fast atom source,' The performance 
speci f icat ion of this type of source has been reported (3) and i t should be noted that the supply 
current Is much higher than tfie output beam I . e . there is low e lec t r i ca l e f f i c iency in beam 
product ion and considerable heat generat ion. 

The a l te rna t ive type of Ion source assessed in our FAB studies is a commerc ia l ly ava i lab le 
Townsend discharge source which is marketed (4) as an ion source w i th a small percentage of 
inherent neutrals in the output beam. The beam obtained from the Townsend discharge source 
increases w i th increased throughput of gas and/or increased appl ied vo l tage . This is accompanied 
by an increase In the gas u t i l i sa t ion e f f i c i ency . For a f i xed operat ing vol tage - and thus beam 
energy - the transmitted beam con therefore be contro l led by the gas f l o w . Elect r ica l e f f i c i ency 
Is around 9 8 % i , e , supply current is approximately equal to the beam current and no not iceable 
heat is produced. 

A convenient power supply arrangement to make use of the above features of the Townsend 
gun includes a f i xed h igh vo l tage power supply to operate the gun e f f i c i en t l y and another supply 
wh ich sets the chosen beam energy. 

The Townsend discharge gun is physica l ly small and lends i tsel f to ins ta l la t ion inside the 
source housing. This maximises the beam f l ux bombarding the sample and , combined w i th minimal 
heat genera t ion , al lows the u t i l i sa t ion of a va r i e t y . o f mountings. For these reasons we have 
concentrated our efforts on the design o f FAB systems Incorporat ing the Townsend discharge source 
rather than the sodd le- f le ld source. 

The gun has been mounted o n a probe su i tab le . for d i rec t Insertion Into the mass spectrometer 
source and we have" also studied methods of in t roducing the gun v ia the var ie ty of. i n le t ports 
on our mass spectrometers. 

O n the ZAB mass spectrometer, we have used the standard FD source w i th minor modi f icat ions 
to the source opt ics . O n the MS 902 and MS 50 instruments we have used a simple two p la te 
focussing system. The sample target is of ribbon form and can be heated If requi red. 

We conclude .from our Invest igat ion o f 'guns and power supplies that i t is possible to 
modi fy the exist ing commercial systems to produce sources which ore better suited .to moss 
spectrometric requirements. In par t icu lar we have b u i l t several discharge sources of various lengths 
and diameters for d i f ferent appl icat ions. 

We are using our new FAB systems in our cont inu ing invest igat ions of important b io log ica l 
substances and have examined a var ie ty of compounds Inc lud ing peptides, an t ib io t i cs and high 
mass underivat ised ol igosaccharides. We now report some• of our data on the b leomycin fami l y of 
an t ib io t i cs , molecules which ore par t i cu la r l y in t ractab le to structural analysis because of their 
complex i ty and po la r i t y . In an ear l ier pub l ica t ion (5) we hove reported that exce l len t FD data 
can be obtained on these substances provided appropriate emitters and sample handl ing procedures are 
used. However, considerable sk i l l Is required i f good spectra are to be reproducib ly obtained In 
the FD mode. In contrast, FAB mass spectrometry yields data on these molecules w i th comparat ive 
ease. We have examined various bleomycins and their der ivat ives and have selected two examples 
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to i l lust rate key points. 
Figure I shows the molecular ion region of demethylb leomycin A - run using two FAB 

systems (a) the Townsend discharge source mounted on the V G ZAB mass spectrometer and 
(b) the commercial Kratos FAB source on the MS 50 instrument. N o t e that the spectra ore 
ident ica l (the sl ight d i f ference In appearance is due to d i f ferent scan speeds; the spectra were 
traced d i r e c t l y from the osci l lograph paper), the major species being the pseudomolecular ion 
at m/z 1400 and a fragment Ion at m/z 1298, 

I 1 - I 1 -
(a) -. • • (b) . 

F i g . ( I ) FAB MS of demethylb leomycin A_ obtained using (a) the M-Scan FAB system 
mounted on the V G ZAB and (b) the Kratos MS 50 FAB system 

F igu re .2 shows comparat ive FD/FAB data on copper-Blenoxane, We note two points of 
interest; f i r s t l y FAB yields both M"*"- and ( M + H)""" ions wh i le FD gives on ly M ^ ' , and secondly 
the major f ragment ions observed in FD are not found in FAB spectra. 

Ill 1H-I U.f) JU..™-. 

„ A . -̂  •'• MJWlhb>.jJMbtho 

(o) (b) 
F i g . (2 ) ' (a ) FD spectrum of Cu-Blenoxane obtained on the Kratos.MS 50 

(b) FAB spectrum of Cu-Blenoxane obtoined on the M-Scon FAB system 

In conc lus ion, the FAB systems which we have developed are suitable for a l l types of 
mass spectrometers and the design al lows coupl ing w i th a l te rnat ive sample in t roduct ion devices 
such as a moving be l t i n te r face . In addi t ion the MS 50 and MS 902 FD sources con be used for 
FAB wi thout ma[or conversion, by incorporat ing the gun and sample target on the same insertion 
probe. 

(1) Barber M . , Bordoli R. S . , Sedgwick R.D. and Tyler A . N . (1981) Chem. Commun . , 325-327 . 

(2) Ion-Tech L td , 2 Park S t . , Teddington, Middlesex U . K . 
(3) Franks J . and G h a n d e r A . M . (1974) Vacuum, 24, 4 8 9 - 4 9 1 . 
(4) Ox fo rd App l i ed Research L t d . , Crowley M i l l , W i t ney , Oxfordshire. U . K . 
(5) De l l A . , Morr is H.R. Hecht S. and Levin M . D . (1980) Biochem.Biophys.Res.Commun. , 9 7 , 

987 -994 . . 
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. FAST ATOM BOMBARDMENT/SECONDARY ION QUADRUPOLE MASS SPECTROMETRY 

Donald F. Hunt and William M. Bone 
Department of Chemistry 
University of Virginia 

Charloccesville, Virginia 22901 

Fast Atom Bombardment/Secondary Ion Mass Spectrometry, FAB/SIMS, is carried out on 
nonvolatile and/or thermally labile organic molecules such as salts, polypeptides and 
nucleotides to yield intense (M+H)*̂  or (M-H)~ ions. The sample is prepared by dis
solving the solid in glycerol and applying the matrix to a copper tipped solids probe. 
Bombardment of this matrix by Argon or Xenon ions or neutrals of >3KV energy affords 
a mass spectrum with fragments characteristic of the sample structure in addition to 
abundant ions characteristic of sample molecular weight. Addition of oxalic acid to 
the sample matrix produces up to a 10-fold increase in (MfH) ion current depending 
on the sample. Table 1 illustrates ttie effect of adding oxalic acid to the sample 
matrix as well as using argon or xenon ions or neutrals as the primary beam. The ad
dition of oxalic acid to the matrix has a greater effect on the (M̂ -H)''" ion current when 
an ion beam rather than a neutral- beam is employed. 

Xenon, being a heavier gas, has a greater sputter yield than argon at a given 
energy. Neutral beams produce little or no charging of the matrix. 

Table 2 illustrates how the (M+H) ion-current varies with temperature. The experi
ments are explained in terras of the viscosity of glycerol as a function of temperature. 
At low temperatures, <20^C, the glycerol flows very slowly and cannot "renew" the'surface 
presented to the primary atom beam and the (M+H)"*" ion current is minimal. As the probe 
is slowly heated and the viscosity of the glycerol decreases it begins to flow and can 
continuously rejuvenate the surface presented to the primary beam. At temperatures 
>40 C the vapor pressure of the glycerol increases enough to produce an increase in the 
analyzer pressure. The glycerol quickly evaporates frora the probe tip and the sample 
surface cannot be "renewed" as shown by a dramatic decrease and then disappearance of 
the (>H-H)"*" ion current. The optiTiiura viscosity for the glycerol to efficiently renew the 
sample surface occurs at about room temperature. At room temperature the vapor pressure 
is low enough to allow the sample to be continuously monitored for longer than 30 min. 
in most cases. 

The detection limit for our FAB/SIMS system appears to be in the low monogram range. 
To date full spectra have been obtained on lOng of sample. 

FAB/SIMS/MS on a Finnigan Triple State Quadrupole, TSQ, mass spectrometer were per
formed on an oligopeptide sample. The (M+H)"*" ions undergo CAD in Q2 to yield unambiguous 
sequence information on each peptides present in a mixture. In addition the CAD process 
can be used to generate useful structural information on relatively pure samples. 

At the 28th ASMS conference in New York, May, 1980 we described how the Finnigan 
moving belt LC-Interface had been modified to pass through the ion source of a Finnigan 
4000 for Laser Desorption studies. We have now used this system to continuously intro
duce samples into the ion source for FAB/SIMS analysis. Spectra of AMP-Na salt and 
angiotensin heptapeptide were obtained and are representative of FAB spectra from samples 
off the LC-interface moving belt. 

Negative Ion FAB. spectra have been obtained from the trinucleotide Guanylyl (3'-5*) 
Cytidylyl (3'-5') Uridine and the dinucleotide shown in Figure 1. Both examples yield 
intense (M-H)~ and (M-2H+Na)~ ions in addition to useful fragment ions. 

In summary, Fast Atom Bombardment Quadrupole Mass Spectrometry is extremely useful 
for the analysis of fragile organic compounds and can easily be accommodated for TSQ 
CAD studies in addition to the FAB desorption of samples off a modified LC-interface. 
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Fast Atom Bombardment (FAB); A New Method of Studying 

Intractable Antibiotics. 

by • 

M. Barber, R.S. Bordoli, R.D. Sedgwick and A.N. Tyler, 

Chemistry Department, U.M.I.S.T., Manchester. 'M60 1QD 

England 

Development of the fast atom bombardment (FAB) ion souroe 

began at UMIST in 1974, and reached fruition' in 1979. We 

initiated the techniques of using liquid sample supports, or 

heating to melt the sample in vacuo, to prolong the lifetime 

of the spectra, facilitate the use of metastable scanning 

techniques and increase the sensitivity. For the past two years 

we have routinely , used the source to obtain mass spectra from 

a wide variety of previously intractable molecules (l). 

Among the more intractable species we have studied are the 

glycopeptide antibiotics. In this communication results are 

presented for vancomycin and the bleomycins. These complex 

antibiotics are produced by various streptomyces and have 

received considerable attention as therapeutic agents. It is 

known that the bleomycins differ from one another only in the 

structure ' of the terminal amine unit, however with the absence 

of accurate molecular weight data the structural elucidation of 

the glycopeptide skeleton was complicated. 

What is now accepted to be the correct structure was | 

finally deduced following PDMS studies on bleomycin B.,,' and 

subsequently confirmed' ' by NMR and XRD data from other bleomycins 

and related compounds. Recently FD has been applied to bleomycin 

Bg and the related phleomycins D.. and E. ^ •' 

Bleomycin A, and the clinical mixture comprising mainly 

A- and B, were obtained from Lundbeck. 1 (ig of sample was 

deposited on to the sample stage with lOpi of glycerol as a 

liquid support medium . and analysed by a Vaouum Generator ZAB 

reverse geometry mass speotrometer fitted with a prototype FAB 

source. All analyses were carried out at ambient temperature. 

For the clinical mixture a protonated molecular species 

(M+H)'*' is observed at m/z 1425 and the sulphonium cation of 

Ag at m/z 1414 in accord with the proposed structures- of the 

components. Additionally an ion is observed at m/z 1512 

corresponding to an (M+H)''" for the A- sulphate, A significant 

ion at m/z 1400 was initially thought to be the (M+H)'*' for 

demethyl A^ since it is known that Ap in common with other 

sulphonium ions of this type will readily demethylate. 

Chromotographic data obtained from the Ap/Bp mixture and pure 
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Ap indicate that m/z 1400 is too large to be an (M+H)''" for 

demethyl A- and the origin of this ion is thought therefore' 

to be a fragment, probably from a sulphate containing ion. 

The spectrum from pure Ap contains, structurally significant 

fragment ions in addition to the ions at m/z 1414 and 1512. 

It appears that the fragmentation originates from m/z 1400 

from which the terminal sugar and amino acid residue are lost. 

The bleomycins complex .with various metal ions and in this 

form has been suggested as the active cytotoxin. It is thought 

that the ferrous complex is an oxygen carrier which effects 

oxidative degradation of DNA. The FAB spectrum of the ferrous 

complex of bleomycin A, conforms with the proposed structure. 

The broad spectrum antibiotic Vancomycin (3) has also been 

studied by FAB and the high mass region of the positive lon 

spectrum is shown in . the figure. An intense psuedomolecular ion 

(M+H)"*" is observed at m/z 1448 which shows the dichloro 

isotopic pattern. The peaks marked X are thought to be 

indicative of the presence of a previously unknown dechloro 

species of which m/z 1414 is the psuedomolecular ion (M+H)"'". 

ijiiiii iiiiiii 

POSITIVE IONS 

14H 

Jll . . J h i ^ J m ^ .A. 
ri nmiin mrinlirrmi. itmrni.[. jumjMiiii:iu"uj'iiiimi' I'luiU' .T)L"'| iTin'j ijuwi .irjn ji ' j.." iiijiii iu..'i m 

M. Barber, R.S. Bordoli, R.D. Sedgwick and A.N. Tyler, 

J.C.S. Chem. Comm., 525 (1981). 

A.Dell,.H.R. Morris, S.M. Height and M.D. Levin, Biochem. Biophys. 

Res. Comm., 97, 987 (1980). . 

G.M. Sheldrick, P.G. Jones, 0. Kennard, D.H. Williams and 

G.A. Smith, Nature. 271, (1978). 
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PEPTAIBOPHOL ANTIBIOTICS STUDIED BY FAST ATOM BOMBARDMENT MASS SPECTROMETRY 

K. L. Rinehart, J r . , L. A. Gaudioso, M. L. Moore, J . C. Cook, J r . 

School o f Chemica] Sciences, Universi ty o f m i n o i s , Urbana, IL 61801 

M. Barber, R. S. Bordo l i , R. D. Sedgwick, A. N. Tyler 

Universi ty of Manchester, I ns t i t u t e of Science and Technology, U.K. 

B. N. Green 

VG A n a l y t i c a l , . L t d . , Altr incham, U.K. 

We have previously studied the peptaibophol an t ib io t i cs (which are characterized by 

the i r membrane pore-forming a c t i v i t y ) by a combination of HRFDMS, HREIMS, and GC/HRMS. The 

zervamicins, which belong to th is class,, contain tryptophan and threonine and are not amen

able to some of the above techniques. . We have now invest igated the peptaibophols by fast 

atom bombardment mass spectrometry .(FABMS), employing a prototype FAB source on a VG.FAB 2F 

mass spectrometer. FAB mass spectra provide three types of information for the zervamicins 

which assign much of t he i r s t ruc tura l deta i l even in the absence of other in fonnat ion: a) 

molecular weights assigned by M + H and M - H peaks in the posi t ive and negative ion modes; 

b) peaks charac ter is t i c of the amino acids at low masses ( e . g . , m/ẑ  58, 70, 72, 86, and 130 

for A ib , Pro, Val or Iva , Leu or l i e or Hyp, and Trp) , and c) very clear sequence peaks for 

CO-N peptide cleavages (Scheme I ) . 

229<-| 342*n 471 «n 570 <-] 683^ 784^ 851 <1 982<^ 1067^ 1 3 9 3 ^ 1 5 0 6 ^ 1591^ 1861(»Na)r^ 

IC: Ac-TRP-LlLE-LGLU-j-lvA-LlLE-UTHR-j-fllB-LlEU-j-AlB-LHYP —GLN—AIB4-HYP-I-AIB4-PRO PHOL 

(470)'^(569) (682) (783) (850) -• (1066) (1392) (1590) (1860) 

IIB; ~GLN-|-

(470)^(555)^(668) (769) (836) (967) (1052) • (1378) (1576) (1846) 

IIA: —GLNJ-AIB-L 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

SCHEME I. FABMS FRAGMENT IONS OBSERVED FOR ZERVAMICIN IC. WITH AMINO ACID REPLACEMENTS AND KEY FRAGMENT 

IONS FOR ZERVAMICINS IIA AND IIB, 

FABMS spectra are quite characteristic of the structures of the previously assigned 

peptaibophols such as antiamoebin I and alamethicin, and FABMS (together with FDMS and 

GC/MS information) has now been used to assign sequences to the peptaibophol antibiotics 

zervamicins IA, IB, IB', IC (all acidic), IIA, IIB, II-l, II-2, II-3, II-4, and II-5 (all 

neutral) and to establish the identity of emerimicins IIA and IIB with zervamicins IIA and 

IIB. 
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(1) K. L. Rinehart, J r . , R. C. Pandey, M. L. Moore, S. R. Tarbox, C. R. Sne l l ing , J . C. 

Cook, J r . , and R. H. Mi lberg, "Peptides. Structure and Biological Function," Proc. 6th 

•American Peptide Symposium, E. Gross and J.Meienhofer, Eds., Pierce Chemical Co., Rockford, 

IL , 1979; pp 59-71. 

(2) M. Barber, R. S. Bordo l i , R. D. Sedgwick, and A. N. Tyler , J . Chem. S o c . Chem. 

Commun;. 235-236 (1981). . • ' 
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Fast Atom Bombardment (FAB) MS oF Glycoalkaloids 

L.C.E. Taylor and S, Euans, Kratos Ltd., Manchester, UK., and R. SelF and D.T. Coxon, 
Food Research Institute, Colney Lane, Norwich, UK, 

Glycoalkaloids are naturally occurring compounds Found in many plants in the Family 

Solanaceae. The compounds, u/hich are highly polar arid involatile, contain an ' • . 

oligosaccharide unit^ linked to a steroidal alkaloid via a glycosidic bond. Only 

D-glucose, D-galactose, D-xylose and L-rhamnose commonly occur in the sugar moeity but 

mono-, di-, tri- and tetra-saccharides in both linear and branched units are all Found, 

and a variety oF aglycones occur in diFFerent plant species. Hence a great many 

diFFerent glycoalkaloid structures are possible. Classical identiFication oF 

glycoalkaloids has depended on determining the aglycone and oligosaccharide structures 

separately aFter hydrolysis. Permethylation oF intact glycoalkaoids enables molecular 

u/eights to be determined From EI spectra but the Fragmentation is mainly associated 

u/ith the aglycone. 

FAB mass spectrometry, which is a new technique For obtaining spectra on polar 

and involatile compounds has been evaluated as a method For the structure elucidation 

oF underivatised glycoalkaloids. FAB mass spectra are now reported on a series oF 

Five glycoalkaloids including di-, tri-, and tetra-saccharides representing three 

aglycone types. The compounds studied were a-solanine Cglucosyl-(rhamnosyl)-

galactosyl-solanidine), a-chaconine (rhamnosyl-C rhamnosyl)-glucosyl-solanidine), 

6-chaconine (rhamnosyl-glucosyl-soIanidine), 8-solamarine (rhamnosyl-(rhamnosyl)-glucosyl-

tomatidenol) and ot-tomatine (xylosyl-(glucosyl)-glucosyl-galactosyl-tomatidine), All 

the spectra gave intense (M+H) ions and all showed a consistent pattern oF Fragmentation 

which allowed identiFication oF the respective sugar residues (as hexose, rhamnose or 

xylose) and the aglycones. Fragment ions with masses which could correspond to a 

cleavage on either side oF each glycosidic bond were observed. Each ion (R ) 

corresponding to apparent glycosidic cleavage on the side nearest the aglycone has 

associated with it an ion which was 46 mass units heavier. This may be a J type ion 

R-D=CH-OH which would be a likely precursor oF the ion R . 

Thus For example the major ions occurring in the spectrum oF a-tomatine can be 

rationalised as Follows m/z 1034 (M+H), 1016 (M+H-18), 930 (884+46, J ion derived 

From xylose), 900 (M-Xyl and/or J ion derived From glucose, 854+46), 884 (M-XylO), 

870 (M-Glu), 854 (M-Glu-0), 706 (M-XylO-GluO+H), 704 (M-XylO-GluO-H), 606 (560+46, 

J ion derived From glucose), 576 (M-XylO-GluO-Glu), 560 (M-XylO-GluG-GluO), 444 

(398+46, J ion derived From galactose), 414 (M-XylO-GluO-GluO-Gal), 398 (M-XylO-

GluQ-GluO-GalO). 
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The M+l ion and the aglycone derived ion at m/z 398 are major peaks in the spectrum 

and apart From the ions, listed above which oFten have corresponding ions at 2 mass units 

higher or lower there are very Few others present in the spectrum. The application 

oF FAB mass spectrometry to glycoalkaloids provides spectra, with intense M+l ions, 

and a simple Fragmentation pattern which can be readily interpreted to provide detailed 

structural inFormation without the need For derivatisation. 

ReFerence 

1. N.K. Kochetkov and 0,5. Chizhov, Adv. Carbohydrate Chem. (1966) 21, 39-93. 
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STRUCTURAL STUDIES OF CEPHALOSPRINS USING A FAST ATOM BOMBARDMENT SOURCE: 
V. C. PARR, B. N. Green, R. H. Bateman, J. C. Bill. 
V. G. Analytical Limited, Tudor Road, Altrincham, Cheshire WA14 5RZ England. 

The Fast Atom Bombardment (FAB) source-'-has provided a method of ionization 
for samples which were previously inaccessible to mass spectrometry, and 
the spectra thus produced yield valuable information both on molecular 
weights and in structural studies. In order to evaluate the study of ions 
produced by FAB in the MIKES (Mass analysed Ion Kinetic Energy Spectrometry) 
experiraent, a Micromass ZAB2F mass spectrometer was used to examine two 
structurally related cephalosporins {cephalexin and cephaloglycin) . 

Fig. 1 is an example of a FAB spectrum of one of the cephalosporins, 
cephaloglycin, and typifies the positive ion spectra produced frora both ' 
samples. This spectrum contains a protonated molecular ion and a protonated 
dimeric species, as well as structurally significant ions at m/zl06 and 
m/zl58. The acetylated sample, cephaloglycin, shows similar fragmentation 
plus the loss of a raolecule of acetic acid from the protonated molecular 
ion; this is absent from the spectrum of cephalexin. 

The negative ion mass spectra show ions arising from decarboxylation, and 
significant structural ions due to cleavage across the ring system. There 
is a marked increase in fragmentation in the negative ion mode. As with 
the positive ion spectra, the difference between the two negative ion 
spectra is a result of the acetylated portion of the cephaloglycin molecule, 
the base peak of the negative ion spectrum of cephaloglycin being m/z 59. 

Fig. 2 outlines the postulated structures of ions resulting from the major 
fragmentation processes for the cephalexin molecule in both positive and 
negative ion modes. Accurate mass determinations by peak matching at a 
resolution of 10,000 confirmed the elemental compositions of some of the 
structurally significant ions. 

The stable ion currents resulting from FAB are of sufficient intensity to 
enable MIKES scans to be carried out on the {M-̂ H)-̂  and (M-H)- Ions of the 
two cephalosporins in both positive and negative ion detection modes, and 
fragmentation pathways from the pseudo-molecular ion spectra may be 
determined from the results. In the case of the cephalexin molecule, major 
transitions occur from m/z 348 to give m/z 191, m/zl58, m/z 174 and m/z 106 
(Fig. 3). This is in marked contrast to the normal spectrum, which does 
not exhibit a significant ion at m/z 191. The MIKES spectrum of the 
pseudo-molecular ion of cephaloglycin-results in only one major peak, that 
due to the loss of the acetic acid molecule; however, the MIKES spectrum 
of this ion, m/z346, is almost identical with that of. the pseudo-molecular 
ion of cephalexin. 

The use of MIKES, therefore, on ions produced from a Fast Atora Bombardment 
source has proved to be of considerable assistance in the confirmation of 
fragmentation pathways, and is applicable to both positive and negative 
ions; the technique has obvious use in structure elucidation. 

1. Barber M., Bordoli R.S., Sedgwick R. D. and Tyler, A. N., 
JCS Chem. Comms. 325 (19 81) 
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The Fast Atom Bombardment (FAB) Mass Spectra oF Glucosinolates 

L.C.E. Taylor and S. Evans, Kratos Ltd., Manchester, UKj and R. SelF and G.R, Fenwick, 
Food Research Institute, Norwich, UK. 

Glucosinolates, a unique group of sulphur containing anionic glycosides, occur widely 

in certain plant Families, most notably in the CruciFerae. At the present time almost 100 

oF these compounds have been isolated and identiFied and all contain the same general 

structure, (I), and difFer^only i n the' nature o f the side chain, R. 

HOHjC 
ra, R= CH2=CH-CH2-

Ib, R= CH3-SO-C3H^-

Ic. R= CH3-S02-C3H^-

Id, R= Ph-CH2-

le, R= P-HO-C6H4-CH2-

Although oF interest to the natural product chemist and chemotaxonomist these compounds 

are oF more general importance since they are the precursors oF the pungent compounds in 

mustard, radish and related salad crops and vegetables. 

Compounds I a) - e) were examined as the potassium salts and their FAB-MS were 

characterised by abundant cationized and protonated ions oF the type (M+H+K) and 

(M+2K) . Limited Fragmentation occurred From the former ion, involving loss of SO,. Both 

Ib) and Ic) also possess Fragment ions corresponding to loss of the sugar fragment (C,H ,0_ 

and C^H^^O^S) From the (M+H+K)"^ ion. 

When glucosinolates Id) and Ie) were analysed as the tetramethylammonium (TMA) salts, 

ions oF the type (M+H+TMA) and (M+2TMA) were observed. Loss of C,H-,Ot. from the former 
6 1 1 y 

afforded m/z 393 (Id) and 409 (Ie) respectively. •The FAB-MS oF both these aromatic 

glucosinolates.exhibited ions corresponding to the protonated molecular ions oF the 

desulphoglucosinolates (II). 

S—Glucose 
/ 

^N-OH 

(II) 

The FAB-M5 oF the puriFied desulpho analogue oF Id) contained the protonated molecular ion 

(MH m/z 330), Loss oF the glucose and thioglucose fragments from this ion were confirmed 

by the presence of the.appropriate metastable ions. 
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In the natural state, glucosinolate Ie) often occurs as the sinapinium ion (III). 

The FAB-MS of this sinapinium salt of Ie) showed ions corresponding to this cation alone, 

M = 310; /"M-N(CHJ)J_7* at m/z 251: /~M-C2"40-^(CHj)j T at m/z 207 and HOCĤ CĤ iti 

(CH ) j . a t m/z 104. 

CH 
CH= CH CC%CH2C H2r̂ <-CH3 

CH3 

( I I I ) 

The analysis of an extract of a mixture of white mustard, containing Ie) as the TMA 

salt and brown mustard, containing la) as the potassium salt enabled both glucosinolates 

to be determined. Compound la) showed .a series of adduct ions, m/z 39e(M+K+H) ; 436 

(M+2K)"*"; 471 (M+K+TMA)"^ and 506 (M+2TMA)"^ whilst the other glucosinolate enhibited ions 

at m/z 537 (M+K+TMA)"*" and 572 (f^2TMA)"^. 

Preliminary investigation of the negative ion FAB-MS oF la) - e) showed abundant 

molecular ions occurring at m/z 358, 422, 438, 406 and 424 respectively. 

Most glucosinolates, being metabolised from amino acids,, possess side chains having a 

unique mass. Thus the analysis of complex mixtures of glucosinolates might be possible 

using FAB-MS and in particular, negative ion FAB-MS techniques. In cases where further 

information is needed about the structure of the side chain, this can often be obtained 
• ' 2 by direct analysis of the glucosinolate or desulphoglucosinolate by EIMS or ammonia 

CIMS . Complex mixtures of glucosinolates may also be separated and analysed by GC/MS as 

their volatile aglycone products following enzyme treatment or by GC/MS of the 

volatilised per-trimethylsilyl desulphoglucosinolates . With the exception of the FAB-MS 

discussed here, none of these techniques allows the direct determination of the molecular 

ion. The presence of molecular ions and cationized molecular ions in the spectra oF 

anionic compounds such as the glucosinolates clearly demonstrates the potential of 

this technique. 
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POLYENE ANTIBIOTICS STUDIED BY FAST ATOM BOMBARDMENT'HASS SPECTROMETRY • 

K. L. Rinehart, J r . , J . C. Cook, J r . , R. C. Pandey, M. D. Lee . 

School of Chemical Science's, University of I l l i n o i s , Urbana, IL 61801 

C. P. Schaffner 

Rutgers Univers i ty , New Brunswicki NJ 08903 

M. Barber, R. S. Bordo l i , R. D. Sedgwick, A. N. Tyler 

Universi ty of Manchester, I ns t i t u te of Science and Technology, U.K. 

B. N. Green 

.VG Ana l y t i ca l , L t d . , Altr incham, U.K. 

Polyene an t ib io t i cs comprise an important class which includes amphotericin B, the drug 
of choice for treatment of systemic mycoses, topical ant i fungal agents such as nys ta t i n , and 
cand ic id in , a polyene reported.to be of use in treatment of benign prosta t ic hyperplasia and 
in reduction o f blood cho les tero l . Tetraenes and heptaenes, which contain both an amino 
sugar and a carboxyl group, are zwi t te r ion ic and have proved in t rac tab le or d i f f i c u l t by 
nearly a l l mass spectrometric techniques, including FDMS and, sometimes, PDMS. We have now 
studied a number of zw i t te r ion ic polyene an t ib io t i cs by the new technique of fast atom bom
bardment mass spectrometry (FABMS),! employing a prototype FAB source on a VG ZAB 2F mass 
spectrometer. Amphotericin B, an a l i pha t i c heptaene, and the related nystat in give intense 
pos i t ive ions in both the molecular ion region and the M-mycosamine region; negative ions are 
also intense in both regions. The tetraene an t ib io t i cs pimaricin and lucensomycin, as well 
as r imocidin s u l f a t e , behave s i m i l a r l y . The la rger , more refractory aromatic heptaenes such 
as cand ic id in , pa r t r i c ins A and B, haniycin A, and aureofungins A and B are fa r more d i f f i 
c u l t . However, for the most part the an t ib io t i cs do give interpretable spectra s imi la r to 
the others (Tables) and spectra of t he i r der ivat ives confirm the conclusions where necessary. 

NH, 

NYSTATIN A| 
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The use of FABMS in solving structural problems dealing with polyene antibiotics can 
be illustrated by three examples relating to heptaenes. In the first, the molecular weight 
of amphotericin A has been shown to be the same as that of nystatin, agreeing with HPLC 

Ions in FAB Hass Spectra of Tetraenes 

Tetraene 
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Ions in FAB Hass Spectra of Heptaenes 
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A m p h o t e r i c i n B 
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P a r t r i c i n A 

P a r t r i c i n B 
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Hamycin B 

Au reo fung in A 

Au reo fung in B 
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FAST A T O M BOMBARDMENT MASS SPECTROMETRY. : 

. APPLICATION TO LEUKOTRIENES A N D SLOW-REACTING SUBSTANCES 

H.R. Morr is , P . M . C l i n ton and G . W . Taylor 
Department of Biochemistry, Imperial Co l l ege , London, U. K, . 

M . Barber; R.S. Bordol i , R .D. Sedgwick and A . Ty ler 
Department of Chemistry, UMIST, Manchester,. U .K . 

, • , B . N . Green 
V G A n a l y t i c a l , A l t r i n c h a m , U . K . 

The structure of s low-react ing substance of anaphylaxis (SRS-A) from lung was deterTnined as 
the novel pep f ido l ip id 5 -hyd roxy -6 -cys te i ny lg l yc i ny l - 7 ,9 ,11 ,14 -e i cosa te t raeno i c ac id by a combined 
mass spectrometr ic-prote in chemistry approach ( l ) ; the fu l l stereochemistry was later determined by 
HPLC comparison w i th synthet ic mater ia l (2 ) , 

SRS-A is biosynthesised by g lutath ione conjugat ion wi th l ipoxygenase-produced arachidonate 
metabol i tes, forming g l u to th i ony l , cys te iny lg lyc iny l (SRS-A) and cysteinyl s low-reac t ing substances ; 
these ore now termed Leukotr iene C , D and E (LT- C , D , E) respect ive ly . 

The or ig ina l structure e luc ida t ion of SRS-A (LT-D) was hampered by manifest d i f f i cu l t i es in 
producing an El moss spectrum on the minute quant i t ies ( < 5 (jg) of the natural mater ia l ava i l ab le . 
A l though the fu l l structure cou ld be bu i l t up from the observed fragment ions, de f i n i t i ve molecular 
weight data was only obtained by N- te rmina l isotope labe l l ing (1:1 C H , C O : C D . C O ) coupled w i th 
a knowledge of radical losses from the molecular ion of the methyl ester de r i vanve used ( i . e . loss 
of ' C H , and * O C H _ ) . Inconclusive results were obtained from FDMS at the ^ig level - on ly a 

weak ( M + N a ) ion could be observed. ' 

In contrast to these d i f f i cu l t i es , molecular species were read i ly obtained at the one pg 
level for SRS-A (LT-D) and its y -g lu tamy l homologue (LT-C) by Fast Atom Bombardment (FAB) - MS. 
In the posi t ive mode quasimolecular ions were observed at m/z 497 (M-H H) , 519 (M-H No) and 
535 ( M + K ) for L T - D , and , s im i la r l y , at m/z 626, 648 and 664 for LT-C (molecular weights of 
496 and 625 m . u . respect ive ly) . In the negat ive spectra strong ( M - H ) " ions were observed at 
m/z 494 (LT-D) and-626 (LT -G) , w i th weaker signals 22 mass units higher arising from the 
carboxy l i c ac id sodium salt ( C O O N o ) of the ( M - H ) " molecular species. 

A t the low microgramme level no fragmentat ion occurred in e i ther posi t ive or negat ive modes -
s im i la r l y , g lu ta th ione i tsel f appears not to fragment ( (M-H H) : m/z 308) . Weak ions were however 
present 16 mass units above the major molecular species ( < l l O % intensity) and probably correspond 
to ox idat ion to the sulphoxide dur ing hand l ing . . 

NH. 0 
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The N - a c e t y l (1:1 C H „ C p : C D _ C O ) der ivat ives of LT-C and LT-D were prepared by react ion 
w i t h methanol : acet ic anhydride ( 3:'1 v / v ) for 15 min . This react ion does not a f fect the leukotr iene 

.chromophore and was used as the f i r s t der ivat isat ion step pr ior to mass spectrometric analysis dur ing 
the structure determinat ion of SRS-A (LT-D) (1 ) . 

In both posi t ive and negat ive FAB spectra intense 1:1 doublet ions were observed, 3 mass 
.uni ts apart (ar is ing from one isotopica l ly label led NH 2 group); however these ions d id not correspond 

to the ca lcu la ted molecular species ( ( M - f H) 668, 5 3 9 ; ( M - H ) " 666, 537 ) for the leukotr ienes. 
In the negat ive mode there were signals at m/z 648 (LT-C) and 519 ( L T - D ) , w i t h accompanying 
carboxy l i c ac id sodium salt ( C O O ' N a " * ! signals 22 moss units h igher. The major posi t ive ion 
species were at m/z 672 (LT-C) and 543 (LT-D) . We interpi-et these signals as arising from the 
e l im ina t ion of water on the formation of a lactone dur ing acety la t ion (probably the & lactone at 
C - 5 of the l i p i d chain) ; there is v i r t ua l l y no lactone in the free leukotr ienes. The observed signals 
may "be rat ional ised as fo l lows : . 

A c . LT-C lactone ( M - H ) " : 648 m .u . ; (M-HNa)"*": 672 m . u . 
A c . L T - D lactone ( M - H ) " : 519 m . u . ; (M-HNa)-*" : 5 4 3 m . u . 

i t is interest ing that no ( M - f - H ) ion was observed in the posit ive FAB spectra. 

The lactone is readi ly opened ( e . g . by methano l /HCI) as the fu l l El spectrum of the 
TMS ether , N - a c e t y l methyl ester der iva t ive shows (1 ) . 

In conclusion, intense FAB spectro in both posit ive and negat ive modes have been obtained 
from leukotr ienes C and D at the one pg l e v e l . A t this level l i t t l e f ragmentat ion occurs w i th the 
ion current being carr ied main ly by the molecular species. We are cur rent ly exp lo i t i ng this in 
quant i ta t i ve studies on the leukotr ienes and their metabol i tes. 
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structural Studies on Peptides by Mass Spectrometry: Application of 

Fast Atom Bombardment .. 

D.H. Williams, C. Bradley, S. Santlkarn and G. Bojesen 

(University Ctiemical Laboratory, Lensfield Road, Cambridge, CB2 lEW, U.K. 

L.C.E. Taylor and S. Evans 

(Kratos Ltd., Urmston, Mancliester, England). 

The potential of fast atora bombardment CFAB) mass spectrometry has 

been evaluated by the study of a wide range of organic compounds, and 

particularly peptides. 

.The FAB mass spectra was obtained by bombarding the sample with 

argon atoms of Itinetic energy câ  4 keV. The sample is norraally dissolved 

in glycerol or, less frequently, trigol (1) or tetragol (2), which adhers 

to a copper probe tip; the probe is introduced into the source through a 

conventional vacuum lock. 

HO(CH2CH20)jjH 

1, n = 3 

2, n = 4. 

CCgH^)gPCH2C00Et Br 

. 3 

Molecular weight inforraation is usually obtained from (MH) ions 

in positive ion spectra, and from (M-H)" ions in negative ion spectra-

These spectra are in general produced with coraparable sensitivities; • 

possible exceptions are discussed subsequently. The technique is partic

ularly suited to the study of organic salts, and relatively polar 

molecules up to high molecular weights (e.g. compounds in the range 

1000-2000 Daltons have been studied routinely). The method is less 

well suited to the study of non-polar molecules which possess neither 

charged nor relatively acidic or basic centres (e.g. cholesterol). 

Thus, the positive ion FAB was spectrura of the phosphonium salt 

3̂  contains a very abundant ion due to the cationic portion (ra/z 349); 

and the negative ion spectrum shows Br '. Similarly, the quaternary 

salt of tliiamine gives an abundant ion m/z 266 corresponding to the 

cation 4; and the potassium salt of penicillin G gives in its negative 

ion spectrum an intense peak due to the carboxylate anion 5 . 

Y - - ^ - Y ^ ° " 'tNŝ t.'-O-V.̂ Sw 

4 

0' •'"•̂ V̂ 

5 Vof 
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A wide range of underivatized peptides has been studied. .Molecular 

weights can generally be determined frora either (M-H) or MH ions on 

ca 1 nmol. However, it often appears advantageous to run peptides with 

a net positive charge at pH 6.5 in the positive ion mode; and those with 

a net negative charge at this pH in the negative ion raode. If necessary, 

spectra can be directly counted up to ca m/z 2000 to give precise deter

mination of integral molecular weights. 

Sequence ions, which are normally less abundant than (M-H) or (MH) 

ions, and therefore conveniently observed using 10^50 nmol of peptide, 

corresponding- to the following fragmentations (6̂ £̂) have been widely 

observed. 

In 6, the charge is retained by the N-terminal portion, either with a 

net negative or positive charge. In 7 and 8, the charge is retained by 

the C-terminal portion, again with a net negative or positive charge. 

The fragments due to 7_ and 8 are characteristically separated by 15 m.u. 

The principles of peptide analysis will be illustrated by numerous 

exaraples, and the sequence deterralnation of some "difficult peptides" 

from a Paracoccus cytoctirome c-550, discussed, 
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FAST ATOM BOMBARDMENT : PEPTIDE STRUCTURE DETERMINATION AND 
MIXTURE ANALYSIS 

H.R. Morris, M. Panico, M. Judkins, A, Deli and R. McDowell. • 
Department of Biochemistry, Imperial College, London, U.K. 

Over the past ten years this laboratory has.developed and applied different mass spectrometric 
methods for the sequence analysis of proteins and biologically important peptides. This work hos 

•included the structure elucidation of proteins of M.W, 18,000-30,000 (one of which - DHFR - ' 
was analysed completely independently of classical methodology), the identification of the 
enkephalins, adipokinetic hormone and slow-reacting substance of anaphylaxis, and countless 
other peptide sequences (1). This work has been carried out mainly by E.l, and C . I , M.S. , by 
the mixture onolysis method, giving both moleculer weight and sequence information, and also by 
F,D,M. S. (molecular weight data only). 

We have now extended our studies into the nascent area of Fast Atom Bombardment (FAB) 
M.S.. A series of free and derivatised peptides (containing all of the.normal protein derived 
amino acids) have been studied in positive and negative ionisation modes, and we report a simple 
and rapid method which allows the unambiguous structure determination of unknown peptide sequences. 

In each of the peptides studied we have observed quasimolecular ions ( (M - H ) ' , (M + H)"^, 
(M + Na) etc.) together with partial or full sequence infornnation. For example, in the positive 
mode, the tetrapeptide Phe-Gly-Gly-Phe gives an intense quosimolecular ion at m/z 427, and 
major sequence ions which may readily be assigned to fragments of known structure. 

FAB-MS frogmentotion is similar to thot observed for CIMS, except tbe FAB spectra ore, if 
anythlng^more "pure", e.g. the ' N - C cleavage (McLafferty rearrangement) Ions ore absent In the 
positive mode. N-tenminal (Nf) sequence Ions are formed by cleavage at the peptide bond; 
C-terminal lons.(Ct) are similarly formed, but are accompanied by hydrogen rearrangement. In 
negative ion spectra Ct ions again arise by cleavage at the peptide bond (no H-reorrangement), 
but NJ- ions are. fomied by cleavage of N-C bonds In the peptide backbone. As a result, the 
positive and negative sequence Ions differ by 15 mass units for Nj. Ions, and by 2 mass units for 
Ct Ions. 

To rationalise the spectra and differentiate between Ct and Nt ions we recommend the 
use of a simple isotopic labelling experiment : N-acetylatlon with a 1:1 mixture of(CH3Cp)20 
and(CD3CO)20 In. methanol, the Nf ions of the acetylated peptide appearos 1:1 doublets 
three mass units apart, while Ct ions remain as singlets ; if two amino groups are acetylated 
(e.g, an additional C-NH2 of lysine) a 1:2:1 triplet pattern Is observed further aiding Interpretation, 
The value of this approach is clearly seen in the case of the natural opioid peptides - the enkephalins. 
Their structures were determined in this laboratory by EI mass spectrometry of the N - a c e t y l - N , 0 - • 
permethyl derivative, but Interpretation of the spectrum took several days due to the absence of a 
molecular ion together with a complex fragmentation pattern. In controst, the FAB spectra of a 
few jjg of the 1:1 labelled N-acetyl derivative could be readily interpreted from the quasimolecular 
Ion and the accompanying sequence ions. 

We have applied this method to assist colleagues at Cambridge (MRC Molecular Biology) 
to complete the sequence of a bovine ATP-ase derived peptide. By using the Isotope labelling 
technique in both positive and negative FAB modes, a partial structure could be readily assigned. 
The positive FAB spectrum Is shown in Figure 1, Note the high mass 1:1 doublets assigned to 
either quasimolecular ions or Nt Ions, The lower mass end of the spectrum is dominated by 
Ct signals (singlets) and the partial structure H Asp-Ala-Thr-Thr-Val-.'. OH is assigned 
via signals.at m/z 360, 459, 560, 661, 732, 847. We note that this data Is in conflict with 
the partial sequence already detemiined classically. However, In contrast to the classical data, 
the FAB-derived sequence Is homologous with an-ATPase peptide from dn E. coli enzyme which 
strongly suggests that the classical sequence is incorrect. 

Peptide mixtures (both as free materials and 1:1 labelled N-dcetyl derivatives) have been 
analysed by FAB-MS. We now report one example to'Illustrate the problems encountered when 
mixtures ore examined using FAB Ionisation. Mixture B is a peptide pool' obtained from tryptic 
digestion of pepsin. It contains the three peptides : Val-Gly-Leu-Ala-Pro-Val-Ala, Ala-Asn-Asn-Lys 
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F ig . 1 FAB MS of Ace ty l (1:1) ATPase peptide 

and G l n - T y r - T y r - T h r - V a l - P h e - A s p - A r g . The posit ive FAB spectra of both free and acety l M ix tu re B 
contained quasimolecular ions for the va l ine peptide and for the g lutamine pept ide .The la t ter 
appeared as a mixture of the G i n and PCA ( cyc l i c ) residues at the N- terminus . O n l y 
V a l - G l y - L e u - A l a - P r o - V o l - A l a y ie lded sequence ions (the fu l l sequence could be obtained from 
the N J and C j ions ). Ne i the r G I n - T y r - T y r - T h r - V a l - P h e - A s p - A r g nor P C A - T y r - T y r - T h r - V a l - P h e - A s p -
A r g fragmented to produce sequence ions. The third component i n t h e or ig ina l m ix tu re , A l o - A s n - A s n -
Lys,was not observed as the free pept ide. We interpret this behaviour as ar is ing from preferent ia l 
b ind ing of one or more components to the g lycero l matr ix thus reducing their ionisat ion e f f i c i ency . 
Indeed under drastic condi t ions, by a l l ow ing the g lycero l to evaporate, a weak spectrum of 
the "bound" component was obtained for a c e t y l - M i x t u r e B. 

In conclusion , we have studied both known and unknown peptides at the (jg level by FAB-MS, 
and have def ined general f ragmentat ion pathways. Strong quasimolecular ions were observed for a l l 
peptides w i th complete sequence informat ion ava i lab le for many. Interpretat ion of these spectra was 
s impl i f ied by a simple N - tem i i na l isotope labe l l i ng step. A l though pept ide mixtures may read i ly be 
studied, fu l l sequence infomnotion is not always obtained for each component and some components 
may, not ion ise. 

Mass spectrometry of peptides has already assisted in the solution of many problems of 
b io log ica l interest - FAB, especia l ly w i th the high f i e ld magnet f a c i l i t y , w i l l g reat ly extend our 
horizons , 

(1) Morr is H.R. (1980) Na tu re , 286 , 447-452 

y -Glu-Cys-Gly 
A c . A l a - S e r - P h e 
P h e - G l y - G l y - P h e 
Pro-Phe-Gly -Lys 
A la -Asn-Asn-Lys 
T r p - M e t - A s p - P h e N H , 

Ty r -Leu -Pro -G lu -Phe 

T y r - L e u - G l y - G l u - P h e 

T y r - G l y - G l y - P h e - M e t 

L y s - P h e - l l e - G l y - L e u - M e t N H j 

V a l - G l y - L e u - A l o - P r o - V a l - A l a . . 
G l n - T y r - T y r - T h r - V o l - P h e - A s p - A r g 
A rg -Pro -F ro -G ly -Phe-Ser -P ro -Phe-Arg 

V a l - V a l - T y r - P r o - T r p - T h r - G l n - A r g - P h e . 

A c . S e r - T y r - S e r - M e t - G l u - H i s - P h e - A r g - T r p - G l y - L y s - P r o - V a l N H 2 
T y r - G l y - G l y - P h e - M e t - T h r - S e r - G l u - L y s - S e r - G l n - T h r - P r o - L e u - V a l - T h r 

PEPTIDES EXAMINED BY FAB MASS SPECTROMETRY 
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Mass Spectra of Free Polypeptides • by Fast Atom Bombardment (FAB) 
by 

M. Barber, R. D. Sedgwick, R. S. Bordoli and A. N. Tyler 
Chemistry Department, U.M.I.S.T., Manchester M60 1QD, England. 

The technique of fast atom bombardment ionisation is the 

basis of a new ion source whioh has been developed at U.H.I.S.T. 

FAB has been used by us, routinely, for two years to obtain high 

quality mass spectra from a wide range of thermally'' labile and 

previouslyintractable molecules (l). 

Additional to the practical advantages which are inherent 

in a neutral bombardment system, we have developed raethods of pro

longing the lifetimes of the sputter mass spectra. This requires 

that the sample be presented in a viscous fluid support medium 

which causes a constantly renewed source of the saraple to be 

exposed to the atom beam. The most successful of these systems, 

for peptides and many other compounds, involves dissolution in 

glycerol. A typical sample preparation involves the deposition of 

5 ^1 of glycerol onto the metallic sample' stage, to which is 

added 500 pmol of peptide dissolved in 1 ̂ 1 of methanol. Such a 

saraple will produce intense spectra of either polarity, which are 

stable for the lifetime of the glycerol, say 20 min., after which 

the sample can be rejuvenated by the addition of more glycerol. 

Using a Vacuura Generators ZAB mass spectrometer with a 

prototype FAB ion source, we can produce good quality mass spectra 

with almost complete reliability from any free peptide with a 

molecular weight below l800. Above this mass limit it becomes 

necessary to reduce the ion energy with an attendant loss in 

sensitivity and/or resolving power. 

Studies on synthetic tripeptides (2), enkephalins (3), brady-

kinins (4), angiotensins and . fibrinopeptides have revealed six 

series of fragment ions frora which sequence information may be 

deduced. Three of . these produce fragments containing the terrainal 

-COOH group and involving cleavage of the CO-NH peptide bond in 

two cases, without and with hydrogen transfer, and cleavage of the 

CH-NH bond in one case. Additionally we have identified three ion 

series in .which the terminal -KHo group is. retained. Thfese involve 

cleavage of the 'CH-CO, CO-NH and CH-NH bonds • respectively with 

the first " being i the most significant. Cyclic amino acid units 

such as proline are unable to. give either of the CH-NH bond 

cleavages. 

Peptides with two basic (arginine) units, such as the brady-

kinins, show doubly charged ions of the . form ( M + Hp )'*'"'' ^nd also 

show good intensities of both C-̂  and N-terrainal fragment ions. 

Peptides with excess aoid groups, e.g. fibrinopeptide A which 

contains glutamic acid, show a dominance of C-terminal fragments. 
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The reliability of the PAB method has . allowed us to 

monitor the quality of commercially available peptides used as 

standards in biological tests in the department of Pharmacology. 

We have only encountered problems eith the human fibrinopeptides. 

Only one in three suppliers of human fibrinopeptide A have, proved 

satisfactory and to . date we have been unable to obtain a good 

sample of human fibrinopeptide B. 

In addition to the sequence information in the normal 

FAB mass spectrum, it is possible to raake use of the reversed 

geometry of the VG-ZAB instrument to. record the KIKSS spectra (5). 

The figure shows suoh a scan for isoleucine-angiotensin-1 in which 

the daughter ions of the psuedo-molecular ion at m/z 1296"*" have 

been traced. Eight of the ten possible cleavages, of the CH-CO 

bonds are 

sequence. 

visible, giving .fragments retaining the terminal -NH, 

( M + H )* ^2-> 

Angiotensin 1 

H-|HN.GH.CO|~HN 

' ' n - 1 

R 
•HN.CH— —CO. 

R 

-j-HN.CH.Coi-OH + H 

' ' 1 O-n . _ 

MIKES on [M*H]* 

H-Asp -Arg-Val-Tyr-Ile-His - Pro- Phe-His-Uu- OH 

(1) M.Barber,R.S.Bordoli,R.D.Sedgwick and A .N.Tyler .J .C.S.Chem.Comjn. ,325. 
(1981). 

(2) M.Barber ,R.S.Bordoli,R.D.Sedgwick and L.W.Tetler,Org.Mass Spectrom., 
in press , (1981 ). 

(3) W.Barber ,R .3 .Bordoli,R.D.Sedgwick,A.N.Tyler,G.V.Garner,D.B.Gordon and 
L.'v'V.Tetler, Biochera. J. , in press, (19^1). 

(4) M.Barber ,R.S.Bordoli ,R.D.Sedgwick,A.N.Tyler and E.T.Whalley, Biomed. 
Mass Spectrora. ,in press, (198I). 

(50 H.P.Morgan,J.H.Beynon,R.H.Bateman and B.N.Green,Int. J. Mass Spectrom. 
.Ion Fhys. , 28 , 171 (1978). 
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FAST ATOM BOMBARDMENT MASS SPECTROMETRY : APPLICATION TO PEPTIDE 

SEQUENCING AND THE IDENTIFICATION OF NOVEL PITUITARY PEPTIDES 

H,R. Morris, A ,De l l , A,T, Etienne and M, Panico 
Department of Biochemistry, Imperial College, London U. K, 

M.Barber, R.S, Bordoli, R.D, Sedgwick and A Tyler 
Department of Chemistry, UMIST, Manchester, U, K, 

G.P, Vinson . • . 
St Bartholomew's Medical College, London , U, K. 
B.J, Whltehouse 
Queen Elizabeth College, London U, K, , 

. B .N. Green 
. VG Analytical, Altrincham, U, K, 

The explosion of interest into neuroactive and related peptides has arisen from a 
realisation not only of their fundemental role In the control of major bodily processes, but also -
from a growing belief In their implication in the expression of both, mental and'physical 
illnesses (e.g. schizophrenia, senile dementia. Parkinsonism e t c ) . Our understanding of the -
functions and interrelationships, of neuropeptides is still severely limited by a lack of hard data 
on their identity, quantity and location throughout-the body. The search for this-data poses a 
fundamental challenge for the structural chemist. 

The determination of peptide structure is a rewarding but'diff icult task, not least when 
applied-in the neurochemistry area; here the new DNA technology i so f l i t t le'value in the 
identification of small quantities of. biologically active peptides such as the enkephalins, ' • 
Neuropeptides ore both structurally complex,- with problems such as blocked N-tenminI greatly 
complicating classical analysis, and, to make analysis more diff icult, are only present In low 
quantities (often picomolar levels) in crude biological .extracts such'as plasma. Characterisation 
is often only by chromatographic comparison with standards, coupled with biological or 
radioimmunoassay. Our confidence in this data Increases concomitantly with the degree of-
purification (and is very high when reverse-phase HPLC is used (1)), but only becomes absolute 
upon full structure elucidation i .e, mass spectrometric analysis. 

Present MS methodology, has relied on the generation of small fragments from the unknown 
(by enzymic or hydrolytic approaches) followed by derivatisation and El or Cl analysis. Variable 
yields in derivatisation and lack of molecular Ion data only compound analytical difficulties, ' 
Although FDMS Is capable of giving molecular weight data, the sequence of an unknown peptide 
could not be deduced from its FD frogmentotion pattern. 

These problems may now be solved following the advent of Fast Atom Bombardment (FAB)-MS, 
Both molecular weight and sequence data may be obtained from many (although not all) peptides 
at the nanomole and' sub-nonorriole level. We have demonstrated that full or partial sequence data 
moy be obtained from both known and unknown peptides (see accompanying paper, Morris et a l , 
WAMOA13) and report here sensitivity studies on neuropeptides and the application of FAB to 
the solution of a biochemical problem. 

The sensitivity of this technique was readily demonstrated with the antidiuretic hormone -
lysine vasopressin. Intense molecular species at m/z 1056 (M + H)"*", -1078 (M + Na)"^ ond 
1094 (M + K) were observed with only 2 nanomoles of material. Further, only 300 picomoles of 
the opioid peptide a-endorphin were required to give a reasonable (M + H)"*" signal at m/z 1745, 
At this level, however, no sequence infonnation could be obtained, whereas at higher loadings, 
C-terminol ions were observed for a-endorphin. Both o strong quasimolecular ion at m/z .1664-
and fragment ions were observed in the positive FAB spectrum of 300 picomoles of a-MSH, 
However sequence ions were not present, and i t would have been diff icult, if not Impossible, to 
derive the structure of a-MSH If unknown from the fragmentation pattern. To overcome this problem 
we investigated whether collision induced fragmentation could be employed in these cases lo 
obtain sequence information. Our preliminary data was not encouraging, and it appeared that 
coUisional activation would not in general prove valuable for solving unknowns. 

We recently isolated a peptide from a pituitary extract with potent aldosterone-stimulating 
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a c t i v i t y when tested on adrenal zona glomerulosa. Fo l lowing moss spectrometric and prote in chemical 
analysis the substance was iden t i f i ed as a-MSH (2) . Two other peaks of b io log i ca l a c t i v i t y , " B " 
and " C " , e lu t ing ofter a-MSH were observed fo l l ow ing reverse phase HPLC. The ear l ie r of these 
peaks had the some amino ac id composit ion as a-MSH and could not be dist inguished from i t by 
EIMS of the N - a c e t y l N , O - p e m i e t h y l der iva t i ve ; further , mi ld base hydrolysis of peak B resulted 
in the format ion of a - M S H . C l e a r l y , peak B is a der iva t i ve of a-MSH - but how do these two 
compounds d i f f e r? To answer this question we analysed peak B by FAB MS . A n intense quas i 
molecu lar posi t ive ion at m/z 1706 was observed, 42 mass units higher than the ( M + H)"*" ion of 
a-AASH ( m / z 1664) strongly suggesting that peak B is an acety l der iva t i ve of a - M S H . The base 
l a b i l i t y of peak B indicates that i t is on O - a c e t y l rather than on N - o c e t y l d e r i v a t i v e , and 
expla ins why the two substances g ive ident ica l El spectra for the acety l pennethyl de r i va t i ve . 

Invest igat ion of the th i rd minor component - peak C - ind ica ted the presence of a small 
pept ide moie ty . FAB signals were observed at m/z 1193 (negat ive) and m/z 1195 (pos i t ive) ; 
on short ace ty la t ion in methano l /acet ic anhydride these shif ted to m/z 1235 and 1237 respect ively 

( i . e . plus 42 moss units) consistent w i th ttie fonnat ion of on N - a c e t y l de r i va t i ve from a free 
N-temninus. EIMS of the N - a c e t y l N , 0 - p e n n e t h y l der iva t ive gave the f o l l ow ing par t ia l sequence : 
V a l - V a l - T y r - P r o - (Trp, G l x , Phe present). From our ear l ier studies on the isolat ion and structure 
e luc ida t ion of peptides found in the brain we recognised this sequence as being port of the ^ - c h o i n 
of haemoglobin. From these da ta , together w i th the molecular weight , of the pept ide obtained from 
FAB we deduced that peak C contains the peptide : V o l - V a l - T y r - P r o - T r p - T h r - G l n - A r g - P h e (a l though 
not necessari ly as the b io log i ca l l y ac t i ve species). Investigations in to the b io log ica l role ( i f any) 
of this pept ide are now underway in this laboratory. . 

The subnanomole sensi t iv i ty of FAB MS, especia l ly when used in con junc t ion w i th the high 
f i e l d magnet, offers great advantages for the structural analysis of neuropeptides. Because 
structural informat ion may be obtained from free underivatised peptides we suggest thot HPLC MS 
w i l l now f ind wider use in the neuropeptide f i e l d e . g . by using the moving be l t system to both 
de l i ve r samples in to the source and also ac t .as the FAB target. 

We have shown that FAB MS con be used successfully in the solut ion of b i o l og i ca l problems. 
W i t h an t ic ipa ted future developments in both sensi t iv i ty and quant i ta t ion we feel that FAB MS 
w i l l o f fer a v iab le and more speci f ic a l te rnat ive to the b io log ica l or radioimmunoassay dnalysis 
of neuropept ides, and should open the way for a more rat ional understanding of the complex 
area of human neurochemistry. 

JLJIL ^^JSIkJUJllUdiLiUMltLuu 
" f l " ' ^ "•^"""UU 

1)11 

1 
(a) (b) 

Figure : (a) Positive and negat ive FAB spectra of peak C 
(b) Posit ive and negat ive FAB spectra of acety l (1:1 label led) de r i va t i ve of 

peak C 
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CAN THE PRIORITY POLLUTANTS BE MEASURED WITHOUT GC/MS? 

Ronald A. Hites 
School of Public and Environmental Affairs 

and Department of Chemistry 
400 East Seventh Street 

Indiana University 
Bloomington, Indiana 47405 

The priority pollutant story begins with the passage of the Federal Water Pollution 
Control Act in 1972. Section 101a of that act stated that its objective was "to restore and 
maintain the chemical, physical, and biological integrity of the Nation's waters," and that 
"it is the national policy that the discharge of toxic pollutants in toxic amounts be pro
hibited." The definition of what was, in fact, a toxic pollutant was left to the EPA ad
ministrator. Section 307a of that act stated: "The administrator shall publish a list 
which includes any toxic pollutant for which an effluent standard will be established. The 
administrator shall take into account toxicity, persistence, degradability, and the effect 
of the toxic pollutant." 

Establishing this list of toxic pollutants proved to be a difficult task for the EPA, 
and eventually the EPA was taken to court by a combination of public interest groups. The 
suit was settled out of court on June 7, 1976, and the now famous consent decree established 
for the first time a list of toxic pollutants. This list had 65 entries, several of which 
were classes of compounds needing further definition. This was accomplished, after some 
negotiation with the plaintiffs, and a list of 129 specific substances was established. 
These are now known as the priority pollutants. 

The ultimate goal of the priority pollutants program is to regulate the emission of 
these compounds into the water supply of the nation. Before these regulations could be put 
in place, however, it was necessary to obtain information on the prevalence of the individu
al compounds so that regulatory activity could be focused on those compounds which present 
the greatest problem. Therefore, the first phase of the priority pollutant program has 
been the so called "screening" phase which lasted from 1976 to 1979. An ancillary goal- of 
this phase was to determine waste treatment capabilities for the priority pollutants. 
False positives (analytical measurements which weretoo high) were acceptable in the screen
ing phase (Neptune, 1980). The methods used for these studies were based on gas chromato
graphic mass spectrometry, methylene chloride extraction of the semivolatile compounds at 
various pH's, and purge and trap techniques for the volatile compounds. Some results of 
the screening phase have been published (Keith and Telliard, 1979). Those compounds which 
occurred in more than"5% of the samples were: alkyl and chlorobenzenes, Cj and C2 chlori
nated solvents, polycyclic aromatic hydrocarbons, and phenols. There were only six com
pounds which occurred in more than 20%. of the samples: benzene, toluene, methylene chlo
ride, chloroform, bis(2-ethylhexyl)phthalate, and phenol. These results are not very sur
prising, but they do provide a guide to the' groups of compounds which should be regulated 
first. 

The Clean-Water Act of 1977 (Public Law 95-217) incorporated the priority pollutant 
list in its revised section 307a. Furthermore, this act required the EPA administrator to 
"promulgate" test procedures for the analysis of the priority pollutants (section 304h). 
To meet this legislative, requirement, the EPA has established the so called "600 level" 
methods. Some of these methods are based on gas chromatography only (with selective detec
tors) and some are based on gas chromatographic mass spectrometry. Figure 1 shows block 
diagrams summarizing six of these "600 level" methods. The methods for the volatiles are. 
based on either an electrolytic conductivity detector, a photo-ionization detector, or a 
gas chromatographic mass spectrometer. The phenol method is based on .gas chromatography 
with either a flame ionization detector or (after derivatizing with a. pentafluorobenzyl 
group) an electron capture detector. Polycyclic aromatic hydrocarbons are analyzed either 
with a gas chromatograph equipped with flame ionization detection or with a high pressure 
liquid chromatograph equipped with ultraviolet and fluorescence detection. The "625" method 
is very similar to the screening method and is based on extraction with methylene chloride 
at two pH's followed by GC/MS. These methods were released for public comment in late 1979, 
and they are soon to be released in their final form. 
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There have been,two main issues of controversy surrounding these "600.level" methods. 
The first complains that the methods have not been completely.validated by the EPA, and the 
second berates the use" of the GC only methods.(as opposed to GC/MS).' Both of these problems 
stem from two important facts:. ,(â ) Most industrial waste streams change qualitatively from 
plant to plant, from stream to stream, and even from day to day. Thus, the matrix in which 
the priority pollutants will be measured is highly complex and varies both with time and 
location, (b) Secondly, unlike the screening phase, false positives are a disaster. 
Clearly, if a company is faced with a penalty,for exceeding an effluent limitation, they 
(and presumably the EPA) want to be very certain that the measurement, which shows them to 
be in violation, is qualitatively and quantitatively accurate. 

With these two facts in mind, we can now address the two problems of validation and GC 
only methods. Discussion of the validation question is beyond the scope of this paper. Let 
it be said, however, that given the high degree of variability of the matrix in which the 
priority pollutants will be measured, any validation by a systematic set of model samples 
will be virtually impossible, and that validation of individual data sets will be achieved 
only by the implementation of vigorous quality assurance programs. The GC only question 
centers on the argument that any method based on GC without mass spectrometry cannot provide 
the necessary specificity of analysis. It is really a simple question': Can the priority 
pollutants be measured without GC/MS? This question is of great interest to many people, 
not the least of whom are manufacturers of.gas chromatographs and mass spectrometers. Let 
us see if we'can't summarize the pro's and con's of GC only methods and of GC/MS methods and 
then see if we can't reach a conclusion about the above question. 

The advantages of GC only methods derive from the use of simple and inexpensive equip
ment which can be operated routinely by high school drop-outs. Furthermore, GC methods' can, 
in special.circumstances, produce reliable identifications. This may sound.like heresy, but 
I should point out that in many sets of samples the pattern of peaks is reproducible. Thus, 
if one always sees the same fingerprint, but its quantity goes up and down, one can be fair
ly confident that the identification of the components has not changed. 

The disadvantage of GC only methods stem from their lack of specificity. Even those 
GC only methods outlined in Figure 1, which use selective GC detection, are not fully speci
fic, and compounds which are not priority pollutants can respond. In some cases, it is even 
impossible to distinguish among the priority pollutants by the GC only methods. All of this 
means that the probability of false positives with GC only methods is high. Furthermore, 
the GC only methods require a great deal of clean-up and sample preparation before analysis. 
The formation of chemical derivatives and the use of silica chromatography (see Figure 1) 
are not simple steps; they add a degree of complexity which is probably not compatible with 
the simplicity of the GC instrumentation. 

There are several advantages of GC/MS methods. Clearly these methods are capable of 
reasonably specific compound identifications. Thus, these methods will require less pre
liminary sample clean-up and are less subject to matrix variations. A new compound which 
is not a priority pollutant, but which suddenly appears in a sample, can be identified by 
GC/MS. In addition, isotopically labelled internal standards can be used with GC/MS meth
ods, but not with GC only methods. On the other hand, GC/MS is a complex and expensive 
instrument. Furthermore, GC/MS cannot distinguish between some isomers. This problem in
cludes some of the polycyclic aromatic hydrocarbon isomers and isomers with various ring 
substitutions. 

Considering all of these factors, the main issue in the debate between GC only and GC/ 
MS boils down to cost. What are the facts? There have been several cost estimates of the 
"600 level" GC only and GC/MS methods. The Federal Register (1979) suggests that all of the 
organic compounds can be measured by the GC only methods for about $2,100. Finnigan et al. 
(1979) suggests that they can be measured by GC only for $557. The truth must be somewhere 
in between. GC/MS analysis of all the organic priority pollutants is estimated to cost ei
ther $1,500 (Federal Register), $328 (Finnigan et al_., 1979), or $600 (Eastern Analytical 
Symposium, 1980). While the range of the cost estimates for both GC and GC/MS is high, it 
is clear that GC/MS methods are no more expensive than GC only methods. 

The question of false positives is critically important. For the reason explained a-
bove, industry cannot tolerate data in which a false positive appears. Therefore, whenever 
a measurement (by any technique) indicates that an effluent stream is in violation, the 
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most sophisticated, specific, and accurate technique will be used to verify that measure
ment. Thus, it'seems to me that the GC methods will be used only if the sample is negative 
or..if the pattern of GC peaks is very clear. Otherwise, if anything is present, the more 
specific GC/MS methods will certainly be preferred. Ih fact, since the cost differential 
between the GC only and GC/MS methods is not great, there seems to be little reason.to use 
the less specific GC only methods at all. Finally, in answer to the question posed by the 
title of this.paper: no. ' 
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INCREASED SPECIFICITY IN OPTICAL DETECTION FOR 
LIQUID CHROMATOGRAPHY; J. .L. DiCesare and L. S. Ettre; The 
Jerkin-Elmer Corporat ion , Norwaik , CT 068"?^ 

The purpose of this paper is to discuss new applications of.op
tical instrumental methods for selective detection in liquid 
chromatography. 

Infrared Spectrophotometry. The use of IR for detection is com-
patible with some.^orms of nonaqueous normal-phase and reversed-
phase chromatography or GPC using typically THF, chloroform, 
acetonitrile-THF or hexane-chloTocarbon, each in relatively 
narrow wavelength ranges. It has special advantages in specific 
functional group monitoring which can be highly selective. The 
fact that in this way interfering compounds can be minimized is 
particularly important in quantitative analysis: examples are 

. the analysis of polystyrenes and phthalates (aromatic stretch 
at 1604 cm ) , cholesterol (OH stretch and 3401 cm" ) and phos
pholipids (OH stretch plus C-H stretch at 1741 cm'''). 

Fluorescence Spectrophotometry. Usually, fluorescence is con-
sidered only as a detection method for trace analysis where high 
sensitivity is required. However, in addition, one of the most 
powerful fingerprinting techniques is the use of synchronous!)' 
excited fluorescence emission spectra where excitation and 
emission are scanned together at an appropriate wavelength off
set. The resulting spectrum generally contains one fairly sharp 
peak the maximum-of which is fairly unique to the particular sub
stance. For example the maximum for phenylanalyne is at 
260/280 nir (ex./em.) Examples for the use of this type of 
selective detection with aromatic amino acids and polynuclear 
aromatic hydrocarbons will be presented. 

Polarimctry. Many times, the combination of a mass detector 
fe.g. refractive index) with measurement of optical. activity 
provides additional possibilities in both qualitative and quan
titative analysis. In this way errors by interfering components 
can be avoided and quantitation of the (D) and (L) forms in a 
peak can be performed. An example for the former is the analysis 
of fruit juices for carbohydrates where the interference of 
co-eluting compounds is eliminated while examples for the latter 
is the analysis of penicillamine where the total amount is 
measured by R.I. and the amount of the two optical forms by a 
polarimeter in series to the refractometric detector. 
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LKJUID CHROMATOGRAPHY WITH ELECTROCHEMICAL 
DETECTION A SENSITIVE ALTERNATIVE TO GCMS IN SELECTED 
APPLICATION'S. RONALD E. SHOUP, Research Laboratories, 
Bioanalytical Systems, 1205 Kent Ave., W. Lafayette, IN 
^7906 . . . 

S i nee the initial development of thi n-layer amperometr ic 
detectors for liquid .chromatography.- in 1972, they have 
grown in popularity to the point where they now rival 
fluorescence as the second most popular LC detector for 
trace determinations. The electrochemical detection of 
ox(dizable substances eluted from .reverse phase columns is 
widely used for a variety of industrial, environmental, 
and biological applications. In optimum casesi as.little 
as 10 picograms injected into the-system may be detected. 
LCEC has also been used for reducible substances, but 
progress in this area has been developing more slowly until 
very recently. In addition, the use of multielectrode 
detectors can afford considerable advantage in improving 
•the Identification of detected peaks. 

Although relatively few types of functional groups are 
electrochemically reactive, those that do exhibit redox 
activity are sufficiently important from either a bio
chemical or industrial standpoint to establish LCEC as a 
useful analytical procedure. Phenols aromatic amines, 
sulfhydry1s, ni tro compounds, qui nones, and nitroso 
compounds all possess redox activity. Examples from these 
groups will be discussed in terms of advantages LCEC 
offers over more conventional schemes such as LCUV, LCF^ 
or GCHS. 
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Recent Development in Catecholamine Analysis by HPLC: A Review 

Paul S. Satoh, Ph.D. and Rose Mary Kupiecki 
Upjohn Diagnostics, The Upjohn Company, Kalamazoo, Michigan 49001 

INTRODUCTION 

Analysis of catecholamines, especial ly Epinephrine (E), Norepinephrine (NE), 
and Dopamine (DA) in plasma and urine was considered important fo r 'moni tor ing 
pat ients wi th hypertension, neurocrest tumors, melanoma and some autonomic 
nervous system disorders. ' Methods f o r quant i ta t ive measurements fo r these 
catecholamines have wide ranges of sens i t i v i t y which l i m i t s the appl icat ion 
of pa r t i cu la r methodology. A spectrophotometric method f o r Epinephrine and 
Norepinephrine gives a s e n s i t i v i t y range of 1 ng to 1 microgram. However, 
a f luorometr ic method combined wi th high performance l i q u i d chromatography 
(HPLC) provides s e n s i t i v i t y appl icable f o r determination of plasma catecholamines 
in as low as from 100 m ic ro l i t e r s of specimens as described by Yui and his 
coworkers (1) . Gas Chromatography (GC) and GC-Mass Spectroscopy (GC-MS) provide 
high s e n s i t i v i t y appl icable f o r any b io logica l f l u i d . However, the l a t t e r 
method requires high cost instrumentat ion, extract ion and der iva t i za t ion of 
the samples p r i o r to in jec t ion in to GC or GC-MS. 

Fluorometric method, namely Trihydroxyindol method (THI), shows extremely high 
s e n s i t i v i t y when combined with HPLC and post-column der i va t i za t i on . Yet, the 
l i m i t a t i o n of th i s method is that i t is not appl icable fo r determination of 
Dopamine. 

F i n a l l y , electro-chemical detector combined with HPLC separation, though i t 
requires ext ract ion and sample preparat ion, also provides r e l a t i v e l y high . 
s e n s i t i v i t y I f l O pg to 1 ng. The method is appl icable fo r determination of 
plasma catecholamines i f specimen size i s adequately la rge, e . g . , 1 to 5 ml. 
When assaying catecholamines a t low concentration using an electrochemical 
detector, the electrode must be care fu l l y maintained as i t becomes part of 
the reactant. 

RADIOENZYMATIC ASSAY OF CATECHOLAMINES: 

In 1977, Peuler and Johnson (2) developed a radioenzymatic method fo r quant i ta t ive 
determination of catecholamines. This method, though requi r ing ex t rac t ion , 
provides the s e n s i t i v i t y high enough to assess the plasma catecholamine levels 
of 50 ul of subjects. ' 

The radioenzymatic method uses an enzyme reaction catal ized by catechol-o-
methlyl transferase.. A radioact ive methyl group is t ransferred from S-Adnosyl-
Methionine (SAM). The major products of th i s enzyme reaction are 3-Methanephrine 
(3MN), 3-Normetanephrine (3NMN), and 3-Methoxy-Tyramine {3MT). These products 
are extracted wi th toluene/isoamyl alcohol in the presence of large excess 
of ca r r i e r methylated catecholamines. The organic layer is a c i d i f i e d to 
t ransfer the methyl catecholamines to the acetic ac id . layer . The compounds 
are then mixed wi th ethanol to be applied on a Thin Layer Chromatography plate 
(TLC). Since the reagent to stop the catecholo-transferase (COMT) contains 
standard compounds as c a r r i e r , these product's can easi ly be v isual ized on the 
TLC plates under UV l i g h t . While the reaction products of the" COMT contain 
radio- labeled methyl group, i t i s possible to co l l ec t radioact ive f rac t ions 
corresponding to the standard compounds, and the unknown specimens are assayed 
as compared wi th the standard. The sens i t i v i t y of the assay at twice the blank 
level is 5 picograms fo r NE, 3 picograms f o r E, and 20 picograms fo r DA per 
50 lil plasma sample: Intra-assay precision (CV) between 0 to 3000 picograms 
is 4.2% fo r NE, 3.6% fo r E and 4:6% fo r DA. Inter-assay CV is 9.6% fo r NE, 
8% fo r E and-30.4% fo r DA. This radioenzymatic assay is avai lab le as CAT-
A-KIT^ from Upjohn Diagnostics. Tassaron, et al evaluated the performance 
of the assay k i t (3) . 
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HPLC ANALYSIS OF CATECHOLAMINE: 

There are several HPLC methods f o r determination of catecholamines: Mel 1 and 
Gustafson (4) by reverse phase HPLC and THI, Kissinger by reverse phase and 
EDC ( 5 ) , Yui by ionexchange column and THI (1) and Scratchley, et al (6) to 
compare various methods. 

More recent ly the products of COMT reactions are separated by HPLC to f a c i l i t a t e 
the automated radioenzymatic analysis of catecholamines. K lan ieck i , et al 
( 7 ) , Endert (8) and Muller (9) made successful separation of COMT products. 

We reproduced Mullers HPLC system, which showed four peaks but of six COMT 
products (3 NMN,.3-MN + 4 NMN, ,3 MT +.4 MN, and 4 MN). We developed a new . ' 
HPLC system using radial compression C-18 column (Waters Associates) wi th 
mobile phase of 0.6 part phosphonic ac id , 1 part'pentane su l fu r i c acid and 
0.5 part a c e t o n i t r i l e per 1000 parts of d i s t i l l e d water. This system separated 
a l l 6 COMT products, in 6 minutes. Using th i s HPLC system, we were able to 
determine plasma catecholamine levels semi-automatically. The plasma catecholamine 
levels obtained by HPLC separation were comparable to those obtained by TLC 
separation. 
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Norepinephrine, J . Neural Transmission, 45, 219-225 (1979). 
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PRINCIPLES OF RADIOIMMUNOASSAY APPLIED TO 
LOW MOLECULAR WEIGHT COMPOUNDS; F. A. 

FITZPATRICK, Drug Metabolism Research, The Upjohn Company, 
Kalamazoo, MI 49008 

Immunoassay saturation binding methods, typified by radio-
irmunoassay, are powerful analytical methods. Conventional 
radioinmunoassays exist for scores of macromolecules 
(insulin, albumins, polypeptide hormones...) and for small 
molecules, designated haptens (steroids, prostaglandins, 
cyclic nucleotides, pharmaceuticals, enkephalins...). 
Provisionally, radioimmunoassay (RIA) is a sensitive, 
selective, reliable, and productive method. In this 
context we will examine complementary and competitive 
features, of RIA versus mass spectroscopy by, first, 
defining the principles of the radioinmunoassay, its 
practical requirements, and its known limitations. Second, 
we will present some concrete examples of RIA as a 
quantitative method for measuring low molecular weight 
lipids (prostaglandins), juxtaposed with similar measure
ments by GC/MS. 
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THE USE OF GC/MS AND GC/FTIR 
TO SOLVE INDUSTRIAL PROBLEMS 

David M. Hindenlang and Danne E. Smith 

Allied Corporation, P.O. Box 1021R, Morristown, NJ 07960 

The combination of gas chromatography with mass spectrometry (GC/MS) 

has been recognized for some time as one of the most powerful techniques 

available to the analytical chemist. However, analysis by GC/MS alone 

does not always provide sufficient information to make possible unambiguous 

ideiitification of unknown components. While the analyst may obtain a 

molecular weight and empirical formula for each component in a mixture 

from GC/MS, he still may not be able to determine the substitution pattern 

in the molecule. -The combination of gas chromatography with Fourier 

transform infrared spectroscopy (GC/FTIR) can provide such structural 

information for each individual component even in complex organic mixtures. 

Hence, the data obtained from GC/MS and GC/FTIR are complementary, and the 

combination often aids the analytical chemist in his problem-solving. 

Two examples of the combined application of GC/MS and GC/FTIR to 

industrial analytical problems serve to illustrate. In a commercial mixture 

of gis and trans isomers of 1,4-dicyano-l-butene, a third component was 

observed by GC. Methane chemical ionization mass spectrometry (CIMS) in

dicated this component to have the same molecular weight as the knowns. 

GC/FTIR was used-to identify which GC peaks corresponded to the cis and 

tran£ isomers as well as to identify the third component as trans-1,4-

dicyano-2-butene. 

Methane CIMS revealed that each of two unknown components in a sample 

of tar acids had a molecular weight of 144. Application of GC/FTIR resulted 

in the identification of these components as 1-naphthol and 2-naphthol using 

digital subtraction to clean up the spectra and a computer search of a vapor 

phase spectral library to verify the identifications. 
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IMPROVED ORGANIC IDENTIFICATION USING COMBINED CAPILLARY 
GAS CHROMATOGRAPHY/MASS SPECTROMETRY/FOURIER TRANSFORM INFRARED 

(GC/HS/FTIR) 

R. W. Crawford, T. B. Hirschfeld, R. H. Sanborn, 
C. M Wong, and H. R. Brand 

Lawrence Livermore National Laboratory 
. P. 0. Box 808, L-325-

Livermore, CA 94550 

Although GC/MS is a very powerful tool, it is weak in two'areas: (1) 
Ability to distinguish between isomers and (2) Ability to rapidly identify 
unknowns not contained in libraries of reference spectra. We have interfaced 
a FTIR to our GC/MS to help alleviate these problem. 

A simple splitter is connected to the end of a SCOT column and 90% of 
the effluent is sent to the FTIR with the remainder going to the MS. Makeup 
gas is added to the FTIR stream to maintain resolution in the light pipe. 
Separate computers on each spectrometer control the instruments and acquire 
and store data. Library searching is done on each separate computer system. 

Applications of this new technique to a variety of sample types will be 
described. Significant speed and lack of ambiguity have been realized by 
combining the instruments, especially in complex mixes. 

Progress will be reported'on increasing FTIR sensitivity using smaller 
light pipes and detectors. Also, progress on a computer network using a third 
computer as a "mother" for both instruments will be described. 

Work performed under the auspices of the U. S. Department of Energy at the 
Lawrence Livermore National Laboratory under Contract W-7405-Eng-48. 
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ON THE POPULATION OF BENZYL AND TROPYLIUM 
IONS ORIGINATING FROM C,Hg; P. AUSLOOS and S. G. Lias; Nat
ional Bureau of Standards, Washington, D. C. 20234 

Benzyl and tropylium ions were prepared by ionization of 
toluene and toluene-a-d~ through electron impact and charge' 
transfer from Xe"*", Kr''','̂ and Ar ih an ion cyclotron reson
ance spectrometer. ^ 
The fraction of the C,H, ions which react with toluene as 
benzyl ions was found to increase with the energy content 
of the molecular ion from 57% at 2.9 eV (Xe"*" precursor), 
to 76% at 4.7 eV (Kr"̂  precursor), and 83% at 6.4 eV (Ar"*̂  
precursor). (About 2.1 eV is required for the process: 
c-C,HcCHt ->- CgHcCKi + H.) Also, an increase, in electron 
energy from 12 to 70 eV results in a continuous rise of the 
benzyl ion population from 20% to 63%. These findings are 
.'in .apparent conflict with recent coUisional activation-
studies which show a gradual increase of the percent benzyl 
ions from threshold to 15 eV, followed by a sharp decline 
to reach a benzyl.ion fraction of 30% at 70 eV. The fall-
off at high energi.es has been attributed to a fast equil
ibration [cyclo-C-Ht t CgHgCHi], favoring the tropylium 
structure. The discrepancy between the CA and ICR results 
would then be explainable by assuming a displacement of the 
equilibrium by ion-molecule collisions. In order to assess 
this hypothesis, the degree of H/D scrambling in benzyl-do 
ions from CgHgCD, was measured as a function of energy, ft 
was found that unscrambled CgHrCOi ions account for 19%, 32%, 
and 46% of the benzyl-d, .population produced in charge trans
fer from Xe''̂ , Kr"'",and Ar^, respectively. 

F. W. McLafferty and F. M. Bockhoff, J. Am. Chem. Soc. 
101. 1783 (1979). 
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THE BENZYL AND TROPYLIUM CATIONS, TWO DISTINCT AND STABLE SPECIES 

IN THE GAS PHASE. D. K. SEN SHARMA'and P. KEBARLE, Chemistry 

Department, University of Alberta, Edmonton, Canada T6G 2G2. 

Evidence that the tropylium cation is a major constituent of the 

Ĉ H.. ions produced by electron and photon impact from toluene and 

alkyl-benzenes has existed in the literature for some years. The 

rearrangement benzyl .-̂- tropylium is one possible route by which 

the tropylium cation may be formed. Ion molecule reaction studies 

involv.ng C.,H.. species produced by hydride abstraction from toluene 

or chloride abstraction -from benzyl chloride show that these ions 

engage 'n a number of characteristic reactions. The C_H^ ions 

produced by hydride abstraction from 1,3,5-cycloheptatriene do not 

participate in any of the above reactions. These ioni. are very 

stable and so far were not observed to engage- in any reactions. On 

basis of this distinction, it is concluded that the reactive C.,Ĥ  

species produced from toluene and beinzyl chloride are benzyl 

cations, while the C_H from 1,3,5-cycloheptatriene is tropylium . 

The rearrangement benzyl ->- tropylium , does not occur in the gas 

phase even at temperatures as high as 300°C. It does not occur 

even if the benzyl resp. tropylium are highly vibrationally 

excited, 

A complete account of the above investigations will appear in 

the Canadian Journal of Chemistry, summer 1981. 
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THE C,H,0+ ION: BENZYL VS TROPYLIUM ION 
STRUCTURES; D. H. RUSSELL; Dept. of Chen.. 

Texas A&H Univ., College Station, TX. 77843; E. H. MCBAY 
and D. C. CANADA, Anal. Chem. Div., Oak Ridge Nat'l Lab., 
Oak Ridqe, TN. 37830 

The ,C,H,0 ion (m/z 107) is an important secondary ion in 
the mass spectra of many alkyl phenols, substituted benzyl 
alcohols, and substituted alkyl phenyl ethers, and with 
resoect to the question of benzyl v£ tropylium ion 
structures. In an earlier study on the unimolecular 
dissociation reactions of various CyĤ O"*" ions the experi
mental results were interpretated as the ions generated by 
fraqmentation of the methyl phenols not isomerizing to a 
trooylium ion structure, i.e, the hydroxytropylium ion. 
However, more recent investigations using collision-induced 
dissociation (CID) have revealed that the methyl phenol and 
hydroxytropylium Ĉ HjO''' ions are indistinguishable by this 
technique. The results of the CID experiments and the 
aooarent ambiguities of the unimolecular/CID results will 
be discussed. In addition, the CID spectra of a numher 
of other CyHjO* ion will be discussed. A detailed 
discussion of the thennochemistry of the C^H^O ion will 
be presented. 
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KINETIC EVIDENCE FOR TWO DISTINCT STRUC
TURES OF C3H3; S. G. LIAS and P. Ausloos; National Bureau of 
Standards, Washington, 0. C. 20234 

It has.recently been suggested''̂  that C,H, is the main pre
cursor ion leading to the nucleation processes resulting in 
soot formation in acetylene and benzene flames. Until now, 
however, there have been no systematic investigations of the 
bimolecular reactions of C.,Hi with organic molecules, and in 
fact, this species is generally believed to be chemically 
unreactive. Results obtained in a pulsed ICR indicate that 
while CjHt ions formed at energies close to threshold for 
formation of the ion from the parent molecule ion have the 
cyclic- structure, the C,Ht ions formed in allene, propyne, 
and propargyl halides witn 1-2 .eV excess energy have two 
distinct structures, one of which is reactive towards the 
parent molecule and one of which is not. The reactive C,H, 
ions, which can be identified with the linear propargyl 
structure, react rapidly with acetylene to form condensation 
products; this reaction has been proposed as the first stjp 
in the process leading to soot formation. The cyclic C,H,, 
although unreactive towards alkanes and lower molecular 
weight aromatic molecules, is found to react with a variety 
of high molecular weight saturated molecules by hydride 
transfer, while condensation-type reactions occur with 
highly unsaturated hydrocarbons. 
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PROPYL IONS AND PROTONATED CYCLOPROPANE AS INTERMEDIATES IN THE REACTION OF METHYL 
CATIONS WITH ETHYLENE 

R. N. Abernathy and F. W. Lampe 
Department of Chemistry, The Pennsylvania State University 
University Park, Pennsylvania 16802 

Despite the large amount of published work on ion-molecule reactions in hydro
carbon systems, only one report describing the reaction of CH- with C„H, has appeared 
in che literature, Fiaux, Smith and Futrell-'- showed chat at low collision energies che 
reacclon proceeds via a shorC-lived C3H7 intermediaCe in which compieCe randomization 
of H-atoms occurs before decomposlcion cakes place to the observed products C2H-J , 
C^H^ and C3H5 . This is a quite differenc behavior Chan ChaC reported^" for che 
formally similar reaction of SiH3"'" with C2H4. The laCter reaction has been shown Co 
proceed via an intermediate SiC2Hy"'"*(thoughc to be CH3CH2SiH2"'') that is sufficiently 
long-lived Co be observable at collision energies below 1 eV. It is of interest to 
examine che questions of (1) the structure of tlie C3H7 intermediate and (2) why che 
incermediaces in these analogous reactions should be so different. 

The reacclon was studied in an lon-beam-scacterlng-gas apparatus that has been 
described in the literature.^ ^^CHo , and l-̂ CĤ '*' ions obtained from the decomposlcion 
of -"--̂ CĤ  and CH4 in an arc discharge and having 2.6 eV of kineCic energy were 
injected into C2H4 or C2D4 at 0.25-2.5x10"-^ torr and che produce ion specCrum 
recorded. The fractional abundances of ionic products were extrapolated to zero 
pressure in order td eliminate secondary reactions. The resulcs are shown in Table 1. 

Ton(H) 

16 
• 17 

18 

27 
28 
29 
30 

39 
AO 
41 
42 
43 
44 
45 

" C H 3 + / C 2 I I 4 

0 . 8 1 
0 . 0 2 
0 . 0 1 

O.OA 

0 . 1 2 

'W'^iK-
o.oi 
0.01 
0.01 

0.03 
0.25 
0.33 
0.17 

0.01 
0.02. 
0.01 
0.03 
0.08 
0.02 

^^Y/C^D^I. 

0.022 
0.267 
0.401 
0.039 

0.015 
0.022 
0.005 
0.036 
0.073 
0.018 

(Scatistical) """̂ CH """/Ĉ Ĥ  

0.34-
0.50 

0.05 

0.10 

The data in the second colunm show that C2H3 __ _^ . 
2.6 eV CH3"*" ions; C2H3 is the major ionic product for 0.1 eV CH3''" ions also, but 
the lon fraction at this lower energy is 0.53.-^ The reaction forraing this ion, 
namely (1), is formally a hydride-ion transfer which, at low encrgiesi, proceeds 

CH^"^ + CjH^ -• C^Hj"^ + CH^ (1) 

by decomposition of a C_H_ *intermediate. The data in the.third and fourth columns 
Table 1, relative to the reaction of 12CH3 with C2D^ show that at 2.6 eV also the 
reaction proceeds via a C3HT intermediate in which H and D atoms undergo complete 
scrambling before decomposition. 
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The ^^ta in the fifth column of Table 1 are the fractional ion intensities observed 
when •'••̂CHj ions are injected Into C2H4. -.The distribution of the vinyl ion (12012^^"*" 
and 12C13C:H3"'") incensities at m/q=27 and 28 arau Indicates that, like the hydrogen 
atoms, the carbon atoms also become nearly indistinguishable in the intermediate C3H7'*'. 
If the intermediate complex had the normal propyl ion structure (̂ ĈH-jCH2CH2'̂ ) , the 
predicted intensity ratio of m/q=28 to m/q=27 is 1. If, however, protonated cyclo
propane vere the intermediate coinplex, the predicted Intensity ratio of m/q=28 to 
m/q=27 is 2. Since the observed ratio of 1.5 is intermediate to those predicted 
.by the models, we conclude that protonated cyclopropane and secondary propyl ion 
play equally important roles as intermediates in the major reaction of CH3 with 

4«A-
In contrast Co Che S1H3'*'/C2H4 reacclon, in which over 90% of the decomposition 

of the incermediace SiC2H7^ is back co reactants, decomposition of the Ĉ Ĥ "*" inter
mediate back to reactants is negligible. This, suggests that in the CH3"'"7C2H4 syscem, 
the activation energy back to, reactants, Eob» is greater than Chat in the forward 
direction to products, namely Eof' while the reverse Is true in the S1H3"''/C2H4 system. 
Because E^f < EQ^ the collision complex C3H7 must contain an excitation energy 
higher than the lowest•barrier to decomposition (i.e. E^f) of at least ^oh''^of' 
Having always a significantly high excitation energy above the lowest decomposition 
barrier, the collision complexes are predicted by unimolecular rate theory to be 
short-lived. On the other hand, in"the SiH3 /C2H4 systemEof -̂  E^^ so that most of 
the complexes decompose in the backward direction. In this case, the excitation energy 
in che SIC2H7 above the lowesc barrier to decomposition approaches zero as the 
kinetic energy approaches zero. Hence, for the latter case, the complexes are long-
lived for reactant ions of low kinetic energy. 

1. A Fiaux, D. L. Smith and J. H. Futrell, Int. J, Mass Spectrom. Ion Phys. ̂ 5, 281 
(1977). 

2. T. M. Mayer and F. W. Lampe, J. Phys. Chem. 2i, 2433 (1974). 

3. W. N- Allen and F. W. Lampe, J. Am. Chera- Soc. 99, 6816 (1977). 

4. R. N. Abernathy and F. W.-Lampe, J. Am. Chem. Soc. 103, xxxx (1981) IN PRESS. 

5. G. W. Goodloe and F. W. Lampe, J. Am. Chera. Soc. 101, 6028 (1979). 
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GAS-PHASE ION CHEMISTRY WITH AND WITHOUT 
SOLVENT. Diethnrd K. Bohme* and Gervase I. Mackay. 
Department of Chemistry, York University, Downsview,Ontario 
M3J 1P3. 

Room-temperature measurements with a flowing plasma 
mass-spectrometer (flowing afterglow) system arc reported 
which explore the transition in the kinetics and energetics 
of ion-molecule reactions from their solvent-free behaviour 
to that observed in solution. Results are reported for 
proton-transfer reactions of the type: 

B~.S^ + AH «= A~.S^ + (n-m)S + BH 

and n u c l e o p h i l i c displacement r e a c t i o n s of the type : 

B~.S + CH Br = Br'.Snj + (n-m)S + CH B 

The kinetics of these reactions are followed as a function 
of the step-wise solvation of B~ up to n => 3. The results 
provide a vivid confirmation of our qualitative concepts of 
solvent effects and an indication of the absolute influence 
of solvent on such reactions. 
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TANDEM MASS SPECTROMETRIC STUDIES 
OF THE REACTIONS OF SOLVATED ANIONS 

* * 
P.M. Hierl, M. J. Henchman, and J. F. Paulson 

Air Force Geophysics Laboratory, Hanscom AFB, MA 01731 

Summary 

A tandem mass spectrometer has been used to measure cross sections for the reactions 

of the solvated ion 0H'(H20) (where n = 0, 1, 2 or 3) with the neutral molecules CO2, SO-, 

CH,C1, and CH.Br over the range of reactant translational energy 0.15 - 25 eV (LAB). With 

COT and SO- the major reaction channels are solvent switching (with the neutral reactant ' 

replacing one or more of the water molecules) and collision-induced dissociation. With 

the methyl halides the major reaction .channels are nucleophilic substitution, proton transfer 

and collision-induced dissociation. 

Experimental 

The measurements reported here were made with the AFGL tandem mass spectrometer. 

Reactant negative ions were formed indirectly by ion-neutral reactions in a high-pressure, 

electron-bombardment ion source. These ions were mass analyzed by a 2.54 cm, 90° magnetic 

sector mass spectrometer and then decelerated to the desired kinetic energy before.entering 

the neutral gas collision chamber. Since the target gas pressure (measured by a capacitance 

manometer) was typically 2-3 mtorr and the collision path length was 0.2 cm, single collision 

conditions obtained. Reactant and product ions emerging from this chamber were accelerated 

by a series of grids and mass analyzed in a 46 cm quadrupole mass filter before being counted 

with a particle multiplier and conventional nuclear pulse counting equipment. 

Results. 

CO., SO.: At collision-energies less than about 1 eV (CM) the solvated anions 0H"(H„0) 

(n = 1 - 3) react very rapidly with CO, and SO.. In all cases but one, the major products 

are HCO," and HSO,", respectively. (The exception is the system OH"(H,0), + CO., for which 

the major product is HCO,"-H,0.} Apparently the excess energy released in these exothermic 

solvent switching reactions causes H,0 "boil off" from the products. The cross sections 

for these reactions are very large, approaching several hundred square Angstroms at low 

collision energies. These cross sections generally decrease with collision energy as 
-1 /2 
E up to about 1 eV; at higher collision energies, the cross sections generally decrease 

much more rapidly with energy. This is most noticeable in the reactions leading to hydrated 

ionic products (e.g., HCO,".H.O), where the increased collision energy facilitates the boil 

off of the water of hydration. 
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CH.Cl, CH.Br: Nucleophilic substitution is the dominant reaction channel at collision 

energies less than about 1 eV. The major products, are the unsolvated ions Cl" and Br", 

although the singly hydrated products C1"'H,0 and Br'-H.O are also observed. It is found 

that increasing the solvation of the reactant nucleophile substantially decreases the rate 

constant for nucleophilic substitution. This could be a consequence of steric hindrance 

as the nucleophile approaches the substrate, or of charge delocalization in the attacking 

nucleophile, or both. 

With the unsolvated OH" reactant proton transfer yielding CH.Cl" or CH.Br" competes 

effectively with nucleophilic substitution at collision energies above 1 eV. With the 

solvated reactant anions, collision-induced dissociation becomes the dominant reaction 

channel at collision energies about 1 eV. 

A more complete description of this work is being prepared for publication. 

* Permanent Address: Department of Chemistry, University of Kansas, Lawrence, KS 66045 

Permanent Address: Department of Chemistry, Brandeis'University, Waltham, MA 02154 
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THE TEMPERATUFtE DEPENDENCE OF ION-MOLECULE REACTICKS 
AND ION DIFFUSICM IN N„, CO AMD A 00/00^ MIXIDRE. 

J.V.Headley, R.S.Mason & K.R.Jennings 

Department of Chanistry and Molecular Sciences, 
University of Warwick, Coventry, CV4 7AL. U.K. 

As part• of a study of.ion-nolecule reactions believed to be of importance in . 

controlling graphite corrosion in gas-cooled nuclear reactors, three body association 

reactions of the type A + 2A2-»A„ + A have been studied as a function of teirjjerature 

and pressure in a pulsed electron beara high pressure source fitted to an MS50 mass 

spectraneter (iCratos Scientific Instnments Ltd.). Literature values on the temperature 

dependence of these reactions show considerable discrepancies so that extrapolation of the 

data to 600-730 K, the operating tenperature of the reactors, is subject to considerable 

error. 

Ions are produced by a 1-10 ys pulse of 400 eV electrons in the pressure range 

0.6-3.2 Torr over the tenperature range 324-550K. After leaving the ion exit slit, ions 

are accelerated towards a high transmission grid at a potential of -SOV with respect to 

the source before being subjected to the full accelerating voltage of 8000V. The open 

construction in this region minimises the occurrence of collision-induced deconpositions. 

In order to avoid problems arising frcm the formation of oxide layers in the presence of 

oxygen-containing raolecules, all surfaces in the ion source were gold-plated on nickel. 

Inmediately after the pulse of electrons, charged species are lost by ambipolar diffusion 

until their density is sufficiently low for there to be a sharp change to loss of 

positive ions by free diffusion. All observations were carried out In this second region 

of diffusive loss, wiien reactant ions are lost both by chenical reaction and by diffusion. 

It has been customary to allow for diffusive loss of ions by noimalising lon currents but 

in the presnt work, data have been analysed to allow explicitly for loss by both chemical 

reaction and diffusion. 

At constant pressure and tenperature, both processes give rise to a pseudo-first 

order decay of A ions if the back reaction can be neglected: 

A* 4. 2A - Y * Y -̂  ^ -̂"-̂  
+ a' 

A ) Lost on walls (a) 

uliere k, and a' are the pseudo-first order rate constants. 

Iherefore -d[A*] = k [A*][A]^ -i- a'[A"̂ ] 
dt 

so that -dCA'̂ ] = k^[A]^ + a' = (k^' + a')dt [.U ' 

2 - -
where k ' = k • [A] 
Putting I(A ) a [A ] and integrating, 

l Y ) y l ( A \ ^ e-̂ '̂ 'l̂ -')̂  
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A p l o t of lnI(A ).,. aga in s t t a t oons tant p r e s s u r e t h e r e f o r e g i v e s a s t r a l ^ t l i n e of 
2 - 1 

s l cpeS = (k ' + a ' ) . The p s e u d o - f i r s t o rde r r a t e cons tan t k ' a [A] and a ' a [A] 

so t h a t 

S = kĵ CA] •̂  a / [A] o r SCA] k̂ CA]'" 

Hence a plot of SLA] against [A] gives a straight line of slope k. and intercept a. 

By working at different tenperatures, the tenperature dependences of these two rate 

constants can be obtained. 

Results 

(a) Values of k, for various association reactions at 300K are given in the following 

Table together with values of n where k. = CT 

for ccnparison. 

Literature values are included 

Reaction 
, ,-,,̂ -29 6 - , -2 
k.^^/10 on nrolecule s Ref. 

N2 +2N2 N. +. N„ 

CO + 2CD ••(00)2 + 00 

OO2 +00^ M 

4 . 5 

10 

8 .0 

13 

11.4 

26 

29 .3 

0 .10 

3ndences 

Vco 

3.8 + 0 . 3 

1.7 . 

4 

3 .3 + 0 . 2 

1.5 

4 . 5 + 0 . 2 

3 . 8 + 0 . 4 

6.9 + 0 . 4 

3.2 

6.4 
2 X, where Dn/A = 

( 0 0 ) / / O O 

aT^ 

This work 

1 

2 

This work 

1 

I h i s work 

H i i s work 

This work 

1 

3 

, were 

M -(033)2 

(M = 00, OOg) 

COg'̂  + 00 + M -(OOg.CO)'^ + 

HOO"̂  + 2O0 -^H(CD)2* + 00 

determined as follows: 

Ion/Gas Y ^ 2 Y/̂ 2 

x 0.62 + 0.4 0.80 + 0.3 0.10 + 0.6 0.32 + 0.1 

Discussion 

Literature values of n tend to fall into low or high values and where conparison is 

possible, the results of the present work favour the higher tenperature dependence. The 

values are qualitatively in agreenent with predictions of RRK theory but a detailed 

interpretation must await a more thorough treatment in temB of RRKM theory. If the 

experimental data are analysed using the usual normalised ion current method, k__^ increases 

by about 2C^ but the value ol n does not change significantly. The Chapman Enskog theory 
n 67 -12 -4 

predicts D oT^" for an r potential and D aT for an r potential. The values of x 

-pbtained for the four ions show unexpectedly that the dimer ions diffuse more rapidly/ 

than the nronomeric ions. This Is ascribed to the effects qf resonance charge transfer 

and to ion or solvent molecule switching reactions. 
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A full account ol this work has been submitted to J. Chem. Soc. Faraday Transactions 

I. 
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GAS-PHASE NUCLEOPHILIC REACTIONS AT SATURATED AND CARBONYL CARBON. Richard N. 
A 

McDonald and A. Kasem Chowdhury, Department of Chemistry, Kansas State 

University, Manhattan, Kansas. 66506. 

Our gas phase studies of ion-molecule reactions are carried out in a flowing after

glow apparatus with heliuin as the buffer gas (conditions: P = 0.5 torr, v = 80 m s , 

and 298K). PhenyInitrene anion radical (PhN~) (PhN + e~ -»- PhN~ + N ) is kinetically a 

-11 3 • -1 
poor nucleophile in S 2 displaceraent reactions (with CH„Br, k = 1,8 x 10 cm molecule 

s~ ). However, we have shown that PhN* is a good nucleophile toward addition to carbonyl 

groups. Since the addition adduct 1 is a free radical as well as an anion, radical 0-

fragmentation yields the observed acyl-anilide anion products. In support of this mechan-

, !0 

0 0 p-». PhN-C-R., + -R^ (1) 

PhN"' + R,-C-R^-+- PhN-C-
I 
R, L». PhN-C-R„ + -R^ (2) 

J I 
0 f-*- PhN-C-R, + -R^ 

r 1 2 
Rĵ  L». PhN-C-R^ + -R, 

ism, we have found that the reactions of PhN* with CF.-CO^CH„, CF C0„C„H^, and CF„C0(SC^H ) 

-10 -̂  Y -̂  -1 -1 

(i) occur with the same rate constant ((8+1) x 10 cm molecule s ), (ii) are inde

pendent of the overall exothermicity (-16, -13, and -hh kcal mole , respectively), and 

(iii) exclusively yield the same product ion PhN=C(0~)CF (eq 1; R = CF^, R^ = OCH„, 

OC„H_, or SC„Hc). The absence of rate constant dependency on reaction exoergicity is con

sistent with the intermediacy of tetrahedral adduct 1 in the slow step followed by an 

equivalent, fast fragmentation step frora the three adducts. Formation of 1 then effectively 

"insulates" the rate constant frora AH 
^^ - 2 

S* is known to be a better S 2 nucleophile than PhN*. The fast reaction of S' with 

CF CO CH„ yields 35% CF COS~ and 65% CF CÔ "* while the equally fast reaction with CF -

COjC^H^ gives 96% CF„COS~ and h% CF CO^"; CF COS~ formed by' addition/fragmentation and 

CF-CO^~ from S„2 displacement (or E2 elimination from the ethyl ester). These results 

are consistent with similar rate constants for C=0 addition and an S„2 rate ratio of 
N 

k /k = 16, the latter value in good agreement with various solution data. A chree-
CH3 C^H^ 

minimum potential surface is used to describe these addition/fragmentation processes by 

hypovalent anion radicals. 

It vas found chat reactions of CF-CO„R with various closed shell nucleophiles (e.g. 

allyl anion) produce CF as the major, first formed product ion, rather than CF„C02 if 

the reaction channel leading to CF CO^' is highly exothermic (CF C0„~-»- ~CF + CO™; AH = 

+38.8 kcal mole ), along with lesser amounts of carbonyl addition products. The observa-

shown to undergo fast and efficient (>_ 0,5) reactions with the starting ester, CF CO„R, 

yielding variable amounts of CF-C0„ and the addition adducts depending on the nature of R. 

The reaction of allyl anion with (CFT)2C=0 yields two product ions, (CF„)2C0* and 

H„C=CHCH=C(0 )CF„. The channels leading to both products are considered to proceed via 

a coramon loose, charge-transfer collision complex. This has important implications in a 
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number of condensed-phase "nucleophilic" Jnechanisios considered Co involve single electron 

transfer as the first step. 

(1) (a) McDonald, R. N.; Chowdhury, A. K., J. Am. Chem. Soc, 1;^0, 102, 6146. (b) 

.Ibid., ,1;^, 103, 674. . . . 

(2) Tanaka, K.; Mackay, G. I.; Payzant, J.- D.; Bohme, D. K., Can. J. Chem., 1^^, 

54, 1643. . 
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GAS PHASE HYDROGEN-DEUTERIUM EXCHANGE REACTIONS IN CARBANIONS: EXCHANGE 
OF VINYL AND ARYL PROTONS BY D2O. Robert R. Squires, CH." DePuy and 
Veronica M. Bierbaum, Department of Chemistry, University of Colorado, 
Boulder, Colorado 80309 

The mechanism and practical applications of gas phase hydrogen-
deuterium exchange by D-0 of vinyl and aryl protons'in carbanions are 
.reported. Using the flowing afterglow method, we find that under the proper 
conditions DjO is capable of exchanging hydrogens which are up to 10-20 
kcal/mol less acidic than those in water. Thus, in the 2-phenylallyl anion 
up to 8 of the possible 9 hydrogens can be - observed to exchange in the pre-

P»2 

CH, 

CO,-
CsHD^-C, 

CD, 

We ascribe this behavior to the presence of the ion-dipole energy in the 
D^O-carbanion complex which allows multiple endothermic proton transfers 
to occur. The key here is that the relative acidity of the allylic and aryl 
hydrogens must not exceed the ion-dipole energy of the initially formed com
plex. A simple symmetrical reaction profile for this process is shov/n below: 

m 
z m 
a 
-< 

REACTION COORDINATE 

The initially formed ion-molecule complex £ has up to 
energy. Some of this energy (say 3 kcal/mol) is used i 
deuteron transfer to form 5̂ . An endothermic proton tra 
17 kcal/mol is still possible to form 6̂. Separation of 
possible when all of the necessary internal energy is 
mediates 7̂  ̂ "^ ^' ^ t is apparent that this mechanism r 
agent possessing at least two deuteriums in.order for 
acidic sites-to be observable. 

We have observed multiple exchanges of this type 
and a few of these are listed in the Table. These resu 
sent a complication with regard to the specificity of 
same time they offer useful new applications of the te 
cases protons of different types in a carbanion can be 
their relative rates of exchange. For example, in the 
four allylic hydrogens exchange most rapidly (k = 9 x 
A fifth proton, which we formulate as that in the 3-po 

20 kcal/mol of excess 
n an endothermic 
nsfer to 0D~ of up to 
the complex is only 

regained via inter-
equires an exchange 
exchange at the less 

in many other anions 
Its obviously pre-
H-D exchange. At the 
chnique since in many 
distinguished by 
isoprene anion, the 
10~ cc/molec-sec). 
sition exchanges more 
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slowly but at a rate which is sirailar enough to that of the first four to 
prevent a reliable dissection of its intrinsic exchange rate constant. The 
final two hydrogens exchange more slowly still with an estimated rate con
stant of 1 X 10"''cc/molec-sec. Thus, by determining not only the maximum 
number of exchangeable hydrogens but also their relative ease of exchange, 
we can gain important information about the structure of the carbanion. 
Further, in bracketing hydrocarbon acidities the presence or absence of 
multiple exchanges may serve to fix an upper or lower limit for certain 
types of hydrogens in the molecule. For instance, we have found that in the 
2-t-butylallyl anion only the four allylic hydrogens exchange with D_0. 

Table I. Extent of Hydrogen-Deuterium Exchange of Carbanions with D^O 

Neutral • 
(HA) Producing 

Anion (A ) 
No. of H _ 
Atoms in A 

t-Iaximum No. of 
H-D Exchanges 
Observed 

CH2=C(CH3)CH=CH2 ' 

CgHsCCCHjXHi 

Ze^^om^ 

2-FeTHYLENE-5-
NORBORNENE or 

CfiHsF 

C6H5CF3 

CH2=CHCN 

(CH3)3CC(CH3)=CH2 13 

REFERENCES 
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ISOMERIZATION OF BENZYL CHLORIDE RADICAL 
CATION DETERMINED BY,ICR PHOTODISSOCIATION SPECTROSCOPY;. 
J. P. Honovich and R. C. Dunbar, Chemistry Department, Case 
Western Reserve University, Cleveland, OH 44106 

The structure of benzyl chloride radical cation produced by 
electron impact has come into dispute in the literature. 
Results ranging from zero to seventy percent rearrangement 
have appeared. Employing ICR photodissociation techniques 
the authors will present evidence that benzyl chloride 
radical cations undergo a bimolecular isomerization reaction 
to yield a rearranged product. 
The experiments utilize the fact that different ionic struc
tures have unique photodissociation spectra. A gated laser 
source in the 458-615 nm region is used to probe the ion 
population as a function of ion residence time in the ICR 
cell. Results indicate that electron impact ionization pro-, 
duces a homogeneous population of red absorbing ions of 
benzyl structure. These ions upon collisions with neutral 
benzyl chloride react to give an isomeric mixture of red 
and blue absorbing ions. The blue absorbing ions are pre
sumably chlorotoluene structure. This result will be 
discussed in the light of previous investigations. 
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Metastabie CHu and Some of Its Isotopic Analogs: Tunneling through the Centrifugal Barrier 

A. J. lilies, M. F, Jarrold and M. T. Bowers; Dept. of Chem., Univ. of California, 

Santa Barbara, CA 93106. 

The raetastable (MS) reaction from CHt (and its isotopic analogs COt and CDatT*'...) 

CHt -*- CHt + H (1) 

have been the subject of many experimental and theoretical studies. The long lifetimes in
volved indicate statistical theory cannot be invoked to explain the rates of reactions. 
However, the long lifetimes may be explained by either a curve crossing, mechanism or by 
tunneling through the centrifugal barrier. 

Solka, Beynon, and Cooks [1] studied this reaction as a function of ion source tempera
ture (--iOO-SZS K) and found that the kinetic energy (KE) release (determined' from the MS 
peak at half height) increases with temperature. This increase was ascribed to tunneling 
through the centrifugal barrier. Subsequent appearance potential (AP) measurements for the 
MS process by Flamme, Momigny and Wankenne [2] indicated that the AP for-the MS ion was 
-1.7 eV above threshold. This result was interpreted in terras of tunneling, however it is 
more consistant with the curve crossing raechanisra. . 

We have reinvestigated the MS arising from CD3H+, CDt and CHt over the temperature 
range 125 < T < 575 K on a high resolution reverse georaetry mass spectrometer fitted with 
a temperature variable ion source built frora oxygen free high conductivity copper. Both ion 
intensities were obtained from the peak areas using analog detection, while the KE release 
distributions were deterrained frora MS peaks obtained at high energy resolution (-0.25 eV 
FWHM) using a pulse counting.detection systera. 

Figure 1 gives a plot of the average KE release (determined from the KE release dis
tribution-points) versus T and Figure 2 a plot of the MS intensities (points) versus T for 
reaction 2; 

CDaH"** -̂  cot + H (2) 

the data show that both the KE release and intensity increase with temperature. Our own 
AP measurements indicate that the MS process and the direct process have the same threshold 
energy. This result is in.agreeraent with an earlier study by Dibeler and Rosenstock [3] 
but is in contrast to that reported by Flamme et̂  al. 

We have modelled the MS in terms of a tunneling mechanism. Statistical theory is used 
to determine the frequency for encounter with the centrifugal barrier and the WKB approxi
mation is used for the tunneling probability. Figures 3 and h show the experimental 
(points) and calculated (histogram) KE release distributions for reaction (2) at two 
temperatures i l h 3 and 425 K ) . The curves in Figure 1 and 2 represent the calculated average 
KE (absolute) and the calculated intensities (normalized) obtained frora our model. 

The agreement between all our experiraental and calculate results leads us to conclude 
that the MS, reaction (2), occurs by tunneling through the centrifugal barrier. Studies on 
CDu and CHt indicates sirailar conclusions can be drawn for these' systems. 

The support of the National Science Foundation is greatly acknowledged. 

(1) B. H. Solka, J. H. Beynon and R. G. Cooks, J. Amer. Chem. Soc. 21 859(1975). 
(2) J. P. Flamme, J. Momigny and H, Wankenne, J. Araer. Chem. Soc. 98 1045(1976) . 
(3) V. H. Dibeler and H. M. Rosenstock, J. Chera. Phys. 39 1326(1963). 

409 



> 
E 

UJ 

UJ 

< 
a: 
Ul 
> 
< 

10 

8 

6 

4 

2 

- CDjH*- * CDi' 
/ 
/ 

/ 
1 ' • 

-

/ 
y 

y 
- -^ 1 1 I I 

+ 

»• 

H 

' ' 
200 400 600 

TEMPERATURE , K 

12 

10 

8 

6 

4 

Z 

-

-

-

_ 

-

-

CDjH'*' —> OD3 

y 
• / 

/ • 

+ H / ! 

/ 

1 / 

/ rCALCULATED 
'* INOT ABSOLUTE 

200 400 
TEMPERATURE . K 

Normalized metastable ion 
intensities as a function of 
ion source temperature for 
reaction (2), 

Average kinetic energy release as a 
function of ion source teraperature 
for reaction (2). 

Pa ' ) 

10 . 20 
KINETIC ENERGY 

Experimental (points) and 
calculated (histogram) kinetic 
energy release distr ibution at 
143 K for reaction (2). 

10 20 

KINETIC ENERGY 

Experimental (points) and 
calculated (histogram) kinetic 
energy release distribution at 
425 K for reaction (2). 

410 



R. B. Freas, D. P. Ridge, University of Delaware, Newark, De. 19711 

There has long been.an interest in the activation of the relatively 

• inert chen;ical bonds of saturated hydrocarbons with simple molecular 

substrates. Recent developirents include the oxidative addition of transition 

1 2 3 4 

metal atoms , clusters and ions ' to insert into or cleave the carbon-

carbon or carbon-hydrogen bonds in simple alkanes. The reactions of first 

row transition metal ions with small hydrocarbons have been studied in our 

laboratory using the technique of ion cyclotron resonance spectrometry 

(ICR) . The metal ions have been produced in the source by electron ir.pact on 

the corresponding metal carbonyl. The group VIII metal atoms, Fe , Co and 

Ni , have been observed to insert into the C-C and C-K bonds of butane 

according to the following scheme: 

nc^Y ' 

KC3Kg+ 

" ^ 4 " 8 * 

+ 

+ 

+ 

^ 2 

CK 

H.2 

[11 

The predominant product in all cases observed corresponds to cleavage 

of the weakest bond. Thus, in the case of n-butane, the major product ion is 

+ 5 '' + 

KCjK. . The collision-induced decom.position (CID) spectra of the KC.Ii.. 

ions formed by the ligand substitution reaction of MCO and neutral butanes 

evidence • a number of species, all quite sim.llar either to product ions 
4 

observed in the ICR, or to proposed intern;ediate species . 
Electron ir.pact on the binuclear metal carbonyls produces a 

significant amount of the metal.dimer ion, M- . Kn^ and Co, / as ŵ ell as 

Cr , formed by electron ir.pact on Cr(CO),, was found to react with 

alkanes to almost exclusively elim.inate" II-, from, the molecule. The sole case 

of C-C bond cleavage observed was the rupture of the. weakest, bond in all of 

the alkanes observed; the 2,3 C-C bond in n-butane. Cr was also seen to 

react with methane to eliminate H, as indicated in scheme [2]: 
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CrCH^"^ "̂  ^2 '^' 

CrCH."^ + CO [3] 

The CID spectrum of CrCII. , produced by the carbonyl displacement 

reaction shov.n in [3] , is vastly different, from the spectra obtained . from 

+ 4 

the Fe -butane ions described earlier . The only decomposition product 

observed is Cr , indicating that the CrCH. species is a loosely bound 

complex. . 

Results from ion beam studies by Beauchamp et al. yield a chromium 

carbene bond strength,. .. D° (Cr -CH,). = 6 5 + 7 kcal/mole. This leads to 

the reaction of Cr and CH. being endothermic by. 45 kcal/mol.. 

+ „/„.,. ^ „ , „ „ , + . ^ 1 , 1 ^ Cr + Cr(CO)g Cr(CO),. . ^^^„ 
[4] 

Studies were done in the ICR tcdetennine the kinetics of the 

reactions in scheme [4]. The kinetic evidence obtained indicates that Cr 

formed by 70 eV electron imjpact on Cr(CO),, is present in two states which 

react with Cr(CO),. The more rapidly reacting state has an approximate rate 

— 9 3 + 
constant of 1.0 x 10 molec./cm. sec. and comprises about 28% of the Cr 

-9 
intensity. The other state reacts with a rate constant of 2.0 xlO 

molec./cm sec. It is thus likely that the loosely bound complex corresponds 

to the ground state of Cr , and only the excited state is responsible for 

the formation-of CrCH, . 

In conclusion, Fe , Co and Ni react to oxidatively cleave C-C and 

C-K bonds in alkanes whereas Mn , Mn, and Co, do not. Cr reacts to cleave 

C-H bonds in alkanes, and kinetic and thermochemical evidence exists for 

the possibility that these reactions correspond to an excited state of Cr . 

^R.J.Remick, T.A.Asunta, P.S.Skell; J. Am-. Chem. S o c , 10^, 1321 (1979). 
P.H.Barrett, M.Pasternak, R.G.Pearson; J. Am. Chem. Soc. 101, 222 (1979); 
,S.C.Davis, K.J.Klabunde; J. Am. Chem..Soc, 2P£' 5973 (19^8). 
2^J.A.Allison, R.B.Freas, D.P.Ridge; J. Am.. Chem. S o c , 101, 1332 (1979). 
^R.E.Freas, D.P.Ridge; J. Am. Chem. S o c , _102, 7129 (198'oy.-
CID spectra were taken on a VG Micromass ZAB Spectrometer; Grateful 
acknowledgement is.made to the duPont Co., Dr. C. E. McEwen and Dr M. A. 
gRudat for its use and their assistance. 
L.F.Halle, F.B.Armentrout, J.L.Beauchamp, unpublished results. 
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GAS PHASE ION CHEMISTRY AND PHOTOCHEMISTRY OF C7H^0+ • 

C.J. Cassady and B.S. Preiser 

Department of Chemistry 
Purdue University 

West Lafayette, Indiana 47907 

0. Russell 

Department of Chemistry 
Texas A & M 

College Station, Texas 77843 

As part of our continuing interest in the area of the gas phase chemistry of isomeric 
ions, we report an ion cyclotron resonance (ICR) study on C,H 0"''. Photodissociation (PDS) 
was used to study CjH.O''" generated from benzaldehyde, tropone, o-cresol , p-cresol , and 
2 -chloro-5-methylpnenol. Proposed structures for these Ĉ H.O''" ions are: 

(in; 1. ^s OH 
(II) OH (III) 

HO 

(y- CH, 

The PDS spectra of the cresols and tropone gave one peak with a maximum of 300 nm. The 
PDS products were m/e = 79 and m/e = 91, with the proposed reactions being: 

C^H^O hv 
m/e = 79 

CO 

C^H^O hv CgHjO + 

m/e = 91 

CH. 

The PDS spectra of benzaldehyde showed "an intense short wavelength peak at 300 nm and a weak 
long wavelength peak at 370 nm. The only PDS product observed for benzaldehyde was m/e = 79 
(C,H,"'"). Figures 1 and 2 show PDS spectra of benzaldehyde and tropone taken with a 

Energy (eV) 

5.0 4.5 4.0 3.5 

Vv 

J 4 

C, H7O* of 

Tropone 

00 350 
WGvcIong!h (.".m) 

Ensrgy (eV) 
5.0 4 5 ^.0 3.5 

300 350 
VVcvelength (nm) 

Figure 1 Figure 2 

conventional ICR and a 3.5 kW Hg-Xe arc lamp. A summary.of our PDS resul ts obtained using 
th i s experimental set-up is given in Table 1 . 
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Figure 3. 

Table 1 . 

Compound 

Benzaldehyde 

p-Cresol 

0- Cresol 

2-Chloro-

5- methyl-

phenol 

Tropone 

\Tiox,nrn 

300-.305^ 

3 7 0 

300-310 

. 305 

295 

i% PDS 
at Amax 

6 0 

IOO 

6 0 

6 0 

295-30C 6 0 

% -.F^roducts, 
masses'-

7 9 

IOO 

90 

80 

40 

90 El MODE , PENZBLDEHYflE , 16 SLC , S / I Ki/t i 1. 

_9I_ 

0 

10 

20 

60 
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It was confirmed that benzaldehyde did have the long wavelength band by using a 
Nd:YAG laser set at 353 nm in conjunction with a Nicolet FT-MS. These spectra are shown 
in Figure 3. This same experiment was also run on tropone, with no photodissociation 
being observed. 

As seen in Figure 4, our results compare favorably with PDS studies of C„Hg . 

From our preliminary'studies we have concluded that the dissociating structure for 
the CyH-O""" ion from benzaldehyde is structure I, while the dissociating structure of the 
cresol and tropone ions is structure III. In both cases the non-dissociating structure 
is believed to be the hydroxytropylium ion, structure II. Further studies in this area 
are currently being undertaken in our laboratory. 

PDS of 

H 

Sinniliar to PDS 
H 
t-'OH ? 

250 300 350. 
Wavelength (nm) 

(From Dunbar, JACS,!Q!. 1368) 

PDS of 

250 300 350 • 40( 
Wavelenglh(nm) 

(From O.A. McCrery.MS Thesis. Purdue U,I979) 

Figure 4 
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Systematic Error in Isotopic Analysis of Noble Gas Mixtures. 

Robert E. Ellefson, Monsanto Research Corporation, Mound Facility, Miamisburg, .Ohio 45342 

. Noble gas mixtures of helium-neon, heliiim-argon, and helium-xenon, with one or both gas components en
riched, are frequently prepared at Mound. Ultimate uses of these mixtures include gas lasers, atmospheric tracers, 
and reactor fuel element tags. 

Matures are analyzed using a modified DuPont 21-620A mass spectrometer operated in the Dempster mode 
for helium measurements and the cycloidal mode for higher masses. "The resolution for cycloidal operation is 200. 
High vacuum is provided by an Edwards EO-2 diffusion pump using polyphenyl ether pumping fluid. Sensitivity 
for argon, xenon, neon, and helium are 18, 12, 6, and 1 x 10"' A/torr, respectively. 

Analyses of known standard mixtures in Fig. 1 show significant biases in measured ratio which change with 
sample (inlet) pressure. Also, analyses of 25'!'o and 50% 'He in xenon standards, each analyzed at 200pm sample 
pressure, show biases of 0.4% relative and 3^8% relative, respectively; thus, bias magnitude appears dependent on 
component partial pressure and not total sample pressure. 

Quantitative gas analysis assumes a linear relationship between measured ion current, Ij, and partial pressure, 
PP;, of a corresponding component in the inlet system: PP; = li/Sj where Sj is the sensitivity parameter (assumed 
constant). Figure 2 shows that for this mass spectrometer, sensitivity is not constant but varies with pressure and is 
different for each gas. Gas flow through the mass spectrometer is described in Fig. 3. Ion current from a mole frac
tion, Xj, is related to source pressure, Pj , and ion production factor, Kj, by 

F | / % \ 
i = K i X i P s = K i ^ l l > J j X i P , . 

as PPj, sensitivity 

^'nv-'n}' 

Identifying XjP] as PP;, sensitivity is given.by 

Si 

Nonlinear operation can arise from three factors determining sensitivity. Factor Kj, if it varies at all, should 
depend on total pressure, not partial pressure. Conductance effects of the molecular leak (Fj) and source exit ports 
(Fg) should have positive slopes for ail gases if deviations from molecular flow were significant.' Changes in diffu
sion pumping speed (Fu) by varying the power produce sensitivity changes as shown in Fig.4. Reciprocal of sen
sitivity changes reflect change in F ^ ; magnitude and profile of Fig. 4 is similar to the effect of decrease in heat input 
to the diffusion pump.' The variation shown in Fig. 2 is attributed to changes in Ffj from a "cooling" effect on 
pumping fluid with increased gas load. 

Independent flow of gas components implies that the use of a sensitivity, Sj, appropriate for the partial 
pressure of the component should minimize systematic errors in ratios: 

Sj = So; [1 +ASi (Xi • P I ) ] . -

Applying this model to the data in Fig. I reduces the systematic error as shown in Fig. 5, confirming the 
usefulness of the model. Hardware changes that could also minimize the effect would be higher pumping speed, 
Fj.j, and/or decreasing source conductance, Fg. 
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IMPROVED PRECISION OF DIFFERENTIAL HYDROGEN iSOTOPE RATIO ANALYSIS 
THROUGH THE USE OF TUO ISOTOPIC STANDARDS 

D.A. Schoeller, D.W. Peterson, and J.M. Hayes 

Department of Medicine, The University of Chicago, Chicago, 111. 60637, 
and Department of Chemistry, Indiana University, Bloomington, Ind. 47401. 

Deuterium/hydrogen differential isotope ratio analysis employs the same qeneral 
methodology that was developed by Nier (1), and McKinney et al. (2) for 13c/l2c and 
I80/I60 isotope ratio analyses. While the analytical considerations for each of the 
three techniques are quite similar, hydrogen isotope ratio analysis is uniquely subject 
to interference from an (M-H)+ ion. The Hs""" ion has the same nominal mass as the minor 
isotopic species DH+ and generally comprises 15 to 30% of the total ion current at m/z 
.3. In order to obtain accurate results, the observed isotopic abundances must be cor
rected for the H3+ contribution. The correction can be performed either after data 
collection using a mathematical technique based on the second power relationship be
tween the major ion intensity and the Hs"*" ion intensity, or during data collection 
using an electrical compensation circuit that is adjusted to null the Hs'"' signal. How
ever, because both correction techniques require an independent calibration process to 
determine the H3''' correction factor, they are both subject to error due to uncertainty 
in the calibration and small variations in the efficiency of H3''' formation. 

A third approach which might eliminate the uncertainty in the H3''" correction was 
proposed by Terwilliger (3). This approach involves the use of the two standard H2 
samples which are introduced into the ion source in succession with the unknown sample. 
The relative isotopic abundance of the unknown is calculated by l.inear interpolation 
between the observed m/z 3 tp m/z 2 ion current ratios of the unknown (Ru) and the 
standards (Ra and Rb), and the known D/H ratios of the standards (A and B). 

A(Ra-Rh) t B(Ru-Rh) . 
Ra-Rb 

Based on the mathematical model, Terwilliger predicted that the use of two stan
dards and linear interpolation would provide superior precision compared to the typical 
H3+ correction using a single standard. The double-comparison method, however, has 
never been evaluated in practice. We have, therefore, compared the precision of the 
double-comparison technique with the one-standard techniques using either mathematical 

U 

counter —>C 

counter —>C 

Figure 1. Mass spectrometer system employing a Nuclide 3-60 RMS, a triple viscous 
leak inlet, and optional electrical H3''' compensation. The inlet valves, accelerating 
voltage, and detectors are interfaced to a TI 980B minicomputer (C). 
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Table 1. Comparison of the precisions of the D/H analyses. 

Standard deviations of 60 measurements, °/oo 

linear mathematical electrical 
calculation correction compensation 

one-standard 1.44c 0.72C 
double-comparison 6.7ia;1.68b • 1.49^ 0.41^: 

Coefficient of variation of m/e 2 ion-current matching; a, 0.6%; 
b. 0.05%; c, either. Integration time = 100 s. 

or electrical H3''" correction. In addition, the double-comparison method was combined 
with mathematical or electrical H3''' correction and the results were compared with those 
obtained without an independent H3+ correction. 

Single aliquots of six hydrogen gas samples with 2H relative abundances between 
-183 and 193°/oo vs. SMOW were prepared and stored in glass bulbs sealed with high 
vacuum teflon stopcocks. Two of the gases (-148.1 and 54.40/00) were arbitrarily des
ignated as standards, while the remaining four gases were used as "unknowns". The iso
topic abundance measurements were performed using a Nuclide 3-60 ratio mass spectrom
eter (State College, Pa.).that had been modified by the addition of a third inlet res
ervior and viscous leak. The inlet and mass spectrometer were interfaced to a TI-980 B 
minicomputer for automated isotope ratio analysis (Fig. 1). The analyses were performed 
at a major-isotope ion beam current of 1.5x10-9 amp and a total integration time for each 
gas of 100 sec for electrical compensation and 300 sec for mathematical correction. The 
Hs* correction factor was determined on each of the nine occasions on which the tech
niques were compared during'the six-week study period. The H3''' correction factor aver
aged 6.9xl04 amp-1, or about 30% of theminor beam current. The coefficient of varia
tion was slightly less than 2%. 

The precisions (1 SD) of each of the techniques are'shown in Table 1. The double-
comparison technique had a precision of 0.40/00 when combined with electrical H3'''. com
pensation. This was superior to that obtained using the one-standard technique with 
either mathematical or electrical H3''' correction. In the absence of an independent 
H3''' correction, however, the precision of the double-comparison technique was poor and 
varied as a function of the accuracy of the matching of the major ion currents of the 
unknown and standard gases. When the ion currents were matched manually with a rela
tive precision of 0.6%, the precision of the double-comparison linear calculation tech
nique was 6.70/00. The precision of the double-comparison, linear calculation tech
nique was improved (l./o/oo) when the ion beams were matched under computer control 
with a relative precision of 0.05%. 

The poor precision of the double-comparison technique using only the linear calcu
lation to correct for H3''' was due to the slight differences in the sample fluxes of the 
standards and unknowns. The ion current mismatching produced a small difference in the 
relative H3''' contributions to each of the observed ion current ratios and, thus, vio
lated the basic assumption of the technique. It was determined by an analysis of the 
propagation of error that the inajor ion currents of the three gases would have to be 
matched with a relative precision of 0.01% in order to obtain a 0.40/00, precision for the 
double-coinparison, linear-calculation technique. A combination of electrical H3''' com
pensation with the double-comparison technique reduces the requirement for intensity 
matching to 1%. Under these conditions, the double-comparison technique compensates 
for the small (< 3%) inaccuracies and variations in the Ms"*" correction factor that 
limit the precision of the one-standard technique, and therefore provides superior 
precision for the determination of deuterium/hydrogen isotope abundances. 
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ISOTOPIC ANALYSIS VIA ATOMIC EMISSION SPECTROSCOPY - AN 
OLD TECHNIQUE WITH NEW PROMISE FOR THE 'EIGHTIES. 

Martin C. Edelson and Velmer A. Fassel 
Ames Laboratory, USDOE, 'lovja State University, Ames, Iowa 50011 

This paper describes the application of a new atomic eraission excitation 
source, the inductively coupled plasma (ICP), to .the isotopic analysis of 
atomic species in solution by atomic emission spectroscopy (ICP-AES). 

ICP-AES is rapidly becoming an.important analytical tool for the simul
taneous multielemental analysis of solutions-'-. For these analyses, the ICP 
offers many advantages over classical excitation sources such as arc and. 
spark discharges, flames, and hollow cathode lamps-'-. The many merits of 
ICP-AES prompted the investigation of its potential use for isotopic analysis. 
Unanswered questions regarding the new source at the beginning of this re
search were, "Do the normal operating conditions of the ICP (i.e. , T=5000-
8000 K, atmospheric pressure) produce lines that are too broad to allow 
isotopic resolution?" and, "Can the isotopic components of an element with a 
rich spectrum (e.g., uranium) be' isolated and measured to provide the basis 
of an isotopic assay by ICP-AES?" We have determined in this study that, i ) 
isotopic components of the ICP-AES lines of heavy elements, such as.Pb and U, 
can be resolved with a high resolution spectrometer, i i ) a good estimate of 
the usefulness of an ICP-/IES line for isotopic analysis can be simply ob
tained by comparing its Doppler width with its' isotope shift, and i i i ) the 
uranium line at 4244A can provide a useful mea.ns for the isotopic assay of 
U-235/U-238 mixtures. These findings are illustrated in, the figures accom
panying .this extended abstract. 

The Doppler width of spectral lines constitutes a serious impediment to 
the application of ICP-AES to the isotopic analysis of those elements whose 
emission lines suffer only small isotope shifts. We expect that the use of 
a single-frequency tunable dye laser to excite the fluorescence of ICP 
atomized material,.coupled with novel spectroscopic techniques, such as 
Doppler-free' two-photon spectroscopy or quasi-collimated "atomic beams", will 
permit the extension of ICP-AES to the isotopic analysis of a number of ele
ments possessing small isotope shifts. 

We expect to see a rekindling of interest in the AES method of isotopic 
analysis in the coming decade. The ease of such analyses, the ability to 
perform them simultaneously on'several elements along with elemental concen
tration determinations; will make this analytical technique an attractive 
one in the years ahead^ Because the isotopic analysis of solution species 
by ICP-AES may become a useful analytical tool in the near future, and no 
.analytical technique should exist without an appropriate acronym," we" propose 
^nductivelly Coupled Plasma - Atomic Multielement Emission Spectroscopy -
Isotope Analysis or ICP-AMES-IAl 
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U 424.4 nm ICP-AES SPECTRA 

Fig. 1. (A) 1:5 U-235:U-238 mixture.(U-235 concentration = 25 ppm); 
(B) A 1: 0.9 : 1 U-235:U236:U-238 mixture (U-235 = 100 ppm) 
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Fig. 2. UII 424.4 nm ICP-AES line used for U-235/U-238 isotopic 
measurements. 
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ELECTRODEPOSITION AS A SAMPLE MOUNTING TECHNIQUE FOR U AND Pu ISOTOPIC ANALYSIS 

R. E. Perrin, D. J. Rokop, J. H. Cappis, and W. R. Shields 

Los Alamos National Laboratory 

GROUP CNC-7 AT LOS ALAMOS NATIONAL LABORATORY UTILIZES VilO SINGLE STAGE 12 INCH, 90° 

SECTOR MASS SPECTROMETERS EQUIPPED WITH PULSE COUNTING DETECTOR SYSTEMS FOR ISOTOPIC ANALYSIS 

OF NANOGRAM QUANTITIES OF U AND Pu. THE USE OF SINGLE STAGE INSTRUMENTS WITH HIGHLY SENSI

TIVE DETECTORS PRESENTS UNIQUE PROBLEMS. SCATTERED IONS FROM INTENSE ION BEAMS CAN CAUSE 

SIGNIFICANT BACKGROUNDS EVEN WHEN THE MASS OF THE INTENSE ION BEAM IS FAR REMOVED FROM THE 

MASS REGION BEING MEASURED. ADDITIONALLY, VERY SMALL AMOUNTS OF HYDROCARBONS CAN CONTRIBUTE 

A SIGNIFICANT BACKGROUND OVER THE ENTIRE MASS RANGE OF INTEREST. ANALYSIS OF NANOGRAM QUAN

TITIES OF U AND Pu SEPARATED FROM 1 TO 10 GRAMS OF MATRIX MATERIAL PRESENT A DIFFICULT CHAL

LENGE TO THE SEPARATIONS CHEMIST. SMALL AMOUNTS OF ALKALI METALS (PARTICULARLY Na, K AND Ca) 

ARE ESPECIALLY DIFFICULT TO REMOVE. HYDROCARBONS IN THE FORM OF PARTIALLY DECOMPOSED ION EX

CHANGE RESIN ARE AN ADDITIONAL PROBLEM. SODIUM AND POTASSIUM ION BEAMS IN THE RANGE OF 6.5 x 

10^ 1;o 9.6 x 10^ CPS ARE COMMON WHEN SAMPLES ARE LOADED BY DIRECT EVAPORATION OF THE SEPAR

ATED SAMPLE ON TO A Re FILAMENT. ION BEAMS OF THIS INTENSITY WILL CAUSE A GENERAL SCATTERED 

ION BACKGROUND OF 200 TO 300 CPS FROM MASS 230 TO MASS,250. UNDESTROYED HYDROCARBONS CONTRI

BUTE AN ADDITIONAL BACKGROUND OF 300 TO 3000 CPS IN SAMPLES LOADED BY DIRECT EVAPORATION. TO 

ACHIEVE THE NEEDED ACCURACY FOR MEASUREMENT OF THE MINOR ISOTOPES IT IS NECESSARY TO REDUCE 

THE BACKGROUND INTERFERENCES FROM ALL OF THE ABOVE SOURCES TO LESS THAN 0.05 CPS. 

RESOLUTION OF THE PROBLEM BY IMPROVEMENTS IN THE CHEMICAL SEPARATIONS WAS CONSIDERED UN

LIKELY BECAUSE OF THE DIFFICULTY OF REMOVING TRACE QUANTITIES OF THE INTERFERENCES FROM BOTH 

REAGENTS AND GLASSWARE. REMOVAL OF THE INTERFERENCES JUST PRIOR TO ANALYSIS WAS CONSIDERED 

TO BE THE MOST ATTRACTIVE APPROACH. DIRECT ELECTRODEPOSITION OF THE U AND/OR Pu ONTO THE 

HASS SPECTROMETER FILAMENT OFFERED THE GREATEST POTENTIAL FOR THE NEEDED SEPARATION WITH THE 

LEAST PROBABILITY OF RECONTAMINATION. ELIMINATION OF THE EFFECTS OF ALKALIES RELEASED FROM 

THE FILAMENT SUPPORT PINS CAN BE ACCOMPLISHED EITHER BY CHANGING THE FILAMENT SUPPORTS OR BY 

LOWERING THE OPERATING TEMPERATURE OF THE FILAMENT. REC AND CO-WORKERS HAVE REPORTED ON A 

TECHNIQUE FOR IMPROVING SINGLE FILAMENT IONIZATION OF U AND Pu BY SPUTTERING A COATING OF Re 

OVER THE SAMPLE SUPPORTED BY A Re FILAMENT. THIS PERMITS IONIZATION OF U AND Pu BELOW 1700°C. 

AT THIS TEMPERATURE THE HEATING OF INSULATOR GLASS IS REDUCED TO AN ACCEPTABLE LEVEL. ELEC

TRODEPOSITION OF THE RHENIUM AFTER ELECTRODEPOSITION OF THE U AND/OR Pu APPEARS TO HOLD PRO

MISE AS A SATISFACTORY SOLUTION FOR THE PROBLEMS DISCUSSED. 

APPARATUS WAS DESIGNED TO PROVIDE A SIMPLE, RELIABLE TECHNIQUE FOR DIRECT ELECTRODEPOSI

TION OF U, Pu, AND Re. A STRIP OF TEFLON TAPE .250" WIDE PASSES OVER A PAIR OF SUPPORT RODS 

AND UNDER THE RHENIUM FILAMENT. TWO SMALL ALLIGATOR CLIPS PROVIDE SUFFICIENT TENSION TO SEAL 

THE TAPE AGAINST THE LOWER SURFACE OF THE FILAMENT AND THUS ASSURE DEPOSITION ONLY ON THE 

UPPER SURFACE. A PLATINUM ANODE IS PLACED ABOVE THE SURFACE OF THE FILAMENT. THIS CONFIGUR

ATION CAN SUPPORT UP TO 150 |j* OF ELECTROLYTE^ A SIMILAR SYSTEM CAN BE USED FOR DEPOSITION 

ONTO SIDE FILAMENTS FOR TRIPLE FILAMENT ANALYSES. 

THREE CONCENTRATIONS OF HCl (IH, 1.5M AND 2M) WERE PREPARED IN TEFLON CONTAINERS. POR

TIONS OF EACH WERE ADJUSTED TO pH VALUES OF 1.7, 2.7 AND 3.7 RESPECTIVELY. PLATING EFFI

CIENCY CURVES FOR EACH OF THE NINE ELECTROLYTES WERE DETERMINED BY PLATING 1 ng PORTIONS OF 

422 



Pu-239 OR 10 ng PORTIONS OF U-233 (DISSOLVED IN 10 iiZ OF 0.1 M HCl) FROM 100 iiZ PORTIONS OF 

THE ELECTROLYTE AT A VOLTAGE OF 3.5 V. RECOVERY WAS MEASURED AS TOTAL ALPHA ACTIVITY IN A 2n 

GAS PROPORTIONAL COUNTER. ALL ELECTROLYTES PROVIDE 95 TO 100% RECOVERY OF U AND Pu AFTER 20 

MINUTES OF PLATING AT 3.5V. THE 1.5M HCl AT A pH OF 2.7 WAS CHOSEN FOR FURTHER TESTING 

BECAUSE IT REPRESENTS A "MIDDLE OFF THE PLATEAU". WITH A RELATIVELY LARGE MARGIN OF SATISFAC

TORY PERFORMANCE. 

THE EFFECT OF VOLTAGE ON RECOVERY, AFTER 20 MINUTES PLATING TIME WAS TESTED USING THE 

1.5 M HCl AT A pH OF 2.7 FOR 1 pg Pu, 10 ng U-233 AND 10 ug U-500 SPIKED WITH 10 ng U-233. 

THE ELECTRODEPOSITION OF U AND Pu MUST BE CARRIED OUT AT A VOLTAGE OF AT LEAST 3.5 VOLTS IF 

SATISFACTORY RECOVERY IS TO BE ACHIEVED IN 20 MIN. 

RHENIUM SOLUTIONS WERE PREPARED IN 0.1 M AND 1.5 M HCl. AMMONIUM PERRHENATE WAS DIS

SOLVED IN THESE ACIDS AT VARIOUS CONCENTRATIONS AND ADJUSTED OVER A pH RANGE OF 1.7 TO 2.7. 

RHENIUM CONCENTRATIONS WERE VARIED FROM 1 TO 200 mg/m«. Re OVERPLATING COULD BE ACHIEVED 

OVER THE ENTIRE RANGE OF CONCENTRATIONS AND pH. PLATINGS CAN BE ACCOMPLISHED' FROM 2V TO 4V. 

HOWEVER, AT VOLTAGES ABOVE 3.2 THE Re OVERPLATE BECOMES POROUS, ADHERES POORLY TO THE SUB

STRATE, AND TENDS TO ENTRAP IMPURITIES. 

DIRECT ELECTRODEPOSITION OF U AND Pu REDUCED THE SODIUM AND POTASSIUM BEAM INTENSITIES 

TO LESS THAN 1.3 x 10^ CPS WHEN THE IONIZING FILAMENT TEMPERATURES WERE REDUCED TO •<1700°C. 

THIS REDUCED THE INTENSITY OF SCATTERED IONS TO 0.05 CPS IN THE MASS REGION FROM 230 TO 250. 

UP TO 5 mg OF SODIUM AND POTASSIUM CHLORIDE WERE ADDED TO ALIQUOTS WHICH WERE THEN ELECTRO-

DEPOSITED. NO INCREASE IN Na AND K ION BEAMS WAS OBSERVED.' THE Pu BLANK FROM THE ELECTRO

DEPOSITION PROCEDURE IS LESS THAN 1.00 x l"-"-̂  GRAMS. THE U BLANK FROM THE ELECTRODEPOSITION 

IS LESS THAN 4 x lO"'^^ GRAMS. HYDROCARBON PEAKS WERE ALSO REDUCED TO 0.05 CPS IN THE HASS 

REGION FROM 230 TO 250. THIS IS EQUAL TO THE DARK CURRENT OF THE DETECTION SYSTEM. 

SPECIFIC PROCEDURES HAVE BEEN DEVELOPED FOR THE ISOTOPIC ANALYSES OF 1 ng OF Pu, 10 ng 

OF U, AND 10 pg OF U USING ELECTRODEPOSITRON AND Re OVERPLATE AS THE SAMPLE MOUNTING PROCE

DURE. DURING THE DEVELOPMENT OF EACH PROCEDURE VARIABLES SUCH AS PLATING CONDITIONS, OVER-

PLATING CONDITIONS, SAMPLE DRYING CONDITIONS, SAMPLE SIZE AND HEATING PATTERN WERE TESTED. 

LIMITS WERE ESTABLISHED FOR EACH OF THESE PARAMETERS. FRACTIONATION CORRECTIONS WERE DETER

MINED BY REPLICATE ANALYSIS OF THE NBS STANDARDS. THE PULSE COUNTING DATA ARE ALSO CORRECTED 

FOR COUNTING DEAD TIME. 

THE MEASURED VALUES FOR ALL ISOTOPES OF ALL STANDARDS SHOW NO BIAS OUTSIDE THE UNCER

TAINTIES OF THE CERTIFIED VALUES. - ALL MEASURED VALUES FOR ISOTOPIC RATIOS GREATER THAN 10 

TO 1 ARE ACCURATE TO BETTER THAN 0.1 RELATIVE % AT THE 95% CONFIDENCE INTERNAL. RATIO FRAC

TION WITH TIME IS LINEAR WITH TIME AND IS LESS THAN 0.2 RELATIVE % IN 50 MINUTES. 

DIRECT ELECTRODEPOSITION PROVIDES AN EFFECTIVE METHOD OF ELIMINATING THE LAST TRACES OF 

ALKALI METALS AND HYDROCARBONS FROM SAMPLES OF U AND Pu PRIOR TO ISOTOPIC ANALYSIS. ELECTRO

DEPOSITION OF RHENIUM OVER THE ELECTRODEPOSITED U AND Pu IS AN EFFECTIVE MEANS OF INCREASING 

ION BEAM STABILITY AND CONTROLLING FRACTIONATION OF THE MEASURED RATIOS. THE LOWER FILAMENT 

TEMPERATURES PERMITTED BY THE SINGLE FILAMENT TECHNIQUE PERMIT REDUCTION OF THE SCATTERED ION 

BACKGROUND TO 0.05 CPS. UTILIZATION OF THE PROCEDURES DESCRIBED WILL PERMIT MEASUREMENT OF 

THE ISOTOPIC COMPOSITION OF U AND Pu WITH ACCURACIES OF 0.1 RELATIVE % OR BETTER FOR THE 

MAJOR ISOTOPES. 
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ISOTOPIC RATIO-MASS SPECTROMETERS FOR THE ANALYSIS OF URANIUM HEXAFLUORIDE* 

C. Sulfridge and H. C. Jones 

Oak Ridge Gaseous Diffusion Plant 
Union Carbide Cor'portion, Nuclear Division 

Oak Ridge, Tennessee 37830 

Two isotopic ratio mass spectrometers have been developed at the Oak Ridge Gaseous Diffusion 
Plant (ORGDP) for the analysis of uranium hexafluoride (UFg)'. One of the instruments, a 
40-centimeter radius, 90°-deflection mass spectrometer, was developed to meet the sensitivity 
and precision requirements of development and improvement programs at ORGDP and at the Paducah 
Gaseous Diffusion Plant (PGDP). The other instrument; a 20-centimeter radius, go^-deflection, 
isotopic mass spectrometer, was developed for the universal application to. on-stream monitor
ing of UFe in enrichment facilities. 

40-CENTIMETER INSTRUMENT 

The long radius was chosen to provide the necessary resolving power to enable precise isotopic 
ratio measurements to be made on UFg samples in the laboratory. Second-order focusing is ac
complished by machining the magnet pole faces to provide a normal-circle magnetic field. The 
analyzer tube geometry is designed to compensate for the effects of the magnet fringe field. 
The fact that the magnetic field extends beyond the pole piece boundaries has always been a 
problem in the design of sector-type mass spectrometers. Nier and others have conveniently 
machined the real pole boundaries one gap width less, than the effective boundary.. This pro
cedure, which was used for the 20-centimeter instrument described in this paper, does compen
sate for the finge field to a great extent. In the case of a normal circle boundary configu
ration, however, the Nier method cannot be used. Instead, the finge field correction must be 
made by repositioning the ion sourceand the collector from their ideal positions, assuming 
no fringe field effect. Information obtained from.a discussion of ion optics theory, by Kerwin 
was used extensively in determining the ion trajectory, angle of entry.into the uniform mag
netic field, and the necessary ion source and collector offset to compensate for the fringe 
field. Figure 1 shows the dimensions arrived at for the ORGDP instrument. 

MAGNET BOUNDARY 

Figure 1 • ' 
.40-Centimeter Geometry 

The ion source and collector are securely anchored to a surface plate with flange saddles for 
long-term mechanical stability. 

A Nier-type ion source was modified for up to 10-kilovolt operation by replacing metal studs 
with tapped alumina studs. The ion source is also a simplified molecular beam type similar 
to the one described by Smith and Langdon. The UFi, monitor technique is used for automatic 
beam "positioning. 

•*Based on work performed at the Oak Ridge Gaseous Diffusion Plant, operated by Union Carbide 
Corporation, Nuclear Division, for the U. S. Department of Energy. 
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Ion source region isolation valves permit quick recovery of vacuum after a source change. 
The instrument can be operated within two hours after a source change; however, more precise 
analyses can be made after the ultimate vacuum is approached in six to eight hours. 

20-CENTIMETER INSTRUMENT 

The on-stream monitoring mass spectrometer uses Nier-type geometry with a 20-centimeter radius 
and 90° deflection. A compact permanent magnet assembly is used, and the analyzer hardware is 
mounted on a surface plate similar to the long radius' instrument. The ion source and most of 
the electronic components are interchangeable with the long-radius instrument. 

Provision is made for.UFg to flow around the orifice in the variable leak for fast response 
to changes in stream isotopic composition. The instrument operates automatically with or 
without a programmable calculator, and the weight percent U-235 is displayed on.a strip chart 
recorder or by the calculator printer. 

RESULTS 

The standard deviation of a single isotopic ratio-of-ratios type measurement is +0.00007 on the 
long radius instrument. The measurement time is 12 minutes. Four long-radius instruments are 
operating successfully, two at ORGDP and two at PGDP. 

Two of the 20-centimeter, on-stream instruments have been completed; one is being used success
fully at PGDP, and one is being installed at ORGDP. A precision of ±0.03% relative standard 
deviation for naturally occurring isotopic abundance of U-235 is achieved within 10 minutes. 
Up to 4,000 hours source life has been demonstrated with the 20-centimeter instrument. 
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THE DETERMINATION OF SUBNANOGRAM QUANTITIES 
OF URANIUM BY ISOTOPE DILUTION MASS SPECTROMETRY. 
W. R. KELLY and J. D. FASSETT; Center for Analytical Chemi
stry, National Measurement Laboratory, National Bureau of 
Standards, Washington, OC 20234 

A technique has been investigated for the determination of 
subnanogram quantities of U by lOHS in natural matrices using 
'̂ ^̂ U (SRM 955) as a spike. This technique involves sample 
dissolution and chemical separation of U in high yields under 
clean room conditions and measurement using a pulse counting 
single stage thermal ionization mass spectrometer. The 
chemically purified U is loaded onto a single anion resin 
bead and placed into a Re "V" filament. The bead serves an 
efficient point source emitter of U ions with ionization ef
ficiencies of 0.2% routinely achieved. Freeze-dried bovine 
livers containing 700 pg U/g have been analyzed. Typically 
0.5 g-of dried liver is decomposed using nitric and perchloric 
acids. An aliquot containing 0.1-0.2 g equivalent of dried 
liver or about 100 pg U is chemically processed on a 1 mL 
anion column in the nitrate form and further purified on a 
0.06 mL anion column in the chloride form. The chemically 
separated U is concentrated -in a minimum of 8N HNO3, equili
brated with the resin bead, dried onto the bead, and loaded 
into the mass spectrometer. A Chesapeake Bay water sample 
has also been analyzed by the same procedure without the 
necessity for sample dissolution and found to have 2 ng U/g. 
Both chemical and mass spectrometric blanks have been mea
sured and chemical yields determined on-every sample. The 
mass spectrometric blanks were determined by loading 25-100 
pg of "^U spike directly onto resin beads and ranged from 
15-50 fg-(10 '5 g). The dissolution and column blanks are 
5 pg which result in a blank correction of a few percent for 
the liver samples. Presently the relative large chemical 
blank correction is the dominating source of error for bovine 
liver. On the other hand, the U content in 1 g of a Chesa
peake Bay water sample has been determined to 0.5% with 
negligible blank correction. 
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EXPERIMENTAL STRATEGIES FOR FULLY 
AUTOMATED HIGH PRECISION ISOTOPE RATIO DETERMI
NATIONS. 
K. HABFAST and D. TUTTAS, Varian MAT GmbH, Bremen 

We will present isotope ratio measurements for 
the following elements 

- Strontium (5^0.002%) 

- Uranium, including minor isotopes (5'-̂ 0.01%) 

-Lead (S".tf0.02%) 

- Calcium ((r^O.05%) 

- Neodymium. (ir<: 0.002%) 

All results have been obtained by application 
of fully automated measuring procedures, includ-
ihg automatic sample heating,, data collection 
and data evaluation. 

All relevant parameters for getting,, such results 
without manual operator Intervention will be 
discussed. • ' 
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A COMBINED HASS SPECTROMETRIC ATOMIC ABSORPTION TECHNIQUE 
FOR EVALUATION OF VAPORIZATION MECHANISMS.* 

D. L. Styris and J. H. Kaye 
Pacific Northwest Laboratory,'*' Richland, Washington 99352 

Mass spectrometric and atomic absorption techniques are used in this work to investigate 
mechanisms which control vaporization processes important to furnace atomic absorption 
spectrometric (AAS) analysis. These mechanisms are largely responsible for AAS performance 
and have therefore received considerable attention. Numerous models of vaporization from 
AAS type furnaces have resulted primarily from evaluations of AAS data and thermodynamic 
equilibrium calculations involving analyte, matrix and furnace material interactions (1-6). 
Ambiguities in these models suggest, however, that additional experimental methods need to 
be applied. The philosophy of the work presented here is to apply MS techniques simulta
neously with AAS methods in order to identify the vaporized atoms and molecules that appear 
as precursory and concomitant signals with the AAS signal for a particular atomic species. 
These correlated data are then used with chemical thermodynamic evaluations to help formulate 
the vaporization mechanisms for a given system. 

The ultra high vacuum, combined MS/AAS apparatus used for this work is illustrated 
schematically in Figure 1. The furnace which is heated resistively is shown in contracted 
and extended positions which are controlled by the linear translator. Two stage differential 
pumping using 1200 L/s cryopumps and a 3.2mm diameter conductance limiter orifice allows two 
orders of magnitude pressure differential between stages. The quadrupole mass analyzer 
(QMA) system is an Extranuclear ELF quadrupole with axial electron impact ionizer. 

Both vitreous carbon and tantalum furnaces were used in these experiments. Three 
analytes were studied: Rb (as RbOH and RbCl), Ag (as AgNOa) and V (as V2O5). The QMA signal 
for a given mass and the atomic absorption and temperature signals were monitored simulta
neously with a three beam oscilloscope. Composites of results for different masses (exclud
ing background signals) for the RbCl in'Ta and V2O5 in vitreous carbon experiments are 
shown in Figures 2 and 3, respectively. Results from the RbOH and AgN03 in vitreous carbon 
did not exhibit precursors that could be identified as containing the analyte. This is 
indicative of either (i) reduction to the liquid or gaseous phase of the analyte, or (ii) 
congruent vaporization to the gaseous phase of the analyte. Volatile carbides were not 
observed in any of these experiments. 

The data from the RbCl in Ta studies are explained by the reaction 

10(RbCl)j + 6(Ta205)j = 2(TaCl5)j + 10(Rb02) + 10(Ta)j + 50^. 

Free rubidium atoms appear when the (RbO^) dissociates at a higher temperature. 

The data from the V2O5 studies imply reduction and congruent vaporization at 1200K and 
1800K, respectively. At the lower temperature the appearance of {V02)g and (V0)g can be 
explained by the V2O5 reduction reaction 

n^Z^sK * 3<'̂ 's ' (̂ °2'g "" (™)g "" (V4's "" ^"^^^g" 
At 1800K the {^z^^n)^ f™!" the above reaction melts and decomposes to (V02)g which is then 
reduced to the liquid phase of vanadium by the reaction 

(VOgjg + (0)3 = (V)j, + (CO2). 

Equilibrium calculations show these reactions to be favored at the temperatures stated. 

* This research is sponsored by the Division of Chemical Sciences of the Department of Energy 
and performed under DOE Contract Number DE-AC06-76RL0-1830. 

+ Operated by the Battelle Memorial Institute for the Department of Energy. 

[1] B. V. L'vov, D. A. Katskov, L. P. Kraglikova and L. K. Polizik, Spectrochim. Acta 31B, 
49 (1976). 

[2] W. C. Campbell and J. M. Ottaway, Talanta 21, 837 (1974). 
[3] J. Aggett and A. J. Sprott, Anal. Chim. Acta 72, 49 (1974). 
[4] R. H. Eklund and J. A. Holcombe, Talanta 26, 1055 (1979). 
[5] R. F. Sturgeon, C. L. Chakrabarti and C. H. Langford, Anal. Chem. 48, 1972 (1976). 
[6] D. C. Johnson, B. L. Sharp, T. S. West and R. M. Dugnal, Anal. Chem. 47, 1234 (1975). 
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SCHEMATIC OF COMBINED MS-AAS APPARATUS 

FIGURE 1 . 

Ms. AAS AND FURNACE TEMPERTURE AS 
FUNCTIONS OF TIME; 

RbCl IN TANTALUM FURNACE 
MS. AAS AND FURNACE TEMPERATURE AS 

FUNCTIONS OF TIME. 
V^Oi IN VITREOUS CARBON FURNACE 

HEAIING TIME. I lEATING DURATION. > 

FIGURE 2 . FIGURE 3. 
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RECENT DEVELOPMENTS IN NUCLIDE GAS-SOURCE 

ISOTOPE RATIO MASS SPECTROHETE^ 

M.M. Michlik, D.A. Smith, T.J. Eskew, and L.F. Herzog 

riUCLIDE CORP., State College, PA 16S?01 
Nuclide has been building high-precision mass spectrometers for both 

"flow" and "static" isotope abundance measurements of gaseous samples com
mercially since 1954. Some recently introduced configurations, options, 
and accessories are described, including: 

THE AUTOMATED 6-60-RMS/TA - the latest in a sequence of 6" 60 analy
zer multicol 1ector isotope ratio instruments that commenced in 1954, it 
features an externally-switchable trinle collector for m/e 44- 5 - 6 , 2 8 - 9 - 3 1 , 
etc., a high accuracy triple (interpolative) inlet, a second "mass 2" ana
lyzer arm for HH/HD, MPC5 or other programmable-calculator automation with 
automatic peak-centering, and numerous other advanced features. 

THE LOW VOLUME,- tll-T BAKEARLE, FULLY AUTOMATED 12-90-SGA F L O W / S T A T K 
GAS ANALYZER is optimized for u l t r a - s n a U sample analysis (e.g., 10''-10-' 
a t o m s ) . Externally-variable object and image slits can be set for high 
resolution and abundance sensitivity or high transmission efficiency as 
needed, while in operation. Zr(Al) or Ti static-mode getter pumps and an 
oi1-free-turbopumped-inlet are offered. A small size, low noise ceramic 
multiplier is used for ion detection by ion-counting; it or an externally, 
interchangeable. F-cup can be used for simultaneous detection of ^He and 
"•He, with excellent resolution of HD'*' frcm 'lie and minimal crosstalk. This 
instrument extends the range of tritium neasurements to smaller samples 
than can be measured hy other techniques; it also has ideal characteris
tics for 'He earthquake prediction studies. 

A 3-60-RMS/flD SPECIALLY CONFIGURED FOR "COj ISOTOPE CREATH TESTS" in 
clinical medicine — with automated, multiplexed sannle purification, in-
letting and pumpaway, and flov; control... The 3-50-RHS still offers XlO 
better carbon-13/12 ratio measurement precision than is. achievable with 
the most modern ultra-high resolution tunable-diode laser, low pressure, 
infrared absorption instruments — at a lower cost. 

AUTOMATED GAS-OF-HITEREST EXTRACTION/PURIFICATION "SYSTEMS, for exam
pl e , for : . 

• Extracting C O T from Ijreath, or other gaseous samples " 
• Extracting Hj^from H2O — via U-furnace and U-pumping 
• CO2/O2 Equilibration system for extracting oxygen from water 

samples 
• Extracting M2 frcm agricultural and biological, e tc., samples by 

automated reactions 
• Extracting noble gases from rocks, meteorites, lunar samples, 

etc. - by electron bombardment or R-f heating at T up to 2000 C 
." Extracting gases from small areas in rocks, etc., by Laser or 

E-Eeam flash vaporization/ionization. . 

STATE-OF-THE-ART COMPONENTS.TO UPDATE Nuclide and other .isotope ratio-
difference measurement instruments; complete modernization can be performed 
at plant or si te. 

MULTIPLEX, AUTOMATED .INLET SYSTEMS capable of controlling sample flow, 
opening and closing valves, etc. 

AUTOMATIC SAMPLE/STANDARD FLOW EQUALIZATION SYSTEMS for GLASS-reservoir 
inlet systems as well as METAL (see below) 
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Automation of Variable-Volume. Glass/Mercury Sample Reservoirs 

For analyzing .small samples, glass reservoirs, in which changing the 
mercury level is used to vary the reservoir volume, have certain advan
tages over multi-convolution-bel1ows. variable-volume metal reservoirs: 
(1) the minimum volume achievable is considerably. smaller, (2) they are much 
less expensive, (3) they can be readily modified, and (4) leaks can be lo
cated more easily, and (5) repaired by glass-blowing. Therefore, glass/Hg 
reservoirs have been used extensively in MS for over 30 years — especially 
in dual-Inlet isotope ratio difference measurement systems. 

To achieve high precision in ratio-difference analyses it is very im
portant to keep, flow rates of sample and standard(s) Into the MT closely 
identical.; hence, i.f the sample is small relative to the s t a n d a r d ( s ) , one 
has to adjust the volume of one reservoir or the other (or the conductance 
of the leak) quite often, as gas flows out into the M S , to keep flow rates 
equal . 

A system that does this automatically has now been developed, by 
Nuclide. The mercury level, a n d h e n c e , reservoir volume, is changed by 
changing the air pressure on the "other" (air) side of the mercury column. 

The Intensity of the.major isotopic ion's current in (usually) the 
standard gas (i.e., mass 4 4 , fb.r. .CO2) ,. is used as a reference. The system 
automatically, periodically, compares to it the intensity of the same 
isotope's ion current in the unknown, when it is in the M S , and if it 
detects a difference, either raises or lowers the mercury level until they 
.are again equal. 

The first such system is now in routine operation, as a part of a 
Nuclide CO2 Isotope Breath Test- system at a hospital in Tokyo. 

It includes, as photographs exhibited show, a small vacuum pump, a 
supply of air, and an "absolute pressure regulator" (APR) with its servo
motor — as well as the same PRC-IA and.PAC-l pressure-difference-sensing 
and APR-initializing and stopping electronic control units used on Nuclide's 
variable-metal-reservoir system; however, in the glass-Hg variable reser
voir system, the APR, pump and air inlet take the place of the motor-drive 
cf the bellows volume in the metal system. 
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RECENT DEVELOPMENTS IN NUCLIDE THERMIONIC-

SOURCE ISOTOPE RATIO MASS SPECTROMETERS 

-L.F. Herzog, J.H. Szybist and T.J. Eskew, Nuclide Corp. 

State College, PA 16801 • • 

Nuclide has added to its "thermionic" (surface ionization) source 
mass spectrometer family new instrument configurations, options and 
a c c e s s o r i e s , and improvements of earlier d e s i g n s , including the fol
lowing — most of which can also be added to existing Nuclide instru
ments : 

"CAROUSEL" SAMPLE-CHANGER, with a capaci ty of up to 1.6 s i n g l e , 
double or triple filaments — w h i c h can be interchanged in any order 
without breaking vacuum . 

DESKTOP CALCULATOR AND COMPUTER KEYBOARD-REPROGRAMMABLE CONTROLS 
FOR CAROUSEL AND OTHER SOURCES, e.g., for:filament position and temp
e r a t u r e , ion lens voltages, e t c . , as well as data-taking via peak 
stepping, and data processing 

DOUBLE DISPERSION GEOMETRY 12"-90° ANALYZER,' with an effective 
radius of 61 cm and with inherent Z-focusing 

MULTIPLE (2-5) F-CUP COLLECTOR ARRAYS for simultaneously m e a s u r i n g " 
all the isotope ratios of certain e l e m e n t s , e.g., strontium, neodynmium, 
lead, uranium, plutonium — to increase sensitivity while at the same 
time decreasing time per analysis by large factors (X2-4) 

AUXILIARY RATIOMETER (''Nth NUMERATOR"). MODULES for simultaneously 
measuring "N" isotope ratios using the IR3A integrating digital ra
tiometer 

NEW SINGLE-ION DETECTOR SYSTEMS, e.g.. 
An ultra-low-backgroun'd CERAMIC MULTIPLIER 
A high efficiency ION TO ENERGETIC-ELECTRON T O PHOTON DETECTOR 

FOR NEGATIVE IONS as well as positive ions - f o r pulse counting 

FAST, FULL-RANGE (10"^° to 1 0 " ^ A ) , HIGH-PRECISION INTENSITY 
MEASUREMENT SYSTEMS - using ion counting and F-cup with V-to-F digitizer 

HIGH SPEED TURBOMOLECULAR AND HYBRID (e.g., turbo-ion-cryo) 
pumping systems 

DIGITAL MAGNET SUPPLY as well as other new digital MS controls 

A COMPLETELY REDESIGNED 15 CM RADIUS SINGLE-FILAMENT TIMS (model 
6-60-S) - optimized for labs for which moderate-throughput-rate analysis 
for precise isotope ratios.of Sr and other light e l e m e n t s , is sufficient 

ALTERNATE RAPID SAMPLE CHANGERS, e.g.. 
An END-ON, VALVED VACUUM LOCK SAMPLE-CHANGER, (discussed below) -

also readily adaptable to many already-operating TIMS analyzers 
An IMPROVED, GASKETED, MOTOR-OPERATED, VALVELESS VACUUM LOCK 

sample-changer 

SOLID-STATE ELECTRONICS TO REPLACE OBSOLETE E Q U I V A L E N T S , as well 
as COMPLETE UPDATING/UPGRADING KITS AND SERVICING for Nuclide 12-60-SU, 
CEC 21-702/3 and ether older TIMSs - e l e c t r o n i c s , data system, d e t e c t o r s , 
pumping system, vacuum lock, etc. 

ELECTRON MULT IPLIER. AND/OR FARADAY-CUP ION DETECTORS FOR 2 AND 3 
STAGE MASS S P E C S - which can be switched in or'out after thp first 
magnetic ion analyzer 
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A SMALL-RADIUS POST-DETECTOR-SLIT ENERGY FILTER - retrofits 12-90-SUs 
and some 6-60s in field, to increase abundance sensitivity 

FOR THERMIONIC ANALYS IS' US ING THE GRAF H I S SPECTROGRAPH - new high-
efficiency ion lens and icn detection systems and a high speed pumping sys
tem 

AN INEXPENSIVE B E L L - J A R ' FILAMENT PRECONDITIONING SYSTEM - low cost, ion 
pumped 

A NEW TH 
OF NEGATIVE 

HERMIONIC "SOFT IONIZATION" SOURCE FOR PRODUCING COPIOUS BEAMS 
IONS - cf SFg, UFg, etc. 

These and other recent devel opmen.ts in Nuclide's thermi onic-MS program 
are described. Additional details on certain items are given below; publi
cations on all are available on request. 

New End-On (Valved) Vacuum Lock Sample-Changer 

This means of rapidly changing sample-loaded filaments for analysis 
can be added to most earlier-delivered Nuclide (and other) TI-MSs in the 
field, with a minimum of rework. Usually, only the "Jl".plate which carries 
the filament assembly need be replaced or modified, since, in this system, 
it has to include a "docking" mechanism which, mates with another on. the 
filament-mount assembly, w h i c h n o w enters via.the lock; these each have 6 
co n t a c t o r s , for 3 filaments. 
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n s i v e c h a n g e r e l i m i n a t e s the need to b r i n g s o u r c e up to 1 
ange s a m p l e s — t h e r e b y i n c r e a s i n g the m a x i m u m a n a l y s i s rate 
f i c a n t l y . It a c c o m o d a t e s e i t h e r s i n g l e , dual or t r i p l e 
and both g l a s s - b u t t o n and metal f i l a m e n t - s u p p o r t m o u n t s can 

a p t e r that fits on Jl is p r o v i d e d for button m o u n t s to in-
nts are p r o p e r l y p o s i t i o n e d ) . The V L - s h a f t is h o l l o w , sc 
n be i n s t a l l e d on its end for m e a s u r i n g i o n i z i n g f i l a m e n t 
ptical p y r o m e t e r . The p i s t o n , w h i c h c a r r i e s the f i l a m e n t 
n and c u t , is d i f f e r e n t i a l l y pumped — the i n n e r s t a g e by a 
if d e s i r e d . 

t P r e c o n d i t i o n i n g S y s t e m 

A need was. r e c o g n i z e d for an i n e x p e n s i v e p r e c o n d i t i o n i n g s y s t e m fcr 
t h e r m i o n i c - s o u r c e f i l a m e n t s , h e n c e , we d e s i g n e d one using a s t a n d a r d 8" 
glass b e l l - j a r as the v a c u u m c h a m b e r . ' N e v e r t h e l e s s , it has 12 1 e a d t h r o u g h s , 
for h e a t i n g up to 6 f i l a m e n t s , all in s e r i e s or in s e r i e s - p a r a l l e l g r o u p s . 
The e n t i r e u n i t is m o u n t e d on a w h e e l e d lab c a r t , with bell jar (with p r o 
t e c t i v e w i r e m e s h c o v e r ) and e l e c t r o n i c c o n t r o l s on the top s h e l f , and p u m p s 
m o u n t e d on the l o w e r s h e l f . High v a c u u m can be o b t a i n e d by ion ( s t a n d a r d ) , 
t u r b o m o l e c u l a r , or d i f f u s i o n ( e i t h e r oil or H g ) p u m p i n g , and f o r e v a c by 
r o t a r y or c r y o s o r b p u m p i n g . With g e t t e r - i o n pumping', a special v a l v i n g s y s 
tem is p r o v i d e d tc " b l e e d " b e l l - j a r gas into the ion pump until its p r e s s u r e 
is low e n o u g h to open the main valve w i t h o u t s t a l l i n g the p u m p . 

M u l t i p l e F-cup C o l l e c t o r s 

Simul 
a c h i e v e hi 
good advan 
s a m p l e uti 

In th 
the c e n t e r 
w h i l e the 
one e l e m e n 
c o u r s e als 

t a n e o u s c o l l e c t i o n of several i s o t o p e s by "N" F - c u p s , long used to 
gh p r e c i s i o n in g a s - s a m p l e i s o t o p i c a n a l y s i s , can be a p p l i e d to 
tage also in t h e r m i o n i c a n a l y s i s , to i n c r e a s e the e f f i c i e n c y of 
l i z a t i o n and d e c r e a s e the time r e q u i r e d for an a n a l y s i s . 

( s h o w n ) — for e x a m p l e there is p r o v i s i o n tc vary 
b e t w e e n the 3 slits and also the slit w i d t h s , 
so t h a t it can be s h i f t e d f r o m the a n a l y s i s of 

t b r e a k i n g v a c u u m . (The same c o l l e c t o r can of 
from gas s a m p l e s such as C O . ) . 

r fcr Nd is o f f e r e d for the 1 2 - 9 0 - E G " e x t e n d e d 
the d i s p e r s i o n of a c o n v e n t i o n a l m a g n e t i c 

e t r i p l e c o l l e c t o r 
- t o - c e n t e r s p a c i n g s 
MS is in o p e r a t i o n , 
t to a n o t h e r w i t h o u 
0 be used for ions 

A f i v e - s l i t / c u p c o l l e c t o 
g e c m e t r y " a n a l y z e r , w h i c h has 
a n a l y z e r of 61 cm r a d i u s . 
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RECENT ADVANCES IN FULLY AUTOMATIC COMPUTER 
CONTROLLED STABLE ISOTOPE RATIO ANALYSIS; J.E.Cantle, R.M. 
Elliott; V.G.Isotopes Ltd., Winsford, Cheshire. UK. 

This poster paper will describe recent developments in 
computer controlled automatic operation of the Micromass range 
of stable isotope ratio mass spectrometers. The flow diagram 
can best illustrate the comprehensive interlocking and inter
facing that is required when full automation is contemplated. 
Manual toggle levers on the inlet are replaced by pneumatic 
actuators which in.turn are driven by compressed air. All 
valves are fail-safe with respect to power.failure,. i .e. they 
close, thus preventing sample loss. Provision is made to bake 
the manifold and for elevated temperature operation (as for 
SO2 analysis ) . 

Both variable volumes are stepper motor driven and can 
cover the whole range 10-70cm . Microswitches are mounted to 
detect the volume limits. The standard balancing mode is set 
to reference volume to give a major beam ion current of.4x10 
amps and then to alter the sample volume to give the same 
sample major beam ion current. If this cannot be achieved 
then the reference volume can be altered to allow balancing to 
take place. The normal sample volume that can be measured 
automatically is 2-4atm cm-*. 

The signal from the Faraday collectors is amplified by a 
chopper amplifier and then using VFC's and counters converted 
to a digital value with six figures DVM readout. 
Timing from the control system sets the changeover valve tim
ing, wait time, and measure time. 
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THE APPLICATION OF PYROLYSIS-GAS CHROMATO-
•GRAPHYrMASS SPECTROMETRY TO THE STRUCTURAL CHARACTERIZATION 
OF AUSTRALIAN COALS; R.F.PHILP and T.D.GILBERT, CSIRO Divi
sion of Fossil Fuels, P.O.Box 136 North Ryde NSW 2113 
Australia 

The structural characterization of coal is particularly 
relevant at this time in view of their importance as .alter
native sources of liquid hydrocarbons. This paper will de
scribe results obtained from the characterization of Austra
lian coals by microscale pyrolysis combined directly with 
gas chromatography-mass spectrometry. These studies are 
important for obtaining structural information on the coals 
and also information on the nature of the products produced 
by large scale liquefaction of the coals. 

Low rank brown coals from the yallourn deposits in Victoria 
produce pyrolysis products dominated by various alkyl-sub
stituted methoxyphenols. These pyrolysis products can be 
related directly to the lignin structures, of the woods 
initially responsible for the formation of the coals . 
Higher rank coals from the Sydney Basin produce far more 
complex pyrograms and are generally dominated by alkyl sub
stituted naphthalenes, anthracenes and phenanthrenes and 
contain few, if any, phenolic components. 
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A UNIVERSAL MAGNETIC TAPE FORMAT FOR GC/MS DATA 

L.E. Slivon 
Battelle Columbus Laboratories 

Columbus, Ohio 43201 

and 

W.L. Budde 
U.S. Environmental Protection Agency 

Cincinnati, Ohio 45268 

The lack of a 'universal standard format for the storage of raw GC/MS has resulted in 

numerous difficulties among analysts having dissimilar instruments and data systems. 

Various versions of the EPA format are incompatible among different GC/MS data systems 

resulting in the fact that archived raw data is readily accessible only by the same data 

system as that used originally. 

It is the intent of-this study to introduce a preliminary des.ign ("Strawman") for a 

universal archival magnetic tape format. The development and implementation of such a 

format will allow various GC/MS facilities the capability of exchanging ccmputer readable 

.low resoluticn data independent of, the instrument ahd data system used to acquire that data. 

Furthermore, a universal format will facilitate the development of large scale multi-

laboratory analytical programs and inter-laboratory quality assurance efforts related to 

such programs. Although nc existing format is universally applicable to all data systems, 

certain aspects of various EPA formats which have been used to archive mass spectral data 

provide a useful template for the development of a universal format. 

The format consists of three fixed file header records, a variable number of 

optional method-parameter-history records followed by the successive raw mass spectra. All 

descriptive and mass-intensity information is ASCII coded into 80 character records. Many 

features of existing EPA formats have been retained in order to allow the possibility that 

many existing-EPA formatting programs can be modified rather than completely re-written. 

Significant features cf the Strawman format include: 

1) Flexibility for future expansion. Additional method-parameter-history 

records may be added without requiring extensive software modifications. 

2) Integer (wide range) or moderate accuracy mass assignments available 

within the same format. 

3) Unique four digit floating representation of ion intensities provides 

three significant figures of infonnation over a dynamic range of 10 . 

Details of the above strawman format are available frcm the authors. 
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IMPROVED SYSTEMS FOR COMPUTER RETRIEVAL AND INTERPRETATION OF MASS SPECTRA. 
I. K. MUN, D. B. STAUFFER, R. G. DROMEY,* S. 0. RUSSO, AND F. W. MCLAFFERTY; 
Dept. of Chem., Cornell Univ., Ithaca, NY ,14853 (*University of Wollongong, 
NSW 2500, Australia) 

The Cornell data base has been expanded to include approximately 55,000 
different spectra of 43,000 different compounds, with correction, of numerous 
errors in the previous data base. This has improved the performance of our 
Probability Based Matching (PBM) system, which is designed for matching an 
unknowh mass spectrum against a large reference collection, of electron ioni
zation spectra collected under a wide variety of experimental conditions. 
Despite the'enlarged data base,.ordering this for the PBM search has greatly 
improved the time requirement; the search is limited to those reference 
spectra whose most important peak is araong the most important peaks in the. 
unknown spectruin. This importance is determined by the sum of the PBM 
"uniqueness" and "abundance" values. In. a test of 431 unknown spectra of-
Pure compounds run against 41,000 reference spectra no correct.answers were 
missed while searching only 7.5% of the file. With reduced restrictions, 
99.2% of the reference spectra were retrieved by searching only 3.8% of 
the file, and 97.5% were retrieved by searching only 1.6% of the file. 

A further improvement to PBM has been provided by an optimum scaling 
of the unknown spectrum which compensates for mass discrimination and 
changing concentration effects. This matches the abundances of the un
known spectrum to those of the reference with a quadratic function. This 
has been particularly valuable in improving the reliability of results at 
high recall. 

If a reference spectrum of the compound is. not in the data base-, our. • 
Self-Training Interpretive and Retrieval System (STIRS) is designed to . 
provide information .on the molecular weight- and substructures present in 
the unknown. Recent publications listed below describe improvements, to 
this system, which with PBM can be accessed directly on the Cornell com-, 
puter by both U.S. and international customers over the TYMNET and TELENET 
computer networks. 
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QUANTITATION OF MASS SPECTRAL DATA WITH A NDCROCOMPUTER SYSTEM* 

Michael A. Grayson Charles H. Brennenstuhl 
McDonnell Douglas Research Laboratories McDonnell Douglas Automation Company 

McDonnell Douglas Corporation 
St. Louis, MO 63166 

A variety of data systems for the acquisition and processing of mass spectral data for quantitative analysis 
has been described in the literature. Most of these systems rely on the use of a minicomputer and require 
specially designed hardware to interface the mass spectrometer output to the data system.' We describe a data 
system capable of quantitating the information from up to nine channels of mass spectral data from an instru
ment operating in the continuous ion-monitoring mode. Further, this system uses a general-purpose microcom
puter (Digital Equipment Corporation MINC 11) equipped with standard interface modules. 

. Hardware. — A block diagram of the hardware used for the acquisition of data is given- in Fig. 1. Most of the 
data from the experiment are in the range of 0-5 V dc, and these analog data lines are wired directly to the 
MINC input plugs. All of the data from the MARK V chassis is outside the range of the analog-to-digital con
verter (ADC) and is conditioned by voltage divider networks, with the exception of the trap current, which is 
conditioned with an operational amplifier configured in an emitter-follower circuit. Because of the large 
number of analog channels which must be digitized, two multiplex modules are required to feed the analog-to-
digital converter. The only digital data acquired by the system are from an ionization gauge controller (Veeco 
RG 1002). 

Software — The software system that performs the acquisition and processing of data from these experiments 
consists of the following programs: MASGET, MASCAL, POST, PAMPLT, and MASTUN. The relation of 
the various programs and their input/output files is illustrated in Fig. 2. 

The complete data acquisition process is software controlled by the program MASGET. Thus, the data ac
quisition rate and the data channels to be digitized are selected by an interactive routine in the beginning of 
MASGET. This mode of operation was selected because the experimental conditions and nature of the sample 
can vary over a large range. For example, in some cases, the only compound evolved from the sample may be 
water, which can be recorded with one gate. In other Instances, five or six compounds are evolved from the 
sample upon abrasion, and all must be recorded. Thus, MASGET was designed to acquire data from the most 
demanding experiment thai could be performed with the mass spectrometer as it is configured, yet also lo be 
efficient for simpler experiments. 

The data from MASGET are stored in a GET file which contains the raw data in binary form from the data 
acquisition process. Every effort has been made to make MASGET an efficient, fast data acquisition program; 
consequently the acquired data are written directly to disk storage without any data processing. During the ex
periment, MASGET permits the user to observe the ion current collected at one mass in real time by displaying 
the change in ion current on the cathode ray tube (CRT) as the data are sampled. 

- MASCAL is an interactive program to obtain sensitivity factors for the compounds of interest. The program 
permits multiple determination of the sensitivity factor at different mass flow rates of gas into the instrument. 
Thus, an average sensitivity factor based on data over a range of mass flow rates is obtained. 

POST is a batch program which permits conversion of the raw data from GET files into weight percent data 
using the sensitivity factors from MASCAL. 

PAMPLT is a plotting program which permits the display of any two measured variables in terms of a third. 
Typically, the indigenous volatile content in weight percent is plotted for two volatile compounds as a function 
of the position of the tool in the sample. However, the program is flexible enough that it can plot any of the 
measured variables weighted by a scaling factor entered at the terminal. In addition, there are routines for 
filtering the data, performing deconvolution analyses of the data, or integrating the area under Ihe distribution 
profile to obtain total indigenous volatile content of the sample. 

MASTUN is an interactive utility used to display the digitized data from any channel in a strip-chart mode 
on the CRT. This program is used to tune Ihe mass spectrometer and position gates in the spectrum. 

The use of a general-purpose, microprocessor-based computer with standard interface modules as a means of 
acquiring and processing mass spectral has been demonstrated. The data system has been successfully applied to 
the quantitation of indigenous volatile compounds desorbed from the abrasion of various polymeric materials.2 

'This research was conducted in pan under the McDonnell Douglas Independent Research and Development 
Program. 
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DESIGN AND TESTING OF A NEW MULTICHANNEL ANALYSER 

by P.BOULANGER, R. BISSON, M BARIL, depart. Physique 

et C.R.A.M., Universite Laval, Ste Foy, Quebec, Canada 

GIK 7P4; R. PAQUIN, Ministere de 1'agriculture, de I'alimen-

tation et des Pecheries du Quebec, 2700 Einstein, Ste Foy, 

Quebec, Canada GIP 3W8. 

GENERAL DESCRIPTION 

This new multichannel analyser has been designed to meet 

. the requirements of special ptirpose mass spectrometers such 

as a multipassage magnetic mass spectrometer, the analyser ie 

built around readely available texas instruments industrial 

boards (TM990/IOI 16 bits microprocessor) and one custom de

signed board. 

The apparutus contains two independent processors: The first 

processor is programmed in assembly language and is assigned 

to multiscaling,pulse height analysis and graphic display; 

The second is programmed in T.I.'S POWER BASIC and performs 

the various high level tasks such as data trea^m'ient, com

munication with a mainframe computer, A X-Y recorder and a 

high speed printer, both processors share access to an in- . 

telligent floppy disk system. 

This mode of operation enables the user to configure the 

system with high level language programming. One typical ap

plication of this system is the time study of a phenomena: 

Data -is acquired for a 20 minutes period and transferred to 

Disk, memory is reset and process restarts. 

The BASIC program required to perform this task follows: 

10 GOSUB 4000 20 MIN.DELAY DURING ACQUISITION 

20 PRINT "<OB>AA<OD>" STOP ACQUISITION 

30 GOSUB 2000 ACQUISITION STOP DELAY 

''0 REM 

50 REM INITIATE TRANSFER OF GROUP O TO FLOPPY DISK 

60 REM 

70 PRINT "<13><'0B>CS 0<0D>" 

80 GOSUB 3000 TRANSFER DELAY, 

90 PRINT "<0B>CL 0" CLEAR ALL DATA OF GROUP 0 

100 PRINT "<0B> AD <DD> "RESTART ACQUISITION 
110 GOTO 10 
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The system may monitor other signals during acquisition 
- vacuum system. 
- parameters of an experiment 

It allows data treatment such as: 
- Peak. Finding 
- Spectrum analysis 

And other features facilitating the user's work: 
- Progrcunmed change of the parameters of experiment 
- Communication with a host computer 
- Automatic optimisation of operating parameters 

of the mass spectrometer. 

GENERAL CHARACTERISTICS: 

(1) MODULAR SYSTEM 
(2) MULTIPROCESSOR MODE 
(3) ACQUISITION TYPE: 

NAME TYPE , TIME CHARACTERISTICS 

MCA^ Standard Ims/channel 900s/channel 
MCA^ Lock-in Ims/channel 900s/channel 
MCA Ultra fast l^s/channel lOs/Channel 
A/D Standard RTI 

board from 100^s/channel 
ANALOG DEVICES 

PHA Standard PHA from 
Canberra or Ortec 

(4) All acquisition points.are written into memory in 32 bits 
words. " 

(5) Numerical treatment in BASIC of full APL language. 
(6) Interactive system setup 
{7) Text editing through sykes disk system 
(8) Use of standard boards from Texas Instruments 
(9) Graphic display with low cost X-Y-Z CRT. 
(10) Memory: 

In acquisition processor: 
ROM 12K control programs 
RAM 12K for control register and 

data storage. 
BASIC processor (Available) 

ROM 1 6 K BASIC interpreter 
RAM I 6 K user programs 

APL processor (Coming) 
RAM 256K 

(11) Low cost ('^^9,000.00 U.S.) with BASIC interpreter 
* The maximum frequency of the counter is lOOMHz 

THE DIGITAL LOCK-IN 

Iri the design of the multipassage mass spectrometer, the ions 
are pulsed into. the mass spectrometer to meet the requiremerts 
of its operation. We used this characteristic to discriminate 
the real information from the noise background. 
To do so we.use an_ UP/DOWN counter that is synchronised with 
the pulse generator of the ion source. This circut acts as an 
analog lock-in. 
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• COMPUTER ASSISTED MS/MS FOR MIXTURE ANALYSIS 
A. E. Schoen, D. Zakett, and R. W. Korzeniowski., 

-Department of Chemi stry, Purdue University 
West Lafayette, Indiana 47907 

Automation of the MIKE spectrometer was undertaken to provide access to system 
configurations which were not available using analog circuitry. The motivation behind 
this research project was to allow creative utilization of all mass spectrometric parameters 
in experimental design, and to present the possibility of combining those parameters to 
access new fundamentals of ion chemistry. 

The Purdue Mass Spec Data System is based on HP's RTE II disc operating system for a 
2100a minicomputer. This system uses custom drivers and modified system software to control 
the accelerating voltage, magnetic field, and electrostatic analyzer voltage of a reversed 
geometry mass spectrometer. Hardware and software interfacing is optimized for simple, 
versatile programming via a high level language (FORTRAN IV). Utility subroutines in FORTRAN 
and HP assembly language handle most of the-necessary machine oriented control which allows 
the spectroscopist to design-programs in'terms of relevant..and familiar parameters such as 
kinetic energy or magnetic field. All software is modular, which allows, new applications 
to build on the formats and conventions of previously developed programs. This design 
permits experiments such as neutral loss or-B/E linked scans to be easily programmed. 
In addition to the ability to execute unique experiments, routine MS/MS work is greatly 
enhanced by the speed of automation. A complete software package provides for ESA scan 
control; data accumulation and ensembling in both pulse counting and analog detection modes; 
data file creation, manipulation, and display; and a library indexing and search system.. A 
programmed executive leads.the spectroscopist through the available options from finding 
the mass-analyzed ion beam of interest to plotting the final, publication-ready spectrum. 
Table I illustrates the time savings which have been realized by thi-s project. 

TABLE I : Typical Times Required for Various MIKES Operations 

1. MS/MS spectrum data 
acquisition 

2. MS/MS data reduction 

3. MS/MS spectrum plot 
(publication quality) 

4. Neutral loss scan 

5. Selected fragment scan 

6. Multiple fragment 
monitoring 

Before 
Computerization 

300-600 sec. 

1-2 hours 

2-4'hours 

not possible 

not possible 

riot possible 

7. ..Ensemble Averaged MS/MS not possible 

8. Laser Synchronized MS/MS not possible 
with ensemble averaging 

After 
Computerization 

10-50 sec. 
(one scan) 

2 min. 

5 min. • 

2 min. 

2 min. 

0.1 sec./ion 

as long as. needed 

possible 

Hardware is also modular and may be added to easily without major modification of the 
operating system. This is accomplished through extensive use of the IEEE-488 interfacing 
standard. All I/O ports are standard HP parts except for a 32 bit parallel input for the 
eight digit BCD counter. All input/output operations and program swapping is under 
standard operating system control. This requires substantial system overhead to service 
data acquisition interrupts, which adds approximately seven seconds to every computer 
driven ESA scan. All ESA scans are totally asynchronous however, so the inconvenience is 
minimal and more than compensated for by the versatility available. 
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In the context of a research oriented environment, this design approach has proven to be 
essentiaUy adequate. Figure I-shows a bl ock d.i agram of the instrument and the associated 
interfacing. Examples of current system application are: routine mixture analysis, ion 
structure determinations via consecutive collision reactions, mixture analysis via neutral 
loss and selected fragment scans, charge inversion studies, laser desorption and time 
profiling. The ability of this system to grow and service the needs of a large and 
innovative research group demonstrates the practicability of this system design. 
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AN AUTOMATED TRIPLE QUADRUPOLE MASS SPECTROMETER 

H.R. Gregg, J.W. Chai, J.A. Chakel, P.A. Hoffman-, 
R.K. Latven, R.S. Matthews, C.A. Myerholtz, B.H. Newcome, C.G. Enke 

Department of Chemistry 
Michigan State University, East Lansing, MI 48824 

In the two years since the introduction of the triple quadrupole mass spectro
meter, 1,2.-our-instrument has evolved into a much more flexible system. WO; have 
automated a number of parameters and are on the way to a completely automated 
instrument. Below are described the enhancements made in the past two years. , 

Ion Sources . - , . . . , 

Two ion sources are presently employed: an electron impact type of our own 
design, and a Finnigan model 3000 for chemical ionization. 

The EI source is a cross-axial type with a magnetically confined electron 
beam, and'an elongated ionization region for electron energy homogeneity and 
minimum interactions between newly formed ions. The source is.highly sensitive, 
and has fine structure definition to about 0.25 eV. 

The CI source is a Finnigan 3000, modified to mate with the Extranuclear 
quadrupole. The source temperature is programmable between ambient and 280''C. 

Ion Path and Detector 

The electrostatic lens and quadrupole offset potentials are controlled by a 
series of digitally programmed power supplies, designed and built in-house.. The 
present system can regulate up to 64 devices of this sort through a range of ̂ 2̂00 
volts, with.0.1 volt resolution. 

Quadrupoles 1 and 3 are standard Extranuclear Labs 0.-95 cm diameter x 20 cm 
long rods (1-1000) amu) while quad 2 was constructed in-house with 0.954 cm x 
21.6 cm rods. Each quadrupole is controlled by an Extranuclear Labs quadrupole 
power supply (QPS). Mass selection is accomplished by programming the QPS with 
a 0-1 mA current proportional to the mass. 

The detection system consists of a Galileo channel electron multiplier 
followed by a Keithley picoammeter and an analog to digital converter. The 
picoammeter's amplification is controlled by a microprocessor providing a useful 
dynamic range of 10 .. 

Mechanical Construction and Vacuum System 

Enhancements in mechanical construction and vacuum system have greatly increased 
reliability and perfonnance on the TQMS. 

The 40 liter vacuum chamber consists of three differentially pumped chambers 
housing the source, the pressurized second quadrupole, and the detector. The 
turbomolecular pumps provide a good (low 10"° torr), clean vacuum with little 
chance of backstreaming oil. These turbo pumps have made instrument modifications 
(changing sources) routine; vacuum-to-vacuum time, is less than 45 minutes. 

Absolute pressure measurements are made with an MKS capacitance manometer, 
while ion gauges monitor the pressure of each chamber and of the target gas. A 
Granville-Phillips pressure controller maintains a constant collision gas pressure 
throughout an experiment. 
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The "ion gun" consists of the three quadrupoles, interquad lenses, detector 
and housing, and the quad 2 gas inlet and pressure measurement tubes all mounted 
off the rear flange. This arrangement facilitates removal, assembly, and possible 
modification. 

Microprocessor Control S.ystem 

In the near future a new control system will be implemented to allow more 
rapid scanning and a friendly human interface. 

A multiple microprocessor system has been developed to allow for the distribu
tion of tasks among the several processors for simultaneous and non-interfering 
execution. This allows higher speed operation and flexibility due to the inherently 
modular nature of both hardware and software. The eventual system will involve 
five microprocessors operating in parallel with a PDP-11/23 for data processing 
and graphics display. 

Hardware for our microprocessor based system was developed in-house and is 
modular, reliable, and adaptable. Small cards, each encompassing a separate function, 
are soldered "piggy-back" onto a "motherboard", effectively making a 4 layer 
board. These motherboards are then connected via a backplane/bus arrangement 
on which all I/O connections are made. 

U '. Y 

Figure 1. 
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A USER-ORIENTEO DATA SYSTEM FOR A TRIPLE 
QUADRUPOLE MS/MS SYSTEM; S.W. QUIGLEY, M.R.A. SMITH, 
W.R. DAVIDSON. AND J.A. BUCKLEY; SCIEX INC., 55 Glencameron 
Rd., Thornh i l l , Ontario, Canada. 

Tr ip le quadrupole MS/MS systems can be sophisticated ins t ru 
ments which provide users with vast quant i t ies.of data. To 
simp1jfy operation, yet provide more meaningful data, the 
TAGA' 6000 MS/MS system employs a powerful data system, 
which through operator in terac t ion , controls the complete 
MS/MS hardware, provides several data acquisi t ion modes, 
manages the acquired data e f f i c i e n t l y and displays the 
output data in a variety of formats for ease of in terpreta
t ion by the operator. The data system revolves around the 
PDP-U/23 processor wi th an RSX-UH Multitasking'and Mu l t i 
user Operating System. Al l mass spectrometer funct ions, 
focussing lens voltages, and specialized features of a ' 
t r i p l e quadrupole MS/MS system are under direct computer 
cont ro l . Data may be acquired in several modes at the 
d iscret ion of the operator. These modes include: Scan-Scan, 
in which the f i r s t quadrupole, Q l , and the th i rd quadupole, 
Q3, are. both scanned; Daughter Ion Scan, in which Ql 
operates in a mult ip le ion. mode and Q3 is scanned; Parent 
Ion Scan-, in which Q3 operates in a mult iple ion mode and Ql 
is scanned; Mult ip le Reaction Monitoring, where Ql and Q3 
are operated in mult ip le ion modes; Sychronous Scan, where 
Ql and Q3 are scanned simultaneously with a constant amu 
difference between them to show constant neutral loss or 
gain; and Conventional Scan, where ei ther Ql or Q3 is in an 
RF-only mode while the other mass analyzer is scanned. The 
methods in which data may be displayed for in terpretat ion 
are numerous since the data has four dimensions: parent ion 
mass, daughter ion mass, daughter ion intensi ty and time. 
The software is extremely f l ex i b l e in that the data may be 

•p lot ted in several three dimensional or two dimensional 
formats. Up to four separate plots may be output on one 
terminal screen page. Details of the above features of the 
TAGA- 6000 MS/MS Data System w i l l be presented. 
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COMPUTER ASSISTED HIGH RESOLUTION MS/MS 
F.W. CROW and R.L. LAPP; 

Midwest Ctr. for Mass Spec, 
Univ. of Neb., 

Lincoln, NE 68588 

The Kratos MS-50 triple analyzer mass spectrometer has been 
interfaced to a Data General Nova 4X computer for data acquisition of 
metastable and collision-induced spectra. This is the first step in 
developing an automated high resolution MS/MS for the purpose of 
sequential multicomponent analysis of complex mixtures. 

Software has been developed to facilitate signal averaging of 
MIKES data. The number of scans averaged and the number of data 
points per scan- are determined by .the operator. The computer 
initiates each individual scan, sums the spectra, displays the data 
and transfers the data to disk. The data displayed and saved on disk 
may be either individual scans or the sum of a preselected number of 
scans. The system includes two 10 Megabyte disk drives (DG Model 
6045) and a high speed dual-density tape drive (Kennedy Model 9300) 
for data storage. 

The first stage of data processing.includes assigning the mass 
and intensity scales followed by displaying the spectra on an 
interactive graphics terminal (Tektronix 4025). The second stage 
includes: 1. data smoothing, 2. baseline subtraction, 3. spectral 
magnification and multiplication, 4. curve fitting., and 5. spectrum 
labeling. All processing is entirely under operator control and is 
designed with maximum flexibility. Each option is described briefly 
as follows. 

Three data smoothing algorithms have been incorporated: moving 
average, Savitsky-Golay and a modified three-point smooth as described 
by Trott and Beynon (1) . The user may select the width of the 
smoothing window with the first two algorithms,and for all three, the 
user specifies the number of iterations to be performed. 

For.baseline subtraction, the user may either define a single 
value to be. subtracted from the entire spectrum or define several 
points through which a straight line will be fitted using least-
squares methods. 

The user can easily define a window to enclose a-^selected region 
of the displayed spectrum. The data within that window may then be 
multiplied or divided by a user specified factor or it may be expanded 
to fill the entire plotting area. In addition tb multiplying a 
selected region the user has the option of magnifying the entire 
spectrum to locate small peaks or to scale the data appropriately for 
observation. 

As an aid in documentation the user may place the run title, 
experimental parameters, a structural drawing and/or any other 
informative text at any specified location on the plot. After 
composing the plot on the VDU screen the contents of the screen can be 
duplicated on a hardcopy device (Calcomp 1012 plotter). 

All of the commands used for processing consist of single 
keystrokes which are easily learned by the user. This software and 
hardware arrangement allows the experimenter to proceed frora raw data 
to publication quality plots within a few minutes. 

Reference: 
1) G.W. Trott and J.H. Beynon, Int. J. Mass Spectrom. Ion Phys., 

31(1979)37-49. 
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AUTOMATION OF A HIGH-RESOLUTION MS/MS INSTRUMENT. I." K. MUN, M. P. BARBALAS, D. C. 
MCGILVERY, T. A. MCCARRICK, P. J . TODD, I . J . AMSTER, A. S. BISHOP, AND F. W. MCLAFFERTY: 
Dept. of Chem., Cornell Univ., I thaca, NY 14853. 

The on- l ine computer has been applied advantageously to h igh-resolut ion mass spec
trometers (MS) and both the reversed-geometry and tandem quadrupole MS/MS instruments. 
Our h igh-resolut ion MS/MS u t i l i z i n g tandem double-focusing mass spectrometers has now 
been inter faced to PDP-11/45 and -11/10 computers with a graphics display control system. 
I t is necessary to operate MS-II as much as 20 keV o f f ground; the MS-I, MS-I I , and 
B'-detectors are coupled to the mult ip lexer and computer through f i be r -op t i cs data l inks . 
The ion lens a f te r the c o l l i s i o n region and the e lec t ros ta t i c analyzer and magnet of 
MS-II are operated in a " l inked scan" mode under computer control i n order to scan the 
MS-II spectrum. 

A data base'containing more than 700 CA spectra of ions of average mass greater 
than 100 have been co l lec ted; the data base is avai lable from the authors. CA spectra 
measured by MS-II are matched against th is data base in real- t ime using an algori thm 
patterned a f te r that for "Probabi l i ty Based Matching" fo r normal mass spectra. The 
resu l t ing substructural information is displayed on a graphics termina l , as are the 
elemental composition data from MS-I. A var iety of menu functions are avai lable fo r 
operator manipulation of the data to construct molecules consistent with these data. 

For rout ine quant i ta t i ve analysis of complex mixtures, MS-II can be used in a 
"mul t ip le ion monitoring" mode-under computer con t ro l ; the low impedance magnet allows 
switching to and measurement of an indiv idual peak in -0 .1 sec. 
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COMPUTER-CONTROLLED ICR MASS SPECTROMETER 
FOK ANALYSIS OF ION-MOLECULE RATE CONSTANTS; V. C. A n i c i c h 
and W. T. H u n t r e s s ; • C a l i f o r n i a I n s t i t u t e o f T e c h n o l o g y , J e t 
P r o p u l s i o n L a b o r a t o r y , P a s a d e n a , C a l i f o r n i a 9 1 1 0 9 . 

The ICR a t t h e J e t P r o p u l s i o n l a b o r a t o r y h a s b e e n i n t e r l a c e d 
t o a TI 9 9 0 / 1 0 m i n i c o m p u t e r . When o p e r a t i n g i n t h e t r a p p e d 
ion mode , t h e c o m p u t e r . c o n t r o l s t h e r e a c t i o n t i m e and 
d i j ^ i L i z u s . t h e p u a k h e i g h t s . A i ' t u r Lhc c o m p u t e r accumul ; i L i.*.s 
s e v e r a l s e t s o f d a t a i t t h e n a n a l y z e s t h e d a t a a n d o u t p u t s 
che m e a s u r e d r a t e c o n s t a n t w i t h a g r a p h i c a l r e p r e s e n t a t i o n 
of t h e c o m p u t e r f i t t o t h e e x p e r i m e n t a l m e a s u r e m e n t s 
i n c i u d ing e r r o r b a r s . T h i s i i m o v a t i o u i d J u c c s bi)Lh uicasu r e 
ment b i a s and t h e t i m e i t t a k e s t o m e a s u r e a r a t e c o n s t a n t . 
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THE DEVELOPMENT OF A FULLY COMPUTER CONTROLLED DOUBLE FOCUSSING MAGNEJTIC 
SECTOR MASS SPECTROMETER: 
J.C. Bi l l , T.R. Kemp, J.C. Sadler, M.J. Wallington; 
VG Analytical L td , Tudor Road, Altrincham, Cheshire WA14 5RZ, England. 

Previous work oh the computer control of mass spectrometers has generally been applied to quadrupole 
instruments. Magnetic sector instruments have proved to be problematical because of the eddy 
currents and hysteresis effects of Lhe magnet. A new laminated magnet and a sophisticated digitally 
controlled scan function generator have been combined, and provide the basic elements for complete 
computer control of a double focussing mass spectrometer. The magnet, plus an .appropriate power 
supply, is capable of scan rates faster than 0.1 sec/decade, and cycle times of less than 0.3 sees are 
easily obtainable. More significantly, because of the drastic reduction in both eddy currents and 
hysteresis, wide range magnetically selected ion recording (M.S.I.R.) has become practicable. 

With the availability of this increased flexibility and performance in the magnetic sector, the 
incorporation of comprehensive computer controlled scan facilities was made possible. In order to 
provide full digital control of both magnetic and electrostatic sectors, without encroaching upon the 
processing capability of existing mass spectrometry data systems, the digital scan generator is based 
on the use of a dedicated microprocessor. 

With reference to Figure 1, the development has placed special emphasis in the following areas: 

A) The use of Direct Memory Access facilities between the Control and Acquisition Interface, and 
the main system Data Processing and Storage computer. Similar DMA interfacing is used to drive 
the high speed interpretive graphics terminal. This ensures that all data transfer operations are 
fully optimised. 

B) The implementation of a colour raster .graphic display with integral bit-slice image processor, and 
complete with a rate-type joystick cursor control. This combination provides much faster image 
display and faster more accurate cursor positioning than is available with conventional serial line 
driven displays. 

C) Provision of a dedicated micro-proc^sor for control p f all scan and signal functions, including: 
normal B and E scans; linked B/E, B /E and B/E(l-E) , peak switching; auto-ranging of variable 
gain instrumentation amplifier. 

D) Real time status information and keyboard control of the mass spectrometer by means of a 
dynamic graphics VDU terminal. The result of applying the above consideration to the proven ion-
optical assembly of the Micromass 7070 mass spectrometer, has been an instrument embodying a 
greater degree of computer control than has previously been possible in medium resolution high 
performance magnetic sector instruments. 

1. P. Burns et al. Paper TPMP16 28th ASMS New York NY. 
2. J.C. Bill et al. Paper MPMP23 28th ASMS New York NY. 
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OPTIMIZED FAST SCANNING WITH A HIGH 
PERFORMANCE SECTOR FIELD GC /MS/DS SYSTEM; 
H. .KAUFMANN, U. RAPP, K. WEISSENBERG AND 
M. SCHMIDT, -Varian MAT GmbH, Barkhausenstr. 2, 
D-2800 Bremen 14, W. Germany. 

Since the introduction of high performance glass 
capillary columns (GC ) to mass spectrometry one 
has tried to optimize magnetic type mass spectro
meters to the requirement of handling small GC 
peak widths in an optimal way. In this connection 
the scanning speed of the mass spectrometer seems 
to be one crucial point, one other being the. 
processing speed of the data system coupled to the 
GC/MS system. 
The key question in dealing with this type of 
analysis is the ratio of measuring time to cycle 
time of the coraplete system. In this respect the 
speed and preparation time required by the data 
system needs optimally designed software and 
hardware. 

The concept of a data system featuring an'acqui
sition processor based on a fast microprocessor 
together with a new scanning technique is opti
mally, suited for the above described measuring 
problems. An approach will be presented achieving 
cycle times of 0.5 s/decade with a MAT 212/SS 200 
configuration. The measuring time within the 0,5 s 
cycle time- is about 0.4 s, meaning that 80 % of 
the total time is used for measuring. Details of 
the technical solution will be explained together 
with application measurements of samples where 
the need for fast scanning instructively is shown 
by comparing with "standard parameter acquisi
tions" . 
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UPACS II - Mass Spectrometry System; L. Baczynskyj, D.J. Duchamp, L.C. Jones, M.D. 
Kenny, D. Marks, J.F. Zieserl, and J.B. Aldrich; The Upjohn Company, Kalamazoo, Ml 49001. 

The £pjohn physical and Analytical £hemistry System (UPACS) is a computer system for 
laboratory automation of anaTytical instruments. n"he interfacing of three mass 
spectrometers and other instruments to an IBM 1800 computer has been described previously 
and summarized recently.* This system was called UPACS I. 

In the last two years. Physical and Analytical Chemistry Research has moved to a new 
location, and a new computer system - the Harris S200 - has been acquired. This system is 
composed of two CPU's with shared memory and shared disks. At present, there are two 300 . 
MByte disks for data storage and application programs and two 80 MByte disks for systems 
programs. One of the CPU's is used for real-time data acquisition and data processing, 
whereas the other one supports interactive programs such as interactive- graphics, library 
searches, new program development, etc. This new system is called UPACS II. 

At present, the following instruments are- interfaced to this new system: two single 
crystal X-Ray diffractometers, three C.H, and N elemental analyzers with two analytical 
balances, a CD/ORD spectropolarimeter, and four mass spectrometers. All instruments 
acquire and process data simultaneously and store the results on disk. 

The four mass spectrometers (CEC 21-IIOB, MAT CHS DF, MAT CH7A, and LKB 9000) are 
connected to the computer via separate hardware interfaces, one at each instrument. The 
role of these interfaces is to digitize the output of the electron multiplier at the 
instruraent and to send it in digital form to the computer. The hardware interfaces also 
provide mass markers for the CEC, CHS, and CH7 mass spectrometers. The Harris coraputer 
controls the start and stop of scans and data rate from each of the mass spectrometers. 
Digital data are entered into the computer via a Computer Products Inc. parallel DMA 
interface. Only data (electron multiplier signals) that are over an operator-selected 
threshold are sent to the computer for data reduction. Total ion current, probe 
temperature, ion source teraperature, and GC oven temperature are sent in analog fashion to 
the computer. 

The data acquisition program is resident in the memory of the computer. It processes 
the incoming data in three ways. For low resolution mass spectra it picks two high points 
of the incoming spectral peaks and writes these into a table of raw data. For high 
resolution mass spectra, it passes the. peak profiles to the processing programs for 
further manipulations. A data averaging scherae. of several points (digital smoothing) is 
also available for use in conjunction with selected ion recordings (SIR), raetastable ion 
scans, etc. 

The processing programs take the raw data.and extract the desired information 
according to modes. - Thus in low resolution mode, each ion is assigned the proper mass 
value and the ion intensities are normalized, whereas in the high resolution mode, the 
data can be smoothed, the peak centers determined and the intensities normalized. The 
results of these operations are written on disk into temporary files, one for each 
instrument. The.mass spectra stored in these temporary files can be further processed. 
Thus averaging, background subtraction, printing, plotting, and storing of the spectra can 
be perforraed in the mass spectrometry laboratory. The input commands to the computer are 
transmitted via T.I. Silent 700 terminals. Hard copy outputs are generated on a Versatec 
electrostatic printer plotter. Tektronix 4014 CRT's are used to display mass spectra, 
chromatograms, etc. 

Two libraries are available for .identity searching. The first is the NIH/EPA 
collection of spectra leased frcm NBS, the second is our own library (ca. 12,000 mass 
spectra). Either library can be searched on either CPU. It takes ca. 2 min. 15 sec. to 
perform an identity search of our library and ca. 6 min. to search through the NBS 
library. 

Other programs for structure entry and aids to interpretation of mass spectra are 
under developraent. 

*L. Baczynskyj in "Biochemical Application of Mass Spectrometry", 1st Suppl. Vol., 
G.R. Waller and O.C. Dermer, Ed.; p. 77, Wiley Interscience, New York, 1980. 
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SOFTWARE FOR AUTOSAMPLING ON A FIKNIGAN/INCOS GC/MS/DS. 
SCOTT CAMPBELL 

Shel l Development Company 
Bio log ica l Sciences Research Center 
Box A2A8, Modesto. C a l i f o r n i a , 95352 

Addit ion of an a u t o s a m p l e r to a GC/MS/DS l a an e x c e l l e n t method of 
Inc reas ing sample throughput . Several programs have been w r i t t e n for the 
F lnn lgan / lncos Data System tha t f a c i l i t a t e o p e r a t i o n of an a u t o s a m p l e r 
system. One r o u t i n e enables p r i o r Input of accounting Information for each 
sample In an autosampler run, and a l l o w s s u b s e q u e n t t r a n s f e r of t h i s 
I n f o r m a t i o n t o t h e p r o p e r d a t a f i l e . , O t h e r r o u t i n e s a l l o w 
foreground/background sample I n j e c t i o n and a c q u l s l t l o n / d a t a p roces s ing . 

The Finnigan .supplied autosampllng system using a Varian 8000 autosampler , 
i n s t a l l e d on a Finnigan 4023 GC/MS/DS, works w e l l . However, the c a p a b i l i t y 
t o Input accout lng i n f o r m a t i o n , . f o r example , s a m p l e , c o n d i t i o n s , and 
a n a l y s t , which In manual opera t ion i s Input In response to the "A" command 
In ACQU, I s not provided. An MSDS compatible For t ran program, AASK, has 
been w r i t t e n to perform t h i s t a s k . The program AASK allows the user to 
i n p u t , s t o r e , and r e t r i e v e accounting data for a s e r i e s of samples to be 
In jec ted by an a u t o s a m p l e r . AASK i s c o m p a t i b l e w i t h MSDS p r o c e d u r e 
language; thus accounting data can be w r i t t e n to each of the da ta f i l e s 
using a p rocedure and w i l l a p p e a r on o u t p u t g e n e r a t e d by manual o r 
automat ic process ing of the GC/MS d a t a . 

AASK performs the following func t ions : 
1. Read the f i l e names contained, in the cu r ren t name l i s t . 
2 . Read the con ten t s of the f i l e AASK.99 which conta ins-

e n t r i e s p rev ious ly crea ted by.AASK. 
3 . Read the con ten t s of BXSCANINST.99 where X = job number 

and INST = Instrument name. 
4 . Input d a t a : If no e n t r i e s a r e p r e sen t , d e f a u l t s to the . . 

r e s p o n s e s c o n t a l n e d In &XSCANINST.99. 
5 . Write d a t a : The accounting data I s w r i t t e n to a . f i l e 

named AASK.99. 
6 . Transfer d a t a : The accounting data for the cu r r en t name 

l i s t en t ry I s r e t r i e v e d from AASK.99 and I s then w r i t t e n 
to BXSCANINST.99. 

7.. Other manipula t ions of accounting data as d e t a i l e d In. the 
AASK command l i s t . 
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AASK accepts the following commands: 
;Dlsplay current list (from entries J to K) 
;Hardcopy current list (from entries J to K) 
;Ask for input (beginning entry J) 
;Change entry J 
;Delete all entries 
;Detete entry J 
;Delete entries J through K 
;Wrlte current list 
;Transfer data for current name list entry to ACQU 
;(Entry J) 
; I n l t l a l i z e " 
;Exl t to MSDS 
;Hardcopy t h i s page 

AASK I s used in conjunct ion with an autosampler . AASK c r e a t e s a f i l e of 
account ing data (sample, c o n d i t i o n s , e t c . ) for each en t ry in the c u r r e n t ' 
name l i s t . AASK then t r a n s f e r s the data for a p a r t i c u l a r name l i s t en t ry 
t o ACQU (B_SCAN . 9 9 ) . A procedure using AASK ( a f t e r - c r e a t i n g the name 
l i s t and en te r ing the da ta for each sample) might con ta in : 

GETN;RUN AASK (T;E);RUN AUTOS;ACQU...;LOOP 

INCOS procedure language i s a powerful t o o l f o r c r e a t i n g r o u t i n e s to 
au t o ma t i ca l l y acqui re and process mass spectrometry d a t a . The use of MSDS 
u s e r v a r i a b l e s , i n c l u d i n g f i l e n a m e s , t h e name l i s t , s c a n l i s t , 
q u a n t i f i c a t i o n l i s t , and i n t e g e r v a r i a b l e s . I s e s s e n t i a l In w r i t i n g 
procedures to perform automatic da ta r e d u c t i o n . In the composi t i o n of 
complex procedures , however, i t would be advantageous to have access to a 
l a r g e r number of v a r i a b l e s . Examination of INCOS software r evea l s t h a t the 
STAT l i s t of v a r i a b l e s - i s s tored In a d i sk f i l e name BXMSDSMSDS.99 where X 
" job number. This f i l e I s w r i t t e n In response to the KEEP command in MSDS 
and I s read by the INCOS program MSDS. To expand on t h i s p rocess , two MSDS 
compatible For t ran programs were w r i t t e n , STORE and RECALL. These programs 
a l s o wr i t e and read s e t s of MSDS v a r i a b l e s to as many as ten d i f f e r e n t d i sk 

• f i l e s . The f i l e s are name BXMSDSMSOY.99 where X = Job number and Y = 0 to 
9 . The value Y I s passed to each program i n MSDS v a r i a b l e ! 1 . For 
example: 

>SET1 #5; RUN STORE o r : >STORE if5 (STORE. PR*=RUN STORE) 

The programs STORE and RECALL could be used," for example, in procedures 
employing AASK and AUTOS programs for unattended data a c q u i s i t i o n w i t h 
concur ren t processing ( e . g . p l o t t i n g , q u a n t i f i c a t i o n , l i b r a r y s ea rch , e t c . ) 
of the da ta f i l e s . The s t a t u s of the a c q u i s i t i o n I s p e r i o d i c a l l y p o l l e d , 
and i f complete, another sample i n j e c t i o n and a c q u i s i t i o n i s I n i t i a t e d , and 
da ta processing i s cont inued . Two procedures a r e to a c c o m p l i s h ' t h i s : One 
to In j ec t and acqui re and the othe o the r to process d a t a , each procedure 
having I t s own se t of v a r i a b l e s . For example, the p o s i t i o n in the name 
l i s t might be d i f f e r e n t for the se t of f i l e s being acquired and the s e t of 
f i l e s being processed. STORE and RECALL could be used to swap the two s e t s 
of v a r i a b l e s . 
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AUTOMATED ACQUISITION AND PROCESSING OF PHOTOPLATE HIGH RESOLUTION 
MASS SPECTRAL DATA BY AN 'INCOS' - 'VARIAN' SYSTEM* 

W. D. JAMIESON, F. G. MASON and D, E. WEBBER 
Atlantic Research Laboratory, National Research Council of Canada 

1411 Oxford Street, Halifax, N.S., Canada, B3H 3Z1 

The system developed is based on earlier photoplate data acquisition systems 
developed and used in our laboratory (1-3). A VARIAN 620/L-100 computer controls the 
operation of a GAERTNER M1205PC comparator-densitometer to acquire data recorded on 
lONOMET photoplates by a CEC 21-llOB mass spectrometer. The hardware-software approach 
to acquiring spectral line optical density-distance profiles allows sampling Intervals of 
0.25, 0.50 or 1.00 micrometers as described before (1,2). The software (VARIAN 
Assembler) was extended for convenient operator interaction to set parameters controlling 
sensitivity, noise rejection, automatic line detection, and automatic background 
correction. The software was also extended to control operation of the comparator-
densitometer and allow sequenced multiple scans. 

Computer control of the comparator-densitometer was effected without changing the 
original DC shunt motor drive system. The interface developed is controlled by a VARIAN 
relay output module (DM-177, 16 bits) and uses 6 relays to provide programmable scan 
rates, forward, reverse and stop functions, and an end-of-scan signal. Manual operation 
of the comparator remains possible. 

Data from photoplate scans at rates to 0.83 mm/sec are accommodated in VARIAN core 
buffer (̂  12 K),then formatted as an INCOS "profile" file and emptied to INCOS disk 
storage as a background job as permitted by other INCOS activity, or written to VARIAN 
peripheral cassette tape if the INCOS system is not available. 

Data is transferred to INCOS at 9600 baud using a 60 m dedicated line as described 
before (3). Our earlier INCOS-resident software for this required alteration of the IDOS 
system. Current software, written In FORTRAN and Assembler, does not alter IDOS and 
should be usable with any Level 3.1 MSDS system. 

The INCOS MSDS prograras CALI/HCAL, COMP, COPY, ENHA, PARA, PROF, SAVE, STAB and SYST 
were extended to handle photoplate-derived data more effectively. The use of a quadratic 
scan function with (m/z)T proportional to distance along the photoplate led to acceptably 
accurate calibrations and mass assignments, and required minimal changes In the MSDS 
programs. 

Mass assignment accuracies within 3 ppm are usual for a single acquisition (8kv, 
12 kg; C.E.C. 21-HOB at >5000 resolution; lONOMET photoplates). Accuracy is improved by 
merging the results from multiple acquisitions, since the offset error for repeated scans 
is random and usually less than 1 ppm. 

Program listings and other information are available. 

We acknowledge gratefully the assistance of E. W, Dyer, D. J. Embree and P. D. Mack. 

REFERENCES 
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2. W. D. Jamieson and F. G. Mason. 25th, Washington, May, 1977. Proc, pp. 668-670. 

3. W. D, Jamieson, E. W. Dyer, F.G. Mason and M. Weiss. 27th, Seattle, June, 1979-
P r o c , pp. 258-9. 

*NRCC No. 19061 
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The NIH/EPA Mass Spec t ra l Search System. A Sta tus Report 

D. P. Mart insen, Feln-Marquart Assoc ia t e s , 
7215 York Road, Baltimore,'MD 21212 

S. R, He l l e r , U.S. Environmental P ro t ec t i on Agency, 
401 M S t r e e t , S.W,, Washington, DC 20460 

G. W, A, Milne, National I n s t i t u t e s of Health, 
Bethesda, MD 20205 

W. L. Budde, U.S, Environmental P ro t ec t i on Agency, 
26 W. S t . C la i r S t r e e t , C inc inna t i , OH 45628 

The NIH/EPA Mass Spec t ra l Search System (MSSS) Is one of the components of the 
NIH/EPA Chemical Inforraatlon System (CIS) . The CIS i s a c o l l e c t i o n of var ious types 
of chemical data which may be searched and r e t r i eved using the commands of the 
system. In add i t i on to raass s p e c t r a l da t a , both EI and CI, the CIS con ta ins C-13 
NMR, IR, powder d i f f r a c t i o n , and c r y s t a l l o g r a p h i c d a t a . There are a lso a nuraber of 
da ta bases in the CIS which conta in t o x i c i t y va lues , s p i l l response informat ion . 
Federa l Reg is te r c l t a t I o n s , and chemical s t r u c t u r e and nomenclature. The CIS, 
Inc lud ing MSSS^'ls a v a i l a b l e on a commercial computer which may be accessed via loca l 
te lephone c a l l s from most major c i t i e s in the U.S. and Western Europe. 

MSSS c o n s i s t s of a se t of programs to search data bases of EI s p e c t r a , CI 
s p e c t r a , arid proton a f f l n l t y / g a s - p h a s e b a s i c i t y v a l u e s . The EI da ta base con ta ins 
spec t r a of near ly 34,000 compounds. Spectra are received from l a b o r a t o r i e s around 
the world and are used to update the data base approximately once a year . The EPA, 
through i t s Cincinnat i o f f i ce and with the a s s i s t a n c e of Radian Corporat ion, i s 
a t t empt ing to add to the data base spec t ra for 2,500 compounds from the Toxic 
Substances Control Act (TSCA) Inventory Lis t and from the l i s t of chemicals for 
p r i o r i t y t e s t i n g for which mass s p e c t r a l data are not a v a i l a b l e . These spec t ra w i l l 
be added to the da ta base over the next two yea r s . The EI da ta base, on magnetic 
t a p e , raay be leased from the Nat ional Bureau of Standards , and i s a l so a v a i l a b l e as a 
four volume se t plus one supplementary volume from the Government P r i n t i n g Off ice . 

The CI da ta base con ta ins approximately 1500 s p e c t r a , most of which ware 
obtained using methane as the reagent ga s . The NBS f i l e of proton a f f i n i t y and gas -
phase b a s i c i t y va lues con ta ins approximately 650 measurements for 420 compounds. 
C i t a t i o n s to the l i t e r a t u r e d e s c r i b i n g . t h e measurements a re a lso inc luded. 

The MSSS programs allow one to search the data base in a number of ways to 
r e t r i e v e informat ion . Compounds may be r e t r i e v e d on the bas i s of molecular weight, 
molecular formula, and p a r t i a l formula. Because of the c a p a b i l i t i e s of o ther com
ponents In the CIS, corapounds may a l so be r e t r i e v e d on the b a s i s of chemical names, 
t r a d e naraes, CAS Regis t ry Nuraber and s t r u c t u r e . The mass spectrum may be used as the 
b a s i s for an i n t e r a c t i v e peak seiarch, in which corapounds conta in ing spec i f i c pieaks 
with s p e c i f i c i n t e n s i t y ranges are r e t r i e v e d . The KB and PBM searches r e t r i e v e 
spec t r a s i m i l a r to an unknown spectrum based on an algori thm comparing abbrevia ted 
forms of the s p e c t r a . 

Although the da ta base of EI spec t r a conta ins many compounds, i t i s by no raeans 
complete . Therefore , a number of p a t t e r n r ecogn i t ion programs have been developed to 
provide c e r t a i n -information about a compound even when the l i b r a r y searches f a l l to 
provide any good matches. The MOLION program, wr i t t en by Dromey and co-workers a t 
Stanford U n i v e r s i t y , determines l i k e l y molecular weights for a compound based on the 
spectrum. The MSTREE program", developed by Technology Services Corporat ion, d e t e r 
mines the presence or absence of spec i f i c funct ional groups and ass igns a p r o b a b i l i t y 
t o each de te rmina t ion . The program c u r r e n t l y checks for ch lo r ine and bromine, and 
work Is under way to impleraent t e s t s for n i t rogen and phenyl groups .^ 

1. R. G. Dromey, B. G. Buchanan, -D. H. Smith, J , Lederberg. and C. D j e r a s s i , J ,̂ Org. 
Chem. 40, 770 (1975). 

2. W. S, Meise l , M. J o l l e y , S. R. He l l e r , and G. W. A. Milne, Anal. Chlm. Acta 112, 
407 (1979) . 
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AN IMPROVED MULTIPLE ION DETECTION SYSTEM 

D. E. Giblin and F. W. Crow 
Department of Chemistry, University of Nebraska 

Lincoln, Nebraska 68588 

A multiple ion detection system (MID) has been developed to 
facilitate the rapid selection of the primary ion beams at high 
resolution in MS/MS and GC/MS experiments. This device will serve an 
integral part in the development of an automatic multicomponent 
analysis system employing the Kratos MS-50 triple analyzer mass 
spectrometer. Design goals for the MID system included the capability 
of front panel or computer programming, data acquisition by simple 
signal averager or by the MS computer system, and the flexible 
manipulation of the scan and signal parameters from the front panel 
for maximum use of signal information. 

bur design features up to eight sequentially-switched channels 
in stand-alone operation or an unlimited number under computer 
control. Preview and manipulation of parameters and 
insertion/deletion of channels can be effected by pushbutton control 
frora the front panel in stand-alone operation. The MID system 
incorporates the following channel-independent programmable features: 
(1) variable scan width (0,lppra to 100%) which permits full spectrum 
scanning, peak profile or peak top monitoring, (2) accelerating 
potential from 1 to 8 kV in 7' steps, (3) a trigger pulse from any 
channel, (4) sweep reset time from 0.01 to 1.00 sec, and (5) the 
assignment of the special function mass ratios "Hold" and "Start" to 
any channel. The channel-dependent programmable features are (1) scan 
tiraes of 0,01 to 1000 sec, (2) 1-100 repetitions of a channel, (3) 
mass ratio, (4) signal amplification of 1 to 1000, (5) filter cutoff 
frequency Of 0.1 Hz to 10 kHz, (6) the use of the Kelvin-Varley 
voltage divider for calibration, and (7) the modulation and/or 
displacement of the scope trace (Y-axis). 

The accelerating voltage and the first ESA can by coupled in the 
norraal mode or in one of three metastable modes corresponding to E, V, 

or E/V ' scans. The second ESA can be coupled to the first ESA or 
held constant. Furthermore, ESA#2 may be scanned to obtain a full 
MIKES spectrum or used in a selected-reaction monitoring mode while 
the accelerating voltage and first ESA are held constant. 

Araong the more significant electronic features are crystal-
controlled scan and reset tiraes, full isolation between the analog and 

digital sections of the MID and between the digital sections of the 
MID ahd the MS-50 by separate power supplies, opto-couplers and 
relays, and six-BCD-digit multiplying DAC's for normal and "Hold" raass 
selection. 

The evaluation of the performance of the MID system was 
perforraed using standard corapounds and known reactions. The level of 
reproducibility of multi-peak scanning was indicated by the fact that 
there was no broadening of spectral profiles for data collection over 
a tirae span of 6 rain, and 50 sec. at a resolution of 30,000. A 
deviation of mass ratio of 2ppm was found over a peak switch range of 
1:0.644 at a resolution of 30,000 by comparing the output with that 
obtained using the standard Kelvin-Varley. voltage divider. The 
accuracy of scan width was measured using the molecular ions of the 

C- CH, isotope of benzene and the normal isotope of pyridine and was 

found to deviate by less than 0.1 per cent. A dynamic range of over 
30,000 was indicated by raeasuring the intensities of the normal and 

first three C isotopes of the benzene molecular ion. The relative 
accuracy of signal gain was measured using standard voltages and found 
to deviate by 0.5 per cent or less. 

As an indication of some of the capabilities of the MID system, 
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we show a selected-ion monitoring experiraent of the unimolecular 
1/2 

breakdown of the nitrobenzene molecular ion in E/V space 
illustrated in Fig. 1. The full CID MIKES spectrum of nitrobenzene 
raolecular ion in shown in Fig. 2. 

Fig. 1 
Resolution: 5,0^0 

F/V MetBStable Space 

Select ive-Ion Monitoring 

Unimolecular PecomDOS111 on 

riain Beam: r,H_HO/ 

Sweep Time; 4 sec. 
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COMPUTER CONTROL FOR SSMS ELECTRICAL DETECTION 

P. Marushla and J . Delmore 

Exxon Nuclear Idaho Company, I n c . 
Idaho Nat ional Engineering Laboratory 

Idaho F a l l s , Idaho 83^01 

To enhance the usefu lness of the Spark Source Mass Spectrometer (SSMS) In the 
e l e c t r i c a l de t ec t i on mode, a 32K word Data General computer has been in t e r f aced 
to d r ive the instrument and c o l l e c t and reduce d a t a . 

The i n t e r f a c e has 15 b i t s of c o n t r o l for the magnet' cind high v o l t a g e . There 
are nine s e t s of ro t a ry swi tches , two s e t s of push-bu t tons , a programmable clock 
i n t e r r u p t , manual i n t e r r u p t , and three c o n t r o l r e l a y s . 

The a n a l o g - t o - d i g i t a l conver te r used to read data from the ins t rument has 12 
b i t s of convers ion , k channe ls , with X15 gain and maximum m u l t i p l i c a t i o n of 
1000. 

The p e r i p h e r a l s used are a Hewlett-Packard 1310A d i s p l a y , a Tektronix 4010 t e r 
minal with cursor c a p a b i l i t y , a 10 megabyte d i s k , and a Data General Dasher 
hardcopy u n i t . 

Software was wr i t t en with the Real- t ime Disk Operat ing System suppl ied by Data 
General in FORTRAN IV and assembly language. The program uses the m u l t i t a s k i n g , 
o v e r l a y s , c lock , f i l e s t o r a g e , and u s e r - i n t e r r u p t c a p a b i l i t i e s of t h a t system. 
All o p e r a t i o n s are i n i t i a t e d from the keyboard of the Tektronix 4010 te rmina l 
with only the optimum h i ^ vo l tage s e t t i n g and high vo l tage scan l i m i t s being 
input v ia the i n t e r f a c e . Peak s tepping with the magnet i s the method used to 
read i s o t o p e s . 

The opera to r cen te r s known peaks with s t a n d a r d s . The computer s t o r e s these 
magnet l o c a t i o n s on disk and c a l c u l a t e s a l e a s t - s q u a r e s f i t from t h i s mass v e r 
sus loca t ion da ta .^ This l e a s t - s q u a r e s c a l c u l a t i o n i s then used to p r e d i c t 
magnet l o c a t i o n s for any mass. Mass-versus - loca t ion data and l e a s t - s q u a r e s f i t 
l i n e may be p l o t t e d , or a hard copy of masses and magnet l o c a t i o n s raade. 

To l o c a t e the magnet pos i t i on of a mass, the opera to r can i n i t i a t e a magnet 
scan beginning with a magnet l oca t ion input v ia the i n t e r f a c e , or more u s u a l l y , 
a l o c a t i o n ca l cu l a t ed from a mass entered on the t e r m i n a l . As the magnet s c a n s , 
the r a t i o of the e lec t romete r to the t o t a l ion monitor ia d isp layed on the Tek
t ron ix 4010 CRT showing the i so tope peaks as t h e i r magnet l o c a t i o n i s passed . 
The magnet l oca t ion of the des i red mass i s se lec ted by the ope ra to r v ia the 
cursor of the Tektronix 4010, and input through the t e r m i n a l . 

When t ak ing d a t a , the high vo l tage parameter w i l l be held a t some optimum v o l t 
age and the magnet stepped from sample i so tope magnet l o c a t i o n to s tandard i s o 
tope magnet l o c a t i o n . The computer f ine cen t e r s these magnet l o c a t i o n s by mani
pu la t ing the h ig^ vol tage and magnet so t h a t the magnet l o c a t i o n i s centered a t 
the optimum h i ^ - v o l t a g e s e t t i n g . To find the exact magnet l o c a t i o n , of a mass 
peak, an approxliaate magnet l oca t i on i s entered from (1) the cursor of the Tek
t r o n i x 4010 se t in the scan r o u t i n e , (2) a computed l oca t i on from the l e a s t -
squares f i t of a mass, or (3) the l oca t i on f i l e for upda t ing . The high v o l t a g e , 

P. Paulsen, Nat ional Bureau of S tandards , persona l communication, November 
1978. 
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which has a much finer resolution than the magnet, is scanned about its optimum 
point. Reading the analog divider gives a profile of the isotope peak. On the 
first pass, the magnet is either incremented or decremented by a number derived 
from the difference in high-voltage location of the highest point on the peak 
and the optimum high voltage divided by the resolution ratio of high voltage to 
magnet. Then the magnet is moved, one location at a time, reading the peak each 
time the magnet is moved, to bring the location of the average of the half-peak-
height locations to the" optimum h i ^ voltage, • • 

The measurements of the isotope peaks are done in two different ways. If there 
is more than one isotope of the standard or of the sample, all measurements on 
a given isotope are made before moving to the next isotope. The operator inputs 
the number of sample isotopes to be read before the standard isotopes are read 
again. This allcws the operator to somewhat tailor the running of the sample. 

If only one isotope of standard and one isotope of sample are involved, they are 
read alternately. One reading is taken on the standard isotope, and magnet is 
moved and one reading is taken on.the sample Isotope. This tends to maximize 
settling times on the electrometers and minimize heterogenity affects. 

Concentration calculations from the internal standard require the operator to 
input the concentration of the internal standard and the isotopes to be read. 
Unless isomers are involved, abundance and molecular weight data are retrieved 
from the disk and verified by the operator. Of course the magnet location for 
the isotopes should have already been determined and stored so these • are 
retrieved. 

Isotope dilution calculations require the operator to input the isotopes in
volved, the concentration of the spike, and the altered abundances of the iso
topes in the spike. Again, natural abundances and locations for the isotopes 
are retrieved'from the disk. : • . 

A running, relative .standard deviation for the data is output while data are 
taken, Grubbs T Test at the 10$ confidence level is used for outlier rejection.^ 
Final output of data, statistics and concentration in atomic and weight units is 
output on the Data General Dasher hardcopy unit. 

Computer assistance for the JEOL SSMS electrical detection allows experimenta
tion, development, and instrument tuneup not easily done with the analog equip
ment. Data taking procedure'can be customized to individual samples and statis
tical tests can be made immediately to prove their worth. The' time involved to 
run a sample, especially if isotopes not previously read are involved, is signi
ficantly reduced. The possibility of operator error is reduced in several ways. 
The determination of the locations of the isotopes must fit the'• least-squares 
calculation and isotopes nearby can be seen easily on the scan,"making isotopic-
comparison simple. Isotope data retrieved by the computer from disk reduce entry 
errors as do programmed calculations and statistics. 

Report No. 1705, Material Science Center, Dept. of Chemistry, Cornell Univ".," 
Ithaca, N.Y.. (Dec, 1971). 
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HIHIHUM-MOISE DATA COLLECTION WITH VARIASLC SCAN RATE: 
A DIGITAL FILTERING METHOD 

T.J. Eskew, Nuclide Corporation,.State College, PA 16B01 

We have tested several schemes for noise reduction by digital filter
ing during data collection by scanning. In a magnetic mass spectrometer 
with given slit sizes, the peak shape is known in advance, and the peak 
width can be calculated for a specified scan rate. One can take advantage 
of this knov/ledge to improve the si gnal-to-noise. rati o and to- reduce the 
detection limit for small peaks. 

For a rectangular peak, the optimum filter is simply a running mean. 

yi l l ^ - i . 
where the x's are the raw readings of a digital voltmeter or ion counter 
and n, the. number of terms included in the sum, is set equal to the number 
of readings made in crossing the peak. This filter is particularly simple 
to implement in the case of an exponential scan, since n is constant. For 
a scan half-period T (specified by the operator), 

n = aT , 

Where the constant a depends on the slit widths and on the geometry of the 
instrument; it is determined experimentally. In this case, the filter be
comes simply a running sum, which can be updated at high speed by a desk
top computer or a programmable calculator. 

We performed a set of 
etical optimum for rectanc 
good results for trapezoic 
of an ion-counting system. 
can be calculated. A small 
standard dev.iation (r.s.d. 
This r.s.d. was minimized 
running sum) was equal to 

experiments to 
ular peaks with 
al or Gaussian p 

show that this method (the theor-
only random noise) also nives 
eaks. The experiments made use 

since in that case the theoretical minimum noise 
. peak was scanne 
) of the ten pea 
when n (the numb 

d ten times, and the relative 
k-height readings was calculated. 
er of readings included in the 

the number of readings between the ?0? points on 
each side of the peak (although .the standard deviation increases onTy 
slightly if n is made twice as large). We 
mum r.s.d. as - I c / c , where c is the nunber 

estimated the theoretical mini-
of ion counts in the running sum 

at its maximum. For various scan rates frcm '̂ 000 seconds/octave to 40 sec
onds/octave, the ratio of 
ranged from 1.2 to 1.8. Th 
approximation to an ideal 
(statistical) noise. 

measured r.s.d. 
us, we conclude 
filter, at least 

to theorectical minimum r.s.d. 
that this simple filter is a good 
for the case of purely random 

The kind of non-random noise most likely to be encountered in mass 
spectrometry is a modulation of the ion-bean intensity with line-frequency 
harmonics. This noise can be almost completely eliminated if the digital-
voltmeter integration .time (or the ion-counting tine) is an integral mul
tiple of the line frequency (i.e., 16 2/3 ms in this country). 
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MIAQ: INCOS MULTIPLE-ION AUTOMATIC QUANTITATION - THE CORRECT 
WAY TO QUANTITATE; PAUL P. DYMERSKI, Arthur G. Palmer, and James R. 
Dahlgran; 0. H. Materials Co., Findlay, Ohio 45840 

The single ion quantitation methods offered on the Incos data system 
provide insufficient information about the precision and accuracy of 
the compounds identified and quantitated. To improve both the 
accuracy and precision of GC/MS/DS quantitation, a set of FORTRAN 
programs have been written and integrated into the Incos procedures 
to quantitate up to four ions for M entries in a MSDS reduced library. 
These programs: 

1. Create a response factor table for N masses/M standards (x <̂  4) . 
2. Eliminate noise peaks. 
3. Check area ratios of the quantitation ions vs. the standard ion 

ratios. 
4. Remove ions with "interference". 
5. Quantitate on the remaining ion areas. 
6. Report quantities, averages, standard, deviation, and flag the 

"suspect" ion areas (excluded from quantitation). 
7. Final tabulation is printed in a report-ready format. 

MIAQ programs utilize the capabilities of CHRO to locate and quanti
tate mass ion areas from a standard MSDS "reduced" library. The 
quantitation report is read by a FORTRAN program and tested. 

Settable parameters include: 

A Miniraum absolute area threshold. 
S Scan and relative retention time window. 
R Mass ion area ratio error limit. 

A reference response factor table is automatically constructed for 
a standard sample mixture. This is done on the daily standard run 
so that the table contains the empirical mass ion ratios, reducing 
the errors due to instrumental parameters. 

For a sample peak MIAQ checks the area ratios against the standard 
table. A ratio less than the standard ratio indicates a spurious 
peak and the compound is removed from the quantitation list. 

A mass ion ratio greater than the standard ratio indicates an 
"interference" at that mass. Since the remaining ions may be pure, 
the suspect ion is removed and the remaining ratios recalculated. 
If N-1 ratios are incorrect the base peak ion may be interfered 
with. It is removed and the process repeated. If less than two 
mass ions are found pure, the compound identification is discarded. 

The final report generates a short form (Fig.l) which reports: 
Compound name, quantitated amount as an average of all confirmed 
mass ion areas, the number of masses found versus the nuraber of 
masses in the reduced library, and the standard deviation of the 
averaged amounts. 

The long form (Fig.2) reports all the statistical inforraation necessary 
for the mass spectroraeter operator to properly evaluate the data. 
This includes the data on the short forra plus, for each mass ion, 
the scan nuraber, area, calculated araount, and mass ion ratio; the 
ratios for the standard are also reported. 

Useful commands include: 

Ai,j Set minimum and maximum amounts to report. 
U For duplicate entries eliminate all but entry with largest amount. 
M Merge duplicate entries. 
F Short form/long form. 
H Hard copy. 
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SHORT FORM 

1. Laboratory Name-

4. Amount (Average) 
5. Library Name 

9. Reporting^ 
Options: 
M = Merge Duplicates. 
U = Largest Only. 
A ,,/ = Amount Limits. 

, = lower limit 
/ = upper limit 

2. Date 
3. Data File 

6. Number of Masses Found 
7. Masses in Library 
8. Standard Deviation 

LONG FORM 
(STATISTICS) 

From MSDS 
"Quantitation Library" 
a. Std. Amount 
b. Units 
c. In. Std. Rt 

Relative Retention 
Times 

Exact Scans 

10. Sample Area 
Ratios 
Ratio Error 
(Not included in average). 

12. Correct Ratio 

13. Duplicates Reported 
(Remove witti A,U,M commands) 
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CHARACTERIZATION OF NATURAL MIXTURES OF 

STEROL PEROXIDES BY LC/MS 

USING DIRECT LIQUID INLET (DLI) INTERFACE (1) 

Frani;ois R. SUGNAUX . A.A. Leslie GUNATILAKA and Carl DJERASSI 

Department of Chemistry 
Stanford University 

Stanford, California 94305 

Sterol peroxides (SP) constitute a significant portion of the sterol fraction in 
many marine species. Unlike regular sterols, these compounds are polar.and heat sensitive. 
Therefore they cannotbe analyzed by GC/MS. Furthermore, in the solid probe EI mode they 
yield highly fragmented spectra with very weak molecular ions. Consequently these peroxides 
were good candidates for low temperature LC/MS. 

HPLC separation of fifteen SP ( 1-15 ) from four different marine sources 
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was performed on a 4.6 mm ID X 150 mm, 5 /jm, RP-18 column (Ultrasphere-ODS, Altex, Berkeley, 
CA). The complete LC/MS system comprised a Beckman (Fullerton, CA) HPLC pump model lOOA, a 
Rheodyne (Bei-keley, CA) loop injector, a Ribermag (Nermag, Rueil-Malmaison, France) model 
10-10-B quadrupole mass spectrometer equipped with a D U interface (2,3) and a SADR data 
acquisition system. 
The solvent'for HPLC and chemical ionization MS was methanol adjusted to a flow of 1 mL/min 
through the HPLC column and a flow of about 10 juL/min into the MS, by means of a splitter. 
The MS source pressure was 0.14 atm and the source heater block temperature was 100 to 
112 OC. The mass range 150-500 was continuously scanned at an average speed of 30 msec/mass 
decade. 

(1) A more detailed account of this work will be published in Org.Mass Spec. (1981) 
(2) P.J. Arpino, B.G. Dawkins and F.W. McLafferty, J.Chrom, Sci. 12(197H) 57it 
(3) P.J. Arpino, P. Krlen, S. Vajta and G. Devant, J.Chrom., 203(1981) 117 

* Visiting research associate on sabbatical leave from University of Geneva, Switzerland 
** Visiting research associate on sabbatical leave from University of Peradeniya, Sri Lanka 
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The careful selection of the source temperature permitted to operate the interface 
continuously without an active cooling. 
The reconstructed ion chromatograms, of which an example is given in figure 1, have shown 
that the interface does not affect the HPLC peak symmetry or show a memory effect. 

Fjgure 1. LC/MS analysis of 
the.sterol peroxides fraction 
of Ascidia nigra, a tunicate. 

HPLC and MS conditions indica
ted in the text; temperature: 
108 oc. 

Top traces: extracted ion 
current profiles for the ions 
corresponding.to • M + H+ . 

Bottom trace: 
current. 
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The CI mass spectra of the sterol peroxides separated have shown intense (50 to 100% 
relative intensity) M + H+ (Figure 2). The other peaks arise due to a (M+H+ - H2O), 
(M+H+ - O2) and (M+H+ - H2O2) fragmentation process. 

These results demonstrate that the samples are efficiently nebulized in the source 
at a low temperature. 

Fiqure 2. Example of a mass 
spectrum taken at maximal peak 
height on the chromatogram of 
Aplysia dactylomela mixture, 
for compound 10. 
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CHARACTERIZATION OF TWO NEW MODIFIED URACIL DERIVATIVES FROM HUMAN URINE BY COMBINED LIQUID 
CHROMATOGRAPHY-MASS SPECTROMETRY; C. G. Edmonds, E. E. Jenkins and James A. McCloskey: 
Department of Medicinal Chemistry; University of Utah, Salt Lake City, Utah 84112 ahd C. R. 
Blakley and M. L. Vestal: Department of Chemistry, University of Houston, Texas 77004 and 
N. C. De, A. Farber, S. P. Dutta and G. B. Chheda: Department of Biophysics, Roswell Park 
Memorial Institute, Buffalo, New York 14263. • 

Two new modified 6-aminouracil derivatives from human urine, 6-amino-3-methyl-5-(N-
formylamino)uracil {]_) anti 6-amino-1-methyl-5-(N^-formylmethylamino)uracil { 2 ) , are isolated 
and characterized by a number of chromatographic and spectroscopic methods including LRMS, 
HRMS and LC/MS. 

• 0 Q 

&KHCH 

11 „ NH, 

H 

^CHO 

1 2 
Conventional mass spectrometric techniques are of limited value due to the unexpected 

similarity of EI spectra of candidate model compounds and extensive dehydration occurring 
during chemical derivitizations procedures. The particle beam LC/MS is uniquely useful in 
the characterization of (1_) and (2̂ ) and the several possible monomethyl and dimethyl refer
ence compounds synthesized for comparison. Full scan spectra obtained by injection of 
samples in solution are in all cases structurally specific and LC retention data are like
wise indicative as exemplified by the LC/MS experiments summarized in Figure 1. 

REFEHENCC CCHPOMOS 

*MF-ND-4- l4 l -2[2] 
TOTAL SAUPLE 

Fig. 1. On-line LC/MS MID experiments on the monomethyl reference compounds and 
compound (1^). 

In the upper panel (A.) a composite of three on-line LC/MS MID experiments is repre
sented: (left to right) 6-amino-l-methyl-5-(f^-formylamino)uracil, 6-amino-3-methyl-5-(N-
formylami no)uracil and 6-amino-5-(N-formylmethylamino)uracil are chromatographed on a 25 cm 
X 4.6 nm i.d. Ultrasphere C-|8 column with 0.01 M aqueous ammonium formate (pH5.5)(2.5% MeOH 
as organic modifier) as mobile phase and introduction into the LC/MS instrument at 0.2 
ml/min. The latter of these reference compounds in common with all 5-N^-methlated materials 
in this study shows a prominent bifrucate peak possibly arising in the equilibrium of open 
form with closing of the 6-amine with the adjacent 5-N-formyl carbonyl group to yield the 
closed 2-hydroxydihydroimidazole structure.. The botton panel (B.) shows the LC/MS experiment 
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for the total biological sample and confirms the 3-methyl structure by relative abundances 
of protonated molecular ion (m/z^ 185) and fragment ions ((MH-18)"'', m/£ 167 and (MH-28) + , 
m/z^l57) and by chromatographic retention. Similar experiments unambigously. characterize 
compound (2^). 

Of further data presented to illustrate the suitability of the LC/MS instrument in 
nucleoside analysis notable is the measurement of instrument sensitivity as 5.4xl0"10 
coulombs/ug of adenosine injected as determined by response at m/z^ 136, the adenine base 
fragment plus two protons. This affords an analytically useful signal at the protonated 
molecular ion (m/z^ 268) linear over four orders of magnitude with a limit of detection of the 
order of few tenths of a nanogram. 

Suitability for on-line LC/MS analysis of nucleic acid constituents is further demon
strated by the analysis of several derivatives of 5-fluorouracil (5-FU) shown in Figure 2. 
Excellent chromatographic fidility is shown among the MID negative CI ion profiles and the 
simultaneously obtained UV absorbance chromatogram. 
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Fig. 2. On-line LC/MS analysis of a mixture of compounds related to 5-fluorouracil (5-FU). 

"Filament off" mass spectra of several nucleotides are also shown and discussed. 
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THE CURRENT STATUS OF PARTICULATE IMPACT MASS SPECTROMETRY 

Frank T. Greene 
Midwest Research Institute 
Kansas City, Missouri 64110 

Particulate Impact Mass Spectrometry was proposed as a technique 
for mass spectrometry of nonvolatile substances and LCMS at this meeting in 
1975 (1). In this technique the substance to be studied is dissolved in a 
volatile solvent and converted to a high velocity aerosol beam, which impacts 
a.hot plate above the electron beam in the ion source of a mass spectrometer. 
Evidence for the quantitative vaporization of the nonvolatile solute with the 
solvent has been previously presented (1-3). 

Current research has been directed principally toward "improvements 
in the apparatus and in the sensitivity of the technique. A multistage, 
differentially pumped aerosol beam system, which utilizes a two-stage expansion, 
has been developed for use in electron impact mass spectrometry. This system 
provides high aerosol beam densities with reduced vacuum pumping and virtually 
eliminates the superimposed molecular beam from the initial expansion. A 
"continuum" which degrades the S/N ratio at large values of m/e has been found 
to correlate with the presence of solvent clusters, and appears to result from 
metastable cluster ions. This interference, which has been observed for 
several important solvents, is substantially reduced with the attenuated 
molecular beam so that ppb sensitivities should be generally obtainable. 

This work was supported in part by The Environmental Protection 
Agency, Grant No. R807636010. 

1. Greene, F- T. , "Particulate Impact Ma;s Spectrometry," Presented at the 
23rd Annual Meeting of ASMS, Houston, TX, May 25-30, 1975. 

2. Greene, F. T., "Mass Spectrometry of Nonvolatile Materials and Solutions 
by the Particulate Impact Technique," Presented at the 24th Annual Meeting 
of ASMS, San Diego, CA, May 9-13, 1976. 

3. Greene, F. T., "Further Development of Particulate Impact Mass Spectrometry, 
Paper Presented at the 28th Annual Meeting of.ASMS, New York, N.Y., May 
25-30, 1980. 
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LIQUID lOmZRTIOtl MRSS SPECTROMETRY -, THE EFFECT OF SOLVENTS 

M.Tsuchiya, Y.Sugano, T.Taira and Y.Saito, Faculty of Engineering 
University of Tokyo, Bunkyo-ku, Tokyo, Japan 113 

Recently we reported a new method (Liquid ionization) for ionizing organic 
compounds in solution at atmospheric pressurel). The effects of solvents and 
temperature on mass spectra were investigated in order to find how to desorb 
less- or involatile compounds quickly from a sample probe. 
The instrument used is a modified quadrupole mass spectrometer1) (ANELVA TE 

600) equipped with a Extranuclear Laboratories' quadrupole power supply (#011 
-15) and Shimadzu's micro-computerized data processing system (GCMSPAC 90). 
Samples used were mostly amino acids in aqueous solution (0.1-0.5% ). One 

ul of sample was deposited on a sample holderl) which is similar to a direct 
probe used in in-beam technique^). 

By testing acids (CH3COOH, HCl, HNO3, etc), bases (NaOH and NH4OH) and or
ganic solvents (CH3OH, acetone, etc) as an additive to aqueous solution of 
amino acids, HCl (pH = 1) and/or NaOH (pH = 13) were found to be the best for 
increasing the abundance of molecular ions (MH+). 

As an example, the time (temperature) dependences of major ions for lysine 
in aqueous solutions are shown in Fig.l (a ; neutral, b ; basic, c ; acidic). A 
mass spectrum between m/z 10 and m/z 400 was measured in 6 sec and the scan 
was repeated every 15 sec. Most of water was evaporated before introducing a 
sample into the ion source to avoid too many water ions. A heater inside the 
sample probe was turned on 30 sec after the sample introduction. Final probe 
temperature is estimated to be about 200'C at a heater current of 3.0 A. The 
coordinate indicates the ion abundances and the figures shown in Fig.l mean 
the full scale count for each ion. The ions at m/z 293, 147 and 84 are M2H+, 
MH+ and MH+-HCOOH -NH3, respectively. The M2H+ and MH+ ions were most abun
dant in basic solution and their maximum abundances were attained at relative
ly low temperature as seen in Fig.l, b. A mass spectrum of lysine at optimum 
condition (basic) shown in Fig.2 indicates usefullness of the method. 

In general, basic ainino acids such as lysine and arginine appear to give 
more MH'*' ions from basic (NaOH) solution and neutral amino acids (alanine, 
leucine, glycine, methionine, etc) appear to give more MH"*" ions from basic 
and/or acidic (HCl) solution. Addition of NaCl increased the abundance of 
MH"*" ions a little. Function of these additives may be similar to that report
ed in FD^', although the effect was not very significant in our case. 

A mixture of succinic acid and leucine (0.1%each) in aqueous solution was 
measured. The time (temperature) dependences of major ions are shown in Fig. 
3 and the mass spectra at optimum condition for each compound are shown in 
Fig.4. The heater current was increased from OA, 0.5A/min stepwise, to 4.0 
A. The ion source block was heated at about 100°C. The mass spectra show 
peaks at m/z 119, 132, 136, 237, 250 and 263, corresponding to MH+ (succinic 
acid ; Ms) . MH+ (leucine ; Mfc) , (Ms+NH4) + , (2Ms+H) + , MsHMb+ and (2Mb+H) + , re-, 
spectively. The temperature dependence of ions at m/z 119, 136 and 237 are 
similar, indicating the ion at m/z 136 is (Ms+NH4)'''. It is interesting that 
the ion at m/z 136 was more abundant for acidic solution and proton bound 
dimer ions (including MgHMj,"*") were often observed for this type of compounds. 
The MH"*" and M2H+ ions for leucine were observed at higher temperature than 

those for succinic acid. Thus a mass spectrum of each component can be mea
sured separately (at 2.0 A and 4.0 A) as shown in Fig.4. By increasing the 
pinhole potential-" , fragment ions are obtained easily at each optimum condi
tion. Namely this instrument can be used as a sort of MS/MS. It is necessary 
however, for LC/MS system to attain flash desorption of solutes by rapid 
heating, or to find good additives to desorb all components at low tempera
ture. A solute of 1 pg used is too much for quantitative analysis, because 
it gives the MH"*" ion for 7 min or more (for leucine, more than 20 min) . In 
this case, the ion abundance should be accumulated by a computer system. Or a 
smaller size of sample should be used, because the detection limit of this 
method is thought to be in the range of 10"^ - 10~12g_ 
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Application to reaction product. This method is useful for determining 
what the reaction product is, because the sensitivity is high and sample pre
paration is simple. A dimer produced from an oxazoline derivative was hydro
lyzed with cone. HCl for determining the structure of the dimer. The product 
of hydrolysis was diluted with water and mass analysed without any separation. 
The mass spectra showed intense peak at m/z 119, 132 and 136 indicating the 
existence of succinic acid and leucine, but no other compound. This is con
sistent with the reaction process and other observations using GPC, D H - N M R , 
and IR. The abundance of mass 136 ions, however, was very abundant in the 
product and appears to be increased with HCl and time after the reaction. 

Addition of NaOH and/or HCl increased the abundance of MH"*" ions. It is im
portant to find good additives for quick desorption of solutes. The method 
provides useful information about them. The advantages of the method are ; 1) 
easiness of sample handling, 2) good mass spectrum (MS/MS), 3) few contamina
tion in vacuum, 4) wide application. 

Reference 
1) M.Tsuchiya and T.Taira, Int. J. Mass Spectrom. Ion Phys., 34_, 351 (1980) 

M.Tsuchiya, K.Seita and T.Taira, Mass Spectroscopy (Japan), 2£, 235 (1980) 
2) G.Hansen and B.Munson, Anal. Chem., 52^, 245 (1980) 
3) T.Keough and A.J.DeStefano, Anal. Chem., 53, 25 (1981) 
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THE CONSTRUCTION .AND USE OF A NEW DLI MICRO LC/MS DIAPHRAM INTERFACE, 
Jack Henion, Diagnostic Laboratory, NYS College of Veterinary Medicine, 
Cornell University, Ithaca," NY 1A853 

We report the construction- and preliminary results of 
LC/MS interface patterned after the unit recently int 
Packard. Co. (1). This device' off ers several advantage 
cial' units which include: (a)- increased routine sensi 
that- afforded by modern (GC/MS), (b) reduced construe 
costs, and (c) practical add-on to .existing GC/MS ins 
a chemical ionization (CI) source. While micro LC/MS 
and reported (3, 4), the present apparatus is the fir 
plicity of unchanged, commercially available LC pumps 
total effluent IntrocducCion into the mass spectromeCe 

EXPERIMENTAL 

a modified DLI micro 
roduced by Hewlett 
s over existing commer-
tivity approaching 
tion and LC solvent 
truments equipped with 
has been proposed (2) 
sC to combine the sim-
and hardware with 
(MS) .. 

In this DLI micro LC/MS probe 
(0.004 in id) stainless steel 
the water-cooled probe dip hou 
diaphram has a precisely cente 
micron diameter) which is held 
bore tubing at the probe tip. 
pressing the diaphram against 
metal-to-'metal diaphram seal a 
while permitting total transfe 
cron pinhole into the CI ion s 
ion source probe inlet affordi 

interface (Figure 1), a central, small bore 
tube transfers total.micro LC effluent to 
sing a .thin, stainless steel diaphram. The 
red "one-shot" laser generated pinhole (5 
firmly against Che exit end of the small 

The threaded end-cap accomplishes this by 
the O-ring and the probe tip pedestal. The 
ffords zero dead volume at the probe tip 
r of the raicro LC effluent through the 5 mi-
ource. The rounded end-cap butts against the 
ng the necessary "tightness" for CI. 

Construction of the probe tip is facilitated by a two-part process. The 
entire cooling chamber (Figure 1) and diaphram support pedestal is fabri
cated separately from the main probe shaft. This allows machining the cool
ing chamber, soldering the three 1/16 inch tubes comprising the throughput 
and coolant tubing, and smoothing the pedestal surface. A teflon gasket 
provides a vacuum and coolant seal whenthe diaphram support pedestal is 
tightened onto the main probe shaft. 

Figure 1. Diagram of new micro LC/MS probe. 
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The central small bore throughput tubing (0.004 in id x 0.009 in od is 
soldered carefully inside a 0.010 in id x 1/16 in od.stainless tube to 
afford strength and ease of coupling to the micro LC column exit. The 
overall length of this throughput tube is kept to a minimum to reduce ex
tra column effects. Both ends are machined smooth and flat for efficient 
transfer of total micro LC effluent. The micro LC column exit is attached 
directly to the micro LC/MS probe throughput tube with a symmetrical in
line Valco low dead volume filter union. 

The UV detector is eliminated from the system to exclude its large extra 
column effects. The micro LC column used in this work was a 1.0 mm id x 
1.58 mm od x 15 cm 10 micron HRSM C.g column (C-M Laboratories, Nutley, 
NJ). It had a plate count of 9000 plates/meter and was attached directly 
to a U6K injector (Waters Assoc, Milford., MA). The injector was connected 
by 0.010 in id tubing through a 0.4 micron in-line filter to a Waters.Mod
el 6000 pump driven by an M-660 solvent progammer. Micro LC flow can be 
accomplished with this equipment by setting the pump at zero mL/mln eluant 
flow while the M-660 solvent programmer is set at 0.1 mL/min B with the 
percent B set at 50%. This combination of settings on the unchanged hard
ware yields a nominal eluant flow rate of 50ML/min but a measured flow 
rate of 35pL/min. This system provided reliable micro flow under these 
conditions. . , 

When the above conditions had been established, the micro LC/MS probe p.ro-
duced the steady, one-inch long "jet" of total micro LC effluent (CH,CN/ 
HjO) necessary for optimum micro LC/MS performance as determined by pre
vious experiraents. When the "jetting" micro LC/MS probe was inserted into 
the standard solid probe inlet of a Hewlett-Packard 5985B MS, a stable 
ion current baseline from m/z 100-500 was maintained over four hour time 
periods. The ion source temperature was maintained at 250 C and the liquid 
nitrogen cryropump on the MS was operated in the norraal raanner. 

The MS was operated in either the NCI or PCI mode in these experiraents 
using the micro LC eluant as the CI reactant gas (6). The compounds stud
ied in this work display comparable micro'LC/MS sensitivity response for 
both NCI and PCI modes, although certain molecules containing more electro
negative heteroatoms can reveal enhanced sensitivity. 

CONCLUSIONS • " 

The new DLI micro LC/MS probe described here offers access to higher chro
matographic efficiency afforded by the new,micro LC columns, and elimina
tion of the LC effluent split required by the conventional DLI LC/MS meth
ods. These factors contribute to increased LC/MS capabilities including 
sensitivity. Results from further work in this work will be reported sub
sequently. . 
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MICRO-COLUNN LC/MS 

David E. Games, Michael S. Lant, and Steven A. Westwood; Department of Chemistry, 
University College, P.O. Box 78, Cardiff CFI IXL, Wales and Brian J. Woodhall, I.C.I. 
Pharmaceutical Division, Hur<3sfield Industrial Estate, Macclesfield, Cheshire, SKIO 
2NA, England. 

1 2 
The use of capillary or microbore columns provide a number of advantages for 

high-performance liquid chromatography (LC). Because less packing material and solvent 
are required, running costs are considerably reduced, higher efficiency and mass 
sensitivity can be achieved and since low solvent flow rates are used, combination 
of the LC with a mass spectrometer (MS) is much easier. From published <3ata it appears 
that packed microbore columns (0.5 - 1 mm i.d.] offer the most effective current system. 
This apfproach to LC has, however, many difficulties which include the availability of 
low dead volume injection systems, the techniques required for packing high efficiency 
columns, the availability of a low dead volume, low time constant' detectors and the 
relatively small amounts of sample which can be handled before column overload occurs 
with subsequent loss of efficiency. 

Jasco have developed a commercial microbore LC systera, which has been used by a 
number of groups for LC-MS studies. The approach has been utilized mainly with the 
direct liquid introduction LC-MS coupling3-6, since it enables all of the effluent 
from the column to be introduced into the mass spectrometer resulting in considerable 
improvements in sensitivity. Enrichment LC-^E systems of the jet' or nebulizing^ type . . 
have also utilized microbore LC. Although initial studies^ with a moving belt interface 
utilized this approach it has seen little subsequent usage. Most of the studies reported 
to date have paid little attention to the efficiency of the LC system, but in one case 
the microbore LC column was incorporated directly into the direct liquid introduction 
system to reduce dead volumes.S 

Our studies have utilized a JASCO microbore LC system with a LC-NB interface of the 
moving belt type (Finnigan). We have been concerned with four aspects of its performance. 
Iirproving the efficiency of the system, examining its ability to inprove the LC-MS hand
ling of solvent systems containing a high proportion of water, the development of' techni
ques to overcome the problems associated with column overload and finally to see if better 
LC-MS sensitivity could be achieved. 

OUT initial studies were disappointing in that column efficiencies only of the order 
of lOCJO theoretical plates could be achieved.10 Whilst it might be argued that this is 
not particularly inportant in that unresolved peaks could be resolved using the data 
system. The sample we were studying, a crude extract of timbo powder, consisted pre
dominantly, of two pairs of isomeric, rotenoids and the CI spectra of the first two 
components (W 410) were virtually identical, as were the.spectra of the latter pair of 
isomers (MW 394) and hence the data system could not be used to resolve them.H Modifi
cation of the technique for packing the microbore PTFE columns, by use of a Waters 6000 
pimp fitted with a constant pressure device which enabled a packing pressure of 1000 p.s.i. 
to be maintained has enabled us to obtain efficiencies of the order of 10,(XX) theoretical 
plates using packed 350 x 0.5 mm columns at acceptable flow rates. One advantage of the 
moving belt interface over other types of LC-MS interface is that the microbore LC column 
can be directly, connected to the LC interface hence ensuring a very low dead volume.Using 
this technique we were.able to obtain similar efficiencies for a naphthalene, biphenyl 
mixture by LC-MS to that which we obtained using a modified low dead volume cell for the 
JASCO UV detector. We feel that it will be difficult to improve efficiencies of the 
PTFE columns further and for the full advantage of microbore LC to be available for LC->B 
systems of.the type described by Scottl2,13^ y,iii have to be utilized. 

We have achieved considerable iDprovements in the reduction of background peaks in 
the mass-spectrometer using microbore LC, this is largely due to the much lower solvent 
volumes being handled (lOyl min"l as compared with 1 ml min"-'- for conventional columns). 
This results in improved sensitivity and further improvements accrue with aqueous solvent 
systems since the necessity of splitting off a portion of eluant is avoided. 

A major problem with LC-KB systeTns of the moving belt type has been the difficulties 
encountered in handling eluting systems which have a high proportion of water. Microbore 
LC offers an extremely effective solution to this problem. We have obtained excellent 
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data from solvent systems consisting of acetonitrile: water (20:80) by feeding a flow of 
0.2 ml min-1 of ethanol'onto the interface behind the microbore LC column. 

When studying saraples of biological origin or searching for minor conponents in a 
mixture it is often necessary to inject a large amount of sample onto the LC column. 
We hjave found with our JASCB system that column overload occurs when sanples in excess 
of 5 yg- are injected on-column. This results in dramatic loss of efficiency and merger 
of previously resolved peaks. In irder to overcorae this difficulty we have developed a 
manual column switching technique which we have found to be effective in the LC-MS mode. 

Microbore LC offers considerable advantages for LC-MS studies particularly with 
regard to easier handling of more difficult solvent systeras and improved sensitivity. 
Systems of the JASCO type whilst easy to operate do not enable the full advantage of 
microbore LC to be exploited and the use of higher efficiency systems of the type 
developed by Scottl2,l3 should lead to further inproveraents in LC-MS. 
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ROUTINE DIRECT LIQUID INTRODUCTION LC/MS 
Jack Henion, Diagnostic Laboratory, NYS College of Veterinary Medicine, 
Cornell University, Ithaca, NY 14853 

INTRODUCTION 

As we near completion of the first ten years since the earlier, reports , 
of continuously monitored LC/MS, publications on the subject are increas
ing at an exponential rate. This appears to be due in part to research
ers' eagerness to develop a viable technlciue for accomplishing LC/MS and 
also to Che commercial availability of LC/MS equipment from at least four 
manufacturers. 

In spite of increasing sales of commercial LC/MS incerfaces, -however, 
LC/MS experiments are not considered routine by many who in fact have 
the necessary equipment. An even greater number of people seem to have 
purchased an LC/MS interface but have never used it. This paper highlights 
Che imporcant factors necessary to routinely conduct saClsfactory LC/MS 
experiraents using one popular technique eg. the direct liquid inCroduc-
Cion (DLI) meChod (1) . -. 

We have conducCed LC/MS experimencs on quadrupole mass specCromeCers (MS) 
. for six years since Che.first DLI report was made from a high accelera
tion voltage magneClc MS (2). To daCe we have successfully carried ouC 
Chese experimencs on five differenc quadrupole MS insCrumenCs and five 
different high pressure liquid chromaCographs. Alchough Che earlier work 
was noC considered routine, refinements and knowledge in the technique 
now provide rouClne LC/MS capabllicies wiCh no unusual operaclonal con
straints . , ' 

These experiraents may be conducCed dally without adverse effects on any 
of the equipment. Ion source cleaning becomes necessary after awhile, 
but has been required only once per month wlch sixCeen days of LC/MS dur
ing the month. On the average we clean the ion source every three months 
which includes rouCinel GC/MS,. LC/MS arid solid probe sample introducclon.. 

EXPERIMENTAL 

Successful DLI LC/MS requires particular attention to certain ImporCanC 
experimenCal details. It is preferable to optimize all HPLC separations 
off line. This frees Che MS for oCher work and reduces exposure of Che 

The removable sCainless steel diaphram containing a five micron orifice 
in the LC/MS interface probe tip (3) provides a convenient means of ac
complishing DLI LC/MS. This probe offers water cooling of the tip and 
removal of the diaphram should Che pinhole orifice become plugged. The 
absence of boCh feaCures in che glass capillary probe (2, 4) made Che 
latter much less rouCine. 

To minimize consCricCion or plugging of Che diaphram all LC eluanCs and 
injected samples should be pre-filCered through 0.4 micron filters. In 
addition, all connecting stainless steel tubing should be pre-cleaned 
with cleaning solution followed by exhaustive rinsing with filtered sol
vents. All solvent/solution conCainers should be covered to exclude air-
born particulate matter. Finally, an in-line 0.4 micron filter should be 
Installed boCh afCer Che LC pumps and Immediately before column effluent 
enters Che LC/MS probe. These seemingly redundanC steps virCually guaran-
Cee trouble-free transfer of LC effluent Chrough Che diaphram. 
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SaClsfactory DLI LC/MS resulCs demand. ChaC a fine "jeC" of LC effluenC 
spray ouC from the diaphram pinhole into the lon charaber of the MS. This 
jet musC.be relatively short ( 1 inch) and very straighc. If Che jeC of 
liquid is deflected off center it may irapact Che "desolvacion region" (3) 
walls premaCurely and fall Co carry Che soluCe to the Ionization region. 
Finally, Che LC/MS probe tip must be cool and che ion source hoC. Wich some 
excepCions the source CeraperaCure should be raainCalned above 225 C Co as
sure a sCable vacuura and ion currenC. 

Inicial LC/MS experimencs should uCilize conCinuous flow of. a 10-20 ppm 
solution of a represenCaCive soluCe inCo the MS to allow optimization of 
tuning and pressure variables. This procedure is analogous Co Cuning pro
cedures rouClnely used prior Co El or CI GC/MS experimencs which may uCl-
llze perfluoroCrlbuCyl amine as Che sCandard Cuning compound. When Cuning 
parameters have been optiraized, Che soluCion may be reraoved frora Che sys
tem, and LC/MS experiments may commence. These preliminary Cuning proce
dures are required only when an unfamiliar LC eluanC is being used. 

CONCLUSION . ' 

In summary, Che DLI LC/MS Cechnlque can be a routine laboracory experimenC 
comparable Co CI GC/MS. Useful informaCion can be obtained from raolecules 
not araenable to GC/MS Cechniques. ACCenCion Co- Che above raenCioned deCails 
can provide graCifying success and we urge inCeresCed persons to come on 
in; Che waCer, or eluanC, is fine! 
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LC-MS HethocJ for the Separation and Quantitation 
of the Cis Trans Isomers of Thiothixene 

by 
N. Narasimhachari, S. Goldin, M. Mumtaz and R. 0. Friedel 

Department of Psychiatry, Meciical College of Virginia, Richmond VA 23298 

Introduction 

Thiothixene (Navane, Roerig) exists in two isomeric forms, cis and trans (Fig. 1). The 
cis form of thiothixene is the active antipsychotic drug used in antipsychotic therapy, while 
the trans thiothixene is relatively inactive. Bombardt and Friedel (1) reported a gas chroma
tographic separation of c i s - t r a n s isomers using SP-2250 column and quantitated plasma levels of 
thiothixene using GC-CIMS and d, thiothixene as internal standard. We experienced difficulties 
in obtaining consistent results with this coluran both in regard to separation of cis and trans 
forms as well as column stability at the high temperatures used for analysis. We have there
fore investigated high performance liquid chromatography (HPLC) for the separation df the cis 
and trans forms of thiothixene and their quantitation in biological samples in combination with 
mass spectrometry. To our knowledge only one HPLC method is reported for the determination of 
thiothixene in pharmaceutical formulations and no separation of cis and trans forms is-reported 
(2). 

Materials and Methods 

Pure cis and t r ans forms o f thiothixene samples, d,-thiothixene (cis form) were generous 
gifts from Pfizer Research Laboratories. Solvents were all HPLC grade from Burdick and Jackson 
Laboratories Inc. 

Methods: Instrument: Waters 440 Liquid Chromatograph 
Column: Radial Compression Module (Waters Associates) 

RCH-100 silica cartridge (B 10) 10 microns 
Solvent Systems: (1) Acetonitrile methanol 2:1; (2) Acetonitrile menthanol 1:1; 

(3) Hexane methanol 3:5; (4) Hexane isopropanol 9:1 
To all solvent mixtures was added NH.OH (O.U by vol.) 

Detector: 254 nm UV fixed,^Variable UV detector 220, 230, 254 nm 
Solvent Flow: 1.0ml 1.2ml 1.5ml 

Standards: Standard solutions of cis and trans thiothixene and d,-cis thiothixene were sepa
rately prepared in HPLC grade methanol to contain 1 mg/ml. Serial dilutions were prepared 
from the stock solution to contain 2 ng/ml, 10 ng/ml and 100 ng/ml. A.standard mixture of cis 
and trans thiothixene containing 10 ng of cis and 20 mg of trans/ul was also prepared. 

Extraction of biological samples: To 2 ml of plasma sample, 100 ng of d,-cis thiothixene was 
added and the sample extracted with hexane isopropanol (9:1) using the two step extraction pro
cedure. Final extract was evaporated to dryness under nitrogen, redissolved in hexane-isopro-
panol and used for HPLC, gc and gc-ms analysis. 

Results 

With all the solvent systems used, we could separate the cis and trans isomers effectively, 
the separation being better than the gc method: Fig. 2 and 3. In recovery studies with 
plasma samples, blank plasma did not show any interfering peaks. Using variable UV detector, 
settings at 220 or 230 nm, gave higher detector response and therefore higher sensitivity than 
254 nm. Standard calibration curves for both cis and trans isomers were linear in the tested 
ranges of 10 ng-100 ng and 100 ng-1000 ng. HPLC fractions when tested by gc or gc-ms were 
found to be homogeneous and did not contain any contaminants. The results of HPLC and gc-ms-
sim in samples tested by both methods were within experimental error. The SIM of HPLC fraction 
is shown in Fig. 4. 

In a few plasma samples that we tested we did not find any evidence of trans thiothixene 
by HPLC. However, irradiation of solutions using samples of cis-thiothixene under ultra 
violet lamp (TLC scanner, 15W), for 15 minutes caused 50% isomerization of the cis form to 
transform. Similarly, solutions of pure standards of cis thiothixene showed contamination by 
trans after a few days. So one has to be cautious about methods of collection, storage etc. 
in interpreting data from biological samples. 

Conclusions 

We have shown that cis and trans forms of thiothixene can be separated by HPLC. This 
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method can be used to monitor plasma levels of thiothixene. UV detector at 230 or 220 nm 
increases sensitivity two fold compared to 254 nm.. Exposure to UV light causes rapid iso
merization of the active cis form to inactive trans form. LC-MS can be used for quantitation 
of cis and trans thiothixene, with d,-internal standard, using EI or CI modes. 
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ANALYSIS OF BIOMASSS SAMPLES USING AN LC-MS 
INCORPORATING SIMS, RIBBON STORAGE TECHNIQUES, • 

AND.A TRIPLE QUADRUPOLE MASS SPECTROMETER . 
Richard D. Smith and A. L. Johnson 

Physical Sciences Department, Pacific Northwest Laboratory 
Richland, Washington 99352 

A LC-MS interface, described elsewhere at this meeting, has been applied tb the analy
sis of complex biomass materials. The LC-MS is of the moving ribbon design with several new 
features. One feature results from use of a 320 cm ribbon length for storage of chromato
graphically separated material on the ribbon for re-analysis using other techniques or con
ditions' \ The instruraent includes a dual ionization capability allowing both thermal 
desorption/electron irapact ionization (TD/EI) and ionization by the impact of high energy 
ions on the surface—Secondary Ion Mass Spectrometry (SIMS). In order to evaluate these 
techniques we have attempted the analysis of both simple mixtures and an extremely complex 
biomass "bottom product" (wood liquefaction residue). 

The initial analysis of biomass bottom products utilized ternary gradient elution normal 
phase (amino 5 ym column) separation using a Spectra Physics Model 8700 HPLC. As expected 
the level of separation was insufficient due to the extreme complexity of the samples. Sub
sequent semi-prep scale separations were raade of raethylene chloride and methanol extracts 
using a similar ternary gradient elution program; seventeen fractions were collected in 
sufficient quantity for multiple analyses. These fractions were then analyzed individually 
by reverse phase (C-18, 5 ym column) HPLC using a methanol-water gradient program. The 
normal phase separation results in a rough division of compounds by chemical class and 
polarity while reverse phase separations are most effective for analysis within-compound 
classes. This combination of analytical techniques, coupled with LC-MS using TD/EI and 
SIMS, for the ionization of nonvolatile or thermally labile compounds, should be particu
larly effective for analysis of these and similar coraplex samples. The triple quadrupole 
mass spectrometer, with collision induced dissociation (CID) capability, should also be 
effective for separations, of coeluting compounds with interferring spectra and for assisting 
in identification.' 

Figure 1 illustrates the application of ribbon storage techniques in the TD/EI mode of 
operation for a biomass sample. The figure gives the reconstructed total ion chromatogram 
for a single separation using normal phase tertiary gradient elution (hexane, methylene 
chloride, and 2-propanol) at three passes of the ribbon at temperatures of 150, 254 and 
SSO^C,respectively. The ribbon speed was 10 cm/min and the mass spectrometer required 
approximately 10 sec/scan. These results for a hexane extract of the wood liquefaction dis
tillation residue illustrate the effect of the flash heater temperature for the analysis of 
complex mixtures. The reconstructed ion chromatograms for 150, 254 and 350''C ribbon passes 
show significant variations in relative intensity. These variations are reflected in the 
mass spectra as illustrated by the eight single ion chromatograms illustrated in Figure 2. 
It should be noted that, depending upon desorption temperatures and compound volatility, 
the same compound can sometimes be observed at more than one temperature. As demonstrated, 
compounds are selectively observed at certain flash heater temperatures and discriminated 
against at higher or lower temperatures. This technique can assist in interpreting complex 
chromatograms since it provides differential information related to compound volatility. 
For experiments where mass spectrometer scan requirements are more demanding the LC effluent 
can be deposited on the moving ribbon and the mass spectrometer analysis performed at a 
different ribbon speed after completion of the liquid deposition thereby totally decoupling 
mass spectrometer and HPLC operation. 

The use of,SIMS ionization in conjunction with the moving ribbon LC-MS interface adds a 
unique potential to "on-line" mass spectrometric analysis by allowing the analysis of non
volatile and thermally labile compounds. Our results indicate that the most useful infor
mation is present in the low energy secondary ion spectra. The removal of the high energy 
ions by the energy filter not only limits loss of mass spectrometer resolution but also 
reduces contributions to the mass spectra from high energy processes which contain little 
useful information. Our results indicate that for primary ion currents of 'v. 10"' Amp/cm^, 
a typical ribbon speed of 10 cm/min, a primary ion beam 1 cm in diameter, the exposure time 
for a sample is 6 sec, and consumption of approximately 6% of a monolayer occurs on each 
pass. It appears that the restriction to low primary ion beam currents used for "static-
SIMS" is minimized under our conditions where the exposure time for a sample is on the 
order of a few seconds. We suggest that under the present conditions the larger primary 
ion currents provide a rapid means for obtaining useful spectra on an essentially real time 
basis. An example of a LC-MS analysis using the SIMS mode is illustrated in Figure 3 which 
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gives four reconstructed ion chromatograms for a biomass fraction obtained by semi-prep 
scale normal phase HPLC and analyzed by reverse phase. Figure 3 gives the reconstructed 
single iori chromatograms for several ions observed in-.the mass spectra. The characteriza
tion of these materials will require more extensive analysis using the triple quadrupole 
CID capability in conjunction with comparison with the more conventional TD/EI.spectra. • 
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STUDIES OF-ERGOT ALKALOIDS USING LC/MS AND MS/MS 

David E.Games, Christine Eckers, Department of Chemistry, University College, P.O.Box 78, 
Cardiff, Wales, Brian P.Swann and David N.B.Mallen, Lilly Research Centre Ltd.,. Windlesham, 
Surrey, England. 

Crude extracts of ergot fermentation broths are being investigated in our laboratories 
in a search for new structural types. The extracts examined to date contain only alkaloids 
of the clavine type. Our methodology consists of initially establishing suitable high 
performance liquid chromatographic conditions for' examination of the extract. This is 
followed by combined high performance liquid chromatographic - mass spectrometric study, 
using both electron ionization (EI) and chemical ionization (CI).' Amine bonded, C18 
reversed phase, and silica columns were used in these studies. Best data was obtained 
with a Spherisorb 5 column (250 x 5mm) using a mixture of methylene chloride, methanol and 
ammonium hydroxide (95:5:0.1) as eluant. Combined high-performance liquid chromatography/ 
mass spectrometry (LCAIS) using a Finnigan moving belt system enabled seventeen alkaloids 
to be located, twelve were the known alkaloids, agroclavine, setoclavine, festuclavine, 
pallicla'vine, noragroclavine, elymoclavine, penhiclavine, isochanoclavine I, norchano-
clavines I and II and chanoclavines I and II. The remainder being probably new alkaloids. 
In general EI was much more informative than CI however problems were encountered with 
palliclavine which was present as a minor component and appeared to decompose on LC/MS 
in the El mode, whereas in CI it gave an excellent spectrum. Field desorption (FD) 
spectra were run on the crude extract to provide a molecular weight profile which 
served as a check for sample loss or decomposition during LC/MS. 

Alkaloids of interest were subsequently isolated by preparative or semipreparative 
LC. High-performance liquid chromatographic/mass spectrometric study of fractions obtained 
in this way revealed the presence of additional alkaloids. When obtained chromatographically 
pure structural assignments were made for the new alkaloids on. the basis of nuclear magnetic 
resonance, ultraviolet, infrared and mass spectral data and in some cases comparison with 
synthetic material. 

Recently there has been considerable interest in mass spectrometry/raass spectrometry 
as a method for examination of crude mixtures.^"^ Some authorsl>2 offer it as an 
alternative to combined chromatographic/mass spectrometric methods whilst others^ suggest 
the techniques are complimentary and may be most effective when used in combination. We 
have undertaken a comparative study of LC/MS and .MS/MS on our ergot extract to evaluate 
the relative merits of the two approaches. MS/MS studies were performed on a VG70-70H 
mass spectrometer using B/E linked scans of the (M-'-l)'*' ions obtained under CI conditions 
(methane, isobutane and ammonia). CoUisional activation spectra were also obtained from 
ions of interest using B/E scans. The samples were introduced using the direct insertion 
probe and examination of the mass chromatograms of the (M-i-l)-̂  ions of interest (m/z 271, 
259, 257, 255, 243, 241, 239 and 225) showed that they vaporized into the ion source at 
a similar temperature, thus ensuring that no components were lost or required higher probe 
temperatures for distillation. FD and desorption CI spectral studies confirmed this 
finding. The data obtained from the mixture was compared with that obtained froni authentic 
samples of known alkaloids.' 

Ammonia was found to be the reagent gas of choice, since there was less .deterioration 
in source conditions and no complications due to the forraation of addition ions. 
Chanoclavines I (I) and II (2) and isochanoclavine I (3) are not readily distinguished on 
the basis of their EI.spectra. CI enables (3) to be distinguished from (1) and (2) but 
does not enable (1) and (2) to be readily differentiated. Spectra obtained by B/E 
scans of the (M•̂ 1)"̂  ions of (m/z 257) of the three isomers enables them to be differentiated 
and similar results are obtained with coUisional activation. However when m/z 257 was 
examined in the mixture, whilst we were able to positively identify (3) it was not 
possible to say if (1) and (2). were both present. From our LC/MS studies we know that all 
three isomers were present. Isomer differentiation was not possible when alcohol 
functionality was absent. This presents problems e.g. with m/z 241, we were able to 
identify norisosetoclavine (4) and the second component could be festuclavine (5) or 
its isoraer pyroclavine (6) which have identical B/E spectra.. LC/Mij showed festuclavine 
only to be present. Difficulties were also encountered with m/z 239 the (M-i-l)"*" ion of 
agroclavine a major component of the mixture. Whilst ions were present in .the B/E . 
spectrum corresponding to agroclavine, additional ions were present and the peak at 
m/z 183 was of much higher abundance than in the standard spectrum of agroclavine. Further 
studies dhowed m/z 239 to be a fragment ion. from the chanoclavines and comparison of the 
B/E scan of this ion in the chanoclavines showed that it accounted for the additional 
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ions present in the spectrum and the high abundance of m/z 183. Other ions examined 
presented fewer problans and enabled alkaloids known to be present in the mixture to be 
identified. 

In conclusion we found that LC/MS is preferable to MS/MS for studies aimed at the 
location of new compounds in complex mixtures, because it enables isomers to be readily 
differentiated and provides ready made conditions for the isolation of compounds of 
interest which is necessary if they are to be fully characterized. MS/MS we feel is a 
useful additional technique for studies of this type and should be particularly useful 
when used in corabination with GC/MS or LC/MS. Its major utility is for the rapid 
examination of mixtures for new major components (if they are not isomers) and for known 
compounds. Apart i'rom our difficulties and differentiation of isomeric species other 
problems encountered with the MS/MS technique we used were, rapid source contamination 
with some reagent gases, the presence of artefact peaks in some spectra and lack of 
resolution of ions present in the.mixture.' Other types of MS/MS overcome the latter 
problem, but raany of the other difficulties remain. 
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Amino'Acid Analysis by.Electron Capture Negative Ion Chemical Ionization 
Mass Spectrometry 

Donald F. Hunt and Mary Sisak 

Department of Chemistry 
. University of Virginia 

Charlottesville, Virginia 22901 

'.Je have developed a methodology for the determination of the amino acid compo
sition of peptides. The unique aspects of this procedure is that it does not require the 
use of deuterated amino acids as standards and the analysis is done by electron capture 
negative ion cheraical ionization raass spectrometry. 

After the acid hydrolysis of the peptide in constant boiling hydrochloric acid, the 
1iberated amino acids plus an internal standard are acetylated by treatment with a sodium 
bicarbonate solution (pH 8.5) for one minute at room temperature followed by a 1/3 mix
ture of Dg-acetic anhydride/methanol. A standard equal molar raixture of all the amino 
acids plu? an equal amount of the internal standard is similarly acetylated with the ex
ception th?,c nondeuterated acetic anhdride replaces the deuterated acetic anhydride. This 
reaction goes to 95% completion after two minutes at room teraperature at which time the 
reaction mixtures are combined by transferring both to a new tube and taken to drieness 
under a streara of nitrogen. The entire mixture is then benzylated with pentafluorobenzyl 
bromide in acetonitrile with diisopropylethylamine as a catylyst. The derivatized amino 
acids must be evacuated on a raechanical pump for approximately one hour prior to the 
analysis to remove the excess reagent pentafluorobenzyl bromide and the HBr formed in the 
reaction to prevent them from interfering with the analysis. The analysis is performed 
by taking the derivatives up in ethyl acetate and applying them to the end of a solids 
probe for introduction into the cheraical ionization source. For all the amino acids that 
did not occur in the peptide, one observes a singlet, for the amino acids that did occur 
in the peptide, one observes a doublet separated by three mass units, the ratio of these 
peaks determines the number of amino'acid residues. 

All amino acids not containing additional functional groups fragment to yield the , 
carboxylic-acid anion as the cnly peak in the negative ion spectrum. The amino acids 
containing hydroxyl groups show an additional peak 18 mass units lower corresponding to the 
loss of water. This dehydration is a functional not only of source temperature but also 
the matrix of the sample. The dicarboxylic amino acids form two derivatives during the 
derivatization which are the benzylation of both carboxyl groups and the methylation of 
one of the carboxyl groups with benzylation of the other. In the positive ion spectrum, 
both of these derivatives yield the M + l , 29, and 41 but in the negative ion mode, one 
only observes the peak corresponding to the carboxylic acid anion of the methylated species 
and a peak 32 mass units lower which is the result of the loss of methanol from the ' 
methylated species and the loss of pentafluorobenzyl alcohol frora the dibenzylated species. 
The derivatization of histidine gives rise to three products all bf which fragment to 
yield the carboxylic acid anion. The major product is the expected derivatization with 
additional benzylation of one of the nitrogens of the imidazole ring. Minor products 
are the acetylation of the nitrogen of the ring and no derivatization of the ring. Care 
must be taken not to benzylate both nitrogens of the imidazole ring since this would cause 
the formation of the quaternary salt of the derivative making it involatile. Our experi
ence has been that if the excess reagent is not greater than 10 - 50 fold , histidine 
will be observed. The derivatization of lysine results in only one product which is di-
acetylated to that the peaks used to determine the number of lysines are separated by 
three mass units. 

The difference for analyzing the derivative in the negative versus the positive mode 
was demonstrated by injecting decreasing amountsonto a capillary coluran while scanning 
the instrument from 60-750, first in the positive mode and then in the negative mode. 
We found that the negative to positive ratio of the base peaks was 395 indicating that 
if this derivative was analyzed in the negative ion mode, one would require 400 times less 
material. 

This analysis is presently being done on 1 nanomole of peptide material. Standard 
curves were run for all the' amino acids in the range of 1 to 20 nanomoles and the results 
indicate that the response is linear throughout. Coefficients of variation for 10 deter
mination of a glucagon hydrolysate range frora 0.25% for glutaraic acid to 8.1% for serine. 
Serine poses the greatest problem during the analysis and observations indicate that rapid 
work up is necessary to prevent the loss of serine in both the sample and the standard. 
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QUANTIFICATION OF PICOMOLE AMOUNTS OF LEU-ENKEPHALIN IN CANINE BRAIN CAUDATE NUCLEI 

WITH FD-MS; D.M. DESIDERIO AND S. YAMADA, Department of Neurology and Stout Neuroscience 

Mass Spectroraetry Laboratory, Universi ty Tennessee, 800 Madison Avenue, Meraphis, TN 38163. 

A combination of chromatographic separation and raass spectrometric techniques has 

been developed for a novel method for measurement of picomole amounts of endogenous o l i go 

peptides in b io log ic t issue. High performance (pressure) l i qu i d chromatography is u t i l i z e d 

for rapid high resolut ion separation of peptides.(1) A new buffer system using d i l u te 

(0.04M) t r iethylamine-formic acid is u t i l i z e d . The buffer system possesses excel lent UV 

transparent propert ies enabling femtomole s e n s i t i v i t y for measureraent of standard solut ions 

of soraatostatin(2) Use of porous polystyrene-divinylbenzene copolyraer and octadecy ls i ly l 

columns f a c i l i t a t e retent ion of a peptide f rac t ion from biologic ex t rac ts . Advantage was 

taken of f i e l d desorption-mass spectrometric raethods to elirainate cheraical der i va t i za t ion 

of peptides and to produce protonated molecular ions which reta in to ta l raolecular i n f o r 

mation of the peptide. Use of appropriate internal standards and selected ion raonitoring 

methods enabled nanogram s e n s i t i v i t y and, more important ly, optimized s t ruc tura l s p e c i f i c i t y 

of the compound being quant i f ied . (3) Results are compatible wi th radioiraraunossay data. 

Data obtained wi th FDMS provide, for the f i r s t tirae, measureraent o f i n t ac t , chemically 

underivatized oligopeptides extracted from biologic matrices and, s i g n i f i c a n t l y , provide 

an analy t ic method to ca l ib ra te RIA data. This novel combination o f methods is being 

applied to measurement of peptides ( leu-enkephalin, raet-enkephalin, somatostatin, e tc . ) in 

canine brain regions and dental pulp t issue. 

A Varian-Finnigan MAT 731 Mass Spectrometer o u t f i t t e d with a f . d . - f . i . - e . i . combina

t i on source was used in the f . d . raode. An overal l recovery of t r i t i a t e d leu-enkephalin 

of 26% was obtained during ex t rac t ion . HPLC-and FDMS measurements eraployed both an i n -
2 - -

ternal standard ( ala-LE) and spiked (200 ng LE) saraples. HPLC measurement y ie lded 272 

ng/g canine caudate nucleus. RIA data reported values of 520, 200, 64, and 14 ng LE/g 

caudate nucleus based on 10% protein per gram wet t i ssue. 

Supported by NIH-GM-NS-26666 - ' ' , • ; 
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IN BEAM CHEMICAL I0NI2aTICN OF PEPTIDES 
AND PEPTIDOLIPIEe 

W. Rodney Mathews, Keith L. Clay, and Robert C. Hirphy 
University of Colorado Medical School 

Department of Phaimacology 
Denver, Cblorado 80262 

Desorption chendcal ionization (DCl) is a relatively new in-beam chemi cal ionization 
technique (1) that allows one to produce spectra of relatively non-'volatile molecules 
that are otherwise difficult to obtain. Placing the sanple on the DCl probe has been 
done either by direct loading of crystalline samples or application of a dissolved 
sanple with a microliter syringe followed by evaporation of the solvent. As neither of 
these methods are entirely satisfactory in many cases, we have developed an electrospray 
loading technique to deposit sanples onto the DCl wire. Ihe niethod follows the tech
nique of McNeal and McEarlane (2). In contrast to direct sample application, evaporation 
of the solvent is exceedingly r^id, typically occurring during the spraying itself. If 
the water .content of the solvent is low, ccmparatively large volumes can be easily loaded. 
A simple apparatus (Fig. 1) was constructed to electrospray the DCl probe. A positive 
voltage (4KV) is applied to a microliter syringe containing the sanple. It has been 
found that a rounded needle-point greatly inproves the spray characteristics. Ihe 
probe tip, which is at ground potential,focuses the spray (Fig. 2) due to the h i ^ 
electrical fields. 

KxperlnEnts with •̂ Ŝ-cysteine dissolved in methanol have indicated that the 
distance between the needle and probe tip as well as the ̂ plied potential are britical 
(Table 1). The best results were obtained with a 2 tm separation and 4 KV which 
yielded 99% of the 3^-cysteine deposited on the emitter wire. 

TABLE 1: Effect of Voltage and Distance TABLE 2: Effect of Solvent on Electrospray^ 
on Electrospray Loading. 

Voltage 
(KV) 

4 
4 
4 
4 
3 
5 
6 

Distance 
(mn) 

2 
5 
10 
15 
5 
5 
5 

Recovery 
% (S.E.) 

99(1.4) 
95(14) 
70(3.3) 
56 
30(15) 
93(6.8) 
83(0.9) 

Ccranents 

Excellent 
Excellent 
Wide spray 

Very poor 
Excellent 
Wide cone 

Solvent 
% water 

0 
10 
20 
30 
40 
50 

iPrOFr/rfeJti 

'i'!) '4 KV, 5 

Rate 
ul/sec 

13 
18 
30 
35 
38 
44 
20 

mn 
2) ++, Excellent; 

Spray 

++ 
++ 
++ 
+ 
0 
0 

. 4-4 

^ Ctnments 

Seme sputtering 
Drops on DCIprobe 
Spray only at 1cm 

+, good; 0, poor 

The effects of various solvents on the electrospray have been examined (Table 2). 
In general the rate of electrospray is dependent on the water content in methanol solutions. 
Hbwsver above 30% water, problems of sputtering and collection of drops on the DCl wire 
begin. The methanol/isopropanol/water (1/1/1) solvent systera described previously (2) 
results in an excellent spray as well. 

The DCl mass spectra of glutathione (GSH, a tripeptide) using NH3 as the reagent gas 
loaded by electrospray was conpared to that loaded directly by microliter syringe. 
Qualitatively the spectra were identical. Measurement of the abundance of the MET*" ion 
at m/z 308 from both techniques were not statistically different when 0.33 to 1.33 ug 
were loaded. Due. to the r^ld heating technique, elutlon of the sanple from the DCl 
probe required the use of a nulti-channel analraer to collect the data. 

lhe DCl mass spectrum of a leukotriene E derivative, the dimethyl ester of 6^(N-acetyl-
cyseinyl)-5-hydroxyelcosatetraenoic acid, using NH3 as reagent gas, is shown in Fig. 3A. 
Direct solid probe CI(NH3) did not reveal any ions above 200 ami. (Fig. 3B); In contrast 
the Mlf" species was clearly evident along with structurally diagnostic ions at ra/z 144, 
161, J33, 478, and 492, using the electrospray technique and DCl. The mass spectra of 
the Inportant neuropeptides Met-enkephalin (Tyr-Gly-Gly-Phe-Met) and the synthetic analog 
2-D-Ala-Met-enkephalinamide have been obtained with these techniques. Quasi-nolecular 
ions (Mir'') v/ere easily measured down to 1(X) ng. 
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Figure 2: Electrospray at 4KV with 5 nm separation. 

Spray is focused onto the DCl probe. 

Figure 1: Diagram of the electrospray 
^paratus using a rounded side-
port needle of a microliter syringe. 

ui &s6 

Figure 3: A. Mass spectrum of Leukotriene E4 derivative obtained by DCI(NH3) 
and loaded.by electrospray. B. Identical amount of leukotriene E4 
analyzed by direct solid probe CI(NH3). 
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THE ROLE OF PEPTIDE SEQUENCING BY GCMS IN THE DETERMINATION OF 
THE STRUCTURE OF LARGE PROTEINS 

N.J. Royal,W.C. Her l ihy, Steven A. Carr, R.J. Anderegg, and K. Bieraann 

Department of Chemistry 
Massachusetts I ns t i t u te of Technology 

Cambridge, MA 02139 

The determination of the primary structure of proteins is presently carr ied out in 
general e i ther by the Edman degradation (1) in which one araino acid a f t e r the other is 
cleaved o f f from the N-terrainus of the protein i t s e l f or of a polypeptide derived frora the 
protein by speci f ic cleavage o r , more recent ly , by the determination on the sequence of 
nucleic acid bases (2) ih the DNA molecule coded for the biosynthesis of the p ro te in , followed 
by a t rans la t ion of the genetic code into the corresponding araino acids. Mass spectroraetrlc 
methods have been devised for the sequencing of peptides which then can be reassembled to 
the o r ig ina l protein structure (3) . A l l three approaches have cer ta in advantages and disad
vantages. The Edman degradation is very re l i ab le fo r the beginning of the sequential degra
da t ion , namely the N-terrainal region of the polypeptide but becoraes less re l i ab le as the 
experiment continues and rarely reaches the C-terminus. The DNA raethod is very fas t but one 
has to determine three times as raany uni ts (bases) of the DNA structure. then there are araino 
acids in the corresponding prote in . However, the p o s s i b i l i t y of an er ror i s f i n i t e and such 
an error sh i f t s the t r i p l e t s of the genetic code and thus leads to a completely incor rec t 
amino acid sequence from that point on. The mass spectrometric method requires the unambig
uous i d e n t i f i c a t i o n of a su f f i c i en t nuraber of small peptides to a l ign them to one unique 
protein s t ruc ture . A l l three techniques can give a large port ion of the st ructure of a pro
te in r e l a t i v e l y quickly but the remaining ambiguities are a l l d i f f i c u l t to resolve and t h i s 
process may.require a long period of time and a rather large araount of raaterial. I t is 
therefore most economical to combine data from an Edman degradation or from the DNA sequence 
wi th mass spectrometric peptide information in such a way that they complement and re inforce 
each other. Since these techniques are so d i f f e r e n t , i t is -highly un l i ke ly that they w i l l 
encounter the sarae d i f f i c u l t i e s . A few examples shal l out l ine t h i s approach. 

Protein 

1 Sp«cifK enzymatic 
or ctiemicQ! cleavage 

Primary degrodation fragment 

1 Partial hydrolysis with 
acid or enzymes 

Complex mixture of di- to hexopeptides 

^ 3 N HCl/MeOH or CHzN, 

» CFjCOzCH,4 TEA 

f BjOe/THF or U1AID4/GLYME 

^ TMSOEA/Pyridine 

mple. mixture of O-TMS polyamino alcohols 

INFORMATION REQUIRED WHEN USING CYANOGEN 
BROHIDE FOR SPECIFIC CLEAVAGE OF PROTEIN: 

CHJ 

CH, 
CH3 

i j 

1 ' 
CD?-NH-CH 

4z 

h 

cOe-N 

" i 

H-CH 

z. 

» . CH, 

CDj-NH-CH 

** 

CDj-O-Si-
1 

• .CH, 

u-is 

X - Y - Z - NH - CH - CO - A - B - C 

(MET) 

ICNBR 

CHjOH 
CH2 

, X - Y - Z - NH - CH - COOH -i- fl - B 

(HSE) 

Scheme 2 

In ciur mass spectrometric peptide sequencing scheme, a complex mixture of N - t r i f l u o r o -
ethyl polyamino alcohol 0 - t r imethy ls i l y le thers are produced (Scherae 1) which are then i n 
jected in to a gas chromatograph-mass spectrometer where the der ivat ives are separated and 
mass spectra of each f rac t ion are obtained in the continuous scanning raode. The raass spectra 
exh ib i t a very s t ra ight forward fragraentation at the N-C-C-N bond, leading to a series of 
ions ind ica t ive of the sequence as read frora the N-terminus (Ai-An) and another series which 
reads from the C-terminus (Zi-Zp) (4) . Since the gas chroraatographlc behavior of these 
der ivat ives i s 'we l l understood, the retent ion index of each of thera can be calculated and one 
can therefore use mass chroraatograras of speci f ic sequence ions to search fo r the presence or 
absence of cer ta in sequences. 

When using the Edman degradation for the determination of the structure of the pro te in , 
one often cleavaes the protein with cyanogen bromide at the amino acid methionine which' in 
the process is converted to homoserine. Thus, t h i s reaction produces a set o f peptides of 
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varying s i ze , a l l ending inHse (Sch.. 2 ) . These are then separated by chroraatography and each 
one subjected to the Edman degradation. As out l ined e a r l i e r , t h i s sequence information 
rare ly reaches the C-terminus, namely homoserine. Our mass spectrometric method makes i t 
qui te easy to search in a par t ia l hydrol'yzate (using aqueous acid or enzymes) fo r any small 
peptide that terminates in homoserine by p lo t t i ng the mass chromatogram of the Zi fragraent of 
homoserine (ra/z 266) which w i l l show a raaxiraura at the point wherethe C-terminal peptide 
der ivat ives e lu te . . Inspection of the raass spectra recorded at those maxima w i l l reveal the 
sequence of these peptides and thus i den t i f y the C-terminal region. I f t h i s i s , for example, 
the peptide Leu-Thr-Hse one then can search in the same manner for peptide der ivat ives 
ending in leucine and thus extend the sequence from the C-terrainus towards the N-terminus 
u n t i l one reaches unambiguous overlap with the N-terminal sequence derived from the Edman 
degradation. Needless to say, in the course of the analysis of t h i s raixture a large nuraber 
of other,pept ide der ivat ives w i l l have been i den t i f i ed which then corroborate the Edraan data 
or point out any errors there in . 

Once one has deterrained the sequence of a l l ol igopeptides derived frora the protein by 
cleavage at raethionine, one has to determine-the sequence of these peptides wi th in the pro
t e i n . This.requires the i den t i f i ca t i on of the amino acids surrounding each raethionine in the 
protein raolecule.. This i s accomplished by generating a par t ia l hydrolyzate from the en t i re 
protein or large fragments thereof prepared by enzymatic cleavage and searching the mixture 
of der ivat ives fo r those containing the Z-Met-A sequence where Z i s the araino acid preceeding 
Hse in one of the cyanogen bromide peptides and A is the N-terminal amino acid of that one 
which fo l lows. P lo t t ing the mass .chromatogram of the A2 ion of the sequence Z-Met one w i l l 
f i nd not only th i s dipeptide but also the der ivat ive of the t r ipep t ide Z-Met-A and possibly 
larger ones.such as Z-Met-A-B-. . . , etc. In th i s way a l l methionine overlaps can be i d e n t i 
f ied in a single experiment. This approach was used in the determination of the sequence 
of bacteriorhodopsin, a protein 248 amino acids long (5) . 

The corroboration of the protein sequence derived from the sequence of the DNA'coded 
fo r i t s synthesis requires a corapletely d i f f e ren t approach. Since a base sequence of a DNA 
.raolecule can be read in three d i f f e ren t ways depending on which base turns out to be the 
f i r s t of the t r i p l e t denoting the f i r s t amino acid any DNA sequence can be translated in to 
three en t i r e l y d i f f e ren t araino acid sequences. I t i s therefore necessary to provide sorae 
protein sequence inforraation to establ ish the proper "reading frame"(Sch'.3). While th is can be 
accomplished by merely determining the N-terrainal and C-terminal sequence of the protein 
which of course must f i t the same reading frame, any m is i den t i f l ca t i on , delet ion or addi t ion 
of a. base along the.DNA sequence w i l l cause a completely fa lse amino acid sequence. I t is 
therefore iraportant to have peptide information scattered a l l along to make sure that a l l 
amino acid sequences,identif ied f a l l in the sarae reading frame. I f they do not , an error 
must have occurred in the base sequence between the las t amino acid that f i t s cor rec t l y and 
the f i r s t that appears in the wrong reading frame. From the s h i f t one can t e l l whether a 
base was omitted or incor rec t ly inserted and i t i s then quite easy to check the base sequence 
in t h i s narrow region and discover the er ror . For th i s approach to work unarabiguously i t i s 
necessary to use only peptide sequences that are unique, that i s , occur only once in the 
ent i re p ro te in . Inspection of known sequences of large proteins (500 to 1000 amino acids 
long) revealed that te t ra and pentapeptides are very unique, t r ipept ides much less so and 
dipeptides repeat very f requent ly. We have therefore developed a strategy that allows the 
i d e n t i f i c a t i o n of a r e l a t i v e l y large number of te t ra and pentapeptides in the par t ia l hydrol 
yzate of the en t i re protein or a large segment thereof and to match these with the araino acid 
sequence derived by the t rans la t ion of segments of the DNA as they are being sequenced. 

We have developed and tested t h i s approach with alanine tRNA synthetase (ARS) from E. 
c o l i , a protein of molecular weight about 95,000. The DNA sequence of the region of the gene 
coded for the synthesis of t h i s enzyme was determined by Professor P. Schiiimel and Dr. S. 
Putney o f the Department of Biology, M. I .T. , while we determined port ions of the amino acid 
sequence of the enzyme randomly scattered throughout the protein (6) . For t h i s purpose we 
subjected a segment (T-j) containing about 400 amino acids to par t ia l hydrolysis wi th various 
enzymes, der ivat ized the raixture and i den t i f i ed as raany te t ra and pentapeptides as possible 
by coraputer-aided in te rp re ta t ion bf theraass spectral data (7) and matched them wi th the 
amino acid sequence in the three reading fraraes derived from the base sequence o f the various 
segments of the gene produced by speci f ic enzymatic cleavage of the DNA. Both the t rans la 
t i on and the matching o f the peptides is done with appropriate computer programs. I f any of 
the peptides i den t i f i ed in the par t ia l hydrolyzate of the protein f i t one of the three: • 
reading fraraes, i t establishes th i s one as the correct one. I f some f i t one reading frame 
and others another, an error in the DNA sequence i s obvious. The same approach was used 
with the remaining part of ARS which led to the determination of the sequence of t h i s protein 
which turned out to contain 875 araino acids which corresponds to a segment of DNA in which 
2625 nucleic acid bases had to be cor rec t ly assigned. At t h i s point one can inspect the 
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DNA SEQUENCE 

READING FRAME 1 

READING FRAME 2 G 

GAGATCCGTCAGGCGTTTCTCGAC 

GAG ATC CGT CAG GCG TTT CTC GAC 
GLU ILE ARG GLN ALA PHE LEU ASP 

AGA TCC GTC AGG CGT TTC TCG AC 
ARG SER VAL ARG ARG PHE SER 

READING FRAME 3 GA GAT CCG TCA GGC GTT TCT CGA C 
ASP PRO SER GLY VAL SER ARG 

DELETION OF-A BASE 
GAG ATC CGT AGG CGT TTC TCG 
GLU ILE ARG ARG ARG PHE SER 

INSERTION OF A BASE 
GAG ATC CGT TCA GGC GTT TCT CGA 
GLU ILE ARG SER GLY VAL SER ARG 

MISIDENTIFICATION OF A BASE 
GAG ATC CGT CAG GGG TTT CTC GAC 
GLU ILE ARG GLN GLY PHE LEU ASP 

Scheme 3. Translation of base sequence into the 
three possible amino acid sequences (reading 
frames) and effects of a single error in the 
DNA sequence. 

resulting amino acid sequence for' 
unique tripeptides and match those with 
the pool of tripeptides found in the 
course of the identification of tetra 
and pentapeptides (Fig. 1).' All in all 
about 25% or all amino acid linkages 
in the proteins were identified by mass 
spectrometry, thus greatly increasing 
the confidence we can place in the 
correctness of the structure of alanine 
tRNA synthetase. It is clear that 
without such corroboration, the chances 
of establishing the DNA sequence 
correctly would be remote or would 
require a large number of redundant DNA 
sequencing experiments to achieve a 
reasonable level of confidence. On the 
other hand, to'determine the araino acid 
sequence of a protein 875 amino acids 
in length would be extremely time and 
material consuming. The combination of 
two entirely different raethods operating 
on the two components of the system, 
namely the gene and the protein,greatly 

enhances the reliability of the result while keeping the tirae and effort required to 
accoraplish the task at a minimura. 

Acknowledgeraents. This work was supported by Grant GM 05472 frora the National Insti 
tutes of Health (K. Biemann, Principal Investigator). 
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Figure 1 . Schematic representation 
of the DNA sequence (black bar, 

. 2625 bases) and the segments of 
amino acid sequences determined 
by GCMS (black rectangles)*from 

.par t ia l degradation of alanine 
tRNA synthetase. They c lea r l y 
f i t only reading frame 1 which 
thus i s the correct st ructure 
( fo r actual sequence see Ref.8) . 

*Only segments representing te t ra 
and pentapeptides are shown. 
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PROTEIN SEQUENCING BY LIQUID FLOW MASS 
SPECTROMETRY; E. DVORIN, P. TAO, J. CARMODY, C.R. BLAKLEY, 
0. DYCKES, AND M. L. VESTAL; Dept. of Chem., Univ. of 
Houston, HoustonTTX 77004. 

A new technique for protein sequencing has been developed 
which may prove to be both faster and more sensitive than 
presently available methods. The approach employs a new 
mass spectrometer inlet system recently developed in our 
laboratory as a liquid-chromatograph-mass spectrometer 
system applicable to relatively involatile biological mole
cules. The significant feature of the liquid-flow mass 
spectrometer is that a flowing liquid stream can be totally 
vaporized, ionized, and mass analyzed, allowing continuous, 
rapid analysis of a flowing liquid of changing composition. 

. This instrument provides a new and powerful tool for con
tinuous monitoring of fast reactions in solution. In the 
new protein sequencing technique, enzymatic hydrolysis of 
terminal amino acids is carried out in a small reaction 
chamber terminated by a membrane which transmits the amino 
acids released by the reaction-but which retains both the 
protein substrate and the enzyme. A-continuous flow of 
buffer is pumped through the reaction chamber and into the 
mass spectrometer which continuously monitors the amino acid 
composition as a function of time. These data are acquired 
and analyzed by an on-line data system to yieldthe sequence 
of amino acids in the protein. The major limitation on 
speed and sensitivity of the new technique is imposed by 
the variability in enzymatic rates which depend on the 
nature of the amino acids .adjacent to the bond being cleaved. 
Results on preliminary studies aimed at optimizing the reac
tion kinetics are presented together with -the results of. 

- performance tests on known peptides. 
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STUDIES ON MOLECULAR SPECIES OF GLYCEROPHOSPHOLIPIDS BY A GC-HS SYSTEM 

Kunihiko Sai to , Minoru Kino and Masami Gamo, Department of Medical Chemistry, Kansai 
Medical School, Osaka, Japan 570 

The most common glycerophospholipids in nature are choline and ethanolamine 
glycerophospholipids. They have many molecular species by combination of the const i tuent 
f a t t y acidsand f a t t y alcohols including v iny la lcohols. The species are usual ly 
divided in to 4 types, i_,e., (A) 1,2-d iacyl , (B) 1-al k -1 ' -eny l -2 -acy l - (plasmalogens), 
(C) l - a l k y l - 2 - a c y l - and ID) 1,2-dialkyl glycerophosphoryl bases. 

The molecular species of ethanolaraine glycerophospholipids are raore complicated 
and less elucidated than those of choline glycerophospholipids by GC-MS system. 
Because ethanolamine glycerophospholipids consist of 1,2-diacyl and 1 -a l k - l ' - eny l 
(or a l ky l ) -2 -acy l types and the consti tuent f a t t y acids are longer and more unsaturated 
than those of choline glycerophospholipids. 

To overcorae these two points we prepared the ter-buty ld imethyl s i l y l de r i va t i ves , 
instead of t r i m e t h y l s i l y l ones, and analyzed in a GC-EI-MS system by selected ion 
monitoring technique (1) . The derivat ives were prepared as fo l lows: glycerophospho
l i p i d s were hydrolyzed with £. cereus phosphoTipase C and resu l t ing 1-acyl (or a l k - 1 ' -
enyl)-2-acyl g lycerols were converted to ter-butyldimethyl si l y l der iva t ives . To 
separate 1 -a lk - l ' -eny l (or a lky l ) -2 -acy l and 1,2-diacyl der iva t ives , preparative 
th in layer chromatography was -used. 

For the polyunsaturated species which contained, for example, C^n.. ^2?^fi ' '^'^''''^ 

seemed to be bet ter than EI-MS. Therefore, FD-MS and GC-EI-MS were compared. The 
apparatus used fo r GC-EI-MS was Shimadzu GC-MS PAC 300. The column was OV-1 and 
electron energy was 22.5 eV. For' FD-HS, Hitachi M-80 with^carbon emit ter was usesj. 
An ind iv idual molecular species was calculated from [M-57] in EI-HS and from [M] in 
FD-MS. The samples analyzed were te r -bu ty ld imethy ls i l y l der ivat ives of l - a l k - l ' -
enyl-2-acyl and 1,2-diacylglycerols of ethanolamine glycerophospholipids obtained 
from ra t uterus. 

As shown in Fig. 1 , the molecular species composition of 1 -a lk - l ' -eny l -2 -acy l 
der ivat ives obtained by both methods is quite' s im i la r , where abscissa indicates the 
number of double bonds and the to ta l carbon number of v inylalcohol and f a t t y acid 
residues in the molecule. On 1,2-diacyl der i va t i ves , -s im i la r resul ts were obtained. 
Wood et^ al_ (2) d i r ec t l y analyzed the authentic phospholipids^without converting to the 
der iva t ives , by FD-HS. We have also obtained the same resul ts but for a mixture of 
natural phospholipids der ivat ives would be bet ter . 

The changes in molecular species of ethanolamine glycerophospholipids wi th 
biomedical phenomina have been studied by GC-EI-HS. F ig. 2 shows the inf luence of 
est rad io l on molecular species of ethanolaraine glycerophospholipids obtained from 
oophorectomized ra t u t e r i . Remarkable changes in some molecular species were found, 
ind icat ing that the physicochemlcal properties and b io logica l funct ion of biomembranes 
were regurated by hormon. 

(1) K. Sai to, H. Ogino and K. Satouchi in "HEMBRANE FLUIDITY: Biophisical Techniques 
and Cel lu lar Regulat ion", ed. by M. Kates & A. Kuksis: THE HUMANA PRESS, INC., 
C l i f t o n , New Jersey ; p 33 (1980) 

(2) G. W. Wood, P. Y. Lau, G. Morrow, G. N. S. Rao, D. E. Schmidt J r . , and 
J . Teubner, Chera. Phys. Lipids J8^, 316 (1977) 
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APPLICATION OF CHEHICAL IONIZATION MASS SPECTROMETRY TO THE 

STRUCTURAL CHARACTERIZATION OF COMPLEX MACROLIDE ANTIBIOTICS 

Makoto SUZUKI, Ken-ichi HARADA, Naohito TAKEDA and Akira TATEMATSU 

Faculty of Pharmacy, Meijo University, Tempaku, Nagoya 468 JAPAN 

Electron ionization mass spectrometry (EIMS) has been successfully used in the structure 

elucidation of a number of macrolide antibiotics, particularly when the shifting technique 

between peracetyl and. perdeuteroacetyl derivatives is employed^. 

Recently, in addition to the earlier works in the application of cheraical ionization 

mass spectrometry (CIMS)^), we have accomplished the basic approach to the structural cha

racterization of 16-membered ring macrolides containing one aminosugar moiety, M-4365 k^ 

and G2, with their intact molecules^). 
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.We wish to present the results of CIMS of more coraplex raacrolide antibiotics, Plateno-

mycin A, B, Tylosin and Angolaraycin, which contain two or more sugar moieties, using both 

isobutane and ammonia as the reagent gases. 

All CI mass spectra show abundant protonated molecular ions (MH'*') and the aglycone and 

sugar derived ions srisen frora cleavage of the glycosidic linkages. 

As a typical instance, the CI raass spectra and major fragmentation pathways of Plateno-

raycin A]' are shown -in Fig. 1 and. Fig. 2, respectively. The structures of these ion species 

were determined by the shifting technique using ammonia-d3 as a reagent gas and high reso

lution CI (isobutane) raass spectrum'^). 

As a extensive application of such investigations, we attempted to characterize the 

structures of a new family of macrolide antibiotic, Mycinamicins (Fig. 3 ) , which contain a 

novel 16-membered skeleton with neutral, and aminosugar moieties. 

Diagnostic ions of Hycinamicin I - V under CI condition were summarized in Table I, and 

these informations were quite useful for the structure elucidation of Mycinamicin series. 

Under the investigation, we found out a specific fragment ion (m/z.424) in the spectra 

of Hycinamicin I and II. This, ion was considered to be produced through fragmentation 

mechanisra involving carbon-carbon bond cleavage of the conjugated epoxide group-. 

III R* H R'- H 

IV R- H R'- C H J 

V R" OH R> CH, 

Table I. Diagnostic Ions of Hycinamicin Series under CI Condition 

Amino sugar Neutrdl sugar 

682 

696 

712 

522 

522 

'538 

176. 

176. 

176. 

176, 

176, 

174, 

174, 

174. 

174. 

174. 

158 

156 

158 

158 

158 

175(192) 

175(192) 

161(178) 

175(192) 

175(192) 
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IDENTIFICATION BY HIGH RESOLUTION MASS SPECTROHETRY OF 5-CARBOMETHOXYVALERAMIDINE, 
A HYDROLYSIS PRODUCT OF THE ANTISICKLING AGENT DIMETHYL ADIPIMIDATE 

S. Lewis,1 R. Pennathur-Das,^ R. Halpin,^ K. Cerrone,'^ B. Lubin,^ 
G.L. kenyon-^ and W.C. Mentzer* 

^Biomedical Mass Spectrometry Resource, University of Ca l i fo rn ia , Berkeley, CA 94720; 
^Bruce Lyon Memorial Laboratory, Children's Hospital Medical Center of East Bay, 
Oakland, CA 94609; ^Dept. of Pharmaceutical Chemistry, Universi ty of Ca l i f o rn ia , 

San Francisco CA 94143; '^Northern Cal i forn ia Comprehensive Sickle Cell Center, 
San Francisco General Hospi ta l , San Francisco, CA 94110 

' Imidoesters have been used in bio logical studies to measure interresidue distances 
of proteins and macromolecular complexes, and in hematology as an t i s i ck l i ng agents ( I ) . 
Treatment of human red blood ce l ls with l'*C-labeled dimethyl adipimidate (DMA), a b i 
funct ional imidoester with an t i s i ck l i ng propert ies, was followed by gradual loss of 
rad ioac t i v i t y from the treated c e l l s . I t became important to iden t i f y th i s released 
product so that i t s potent ial t o x i c i t y could be defined pr ior to experimental re in fu -
sion in human volunteers of s ick le ce l l s treated in v i t r o with the drug. Preliminary 
studies indicated that the radioactive-released product had ident ical TLC propert ies to 
the major product of DMA hydrolysis in v i t r o at- physiological pH in phosphate buf fer . 
The DMA hydrolysate'was iden t i f i ed by high resolut ion mass spectrometry (HRHS) as 
5-carbomethoxyvaleramidine. Fig. ' A i s the mass spectrum, obtained by d i rec t probe inser
t i on on a modified Kratos/AEI MS-902 mass spectrometer. Table I is the accurate mass 
data used for s t ructura l e luc idat ion . In addi t ion, the structure is supported by 
evidence determined by carbon-13 NMR, u l t r av i o l e t and infrared spectroscopy. The 
hydrolysate was also shown to be the radioactive product released from the red c e l l s . 
The mass spectrum obtained from analysis of concentrated supernatant f l u i d in which the 
ce l l s were stored contained a l l of the accurate masses.of the hydrolysate. 

A proposed mechanisra which describes formation of 5-carbomethoxyvaleramidine 
predicts the existence of a 7-membered cyc l ic intermediate of HW 140 (F ig . B). UV 
studies support t h i s hypothesis and indicate the presence of a shor t - l i ved chromophore 
(F ig . C). This mechanism has been previously hypothesized for the forraation of 3-carbo-
methoxypropionamidine from dimethyl.succinimidate through the formation of a 5-member 
cyc l ic intermediate (2 ) . 

HRHS evidence for the existence of the intermediate'was obtained by analyzing both 
a solut ion of DHA in phosphate buffer and a control solut ion of DHA in methanol (pH 7.4) 
by using d i rec t probe inser t ion wi th in 10 min of preparation. The resul ts show the 
presence of a compound other than DMA in buffer which has mass spectral properties that 
can be a t t r ibu ted to. the proposed cyc l ic intermediate. F ig . D i s the spectrum of the 
intermediate. In add i t ion , studies with J5NH4CI show a lack of " N in the hydrolysis 
product forraed in the presence of excess 15NH3 indicates that the second nitrogen in 
the araidine funct ion arises from an intramolecular rearrangement of the DHA molecule, 
as is postulated to occur when the cyc l ic intermediate forras, and not from an intermol
ecular process involv ing free NH3. 

I t is worth noting that the proposed intermediate could be reactive as a cross-
l ink ing agent. I f the r ing were to persist a f ter forraation of a c ross - l i nk , the d is 
tance between the react ive amino groups would be less than 5 A rather than the 9 A 
expected for the f u l l y extended DHA molecule. This would complicate in te rp re ta t ion of 
nearest neighbor analyses which employ DHA to estimate the distance between adjacent 
raolecules in membranes or other bio logical s t ructures. 

With regard to the use of DMA in humans as an an t i s i ck l i ng agent, i t is reassuring 
to know that the major hydrolysis product of th i s compound is 5-carbomethoxyvaleraraidine 
since such compounds are known to be quite unreactive and thus have l i t t l e or no 
potent ia l t o x i c i t y . 

Acknowledgeraents. This work was supported by NIH Divis ion of Research Resources 
Grant RK00/I9, USPHS Grants AM 17323 and HL 20985, and National Foundation Grant 6-49. 
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THE DETERMINATION OF STEROID CONJUGATES IN SALIVA 

Simon J. Gaskell, Elizabeth M.H. Finlay and Michael S. Morton, Tenovus 

Institute for Cancer Research, Welsh National School of Medicine, Heath, 

Cardiff, CF4 4XX, U.K. 

Salivary analyses of steroids are of interest because of the ease of 

serial sampling of saliva and the apparent correspondence between salivary 

concentrations and the concentrations of non-protein bound steroids in blood 

plasma. A number of unconjugated steroids have been determined in saliva 

using radioimmunoassay (see, for exaraple, references 1-3) and gas chromato-
4 5 graphy-mass spectrometry (GC-MS) ' . The low concentrations observed pose 

a particular challenge to the analytical methodology. Thus, the specificity 

of all stages of the analytical procedure must be maximised to ensure correct 

identification and quantification of the steroids of interest. 

Little attention has hitherto been paid to analyses of steroid conjugates 

In saliva. Here we report the identification and quantification of dehydro

epiandrosterone sulphate (DHAS) in saliva using high resolution GC-high 

resolution MS. Saliva (2 ml) was extracted with diethyl ether/ethanol (3/1) 

and a monosulphate fraction was obtained by chromatography on a micro-column 

of triethylaminohydroxypropyl-Sephadex LH-20 . Following enzymic hydrolysis, 

the tert-butyldimethylsilyl (TBDMS) ether or methyl oxime (MO), TBDMS ether 

was formed prior to high resolution GC-high resolution MS with selected 

ion raonitoring (SIM) of IM-C.H.I ions. GC-MS analyses employed a Varian 

MAT 731 instrument at a resolution of 8000 (10% valley). Separations were 

performed on a 20 m glass capillary column coated with OV-1 liquid phase. 

The identification of DHAS was based on the following criteria: (a) 

the mobility of the compound during ion exchange gel chromatography, indicat

ing a monosulphate; (b) the effectiveness of enzymic hydrolysis, consistent 

with a 36-sulphate mCiety; (c) the GC retention times of the TBDMS ether and 

MO, TBDMS ether derivatives of the unconjugated steroid; (d) the detection 

of ions of appropriate exact mass during SIM of the same derivatives. 

Quantitative analyses of DHAS employed a deuterium-labelled analogue 

as internal standard. |7,7- H_ |DHA was synthesised from 5-androstene-3e , 17$-
^ 7 

diol, according to the procedure of Blair et al. and the sulphate conjugate 

prepared. After addition of internal standard to the saliva sample, the 

analytical procedure described above was follovfed. Prior to GC-MS, androster

one TBDMS ether was added as chromatography standard to enable the determina

tion of the relative responses to DHA TBDMS and | H-|DHA TBDMS by a two-stage 
8 

single ion monitoring procedure . Validation experiments indicated satisfac
tory precision and accuracy in the determination of DHAS in saliva supplemen
ted with the steroid. Endogenous DHAS concentrations have been observed 
In the range 0.3-23 ng/ml. 
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METABOLISM OF NEPETALACTONE AND RELATED 
COMPOUNDS IN NEPETA CATARTA L. AND COMPONENTS OF ITS 
BOUND ESSENTIAL OIL; GEORGE R. WALLER and' RONALD D. 
JOHNSON, Dept. of Biochem. Okla. State Univ., 
Stillwater, OK 7A078 

\h 
Metabolism of nepetalactone-G- C by Nepeta catar ia 
plants yielded significant amounts of dihydronepeta-
lactone- C which was bound to plant components. 
Isomeric fojyns of dihyii onepeta lactone-G- C • and 
nepctadiol-C- C were synthesized from nepetalactone-
G- C. Upon adminstration of syntheticcA-andS-dihydro-
ncpetalactone-G~ C to N. cat ar ia plants, label was 
Incorporated into ' ^ ^ d Y < J \ Y ^ - nepetalactone, h ^ , l ^ , l ^ -
nepetalactone, a new nepeta lac^tol and lO-dimethyl-

nepetalactone . Nepetadiol-G- C did cause incor-

poration of significant amounts of label into 
'i^, 7(4, ̂ ai^nepeta lactone and into new dehydrated 

derivatives of nepetadiol. The structures of the new 
compounds were determined by mass spect romet ry. Ana lysis 
by GC and GC/MS also showed that treatment of the plant 

residues with 2N HCl liberates four times as much 
steam-voIatile materia 1 containing diastereoisomeric di-

hydronepetalactones as does steam distillation of 
neutral residues. A metabolic scheme Is proposed, and 
possible biological significance of the resultr. is 
discussed. (Supported in part by Research Grants 
CM-08624 from the National Institutes of Health and 
GB-20,926 from the National Science Foundation). 
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GAS PHASE CHEHISTRY OF'HETAL- AND HETAL-CONTAINING IONS WITH AHINES; John A l l i s o n , 
S.K. Huang, M. Lombarski, B. Radecki, Department of Chemistry, Michigan State Univer
s i t y , East Lansing, HI 48824 

There are many reasons for studying the chemistry of raetal- and raetal-containing 

ions with organic molecules in the gas phase. Our goals are to i den t i f y the basic 

mechanisms through which metal centers and molecules i n te rac t , and the reasons for 

changes in these basic mechanisms when the metal and/or the organic molecule changes. 

Hetal containing corapounds may have use as chemical ion izat ion reagents; th is aspect 

also merits inves t iga t ion . F ina l l y , we hope that our basic invest igat ions may be of 

use to synthetic chemists. 

The current areas of research in metal- ion bimolecular reactions can be divided 

in to the fo l lowing areas: 

1 . Hetal Ion Reaction Energetics 

2. Determination of Bondstrengths and Rate Constants 

3. Hechanistic Studies 

a. c lus ter ing reactions 

b. formation of polynuclear clusters 

c. l igand subst i tu t ion reactions 

d. rearrangements of organic raolecules on raetal centers 

Areas 1_ and 2 (above) are v i t a l for a proper in te rp re ta t ion of the mechanistic 

s tudies, 3, The work done to date in the area of Mechanistic Studies w i l l be b r i e f l y 

discussed below. 

Clustering reactions involve the addi t ion of small ligands to a metal center, 

^ •9 - Cu"̂  -f NH3 + CuNHj"̂  -4 Cii{m^)^'^ (1) 

see, e . g . , r e f . 1 and RAH0C3. 

Polynuclear c luster formation reactions occur in systems of metal carbonyls, 

when ionic fragraents react with the neutral metal carbonyl to form a product ion con

ta in ing two raetal atoms. Successive reactions can produce 3,4,5-metal atom c lus te r s . 

See, for exaraple, r e f . 2; the typical reaction of th is type being 

Ni'^ + Ni(C0)4 -1- Ni2(C0)2"^ + 2C0. (2) 

Ligand subs t i tu t ion reactions provide useful information on the re la t i ve binding 

energies of molecules to raetal centers. Ref. 3_ is typical in th i s area. Reaction (3) 

shows, for exaraple, that PH, i s a "bet ter" l igand than CO for Co(C0)2N0 . 

Co(C0)3N0^ + PHj -4 Co{C0)2N0(PH3)'^ + CO (3) 

The four th area of Hechanistic Studies is that of rearrangeraents o f organic raole

cules on metal centers. A reaction typical of th i s area is the decarbonylation of 

aldehydes induced by a nickel metal center, r xn . (4) ( r e f . £ ) . 

CgHgNi"̂  + CH3CHO + CgHgNiCO'̂  + CH^ (4) 

H i s t o r i c a l l y , the area of Organometallic Cheraistry in the Gas Phase began with 

studies o f metal ions wi th a lky l halides and alcohols, i n which a l k a l i ions and t ran

s i t i o n raetal ions react wi th RX to elirainate HX, resu l t ing in a meta l -o le f in complex. 
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The a l k a l i ions react through an internal charge-transfer mechanism, e .g . 

Li"^ + iCjH^Cl -4 Li'^-ClCjH^ •> LiCl-CjH^"^ * (HCl )Li"^(C3Hg) .• LiHCl'^, LiCjHg"^ 

Transi t ion metal ions form the same products through a meta l - inser t ion , B-H atom s h i f t 

mechanism, e .g . 

+ •*• •" + + 
Fe + C3H7CI •* CjH^FeCl •+ C3HgFeC1H -4 C^H^Fe , FeHCl 

I t was somewhat unexpected to learn that alkanes, with no funct ional group, are 

also react ive wi th t r ans i t i on metal ions. Reactions which are observed appear to 

proceed by inser t ions in to C-C and C-H bonds by the t rans i t i on metal , see, e .g . r e f s . 

5̂  and 6̂ . Alkane reactions t yp i ca l l y involve alkane and/or molecular hydrogen 

e l im ina t ion , e .g . 

TiCl"^ + n-CgH^^ p-> ClTiC^Hg"^ + C2Hg + H2 (5) - [ - > ClTiC^Hg + 

U ClTiCgH|o+ 2H2 (6) 

Basic mechanistic studies of "smal l" molecules with metal ions, in addi t ion to 

thermodynamic faondstrength determinations have been v i t a l in understanding the chemis

t r y o f larger molecules which exh ib i t r i ch chemistries with metals. The chemistry 

of o l e f i n s , ketones and esters ( r e f s . 7,8 and 9) with metals show a common sequence 

of steps. F i r s t , the metal in teracts strongly with an electron r i ch group in the 

molecule (O-atom, double bond). Then, an empty o rb i ta l of the metal in teracts with 

an atom or group of atoms elsewhere in the molecule, usually via a 5- or 6-merabered 

r i n g . The raetal assists the movement of th is species to another part of the molecule, 

and subsequent fragmentation occurs. The. usual resu l t is the e l iminat ion of a stable 

neutral such as H2, an o l e f i n , an a lcoho l , e tc . For example, 

TiClj '* ' + 2-pentanone ->• TiCl3(C2H^0)'^ + CjHg 

We are current ly invest igat ing the chemistry of ionic-metal centers with amines. 

I t i s surpr is ing to f ind that the chemistry of RNH2 with metal ions resembles not 

that observed for ROH and RCl, but rather that of RH. In most cases, the chemistry 

of butylamines with Co does not appear to occur by metal inser t ion in to the C-N bond, 

except in the case of t -bu ty l amine, in which el iminat ion of C.Hg is observed. 

Co"̂  + t-C^HgNH2 1 - ^ - CoNHj'̂  + C^Hg (7) u CjH^N'^ + CH^ ( 8 ) 

Hany reactions can be explained as occurring through a 5-membered r ing intermedi

a te . For example, iso- and sec-butyl amines react with Co to form CH3C0NH2 , which 

may be formed through an intermediate such as is shown in reaction ( 9 ) . 

CH, 

Co" 
LH. 

Co' + •' y - NH„—» V I 
CH NH2 

^ " 3 • 
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The same scheme applied to n-C.HgNHj accurately predicts the forraation o f C2HCC0NH2 • 

Hany reactions observed indicate the preference of t r ans i t i on metals to inser t in to 

C-C bonds instead o f C-N bonds, e .g . 

Co'̂ ' + n-C4HgNH2 — 1 - ^ CoCH2NH2'̂  + C3H7 

L - > CoC2Hg'̂  + C2H^NH2 

Fe"̂  + sec-C^HgNH2 r»- FeC2H^NH2'*' + C2H5 

^ FeC3HgNH2^ + CH3 

WC(C3HgN)'^ + CH^ + H2 

When W(CO)g was used to generate metal ions, the ions WC and WO reacted more readily 

than W . Typical reactions again resemble alkane reactions, e.g. 

WC'̂  + t-C^Hgm2 1 — > WC(C3H7N)'^ + CH^ 

' — > • 

We are currently investigating the chemistry of amines with a number of transi

tion metals in an effort to determine what thermodynamic and structural effects con

trol the observed reactions. 
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STUDIES OF CLUSTERS ABOUT METALLIC IONS 
* .. t 

A.W. Castleman, Jr., P.M. Holland, D.M. Lindsay , T.D. Mark , K.I. Peterson, F.J. Schelling, 
R.J. Stanley, and B.L. Upschulte, Department of Chemistry and Chemical Physics Lab., CIREStt, 
University of Colorado, Boulder, Colorado 80309, USA 

The bonding of polar molecules to a wide assortment of monovalent metallic cations of 
different electronic configurations has been the subject of an ongoing systematic investiga
tion in our laboratory in recent years, Thermodyriamic parameters derived frora high-pressure 
mass spectrometrlc studies provide unique information on the strength of bonding and struc
ture of these complexes, information which is relevant to a number of current research areas. 
Structural computations using quantum-mechanical and electrostatic theories provide further 
insight into the nature of bonding and arrangement of ligands about the central ion. Details 
of the solvation process, evidence to support proposed identifications of cluster species in 
the atmosphere, and extended understanding of transition-metal complexes serveas examples 
of the range of'applicability of these results. An Interpretation of the formation mecha
nism of similar cluster species observed in surface analysis studies may rely on such gas-
phase thermodynamic stability data. 

More recently, we have initiated a study of changes in the electronic character of neu
tral metallic clusters. Using multiphoton and electron-impact techniques, quadrupole mass 
spectrometry is then utilized for the determination of the properties of species in the 
molecular beam. The influence of surface-related effects.and the approach to the conduc
tive state of bulk metal can thereby be ascertained. Preliminary appearance potential 
raeasurements demonstrate the possibility of determining electronic properties of metallic 
aggregates in the presence or absence of adsorbed molecules. Results of this-work are ex
pected to enhance understanding of the catalytic properties of small metallic particles. 

Details of the high-pressure mass spectrometer employed for studies of ion-molecule 
clustering have been published previously [1], Under the influence of a low electric 
field gradient, ions emitted thermionically are directed into an essentially field-free 
reaction chamber containing up to 20 torr of a gas raixture [Fig. 1]. The slowly flowing 
reactant gas mixture is generally composed of an inert carrier gas which serves to intro
duce the clustering molecules and to ensure thermalization of the ions. Sampling of the 
population distribution of ionic species effusing through a small orifice into a quadrupole 
mass spectrometer allows a determination of ion ratios. After ensuring the attainment of 
thermodynamic equilibrium and minimizing mass-discrimination effects, these ratios, com
bined with a knowledge of temperature and reactant partial pressures, yield a measurement 
of the equilibrixom constants for a series of clustering reactions. Correlating the data 
obtained over a wide temperature range in the form of a van't Hoff plot (In K vs. l/T) 
provides values of the enthalpic and entropic contributions to the Gibbs free energy 
changes involved in the.formation of clusters. Comparison of the results between differ
ent ion-ligand entities and in relation to various theoretical models provides the clues 
from which conclusions may be drawn regarding the structure and stability of such clusters. 

In comparing strengths of first llgand-ion bonds, for exaraple, a strong radial depend
ence is observed for alkali metal Ions, as would be expected from a purely electrostatic 
model [2], However, the first ligand binds to cations of the transition metals much more 
strongly. As is borne out by extended Huckel calculations, this is evident for the pres
ence of partial covalent hybrid bonding [3]. Differences in bonding screngths between an 
ion and different ligands have also been resolved. The larger enthalpies of ammoniation 
relative to hydration for alkali metals, for example, have been traced to the greater polar
izability of the ammonia molecule, despite the larger dipole moment of the water 
molecule [ h ] . 

A number of conclusions may be derived as well from a consideration of multiple-ligand 
clusters. The observation of solvation breaks in plots of successive enthalpy changes as 
a function of the number of ligands illustrates the formation of coordination shells [ h ] . 
Of possibly greater significance are similar studies of mixed-ligand clusters. The pre
ferential binding of ammonia over water to copper and silver ions reverses after the addi
tion of the first two ligands, a crossover phenomena explaining the observed solution cora
plexes of these ions [4]. Mixed-ligand studies are also valuable in constructing Born-
Haber cycles for checking the consistency of experimental results and for investigating 
such ligand-switching reactions. As part of this work, data regarding several charge-
transfer reactions have also been obtained, particularly for the silver-pyridine and 
sodium-water systems [5,6], 
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In the future, our continuing study of ion-molecule clustering, in addition to our new 
investigation of neutral clusters, will continue to extend our knowledge of the properties 
of small particles. 
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ATMOSPHERIC CHEMISTRY OF METEOR DERIVED 
IONS; ELDON FERGUSON; Aeronomy Laboratory, NOAA, Boulder, 
CO 80303 

Atomic l-ons including Fe , Mg , Si , Na , K , Ca , Al , Cr , 
Ni , Mn and Ti have been observed in the upper atmosphere 
as a consequence of meteor ablation of neutral atoms subse
quently ionized by charge-transfer with ambient NO and 0-
ions. These meteoritic atomic ions are often.concentrated 
into intense thin layers by electrodynamlc forces. The ions 
are lost by association with 0- and subsequent neutraliza
tion by electrons and negative ions. New laboratory lon-
molecule reaction measureraents will be presented which yield 
an explanation for the observed depletion of Si ions with 
respect to the comparably produced Fe and Mg ions bclow. 
'\'100km altitude. SI ions react rapidly (k=2.3(-10)cm s ) 
with H-O to form HOSi ions. The reactions of Mg and Fe 
with water are both endothermic. Si ions associate with 
0_ to forra stable SiO- ions with a very large three-body 
rate constant. A-raechanisra to explain this anomaly will be 
presented with supporting measurements of the energy de
pendence of the endothermic Si +0̂ -̂ SiO + 0 reaction carried 
out in the NOAA Flow Drift Tube. Because of the low ioniza
tion potentials of the metals they may form oxides arid hy
droxides with large proton affinities. Recent laboratory 
studies of sodium ion reactions lead to the conclusion that 
any gas phase sodium compound (NaOH, NaCl or NaNO_) in the 
stratosphere would react with the ambient H (H-0) proton 
hydrates and the ambient stratospheric water to produce hy
drated Na ions. These measurements will be presented. Re
cent balloon borne mass spectrometer studies of the strato
sphere show that hydrated Na ions are not present. It is 
therefore concluded that the metallic meteor ablation prod
ucts are converted into particulates before reaching the 
stratosphere, 1. e. at all altitudes below '̂ '60km. 
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GAS PHASE STUDIES OF LASER GENERATED TRANSITION HETAL IONS 

R.C.Burnier, G.D.Byrd, T.J.Carlin, M.B.Wise, 
R.B.Cody, and B.S.Preiser 

Department of Chemistry 
Purdue University 

West Lafayette, IN 47907 

The development of a combined pulsed laser source-ion cyclotron resonance spectrometer 
in our laboratory has proven to be a convenient and powerful method for generating metal 
ionsand for studying their subsequent chemistry in the gas phase. In particular our main 
emphasis this past year has been on the applications of metal ions as selective chemical 
ionization reagents and our progress in this area will dominate this discussion In 
addition we report the first; results combining laser ionization with a NICOLET HMS-luuu 
prototype spectrometer recently put into operation in our laboratory and discuss some ot tne 
advantages of this approach. . . . ^. u „,-, , 

The goal of this research is to identify trends in reactivity i.e. reaction mechanisms 
useful in interpreting the chemical ionization spectra of unknown compounds and to test for 
for the the functional group selectivity of various metal ions. Our first detailed study 
was on Cu+ which was observed to display definite patterns of reactivity for different 
classes of oxygenated compounds. Dissociative attachment reactions of Cu'̂  with esters,tor 
example, occur in which the ester is cleaved either to alcohols and ketenes or to carboxylic 
acids and alkenes. The reaction pathway was shown to be strongly influenced by the 
thermodynamics of the dissociation channels o f the free ester. The products react further 
with the substrate ester by ligand displacement. The reactions of Cu+ with methyl acetate 
and ethyl formate are typical. These reactions are illustrated in Figures la and lb which 
show schematically ion intensity at three arbitrary trapping times for Cu in the presence 
of methyl acetate and ethyl formate, respectively. The variation in the spectra demonstrates 
clearly the "tunability" afforded by varying the trapping times in the ICR, as well as the 
type of information available by Cu+ chemical ionization. The spectra are simple, with the 
pseudo molecular ions for the isomers(both at M/z 137) dominating at long times. These 
isoraers are readily distinguished and identified by the characteristic dissociative 

(a CH3CO2CH3 

Cu" 

H/Z 63 

Cu" 

M/z 63 . Cu(CH-CO)" ^ 
Cu(CH30H)" „^^ ^(j5Cu(CH3C03CH3) 

M/z 95 y M/z 137 

1 ^ ^1 
Cu(CH3C02CH3)+ ' 

M/z 137 

(b) HCO2C2H5 

Cu" 

M/z 63 

Cu" '^"'"'^°2" 

M / ^ " cu(C2H4)" "^'^ 

M/z 91 

1 

)" 
09 

Cu(HC02C2H5)" 

M/z 137 

1 

Cu(HC02C2H5)" 

Figure 1. Ion intensity at three arbitrary trapping times for Cu'̂  in the presence of (a) 
methyl acetate and (b) ethyl formate. Time increases from top to bottom. 
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attachment products at intermediate times. 

If a particular metal ion is not sufficient for sample identification, one can readily 
take advantage.of a series of different metal ion chemical ionization spectra. Table I 
illustrates this point by showing what we have termed a periodic reactivity plot for 
2-butanone. The periodic reactivity plot is a "fingerprint" or "computer punch card" for a 
particular species which, if matched, identifies its presence in the spectrometer. The 
widely differing reactivities shown in Table I are striking. Al'*' does not undergo any 
dissociative reactions with the 2-butanone. The strength of the Ti-0 bond is evident in that 
TiO is the only reaction product observed when Ti"*" reacts with the butanone. ̂ Interestingly, 

and suggests 
acts similarly 
than V'*', and 

so forth. 

the reactivity of TiO+ is observed to be completely different than thatof Ti"'' 
that these reagent ions may be further tailored for specific needs. The V reac 
to Ti"*", forming VO'*' exclusively and again VO''"- is observed to react differently 

Table I. Periodic Reactivity Plot for 2-Butanone 

for the process: 

0 

M". A/^ 
0 

M(M" [̂^̂^ 1 Product ions 

M " = Al" Ti" Tio" v" Vo" Co" Fe" Cu" 

Mass Loss ' 

2 ' • • • X • X 

16 X • , X , . 

18• ' X X 

28 X X X X 

44 X X X ' 

54 X 

56 X X 

These studies are greatly facilitated by our new NICOLET Fourier transform instrument. 
Fourier transforra ion cyclotron resonance (FT-ICR) spectroscopy, also called Fourier 
transform mass spectrometry or FTMS, is a new method for conducting ICR experiments which 
was first demonstrated by Comisarow in 1974. The method involves the simultaneous 
excitation of the entire frequency domain ICR spectrum, sarapling the resultant transient 
response of the system, and numerical Fourier transformation to obtain the ICR frequency 
or, mass spectrum. This holds several key advantages for the laser ionization experiment. 
A complete mass spectrum may be obtained rapidly from one laser pulse as demonstrated 
by Figure 2. Several thousand laser shots would norraally be required to obtain a similar 
spectrum using a conventional ICR. Thus, a smaller sample may be studied or,alternatively, 
less laser damage is sustained.by the sample or target. In addition, because the entire 
mass spectrum is obtained from each laser'shot, the FT experiment is far less susceptible 
to problems arising from pulse to pulse variations of the laser signal and signal averaging 
may readily beaccomplished. Two other major advantages of the FT instrument are the 
increased mass range-and resolution. To date using a magnetic field of 9kG, for example, 
we have been able to identify ion-molecule product peaks as high as M/z 1100 and have 
achieved a resolution of about 200,000 at M/z 100. 

As a final demonstration of the laser ionization-FTMS technique, some results are 
presented frora a study we have initiated on the-cluster chemistry of the transition raetal 
carbonyls. Beaucharap et.al. have .shown,that the primary ions from FeCOj undergo sequential 
clustering reactions to-produce multi-metal species with various numbers of carbonyls 
attached. In particular Fe''' is observed to react with FeCOs to produce Fe2C04'^ which 
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subsequently produces Fe3C07 , Fe3C08 , and eventually Fe^COig • What effect would, for 
example,Cu''' have on this cluster cheraistry? The data in Figure 3 answer this question. 
Figure 3a shows the trapped ion spectrum arising from electron impact on FeCOs. Fe and 
the cluster ions which arise from its subsequent reactions are labeled. Figure 3b shows 
the Cu"'" chemical ionization spectrum of FeC05 under otherwise similar conditions. With the 
exception of CuFeCOa"'", whose analog Fe2C03"^ was not reported by the Beauchamp group, the 
cluster chemistry of the mixed Cu-Fe species looks remarkably similar to the pure Fe 
analogs. Further work is underway in this area varying both the metal ion reagent as well 
as the metal carbonyl. Of particular interest will be the effect of mixed metal clusters 
on ligand exchange reactions. 

1. R.B.Cody, R.C.Burnier, W.D.Reents, Jr., T.J.Carlin, D.A.Mcrery, R.K.Lengel, and B.S. 
Preiser, Int. J. Mass Spec. Ion Phys., 33> 37 (1980). 

2. R.C.Burnier, G.D.Byrd, and B.S.Preiser, Anal. Chem., 52̂ , 1641 (1980). 

3. M.B.Comisarow in "Transform Techniques in Chemistry"; P.R.Griffiths, Ed.; Plenum 
Press, New York, 1978, p.282. . . . - , -

4. M.S.Foster and J.L.Beaucharap, J. Ara. Chem. Soc,97. 4808 (1975). 
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SECONDARY ION MASS SPECTRA OF SOME PROTECTED OLIGONUCLEOTIDES. W. ENS and K.G. 
Standing, Physics Department, University of Manitoba; J.B. WESTMORE, Chemistry Departraent, 
University of Manitoba, Winnipeg, Canada R3T 2N2, and K.K. OGILVIE, Chemistry Departraent, 
McGill University, Montreal, Canada H3A 2K6. 

Fully protected oligonucleotides synthesized at McGill by the phosphite trlester method 
(1) have been examined in the Manitoba time-of-flight mass spectrometer (2). We have studied 
in some detail protected ribo-dinucleotides with uracil and adenine bases; mass speccra of 
ten such compounds, with various permutations of bases and protecting groups, have been 
obtained. In addition we have made preliminary measurements on one trinucleotide and one 
tetranucleotide. 

Samples were electrosprayed frora a methanol solution onto aluminized polyester film. 
The target was bombarded by a pulsed beam of CG"*" ions of energy 5 keV to 30 keV. Secondary 
ions emitted from the target were accelerated across 10 kV and detected by a chevron micro-
channel electron raultiplier at the end of a 1.6 m flight tube. 

Some of the compounds studied have also been examined by fission fragment bombardment 
(3-5), yielding mass spectra very similar to ours. This is consistent with results obtained 
by direct comparison of the two techniques for various biomolecules (6,7). 

® 
73 

SitOCH, -.A 

>^- 0 
6BJ.I (-) O = , J , _ O 4 T C E 

0-^CH, . ' - ' , , , 
706.1 (-1 .• v i - O O ' , III 
Aii.'? (-n / \ i y 

SitO OSit 

3 5 

CE" 

S i t * 
' p ( A + 2 H ) * 

136 

I / 343 
. . . I . J . . . t 

(M+H) 

1163 M 

PO, 

POj 
6 3 

I I I 

MMT = CH30CgH^(CgH3)2C 

TCE = CCiL.CH, 

Bz = C,H,CD 
0 J 

LUi 

A 
134 (M+ C£) 

663 '°?^ 1198 
* * 4 

Fig. 1 - Positive and negative ion tirae-of-flight spectra of a protected ribonucleotide 
(mol. wt. = 1161.9). 

The positive ion and negative lon mass spectra of one of the protected dinucleotides 
are shown in Fig. 1 and 2. These spectra contain several useful features: 

1. Ions characteristic of the intact raolecule, from which the molecular weight can be 
deduced (i.e. [M + H]+, together with [M + Na]'*' In some spectra, M" and/or [M - H]~, and 
[M + Cl] . _j_ • _ 

2. Ions characteristic of protecting groups present (i.e. [Sil] and [M - TCE] ). 
3. Ions characteristic-of the bases present (i.e. [A + 2H]+, U~, A~). 
h. Ions characteristic of the base sequence, which result frora fission of internucleo-

tide bonds between C and 0 and which yield positive carboniura ions and/or negative phosphate 
ions. 

Ions which decompose after acceleration yield fragments which continue on to the 
detector with velocities unchanged except for a small contribution arising from the kinetic 
energy release in the decomposition. Such decompositions can be detected by recording the 
arrival of neutral products at the detector, when all charged ions are removed by deflecting 
electrodes located approximately one-third of the distance along the flight tube. Such 
time-of-flight spectra of "metastable ions" (lifetimes - 0.1 - 10 us) are also shown in 
Fig. 2. 

The data collected in Table 1 illustrate the good agreement between observed ion masses 
and calculated masses (chemical atomic weights) for a few representative ions of four of the 
dinucleotides studied. The spectra of the trinucleotide and the tetranucleotide show 
similar properties; quasi-raolecular ions are clearly visible at mass ~ 2100 u. 
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Fig. 2 - Top: Expansion of the high mass regions o£ che spectra- shown in Fig. 1. 
Bottom: Time-of-flight spectra of neutral fragments from decomposition of ions in the first 
"̂ 50.cm of flight path. 

TABLE 1. MMTO MMTO 

/Z. 
Si P.O 

/ 
HO 

1—r 
obs (calc) 

(M + Na)""" 1304 (1303.7) 
(M -l-.H)+ 1281 (1281.7) 
(M - t̂ .Bu)-̂  1224 (1223:6) 

1 (+) . 614 (613.8) 
4 (+) 440 (439.6) 

TCEO-P=0 
I 
0 

SliO OSiJ 

obs (calc) 

1320 (1319.9) 
1297 (1297.7) 
1240 (1239.8) 
456 (455.7) 
456 (455.7) 

TCEO-P=0 
. I 
0 

z 
siJ.o osm 

obs (calc) 

1162 (1161.8) 
1140 (1139.8) 
1082 (1081.7) 
,456 (455.7) 
456 (455.7) 

TCEO-P=0 

I 
0 
/ 1 1̂ " 
SilO OSlf, 

obs (calc) 

1175 (1174.7) 
1152 (1152.7) 
1094 (1094.6) 
456 (455.7) 
456 (455.7) 

(M + Cl) 
(M - H)-
(M - TCE)" 
.2 (-) 
3 (-) 

REFERENCES 

1317 (1316.2) 
1280 (1279.7) 
1149 (1148.3) 
667 (666.9) 
. 841 (841.2) 

1333 (1332.4) 
1297 (1295.9)-
1164 (1164.5) 
683 (683.1) 
.841 (841.2) 

1174 (1174.3) 
1138 (1137.8) 
1006 (1006.4) 
683 (683.1) 
683 (683.1) 

1188 (1187.2) 
1151 (1150.7) 
1020 (1019.3) 
683 (683.1) 

(696.0) 
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IDENTIFICATION OF MODIFIED BASES AND NUCLEOSIDES FROM ALKYLATED NUCLEIC ACIDS BY 
CHROMATOGRAPHY/SECONDARY ION MASS SPECTROMETRY AND MASS SPECTROMETRY/MASS SPECTROMETRY 

S.E. UNGER, D.V. DAVIS, AND R.G. COOKS, CHEMISTRY DEPARTMENT, PURDUE UNIVERSITY, WEST 
LAFAYETTE, IN 47907 AND C.-J. CHANG, J. GOMES, AND D. ASHWORTH. DEPARTMENT OF MEDICINAL • 
CHEMISTRY AND PHARMACOGNOSY, PURDUE UNIVERSITY, WEST LAFAYETTE, IN 47907 

Modified nucleosides of both DNA and RNA are identified with high sensitivity and 
without thermal decomposition by secondary ion mass spectrometry (SIMS) and laser 
desorption (LD) mass spectrometry. Desorption ionization methods such as SIMS or LDMS 
which sample directly from the solid phase obviate ambiguities inherient in direct 
probe pyrolysis experiments. In conjunction with prior chromatographic separation (1) 
or two stages of analysis, ms/ms.(2), these ionization methods are particularly useful 
in characterizing modified nucleosides from mixtures. 

SIMS AND LD/MIKE spectra of alkylated nucleosides generated by reaction of methyl 
methanesulfonate with various nucleosides are presented. The intact cation, as well as 
intense signals due to the modified base, are seen in the SIMS spectra of 7-methyl-
guanosine (Figure 1), 1-methyl-2'-deoxyadenosine, 7-methyl-2'-deoxyguanosine, 3-methyl-
cytidine (Figure 2 ) , and 3-methyl-2'-deoxycytidine. Enhanced sensitivity for alkylated 
nucleosides is observed when the analyte exists as a preformed ion (salt). 

Analyses of |n2ymatically degraded, methylated polycytidylic acid using an internal 
standard (see.126 /129 ratio in Figure 3) has determined the extent of modification with 
both precision and accuracy, as confirmed by nmr and HPLC measurements (3). 
Quantitation may also be performed with a compound similar to the analyte, such as the 
use of 50 ng of ['^H--methyl]-7-methyl-2'-deoxyguanosine to quantitate 400 ng of 
7-methylguanosine. Detection limits approach 1 ng, while quantitation is accurate with 
as little as 10-50 ng of the alkylated nucleoside. ^ 

LD/MIKE spectra of the methylated base fragment ion from 7-methylguanosine (166 ) , 
1-methyladenosine (150''"), and 3-methylcytidine (126 ) provide structural information 
which distinguishes isomeric forms. The LD/MIKE spectrum of the 150 ion generated from 
1-methyladenosine by laser desorption (Figure 4) matches that obtained by pyrolysis 
(4), while the dissociation spectrum of the 166 ion from 7-methylguanosine obtained by 
laser desorption (Figure 5) shows characteristic fragment ions expected from the 7-methyl-
guanine cation (5). , • • ' 

1. Benninghoven, A., Eicke, A.', Junack, M., Sichtermann, W., Crizek, J., Peters, H., 
Org. Mass Spectrom. 1980, 15, 459. 

2. Zakett, D., Schoen, A.E., Cooks, R.G., Hemberger, P.H., J. Am. Chem. Soc. 1981, 
103, 1295. 

3. SsFworth, D.J., Chang, C.-J., Unger, S.E., Cooks, R.G., 0. Org. Chem., submitted. 
4. Schoen, A.E., Cooks, R.G., Wiebers, J.C, Science 1979, 203, 1249. 
5. Unger, S.E., Schoen, A.E., Cooks, R.G., Ashworth, D.J., Gomes, J.D., Chang, C-O., 

J. Org. Chem., submitted. 
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APPLICATION OF THE ION-DRIFT SPECTROMETER -
TO MACROMASS SPECTROMETRY. III. FINAL 
REPORT AND CONCLUSIONS . 

K. Nakamae, Vij'ay Kumar and Malcolm Dole 
Department of Chemistry, Baylor University 

Waco, Texas 76798 
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We conclude that accurate molecular weights of macromolecules cannot 
be measured,with the PC. 
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INTENSE MOLECULAR IONS FROM LABILE AND POLAR COMPOUNDS BY ION EVAPORATION; J.V. Iribarne 
and P.J. Dziedzic, Dept. of Physics, University of Toronto, Toronto, Ontario; and 
B.A. Thomson; SCIEX INC., 55 Glencameron Rd., Thornhill, Ontario, Canada. L3T 1P2 

Introduction and Experimental 

A variety of approaches to the analysis of labile and polar compounds by mass spectro
metry have been reported in the literature in the past few years. The presence of a 
molecular ion in the spectrum is necessary to provide molecular weight information, while 
some fragments are required in order to provide structural information and aid in compound 
identification. Most ionization techniques provide too much of one and not enough of the 
other for satisfactory performance as an analytical technique. The recent advent of tandem 
mass spectrometry (MS/MS), however, seems to provide the potential for.the desirable combi
nation of a "soft" ionization technique which produces only molecular or quasi-molecular 
ions, with electronically controllable fragmentation of the molecular ion independent of 
the ionization process. In addition, MS/MS combined with a "soft" ionization process 
provides in many cases the ability to analyze mixtures directly without chromatographic 
preseparation of the components. . ' 

This paper reports on recent results obtained with the technique of .ion evaporation 
(1,2). An ion evaporation source has been coupled with a TAGA" 6000 triple quadrupole 
system, and several types of labile and polar species examined. In ion evaporation, 
charged aqueous droplets containing the dissolved material to be analyzed (generally in a 
dissociated or ionized form in the liquid) is sprayed into the air at atmospheric pressure. 
As the droplets evaporate, single ions clustered with a few solvent molecules are emitted 
into the air from the surface of each drop. The ion's are drawn by an electric field from 
the region of evaporating spray, and are sampled into the mass spectrometer system through . 
the vacuum orifice of- the TAGA". The system operates by continuous liquid feed from a pump 
into the sprayer.- Sample changeover is easily accomplished by changing the reservoir from 
which the liquid is withdrawn. The system appears to have the potential, of being linked to 
a liquid chromatograph to provide continuous LC/MS analysis of ions, simply by feeding the 
column effluent directly into the sprayer. 

As the ions pass into the vacuum chamber, the clustered solvent molecules are coUisio
nally stripped, from the ion of interest. This declustering can be controlled to provide 
some fragmentation of the ion if desired. The mass spectra which are. observed, however, 
suggest that the ion evaporation process produces exclusively molecular ions which are the 
same ions present in the liquid solution. Compounds which have basic functions are 
generally observed in the positive ion mode as the protonated molecule. Compounds which 
have acidic hydrogens areobserved as the deprotonated ion-which is present in the liquid. 
Optimum conditions'are generally achieved by adjusting the pH of the. liquid to provide the 
maximum degree of ionization in the solution. Compounds which have both acidic and basic 
functions (amino acids-, for example) can be detected as either positive or negative ions by 
changing the pH. In addition, certain compounds (sugars, for example) can be detected as 
neutrals clustered to sodium, by adding Nal into the liquid before it is sprayed. Inorgan
ic monovalent ions are'also readily detected if present in the solution. 

Results - ' . 

The analytic potential of the technique is still being explored. A wide variety of 
compounds have so far been detected; alkaloids, amino acids, sugars, inorganic ions, 
nucleosides, nucleotides, catecholamines, sulfonic acids, organic acids and quaternary 
ammonium salts. Although the sensitivity observed has varied from compound to compound, a 
detectability in the low parts-per-billion. (w/w) has been achieved for .some. The following 
spectra show examples of the mass spectra of ions from the ion evaporation source, as well 
as CID (collision induced dissociation) spectra of selected parent ions. In most cases,-
only the molecular ion is observed in the mass spectrum (other peaks present are usually 
due to impurities in the water or in the formulation analyzed); some spectra, however, show 
small fragments-generated in the declustering region. 

Conclusion 

Ion evaporation appears to provide a.simple and sensitive means 01" analyzing a variety 
of labile arid polar species with a mass spectrometer. In combination with an MS/MS system, 
it provides an attractive combination of molecular weight and structural information. 

519. 



• 

OOOAMINE 1 

t r " ;;•. ;•, .̂v -v - i 

BEnOIONIN 

H 

- l l 1 II t i n J 

NOHEPlNEPHniME 

Y 
t... I I . . . l l - l l 

a 
AWIINIKE 

^ ^ » < . , . , o . , i . | . , i ™ , 

, , . 

XL 
Figure 1 
mass spec 
serotonin 
the proto 
or in the 
spectrum 

Single quadrupole positive ion 
trum of solutions of dopamine, 
and norepinephrine. In each case 

mated molecular ion-is the dominant 
latter case, a major) ion in the 

Figure 3.. a) Positive ion mass spectrum of 
arginine hydrochloride solution; b) daughter 
on spectrum of the protonated parent ion at 
m/z=175. 

^ ADEMOGINE IHIPMOSPH*TE CMSOOIUW SALT 

- - r ^ ' 

ja_ 
Figure 2. Negative ion mass spectrum of 
ions from a solution of adenosine 
triphosphate d-jsodium. salt. The peak at 
apparent mass 252.5 is the doubly charged ion 
of mass 505 while the peak at m/z=528 is the 
singly dissociated species, and the peak at 
m/z=506 is the singly charged species with 
one proton substituted in place of a sodium. 
Other peaks are related contaminants. . 

Figure 4. Single quadrupole positive ion 
spectrum ofguanosine. .solution at pH=3. The 
ion at m/z=284 is the protonated guanosine 
molecule. The other mass peaks are 
contaminants in the solution. 

T' 
COOH NH-

Figure 5. a) Negative ion mass spectrum of creatine, showing the parent anion (M-H) 
m/z=130; b) Positive ion mass spectrum of creatine, showing the parent cation MH-̂  at 
m/z=132. 

at 

520 



ELECTRON lONIZATION-FLASH DESORPTION MASS SPECTROMETRY 

USING ELECTRO-OPTICAL ION DETECTION 

T.D. Lee, W.R. Anderson, Jr., and G.D, Daves, Jr. 
Departraent of Chemistry and Biochemical Sciences 
Oregon Graduate Center, Beaverton, Oregon 97006 

H.G! Boettger and C.E. Giffin 
Jet Propulsion Laboratories 
Pasadena, California 91103 

The utilization of electro-optical ion detection^ in electron ionization-
flash desorption mass spectrometry^'^ is advantageous in at least two respects. 
The greater sensitivity of this ion detection system as compared with photo
plate detection ('̂-10̂) permits a corresponding reduction in the amounts of 
material required to record a spectrum. Also, the increased sensitivity of 
ion detection has permitted the recording of El-flash desorption mass spectra 
of many molecules for which earlier attempts using photoplate detection were 
unsuccessful. For example, using photoplate detection we succeeded in re
cording El-flash desorption mass spectra of disaccharides'* and of one tri
saccharide. Using the more sensitive electro-optical ion detector, spectra 
of the tetrasaccharide stachyose and of a-cyclodextran (Figure 1) were recorded 
readily. Similarly, El-flash desorption of a series of nickel(Il)-amlno acid 
complexes yielded spectra containing cluster ions at m/z values in excess of 
1000 (e.g. Ni^ -valine. Fig. 2) in contrast to earlier experiences using 
photoplate detection which exhibited only low mass ions. 

A second advantage of che electro-optical detection system is its computer 
compatibility which permits more convenient operation and increased numbers 
of analyses. 
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IONIZATION PROCESSES IN LASER DESORPTION 

R. J, Day and D. M. Hercules 
Department of Chemistry 
University of Pittsburgh 
Pittsburgh, PA 15260 

The application of laser desorption to mass spectrometry is rapidly expanding. 
Although the technique can be used with virtually any raass analyzer, an instrument 
with a time of flight spectrometer is commercially available. It focuses the output 
of a Q-switched, frequency quadrupled Nd-YAG laser onto the sample, the TOF timing 
circuitry being triggered by the laser pulse. Thus, a mass spectrum is obtained for 
each firing of the laser. 

Because LD mass spectra appear to be Invariant for different wavelengths and 
laser pulse widths, the process is thought to be thermal. The emission of cationized 
molecules is consistent with this hypothesis. •'• »̂  The fact that other mechanisms are 
operative is supported by the observation of (M-HC1)~* ions for safranin 0, a 
quaternary ammonium salt (Figure 1). The results are best explained by dissociative 
electron attachment to desorbed salt molecules with HCl loss. Radical anion emission 
dominates the negative ion LD mass spectrum of bianthrone, as well (Figure 2). The 
base peak corresponds to (M-H2)~'. 

LD raass spectra have been obtained for a series of conjugated and unconjugated 
bile acids. Both positive and negative ion raass spectra are characterized by the 
presence of quasi-molecular ions and the absence of fragment species. The observation 
of CnHm"'"'" ions at low mass suggests that some pyrolysis of the sample also occurs 
as a result of pulsed laser irradiation. 

In several cases, (M+H) has been observed In LD mass spectra of acids. This is 
unusual in that LD normally generates cationized species. For example, a protonated 
molecule was detected for glycocholic acid (Figure 3), whereas Cotter^ reported only 
(M+Na)"*" for LD of this compound. It Is interesting that (M+H)"̂  was only apparent in 
spectra obtained from crystals of the solid. "When a thin film of glycocholic acid 
was evaporated frora solution onto the sample support, only cationized species were 
detected. These results suggest that under sorae conditions of sample morphology, a 
region of local high pressure is generated in the laser focus and that proton 
transfer processes take place in this zone. 

Detection of molecular clusters gives added support to this hypothesis. For 
example, nicotinamide gave abundant cationic and anionic dimers and trimers upon laser 
irradiation (Figure 4). 

1. Cotter, R. J. Anal. Chem. 1981. 53, 719-720. 

2. Stoll, R.; RBllgen, F. W. Org. Mass Spectrom. 1981, 16, 72-75. 
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The- Determination of Molecular Weight Distributions of 
Polyglycol Oligomers by Field Desorption-Mass Spectrometry 

Robert P. Lattimer 
The BF(3oodrich Research & Development Center . 
9921 Brecksville Rd,. Breaks vi lie , Ohio 44141 

and 

Gordon E. Hansen 
Middle Atlantic Mass Spectrometry Laboratory 
The Johns Hopkins University School of Medicine 
725 North -Wolfe Street, Baltimore, Maryland 21205 

Field desorption mass spectrometry (FDMS) has been shown to be a 
method of choice for determining molecular weights of nonvolatile and 
higher molecular weight chemicals. Numerous reports from several labor
atories have shown that FDMS can be used to obtain good qualitative distri
butions of oligomers for low molecular weight polymers. We have reported 
the use of FDMS to determine accurate molecular weight averages (M̂ , and M̂ ,) 
for a series of low molecular weight polystyrene standards.' It was found 
that FDMS derived molecular weight parameters compared favorably to values 
obtained by conventional techniques (vapor pressure osmometry, iritrinsic 
viscosity, kinetic data and gel permeation chromatography). 

Polystyrene is a relatively stable polymer in mass spectral analysis 
and has been used in a number of higher mass studies. More polar, less 
volatile polymers are generally more troublesome to analyze by mass spec
trometry. One general class of polar polymers of commercial importance is 
the hydroxy-terminated polyglycols. In order to assess the applicability 
of FDMS to direct analysis and molecular weight characterization of this 
general class of polymers, we have studied several commercially available 
glycol polymers. These include poly(propylene glycol) (PPG, manufactured 
by Waters Associates), poly(ethylene glycol) (PEG, J. T. Baker), and 
poly(tetrahydrofuran) (PTHF , Polymer Laboratories). 

FD mass spectra of PPG have recently been studied in detail.^ Several 
low molecular weight PPG batches yielded major peaks corresponding to MH"*" 
ions (or MNa"̂  ions if sodium iodide, were added to the sample) . Strong ions 
corresponding to fragmentation of the polymer chains were also observed; the 
mechanisms of' fragment ion formation were considered.^ FD mass spectra of 
several PPG and PEG samples (including copolymers) have been reported in 
another recent article. Both MH+ and MNa ions were observed along with 
numerous fragment ions. PEG has recently been analyzed by electrohydrody
namic ionization mass spectrometry (EHMS).* The PEG polymers were dissolved 
in glycerol with Nal added to the solution. Sodium attachment^ ions ̂ MNa"*") 
were observed by EHMS, and these ions were used to determine M^ and M̂ ,. 
Mfj values agreed well with values obtained by end group titration.'' 

In this report we describe the.FDMS analysis of three types of poly
glycol oligomers - PPG, PEG, and PTHF: 

CH, 
/ ' \ PPG 

„0 .^CH-CH2-04 ;^H ™,.„,..58n-H8 

H0-(-CH2-CH2-0-)j^H S „ l . = 44n + I8, 

PTHF 
H0-(-CHp-CHo-CHp-CH2-0 4 -H , * 70 J. ,Q 

^ ^ ^ ^ ^ . 'n mol. wt. = 72n + 18 
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Using either protonated (t'IH+) or .cation attachment (MNa+) ions, we have 
determined average molecular weight parameters (M̂ ^ and M̂ ,) for' several low 
molecular weight batches of these polymers (Table I). The methods of 
calculation are essentially identical to those described previously for 
polystyrene. Despite the fact that these polymers are thermally and 
structurally fragile, good agreement was found between the FDMS derived 
parameters and those determined by classical methods. It thus appears that 
FDMS has considerable potential for making average molecular weight deter
minations for a large number of oligomeric systems. 

R.P. Lattimer, D.J. Harmon, and G.E. Hansen, 

P.G. Cullis, and P.J, Derrick, 

Anal. Chem.. 52, 1808 (1980). 

Z. Naturforsch., 35A, G.M. Neumann 

1090 (1980). 

J. Saito, S', Toda, and S. Tanaka, Shitsuryo Bunseki, 28, 175 (1980). 

S.-T. F, Lai, K. W. Chan, and K. D. Cook, Macromolecules, n , 953 (1980). 

Table I 

FDMS Molecular Weight Averages for Polyglycols. 

Polymer Data Source îi ^ ^/•^ 

PEG 400 
(Baker) 

PEG 600 
(Baker) 

PEG 1000 
(Baker) 

PEG 1540 
(Baker) 

PPG 41993 
(Waters) 

PPG 41994 
(Waters) 

PPG 41985 
(Waters) 

PTHF 1000 
(PL) 

Titration^ 
.EHMSa 
FDMS" 

Titration^ 
EHMS? 
FDMS"̂  

Titration^ 
EHMS^ 
FDMS° 

Titration^ 
EHMS^ 
. FDMS^ . 

Waters'= 
FDMS° 
Fms° 
Waters'= 
FDMS° • 
.FDMS° 

Waters'^ 
FDMS^ . 

FDMS° 

406 
406 
444 

605 
572 
601 

1041 
962 
1010 

1396 
1365 
1360 

790 
805 
819 

1220 
1240 
1190 

2020 
1930 

1050 
1110 

428 -
464 

607 
632 

1007 
1040. 

1397 
1400 

835 
855 • 

1280 
1220 

1980 

1208 
1220 

1.05 
1.05 

1.06 
1.05 

1.05 
1.03 

1.02 
• 1.03 

= 1.05 
1.04 
1.04 

= 1.03 
1.03 
1.03 

= 1.02 
1.03 

1.15 
1.10 

End-group titration and electrohydrodynamic ionization mass.spectrometry 
data from Reference 4. 

Data from MNa+ ion intensities (FD/NaCl/MeOH); Varian MAT 311A 
(The BFGoodrich Co.). 

Data from Waters Associates data sheet. 

Data from MH+ ion intensities (FD/THF); Varian MAT 311A 
(The BFGoodrich Co.). 

Data from MNa+ ion intensities (FD/NaCl/MeOH); Kratos MS-50 
(The Johns Hopkins University). 

Data from Polymer Laboratories data sheet. 
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ENHANCEMENT OF FIELD DESORPTION MASS 

SPECTRA OF ALKALI METAL SALTS BY POLYHYDROXYL ADDITIVES; 
GORDON-W. WOOD and WINGFUNG SUN; Dept. of Chem., Unlv. of 
Windsor, Windsor, Ontario, Canada N9B 3P4. 

FIWS of alkali netal sal-ts' are characterized by fluctuating 
ion current, h i ^ anode temperature, abundant metal ions, 
and low abundance of structurally significant organic ions. 
Ftor example, sodium acetate' has been found to yield Na^ as 
base peak, along with lesser amounts of clusters Na"*" . •' 
x(NaOAc) . As part of a continuing study of matrix effects 
on the FD process, we have now found'that pentaerythritol 
(1) and cis-inositol (2) cause a narked improvement in a 
variety of such spectra. Results will be presented for 
sodium acetate; sodium propionate; anthraquinorie-2-sulfonic 
acid, sodium salt; anthraquincine-2,6-sulfonic acid, 
disodium salt; and fluorescein, sodium salt; aixong others. 

CH2OH 

\xo^ )C^i \ 
o 

X 

( 1 ) 

Cv. 
V'a ' ^ 

(2) 
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FIELD DESORPTION MASS SPECTROMETRY AND FAST ATOM BOMBARDMENT MASS SPECTROMETRY IN 
STRUCTURAL STUDIES OF HIGH MASS OLIGOSACCHARIDES (^^4000 DALTONS) 

A.L. Burlingame,1 C.E. Ballou,^ and A. Dell^ 
^Biomedical Mass Spectrometry Resource, University of California, Berkeley and 

San Francisco, CA 94720; ^Dept. of Biochemistry, University of California, Berkeley, 
3 Dept. of Biochemistry, Imperial College, London, England SW7 2AZ 

Field desorption techniques have been developed in our laboratories in order to 
obtain mass spectral information directly on underivatized, labile (chemically and/or 
thermally) biological substances. We have recently demonstrated the feasibility and 
considerable merits of these techniques for molecular weight determination and struc
tural characterization of a series of mycobacterial methylmannose polysaccharides in 
the mass range up to 2500 daltons (1,2). In this paper, we explore the potential 
of FDMS for the examination of larger polysaccharides and we describe FD data which 
have resulted in the structure correction of a glycol ipid of molecular weight '•̂  3500 
daltons. Further, we present preliminary results using fast atom bombardment mass 
spectrometry (FAB MS) (3) which indicate that this new ionization technique shows 
promise for the .examination of intermediate .sized high mannose oligosaccharides of 
the type found in immunoglobulins. 

The FDMS of an unfractionated sample of methylmannose polysaccharides, a mixture 
of several homologues, is shown in Fig. 1. Fig lb shows major signals at m/z 1978, 
2154 and 2330 corresponding to the M -i- Na quasimolecular ions of oligosaccharides 
containing 11, 12 and 13 sugar units, respectively. At higher wire currents (Fig. la), 
the next homologue is observed at m/z 2606 (14 sugar units); note the tenfold increase 
in gain in Fig. la. 

Using a high-field magnet we have obtained molecular weight data on a lipopoly-
saccharide (code MGP) from mycobacteria (4) which has led to the structure revision 
of this molecule from an 18 sugar unit polymer of molecular weight 3176 to a 20 sugar 
unit polymer of molecular weight 3514. FDMS at 5.5 kV on the permethyl derivative of 
MGP yielded p of the type shown in Fig. 2. Signals.are obtained between m/z 4200-4250. 
The complexity of the spectrum is due to multiple undermethylation and cationization. 

We have obtained excellent FD data on high mannose oligosaccharides of the type 
ManxGlcNAcH2 where x = 8, 10 and 11, and FAB spectra on ManqGlcNAcH^. Intense quasi
molecular ions (M -f Na) are observed in the FD spectra of all these molecules. Frag
mentation, occurs sequentially from the nonreducing end of the molecules and is there
fore structurally uninformative. It is recommended that EIMS of permethyl derivatives 
be used to define the branch points of this type of molecule. The molecular ion 
regions of Man3GlcNAcH2 are shown.in Figs. 3 and 4. The FD M -i- H ion is present at 
1521 daltons and the M -̂  Na at 1543 -- the latter also showing loss of water at 1525 
daltons. Note the signal at 1585 daltons, possibly indicating an additional compo
nent containing a GlcNAc moiety instead of a Man moiety ('-f-42 amu). Both M -i- H and 
M -I- Na species are observed in the FAB spectrum. The mass assignment was obtained by 
counting the spectrum and this leads to the one mass unit difference in nominal mass 
compared with FD (FD calibrated with respect to a fluorinated reference compound). 

Acknowledgments. This work was supported by NIH Division of Research Resources 
Grant RR00719 and by the British Science and Medical Research Councils. 
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HIGH RESOLUTION-HIGH MASS BY FT-MS; 
SAHBA GHADERI, VERN BURGER, ROBERT SPENCER, JOHN 
MARRA, RICHARD HEIN, TERRY PETERSON; Nicolet Instrument 
Corporation, Madison, WI 53711 

In the Fourier transform mass spectrometer, (FT-MS), mass 
resolution is determined by the length of signal detection 
(observation time), unlike in a conventional mass spectrometer in 
vjhich mass resolution is dependant upon the width of the ion exit 
slits. Because in the FT-MS instrument ion formation and detection 
takes place in a trapping source, it is possible to detect aÛ  the ions 
present in the mass spectrometer source for a longer period of 
t ime. Furthermore, FT-MS is en ion frequency measurement device 
and ion cyclotron resonance frequency is dependant upon the 
magnetic field strength, so Lt is also possible to increase mass 
resolution using' a higher magnetic field. These factors result in 
ultra high resolution spectra achieved by the FT-MS instrument 
(higher than a good double focussing mass spectrometer). 

In order to obtain high resolution in conventional sector 
magnet spectrometers, it is necessary to reduce the slit width whioh 
results in lower sensitivity, and that puts a limit on high resolution 
experiments especially for high mass molecules which fragment 
easily under EI conditions. In FT-MS, however, all ions are detected 
and liigh resolution is obtained by increasing detection time which 
also results in higher sensitivity. 

These features of the FT-MS instrument plus others such as 
rapid data acquisition, signal averaging, use of a high field super 
conductive magnet, and also the chemical ionizing technique mal<e it 
an a t t ract ive tool for high resolution analysis of high molecular 
weight compounds. 

The ease of chemical ionization by FT-MS, especially t h e . 
possibility of self-CI (reagentless CI), is also important for 
identification of the molecules of high mass and for obtaining 
molecular weight information. In this presentation we demonstrate 
the capabilities of the first commercial FT-MS instrument for high 

..resolution analysis of high mass molecules. 
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THE INTERACTION OF HEAVY WATER CLUSTER IONS WITH NEUTRAL GASES 

H. Udseth, H. Zmora, R. J. Beuhler and L. Friedman . 

Chemistry Department,- Brookhaven National Laboratory, Upton, New York 11973 

A 2-m length time-of-flight mass spectrometer capable of analyzing dc ion signals was 

built and incorporated In interaction studies of water clusters with neutral gases. 

Water clusters ranging in size from m/e t, 100 to 15,000 were produced by expansion into 

vacuum of a water-saturated He or Ar beam through a 150 ym nozzle. The carr-fer gas was 

skimmed off from the beam by a skimmer, placed about 5 im from the nozzle.1 

A three-grid system and a high-power, fast rise-time pulser were used to chop the ion 

beam for a time-of-flight analysis. The grid nearest to the drift tube (the "stopper") is 

biased at a positive potential, sufficient to prevent any ions from passing through it when 

the high voltage is off. A pair of grids in front of it are driven by a high power pulser. 

The grid next to the stopper is pulsed positively to a voltage sufficient to drive the ions 

which have accumulated in the space between it and the stopper into the drift tube. At the 

same time, this pulse prevents any ions on the source side of the pulsed grid from entering 

the drift tube. The third grid served as a return path for the pulsed current. The mass 

resolution obtained with a surface ionization source was 150. Due to the initial higher 

ion energy and energy spread, the best mass resolution achieved with the water cluster 

source was about 50. 

The purpose of the experiment was to examine the cluster ion beam attenuation upon 

passage through a neutral scattering gas. For these experiments a collision cell and two 

pairs of xy deflection plates were added to the apparatus, between the ion source and the 

grid assembly. Two types of experiments were'carried out: (1) the mass spectrum of the 

fraction of the beam passing through the chamber was-recorded as a function of pressure, 

and (2) the total intensity of the transmitted beam (mass integrated) was recorded as a 

function of pressure. He, Ar, C3Fg and CgFg were used as target gases in the scattering 

chamber. The laboratory energy of the water clusters was varied from 10 to 2000 eV. 

The.average cluster size of the beam emerging from the scattering chamber was found 

to vary linearly with the gas pressure in the cell. An average mass degradation figure of 

about 45 1 15 amu/mtorr was found, independent of cluster size and energy, or the type of 

gas used. The results of the mass integrated attenuation measurements are summarized in 

Fig. 1. Plotted are the reduced attenuation cross sections (measured values divided by 

the cross-sectional area, assuming a spherical shape) as a function of center-of-mass 

energy. The measured cross sections show a transition from low values below a threshold 

center-of-mass energy of 2-3 eV, to a higher value above that energy. 

These results can be explained in terms of energy transfer from the target gas to the 

clusters, causing the latter to lose water molecules. It was found that, on the average, 

two water molecules are lost per collision. 
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Fig. 1. Summary of cross section measurements. 

This research was.carried out at Brookhaven National Laboratory under contract wi th the 
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A SENSITIVE AND SPECIFIC STABLE ISOTOPE ASSAY FOR WARFARIN AND ITS METABOLITES 

E. D. Bush, L. K. Low and W. F. Trager 
Department of Medicinal Chemistry', BG-20 

University of Washington 
Seattle, Washington 98195 

Although several assays for warfarin and its metabolites have been reported, none 
offered the sensitivity and specificity necessary for our metabolic studies of warfarin in 
man and rat. In particular, resolution and quantitation (in the range of 10-500 ng/ml) of 
warfarin, its diastereomerlc reduced alcoholic metabolites and its hydroxylated (6-,7-,8- or 
4'-0H) metabolites were required. In-addition since both deuterium and 13c are used, as 
stable isotope markers on the parent compound, an MS assay was required to differentiate 
between labeled and unlabeled drug or metabolites. Therefore, a capillary GC-MS method was 
developed in our laboratories that provided excellent resolution of the parent anticoagulant 
drug and all the metabolites listed above. Quantitation of warfarin and metabolites from 
plasma or microsomal incubations was achieved through the use of the corresponding'd5 labeled 
internal standards - (for all compounds except 4'-0H warfarin in which case a d̂  labeled stand
ard was utilized). 

Since warfarin .is commonly present in a large excess (100 to 1000 fold) in comparison 
to its metabolites in human plasma and rat liver microsomal incubates, an extraction scheme 
was employed which preferentially removed the parent drug. In addition to selectively 
(ca. 80%) removing warfarin, the extraction scheme also eliminated other lipophilic impuri
ties thus alleviating possible overloading of the capillary column. The extraction scherae 
for 1 ml of plasma or microsomal incubations was as follows: 

1. 600 iJl acetone-centrifuge and remove protein precipitate 

2. 200 yl 0.5M NaH^PO^; to pH/^ 5.8-6.0 

3. 3 X 2 ml extractions with cyclohexane to remove warfarin 

4. 2 X 2 ml extractions with ethyl ether-ethyl acetate (1:1) to recover the 
metabolites and the rest of the warfarin 

Treatment of the dried ethyl ether-ethyl acetate extracts with diazomethane provided 
the methyl ether derivatives (at the enolic C-4 OH and phenolic. OHs). After removal of 
excess diazomethane, N,0-bis (trimethyl silyl)-trifluoroacetamide (BSTFA, Pierce Chem. Co., 
Rockford, IL) was added to derivatize the warfarin alcohols and to serve as the Injection 
solvent. Analysis of the derivatized samples was performed in the SIM mode on a HP 5985 or 
a VG Micromass 7070H GC-MS fitted with a fused silica capillary GC solumn running directly 
into the source. 

Although several types of colurans from different manufacturers were utilized in the 
assay, the'best results were obtained using a chemically bonded DB-5 Cequiv. to SE-52) phase 
from J & W Scientific Co,, Rancho Cordova, CA [30 meter x 0,4 imn i.d. (wide bore); 0.25 y 
film thickness] GC-MS conditions were as follows: MS:EI mode, 70 ev, filament + 50-100 yA, 
source temp 2000C. GC:He carrier.gas, injection port temp. 250°C; column temp. 160°C 
isothermal for 1-2 min, then increased at a rate of 30°C/min to 250°C; GC-MS interface temp. 
240-250'̂ C. All injections.were made in splitless mode with a vent delay of 30 sec. Stand
ard curves'were determined as{functions of the base ion chromatographic peak height and/or 
area ratios vs. ratio of ng sample compound/ng d̂  or d^ internal standard. In our microsomal 
studies, the standard curves covered a 100 fold change in the ratio of -metabolite to internal 
standard which is in the range of values expected for in vitro metabolism of warfarin. 
Typical standard curves for hydroxylated warfarin metabolites are represented by a family of 
linear regression lines having the slope, intercepts and correlation coefficients shown in 
Table I. . ^ 
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slope ± S.D. 

y-intercept ± S.D. 

2 . 

4'-OH 

0.990 ± .006 

-0.019 i .022 

>0.999 

TABLE I 

6-OH -

0.996 ± .007 

-O.OIA ± .021 

0.996 

7-OH 

1.089 ±'.003 

-0.008 ± .013 

>0.999 

8-OH 

0.921 + .007 

-0.016 ± .023 

>0.999 

..The GC-MS. assay has a cycle time of less than 15 minutes j ig reproducible and is capable 
of detecting levels as low as 1 T.g/ml of warfarin metabolites in plasma. 

The GCTMS. method described above has been e'xtensively employed in our studies to 
investigate the mechanistic details of aroTnatic hydroxylation of warfarin in rat liver . 
microsomes and to evaluate changes in the stereoselective metabolism of the two enantiomers 
of warfarin induced by the concurrent, use of other drugs in man. A comparison of results -
using the present capillary GC-MS assay to results using a previous TLC assay in warfarin 
metabolism by rat liver microsomes is shown in Figure 1. 

1 5 
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Figure 1. Comparison of metabolite levels obtained using a 
-previous TLC assay vs. the GC-MS assay. Results -
are in nmoles.product/nmole P-450/min. from rat 
liver microsomes of uninduced animals (C). phen-
obarbitol induced animals (PB) ahd 6-napthoflavone 
induced animals (BNF). 
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METASTABLE ION MONITORING FOR THE MEASUREMENT OF A -TETR-\HYDR0CANNABIN0L IN PLASMA 

TO' THE LOW PICOGRAM LEVEL 

D.J. HARVEY, J.T.A. LEUSCHNER, W.D.M. PATON 

University Department of Pharmacology,' 
South Parks Road, 
Oxford, 0X1 3QT, U.K. ' 

9 9 

The plasma levels of A -tetrahydrocannabinol (A -THC, I ) , the raajor psychoactive princi
ple of marihuana, are typically in the middle to low nanogram/ml range during intoxication 
by the drug and rapidly fall to the picogram/ml range. Detection and quantitation of the 
drug in plasma is therefore difficult and even the most sensitive and selective methods, 
usually based on GC/MS or radioimmunoassay,-only allow the drug to be monitored for a few 
hours after administration^"^. Typical detection limits are in the range 0.1-1 ng/ml from 
plasma compared with a limit of about 1 pg which can be achieved by GC/MS with the pure 
compound as its trimethylsilyl (TMS) derivative. The difference is attributable tb co-
extracted lipid material which,•together with limiting sensitivity, usually necessitates a 
purification•stage between the extraction of the drug from plasma and its measurement by 
GC/MS. -

A^-THC, t [1- ,1",2",2"- H.lCBN, II-

Two methods ba 
metastable ion moni 
where contamination 
increasing the acce 
gives the daughter 
sufficient energy t 
mass. Ions of the 
will not be transmi 
responsible for the 
system is considera 
of A^-THC. 

sed.on mass spectrometry, high resolution selected ion monitoring and 
toring^, have recently been investigated to improve sensitivity in cases 

from similar compounds occurs. The metastable ion technique involves 
lerating voltage of a double focussing mass spectrometer to a value which 
ion from a metastable transition occurring in the first field free region 
o be transmitted through the system which is tuned to the daughter ion 
same mass fonned in other transitions will have different energies and 
tted through the electrostatic analyser. As these ions are largely 

interference causing poor detection limits, the sensitivity of the 
bly improved. This raethod was investigated for monitoring plasma levels 

Measurements were ma 
glass jet separator to a 
column packed with 3% SE-
flow rate, 30 ml/min; col 
temperatures,' 300°C, 280°' 
70 eV. The instrument wa 
derivative of A^-THC, wit 
700 to give flat top peak 
the metastable ion into fi 
sensitivity. Repeated in 
response with a detection 

de-with a VG Micromass 7070F mass spectrometer interfaced via a 
Varian 2400 gas chromatograph containing a 2 m x 2 ram (ID) glass 
30 on 100-120 mesh Gas Chrora Q. Operating conditions were: helium 

umn temperature, 220°; injector, separa tor and-ion source 
C and 260°C respectively; trap current, 1 mA; electron energy, 
s tuned to m/z 371, the mass of the" [M-CH3]''" ion from the:TMS 
h the accelerating voltage at 4 kV and the resolution set to about 

The accelerating voltage was then raised to 4.16 kV to bring 
ocus and the ion-source controls were optimised for maximum 
jections of A^-THC TMS ether into this system established a linear 
limit of 500 fg (2:1 S/N ratio). . 

The internal standard adopted for the assay was cannabinol labelled with four 
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deuterium atoms (II) to bring its mass up to that of THC. Its spectrum also contained a 
prominent metastable ion corresponding to M^—»[M-CH3] and it was sufficiently well-
separated from A^-THC on the SE-30 column to enable both compounds to be monitored on a 
single channel, Lee and Millard"' have demonstrated higher precision with this type of 
assay than with multiple ion monitoring. 

This gave a 70% 
recovery and reduced contamination by co-extracted lipids compared with the more commonly 
used 1.5% isoamyl alcohol:hexane. The solvent was doubly distilled and all glass-ware was 
silanized with dimethyldichlorosilane before use. Extracts were sufficiently clean to be 
examined by GC/MS without further purification although some residual contamination was 
still present. As the compounds producing the extra peaks appeared to be fatty acids, the 
sample was methylated with diazomethane prior to TMS ether formation with the result that 
the peaks disappeared leaving a clean background against which A"-THC could be measured to 
5 pg/ml. A -THC did not react with.diazomethane under these conditions. The calibration 
curve was.linear over the range tested (1 ,pg/ml - 5 pg/ml), and a complete assay could be 
performed in 1 hour. ' . 

g 
The assay was used to examine.the pharmacokinetics of A -THC in the female New Zealand 

white rabbit. Animals (2.5 kg) were treated intravenously (marginal ear vein) with the . 
drug in Tween 80 and isotonic saline either once, or daily for 8 days at doses of 1 and 
0.1 mg/kg. Serial blood samples were collected from the other ear into heperinized tubes 
starting immediately after the final dose. These were centrifuged, and the plasma was 
stored at -30°C until required for analysis. The internal standard in 1-2 yl of ethanol 
was added and the extractions and derivatization were performed in batches of 48 samples. . 
Following a single injection of 1 mg/ml, the drug could be monitored for 7 days. Multiple 
dosing caused accumulation of the drug in tissues and under the conditions used, the drug 
could still be measured 3 weeks after the last dose. 

9 
This method is 10-100 times more sensitive than existing methods for A -THC measure

ments in plasma and has the advantage that no purification step is required between the 
extraction and raeasurement. We hope to extend it to human studies where at present 
accurate pharmacokinetic data are lacking. Part of this work has been published in J. 
Chromatogr. , 202, 83 (1980).. 
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IDENTIFICATION AND SIMULTANEOUS QUANTITATION OF CODORPHONE AND FIVE OF ITS METABOLITES 
IN HUMAN URINE AS THEIR TMS OXIME, N-TMS, O-TMS DERIVATIVES VIA GC/MS 

James V. Evans, Richard J. Helms and Jerry L. Leeling 

Miles Laboratories, Inc., Elkhart, IN 46515 

During the development of the methodology for the analysis of codorphone (Ila) 
(an analgesic-narcotic antagonist drug under developmeint) and its metabolites (Ilb-h), 
certain structural features were present which created problems in the analysis that had not 
been addressed in previous investigations of morphine-like compounds. One such problem con
cerned the derivatization of the metabolites in con-junction with the drug. Although the 
drug did not require derivatization for analysis by gas chromatography.and mass spectrometry, 
a number of the metabolites did require such treatment. Specifically, the N-dealkylated 
metabolites (Ild-f) required blockage of the secondary nitrogen since the underivatized 
secondary amine behaved very poorly gas chromatographically. Moreover, a derivatization 
procedure was necessary which would accurately reflect the identity of the metabolites 
present in a biological mixture by enhancing the chromatographic and mass spectrometric 
properties. 

Under normal conditions, one would not expect codorphone to derivatize since there are 
no labile hydrogens present. When BSTFA in the presence of 1% TMCS and pyridine were intro
duced to the drug, however, two prominent peaks were produced. The identity of the two 
peaks was confirmed by mass spectrometry. The second peak to elute was the unchanged com
pound. The first peak to elute from the GC was identified as the TMS derivative of the enol 
form of the drug. Numerous attempts were made to obtain all as the enol form or all as the 
underivatized form. All of these attempts failed. 

To avoid this difficulty, a procedure reported by Sternowsky et al. some years ago in 
connection with the GC/MS analysis of«-keto acids was applied (1). They reported a proce
dure whereby the trimethylsilyloxime derivative was formed by a two step procedure. More 
importantly, they reported that an aliquot of the reaction mixture was injected directly 
into the GC with no adverse effects. 

This is essentially the approach that we took .in connection with the derivatization of 
codorphone and its metabolites. We modified the TMS oxime derivatization, however, to a one 
step procedure. In order to do this, we selectively silylated hydroxylamine with trimethyl
silylimidazole (to form trimethylsilyloxyamine) by combining TSIM, HONH2 and pyridine prior 
to introducing them to the compound to be derivatized. Introduction of this reagent com
bination formed the oxime at the 6-position. Due to the excess TSIM present, hydroxyl 
groups were also derivatized, but not the secondary nitrogen. To complete derivatization 
of the nitrogen, therefore, an aliquot of BSTFA was added. 

Oxime formation by this method occurred very rapidly with the majority of the compound 
derivatized in 15 to 20 minutes of moderate heating. Once combined, the reagent mixture was 
effective for derivatization for several months when stored in the cold. Most importantly, 
an aliquot of the reaction mixture was injected directly into the GC for analysis without 
the prior extraction necessary in methyloxime formation of these compounds. 

The gas chromatographic trace of codorphone derivatized in this manner showed a single 
peak with a small amount of underivatized compound amounting to about 1% of the major peak. 
The mass spectrum of the TMS oxime derivative of codorphone showed an intense molecular ion 
at m/z 454. Numerous diagnostic fragment ions.were also observed. All of the synthetic 
metabolite derivatives were characterized mass spectrometrically after derivatization in 
this manner for comparison with authentic metabolite derivatives found in the biological 
samples. 

During the course of phase I clinical trials, human volunteers were given various doses 
of codorphone either intramuscularly or orally. In the group that received the oral doses 
a portion of the subjects receiving higher doses of the drug complained of some side-effects 
such as nausea. One of the questions which subsequently arose was: is there any connection 
between the amounts of metabolites and drug produced versus the side-effects observed? To 

, answer this question, the above procedure was employed for quantitation using selected ion 
monitoring. We monitored simultaneously derivatives of five metabolites (Ilb-f) and the 
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drug (Ila) in urine samples from human volunteers. A seventh peak, the internal standard 
( H i ) , was also monitored. 

There were several observations from the quantitation study for levels of codorphone 
and its metabolites in humans. First, the average recovery of metabolites and drug versus 
the amount of drug administered was about 50!8 in each group. Secondly, there was a correla
tion between the levels of the "nor" metabolites (Ild-f) produced and the routes of admin
istration.. The quantity of the "nor" metabolites was only about 40% of the total recovery 
in the group receiving intramuscular doses; however, the subjects receiving oral doses al
most doubled the production of "nor" metabolites. This observation was attributed to a 
first pass effect where the drug was largely metabolized to N-dealkylated compounds in the 
liver of subjects receiving oral doses. The metabolism of the drug of subjects receiving 
intramuscular injections, however, probably occurred.extrahepatically, thus the reduced 
incidence of N-dealkylation. Moreover, the major metabolite observed in the subjects 
receiving intramuscular doses was compound lib where the only permutation of the drug was 
reduction of the 6-keto.group to the 6-hydroxy group. (Of the metabolites where a 6-
hydroxy function appeared, only the^-isomer was observed. These were readily distinguish
able from their corresponding "^-isomer by gas chromatography.) 
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Improvements in a GC/MS Assay for l-a-
Acetylmethadol (LAAM) and Its Metabolites: 

Dennis M. Chinn and Rodger L. Foltz; Center-for Human Toxi
cology, The University of Utah, Salt Lake City, UT 84112. 

1-a-Acetylmethadbl (LAAM) is a narcotic analgesic which is 
being investigated as a replacement for methadone in the 
treatment of heroin dependence. Several years ago a gas 
chr6mato'g'raphy--chemical ionizati'on--mass spectrometry 
assay was developed to measure plasma concentrations of 
LAAM and its two major metabolites, nor-LAAM and dinor-
LAAM (!).• Recently the assay was modified and the new 
method shown to have more sensitivity, better reproducibil
ity, to require less.time to perform. The major procedural 
changes include conversion of the metabolites to their • 
N-trifluoroacetyl derivatives and measurement of the ion-
currents corresponding to the protonated molecule ion 
(MH+) of LAAM and the ammonium attachment ions (MNH4+) of 
the derivatized metabolites.. Use of .both, packed and 
capillary GC columns will,be discussed. 

This research was supported by the Insurance Institute . 
for Highway Safety and the National Institute on Drug 

• Abuse, contract 271-80-3719. 

1. T. A. Jennison, B. S. Finkle, D. M. Chinn, and 
D. J. Crouch, J. Chromatogr. Sci., ]J_, 64 (1979). 
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QUANTITATION OF METHADONE AND METABOLITES IN. HUMAN FECES BY DIRECT PROBE CHEMICAL 

IONIZATION MASS SPECTROMETRY. M.J. KREEK, F.A. BENCSATH, A.M. FANIZZA, and F.H. 

FIELD, The Rockefeller University, New York, N.Y. 10021. 

Balance study techniques are essential to determine sorae of the effects of chronic 

diseases (e.g. liver disease) on drug disposition. Previously we have developed 

techniques for simultaneous quantitation of the long-acting narcotic methadone 

and its metabolites in urine of maintenance patients using direct probe chemical 

ionization mass spectrometry -(CIMS) [1]. Now we have developed a raethod .using 

CIMS for the simultaneous measurement of methadone (m/z 310) and 4 of its metab

olites (m/z 264, 278,'312 and 326) in fecal homogenates from patients maintained 

on methadone. Directprobe introduction of these compounds can be used when appro

priate sample preparation procedures and ethylenediamine-modified isobutane chemical 

ionization are used. Pentadeuteromethadone was used as the' internal standard [2]. 

Fecal samples from 13 unmedicated subjects were analyzed. Amounts of interfering 

materials at masses of interest were very low (expressed as ng equivalent of 

pentadeuteromethadone per ml of fecal homogenate: m ± SEM values are 0.35 + 0.26, 

5.32 ± 2.18, 2.75 ± 2.65, 0.0, 0.34 ± 0.23, and 0.16 + 0.16 at m/z 264, 278, 310, 312, 

315 and 326 respectively. The amounts of these interferences were < 1 to S% of 

the lowest concentrations of metabolites at the corresponding masses in feces of 

medicated patients. Analyses of feces from collections in maintained patients, 

including 4 otherwise healthy subjects and 9 patients with chronic liver disease, 

have been made. The predominant compound excreted in feces is the pyrrolidine 

metabolite (m/2 278). The ratio of pyrrolidine to unchanged methadone is around 

9:1. Concentrations of metabolites down to 2 to 10 ng/ml of homogenate can be 

detected using this method. 

1. M.J! Kreek, F.A. Bencsath and F.H. Field, Biomed. Mass Spectrom. 1980, 7:385. 

2. D.L. Hachey, M.J. Kreek and D.H. Mattson, J. Pharm. Sci. 1977, 66:1579. 
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METABOLISM.AND DISPOSITION OF INHALED 2-BUTANONE IN RATS DETERMINED 

BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY. E. L. WHITE AND D.E. RICKERT, 

Chemical Industry I n s t i t u t e of Toxicology (CUT), P. 0. Box 12137, 

Research Triangle Park, NC 27709 

A widely used indus t r ia l solvent, 2-butanone (methyl ethyl ketone, 

MEK) potentiates the'neuropathy caused by'n-hexane and several of i t s 

major metabol i tes, e.g. 2-hexanone and 2,5-hexanedione. To understand 

the d ispos i t ion of MEK a f t e r inhalat ion exposure in ra t s , a gas chroma- . 

tographic-mass spectrometric (GCMS) method using stable isotope d i l u t i o n 

was developed to detect MEK and i t s metaboli tes, 2-butanol (2-BOH), 3-hydroxy-2-

butanone (3H2B) and 2,3-butanediol (2,3-Bdiol) in t issues. 

Male Fischer-344 rats were exposed by inhalat ion to 500, 1500 and 

5000 ppm MEK fo r 6 hr and then sacr i f iced by decapi tat ion. Samples of 

blood, b ra in , l i v e r , lung, kidney and sc ia t i c nerve were weighed and 

frozen. Pr ior to analysis, the samples were thawed and 1 ml of acetone/ml 

2 ' 2 

of blood or /g wet. weight of t issue containing [ Hg]-fIEK and 2-[ H-..] 

BOH (4 yg ml'" ) was added. Tissues were homogenized at 0°C and centr i fuged. 

A 2 ul a l iquot of the supernatant was subjected to GCMS analysis. 

Separation was accomplished using a 6 f t x 2 mm i . d . glass column packed 

wi th 10% FFAP on 80/100 Chromosorb W AW. The column oven was held at • 

80°C fo r 0.5 min, then programmed to 200°C at 2b°C min ' ^ . 

Maximum concentrations of MEK in . blood (86.3, 331.1 and 739.3.yg m l ' ) 

were observed inmediately a f ter the end of exposure to 500 and 1500 ppm, 

and at 0.5 hr a f te r exposure to 5000 ppm respect ively. Maximum concentra

t i ons .o f 2-BOH were 3.4, 13.1 and 33.5.yg ml" , and maximum 3H2B concentrations 

were 2.7, 10.7'and 52.3 yg ml" . Maximum concentration of 2,3-Bdiol in 

blood (42.9, 101.4 and 195.7 yg ml" at 500, 1500 and 5000 ppm, respect ively) 

were observed 4-6 hr a f te r the end of-exposure. Maximum, concentrations 

observed fo r other t issues were comparable to those found ih blood. 

There were no dose-dependent changes in the pharmacokinetics of MEK at 

the three exposure concentrations used. 
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Application of Chemical. Ionization- Mass Spectrometry to the Identification and 

Characterization of Trialkylphosphate Flame Retardants and. their Metabolites; 

J. M. Kennish, Chemistry Department, University of Alaska, Anchorage, Anchorage, 

AK 99504; K. Wong, C. Garvie-Gould and R. K. tynn, Pharmacology Department, 

University of Oregon Health Sciences Center, Portland, OR 97201 

Tris(2,3-dibromopropyl)phosphate (TDBP) and tris{l,3-dichloro-2-propyl)-

phosphate (TDCP) are flame retardant chemicals formerly used in the apparel 

industry to confer flame-resistant properties to polyester f a h r i c . TDBP and 

TDCP were used in childrens sleepwear which is required by law to meet flame 

resistance standards. In 1977 TDBP was banned for use in sleepwear due to its 

charcinogenicity in rats and mice (1,2). TDCP was used temporarily as a sub

stitute for TDBP in sleepwear and is currently used as a flame retardant in 

flexible polyurethane foam. It was recently demonstrated that TDCP was present 

in concentrations of 5-50 ppb in ' the seminal fluid of 34 out of 123 subjects (3). 

Studies were undertaken to determine quantitatively the metabolism, dis

tribution and excretion of TDBP and TDCP in the rat. Using radiotracer techniques 

and GCMS analysis we have demonstrated that TDBP is metabolized at least in 

part to bis{2,3-dibromopropyl)phosphate (BDBP) and 2,3-dibromopropanol. TDCP, 

similarly, is metabolized to bis(l,3-dichloro-2-propyl)phosphate .(BDCP), 

l,3-dichloro-2-propylphosphate and l,3-dichloro-2-propanol. For metabolite 

identification urine,feces or.bile were obtained from Sprage Dawley rats 
14 following intraperitoneal administration of C-TDBP (25mg;sp.ac. 65.2 ;iCi/100mg) 

14 and C-TDCP (80mg;sp.ac. lO^Ci/lOOmg) dissolved in emulphor 620. The animals 

were housed in a glass metabolism cage which permitted the separate collection of 

urine and feces. Urine was cooled in an ice bath during the collection period 

and stored at -20 C prior to the analysis. Two ml of the first 24 hr'urine 

sample was adjusted to pH 8.5 with phosphate buffer (0.5 ml pH 8.5;. 0.5M) and 

extracted with diethyl ether flOml x 2). The ether layers were discarded and the 

lower layer titrated to pH 1 with 12N HCl, The aqueous layer was extracted with 

diethyl ether (10ml) and 2ml evaporated to dryness under nitrogen. The residue ' 

was treated either by dissolution in pyridine (50jil) followed by addition of 

BSTFA (30jil) containing 1% TMCS or by dissolution in methanol and treatment with 

etherial diazomethane. Samples obtained from a control animal were treated in 

the same manner. .Bile samples were evaporated under nitrogen and derivatized 

as above. 

The derivatized urine extracts were analyzed on a Hewlett Packard model 

5830 gas chromatograph equipped with a flame ionization detector and a 1.5m x 

2mm i.d. glass column packed with 1,5% OV-101 on Gas-Chrom Q (100-120 mesh). 

The column temperature was maintained at 100*C for 1 min then programmed to 

320*C at IcTc per min. Hydrogen, air and nitrogen flows were 30, 250 and 30ml/min 

respectiveJ-y. Mass spectra were obtained in a Finnigan Model 4021 GCMS equipped 
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with a jet sepcirator and a dual electton impact-chemical ionization source. 

Electron impact (El) spectra were obtained at 250 C with an ionization potential 

of 70eV. Chemical ionization (CI) spectra were obtained with methane, isobutane 

or ammonia as the reagent gas. The EI and CI spectra of the metabolites were 

identical to the chemically synthesized material.. 

The CI spectr of the methyl derivatives of BDCP and l,3-dichloro-2-propyl-

phosphate displayed :ion clusters corresponding to C M + H ] , C M + C H T " and5l+C H X . 

The relative intensities of the isotopic peaks within these clusters were 

consistent with the assigned structure. Neither metabolite displayed a molecular 

ion in its EI spectrvim. The ions qf highest m/e represent loss of Cl and CH Cl 

from the parent molecule in each case. Loss of a dichloroisopropyl group accomp

anied by double hydrogen rearrangeraent produced the cluster at m/e^ 223 (BDCP) . 

and m/£ 127 (l,3-dichloro-2-propylphosphate). The EI-and CI spectra of the. TMS 

derivatives were consistent with the assigned .structure of the metabolites. 

The mass spectra of the methyl derivatives of bis(2,3-dibromopropyl)- • 

pho'sphate contained ions produced by loss of Br and/or HBr from the halo-alkyl 

substituents.' Other ions produced by loss of the halo-alkyl group(s) accompanied 

by single and double hydrogen atom rearrangements were also observed in the 

EI spectrum. 

The absence of molecular ions in the EI spectra of TDBP and TDCP and 

their derivatized metabolites is consistent with previous reports (4) that tri

alkyl posphates display weaJc or non-existent molecular ions. Therefore, chemical 

ionization mass spectrometry was necessary for determination of the molecular 

ions. Double hydrogen rearrangements are commonly observed in mass spectra 

of carboxylic esters (5) and have been previously observed in the spectra of 

alkyl phosphates (4,6). 

1- National Cancer Institute (1978); Bioassay of tris(2,3-dibromopropyl)-
phosphate for possible carcinogenicity. National Cancer Institute 
Carcinogenesis technical report series No..76 

2. Van Duuren, B.L., Loewengart>G., Seidman, I. Smith, A.C. and Melchionne, 
S. (1978). Mouse skin carcinogenicity tests of the flame retardants 
tris(2,3-dibromopropyl)phosphate,- tetrakis(hydroxymethyl)phosphonium 
chloride, and polyvinyl bromide. Cancer Res. 38, 3236-40. 

3. Hudec, T. , Thean, J., Kuehl, D. , and Dougherty, R . C , S c i e n c e 2 1 1 , 9 5 1 
• (1981). 

4. Quayle, A,, ih Adv in Mass Spec C J Waldrora, Ed,), pp 365-383, 

Pergamon, London, 1956. 

5. Beynon, J. H. , Saxonders,. R. A. and Williams, A.E,, Anal Chem , 33,221 
(i961) 

6. McLafferty, F. W. ," Anal Chem, 2 8 , 306 (1956). 
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Studies on the Metaboli'sm df Procarbazine 

by Mass Spectrometry • 

Simon. H. Kuttab ,' S. Tanglertpalbul and Paul'Vouros 

College of Pharmacy, Section of Medl-ci-nal Chemistry 

• and 

•Institute of Chemical Analysis and Department of Chemistry 

. Northeastern University 

Boston, Mass. 02115 

Procarbazine, N-isopropyl-a-(2-methylhydrazino)-p-toluamlde 1, displays antitumor 

effects in a spectrum of animal neoplasms and is used clinically•in the treatment of 

Hodgkin's disease, brain tumors, and other cases involving malignant tumors. Like many 

other cytotoxic agents, procarbazine has a variety of biological effects including leuk

openia, thrombopenla', immunosuppression, carcinogenesis, teratbgenesls, and depression 

of spermatogenesis. Its mode of cytotoxic action is believed to be mediated by Inhibi

tion of protein, RNA and DNA synthesis. The N-methyl group has been found to be essen

tial for its cytotoxic action. Hydrogen peroxide formed during procarbazine oxidation 

has also been Implicated In its cytotoxic action.' 

CH3-N u-m-ch-^^-c-m-/^ cH3-N=N-cn,-^^c-f/fjY 

1 2 

It has been proposed that procarbazi-ne is metabolically converted into a number of 

corapounds, araong them the azo and hydrazone derivatives, 2 and 3, In a recent report 

It was suggested, based on HPLC analysis, that the azo compound, 2, was the major in 

vivo metabolite of procarbazine; Other investigators, using GC/MS have reported the 

aldehyde, A_, as the primary metabolite. In either case, the techniques used are likely 

to cause decomposition of the compounds under the conditl-ons of the analysis. In view 
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of these considerations wc examined the metabolism of procarbazine using electron im

pact MS and minimum sample manipulation. Our approach consisted of the use of a sim

ple ether extraction of a plasma sample, evaporation of the solvent under N^, reconsti-

tution into methyl alcohol and analysis of an aliquot by MS using the direct insertion 

probe. 

The mass spectra of the parent drug and the compounds previously reported as in 

vivo metabolites of procarbazine were first examined In. detail using isotopic labeling. 

Significant and readily explainable differences in their mass spectra'were observed. 

A fragmentation process Involving an intramolecular methyl group transfer in the spec-• 

trum of the azo derivative, 2, provided the key to dist Ingu ishil-ng mass spectrometrically 

between that and its Isomeric hydrazone counterpart, 3. 

Results from in vivo experiments using plasraa samples of rats administered 23.2 mg 

of procarbazine showed that the azo compound, 2, is the principal clTCulating metabo

lite of procarbazine. No evidence was found for the presence of procarbazine, the 

hydrazone, or the aldehyde. 
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METABOLISM OF TWO TETRACHLOROBIPHENYL ISOMERS IN RHESUS MONKEYS 

H.T.'CORY, G.D. DAVES (1) and W.P. McNULTY (2) 

.(1) Oregon Graduate Center, Beaverton, Or 97006 

(2) Oregon Regional Primate Research Center, Beaverton, Or 97 006 

In an earlier study (1), we compared the metabolism and fat storage of 

two tetrachlorobiphenyl (TCB) isomers of contrasting toxicity towards rhesus 

monkeys. 3,3',4,4'-TCB (34TCB) induces severe gastric, thymic and skin 

lesions when fed chronically at 1 - 10 ppm in the diet, whereas 

.2,2',5,5'-TCB 025TCB) appears to be .completely inocuous at this dose level,(2). 

The present study forms part of a larger investigation of the pathology, 

toxicology, metabolism.and liver enzyme induction in rhesus monkeys exposed 

to a range of PCB isomers of differing chlorine substitutions by chronic 

dietary contamination or administration of a single large dose of compound. 

In this-study, 2 animals received 1 mg/kg 34TCB, 3 animals received 25 mg/kg 

25TCB and there were 2 controls. The' following samples were collected at 

intervals over a 32-day period: 

a) Blood and adipose tissue biopsies, for measurement of parent TCB. 

b) Excreta - urine and feces - for measurement of parent TCB and metabolites. 

Blood samples ( 2ml ) were freeze-dried then shaken with chloroform, 

filtered, dried and concentrated. Fat samples ( 10 - 200 mg tissue wt. range) 

were ground in a mortar with sodium sulfate, extracted with chloroform: 

methanol 2:1 and the extract dried and weighed. The residue was dissolved 

in hexane, washed with cone, sulfuric acid then water, concentrated and dried. 

A known araount of internal standard ( 2,2',4,4',6,6'-HCH ) for GCMS analysis 

was added to the blood and fat samples at the s.tart of the extraction. 

Urine and feces samples were extracted with chloroform as previously 

described (1). Conjugated metabolites present in the urine were hydrolyzed 

either with HCl or glucuronidase; samples were derivatized with diazomethane 

or silanizing reagent prior to analysis. 

The samples were examined by selected ion monitoring GCMS for specific 

compounds of known molecular weight containing four chlorine atoms. The 

first two masses in the molecular ion cluster were monitored. 

GC conditions: Varian Aerograph 2700; GC column: 2m x 2mm i.d.' glass column 

packed with 1% OV 17 on 100/120 mesh Supelcoport; Injector and Detector 

temperatures: 250°; Carrier Gas Flow: 40 ml Helium /min; Oven Temp: 220 

isothermal, or temperature program 190 to 270 at 8 /min. 

Mass Spectrometer: Dupont 21-491B Mass Spectrometer equipped with 4-channel 

Dupont SMID accessory and Gould Brush 6-channel recorder. Ionizing voltage: 

70 eV; Filter: 1 Hz; Sampling frequency: 40 peaks/sec; Limit of Detection: 

10 pg of 25TCB. 
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Blood and Fat: Levels of 34TCB and 25TCB in the blood reached a peak at 

1/3 to 1 day after administration of the TCB: in the case of the fat this 

occurred at 1-2 days. The maximal levels of TCB reached in the two tissues 

was correlated with the dose of the TCB. Thereafter levels in both fat and 

blood declined at an exponential rate with a half life of 7-10 days for 

both tissues. Surprisingly, no difference in half life was found between 

the animals receiving 34TCB and'25TCB. 

Urine and Feces: Parent TCB was found to be present in the urine and feces 

from both groups of animals. ' Excreted levels of TCB also correlated with 

dosage. In contrast, no TCB had been' detected ih the urine of the animals 

given chronic smaller doses of the TCBs in our previous study. 

Metabolites: Both 34TCB and 25TCB gave rise primarily to hydroxylated 

metabolites, as was found in' the earlier, chronic study. 34TCB formed 

one monohydroxy metabolite ( as yet not structurally identified ) and 

25TCB formed equal amounts of 3- and 4-hydroxy-25TCB. Animals fed 25TCB 

also formed three dihydroxylated metabolites, two minor and one major 

isomer, not structurally identified, but no dihydroxy compounds were formed 

from 34TCB, as before. A dihydrodiol metabolite however was detected in 

enzyme-hydrolyzed urine extracts of animals.given 25TCB; this metabolite 

has been reported previously in rhesus monkeys (3) but we had been unable to 

detect it in our extracts of urine of rhesus monkeys chronically fed with 

25TCB at 1 ppm. • •, . • ' 

The above data can be' correlated with other data on enzyme induction 

in liver (4) , to throw light on the interrelationship between the 

persistence of TCB in the body and- its metabolism on the one hand, and 

the duration of inductive effects of TCB in primates on the other. 

1) Cory, H.T., Isabelle, L.M., Smith, R.G., McNulty, W.P. and Daves, G.D. 

(1981) Submitted for publication 

2) McNulty,'.W.P. , Becker, G.M. & Cory, H.T. (1980) 

Toxicol. Appl. Pharmacol. 5^, 182. 

3) Hsu, I.e., Van Miller, J.P. & Allen, J.R. (1975). 

Bull. Environ. Contara. Toxicol. 14^, 223. 

4) K. Nielsen-Smith M.S. Thesis, 1980. 
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HPLC AND FD-MASS SPECTRAL IDENTIFICATION OF 
THIOLYTIC CONJUGATION AND DEGRADATION METABOLITES OF THE 
ANTICANCER DRUG m-AMSA. M PR7YCYLSKI'', T. DIETRICH , D. 
SHOEMAKER^"^ and R.L.CYSYK' ', Institut^f.Org.Chemie, Univer
sitat Mainz, D-6500 Mainz, W.-Germany'^ and Lab.Chem. Phar
macology, Nat'l Cancer Institute, NIH, Bethesda, MD 20205 . 

4'(9-Acridinylamino)methane5ulfone-m-anisidide (m-AMSA) isa 
new antitumor agent that has shown high activity in animal 
experimental tumors and has been introduced into phase I 
and II clinical trials. Studies on its pharmacologic dispo
sition in rats had shown that the drug is extensively meta
bolized in the liver to conjugates that are primarily 
excreted in the bile. Since the metabolic pathway of m-AMSA 
has been related to its susceptibility, to nucleophilic 
attack at the acridinyl moiety, the conjugation with endo
genous thiols was studied by using chiefly HPLC in combina
tion with FD mass spectrometry. After administration of m-
AHSA-hydrochloride (NSC-141549) to rats, a major biliary me
tabolite was isolated and identified as the 9-acridinyl 
thioether of glutathione (GSH) .The corresponding 9-acridi
nyl conjugates were formed spontaneously in vitro (phos
phate buffer pH 7.3) after incubation of m-AlTSA^with GSH, 
cys and N-acetyl-cys, as established by HPLC and FD mass 
spectra. The thiolytic pathway results in the re'lease of 4-
amino-3-methoxymethanesulfonanilide and of several acri
dinyl degradation products identified by high resolution EI 
and by FD mass spectrometry. Recent results show microsomal 
oxidation cf m-AMSA as an other important metabolic pathway, 
leading to the formation of an AMSA-GSH conjugate as the 
major bile product after administration of m-AMSA-free base 
(NSC-249992)'^. The oxidative vs. thiolytic metabolism of m-
AMSA is probably significant for the formation of cytotoxic 
and of excretion products; it may depend highly on the 
quarternization of the acridire ring, and is currently under 
investigation, (supported by grant PTB 8207 from the Bundes-
ministcrium fur Forschung u. Technologie, Bonn,W.-Germany). 
))H.Przybylski, et al^.,Proc.Am.Ass.Cancer Res.2^0,i 165( 1979) 
2)L.Malspeis, ct al.,Proc.Am.Ass.Cancer Res.21,594 (1980) 
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SECONDARY ION MASS SPECTROMETRY FOR IDENTIFICATION OF NEUROACTIVE 
CHOLINEAZIRIDINIUM ANALOGS, Adam Vincze* R. Graham Cooks, Dept. of Chem., Purdue University, 
West Lafayette, IN 47907 and Israel Hannin, Abraham Fisher, Univ. of Pittsburgh, School of 
Med., Pittsburgh, PA 15261 . 

Secondary ion mass spectrometry (SIMS) is an established technique for studying involatile 
organic compoundsl .2. It is particularly sensitive for charged compounds including onium 
salts such as choline and muscarine which can be determined even in biological tissues3,4. 
This paper describes the application of the method to study the centrally active cholinergic 
ethylaziridiniumcholine (EtAzCh)5>6 and other analogs. EtAzCh is capable of binding to 
nerve terminals' thereby inducing cholinergic hypofunction in rodents, a pathological state 
needed in order to study the effect of certain drugs developed to remedy the same in humans 
suffering from debilitating neuromuscular distrophies. The SIMS of EtAzCh (Figure 1) shows 
the intact cation at m/z 116 and elaborate fragmentation (Figure 2 ) ; a sensitivity of 30 
picomoles was achieved even without ensemble averaging (Figure 3). The feasibility of 
detecting EtAzCh in mouse brain tissue was explored. While there is'no problem of detecting 
it in spiked brain homogenates (Figure 4 ) , it has not so far been detected in vivo. The 
reason for this is as yet unclear; it can be due to fast and strong binding of this alkyla
ting agent. Much bulkier choline analogs gave information by SIMS .(Figure 5 ) . SIMS 
quantitation was shown to be feasible with choline and other quaternaries (Figure 6)7. In 
view of these results, molecular SIMS seems to be the mass spectral method of choice for 
quaternaries related to choline. 

(1) R.J! Day, S.E. Unger and R.G. Cooks, Anal. Chem. (1980) 52, 557A. 
(2) A. Benninghoven and W. Sichtermann, Anal. Chem. (1978) 50, 1180. 
(3) S.E. Unger,T.M. Ryan' and R.G. Cooks, Surf, and Int. Anal. (1981) 3(1), 12. 
(4) S.E. Unger, A. Vincze, R.G. Cooks,.R. Chrisman and L.D. Rothman, Anal. Chem. (in press). 
(5) B.J. Rylett and E.H. Colhuii, J. Neurochem. (1980)34, 713-719. 
(6) A. Fisher, et. al. (1981), Amer. Soc. Neurochem., 12th annual meeting. 
(7) A. Vincze, K.L. Busch, R.G. Cooks and B. Lindstrom (to be published). 

*0n leave from the Israel Institute for Biological Research, P.O. Box 19, Ness Ziona 70450 
ISRAEL. 

H 0 C H 2 C H 2 N C ^ 2 ^ ^ 5 

Aziridiniumethylcholine 

IOO 

I L J U U L ^ ^ 
I I I < I ' I ' I — I I ' I ' I I I — I — I — 

30 40 50 60 70 80 90 100 MO 120 m/4 

tentative 

m/z 

29 

43 

44 

45 

56 

72 

structure 

structure 

C J M ; 

•<1 

r>i=cHj 

assignments 

m/z 

84 

86 

87 

88 

100 

structure 

DO 
C7^ 

Figure 1 Figure 2 

549 



Ag 

116 

H O C H J C H J N C ^ ' 

30 Picomoler 

mouse brain homogenoie ' . ' " 
.^ ethylazlrldinlum choline 

I I I I I I r r n 
50 60 70 80 90 IOO IIO 120 m/z 

Figure 3 Figure 4 

Pyrenebutyrylcholine mustard 

^^>l^ H 

> r V ^ m/l 408 

"> 

m i ^ ; / -o- -^ t^c i 

OUANTITATION of CHOLINE by SIMS 

B 

108 

108 

104 

y J 

c 

lOA 

^ i 
Figure 5 Figure 6 

550 



ACCURATE MASS CHROMATOGRAPHY A S A HIGHLY 
SPECIFIC.TECHNIQUE FOR THE DETECTION OF DRUG METABOLITES 
IN COMPLEX MIXTURES OF BIOLOGICAL ORIGIN; THOMAS A. BAILLIE, 
Dept. Pharm. Chem., Univ. of Calif., San Francisco, CA 94143 

The computer-based technique of "mass chromatography", in 
which the variation with time in intensity of the ion 
current at a given m/z value is reconstructed from a series 
of repetitively scanned mass spectra, has found widespread ' 
application in "screening" complex biological extracts by 
GC-MS analysis for known or suspected drug metabolites. 
When the GC-MS analysis is performed under conditions of 
low mass resolution, however, difficulties may arise in 
the detection of those drug-related components present at 
low concentration due to the extent of nonspecific inter
ference from endogenous metabolites, even when highly 
efficient capillary GC columns are used. One solution to 
the. problem is to simplify the initial extract by means 
of chromatographic procedures (e.g., HPLC) prior to GC-MS 
analysis; this approach suffers from the disadvantage that 
some arbitrary decision usually has to be made concerning 
the optimum procedure to be adopted and risks the possi
bility that metabolites of unknown structure and physico-
chemical properties are lost inadvertently from the sample. • 
An alternative solution being explored in our laboratory 
is to analyze the crude extract directly by computerized 
GC-MS under conditions of high mass spectrometric resolu
tion, where advantage may be taken of the high- specificity 
of the mass spectrometer for the detection of metabolites 
which yield ions of a given exact mass, corresponding to 
a unique elemental composition. This presentation will 
deal with preliminary work on the application of such an 
approach to studies of drug metabolism, where the poten
tial of accurate mass chromatography for the detection 
of specific products of biotransformation in complex 
mixtures will be illustrated with examples taken from 
studies on the metabolism of ketamine, an anesthetic 
agent, and clonidine, an anti-hypertensive drug. 
Supported by NIH Diy. of Research Resources Grant RR00719. 
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GAS-PHASE ATOMIC METAL CATIONS. LIGAND BINDING ENERGIES, OXIDATION CHEMIS
TRY AND CATALYSIS; RALPH H. STALEY; Department of Chemistry," Massachusetts 
Institute of Technology, Cambridge, Massachusetts 02139 

Pulsed laser volatilization/ionization of metal targets has been util
ized as a source of atomic metal cations for studies of their chemistry with 
a variety of molecules. Elimination-displacement and direct condensation 
pathways lead to the formation of metal-ligand cation complexes with one or 
two ligand molecules. Equilibrium constants, for the ligand exchange react
ions of these coraplexes when two types of ligands are present have been de
termined. Combining- the corresponding free energies for an interlocking 
series yields a scale of relative ligand binding energies. Such scales have 
.been obtained for Al"̂  and Mn"*" with one ligand and Co"*", Ni"*", and Cu"*" with two 
ligands. These data provide a measure of the relative basicity of the ligand 
raolecules with respect to each of the reference acids (metal cations) stud
ied. Coraparisons are made of these data sets with one another and with simi
lar data sets such as that for H"*" which have been previously obtained. 

Comparison of the ligand binding energy results for Mn"*" with available 
results for other reference acids reveals sorae- interesting points about the 
nature of the metal-ligand bonding interaction. Figure 1 shows a plot of the 
relative ligand binding energies to Al''̂ , i5D (Al''"-L) , versus the results for 
Mn"*", 6D(Mn"''-L). The. 15 oxygen basis show a good linear correlation. A least 
squares fit to this data gives: 6D(A1"'"-L) = 1.22(5D (Mn'''-L) - 6.1 kcal/mol 
(correlation coefficient r = 0.97). -.The slope of. this line, 1.22, shows that 
as basicity increases the strength of the bond to Al"*" increases slightly fas
ter than that to Mn"*". This suggests 'that the ligand-metal' bond distance for 
Al (ligand) •*• complexes is slightly shorter than for Mn(ligand)'*" complexes. 
With a shorter bond distance the effect of a larger alkyl substituent may be 
expected to be greater since it is closer to the charge center which remains 
on the metal atom. 

• Two data points for nitriles in Figure 1 fall on a line given by 
6D(A1"'"-L) = 1.136D(Mn+-L) - 9.4 kcal/raole. This has the same slope as the 
line for oxygen bases but is offset by 3.4 kcal/mol on the i5D(Mn'''-L) axis. 
The offset can be attributed to -ir-backbonding by 3d-electrons on Mn"*" into 
empty TT* CN orbitals on the nitriles. Offsets of 6 kcal/mol for nitriles 
corapared to oxygen bases have been observed in plots of binding energies to 
CpNi'*' versus binding energies to H+ [1] and to Al""". The smaller effect by 
about a half which is observed for Mn"*" compared to CpNi"*" is reasonable for 
•n-backbonding since the 3d orbitals on Mn'*' have only one electron each where
as . for CpNi"*" they are nearly full. 

Coraparison of the results for Mn'*" with data for Li"!" [2] , Figure 2, also 
shows a good linear correlation for oxygen bases. Reraarkably the two nitri
les in this data set are on the line with the oxygen bases. A least squares 
fit to the seven oxygen bases and two nitriles gives 6D(Li"'"-L) = 0.936D(Mn -
L) . + 35.3 kcal/mol (r = 0.98). Here the slope shows slightly stronger bind
ing to Mn"̂  corapared to Li"*" with increasing basicity suggesting that the raet-
al-ligand bond distance for Mn"*" is slightly shorter than for Li"*". 

Several bases fall-off the linear correlation in Figure 2: Me2S (7.0), 
benzene (3.6), NH3 (2.7), and Me3N (5.0) where the offset on the (5D(Mn"''-L) 
axis from the linear correlation is given for each molecule in parentheses in 
kcal/raol. The offsets toward stronger bonding to Mn"*" for Me2S and benzene 
could be explained in terms of TT-backbonding which certainly does not occur 
for Li"*" but could be of some importance for Mn"*" as suggested by the preceding 
discussion of the Al"*" versus Mn"*" coraparison in Figure 1. However, the lack 
of offset for the nitriles.in Figure 2 raust then be regarded as bizarre since 
an offset is seen for the nitriles in the Al-i" versus Mn'*' coraparison of Fig
ure 1. 

It is therefore reasonable to conclude that other factors in addition to 
TT-backbonding and of coraparable raagnitude contribute to deterraining the off
sets for functional group correlation lines. Such factors raight include the 
strength of the ionic bond, bond distance, and covalent o-bonding. 

In a given correlation plot of binding energies of molecules to one met
al versus those to another, it is thus to be expected that the molecules for 
each functional group may in general fall on different lines. Some of these 
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lines may happen to be.approximately the same such as alcohols and esters in 
Figure 1 and nitriles and:the oxygen bases in Figure 2. Some evidence for 
this view has been previously noted.: In the comparison of D(B-H"'') to 6D(A1"'"-
L) it was seen, that esters fall on a line' somewhat apart froiti the general 
correlation-line for all bases. [3] Correlations for CpNi"*"'versus Mn"*" and 
for H+ [3] versus Mn'*' lend-further support to this idea. 

The variation of slopes of the linear correlations in the comparisons 
studied to date follow a systematic pattern.- The slopes of the lines for 
oxygen bases for H+, A1+, Li+, and CpNi+ versus Mn+ are 2.08, 1.22,- 0.93, and 
0.87 respectively. For nitriles these slopes are 1.63, 1,30, 
0.93, and 0.79 in the same order. Slopes for all the linear correlations ob
tained to date.are given in Table I. The results all follow the same order 
H+ < Al'*'.< Mn""" < Li+ < CpNi+. 

As discussed above,this order may reflect the ligand-metal bonding dis
tance for the atomic metal cations: H"'' having the shortest effective bonding 
distance and Li"*" the longest. . Where there is significant delocalization of 
charge away from the metal, as with H"*", the distance to the charge center ra-
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Figure 1. Comparison of relative binding energies of molecules to Al""" and 
Mn"!". The upper .solid line is a least squares fit to the data for the oxy
gen bases: 5D(A1+-L) = 1.226D (Mn"*'-L) - 6.1 kcal/mol (correlation coefficient 
r = 0.97). The line through the two data points for nitriles is given by ' 
" 6D(A1+-L) = 1.13 6D(Mn+-L) - 9.4 kcal/mol. This corresponds to an offset on 
the «D(Mn'^-L) axis of 3.4 kcal/mol. 



ther than the bond distance to the center of the metal atom raay be the con
trolling parameter. For CpNi'*' it seeras likely-that the slope of the correla
tion plot is due to another factor, the presence of a second ligand. Polari
zation of the CpNi"*" group produces an internal dipole raoraent which opposes 
the dipole moment induced in the ligand in the CpNi(ligand) complex. This 
tends to cancel the favorable interaction of CpNi"*" charge with the induced 
ligand dipole. No such cancellation occurs for the atomic metal cation cora
plexes with ligands since the atomic metal cations do not have internal di
pole moments. 

Two-ligand complexes- of Co, Ni, and Cu cations show an' interesting syn
ergistic effect in the mixed-ligand species. In equilibrium measurements of 
metal-ligand bond energies, it is observed that mixed o-base/Ti-base complexes 
are stabilized with respect to the o/o and TT/TT species. The stabilization 
energy is' about 0.8, 1.2,.and 0.9 kcal/mol for Co'*', Ni'*', and Cu+ complexes 
respectively. The a-bases include alkyl halides, alcohols, ethers, alde
hydes, ketones, esters, isocyanates, and nitro corapounds. The-TT-bases in
clude olefins and aromatics.. Similar but smaller effects are seen for sulfur 
bases (alkyl mercaptans and sulfides) and nitrogen bases (alkyl amines and 
cyanides) with both the a-bases and the TT-bases. The observation of this 
synergistic bonding effect constitutes a direct- raeasurement of therraodynamic 
trans-influence'in the relatively simple case of gas-phase two-ligand cora
plexes. 
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Table I. Slopes for Linear Correlations in Plots of Ligand 
Binding Energies 

Metal •• 
Cation H'*" 

to One Metal 

A1+ 

versus Another 

- Versus 

Mn"* 

for Oxygen 

Li'* 

Bases.^ 

CpNit 

H'* 

A1+ 

Mn'*' 

Li'*-

CpNi"* 

1.00 

0..65 

0..48 

0.37. 

0.30 

1.53 

1.00 

0.82 

0.60 

2.08 

1.22 

1.00 

0.93 

0.87 

2.71 

— 
-- 1.08 

1.00 

~ 

3.38 

1.68-

1.15 

— 
1.00 . 

Data from references 1-3 and the present work. 

A number of interesting..mechanistic studies have also been carried out: 
selected hydrocarbon-metal-cation complexes will exchange D for H when react
ed- with O j . Oxidation of metal cations to raetal oxide cations can be carried 
out by reaction with appropriate siraple oxidants., e.g., N2O or O3. Observa
tion of oxygen atom transf.er -from various oxidants to transition metal cat
ions is used to establish upper and lower limits- for metal-oxide-cation bond 
dissociation energies, D{M+-0) . For MgO , AlO"*, MnO*", CoO*", NiO"*, CuO*" and 
ZnO*" the results bracket D(M-*-0) between D(02-0) =25.5 kcal/mol and D(N2-0) 
= 40.0 kcal/raol. For V*' and Fe"*" the results also bracket the bond energy in 
relatively narrow ranges: D(V"*-0) = 135-±16 kcal/raol and D(Fe*"-0) = 101 118 
kcal/mol. The VO*" produced by reaction of V* with N2O reacts with H2 or CH4 
to give VOH*'. However, when VO'*" is produced by reaction of V*' with O2, 
D(O-O) = 119.2 kcal/mol, reaction to give VOH*' does, not occur. These results 
suggest that the VO"* product of the reaction of V*" with N2O is an excited 
state species with a lifetime at least as long as the reaction time, about 
150 ms in these experiments. Other mechanistic studies have been carried 
out, especially with the Fe"*" and FeO*" systems.! Of particular interest is the 
observation of catalytic reaction cycles. In nearly all of the cases obser
ved, the overall result of the catalytic process is to transfer an oxygen 
atom from a neutral donor, usually N2O, to an acceptor molecule. For exam
ple, Fe*" reacts with N2O to give FeO*'. FeO"* then reacts with CO to produce 
CO2, regenerating Fe*". Similar two-step catalytic cycles involving the ions 
Fe* and FeO*" are observed with other oxygen acceptors such as ethylene and 
propylene. An interesting three-step cycle occurs when acetylene reacts with 
FeO*". FeCH2'*' is found as a second intermediate. Both CO and CH2O are formed 
in the overall process. Five other transition metal systems examined, Ti, V, 
Cr, Zr, and Nb, all. show two-step cycles with MO*" and MO2*' intermediates but 
not with M*" and MO*". 

(1) Corderraan, R.R. ; Beauchamp, J.L. J. Am. Chem. Soc-.-1976, 98, 3998. 
^ M ^ . M y . 

(2) Staley, R.H.; Beauchamp, J.L. J. Am. Chem. Soc. 1975, 97, 5920. 

(3) Wolf, J.F.; staley, R.H.; Koppel,. I.; Taagepera, M.; Mclver, R.T. Jr.; 
Beauchamp, J.L.; Taft, R.W. J. Ara. Chera. Soc. 1977, 99, 5417. 
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ION BEAM STUDIES OF REACTIVE INTER
MEDIATES IN ORGANOMETALLIC CHEMISTRY; J. L. 
BEAUCHAMP, L. F. HALLE and P . B. ARMENTROUT; 
Dept of Chem., Calif. Inst, of Tech. , Pasadena, CA 
91125 

An lon beam apparatus has been used to examine, the r e a c 
tions of atomic transition metal ions and clusters with 
small organic molecules. Thresholds for endothermic 
reactions yield bond dissociation energies. Reaction mech
anisms a re inferred by examining product distributions as 
a function of relative kinetic energy in conjunction with i so
topic labelling experiments and thermochemical arguments. 
The use of surface ionization to generate atomic transition 
metal ions yields mainly ground state reactants . Electron 
impact fragmentation of organometallic compounds and 
coUisional excitation processes yield excited state species 
with remarkably different reactivity. These resul ts will 
be reviewed -with an emphasis on periodic trends in thermo
chemical proper t ies and reactivity. 
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SIMS of Alkali Halides: Stability of High Mass Clusters, T. M. Barlak, 
J. E. Campana, R. J. Colton, J. J. DeCorpo, and.J. R. Wyatt, Naval Research 
Laboratory, Chemistry Division, Vlashington, .DC 20375. 

A high-perforraance secondary ion mass spectrometry (SIMS) instrument 
described elsewhere ' was used to examine the alkali iodides (MI). The 
high ion transmission arid high-mass capabilities of this instruraent permit- ' 
ted recording of alkali iodide cluster ion intensities of the form [M(MX) 1 
from Ar bombardment to n=|2 for Nal and KI; n=19 for Csl; n=16 for Rbi; 
and n=2 for Lil. Using 'Xe primary ions permitted extension of these 
measureraents to n=3 6 for Nal and n=7 0 for Csl. 

The recorded raass spectra generally decreased with increasing n except for 
obvious anomalies as seen in the fiqure. Various instrumental properties 
such as spectrometer transmission and the ion-to-electron conversion 
efficiency of the particle multiplier were eliminated as possible causes 
of the anomalies. Similarly, ion formation and eraission processes such 
as beara-surface interactions and target coraposition and structures were 
also eliminated. The anomalies were finally explained by cluster stability. 
The cubic structure consisting of three atoms per edge (i.e., 3x3x3) 
corresponds to the intense n=13 cluster. Similarly the (3x3x5) structure 
correlates with the n=22 intensity. The enhanced intensity expected for . 
the n=4 (3x3x1) cluster was not observed- for the alkali iodides. - This 
condition is attributed to effects of ion radii on the atoraic lattice 
spacing and cluster stability. 

Less pronounced cluster -ion peaks were-observed at n=6, 9, and 12. The -, 
n=6 peak was associated with a hexagonal structure postulated by Martin. 
The n=9 and n=12 clusters are thought to be forraed by addition of hexagonal 
rings to the n=6 structure. • 

The bulk structure of cesuura iodide is body centered cubic (bcc), but cubic-
like structure account for the observed cluster intensity distribution. 
In particular, the anticipated n=7 bcc structure was not observed to be 
intense. .These results favor initial Csl crystal growth in other than 
bcc form. 

The uniraolecular decomposition of raetastable ion clusters formed during 
SIMS were observed for the first time. Voltage scanning permitted deter
mination of the parent ion. 

The large number, of atoras in the alkali iodide clusters supports a direct 
eraission mechanism of sputtering for alkali iodides. 

1. R. J. Colton, J. E. Campana, T. M. Barlak, J. J. DeCorpo, and J. R. 
Wyatt, Rev. Sci. Instrum., 1980, 51, 1685-1689. 

2. T. M. Barlak, J. R. Wyatt, R. J. Colton, J. J. DeCorpo, and J. E. 
Campana, submitted for publication. 

3. T. P. Martin, J. Chera. Phys., 1980, 72, 3506-3510. 
4. T. P. Martin, J. Chem. Phys., 1978, 69, 2036-2042. 
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SECONDARY ION MASS SPECTROMETRY OF SMALL-MOLECULE SOLIDS AT 15K: CLUSTER FORMATION 

Robert G. Orth and Josef Michl 

Department of Chemistry 
University of Utah 

Salt Lake City, Utah 8A112 

The first results on secondary ion mass spectrometry (SIMS) of cryogenic solids, such 
as. solid N2 and solid CO, have appeared recently.. We now report the SIMS of a series of 
additional molecular solids': rare gases, nitrogen oxides, oxygen, CO2J COS, and CS2. With 
the heavier primary ions, extensive positive and negative cluster ion formation is observed 
up to the mass limit of the instrument (1000 arau), particularly at higher primary lon 
energies. An example is shown^in Fig. 1. The repeating unit in the clusters does not 
always reflect the stoichiometry of the molecular solid. Thus, for nitrogen oxides, even 
for N2O and NO, the prevalent clusters are N0"''(N203) (N20i4) . A hypothesis for the origin 
of such clusters will be presented. 

The effect of dilution of H2P and C02- by an inert gas solid have also been investi
gated. At matrix-isolation ratios of about 500:1 or higher, clusters of the solute are 
.no longer observed and a slmplie mass spectrum,of the matrix-isolated species is obtained,, 
along with clusters of ion originating from' the solute with the matrix gas (argon). 

H.T. Jonkman and J. Michl, J. Am. Chem. Soci, 103, 733 (1981); R.G. Orth, H.T. Jonkman, 
and J. Michl, J. Am. Chem. Soc, 103, 1564 (1981).' See also, H.T. Jonkman, J. Michl, 
R.N. King, and J.D. Andrade, Anal.' Chem., 50, 2078 (1978). 
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Figure 1. 
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SECONDARY ION MASS SPECTROMETRY OF FROZEN AQUEOUS SOLUTIONS 

Robert G. Orth and Josef Michl 

Department of Chemistry 
University of Utah 

Salt Lake City, Utah 84112 

The characterization of nonvolatile organic and inorganic species by mass spectrometry 
has become a major area of interest due to the large number of important compounds which 
fall into this category and cannot be examined easily by standard mass spectrometry. 
Several methods, such as field desorption, plasma desorption, or secondary, ion mass spec
trometry (SIMS), have been developed for ionizing these compounds. They generally require 
removal of any solvent from the sample to be analyzed. 

Recently, the'feasibility'of SIMS matrix isolated species has been demonstrated.^ 
The spectra contain peaks due to the matrix and peaks" due the solute. For sufficiently 
large matrix Isolation ratios, the spectra of the solute do not contain ions originating 
in more than one solute molecule. So far, the matrix materials were the solid inert gases. 
We now wish to report the SIMS of solutes in other matrices such as ice. In these cases, 
the SIMS of the matrix by itself Is more complex but can still be interpreted without 
much trouble. Thus the SIMS of a frozen O.OIM aqueous solution of Ca(0H)2 contains the 
readily identified'matrix cluster ions H^(H20)n and also peaks for Ca+ and [Ca(OH)(H20)n]'^, 
n ̂  0 (Figl 1). Similarly, a frozen lO'^M aqueous solution of CsCl" yields the Cs'''(H20)n ,• 
n ^ 0 ions. At very high concentrations (IM), cluster ions containing two cesium atoms 
are also observed. The ions H3O and, depending on experimental conditions,. H(H20)n, which 
are present as well, are due to the ice matrix (Fig. 2). 

Positive and negative SIMS results on frozen solutions of a series of nonvolatile 
inorgcinic salts will be presented and", their analytical implications will be discussed. 

^H.T. Jonkman and J. Michl, 
H.T." Jonkman, D.H. Powell, 

J. Chem. Soc, Chem. Commun., 751-2 (1978); 
and J. Michl, J. Am. Chem. Soc, in press. 

R.G. Orth, 

CQ{OH )̂  in H20.20"K 
Ar*,41ieV 

Figure 1. 
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Intensity Calibration Standards for Molecular SIMS, J. E. Campana, J. J. 
DeCorpo, J. R. Wyatt, and R. J. Colton, Naval Research Laboratory, Chemistry 
Division, Washington, DC 20375. 

Mass reference corapounds and ion intensity calibration standards have been 
the subject of considerable interest in mass spectrometry for a number of 
years. Recently this interest has been directed toward a search for high-
mass reference compounds and ion intensity calibration standards for 
quadrupole mass spectrometers. This paper addresses both of these types 
of calibrants with respect to secondary ion mass spectrometry (SIMS) and 
fast atom bombardment (FAB) or more precisely neutral atom bombardment. 

The quadrupole mass analyzer is currently the most widely used analyzer 
for low-mass resolution applications in mass spectrometry and SIMS. While 
it has many advantages, it suffers from two disadvantages related to ion 
transraission; that is, ions of different mass and energy do not necessarily 
have the same transmission through the quadrupole field and this gives rise 
to so called mass and energy discrimination which leads to incorrect ion 
abundance measurements. 

The ion abundance calibration problera has been neglected in SIMS. The 
advent of the new beam'excitation techniques of molecular SIMS and FAB has 
produced a requireraent for raass reference compounds and ion abundance 
calibrants. Recently we have described a.high-performance SIMS instruraent 
based on a double-focusing raass analyzer. This instrument is relatively 
free frora discriraination effects. We propose that data generated with this 
instruraent be used as ion abundance calibrants in quadrupole SIMS and as 
high-mass references in SIMS and FAB. 

Ion borabardraent of alkali iodides (MI) produces clusters of the type 
[M(MI) ] and [I(MI) ]~, where n=l-70 for certain al)cali iodides. We 
proposi the use of Nal as an ion abundance calibrant for quadrupole SIMS 
instruments. Statistically significant data on Nal cluster intensities 
to m/z 1073 is presented in Table 1 for one of the raany sets of data we 
have analyzed. The instrumentation and data reduction techniques were 
tested by measuring the isotope ratios of the silver monomer and trimer. 
We have used this data to calibrate a quadrupole SIMS instrument for ion 
abundance measureraents. Table 2 lists intensity values 1-7' of three peak 
ratios which were obtained at seven different ion optic and quadrupole 
controller settings. The variation of the peak ratios of ra/z 46/323 
varies by a factor of more than 25. This illustrates the discriraination 
problera. Experiment 4 shows that the quadrupole can be tuned to give 
ion abundances close to those obtained with the double-focusing instrument. 
The quadrupole was tuned by monitoring the m/z 46, 173, and' 323 peak 
heights while tuning the electronics. The ratio of m/z 323/150 was then 
measured as an unknown and its.value fell within the confidence limits 
ot the. double-focusing value. 

Nal can produce clusters spaced nominally 150 mass units and Csl gives 
clusters spaced 260 mass units. Nal data has been obtained to ra/z > 5000 
and Csl data is shown in Figure 1 to ra/z > 18,000. These can serve as 
raass references in both high-perforraance SIMS and the related technique 
of FAB. 

1. R. J. Colton, J. E. Campana, T. M. Barlak, J. J. Decorpo, J. R. Wyatt, 
Rev. Sci. Instrum. 1980, 51, 1685-1689. 
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Table 1. 

Peak Ratio Value Peak Ratio Value Peak Ratio Value 

173/46 7.01 + 0.20 323/473 8.33 + 0.61 773/923 1.25 + 0.22 

46/323 1.56 + 0.08 473/623 2.64 + 0.29 923/1073 1.44 + 0.31 

173/323 11.2 + 0.2 623/773 3.06 + 0.54 373/150^^ 15.6 + 1.5 

a. -ra/z correspond to [Na(Nal) ] where n=l-7 

b. Na/ ^ . " 
c. [Nal] . . • . -, 

Table 2. Calibration of Quadrupole SIMS Instrument for Ion Abundance 
Measureraents. 
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• QUADRUPOLE SIMS: FUNDAMENTAL PRINCIPLES, 
PREFILTER TRANSMISSION CHARACTERISTICS. AND PERFORMANCE 
CHARACTERISTICS; GENE R. SPARROW; Mvanae.d RSV, I n c . . 
245 East Sixth Street, Suite 807,'St. Paul, MN 55101; 
JOHNIE BROWN; Kratos Scientific Instruments, 24 Booker 
Street, Westwood, NJ 07675 

The development of SIMS instrumentation requires an under-
standing of the effect of certain parameters on the second
ary emission of ions from surfaces. These parameters 
originate either from sample effects or from instrumental 
effects. Sample effects include ion yields, sputtering 
yields, damage cross sections, induced reactions, matrix 
effects, ion eiiergy distribution, morphology and surface 
chemistry. These can be varied to some extent using 
reference materials, but they are more often v e r y complex 
interactive unknown parameters. Instrumental parameters 
affecting results include the characteristics of the ion 
beam, vacuum system, optics geometry and especially the 
geometry of the ion prefilter. 

As the probe beam size.is decreased, not only do ion yield 
statistics become more prominent, but the effects of surface 
morphology and chenistry become very critical. Spectral 
variations are also affected by whether "static" SIMS or 
conventional SIMS techniques are employed. Both differ
entially pumped ion guns and back-filled systems were 
employed in these studies. This paper'discusses SIMS 
studies utilizing low energy ion beams of 30 pm diameter 
to approximately 1 mm. Measurements of Secondary Ion 
Energy Distributions and Ion Prefilter Transmission 
characteristics will also be presented. 
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ANALYSIS OF POLYMERS BY PYROLYSIS MASS SPECTROMETRY 

D.C. CONWAY and ROHAN MARAK 

Dept.of Chem., Texas A&M Univ., College Station, Texas.77843 

A time-of-flight mass spectrometer has been constructed in which the mass 
spectrum is collected in a multichannel analyzer. Ion flight times are converted 
to pulse heights with a time-to-amplitude converter. The spectrum is processed by 
a..microcomputer--dual..floppy disk data system to obtain the integrated peak inten
sities. This type of instrument has the advantage that one ion in the mass range 
(typically 20-740 amu) can be detected every 80 microsec, whereas only one peak . 
can be, measured at a time in.magnet or quadrupole mass spectrometers. This property 
is particularly advantageous where the mass spectrum is changing rapidly, such as 
in rapid pyrolysis. 

Several synthetic polymers were analyzed by pyrolysis mass spectrometry using 
chemical ionization with 0.5 torr Ar and a.trace of isopentane. When this gas mix
ture is ionized, the original Ar"*" ions'rapidly react with the isopentane to pro
duce mostly CsHii"*". The CsHn''' ions usually ionize molecules with very, little 
fragmentation by proton transfer. The pyrolysis of addition type polymers (poly
styrene and polypropylene) yielded rather simple spectra. .The main peaks were 
HMp peaks (M=monomer), but there were other peaks corresponding to different rup
tures along the carbon chain backbone. The pyro'jysis of simple condensation type 
polymers (Mylar and Nylon-66) were also easy to interpret, since there were many 
peaks at +1 or -3.mass units from fragments of the polymer chain. The pyrolysis 
of polyurethanes yielded more complex spectra, which were difficult to interpret." 

The results obtained for polystyrene will be described in more detail. The 
main peaks were HS/j (SECSHS) where n=l-3 for a pyrolysis temperature of 406°C. 
There were several less intense peaks due. to charge transfer (Sp'*', n=l-3) and an 
unresolved peak (S/ + HS4"'"). Among the other ions produced were CH3S''' and CH3S2"'", 
which contain an oad number of C atoms from the backbone, and C2H3S"'' and C2H3S2'^, 
which have an even number of backbone C atoms, but have each lost a C^H^- radical. 
The carbonium ions are expected to have rearranged to their most stable structures, 

CHjS'^is .CHj-C-CHj '.and.- C2H2S'^ is CH^^CH-C-CH^, etc. 
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A TECHNIQUE OF FOCUSED CRYOGENIC TRAPPING FOR HEADSPACE AND PYROLYTIC ANALYSIS OF POLYMERS 
ON A FUSED SILICA CAPILLARY COLUMN, James G. Moncur, Terry'E. Sharp, Leroy M. Law, Lockheed 
Missiles & Space Company, Inc., Palo Alto, CA 9h30h 

INTRODUCTION 

In the analysis of high molecular weight organic polymers, thermal degradation has been used 
to produce low molecular weight products. The complex mixture of degradation products has 
traditionally been analyzed by gas chromatography or mass spectrometry. Using packed column 
GC and flame ionization detection, Hu^ has shown that useful simplification results when the 
thermal degradation is conducted in two steps, 1) a low temperature thermolysis to drive off 
volatiles for analysis, followed by 2) a high temperature pyrolysis to degrade the polymer 
backbone into low molecular weight compounds for analysis. In the present work, this two-
stage thermal degradation is.corabined with the improved resolving power of a fused silica 
capillary column • (FSCC) and the identification capability of a computerized, fast scanning 
quadrupole mass spectrometer. Thermolysis is conducted for an extended period to insure 
complete stripping of volatiles from the sample; these volatiles are trapped directly 
inside the fused silica capillary column. Thisfocused cryogenic trapping procedure permits 
clean injection of the sample and enhanced resolution and sensitivity as shown by Trussell, 
Moncur, et al^»^ for analysis of priority pollutants. (These papers demonstrated separation 
of a mixture compounds ranging from methyl chloride (BP -25''C) to polynuclear aromatics (MW 

•278), and proved the inertness of FSCC's toward acidic and basic, polar and nonpolar'organic 
compounds" at picogram levels). The mechanical properties of the FSCC allow a loop to be 
formed in the column for immersion in liquid nitrogen for focused cryogenic trapping and 
also allow the capillary column to be coupled directly to the mass spectrometer (see Fig. 1). 
The full capabilities of the capillary GC/quadrupole MS/data system have proved to be highly 
useful in troubleshooting applications of complex industrial polymer products. 

RESULTS 

Chromatographic comparisons of focused cryogenic trapping versus no trapping were performed 
on a readily available room temperature cure epoxy, (see Fig. 2). Figure 3 illustrates the 
ability of liquid nitrogen to trap and optimize chromatographic resolution on volatiles 
generated frora heating at 250''C for 15 minutes. The compounds seen in this headspace analy
sis may arise from a number of sources: unreacted and age-created monomers,.processing sol
vents and contaminants, plastlclzers, and antioxidants. Figure 4 illustrates the high 
degree of chromatographic resolution and sensitivity available when pyrolyzing into FSCC's 
with focused cryogenic trapping. The identifications of compounds 53 and 56 exemplify the 
power of the pyrolysis technique for polymer structure identification using a 600''C tempera
ture. An absence of focused cryogenic trapping during the pyrolysis step results in some 
coelution of very early eluters but is not shown here. 

EXPERIMENTAL 

A pyrolyzer (Chemical Data Systems Pyroprobe, Model 100) is attached to the injector assem
bly of a gas chromatograph/mass spectrometer (Finnigan, Model 4021). The inlet of a polymide 
coated, fused silica capillary column (J&W Scientific, Model SE54-30N) is directly coupled 
to the capillary injector. This open tubular column, 30m long X 0.25mm ID, is coated with 
SE-54 stationary phase. The outlet of the column is threaded into the ion source region of 
the mass spectrometer. At a pressure of 7.5 psi, helium carrier gas sweeps the pyrolyzer 
and enters the injector, where the flow is split and enters the column for analysis. Split 
raitlo and column heating conditions are adjusted to optimize experimental results. The mass 
.spectrometer is run in electron impact mode, emission current 0.5mA, electron energy 70eV, 
with scanning from mass 33 to .533 in 0.95 seconds and a 0.05 second hold at the bottom. 

REFERENCES' 

1. Hu, John Chih-An,. Anal. Chem., 49, 4, April 1977, 537. 
2. Trusselr, Albert R.; Moncur, James G.; and Lieu, Fong-Yl, "Parts-Per-Trillion Analysis 

of Volatile, Base/Neutral, and Acidic Water Contaminants on a Single Fused Silica 
Capillary Column", Identification and Analysis of Organic-Pollutants in Water, Vol. II, 
L. Kieth, Ed., (Ann Arbor Science), 1981. 

3. Trussell, Albert R.; Moncur, James G.; Lieu, Fong-Yl; Leong, Lawrence Y. C., "Simulta
neous Analysis of All Five Organic Priority Pollutant Fractions", Joumal of High 
Resolution Chromatography & "Chromatographic Communications, April 1981. 
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THERMAL ANALYTICAL CHARACTERIZATION 
OF POLYMER COATED PAPER 

by . 

J. A. Nikora, C. M. Yavornitzky f, R. A. Yount 

THF.BPGOODRICH CHEMICAL GROUP 
Avon Lake Technical Center 

P. 0. Box 122 
Avon Lake, Ohio 44012 

As part of a recent program to develop an ovenable polymer coating for paper board 
food containers, it became necessary to characterize the thermal off-gases from several 
paper boards, a styrene-ethyl acrylate copolymer, polyester terephthalate (PET), and-
the polymer coated papers. The emphasis of the study was directed at determining the 
thermal stability of the coated paper boards which were being designed for frozen and 
baked goods and for microwave as well as conventional oven heating to temperatures of 
260°C. Therraal stability was examined in terms of off-gas identification and semi-
quantitation, weight loss as a function of time and temperature, smoke generation under 
smoldering and combusting conditions, and product self- and flash ignition temperatures. 
The temperature ranges selected for study were to simulate'normal and extreme cooking 
conditions as well as severe partial combustion conditions. 

Weight loss - tenperature or time profiles of the uncoated and. coated paper boards 
were determined by TGA with programmed and isothermal heating. .Standard headspace-
and pyrolysis - GC/MS with a calibrated CDS 120 Pyro-probe interfaced to a gas chroma
tograph and a DuPont 21-490 mass spectrometer and data system were utilized to identify 
the off-gases at temperatures up to 550°C. Small pieces (ISg) of the coated paper 
boards were heated in a Potts furnace in the NBS smoke chamber to provide quantitative 
data for aliphatic aiid aromatic hydrocarbons, CO, CO2, HCl, and SO^. Smoke density 
measurements in optical density units were made at 9Qs, 4m and at the maximum attained 
smDke density under smoldering and combusting conditions. ASTM test D1929-B was used to 
determine the self and flash ignition temperatures of the saraples. In this test, 2.5 g 
samples are heated with hot air flowing at the rate bf 1.5m/min. as measured at a 
25mm orifice. The flash ignition tests use a small pilot light downstream of the sample 
to ignite the thermally released off-gases. 

TGA measurements-were made in 20% Oj-helium mixtures at 220° and 260°C for l-2h and at 
a programmed heating rate of 10C°/min to 525°. In the programmed heating mode, rapid 
thermal degradation (weight loss) for the two' polymer systems occurs between 400 and 
420°C with a leveling off at 450°C. Rapid thermal degradation of the uncoated paper 
boards commenced at 360°C and was complete by 390°C. The TGA profiles obtained from 
the polymer coated boards were identical to the uncoated boards with the major sample 
degradation occurring between 360 and 390°C. Above 400°C, only minor differences 
attributed to polymer degradation were observed. Isnthermally at 260°C, 5-6% weight 
losses were observed for 2h heating periods with only slifjit discoloration of the coated 
paper boards being observed. 

Qualitative GC/MS measurements of the off-gases were made on a 4.9m SS Porapak QS gc-
column. The major thermal off-gas materials were correlated with the TGA weigjit loss 
values at the specified temperatures. Headspace - GC/MS analyses of the copolymer and 
coating compound indicated the following organic materials: at 95°C - ethanol, acetone, 
t̂ -butanol, ethyl propanoate and ethyl benzene; at 315°C - same plus SO,, acetaldehyde, 
ethyl chloride and styrene. Ethanol, ethyl propanoate and ethyl benzene are nDnomer 
impurities. The major off-gases obtained from the paper boards at 315°C are: CO2, H2O, 
acetaldehyde, furan, furfural and methyl furfural. At 315°C, the only.off-gases observed 
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from the PET polymer a re CO, and H.O. At h i ^ e r tenpe ra t u r e s , the major o f f -gas was 
ace t a ldehyde . PBI coated paper board produces only the paper degrada t ion produc ts a t 
315°C. Analyses of the polymsr coated paper boards c o r r e l a t e d wel l wi th the TIGA r e s u l t s , 
i . e . , fo r temperatures below about 375°C, the only i d e n t i f i a b l e o f f -gas m a t e r i a l s 
r e s u l t from the paper degrada t ion and not from t h e polymer c o a t i n g s . 

The fol lowing t a b l e s summarize the a n a l y t i c a l r e s u l t s ob ta ined from the NBS smoke 
chamber measurements and the i g n i t i o n t e n p e r a t u r e s t u d i e s . 

Smoldering, PfM 
Paper Boards 
Copolymer-Board 
PET-Board . 

SMOKE CHAMBER OFF-GAS QUANTITATION 

CO 
4800 
4600 
4800 

CO,-
10100 
10000 
11200 

ARO 
325 
380 
280 

A L I -
8 0 . 

100 
75. 

HCL 
32 
30 
40 

S O , 
28 
28 
30 

C o m b u s t i n g , PFW 
Paper Boards 
Copolymer-Board 
PET-Board. 

1600 19900. 295 4 5 - . 40 • ." <10 
1550 .24600 365 55 . 45 <10 
1600 • 25700 340 50 60 <10 

CHAMBER SMOKE DENSITY MEASUREMENTS 

Smoldering , O.U. 
sards Paper 

Copolymer Boards 
PET-Board 

Ds (90sy 
24 
24 . 
27 

Ds C4m) 
2 5 -
25 
30 • 

D max 
390 
4 2 0 
380 

Tirae t o Max. 
18 m 
19 m-

• 27 m 

Combusting , O.U. 
)ards Paper 

Copolymer Board 
.PET-Board 

Ds (90s)-
21 • 
28 -
21 

Ds (4m) 
26 . 
30 •• 
23 . 

D max 
123 
1.54 

34 

I g n i t i o n time 
• 34s 

-50s 
18s 

ASTM TEST D1929-B IGNITION TEMPERATURES 

Paper Boards 
Copol-ymer, Boards 
PET-Board 

Flash I g n i t i o n , °C 
355 . 
370 • . 
370 

Self I g n i t i o n , °C 
395. 
405 

• .. 400 

The combined a n a l y t i c a l techniques of TGA and GC/MS along wi th the r e s u l t s ob ta ined 
from NBS smoke chamber measurements and i g n i t i o n t e s t s have e s t a b l i s h e d the upper tem
p e r a t u r e l i r a i t f o r polyraer coated papers a t about 350°C. Above 350°C, -the papers 
r a p i d l y degrade p r i o r to the onse t of polymsr degrada t ion , tto unusual o r g a n i c off-
gases were observed i n the. designed t e n p e r a t u r e range of usage . 
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Sorae Examples of Californium-252 Time of Flight Mass Spectrometry • 

C. J. McNeal, R.D, Macfarlane and H. M. Fales 
Dept. of Chemistry, Texas A&M University, College Station, Texas 77843 

and National Heart, Lung,, and Blood Institute, Bethesda, MD 20205 

A second generation ^52^^ time of flight mass spectrometer has been constructed 
embodying improvements in pumping and sample handling,. and using a new faster and 
raore accurate digitizer.. Some applications to .samples originating at NIH are 
described.below: 

1. A sample of digitonin (1) was dissolved in hot, deuterated dimethylsulfoxide 
for nmr purposes. After recovery frora the-solvent, the sample, was found .to be 
much more soluble in water than the original digitonin. No change in the nmr 
spectruin was visible. 252cf_j,iass spectrometry showed the sample to be identical 
in mass (M+Na 1252.35, calc. 1252.31) and fragmentation {M-sugar A=1090; M-sugar 
B=1188) with the. original. Traces of cholesterol, etc., have an enormous effect • 
pn the solubility of digitonin .and it is considered likely that .such an impurity 
was removed by the dimethylsulfoxide treatment. 

. . - H. Yeh (NIAMDD) and N. Cornell (NIAA) 

2. A complex of aminorhodomine and dexamethazone bridged by a thioethylthiourea 
link was prepared for use as a fluorescent tag for steroid'receptor sites-
All }£iX2.* "^^ usual methods of characterization , (nmr, etc.) were not effective. 
Nevertheless, 252(-.f spectrometry revealed the compound to be substantially 
one material (MH"*" 895.54, Calc. 895.35) with fragmentation at the aminorhodamine-
thiocarbonyl bond (m/z 402). A trace impurity of desmethyl aminorhodamine 
(m/z 388} may a l s o be p r e s e n t , 

- S, Sims (NIAMDD) . 

3. A series of synthetic encephalin analogues have been prepared and Identified 
using ^^^Cf. I^eir general structures are: 

Tyr-D-Ala-Gly-Phe-Leu-NH 
! . 
(CH2)n 
i n=2-12 

Tyr-D-Ala-Gly-Phe-Leu-NH 

The peptides (both free and t-BuOCO-blocked) all show intense. M+Na ions (e.g. n=8, 
1270.07,. Calc 1270.54) as well as smaller peaks for cleavage on both sides of 
every alpha carbon, amino, and carbonyl group, revealing the sequence. 

Y. Shimohigashi (NICHHD) 
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FAST HEAVY IONS INDUCED DESORPTION MASS SPECTROMETRY OF NUCLEOSIDES 

MODIFIED BY CARCINOGENIC POLYCYCLIC HYDROCARBONS 

S.. Delia Negra**", Y.M, Ginot** Y. Le Beyec* M, Spiro** and P. Vigny** 

*Institut (ie Physique Nuclealre, B.P, 1, 91406 Orsay, France 
**Institut Curie and Universite Paris VI, 75231 Paris Cedex 05, France 

The heavy ions desorption mass spectrometry (1) is currently used in our laboratories 
to investigate molecular structures and masses (2). The'method has been applied to the 
fundamental problem of DNA chemical modifications induced by carcinogenic polycyclic 
hydrocarbons. Such compounds are known to be activated -in v i v o into-ultimate carcinogens 
which are able to react as electrophiles at various nucleophilic sites on DNA. Attention 
has been focused recently on these modifications since they'constitute the primary step 
in the induction of a mutation and thus trigger a series of events leading to a 
transformed cell. Numerous studies have brought the evidence that the main pathway in 
the i-YL -oi-vo metabolic activation of polycyclic hydrocarbons is the conversion of the 
molecules into specific diol-epoxides. These species give rise to a carbocation.that 
reacts further with DNA. Physico-chemical techniques have been looked for to investigate 
this problem at the molecular level. Among them, photon-counting fluorimetry has 
assisted in identifying the metabolites involved in the reaction with DNA [See for 
example references (3) and (4)J . Attempts have been made to identify the major adducts 
of i n v i t r o reactions of the ultimate carcinogens with DNA, after enzymic degradation, 
to nucleosides. Nuclear magnetic resonance has thus'-allowed to solve the structure of 
the major guanosine adducts after the chemical attack of DNA by Benzo(a)pyrene-7,8-diol 
9,10 oxide. This was confirmed by mass spectrometry studies obtained after derivatization 
of the adducts (5). We wish to report preliminary results obtained with underivatized 
adducts by using 252cf Plasma Desorption Mass Spectrometry. 

Samples were prepared in collaboration with the group of Prof. P. Sims and' 
Dr. P,L. Grover (Chester Beatty Research Institute, London), Benzo(a)pyrene-7,8-diol 
9,10 oxide (BPDE) and BenzCa)anthracene-8,9-diol 10,11 oxide (BADE) were prepared from 
the corresponding diols and reacted with DNA (Salmon sperm, type III) obtained frora 
Sigma Chemical Co, and deproteinized before use. DNA was then enzymically hydrolysed 
to nucleosides and chromatographed on Sephadex LH20 columns that were eluted with water-
methanol gradients under gravity. Eluent fractions containing nucleoside-hydro.carbon 
adducts that were to be analysed further were pooled and then further purif?cdby high 
pressure liquid chromatography (HPLC) using a Dupont Model 848 and a Zorbax CDS column. 
The fluorescence of the eluted fractions was monitored. 

A few yg of the products are depositedby electrospray onto a' thin metallic foil 
and bombarded in the mass spectrometer by the fission fragments of a ^^Z^f source (2). 
The ionized and desorbed molecules are accelerated by a 10 KV acceleration voltage and 
•time of flight spectra are measured' by means of standard nuclear electronics. It 
.includes two timing discriminators, time amplitude converter, analogic digital converter 
and multichannel analyser (4000 or 8000 channels). For some spectra the time amplitude 
converter was replaced by a new one start-multistop module (6). The spectrometer is 
connected to an IBM computer so that the spectra can be stored on disk for subsequent 
analysis. 

In a first step we modified DNA by Benzo(a)pyreT:ie-7,8-diol 9,10 oxide (BPDE). We 
isolated and purified the major adduct which is known to be a guanine adduct involving 
a binding between BPDE and the exocyclic amino group of the purine. Its mass spectrum 
can be observed with 252cf piasma Desorption Mass Spectrometry. Fragmentation occurs 
giving rise to peaks around M ô- 200 to 250 corresponding to the hydrocarbon skeleton. 
This is confirmed by the fact that a similar pattern is observed with the tetrol of 
Benz(a)pyrene. However the main feature of the BPDE-guanine adduct is that molecular 
ions are observed (Figure 1) at M = 592 and 615 corresponding to Na ions attachments. 

In a second step we have undertaken a detailed study concerning the binding reaction 
of Benz(a)anthracene-8,9-diol 10,11 oxide to DNA. This intermediate species (BADE) is 
of importance since it has been shown recently to bind covalently i n v i v o to DNA (3) 
and since it is not a bay-region diol-epoxide. Such a behaviour might be related to the 
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A100 1,1,00 Uioo iiBtio A^OO 
CHUHMtL 

fac t t ha t Benz(a)anthracene i s only a poor carc inogenic hydrocarbon. I t i s the re fo re of 
i n t e r e s t to know raore about the" binding p r o p e r t i e s of BADE. We have thus prepared 
guanine-BADE and adenine-BADE adduc t s . t o check if under iva t i zed products from Benz(a) 
anthracene could be s tudied by252cf Plasma Desorption Mass Spectrometry. As an example. 
Figure 2 shows t h a t guanine-BADE a l so gives molecular i o n s . Work i s now in p rog res s to 
i n v e s t i g a t e the complete r eac t ion of the non-bay region d io l epoxide of Benz(a)anthracene 
with DNA. 

This work shows t h a t heavy ions desorpt ion mass spectrometry allows p o l y c y c l i c hydro
carbon nucleos ide adducts to be r e a d i l y handled and s tud ied wi thout d e r i v a t i z a t i o n . I t 
i s our opinion t h a t PDMS should be aii important t oo l in t h i s f ie ld ' . • ••• 
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FAST ATOM BOMBARDMENT MASS SPECTROMETRY OF MOLECULAR 

CATIONS, ANIONS, AND ZWITTERIONS 

G.HANSEN, C.FENSEIAU, T.CHEN, D.HELLER, and R. COTTER 

Middle Atlantic Mass SpectromeCry Facility 

The Johns Hopkins University School of Medicine 

• Baltimore, MD 21205 

FasfAtom BombardmenC (FAB) mass. spectrometry has been shown to 

be useful for the analysis of thermally labile and involatile compounds. 

Che technique consiscs of depositing the sample in a fluid matrix onto 

a copper probe surface. The sample is then irradiated with 4KV argon 

atoms-at a beam current of approximately .2 mA. Both posicve and nega

tive speccra may be obtained. 

A FAB source has recently been installed on the Kratos MST50 at 

.che Middle Atlantic Mass. Spectrometry facility. The goal of the work 

presented here carried out at the MAMS facility has been to sCudy che 

FAB mass spectrometry of highly polar molecules such as organic cations 

and anions, compounds cpntaining acidic functional groups- such as phosphate 

and carboxyl groups in boch free acid and.salt forms, and'zwitterions such 

as' 7-methyl guanosine monophosphate which contain quaternary nitrogen as 

well as a phosphate group. 

1. ORGANIC SALTS: Quaternary ammonium salts such as 7-raethyl guanosine 

and 2 , 3 , 5 triphenyl tecrazolium chloride give strong positive ion FAB 

spectra. The spectra are dominated by the intact cation and little 

fragmentation is generally observed. Ion clusters, of the form (C X .) 

where C is che cacion and X is che inorganic anion may also be observed. 

Negative ion spectra have not been observed for the organic cation salts. 

Organic anion salts such as sodium tetraphenyl borace'give strong negative 

ion spectra with liccle fragmentation. Positive lon spectra haye not been 

obtained for Che anion sales. . 

2. ZWITTERIONS: Compounds such as 7-methyl guanosine monophos-

phate, which contain a quaternary nitrogen and a phosphate group give 

both positive and negative FAB spectra. The positive FAB specCrum of 

7-methyl GMP contains the intact cation as well as'-ions' showing- the 

exchange of one and two protons with sodium. These ions were-observed 

fot both the free acid and sodium salt form of 7-methyl GMP. The 

negative FAB spectrum of 7-methyl GMP contains an M-2 ion (M defined 

as the fully protonated form). This ion may contain a mixture of 

charge centers, one positive charge on the quaternary nicrogenand 

two negative charges on the phosphate group resulting in a net -1 

charge ou the molecule. 
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3.PHOSPHATES, CARBOXYLATES, and SULFATES: Compounds containing 

acidic groups such as phosphate, carboxylate, or sulfate give strong 

positive and negative FAB spectra for both free acid and salt forms. 

Positive ion spectra show both proton and cation attachment as well 

as proton-cation exchange. Negative ion spectra exhibit cation or-

-proton removal to give the negatively charged' species. 

1. M. Barber, R.S. Bordoli, R.D. Sedgwick, and A. Tyler, 

325, J.C.S. Chem. Comm. (1981) 

FAB SPECTRUM OF BOVINE BRAIN SPINGOMYELIN 

R.STEAROYL 

q.KERVOHOYL "zCO — P — O I C H j J ^ N I C H j I s 
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Negative Ion Mass Spectrometry pf Middle Molecules: Chemical 

Ionization and Fast Atom Bomt)ardment; Heller, D. N., Chen. T.S., 

Hansen, G., Fenselau, C ; Middle Atlantic Mass Spectrometry 

Facility, Johns Hopkins tJniversity, Baltimore, MD ?IP05 

Much of the work to date on analyses of negative ions 

has been carried out on quadrupole mass spectrometers, which 

are currently limited in their performance above 1000 amu. The 

e)rtension of these studies into the mass range well beyond 1000 

is now possible with magnetic sector instruments, taking advantage 

of their higher resolving power and belter ion transmission in 

the middle molecule range IIOOO-10.0001. Studies in the MAMS 

Facility have been carriedout cn the Kratos MS-50 equipped v/ith 

high field magnet. 

The qoal ofthe present work has been to lay a founrtation 

for use of two types of neaative ion techniques to obtain molecular 

weight and .structural inforrration: 3 

Chemical Ionization with CH which acts as a moderator = 

gas for resonance electron capture ; 

rdsi Atom Bombardment, in which fast moving argon 

atoms are delivered to the sample on a solid probe 

A variety of compounds were studied and compared in these 

techniques accqrding to the following criteria: 

Detection of molecular ion species 

• Quality of fragmenlation for structure elucidation I 

• Utility as calibration compounds for manual counting, ^ 

peak matcfiing, or computer calibration • 

NEGATIVE liDN FAB 

Negative ion FAB has been shown to yield molecular 

ion species and useful fragmentation patterns for oligosaccharides, 

oligopeptides and compounds containing phosphate qroups. 

F O M B L I N O I L Poly (Perfluoropropylene oxidei 

In electron capture NCI wilh methane, Fomblin Oil 

yields oligomeric ions up to and beyond m/e 3500. This spectrum 

can be used with the OS-55.data system prcorams for computer 

calibration. Calibration to m/e IvOO is carried out reariilv with 

the MS-50 at the MA/WS Facility. 

COENZYME B 
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PHOSPHAZENE ANO TRIAZINE DERIVATIVES 

Perfluoraalkyl phospholonitrilates ("phosphazenes") and 

perfluoroalkyi triazines yield very intense ions at regular intervals 

in the high mass range. 

C O N C L U S I O N 

Neaative ions can be formed and analvzed from molecules 

in the middle mass range. 

NEGATIVE ICN F-a S = ECT=H;vi 
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QUANTITATIVE ANALYSIS IN BIOLOGICAL FLUIDS OF THE QUATERNARY AMMONIUM SALTS, 
PANCURONIUM AND NORCURON (ORG NC 45), BY DIRECT INSERTION CIMS. 

T-L. NGUYEN, L. D. GRUENKE, R. A. UPTON, N. CASTAGNOLI, Jr., and R. D. MILLER 
Depts. of Anesthesia, Pharmaceutics and Pharmaceutical Chemistry, 
Univ. of Calif., San Francisco, CA 94143. 

The bisquaternary ammonium sale pancuronium bromide 1 has been widely used as a non
depolarizing muscle relaxant since its introduction into anesthetic practice, 
quaternary analog. Org NC 45, 2 is currently undergoing clinical evaluation, 

CH3C00 r ^ CH3C00 

Its morio-

CH3COO 
Compared to pancuronium. Org NC 45 is more potent, has a shorter duration of action and 

has none of the cardiovascular side effects. 
Pharmacokinetic studies have been limited by the lack of a sufficiently specific and 

sensitive method of detection. Chromatographic assays such as GLC and HPLC are largely 
precluded because of the low volatility of these drugs and their lack of a strong UV chromo
phore. Current methods of analysis for pancuronium rely on forming complexes of the drug 
with organic dyes which can be determined by spectrofluorimetry^ or by spectrodensitometry. 
The reported sensitivity of these methods is 20 ng/ml plasma. In order to obtain good 
pharmacokinetic data at realistic doses (50 yg/kg or less), an assay with at least an order 
of magniCude greater sensitivity and the ability to distinguish the drugs from their metab
olites is required. The CIMS assay described here meets these requirements. 

The CIMS of both drugs is.nearly identical showing a quasimolecular ion at m/e 543, 
MH - 2CH3Br for pancuronium and MH - CH^Br for Org NC 45. Stable isotope analogs (bis-
acetoxy-D3) of each drug were'synthesized for use as internal standards by hydrolysis of the 
parent drug followed by reacetylatlon with acetyl chloride-D3. 

The simple extraction scheme shown below was found to isolate the drugs from the bio
logical fluids studied (serum, urine and bile) in 80-95% yield and sufficiently free from 
impurities to allow analysis by direct insertion CIMS without interference at the monitored 
masses. 

SERUM (1 ML) / OR URINE OR BILE 

CH^Cl^ * -

Internal standard (300 ng). 
KI saturated solution (1 ml) 
CH2CI2 (5 ml) 

AQUEOUS 

DRIED RESIDUE 

Water (1 ml) 
Ethyl ether (2X 2 ml) 

AQUEOUS 

AQUEOUS 

KI saturated solution (1 ml) 
CH2CI2 (5 ml) 

CH^Cl^ 

DRIED RESIDUE 
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All measurements were obtained on an AEI MS 902 mass spectrometer which had been 
modified for CIMS. Isobutane was used as the reagent gas. Two methods for obtaining ion 
current ratios were evaluated: repetitive narrow scans from m/e 553 to m/e 540 at a scanning 
rate of 38 min per decade and selected ion recording^ (SIR) at m/e 549 and at m/e 543. The 
results for 1 ml human serum samples spiked with pancuronium-bromide are shown in table 1. 
Similar results were obtained from urine or from bile or..when Org NC 45 was assayed. 

- Table 1 . 

Analytical Results From Human Serum Spiked With Pancuronium Bromide 

b 

Amount Added (ng) 

.20 

200 ' 

2000 

Amount Found by 
Narrow Scan (ng) 
± Standard Deviation 

0.3 ±0.6 

17.6 ± 1.6 

.207 ± 6 

1993" .± 28 

Amount Found by 
SIR (ng) 
± rStandard Deviat ion 

' •0 .0 ± 0.14 

18.9 ± 0.7 

208 ± 2 . 2 

1940 ± 38 

a. Standard curve y = mx + b : m = 0.00300,. b = 0.0117^ r̂  = 0.9993 
b. Standard curve y = mx + b : m = 0.00311, b = 0.0079, .r̂  = 0.9986 

The data.from-both methods shows acceptable accuracy and linearity-in the range studied. 
Based on the standard deviations at the lowest levels, the minimum detectable sample 
(Students t test, P = 0.95) is about 2 ng for the narrow scan method and about 0.5 ng for the 
SIR method. The sensitivity of the SIR method is probably limited by sample impurities 
rather than by ion statistics. • . • - • 

The success of this direct insertion CIMS analysis in the "low nanogram range without 
extensive sample purification is due to three factors: 

• 1, The salt like character of these drugs allows purification by simple 
extractioh 'techniques. 

2. . The masses being monitored are high. 

3.' The pyrolysis of these drugs occurs in a narrow range at a relatively 
high temperature; thus'allowing impurities to be driven off by heating 
the probe to intermediate temperatures. 

Pharmacokinetec studies in humans-and in experimental animals are currently underway. 
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IN-BEAM ELECTRON IMPACT AND MASS ANALYSED ION KINETIC ENERGY 
STUDIES OF QUATERNARY AMMONIUM SALTS. 

M. Ohashi, R.'^Barron, and W. Benson 
FDA, Division of Drug Chemistry 

Washington, D. C. 20204 

Until recently, quaternary ammonium salts were believed to only 
undergo thermal degradation prior to ionization in a mass spectrometer. 
Consequently report documenting the fragmentation of intact quaternary 
ammonium ions by electron impact were not found. However, in 1980 Rbllgen 
and Stoll have shown that tetraalkylammonium salts are evaporated and 
dissociated to yield the corresponding quaternary ammonium cation by only 
heating ( 1 ) , whereas Daves et al. proposed that electron impact is 
necessary to cause dissociation of gaseous quaternary salts to give the 
corresponding ammonium c a t i o n ( 2 ) . Cotter and Yergey also reported the 
observation of the thermal degradation spectra of intact quaternary 
ammonium c a t i o n s ( 3 ) . We now report our recent studies on in-beam EI mass 
spectrometry(4) of these compounds. The series; t e t r a e t h y l , t e t r a p r o p y l , 
t e t r a b u t y l , and tetrapentyl ammonium bromide were selected as typical 
examples and examined by the techniques of in-beam EI mass spectrometry 
and mass analysed ion kinetic energy spectrometry as well as high voltage 
scanning ion kinetic energy spectrometry.- Our results are' summarized as 
f011ows : 

(i) When the compound was loaded on a metal tip and inserted into 
the hot ion source (ca. 280OC) and heated to '350OC by the 
sample heater or the compound was deposited on an unactivated 
FD wire of 10 jUM dia.. tungsten and quickly heated, only the 
corresponding tetraalkylammonium cation was recorded. Without 
an electron beam, no fragment ions were detected under these 
condi t ions. 

(ii) When the electron beam (filament) was turned on and the in-beam 
EI spectra were recorded, significant increase in the abundance 
of the quaternary ammonium cation was observed, 

(iii) The in-beam EI spectra of tetrapropyl and tetrabutylammonium 
bromide, are shown in Figure 1 as typical e x a m p l e s . In 
addition to these peaks, weak but remarkable cluster ions, 
((R4N)2Br)+ and (R4N Br - H)+ were observed. 

(iv) MIKES confirmed the direct formation of several fragment ions 
from the R4N''' cation. .The results are. shown in Table 1. 
Five transitions were commonly observed. In the case of 
tetraethyl derivative, three metastable transitions producing 
R 3 N H + , RjN-^', and R2N'^ = CHR' from R4N+ were 
clearly observed. In the other three cases the transitions 
leading to R3N''" from R4N"'' were not clear because of 
three overlapping transitions for R3N"'"' , R 3 N H + , and 
R2N+ = CHR' from R4N"'^. 

(v) In order to clarify the ambiguous processes in. MIKES due to 
overlapping peak, particularly for the process: R4N"''-
R3N''" ion kinetic energy spectra were obtained by 
acceleration voltage scanning to attempt to determine the 
parent ions of certain daughter ions. The results are 
summarized in Table 1. The parent ions of R3N'',' corresponding 
to the molecular ions of trialky 1 amine (a possible thermal 
degradation p r o d u c t ) , were clearly shown to be derived by 
electron impact induced fragmentation from the 
tetral ky lammon i um cation, R4N'*, 

Of course from these data we cannot exclude contribution of thermal 
decomposition products to the in-beam spectra. However, we can conclude 
safely that the following reactions take place commonly in the first and 
second, field free regions in the reversed Nier Johnson geometry. 
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i' I Fig , 1, In-beam EI spec t r a (80 eV) of t e t r a p r o p y l ' and tetrabutylammonium bromide. 
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Table 1. MIKES and IKES of 
Tetraalkylanmonlum Cations 

R transitions^ fragment E/^n" V ^ Q -

Pr 

102(a) 
101(b) 
100(c) 
86(d) 

144(a) 
143(b) 
142(c) 
114(d) 
43(f ) 

186(a) 
185(b) 
184(c) 
142(d) 

57(f) 

0.781 
0.776 
0.766 
0.659 

0.774 
d 

0.762 
0.611 
0:229 

0.768 
d 

0.761 
0.588 
0.233 

1.275 
1.288 
1.301 

.e. 

1.290 
1.300 
1.309 
1.633 

e_ 

1.302 
1.306 
1.314 
1.703 

e 

_a See Scheme 
_b MIKES of tetraalkylammonium cation 
_c IKES obtained by acceleration voltage 

scanning 
d_ Overlapping peaks 
e No data obtained 

Scheme Fragmentation processes of tetraalkyl 
ammonium cations upon electron Impact 
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Mass Spectral Analysis of Long Chain Quaternary Amine Mixtures 

Robert J. Cotter and Gordon Hansen, Middle Atlantic Mass Spectrometry Facility 
Johns Hopkins University, Baltimore, MD 21205, and 

Thomas R. Jones, Southern Clay Products, Gonzales, TX 78629 

Objectives: 
The objectives of this research are to examine and evaluate the analytical util

ity of several ionization techniques for the determination of the composition of 
quaternary ammonium salt mixtures manufactured industrially from hydrogenated tallow. 
The ionization techniques employed include: direct exposure chemical ionization, field 
desorption, and fast atom bombardment. The analytical questions include: the relative 
abundances of C-:l4, C-16 and C-18 alkyl chains, the amount of mono- and tri-alkyl im
purities present in the di-alkyl mixtures, and the abundance of amide impurities which ' 
are introduced in .the manufacturing process. 

Introduction: 
Quaternary ammonium salts, in which one or two long-chain hydrocarbon groups are 

directly attached to the nitrogen atom, are an important group of industrial chemicals, 
whose uses include flocculation, soil stabilization, and the manufacture of organo-
philic colloids. The total U.S. market,is approximately 10^ Kg per year. They are , 
non-toxic, biodegradeable, cationic.surface active agents, and in the household they' 
appear in fabric softeners, hair conditioners, germicides, and as organophilic colloids 
in cosmetics, lubricating greases and paints. 

The long chain amines are manufactured via the fatty acids, derived from natural 
fats and oils such as tallow, coconut or palm,-which are each mixtures of acids of 
different chain lengths. Conversion of the fatty acids to the nitrile, followed by 
catalytic hydrogenation, produces primary.and secondary amines. The quaternary amine 
is then completed by the addition of methyl or benzyl groups. The mixture of stearic, 
oleic, linoleic,- palmitic and myristic acids found in beef tallow, upon hydrogenation, 
produces a corresponding mixture of C-18, C-16 and C-14 alkyl groups with relative 
abundances of hbXt&k, 28% t4%, and k .5%±l ,5% respectively. 

Direct Exposure. Chemical Ionization 
Direct Exposure CI provides a means for determining the mixture of chain lengths. 

Molecular ions are observed. (Figure 1), but more, reliable results are obtained from 
peaks corresponding to" the protonated" amines, produced after the loss of methyl or 
alkyl groups. In the example shown, the five peaks corresponding to loss of methyl 
produce a composition of 66.87,, 29.97c., and 3.17o. The three low mass peaks corres
ponding to. the loss of one of the alkyl chains produced a composition of 63.87., 33.9%, 
and 3.37.. for C-18, C-16, and C14. In addition, high resolution/direct exposure CI 
revealed that peaks at 536,-508, etc. included a small amount of amide impurity. 

.DIMETHYL 
01 (HYDROGENATED TflLLCW) 

-AMMONIUM CHLORIDE 

M* -MOLECULAB CATION 

298 
MH*-R 
(c,e) 

CHj-f/^R, c r 

260 300 
m/e 
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Field Desorption . -' 
While this technique produced more abundant molecular ions^- spectra were somewhat 

irreproducible, since decomposition was dependent upon emmitter temperature, and rela
tive abundances varied with time as che.sample was desorped frora the surface. 

Fast Atom Bombardment" ' • ' . , • . ' 
This technique made possible the observation•of mono-alkyl and ,tri-alkyl impuri

ties. The specCrum is shown in Figure 2. The abundances of the tri-alkyl impurities, 
relative to the total di-alkyl species were compared for two araines with results ob
tained from HPLC. FAB/MS results were.10.3% and 10.1% for.the two amines, while the 
HPLC determination" gave 7 .47,,.,and 7.1% respectively. 

Fdsl Atom Boditurdmenl Mass Spectrum 
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CHEMICAL IONIZATION MASS SPECTROMETRY OF 
THERMOLABILE ORGANIC COMPOUNDS. ADDUCT ION FORMATION 
WITH AMMONIA, TRIETHYLAMINE OR PYRIDINE. D. I. CARROLL, 
J. G. NOWLIN. R. N. STILLWELL and E, C. HORNING; Inst. 
for Lipid Research, Baylor College of Medicine, Houston, 
Texas 77030 

Thermally induced dehydration is a common reaction for 
most organic compounds with hydroxyl groups, and for 
direct chemical ionization spectra obtained under pro
tonating conditions, it is not possible to determine 
If the initial lon in a sequence with ions 18 amu apart 
corresponds toMH+, (MH-lS)"*" or (MH-36)+. A way of 
recognizing ions.containing sample molecules in their-
entirety, for many compounds, is to generate adduct 
ions which contain an easily recognized isotope label 
using direct chemical ionization techniques. The 
results obtained under these conditions are described 
in this paper for a wide range of representative 
thermally- labile ketons, esters, acids, phenols, 
alcohols and conjugates. In most cases the isotope 
labeled adduct ion is either the base peak or easily 
recognized. 
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THE THERMAL DESORPTION CHEMICAL IONIZATION MASS SPECTROMETRY OF 1,3,5,7-TETRANITRO-l,3,5,7-
TETRAAZACYCLOOCTANE (HMX); RUSSELL C. SPREEN-and BURNABY MUNSON; Department of Chemistry, 
University of Delaware, Newark, Delaware 19711 

.. Contrasting literature reports and experiments in our laboratory indicate thac the 
chemical ionization mass spectra of 1,3,5,7-tetranitro-1,3,5,7-tetraazacyclooctane (HMX) are 
extremely sensitive to experimental parameters. Methane CI spectra differing greatly in 
ionic abundances and with no (M+H) ions or significant amounts of (M+H) ions have been 
reported (1,2). Vastly different iso-butane CI spectra have also been reported (1,3). 
Source temperature (2) and reagent gas pressure (3) were blamed for these. In order to 
examine this phenomenon in detail temperature dependent Cl mass spectra have been obtained 
using butane, iso-butane, 99.5% propane/O.5% dimethyl ether and ammonia as reagent gases. 

These experiments consist of depositing 3 micrograms of HMX from an acetone solution 
(3 pg/yl) into the bottom of the sample well of a conventional probe. The probe is home
made and a thermocouple simulates the sample .temperature to within ±5^C. The probe is 
slowly heated to 75*'C to remove the acetone and then cooled to room temperature before 
Introduction into the mass spectrometer. Once in position inside the instrument the probe 
is heated at IS^C/min while spectra are acquired every 6 seconds by computer. Reproducible 
and well shaped ion intensity profiles are obtained. 

Our experience indicates that sample size, sample location in the probe well, reagent 
gas pressure and heating rate are important parameters for the collection of reproducible 
data. Samples significantly larger than 3 micrograms and samples not located in the base 
of the probe well do not desorb smoothly. Heating rate and reagent gas pressure are 
important parameters in regulating the partial pressure of HMX in the ion source. If che 
gas phase concentration of HMX is high, sample ion/sample molecule reactions will occur 
rapidly to yield (M+H)"*", (M+NO2)'*", and (M+CH3N202)'^. At present the effect of source 
temperature has noc been examined, buC these experiments are planned for the future. 

Once it was possible to obtain reproducible desorption profiles for HMX we felt it 
important to decermine the proton affinity. A bracketting technique was used and the 
criteria for reaction was based on the following sequence. 

RH"^ + (CH2N202)^ — ^ ((CH^N^O^)^ + RH)"^* — ^ ^^^S^2°2^n "̂  ̂ ^^^ n = 1-4 

I >• ((CH.N„0-) + H)"^ n = 1-4 
2 2 2 n 

Proton transfer was indicated by a significant increase in the sum of selected 
protonated fragments and protonated HMX, accompanied by a corresponding decrease in the 
intensity of the reagent ion. Addition reactions were indicated in a similar fashion. 
Table 1 shows our results for the three reagent gases used. The spectra obtained are 
shown in Figures 1, 2 and 3. Since in this and in previous work we have observed dis
sociative proton transfer to be che dominant process in proton transfer reactions with HMX, 
it was necessary to show that HMX is a stable gas phase species. An experiment was carried 
out in which HMX was desorbed from che probe Co the source block at 80''C. The source block 
was then heated slowly and spectra were acquired repetitively under ammonia CI conditions, 
A single peak was observed in the total sample ion profile at 175''C. The spectrum showed a 
base peak ac M/Z = 314 corresponding Co (HMX+NH^)"*", a prominent ion at M/Z = 331 due to 
(HMX+(NHT)2H)"*~ and essentially no higher mass ions. Speccra obcained with the reagenC 
gases listed in Table 1 show the proton affinity of HMX to be between 181 and 190 kcal/mol. 
Thus proton transfer (with or without dissociation) was not expecced to occur wich ammonia 
as che reagent gas and none was observed. 

Table 1. 

ReagenC Gas R P.A. (kcal/mole) Rxn. A 

n-butane ^ 181 fast 

i-butane — I 194 slow 

dimethyl ether — 0 190 slow. 

583 



i n - I 

75 
(CH2N202+H)'^ 

• ^ 131 

HMX - BUTANE C . I . 
SOURCE = 193°C PROBE = 210°C 

(CH2N202+C^Hg)" 
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Figure 3. Reagent Ion Ratio M/Z 43:47:93 = 34:100:35 

1. J. Yinon, Biomed. Mass Spectrom., 1, 393 (1974). 
2. P. Vouros, B. A. Peterson, L. Colwell, B. L. Karger 

and H. Harris, Anal. Chem., 49, 1039 (1978). 
3. R. Saferstein, J. M. Chao an3~~J. Manura, J. Assoc. Off. 

Anal. Chem., 58, 734 (1975). 



High-performance Molecular SIMS, J. E. Campana, T. M. Barlak, J. R. Wyatt, 
J. J. DeCorpo, and R. J\ Colton, Naval Research Laboratory, Chemistry 
Division, Washington, DC 20375. 

A high-performance secondary ion mass spectrometer has been designed in our 
laboratory, especially for the study of the secondary ion emission process 
and for analytical applications of molecular SIMS. This-instrument has 
several notable attributes among which are dynamic (>10 A/cm ), static 
(<10 A/cm ), and neutral beam excitations, ultra-high mass capability 
(>m/z 18,000), high ion transmission (>1:10 ), adequate resolving power 
(>350), and the absence of detrimental mass and energy discrimination 
effects. This .system has allowed us to propose ion abundance calibration 
standards for conventional SIMS instruments (see paper RPM0C6). The 
instrument also has a large viewing area (1 cm ) which allows a "milliprobe" 
imaging capability with possibilities for molecular imaging (see paper 
MPBIO) . Two of these feiatures, the high-mass capability and static SIMS 
applied to the characterization of polymeric thin films, are discussed. 

Recent studies in our laboratory on the alkali iodides (MI) have shown that 
a series of cluster species [M(MI) J (Csl, n=l-19) are produced by argon 
ion borabardment (see paper RPM0C3)!? Ultra-high mass spectral data (>m/z 
18,000 and n=l-70) induced by xenon ion bombardment of Csl (see Figure 1). 
The intensity distributions are discussed elsewhere (see paper RPM0C3). 
These 3 00 eV m/z 18,000 ions move through the mass spectrometer at Mach 5.4 
compared to m/z 100 ions which move through organic mass spectrometers with 
8000 eV of energy or speeds of Mach 375. . The decreased extraction effi
ciency of the optics at low accelerating voltage is offset because the ion 
source is so bright (i.e., secondary ion yield is very high for'Csr). 

Static SIMS also termed low-damage and molecular SIMS can be used as an 
"apparent" non-destructive analytical technique for the characterization 
of polymeric thin films. This method has been applied to a series of 
poly (alkyl) methacrylates shown in Table 1. The ions used to distinguish 
the homologs are characteristic of the substituent group and are shown in 
Table 2. These ions are also significantly intense relative to the other 
backbone (hydrocarbon) type ions in the mass spectrum. The most intense 
ions in the spectra are ions characteristic of the silver substrate or 
polymer impurities, i.e., Na , K , Ar , Ag , and Cs . The observation of 
these species indicate an incomplete coverage (submonolayer perhaps) of 
the silver substrate (Figure 2) . This low-damage method offers a means of 
direct and "apparent" non-destructive analysis of polymeric thin films 
whereas the various pyrolysis techniques and LAMMA are indirect and 
destructive. 

1. R. J. Colton, J. E. Campana, T. M. Barlak, 'J. J. DeCorpo, and J. R. 
Wyatt, Rev. Sci. Instrum., 1980, 51, 1685-1689. 
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29 . ' t t , H i l ' 
43 rC jH j l * 
a I C , H , I ' 

PMM m l . 16 > a > 25 > " 

PEM m/l 29 > «3 > IB - 56 

PIB m/f 29 > 43 - K > IB 

PNB m l , 43 > 29 - BB > 16 

PLM m/l B6 > 43 > 29 > 16 . 
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F igu re 1 . 

M 
2 
m 
I-
Z 
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A CERAMIC DIRECT INSERTION TIP FOR DESORPTION 
CHEMICAL IONIZATION. F.A. BENCSATH and F.H. 

FIELD. The Rockefeller University, New York, N.Y. 10021 

We describe a ceramic probe tip for desorption chemical ioni
zation (DCl) which shows some advantages over the commonly 
used metal coll [I] or Vespel-tip [ 2 ] . A ceramic tube (MV20 
Mulllte single bore insulator, McDaniel) was melted closed at 
one end, and a chromel wire coil was placed inside to provide 
heating. The tip thus constructed was fitted to a DuPont 
21-492 sample probe. The tip was deactivated by coating with 
"Dexsil" and subsequent mild•burning with a CH4-O2 flame (to 
orange-red heat), and It remained inert for months. The 
porosity of the ceramic facilitates sample loading from sola-
tions, and the hardness of the ceramic facilitates the loading 
of powdered samples. The tip can be easily cleaned by flame 
in a few seconds, which makes the repeated sampling often 
necessary In DCl work very time efficient. 
This probe has been used extensively for biomedical service 
work in the last two years. Among the samples run successfully 
were synthetic nucleoside derivatives, corticosteroid deriva
tives and steroid glucuronides containing 4 to 5 hydroxyl . 
groups, synthetic oligopeptide intermediate preparations, a 
complex sulfonic acid, heteroaromatic sulfonic acid, thermo-
sensltive alkylacrylamides, tetraselenium corapounds, and high 
molecular weight opiates. Satisfactory spectra can be obtained 
with sub-mlcrogram .amounts of sample. Spectra illustrating 
the utility of the tip will be given. 

1. J.R. Chapman, S. Evans, C.J. WakefleId, K.R. Compson and 
D. Haselby, paper presented at the 28th Annual Conference 
on MS and Allied Topics, New York 1980; and'A.P. Bruins, 
ibid. 

2. R.F. Cotter, C, Fenselau. Biomed- Mass Spectrom. 1979, 6̂, 
287. . . 
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FIELD DESORPTION AND DESORPTIVE CHEMICAL IONIZATION MASS SPECTRAL STUDIES OF PHORBOL ESTERS; 
C.E. COSTELLO, A. SCHKUTA, and K. BIEMANN; Dept. of Chem., M.I.T., Cambridge, MA 02139 and 
V.N. REINHOLD, Dept. of Biol. Chem., Harvard Medical School, Boston, MA 02115. 

Since some of the phorbol esters were shown to be the active principles of croton oil, 
the classical tumor promoter, there has been much interest in the synthesis, isolation and 
characterization of these compounds. It is hoped that the use of structural variants will 
provide some clues to the mechanism of carcinogenesis. Likewise, the isolation of metabo
lites of phorbol esters from exposed tissues may give information about the biochemical 
pathways involved. These compounds, however, have provided an analytical challenge because 
of the lability of the functional groups and the difficulty of distinguishing among isomers 
which differ only in the locations of the acyl substituents. The limited sample size 
available for metabolite studies has also been a problem. 

The electron impact mass spectral fragmentation pattern provides some useful structural 
infonnation but it is rarely possible to obtain a molecular ion.or any ions.at high mass. 
Isobutane chemical ionization of the 4aa-series has been shown to provide protonated molecu
lar ions of very low abundance and more diagnostic fragments at high mass than does EI. 
Samples of 5-10 ug were required for low resolution spectra.1 

In this study, the field desorption (FD) and desorptive or direct chemical ionization 
(DCl) mass spectra of 4aa- and 4a6 -phorbol.(MW 364) and 25 variously, substituted esters 
having molecular weights from 482 to 982 were obtained. In all cases, it.was possible to 
detennine the molecular weight and to distinguish among isomers. 

FDMS were obtained using a MAT 731 double focussing instrument fitted with a combined 
EI/FI/FD source and benzonitrile-activated tungsten wire emitters. The molecular ion and/or 
protonated molecular, ion was the base peak in the spectrum of all the compounds (Fig. 1) 
except in the case where R3 = trityl, for which the ion at m/z 243 {C3)''' was the most 
abundant. Ions which corresponded to loss of the R-i group as an acyl moiety from M"'' or loss 
of the acid from MH"'' were the only fragments with significant intensity in many of these 
spectra. It is thus possible to deduce which acyl group is located at postion R̂ j. Low 
resolution FD spectra were recorded oscillographically at M/AM = 1000. ' Exact mass measure
ments were made by recording the spectra on lonomet photoplates at a resolution of M/iM = 
5000, using an overlaid El spectrum of Fomblin" oil,at M/iM. Mass accuracy was within 
10 ppm. Sample size was 1-2 vg or less. 

DCl mass spectra were obtained with a MAT 312 instrument having a combined EI/CI source, 
operated at a resolution of M/AM = 1000. An SS200 data system was used for data acquisition 
and processing. The probe (emitter) tip furnished by the manufacturer is a bare nichrome 
wire. Improved results were obtained when this wire was replaced with one which had been 
coated with a polyimide polymer.2 Figs. 2 and 3 compare the results on the two surfaces 
when ammonia was used as the reagent gas. Using ammonia and the coated emitter, the base 
peak of the phorbol spectra was usually the (M + NH^)"*" species. Unsaturation in the substi
tuents resulted in a lower relative abundance qf this ion. The high sensitivity of the 
method permitted scanning complete spectra at the 100 ng level. With no special adjustments, 
samples as small as 3 ng could be detected by monitoring the (M + NH4)"'' peak. 

Compounds used in the study were purchased or were furnished by P. Blumberg, Harvard 
Medical School arid H. Neeman, Roswell Park Memorial Institute. This work is supported by 
grants numbered DRR 00317 and 5 POI GM 26625 from the National Institutes of Health. 

O.J. Solomon, B.L. VanDuuren and S.-S. Tseng, Biomedical Mass Spectrom. 5(2) 164-9 (1978). 

V.N. Reinhold and S.A. Carr, (1981) Twenty-ninth Annual Conference on Mass Spectrometry and 
Allied Topics, Minneapolis, Minnesota. Paper number RPA12. 
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Figure 2. Desorptive Chemical Ionizat ion mass spectrum of Phorbol 12-Myristate-
13-Acetate. Reagent gas: Antnonia. Sample on Polyimide-coated emi t ter . 
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Figure 3. DesorptiveXhemical Ionizat ion mass spectrum of Phorbol 12-Myristate 
13-Acetate. Reagent gas: Ammonia. Sample coated on bare wire emi t ter . 
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DESORPTIVE CHEMICAL IONIZATION OF POLYPEPTIDES AND POLYPEPTIDE DERIVATIVES, STEVEN A. CARR 
V.N. REINHOLD; Dept. Biol. Chem. & Lab. Human Reprod. & Reprod. Biol., Harvard Med. Sch., 
Boston, MA 02115 and K. BIEMANN, Dept. Chem., M.I.T., Cambridge, MA 02139. 

We have explored the applicability of desorptive or direct chemical ionization mass 
spectrometry (DCI)1>2 to the problem of oligopeptide sequence analysis at the subnanomole 
level. The DCl spectra of a series of synthetic underivatized and simply derivatized 
peptides up to ten amino acids in length have been obtained using from 0.1 to 1 pg of 
material. Ions characteristic of the molecular weight and abundant, easily interpretable 
sequence ions were produced when ammonia was used as the reagent gas. 

The most abundant sequence ions in the NH3-DCI mass spectra of peptides and their 
derivatives (Scheme 1) are the N-terminal amide ions = X-NH-CHRn-C0-NH3''' + (NH3)_, and C-
terminal ammonium ions = "'"NH3-CHRn-C0-Y + (NHsJ^. These structures are indicated on the 
mass spectra as (An'+2H)+ and (Zn'+2H)+ for m = 0, and [(A^'+H) +NH41+ and [(Z.'+H) +NH4I+ 
for M = 1; the X and Y groups denote the remainder of the peptide chain. The N-terminal 
cationized amide ions (A'series) produced in the NH3-DCI mass spectra are probably formed 
via reaction of the reagent gas with the carbonyl groups of the peptide chain.3 These ions 
are not observed by conventional Cl using methane or isobutane as the reagent gas'', or 
tandem mass spectrometry using NH4"'' as the ionizing species.5 For'these latter techniques, 
the major N-terminal fragments are acylium ions of the type '(H2N-CHR-CO"'") from which other 
abundant fragments are produced by neutral losses of CO, H2O or NH3. Acylium ions are 
usually of low abundance in the NH3-DCI mass spectra. 

The NH3-DCI mass spectrum of the underivatized peptide Phe-Asp-Ala-Ser-Val is typical 
of those obtained for a wide range of polar and non-polar side chain-containing linear 
peptides (Fig. 1). In general, the ions of highest mass correspond to (M)+, (M+H)"'' or a 
combination of these. The molecular ion, together with the abundant A' and Z' series 
sequence ions are usually sufficient to establish the sequences. While not essential, the 
amino acid composition of the peptide is usually available and provides confirmatory 
evidence for the proposed structure. 

Polar peptides, particularly those with carboxylate side chain-containing amino acids 
(Glu and Asp) undergo a minor side reaction in which R'-COjR (R = H or CH3) groups are con
verted to R'-C0NH2 by reaction of ammonia with these groups. Cyclic peptides such as 
gramicidin S, a cyclic decapaptide, yield abundant cationized molecular ions but no 
readily interpretable sequence ions. 

Simple derivatization of peptides to the corresponding acetyl or perfluoroacyl methyl 
esters affects both molecular ion abundance and relative intensities of sequence ions. 
Acylation of the amino terminus has the general effect of increasing the amount of ion 
current carried by the (NH4)"'' cationized molecular ions and their fragment ions. Intro
duction of an acetyl group does not cause significant change in the relative intensities of 
sequence ions, whereas perfluoroacyl groups cause a marked increase in the intensity of the 
Al' series ions. 

The effects of modifying the desorption surface have also been examined. We have 
found that peptides (and many other compound classes)^ desorbed from DCl emitters coated 
with a thermally stabilized polyimide exhibit enhanced relative abundance and overall yield 
of molecular ions, and a decrease in the abundance of fragments that lack sequence infor
mation. The total ion current (TIC) profiles for 0.3 ug of dipentafluoropropionyl-Phe-Asp-
Ser-Val-(0CH3)2 desorbed from a bare wire and a coated wire are compared in Fig. 2. The 
intensity of the (M+NH4) ion (m/z 875) is approximately five times greater, and the number 
of spectra in which (M+NH4)''" is present are more than doubled for the sample desorbed from 
the coated wire. In addition, the spectrum of the sample desorbed from bare wire'exhibits 
several new ions which correspond to loss of CF3CF2CO and CF3CF2CONH2 from sequence ions. 

The NH3-DCI approach lends itself best for the determination of the structure of 
individual oligopeptides, such as the many important physiologically active peptides or 
peptide antibiotics. It is not well suited for the complex mixtures of peptides encoun
tered in protein sequencing because it would require extensive separation of these mixtures 
prior to mass spectrometric analysis. 

This work is supported by grant No. 5 POI GM 26625 from the National Institute of 
General Medical Sciences, National Institutes of Health. 

1; Baldwin, M.A. and McLafferty, F.W. (1973) Org. Mass Spectrom. 7, 1353-56. 
2. Hunt, D.F., Shabanowitz, J., Botz, F.K. and Brent, D.A. (1977) Anal. Chem. 49, 1160-63. 
3. Haegele, K.D. and Desiderio, D.M. Jr. (1974) J. Org. Chem. 39, 1078-82. 
4. Mudgett, M., Bowen, D.V., Field, F.H. and Kindt, T.J. (1975) Biomed. Mass Spectrom. 

4, 159-71. 
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Desorptive Chemical Ionization (DCl) Studies of Carbohydrates and Glycoconjugate Materials 

V. N. Reinhold and S. A. Carr 
Department of Biological Chemistry and 
Laboratory of Human Reproduction and Reproductive Biology 
Harvard Medical School 
Boston, Massachusetts 02115 

Direct mass measurement of polar, thermally labile molecules has received much 
attention in recent years. This has been stimulated in large part by techniques that 
provide molecular weight information directly while avoiding derivatization. In this 
study numerous carbohydrate oligomers have been investigated to assess sequence 
information and several glycolipids to detennine structural moieties. 

In general, with adequate sample size, desorption of polar materials from bare 
rhenium wires by programmed heating provides structurally informative ions only 
during the first few mass spectral scans of the total^ion profile. Latter scans are 
dominated by fragments arising via thermal degradation which totally consumes the 
major part of the sample. Much of this loss has been decreased by electrically coating 
the wires with a polyimide surface which increased considerably the concentration of 
structurally significant ions.'f This coating (thennally stable well beyond the 
sample desorptive profile) enhanced the over-all sensitivity as well as molecular 
ion related intensities. 

Methane, isobutane arid ammonia have been used as reagent gases and, comparable 
to earlier chemical ionization studies of oligosaccharides (1), ammonia provided mass 
fragments of the greatest structural interest. The spectra (Figure 1) are dominated 
by a series of even-mass ions derived from ammonia attachment of primary cleavages on 
either side of the interceding glycosidic oxygen. This attachment of ammonia, as 
shown earlier by metastable studies (1), was confirmed in this work using a deuterated 
reagent gas. The reduced glycosidic moiety provided a 2 amu shift which allowed 
sequence reading from the terminal (Z) or the reducing (A) end-(Figure 2). The 
simplicity of the fragmentation and the intensity of the high mass fragments suggests' 
that the size of the oligomer suitable for sequencing can be extended markedly by 
this DCl method and with much greater sensitivity.-

The DCl mass spectra of several glycocerebrosides have also shown considerable 
ion stability and simplicity with pronounced intensity in the molecular ion region as 
well as abundant ions at conjugate points to ascertain structural moieties. 

This work was supported by grant number 5 POI GM 26625 from the National Institute 
of General Medical Sciences, National Institutes of Health. 

Preparation of polyimide coated nichrome wires suitable for use in a Finnigan-MAT 312 
mass spectrometer equipped with' a DCl probe. 

Nichrome wire (7 cm x 0.0125 in.) is oxidized with an AC voltage dipped 
into polyimide "Primer" and polymerized with an AC voltage. This latter 
step is repeated four times with polyimide "Topcoat". "Primer" and • 
"Topcoat" are Pyre-ML Dupont products available from American Durafilm 
Company, Newton Lower Falls, Massachusetts. 

(1) R. C. Dougherty, J. D. Roberts, W. W. Binkley, 0. S. Chizhov, V. I. Kadentsey 
and A. A. Solor'ybv, Journal of Organic Chemistry, 39, 451 (1974). 
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PULSED FIELD DESORPTION TIME-OF-FLIGHT MASS SPECTROMETER 

S. E, Buttrill, Jr., R. H. Fleming, M. Rossi,. 
W. Gohl and L. N. Goeller 

Mass Spectrometry Development Program 
SRI International, Menlo Park, CA 94025 

We recently described a novel pulsed field desorption time-of-flight mass spectrometer,* 
The advantage of this configuration is that all ions formed by the field ionization or 
field desorption process are collected and mass analyzed. This paper describes 
improvements which we have made in the instrument, the factors which limit its reso
lution, and some very recent experiments using laser desorption as a source of ions. 

Instrument Improvements 

The channeltron multiplier previously used as-the ion detector was replaced by a 40 mm 
diameter multichannel plate detector. This detector is capable of giving improved 
resolution in the time-of-fllght measurement because its flat surface may be aligned 
perpendicular.to the lon flight path. In contrast, the Channeltron multiplier has an 
effective depth of 3-4 ram, which limits the tirae resolution achievable, especially for 
higher mass ions, 

A heated desorption probe was built and installed. The probe Is equipped with a 
thermocouple In direct contact with the FD emitter, thus allowing direct measureraent 
of the emitter temperature. 

A facility wag constructed to produce silicon activated emitters following the pro
cedure of Matsuo et al,* Emitters were constructed from 0.5 inch lengths of 0.063 
inch diameter tungsten rod. One end of these rods was polished to a flat surface, and 
the silicon activation was deposited on this end,' The resulting large flat emitting 
surface is well suited to the geometry of the time-of-flight raass spectroraeter. 

The silicon activated eraitters generally gave poor sensitivities in the pulsed field 
desorption mode for compounds such as arginine, adenosine, and sucrose. Very large 
signals could be observed for Li,Na , K at high teraperatures (200°C), In view of 
previous good results with silicon activated emitters in the normal DC FD configur
ation, these results suggest that the high electric field plays a role in the trans
port of molecules to' the active sites of the emitter. 

The instrument was also tested in the FI raode of operation, in which methyl salicylate 
vapor was introduced into the mass spectrometer vacuum system. As would be expected, 
the field ionization signal went down as emitter teraperature was increased. Nonethe
less, the field Ionization signal was much stronger than could be obtained for field 
desorption of organic compounds. 

The time-of-flight raass spectrometer is equipped with an electrostatic reflector which 
provides second order focusing with respect to ion energy.^ In other words, when the 
voltages on the reflector are properly adjusted, the first and second derivatives of 
the ion arrival time with respect to energy are zero. This design is capable of 
compensating for a wide spread in ion energy. However, by placing a high voltage on 
the first region of this reflector, it is possible to reflect the ions back to the 
detector with veiy little energy focusing. When operated in this mode, the mass 
spectrometer gives a time-of-flight spectrum which reflects the lon energy distribu
tion. Experiments of this type showed that ions produced by pulsed field desorption 
or pulsed field ionization had an energy spread of over 300 volts at a norainal ion 
energy of 1500 volts. Although the electrostatic reflector successfully compensated 
for much of this very wide energy spread, the liraiting tlme-of-flight resolution at 
ra/e 152 was about 400. 
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The hig^ energy spread arises from the interaction of the packet of field desorbed or field 
ionized ions with the high voltage pulse. The interaction of the lon packet with this 
pulse I3 unavoidable because the ions travel such a short distance during the 80-150 
nanoseconds duration of the pulse. 

Pulsed Laser Desorption 

Since high voltage pulses were incapable of providing very short pulses of ions of uniform 
energy, we took advantage of an opportunity to evaluate the use of a pulsed laser to pro
duce narrow packets of ions for time-of-flight mass analysis. The laser was a Quanta-Ray 
DCRl Nd:YAG laser which has a 10 ns pulse width. The main beam of this laser is at 1064 nra 
and was partially doubled to 532 nm in the green. The presence of the visible component in 
the beam greatly increased the conveneince and safety of the experiment. No significant 
wavelength dependence of'the pulsed laser desorption was found when these two wavelengths 
were compared. 

In the pulsed laser mode of operation, the emitter was maintained at a constant potential 
of 1700 volts, A grounded grid was positioned approximate 0.005 inches away from the 
emitter. The laser beam was directed onto the emitter through the grid in near normal 
incidence. Ions formed as a result of the laser pulse were rapidly accelerated to the 
grounded grid, focused by an einzel lens, and deflected by two perpendicular pairs of 
electrostatic reflector located approximately one meter away. The multichannel plate de
tector was located directly above the ion source, A large number of emitter raaterials were 
tried Including silicon whisker activated tungsten rods, polished tungsten rods, broken 
tungsten rods, gold coated tungsten rods, gold coated silicon whisker activated rods, 
silver alloy brazing rod, and silver coated rods. All emitters were found to give similar 
results. 

There were two modes of ion formation which could be obtained using the pulsed laser irradi
ation. At low laser powers, raeasured to be less than 20 Mwatt/cra*, a phenoraenon which can 
be described as photo desorption of ionic species occurred. Substances which normally exist 
,in ionic forra such as salts of lithium, sodium, cesiura, potasium, and tetralkylamraonlum 
compounds are desorbed from the emitter during the laser pulse,. Hundreds to thousands of 
ions of these species were desorbed and detected for each laser pulse. Saturation of the 
multichannel plate detector was frequently observed when monitoring these ions at relatively 
low laser power. 

Operation of the tirae-of-flight raass spectrometer with pulsed laser desorption of ionic 
species allowed us to demonstrate the high resolution expected from the electrostatic re
flector configuration. The tetraethylammoniura ion at ra/z 242 could be recorded on a 100 MHz 
storage oscilloscope with a full width at half height of only 50 nanoseconds. The arrival 
time of this peak was 72,67 microseconds which gives us a time resolution of 1450. Because 
the mass resolution of the time-of-fllght mass spectroraeter increases, as the square root of 
the ion raass, these results indicate the potential for unit raass resolution at raasses over 
2000. The desirability of'utilizing the ion reflector principle with other methods of 
pulsed ion inforraation, such as plasma desorption, are apparent. 

At low powers no ions could be obtained from compounds which are normally present on the 
surface as neutral species,, Corapounds tested include sucrose, argenine, and adenosine. At 
higher powers (greater than 20 Mwatt/cra*) a new phenomenon was observed. At these powers, 
electrical breakdown of the emitter surface occurs and a surface plasraa forms. The plasma 
is opaque to the laser radiation and absorbs essentially all of the incident energy. The 
result is a very hot surface plasma which persists for over 100 microseconds. During this 
time extremely large ion currents are produced, which threaten to overload the raultichannel 
plate detector. Because of the very long duration of this ion formation process, the time-
of-flight mass spectroraeter was totally unsuited to raass analysis of these ions, 

1, R, W, Odom and S, E, Buttrill, Jr., Presented at the 27th Annual Conference on Mass Spec
trometry and Allied Topics, Seattle, WA, June 3-8, 1979. 

2, T. Matsuo, et al,. Anal, Chem., 1979, 5 1 , 69, 
3, B. A. Mamyrin, et al., Sor, Phys,-JETP, 1973, 2Z» '^^' 
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A METHOD FOR THE MASS CALIBRATION OF PHOTOPLATES IN FIELD DESORPTION 
AND ITS APPLICATION TO SOME PEPTIDES ' 

R. Espinosa-Leniz and J. E. Girard, Department of Chemistry, 
The American University, Washington, D.C. 20016 

E. White V, Center for Analytical Chemistry, 
National Bureau of Standards, Washington, D.C. 20234 

A method, applicable to field desorption, has been developed for establishing a high 
resolution mass scale on a photoplate by a double exposure in which sample and calibrating 
material are separately desorbed onto the same line of the photoplate. Mass calibration is 
achieved by field desorption of a mixture of silver methanesulfonate and trifluoromethane-
sulfonate which gives cluster ions of the general formula [Ag^+p+i (03SCH3)u|(03SCF3)n]'''. 
These ions provide calibration masses about every 50 mass units to about 1400 (1). 

Experimental : Tungsten emitter wires (10 ym diameter), activated at high temperature with 
benzonitrile were loaded with the calibration mixture by dipping into an aqueous 0.5 M 
silver methanesulfonate/0.5 M silver trifluoromethanesulfonate solution. Desorption was 
accomplished by slowly heating the loaded emitter to about 30 mAl Polypeptides were loaded 
by either dipping the emitter in a 30 percent aqueous formic acid solution of the peptide 
or by syringe loading and desorbed at about 20 mA. Polypeptides and calibrating material 
were desorbed .from the same emitter in either order. The emitter was thoroughly washed in 
between.to avoid contaminationof the peptide from the" calibrating material or vice versa. 

Spectra of calibrating material and peptide were recorded on the same exposure of an 
evaporated silver bromide photoplate with exposure times ranging from a few seconds to 
several minutes as required. 

Results: The precision and accuracy of the calibration were tested using polypeptides of 
known mass. . ; 

The precision was evaluated using two pentapeptides. Methionine enkephalin, and Leucine 
•enkephalin, known to give good low resolution spectra. Table I'presents 19 measurements on 
[M+H]"*" ion obtained on five photoplates over a 20 week period. Each represents an individual 
exposure. . .' 

The accuracy of the method was evaluated by using five polypeptides of known mass. The 
masses obtained for [M+H]'*' and for other ions are compared to the theoretical masses in 
Table II. " . 

Conclusions: A mixture of silver methanesulfonate and silver trifluoromethanesulfonate is a 
good calibrating material for high resolution field desorption mass spectra using photoplate 
detection.' Calibration by this method shows satisfactory precision and accuracy. 

Some advantages of the method are: calibration is done in the FD mode with no switching 
between EI and FD required; the calibration material leaves the activated emitter wire 
undamaged so that sample and calibration material-can be desorbed one at a time in either 
order from an emitter; the components of the: calibration material are corimerciallyavaiiable; 
the calibration masses are spaced at reasonable intervals over a large mass range; the mass 
defect of the calibration material makes sample ions easily distinguishable from calibration 
ions; and the existence of two silver isotopes at a ratio close to 1:1 leads to clusters 
from which, lines of appropriate intensity can be chosen. • , 

(1) G. D. Robert and E. White V, unpublished results. 
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TABLE I 

Methionine-Enkephalin Tyr-Gly-Gly-Phe-Met 
Theoretical Mass of [M+H]+ Ion: 574.2335 

Leucine-Enkephalin Tyr-Gly-Gly-Phe-Leu 
Theoretical Mass .of [M+H]+ Ion: 556.2771 

Measured 
Mass 

(Mass Units) 

•574.2367 •• 
574.2332 
574.2278 
574.2268 
574.2254 
574.2394 • 
574.2311 
574.2265 
574.2309 
574.2437 

• 574.2233 

MEAN 574.2314 . 
S.D. 0.0063 

Difference 
Measured-Theoretical 
(Millimass Units) 

.-. .+ 3.-2 
-0.3 
- 5.7 
- 6.7 

• - 8.1 
+ 5.9 

• - 2.4 
- 7.0 
- 2.6 
+10.2 . 
-10.2 . 

' 

Measured • • •. 
Mass 

(Mass Units) 

556.2740 
- 556.2804 
556.2740 

. 556.2679 ' 
556.2835 
556.2805 • 
556.2778 
556.2806 

MEAN 556.2773 
S.D. 0.0051 

- Difference 
Measured-Theoretical 
(Millimass Units) 

-3.1 
+3.3 
-3.1 
-9.2 
+6.4 
+3.4 • 
+0.7 
+3.7 

TABLE II 

Peptide 
Theoretical Mass 

(Mass Units) 
Measured Mass 
(Mass Units) 

•Measured-Theoretical 
(Millimass Units) 

Trp-Met-Asp-Phe-Amide 
Gastrin Related 
Tetrapeptide 

Tyr-I.le-His-Pro-Phe 
Angiotensin II 
Pentapeptide 

Lys-Phe-Ile-Gly-Leu-
Met-Amide 
Eledoisin Related 
Peptide 

Tyr-Gly-Gly-Phe-Met 

Met-Enkephalin 

Tyr-Gly-Gly-Phe-Leu 

Leu-Ehkephalin 

[M+H]'^: 597.2495 597.2501 

.[M+H]'^: .676.3459 676.3471-

[H+H]"^:' 707.4278 707.4187 

[M+H]"^: 574.2335 574.2311 

[M+Na]'^: 596.2155 596.2247 

[M+' "Ag i ' ^ : .680.1308 680.1287 

[H+""Ag] '^ : ,682.1304 . 682.1301 

Gly-P.he-Met: 354.1487 ' 354.1483 

[M+H]'^: 556.2771 556.2778 

[M+Na]'^: 578.2591 " 578.2559 

Gly-Phe-Leu: 336.1922 336.2070 

0.6 

• 1.2 

-9.1 

-2.4 

9.2 

-2.1 

-0.3 

.-0.4 

0.7 

-3.2 

4.8 
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Negative Ion Field Desorption Mass Spectra of Complex Anions Containing Technetium 

S. A. Carr, C. E. Costello, C. Orvig, A. Davison and K. Biemann 
Department of Chemistry 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 

We have previously shown that positive ion field desorption mass spectrometry (FDMS) 
is a useful method for the characterization of anionic coordination complexes containing 
technetium and rhenium (1-3). These compounds are important because of their extensive 
use as radioimaging agents in clinical chemistry. The positive ion spectra consisted 
almost entirely of ions corresponding to the cationic portion of the complex, (C)"'', (M)+ 
and (M+C)"*". Ions derived exclusively from the Tc-containing anionic portion of the 
molecule were only observed in the spectra of complexes containing an aromatic anionic 
ligand. Although quite good sensitivity was obtained for these species, these spectra 
were still dominated by ions arising from the counter-cation. • 

We have now obtained the negative ion FD mass spectra of a series of Tc anionic 
coordination complexes. In sharp contrast to the positive ion spectra, these spectra 
consist exclusively of (anion)".and (M+anion)", thus deriving all the ion current from 
the portion of the molecule which is of greatest interest. A typical negative FD spectrum 
is shown in Figure 1. 

Sensitivity is high, sufficient for analysis of Tc complexes at therapeutic levels. 
This has been demonstrated by administering a carrier-added preparation of n-tetrabutyl-
ammonium oxobis(N,N'-ethylenebisgercaptoacetamido)technetate, TBA [TcO(ema)]", to 
three rats [^'Tc) = 10"^M and ( "^c) = lO-l^M]. The bladders were removed and the 
components in the urine were separated by reversed phase ion" pair HPLC. Ninety per 
cent of the radioactivity eluted in one peak, which was collected and desalted using 
a Sep-Pak" Cig cartridge. Radioactive fractions were pooled, evaporated to dryness and 
redissolved in chloroform. This solution was applied to the FD emitter by dipping. The 
(anion)' region of the resulting spectrum is shown in Figure 2. Other experiments have 
indicated that IO'^'M solutions are adequate for analysis. The (anion)" peak may still be 
detected at the 10"5M level. 

This technique is therefore suitable for the characterization of new synthetic 
compounds and the materials present in clinical kits and should be useful for the structure 
determination of metabolites. 

The assistance of Eric Kleeman (MAT-Bremen) in converting the MAT-731 instrument 
to negative ion operation and the aid of James Brodack (Massachusetts Institute of 
Technology) in the animal studies are greatly appreciated. This work is supported by 
grants from the National Institutes of Health (RR0O317 and GM 23270) and the National 
Science and Engineering Research Council of Canada (to C. Orvig). 
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A FIELD IONIZATION MASS SPECTROMETER 

SYSTEM FOR DETECTION OF ORGANIC VAPORS IN AIR 

Ronald H, Fleming and S, E, Buttrill, Jr. 

SRI International, Menlo Park, CA 94025 

A field ionization mass spectrometer system capable of detecting organic vapors 

in air has been assembled.* The systera is based on an Extranuclear Laboratories 

raodel 324-9 (3/4" rods) quadrupole raass filter. The field ionization source is of 

the volcano style. Ion optics include a re-entrant focus lens near the ionizer 

followed by a double plate extractor lens and an Extranuclear ELFS ferrite tube 

entrance lens. In the field free region between the two extractor plates is a quad

rupole beara steering asserably, 

Saraple is introduced into the vacuum systera by drawing air through an inlet 

and across a section of dimethyl silicone raembrane (46 ram^ x ,025 mra). The perme

ability of the raerabrane to organic substances is typically 15 to 500 times the 

perraeability to air. The raerabrane thus serves to concentrate' organic molecules 

relative to air at the same time it provides a barrier between the atmosphere and 

the high vacuum of the raass spectrometer. 

The mass analyzed ions are detected in the ion counting raode using a continuous 

dynode electron multiplier. A computer, collects data and controls the mass analyzer. 

The software permits scanning of a complete spectrum or numerous small regions of a 

spectrura. Several raasses can be followed as a function of time. 

Figure 1 shows the spectrura of dlisopropyl methylphosphonate (DIMP) in air. 

The sample was introduced by holding an open bottle near the air inlet. Using the 

same instrument settings with the mass tuned to ra/z 181 (DIMP-H ) , the data in 

Figfure 2 were obtained. The sample was injected into an exponential dilution flask 

to make an initial concentration of 1 ppm. The output ofthe dilution flask was 

then led to the air inlet of the mass spectrometer. The sensitivity demonstrated in 

Figure 2 is about 4 ppb. 

Operation of the volcano under conditions which produce high sensitivity tend 

to reduce its useful lifetime. Presumably this effect is due to the action of 

residual oxygen which is present during air sampling. Future work will include 

evaluation of new volcano construction raaterials in order to iraprove the trade-off 

between sensitivity and source lifetime. 

*S, E, Young and S. E. Buttrill, Jr., 28th Annual Conference on Mass Spectrometry 

and Allied Topics, New York,' NY, May 25-30, 1980, page 334, 
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MINICOMPUTER-BASED MULTICHANNEL ANALYZER 

FOR ACQUISITION OF LOW INTENSITY MASS SPECTRA 

Charles R. Snelling; Jr., J. Carter Cook, Jr., 
Richard M. Milberg, and Kenneth L. Rinehart, Jr. 

School of Chemical Sciences, University of Illinois, Urbana, IL 61801 

Several problems in mass spectrometry are amenable to solution by the 

use of a computer to acquire and sum-multiple scans. One of these involves 

obtaining useful data from the low-intensity spectra inherent in both low 

and high resolution field desorption (FD) and in high resolution electron 

impact (EI) mass spectrometry. Another problem solved by multiple scans 

involves spectra that change with time or are only present for a short period 

of time such as those frequently encountered in GC/HRCI and GC/EI isotope 

ratio studies. 

To deal with these problems, we have developed a hardware/software 

multichannel signal averager (MSA) system using ion counting techniques. 

The MSA system is based on the pulse analyzer system of Ligon but is more 

versatile since all data handling is performed by software. The system per

mits real-time acquisition and observation of multiple scans for averaging 

and is designed for both low resolution and high resolution determinations. 

Figure 1 contains a general block diagram of the system and Figure 2 is 

a list of the major hardware and software features. The MSA system currently 

employs a DEC PDP-8a minicomputer which is part of a VG-Micromass M-82 Multi-

spec Mass Spectrometer Data System. However, the design requires minimal 

hardware and is transferable to any data system that supports FORTRAN. 

(1) W. V. Ligon, Jr., 28th Ann. Conf. Mass Spectrom. Allied Topics, 
New York, NY, May 25-30, 1980; Paper No. RAM0B5. 
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SYSTEM FEATURES 

- COMPUTER - PDP-8A (32K MEMORY) 
- DISCRIMINATOR-AMPLIFIER • PACIFIC PRECISION 

INSTRUMENTS tAD6) 
- SCAN FUNCTION • LINEAR 
. SCAN SPEED - 0..1 TO 10 SEC (LONGER IF NEEDED) 
- SCAN WIDTH - LESSTHAN I AMU TO +/• 10% OF 

NOMINAL MAGNET SETTING 
- MAXIMUM COUNT RATE - 35 MHz (AMPLIFIER 

SATURATES AT 32 MHz) 
- DWELL TIME/CHANNEL - 3 MSEC TO SCAN TIME 
- DEAD TIME-400 NSEC 
- NUMBER OF CHANNELS - 100 TO 2000 (MORE IF 

NEEDED) 
- MAXIMUM ION COUNT/CHANNEL - 2'^'' 
- MINIMAL HARDWARE • INTERFACE IS ESSENTIALLY 

A 24-BIT ADDER, A CLOCK AND TWO 24.BIT 
COUNTERS 

- SOFTWARE WINDOW FILTERS OUT ABNORMALLY 
HICH COUNTS ASSOCIATED WITH ARC-OVERS. 

- AUTORANGING 
- AUTO AND MANUAL CENTROID CALCULATIONS 
- HORIZONTAL AND VERICAL PEAK EXPANSION 
- SAVITZKY-GOLAY SMOOTHING 
. SAMPLE AND REFERENCE DATA CAN BE STORED 

SEPARATELY 
• ANALOG RATE METER 

F i g u r e 2 
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THE ANALYSIS OF PARAQUAT RESIDUES IN WHEAT USING GAS CHROMATOGRAPHY 

CHEMICAL IONIZATION MASS SPECTROMETRY 

PERRY S. WILKES AND GERALDINE D. SANDERS . 
Food and Drug Administration, Atlanta Regional Laboratory, Atlanta, GA. 30309 

The herbicide Paraquat ( 1 , 11 - d i r ie thy l -4, 4 ' -b ipyr idy l ium d ich lor lde) is used fo r 
de fo l ia t ion and desiccation of certain t rees , crops and grasses. Recently, an 
accidental spraying of paraquat on an unharvested wheat f i e l d resulted in non-per
mit ted residues of th i s herbic ide. Paraquat was found in the wheat at a level of 
0.5 ppm using an ion-exchange cleanup and color imetr ic detection method (1 ) . Due 
to low levels of paraquat and in te r fe r ing co-ext ract ives, a problem arose when 
attempts were made to confirm paraquat by TLC and HPLC. Derivat ive formation and 
detection of paraquat by GLC using a spec i f ic detector and i den t i t y confirmation 
using GC/MS was successful. 

The GLC method of Kahn (2) fo r determining diquat and paraquat residues in so i l was 
used as a guide and was adapted to wheat. This method u t i l i z e s an acid digest ion pro
cedure fo r ext ract ion of paraquat from s o i l . The extract is hydrogenated using p l a t i 
num oxide as a ca ta lys t . Hydrogenated paraquat is readi ly soluble in organic solvents 
and can be separated from extraneous materials by GLC. 

For the determination of retent ion time and detector response, a TRACOR 560 gas chroma
tograph equipped wi th a nitrogen-phosphorus (N-P) detector was used. The operating 
parameters were: 

Column: 

Column Temperature: 

Injector Temperature: 

Detector Temperature: 

6' X 2 mm i.d. glass packed with 5% 
carbowax 20M + 2.5% KOH on 80/100 mesh 
Chromosorb W (HP) 

160°C 

J U 
Figure 1 . Typical gas chromatograms from the .nitrogen-phosphorus detector fo r (a) a 

wheat sample spiked with paraquat, (b) a wheat sample found to contain 
paraquat and (c) paraquat 
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Samples, standard and spike samples exhibited identical retention times of 6.25 mins. 
Typical chromatograms are shown in Figure 1. A recovery of 75% was obtained from a 
wheat sample spiked with 1.17 ppm of paraquat. 

The GC/MS analysis of the derivatized paraquat confirmed the GLC-NP findings. Identity 
confirmation of the hydrogenated paraquat was accomplished by the comparison of retention 
time and mass spectral data of the sample extract to that of a hydrogenated paraquat 
standard analyzed under identical GC/MS conditions. The instrument used was a Finnigan 
3300 GC/MS System with a 6000 Data System. The chemical ionization mode was used with 
methane as the reagent gas. The operating parameters were: 

Column: 

Column Temperature: 

Carrier gas: 

6' X 2 mm i.d. glass packed with 5% carbowax 20M + 
2.5% KOH on 80/100 mesh Chromosorb W (HP) • 

Methane, flow adjusted to give 1 torr of pressure 
in the CI source 

Injector and transfer line temperature: 250 C 

Electron Energy: 150 ev 

Emission Current: 1.5 mamp. 

RGC 

50 IDO ISO -ZOO. 'ZSO 300 350 
3CP« NUMER 

Figure 2. Reconstructed gas- chromatogram of hydrogenated paraquat 

Figure 2 shows a to ta l ion chromatogram of'hydrogenai;ed paraquat from wheat, and Figure 
3 shows the chemical ion izat ion mass spectrum of hydrogenated paraquat. ' Ions are ob
served fo r the M+ + 1 (m/8 197), M+ + 29 (m/z 225) and M+ + 41 (m/8 237) and an abun
dant M+ - 1 ion at m/z of 195. 

The reaction diagramed below shows the hydrogenation of paraquat to produce a b i -
p iper id ine . The presence of the M'*' - 1 i o n , under chemical ion izat ion condi t ions, 
can be a t t r i bu ted to hydrogen-ion abstract ion which is observed for hydrocarbons. 
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Figure 3. CI mass spectrum (methane) of hydrogenated paraquat 

References 

1. Food and Drug Admin., Pesticide Analyt ical Manual, Vol . I I , Sec. 180.205 
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Falcarlnol in Carrots by GC-MS 

R. D. Plattner, Roger E. England, Kathleen L. Payne-Wahl and' Shelly G. Yates; Northern 
Regional Research Center, Science and Education Administration, Agricultural Research, 
U.S. Department of Agriculture, Peoria, IL 61604 

.Naturally occurring toxicants have been identified in many plants that are used for 
food or feed. Although no immediate health hazards are apparent, research is in 
progress to quantitate the contents of such toxicants in commercial vegetable cultivars, 
to develop baseline information for use by plant breeders, and to evaluate toxicity 
levels and effects in test animals and humans. Falcarinol (cis-heptadeca-1,3-diene-
4,6-diyne-3-ol) is a naturally occurring toxic substance found in carrots. Extracts 
of carrot root were reported toxic Co an indicator organism (Daphnia magna Straus) by 
Crosby and Aharonson (1). The purified toxin they isolated produced "neurotoxic 
symptoms upon injection into mice;" LD5Q was estimated to be 100 mg/kg. Since carrot, 
root contributes about 14% of our national intake of vitamin A, 0.6% of our national 
intake of vitamin Bg, and 0,6% of our national intake of magnesium (2),.it is worthy 
of close attention. Wolf et al.. (3) reported a HPLC procedure to quantitate falcarinol 
in steam distillate of carrot roots. The analytical GC-MS procedure reported here 
for the analysis of carrot roots uses a methylene chloride extract of chopped root. 

Carrot roots, Daucus carota, were bought in commercial markets, grown and harvested 
at NRRC, or grown and harvested at various field locations as directed by the Department 
of Horticulture, Universicy of Wisconsin, Madison. The methylene chloride extraction 
procedure used was as follows: 50 g of carrot pieces ('̂1 X 1 X 0.2 cm) was added to 
a blender cup with 100 ml of raethylene chloride.' The mixture was blended at moderate 
speed for 12 min. Alternate cycles of blending and cooling (4 min each) reduced 
evaporation of methylene chloride. Methylene chloride lost by evaporation was replaced, 
and the entire sample was transferred to a 250-ml centrifuge bottle and centrifuged 
for 15 min at 2500 rpm. A 2.0 ml aliquot of the clear extract was then evaporated to 
dryness under a stream of N2. Methyl palmitate (10-50 ug) was added as an internal 
standard and che TBDMS derivative was formed by adding 50 yl of 1.0 millimolar t-
butyl dimethylchlorosilane and 2.5 millimolar imidazole in DMF. After 1 hr at room 
temperature, derivative formation was complete. The sample was then analyzed by GC
MS on a MS 30 mass spectrometer. A 1 m X 2 mn column packed with 3% OV-1 on gaschrom 
Q was teraperature programmed from ISO^C to 250''C at 4'C per minute. The TBDMS 
derivative of falcarinol eluted in about 9 min. Quantitation was made using the 
areas of the peaks from the MPM chromatograms of M/z 270, the molecular ion of the 
internal standard', and M/z 301 and M/z 245 from M-57 and M-113 of the falcarinol 
TBDMS derivative. Standard mixtures of the internal standard and falcarinol over the 
range of 1/10 to 5/1 gave a linear response for the area ratio vs. weight ratio over 
the entire range. With linear regression, correlation coefficients of better than 
0.99 were obtained with five known mixtures across Che range. To minimize variability 
of instrumental tuning parameters, cwo standards were run with each day's analysis 
and the area/weight ratios of the standards were used for calculation of the falcarinol 
concentration in the unknowns. The concentration of falcarinol found in five carrot 
varieties is shown in Table 1. The falcarinol concent for the varieties grown in 
Florida tended to be higher Chan Che sarae carrot variety grown in California. 

References 

1. Crosby, D, G, , Aharonson, N., Tetrahedron 23, 465 (1967). 
2. Senti, F, R., Rizek, R. L., Crop Science Society of Araerica, Special Publica

tion //5, 7 (1974). 
3. Wolf, L. W. , Nagel, C. W., Branen, A, L., J. Agric, Food Chem. 26, 1390 

(1978), 
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Table 1 

Analysis of Carrot. Samples-for. Falcarinol 

Variety Falcarlnol (ppm) SD (number of samples) 

Bel Ridge 15.8 0.66(8) 
' Imperator (Fia.) 49.6' 0.62(8) 
Imperator (Ca.) 25.5 . 3.0(8) 
Danvers 126 (Ca.) 22.1 .1.9(8) 
Danvers 126 (Fia.) 49.8- '' 0.95(6) 
Spartan-Bonus 31.2 3.0(6) 
High Color 9 17.2 0.84(8) 
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GC/MS AHALYSIS OF ANIMAL TISSUE SAMPLES 
FOR TRACE LEVELS OF DIETHYLSTILBESTROL 

M. K. Hoffman and P. C. Hsu, U. S. Dept. of Agriculture, Food Safety and Quality 
Service, Science, CDLB, Beltsville, Maryland 20705 

It is well documented, that the use of Diethylstilbestrol (DES) as a feed supplement ̂  
or implant in caCCle leads to increased weight gains compared Co conCrol groups. ' * 
In 1954, the Food and Drug Administration approved the use of DES as a feed 
additive for beef cattle following extensive hearings which documented the 
estrongenic,cffects of DES. The carcinogenic effects of DES are also well 
documented. ' ' Recent animal feeding studies of DES (.1 ug/lKg body weight) 
produce elevated FSH and LH levels in infanc rhesus monkeys. A "no effect 
level" has not been established for DES. 

Following extensive hearings, FDA revoked the approved use of DES as a feed 
supplement and .an iraplant in cattle was revoked on November 1;' 1979. -In the 
Spring of 1980, numerous violations were reporced throughout the Midwest. Prior 

' to the ban'on the use of DES, the USDA - FSQS action level was 0.5 ppb. 
Subsequent Co chat ban, detection of DES at any level was indicative of illegal 
concamination. Previous confirmatory methodology utilized deriviation of DES 
with dichloroacetyl chloride (DCAC) followed by multiple ion monitoring of the 
molecular ion cluster at m/z, 488, 490 and 492. To enhance specificity by 
supplying more information Chan that provided by the molecular ion cluster and 
to enhance sensicivicy by use of a mono-isotopic derivative, the biSq 
hepcafluorobutyrl ester of DES was synthesized. Earlier GC studies had. 
indicated an approximately 10-fold increase in response of an electron capture 
detector for the bis HFB-DES derivative compared to that for che BIS-DCA 
derivaCive. A sCudy of a varieCy of gas chromatographic phases indicated chac,a 
3 % OV-101 packed column provided che greacest response and less interfering 
column bleed than OV-17, or than mixed phase columns with OV-202/17, OV-210/17, 
Although use of a capillary column (dimethylsillcone) provided better gas 
chromatographic separation, absolute mass spectral sensitivity was not enhanced. 
Mass spectra were obtained under electron impact conditions. Positive and 
negative ion chemical ionizaCion specCra were obtained using methane as the reagent 
gas. Comparative mass spectra are shown in Figure 1. Rapid relative sensitivity 
studies indicated ChaC although negative ion chemical ionization was slightly 
more sensittive than electron impact, the electron impact fragmentation pathways 
provided ions which were more useful structurally for confirming che presence 
of DES from tissue matrices at low levels (ppt). Sphon^O ^̂ ^̂  discussed the issue 
of using raass spectrometry to Che presence of a subsCance and has recommended 
chac at least three ions be raonltored. For the DES study, the ion current 
profile of five or six ions were monitored. The existence of bothcis-and trans-
isomers of DES provide further confirmatory criteria. Selected ion current profiles 
from spiked and incurred kidney samples permiCCed confirmacion aC Che 0.02 ppb 
level. Confirmation required injection of sample aliquots which contained 
approximately 100-200 pg of DES. That DES can be confirmed in spite of che 
presence of large amounts of extraneous materials present after workup indicaCes 
both the sensitivity and specificity of low resolution GC/low resolucion mass 
spectrometry for regulatory work. 

1. R. R. Olcjen and R. E. Davis, J. Anim. Sci., 23, 887 (1964). 
2. R. R. Oltjen and R. E. Davis, J. Anim. Sci., 24, 198 (1965). 
3. P. A. Putnam, R, R. Oltjen, and J. Bond, J. Anim. Sci., 28, 256 (1969) 
4. G. H. Gross, D. Coates, and N. Graham, J. Natl. CAncer Inst., 33, 971 (1964). 
5. J. A. McLachlan, J. Toxicol. Environ, Health 2, 527 (1977). 
6. M. Bibbo, W. B. Gill, F. Azizi, R. Blough, V. S. Fang, R. L. Rosenfield 

G. F. B. Schumacher, K. Sleeper, M. G. Sonek and-G. L. Wied, J. Obstet. 
Gynecol. 49, 1 (1977). 

7. W.C. Hobson, personal communication. 
8. 44 FR 24852, Sept. 21, 1979 and 44 FR 17070, March 20, 1979. 
9. C. F. Poole and A. Zlatkis, Anal. Chem.., 52, 1002A (1980).. 
10. J. Sphon, J. Assoc'. Off. Anal. Chem., 61, 1247 (1978). 
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A CONFIRMATORY METHOD FOR FOSTHIETAN RESIDUES IN CORN TISSUE BY GAS 
CHROMATOGRAPHY-NEGATIVE ION CHEMICAL IONIZATION MASS SPECTROMETRY 

S. J. Scout, M, 0. Poeppel, J, W. Higham 

American Cyanamid Company, Agricultural Research Division, P, 0. Box 400, 

Princeton, New Jersey 08540 

Introduction 

FosChietan i s the a c t i v e i ng red i en t of NEH-A-TAK® Neraac ic lde- Insec t ic ide . 
The recommended procedure for determining fosChietan res idues in corn 
t i s s u e involves i n j e c t i o n of che cleaned up e x t r a c t in to a gas chroraato
graph equipped with a flanie photometric de t ec to r (GC-FPD), In che event 
of an apparent res idue exceeding 0.05 ppm, a confirmatory method of 
a n a l y s i s i s r equ i r ed . 

Object ive 

Develop a GC-CIMS method to confirm che identity of apparent residues of 
fosChietan in corn tissues at levels of 0.05 ppra or greater. 

Experimental 

Analyses of fosthieCan residues in corn cissue using raulciple ion detection 
(MID) employed the following analytical conditions: 

1. GC-MS Instrumentation Finnigan 4000 
2. Data System INCOS 2300 
3. Column 10% OV-101 on 100/120 Gas Chrom Q 

(6* X 2 mm ID) 
4. Carrier-reagent gas CH, 
5. Column oven temperature 220°C 
6. Injection port temperature 250°C 
7. Interface tempera ture 200°C 
8. Source temperature 250*0 
9. Methane flow rate 15 ral/min 

10. Source pressur.e 400 microns 
11. Conversion Dynodes + 3.0 Kv 
12. Electron multiplier 900^volCs 
13. Preamplifier range 10 amp/volt^ 
14. Ions monitored m/z 241 , 166 , 58 

Summary 

A confirmatory method of analysis for residue levels (0,05 ppm) of fosthietan 
in corn silage, fodder and grain has been developed using gas chromatography-
negative ion chemical ionization mass spectrometry (GC-NICIMS). Using raethane 
as the GC carrier gas-CI reagent gas, NICI generated principal ions at 
m/z 24l' (M-), 166 (M* - C H * , CH =S) and 58 (fN=C=Sj ) . Positive lon (PI) 
CI Was also investigated, but was not further pursued when it showed a 
response to fosthietan which was 50-fold less-.than the NICI response. By 
applying multiple lon deteccion (MID) techniques to the ions characteristic of 
fosthietan, GC-NICIMS demonstraCed a linear response range of 0,5 ng to 
5.0 ng injected on column. Based on che injecclon aliquot corresponding to 
25 mg of corn tissue, this response range is equivalent to 0.02 ppm to 
0.20 ppm fosthietan In Che corn Cissue. 

Several control and fortified corn tissue samples previously analyzed by GC-
FPD were analyzed by GC-NICIMS. No interferences were decected for the ions 
monitored at the retention cime of fosthietan. There was close agreement 
becween recoveries calculaced from the GC-NICIMS data and those calculated 
from the GC-FPD data. 
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MASS SPECTROMETRIC STUDY OF ETHOPROP (0-ETHYL-S. 
S-DIPROPYL PHOSPHORODITHIOATE). W. T. LEWIS AND 
A. K. BHATTACHARYA, MOBIL CHEMICAL'COMPANY, 
RESEARCH S DEVELOPMENT DEPARTMENT, EDISON, NJ 08817 

A GC/MS STUDY OF 0-ETHYL-S,S-DIPROPYL PHOSPHORODITHIOATE (ETHOPROP) SHOWED 

THIS COMPOUND TO HAVE A STRONG,.TENDENCY TO CHEMICAL IONIZATION (SELF-INDUCED) 

EVEN AT. LOW SAMPLE PRESSURES. FURTHER STUDIES' SHOWED THAT THE DEGREE OF. 

CHEMICAL IONIZATION VARIED THROUGHOUT THE GAS CHROMATOGRAPHIC PEAK (RIC) 

SUGGESTING THE ELIMINATION OF.A NEUTRAL MOLECULE WHICH COULD SUBSEQUENTLY 

BEHAVE AS A CI GAS. 

EXAMINATION OF THE EI SPECTRUM OF ETHOPROP. SHOWS. TWO MAJOR STABLE FRAGMENTS 

AT m/z 200 AND ra/z 158. THIS SUGGESTS THE ELIMINATION OF PROPENE (2 MOLES). 

THE CI(CH^) AND CI(ISOBUTANE) SPECTBA ARE PRESENTED. FOR COMPARISON. ,. 

THE NEGATIVE ION SPECTRUM AND THE NEGATIVE ION CI(CHi,) SPECTRUM BOTH SHOW 

ONLY A STRONG m/z 199 PEAK AGAIN SUGGESTING THE ELIMINATION OF PROPENE^ 

THE UNIQUENESS OF THE NEGATIVE ION DATA HAS BEEN USED TO IDENTIFY RELATED' 

COMPOUNDS. 
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UNUSUAL POLYCHLORINATED XENOBIOTIC CHEMICALS FOUND IN FISH 
FROM MAJOR WATERSHEDS IN THE GREAT LAKES 

Brian C. Butterworth and Kenneth L. Johnson 
Center for Lake Superior Studies 
University of Wisconsin-Superior 
Superior, Wisconsin 54880 

and 

Douglas W. Kuehl and Edward N. Leonard 
Environmental Research Laboratory-Duluth 
U.S. Environmental Protection Agency 
Duluth, Minnesota 55804 

The chemical residue biomonitbrihg program at the Environmental Research Laboratory-
Duluth, is a part of the U.S. EPA's hazard assessment program for the regulation of indus
trial activity to ensure environmental protection. Basic research aimed at the isolation, 
identification and quantification of trace levels of hazardous xenobiotic chemicals in 
fish can provide an accurate description of actual chemical residues existing in our 
environment. This infonnation can be used to establish priorities in regulatory and health 
related research activities, as well as providing validation of predictions made from 
laboratory experiments. 

Three primary tasks of our biomonitoring program have been: 1) The yearly collection 
of fish from 50-100 major watersheds in Great Lakes States, including fish from all five 
Great Lakes, 2) The development of methods for the isolation, identification and quantifi
cation of unknown trace polychlorinated chemicals in fish tissue, and 3) The chemical 
characterization of. residues in at least 25 new watersheds per year. 

This, study involves,the collection of fish from 48 watersheds within U.S. EPA Region V, 
which includes the states of Minnesota, Wisconsin, Illinois, Indiana, Michigan and Ohio. 
Samples were prepared for analysis by gel permeation chromatography ' and screened by a 
pattern recognition electron capture gas chromatographic technique . Analyses for poly
chlorinated xenobiotic were by gas chromatography mass spectrometry. 

Polychlorinated biphenyl (Arochlor 1242, 1248 and 1254), p,p'-DDE, hexachlorobenzene 
and four major components of tech-chlordane (cis-chlordane, trans-chlordane, cis-nonachlor 
and trans-nqnachlori have been observed as the most frequently occurring contaminants in 
previous studies ' as well as this study, and therefore, have been quantified by electron 
capture GC and MID GC/MS. 

The next most frequently occurring chemical has been tentatively identified by electron 
impact and chemical ionization mass spectrometry as pentachloropyrrolidine, however, no 
standards are currently available to confirm this observation. Other unusual polychlor
inated chemicals observed include isomers of pentachloro-.through octachlorostyrene, di
chloro- through pentachloroterphenyl, dichloro- through hexachloronaphthalenes, trichloro-
through heptachlorodibenzofurans, trichloro- through pentachloroanilines, trichloro- through 
pentachloroanisoles, dichloro- through pentachlorobenzenes and trichloro- through penta-
chlorophenols. Individual compounds found include mirex, photomirex, hexachlorocyclohexane, 
hexachlorocyclopentadiene, hexachloronorbornadiene, chlorobenzocinnoline, 3-(tetrachloro-
phenyl)-propyl alcohol and 3-{pentachlorophenyl)-propyl alcohol. In all, over 55 different 
types of polychlorinated chemicals were found in fish from 25 watersheds. 

1. Kuehl, D.W., and Leonard, E.N., Anal. Chem. 50(1): 182-185 (1977). 
2. Veith, G.D., and Kuehl, D.W., Anal Chem. 1981 in press. 
3. Weininger, D.W., and Burkhart, L., PCB Analysis by Pattern Recognition of High 

Resolution Capillary Column Electron Capture Gas Chromatography. 1981, in 
preparation, U.S. Environmental Protection Agency. 

4. Veith, G.D., Kuehl, D.W., Leonard, E.N., Puglisi, F.A., and Lemke, A.E., Pest. 
Monit. J., 13(1): 1-11 (1979). 

5. Veith, G.D., Kuehl, D.W., Leonard, E.N., Welch, K.J., and Pratt, G., Pest. Monit. 
Ĵ ., 1981 in press. 
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Mass Spectral Identification of Chlorinated Organic Compounds 
. from Sediments Collected Near an Industrial Area: 

Douglas G. Burrows, William D. MacLeod, Jr., L. Scott Ramos, Donald W. Brown; National 
Analytical Facility, Environmental Conservation Division, Northwest and Alaska Fisheries 
Center, 2725 Montlake Boulevard East, Seattle, Washington ,98112. 

Hundreds of unusual halogenated compounds were present' in the extracts of marine 
sediment samples collected from Commencement Bay, Puget Sound near an industrial area 
of Tacoma, Washington. The concentrations of 36 isomeric groups of halogenated compounds 
identified in these sediment extracts and some mass spectral information (molecular weight 
and major ion) are listed inthe table. Mass spectra that are representative of some of 
the classes of compounds are shown below. Although the toxicity of most of these xeno-
biotics is presently unknown, spme may have environmental significance. The concentra
tions of the more commonly reported pollutants, such as aromatic hydrocarbons, chlorinated 
pesticides and polychlorinated biphenyls, found in these environmental, samples were 
reported by Mal ins et al. (1). . 

Pentachlorostyrene 

| L 1 1 1 

i fluoroanttiene 
pyrene 

MM i X T>.T,,|T I 
Mass spectra which are representative of some of the main classes of compounds 
presented in this paper. • • 
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The sediment extracts were separated into fractions using silica gel chromatography 
and Sephadex LH-20 column chromatography (1). The fraction containing the aromatic and 
chlorinated hydrocarbons was rechromatographed on silica gel into 5 fractions. The con
centrated extract fractions were analyzed on a Hewlett Packard 5840A gas chromatograph 
equipped with a 30 m X 0.25 mm, SE-54 coated, fused silica capillary column interfaced to 
a Finnigan 3200 quadrupole mass spectrometer.. Two uL of extract was injected splitless 
at 50°C and the GC column was programed from 50° to 280°C at 4° C/min. Compounds were 
•identified by using the NIH/EPA mass spectral library, by comparison to published spectra 
and by analysis of mass spectra. 

This studywas supported by the Pacific Office of the Office of Marine Pollution 
Assessment of the National Oceanic and Atmospheric Administration 

(1) Malins, D.C, McCain, B.B., Brown, D.W., Sparks, A.K., and Hodgins, H.O. (1980) 
Chemical'Contaminants and Biological Abnormalities in Central and Southern Puget 
Sound. NOAA Tech. Memo. 0MPAT2, 295p. ' ' ' ' 

GROUPS OF ISOMERS DETERMINED BY GAS CHROMATOGRAPHY/MASS SPECTROSCOPY 

COHPOUNDS MW 

CONCENTRATIONS 
(ng/gm dry wt.) 

MAJOR SEDIMENT SEDIMENT 
ION Hylebos Old Tacoma 

Dichlorobutadiene 
Tri chl orobutadi ene 
Tetrachlorobutadiene 
Pentachloro butadiene 
Hexachlorobutadiene 

Trichlorostyrene 
Tetrachlorostyrene* 
Pentachlorostyrene* 
Hexachlorostyrene* 
Heptachl orostyrene* 
Octachlorostyrene 

122 
156 
190 
224 
258 

87 
121 
155 
191 
225 

206 
240 
274 
303 
342 
376 

136 
170 
204 
240 
274 
217 

10 
4000 
3000 
1000 
1000 

Dichlorocyclohexadiene* 148 77 0.03 
Trichl orocyclohexadiene* 182 111 10 
Tetrachlorocyclohexadiene* 216 145 20 
Pentachlorocyclohexadiene*. " 250 180 40 
Hexachl orocyclohexadiene* 284 216 50 
Heptachlorocyclohexadiene* 318 250 6 
Octachlorocyclohexadi ene* 352 250 30 

1 
10 
50 
40 
10 
20 

6 
90 
300 
90 
90 

Trichlorocyclopentene* 
Tetrachlorocyclopentene* 
Pentachlorocyc1opentene* 
Hexachlorocyclopentene* 
Heptachlorocyclopentene* 

170 
204 
238 
272 
306 

99 
133 
167 
203 
237 

0.04 
100 
20 
60 
10 

Chlorophenanthrene/anthracene ?T2 2l2 ^ • 0.4 
Dichlorophenanthrene/anthracene 246 246 0,3 
Trichlorophenanthrene/anthracene 280 280 
Tetrachlorophenanthrene/anthracene*314 316 
Bro mophenanthrene/anthracene* 256 88 
*Not confirmed by standards 
tSlash(/)means e i ther chlorofluoranthene or chloropyrene 

60 

20 

C h l o r o f l u o r a n t h e n e / p y r e n e t , 2 3 6 1 0 0 0 7 8 8 0 
Dichlorofluoranthene/pyrene* 270 100 0.7 50 
Trichlorofluoranthene/pyrene* 304 117 ,5 
Tetrachl orofluoranthene/pyrene* 338 340 0.2 30 
Pentachlorofluoranthene/pyrene* ' 372 116 • 30 
Bromochlorofluoranthene/pyrene* , 314 100 1 20 
Bromofluoranthene/pyrene* 280 100 60 50 
Dibromofluoranthene/pyrene* 358 100 30 200 

T 5 — 
40 
10 -
2 
0.6 
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QUANTITATIVE ANALYSIS OF POLYCHLORINATED STYRENES, BENZENES, 
AND HEXACHLOROBUTADIENE IN,GREAT LAKES FISH 

Kenneth ,L. Johnson and Brian C. Butterworth, 
Center for Lake Superior Environmental Studies 
University of, Wisconsin-Superior 
Superior, Wisconsin 54880 

. and 

Douglas W. Kuehl and Edward N. Leonard 
Environmental Research Laboratory-Duluth 
U.S. Environmental Protection Agency 
Duluth, Minnesota 55804 

Since 1969 residues of octachlorostyrene (DCS) have been observed as major components 
in fish and birds fromjthe Rhine River in the Netherlands ; fish and birds from the Great 
Lakes of North America ' ; and fish from coastal, waters of Norv/ay. DCS has also been found 
in the blood of the human population living near an industrial area where OCS is being dis
charged . In addition to our original findings of OCS in.the Great Lakes, we have also 
found high levels of OCS in fish from the Ashtabula River/Fields Brook area near Ashtabula, 
Ohio . In every case where OCS has been found, lower chlorinated styrenes, chlorinated 
benzenes and hexachlorobutadiene has also been found. 

As a part o f a hazardous chemical assessment program for the regulation of industrial 
activity to insure environmental protection, and as a result of our interest in OCS as an 
unusual environmental contaminant, we initiated a quantitative investigation of OCS and 
related chemicals in Great Lakes fish collected between 1974 and 1980. 

Our data basically showed that levels of OCS were less than 1 ppb in the two upper 
Lakes, Superior and Michigan. OCS was found as high as 280 ppb in lake trout caught in 
Lake Ontario in 1979. A 1900 catfish/carp composite from Saginaw Bay of Lake Huron contained 
111 ppb OCS. Carp caught during 1980 in Lake St. Clair contained 227 ppb. A northern pike 
caught in the Ashtabula River during 1979 contained 405 ppb. 

Although samples containing high levels of OCS also contained elevated levels of hexa
chlorobenzene (HCB) and hexachlorobutadiene (HCBO), nospecific relationship was observed 
between any of these compounds. This may be due to a variety of industrial processes 
producing these products. 

1. Koeman, J.H., Ten Noever de Brauw, M . C , and de Vos, R.H., Nature (London) 221: 
1126-1128 (1969). 

2. Kuehl, D.W., Kopperman, H.L., Veith, G.D., and Glass, G.E., Bull. Environ. Contam. 
Toxicol, li: 127-132 (1976). 

3. Reichel, W.L., Pronty, R.H., and Gay, M.L., J. Assoc. Off. Anal. Chem. 60: 60-62 
(1977). 

4. Lunde, G., and Bjorseth, A., Sci. Total Environ. 8: 241-246 (1977). 
5. Kuehl, D.W., Leonard, E.N., Welch, K.J., and Veith, G.D.,J. Assoc. Off. Anal. Chem. 

63: 1238-1244 (1980) 
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QUANTITATION OF HALOGENATED ORGANIC COMPOUNDS 
II. DIOXINS AND FURANS 

C.E. Parker, P.W. Albro, and M.J. Bobenrieth 

NIEHS, P.O. Box 12233, Research Triangle Park, NC 27709 

There are 75 isomers of polychlorinated dibenzo-p-dioxins, and 135 isomers of poly-

chlorodibenzofurans. This paper examines the errors introduced when one isomer of 

a given compound class Is used as a standard for another isomer. Also done was a 

comparison of relative areas by gas chromatography with a Hydrogen Flame Ionization 

Detector (HFID),with areas obtained from reconstructed gas chromatograms of M and 

(M + Z) Ions, and from the total ion current peaks. 

The mass spectrometry was done ori a VG micromass 7070/F Mass Spectrometer, operated 

at 70 eV . The mass range scanned was 670 to 20 amu, at 1 second per decade. 

Sample introduction was done with a Hewlett-Packard HP-5710 gas chromatograph, fitted 

with OV 1, Dexsil 410, and SE 30 capillary columns. Data acquisition, and RGC and 

TIC peak area determinations were done with a VG 2250 F/B Data System. The HFID 

results were obtained on a Varian 1200 gas chromatograph. 

Six mixtures were studied, with a minimum of three analyses of each mixture. For 

these known mixtures of dioxins and furans, good correlations were obtained between 

the HFID peak areas and the TIC, M , and (M + 2) peak areas. 

For dioxins: TIC% = 1.022 (HFID%) - 0.4896, r = 0.9801 

n h = 0.8945 (HFID%) + 2.490, r = 0.9494 

(M + 2)^% = 0.9987 (HFID%) + 0.0555, r = 0.9783 

For furans: TIC« = 1.0260 (HFID«) - 0.5750, r = 0.9894 

Ĥ % = 1.0110 (HFID%) -.0.2517, r = 0.9963 

(M + 2)"^% = 1.0280 (HFID%) - 0.6196, r = 0.9870 . 

A set of 16 polychorinated dibenffl-p-dioxins, and a set of 8 polychlorinated 

dibenzofurans were studied (see Tables 1 and 2).The proportion of the TIC carried by 

the molecular ion cluster was fairly constant over all of the dioxin and furan isomers 

studied. No significant correlation between the iSTIC in the molecular ion cluster and 

the number of chlorines in the molecule was obtained. The average value for the %TIC 

carried by the molecular ion cluster was 47.4 + 4.89% for dioxins and 52.0 + 5.33% for 

furans. This gives an indication of the error introduced by using M or (M +2) peak 

areas from one isomer for quantitation of another. 
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COMPARISON OF GC/MS WITH MS/MS IN THE ANALYSIS OF PCBs IN COMPLEX MIXTURES 

1,2 3 2 1 . 
R. D. Voyksner , G. W. Sovocool , M. M. Bursey , J. R. Hass 

1. National Institute of Environmental Health Sciences, P. 0. Box 12233, Research 
Triangle Park, NC 27709 

2. Department of .Chemistry, University of North Carolina, Chapel,Hill, NC 27514 
3. U.S. Environmental Protection Agency, Environinental Toxicology Division, Research 

Triangle Park, NC 27711 

GC/MS is the method of choice to perform analysis on volatiles in complex 
mixtures, but because of chromatographic drawbacks and long analysis time interest 
in MS/MS has developed. MS/MS presumably can perform an analysis in a fraction of 
the time without GC drawbacks. To compare the techniques we present the results from 
an analysis of PCBs as a function of speed, qualitative, and quantitative information. 

The comparison was made on the VG Micromass ZAB-2F equipped with a Finnigan/ 
INCOS data system. Standards were made from Monsanto Aroclor 125h with dilutions made 
with pesticide grade hexane. Samples studied were human blood extracted with hexane, 
human fat extracted with ether from florisil; and monkey fat extracted with benzene. 

The GC/MS analysis was performed with a fused silica OV-1 20Qm column with an 
initial temperature of 150°C to a final temperature of 250°C at 8 /min. The mass 
spectrometer was operated at 70 eV ionization energy, 8 KeV accelerating potential at 
a 5K resolving power. 

Multiple Ion Detection (MID) was used to observe the [M] and [Mf2] ions for 
tetra, penta, and hexachlorobiphenyls to give a good combination of sensitivity and 
•specificity. Each window was 300 ppm wide and was observed for 0.2 seconds. The lock 
mass was 281 of PFK. Typical response to an Aroclor 1254 standard (Fig. 1) showed the 
total ion current for each channel. If one looks at the profile data obtained from 
MID one can see the various windows as well as the response for a hexachlorobiphenyl. 
We observed no interferences in these windows except interferenres of fragment ions 
from higher mass PCBs in lower mass windows: the ratios of [Mf2] to [M] for hexa
chlorobiphenyls were confirmed to agree reasonably with the expected ratio for an ion 
containing six chlorines. Thus, neither channel had any detectable interference. 

MS/MS experiments were done by direct probe for selecting [M] for hexachloro
biphenyl (m/z 358) with 600 Resolving Power. CID of the main beam was done using 
Helium and the mass range of 270-360 was scanned in 2.4 sec, to observe losses to 
produce [M-CI]"*" and [M-2C1]'*" fragments. The standards show no other significant peaks 
in this mass range but if one looks at the blood sample (Fig. 2) one can observe a 
number of interferences in the primary ion beam. Some of these interferences could 
be in the [M-CI]"'' and [M-2C1]'*' area. 

The analysis time of about 6 min, is much less than the h5 min.for GC/MS but no 
isomer information, nor inforraation about tetra- and pentachloroblphenyls, is 
obtained. 

Quantitation of PCBs presents a challenge due to the large number of isomers, 
different responses for different isomers and the lack of similarity beCween Aroclor 
1254 and the samples. Calibration curves showed linearity for MS/MS from 100 Ng- to 
1 Ng. with detection limits of about 500 PG. GC/MS showed linearity from 100 NG. to 
100 PG with detection limit of 5 PG. 

Results are,given in Table 1. The MS/MS results are 2 to 9 times higher than 
the GC/MS results. A possible explanation is interferences, especially interferences 
from the primary ion beam and interferences by fragments from hepta- and octachloro-
biphenyls. Since there is no correct answer, one'has no basis to say which method is 
more accurate because true levels in these samples are not known a priori. 

The conclusions of various aspects of GC/MS and MS/MS analysis are shown in 
Table 2. In this instance GC/MS seems to be the favored techniques. Because of its 
higher resolution capability it can remove interferences either by GC or MS means. 
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Sample 

Monkey Fat #1 
Monkey Fat #2 
Monkey Fat #3 
Monkey Fat #5 
Human Fat 
Blood 013 
Blood 015 • 

TABLE 1 

yg/g GC/MS 

16.5 
14.5 
14.9 
1.7 
0.10 

• 0.006' 
0.003 . 

MK/R MS/MS 

40.5 
35.9 
58.6 
15.6 
0.53 

• .0.05 
0.02 

TABLE 2 

Function • 

Speed 

Isomer Resolution 

Detection Limit 

Quantitation 

Detectable interferences 
Present 

• MS/MS 

6 min 

No 

500 Pg 

GC/MS- . 

'45 min 

Yes ' 

•5 Pg 

MS/MS values average 5X GC/MS values 

Yes _. No 
MmiA i2A 1 M>, 
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A QUALITY ASSURANCE PROGRAM FOR A GC/MS/COM-
• 1 PUTER SYSTEM ENGAGED IN ANALYSIS OF VOLATILE 
ORGANIC COMPOUNDS; D. J. SMITH, E. D. PELLIZZARI, N. CASTILLO, 
M. D. ERICKSON, C. S. SPARACINO; Research Triangle Institute, 
Research Triangle Park, NC 27709. 

Techniques have been developed in this laboratory for the 
sampling and analysis of organic compounds in various envi
ronmental media, including air, water, breath, sediment, and 
sludge, for example. A program of quality assurance has also 
{been developed to guarantee the consistency and accuracy of 
qualitative and quantitative data obtained by use of the 
thermal desorption inlet. The mass spectrometer is tuned and 
calibrated daily using perfluorokerosene. The intensity and 
relative ion abundances of selected masses in the perfluoro
kerosene spectrum are monitored and must fall within specific 
tolerances before beginning any analysis. Perfluorotoluene 
is dosed onto each control and sample cartridge analyzed and 
a compilation of the intensity and relative ion abundance at 
selected masses is a measure of instrument stability under GC 
conditions (a variation of a certain percentage is tolerated 
at each selected mass). The quality of chromatography is 
most important since the accuracy and precision of the analy
sis are directly affected. Chromatography on glass capillary 
columns is evaluated by running a column performance mixture 
and determining factors such as percent peak asymmetry fac
tor, separation number, resolution, acidity and basicity. 
These values provide a continuous check on system performance 
and can provide early warning of developing problems, as well 
as alerting the user to deterioration of the chromatographic 
column before irreplaceable samples are lost. 
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TRACE DETECTION IN REAL TIME OF CHLORINE AND SULFUR-CONTAINING COMPOUNDS OF ENVIRONMENTAL 
CONCERN; S.D. Tanner anti B.A. Thomson; SCIEX INC., 55 Glencameron Rd., Thornhill, Ontario, 
Canada, and G.B. DeBrou and N.H. Hijazi, Ontario Ministry of the Environment, Toronto, 
Ontario, Canada. 

The "range of compounds for which the TAGA" mass spectrometer system is a sensitive 
detector and quantifier has been expanded to include the simple aliphatic halocarbons and 
sulfides. Equipped with the Atmospheric Pressure Chemical Ionization (APCI) source, the . 
TAGA" has already been shown to be sensitive (sub-ppt) to a wide range of compounds of 
environmental and industrial concern. The reagent ions in this source are H30'''-(H20)n, 
0"-(H20)n and 02"«(H20)n (n>0). The thermodynamics of these, ions defines the range of 
sensitivity: compounds having relatively high proton affinities (positive mode) or high 
electron/low proton affinities (negative mode), as well as specific compounds which react 
via substitution, elimination or association. The kinetics and energetics of the ion chem
istry of the simple aliphatic halocarbons and sulfides often make their detection under 
ambient air APCI conditions unfavorable. We present here two approaches to a solution of 
this problem. 

The more general of. the two approaches involved the development of a Reduced Pressure 
Chemical Ionization (RPCI) source for the TAGA" system. A modified Townsend discharge 
source has been designed specifically for direct sampling of room or outdoor air. 
Energetic electrons are injected into a variable-pressure chemical ionization region where 
electron impact on the ambient gas (air) generates the reagent ions. Ionization of the 
trace species occurs and the ions are ex t rac ted f o r analysis under the influence of a 
variable drift potential. A final variable field region provides for controlled ion frag
mentation which aids in sample identification. The source gives the operator a great deal 
of flexibility. The reagent ion itself may be changed simply by varying the source 
pressure and/or the drift potential (time). When ambient air is sampled directly into the 
ion source, the more "energy-rich" (compared to APCI) reagent ions 0^* and H3O"'" (unsolvated) 
are formed. The energetics of these ions are appropriate for the ionization by charge 
transfer and proton transfer of halocarbons and sulfides. Experimental results are given 
for the detection in real time of trace amounts of trichloroethylene (see Figure 1), vinyl 
chloride, methyl mercaptan and bis(2-chloroethyl) ether in room air. In addition, it was 
found that the. thiols form resilient clusters with NO"*" and NO2"'" even at reduced pressures; 
this may prove useful as a class-separator.' The ion chemistry proceeding in the source has. 
been modelled; the evolution is presented as a function of both time and pressure over the 
domains accessible to the operator. The model may be-consulted to select the optimum con
ditions to generate the appropriate CI reagent ion. 

mass/charge 

Figure 1. Detection of Trichloroethylene at the level of 5 ppm in 
ambient room air. (The background spectrum, in the absence of 
Trichloroethylene, has been subtracted.) The RPCI source was used 
under conditions emphasizing 02'*' charge transfer. 

The alternate approach is directed at specific compounds or classes of compounds. It 
involves the development and addition of reagent gases which are effective under ambient 
air APCI conditions. This includes reagents which convert the trace to a more-easily 
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ionizable form via neutral gas-phase reactions prior to APCI ionization as well as the more 
conventional gases which directly generate a more appropriate CI reagent ion. We have 
found that the addition of benzene into the intake air stream, which generates •C6H6''̂  as the 
dominant reagent ion, facilitates the detection of chloroethyl ethyl sulfide. . As well, the 
power of the MS/MS technique is demonstrated by fragmenting the parent sulfide ion in the 
CID region of the TAGA" 6000 ;and scanning the resultant daughter ion spectrum: the 
structual information obtained thereby permits the definite identification of the trace. A 
novel technique which is, apparently, specific for the highlighting of thiols Involyes the 
addition of ozone.into the air stream. Preliminary evidence suggests that thiols a re 
oxidized in the gas-phase by (neutral) ozone yielding the thiol acids and other thiol 
oxides. Upon proton abstraction by 0-'(H20)n and 02"*(H20)n, the characteristic ions 
RSOn" (n=0 to 3) a re observed. Since ozone is readily generated by UV irradiation of the 
directly sampled air, the thiols in a mixture may be highlighted simply by subtracting the 
background spectrum obtained with the UV source off from the spectrum recorded during the 
irradiation. An example Is given in Figure 2, wherein benzenethiol has been highlighted 
from the background of ambient room air. 

i4e.e iGa.e 
mass/charge 

Figure 2. Benzenethiol is hi.ghlighted in ambient room air. The 
spectrum shown is the result of subtracting the background spec
trum in the absence of ozone from the spectrum obtained during UV 
irradiation. 
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PULSED POSITIVE ION NEGATIVE ION CHEMICAL IONIZATION MASS SPECTROMETRIC 
APPLICATIONS TO ENVIRONMENTAL AND HAZARDOUS WASTE ANALYSIS 

by. 

L, D. Betowski, H, M. Webb and A. D. Sauter 

Environmental Monitoring Systems Laboratory 
U.S, Environraental Protection Agency 

Las Vegas, Nevada 89114 

The simultaneous acquisition of both positive ion and negative ion data under chemical 

ionization mass spectroraetrlc conditions can aid in' ttie confirmatlbn of assignraents made by 

electron Irapact GC/MS or electron capture GC. Pulsed positive ion negative ion chemical 

ionizaCion (PPINICI) mass spectroraetry. coupled with fused-silica capillary column gas 

.chromatographic methods can provide ancillary Information on compound identity In 

environmental and hazardous waste samples. The enhanced sensitivity of negative lon 

chemical ionization for certain classes of compounds, for example, halogenated pesticides, 

can be eraployed to identify these analytes at sensitivities that approach electron capture 

gas chromatography. The lower detection limits (as compared to electron irapact or positive 

ion chemical ionization) for negative lon chemical ionization for compounds that capture 

electrons are shown to aid in the characterization of complex environraental extracts for 

target compounds (l.e,, priority pollutants) and non-target compounds analysis. 

Negative ion/positive ion ratios had been raeasured for the priority pollutants at Chree 

different raethane reagent gas pressures to investigate the level at which negative lon 

cheraical ionization can be useful for confirmation purposes. The conditions that give a 

molecular ion under negative ion chemical ionization are maximized at the highest pressure 

of methane in the lon source (0.4 Torr Indlcaced), Methane proved to be the best reagent 

gas tested as far as sensitivity and information content delivered. However, the other 

moderator gases used, argon and nitrogen, have the practical advantage of maintaining a 

cleaner lon source for long periods of tirae. 

The priority pollutant pesticides were detected using full scan (ra/z 30 to m/z 435 in 

one second) under negative ion cheraical ionization at less than 50 pg. Most of the total 

ionization-is due to Cl~, The total mass spectroraetrlc response for the pesticides is 

linear frora 50 pg to (1-10) ng. Above these levels a state of chemical saturation results 

wherein the population of thermal electrons in the ion source is depleted. The decrease of 

the ion current due to m/z 146 from trace amounts of SF^ in.the background was observed at 

the onset of saturation (see Figure 1). This observation suggests that raonitoring of unique 

background Ions which capture electrons can serve as a probe for saturation. 
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With raethane as the reagent gas and the ion source temperature at 120"C (che ion source 

temperature was usually 240*0) the spectra of several of the pesticides, e,g., endosulfan, 

show a marked increase in the parent ion (or pseudo-molecular ion) cluster. 

In certain cases the loss of a small group will be predominant in the cheraical 

ionization spectrura in one of several structural Isoraers to form a stable ion. This results 

in Isomer differentiation, as in the case of 2- and 4-nitrophenol, 

Response factors generated for many of the priority pollutants under PPINICI conditions 

showed precision equivalent to electron impact GC/MS experiraents, Tlie raean, relative 

standard.deviation for 31 priority pollutants under positive ion (methane) chemical 

Ionization was 0.5% for four consecutive injections. The raean relative' standard deviation 

for 27 priority pollutants under negative lon (methane) chemical ionization was 11,3% for 

four consecutive injections. Response factors were also generated at multiple level 

concencracions under PPINICI conditions to deraonstrate Che potential for quantitation. 

1000-1 

^ 1 0 0 
3 

< 

Linearity Range for Pesticides Under NICI 

Total lon Current From One Pesticide 

^ * Background Signal (Mass 146 From SFe) 

1.0 10 
Sample Concentration (ng) 

1000 

F i g u r e 1 
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GC-MS TECHNIQUES FOE COMPREHENSIVE ASSESSMENT OF CHLORINATED 
DIBENZO-p-DIOXINS AND DIBENZOFURANS IN COMBUSTION PARTICULATES 

G.F. VanNess, M.L. Taylor, J.H. Garrett, J.G. Solch and T.O. Tiernan 
Brehm Laboratory and Depts. of Chemistry and Pharmacology/Toxicology 

Wright State University, Dayton, Ohio 45435 

An analytical scheme has been developed for comprehensive analyses of particulates 
resulting from various combustion processes for the content of chlorodibenzo-p-dioxins 
(CDDs) and chlorodibenzofurans (CDFs), (Clj through Cle). The procedures entail Soxhiet 
extraction of the solids, followed by a sequence of base and acid washes of the extracts, 
liquid chromatographic separation using silica and alumina columns, high performance 
reverse-phase liquid chromatographic fractionation, and GC-MS analysis of the final extract. 
The efficiency of various solvents in removing CDDs and CDFs from these particulates was 
briefly assessed, as indicated by the results shown in Table 1. In general, benzene 
appeared to be superior for this purpose. 

TABLE 1 . COMPAnisOM OF TCDD LEVELS IN VAMOOS CCH3UETI0N PARTICOTATES 
AS IKDICAIED BY AMALYSES IH WHICH VARIOUS EXTRACTION SOLVEMTS WERE DSED 

Soatple Type 

Coal Ply Aah 
Coal Fly Ash 
Fireplace ABH 
Fireplace Aeh 
Particulate Filter 
Diesel Huffier 
Diesel Huffier 
PCP Composite Ash 
Electrostatic 
Precipitator 

Electrostatic 
Precipitator 

Electrostatic 
Precipitator 

Extraction 
Solvent Dsed 

Benzene 
Toluene 
Hexane/Acetone 
Benzene 
Benzene 
Hexane/Acetbne 
Benzene 
Benzene 
Benzene 

Hexane/Acetone 

Carbon Dioxide 

Quantity TCDD 
Found (nq/g) 

H.D. 
H.D. 
0.65 
0.55 
16.0 
N.D. 
H.D. 
0.8 
8.4 

— 
«. 

% Recovery 
"ci*-2,3,7,8-TCrD 

40 
57 
69 
80 
110 
93 
95 
85 
65 

<iO 

<10 

Hinimum Detectable 
Concentration 

0.30 
0,30 
0.15 
0.15 
1.00 
0,08 
O.OS 
0.20 
0.5 

-> 
— 

("9/9) 

GC-MS Analyses were accomplished using .OV-101, Silar-lOC and Silov-82 (a new mixed phase) 
capillary columns. The instrumentation employed included a coupled Per)cing Elmer Sigma III 
GC-Kratos MS-25 MS (DS-50S Data System), and a Varian 3700 GC-AEI MS-30MS. The latter 
provides both high resolution GC and high resolution MS capability. A selected-ion monitor
ing scheme was developed to permit determination of the entire group of monochlorinated 
tlirough octachlorinated CDDs and CDFs from only two injections of a given sample extract. 
Table 2 shows the ion masses monitored for each CDD and CDF species. 

In Table 3 are shown the results of analyses of C1+ through Clj CDDs and CDFs in 
extracts of an air filter particulate and ash produced by combustion of wastes containing 
pentachlorophenol (PCP). The use of capillary GC columns permits resolution of many of the 
CDD and CDF isomers of a given chlorinated group, but not all of these can be identified, 
since authentic standards are unavailable in many cases. At.least one CDD or CDF isomer 
of each class was available and was used for instrument calibration. Similar results for 
other combustion products are described, along with the details of the analytical 
procedures. 
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T a b l e 2 . LIST Cf l a wssES mmTo i tp a s m c c - S E i i c r a - l o i 

WBITOBIHfi wss ̂ CTRCritTRY Ffip SInjITAtirtm.-i CETERHIKATjOH Of 

WHO-. D1- . TRI-. TETRA-. PFNTA-. IJEW-. HEPIA-. Ann OCTA-

CHLORIUTES DIBE?;ZO-p-DI0XItlS AIID DIEEIlZOFURAflS . 

C u s i or 

ClOMIRArEl) 

DllUZODIOXlH 

t . n f , i . T n . i i . . i . 

D l -

T i l -

TlTHA-

PUTA-

HOA-

Him-

flOMlTOHD N/Z FOR 

DlUKZOFMANl 

C „H , . . 0C1 , • 

202.019* 

20II.Q1E 

235.980* 

237.977 

269.«1« 

271.939 

303.902* 

3D5.S99' 

337.Jt3A 

339.>E0 

373.021 

37S.UI 

«I7.7a2 

409.779 

(kTA- W 1 . 7 0 -

W3.7II0 

PbdiTORro r / z FOR 

DllEMO-f-OIOXINS 

Ci.».-.0.C1. 

21«.013« 

ro.oii 
2S1.97'l» 

2S3.972 

205.9110* 

217.937 

319.897* 

321.894 

I!7.885» 

256.933 

'258.930" 

353.85S' 

355.855 

289.810 

391.813 

«3.777 

425.774 

431.765« 

457.738 

459.735 

AFPAOXIMATE 

TKEOHETICAL RATIO 

EXPCCTED ON BASIS 

1.00 

0.35 

1.00 

0.69 

0.99 

l.OO 

0.74 

1.00 

_ 
0.21 

0,20 

0.57 

1.00 

1.00 

0.07 

1.00 

1.00 

-
0.86 

1.00 

A. f l aucuua loit FEAK. 

I . Q«-LA1IU£0 (DD ITANDARD FEAK, 

C. t a n HlflCN CAA IE FIMtrOKED Iff TCSO'AMLTSEf fo* CONFIAFUTION FlffPOSCt. 

TABLE 3. RESULTS OF HIGH RESOLUTION GAS CHROHATOGRAPHIC-MASS 

SPECTROMETRIC ANALYSES OF PARTICULATE SAMPLES 

I -DlbeiigogTarBns 

Tetra-

PMita-

Hepta-

Octa- . 

No. of Apparent 

Isopers 

17 

13 

7 

4 

1 

Total Detected 

(sal 
90 

200 

1305 

IBOC 

325 

No. of Appureat 

iBCBHCrS 

7 

5 

S 

2 

1 

Total . 

Detected (nq/q) 

Dlben20-p-Dioxine 

Bepta-

Octa-

12 

5 

2 

1 

107 

1000 

8050 

710,000 

32 

Bl 

117 

198 
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ANALYSIS OF GREAT LAKES FISH SAMPLES FOR 2,3,7,8-TCDD 
D. R. Hilker, P. W. O'Keefe and Carol Meyer 
Toxicology Institute, New York State Department of Health, Albany, N.Y. 

We have developed an isomer specific analysis for 2,3,7,8-tetrachlorodibenzo-
p-dioxin (I) in biological samples. The analysis has been applied to fish sam
ples taken from various bodies of water in and around New York State. Varying 

(r.) 
numbers of samples were taken from each of the Great Lakes, the Niagara River, the 
Delaware River, Cayuga Creek (Niagara Falls; N.Y.), an Adirondack Lake and the 
Atlantic Ocean. The analysis is sensitive to as little as 1 part-per-trillion of 
2,3,7,8-TCDD as is required by the extreme toxicity of this compound. The method 
employs HPLC, high resolution gas chromatography and high resolution mass spectro
metry for maximum specificity. The procedure is also capable of isolating octa-
chlorodibenzo-p-dioxin. 

The sample extraction and clean-up procedure involves several steps to insure 
the specificity of the analysis. Basically the extraction involves two columns 
one of MgO/Celite and alumina and a second of florisil (4cm) and alumina (10cm). 
The first of two HPLC steps is a reverse phase step on a dual Zorbax-ODS (DuPont) 
column using methanol a s the solvent. A second normal phase HPLC step.is carried 
out on a dual DuPont silica gel column with a mixed solvent of .4% toluene and 
99.6% hexane. An indepth description of the extraction and high pressure liquid 
chromatography employed will be forthcoming in a major publication. 

A Kratos Carlo-Erba/MS-50/DS-55'GC/MS system is used'for the mass spectro
metric analysis. This system provides for chromatographic as well as mass speci
ficity. An acquisition system under control of recently written DS-55 software 
controls the mass spectrometer and collects and stores data so as to preserve the 
high resolution of the chromatographic and mass data. The sensitivity of the MS-50 
allows detection limits as low as 1 part-per-trillion even if recoveries are low 
due to an extensive clean-up. The mass spectrometer is tuned to 10,000 RP (10% 
valley). Perfluorokerosene is used as a mass standard to calibrate the mass scale 
during an electric sector scan. The calibration data is used to locate the mass 
regions of interest during the experiment. 

For this work the mass spectrometer was scanned over 300 ppm mass regions 
centering around m/e-319.8965, 321.8936 and 328.8881. Injections are made onto 
an OV-275 glass capillary column using an on-column injection technique. The 
chromatograph is interfaced to the source of the mass spectrometer through a jet 
separator. In real-time a summed mass chromatogram is displayed on the VDU while 
the mass ions making up the chromatogram are visible on the MS-50 console oscillo
scope as the compounds of interest elute. 2,3,7,8-tetrachlorodibenzo-p-dioxin 
is quantitated using the peak areas of the native and internal standard. 

The following results are from spiked fish samples. The spiked concentration 
was added to the samples before the extraction procedure and the quantitated 
concentration is obtained from the MS-50 peak areas. 
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Sample 

347B 

0 
N 
Q 
M 
U 
s 
T 

P0339 

W 

Spiked Cone. 

(ppt.) 

2.5 
5 
5 
5 
5 
40 
40 
40 
40 
100 • 

Qxiantitated Cone. 

(ppt.) 

3.1 
5.4 
6.1 
5.2 
4.9 
43 
38 
38 
36 
115 

.Limit of 
Detection 

. 0.5 
1.4 
1.5 
0.5 
0.8 
1.3 
0.9 
1.1 
1.4 
3.1 

% Recovery 

22 
53 
43 
52 
18 
34 
28 
38 
26 
20 

The average per cent deviation from the. spiked concentration is 10.3. 
The average detection limit is 1.25 ppt. An.additional indication of the 
reproducibility of the method is the results of analysis of split samples. 
In these cases the fish samples were analyzed twice. Five samples were 
subjected to this dual analysis and the average per cent deviation between 
the two determinations is 7. 

The computer output illustrates a typical signal for a 5 ppt. spiked fish. 

RUNNRME SDHMie DRTE 3/27/81 TIME 18:38 
nflti-i 321.8935 SWEEP 308 (PPM) SCPHTIME 8 .3 (SFCS) 
SCPNS 366-338 100v. INTENSITY 9827 

100 

321.6935 3 2 1 . 9 - 4 r e 
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RAPID SCREENING OF ENVIRONMENTAL SAMPLES FOR LOW TO SUB-PPT LEVELS OF POLYCHLORINATED 
DIBENZO-p-DIOXINS USING TRIPLE QUADRUPOLE MASS SPECTROMETRY. G.A.V. Rees and H. Tosine, 
Pesticide Section, Ministry of the Environment, Box 213, Rexdale, Ontario, Canada. M9W 5L1. 
and T. Sakuma, W.R. Davidson; B.A. Thomson, L.M. Danylewych, B. Shushan, J.E- Fulford and 
N.M. Reid, SCIEX INC., 55 Glencameron Road, Thornhill, Ontario, Canada. L3T 1P2. 

Introduction 

Because of the toxicity of some of the dtoxlns, notably 2,3,7,8-tetrachlorodibenzo-p-
dioxin, and the growing, indication of ite ubiquity in the environment and the biosphere, it 
is desirable to develop rapid analysis techniques which can detect the compound with high 
sensitivity and high specificity. The TAGA" 6000 MS/MS system has been used to detect TCDD 
In organic solvents, 2,A-D extracts, Aroclor matrices and fish extracts, without signifi
cant Interference from PCBs, DDE or other matrix components.' 

Experimental 

A schematic representation of the TAGA"* 6000 MS/MS is shown in Figure 1. As indicated, 
it is a triple quadrupole system utilizing an ultra high capacity cryopump. The first and 
third quadrupoles (QI and Q3) are used for mass filtering while the second quadrupole (Q2), 
acting in an-R.F. only or total lon mode, functions as a dynamic focussing region for the 
parent and fragraent ions which are present together in the CID (coUisionally induced 
dissociation) gas target region. The gas ion mixture from the lon source is admitted at 
one end of the vacuum chamber and expands in a free jet. The gas molecules follow their 
expansion trajectories, until they are collected by the first set of cryoarrays, while the 
ions are collimated by the ion lenses and then injected into the first mass filter for 
separation. Ions selected by Ql enter the region of the second quadrupole and the CID gas 
target where they undergo coUisionally Induced dissociation (If a CID gas is used). A 
second set of cryoarrays, connected to che sarae cryopump, pumps the CID gas target region. 
Q3 is then used to analyze the mass of the ions leaving Q 2 . An electron multiplier opera
ted in a pulse counting mode detects the Ions selected by Q3. The pulses leaving the 
multiplier are processed by signal handling electronics and then sent on to the computer 
for counting. 

Crude mixtures or organic extracts, after a brief sample clean-up are Introduced into 
the TAGA" 6000 atmospheric pressure ionization (APCI) region with a direct insertion probe 
which is designed for rapid and easy sample introduction. The sample is deposited in solu
tion and, after a few seconds allowance for solvent evaporation, the direct insertion probe 
Is rapidly heated to desorb the raaterial into a laminar carrier gas stream for transport to 
the ion source. After charge transfer from the benzene CI reagent, the parent Ions of 
interest are subjected to CID for quantitation and identification. 

Results 

(^antitation of TCDD in complex matrices is achieved by monitoring the [M-COClJ"'' 
(m/z 259), [M-2(C0C1)J+ (m/z 196), and/or [M-2(C0C1 )3/ci]''" (m/z 159) daughter of the 
parent ion (m/z 322). The daughters are free from sorae interferences comraonly encountered 
in environmental samples as demonstrated in Figure 2 and work is continuing to farther 
characterize potential interferences. 

Figure 3 shows a calibration curve obtained from measuring the areas under the desorp
tion curve of the two daughter ions. Response is linear frora the detection limit of 400 fg 
(S/N = 3) up to at least 800 pg of TCDD. 

The fish extract analysis shown in Figure 4 corresponds to 0.5 ppt in the lOg fish 
sample and the ratio of the fragraent ions (background subtracted) is within Z2% of the 
value observed with the TCDD standard, providing confirmation of the identity of TCDD in 
the fish extract. The workup of the fish extract involved the removal of lipids, pestici
des and PCBs and this procedure was tested by quantitation of a ^^C - labelled TCDD 
internal standard. 

Herbicide formulations have been rapidly analyzed for TCDD using a single alumina 
cleanup as in the 2,4-D formulation shown in Figure 5. This 2,4-D extract contains a I ppm 
spike of TCDD and the daughter ion branching ratios are virtually identical to those 
obtained frora the m/z 324 parent in the pure TCDD standard. 

Conclusions 

Triple quadrupole raass spectrometry coupled with atraospheric pressure cheraical 
ionization has a deraonstrated capability for rapid screening of environraental samples for 
TCDD. Following a chemical workup, extracts have been analyzed for TCDD without inferences 
or memory effects, at a rate of about one sample per minute. 
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Figure 1.' Schematic of TAGA" 6000 MS/MS. 
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Figure 2. Large excesses of PCBs and DDE 
do not exhibit m/z 259, and 196 daughters. 

Figure 3. Calibration 
curve for 2,3,7,8-TCDD. 

(approx. 0.5 ppt.) 

Figure 4. Fish extract injection 
containing 0.5 ppt TCDD. 

Figure 5. Herbicide (2,4-D) extract 
containing 1 ppm TCDD spike (m/z 324 
parent). 
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ANALYSIS OF PCB COMPONENTS HAVING NO ORTHO. 
SUBSTITUTED CHLORINES IN ENVIRONMENTAL S/UIPLES, C.R. DUBAY, 
L.M. SMITH, D..L. STALLING, J.D. PETTY. Columbia National 
Fisliery Research Lab., RR'l, Columbia, MO 65201 

The use and disposal of approximately 5 x '10 lbs of PCB 
has resulted in extensive 'environmental contamination. PCBs 
were found to be toxic to fish and mammals. A significant 
portion of the toxicity 'was attributed to components of the 
mixture which have no ortho substituted chlorines'. Using ^ 
activated carbon chromatography developed in our' laboratory, 
the non-o-Cl substituted PCBs'were separated from o- aro,o'-
Cl substituted PCBs. No other separation technique has 
demonstrated the specificity necessary to efficiently 
separate non-o-Cl substituted PCBs. One of the non-o-Cl 
substituted PCB separated wich carbon was found to be highly 
toxic to fish. This component 3,4,3',4'-tetrachlorobiphenyl 
(TCB) and two other non-o-Cl substituted PCBs were identified 
and quantitated in fish tissue extracts using high reso- • 
iution (HR) GC/MS with multiple ion detection. 

Analysis of fish cissue samples found the combined con
centration of the 3 non-o-FCBs was beCween 0.1 and 2 ppb. 
This can be compared to TCDD levels of from 0 to 14 ppt in 
the fish. Thus, toxic non-o-Cl substituted PCB components 
are ;ipproximately 100 times more prevalent in fish. As a 
result, non-o-PCB components raay also be important contami
nants which should be inves.cigated. 

A quadruple GC/MS system with a 30M fused silica WCOT 
column connected directly to the source with changes of che 
ions monitored during a run acl^ieved a sensitivity of 3 ppt . 
for lOOg of fish.tissue. The sensitivity, provided by Chis 
technique demonstrated the existence of non-o-PCBs in • fish 
from different waCersheds. Cercain watersheds have very 
high levels of these contaminants. 
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STRUCTURAL AND ANALYTICAL APPLICATIONS OF HIGH RESOLUTION MS/MS. H. P. BARBALAS, H. T. 
CHENG, C. WESDEMIOTIS, I . J . AMSTER, C. J . SACK, AND F. W. MCLAFFERTY; Dept. of Chem., 
Cornell Univ. , I thaca, NY 14853. 

Our tandem double-focusing MS/MS instrument makes possible h igh-resolut ion separation 
of ions of a spec i f i c mass in MS-I. These undergo metastable or c o l l i s i ona l l y - ac t i v a ted 
(CA) decompositions in a special interface region, with separation of the ionic products 
in the double-focusing MS-II . The added energy focusing of MS-II produces a dramatic 
improvement in resolut ion over that using the e lec t ros ta t i c analyzer alone, which of ten 
cannot resolve even low mass CA peaks. A valuable advantage of th is peak narrowing is 
an impressive improvement in the s ignal- to-noise ra t io of measurements. Secondly, un i t 
mass resolut ion of CA spectra of higher mass ions shows in terest ing deta i ls which were 
obscured on those spectra obtained from reverse-geometry instruments. For example, i so
topic peaks show re la t i ve abundances determined s t a t i s t i c a l l y from the isotopic ra t i o 
in the precursor i on , not the natural isotopic abundance, as shown in the Figure. 

Hexabromobiphenyl (CgH2)2~B' '6 

Electron lon izo l ion 

(M-9rg)* (M-B r j ) ' (M-Br.,)* (M -Dr j ) ' (M-Br^)* (M-Br)* CijH^Brg* 
l 

CoUisional Aclivatlon 

3 0 8 i389 5 1 9 
'Brj-'Br, 
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2 0 0 3 0 0 <100 

m / z 

5 0 0 6 0 0 

The CA spectrum of a fragment ion is character is t ic of i t s s t ruc tu re , providing 
valuable addi t ional information concerning unknown molecule's introduced in to MS-I. This 
instrument is of par t i cu la r value fo r such studies of "high mass ions because of i t s much 
higher mass range and higher co l l i s i on energies as well as higher reso lu t ion . For ex
ample, in a series of 3-hydroxypregnanes, the m/ẑ  166 peaks gave nearly ident ica l CA 
spectra, ind ica t i ve of the A/B r ing substructure but without d e f i n i t i v e stereochemical 
informat ion. The CA spectra of m/ẑ  148, formed by loss of water from m/z 166 s im i l a r l y 
was charac ter is t i c of the A/B r ing substructures without stereochemicaT Tnformation. 
However, the m/ẑ  234 peak, which corresponds to the complete A, B, and C r ings , gave 
four d i f f e ren t spectra fo r the four isomers 3a,5a-, 3o,5B-, 36,5a-, 38,53. Structural 
consistencies can be noted in these spectra; fo r example the largest loss of water is 
found fo r the isomer in which abstract ion of the tert iary-9-hydrogen atom is s t e r i c a l l y 
most favorable. The u t i l i t y of such spectra in structure determination is shown by the 
CA spectrum of the m/ẑ  234 peak from 3a-hydroxy-5a-cholestane, which is the same as the 
CA spectrum from the corresponding pregnane. S im i la r l y , the m/ l 374 peak from d i g i t o x i n , 
which is presumably formed by loss of the glycosidic units from the 3-oxo posi t ion w i th 
rearrangement of a hydrogen back to the oxygen, gives the same CA spectrum as the mole
cular ion m/ i 374 peak from d ig i tox igenin of that s t ructure. 

CA spectra can also supply s t ruc tura l information on fentanyl- type compounds of 
high narcot ic a c t i v i t y ; one such compound "China-White" a t t rac ted a great deal of pub
l i c i t y recent ly when i t was discovered as a s t reet drug of unknown s t ruc ture . 
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.. CHpCHp̂  
C2HgC0-NCgHg-CH,(.̂  (,(̂ '̂ ^N-CH(CH3)CH2CgH5 

A prominent C3H50''' peak was readi ly i den t i f i ed from i t s CA spectrum as having the pro
pionyl s t ruc ture C2H5-CO"'". Prominent m/^ 146 peaks in d i f f e ren t der ivat ives were shown 
to be due to several isomeric ions. For example, a l l of the C5H5-NH"*'=C4Hg isomers gave 
large m/ẑ  77 peaks in the i r CA spectra, while a CgHgCHj-NCjHs'"' ion gave a very large 
m/ l 91 peak. 

The improved resolut ion and . sens i t i v i t y of th is instrument is also of value fo r 
rout ine analyses with high spec i f i c i t y fo r trace constituents in complex mixtures wi th 
a minimum of sample workup. Tetrachlorodibenzodioxin can be determined in the presence 
of PCBs and DDE. , , 
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The Analysis of Nitrated Polynuclear Aromatic Hydrocarbons in Diesel 
Exhaust Particulates by Mass Spectrometry/Mass Spectrometry Techniques 

T. Riley, T. Prater and D. Schuetzle, 
Ford Motor Co, Scientific Research Lab., Dearborn, Mi 1|8121; 

T. M. Harvey and D'. Hunt 
Dept. of Oiem., Univ. of Virginia, Charlottesville, VA 22901 

Introduction 

Recent investigations have indicated that organic solvent extracts of light-duty diesel exhaust 
particulates exhibit direct-acting mutagenicity when tested using the Ames assay. Preliminary 
estimates indicate that a significant portion of this direct-acting, mutagenicity may be due to the 
presence of nitrated polynuclear aromatic hydrocarbons (nitro-PAH). Mass analyzed ion kinetic energy 
spectrometry (MIKES) and triple stage quadrupole (TSQ) analytical techniques used to characterize 
these compounds in diesel exhaust are described. 

Experimental 

Light duty diesel exhaust particulate samples were collected on T60A20 Pallaflex fi l ters using a dilution-
tube and a chassis dynamometer test facil i ty. Filter samples were extracted with dichloromethane. 

MIKES analyses were performed on a Vacuum Generators ZAB-2F mass spectrometer using both 
electron impact (EI) and negative ion methane chemical ionization (NICI) procedures. All experiments 
were conducted using a magnetic sector resolution of approximately 2000 and helium as a collision gas 
( 1x10"' torr). 

A Finnigan TSQ mass spectrometer was used to perform coUisionally activated dissociation (TSQ-CAD) 
and constant neutral loss studies. All experiments were conducted using positive ion methane chemical 
ionization (PICI) procedures. In the TSQ-CAD studies the first quadrupole was set to transmit a parent 
ion of interest into the second quadrupole which functioned as a collision cell (N2. 5 x 10 torr). The 
third quadrupole was scanned repetitively to collect daughter ion spectra. In the constant neutral loss 
studies, the first and third quadrupoles were scanned in parallel with a 17 amu mass deficit. Under 
these conditions, only ions which experience the loss of a 17 amu neutral fragment when coUisionally 
dissociated in the second quadruple are detected. This ion reaction was found to be characteristic of 
nitro-PAH compounds. 

Results and Discussion 

The TSQ constant neutral loss analysis was found to be a very useful screening procedure for nitro-PAH 
compounds. Table I lists 20 different nitro-PAH derivatives which were tentatively identified in diesel 
particulate extract using this procedure. It must be emphasized that this technique only monitors a 
reaction characteristic of nitro-PAH compounds and does not confirm their presence. ' 

Table n illustrates the concentration of 1-NP in the exhaust particulate extract from four different 
diesel engines as determined by MIKES and TSQ-CAD analysis. These quantitation studies indicated 
that both MS/MS techniques lacked sufficient resolution on the first mass f i l ter to eliminate positive 
interferences in the daughter ion spectra completely. The M-16 daughter ion fragment (M+l - OH) was 
found to be specific for 1-NP and was used for quantitation by TSQ-CAD, but the electrostatic sector 
of the MIKES instrument did not resolve this daughter ion adequately. It was necessary to 
prefractionate. the OP-1 and PG-1 samples by preparative scale high performance liquid 
chromatography and to use NICI techniques to accomplish an interference-free MIKES analysis.of 1-NP. 

Neither MS/MS technique distinguished between nitro-PAH isomers. This information was obtained by 
capillary GC-MS. 

Schuetzle, D., Prater, T., Riley, T., Durisin, A., and Salmeen, I., "Analysis of Nitrated Derivatives of 
PAH and Determination of their Contribution to Ames Assay Mutagenicity for Diesel Particulate 
Extracts," Fifth International Symposium on Polynuclear Aromatic Hydrocarbons, Columbus, OH,' 
10/28-30/80. 
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Table I. Nitro-PAH Derivatives Tentatively Identified in Diesel Particulate Extracts 
by TSQ Constant Neutral.Loss Analysis 

Nitroacenaphthylenes 
Nitro(acenaphthlenes, biphenyls) • , 
Nitronaphthaquinones' 
Nitrodiliydroxynaphthalenes 
Nitrofluorenes 
Nitro(methylacenaphthalenes, methylbiphenyls) 
Nitro(trimethylnaphthalenes) 
Nitro(naphthalic acid) 
Nitro(anthracenes and phenanthrenes) 
Nitro(fluorenones and methylf luorenes) 
Nitro(methylanthracenes and methylphenanthrenes) 
Nitro(anthrones and phenanthrenes) 
Nitro(pyrenes and fluoranthenes) 
Nitro(dimethylanthracen6s and dimethylphenanthrenes) 
Nitro(methylpyrenes and methylfluoranthenes) 
Nitro(pyrones and f luoranthones). 
Nitro(pyrene and fluoranthene)quinones . • 
Nitro(dimethyiphenanthrene and dimethylanthracene) carboxaidehydes 
Nitro(methylbenzo(a)anthracenes, methylchrysenes and methyltriphenylenes) 
Nitro(benzo(a)pyrenes, benzo(e)pyrenes and perylenes) 

Table II. Quantitation of 1-NP in Diesel Exhaust Particulate Extract using MS/MS Techniques 

Engine Sample 

Nl-1 

OL-1 

OP-1 

PG-1 

[nstrument 

TSQ 

MIKES 

TSQ 

. TSQ 

MIKES 

MIKES 

MIKES 

Ionization 

PICI 

EI 

PICI 

.PICI 

EI 

NICI 

NICI 

Concentration 
(ppm) 

2285+230 

2080+220 

20*+30 

77+15 

<1P5 

• 55+11 '• 

150+30 
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IDENTIFICATION OF ACID FRACTION COMPONENTS OF PRIORITY POLLUTANT 
MIXTURES BY TRIPLE QUADRUPOLE MASS SPECTROMETRY 

J.A." Chakel, C.A. Myerholtz, C.G. Enke 
Department of Chemistry 

Michigan State University, East Lansing, MI 48824 

A Triple Quadrupole Mass Spectrometer (TQMS) was utilized for the analysis 
of the acid extractable priority pollutants. Included in this fraction are: 
phenol, 2,4-dimethylphenol, 2-chlorophenol, 2-nitrophenol, 4-nitrophenol, 
4-chloro-m-cresol, 2,4-dichlorophenol, 2,4-dinitrophenol, 2,4,5-trichlorophenol, 
4,6-dinitro-o-cresol, and pentachlorophenol. 

Mass-selected ions pass Quad 1 and can undergo low energy collision activated 
decomposition (CAD) after an interaction with neutral species (Ar) in the' positive 
focusing, RF-only -field of Quad 2. Ionic collision products are mass-analyzed 
by Quad 3 and detected. 

The CAD spectra obtained from pure samples of each component were unique. 
A mixture was prepared from pure samples. CAD spectra were obtained from mass-
selected characteristic ions of each component. The correlation between pure 
sample reference CAD spectra and mixture mass-selected parent ion CAD spectra 
provides positive identification. The results of low energy electron impact (EI) 
and negative-ion chemical ionization (NCI) sample ionization techniques were 
compared. Sample introduction was via a direct insertion probe.. . . 

The source parameters for the EI study were 20 eV electron energy and 0.5 mA 
emission current. The Quad 2 collision chamber was pressurized to 2 x 10"'* Torr 
argon and had an ion axial energy of -15V. Results obtained with low energy EI 
for 4-chloro-m-cresol, 2,4-dinitrophenol and 2,4,6-trichlorophenol are shown 
on the following page where the CAD spectra of ions selected from the mixture 
and pure reference CAD spectra are compared. 

The source parameters for the NCI study were 150 eV electron energy, 1.0 mA 
emission current and a CH./N2O CI gas in a 1.6:1 ratio maintained at 1 Torr. The 
Quad 2'collision chamber was pressurized to 1 x 10"3 Torr argon and had an ion 
axial energy of •̂ 10 V. Negative ions were detected using a conversion dynode. 
The OH" reagent ion generated in the source reacts with the sample to produce 
abundant (M-l)" ions. Results obtained with NCI for 2-nitrophenol, 4-nitrophenol, 
and 2,4-din.itropheno] a re shown. The two isomeric nitrophenols can be differentiated 
since the reference CAD spectrum for 2-nitrophenol shows a (M-1-16)" ion, not present 
for the other isomer, and the nitrophenols come off of the probe at different 
temperatures. 

Positive ion CI was examined using both methane and isobutane as the reagent 
gas. The degree of interfering fragments and addition products rendered this 
method unsuitable for this type of analysis. 

In general, EI allows most of the compounds to be separated with the mass 
selection function of Quad 1. However EI suffers from the potential interferences 
of other fragment ions from the source. With NCI predominately (H-1)" ions are 
produced in the source which simplifies the separation process since no interfering 
fragments are generated. The CAD spectra of negative parent ions exhibit less 
fragmentation than their EI counterparts. 

This work was supported in part by grants from NASA and the MSU Agricultural 
Experiment Station. 
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FUNDAMENTAL FACTORS WHICH INFLUENCE CID (MS/MS) SPECTRA IN TRIPLE QUADRUPOLES; P.H. 
DAWSON, Physics Division, National Research Council, Occawa, Canada KIA-0R6, -J.B. 
FRENCH, University of Toronto, Institute of Aerospace Studies, Downsview, 
Canada, J.A. BUCKLEY, D. SIMMONS and D.J. DOUGLAS, Sciex Inc., 
Thornhill, Ontario, Canada L3T 1P2. 

Ontario, 
55 Glen Cameron Road, 

Triple quadrupoles are already finding widespread application in analyCical studies 
utilising sequential mass spectrometry. It is important that the influence ot the 
instruraent parameters on the observed CID spectra be well understood, so that standard 
operating conditions for the accumulation of spectral libraries can be established. 
The parent ions are separated in the first quadrupole, undergo collision, preferably 
with a well-defined gas target, in the second quadrupole and product ions are mass 
analysed in the third quadrupole (Fig. 1). Each of the quadrupoles has its own trans
mission characteristics which depend upon the choice of rf/dc ratios, the dc offsets of 
each quadrupole from ground and the chosen mode of operation such as constant parent, 
constant daughter or linked scan (Fig. 2). The discussion ot .the" optimisation of these 
parameters is illustrated by a comprehensive experiraental study of the dissociation of 
the protonated' parent ion of a phosphorous ester, DMMPA, at mass 196. The instrument 
was a triple quadrupole (TAGA 6000) of high ion transmission efficiency. Both the 
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cross-sectIons for dissociation as a funcCion of collision energy and the associated 
changes in fragmentation pattern were measured (Fig. 3). By increasing target thick
ness, the sequential.dissociation of daughter ions Into granddaughters etc. was 
observed (Fig. h ) , Velocity distributions of daughter ions were measured. The decom
position of the daughter ions could be individually studied by producing them indepen
dently by CID in the source region. In this way a complete dissociation sequence (or 
"genealogical tree") could be established (Fig- 5). With no target gas present in the 
central quadrupole, decomposition of metastable ions of the parent could also be 
observed. The optimisation of the instrument parameters for analytical purposes is 
discussed on the basis of the observations described above. 
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MS/MS CHARACTERIZATION OF DIESEL EMISSIONS 

Thomas R. Henderson, Robert E. Royer and Charles R. Clark 
Lovelace Inhalation Toxicology Research Institute 

P. 0. Box 5890 
Albuquerque, New Mexico 87185 

Increased use of diesel engines in l i gh t -du ty vehicles is expected in the near fu ture 
because of increased fuel e f f ic iency and the a b i l i t y of diesel engines to u t i l i z e a wide 
range of fue ls . Correlations between d i rec t -ac t ing mutagens in diesel exhaust par t i cu la te 
extracts and the a c t i v i t y of synthetic nitro-PAHs with Salmonella tester s t ra ins TA98 and 
TAIOO have been noted, but detection of nitro-PAHs in diesel emissions extracts has proven 
d i f f i c u l t . 

In the studies reported here, MS/MS ( t r ip le -s tage quadrupole mass spectrometry) was 
used to detect masses of nitro-PAHs in diesel soot extracts and in f rac t ions of the ex
t r a c t s . Comparison by MS/MS of an aromatic f rac t i on from diesel fue l reacted wi th NO2 vs. 
extracts of par t icu la te emissions from an engine running on the same fuel showed the range 
of nitro-PAH masses was s im i la r . Therefore, one mechanism fo r the formation of nitro-PAHs 
in d'iesel exhaust may be the reaction of unburned fuel components with NO . 

METHODS 

Diesel exhaust samples were collected from a light-duty diesel engine. The displace
ment was 1.5 liters and the engine was operated on the EPA Federal Test Procedure. The 
samples were collected on Pallflex T60-A20 filters after dilution in a dilution tunnel. 
CH2CI2 extraction was carried out as described previously (Royer, Sturm and Walter, 1980). 
A standard #2 diesel fuel was used in the engine and as a source of aromatic hydrocarbons 
for preparation of nitro-PAHs. The fuel aromatics were prepared as described previously 
(Henderson et al.. 1981). 

MS/MS analyses were carried out with a modified Finnigan 3200 MS at the University of 
Virginia (Hunt, Shabanowitz, and Giordan!, 1980). Samples of 10 to 50 yg in capillaries 
were volatilized into the ion source by heating of the solid probe from 50 to 350°C. 
Tuning and standardization was accomplished using 1-nitropyrene (synthesized by Dr. R. E. 
Royer) and the m/e 231 ion. The ionizer was operated under isobutane CI conditions with 
0.4 torr isobutane pressure. The first quadrupole was scanned with 1.3 sec scan time over 
a mass range of 80 to 450 amu. The second quadrupole was operated in RF only, with N2 
collision gas adjusted for maximal 231 ion signal with nitropyrene standard. The third 
quadrupole was linked to scan 17 amu behind quadrupole #1. The reaction monitored was: 

R-NO2 > R-N02-H"^ '— > R-N^ 

Thus, the only ions detected were those which lost 17 amu in passing from quadrupole 
#1 to quadrupole #3, this loss being relatively specific for nitro-compounds. 

The aromatic fraction derived from fuel was analyzed by GC/MS, using a Finnigan 4023 
MS. The instrument was equipped with a 20-m SP-2100 fused silica column inserted directly 
into the ion source of the MS. The transfer ovens were maintained at 250°C. The GC was 
temperature programmed from a .2 min hold at 50°C, to 250°C at 2°C/min. The INCOS data 
system used standard 3.1C software and NBS mass spectral libraries. Fourteen standard PAHs 
were run to verify the library entries and the column performance. 

The nitro-fuel PAH fraction was prepared as described previously by treating fuel PAHs 
with NO2 (Henderson et al^., 1981). This preparation had a direct mutagenic activity (no 
S-9) of 172 revertants/pg in the Ames bioassay with Salmonella TA98. The fuel PAH fraction 
was inactive with TA98 in the presence or absence of S-9. 

RESULTS AND DISCUSSION 

GC/MS analyses of the standard diesel fuel aromatic fraction showed that the fuel PAHs 
were principally 2 ring PAHs and methylated derivatives thereof. The relative concentra
tions were calculated from the RIC peak height, assuming equal response factors and were 
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normalized re la t i ve to dimethylphenanthrene (=1). The re la t i ve concentrations of major 
components which were present at greater than 10 times the concentration of dimethylphen
anthrene were: methylnaphthalenes, 97; dimethylnaphthalenes, 130; methylbiphenyls, 20; and 
tr imethylnaphthalenes, 78. No four o r . f i v e - r i n g PAHs, such as pyrenes or fluoranthenes 
were detect ib le in aromatic extracts from diesel fue ls . 

MS/MS analysis of the fuel aromatic f rac t i on reacted with NO2 showed that the ions 
corresponding to mono-nitro der ivat ives of fuel PAHs were present along wi th some d i n i t r o -
der iva t ives . The major ions (greater than 50% re la t i ve abundance) and possible i d e n t i f i 
cations were: 171, nitro-methylnaphthalenes; 183, n i t ro-b ipheny ls ; 185, n i t ro -d ime thy l - • 
naphthalenes; 197, ni t ro-methylbiphenyls; 211, n i t ro-d imethylb iphenyls; 221, n i t ro -methy l -
phenanthrenes. Although pyrene was not detect ib le in fuel PAH f rac t ions by GC/HS, MS/MS 
detected a 231 amu peak corresponding to nitropyrenes in n i t r o - f ue l PAHs. This was quan
t i t a t e d by standard addit ions of nitropyrene to rep l ica te samples fo r analys is. The n i t r o 
pyrene concentration was calculated to be 1000 ppm. This extrapolates to a cont r ibut ion of 
nitropyrene to the to ta l mutagenicity of less than 5%. • . 

An extract of a diesel fuel par t icu la te sample from an engine running on the standard 
diesel fuel showed the same range of nitro-PAH masses as the fuel nitro-PAHs. No s i g n i f i 
cant masses higher than 231 ( four - r ing nitro-PAHs) were observed on MS/MS spectra, and the 
predominant ions were m/e 171, 183, 185, 197, 207, 211, 221 and 231, which correspond to 2, 
3 and 4-r ing nitro-PAHs and methylated derivat ives thereof. 

MS/MS analyses were also used to compare an unfractionated diesel exhaust pa r t i c l e 
ex t rac t , a DMSO/aromatic f rac t i on thereof, and a Sephadex LH-20 f rac t i on of the s ta r t i ng 
mater ia l . The DMSO f rac t iona t ion concentrations the d i rec t -ac t ing mutagens ca 10 f o l d ; the 
Sephadex chromatography ca 5 fo ld (Henderson et a]_., 1980). The range of nitro-PAH masses 
were very s imi lar to the n i t r o fuel PAHs reported above, and the nitro-PAHs observed in the 
concentrated f rac t ions were very s imi lar to the unfractionated s ta r t i ng mater ia l . 

These resul ts are in agreement with the hypothesis that nitro-PAHs may be responsible 
f o r at least part of the direct-mutagenici ty of diesel emissions ex t rac ts . Also, these 
resul ts suggest that unburned fuel PAHs may contr ibute to exhaust mutagenicity by react ing 
wi th NO formed in the combustion process. 
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Analysis of Phenolic and Polynuclear Aromatic Hydrocarbon 
Species in Alternate Fuels and Effluents 

L. R. Hilpert and K. L. Richie, Center for Analytical Chemistry, 
National Bureau of Standards, Washington, D.C. 20234 

Energy demand in the U.S. has intensified efforts to develop alternate energy sources 
such as coal, oil shale, and tar sands. The large amounts of water used in the mining and 
refining operations for some of these processes result in a significant environmental threat. 
It is, therefore, important that the aqueous effluents be monitored for their toxic organic 
compound content. A simple organic extraction has been used to isolate phenolic and poly
nuclear aromatic hydrocarbon species from several coal gasification, oil shale refinery, and 
oil refinery aqueous effluents. Quantitative determinations were made by selected ion 
monitoring GC/MS using internal standards. 

Samples 

The aqueous ef f luents were obtained from the Gulf South. Research I n s t i t u t e , New Orleans, 
Louisiana. They were stored in amber glass bot t les at 4 °C un t i l analyzed. Pr ior to analy
s i s , each sample was equi l ib ra ted at room temperature, homogenized by mixing vigorously for 
1 minute, and f i l t e r e d through Whatman #41 paper to remove any suspended par t i cu la te matter 
and/or insoluble o i l . The samples were analyzed as described below: 

Polynuclear Aromatic Hydrocarbons 

The e f f luen t (100 mL) was placed in a separatory funnel . One to 10 ug of pyrene-dio in 
methanol was added as an internal standard and the sample was extracted wi th 50 mL CH2CI2. 
The organic ext ract was dried by f i l t e r i n g through a cone of anhydrous NaaSOi. and the volume 
reduced to "^100 yL under a stream of dry ni t rogen. One to two pL of the concentrated extract 
was chromatographed on a 30 m x 0.25 mm I.D. fused s i l i c a SE-30 wall coated open tubular 
column, which was interfaced d i r e c t l y into the ion source of a quadrupole mass spectrometer. 
The molecular ions for the analytes [ f luoranthene, pyrene, benzo{e)pyrene, benzo(a)pyrene, 
and perylene] and the pyrene-dm internal standard were monitored wi th a mass spectrometer 
dwell time of 100 ms per ion . 

Phenols 

One hundred (100) ml of the e f f luent was spiked with an appropriate amount of 2-chloro
phenol as an in ternal standard. The pH of the sample was adjusted to 1-2 wi th H2SO1, and the 
sample was extracted wi th 50 mL CH2CI2. The organic extract was dried by f i l t e r i n g through a 
cone of anhydrous Na2S0i,, and the volume reduced to "vlOO pL under a stream of dry n i t rogen. 
One to two pL a l iquots of the extract were analyzed by GC/MS wi th selected ion monitor ing. 
Chromatographic separations were carr ied out on a 20 m x' 0.25 nm I.D. Pluronics PL-64 WCOT 
column. The column was connected through an open s p l i t in ter face to a quadrupole mass 
spectrometer. The molecular ions for the analytes [phenol, o -creso l , m-cresol, p-cresol , 
2,4- and 2,5-dimethylphenol (DMP), and 2,6-dimethylphenol] and the 2-chlorophenol in ternal 
standard were monitored wi th a 100 ms dwell time in order to insure at least 20 data points 
across each chromatographic peak. 

Response factors fo r the analytes re la t i ve to the internal standards were determined 
from grav imet r ica l ly prepared solutions of the pure compounds. The response factors must be 
determined under ident ica l chromatographic and mass spectrometric condit ions as the samples. 
Indiv idual analyte concentrations were determined from the analyte and in ternal standard peak 
areas and the experimentally determined re la t i ve response fac tors . The resul ts of these 
determinations are shown in Table 1 for the PAH and in Table 2 for the phenols. 
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Table 1 
Polynuclear Aromatic Hydrocarbons in Energy Eff luents 

Analyte Concentration (ppb) 

Sample Fluoranthene Pyrene Benzo(e)pyrene - Benzo(a)pyrene 

CG-04 
CG-06 
OR-21 
OS-43 

' 11.6 
303 
<1.0 
<1.0 

11.0 
281 
<1.0 
<1.0 

Notes: 

0.92 
30 

' <1.0 
<1.0 

Values represent an average of 2 determinations 
CG = coal gas i f i ca t ion e f f luent 
OR = o i l re f inery e f f luent 
OS = o i l shale e f f luent 

1.6 
58 
<1.0 
<1.0 

Perylene 

0.5 
18 
<1.0 
<1.0 

Sample 

CG-04 
CG-06 
OS-42 
OS-43 
OR-21 
OR-23 
OR-25 

Phenol 

1040 
730 
<10 
<10 
<10 
<10 

:<io 

2,6-DMP 

27 
290 
<10. 
<10 
<10 

. <10 
<10 

Table 2 
Phenols in Energy Eff luents 

Analyte Concentrati 

2,4- and 2,5-DMP 

.. 190 
890 
<10 
ND 

<10 . 
ND 

<10 

on 

o_ 

(ppb)' 

-Cresol 

300 
490 
<10 
<10 
<10 
<10 
<10 

m-Cresol 

16 
330 . 
<10 
ND 

<10 
ND 
ND 

p-Cresol 

27 
250 
<10 
ND 

<10 
• ND 

ND 

Notes: Values represent an average of 2 determinations 
CG = coal gas i f i ca t ion e f f luent 
OR = o i l re f ine ry e f f luent 
OS = o i l shale e f f l uen t 
ND = not detected " • 

Results and Discussion 

The use of high resolut ion wall coated open tubular columns wi th a polar phase such as 
the Pluronics PL-64 and a non-polar methylsi l icone phase such as SE-30 allows f a c i l e sepa
ra t ion of tox ic p r i o r i t y pol lu tants from complex mixtures. Especially noteworthy is the 
resolut ion of a l l of the Ci and C2 alky lated phenols with the Pluronics phase except fo r the 
2,4- and 2,5-dimethylphenol which are not completely resolved, and are reported as the sum of 
the concentrations of the two isomers. The 30 m fused s i l i c a SE-30 column provides baseline 
resolut ion of the benzo(e)pyrene and benzo(a)pyrene isomers, al lowing each to be quant i f ied 
independently. These columns coupled with the use of internal standards and selected ion 
monitoring detect ion, al low compound concentrations in the part per b i l l i o n range to be 
determined prec ise ly . The re l a t i ve standard deviat ion of rep l ica te analyses was less than 
10 percent. 
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EXTENDED USE OF THE PURGE AND TRAP TECHNIQUE ON LOW VOLATILITY ORGANICS IN WATER 

Albert R. Trussell, JMM Environmental Research Laboratory, Pasadena, California 91101 

James G, Moncur, Lockheed Missiles zuid Space Company, Palo Alto, Cedifornia 94304 

INTRODUCTION: 
The purge and trap technique introduced by Bellar about seven years ago has proven to be a very 
useful and popular technique for the antdysis of certain volatile organic components in water.^ 
This dynamic headspace isolation technique recovered purge able organic compounds in the 
boiling point range from -25°C (methylchloride) to 150°C (bromobenzene). The authors adapted 
this technique by adding the use of a fused silica capillary column and focused cryogenic trapping 
to lower the detection limits an order of magnitude and extend the boiling point range to -25°C 
to Z75°C (acenaphthene).^ This adaptation allowed the further development of a simultaneous 
chromatographic technique for volatile, base/neutral, acid extractable and pesticide fraction 
organic priority pollutants.3 Further modifications involving the use of an elevated purge 
temperature {50°C), a larger 500 ml sample size and salting out with sodium sulfate extend the 
range of the technique to compounds with boiling points around SOO^C (fluorene) with only an 8 
minute purge time and without sacrificing sensitivity for extremely volatile components. If 
recovery of the most volatile components is unnecessary, the purge t ime can be lengthened to 80 
minutes which extends the boiling point range of the technique to 350°C (anthracene) or a Closed 
Loop Stripping Analysis (CLSA) method can be used to recover compounds whose boiling points 
are as high as 400°C (pyrene). 

EXPERIMENTAL; 
Purge and Tt -^ 
Purge and trap analyses were conducted on a Finnigan 4021 GC/MS (Finnigan Corporation, 
Sunnyvale, California) interfaced with a Tekmar LSC-2 Liquid Sample Concentrator (Tekmar 
Inc., Cincinnati, Ohio). The sample size utilized in this study was 500 mis, 15 grams of sodium 
sulfate were added to the sample to improve purging efficiency of less volatile organic 
compounds. The water samples were heated to 50°C and purged for 8 or 80 minutes with a flow 
of 40 ml/minute into a Tenax/silica gel trap at 25°C, The compounds were desorbed at 200°C 
for 2.5 minutes with a 15 ml/min flow ra t e . During the desorption step the volatile organics 
were trapped on a loop at the front of the capillary column by the application of liquid nitrogen. 
The column utilized was a fused silica open tubular capillary column 0.25 mm X 30 M, coated 
with the liquid phase SE-54 (J&W Scientific, Rancho Cordova, California). A split rat io of 10:1 
was used during the desorption step. The gas chromatograph was held isothermal at 30°C for 2.5 
minutes, then the oven was programmed to 250°C at 8°C per minute where the temperature was 
held for the duration of the run. The mass spectrometer was run in the electron impact, direct 
mode, with an emission current of 0.5 ma, an electron energy of 70 eV, the electron multiplier at 
1600 volts and the ion source at 250°C. The data system was programmed to scan from m/e 33 
to 383 in 0.7 5 seconds with a 0.05 second hold at the bottom. 

Closed Loop Stripping Analysis 
The closed loop stripping technique utilized was adapted from the work conducted by Grob in 
1974.4 The only major modification which has been made is the incorporation of all glass and 
teflon par ts . The 500 ml water sample maintained at 50°C was stripped by the recirculating air 
flow for 80 minutes at a flow ra te of approximately 100 ml/min. The activated carbon filter was 
extracted sequentially with three 10 microliter portions of carbon disulfide emd 2 microliters of 
this extract were injected in the splitless mode on the same fused silica capillciry column and 
under the same chromatographic conditions as described above. 

RESULTS: 
The table below shows the comparative recoveries of the base/neutral fraction organic priority 
pollutants by three different techniques: an eight minute purge, and 80 minute purge and closed 
loop stripping. Water samples were spiked with 10 ug/1 of the 47 base/neutral and 11 acid 
fraction 'organic priority pollutants. Under the neutral pH conditions, at which these 
experiments were conducted, none of the acid fraction compounds were recovered. 19 of the 
base/neutral fraction components were recovered by the 8 minute purge, 24 were recovered by 
the 80 minute purge and 27 base neutrals were recovered by CLSA. The CLSA technique showed 
generally higher recoveries and was superior for higher molecular weight, higher boiling point 
compounds, especially polynuclear aromatics. The 80 minute purge technique was comparable or 
superior for mauiy of the compoimds with boiling points less than 250°C. The 80 minute purge did 
not recover the more polar compoimds N-nitrosodipropyl<unine, isophorone and bis(2-chloro-
ethoxy)methane. The 8 minute purge technique showed uniformly lower sensitivity with the 

646 



exception of N-nitrosodiphenylamine. The authors have not determined at this time why the 
trend for this compound is reversed with CLSA showing the poorest recovery. The authors have . 
previously demonstrated^ that focused cryogenic trapping in conjuction with capillary 
chromatography can extend the range of the purge and trap technique when utilizing a 25 ml 
sample at ambient temperatiure to include such compounds as dichlorobenzenes, 4-chlorophenyl-
phenylether, bis(2-chloroisopropyl)ether, hexachloroethane, trichlorobenzenes, naphthalene, 
hexachlorobutadiene, 2-chloronaphthalene, acenaphthylene, and acenaphthalene. The work 
presented here demonstrates that certain modifications to the more typical technique (larger 
sample volumes, addition of salt, heating to 50°C, and longer purge times) can further extend the 
range and sensitivity of the purge and t rap method. Closed loop stripping analysis may be more 
sensitive and and recover corapounds in higher boiling point ranges such a chyrsene (boiling point 
448°C) when the stripping tirae is increased.5 However, at the other end of the boiling point 
range the purge and trap technique is superior and the analytical trace organic chemist will have 
to choose which technique to apply depending upon the compounds of interest . 

COMPARATIVE RECOVERIES OF 8 MINDTE PURGE, 80 IDNDTE PURGE, AND 
CLOSED LOOP STRIPPING ANALYSIS (CLSA) AT THE 10 ug/L LEVEL IN WATER 

REF 

No. 

1 
Z 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Zb 
27 

!EEf 

Compound 

Bis(2-Chloroethyl) Ether 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
Bis(2-Chloroisopropyl) Ether 
Hexachloroetheme 
N-N itrosodi propylamine 
Nitrobenzene 
Isophorone 
Bis (2-Chl oroethoxy) Methane 
1,2,4-Tri chlorobenzene 
Naphthalene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
2-Chloronaphthalene 
Acenaphthylene 
Acenaphthene 
N-Nitrosodiphenylamine 
Fluorene 
4-Chlorophenylphenyl Ether 
Diphenylhydr azine 
4-BrDmophenylphenyl Ether 
Phenanthrene 
Anthracene 
Dibutyl Phthalate 
Fluoranthene 
Pyrene 

ICES; 

Reten
tion 

Time 

8:50 
9:17 
9:26 
9:54 
10:16 
10:44 
10:37 
10:58 
11:39 
12:25 
12:53 
13:02 
13:39 
15:57 
16:44 
18:04 
18:42 
18:52 
20:20 
20:26 
20:56 

. 22:02 
23:27 
23:3 5 
25:48 
27:25 
28:12 

Quanti
tation 

Ion 

93 
146 
146 
146 
45 
117 
70 
77 
82 
93 
180 
128 

. 225 
237 
162 
152 
154 
169 
166 
204 
77 
248 
178 
178 
149 
202 
202 

8 Min. 
Purge 
& Trap 

13908 
763129 
760091 
617222 
45370 
584801 

— 
— 
— 

, — 
383478 
409376 
356893 

414 
54726 
27533 
29429 
26869 
8415 
1581 
1996 
767 
251 
— 
— 
— 
— 

Ion Areas 
80 Min. 
Purge 

8t Trap 

262515 
1620780 
1806440 
1694640 
590651 
975090 

— 
218204 

— 
— 

1553890 
1902600 
654510 
45260 

1036570 
440801 
317745 

3220 
165208 
26608 
81227 
32367 
9605 
9623 
3131 

77 
108 

CLSA 
80 Min. 

331462 
1041050 
1034020 
1038960 
534554 
552052 
99200 
221186 
18682 
70935 

947997 
1661890 
350164 
67408 

1260120 
815708 
955650 
' 830 
510941 
218662 
405893 
333463 
82458 
43273 
886892 

3322 
2042 
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(December 1974) 
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Base/Neutral and Acidic Water Contaminants on a Single Fused Silica Capillary Column, 
Advances in the Identification and Analysis of Organic Pollutants in Water. Editor -
L. Keith, Ann Arbor Science, (August, 1980) 
Trussell, A.R.; Moncur, J.G.; Lieu, F.Y.; Leong, L.Y.C.; "Simultaneous Analysis of all Five 
Organic Priority Pollutant Fractions," Journal of High Resolution Chromatography, 4:81 
(April, 1981) 
Grob, K.; "Organic Substances in Potable Water and in its Precursor, Part I, Methods for 
Their Determination by Gas-Liquid Chromatography," Joumal of Chromatography, 84:255-
273 (1973) 
Melton, R.G. et al "Comparison of Grob Closed Loop Stripping Analysis (CLSA) to Other 
Trace Organic Methods. Advances in the Identification and Analysis of Organic Pollutants 
in Water. Editor - L. Keith, Ann Arbor Science, (August, 1980) 
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CHEMICAL CHARACTERIZATION OF 

MUTAGENIC EXTRACTS OF BAG FILTER ASH 

FROM AN EXPERIMENTAL FLUIDIZED BED COAL COMBUSTOR -

Ray L. Hanson, C. R. Clark, C. H. Hobbs; 

Lovelace Inhalat ion Toxicology Research I n s t i t u t e , 

P. 0. Box 5890, Albuquerque, New Mexico 87185 

Flu id ized bed combustion of coal i s being developed as an a l te rna t ive to 

pulverized coal combustion. Lower emissions of SO- and NO resu l t from the 

addi t ion of limestone to the bed as a su l fu r dioxide sorbent and the lower 

combustion temperature in the f l u id i zed bed. The Inhalat ion Toxicology 

Research Ins t i t u te and the Horgantown Energy Technology Center have a co l labor 

at ive research program to characterize e f f luents from an experimental f l u i d i z e d 

bed combustor. This research has involved sampling and analysis of the process 

stream and f l y ash co l lec ted in the cleanup devices (1 ,2 ,3 ,4 ) . This work 

describes character izat ion of samples of bag f i l t e r ash from the combustion of 

a bituminous coal , a subbituminous coal , a l i g n i t e and a washed l i g n i t e . 

The ash samples were extracted wi th dichloromethane i n an ul t rasonic bath. 

The extractable mass was determined a f te r solvent removal by rotary evaporation 

and evaporation of the solvent under ni t rogen. The extracted residues were 

divided in to two por t ions ; one f o r chemical analysis using GC/MS and one f o r 

use i n the Salmonella mutagenicity assay. A descr ipt ion of the Salmonella 

mutagenicity assay and resul ts from a var iety of samples from f l u i d i zed bed 

combustion of coal have been published (5 ) . The extracts were analyzed using a 

Finnigan Model 4023 GC/MS with a 30 m WCOT SP-2100 glass cap i l l a ry column wi th 

sp l i t l ess i n jec t i on of l ^ l . The temperature program was 50°C f o r 2 minutes, 

4°C/minute to 270°C, hold at 270°C fo r 15 minutes. El ectron. impact spectra at 

70 ev were recorded every 1.6 seconds wi th scans from 50 to 650 daltons. 

Tentative i den t i f i ca t i ons were based upon retent ion times and the f i t s obtained 

from the l i b ra ry search routine of the INCOS data system and the NBS-EPA-NIH 

l i b ra ry provided by Finnigan. 

The resul ts of the ext ract ion and the mutagenicity assay in which the 

extractable organic matter from up to 2 g of ash was tested are given i n Table 

1. Washing the l i g n i t e before combustion resulted in bag ash that was not 

mutagenic. Several combustion tes ts were conducted with the subbituminous 

coa l . The ashes wi th the greatest concentration of extractable organic 

material were mutagenic. There was no general re lat ionship between fue ls f o r 

quanti ty extractable and mutagenicity. The bituminous coal bag f i l t e r ash 

ex t rac t was not mutagenic, although th i s ash had a higher concentrat ion of 

extractable material than the mutagenic extract of l i g n i t e bag f i l t e r ash. The 

analysis of the mutagenic extracts by GC/MS indicated the presence of several 
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polycyc l ic aromatic hydrocartons that are known mutagens. . These compounds 

require enzymatic ac t iva t ion to give a mutagenic response, while the mutagenic 

ext racts of bag f i l t e r ash did not require enzymatic ac t i va t ion . 

Nitroarenes are potent bacter ia l mutagens in the Salmonella assay 

presumably because of the high nitroreductase a c t i v i t y i n the bacter ia. The 

mutagenicity of a number of f l y ash extracts was reduced when evaluated i n 

Salmonella s t ra ins tha t give a reduced respose to nitroarenes. One. of these 

extracts was analyzed by cap i l l a r y gas chromatography using a nitrogen speci f ic 

thermionic detector and a flame ion iza t ion detector. Several compounds were 

present tha t gave an enhanced response wi th the nitrogen speci f ic detector when 

compared to the flame ion iza t ion detector. These compounds'appear to be 

present i n low concentrations. I f nitroarenes are present, they may have been 

formed by reactions between the polycycl ic aromatic hydrocarbons and the 

nitrogen oxides i n the combustion e f f luen ts . (Research performed under U.S. 

Department of Energy, Contract Number DE-AC04-76EV01013.) 

TABLE 1 

Mutagenicity Extractable 

Coal Type Revertants/ug Extract?^ Concentration (ug/g) 

Bituminous 0 (100 ug) 51 

Washed L ign i te 0 (100 ug) 58 

L ign i te 20 30 

Subbituminous 1 13 

Subbituminous 2 22 

Subbituminous 30 47 

Subbituminous 35 61 

Subbituminous 50 78 • 

Subbituminous ; 110 92 ' 

*Highest amount tested i n parentheses fo r negative ext racts . 
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A SOPHISTICATED AUTOMATIC PROCEDURE FOR THE QUANTITATIVE DETERMINATION OF 
PRIORITY POLLUTANTS- P.A. Ryan, C.J. Wakefield, H.J.M- Fitches, K.R. Compson, 
Kratos Limited, Barton Dock Road, Urmston, Manchester, 

Many GC/MS analyses require a large number of repetitive experiments run under 
identical experimental conditions. As machines have proved to be more reliable 
than humans at routine operations of this nature a computer-controlled method 
has been implemented. 

Although this technique has many applications, its first application has been 
in the analysis of the "Priority Pollutants" in water. 

The basic technique for identification and quantification is as follows: 

The sample was prepared with a known concentration of an internal standard. In 
our example the internal standard used wag Anthracene -d-io* l h e sample was a 
mixture of 30^9 of six pesticides (see fig l). The sample was analysed using 
GC/MS with a 25 Metre SES^ column and an MS25 scanning at 1 sec/decade- The 
data was acquired and processed using a DS55 Data System. 

The first phase of the data processing operation is the identification of the 
internal standard- The program searches for the internal standard by looking 
within a time-window of its expected retention time. The search procedure has 
two stages. The first stage is a search for the four "characteristic ions" 
of the internal standard maximising in intensity in the same or adjacent scans. 
The scan selected ia then verified against the spectrum of the internal standard 
by reverse library search. 

Once the standard has been positively identified the quantity present is used 
to calculate response factors for use later in the procedure. 

The target compounds in the library are now searched for in turn. The first 
stage of this search is based on the retention index of each compound. The 
prograra contains a retention index file which has been obtained under the 
same GC conditions as the sample now being analysed. This file relates 
retention indices to actual retention times, and in fact, many such files may 
be stored for various different GC conditions. Each target compound in the 
library has two associated retention indices, one for non-polar and one for 
polar columns. Each target compound has its expected retention time calculated 
from the relevant retention index and the data stored in the retention index 
file, A search is now made within a time window in an identical fashion to 
that described for the internal standard-

If a positive match is found, the quantity is determined using the response 
factors of the characteristic ions of the compound with respect to the 
characteristic ions of the internal standard and a continually updated 
concentration curve for each compound with respect to each internal, standard. 

The positive matches are printed out together with a mean concentration and a 
standard .deviation (see fig 2 ) . Positive matches may.also be flagged on the 
report if the concentration exceeds a user - specified maximum so that high 
concentrations are immediately apparent on inspection of the results. 

The program also prints a total ion current chromatogram of the experiment 
with all the positive matches marked (fig 3)-

This search and quantitation method has been automated by the use of an 
autosampler controlled from the data system. 
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Each injection is identified by its rack and vial identity and also the injection 
number from that particular vial. The solvent vent valve is also controlled by 
the computer to avoid waste of storage space on disk and contamination of the 
mass Spectrometer source. The computer controls the time of the injection, the 
length of time of the analysis and also monitors the GC temperature so that the 
next sample is not injected until the experimental conditions are correct. Certain 
samples may be designated a s wash samples in which case no a c q u i s i t i o n i s performed. 

This system provides the user with completely automatic data collection and 
analysis procedures. Because of the high degree of computer control, exact 
reproduction of experimental conditions for each injection is possible and multiple 
analyses can be performed reliably without any operator intervention. 

COtlPOUMPS SERffCHEIi TOP 

Figure 
(1) 

CMTRY 

2 

3 

4 

5 

6 

7 

S 

m L . 
u t . 

268 

316 

352 

36: : 

378 

378 

ise 

Fcxctnion 
NQM-POLtiP 

176P 

2 2 o p 

33.69 

1985 

2 2 1 0 

2 2 5 0 

1905 

luvcy. 
POLflR 

-
-

-

-

rOPML'LQ 

C6 .H6 .C .L6 

C M . H 8 . C L 4 

C 1 4 . H 9 . C L 5 

C 1 2 . H 8 . C L 6 

C 1 2 . H e . C L 6 . 0 

C 1 2 . H 8 . C L 6 . 0 

L M . r 1 £" 

NAME 

LINPRUE 1 2 2 ^ 4 5 ) 

D . D . E . i 2 4 f . ? 7 i 

D .D .T . ( 2 6 9 7 5 ) 

BLDPIN ( 2 7 5 2 9 1 

D I E L D R I N C2e2?81 

EHl iRIN (2£29<») 

fiHTHPI^CEtlE D-10 

POSITIVE MQTCHES 

Figure 
(2) 

CCflH 

3 8 7 
5 7 7 
646 
4S3 
579 
599 
4 0 1 

OCTUfiL 
R 

14134 
21 
24 
18 
21 

15 

21 
23 
49 
34 

6 

KEY TCI FLftCS 

li-

EXPECTED 
.T . 

1 4 : 3 4 
21 
24 
18 
22 
22 
15 

58 
33 

" 3 
48 

6. 

Sf lTLifRTEP SAMPLE 
t 'OH-PERL 
: i i ; i . i p r : c 
:inTC"^Tt.c 
C O t i C HTP 

MMSS U l 

L I B 
EHTRY 

2 
3 
A • 
5 
6 

8 

IN PER 
PEfl-; 

IENT C R L I F P w M u 
•f r p i L i . i p 
RTIO EN 

Ot; FE 
-EEDT S 

nfiTCH C 
i f . ORE 

91 
81 
?0 

85 
S3 
£•2 

I i a i u rOP 

flTET L I M I T 

COHCEHTPOTIONIPPFl 

: i S - 5 5 LIDFRPY TEflFCH - T IC REPORT 

RIJHNOME P O L l * : l • . 100--: INTENSITY 2 9 1 7 6 9 6 

Figure 
(3) 

..^v-.hv..l 

516 I 

^JL/W-J 
SCAN 300 350 400 450 500 550 600 658 
R-T. 11:17 13:10 15:0G: 16:57 18:50 20:43 22:36 24:29 

651 

http://C12.H8.CL6


COAL STRUCTURE: GC-MS STUDIES OF THE OXIDATIVE DEGRADATION PRODUCTS OF 
COAL AND "OXYCOAL," R. Mlnard, N. Deno, J. Scroh, C. Koch, T. Reed, 
S. Soboczenski, D. Jories; Department of Chemistry, Penn Stace Univ., University 
Park, PA 16802. 

Pertrifluoroacetic acid (H202-CF2COOH-H2SO^)' oxidative degradation of coal 
converts a major porcion of the aromatic carbon of coal to CO2 while the 
aliphatic part remains unoxidized' and is isolatable as alkonic acids. Almost 
50 of chese organic acids have been identified by EI and CI gc-ms methods. (See 
references). 

The discovery that the product compositions from these oxidations changes as the 
coal saraple ages confirms that coal structure is dramatically altered oh exposure 
to air and it appears" that many laboratory studies may have been conducted on 
this altered form of coal called "oxycoal." 

BRIEF DESCRIPTION OF WORK 

Insight into coal structure has been garnered from the examination of products 
from oxidative degradation of coals and coal models with per TFA reagent 
(CF3COOH,-H202-H2SO^) wherein Tiiuch of the aromatic scructure is oxidized to CO2 
while the aliphatic scructure reraains largely intact: 

Exaraples: 

CH3COOH 

r^ ; : ^COOH 

OOH - ^ 

Carboxyl groups deactivate . 
ring to further oxidacion 

In the process of applying this raethod to numerous coals, we found large 
variations in certain products from the same coal oxidized at various times over 
the period of a year or raore. 

There is considerable evidence Chat che air oxldaCion of coal leads Co changes in 
coal cHaraccerisCics and properties (reflectance, Giesler plasticity, coking 
quality) and that these changes are associated with increased aromaticity in this 
"oxycoal." We find that this idea appears substantiated by our examination of the 
per TFA oxidation products from a lignite coal and its corresponding "oxycoal" 
derived by heating it in air at 100**C for 1 week. At present, the "coal raodel" 
corapound that gives a per TFA oxidation product distribution closest to coal is 
9,10-dihydronapthacene: 

DIOYKY. 
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We believe lignite coal contains dihydroaromatic structures which are air oxi
dized to fully aromacic structures in the "oxycoal." In particular, we see a 
large increase in phthalic acid, a raajor product from polynuclear aromatics buC 
not dihydroaromatics. 

EXPERIMENTAL 

GC /F.I.D. on a Perkin Elme- Sigma 3B 
G.C. -MS on a Finnigan 3200 EI/CI SysCem 
*0.3 MM X 25 meter OVlOl fused silica column 

Oxidacion products (carboxylic acids) are converted to methyl esters with BF3/ 
methanol before chromaCography. Identificaclon of esters is by retention time 
and mass spectral comparison with known sCandards. 

RESULTS 

Many coals, oxycoals and model compounds have been sCudied by the per TFA oxi
dative method and the data presented here is represenCaCive of all of this work. 
The product distributions for 11 predominant carboxylic acids from the lignite, 
che oxidized lignice and our besC coal model Co date, 9,10-dihydronophacene, are 
shown in Cable I. Ac lease 40 other products make up the remaining 50-60% of the 
cotal gc-fid area. The major•product changes between coal and the oxycoal are 
increases in oxalic, malonic, propanetricarboxylic and phtholic acid and decreases 
in the ethane and oxirane tricarboxylic acids. 

We feel these changes can be rationalized in terras of the increasing aromaticity 
of oxycoal and we are doing work with other model systems to substantiate this 
idea. The fact Chac che coal model appears to be similar to oxycoal with respect 
to ethane- and propanetri carboxylic acids and phchalic acid but closer Co coal 
with respect to oxirane and benzene tricarboxylic and benzene CeCracarboxylic 
acids shows chac iC'is noc a perfect model. However, our ultimate conclusion is 
that structural studies of coal are subject to inconsistencies stemming from the 
continuous raodification of coal structure by exposure to air. 
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TABLE 1: RELATIVE AMOUNTS OF SELECTED CARBOXYLIC ACIDS FROM PER TFA OXIDATION OF A COAL. 

ITS OXYCOAL AND A COAL MODEL." (X = CARBOXYL GROUP). 

COAL OXIDATION 

PRODUCT 

ACIDS 

OXALATE 

MALONATE 

SUCCINATE 

ETHANE T R I X 

OXIRANE T R I X 

P R O P A N E - 1 . 2 , 3 - T R I X 

BENZENE-I.2-DIX 

OXIRANETETRAX 

BENZENE-l,2,'|-TRrX 

BEN2ENE-1.2.1,5-TETRAX 

BENZENEPENTAX 

TOTAL Z 

tOAL 

Z AREA 

A 

1.8 

17.3 

6.3 

2.3 

14.5 

0.3? 

0.5 

6.3 

3.1 

2,2 

0,1 

55 

B 

3.3 

31.5 

11,5 

1,2 

26,1 

0.5? 

0,9 

11.5 

5,6 

1,0 

0,7 

LOO 

RET 

TIME 

3,63 

5.63 

8,20 

15,29 

17.78 

— 
13,69 

22.91 

26,56 

31,91 " 

W,07 

OmQfil 

I AREA 

A 

5.3 

20,2 

5.8 

0,1 

0,1 

1.2 

1,5 

5.9 

0,1 

0,5 

12,3 

B 

12.5 

17,8 

13,7 

0,2 

0,9 

2,3 

3,5 

13.9 

0,9 

1.2 

2,1 

100 

RET 

TjME 

3,61 

5.67 

8.21 

15.30 

17.71 

17,31 

18.72 

22,97 

26,56 

31,92 

36,03 

: 
A 

0 

0,2 

0.3 

0,2 

1.1 

2.0 

22,3 

0 

10,3 

1,6 

n 
11 

COALMa 
AREA 

B 

___ 
0.5 

0,7 

0,5 

9.3 

1,5 

50,7 

— 
23.1 

10,5 

___ 
100 

RET 

IIME 

___ 
5,62 

8.23 

15.31 

17,71 

17,83 

18.73 

— 
26,57 . 

31.91 

___ 
— 

RETENTION TIME IN MINUTES. AREA I IN COLUMN A is RELATIVE TO TOTAL AREA FROM ALL PRODUCTS 

IN THE GC-FID CHROMATOGRAM. AREA I IN COLUMN B IS Z OF TOTAL AREA FOR COMPOUNDS SHOWN [N 

TABLE ONLY. 
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ANALYSIS OF ORGANO SULFUR COMPOUNDS IN CRUDE OIL AND COAL LIQUEFICATION 
SAMPLES 

Donald F. Hunt and Jeffrey Shabanowitz 
Departraent of Chemistry 
University of Virginia 

Charlottesville, Virginia 22901 

Crude oil and coal frora different geographic regions vary greatly in 
sulfur content. Organo sulfur compounds are important to the energy in
dustry because they poison the catalysts employed in the"cracking process" . 
The availablility of a satisfactory method for the analysis of sulfur com
pounds by functional group would allow industry to choose the most appro
priate scheme for the economical and efficient handling of feed stocks 
rich in sulfur containing components. 

Presently the raethod of choice for organo sulfur analysis involves low 
voltage electron ionization on double focusing mass spectrometers having a 
resolving power in excess of 50,000 (1). Resolution of this magnitude is 
required to separate compounds containing C3 and SH4 doublets (C9H20S and 
C-̂ 2H-|̂ g) at ra/z 160. Disadvantages of the above approach include the high 
cost of the instrumentation, the failure of the method to resolve doublets 
at higher m/z values, and an inability to provide information concerning the 
nature of the sulfur compounds deteoted (RSH, R2S, RSOR, etc.). 

Below we outline an alternate approach based on a corabination of chemi
cal derivatization and collision activated dissociation raass spectrometry on 
a triple quadrupole instrument (2). 

Aliphatic sulfides are analyzed by converting them to sulfoxides and 
sulfones on treatment of the crude sample with m-chloroperbenzoic acid. 
Under chemical ionization conditions with NO"*" as the reactant ion (3) ali
phatic sulfoxides and sulfones attach NO"*" to form M+SO"*" ions. These in turn 
suffer dissociation to NO"*" in the collision cell. Polynuclear aromatic hy
drocarbons containing thiophene ring systems are also oxidized to sulfoxides 
and sulfones but these compounds undergo charge exchange with NO"*" in the ion 
source or add NO"*" but then dissociate to M"*" plus neutral NO in the collision 
chan±ier. Thus, by setting Q3 on mass 30 and scanning Ql (parent scan), it 
is possible to analyze for all aliphatic sulfides in the petroleum matrix. 

Analysis of compounds containing the thiophene ring system is accom
plished under positive ion cheraical ionization conditions with Ql and Q3 set 
to scan at a fixed mass separation of 33 amu (neutral loss scan) . All M+l"*" 
ions from aromatic thiols, thiophenes, benzthiophenes, dibenzthiophenes, etc., 
suffer loss of SH" (MW 33) on collision with molecular nitrogen in the col
lision charaber and tnerefore pass through Q3 to the detector. No other com
ponents lose 33 amu in the collision cell, so the above approach is specific 
for molecules containing thiophene rings and aromatic thiols. 

The technique thus allows for rapid screening of petroleum saraples 
for organo sulfur content. 

References: 

1. Aczel, T.; Williams, R.B.; Brown, R.A.; Pancirov, R.J., "Analytical 
Methods for Coal and Coal Products", Karr, Clarence, Ed., Acaderaic Press, 
New York, 1978, Ch. 17. 

2. For recent reviews see: (a) McLafferty, F.W., Acc. Chem. Res., 1980, 13, 
33-39; (b) Kondrat, W.R.; Cooks, R.G., Anal. Chem., 1980, 52, 81A-92A. 

3. Hunt, D.F.; Harvey, T.M., Anal. Chem., 47, 1975, 2136-2141. 
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MASS SPECTEOKETfilC ANALYSIS OP BIOHAHKERS 
IN CHINESE YANGSANMU CRUDE OIL 

WANG XIEtgNG. LANG RENCHI and SU HUANHUA 
Research Ins t i " tu te of Pe-troleuin Pi-ooesoing, B e i j i n g , China 

Tr i te rpanes : , s t e r a n e s and porphyrins in crude o i l and i t s sedimentary rock e x t r a c t s 
a r e t h e wel l known h i o l o g i c a l marker corapo\mds. The c h a r a c t e r i s t i c of stich compoTinds i s 
t h a t t h e y a r e q u i t e s ta 'ble dTiring t h e d i a g e n e t i c p rocess and t h e r e f o r e perrai ts d i f f e r e n 
t i a t i o n "between individTial source beds and o i l s . Ana ly t ioa l r e s u l t s a r e . i m p o r t a n t t o 
t h e knowledge of raigration, accumulation and matura t ion of petroleum^-^*^^, 

By means of licjuid chromatography, chemical t r e a t m e n t , UV—Vis spect rophotometry , 
atomic a b s o r p t i o n spec t romet ry , mass spect rometry ctnd GC/MS/C t e chn iques , s t e r a n e s , 
t r i t e r p a n e s and n i c k e l porphyrins- have "been s tud ied in Chinese Yangsanmu crude o i l . 

EXPERIMENT Ai. 

Saraple c h a r a c t e r i s t i c s 
Bas in : North China, 1220-1430 m depth , U. Eocene 
Phys i ca l p r o p e r t i e s : 6.2^ 0.9492, pour poin t - 2 ° C, v i s c o s i t y (50°C) 637.9 c a t , 

sulphur 0.3yfc, n i t rogen 0 . 3 1 ^ , aspha l tene none 
Ins t rumen ta t ion 

Varian Aerograph 2740 gas ohromatography/Tarian MAT 311 mass s p e c t r o m e t r y / 
SS 100 MS da"ll3 system, Biemann-Watson molecular s e p a r a t o r , SCOT cap i l l c i ry column 
(OV 101, 50 m X 0,5ram i . d . ) 70 eV, . 3 0 0 ; J A , 5 sec /dec scan, LVMS 15 eV 300yuA, 
H i t ach i 340 UV-Vis spetrophotometry 3OO-7OO nm scanning . 

RESUMS AND DISCUSSION 

1 • Hydrocar"bon group analysis 

Boiling point " C 

Alkanes 
n-^araffins 
i-paraffine 

Naphthenes 
1 ring 
2 ring 
3 ring 
4 ring 
5 ring 
6 ring 

Aromatics 
mono-
di-
tri-
tetra-
penta-
unidentified 

Thiophenes 
Resin 

IBP-200 

15-4 

15.4 
78.8 

45.1 
33.7 
-
-
-
-
5.8 
5-7 
0.1 

-
-
-
-
-
-

hy MS and 

200-250 

9.3 

9.3 
76.6 
30.4 
37.3 
8.9 
-
-
-

14.1 
12.8 
1.2 
0.1 

-
-
-
-
-

OC (wt ̂ ) 

250-300 

12.0 

-
12.0 
6O.5 
15-9 
31.3 
13.3 

-
-
-

27.5 
19.0 
8.2 
0.3 

-
-
-
-
-

300-350 

13.1 

-
13.1 
50.1 
9.4 
26.8 
13.9 

-
-
-

36.8 
18.5 
16.1 
2.2 

-
-
-
-
-

350-400 

2.9 

2.9 
47.5 
6.7 
12.2 
11.3 
13.1 
4.2 

-
44.2 
16.6 
17.5 
6.1 
2.0 
0.5 
1.5 
I.t 
4.3 

400-450 

0.8 

-
6,8 
51.9 
1.6 
10.9 
17.1 
18.7 
3.3 
0.3 

42.2 
14.6 
12.1 
6.5 
4.8 
0.7 
3.5 
1.0 
4.1 

450-500 

_ 
-
-

53.4 

-
8.3 
23.2 
18.7 
3.2 

-
40.0 
10.0 
11.4 
6.5 
4.9 
1.4 
5.8 
0.9 
5.7 

2. Assignment of steranes and tri terpanes hy mass chromatogram and mass spectra 

Total ionization current (TIC) can he o'btained "hy GC/MS/C, from idiich aboxit 60 peaks 
may "be characterized hy m/e 191 and 217 representing tr i terpanes and sterajies hase peaks 
respectively (Fig. I) For further confirmation, 29 chromatographic peaks have heen 
identified hy mass spectra. Regular and rearranged steranes and tr i terpanes were found 
in 450-500°C fraction (Pig. 2) . 
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F i g . 1. TIC and mass chromatograms 

RefTUlar S te ranes 

5=1. U d , 17oi, 
5P, 1 ^ , 17oi, 
5,(, 14»(, 17= ,̂ 
5ot, 146, 176, 
H, CH-J, C H 

20R 
20R 
20S 
20S or 20R 

Rearranged S te ranes 

a . 13«, 17ol, 20S 
h . 13fl, 17ok, 20R 
c . 13,^, 178, 20S or.20R 
X= H, CH3 
Y= H, CH3, C2H5 

P i g . 2 . S tereochemis t ry 

18i^(H)-22,29,30-Trisnorhopane 
17o(fH)-22,29,30-TriBnorhopane 
17<*(H), 2 1 ^ ( H ) and 1 7 / 3 ( H ) , 

2 K ( H ) 22s or 22R 
H, CH3, C2H5 CgH-i-j 

3. Identificatioo of nickel poTrphyrins 

The crude oil contains 25.8 ppm. Ni and O.9 Ppm. V. After demetalllzation by methyl-
sulfonip acid, porphyrin', series of ETIO 02P,-C^(,, 
identified hy LVMS. 

DPEP C 28-C36and "34 -CjY has heen 

SUMMARY AND CONCLUSIONS 

Group analyeis of Yangsanmu crude oil was raade hy mass spectrometry and the steranes 
and triterpanes have heen found in 450-500'C fraction by GC/MS/C. None of n-paraffins was 
discovered in, crude oil. More than 20 reguleir and 16 rearranged steranes of Co^-C^. range 
and 18 triterpanes of C27-<335 range have heen identified. Due to the low vanaaium content, 
only nickel porphyrins of DPEP, ETIO and EiDPEP series have been detected, Conolusion can 
he made that Yangsanmu crude oil is a less maturated, high degraded naphthenic oil with low 
sulfur content, 

LITERATURE 

1. Gallegos, E.J., GC/MS/C iUialysis of Yairgsanmu crude oil, (unpuhlished) 
2. Mulheirn, L.J, and Ryhack, G,, Nature, 2^,. 301 (1975) 
3. Seifert, W.K. and Moldowan, J,M,, Geochira, Cosraischira. Aota, 42, 77 and 473 (1978), 

A3, 111 (1979) 
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THE EFFECT OF MULTIPLE COLLISIONS ON THE COLLISIONALLY ACTIVATED DECOMPOSI
TIONS OF GASEOUS IONS. P. J. TODD AND F. W. MCLAFFERTY; Dept. of Chera., 
Cornell Univ., Ithaca, NY 14853. 

Multiple collisions can provide a simple and.predictable way to vary the 
energy transferred by collision to an ion of high kinetic energy. For CH4"'" 
precursor ions of 10 keV energy a high collision-gas pressure (8.5% trans
mittance of CĤ "*") produces a CA spectrum indicating a coUisional energy 
transfer equivalent to that from 64 keV CĤ "*" ions under single collision 
conditions,, reflecting the 3.6 (weighted average) collisions at the high 
pressure. Equations are derived to explain the .effect of collision gas 
pressure on CA product ion yield. Doubling the ion kinetic energy decreases 
the coUisional loss cross-section by -30% while increasing the coUisional 
activation cross-section by -5%. Multiple .collisions should be particularly 
important for obtaining characteristic CA spectra of high-mass ions. 

The full paper is scheduled for publication in Int. J. Mass Spectrom. 
Ion Phys., 38, 371-378 (1981). 
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DETERMINATION OF RADICAL ISOMERIZATION 
RATES USING MS/MS 

C, N . McEwen a n d M. A, R u d a t 
E , I . Du P o n t d e Nemours & C o . 

C e n t r a l R e s e a r c h & D e v e l o p r a e n t D e p a r t r a e n t 
W i l r a i n g t o n , DE 1 9 8 9 8 

I n t r a r a o l e c i i l a r r a d i c a l i s o m e r i z a t i o n b y H a t o m t r a n s f e r h a s b e e n known 
f o r some t i i T i e l , h a s f o u n d s y n t h e t i c u t i l i t y ^ a n d h a s b e e n p r o p o s e d a s a 
m e c h a n i s m f o r b r a n c h i n g i n c e r t a i n p o l y m e r s . 3 The r a t e s f o r 1-4 a n d 1-5 
s e c o n d a r y t o p r i m a r y i n t r a m o l e c u l a r H a t o m m i g r a t i o n ( h e r e a f t e r r e f e r r e d t o 
a s 5 s p a n d 6 s p i s o m e r i z a t i o n , r e s p e c t i v e l y ) h a v e b e e n r e p o r t e d f o r g a s p h a s e 
p e n t y l * a n d h e x y l ^ r a d i c a l s . The r e p o r t e d r a t e s a r e s e v e r a l o r d e r s o f 
m a g n i t u d e f a s t e r f o r t h e s e saine H a t o m n d g r a t i o n s i n v i b r a t i o n a l l y e x c i t e d 
a l k y l r a d i c a l s . 6 

The a b s o l u t e r a t e o f t h e 5 s p i s o m e r i z a t i o n i n g a s p h a s e p e n t y l r a d i c a l s 
c a n b e e s t i m a t e d f rom t h e raass a n a l y z e d c o U i s i o n a l a c t i v a t i o n s p e c t r u m o f 
t h e t e t r a c y a n o q u i n o d i m e t h a n e (TCNQ) r a d i c a l a n i o n s i n w h i c h -CN g r o u p s h a v e 
b e e n r e p l a c e d by p e n t y l r a d i c a l s ^ , a n d f rom t h e c a l c u l a t e d r a t e o f c a p t u r e 
o f t h e p e n t y l r a d i c a l s by TCNQ ( i , e , , c a , 102s~-'-) , The r e l a t i v e r a t e s o f 
t h e 6 p p (H a t o m m i g r a t i o n f rom a p r i r a a r y t o a p r i m a r y s i t e t h r o u g h a 6 -
merabered r i n g ) , 7 p p , a n d 6 s p i s o m e r i z a t i o n s c a n b e d e t e r r a i n e d f r o m p r i m a r y 
r a d i c a l s d e u t e r a t e d i n t h e C-1 p o s i t i o n a n d c o m p a r e d t o t h e 5 s p i s o m e r i z a t i o n 
r a t e 8 . P r o p y l r a d i c a l s do n o t i s o m e r i z e u n d e r t h e c o n d i t i o n s e m p l o y e d , 
c a , 14% o f t h e p r i m a r y b u t y l r a d i c a l s i s o m e r i z e t h r o u g h a 5pp p r o c e s s i n 
T o ~ 2 s , c a , 86% o f p r i m a r y p e n t y l r a d i c a l s i s o m e r i z e t h r o u g h 5 s p a n d 6pp p r o 
c e s s e s i n a 0 . 4 t o 1 .0 r a t i o , a n d c a . 97% o f p r i m a r y h e x y l r a d i c a l s i s o m e r i z e 
t h r o u g h 5 s p , 6 s p , a n d 7pp p r o c e s s e s i n a 0 . 0 5 : 1 . 0 : 0 , 3 r a t i o , r e s p e c t i v e l y . 

From t h e a b o v e d a t a , t h e c a l c u l a t e d a b s o l u t e r a t e s f o r t h e 5 s p a n d 6 s p 
p r o c e s s e s a t a 4 5 0 ° s o u r c e t e i r p , a r e 1 x l O ^ s " ! a n d 2 x l O ^ s " ! a s c o m p a r e d 
t o t h e l i t e r a t u r e v a l u e s o f 0 , 8 x l O ^ s - l 4 a n d 1 ,9 x 103s~-'- ^ , r e s p e c t i v e l y 
a t 4 5 0 ° i T h e s e v a l u e s a r e c a , lOOOX s l o w e r t h a n t h e r a t e s o f H a t o m 
n d g r a t i o n i n v i b r a t i o n a l l y e x c i t e d r a d i c a l s ^ , a n d s u g g e s t s t h a t t h e TCNQ 
t r a p p e d p e n t y l r a d i c a l s h a v e t h e r r a a l e n e r g i e s . T h i s i s t r u e o n l y b e c a u s e 
t h e r a d i c a l s , w h i c h a r e p r o d u c e d by a l p h a c l e a v a g e o f k e t o n e raolecular i o n s 
d e u t e r a t e d on t h e a l p h a c a r b o n a t o m s , g e n e r a l l y h a v e s u f f i c i e n t i n t e r n a l 
e n e r g y t o f r a g r a e n t a n d a r e t r a p p e d by TCNQ a s s m a l l e r r a d i c a l s a n d m a s s 
r e j e c t e d i n t h e i n s t r u m e n t . Of t h e p r i m a r y p e n t y l r a d i c a l s p r o d u c e d i n t h e 
raass s p e c t r o r a e t e r i o n s o u r c e , g r e a t e r t h a n 90% u n d e r g o f r a g m e n t a t i o n b e f o r e 
a s t a b i l i z i n g c o l l i s i o n . T h u s , h i g h e n e r g y r a d i c a l s a r e s e l e c t i v e l y r e raoved 
by f r a g m e n t a t i o n a n d o n l y t h o s e r a d i c a l s w i t h i n s u f f i c i e n t e n e r g y t o f r a g m e n t 
a r e a n a l y z e d u s i n g t h e raass s e l e c t i v e CA t e c h n i q u e . 

The TCNQ t r a p p e d r a d i c a l m a s s s p e c t r u m o f C - 1 d e u t e r a t e d p e n t y l r a d i c a l s 
shows t h a t o v e r h a l f o f t h e p e n t y l r a d i c a l s t h a t f r a g m e n t i s o m e r i z e b e f o r e 
f r a g m e n t a t i o n . I f i t i s a s s u m e d t h a t f r a g m e n t a t i o n m u s t p r e c e d e a s t a b i l i z 
i n g c o l l i s i o n , t h e n t h e r a t e o f i s o m e r i z a t i o n - o f t h e f r a g m e n t i n g r a d i c a l s i s 
i n t h e r a n g e r e p o r t e d f o r v i b r a t i o n a l l y e x c i t e d r a d i c a l s , 6 

K o s s i a k o f f a n d F , O, R i c e , J , Ara. Chem, S o c , 6 5 , 590 ( 1 9 4 3 ) , 
H, R, B a r t o n a n d L . R, M o r g a n , J , Chem, S o c 7 , 622 ( 1 9 6 2 ) , 
B . S e f t o n a n d D, J , L e R o y , C a n , J , Chera , , 3 4 , 4 1 ( 1 9 5 6 ) . 
E n d r e n y i a n d D, J , L e R o y , J , P h y s , Chera . , 7 0 , 4 0 8 1 ( 1 9 6 6 ) . 
W, W a t k i n s a n d L , A, O s t r e k o , i b i d , , 7 3 , 2080 ( 1 9 6 9 ) . 
A, H a r d w i d g e , C. W, L a r s o n , a n d B , S . R a b i n o w i t c h , J , Am, Chem, 

S o c , 9 2 , 3278 ( 1 9 7 0 ) , 
N, McEwen a n d M. A, R u d a t , i b i d , , 1 0 1 , 6470 ( 1 9 7 9 ) , -

The CID s p e c t r a o f t h e d e u t e r i u m l a b e l e d r a d i c a l s w e r e o b t a i n e d on a 
t r i p l e q u a d r u p o l e raass s p e c t r o r a e t e r . C o u r t e s y o f P r o f . D, F , H u n t , 
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ION ENERGETICS OF CO BY TRIPLE QUADRUPOLE MASS SPECTROHETRY 

R,K, Latven anti C.G. Enke 
Department of Chemistry 

Michigan State University 
East Lansing, MI 48824 

It has been well established that ions can be induced to fragment upon 
collision with neutral gas molecules if the ions have translational energies on 
the order of tens of volts. The triple quadrupole mass spectrometer is 
ideally suited for studying not only the analytical applications of this 
phenomenon, but also its fundamental processes. 

In this paper, data are presented which explore the relationships among 
electron energy, axial energy, and target gas pressure, and their effect on the 
coUisionally activated decomposition of CO""" as it is formed from the 
molecules CO, CO-, methanol, acetaldehyde, and formic acid. 

Figure 1 presents ion intensity vs. EI source electron energy for CO. 
The ionization probability curve for CO"*" from CO is seen on the left, and its 
MS/MS analog, the formation of C""" through Ar CAD on CO"*", on the right. The 
curves are nearly identical. The collision cross-section parameter, 0, which 
is of the form a = -ln[l - If/(Ijr"'"lD)] "is a functiori of the relative intensities 
I and I^ of the parent and •fragment ions. The cross-section for the 
fragmentation of CO"*" from CO is seen to be nearly constant throughout the range 
of usable electron energies. 

^ However, Figure 2 shows a similar experiment with COo as the source of the 
CO parent ion. In this case CO"*" at m/z = 28"'" is selected by the first mass 
filtering quadrupole. The cross-section is seen to be constant from 
-70eV to ca, -40eV; at electron energies less than -40eV a sharp attenuation 
in cross-section is observed. Since all other operating parameters remain 
constant, including the composition and structure of the selected ion, the only 
remaining factor which can influence the collision efficiency is the internal 
energy of the selected ion. Figure 3 shows cross-section results from CO and 
CO2 as well as the other sources of CO"*" studied. It must be concluded that 
similar ions from unlike molecules possess differing amounts of internal energy, 
and this results in disparate coUisional cross-sections. 

Another parameter which affects the energetics of collision is the axial 
energy, i.e.," the offset voltage between the ion source and the quadrupole 
rods of the collision cell. This effect has been studied for various parent 
ions, collision gas species, collision gas pressures and daughter fragments. If 
the CO"*" collision process is monitored by observing the fragment intensity versus 
axial energy, (Vax). there exists a particular V^j, at which the ion intensity 
is a maximum. It is seen that this point, V^^, is constant for a given CAD 
transition (for example 28"*" ->• 16) regardless of parent ion (Figures 6,7), CAD 
pressure, and target gas species (cf. V^|„, figures 4,5). 

These data suggest that while the nature of the precursor molecule at a 
particular electron energy dictates the internal energy of the selected ion, 
the axial energy for maximum fragmentation is independent of source electron 
energy, and, in addition, is independent of the nature and pressure of the 
target gas. 

The differences in the fragmentation cross-sections of the CO - COg 
system has been used to mask COg interference in the detection of CO in air 
when monitoring the 28"'" -4- 12"'" transition. In addition, these results have 
implications as to an additional mode of molecular characterization in 
quadrupole MS/MS, i,e., based on a process' electron energy cross-sectional 
signature, it may be possible to predict the structure of the molecule 
from which the selected ion arose. 

This work was supported.in part by grants from The Office of Naval Research 
and the National Institutes of Health. 
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MULTIPLE DISSOCIATIl M REACTIONS IN A TRIPLE SECTOR 
MAL? SPECTROMETER 

D.J. BURINSKY and.R.G. COOKS 
DEPARTMENT OF CHEMISTRY 

PURDUE UNIVERSITY 
WEST LAFAYETTE, IN 47907 

E.K. CHESS and M.L. GROSS 
DEPARTMENT OF CHEMISTRY 
UNIVERSITY OF NEBRASKA 
LINCOLN, NE 68588 

A triple analyzer mass spectrometer has the unique capability of unambiguously 
specifying the products of sequential gas-phase dissociation reactions. The resulting 
spectra are of high quality and compare extremely well with conventional ms/ms spectra. 
The utility of such a technique as applicable to the determination of complex mixtures 
was demonstrated through the analysis of model systems. 

The experiments were performed on a triple sector mass spectrometer (Kratos MS50-T.A.) 
of the EBE configuration. The reaction sequence utilized for these experiments is 
illustrated in Figure 1, which also indicates the sequence of the analyzers and the three 
reaction regions of the instrument. In this study, ions emerging from the source were 
coUisionally dissociated in the first reaction region. A specific fragment ion was then 
transmitted to the third reaction region by setting both the first electrostatic analyzer 
and the magnetic sector to the appropriate values. This ion was then itself coUisionally 
dissociated with mass analysis of the resulting fragment ions being accomplished by 
scanning the second electric sector. 

CONSECUTIVE CID REACTIONS 

REACTION 

REGION 
1 

_ l ' ' • 
SOURCE 

ESA 

REACTION 

REGION 
2 

REAC 

MAGNET 

TION SEQUE 

REACTION 

REGION 
3 

+ Fr 

MCE 

]-3 

FIGURE 1. Schematic Representation of the Reaction Sequence Used 
for the Described Experiments 

The general method was tested with several compounds including n-hexane, n-decane, 
2-pentanone, and 3-methyl-2-butanone. In all cases the ions of interest gave very 
favorable agreement in their fragment ion spectra regardless of the location of the 
formation of the parent ion (ion source vs. first reaction region). This point is 
illustrated in Figure 2 which shows the collision-induced dissociation spectra of 
CgH-ii-i- ions (m/z 71) originating in each of the two previously mentioned regions. 

The existence of structural isomers is a particularly difficult problem in the 
analysis of complex mixtures by ms/ms. However, it is poss.ible through the use of 
consecutive dissociations to differentiate, for example, between the molecular ion of 
one mixture constituent and an isomeric fragment of another. Consider a mixture of 
g-cresol and benzyl acetate with the cresol present in a 30-fold excess. Since both 
compounds exhibit ions in their respective mass spectra at m/z 108 (C-H„0-t-') a con
ventional ms/ms spectrum with ion m/z-IOS as the parent would yield the sum of what 
under normal circumstances would be two quite distinct spectra. As illustrated in 
Figure 3, a quite reasonable daughter ion spectrum of even a very minor isomeric 
constituent (benzyl acetate in the present case) can be obtained by utilizing the 
consecutive collision capability. 
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FIGURE 2. CID Spectra of (a) the 71+ Ion of n-Hexane Formed in the 
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FIGURE 3. CID Spectra of (a) the 108+" Ion Formed in the Source From a 
30:1 o-Cresol/Benzyl acetate Mixture, (b) the Molecular Ion of 
o^-Cresol, m/z 108, (c) the 108"^• Ion Formed in the Source From 
Benzyl acetate, and (d) the 108"^• Ion Produced by Prior Collision 
of the Molecular Ion of Benzyl acetate. 

The ms/ms technique evolved from conventional mass spectrometry in response to demands 
of such problems as ion structure determination and complex mixture analysis. The present 
study appears to demonstrate a useful role for increasing the complexity of mass spectral 
analysis, viz from ms to ms/ms to consecutive collision-induced dissociation reactions 
(ms/ms/ms). 
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STUDIES USING TANDEM QUADRUPOLE MASS SPECTROMETRY; Donald F. Hunt, 
Anne B. Glordanl, Jeffrey Shabanowitz, and Gerald Rhodes; Dept. of Chera, Univ. of Virginia, 
Charlottesville, VA. 22901 

. We have corapleted a variety of studies. Including both mixture analysis and ion 
structure analysis applications of the MS/MS technique, using Tandem Quadrupole Mass 
Spectroraetry. The versatility of our quadrupole instruraentation has been thoroughly 
exploited. Operational raodes which enable selective detection of coUisionally acti
vated decomposition (CAD).fragment ions, selective detection of all precursors to a 
particular CAD fragment lon, or selective detection of all ions which lose a particular 
neutral in their CAD spectrum, have been used to solve the different problems of 
analysis encountered in this work. 

It was previously demonstrated that neutral loss (eg, hh amu—loss of C0„) 
scanning provides a MS/MS raethod for the selective detection of carboxylic acid coraponents 
in a complex raixture such as urine. Our data suggests chat raetabolic profiling of 
urinary carboxylic acid compounds using Tandera Quadrupole Mass Spectrometry compares 
favourably to GC/MS methodology in numbers of peaks which can be quantitated, and in 
toedian relative standard deviation values. Quantitation of Individual carboxylic acid 
components using our Tandem Quadrupole Mass Spectrometrlc raethodology agrees well with 
literature values detennined using GC/MS methodology. Reasonably, exceptions are 
carboxylic acid compounds which are of the sarae molecular weight as other common urinary 
carboxylic acids, or compounds whose. CAD mass spectra show unusual intensity for the 
CAD fragment ion which has undergone the neutral loss empolyed to detect these compounds. 

In contrast to GC/MS, the MS/MS methodology does not require separation of the 
organic acid fraction from the urine, derivativization, or GC separation of the mixture 
components. Elimination of these steps results in a considerable time savings. 
Derivativization often introduces artifacts into the analysis and procedures used to 
separate the organic acid fraction from the urine matrix are either very time consuming, 
or limit the quantitative potential of the analysis. In all, the Tandem Quadrupole 
Mass Spec methodology investigated here meets the need for a Feral-quantitative 
metabolic profiling technique which is rapid enough to handle large numbers of samples. 

A syndrome suggestive of toxicity due to the absorption of polyethylene glycol 
was observed in certain patients treated at the UVa Burn Center. These patients were 
all treated with a topical antimicrobial cream containing nitrofurazone in a polyethylene 
glycol base (Furacin Soluble Dressing, Norwich-Eaton Pharraaceuticals, Norwich, NY 13815). 
Polyglycols (I) and products of the oxidative raetabolism of polyglycols (II and III) were 
selectively detected in both uririe and deproteinated serum of a patient exhibiting this 
syndrome using Tandem Quadrupole Mass Spectrometry. Fifteen ralcrolitres of urine or serum 
was acidified with dilute H„SO,, and pumped to dryness in a raeltlng point capillary tube. 
The tip of the tube, containing the sample residue, was inserted directly into the ion 
source of the raass spectrometer by means of the solids probe. While the sample was 
heated, and ionized by OH CI reactant ions, polyglycols were detected as precursor 
ions of m/z 61 (IV) and polyglycollc acids were detected as precursors of ra/z 75 (V) 
in the N„ CAD raass spectrura. The mixed alcohol/acids appeared as precursors of both 
fragment Ions. CAD mass spectra of reference compounds suggests that neutral loss 
scanning will provide another method to selectively detect these compounds in urine 
and serum. Q O 

(I). HO-^-^-^OfT^-- (II)HÔ ^̂ -̂̂ -̂ 0;r 

) 
-y 
61" 

-o 
m/z 61-
HOs 

-o 
m/z 75-

"U. F. Hunt, J. Shabanowitz and A. B. Glordanl, paper RAM0A8, 28 Annual Confer
ence on Mass Spectrometry and Allied Topics, New York, N. Y., May 25-30, 1980. 

D. A. Herold, D. E. Bruns, D. Spyker, G. T. Rodeheaver, and R. F. Edlich, 13'̂ '̂  
Annual Meeting of the American Burn Association, Washington, D. C , April 2-4, 1981. 
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In the course of developing HS/MS methodology for_selectlve detection of carboxylic 
acids in complex mixtures, CAD mass spectra of the (M-l) ions have been obtained for 90 
different carboxylic acid compounds. Loss of stable neutral molecules is the chief 
fragmentation pathway observed for both aliphatic and aromatic carboxylic acids. The 
most coramon neutral losses observed are: hh amu (loss of C0_; observed in reference 
CAD mass spectra of 68 of the compounds studied), 18 amu (loss of H_0; 25 carboxylic acids), 
hb amu (loss of HC0„H; 13 carboxylic acids); 28 amu (loss of CO; 8 carboxylic acids), 
90 amu (loss of CO and HCO„H; 6carboxylic acids), 72 am '"* - " " "" - ' "" - '' 
acids), 80 amu (loss of CO^ and 2H2O; 3 carboxylic acids. 

Certain carboxylic acid anions fragment, under CAD conditions, only to a very 
small extent—the selected lon carries more than 95% of the total ion.current in the 
CAD spectrum. These Include monofunctional aliphatic carboxylic acids (eg. pentanoic, 
heptanolc), low molecular weight a-keto carboxylic acids, and structures which, other 
than the carboxylic acid moiety, do not contain a site able to stabilize a negative 
charge, or structures in which such a site is remote from the acid anion (eg. hydro-
cinnamlc acid). With few exceptions, carbon dioxide loss is the raajor fragraentation 
pathway for aromatic carboxylic acids. Aliphatic carboxylic acids also show the loss 
of 44 amu, but the losses of 62 amu, or 80 amu are more important for many of the 
hydroxy acids, or diacids longer than five carbons. Lower molecular weight a-keto 
carboxylic acids lose CO, although only weakly. Phenyl pyruvic acids favour the loss 
of 72 amu. The loss of 46 amu is observed for aliphatic-type hydroxy carboxylic acids, 
eg. 2-hydroxy-4-raethylpentanoic acid. Loss of 90 amu is observed for diacids containing 
seven or more carbons, and small, polyhydroxy dicarboxylic acids. 

CoUisionally activated ion-molecule isotope exchange reactions are observed 
when D O or MeOD is used as collision gas in the quadrupole collision chamber of the 
Tandem Quadrupole Mass Spectrometer. In a coraplex mixture, chemical ionization deuterium 
exchange methods have liraited utility for determining the structure of an lon because 
background ions raay interfere, or obscure the ions having deuterium incorporation. 

The proposed raechanisra for deuteriura exchange in the collision chamber is the 
same as for the CI methodology, with qualifications: protons on polyfunctional molecules 
which are involved in intramolecular hydrogen bonds undergo exchange only slowly. 
Exchange is not observed for protons on sites far reraoved from the anionic site. 
Examples are illustrated below: 

(IX) O 

(VI) /= / 

HO 

p-HO-

MeOD 
in 0 2 

MeOD 
in 0 2 

K, 

o=\ 
DO 

no deuter ium 
inco rpo ra t i on 

(X) 

r 

DA 

D^O 

in 0 2 ' 

D^O 

in 0 2 ' 

no deuter ium 
i n c o r p o r a t i o n 

COT'O-

OH OD 

(VIII) 
o=\ 

HO 

MeOD 
in 0 2 

no deuter ium 
incorporat ion 

(XI) HO. 

O 

roA-i n Q 2 
no deuterium 
incorporation 

The trans configuration of the fumaric acid anion (VI) prevents forraation of an intra
molecular hydrogen bond, so deuterium exchange in Q2 Is observed, unlike for maleic (VII) 
or succinic (VIII) acids. Exchange is not observed for phthalic acid anion (IX), again 
probably due to intramolecular hydrogen bonding. Exchange is not observed for the para 
positional Isomer, terephthalic acid (XI), due to the distance between the anionic site 
and the remaining proton. Thus exchange is only observed for isophthalic acid (X). 

The studies discussed here provide further illustration of the usefulness of the 
MS/MS technique, in particular Tandem Quadrupole Mass Spectrometry, for mixture analysis 
and ion structure analysis problems. 

(1978)., 
G. A. McClusky, R. W. Kondrat, and R. G". Cooks, J. Am. Chem. Soc, 100, 6045-51 

^D. F. Hunt and S. K. Sethi, Ĵ . Am. Chem. Soc, 102, 6953-63 (1980). 
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DESCRIPTION AND APPLICATIONS OF A HYBRID MS/MS INSTRUMENT OF BQQ DESIGN 

G. L. GLISH 
Oak Ridge National Laboratory 

Box Y, Building 9735 
Oak Ridge, Tennessee 37830 

S. A. McLUCKEY and R. G. COOKS 
Department of Chemistry 

Purdue University 
West Lafayette, Indiana 47907 

A hybrid instrument for MS/MS applications has been built. It consists of a 
magnetic sector (B) and two quadrupole mass analyzers (Q). In its basic configuration 
it is run as a BQQ (shown in Figure 1) with the first quadrupole being used in the 
rf only mode as a collision chamber. Some advantages of this design are moderate 
precursor ion resolution (up to "v-SOOO), unit mass resolution of the daughter ions 
and the ability to vary the collision energy. 

The typical operating scheme is as follows: ion formation (EI or CI), extraction, 
acceleration to 10,000 eV, momentum analysis (B), deceleration (variable, but typically 
to between 10 - 100 eV), collision in rf quadrupole, mass analysis in the second 
quadrupole and then detection. Using argon as the sample and electron impact ioni
zation, a 11 nanoamp beam was measured for 40"'' following momentum analysis at 10,000 eV 
and deceleration to 20 eV. With both quadrupoles in the rf only mode a final beam 
current of 10 nanoamps was measured and with the second quadrupole in the mass analysis 
mode, a current of 1.5 nanoamps was measured at the detector. 

The variability of the precursor ion axial energy and its effect upon collision 
spectra has proven to be quite useful. In fact, variation of the precursor ion energy 
provides, in essence, another resolution element, internal energy selection in the 
collision process. This is analogous to the high energy angle-resolved technique' 
and while variation of the ion axial energy at kilovolt energies has some effect on 
the resulting spectra, it is no where near as drastic as the changes seen in the low 
energy (1 - 100 eV) collisions in the BQQ. 

One application of the variation of ion axial energy is the differentiation of 
isomers. Figure 2 shows plots of the relative abundance of C3Hi,''' from allene and 
propyne, vs. axial energy. As can be seen, they are quite different, indicating 
different ion structure. Figure 3 shows similar plots for the C3H3"'' ions obtained 
from the same compounds. Here the plots are almost identical, indicating that the 
fragmentation is occuring from a common structure. 

One of the design criteria of the instrument was modularity, so that changes 
in configuration could be easily achieved. One such change is the switching of the 
source and detector. Preliminary data has been obtained in the QB configuration. 

'J. A. Laramee, P. H.'Hemberger, and'R. G. Cooks, J. Am. Chem. S o c , lO]^, 6460 (1979). 
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An Atmospheric Pressure Ionization MS/MS 
and Its Applications 

V. Caldecourt, D. Zakett, J. Tou 
Analytical Laboratories 

Michigan Division 
Dow Chemical Company 
Midland, MI 48640 

Continuing development in atmospheric pressure ionization mass spectroraetry (API MS) 
has focussed on improved lon efficiency so as to reach even lower detection limits 
and on methods such as MS/MS (1) to identify che constituents decected. The present 
paper discusses che performance and applications of an API MS/MS (Fig. 1) system de
signed wich the above two goals in mind. 

A diagram of the API source is shown in Figure 2. Ionization is produced by a corona 
discharge formed at the tip of a 7 rail diameter Ir wire. The wire is not ground to a 
point, but operates with the rounded tip produced by sputtering. The current is lim
ited to about 3 pA by a 1000 megohm resistor in series with 5 KV D.C. Wich che 4 mil 
entrance aperture, several months of operation are attained before cleaning. The lon 
source Incorporates a declustering chamber of the type described by H. Kambara et al. 
(2) with about a factor of five greater lon output. V^-Vg is normally 15v unless frag
mentation is desired. The encire source is Insulated from ground with the 13 mil exit 
aperture at +75v to ground. 

The current delivered by the ion source is measured by using quadrupole, Ql, as a Faraday 
cup. At V^-Vg of 15v Che lon currenC (5 x 10~^^A) Co Ql is approximately 10% of the lon 
currenc entering the 4 rail aperture. As the'voltage Vg-Vg]̂  is reduced the current col
lecCed by Ql decreases becoming nearly zero (Fig. 3) at -0.4v. This shows the multiple 
collisions have reduced,the energy spread of the ions and the 13 mil exit aperture po
tential, 75v, can. serve as a reference point in measuring the energy of the ions. 

When an ion m/e 153, selected by Ql is fragmented in Q2 at 10~^ Torr and Chen the frag
raent ion at m/e 94 is selected by Q3, the raaximum ion intensity occurs at an ion energy 
of 10 ev. The lower curve in Figure 4 illustrates the ion intensity vs. ion energy 
without RF applied to Q2. The upper curve shows che plot of the ion intensity vs. ion 
energy wlch RF applied. Thus, the utility of the Instrument to investigate higher energy 
collisions is significantly reduced. 

The ion transmission of Q2 was found to be a complex function of the applied RF voltage, 
particularly if the lon energy is such the lon is subject Co less than 10 cycles of RF 
voltage in traveling through the quadrupole. Possibly che performance with more ener
getic ions could be improved by using a longer quadrupole at Q2, but che raaxima may be 
caused by the particular geometry used. 

Two applications of the API MS/MS systera to analyze odors are presented. 
First is the odor observed in the headspace above sorae organophosphorothloate crystals. 
The second is the odor eraitted from the waxy material produced upon oxidative pyrolysis 
of polyethylene. In both cases a complex spectrum resulcs in which collision activated 
decomposition, CAD, in Q2 aid in the identifications. 

The spectrum of the vapor above the organophosphorothloate crystals is given at the top 
of Figure 5. Groups of peaks are observed from mass 129 to over 215 which could be di
vided into two sequences with 14 amu intervals, suggesting two series of homologous com
pounds yielding quasi-molecular ions at m/e 185, 199, etc. and 155, 169, etc. The CAD 
spectrum of the ion at m/e 185 from the sample -is in the lower left hand side of Figure 5. 
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Ihe consecutive losses of 28 amu Indicate the presence of two ethyl groups. Based 
on this information and the chemistry Involved, the structure was proposed to be 
0-methyl 0,0-dlethyl phosphorothloate and this assignment was further confirmed by 
the odor and the CAD spectrum of a standard of this compound. The concentration 
in the headspace was determined to be 0.5 ppm. The homologous series are proposed 
to be methylated and ethylated phosphorothloates and phosphates from additional 
CAD spectra. 

The spectrum of the vapor from the waxy material formed by oxidative pyrolysis of 
polyethylene was more complex and appeared to contain many Isomers. Additional de
tails will be forthcoming In a future publication. 

References 

1. R. A. Yost, C. G. Enke, D. C. McGllvery, D. Smith, J. D. Morrison, 
Int. J. Mass Spectrom. don Physics, 30, 127-136 (1979). 

2. H. Kambara and I. Kanomata, Anal. Chem., 49, 270 (1977). 
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AN INTEGRATED APPROACH TO THE RAPID SCREENING OF TRACE COMPONENTS IN COMPLEX MIXTURES BY 
MS/MS; W.R. Davidson, J. Fulford, N.M. Reid, T. Sakuma, B. Shushan and B.A. Thomson. 
SCIEX INC., 55 Glencameron Rd., Thornhill, Ontario, Canada. L3T 1P2. 

Introduction 

One of the advantages of MS/MS lies in the ability to reduce analysis time while retai
ning high specificity by rapidly screening complex mixtures for the presence of targeted 
compounds or compound classes. Although the potential of the technique has probably not 
yet been fully explored, it is apparent that large gains in efficiency can be expected if 
the system is designed to allow rapid and easy introduction of different types of samples 
in a semi-routine or routine manner. The samples may be solids, liquids or gases, with the 
compounds of interest contained in matrices of varying complexity. Inlets must either be 
designed with some flexibility, to be able to be adapted to the situation at hand, or a 
variety of specialized inlets must be available. An analytical routine might require, for 
example, that a batch of samples be first screened by direct probe (in the case of solids 
or involatile liquids) or by direct purge (in the case of volatiles in liquids), followed 
by a rapid cleanup or extraction of a small subset of these, with further analysis either 
by direct probe again, or by GC/MS/MS or LC/MS/MS. 

Instrumentally, this requires an ion source into which samples can easily be introdu
ced, and which exhibits little or no memory effect or contamination problems (particularly 
important because of the crude or raw samples which may now be introduced directly). In 
addition, exchange of the inlet systems must be fast and easy, allowing the operator to 
move from the direct probe to the GC to direct air sampling to purge and trap to pyrolisis 
probe, etc. This feature will also be of help to those laboratories which desire to use 
the instrument for a variety of applications in order to justify acquisition of such a 
sophisticated system. 

The number of analysis modes which are possible with an MS/MS system make it important 
in addition to have all instrumental and data collection parameters under software control. 
Analytical protocols may require a sample to be analyzed by rapidly performing various 
combinations of single MS scans (for sample characterization), daughter ion scans, multiple 
ion monitoring of parents and daughters, constant neutral loss scans or constant daughter 
ion scans. Each mode requires different hardware and data collection parameters which must 
be able to be set automatically. The large volume of data which can be generated calls for 
a variety of specialized data collection, display and manipulation routines. Thus, to make 
the MS/MS a useful laboratory analytical tool, and to provide maximum utilization of its 
sensitivity, selectivity and speed, a complete instrumental approach is required, extending 
from inlets to ion sources to mass spectrometers to detectors to data systems. 

Experimental 

The TAGA" 6000 is a triple quadrupole mass spectrometer system which is described in 
more detail in Paper RPB18. The ion source of most general applicability is an Atmospheric 
Pressure Chemical Ionization source which combines the sensitivity of atmospheric pressure 
chemical ionization with an ion source design which allows crude or dirty liquids (e.g., 
water, urine, organic extracts), solids (e.g., soil) or gases (e.g., air, breath, stack 
gas) to be introduced directly, with minimal contamination problems. The APCI source 
couples to a variety of inlet systems which are rapidly demountable, including a direct 
insertion probe, a gas chromatograph, a direct air inlet system, a short-term adsorber 
system and a breath analysis system. In addition, development of a liquid ion evaporation 
source for gentle ionization of labile compounds is underway (Paper RPM0A4), and a low 
pressure chemical ionization source for direct air analysis is being explored (Paper 
RPB13). 

The system is operated under complete digital control by a PDP 11/23 minicomputer. 
Special data collection and display routines allow keyboard control and switching among 
seven possible operation modes. 

Results 

The examples presented are chosen to represent the variety of sample types, inlets and 
operational modes. 
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Figure 1 shows a sample (an extract of a bacterial culture) which was essentially 
unknown, and which was first characterized by placing a small aliquot on the direct inser
tion probe and heating it while scanning qi with Q3 in the RF-only mode. This produces a 
mass spectrum showing all components of the sample which react by charge transfer with the 
ZeU^* reagent ions. From this spectrum, peaks of interest were chosen and the parent ions 
fragmented to produce characteristic daughter ion spectra. The example shown in Figure lb 
is the CID spectrum of the ion at m/z=290 (a small peak in the single MS spectrum of Figure 
la). The successive loss of chlorine atoms (m/z=35) shown by the spectrum allowed the 
compound to be identified as tetrachlorobiphenyl, apparently a metabolite of 3,4-dichloro-
aniline which was added to the original bacterial culture. 

Figures 2a and 2b show respectively the CID spectrum of the parent ion of m/z=178 from 
a crude extract of Athabasca Tar Sands oil introduced directly on the solid probe (again 
with CgHg'^ CI), and a reference spectrum of anthracene. Agreement is good, but the 
differentiation of anthracene from phenanthrene (which has the same molecular weight) has 
not been explored, and may in fact require the use of GC/MS or GC/MS/MS to resolve. 

An example of targeted compound analysis performed by multiple ion monitoring is shown 
in Figure 3. A fast one step extraction of peanuts was carried out, and the extract placed 
on the probe and thermally desorbed in a pulse of several seconds duration. By trans
mitting- the parent ion of aflatoxin with Ql, and rapidly monitoring the characteristic 
daughter ions with Q3, the compound was detected and compared with a standard spiked in the 
same matrix. Daughter ion intensity ratios compared very well with the standard, provi
ding, along with the daughter ion masses, positive identification of aflatoxin Bj. 

Conclusion 

Performance of the MS/MS as a useful analytical tool is closely linked with the perfor
mance of the data system and sample introduction systems. Atmosphere pressure chemical 
ionization allows rapid sample introduction and analysis by direct probe (screening of 
samples at rate of more than one per minute), easy changeover from one inlet system to 
another, and minimal source contamination problems. Large or small amounts of crude 
samples can be introduced directly. Complete digital control of all instrumental and hard
ware parameters is necessary to allow accuracy and. precision in the variety of operational 
modes which are possible, and to allow efficient collection and manipulation of the data 
which is collected. A fully integrated system will provide qualitative and quantitative 
analysis at trace levels in applications ranging from rapid screening to full identifica
tion of isomeric compounds by GC/MS or GC/MS/MS. 
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Figure 1. a) Benzene CI mass spectrum of 
an extract of E. Coli after metabolism of 
3,4-dichloroaniline; b) CID spectrum of 
the parent ion of m/z=290, identified by 
the successive losses of chlorine as 
tetrachlorobiphenyl. 

Figure 2. a) CID spectrum of the ion of 
mass 178 from an extract of Athabasca Tar 
Sands oil; b) Reference CID spectrum of 
anthracene. 

PEANUT EXTRACT 

Y 

' r-- y .̂. J Z i . Y Y . -

Figure 3. Multiple ion monitoring of the 
parent MH"*" (m/z=313) and two daughter 
ions (m/z=41 and 69) from aflatoxin Bj 
in a peanut extract. 

671 



DIRECT ANALYSIS OF COMPLEX ENVIRONMENTAL 
MATRICES FOR PRIORITY POLLUTANTS BY TRIPLE QUADRUPOLE MASS 
SPECTROMETRY; T. MICHAEL HARVEY, DONALD F. HUNT, JEFFREY 
SHABANOWITZ; HARVEY LABORATORIES INC., P.O. Box 5323, 
Charloctesvllle, VA 22905 

We describe here a systematic approach for direct analy
sis of complex envlronmenCal matrices for priority pollutants 
by Criple quadrupole mass spectrometry. The method involves 
both chemical derivatization and functional group analysis 
using collision activated dissociation techniques. 

When applied Co industrial sludge, Che prococol first re
quires Che saraple Co be freeze dried, producing a fibrous re
sidue. A portion of chis sample is Chen CreaCed with re
agents to convert phenols to their carbamates. Polynuclear.'' 
aromacic hydrocarbons are subsequently converted Co mono and/ 
or diniCro derivatives. The sample is then thermally de
sorbed directly into the ion source of che .triple quadrupole 
which in turn is operating in a three scan sequence. Posi
cive ion chemical IonizaCion using isobutane as the reagenC 
gas produces M+H^ ions for phchalates, carbamates, and 
niCroaromatics. Collision activated dissociation of these 
M+H"*" ions in Q2 produces abundant fragment ions aC M+H-17 
for nitroaromatlcs, M+H-57 for carbamates, and m/z 1A9 for ' 
phChalaCes. A three scan sequence including a linked scan 
for loss of 17, a linked scan for loss of 57, and a precur
sor ion scan for m/z 1A9 (2 second cycle time) is performed 
during the Chermal desorption. This allows all three classes 
to be determined from the same sample at the 100 ppb level 
wich a high degree of specificity. Totalanalysis time, ex
cluding the freeze drying step, is 15 min. In addition, chis 
approach allows other members of each class noC presenC on the 
Priority PolluCanC list to be identified and Cheir concentra
tions estimated. 

Additional preliminary results suggest these techniques 
can be applied to an even larger fraction of the Priority 
Pollutants. 

672 



A CURIE-POINT MS/MS SYSTEM FOR ANALYSIS OF BIOMATERIALS AND FOSSIL FUELS 

Henk L. C. Meuzelaar, William H. McClennen, Gary S. Metcalf and George R. Hill; Biomaterials 
Profiling Center, University of Utah, Salt Lake City, Utah 84108. 

When subjected to analytical or industrial pyrolysis procedures, complex organic materials, 
such as found in blopolymers, body fluids, cells, tissues, coals or shales, usually produce 
extremely complex mixtures of pyrolysis products. • Detailed analysis of such mixtures, con
taining compounds which vary widely in molecular size, polarity and stability presents a 
major challenge. This is especially true when total sample amounts are in the microgram 
range or when reaction products are only available for a few seconds such as in most pyroly
sis mass spectrometry (Py-MS) experiments. Ah Extranuclear 1-5000-1 Curie-point Py-MS 
system was converted into a Py-MS/MS system by simply exchanging the quadrupole head for a 
double head with collision cell and vacuum envelope extension and installing a second quad
rupole hf power supply, a scan control unit and a collision cell voltage control unit. The 
special MS/MS quadrupole head was similar to that described by Siegel {Ana l . chem. 52, 1790, 
1980). No additional vacuum pumping was required as ion source pressures in the 10"5 Torr 
range were maintained by the single 400 SL/S oil diffusion pump when optimum collision chamber 
pressures of approx. 10"2 Torr werereached using HE as collision gas. Typical collision 
energies were between 15 and 30 eV with the lower value representing initial ion energy and 
the upper value the maximum ion energy obtained with additional 15 eV acceleration in the 
ferrite collision chamber. Satisfactory CID spectra were obtained from submicrogram quanti
ties of compounds produced by Curie-point pyrolysis of nonvolatile materials or Curie-point 
desorption of relatively volatile samples. 

Usually all or most peaks in the CID spectra of molecular ions can be found back in the 70 
eV EI library spectra of the corresponding compound. However, the reverse is not necessar
ily true since the CID spectra are relatively simple. In fact, as shown in Figure 1, the 
CID spectra obtained under our conditions resemble low voltage EI spectra rather than 70 eV 
spectra. 

Specific applications investigated thus far include detection of white blood cell nucleic 
acid components in .5 pl of whole blood, determination of drugs and metabolites in single 
drops of urine, identification of biological compounds in synthetic polymer implants after 
prolonged i n v i v o exposure, and characterization of minor oxygen compound series in coal 
hydroliquefaction fraction, as shown in Figure 2. 

0 
z IJ 

Z 

z 
0 
u 

v-
< 

O n 

i -

12 ev 

r -"-I 1 

i 3 e 

7 
B 2 

1 2 3 

1 . |,l . 1 ' ••!"' 1 " 

1 6 6 

1 
"n 1 

Figure 1. Comparison of 70 eV and 12 eV EI 
spectra of triethylphosphite with the CID 
spectrum of the molecular ion. The 12 eV 
spectrum represents a sample taken by head 
space sampling using a 510°C Curie-point 
filament coated with activated carbon, 
whereas the other two spectra were obtained 
in a direct probe mode. Estimated sample 
size is several micrograms. Note that the 
CID spectrum resembles the low voltage EI 
spectrum much more closely than the regular 
70 eV spectrum. For CID conditions see 
text. 

' 0 60 go 100 170 MO Ito ISO 

673 



CID DAUGHTER 

ION SPECTRA 

OF STANDARDS 

CID DAUGHTER 

ION SPECTRUM 

OF M/Z IIO 

Q-
bH 

54 82 
1 1 9.2 

T . 
M lo i n 

82 

69 

I 
. 0 

95 
92| 

110 

IIO 

J 

< ^ -

54 • • « 
I I I 1 

IIO 

95 

M BH 

, , 62 . 
HO^Q^OH 

54 

i r e,9 1 

I M 

IIO 

LOW VOLTAGE 
El SPECTRUM 
OF COAL LIQUID 
(B/E FRACTION ) 

CID PARENT 
ION SPECTRUM 
OF M/Z 107 

FTgure 2. Use of CID techniques for identification of individual compounds as well as 
compound series in a complex coal liquid (benzene ether fraction of EDS Raw Solvent). The 
Low Voltage (12 eV) EI spectrum is dominated by two homologous series of molecular ions 
known to represent alkylphenols and alkylindanols respectively (for a more detailed account 
see: Meuzelaar e t a l . F u e l , in press). Note that the CID spectrum of m/z 110 indicates the 
presence of metadihydroxybenzene (m/z 64!) whereas no obvious contribution of paradihydroxy-
benzene is observed, as judged by the intensity of the ion signal at m/z 55. The single 
daughter ion scan at m/z 107 highlights the alkylphenol molecular ion series (especially 
with regard to the contribution of n-alkylphenols) although a contribution of alkylindanol 
fragment ions is also found. The Low Voltage EI spectrum was obtained by flash vaporization 
of the coal liquid sample from a 510°C Curie-point filament, whereas the CID spectra were 
obtained in a direct probe mode. For CID conditions: see Text. 
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SIMS + MS/MS = SIMS/MS* 

G. L. GLISH and P. J. TODD 
Analytical Chemistry Division 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee 37830 

Secondary ion mass spectrometry (SIMS) has proven to be a very useful method for 

generating ions from involatile organic compounds. Mass spectrometry/mass spectrometry 

(MS/MS) has shown itself to be a technique of particular value for the determination 

of gas phase ion structures. We report here our initial investigation into the combina

tion of thesetwo techniques. 

A SIMS ion source, designed and constructed at ORNL, has been attached to a 

three sector (EBE) mass spectrometer. . Secondary ions are formed by primary ion 

bombardment of a solid organic sample on a metal substrate. Typically, 1-5 keV argon 

ions are used. The ions formed are then extracted out of the source and accelerated 

to 10 keV. The desired precursor ion is then selected by the first two sectors. A 

collision gas is introduced between the second and third sectors by a hypodermic needle 

that is directed towards the throat of a 1500 l/sec pump. Collisions of the precursor 

ions here lead to daughter ions. Daughter ions thus formed are then mass analyzed by 

the second electric sector. 

Figure 1 shows the SIMS/MS spectrum of tetramethylammonium ion, obtained from 

tetramethylammonium chloride. The two major fragments, loss of 28 and 30, correspond 

to the protonated dimethylamine ion and the methyl immonium ion. Figure 2 shows the 

SIMS/MS spectrum of the m/z 60 ion found in the tetramethylammonium chloride SIMS 

spectrum. The major daughter ions m/z 44 and 45 (loss of methane and methyl), as 

well as the rest of the spectrum, are exactly those which would be expected from 

protonated trimethylamine. 

In Figure 3 the spectra of the dimethyl immonium ion formed via electron-impact 

ionization (top) and SIMS (bottom) are shown. The only difference in these two spectra 

is the relative abundance of the fragment at m/z 30. This difference is due to the 

fact that m/z 30 in the top spectrum is predominately a metastable fragment,- while 

only a collision induced fragment is observed from the SIMS generated ion. 

MS/MS of SIMS generated ions is not limited to organics. Figure 4 shows an 

example of inorganic SIMS/MS spectrum. This spectrum of FeOH (from the stainless 

steel source), shows the two expected peaks, loss of H and loss of OH. 

•Research sponsored by the U. S. Department of Energy, Division of Basic Energy 
Sciences, under Contract W-7405-eng-26 with the Union Carbide Corporation. 
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ATMOSPHERIC PRESSURE ION CLUSTERS 

IDENTIFIED BY 

•COLLISION INDUCED DISSOCIATION 

M.W. Siegel and H.H. Lo 

Extranuclear Laboratories, Inc. 
Pittsburgh, PA 15238 • 

In atmospheric pressure ionization mass spectrometry a carrier gas is ionized by 
high energy electrons, and a chain of ion-molecule reactions leads to a terminal 
distribution of reagent ions characteristic of the carrier gas. Ion-molecule and 
electron-capture reactions between this plasma and imbedded sample molecules results 
in preferential transfer of charge, to appropriately vulnerable sample molecules; the 
preference often favors species of environmental and biological interest. Furthermore 
the atmospheric pressure plasma is itself an interesting object of study, the obser
vations therein often being applicable to ion processes in the natural atmosphere. 

The particular device we have employed is a 0.1-cm ionization chamber with 1 mCi 

of Ni on its cylindrical wall and a 40 jim sampling aperture at the end connecting it 

to the mass spectrometer vacuum. The vacuum system is divided by a differential 

pumping wall into a high pressure (as3 x 10" torr) ion focusing region and a low 

pressure ( — 1 x 10" torr) mass analysis region containing a quadrupole mass filter 
and a particle multiplier detector. This has recently been extended to include a 
second quadrupole, the two being joined by a collision cell made of a ferrite-ceramic 
material which shields the interior from the DC (resolving) quadrupole field while 

2 
transmitting the RF (confining) quadrupole field. When loaded with collision gas to 

_2 
an internal cell pressure of = 10 torr, the analysis chamber pressure is raised to 

==1 X 10" torr. This apparatus is schematically depicted in Figure 1. 

The reagent ion spectrum for a clean, nearly dry N. carrier gas consists of 

N, , N. , 0,^ and NO (due to reactions with trace oxygen), H-0 , H,0 , and their 

clusters with N, and H^O; when appropriate cleaning steps are taken, the negative 

charge resides in a thermal electron cloud, although traces of O2" and halogen 
negative ions are difficult to eliminate entirely. The cluster ions extend to 200 
amu or more, depending on the source temperature, and while plausible mass assignments 
in terms of the above named cluster ions were made several years ago, there has always 
been a measure of prudent caution associated with the identification of the highly 

clustered ions, e.g., H,0 -(H-O)- -(^2)4 at 167 amu. The addition of the collision 

cell and second mass filter makes it possible to demonstrate by collision induced 
dissociation (CID) that these ions have been correctly identified. Qualitatively 
similar CID spectra are obtained with N-, Ar, and He gas targets. 

The matrix (Figure 2) indicates the 48 major ions observed in the primary 
spectrum to 200 amu, and their collision fragments observed to 60 amu. The sloping 

lines identify families of cluster ions, e.g., NO . N-, O2 • N,, H,0 • H2O -N-, 

N, • Np on the same line, all represent primary or pseudo-primary ions clustered 

with one nitrogen molecule. The information contained in Figure 2 leads directly to 
the simple clustering scheme of Figure 3, which accounts for all 48 major ions. 

As has been previously described, the 6-ray ionization yields N and N„ ; 
+ + 

these rapidly cluster to give pseudo-primary ions N, and N. . Ion-molecule 

677 



reactions with trace concentrations of 0^ and H-O lead to NO , and H,0 . The 
3 + 

routes depicted correspond to generally accepted reaction mechanisms, e.g., N3 
leads to NO"̂  and 0,^, but not H20'̂  while N. leads to 0, and H-0 but not NO 

„+ 4 '̂  
2 ' " " ' • " " ' • "2" ' " ' ^ ' " ^ "4 

While the literature also identify N, as leading to NO^ 7 collison induced dissocia

tion indicates that under our operating conditions most if not all the mass 46 ions 

are HpO . Np. This observation is in agreement with our previous statement, 

based on the increase of the mass 46 signal with HpO concentration, but its decrease 

in favor of mass 50 (Op • HpO) with Op concentration,' that this ion is HpO • N-

rather than NOp . Also, HpO rapidly reacts with HpO to give H,0^, which at typical 

operating temperature ( •=» 200C), rapidly clusters to H-0 • HpO at mass 37, fre

quently the dominant species in positive ion spectrum. Subsequent clustering 

reactions lead to the five series N- -(N.) , NO '(H-O 
2'n' •(Np),. Op -(HpO)^ .(Np)„, 

Ĥ O ' (^2'^)^ •̂ ''2'n' ̂ "'̂  ̂ 4 ''''2'n' accounting for 41 of the 48 major ions to 200 

The remaining seven ions N-""", N^ amu. 

been accounted for above. 
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NCI SPECTRA OF SCME TRANSITION METAL CHELATES 

I.K. Gregor & K.R.Jennings, Dept. of Chemistry 
a m i . Sci. University of Warwick, Coventry CV4 TAL.UK. 
and G.A.Warburton, Kratos Scientific Instruments Ltd., 
Uimstone, Manchester, UK. 

Negative chanical ionisation mass spectra of a nunber of raetal chelates have been 

investigated with a view both to correlate features of the spectra with the chemistry of 

the metals and to develop a method of detecting organometallic ccnpounds present in trace 

quantities in hydrocarbon mixtures. Spectra weire obtained using an fiESG mass spectrometer/ 

t)S55 data system (Kratos Scientific Instruments Ltd.), samples being introduced using a 

solids probe. An equimolar mixture of methane and nttirous oxide was used to generate 

OH ions which constituted 7C% of the total reagent ion cur3:«nt. 

Five ccmpounds of nickel of the type ML^ (L = Acetylacetonate, Dipivaloylmethane, 

tBu-Sac-Sac-tBu, Dimethylgl yoxime and DimethyldithiojAiosphate) and manganese dihexa-

fluoroacetylacetonate were investigated, using CH./N-O as reagent gas, Nickel(dlmethyl-

glyoxlme)2 gives no negative ions but all others give as the main reaction 

MLg + CH" > MLOH + L" (1) 

Only Ni(MepDrP)„ gives a negative mDlecular ion frcm which other Iragnent ions are formed. 

None of these ccnpDunds gives any addition products of the type. MLgOH and it was 

concluded that a slightly softer base than CH~ may be a more useful reagent ion. 

Attention was therefore concentrated on obtaining chloride ion attachment spectra of 

a series of metal acetylacetonates. - Various reagent gases were used in an atteipt to 

generate high yields of Cl ions in the absence of cluster ions or other interfering ions, 

and CHgCl, CF„C1, CF2C1„, CHClg and CCl. all gave useful spectra with ZnCAcAc)-. Itost 

spectra were obtained using CF-Cl- as reagent gas which in addition to Cl ions gives low 

yields of F and CFC1„~ ions. CH-Cl gives a cleaner reagent gas spectrum but it also 

gives a higher yield of electrons thereby enhancing the yields of ions derived irom 

electron attachment. 

A wide variety of behaviour was observed with ions being observed which arise from Cl 

and electron attachment, Zn(AcAc)_ is an exanple of a conpound which gives no ions 

arising from election attachment. A gnoup of ions giving peaks at m/z = 297-303 is due 

to Zn(AGAc)„Cl ions; the intensities of these peaks are usually saiEwhat lower than 

those at m/z = 233-241 which are due to Zn(AcAc)Cl„~ ions. Peaks at m/z = 169-179 are 

due to ZnCl„ ions and these, together with a low intensity peak at m/z = 99 due to (AcAc) 

ions are the only ions of significance seen at low gain. They are believed to be formed 

in a sequence of reactions such as: 

Zn(AcAc)2 + Cl" > Zn(AcAc)2Gl" m/z = 297-303 (2) 

Zn(AcAc)2Cl" » Zn(AcAc)Cl + (AcAc)"m/z = 99 (3) 

Zn(AcAc)Cl + Cl" > Zn(AcAc)Cl2" m/z = 233-241 (4) 
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2ii(AcAc)Cl » ZnClg + (AcAc) m/z = 99 (5) 

ZnClg + Cl" » ZnClg" m/z = 169-179 (6) 

At higher gain, at higher pressures of reagent gas, a similar series of peaks at 

lower intensities was observed arising from Zn(AcAc)(Cl-AcAc)Cl" m/z =331-337. 

Conpounda which give prominent groups of peaks arising from Cl" attachment to the 

molecule include Mg(AcAc)2, Co(AcAc)2 ThCAcAc). and Cu(AcAc)g. When Co(AcAc)„ was 

intnoduced, a spectrum very similar to that given by Clo(AcAc)„ was obtained, indicating 

that Co is readily reduced to Co . Low intensity peaks due to Cl" attachnent were 

given by Cr(AcAc)„ and Fe(AcAc)„ indicating the formation of 7-coordinate species but 

in the case of Cr(AcAc)„, the base peak was (AcAc)" whereas Fe(AcAc)„ gives Fe(AcAc)2Cl2" 

as the raajor gioip of ions giving peaks at m/z = 324-328 which are often observed as 

inpurity peaks. 

The compounds of the inei-t metals ruthenium and platinum, Ru(AcAc)- and PtCAcAc)^, 

give no Cl attachment ions and electron attachment i's the major mode of ion fonnation. 

Whereas Ru(AoAc)„ gives only (AcAc)~.in addition tb the d " attachment ion, Pt(AcAc)„ was 

unique among the coiplexes studied in that peaks are observed arising from the loss of 

groups derived from the ligand, e.g. (M-CHg)" and (M-CfigCOaL)" ions. Although palladium 

is more labile than platinum, Pd(AcAc)2 largely yields M" and loss or replacanent of the 

ligands occurs only to a very small extent. Other oonpounds which gave few or no Cl". 

attachment ions are Cr(AcAc)„, Rh(AcAc)„ and Be(AcAc)„ resemble each other in giving (M-H)" 

ions. 

In sumnary, Cl" attachment appears to be a useful technique for producing ions from 

metal acetylacetonates although some features of the solution chemistry of the various 

metals are reflected in the behaviour of the systems in the gas-phase. 
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QUALITATIVE AND QUANTITATIVE APPLICATIONS 
OF NEGATIVE CHEMICAL IONIZATION MASS SPECTROMETRV:. 
ANALYSIS OF CATECHOLAMINE METABOLITES AND INDOLEAMINE
ALDEHYDE CONDENSATION PRODUCTS; KYM F. FAULL, MANISHA SAHNI 
and JACK D. BARCHAS; Dept. of Psychiatry, Stanford Univ., 
Stanford, CA 94305 • 

For specific compounds, in particular halogenated species, 
negative chemical ionization (NCI) mass spectrometry offers 
•the advantage of increased sensitivity over both electron 
impact (EI) and positive chemical ionization (PCI) mass 
spectrometry. We have been able to take advantage of this 
in developing quantitative assays for the catecholamine 
metabolites metanephrine and normetanephrine in human 
lumbar CSF samples, and in developing quantitative analyses 
for indoleamine-aIdehyde condensation products in rat brain 
homogenates-

Bficent reports.suggesting altered epinephrine and norepi
nephrine turnover in affective disorders underscores the 
need for a sensitive and reliable quantitative method for 
metanephrine and normetanephrine in small samples of human 
lumbar CSF. These compounds, which are the 0-methylated 
metabolites of epinephrine and norepinephrine respectively, 
.are recovered from CSF using solvent extraction and ion 
exchange chromatography. Conversion to volatile, thermally 
stable derivatives is achieved by treatment with 
methanolic-HCl followed by heptafluorobutyrlc anhydride. 
The derivatives, which separate on packed column GC, 
fragment under both EI and NCI conditions to yield ions 
suitable for quantitative SIM analysis. 

Renewed interest in the biochemistry and pharmacology of 
indoleamine-aldehyde condensation products has stemmed • 
from recent reports of the natural occurrence of these 
compounds and their ability to displace ^H-diazepam frora 
benzodiazepine receptors in rat brain membrane prepara
tions. We have investigated NCI GC/MS of perfluorenated 
;acyl derivatives of these compounds to establish a sensi-
,tive assay for them in brain homogenates. Results of our 
..work̂ on.,both.of...thesê topics_will be presented. 
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NEGATIVE MASS SPECTRA OF THE DINITROTOLUENE ISOMERS; 
MICHEL J.F. ASSELIN AND JOCELYN J.R. PARE; 
DEFENCE RESEARCH ESTABLISHMENT VALCARTIER 

P.O. BOX 8800, COURCELETTE, P.Q., GOA IRO CANADA 

In this work we studied the influence of the isomeric chemical configuration of 
dinitrotoluene (DNT) on the atmospheric chemical ionisation product ions by comparing the 
behaviour of the six DNT isomers. 

A TAGA 3000 mass spectrometer (Sciex Inc., Toronto) was used with a point-to-plane 
corona discharge source to initiate and sustain the atmospheric pressure chemical ionisation. 
An electric field selects the polarity of the ions and draws them to the atmospheric 
pressure/vacuum interface. A dry inert gas (nitrogen) flows between the two main plates 
of this interface. This gas blows out any particulate and vapor that might enter the 
ionization source region, thus preventing any clogging of the atmospheric pressure/vacuum 
orifice; it also reduces the clustering encountered in the free-jet expansion of the 
ion-air mixture into the vacuum . 

EXPERIMENTAL 

Each isomer was dissolved in methanol and injected continuously in a flow (39 L/min) 
of ambient air, 40 cm ahead of the corona discharge, with a 10-mL syringe pump (Sage 
Instrument, Model 355). The wall of the 22 mm glass tube leading to the ionisation source 
was heated outside the source assembly at 425 K. To eliminate the formation of drops at the 
end of the needle, its tip was made to touch a small piece of ground glass placed in
the middle of the 22 mm tube. The injection rate of 16.8 yL/min produced a stable 
concentration of about SO ppb. 

Furthermore, 2,4-DNT was also studied in pure nitrogen.• One gram of purified 
2,4-DNT was placed in a clean tube above which nitrogen was circulated at 2 L/min. This 
tube was thermostated at 325 K. The ambient source housing was also purged with another 
flow of 1 L/min of the same nitrogen. 

RESULTS AND DISCUSSION 

The recorded intensitites of the most significant anions peaks are listed in Table I 
for the six DNT isomers and for a typical background of the laboratory ambient air recorded 
under the same conditions. 

TABLE I 

»/z 

46 
152 
168 
ISI 
182 
197 
198 
212 

1 228 

Intensities of 

2,3-D\'T 

212384 
894 
2863 
56 

.14535 
124 
43 

2439 
976 

2,4-DXT 

24220 
410 
79 

54587 
7848 
.429 
204 
44 
58 

the Most 

2,5-Dhrr 

2978S 
3163 
184 
0 

58572 
15 

1009 
52 
13 

Significant Peaks in lons/s 

2,6-DNT 

35624 
'1503 

136 
0 

652S0 
316 
76 
IOS 
54 

3,4-DNT 

49525 
1620 
10257 
133 

. 17992 
1230 
162 
703 
365 

3,5-D\'T 

43208 
2818 
677 

. 51 
42280 
13S0 
652 
82 
840 

Lab. Ail 

30956 
185 
76 j 
103 
56 
51 

• ^ ^ 

20 

17 

It must be noted that these experiments were not set up to determinate the ultimate 
sensitivity of the TAGA 3000 to DNT. There was considerable loss of saraple on the surface 
of the inlet and ionisation source which had to be cleaned between samples; furthermore 
the instrument was not adjusted for high sensitivity, but rather for good resolution. 

The mass spectra of 2,4-DNT, was run in pure dry nitrogen, directly from the vapor 
above the solid. Because of the mode of sample injection the 2,4-DNT concentration was 
weaker then when recorded in air. The following intensities (ions/s) were observed: 
46 amu (3611), 152 amu (114), 181 amu (0), 182 amu (19856), 198 amu (35). 
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a) The 2,5-, the 2,6- and the 5,5-DNT Isomers 

The molecular ion, [DNT] at 182 amu is the principal product ion, with intensities 
between 42 000 and 65 000 ions/s and little fragmentation (Table I). The ionisation of 
these DNT isomers in air is mainly caused by electron transfer form the superoxide anion 
[0-] to DNT. The high EA of nitro derivatives of benzene favours this transfer . 

b) The 2,5- and 3,4-DNT Isomers 

Again the molecular ion at 182 is evidenceof the electron transfer from the 
superoxide anion, [0^] , but its intensity is much lower than for the 2,5-, 2,6- and 3,5-DNT 
being only 14 000 ana 18 000 ions/s. On the other hand Table I shows that the fragmentation 
is much higher. Particularly for 2,3-C'.', where the most intense product ions is [NO-] 
at 46 amu. For 5,4-DNT the intensity of the product ion at 168 amu is 57% of the molecular 
ion and represents the lost of a nitrogen atom, possibly by capture of a [0-] follow by 
elimination of [NO ] . 

Important for the stability of aromatic molecules is the resonance energy gained 
by the delocalisation of theTT electron system. In the 2,3- and 3,4-DNT there is a strong 
steric inhibition to resonance because of the large tilt angle of the nitro groups due to 
their steric interactions. For 2,3- and 3,4-DNT the first electronic transitions are 
respectively at 210.0 nm and 219.0 nm similarly to the case of benzene itself. On the other 
hand, the four other DNT isomers absorb between 240.0 and 265.5 nm indicating that_for 2,3-
and 3,4-DNT both nitro groups are significantly out-of-plane with the benzene ring . A 
lost of resonance energy by steric inhibition in the 2,3- and 3,4-DNT molecules and 
additional tension arising form the ortho NO-.- NO- repulsion are responsible for the lower 
stability of the molecular anion [DNT] , The enthalpy of formation of the isomers is also 
a good indication of the importance of the resonance energy for the stability of the 
molecules: 2,3-DNT, -87.4 kJ/mole; 3,4-DNT, -80.3 mJ/mole; 2,5-DNT, -188.3 kJ/mole; 
3,5-DNT, -238 kJ/mole; 2,6-DNT, -241 kJ/mole and the most stable 2,4-DNT, -374.5 kJ/mole. 

c) The 2,4-DNT Isomer 

This isomer produces [DNT-H] at 181 amu and its contribution to the molecular ion 
(182 amu) is less than 5%, The lack of subsequent fragmentation observed indicates a high 
stability for this quasimolecular anion. This> behaviour results from the concerted effort 
of the two nitro groups to withdraw electrons from the benzene ring and induce a positive 
charge on the methyl group. The acidity of this methyl permits a proton transfer between 
this group and the superoxide anion [0-] . 

A situation allowing a positive concerted effort of both the resonance and induction 
effect of both nitro groups is, at first sight, possible for the 2,4- and 2,6-DNT. But 
a large steric effect exists in the case of 2,6-DNT which rules out the contribution of 
the resonance effect of one of the nitro group. This is well illustrated by the ultra--
violet absorption spectra: the 2,4-DNT absorbs at 252.0 nm and the 2,6-DNT at 241.0 nm . 
Thus only for the 2,4-DNT will we have the concerted action of both nitro groups 
Sufficiently strong to permit the abstraction o.f a proton. 

To confirm the proton acidity of 2,4-DNT and its reaction with [0-] , the mass 
spectra of 2,4-DNT in the gas phase were run in pure nitrogen. The absence of proton 
abstraction is made evident by the low intensity of mass 181 and the strong molecular ion 
peak at mass 182. The formation of this anion is due to non-dissociative thermal: electron 
capture. The acidity of the methyl was previously observed by mass spectrometry in the 
case of 2, 4, 6-trinitrotoluene and of the 2,4-DNT . 

Finally, we noted that the DNT isomers all formed ion clusters of low intensities. 
The following is a tentative attribution: 197 amu [DNT-H + 0]~, 198 amu [DNT + 0]~, 
212 amu [DNT + NO]" and 228 amu [DNT + NO^]". 

1. F. Karasek, Ind. Res./Dev., Dec 1978, p. 86 
2. M. Batley and L.E. Lyons, Nature 196, 573, 1962 
3. C P . Conduit, J. Chem. Soc, 3273, 1959 
4. I. Dzidic, D.I. Carroll, R.N. Stillwell and E.C. Horning, J. Am. Chem., 96, 5258, 

1974 
5. G.E. Spangler and P.A. Lawless, Anal. Chem., 50, 884, 1978 
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LIMITATIONS OF NICI-GCMS FOR ANALYSIS OF BIOGENIC AMINES 
C. M. Wilhams, J . R. Crowley and M. W. Couch 

VA Hospital and Department of Radiology, University of Florida, Gainesville, Florida 

m-Synephrine, a strong pressor agent, has recently been identified in adrenal gland (1). 
This suggested a possible role for rn_-synephrine in blood pressure regulation and prompted the 
search for an analytical method for its determination. Attempts to measure m-synephrine in 
blood and urine by an EI-GCMS method capable of detecting 1-10 ng ml"^ were unsuccessful. 
For this reason we have turned to electron capture NICI-GCMS because of its reported 10-
100 fold increase in sensitivity over EI-GCMS and PICI-GCMS methods (2). 

NICI-GCMS was performed with a Hewlett-Packard 5985B. Source pressure 1.0 torr; 
emission current, 300 uA; electron energy, 240 eV. GC condition: glass column (2 mm x 1.8 
m) with 5% oy-101 on 100/120 mesh Chromosorb GHP: carrier methane; column 180° C; 
injection, 250°C; GC-MS interface, 250''C; NICI ion source, lOCC. 

The pentafluoropropionyl (PFP) derivative of m-synephrine was found to be a stable 
electron-capturing compound with relatively high yields of the structure specific anions M and 
M-HF. Major fragment ions of PFP derivatives of 8 closely related biogenic amines are listed 
in Table I. The PFP derivative of m-synephrine is separated from its positional isomers cr-
synephrine and g-synephrine. 2"Octopamine-PFP and norepineplirine-PFP have retention times 
which overlap with m-synephrine-PFP. There are no ions in the norepinephrine-PFP or p-
octopamine-PFP spectra which would interfere with the ions for detection and quantitative 

TABLE I. ELECTRON 

PFP Derivative 

o-Octopamine 
m-Octopamine 
o-Synephrine 
p-Octopamine 
Norepinephrine 
m-Synephrine 
Epinephrine 
p-Synephrine 

"CaFsCOj 

CAPTURE 

. LlM-

NEGATIVE ION 

Kovats 
Index 
1335 
1410 
1430 
1450 
1450 
1455 
1490 

- 1500 
-C2F5CO2H. 

CHEMICAL IONIZATION MASS SPECTRA 
96 Total Negative Sampl 
MW 

591 
591 
605 
591 
753 
605 
767 
605 

M-

22 
18 

3.0 
38 
33 

6.0 
23 
10 

CM-C2F5CO. 

(M-HF)-

18 
5.0 
4.0 
2.7 
6.0 

10 
1.0 
7.0 

e Ion Current 
Other m/z 

163(8)a 
163(17)8 
163(32)a 
163(9)a 
589(9)C 
163(27)8 
620(16)d 
163(40)8 

analysis of m-synephrine-PFP. Trideuterated m-synephrine was synthesized and a linear 
calibration curve was obtained over the range 0-2U pg. With two-ion monitoring and electron 
multiplier voltage 3000 the minimum detectable amount of m-synephrine was about 500 fg. 

We have confirmed Hunt's report (2) that measurement of electron capture agents must 
be carried out on small quantities of sample to avoid saturation of the negative ion signal. 
The increase in negative ion current as a function of sample concentration became nonlinear 
when the sample size exceeded 10 ng and saturation oocurred above 20 ng. This effect is of 
major importance in the quantitative analysis of compounds extracted from a biological matrix, 
since other electron-capturing compounds may be found at the same retention time as the 
unknown. g-Octopamine-PFP elutes slightly before m-synephrine-PFP. The absolute abundances 
of the M and M-HF ions of m-synephrine-PFP were reduced when 100 pg and 1 ng of g-
octopamine-PFP was coinjected, but the ratio of the two ions was constant. However with, 
coinjection of 10 ng and 100 ng of g-octopamine-PFP the character and relationship of M and 
M-HF ions of m-synephrine-PFP was markedly distorted, with assymmetry of peak shape and 
significant discrepancy between the retention times of the two ions. From these results it 
was anticipated that electron-capturing co-eluting peaks in amounts above 10 ng would 
significantly reduce the detection of ions from the desired compound. This anticipation was 
borne out by experiment. Table 2 shows the effect on the absolute abundance of the M and M-
HF ions of 100 pg of iTh-synephrine-do-PFP when coinjected with varying amounts of a mixture 
of 0-, mj and p-octopamine-d3 and o- and m-synephrine-d^-PFP. The three octopamine and 
o-synephrine derivatives elute from the GC column during the 1 minute immediately preceeding 
the appearance of m-synephrine-dp-PFP. Amounts above about 5 ng of electron capturing 
compounds eluting immediately before or simultaneously with m-synephrine were found to 
significantly reduce sensitivity and alter ion ratios. 
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TABLE D. SATURATION EFFECT ON DETECTION OF M - S Y N E P H R I N E - D Q 
m-Synephrine-do 
Amine-d3 mixture* 
Absolute abundance m/z 605 
Absolute abundance m/z 585 
Ratio of 605/585 

lOO pg 
0 

48,742 
61,958 

0.79 

100 pg 
15 ng 

30,972 (63%) 
40,532 

0.76 

100 pg 
150 ng 

1,469 (396) 
3,389 
0.43 

100 pg 
1,500 ng 

240 (0.5%) 
503 

0.48 
•3 ng each of o-, m-, g-octopamine-ds-PFP and o-, m;-synephrine-d3-PFP 

We at tempted to clean up urine by a procedure (3) using two consecutive ion-exchange 
chromatographic steps: (1) AG-50X-2 (100-200 mesh, 5 g, H+) and (2) BioRex 70 (200-400 mesh, 
5 g, NH4'''). The 70-120 ml fraction was desalted, reduced to dryness and reacted with PFP 
anhydride (100 ul, 30 min, 60°C). The PFPA was evaporated under N2, and the residue taken up 
in 500 ul of ethyl ace ta te which was washed with (1) 100 ul H2O and (2) 100 ul saturated 
NaHC03 (4). Washing the derivative was necessary to remove electron-capturing background 
(residual PFPA) which sharply reduced sensitivity for periods of time up to 1 hr. 

An internal standard containing 100 ng each of o-, m-, and p-synephrine-d3 was added 
to urine containing 10 mg creatinine and aoid hydrolyzed. ATter clean up, the dried derivatized 
residue was taken up in 500 pl of ethyl ace ta te . Figure l a shows the ion response to 100 pg 
m-syneplirine-PFP. Figure l b shows the response to 1 pl of the urine ext rac t . Figure l c 
shows that coinjection of l a and l b reduces the response to 100 pg m-synephrine-dg to 1% of 
response to 100 pg m-synephrine injected alone ( la) . This is attr ibuted to other electron-
capturing (PFP) derivatives in the urine. The majority of urine specimens examined were 

Figure 1 

V + . ^ J ^ ' ^ - ' 

-̂̂ 'X fi-/ I *»o 

fi" 100 

.J L -Y '- _J 
" ^ Y Y / 

v̂  

Figure 2 

m/2 W 100 pg nv^l/n (bi Urine (1/500) fc) Coinjection «+b 

^.-.^- Y\ i\ 

similar to Figure 1. In one urine specimen less electron-capturing impurities allowed a higher 
(15%) response to coinjected rn^synephrine-dg (Figure 2a and 2c) and 6 ng rajsynephrine-dg mg"l 
creatinine was found to be present. in the urine (Figure 2b). 

Tissue (rat adrenal) and serum (human) also contained, upon derivatization, large amounts 
of other electron-capturing compounds which reduced the sensitivity of coinjected m-synephrine. 
This reduction in sensitivity is due to depletion of electrons in the ion source available for 
sample ionization by other derivatized (PFP) compounds in the biological matrix eluting just 
before or simultaneously with the compound of interest . It was concluded that NICI-GCMS 
using a two-stage clean-up procedure and pacl<ed column GC could not be used for the 
quantitative determination of picogram levels of biogenic amines in biological tissues or fluids 
(serum, urine). It is possible that the use of capillary column GC or a more elaborate clean
up procedure may render practical the use of NICI-GCMS for this analytical application. 
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NEGATIVE ION CHEMICAL IONIZATION (OH ) 

MASS SPECTRA OF TRICHOTHECENES 

W.C. Brumley, D. Andrzejewski, P.A. Dreifuss, J.A.G. Roach, J.A. Sphon 
Dlv. of Chemistry and Physics, Food and Drug Administration, Washington, DC 20204 

Trichothecenes are a group of related sesquiterpenolds. derived from the 12,13-

epoxytrlchothec-9-ene ring system (Fig. 1). They are naturally occurring mycotoxins 

produced by several species of fungi and are divided into four structural classes. 

This report emphasizes the behavior of compounds of classes A and B under negative ion 

chemical ionization conditions using OH as the reagent ion. 

Figure 1 gives the OH spectrum (Finnigan 3300F) of verrucarol (class A). A rela

tively abundant (M-H)" ion is produced at wjz 265. An (M-H-30)" ion at m/z 235 is 

correlated with the presence of a -CH OH group in the neutral molecule. This lon 

is postulated to form from a six-membered transition state in which the -OH hydrogen 

Is transferred to the ether oxygen (position 1) with ring opening and elimination 

of CH^O. Ions corresponding to (M-H-18)"'and (M-H-30-18)" at m/ẑ  247 and 217 are 

also observed. A structurally significant fragment lon occurs at m/z M3 which we 

designate (R^+H) . We postulate cleavage across the bonds Indicated on the structure 

with a hydrogen transfer to produce an ion Indicative of the right (epoxide-

contalnlng) side of the molecule. High resolution (HR) raass measurements (ZAB-2F) 

indicate that the elemental composition of at least part of the ion current at 

m/^ 143 is consistent with this hypothesis. The m/ẑ  125 ion corresponds to loss of 

water from m/z 143 as supported by HR mass raeasurement of m/ẑ  125 and the MIKE spec

trum (ZAB-2F) o£ m/z 143. 

In OH" spectra of eight class A trichothecenes, the (M-H) ion ranges from 1.5 

to 100% relative abundance (RA). The . (R +H) ion ranges frora 0.5 to 79.0% RA. In 

compounds where CH,C00- replaces -OH, a nucleophilic displacement results In an 

abundant m/z 59 ion in the spectrum. When (CHJ^CHCH^COO- is substituted in position 

8, then m/ẑ  101 is observed as the base peak in the spectrum. 

Figure 2 gives the OH" spectrum (Finnigan 3300F) of diacetylnivalenol (class B). 

The spectrum exhibits a relatively abundant (M-H) ion Indicative of molecular 

weight. In class B compounds, a structurally significant fragment now represents 

the left (carbonyl-contalnlng) side of the molecule (Fig. 2) which has lost a proton. 

We represent this fragment as (L„-H)~ which occurs at m/ẑ  195. HR mass measurements 
B 

of a related compound (deoxynivalenol) from class B reveals an elemental coinpositlon 

consistent with this hypothesized fragmentation. Presumably, the mlz 195 ion loses 

acetic acid by rearrangement to produce m/ẑ  135 In this spectrum. Nucleophilic 

displacement is also a major process and results in mlz_ 59. 

In OH" spectra of seven class B trichothecenes, the (M-H)' lon ranges from 3.4 to 

100% RA. The (L -H)" ion ranges from 1.7 to 100% RA. Nucleophilic displacement 
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is an important process as well when CH COO- or other organic acid derivatives are 

present. The presence of the -CH^OH group is associated with observance of an 

(M-H-30)" lon. Observance of relatively abundant even mass ions in the spectra of 

many class B compounds reflects the stabilizing effect of the conjugated carbonyl 

group during negative ion formation. 

The O H " spectra of trichothecenes exhibit relatively abundant ions indicative o£ 

molecular weight and fewer fragment ions than do EI spectra. The occurrence of 

fragment Ions that raay be correlated with structure suggests that the OH spectra 

of trichothecenes may be useful for structure determinations and for confirmation 

of these compounds when present in foods and feed. As an additional note, we mention 

that chloride attachment affords spectra'with base peak (.M+Cl) , which Is Indicative 

o£ molecular weight, and essentially no fragmentation, provided at least one free 

-OH group is present in the neutral•trichothecene. 

'25 • 

Figure 1 
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f 111 

30 

20 

(R.+H)-
143 ("J 

{M-H) ' 

200 250 
D/Z 



POSITIVE AND NEGATIVE CHEMICAL IONIZATION MASS SPECTROMETRY OF N-PROTECTED AMINO ACIDS. 
GEORGE BARANY and MARK A. STEINE. -Dept. of Chemistry, Universicy of Minnesota, 
207 Pleasant Street, Ŝ E.,' Minneapolis, Minnesota _,5455. 

A major research interest of chis laboratory is the development of new N -araino pro
tecting groups for peptide synthesis. Chemical ionization mass spectrometry has proven to 
be an exceptionally valuable technique for che chdracterization of the new derivatives that 
we have synthesized. Furthermore, we needed to prepare a hrst of standard amino acid deri
vatives in order to pin down details of the fragmentation patterns. The amino acid residue 
selected was the simplest one, glycine. This choice was made so as not to complicate 
spectra with side-chain fragmentation ionsJ The Ĉ -̂carboxyl group of glycine was left 
free, or it was bound as the sale with dicyclohexylamine, or it was protected as a methyl, 
ethyl, or cere-butyl ester. We chus have a "library" of over sixty glycine derivatives, 
all purified to satisfactory analytical criteria, and representing over cwo dozen araino 
protecting groups. Anticipating the raass spectral work, to come, a conscious effort was 
made to prepare appropriate homologous series, in a way thac would highlight trends with 
a given fragmentation ion, and also resolve ambiguities of mass coincidences, 

A starting point for these investigations was the observation that in posicive ion 
cheraical ionizaCion, certain urethanes of the general structure (I) produced a so-called 
protonated carbamic acid ion (II) derived by loss of the appropriate alkene from the 
raolecular (M + 1)+ ion of che parent (I). The deteccion of (II) was particularly surprising 
because in che condensed phase at room temperature, protonated carbamic acids are known to 
lose carbon dioxide essencially inscantaneously. 

1 ' S 2 3 " f ff 3 R'-C—0-C-NH-CH--C-0-R^ HO—C—NH-CH.-C-O-R^ 
I 2 . . 2 
R 

(I) (II) (Carb)"̂  

Table I gives che structures of some amino protecting groups, listed in order of 
decreasing lability to acid, and Che amounts of each of the (M + l)"*" and the .(Carb) 
ions formed upon isobuCane chemical ionizaCion at a source temperature of 130 "C. 

NAME 

Bpoc 

Ppoc 

Boc 

Tcboc" 

IProc 

Eoc 

Mse 

Stability 
order . 

1 
1 1 ' 1 1 1 • 

Rl 

. O-Q/-
Qy -

™3 
' CClj 

H 

. ̂ "̂3 
CĤ SÔ jCĤ  

R2 

CH3 

.CH3 

CH3 

CH3 

CH3 

H 

H 

Ion (% base) 
M + l Carb 

2 77 

3 100 

25 100 

75 82 

- 100 13 

100 0 

100 0 

• The lability of chese proceccing groups Co acid in solution, correlates well with the 
ease of formation of a carbonium ion upon scission of an alkyl-oxygen bond in the urethane. 
This correlation apparently can be e.xte.nded to a discussion of the gas phase chemistry 
demonscrated in Table I. Formation of the protonated carbamic acid ion (II) was negligible 
or non-existent for all acid-stable protecting groups examined. 

Since forraation of (II) seems to Involve elimination of an alkene from (I), it was 
natural Co enquire whether this fragmentation could be arrested if the alkyl group of the 
starting urethane was one which could not be induced to form a double bond. The adaraantyl-
oxycarbonyl derivative (III) and the terc-buCyIdimechyIsllyloxycarbonyl derivative (IV) 
were synthesized in order to address this question. Both (III) and (IV) are at least as 
labile to acid in solution as is the tert-butyloxycarbonyl (Boc) group (Table I, line 3). 
(Ill) cannot form a carbonium ion or a double bond at che bridgehead, and (IV) may be 
predicted to be unlikely to form a siliconium ion or a silicon-carbon double bond. 
Gratifyingly, both (III) and (IV) gave appreciable (M + l)"*" ions (20% and 100% of base, 
respeccively), but none of the carbamic acid ion (II), 
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i^ 0-8-NH-CH,-S-0H 

(III) Adoc-Gly-OH 

l"3 ?«3 0 9 
CH,,-C Si—0-i:-NH-CH^-fc-0-C^H^ 
3 I I 2 2 5 CH., CH^ (IV) Soc-Gly-OEc 

We also looked for a protonated thiocarbamic acid ion (V) in the mass spectra of appro
priate thiourethanes (VI) and thionourethanes (VII). In solution, compounds (VI) are sub
stantially more stable than the corresponding alkoxycarbonyl derivatives (I), whereas the 
isomeric (VII) are substantially more labile. This pattern was entirely reflected in the 
mass spectra. All compounds examined gave an (M + 1)"*" ion as the base (100%). Protonated 
thiocarbamic acid ions (V) were observed, at '̂ 15%, in just two cases. These were the 
cBumc group (Via) and the iPrtc group (Vila), both at the extreme in acid-lability of the 
respective structural classes. Incidentally, the hypothetical tButc derivaCive was 
synthetically inaccessible, presumably because of its great lability to acid. 

HS—C—NH-CH, 
0 
-C-0-R3 

0 
R4_S-£-] 

HO—C—NH-CH -C-0-R3 

(V) (Thiocarb)"* 

NH-CH -C-0-R3 

(VI) • 

^ = tert-butyl (Via) tBumc 
= ethyl (VIb) Emc 

R't—O-C-NH-CH -fi-0-R3 

(VII) 

R̂  = isopropyl (Vila) iPrCc 
ethyl (Vllb) Etc 
methyl (VIIc)"Mtc 

The specificity in the formation of che protonated carbamic acid ion (II) was studied 
by examining the chemical ionizaCion mass spectrum of d„-tert-butyloxycarbonyIglycine, 
The base peak occurred at m/e.121, indicating the incorporation of exactly one deuteron 
derived from the original tert-butyl group. An intramolecular fragmencacion pattern 
appears to be involved, without any pickup of a proton from an external source. We also 
synthesized and examined d,-tert-butyloxycarbonyIglycine, containing one CH and two CD 
radicals. A 67:33 distribution of m/e 121 : ra/e 120 would be expected, on purely statistical 
grounds; the found ratio of 60:40 reflects a slight bias in favor of transfer of a proton 
from CH_ rather than a deuceron from CD-. 

Finally, che effects of variations in chemical ionization reagent gas and source 
temperature were investigated. The ratio of (M + 1) /(Carb)'*' decreased with increasing 
source temperature (two-fold in going frora 100 to 200 *'C), and with more acidic reagent 
gas (three-fold in going from isobutane to methane). When ammonia was used for chemical 
ionizaCion, the amount of raolecular ion formed was relatively the highest, but it was , 
predominantly in che form of (M + NH,)+, wich much less of both (M + 1)"*" and (M + N H ) . 

We also report, for che first time, resulcs of negative ion chemical ionization of 
N-protected amino acids. Most compounds examined gave large (M - 1)~ ions, although several 
gave appreciable M~' molecular anions. Other than readily identifiable cluster ions, a 
sraall number of characteristic fragmentation ions were detected. Most interesting among 
chese were the carbamate or thiocarbaraate anions (VIII), at two mass units lower than the 
protonated ions (II) and (V) already extensively discussed for the posicive.spectra. 

Y—C-NH-CH„ 
0 
•C-O-R3 (VIII) X,Y 0, S (Carb) or (Thiocarb) ions 

An attempt was made to correlate the appearance and quantitative extent of (VIII) with 
the known labilicy of the parent protecting groups in basic solution. The (Carb)~ ion was 
not observed for Boc-glycine, consistent with the known resistance of this tertiary alkoxy
carbonyl protecting group .to nucleophiles. However, the (Carb)" ion was prominent in the 
spectra of Bpoc and Ppoc derivatives (Table I, lines 1 and 2), calling to question this 
interpretation. A modestly successful application of che idea that negative ion gas phase 
chemistry parallels base-promoted removal of a protecting group in solution is shown 
below: rn Vl 

CH,S0.CH—CH.,-0-C-NH-R 3 2 1 ^ 2 

B ^ (IX) Mse 

p 
O-fl-NH-R 

(Carb)" 

A A - 1 

The isobutane negative chemical ionization spectrum of Msc-Gly-OEt, 
temperature 130°C, showed (M - 1) at 38%; (Carb)" at 100%, and AA -
ponding numbers for Mteoc-Gly-OEt 

measured at source 
1 at 8%. The corres-

CH SCHjCH^-O-CO-NH-CH.CO C H, were 100%, 24%, and 5%. 
The Mteoc group, with a 6-sulflde, is noc nearly as activated for che diagrammed 
^-elimination reaction as is the Mse group with the electron-withdrawing 6-sulfone. 

Acknowledgments. Supported by NIH, Research Corporation, and U of M Graduate School. 
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CHEMICAL IONIZATION WITH CF4 

M. A. Rudat 
E. I. Du Pont de Nemours & Co., Inc. 
Central Research and Development Dept. 

Wilmington, DE 

Use of CF4 as the reagent gas under positive and negative 
ion chemical ionization conditions has not been thoroughly studied 
previously, so a survey study of a wide variety of compounds was 
undertaken. In the course of this work, a number of interesting 
reactions in the CF^ plasma were found. 

The positive ion reagent spectrum consists mostly of CF3''' 
and some CFo"*"; the negative ion spectrum is primarily F~. CF3''' appears 
to react relatively slowly with most compounds, as judged by the rela
tively low sensitivity obtained and the nature of the spectra observed. 
Charge-exchange and ion-molecule addition of CF,"*" are the principle 
modes of reaction; for many compounds ionization is apparently 
followed by a rapid reaction with the first sample molecule encountered 
to yield the [M+l]"*" ion, even at the lowest sample pressures used (<1% 
of the total pressure). Some compounds, particularly aromatics, produce 
ions from reaction with CF3+ which are sufficiently stable to be 
observed. Table I summarizes the general observations made in the 
positive ion mode. 

In the negative ion mode/"ionization was primarily by electron 
capture, with some instances of F" ion-molecule reactions, particularly 
with alcohols. Therefore, in general the negative ion spectra are 
similar to those generated using other reagent gases. The results are 
summarized in Table II. 

Two types of unusual.reactions were found in these studies: 
ion-molecule reactions followed by the loss of specific identifiable 
neutral entities, and radical reactions followed by ionization. 
Toluene and xylene react with CF3'*" to produce the adduct, followed by. 
elimination of H2, HF, CH3F, and CH2F2. Methyl-group labeling shows 
these to be losses from an unrearranged ion. 

Polycyclic aromatics (such as tetracene and pentacene) apparently 
react with -F and -CF3 radicals to produce a series of ions in both the 
positive and negative ion modes corresponding tp the replacement of several 
H with F and/or CF3. The reaction behavior parallels that observed for the 
radical reactions of TCNQ with alkyl radicals (1). 

(1) C. N. McEwen and M. A. Rudat, J. Am. Chem. Soc, in press. 
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TABLE I C F j ^ C I . POSITIVE ION MODE 

[ft-n* 

AMINES 
CYCLIC ALCOHOLS 
ALDEHYDES (7) 

M*' 
AROMATICS 
soft CYCLICS 

.Ctt,n* . C«-CF,r 

KETONES AROMATICS 
AMINES 
ACIDS 
ETHERS 
ALDEHYDES 

: AMINO ACIDS 
ESTERS 

UNRESPONSIVE TO C I , 

JfflllSllfiL. 

THIOPHENE 
OCTANE 
CITRIC ACID 
AOIPAMIDE 

ALCOHOLS CM-17r 
ALCOHOLS Cm-FJ'̂  
SUBST. BENZENES [H+im* 
BENZYL CMPDS. 159* 

TABLE I I CFii C . I , NEGATIVE ION HODE 

[M-U-. tMtpr HNIISUAI UNRESPONSIVE 

ALDEHYDES 
ALCOHOLS 
ACIDS 
ESTERS 

ALCOHOLS 
ACIDS 

ALCOHOLS t n - 3 ] ' AMINES 

AOIPAMIDE 

DL-l€KTHOL 

aYCINE 
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REDUCTION OF TRINITR0AROI1ATIC COMPOUNDS IN WATER BY CHEMICAL IONIZATION MASS SPECTROMETRY 

Jehuda Yinon and Miriam Laschever 

Department of Isotope Research, The Weizmann Institute of Science, Rehovot, Israel 

During our work on the analysis of explosives in water by direct injection CI mass spectro
metry (1), we observed in the tnass spectra of the trinitroaroma;fic compounds, highly abundant 
peaks at m/z corresponding to loss of 30 mass units from the MH ion. Such ions had been 
observed previously at lower abundances^in the CI spectra of various nitroaromatic compounds 
and were ^ssumed to be due to (MH - NO) . As previous workers (2,3,4) had claimed that the 
(MH - 30) ions might be due to their initial reduction to corresponding amines, we recorded 
the CI spectra of a series of trinitroaromatic compounds w^th H^O and DgO as reagents in order 
to determine more definitively the origin of the (MH - 30) ions. Hass spectra were recorded 
with a Varian MAT CH7 mass spectrometer previously modified for CI. The investigated com
pounds included 1,3,5-trinitrobenzene (TNB), 2,4,6-trinitrotoluene (TNT), 2,4,6-trinitro-m-
cresol (TNC), 2,4,6-trinitroaniline (picramide) and 2,4,6-trinitrophenol (picric acid). 
Samples, dissolved in H.O and 0,0, were introduced through a special quartz probe (1) made to 
fit the entrance port of the solid probe. The quartz probe was heated and had a-septi^m seal 
through which samples were injected into the source. It was found that the (MH - 30) ion in 
most of these compounds was due to a reduction process: 

R - NO2 '̂ 3° [RNHj]"^ 

rather than to loss of NO from the MH ion. This was proved by using D-O as reagent, where 
the reduction process forms: 

R - NO2 °3° [RNDj]'^ •S-(MD - 28)"^ ions 

while loss of NO will form 

[MD - NO]"^ ^ (MD - 30)"^ ions. 
y y ^ 

Results indicate clearly the occurence of a strong reduction process in TNB, TNT, TNC and 
picric acid. In these compounds low abundance ions were observed at m/z corresponding to the 
loss of NO from the protonated molecular ion, indicating that this process is also occurring. 
In picramide no reduced ions were observed and therefore loss of NO is the only process invol
ved in the formation of the (MH - 30) ion in this compound. 
Figures 1 and 2 show the CI spectra of TNB in H2O and DoO respectively, illustrating the re
duction process. 
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THE ASSESSMENT OF MATRIX EFFECTS ON IDENTIFICATION 
AND QUANTITATION BY CHEMICAL IONIZATION MASS SPECTROMETRY 

G. J. Kallos, V. Caldecourt and J. C. Tou 
Analytical Laboratories, Michigan Division 

Dow Chemical U.S.A. 
Midland, Michigan 48640 

During the past decade cheinical ionization mass spectrometry (CIMS) has gained in
creasing importance in structure identification and quantitation. Although it is 
realized that the formation of the quasi-molecular ion and its fragment ions are 
mainly governed by the nature of the reactant ions, simultaneous raonitoring of these 
two types of ions are generally lacking, because of the overwhelming difference in 
their intensities. A Finnigan model 4021 quadrupole raass spectrometer has been modi
fied to rapidly switch tbe electron multiplier voltages during a scan in order to 
monitor both reactant and product ions. The circuit diagram is shown in Figure 1. 

Through this technique, several model CI reactions were studied under the influence of 
a controllable amount of the selected matrix components being introduced into the ion 
source. The methane reagent gas was introduced into the source (250°C) through an 
exponential dilution flask at a rate of 125 pg/sec (0.2 torr). Known amounts of a 
selected matrix component and a sample component were then introduced into the ion 
source through the exponential dilution flask from the GC oven and through a batch 
inlet system containing a molecular leak, respectively. In the case of a mixture, 
individual components were separated by GC. The model matrix components were still 
introduced through the batch inlet system. 

The effect of methanol on reactant ion CH^ and quasi-molecular ion of n-butyl 
benzoate (m/e 179) is shown in Figure 2. Even in typical CI conditions where the 
concentration of the reagent gas is one-thousandfold excess,.the effect of solvent on 
the product ion is obvious even when 5% of CH is depleted. 

The effect of methanol on CH_ and quasi-molecular ions of various components is GC 
analysis of mixture are shown in Figures 3 and 4. The reconstructed total ion 
chromatogram has not changed when 125 ngs/sec of methanol was added to the Cl system. 
Similarly, the depletion of the reactant ion CH^ due to the GC separated components 
are very comparable before and after the introduction of methanol, which is a technique 
reported by Munson and coworkers (1) for quantitation of GC separated components. As 
expected, the total reactant ion intensity was decreased when methanol was introduced. 
However, the intensities of the individual quasi-raolecular ions have changed noticeably. 

The effect of residual water and methanol desorbed from the solids probe on the re
actant and product ions is demonstrated in Figure 5. Although no significant changes 
were observed in the reactant ion CH^ when introduced n-butyl benzoate through the 
exponential dilution flask, drastic changes were noted when inserted a blank solids 
probe into the CI source. Water and other polar components are particularly very 
difficult to eliminate in the solids probe inlet. 

In summary, 1) The degree of the matrix effect on fragmentation pattern and quan
titation was found to be dependent on the types of tbe matrix components. 2) Extreme 
care has to be paid to the quantitation of a rainor component in a complex mixture 
especially by the solids probe technique. 3) Simultaneous monitoring of the reactant 
and product ions as the raethod developed can be utilized in the assessment of the 
effect. 

References 
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RING AND SUBSTITUENT PROTONATION OF SUBSTITUTED ANILINES AND HYDRATION 

OF THE RESULTING IONS. Y. K. LAU, K. NISHIZAWA AND P. KEBARLE, 

Chemistry Department, University of Alberta, Edmonton, Canada T6G 2G2 

The proton affinities of a number of substituted anilines were 

determined by measurement of proton transfer equilibria. Comparison 

of the proton affinities with measured core Is nitrogen photoionization 

energies shows that, m-CN, m-CF,, m-F, M-Cl, m-Br, M-I, o-NHji p-NH_ 

and m-H are protonated pn the.amino group. m-SCH,, m-OCH, and m-NH, 

are ring protonated. The proton affinities for N-protonation or ring 

protonation of m-CH,, m-C-H_ and m-OH are close. The hydration 

equilibria BH + OH, = BHOH, were measured for most of the protonated 

species discussed above. As expected, much more stable hydrates are 

observed for the N protonated species, since in these systems hydrogen 

bonding to H_0 is possible. Hydration of ring protonated species, 

whose proton affinities are only slightly lower, leads to a proton 

rearrangement so that the hydrate is protonated on the amino group. 

Isomers like m-NH, and p-NH_ aniline which are ring and nitrogen pro

tonated respectively, can be distinguished by their chemical ionization 

spectra in H^G or NH,. At a suitable temperature the NH, or H O 

adduct to the M + l ion will not be observed for the ring protonated 

species. 

A complete account of the above investigations will appear under 

the same title in the Journal of the American Chemical Society towards 

the end of 1981. 
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EESORETION CHEMICAL IONIZATION (DCl) WITH THE RIBERMAG RIO-10 QUADRUPOLE 

MASS SPECTROMETER: APPLICATION TO THE DETERMINATION OF STEREOISOMERS OF 

3-HYDHOXy STERDIDS AND DERIVATIVES. 

Pierre Teoon, Yutaka Hirano and Carl Djerassi 

Dept. of Chemistry, Stanford University, Stanford CA 94305 

INTRDDUCTION 

1) The Desorption Chemical Ionization (DCl) is a rapidly grcwing technique v*iich has 

shown its capability to bring towards mass spectral analysis thermally labile or 

non-volatile sanples. Because the desorption rate from thefilanent is ccmpetitive 

with the fragmentation , non-fragmented species (protonated nolecular ions or 

adduct ions) are present in the DCl spectra of sanples »*iich WDuld only display 

fragment ions under conventional introduction and ionization techniques. This fact 

may be of interest vAien the stereochemistry of the eliminated substituent has.to be 

determined. As an exaraple, the EI spectra of 3l^- and 3,/3-acetate-4 -cholesterol are 
2) 

identical , while their DCl spectra clearly show differences. 

RESULTS 

The following Table shows the results obtained for several pairs of epimers of 

3-hydroxy steroids and derivatives under'NH, Dd conditions. 

TABLE 

COMPOUND 

Â -3i)(-acetate cholesterol (EI) 

A -3c-acetatfi cholesterol 

/[ -3(3-acetate cholesterol 

5 H-3i>;-benzoate cholestanol 

5 H-3/!-benzoate cholestanol 

/[ -3n;-benzoate cholesterol 

A -3£-benzoate cholesteiol 
, 4 
Z) -3i'̂ -benzoate cholesterol 

A -Sl-benzoate cholesterol 

19-nor-/^ -3i';-benzoate cholesterol 

l9-nor-A -3i-benzoate cholesterol 

A -30',-benzoate andrDsten-17-one 

A -33-benzoate andr6sten-17-one 

/I -3kX-hydroxy cholesterol 

A -3?-hydroxy cholesterol 

0 

100 

•100 

100 

100 

100 

100 

7 

1 

99 

100 

100 

100 

6 

2 

P 

0 

8 

0 

20 

38 

13 

0 

9 

0 

100 

1 

37 

0 

1 

2 

0-

4 

13 

1 

1 

39 

22 

40 

18 

12 

14 

13 

12 

16 

22 

^ 1 ^ 

0 

20 

30 

27 

22 

. 6 1 

60 

100 

100 

15 

23 

3 

12 

100 

100 

2 

100 

25 

27 

20 

24 

42 

35 

21 

9 

47 

26 

27 

14 

1 

3 
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adduct ion (M«H ) 
+ 

protonated nolecular ion (MH) 

S : substitution ion (M-OR+NH,) 

E^ : elimination ion (MH-HOR) 

DISCUSSION 

The first obvious characteristic of these results is that the spectra of the C-3 

epiners are different vrfien there is a double bond at C-4 or C-5. Indeed, the intensity 

of P is higher for the 3^-oonpounds. This raay be rationalized by a stabilizing interaction 

of the protonated substituent with the neighboring double bond. Such an interaction is 

not possible for a :^-substituent, located farther from the double bond. Thus, providing 

the protonation is well oontrolled, and if there is no imnediate elimination of the 

substituent, a priori determination of the configuration is possible. 

Another important feature is the forraation of the substitution ion S by NH,, and 

this only occucs when there is a double bond in the vicinity of the substitution center. 

This is in agreeraent with previous observations , even though the present results 

suggest a twD step rather than a S^, mechanisra. Deuterated reagent gases, or high 

resolution ̂ E is neoessary to distinguish S species fran M ' species if the 

substituent is hydroxy. 

Finally, the E, ' elimination ion seans to be peculiar to our experimental 

conditions, as it is generally not observed in d studies reported on similar sanples. 

EXPERIMENTAL 

The spectra were measured with a RibemBg RlO-10 quadrupole mass spectrcmeter using 

the SADR data systera. Souroe pressure was typically 10 torr and the teivperature was 

kept below lOOC. The desorption filament was heated from 20 to 400 niA at 8 mA/s. 

A more thorough account.of this work will appear in Org. Mass Spectrom. 

Financial siipport by NIH (Grant 31-28352) and by the "Fonds National Suisse pour la 

Recherche Scientifique) is gratefiiLly acknowledged. 
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Factors Affecting Reactivity in Ammonia Chemical Ionization Hass 
Spectrometry, T. Keough and A. J. DeStefano, The Procter & Gamble Co.. Miami 
Valley Laboratories, P.O. Box 39175. Cincinnati, OH 45247. 

Ammonia cheraical ionization (NH CI) mass spectrometry has recently emerged as 
a useful technique for the qualitative analysis of a wide variety of acid-labile 
compounds. Given the analytical utility of this ionization method, we decided 
to investigate some of the molecular factors that affect reactivity in NH_CI. 
Factors selected for study include sample proton affinity, site of NH^ 
attachment, site of protonation. and substituent effects. 

To judge the extent to which proton affinity influences the formation of 
M-NHj^ adduct ions, we measured the absolute intensities of the adduct ions 
formed from equimolar quantities of several compounds with proton affinities 
less than that of NH . The results, Fig. 1, indicate an increase in 
sensitivity by a factor of -400 as the proton affinity increases from 182 
kcal/mole (MeOH 

The site of NH^"^ attachment may override the influence of sample proton 
affinity as shown by the data in Table 1. All of the compounds listed have 
been previously studied by ICR , high-pressure mass spectrometry or D_0 
CI . The series is reasonably well characterized as to the site of 
protonation CR=ring, S=substituent) with an acidic gas-phase reagent ion. We 
observe no NH,̂  attachment to benzene, toluene, or 1,2,3-trimethyl benzene, 
compounds in which the ring is the most basic site, even though the proton 
affinities increase from 184 kcal/mole to -198 kcal/mole, Benzonitrile. 
benzaldehyde, and acetophenone, all of which protonate on the substituent', 
exhibit intense M-NĤ "̂̂  .adduct ions in NH CI. Interestingly, we observe 
no adduct ion formation for either phenol or anisole. We conclude, as did 
Kebarle , that the ring is the most basic site in these gaseous molecules. 

Results obtained fcr a series of substituted anilines are summarized iri Table 
The previously determined sites of protonation (R=ring, N=nitrogen) are also 
listed. The p-isomers of toluidine, anisidine, and phenylenediamine, all of 
which N protonate, exhibit reproducibly greater quantities of M-NH^ 
(relative to MH ) than the m-isomers which are believed to ring protonate. 
Based on Kebarle's work , we expect that the hydrogen bond between NH- and 
the ring-protonated anilines would be much weaker than the hydrogen bond 
between NH- and the N-protonated anilines. However, this correlation is not 
perfect since m-and ^-chloroaniline, both of which N protonate, do not 

yield detectable quantities of the M-NHj, 
ors may also be important. 

adduct ion. Thus. kinetic fact-

The spectra of many compounds containing a good leaving group CX=halide,. 
hydroxyl, alkoxy, etc) often exhibit intense CM*NH„-HX) ions, forraed by a 
direct substitution reaction, in addition to the M-NH^ ions. For aromatic 
compounds, the extent of the substitution reaction depends not only upon the 
presence of a good leaving group but also upon substituent effects. This is 
illustrated by the data in Fig. 2 for a series of substituted benzyl alcohols. 
The compounds possessing an electron-donating substituent (p-Me, £-MeO. and 
£-0H) exhibit increased amounts of (M'NH^-H-O) ions at the expense of 
M'NH."*". 

Differences in reactivity in NH CI may often be used to differentiate 
isoraers. Isomers may be differentiated because of differences in proton 
affinities, differences in sites of NH^ attachment or protonation, or 
because of differences in the electron donating/withdrawing properties of 
substituents in the m- vs. the o - and p-positions. 
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Table 1: The correlation be
tween site of ini,+ attachment 
.and site of protonation in 
aroinatic compounds. 

Compound 

b n M M 
Tolu«n« 
1,2,3Tr! in«lhyl-

b « n u n * 
P h m l 
A n i w U 
bn ion !» r !U 
h n u l d a h y d * 
Ac«toph«oon« 

Proton 
Af f in i ty (hoo 

183.7 
190.0 

198.0 
194.6 
199.4 
194.7 
198.7 
203.1 

l /mol.) 
S!taof 

Protonoflon 

R,S 
R,S 

NH^ Affochrtwnt 

No 
No 

No 

Y M 

Y « 
Y M 

Figure 1: The variation in 
intensity of the M-WIÎ "'" adduct 
ion with sample proton affinity. 

p-OH J @ - C H 2 0 H 

V» p - M r t 

m-MoO 

- J 

Table 2: Correlation between 
the site of protonation and 
adduct ion.formation for 
substituted anilines. 

Compound Aff ln 

Anil ina 
m-Tolu!diF<« 
p-Toluidin« 
m-Anliidirw 
p-Ani i id!n* 
m- Pt>«ny l«n«d iom !n * 

m-chloreonilina 
p-chlonMnil l iM 

Ify (keol/moU) 

308.9 
211.6 
211.6 
214.0 
212.3 
221.1 

-205.9 
306.9 

Si t . of 
Protonation 

N 
R 
N 
R 
N 
R 
N 
N 
N 

M H ^ 

0.22 
0.15 
0.60 
0.00 
0.51 
0:00 
0.31 
0.00 
0.00 

Figure 2: The effect of 
electron donating ability (o) 
on the formation of (M-NII,-H-O)"*" 
In the IIU CI spectra of benzyl 
alcohols. 
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FINGERPRINTING OF NATURAL FAT SAMPLES 
(TRIGLYCERIDES) BY THE DCl TECHNIQUE; M. HOEHN 
AND U. RAPP, Varian MAT GmbH, Barkhausenstr. 2, 
D-2800 Bremen 14, W. Germany. 
E. SCHULTE, Institut fiir Lebensmittelchemie der 
Westfalischen Wilhelms-Universitat, Piusallee 7, 
D-4400 Munster/Westf., W. Germany. 

To identify and characterize a fat sample or to 
determine unaccustomed additions, the fatty acid 
pattern was hitherto' used for analysis. However, 
the more reliable way obviously is to analyze the 
triglyceride pattern itself. 
The analytical. separation of triglycerides has 
been performed moreover by GC, TLC and HPLC. All 
the methods raentioned comprise significant draw 
backs such as insufficient separation or low sen
sitivity or unadequate and indefinitive attribu
tion of components. 

The DCl technigue enables one to deduce triglyce
ride pattern of fat saraples without prior separa
tion. According to the C number and the number of 
double bonds the separation is achieved. The 
samples are introduced into the ion source of the 
mass spectroraeter by means of a special DCl 
sample rod, permitting a fast and reproducible 
total evaporation. The spectra acquired during 
the evaproation process are sumraed up to yield one 
spectrum representative of the fat saraple. 
The total sample-spectrura can be used for finger
printing of different varieties of fat. 
Examples will be presented where natural cocoa-
butter is corapared with coraraercial products 
containing besides the natural also substitute 
fats. 
Furtherraore the easy differentiation e.g. of lard 
and beef-suet will be explained. 
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Some Applications of Ammonia Chemical Ionization Mass Spectrometry, A. J. 
DeStefano and T, Keough,' The Procter & Gamble Co., Miami Valley Laboratories, 
P.O. Box 39175, Cincinnati, Ohio 452M7 

Isobutane chemical ionization (i-C H CI) has proven to be a very useful 
technique for the analysis of oxygen-containing compounds. However, we have 
encountered a number of acid-labile oxygen-containing compounds for which • 
ammonia chemical ionization (NH CI) provided complementary or additional 
structural information. We present several examples below. 

Figure 1 compares the .i-C H and NH CI spectra of the t-butyl perester of 
octanoic acid. The perester is protonated by C^H "*", but the resulting 
product is unstable and we observe only the OC(CH_)_ ion. In contrast, 
the ammonia CI spectrum shows the (M+NH^) ion as tne base peak and allows 
the molecular weight of the perester to be deterrained. 

The same result is observed in Figure 2, which compares the i-C^H,. and 
NH Cl spectra of an endoperoxide. The isobutane spectrura is dominated by 
fragments corresponding to the loss of water and HOOH from the MH ion. On 
the other hand, NH^ does not protonate the endoperoxide and the 
(M+NH^) adduct ion dominates the NH CI spectrum. 

The insertion of a double bond in the ring of the above endoperoxide results in 
an increased proton affinity and a markedly different NH CI spectrum (Figure 
3).A small MH ion is observed in addition to a large (M+NH ) ion. The 
spectrum shows substantial fragmentation, and the fragmentation pattern is 
similar to that observed in the i 

Figure 4 shows the CI spectra obtained for the acetate derivative of a compound 
. resulting frcm autoxidation of a methyl linoleate photooxidation product. The 
NH_C1 spectrum shows some MH-ion, but is dominated by the (M+NH^) ion. 
In contrast, the i-C^H,-CI spectrum contains large fragraent ions correspond
ing to losses of acetic acid, acidic acid plus water, and acetic acid plus meth
anol from the MH"^ ion. 

We have studied a number of other methyl linoleate oxidation products by 
NH CI, including secondary alcohols and hydroperoxides. In general, when com
pared to the i-butane CI spectra, the NH CI spectra show more intense ions in 
the rnolecular ion region and reduced fragmentation. However, all these com
pounds are quite thermally labile and the spectra can change rapidly as a func
tion of time. In most cases we find that the ions in the molecular ion region 
are enhanced very early in the analysis and when the direct insertion probe is 
rapidly heated. 

e 5 shows the NH CI and (CH ) NH CI spectra of a polyol con-
C,H ) blocking groups. The NH CI (and the i-butane CI) 
oniy-^the C(C^H ) "̂  ion at m/z=243. Using dimethyl amine. 

Finally, Figure 5 shows the 
taining two C(CgH ), 
spectrum shows only one 01, wn^.; 
which is considerably more Basic, as the reagent gas leads to an 
(M+(CH_)-NH_) and molecular weight information can be obtained. 

We conclude that the (M+NH^) adduct ion can provide useful molecular weight 
information for many acid-labile compounds whose proton affinities are less than 
that of NH (PA(M)<PA(NH )). If PA(M)>PA(NH ), NH^"^ addition can still 
compete favorably with protonation and provide molecular weight Information in 
some cases. If no (M+NH^) ion is observed, a more basic reagent gas might 
provide the required molecular weight information. 
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METHYL CATION TRANSFER REACTIONS 

Karl Blom and Burnaby Munson 
University of Delaware 
Newark, Delaware 19711 

The cyclic halonlum ions are well established species in eleccron ionization mass 
spectrometry and the di-alkylhalonium ions have been prepared by ion/molecule studies, 
although little work has been reported on the reactions of these ions, themselves. •'̂  
Our work shows that the dimethyIhalonium ions, iC}\-^)2^^^ ^"^ (CHo)2Br"'', react with many 
organic compounds by what appears to be a methyl cation transfer reaction to give (M + CH-,) 
ions. 

The known reactions in methyl chloride are sufficiently rapid that (CH|j)2Cl is the 
dominant species in the source of our mass spectrometer at pressures greater than about 
0.3 torr: 

CH„C1 

CH CIH + CH Cl (CH3)2C1 + HCl 

(1) 

(2) 

The reactions of the primary ions of CH-jBr with CH^Br are relatively slow. However, 
(CH2)2Br can be obtained as che major ion at high pressures of a CH,/20% CH-,Br mixture. 

CĤ "*" + CH^Br — » • CH^BrH'*' + CH, (3) 

„+ CH BrH (CH^)2Br 

4 

HBr (h) 

Reactions have been observed to give (M + CH„) 
ketones, acids, esters, nitriles, and nitro-compouni 

ions with alcohols, ethers, aldehydes, 
from both (CH )2C1 and (CH3) Br . 

Sorae apparently exothermic methyl cation transfer reactions, however, seem to occur very 
slowly, if at all: (M + CH-i) ions were not observed with benzene, 1-decene, bromobenzene, 
and butyl bromide. Endothermic methyl cation transfer reactions are not observed under our 
experimental conditions. 

The methyl cation affinity is defined in the usual way as the negative enthalpy of the 
reaction: 

M + CH. —*- MCH„ 
+ 

For a few compounds, heats of forraation data are available for the (MCH_) species from 
ionization or appearance potential measurements and methyl cation affinities can be readily 
calculated for M: 

MCA(M) = AH^(M) + AH^(CH ) AH^(MCH^ ) (5) 

In other cases, water and alcohols, amonia and primary and secondary amines, and acids, 
the methyl cation affinity can be obtained from the proton affinity of the next homolog in 
the series. That is, the methyl cation affinity of water can be obtained from the proton 
affinity of raethanol, since both involve the species, CH0OH2''". Similarly, the methyl cation 
affinity of raethanol can be obtained from the proton affinity of dimethyl ether, since they 
both involve the species, (CH3)20H^. 

MCA(HX) PA(CH X) + AH (HX) AH^(CH^X) + AH^(CH^ AH^(H"^) 

The proton affinities of other species (ethers, ketones, alkyl halides) can only be ob
tained from ion/molecule reactions — either from reaction kinetics or from equilibrium 
measurements. 

The methyl cation affinity of CH-jBr has been estimated by the bracketing technique: 
82 kcal/mole ^ MCA(CH2Br) ^ 86 kcal/raole. Preliminary experiments place MCA(CH3C1) 
between 67 and 78 kcal/mole. The order of methyl cation affinities can be readily 
established for raany corapounds frora the observed raethyl cation transfer reactions. Some 
caution raust be exercised in the interpretation of these data since some exothermic methyl 
cation transfer reactions apparently occur very slowly for reasons that are yet obscure. 

Many of the raethyl cation transfer reactions are obviously rapid, but we have no 
data yet on the absolute rate constants for any of these reactions. A few experiments 
have been done to determine relative rate constants from the technique of Reactant Ion 
Monitoring 
planned. 

and some preliminary data are reported in Table I. Additional experiraents are 

705 



Table I. Relative Rate Constants 

Compound 

Benzonitrile 
Acetone 
Cyclohexanol 
n-Butylbromide 
Cyclohexane. 

p../ ts. 

acetone 
1.6 
1.0 
0.8 
0.1 
0.0 

information for alcohols and ethers in CIMS. Methyl cation affinity data can give heats 
of formation of ions which could not be obtained previously. 

"""Beauchamp, J.; Holtz, D.; Woodgate, S.; Patt, S. J. Am. Chem. Soc, 1972, 94, 2798-2807. 
• W W 

^Hatch, F . ; Munson, B. J . Phys. Chera., 1978, 82, 2362-2369. 
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INFRAilEp TWOLASER PHOTODISSOCIATION SPECTROSCOPY 
. OF VAN DER WAALS' CLUSTERS USING MASS SPECTROMETRIC DETECTION 

Mark Hoffbauer/ Kopin Liu, W.R. Gentry, and C.F. Giese 
Chemical Dynamics Laboratory 

Department of Chemistry and Physics 
University of Minnesota 

Minneapolis, Minnesota 55455 

The infrared photodissociation dynamics of van der Waals clusters present siraple 
systems for studying intraraolecular energy transfer [ij. Typical van der Waals bonds are 
so weak that the absorption of a single CO2 laser photon will provide enough energy to 
dissociate the cluster. The unimolecular decomposition process then occurs from a rela
tively well .defined initial state in contrast to studies involving either chemical acti
vation or infrared multiphoton dissociation. The rate of unimolecular dissociation is 
determined by the.rate of intramolecular energy transfer from the excited monomer mode to 
the much lower frequency van der Waals bond vibration. 

We have used a pulsed, line-tunable CO2 TEA laser to study the photodissociation 
dynamics of the van der Waals clusters (C2H[t)2/ (C2Du)2, (C2H1,) • (C2D1,) , (0CS)2» (OCS) 3, Ar-OCS 
(CH30H)2/ and (CH3OH)3 using a unique pulsed raolecular beam apparatus which is described 
in detail elsewhere[2,3J . Briefly, a pulsed molecular beam source ('\'20 u sec fwhm) is 
operated with several atmospheres, pressure of He or Ar seeded with a small amount (typically 
0.1%-10%) of the desired monomer species. The source conditions are adjusted so as to 
maximize the concentration of. the desired clusters while keeping the concentration of 
interfering clusters low. The molecular beam pulse is collimated and crossed with the 
unfocused output of the CO2 laser, Photodissociation is detected as the laser induced 
change in the raass spectrura of the appropriate van der Waals cluster. Measureraents of 
attenuation as a-function of laser pulse energy at fixed frequency suggest that the dynaraics 
are that of a single-photon absorption followed by rapid dissociation of the clusters into 
monomer"fragraents. 

Attenuation of the molecular beam as a function of laser frequency at fixed laser 
energy yields the photodissociation spectra of the complexes. This is shown in Fig. 1 for 
(C2Hii)2 and (C2Di,)2. The peak absorption frequencies are close to those of the gas-phase 
monomers, with sraall shifts similar to those observed in liquids and solids of the sarae 
species. However, the observed linewidths are much wider than can be accounted for by 
either power broadening or rotational structure of the diraer. By using two lasers, one at 
a fixed frequency near the center of the absorption peak and the other scanning over the 
absorption peak at fixed laser energy, it is possible to deterralne that the entire line-
width of the dissociation spectra must be due to homogeneous broadening. This is 

g 1 s 
I I'l I I 

"T 
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•I 

i 

\ 
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Fig. 1 Infrared 

photodissociation 
spectra of (CaH^)2 
and (C2D^)2. 
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Fig. 2 Dissociation spectra of OCS clusters. 
The solid line is the best Lorentzian fit to 

' the single laser data (o). The dashed line is 
the solid line scaled to fit the two laser data 
(x). The fixed laser frequency is indicated by B . 
The laser energies were both ^̂ 0̂,4 J/cm . 

illustrated in Fig, 2 for clusters of OCS. Similar 
results have been obtained for (C2Ht,)2, (C2Dit)2/ (C2Hu) • 
(C2Dit) and (CH30H)2. Such broad, Lorentzian bandshapes 
are characteristic of lifetime-broadened transitions, 
implying, for example, that the lifetime of the state 
excited in (C2H^)2 is about 3x10 ̂^ seconds. 

Additional information on the dissociation process 
is provided by our measureraents of the speed and angle 
distribution of the monomer products, as shown in Fig, 3 
for the photoSissciC'iat'ion of {C2Hi|)2. From these data it 
is found that the average product translational energy is 
small, leaving most of the energy available to the pro
ducts in internal excitation. The angular distribution 
is isotropic in center of mass coordinates implying a 
dissociation lifetime longer than one rotational period 
of the excited cluster Ĉ ÎO-̂ ^ seconds for (C2Hit)2). 

In order to reconcile the two apparent lifetimes we 
conclude that the decay rate of the state prepared by the 
laser with respect to anharraonic intramolecular energy 
transfer and/or dephasing occurs on a picosecond (.3-
5x10" second) tiraescale as the dissociation spectra 
indicate. However, the actual dissociation lifetirae is 
probably several orders of raagnitude longer {io~^^-10-^° 
seconds) as the angular distribution measureraents suggest. 

(C^H^)^ 

50% DIMER 
BEAM PROFILE 

Fig. 3 Center of mass 
contour map representing 
the speed and angular dis
tribution of C2H4 from the 
photodissociation of (C2HJ.)2 
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THE MAGNITUDE OF COLLISIONAL EXCITATION OF IONS MEASURED AS A FUNCTION OF ION ENERGY, 
TYPE OF COLLISION GAS AND GAS PRESSURE. I.W.Griffiths, E.S.Mukhtar, R.E.March,* 
F.M.Harris and J.H.Beynon. Royal Society Research Unit, University College of Swansea, 
Singleton Park, Swansea SA2 8PP, U.K. 

This investigation was undertaken to obtain accurate values for the average increase 
in internal energy of ions as the result of excitation in collisions with neutral gas 
molecules. Calibration data were used from photodissociation studies in which ions are 
photoexcited using photons of known energy. IVhen the molecular ion of n-butylbenzene is 
photoexcited,^ for example, two competing reactions take place :-

and 

CipHm 

m/z 134 

4 . 
CioHm 

m/z 134 

-

. 4 

C7H7 

m/z 91 

C7Hg'"" 

m/z 92 

CsHy' 

C^H. 

which have critical energies'̂  of 2.6 eV and 1.4 eV respectively. The relative magnitudes 
o£ the peaks due to 91* and 92"*" ions are very .sensitive to the photoexcitation energy and 
thus provide an accurate.and sensitive measure of the effect of changing the ions' internal 
energy. These results,, and similar results for n-pentylbenzene molecular ions, have.been 
used in the present study to provide calibration data for ions excited in collisions with 
gas molecules. The ratios of peak heights resulting from the above competing reactions 
for.coUisionally excited ions are measured and compared with the data from photoexcitation 
studies. 

The experiraents were performed on a ZAB-2F spectrometer using a collision cell 
situated just after the intermediate'slit in the second field-free region. Gas pressures 
in the cell were not measured directly but a constant fraction (-10"̂ ) of their values 
obtained by measuring the pressure above a diffusion pump situated below the field-free 
region. Since unimolecular dissociation can contribute strongly to the QZ"*" fragment-ion 
currents, spectra acquired without collision gas were subtracted from those obtained with 
gas in the cell. The gain of the electron multiplier was adjusted to allow for any 
reduction of the raain beam of ions due to scattering. 

Helium and nitrogen collision gases, were used. The dependence of coUisional 
excitation on the translational energy of the ions was first studied using low gas 
pressures. A stronger dependence on ion energy was found for N2 than He. For 
n-butylbenzene ions, for example, the coUisional excitation increased from 2.2 to 
2.5 eV for a change in ion energy from 2 to 8 keV. For helium, it remained at about 
2.4 eV over the same translational energy range. 

A study of the effect of gas pressure was raade by working at one translational 
energy of 5 keV, Below about 5x10"^ torr gauge reading, the coUisional excitation 
was found to be independent of pressure and the same for N2 and He collision gas. The 
constant values were' 2.3 ±0.1 eV for n-butylbenzene ions and 2.6±0.1 eV for 
n-pentylbenzene. Above 10"^ torr, however, the coUisional excitation increases 
rapidly with increase in pressure. This effect may be due to either an increased 
probability of closer and thus more energetic ion-neutral particle interactions or to 
ions on average undergoing more than one collision with neutral particles in traversing 
the collision region. The results also show that, at any pressure between 10"^ and 
10"^ torr, collisions involving nitrogen molecules result in larger inputs of excitation 
energy than collisions with helium atoms. 
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A STUDY OF THE FRAGMENTATION OF METASTABLE H S+ IONS. 

M.F. Jarrold, A.J. lilies, and M.T: Bowers 
Department of Chemistry, University of California 
Santa Barbara, California 93106 

.Hydrogen sulphide molecular ions undergo unimolecular fragmentation via reaction 1 

H2S+ ^ S"̂  + ^2 .. . . ' (1) 

In addition to an abundent fragment ion in Che raass spectrum there is also an intense 
raetastable arising from the slow unimolecular reaction of H2S'*' ions with internal 
energy close to the thermochemical threshold. The existence of this metastable 
cannot be explained by statistical theories since the theoretically predicted lifetime 
is too sUort. Experiraental evidence suggests the S"*" ion arises, from the predissociation 
of H2S"'' in the first excited ^AJL electronic state [1] to produce ground state S"*" 
and H2. In the fragmentation of raetastable H2S+ the available energy is 
insufficient to rotationally excite the product H2 [2]. Thus this energy must be 
partitioned between the relative kinetic energy of the products and the rotational 
energy of the H2. Since the rotational constant for H2 is large the number of 
available rotational levels is also severly liraited and " H2 can carry away relatively 
large araounts of rotational energy for low angular momentum. 

We report here the results of a study of the metastable reaction using mass 
analyzed ion kinetic energy spectrometry (MIKES), Kinetic energy release distributions 
have been derived from the MIKES peaks. Resolved structure is evident in the release 
distributions. When the metastable reaction is assigned to the specific H2S"'' ( A]̂ ) 
vibronic levels (known from fluorescence lifetime raeasureraents to lie in the metastable 
lifetirae range), good correlation is found between the position of the structure in the 
distributions and predicted.transition energies for products in which the H2 molecule 
occupies specific rotational quantum states. An exaraple is shown in Fig. 1. The data 
indicate that substantial rotational excitation of the product is occuring. The 
average kinetic energy release in the metastable reaction was found to increase with 
ion source temperature. This is ascribed to the release of the increased rotational 
energy of the H2S''" as relative kinetic energy of the products. 

A coraparison between our data for the metastable reaction and the PIPECO data [1] 
shows that the percentage of the available energy partitioned into rotational energy 
decreases as the available energy increases. We suggest that the most likely mechanism 
for rotational excitation of. the H2 is due to the partitioning of the therraal angular 
momentum for rotation about the symraetry axis predominently into H2 rotational 
angular raomentum. The fact that a larger proportion of the'available energy is 
partitioned into kinetic energy as the energy is raised is because only the thermal 
angular momentum is available for rotational excitation of the products. 

There is at present no convincing explanation for why the reaction is slow near 
threshold. We propose that the metastable reaction occurs on a different set of 
potential surfaces than the fast reaction at energies significantly above threshold. 
Instead of undergoing predissociation frora the ^A^ state (which is not possible for 
energetic reasons close to threshold) the ion undergoes a slow transition to the 
^Bj^ ground state induced by Renner-Teller coupling and then rapidly predissociates. 
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THE UNIMOLECULAR DECOMPOSITION RATES OF ENERGY SELECTED METHYLNITRITE IONS 
3.P. Gilman, T. Hsieh and G.G. Meisels, Department of Chemistry, University of Nebraska, Lincoln, 
Nebraska 68588 

It has been recently shown that the fragmentation of the methylnitrite ion to NO (m/e 30) and CH p 
(m/e 31) occurs from non-interconverting electronic states (1) and is thus an exception to a common 
assumption made when the widely accepted statistical theory of mass spectra is applied to larger 
organic ions. We report here measurements of the fragmentation rate constant yielding the NO'*' and 
CHjC*" ions as a function of internal energy based on time-of-flight (TOF) spectra produced in our 
threshold photoelectron-coincident photoion mass spectrometer (TPE-CPI MS). 

The TPE-CPI appara tus has been described previously (2); metastable and collision-induced dissoci
ation (CID) processes were investigated using a triple sector (EBE) mass spectrometer (Kratos MS50-
TA). Both methylnitrite and deuterated methylnitrite were synthesized by dripping stoichiometric 
amounts of dilute sulfuric acid into a cold solution of sodium nitrite and methanol (CDjOD was used for 
CD3ONO). The escaping gas was passed through a concentrated solution of NaOH to remove NO2 and 
through a CaCb drying tube; it was collected at -77°C. Bulb to bulb distillation was repeated several 
t imes before the product was stored in a dry ice-acetone bath in the dark. Mass spectral, IR, and NMR 
analysis were performed to insure purity of these products. 

Decay lifetimes were obtained by fitting calculated TOF curves based on a single unimolecular 
dissociation rate constant for each product ion to the experimental curves, adjusting the rate constant 
until the best fit was obtained. An ion TOF curve for methylnitrite at 10.836 eV (Fig. I) clearly shows 
asymmetric peak broadening for CHaO"*" ion. Symmetric peak broadening also occurs corresponding to a 
kinetic energy release (KER) of 53 meV; it does not contribute significantly to asymmetric peak 
broadening observed for CH3O . Decay lifetimes from the calculated TOF curves at this energy were at 
least five times faster for NO"''formation than for CHaO"*̂  formation. Verification that mass 31 was 
CHP"*" and not HNO^ was obtained using CD P N C in which DNG intensities were not seen at energies 
up to 1 eV above the threshold of CD30^(m/e 3'() ion formation indicating that HNO^ has no significant 
intensity in the same energy region examined. The breakdown graph of CH3ONO, and the Hel PES are 
shown in Fig. 2. It can be seen that at energies where there is a significant CHsO*" relative abundance 
there is also overlap of the electronic states in the PES indicating that two electronic s tates are being 
populated in that energy region. The onset of CHaO^ is at 10.69 eV, 0.31 eV higher than the parent ion 
threshold, and the relative abundance of CH3O''"reaches about 60% at 10.87 eV. 

The ion TOF curves for C D ^ N O (Fig. 3) are very similar to those of methylnitr i te. Asymmetric 
broadening is observed for CD30^(m/e 3't) fragment and again the KER was small (70 meV). The rate 
constants for NO"*" formation were found to be at least 10 times larger than those for CD3O formation 
between 10.83 and 11.78 eV. The breakdown graph of CD30N0'''(Fig. <*) shows that the relative intensity 
of CD30'''at its maximum is 5% (at 11.00 eV). Although the breakdown graph of CDaONO has not been 
corrected for the transmission of energetic electrons through the TPE detector (see MAMOB7) this 
correction would not affect the relative abundance of CD36 by more than a few percent and does not 
account for the difference observed between the CD3O and CH3O breakdown curves. 

Theoretical and experimental evidence on most molecules indicates that near the threshold the rate 
constant of a given decomposition process rises rapidly with increasing internal energy and levels off at 
higher energies. This phenomenon is observed with the rate consant for NO''' formation from both 
CH3ONO and CD3ONO (Fig. 5) where the rate constant changes from 0.0 to > 1 .OXIO' sec ' within a few 
meV. However, the ra te constant for formation of CH3O''' formation has a value of 1 X lO^sec ^ over an 
energy range of 0.13 eV and starts to rise only slowly with internal energy (k = 2.5 X 10 'sec ' a t 
0.65 eV). In C D p N O this ra te constant is 1.0 X 10' sec ' and remains at this value over an energy range 
of 0.95 eV. Relative population changes in the syn and anti rotational isomers in CH3ONO and CD3ONO 
which rapidly interconvert at room temperature cannot be responsible for the large differences 
observed in the behavior of the rate constants because preliminary studies have indicated that there is 
no significant relative population change in these isomers on deuteration. We are currently continuing 
our investigation on methyl and deuterated methylnitrite to gain a better understanding-of these 
systems. 

This investigation was supported in part by the Department of Energy under contract #DE-AS02-
76ER0257 and the Nationail Science Foundation through the regional facility at the University of 
Nebraska. The authors also wish to express their thanks to Mr. Pradip R. Das for his assistance in 
preparing the manuscript. 
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Resonance Effects in the Angular Distributions and Branching Ratios of the 
Photoelectrons in C„H„ and C-N-

Albert C. Parr^ and D. L. Ederer 
SURF-II, National Bureau of Standards 

Washington, D.C. 2023'V 

John B. West* 
Daresbury Laboratory 

Science Research Council 
United Kingdom 

J. L. Dehmer** 
Argonne National Laboratory 
Argonne, Illinois 60439 

The angular distributions of the vibrationally resolved photoelectron spectra of 

acetylene and cyanogen have been measured over the photon energy range of 15 eV to 26 eV. 

The asymmetry parameters for the vibrationally resolved electronic states and the unresolved 

electronic bands show structure which is interpretable as shape resonance effects. This 

work will be compared to other recent work on angle resolved photoelectron spectra. The 

completed study will be published in the literature. 

Work supported in part by the Office of Naval Research, Washington, D.C. 

•Work supported in part by a NATO grant. 

**Work supported in part by the Department of Energy, Washington, D.C. 
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THE DYNAMICS OF C.H.O- DISSOCIATION 
3 o 

e. Lifshitz and E. Tzidony 

Department of Physical Chemistry 

The Hebrew University of Jerusalem, Jerusalem 91904, Israel 

Kinetic energy release distributions (KERDs) were determined from metastable peak 

shapes for the reaction. 

C2H3O -.CHJ. CD 

of the enol ion of acetone and some of its deuterium and carbon-13 labelled analogues. 

Two methyl losses are possible — one involves the original methyl of the enol ion and 

the other is made up of the original methylene and the enolic hydrogen. The KERDs were 

observed to be bimodal for both cleavages and of different shapes for the losses of the 

two methyl groups [1], The kinetic energy release for the methyl cleavage involving the 

enolic hydrogen is invariably higher than for the other methyl group. Thus, for the 

•̂̂ C-labelled ions [2] Tu values are (in meV) , 

13^ 12^ 

OH n^-

OH 

71.5 

62.2 

Kinetic energy releases for reaction (1) of the enol ion were observed to be dif

ferent from those obtained for acetone, ions with the same amount of total energy, as ob

tained [3] by PIPECO. 

Kinetic energy release distributions have been calculated for reaction (1) using 

Klots' reformulated Quasiequilibrium Theory [4] and were employed as prior expectations 

for surprisal calculations [5], A surprisal plot is shown in Figure 1; two different 

slopes are clearly observable. 

The non-statistical behavior of the enol ion system is ascribed to the formation 

of a short-lived (5^10"^^ sec) acetone ion intermediate, in which internal energy is 

not randomized. The study of the possible formation of C-jH-O"*" ions other than acetyl 

ions via reaction (1) is being pursued [6], 
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Kinetic energy distribution surprisals 

(fj is the fraction of the total available energy 
in the products which appears as translational motion) 
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FOURIER TRANSFORM MftSS SPECTROMEmY STUDIES OF GftS PHRSE CaRBftNION CHEMISTRY 

ROBERT L. WHITE, ALLISON HOWARD, S. W. STALEY AND C. L. WILKINS, Department of Chanistry, 

University of Nebraska, Lincoln, NE 68588 

Solution methods of deuterium exchange with organic ccnpounds ard subsequent mass 

spec±rcnietric analysis have been widely used for structure analysis of malecules. Mare 

recently, techniques have been developed in vfcLch deuterium is exchanged within the.mass 

spect;rcineter via chanical ionization. Using Fourier Transform Mass Spediroscopy (FTWS), 

it is possible to observe ion-nolecule reactions such as deuterium exchange in the absence 

of solvent aid counterion effects since the reaction chamber pressure is maintained in 

the 10~^ to 10~^ torr range. Ion molecule reactions can be studied by varying the time 

that the icms are allowed to react ard observing changes in the time resolved raass 

spectra of product ions. 

The results of positive and negative ion deuterium exchange reactions with D^O using 

nWS for three unsaturated hydrocarbons with similar pi-systans are given in table 1. 

Both cycloheptatriene and benzocyclopropene were found to undergo positive ion exchanges 

with the exchar^e of two deuteriums preferred (Figures 1-2). The pfeferred exchanges 

probably occur at the carbon atoms not involved in the pi-systans. No exchange vas 

observed for bicycle [6.1.0] nonatriene. This vrould indicate that the proton affinity 

of bicyclo [6.1.0] nonatriene is less than that of D^O. 

l^le 1 Deuterium Exchange Results 

POSITIVE: 
ION 

0-EXCHANGE 

NEGATIVE 
ION 

D-EXCHANGE 

CXOiOHEPTATRIEME 

o 
d i PREFERRED 

d , - d , OBSERVED 

NO EXCHANGE 

COMPOUND 

BICYdJO [ 6 . 1 . 0 ] 
NONATRIENE 

o> 
NO EXCHANGE 

d , - d ^ OBSERVED 

BEiraOCYCLOPPOPENE 

0> 
dj. PREFERRED 

d , - d ^ OBSERVED 

ANION NOT FORMED 

WITH CH3ONO 
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Negative ions were formed frcm the sample corapounds by proton abstraction from the 

neutral using methoxide anion as a reagent. The methoxide anion vras formed frcm CH,ONO 

via capture of 0.2 eV electrons ard subsequent deccmposition into CH,0 and ̂ D. The 

partial pressure of CH-,ON0 vvas kept at IxlO" torr ani electron ejection was used. 

M-l anions were formed for both cycloheptatriene ard bicyclo [6.1.0] nonatriene. No -

exchange was observed for cycloheptatriene v*iereas four deuterium exchanges could be 

seen for bicyclo [6.1.0] nonatriene. This is consistent with solution studies of 

bicyclo [6.1.0] ronatriene vdiich indicate that the negative charge on the anion is 

distributed among four sites on tJie molecule after ring opening (reaction 1). 

(1) 

•'•John E. Bartmess, Judith A. Scott, ard Robert T. ^fcIver, J r . , JACS, 101, pp .6046-6055(1979) 

^Stuart W. Staley, Gerard E. Lin)<owski, aid Marye Anne Fox, JACS, 100, pp 4818-4821(1978) 
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. FORMATION OF ETHYL AND PROPYL IONS FROM CjHjI 
I-C3H7I, and 2-C3H7I; R. BUFF*. H.M: ROSENSTOCK,' M.A. ALMOS- ' 
TER FERREIRA**, A.-C. PARR, R; STOCKBAUER, National Bureau of 
Standards, Washington, D.i;. 20234, and J.L. HOLMES, Dept. of 
Chemistry, University of Ottawa, Ottawa, Canada. 

The primary fragmentation process of the ethyl, 1-propyl and 
2-propyl iodide ions was studied by means of photoelectron-
photoion coincidence mass spectrometry. Breakdown curves'were 
measured and analyzed using the independently determined 
apparatus function and the appropriate thermal rotational and 
vibrational population distributions. The form of the break
down curves for iodpethane and .1-iodopropane was explained 
quantitatively, and zero kelvin threshold values were 
obtained, the breakdown curve for 2-iodopropane showed a 
small but definite dependence on the ion source residence 
time, and also showed a broadening. Both of these must be 
explained by slow fragmentation at threshold. The difference 
in fragmentation behavior was also examined by study of the 
unimolecular meta table transitions. The thermochemical and 
structural implications of the fragmentation threshold . 
behavior is discussed and compared to previous work. 

The partial supportof this work by the U.S. Department of 
Energy, Office of Environment, Contract No. 80EV10373.000, 
is gratefully acknowledged. 

•*Intergovernmental Personnel Act Appointee at NBS. Permanent 
address: Dept. of Physics and Astronomy, University of 
Alabama, University, AL 35486. 

**Guest Worker, University of Lisbon, Lisbon, Portugal. 
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THE FRAGMENTATION BEHAVIOR OF FORMALDEHYDE MOLECULAR CATIONS*; 

R. BOMBACH, J. DANNACHER**, J.-P. STADELMANN, AND J. •̂ OGT 

Physil^alisch-Chemisches Institut der Universitat Basel Klingelbergstrasse 80, 

CH-4056 Basel (Switzerland) 

Dedicated to Professor Edgar Heilbronner on the occasion of his sixtieth birthday. 

Outstanding experimental [1] and theoretical [2] work instigated the 
present photoelectron-photoion coincidence study on formaldehyde and it's 

dldeutero derivative. Considering the unusually detailed knowledge available 

about the thermochemistry and the properties of the reactants as well as the 

dissociation-products, coincidence experiments appeared to be the method of 

choice to answer some of the raised questions. Using our (He-Io) photo

electron photoion coincidence spectrometer we determined the breakdown 

diagrams, the kinetic energies released on fragmentation and, moreover, in 

time-resolved measurements, the average life-times of the excited CD-,0 

(A B, ;v) molecular cations. These experiments are characterized by an 

adequate mass resolution, a high ion transraission coefficient, an achieved 

photoelectron energy band width of significantly less than .1 eV, and the 

absence of autoionization phenomena. 

Photoionization measurements [1] gave evidence that the thermoneutral 

reaction X2C0*(A^B^) •*• CO'̂ Ĉ :̂'̂ } •>• X̂ C-'z *) (X = H,D} involves no activation 

energy. Employing the concept of conical intersections it was possible to 

account theorectically for this observation [2]. However, the coincidence 

experiraents yielded a substantially higher appearance energy [3] for this 

reaction which indicated that the detected activation energy free pathway is 

practically inaccessible in the absence, of autoionization. This conclusion 

was further supported by the measured kinetic energies released on fragmen

tation. Consequently it has been deraonstrated that the dissociation, behavior 

of isoenergetic cations may well depend on their origin in direct ionization 

or autoionization of superexcited Rydberg states. This example shows that 

conventional PI appearance energy (AE) data do not unambiguously prove 

that raolecular cations formed by direct ionization in an electronically 

• excited state located above this AE do dissociate into the corresponding 

reaction channel. 

Statistical theories of mass spectrometry generally assurae that any 

electronic excess energy is rapidly converted into vibrational energy of the 

electronic ground state. The energetically accessible fragmentation 

reactions then take place competitively on a single electronic surface and 

the corresponding uniraolecular rate constants can be calculated by means of 

transition state theory. According to these models the unimolecular rate 

constant for a particular dissociation process increases smoothly with 

increasing excitation energy. The slowest dissociations detectable in 

conventional mass spectrometers, which are called metastable transitions, 
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normally originate in molecular ions with relatively long life-times [several 

lis) and thus are believed to possess only little excess energy. In striking 

contrast to these expectations, the onset for the metastable transition 

CDjO* -4 CDO + D is about two eV higher than the experimental (and thermo

cheraical} threshold energy for this reaction [IJ. Since the onset of this 

meta.stable coincides with the adiabatic ionization energy of the first excited 

electronic state A B., this behavior was tentatively assigned [1] to an 

extraordinarily slow radiationless transition (A -• X), preceding the actual 

fragmentation. 

We determined the average life-times of the 00,0 (.A B.;v) molecular 

cations as a function of their vibrational energy, using a time resolved 

version of the coincidence experiment [4]. Our results revealed quantita

tively that this constitutes a rare example where the internal conversion is 

unambiguously the rate determining step of a fragmentation process-. Note, 
— . - . . ' _ 3 . • 

that ion fluorescence A -• X does not occur (!• < 10 ) [5] in agreement 
with the dipole forbidden nature of such a transition. 

To coraplete our knowledge about the fragmentation behavior of excited 

CX^O raolecular cations we measured the corresponding breakdown diagrams up 

to an ionization energy of 18 eV. This diagram consists of the breakdown 

curves for the parent and the four fragment ions XCO , CO , X,^, and 

X . Furtherraore, in raany cases the kinetic energies released were also 

measured [6] . 

*Research sponsored by the Swiss Nationalfonds, Ciba-Geigy SA, Sandoz SA and 

F.- Hoffmann-LaRoche § Co. Sa. One of us (J.D.) would like to thank the 

Schweizerischer Nationalfonds for a fellowship. This work is part C20 of 

Project No. 2.212-0.79 of the Schweizerischer Nationalfonds zur Forderung der 

wissenschaftlichen Forschung. 

**0n leave, present address: Radiation Physics Division, National Bureau of 

Standards, Washington, D.C. 20234, USA. 
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TIME RESOLVED PHOTOIONIZATION AND ELECTRON IMPACT MASS 

SPECTROMETRY IN THE MILLISECOND RANGE; THE KINETIC SHIFT IN PYRIDINE 

Chava Lifshitz 

Department of Physical Chemistry 

The Hebrew University of Jerusalem, Jerusalem 91904, Israel 

Time resolved appearance energies (appearance potentials) have been measured for 

the reaction. 

C5U5N- C^H/ + HCN • 
4 4 (1) 

in pyridine by electron impact trapped ion mass spectrometry (TIMS). Ions were trapped 

in an electron space charge for up to 3 milliseconds, following a short (1-2 usee) 

ionizing pulse. At the end of a variable delay time they were removed for mass analysis 

by a positive pulse applied to a repeller electrode. A kinetic shift of 0.8 Volts was 

obtained for a delay time change from 5 usee to 1000 usee. Figure 1 represents the de

pendence of AP(C Ĥ "̂ ) - IP(C.H N) on delay time. 

I 
CL 
< 

< 
3.0. 

2.0 

. 

!• 
O 

• 

O 

O 

_•. 

• . 

C5H5N*—^CoH^+HCN 

(Pyridine) . 

0 . 

0 _ 
u 

• 
• 

1 . • • 

. • 

1 1' 
1.0 2.0 

Delay Time , milliseconds 
3.0 

Figure 1 
Dependence of AP-IP (the difference between the 

appearance potential of C4H4"*" and the ionization potential 
of pyridine) on the delay time between ionization and repelling pulses 
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The appearance potentials are observed to level off at long delay times, the values 

ned from I/Ijov " ^^~ (filled squares) doing so moi 

I/I3OV = ̂ ^"^ (open circles) do. The long-time limit is. 

obtained from I/I30V " ^^ ' ^ (filled squares) doing so more rapidly than the ones based on 

APCC^H^") - IP(C^H^N) = 2.3±0.1'Volts I 

Independent experiments were carried out, in which the ionization energy (ionization po

tent ia l ) of pyridine was measured relative to ethane, aniline and methyl-iodide. The re

sulting value, irrespective of trapping time, is 

IP(pyridine) = 9.65+ .10 eV II 

By combining 1 and I I , one obtains the long-time limit for the appearance potential of 

C.H.* from pyridine, 

A P ( C . H / ) = 11.95±0.2 eV III 
4 4 

Eland et al. [1] have set limits of' 11.8-12.0 eV on the true threshold for C.H * 

formation, on the basis of their photoionization and PIPECO study of pyridine, Rosenstock 

et al. [2] prefer, on the basis -of variable time PIPECO, a Ô K fragmentation threshold of 

I2.15±0.02 eV. Our result, obtained at 423*'K (eqn III), is in agreement with both sets 

of data, yet the error limits are still quite large. 

Time resolved breakdown curves were obtained experimentally and calculated by the 

QET. Good agreement was obtained between the calculated and experimental crossover shifts. 

A trapped photoion mass spectrometry (TPIMS) experiment is now under construction. 

This includes VUV photoionization, a quadrupole mass spectrometer and a cylindrical ion 

trap (CIT) [3], It combines the excellent energy resolution of photoionization with the 

wide time range available to TIMS and will allow a more accurate measurement of the ki

netic shift in pyridine. 
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AUTOMATED TIME-RESOLVED ION-MOLECULE 
REACTION . STUDIES BY FOURIER ' TRANSFORM MASS 
SPECTROMETRY; ROBERT B. SPENCER, VERN BURGER, SAHBA 
GHADERI, JOHN MARRA, RICHARD HEIN, TERRY PETERSON; 
Nicolet Instrument Corporation, Madison, Wl 53711 

Fourier Transform Mass Spectrometry (FT-MS) is a technique 
well-suited to the study of ion-molecule reactions at low pressures. 
Reaction and analysis are performed in a trapped-ion cell, which can 
retain ions for a significant length of time, lon populations may be 
measured as a function of time after reaction for periods up to ca. 
one minute. Each experiment in a time-resolved study consists of a 
sequence of events in the order of: . ion formation - reaction time 
period - ion population measurement, in which the ion population 
measurement is done by FT-MS. In cases where the ion signals are 
v/eak for a single series 'of events, ensemble averaging is used to 
achieve a suitable signal-to-noise rfitio. Time resolution is achieved 
by performing a series of experiments with different reaction-time 
periods. 

As described, the study is a series of repeated, similar 
experiments. As such, it may be made a highly automatic 
procedure, provided software of the requisite power is available. 
Data presentation, in the form of relative ion population vs. time 
plots may also be automated. For this, either mass-spectrum peak 
heights or peak areas may be used, with peak areas the usual 
preference. 
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THE THERMOCHEMISTRY AND DISSOCIATION DYNAMICS OF STATE SELECTED C4HSO2* IONS: ETHYL 
ACETATE, p-DIOXANE, AND n-BUTYRIC ACID, Maria L. Fraser Monteiro, Luis Fraser Monteiro, 
JAMES J . BUTLER. Tomas Baer, Department of Chemistry, Universi ty of North Carol ina, 
Chapel H i l l , NC 27514 and J . Ronald Hass, NIEHS, Research Triangle Park, NC 27709. 

The thermochemistry and dissociat ion dynamics of state selected ethyl acetate, p-
dioxane, and n-butyr ic acid ions'were studied in the 8 to 14 eV photon energy region using 
photoion-photoelectron coincidence (PIPECO). The three C4H8O3* isomeric ions were found to 
have very d i f f e ren t fragmentation pat terns, and a l l the evidence indicates tha t the C4Ha02* 
ions do not isomerize to a conmon structure p r io r to d issoc iat ion. This is seen in Table I , 
a compilation of heats of formation at OK and 298K of fragment ions from the three isomeric 
precursor molecules obtained in our laboratory. 

Dissociat ion rates fo r the metastable dissociat ion of ethyl acetate ion to C^HeO* + HjO 
were measured in the 10.4 to 10.8 eV photon energy range and were f i t by RRKM theory. The 
resul ts o f the s t a t i s t i c a l theory predicted that ethyl acetate ion must f i r s t isomerize to a 
lower energy s t ructure p r io r to d issociat ion to CiHsO* and H2O. The lower energy s t ructure 
may be the enol form of the molecular ion ly ing 0.66 eV lower in energy than the keto form. 
Likewise the d issociat ion rates o f metastable p-dioxane ions to CaHjO + H2CO, 
CjHsO* + C2H3O, and C2H4O* + CJH4O were measured between the photon energies of 10.7 and 
11.0 eV and were f i t by RRKM theory. A good f i t to the rate data for the d issociat ion to • 
CsHsO* was obtained using the v ibrat ional frequencies of p-dioxane for both the molecular 
ion and the t rans i t i on state and an appearance energy of 10.65 eV a t OK. Kinet ic energy 
release d i s t r i bu t ions (KERDS) extracted from the symmetrically broadened Gaussian TOF peaks 
fo r CjHeO* at energies above 11.0 eV in combination with the resul ts of a mass-analyzed ion 
k ine t ic energy study o f CaHsO* from p-dioxane metastables produced small values fo r the 
average k ine t ic energy released near the onset fo r CsHeO*. From the resul ts of the k ine t i c 
energy release data, the d issociat ion of p-dioxane to CaHeO* has a neg l ig ib le reverse a c t i 
vation bar r ie r and occurs at an energy of 10.60 eV at OK, in good agreement wi th the 
predict ions of the RRKM f i t of the rate data. Furthermore, our calculated heat of fo r 
mation of 827 kJ/mol f o r CjHeO* is in good agreement wi th a theoret ica l ca lcu la t ion by 
Bouma et a l . ^ of 833 kJ/mole for the CH2-CH2-O-CH2* structure of CsHsO'̂ . This is cer ta in ly 
not an unreasonable st ructure for the CsH^O* ion from p-dioxane. 

Contrary to the resul ts of previous mass spectrometric invest igat ions^iS including 
studies that we performed on the ZAB MIKES spectrometer, n-butyr ic acid was not seen to 
dissociate to C2H4O2* at m/e 60 and C3HSO2* at m/e 73 in the microsecond time scale using 
PIPECO. Asymmetric peaks charac ter is t ic of the metastable d issociat ion of parent ion were 
not seen in the TOF d is t r ibu t ions for m/e 60 or m/e 73 at several energies a t and above 
t h e i r appearance energies. A s l i gh t amount of asymmetry in the t a i l of the m/e 60 TOF peak 
was found to be independent of the ion internal energy and co l l i s i on induced, disappearing 
wi th a lowering of the sample pressure. Breakdown curves fo r the major fragment ions from 
n-butyr ic acid were measured in the 10.3 to 14.0 eV photon energy region. Breakdown curves 
were calculated using the s t a t i s t i c a l theory wi th the measured appearance energies for 
fragment ions at m/e 60 and m/e 73. This indicates that the d issociat ion of n-butyr ic acid 
to m/e 60 and m/e 73 is consistent wi th a single precursor s.tate of the molecular ion and-
therefore contradicts the previous evidence of an isolated state in the d issoc iat ion to 
m/e 60 and m/e 73.^ F ina l l y , we note that the ac t iva t ion energy fo r d issociat ion (AE-IE) 
in n-butyr ic acid i s only 0.2 eV, fa r too small to give a metastable ion consistent w i th 
the s t a t i s t i c a l RRKM theory. The discrepancy between the mass spectrometric MIKES exper
iments and our PIPECO data i s dramatic and as yet unexplained. 
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TABLE I 

m/e 

88 

73 

71 

70 

61 

60 

58 . 

57 

45 

44 

43 

42 • 

29 

28 

i o n / n e u t r a l 

C4H8O2* • . 

UH'A* 

C4H,02^ 

C3H5 02VCH3 

CHsOaVCH, 

C4H7O* /OH 

CH^ 'O* /H2O 

C5HSO2VC2H3 

CH4O2VC2H4 

CHeO VCH2O 

CHsO VCH3O 

C jH50* /C2H30 

C2H5O VC2H3O 

C2H4OVC2H4O 

C H 3 O V C 2 H 5 O . 

CH3OVC2HSO 

C, H,-' /COOH 

" C j V •7CH2O2 

•CH,-^ /C2H3O2 . 

• C2 H / /C2 Ha O2 

C2H4* • 7C2H4O, 

p r e c u r s o r 

CH3COOC2HS 

d ioxane 

C,H,COOH 

CH3 COOC2H5 

C3H,C0OH 

C3H,C00H 

CH3CdOC2H5. 

CH3COOC2H5 . 

CaHi.COOH 

d ioxane 

d ioxane 

CH3COOC2H5 

d ioxane 

d ioxane 

CH3 COOC2 Hs 

d ioxane 

C3 H, COOH 

C3 Hi'cOOH 

• CH3COOCJH5 

• (i,H,C0OH 

C3H,C00H 

^ f 2 9 8 K ^ ' ' " ^ ' ' ™ ^ ^ ' 
i o n / n e u t r a l 

125 ± 1 

136 ± 1 

121 ± 1 

105 ± 2 / 3 4 . 0 

98 ± 1 /34.0 

154 ± 2 / — 

194 ± 2 / - 5 7 . 7 9 6 

76 ± 2/69 ± 2 

118 ± 1 /12 .5 ± .3 

198 ± 2 /026 .0 ± .2 

184 ± 2 / 3 . 5 

— / - 5 . 4 

176 ± 2 / - 5 . 4 

211 ± 2 / - 3 9 . 6 ± .1 ' 

151 / - 4 

<209 / - 4 

191 + 1/-50' ± 1 

239 / - 9 0 . 5 ± 0 .1 

219 / - 6 0 ± 1 • 

215 .3 ± 1 . 0 / - 5 7 . 7 ± 1.0 

• • — / - 1 0 3 . 3 ± 0 .1 

;SHfgi^(kca1/mole) 

i o n / n e u t r a l 

131 ± 1 

144 ± 1 

• 128 ± 1 

109 ± 2 / 3 4 . 8 

103 ± 1 /34 .8 

159 ± 2 / 9 . 2 5 

198 ± 2 / - 5 7 . 1 0 2 

80 ± 2 /70 ± 2 

. 122 ± 1 /14 .5 ± 3 

202 ± 2 / - 2 5 . 1 ± .2 

187 ± 2 / 5 . 1 

• 145 / - 4 ± 2 

180 ± 2 / - 4 

213 ± 2 / - 3 7 . 1 ± .1 

153 ± 2 / - 0 . 5 

< 2 1 0 / - 0 . 5 

195 ± 1 / -49 ± 1 

243 / - 8 8 . 9 

222 _ / - 5 8 ± 1 

218.2 ± 1 . 0 / 5 5 . 2 ± 1 . 0 

2 5 7 / - 9 9 . 9 ± 0 .1 
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THE STRUCTURES OF BROHO-CARBONIUM IONS 

John L..Holmes, F.P. Lossing and R. McFarlane, Chemistry Department, University 
of Ottawa, Ottawa, Ontario KIN 9B4 and Johan K. Terlouw, Analytical Chemistry Laboratory, 
University of Utrecht, Utrecht, The Netherlands. 

The energetics, dissociation characteristics and coUisional activation (CA) mass 

spectra of a series of bromo-carbonium ions [C H„ Br] have been studied with the aim of 

establishing their structures. The ions were generated by the dissociative ionisation of 

appropriate dibromides and bromoaIkanes. The chief conclusions from this preliminary 

survey are given below. 

1. The most stable isomeric form of (C H. )Br ions (i.e. that having the lowest heat of 

formation (AH,)) is an ion having the bromine atom attached to charge-bearing carbon 
"*" -- -I 

(e.g. the bromo-sec-butyl carbonium ion CH-CBrCH-CH,, AH, = 173 kcal mol ). Such ions 

have characteristic CA mass spectra, displaying significant losses of H' and Br', unlike 

all other isomeric C-Hp Br ions prepared in this study. Only upper limits for AH, 

could be obtained for these particular bromo-carbonium ions when derived from the 

appropriate dibromides because their AE values were equal to the IE for the compound. 

However, they could also be generated from 1-bromoalkanes. 

2. The [C2H^Br]'^ ions generated from CH,CHBr2 and CH2BrCH2Br had closely similar AH^ 

values (207 and 209 kcal mol" respectively, see also ref 1), but their CA mass spectra' 

were markedly different. The [C2H.Br] ions from the former showed significant peaks at 

m/z 92 and 28 (losses CH," and Br') while the latter had a dominant m/z 93 peak (loss CH,). 
^ 1 - B r t + 

Although these observations are compatible with the structures CHg— CH, and CH,CHBr 

respectively, the cyclic bromonium ion structure is not easily compatible with observations 

on the [C,H,Br] analogues. 

3. The ions derived by Br' loss from CH2CHBrCH2Br (i) and BrCH2CH2CH2Br (ii) had closely 

similar CA mass spectra, each dominated by HBr loss, and clearly different from those 

produced from CH2CBr2CH2 (iii) and CH,CH2CHBr2 (iv). The observed heats of formation 

were AH^(i) « 195 kcal mol'^ AH^(ii) = 201 kcal mol'^ AH^(iii) « 183 kcal mol"^ and 
AHf(iv) = 201 kcal mol' respectively, certainly indicating no special stability for the 

/Brt___^ 
putative cyclic ion CH-—CH,—CH_. 
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4. The [C^HgBr]'^ ion derived from CH3CBr2CH2CH2(v) had the lowest AH^ « 181 kcal mol'^ 

The CA mass spectra of the ions derived from BrCH2CH2CH2CH2Br and CHjCHBrCHjCHjBr were 

closely similar as were their AH, values, -î  185 and 186 kcal mol" , again raising questions 
^Br;!; 

as to the existence of a stable CH, CH, ion. 

\ / 2 
CHp — CH, 

5. The ions generated, by loss of an alkyl radical from'CH,(CH,) Br ions, n.= 5,6 and 7, 
J <; n 

had heats of formation of 173 ± 1 kcal mol' and CA mass spectra closely similar to that 
+ 

of (v). The formation of the bromo-sec-butyl cation CH^CBrCHpCH, from the 1-bromo alkanes 

requires appreciable rearrangement and further experiments to investigate this are in 

progress. The low AH, for the [C.H.Br] daughter ion certainly shows why these ions are 

2 
so prominent in the mass spectra of the alkyl bromides and are able to compete with the 

fragmentation [l-a1ky1 bromide] ->• [sec-alkyi cation] + Br". 

References 1. R.H. Staley, R.D. Wieting and J.L. Beauchamp, J. Amer. Chem. S o c , 

99, 5964 (1977). 

2. F.W. McLafferty, Anal. Chem., 34, 2 (1962). 
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QUANTITATIVE AND QUALITATIVE ANALYSIS OF INTACT CONJUGATED BILE SALTS IN HUMAN BILE USING 
RADIAL COMPRESSION HPLC, FIELD DESORPTION AND FAST ATOM BOMBARDMENT MASS SPECTROMETRY 

J.O. Whitney,1.2 S. Lewis,^ K.M. Straub,2.3,4 p.c. Walls,'' 
A.L. Bur1ingame2.3.4 gnd M.M. Tha1erl>2 

•^Dept. of Pediatrics, ^Liver Center, ^oept. of Pharmaceutical Chemistry, University of 
California, San Francisco, CA 94143 and ^Biomedical Mass Spectrometry Resource, 

University of California, Berkeley 94720 and San Francisco, CA 94143 

Bile acids occur in biological fluids in the form of highly polar taurine and glycine 
conjugates. Conventional methodology for the identification and quantitation of conju
gated bile salts includes lengthy and incomplete extraction procedures, poor chromato
graphic resolution of taurine and glycine.conjugates, and destruction of the taurine or 
glycine bond since hydrolysis, solvolysis, re-extraction and derivatization are necessary 
for analysis by GC/MS. Alternately, electron impact spectra of conjugated bile salts are 
difficult to obtain because of their high polarity and low volatility with molecular ions 
generally less than 3% of the base peak. We have developed a simple and rapid extraction 
procedure and an efficient HPLC system which, combined with field desorption (FD) and 
fast atom bombardment (FAB) mass spectrometry, permits the direct identification and quan
titation of intact conjugated bile salts in clinically relevant samples. 

Standard bile salts and duodenal bile from children with cystic fibrosis, celiac 
disease and "failure to thrive" were extracted on Sep-pak Cjs cartridges (1 x I cm) and 
quantitated at the 1-1000 pg level on an HPLC Radial Compression Separation System using 
a Cjg reversed phase cartridge (10 x 0.8 cm). Figure IA demonstrates that the eight 
commonly occurring bile salts can be completely resolved in 12 min. Chromatographic 
separation of duodenal bile (50 pl) from a child with cystic fibrosis { 2 , taurocholate, 
3 , glycocholate, 4, taurochenodeoxycholate and 5̂ , glycochenodeoxycholate), illustrating 
the characteristically large concentration of Na glycocholate associated with this 
disease, is shown in Figure IB. Individual bile salt peaks from both standard solu
tions and from human specimens were collected, re-extracted on Sep-pak C^Q cartridges 
(to remove contaminating salts) and analyzed by FD and FAB/MS on a modified Kratos/AEI . 
MS-902 mass spectrometer, interfaced to a LOGOS II data system. FU spectra were obtained 
with a combined FE/EI ion source, using conventional benzonitrile activated emitters. 
FAB spectra were obtained with a prototype (Kratos) FAB ion source, utilizing a neutral 
argon atom beam (intensity 40-60 ;jA, energy range 6-8 kV). Major ions of FD and FAB 
spectra of standard bile salts are given in the table. FD spectra of standards contain 
a major ion representing the molecular ion plus Na (M'*' + Na)''' and a doubly charged ion 
representing the molecular ion plus 2 Na (M* + 2Na)2"'". FAB spectra contain the molec
ular ion of the Na or K salts and the molecular ion plus Na. MS analysis by FAB was 
found to have the following advantages; greatly increased ion current (10-1000 times 
that observed for FD/MS), enhanced ion beam stability, and simplicity of operation. In 
addition, it is possible to recover unused sample from the insertion probe target. The 
FD and FAB spectra obtained from the glycocholate RC-HPLC peak of a child with cystic 
fibrosis are shown in Figure 2. Characteristic fragments in both spectra are the mol
ecular ion (m/z 488) and the molecular ion plus Na (m/z 510). A doubly charged ion 
(m/z 267) is present in the FD spectrum. The ion at m/z 544 indicates that the column 
fraction was contaminated with Na taurochenodeoxycholate. In addition, FD and FAB/MS 
can be used to directly identify bile salts in unchromatographed mixtures. Figure 3 
illustrates FD and FAB spectra of Sep-pak Cig extracted human duodenal bile from a 
patient with "failure to thrive". Ions resulting from Na taurocholate, glycocholate, 
taurochenodeoxycholate and glycochenodeoxycholate are present. 

Conclusion: FD and particularly FAB/MS can be used in the identification of intact 
conjugated bile salts isolated in column fractions, to determine the purity of column 
fractions and to identify the major bile salts present in human bile without the neces
sity of chromatographic fractionation. These procedures, therefore, should help clarify 
alterations in bile salt metabolism associated with hepatobiliary and intestinal 
disorders. 

Acknowledgement: This work was supported in part by NIH Grant HD-03I48 and in part 
by NIH Division of Research Resources Grant RR00719. 
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Use of GC/MS In the Identification of Abnormalities In Steroid Biosynthesis: P.V. Fennessey 
and E.R. Orr, Departments of Pediatrics and Pharmacology, School of Medicine, University of 
Colorado Health Sciences Center, Denver, Colorado 80262 

SUMMARY! 

The urinary steroid raetabolic profile of patients with suspected problems of steroid 
biosynthesis (i.e., enzyme blocks, tumors, unusual compounds) vill be presented. The 
samples have been analyzed by both classical laboratory methods and by gas chromatography/ 
mass spectrometry. The results of each analysis will be revleved in light of the suspected 
problem and the clinical results. 

INTRODUCTION: 

The application of gas chromatography/mass spectrometry as a practical clinical tool 
has been developing over the past few years. There are many reasons for the slow extension 
of this powerful technique from the chemical laboratory into actual clinical application. 
Two of the more lnqjortant of these Include the low natural abundance of the physiologically 
active steroid hormones and their similar chemical structures. The former leads to the 
need for large quantities of fluids for the quantative extraction and isolation of these 
compounds, while the latter has made their separation and identification a challenging 
chemical problem. Over the past few years tremendous progress has been made in the quanta
tive isolation of steroids from physiological sources. These advances combined with the 
commercial development of capillary gas chromatography/mass spectrometry has made possible 
the practical extension of these techniques to the study of unusual diseases of steroid 
biosynthesis. 

After appropriate consideration for rapid t u m around time and developing workable 
clinical protocols, our laboratory has actively participated in the folloving cases: 

PATIENT - A 

A 47 year old female vho had had no loiown hormone problems prior to this admission. 
At the time she experienced menapause she noticed an Increased amount of hair growth on her 
face, shoulders, breasts and extremities. In addition, she developed a receding temporal 
hairline and a filling out of her face (moon). These external developments were accompanied 
by a mild hypertension (B.P. 182/18). 

Laboratory analysis showed high normal steroid levels for ketosteroids, 17-hydroxy 
steroids, ketogenic steroids and Cortisol, but elevated levels of testosterone, androstene-
dion and dlhydroeplandrosterone. CAT scan shoved a strange mass in one lobe of the liver. 

A steroid profile revealed no unusual steroids but an increase in the concentration of 
many of the normal steroids. These data were In concert with an'adrenal tumor. Figure 1 
presents the steroid pattern before surgery and during follow-up (one month post-op). 
Additional follow-up studies (6 & 9 months) have shown a gradual Increase of the steroid 
pattern which may parallel an regrowth of the .tumor material. 

PATIENT - B 

An 18 year old female who presented in the Endocrine Clinic with a complaint of slow 
development of secondary sexual characteristics and primary amenorrhea. All laboratory 
tests on steroids shoved normal levels and revealed no detectable problem. 

The steroid profile shoved an abnormal pattern in the ratio of 5a to 5p isomers. 
This refers to the stereochemistry of the Junction at the A-B ring. A review of our own 
data on normals and of literature values reveals a problem with this patient (see Figure 2). 
We are presently looking into a possible reduction in the enzyme 5-a reductase and into a 
more detailed study of diurnal and long-term variation in the 5a/5p ratio. 

CONCLUSION: 
In addition to the usual requirement of precision and accuracy placed on a quantative 

scheme, a clinical program must have rapid t u m around and a high level of cooperation and 
trust between the clinical and laboratory staffs. We have tried to show using just tvo 
examples hov this cooperation can lead to a direcC benefit to each patient. We have also 
applied these techniques to other adrenal tumor patients and to patients vith inborn errors 
of steroid metabolism. 
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QUANTITATIVE STEROL ANALYSIS BY SELECTIVE 
ION MONITORING USING A DIRECT INSERTION PROBE 

T. A. Wittstruck* and E. Caspi 

Worcester Foundation for Experimental Biology 
Shrewsbury, MA 0154-5 

A method was needed for the deterralnation of cholesterol and desmosterol 

in the nonsaponifiable fraction (NSF)' of the brains of rats. Because of the 

number of brains to be analyzed, it was desirable that the.method be both 

rapid and accurate. Analysis by gc/ms required derivatization and elution 

times were longer than 30 rainutes, per injected sample. In contrast, direct 

insertion probe (DIP) evaporation does not require derivatization of the 

sterols, and the amounts of cholesterol and desmosterol present in a typical 

brain NSF totally evaporate from the DIP within ca. 5 minutes. 

Selective Ion Monitoring (SIM) was used to follow the evaporation pro

files. A different ion was chosen to characterize each compound. The 

intensities were measured over the duration of evaporation and the peak 

areas obtained by integration. For example, m/e 386.4. was used to charac

terize cholesterol. 

Desmosterol also exhibits a peak at m/e 386.4. Hence, in any mixture of 

these two sterols, the contribution arising from desmosterol to the measured 

intensity of the peak at m/e 386.4 must be subtracted, in order to obtain 

the peak area representing cholesterol. In order to make the corrections, 

the relative peak areas of each of the monitored ions were first determined 

for each sterol, by examining the SIM profiles of the pure compounds. Cho

lestane was then used as internal reference, and calibrations were determined 

for peak area ratio (RA) vs. compound weight ratio (RW) for various mixtures 

of cholesterol:cholestane and desraosterol:cholestane. 

A known amount of cholestane was added to each NSF, and its SIM profile 

obtained. Data (peak areas) were corrected, as described above, and the 

RA's determined for cholesterol:cholestane and desmosterol:cholestane. Using 

the calibration curves, RW's were determined for each pair, and since the 

amount of added cholestane wa's known, the weight of each sterol in the NSF 

was determined. 

Obviously, components other than cholesterol and desmosterol present in 

the NSF might contribute to the monitored peaks. Examination of the gc of a 

typical rat brain NSF showed that cholesterol and desmosterol together com

prise ca. 95-98/6 of the total. Hence, even if the other components ' contribute 

to the monitored peaks (which is not necessarily the case), neglecting their 

contribution will only lead to a small error. 

This work was supported by NIH Grant AM 12156. A Nuclide Mass Spectrom

eter, Model 12-90-G, equipped with aDACSI.2 data acquisition system, was used. 

•Present address: Nuclide Corporation, Box 135, Acton, MA 01720. 
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THE SPECTRA OF POLYPEPTIDES OBTAINED WITH 
CF-252 FISSION FRAGMENT MASS SPECTROMETRY; B.T. CHAIT, 
J. SHPUNGIN, B.F. GISIN, and F.H. FIELD, The Rockefeller Univ., 
New York, N.Y. .10021 

The positive and negative ion spectra of several polypeptides 
obtained using Cf-252 fission fragment mass spectrometry are 
presented. The compounds included in this study contained 
between three and thirty amino acid residues. The main 
features of the spectra including the major, fragmentation 
pathways are discussed. 
A portion of the fragmentation produces the types of ions 
observed previously in this laboratory! with i-butane chemi
cal Ionization. Thus the fragmentation pattern was found to 
contain substantial sequencing information data. 
We give examples of the utility of the method, e.g., we were 
asked to establish whether a synthetically produced poly
peptide antibiotic (with 20 amino acid residues) was identical 
to the natural product. We have shown that both compounds 
have the same molecular mass (M=I963) and there is a close 
identity of the meaningful and extensive fragmentation 
patterns. 

Mudgett, M.; Bowen, D.V.; Field, F.H. 
Biomed. Mass Spectrom. 1977, 4̂ , 159. 

Kindt, T.J. 
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FRAGMENTATION OF TRIMETHYLSILYLATED MONOGLUCURONIDES OF DIHYDRODIOLS FROM 
NAPHTHALENE; J. BAKKE, C. STRUBLE and V. J. Fell, Metabolism and Radiation Research 
Lab and NDSU Animal Science. Dept., State Univ. Station, Fargo, ND 58105 

Mass spectra from per-trimethylsilyl (per-TMS) derivatives of glucuronides in 
which the aglycones were dihydrodiols of naphthalene were obtained during metabolism 
studies on naphthalene and 1-naphthyl-^-methylcarbamate. The fragmentation patterns 
were different enough from other types of perTMS glucuronides that we considered they 
may be characteristic for structures related to those shown for I, II and III (Gl = 
glucuronic acid). Glucuronide I was isolated from the bile from rats dosed with 
1-naphthyl-N-methylcarbamate. Glucuronide II was isolated from the urine from rats 
dosed with naphthalene. 

(I) 

O-TMS 
0-G!(TMS)4 

(II) 

O-TMS 
0-GI(TMS)4 

OTMS 

Glucuronide III was isolated from the urine from rats dosed (injected into, the cecum) 
with ]i[-acetyl-S-(l,2-dihydro-l-hydroxy-2-naphthy1)-L-cysteine (mercapturate). The 
mercapturate used for dosing was isolated from the urine of rats dosed with naphtha
lene. The glucuronide was characterized to have the general structure shown. 

(Ill) 

O-TMS 
0-GI (TMS)4 

The mass spectra from the perTMS derivatives of these three glucuronides were 
unusual when compared to mass spectra reported for other perTMS glucuronides in three 
respects. First, an intense set of ions (most intense ions above m/z 100) appeared 
at M* - 481 and M* -482'that result from the fragmentations shown: 

O-TMS I • 
p-GI (TMS)4 

O-TMS n^ 

M - 481 

HO-GI (TMS)4 
O-TMS 1-

M - 4 8 2 
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Second was the presence in the mass spectra of an ion at m/z 553 that had an exact 
mass compatible with the structure shown: 

TMS-

H,0-TMS H,O-TMS 

m/z 553 

The hydrogen lost from the TMS glucuronic acid raoiety was shown to be from the sugar 
and not the TMS groups because the m/z 553 ion shifted to m/z 598 for the derivative 
formed with deuterated TMS reagent. 

The third characteristic of these spectra was the paucity of fragment ions above 
m/z 553. Only perTMS III gave an M - 15 ion at m/z 761. PerTMS I and II gave no 
ions above m/z 553. 

The mass spectra from perTMS derivatives of the glucuronides II and;III that 
were methylated with diazomethane (CH3TMS) had the same characteristics except that 
CH3TMS I had M+ and M+ - CH3 ions, and CH3TMS H had a M+ - CH3 ion. These ions were 
of very low intensity. 

As a comparison, glucuronide I was hydrogenated. The two perTMS glucuronides 
shown below were separated after derivatization and gas liquid chromatography. 

(IV) 

O-TMS 
P-GI (TMS)4 

(V) 

O-TMS 
0- Gl (TMS)4 

W*" - 481 and 482 ions were present in the mass spectra but they were not as 
intense as for perTMS I, and there was no ion at m/z 553. There was an ion at m/z 
539 that had an exact mass corresponding to the M - CH3 ion from penta-TMS glucuronic 
acid. This ion has not been reported before in perTMS glucuronide spectra and is the 
highest mass ion observed in the mass spectra from perTMS glucuronic acid. 
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HASS SPECTROMETRY OF GLUTATHIONE, CYSTEINE, AND MERCAPTURIC ACID CONJUGATES OF 

STYRENE OXIDE; D.J. Harvan, B. Yagen, 0. Hernandez, J.R. Hass; NIEHS, P.O. Box 12233, 

Research Triangle Park, N . C , 27709 

Conjugation of toxic chemicals and their metabolites with sulfhydryl- containing 

amino acids is important in the removal of these chemicals from the body. The investi

gation of the mass spectral properties of these conjugates with model compounds is 

necessary for an understanding of these processes. Figure 1 shows the structure of the 

compounds studied. 

A comparison of the mass spectra of styrene oxide conjugated with either glutathione, 

cysteine or mercapturic acid and ionized by different methods has been undertaken. The 

ionization techniques were; electron impact (EI) iso-butane positive ion chemical ioni- . 

zation (PCI), methane enhanced negative ion chemical ionization (MNCI), and field 

desorption (FD). The styrene oxide conjugates with mercapturic acid were separated by 

HPLC into the benzylic hydroxyl and benzylic thioether isomers. The other conjugates 

were run as mixtures. 

Several general conclusions are: 

1) The EI spectra were useless for molecular weight information and oflimited values 

for structural information, being dominated by small mass fragments. 

2) The PCI spectra gave protonated molecular ions for the less polar samples, but not 

for styrene oxide-glutathione. Methylated and N-acetylated glutathione conjugates 

gave low intensity protonated molecular ions. There was some useful structural 

information, because the fragment ions were higher mass than in the EI spectra. 

Ions were generally observed for the loss of water from the protonated molecular 

ion. Fragments were observed for cleavages on either side of the C-S-C bonds. 

3) The MNCI spectra were useful in distinguishing the benzyl -OH from benzyl-S-

conjugates of mercapturic acid. The ability to generate benzyl radicals is a 

dominant force governing the fragmentations observed in these spectra. 

4) The FD spectra gave molecular ions and protonated molecular ions in all cases. 

There were fragmentations similar to the PCI spectra. The reproducibility 

of the FD spectra was not very good. The intensity of the protonated molecular ion 

and the extent of fragmentation was variable from run - to - run. Incorporation of 

an emitter current programmer into our svstem may help solve this problem. 

737 



Figure 1 

OR I 
O 

ri 

C-Ro 

DCHCHp-S-CHgCH 
-NH-R3 

COMPOUNDS 

Styrene oxide cysteine 

S.O.- mercapturic acid 

S.O.- methyl mercapturate 

S.O.- glutathione 

S.O.- glutathione 
OMe, di Me ester 

-H 

-H 

-H 

-H 

CH3 

-OH 

-OH 

-OCH3 

-NHCHjCOjH 

-NHCH2CO2CH3 

-H 

-COCH3 

-COCH3 

-C0CH,CH,^°2'^ 
. NH2 

-C0CH,CHp'-°2''"3 
t- ^MU 

S.O. - glutathione, N-Ac 
OMe, di Me ester 

-CH, -NHCH,CO,CH, -C0CH,CH,^°2''"3 
NHCOCH, 

2^^2^-1.3 v,uoM2i.i.2 

Interchange the positions of OR, and -S for the benzylic thioethers. 
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QUEUINE. STRUCTURAL STUDIES AND DISTRIBUTION IN NATURE 

P. F. Crain, S. K. Sethi, B. P. Basile, C. S. Cheng, T. Kinoshita and J. A. McCloskey, Dept. 
of Medicinal Chemistry, Univ. of Utah, Salt Lake City,' UT 84112; and J. R. Katze, Dept. of 
Microbiology; Univ. of Tenn. Center for Health Sciences, Memphis, TN 38163. 

A compound which is present in bovine amniotic fluid in relatively large amounts 

(-̂ 2 mg/liter), and which is a substrate for tRNA:guanine transglycosylase, has been charac-
2 

terized as queuine, 1_, a hypermodified base which also occurs in transfer RNA. 

Y 

... ' . i 
During the course of mass spectrometric structural studies, trimethylsilylation using 

BSTFA + 1% TMCS and DMF (90:10) gave the expected hexasilyl product; and, in addition, sub

stantial amounts of a second component (Fig. 1) of HW 760. 

TEHKMTUW, T 

Fig.l.' Products of silylation of •tRNA:guanihe transglycosylase substrate using BSTFA/DMF 
(4' 1% OV-17, temperature programmed from 200 deg. at 10 deg./min.).: 

High resolution mass measurements indicated that the second component had structural 

similarities to the queuine moiety (Fig. 2, LKB 9000S, 70 eV). 

j" - ~ - 4 ' 
"i r 1 

Fig. 2. Mass spectra of the principal GC peaks shown in Fig. 1. 

The ion at m/z^ 379' (C,gH3.N.0Si3) .is characteristic of queuine, and the composition of 

the fragment lost in the m/z^ 760—> 517 transition was consistent with the elements of cyclo-

pentenediol-TMSg. However, a molecular ion composition could not readily be derived from the 

exact mass data, using-biochemically-reasonable heteroatoms. When additional derivatization 

studies showed that appearance of the MW 760 component specifically required both BSTFA and 

DMF, further examination of HRMS data yielded an F^-containing composition (C3QHjgNg0^SigF3, 

760.3079 fd., 760.3083 c a l c ) . Mass spectra of derivatives prepared with DMF-d, or dimethyl-
13 13 13 19 

(formamide- C) (one deuterium or one C incorporated), as well as C- and F-NMR data led 
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to the structure shown in Fig. 3 for the MW 760 component. 

OH 

OH 

NH 
I 
CHj 

HN' 

HjN'^N Y 
OTMS 

CFjC'NTMS 

DMF 
IOO' 

^ : 
OTMS 

OTMS 

N-CH=N-C0CF, 

TMSO 

N 

TMSH N-^N 

CH. DMF BSTFA 

N 
I 

TMS 

(HRMS, "C NMR. 'V NMR ) 

Fig. 3. Structure of the product formed by reaction of queuine with BSTFA/DMF. 

Preliminary GC/MS studies using selected ion monitoring have indicated occurrence of 

queuine in a variety of biological sources, including Drosophila melanogaster and human 

amniotic fluid (Fig. 4., LKB 9000S, 1% OV-17). Further studies are underway which involve 

Fig. 4. Selected ion recordings of the TWSg derivative showing presence of queuine in Droso
phila (29 ng/gm flies; 15 ng injected) and human amniotic fluid (119 ng/ml; 5 ng injected)! 

quantitative measurements of queuine in natural sources, using a labeled internal standard, 

prepared by the route shown in Fig. 5. 

OH 

OH 

D H OH 

>^^0H 

NH 
I 
CHz 

PI, DjO, Dz 

20°, 6HRS. 

HN 

HjN^N 

NH 
I 
CHz 

V 

Fig. 5. Synthesis of a deuterium-labeled internal standard for quantitative measurement of 
queuine by selected ion monitoring. 
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THE STRUCTURAL DETERMINATION OF 3-(2-CARBOXYETHYL)CYTOSINE 
FOLLOWING IN VnRO REACTION OF BETA-PROPIOLACTONE WITH CALF
THYMUS DNA: JEROME J. SOLOMON, ALVIN SEGAL, JOHN MIGNANO and 
JOHN DINO: Department of Environmental Medicine, New York 
University Medical Center, 550 First Avenue, New York, N.Y. 10016 
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SYNTHESIS AND.GC/MS OF 0'-METHYLATED NUCLEOSIDES AND DEUTERATED ANALOGS 

R.G. TEECE and K.H. SCHRAM, Department of Pharmaceutical Sciences, 
University of Arizona, Tucson, AZ 85721 

In this study 2'-O-methylated nucleosides and their 2'-0-deuteromethyl analogs were 
synthesized to be subsequently used as standards in a qualitative and quantitative GC/MS 
study of these.compounds isolated from normal and pathological urine. Reaction of adenosine 
and cytidine wich dimethyl sulfate - (CH3)2S04_or (CD3)2S04 - in alkaline medium affords a 
mixture of primarily ribose-0-methylated products.^ After the mixture was neutralized on 

HO 

HO OH 

(CH3)2S04 
or 

(CD3)2S04 

R = H, CH3 or CD3 

a Dowex 50W (H form) column the first step in separation was accomplished using a Dowex 
1-X2 anion exchange resin. Gradient elution was performed with a two reservoir solvent 
system (A and B) where B contained a bO:hO v/v of CH3OH/H2O and A contained K2O. The 
reservoirs were interfaced at their base and the solvent was directed to the Dowex column 
from reservoir A by gravity feed. The 0'-methylated derivatives that eluted from the 
column were collected in fractions, monitored by UV at 280 nm and their absorbance-
recorded on chart paper. Fractions under each peak were combined and rotoevaporated to 
dryness. The final separation and hence isolation of compounds was accomplished using 
Analtech silica gel GF, 2000 micron, preparative TLC plates or a Whatman Magnum 9 
semi-preparative silica gel HPLC column. The solvent system for both methods was 
CHCI3/CH3OH, 85:15 v/v for the former and a'gradient elution of 0% to 15% at 1%/mln. for 
the latter. Column pressure was 1800 psi and the flow rate was maintained at 6.0 ml/min. 
The combination of the above techniques has afforded a good yield of 2'-O-methyladenosine 
and 2'-0-methylcytidine 2̂  and their deuterated analogs 3̂  and h_. Reaction of 2 with 
bisulfate anion produced the uridine analog ^ in good yield. 

B=adenine; R=CH3 
B=cytosine; R=CH3 
B=adenine; R=CD3 
B=cytosine; R=CD3 
B=uracil; R=CH3 

Gas chromatography/mass spectrometry was used to confirm the identity and purity of 
the 2'-O-methyl derivatives as well as to determine isotopic incorporation of the labeled 
compounds. Trimethylsilyl derivatives of the 2'-O-methylated products and their deuterated 
analogs were formed using BSTFA in order to enhance their volatility for gas phase analysis. 
Gas chromatography was accomplished using a Varian 3700 series instrument equipped with a 
6' x ^" X 2 mm all glass coiled column packed with 3% SE-30 on Chromosorb W (HP). Injection 
port and detector temperatures v;ere held isothermally at 280''C and the column temperature 
was prograiraned from 170" to 260*'C at A^/min. The GC was interfaced to a Varian Mat 311A 
mass spectrometer via an all glass jet separator. Low resolution mass spectra were 
acquired uiider the following instrumental conditions: accelerating voltage; 3 KV; ionizing 
potential, 70 eV; ionization current, 500 ma; interface temperature, 280*0; and source 
temperature, 250°C. Resolution was adjusted to 1000. Mass spectra of underivatized samples 
taken via the direct probe were temperature programmed from 50** to hOO°C at SOC/min. 

The identity of the 2'-O-methylated nucleoside derivatives was confirmed by matching 
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t h e i r mass speccra aga in s t s t andards and/or mass spec t r a of the same repor t ed in the 
l i t e r a t u r e . 

F igures 1 & 2 - TMS d e r i v a t i v e of 2 ' -0-methyladenoslne and i t s deu te ra ted ana log . 
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THE INCORPORATION OF ^^C AND ^^N LABELED PRECURSORS 

INTO THE URIDINE NUCLEOTIDE POOL IN VITRO AND IN VIVO 

Lawrence Anderson, Anne Monks, Christine Chisena, Richard Cysyk, 

and John Strong, NCI, NIH, Bethesda, MD 

Antitumor agents have heen developed which Inhibit de novo pyrimidine synthesis. 

In theory, these antimetabolites should reduce the formation of nucleotides and eventually 

"starve" rapidly dividing cancer cells. To date, the efficacy of these drugs has been 

varied and as a result has prompted numerous investigators to examine more closely the 

de novo pathway leading to formation of pyrimid.ine nucleotides. The most commonly used 

method for studying this pathway J^ vitro involves the use of radiolabeled precursors 

Ih 
such as C-bicarbonate. At a particular point, the products are isolated and their 

specific activity determined as a measure of the flux through this pathway. The^nse of 

this method iji vivo is limited due to gross dilution of the tracer bicarbonate pools in 

the intact animal. We have developed a method to quantitate the incorporation of stable 

13 13 

precursors, such as C-blcarbonate which can be synthesized to contain 100% C thus 

offsetting the dilution effects encountered in vivo. This study presents a comparison 

of bicarbonate incorporation into the uracil derivatives of L1210 cells iri vitro as deter-

13 14 
mined using both C-bicarbonate and C-bicarbonate. Additionally we present results 

13 15 from initial studies of the incorporation of administered CO., 5- N-L-glutamlne, and 

NH Cl into the pyrimidine nucleotide pool of mouse tumors growing in situ. Incorpor

ation of the labeled precursor.*? into eicher uridine or urdci'l was measured after isolat

ing the nucleotide pool and reducing the uracil derivatives to their respective nucleo

side or base. 

13 Ih 

To test the applicability of the method, the incorporation of C and C was comp

ared in H210 cells in vitro. Total uridine was quantitated in an aliquot of each sample 

14 
by an HPLC analysis, and the uridine peak was collected and counted to determine the C 

13 enrichment. The remainder of the sample was used to measure the C enrichment of the 

uridine by the technique of selected ion monitoring (SIM). Uridine was analyzed by GC-MS 

as its permethylated derivative, formed by addition of DMSO, t-butoxide, and CH I. 



+ 13 + 
The ion fragments (C H N 0 ) and ( ^̂ t̂̂ q'̂ o'̂ o) containing the base moity at ra/z 169 

13 
and m/z 170, respectively, were used to determine the 'C incorporation into the 

13 
molecule. Figure 1 shows the incorporation of C derived from bicarbonate into 

uridine and compares the re.sults obtailned by hoth the radiolabeled and stable labeled 

techniques. 

Incorporation of C0„, NH Cl, and 5- N-L-glutamine into the"uracil moity of the 

nucleotide pool was determined by.SIM after administration of these labeled precursors 

to mice. Uracil was analyzed as it di-heptyl derivative formed by addition of n-C-H I, 

(CH ) NOH, and acetone. Ion fragments at ra/z 291 and m./z 292 were chosen to quantitate 

13 15 
the C and N enrichment in the uracil molecule. These ions represent loss of (OH) 

18 
from the molecular .ion as confirmed by synthesizing uracil containing an 0 atom in the 

4 position of tlie ring. Table 1 shows the reproducibility of this analysis and table 2 

gives the results of preliminary studies where labeled prec.irsors of the de novo pyrimidine 

pathway were administered to mice in vivo. 

The results of these studies have demonstrated the applicability of stable lableled 

precursors in combination with electron impact mass spectrometry and technique of SIM for 

monitoring their incorporation into the pyrimidine nucleotide pool i_n vitro and ijî  vivo. 

The raethods described have the required sensitivity and reliability to measure the 

13 15 
enrichment of uracil by C and N precursors at biologically significant levels. 
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INCORPORATION OF 4-AMINO-5-HYDROXYMETHYLPYRIMIDINE INTO 
THIAMINE BY MICROORGANISMS 

Robert H. White 
Department of Biocheraistry and Nutrition 

Virginia Polytechnic Institute and State University 
Blacksburg, Virginia 2A061 

The pathway for the biosynthesis of the pyrimidine moiety of thiamine (4-amino-5-
hydroxymethyl-2-methylpyrimidine) has yet to be established. Early studies on the incorpor
ation of radioactive precursors into the .yrimidlne moiety of thiamine clearly showed that 
this pyrimidine was formed by a pathway different from those by which other pyrimidines are 
made. Further work has shown, that 5-aminoimidazole ribonucleotide, an intermediate in 
purine metabolism, is also an intermediate in the biosynthesis of this pyrimidine ,̂ . 
The problem of 4-amino-5-hydroxyinethyl-2-methylpyrimidine biosynthesis then is one of under
standing how the methyl group is formed at C-2 of the pyrimidine and how the 2-carbon unit 
is inserted into the imidazole ring. One possible pathway would be to ring-expand the 
imidazole to a pyrimidine and have the methyl group introduced as a last step. If this 
pathway were correct then 4-amino-5-hydroxymethylpyrimidine could possibly function as a 
precursor. This relationship was easily tested by growing organisms with 4-amino-5-hydroxy-
dideuteromethylpyrimidine and testing for its conversion into the pyrimidine of thiamine by 
gas chromatographic-mass spectrometric analysis of deuterium incorporation into A-amino-5-
ethylthioraethyl-2-methylpyrimidine, a product of the cleavage of thiamine with ethanethiol^. 
When this was done for the thiamine produced by the organisms shown in Table 1, no indica
tion of thiamine containing a deuterated 4-amino-2-methyl-5-pyrimidylmethyl moiety was 
found. However, 4-amino-5-ethylthiomethylpyrimidine was clearly present indicating that the 
demethylated pyrimidine was being incorporated directly into the thiamine. 

TABLE 1 

Incorporation of deuterated 4-amino-5-hydroxymethylpyrimidine 
into thiamine by microorganisms 

organism/strain 

adenine 4-araino-5-hydroxymethyl-
fed pyrimidine fed 

(VJg/ml) (ng/ral) 

ratio cotal 
deme thyIthiamine thiamine 

thiamine Pg/s w^t wt 

1. 
2. 

3. 
4. 
5. 
6. 

7. 
8. 

9. 
0. 

E. 
E. 

E. 
E. 
E. 
E. 

B. 
B. 

S. 
S. 

coli ia2 
coll i a 2 

coli B 
coli B 
coli B 
coli B 

subtilis 
subtilis 

pur I 
wt 

cerevisiae 
cerevisiae 

0.1 
0.2 

0.0 
0.1 
0.2 
0.4 

0.0 
0.3 

0.0 
0.3 

50 
50 

50 
50 
50 
50 

50 
50 

50 
50 

> 55.0 
0.88 

0.14 
0.50 
0.93 
1.42 

2.20 
4.80 

1.71 
1.49 

4.7 
2.8 

1.1 

0.69 

0.80 
0.53 

0.60 
1.31 

In order Co prove conclusively that this pyrimidine had been incorporated into che 
thiamine, Che thiamine was isolated, dephosphorylated, and oxidized to the chlochrome. 
The resulting thiochrome and demeChylthiochrome were then separated by tic and quantified 
by their fluorescence and deuterium content. The results of chese deCerminations clearly 
showed that the demethylated pyrimidine was readily incorporated into thiamine without the 
mechyl group. 
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That this demethylated thiamine was in fact functioning as a thiamine coenzyme in the 
cells was confirraed by work on the E. coll K12 purl mutant. This mutant requires both the 
pyrimidine raoiety of thiamine and a purine for growth due to its lack of phosphoribosy-
laminoiraidazole synthetase. As can be seen in Table 1, only the demethylated thiamine was 
found in these cells when they were grown with 4-amino-5-hydroxymethylpyrimidine. Addition 
of this compound at levels of 0.5 ug to 100 ug/ml gave log phase growth rates the same as 
those for wild-type Ê . coli K12 or for the mutant when grown with thiamine. 

The data in Table 1" also establish that, at least in E. coli and in B̂. subtilis, a 
connection exists between purine metabolism and the biosynthesis of the pyrimidine moiety 
of thiamine. Increasing the amount of adenine added to che medium results in an increased 
amount of the 4-amino-5-hydroxymethyrpyrimidine incorporated into the thiamine. Adenine, a 
feedback inhibitor, inhibits the production of 5-aminoimidazole ribonucleotide which occurs 
a t the branch poinc. for che pyrimidine biosynthesis. The cell simply makes up for the loss 
in the production of the methylated pyrimidine by using the demethylated pyrimidine. This 
argument is in agreement with the well-established inhibition of purine biosynthesis in 
these organisms by adenine. 

Purine biosynthesis in yeasts is also inhibited.by,adenine, however, the data in Table 
1 shows no increased- incorporation of .4-amino-5-hydroxymethylpyrimidine into thiamine on 
the addition of adenine to the growth medium. This is consistent with the biosynthesis of 
the pyrimidine moiety of thiamine in yeast not originating from aminoimidazole ribonucleo
tide and supports the idea that.yeasts biosynthesize the pyrimidine in a different manner. 
This is also consistent with incorporation studies which showed formate to be incorporated 
into the C-4 of the pyrimidine in. yeasts, whereas it is incorporated at C-2 in K.. coli. 

REFERENCES 
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ALKYLATION REACTIONS OF GUANOSINE 5'-MONOPHOSPHATE 
BY PHOSPHORAMIDE MUSTARD 

V. T. Vu, C. C. Fense lau and O. M. Colvin 
T h e J o h n s Hoplclns Univers i ty School of Medicine 

Bal t imore, Maryland 21205 

Cyclophosphamide i s one of t h e most impor tant d rugs in c a n c e r 
chemothe rapy . I t s t h e r a p e u t i c effect r e q u i r e s b io t r ans fo rma t ion t o t h e 
a c t i v e me tabo l i t e , phosphoramide mus ta rd . It i s be l ieved t h a t t h e 
i n t e r a c t i o n of phosphoramide mus ta rd wi th ce l lu l a r n u c l e i c a c id s i s 
r e s p o n s i b l e for t h e cytotoxic effect of cyc lophosphamide . T h u s , it i s 
impor tan t to e l u c i d a t e t h e primary molecular modif icat ion involved in 
t h i s i n t e r a c t i o n . While c r o s s - l i n k i n g of DNA h a s been r e p o r t e d , no 
a t t e m p t s were made to ident i fy t h e s i t e s of a lky la t ion and t h e n a t u r e 

' of t h e s u b s t i t u e n t s ( l ) . Recent ly , g u a n o s i n e / deoHyguanos ine -
phosphoramlde mus ta rd adduc t s a t t h e 7 pos i t ion were iden t i f i ed by FD 
mass spectrometry(2>. T h e s e f indings prompted us to r epo r t our s t u d i e s 
of t h e a lky la t i on r e a c t i o n s o phosphoramide mus ta rd a t t h e n u c l e o t i d e 
l eve l . 

Guanos ine 5*—monophosphate was r e a c t e d v«rith phosphoramide m u s t a r d 
in aqueous so lu t i on at pH 4.S and at 37 . T h r e e p roduc t s , t«tfo monomers ' 
and a cross—linked dimer, vrere i so l a t ed and purif ied by r e v e r s e p h a s e 
HPLC. T h e s t r u c t u r e s of t h e s e a lky la ted nuc l eo t i de a d d u c t s were 
c h a r a c t e r i z e d by FAB mass spec t romet ry as N— |_ 2—(N-7 g u a n o s i n e 
5 ' -monophospha te ) e thyly phosphorodiamidic acid <Figures 1 and 2>, 
.2 -ch loro ,2 ' -CN-7 g u a n o s i n e 5 ' -monophospha t e ) d i e thy l amine (Figure 3), 
and N ,N-b i s Q2-(N-7 guanos ine S ' -monophospha te ) e thy l l phosphorod iamid ic 
acid (Figure 4). T h e pos i t i ons of a lky la t ion on t h e n u c l e o t i d e of a l l 
t h r e e compounds v/ere confirmed by UV s p e c t r o p h o t o m e t r y to be 
7—substituted g u a n o s i n e 5 ' -monophospha t e . 

We conc lude t h a t phosphoramide mus t a rd can modify n u c l e i c ac ids by 
monofunct iona l a t t a c h m e n t and by forming c r o s s - l i n k s t h r o u g h g u a n i n e 
moie t i e s a t t h e 7 pos i t ion . T h e s e r e a c t i o n s could be r e s p o n s i b l e for 
i t s cy to tox ic i ty in vivo. 

1. y. A. Surya , J . M. Rosenfeld, and B. L. Hil lcoat , Cancer T r e a t . Rep. 
62, 23(19£8>. 
2. J . R. Mehta, M. Przybylski , and D. B. Ludlum, Cancer Res. 40, 
4183(1900). 
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A NOVEL NUCLEOPHILIC AROMATIC SUBSTITUTION OF AN ACYLOXY 
GROUP AT 06 OF DEOXYGUANOSINE: JEROME J. SOLOMON, ALVIN SEGAL, 
BENJAMIN L. VAN DUUREN AND URSZULA MATE; Lab. Org. Chem. and 
Carcinogenesis, Inst, of Env. Med., New York Univ. Med. Center, 
New York, N.Y. 10016. 

Dimethylcarbamyl chloride (DMCC) is 
the mouse via skin painting and subcutane 
rat following inhalation.' We have examin 
direct-acting acylating agent with 2'-deo 
to in vitro reaction with calf thymus DNA 
at T7°C and pH 7.0-7.5 to produce a blue 
derivative, 2-amino-6-dimethylcarbamyloxy 
pentafuranosyl)purine (DMCC-dGuO). This 
by its UV, NMR and EI and isobutane CI ma 
undergoes a novel nucleophilic aromatic s 
dimethylamine to form a C-6 dimethylamino 
dimethylamino-9-(2-deoxy-B-D-erythro-pent 
Source insertion isobutane chemical ioniz 
was required to prevent the thermal decar 
derivative to the C-6 adduct and confirm 
reaction.. The importance of 06-acylation 
of the correlation between O^-alkylation 
mutagenesis and carcinogenesis will be di 

a potent carcinogen in 
ous injection and in the 
ed the reaction of this 
xyguanosine (dGuOJ prior 
. DMCC reacts with dGuO 
fluorescent 0°-acyl 
-9-C2-deoxy-B-D-erythro-
adduct was characterized 
ss spectra. DMCC-dGuO 
ubstitution with 
derivative, 2-amino-6-

ofuranosyl^purine. 
ation mass spectrometry 
boxylation of the 06-acyl 
this novel displacement 
of guanosine in light 

of guanosine in DNA and 
scussed. 
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PRODUCTS OF THE REACTION OF BLEOMYCIN WITH DNA 

L. Giloni, C. R. Iden-and A. P. Grollman 

Department of Pharmacological Sciences 
.SUNY at Stony Brook 

Stony Brook, N.Y. 1179^ 

The bleomycins are a family of glycopeptides with antineoplastic activity that bind 
to DNA causing strand scission. In a reaction requiring.oxygen and Fe(II), single and 
•double stranded breaks occur preferentially at-guanine-pyrlmidine base sequences. » 
The products of the reaction include free bases, oligonucleotides modified at the 3'-
termini, and several compounds that form chromophores with thiobarbituric acid (TBA). 

Discussion 
A standard reaction mixture contained 50mM potassium phosphate buffer, pH 7.2, 

230iiM calf thymus or HeLa cell DNA, 230pM bleomycin, and 230yM Fe(NH4)2 (S0z,)2 • The 
reaction was initiated .by the addition of the ferrous salt, and the mixture was 
incubated in an ice bath for 30 minutes. 

Eight low molecular weight compounds were isolated from the bleomycin-DNA digest by 
thin layer chromatography on silica gel (Fig. 1). Each compound absorbed in the UV 
region, and four formed chromophores with TBA, having maxlmuai absorption at 532 nm. 
Four of the compounds were identified as thymine, adenine, guanine, and cytosine based 
on migration relative to standard compounds in three thin layer chromatographic systems. 

The four unidentified compounds labelled 1,3,4, and 5 were hydrolyzed with 88% 
formic acid under conditions that produce minimal destruction of bases. After evaporating 
to dryness, trimethylsilyl (TMS) derivatives were prepared, .and products were analyzed 
by GC/MS. Again the bases, thymine, adenine, guanine, and cytosine were identified; 
one base being the hydrolysis product of each of the unknown compounds. The molar 
ratioes of base:unknown were determined for compounds 1 and 3 and found to be 1.01 
and 1.04 respec t ively. 

Compounds 1 and 3 were reduced with sodium borohydride and the TMS derivatives were 
prepared. High resolution accurate mass measurement showed that compound 3 was 
Ci4H2^N^0Si2 Analysis.of the high resolution mass spectrum (Fig. 2), ̂H NMR spectrum, 
and synthesis of a standard by an unambiguous route have served to identify the original 
reaction product as 3-(adenin-9'-yl)propenal. In an identical manner compound 1 was 
identified as 3-(thymin-l'-yl)propenal (Fig. 3). We conclude that the four unknown 
reaction products have the common structure: Base-CH=CH-CHO. 

Residual oligonucleotides have a free phosphate ester at the 5'-termini and a 
modified 3'-termini. The chemical nature of the 3'-end was determined by post-treating 
oligonucleotides from the standard reaction mix with (a) venom 5'-exonuclease followed 
by alkaline phosphatase, (b) alkaline phosphatase followed by spleen 3'-exonuclease, or 
(c) 6 N HCl for 2 hr at 100̂ *0 followed by alkaline phosphatase. Products of these 
reactions were resolved by thin layer chromatography and paper electrophoresis. After 
elution from paper,- the TMS derivatives were made and'analysed by GC/MS. Glycolic acid 
was identified as a product of each of the reactions (Fig. 4). Glycolic acid was not 
found when bleomycin was.omitted from the original reaction mixture. An additional pro
duct from step (c) was identified as levulinic acid; however, this is a secondary product 
of the hydrolysis and was found when bleomycin was omitted from the reaction mixture. 

Conclusions 
Four new products of the reaction of bleomycin with DNA have been isolated, two of 

which have been identified. The products have a coramon structure: Base-CH=CH-CHO. 
Oligonucleotides, produced by bleomycin induced strand scission, were found to contain 
glycolic acid residues esterified through the hydroxyl group to the 3' phosphate termini. 
These observations are consistent with a reaction initiated by free radical abstraction of 
the C4' proton of deoxyribose, leading to oxidative cleavage of the C3'-C4' bond. 
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MICRO STRUCTURE DETERMINATION OF LEPIDOPTERAN SEX PHEROMONES USING GC-MS 

Ryohei Yamaoka{Lab. of Biochemistry, Kyoto Technical Un iv . ) , Tamio Ueno and Hiroshi Fukami 

(Pesticide Research Ins t . Kyoto Un iv . ) , 506 Kyoto Japan 

Sex pheromones secreted by v i rg ine females of moths are highly potent v o l a t i l e chemicals 

which a t t r ac t males of the same species in extremely d i lu te concentrat ion. But in i so la t i on 

and structure determination of the compounds we are confronted with sevaral d i f f i c u l t i e s 

owing to t he i r extremely scant presence in natural sources. However t he i r spec i f i c b i log ica l 

a c t i v i t y has a t t rac ted organic chemists to determine the i r chemical s t ruc tures. At present, 

the structures are known in many lepidopteran species and in most cases the structures are 

composed of carbon chain ( C T Q - C - , ) containing several (1-3) C=C bonds in addi t ion to hydroxy, 

es ter , epoxide, ketone or aldehyde as the funct ional group. 

The cruxes in the structure elucidat ions are regarded to be (1):determinat iqn of the C=C 

bond posit ions and (2):determination of geometries of the C=C bonds by micro analysis ih sub

microgram order. Previously employed techniques fo r other sex pheromones were of l i m i t t e d 

value, because geometries of the C=C bonds could not be determined in submicrogram order and 

the arrangements of the geometries were demonstrated a f te r to ta l syntheses of every possible 

isomers. We have developed a generally applicable strategy using GC-MS and high resolut ion 

GLC to resolve these cruxes including the geometries. 

Three sex pheromones (A, B and C) were isolated from adult females of potato tuberworm 

moth {Phthorimaea opercu le l la , A:7pg from 400,000 v i rg ine females), a pest insect of potato 

product ion, and webbing clothes moth {Tineola b i s a e l l i e l a , B:6yg and C:12yg from 40,000 v i r 

gine females), a pest insect of woolen clothes. EI mass spectra of these compounds indicate 

that they are composed of the fol lowing s t ruc tura l features; A: m/z 236(M ", C.-H-.O^), m/z 175 

(M'*'- CH.COOH suggests the presence of acetoxy group) and m/z 147, 133, 119, 105 and 91(C -

'^2n-7 ^^° '^ ^ s t ra igh t carbon chain containing three C=C bonds), B: m/z 265(M , C,gH,.0), m/z 

284(M'^- H O ) , m/z 237(H"^- 29) and m/z 111, 97 and 83(C^H2^_i) suggest a n-octadecenal and C: 

m/z 264(H ; C^gH^^O). m/z 246(M'^- H^O), m/z(M'^- 29) and m/z 109, 95 and SHC^Hg^j) suggest 

a «-octdecadienal. Functional group analyses using Kovats retent ion indices also indicate the 

presence of three iso lated C=C bonds and a primary acetoxy group in A, an a,B-unsaturated 

aldehyde in B and C and an isolated C=C bond in C. Consequently, these sex pheromones A, B 

and C are concluded to be t r ideca t r ieny l acetate, 2-octadecenal and octadecadienal. 

Determination of the posit ions and the geometries of the C=C bonds were performed by the 

fo l lowing micro ana ly t ica l techniques combined with micro chemical reactions (See Fig. 1) . 

Geometry of 2-posi t ion in B was confirmed to be E by to ta l syntheses of both E and Z isomer. 

C was converted to the corresponding octadecadienyl acetate ( C ) by LiAlH. reduction followed 

by ace ty la t ion . In order to determine the posit ions and the geometries of the C=C bonds, A 

and C were p a r t i a l l y hydrogenated by micro diimide reduction modified in the course these 

studies ' and then each ha l f amount of the reaction nixtures was subjected to micro ozo-' 

nolysis to determine the C=C bond posit ions in the molecules of A and C . The mass chromato

graphic (A) and GLC analysis ( C ) indicated the presence of the fo l lowing compounds as the 

major products; from A: 0HC-(CH2)g-0Ac, 6HC-(CH2)g-OAc and 0HC-(CH2)3-0Ac and from C : C^^-

Ĥ ĈHO and 0HC-(CH2)i2-0Ac. These resul ts c lear ly demonstrate that the C=C bonds locate on 

4 , 7 and 10-posit ion of t r i deca t r ieny l acetate in A and 2 and 13-posit ion of octadecadienyl 
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acetate in C . The remaining ha l f amount of the. p a r t i a l l y hydrogenated reaction mixtures were 

used to detennine the geometries of CH=CH bonds. The produced monoenyl acetates were analyzed 

by mass fragmentography or GLC using a cap i l l a ry SCOT column and t he i r retent ion indices were 

compared wi th those of synthesized authentic specimens; from A, 4ff, 7Z and lOZ-tr idecenyl 

.acetate were i den t i f i ed and from C , 2E. and 13z-octadecenyl acetate were i den t i f i ed respec

t i v e l y . As the resu l t s , the structures of these sex pheromones were unequivocally concluded 

to be as fo l lows ; A: 4£',7Z, lOz- t r idecat r ieny l . acetate, B: 2E-octadecenal and C: 2£',13Z-octa-

decadienal (See Fig. 2) . , ' The resul ts of the to ta l syntheses followed by bioassay of A and 

B indicate that the v a l i d i t y of these proposed st ructures. Roelofs et a l . reported 4S' ,7Z-tr i -

t r idecadienyl acetate as a sex pheromone instead of A . ' This discrepancy was solved by Per-

soons et a l . , . that i s , the natural sex pheromone is a 4 : 1 mixture of both compounds. 

1) F. Alyward and Sawistwska, Chem. & I n d . , 484(1962) 
2) R. Yamaoka, T. Ueno, H. Fukami and S. I s h i i , n t h S-mposium on Mass Spectrome-try o f Orga

n ic 'Compounds i n Japan, Abstract p79-82(1976, Chiba) 
3) R. Yamaoka, H. Fukami and S. I s h i i , Agric. B i o l . Chem., 40, 1971(1976) 
4) R. Yamaoka, Y. Sh i ra i sh i , T. Ueno and H. Fukami, 14th Symposium on Mass'Spectrometry o f 

Opganio Compoimds i n Japan, Abstract p44-46(1979, Osaka) 
5) W. L. Roelofs, J . P. Kochansky, G. G. Kennedy, C.A. Henrick, V. L. Cobin.and J . N. Labo-

r i t z . L i f e Saienoes, J J , 599(1975) 
6) C. J .Persoons, S; Voerman, P. E. J . Verwiel , F.' J . R i t t e r , W. J . Nooyen and A. K. Minks, 

• Ent. Exp. & A p p l i . , 20, 289(1976) 
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C,5H250Ac 

Mass Chromato
graphy 
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The structure was elucidated 
by to ta l syntheses 

Diimide Reduction 
H2N-NH2 

."2°2 

Determination of Geometries 
of the CH=CH bonds 
Glass Capi l lary GLC 

-JHiro Ozonolysis 

'^18"32° 
U-^ LiAlH. Reduction 

|«— Acetylation 

C : C^gHjjOAc 

C^gHĵ OAc 
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Glass Capillary 
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Fig. 1 Structure determination scheme pf the sex pheromones, 

H H H H 
A: CH3CH2-C=C-CH2-C=C-CH2-C=C-CH2-CH2-CH2-0Ac 

B: n-C^5H3^-C=C-CHp 
H H H 

C: w-C^Hg-C=C-(CH2)9-C=C-CH0 

Fig. 2 Structures of the sex pheromones A, B and C 
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Application of Mass Spectrometry to Microanalysis 

of Chinese Herbs. .• , 

Chen Yao-zu., Ma Xu-yi and Zhang Hue-die 

( Laboratory of Organic Analysis, Institute of Organic Chemistry, 

Lanzhou University, Lanzhou, China) 

Abstract 

Mass spectrometry is one of powerful tools for micro organic analysis. 

A research project on study of application of raass spectrometry to micro 

identification of chemical ingredients of Chinese medicinal herbs is being 

carried on in our laboratory. In present paper, a brief abstract of analy

sis of chemical ingredients of Angelica Sinensis (oliv.) Diels (China 

name " Dang-gui ") is reported. 

Angelica Sinensis (oliv.) Diels is a Chinese medicinal herb. Due to 

its sedative and analgesic effects and the effect on improving circulation 

and relieving stasis, it has been used as gynaecological medicine for 

hundreds years in China. Its predominant effects on cure of thromboan

giitis obliterons and acute cerebral embolism have been deserved atten

tion recently.. 

For analysis of chemical ingredients of A. S. Diels, we used raicro 

scale procedure of steam distillation and water extraction of the pow

dered root of this herb. The essential oil obtained from steam distil

lation was analyzed via capillary column chromatography in conjunction 

with mass spectrometry. Two kinds of chromatograph column might be used, 

column I: SE-50 coated glass column (18M X 05mm) or column II: liquid 

crystal M-103 coated glass column (30M X 03ram). Sixteen chemical ingre

dients have been identified. They are: myreene, ̂ -phellandrene, ot-pinene, 

camphene, p-cymene, carvacrol, azebaic acid, sebacic acid, anisic acid, 

myristic acid, camphoric acid, phthalic anhydride, n-butrlphythalide, 

n-butylldene phthalide andligustilide. The MS data of the last three com- • 

pounds are: n-butylphthalide m/e (?S) : 190 (M'̂ ) (2), 148(5.0), 155(100), 

105(29), 77(9); n-butylidenephthalide: 188(M"̂ ) (17.0), 159(100), 146(50), 

131(20), 77(17); Ligustilide: 190(M"̂ ) (52.5), 161(100), 148(72.5), 133 

(15), 105(45), 77(37). 

UV, IR and NMR of these compounds were also obtained. But the mass 

spectrometry was- found to be the most satisfactory method for identifi

cation of phthalides and showed a definite systematic fragraentation star

ting from the cleavages at the allylic position or through McLafferty 

rearrangement. 

After concentration of the hot water extraction, a syrup was obtained, 

from which four compounds were identified as ferulic acid, stigmasterol, 

(3-sitosterol and D-glacoside of (3-sitosterol by liquid chromatography 
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and mass spectrometry, -A mixture of stigmasterol and |5-sitosterol may be 

even identified directly through mass spectra. These identification were 

also confirmed by UV, IR and NMR data. 
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Business Meeting of the American Society for Mass Spectrometry 
Wednesday, May 27, 1981, 6 P.M. 

President Munson introduced Judith Watson (PAM) to the approximately 200 
assembled members of the Society and briefly explained her activites on our behalf. 
The Secretary asked for corrections for the minutes of the previous year: which • 
were then approved as read. He exhibited the election results, noting the very 
close contests and introduced the successful candidates. 

VP Prograins 

Secretary 

Dlrector-at--large 

Keith Compson 
Michael McKeown 
Terry Ashe 
Charles Wilkins 
Fred Lampe • 
Steve Heller 

247 
237 
255 
227 
277 
215 

A slide wae presented showing near linear growth of the Society at 100 members/year 
since 1969. The present membership is 1736. Makeup of the Society by type of 
member and nationality was also presented. The Secretary then introduced the 
winners of the travel scholarships who were applauded by the meeting. Brief 
mention was made of the untimely death of ASMS member Peter Brown, an excellent 
and widely liked organic mass spectrometrist from Arizona State University. -
The Secretary asked those "assembled to inform him of any other losses of which 
it was aware; the Society is so large now that such matters can easily escape ' 
notice. , ' 

Treasurer Frisch then presented slides showing the financial condition of the 
Society. The balance on hand as of May 21, 1981, is $88,254.80. The Treasurer's 
report.was approved as read. -

Fenselau then presented a review of the Minneapolis program: 462 abstracts 
were reviewed and 452 accepted, composed of 223 oral sessions, 197 posters, 
28 symposia, 2 educational and 2 plenary. She then thanked the abstract review 
committee composed of T. Aczel, D. Ridge, W. Fite, R- .Cotter, and L. Powell, and 
invited the membership to submit ideas for session topics next year. 

Munson then discussed the Hawaii Conference in detail, noting that the Hilton 
Hawaiian Village required ASMS to work through a travel coordinator. We have 
chosen GTU (Group Travel Unlimited) who will arrange all flight and hotel 
booking. Merabers .who preregister will save $10; and GTU will mail a brochure 
to the membership early in June explaining details and costs. Conference rates 
will apply the week before and after the meeting. Rooms will be approximately 
$50/single. 

V.P. for Turrangements Wolstenholme continued discussion of future meetings after 
thanking the Society for the opportunity to serve as an officer The schedule is 
as follows: 1982, Honolulu, HI; 1983 Boston, MA; 1984, San Antonio, TX; 1985 
San Diego, CA; 1986, East Coast. An earnest effort will be made to find alterna
tive hotel accommodations in all future meetings to assist thpse on limited 
budgets-
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Past President McCloskey then read a letter from a mass spectrometry society 
currently forraing in the People's Republic of China, They hope to have at 
least one representative in Honolulu. : Japan -currently estimates that approx
imately 130 members of their two societies will attend the Conference in 
Honolulu. 

Fite also thanked the Society for the opportunity'to serve on the Board of 
Directors and then briefly discussed the Conference Abstracts, emphasizing 
the title-"Abstracts" that will- henceforth be used'exclusively in describing 
this publication. Once again, he intends to produce the volume in timely 
fashion with the aid of Judith Watson (ASMS Staff) and ASTM's publishing 
facilities. He especially thanked the committee chairmen for submitting 
their reports promptly. In turn, Munson expressed the•Society's profound 
appreciation to Fite for organizing the Abstracts into a truly viable 
operation. 

Member at large Jack Watson then presented a brief summary of the salary survey 
and answered questions on its rationale. An extended discussion was planned 
for the next day and a more complete summary will be published in the 1981 
Abstracts. 

Munson expressed the Society's thanks for jobs well done to each of the outgoing 
Board members who were roundly applauded by those assembled, T, Aczel moved 
adjournment at 6:40 P.M. 
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ASMS COMMITTEES 

Fundamentals M. T. Bowers, Departmeat of Cheraistry, University of 
California, Santa Barbara, CA 93106 

Computer 
Applications 

Roger Upham, Department of Chemistry, University of 
Minnesota, MN 55455. 

Biomedical 
Applications. 

.W. R. Sherman, Psychiatry Department, Washington University, 
St. Louis, MO 63110 

Quantitative 
Organic 
Analysis 

. Marjorie Horning, Institute for. Lipid Research, Baylor 
College.of Medicine, Houston, TX 77030 

Solid and 
Surface 
Analysis 

Peter Williams, Materials Research Laboratory, University 
of Illinois, Urbana, IL 61801 

Education Harry S. Hertz, National Bureau of Standards, A113 Chemistry, 
Washington, DC 20234 

Qualitative 
Organic" 
Techniques 

Isotope Ratio 
Measurements 

•Maurice Bursey, Department of Chemistry, University of 
North Carolina, Chapel Hill, NC 27709 

Lura J. Powell, National Bureau of Standards, Building 221, 
Room A21, Washington, DC 20234 

Environmental 
Applications 

Ralph Dougherty, Department of Chemistry, Florida State 
University, Tallahassee, FL 32306 

Forensic 
Applications 

Richard Saferstein, New Jersey State Police Laboratory, 
PO Box 7068, West Trenton, NJ 08625 

Nomenclature John Beynon, Department of Chemistry, University College, 
Swansea, SA2 8PP, Wales 

Nominating Rodger Foltz, Center for Human Toxicology, University of 
Utah, Salt Lake City, UT 84112 

High 
Temperature 
s Inorganic 

Donald L. Hildenbrand, SRI International, Menlo Park, 
CA 94025 

Good 
Laboratory 
Practices 

A. J. DeStefano, Proctor & Gamble, PO Box 39175, Cincinnati, 
OH 45247 
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ASMS Committee on Fundamentals 

.Technical Activities; 

In 1981 Coraraittee II sponsored one symposium (Gas Phase Metal Ion Chemistry 
frora Catalysis to the lonisphere) , one. workshop (MS/MS: Fundamental Aspects and 
New Techniques) and was responsible for suggesting one of the plenary lecturers 
(Dr. Richard Zare - Laser Multiphoton Ionization; Writing an Optical Signature 
on Mass Spectrometry). The symposium was well organized'by Dr. Douglas Ridge 
whose choice cf speakers spanned the experimental state of the art of the field. 
The symposium was very well attended'. The'workshop, organized and lead by 
Graham Cooks, was very stimulating. A panel of representatives of five of the 
leading manufacturers of MS/MS equipment were asked eleven questions covering 
the entire range of technical anid chemical state of the.art. Comments were also 
solicited from the audience of several hundred. Feedback on the format was 
mixed but generally favorable, particularly concerning the manufacturers view 
of where MS/MS is and is going. Finally,' the plenary lecture of Dr. Zare was 
a rousing success and served to excite everyone about the prospects for 
application of multiphoton ionization to mass spectrometry. 

Business Meeting: 

The'committee has a few general comments to make about this years meeting 
and about next years meeting in Hawaii. Concerning this years meeting, many 
attending the coraraittee meeting voiced dissatisfaction with the distribution 
of oral sessions of Interest to fundamentalists. While, acknowledging 
scheduling the program is a difficult proposition at best the feeling was 
unanimous that the Society's interest would be best served if the preliminary 
program could be reviewed by a member of the fundamentals conrailttee before being 
finally approved and sent to the printer. It was felt the potential for avoiding 
scheduling conflicts outweighed the problems caused by a delay of several days in 

•final approval of the program," On the positive side, those attending the 
committee meeting unanimously and enthusiastically endorsed the concept of 
Introductory Lectures and strongly encouraged their continuation. 

Turning to next years meeting in Hawaii, two main assures were raised. 
First, those attending the meeting voted unanimously for maintaining our 
traditional meeting format rather than the proposed format of long mornings 
for regular sessions and afternoons for workshops. They also supported evening 
workshops similar to those held this year. They reasoned that this meeting 
provided their primary opportunity for sharing scientific progress of thepast 
year and felt that fact should override any worries about sparsley attended 
sessions. Further they strongly endorsed the idea of bunching the bulk of the 
fundamentals papers into 2-3 days rather than spreading them randomly throughout 
the week. There were mixed feelings in the committee regarding the elimination 
of plenary lecturers and the usual symposium format with a majority favoring 
their retention. Most members were sympathetic with the scheduling problems 
that could arise if they were included, however. Finally, the committee 
enthusiastically endorsed the lead lecture concept bf symposium organization 
and felt that the Hawaii meeting would provide an excellent opportunity for 
experimenting with this format. A letter outlining specific suggestions will 
be sent to the board for consideration. 

Respectfully submitted. 

Michael T. Bowers, Chairman 
Committee II Fundamentals 

MTBimrk' 
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Business Meeting. 

The Committee on Computer Applications business meeting was attended by 
about 25 ASMS members. 

The interest expressed last year in communications between different 
computers is still present. Several members volunteered to form a sub-committee 
to review the topic including che status of any computer industry standards. 

There was some discussion about formats for presenting spectra for the 
data base files. It was suggested that an,attempt be made to have manufacturers 
provide a program which would enable a user to place a spectrum in a file in a 
format suitable to, the large data bases. It was noted that one problem existing 
in the commercial systems was the different interpretations of the EPA suggested 
format. 

There was agreement again that an inventory of data systems users 
should be compiled. The E-14 coraraittee is doing a limited survey with which 
we mighc cooperate, but it was felt a survey of the full ASMS membership was 
also necessary. 

The members felt that the hew introductory lectures provided this year 
were very useful and suggested that one be held on computer cechniques. 

Topics suggested for next year's sessions were; 

1. Custom Enhancements to Coramercial Data Systems 

2. Symposium on Software and Hardware for Inter-Computer Communications 

Committee Members: 

I. K. Mun 

David Martinen 
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COMMITTEE REPORT 
QUANTITATIVE ORGANIC ANALYSIS 

The major cominittee activities for I98I were the- symposium 

"Are their alternative methodologies to GCMS?" and the Joint 

sponsorship of a workshop on standards and methods validation. 

The former was moderately well attended, considering its position' 

on the program opposite to the hottest meeting topic, fast atom 

bombardment. Those attending found the topics and views • 

presented of considerable interest, and perhaps a welcome hiatus 

in. the mass speotrometry program. . The workshop on standards and 

methods validation was very well attended, although several 

members of the audience suggested that future workshops be more 

highly focussed on one particular aspect of quantitative 

methodology. 

The business meeting was directed toward topics of interest 

for next year's program. Of greatest interest was a symposium on 

non-ohromatographic methods of mass spectrometric quantitation-,, 

pros and cons.' Probe. (DCl,. pyrolysis, FD, FAB, 252-Cf, etc.), 

tamdem MS, (neutral loss, daughter ion, etc.), and batch inlet 

techniques for quantitative analysis could be reviewed and 

critically evaluated by authors with experience with several 

alternative techniques. 

Attendees at the business meeting Inoluded: 

J. Paulson 
G.P. Sturm, Jr. 
T. Marriott 
R.C. Murphy 
D.Schoeller 
C. Judson 

S. Hattox 
Q. Grindstaff 
G. Fallos 
J. Holler 
D. Patterson 
R.P. Barron 

Submitted by: S.P. Markey for 
M.G. Horning, Chairman 
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ASMS EDUCATION COMMITTEE REPORT 

The Education Committee sponsored two short courses on the weekend preceding the Annual 

Conference bn Mass Spectrometry and Allied Topics. The courses were held at the Radisson 

Downtown Hotel in Minneapolis, Minnesota. Each of the courses, one on Interpretation of Mass 

Spectra and the other on Quantitative Mass Spectrometry, had an enrollment of greater than 

20 students. The instructional staff consisted of: 

Dr. Fred P. Abramson, George Washington University Medical Center, Washington, DC 
Mr.. Hike Carter, Environmental Protection Agency, Washington, OC 
Dr. Henry M. Fales, National Institutes of Health, Bethesda, MD 
Dr. Stephen R. tleller. Environmental Protection Agency, Washington, DC 
Dr. Harry S. Hertz, National Bureau of Standards, Washington, DC 
Dr. James A. Kelley, National Institutes of Health, Bethesda, MD 
Dr. Edward White V, National Bureau of Standards, Washington, DC 
Dr. Alfred L. Yergey, National Institutes of Health, Bethesda, HD 

Based on comments by the students, both courses were well received. In a meeting of 

the Education Committee following the short courses several suggestions were made about 

future educational activities for the ASMS. The Education Committee proposed a workshop on 

aspects of teaching mass spectrometry at next year's annual meeting. It was also proposed 

that a third short course be added in future years. This short course would be on a current 

topic in mass spectrometric research. The course would be aimed at practicing mass spec- • 

trometrists and would be taught by people expert in the particular topic. The topic for 

this short course would change from year to year.- We hope to offer the first course in this 

series at the Honolulu ASMS meeting. 

Respectfully submitted, 

)Y- .̂/f. i L ^ 
Harry S. Hertz 
Education Chairman 
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ASMS Committee IV. Isotope Ratio Measurements 

At the Minneapolis meeting of the ASMS, the Committee on Isotope Ratio Measurements 
sponsored a symposium, a poster session, and two workshops. All activities were excep
tionally well attended; with many new participants as well as strong support from the 
isotope ratio core group. 

. The symposium. Advances in Isotope Ratio 
was highly successful. Both the program ahd N 
received. The poster session. Isotope,Ratios 
part, to the diligence of its organizer,.Jack 
Automated Isotope Ratio Mass Spectrometers and 
provided an opportunity for lively discussions 
The gravimetric workshop offered a "hands-on 
second time the '.'hands-on" approach has been u 
dictating continued use in the future! 

Measurements, held in honor of Albert 0.. Nier, 
ier's 70th birthday celebration were very well 
drew.an encouraging number of papers due, in 
Fassett. The workshops. Computer Software for 
Gravimetric Procedures for. Isotope Dilution, 
and a free exchange of ideas and information. 

opportunity for its attendees. This marks the 
sed successfully in a Committee IV Workshop, 

During the past four years, this- committee has gradually accumulated a rather broad 
support group, largely due to the"efforts of the charter organizers Ernest Garner and, 
Don Rokop. During the next few years, we hope to broaden this base of support by expanding 
the scope of topics covered by our activities. A program is being formulated .for. the 1982 
meeting to help meet this goal.' 

In conclusion, I would like to formally thank all those who contributed their time and 
energy to make this years' program a success. Special thanks go to Burnaby Munson, Catherine 
Fenselau, Roger Upham, Judith Watson, and Tom Terwilliger:for. their help in.staging the 
birthday celebration; and to the ASMSboard for their support throughout the year'. , 

Respectfully submitted, 

Lura J• Powell 
Chairman, Committee IV 
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COMMITTEE REPORT 

Environmental Committee 

' SYMPOSIUM: HIGH RESOLUTION GC/HS.IN ENVIRONMENTAL CHEMISTRY AND 
BIOCHEMISTRY 

This symposium was organized in cooperation with the biochemistry 
committee and consisted of six lectures on the state-of-the-art in high 
performance capillary gas chromatography high performance mass spectrometry. 
Subjects discussed included: separation and identification of chiral 
m^Q-inositol phosphates using a chiral capillary liquid phase, W. Sherman; 
high resolution MID from capillary columns,for precision quantitative 
identification of dioxins and other molecules, J.R. Hass; ultra-high 
resolution gas chromatography using thick films and hyperbaric inlet 
pressures for analysis of hydrocarbons and urinary.components, P.A. 
Leclercq; high resolution capillary gc on Silar IOC for isomer specific 
analysis of dioxins and dibenzofurans in environmental samples, H.R. 
Buser; capillary gas chromatography mass spectrometry of fluoroacyl 
derivatives of indole amines for identification and' quantitation at 
sub pg levels, P.L. Taylor; and capillary gc/MS with low resolution 
precision mass measurement for identification of humic acid components 
and humic acid degradation products, D.S. Millington. The symposium 
was very well received by the membership. During most of the symposium, 
there was standing room only in the auditorium. For the best attended talks 
there were more than 300 people in the room. 

WORKSHOP: CHEMICAL STANDARDS AND METHODS VALIDATION 

This workshop was attended by more than 125 people. . There was standing 
room only for the duration of the workshop. The workshop panel consisted 
of: W. Budde, EPA, OH; H. Hertz, NBS, MD; D. Kuehl, EPA, MN; S. Markey, 
NIH, MD; J. McCloskey, U. Utah; R. Mitchum, NCTR, AR and J. Sphon, FDA, 
DC. The subjects discussed included: specific identification of compounds 
to be analyzed; requirements for procedural blanks; establishment of 
calibration for quantitative methods; chemical standards for both cali
bration and evaluation of instrument performance; and the presently 
available and soon to be available Standard Reference Materials for analysis 
of biological and environmental material. The discussion was lively and 
many points of view on the requirements for validation of methods of 
analysis for specific compounds were presented. Specific problems with 
artifacts that are developed from either background contamination or 
compounds generated in derivatization were discussed. The requirements 
for certainty in identification, numbers of ions in MID analysis, the 
use of high resolution MID and related topics were discussed. The 
virtue of monitoring a single ion to prove the lack of the presence of 
a given compound in a matrix was discussed. -The utility of high 
temperature annealing of chemical glassware for the reduction of back
ground contamination was discussed. Pitfalls in the use of isotope 
dilution for quantitation of specific compounds were presented. It was 
suggested that thorough calibration curves be prepared for high performance 
analysis. It was generally concluded that high performance capillary 
introduction is one of the best methods for reducing matrix effects 
on the results of the analysis. The relative utility of chemical 
standards like decafluorotriphenylphosphen and the fluorinated polymer 
"Ultramark 1600" were discussed. Standard Reference Materials are 
now available from the NBS for shale oil, polynuclear aromatic hydrocarbons 
in water and a number of compounds in human serum. Standard reference 
materials will soon be available for polynuclear aromatic hydrocarbons 
in dust, polychlorobiphenyls in oil and organic compounds in drinking 
water. 
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COMMITTEE MEETING: 

Attendance at the annual environmental committee meeting was lower 
than it would have been had the meeting been held just after the work
shop. Nonetheless, a number of very active people in the field were 
present and the discussion was lively. Suggestions for session topics 
for the 1982 meeting included:.Organic Chemicals in Water; Toxic 
Residues; Precision and Accuracy in Analysis. Several individuals 
were suggested as candidates for "lead speakers" in the environmental 
sessions. Interest was expressed.in two separate workshop topics for 
1982. These topics were: Evaluation pf Precision, Accuracy-and Reli-. 
ability; and Analytical Problems Addressed by Mass Spectrometry and 
Other Analytical Techniques with case studies.. It was recommended 
that an introductory lecture be presented in 1982 on the subject of 
high performance capillary chromatography, A number of people were 
suggested as suitable for the presentation of that lecture.. 

777 



ASMS COMr-IITTEE ON HIGH TEMPERATURE 
• MASS SPECTROMETRY 

D. L. Hildenbrand 
SRI International 

Menlo Park. CA 94025 

At the 29th annual meeting of ASMS in-Minneapolis, the committee organized and ' 
sponsored two events: a Symposium on High Temperature Mass SpecCrometry, and a-Work
shop on improved MeChods' for Measuring Appearance Potentials in High Teraperature Beam 
Species. The Symposium consisted of five invited papers on diverse topics related to-
che energetics, ionization; and spectroscopy of high temperature species, and to new 
methods for characterizing chese species. There'were, in addition, ten contributed 
papers describing recent studies in Che high cemperature area. The response indicates 
that the Symposium served its intended purposes of highlighting some of- the newer 
developments pertinent to che field, and of re-establishing communications between 
laboratories. Significantly, there were three foreign participants, representing 
Belgium, Great Britain, and West Germany. 

The workshop on ionizaCion and appearance potentials was organized by Dr. E. 
Murad, and was composed of several informal presentations and discussions concerned 
with photoelectron spectroscopy, electron Impact raeasurements, and che use of reaction 
energetics and thermocheraical cycles to evaluate'ionization energies of radicals and 
unstable species. The combined symposium and workshop sessions provided the first 
such activity within ASMS in about a decade, and all agreed that continued accivicy 
of this type would be highly beneficial. 

Future activities of the committee were discussed at a business meeting. In view 
of potential overlap with the Gordon Research Conference on High Temperature Chemistry 
and the International Conference on Mass SpecCrometry.in 1982, no specific activities 
are planned for the Honolulu meeting of ASMS. Activities for 1983 and beyond were 
discussed, but no formal recommendations will be made until several features are in
vestigated further. Ih response to a suggestion by one of the participants, it was 
agreed that the Inclusion of studies of che pyrolysis of biomass and oCher organic 
materials in committee activities would'be desirable. Possibilities for coordinating 
our efforts with those of the European high temperature group were also explored. 

The Chairman would like to Cake this opportunity to thank committee members for 
their input and assistance during the past year. 
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ASMS Cominittee on Good Laboratory Practices 

The Good Laboratory Practices (GLP) conmlttee meeting was held on Wednesday, 
May z t , 1981 at 3:00 p.m. Approximately 45 people were in attendance. 

The meeting began with an overview of the GLP regulations and how they apply to 
mass spectrometry laboratories. Copies of the regulations (Federal Register, . 
M3(2'47), 60013; 1978) were (and will .be) distributed to those asking for them. 
The latest' draft of the proposed ASTM guideline on GLP was discussed in some 
detail. It was noted that- mass spectrometers fit into different organizations 
in very different ways, ranging from dedicated mass spectroraetry laboratories 
to a small part of a group of analytical instruments dedicated to solving the 
problems of specific projects. This makes it virtually impossible to have a 
standardized sample handling or logging format. However, it is important In 
each case that appropriate operating and .maintenance records are maintained for 
all instruraents involved In GLP analyses. 

The draft of the ASTH guideline is available to anyone Interested. Comments 
are welcome and should be made by early fall, if possibie. After the meeting 
Drs. J. Sphon (FDA, Washington) and R. Thompson (Battelle, Col.) offered to 
help work on the next draft of the guideline. Any other assistance is welcomed. 

The last part of the meeting dealt with the recently published article, "Criti
cal Evaluation of Class II and Class III Electron Impact .Mass Spectra. Operat
ing Parameters and Reporting Mass Speotra," J. G. Dillard, S. R. Heller, F. W. 
McLafferty, G. tf. A. Mllhe and R. Venkataraghavan, Org. Mass Spectrom., 16(1), 
48 (1981). This article provides specifications for the collection, reporting 
and evaluation of electron impact mass spectra. , Spectra may be classified as 
Research Reference Spectra (Class II) or Analytical Reference Spectra (Class 
III) depending on the amount of.care taken to ensure proper instrument opera
tion, data reporting and sample purity. 

This article provided impetus for a good deal of lively discussion regarding 
the quality of ourrent and future spectra entered in the various libraries. 

- Several people expressed their doubts about the quality of the various cheraical 
ionization spectra "now being accepted by some libraries and suggested"that a 
document similar to .this one would be useful for these spectra as well. Com
ments on this article or-on assuring the quality of library spectra in general 
are invited. These should be addressed to Dr. McLafferty (Dept." of Chem.. Cor
nell Univ., Ithaca, N.Y. 14853) or to the committee chairman (The Procter 4 
Gamble Co., P.O. Box 39175, Cincinnati, OH' 45247). 

Respectfully submitted. 

/^^Ltuf \ i y m / ^ 
Anthony DeStefano 
Chairman 

779 



WORKSHOP REPORT 

ON 

PYROLYSIS MASS SPECtROMETRY, PRACTICE AND TECHNtQUES 

The Workshop on the Techniques and Practice of Pyrolysis Mass 

Spectrometry was held Monday, May 25, 1981, at 8:00 p.m. This Workshop 

was designed Co highlight the differences and similarities; and the 

advanCages and disadvantages of Che differenc pyrolysis/mass 

specCrpmeCric Cechniques presehCly in use. The panel members 

represenCed many of Chese different techniques. The Workshop began wich 

each of Che panel members presencing a brief descripCion of Che, 

pyrolysis mass speccromecry Cechniques employed in cheir laboracorles 

and the specific applicaCions ChaC Chey are puC Co. 

Panel members included: 

Dr. S.C. Israel 
Polymer Science Program 
DeparCmenC of Chemistry 
Universicy of Lowell 
Lowell, MA 01854 
617-A52-5000 

Dr. C.M. Wong . 
Lawrence Livermore National 
Laboratory 

P.O. Box 808, L-325 
Livermore, CA 94550 
415-422-0435 

Dr. H.L.C. Meuzelaar 
BlomaCerlals Profiling CenCer 
Universicy of UCah 
391 S. ChlpeCa Way 
Sale Lake City, UT 84108 
801-581-5841 

Dr'. N.E. Vanderborgh 
Los Alamos ScienCific Laboracory 
P.O. Box 1663, MS. 329" 
Los Alamos,.N.M. 87545 
"505-667-.2'631 

Dr. Meuzelaar opened Che- discussion wlch a descripCion .of his 

efforts In the application of dlrecC pyrolysis mass spectrometry to the 

profiling of- biomaterials and fossil fuels. The sysCem described 

utilized a curie-point pyrolyzer interfaced directly to the lon source 

of a quadrapole mass spectromecer; Che" pyrolysis' produces being analyzed 

by low voltage electron impact ionization. The system"is fully 

automated, permlCCing routine analysis of a large number of samples. 

Dr. Israel presenced his work In Che deCerminacion of polymer 

structure and composition utilizing a specially consCrucCed "pyroprobe" 

cype pyrolyzer interfaced direccly Co the ion source of a double 

focussing mass speccromecer. The pyrolysis produces are analyzed by 

chemical IonizaCion. 

Dr. Wong discussed Che encry of her group Into Che analysis of oil 

shale and fossil fuels pyrolysis products by a computer controlled 

triple quadrapole mass specCrometer. Dr. Wong raised questions 

regarding instrumental Interfacing and pyrolysis techniques and some of 

these questions served as the basis for much of the discussion - that 

followed. 
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Dr. Vanderbourgh presented his work In the area of geochemical 

analysis by laser pyrolysis mass speccromecry. He discussed 

che apparaCus and Cechniques necessary for Chese samples and presenced 

some resulcs that emphasized the utility of laser pyrolysis. 

During and after Che presentation there was extensive discussion 

among che panel members and members of Che audience. Initially, Che 

discussion centered on the advantages and disadvantages ,of each of the 

techniques wlch emphasis on Che curle-polnt and pyroprobe. The 

discussion highlighted the differences in.the sampling techniques and 

sample handling of each method. The catalytic effects of metals and 

sample residue on the pyrolysis process was discussed ahd many 

suggestions were made for treating and cleaning apparatus. A dlscussio"'n 

of interlaboratory reproductabil1ty of pyrolysis results led to further 

discussion "of the,effect of pyrolysis temperacure and temperacure rise 

cime on pyrolysis products and:the problems Involved in measurement, of 

actual sample temperacure. 

At this" point interest turned ,to a discussion of the differences 

between pyr.olysis ac the ion source and pyrolysis external to Che mass 

specCrometer wlch transfer of pyrolysis :producCs for analysis. Most of 

the discussion Involved pyrolysis into a gas chromatographic Inlet and 

possible trapping techniques for the pyrolysis products. 

The final area to be.discussed was the treatment of pyrolysis data 

by Che techniques of facCor analysis, mathematical mapping and use.of. 

the Arthur Computer Programs. 

The Workshop was adjourned after about Cwo hours of extensive 

discussion and participation by the panelists and audience, al Ike, with, 

noteable contribution from Drs. Soltys, GrltCer, Grayson, Latclmer,. 

Abbey, and ocher members, of the audience. 

Respectfully submitted, 

Stanley C. Israel 

Chairman 
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'ASMS COMMITTEE ON BIOMEDICAL APPLICATIONS 

The Biomedical Applications Committee held a Workshop on Capillary GC and 
GCMS and, at the suggestion of Dr. Daniel Knapp of the'Medical University of 
North Carolina, an inquiry into and discussion on the question of whether there 
is a need for a low cost MS detector for gas chromatography. The Committee also 
co-sponsored, with the Environmental Applications Committee, a symposium 
{MPMOAl-6) on."High Resolution GCMS in Environmental Chemistry and Biochemistry". 

The workshop began at 8 PM on Tuesday, June 25. About two hundred people 
were present. Five discussants. Dr. Dennis Lin, Battelle Columbus,, Dr. David 
Millington, University of North Carolina, Dr. Phillip L. Taylor, N.I.M.H., 
Rand Jenkins, J. & W. Scientific and the Committee Chairman gave brief presen
tations. _ The purpose of the workshop was to identify a few problem areas in 
capillary GC and GCMS and to discuss the solutions, if any, to the problems. It 
was hoped that audience participation would contribute to the solution of method-

• ological difficulties and to clarify misinterpretations of results. Perhaps a 
greater effort could have been made to draw out the audience in the latter 
regard although a few spontaneous discussions occurred. The topics covered 
included: Lin, precision of quantitative analysis using fused silica columns 
where he has encountered significant problems with compounds which can be cate
gorized as "polar". He pointed out the difficulties in obtaining precise data 
with these columns using the sampling times commonly available with many data 
systems. Millington showed the design of his direct fused silica column inlet 
into the VG-7070 and several schemes for direct on-column injection. Taylor 
commented that, in the connection of fused silica columns to a quadrupole via an 
open split interface, a phase-coated fused silica transfer line from the inter- " 
face to the source gave him the best results with respect to adsorptive losses. 
There was comment about the difficulty in obtaining sizes of the silica transfer 
line which provided a restriction suitable,to accommodate the sudden pressure 
drop from the column to the source. "Sherman pointed out how seemingly small 
structural or derivative variations in inositol phosphates can result in large 
differences in adsorption by the column, and that this could be variable from 
column-to-column even from the same manufacturer. He also reported on an intra
molecular phosphate migration which was enhanced at elevated temperatures and 
absent at reduced temperatures. In response to reports that fused silica capil
lary columns were occasionally being observed to fracture while in use, Jenkins 
described the changing nature of the industry and suggested that new methods of 
protecting fused silica columns will be forthcoming. MEANWHILE, USERS SHOULD BE 
WARNED OF THIS LIABILITY TO FRACTURE, ESPECIALLY WHEN USING Hj AS CARRIER. One 
instancs was reported (Markey and Taylor, NIMH) of a leak within the polymide 
coating of the column, visible only under pressure, submerged in water. This 
portion of the meeting ended.at 9:30 when about 150 of the group departed for 
the hospitality suites. 

A discussion was then held with the remaining 50 people of the question 
"Is there a need for a simple mass spectrometer designed for selected ion 
monitoring only?" The consensus of the group appeared to be that there was a 
need for such an instrument and some felt that one could be sold for well under 
$50,000. L.F. Herzog (Nuclide) suggested that such an instrument might be based 
on an existing permanent magnet isotope ratio instrument which he manufactures. 
There was a broad range of opinion as to what the capabilities of such an instru
ment should be. It was suggested that one should not even-call it a mass spec
trometer because doing so inevitably leads to an escalation in the desired 
capabilities. Although there was at least one vigorous proponent of a single ion 
instrument, most felt that it should have two or three ion capability. The mass 
range necessary in such an instrument was also a subject of broad opinion (see 
plot below). 
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A question sheet was distributed and 31 responses received. Twenty-three 
answered that there was a need. Of the eight negative replies, most expressed 
the opinion that it was impossible to build and sell an instrument for under 
$50,000 to adequately do the job. There was an equal opinion (11 each) as to 
whether it should be EI only or EI/CI. Three voted for CI only. Twenty felt 
that it should have capillary and packed column capability while 5 said capillary 
only. Eleven respondents saw a need for a probe inlet. The quadrupole type was 
preferred 21 to 6 over the magnetic type. The.figure below shows the response to 
the questionnaire regarding the mass range bf such an instrument. 

William R. Sherman 
Chairman, Biomedical Applications 
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Area of Mass Scale to be Covered by Range of the Instrument 
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Report on Workshop 

on 

Improved Methods for Measuring 

. Appearance Potentials in High Temperature Beam Species 

The workshop was held on Tuesday, 26 May 1981 at the Radisson Hotel. 

The panelists were: 

J . L . Beauchamp, California Institute of Technology 

D. L. Hildenbrand, SRI International 

N. Jonathan, University of Southampton, England 

R. F. Porter, Cornell University 

19 persons attended this workshop. 

Dr. Jonathan began by summarizing results which he and Dr, John Dyke 

obtained using photoelectron "spectroscopy. The species discussed included 

CrO, SiO and a number of Inorganic and organic free radicals such as NF, 

NCO, NH2» PH, PH2, HCO and FO. These species are generated by reacting 

F atoras with HX, where X is the radical in question. The spectra are ob

tained at room temperature. To make these measurements a density of about 

10^^ molecules/cc is needed. 

Dr. Beauchamp described a different approach they have used in his labo

ratory to study the photoelectron spectra of simple organic free radicals. 

Simply, the free radicals are generated by the pyrolysis of organic nitrites 

at temperatures varying between 400 and 1100 C. He described ways of obtai

ning structural information about free radicals, and illustrated this by a 

discussion of the structure of C2Hc' + 
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Dr. Porter described a set of experiments they have performed to 

measure the electron affinities of positive.ions of unstable neutrals, 

e.g. CHc . In these experiments they measured the kinetic energy of the 

products of neutralization reactions such as: 

X+ + Na -̂  X + Na+ -

where X"*" is NĤ "*", CHc"*", H^O"^, etc. They have also used other neutral

izing metals such as K and Zn. These, measurements yield the only in

formation about the respective neutral molecules. 

Dr. Hildenbrand described briefly how they measure appearance po

tentials iay the extrapolated voltage difference method. He then 

presented a table showing a comparison between ionization potentials 

measured by electron Impact and those measured' subsequently by photo

electron spectroscopy. The agreement was excellent. 

^ ^ i u . . , . ^ ^>hyi .y^^ 

EDMOND MURAD 
Cha i rman 
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WORKSHOP: 

LASERS AND MASS SPECTROMETRY 

The format of the workshop was to summarize current achievements and 
to explore future developments in three basic areas which combine lasers and 
mass spectrometry: • • 

(1) Surface analysis, LAMMA, scanning milliprobes, etc. 
(2) Multiphoton techniques, resonant and non-resonant absorption 

and two laser systeras; and ' •• 
(3) Laser desorption of non-volatile compoimds, 

Robert Conzemius from the Ames Laboratory (Iowa State) opened the dis
cussion by noting the large number of laser/mass spectrometer techniques, which 
are designate'd-by their acronyms: LMS (laser mass spectrometry), LEMS (laser 
evaporation mass spectrometry), LIMS (laser ionization mass spectrometry), 
and so forth. The.techniques differ in several critical parameters, including:, 
laser energy (lO"''' to 10^ Joules), .pulse widths (10"^ to 10"^ s), power (10 to 
10® watts), power density (lO^ to 10^2 'w/cm̂ ) and wavelength (0.22 to 10.6 pM). 
Another important distinction is geometry, 0/0, where 0 is the laser/sample 
surface angle and 0 is the surface/mass analyzer angle. A common geometry is 
45°/90o, and the LAMMA- technique, which desorbs sample from the back of a foil, 
is designated as -90O/90°. 

Results by Bykova, et al. (Sov. Tech. Phys. Lett., 1, 1980, 1975) show 
that at low laser powers, 10^ W/cm^ and bfelow, thermal events predominate, which 
are proportional to the laser power density. Neutrals and ions are desorbed 
which have low energy spreads... Above 10 W/cm2, non-linear phenomena predominate 
and visible plasmas can be observed. At 10^ W/cm^, n"'"/n°, the ratio of ions to 
neutrals formed, approaches unity and lOOjS ionization can be achieved at even 
higher power densities. Such high .densities are used for elemental analysis, 
cause cratering in the metal substrates and produce ions with considerable energy 
spread (100 to 1000 e.v.). However, good quantitative (as well as qualitative) 
analyses of metals can be achieved with high power density techniques. 

Robert Dunbar, from Case Western, summarized current multiphoton tech- • 
niques, .which include multiphoton ionization of molecules in the gas phase, and 
dissociation of pre-formed ions. Visible multiphoton dissociation usually in
volves two visible photons in which the first photon is used to produce excited 
states, and the second to achieve dissociation of strongly bound ions. Con
tinuous wave (CW) infra red techniques are used'for weakly bound ions, and a 
combination of IR and visible photons can be used for IR enhancement of visible 
2-photon dissociation. 

Robert Cotter, from the Johns.Hopkins University, presented a laser 
desorption chemical ionization instrumental configuration, which uses a pulsed 
C02 laser in corabination with a scanning raass spectrometer. At 10° W/cm^, 
more neutrals than ions are produced which can be ionized in the isobutane 
reagent gas plasma. The ions which are formed are generally cationized species, 
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or molecular cations of. salts such as .tetra methyl araraoniura chloride. 

Ben Freiser of Purdue University reported experiments using a laser 
in conjunction with an ICR mass spe.ctroraeter, to generate raetal ions as 
selective CI reagents. Franz Krueger, Inst.fuhr Biophysik, Frankfurt, des-. 
cribed a 30̂ /90*̂  IMMA. geometry and reported positive and negative spectra of 
glycine and L-leucine. Graham Cooks (Purdue) noted that a lOnS pulse from a 
YAG laser produced ion pulses for 10 microseconds, which produces problems in 
a time-of-flight mass spectroraeter, even with a non-confined source. Krueger • 
noted that peaks in his LAMMA spectra did not exhibit tails, and Cooks added 
that auch time spreading wa's a direct function of the laser power density. 

Franz Krueger pointed out that.molecular cations frora quaternary.ammo
nium salts were the most easily desorbed .at power densities, of around 10" W/cm^. 
Metal ions required lo"̂  W/crâ , and cationization occurred around 10° ,W/cm2. , . 
Robert Day of the University of Pittsburgh stated that carbohydrates as large • 
as 800 amu were.easily cationized when mixed with raethanol and sodium chloride.' 
The cationization may be a chelation 'effect as observed in the laser desorp
tion' spectra of the crown ethers, since a non-cyclic analogue to glucose, did 
not catxonise. He also reported protonation of molecules containing carboxylic 
acid groups, using crystalline solids, which discourages cationization. 

About 200 people attended the workshop. 

f^jYt\^{lkcY 
Robert J. Cotter 
Middle Atlantic Mass 

Spectrometry Facility 
Workshop Chairraan 

Acknowledgement: The author is grateful 'to Louis C. Frees of the .Oak , 
Ridge National Laboratory for assistance in preparing this report. 
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COMMITTEE ON COMPUTER APPLICATIONS 

Report for 1980-81 Roger A. Upham 
Chairman 

Workshop: Reliability of GCMS Computer Identifications. 

An audience of about 100 heard very brief presentations by Jim Robinson, 
Paul Dymerski, Larry Slivon, and Ged Tyror. All agreed that no one search algorithm 
is best for all corapounds. Jim Robinson pointed out that the best searches are 
performed when the analyst has a good feel for the data base and the various raethods 
of searching. One must choose between the n largest peaks or n in m peak method, in 
addition to a forward or reverse search. Ultimately the analyst should use cheraical 
knowledge and mass spectral interpretation background to confirm identifications 
provided by the computer. Paul- Dymerski addressed the question of the minimum number 
which can be successfully used to perform a library search. The point of increased 
sample complexity reducing the reliability of the search was discussed. When looking 
at a single scan, the more peaks on which one chooses to search, the more false 
positives one will be found; ahd, conversely, the use of fewer peaks will lead to 
more false negatives. Larry Slivon described a round-robin test of 57 analyses run 
by three different laboratories. The results showed a significant number of false 
identifications which were attributed to the operators attempting to push the system 
too hard and possible poor selection of search variables. He noted that care should 
be taken when using retention indices that the search window is not too large. The 
use of isotopically labeled internal standards for compounds of interest would cure 
this problem. 

Ged Tyror stated again that no one search technique will work in every sit
uation and that the experience of the analyst must be brought to bear. He described 
a search system he found to be quite powerful involving use of: a pre-search based 
on four masses; a reverse search of the pre-search results using 20 masses; Kovat's 
indices in the search algorithm; and a plot of the unknown-against library hits with 
the analyst reviewing the results. He found that 20 masses is sufficient to permit 
reliable identification of the unknown. The use of ancillary data such as Kovat's 
indices should be stressed. 

Further comments from the audience and panelists: 

The difficulty arising from use of different columns when utilizing 
Kovat's indices was raised. The point being whether such data is totally reliable 
or simply obtained. 

The only method of positive Identification is to perform co-injection with 
the compound thought to be identified. It was noted several times that for instal
lations with large through-puts this is impractical. 

Several statements were made to the effect that it is not reasonable to 
expect complete and unambiguous identification of unknowns based on the results of 
one technique, rather other analytical tools such as IR, GC-IR, UV, and NMR should 
be applied. 

The question of the number of masses necessary and sufficient for a sat
isfactory fit was the subject of considerable debate. The acceptable values range 
•from 3-4 to 20 and soraetimes greater than 20 for high molecular weight organo
metallic corapounds. 

The final two comments of the session clearly summarized the content of 
the workshop: (1) People perform identifications and analyses - computers are 
only tools for this purpose and should be so used; and (2) the art of interpre
tation of raass spectral data is not a dead art and should be exercised more fre
quently rather than less. 



ASMS COMMITTEE SOLIDS AND SURFACE ANALYSIS 
Chairman: Peter Williaras 

SIMS Round Robin .' . 

A round-robin evaluation of secondary lon mass spectrometry (SIMS) instrumentation 
was organized and the results were discussed in a workshop at the Minneapolis meeting. 
The aims of the initial study were to evaluate the relative sensitivities of different 
instrument types and to determine detection limits for hydrogen. lon-iraplanted•samples. 
of boron (dose 10^^ atom/cm^) and hydrogen (dose lOl^ atom/cm^) were mailed to 56 
laboratories in the U.S., Europe, Japan, and South Africa, including representatives of 
raost instrument raanufacturers, with a request to depth-profile both samples and determine 
(a) the "useful yield" of boron i.e. ions detected/atom sputtered, and (b) the "dynamic 
range", i.e. peak-to-background ratio for the hydrogen implant. If oxygen ion borabardment 
or oxygen spraying techniques were used for the boron, then the boron lon yield should be 
saturated, and the useful yield should.give a measure of relative instrument transmission. 
Because the peak concentration of the"hydrogen profile was calculable from the dose, the 
hydrogen background level in each Instrument could be calculated from the dynamic range. 

Eleven responses were received, from users of the two types of magnetic instruments 
in general use in the U.S. and Europe, and from three types of dedicated quadrupole-
based systeras. No manufacturers responded by the meeting deadline, although several 
promised results. The range of boron useful yield values spanned four decades. A 
magnetic Instrument gave the highest value, and a quadrupole the lowest, but there was 
significant overlap, with some quadrupoles performing better than some magnetic instru
raents. Hydrogen backgrounds spanned the range from 2000 ppm to 25 ppm (bulk equivalent). 

The round robin results demonstrated that dedicated SIMS instruments — those with 
primary ion columns specifically designed for depth-profiling — could perforra boron and 
hydrogen analyses with good sensitivity. The exercise was generally.felt to be useful by 
the participants. 

The workshop was attended by several organic SIMS researchers. A discussion was 
held on the relationship that should exist between the solids/SIMS committee and organic 
mass spectroscopists who use SIMS as an ionization technique, particularly in view of 
the explosion of interest in SIMS of liquid samples (FAB). It was suggested that assess
ment of organic instrument transraission, along the lines of the round-robin study, would 
be useful, and the use of a shallow Implant of Cs was suggested for organic mass spectro
meter systems with low sputtering rates. We will investigate" the possibility of obtaining 
and circulating such Implants. There was a concensus that the sputtering of inorganic 
and organic materials had many common features, and that a broader interaction between 
workers in the two fields, covering both instrumental approaches and fundamental 
mechanisms, would be useful. It was agreed that an effort should be made to arrange a 
session in Hawaii in which these topics could be discussed jointly. 

Respectfully submitted, 

Peter Williams 
Chairman, Committee VII 
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ASMS FUNDAMENTALS COMMITTEE 

"Workshop of Mass Spectrometry/Mass Spectrometry" 

This year a new workshop format was used. A group of panelists was asked to respond, 
without advance information, to a set of questions about mass spectrometry/mass spectrom
etry. Each question was put to two of five panel members and answers from the floor were 
also taken. This led in many cases to a consensus being reached. 

Panel members, all representing compaines which produce MS/MS instrumentation, were 
Drs. Bill .Davidson (Sciex), Mel Seigel (Extranuclear), Syd Evans (Kratos), Charles Smith 
(VG), and Mike Story (Finnigan). The questions dealt with the capabilities of MS/MS, 
the various instrumental configurations possible and with specific applications, especially 
in analysis of complex mixtures. 

Some highlights of the discussion were: 

(i) recognition that MS/MS spectra are reproducible to ca. 10!S even without use 
of internal standards and to better than this with standards 

(ii) data on sensitivity showing < 10 picogram detection limits for TCDD 

(iii) information on.the compatibility of MS/MS with the new desorption ionization 
methods, including molecular SIMS and fast atom bombardment 

(iv) evidence that the anlytically useful charge, inversion reactions - which lead 
to a characteristic spectrum of positively charged fragments from negatively 
charged precursors - can be accessed in .low kinetic energy (quadrupole) 
MS/MS via charge transfer to SFe in a multi-collision sequence 

(v) agreement that variation pf the collision energy is an important ancillary 
means'of structural characterization. (Sensitivity of the spectra to 
collision energy also requires that agreement be reached on conditions 
for taking MS/MS spectra and comparing them with libraries) 

(vi) recognition that one of the weakest features of MS/MS is the need for 
ionization from a matrix where other constituents might influence the 
ionization efficiency. 

. , . : . . • , ' • .• ' " / ^ Y : Y . 

R. Graham Cooks 
Purdue University 
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ASMS COMMITTEE REPORT 

QUALITATIVE- ORGANIC TECHNIQUES 

WORKSHOP ON NEWER ASPECTS OF ION CYCLOTRON RESONANCE (FOURIER TRANSFORM MASS SPECTROMETRY) 

Participants.in this workshop included the chairman, M. M. Bursey, and three dis
cussion leaders, M,-B. Comisarow, R. T. Mclver, Jr., and C. L. Wilkins. 

M, M. Bursey.briefly reviewed the origins and development of the ion cyclotron 
resonance technique, describing commercial instruments but not identifying the con
tributions of individual workers. 

M, B, Comisarow (University of British Columbia) outlined the basic principles 
of ion cyclotron resonance, and then described the Fourier transform ion cyclotron 
resonance experiment.- He illustrated the high sensitivity and high resolution pos-' 
sible with FT-ICR, and also gave examples from his work with volatile transition 
metal complexes showing the greatly extended mass range of the ion cyclotron reso
nance spectrometer in the FT operation, and also the application of double resonance -
techniques and pressure variations to identify reaction mechanisms for the production 
of high-mass ions. 

R, T. Mclver, Jr..(University o£ California, Irvine) described some o£ his newest 
results with his large cell for trapping involatile species, illustrating with, 
spectra and derived proton affinities'for relatively involatile molecules which . 
otherwise would require field desorption or one of the newer rapid heating or 
laser techniques for producing gaseous ions. In his ICR experiments ions are 
trapped for extended periods of time until enough evaporation has occurred to give 
enough ions to produce a good spectrura. He also described very recent experiments 
with his high-field large-cell instrument in which enough energy is imparted to. 
ions on rf excitation to perrait their coUisional activation by argon atoms in the 
cell. Thus the MS/MS technique has now been carried out by ICR. 

C. L. Wilkins (University of Nebraska, now University of California,'Riverside) 
showed the extremely high resolution available .even at relatively high mass, the 
ability.to achieve a few ppm mass measurement accuracy, and the capability of apply
ing this mass measurement accuracy to compounds eluting firom a SCOT capillary GC 
column and therefore present in the cell for only a few seconds. 

Ion cyclotron resonance seems about to pass from the province of the physical . 
chemist who is not hampered by the former mass and data acquisition rate to the pro-., 
vince of the analytical chemist with more serious constraints on his/her instrumental 
requirements. To avoid the analytical chemist's association of ion cyclotron reso
nance with these earlier problems preventing practical application, the term "Fourier 
transform mass spectrometry" has been proposed for the family of new techniques, 
though even within the small group of.active investigators there.is no agreement that 
this term is the most appropriate. 

Approximately 70 persons attended this workshop and the brief business meeting 
which followed. 

Bursey 
of North Carol ina a t Chapel H i l l 
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Minutes of the "Orphaned Instruments" Workshop 
May 27, 1981, 5:00 P.M. 

The meeting opened with the chairman asking for another description of "orphaned" 
inatruments. The workshop was meant to convene those Investigators who are working 
with mass spectrometers and data systems that are no longer supported (or only 
peripherally so) by their original supplier. We hope that by pooling resources 
within and across instrument linea, a few raore years of life can be extracted from 
good systems. With existing government policies, it seeras that our ranks can only 
increase. 

A list was circulated for naraes and addresses of attendees; the chairman will arrange 
these, by instrument and circulate copies to those preaent. Others may obtain the 
list by writing to the chairman, A show-of hands revealed the presence of 54 indi
viduals representing eighteen LKB 9000 and 2091 users, twenty-six CEC-DuPont 103, 
104, 110, 490, 491, 492 and Dymaspec users, three Hitachi RMU, nine Varian (Finnigan) 
H-66, M-44, CH4 and 7, two Finnigan 1015, 3300, three AEI (Kratos) MS 9, 10, 12, 
20, and 30, one Finnigan Alpha-16, and one Varian'data system user. The oldest 
instrument represented appeared to be a CVC 102 made in 19451 

The chairman was surprised that some of these systems were considered abandoned, 
but those present insisted it to be true. The LKB group exhibited strong senti
ment about the company(s). that are responsible for supplying repairs and parts. 
Technical advice and instrument repair is nonexistent and parts, especially large 
shipments, apparently take as much as a year to be delivered. Some talked of entering 
a suit against the companies involved because support for a number of years had 
been assured during purchase, Sten Wikstrom reported that some progress is being 
made in Sweden in assembling parts (Staffan Bornefelt/ Remont AB, Box 307^ S-198-00, 
Balsta, Sweden). He would be glad to help'with technical advice as well. His-
address Is Huddinge University Hospital Research Center, s-14186, Huddinge, Sweden. 
Bill Erasure reported Boehringer-Mannheim Diagnostics people in Houston and Indianapolis 
do have parts available now. I have called .thera (Mike Serrlcchio (713)782-6740) 
and was assured that over a half-million dollars in parts are available. Call the 
above number for parts, explaining in great detail what part is needed. If you 
have trouble identifying it, call M. Nicolettl (BMD) at 800-428-5074 for help. 
Attempts are being made by BMD to secure third party service. They also state that 
the Remont people in Sweden are glad to help with technical problems; write or call 
thera. 

Someone reminded us that Finnigan-MAT has announced that it will support all its • 
systems for 5 years from the date they are discontinued. 

A call for naraes of serviceraen willing to repair older instruments yielded the 
following: 

Mike D.' Claus (M-ee, CEC, CH-5) P.O. Box 751, Barnegat, NJ 08005 
(609-698-1720) 

Jim J. Wilder - (MS-9, CEC 110), 1474 Fieldcrest Circle, Pleasant Hill, 
CA 94523. 
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Bill Frasure- (LKB-9000, CH4, CEC 103, 104, 130, 110, quads, ICR) 
326 Marion Ave,, St, Louis, HO 63119 (314-962-8648 or 
314-664-9800 x'170) 

Bob Dutky, 14112 New.Hampshire Aye,, Colesville, MD,. 301-284-5305 
• or 609-698-1720 (Data systems, LKB, MAT, Hitachi, Statos recorders) 

Len Herzog of Nuclide Corporation mentioned that they have a series of CEC 110 
and 103 update kits. They will also modernize vacuum systems on many instruments, 
including the LKB, and supply updated data systems for old instruments. Roger 
Upham . (University of Minnesota) raentioned a probe retrofit kit for the MS-30 that 
hie has available for $900. He also stated that VG has "VG Updates" to convert 
various VG.systems to the 7070 - contact John .Holmes there. Roger also noted that 
he has designs (and parts such as silver"gaskets) for a revised pumping system for 
the Hitachi. He also mentioned an unusual technique for softening used copper 
gaskets. Siraply plunge the red hot gasket (use a Meker burner, etc.) into a beaker 
of methanol I If the methanol ignites, just cover the dish with something to extinguish 
the flame (Your reporter assumes no responsibility). The resulting gasket is bright 
and soft. 

Bill Sherman has available plana for a simple diverter valve .for the LKB 9000 (and 
other systeras) that does away with hard to get gold-lined compression seals and is 
nearly foolproof in operation. 

Bill Frasure mentioned a technique of demagnetizing a multiplier head to increase 
sensitivity. Bring an external raagnet near the multiplier housing and twist it 
around its axis as it is withdrawn from the vicinity of the multiplier. 

Orville Mamer raentioned that compression valves on LKB and other interfaces can be 
recovered for use simply by filling the hole raade in the copper surface with silver 
solder - be sure to use hard silver solder. Orville also remarked that when plates 
of his LKB-9000 magnet separated, he had simply drilled a hole and bolted them 
tight. I'd advise you to call him before you try it though. Help was sought for a 
replacement for the .CEC 492 power resistor as well as the plastic ink holder for 
statos recorders. Any ideas? 

Stan Israel, University of Lowell, Mass. will give away free a Perkin-Elmer 270 -
any takers? T. Terwilliger will sell an old LKB-9000 for about $5,000. This statement 
brought up the. question of how to get rid of old Instruments. Herzog of Nuclide 
said he will take any CEC 103 or 1043. Someone noted that the metal in some machines 
is worth quite a lot at junk dealers if worse comes to worse. 

Many present noted that quality control in commercially available filaments seems 
to be bad - failures of about 40% were noted. 

Next year the group may want to break into smaller sections for that part of the 
discussion pertaining to specific instruments, and then .reconvene for general comments. 

H. Fales 
(301)496-2135 
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FAST ATOM BOIIBARDI-IENT MASS SPECTROMETRY WORKSHOP 

Kenneth L. Rinehart, Jr,, Moderator 

University of Illinois at Urbana-Champaign, Urbana, IL 61801 

The first fast atom bombardment mass spectrometry (FABMS) workshop attracted a large 

and spirited audience on Thursday evening. May 28, at 8 PM, with M, Barber, .R. D, Sedgwick 

and R. S, Bordoli, three of the University of Manchester Institute of Science and Technology 

inventors of the FAB technique, as panelists. A number of participants had requested time 

for short presentations and the workshop.was divided into three areas of interest—fundamen

tal processes, mechanics of the technique, and examples of applications. 

Fundamental Processes, Dr, Barber spoke first, noting initially that the theory of 

sputtered Ions is in its Infancy but that there is a considerable energy spread (ca, 8 volts 

half-width) in the ion source with sputtered ions. He also likened the mechanism of an argon 

atom striking the glycerol surface at a 20° angle to that of a billiard ball striking a 

plate of porridge, disrupting the lattice and peeling off the surface layer, producing a 

temperature spike and a dense gas in a very short time (0.37 psec). The overall ionization 

process, which perhaps Involves a percussive mechanism, must resemble that of chemical 

ionization rather than electron Ionization or field ionization, since the spectra look like 

CI spectra, with even-electron ipns; ammonium' chloride, "for example, gives NH. and Cl 

adducts in the positive and negative lon modes. In the discussion. Dr. H, R. Morris, 

Imperial College, also argued for the similarity of FAB-produced peptide spectra to those 

frora Cl and Dr. R, J. Cotter, Johns Hopkins, noted the similarity between FAB spectra and 

thermal desorption spectra obtained in his laboratory. 

In later' discussion, one of the major questions centered on production of M ions, as 

opposed to (M + H) ions. True molecular ions appear to be rare, but do occur, especially 

with organometallic' corapounds, where the raetals may be oxidized.' On the other hand, Dr, 

Sedgwick noted that M often can be shown by metastable ion studies to' come from (M + H) . 

Another interesting point is that both multiply charged ions, e,g., (M + H + H) , and 

' multimers (M + H) are observed, with some fragment ions coming from the latter. 

The second and third contributors, Dr, C, Magee, RCA Laboratories, and Dr. R, G, Cooks, 

Purdue University, provided background for the FAB technique in terms of SIMS (secondary lon 

mass spectrometry), Dr, Magee noted the early contributions of Honlg at RCA and Satklewicz 

at Johns Hopkins to SIMS and drew the following diagram relating the techniques, stating it 
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is the right hand, FIB, column which has given rise to FABMS, • 

Dr, Cooks noted the instrumental limits of quadrupole spectrometers, and agreed that 

the chief hindrance to use of SIMS on a magnetic sector instrument was the difficulty in 

bringing a 5-Kv lon beam into the ion source of a sector instrument operating a 3-10 Kv. Dr, 

Cooks argued for the priraary contribution bf molecular SIMS, then noted the work of 

Benninghoven at Muenster, Karasek at Waterloo, Rabalais at Houston, and Winograd at Purdue. 

He also noted that Devienne in France had earlier reported a neutral atom bombardment 

experiment on a solid surface but "without a glycerol matrix. [Dr, Barber, who also has an 

extensive background in SIMS, noted that Devienne's experiment, in addition;- lacked the 

rather critical low angle, ̂ , 20**, necessary to prevent excessive fragmentation.] Finally, 

Dr. Cooks argued for similarities in appearance of SIMS and FABJIS spectra and attempted to 

link the SIMS and FABMS techniques by arguing for electron transfer to an approaching argon 

ion to give, effectively, atom bombardment'in SIMS. ' " 

The fourth contributor, Dr. F, H, Field, Rockefeller University,. noted the similarity 

of FABMS and plasma desorption (PDMS), a development of Macfarlane at Texas A & M . [This 

sentiment was echoed by Dr, Barber.] Dr, Field also noted the similarity in energy between 

"fast atoms" and the physicists* "slow Ions", He then presented again instrumental Improve

ments In his time-of-flight mass spectrometer which yield more useful PD spectra, as 

described elsewhere in this volurae (TPM0C5). 

Techniques. Dr, F, W, McLafferty, Cornell University, asked what the ultimate limit 

on FAB-produced masses might be. Dr, Sedgwick noted success with mellitin, with a 

molecular weight of 2843, and Dr. Morris reported seeing ions above m/ẑ  3000. 

Dr, W. L. Harrington, RCA, suggested neutral molecules with 10-12 atoms as a bombarding 

beam, but noted chemical effects of such a beam could be a problem. In this connection. Dr. 

Magee noted the virtues of a cesiura lon gun and Dr. W. Eng,.University of.Manitoba, 
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diescribed a FAB ion source, employing cesium atoms, in which the saraple in methanol is 

electrosprayed onto a plate in the absence of glycerol. 

Attention was devoted to the importance of the matrix in short presentations by W. M, 

Bone, University of Virginia, and Dr. Cotter, There .was general consensus araong the 

piinelists that glycerol at present is the best medium and Dr. Sedgwick' noted that the 

surface properties of glycerol are important as well as the concentration of substrate 

dissolved in glycerol. Dr. Cooks suggested polyphenyl ether, but Dr,.Sedgwick reported 

far less success with this matrix, 

"Reverse derivatization" to give more polar substrate's is a useful concept. An 

interesting point is that preformed ions such as quaternary ammonium salts and sodium salts 

of organic phosphates and carboxylates work particularly well by FAB and may be seen at 

lower temperatures, with thermally produced ions at higher temperatures. On the other hand, 

the Moderator noted the similarity in spectra between otherwise identical neutral and 

acidic peptides; To effect ionization of the substrate, addition of acid (e,g., oxalic 

acid) can.sometlmes help, as can addition (or removal) of sodium or potassium ions. 

Perhaps the raost Important areas for future developments are in the technique itself, 

i,a,, alternative matrices, multichannel analysis for weak ions, high resolution, 

computerized data reduction,-

Applications. Dr, Barber perhaps supplied the most telling comment at the outset, 

noting that the Wednesday morning oral session (WAMOA) had already provided an impressive 

array of applications in a very short time for such a new technique. 

Among the proposed applications for FAB (suggested largely by Dr, Cooks on the basis 

of present SIMS capabilities) are direct use of chromatograms (already a reality in Dr, 

Morris's lab), surface analysis, including depth profiling, and microscopy of cellular 

constituents (an atom microprobe). 
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ASMS NOMENCLATURE COMMITTEE WORKSHOPS Minneapolis, 1981 

Two Workshops were held on Monday, May 25, 1981 and Thursday, May 28, 1981. 
84 members attended the first Workshop and 35 members the second. A copy of the list of ,-
terras and definitions for use in mass-spectrometry that had been prepared following last ' 
year's Workshop was distributed to each attendee. The list had already been circulated 
in advance to SO people who had attended last year's Workshop or who had written request
ing that the list be sent to them and their suggested raodifications had been incorporated. 

Each term on the list was considered in detail. A copy of the terms finally approved 

at the Workshops is attached. 

Help was sought to prepare an additional list of terms for consideration at next 
year's Workshops. The following people volunteered to provide terras under the headings 
listed alongside their naraes : • 

M.S. Story, Finnegan Instruments 

C.R. Lagergren, Battelle 

M. Elliott, V.G. Ltd. 

F.A. Elder, Xerox Corporation 

C.M. Judson, University of. Kansas 

(Instrumentation; detectors) 

(Surface ionization; thermal ionization) 

(Isotope raass spectrometry) 

(Knudsen cell mass spectrometry) . 

(Sample introduction) 

Several other people offered to send additional terras (with or without definitions) for 
inclusion in next year's list; 

(The deadline for receipt--of terras by me is August 31, 1981. This will allow time for 
circulation of a hew list of terras to the.attendees at this year's Workshops so that 
their comments can be included, and preparation of an agreed list:for discussion at the 
1982 Meeting in Hawaii). 

The following decisions were taken unanimously : 

1. That the attached list of terms be submitted to the ASMS Board of Directors for 
their approval, with the following recommendations 

(i) That if the'list is approved, it be considered 'provisional' for'one 
more year so as to give all members a final opportunity of commenting 
upon it. 

(ii) That all coraraents received before December 31, 1981 be considered by 
. the Chairman of the Nomenclature Committee who would then recommend 
to the Board, in the light of such comments, which terras'should be 
issued as ASMS recommended terms. 

(iii) That'terms issued under the headings 'Vacuum' and 'Data System' should • 
be separated into an Appendix.to the list of recommended terms. . . 

(iv) That the generosity of the American Vacuum Society in providing most pf 
the terras under the heading 'Vacuum' should be acknolwedged in the list. 

2. That the sarae procedure as was used this year should be followed again so that a 
further list of terms can be submitted to the Board in a year's tirae. 

Royal Society Research Unit 
University College of Swansea 
Singleton Park, SWANSEA SA2 8PP, UK.' 

V-^iAy-., 

J.H. Beynon 

Chairman 
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IONIZATION NOMENCLATURE 

Electron Ionization This is the term used to describe ionization o£ any species by 
.electrons. The process may, for example, be written 

M + e~ -+- M + 2e~ for atoms or molecules,, 
and M* + e~ -»• M"*" + 2e" for radicals. 

Photo-lonization This is the term generally used to describe ioniz.ation of any species 
by photons. The processmay, for example, be written 

M + hv -+ M + e" 

[Note: Electrons and photons do not "impact" raolecules or atoms. They interact with 
them in ways that result in various electronic excitations including ionization. For 
this reason it is recommended that the terras 'Electron impact' and 'Photon impact' be 
not used]. 

Field Ionization This term relates to the removal of electrons from any species by 
interaction with a high electrical field. 

Field Desorption This term is used to describe the formation of ions in the gas phase 
from a inaterial deposited on a solid surface (known as an 'emitter') in the presence 
of a high electrical field. 'Field desorption' Is an ambiguous term because it 
implies that the electric field desorbs a material as an ion from some kind of emitter 
on which the material is deposited. There is growing evidence that some of the ions 
formed are due to thermal ionization, some to field ionization of vapor evaporated 
from material on the emitter. Because there is little or no ionization unless the 
emitter is heated by an electric current, 'field desorption' is a misnomer. The term 

• is however firmly implanted in the literature and most users (by no means all) understand 
what is going on regardless of the implications of the term. In addition, no better 
simple term has been suggested to take itsplaceand so, reluctantly, it is recommended 
that it be retained.-

(Hierai-ionization and chemical ionization are two terms which should not be used 
inter-changeably. 
ChemiTionization refers to a process whereby gaseous molecules are ionized when they 
interact with other internally excited gaseous molecules or molecular moieties. 
Chemical ionization concerns the process whereby hew ionized species are formed when 
gaseous molecules interact with ions. The process may involve transfer of an electron, 
proton or other charged species to or between the reactants.- When a positive ion 
results from chemical ionization, the term may be used without qualification. When a 
negative ion results, the term negative ion chemical ionization should be used. 

Surface Ionization - takes place when an atom or molecule is ionized when it interacts with a 
solid surface. Ionization only.occurs when the work function of the surface, the 
temperature of the surface, and the ionization energy of the atom or raolecule Have an 
appropriate relationship. 

Thermal Ionization takes place when an atom or molecule interacts with a heated surface or 
is in a gaseous environment at high, temperatures.: [Exaraples of the latter may be a 
capillary arc plasma, a microwave plasma, or an inductively coupled plasma]. 

Atmospheric Pressure Ionization is an ambiguous term. In essence, it is used to describe 
chemical ionization at atmospheric pressure. It is recommended that use of the term 
should be discouraged. 

Spark (Source) Ionization occurs when a solid sample is vaporized and partially ionized by 
an intermittent electric discharge. Further ionization occurs in the discharge when 
gaseous atoms and small molecular moieties interact with energetic electrons in the 
intermittent discharge. It is recommended that the word 'source' be dropped from 
this term. •• . . . : . . ' 
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Auto-ionization occurs when an internally supra excited atom or raolecular raoiety loses an 
electron spontaneously without further interaction with an energy source. (The state 
of the atom or molecular moiety is known as a pre-ionization state). 

Associative Ionization occurs when two excited gaseous atoms or molecular moieties interact 
and the sum of their internal energies is sufficient to produce a single, additive ionic 
product. 

Multi-photon Ionization occurs when an atora or molecule and their concomitant ions have 
energy states whereby the energy in two or more photons can be absorbed. 

Penning Ionization occurs through the interaction of two or more neutral gaseous species at 
least one of which is internally excited. 

Charge Exchange ((Charge Transfer) Ionization occurs when an ion/atom or ion/raolecule 
reaction takes place in which the charge on the ion is transferred to the neutral 
species without any dissociation of either. 

Ion-Pair Formation involves an ionization process in which a positive fragraent ion and a 
negative fragment ion are the only products. 

Ionization Cross Section This is a measure of the probability that a given ionization 
process will occur when an atom or molecule interacts with an electron or a photon. 

Electron Attachment A resonance process whereby an external electron is incorporated into 
an atomic or molecular orbital of an atom or molecule. 

Ionization Energy This is the minimura energy of excitation of an atora, raolecule or molecular 
moiety required to remove an electron in order to produce a positive ion. ' 

Vertical Ionization This is a process whereby an electron is removed from a molecule in its 
ground or an excited state so rapidly that a positive ion is produced without change in 
the positions or momenta of the atoms. The resultant ion is often in an excited state. 

Adiabatic Ionization A process whereby an electron is removed from the ground state of an 
atom or molecule producing an ion in its ground state. 

Ionization A process which produces an ion from a neutral atom or molecule. 

Dissociative Ionization An ionization process in which a gaseous molecule decomposes to 
form products, one of which is an ion. 

Ionic Dissociation A decomposition of an ion into another ion of lower formula weight and 
one or more neutral species. 

Ionization Efficiency is the ratio of the number of ions formed to the number of electrons 
or photons used. 

An Ionization Efficiency Curve shows the number of ions produced as a function of the 
energy of the electrons or photons used to produce ionization. 

Laser Ionization occurs when a sample is irradiated with a laser beam. In the 
irradiation of gaseous samples, ionization occurs via a single- or multi-photon 
process. In the case of solid samples, ionization occurs via a therraal process. 

TYPES OF - IONS 

Positive Ion This is an atom, radical, molecule or molecular moiety which has lost one or 
more electrons thereby retaining an electrically positive charge. The use-of the term 
cation as an alternative is not recommended. The use of mass ion is not recommended. 

Negative Ion An atom, radical,molecule or molecular moiety in the vapor phase which has 
gained one or more electrons thereby acquiring an electrically negative charge. The 
use of the term anion as an alternative is not recommended. 
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Singly-, Doubly-, Triply- etc. Charged Ion These terms are used to describe an atom, 
molecule or molecular moiety which has gained or lost one, two, three or more electrons. 
The term multiply-charged ion is used to refer to ions that have gained or lost more 
than one electron where the number of electrons lost or gained is not designated. 

Parent Ion An electrically charged molecular moiety which may dissociate to form fragments, 
one or raore of which may be electrically charged, and one or more neutral species. A 
parent ion raay be a molecular ion or an electrically charged fragment of a molecular ion. 

Fragraent Ion An electrically charged dissociation product of an ionic fragmentation. Such 
an ion may dissociate further to form other electrically charged molecular or atomic 
moieties of successively lower formula weight. (See also Daughter Ion). 

Daughter Ion An electrically charged product of reaction of a particular parent ion. In 
general such ions have a direct relationship to a particular precursor ion and indeed 
may relate to a unique state of the precursor ion. The reaction need not necessarily 
involve fragmentation. It could, for example involve a change in the number of charges 
carried. Thus, all fragment ions are daughter ions but not all daughter ions are 
necessarily fragment ions. 

Rearrangement Ion An electrically charged dissociation product, involving a molecular or 
parent ion, in which atoms or groups of atoms have transferred from one portion of a 
molecule or molecular raoiety to another during the fragmentation process. 

Stable Ion An ion which is not sufficiently excited to dissociate into a daughter ion and 
associated neutral fragment(s) or to react further in any other way. 

Unstable Ion An ion which is sufficiently excited to dissociate within the ion source. 

Metastable Ion An ion which is sufficiently excited to dissociate into a particular 
daughter ion and neutral species during the flight from the ion source to the detector. 
The dissociation is most readily observed when it takes place in one of the field-free 
regions in a mass spectrometer. 

Precursor Ion This term is synonymous with Parent Ion. 

Product Ion This term is synonymous with Daughter Ion. 

Molecular Ion An ion formed by the removal (positive ions) or addition (negative ions) of 
one or more electrons frora a molecule without fragmentation of the molecular structure. 
The mass of this ion corresponds to the sum of the masses of the most abundant naturally 
occurring isotopes of the various atoms that make up the raolecule (with a correction for 
the raasses of the electrons lost or gained). For example, the mass of the molecular 
ion of ethyl bromide, C2H5Br will be 2x12 plus 5x1.0078246 plus 78.91839 minus the mass 
of the electron (m^). This is equal to 107.95751 u - ra^, u being the unit of atomic 
mass based on the standard that the mass of the isotope ̂ ^C 12u exactly. 

Isotopic Molecular Ion A molecular ion containing one or more of the less abundant 
naturally occurring isotopes of the atoms that make up the raolecular structure. Thus, 
for ethyl bromide there exist molecular isotope ions such as ^^CCHsBr**, C2H4D Br"̂ *, 
C2H5^^Br*', 13C2H5QlBr+' etc. 

Isotopic Ion Any ion containing one or more of the less abundant naturally occurring 
isotopes of the elements that make up its structure. 

Isotopically Enriched Ions When the abundance of a particular isotope is increased above 
the level at which it occurs in nature and is incorporated in a molecule the term 
"isotopically enriched ion" is used to describe any ion containing the enriched 
isotope. 

Dimeric Ion An ion formed either when a chemical species exists in the vapor phase as a 
dimer and can be detected as such, or when a molecular ion can attach to a neutral 
molecule within the ion source to form an ion such as [2M]** where M represents the 
molecule. 
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Protonated Molecule An ion formed by interaction of a molecule with a proton abstracted 
from an ion, as often occurs in Chemical Ionization according to the reaction : 
M + )CH"̂  ->- MH"̂  + X. The symbolism [M+H] may also be used to represent the protonated 
molecule. 
[Note : The widely-used terra 'protonated raolecular ion' to describe the MH* ion is not 
recommended. It suggests an association product of a proton with a molecular ion]. 

Adduct Ion An ion formed by interaction of two species, usually an ion and a molecule, 
and often within the ion source, to form an ion containing all the constituent atoms 
of one species as well as an additional atom or atoms. 

Cluster Ion An ion formed by the combination of two or more molecules of a cheraical 
species often in association with a second species. For example, [(H20)nH]''" is a 
cluster ion. 

Radical Ion An ion containing an un-paired electron which is thus both an ion and a free 
radical. The presence of the odd electron is denoted by placing a dot alongside the 
syrabol for the charge. Thus, C2H6"*"' and SFg" are radical ions. 

Odd-electron Ion This terra is synonymous .with Radical Ion. 

Even-electron Ion An ion containing no un-paired electrons, for example CH3 in its ground 
state. 

OTHER TERMS 

Mass Analysis A process by which a mixture of ionic or neutral species is identified 
according to the mass-to-charge (m/z) ratios (ions) or their aggregate atoraic masses 
(neutrals).- The analysis may be qualitative and/or quantitative. 

Detection of Ions In raass spectrometry this concerns the observation of the arrival of 
particular ionic species, at a detector under conditions that preclude or minimize 
ambiguities due to interferences. Ions may be detected by photographic or suitable 
electrical means. 

Scanning Method This term refers to the sequence of control over operating parameters of 
a mass spectrometer which results in a spectrura of masses, velocities, momenta or 
energies. 

Sample Introduction This refers to the manner in which a material which is to be subject 
to analysis is placed in the ion source of a mass spectrometer before and/or during 
such an analysis. 

Vacuum System Those coraponents used to lower the pressure within a mass spectroraeter are 
all parts of the vacuura system. This includes not only the various pumping components 
but also valves, gauges and associated electronic or other control devices, the chamber 
in which ions are formed and detected and the vacuum envelope. 

Data System The components used to record and process inforraation during the analysis of a 
• sample are part of the data system. This includes electronic or other control devices, 
and recording storage and data manipulation devices. 

Data Processing Once information is obtained with an appropriate data system, the 
information must be interpreted appropriate to the end use. Those steps which lead 
to this end use are of concern in data processing. Note that data processing does not 
necessarily include application of modem computer techniques. 

Data Reduction The process of transforming the initial digital representation of a 
spectrometer output into a form which is amenable to interpretation; for example, a 
bar graph or a table of ion currents. 
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m/z This abbreviation is used to denote the dimensionless quantity formed by dividing the 
mass number of an ion by the number of charges carried by the ion. It. has long been 
called the mass-to-charge ratio although m is not the ionic mass nor is z a multiple of 
the electronic charge, e'. The abbreviation m/e is, therefore, not recommended. Thus, 
for example, for the ion CyW-ŷ , m/z = 45.5. 

ION/MOLECULE REACTIONS 

Ion/Neutral Reaction A process wherein a charged species interacts with a neutral 
reactant to produce either chemically different species or changes in the internal 
energy of one or both of the reactants. 
(NB. The term ion/neutral reaction is not ideal, simply because the word neutral is not 
a noun. However, any alternatives such as ion/neutral-species are so clumsy as to seem 
unlikely to be generally accepted). 

Ion/Molecule Reaction An ion/neutral reaction in which the neutral species is a molecule. 

Charge Inversion Reaction An ion/neutral reaction wherein the charge on the reactant ion 
is reversed in sign. 

Charge Transfer Reaction An ion/neutral reaction wherein the total charge on the reactant 
ion is transferred initially to the reactant neutral species so that the reactant ion 
becomes a neutral entity. 

Partial Charge Transfer Reaction An ion/neutral species reaction wherein the charge on a 
multiply-charged reactant ion is reduced. 

Charge Stripping Reaction An .ion/neutral reaction wherein the charge on the reactant ion 
is made more positive. 

Charge Permutation Reaction This is a general term to describe an ion/neutral reaction 
wherein there is a change in the magnitude and/or sign of the charges on the reactants. 

[Note : Considering some of the possible reactions of ions M̂"*", M"'" and M" with a 
neutral species N these would be categorised on the basis of the above definitions 
as follows : 

M2+ + N ->- M"̂  + N (Partial charge transfer) 
M* + N ->• M̂ "*"* N + e" (Charge stripping) 
M* + N ->- M"*" -f N + 2e~ (Charge stripping and charge inversion) . 

All are ion/neutral reactions and also charge permutation reactions]. 

Collision-induced Dissociation An ion/neutral process wherein the (fast) projectile ion 
is dissociated as a result of interaction with a target neutral species. This is 
brought about by conversion of part of the translational energy of the ion to internal 
energy in the ion during the collision. 

CoUisional Activation An ion/neutral process wherein excitation of a (fast) projectile ion 
is brought about by the same mechanisra as in collision-induced dissociation. (The ion 
may decompose subsequently). 

CoUisional Excitation An ion/neutral process wherein there is an increase in the (slow) 
reactant ion's internal energy at the expense of the translational energy of either 
(or both) of the reacting species. The scattering angle may be large. 

[Note : It is recommended that all three of the above terms should be retained]. 

Elastic Scatterin^^ An ion/neutral interaction wherein the direction of motion of the ion 
-is changed, but there is no change in the total translational energy or internal energy 
of the collision partners. 

Inelastic Scattering An ion/neutral interaction wherein the direction of motion of the ion 
is changed, and the total translational energy of the collision partners is reduced. 
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Elastic Collision A collision resulting in elastic scattering. 

Inelastic Collision A collision resulting in inelastic scattering. 

Superelastic Collision A collision in which the translational energy of the fast-moving 
collision partner is increased. 

Ionizing Collision An ion/neutral reaction in which an electron or electrons are stripped 
from the ion and/or the neutral species in the collision. Generally, this terra has 
come to be used to describe collisions of fast moving ions with a neutral species in 
which the neutral species is ionized with no change in the number of charges carried 
by the ion. Care should be taken when this term is used to emphasize if charge 
stripping of the ion has taken place. 

Association Reaction (associative combination) The reaction of a (slow moving)' ion with a 
neutral species wherein the reactants combine to form a single ionized species. 

Ion/neutral Exchange Reaction In this reaction an Association Reaction is accompanied by 
the subsequent or simultaneous liberation of a different neutral species as product. 

Translational Spectroscopy A technique to investigate the distribution of the velocity of 
product ions from ion/neutral reactions. 

Ion Energy Loss Spectra Spectra that show the loss of translational energy of ions involved 
in ion/neutral reactions. 

Impact Parameter The distance'of closest approach of two particles if they had continued in 
their original direction of motion "at their original speeds. 

Interaction Distance The furthest distance of approach of two particles at which it is 
discernible that they will not pass at the impact parameter. 

Charge Exchange Reaction This term is synonymous with Charge Transfer Reaction. 

Partial Charge Exchange Reaction This term is synonymous with Partial Charge Transfer 
Reaction. 

SCANNING OF SPECTRA 

Mass Spectrura A spectrum obtained when a beam of ions is separated according to the mass-
to-charge (m/z) ratios of the ionic species contained within it. 

[Note : A quadrupole mass spectrometer achieves separation of the various ionic species 
in this way]. 

Momentum Spectrum A spectrum obtained when a beara of ions is separated according to the 
raoraentum-to-charge ratios of the ionic species contained within it. 

[Note : A sector magnetic field achieves separation of the various ionic species in 
this way. If the ion beam is homogeneous in translational energy, as is the case with 
sector instruments, separation according to the m/z ratios is also achieved]. 

Ion Kinetic Energy Spectrum • A spectrum obtained when a beam of ions is separated according 
to the translational energy-to-charge ratios of the ionic species contained within it. 

[Note : A radial electric field achieves separation of the various ionic species in 
this way]J 

Magnetic Field Scan The usual method of producing a momentum (raass) spectrum in instruments. 

Accelerating Voltage (High Voltage) Scan An alternative method of producing a momentum 
(mass) spectrum in magnetic deflection instruments. This scan can also be used, in 
conjunction with a fixed radial electric field to produce an ion kinetic energy 
spectrum. 
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Linked Scan A scan, in an instrument comprising two or more analysers, in which two or 
more o£ the analyser fields are scanned simultaneously so as to preserve a pre
determined relationship between parameters characterising these fields. Often, these 
parameters are the field strengths, but may also be the frequencies in the case of 
analysers in which alternating fields are employed. 

Linked Scan at Constant B/E A linked scan at constant B/E may be .performed on a sector 
instrument.incorporating at least one magnetic sector plus one electric sector. It 
involves scanning the magnetic sector field-strength B and the electric sector field-
strength E simultaneously, holding the accelerating voltage V constant, so as to 
maintain the ratio B/E at a constant value. This constant value is determined by 
the ratio of the two field strengths which transmit main-beam ions of predetermined 
massrcharge ratio; these preselected main-beam ions are the precursor ions whose 
fragment-ion spectrum is required. The fragmentation reactions so observed occur 
in a field-free region traversed before the two sectors scanned in this way. 

[Notes : This term should not be used without prior explanation of the meanings of 
B and E. 

The term "B/E linked scan" is not recommended, 
varies during the scan]. 

It may suggest that the ratio B/E 

Linked Scan at Constant Ê /V A linked scan at constant E^/V may be performed on a sector 
instrument incorporating at least one electric sector plus one magnetic sector. It 
involves scanning the electric sector field E and the accelerating voltage V simultan
eously, so as to maintain the ratio E^/V at a constant value, equal to the value of 
this ratio which transmits the main beam of ions through the electric sector. The 
magnetic sector field is set at a fixed value such that main-beam ions of a pre
determined mass;charge ratio are transmitted by the magnet; these preselected main-
beam ions are the precursor ions whose fragment-ion spectrum is required. The 
fragmentation reactions so observed occur in a field-free region traversed before the 
two sectors scanned in this way. 

[Notes : This term should not be used without prior explanation of the meanings of 
E and V. 

The term "E^/V linked scan" is not recommended]. 

Linked Scan at Constant B̂ /V A linked scan at constant B^/E may be performed on a sector 
instrument incorporating at least one electric sector plus one magnetic sector. It 
involves holding the accelerating voltage fixed, and scanning the magnetic field B and 
the electric field E simultaneously so as to maintain the ratio B^/E at a constant 
value. This constant value corresponds to the ratio of the two fields which transmit 
main-beam ions of predetermined mass:charge ratio; these preselected main-beam ions 
are the fragment ions whose precursor-ion spectrum is required. The fragmentation 
reactions thus observed occur in a field-free region traversed before the two sectors 
scanned in this way. 

[Notes : This term should not be used without prior explanation of the meanings of 
B and E. 

The term "B^/E linked scan" is not recommended]. 

Linked Scan at Constant B[I -(E/EO)]VE A linked scan at constant B[l - (E/Eo)]^/E may 

be performed on a sector instrument incorporating at least one electric sector plus one 
magnetic sector. It involves holding the accelerating voltage fixed, and scanning the 
magnetic field B and electric field E simultaneously, so as to maintain the quantity 
B[l - (E/Eo)]'/E at a constant value. This constant value is equal to B3/EQ, where EQ 
and B3 are respectively the electric sector field and magnetic sector field required to 
transmit m3 ions in the main ion-beam; m3 represents the mass (mj - mj) of the 
selected neutral fragraent whose precursor ion spectrum is required. The fragraentation 
reactions so observed occur in a field-free region traversed before the two sectors 
scanned in this way. 
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[Note : This term should not be used without prior explanation of the meanings of 
B, E and EQ. 

The term "B[l - (E/Eo)]^/E linked scan" is not recommended]. 

The above three definitions are merely examples of the types of linked scan that might 
be used. Any other linked scans can readily be defined in a similar manner. 

Fixed Precursor Ion Scans 
1. Mass Selection followed by Ion .Kinetic Energy Analysis 

If a precursor (parent) ion is selected, for example by a magnetic sector, all 
product ions formed from it in the field-free region between the magnetic sector and 
a following electric sector can be identified by scanning an ion kinetic energy spectrura. 

2. Linked Scan at Constant B/E or at Constant Ê /V 
Both of these linked scans give a spectrum of all product (daughter) ions formed 

from a preselected precursor (parent) ion. 

Fixed Product-Ion Scans 
1. High Voltage Scan. 

2. Linked Scan at Constant B^/E. 

Both 1. and 2. give, a spectrura of all precursor (parent) ions that fragment to 
yield a pre-selected product (daughter) ion. 

Fixed Neutral Fragment Scans , 
The linked scan at constant B[l - (E/Eo)]^/E gives a spectrum of all product (daughter) 
ions that have been forraed by loss of a pre-selected neutral fcagraent from any precursor 
(parent) ions. 

[Note : The above definitions, have all been given with reference to sector instruraents; 
linked scans to give similar information have also been devised for instruraents 
incorporating one or more quadrupoles]. 

2E Mass Spectrum Processes of the partial charge-transfer type : 

m2+ + N -*- m* + N* 

occurring in a collision cell (containing a gas, N) located in a field-free region 
preceding a magnetic and electric sector combination placed in either order, raay be 
detected as follows. 

If the instruraent slits are wide, and if the electric sector field E is set to 
twice the value required to transmit the main ion-beam, the only ions to be trans
mitted will be those with a kinetic energy/charge ratio twice, or almost exactly 
twice, that of the main ion-beam. The product ions of the process shown fulfill 
this condition. If the raagnetic field B is scanned, a mass spectrum of such singly-
charged product ions, and thus of their doubly-charged precursors, is obtained. Such 
a spectrura is called a 2E mass spectrura. 

E/2 Mass Spectrum Processes of the charge-stripping type : 

ra + N -*- m̂ "̂  + N + e" 

occurring in a collision cell (containing a gas N) located in a field-free region 
preceding a magnetic and electric sector combination placed in either order, raay be 
detected as follows. 

If the instrument slits are wide and if the electric sector field E is set to half 
the value required to transmit the raain ion-beam, the only ions to be transmitted will 
be those with a kinetic energy/charge ratio half, or almost exactly half, that of the 
raain ion-beara. The product ions of the charge-stripping process fulfill this 
condition. If the raagnetic field B is scanned, a raass spectrum of such doubly-
charged product ions, and thus of their singly-charged precursors, is obtained. 
Such a spectrum is called an E/2 mass spectrum. 
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[Note : Interference from product ions from processes of the type : 

rai + N -»• m2 + N + (mi - m2) 

where m2 == 0.5 mi, can arise in E/2 mass spectra]. 

Charge Inversion Mass Spectrum Charge inversion processes of the types : 

m* + N -*- m- + N̂ "̂  

or ra" + N -»- m* + N + 2e~ 

respectively, occurring in a collision cell (containing a gas, N) located in a field-
free region preceding a magnetic and electric sector combination placed in either 
order, may be detected as follows. 

If the instrument slits are wide, and if the connections to the two sectors, 
appropriate to transmission of either positive or negative main-beam ions, are 
simply reversed, the negative or positive product ions of the two processes, 
respectively, will be transmitted. If the magnetic field is scanned, a spectrum 
of such product ions will be obtained, and this spectrum is called a charge-inversion 
mass spectrum. These spectra are sometiraes referred to as -E and +E'spectra, 
respectively. 

[Note : The terms "2E, E/2, -E or +E mass spectrum" should not be used without prior 
explanation of the meaning of 2E, E, +E or -E]. 
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APPENDIX 

VACUUM 

(The terms in this section have been contributed, almost entirely, by the Araerican 
Vacuum Society, to whora grateful acknowledgment is made) 

Adsorption The process by which gas or vapor is bonded on a solid or liquid surface. 

Aperture Impedance The additional resistance encountered by gas flowing through a 
tube with an abrupt reduction in cross-section. For molecular flow, it, is the product 
of the raolecular effusion impedance of an orifice with a cross-sectional area A2 and 
the aperture correction factor (1 - A2/A1), whereAi is the cross-sectional area of 
the larger tube and A2 that of the smaller tube. 

Background Spectrum A mass spectrura of residual gas species in a system. It is 

usually obtained before a sample of interest is introduced and analyzed in order to 

deduce by subtraction of spectra the true mass spectrum of the sample. 

Backstreaming The flow of charged and/or neutral particles emanating frora a purap and 

moving counter to the flow of the gases being pumped. 

Baffle A series of surfaces placed in the line of gas or vapor flow to prevent straight 
line flow. 

Collision Frequency The number of molecules or atoms striking a unit area of surface 
per unit time; also, the number of collisions between the raolecules or atoras in a 
gas per unit volume and unit time. The collision frequency per molecule is equal to 
the probability per unit time that a molecule will collide with a surface or another 
molecule. 

Collision Rate the collision probability per unit time for an atom or molecule travel
ling at a specified speed through a gas. 

Conductance The ratio of throughput, under steady-state conservative conditions, to the 
pressure differential between two specified cross-sections inside a pumping system. 

Critical Inlet Pressure ' The inlet pressure of a vapor pump above which an abrupt 
decrease in pumping speed occurs. 

Cryopump A vacuum pump which operates by the condensation and/or sorption of gas at 
surfaces maintained at temperatures sufficiently low for the vapor pressures of the 
condensed gases to be insignificant. 

Cryosorption Pump A vessel containing an adsorbent which can be refrigerated for the 
cryosorption pumping of gases. 

Cryosorption Pumping A technique of producing vacuum by physical adsorption of gases 
on solid adsorbents cooled to low temperatures. 

Diffusion Pump A vapor pump in which the pumped gas flows into a vapor streara under 
conditions in which molecular flow predorainates. Momentum is transferred from the 
vapor to the ga3^ carrying it along in the direction of the stream.' Pump fluid is 
heated in vacuura to generate the vapor which is directed through a nozzle. It 
expands freely in the stream before it reaches a cool wall where it condenses and is 
returned to the boiler to begin a new cycle. 

Ejector Pump A vapor pump in which the pumped gas enters the pump and the vapor 
stream under predominantly viscous flow conditions. 

Evaporation The conversion of a substance from the liquid state into the gaseous state 
by absorption of energy. 
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Exhaust Port An opening in a vacuura pump or stage from which gases are ejected either 
to a succeeding stage or to the atmosphere. 

Feedthrough A device for transmitting electrical current, fluids or raechanical motion 
through the wall of a vacuum system. 

Flange A (projecting) rim usually in the form of an annulus intended for fastening and 
sealing one part of the vacuum system to another. 

Flapper Valve A thin gauge spring steel plate fastened on one end to the pump housing 
which seals the exhaust port of a mechanical pump from the oil reservoir or atmos
phere. During the exhaust cycle, gas pressure is sufficient to deflect the plate 
away from its seat and gas is discharged from the pump. Syn: flutter reed valve. 

Flow (Gas) The motion or passage of a gas. A description of gas flow may be character
ized by the Knudsen number into three ranges. 

Molecular Flow The flow of gas through a channel under conditions such that the mean free 
path is much greater than the largest dimension of a transverse section of the channel. 
At these pressures, the flow characteristics are determined by collisions of the gas 
molecules with the channel surfaces and flow effects from molecular collisions are 
insignificant. 

Transition Flow The flow of a gas through a channel under conditions that the mean free 
path is of the same order as the transverse dimensions of the channel. In this pres
sure range, the flow characteristics are determined by collisions of the gas molecules 
with surfaces as well as with other gas molecules. Also called Knudsen flow. 

Viscous Flow The flow of a gas through a channel under conditions such that the mean free 
path is very small in comparison with smallest dimension of a transverse section of the 
channel. At these pressures the flow characteristics are determined mainly by colli
sions between the gas molecules, i.e. the viscosity of the gas. The flow raay be 
laminar or turbulent. 

Fore PuiTi£ A vacuura pump for maintaining the forepressure of another pump below its 
critical value. 

Forepregsure The pressure raeasured downstream from the outlet or foreline of a vacuum 

pump. 

Fractionating Pump A diffusion pump whose design allows the more volatile impurities in 
the pump fluid resulting from decomposition or contamination to be either ejected out 
of the foreline or trapped within the purap in such a raanner as to effectively reduce 
their chance of escape out of.the pump inlet. 

Holding Time (Pump) The time required for the forepressure of an isolated vapor or 
diffusion pump to reach the limiting forepressure. 

Hot Cathode Ionization Gauge An ionization gauge in which pressure is measured in 
terms of the current of positive ions produced by electrons emitted from a heated 
cathode. 

Bayard-Alpert Gauge A hot cathode ionization gauge in which a fine wire ion collector 
is positioned on the axis of a cylindrical grid functioning as anode. The cathode 
is mounted outside the grid. 

Impedance The reciprocal of conductance. 

Incidence Rate The number of molecules striking a unit area of surface per unit time. 

Inlet Pressure The gas pressure at the entrance to a pump. 

808 



Interstage Pressure The gas pressure at any point between the exhaust port of the 
low-pressure stage and high-pressure or roughing stage of a compound pump. 

Ion Pump An electron idevice in which ionization produces a significant rate of gas 
removal. 

Differential Sputter Purap A sputter-ion pump having two cathodes for which materials 
and sputtering rates differ. 

Diode Pump An ion pump containing two uniquely shaped electrodes, viz. a cathode and 
anode. Two-electrode ion pumps are also referred to as diode getter and diode 
sputter ion pumps. 

Electrostatic Purap An ion purap having only electrostatic fields rather than both 

electric and raagnetic fields to generate the ionizing discharge. The getter material 
is sublimed by electron heating or by ohraic heating into the discharge space. 

Electrostatic Getter Purap An electrostatic-ion pump in which a getter material is made 
to sublime. 

Evaporation Purap A getter-ion pump in which the getter is evaporated from a molten 
surface rather than sublimed or sputtered from a solid source. 

Getter Pump A pump which combines the pumping mechanisms used in the ion pump and 
the getter pump. (See sputter-ion purap and electrostatic pump), 

Magnetic Pump An ion pump usually with multiple anode cells immersed in a magnetic 
field parallel to the cell axes with two cathode end plates of reactive material 
spaced from the ends' of the anode cells which terminates the discharge space. 

Noble Gas Pump A magnetic-ion purap with novel cathode geometries to' enhance the pumping 
of noble gases. 

Sputter Pump A getter-ion pump in which the getter surfaces are continuously renewed 
by sputtering. 

Triode Pump An ion purap usually of the sputter-ion type, containing three uniquely 
shaped electrodes; an anode, a sputter cathode, and an ion collector electrode. 

Triode Getter Purap A triode-ion purap in which gettering is a part of the pumping 
mechanisra. 

Knudsen Flow The flow of gas through a pump or system under transition flow conditions 
which are intermediate between viscous flow and molecular flow. 

Knudsen Gauge A vacuum gauge which indicates pressure by responding to the net rate 
of transfer of momentum by molecules moving between two surfaces maintained at 
different temperatures and separated by a distance smaller than the mean free path 
of the gas molecules. Various types of Knudsen gauges differ mainly in the shape 
and method of suspension of the movable element. 

Knudsen Number The ratio of the mean free path of a gas molecule to a characteristic 
dimension of the channel through which gas is flowing. For a cylindrical tube, the 
diameter is a characteristic dimension. 

Leak A hole or permeable element through which leakage may occur under the action of 
a pressure difference. This includes a device used to introduce gas into a vacuum 
system at a controlled rate. 

Calibrated Leak A leak which has a known leakage rate for a specific gas under 
specific conditions. 
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Capillary Leak A leak having "a small cross section dimension and length many times its 
cross section dimension. 

Membrane Leak A leak which permits gas flow by permeation through a thin nonporous wall. 

Molecular Leak A leak of such a size that the leakage through it is predominantly 
molecular flow for a given pressure. 

Variable Leak A leak with an adjustable leakage rate which can be controlled. 

Virtual Leak An apparent leak because of the presence of contaminants which outgas very 
slowly within a,vacuum system. 

Viscous Leak A leak of such a size that the leakage through it is predominantly viscous 
flow for a given pressure. 

Accumulation Leak Detection Technique A leak detection technique in which tracer gas 
(e.g. helium) enters the part under test and is allowed to accumulate within the part, 
or within a systera containing the part, for a period of time. The part or system is 
then opened to the leak detector. The system raay include the leak detector sensing 
element. 

Backing Space Leak Detection Technique A leak detection technique in which the leak 
detector is connected to the forevacuum side of a pump attached to the vacuum systera 
or element undergoing leak test. A tracer gas is sampled at a higher pressure after 
compression by the diffusion pump or other type of pump operating at high speed • 
relative to its backing pump. 

Bagging A jargon term for a leak detection technique in which the part under test is 
enclosed in a bag (or other enclosure) which is filled with a tracer gas to slightly 
more"than atmospheric pressure. A tracer gas is applied to the entire.surface of 
the part to determine the total leakage from all leaks in the part. 

Diffusion Leakage A leakage resulting from the temperature dependent diffusion of a 
specific gas through a membrane. Examples are the diffusion of hydrogen through 
palladium and helium through glass. 

Leakage (leak) Rate The quantity of gas passing through a leak in a given time divided by 
that time (see throughput). 

Limiting Forepressure The pressure at the discharge side of a vacuum pump, at a stated 
throughput, above which the pumping action of the pump rapidly deteriorates, evidenced 
by a sudden increase of inlet pressure. Syn: critical backing pressure. 

Load (Vapor Pump) The quantity of gas, not including pump fluid vapor, in mass units, 
flowing through the pump per unit time. It is also called capacity or mass flow. 

Manometer An instrument for measuring the pressure of gases and vapors. 

Maximum Pressure Ratio (Vacuum Pump) The maximum value of the ratio of forepressure to 
inlet pressure which a pump.can maintain at zero gas .flow. In vapor pumps, this term 
is usually significant only forlight gases such as hydrogen and helium. 

McLeod Gauge A liquid level manometer in which a known volume of the gas, whose pressure 
is to be measured, is compressed by the movement of a liquid column and confined in a 
small measurable volume. Corrections need to be made for any appreciable change in 
gas pressure in the system caused by the movement of the liquid. 

Mean Free Path The average distance a particle travels between successive collisions 
with the other particles of an ensemble. 
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Mean Path The mean distance a particle travels between successive collisions with other 
particles of surfaces. When the pressure is high or the vessel dimensions are large, 
so that the raean path is small with respect to tHe vessel diraensions, the mean path and 
mean free path become numerically identical. 

Mechanical Pump (Vacuum) A device with moving parts such as rotating vanes, a piston, 
or eccentric rotary members used for pumping gas or vapor. 

Molecular Effusion The molecular flow of gas from a region at one pressure to one at a 
lower pressure through an orifice in a wall of negligible thickness and with a 
diameter much less than the mean free path of the molecules. 

Molecular Flux The net number of gas molecules crossing a specified surface in unit 
time. Those having a velocity component in the same direction as the normal to the 
surface at the point of crossing are counted as positive and those having a velocity 
component in the opposite'direction are counted as negative. 

Molecular Velocity Distribution The average value of the fraction of the molecules in a 
sraall volume, dr, surrounding a given point, located by the radius vector r̂  in a fluid 
mediura, which have velocity vectors lying within an infinitesiraal volume, dv, surround
ing the point in velocity space. The averaging process is carried out over a time 
long enough to smooth statistical fluctuations in the molecular populations, but short 
compared with the time required for significant variations in the macroscopic properties. 
For a gas in equilibrium at rest, the distribution of the velocity vectors with a given 
magnitude is uniform over a sphere about the origin in velocity space. The distribu
tion known as Maxwell's law of velocity distribution is fv dv=4'7rv̂  (m/2TrkT)^/^ 
exp(-rav^/2kT)dv, where ra is the raass of a molecule, T is the absolute temperature, 
k is the Boltzmann constant, and 4TTv^.dv is the volume of a spherical shell of radius 
equal to the magnitude of v and of thickness dv equal to the increment in this magnitude 
and gives the fraction of molecules having speeds between v and v + dv. The function 
fy is the Maxwellian distribution function. 

Net Speed (Vacuum Pump) The throughput across a section remote from the pump inlet 

divided by the pressure as measured at that section. The net speed can be calculated 
when the pumping speed is known by adding to the sura of all the impedances between the 
pump inlet and the given cross section, the reciprocal of the measured pumping speed 
and then taking the reciprocal of the result. 

Pascal The basic S.I. unit of pressure recommended for general use in vacuum technology. 

It is one newton per square meter. (see also : Torr). 

Perraeability Coefficient The rate of flow of gas through a unit area and a unit thickness 
of a solid barrier per unit differential pressure at a given teraperature. 

Permeation The passage of gas through a solid. The process always involves diffusion 
through the solid and may involve surface phenomena such as sorption, dissociation, 
raigration and desorption. 

Physical Adsorption An adsorption process caused by van der Waals forces between 
adsorbent and adsorbate. Typical binding energies are less than 10 kcal/raole. 
Syn: physisorption. (See adsorption.) 

Positive Displacement Pump A mechanical vacuum pump in which the pumping action is 
provided by displacement or trapped volume of gases typically by a rotating or 
reciprocating piston, sliding vane, or intermeshing lobes. 

Pressure (Gas) The average normal force per unit area exerted by gas molecules 

impacting on a surface. 

Ultimate Pressure The limiting low pressure approached in a vacuum system after a 
sufficient pumping time has elapsed to establish that further reductions in pressure 
will be negligible. Sometimes called the ultimate vacuum, or blank-off pressure, or 
base pressure when referred to a pump under test. 
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Ultimate Partial Pressure The part of the ultimate pressure in a vacuum system caused 
by the partial pressure of a specific gas. 

(Saturated) Vapor Pressure The pressure of a vapor in thermodynamic equilibrium with a 
condensed phase at a fixed teraperature. The definition applies to single components 
as well as to multicomponent systems. In the latter case, it is necessary to , 
distinguish between the total pressure over the condensed phase and the partial 
pressure of a given component. Syn : saturation pressure. 

Pump Fluid A liquid, usually having a low vapor pressure, used as the working fluid in a 
mechanical or vapor pump. 

Pumping Speed The ratio of the throughput of a given gas to the partial pressure of that 
gas at a specified point near the inlet port of a purap. 

Seal (Vacuum) A joint between two elements of a vacuum system which is effective in 
maintaining leakage at or below a required level. 

Bakeable Seal A seal which can be baked at elevated teraperatures. 

Break Seal A seal consisting of a thin glass membrane separating adjacent sections of a 
vacuum system. The membrane is broken to connect the two sections. 

Demountable Seal A seal between two elements designed for disassembly without resort to 
cutting, fracturing, or melting, which is effective in maintaining the desired vacuum. 

Gasket Seal A demountable seal which employs a closed loop of deformable material pressed 
between two harder members. I't may be reiiseable. The gasket may be fabricated from 
metal washers, wire rings, elastomers or.other materials. 

0-Rlng A demountable, elastomer, gasket seal made with a toroidal gasket of circular 
cross section. 

Pump Speed The volumetric rate of gas flow across a section at the pump inlet. It can 
be obtained from the ratio of the throughput of a gas to the partial pressure of that 
gas at a specific point near the inlet port of the pump. (Often called pumping speed.) 

Speed Factor The ratio of the speed to the product of the vacuum pump inlet cross section 
area and the maximum flow rate per unit area as given by the effusion law. It is also 
called efficiency, or speed efficiency. 

Speed of Exhaust The instantaneous rate of reduction of pressure in a system multiplied 
by its volume and divided by its pressure. 

Sticking Coefficient The ratio of the number of molecules which are adsorbed on a 
surface for a finite period of time to the number of molecules striking that surface. 

Sublimation The process of transition directly from the solid vapor phase without 
passing through the intermediate liquid phase by the absorption of energy. 
Syn: sublime. 

Thermal Conductivity Gauge A vacuum gauge containing two surfaces at different tempera
tures between which heat can be transported by gas molecules. Changes in the 
temperatures, or in the heating power required to maintain constant temperature of 
one of the surfaces can be correlated with the gas pressure. Thermal conductivity 
gauges differ in the raethod of indicating the teraperature change. (See ; 
thermocouple gauge). 

Thermistor Gauge A form of thermal conductivity gauge in which the temperature-
sensitive elements are made of semiconducting material instead of metal. 
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Thermocouple Gauge A thermal conductivity gauge which contains a heated filament and a 
thermocouple for the measurement of filaraent teraperature as a function of gas pressure. 

Throat (Vacuura Component) (a) (Nozzle or Diffuser). The smallest cross section of an 
expanding nozzle, converging diffuser or converging/diverging nozzle or diffuser. 
(b) (Vapor Pump). The smallest clearance area between the pump casing and the nozzle 
nearest the inlet port. 

Throughput The quantity of gas in pressure-volume units, at a specified temperature, 
flowing per unit time across a specified open cross section. Throughput may be 
referred to a specific constituent of a gas in which- case the partial pressure of that 
constituent and the associated flow rate are the relevant quantities. 

Torr A unit of pressure defined as 1/760 of a standard atmosphere. It replaced the term 
millimeter of raercury (mra of Hg), and has now been replaced by the Pascal as a preferred 
unit of pressure. (1 mm Hg = 1.000 000 14 Torr = 133.322 386 7 Pascal). 

Trap (Vacuum System) A device used in a vacuum pumping line to reduce vapor pressure in a 
vacuum system or prevent backstreaming and migration of vacuum pump fluids such as 
raercury and/or oil. 

Anti-Migration Trap A trap which, includes a chilled surface or other means to prevent, 
surface raigration of oil from a source into the vacuum system. 

Cold Trap A trap with a refrigerated surface used to condense various vapors present in the 
vacuum system. 

Molecular Sieve Trap A trap containing molecular sieve material that has a high surface 
area and that-adsorbs hydrocarbon and water vapors at or below room temperature. 

U-Tube Trap A trap in the forra of a U-shaped tube which is immersed in a coolant. 

Turbomolecular Pump An axial flow turbine for operation in the molecular flow range 
consisting of a series of alternate circular rotor and stator disks both of which 
have inclined blades designed to impart momentum change to gas molecules in a 
preferential direction frora the pump inlet to the outlet. 

Vacuum The condition of a gaseous environment in which the gas pressure is below 
atmospheric pressure. 

Low Vacuum A vacuum in which the pressure is less than 10^. Pa ('̂'750 Torr) and greater 
than 3.3 x 10^ Pa (25 Torr). 

Medium Vacuum A vacuum in which the pressure is less than or equal to 3.3 x 10^ Pa 
(25 Torr) and greater than 10-^ Pa (7.5 x lO""̂  Torr). 

High Vacuum A vacuum in which the pressure is less than or equal to 10"^ Pa 
(7.5 X IO-'* Torr) and greater than 10"^ Pa (7.5 x 10"^ Torr). . 

Very High Vacuum A vacuum in which the pressure is less than br equal to lO'̂ P̂a 
(7.5 X 10-7 Torr) and greater than 10""̂  Pa (7.5 x 10"^° Torr). 

Ultrahigh Vacuum A vacuum in which the pressure is less than or equal to 10"^Pa 
(7.5 X 10"io Torr) and more than 10-^^ p^ (7.5 x lO'^^ JQ-TT) . 

Extreme Ultrahigh Vacuum A vacuum in which the pressure is less than 10"^° Pa (7.5 x 10"^^ 
Torr). 

Vacuum Valve A mechanical device by which the flow of gas or vapor may be started, stopped, 
or regulated by a moving part which opens or obstructs a passage. 

Angle Valve A valve in which the ports are not in line, as, for example, a right angle 
valve. 
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Vacuum Baffle A valve containing a shield which remains•in line with the valve port and 
can thus act as a baffle. 

Butterfly Valve A valve which is opened or closed by rotating a disk 90*̂  about an axis 
through the center of the disk. 

Diaphragm Valve A valve in which the valve stem is mounted in a bonnet which' is 
isolated from the rest of the valve by using a diaphragm to divide the space inside 
the valve body. Either metal, elastomer or plastic is commonly used for the diaphragm. 
An elastomer or plastic diaphragm sometimes functions also as a gasket. In any case, 
motion is limited to avoid exceeding the elastic limit of the diaphragm material. 

Leak Valve A valve for admitting air or gas at a precisely deterrained rate into a vacuum 
system. 

Needle Valve A leak valve in which a tapered needle is moved along its axis against a 
seat which may also be tapered. 

Relief Valve A valve which will automatically open when the pressure on the seat side 
rises above a specific pre-set valve. It is generally regarded as a-safety device. 

Sealed Bellows Valve A valve usually for high vacuum applications, in which the stem is 
sealed by a flexible metal bellows. One end of the bellows is attached to the valve 
body and the other end to the disk part of the valve stem. 

Solenoid Valve A valve in which the movable raember is actuated electrically by an 
electromagnet. 

Straight Through Valve A valve in which'the ports are in line, or coaxial, and for which 
the internal construction is such that line-of-sight flow occurs when the valve is open. 

DATA SYSTEM 

Data Acquisition The process of transforming representations of (spectrometer) signals 
from their original form into suitable representations, with or without modification, 
in conjunction with a computer systera. 

Real Time In data acquisition in Real Tirae the computer representations are generated 
within the same time frame as the original experiment. 

Off-Line In this raethod of data acquisition there is some (time) discontinuity in the 
transfer or transforraation of the representations. 

Data Logging is a more specific term implying data collection from more than one 
relatively low frequency source with storage of the collected data for later 
processing. 

Hardware The term used for the physical components of a computer system. 

Software This term is used to describe computer programs, whether inside or outside a 
coraputer, and whether they are machine readable or normally legible. 

Firmware Computer programs stored in a semi permanent form, usually semi conductor 
memory, and used repeatedly without modification. Firmware can be changed only by 
exchanging or removing hardware. 

Pre-Processor A device in a data acquisition system which performs a significant amount 
of data reduction, extracting specific information from raw signal representations, in 
advance of the main processing operation. 
A preprocessor may constitute the whole of a data acquisition interface, in which case 
it must also perform the data acquisition task (spectrometer signal to computer 
representation conversion), or it may specialise solely in data treatment. 
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Hard Wired ' A preprocessor may be hard wired, that is capable of performing only certain 
defined tasks and no others without raajor physical modification. 

Pre-Programmed A preprocessor may be pre-programmed, that is, it can be a general 
purpose device incorporating specific but readily alterable instructions to perform a 
particular task. 

Signal Conditioning The process of altering the relationship of a transducer (spectrometer) 
output with respect to time or other parameters (frequency, voltage or current). 

Signal Processing The mechanisra of analysing, routing, sampling or changing the 
representation of a signal. 

Operational Amplifier A high gain DC voltage araplifer with high input impedance, low 
output impedance and the capability of producing a bipolar output.from a bipolar input. 

Amplifier Coraplex A number of operational amplifiers configured for a specific function, 
packaged as a single unit and used as such. 

Amplifier Bandwidth The range of signal frequencies over which an amplifier is capable 
of undistorted or unattenuated transmission. •• An Operational Amplifier should transmit 
DC voltage accurately and the upper (bandwidth) limit is defined as the 3 db point 
(factor of 2 attenuation). - •' 
Bandwidth can vary with gain and hence Gain-Bandwidth Product can be a more useful 
parameter. 

Amplifier Noise This can be of two kinds. White Noise which is random signal fluctuations 
whose power spectrum contains all frequencies equally over a specified bandwidth and 
Pink Noise where the frequencies diminish in a specified fashion over a specified range. 

Differential Amplifier An .(operational) amplifier which has two inputs of opposite sense 
gain polarity with respect to its output. Differential Ouput Amplifiers with two 
opposite sense outputs, also exist. 

Single-ended Araplifier An (operational) amplifier with a single input (or output). 

Analogue Signal . This is a signal which can be expressed as a continuously variable 
mathematical function of time. 

Digital Signal This is a signal which represents information in a computer-compatible 
forra as a sequence of (binary) numbers which may describe discrete samples of an 
analogue signal. 
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MINUTES OF THE HEETING ON SECTION M ON 
" MASS SPECTROMETRY ASTM COMMITTEE D-2, RES. DIV. IV 

The meeting of Section M was held on Monday, May 25, 1981 at 9:00 a.m. at- the 
Radisson Hotel, Minneapolis, MN. A total of 22 persons attended, representing 
academic government and industrial organizations. A list of attendees is. available 
from Thomas Aczel. ' 

The meeting was opened with a call from the Chairman to intensify efforts in 
providing methods for the analysis of coal and shale derived liquids. This was 
agreed to. 

Dr. T. Ashe of Exxon reported on the cooperative study on high resolution, high • 
voltage MS. Aromatics from a blend of several crudes were distributed to five 
participating laboratories. Data tabulated from the runs show a good degree of 
similarity between raw spectra. More evaluation is needed, however, before a 
definitive method based on high resolution can be proposed. 

Dr. G. Greenwood of Phillips Petroleum reported on the analysis of the saturates 
from the above blend. These results, from seven laboratories, show that the precision 
specifications in ASTM D-2786 are too lenient; the present data showed significantly 
better agreement. Final action to modify ASTM D-2786 accordingly will be initiated 
as soon as all eleven laboratories participating in this effort send in their data. 
A question was raised on the purity of the fractions; as monoaromatic content is high; 
this is being investigated. 

New business included the formation of two Task Groups, one on coal • 1iquids, with 
R. Lett of the PETC, Pittsburgh as Chairman and one on shale liquids with G: Greenwood 
and S. Scheppele of DOE, Bartlesville as Co-chairmen. Samples will be sent to be analyzed 
under conditions now being agreed to by the respective Chairmen. Eleven people 
requested samples initially; additional participants are invited. Inquiries can be 
sent to Thomas Aczel or Gil Greenwood. Details on the aromatics and saturates 
analyses are also available from Thomas Aczel. 

The formal meeting was adjourned at 10:00 a.m. An informal meeting was held on 
the methodologies of shale oil analysis on Tuesday at 4:00 p.m. Deliberations are 
still continuing on the subject; suggestions are welcome. 

Respectfully submitted. 

Thomas Aczel 
Chairman 

Exxon Research and Engineering Co. 
P. 0. Box 4255 
Baytown, TX 77520 
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MINUTES OF THE 1981 ASTW E-14 BUSINESS MEETING 

The Business Meeting of ASTM Committee E-14 on Mass Spectrometry was held on May 25, 
1981 in Minneapolis, Minnesota. Representatives of industrial, academic and government 
oranizations provided an attendance of 35. 

The meeting was opened by the Chairman, M.C. Hamming, who introduced the current 
officers and the ASTM staff manager. 

Chairman: H.C. Hamming, CONOCO, Inc., Res. and Dev. Dept., Box 1267, 
Ponca City, OK 74601 

Vice Chairman: T. Aczel, Exxon Res. and Eng. Co., Box 4255, Baytown, TX 
77520 

Secretary-Treasurer: B.N. Colby, Systems, Science and Software, Box 1620, La 
Jolla, CA 92038 

Staf f Manager: Ken C. Pearson, ASTM, 1916 Race S t . , Phi ladelphia, PA 19103 

The minutes of the previous meeting were presented by B.N. Colby and approved. This was 
fol lowed by a br ie f discussion of ASTM E-14/ASMS j o i n t projects by M.C. Hamming. 

A report on Awards prepared by R. Pancirov was read by T. Ashe. I t described resul ts of 
a l im i ted E-14 survey which supported the award concept. The discussion which followed 
culminated In a motion to have E-14 establ ish an award to be presented at the ASMS 
banquet at undefined in te rva ls . This was ammended "to take place as soon as possib le" . 
Both ammendment and motion as ammended were passed by a show-of-hands vote. 

T. Ashe, Chairman of Subcommittee E14.13 on GC/MS, gave an update on the GC/MS pract ice 
which is in preparat ion. Draf t 1.3 had been d is t r ibu ted fo r vote and received several 
negatives; Sections 6 . 1 , 6.2, 6.3 and 6.5 being the problem areas. J . McGuire and D. 
Parees agreed to organize a meeting during the week to determine appropriate act ion with 
respect to the GC/MS pract ice . 

P. Pr ice, Chairman of Subcommittee E14.14 on General Pract ices, gave our update on t i t l e 
changes fo r the two ex is t ing E-14 pract ices. The proposed new name for E137 was 
re jected. Discussion w i l l be held with the indiv iduals who voted negatively in order to 
determine i f the objections are e d i t o r i a l . The revision to E304 was accepted as 
proposed. 

Also discussed was the proposed "Good Laboratory Practices" pract ice which had received 
a 90 percent negative response on ba l l o t i ng . A decision was made to address th i s during 
the GC/MS meeting la te r in the week. 

T. Aczel , Chairman of Subcommittee £ 1 4 9 1 , L ia ison, gave a very b r i e f update on the 
a c t i v i t y of 02 where method precision i s being reevaluated. 

B. Colby, Chairman of Subcommittee E14.92 on Long Range Planning and Programs, mentioned 
the p o s s i b i l i t y of a symposium on o i l shale fo r next years meeting. T. Aczel w i l l be 
planning th i s a c t i v i t y . Also discussed was the p o s s i b i l i t y of preparing a questionaire 
fo r d i s t r i b u t i o n to E-14 members with the in tent of improved understanding of member 
i n te res ts . Mynard Hamming w i l l prepare t h i s . 

The p o s s i b i l i t y of an E-14 STP (Staride d Technical Publication) was discussed. T. Aczel 
suggested the Oil Shale Symposium as a potent ia l target for an STP. 

The Nominating Committee provided a b r i e f report ident i fy ing candidates fo r the 82-83 
termi They are: 

Chairman: Thomas Aczel 

Vice Chairman: Gil Greenwood 
Phil Price 
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Secretary-Treasurer: Bruce Colby 
Ed Emery, 

Ken Pearson, ASTM Staff Manager, presented an "Award of Appreciation" to Mynard Haimilng 
f o r outstanding work performed fo r ASTM. 

Old Business was discussed. This pr imar i ly centered around subcommittee and task force 
chairmanships: 

• Jacob Shen, has found I t necessary to resign as Chairman of Task Force 
E14.13.02 on GC/HS Terminology and was replaced by Doug Cameron. 

• There i s s t i l l no chairman for Subcommittee E14.04 on Data and Information 
Problems. 

• Terry Ashe indicated that he found i t necessary to resign as Chairman of E14.13 
on GC/MS. 

New business consisted of a discussion of new mass spectrometry techniques. MS-MS was 
of pa r t i cu la r i n te res t . Subcommittee E14.15 on "New Instrumentation and Techniques" was 
established wi th Doug Cameron as Chairman. 

The Business Meeting was then adjourned. 

An Informal executive committee meeting was held by the o f f i ce rs a f te r the Business 
Meeting. They discussed the above topics wi th ASMS representatives. 

Respectfully Submitted, 

Bruce N. Colby 
Secretary-Treasurer 
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+ASTM E-14 Chairman 
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SURVEY METHODOLOGY 

On November 17, 1980, Dr. Burnaby Munson, president of the 
American Society for Mass Spectrometry, wrote to the Society's 
1,A36 members asking them to participate in the 1980 Membership 
Survey. The mailing included the questionnaire that appears as 
an appendix to Chis report and an unstamped envelope addressed to 
the survey firm engaged to analyze the survey results. By 
January 25, 1981, more than half the questlonnnaires (54%) had 
been received. The responses were edited when necessary to 
eliminate inappropriate or nonsensical responses, and the edited 
responses were then entered into computer storage. Survey 
responses were anonymous, and no attempt was made to measure 
non-response bias. 

The tables in the report were produced using an Alpha-Micro • 
computer, with prograras written by Harry Foxwell and John Robert 
Jones. 
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TECHNICAL NOTES 

How to Read the Tables 

This report contains two types of tables: cross-tabulatlons and 
salary tables. The format of each table is based on two 
questions from the survey questionnaire. One of these questions 
is associated with the rows, and the other question is associated 
with the columns. The possible answers to these questions 
determine the row headings and the column headings. 

Cross-tabulatlons. Each "cell" of a cross-tabulation contains 
three items: the Count, the Row Percent, and the Column Percent. 
The count is Che number of responses in that c e l l ; the row 
percent Is the cell count as a percent of the total in that row; 
and the column percent is the cell count as a percent of the 
total in that column. 

Salary tables. Each cell of a salary table contains four 
items: the Median salary, the Mean salary, the Standard 
Deviation of the salaries, and the Count. The median salary 
divides all the salaries into Cwo groups of equal size (that is, 
half the salaries are more and half are less than the median). 
The mean is the sum of the salaries divided by the nuraber of 
salaries. The standard deviation Is a measure of Che variation 
among the salaries in that cell. 

Item Non-response 

Non-response to question E concerning the numbers of subordinates 

was interpreted to mean zero subordinates. 

Estimates of Proportions 

Estimates of Che proportion of respondents falling into a given 
category are sample proportions, which are subject Co sarapling 
error. How large Che sarapling error is likely to be depends upon 
the observed values used both as the numerator and as the 
denominator of the proportion being estimated. The table below 
contains information that will approximate limits on the size of 
the sampling error. 
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Approximate Sampling Error for Percents 
(Confidence level = 95%) 

n=50 n=100 n=500 

p=10% or 90% 
p=20% or 80% 
p=30% or 70% 

p=40% or 50% 
p=50% 

8.3% 
11.1 
12.7 

13.6 
13.9 

5.9% 
7.8 
9.0 
9.6 
9.8 

4.2% 
5.5 
6.4 
6.8 
6.9 

2.6% 1 
3.5 1 
4.0 1 

4.3 1 
4.4 1 

The values of p and n come from the sample data: n is the 
denominator of the fraccion of interest, and p is that fraction, 
which appears in the table in che form of a percenc. 

As an example of how to iise chis table, consider Table XTAB.008, 
Highest degree by Profession. The proporclon of organic cheraisCs 
whose highest degree is the PhD is listed as 80.4%. The total 
number of o r g a n i c chemists i n t h i s table is 56. Thus, n is '56 
and p is 80.4%, If p and n are approximated as 80% and 50, the 
table indicates the sampling error is probably between -11.1% and 
+11.1%. Therefore, among full-time employed organic chemists, 
the proportion who are PhD-holders is probably between 70% and 
92% (that is, within 11% of 81%). If this procedure were 
repeated many Cimes on differenc samples from the same 
population, about 95% of the intervals obtained from the table 
would actually contain the true population percent. 

Estimates of Medians 

Estimates of median salaries are also subject to sampling error. 
Median salaries based on saraple data is not useful If the number 
of observed salaries is very small. Thus, che tables In this 
report do not show median salaries for cells with fewer than 15 
respondents. 

Comparing salaries 

The warnings in the previous two sections apply with greater 
force to comparisons between salaries of groups of respondents 
because sampling error affects each of the two nurabers being 
compared. 
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LIST OF ''ABLES 

CIlARACTERI.STtCS OF RESPONDENTS 

All Respondents 

Year of Degree-
Highest Degree-
Highest Degree-
Highest Degree-
Highest Degree-

-Highest Degree 
-Age Level T 
-Sox 
-Race 
-Employment Status-

-XTAB.OOl 
-XTAB.002 
-XTAB.003 
-XTAB.004 
-XTAB.005 

Full-time Employed Respondents 

Highest Degree Years of Professional Experience XTAB.006 
Highest Degree Year in Mass Spectrometry XTAB.007 
Highest Degree Profession XTAB.008 
Highest Degree Employer : XTAB.009 
Highest Degree Work Funct ion XTAB.010 
Work Function Hands-on Experience XTAB.O 11 
Work Function Interpretation XTAB.O 12 
Work Function Preparation XTAB.013 
Work Function Refer to Manufacturer XTAB.OU 
Work Function Repair Ability XTAB.O 15 
Salary Period Rank XTAB.016 
Experience Number of Professional Subordinates XTAB.017 
Experience Number of Prof, and Tech. Subordinates XTAB.018 
Experience Total Number of Subordinates XTAB.019 
Employer Profession ' : XTAB. 020 
Work Function Profession XTAB.021 
Year with Employer Year of Degree XTAB.022 
Number of Employers Year of Degree XTAB.023 

Full-time Employed Academic PhD Respondents 

Tenure Year of Degree -XTAB.024 

SALARIES OF FULL-TIME EMPLOYED RESPONDENTS 

Professional Experience Highest Degree 
Years in Mass Spec -Highest Degree (Non-academic 
Professional Experience -Employer (PhD Respondents 
Professional Experience Employer (BS Respondents 
Professional Experience Prof. Subordinates (Non-academic 
Professional Experience Prof, and Tech. Subs (Non-academic 
Professional Experience -Total Subordinates (Non-academic 
Professional Experience -Highest Degree (Non-academic Men 
Professional Experience Highest Degree (Non-academic Women 
Professional Experience Rank (Academic PhDs 
Professional Experience Number of Employers (Non-academic 
Professional Experience Years with Employer (Non-academic 
Professional Experience Hands-on Operation (Non-academic 
Professional Experience MS Data Tnterpretat ion-(Non-.academic 
Professional Experience Sample Preparation (Non-academic 
Professional Experience Maintenance Referal (Non-academic 
Professional Experience Repair Ability (Non-academic 
Professional Experience Salary Period (Academic PhDs 

—SAL.001 
—SAL.002 
—SAL.003 
—SAL. 004 
—SAL.005 
—SAL.006 
—SAL.007 
— SAL. 008 
—SAL.009 
—SAL.010 
—SAL.Oi1 
—SAL.012 
—SAL.OI 3 
—SAL.014 
—SAL.015 
—SAL.016 
—SAL.OI 7 
—SAL.018 
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1980 Salary Survey- of 
The American Society for Mass Spectrometry 
Jones and Foxwell, Survey Consultants 

Highest degree earned: 
PhD 1[] MD 2[] Masters 3[] 

Year highest degree received: 
Years of professional experience: 
Years involved in mass SpectromeCry: 

Bachelors 4[] Ocher 5[] 

consider my major profession Co be (select one): 
Chemist: 
Agriculture/Food 1[] 
AnalyCical 2[] 
Inorganic ...3[] 
Organic 4[] 
Physical 5[] 
Polymer 6[] 
PharmaceuCical, Medicinal, Clinical 7[] 

BlologisC 
Engineer 
Physician 

9[] 
10[1 

Physicist 11[] 
Other 12[I 

C. Current or most recent full-time employer: 
Private Industry: Government 
Manufacturing . . . 1 [ ] Federal 4 [ ] 
Non-manufacturing , 2[] State/Local 5[] 

College/Universley . 3[] Self-employment 6 [ ] 
Other 7[i 

D. Present or most recent principal work function (select one only): 
Teaching/Teaching and research . . . 1[I Marketing/Sales 7[] 
Research and Development Production/Quality control 8[] 
Management/Administration of R&D . 2[] Forensic Analysis . . . . 9[] 
Basic Research 3[] Computer/Data processing .10[] 
Applied research/Develop./Design . 4[] Consulting 11[] 

General Management (other than R&D) . 5[] Other 12[] 
Writing /Editing/Abstracting/Library 6[] 

E. Nuraber of subordinates reporting to you directly or chrough others: 
Professionals: Technicians: Others: • 

F. Age as of November 15, 1980: 

G. Sex: Male . . 1[] Female . . 2[] 

H. Racial or ethnic group: 
White (not of Hispanic origin) 1[] 
Black (not of Hispanic origin) 2[] 
Asian (including Subcontinental Indian) 3[] 

Employment sCaCus as of Noveraber 15: 
Employed: 

PredocCoral student 1[] full-time 3[] 
Postdoctoral fellow 2(1 part-time 4[] 

White Hispanic . 
Black Hispanic . 
American Indian 
Other 

4[1 
5[] 
6[] 
7[] 

Not employed: 
seeking employment 5[] 
not seeking employment 6[] 

Please continue > 
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J. Principal ANNUAL SALARY as of November 15, 1980. 
(Do not Include payments for summer teaching, overtime 
work, second job, or other supplemental employment.) $ 

If your main employment is with a college or university, skip Co quescion L. 

Job title: 

Acaderaic rank: 
Professor 1 [ ] 
Associate professor . . 2[] 
Assistant professor . . 3[] 

Skip to question 0. 

Instructor/Lecturer 4[] 
Unranked faculty member . . . 5[I 
Non-faculty meraber 6[1 

Have you been granted tenure? Yes. 1[ 

My basic annual salary covers service of: 

No. 2[] 

9-10 months . . 1[] 
11-12 months . . 2[] 

0. How many employers have you had since receiving highest degree? 

P. How raany years have you been with your present employer? 

Q. What percent of your working tirae is 
devoted to "hands-on" operation. 0-10% 10-30% 30-60% 60-80% 80-100% 
of mass spectrometer or computer? 1[] 2[] 3[] 4[] 5[] 

What percenc of mass specCral daCa 
obtained with your mass spectro- 0-10% 10-30% 30-60% 60-80% 80-100% 
meters do you inCerpreC for your- 1[] 2[] 3[] 4[] 5[] 
self or others? 

What percent of the sample pre- 0-10% 10-30% 30-60% 60-80% 80-100% 
paration (purification/derivati- 1[I 2[] 3[] h [ ] 5 [ ] 
zation) do you perform? 

What percent of maintenance problems 
do you refer Co the manufacturer 0-10% 10-30% 30-60% 60-80% 80-100% 
through its service engineers? 1[]- 2[] 3[]- 4[] 5[] 

Even though you raay not repair 
equipment yourself, please 
indicate the percent of 
mechanical/eleccrical problems 
you have the ABILITY to correct. 

0-10% 10-30% 30-60% 60-80% 80-100% 
1[] 2[] 3[] 4[] 5[] 

OPTIONAL: * 
The officers of the ASMS seek your guidance regarding che Sociecy's 
acCivlCies. Please use a separate sheet of paper if you wish to make any 
comments chac you chink raighc be helpful. (The reason for the separate 
paper concerns confidentiality: no one associated with che SocieCy will 
see your compleCed questionnaire.) The officers especially seek your 
suggestions regarding: 
a) Time df meetings 
b) Location of meetings 
c) Cost to attend meetings (hotel plus travel) 
d) Bound volumes of proceedings or other publications 
e) Program 
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Appendix B: Job Titles 

Question K asked respondents eraployed in non-acaderalc positions to 
indicate their job Cities. The 513 responses to this question were 
distributed as follows: 

199 Chemists 
—69 research cheraists 
—43 chemists 
—21 senior research chemists 
—14 senior chemists 
— 8 analytical chemists 
— 3 principal cemlsts 
— 3 senior analytical chemists 
— 3 staff chemists 

16 Engineers 
— 4 senior engineers 
— 3 engineers 
— 2 marketing engineers 

16 Physicists 
— 7 physicists 
— 3 research physicists 
— 3 senior physicists 

83 Scientists 
—15 research scientists 
—12 senior research scientlsCs 
— H scientists 
—11 senior scientists 
— 5 staff scientists 
— 3 advisory scientists 

24 Mass spectrometrists 
— 9 mass spectrometrists 
— 4 senior mass spectrometrisCs 

38 Managers 
— 6 managers 
— 4 sales managers 
— 3 proJecC managers 
— 2 general managers 
— 2 laboratory managers 
— 2. marketing.managers 

15 Directors 
9 Group leaders 
9 Research associates 
7 Supervisors 
6 Presidents 
5 Vice-presidents 
4 Project leaders 
4 Sales managers 
4 Research group leaders 
3 Research specialists 
3 Senior research associates 
3 Postdoctoral fellows 
65 others 
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HIGHEST DEGREE by 
ALL RESPONDENTS 
XTAB.002 

AGE LEVEL 

. 20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

. 55-59 

60-64 

>=65 

No Response 

TOTAL 

AGE LEVEL 

HIGHEST DEGREE 

Ph.D. M 

0 
0.0% 
0.0% 

33 
38.4%. 
7.1% 

91 
61.1% 
19.6% 

145 
72.9% 
31.3% 

78 
67.8% 
16.8% 

48 
64.9% 
10.3% 

33 
44.6% 
7.1% 

17 
38.6% 
3.7% 

9 
52.9% 
1.9% 

10 
90.9% 
2.2% 

0 
***.*% 
0.0% . 

464 
59.9% 

100.0% 

D. Masters Bachelor Other No 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

1 
0.7% 

14.3% 

1 
0.5% 

14.3% 

1. 
0.9% 

14.3% 

1 
1.4% 

14.3% 

' 3 
4.1% 

42.9% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% . 

0 
0.0% 
0.0% 

0 
***.*% 
0.0% 

7 
0.9% 

100.0% 

0 
0.0% 
0.0% 

20 
23.3% 
17.7% 

24 
16.1% 

21.2% 

27 
13.6% 

23.9% 

9 
7.8% 
8.0% 

8 
10.8% 
7.1% 

14 
18.9% 
12.4% 

9 
20.5% 
8.0% 

2 
11.8% 
1.8% 

0 
0.0% 
0.0% 

0 
***.*% 
0.0% 

113 
14.6% 

100.0% 

6 
100.0% 
3.6% 

31 
36.0% 
18.5% 

30 
20.1% 
17.9% 

22 
11.1% 
13.1% 

24 
20.9% 
14.3% 

14 
18.9% 
8.3% 

21 
28.4% 
12.5% 

15 
34.1% 
8.9% 

5 
29.4% 
3.0% 

0 
0.0% 

•0.0% 

0 
***.*% 
0.0% 

168 
21.7% 

100.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

3 
2.0% 

18.8% 

.2 
1.0% 

12.5% 

3 
2.6% 

18.8% 

1 
1.4% 

6.3% 

3 
4.1% 

18.8% 

3 
6.8% 

18.8% 

I 
5.9% 
6.3% 

0 
0.0% 
0.0% 

0 
***.*% 
0.0% 

16 
2.1% 

100.0% 

Response 

0 
0.0% 
0.0% 

2 
2.3% 

28.6% 

0 
0.0% 
0.0% 

2 
1.0% 

28.6% 

0 
0.0% 
0.0% 

2 
2.7% 

28.6% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

1 
9.1% 

14.3% 

0 
***.*% 
0.0% 

7 
0.9% 

100.0% 

TOTAL 

6 
100.0% 
0.8% 

86 
100.0% 
11.1% 

149 
100.0% 
19.2% 

199 
100.0% 
25.7% 

115 
100.0% 
14.8% 

74 
100.0% 
9.5% 

74 
100.0% 
9.5% 

44 
100.0% 
5.7% 

17 
100.0% 
2.2% 

11 
100.0% 
1.4% 

0 
***.*% 
0.0% 

775 
100.0% 
100.0% 

- C o u n t 
-% of Row 
-% of Co l 

829 



HIGHEST DEGREE by SEX OF RESPONDENT 
ALL RESPONDENTS 
XTAB.003 

HIGHEST DEGREE 

SEX OF RESPONDENT Ph.D. M.D. Masters Bachelor Other No Respose TOTAL 

Male 

No Response 

429 
61.5% 
92.5% 

34 
45.9% 
7.3% 

1 
25.0% 
0.2% 

7 
• 1.0% 

100.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

96 
13.8% 

85.0% 

17 
23.0% 
15.0% 

0 
0.0% 
0.0% 

143 
20.5% 
85.1% 

23 
31.1% 
13.7% 

2 
50.0% 
1.2% 

16 
2.3% 

100.0% 

0. 
0.0% 
0.0% 

0 
0.0% 
0.0% 

6 
0.9% 

85.7% 

0 
0.0% 
0.0% 

1 
25.0% 
14.3% 

697 -Count 
100.0% -% of Row 
89.9% -% of Col 

74 
100.0% 
9.5% 

4 
100.0% • 
0.5% 

464 7 
59.9% 0.9% 

100.0% 100.0% 

113 
14.6% 

100.0% 

168 
• 21.7% 
100.0% 

16 
2.1% 

100.0% 

7 
0.9% 

100.0% 

775 
100.0% 
100.0% 

HIGHEST DEGREE by RACE 
ALL RESPONDENTS 
XTAB.004 

RACE OR ETHNICITY Ph.D. 

HIGHEST DEGREE 

M.D. Masters Bachelor Other No Respose 

Black 

White Hlsp 

Black Hlsp 

Amer Ind 

Other 

No Response 

422 
59.4% 

90.9% 

2 
40.0% 
0.4% 

29 
78.4% 
6.3% 

2 
28.6% 
0.4% 

0 
***.*% 
0.0% 

0 
0.0% 
0.0% 

1 
25.0% 
0.2% 

8 
72.7% 
1.7% 

6 
0.8% 

85.7% 

0 
0.0% 
0.0% 

1 
2.7% 

14.3% 

0 
0.0% 
0.0% 

0 
***.*% 
0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

106 
14.9% 

93.8% 

0 
0.0% 
0.0% 

3 
8.1% 
2.7% 

2 
28.6% 
• 1.8% 

0 
***.*% 
0.0% 

0 
0.0% 
0.0% 

1 
25.0% 
0.9% 

1 
9.1% 
0.9% 

155 
21.8% 

92.3% 

3 
60.0% 
1.8% 

4 
10.8% • 
2.4% • 

3 
42.9% 
1.8% 

0 
***.*% 
0.0% 

1 
100.0% 
0.6% 

1 
25.0% 
0.6% 

1 
9.1% 
0.6% 

15 
2.1% 

93.8% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

0 
***.*% 
0.0% 

0 
0.0% 
0.0% 

1 
25.0% 
6.3% 

0 
0.0% 
0.0% 

6 
• 0.8% 
85.7% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

0 
***.*% 
0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

1 
9.1% 

14.3% 

710 -Count 
100.0% -% of Row 
91.6% -% of Col 

5 
100.0% 
0.6% 

37 
100.0% 
4.8% 

7 
100.0% 
0.9% 

0 ***,*% 
0.0% 

100.0% 
0.1% 

4 
100.0% 
0.5% 

11 
100.0% 
1.4% 

464 
59.9% 

100.0% 

7 
0.9% 

100.0% 

113 
14.6% 

100.0% 

168 
21.7% 

100.0% 

16 
2.1% 

100.0% 

7 
0.9% 

100.0% 

775 
100.0% 

100.0% 

830 



HIGHEST DEGREE by EMPLOYMENT STATUS 
ALL RESPONDENTS 
XTAB.005 

HIGHEST DEGREE 

EMPLOYMENT STATUS Ph.D. M.D. Masters Bachelor Other No Response 

Pre-Doc 

Post-Doc 

Full-Tlme 

Part-Time 

Unemp-Seeking 
Employment 

Unemp-Not seeking 
Employment 

No Response 

1 
3.2% 
0.2% 

12 
85.7% 
2.6% 

439 
61.7% 
94.6% 

4 
57.1% 
0.9% 

2 
100.0% 
0.4% 

4 
66.7% 
0.9% 

2 
66.7% 
0.4% 

0 
0.0% 
0.0% 

1 
7.1% 

14.3% 

6 
0.8% 

85.7% 

0 
. 0.0% 
0.0% 

0 
0.0% 

0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

9 
29.0% 
8.0% 

1 
7.1% 
0.9% 

101 
14.2% 

89.4% 

0 
0.0% 
0.0% 

0 
0.0% 

0.0% 

2 
33.3% 
1.8% 

0 
0.0% 
0.0% 

19 
61.3% 
11.3% 

0 
0.0% 
0.0% 

146 
20.5% 
86.9% 

3 
42.9% 
1.8% 

0 
0.0% 

0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

16 
2.2% 

100.0% 

0 
0.0% 
0.0% 

0 
0.0% 

0.0% 

0 
0.0% 
0.0% 

0 
0.0% 
0.0% 

2 
6.5% 

28.6% 

0 
0.0% 
0.0% 

4 
0.6% 

57.1% 

0 
0.0% 
0.0% 

0 
0.0% 

0.0% 

0 
0.0% 
0.0% 

1 
33.3% 
14.3% 

31 
100.0% 
4.0% 

14 
100.0% 
1.8% 

712 
100.0% 
91.9% 

7 
100.0% 
0.9% 

2 
100.0% 
0.3% 

6 
100.0% 
0.8% 

3 
100.0% 
0.4% 

-Count 
-% of Row 
-% of Col 

464 
59.9% 

100.0% 

7 
0.9% 

100.0% 

113 
14.6% 

100.0% 

168 
21.7% 

100.0% 

16 
2.1% 

100.0% 

7 
0.9% 

100.0% 

775 
100.0% 

100.0% 
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The Society regrets the untimely death.of one of its charter members, 
Peter Brown, on March 25, 198L. 

Prof. Brown was born in Lincoln, England, September 12, 1938, educated at 
the University of Southampton, and received postdoctoral training with Carl 
Djerassi at Stanford from 1964-7, He then joined the faculty at Arizona 
State University where he became Professor of Organic Chemistry in 1977. He 
has published extensively in the areas of cycloaddition reactions, photo
chemistry and organic mass spectrometry where his interests included alkyl 
migrations, field ion kinetics and structure determination of natural products 
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