. T he development of tandem mass spectrometry, or MS/MS, evolved eynon, shortly after arriving at Purdue in 1969, continued studies of / POLITICAL CORRECTNESS COMES\ Another area of instrumentation research
along several lines, in several labs and in several countries. As metastable ions begun earlier by McLafferty and shortly thereafter de- TO MASS SPECTROMETRY with its roots in the ‘40s gave rise to yet an-
Cooks and Beynon' pointed out in an earlier paper: veloped the technique of ion kinetic energy spectroscopy (IKES)®; a tool to Asonvasiiant shorthsnd ethiol of vefastiig to fois, other variety of tandem mass analyzers; ion
o dften thils procass [of eresting o v Fldof vlkonis) 1 svan permit ‘the route of formation of ions in the mass spectrum to be deduced’. te};fir ?Eif}i]r;sdaer‘llcellzhil; Esi?i;r;t;eﬁm;i:stz ;zit‘;zry cyclot.ron resonance (ICR): By 1‘970, groups
akthe culningtion of measived pragress and rational planning: Several years later, CoolFS began a collaboration WltltBeynon that led to the o firther et Wire s bt both in the Umted States" and in the
which it car: be but.esldom is. The roleaf sevendipity, random develc'upmfent of MIKES in the early ‘TOS. (See P'ostflar‘ ‘MIKES (Mass:Anc_zlyzed formed from them as a result of collision induced United KJr_lgc_lom“’ begaq developr_nen_t of
" . ; i Ion Kinetic Energy Spectrometry): History & Significance”) Up until this dinguciationowetnpeforied A= dengliet; grand; more sophisticated versions of this simple
choice, and even error in advancing research has been noted : : . . : ; R daughter ions, etc. In 1992", an objection to this an- o :
Before, but, even omune Scientists, it tendsto be underestimosed,” period, the varlolu‘s studies of ions undergoing unimolecular or collision in- thropomorphic and sexist language in a field as mass analyzer. T.he addlltlo'n of Fourier
duced decomposition fell under the broad umbrella of ‘fundamentals’ at mass SUBUSLIAE Mksp Epectrammaliy wae raisad and thiy transform analysis, sophisticated math-
This poster traces some of those random events leading to tandem mass spectrometry conferences. In 1976, Cooks and co-workers’ used MIKES for Zfén ;fg;ﬁi 1::; :;Ef:czzesaizz?iizegéu?;i?f;fs ematical processing, high-speed computers
spectrometry. the analysis of a mixture of dialkyl ketones. Soon, instruments that had been Q the ‘90s. J and multiple staged ion ejection followed by
used for fundamentals’ became more widely recognized as analytical tools in subsequent collisional activation has trans-
their own right. formed an afterthought mass analyzer, the omegatron”, into one of the most powerful
SECTOR BEGINNINGS tandem instruments today. The ability to perform ‘MS to the nth’ experiments is
ssenrih $nto don moleole collision processes stestdhies hidk 1o fhs OTHER MASS ANALYZERS unique to MS/MS instruments based on this type of mass analyzer and provides a

beginning of the previous century. Interaction of electrons with powerful tool in fundamental studies.
) 1g B t‘p ted by Th ¥ * i 1900 and Hive 1 th O ne of the first departures from magnetic sector mass analyzer technology S : floctron®
. . |-\ {I amyrin’s pioneering reflectron
molecules Eva;;_nvis_ lgIaQTG i] thomsmll 120 Li ac?h ipOSl 1:;6 1888 “E for tandem mass spectrometry was the quadrupole mass filter. Just as in ALPHABET SOUP INSTRUMENTS ; y ¢ ﬂP ht (T F)g
: A A e 1 . . ime-of-fli oF) mass ana-
oiechiles Ly Yriell I I EE Gy 0k LAICRGIT QNG CO-RaERers the sector world, initial instrumentation focused on the fundamentals of ion- The rapid adoption of tandem mass  Given only the few mass ana- | b hed g life i
began a series of reports on charge-exchange collisions between positive . : ] s s tamtes by Bt roaiant lyzer clements listed here, the  LYZ€T breathed new life into a mass
ization and fragmentation. Vestal, Futrell and co-workers utilized a tandem
ion n 1 f small molecul in y le m rom . ; » e .5 : manufacturers and the mass spec- number of combinations that analvsis tool that had long been re-
ons and a variety of sma olecules using a double mass spectro et_e quadrupole mass filter" for research on the photodissociation cross sections et el ot oo y & )
Futrell and co-workers began their research in charge-exchange reactions for a variety of small positive and negative ions. This instrumental approach sometimes confusing alphabst soip  instrumentsisamazing, Be.  Sarded as dead. Developments in
Nl . . e . ) i C . . of equipment. sides the letters spelling out laser and particle desorption ioniza-
a few years later at Wright-Patterson Air Force Bazeoizglligdzt?é)%lfeﬁqeer was extended by McGilvery and Morrison in the mid ‘70s for their photo dis- § oo the combined instrument, the 4 promIIJ)te d renewe dli)nterest o
) -HIE sociation studies" with a triple quadrupole instrument. In their 1978 paper, B = aloetroitatis ssetor SPE"%‘ES ‘éf/ tEh% g%mbigiggn; ! the ToF 1L (See P “40th
ing Corporation 21- the authors stated “The technique is not limited to molecular parent ions, but Q = quadrupole mass filter e Sngtramenty the ToF as well. (See Poster ,t
103C mass spectrom- q = RF-only quadrupole . Annual Conference 1992 Washington
: can be eXtendEd to the StUdy Of ToF = Time-of-Flight mass analyzer and/or experiments. . .
eter. ) hich b duced i SN i s DC”) Now, high resolving power ToF
any ion which can be produced in .
Y P ICR = ion cyclotron resonance mass analyzers serve as the second

M . »
During this same the source.

period, McLafferty’s
group, first at Purdue’
and later at Cornell’

MS in a variety of different ‘alpha-
betic’ combinations to form particularly useful instruments for the biological commu-

This was taken to heart by Yost .
nity. In some cases, both mass spectrometers are ToF analyzers.

who in the late “70s after working

i in Morrison’s lab in Australia, in- —_— TR : : :
The ion optical layout of tandem MS used by Futrell and mounted a series of . o t Nd:YAG laser e Lo It is h_ard to 1magine that researchers
co-workers for ion molecule reaction studies in 1966 was studies investigating troduced the triple quadrupole in- B SALDH Gas Rsteiony who first began to assemble tandem
gl St Bl L0 SREpRL OB 211080 the source of meta- strument with Enke™ as a general soyrce vy ceien %/ 2ntsource mass spectrometers for fundamentals

xly deflectors

\instrument. J stable ions in mass purpose analytical MS/MS instru-

research 50 years ago could envision
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spectra from ment. The use of the RF-only T the instruments of today and the
magnetic sector instruments. These studies led naturally to the use of gas James Morrison with the triple quadrupole center quadrupole as a collision type of problems to which they are
cells in the ion flight path to create metastable ions by collisional activa- mass analyzer at La Trobe University cell resulted in very high collision Retarding TOF 2 lens, xly ik being applied. Coupled with ad-
f . # 2 3 3 1 3 2 3 deflectors, age . . . .
tion. A very special case of MS/MS analysis was reported by these re- efficiency as well as high ion transmission, important parameters in tandem lens e ofind enMimor  vVances in ionization methods, the
searchers in 1967 in which it was shown that a mixture of isomeric hydro- MS instruments. The RF-only quad is a common element in many modern 250 Lis ssotss PP asp s tandem mass spectrometer is a major
: 2 : T MS/MS instruments where other elements may not be based on quadrupole : : omics’ ion in bi-
carbons could be differentiated on the basis of the metastable transitions _ y q p The ion optical layout of a tandem ToF-ToF used by player in the ‘-omics’ revolution in bi
of the molecular ion. mass filters. Yergey and co-workers for de novo sequencing of peptides ology today.
1947 1953 1963 1966 1967 1969 1971 1973 1974 1976 1978 1982 1985 1987 1988 1990 1995
Michael A. Grayson < & & & & <& & 7 =7 & e g o & 7 7 &
Hipple uses mass Lindholm uses mass Lindholm studies Futrell & Miller Cooks' group begins Clow & Futrell study Beynon & Cooks Vestal, Futrell & Futrell’s group begins Cooks' group McLafferty & Bockhoff use Gross et al describe Marshall and co- Cooks' group describes McLafferty's group Cooks' group describes Little & McLafferty
. spectrometer to spectrometer to charge-exchange describe tandem MS extensive study of charge-exchange in describe lon Kinetic Ryan adapt Bendix study of crossed-beam describes mixture tandem mass spectrometer high resolving power workers describe tandem quadrupole describes a tandem collisionally activated describe sequencing
St Lou’s MO measure half-lives determine products processes in acetylene utilizing two double mass spectra of xenon methane Energy Spectrometry time-of-flight instru- ion molecule reactions analysis of organic to analyze mixtures of EBE triple analyzer ‘tailored' excitation for study of surface- double-focusing MS for dissociation of pep- 50-mer DNAs with
of metastable ions of ion-molecule and slow positive ions focusing instruments organic compounds mixtures by ion (IKES) ment for study of compounds by organic compounds directly for FT-ICR MS induced dissociation neutralization- tides with a quadru- ESI tandem mass
collisions with double mass undergoing elec- cyclotron resonance unimolecular decay Vestal & Futrell use mass-analyzed ion reionization and colli- pole ion-trap MS spectrometry
o e spectrometer tron ionization technique processes tandem quadrupole to kinetic energy Kondrat & Cooks describe sional activation studies
ArCh 1 V’St, ASMS study photodissociation spectrometry mixture analysis of drugs

in mono-halogenated (MIKES) and biomolecules by MIKES
methyl ions



Mike
Typewritten Text


REFERENCES ORIGINS OF TANDEM MASS SPECTROMETRY

Cooks, R.G. and J.H. Beynon, Metastable ions and ion kinetic energy spectrometry.
Development of a new research area. J. Chem. Educ., 1974. 51(7): p. 437-43.

Thomson, J.J., The genesis of the ions in the discharge of electricity through gases. Philos.
Mag. (1798-1977), 1900. 50: p. 278.

Wien, W., True absorption of canal rays. Annalen der Physik (Berlin, Germany), 1916. 48:
p. 1089-97.

Gustafsson, E. and E. Lindholm, lonization and dissociation of H2, N2, and CO in charge
exchange collisions with positive ions. Arkiv foer Fysik, 1960. 18: p. 219-309.

Futrell, J.H. and T.O. Tiernan, Dissociative charge-exchange reactions of rare-gas ions with
propane. Journal of Chemical Physics, 1963. 39(10): p. 2539-45.

Futrell, J.H. and C.D. Miller, Tandem mass spectrometer for study of ion-molecule
reactions. Review of Scientific Instruments, 1966. 37(11): p. 1521-6.

Bursey, M.M. and F.W. McLafferty, Rearrangements and \"flat-topped metastable ions\" in
the mass spectra of substituted nitrobenzenes. Journal of the American Chemical
Society, 1966. 88(21): p. 5023-5.

McLafferty, F.W., D.J. McAdoo, and J.S. Smith, Metastable ion characteristics. XI.
Unimolecular gaseous ion reactions of low activation energy. Five-membered-ring
formation. Journal of the American Chemical Society, 1969. 91(19): p. 5400-1

McLafferty, F.W. and T.A. Bryce, Metastable-ion characteristics. Characterization of
isomeric molecules. Chemical Communications (London), 1967(23): p. 1215-17.

Beynon, J.H., et al., lon kinetic energy spectrum and the mass spectrum of argon. Int. J.
Mass Spectrom. lon Phys., 1969. 3(5): p. 313-21.

Kruger, T.L., Litton, J. F., Kondrat, R. W., and Cooks, R. G. Mixture analysis by mass-
analyzed ion kinetic energy spectrometry. Anal. Chem., 1976. 48(14): p. 2113-19.

McLafferty, F.W. and F.M. Bockhoff, Separation/identification system for complex
mixtures using mass separation and mass spectral characterization. Analytical
Chemistry, 1978. 50(1): p. 69-76.

Vestal, M.L. and J.H. Futrell, Photodissociation of methyl chloride ion and methyl bromide
ion in a tandem quadrupole mass spectrometer. Chem. Phys. Lett., 1974. 28(4): p.
559-61.



McGilvery, D.C. and J.D. Morrison, A mass spectrometer for the study of laser-induced
photodissociation of ions. Int. J. Mass Spectrom. lon Phys., 1978. 28(1): p. 81-92.

Yost, R.A. and C.G. Enke, Selected ion fragmentation with a tandem quadrupole mass
spectrometer. Journal of the American Chemical Society, 1978. 100(7): p. 2274-5.

Beauchamp, J.L., Application of ion cyclotron resonance spectroscopy to the study of the
kinetics and energetics of ion-molecule reactions. Amer. Chem. Soc., Div. Petrol.
Chem., Prepr., 1970. 15: p. D60-D71.

O'Malley, R.M. and K.R. Jennings, lon cyclotron resonance mass spectra of fluoroalkenes.
I. lon-molecule reactions of ethylene and vinyl fluoride. Int. J. Mass Spectrom. lon
Phys., 1969. 2(6): p. 441-55.

Sommer, H., H.A. Thomas, and J.A. Hipple, Measurement of /M by cyclotron resonance.
Phys. Rev., 1951. 82: p. 697-702.

Adams, J., Letters to the editor. Journal of The American Society for Mass Spectrometry,
1992. 3(4): p. 473-473.

Mamyrin, B.A., Karataev, V. I., Shmikk, D. V., Zagulin, V. A., Mass reflectron. New
nonmagnetic time-of-flight high-resolution mass spectrometer. Zh. Eksp. Teor. Fiz.,
1973. 64(1): p. 82-9.

Yergey, A.L., Coorssen, J. R., Backlund, P. S., Blank, P. S., Humphrey, G. A., Zimmerberg,
J., Campbell, Jennifer, M., Vestal, M. L., De novo sequencing of peptides using
MALDI/TOF-TOF. Journal of the American Society for Mass Spectrometry, 2002.
13(7): p. 784-791.





