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L Ld
n a time not that ﬂODg ago and a place not too rar away, De Slgn The coupling of a gas chromatograph to a mass spectrometer was demonstrated in 1957 by Holmes and Merrill for a Demlse
- ol s 5 magnetic sector instrument. However, they could only observe a 16 mass unit portion of the spectrum on an oscilloscope.
: a time-of- ﬂlght m.assl SpeCFrom?t.er for CommerC1al sale Wa§ h bl that Wil d MeL Biriits e d 1 £.6F ol Gohlke also reported a GC/MS combination instrument based on the Bendix ToF-MS in 1957 followed by a more detailed th h the Bendix ToF-MS 1 siad f
introduced by the Cincinnati Division of Bendix, an automotive, € problem that Vviley and bicLaren saw as limiting the development ol a commercia description in 1959. While mass spectra were still ven thoug e Bendix Tok'- was well-suited for
aerospace and industrial company. This was the first successful time-of-flight instrument was the need to accelerate discrete ion bunches to kilovolt energies displayed on an oscilloscope, the mass range was as application as a GC/MS instrument and had been used to
. . . : 5 + : > . broad as the instrument could produce, typically . - . : . :
commercial instrument that was not based on magnetic sector mass using the s?ate-of—the-a’lrt electronics available at that time. Instead of trying to accelerate the ion 0 it i e L — o secron devel(?p the technique, sales of the instrument declined in the
analyzer technology. Preceding the introduction of the instrument, bunch in a ‘single-field’ source by pulsing a grid through a large potential difference, thousands of frequency of 2 kHz. — e tew early “70s. With the introduction of the quadrupole mass filter
- . . .. . : ¢ . ’ : = T 2502 : : : :
William C. Wiley, then at the Bendix Aviation Corporation Research volts, they devised the ‘double-field’ source which e S e A e e e e g « by Finnigan Corporation as an analytical mass spectrometer,
Laboratories. and his MAGNETIC ELECTRON had fixed high voltages and applied a low voltage (see maintext) provided a means of oscillographic “ mo Te sales of Bendix instruments began to drop off. Quads took over
’ HREIEAES ushout pulse on the grid at the back of the ion [eordinehe complete Massspertmigndvidial &t a larger and larger share of the ‘fast scanning’ instrument
nstrument lssue co-worker Ian H. McLaren ELECTRON TRAP _\ b . p . g GC peaks in real time, on the order of several g g g ;
S CIEN CE reported on the development BREHNG —ffﬁ formation region. seconds per spectrum. This was a significant Mass spectrum recorded with oscilloscope camera market after Hewlett Packard began marketing their
i . . l i'r; improvement over any other combined GC/MS o togabhis solosan (ot Mass apocirum i i
L of the instrument in the \ :'ti . . . instrument of the time since sector instruments traced to f)apl;r and mass marked (ngh{)). Note quadru.p()le mass filter and ever}tually Bendix became part of
Review of Scientific 185 The backing plate, filament, trap and 1st grid were took at least an order of magnitude longer to scan DS e e il o e Consolidated Vacuum Corporation, a manufacturer of vacuum
Instruments and Science 16:_:1/ ='=‘|’ at accelerating potential and an ion bunch was A s et spechium. systems and components. Interest in the analytical instrument
g N N from Analytical Chemistry . .
t created when a pulse of electrons was accelerated part of CVC waned and eventually died out. By the mid ‘70s
1sT . . .
GRID across the source to the electron trap. most people in the community considered mass analyzers based
FILAMENT Subsequently, a pushout pulse on the backing plate R d . on the time-of-flight concept to be completely forgotten and
0SCILLOSCOPE accelerated ions into the region between the two ecording useless; never to be heard from again!
rids where they were accelerated to their final .. . . . .
= o s : T nitially, the primary output of the instrument was the oscilloscope display. Permanent records
—— energy. Note the field-free region in this original . . . .
deaion was ab grotni whils Hheeolies was &b of the spectrum could be obtained with the use of an oscilloscope camera, but this was not an
ign w whi w . . . ) 5 i ixi et i
. optimum recording medium. To remedy this problem, an output scanner, based on the concept of e hiicitreibendicinsumentEsinot wetlteeeivediinithe communitylon
accelerating voltage. . . , . ; . sector instrument users, its unique ability to produce spectra on the
Bendix Time-of-Flight a ‘boxcar integrator’, was designed such that it would integrate the output of the electron *  millisecond time scale was attractive to a different community of
M Spectrom: Diagram of the original Wiley & McLaren ToF-MS with ‘double-field’ ion source. . . . n 3 3 g 3 g
ass Spectro ‘ftcr agram t « g.r?a : ey aren t e-field” ion source multlpher for a small fraction of each spectrum. By contlnuously & scne{msts. An addgd feature that may or may not have been intentional in
WG iy from Reuiew of Scientific Instruments . . K X i ¥~ the instrument design was the large open ion source and the easy
Osilogram of the mass spectrum shifting the integration period to later portions of subsequent @  accessibility to the ion source housing which hung over the end of the
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF § Ot some xenon 1sotopes. € mass . . . . . . ags
L. . . R y are, from left to right, 128, 129, spectra, a 51gnal, comparable to that from sector instruments, could “Gj instrument chassis. Simple vacuum flanges that could be easily modified
In addition, the ‘double-field’ source enabled N Nt N 130, 131, 132, 134, and 136 amu. 5 s : : to accommodate new and unusual experiments made the instrument
be ob d fi 11 h d
thie use of ax on Ioensing tedhmiaus thst the PR e obtained for oscillographic recording. E T T (I A0 T e S T Sl e Ay e
. . 3 ©  spectrometry to new areas of chemistry.
authors called ‘Time-Lag Energy Focusing’; B
% g . B & % § 2 . . . More often than not, abstracts of journal articles and conference
known today as delayed ext.ra'tctlon. By var.*ymg the time between the pulse of 1on1z1ng. eliectrons f.md P After a series of pro:cotype designs, one .of w}nch .was placgd }nto service 8 Eo s ol o ntatn e phiasota i oai A BarTie o g
the pushout pulse, the conditions for combined space and energy focusing could be optimized for ions continmioNs M0dS oLBAtion. in Fred Mc Lafferty’s lab at Dow Chemical in Midland Michigan, the Q, mass spectrometer was used to . . .” or *a Bendix time-of-flight mass
over a select mass range. from Aduonce i Analtcol Chemisty and Inirmenition Model 12-101 was produced and marketed. Don Damoth described this G Rssome iR beenipodinedi o sl en U ceyeopmen tot
. . K . . K GC/MS, the instrument was applied to a wide variety of problems:
instrument in 1965 in Advances in Analytical Chemistry and %
L . . : . . « Investigation of thermodynamic properties of inorganic compounds by
Detection Instrumentation. It had a 1.7 m field-free region and operated at an accelerating potential of 2.8 g ot e o i to oo dte a Knlia<enicell

kVdc. The ion source was at ground potential and the field-free region was maintained at
accelerating potential by means of a cylindrical screen with glass standoffs inserted inside the

« Studies of photochemical oxidation
« Studies of ion-molecule or neutral particle-molecule interactions

on detection presented a serious challenge « Investigation of noble gas compounds
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& :)'he i:ea f::‘r adfff‘fass SPeCFri’T‘eter as well. Tn particular. ion packets arrivin vacuum envelope. It had both a lens and a set of « Chemi-ionization reactions in high-temperature hydrocarbon oxidation
ased on the dirrerence in time w . 1 1 1V1 . . 5 B i ; i ; i ;
15 e ol kel p s p g deflection plates in the field-free region to focus the . Detern_wmatlon of chemical species prevalent in a plasma Jgt
) at the detector had peak widths on the order of ; h The i « Analysis of ablator blow-off gases from space-craft heat shields
% different mass to traverse a 101 nd contained an extremely small ions onto the detector. e instrument operated . « Investigation of reactions driven by flash photolysis
fl.eld-.free region given the same sec a contained an e emely .S 'a ) at a fixed frequency of 10kHz and had a mass range 7 T « Studies of ion-molecule reaction cross-sections
= kinetic energy was explored for amount of charge. An electron multiplier with £~1800u I d ] S & = - « Laser ionization of organic solids
(D] over a decade before the Bendix 100 MH s . o u It used an electron ionization ] e [ ] o « Thermal decomposition behavior of perchlorate oxidizers studied by
ov ; ) z response and amplification on the . . - :
s instrument was introduced. Mass dor of T red source with trap current regulation. Under these T o flash mass thermal analysis
i order ol a miilion or more was required. . " . = T « Fast-flow kinetic studies of Z-Axis Modulated Oscill Display of
R SeeComsty s s inpociant | , . design conditions, the instrument produced | e ic sud i fa po e
m tool in the Manhattan Project and Bendix developed their own electron .. LL -an (O methane reactions with upon Fracture
wirlle sEEeT RsTEe Ltioli : i dvnod hydrocarbon mass spectra very similar to those of N H atomic oxygen at
. ; E multiplier using continuous dynodes . . . L I T e R
Mass apectrum of atmospheris gases and helium showing ion. [ 2 . . oo contemporary magnetic sector instruments. This “ZHov.puLse - ¢ oot tP p g
peaks aseribed to HY, H,", He", C*, N¥, H,0, N,", and A™. extensively, other mass analyzer 3 immersed in an orthogonal magnetic field. wias i impestant goslLop Bendix asionerof the eLecrroueTen . nvzs lg?j lgnP con?Poun s
vom Review of Scientific Instruments i £ ¢ c e produced during polymer
o LS st Uz el v Gl ie o 3 This device was capable of providing both the : s : - . N g Y e
part of the Project. William B ¢ P ¢ primary applications of commercial mass e F— ST
i i i i ime-of-fli E requency response an aln necessary to . . . SOURCE
?tephens of the UnlverSIty of. Pennsylvania rgported qn a llneér tlrpe of-flight g q . y p g . ¥ spectrometers was in the field of petrochemlstry.
instrument at the April meeting of the American Physical Society in 1946 and H obtain mass spectra from the instrument. D ——
followed that with a paper in Review of Scientific Instruments in 1953. from Advances in Antical Cheistes an nstrumeniaton
Bendix Model 12-101A; ca 1961
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MASS SPECTROMETRY 1946 1948 1952 1956 1959 1962 1964 1968 1973 1979 1984
Stephens describes physical Goudsmit of Brookhaven National Stephens patents a mass spectrometer Wiley of Bendix Aviation describes Gohlke publishes combined GC/MS Studier of Argonne National Lampe and Hess use a Bendix Futrell and co-workers investigate Modica performs shock tube studies of USEPA proposes methods for The USEPA methods for environmental
principle of time-of-flight mass Laboratory describes a helical based on the principle of separation by ToF MS in Science instrument using Bendix ToF-MS in Laboratories uses a modified Bendix ToF-MS to study the specific ion-molecule reactions at elevated sulfur hexafluoride and sulfur chloride environmental analysis by GC/MS analysis are published in the Federal
spectrometer at American Physical ToF-MS immersed in a magnetic field Time-of-Flight Analytical Chemistry ToF-MS to study the surface reaction rate of the second-order pressures with a modified Bendix pentafluoride equilibium using a quadrupole mass filter as the Register
Society meeting in Cambridge chemistry of uranium formation of Ar,* ToF-MS decomposition mass analyzer

Vastola and Pirone perform ionization
M f of organic solids by laser irradiation




