system'® and wanted to sell it to the EPA. However the price tag was over an order of

In the late ‘50s various labs contemplated how the gas chromatograph (GC) D espite the inherent advantages of the ToF-MS for On-line trapping arrangement by ENVIRONMENTAL IMPACT
and mass spectrometer (MS) could be interfaced to one another. However, combined GC/MS, it had several problems, most Col?:i?r?;’(}sglésfsezi ?;i:g;htir?}?eﬁf\lfls In the early *70s, the Environmental Protection Agency (EPA) was formed and mandated to
the combination of the two was exacerbated by the technology of the time. notably the degradation of resolving power with track the presence of specific pollutants in water. Finnigan Instruments had developed a
. . . . . . . . to lonization  leck ro diffusien 1 1 1 1 -
Chromatographic packed columns were typically quarter inch O.D. with mass increasing mass when analyzing organic compounds. oo ——=] quadrupole mass filter for use as an analytical mass spectrometer in a combined GC-MS
flow rates on the ordfar of 20 cm3+atm/min and higher. To compound thg Further.more, thfe dominant view at the tim(.e was that magnitude higher than the analytical approach that the EPA was considering, primarily
problem further, typical mass spectrometer vacuum systems had pumping magnetic sector instruments were far superior to the . ... gas chromatography. The Finnigan team realized that it couldn’t compete on instrument
speeds on the order of 10 1 /sec or less; not well-suited for direct connection ToF-MS. That, coupled with the fact that most o corier price, but figured that they could compete on cost per analysis". Equally, if not more, im-
. . " . [ - . N AP i
between the two. Furthermore, MS scan speeds were on the order of 15 to 30 laboratories already had existing magnetic sector portant was the realization by the EPA's legal staff that the specificity of GC-MS data was
: . ) : ) more reliable and defensible in court than GC data alone. They ended up ordering the
seconds; In some instruments even longer. 1pstruments, promptgd the pgbhcatlon of a large body of e . Model 1015/System 150 instruments and as a result it became the standard instrument for
literature devoted to 1nterfacmg the gas chromatograph ‘ Monometez analysis of pollutants in water for all of the EPA; as well as for companies that faced potential
EARLY ADOPTERS to slower pumping and slower scanning magnetic sector instruments. L EPA oversight. Consequently,

ey

It is generally accepted that Roland Gohlke, working in McLafferty’s lab at S hed th blem by developi histi dondi E E—
Dow Midland, was the first to report a combined GC/MS instrument' in 1957. ome approached the problem by developing sophlsticated on-Une '

Interestingly he chose a, non-magnetic sector mass analyzer; the Bendix time- tiapp?g{lnt?dpfl%n 5y stems_' ’ tol %btailn_ almas(s) Sﬁ)ectrunclllrf'res;n;bh.ng 1 ) ;

of-flight mass spectrometer which had only been marketed commercially several that obtained with the conventional batch inlet. Others modified the instrument electronics |
|

(o]

— ~ Finnigan’s sales rose dramatically
[ E b over the ensuing decades and so
T also did the use of combined GC/MS

in many other analytical venues.

Finnigan introduced the OWA as
an updated version of the 1015
that was specifically designed for
the analysis of pollutants in water.

years earlier. It had an open ion source, reasonable pumping speed, easily to scan the spectrum more rapidly".

accessible ion source housing and rapid scanning. (See Poster “The Bendix

Time-of-Flight Mass Spectrometer”) Gohlke used a simple split to route a (" Cicuit devised by Holmes & Morrel o ermit apia )y Many of these early adopters interfaced the two
scanning and display of mass spectra from CEC instruments as did Gohlke, by the simple expedient

?

small pOI‘tiOl'l, typlcally 0002%, Of the column efﬂuent to the mass SPECtrometer 21-103B mass spectrometer on an oscilloscope screen. e . . . An important event on t‘he Chromat‘ography Side Of the Combination
inlet; the remainder went to a thermal conductivity detector. - of a split™. 'This situation was acceptable as long was underway at the same time that the first GC-MS combinations
I as one was interested only in the major constituents were being reported; the development of capillary columns by

of a mixture, but the desire to obtain mass spectra of
minor constituents required some means of
introducing more of the sample while rejecting as

: much carrier gas as possible. To this end, several
R different approaches were explored beginning in 1964
with the description of the molecular jet separator by
Ryhage"” at the Karolinska Institute. The following
year, Watson working in Biemann’s laboratory at
MIT introduced the molecular effusion separator”. In both these devices, the mass flow

Marcel Golay"”. Operating at mass flow rates on the order of 1
cm3*atm/min, most or all of the column outlet could be introduced
directly into the mass spectrometer ™. Even though this column
technology was commercially available in the early ‘60s, it was not
readily accepted in the analytical community. As differentially
pumped mass spectrometers and a greater variety of stationary
phases for capillary columns became available, their popularity
increased and a direct connection from the chromatograph to the
mass spectrometer became standard. By the mid ‘80s, reports in

Beckman Explores Possibilities

e—

A group at Beckman Instruments reported a combined instrument in 1957°. at the ASTM Committee
E-14 meeting in New York City, using a mass spectrometer based on RF technology.

They also reported “A simple inlet system . . . which 1s /
easily attached to any gas chromatograph . ..” However,
no further details were given nor can be found in the
literature. For reasons that are not known, Beckman
elected to abandon further development of the RF mass :
spectrometer and thus their combined GC/MS instrument. L

- rate of helium carrier gas into the mass spectrometer was reduced relative to the sample. the literature using capillary GC-MS-DS instrumentation exceeded
Diaeisindi of Berkiiian's decelacation RF mhass Epsbomidter EENEEEEE ! i A completely different approach to the problem was proposed by Llewellyn and 100 per year. The era of separator interfaces was long gone.
T T I i Nt . . 14 . : 3 : 3
A I8 Littlejohn", thgn at. Var}an, at the Plttsburgh Conference in .196.6‘W1th a device referred (See Posters “The Hewlett Packard HP5930A Mass Spectrometer”.)
1 i to as the solution diffusion separator. In this approach, a thin silicone film served as a e P st 10 s e
NENNE | - barrier to the entrance to the ion source and the chromatographic effluent flowed over Why Separators are no longer needed "
. | Ll [l i 1 . . . . . . . 0__s0 100 lsnmz 250 300 350 400
_J b L LL the film. The solution and diffusion of helium into and through the film was orders of A plot in a paper by Grayson™ sums up pretty clearly §
oo N S magnitude lower than for organic compounds, thus, they were preferentially transported the conditions for which a separator interface is :
$isnspectim of n-butatis into the mass spectrometer. (See Poster “10th Annual Conference — 1962 — New Orleans™) meeded baged on the column mass flow fate, pumping: | “[I .,
. . .. . . . . speed of the mass spectrometer vacuum system and mass flow o0 o
obtained with Beckman RF mass In short order, a number of variations on these designs were published in the literature, . . . " .
- tor in 1954 i . . | the fraction of the effluent that is required to enter the  ovamme |- - 250 i o S|
Ll \_ RREHEGHISISE SR S0 s some of which are noted in the timeline below. (See also Poster HP 5992 Gas mass spedirometar; Por capillars:colitmn flow rates di - oo

Chromatograph /Mass Spectrometer /Data System.) and modern vacuum systems with appropriate pumping
speed, a direct connection 1s simplest and best.
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