
July 15, 1969 p, M. LLEwELLYN 3,455,092 
GAS ANALYZER INLET SYSTEM FOR GASEOUS STATE MATERIALS 

Filed Dec. 6, 1965 

I 64 [6| 
_ /65 In T H Ii‘ 

’ :'f:_é\:\\\w\__.._. \\ 

CHROMATOGRAPH § . x _ ‘ 

$2 ' 7| 
MASS """""" "38 

sPEcTPoMETER 42 
43M - 

\ 73 Y _ ‘ r69 
' T Tl 

- 67 

FIG 4 VACUUM / 

FROM c'As ' ' PUMP Fl 6 3 

(‘HR0MAT0GRAPH3937 5| 46 42 - 
\ 28- %.“??? if??? 

47 W“ ’ I“ “44 26 FF‘JL: " 3§=4| ’ 

56”\ : 3| 49 32 - ‘ 

34' l I 33} 

To VACUUM PUMP ,4 ~ 43 ‘ 

22 > 

'7 24 FIG. I INVENTOR 
’ '\ ‘\ I" ‘W PETER M. LLEWELLYN A4 

T0 ‘ In t 7L" #4“ 
VACUUM , 25 .BY % a‘? 
PUMP 22 v 2| ATTORNEY 



it 

3,455,092 
GAS ANALYZER INLET SYSTEM FOR GASEOUS 

STATE MATERIALS 
Peter M. Llewellyn, Menlo Park, Cali?, assignor to . 

Varian Associates, Palo Alto, Calif., 21 corpora 
tion of California 

Filed Dec. 6, 1965, Ser. No. 511,756 
Int. Cl. B0111 15/08, 13/00 

U.S. Cl. 55—158 12 Claims 

ABSTRACT OF THE DISCLOSURE 

An inlet system for a gas analyzer is disclosed for 
separating a gaseous constituent from a mixture of gases 
while at the same time allowing the ?uid pressure condi 
tions on the downstream side of the separator to remain 
substantially independent of the ?uid pressure conditions 
on the upstream side. A permeable membrane which is 
free of holes and of which the ratio of the permeabilities 
of the permanent gases to the nonpermanent gases is less 
than unity comprises the separating element. The inlet 
system has particular utility as a means for joining to— 
gether a gas chromatograph and a mass spectrometer so 
as to combine the analytical characteristics of each in the 
analysis of a single quantity of test material. 

The present invention relates generally to inlet sys 
tems for gas analyzers and more particularly to a gas in 
let system which separates the permanent gases from 
other gaseous state materials which are to be analyzed. 
Permanent gases are those gases commonly found in air 
which have a boiling point substantially below zero de 
grees centigrade. 

Often times in analyzing gaseous state materials, such 
as naturally occurring gases and vapors originating from 
solids and liquids, extraneous gases are present which 
renders the analysis di?icult to accomplish and in some 
cases virtually impossible. In many cases, the analysis is 
complicated because of di?iculties encountered in separat 
ing the extraneous gases from those of interest. This is 
especially characteristic of the permanent gases and par 
ticularly when such gases are present in concentrations 
which are orders of magnitude greater than those of the 
gaseous state materials of interest. For example, conven 
tional mass spectrometers are capable of handling gases 
at a maximum ?ow rate of approximately 10—3 torr liters/ 
second, although under optimum operating conditions this 
?gure generally is maintained at 10-5 torr liters/second. 
In those cases where such gas analyzers are employed to 
investigate various gases separated by a gas chromato 
graph, only a fraction of the gases issuing from the chr0 
matograph can be analyzed. This is because the ?ow rate 
of the issuing gases is generally about 1 torr liter/ second. 
It is not unusual to ?nd the concentration ratio of the 
carrier gas (generally a permanent gas) and gases of in~ 
terest to be of the order of 105 to 1. Under such condi 
tions, reducing the ?ow rate of the mixture to the spec 
trometer while maintaining the concentration ratio of the 
constituents constant would render mass analysis insensi— 
tive. This is clearly seen when it is considered that the 
actual concentration of the gas of interest would be re— 
duced to such a low level that the mass spectrometer 
would be relatively insensitive to its presence. 

In addition, when a gas chromatograph is coupled to a 
gas analyzer, it is necessary to provide a pressure drop 
between the chromatographic column, which operates at 
atmospheric pressure, and the analyzer, which operates at 
pressures ranging from 10—2 to 10-8 atmospheres depend 
ing upon the particular gas analyzer employed. 
To overcome these problems, it has been the prac 
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tice to enhance the concentration ratio in favor of the 
gas of interest by extracting the carrier gas from the mix 
ture while simultaneously lowering the ?ow rate of the 
gases issuing from the chromatograph and reducing the 
pressure. Typical apparatus for accomplishing the fore 
going are described in the articles “Breakthrough in 
Identifying GC Effluent Fractions” by J. Throck Watson, 
Laboratory Management, July 1965, and “Use of a Mass 
Spectrometer as a Detector and Analyzer for E?luents 
Emerging From High Temperature Gas Liquid Chroma 
tography Columns,” by Raynar Ryhage, Analytical Chem 
istry, April 1964. Although such apparatus are arranged 
to preferentially remove a particular permanent carrier 
gas present, they also remove some of the gas of interest. 
Hence, it is seen that where the concentration of the gas 
to be removed is considerably greater than the gas of 
interest, care must be taken to insure against the re 
moval of too much of the gas of interest and concomitant 
insu?icient enhancement of the concentration of the gas 
of interest. Furthermore, the degree of concentration en 
hancement of such devices is effected by ?uctuations in 
pressure and gas ?ow. 

Other techniques are also employed to accomplish the 
separation of permanent gases from other gases of inter 
est. These techniques generally involve collecting sam- . 
ples of the mixture in a cold trap and subsequently liber 
ating the collected gases for introduction into appropriate 
gas analyzers. Because such techniques require discon 
tinuous steps of collecting, handling and introducing, they 
generally are less desirable than the aforementioned. 

Considerable advantage is therefore to be gained by 
the provision of an inlet system for introducing gaseous 
state materials into gas analyzers which discriminates 
against permanent gases without detrimentally impeding 
the introduction into the analyzer of other gases to be 
analyzed. Other advantages will be realized where the 
inlet system is adapted to receive material in the liquid 
phase and allow gaseous diffusion of the material into the 
analyzer. 
The present invention provides an apparatus which ac 

complishes the foregoing and thereby overcomes those 
limitations and disadvantages characteristic of the prior 
art devices. More particularly, the gas inlet system of the 
present invention comprises a membrane mounted to 
hermetically seal one end of an apertured support mem 
ber which is in gas ?ow communication with a vacuum 
pump. Preferably, the membrane is constructed from ma 
terials selected from the group consisting of polymers and 
stationary liquid phases. Stationary liquid phases are those 
liquid materials employed in chromatographic columns 
to partition materials to be separated. Comprehensive lists 
of such materials can be found in numerous publications, 
one being Gas Chromatography by Ernst Bayer, published 
by Elsevier Publishing Company, New York, 1961, Tables 
2, l3 and 14. 

Polymers and stationary liquid phases are characterized 
by generally being free of holes. Hence, gaseous state 
material can pass through such material only by diffusion. 
However, in order to diffuse through the membrane, the 
gaseous state material must ?rst be captured ‘by the mem 
brane either by entering into solution therewith or ad 
hering thereto. Although most gases can be captured by 
such membrane materials, the permanent gases generally 
will not be captured, especially at elevated temperatures, 
i.e., substantially above zero degrees centigrade. 

This property of the membrane materials is employed 
to facilitate analyzing selected gaseous state materials. 
In operation, the vacuum pump establishes a pressure 
difference between opposing surfaces of the membrane. 
The material which is to be analyzed is communicated to 
the surface of the membrane at the higher pressure. 
Gaseous state materials, except the permanent gases, will 
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readily enter into solution with the membrane material 
and diffuse therethrough. The gaseous state materials 
which diffuse through the membrane may then be directed 
to any suitable gas analyzer for analysis. It is important 
to note that the ratio of the gases of a mixture passed by 
the membrane is independent of pressure and gas flow 
?uctuations. 

Contrary to the principle of operation of prior art de 
vices, the inlet system of the present invention accom 
plished the enrichment of selected gases of a mixture by 
extracting for use the selected gases from the mixture 
while rejecting the extraneous permanent gases. Such an 
inlet system is characterized by being free from those 
limitations imposed on the prior art devices by their very 
nature. 

Accordingly, it is an object of this invention to provide 
apparatus for enhancing the concentration of selected 
gaseous state materials at the expense of other gaseous 
state materials of a mixture being introduced into a gas 
analyzer. 
More particularly, it is an object of this invention to 

provide apparatus for conveying selected gaseous state 
materials into a gas analyzer while rejecting permanent 
gases. 

It is a further object of this invention to provide ap 
paratus for extracting selected gaseous state materials 
exclusive of permanent gases from a mixture including 
permanent gases for introduction into a gas analyzer. 

It is a further object of this invention to provide a gas 
inlet system for gas analyzers to facilitate communicating 
gas chromatographs directly thereto. 

It is still a further object of this invention to provide a 
gas discriminating inlet system for gas analyzers whose 
gas enhancement characteristic is substantially independ 
ent of pressure and gas flow ?uctuations. 

Additional objects and advantages of the invention will 
become apparent from the following description and 
claims considered together with the accompanying draw 
ing, of which: 
FIGURE 1 is a cross sectional view of one embodiment 

of the gas inlet system of the present invention. 
FIGURE 2 is an enlarged cross sectional view of the 

area delineated by line 2-2 in FIGURE 1. 
FIGURE 3 is a cross sectional view of a stationary 

liquid phase embodiment of the membrane employed in 
the gas inlet system of the present invention. 
FIGURE 4 is a cross sectional View of a two stage 

embodiment of the gas inlet system of the present inven 
tion. 
FIGURE 5 illustrates one use of the gas inlet system 

of the present invention. 
Referring to FIGURE 1, the gas inlet system of the 

present invention is seen to include a support member 11 
de?ning an aperture 12. A membrane 13 is mounted to 
one end 14 of member 11 to hermetically seal that end of 
the member. As shown, the hermetic seal is accomplished 
by utilizing a metal vacuum joint of the type disclosed in 
US. Patent 3,208,758, entitled Metal Vacuum Joint, in 
ventor Maurice A. Carlson et al. In such an arrangement, 
the membrane 13 is mounted between two soft metal 
gaskets 17 of the joint. The hermeteic seal is formed by 
clamping the gaskets 17 between the member 11 and top 
plate 18 which de?nes an aperture 19 for communication 
with a source of gaseous state material. 
An end 21 of member 11 is hermetically connected by, 

for example, a conduit 22 brazed thereto, to a suitable 
vacuum pump (not shown). The vacuum pump is operated 
to establish a pressure differential across membrane 13, 
with the lower pressure in the region de?ned ‘by mem 
brane 13, member 11 and conduit 22. This pressure differ 
ential facilitates diffusion of gaseous state materials 
through the membrane. 
The effectiveness of membrane 13 in rejecting perma 

nent gases while allowing other gaseous state materials to 
pass therethrough is in?uenced by the material of the 
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4 
membrane, the thickness of the membrane and the tem 
perature of the membrane. As noted hereinbefore, ma 
terials selected from the polymers and stationary liquid 
phases have been found to work satisfactorily. However, 
other materials will work if relative to gaseous state ma 
terials they are free of holes, if the permanent gases will 
not enter into solution with the material. As utilized here 
in, entering into solution is de?ned as a process of con 
densation and then mixing of the gaseous state material 
in the surface layers of membrane 13. (See Physics and 
Chemistry of the Organic Solid State edited by David 
Fox, Mortimer M. Labes and Arnold Weissberger, pub 
lished by Interscience Publishers, New York, 1965, vol. 
2, p. 517.). 

In those instances where stationary liquid phases form 
the membrane 13, a suitable reservoir supporting struc 
ture must be provided. For example, a reservoir con 
structed from a polymer or a ?ne screen mesh capable 
of supporting the liquid by surface tension would be 
suitable. 
The effectiveness of the membrane 13 in allowing gases 

to diffuse therethrough is inversely related to the thickness 
of the membrane. It is a particularly important considera 
tion where the gas of interest is a minute part of a mix 
ture, e.g., one part in 105. Under such circumstances, 
a membrane thickness of less than 20‘ mils is recom 
mended. 

All materials de?ned hereinabove are characterized by 
an optimum operating temperature range within which a 
gaseous state material will enter into solution therewith. 
Generally, this range falls within the extremes of —~100° 
to 400° centigrade. 
An inlet system of the type described hereinabove may 

be employed to introduce gaseous state materials into a 
gas analyzer from various gas sources. For example as 
illustrated in FIGURES 4 and 5, such an inlet system is 
employed to introduce gases originating from a gas 
chromatograph. However, gaseous state material originat 
ing from a liquid or even volatile solids can be introduced 
by the inlet system. In such cases, a liquid, for example, 
would be placed in a reservoir de?ned by the top surface 
22 of membrane 13 and the apertured top plate 18. If 
the vapor pressure relative to the material of membrane 
13 is too low to render a quantity of gaseous state ma 
terial which can be detected by a gas analyzer, the vapor 
pressure may be increased by heating the liquid. 

- In one embodiment constructed in accordance with 
FIGURE 1, a ?ve mil thick polysiloxane polymer mem 
brane 13 having a cross sectional area of about one 
square inch was employed. In order to furnish additional 
support for membrane 13, a perforated support 23 was 
secured beneath membrane 13. A gas mixture including 
for example one part hexane gas per (105) parts helium 
was directed over the top surface 22 of membrane 13. 
The gas mixture diffusing through membrane 13 was 
monitored by a gas analyzer and found to be enriched 
in hexane gas by a factor of 500. 

Additional gaseous enrichment or discrimination may 
be achieved by covering at least surface 22 of membrane 
13 with a coating 24 of stationary liquid phase. This is 
best depicted in FIGURE 2. The thickness of the station 
ary liquid phase coating 24 is a matter of choice, gen 
erally selected in accordance with those considerations 
mentioned supra with respect to membrane 13'. 
An alternative construction of a membrane is illus 

trated in FIGURE 3. As depicted therein, a stationary 
liquid phase 26 is con?ned within a closed liquid tight 
relatively thin walled vessel 27 constructed from a gas 
permeable material. Preferably, the vessel material is 
selected from the polymers. By providing vessel 27 with 
supporting tabs 28 mounted circumferentially there 
around, the vessel 27 can be mounted in the inlet sys 
tem in the same way as membrane 13. (See FIG 
URE 1.) 
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It has been found that by providing a plurality of 
spaced apart membranes arranged in staged fashion along 
the gas ?ow path, the enrichment of selected gases at 
the expense of the permanent gases can be enhanced many 
orders of magnitude. In FIGURE 4, a two stage em 
bodiment is illustrated which includes a ?rst polymeric 
membrane 31 supported in hermetically sealed relation 
by a ?rst soft metal annular gasket 32 and a ?rst per 
forated disc 33 between ?rst and second annular mem 
bers 34 and 36 respectively of a metal vacuum joint. A 
second polymeric membrane 37 is mounted spaced above 
membrane 31 to de?ne a chamber 38 therebetween. Mem 
brane 37 is hermetically mounted by a second soft metal 
annular gasket 39 and a second perforated disc 41 be 
tween an aperture recessed cap 42 and second member 
36. Cap 42, member 36 and gasket 39 form a metal 
vacuum joint. 
A ?rst vacuum pump (not shown) is mounted in gas 

tight relation to ?rst member 34 by a conduit 43 brazed 
thereto. The vacuum pump is operated to facilitate the 
di?usion of gaseous state material through ?rst mem 
brane 31. A second vacuum pump (not shown) is her— 
metically communicated to chamber 38 by a passageway 
44 of a selected gas conductance de?ned by second mem 
ber 36. The second vacuum pump is operated to establish 
a predetermined pressure in chamber 38 higher than that 
established by the ?rst pump and to extract out a portion 
of the gaseous state material entering chamber 38 through 
second membrane 37. The amount of gas extracted by 
the second pump will depend upon the relative gas con 
ductances of ?rst membrane 31 and passageway 44. 
The amount of gas passing through second membrane 37 
is determined by the pressure differential between cham 
ber 38 and chamber 46 de?ned by recessed cap 42 and 
membrane 37. For a given gas and membrane material, 
the conductance of membrane 31 is determined by its 
thickness and cross sectional area. The type of gas of in 
terest and membrane material ?xes its solubility con 
stant and its dilfusion rate through the membrane, hence 
the permeability of the membrane to a given gas. 

In one application of the two stage inlet system, a gas 
mixture of 0.1 microliter of heptane, octane, nonane and 
decane contained in helium issuing from a gas chromato 
graph at a gas ?ow rate of 60 milliliters per minute was 
introduced at atmospheric pressure into chamber 46 
through an inlet 47. The thickness and cross sectional 
area of membrane 37 were one mil and one square inch 
respectively. The helium gas flow rate through membrane 
37 was found to be above 0.002 cubic centimeter per 
second while the gas ?ow rate of decane was 2 cubic cen 
timeters per second. Hence, the enrichment of decane in 
the gas mixture entering chamber 38 was a factor of 
about 1000. 
To preferentially remove helium from the gas mixture 

contained in chamber 38, the length and cross sectional 
area of passageway 44 was adjusted to be 0.5 inch and 
0.003 square inch respectively. A mechanical type vacu 
um pump was employed to remove the gases emerging 
from passageway 44 and to establish a chamber pres 
sure of about 100-200 microns, a helium gas ?ow rate 
through passageway 44 of about 10 cubic centimeters 
per second and a decane gas flow rate of about 2 cubic 
centimeters per second. Hence, an additional enrichment 
by a factor of 2000 was obtained; the overall enrichment 
of decane being about 2x106. This is exceedingly better 
than has been accomplished in the prior art when it is 
considered that enrichments of only 50-100 are com 
monly obtained. 

If it is desired to improve the discrimination or en 
hancement of certain gases directed through membranes 
31 and 37, a selected stationary liquid phase coating 49 
and 51 may be applied to one surface of the membranes 
31 and 37 respectively. By proper selection of the coat 
ing material, the gas enrichment may be enhanced orders 
of magnitude over that achieved without the coatings. 
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6 
Also, by proper selection of the coating material, dis 
crimination between polar and non-polar gaseous state 
materials may be accomplished. 

Considering now FIGURE 5, a single stage inlet sys 
tem 61, such as illustrated in FIGURE 1, is shown as 
employed with a conventional mass spectrometer 62 gas 
analyzer to inspect e?luent as it issues from a gas chro 
matograph 63. A gas flow across a stationary liquid 
phase coated polymeric membrane 64 is caused by the 
?ow from the gas chromatograph ‘63. A pressure differen 
tial is established across membrane 64 by connecting a 
vacuum pump 67 to one end of the bar member 68 of 
a T-type gas conduit 69, the other end of the ‘bar 69 
mounted to membrane 64. The stem member 71 of con 
duit 69, conveys a portion of the gas mixture which 
passes through membrane 64 to the gas ionizer 72 of 
spectrometer 62. The ionized gases are accelerated and 
directed to a magnetic ?eld established by sectored mag 
nets 73 whereat they undergo mass separation. The mass 
separated gases are detected for analysis by collector 
64. Instead of the parallel gas flow connection of vacu~ 
um pump 67 and gas analyzer 62, the pump could be 
connected in series with the analyzer 62 and the mem 
brane mount to pump through the analyzer. 
The gaseous state material inlet system of the present 

invention can be adapted to other gas analyzers as well. 
For example, infrared or microwave mass analyzers could 
be connected to receive the gases from stem 71 of con 
duit 69. Furthermore, gas measuring devices such as ion 
gauges, sputter-ion vacuum devices, thermal conductivity 
devices or other equivalent means can be coupled to stem 
71 of conduit 69 to monitor the effluent emerging from 
gas chromatographs. 

Supplementary bene?ts evolve from the use of the inlet 
system of the present invention. For example, in those 
instances where the inlet system is employed to remove 
helium from a gas mixture, sputter ion pumps may be 
employed to evacuate the relatively helium free portion 
of the system. Furthermore, since for a given membrane 
various gases will have diiferent solubility constants and 
diffusion rates, the various gases will require longer times 
to pass through the membrane. Hence, the inlet system 
of the present invention could be employed in some 
cases to time-dependent separation of gases of non 
permanent gas mixtures. 
The inlet system has been described as operating with 

a pressure differential across the membrane where one 
of the pressures is maintained below atmospheric. How 
ever, the inlet system can be employed in environments 
requiring a differential between pressures in the range 
above atmospheric. In such’cases, suitable pumps would 
be employed in place of the vacuum pumps. However, 
even in those cases, a pressure reduction means must be 
employed to couple the inlet system to the gas analyzer. 
What is claimed is: 
1. An inlet system for introducing gaseous state ma 

terials from a source into a gas analyzer comprising a 
membrane constructed of a material free of holes and 
in which the permeability of permanent gases and the 
permeability of other gases is in a ratio of less than unity, 
mounting means for hermetically mounting said mem 
brane in a gas ?ow path between said gas analyzer and 
said source of gaseous state material, and means for 
connecting a vacuum pumping means to establish a 
pressure di?’erential across said membrane with the lower 
pressure region being between said membrane and said 
analyzer. 

2. The inlet system according to claim 1 wherein said 
membrane comprises a sheet of polymeric material. 

3. The inlet system according to claim 2 wherein said 
membrane has a thickness less than twenty mils. 

4. The inlet system according to claim 1 wherein said 
membrane comprises a coating of stationary liquid phase 
covering a layer of polymer. 
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5. The inlet system according to claim 1 wherein said 
membrane comprises a gas permeable liquid impervious 
reservoir means supporting a stationary liquid phase. 

6. The inlet system according to claim 5 wherein said 
reservoir means is a polymeric vessel. 

7. The inlet system according to claim 1 wherein said 
mounting means is a vacuum seal means including an 
apertured ‘base member and a recessed cap member hav 
ing an inlet and outlet communicating with said recessed 
portion adapted for mounting to said base member with 
the recess in facing relation thereto, said inlet adapted 
for connection to a gas chromatograph, said membrane 
is constructed of materials selected from the group con 
sisting of polymers and stationary liquid phase and is 
hermetically mounted between said cap and base mem 
her in covering relation with the aperture of said base 
member, said vacuum pumping means is connected to 
said base member, and means are provided for connecting 
a gas analyzer to receive gases which pass through said 
membrane. 

8. The inlet system according to claim 7 wherein said 
vacuum pumping means and gas analyzer are connected 
to said base member by a T-shaped conduit having a bar 
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member and stem member, said bar member connected _ 
between said vacuum pumping means and base member, 
said stem member connected to said gas analyzer. 

9. The inlet system according to claim 8 further 
defined as comprising a perforated support member 
mounted below said membrane to render support thereto, 
said membrane including a layer of polymer of a thick 
ness less than twenty mils having an upper surface coated 
with a stationary liquid phase. 

10. A gas monitoring system comprising a gas 
chromatograph from which an ef?uent issues, a gas 
analyzer means disposed in a gas ?ow relation to receive 
at least a portion of said ef?uents issuing from said 
chromatograph, at least one membrane constructed of 
material free of holes and in which the permeability 
of permanent gases and the permeability of other gases is 
in a ratio of less than unity hermetically mounted in said 
gas ?ow path between said gas analyzer means and 
chromatograph, and means for connecting a vacuum 
pump to establish a pressure differential across said mem 
brane with the lower pressure region being between said 
membrane and said gas analyzer means. 

11. An inlet system for a gas analyzer means for 
separating a nonpermanent gaseous state material from 

25 

30 

40 

8 
a mixture of the gaseous state material and a permanent 
gas and for introducing said separated gaseous state ma 
terial into the input of said gas analyzer means, said inlet 
system including means forming an input chamber having 
an inlet and an outlet such that said mixture may be 
passed through said input chamber, means forming an 
output chamber in communicating relationship with a 
vacuum pump means and with an input to said gas 
analyzing means, said input and output chambers being 
adjacent and separated by at least one permeable mem 
brane constructed of a material free of holes and of 
which the permeability of permanent gases and the 
permeability of nonpermanent gases is in a ratio of less 
than unity such that only said gaseous state material 
is communicated through said membrane to the input 
of said gas analyzer means. 

12. In a gas analyzing system including a gas 
chromatography means, a mass spectrometer means and 
an inlet system for operatively connecting the gaseous 
effluent ?ow path of said gas chromatography means and 
the input ?ow path of said mass spectrometer means, said 
inlet system comprising means forming an inlet chamber 
and an outlet chamber separated by a permeable mem 
brane, said inlet chamber including means for directing 
said e?iuent flow into communication with said mem 
brane such that a gaseous constituent thereof is captured 
by said membrane and caused to permeate therethrough 
into said outlet chamber, pressure reducing means com 
municating with said outlet chamber and said input flow 
path such that said gaseous constituent may be introduced 
into the input of said mass spectrometer means at a sub 
stantially reduced pressure. 
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