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1. 
This invention is concerned with mass spec 

trometers and particularly with improvements 
therein adapted to facilitate analysis of certain 
substances such as alcohols, aldehydes, ketones, 
etc. These improvements take the form of novel 
Sample introducing means or “leaks,' as they 
are referred to in the art, which function to 
make possible analyses which have heretofore 
been difficult or impossible to perform. 
A maSS Spectrometer is an apparatus employed 

for Sorting ions. Ordinarily it includes an ioniza 
tion chamber in which molecules of a material 
to be analyzed are bombarded by a stream of 
electrons and thereby converted into ions. These 
ions are propelled, from the ionization chamber, 
into and through an analyzer chamber where 
they are subjected to a magnetic or electrical 
field force or both. In the analyzer chamber, 
under the influence of the field forces, the ions 
are Segregated into a plurality of diverging ion 
beams having different specific masses, with each 
beam being composed of ions of the same spe 
cific mass. The diverging beams are successively 
focused on and discharged at an ion collector. 
The current thus produced from each ion beam 
is indicative of the amount of ions in that beam, 
and may be a measure of the partial pressure 
of the molecules (from which the ions were de 
rived) present in the material undergoing anal 
ySS. 
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“capillary leak' through which the sample flows 
from the source into a gas inlet tube-connected 
to an inlet nipple which forms a part of the 
ionization chamber. The So-called leak is gen 
erally designed so that the gas flow therethrough, 
at the subsisting pressures, will be by molecular 
diffusion rather than Wiscous flow. This is neces 
sary to correspond to the character of the gas 
flow from the ionization chamber into the ana 
lyzer chamber which flow is also by molecular 
diffusion. 

Heretofore it has been virtually impossible to 
analyze certain substances such as alcohols, ske 
tones, aldehydes, and other oxygenated com 
pounds With the maSS Spectrometer. This dis 
ability is a result of the strong adsorptive effects 
of these substances in the System, which impedes 
removal of used Samples and causes cross con 
tamination. 

I have noW found that the major portion of 
the deleterious adsorption occurs in the length 
of tubing that connects the Sample leak with the 
ionization chamber. Accordingly I have devel 
oped a leak which may be placed either in the 

25 ionization chamber itself, or immediately adja 

30 
The ionization chamber and the analyzer 

chamber are normally operated at a low pres 
sure on the order of 0.1 and .001 micron respec 
tively So that the mean free path of the ions is 
Sufficiently large compared to the physical dimen 
Sions of the apparatus that collisions of the ions 
With neutral molecules will not scatter the ions 
and interfere with sharp focusing of beams. 

Conveniently, the required low pressures are 
obtained by enclosing the ionization chamber and 
the analyzer chamber in a sealed envelope and 
evacuating the envelope through a conduit con 
nected to an evacuating system. Various types 
of Vacuum pumpS, Such as diffusion pumps or 
molecular pumps or combinations thereof that 
are capable of accomplishing this high degree of 
evacuation may be employed and are well known. 

Since the pressure of the sample to be analyzed 
is generally considerably greater than that ob 
taining in the ionization and analyzer chambers, 
it is necessary to provide means for reducing the 
Sample pressure as it is admitted to the ioniza 
tion chamber without disturbing the abundance 
ratio of the components in the sample. This is 
generally accomplished by means of a “leak” or 
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cent to the chamber So as to appreciably mini 
mize the effects of this undesirable adsorption. 
Additionally I have found that objectionable ad 
sorption on the solid surfaces intermediate the 
leak and the ionization chamber proper is less 
pronounced when these Solid surfaces are metal 
than when they are glass. The invention is 
therefore additionally directed to the reduction 
or elimination of exposed glass surfaces between 
the leak and the chamber. 
The invention contemplates in the analysis by 

maSS spectrometry of gaseous mixtures contain 
ing one or more oxygenated organic compounds, 
the improvement which comprises admitting the 
Sample substantially directly into the ionization 
chamber through a capillary leak. Additionally 
the invention contemplates in a mass spectrome 
ter, the combination which comprises an ioniza 
tion chamber and a capillary leak for introduc 
ing gas Substantially directly into the ionization 
chamber. Preferably any exposed solid surfaces 
between the leak and the chamber are metal. 
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In accordance with one embodiment of the 
invention, I provide a glass tube, one end of 
which is adapted to slip over the inlet nipple 
of a conventional mass spectrometer ionization 
chamber. Within the bore of the glass tube is 
Sealed a perforated metal foil transversely there 
to and adjacent to the end of the tube which is 
to be slipped over the ionization chamber. 
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In another embodiment of the invention, I pro 
vide a leak which is adapted to be inserted in the 
ionization chamber nipple and which comprises 
a tubular metal body having a longitudinal bore. 
One end of the bore is enlarged so as to form 
a shoulder within the body and a perforated 
metal foil is placed transversely to the bore 
against the shoulder and is held therein by a 
metal sleeve insertable in the enlarged end of 
the bore of the body. This leak may be attached 
to the ionization chamber directly, i.e. by in 
sertion in a conventional nipple or by replace 
ment of the conventional nipple, or may be joined 
to the ionization chamber by means of a short 
piece of glass tubing if electrical insulation is 
required. 
Although the invention is directed primarily to 

a novel type of sample leak for mass Spectrom 
eters, it is to be understood that the devices of 
the invention are suitable for use in conjunction 
with an evacuated chamber of any type of appa 
ratus wherein proximity of the sample leak to 
the chamber is a desirable feature. : 
The invention will be more clearly understood 

by reference to the following detailed discussion 
thereof, taken in relation to the accompanying 
drawing in which: ‘. . . . . . . . . . . . . . . . 

Fig. 1 is an elevation view of the ionization 
chamber end of a mass spectrometer and a "leak” 
in accordance with one embodiment of the in 
vention; - - 

Fig. 2 is a section taken on the line 2-2 of 
Fig. 1, and - - - - - - - - - - . . . . . . 

Fig. 3 is a sectional elevation of a leak in 
accordance with another embodiment of the in 
vention disposed in an inlet nipple as for example 
associated with an ionization chamber. 
Referring to Figs. 1 and 2, a conventional mass 

spectrometer includes an envelope 0, an analyzer 
tube 2, and an ionization chamber 3 all of 
which elements have been described in detail 
above. An ionization chamber, which in itself 
forms no part of the present invention, generally 
includes an inlet nipple 4. . . . 
In the drawing, I have shown one embodiment 

of the invention associated with the inlet nipple 
f4. This leak comprises a thick walled glass 
tube 6 having a longitudinal bore T and adapted 
to slip over the outer end of the inlet nipple 4. 
Adjacent that end of the tube 6 which is to 
be inserted over the inlet nipple is, I provide 
a transverse perforated disk 8 which is con 
veniently a metal foil disk sealed into the glass 
itself. In the drawing, the tube 5 is shown en 
larged at 6A, the enlarged portion having the 
disk 8 sealed therein. . ... - 
The feature of the invention which permits 

a mass spectrometer to be used for the analysis 
of alcohols and other oxygenated compounds is 
the proximity of the leak, i. e. the disk 8, to 
the ionization chamber 3. It will be seen from 
an examination of the drawing that the exposed 
surfaces intermediate the leak 18 and the ioniza 
tion chamber are reduced to a minimum by virtue 
of the construction of the leak of the invention. 
The disk 8 which is conveniently metal foil 

and preferably gold foil, is designed in accord 
ance with the operating pressures and the sample 
volumes required. Thus the size of holes 20 in 
the disk will be determined by the pressures em 
ployed and generally will have a diameter ap 
proximately to of the mean free path of the 
sample molecules at the pressure subsisting at 
the inlet side of the perforated disk; i.e. at the 
side of the disk remote from the ionization cham 
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4. 
ber. It is necessary that the gas sample flow 
through the leak by molecular diffusion rather 
than by Viscous flow. For this reason it is im 
portant that the perforations in the leak be of 
smaller diameter and preferably of a diameter 
of about to that of the mean free path of the 
molecules. . . . . . . . The volume of gas necessary for operation of 
the instrument will govern the number of holes 
(of a size determiihed by the operating pressure) 
which should be formed in the metal disk. The 
Size of the instrument and particularly the size 
of the ionization chamber will determine the vol 
ume of gas required. As an example, an inlet 
system under pressure of about 0.3 mm. of mer 
cury and in which a sample flow of approximately 
.025 cc. per sec. is desired, may be provided with 
a perforated 0.001''' thick foil disk having 9 holes 
of 0.0006' diameter. Small variations from these 
exact dimensions can be tolerated without affect 
ing the mass spectrometer operation. It is of 
course apparent that as the thickness of the foil 
is increased the number of holes would likewise 
have to be increased to compensate for the re 
duced flow through the comparatively elongated 
holes. - 

Another embodiment of the invention is shown 
in sectional elevation in Fig. 3. In this figure 
the leak is inserted in a nipple f4, for example 
of the ionization chamber of Fig.1 which is con 
nected to the sample source through a tube 22, 
one end of which fits over the nipple 4. The 
leak shown in Fig. 3 comprises a metal body 24 
preferably cylindrical in shape and having an 
elongated bore 25 therethrough. The bore 25 is 
formed in two sections 25A, 25B, the latter being 
generally shorter and of larger diameter than the 
section 25A. A metal foil leak 28 such as that 
described with relation to Figs. 1" and 2 is in 
serted transversely in the bore 25 of the body 
24 so as to abut against a shoulder 27 formed 
between the small and large sections 25A, 25B, 
respectively of the bore. A metal sleeve 30 hav 
ing a bore 3 of substantially the same diameter 
as the section 25A of the bore 25 is inserted in 
the large section 25B of the bore 25 so as to 
hold the foil 28 against the shoulder 27. 
The form of leak as shown in Fig. 3 is adapted 

to insertion in the nipple of the ionization cham 
ber itself bringing the sample leak substantially 
within the confines of the chamber and reducing 
the adsorptive surfaces between the leak and the 
chamber to an absolute minimum. - - The improved leak of the invention was devel 
oped as a result of the discovery of the phenom 
enon that the major cause of trouble in analyz 
ing such substances as alcohol, etc., is the adsorp 
tion of such substances on the surfaces of the 
apparatus intermediate the sample leak and the 
ionization chamber. Heretofore it has been as 
sumed that all of the surfaces of the apparatus 
have shared equally in objectionable adsorption. 
If such were the case the provision of a sample 
leak in or adjacent to the ionization chamber 

65 would correct the error to only a relatively small 
extent. However, by reason of the fact that the 
major portion of the harmful adsorption takes 
place intermediate the sample leak and the ion 
lization chamber, the provision of leak apparatus 

70 absolute minimum produces a disproportionately 
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which reduces the intermediate surfaces to an 
large beneficial effect. Thus using the leak of 
the invention I am able to make rapid and accu 
rate analyses of alcohols, aldehydes, ketones, 
and other oxygenated substances. 
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claimi: . . . . 
1. A sample inlet system for an evacuated 

chamber having an inlet nipple which comprises 
a tube having a longitudinal bore therethrough 
and adapted to be fitted to the nipple, and a per 
forated metal foil disk affixed transversely in 
the bore of the tube adjacent the end thereof 
nearest the evacuated chamber, the diameter of 
the perforations in the disk being Smaller than 
the mean free path of the sample molecules at 
the pressure subsisting in the tube on the side 
of the disk remote from the chamber. 

2. A sample inlet system for an evacuated 
chamber having an inlet nipple which comprises 
a tube having a longitudinal bore therethrough 
and adapted to be fitted to the nipple, and a per 
forated metal foil disk affixed transversely in 
the bore of the tube adjacent the end thereof 
nearest the evacuated chamber, the diameter of 
the perforations in the disk being approximately 

the mean free path of the sample molecules 
at the pressure subsisting in the tube on the 
side of the disk remote from the chamber. 

3. A sample inlet System for an evacuated 
chamber having an inlet nipple which comprises 
a glass tube having a longitudinal bore there 
through one end of the tube being adapted to 
slip over the inlet nipple, and a perforated metal 
foil sealed in the tube across the bore therein 
and adjacent said one end of the tube. 

4. A sample inlet leak for an evacuated cham 
ber having an inlet nipple which comprises a 
thick walled glass tube one end of which is 
adapted to slip over the inlet nipple, and a per 
forated metal foil disk sealed in the tube trans- : 
versely and across the passageway therein and 
adjacent said end thereof adapted to slip over the 
inlet nipple. 

5. A sample inlet leak in accordance with claim 
4 wherein the metal foil disk is gold foil and 
the diameter of the perforations therein is less 
than the mean free path of the sample molecules 
on the side of the leak remote from the evacu 
ated chamber. 

6. A sample inlet system for an evacuated ; 
chamber having an inlet nipple which comprises 
a first metal tube insertable in Said nipple and 
having a bore therethrough, one end of Said bore 
being of larger diameter than the other and 
forming a shoulder therewith, a perforated metal 
foil disk disposed across the bore, and a second 
metal tube insertable in said one end of the bore 
of said first tube to hold the foil disk against 
the shoulder. 

7. A sample inlet system for an evacuated 
chamber having an inlet nipple which comprises 
a first metal tube insertable in said nipple and 
having a bore therethrough, one end of said bore 
being of larger diameter than the other and 
forming a shoulder therewith in the tube, a per- : 
forated metal foil disk disposed across the bore, 
a second metal tube insertable in said one end 
of the bore of said first tube to hold the foil disk 
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against the shoulder, said second tube having a 
bore of substantially the same diameter as the 
smaller section of the bore in the first tube. 

8. A sample inlet system for an evacuated 
chamber having an inlet nipple which comprises 
a cylindrical metal body insertable in Said nipple 
and of such size as to be held Snugly therein, a 
longitudinal bore in said body having a first 
section and a second section, the Second Section 
being generally shorter in length than the first 
section and being of a larger diameter than the 
first section so as to form a shoulder within the 
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body separating the two sections of the bore, a 
perforated metal foil disk disposed across the 
bore, and a metal sleeve insertable in the second 
section of the bore of the body to hold the foil 
disk against the shoulder, the metal sleeve hav 
ing a bore of Substantially the same diameter as 
the first section of the bore in the body. 

9. A. Sample leak System in accordance with 
claim 8 wherein the diameter of the perforations 
in the metal foil is less than the mean free path 
of the sample molecules at the pressure subsist 
sing at the side of the leak remote from the ioniza 
tion chamber. 

10. A sample leak System in accordance with 
claim 8 wherein the diameter of the perforations 
in the metal foil disk is less than the mean 
free path of the sample molecules at the pres 
Sure subsisting at the side of the leak remote 
from the evacuated chamber. 

11. In a maSS spectrometer having an ioniza 
tion chamber and an inlet nipple for receiving a 
Sample to be analyzed into the ionization cham 
ber, the improvement which comprises a tube 
having a longitudinal bore therethrough and 
adapted to be fitted to the nipple for passage of 
gas therebetween, and a perforated disk affixed 
transversely in the bore of the tube adjacent the 
end thereof nearest the ionization chamber. 

12. In a mass spectrometer having an ioniza 
tion chamber and an inlet nipple for receiving 
a Sample to be analyzed into the ionization cham 
ber, the improvement which comprises a tube 
having a longitudinal bore therethrough and 
adapted to be fitted to the nipple for passage of 
gas therebetween, and a perforated metal foil 
disk affixed transversely in the bore of the tube 
adjacent the end thereof nearest the chamber, 
the diameter of the perforations in the disk 
being approximately to the mean free path of 
the sample molecules at pressure subsisting in the 
tube at the inlet side of the disk. 

13. In a mass spectrometer the combination 
which comprises an ionization chamber, an inlet 
nipple opening into the ionization chamber, and 
a capillary leak removably disposed within the 
nipple for admitting a sample of gas substan 
tially directly into the ionization chamber. 

14. In a mass spectrometer the combination 
which comprises an ionization chamber, an inlet 
nipple opening into the ionization chamber, and 
a metal leak removably disposed within the nip 
ple for admitting a sample of gas Substantially 
directly into the ionization chamber, the metal 
leak comprising a plurality of capillary leaks. 

15. In a mass spectrometer the combination 
which comprises an ionization chamber, and a 
capillary leak for admitting a sample of gas 
Substantially directly into the ionization cham 
ber, the Solid Surfaces between the leak and the 
ionization chamber to which the gas sample is 
exposed being substantially all metal. 

16. A sample inlet system for flowing a gas 
sample from a sample source into an evacuated 
chamber having an inlet nipple, which comprises 
a tube having a longitudinal bore therethrough 
and adapted to be fitted to the nipple, and a 
perforated metal foil disk affixed transversely in 
the bore of the tube adjacent the end thereof 
nearest the evacuated chamber, the diameter of 
the perforations in the disk being Smaller 
than the mean free path of the Sample molecules 
at the pressure subsisting in the sample source. 

17. A sample inlet System for flowing a gas 
sample from a sample source into an evacuated 

5 chamber having an inlet nipple, which comprises 
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'a tube having a longitudinal bore therethrough 
and adapted to be fitted to the nipple, and a 
perforated metal foil disk affixed transversely 
in the bore of the tube adjacent, the end thereof 
nearest the evacuated chamber, the diameter of 
ithe perforations in the disk being, approximately 

the mean free path of the sample molecules 
at the pressure subsisting in the sample source. 

18. In the analysis by mass spectrometry of a 
gaseous mixture containing an oxygenated or 
ganic compound involving the introduction of 
a sample of the gaseous mixture into an evacu 
ated ionization chamber through a nipple open 
ing, into the chamber, the improvement which 
-comprises reducing the pressure of the sample 
to the chamber.pressure within the inlet nipple 

: 8 
and at a point spaced from the outer end of the 
inlet nipple. 
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