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This invention relates to gas analyzers, and more par 
-ticularly to analyzers for detecting traces of gases in pro 
portions signiiicantly less than one part per million. 

In the field of gas chromatography, gases are custo 
marily analyzed by the application of a sample to an 
elution or chromatographic column; the component gases 
in the sample are separated by the different speeds of 
migration through the column; and the amount of gas of 
each type can be detected during successive time inter 
vals at the output of the column. Up until recently, 
however, the sensitivity of analyzers employing the prin 
ciples of gas chromatography has been relatively low 
and generally has been considerably poorer than one part 
per million. Furthermore, some of the higher sensitivity 
devices are restricted in application. 

Accordingly, a principal object of the present invention 
is to improve the sensitivity of gas analyzers, without 
sacrificing versatility. 

iFrom a comprehensive aspect, one illustrative embodi 
ment of the invention includes two successive chromato 
graphic columns, a source of carrier gas such as hydrogen 
or helium having less than one part per million of extra 
neous gases of significantly lower ionization potential than 
that of the carrier gas, and a secondary ionization detector 
having a sensitivity considerably greater than one part per 
million. 'Ihe carrier gas may be hydrogen or helium 
purified by diffusion through palladium or quartz, re 
spectively. 
The secondary ionization detector in the illustrative 

embodiment of the invention may be an electronic tube 
which includes at least four electrodes. These electrodes 
include a cathode, ñrst and second grids, and a plate. 
The potential between the cathode and the iirst of the 
two grids, the accelerating grid, is posit-ive and has a 
value significantly greater than the ionization potential 
of the gas which is being detected, and a value which is 
insuñicient to ionize the carrier gas. Thus, for example, 
when oxygen having an ionization potential of 12.5 volts 
is being detected, and when hydrogen having an ioniza 
tion potential of 15.6 volts is used for the carrier gas, 
the potential between the cathode and the accelerating 
grid may Irbe about 14 volts, slightly less than the ioniza 
tion potential of hydrogen. rIhe second or shielding grid 
which is provided has a negative potential with respect to 
the first grid. This potential may, for example, be ap 
proximately 30 volts negative with respect to the first 
grid. A negative voltage sufficient to ionize the carrier 
gas may be applied to the plate of the tube. 

-In operation, the electrons from the cathode are ac 
celerated toward the firs-t grid and ionize the oxygen in 
the region between the cathode and the first grid. Posi 
tive ions are then drawn toward the shielding grid and 
the plate which are negatively charged. The high nega 
tive potential of up to about 300 volts between the screen 
grid and the plate permits secondary ionization of the 
carrier gas, thus providing considerable amplification 
within the tube. The use of the shielding grid is desir 
able to avoid penetration >of the ñeld provided by the high 
negative voltage at the plate into the region between the 
cathode and the first grid. 

In accordance with a feature of the invention, a gas 
to be detected is carried to a tetrode secondary ioniza 
tion electron tube detector by a carrier gas having a higher 
ionizai-ton potential than the gas to be detected. 
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In accordance With additional features of the inven 
tion, the carrier gas described in the preceding paragraph 
‘may be hydrogen or helium purified by diffusion through 
palladium or quartz, respectively, and the carrier gas and 
the sample to be analyzed are passed through one or 
more chromatographic columns to separate the gas to be 
quantitatively analyzed from other gases. 

Other objects, features and advantages of the inven 
tion will become apparent from a consideration of the 
following detailed description and from the drawing, in 
which, 
FIG. 1 is a block diagram of a gas analyzing system 

in accordance with the present invention; 
FIG. 2 is a schematic circuit diagram of the secondary 

ionization gas detector in accordance with the invention 
which may be utilized in the system of FIG. 1; and 
FIG. 3 is a detailed Iblock diagram of a portion of 

the system of FIG. 1. 
With reference to the block diagram of FIG. l, it will 

be assumed that it is desired to measure the concentra 
tion -of a gas such as oxygen in a gas stream indicated 
-by block 12. The principal components of the system 
include the secondary ionization detector 14 and its asso 
ciated recorder 16, the cycle timer 18, and a source of 
.pure carrier gas which includes the cylinder of hydrogen 
2€) and the palladium diffusion purifier 22. 'Ihe hydro 
gen purifier may, for example, be of the form shown 
in U.S. Patent No. 2,911,057, granted November 3, 1959 
to R. B. Green et al. In addition to conventional shut 
oit valves (not shown), the system includes lthe six port 
sampling valve 24 and two four port valves 26 and 28. 
The columns 30 and 32, which are provided for separat 
ing 4different types of gases, also form an important part 
of the system. Suitable pressure regulators 34 and 36 
a-re provided in the input lines for the purified carrier gas. 

Before considering the mode of operation of the system 
of the present invention in detai-l, reference is made to 
the following reference materials dealing with the sub 
ject of gas chromatography. These include “Gas Chro 
matography” edited by Vincent I. Coates, Henry I. 
Noebels, and Irving S. Fagerson, Academic Press, Inc., 
New York, 19'58; “Vapour Phase Chromatography” 
edited by D. H. Desty, London, Butterworths Scientific 
Publications, 1957; “An Ionization Gauge Detector for 
Gas Chromatography” by S. A. Ryce and W. A. Bryce, 
pp. 1293 to 1297, Canadian Journal of Chemistry, vol. 
35, 1957. 
The sample Valve assembly 24 ris connected to the gas 

stream 12 to be monitored by the tubes 3S. The input 
tube 40 supplies carrier gas, and the output tube 42 from 
valve ‘24 .is connected by valve 26 to the first column 30. 
In addition, :the valve Áassembly 24 has a local sampling 
loop 44 associated with it. In the position sholwn in 
FIG. 1, the gas from the source 12 circulates through 
the sample loop 44. Upon rotation of the core of the 
six port valve 24 by 1/6 of a turn in either direction, the 
sample loop 44 is connected in series with tubes 40l and 
42, but disconnected from the source 12. This operation 
introduces 'a sample of accurately >determined volume into 
the first column 30 which volume is that defined within 
the sample loop. 
The use of elution columns for the separation of gases 

is well known in the field of gas chromatography, and a 
number of different forms of columns are described in 
the texts cited above. In the present case, it is desirable 
to make a preliminary separa-tion of gases in the first 
column 30 and a final separation of gases in the second 
column 32. The first column 30 could therefore be a 
partition column, whereas the second column 32 could 
be an adsorption type column. Both types of columns 
are disclosed in the texts cited above. The partition 
column might characteristically include liquid such as 



3 
diïbutylphthalate or silicone oil `on -a solid such las granu 
lar fire brick. The adsorption column 32 could suitably 
be of the type disclosed on pages 247 et seq. of the Desty 
text cited above. y 

The system as disclosed in FIG. l is particularly ap 
plicalble to the analysis of ñxed gases such -as oxygen, 
yfor speciñc example. As mentioned above, separation 
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is obtained in chromatographic columns by the different » 
times required for gases lof different types to migrate 
through the column. Two columns are employed in 
“order to prevent poisoning of the adsorption column 32 
by gases which are not reversibly adsorbed. The parti 
tion column 3% permits the rapid migration of gases such 
as oxygen, argon, nitrogen, etc., while other heavier gases 
having higher boiling points, such as propane, traverse 
the partition column k30 at a slower rate. The heavier 
gases migrate reversibly through the partition column 
and' ymay therefore be vented from column 30 in the 
course of a reverse ilushing operation, while separation 
of nitrogen, oxygen and similar gases is occurring in the 
adsorption column 32. It` may be noted that Vthese last 
mentioned gases are not separated 'in time to any con 
siderable extent as they diffuse through the partition 
column. The use of the two columns therefore minimizes 
aging of the adsorption column by avoiding contamina 
tion or poisoning by the heavier gases. In> certain cases 
in which the quantity of oxygen or ano-ther gas is to lbe 
determined in gas streams having a known composition , 
of gases, a single elution Icolumn of either the partition or 
adsorption type may be employed instead of the two 
columns 4‘as shown .in FIG. 1, depending on the character~ 
is'tics of the gases in question. 
The partition column 30 and the adsorption column 32 

may be ̀ designed to have approximately the same time of 
emergence for the gas which is being quantitatively 
analyzed. Characteristically, both columns ycould ibe ap 
proximately ñve feet in length, and -the time of diffusion 
for oxygen about two minutes. Passage of the oxygen 
through the column 30 takesplace in the direction indi 
cated by the dashed line arrows 46 and 48, valves 26 and 
2‘8 being in a position one quarter turn from the position 
'shown in FIG. 1. Thus the oxygen passes through valve 
26, the partition column 30, and valve 28 into the -ad 
sorption column 32. Following the passage of the oxygen 
_from column 30, the valves 26 and 2.8 are turned to the 
position shown in FIG. 1 and the partition column is re 
verse flushed, with the gas proceeding through the parti 
tion column in the direction indicated by the solid arrows 
47 and 49<and ñnally» out t-he vent connected to valve 28. 
Pressure »is maintained on the column 32 by the source of 
carrier gas provided through the pressure regulator 36 
and line 50. 
The chromatographic columns 30` and 32 are preferably 

operated at atmospheric pressure or slightly above. In 
this manner errors which could result from slight leaks 
in the system are avoided. To accommodate the atmos 
pheric pressure in the columns ‘and the low pressure re 
quired in the detector 14, a pressure reducer 51 is pro- 
vided. This reducer could be in the form of a suitable 
constriction in the flow line, a ‘A‘bleed-off” vent, or could 
include both of these structures. 
The secondary ionization detector 414. includes an elec 

tronic tube and its associated circuitry as described in 
detail l'below in connection with FIG. 2. Electrical out 
put signals from the detector 14 iare supplied on electrical 
lead 52 to the recorder 16. The output gas line '54 from 
Vthe detect-or 14 leads to a pump (not shown). 

The mode of operation of the system of FIG. 1 is con 
trolled by a conventional cycle timer 18 which may be 
of Iany standard form. A synchronous clock motor with 
adjustable electrical contacts may suitably be employed. 
The cycle timer 118 controls the position of the six vport 
valve '24 >as indicated by the dashed line 56, the position 
of valves 26 and 28 by a common mechanical connection 
as indicated by dashed lines 58, and the operative periods 
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4 
of the recorder .16 as indicated schematically by the dashed 
line 60. Conventional electromechanical operating de 
vices maybe employed. The sequence of operation of the 
cycle timer 18 is indicated by the following steps: 

Step l 
The six port sample valve 24 is 4tur-ned to the “sample” 

position, one-sixth turn from the position shown in FIG. 1. 

Step 2 

Step No. 2 occurs following a time interval sufficient 
for the gas being analyzed to pass through partition col 
umn âllt, and into adsorption column 32. At -this time 
valves 26 and 28 are rotated to reverse gas flow in parti 
tion' column 30 and to vent gases from the partition col 
umn (the position shown in FIG. 1). Pressure is main 
tained on the adsorption column 32 from line 5d. 

Step 3 

Immediately following Step 2, the six port sample 
~valve 24 is'returned to its original position as shown in 
FIG. l of the drawings. 

Step 4 

For a time interval ‘bracketing the time at which the 
ygas in question leaves the adsorption column 32, the 
'recorder 16 is enabled and provides a quantitative indi 
cation ofthe amount of the gas in question in the sample. 

Step 5 

Following an additional time period sufficient to flush 
both columns, the two four-port Valves 26 and 28 are 
returned to their forward How positions. The elapsed 
time between Steps 2 and 5 should be slightly greater 
than that between Steps 1 and 2 to clear gases from 
partition column 30 by reverse flushing. 

Steps 6 et seq. 

The cycle set forth above is now repeated. 
In addition tothe use of hydrogen puriñed by diffu 

sion through palladium as discussed above, ' diffusion 
`purified helium may also be used ‘as a carrier gas. In 
the case of helium, however, diffusion through quartz 
is preferred to diffusion through palladium. Argon, 
'nitrogen or any other suitable gas or combination of 
gases may be employed whenV purified to the required 
extent (signilicantly lless of more readily ionized impuri 
ties than one part per million). The ionization poten 
tials for these various gases are 24.6 volts for helium, 
15.7 volts for argon, and 15.6 volts for hydrogen. It 
is, of course, necessary to select a carrier gas having an 
ionization potential which is greater than that of the gas 
or gases which are being analyzed. 

Considering the matter of reversing the ñow of car 
rier gas through the partition column 30, this is done 
to eliminate portions of the original sample which may 
still be within the partition column. 'The flow of gas 
through ya partition column is normally a reversible 
process. Accordingly, the time for 'black flushing need 
only be approximately equal to the time of ñow in the 
forward direction. A slight additional time period is ‘ 
normally allowed for reverse flushing. 
With reference to FIG. 2, the electrical circuit for the 

’secondary ionization detector 14 of FIG. 1 is set forth in 
some detail. In FIG. 2, the electron tube may be of the 
general type known commercially as a 6CB6A, pro 
vided with input and output connecting tubes. However, 
unlike Ithe commercial tube, the heater and the heated 
cathode must >be resistant to oxidation. Accordingly, 
the cathode is preferably of gold or silver and may also 
be of iridium, and platinum Ialloyed with 10 to 40 per 
cent of rhodium may be used for the heater filament. 
Any other suitable materials‘which are sutlìciently re 
sistant to oxidation may be used. ` 

The tube 60 in FIG. 2 preferably includes an indi 
rectly heated cathode 62, an laccelerating gridv 64, a 



3,0821 12 

shielding grid 66, and a plate 68. A carrier gas, such. 
as hydrogen, and the gas, such as oxygen, which is being 
detected, are supplied through the inlet and outlet tubes 
70 and 72. 
The detector, in accordance with an important aspect 

of the present invention, is based on the principle of 
selective ionization of trace components in a gaseous 
carrier, wherein the carrie-r has an ionization potential 
which is higher than the gas which is to be detected. 
The potential between the cathode 62 land the grid 64 is 
positive so that electrons from the cathode 62 are ac 
celerated toward grid 64. The potential is adjusted to 
a level such that the carrier gas will not be ionized to 
any appreciable extent but that a portion of the gas 
which is being detected is ionized. Thus, for example, 
when oxygen having an ionization potential of 12.5 volts 
is carried through tube 60 by a carrier gas such as hy 
drogen having an ionization potential of ̀ about 15.6 volts, 
the potential from cathode to grid may be about 14a' 
volts. As this value is just below the ionization poten 
tial for hydrogen, the electrons from cathode 62 will 
not attain the energy required to ionize hydrogen, and 
no appreciable amount of hydrogen will be ionized. As 
the oxygen reaches the ionization detection tube 60, 
however, appreciable ionization of the oxygen takes place. 
The positively charged oxygen ions are drawn toward the 
shielding grid 66 which is at a negative potential with 
respect to both the accelerating grid 64 and the cathode 
62. A high negative potential of up to about 300 volts 
is applied between the shielding grid 66 and the plate 
68. As the positive oxygen ions are accelerated through 
shielding grid 66 toward the plate 68, the carrier gas is 
also ionized and considerable amplification of the signal 
is obtained. This secondary ionization is linear or a 
monotonie function of the primary ionization and pro 
duces a device having much greater sensitivity than is 
possible with the ionization detectors such as ’those dis-ê 
cussed in the references cited above. 
As noted above, the negative voltage applied to the 

plate is of the order of magnitude of “up to 300 volts.” 
Higher voltages may also be employed up to the break 
down point of the tube. This breakdown point will de 
pend among other things on the geometry of the tube, 
the types of gases which are present, 'and the pressure 
in the tube. When the plate voltage is adjusted to a 
value somewhat less than the breakdown point of the 
tube, maximum amplification and sensitivity of the ap 
paratus is secured. 
The use of the shielding grid 66 is considered to be 

particularly important; without this shielding grid, it is 
impossible to obtain significant amplification 'by sec 
ondary ionization with high voltages applied to the plate. 
When even moderate voltages are applied to the plate in 
triode arrangements, the iield penetrates the region be 
tween the cathode and grid and produces a net reduction 
in output. In one known case, this reduction in output 
started at a plate Voltage level of about 15 volts. 

With `regard to the potentials applied to the Various 
electrodes, it should be noted that grid 64 must be posi 
tive with respect to the cathode 612 and have such a mag 
nitude as to produce ionization lin the gas being detected 
but not in the carrier gas to any significant extent. The 
plate 68 must be negative with respect to the cathode 62 
and should have a potential with respect to the grid 64 
which is significantly greater than the ionization potential 
of the carrier gas. In this manner, secondary ionization 
is provided. The shielding grid 66 should have a poten 
tial which is between that of grid 64 and plate 68, prefer 
ably closer in potential to the accelerating grid 64 than to 
the plate 68, for example -10 volts` with respect to the 
cathode. 
The pressure within the tube 60 must -be suñiciently low 

to permit electron flow from cathode 62 toI grid 64. The 
gas pressure should generally be less than about 1 centi 
meter of mercury, and it is desirable that the pressure 
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be approximately in the range of 0.1 to l millimeter of 
mercury, for most tube geometries. In particular, the 
pressure should be such that the mean free path of elec 
trons emitted from the cathode is of the same order of 
magnitude or greater than the spacing between the cath 
ode and grid. 
An indirectly heated cathode is to be preferred over a 

ñlament cathode. An arrangement employing an indi 
rectly heated cathode permits closer control of the poten 
tial between the cathode and grid for selective ionization 
purposes. In contrast, a self-heated cathode has a sig 
niñcant voltage drop from end to end and therefore has 
a variable cathode-to-grid potential from end to end. For 
selective ionization, where diiiîerences of a few volts be 
come critical, accurate fixing of the cathode-to-grid volt 
age is essential. The adjustable voltage sources 74, 76 
and 78 are shown schematically as variable batteries. It 
will be understood that suitable power supplies of the 
type well known in the art may be employed. The output 
block 80 in the plate circuit of tube 60 represents any 
suitable amplifier or microammeter, for example. In the 
system of FIG. 1, the output device 80` would be the re 
corder 16 and its associated apparatus. 
The detector 60` is capable of detecting traces of oxy 

gen in the range of 1/1000 or 1;/10’000 of one part per mil 
lion of oxygen in a carrier gas of hydrogen. This corre 
sponds to the detection of one part in 109 or 1010 parts. 
With regard to the sensitivity in the detection of oxygen 
present in the source 12 of FIG. 1, the entire apparatus 
is capable of detecting approximately 1/100 or 1/1000 of one 
part per million of oxygen present in the input stream. 
This corresponds to the detection of one part in 108 or 
109 parts. In this regard, it is considered that the limit 
ing factors on sensitivity are the “noise,” arising from im 
purities in the carrier gas, Voltage fluctuations or the like. 

In the foregoing description, the apparatus of lFIG. 2 
has been disclosed as performing the function indicated 
by block 14 in FIG. 1. In some cases, however, the ion 
ization detection circuit of FIG. 2 -may be employed 
without the complete apparatus as shown in FIG. l. Thus, 
for example, it is applicable directly to the detection of 
traces of oxygen in pure nitrogen. Purified nitrogen nor 
mally contains as impurities traces of oxygen and argon. 
As both nitrogen and argon have ionization potentials 
which are significantly higher than that of oxygen, the 
presence of oxygen can be detected directly with the ap 
paratus of FIG. 2. With argon having an ionization 
potential of 15.7 volts, that of nitrogen being 15.5 volts, 
and oxygen being of only 12.5 volts, the voltage applied 
to the accelerating grid 64 in FIG. 2 would be approxi 
mately 14 volts in such a system. 
As disclosed above, the detection unit 14 of FIG. 1 

may be implemented ‘by a single ionization detection tube 
and circuit as shown in FIG. 2. FIG. 3 represents an 
embodiment of the circuit of FIG. 1 in which the detec 
tor unit 14 is implemented by the use of two detectors 14’ 
and 14" -which lead to a dual recorder 16’. In accord 
ance with the embodiment of FIG. 3, oxygen and argon 
may be detected simultaneously. These two gases are 
particularly good examples as they may pass through 
chromatographic columns in approximately the same time 
interval. In the case of the simultaneous analysis for both 
argon and oxygen, a helium carrier may be employed. 
The accelerating grid potential of the detection tubes in 
the detectors 14’ and 14" are then set at respectively dif- . 
ferent levels. Thus, for example, in the “low” detector 
14’ the control grid potential is adjusted to a level be 
tween the 12.5 volt ionization potential of oxygen and 
the 15.7 Volt ionization potential of argon. The tube 
in detector 14" has a control grid potential somewhat 
higher than 15.7 volts but less than the 24.5 volt ioniza 
tion potential of helium. The “high” detector 14" having 
the higher accelerating grid potential provides an output 
-signal indicating the presence of both oxygen and argon, 
while the “low” detector `14' is only responsive to the 
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presence of oxygen. The difference in the readings be 
tween the two detection devices indicates the quantity of 
argon present in the mixture. The dual recorder la’ 
simultaneously registers the signals from each of the two 

In accordance' with conventional 
practice, the readings may be recorded on a moving sheet 
of graph paper so that the precise reading at each mo 
rnent'of time is indicated. 

Various other possible combinations of gases and the 
vnecessary changes in the system to accommodate them will 
now be considered. To analyze for the presence of nitro 
Agen, it is desirable to employ a carrier gas such as helium 
having an vionization potential of 24.5 volts, rather than 
a hydrogen carrier having an ionization potential of 15.6 
volts, just 1/10 of a volt higher than the ionization poten 
tial of nitrogen. In cases where it is desired to analyze 
for traces of benzene in a gaseous stream, a hydrogen 
carrier may be employed, as lbenzene has an ionization 
potential of only 9.6 volts. As benzene is a heavier gas, 
one or more partition columns may be employed for sep 
aration, and the absorption column shown in FIG. 1 is 
not required. ' ' 

In connection with the system of FIG. 1 of the draw 
ings, a standard source o-f oxygen containing gas may 
ybe provided. Under these circumstances, the instrument 
maybe calibrated periodically by inserting a sample from 
'the standard source. " 

' It is to be understood that the above described arrange 
ments are illustrative of the application of the principles 
of the invention. Numerous other arrangements may be 
devised by those skilled in the art without departing 
from the spirit and ̀ scope of the invention. 
What is claimed is: 
l. In 4a gas analyzing system, means for diiîusion puri 

fying -a carrier gas having a high ionization potential so 
that it has less Ithan one part per million impurities hav 
ving a lower ionization potential than the carrier gas, means 
`for combining said carrier gas with a composite gas sam 
ple to be analyzed which has a lower ionization poten 
tial than that of said carrier gas, a plurality of chromato 
graphic separation columns, means lfor applying the car 
Iier gas and the Igas sample to tbe analyzed to said col 
umns in series, an electron tube having a gas inlet and a 
gas outlet, means for coupling the gas from said columns 
to said electron tube, a cathode, an accelerating grid, a 
shielding grid and a plate mounted within said tube, means 
for establishing a potential Ibetween the cathode and the 
accelerating grid of said tube which ̀is greater than the 
ionization potential of the `’gas -being analyzed and less 
than the ionization potential of the carrier gas, means 
for applying a potential to the plate of Said tube which 
is signiñcantly greater'than the ionization potential of 
4the carrier gas, and means for applying a potential to the 
shielding grid adjacent said plate which is intermediate » 
between the potential of said accelerating grid and that 
lof said plate. 

2. In a gas analyzing system, an electron tube having 
a gas inlet and a gas outlet, means for diffusion purify 
ing a carrier gas having a high ionization potential so 
that it has less than one part per million of impurities 
having a lower ionization potential than the carrier gas, 
`means for combining »said carrier gas with a gas sample 
to be analyzed which has a lower ionization potential 
than that'of said carrier gas, means for supplying to said 
tube »the carrier `gas, and the gas to be analyzed, a cath 
ode, an accelerating grid, a shielding grid and a plate 
mounted within said tube, means for establishing an efîec 
tive potential (between the cathode and the accelerating 
grid of said tube which is greater than the ionization 
potential of the gas being detected but less than the 
ionization potential of the carrier gas, means lfor apply 
ing a potential to the plate `of said tube which is signifi 
cantly :greater than the ionization potential of the carrier 
gas,`and means for applying a potential to the vshielding 
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grid adjacent said plate which is intermediate between 
the potential of said accelerating grid and that of said 
plate. 

3. In a gas analyzing system, an electron tube having 
a gas inlet and a gas outlet, means for supplying to said 
tube a carrier gas having a high ionization potential and 
a gas to be analyzed having an ionization potential which 
is less than that of the carrier gas, an indirectly heated 
cathode, an accelerating grid, a shielding grid and a plate 
mounted within said tube, means for establishing a po 
tential between the cathode and the accelerating grid of 
said tube which is greater than the ionization potential 
of the gas being detected but less than the ionization po 
tential ofthe carrier gas, means for applying a potential 
to the plate of said tube whi-ch is significantly greater in 
magnitude than the ionization potential of the carrier 
gas, and means for applying a potential to the shielding 
grid adjacent said plate which has a value between the 
Vpotential of said -accelerating grid and that of -said plate. 

`4. In a gas analyzing system, an electron tube having 
a gas inlet and a gas outlet, means for purifying a car 
lri‘er gas having a 'high ionization potential so that it has 
less than one part per million of impurities having a low 
er ionization potential than the carrier gas, means for 
combining said carrier gas with a gas ysample to be 
analyzed which has a lower ionization potential than that 
of said carrier gas, means for supplying to said tube the 
carrier gas and the gas to be analyzed, a cathode, an 
accelerating grid, lay shielding grid and a plate mounted 
within said tube, means »for establishing an eifective p_o 
tential between the cathode and the accelerating grid of 
said tube which is greater than the ionization potential 
olf-the gas being detected but less thany the ionization po 
tential of the carrier gas, means for applying a potential 
Áto the plateA of -said tetrode which is signiñcantly greater 
than the ionization potential of the carrier gas, and means 
Ifor applying a potential to the shielding grid adjacent 
said plate which is intermediate between the potential 
of said accelerating grid and that of said plate. 

 ' 5. In a gas analyzing system, means for diffusion puri 
fying a carrier gas having a high ionization potential `so 
that it has less than one part per million impurities hav 
ing a lower ionization potential than the carrier gas, means 
for combining vsaid carrier gas with a composite gas sam 
>ple to be analyzed which has a lower ionization potential 
Ithan that of said carrier gas, at least one chromato 
graphic separation column, means Afor applying the car 
rier gas and the gas sample to be analyzed to said col 
umn, an electron tube having a gas inlet and a gas out 
let, means for coupling the gas from said column to said 
electron tube, a cathode, an accelerating grid, a shield 
ing grid and a plate mounted within said tube, means 
for establishing a potential between the cathode and the 
accelerating grid of said tube which is greater than the 
ionization potential of the gas being analyzed and less 
than the ionization potential of the carrier gas, means 
for applying a potential to the plate of said tube which 
-is significantly greater than the ionization potential of the 
carrier gas, and means for applying a potential to the 
yshielding grid adjacent said plate which is intermediate 
between Ithe potential of said accelerating grid and that 
of said plate. 

6» In a gas analyzing system, means for diffusion 
purifying a carrier gas having a high ionization potential 
so that it has less than one rpart per million impurities hav 
ing «a lower ionization potential than the carrier gas, 
means for combining said carrier gas with a composite 
gas sample to be analyzed which has a lower ionization 
potential than that of said carrier gas, va plurality of 
chromatographic separation columns, means for applying 
the carrier ‘gas and the gas sample Ito be analyzed to said 
columns in series, an electron tube having a gas inlet 
and a gas outlet, means for coupling the4 gas from said 
columns to said electron tube, a cathode, an accelerating 
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grid, a shielding grid and a plate mounted within said 
tube, means for establishing a potential between the 
cathode and the accelerating grid of said tube which is 
greater than the ionization potential of the gas being 
detected but not significantly greater than the ionization 
potential of the carrier gas, means for applying a poten 
tial to the plate of said tube which is significantly greater 
than the ionization potential of the carrier gas, and means 
for applying a potential to the shielding grid adjacent 
said plate which is between the potential of said accelerat 
ing grid and that of said plate, a recorder coupled to re 
ceive output signals from said electron tube, «and timing 
means for operating said combining means and for en 
abling said recorder at a predetermined time following 
the operation of said combining means. 

7. In a gas analyzing system, an electron tube having a 
gas inlet and a gas outlet, means for supplying to said 
tube a carrier gas having a high ionization potential and 
a gas to be analyzed having an ionization potential which 
is less than that of the carrier gas, a cathode, an ac 
celerating grid, a shielding grid «and a plate mounted with 
in said tube, means for establishing -a positive potential 
between the cathode and the accelerating grid of said 
tube which is greater than the ionization potential of the 
gas being detected but less than the ionization potential 
of the carrier gas, means for applying a negative poten 
tial to the plate of said -tetrode which is signiñcantly 
greater with respect to said accelerating grid than the 
ionization potential of the carrier gas, and means for 
applying a potential to the shielding .grid located between 
the plate and the accelerating grid which has a value be 
tween the potential of said accelerating grid and that of 
said plate. 

8. In a gas analyzing system, an electron tube having 
a ,gas inlet and a gas outlet, means for supplying to said 
tube a background gas including one or more gases having 
high ionization potential and a gas to be analyzed having 
an ionization potential which is less than that of the back 
ground gas, a cathode, a plate and at least two grids 
mounted within said tube, means for establishing a posi 
tive potential between the cathode and the accelerating 
grid of said tube which is greater than the ionization poten 
tial of the :gas being -analyzed and less than the ionization 
potential of the background gas, means for applying a 
negative potential to the plate of said tetrode which is 
signiiicantly greater than the ionization potenti-al of at 
least one of the gases of the background gas, and means 
for applying a potential to the shielding -grid adjacent said 
plate which is intermediate between the potential of said 
accelerating grid and that of said plate. 

9. In a gas analyzing system, means for diffusion 
purifying a carrier `gas having a high ionization potential 
so that it has less than one part per million impurities 
having :a lower ionization potential than the carrier gas, 
means for combining said carrier gas with a composite 
,gas sample to be analyzed which has a lower ionization 
potential than that of said carrier gas, 1a plurality of 
chromatographic separation columns, means for applying 
the carrier gas and the gas lsample to be analyzed to said 
columns in series, an electron tube having a gas inlet and 
a gas outlet, means ñor coupling the gas from said columns 
to said electron tube, a cathode, an laccelerating grid, a 
shielding grid and a plate mounted Within said tube, means 
for establishing a potential between the cathode and the 
accelerating grid of said tube which is greater than the 
ionization potential of the gas being detected but less than 
the ionization potential of the carrier gas, means for 
applying a potential to the plate of said tube which is 
signiñcantly greater than the ionization potential of the 
carrier gas, means for applying a potential to the shield 
ing grid adjacent said plate which is intermediate between 
the potential of lsaid 4accelerating grid and that of said 
plate, a recorder coupled to receive output signals from 
said electron tube, and .timing means for enabling said 
recorder flor a time interval encompassing the ltime period 
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10 
during which the gas sample to be analyzed is leaving said 
columns yand entering said electron tube. 

l0. In a gas analyzing system, means for -diiîusion puri 
fying a »carrier gas having a high ionization potential so 
that it has less than one part per million of impurities 
having a lower ionization potential than the carrier gas, 
vmeans for combining said carrier gas with a composite 
gas sample to be analyzed which has a lower ionization 
potential than that of sai-d `carrier gas, a plurality of 
chromatographic separation columns, one of said columns 
being a partition «column and another of said columns 
-being an adsorption column, means for applying the car 
rier gas and the gas «sample to be analyzed to said col 
umns in series, an electron tube having a gas inlet and 
a gas outlet, means for ycoupling the gas from said col 
umns to -said electron tube, a cathode, an accelerating 
grid, a shielding grid and a plate mounted with said 
tube, means for establishing a potential between the cath 
ode and the accelerating grid of said tube which is greater 
than the ionization potential of the gas being analyzed 
and less than the ionization potential of the carrier gas, 
means for applying a potential to the plate of said tube 
which is significantly greater than the ionization potential 
of the carrier gas, and means for applying a potential 
to the shielding grid adjacent said plate which is intermedi 
ate between the potential of said accelerating grid and 
that of said plate. 

1l. In a gas analysis system, at least one chroma 
`tographic column, means for applying a gas sample to said 
column including two gases which have approximately 
the same rate of migration through said column, at least 
two ionization detectors coupled to the output of said 
column, means for establishing an ionization potential in 
one yof said detectors which is between the ionization po 
tentials of said two gases, means for establishing an ioniza 
tion potential in the other of said detectors which is 
above the ionization potential of both of said gases, each 
ldetect-or including a plate for collecting ions to produce 
output signals, and means for recording the output sig 
nals from both of the detectors. 

l2. -In a gas analyzing system, an electron tube hav 
ing .a gas inlet and a gas outlet, means for supplying to 
said tube a carrier gas having a high ionization potential 
and a gas to be analyzed having an ionization potential 
which is less than that of the carrier gas, an indirectly 
heated cathode, an accelerating grid and a plate mounted 
within »said tube, means for establishing a positive poten 
tial between the indirectly heated cathode and the ac 
celerating grid of said tube which is greater than the ion 
ization potential of the gas being detected but less than 
the ionization potential of the carrier gas, and means for 
applying a potential to the plate of said tube which is 
negative with respect to the potential of said grid. 

13. In a gas analysis system, at least two ionization 
detectors, means for applying a gas sample including two 
gases which have different ionization potentials to both 
of said detectors, means for establishing an ionization 
potential in one of said detectors which is between the 
ionization potential of said two gases, means for estab 
lishing an ionization potential in the other of said de 
tectors which is above the ionization potential of both 
of :said gases, each detector including a plate for collect 
ing ions to produce 4output signals, and means for re 
cording the output signals from both of the detectors. 

14. In a gas analysis system, at least on chroma 
tographic column, a carrier gas having a relatively high 
ionization potential, a gas sample including two gases 
which have approximately the same rate of migration 
through said column and which have lower ionization p-o 
tentials than said carrier gas, means for combining said 
sample with said carrier gas and for applying the com 
bined gases to said column, at least two ionization Áde 
tectors lcoupled to the output of said column, means for 
establishing an ionization potential in one of said de 
tectors which is between the ionization potentials of said 
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two sampled gases, means for establishing an ionization 
potential in the other of said detectors which is above the 
ionizationpotential of both of said sampled gases, each 
‘detector including a plate for collecting ions Vto produce 
output signals, and means for recording the outputl sig 
nals from both ofthe detectors. 

15. In a gas analysis system, at least one chroma 
ltographic column, a Ácarrier gas having a relatively high 
ionization potential, a gas sample including two gases 
>which have approximately the same rate of migration 
through said column and which have lower ionization 
potentials than said ycarrier gas, means `for combining 
said sample with said carrier gas and for «applying the 
combined gases to said column, at least two ionization  
detectors coupled to the output of said column, means for 
establishingl an ionization potential in one of said de 
tectors whichvis between the ionization potentials of said 
Atwo’ sampled gases, means for establishing an ionization 
potential in the other of said detectors which is above 
the ionization potential of both of >said sampled gases, 
each detector including a plate for collecting ions to 
produce output signals, Iand means for recording the out 
put signals from both of said detectors. 

12 
16. In a gas analysis system, at least one chroma 

Ytographieh column, means for applying a gas sample yto 
said column including two gases which have different 
ionization potentials, at least two ionization `detectors 
>«coupled to the output of said column, means for estab 
lishing an ionization potential in one 4of said »detect-ors 
`which is between the ionization potentials of said two 
gases, means for establishing an ionization potential in 
the other of said 'detectors which is above the ionization 
potential of both of said gases, each detector including 
a plate for collecting ions to produce output signals, and 
-means for recording the output signals from both of the 
detectors. 
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