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In recent years there have been several attempts to design detectors for gas 
chromatography based on differences in the electrical conductance of effluent gases. 
A d.c. glow discharge at goo volts between a tungsten wire ancl platinum disc was 
first used by HARLEY AND PRETORLUS~ for identifying the constituents of petroleum 
ether. The method could not be used for quantitative analysis due to the rapid con- 
tamination of the electrodes. PITKETHLYZ employed a neon glow lamp for differen- 
tiating the current changes due to the effluent components excited by either d.c. or 
oscillatory potentials. On the basis that the ionization potential of helium (24.5 V) 
is higher than that for most other gases, RYCE AND BRYCE~ constructed a detector in 
which the gases passed between a heated filament and an electrode maintained at a 
potential of about 18 volts. While the carrier gas helium could not be ionized at this 
potential, all the eluted components with lower ionization potentials gave rise to 
large current signals. However, this method did not lend itself to quantitative work 
due to the rapid poisoning of the surface of the heated filament which altered its 
emission characteristics. 

In the rneanti.me interest in the subject seemed to have receded due to the 
marked success attained with flame and radiation ionization detectors+0. However, 
FISHER AND MCCARTY' developed a low pressure d.c. discharge detector where the 
effluent components, after a pressure drop, enter the gap of a commercial spark plug 
across which a glow discharge is maintained at 300 V d.c. Under these conditions the 
current across the gap is sensitive to changes in the composition of the gas passing 
through. The authors report an extremely high sensitivity of 10-0 pg/ml for carbon 
dioxide and oxygen with nitrogen as eluant. Further, the pressure-potential-current 
characteristics are linear over the range of conditions studied. However each gas 
sample requires a critical setting of the spark gap and an optimum. potential so that 
a steady glow is maintained without wearing out the electrodes excessively. Thus, 
electrode contamination, irreversible surface reactions and other “aging” effects 
under discharge have restricted the applicability of these detectors. We had sug- 
gested earlier * that these limitations would be minimal if metallic electrodes are 
avoided as in a discharge in the annulus of coaxial glass tubes, sometimes referred 
to as an “electrodeless” discharge. We present here results of our work on the gas- 
solid chromatography of some of the permanent gases using such a discharge 
detector. 
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USE OF AN ELECTRODELESS DISCHARGE AS 

EXPERIMENTAL 

Commercial nitrogen purified by 

GCDxTECTOR 

passage through 

3= 

alkaline pyrogallol and 
calcium chloride (fused) is used as carrier gas. The unit permits the control of the 
rate of flow of the carrier gas and the injection into it of known amounts of the gas 
sample under analysis, the volumes of the different sections of the vacuum manifold 
and the capillary by-pass having been determined previously. The adsorption column 
consists of a ISO cm long polythene tube of 7 mm internal diameter packed with 
silica gel of Go-80 mesh size. 

The detector is a Siemens’ type all-glass discharge tube, 25 cm long with inner 
and outer tubes of 7 and 13 mm internal diameter, respectively. Sodium chloride 
solutions inside the inner and around the outer tube formed the electrodes. The tube 
is excited by 50 c/s potentials and the discharge current is measured by an inductively 
coupled moving coil galvanometer with a crystal diode (IN34) in series (Fig. I). 

Gas 
exit c- ‘L H.T. 

t 
Gas from column 

Fig. 1. Electroclclcss discharge as a cletector in gas cl~romatograpl~y. 

The gas issuing from the adsorption column enters the tube at the bottom, 
passes through the annular discharge and finally escapes. With the carrier gas flowing 
at a steady rate (IS ml/min) and an exciting potential of g kV (r.m.s.) there is a steady 
discharge current (i) of the order of I mA. Hydrogen, oxygen and argon are injected 
in various amounts, both singly and in mixtures. As each component of the injected 
gas is eluted into the detector after its characteristic retention time, there is a sharp 
change in current -J_- Ai, the ratio of the signal to background noise being > IO. 

RESULTS AND DISCUSSION 

Fig. 2 presents data for hydrogen, oxygen and argon, as also for their mix- 
tures. From measurements of the signal size due to the gas, the lower limits of detec- 
tion for each gas are determined under given operative conditions. Pig. 3 is a typical 
sensitivity curve obtained for oxygen. . 

Among the three gases studied, hydrogen and oxygen yield negative signals 
(- Ai) while argon gives positive signals (+ Ai) (Fig. 2). Under the conditions 
employed the following amounts of gases have been detected unambiguously (still 
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Fig. 2. Detection of hydrogen, oxygen and argon. 
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Fig. 3. Sensitivity of the detector for oxygen. 

Fig. 4. Variation of HETI-’ with linear gas velocity. 
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lower limits being possible) : hydrogen 1.0 pmole, oxygen 0.2 pmole and argon 0.5 
pmole. The amounts of gases injected cover a ten-fold range and the corresponding 
signals show a linear variation (Fig. 3). 

The height-equivalent to a theoretical pl.ate (HETP) has also been calculated 
for different flow rates and Table I for oxygen is typical of the results obtained. Fig. 4 
represents a plot of I-IETP zleys*bs I/Z&. The diffusion coefficient of a gas A flowing 
through another gas B can be computed by the van Deemter equation”. The value 
thus calculated for the diffusion coefficient of oxygen flowing through nitrogen, under 
the conditions of our experiments, turns out to be 0.23 cms/sec which agrees reason- 
ably with the value of 0.22 given in literaturelO (corrected to 25”). 

TARLE I 

TI-fl~ORETIChI. PLATES FOR OXYGl%N 

Cnrricr gas : nitrogen ; aclsorption column : I50 cm long, 7 mm cliamctcr, silica gel (Go-So mesh); 
tcmpcraturc of column : 25O ; voltage on cletcctor: 9.0 IcV (r.m.s.). 

Lilteav gas Reteaatio~aa Peak width Nacmbev of 
. velocitwv t,ime t at base At tlteovetical 

(c~m/sec) (&la) (mi?r) plates 

0.553 -=3+4 4.4 150 10.0 

0.750 9.9 3.0 I74 8.7 
o.g25 7.9 2.2 206 7.2 
I .oss 6.4 2.0 164 9.0 
I.250 56 2.2 I25 12.0 

I.‘~10 5.0 2.4 69 21.7 
I.$30 4.6 2.4 59 25.4 

HEY-P 
(mm) 

Our studies indicate that the sensitivity of the detector depends, iqzter &a, 
on (I) the nature of the carrier gas vis-I%vis the specimen gas with regarcl to the 
ionization potential, electron affinity and the presence of metastables, (2) voltage 
applied for excitation and (3) volume, pressure and temperature of the gas under 
discharge. A study of these aspects as well as an extension of the technique to the 
vapour phase chromatography of organic substances is in progress. 
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SUMMARY 

A technique has been developed for using an electric discharge without metallic 
electrodes as a detector in gas-solid chromatography. This has been applied success- 
fully to the detection and separation of hydrogen, oxygen and argon present in 
mixtures using silica columns and nitrogen as the carrier gas. Each GSC system is 
characterised by the retention time t and the current response -+ Ai over the back- 
ground discharge current. The magnitude of the signal response ( N 0.1 mA/pmole) 
observed without amplification suggests that the detector employed here is free from 
limitations encountered in earlier discharge detectors. 
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