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Standard mass chromatographic instruments cannot accurately analyze a gas 
sample for the stable gaseous isotopes of hydrogen [HZ, deuterium (ZH,) and H2H]. 
A few papers have described gas chromatographic (GC) techniques which can sep- 
arate and detect these isotopel-‘. However, for the most part these techniques can 
measure only high concentrations of these compounds4-7 and often require pre-con- 
centration or pre-purification of the sample prior to analysis. In this paper, we present 
a simple, sensitive and accurate GC method for the assay of trace amount of Hz, 
H2H and *Hz which eliminates the need for pre-treatment of the sample. 

EXPERIMENTAL 

Reagents and chemicals 
Deuterium was obtained from Union Carbide (New York, NY, U.S.A.) and 

hydrogen from Matheson (East Rutherford, NJ, U.S.A.). HZH was prepared as de- 
scribed below. 

Instrumentation 
A Beckman Model CC-55 gas chromatograph equipped with a Model RG D-2 

reduction gas detector (Trace Analytical, Menlo Park, CA, U.S.A.), a gas sampling 
loop (capacity 0.18 cm3), a cryogenic unit and an HP 7100B recorder (Hewlett Pack- 
ard, Avondale, PA, U.S.A.) was used. Separation was obtained via a 12 ft. x 3/16 
in. copper column (I.D. 2 mm) containing molecular sieve 4A (60-80 mesh) (Alltech 
Assoc., Deerfield, IL, U.S.A.}. The cryogenic unit consisted of an inner cylinder 
within a large Dewar flask which was filled with liquid nitrogen. The column was 
placed in the inner cylinder. The temperature of the column was maintained at - 180 
rt 2°C by varying the flow of air and/or nitrogen into the inner chamber. The column 
was pre-conditioned overnight at 250°C with helium as the carrier gas. Helium was 
used as the carrier gas and the column flow-rate was 24 ml/min; the helium was 
pre-purified by passage through a silica gel-molecular sieve 5A trap (Analabs, North 
Haven, CT, U.S.A.) and a catalytic combustion filter (Trace Analytical). 

Quantitation 
Hz and 2Hz were diluted with either nitrogen or helium to appropriate con- 
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Fig. 1. GC Separation of Hz, H2H and 2H2 on a molecular sieve 4A column. Flow-rate: 24 ml/min. 

centrations and applied directly to the GC column. HZH was prepared by equilibra- 
tion of a known mixture of H2 and ZH2 by means of a tungsten filament heated to 
red heat for 5 min5. This was accomplished by installing a port-hole in a 40-W electric 
light bulb. The port-hole was sealed with a rubber stopper and the bulb flushed with 
nitrogen. A mixture of Hz and 2H2 was then introduced into the bulb via a large 
syringe and ignited as above. Aliquots of the equilibrium mixture were removed from 
the bulb with a syringe and injected into the GC column. Quantitation of Ha, H2H 
and 2Hz was obtained by triangulation of the respective peak areas. Calibration of 
H2H was accomplished with the equilibration mixture equation of the isotopes ac- 
cording to Genty and Schott5. 
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Fig. 2. Calibration curves for HI, H*H and 2H,. 
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The method described utilizes relatively inexpensive and simple GC equipment 
to measure the stable isotopes of hydrogen. The technique provides accurate, repro- 
ducible results with greater sensitivity than that obtained in previous work. 
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