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Determination of Deuterium in Organic Compounds

By Nobuo TAMIYA 

(Received July 21, 1961)

The method of Graff and Rittenberg1) is the 
basis of the commonly applied deuterium 
analysis. The water obtained by the combus-
tion of an organic sample is reduced with the 
aid of heated zinc. The resulting gaseous 
hydrogen is subjected to mass spectrometric 
analysis. 

Several attempts have been reported to 
improve this method by reducing the memory 
effect of the apparatus used for the combustion 
and the reduction2-6). The present paper 
describes a modification by which both com-
bustion and reduction are carried out in small, 
sealed glass tubes. The new method is simple, 
and one can analyze more than twenty 
samples a day without interference by the 
memory effect.

Experimental 

Apparatus and Procedure.-Figure la shows a 

combustion tube made of Pyrex glass. The tube 

is dried in an electric furnace at 300•Ž for 60 min. 

under vacuum. After dried air is introduced into 

it, the tube is connected to a magnesium perchlo-

rate tube. An organic sample, which will give 

about 2.5 mg. (•} 20%) of water on combustion, is 

taken into the tube (Fig. lb). The capillary end 

of the tube is cut off, and dried oxygen is passed 

through to replace the air. The tube is then 

sealed at both ends as shown in Fig. lc (9 ml. in 

volume) and placed in an electric furnace of 620•Ž 

for 30 min. This is the highest temperature which the 

glass will stand. When the combustion is com-

pleted, the furnace is allowed to cool. The water 

produced is collected in the capillary end by this 

procedure (Fig. ld). One may centrifuge the tube 

with a vacuum rubber tube as a cap at 1, 500 r. p. m. 

for 5 min. if the water contains bubbles. The water 

vapor remaining in the main part of the tube must 

contain less deuterium than the water. The amount 

of the vapor is, however, too small to affect the 

results. 

Figure 2a shows a reduction tube with a break-

able seal on one end. This is essentially similar
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Fig. 1. Combustion tube for organic samples. 

a : A combustion tube. 
b: A combustion tube with a sample, being 

flashed with dried oxygen. 
c : A sealed combustion tube. 

d : The top of a combustion tube with deute-
rium containing water produced in it.

Fig. 2. Reduction tube for water. 
a : A reduction tube with zinc granules and a 

water sample in a capillary in it. 

b : A reduction tube chilled with solid carbon 
dioxide. 

c : An evacuated and sealed reduction tube.

to that described by Chinard et al.3) The tube is 

dried at 300•Ž for 60 min. with 0.25g. of 20•`30 

mesh zinc granules in it. The capillary end of 

the combusition tube, which contains the water, is 

cut off and thrown into the reduction tube. The 

reduction tube is attached to a magnesium per-

chlorate tube and made thinner, with a flame at a 

part of its neck, as shown in Fig. 2b. The tube 

is then chilled with solid carbon dioxide to freeze 

the water, evacuated and cut by a flame under 

vacuum (9 ml. in volume, Fig. 2c). The reduction 

of the water is carried out at 620•Ž for 60 min. in 

an electric furnace. The hydrogen produced is 

taken out from the breakable seal and subjected 

to mass spectrometry. A Process and Instruments 

Model M-60 mass spectrometer was used. The 

reduction procedure is essentially similar to that 

described previously8), except that a larger tube is 

used and that a higher temperature is applied. 

The addition of platinum catalyst to zinc, describ-

ed in the previous paper, is no longer necessary, 

because the higher temperature is applied. 

Results 

The results are summarized in Table I. The 

standard water was prepared by diluting com-

TABLE 1. EXAMPLES OF DEUTERIUM ANALYSIS

mercially available 99.65 mol.% deuterium 

oxide. 

DL-Alanine-2d was prepared by an electroly-

tic reduction of pyruvic acid oxime in deu-

terium oxide in the presence of deuterated 

sulfuric acid7). A rough estimation of the 

deuterium content at the ƒ¿- and ƒÀ-positions 

of the preparation was made by comparing the 

infrared absorption peaks at 1308 cm-1 (ƒ¿-

CH deformation) and 1451 cm -1 (-CH3 degen-

erating deformation) with that at 1410 cm-1 

(-COO- symmetric stretching), which was 

taken as the standard. According to this 

estimation, the deuterium content of the ƒ¿-

and ƒÀ-positions is 90 and 7 atom %, respec-

tively8,9). L-Alanine-2d, 3d3 was prepared by 

treating L-alanine with transaminase in deu-

terium oxide ; the infrared absorption spectrum 

of the preparation showed an almost complete 

disappearance of the -CH3 and a-CH groups8, 9). 

Glycine-2d2 was prepared by treating glycine 

with salicyl aldehyde and cupric ion in deu-

terium oxide10). The results of the mass 

spectrometric analysis are in good agreement 

with the infrared absorption data. 

Deuterium derivatives of L-aspartic acid 

were synthesized enzymically, and their infra-

red absorption spectra showed that there was 

almost no contamination of each other10) and 

of hydrogen compound. 

Summary 

A device to simplify the deuterium analysis 

of organic compounds was described. The
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combustion of organic samples and the reduc-

tion of deuterium containing the water pro-

duced were both carried out in sealed glass 

tubes. By this procedure one could com-

pletely avoid the "memory effect" and get 
satisfactory results, as shown by the examples 

of amino acid analysis.
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