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    The direct determination of oxygen in the organic compounds by the 
hydrogenation method according to Meulen(1) was examined in details. 
Inaba and Abe(2) succeeded in the analysis of saccharose which was 
considered to be a difficult one. W. R. Kirner,(3) however, could not 
obtain good results with saccharose and he discussed the problem of 
application of corrections obtained in the blank experiments. We, there-
fore, hoped to reexamine and clear up these points by experiments and 
also by theoretical consideration of this hydrogenation method.

   Experimental Details. (1) The apparatus used is shown in Fig. 1. 
It is essentially the same as Russel and Fullton's(4) apparatus.

Fig. 1. Apparatus.
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   (2) The catalyst: The cracking (Pt-silica gel) and reducing 
(Ni-thoria) -catalysts were prepared according to Russel's procedure" .
The latter was reduced with hydrogen at 350℃. for 3 hours and then at

500℃.for 12～15 hours, thereby the water formed by reduction of

catalyst would be less than one mg. per hour. After 7-10 analyses the 
Pt-silica gel catalyst was covered with free carbon deposit and lost its 
activity and, therefore, it was required to revive it by burning the carbon 
deposit with streaming air. 

    (3) The analytical procedure was essentially the same as Inaba and 
Abe's. (2) 

   (4) The absorbent: Calcium chloride was used for typical sub-
stances which contained only carbon, hydrogen and oxygen,, and caustic 
soda or soda lime, for nitrogen containing samples, the latter was 
preliminarily treated with dried ammonia gas. 

    (5) The samples were all Merck's preparations and were dried on 
phosphorus pentoxide in the Abderhalden vacuum drying apparatus. 

   Experimental Results. The optimum analytical conditions were 
searched with saccharose and the results obtained were given in Fig. 2-5.

(1) Cracking temperature : Under 950℃. the analyses gave lower

results, indicating the incomplete cracking of organic vapours (Fig. 2).
(2) Reducing temperature: The temperature around 350℃. was

found to be satisfactory (Fig. 3). Under 300℃. the reducing velocity on
Ni-catalyst was too slow and above 400℃. the equilibrium conditions of

the following reactions became unsatisfactory for complete conversion of 
carbon oxides.

(1)

(2)

Fig. 2. Influence of Temperature of 
      Pt-silica Gel Catalyst.

Fig. 3. Relation between Reduction Tempera-
      tures and % of Oxygen found.

    (3) Streaming velocity of hydrogen: Around 5 1./hr. was found 
to be best suited (Fig. 4). When the hydrogen streamed too slowly the
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vapour pressure of carbon oxides became too high and, therefore, equili-
brium conditions of reaction (1) and (2) became unfavourable for the 
analytical purpose. 

    (4) Amount of sample taken: The optimum amount of sample to 
be taken were investigated, and the product of the weight (in gram) and 
the oxygen content (in percentage) of the sample taken was expressed 
as K. Only when K was below 12, saccharose and urea gave good results 
as shown in Fig. 5.

.Fig. 4. Influence of Hydrogen Streaming              V
elocity.

Fig. 5. Influence of weight of sample.

    (5) Typical results with several compounds containing only carbon, 
hydrogen, and oxygen are shown in Table 1. 

    (6) Typical results with several compounds containing only carbon, 
.hydrogen, oxygen, and nitrogen are indicated in Table 2. 

              Table 1. Analyses of CHO compounds.

Analytical conditions:Pt-silica gel temp.950℃.,Ni-catalyst temp.350℃., hydrogen

        streaming velocity 51./hr., time required for these runs 60 min.
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Table 1.-(Concluded)

Table 2. Analyses of CHON compounds.

Analytical condition:Pt-silica gel temp.950℃.,Ni-catalyst temp.350℃., hydrogen

      streaming velocity 5 1./hr., time required for these runs 80～93 min.
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   Discussion of Results. (1) Analysis of saccharose: W. R. Kirner(3 
was inclined to believe that saccharose left much carbon residues which 
retained some oxygen very tenaciously and thus gave lower values than 
the calculated ones. Russel, Fullton(4) and Inaba, Abe(2) and the authors 
all employed Pt-silica gel catalyst for the cracking purpose and they all 
obtained good results with saccharose. As made clear above there is an 
optimum range in every analytical condition and, therefore, one mistake 
in selecting these ranges would bring unsatisfactory results. 

    (2) Blank experiments: The reduction of Ni-thoria catalyst
prepared by the ignition of mixed nitrates requlres 3 clays at 400℃.and

12-15hours at 500℃. after which the reduction water would be less

than 1 mg.. Even though the catalyst tube was left overnight under 

hydrogen pressure, a little above the atmospheric pressure, 7-16 mg. of 
water were always caught in the first blank run of the next morning, 

and, therefore, it was necessary to reduce the catalyst half an hour at
450～500℃.and to make one blank rtin at 350℃. every morning. When

the catalyst was sufficiently reduced for use, and if we streamed hydrogen 
through catalyst tube without opening the end of the tube for 1 hour at 

               Table 3. Effects of Blank Value.

Analytical condition:Pt-silica gel temp.950℃., Ni-catalyst temp.350℃., hydrogen

       streaming velocity 5 1./hr., time required for these runs 60 min.
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the rate of 5 1./ hr., we would obtain about 1 mg./hr. of water. If, 
however, we followed the procedure just as in the actual analysis, that 
is, opening the end of the tube and streaming out the air in the reverse 
direction for 10 minutes, we always obtained about 2-3 mg./hr. of water-
Strictly speaking we should apply these values to the analysis as correc-
tions of the blank experiments, and so we have adopted this way of 
correction throughout this paper and obtained satisfactory results. 

    When the Ni-catalyst was reduced completely, the blank water value 
would be 0.61.7 mg./hr. and in these cases the first run used to give 
somewhat low results as clearly shown in Table 3. This means that the 
over-dried catalyst surface retained very tenaciously some water produced 
during the analysis and therefore, did not recover the original surface 
conditions within the limited experimental period. Thus we should make 
three successive runs of which the first might be looked upon as pre-
liminary and the last as the check. 

    (3) In this hydrogenation analysis the sample should be very 
slowly vaporized or cracked so as, not to cause a rapid decomposition of 
the sample, accordingly not to raise too high the partial pressure of 
carbon monoxide or carbon dioxide; otherwise the reduction equilibrium 
of reaction (1) or (2) becomes unfavourable for the complete reduction 
of carbon oxides and would give the analyses low results. From these 
standpoints we should make the preliminary run and should find the 
suitable heating rate for unknown sample to be analysed. These points 
will be discussed in details in the next paper. 
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