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Hydrocarbon Conversion with Special Reference to the Thermo-

 dynamical Calculations for the Isomerization Reactions. II. 
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   Introduction. In the previous paper(1), we have called attention to 
the fact that the vital importance of the study of hydrocarbon conversion, 
especially of isomerization, alkylation and aromatization processes etc., 
must be borne in mind in the field of liquid fuel synthesis; furthermore 
the vital significance of the investigation of the isomerization reaction not 
only from the industrial point of view but also from the view of theoretical 
research should be realized due to the fact that the isomerization reaction 
which may be utilized for the study of intramolecular rearrangement 
occurring for the variable factors which influence the reaction can easily 
be reduced to the minimum. 
   This paper is a similar investigation to Part I of this series, and 
is concerned with the thermodynamical calculations and discussions for 
the unsaturated hydrocarbons with special reference to the isomerization 
reactions. The procedure of the calculation is similar to the first report. 
We have derived simple free energy equations as a function of temper-
ature for some eighty isomerization reactions of unsaturated hydro-
carbons (C4-C8)and calculated ⊿F's at 0°,25°,100°,200°and 300℃.

Table 1 shows the free energy equations as a function of temperature,
and compiles ⊿F's as calculated by our derived equations.

Discussion of the Results. As we have already stated in the previous
paper(1), the magnitude of ⊿F"s of isomerization reactions is small as

compared with those of ordinary chemical reactions. This is also found 
true in the case of unsaturated hydrocarbons. It is also found that, the 
lower the temperature, thermodynamically the more favourable the 
reaction is. As observed in the table, the majority of the reactions as 
written is found to be thermodynamically favourable, in all the range
from 0°-300℃, except a few, changing the sign of ⊿F's at certain

temperature. Some thirty reactions as written have been found to be

positive ⊿F, i.e. thermodynamically not favourable, as in the case of

2-methyl-2-butede=2-methyl-1-butene, i.e., the shift of the position of a 
double bond from 2 to 1. Similarly with 2-methyl-2-butene=3-methyl-1-

butene and 2-methyl-1-butene=3-methyl-1-butene, involving the shift of 
the position of a methyl group from 2 to 3 position.

(1) S. Hamai, this Bulletin, 18(1943), 376.
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As already mentioned, all of these reactions which show positive ⊿F

(0°-300℃.),are, with a few exceptions, the more favourable the higher

the temperature. Besides these, those which change the sign of ⊿F

in this range also have been found to be the more favourable when the

temperature is higher.

Those reactions which are favoured thermodynamically are some thirty-

six reactions(0°-300C.°). However, even if the reactions are not thermo-

dynamically possible, it should be remembered that this does not mean 
there are no reactions, but the thermodynamical possibility only indicates 
that the reactions proceed to "Conveniently Usable Extent" and no more. 
But in such a case it is safe to state that a search for the catalyst for 
such an unfavourable reaction is useless and meaningless. Examining 
these isomerization reactions closely, we may be able to classify them 
into, at least, four types, i.e., those which involve merely a double bond 
shift, as 2-methyl-2-butene=2-methyl-1-butene; those which involve the 
shift of methyl or ethyl radical as 2-methyl-1-butene=3-methyl-1-butene; 
those which involve both the double bond and the radical shift as 2-methyl-
2-butene=3-methyl-1-butene ; and those which involve the transformation 
or structural change of trans-cis-forms as 2-methyl-2-butene=2-trans-

pentene. Furthermore, they may be classified into such changes as those 
in which the carbon-carbod bond, the carbon-hydrogen bond or both 
bonds are responsible for these isomerization reactions. As regards the 
effect of catalysts on the isomerization reactions, these will be referred 
to as carbon-carbon or carbon-hydrogen isomerization catalysts. 

   As already concluded in the case of the saturated hydrocarbons, the 
structure which is more complicated and branched seems to be thermo-
dynamically favourable; and moreover those structures which have a 
double bond at the inner part rather than outer position seem to be 
thermodynamically favourable. These general trends are very fortunate 
for us, for these types of structure have been found to give a superior 

quality of liquid fuel as far as octane values are concerned (2). 
   We have so far presented some correlations of the structure with 

respect to the thermodynamical possibility; however, it is not necessary 
to take up here every one of them, because they are self-obvious if we 
examine the table. Hence we shall not mention it any further. Lastly 
we shall also indicate that Rossini's conclusion that the isomeric form 

is thermodynamically more stable than the normal form is amply sup-

ported by our calculations. 

   (2) J. Inst. Petroleum Tech., Aptil No. (1941) ; Yamamoto, Petroleum Bulletin 
(Japan), (1942) 327.
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                       Summary. 

    (1) For the discussion of the general trend of isomerization reac-
tions of unsaturated hydrocarbons, the free energy equations as a func-
tion of temperature, convenient for practical calculations, are derived, 
based on -some of the more recent data available.

    (2)With the aid of these simple free energy equations, ⊿F's at

0°,25°,100°,200°and 300℃. are computed and tabulated.

    (3) Some correlations in connection with these thermodynamical 
calculations for isomerization reactions are presented. 

    (4) In general, isomerization reactions of hydrocarbons with a 
few exceptions are favoured thermodynamically at a lower temperature, 
as found in the case of saturated hydrocarbons. 

   (5) As we have already stated in the case of saturated hydro-
carbons, isomerization reactions from those of simpler structure to the 
more complicated and branched are favoured thermodynamically, more 
or less, at a lower temperature. 

   (6) As in the case of saturated hydrocarbons, the conclusion given 
by Rossini that isomeric form is more stable than the normal form is 
also found to be reasonable, as far as our calculation indicates. 

   In conclusion, the present author expresses his hearty thanks to 
Dr. T. Marusawa, Former Director, and to Dr. S. Sato, Director of the 
Institute, for their interests and constant encouragement in carrying out 
this investigation and for the permission for this publication. Also the 
author takes this occasion to extend his thanks to Dr. R. Negishi who, 
had been willing to participate in a discussion as the opportunity demanded 
in the preparation of this paper. 
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