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 Self-diffusion of Benzene under Pressure 

By Hiroyuki HIRAOKA 

 (Received February 9, 1959) 

 Most of the works on diffusion in liquids 
have been made at atmospheric pressure. 
At atmospheric pressure, however, both 
the temperature and the density are vary-
ing simultaneously and so it is impossible 
to separate the effects of these two factors 
on diffusion. There has been no attempt 
to separate the two effects on self-diffusion 
of organic liquids except carbon tetra-
chloride1) and carbon disulfide2). In 
advance of the present work, diffusion of

iodine and sulfur in benzene under pres-
sure was studied3). In this communication 
a study on the self-diffusion of benzene 
under pressure is presented. 
 Diffusion was measured by the capillary-
cell method. The diffusion cells were 
accurately calibrated capillaries about 4 
cm. in length and 0.02ml. in volume and 
were filled with benzene containing carbon-
14 sufficient to give 1900 counts per minute 
in a counting system used. The cells were 
immersed in a reservoir of pure inactive 
benzene in a thermostat constant to+0.01 

C. Diffusion was allowed to proceed for 
about 3 days, after which benzen in the 
cell was transferred into a combustion 
apparatus by a gas-phase sampling techni-

que and was converted into barium car-
bonate by wet combustion method. The
activity was measured by anα-β-γ pro-

portional counter. Three to six determi-
nations were carried out at each experi-
mental conditions and the maximum devia-
tion occurred was as large as 3.5 per cent 
from the mean. The results were pre-
sented in Table I with Graupner's data 4) 
at atmospheric pressure. 
 According to Eyring's theory5), if the 

mechanism of activation in diffusion can 
be assumed identical with that of viscous 
flow, the relation between self-diffusion 
coefficient and viscosity in liquids is given 
by

(1)

where the common notation is used. The

constancy of the values of Dη/kT is shown

in Table I, where at 35℃ the values of

λ1 and(2λ3)1/2, obtained on the assumption

that λ1λ2λ3 is equal to the mean molecular

volume, are also given. The distance be-

tween two adjacent layers of graphite is

3.40A and the molecular diameter of

benzene is 4.96 A, and thus the values of

λ1 and(λ2λ3)1,2 agree fairly well with the

known dimensions of the molecule. From

the self-diffusion coefficient of carbon-

tetrachloloride determined by Hildebrand

et al.,λ1=2.24 A and(λ2λ3)1,2=8.48 A at 25℃

is obtained with the same assumption as 
used above. Although benzene is parti-
cularly amenable to Eyring's theory, be-
cause its geometry should lead to diffusion 

preferentially in the direction of benzene 
ring plane, it is strange that in the case
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of carbontetrachloride λ1 is much smaller

than (λ2λ3)1/2. It can not be concluded that

the valuse ofλ1 and (λ2λ3)1/2 thus calculated

are true dimensions in liquid state, as 
Partington et al.6) and other investigators 
did. 
 The relation between the experimental 

activation energy of diffusion at a constant 
volume, Ev and the experimental activa-
tion energy at a constant pressure, Ep, is 

given by

(2)

where a is the isobaric expansion coeffi-
cient and P the isothermal compressibility. 
From the values in Table I the following 
results are obtained: Ep=2,780 cal./mole,

(RT2)(α/β)(∂Pln D/∂)T=2,000 cai./mole, Er

=780cal./mole,. According to Eyring, the

increase of internal energy for the activa-

tion process, △E*, is given by

(3)

This gives the value △E*=170 cal./mole,

which is so small that it is difficult to 
consider any high potential barrier for 
diffusion in benzene. 
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