
February, 1954] Thermal Diffusion Factor of Hydrogen-Nitrogen Mixture 27

Thermal Diffusion Factor of Hydrogen-Nitrogen Mixture 

Kozo HIROTA*) and Kazuo SASAKI 

(Received September, 10, 1953)

Introduction 

Recently it becomes easy to discuss inter-
molecular potential by the theoretical and 
experimental development. Considering the 
fact that the effect of thermal diffusion is 
affected more sensitively by the intermole-
cular potential than any other transport 
phenomena, such as viscosity, ordinary dif-
fusion, etc., it will be interesting to treat the 
effect in relation to this standpoint. Actually, 
several authors have already attacked the 
problem theoretically 1), but it seems to us

that they did not extend their research in 
such details so far as to check whether or 
not the experimental data agree with their 
theory over the entire range of composition. 
It was, therefore, attempted in the present 

paper to treat the problem from another 
direction, adopting hydrogen-nitrogen mixture 
as the system to be studied, because it has 
been the most studied of all the binary 
mixtures. 

Theoretical Consideration

To begin with, thermal diffusion factors  α
of this system were collected from the re-
ports hitherto published, instead of kt, . for
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the reason that the former constant varies 
less against composition than the latter*). 

All these values, except those which were 
obtained at the mean temperatures much
lower than  0℃, are plotted in solid circles

against molar fraction of hydrogen (c), as 
shown in Fig. 1, where some of them had to 
be determined by evaluating from the data 
of original papers. The four points designat-
ed in the triangle are those determined under 
1-12.6 atm. pressure recently by Hirota and 
Kobayashi 2), using the Clusius-Dickel column, 
and the numerals attached to them indicate 
the pressure under which the experiment 
was carried out. It will be important that 
these data at high pressure also coincide 
with those obtained at ordinary pressure, 
though, according to Becker, it will increase 
to some extent under 80 atmospheric pres-
sures 3). 

If we exclude, for the time being, the 
values marked by the triangle and the open 
circle which will be explained in the present
paper, it is evident that the observed  α's

increase linearly with hydrogen concentra-
tion**), but there is a tendency for their 
mutual difference to increase more greatly 
at the same time, especially in the concent-
ration above c=0.80. Such a dispersed state 
of the results cannot be caused by the tem-

perature difference among the measurements, 
because the difference is too small to be ex-

plained on both theoretical and experimental 
grounds, while also it cannot be caused by 
the slight pressure difference 4), as described 
above.

Fig. 1

On the other hand, the first approximate

values 5) of  α were  calculated by using the

Lennard-Jones 12: 6 potential :

(ε  is the depth of the potential energy mini-

mum and  γ0 is  the low velocity collision dia-

meter). The difficult numerical calculation 
could be avoided by use of the tables given 
by Hirschfelder, et al.1,6), the basic constants 
required in the procedure are as follows :

and

(k is the Boltzmann constant.) The temper-
ature was assumed to be  321.6°K  in the cal-

culation. 
The calculated result is shown by the full 

line in Fig. 1, where the dotted is the one 
when a rigid sphere potential is adopted in 
calculation, using 2.730A, 3.756A and 3.243A 
as the collision diameter of hydrogen, nitro-
gen and nitrogen-hydrogen, respectively. It 
is clearly shown, as ought to be, that the 
latter cannot reproduce the experiment, while 
that of the Lennard-Jones potential can re-
produce the experimental values better. But 
even this potential cannot give the decreas-
ing tendency of  α in  high hydrogen concent-

ration . 

Experiment and Discussion 

Considering the situation, thermal diffusion

*) Between a and kt, there is a relation: kt-ac(1-c), 
where c is the concentration in molar fraction. 
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factors of relatively high hydrogen concent-
ration were determined by the two-bulb-me-
thod. The main apparatus consisted of two 
bulbs (about 100 cc.) as shown in Fig. 2. 
Higher and. lower _tergeratures were kept at
0℃.and 100℃.  by ice-water and boiling.-water,
respectively. The purity. of the- samples was 
tested mass-spectrometrically, and the im-
purity, being mostly oxygen, was found to 
be less than 0.1%. The concentration of 
hydrogen in the samples was analyzed by 
the volume decrease, oxidizing it with CuO
heated at  300℃.  During sampling care was

taken that no concentration change should 
occur due to the difference of the diffusion 
rate of hydrogen and nitrogen through the 
tubing. Each experiment was carried out 
for a much longer time-five or more times 
-than the relaxation time (ca. 1.5 hours) 
defined by

where L, length of the connecting tube = 
11 cm;
ρ,density;

D, diffusion coefficient;

S, cross section of the tube =  (π/4.0
cm2) ; 

m(m'), mass in the reservoir of high-
er (lower) temperature; 

T(T'), higher (lower) temperature.
The experimental data and  α obtained

from them are shown in table 1 and by the 
open circles in Fig. 1 (c=0.74, 0.79, 0.88 and 
0.89). It is shown that the experimental 
points are still lower than the theoretical

line. Therefore, the discrepancy already 

mentioned in the region of higher concentra-

tion does not disappeared, but rather seems 

TABLE I

to be confirmed. Considering the fact that 
the potential adopted by the present paper 
holds fairly well to other transport pheno-
mena, such an unexpected disagreement be-
tween theory and experiment may be brought 
out by the use of Chapman's first approxi-
mate formula of  α besides  as well as becauce

of the incompleteness of the intermolecularr 
potential adopted. 

Summary 

The thermal diffusion factor of the nitro-

gen-hydrogen system has been discussed 
theoretically. It has been found that the 
Lennard-Jones potential can reproduce the 
experimental result, if the hydrogen concent-
ration is below 0.8 in molar fraction. Each 
experiment done by use of the two-bulb-me-
thod in hydrogen concentration 0.74-0.89 has 

given similarly smaller value than expected 
theoretically. Such discrepancy may be caus-
ed by the theoretical formula of  α as well

as by the incomplete intermolecular potential. 
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