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Experimental data on the thermodiffusion constants of H2--He and N2--N20 mixtures obtained 

on a two-tank instrument are presented. The experimental results are compared with the- 

oretical results based on the allowance for elastic and inelastic collisions. 

Knowledge of the forces  of interact ion between molecules  in gases and gas mixtures  is usually ob- 
tained through the study of t r ans fe r  phenomena and their quantitative charac te r i s t i c s :  t r ans fe r  coefficients,  
especial ly  the coefficient of thermal  conductivity, and viscosi ty,  diffusion, and thermodiffusion coefficients.  
It is a s sumed  that the dependence of the thermodiffusion factor  on the type Of in termolecular  forces  is much 
g r e a t e r  than for the other  t r ans fe r  coeff icients .  However,  up to now the existing data on the thermodiffu- 
sion constant  cannot be used in full measure  to obtain information on the in termolecuiar  interact ion.  The 
considerable discrepancies  between the experimental  data of different invest igators and the poor c o r r e -  
spondence, and in a number  of cases the incompatibili ty between theory and experiment  complicate the 
pract ica l  use of experimental  values for  the thermodiffusion constant.  

Recently the principal  attention has been paid to the study of the thermodiffusion constant  in mixtures 
of polyatomic gases ,  since the existing theories of thermodiffusion for  mixtures  of polyatomic gases in a 
major i ty  of cases  do not give agreement  with exper iment .  In par t icular ,  the grea tes t  d isagreement  between 
the theoret ical ly  calculated and experimental  resul ts  is observed for  mixtures  having an ext remal  point 
(maximum or minimum) in the concentrat ion dependence of the thermodiffusion constant [4, 5]. The 
g rea tes t  d isagreements  among the experimental  data of different investigators are  also observed for these 
mix tures .  In this sense it is interest ing to investigate the mixture H2--He for which there are  quite con- 
t rad ic tory  experimental  data in the l i terature  [6-12]. 

Fo r  example, Barua et al.  [11 
found the appearance of a number  of 
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Fig. 1. Dependence of ther -  
mal  conductivity ;~ on concen- 
t rat ion for  H2--He mixture at  
T =328~ [15]. X.103 , W 
/ m -  deg. 

, 12] in a study of the concentration dependence of a T of this mixture 

minima which were shifted toward an increase in hydrogen concentra- 

tion with a decrease in temperature. The depth of the minima varied 

as a function of the temperature. Barua et al. assumed that inelastic 

collisions of the molecules affect the thermodiffusion process  to a 
s t rong degree .  Mathur and Watson [7] checked the resul ts  of [11, 12] 
and also found the existence of minima in the concentrat ion dependence 
in the same temperature  range, with this minimum not being so clear ly 
expressed  and shifted toward an increase in hydrogen cgncentrat ion 
with a decrease  in t empera ture .  The minimum disappeared at high 
t empera tu res .  We should note that exactly the same pattern is ob- 
served  for  the thermal  conductivity of the H2--He mixture [13-16]. 

The studies of Taylor  and Wiesman [6], conducted in the same 
temperature  range as the studies of [11, 12], did not confirm the pre-  
sence of minima in the concentrat ion dependence of a T . 

Taylor  [17] made a fur ther  experimental  study of the t h e r m o -  
diffusion constant of the H2--He mixture as a function of the 
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F i g .  2. Dependence  of t h e r m o d i f f u s i o n  c o n s t a n t  a T on con -  
c e n t r a t i o n  fo r  H2--He m i x t u r e :  a) e x p e r i m e n t a l  da ta :  1) T 
= 320~ 2) 129 .3  [8]; 3) 326 [9]; 4) 335 [11]; 5) T 1 =293~ 
T 2 = 498~ [10]; 6) T 1 = 294.3~ T 2 = 373~ (our  da t a ) .  T h e -  
o r e t i c a l  da t a  wi th  T 1 = 377.6~ T 2 = 464.2~ f o r  the  
L e n n a r d - J o n e s  p o t e n t i a l  (12-6) :  7) a T l ,  8) a T k ;  fo r  the 
(exp-6)  po ten t i a l :  9) off 1 (a  = 12),  10) a T i  (~ = 15); n )  a l -  

lowance  f o r  i n e l a s t i c  c o l l i s i o n s  (T = 335~ [11]. F o r  the m i x -  
t u r e  N 2 - - N 2 0 :  ' b )  e x p e r i m e n t a l  da ta :  1) T1 = 283~ T2 =373~ 
[9]; 2) T 1 = 294.3~ T 2 = 327~ 3) T i = 294.3~ T 2 = 370~ 
(our  da t a ) .  The t h e o r e t i c a l  da ta  a r e  c a l c u l a t e d  f r o m  the 
L e n n a r d - J o n e s  p o t e n t i a l  (12-6)  wi th  a l l o w a n c e  f o r  d ipo le  (A) 
and  q u a d r u p o l e  (B) m o m e n t s .  

c o m p o s i t i o n  a t  82~ and c o m p a r e d  the r e s u l t s  wi th  t h e o r e t i c a l  va lue s  fo r  oz T ob ta ined  u s i n g  q u a n t u m - m e -  
c h a n i c a l  c o l l i s i o n  i n t e g r a l s  fo r  the p o t e n t i a l  ( e x p - 6 ) .  In this  c a s e  n e i t h e r  a m a x i m u m  n o r  a m i n i m u m  was  
d i s c o v e r e d  in the c o n c e n t r a t i o n  dependence  a T .  We note tha t  the a u t h o r  ob ta ined  da ta  e a r l i e r  on a T fo r  
the s a m e  m i x t u r e  a t  t e m p e r a t u r e s  of T = 215, 273, and  373~ and  no  a n o m a l o u s  b e h a v i o r  of the c o n c e n t r a -  
t ion dependence  a T  was  found.  Such a p i c t u r e  is  a l s o  d e s c r i b e d  in [17], which  p r e s e n t s  the  r e s u l t s  of a 
s tudy  of the c o n c e n t r a t i o n  dependence  of a T a t  the t e m p e r a t u r e s  T 1 = 293 and 294~ and T 2 = 498, 596 .2 ,  
694, and  795.4~ 

T a y l o r  [17] a s s u m e s  tha t  i n e l a s t i c  c o l l i s i o n s  m a k e  a r e l a t i v e  c o n t r i b u t i o n  to the t h e r m o d i f f u s i o n  of 
no m o r e  than 10% a t  low t e m p e r a t u r e s  and no m o r e  than  1% above  200~ The e x p e r i m e n t a l  da ta  a g r e e  
w e l l  wi th  the t h e o r y  u s i n g  quan tum m e c h a n i c a l  c o l l i s i o n  i n t e g r a l s .  

We m a d e  a s tudy  of the c o n c e n t r a t i o n  dependence  of the t h e r m o d i f f u s i o n  c o n s t a n t  of the H2--He m i x -  
tu re  a t  T = 330.57~ (T I = 294.3~ T 2 = 373~ The g a s e s  s t u d i e d  w e r e  He of high p u r i t y ,  con ta in ing  
99. 993~ He,  and  H 2 con t a in ing  98.9% H 2. The s tudy  was  conduc ted  on a t w o - t a n k  i n s t r u m e n t  fo r  which  a 
d e s c r i p t i o n  was  g iven  in [18]. S ince  the a n a l y s i s  of the gas  c o m p o s i t i o n  was  conduc ted  by the m e t h o d  of 
t h e r m a l  conduc t iv i t y  i t  was  n e c e s s a r y  tha t  the c o n c e n t r a t i o n  dependence  of the t h e r m a l  c onduc t i v i t y  of th is  
m i x t u r e  not  have a n o m a l i e s  ( m a x i m u m  o r  m i n i m u m )  in the c o n c e n t r a t i o n  r ange  of i n t e r e s t  to u s .  Th is  
q u e s t i o n  was  a l s o  touched  on by  the a u t h o r s  of [8], who s u g g e s t e d  tha t  w o r k s  on the s tudy  of the c o n c e n t r a -  
t ion dependence  of the t h e r m o d i f f u s i o n  c o n s t a n t  of H2--He in which  the a n a l y s i s  of the m i x t u r e  was  c a r r i e d  
out  by  the k a t h a r o m e t e r  m e t h o d  shou ld  be e x c l u d e d  f r o m  c o n s i d e r a t i o n .  H o w e v e r ,  a s  s e e n  f r o m  F i g .  1, in 
which  the c o n c e n t r a t i o n  dependence  of the t h e r m a l  c o n d u c t i v i t y  of the m i x t u r e  H2--He a t  T = 328~ [15] is 
p r e s e n t e d ,  the p r e s e n c e  of a m i n i m u m  is o b s e r v e d  m a i n l y  in the r e g i o n  of 0 - 0 . 2  H 2. In ou r  op in ion ,  t h e r e -  
f o r e ,  a t  such  t e m p e r a t u r e s  the m e t h o d  of a n a l y s i s  by t h e r m a l  conduc t iv i t y  is  fu l ly  a p p l i c a b l e  fo r  the s tudy  
of  the c o n c e n t r a t i o n  dependence  of oz T of the H2--He m i x t u r e  in the c o n c e n t r a t i o n  r e g i o n  of 0 . 1 - 0 . 8  H 2. 

The  r e s u l t s  of ou r  s t u d i e s  in c o m p a r i s o n  wi th  the da ta  of o t h e r  a u t h o r s  a r e  p r e s e n t e d  in F i g .  2a .  
Both the t h e o r e t i c a l  r e s u l t s  o b t a i n e d  f r o m  s t r i c t  k ine t i c  t h e o r y  u s i n g  d i f f e r e n t  p o t e n t i a l  func t ions  and  da ta  
a l l o w i n g  fo r  the i n e l a s t i c  c o l l i s i o n s  of the m o l e c u l e s  a r e  g iven  h e r e .  I t  is  s e e n  tha t  not  one of the t h e o r e t "  
i c a l  c u r v e s  p r e s e n t e d  can  d e s c r i b e  the a n o m a l o u s  b e h a v i o r  of the c o n c e n t r a t i o n  dependence  of the t h e r m o -  
d i f fus ion  c o n s t a n t  of the H2--He m i x t u r e .  
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Fig. 3. Dependence of thermodiffusion con- 
s l a n t  on t e m p e r a t u r e  f o r  N2--N20 m i x t u r e  (x 1 
= 0 .45) :  1) [21]; 2) [20]; 3, 4) o u r  d a t a .  T ,  ~ 

i 

It shou ld  be no ted ,  h o w e v e r ,  tha t  in the H2--He m i x t u r e  the l igh t  m o l e c u l e  (H2) has  a g r e a t e r  e f f e c t i v e -  
c o l l i s i o n  d i a m e t e r  than  the h e a v y  m o l e c u l e  (He) and t h e r e f o r e  i t  is p o s s i b l e  tha t  the e x i s t e n c e  of a m i n i m u m  
a t  c e r t a i n  t e m p e r a t u r e s  m a y  be the r e s u l t  of the p r e s e n c e  of a " m a s s  e f fec t"  and  a " s i z e  e f fec t "  [4]. 

M i x t u r e  of N 2 and  N2O. In i t i a l  g a s e s :  the N 2 was  99% N 2 and the N20 was  m e d i c i n a l l y  p u r e .  

Whi l e  a n o m a l i e s  of a p p r o x i m a t e l y  the s a m e  n a t u r e  in the c o n c e n t r a t i o n  de pe nde nc e  of the t h e r m a l  
c o n d u c t i v i t y  and the t h e r m o d i f f u s i o n  c o n s t a n t  a r e  o b s e r v e d  fo r  the H2--He m i x t u r e ,  one cannot  s a y  the s a m e  
f o r  the N2--N20 m i x t u r e .  A c c o r d i n g  to [19] the d e p e n d e n c e  of the t h e r m a l  c onduc t i v i t y  on the c o n c e n t r a t i o n  
fo r  the N2--N20 m i x t u r e  has  a n e g a t i v e  d e v i a t i o n  f r o m  the l i n e a r  law ~1 = ~1xl + ~2x2, w h e r e a s  the c o n c e n -  
t r a t i o n  d e p e n d e n c e  of the t h e r m o d i f f u s i o n  c o n s t a n t  c~ T is c h a r a c t e r i z e d  in g e n e r a l  by  a p o s i t i v e  d e v i a t i o n  
( F i g .  2b).  As  s e e n  f r o m  F i g .  2b, the c o n c e n t r a t i o n  de pe nde nc e  of a T fo r  the N2--N20 m i x t u r e  a t  a t e m -  
p e r a t u r e  of T = 310 .2~  which  we s t u d i e d  shows the p r e s e n c e  of a m a x i m u m .  Wi th  an i n c r e a s e  in t e m p e r -  
a t u r e  the m a x i m u m  is s h i f t e d  t o w a r d  an  i n c r e a s e  in the con ten t  of the l i g h t  c o m p o n e n t  in the m i x t u r e .  In 
p a r t i c u l a r ,  a t  T = 329~ the c o n c e n t r a t i o n  de pe nde nc e  of a T has  the  f o r m  of an  i n c r e a s i n g  convex  c u r v e .  
The  da ta  of the a u t h o r s  of [20] a t  T = 323~ a c c o r d i n g  to which  the c o n c e n t r a t i o n  de pe nde nc e  of a T has  a 
m a x i m u m  a t  x~ = 0 . 5 ,  a r e  a l s o  p r e s e n t e d  in F i g .  2b.  H o w e v e r ,  the t h e o r e t i c a l l y  c a l c u l a t e d  v a l u e s  of a T  
wi th  a l l o w a n c e  f o r  d ipo le  (A) and  q u a d r u p o l e  (B) m o m e n t s  do not  g ive  even  q u a l i t a t i v e  c o r r e s p o n d e n c e  with  
e x p e r i m e n t .  

The  t e m p e r a t u r e  d e p e n d e n c e  of the t h e r m o d i f f u s i o n  c o n s t a n t  is  p r e s e n t e d  in F i g .  3.  It is i n t e r e s t i n g  
to  note  tha t  a c c o r d i n g  to the da ta  of [21] the t e m p e r a t u r e  d e p e n d e n c e  of a T has  the f o r m  of a c onc ave  c u r v e ,  
i . e . ,  wi th  an  i n c r e a s e  in t e m p e r a t u r e  a T f i r s t  d e c r e a s e s  and  then  i n c r e a s e s .  The  da ta  i n t e r p o l a t e d  f r o m  
our  m e a s u r e m e n t s  and  the m e a s u r e m e n t s  of [20] fo r  a c o n c e n t r a t i o n  x I = 0 .45  a l s o  show a d e c r e a s e  in c~ T 
with  an  i n c r e a s e  in t e m p e r a t u r e .  Such a d e pe nde nc e  is  not  s a t i s f i e d  f o r  o t h e r  c o n c e n t r a t i o n s ,  h o w e v e r .  
T h e  quan t i t y  and  s c a t t e r  of the e x p e r i m e n t a l  da ta  on the c o n c e n t r a t i o n  d e p e n d e n c e  of the  t h e r m o d i f f u s i o n  
c o n s t a n t  a t  th is  s t a g e  do not  a l low one to b r i n g  out  any r e g u l a r i t y  in the b e h a v i o r  of the t e m p e r a t u r e  d e p e n -  
dence  of a T  fo r  d i f f e r e n t  c o n c e n t r a t i o n s .  

The  m a x i m u m  e r r o r  in the e x p e r i m e n t a l  da ta  is  e s t i m a t e d  as  fo l lows :  4 .6% fo r  the H2--He m i x t u r e ;  
6.0% fo r  N2--N20.  

It shou ld  be no ted  tha t  the u se  of c o m m e r c i a l  gas  a s  one of the c o m p o n e n t s  of the m i x t u r e  m a y  s o m e -  
wha t  a l t e r  the t rue  n a t u r e  of the b e h a v i o r  of c~ T wi th  the c o m p o s i t i o n  ( e s p e c i a l l y  a t  e x t r e m a l  c o n c e n t r a t i o n s  
of  the c o m p o n e n t s  of  the m i x t u r e ) .  H o w e v e r ,  a c c o r d i n g  to F i g .  2a,  w h e r e  th is  change  shou ld  be m o r e  
c l e a r l y  r e v e a l e d ,  b e t t e r  a g r e e m e n t  wi th  the e x p e r i m e n t a l  da t a  of o t h e r  a u t h o r s  is  o b s e r v e d  a t  the e x t r e m a l  
c o n c e n t r a t i o n s  (x i - -  0 . 1 ,  x 1 ~ 0 . 9 ) .  
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