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An a t t e m p t  is  m a d e  to d e r i v e  a s e m i e m p i r i c a l  d e p e n d e n c e  fo r  the t h e r m a l  d i f fus ion  c o n s t a n t  
in l iqu id  i s o t o p i c  m i x t u r e s  on the b a s i s  of da t a  a v a i l a b l e  in the l i t e r a t u r e .  

Since the theory available for transport in liquids does not permit a numerical calculation of the ther- 

mal diffusion constant oQi q for any liquid isotopic mixtures, efforts are being made to obtain empiridal de- 
pendences for at least an approximate evaluation of this quantity. The very few experimental O~li q values 
which are available for liquids are shown in Table i. 

For gaseous isotopic mixtures, we have the following relation [I]: 

105 M1-- M~ R , 
- -  T ( I )  

a g =  I18 MI-FM2 

w h e r e  R T is a func t ion  c h a r a c t e r i z i n g  the f o r c e  of the i n t e r m o l e c u l a r  i n t e r a c t i o n .  The s e c o n d  f a c t o r  of ten 
m a k e s  the p r i m a r y  c o n t r i b u t i o n  to the  n u m e r i c a l  va lue  of a g  c a l c u l a t e d  f r o m  Eq .  (1). 

In th i s  p a p e r ,  we adop t  the  fo l lowing  de pe nde nc e  fo r  l iqu id  i s o t o p i c  m i x t u r e s :  

C~liq = 7 [ - - / .  
\ M l +  M~! 

This  a s s u m p t i o n  i s  in a g r e e m e n t  wi th  the r e s u l t s  of  W i r t z  [2], a c c o r d i n g  to whom 

~liq \ i / M ~  ' 

(2) 

(3) 

s i n c e  i t  is  e a s i l y  shown that  the  e x p r e s s i o n s  in the p a r e n t h e s e s  in E q s .  (2) and (3) a r e  e s s e n t i a l l y  i d e n t i c a l ,  
d i f f e r i n g  only by a f a c t o r  which  i s  e s s e n t i a l l y  equa l  to un i ty .  That  r e l a t i o n s  of the type  (2) should  be sought  
i s  a l s o  c o n f i r m e d  by the t endency  no ted  in [3] f o r  a l l  q to d e c r e a s e  wi th  a d e c r e a s e  in the r e l a t i v e  m a s s  
d i f f e r e n c e .  

D i f f i c u l t i e s  a r i s e  in the c a l c u l a t i o n  of  the  r a t i o  (M 1 - M2) / (M 1 + M2) shown in the  s ix th  co lumn  in Table  
1 when the i s o t o p e s  be ing  s e p a r a t e d  can  a p p e a r  in the i n i t i a l  compound  in d i f f e r e n t  c o m b i n a t i o n s ,  and when 
th i s  i n i t i a l  compound  m a y  con ta in  in add i t i on  i s o t o p e s  of o the r  e l e m e n t s .  In t h e s e  c a s e s ,  the e l e m e n t s  whose  
i s o t o p e s  a r e  p r e s e n t  in q u a n t i t i e s  l e s s  than  1% a r e  t r e a t e d  in the s u b s e q u e n t  c a l c u l a t i o n s  as  m o n o i s o t o p i c .  
In e t h y l e n e  t r i e h l o r i d e ,  e . g . ,  the  m a s s  n u m b e r s  130, 132, 134, and 136 should  a p p e a r ;  for  t h e s e  four  m a s s e s ,  
the d i f f e r e n c e  M 1 - M  2 should  be equa l  to two m a s s  uni ts  in t h r e e  c a s e s ,  four  in two c a s e s ,  and s ix  in one 
c a s e .  The a v e r a g e  va lue  of  th i s  d i f f e r e n c e ,  which  i s  the e f f ec t ive  m a s s  d i f f e r e n c e ,  is  (3 �9 2 + 2 �9 4 + 1 �9 6) 
/ ( 3  + 2 + 1) = 31/3 m a s s  un i t s ,  and M 1 + M 2 = 2Mav , which  g i v e s  the d e s i r e d  r a t i o ,  is  equa l  to 0.0125. An 
a n a l o g o u s  s i t u a t i o n  o c c u r s  du r ing  the m e l t i n g  of m e t a l s ,  which,  as  was  shown in [4, 5], d i f fuse  a s  a g g r e -  
g a t e s  con ta in ing  v a r i o u s  n u m b e r s  of a t o m s  ( T a b l e  2). I t  can  be shown tha t  in a l l  such  e a s e s  the r e l a t i o n  

= ---~ A (m -k 1), (4) Mi 

ho lds  w h e r e  A is  the m i n i m u m  d i f f e r e n c e  be tw e e n  the m a s s  n u m b e r s  fo r  two t y p e s  of m o l e c u l e s ,  and m is 
the  n u m b e r  of p o s s i b l e  m a s s  c o m b i n a t i o n s .  Th is  p r o c e d u r e  of c a l c u l a t i n g  the e f fec t  of m a s s  d i f f e r e n c e  i s ,  

In s t i t u t e  of Heat  and M a s s  T r a n s f e r ,  A c a d e m y  of S c i e n c e s  of the B e l o r u s s i a n  SSR, Minsk .  T r a n s l a t e d  
f r o m  I n z h e n e r n o - F i z i c h e s k i i  Z h u r n a l ,  Vol .  15, No. 6, pp .  1014-1018,  D e c e m b e r ,  1968. O r i g i n a l  a r t i c l e  s u b -  
m i t t e d  M a r c h  21, 1968. 
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T A B L E  1. T h e r m a l  Diffusion Cons tan ts  for  Liquid  Isotopic  Mix -  

t u r e s  

No. 

5 
6 
7 
8 
9 

10 
11 

Isotopes being 
separated 

H2--D2 
H2--D~ 

Li0--Li 7 
Li6--Li 7 

C135--C137 
CI~5--C1a7 
K39--K41 
Ga69--Gan 

Rb~5--RbS7 

Compound 

D20+H,~O 
CeDn+C6He 

Li 
LiNO 3 

CzHCI3 
mC4HoCI 

K 
Ga 

C2HsBr 
Rb 

UFr 

Thermal diffu- 
sion constant 

0,02 
0,2 
0,142 
0,02 

0,1 
0,1 
0,0596" 
O, 038 
0,04 
0,031 

0,007--0,01 

Reference 

[121 
[131 
[4,6] 
[151 

[141 
[31 
[41 
[41 
[31 
141 

[111 

M,--M~ 
Mt+M~ 

. . . . . . .  t 

0,0526 
0,0370 
0,0360 
0,0071 
0,00384 
0,0125 
0,0108 
0,0111 
0,00523 
0,00637 
0,00453 
0,00428 

*This value is found from a recalculation on the basis of the data of [4], which con- 
tained an error in the caieulation of c~. 

Li 1 5 K 3 

*Rounded to integers. 

TABLE 2. M i n i m u m  N u m b e r  of A toms  in  A g -  
g r e g a t e s  in  Mol ten  Meta l s  Acco rd ing  to [4]* 

No. of atoms in No. of atoms in 
Metal ]the aggregates* ] Metal ]the aggregates* 

Ga 10 
Rb 6 

of course, based on an assumed independence of a l i  q 
from the concentration; this has been confirmed by 
the experiments of Prigogine with D20-H20 mixtures 

[161. 

Table  1 shows two va lues  of the r e l a t i v e  m a s s  
d i f fe rence  for  m o l t e n  l i t h i um n i t r a t e ,  c o r r e s p o n d i n g  
to the e x i s t e nc e  of [Li(NO3)2]- ions  a long with LiNO 3 
m o l e c u l e s  in the m e l t  [7]. The data  of Table  1 a r e  

a l so  shown in the a c c o m p a n y i n g  F ig .  1, f r o m  which it is e v i de n t t ha t  m o s t  of the po in t s ,  except  those for  
w a t e r  (which is known to have anoma lous  p r o p e r t i e s ) ,  have a r a t h e r  c l e a r  t endency  to c o n c e n t r a t e  a round 
a c o r r e l a t i n g  l ine  d e s c r i b e d  by 

Ctli q -= 5.4 M1-- M~. 
M, + Ms" (5) 

The n u m e r i c a l  coef f ic ien t  in  Eq .  (5) can  be g iven a c e r t a i n  p h y s i c a l  m e a n i n g  on the b a s i s  of the t h e o r e t i c a l  
r e s u l t s  of Dougher ty  and D r i c a m e r  [8], who showed on the ba s i s  of the t h e r m o d y n a m i c s  of i r r e v e r s i b l e  
p r o c e s s e s  that the fol lowing equa t ion  holds  for  m o l e c u l e s  of the s a m e  shape:  

(,lily: 1/v j 
For l i q u i d - p h a s e  i so topic  m i x t u r e s ,  as is  ev iden t  f r o m  the data  in  [9], the m o l a r  v o l u m e s  of each  c o m p o -  

nen t  can be se t  equa l ;  i . e . ,  V t = V 2. Then  

( ~  uq+~/-3~)  (, ~-~ V~) 
C~li q 

2 [RT---2qhW2 (~ ~-~-- V-~-~) ~] 

B e a r i n g  in m i n d  that  the second t e r m  in  the d e n o m i n a t o r  ma y  be neg lec ted  in  c o m p a r i s o n  with the f i r s t ,  and 

that  qol~rU 1/(U 2 + 92) "~ 1 , we find 
Us 

(a s i m i l a r  r e s u l t  was  found in [10]; the_only d i f fe rence  was  that the e x p r e s s i o n  2RT in the d e n o m i n a t o r  was  
i n c o r r e c t l y  r ep l aced  by 2RTV, where  V is  the a ve r a ge  m o l a r  vo lume) .  Since the e va po r a t i on  e n e r g y  is  
r e l a t e d  to the heat  of v a p o r i z a t i o n  by U = L - RT,  we have 
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F i g .  1. Dependence  of 
the t h e r m a l  d i f fus ion 
cons tan t  on the r e l a -  
t ive m a s s  d i f f e r e nc e .  
The n u m b e r s  n e a r  the 
e x p e r i m e n t a l  po in t s  
c o r r e s p o n d  to the f i r s t  
c o l u m n  in Tab le  1. A 

= (IV[ 1 - M 2 ) / ( M  1 + M2). 

C~liq --- 2 R T  , . _  L 2 - -  R T ~  " - -  /" 

hi this  equa t ion ,  T should be t r e a t e d  as an ave rage  t e m p e r a t u r e  for the p r o c e s s ;  i . e . ,  T =- ' r  = (T 1 + T2) /2 .  

Us ing  T r o u t o n ' s  rule, a cco rd ing  to which L = KT holds  at the boi l ing  t e m p e r a t u r e ,  and us ing  the a p -  
p r o x i m a t i o n  T 2 ~. T,  we f ina l ly  f ind 

c~liq = 2~ I ~-2 -- I ~ 2R T1 -~- T2" (6) 

The n u m e r i c a l  coef f ic ien t  in  (6) can  be ea s i l y  d e t e r m i n e d  when it is t aken  into account  that  K = 20-30 for  
n o n p o l a r  l i qu ids .  Then  

~ - -  T2 (7) 
all q = (4.5 - 5.25) + Te ' 

The n u m e r i c a l  coef f ic ien t  in (5) thus c h a r a c t e r i z e s  the e n e r g y  of the i n t e r m o l e c u l a r  bond in the l iquid ,  and 
is  a p p r o x i m a t e l y  cons t an t  for  n o n p o l a r  l iqu ids  if the fol lowing r e l a t i o n ,  which follows f r o m  (5) and (7), 
ho lds :  

A41 - - - ~ 2  - -  T 1  - -  T2 . 

M1 + M~ TI + T~ 

Unfortunately, there is not sufficient experimental evidence available to check this relation. 

The dashed lines in the accompanying Fig. 1 correspond to the limiting values of the numerical coef- 
ficient in Eq. (7). 

The deviations from dependence (5) observed in Fig. 1 can apparently be attributed, first, to an in- 

accurate determination of the quantity oqi q itself, as was noted by Alexander [ii]. Alexander pointed out 
that all these data for substances shown by numbers i, 2, 5, 6, and 9 in Table 1 were not obtained on the 
basis of mass-spectrometric analysis, but by a pyenometric method, so the accuracy of the results is de- 
graded. The reliability of these data is also limited by the accuracy of the viscosity coefficients and the 

bulk expansion coefficients which appear in the calculations for the Clusius separation column. Second, 
some error arises in the calculation of the mass difference from Eq. (4) for aggregates of atoms, as in 
melts. If, e.g., the minimum number of atoms for Li is replaced by a larger one, the corresponding point in 

Fig. 1 would assume a much more satisfactory position. 
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The discrepancy observed for Ga is due to a deviation from Trouton's rule. The data for UF 6 were 
obtained from the operation of a large apparatus in which the distorting effect of parasitic convection could 
not be exactly taken into account; these data should therefore be considered approximate. 

Finally, it should also be noted that Eq. (7) was obtained for the boiling temperature, while all the 
experimental data in Table 1 were obtained at lower temperatures. Despite all these factors which in- 
troduce an uncertainty into calculations by Eq. (5), the latter can be used for a first approximation of the 
thermal diffusion constant in nonpolar liquids. 

In particular, it follows from Eqs. (I) and (5) that 

~liq~ 6.3 
~g RT ' 

i.e., the thermal diffusion constant for liquids is much greater than that for gases, as was first pointed out 
by Alexander [3]. 

NOTATION 

o~ is the thermal diffusion constant; 
M is the mass of the isotope or of the compound containing the isotope; 

is the volume fraction of the component in the mixture; 
V is the molecular volume of the pure component; 
x is the molecular fraction of the component in the mixture; 
U is the evaporation energy; 
L is the heat of vaporization. 

The indices 1 and 2 refer to the heavy and light components, respectively.  
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