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This paper gives a more accurate form of Reinhold's formula, which 
connects the concentration thermal diffusion effect with the transport 
number and electrical conductivity. The obtained formula correctly 
predicts the direction of thermal diffusion and the order of magnitude, 
but the results are a little too high. 

R e i n h o l d  [ 1 - 3 ]  s h o w e d  e x p e r i m e n t a l l y  t h a t  a c o n -  
e e n t r a t i o n  g r a d i e n t  i s  s e t  up  in  a n o n i s o t h e r m a l  s o l i d  

s o l u t i o n  o n l y  i f  t h e  t r a n s p o r t  n u m b e r s  d e p e n d  a p p r e -  

e i a b l y  on  t h e  t e m p e r a t u r e .  

In  t h e  d e r i v a t i o n  o f  a n  a n a l y t i c  r e l a t i o n s h i p  b e t w e e n  

t h e s e  q u a n t i t i e s ,  R e i n h o l d  a s s u m e d  t h a t  t h e  d i f f e r e n c e  

b e t w e e n  t h e  e l e m e n t a r y  h e a t s  of  t r a n s p o r t  of  c a t i o n s  

in  t h e  f o r m u l a  O b t a i n e d  b y  W a g n e r  [4] f o r  t h e  t h e r m a l  
d i f f u s i o n  e f f e c t  i s  e q u a l  to  t h e  d i f f e r e n c e  in  t h e  v a l u e s  

of  t h e  w o r k  of  d i s s o c i a t i o n  of  c a t i o n s  in  t h e  e x p r e s s i o n  

he  o b t a i n e d  f o r  t h e  t r a n s p o r t  n u m b e r s  a t  d i f f e r e n t  t e r n -  

p e r a t u r e s .  T h e  f i n a l  r e s u l t  w a s  t h e  e x p r e s s i o n  

A c~ c~c~ 1~ (,~; ~;/,~; ~) 
A T T1 - -  T2 

This expression can easily be written in differen- 
tial form as the Sorer coefficient of the second com- 

ponent: 

1 dC~ d [In (nl/n,_,)] 
S~ ~ -- C1 

C, dT  dT  

T h e  S o r e r  c o e f f i c i e n t  of  a t w o - c o m p o n e n t  s y s t e m ,  a c -  

c o r d i n g  to  t h i s  f o r m u l a ,  i s  w r i t t e n  i n  t h e  f o r m  

S r  =- d[ln(Cx/C2)] _ I dC1 _ 

d T  C1C2 dT  

= C1 d [In (nl/n2)] + C2 d [ln (nl/n~)I 

dT  dT  

T a k i n g  i n t o  a c c o u n t  t h a t  C 1 + C 2 = 1 and  n 1 + n 2 = 1, 

we o b t a i n  

ST 
1 dn~ 

nln2 dT  O) 

The determination of the heat of transport in solids 

has been the subject of several papers [5-7], which 

indicate that it is not equal to the work of dissociation. 
Reinhold does not give convincing arguments to show 

that their differences should be equal. In the present 

paper the transport numbers are regarded in accord- 

ance with their definition as relationships between the 

partial conductivities of the ions involved in the trans- 

port of electricity and the over-all conductivity, 
T h e  a i m  of  t h e  w o r k  w a s  to  c o n n e c t  t h e  t r a n s p o r t  

n u m b e r s  w i t h  t h e  p r e v i o u s l y  o b t a i n e d  e x p r e s s i o n  f o r  

t h e  S o r e r  e f f e c t  [8] b y  m e a n s  of  k i n e t i c  r e l a t i o n s h i p s .  

I f  a t  t e m p e r a t u r e  T i t h e  p a r t i a l  c o n d u c t i v i t y  of  t h e  

first cation is n l  = AI exp (-QI/RT) and of the second 

~42 = A 2 exp (-Q2/RT), then for the transport numbers 

we can write 

n~ = •215 + • n,  = •215 + • 

Raising the right and left sides of the expression for 

n I to the power CID i and the expression for n 2 to the 

power C2D2~ we can write 

xCoD~--CtDI nC'D'/n c~D~ = (AC'~ (• + • " " 

exp [--(Q~C~D~ - -  Q2C2D~.)/RT] 

o r  

C,D~ C Do In (nl /n2 ~ ") = In (AC'D'/AC"D~) - -  (Q1C1D1 - -  Q~C2De)/RT -}- 

+ (C~Dz - -  C1D1) In (• ~,- • 

Differentiating with respect to  T, we obtain 

d tin (nC'OVnC~~ = d [In(n1 /n2 )l 
d T  dT  (2) 

d [(Q1CID1 - -  Q2C2D2)/RTI d [(COD2 - -  CxDO In ( ' g  1 - -  }(2)1 
dT + " dT  

We analyze all the terms in the steady state. The 

left side can be written in the form 

Values of Sorer Coefficients Obtained from Different Formulas 

on the Basis of Experimental Data of [2] 

ST =5 C~ T in S T from S T from S T from 
c, (Ag) T,, ~ r;, ~ days (5) ~ ~ ~ ] (1) (6) 
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--0.068 
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--O,Olll 
--0.0118 
--0.0092 
--0.0133 
--0.0113 
--0.0095 
--0.0052 
--0.0046 

0.0043 --0.0'75 
0,0040 --0.048 

--0,0065 --0.0248 
,--0.0072 --0.0280 
--0.0058 --0.0253 
--0.0051 --0.0227 
--0.0039 --0.0084 
--0,000002 --0,000002 



102 INZ HENE RNO- FIZIC HE SKII ZHURNAL 

dCt dD1 \ 1 dnl 
~-~-Da + C ~ - )  lnn~ q-C~D~ n~ dT 

( ~ T  C dDe] 1 dn~ - -  D2 + ,. - ~ -  ] In n ~  - -  C2D2 
�9 n 2  t i T  

1 dCtandS~--  dDt /D1 Since in the  s t eady  s t a t e  $1 = C~ d--T dT / " 

the  f i r s t  t e r m  is  z e r o .  It can  be shown in the s a m e  
way  tha t  the  th i rd  t e r m  is  a l so  z e r o .  

Since the  f i r s t  t e r m  on the r igh t  s ide  a f t e r  d i f f e r -  
en t i a t ion  has  the  f o r m  

; dCe , ^ dDe 
* I=A=, (3)  

then, a c c o r d i n g  to the fo regoing ,  i t  i s  z e r o .  
D i f fe ren t i a t ion  of the second  t e r m  g ives  the  e x -  

p r e s s i o n  

Q~ Ol d--Q.~C1 dDt __Q~ dG D 

dD~ \ QtCID1--Q2CeD2 
- ) - (4)  

I t  i s  e a s y  to: show �9 tha t  the e x p r e s s i o n  in the  b r a c k e t s  
i s  z e r o .  The p r e v i o u s l y  ob ta ined  e x p r e s s i o n  for  the  
Soret  coef f i c ien t  [8] can  e a s i l y  be c o n v e r t e d  to the  
f o r m  

Sr = CeDeQ.. - -  CID1Q1 (5) 
ClC2(D1 + De) RT 2 ' 

and then (4) can  be  w r i t t e n  in the  f o r m  CIC2(D i + D2)S T. 
C a r r y i n g  out d i f f e r en t i a t i on  and s i m i l a r  t r a n s f o r -  

m a t i ons  in the  l a s t  t e r m  of  f o r m u l a  (2), we b r i n g  i t  to 
the  f o r m  

C1DI 1 dn, C~D~ 1 dnz 
nt dT n2 dT 

CeDe-- ClDl d • 
= --C1C.,.(DI ~- Do_)ST 4 

dT 

Since n 2 = 1 - nl, 

Sr = CenlD~ + CIneD1 dth q_ 
C1C2 (D1 + De) thn. dT 

q CeDe --  ctD1 d • 
CtCe(D1 @ De)• dT " 

F o r  the  e a s e  of low m o b i l i t y  of the  anions  in c o m p a r i -  
son with that  of the  ca t ions  [4] we know that  D 1 = D 2 
and, hence ,  fo r  the l a s t  f o r m u l a  we obta in  

T h e s e  f o r m u l a s  for  the d e t e r m i n a t i o n  of Sore t  coef f i -  
c i en t s  can  be t e s t e d  if  e x p e r i m e n t a l  da ta  for  the con-  
duc t iv i ty  and t r a n s p o r t  n u m b e r s  at  d i f fe ren t  t e m p e r a -  
t u r e s  and c o n c e n t r a t i o n s  a r e  a v a i l a b l e .  Sufficient  data  
i s  g iven in Reinhold and Schulz ' s  p a p e r  [2] for  a C u B r -  
AgBr  s y s t e m  (see the t ab le ) .  The va lue s  given in the  
s ix th  co lumn of the  t ab l e  a r e  the  r e s u l t  of a d i r e c t  de -  
t e r m i n a t i o n  of the  Sorer  coe f f i c i en t  f r o m  the va lue  of 
the  concen t r a t i on  g r a d i e n t  p roduced  by  the t e m p e r a -  
t u r e  g r ad i en t .  A c o m p a r i s o n  of the t abu la t ed  r e s u l t s  
shows that  the  v a l u e s  obta ined  f r o m  f o r m u l a  (6) c o r -  
r e c t l y  p r e d i c t  the  d i r e c t i o n  of t h e r m a l  diffusion,  but  
a r e  a l i t t l e  too high.  The four th  co lumn of the g raph  
g ives  the  t i m e  for  which the s p e c i m e n s  w e r e  kept  in 
n o n i s o t h e r m a l  cond i t ions .  

The r e a s o n  fo r  the  s y s t e m a t i c  e r r o r  r e s p o n s i b l e  
f o r  the  o v e r e s t i m a t e d  r e s u l t s  should obv ious ly  be 
sought  in the fact  that  the  hea t  flow is  neg lec t ed  in 
t h i s  p a p e r  and the obta ined  f o r m u l a s  Cor respond  to 
r e l a t i o n s h i p s  of q u a s i - s t a t i c  t h e r m o d y n a m i c s .  T h e r -  
m a l  d i f fus ion i s  a phenomenon which i s  r e g a r d e d  in 
the  theory  of i r r e v e r s i b l e  t h e r m o d y n a m i c s  a s  an ef -  
fect  ~p the b o r d e r l i n e  be tween  di f fus ion and t h e r m a l  
cond'aet ion.  

NOTATION 

Ci--concentrations of components in mole fractions: n i' and ni"-- 
transport numbers of i-th cation at temperatures T I and T 2, respective- 
ly; Si--Soret coefficient of i-th component: ST--total Soret coeffi- 
cient; xi--partiaI conductivity of i-th component; x--over-all con- 
ductivity; Qi-energy of activation of i-th cation; Di--eoefficient of 
diffusion of i-th cation. 
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