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Statistical mechanical description of thermal diffusion in two-component lattice fluids is per-

formed. Analytical expressions for thermal diffusion coefficients on square and simple cubic lattices are 

derived. The expressions reproduce the Monte Carlo simulation results with satisfactory accuracy that 

testify the theoretical principles and approximations used for their derivation. 

.    
    , 

    , 
    -

,   -
  . .    -

     
    [1–4].  -

       
   [5].   

 ,    -
     

     
   [6].   

   -
  [7 10].     -

    
     -

 ,    
  [11 13]. 

    -
    -

    
      -

    
 -  [14, 15]. 

1. -   

   -

.  -  -
   -

   ,  
    [16], 

     -
     

 : 

 
1 1

N N
i T

ij j j ij j

j j

n
c c

t
 

 
0

( ) ( )ij j j

j

t d   

 
0

( ) ( ) 0,T
ij j

j

t d  (1) 

 ij   ( )ij  –   -
   , -

   

 1 1
ij i j i jc n n c n n , (2) 

1/2( ) ( ) exp( )ij i jc c Q n QWQ Q n  

 1/2( ) (0) ( )i jc c Q n Q n , (3) 

   W [14]  
 Q = 1  P,   -

      
 

 
, ,

;i i ij j l l

j l

Pb b S b n n  (4) 

( )T
ij  –    

,  , -
  (3)     

jn   .je  
   -

   -
   

 i ij j i ji i j

j i

n w n n w n n , (5) 

   1in ,   i  
  ,  0in    

;     -
  ; in      

 i,  1,   i   , 
 0   : 

 1 .i in n  (6) 

     -
     j   i   

 0 e ,ju

ijw  (7) 

 0     -
     . 

   ,T
ij  -

   , -
    -

    i   ej 
   j: 

 1T
ij i jc n e , (8) 

 
, 1

1

2

z

j j j k

k

e u n J n n , (9) 

 u  –    -
   ; J  –  



 34

     , -
    . 

  k   -
   j.   -

      
      ju   

      
   

    -
 . 

    T
ij  -

   (5)  (9)  -
 (8)  ,    [14],  -

 . 
    -

     (9) 

( )i j ik k i ki i k j

k

u n n u w n n w n n n . (10) 

     
( j j jn n n , 0j jn n ),    

,    -
    -

 [14],  

 
2

,J
i j

c u D
u n n

a
 (11) 

     (1) 
  

 .Jc u D  (12) 

     (8) -
    (9), -

  .  -
    

T
ij      , 

     [14]  
 ,   ,   

 1 0,0,1F   2 0,0,1 ,F    
  .    -

       
   

 
B

2

(0,0)

J
nT

c D
D u

k T F
  

 1 2(0,0,1 ) (0,0,1 )J F F , (13) 

       -
    F2  

 2.  1(0,0,1 )F  2 (0,0,1 )F  -
  ,     

      
 ,     -

. 
   

 2(0,0,1 ) (0,0) (0,1 )F c c g g , (14) 

 2(0,0) (0,0)F c g , (15) 

 (0,1 ) (0,1 )F c c g , (16) 

    

 
B

4 (0,1 )J
nT

c D
D u c J g

k T
. (17) 

    -
      

 (17)  6. 
 ,    

  (13)    
  (17)  -

     -
 . 

2.   -

    -

   - .  -
 [14, 15]    

    
     -

    -
    - . 

   -
     -

,   (17), -
    

     -
   -

  . 
   cA  cB 

    -
     -

     -
  [17].  

   JD  
   , -

  [18].    
(0,1 )g   (16),   
(0,1 )F     -

 [15]. 
    -

 ,   -
  (D1nT*, D2nT*)   -

    
    

( 3,63A )   ,  
 T = 1,5Tc. 

  ,  
   

 ,   (17),  
   - . -

  ,   -
,   -

     
   ,     
  [14]. 



 35

 
.    

     

  

 

.    -
    

   . 
    -
     

  .  -
    

   - ,  
    

,     ,  -
  . -

 (17)   -
     

     
    - . 

 

1. Wirtz, K. On the kinetic theory of ther-
modiffusion in crystal lattices / K. Wirtz // Phys. Z. – 
1943. – Vol. 44. – P. 221–231. 

2. Brinkman, J. A. The effect of temperature 
gradients on diffusion in crystals / J. A. Brinkman // 
Phys. Rev. – 1954. – Vol. 93,  2. – P. 345. 

3. LeClaire, A. D. Some predicted effects 
of temperature gradients on diffusion in crystals / 
A. D. LeClaire // Phys. Rev. – 1954. – Vol. 93, 

 2. – P. 344. 
4. Schottky, G. A theory of thermal diffusion 

based on the lattice dynamics of a linear chain /  
G. Schottky // Phys. Stat. Solidi. – 1965. – Vol. 8, 

 1. – P. 357–368. 
5. Allnatt, A. R. Thermal Diffusion in Crys-

talline Solids / A. R. Allnatt, A. V. Chadwick // 
Chem. Rev. – 1967. – Vol. 67,  6. – P. 681–705. 

6. Wagner, C. The thermoelectric power of 
cells with ionic compounds involving ionic and  
electronic conduction / C. Wagner // Prog. Solid 
State Chem. – 1972. – Vol. 7. – P. 1–37. 
 
 

7. Surface diffusion: atomistic and collective 
processes / eds.: M. C. Tringides // NATO-ASI 
Series. – New York: Plenum Press, 1997. – 736 p. 

8. Collective diffusion on surfaces: correlation 
effects and adatom interaction / eds.: M. C. Tringides, 
Z. Choj // NATO Science Series. – Amsterdam: 
Kluwer, 2001. – Vol. 29. – 350 p. 

9. Lattice-gas theory of collective diffusion in 
adsorbed layers / A. Danani [et al.] // Int. J. Mod. 
Phys. B. – 1997. – Vol. 11,  19. – P. 2217–2279. 

10. Statistical-mechanical description of diffusion 
in interacting lattice gases / G. S. Bokun [et al.] // 
Physica A.  2001.  Vol. 296.  P. 83 105. 

11. , . . -  
    -

    -
 / . . , . . , . .  

//  .  VI, .- .   -
. – 2003. – . XI. – C. 63–68. 

12. , . .   
     

     / 
. .  //  . . VI, .- . 

  . – 2004. – . XII. – C. 32–36. 
13. , . .  -
     

    -
     

  / . .  //  . 
. VI, .- .   . – 2005. – 
. XIII. – C. 36–38. 

14. , . .   -
   

     / . . 
, . . , . . . – : 

, 2008. – 326 . 
15. , . .   -

   / . . -
, . .  //  . . VI, 

.- .   . – 2007. – . XV. – 
. 48–52. 

16. , . .  -
  / . . . – .: 
, 1971. – 416 . 

17. , . .    
-    
 / . . , . .  //  

. . VI, .- .   . – 
2003. – . XI. – C. 73–78. 

18. , . .   -
    

    -
 / . .  //  . . VI, 
.- .   . – 2008. – . XVI. – 

. 42–45. 

 


