
. @* 

+. 
i 

EXACT ASYMPTOTIC FON4 06: THE SITE-SITE DIRECT 

CORRELATION FU?,ICT I O N  FOR R I G  ID POLAR 1,IOLECULES 

Pe te r  T, Cummings and G o  S t e l l  

Departnents of  Flechanical Engineering and Chemistry 
S t a t e  Univers i ty  of New York 
Stony Brook, New York 11794 

1 

Abstract  

I t  i s  found t h a t  t h e  s i t e - s i t e  d i r e c t  c o r r e l a t i o n  funct ions  f o r  

r i g i d -  diatomic molecules bear ing  two po in t  charges q and q a Y 
- 1 have t h e  form c = -$q q ~r- ' ,  r -t w, f3 = (kT) . The parameter A 

aY a Y 
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Under qu i t e  general conditions, fo r  a wide var ie ty  of i n t c r -  

molecular p a i r  po ten t ia l s  u(12) t he  molecular d i r e c t  cor re la t ion  

function c(12) can be expected t o  have the  large-r  form given by 

c(12) = -Bu(12) , 5 2  * a, (1) 

where r12 i s  t he  dis tance between t h e  molecular centers.' In t h i s  

note we wish t o  point  out  t h a t  an analogous statement i s  not t r ue  -- 
i n  t he  case of the  s i t e - s i t e  o r  "atom-atomt1 d i r e c t  cor re la t ion  func- 

t i o n  c ( r )  of r i g i d  molecules. I n  par t i cu la r ,  i f  the  s i t e - s i t e  
aY 

poten t ia l  u ( r )  i s  assumed t o  be of  Coulombic form f o r  i a rge  r, 'so 
QY 

t h a t  

- 1 
u (PI =qaqy r  Y 

ClY 
r 3 -  (2) 

where r is  the  dis tance between a p a i r  of  s i t e s  associated with 

charges q and qy, respectively,  each on a d i f f e r en t  molecule, then 
C1 

we do not f ind - 

-1 
c (11 = -bqaqyr , r + 0 3 .  

UY 
(3) 

Instead we find,  f o r  diatomic 

d ipo la r  molecules bearing two point  charges of equal magnitude and 



Here p i s  t h e  number densi ty,  1 ~ .  i s  t h e  molecular d ipole  1~101~1ent s t rength ,  

and 6 i s  (M)-', with k Boltznannts constant  and T absolute temperature. 

The E i s  the  d i e l e c t r i c  constant  of t h e  molecular f l u i d  a t  densi ty  p 

and temperature T. 

------_-Id - _ -  _ _ -- c- - _I--- -- 
If (3) is  assumed, a s  it i s  i n  t h e  approximation suggested by 

2 Andersen and Chandler f o r  t h e i r  In te rac t ion  S i t e  Nodel (ISM) a s  well 

as i n  a f u r t h e r  l a rge  c l a s s  of approximations discussed by Sul l ivan and 

~ r a ~ , ~  then A i s  approximated i n  (4a) by 1, which y ie lds ,  imnediately 

from (4b), t h e  I t ideal  gasw r e s u l t  

~ = 1 + 3 y .  (5) 

This r e s u l t  i s  a l ready known t o  be t h e  approximation t h a t  follows from 



Pihen (43) j.s assui~~ed, 13,. (43) i s  ea s i l y  ve r i f i ed  by a minor r.lodifi- 

ca t ion rlf t h c  airnlysis given by Su1livi;n and (;;aye3 We need only no te  

t ha t  i n  Section 3 of t h e i r  paper the  el imination of t he  low-k divergence 

i n  the  Fourier transform of c ( r ) ,  given by t h e i r  Eq.  ( 3 . 8 ) ,  i s  s t i l l  
aY 

va l id  f o r  the  form f o r  c ( r )  given i n  (4a.) above. Hence t h e i r  ana lys i s  
aY 

can be followed through t o  t h e i r  E q .  (3.14).  The analogous r e s u l t  f o r  

c ( r )  given by (4a) i s  
aY 

where, as i n  Sullivar and Gray, 2 
1 1 ( ~ )  i s  t he  coef f i c ien t  of  the  0 (k ) 
GY 

term i n  t he  expansiorl of t he  Fourier transform of 11 ( r ) ,  t h e  s i t e - s i t e  
aY 

L t o t a l  col-relation E u ~ ~ c t i o n ,  and M = y / 3 ,  Equation (8) may be rewr i t t en  

Noting t he  ~ g 5 ~ e - ~ t e l l ~  expression f o r  t h e  d i e l e c t r i c  constant  i n  terms 

of t he  11 , given by 
ClY 

the  r e s u l t  (4b) follows inunediately. Deta i ls  of  our analys is ,  which 

w i l l  be given i n  a subsequent publicat ion,6 include the  (nontr iv ia l )  

demonstration t h a t  i n  t he  somewhat more general expression than (4a), 



t h e  A ape indcilelldent of a and y , )r ie lding (4 a) . [From t h e  r e r ~ a r k s  
a-Y 

of t h i s  paragraph, (11-) i t s e l f  i s  i n ~ ~ e d i a t e ,  once it i s  assumed t h a t  

7 t h e r e  a r e  no t e r ~ s  i n  t h e  l a rge- r  form of c ( r )  t h a t  dominate tlte 

- 1 r term, s ince  i f  i t  d i d  not: hold, (10) ~ o u l d  y i e l d  a manifes t ly  

incor rec t  expression f o r  E,] An app l i c2 t ion  of  t h e  r e s u l t s  given i n  

t h i s  note  t o  a s p e c i f i c  molecular model will appear s h o r t l y .  
8 

Acknowledgroent is  mzde t o  t h e  National Science Foundation, and 

t o  t h e  Donors of t h e  Petroleum Research Fund, administered by t h e  

- American Chemical Society,  f o r  support of  t h i s  research .  Gra tefu l  

acknowledgment of seve ra l  va luable  d iscuss ions  wi th  C,  Gray and 

D. Sul l ivan ,  a s  well  a s  t h e  l a t t e r ' s  c r i t i c a l  suggest ions on an 

e a r l i e r  d r a f t  of t h i s  manuscript,  i s  a l s o  made. 

References 

1. S t e l l ,  G., 1977, i n  "Modern Theore t ica l  Chemistry. S t a t i s t i c a l  

Flechanics. Volume SA", ed. by U. J. Berne (Plenum, New York) . 
2. Andersen, H. C. and Chandler, D., 1972, J. Chem. Phys. - 57, 1930. 

3. Sul l ivan ,  D. E. and Gray, C. G., 1981, Molec. Phys. - 42, 443. 

4. Rushbrooke, G. S., 1979, Molec, Phys. 37, 761. - 



1 5 

r 

5. Hbye, J. S. and Stell, G , ,  1976, J,  Chem, Phys. 65, 18. - 
6. Cummings, P o  and Stell, G. (to appear). 

7, For the case of molecules with certain symmetries such terms 

indeed exist, as we shall demonstrate in [ 6 ] ,  and for such 

molecules one has no guarantee that (3) even yields the correct 

power of r. For diatomic molecules under discussion here, 

there are no terms in the intermolecular or intramolecular 

potentials that can be expected to give rise to terms that 

dominate that shown in (11). 
$ 

8. Cummings, P., Morriss, G., acd Stell, G., 1981 (submitted to 

J. Phys. Chem.). 

- - 


