
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Physics and Chemistry of Liquids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713646857

Comment on the Asymptotic Form of the Radial Distribution Function in a
Quasi - Crystalline Model of Liquids
S. Baera

a Department of Physical Chemistry, The Hebrew University, Jerusalem, Israel

To cite this Article Baer, S.(1979) 'Comment on the Asymptotic Form of the Radial Distribution Function in a Quasi -
Crystalline Model of Liquids', Physics and Chemistry of Liquids, 8: 4, 279 — 281
To link to this Article: DOI: 10.1080/00319107908084759
URL: http://dx.doi.org/10.1080/00319107908084759

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319107908084759
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phys. Chem. Liq., 1979. Vol. 8. pp. 279-282 
@ Gordon and Breach Science Publishers Ltd, 1979 
Printed in Holland 

Comment on the Asymptotic Form of 
the Radial Distribution Function in a 
Quasi - Crysta I I i ne M ode1 of Liq u ids 
S. BAER 

Department of Physical Chemistry. The Hebrew University, Jerusalem, Israel 

(Received August 8, 1978) 

The asymptotic behaviour of the radial distribution function g(R) for a 
liquid was reexamined recently’ in a model defining the molecular correla- 
tions in terms of a fluctuating local crystalline structure (the quasi-crystalline 
model). Several different versions of this model have been presented since 
the earliest one given by Prins.’ A more recent version was given by Fran- 
chetti3 who derived the following formula for g(R) : 

(1) 
Here the n-summation extends over all the points of a certain chosen lattice, 
with Rn the distance from a central lattice site and cr? a suitably chosen dis- 
persion assigned to the corresponding lattice point. This result was obtained 
from a minimization procedure applied to a certain functional of the lattice 
structure. To make (1) more specific, the so-called structural diffusion law 
given by Prins’ 

was a d ~ p t e d . ~  

asymptotic form 

0,’ = BR, (2) 

Formula (I), together with (2) has been found to lead to the incorrect 

(3) 
1 
R’ 

h(R) = g(R)  - 1 - R + co 

This form exhibits the type of long range correlations found in a crystal but 
is unacceptable for a liquid. To rectify this inconsistency, it was propo~ed’.~ 
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to modify the model by varying the lattice coordination numbers or the 
radii of the coordination spheres of the near neighbors to the central molecule 
in such a way as to force the desired asymptotic form. However such an 
alteration in the lattice structure turns out to be entirely unnecessary when 
one adopts yet another general formulation' of the quasi-crystalline model, 
based on a Fokker-Planck type equation for the spatial correlations between 
local lattice structures. This formulation leads to the same equation as (1) 
but the dispersion law (2) is now replaced by an R-dependent on, i.e., 

CT; = BR (4) 
(Some refinement can be achieved in taking account of the finite molecular 
exclusion diameter Ro by replacing (4) by 

g,' = B(R - Ro), R > Ro (4') 
with g(R) necessarily equal to zero for R < R,,). 

When either (2) or (4) is substituted into (l), one obtains numerically 
practicdly identical results6 for short and intermediate R, but with (4) one 
obtains an asymptotic behaviour entirely different from (3) as R -+ 00. 

Indeed, substituting (4) (or 4') into (1) one can easily convert the expression 
with the aid of the Poisson sum formula5 into the form 

Here the v-summation extends over all the points of the reciprocal lattice, 
excluding a central site, the .b, being the distances of the points from the 
central site.? For large R,  the dominant contribution to the sum in ( 5 )  
comes from the first few terms with the smallest b,.  Thus ( 5 )  conforms to 
the well known asymptotic formula found by Fisher.'s4 

h(R) - A, e--'* sin(A,R + A4) 
R 

This formula has been confirmed by radial distribution function values 
derived from computer simulation8 as well as x-ray scattering data for liquid 
Argon. 

It is an altogether different problem how to reconcile (6) with another 
currently adopted asymptotic formulag 

where 4(R) is the pair potential and kb is Bolfzmann's constant. We suggest 
here only'that (7) might be obtained from (6)  by some smoothing procedure 
which does wash out the long range oscillations in h(R). 

h(R) - - 4@)/k,T (7) 

t The reciprocal lattice adopted in (5) is larger in linear scale by a factor 2% compared to the 
reciprocal lattice adopted in ref. 5. 
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