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Abstract: Different approaches to calculation of the pair potential 
if(r) of some monoatomic liquid metals are discussed. With the 
knowledge of the measured static structure data from diffraction 
experiments, 'f (r) can. be determined with the use of statistical 
theories. The inverting perturbation theory developed by Ander­
son, Chandler and Weeks can be used by iteration method in defi­
ning of the attractive forces in'f(r). In this paper pseudopoten­
tial theories were applied in evaluation of the interatomic poten­
tial. 

1. Introduction

Interatomic potential 1f(r) together with the correlation functions 
g(r), h(r) and c(r) is the most important parameter for a better under­
standing of the liquid state. For pure metals, the potential 'f (r), at 
any point within the medium, is supposed to be the sum of supersposable 
potentials 'P (r )=f 'f (r-ri), where the potential tf' (r-r1) corresponds
to the centre of the i-th ion. In general, Y'(r) can be devided into 
two parts, a short range very steep repulsive partlf1r(r) and a long
range attractive part �/:;. (r) ,. as follows: 

Cf (r) = 'f r(r) + Cfa(r) (1)

It is also krtO'WY\ that the repulsive part of the potential can be de­
termined by the large wave vector part of the structure factor S( ,'t' ) , 

wh�reas the attractive part of the potential ma�ifests itself by the 
small wave vector part of the structure factor. To get any detailed 
information on the interatomic potential 8"td correlati<>"l function it 
is necessary to a,ialyse S( .l() in a wide )'I'. -regi0?1. °'1 the other haTJ.d, 
precise measurements of the static structure factor S(:}(.)l-3) for the
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whole x -region are very difficult and a proper norzpalization of the 
measured S( ,c.) for small and large x-vector is a ·serious problem. This 
normalization can be performed using the relation.2,4) 

where lim it! )exp = 1, and in the limit K-o , S( ,t >exp beco�es
simple fluctuation of the mean d�sity 9, which is related to the iso­
thermal compressibility 13.,; (!rr can be calculated knowhg the velocity 
sound·through the medium5). The 11best 11 ·value for S(0)

8xp 
can be chosen. 

by minimization of the pair correlation function g(r) with re�pect to 
the hard core diameter 0

2). 
The correlation functions for liquid tin, lead and aluminium 

were calculated using Fourier tr8.1'lsform of the measured structure fac­
tor 1,2,3). The pair correlation :functions for values of r smaller
than6', for mentioned liquid metals, show the·ripples which represent 
the·errors of truncation and the statistical nature of the measured 
poi?lts in S( X ) , Fig. 1. 

·Knowing the correlation fJincti�s g(r) and c(r) one ca?l obtain
the interatomic potential'f(r) applying different theoretical approaches 
like statistical theories·of Born and Green·(BG) , the Percus-Yevick 
(PY) 8."ld Rypernetted chain (HNC) theories and the perturbatiO'll theory. 

If we assume a liquid metal as a two component system consisti?lg 
of ?\early free CO'll.duction ·electrons i"l which the iO"ls are almost steady 
localized,·the pseudopot81'ltial theory CB."l be successfully used for 
calculation of interatomic pot81'ltial 'f (r). 

Other ·theoretical approaches to <f> (r), like Rahma?l' s iterative 
method 6) and a·self-consistent ·scheme with a krtowledge of the zeroth
a11d fourth mom8'1t of the coher81'lt scatteri?tg fu"l.ction S( Jt , t..1)?' S) 

are omitted in this paper. 
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Fig. 1. Pair correlation functions for Sn, Pb and Al

2. Evaluation of interatomic potentials and discussion

If a direct calc�lation of the interatomic potential'f(r) is 
to be calculated according to the·statistical theory PY and HN'C, it 
is necessary to make an expansion of the direct correlation function 
C(r)9). The best way to show �he diffe�ence between the mentioned 
theories is the diagram technique, given by following equations 4, lO) 

c(r) = ,,-., + f /\ + J s>' {[2 j_J +--40,.,. 1� + •• r j 

and 
� h(r) - lug(r) - 'f Cr)/!J (HNC) (3) 

c(r) = ·- + f/\_+ i /f{zp �P-<J+ · � .. } 
� g(r)f 1- e t3""""] (PY) (4) 
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where the expressions that appear with ?2 are truncated11,12) in
both equati�s. Diagram technique is well known13,l4) and we shall not
discuss it in detail. 

Both equations PY and HN'C have been often used for the calcula 
tion of the pair potential 'f (r), but even for simple liquids, like 
liquid metals, the results are not always reliablel5). The reason for 
that is probably the sensitivity of these theories due to unsatisfac­
tory accuracy of the measured static structure factor, especially in 
determination of the slope in the front of the first maximum of the 
S( X ). 

As it has been mentioned before, several thermodynamic proper­
ties of the highly dense system can be described if the repulsive 
part of the potential, equ. 1, is replaced by the hard core interato­
mic potential 'f�(r) and the attractive part of the 'f(r) is treated 
as a perturbation on the hard core part lG,l?). According to the hard
sphere model the repulsive part of the real 'f (r) can be derived from 
the Taylor series16) 

8 m a T - �� f 2Jy� (r) 6 r (r )d3r +t/J.,,, (5) 
(3 F 16) 

where a a - -V-- and � is the reciprocal of the temperature and
the Boltzmann constant, whereas Fis the free energy. The first term, 
a can be evaluated by minimization of the function a, and using the 
random phase approximation (RPA) all quantities can be calculated by 
knowing the static structure data 

l7) where it is necessary to as-
sume y:, (;) 18,9)

a 
- a 3 

-

f.,"({frJ=-CtrJ-t-/AAJ+A1,zJll-1-A111ll -t-Ar4,Jl./ ... }

(6) 

where u = � and coefficients A(l), ••• are parameters which can 
be calculated by minimization of the free energy 

�a 
axc1r

= 0 (i = 1,2,3,4) (?) 

The principal requirement in this calculation of Y'(r) is a 
satisfactory convergence for trial 6 in equ. 6. 

224 

-- , , , 



It was underl�ned in the beginning of this paper that the pair 
interaction potential Y'(r) can be calculated from various pse11dopo-
tentials and screening functions l9), e.g.

(8) 

!here FN( �) is the normalised energy wave number characteristic
[F

w
(O) r;: lj. Using the Sham 20) and Heine and Abarenkov 21) expres­

sion for FN( ')(.), with exchange and correlation effects between elec­
trons suggested by Geldart and Vosko 22), and the screening i'u.n.ction
(9), we have calculated 'f (r) for Pb and Al. 
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Pig. 2. The pair interaction potential 'f(r) tor Pb 
and Al in the vicinity of the melting point. 
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In Fig. 2. calculated pair interaction potential 1.f(r) of liquid

lead and aluminium using pseudopotential theory, statistical theory 

PY and the perturbation theory have been compared. It is obvious from 

the Fig. 2 that there is a big discrepancy between different theoreti­

cal approaches to the interatomic potentialV'(r). 

This work was supported by the Scientific Association of Serb�a 
and partly by the Serbian Academy of Sciences and Art.
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