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Abstract: Different approaches to calculation of the pair potential
{#(r) of some monoatomic liquid metals are discussed. With the
knowledge of the measured static structure data from diffraction
experiments, 'Y (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 ¥ (r). In this paper pseudopoten-
tial theories were applied in evaluation of the interatomic poten-
tial.

1. Introduction

Interatomic potential‘/’(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¥ (r), at
any point within the medium, is supposed to be the sum of supersposable
potentials '/ (r)=%;5p(r¥ri), vwhere the potential?’(r-ri) 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 part'f;(r) sand a long
range attractive part‘ﬁ.(r), as follows:

Y (x) = (x) +'F(r) Q)

It is also kmown that the repulsive part of the potential can be de-
termined by the large wave vector part of the structure factor S(r ),
vwhereas the attractive part of the potential manifests itself by the
small wave vector part of the structure factor. To get any detailed
information on the interatomic potential and correlation function it
is necessary to analyse S(% ) in a wide * -region. On the other hand,
precise measurements of the static structure factor S(?t)l'B) for the
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whole X -region are very difficult and a proper norpalization of the
measured S(% ) for small and large X-vector is a serious problem. This
normalization can be performed using the relai:iorlz’4

[{-fk'e Tﬁﬂj\g{“)ﬂp "’"Jﬂ(x)e,‘P *fk'a-?_ﬁr = \g(o)e,rp

Stoaly, = el

¢

Jm)=

(2)

where lim §c(_,“g )expf = 1, and in the limit ®—o0 , S(’M.)ex becomes
simple fluctuation of the mean deasity @, which is related to the iso-
thermal compressibility Br, f3r can be calculated knowing the velocity
sound through the medium”/. The "best" value for S(O)e can be chosen
by minimization of the pair correlation fumction g(r) gth respect to
the hard core di.ame‘t:erﬁ'2 .

The correlation functions for liquid tin, lead and aluminium
were calculated using Fourier transform of the measured structure fac-
tor 11213 . The pair correlation functions for values of r smaller
than 6, for mentioned liquid metals, show the ripples which represent
the ‘errors of truncation and the statistica2 nature of the measured
points in S5(x ), Fig. 1.

‘Enowing the correlation finctions g(r) and c(r) one can obtain
the interatomic potential 'f(r) applying different theoretical approaches
like statistical theories of Born and Green (BG), the Percus-Yevick
(PY) and Hypernetted chain (HNC) theories and the perturbation theory.

If we assume a liquid metal as a two component system consisting
of nearly free conduction ‘electrons in which the ions are almost steady
localized, ‘the pseudopotential theory cem be successfully used for
calculation of interatomic potential ¥(r).

Other ‘theoretical approaches to ¥ (r), like Rahman’s iterative
method 6) and a self-consistent scheme with a knowledge of the zegoth
and fourth moment of the coherent scattering function S(x ,u )7’8
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 calculation of the interatomic potential Y (r) is
to be calculated accorﬁing to the - statistical theory PY and HNC, it
is necessary to make an expansion of the direct correlation function
C(r)9 The best way to show the difference between the mentioned
theories is the diagram technique, given by following equations 4,10)

o(x) =~ s N+ LS [21 14T 147 ]

2 h(z) - Tug(e) - F(2) (BNC) (3)
and
e(x) =-— +pN\4 L A {[2[3 P+ f
= &)y e'””"] 629 (4)
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where the expressions that appear with 92 are truncatedll’lz) in

both equations. Diagram technique is well known15’14) and we shall not
discuss it in detail.

Both equations FY and HNC have been often used for the calcula
tion of the pair potential ¥ (r), but even for simple liquids, like
liquid metals, the results are not always reliable15 . 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 Yg(r) and the attractive part of the ‘Y (r) is treated
as a perturbation on the hard core part 16’17). According to the hard
sphere model the regulsive part of the real ¥ (r) can be derived from
the Taylor series16

a=a;- %ﬂfe_fYr (®of (a3 +2 Q2 )
16)
where a = - Q%E_ and B is the reciprocal of the temperature and

the Boltzmann constant, whereas F is the free emnergy. The first term,
a cen 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 17 where it is necessary to as-
sume ‘Pa(r) 18,9)

ﬁk@/r =-Cor) +[Ar«) +Agtl+ At i,1"/1#') u? j
(e)

where u = %? and coefficients A(l), ... are parameters which can

be calculated by minimization of the free energy

Ja
AI)" . i =1,2,3,4) (?

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

224



It was underlined in the beginning of this paper that the pair
interaction potential ¥(r) can be calculated from various psendopo-
19)’ e.g.

2 _z f e
A 2 -
(?o{r"}r-zr"' /7‘}'#”‘) Sin % dx_/

where FN( %) is the normalised energy wave number characteristic
[Pg(0) = 1]. Using the Shem ?°) end Heine and Abarenmkov 21) oxpres-
sion for FN('JL), with exchange and corz:gelation effects between elec-
trons suggested by Geldart and Vosko , and the screening function
(9), we have calculated 7 (r) for FPb and Al.

tentials and screening functions

(8)

Plr){meV]
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A —pseudopolential ¥lr)CmeV]
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Fig. 2. The pair interaction potential ¥ (r) for P
and Al in the vicinity of the melting point.
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In Fig. 2. calculated pair interaction potential ¥ (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 potential Y/'(z).
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