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T HE present review dealsexclusively with the
closed nonlinear integralequation of Percus
and Yevick (PY). Equally powerful and also
closed is the well-known hypernetted chain equa-
tion (HNC). The former integral equation how-
ever has been solved analytically for the hard
sphere potential and with the aid of perturbation
theories of hquids one can obtain thermody-
namic properties even with attractive potential
tails with the hard sphere potential solution as a
reference system. o

The most important property of liquids 1s the
experimentally measurable structure function
(SF) which can be determined either by x-ray or
neutron diffraction. There are methods! and
improvisations?»3 in the theoretical calculations
of SF. The first set of calculations of SF were
made with hard sphere potential by Ashcroftand
Lekner! and its evaluation with an attractive tail
in the random phase approximation (RPA) was
extensively investigated by the author and his
co-workers4-8,

ATOMIC LIQUIDS

In the case of atomic liquids the evaluation of
the SF 1s simple and one 1s not confronted with
the orientational problems. Thus as 1s well-
known the structure function is obtained
through the following equation.

1

SK) = iRy (1

Here £ is the number density and ¢(K) is the
Fourter transform (FT) of the well-known direct
correlation function (DCF). In the evaluation of
the SF in the RPA we use the following esta-
blished perturbation approximation. Thus the
DCF 15 approximated as

C(!‘) — Chs (r)
= — U(P)iksT

QLo (2)
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The third equation is known as the mean spheri-
cal model approximation (MSMA). Here C, . (r)
ts the hard sphere direct correlation function
obtained by Wertheim and Theiele (WT) from
the PY equation. U(r) is the potential function

and K jis the Boltzman's constant. For a square
well potential we have

U(i‘) = OO r':""-:“:..ﬂ
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Here the symbols have their usual significance.
The W-T solution of the DCF can be written as:

]
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C(r) = — [(1+ 29)2=6n(1 + =)

(rla) + 5 (1+20% 7)) (5)

where % is the packing fraction and ts defined
through the equation

n = wpa®j6 (6)

Here & is the so-~called collision diameter. From
(4) and (5) one can immediately obtain the SF
through a proper choice of the potential
parameters? o,

When once the structure factor is known one
can immediately obtain the radial distribution
function (RDF) by the FT of SF. Thus the RDF
and SF are related by
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Here A(r) is known as the total correlation func-
tion. We present below some typicai SF's calcu-
lated in the RPA23,

The importance of the theoretical evaluation of
the SF can be assessed from the fact that it
enables one to formulate the equation of state in
the long wave limit, Thus the equation of state in
the RPA for square well {luids!'t and the
Lennard-Jones (L-J) {luids!2 can bc written
respectively as
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Figure 1. Structure factor of Liguia mercury calcu-
lated values {(—) experimental values {voo and eee),
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Figure 1. Structure factor of Liquid palladium and
platinum—calculated values {(—)} experimental
values {oo0 and sen),

where the parameters have their
sigmiicance.

From the above equations severa) thermody-
namic propeérties of the liquids can be calculated
angd these are found to be, 1n many cases, 1n fair

usual
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agreement with experiment. The equation of
state so developed can alsa be used to evaluate
acolstic properties!? nonlinear acoustic para-
meterst? and elastic constants’15, The vanous
methods used to compute these properties have
not been described due 10 space considerations.

Partiaql Structure function of Allpys:

The SF calculations can be extended to alloys
in the Ashceroft-Langreth model using the
MSMA16,!7,

It is also possible to calculate the transport
properties from the SF either through Helland
prescription!® or through David-Luks-Singers
approximation's. Thus a whole range of proper-

ties of liquids can be calculated from the SF,

A Merthod of Evaluation of the Potential
function from SF:

One of the fundamental properties of matters
the evaluation of the potenttal function govern-
ing the molecules in liquids. Rao and Joardar
derived this from the requirement that an exact
theary of the RDE must produce the same resuit
either in the evaluation of pressure or compressi-
bility. They showed that®
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Figure 3. Interionic pair potential of Nd (1200° Cj
calculated from equation 10 (~~-) MSMA (... }and
HNC (.0-0-0).
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Figure 4. Interionic parr potential of Er (1520° C)
calculated from equation 10 (----) NSMA (..... } and
HNC (-0-0-0-).
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Figure 5. Interionic pair potential of Lu (1680° C)
calculated from equation 10 (----) MSMA(..... )and
HNC (-0-00-).
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We present below the intertonic potential of
some of the rare earth metals?!,

Higher order distribution functions:

Egelstaff er al. proposed a method of deter-
mining tnplet and quadruplet correlation func-
tions through the 1sothermal pressure derivatives
of S(K). g:(r,s) has also been evaluated by
means of Monte-Carlo (MC) and molecular
dynamics (M D) computations for hard spheres??
and for L-J system?* respectively.

The isothermal pressure derivatives of SF in
the model p'%are given by
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The expressions for [DdS(K)/ 0K], and
[1928(K)/ & K] r were evaluated by Rao and
Murty2¢:25 in the RPA and the expressions being
lengthy have not been given here and may be
found in the original papers. We produce below

the isothermal pressure derivatives of Hg, Na
and Rb.

Perturbation Theories of Liquids and the
evaluation of Thermodynamic properties:

Barker and Henderson successfully ex-
plained?¢ the behaviour of square well fhuds
through a perturbation of the attractive tail over
the hard sphere potential. The expression they
obtained for the Helmholtz free energy through
the so-called local compressibility approxima-
tion can be written as follows
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-010 - and the rest of the symbols have their usual
: significance. Barker and Henderson obtained the
pressure and the critical constants through
~020 b — o numerical differentiation of the above equation.
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However Rao and Nammalvar?? using the com-
pressibility equation of state and assuming that
g(r) =1 for r > & o obtained analytical expres-
sions for the pressure, compressibilityand C, =
[8(1/8 )}/ o pl,. The isotherms obtained by Rao
and Nammalvar agree well with those obtained
by MC and MD resuilts. Their results are shown
in figures 8 and 9.

Swamy and Wankhede?® gave analytical expres-
stons for the Helmholtz free energy of a triangu-
lar well fluid in the Barker-Henderson
perturbation approximation.

The Pseudopotential study of Liguid Metals:

The Pseudopotential is defined through the
equation

iAvE

Wir) = Vi) +{ Ex + o —V(r) |P (14)
where Pisthe projection operatorandisgiven by
P= 25lm>< o | and|& > is the single core elec-
tron Wave function which are orthogonal to the
conduction band electrons that are free to move
and are given by the wave function ¥ xand isin
general a lincar combination of OPW’s (ortho-
gonal plane waves).

The first order perturbation expression for the
interaction between an electron and a system of
ions can be written in terms of the so-called
“plane wave matrix elements” and they turn out
to be independent of the wave vector K and are
the FT of W{(r); the pseudopotential. It can be
easily found out that the matrix elements is a
product of the geometric structure function and
the screened ion form factor. This can be written
as:

<K+qIWIK> = S(g) W(a) » (15)
where  S(g) = wZexp (—ig.r;),  (16)
J
and W) = g5 [Wr=r; )X
exp [ —~iq.(r—r;)) dT (17)
Wr) = 2 Wir—r; } (18)
S

Hence the effective atom-atom potential can be
written as

o0
%252 YAZTY:
b(r) = 28— 2[Ry
0
sin Kr
= dK (19)

where F,(K) is the normalised energy wave
number characternistic given by

£202
Z#i-a ¢ Fn 1K) 120)

F(K) = -

While the function F{K) is related to the pseudo-
potential W°(K) by the equation

N1 <l B U q
FUIO = §o (k] -—1l wuq‘ (21)
WK) = W(K) € (K) (223

Here £2 is the volume per atom, W(k) isthe FT
of the unscreened pseudopotential, ¢ (K) is the
dielectric response function and is related to the
Hartree dielectric function e H as

€(q) = L1 [I=f(p)] [e" (q)—1] (23)
: " B 2mKye?
with EV(K) =1 + - YN
4K2 ""‘({‘3__ 2K';+K
x[l b S 27({___{(] (24)

In (23) the function f{gq) takes into account the
exchange and correlation effects. There are
several forms of this function but the one that s
convenient to use is that due to Singwi et al?®, In
metals like noble metals one has also to consider
the overlap energy of the dstate electrons. Hence
(19) has to be modified to include the overlap
forces. Thus the effective pair potential is given
by
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Figure 10. Effective pair potential for Cu, Ag and
Au; Cu (), Ag {-—) and Au(sess). Inset Fylq),
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The potential so obtained?® for Cu, Agand Au
are given in (figure 10). In addition one may
obtain through variational technique using the
Ghibbs-Bogohubov inequality both equilibrium
and transport properties3,

Molecular Liquuds:

The study of molecular Liquids poses a very
difficult problem because of orientation of the
molecules in the liquid state. There are two
important approaches (1) orientational model
(OM) approach and (2) the Reterence Interac-
tion Site Model (RISM) approach.

Orientational Approachi: 1t was shown by
Egelstaff3! that the molecular structure function
can be written as

Sk} = fi{h) + folk) [Se(K)~—1]} (26)

Here Smi(k) is the molecular structure function,
£ (k) 1s the molecular form factor while (%)
also known as the form factor that depends upon the
orientation of the molecules whereas the former
depends entirely on the shape of a single mole-
cule. Sc(k) is known as the centre structure func-
tion. Using parallel and perpendicular
orientations and a fraction parameter Rao and
Joardar3?:33 derived the molecular SF of Cse; 32
and nitrogen and O3 and CS;34. Infigure 11 we
show the Sm(K) of CS;. In polyatomic mole-
cules if 1s necessary to assume some orientational
model. Thus even for a big molecule hke neopen-
tane?s and a pyramidical molecule like NH ;3¢
one can derive the molecular SES.
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Figure 11. Molecular Structure factor Sm(K) and
form factors f,(K) and f;(R) of liquid CS;.
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Reference interaction site model:. In this
theory?” each molecule 1s assumed to have a
specified number of interaction sites. The RISM

equations relating to Site-Site total correlation
function Ag~(r) (TCF) to the Site-Site DCF

Cay(r) and the Site-Site function Yavy(r) are
written as

AN T FaN N FaN Ao
W(K) = W(K) ¢ (KT —W(K) (K)] vk (2T)

!
C ) = emp[—UaY(r)]-—*leaY(r) (28)

and ha:‘i(r): wa(r) +Ca‘)‘(r)#l (29)

In the above equations, {is the unit matrix, Pis
the molecular number density and g 1s equal to
1/ Kg7T. The functionl/,y(r) is the Site-Site
interaction potential and the function

sin(k!
ﬂ} y(f() — =k a‘f)
* Irx*f

(30}

where /4yis the distance between « and vy site.

The function Way k) gives the ideal gas structure

function for diatomic molecules and is equal to
I+W 4 y(K). The Site-Site pair distribution
function g4y(r) 1s defined as:

(31)

The FT ofhyy(r) 1s denoted byhyy(K). The
RISM equations (27)-(29) can be solved numeri-

cally by a process of iteration3® and the mole-
cular structure function, §, (k) is related to S(k)
as

AYY, (k) = (32’

while the structure function S(k) tor a RISM
molecule with, say, fourinteraction sites as in the
case of NH ; ts given by the relation:

a (k)a_ (k)
a,Y—=1 a'( ¥

X [ W, &)+ ph (k)]

4 -4
Sitk) = 2 a (k) >
a =]

(33)

Hereanlk) stand for the x-ray scatterning fator of
the atom in which the o site 1s situated. In figure
12 we given the RISM structure function of
liquid NH,; obtained with hard sphere
potential3?.
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Figure 12. RISM molecular structure factor Som( K}
of liquid NH, RISM calculated values ( ) experi-
mental values (000} Model calculations (---).

It 1s not the aim of the author to give a detailed
report of the vanous properties of liquids espe-
cially the transport properties of simple liguids,
fused salts or electrolyte solutions in a short
review like the present ane where space limita-
tions are an important factor to consider.
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