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The reference interaction site model of Chandler ez a/. has been used to study the structure of
liquid Germanium tetrabromide. The molecular structure factor is in fair agreement with the
Neutron scattering experiments. The inter-molecular atomic distribution functions were also
determined and the calculations tend to support the view that the local structure of liquid
Germanium tetrabromide is one in which GeBr, molecules form an interfocking structure.

1 INTRODUCTION

Exploiting the physical idea that the structure of a dense fluid is primarily due
to the shape of the molecules in the fluid and is governed by the short range,
quickly varying portions of the intermolecular potential and the effect of
the weak attractive interactions are of the mean field type, Chandler et al.'
have developed a theory known as the Reference Interaction Site Model
(RISM) to generate the structure of molecular fluids. The predictions of this
theory are in good agreement with the Monte Carlo calculations.® Narten®:’
and Sandler and Narten® have applied the RISM to predict the structure of
Benzene, Carbon tetrachloride and Carbondisulphide; the agreement with
experimental structure factors is near quantitative, Recently Hsu and
Chandler® have shown that the RISM theory predicts the local structure of
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molecules having large electric dipole moments and calculated the molecular
structure factors of liquid acetonitrile and deuterated acetonitrile, again with
very good correspondence with experimental results.

We were motivated by the above successes of the RISM to apply the theory
to estimate the neutron scattering structure factor (and the intermolecular
atom-atom distribution functions) of liquid GeBr,. Neutron diffraction ex-
periments on this liquid have been performed by Egelstaff et al.'® The
interesting feature in the structure factor S(k) is the appearance of two closely
spaced peaks around k ~ 1.7 A~ 1. We thought it of interest in particular to
see whether such a feature is predicted by the RISM.

2 THE REFERENCE INTERACTION SITE MODEL (RISM)

The theory of the RISM has been discussed extensively in the earlier refer-
ences; we therefore confine ourselves to giving only a brief outline of the
theory. In this molecular fluid picture each molecule contains m interaction
sites and the location of the ath interaction site in the jth molecule is given by

P =R, +1 Q1)

where R; denotes the location of the centre of the jth molecule and 1; is the
vector displacement of the ath site from the centre. We consider the molecule
to be rigid and the total potential energy between molecules 1 and 2 is

W12y =} ¥ 0,(Irf - r3l) 22)
a=1y=1
where @, ,(r) is a hard sphere interaction
@, (r) = r < 6,
=0 r> o, 2.3)

with ¢,, denoting the sphere diameter for the interaction between site « on
one molecule and site y on the other and we assume that diameters are
additive (i.e.)

0., = 30, + 7)) 24

Considering the site-site intermolecular pair correlation function g,,(r) =
(h,,(r) + 1), a site-site direct correlation function c,.(r) is defined by the
equation

h(k) = w(k)S(k)I — pW(k)e(k)] ™ Wo(k) 2.3)

where p is the molecular number density and A(k), &(k) denote matrices of
elements En(k) and ¢,,(k) respectively and the caret denotes the spatial
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Fourier transform given by

(k) = j dr exp[ —ik - r]c,,(r) (2.6)
The elements of the é(k) matrix are the Fourier transform of the intra-
molecular correlation functions

Way(k) = Cexplik - (1 — IDT> @7

and the brackets denote an equilibrium ensemble average. Equation (5) is
solved using the closure relations

hy(r) = ~1 r < g, (2.8a)
and
€y (r) =0 r> o, (2.8b)

The coupled nonlinear integral Eqgs. (2.5) and (2.8) were solved for c,(r) for
r < a,, and for h,(r) for r > a,,.'" Using the site-site correlation functions
the molecular structure factor was calculated using the equation

S(k) = (i bf)
a=1

= a,y

-1 m

2. bub, [, (k) + phey (k)] (2.9)

1

The ideal gas structure factor is obtained by setting h,,(r) = 0 in Eq. (2.9)
and is given by
1

S0 = (S 2]

where b, are the coherent neutron scattering amplitude for a nucleus of
type o.

Y byb, W, (k) (2.10)
ay=1

3 THE MODEL FOR GeBr,

Our RISM picture of GeBr, molecule is shown in Figure 1. The molecule is
assumed to be rigid with the following intramolecular atom-atom lengths'?

LGe — Br=2294A
IBr — Br = 3.824A

Sidgwick and Laubengayer!® have reported the liquid densities at 30°C
and 50°C and we have extrapolated density to 60°C from their data, this is



08:55 28 January 2011

Downl oaded At:

172 K. N. SWAMY AND L. B. BHUIYAN

FIGURE 1 RISM picture of Germanium tetrabromide molecule.

because the neutron diffraction experiments were carried out at this tem-
perature. We have solved the RISM on IRIS 55 computer. The sphere
diameters chosen (to give the best “fit” to experiment) are og, = 2.44 A
and og, = 3.4 A. The values of the Vander Waals radii'* are Ge = 1.22 A
and Br = 1.9A and our value for Bromine is close to the Vanderwaals
radius. The molecular structure factor calculated for this model is shown in
Figure 2, and is compared with the Neutron difffraction results of Egelstaff
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FIGURE 2 The molecular structure factor of liquid GeBr, at 60°C. The full curve is from the
RISM. The dots are the experimental points. The chain curve is S;g.. (k).
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FIGURE 3 The atom atom distribution functions of liquid GeBr,,—————g,, _p,
—————— Jge-prand —— —-—-——gg._g,.

et al.'® The intermolecular atom-atom distribution functions g,,(r) obtained
from the RISM are shown in Figure 3.

4 RESULTS

From Figure 2 it is evident that the RISM predicts the main peaks in the
molecular structure factor quite well but the RISM: theory minima in the
structure factor are too shallow. In this connection it is important to mention
that Egelstaff et al.!® assumed liquid GeBr, expands in similar manner as
CCl, and scaled up the 30°C density data whereas we have taken the density
data at 30°C and 50°C and extrapolated it up to 60°C. The first and second
peaks in gg. . occur at 6.1 A and 12 A respectively. The locations of the
maxima in gg,_g, coincide roughly with the locations of minima in gy, g,. The
Ge-Br radial distribution function has its main peak at 5.3 A. These features
seem to indicate that the local structure of liquid GeBr, is one similar to
liquid CCl, as proposed by Narten’ in which a central molecule is inter-
locked with four of its near neighbours thus giving rise to angular correla-
tions. Egelstaff et al.!® proposed their “ Apollo model” in which the Ge-Br
bond of one molecule is in line with that of the other molecule and the
Bromine atom lies in the hollow formed by three off-axis Bromines of the
other molecule. According to this model the main peak in g5, g, should
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occur at a distance not less than the Ge-Br distance (2.3 A) plus the shell
radius within which the coordination number

Rgew(r) = dmp f P doe_n(r)dr @.1)
0

predicts a germanium has four Bromine neighbours (4.9 A). Thus for the
Apollo model the main peak of gg._g. should occur at no smaller distance
than 7.2 A. But in fact gg._g. peaks at 6.1 A. This would appear to suggest
that the Apollo model of Egelstaff et al. is inadequate for the present case
and that the structure of liquid GeBr, is better approximated by the one
suggested for liquid CCl, by Narten.”
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