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Electrical conductivity measurements show that liquid HgCI, has a conductivity which is 
about 10-'-10-' times smaller than that of a molten alkali halide. This has prompted us to 
study the partial structure factors assuming a molecular picture for molten HgCI, (at slightly 
above melting temperature) based on the "Reference Interaction Site Model" RISM. Accord- 
ing to this theory, the molecules consist of clusters of hard-spheres rigidly fused together. the 
equilibrium pair correlations being determined by the hard-core repulsive interactions. 

From the partial structure factors S&) and the corresponding radial distribution functions 
gap(r). the most important feature that emerges is the dominance of the structure by the corrcla- 
tions among chlorine atoms, S,,-,, being almost structureless. This is interpreted as  being due 
to strong shielding of mercury atoms by the chlorine atoms. 

1 INTRODUCTION 

There is currently a good deal of interest in the way in which liquid structure 
is influenced by covalency versus ionicity. TO take a recent example, CuCl, 
various approaches have been studied: for example, an ionic model in the 
limit of a very large difference in ionic diameters,' and with the appropriate 
ratio of diameters for CuC12 and, in contrast, a molecular f l ~ i d . ~ . ~  In both 
types of model, the partial structure factors exhibit some of the main features 
of those determined experimentally.' This situation obtains in spite of firm 
evidence for ionicity in molten CuCl from nuclear magnetic resonance6 
and from electrical conductivityresultswhich show aconductivitycomparable 
to that in molten alkali halides. 

It therefore seemed of some interest to examine the case of molten HgCI,, 
for which the electrical conductivity has been measured and is found to be 
about 10-4-10-5 smaller 

~~ ~ 

t There is, however, evidence 
(see Ref. 10). 

than that in molten alkali h a l i d e ~ . ' . ~ * ~ t  This 

that with increasing pressure, this conductivity increases. 
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suggests that the liquid might well be molecular, and this is therefore the 
picture adopted in the present paper. 

Although such a molecular fluid model could in principle be solved 
exactly, by computer simulation, given the force laws, in this work we have 
used the "Reference Interaction Site Model" (RISM) for molecular fluids 
developed by Chandler and Anderson." In support of the RISM, we can cite 
its success in predicting structures of molecular fluids in several publications 

The layout of the paper is as follow: in the next section we briefly sum- 
marize the basic equations that define the RISM theory, in Section 3 the 
method of solution and the physical parameters used are given. The results 
are represented in 4 and finally in 5 some conclusions are drawn from the 
resu 1 t s. 

before. 1 2 .  I 3. I4 

2 THE RISM THEORY 

Detailed discussion of the RISM theory can be found 
section we merely give the basic equations. 

In this 

The RlSM theory is defined by the following three equations 

kl) = W7m7)" - P$4)E((7)1- 'W) (2.1 ) 

where the hard sphere diameter crUa is usually taken to satisfy the additivity 
condition 

aua = gou + Up)  (2.4) 
In Eq. (2.1) h(q). (3(q), t ( q )  are matrices with elements fiUp(4) etc. where 

i,,,(q) = d3re-'q''h,a(r) I 
with 

hU&) = g.p(r) - I (2.6) 
Here gmP(r )  is the usual site-sitet (a, /? on different molecules) radial 

distribution function: w,&) is the intra-molecular correlation function and 

~ 

t An RISM molecule consists of clusters of hard spheres fused together -the interaction 
sites of the theory 
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for rigid molecules it is shown,13 that 

where I , ,  = Ic - $1, the distance between sites of a and p on a molecule. 
r: denotes the position of the ath interaction site on the ath molecule. p is the 
mean molecular number density. 

In (2.3), caD(r) is the site-site inter-molecular direct correlation function. 
Equation (2.2) is an exact consequence of repulsive hard-core interaction, 
(2.3) involves approximation. The problem of solving the RISM consists of 
finding solutions for the coupled non-linear Equations (2.1) to (2.3) to gms(r) 
and c,@(r). 

2.1 Partial structure factors 

Neutron diffraction experiments measure partial structure Factors defined by 

where now r:, rf are the nuclei, (. . .) denotes an ensemble average, and N is 
the total number of molecules. In terms of &,,(q) and h=,(q), the above 
equation is 

(2.9) s a , ( q )  = Gap(q) + pfisbtq) 

The partial radial distribution functions were obtained by a straight- 
forward fourier transform of (2.1): 

3 METHOD OF SOLUTION 

The RISM Eqs. (2.1) to (2.3) were solved numerically using the computer 
programs.” For details the reader is referred to Ref. (13). 

The physical parameters used in the theory were as follow; for hard- 
sphere diameters oHp and ucl we took values 2.2 A and 3.62 A respectively,16 
these are the Pauling diameters for these ions; the mean molecular number 
density p was taken as 0.00985 A - 3  (having been calculated from the liquid 
density of 4.44 gm/cm3 at 280°C):’6 electron-diffraction experiments on 
gaseous HgC12 show it to be a linear molecule with mercury-chlorine bond- 
length IHe-cl = 2.29 A,” and thus lcl-c, = 4.58 A. 

4 RESULTS 

The partial structure factors and the site-site radial distribution (pair 
correlation) functions are shown in Figures 1 and 2 respectively. For 
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FIGURE I 
space variable plotted IS y = gocl where a,, is the hard sphere diameter of chlorine. 

Partial structure factorsfor liquid HgCI, at 280°C. The dimensionless wave vectl 

the S,,’s the actual variable plotted is y = qacl while in r-space lengths are 
expressed in units of act. 

The most important features we notice in the above curves are the follow- 
ing: 

a) Apart from the presence of a broad shoulder on the long wave-length 
side of the first peak at y ‘u 7, the Scl-cl resembles that for a simple liquid. 
In both S,&y) and g.&r), the oscillations in Scl and gCl  .cI are more pro- 
nounced than the other two correlations: in gcl-cl in  particular, oscillations 
extending well out in r-space are observed. 

b) In SH+-I,  the depth of the first minimum is rather small and the width 
of the trough large: the oscillations in gHe-cl are damped and beyond r/oCI 
2 3.5 these are barely perceptible. 

c )  SHE-”! is almost structureless: also g H g - H p  is the most damped of the 
three g’s going very rapidly to its asymptotic value of unity. 

In all the gas(r)’s “cusps” (discontinuities in derivatives) are seen; these 
are due to repulsive hard-core interactions among the molecules in the 
RISM theory. (See for instance Ref. 13). The presence ofthe broad shoulder in 

I t  would seem from the above discussion that in a molecular fluid model, 
the structure in liquid HgCI2 is dominated by correlations among chlorine 
atoms. the other correlations, viz those among Hg-CI and Hg-Hg being 

on thd other hand, is not immediately explicable physically. 
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FIGURE 2 
obtained by Fourier transform of Eq. (2.1). 0,-, is the unit of length. 

Partial radial distribution (pair correlation) functions for liquid HgCI, at 280°C 

rather weak. A plausible explanation might be in this RISM theory that the 
Hg-atom is very strongly shielded by the CI-atom; in a picture of a linear 
symmetrical HgCl, molecule, this shielding is built into the theory. I t  is 
worthwhile to mention here that, in their work on liquid U 0 2 ,  Bhuiyan etaf. l 8  

also observed relatively weak U-U and U - 0  correlations, in this case, too, 
the UO, molecule was assumed linear and symmetric. 

5 CONCLUSIONS 

Our main conclusion from this work is the dominance of the structure in 
liquid HgCl, by the CI-CI correlations; the shielding of the Hg-atoms by 
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306 L. B. BHUIYAN 

the CI-atoms as we have seen, is to a certain extent inherent in a molecular 
fluid model. 

Appropriate choice of diameters for the constituent hard-spheres in the 
molecule is a crucial feature of the RISM theory: indeed in most of its pre- 
vious  application^'^*'^ after varying the sizes of the atoms, the best RISM 
molecule was considered as the one which gave closest agreement with the 
experiment (diffraction or computer simulation). There is also evidence that 
this choice of sizes considerably affects structure.'* Absence of such in- 
formation of HgCI, is clearly a disadvantage in this connection. Our results 
must therefore be viewed in this light and at this stage can only be qualitative. 
Subsequently, when experimental results do become available it might be 
necessary to supplement this work by a moredetailed study which takes into 
account this variation of sizes of Hg and CI atoms. 
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