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ĉ

IC/84/10

INTERIMATIOIMAL CENTRE FOR

THEORETICAL PHYSICS

STRUCTURE AND THERMODYNAMIC PROPERTIES

OF MOLTEN RUBIDIUM CHLORIDE

INTERNATIONAL
ATOMIC ENERGY

AGENCY

P. Ballone

G. Pastore

and

M.P. Tosi

UNITED NATIONS
EDUCATIONAL.

SCIENTIFIC
AND CULTURAL
ORGANIZATION 1984 MIRAMARE-TRIESTE





IC/84/10

International Atomic Energy Agency

and

United Nations Educational Scientific and Cultural Organization

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

STRUCTURE AND THERMODYNAMIC PROPERTIES

OF MOLTEN RUBIDIUM CHLORIDE*

P. Ballone, G. Fastore

International School for Advanced Studies, Trieste, Italy,

and

M.P. Tosi

International Centre for Theoretical Fhysics, Trieste, Italy,
and

Istltuto dl Fisica Teorica del I'Universiti, Trieste, Italy.

ABSTRACT

Self-consistent calculations of partial pair distribution functions and

thermodynamie properties are presented for molten RbCI in a non-polarizable-ion

model and compared with computer simulation data. The theory, which is quantit-

atively very successful, hinges on an empirical evaluation of bridge diagrams

including both excluded-volume effects and long-range Coulomb effects.
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The structural properties of a molten alkaDi halidc are

ch'-'.racteriKnd lay three partial structure factors S _(k), S (k)

and 3 (k) und throe pair aintiabution functions g (r) , g (r)

and g (r). These functions are known experimentally for

several alkali chlorides through neutron diffraction from

isotopically enriched samples (see e.g. Enderby and Keilson

i960) and have also been determined by computer simulation for

a variety of models of these liquids (see e.g. Sangster and

Dixon 1976). For molten RbCl in particular, results by these

two techniques have been reported by Mitchell, Poncet and

Stewart (1976) and by Dixon and Sangster (1977; see also Dixon

and Gillan 1981), respectively; This system can to some extent

be regarded as a prototype, insofar as (i) the short-range

cation-cation and anion-anion potentials are rather similar

end (ii) simulation, by a nonpolarizable-ion model for the

intcrionic forces provides already a rather good description

of the short-range ordur which is experimentally seen. Precisely

because of the unusually detailed evidence which is available

in the three structural functions, a theoretical analysis

offers the possibility of a refined test of current liquid-

structure theories.

The hypernetted-chain (HNC-) approximation is a natural

atarting point for transcending a model of charged hard spheres

for these liquids, at the cost of abandoning hopes of analytical

progress. She diagrammatic analysis of the pair distribution

functions g (r) leads to

g (r) = expl-

where Greek suffixes label the two ionic species, jj =

<A> (r) are the interionic potentials, and n(r) and b(r) are

the so-called nodal and bridge diagrams contributions. One

further has
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where

(2)

(3)

;m& the partial direct correlation functions c (r) are defined

through the integral equations

te-r.'Dh^r1), (4)

with na the nuiaber density of ot-type ions. The HWC approximation

consists of neglecting the bridge termc b (r), whereupon eqns

(l)-(4) become a closed set of equations for the evaluation of

the g (r)'s from the interionic potentials. This approximation

usually distorts a number of structural details arid, moat

importantly, introduces thermodynamic inconsistencies, which in

the case of molten sales involve an error by a factor of about

two in the compressibility (Abcrnethy, Dixon and Gillan. 1981).

In assessing the role of the bridge terms in molten RbCl,

we have been guided by the consideration that the short-range

order in a molten salt is mainly a reflection of (i) Coulomb

attractions and overlap repulsions between unlike ions in

g (r) and (ii) Coulomb repulsions between like ions in g (r)

and g (r). We may for instance quote, in support of the latter

statement, the experimental findings of Biggin and Enderby (1982)

for molten NaCl, which, show g (r)Cdg (r) within experimental

uncertainty in spite of the strong asymmetry in the like—ion

potentials in this system. These considerations suggest the need

for a simultaneous account of excluded-volume effects for both

unlike and like ions, through reference to hard-sphere fluids,

and also of medium-range Coulomb correlations through reference

to Coulomb fluids. In fact we have found that, though, the shape
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of £ (rj is not very di^criminating, reference to both classes

of fluids XB crucial if we want to account for the detailed

shapes of all the pair- distribution functions.

V/e thus write

b (r) = exp(-r /jj )b (r;n ) + |_l-exp(-r /f )]b (r) (5)

where b (r;^) is taken from the Percus-Yevick theory for the

fluid of hard spheres at packing fraction *[ (Wertheira 1963,

Tniele 1963) while b^ (r) is the leading (4-point) bridge

diagram, given by

(10 V ff

The six parameters involved in eqn (5) can be reduced by taking

% „ s = f2 1 (7)

and

1 = 1 = f2 1 , (8)

as indicated by the relative positions of the main peaks in

the pair distribution functions. The need for different packing

fractions in egn (8) arises from the different origins of the

excluded volumes in unlike and like-ion correlations. V/e have

further fixed 1 at the position of the main peak of g (r)

in the 1-iKC, leaving only *[ as a disposable parameter to

impose thermodynamic consistency between tlie values of the

isothermal compressibility derived from fluctuation theory and

from the virial theorem. The results presented below are stable

against reasonable variations of this scheme, such as the

replacement of b (r) by other choices for the bridge function of the

hara-sphere fluid. It may be noted that, in similar work on

one-component fluids, Rosenfeld and Ashcroft (1979) found the

hard-sphere term to suffice for monatomic liquids and for the

classical plasma, while lyetorni and Ichimaru (1982) used a

scaled 4-point bridge diagram for the classical plar.ma.
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Our results for molten RbGl at T = 978K and n = n =

0.0111 A™ , obtained with the interionic potentials of Tosi and

Puroi (1964), are reported in Figure 1 and Table 1, Figure 1

compares g _(r) and g (r) with the computer simulation results

of Dixon and Sangster (1977), obtained on the same thc;rmodynamic

state with the same potentials, and also with the HNC results.

g (r) is nearly indistinguishable from g (r) and was omitted

for the sake of clarity. The degree of detailed agreement with

the simulation results i3 striking. The hard-sphere terra in

eqn (5) mostly affects g (r) and the rising part of g (r),

while the 4-point diagram is crucial in reproducing the detailed

structure of g (r) into a main peak and a further shoulder.

The improvement over the HNC approxims'tion is even more

striking in a comparison of thermodynamic quantities vd.th

simulation data. This is reported in Table 1 for the pressure

P and the access internal energy U _ , the separate contributions

to U from the Coulomb interactions (Kadelung energy) and

from short-range interactions being also lifted. The Table also

illustrates the thermodynamic consistency in the isothermal

compressibility IC. Y/ith regard to the other thermodynamic

quantities which enter the long-v/avelength behaviour of the

partial structure factors, the present calculations confirm the

qualitative conclusions of Rovore e_t al (1979) for this system,

i.e. the inequality v > v for the partial molar volumes and

an imaginary 'screening length*.

A comparison of our results with experimental data on the

partial structure fact6rs is, of coiirse, of the same nullity p.r,

often illustrated from simulation work (see e.g. Dixon trad

Gillan 1981) and r:iir,es the question of the accuracy of tlie

interionic potential;;. 1'ho mnin discrepancy with the nv^ilaljlo

structural data for RbCl (lTitchell ct, al 1976) r-pvc-.Tr, in 1;)io

L peak of the number-number svfcrueturo f:;•,;'(o:.:- ',J XV.) •••

number where the (2,0,0), (2,2,0) and (2,2,2) Bragg reflections

fall in the crystal. The theory agrees qualitatively with exper-

iment in showing a double structure in this peak, but quantitative

agreement is lacking.

In conclusion, our results stress once again the importance

of ther;aodynamic consistency in licuid-structure theories and

at the same time, in the face of structural evidence which is

more detailed than for one-component fluids, show sensitivity

of the bridge terms to the interatomic force law. The availability

of an accurate theory of molten-salt structure raises the hope

that it may be possible to gain information on interionic

potentials from accurate structural data, this question being

perhaps of greater practical importance for systems such as

SrCl (lie Greevy and Mitchell 1982) than for the alkali halidesii

A rnoro complete account of this work and extensions to other

molten salts will be reported elsewhere.
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Fig. 1 Pair distribution functions g (r) and g (r) in molten RbCl. Full
+ - + +

curves; present results; broken curves: HNC results; dots: simulation

results, From Dixon and Sangster (1977).



Tab ! e I * Thermodynnm i of I iquid RhC Z

HNC

Present

Simulation

P

(kbar)

6.0

2.0

2.0

' exc

-38

-38

-39

.54

.95

.02

-42.44

-42.45

-

3

3

sr

.90

.50

-

viria!

-12 2
(10 cm /dyn)

27

25

6

1

fluct
KT

-12 2
(10 cm /dyn)

80

25

5

1

* At T = 97a K and n = 0.0111 A . The simulation results are from Dixon and

Sangster (197 7) and Dixon and Gillan (1981).




