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Abstract. We present the first calculations and computer simulations of the static structure
and ionic transport properties of molten thallium halides near melting. The calculations have
been carried out using the hypernetted-chain theory of liquids (HNC), and for the simulations
we have used molecular dynamics (MD). The potentials used for the calculations have the same
functional form as the semiempirical potential originally proposed by Vashishta and Rahman
(Vashishta P and Rahman A 19P8iys. Rev. Lett40 1337) for studyingx-Agl.

The total structure factors obtained from our calculations are in fair qualitative agreement
with available neutron scattering data. The local structures of these melts exhibit a behaviour
intermediate between those of the noble-metal halides and the alkali halides.

The mean square displacements, velocity autocorrelation functions and distinct correlation
functions confirm further this intermediate behaviour suggesting a rather complicated diffusion
mechanism where mass and size effects compete strongly. The results for the specific ionic
conductivities are in good agreement with experiment if it is assumed that the ions, in their
transport, have an integer charge of magnitydé = 1, rather than the magnitude of the
effective charges used in the potentials.

1. Introduction

This paper is concerned with integral equation calculations and computer simulation studies
of the static structure and ionic transport in molten thallium halides (TDé: X, Br, 1)

near the melting point. They are, as far as we are aware, the first calculations for these
properties of molten TIX to be presented in the literature.

To this end we have used potentials which have the same functional form as those used
to study the molten silver and copper halides [1-6]. These were originally proposed by
Vashishta and Rahman [7] for studying tBeto-« transition in Agl. Unlike the case for
those systems, which either melt from a superionic phase (Agl, CuBr, Cul) or exhibit strong
premelting phenomena (CuCl, AgCl, AgBr), there is no clear justification for the use of
these potentials in the case of the molten TIX compounds. However, we take the view that
these are semiempirical potentials which can be used in the case of the molten thallium
halides for the reasons given below.

The molten TIX compounds exhibit several features which distinguish them from the
alkali halides, and have always been banded together with the noble-metal halides [8].
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Nagasaka and Kojima [9] have modelled interactions between ions with a potential which
assumes charge transfer (from anion to cation) in the copper, silver and thallium halides.
Using those potentials they calculated the ionicjtyof the copper, silver and thallium
halides. For the copper and silver halides their results are in good agreement with those
obtained by Phillips [10]. The values gf obtained for the thallium halides—0.854 (TICI),
0.829 (TIBr), 0.821 (TII)—fall in between those for the noble-metal halides and the alkali
halides in the Phillips scale [10]. All three TIX compounds have CsClI-type crystal structure
near their melting points [11]. All of these systems have relatively high ionic conductivities
which increase exponentially as the temperature increases, reaching a value of the order of
o ~ 102 Q! cm™! at zero pressure, just before melting [12]. This valuerdf much
higher than that found for the typical alkali halides, but smaller than that for the noble-metal
halides. The TIX compounds also have relatively large dielectric constants [13]. This is
important to ionic transport because the larger the dielectric constant of an ionic crystal,
the lower the energy of formation of lattice defects. Experiments at atmospheric pressure
have indicated that the defects in the crystal structure of TIBr [14] and TICI [15] consist
primarily of Schottky defects.

There is very little in the way of experimental information on the molten TIX
compounds. Most relevant to this work are the neutron scattering experiments carried out,
near the melting point, by Satoet al [16]. Our results reproduce their results qualitatively
and, hence, give us confidence in the credibility of the other results presented below.

In the following section we present briefly our parametrization of the potentials, as well
as minimal information on the solution of the hypernetted-chain (HNC) integral equation
theory of liquids and the molecular dynamics (MD) code used in our work. In section 3
we present our results. These are followed by a few relevant conclusions.

2. Formalism

2.1. The potentials

As indicated in the introduction, we have used in our calculations the functional form of
the potential originally proposed by Vashishta and Rahman, namely
2
bup(r) = 10 LB Teb_Con g pmg, (2.1)

Before we move on to the parametrization of the coefficients in equation (2.1), the
following two comments are in order. First, we also attempted to use the potentials given by
Mayer [17] for TIX, but the HNC calculations did not converge to a solution for the structure
when used in conjunction with the appropriate thermodynamic information—tempefature
and densityp—near the melting point (as given in table 2 later) even when using partial
charges. In fact, it is now well established that the applicability of the Born—Mayer-type
potentials is severely restricted [18]. Thlearge-transfeipotentials developed by Nagasaka
and Kojima [9], while predicting reasonable values for the ionicfty reproduce rather
poorly the observed values of the cohesive energy of the TIX crystals. Moreover their
predicted potential wells are too deep to be of use for liquid-state calculations. Second, and
this is particularly relevant for solid-state calculations, the TIX compounds fail to satisfy
the Cauchy relation between the elastic constants, which rules out the use of pair potentials.
In fact, for TIX c12 is about twice the size ofs4 [19]. Nonetheless, we submit that our
semiempirical potentials remain a useful tool in liquid-state calculations.

The parametrization of the semiempirical potential used in this work, equation (2.1),
follows the prescription suggested by Rahman and Vashishta for Agl [20]. However, it is
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Table 1. Effective pair potentoial parameters for TICI, TIBr and TII. The units of Iength;are
and the units of energy ae# A—1 = 14399 eV.

¢0{ﬁ Nap Ho{ﬁ Po(ﬁ Cotﬁ
TICI (1Z| = 0.68)

TI-TI 7 1503 O 0
CI-Cl 7 133.42 1.60 5.8
TI-ClI 7 48.75 0.80 0

TIBr (]Z| = 0.70)

TI-TI 6 958 0 0
Br—Br 6 62.25 2.19 9.1
TI-Br 6 26.26 1.10 0
Tl (J]Z| = 0.65

TI-TI 5 320 O 0
Il 9 4719.76 3.08 19.0

Tl

~

97.85 1.54 0

possible to obtain different sets of parameters which satisfy their prescription. Of these we
have chosen that set which, used in conjunction with MD simulations, shows that the system
has just melted at the experimental temperature and density. The parameters used in our
potentials are shown in table 1. A few comments are in order. In the choice of the inverse-
power potentials we have been guided by the values of the isothermal compres&ibility
[17]. Since we were unable to find in the literature a valuekgf for molten TII, we
estimated its value to b&; = 1071 m? N~1. The values of the effective charges found in
the literature [Z| = 0.8-0.97), and used in solid-state calculations [9, 21, 22], are higher
than those used in our potentials (table 1). However, the values for the ionicity of TIX
suggest that the effective charges should be nearer to those used in our calculation for
molten AgCl and AgBr [Z| = 0.68 and 0.66 respectively) [4].

Figures 1(a), 1(b) and 1(c) show the potentials used in our calculations for molten TIClI,
TIBr and TII respectively. The differences betweefr (r) and¢xx (r) at small values of
r are due to the difference iQ size between cations and anions. The minimu# )
occurs at 2.48, 2.88, and 3.Zfor TIBr, TICI and TII respectively. These distances are
smaller than the cation—anion distances calculated in the solid gtate= 3.44, 3.32 and
3.64 A respectively.

2.2. The HNC theory of liquids and MD simulations

We evaluated the pair distribution functiopss(r) and the partial structure factofgg (k)
using both the HNC approximation and MD simulations [23]. From the partial structure
factors we reconstructed, using the appropriate neutron scattering lelgthbe total
structure factoiSy (k) in order to make a direct comparison with the experimental results.

We obtained numerical solutions for the HNC for the pair potentials given in equation
(2.1), at temperaturé& and densityp, using a method originally due to Gillan [24]. All of
the calculations were carried out usitg = 1024 mesh points.

For our MD simulations we used a set 8f= 512 ions (v/2 anions andV/2 cations)
placed in a cubic box whose side is defined by the density, with periodic boundary
conditions at temperatur®. The procedures used in our simulation code are described
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Figure 1. Effes:tive pairwise-additive potentials for molten TIX X CI, Br, 1), equation (2.1),
in units of 2 A~1 = 14.399 eV, with the parametrization given in table 1. (a) TICI. (b) TIBr.
(c) TII. Solid line: ¢1imi(r); broken line (long dashes)rix (r); broken line (short dashes):
Oxx (r).

elsewhere and we specifically refer readers to references [4] and [6] for further details (see
also reference [25]).

The structural properties studied in this work are the pair distribution functjgng)
and the partial structure factofgz(k). The latter were calculatedirectly from the density
fluctuations [6]. We show the results fggg(r) and S.z(k) in the next section.

We also evaluated the mean square displacerrKe;fn(s))(a = +, —), and the norm-
alized velocity autocorrelation functions (vaadf), (r). We have also evaluated the normal-
ized charge-current-density autocorrelation functiGfi(z), and the normalized distinct
correlation functiors (¢) [26].

We have evaluated both the diffusion coefficieb{sand the specific ionic conductivity
o. For the first we used both the Einstein relation and the Kubo formula [27]. oFor
we also used the corresponding Kubo formula [27] and the Einstein-like relation discussed
by Trullas and Padr [26]. Results forD, ando, also presented in the next section, are
normally averages of those obtained from using the two approaches.
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Table 2. Inputothermodynamic data used in the HNC calculations and MD simulatipnis.
the density, inA—3; T is the temperature, in K. We also include, for comparison, the melting
temperature7;,, also in K.

Input data  TICI TIBr Ti

P 0.027F 0.0246 0.0216
Y 823 843 833
T,,2 702 732 713

2 Reference [27].
b Reference [16].
¢ Estimated (see the text).

It is also possible to use the distinct correlation function to define uniquely the coefficient
A [26] which measures the deviation®ffrom the Nernst—Einstein relation [27]. Our results
for A are also discussed in the next section.

3. Results

3.1. Liquid structure

We carried out HNC calculations and MD simulations of the liquid structure of TIX at the
temperatures quoted by Satat al [16] for their neutron diffraction experiments. The
input thermodynamic data are given in table 2. The densities for molten TICI and TIBr
are available in the literature [28], but the value of the density of TIlI given in table 2
was estimated. At this estimated density, and for the potentials used in this work, the MD
simulations show that the system is a liquid at the given temperature.

The results of our calculations for the pair distribution functigpg(r) are shown in
figure 2. We see from the figure that, for values-dfeyond the first peak, the HNC results
are in good agreement with the MD simulations. The main differences lie in the rather
broad first peak of the pair distribution functions of like ions, which also exhibit a shoulder
on the highr side. In the HNC results for the distribution functions of like ions the height
of the first peak is always lower, and ‘flatter’, and their positions always at smaller values
of » than the MD values. The positions of the first peakegf(r), rj, are given in table
3. Thegus(r) display more charge penetration and less charge cancellation than the alkali
halides, but less than in the molten noble-metal halides—a sign that these systems represent
a case intermediate between the two. The behaviour of the first peak, in our view, points
to shortcomings in the HNC theory. Similar types of shoulder have been found for molten
Csl [29] and RDbCI [30], and predicted for AgCI [31], near melting and at normal pressure.
However, Ross and Rogers have shown for Csl that, under pressure, this shoulder resolves
into a second peak igcscdr) [29]. Given the results for molten Csl under pressure we
conjecture that, likewise, the shoulder for molten TIX is likely to resolve into a second peak
if subjected to pressure on account of having the same structure in the solid phase.

We now turn to the coordination numbergg. For the solidatx = 8 and, assuming
that the liquid near melting retains the local structure of the solid, we should expect that
on average this would be the case for the thallium halides. However, S#tal\16] in
the analyses of their experimental data suggest/that= 6 and they concluded that, on
melting, TIX has a local structure similar to that of, say, molten NaCl. The method of
isomorphous substitution in molten salts used by Satbal to obtainrgy*/rfig* and hence
infer nmix is suspect and, in fairness, these authors acknowledge that much. Moreover,
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Figure 2. MD (solid lines) and HNC (dash—dotted lines) results for the pair distribution functions
gap(r) of molten TIX (X = ClI, Br, 1) at the temperatures and densities given in table 2ga))
for molten TICI. (b)gap(r) for molten TIBr. (C)gqp(r) for molten TII.

it is difficult to come to a conclusion based only on the coordination number of unlike
ions. Hence, we decided to carefully analysg. There is another reason for carefully
analysingn.g: whereas the molten alkali halides retain, on average, the same structure
of the crystalline solid, AgBr and AgCl change, on melting, from a rock-salt to a zinc-
blende-like structure. The results for AgBr and AgCl were found experimentally by Keen
et al [32], and confirmed by thab initio simulations of Wilsonet al [31], and our own
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Table 3. Structural parameters. coordination numbers, and ionic transport properties of the
molten thallium halides.

Parameters TICI TIBr T
rIEA MD 43 45 48
HNC 4.2 43 46
rEA MD 43 44 45
HNC 4.1 43 44
rmagA MD 31 32 34
HNC 3.05 32 33
N MD 170 169 17.8
ni MD 165 167 16.8
iy MD 6.3 64 6.3
Y MD 198 202 209
nYy MD 195 193 19.2
nYx MD 6.8 69 6.9

D/(107% cn? s71)
Dy 2.3 21 19
Dy 2.1 1.9 17

o/(Q temh

o (Zegr) 06 05 02
o(Z=1 1.2 10 06
o (experiment} 1.52 1.07 0.64
A(N = 216 0.09 0.05 0.28
A(N =512 0.19 0.27 0.24

2 Reference [28].

calculations [4].

There are five different methods for evaluating the coordination numbers [33]. However,
we only report the MD results obtained using methods iv and v; these are listed in table 3.
Those evaluated using the HNC are available on request. We note, in passing, that it was not
possible to evaluaterr; andn; for molten TII, using the HNC, because of the asymmetric
behaviour of the like-pair distribution functions. We recall that method iv evaluates the area
of rzgo,ﬂ(r) up to its first minimum, whereas method v integrates up to the first minimum
of gup(r). We find that, in both casesmnx = 6-7, whereasitiry =~ nxx =~ 17-19. On
the basis of these results we conclude that, contrary to the suggestion of &atgvithe
TIX compounds retain, on melting, the same local CsCl-like structure that they have in
the solid. We base our conclusion on the following points. (i) Although the value of
the average coordination number of unlike ions is slightly below the value for the crystal,
similar features have been noted in most of the systems for which there are MD results
[34]. (ii) More importantly, the first shell of like ions has the 326 arrangement in the
solid CsCl structure, which merges into the shouldered first peak of the like-pair distribution
functions giving a commensurate value for the average coordination number. On the other
hand, the first coordination shell for solid NaCl of like ions contains twelve ions and is
followed by a second coordination shell of unlike ions containing eight ions and a second
shell of like ions containing six ions. If the local structure of molten TIX was more like
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Figure 3. MD (solid lines) and HNC (dash—dotted lines) results for the Bhatia—Thornton partial
structure factors of molten TIX at the temperatures and densities given in table 2. Please note
the different scale used fdfyz (k). (a) Ses(k) for molten TICI. (b) S, (k) for molten TIBr.

(€) Sgp (k) for molten TII.

that of NaCl, then there would be some sort of feature, however wealxr) at about
the same position as the shell containing the eight unlike ions; such a feature is not present
in grix (r).

We now turn to the partial structure factors. Figure 3 shows the MD and HNC results
for the Bhatia—Thornton partial structure factors [22] of molten TIX. The Ashcroft—-Langreth
partials are not shown but are available on request. Except for the shoulder following the
principal peak ofSyy(k), the HNC calculations and MD simulations are in reasonably
good agreement, particularly if we take into account that the finiteness of the simulation
box renders meaningless the simulation of the structure for valuesiodr /L, and also is
subject to fluctuations errors. Notice also that the first peakyaf(k) is at almost the same
position as the principal peak in the total structure facg(k) shown in figure 4. The
principal peak ofSyy (k) is also at the same position as a shoulder in the Ashcroft—Langreth
partial structure factors of anions and the second peak of the partial structure factors of the
Tlions. Hence, these features in the Ashcroft-Langreth partials and the total structure factor
can be attributed to density fluctuations. The charge—charge partial structureSagtoy
is almost typical of an ionic system, but exhibits more oscillations #as(k) for the alkali
halides, reflecting the partial ionicity built into the potentials. Note that the first peak of the
simulatedSz (k) is higher than that calculated with the HNC, suggesting a higher degree
of Coulomb ordering in the former. Finally we note that the coupling between charge



Static structure in molten thallium halides 11069

2 3
k (1/A)
(c)

Figure 3. (Continued)

and particle fluctuations, as given Iy (k), is not negligible when compared with the
same property for the alkali halides. Figure 4—for which we have used a different scale
for Szn (k) to that for the other partials—exhibits oscillations which are not present in the
simple molten salts.

Figure 4 compares our MD and HNC results with the experimental total structure factors
of molten TIX. The values of the neutron scattering lengths used in our work, in fm
(10715 m), are [35]: byy = 8.776,bcy = 9.577, bg, = 6.795 andb, = 5.28. There is a
fair qualitative agreement between our results and the neutron scattering data. As noted
above, both the position and the height of the principal peak;¢t), and to some extent
also the other peaks, are dominated $yy (k). This suggests that the main features of
the experimental total structure factor are due to short-range topological order. Only the
shoulder, which appears on the lawside of the principal peak in the total structure factor
of Tl (faintly in the experimental and M3z (k), more noticeably in the HNC results), is
at the same position as the principal peak of the charge fluctuation partial structure factor
Szz (k) and has its origin in charge ordering. For TICI the position of the experimental first
peak is shifted towards slightly larger valuesigfthis shift is smaller for TIBr and TII.

The height of the first peak is bounded by our MD simulations, which always give higher
values, and the HNC results, which are always slightly lower. The MD simulations exhibit
a similar type of shoulder on the highside of the principal peak of;(k), albeit in a
different position and with different heights to those exhibited by experiment; this shoulder
does not show up in the HNC simulations.
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Figure 4. Total structure factorsy (k) of molten TIX (X = CI, Br, I) at the temperatures and

densities given in table 2. Solid line: neutron scattering data [16]; dotted line: MD simulations;
broken line: HNC results.

3.2. lonic transport

Figure 5 shows the mean square displacemérfis)) (e = +, —) for TIX. They suggest
some unusual features of the diffusion mechanism of these ions, at both intermediate
and long times, which we discuss below in conjunction with our results for the velocity
autocorrelation functions (vacfy;,(¢), which are shown in figure 6.

The features which require some explanation are the differences in the behaviour of
(r2(t)) at intermediate times,~ 0.4-0.6 ps, and for long times. In order to try to understand
these results it is useful to recall briefly both our interpretation for the mechanism of diffusion
in the noble-metal halide melts [4, 6], and that given for the molten alkali halides [27].

We suggested that, in the noble-metal halides, the anionslaitiper ions—experience
a ‘rattling’ motion in the cage formed by the neighbouring anions, with the cations only
playing the role of ‘holding’ the cage as they move through it in their largely diffusive
behaviour. This picture is moderated in the case of the molten AgCl and AgBr because
the size difference between cations and anions is not as large as in the other cases. The
alkali halides exhibit a ‘rattling’ motion of théghter ions—irrespective of their sign—in
the relatively long-lived cage formed by their heavier neighbours.

The picture that we suggest for the TIX melts is that they exhibit a mix of the two
mechanisms. Of course ours is a somewhat schematic pictorial description in need of both
experimental and theoretical corroborating evidence.
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Figure 5. MD results for the mean square displacemenig(r)), of molten TIX (X =
Cl, Br, I) at the temperatures and densities given in table 2. ((é}t)) for molten
TICI. Solid line: {rZ(1)); broken line: (rZ (1)). (b) (r2(¢)) for molten TIBr. Solid line: (rZ (r));
broken line: (r3,(1)). (c) (r2(+)) for molten TII. Solid line: (2 (1)); broken line: (r2(1)).

We suggest that, for ~ 0.4-0.6 ps, there is a complicated behaviour of a cage of
anions (the lighter ions in all of the three cases studied here) around another anion, and
another—fuzzier—cage of cations around the same anion. Within the latter the anions
oscillate strongly, and the strength of the oscillations in the vacf increases with increasing
mass difference between anions and cations. This shows up as a deeper backscattering, as
shown in figure 6, for TICI withimt/mc) = 5.8. Hence the diffusion mechanism for the
anions, at this stage, is more like that for the molten alkali halides. As the anion breaks
through this cage there is a change of slopérfr)) that is more pronounced for molten
TII. The anion then ‘sees’ the cage of the like anions which it finds more difficult to break
through, so in the diffusive regime it is still slower than the cations. Thus the behaviour
of an anion as it goes through the second cage is more like that found for the molten
noble-metal halides.
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Figure 6.

MD results for the normalized velocity autocorrelation functior,(z), and
normalized distinct velocity correlation functiodi(z), of molten TIX (X = CI, Br, 1) at the

temperatures and densities given in table 2. {gjr) and §(r) for molten TICI. Solid line:
Ci(¢); broken line (short dashes)Cc(¢); broken line (long dashes)s(z).

(b) Cy(¢) and
§(t) for molten TIBr. Solid line: Ct|(r); broken line (short dashes{:g,(¢); broken line (long
dashes)$(t). (c) Cy(¢) andd(r) for molten TII. Solid line: Cti(z); broken line (short dashes):
C(1); broken line (long dashes}.(r).

The cations exhibit weaker backscatterings which are rather similar for the three systems.
As the cations break up their cage they show a change of slopeim)) that becomes

more pronounced with size difference, namely in TIl. However, the cations find it easier to
break through the cage of anions because they are the smaller ions. Hence in the diffusive
regime they remain the more mobile, but only slightly so.

We note that there appears to be a mass effect in the short-time behaviour of the distinct
correlation functions.s(¢) is initially positive when the mass ratio is larger, as in TICI,

but it is initially negative when the mass ratio decreases significantly, as in Tll. There also
appears to be a correspondence between the strength of the oscillaignsand the depth
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of the first minimum inCx (¢). This is an empirical observation based on all of the systems
that we have studied, including in this work [4, 6]. We believe that it may be related to the
interplay between mass and size difference between cations and anions. However, we have
not been able, so far, to formulate this observation quantitatively.

We now turn to the properties characterizing ionic transport, namely diffusion
coefficients and the specific ionic conductivity. The results for boghando are given in
table 3. The results fob, confirm the trends expected from tl(ui(t)) results, with the
diffusion constants for the cations only slightly larger than those for the anions. There are
no experimental results db,, to our knowledge, available in the literature for the molten
TIX. However, we submit that, on the basis of the values obtained for the specific ionic
conductivity discussed below, the values that we obtain for the diffusion constants are fairly
reliable and can be used with confidence.

We actually carried out two different calculations fer one using the same effective
charge as was used for the potentials, and the other using a chargé. It is possible
to produce arguments supporting either case. For the former there is the argument of self-
consistency in the calculations. For the latter, which we favour, we argue that, whereas in
their interactions the ions ‘see’ effective charges, in their transport the ions carry with them
their full complement of electrons. The results that we obtain in the two cases are shown in
table 3 where we also include the experimental data [28]. The results édatained using
Z.sr are between one third and one half below the experimental data, whereas those obtained
with Z = 1 are in good agreement with experiment, with the largest difference found for
TICI. The results foro obtained usingZ = 1 can go either way when compared to those
obtained usingZ.;s. We have found that the values forobtained usingZ = 1 improve
for the silver halides but worsen for the copper halides [6]. We believe that the reason for
this may be related to whether or not the parametrization of our potentials encourages a
higher mobility in the ions. However, we cannot prove this statement until experimental
information on the diffusion coefficients of molten TIX become available. For the TIX
melts the calculated conductivity is always below the experimental value which, in turn,
suggests that we are underestimating the values of the diffusion constants.

The value ofA is very sensitive to the numerical evaluation of the integral of the distinct
correlation function. We have also found that the value of this integral is sensitive to the
number of particles used in the simulations. The resultsAfarbtained by using both 216
and the 512 used in this work are shown in table 3. We have also checked how sensitive the
value of A is, with the cut-off placed at different times fé(r), and find that with 512 ions
it is much less sensitive than when using 216 ions. Hence we are confident that the value
obtained with 512 ions is likely to remain unchanged if the simulation uses a larger set of
ions. In fact the values obtained from the simulations with 512 ions show some degree of
consistency for the three systems studied which is not found with the smaller set of ions.
The values ofA obtained with the former are all positive. This is an important difference
vis a vis the noble-metal halides whe is always negative and from the case of, say,
molten NaCl whereA is approximately zero. We have also verified that the values for the
diffusion constants and the specific ionic conductivity are not sensitive to the number of
ions used in our simulations.

Finally we would like to stress that the important quantity heré(ig rather thanA.

The latter measures empirically departures from the Nernst—Einstein relation. However, a
value of A near zero is not necessarily the signature of a simple molten salt, for in most,
if not all, cases this means that the oscillationss {n) tend to cancel. From this point of
view an ideal molten salt is one where there are no oscillatiordgsin and this does not
happen even for the simplest of model molten salts [27].
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4. Conclusions

We have presented the results of the first integral equation calculations and molecular
dynamics simulations for the molten thallium halides obtained using a semiempirical
potential whose functional form was originally proposed by Vashishta and Rahman for
studying the properties af-Agl [7].

The combination of the two approaches made possible the study of the static structure
and ionic transport properties for these ionic melts. The results thus obtained are in fair
gualitative agreement with the rather scarce experimental information available on these
systems. In fact, even some of those which are available are not necessarily too reliable.
The neutron scattering experiments were fraught with difficulties both in the preparation of
the samples and in the actual measurements on account of the high vapour pressure present
in the thallium salts [36]. We hope that the present calculations are sufficiently convincing
to motivate new experimental studies of the structure of these systems. Moreover, such
studies would be useful to confirm whether our estimated density for molten Tll is sensible.

Although we are confident of the general trends, we want to qualify our picture of the
molten thallium halides as cases intermediate between the molten alkali halides and the
noble-metal halides. Neither the former nor the latter can be regarded as rigid blocks, as
there is a rich variety of behaviour in both classes of system. Nonetheless we submit that
given the important qualitative differences between these two classes of molten salts, this
grouping makes sense, and places the molten thallium halides in between the two.

The interpretation of the diffusion mechanisms that we are putting forward is in need
of independent verification and, at the very least, experimental information on the diffusion
constants would be extremely useful. We are confident of the trends shown by our results
but, in the end, only experiment can decide.

In spite of our arbitrary choice, it is clear that the semiempirical potentials used in the
present study do work. Yet it is not clear why. For instance, there is no justification for
dropping the contribution due to the polarization of the Tons with, say,a = 3.5 A®
according to Mayer [17], or equal to 5&° according to Tessmaet al [37], given that
both of these values are comparable to those of the halides for which we used the values
qguoted by Mayer [17].

Madden and co-workers have recently suggested that the unusual structural and ionic
transport properties of materials which, on electronegativity grounds, might be expected to
be ionic can be shown to be a consequence of polarization effects [18, 31, 38]. The thallium
halides may prove an important testing ground for the validity of their suggestion.
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