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Molecular dynamics simulations of molten T1C1 are performed at 7 temperatures between 800
and 2600 K. The self-exchange velocity of neighbouring unlike ions divided by the molar volume,
a quantity corresponding to the specific conductivity, is found to have a maximum as a function
of temperature. The reason for the existence of the maximum is discussed.
Grantham and Yosim had discovered that the
specific conductance vs. temperature curve of some
molten salts shows a maximum [1, 2]. Also thallous
chloride shows this phenomenon [3].
The main aim of this study was to check whether
the maximum for T1C1 can be reproduced by molec
ular dynamics (MD) simulations. In a previous
MD simulation of molten (Li-Rb)Cl, we have shown
that the internal mobilities are strongly related
with the self-exchange velocities (SEV) of neigh
bouring unlike ions [4]. Since it takes extensive
time to compute conductivities with MD simula
tions [5—8], we have tried to reproduce the maxi
mum by calculating SEV's. Pair potentials of the
Born-Mayer-Huggins type with the parameters
presented by Mayer for the T1C1 crystal [9] were
adopted. The properties obtained by the simulation
do not agree quantitatively with the experimentally
obtained ones, perhaps partly because the param
eters of the pair potentials are not quite adequate.
Therefore, the melt dealt with in the present simula
tion should be regarded as a model ionic melt rather
than molten T1C1.
The adopted pair potentials are expressed by
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where z is the charge number, e the elementary
charge, and b, c, d and q are parameters whose
values are given in Table 1.
The side length of a basic cell, L, was set from the
density data of molten T1C1: q<i = «a —ba T(a<\ =
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6.893 X 103 kg m-3, 6d = 1.80 kg m~3 K~i, obtained
from the range 708 K ^ T ^ 915 K [10]). The basic
cell contained 108 cations and 108 anions. The
Ewald method was employed for the Coulombic
force. The parameters in this method were chosen
as follows: the cutoff distance was L/2, the maxi
mum reciprocal vector | n |2 = 27 and the conver
gence parameter a = 5.6\L. According to Ref. [11],
given a = 5.6\L the simulation could have been
improved by taking L as the cutoff distance and 60
as the maximum reciprocal vector. The step time
was set as 5 fs. The MD simulation was performed
so that the temperature in each run was kept con
stant following the wajr proposed by Woodcock [12],
though in a correctly simulated system the tem 
perature fluctuates.
The pair correlation functions of unlike ions, g+-,
at 3 temperatures are shown in Figure 1. The height
of the first peak in g+- has a minimum around
1600 K. In general, the first peak is higher in the
solid and gaseous states than in the liquid state.
Therefore, this minimum implies that the structure
of the ionic melt is more "solid-like" and "gas
like" at lower and higher temperatures, respec
tively. The position of the first peak moves slightly
towards the origin with rising temperature.
Some other computational data are tabulated in
Table 2. The pressure was calculated from the virial
Table 1. Parameters in the pair potentials (g = 35.6 pm).
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(10-99 J m8)
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2429
4508
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133
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346
268
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The SEV, v, is defined as [4]
v = (R2 - R ) I t ,

(2)

where R is the average distance of unlike ions with
distances < R>, and r the average time in which the
average distance of these ions becomes R2. The
SEV was averaged for unlike ions surrounding
totally 3240 reference ions.
It has been found that the internal mobility, b\,
is approximately proportional to v [4]:
b i^ k v ,

(3)

where k is a constant.
The combination of (3) with the equation x =
Fbi/V (x: specific conductivity, V: molar volume,
F : Faraday's constant) yields
x c ^ k F v jV .

(4)

Therefore, as long as (3) holds, x is approximately
proportional to v/V. The SEV may be represented
in the form
v = C e x p ( - d eIT),

r xlO / nm
Fig. 1. Pair correlation functions between unlike ions, g+~,
and running integration numbers, n. The molar volumes
are 44.0, 59.8 and 87.1 cm3 mol"1 at 800, 1600 and 2300 K,
respectively.
[13] averaged over 1500 time steps for each run. J?2
is the distance where g+_ crosses unity for the
second time. As the temperature increases, R2
increases, while the number of unlike ions within
R2, n(R 2), decreases.

(5)

where C and de are constants. In the present case
C and de are evaluated to be 400 ms-1 and 1975 K,
respectively, while from the experimental internal
mobility of molten T1C1 (720—1160 K) at ambient
pressure de is found to be 1720 K [14].
Since V = M/{aa —b^T) (M : molecular weight),
it follows from (4) and (5) that
x ^ A ia a -b a ^ e x p i-d e /T ),

(6)

where A is a constant; consequently, x has a maxi
mum at
Tmax = (del2){]/! + (4ad/6drfe) - 1} .

(7)

Table 2. Some computational data.
Temperature
Pressure
Potential energy
Coulombic energy
Repulsive energy

(K)
(MPa)
(kJ mol-1)

(nm)
n{R2)
v
(m s-1)
vjV (10-7 mol m-2 s-1)
(10-® m* s-i)

2100
2300
2600
1600
1900
800
1100
- 86
- 30
- 23
-2 0 4
- 120
- 381
-259
- 637.2
- 611.6
- 660.4
- 646.7
- 627.8
- 700.0 - 684.4
- 667.2
- 702.3
- 693.0
- 684.6
- 714.9
- 751.5 - 738.5
142.2
140.9
133.1
160.3
149.6
145.8
163.8
0.380
0.397
0.373
0.377
0.359
0.362
0.369
2.84
2.77
3.32
3.08
2.95
4.22
3.82
186
114
139
163
168
30.5
70.6
17.2
21.1
19.3
14.5
19.0
20.2
6.93
40.4
23.5
33.3
3.91
12.0
15.6
0.80
36.9
27.2
3.98
10.0
14.9
24.6
0.66
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This is calculated to be 1930 K, while the experi
mental specific conductivity of molten T1C1 at an
unknown elevated pressure has a maximum around
1600 K [3].
For T max to be detectable experimentally, it is
required that both («d/öd) and de be small. The
quantity l/[(«d/&d) — T] is the relative thermal
volume expansion. A comparison of the literature
values of (ad/&d) [10] reveals that for the salts for
which a conductivity maximum has been detected
these values are considerably smaller than for the
other salts. The value of de would generally be
small if the attraction between cation and anion is
strong. Because the volume expansion is particularly
unfavourable for the mobility if the ions are
strongly attracted by the counter ions [4]. In the
present case, the attraction is relatively strong
owing to the large values of c+_ and d+~ in the pair
potential, and the value of (ad/fed) is relatively
small. These would be the reasons why the maxi
mum occurs at a relatively low temperature.
An alternative equation to (5) is
v= g f f - f ,

(8)
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where / and g are constants. The values of v in the
present case are expressed by (8) with g = 6.90 m s_1
K -1/2 and / = 161 m s-1. The experimental internal
mobilities are well expressed by (8), even better
than by (5) e.g. in the case of molten LiCl [14]. If
(8) holds, it follows that

According to (9), Tmax is 1960 K. If / equals zero,
the temperature dependence of v becomes th at of
the thermal velocity of motion.
The calculated self-diffusion coefficients of the
cation and anion (D+ and D -, respectively) are
nearly equal and about one third of the measured
ones [15—17]. The value of (D+-f D-)fvT increases
with rising temperature, which suggests that the
Nernst-Einstein relation does not hold.
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