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Molten alkali halides can be regarded as model ionic systems. Physical properties of molten alkali
halides and their mixtures depending on molar volume and temperature are considered. The proper-
ties under examination are divided into two groups: cation-dependent and anion-dependent ones. The
character of property changes with temperature and molar volume is different for these groups.
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1. Introduction

The development of scientific research leads to fast
increase of experimental data. In order to make proper
use of their information a careful data analysis must be
done. Molten salts are compounds formed by cations
and anions. Consequently their properties are deter-
mined by the electronic structure of these ions de-
pending on their element position in the periodic table.
The first attempt to connect the place of elements in
the periodic table and properties of molten salts was
made by Biltz and Klemm [1]. They found the con-
nection between the electrical conductivity of molten
chlorides and the place of the respective cation in the
periodic table. The chlorides of the 1 and 2 groups
of elements possess the highest electrical conductiv-
ity. Almost one century of experimental investigation
on molten salts has confirmed their supposition. The
physical properties of salts cannot be directly derived
from the electronic properties of the ions but it is pos-
sible to do this using the molar volume. The molar
volume of salts depends on many factors: the size of
the cations and anions, their charge, and their inter-
nal electronic structure. To characterize the ionic com-
position we chose the ionic potential (Zie)/ri. Here,
e is the electron charge, Zi is the nominal charge of
the cation, and ri is its crystallochemical radius. For
example, the dependence of a molten chloride’s mo-
lar volume on the ionic potential of the cation is pre-
sented in Figs. 1 and 2. The density data for calculat-
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ing the molar volume were taken from Janz [2]. There
are different trends in the molar volume formation for
molten alkali chlorides and alkaline earth chlorides as
well as rare earth chlorides. They allow to make a clas-
sification of molten salts according to their molar vol-
ume change with ionic potential and to divide them
into several groups. In the frame of each group ev-
ery property can be expressed via the molar volume by
empirical equations. The role of the molar volume for
molten salts is underestimated though maybe it plays
the same role as the mean free path for gases and the
shell parameter for solids because the molar volume
reflects the basic electronic characteristics of cations
and anions. A detailed analysis of some properties of
molten salts and their mixtures, as far as it is volumen-
dependent, is the objective of this work.

2. Cation-Dependent Properties

Cations and anions have various influences on the
physical properties mainly due to different sizes and
charges. Cations have a relatively small extension and
possess a higher mobility. Such property as the elec-
trical conductivity is determined by cations. Viscosity
reflects the resistance of a fluid to external forcing and
the size of this resistance is mainly defined by those
particles which have low mobility, i. e., by the anions.
Let us consider how some cation-dependent properties
change with the molar volume in alkali halides and
their mixtures.
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Fig. 1. Dependence of the molar
volume on the ionic potential for
molten alkali chlorides and alka-
line earth chlorides.

Fig. 2. Dependence of the molar
volume on the ionic potential for
molten rare earth chlorides.

2.1. Electrical Conductivity

Alkali halides are the most ionic salts and possess
high electrical conductivity (χ) due to the low ionic
potential of the alkali metal cations. Cations are the
main electric charge carriers in molten salts. This re-
sulted from transport investigations [3, 4]. Hence the
electrical conductivity of salts and mixtures with com-
mon anion changes with the cation composition. That
can be expressed via the molar volume (V ). The de-
pendence of the logarithm of the specific conductivity
on the molar volume for molten halides is presented in
Figure 3. The data for chlorides, bromides, and iodides
are given for the temperature 1100 K [2]. There is a

linear relationship between ln χ and 1/V at constant
temperature:

ln χ = K1 + K2/V. (1)

The coefficients K1 and K2 have reciprocal temperature
dependence:

ln χ = A + B/T +(C + D/T)/V. (2)

This expression can be transformed into

ln χ = A +(B + D/V)/T +C/V, (3)

where the expression (B + D/V ) has the meaning of
an activation energy. In exponential form (3) can be
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Fig. 3. Dependence of
the specific conductiv-
ity on the molar volume
for molten alkali halides
at 1100 K (fluorides at
1270 K).

Table 1. Empirical coefficients of electrical conductivity de-
pendence on the molar volume.

A B C D E
Fluorides 6.67 1052 9.52 13487 276
Chlorides 4.9 2747 53.7 33724 –
Bromides 9.63 4041 31.6 93107 –
Iodides 7.69 4399.6 59.8 123145 –

written as

χ = A · exp(−(B−D/V)/T ) · exp(C/V ), (4)

where χ is the specific conductivity in Ohm−1 cm−1, V
is the molar volume in cm3/mol, T is the temperature in
K, A = exp Ã, B = exp B̃, C = expC̃, D = expD̃ are em-
pirical coefficients, listed in Table 1. This equation is
valid for molten alkali halides and their ideal mixtures
in the temperature interval 900 – 1200 K. For molten
fluorides such dependence is slightly different [5] as
an additional term ∝ 1/V 2 contributes:

χ = A ·exp[−(B−D/V)/T ] ·exp
(
(C/V )+ (E/V2)

)
.

(5)

2.2. Thermal Conductivity

There is a relationship between the thermal conduc-
tivity (λ ) of molten alkali halides and the inverse molar
volume (1/V ) [6]. At constant temperature this reads as

Table 2. Empirical coefficients of thermal conductivity de-
pendence on the molar volume.

A B C D
Fluorides −0.47 545.4 −35.7 0.049
Chlorides 0.43 −574,8 0.0062 0.002854

follows:

λ = A + B/V. (6)

This equation can be rewritten into a temperature-
dependent form. For molten alkali halides it is:

λ = A + B/T +(C+ D,T )/V, (7)

where λ is the thermal conductivity in W/(m K), T is
the temperature in K. The empirical coefficients A, B,
C, D for molten alkali fluorides and chlorides are listed
in Table 2. These equations are valid for the tempera-
ture interval 1100 – 1250 K.

2.3. Relationship between Electrical and Thermal
Conductivity

The electrical conductivity (χ) as well as the ther-
mal conductivity (λ ) are cation-dependent properties.
Therefore they can be inter-dependent as it is in metals
(Wiedemann-Franz-Lorenz law). This relationship for
molten alkali halides is also molar volume-dependent
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Fig. 4. Relationship between the ratio of
electrical and thermal conductivity for
alkali halides at 1200 K versus molar
volume.

Fig. 5. Dependence of the sur-
face tension on the molar volume
for KF-KCl, KF-KBr and KF-KI
molten systems at 1200 K.

(see Fig. 4). For molten alkali fluorides and chlorides
it can be interpolated in the following form:

for fluorides:

ln χ/λ = −0.904 + 2169/T + 0.029V,
(8)

for chlorides:

ln χ/λ = −5.78−38881.9/T −0.01865V.
(9)

3. Anion-Dependent Properties

Some properties are determined by larger size par-
ticles, i. e., by the anions. An example of such a prop-

erty is the surface tension (σ ). Anion-dependent prop-
erties decrease with the molar volume and temperature
and they change with the anion composition. The de-
pendence of the surface tension on the molar volume
for potassium halide mixtures is presented in Figure 5.
Experimental data for KF-KCl, KF-KBr and KF-KI
molten salt systems at 1200 K are taken from the book
of Stepanov [7]. At constant temperature the surface
tension can be expressed in terms of the molar volume
by

σ = A + B/V. (10)

The coefficients A and B are temperature-dependent, so
for potassium halide mixtures the volume-temperature
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Fig. 6. Dependence of
the surface tension of
LiF-KF at 1200 K on
the molar volume.

dependence is:

σ = 43.9−0.69T/V +47.85/V −0.0263T. (11)

Here σ is the surface tension in dyn/cm, V is the molar
volume in cm3/mol, T is the temperature in K. Equa-
tion (11) is valid in the temperature interval 1000 –
1200 K.

In mixtures with average anion surface tension (σ )
this also changes linearly with the reciprocal molar
volume, for example in the molten mixture LiF-KF.
Data on this system are presented in Fig. 6 at the tem-
perature 1200 K [7, 8]. The surface tension of this mix-
ture in the temperature interval 900 – 1200 K is de-

scribed by

σ = −23.66−0.0286T + 2783.1/V
+ 84205.4/T.

(12)

4. Conclusions

In molten salts and their mixtures all properties de-
pend on either their cations or their anions. In the first
case the respective property changes with the cation
composition and the anion plays the role of a frame. In
the second case the anion is the active participant of the
process and the cation plays the role of a frame only.
Thus every property can be presented in form of equa-
tions with temperature- and volume-dependent coeffi-
cients.
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