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Synopsis. The refractive indices of molten CaCl,-NaCl
mixtures were measured goniometrically with visible light at
nine wavelengths and represented as a function of both the
temperature and the wavelength using a modified Cauchy
relation. Information on electronic polarization is also
reported.

The knowledge of the refractive index of a melt is
very useful for obtaining the hypersonic velocity
which characterizes the high-temperature relaxation
process.! Moreover the temperature derivatives of the
indices are necessary for measuring the thermal con-
ductivity of the liquids by means of wave-front shear-
ing interferometry.? Furthermore the indices can be
used to estimate the molar refractivity and the elec-
tronic polarizability in terms of the Lorentz-Lorenz
equation and the Clausius-Mossotti equation, based
on the evaluation of the effective local field around the
species. We have measured the refractive indices for
several binary chloride melts®=” and have evaluated
the electronic polarizabilities of the ions in the mix-
ture melts. The molten CaCl,-NaCl mixture is of
interest because the Ca?* (0.100 nm) and Nat (0.102
nm) cations have nearly equal ionic radii.¥ For this
molten system, we have already measured the molar
volume® and the surface tension.!” In the present
study, the refractive indexes of this melt were mea-
sured, and the electronic polarizabilities of the ions
were evaluated.

Experimental

A hollow prismatic cell made of fused silica was used for
the goniometric measurement of the refractive index. The
apparatus has been described in detail previously.!? The
angle of minimum deflection was read with a precision of 1
minute. The relation between the refractive index, n;, and
the angle of minimum deflection, o, is:

na=sin((o; + 4)/2)/sin(4/2), 1)

where 4 is the apex angle of the prismatic cell and the sub-
script A refers to the wavelength. The apex angle 4 has been
calibrated beforehand by the use of a reference material
whose refractive index has been accurately measured by
Gustafsson and Karawacki.’? The temperature of the melt
was automatically controlled and recorded with a precision
of 0.1°C using a sheathed chromel-alumel thermocouple
inserted into the melt. The light of nine wavelengths, from
434.1 to 680 nm, was used. The chemicals, CaCl, and NaCl,
are of an analytical reagent grade and were dried by means of
a conventional technique.”

Results and Discussion

The refractive indices at 560 nm of the binary melts
measured are shown in Fig. 1, together with those of
molten pure CaCl, and NaCl reported previously.3?
They decreased linearly with the increase in the

temperature at fixed wavelengths over the whole range
of CaCl,; composition. Such behavior is the same as
that reported previously.3~” The accuracy attained for
an aqueous electrolyte solution has usually been
+1X107% in the refractive index,!¥ but for the molten
CaCl;-NaCl mixture +1X10™4 was estimated because
of the experimental difficulty at elevated temperatures.

The refractive indices decreased non-linearly with
the increase in the wavelength at a given temperature,
as is shown in Fig. 2. For the refractive index of
molten salt with a normal dispersion, we have already
proposed the following modification of Cauchy’s
equation:
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Fig. 1. Refractive indices of molten CaClz-NaCl at
560nm. CaClzmol%, a: 100.0, b: 79.2, c: 58.6,

d: 39.1, e: 19.3, £: 0.0.
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Fig. 2. Dispersions in refractive index of molten

CaClz-NaCl at 850°C. Symbols are the same as
those in Fig. 1.
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Table 1. Parameters of the Modified Cauchy Equation
CaCl; mol% 19.3 39.1 58.6 79.2
Py 1.5718  1.5597  1.6003 1.6635
Py X107 —2.1053 1.3311  8.6674 —1.0233
P,X107° 40838 —0.8439 —0.2582  2.0819
QX104 —1.6480 —1.0960 —1.0693 —1.4336
Q,X1071 3.5653 —0.4482 —0.3261  2.0814
Q,X1076 —5.1769  0.6514  0.5773 —2.3498
eX104 4.49 3.05 3.25 3.41

Temp range/°C  765—830 738—875 753—875 769—855
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Fig. 3. Refractive index at infinite wavelength and
electronic polarizability of molten CaClz-NaCl
at 900°C.

n(A, )= (3 PA)+ (3 Qi) 1, @
0 0

where ¢ is the temperature in °C and 4 is the wave-
length in nm. The physical interpretation of the P;
and Q; parameters was outlined previously.® The
parameters determined by the least-squares fit are
listed in Table 1, in which ¢ is the standard error of
estimation.

The molar refractivity, R, is one of the best parame-
ters for the polarization phenomenon; it is calculated
from the refractive index, n;, and the molar volume,
Vm, by the use of the Lorentz-Lorenz equation:

Ri=(n3—1)/(n} +2)Vn. 3)

It is generally known in binary systems that R; pos-
sesses a linear dependence on the composition. For the
molten CaCl,-NaCl mixture, a strong linear depen-
dende was also observed. The molar volume used in
the calculation was taken from a previous report.?
The polarizability discussed here is the electronic

[Vol. 61, No. 6

one,'¥ which is reduced to a scalar in the case of a
dense ionic melt. The electronic polarizability of a
molecule is defined by the Clausius-Mossotti equa-
tion, in which an optical dielectric constant is substi-
tuted for the static one:

== (3/4 *Na)[(n%—1)/(n®+2)] Vi, 4)

where the subscript ® indicates an infinite wavelength
and N4 is Avogadro’s number. The electronic polari-
zabilities of the Ca2*, Na*, and Cl~ ions in the pure
CaCl; and NaCl melts at 900 °C are known to 0.61,
0.43, and 3.24X1073m?® respectively.®” The isotherm
of the electronic polarizability for the molten mixture
is shown in Fig. 3, together with that of the refractive
index at an infinite wavelength, as calculated from Eq.
2 by interpolating A to . The refractive indices at an
infinite wavelength deviate from additivity, while the
electronic polarizabilities increase linearly, with an
increase in the mole fraction of CaCl,, and their values
seem to lie on the additive line. This indicates that the
electronic polarizability is approximately inherent in
the ion, even in the case of condensed systems such as
molten salt.

The authors would like to express their gratitude to
Mr. Junji Tominaga for assistance in measuring the
refractive index.
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