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The thermal conductivity of single crystalline BaTiOg has been measured in the temperature range of 100 -
5000K. In the neighbourhood of the transition temperature a reduction of the thermal conductivity is obser-
ved. This result can be explained in view of a current theory on ferroelectricity which introduces the con-
cept of low frequency ferroelectric modes of lattice vibration.

Optical phonon effects in thermal conductivity
studies have been reported before [1-3].

In this note we report measurements on
BaTiOg near its transition temperatures that dif-
fer from previous measurements [4-6]. We be-
lieve to see the influence of low lying transverse
optical phonon branches. Our way of reasoning
can also be applied to measurements on other
single crystalline ferroelectric materials near
their Curie temperature [7,8].

Thermal conductivity measurements have been
performed by a steady state heat flow method [9]
in a temperature range of 100 - 500°K. Differen-
tial thermocouples of copper-constantan were
used. A Leeds and Northrup K3 potentiometer to-
gether with a Hewlett and Packard 419-A d.c. null
detector were used for the thermocouple measu-
rements. The temperature difference was of the
order of one to four degrees centigrades. The
sample of roughly three milimeter diameter and
one milimeter thickness, was grown by floating
zone process [10] with a Sr dope of 1.5%. At
room temperature under a polarizing microscope
it showed a multidomain structure. The heater
and the thermocouples of 0.05 mm diameter were
glued to the sample and the sample to the heat
sink by a high temperature-setting epoxy resin.

The result of the measurements is shown in
fig. 1. The curve shows dips in the neighbourhood
of the transition temperatures. At the high tem-
perature side it is rising. We expect it to merge
to a higher lying curve that has a T-1 dependence
at these temperatures.
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Fig. 1. The thermal conductivity of a BaTiOg single

crystal. Vertical lines indicate the values of the tran-

sition temperatures as taken from literature on spe-
cific heat measurements.

Due to the smallness of the sample the abso-
lute accuracy of our measurements is not so good,
thirty percent is a realistic estimate.

Anderson [11] and Cochran [12] have suggested
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that the anomalous temperature behaviour of the
dielectric constant of ferrcelectrics can be re-

lated to the temperature dependence of a trans-
verse optic mode of lattice vibration.

Low lying optical phonon branches have been
observed in several ferroelectric material by in-
frared spectroscopy [13-15] in strontium titanate
and tin telluride by neutron spectroscopy [16,17]
and in barium titanate by electron diffraction [18].

Apparently these low lying temperature depen-
dant optical phonon branches can get zero energy
at zero wave vector which causes the permanent
polarization of the crystal. Near the transition
temperature the optical branches have energies
comparable to the energies of the acoustic branch-
es which usually transport the heat. Quite clearly
this will influence the number of scattering pro-
cesses in which optical phonons participate, re-
sulting in a reduction of the conductivity due to the
acoustic branches. In case the transverse optical
phonon branch shows enough dispersion and is not
scattered too much itself, one might expect some
additional conductivity which might compensate for
the effect of the decreased conduction by the acous-
tic phonons.

Infrared spectroscopy data reveal [15] that the
transverse acoustic phonon branch in barium
titanate is strongly damped near the ferroelectric
Curie temperature, reason to believe that it will
not contribute heavily to the conductivity so that
a reduced conductivity in the neighbourhood of the
ferroelectric Curie temperature may be expected.

Electron diffraction data [18] below the Curie
temperature show that in the ferroelectric state
(with the polarization vector along {001) there
are still low lying transverse optical phonon
branches near 2 = 0 with polarization vectors
pointing in the (100) and {010) directions. On de-
dreasing the temperature below -5°C the tetra-
gonal barium titanate goes over into an orthor-
hombic phase. At this transition the polarization
turns from being along a (001) axis to being a
face diagonal. At about -90°C another phase
transition to a rhombohedral phase occurs. Here
the polarization turns into the (111) direction.

Both these phase transitions are accompanied
by peaks in the dielectric constant, like at the
Curie temperature. This seems to indicate that,
like at the Curie transition, low lying transverse
optical branches in other crystallographic direc-
tions get zero energy which results in a turning
of the direction of the spontaneous polarization.
Clearly one may again expect an anomaly in the
thermal conductivity at these temperatures, as
has been found.

Thanks are due to Dr. F. Brown of Williams-
college, Williamstown Mass. who was kind enough
to send us one of his floating zone grown barium
titanate specimens and to Dr.G. A. Acket of
Philips Research Laboratories for helpful dis-
cussions.
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