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ANOSITROPY OF THERMAL CONDUCTIVITY,
THERMAL DIFFUSIVITY AND PERMITTIVITY
OF NaNO; SINGLE CRYSTALS AT THE PHASE TRANSITION

TUDOVIT KUBICAR, EMIL MARIANI, Bratislava

Many physical characteristics of the NaNOs crystal show certain anomalies
near 275 °C. This anomalous feature is connected with a phase transition
of second order [1, 2]. From the microscopical point of view at this tempera-
ture a reorientation jump of the NO; groups around the trigonal axis was
suggested to explain the anomalous behaviour.

The structure of the NaNOj crystal at temperatures below the phase transi-
tion is rhombohedric with the space group R 3c of the calcite type. By means
of X-ray diffraction analysis at temperatures below the phase transition
it is possible to distinguish planes in which the orientation of the NOj; groups,
which are planar, alternates along the trigonal axis periodically [3]. Every
other plane has the same orientation. The orientation of the NO; groupsin the
nearest neighbouring planes is changed by a 180° rotation along the trigonal
axis. With increasing temperature the NOj; groups begin to jump by 180°
around the trigonal axis. At 275 °C the NO; groups take random position
and the difference between the planes disappears.

Most physical measurements on the NaNOs crystals show some kind of
anisotropy. An excellent example is given by elasticity constant measurements.
In the direction of the trigonal axis (111) a jump was found. In the other
directions there was a knee.

In this paper the thermal conductivity, thermal diffusivity, specific heat
and permittivity were measured in the main crystallic directions to complete
the experimental data.

The single crystals were grown by the method described in paper [4]. The
samples were cut in the direction of the trigonal axis (111) and perpendi-
cularly to the trigonal axis (direction ).

The samples used for permittivity measurements are provided with vacuum
evaporated electrodes of gold. The measurements were performed at 100 kHz.
Fig. 4 shows clearly anisotropy of permittivity. Its features are similar to
those of the other physical characteristics. The permittivity at low tempera-
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Fig. 1. Thermal diffusivity of NaNOs. Broken line — direction (111), full line —
direction a.
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Fig. 2. Specific heat of NaNOQj.
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Fig. 3. Thermal conductivity of NaNOa. Broken line -— direction (111), full line —
direction a.
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Fig. 4. Permittivity of NaNOs. O — direction (111), @ — direction a.
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tures changes only very slowly in both directions. The N Oz groups are fixed.
Polarization is due only to lattice and electron polarization. The unusua]
increasing of permittivity begins in the direction (111) at about 180 °C, and
in the direction @ at about 220 °C. At these temperatures orientational polari-
zation begins. The bindings in the direction (111) become more weak than
in the direction a. This follows from the results of the linear dilatation measu-
rements [7, 8], and of the elasticity constant [2]. The crystal have in the
direction (111) a greater orientational polarizablity than in the direction a.

At 275 °C the fixed position of N Oy ions does not exist. The Permittivity
decreases again.

The thermal measurements were done by the method described in papers
[5, 6]. The curve of thermal conductivity (Fig. 3) was constructed from the
curves of thermal diffusivity (Fig. 1) and specific heat (Fig. 2) according
to the relation 1 =k . ¢ . 0, Where ¢ is the specific heat, ¢ the density of the
crystal, A the thermal conductivity and % the thermal di usivity.

In paper [5] measurements of the thermal diffusivity in the direction (1011)
were already described. It was shown that the jump in thermal diffusivity
is due to the jump of the elasticity constant. In the present measurements
the jumps are found in both directions. This is 4 consequence of the contri-
bution of all types of phonons. *
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* We wish to express our thanks to Mr. J. Eckstein for preparing the single crystals
of NaNOj;, which he kindly gave us for our measurements.
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