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The spectral distribution of the fundamental absorption in NaNO, and KIO; is investigated in

the region of the phase transitions. It is shown that the width of the forbidden band Eg

~ 0,02 eV

undergoes an abrupt change during the first-order phase transition in NaNO, at 160°C. An
abrupt change A (dEg /dT) ~ 2.7 x 1074 eV/ deg is observed during the phase transition in KIO;
at 180° C; in the region of the phase transition at 65°C the change in Eg in KIO; is ~0.03 eV.
According to previous thermodynamic calculations, these anomalies in KIO; are apparently due
to a second-order phase transition at 180°C and to a first-order phase transition at 65°C.

THE anomalous behavior of the fundamental ab-
sorption edge in the region of the ferroelectric
phase transition was first investigated in SbSI
crystals.[12] The phase transition in SbSI at
22°C is accompanied by a jump in the width of the
forbidden band Eg of about 0.06 eV. It has been
shown from thermodynamic considerations (3] that
this anomaly is characteristic of first-order phase
transitions. In BaTiO;3 a jump of Eg of about
0.02 eV is observed[4] in the first-order phase
transition from ferroelectric to the paraelectric
phase. A jump of the temperature coefficient of
the width of the forbidden band dEg/dT should
occur in the case of a second-order phase tran-
sition, (3] It has in fact been observed that a jump
A (dEg/dT) of about 10™* eV/deg occurs at the
Curie temperature in TGS and a corresponding
jump A (dEg/dT) ~ 3 X 1074 eV/deg occurs at
the upper Curie point in Rochelle salt.

The study of the fundamental absorption of
other ferroelectrics is useful in connection with
the possibility of working out a convenient method
of identification of phase transitions. In addition,
this study is of interest from the point of view of
an experimental check of the general relation be-
tween the width of the forbidden band of a crystal
and its specific heat. In this work the fundamental
absorption edge was investigated in NaNO, and
KIO;. Measurements of the specific heat of NaNO,
were carried out by a number of authors, (6,71
whereas there are no data in the literature con-
cerning the specific heat of KIOs.

The investigation of the fundamental absorption
of single crystals of NaNO, and KIO; was carried

out on a SF—4A spectrophotometer. A specially
constructed device for temperature measurements
made it possible to control the temperature of the
samples within a tenth of a degree. The spectral
resolution of the monochromator was about 0.01 eV
or better. The samples were in the form of plate-
lets 1—2 mm thick. The measurements of the di-
electric constant of the crystals were carried out
with the aid of a UM-3 bridge.

According to the data which we obtained for
NaNO, and KIOg the width of the forbidden band
determined from the fundamental absorption edge
is at room temperature ~3.14 and ~4.02 eV re-
spectively. The fundamental absorption edge was
obtained by extrapolating the logarithm of the op-
tical density onto the wavelength axis. The inves-
tigation of the NANO, crystals was carried out both
on samples with a ferroelectric cut (Y-cut accord-
ing to the arrangement of Sawada and co-workers [8])
and on samples with a nonferroelectric cut. The
temperature dependence of Eg for a Y-cut NaNO,
crystal is shown in Fig. 1. Analogous dependences
were obtained for all four investigated samples. In
the ferroelectric and paraelectric regions the width
of the forbidden band Eg changes linearly with the
temperature with a coefficient dEg/dT ~ —(7.3
+0.25) x 10 eV/deg. A first-order phase transi-
tion accompanied by an abrupt anomalous decrease
of Eg by AEg ~ —0.02 eV is observed at a tem-
perature of 160°C. For samples of arbitrary (non-
ferroelectric) cut the jump at 160°C is AEg
~ —0,015 eV.

The temperature dependence of the width of the
forbidden band for four samples of KIO; is shown

249



250 K. A. VERKHOVSKAYA and A. S. SONIN
E ,eV Eg,eV
g ‘f § 403 oy .
315 -

X,
i 120 ™,
$
|
|
|
I

120

%
307 - &, —80
3
/AA‘A@% "
13 ,A/X © qox AT
DL L \D\

n ant
299 5 ) 1 1 .
0 ! ngcg 10 90 770 250
. 7o¢

FIG. 1. Temperature dependence of the width of the
forbidden band E _ and of the dielectric constant ¢ for NaNO,
in the region of tﬁe phase transition; O —course of the curve
for increasing temperatures, X—course of the curve when the
temperature is decreasing.

in Fig. 2. The KIO; samples were cut from the
most transparent portions of single-crystal oc-
tants perpendicular to the various directions of the
edges of a pseudocube. Three sections in which the
temperature change of Eg is linear can be dis-
cerned in the temperature dependence Eg( T) for
KIO5 shown in Fig. 2. The temperature dependence
of the width of the forbidden band exhibits two
anomalies, at 65 and 180°C. At 65°C Eg decreases
abruptly by ~0.03 eV. A break in the course of the
temperature dependence Eg(T) is observed at
180°C. Below and above 180°C, Eg changes lin-
early with the temperature with the coefficients
(dEg/dT)ferro ~ —(11.6 + 0.4) x 10™* eV/deg and
(dEg/dT)para ~ —(14.4 + 0.4) x 107* eV/deg re-
spectively. A second-order phase transition, ac-
companied by a jump of the temperature coefficient
A(dEg/dT) ~ — (2.8 + 0.8) x 10~ eV/deg, appar-
ently takes place at 180°C, whereas the jump of Eg
at 65°C is due to a first-order phase transition.
This is in agreement with the data of Herlach 4] on
the quadrupole spectra of KIO3, who observed a
first-order phase transition at 75°C and a second-
order phase transition at 220°C.

The temperature dependences of the dielectric
constants of NaNO, and KIO; are shown in Figs. 1
and 2. The results obtained confirm the existence
of phase transitions near 65 and 180°C in the case
of KIO; and near 160°C in the case of NaNO,, and
are in agreement with those of (10,117 The phase
transition in NaNO, was simultaneously investi-
gated by recording of hysteresis loops. Hysteresis
loops of single crystals of NaNO, were observed
starting approximately from 120°C; the spontane-

FIG. 2. Temperature dependence of the width of the for-
bidden band E, and the dielectric constant € for KIO, in the
region of the two phase transitions (near 65 and 180°C);
O-course of the curve when the temperature is increasing,
X—course of the curve when the temperature is decreasing.

ous polarization calculated from the hysteresis
loops decreases sharply above 160°C, a fact which
has already been noted previously in t10],

In accordance with the conclusions drawn on the
basis of a thermodynamic calculation[3] and pre-
viously obtained results[!%45] which confirmed
these conclusions, the optical data cited above not
only confirm the existence of phase transitions in
NaNO, and KIOs, but also indicate their nature un-
ambiguously.

In conclusion the authors express their grati-
tude to V. M, Fridkin for a discussion of the re-
sults and for help in the work.
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