A, A, Volkov, G. V, Kozlov, E, B. Kryukova, and A. A.
Sobyanin. New results on the dynamics of Rochelle salt crys-
tals (a system with a “double” critical point). Rochelle salt
crystals (RS) occupy a special place among other ferroelec-
tics because of a number of unique properties. First of all, the
ferroelectric phase exists in them only for a narrow tempera-
ture interval between two Curie points 7, =255 K and
T, =297 K.' At the points T, and T, one can observe sharp
anomalies of dielectric permittivity, however, in none of the
three phases does the behavior follow the Curie-Weiss law
(e~|T—T,|™"), which is followed well by other ferroelec-
trics. Also unusual (three orders of magnitude below “nor-
mal” values) are the magnitudes of jumps in heat capacity at
the Curie points and the character of heat capacity tempera-
ture dependence in the ferroelectric phase.? The anomalies
of elastic, piezoelectric and optical properties of the crystal
are sharply different from the ““‘usual” anomalies. The most
surprising, however, are the special features of the ferroelec-
tric dynamics of the crystal. A study of the soft mode done by
the method of backward-wave submillimeter-spectrosco-
py,>~ has shown that the temperature dependence of the
critical relaxation frequency 1/277 of Rochelle salt is com-
pletely different from the linear dependence observed in all
other crystals with relaxation dynamics. It was found that in
the low-temperature phase the temperature dependence fol-
lows a cubic low

o ~ (To— TP, (H

where T, coincides not with the Curie point 7', but with the
center of the ferroelectric phase T, = (T, + 7,)/2.

Such unusual static and dynamic properties of RS crys-
tals cannot be explained within the framework of the tradi-
tional approach, which utilizes the expansion of the thermo-
dynamic potential of the system in a power series of the
polarization P

=Dyt 2 P2f 2P 4. (2)

separately near each of the phase transitions being consid-
ered. Central for the development of a new approach were
the above-mentioned results on the ferroelectric dynamics of
RS *-* which demonstrated the essentially nonlinear behav-
ior of the coefficient 4 (T) ~ 1/277 in RS. It is this behavior
and the fact that the temperature singled out in dynamic
experiments is not the critical (7,), but the average tem-
perature T~ (T, 4+ T,)/2, has led us to abandon the usual
assumption of a linear temperature dependence of the coeffi-
cient 4 and to start searching for other forms of approximat-
ing it.

For this purpose we have analyzed the data available in
the literature on the temperature dependence of the static
dielectric susceptibility y = (¢ — 1)/47 and have discov-
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ered that in a very broad temperature interval (80 < T < 330
K), including both phase transitions, the data can be de-
scribed by the expression (Fig. 1)

7 — A= —0,04962 + 8,762 12
C 10.50 8- 24,50 %, (3)

where t = (T — T,) T, and T, = 275 K corresponds to the
minimum of 4(7). In this expansion that does not contain a
linear term the major contribution to 4(7T) near T is given
by the term quadratic in the temperature, and with a large
deviation from 7|, the higher order terms begin to play a
larger role. It is interesting to note that an indication of a
parabolic character of the temperature dependence of the
coefficient 4 in the ferroelectric phase was also obtained for-
ty years ago from studies of dielectric susceptibility y*' of a
clamped RS crystal (i.e., in the absence of a piezoeffect).5 It
was shown that the dependence 1/y°' does not have singu-
larities at the points T, and T, and becomes zero (as well as
the frequency of the soft mode (1)) at T,= (T, + 7,)/2.
Unfortunately, neither these experimental results nor the di-
rect indication’® of a nonmonotonic dependence of the coef-
ficient 4 in RS have attracted proper attention subsequently.

Using a thermodynamic potential with a parabolic de-
pendence of 4 (T), we were able to obtain a unified quantita-
tive description of the temperature behavior of piezocon-
stants and piezomodules, elastic pliancy and elastic
modulus, spontaneous polarization and specific heat (Fig.
2), and also of other properties of Rochelle salt and the ef-
fects of hydrostatic pressure on them. Explanations were
also given of the results of experiments on Mandel’shtam-
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FIG. 1. Temperature dependences of the inverse dielectric susceptibility
of the free (1) and clamped (2) RS crystals. The light and dark circles
correspond, respectively, to the data from Refs. 1 and 9, the lines are a
result of approximation.
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FIG. 2. Temperature dependence of anomalous heat capacity for RS. The
points—the data from Ref. 2, the continuous line—calculated curve.

Brillouin scattering,” anomalous absorption of ultrasound®
and microwave dispersion.” The only remaining difficulty
was that it was not possible to give a quantitative description
of the temperature dependence of the soft mode frequency
(1), i.e., the dependence that served as the starting point for
the development of the approach being used. This question
has been clarified by the low-temperature studies that we
performed on the dielectric spectra of Rochelle salt. These
studies have demonstrated that with a temperature decrease
the relaxation soft mode transforms into an optical phonon
with a high Q-factor (Q ~ 300) which becomes stabilized in
the spectrum at the frequency of 22 cm™~'. As can be seen
from Fig. 3, as the crystal is cooled, together with the attenu-
ation of the G mode its oscillator strength f also changes.
This means'' that the observed process of the soft mode tem-
perature evolution is a result of the mode interaction with
another thermally unstable process of lattice excitation. As-
suming that the frequency of the given (but not yet experi-
mentally observed) excitation has a temperature depen-
dence that is also determined by the thermodynamic
potential constructed by us, and that its decay is the usual
linear function of temperature, we can obtain a complete
description of the behavior of the soft mode of Rochelle salt
in the low temperature phase. '

Thus, the complete picture of Rochelle salt dynamics
can be visualized as follows. At low temperatures, at a fre-
quency of approximately 100 cm ', crystal spectra contain a
thermally unstable polar optical phonon. At a temperature
near T~ 150 K this phonon interacts with another mode of
lower frequency (v =22 cm™"'at 7 = 80 K) and, by trans-
ferring to it its oscillator strength and decay, changes it into
relaxation excitation. In the absence of a piezoeffect (a
clamped crystal) the frequency of the relaxation mode
would have to become zero at the “double” critical point 7.
However, in a real crystal the soft mode becomes coupled,
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FIG. 3. Temperature dependences of the soft mode parameters for Ro-
chelle salt: the frequency v, and the attenuation G (a), and the inverse
dielectric contribution 1/A¢ and the oscillator strength f= Ae-v] (b).
The circles are the experimental data,'” and the continuous lines are the
calculations results based on a phenomenological model.

due to the piezoeffect, to the transverse acoustic mode, as a
result of which the phase transitions take place at 7', and 7.

Thus, Rochelle salt gives an interesting and very rare in
solid state physics example of a system close to the ““double”
critical point, with a surprisingly diverse dynamics of phase
transition.
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