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Abstract—Isofrequency dependences of the spectral intensities of inelastic scattering in LiTaO3, Pb5Ge3O11,
BaTiO3, and KNbO3 crystals are registered at a fixed frequency of the spectrometer close to that of the excit-
ing radiation. Results from soft mode analysis are presented.
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INTRODUCTION

The effect of isofrequency opalescence is observed
in the form of an abrupt increase in the spectral inten-
sity of scattered radiation in crystals (e.g., LiTaO3 and
BaTiO3) at a fixed frequency of the spectrometer close
to the line of excitation when approaching the tem-
perature of a phase transition.

According to the dynamic theory of phase transi-
tions in crystals [1–3], so-called soft modes should be
observed in the vibration spectrum. The frequencies of

these modes tend to zero when approaching a phase
transition point.

Searches for a soft mode [4–9] in Raman spectra
near the points of structural phase transitions show
that this effect is indeed observed for a number of fer-
roelectrics. However, it is difficult to observe the
spectra of soft modes when analyzing isothermal
dependences, due to the strong interaction between
several modes and the relaxation nature of such
modes. Figure 1 shows such isothermal dependences
of the Raman scattering intensities characteristic of
lithium tantalate crystals in a range of temperatures
257

Fig. 1. Low-frequency LiTaO3 Raman spectra for X(ZZ)Y geometry at temperatures ranging from 300 to 1013 K (Tc = 898 K).
Solid arrows indicate the positions of the fundamental A1(Z)TO vibrations; dashed arrows indicate the positions of additional
vibrations.
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Fig. 2. Isofrequency temperature dependences (curves 1–4)
of the reduced spectral intensity of light scattering charac-
teristic of lithium tantalate crystals for scattering geometry
X(ZZ)Y in the soft mode near the phase transition point at
fixed frequencies (Ω = 2, 4, 16, and 86 cm−1, respectively).
Solid line (5) at Т = Тс corresponds to the central peak of
scattered light.
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that includes a phase transition point. As we can see
from Fig. 1, the soft mode was already overdamped
far from the phase transition point, allowing us to
measure its frequency in the required range of tem-
peratures.

It was proposed in [10–13] that the so-called isof-
requency temperature dependences of the spectral
intensities for inelastically scattered radiation be regis-
tered at fixed spectrometer frequencies near that of the
exciting radiation.

As our experiments showed (see Fig. 2), an effect of
isofrequency opalescence is in this case observed that
consists of an abrupt increase in the spectral intensity
of isofrequency light scattering at frequency ω' for low
values of frequency Ω of spectrometer detuning from
exciting radiation frequency ω0:

Ω = ω0 – ω'.

Anomalies in the spectral intensities of the isofre-
quency dependences characteristic of ferroelectrics
are observed for certain Raman scattering polarization
geometries X(ZZ)Y corresponding to the conditions of
BULLETIN OF THE RUSSIAN ACADE
soft mode excitation allowed by the rules of selec-
tion—completely symmetrical vibration—in the low-
temperature phase.

The spectral intensity of inelastic light scattering in
the approximation of one soft mode can be presented
in the form

(1)

Here, (η0)2 = bx = b(Tс − T); m(Ω,Т) is the Bose–
Einstein factor and χ(Ω,T) is the dielectric susceptibil-
ity corresponding to the soft mode:

(2)

At sufficiently high temperatures,

(3)

We now introduce reduced spectral intensity
i(Ω, x) = I(Ω, T)/T. For the low-symmetry phase, we
thus obtain

(4)

where  = ax; bx = b(Tc − T); and Ω0 and Γ are the
frequency and damping of the soft mode.

The maximum of function i(Ω, x) is obtained for
the following values of i0, x0:

(5)

We investigated crystals of lead germanate
Pb5Ge3O11. Figure 3a shows the registered isofre-
quency temperature dependences of spectral intensity
for inelastically scattered radiation in lead germanate
crystals near phase transition point Тс = 451 K. The
isofrequency temperature dependences of spectral
intensity for inelastically scattered radiation in lead ger-
manate crystals approximated according to formula (4)
are given in Fig. 3b.

The isofrequency temperature dependences in
Raman spectra were also measured for barium titanate
polycrystals (Fig. 4a) and potassium niobate (Fig. 4b)
at fixed frequencies: Ω = 7, 12, 24, 40 cm−1 (curves 1–4
in Fig. 4a) and Ω = 5, 10, 20, 40 cm−1 (curves 1–4 in
Fig. 4b).

CONCLUSIONS
The observed effect of isofrequency opalescence

allows us to identify structural phase transitions in sin-
gle crystals and in crystalline powders, and to obtain
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Fig. 4. Isofrequency temperature dependences of Raman
spectra characteristic of (a) barium titanate and (b) potas-
sium niobate polycrystals at fixed frequencies: (a) 7, 12, 24,
40 cm−1; (b) 5, 10, 20, 40 cm−1 (curves 1–4).
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Fig. 3. Isofrequency temperature dependences fot the
spectral intensity of inelastically scattered radiation for
scattering geometry X(ZZ)Y in the soft mode near the
phase transition point characteristic of lead germanate
crystals: (a) experimental dependences at fixed frequencies
(Ω = 3, 6, 8.5, 11, 13.5, 16, 18.5, and 21 cm−1, respec-
tively); (b) experimental isofrequency temperature depen-
dences (solid lines, curves 2–4) for the spectral intensity of
the inelastically scattered radiation characteristic of lead
germanate crystals, as compared to theory (dashed lines,
curves 1–4); Ω = 1, 3, 6, and 11 cm−1 for curves 1–4,
respectively. Solid line (5) at Т = Тс corresponds to the
central peak of scattered light.
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quantitative information on the parameters of the soft
mode.

ACKNOWLEDGMENTS
This work was partially supported by the Russian

Foundation for Basic Research, project nos. 15-02-
02882, 16-52-00026 Bel_a (BRFFR-RFFI F16R-063).
BULLETIN OF THE RUSSIAN ACADEMY OF SCIENCES: PHYSICS  Vol. 82  No. 3  2018



260 GORELIK et al.
REFERENCES
1. Ginzburg, V.L., Dokl. Akad. Nauk SSSR, 1955,

vol. 105, p. 240.
2. Ginzburg, V.L., Sov. Phys. Usp., 1963, vol. 5, p. 649.
3. Ginzburg, V.L., Levanyuk, A.P., and Sobyanin, A.A.,

Usp. Fiz. Nauk, 1980, vol. 130, p. 615.
4. Dolino, G. and Bachheimer, J.P., Ferroelectrics, 1976,

vol. 12, p. 173.
5. Singh, M.K., Singh, G., Kim, T.H., et al., EPL, 2014,

vol. 107, no. 2, p. 26004.
6. Penna, A.F., Chaves, A.S., and Porto, S.P.S., Solid

State Commun., 1976, vol. 19, p. 491.
7. Fontana, M.D., Ridah, A., Kugel, G.E., and Caraba-

tos-Nedelec, C., J. Phys. C: Solid State Phys., 1988,
vol. 21, p. 5853.

8. Gorelik, V.S., Pyatyshev, A.Yu., and Krylov, A.S.,
Phys. Solid State, 2016, vol. 58, p. 170.

9. Gorelik, V.S., Sidorov, N.V., and Vodchits, A.I., Phys.
Wave Phenom., 2017, vol. 25, p. 10.

10. Gorelik, V.S., Izv. Akad. Nauk SSSR, Ser. Fiz., 1985,
vol. 49, p. 282.

11. Gavshin, M.G. and Pastukhov, V.I., Ferroelectrics,
1998, vol. 205, p. 81.

12. Gorelik, V.S. and Tochilin, S.D., Fiz. Tverd. Tela, 1987,
vol. 29, p. 238.

13. Gorelik, V.S., Dudak, I.A., Bogatko, V.V., and
Venevtsev, Yu.N., Ferroelectrics, 1988, vol. 80, p. 125.

Translated by O. Polyakov
BULLETIN OF THE RUSSIAN ACADEMY OF SCIENCES: PHYSICS  Vol. 82  No. 3  2018


	INTRODUCTION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

