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REVUE DE PHYSIQUE APPLIQUEE

Supplément au « Journal de Physique »

OPTICAL PROPERTIES OF FERROELECTRICS.
DIGRESSIONS FROM PHENOMENOLOGICAL THEORY

A. T. ANISTRATOV

L. V. Kirensky Institute of Physics, Academy of Sciences USSR Siberian Department,
Krasnoyarsk 36, USSR

(Regu le 8 novembre 1971, révisé le 3 janvier 1972)

Résumé. — Les variations de la biréfringence en fonction de la température ont été mesurées
sur les cristaux de (NH4)2SO4, (NH4)2BeF4 et (CH3NH3)AI(SO4)..12 H,O et une estimation
des constantes photoélastiques a été donnée.

Nous avons étudié le comportement en température des caractéristiques électro-optiques et dié-
lectriques. Nous avons montré que les changements spontanés de la biréfringence qui apparaissent
ne sont pas proportionnels & P2. Une discussion de I'influence de la polarisation spontanée Ps et
de la déformation spontanée sur les anomalies des constantes lors des transitions ferroélectriques
est abordée ici.

Abstract. — Temperature dependences of birefringence were measured in (NH4)2SOy,
(NH,4)2BeF, and (CH3NH3)AI(SO4)2.12 H,O crystals and the photoelastic constants of the crys-
tals were estimated. The temperature behaviour of electro-optical and dielectric characteristics was
investigated. It is shown that spontaneous changes of birefringence appearing are disproportional
to P3%. The contributions of Ps and spontaneous deformation into optical constants anomalies at
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ferroelectric transitions are discussed.

It is well known that in addition to the usual ther-
mo-optical variations optical constant changes take
place at ferroelectric phase transitions [1]-[3]. These
changes can be considered phenomenologically as
a result of spontaneous electro-optic effect [4]. Its
components are linear and (or) quadratic electro-
optic effects of paraelectric phase, and an elasto-
optic effect due to spontaneous deformation accom-
panying a P, appearance. Temperature dependences
of optical constants of KDP, BaTiO;, TGS [5]-[7]
and many other ferroelectrics were adequately describ-
ed on this basis. However it was noticed many
times [8]-[10] that in such crystals as

PbTiO; , Ca,Sr(C,H;CO0),

and NaNO, the birefringence changes below T,
appeared to be disproportional to Ps2 , as it follows
from this description. Up to now no satisfactory
explanation of unusual An(Psz) dependences in these
crystals was suggested. Similar optical constant beha-
viour was observed recently by the author in
(NH,),SO, (AS), (NH,),BeF, (AFB) and

(CH3NH,)AI(SO,), .12 H,0 (MASD)

near the first order transitions at T, = 223,5°, 179,6°
and 177 °K respectively [3].

In an effort to determine the main reasons of this
unusual behaviour the spontaneous birefringence
changes in AS, AFB and MASD crystals were measured
within a wide temperature range, including 7. Photo-
elastic constants of the crystals were also estimated.
The temperature dependences of a quadratic electro-
optic effect in paraelectric phases were investigated.
Dielectric properties (¢, P;) were measured simulta-
neously with electro-optic experiments on the same
samples.

Birefringence measurements were made with a
Berek compensator [11] on the samples where the
light propagations coincided with [100], [010] and
[001] in ortorhombic AS and AFB and < 100 >
directions in MASD crystals. Electro-optic experi-
ments were carried out by the dynamic method [12]
at a wavelength of 6328 A. The outer electric field
with the frequency of 800 cps was applied along the
polar directions of crystals.

For comparison purposes we shall discuss the
results obtained on the ferroelectric cuts. Birefrin-
gence An_ of AS is linearly dependent on temperature

Article published online by EDP_Sciences and available at http://dx.doi.org/10.1051/rphysap:019720070207700


http://www.edpsciences.org
http://dx.doi.org/10.1051/rphysap:019720070207700

78 REVUE DE PHYSIQUE APPLIQUEE

above T,. A steplike change takes place at 7, and
then An, changes non-linearly. On the other hand,
a P, — value occurs abruptly at 7, and does not
change below T, [13]. In contrast, the birefringence
An, of AFB is linear with temperature both above
and below T,. These results are in agreement with
Strukov’s data [14]. 6(Am,) dependence versus P?
is shown in figure la. The birefringence of MASD
sharply appears at 7, and non-linearly changes
below T,. 6(An) versus P2 of MASD is shown in
figure 15.
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Fig. 1. — The birefringence changes versus P2Z. a) AFB,
b) MASD.

The coefficients of a quadratic electro-optic effect
ij’T [12], connecting the birefringence changes with
the outer electric field squared, have anomalies for AS,
AFB and MASD crystals near 7,. These anomalies
follow the dielectric ones. Because of this the Mf,-’T [12],

connecting the birefringence changes with the pola-
rization squared, are practically independent of the
temperature. The values of Mﬁ’T are |given in table I.

The estimation of the elasto-optic constants was
made from paraelectric phase data. An(T) dependences
were used for AS and AFB crystals [7], [13], no(7)
dependence for MASD was measured by the Chaulnes
method [15]. The mean values of f)ﬁ-’T constants were
derived (table I).

By knowing the MfﬂT values, the components of
birefringence changes due to the spontaneous elec-
tro-optic effect could be estimated at T, for the crystals
investigated. The calculated values d(An) and expe-
rimental ones are also given in table I. A comparison
of these values shows that the electro-optic contribu-
tion to the jumps of the birefringence at T, is negligible
for these crystals. These evident discrepancies from
the phenomenological theory propositions can be
explained by the following considerations.

According to phenomenological theory all spon-
taneous changes of the optical properties are connected
only with the P, appearance [4]. The spontaneous
deformation in this theory is the result of electro-
mechanical coupling. In other words, it is suggested
that the spontaneous deformation of AS, AFB and
MASD crystals is determined only by electrostrictive
constants of paraelectric phases. However by X-ray
and electromechanical measurements [16]-[18] it
was shown that the lattice distortions of AS and
MASD crystals below T, could not be explained by
the electrostriction. As for AFB crystal, the defor-
mation could not be defined by electrostriction in this
case because this transition is ruled by another
transition parameter other than P, [19] (¥). It was
the spontaneous deformation behaviour that limited
the field of uses for the theory considered. Optical
constant anomalies of AS, AFB and MASD are
determined mainly by the elasto-optic effect. Its
contribution to birefringence changes could be esti-
mated from thermal expansion [16], [17] and photo-
elasticity data.

TABLE 1

Electro-optic and elasto-optic constants of AS, AFB and MASD crystals

Crystal AS

Min,T X ].Olzesu ngM23 - n13M13 = 17.0

;" P2i — py; = 0.05
Pgo x 10%c.cm™? 0.25

s(An)F" 0.5 x 1073
S(An)5eer 1.0 x 1073

n33M32 - n13M12 = 6.0

AFB MASD

n5(Ms; — M3;) = 20.0

psi — p1; = 0.14 p1; = 0.65
0.065 [14] 0.45
1.0 x 1077 20 x 1073
50 x 1073 1.1 x 1073

(*) According to [19] the phase transition in AFB is concerned with the effects of the crystal lattice rebuilding which is
described by the parameter 7. This parameter has non-vector transformation properties. A Ps-appearance in this case is
explained by the crossed terms of the type #2 P in a thermodynamic potential expansion.
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