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Temperature dependences of the linear dimension L(7') and sponta-
neous polarization P,(T) for triglycine sulphate and glycine posphite single
crystals have been measured in the same run of temperature. A decrease
in the spontaneous electrostriction coefficient Q@1 of both crystals studied
is displayed when approaching the corresponding phase transition point 7.
A temperature dependence of the coeflicients @7 (T') shows that the rates
of temperature changes of displacement of the atomic complexes of corre-
sponding crystal structure forming the square of spontaneous polarization
P2 (primary order parameter) and the displacements of all atomic complexes
forming the spontaneous linear thermal expansion §L;/L (secondary order
parameter) are different. The applying external electric field £ = 3x10° V/m
to triglycine sulphate crystal does not influence essentially the temperature
dependence of @z (T) in the temperature range of phase transition below Tc.

PACS numbers: 77.80.Bh

1. Introduction

Critical behavior of ferroelectrics at the continuous phase transitions is often

studied not only by means of the investigation of the temperature dependence of
spontaneous polarization Ps(T') [1-4],

Py(T) = Ap(Te = T, (1)

(593)
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but also using the spontaneous parts of such dependences for different physical val-
ues Y5(7T') (linear dimensions of crystal, optical birefringence, refractive index and
others) [5-7]. As it was determined in the investigations of known ferroelectrics,
e.g. BaTiO3 [2, 8], in the crystals with a symmetry center in the paraelectric phase
the quadratic relation between such the values Y4(T') and spontaneous polarization
Ps(T) in the ferroelectric phase takes place

Yo(T) = Qu PAT) = Qy AR(Te — T)? = A3 (T ~ T)". 2)

The aim of the present investigation was to study the temperature
dependences of the coefficients of spontaneous linear electrostriction Qv = @Qr
for triglycine sulphate, (NH2CH2COOH)3 - H,SO4 (TGS), and glycine posphite,
(NH,CH,COOH) - H3PO3 (GPI), single crystals. Both crystals possess a sym-
metry center in the paraelectric phase [8, 9]. If the coefficient @1 depends on
temperature, then the inequality 8 # B takes place. Taking into account that
the index 8 of the power-like dependence characterizes a velocity of temperature
change of corresponding characteristics of crystal, the nontrivial temperature de-
pendence of this coefficient, Q@r(T) # const, could testify to different rates of
temperature changes of displacement of the atomic complexes of the crystal struc-
ture forming the square of spontaneous polarization P2 and the displacements of
all atomic complexes forming the spontaneous linear thermal expansion of crystal
8L/ L. Such temperature dependences were already displayed in optical studies in
TGS [10], dilatometric measurements of dimethylammonium aluminum sulphate
hexahydrate (DMAAIS) [11] and GPT [12] crystals. But these results were obtained
using only the reference data on temperature dependences of spontaneous polar-
ization [8, 13—15]. In this paper the simultaneous measurements of dilatative and
pyroelectric investigations of TGS and GPI crystals were conducted to verify the
conclusion about temperature dependences of spontaneous electrostriction effect
obtained in the papers [10-12].

2. Experimental

Simultaneous measurements of temperature dependences of pyroelectric sig-
nal and linear dimension of crystalline samples of TGS and GPT (Fig. 1) were con-

(a) X expansion (b) b polarization, expansion
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Fig. 1. Directions of measuring the polarization signal and linear expansion of TGS (a)

and GPI (b) samples.
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ducted using the standard equipment for piroelectric measurement and the quartz
dilatometer of capacitor type [11, 12] with a precision LCR-meter HP 4284A. Con-
ducting liquid silver paste was deposited on two opposite ferroelectric sides of plate
parallel crystalline sample of the typical dimensions of 10 x 7 x 2 mm? (Fig. 1).
The temperature in the chamber was controlled with an accuracy not worse than
5x 1073 K. One magnitude on cooling run 1 K/min was measured in experiments.

3. Results and discussion

For both crystals the square of polarization PZ? and the corresponding relative
spontaneous expansion éLg/L do not depend linearly upon temperature T', and
character of these dependences corresponds to different magnitudes of the indices

Bps = 5 and fFsps = ' of the power-like dependences (1) and (2):

g<pf <0.5. (3)

On the basis of this relation one can suggest that in polar phase of TGS crys-
tal the rates of temperature changes of displacement of the atomic complexes of
the crystal structure forming the square of spontaneous polarization P2 and the
displacements of all atomic complexes forming the spontaneous linear thermal
expansion of crystal §Ls/L are different.

Taking into account that the relative spontaneous expansion §Ls/L is pro-
portional to the square of spontaneous polarization P2,

6Lxs/Lx = QLxPsza (4)
we have calculated the coefficients of spontaneous electrostriction Qr, for TGS

and GPT crystals (Figs. 2, 3). In both cases the coefficient @ essentially decreases
when approaching the corresponding phase transition temperatures 7; in the fer-
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Fig. 2. Temperature dependences of the square of spontaneous polarization P52(T), the
relative spontaneous expansion §Ls;/L, along the crystal physical z-direction and the
corresponding coefficient of spontaneous linear electrostriction Qr.(7") for TGS crystal.
Fig. 3. Temperature dependences of the square of spontaneous polarization P2(T'), the
relative spontaneous expansion & Lsy / Ly along the same b-direction of spontaneous polar-
ization and the corresponding coeflicient of spontaneous linear electrostriction Qr(7T)

for GPI crystal.
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roelectric phase. In a relatively wide temperature range of the ferroelectric phase
of TGS crystal, 290-320 K, this decrease is approximately 20% of the magnitude
Q1 at the initial temperature 7' = 290 K: {Qr(290) — Q£ (320)}/Qr(290) = 0.2.
The greatest decrease in Qr (~50%) takes place in the narrow temperature range
of 320-323 K in the vicinity of the phase transition point 7. = 323 K (Fig. 2).
The magnitude of the electrostriction coefficient @, of TGS crystal for room
temperature obtained, Qr, ~ 1.2 m*/C?, agrees well with the data of [16].

In contrast to TGS crystals, the main decrease in @z coefficient of approx-
imately 80% for GPI one takes place in the wide temperature range of 198-223 K
(Fig. 3). This difference can be connected with the fact that the phase transition
in GPI is placed on the corresponding phase diagram closer to the tricritical point
than the one in TGS crystal [14]. As the result GPI shows a high hydrostatic pres-
sure sensitivity of the PT point T, four times greater than the one for TGS [17].
Analogous to GPI behavior of temperature dependence of the coefficient Qr(7)
is characteristic of the ferroelectric phase of DMAAIS crystal [11], which is also
close to the tricritical point at the normal conditions.

A decrease in the coefficient ) when approaching the phase transition
points T of proper ferroelectrics TGS and GPI in polar phases confirms the above
formulated suggestion relating to the nonequality (3) and shows that the differ-
ence, between the rates of temperature changes of displacement of the atomic
complexes of the crystal structure forming the square of spontaneous polarization
P2 (primary order parameter) and the displacements of all atomic complexes form-
ing the spontaneous linear thermal expansion of crystal §Ls/L (secondary order
parameter), is evidently inverse proportional to the temperature separation from
the corresponding phase transition points (7. — 7).

To study an influence of external electric field on the temperature depen-
dence of coefficients of spontaneous electrostriction we have conducted analogous
measurements for TGS crystals by means of applying the external electric field
F = 3 x 10° V/m along the polar y-axes. An influence of this field changes es-
sentially the forms of temperature dependences of P2(T) and 6§Ls/Ls = f(T)
(Figs. 4, 5). These dependences become more close to the linear one on temper-
ature, more smooth in the region of the phase transition point (Figs. 4, 5). In
the range of 300-320 K the coefficient of spontaneous electrostriction @1 slightly
increases (~5%) and decreases in the range of 320-325 K (~10%) (Fig. 6). Thus
a decrease in the coefficient of spontaneous electrostriction Qr in the range of
320-325 K close to the phase transition point of TGS crystal can be regarded
as a stable peculiarity, not depending upon the presence of external electric field
E =3 x10° V/m. In the case of external electric field, the indices B and 3
of the power-like temperature dependences (2) become intermediate between the
corresponding magnitudes without external electric field and the magnitude of 0.5:
8 < P <0.5.

To determine the temperature dependence of polarization current I,(7) and
then the temperature dependence of spontaneous polarization Pg(T') we have used
the known fact that in a pyroelectric measurement the sign of polarization cur-
rent [, one-to-one corresponds upon the sign of change of temperature d7". When
temperature increases (d7" > 0) the electric current J; measured can be written in



Sitmultaneous Pyroelectric and Dilatometric Studies . .. 597

64 1
. e 6
= x.
i9) 4 =4
P . 4
x
.
24 24
0 0 : :
. 330 . 310 320 330
Fig. 4 K Fig. 5 T.K

Fig. 4. Temperature dependences of the square of spontaneous polarization PZ(T)
for electrically free sample of TGS crystal (solid line) and for sample with the applying
external electric field £ = 3 x 10° V/m along the y-direction of spontaneous polarization
(dashed line).

Fig. 5. Temperature dependences of the relative spontaneous expansion §Ls; /L along
the crystal physical z-direction for electrically free sample of TGS crystal (solid line)
and for sample with the applying external electric field £ = 3 x 10° V/m along the
y-direction of spontaneous polarization (dashed line).
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Fig. 6. Temperature dependences of the square of spontaneous polarization P2(T'), the
relative spontaneous expansion §Ls;/L, along the crystal physical z-direction and the
corresponding coeflicient of spontaneous linear electrostriction Qr(T") for TGS crystal
with the applying external electric field £ = 3 x 10° V/m along the y-direction of
spontaneous polarization.

the following form:
Ii=1.—1p, (5)
where I is the conductivity current and I is the polarization one. In the case of a

decrease in temperature (d7 < 0) the relation for the electric current Iy measured
takes another form:

Ia=1.+1,. (6)

From Egs. (5) and (6) one can obtain easily the relations for the conductivity I.
and polarization I, currents

Ie=(Li+14)/2, I,=(la—15)/2. (7)




598 B. Andriyevsky et al.

2 ]
51— % " B =069V
] =
~ 14

0 EP-039ev
1 : : : 01 T,
300 310 20, 330 340 e %, 5 =

Fig. 7 Fig. 8 1.6x10%(1.38%T), eV

Fig. 7. Temperature dependences of the current I(7") measured for y-direction of spon-
taneous polarization of TGS crystal for the increase (I;) and decrease (Iq) of temperature
with applying external electric field £ = 3 x 10° V/m along the y-direction: I, and I.
are the polarization and conductivity components of I current, respectively.

Fig. 8. Dependence of logarithm of the inverse conductivity current log(Z;!) upon the
inverse temperature T~ for the y-direction of spontaneous polarization of TGS crystal
with the applying external electric field F =3 x 10° V/m along the y-direction.

The corresponding results for TGS crystal are shown in Fig. 7. An extreme like
behavior of the dependences I(T) and I,(T) are caused by the fast temperature
change of spontaneous polarization P near the phase transition temperature 7.
Because of a slight relation between electric conductivity and spontaneous polar-
ization of the crystal the temperature dependence of conductivity current I.(7")
does not display visibly any anomaly at 7¢.. But presenting the temperature depen-
dence of conductivity current I.(7') in the coordinates log(17')—(kT)~! according
to the known exponential form

1(T) ~ exp(~Fa/ET), (8)
one can see the distinct break at the phase transition point of TGS crystal (Fig. 8).
Thus, the paraelectric and ferroelectric phases of TGS crystals are character-
ized by different activation energies of electric conductivity: Egp) = 0.39 eV and
Eg) = 0.69 eV. This 1s a result of the considerable reconstruction of extrinsic
energy states of TGS crystal caused by the structural reconstruction at the phase
transition. The corresponding charge carriers can be as extrinsic particles or de-
fects of the main crystal structure. The high temperature paraelectric phase of
TGS crystal 1s characterized by a smaller activation energy E, of extrinsic con-
ductivity, whereas the deeper traps for the corresponding carriers are characteristic
of the low temperature ferroelectric phase.

4. Conclusions

1. A decrease in the spontaneous electrostriction coefficient Q@1 of the proper
ferroelectric crystals TGS and GPI is displayed when approaching the cor-
responding phase transition point 7.

2. The temperature dependence of the spontaneous electrostriction coefficient
Qr(T) of TGS and GPI crystals shows that the rates of temperature changes
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of displacement of the atomic complexes of the corresponding crystal struc-
ture forming the square of spontaneous polarization P2 (primary order pa-
rameter) and the displacements of all atomic complexes forming the spon-
taneous linear thermal expansion §Lgs/L (secondary order parameter) are
different. This difference 1s evidently inverse proportional to the tempera-
ture separation from the phase transition point (7. — 7).

. The main temperature change of the spontaneous electrostriction coefficient

Qr of TGS crystals takes place in the relatively narrow range below 7,
AT =T, —T =~ 3 K, whereas for GPI crystal this change takes place in a
much wider range, AT = 20 K. This result can be connected with the fact
that the phase transition in GPI is closer to the tricritical one than that in
TGS crystal.

The applying external electric field £ = 3 x 10° V/m to TGS crystal does
not influence essentially the decrease in the coefficient of spontaneous elec-
trostriction @ in the temperature range of 320-325 K below 7. In this
case the indices g and 3% of the power-like temperature dependences (2)
become greater than the analogous ones without external electric field, but
staying smaller than 0.5.

. The high temperature paraelectric phase of TGS crystal 1s characterized by

the activation energy of extrinsic conductivity, Egp) = 0.39 eV, smaller than
the one for the low temperature ferroelectric phase, Eg) =0.69 eV.
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