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The temperature dependences of the dielectric permittivity, spontaneous polarization, and 
specific heat of triglycine fluoroberyllate are investigated in the immediate vicinity of the 
Curie point. The expansion parameters for the Gibbs free energy function are determined 
and the parameter 6 which defines the correlation energy is estimated. 

INTRODUCTION 

AN expansion of the type 

ID =«Do+ A (T- Tc)P2 + BP4 + CP6 + o(grad P) 2 (1) 

is commonly used to describe the behavior of fer
roelectric crystals in the vicinity of a second
order phase transition. 

According to estimates of Ginzburg, [ll in fer
roelectrics the correlation energy o (grad P) 2 be
comes of the order of the volume energy when the 
polarization P changes at distances which exceed 
the lattice constant appreciably: for T « T c we 
have ATe~ 6/Z2, l » d ~ 4 X 10-8 em which leads 
to an anomalously narrow temperature interval 
within which one can expect a deviation from (1) 
and to a negligibly small effect of the fluctuations 
on the temperature dependences of the spontaneous 
polarization, the dielectric permittivity, and the 
specific heat. 

However, recent data on the temperature de
pendences of the thermodynamic parameters of 
ferroelectrics near the Curie point indicate that 
the problem concerning the role of fluctuations in 
ferroelectric phase transitions must be defined 
more accurately. The experimentally measured 
jump in the specific heat of the phase-transition 
point for triglycine fluoroberyllate (TG FB) crys
tals (T == 49 o C) is not described by expansion (1),[ 21 

and the specific heat itself has at the Curie point 
a logarithmic singularity; [ 31 at the same time no 
deviations are noted from the "normal" tempera
ture dependences of the spontaneous polarization 
and the dielectric permittivity. [ 4, 51 

In this connection it appears justified to con
tinue investigations of the properties of ferroelec-

tric crystals in the immediate vicinity of the point 
of a second-order phase transition. In this paper 
we present data of an experimental investigation 
of the electrical and thermal properties of the fer
roelectric crystal triglycine fluoroberyllate in the 
vicinity of the Curie point which occurs according 
to tl,e data of [S, 71 in the region of 70° C; the 
spontaneous polarization appears along the two
fold axis. 

EXPERIMENTAL RESULTS 

The temperature dependences of the dielectric 
permittivity along the polar axis Ep, of the spon
taneous polarization Ps, and of the specific heat 
at constant pressure and electric field cp, E were 
measured on a sample placed in a vacuum adia
batic calorimeter of the construction of Strel 'kov 
et al. [ 2• 81 The values of Ep and Ps were deter
mined under conditions of zero temperature 
change of the calorimeter; the accuracy of the 
temperature measurement was of the order of 
5 x 10-4o C. On going from one temperature to the 
next the capacitor plates were shorted out (E == 0) 
and a measured amount of heat was supplied to the 
sample. The ratio of this amount of heat to the 
equilibrium temperature change determined the 
specific heat of the crystal cp, E = L:;.Q/!:;. T. Thus 
the measurement of all three quantities Ep, Ps, 
and cp, E was carried out on the same crystal 
under identical conditions. 

In measuring Ep, 10 millivolts were applied to 
the sample; this voltage produced within the sam
pie a field of the order of 0.03 V /em which can be 
considered very small. The dielectric permittivity 
was measured at a frequency of 20 kcs with the 

692 



THERMODYNAMICS OF PHASE TRANSITION 693 

aid of a precise logarithmic Sullivan-type bridge 
with an accuracy of 0.1%. 

To determine the spontaneous polarization, we 
used a static method consisting in measuring the 
electrical charge remaining on a large ( .... 10 IL F) 
mica capacitance C0 connected to the crystal in 
series. The spontaneous polarization 

Psr= (e+ + e_) I 2S, 

where e+ and e_ are the charges on c0 for dif
ferent polarizations of the applied voltage and S 
is the area of the electrodes deposited on the sam
ple surfaces perpendicular to the axis of spon
taneous polarization. It should be noted that this 
method is applicable only after prolonged anneal
ing of the crystal at .... 100 o C which removes the 
natural unipolarity of the sample; after annealing 
a single-domain state of arbitrary sign is retained 
for a long time after removing the electric field, 
even in the immediate vicinity of the Curie point. 
Use of the electronic "Orion" equipment to meas
ure the charge made it possible to attain an accu
racy of 3 per cent in the value of Ps. 

1. THE DIELECTRIC PERMITTIVITY 

Figure 1 shows the temperature dependence of 
the reciprocal of the dielectric permittivity 1/Ep 
of a TG FB crystal. The dependence of Ep1 (T) on 
both sides of the transition point is, in the first 
approximation, linear, the ratio of the slopes being 

~ (__!_) ,~( ~) -
dT ' 8p T<Tc dT \ 8pr T>Tc - 3•4· 

The Curie point obtained from the maximum value 
of the dielectric permittivity is at room tempera
ture T~ = 72.85 ± 0.05° C. In the paraelectric 
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FIG. 1. Temperature dependence of the reciprocal of the 
dielectric permittivity 1/ E P of a TGFB crystal (dashed line
assumed variation of 1/ Ep)· 

phase the dependence of 1/Ep on T is well de
scribed by the equation 

4n/ 8p= 2A (T- Tc'), 

which follows from expansion (1) with A = 1. 72 

(2) 

x 10-3 deg-1• T~ in (2) is obtained by extrapolating 
the dependence EP1(T) to Ei)1 = 0. 

As can be seen from Fig. 1, a deviation from 
linearity is noted near the Curie point both in the 
paraelectric and in the ferroelectric phase. For 
T > T~ the increase in the dielectric permittivity 
is somewhat more rapid than one would expect 
from (2); in the polar phase a break is noted in the 
Ej)1(T) dependence at a temperature T ~ 72° C. 
The reasons for the observed deviations will be 
discussed below. 

2. SPONTANEOUS POLARIZATION 

Figure 2 illustrates the temperature dependence 
of the spontaneous polarization of a TG FB crystal 
in the ferroelectric phase. The spontaneous polar
ization vanishes at a temperature T~. The P~(T) 
dependence is well described by an equation which 
follows from (1) for the spatially homogeneous 
case: 

p 2=- A(T-Tc) -~A2C (T-T )2 
s 2B 8 B3 c ' 

(3) 

where the values of the coefficients B and C, de
termined from a least-squares treatment of the 
dependence Ps(T) are: B = 0.61 x 10-10 , and 
C = 0. 98 x 10-19 cgs esu. 

For comparison we show on Fig. 2 also the tern
perature dependences of P~ obtained experimen
tally and calculated from (3) with the above values 
of the coefficients A, B, and C. In the tempera
ture range from T6 to T~ - 3 o C the square of the 
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FIG. 2. Temperature dependence of the spontaneous po
larization of a TGFB crystal: 0 -temperature dependence of 
the spontaneous polarization of a TGFB crystal, •-temper
ature dependence of P 28 , *-points corresponding to Eq. (3). 
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spontaneous polarization is a linear function of the 
temperature. 

3. SPECIFIC HEAT 
The general form of the specific-heat anomaly 

in the TG FB crystal for E = 0 is shown in Fig. 3. 
As in the case of the previously investigated tri
glycine sulfate, [ 21 the increase in the specific heat 
splits into three regions: 44-54, 54-62, and 62-
720 C. In the region of the phase transition the 
specific heat increases particularly rapidly, reach
ing at a temperature of Tg = 72.0 ± 0.1 o C a maxi
mum value of ~ 0.66 cal/g-deg. This temperature 
corresponds to the break in the Ei)1(T) dependence 
noted above. The difference between the tempera
tures T~ and Tg which has also been observed in 
triglycinesulfate[ 91 amounts here to 0. 85 ± 0.15 o c. 
It is curious to note that the decrease in the spe
cific heat above Tg takes place as it were in two 
stages: the first stage in the range Tg to T~, and 
the second stage in the range T~ to Tg + 2o C. 

Figure 4 shows the dependence of the specific 
heat cp, E (T) in the region where it has its maxi
mum, the points corresponding to heating intervals 
of~ 0.07° C. At the temperature corresponding to 
the appearance of spontaneous polarization in the 
crystal, its specific heat experiences a jump which 
goes over continuously into a maximum shifted to 
the left. The theoretical variation of the specific 
heat which can be calculated from (3) 

~Cp, E = ATdP8 2 / dT, (4) 

coincides approximately in its value to the "bulge" 
in the variation of the specific heat for T > Tg. 

DISCUSSION OF THE RESULTS 

In comparing the obtained results with the 
theory one must bear in mind that the deviations 
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FIG. 3. The general form of the specific heat anomaly of 
a TGFB crystal [dashed line-tangent of the normal course 
of C(T)]. 
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FIG. 4. Temperature dependence of the specific heat of 
a TGFB crystal in the region of the phase transition (dashed 
line-the same as in Fig. 3). 

of the experimental dependences from the theo
retical ones [relations (1)-(4)] can be due not only 
to fluctuation effects but also to the inevitable im
perfection of the crystal samples (point defects, 
impurities, dislocations). Since it is difficult to 
control these types of imperfections, we shall bear 
in mind that a decrease in the quality of the crys
tal leads, as a rule, to a "washing out" of anom
alies, the appearance of "tails" of the spontaneous 
polarization, and to a decrease in the value of 
E max· In our case the imperfection of the crystal 
expressed itself above all in the fact that the tern
peratures T c and Tg did not coincide and in the 
appearance of a ''bulge'' on the decreasing branch 
of the specific heat. A similar situation was ob
served previously in measurements at the critical 

. t[ 10 ] d . th f pom an m e erromagnetic phase transition 
. d l' . [ 111 h -1 m ga o mmm. T e break in the E (T) depend-
ence in the ferroelectric phase is app~rently due 
to the same reason. 

On the other hand, the change in the Curie con
stant in the paraelectric phase near T cannot be 
ascribed to the effect of defects since the latter 
could only decrease E p and not increase it; this is 
borne out by the numerous experiments on the ef
fects of radioactive irradiation on the properties 
of ferroelectrics. In the temperature region where 
the deviation in the Ep1(T) dependence from lin
earity starts there appears in the paraelectric 
phase additional heat capacity which may be con
nected with fluctuation effects (disturbance of the 
short-range order). 

A plot on a semilogarithmic scale made it pos
sible to interpolate the specific-heat "tail" in this 
temperature range (T ~ to T~ + 2 o C) using the 
equation 
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~Cp,E =-A lnjT- Tc'l + B, (5) 

where the values of the coefficients turned out to 
be: A= 16.5 cal/mole-deg, B = 6.2 cal/mole-deg 
(a quantitative processing of the values of the spe
cific heat in the ferroelectric phase turned out to 
be impossible because of the indeterminacy in the 
choice of the temperature at the origin). The value 
of the coefficient A turned out to be the same in 
order of magnitude as the corresponding value for 
the triglycine sulfate crystal. [ 31 

We attempted to estimate the coefficient o in 
expansion (1) by comparing (5) with Levanyuk's 
formula for the specific heat of the paraelectric 
phase: [ 121 

[here A is the coefficient in the expansion (1)]. 
Such a comparison yields o ~ 10-16 cm2, whence 
we have for the characteristic length Z2 = 6/ATc 
~ 1.6 • 10-16 cm2, i.e., ~ d2• It is interesting to 
note that Ginzburg's estimates in Ul for BaTi03 

crystals were also based on the value o ~ 10-16 cm2; 

the large value of Z2 was then obtained on account 
of the smallness of the product AT c which ~ 1. 5 
x 10-2 for BaTi03 but ~ 0.5 for TGFB crystals. 
The small value of l obtained leads to definitely 
incorrect results in estimates of the temperature 
interval of the applicability of the phenomenologi
cal theory according to Ginzburg's formula: [ 11 

T- Tc x2TcB2 
---~--,...,.,02 

T c ~ 8:n2<'J3.t1 . ' 

i.e., T-Tc »50°C! 

(6) 

It should however be noted that inequality (6) is 
applicable only to the case of non-uniaxial ferro
electrics when the average value of the square of 
the Fourier component of the polarization fluctua
tion does not depend on the direction of the wave 
vector. In ferroelectrics with a single polar axis 
it turns out that I Pkz 12 depends on the angle J 
between the direction of this axis and the k vec
tor: [ 121 

xT 
1Piizj2 = ' 

2 (1 hA ( T - T c)+ 2n cos2 8 + ok2) V 

and the condition for the temperature interval in 
which the fluctuations are relatively small: 

reduces to 

T- Tc { S:n l"2n 6'" } __ e-20. ---~ exp - --'--- --
Tc BxT 

There are thus good reasons for assuming that 
the thermodynamic theory of ferroelectricity based 
on expansion (1), should for uniaxial crystals have 
a region of applicability which excludes only a 
small neighborhood of the Curie point of the order 
of 0.01-0.1 o C. The experimental data available at 
present confirm this in general. For a more com
plete comparison of theory and experiment one 
must investigate more carefully the effect of crys
tal imperfection on the behavior of its thermody
namic parameters near the Curie point. 

In conclusion we consider it our pleasant duty 
to express our deep gratitude to B. Brzhezina 
(Physics Institute, Academy of Sciences, Chuvash 
S.S.R.) who supplied the TGFB crystal for our in
vestigations, A. P. Levanyuk for valuable advice in 
the course of the discussion of the results, and 
also V. G. Vaks and A. I. Larkin for useful dis
cussions. 
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