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Careful measurements have been made for triglycine sulfate (TGS), in the vicinity of the
critical point T, , on the temperature dependence of the spontaneous polarization and the field
dependence of the polarization at T,. It is found that deviations from the mean-field theory occur
only within T~ —T & AT~ = 5 x 10 'C and E &E~ = 0.5 V/cm. The coherence length $0 at 0 oK is
calculated on the basis of Menyhard's theory, which gives a condition for the breakdown of
the mean-field theory. The minimum values of $o obtained by hT, and E, are 7 aud 6 A,
respectively, which are very close to the average distance, 6. 8 A, between statistical units
of TGS.

The behavior of ferroelectric crystals near the
critical temperature is of much interest, because
it is typical of the cooperative phenomena in which
the long-range electrostatic interaction plays an

important role. Recent studies on triglycine sul-
fate (TGS) have shown that the experimental results
are well explained by the Weiss-type mean-field
theory (classical theory) in the range of IT —T, I

~ 3 &&10 a 'C and E ~30 V/cm, where E is an applied
electric field. '~ Furthermore, Blinc suggested
that inside these regions the value of critical
exponents obtained by hysteresis measurements
were very ciose to those predicted by the three-
dimensional Ising model. ~ The careful mea-
surement of the dielectric constant3 shows, how-
ever, that the critical exponent has the classical
value even at T —T,= 10 C and —5&&10 'C. The
aim of this note is to report the results of careful
measurements of the dielectric hysteresis and to
examine the range of validity of the mean-field
theory in the vicinity of the critical point.

The samples used in the present measurements
were gold evaporated on both b surfaces. The 50-
Hz hysteresis loops were displayed on the oscillo-
scope screen through a Sawyer-Tower circuit with
phase compensation. The values of spontaneous
polarization I', were determined by photographs

enlarged about four times. The experimental setup
was almost the same as that previously reported.
Measurements were made in the cooling process
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FIG. 1. Square of the spontaneous polarization vs
temperature in TGS in the very vicinity of the Curie
point.
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least to 5&&10 'C.
The log-log plots of polarization P vs E for the

same specimen at (T,+0. 002) C are shown in
Fig. 2(b). From the gradients of the curves we
can obtain the critical index 5 which is defined as
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FIG. 2. (a) Log-log plot of spontaneous polarization
vs T, —T. (b) Log-log plot of polarization vs applied
electric field at T —T =2x10 'C.

at the critical temperature. Since the critical tem-
perature is expected to be very close to, but slightly
above, T, , it can be concluded from Fig. 2(b) that
the value of 5 is almost the same as the classical
value 8. 0, above about 0. 5 V/cm.

From the results stated above, we may reason-
ably conclude that the critical region of TGS is with-
in the ranges of tT —T, l &5&&10 C and tEI &0. 5

V/cm in the E- T —T, plane. Recently, Menyhard4
has shown, on the basis of the Landau theory, that
the boundary of the critical region, where deviation
from the classical theory becomes remarkable,
can be given as

E=+E I1+ '
i 1—T-T, l T- T, 't"'

with

gT, =10-'k'T ( ~C)-ag-' (2)

at a rate of about 0. 002 'C/min.
In Fig. 1 we show the square of the spontaneous

polarization vs temperature. The peak value of
the applied external field was 10 V/cm. A linear
relationship holds below T - T, = —5 &&10 'C. Here
T, is the temperature obtained by extrapoiation of
the linear relationship. Then the critical exponent
P defined by

P, ~ (T, T)~—
is in good agreement with the classical value & in
this temperature range. This agrees with the range
obtained by dielectric-constant measurements.
The log-logplot of P, vs T, —T is shown in Fig. 2(a).
The results reported by Blinc et al. are also
shown for comparison. Unlike the results obtained
by Blinc et al. , the "classical" region extends at

and

E,= 10 )ksT, ( AC) 2P, ( 0))I

where ~C is the jump of the specific heat at T,
calculated by the Weiss theory and (0 and P, (0) are,
respectively, the coherence length and the sponta, —

neous polarization extrapolated to 0'K. Inserting
suitable values' for T, , &C, and P,(0) into (2) and

(8), and putting ET,=5&&10 'C and E,= 5&&10

V/cm, we obtain $0= 'I A from (2) and $o= 6 A from
(8). These values are very close to an average
distance xo between statistical units in TGS given by

I'o= ( V/Z) i = 6. 8 A,

where V is the unit-cell volume and g is the num-

ber of the formula units per unit cell.
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