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Low-temperature pyroelectric anomalies in
single domain crystals of triglycine sulphate
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The pyroelectric coefficient along the ferroelectric axis, of single-domain samples of triglycine
sulphate has been determined on heating by means of the static technique from 85 K to
within a few degrees below the Curie point, 7;. Dielectric and ferroelectric measurements
carried out on some representative specimens in the vicinity of 7; revealed a normal second-
order ferroelectric transition. Anomalies in the pyroelectric signal were observed at
temperatures of the order of 125, 165 and 270 K which have analogues in previous electrical

and structural measurements.

1. Introduction

The ferroelectric nature of triglycine sulphate (TGS),
(NH,CH,COOH);H,S80,, was first discovered in
1956 by Mathias et al. [1]. The crystal is one of a very
few ferroelectrics known to exhibit a second-order
phase transition. Hoshino et al. [2] suggested that the
main reversible dipole is associated with the non-
planar glycine ion, G;, and this is now generally
accepted. This reversal is thought to be associated
with the flipping motion of the weakly hydrogen-
bonded NHI group to the opposite side of the
C-CO, plane through a rotation of the C-C¥
bond [3-5].

Previous pyroelectric measurements on crystalline
triglycine sulphate by Chynoweth and Feldman [6],
using the dynamic technique and carried out to tem-
peratures down to 133 K, have failed to reveal anom-
alous behaviour. Mangin and Hadni [7, 8] using a
similar technique but down to liquid helium temper-
atures, have reported anomalous behaviour at about
and below 16 K, but not above this temperature.

Despite these negative results, there is evidence of
various anomalies in the behaviour of TGS in the
temperature range 16 K to room temperature and
these will be commented on later in this paper. Hence,
it was decided that pyroelectric investigations should
be undertaken in this laboratory as part of a compre-
hensive study of the electrical properties of the mater-
ial. In the present investigation the pyroelectric
current under short circuit conditions was measured
on heating, employing the static technique and a
current measuring instrument similar to that de-
scribed by Lines and Glass [9]. The theory of the
experiment is also given in this reference which indic-
ates that the area under the current—time curve for a
small temperature increment, A7, and corresponding
time increment, Az, is the corresponding change in the
spontaneous polarization, AP,, scaled by the electrode

area. The pyroelectric coefficient, A, is then given by
the ratio AP,/AT, provided that  is constant.

2. Experimental procedure

The investigated samples were clear, free from cracks,
and were cut with their main faces perpendicular to
the ferroelectric axis. Silver evaporated electrodes
were deposited on these main faces so that the samples
were in the form of parallel plate capacitors. The
samples had areas in the range 0.86-0.45 cm? and
thicknesses in the range 0.037-0.1 cm.

The experiments were carried out in a storage
cryostat, especially designed to minimize thermal
shock. Temperature control, involving a copper—
constantan thermocouple mounted on the cryostat
finger at the base of the sample, was by means of a
Thor temperature controller Model 3010 IT in
conjunction with an electronic ramp-generating pro-
grammer which allowed accurately controlled heating
and cooling regimes and temperature stability to with-
in + 0.05 K. The samples were mounted in an un-
clamped fashion.

The pyroelectric current was measured using a
current to voltage convertor of high stability and
fast response based on National Semiconductor
operational amplifier type LP35IN feeding a
Hewlett—Packard X-Y recorder type 7035A with
external timebase, type Hewlett—Packard 17108A.
The limit to the accuracy of measurement of AP, and
hence A, of + 5% resulted from current fluctuations
from the sample which far outweighed inaccuracies
inherent in the current measuring apparatus.

Before each pyroelectric investigation, the samples
were poled by heating to above the ferroelectric phase
transition temperature, 7, within the cryostat and
then cooling through T, while maintaining a large d.c.
field (between 680 and 1800 Vecm™!) across the
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samples. This field was removed when room temper-
ature was reached during the sample cooling-down
procedure to low temperatures which employed a
cooling rate of 0.2 K min™*.

" After reaching the desired low temperature the
pyroelectric current was measured on heating as fol-
lows. The temperature was increased by one degree at
the conveniently slow rate of 0.5 K min ™! while re-
cording the pyroelectric signal. Because the sample
temperature always lagged behind that of the cold
finger during ramping, the pyroelectric current was
recorded for a longer period (generally around 1 min)
until it approached zero when temperature equilib-
rium was finally reached. This procedure was then
repeated at different temperatures within the range of
measurements. The heating rate between temperature
intervals was again kept at 0.5 K min ~!. Before each
measurement was made the temperature was main-
tained for about 5 min to ensure temperature homo-
geneity within the samples.

3. Experimental results
In order to assess the ferroelectric quality of the crystal
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Figure 1 Showing a representative pyroelectric signal recorded at
91.5 K.

used, several representative samples were used to in-
vestigate the temperature dependence of the spontan-
eous polarization, P, and the relative permittivity, €,
using the well-known Sawyer—Tower method and an
a.c. bridge, respectively. P, was found to decrease
continuously to zero on approaching T, giving a
linear relationship between PZ and temperature, T, in
the vicinity of T following the prediction of the
Devonshire theory [10-12] for the second-order fer-
roelectric phase transition. The value of P, at room
temperature is about 2.85 nC cm ™2 in agreement with
the results of Tsedrick et al. [13], Hoshino et al. [14]
and Jona and Shirane [15].

The anomalous rise of ¢ with temperature was
continuous when heating through T, again indicating
a second-order ferroelectric transition. The material
showed a transition temperature of ~322.4 K, a value
very close to those already reported in the literat-
ure [14, 15]. The values of the Curie constants above
T.(C,)and below T, (Cy), 3500 and 1500 respectively,
are similar to those reported previously by other
workers such as Gonzalo [16], Hoshino et al. [14]
and Felix et al. [17]. This gives a value of 2.5 for C,,/C;
which is very close to the theoretical value of 2.4 for
adiabatic conditions [18].

A typical pyroelectric signal recorded at 91.5 K is
shown in Fig. 1. Region A extends for a period of
2 min and corresponds to the temperature ramping-
up time. As the sample temperature finally reaches
that of the cold finger, the pyroelectric signal gradual-
ly decreases to zero, giving rise to Region B. It should
be noted that low-frequency current oscillations of
about 0.17 Hz (probably of a piczoelectric nature) are
present on the signal as the temperature is ramped up.
However, at temperatures above about 115 K, the
pyroelectric signal became sufficiently large to mask
off these oscillations.

The temperature dependence of A over the range
85 K to within few degrees of T is shown in Fig. 2, as
a semi-log plot of A versus T. The value of A at 318 K
of 95+ 06x107%C cm 2K™! is in good agree-
ment with those calculated from the results of Krem-
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Figure 2 Dependence of log A on temperature.
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Figure 3 A plot A versus T Showing a small bulge centred around
125K.

enchugskii and Samoilov [19] and of Felix
et al. [17] using the dynamic and the static techniques,
respectively. However, comparison at lower temper-
atures was not possible because the cited data were in
arbitrary units. The plot is seen to be linear over the
temperature range 165-270 K. If a plot of A versus T
at the lower temperature end is made, a small bulge
can then be seen more noticeably around 125K,
Fig. 3. The position and magnitude of this bulge
varied somewhat between samples.

Preliminary experiments carried out at the lower
temperature end, before the linear ramping of temper-
ature was adopted as the standard heating technique,
involved much more rapid heating of the sample. The
temperature programmer was set so as to give a
temperature increment of 1 K as a discontinuity. The
ratio of rise in temperature of the sample was therefore
dependent on the thermal response of the total system
involving both the cryostat cold finger and sample in a
much more dramatic fashion than for the linear ram-
ping method. When using this method, the resulting
plot of A versus T showed a monotonic increase in 2
with temperature with barely detectable anomaly
bulge at about 100 K. Furthermore, no low-frequency
oscillations on the pyroelectric signals were observed.
This set of experiments demonstrates that the anomal-
ous behaviour, observed in a more pronounced fash-
ion in the temperature-ramping experiments, can be
masked by inappropriate temperature regimes.

4. Discussion

Before commenting more fully on the present pyroel-
ectric measurements, attention will be given to pre-
vious appropriate studies of the behaviour of TGS
down to low temperatures. Blinc et al. [20], who
carried out proton magnetic resonance studies, ob-
served that the temperature dependence of the second
moment of the absorption lines shows two anomalies,

one at the Curie point and the other centred on about
153 K. This lower temperature effect was attributed to
a simple reorientation process of the NHZ group.
Hoshino [21], on the other hand, proposed a 35°
flipping motion for the G, dipole between two sites,
related by the mirror plane perpendicular to the
b-axis, as a mechanism to account for the value of the
second moment at 160 K because this was held to be
too low to be associated with the freezing in of the
NH group.

Al-Eithan [22] carried out Raman studies on TGS
and concluded that the NH; stretching vibrational
mode (associated with Gy), in addition to other inter-
nal modes, shows a linewidth anomaly at about
110 K, indicating a phase transition. Corresponding
work on deuterated TGS showed a linewidth trans-
ition at about 134 K. The large isotropic shift was
considered to be a good indication that the NHJ and
corresponding NDJ groups were intimately bound
up in the transition. It is further stated that these
structural changes are intimately connected with
NH7 group orientation and that this is supported by
results of ultrasonic investigations, as will be noted
below. The Raman investigation also showed that the
lattice vibrational mode (around the 100 direction)
was affected by the transition, as well as the linewidth
anomaly for the internal SO, mode at 90 ¢cm ~ . This
last point was said to be due to a change in the bond
system, resulting in changes in G; behaviour. Corres-
ponding ultrasonic measurements showed that small
changes in sound velocity, elastic constants and in-
creased attenuation were associated with the proposed
phase transition indicating a small cooperative change
in the molecular dynamics of the NHJ groups. Ther-
mal expansion experiments indicated changes in beha-
viour at about 120 K and also at about 270 K.

As explained in Section 3, our graphs of log A versus
T show linear behaviour in the temperature range
~ 165 to ~ 270 K. The deviation from linearity at
about 165 K may well be related to the same struc-
tural changes reported by Blic et al. at about 153 K.
While the change in shape of the graphs at about
270 K relates well to the reports of several workers,
Roder et al. [23], who studied the domain structure of
TGS down to low temperatures using scanning elec-
tron microscopy, found that the domain structure did
not change with temperature below 260 K, and cor-
respondingly, Domansky [24] reported a large
increase in the coercive field. The change in behaviour
at 270 K reported by Al-Eithan has been mentioned
above.

The bulge in our curves at about 125 K also relates
reasonably well with the work of Al-Eithan but, as
already mentioned, shows some variation between
samples. This variation may be due to differences in
thermal history or variation in the impurity content
between samples influencing the behaviour of the G,
dipole.

Our data indicate a slow increase in the spontan-
eous polarization down to 85 K (Fig. 4) also in agree-
ment with the previous works of Chynoweth and
Fieldman [6] and Mangin and Hadni [7, 8]. (The
values of P, in Fig. 4 were obtained by measuring the
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Figure 4 The behaviour of P, with temperature. (O) Pyroelectric measurements, (A ) data obtained using the Sawyer-Tower technique.

charge under a plot of A versus 7, not shown here.)
Also shown in Fig. 4 are the data obtained using the
Sawyer—Tower circuit in the vicinity of T, which are
seen to be very similar to the pyroelectric measure-
ments. This further confirms the validity of the pyroel-
ectric technique used in this work and indicates effic-
ient poling procedure. The suggestion made by
Ganesan [25] that TGS might have a phase transition
at low temperatures, like that of Rochelle salt, to
become paraelectric, is clearly not borne out over the
temperature range of our experiments.

The present work has clearly indicated the value of
pyroelectric investigation as pointer to the presence of
anomalous behaviour which may then be investigated
by more appropriate techniques. It has also demon-
strated that careful control of the temperature regime
is extremely important and that the static method
does have an advantage over and above the dynamic
method. This is particularly the case if the thermal
capacity of the sample is a function of temperature.
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