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Ferroelectricity in glycine picrate: An astonishing observation

in a centrosymmetric crystal
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Remarkable ferroelectric property has been observed in the glycine picrate single crystal though it
crystallizes in centrosymmetric structure. An anomaly at 105 °C was observed in dielectric and ac
conductivity measurements. The activation energies for conduction (E,) below and above this
temperature are found to be 0.31 and 0.53 eV, respectively. The remanant polarization (P,) and
coercive field (E.) at room temperature were found to be 0.64 uC/cm? and 6.22 kV/cm,
respectively. However, a remarkable increase in these values was observed above 105 °C. A
significantly high dj; (piezoelectric charge coefficient) in the order of 18 pC/N was observed.
© 2009 American Institute of Physics. [doi:10.1063/1.3275714]

Organic materials find vast applications in the field of
semiconductors,1 superconductors,2 and photonic devices.>*
Due to the presence of active 7 bonds in organic compounds,
they are found to exhibit high nonlinear optical (NLO) re-
sponse than that of inorganic counterparts. Picric acid is one
of the organic compounds having tendency to form the stable
picrate compounds with various organic molecules.’ Investi-
gations of various amino acid picrates have attracted the at-
tention of researchers in the recent past.ﬁ’7 Glycine picrate
(GP) belongs to one of the amino acid picrate group. It be-
longs to monoclinic crystal system having lattice parameters
a=14.968, b=6.722, and c=15.165 A and space group
P2,/ a®’ Being a centrosymmetric structure, one cannot
predict NLO property. However, recent investigation has
confirmed a remarkable NLO behavior in this material.'®
This finding brings this material to the class of exceptions
which includes NLO material having centrosymmetric
structure.'"'? Further, noncentrosymmetry is also the basic
requirement for the material to exhibit ferroelectricity. A
ferroelectric material finds various applications in nonvola-
tile memory and hence most of the researchers are attracted
toward finding a material with fairly good ferroelectric and
piezoelectric properties. Further, in the recent scenario, the
trend is toward the development of organic ferroelectric
material.'>"*

In the present work, we motivated our self with a ques-
tion, “if the centrosymmetric GP single crystal can exhibit
NLO property then, is it possible for the same to exhibit
ferroelectric behavior as well?” To find the answer, GP single
crystals were grown by slow evaporation solution technique
(SEST) and the ferroelectric response was investigated. Sur-
prisingly, the existence of ferroelectricity in GP single crystal
was found. Further, piezoelectric and dielectric properties of
the crystal were carried out and the results were analyzed and
discussed.

Single crystals of GP were grown using conventional
solution growth method at 47 °C. About 25 g of high grade
glycine and picric acid were used as starting materials in the
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1:1 molar ratio. The details of the growth process are re-
ported recently.10 The grown single crystals were finely
grinded and subjected to powder XRD in the range 10° to
60° of 260 with a step angle of 0.01° with step time 0.5 s
using PW3710 based Philips powder x-ray diffractometer
(Cu K, radiation). The obtained lattice parameters and the
evaluation of crystalline perfection using high-resolution
x-ray diffractometry are reported very recently.10 A sample
was prepared by electroding [using a high grade silver paste
on both ends of (001) facet] and drying at 60 °C for various
measurements. The electric hysteresis loops were measured
with a computer-controlled modified Sawyer—Tower circuit.
A home-made heating chamber with Pt 100 type thermo-
couple was used to heat and monitor the temperature. During
measurements, the sample was submerged in insulating oil.
Crystals were poled by applying a field of 15 kV/cm at
40 °C for 10 min. The piezoelectric charge coefficient ds3
(pC/N) was measured using piezometer (PM300, Piezotest).
The temperature dependence of real and imaginary parts of
dielectric constant, dielectric loss, and ac conductivity were
measured with a 4284A impedance analyzer at a fixed fre-
quency (1 kHz). During measurements, the temperature of
the sample (kept in the heating chamber) was varied from
room temperature to 160 °C with a constant heating rate of
3 °C/min. However, the rate was brought down to
1 °C/mm in the temperature range 100—110 °C due to the
observed anomaly found at 105 °C.

The variation of real (¢’) and imaginary (&”) parts of
dielectric constant of unpoled GP single crystal with tem-
perature at 1 kHz is shown in Fig. 1(a). The dielectric con-
stant of the sample is found to be in the range of 45-75 in the
temperature range 25 to 160 °C. As seen in the figure, nearly
constant values of ¢’ and &” are observed below 105 °C with
a small kink at ~105 °C. The kink may be due to some
ferroelectric to ferroelectric phase transition. Further, a sharp
increase beyond 120 °C is observed till 160 °C. It is to be
mentioned here that the observed flatness and onset of dec-
lination in the values of &’ and &” near 160 °C may be due to
the starting of the softening of the crystal beyond this tem-
perature. So, the peak at ~160 °C could not be judged as its
Curie temperature (7,), i.e., the transition/critical tempera-
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FIG. 1. The variation of (a) real and imaginary parts of dielectric constant and dielectric loss (inset figure) of unpoled GP single crystal with temperature at
1 kHz and (b) In o vs inverse of temperature at 1 kHz. The inset in Fig. 1(b) shows the linear fitting (above and below 105 °C) of Arrhenius equation for

conductivity.

ture of ferroelectric to paraelectric phase transition. This re-
sult is also supported by the hysteresis behavior with tem-
perature as described in the forthcoming paragraph. This
suggests that the system do not show its Curie temperature
up to 160 °C, beyond which it losses its stability. A similar
behavior is observed for tan & [inset of Fig. 1(a)].

Imaginary part of the dielectric constant can be related to
ac conductivity o as o= sows”,ls where ¢, and w are permit-
tivity of free space and angular frequency, respectively. The
variation of the ac conductivity (calculated from the imagi-
nary part of dielectric constant data) with inverse of tempera-
ture is shown in Fig. 1(b). A smooth increase in the ac con-
ductivity is observed till 160 °C with a discontinuity at
105 °C. This anomaly is attributed to the ferro-ferro second
order phase transition. The ac conductivity is given by
Arrhenius equation o=0, exp(-E,/kgT)," where ‘o, is the
pre-exponential factor, “E,” is the activation energy for con-
duction, and “kg” is the Boltzmann constant. A linear behav-
ior below and above the anomaly (~105 °C) is observed.
The activation energy for conduction (E,) above and below
the anomaly (105 °C) is calculated for 1 kHz by using the
Arrhenius equation o=0, exp(—E,/kgT) and is found to be
0.53 and 0.31 eV, respectively [inset of Fig. 1(b)].

The GP single crystals were subjected to piezoelectric
characterization. For this, the poling conditions were opti-
mized by observing the response of the crystals under differ-
ent applied electric fields, temperature, and duration of pol-
ing. It is observed that the crystal can withstand high electric
field up to 23 kV/cm, beyond which cracks were observed to
develop in the crystals. Hence a moderate electric field upto
15 kV/cm at a temperature of 40 °C for 10 min was used to
pole these crystals. A steady increase in the value of piezo-
electric charge coefficients (d3;) was observed as the poling
field is increased. The dz; value as high as 18 pC/N was
achieved.

Figure 2 shows the electric polarization versus applied
electric field curve (hysteresis or PE loop) for GP single
crystal for different temperatures (from room temperature to
160 °C) at 10 Hz. For recording the PE loop, the maximum
applied field was kept constant at 25 kV/cm and the tempera-
ture was varied in a controlled step rise of 3 °C/min. As
evident form the curve, the width of the loop is found to
decrease with temperature till 100 °C. This shows the nor-
mal ferroelectric behavior of the sample in this temperature
region. A straight line at 105 °C was observed. At first in-
stance, it seems to be the Curie point, beyond which the
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FIG. 2. Plot of hysteresis loop at various temperatures.
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FIG. 3. Variation of remnant polarization and coercive field with
temperature.

hysteresis loop is not expected due to the commonly ex-
pected transition from ferroelectric to paraelectric phase. But
surprisingly, it is not the case. Beyond this temperature, an
enhanced ferroelectric behavior was observed. Thus change
in the switching behavior of the GP crystal at 105 °C may be
due to some ferroelectric to ferroelectric second order phase
transition. The values of remnant polarization (P,) and
coercive field (E,) were found to increase from 0.83 to
7.24 uC/cm? and 5.82 to 15.02 kV/cm, respectively in the
temperature range from 120 to 160 °C. The variation of P,
and E, with temperature is shown in Fig. 3. Due to softening
of the sample beyond 164 °C, the hysteresis loops could not
be traced.

The crystals were found to exhibit a fairly good switch-
ing behavior with remanent polarization as high as
7.24 uC/cm?. A ferroelectric to ferroelectric second order
phase transition at 105 °C was observed from dielectric, ac
conductivity and PE loop analysis. A remarkable piezoelec-
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tric charge coefficient up to 18 pC/N was observed. The
various results showed that GP is a promising candidate for
various ferroelectric and piezoelectric applications. The com-
bined NLO properties found recently and the ferroelectric,
piezoelectric, and dielectric properties found in the present
investigation revealed that the GP crystal is a promising or-
ganic crystal for photonic device applications.
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