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Abstract

Thiourea-doped Triglycine sulphate (ThTGS) crystal with three different concentrations of thiourea was grown from
aqueous solution by slow cooling technique. The cell parameters were determined from powder X-ray diffraction
analysis. A qualitative analysis of the presence of thiourea in doped crystals was estimated by FTIR analysis.
Microhardness studies were carried out using Leitz Weitzler hardness tester at room temperature. Dielectric properties
of the crystals were studied which showed a shift in the Tc when compared to pure TGS crystal. Pyroelectric studies
were carried out and the pyroelectric coefficient was found. Piezoelectric studies (d33 coefficient) has also been carried
out.

Keywords: A1. Characterisation; A2. Growth from solutions; B1. ThTGS crystal; B2. Dielectric materials; B2. Ferroelectric materials;
B2. Piezoelectric materials

1. Introduction

Triglycine sulphate ((NH2CH2COOH)3 • H2SO4:
TGS) is one of the best material applied as a
sensitive element in pyroelectric sensors due to its
high pyroelectric coefficient, reasonably low di-
electric constant, and the best quality factor. The

crystal is monoclinic below and above the Curie
temperature (49 °C) and has a second-order phase
transition at the Curie point [1]. However, the
TGS crystal has a disadvantage that it depolarises
by thermal, electrical or mechanical means. An
efficient way to stabilise the single domain state is
practised by doping an optically active molecule
into TGS. In TGS, glycine is one of the amino
acids. The partial substitution of an optically
active molecule in the place of glycine molecule
causes an internal bias field, which causes the
crystal permanently polarised [2-4]. In order to
modify and improve properties for application,
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various dopants have been tried in TGS [5-7]. The
effect of the amino acids l-tyrosine and l-cystine on
TGS crystal was reported [8,9]. The addition of
organic dopants enhances the pyroelectric figure of
merit, which is an essential parameter for device
application [6]. The effect of organic dopants in
TGS has been reported [10-12]. In this paper we
report the effect of different concentrations of
thiourea on the growth, structural parameters and
ferroelectric properties of TGS.

3. Characterisation

3.1. Powder X-ray diffraction analysis

Powder X-ray diffraction analysis has been
carried out using Philips Powder X-ray diffract-
ometer using CuKa radiation to identify the lattice
parameters. The lattice parameters of pure and
doped TGS crystals have been calculated and are
listed in Table 1.

2. Experiment

2.1. Crystal growth of ThTGS

Thiourea-doped TGS crystals were grown by
slow cooling technique. TGS was synthesised by
taking glycine and sulphuric acid in the molar
ratio 3:1. A saturated solution of TGS at 40°C was
prepared using twice recystallised salt [9]. The
solution was filtered using a sintered glass filter of
l(i porosity. 5, 10 and 15wt% of thiourea was
added to the TGS saturated solutions. The
solutions were loaded in the constant temperature
bath set at 40° C. Slow cooling method was
employed for the growth. Transparent and good
quality seeds were selected for the growth. A
cooling rate of 0.03 and 0.3°C/day were employed
during the initial and final stages of the growth till
the room temperature was reached. After the
growth the crystals are subjected to various
characterisations (Fig. 1).

3.2. FTIR studies

The infrared spectra were taken using Nicolet
Instrument Corporation using KBr pellet techni-
que to analyse the presence of thiourea in the
sample qualitatively. The FTIR spectrum of pure
TGS crystal has been shown in Fig. 2a. The
spectrum of TGS shows a broad envelope between
2100 and 3800 cm"1. It includes the OH stretch of
hydrogen bonded carboxyl groups, the asymmetric
stretching mode of NH3

+at 3161.73 cm"1 and CH2

stretching modes just below 3000 cm"1. The
broadening that extends between 2800 and
2200 cm"1 includes overlapping of bands due to
the stretching modes of hydrogen bonded NH3 +

overtones and combination bands.
The C = O stretch of carbonyl groups displays

its characteristic peak at 1705.29 cm"1. The CH2

bending modes of glycine are located at 1377.35
and 1427.51cm"1. The NH+3 displays its char-
acteristic bending modes at 1427.51, 1504.67 and
1539.39 cm"1. The intense and sharp peaks posi-
tion between 1000 and 1200 cm"1 are assigned to
stretching modes of carboxyl and sulphate ions.
The peaks due to NH+3 oscillation are seen at
615.37, 571.00 and 501.56 cm"1.

Table 1
Lattice parameter values of pure and thiourea-doped TGS
crystals

Thioourca doped TGS

Fig. 1. As grown crystals of ThTGS.

Sample

Pure TGS
ThTGS (5wt%)
ThTGS (10wt%)
ThTGS (15wt%)

a

9.
9.
9.
9.

(A)

15
16
17
18

b (A)

12.64
12.56
12.58
12.60

c

5
5
5
5

(A)

.72

.73

.74

.74

PC

105.
105.
105.
105.

53
53
56
58
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Fig. 2. FTIR spectra of: (a) pure TGS crystal, (b) ThTGS (5wt%) crystal, (c) ThTGS (10wt%) crystal and (d) ThTGS (15wt%)
crystal.

The FTIR spectrum of 5wt% thiourea-doped
TGS crystal is shown in Fig. 2b. Although it
provides similar features as that of pure TGS
spectrum, there is a peak broadening observed for
all the peaks suggesting wide range of interactions
for the groupings.

Fig. 2c illustrates the FTIR spectrum of 10wt%
thiourea-doped TGS. It shows similar characteristics
as that of 5 wt% ThTGS but each peak in the finger
print region is characterised by the absorption fine
structure which is not observed either in parent or in
5 wt% ThTGS. In addition the overtone band is also
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Fig. 2 (continued).

1000

very well resolved and sharp (2349.17 cm l). For
15wt% ThTGS as shown in Fig. 2d, features are
similar to that of 5 wt% ThTGS. The absorption fine
structure observed in 10wt% ThTGS is not
observed here. Also the overtone band are not as
resolved as 10wt% ThTGS.

3.3. Dielectric studies

Transparent and good quality crystals were
selected for dielectric studies. Plates were cut
perpendicular to the ferroelectric axis. b-cut plates
thus obtained were polished with alumina powder
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and ethylene glycol as lubricant. Electronic grade
silver paste was applied on either surface of the
sample which acted as electrodes. The dielectric
measurements were carried out using Hewlett
Packard low frequency impedance analyser (Mod-
el HP 4192A). The studies were carried out from
room temperature till Tc for the frequencies
varying from 100 Hz to 5 MHz. The experimental
set-up for performing dielectric studies has been
discussed [9]. The capacitance and tand were
measured for different frequencies starting from
100 Hz to 5 MHz and at different temperatures.
The dielectric constant (V) and dielectric loss ðe00
were calculated for pure and thiourea mixed TGS
crystals. Figs. 3 and 4 show the temperature
dependence of dielectric constant and dielectric
loss of admixtured TGS crystals. Table 2 gives the
values of dielectric constant (e00) and dielectric loss
(e00) of pure and mixed TGS crystals at 1 kHz
frequency. Thiourea mixed TGS crystals show a

decrease in the dielectric constant and dielectric
loss compared to pure TGS crystal except for
ThTGS (15 wt%) crystal.

3.4. Pyroelectric and piezoelectric studies

The samples for the pyroelectric and piezo-
electric studies were first poled with a field of
4.0kV/cm using corona poling. The pyroelectric
measurements were carried out on the poled
samples using a Keithley electrometer (610C) from
room temperature till Tc is reached. The piezo-
electric coefficient was studied in the poled samples
using Pennebaker piezo tester (Model 8000).

The pyroelectric coefficient was calculated using
the relation

P=i/A(dT/dty\

where 'i' is the pyroelectric current, 'A' is the area
of the specimen and dT=dt is the heating rate.
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Fig. 3. Dielectric constant vs. temperature of: (a) pure TGS crystal, (b) ThTGS (5wt%) crystal, (c) ThTGS (10wt%) crystal and
(d) ThTGS (15wt%) crystal.
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Fig. 4. Dielectric loss vs. temperature of: (a) pure TGS crystal, (b) ThTGS (5 wt%) crystal, (c) ThTGS (10 wt%) crystal and (d) ThTGS
(15wt%) crystal.

Table 2
Dielectric constant (e0), Dielectric loss (e00) and Curie tempera-
ture (Tc) values of pure and thiourea doped TGS crystals

Sample e0 (at Tc) s" (at Tc)

Pure TGS
ThTGS (5wt%)
ThTGS (10wt%)
ThTGS (15wt%)

3609
1649
1199
5300

149.1
18.69
48.58

430.3

49
50
51.5
50

The temperature dependence of the pyroelectric
coefficient of thiourea admixtured TGS crystals
has been shown in Fig. 5. The pyroelectric current
as well as pyroelectric coefficient was very small at
room temperature, but they increased with in-
crease of temperature and showed maximum at
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Fig. 5. Pyroelectric coefficient vs. temperature of pure and
ThTGS crystals.
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Curie temperature. The pyroelectric coefficient
and the corresponding transition temperature
(Tc) of ThTGS crystals are shown in Table 3. It
is clearly seen that the pyroelectric coefficient of
thiourea mixed TGS crystals increases with
increase in concentration of thiourea and are
found to be higher than pure TGS crystal. For
ThTGS (15wt%) crystal, the pyroelectric coeffi-
cient is considerably increased (12.66 x 10~ C/
m2K) when compared to 5 and 10wt% thiourea
mixed TGS crystals. The increase in the pyro-
electric coefficient can be understood in the
following way.

There are three glycine molecules and one
sulphuric acid molecule in TGS crystal. The
glycine and sulphuric radicals are connected by
means of hydrogen bonds. If a molecule with a
large dipole moment is doped into the TGS
crystal, it is possible to improve the pyroelectric
properties of the crystal. However, the dipole
moment is not the only factor for the increase in
the pyroelectric properties of TGS crystal. It was
reported that thiourea and urea doped into TGS
crystal improved the pyroelectric properties of
TGS crystal [13,14]. These molecules have larger
dipole moments than glycine. The polarisation
direction of doping molecule in crystal also plays a
much more important role in improving the
pyroelectric properties of crystal. Thiourea has
two NH2 bonds which can increase the polarisa-
tion in the system of hydrogen bond. In addition,
they have one NH2 bond more than glycine, which
makes the pyroelectric coefficient higher than TGS
crystal [13].

The d33 coefficient of pure and thiourea mixed
TGS crystals are shown in Table 4. The d33

coefficient is reduced due to thiourea addition.

Table 3
Pyroelectric coefficient of pure and thiourea-doped TGS
crystals

Table 4
Piezoelectric coefficient (d33) of pure and thiourea-doped TGS
crystals

Sample

Pure TGS
ThTGS (5wt%)
ThTGS (10wt%)
ThTGS (15wt%)

Pyroelectric coefficient
(x l(T3C/m2K)

2.8
4.31
6.2

12.66

Sample

Pure TGS
ThTGS (5wt%)
ThTGS (10wt%)
ThTGS (15wt%)

Piezoelectric coefficient
(d33) (pC/N)

100
50
60
60

3.5. Vickers hardness studies

Microhardness measurements were carried out
on doped crystals using Leitz Weitzler hardness
tester fitted with a diamond indentor. Selected
smooth surfaces of the grown crystals were
subjected to Vickers static indentation test at
room temperature. Hardness studies were carried
out on the (0 10) plane of both pure and doped-
TGS crystals. The applied loads were 5, 10, 25 g
and the hardness was calculated using the relation

Hv = 1:8544P=d2 kg=mm2
;

where P is the applied load and d is the diagonal
length of the indentation impression. For loads
above 25 g, cracks started developing around the
indentation mark. It can be seen from Fig. 6 that
in pure TGS crystal the hardness increases with
increase in load. For ThTGS crystals the hardness
decreases with increase in the load and with
increase in concentration.

4. Conclusion

Thiourea mixed TGS crystals were grown and
lattice parameters have been found. FTIR spectra
confirm the presence of the dopant qualitatively.
Dielectric studies show a shift in the Curie
temperature because of doping. Also the dielectric
constant was found to be lower than the pure TGS
crystal except for ThTGS (15wt%) crystal. Pyro-
electric coefficient was found to be increased due
to thiourea addition on TGS. The microhardness
value decreases with increasing load for ThTGS
crystal.
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Fig. 6. Plot of Vickers hardness vs. load for pure and ThTGS crystals.
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