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Abstract

The amino acids l-threonine, dl-threonine and l-methionine admixtured triglycine sulfate crystals were grown from
aqueous solution by solution growth technique. The cell parameter values were found using powder X-ray diffraction
analysis. FTIR analysis was used to estimate qualitatively the presence of the amino acids in the grown crystal. The
dielectric studies were carried out to identify the phase transition temperature and to find the dielectric constant.
Pyroelectric studies were carried out on the (0 1 0) plate and the pyroelectric co-efficient was calculated. Piezoelectric
studies were also carried out on the grown crystals. Microhardness studies were carried out using Leitz Weitzler
hardness tester at room temperature.

Keywords: A1. Fourier transform infrared; A1. Powder X-ray diffraction; B1. l- and dl-threonine and l-methionine; B1. TGS crystals;
B2. Dielectric materials; B2. Piezoelectric materials; B2. Pyroelectric materials

1. Introduction

Triglycine sulfate ((NH2CH2COOH)3 • H2SO4:
TGS) is a good ferroelectric material for the
fabrication of IR detector. It has a second order
phase transition at the Curie point. The crystal
structure of TGS was reported by Hoshino et al.
[1]. The crystal is monoclinic below and above the
Curie temperature (49°C). TGS possesses most

attractive pyroelectric properties and has the basic
pyroelectric figure of merit p/k= 1:1 x 10~5 C/
m2K (where p-pyroelectric coefficient and k-di-
electric constant). The main disadvantages of the
TGS crystals are (a) depolarization with time and
(b) low Curie temperature (49 °C). But these can be
overcome by suitably substituting the site of
glycine by an optically active molecule. Many
authors have investigated the effect of doping
various amino acids like alanine, valine, etc. on
TGS [2-4]. The effect of l-tyrosine and l-cystine on
TGS crystal was reported by us earlier [5,6]. In this
paper we report the effect of doping the TGS
crystal with the amino acids l-threonine, dl-
threonine (CH3-CH(OH)-CH (NH2)-COOH)
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and l-methionine (CH3-S-(CH2)2-CH(NH2)-
COOH). The doped crystals are named as LTTGS,
DLTTGS and LMTGS. When the amino acids
like l-threonine or dl-threonine is introduced into
the TGS crystal, it induces a bias field Eb which
acts similar to the external field. Hence the doped
TGS crystal will tend to become monodomain. If
the dopant quantity is too small, the field Eb will
not be strong enough to induce the monodomain
state of the crystal and it gives only the effect of
fixing the existing domain structure [7]. As the
literature reports on dl-threonine and l-methio-
nine is very scarce we took a comparative study of
the three amino acids. Hence the aim of the
present study is to investigate the effect of l, dl-
threonine and l-methionine of different concentra-
tions on the growth, dielectric, pyroelectric, piezo-
electric properties and the mechanical strength on
the TGS crystal.

2. Experiment

2.1. Crystal growth of l, dl-threonine and
l-methionine admixtured TGS

Triglycine sulfate (TGS) was synthesised [4] by
taking glycine and sulfuric acid in the molar ratio
3:1. A saturated solution of TGS was prepared at
45°C using twice recrystallised salt as reported [6].
The solution was filtered using a sintered glass
filter of 1 mm porosity. 5, 10 and 15wt% of the
amino acids, l-threonine, dl-threonine and l-
methionine was added to the TGS saturated
solution. The solutions were loaded in the constant
temperature bath set at 45°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 completion of the growth run, the
crystals were harvested (Fig. 1). The TGS crystals
grown with l-threonine of concentration 5, 10 and
15wt% in TGS solution has been hereafter called
as LTTGS (5wt%), LTTGS (10wt%) and LTTGS
(15wt%). The same is in the case of dl-threonine
and l-methionine admixtured TGS crystals.

rtl-threonme doped TGS
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Fig. 1. As-grown crystals of DLTTGS (5, 10 and 15wt%)
crystal and (b) LMTGS crystal (5 and 10 wt%) crystal (LTTGS
crystal also resembles like LMTGS crystal).

2.2. Crystal characterisation

The grown crystals were subjected to powder
X-ray diffraction analysis to confirm the crystal-
linity and also to identify the lattice parameters.
A Philips powder X-ray diffractometer employing
CuKa1 radiation was used. The infrared spectra
were taken using Nicolet Instrument Corporation
using KBr pellet technique to analyse the presence
of amino acids in the sample qualitatively.
Transparent and good quality crystals were
selected for dielectric, pyroelectric and piezoelec-
tric studies. The crystals were cleaved along the
(0 10) direction. b-cut plates thus obtained were
polished with alumina powder and ethylene glycol
as lubricant. The polished surface was anlaysed by
an optical microscope for any surface defects.
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Then silver paste was applied on the surface of the
sample. The dielectric measurements were per-
formed using a Hewlett-Packard low frequency
impedance analyzer (Model HP 4192A). The
experimental set up for dielectric studies was
discussed elsewhere [6]. The sample was heated
from room temperature to 60°C starting from
100 Hz to 5 MHz.

The samples for the pyroelectric and piezo-
electric studies were first poled using corona
poling. The pyroelectric measurements were car-
ried out using a Keithley electrometer (610 C) from
room temperature till Tc is reached.

The d33 coefficient (piezoelectric) was studied in
the poled samples using Pennebaker piezo tester
(Model 8000). A precision force generator applied
a calibrated force (60 Hz) which generated a
charge on the piezoelectric material under test.
The output was measured directly from oscillo-
scope which gives the d33 coefficient in units of pC/
N. Microhardness measurements were carried out
on the grown crystals using Leitz Weitzler hard-
ness tester fitted with a diamond indentor.

3. Results and discussion

Table 1
Lattice parameter values of pure and amino acids admixtured
TGS crystals

Sample

Pure TGS
LTTGS (5wt%)
LTTGS (10wt%)
LTTGS (15wt%)
DLTTGS (5wt%)
DLTTGS (10wt%)
DLTTGS (15wt%)
LMTGS (5wt%)
LMTGS (10wt%)

a

9.
9.
9.
9.
9.
9.
9.
9.
9.

(A)

15
14
16
21
07
21
23
17
18

b (A)

12.64
12.60
12.66
12.65
12.60
12.62
12.67
12.67
12.67

c(A)

5.72
5.73
5.73
5.74
5.71
5.73
5.75
5.73
5.74

PC)
105.53
105.5
106.13
105.42
105.62
105.32
105.56
105.43
105.58

The lattice parameters of pure and amino acids
admixtured TGS crystals have been calculated
from the powder X-ray diffraction patterns and
are listed in the Table 1.

In order to analyse qualitatively the presence of
amino acids in doped TGS crystals, Fourier
Transform Infrared spectra has been taken for
the powder samples using KBr pellet technique.
The spectra were recorded in the wavelength range
400-4000 cm"1. The FTIR spectra of pure TGS
have been discussed elsewhere [8].

The mid-IR spectra of 5wt% l-threonine
admixtured TGS crystal are shown in Fig. 2. The
higher energy region involving OH and NH

ca
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I
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Wavenumber (cm"1)

Fig. 2. FTIR spectra of LTTGS (5wt%) crystal.
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stretching modes are less resolved than pure TGS.
Similarly the SO4 stretching modes in the lower
energy region around 1133.32 cm"1 are also less
resolved. This points to enhanced association of
these groupings with the neighboring groups in the
doped crystal. Hence it is presumed that in the
crystal, the threonine molecules would be brought
very close to NH+3 and COOH groups of TGS
through its alcoholic OH groups. The NH+3 group
of l-threonine can very well be placed near the

sol".
The IR spectra of 10 and 15wt% l-threonine

admixtured TGS crystal exhibit much more
broadening in lower and higher wave number
regions than 5wt% l-threonine mixed TGS. So it
clearly proves intermolecular association through
hydrogen bonding and dipole-dipole interactions.
When the IR spectra of 10 and 15wt% l-threonine
mixed TGS crystals are compared, the former
spectrum exhibits more broadening than the latter.
Hence it can be concluded that there is less entry of
threonine in TGS crystal when the concentration
of the dopant in the crystallizing medium is high.
When the concentration of the threonine in
crystallizing medium is high, it is expected to form
its own region entirely occupied by itself. Escape
of threonine from this region into the crystal
lattice ignoring all electrostatic and hydrogen
bonding forces is evidently proved to be difficult
during crystallizing process. It is clearly reflected
by the intensities of various peaks in the IR
spectrum.

The FTIR spectra of 5wt% dl-threonine ad-
mixtured TGS crystals reveal similar features as
that of l-threonine mixed TGS crystals. More
entry of dl-threonine in the crystal lattice when the
concentration of dl-threonine in the medium is
10wt%, more broadening in the groups stretching
region above 1800 cm"1 and finger print region
between 400 and 1800 cm"1 similar to 10wt% l-
threonine admixtured TGS is observed, and
presence of either l or dl-threonine does not
provide any discriminative forces in the crystal
lattice.

The mid-IR spectrum of 5wt% l-methionine
mixed TGS crystal illustrates interesting features
with evidence for existence of methionine in the
crystal lattice. There are abrupt changes in the

appearance of the spectrum when compared to
that of pure TGS. In the region between 2500 and
3400 cm"1, the peaks due to carboxyl OH stretch,
NH stretch and aliphatic CH stretch overlap
together to produce an intense envelope. The peak
at 3245.3 cm"1 is due to the hydrogen bonded NH
stretch. The CH2 stretching mode is observed at
2969.98 cm"1. The peaks at 2782.58, 2635.89 cm"1

and those lying between 2200 and 2600 cm"1 are
due to NH+3 overtones and combination bands.
The C Q O stretch is observed at 1737 cm"1. It
appears rather broad compared to Pure TGS. The
bending modes due to NH+3 are clearly seen at
1421.01, 1500.57 and 1537.03 cm"1. The CH2

bends, which appeared at 1377.35 and
1427.51 cm"1 in TGS, are not clearly seen in this
compound. The stretching modes of carboxyl and
sulfate also appear very broad between 800 and
1300 cm"1. The NH+3 oscillation bands that
appeared below 620 cm"1 in TGS, appears as a
broad band extending to 800 cm"1 due to over-
lapping of the CH2 S stretch of methionine.
Based on much broadening in this spectrum the
co-existence of methionine in the crystal lattice of
TGS is very well confirmed.

The mid-IR spectrum of 10wt% methionine
admixtured TGS appears almost similar to 5wt%
l-methionine admixtured TGS. Hence the harmo-
nious existence of methionine in the crystal lattice
of TGS is also compared. Careful analysis of the
spectrum indicates more number of very resolved
peaks compared to 5wt% l-methionine mixed
TGS.

The capacitance and tand were measured for
different frequencies starting from 100 Hz to
5 MHz and at different temperatures. The di-
electric constant (e0) and dielectric loss (e00) were
calculated for different amino acid mixed TGS
crystals. The dielectric constant (e0) and dielectric
loss (e00) of pure TGS has been discussed elsewhere
[8]. Figs. 3 and 4 show the temperature dependence
of dielectric constant and dielectric loss of 5wt%
l-threonine mixed TGS crystals. Table 2 gives the
values of dielectric constant (e0) and dielectric loss
(e00) of pure and mixed TGS crystals at 1 kHz
frequency. From the table we can find that with
increasing concentration of l-threonine, the di-
electric constant decreases and Tc is maximum at



528 K. Meera et al. / Journal of Crystal Growth 263 (2004) 524-531

2500

„ 2000 -

To 1500 -ioo
 

oup;

0)
Q

500

0 -

0

—•—100 Hz
—o— 1 kHz
—A—10 kHz
—V— 100 kHz
—O—1 MHz

25 30 35 40 45 50 55

Temperature (°C)

60

Fig. 3. Dielectric constant vs temperature of LTTGS (5wt%)
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15wt% l-threonine added TGS crystal. In the
case of dl-threonine admixtured TGS, the Tc is
50°C in all the cases and dielectric constant is also
reduced with increasing concentration. The same is
observed in the case of l-methionine added TGS
crystals also. Amino acid admixtured TGS crystals
have lower dielectric constant values than pure
TGS. Amino acid mixed TGS crystals were found
to be less permeable to electric flux compared to
pure TGS crystal and the temperature at which the
permittivity was maximum was also found to be
changed on amino acid substitution. The same
behaviour has been reported in the case of serine
mixed TGS crystals [7,9].

The lowering of emax and shifting of Tc to higher
temperatures in the case of amino acid substituted
TGS crystals may be understood in the following
way. When a large size molecule goes substantially
in TGS lattice replacing some of the glycine
molecules, it produces local strains. In the case
of alanine mixing in TGS, the strain field must be
asymmetrical due to the deviation of the structure
of alanine from glycine. The polarity of the strain
cannot be inverted, as the substituted molecule
cannot change into its mirror image. The dipole is
irreversible and permanent as long as the sub-
stituent molecules remain intact. When all the
permanent dipoles, have the same polar sense, the
crystal is said to be poled or a single domain
crystal is produced thereby reducing the dielectric
constant [10]. The decrease of dielectric constant is
also attributed to the increasing of dipole moments
of the molecules constituting the admixture [11].

Table 2
Dielectric constant (e), dielectric loss (e00), Curie temperature (Tc), pyroelectric (P) and piezoelectric coefficients (d33) and Vickers
hardness (Hv) values of pure and amino acids admixtured TGS crystals

Sample

Pure TGS
LTTGS (5wt%)
LTTGS (10wt%)
LTTGS (15wt%)
DLTTGS (5wt%)
DLTTGS (10wt%)
DLTTGS (15wt%)
LMTGS (5wt%)
LMTGS (10wt%)

£ (at Tc)

3609
2476
2291
2006
2839
2006
2043
3018
2000

s" (at Tc)

149.1
30.21
45.82
14.44
68.13
15.64
36.85
43.22
26.4

Tc (°C)

49
52
50
54
50
50
50
53
52.5

P (x 10~3C/m2K)

2.8
2.84

13.3
4.51
7.7
4.7
6.7
1.8
2.035

d33 (pC/N)

100
45
50

150
70
60
50
60
80

Hv (kg/mm2)

250
190
148
115
225
175
145
175
140
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Among the amino acids substituted, l-threonine
(15wt%) admixtured TGS crystal has lower
dielectric constant and dielectric loss value. Both
l-threonine and glycine, which are the components
of TGS crystals, are amino acids. Glycine is of the
chemical formula NH2CH2COOH, contains in its
alkyl group only one functional group NH2

whereas threonine CH3CH(OH)CH(NH2)COOH
besides NH2 also contains OH functional groups.
This difference is responsible for different reactiv-
ities of glycine. In the process of crystal growth, L-
threonine admixture is built into the crystal lattice
of TGS crystals replacing probably one of the
glycines. Glycines I III are planar in the para-
electric phase while in the ferroelectric phase
glycine-I becomes nonplanar. When glycine-I is
replaced by l-threonine molecule, Ps becomes
fixed and the bias field which modifies all the
measured dielectric parameters of the crystal
appears. The replacement of glycine-I by L-
threonine occurs more frequently when the crystal
is grown in the ferroelectric phase [7]. The
dielectric loss of amino acids admixtured TGS
crystals are less than pure TGS. Domain wall
motion is the source for dielectric loss as reported
by Choe et al. [12].

The appearance of the pyroelectric effect at Tc

was first reported by Chynoweth [13] and ascribed
to space charge polarisation in crystals. 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.

Fig. 5 shows the temperature dependence of the
pyroelectric coefficient of l-threonine mixed TGS
crystals. The pyroelectric current as well as pyro-
electric coefficient was very small at room tem-
perature, but they increased with increase of
temperature and showed maximum at Curie
temperature. The other amino acids also showed
a similar trend and their corresponding pyro-
electric coefficient values are given in Table 2.

The substitution of l-threonine, dl-threonine
and l-methionine in TGS crystals was found to
shift the transition temperature to a higher
temperature. Among all the substituted amino

14 -

2" 12

P 10eo

4 -

0 -

TGS+L-threonine(10 wt%)

TGS+L-threonine(15 wt%)

Pure TGS

- TGS+L-threonine(5wt%)

20 25 30 4045 40 45

Temperature (°C)

35 35

Fig. 5. Pyroelectric coefficient vs temperature of Pure TGS and
LTTGS (5, 10 and 15wt%) crystal.

acids in TGS crystal, l-threonine is highly polar.
This gives rise to high dipole moment thereby
decreasing the dielectric constant and increasing
the pyroelectric coefficient.

l-methionine mixed TGS crystals were found to
have a lower pyroelectric coefficient than pure
TGS crystal. Major contributions to the pyro-
electric effect and spontaneous polarisation can be
achieved if it is possible to substitute dipolar
molecules with high dipole moment in such a way
that their orientation gets aligned to polar axis
[13,9]. The substitution of amino acid in the place
of glycine makes the crystal set-up an inherent bias
field by which the depolarisation phenomenon of
the crystal can be prevented. The internal bias field
is produced by two factors: one is the change in the
dipolar moment at the site of these substitutions
and other is the displaced charges in the cells
around the doped cells. This second factor has a
greater influence [14,15].

The d33 coefficient (piezoelectric) was studied in
the poled samples using Pennebaker piezo tester
(Model 8000). The d33 coefficients of amino acid
mixed TGS crystals are found to be less than pure
TGS except for TGS doped with l-threonine
(15wt%) (Table 2).

The mechanical properties of the grown crystal
were studied by Vickers hardness test on the (0 1 0)
plane. The applied loads were 5, 10 and 25 g and



530 K. Meera et al. / Journal of Crystal Growth 263 (2004) 524-531

S/2

<§ 200 -

—•— Pure TGS crystal
— 0 0 LTTGS (5 wt%) crystal
—A— LTTGS (10 wt%) crystal
—T— LTTGS (15 wt%) crystal

2.0

Load(g)

Fig. 6. Vickers hardness vs load for Pure TGS and LTTGS (5,
10 and 15wt%) crystal.

found to shift the transition temperature to a
higher temperature. Among all the substituted
amino acids in TGS crystal, l-threonine has
maximum pyroelectric coefficient. From the di-
electric and pyroelectric studies, it has been found
that l-threonine addition to TGS can help to make
a better pyroelectric detector as the pyroelectric
coefficient was found to be higher than any of the
amino acid mixed TGS crystal. The piezoelectric
coefficient of amino acid mixed TGS crystals were
found to be less than pure TGS except for L-
threonine (15wt%) mixed TGS crystal. Micro-
hardness studies showed that the hardness value
decreases with increasing load for amino acid
admixtured TGS crystals.

the hardness was calculated using the relation

Hv = 1:8544P=d2 ðkg=mm2Þ;

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. For pure TGS
crystal, hardness increases with increasing load.
But in the case of amino acids like l-threonine (5,
10 and 15wt%) (Fig. 6) (Table 2), dl-threonine (5,
10 and 15wt%) (Table 2) and l-methionine (5 and
10wt%) (Table 2) mixed TGS crystals, the hard-
ness decreases with increasing load and also with
increasing concentration. Out of these doped
crystals, dl-threonine (5wt%) admixtured TGS
crystals has greater Vickers hardness than other
crystals.

4. Conclusion

Single crystals of amino acid admixtured TGS
crystals were grown by slow cooling method.
Lattice parameters were calculated from powder
X-ray diffraction studies. FTIR spectra confirm
the presence of the amino acid qualitatively. The
dielectric constant of TGS crystals admixtured
with amino acids l-threonine, dl-threonine and l-
methionine results in the decrease of dielectric
constant compared to pure TGS crystal. The
substitutions of amino acids in TGS crystals were

Acknowledgements

The authors Ms. K. Meera and Mr. R.
Muralidharan are grateful to Council of Scientific
and Industrial Research, Government of India for
the award of Senior Research Fellowship. The
authors are thankful to Prof. T.C. Goel, Dr. H.D.
Sharma, IIT, New Delhi for extending the
characterisation facilities. Also the authors are
thankful to Prof. M. Palanichamy, Department of
Chemistry, Anna University for the useful discus-
sions.

References

[1] S. Hoshino, Y. Okaya, R. Pepinsky, Phys. Rev. 115 (1959)
323.

[2] S. Aravazhi, R. Jayavel, C. Subramanian, Mater. Chem.
Phys. 50 (1997) 233.

[3] S. Aravazhi, R. Jayavel, C. Subramanian, Mater. Res.
Bull. 32 (1997) 279.

[4] K.L. Bye, P.W. Whipps, E.T. Keve, Ferroelectrics 4 (1972)
253.

[5] K. Meera, S. Aravazhi, P. Santhanaraghavan, P. Rama-
samy, J. Crystal Growth 211 (2000) 220.

[6] K. Meera, R. Muralidharan, P. Santhanaraghavan, R.
Gopalakrishnan, P. Ramasamy, J. Crystal Growth 226
(2001) 303.

[7] A. Czarnecka, J. Stankowska, Phys. Stat. Sol. (b) 207
(1998) 557.

[8] K. Meera, R. Muralidharan, A.K. Tripathi, R. Dhanase-
karan, P. Ramasamy, J. Crystal Growth 260 (2003) 414.



K. Meera et al. / Journal of Crystal Growth 263 (2004) 524-531 531

[9] J. Stankowska, A. Czarnecka, G. Kwitowska, Ferro- [12] H.M. Choe, J.H. Judy, A. Van der Ziel, Ferroelectrics 15
electrics 108 (1990) 325. (1977) 185.

[10] J. Stankowska, Z. Bochynski, A. Czarnecka, L. Dejneka, [13] A.G. Chynoweth, Phys. Rev. 117 (1960) 1237.
Ferroelectrics 124 (1991) 55. [14] N.D. Govrilova, V.K. Novki, E.A. Sorokina, L.B.

[11] T. Krajewski, T. Breczewski, Ferroelectrics 25 (1980) Khrustaleva, Sov. Phys. Solid state 23 (1981) 1032.
547. [15] N. Nakatani, Jpn. J. Appl. Phys. 29 (1990) 2774.


