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Abstract

To study the improved characteristics of triglycine sulphophosphate (TGSP) crystals, TGSP crystals mixed with

amino acids have been grown by temperature reduction method. Amino acids like alanine, valine and asparagine were

selected for doping. The influence of amino acids in the crystal lattice and molecular vibrational frequencies of various

groups in the samples have been studied using X-ray powder diffraction and Fourier transform infrared (FTIR)

analyses. The thermal behaviour of pure and amino mixed TGSP crystals was studied from the DT and TG analyses.

r 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Triglycine sulphate (TGS) is a well known
ferroelectric material and it is widely used in
fabricating thermal detectors, vidicons and image
systems due to its second-order phase transition at
room temperature and higher pyroelectric coeffi-
cient as well [1,2]. The major drawback in TGS
crystal is the depolarization of glycine molecule
which has serious implication in the device
performance. To overcome this, inorganic and
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organic dopants in TGS have been tried. The
doping of L-alanine in TGS (ATGS) solved the
problem of depolarization. In ATGS, the presence
of extra methyl group in the place of a hydrogen
atom resulted in stabilization of the structure
[3–6]. The added advantage of doping results in
reduced dielectric permittivity and hence the
pyroelectric figure of merit was higher than the
undoped TGS [7,8]. Even though doping enhances
the characteristics of TGS, it could not alleviate
the proliferation of microbes. Since glycine and co-
substituted amino acids are rich in nutrient and
hence it promotes the formation of microbes,
thereby reducing their shelf life. In order to
d.
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overcome this microbial problem, the partial
substitution of phosphate in TGS was tried and
it gives rise to enhanced characteristics and shelf
life time of the solution. The phosphate incorpo-
rated TGS (TGSP) crystal belongs to monoclinic
system with space group of 2P1 in the ferroelectric
phase. The lattice parameter values of TGSP are
a ¼ 9:15 (A; b ¼ 12:69 (A and c ¼ 5:73 (A [9]. It has a
wide ferroelectric plane and offers the possibility
of fabricating wider single element detectors [10].
It was also observed that the dielectric permittivity
of TGSP was reduced as compared to pure TGS
due to the extra proton available for charge
compensation in TGSP. The effect of l-tyrosine
and l-cystine on TGS crystal was recently reported
[11,12]. The aim of the present work is to study the
contribution of amino acids on the TGSP char-
acteristics. The amino acids—alanine, valine and
asparagine were separately mixed in three TGSP
solutions and their crystals were grown. For the
grown crystals, X-ray powder diffraction, Fourier
transform infra red (FTIR) spectrum analysis,
DTA and TGA studies have been carried out.
2. Experimental procedure

Triglycine sulphophosphate (TGSP) was synthe-
sized according to the following chemical reaction:

3ðNH2CH2COOHÞ þ xðH2SO4Þ þ ð1� xÞ ðH3PO4Þ

! ðNH2CH2COOHÞ3:ðH2SO4Þx: ðH3PO4Þ1�x;

where x was varied from 0 to 1 in steps of 0.25.
Due to the aggregation of tiny polycrystals at
higher molar concentration of orthophosphoric
acid in TGS mother solution, the growth was
restricted up to 50% of H2SO4 and 50% of H3PO4.
For the synthesis of amino acids mixed TGSP,
20mole% of alanine, valine and asparagine were
admixtured separately in the TGSP solutions.
After fully evaporating water, dried salts of pure
and amino mixed TGSP were obtained and used
for the growth. After saturating the solutions,
filtration was done using 0.2 mm porosity nuclear
filter after due preheating. Twenty milliliter of each
solution was poured into four perti-dishes and
allowed to nucleate spontaneously at room tem-
perature so as to get transparent seeds for the
growth runs. To grow optical quality and strain-
free bulk crystals, the seeds obtained were tested
under optical microscope. These seeds were
suspended in the respective saturated solutions
kept at 40 1C and then the solution temperature
was reduced with a cooling rate of 0.12 1C/day.
The cleaved plates from the grown crystals of

pure and amino acids mixed TGSP were powdered
well. The X-ray powder diffraction pattern was
recorded by using Rich Seifert diffractometer. The
powdered samples were subjected to monochro-
matic X-rays of wavelength 1:5418 (A (CuKa) at a
scan speed of 21/min. Differential thermal (DTA)
and thermo gravimetric analyses (TGA) were also
carried out for the samples using STA 1500
thermal analyzer with a heating rate of 5 1C/min.
KBr pellet technique was employed to record
FTIR spectra using Bruker model FS 66V
spectrometer. The FTIR spectra were taken in
the range of 400–4400 cm�1 for these samples.
3. Results and discussion

3.1. Growth and plane identification

Pure and amino acids mixed TGSP crystals are
shown in Fig. 1, which were grown by low
temperature solution technique for a period of 25
days. Growth rates along three crystallographic
axes for the grown crystals are presented in
Table 1. It was found that the pure and amino
acids mixed TGSP crystals are having the faster
growth rate along the b-axis. Among all these
crystals, alanine mixed TGSP was found to have
enhanced growth along the three axes. Valine
mixed crystals possessed less growth as compared
with other amino family of crystals. The aspar-
agine molecule in TGSP enhances the growth
along the b-axis as compared to pure and valine
mixed TGSP crystals and its decreased growth rate
was observed along the a-axis. The pure TGSP
crystal possesses (1 0 0), (1 0 1), (0 0 1) and (1 1 0)
faces. The addition of alanine in TGSP causes
the decreased area of (1 0 0) and (1 1 0) faces
as compared to (1 0 1) face. In valine mixed
TGSP crystal, (1 0 1) face was found to be absent.
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Fig. 1. Photograph of the grown crystals.

Table 1

Growth rates along a, b and c-axes of pure and amino acids

mixed TGSP crystals

Sample Growth rate along the axes (mm/day)

a b c

TGSP 0.305 0.440 0.253

TGSP-ALA 0.375 0.778 0.477

TGSP-VAL 0.249 0.477 0.313

TGSP-ASP 0.257 0.777 0.411
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In the case of asparagine mixed crystal, less
growth was observed along the a-axis and its
(0 0 1) face has larger area compared to pure TGSP
(Table 1).
3.2. X-ray powder diffraction studies

It is observed from the powder X-ray diffraction
that the addition of amino acids alters the lattice
parameter values of pure TGSP crystals. These
variations resulted from the minor shifts in peak
positions. The calculated lattice parameters are
tabulated in Table 2.

3.3. Thermal studies

In the earlier literature, thermal studies indicat-
ing the decomposition temperature and weight loss
of the TGS family crystals were not found. Hence,
DTA and TGA were carried out for pure and
amino acids mixed TGSP samples. It is observed
from DTA curves that the decomposition tem-
perature for pure TGSP starts from 200.6 to
222.6 1C. TG curve shows that TGSP loses its
weight by 46.19%. In the case of alanine mixed
TGSP crystals, decomposition is delayed by 7 1C
with 3% greater weight loss as compared to
pure TGSP. The starting and final decompo-
sition temperatures and weight loss of valine
mixed TGSP crystal are found in between alanine
mixed and pure TGSP crystals. No change was
observed in initial and final decomposition tem-
peratures for asparagine mixed crystal and it
was found that the initial and final decomposi-
tion occurred at 201.3 and 222.5 1C but weight
loss was about 50%. The variation of decomposi-
tion temperatures and weight loss of pure
and asparagine mixed TGSP crystals are shown
in Fig. 2.

3.4. FTIR spectroscopic analysis

The FTIR spectra were taken in the range
of 400–4400 cm�1 for pure and asparagine
mixed TGSP crystals. The FTIR spectra of
the samples are shown in Fig. 3. A broad
strong absorption occurs around 3165 cm�1

due to OH stretching bands. The asymmetric
NH3

+ and symmetrical bending are observed
at 1622 and 1505 cm�1, respectively. The strong
absorption observed at 1707 cm�1 is due to the
C QO stretching of –COOH group. C–N broad
band is assigned to 1129 cm�1. The asymmetric
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Table 2

Lattice parameter values of pure and amino acids mixed TGSP

crystals

Sample Lattice parameter values (Å)

a b c

TGSP 9.37 12.69 5.89

TGSP-ALA 9.44 12.73 5.85

TGSP-VAL 9.44 12.78 5.88

TGSP-ASP 9.48 12.69 5.89

Fig. 2. DT and TG curves for pure and asparagine mixed

TGSP crystals.

Fig. 3. FTIR spectra for pure and amino asparagine mixed

TGSP crystals.
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stretching of both sulphate and phosphate lies
in the same envelope at 1017 cm�1 [8]. The
influence and incorporation of alanine, valine
and asparagine were confirmed from the wave-
length assignment of methyl group in the case
of alanine, isoprophyl group in the valine
mixed TGSP and amide group in the asparagine
mixed crystal.
4. Conclusion

The pure, alanine, valine and asparagine mixed
TGSP crystals were successfully grown. From the
morphology of the grown crystals, the variations
in area on (1 0 0), (1 0 1), (0 0 1) and (1 1 0) faces
were observed. The growth rates along the three
axes of pure and amino mixed TGSP crystals were
also found to be varied. These changes are due to
the partial substitution of alanine, valine and
asparagine in the respective TGSP crystals.
Among these, alanine mixed crystals gave a good
result in terms of crystal dimension, which was
evidenced from the fast growth rate along b and c-
axes of the crystal. The variation in the lattice
parameter values was observed from the X-ray
powder diffraction studies and this evidences the
incorporation of respective amino acids in TGSP
crystal lattice. DTA and TGA curves explained the
decomposition temperature and weight loss of the
materials during heating. In these, alanine mixed
TGSP crystal delayed the starting decomposition
and this may be due to the hardening of lattice.
From the FTIR spectra, the various functional
groups, symmetric stretching, asymmetric stretch-
ing and bending were assigned for the grown
crystals.
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