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ABSTRACT

Triglycine sulfate crystal and potassium bromide doped triglycine sulfate crystals were grown from aqueous solution by
slow evaporation method. Energy dispersive X-ray analysis identifies the elements present in the crystal. The Fourier
Transform Infrared spectroscopy has been recorded in the range 400 to 4000 cm™' and the functional groups of the
grown crystals have been identified. The structural studies on the grown crystals were carried out by X-ray diffraction
analysis technique and found that the grown crystal crystallizes in monoclinic structure. The lattice cell parameters of
pure Triglycine sulfate are a = 9.6010 4, b = 12.5600 4, ¢ = 5.4500 A. Ultraviolet-Visible spectra show that the grown
crystals have wide optical transparency in the entire visible region.
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1. Introduction

Triglycine sulfate (TGS) crystal is an interesting fer-
roelectric and pyroelectric material which finds appli-
cations in the fabrication of infrared detectors, pyro-
electric vidicon tube operating at room temperature, in
the fabrication of capacitors, transducer and sensors
[1,2]. TGS crystal shows a ferroelectric phase transition
at the Curie point (49°C). Below the T, TGS possesses
the polar point symmetry of group 2 of the monoclinic
system, spontaneous polarization along the b-axis and
above T, it possesses the non polar point group 2/m of
the monoclinic system [3,4]. Undoped TGS crystals have
some disadvantages such as the ferroelectric domains
possess high mobility at room temperature, easy depo-
larization by electrical and thermal means, microbial
contamination with time during the growth and low curie
point. These disadvantages can be overcome by adding
suitable impurities to the lattice sites of TGS crystals
[5-7]. Many organic and inorganic dopants have been
used in order to overcome these disadvantages and to
achieve effective internal bias to stabilize the domains
and desired pyroelectric and ferroelectric properties
[8-11]. Metallic ion dopants have been added to modify
the properties of TGS crystals [12-14]. Rare earth metal
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ions such as La, Ce and Nd modified the morphology
and conceive field values [15]. In this work, KBr is in-
troduced; because it is water soluble and so far, KBr has
not been introduced into the lattice of TGS in order to
alter its mechanical, structural and optical properties. The
objectives of present work are to investigate the effect of
the dopant (KBr) on the growth, structural and optical
properties of TGS crystals

2. Experimental
2.1. Materials

® AR grade glycine

® Concentrated sulfuric acid
® De-ionized water

® Potassium bromide

2.2. Equipments

Magnetic stirrer was used to prepare saturated solution.
All crystals were grown by slow evaporation process. To
confirm the presence of elements, EDX analysis was
performed by Quanta Instect S-12919 system. The FTIR
spectra of all grown crystals have been recorded in the
range of 400 - 4000 cm ' using Shimadzu FT-IR 8400
spectrophotometer by KBr pellet technique. To deter-
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mine the lattice parameters, powder X-ray diffraction
analysis was performed by Philips X’pert PRO X-ray
diffractometer system with Cu-K, (2 = 1.54178A) radia-
tion at room temperature (25°C) with an operating volt-
age 40 kV and the tube current was 30 mA. In the pre-
sent work, optical transmission and absorption spectra
were recorded by SHIMADZU UV-160 a spectrometer
in the wavelength range 190 to 1100 nm.

2.3. Synthesis and Growth

360 g of glycine dissolved in the solution of 85 mL of
H,SO, in 1 litre of water and it was heated at 50°C to
obtain the synthesized salt of TGS. Glycine reacts with
sulfuric acid such as follows:
3(NH,CH,COOH) +H,SO, — (NH,CH,COOH), -H,SO,
(1
The solution was transferred to a big tray and allowed
to rapid evaporation. Within 7 days 80% of the solvent
was evaporated and the synthesized TGS crystals were
collected. The crystallized salt was again dissolved in
triple distilled water and re-crystallized. This was re-
peated three times to improve the purity of the material.
The saturated solution of TGS was filtered and allowed
to crystallize by slow evaporation process. Tiny seed
crystals with good transparency were obtained within 5
to 7 days. Among them, defect free seed crystals were
collected. To obtain potassium bromide doped TGS, 0.5
mole% and 1 mole% potassium (KBr) was added sepa-
rately to the solution of TGS. Growth of undoped and
KBr doped TGS crystals were carried out by natural
evaporation technique at room temperature. The re-cry-
stallized salts of undoped and KBr doped TGS were used
to prepare the saturated solution separately. The solu-
tions were constantly stirred for about 5 hours using a
magnetic stirrer and were filtered using 4 micro What-
man filter papers. Then the filtered solutions were kept in
glass beakers covered with porous paper and the seed

crystals were suspended into the solution by nylon thread.

The grown crystals were harvested after a period of 30
days. Full faced, transparent, colourless crystals were
obtained. The grown crystals are shown in (Figure 1).
The doped crystals grow much faster in comparison to
the pure crystals. It is also observed that the doped crys-
tals are platy shaped which is suitable for using optical
devices. This is due to adsorption of impurity onto the
surface of the crystals during the growth [16].

3. Results and Discussion
3.1. Energy Dispersive X-Ray Analysis

The EDX spectrum of undoped and KBr doped TGS are
shown in Figure 2. The chemical compositions of the
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(b)

Figurel. (a) Pure TGS, (b) 0.5 mole% KBr doped TGS and
(c) 1 mole% KBr doped TGS crystal.

crystals were analyzed. The atomic and weight percent-
age of elements present in the crystal is shown in Table
1. From the EDX analysis it is found that the doped
crystals adsorbed KBr as K and Br  ions.

3.2. Fourier Transform Infrared
Spectroscopy Studies

The spectrum of undoped TGS and KBr doped TGS are
shown in Figure 3. The pure TGS crystal shows a broad
and strong absorption band in the range 2380 - 3800 cm
for the O-H stretching of hydrogen bounded carboxyl
groups and the N-H stretching NH*" group. The C=0
stretching vibration of carboxyl group appears as a sharp
band at 1685 cm'. The C-H bending vibrations appear at
1493.93 cm . The N-H bending vibrations are present at
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Figure. 2 EDX spectra of (A) Pure TGS (B) 1 mole% KBr
doped TGS crystals.

1408.10 cm™'. The asymmetric S=O stretching frequen-
cies can be assigned to frequency 1309 cm™'. A strong
band at 1118.76 cm™" arises from C-O stretching. The
transitional oscillation of NH" groups appears at 619,
572.8 and 501.5 cm'. All the observations clearly con-
firm the presence of the functional groups in the grown
crystals, which is in good agreement with the reported
values [17]. The FTIR spectra of 0.5 mole% and 1
mole% KBr doped TGS are shown in Figure 3, although
it provides similar feature as that of undoped TGS spec-
trum. The FTIR spectrum of pure TGS shows a broad
envelope between 2380 - 3800 cm ™' which is shifted and
peak becomes broader in KBr doped TGS crystals. For 1
mole% KBr doped TGS each peak in the finger print
region is characterized by the absorption of fine structure
which is not observed either in pure or in 0.5 mole% KBr
doped TGS crystals. In addition the overtone bands are
resolved for 0.5 mole% and 1 mole% KBr doped TGS
spectrum which is present in the pure TGS at 2350 cm .

3.3. Powder X-Ray Diffraction Analysis

The grown crystals were subjected to powder X-ray dif-
fraction analysis to find the crystal structure. Powder
X-ray diffraction pattern of pure and doped TGS crystals
are shown in Figure 4. The lattice parameters were cal-
culated and presented in Table 2. From the data, it is
observed that undoped and KBr doped TGS crystals crys
tallize in monoclinic system. The lattice parameters for
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Figure 3. FTIR Spectra (A) pure TGS (B) 0.5 mole% KBr
doped TGS and (C) 1 mole% KBr doped TGS Crystal.

the undoped TGS crystals are found to be in good
agreement with the reported literature [18]. It is observed
that the lattice parameters are slightly increased when
TGS is doped with KBr and also increased with dopant
concentrations. The rate of adsorption of KBr impurities
may be increased with the rate of deposition of growth
entities that increases the lattice parameter values. For
higher concentration, the higher amount of impurities
may be adsorbed at the surface terrace.

3.4. Transmission Spectral Analysis

The optical transmission spectral analysis of the grown
crystals was carried out between 190 to 1100 nm. For
optical fabrications, the crystal should be highly trans-
parent in the considerable region of wavelength [19,20].
The good transmission of the crystal in the entire visible
region suggests its suitability for second harmonic gen-
eration devices [21,22]. From the transmittance spectra
(Figure 5), it is noticed that undoped TGS crystal has a
transmittance of more than 84.26% in the visible region.
KBr doped TGS crystal has lower transmission percent-
age compared to undoped TGS crystal and the transmit
tance decreased with the increase in molar concentration
of KBr. A strong absorption is observed at 230 nm for

JCPT



Structural and Optical Properties of Triglycine Sulfate Single Crystals Doped with Potassium Bromide 29

(040)

2
8

Intensity (au) —*

c

1L,h LAAJLJ o N

10 15 20 25 30 35 40
20 (deg)

o N

Figure 4. X-ray powder diffraction pattern for (A) pure
TGS (B) 0.5 mole% KBr doped TGS and (C) 1 mole% KBr
doped TGS crystal.

pure TGS crystal and this corresponds to the fundamen-
tal absorption and UV cut off wavelength. Using the for-
mula

ne
A

the band gap is calculated to be 5.404 eV which is in
good agreement with the reported data in the literature
[23]. From the results, it is observed that the transmit-
tance for the KBr doped crystal decreases and hence ab-
sorbance increases in the entire UV-visible region of the
spectra in compared to spectrum of pure TGS crystal.
From the results it seems that the cut-off wavelength for
undoped and KBr doped TGS crystals remain same.

kg = 2

3.5. Vickers Micro hardness

In the case of pure TGS crystals, the hardness number
increases with increase in the load up to 50 g (Figure 6).
For loads above 50 g, cracks started to develop and the
indentation mark. It is due to the release of internal stress
generated locally by indentation. For 0.5 mole% KBr
doped TGS crystal, hardness is more than that of pure
TGS crystal at all load up to 50 g. But for 1 mole% KBr
doped TGS crystal, the hardness is high at lower loads
and then it decreases with the increase of load. This is
may be result of loosely packed lattice with reduced
bond energy due to the introduction of KBr into the ma-
trix of TGS crystals.

4. Conclusions

TGS salts were synthesized and good quality, well face-
dand transparent pure TGS and KBr doped TGS crystals
have been successfully grown from aqueous solution by
slow evaporation technique. The grown undoped and

Table 1. Data for atomic and weight percentage of the elements.

Pure TGS 1 mole% KBr doped TGS
Element Atomic % Weight % Atomic % Weight %
C 39.47 32.93 41.86 33.31
N 15.66 15.24 12.12 11.25
(¢} 43.12 47.93 40.25 42.66
S 1.75 3.89 5.35 11.36
K - - 0.31 0.80
Br - - 0.12 0.62
Total 100.00 100.00 100.00 100.00
Table 2. Lattice Parameters of pure and doped TGS crystals.
Crystals , , Lattice parametfers '
a(A) b (A) c(A) Volume (A%
TGS 9.6010 12.5600 5.4500 604.153
0.5 mole% KBr + TGS 9.3206 12.6080 5.6900 614.9061
1 mole% KBr + TGS 9.3678 12.5337 5.8245 628.9006
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Figure 5. UV-Visible transmittance spectra for (A) Pure
TGS (B) TGS + 0.5 mole% of KBr (C) TGS + 1 mole% of
KBr doped TGS crystals.
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Figure 6. Variation of load versus Vicker’s micro hardness
number (Hy).

KBr doped TGS crystals are observed colourless. EDX
study confirms the presence of potassium and bromine
ions into the lattice of doped TGS crystals. FTIR spectra
confirmed the presence of the dopant qualitatively. XRD
studies reveal the monoclinic structure of the grown
crystals. Transmission study shows that the as grown
crystal is highly transparent (84.26%) in the entire visible
region which may be a suitable candidate for optical de-
vices.
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