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INTRODUCTION

Non-linear optical (NLO) crystals have a great demand due
to various applications in information technology and industrial
applications. In previous years, organometallic materials have
been attracting in the nonlinear optical field, because the flexi-
bility available with organometallic compounds to combine
the advantages of organic molecules with those of inorganic
salts is very significant, which can be achieved by metal variation,
ligand variation, coordination geometry, oxidation state, electron
donating capability of the metal or ligand and stabilization of
unstable organic fragments [1,2]. Usually, the centrosymmetric
nature of thiourea molecule is combined with inorganic salt to
achieve non-centrosymmetric material possessing good NLO
properties. Several metal-organic complexes of thiourea materials
have been designed [3,4] and synthesized several metal bis-
thiourea complexes such as bis-thiourea cadmium formate [5],
bis-thiourea cadmium chloride [6], bis-thiourea zinc chloride
[7], bis-thiourea strontium chloride [8], bis-thiourea nickel
chloride [9] and bis-thiourea barium chloride [10].

EXPERIMENTAL

Bis-thiourea nickel barium chloride complex was synthe-
sized using AR grade stoichiometric incorporation of nickel
chloride (0.5 M), barium chloride (0.5 M) and thiourea (2.0 M).
This solution was stirred using magnetic stirrer to achieve homo-
genization. This homogenization solution was heated and kept
for evaporation to dryness at 318 K.
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Crystal growth: The synthesized salt of bis-thiourea nickel
barium chloride was purified by repeated recrystallizations.
Saturated solution of bis-thiourea nickel barium chloride  complex
was prepared at room temperature. The single crystals of bis-
thiourea nickel barium chloride were grown by the slow solvent
evaporation technique at room temperature. The colourless,
transparent, platelet-type crystal of size 13 mm × 8 mm × 2.2
mm was grown after 17 days (Fig. 1).

Fig. 1. Grown crystal of BTNBC

RESULTS AND DISCUSSION

Powder X-ray diffraction: The powder X-ray diffraction
of bis-thiourea nickel barium chloride crystal was carried out
on PHILIPS X'PERT MPD set-up using Cu-Kα radiation. The
powder XRD pattern of bis-thiourea nickel barium chloride
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crystal is shown in Fig. 2. The unit cell parameters were calcu-
lated using powder-X program. The estimated values of unit
cell parameters of bis-thiourea nickel barium chloride crystals
are as: a = 9.70 Å, b = 10.68 Å, c = 17.95 Å and α = β = γ =
90º, it belong to orthorhombic crystal structure.
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Fig. 2. Powder X-ray diffractogram of bis-thiourea nickel barium chloride
crystal

EDAX studies: The EDAX was carried out using ZEISS EVO
18 at 20 kV. Fig. 3 shows the EDAX spectrum of bis-thiourea
nickel barium chloride crystal. The presence of nickel and
barium was confirmed by EDAX (Table-1).

0 2 4 6 8 10 12
keV

Fig. 3. EDAX spectrum of BTNBC crystal

TABLE-1 
QUANTITATIVE RESULT 

Element Weight (%) Atomic (%) 
Ni 17.13 12.05 
Ba 15.37 04.62 

 
FT-IR studies: The FT-IR spectrum was recorded on

SHIMADZU 8400 FT-IR spectrometer using KBr pellet in the
range 3900-450 cm-1. The characteristic vibrational frequencies
are assigned and compared with thiourea in Table-2. The N-H
absorption bands observed in the high frequency region 3400-
3000 cm-1 in the thiourea molecule were not shifted to lower
frequencies (Fig. 4) on the formation of metal-thiourea complex,
thus nitrogen to metal bonds are not present and confirms the
formation of metal-sulfur coordination bond [11].

Thermal studies: Thermogravimetric and differential
thermal analysis were carried out using LINSEIS STA-PT 1600
in air at a heating rate of 15 ºC/min for a temperature range of

TABLE-2 
COMPARISON OF FT-IR FREQUENCY  

BANDS OF BTNBC WITH THIOUREA (cm–1) 

Thiourea BTNBC Assignment 
3380 3317 νas(N-H) 
3279 3284 νs(N-H) 
3177 3192 νs(N-H) 
1617 1612 δ(N-H) 
1477 1483 s(N-C-N) 
1414 1438 σ(NH2) 
1414 1396 νas(C=S) 
1082 1091 σ(NH2) 
730 717 ν(C=S) 
487 491 δ(N-C-N) 
457 422 ν(S-C-N) 
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Fig. 4. FTIR spectrum of bis-thiourea nickel barium chloride crystal
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Fig. 5. TGA/DTA curve of BTNBC crystal

50-900 ºC. Fig. 5 shows the TGA and DTA traces for bis-
thiourea nickel barium chloride crystal, which indicates that
no remarkable weight loss up to 170 ºC. Lightly weight loss
observed due to preparation of sample in moisturize atmos-
phere and becomes anhydrous then the decomposition starts
precipitously. From 300 to 450 ºC a semi-stable state observed,
the slow decomposition takes place and at 600 ºC onwards a
stable state occurs and observed the weight loss about 91 % of
the original mass. The first endothermic peak observed at 176
ºC in the DTA curve. It shows that bis-thiourea nickel barium
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chloride crystal sample melt at 176 ºC. The second endothermic
peak observed at 254.6 ºC may be due to a phase change from
liquid to vapour state, which corresponds to the weight loss in
TG curve.

Conclusion

The bis-thiourea nickel barium chloride was synthesized
and its crystals were grown by slow evaporation technique.
The metallic composition was assessed by EDAX and the
weight percent values of nickel and barium found to be 17.13
and 15.37, respectively. The orthorhombic crystal structure
with unit cell parameters was determined by powder XRD.
The FTIR spectrum revealed the presence of functional groups
N-H, NH2, C=S, N-C-N and S-C-N. The bis-thiourea nickel
barium chloride crystals were thermally stable up to 170 ºC.
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