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Abstract

The nonlinear optical (NLO) material L-malic acid bis(thiourea) zinc sulphate
(LMBTZS) was grown by slow evaporation method. The effect of L-malic acid
doping on the morphology of the LMBTZS single crystal has been studied.
The unit cell parameters were determined by single crystal XRD. The functional
groups and force constant of LMBTZS was identified by FTIR analysis. The
photoluminescence spectrum of LMBTZS shows the strong emission in
ultraviolet region. The thermal behaviours were identified by TG/DTA analyses.
Dielectric studies of the grown crystal was carried out. The SHG efficiency
was confirmed by powder technique of Kurtz and Perry. LMBTZS is found to
be an excellent NLO and piezo-electric material.

1. INTRODUCTION

The semiorganic crystals [1–5] are used as new
frequency generators, due to the large non-
linearity, high resistance to laser induced damage
[6], low angular sensitivity and good mechanical
hardness [7–9]. Among the semi organic non-
linear optical materials, metal complexes of
thiourea are applicable for high power frequency
conversion [10]. Growth of bulk single crystals
of these materials has been a subject of perennial
concern to enable them to be useful for device
applications. Some examples of semiorganic NLO
materials are zin ctris (thiourea) sulphate (ZTS)
[11-25], bis (thiourea) cadmium chloride (BTCC),
zinc thiourea chloride (ZTC) and copper thiourea
chloride (CTC). In the present work, the physical,
structural, thermal, dielectric and piezo-electric,
NLO properties of LMBTZS crystal was studied.
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2. EXPERIMENTAL TECHNIQUES

2.1 Synthesis of NLO material

The thiourea and zinc sulphate was taken in
2:1 ratio.

2CS(NH2)2 + ZnSO4   Zn[CS(NH2)2]2SO4

The thiourea and zinc sulphate was dissolved
in distilled water and kept separately. The zinc
sulphate solution was transferred into the thiourea
solution. Immediately ZTS salt was precipitated in
the solution then the product was separated and dried.

2.2 Growth of Single Crystal

The synthesized salt of ZTS was thoroughly
dissolved in distilled water. Simultaneously 0.02
mol % of L-malic acid doped ZTS (LMBTZS)
solution was prepared and allowed for crystallization.
The grown crystals of size 0.8 12  0.5 mm3 were
harvested in a period of 20 days (Fig. 1).
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Fig.1: The as grown crystal of LMBTZS

3 RESULT AND DISCUSSION

3.1 FTIR Spectral Studies

The FTIR spectrum was recorded in the range
of 4000 - 400 cm-1 (fig 2). The NH2 symmetric
stretching 3167 cm-1 in thiourea is shifted 3206
cm-1 in ZTS whereas in our sample it is shifted to
3186.4 cm-1. The band at 3371.57cm-1 corresponds
to asymmetric stretching vibration of NH2  group.
The N-H bending vibrations for primary amine of
ZTS is at 1633 cm-1 whereas for LMBTZS it is
shifted to 1635.64 cm-1 .The  peak at 717.52 cm-1

and 1442.75 cm-1 shows the symmetric and
asymmetric C=S stretching vibration respectively.
The vibrations peak at 1033.85 cm-1 confirms the
presence of sulphate ion. The observed frequencies
and their assignment are listed in Table 1.

3.2 Force Constant

Fig.2: FTIR spectrum of LMBTZS crystal

Table-1: FTIR Assignments

THIOUREA PURE ZTS LMBTZS CRYSTAL ASSIGNMENTS 

411 424 432.05  

469 474 470.63  

740 717 717.52  

1089 1126 1033.85  

1417 1404 1442.75  

_ 1515 1512.19  

1627 1633 1635.64  

3167 3206 3186.4  

3280 _ _  

3376 3306 3371.57  

_ 3388 _  

The force constant, K=42V2C2 N/cm, of
molecules are essential in the analysis of vibration
spectra and are shown in Table 2.

3.2 Single Crystal XRD

The grown single crystal (LMBTZS) have been
subjected to single crystal XRD using an
ENRAFNONIOUS CAD - 4 automatic X-ray
diffractometer with MoK radiations (=0.71073
Å) to determine the unit cell dimension (Table 3).

C-N (WAVENUMBER cm-1) 
FORCE CONSTANT K 

105(N cm-1) 

1032 4.05 

Force constant for N-H2 stretching 

N-H2  (WAVENUMBER cm-1) 
FORCE CONSTANT K 

105(N cm-1) 

3184 10.4 

Force constant for N-C-N stretching 

N-C-N  (WAVENUMBER cm-1) FORCE CONSTANT K 

105(N cm-1) 

1507 11.2 

 

Table-2
Force constant for C-N Stretching

 - Stretching,  - bending, s - symmetric, as - asymmetric
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The crystal system of LMBTZS belongs to
orthorhombic. However due to doping of L-malic
acid in BTZS there is remarkable change in the
cell parameter of single crystal.

3.3 Photoluminescence Spectral Studies

Photoluminescence (PL) is the process of
emission of light when photons are excited from
ground state. The photoluminescence spectrum of
LMBTZS was recorded using Cary eclipse
photoluminescence spectroscopy with an excitation
wavelength of 380 nm (fig 3).

The spectrum shows that the strong emission
of ultraviolet is observed at 388 nm corresponding

energy is 3.2 eV. The peak at 521 nm has the weak
emission of green with energy of 2.38 eV. The peak
at 780 nm has the weak emission of red light with

Fig.3: PL emissions of LMBTZS crystal

energy of 1.59 eV, which is suitable for photonic
device application. The band gap calculated in this
work from PL study for LMBTZS found to be less
than the band gap calculated for LMTTZS [32] in
UV studies.

3.4 TG/DTA Analyses

The TG/DTA analysis of LMBTZS was carried
out using thermal analyser SDT Q600 between 30-
1100 0C in the nitrogen atmosphere (fig 4). The
TG curve shows that the LMBTZS has good
thermal stability upto 231.36 0C  and the
decomposition point found to be 248.83 0C. The
sharpness of the melting curve indicates well
crystalline of the sample. Since the thermal
stability is high, it can be used in fabricating NLO
devices.

3.5 Piezo-electric Studies

The crystals were subjected to piezo-electric
characterization using Ultrasonic Interferometer
(for solids). The ultrasonic velocities are measured
using the piezoelectric technique. Grease is found
to be a good bonding medium to fix the transducer
on the crystal sample surface and to admit these
wave pulses into the sample. The presence of the
bonding medium can introduce some additional
phase change and because of the progressive

Fig.4: TG and DTA curves of the grown LMBTZS crystal

Table-3
Single crystal data for LMBTZS 

Wavelength 0.71073 
Crystal system Orthorhombic 

Unit Cell Dimensions 

a=7.789(2)
0
A  α=900 

b=11.152(2) 
0
A  β=900 

c=15.498(4) 
0
A  γ=900 

Volume 1364.1(5) 
0
A 3 
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decrease in the amplitude of the successive echoes,
the judgment of the condition of the perfect overlap
by visual evaluation also can introduce some error
in the measured travel time.

The elastic properties of LMBTZS crystal were
well studied by measuring ultrasonic velocity in
the crystal in certain specified crystallographic
directions and evaluating the elastic stiffness
constants. Elastic constants are the only means to
obtain information about the shear properties of
the material. It provides information about the
structural properties of the material. Furthermore,
elastic moduli are sensitive indicators of certain
phase transformations and provide information
about the Inter atomic forces. At second order
phase transformation, while many thermodynamic
quantities show no obvious evidence of the transition,
elastic constants may show discontinuities. One can
use the discontinuities to learn about the phase
transition. LMBTZS being an orthorhombic
crystal has nine second order elastic stiffness
constants. The elastic constants have direct
relationship with the suitable ultrasonic mode
velocity given by, ²vCij   (Table 4). Thus the
anisotropy in the elastic properties of the crystal
can be studied.

3.6 Dielectric Studies

Dielectric study of grown crystal was carried
out in x-band at frequencies 8 kHz, 500 kHz, 1000
kHz at room temperature (309 K) using dielectric
constant measuring kit. The dielectric constants
of grown LMBTZS crystal via thiourea and zinc
sulphate were determined.

It is observed that the dielectric constant
decreases as frequency increases (fig 5). The ionic
conductivity of crystal depends on the frequency
of applied electric field. The dielectric constant
depends on the amount of polarization when
electric field is applied to polar material. At higher
frequency there will be less polarization and
dielectric constants decreases. The crystal with
high dielectric constant lead to power dissipation.
It is found that our grown sample LMBTZS has
low dielectric constant.

The low values of dielectric loss at higher
frequencies (fig 6) indicate that the grown crystal
contains less defects and the samples are of good
quality. The values of AC conductivity (fig. 7) are
found to be increasing with increase of frequency.
Variations of ln ac versus frequency is shown in
fig.8.

Fig.5: Variations of dielectric constant with frequency for
LMBTZS crystal
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SI.NO MODE MEASURED MODE 
VELOCITY (m/s) 

MODE VELOCITY 
– ELASTIC 
CONSTANT 

RELATIONSHIP 
)( 2vCij   

 
1 L 1820 3.30X106 

2 T 1810 3.27X106 

3 QL 1790 3.20X106 

L- LONGITUDINAL, T-TRANSVERSE, QL- QUASI LONGITUDINAL,  

 - DENSITY OF THE SAMPLE (0.997 x 10-3 g/cc for LMBTZS crystal). 

Table-4: Measured mode Velocities of LMBTZS crystal at
308 K along different directions. Also relation between
Elastic constants and mode Velocity.
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Fig.6: Variations of dielectric loss with frequency for
LMBTZS crystal

Fig.8: Variations of ln ac versus frequency for LMBTZS
crystal

Fig.7: Variations of AC conductivity with frequency for
LMBTZS crystal

3.7 Measurement of SHG Efficiency

The high intensity laser with the wavelength
of 1064 nm was allowed to strike the sample using
powder technique of Kurtz and Perry [26-32]. The
SHG efficiency of LMBTZS is found to be 1.23
times that of KDP, confirmed by the emission of
green radiation (532 nm) emitted by the sample.

4. CONCLUSION

The LMBTZS single crystals were grown by
solution growth technique. The functional group
of LMBTZS was confirmed by FT-IR analysis and
the force constants were determined. The Single
crystal XRD confirmed that LMBTZS crystals
belong to orthorhombic system. The band gap
calculated from PL study. TG/DTA curves shows
that the sample is highly stable upto 231.36 0C
LMBTZS is found to be an excellent piezo-electric
material. The frequency study of LMBTZS crystal
revealed that it  has low dielectric constant
compared to zinc sulphate and thiourea. Low
dielectric constant of LMBTZS in comparison of
its constituents makes it suitable for fabrication
of high speed electro-optic modulators. The SHG
efficiency of LMBTZS is found to be 1.23 times
that of KDP
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