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ABSTRACT

EDX analysis.

KEYWORDS

Group 10 bivalent metal ion (N) added ZTS crystals were obtained from its aqueoligion. The crystal structure
was confirmed by single crystal X-Ray diffractioRowder X-Ray diffraction pattern suggests that gnewn
crystals are in single phase. Optical examinatamged from 190 nm to 1100 nm suggests that thergooystal is
transparent in the entire visible region. The theramalysis reveals the thermal stability of thestal. The
microstructural morphology and the elemental contjows of the doped specimen was obtained from SEM &
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INTRODUCTION

Nonlinear optical (NLO) frequency conversion
materials have a significant impact on laser
technology, optical communication and optical
storage technology. The search for new frequency
conversion materials over the past decade haoled t
the discovery of many organic.

Materials with SHG efficiency have significant
impact on laser technology, optical communication
and optical storage technology.

Many organic materials were discovered during the
past few decades as a result for the search ofl nove
frequency conversion materials. These materials
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were observed to possess NLO property with highat room temperature for 4h. When the reactants are
nonlinear susceptibilities. Yet some disadvantagesmixed together a white crystalline adduct was
like inadequate transparency, poor optical quality, formed at the bottom of the beaker. This adduct is
and lack of robustness, low laser damage thresholdused for the growth of ZTS crystals. The adduct is
and inability to grow to large size crystals malde t filtered using a what man filter paper. The filiére
researchers to begin the hunt for new materiale wit salt is heated gently in order to remove moisture.
large nonlinearity, high resistance to laser induce Growth of Ni?* doped ZTS crystals

damage, low angular sensitivity and good The dried salt is now taken in a separate beaker af
mechanical hardness. As a result a new class othoosing a suitable solvent for growth of crystals.
materials were explored which were known as Saturated solution is prepared using the synthesize
“Semiorganic materials™®, salt. The mixture is now stirred well thoroughly to
Zinc Tris Thiourea Sulphate is an efficient get a clear solution. 0.2 mol% Nickel nitrate (98%,
semiorganic NLO material. It is a type Il SHG Loba, AR grade) was added to the solution. The
material having the SHG efficiency of nearly 1.2 homogenized solution is now stirred well for 2
times more than KDP crystal The high damage hours. After 2 hours the clear solution is filteiada
resistanc® and the low cut off value favours the clear beaker and kept covered using a perforatéd fo
material for frequency conversion process in high sheet to facilitate slow evaporation process?* Ni
power lasers. ZTS material is less hygroscopic,doped ZTS crystals were obtained after a time span
crystallizing in orthorhombic symmetry with the of 35 days. The grown crystal is shown in Figure
space group of Pca2 The frequency doubling No.1.

phenomena, laser damage threshold and the therma&ingle crystal XRD

stability of ZTS crystals reported to be betterntha The structure of the grown crystal was confirmed
the other NLO crystats. Rapid growth rate along using BRUKER KAPPA APEX Il single crystal X-
the ¢ direction than a and b direction was observedRay diffractometer. Ni doped ZTS crystals were
and reported by Marcyt. al,>. The variation of observed to crystallize in orthorhombic symmetry
growth rate and the morphology with respect to pH with a space group of Pca2The obtained cell

of ZTS crystal was reported by Ushaseeel 2. parameter values are shown in Table No.1. On
ZTS is a good engineering material finding its comparing the obtained cell parameter values with
application in electro optic modulation. Metal ion the reported literature, slight variations were
doped materials are currently receiving a deal ofobserved in the cell values which may be due to the
attention due to rapid development of laser diodes.incorporation of the dopant. No changes were
Adding transition metal as an additive in the observed in the morphology of the grown crystal due
crystalline matrix of ZTS crystals influences the to the addition of the dopant which confirms the
physical properties greafly’. Some of the explored crystal structure remains unaltered on the
metal complexes of urea and urea analogues otheincorporation of the dopant. The diffraction patter
than ZTS crystals are, zinc thiourea chloride (ZTC) obtained for Ni* doped ZTS crystal is shown in
bis thiourea chloride (BTCC) and copper thiourea Figure No.2.

chloride (CTC) and GCTS. These crystals have Powder X-Ray diffraction analysis

better nonlinear optical properties than KBP JEOL JDX powder x-ray diffractometer was
Synthesis of Zinc Tris Thiourea Sulphate salt employed for tracing the powder XRD pattern. The
Analytical Reagent Grade Zinc Sulphate and obtained powder XRD pattern is shown in the
Thiourea salts were used as precursors in theFigure No.3. The well-defined Bragg's peak
synthesis process. The starting materials used wer@ndicates that the Ki doped ZTS crystal is highly
highly pure (99%) and obtained from Merck crystalline. The prominent peak at a specifie 2
Company. Thiourea and Zinc Sulphate were taken inangle suggests the crystallinity of the sample.eA s
the molar ratio of 3:1. The reactants were stimwet! of prominent peaks were obtained from the powder
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XRD data. Powder XRD pattern suggests the singleto be Incorporation of a metallic impurity decrease

phase formation of Ni doped ZTS crystal.
Linear Optical property
The UV-Vis-NIR spectrum of Ni doped ZTS

the band gap making it an eligible candidate for
optoelectronic applications. Near the UV region,
absorption arises from electronic transition

crystals was recorded within the range of 190 nm toassociated within the thiourea units of ZTS. The

1100 nm using PERKIN ELMER LAMBDA 35
double beam UV-Vis spectrophotometer.

orbital P electron delocalization in thiourea asise
from the mesomeric effect. This P electron

Transparency in the entire visible region ranging dislocation is responsible for its nonlinear ogtica

from 300 nm to 700 nm without any strong

response and absorption in near UV region. The

absorptions is key property of a material to posses wide range of transparency in UV, visible and IR

nonlinear optical property. A sample of 1 mm

regions enables good transmission of the second

thickness was used for this measurement. From thénarmonic frequency of Nd: YAG laser. This is an

Figure No.4(a) it is observed that the lower cut-of
wavelength of undoped and®idoped ZTS crystals
is 300 nm. The material is found to be transpairent

the entire visible region without any absorptions.

Hence N#* incorporated ZTS crystals are potential
candidates in optical device fabrications.

Estimation of Optical Band Gap and Optical
constants

Optical band gap and the optical constants viz.

extinction coefficient, reflectance and refractive
index of NF* doped ZTS crystals were estimated
from the UV- Visible spectral analysis.

Absorption coefficient ) was calculated from the

optical absorption spectrum and it is given by the

formula,

L 2.303 log(7)

t
Where T is the transmittance obtained from the UV

spectrum and t is the thickness of the crystal.
The optical band gap {Ehas been evaluated from

added advantage in the field of optoelectronic
applications®.
Extinction coefficient (K) can be obtained from the
following equation
la

 4Am
The reflectance (R) in terms of the absorption
coefficient and refractive index)) is given by the

,expressions

1+./1— exp(—at) + exp(at)
B (1 + exp(—at))
—(R+1)++/(-3R2+10R - 3)
B 2(R—-1)

The variation of extinction coefficient with photon
energy and reflectance with wavelength are shown in
Figure No. 4(c) and 4(d) respectively. The refrazti
index ) was found to be 1.25 at 1100 nm for
undoped and Nf doped ZTS crystal which was
estimated from the plot of wavelength vs refractive
index plot (Figure No.4(e)).

coefficient () near the absorption edge is given by
hva = A(hv-Eg)2.

Where A is a constant, Eg is the optical band gap,
the Planck’s constant andrequency of the incident
photons. The band gap of Nidoped ZTS crystals
were obtained by plottingakv) 2 versus kh and
extrapolating the linear region near the onsethef t
absorption edge to the energy axis which is shawn i
Figure No.4(b).

It could be observed from the Figure No.4 that*Ni

The SEM micrographs were obtained in various
resolutions and magnifications using HITACHI
model SEM equipped with EDX. The SEM
micrographs of Ni" doped ZTS crystals are shown
in Figure No.5 (a)-(d). From the SEM micrographs it
is evident that the particles are evenly distridute
Ni?* doping does not alter the surface morphology of
the ZTS crystal. The presence certain microstrattur
defects can also be seen clearly in Figure No.5(d).
Since the patrticles are closely packed in the SEM

doped ZTS crystals possess a large transmittance ifyicrograph it is evident that the title material
the visible region by possessing a band gap of 4 €V pgssesses good electrical conductivity. The presenc
The optical band gap of ZTS crystals was observedys Ni2* in the crystal lattice of ZTS crystal is
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confirmed by EDX analysis. The EDX pattern is insures the thermal stability of the material for
shown in Figure No.6 which confirms the doping of possible applications in lasers.

Ni%* in ZTS crystal. The compositional ratio of?Ni  Spectral properties of N#* incorporated ZTS
doped ZTS crystal is shown in Table No.1. crystals

Thermal analysis The FTIR spectra of Ni doped ZTS were carried
The TGA and DTA curves were recorded out to study the functional groups present in the
simultaneously for Ni doped ZTS crystals are grown crystals. The observed FTIR spectrum is
displayed in Figure No.7. The percentage of weightdepicted in Figure No.3. The FTIR spectrum shows a
loss of the material as a function of temperatgre i broad envelope positioned between 2713 and 3305
measured in TGA. The absence of water ofcm?! arising out of the symmetric and asymmetric
crystallization in the molecular structure is iratied modes of the Nkgroup zinc coordinated thiouréa

by the absence of weight loss around 10€.°8ince  The absorption band observed at 1621'dwi?*
there is no weight loss in the temperature ranges Odoped ZTS is assigned to MNHoending mode
230 °C Nf* doped ZTS are thermally stable till 230 vibrations. The symmetric and asymmetric C=S
°C. The TGA curve also shows the difference stagesstretching vibrations are observed in the band$ 140
of decomposition. The first stage of weight loss cmt and 714 cml. The absorption at 1510 cis
begins at 223.86°C for R doped ZTS which is due to N-C-N stretching vibration for Nidoped
attributed to the evaporation of water molecules asZTS. The presence of sulphate ion is confirmed by
well as the decomposition loosely bonded moleculesthe absorption band at 471 émThe vibration

in the crystal lattice of ZTS crystals. The second frequencies of the Ri doped ZTS crystals are
stage of weight loss at 310.31 °C for?Ndoped  presented in the Table No.2.

ZTS. The TGA curve shows that maximum weight Second Harmonic Generation Efficiency test

loss occurs in the temperature range 232 °C -310 °CThe second harmonic generation (SHG) efficiency of
due to the liberation of volatile substance like the grown crystals was checked by using Kurtz and
sulphur oxide in the compound and this appeared toPerry Power methdi Powder SHG measurement
be the major stage of decompositibn was carried out using Nd: YAG laser of 1064 nm
DTA curve for Nf* doped ZTS shows the wave length. The grown crystals were finely
endothermic transition at 250 °C and 370 °C. Thepowdered and filled in a micro capillary tube. Afte
first endothermic peak coincides with the melting sealing the capillary tube, the grown crystals was
point of the crystals. The melting point of undoped subjected to Nd: YAG laser radiation and the SHG
ZTS is 239 °@? and for N#* doped ZTS is 250 °C. efficiency of the title material was confirmed by a
The sharpness of the endothermic peaks in DTAemission of green radiation. The input laser energy
curve suggests good degree of crystallinity of theincident on the sample was of 0.68 J. The measured
materials. It can be noted that the undoped sampleutputs for Ni* doped ZTS crystal was 3.9 mJ. This
has less melting point than the ?Nidoped ZTS indicates that the efficiency of SHG of Nidoped
crystal. The absence of other peaks before theZTS is 1.3 times greater than KDP crystal which was
melting point of the sample confirms that ther@ds  used as a standard reference material.

other transition taking place in the material ahi$ t

Table No.1: Compositional analysis of Ni doped ZTS crystal

S.No Elements Wt % At % K-Ratio
1 S 66.40 80.03 0.6010
2 Zn 32.09 18.97 0.2847
3 Ni 1.51 1.00 0.0152
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Table No.2: FTIR assignments of Ni* doped ZTS crystal

S.No NF* dopedZTS Bond Assignments
1 3305 vs(NH2)
Hydrogen bonding interaction of
2 2358, 2713 COOH in Crystal lattice
3 1621 3 (NH2)
4 1510 vs(N—C—N)
5 1400 Vas(C:S)
6 1125 vs (C—=N)
7 1030 vs (C—=N)
8 714 vs (C=S)
9 615 Vas(N—C-S)
10 471 8s (N-C-S)

vs — Symmetric stretching,vas— Asymmetric stretching,6 - bending,
6s—Symmetric bending,v — Stretching

-

Figure No.2: Sing Crystal X-Ray diffraction pern of Ni?* doped ZTS crystal
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Figure No.3: Powder XRD pattern of N?* doped ZTS crystal
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Figure No.4(a) UV Transmission spectrum of Nit doped ZTS crystals
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Figure No.4(b) Tauc'’s plot of N#* doped ZTS crystal
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Figure No.4(c) Photon Energy vs Extinction coeffigint of Ni** doped ZTS crystal
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Figure No.4(d) Wavelength vs Reflectance plot of Rfidoped ZTS crystal
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Figure No.4(e) Wavelength vs Refractive Index of Ri doped ZTS crystal
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igure o.5(c)ure No. 5()
ure No. 5(a)-5(d) SEM micrograph of N#* doped ZTS crystal
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Figure No.7: TG/DTA Thermogram of Ni’* doped ZTS crystal
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Figure No.8: FTIR spectrum of N#* doped ZTS crystal
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CONCLUSION

Ni?* doped ZTS crystals were grown by
conventional slow evaporation solution growth
technique. The structure and the cell parameters of
the grown crystal was confirmed by single crystal x
ray diffraction analysis. Incorporation of Group 10
metal ion enhances the optical property of the
material. The refractive index of Nidoped ZTS
crystal was observed to be 1.25 which makes it a
significant material for antireflection coating solar
thermal devices. SEM micrographs show the
uniform distribution of particles on the crysta#in
surface. The substitution of Nickel ion in the ¢ays
lattice of ZTS crystal was confirmed by EDX
analysis. The enhancement of the thermal
decomposition temperature to 250 °C makes the
material an eligible candidate for laser appliaagio
Nonlinear optical test provides information regagi
the second harmonic generation efficiency of*Ni
doped ZTS crystal. The results suggest that the tit
material can be used in the fabrication of
optoelectronic and nonlinear optical devices.
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