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ABSTRACT

Sodium thiourea bromide (STB), a new semiorganidimear optical material, has been synthesized aimdjle
crystals were grown from aqueous solution. ThdREpectrum confirms the compound formation. ®igystals
of STB have been grown by slow evaporation of sblaeroom temperature. The grown crystal was esctigid to
single crystal X-ray diffraction, UV-Vis-NIR, TG/BTand DSC analyses. The second harmonic generati&TB
was measured by Kurtz and Perry powder technidittee laser damage threshold value was determined)wsiQ-
switched Nd:YAG laser operating at 1064 nm witmg$ulses in single shot mode. The mechanicalgptppf the
grown was determined by Vicker’s hardness test.

Key words: Sodium thiourea bromide; Solution growth; Singtgstal XRD; Nonlinear optical material.

INTRODUCTION

Nonlinear optical (NLO) materials find extensivet@glectronic applications such as optical freqyesanversion,
optical data storage and optical switches in tleetially confined laser fusion systems. Materigith second-order
optical nonlinearities, short transparency cutwéfvelength, high thermal and mechanical propegtresneeded to
realize many of these applications. Inorganic migte are widely used in these applications duehtr high
melting point, high mechanical strength and higbrde of chemical inertness. But the optical nadnity of these
materials is poor. Organic compounds are ofteméal by weak van der Waal and hydrogen bonds ansepss
high degree of delocalization. Hence, they ardcally more nonlinear than inorganic materials. m&oof the
advantages of organic materials are flexibilitytihe methods of synthesis, scope for altering thapenties by
functional substitution, inherently high nonlinggriand high damage resistance etc., A major drakvi
crystalline organic materials are difficult in grimg bulk size, optical quality single crystals armdiso, the fragile
nature of these crystals makes them for difficaitthe process in device applications. The inhdianitations on
the maximum attainable nonlinearity in an inorgamiaterials and the moderate success in growingceaytiade
organic single crystals have made scientists tpiaditernate strategies. The obvious one was velde hybrid
organic-inorganic materials with some trade offtlieir respective advantages. This new class oérniads has
come to be known as semi-organic [1-3] with metglamic coordination compounds [4]. In the casenetal-
organic coordination complexes, the organic ligendsually more dominant in the NLO effect. As fbe metallic
part, focus in on the group (lIB) metals (Zn, Cdi Bhd Hg) as these compounds have a high transyairethe
UV region, because of their closed® ¢hell. Regarding the organic ligands, sma#lectron systems such as
thiourea [CS(NH);], thiocynate (SCN) and urea have been used witiarkable success. Further, thiourea is one
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of the few simple organic compounds with high citsgraphic symmetry. It crystallizes in the rhdmb
bipyramidal division of rhombic system and actsaagood ligand [5]. The centro symmetric thiourealenule,

when combined with inorganic salt yields noncerdyonmetric complexes, which have the NLO properf@s
Thiourea possesses large dipole moment and it faunmger of NLO active metal coordination compoufd41].

In this paper, we are presenting a preliminary repo the growth and characterization of sodiurouh¢a bromide
single crystals.

MATERIALS AND METHODS

2. Experimental
2.1 Synthesis and crystal growth

Raw material for the growth of the title compoundsvsynthesized by mixing aqueous solutions of soditomide
and thiourea in the ratio of 1:4 and the correspandhemical reaction is given below as

NaBr+CS(NH) y-------------- » Na[CS(NH),]Br

Since thiourea has the coordination capacity tnfdifferent phases of metal-thiourea complexes,ntipg¢ure of
the reactants had to be stirred well to avoid amipitation of multiple phases. The product wasifijgad by
repeated recrystallization before it is used far ¢hystal growth. Single crystals of sodium themibromide were

obtained from aqueous solution by slow evaporatéminique after a period of two weeks. The segdtals of
STB thus obtained were used to grow bulk size tisddepicted in Fig. 1.
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Figure 1 As grown sodium thiourea bromide single grstal
2.2 Characterization techniques

Thesingle crystaX-ray diffraction studies of the crystals were aeairbut using ENRAF NONIUEAD4 singleX-
ray diffractometer with Mol¢ (A=0.717 A) radiation. Least square refinement ofr2flections were done in the
range 20-30 The FT-IR was recorded in the range of 4000-#0basing BERKIN ELMER RX1 spectrometer.
The optical transmission spectrum was recordetl@nmange of 190-1100nm using BERKIN ELMER LAMBDA 35
spectrometer. The NLO efficiency of the crystalsvevaluated by Kurtz and Perry powder techniqueguai Q-

switched, mode locked Nd:YAG laser emitting 8 nésps with spot radius of 1 mm. DTA/TGA and DSCd#ts
of the crystals were carried out using the instmin®TD Q600 V8.3 Build 101.

RESULTS AND DISCUSSION

3.1. Single crystal XRD

The single crystals of STB have been subjected tmyXdiffraction studies using NONIUS CAD4 X-ray
diffractometer. The structures were solved byfthlematrix least squares technique using the SHEIpXogram.
The calculated values are tabulated in Table is dbserved that the grown crystals are in ortbibic system.
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Table. 1. Crystallographic parameters

Chemical formulae | Na[CS(NH),]Br
a=5.491(1)A
Cell parameters b=7.654(1)A
¢=8.550(0)A
Q:B:«{:QO‘)
Volume 359.3(3)8
System Orthorhombic

3.2. FT-IR spectral studies

The FTIR spectrum of the grown crystal is showrthia Fig. 2. A number of reports are available ba IR
absorption studies of thiourea [12-14]. When th@& Spectrum was compared with the spectra of tei@aua shift
in the peaks observed confirmed the metal coondinatith thiourea. In the complex, the coordinatimf sodium
with thiourea may occur either through nitrogerttoough sulfur [15]. Most of the metals form a qaex through
sulfur [16]. The study of the spectra of STB shawshift in the low frequency region and also agreth the
literature [17, 18]. The peaks at 3781 ¢n3368 cm'and 3161 cnt are due to the N-H vibrations of thiourea. It is
further observed that the N-H absorption band enhigher frequency region 3000-3400 ¢nm the thiourea were
not shifted to lower frequencies on the formatidnmetal — thiourea complex indicating thus nitrogensodium
bonds are not present and that the bonding musétveeen sulfur and sodium atoms. The other frecjesrof STB
are assigned and compared with thiourea in Table 2.
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Figure 2. FT-IR spectrum of STB single crystal

Table. 2. Assignments of IR band frequencies (cf) of thiourea and STB

Thiourea [15] (cm™) | STB(cm®) | Assignments
1627 1587 v(NHZ)
147C 1477 5(N-C-N)
1417 1420 w(CS)
1089 1086 W(CN)
740 729 (CS)
494 488 W(N-C—N)

J- bending, v — stretching.

3.3 UV-Vis-NIR studies

To determine the transmission range and hence towkihe suitability of STB single crystals for otic
applications, UV-Vis analysis was made between #9@md 1100nm using BERKIN ELMER LAMBDA 35
spectrometer. It covered a broad region which nétea violet (200nm to 400nm), visible (400nm t@08&m) and
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far-infra red (800nm to 1100nm). The plot of %nsmittance Vs wavelength (nm) is shown in the Big.The

absorbance is not registered in the measured waytbleange starting from 280nm to 1100nm. At 263¥h a
sharp fall of transmittance to zero was observelicaiing a single transition in the near UV reganSTB. The
nearly sharp fall in the transmittance at 263.45suggests nearly similar distribution of energiesoag all

molecules of STB single crystal. Absence of absongn the region between 280nm to 1100nm is armathge as
it is the key requirement for materials having Np@perties [19,20].
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Figure 3. Optical transmission spectrum of STB sigle crystal

3.4 Nonlinear optical test

3.4.1 Second harmonic generation mearument

Kurtz [21] second harmonic generation (SHG) tess warformed to find the NLO property of STB crystalhe

crystal was grained into powder and densely padkete microcapillary tube of uniform diameter (Irm). A

Quanta Ray Spectra Physics Nd:YAG laser produciriges with a width of 8ns and a repetition ratd @fz was
used. The laser was focused to fall on the powderpte. The SHG was confirmed by the emission etar
radiation (532 nm) and the optical signal was aulgd by photomultiplier tube (PMT). The opticagsal incident
on the PMT was converted into voltage output in@RO. The measured output of STB is 47mV at gipelse

energy 11.4mJ/pulse. The SHG efficiency of growystal is comparable with the standard referenceerizd,

KDP (63mV).

3.4.2 Laser induced damage threshold studies

In nonlinear optical, crystal the harmonic convensefficiency is proportional to the power of thenflamental
beam. Hence, a way to increase the efficiency fecus the beam into the crystal. The laser dantlagreshold of
an optical crystal is an important factor of affegtits applications. The laser damage thereskelsends on
specific heat, thermal conductivity, optical absimnp etc., If the material has high heat, the lal@nage thereshold
will be high and vise versa [22]. In the presdniy, an actively Q-switched diode array side pudnplel:YAG
laser is used for the laser induced damage thdrbshadies. The pulse width and the repetatioe ddtthe laser
pulses are 65 ns and 10 KHz respectively; at 1064adiation. For this measurement, 88 diameter beam was
focused on the crystal with lens of 8 cm focal kangA well polished sample with clear surface wagen for the
present study. The laser damage thereshold of iSTB871 J/cth The subject of material damage is of great
importance to the design and successful operafioominear devices.

3.5 Thermal studies

3.5.1 Melting point

The melting point of STB was directly determined 186 °C using a melting point apparatus, GU@a]. The
apparatus works on calorimetric principle to spetife melting point of the chosen substance withdgaccuracy.
The unit has an arrangement to hold the capillamytaining the sample in uniform media. The theroupde
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attached in the capillary shows the temperaturenegns of a digital display with appreciable accuraét the
point when the sample melts, the display showsnéking point of the substance with accuracy of&.3

3.5.2 TGA and DTA studies

A powder sample weighing 2.5990mg was used fofTBA and DTA analyses. It is carried out simultaumsy in
nitrogen atmosphere at a heating rate 8C2@ninute for a temperature range d¥0-1100°C and it is represented
in Fig. 4. The thermo gravimetric analysis shohest the material has very good thermal stabilityaup 175.60
°C. The weight loss about 19.63% in the temperatamge 175C -239C is may be due to liberation of volatile
substances like sulfur oxide in the compounds further observed that the DTA curve shows thateidothermic
peak at around 17% is assigned to melting point of the title compaunit is followed by decomposition and
volatilization of the compound above 500. Hence, it may be useful for making the NLO desi below its
melting point.

TGA =
100 ——
1.0
30
0.8 E
:
=z w 2
5 oo O
DTA
E [
40
=05
k L -
20+ 1.0
° o Lll‘c, . . r r . — ———— A5
o 100 200 300 400 500 600 700 800 900 1000 1100
Exo Up

Temperature (D C)
Figure 4. TG/DTA spectrum of STB single crystal

3.5.3 Differential scanning calorimetry

The Differential Scanning Calorimetry (DSC) of SWas carried out in nitrogen inert atmosphere bet@®€ and
1000°C. It is shown in Fig. 5. The DSC trace showsctyathe same changes shown by differential
thermogravimetric analysis. From the study of kib#trmo grams it is clear that the melting poingadwn crystal

is near 17%C.

3.6 Hardness test
To evaluate the Vicker’'s hardness number, sevedaritation were made on (100) plane of the crystake
Vicker’s micro hardness number was then calculagidg the following expression:

Hv=1.8544P/dKg/mn?

Where, Hv is the Vicker's micro hardness numbegiinm?, P the applied load in g and d is the averageodialg
length of the indentation in mm. The Vicker's haeds value was measured to be 17.6 gmiFig. 6 shows load
versus Vicker's hardness number for STB. At lovead, there is decrease in the hardness of therialat&fter
that the hardness number is increase with the hilglaels, which can be attributed to the work hainltgrof the
surface layers. Beyond the load 100gm, signifieaatking occurs, which may be due to the releddaternal
stresses generated walls indentation.
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Figure 5. DSC spectrum of STB single crystal
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Figure 6. Hardness studies of STB single crystal

CONCLUSION

Single crystals of sodium thiourea bromide crybtate been grown by slow evaporation techniquehfeffitst time.
The lattice parameters were found by single crysRD technique. FT-IR spectrum reveals that thecfional
groups of the grown crystals are up to the expiectatThe crystal has good optical transmittanceh@visible IR
region. The SHG efficiency assures that the crystal potential material for NLO applications. T@/® and DSC
studies reveal that the materials starts meltingperature at 17&, thereby indicating the thermal stability of the
material to withstand the high temperature encoedte laser experiments.
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