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ABSTRACT

One of the metal-organic nonlinear optical matesialdibromo thiosemicarbazide cadmium (ll) chloride
monohydrate (DBTSCCC) was synthesized. SolubilitPBTISCCC was determined in double distilled water
different temperatures. Three dimensional crystalcture of the grown crystal was determined bygkrcrysatal
X-ray diffraction study. FT-IR study confirms tleenation of the expected compound. Thermogravimeird
differential thermal analyses were carried out tady the thermal stability of the crystal. UV-vidRNspectrum
recorded from 2 mm thick crystals shows ~65% tranechin the wavelength region of 390-1100 nm. &mne
optical constants such as extinction coefficientl aefractive index were calculated. Optical nonlniges of
dibromo thiosemicarbazide cadmium (Il) chloride mloydrate were investigated by Z-scan technique WéekNe
laser radiation of wavelength 632.8 nm. Mechanipadperties of the grown crystal were studied usifigkers
microhardness test. Second harmonic generatiosiefity of the powdered dibromo thiosemicarbazidgmiam
(1) chloride monohydrate was estimated using NéGYlaser and is ~7.0 times that of potassium dibgen
orthophosphate.
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INTRODUCTION

Many new novel organic materials synthesized basethe predictive molecular engineering approasssess
potential applications in nonlinear optics, telecommication, frequency mixing, optical parametriccithation,

optical bi-stability, optical image processing amtblerwater communication [1, 2]. The advantagehefdrganic
materials is that they offer high degree of syrithiéxibility through structural modification arekhibit high laser
damage thresh-old [3]. In order to achieve goodrosmpic nonlinear response in organic crystals, requires an
increase in the number ci-electrons andr-delocalization length, so as to lead to high mal@c hyper
polaraizability and also proper orientation of tinelecule in the solid state structure to facilitatgh-frequency
conversion efficiency. Organic crystals fall shoftvital technological properties including mechaati strength,
chemical stability and performance at low and higimperature. In order to overcome the shortcominthe

organic materials, some new classes of metal-argamilinear optical materials (NLO) have been depetl [4,5].
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The limitations on the maximum attainable nonliityan inorganic materials and the moderate sucaeggowing
device grade organic single crystals have eggedcientists to adopt alternate strategies. Obviobslgan the
development of hybrid organic—inorganic materidlise achievement to have high efficient optical gyairganic
based NLO materials in semiorganic class is to faemmpound in which a polarizable organic molecide i
stoichiometrically bonded to inorganic host [6,Regarding the organic ligands, smallectron systems such as
thiocyanate (SCN) urea [ OC(NH),] and thiourea [SC(NL}),] have been used with remarkable success. These
ligands and their metal (group Il B) complexes ahways colorless. Potential NLO materials like lhistrea
cadmium chloride (BTCC) and triallyl thiourea cadmi chloride (ATCC) are examples of this approachB][8The
structural analysis and detailed studies of thesigiaychemical behavior of the materials have leth&éoconclusion
that the central metal atoms cannot be ignoredaioutating theNLO coefficients [10]. In this work, growth and
characterization of one of the semiorganic NLO talgs dibromo thiosemicarbazide cadmium (ll) chderiis
presented.

MATERIALSAND METHODS

Growth of dibromo thiosemicarbazide cadmium(l I)chloride monohydrate single crystals

Single crystals of dibromo (thiosemicarbazide) caami(ll) chloride monohydrate (DBTSCCC) were grown b
slow evaporation method from aqueous solution. Bnensolution, cadmium chloride and thiosemicarbazicere
mixed in double distilled water in equimolar ratithe prepared solution was stirred well and reftlabout 5 h,
which on cooling yielded colourless salt at thettrot of the beaker. As a first step towards cryiziaion, the
solubility of DBTSCCC in double distilled water wastimated in the temperature range of@055 C (Figure 1).
Saturated solution of DBTSCCC was taken in a beakd the mouth was closed with the perforatedhlidrder to
control the rate of evaporation and kept in roomgerature for crystallization. One of the bettaalgy crystals
obtained from slow evaporation of the solvent abnmotemperature was used as a seed crystal. Onbkeof t
transparent DBTSCCC crystals (3 x 3 x 1 fyrwvere obtained from the aqueous solution of DBTSQY slow
evaporation at room temperature and the same wabassthe seed crystal. Slow evaporation at roompéeature
yielded a good quality single crystal of dimensi@s 7 x 2 mm from aqueous solution in a growth period of 26
days and is shown in Figure 2.

RESULTSAND DISCUSSION

3.1. Singlecrystal X-ray diffraction

The X-ray data were collected for a well-shapedcaptquality single crystal of DBTSCCC using anquuter-
controlled Enraf Nonius-CAD 4 single crystal X-rdiffractometer. The cell parameters of the singlst@al were
determined using 25 reflections. From the dataectdid for DBTSCCC crystal, it is observed thateloings to the
monoclinic system and the unit cell parameters are 6.982(3)& b = 14.162(11&, c = 8.352(16A, ,p =

101.31(2f andare in good agreement with the reported valuesicdldl et al. [11].

3.2 FT-IR spectral analysis

Fourier transform infrared (FTIR) spectrum of DBTSC was recorded at room temperature in the speetngke of
4000 cm' - 400 cm® by KBr pellet technique using the Perkin Elmer ipgtinfrared spectrophotometer. The
observed spectrum is shown in Figure 3. The atisorpeak at 3290 crhis due to G-H stretching vibration of
water molecule. The peak at 2841 7cim due to the &-H stretching vibration. The peak at 781tim due to the
C—Cl stretching vibration. The peak at 526°tim due to the G-Br stretching vibration [12]. The peaks at 1590
cm® and 1498 cm are due to asymmetric and symmetric ;N\Hending modes respectively. MHtretching
vibration is absent at 2063 &nrevealing that amino-nitrogen is one of the couatk sites [12].

3.3 Linear and nonlinear optical properties.

The optical transmittance spectrum of DBTSCCC edyst 2 mm thickness was recorded in the rangedD6f 2100
nm using Varian Cary 5E UV-vis-NIR spectrophotometed is presented in Figure 4. The recorded UWIR
transmission spectrum of DBTSCCC shows the lowdbftuvavelength at 390 direct optical band gap of
DBTSCCC is obtained from the relation ,

(ahv)? = A(hv-Ey) )

where Eg is the optical band gagis the absorption coefficient and A is a constant.
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The variation of ¢hv)? vs hv in the fundamental absorption region is plottechin and a wide transparency in the
entire region which makes the material suitablesfecond harmonic generation [13he transmittance of the
crystal is about 65% in the visible and near irdicaregion. TheFigure 5. Eg evaluated by the extrapolation of the
linear part to energy axis is 2.4 eV. From theamled absorption spectra, the linear optical comssalike
extinction coefficient and refractive index of DEEICXC were calculated.

The extinction coefficient shows exponential deeaythe photon energy increases. Refractive indéxghthe
measure of percentage of intensity of light reectthe reflectance shows an increasing value alo@ghoton
energy. From Figures 6 and 7, it is clear that ¢l@nction coefficient and the reflectance depepdn the
absorption coefficient.

The Z-scan is a simple and popular experimentéinigcie employed to measure the intensity depentigdtorder
nonlinear susceptibility of the materials. It albwhe simultaneous measurement of both the nomlirefiactive

index and the nonlinear absorption coefficientthis method, the sample is translated in the Zetiva along the
axis of a focused Gaussian beam from the He-Ne laseelength of 632.8 nm and the far field intensg

measured as a function of the sample position. Bypegrly monitoring the transmittance change throagémall

aperture at the far field position (closed apejtuome is able to determine the amplitude of thasphshift. By
moving the sample through the focus and withoutipta an aperture at the detector (open aperture) aam
measure the intensity dependent absorption ofahmpke. When both the methods (open and closed)sa for the
measurements, the ratio of the signals determimesonlinear refraction of the sample. The thirdeomonlinear
refractive index and the nonlinear absorption doieffit were evaluated by the Z-scan measuremeigsr@s 8 &

9). A spatial distribution of the temperature i ttrystal surface is produced due to the localetesbrption of a
tightly focused beam propagating through the abegrbample. Hence a spatial variation of the réfvadndex is
produced which acts as a thermal lens resultiigerphase distortion of the propagating beam.

Table.1 portrays the experimental details and #seilts of the Z-scan technique for DBTSCCC. Theuwated
value of the nonlinear refractive index is —4.126 x 18 cn/W. From the results of the open aperture Z-scan
curve, it can be concluded that as the minimumriesr the focus (Z=0), the nonlinear absorptiaegarded as two
photon absorption [14]. The nonlinear absorptioefiicient is found to be 3.1 x focm/W. The third order
susceptibility of DBTSCCC is 2.0 x fGesu.

Kurtz and Perry [15] test was performed to estintatee SHG efficiency of the powdered DBTSCCC crystdle
crystal was illuminated by Spectra Physics Quarsdg BHS2. Nd:YAG laser output wavelength of 1064 with
pulse width of 8 ns and repetition rate 10 Hz. $heond harmonics signal, generated in the crysaalsonfirmed
from the emission of green radiation by the crystdle SHG radiations of 532 nm green light wasemtéd by a
photomultiplier tube (PMT-Philips Photonics-modeéb63) after being monochromated (monochromator-model
Triax-550). The optical signal incident on the PM@&s converted into voltage output at the CRO (Tekk-TDS
3052B). The input laser energy incident on the pened sample was 3.4 mJ. Powder SHG efficiencyirdxdafor
DBTSCCC is about 7.0 times that of potassium dibgdn orthophosphate. The relatively higher NLOcedficy is
due to the crystal structure of DBTSCCC which cstssof infinite parallel chains of coordinated caaim atoms
linked to each other by a double bridge of bron{iBe and sulfur (S). The water molecule is locabetween the
chains and is connected by hydrogen bonds witmiinegen (N) atoms of the organic ligands. The domation
geometry about Cd is an octahedron formed by tBregvo S and one N atoms [11].

3.4. Thermal analysis

The thermal stability of DBTSCCC was studied byrthegravimetric analysis (TGA) and differential timal
analysis (DTA) using SDT Q600 V8.3 Build 101 instrent between the temperatures ‘60and 1100C at a
heating rate of 10C/min in Nitrogen atmosphere (Figure 10). The DBT&Csample weighing 2.355 mg was taken
for the measurement. From the DTA curve it is obsérthat, the material is stable up to 1@Qthe melting point
of the substance. Above this point, the materigirfgeto attain an endothermic transition and begindecompose.
The sharp endothermic peak shows a good degregstéltinity of the sample [16].

3.5. Microhardness analysis

Vickers microhardness test was carried out on DBISErystal using microhardness tester fitted wittiscanond
indentor. The indentations were made using a Vikgramidal indentor for various loads of 25, 5@ 400 g and
the diagonals of the impressions were measured \&hmadzu (Japan); Model HMV-2 hardness instrumeng
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microhardness studies were made on the well-degdl(p01) face. The indentation time was kept as & all the

loads. Vickers microhardness number)(as evaluated from the relation #11.8544(P/d) Kg/mn?, where P is
the applied load in Kg and d is the diagonal ler@ftthe impression in mm. The variation of micrafragss values
derived as a function of applied load is showrFigure 11. From the Vicker's microhardness stedit is

observed that the hardness value increases umtadaof 100 g. For load above 100 g cracks stareaetldping

around the indentation mark which may be due ta¢lease of internal stresses [17].

Table 1 M eaur ement details and the results of the Z-scan technique

M easurement details and the results of the Z-scan technique
Laser beam wavelength 632.8

Focal length of the lens 24 cm
Optical path length 125 cm
Beam radius of the apertureg) 4 mm
Aperture radius (ra) 4 mm
Sample thickness (1) 1.7 mm
Beam radiusdqL) 3 mm
Effective thickness (Leff) 1.69 mm
Linear absorption coefficient 0.625

Nonlinear refractive index (n2)

-4.106 x 10-8 cm2

W

Nonlinear absorption coefficient)

3.153 x 10-3 cm/W

Real part of the third-order suceeptibility [Rg3()]

2.30 x 10-6 esu

1.20 x 16 esu
2.015 x 10-6 esu

Imaginary part of the third-order suceeptibilityn[( 3 )]
Third-order suceeptibility ¥3 )

24
22
20
18
16
14
12
10

Concentration (g/100 ml)

30 35 40 45 50
Temperature in °C

Fig.1 Solubility curve of DBTSCCC
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CONCLUSION

Slow evaporation technique at room temperaturalgil DBTSCCC single crystal of dimensions 8 xZmnT .
Determination of unit cell parameters the singlgstal X-ray diffraction technique confirmed the rdigy of the
synthesized material. FTIR spectral studies corddrthe presence of functional groups of DBTSCCGtaty The
range of optical transmittance window and the loagroff wavelength at 390 nm, identified througW-vis-NIR
spectrum, reveals that DBTSCCC crystal is a paéntandidate for second harmonic generation. Viker
microhardness study reveals that the DBTSCCC staptts 100 g load. TGA and DTA studies show that the
compound is stable up to its melting point 15@5Powder SHG efficiency of DBTSCCC estimated isuib-7.0
times that of potassium dihydrogen orthophosphat# ia due to the presence of infinite parallel obaof
coordinated cadmium atoms linked with bromine amiflus in a double bridge and hydrogen bonds indhestal
structure.
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