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ABSTRACT

Cadmium compounds such as cadmium sulfate are used in batteries, pigments and in semiconductor industry.
Commercially available cadmium sulfate was purchased and used for the crystal growth. The sample in salt form
was dissolved in double distilled water and the saturated solution was prepared. Nearly 38 grams/50 ml are
necessary to prepare the saturated solution and the solution was stirred well using a magnetic stirrer for 2 hours
and it was filtered using a Whatmann filter paper. The filtered solution was kept in a growth vessel at room
temperature and it was loaded into a constant temperature bath to maintain the temperature of the solution
constant. Colourless, transparent crystals of size 18 x 17 x10 mm® were harvested after a growth period of 25 days.
The grown crystals were characterized by using different techniques like XRD, UV-visible studies, SHG,
micrhohardness and electrical studies and the results are discussed.
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INTRODUCTION

Crystals find their applications in solid state ideg, polarizers, radiation detectors, medicineasbnic amplifiers,
solid state lasers, nonlinear optics, piezo-electitousto-optic and photo sensitive devices & far as optics is
concerned, crystals can be classified into lingaical and nonlinear optical (NLO) crystals. IndhO crystal, the
polarization gives response to the electric fieldight nonlinearly and the interaction of intenskectromagnetic
field in the material to produce modified fieldsathare different from the input field in phase,qginency or
amplitude. This nonlinearity is only observed atyéigh intensity of light having values of the etéc field
comparable to the inter atomic electric field 08® ¥/m. NLO effects are responsible for phenomeka $econd
harmonic generation (SHG), sum frequency generai&H#G), Difference frequency generation (DFG), Rk
effect, optical parametric oscillation and eleotqtical modulation, third harmonic generation, stialed Raman
scattering, Kerr effect and phase conjugatiof®#s]. Cadmium sulfate octahydrate crystal is fouade a third-
order NLO crystal and it crystallizes in monodiimitructure with a centrosymmetric space group|[@ fere is an
example of a centrosymmetric crystal possessingtbperty of SHG [8-10]. The presence of water moles in
the crystal lattice and hence the hygroscopic ptgpaf cadmium sulfate crystals have been explaibgdyun-
Hong Zhang et al. [11]. Gel growth method was &eldgo grow the single crystals of cadmium sulpHage
Rajadurai et al. [12]. Cadmium sulfate is founcbused for the electroplating of cadmium in etagtr circuits
and it a precursor to cadmium-based pigments saatadmium sulfide. It is used as an electrolyta iWeston
standard cell as well as the pigments in fluonessereens and also it can be used in NLO appdiestiThis paper
covers the growth and physico-chemical propedfesadmium sulfate hydrate (CDSH) crystals.
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EXPERIMENTAL SECTION

2.1Growth of CDSH crystals

Crystal growth has prominent role to play in thegant era of rapid technical and scientific advarerg and
crystallization is one of the important procesdi@ghniques in industries. More recently, howevew applications
for crystals has been discovered in what are Igosaled solid-state devices. Because many pregsedi solid are
best studied with crystals, the increasing inteineghe nature of solids also has required thastety be grown
under controlled conditions for a variety of inugation. Single crystals of CDSH were grown biuson method
with slow solvent evaporation technique. The saéaraolution of the commercially available cadmigulfate
octahydrate (CDSH) was prepared by dissolvieg $hlt in de-ionized water by continuous stirrifighe solution
using a magnetic stirrer and the saturated solutias filtered using 4 micro Whatmann filter papEne seed
crystals of CDSH were obtained by spontaneous atiole The supersaturation of the solution wamébby

observing the first crystal formed at the bottomtlod glass beaker due to slow evaporation of tiheest The
supersaturated solution of CDSH was carefullysfemed into another glass beaker and kept atC30 in the
constant temperature bath. Two or three good guaded crystals of CDSH were placed in the supnestaid
solution and the solution was allowed to evapoitagesolvent slowly. A typical single crystal wisize 18 x 17 X
10 mn? was obtained within a period of 20-25 days. vBrarystals are shown in the figure 1 and theyfanad

to be transparent and colorless.
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Fig.1: Grown crystals of cadmium sulfate

2.2 Instrumentation

The grown single crystal of CDSH was subjectedrgle crystal X-ray diffraction studies using ENRAPNIUS
CAD-4 X-ray diffractometer with MoK (A=0.71069 A) radiation to evaluate the lattice cant. The transmission
properties of the crystals were examined using ldanB5 model Perkin Elmer double beam UV-vis-NIR
spectrometer in the range from 190 nm to 1100 nptic@lly polished single crystal of thickness 1.5hmwas used
for this study. To confirm the nonlinear opticabperty, Kurtz and Perry powder SHG test was caroetdfor the
grown crystal using Nd:YAG Q-switched laser whicmies the first harmonic output of 1064 nm [15].
Microhardness analysis was carried out using ViEkeicrohardness tester fitted with a diamond ineleahd two
trials have been carried out to ascertain the ctress of the values. Values of dielectric consszuat dielectric loss
of the GG crystal were measured using LCR metgiléaAt 4284A) in the frequency region 100 Hz-1 Matd at
different temperatures.

3. Characterization

3.1 Solubility studies

Solubility study was carried out using a constenmipierature bath (CTB) by gravimetrical method. %$ak of the
prepared sample was added step by step to 20 ddutfle distilled water in an air-tight containepk in the CTB
and the stirring was continued till a small préeie was formed at 3WC. Then, 5 ml of the solution was pipetted
out and taken in a petri dish and it was warmetilughe solvent was evaporated out. By measutirggamount of
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salt present in the petri dish, the solubility ¢ifi00 ml) of the samples water was determined.rEigQushows the
solubility curve of CDSH crystal. From the resuylit is observed that the solubility of the sampie water
increases with temperature, exhibiting a high sbétybgradient and it has positive temperature fiogfnt. The
figure 2 has three regions viz. supersaturatedbmegbove the curve, saturated region along theecand
undersaturated region below the curve. The satylihta will be useful to prepare saturated anpessaturated
solutions at any temperature in the range 30@&0and these data will also be useful to carrytbatnucleation
kinetic studies [13].
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Fig.2: Variation of solubility with temperaturefor CDSH sample

3.2 XRD studies

The X-ray diffraction analysis on the grown CDSHKatal was used to confirm the crystallinity andnitiécation of
the unit cell parameters. The grown CDSH crystak been subjected to single crystal X-ray diffoac study to
obtain the crystallographic data which revealsat thCDSH crystal crystallizes in monoclinic stuwet The
obtained single crystal XRD data for the grown tayef this work are provided in the table 1.

Table 1 Crystallographic data for CDSH crystal

Temperature| 293(3) K
Symmetry monoclinic
a 15.016(2)
b 11.264(3)
c 9.748(2)

o 90°

B 98.42°

Y 90°

\Y 1631.01(3)

3.3 UV-visible spectral studies

UV-vis-NIR absorbance and transmittance specfr& DSH crystal is shown in the figures 3 and 4. Low
absorption in the entire visible and near infraregion with the lower cut-off wavelength at 260 and this strong
absorption corresponds to the fundamental absorpthbsorption in the near ultraviolet region asisieom
electronic transitions associated within the samplesing the formula = 1240 /AT (nm), the band gap is
calculated to be 4.77 eV.
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Fig.3: Absorbance spectrum for cadmium sulphate crystal
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Fig.4: Transmittance spectrum of cadmium sulphate hydrate crystal

3.4 Vickers microhardness analysis

A well polished CDSH crystal of 1.5 mm thick wasgd on the platform on the Vickers microhardnesget and
the loads of different magnitude were applied avdixed interval of time. The hardness was caltedaising the
relation H, = 1.8544 P/d kg/mnf, where P is the applied load in g and d is theatial length of the indentation
impression in millimetre. The variation of hardnessnber (H) with load (P) for CDSH crystal is shown in the
figure 5. The hardness increases with the incresiad and this is due to reverse indentatian siffect [14].

3.5 SHG studies

Second harmonic generation (SHG) efficiency is ohthe second-order NLO properties and its valus feaind
for the sample using the Kurtz and Perry methodiigh intensity Nd:YAG laserN = 1064 nm) with a pulse
duration of 6 ns was passed through the powdemeglea The SHG behavior was confirmed from the ougfuhe
laser beam having the green emissidbn=(532 nm). It is observed that the SHG efficieméythe grown single
crystal is 0.659 times that of the standard KDy&tad. (Here the input power is 0.68 J, output ofltom CDSH
sample is 5.8 mJ, output power for KDP sample 8sngJ).
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Fig.5: Plot of hardness number versusthe applied load for cadmium sulfate crystal

3.6 Dielectric studies

The dielectric constant and the dielectric lossédiaare measured at different frequencies for weri@mperatures.
The frequency dependence of the dielectric constadifferent temperatures for CDSH crystal is whan figure
6. The dielectric constant of a solid is known tmsist of contributions from electronic, ionicpdiar and space
charge polarizations, each dominating in a padicufrequency range. It is established that theepzharge
polarization is very predominant at lower frequesciThis polarization is known to arise from tharged defects
or impurities present and also due to the creatiuh distribution of dipoles either within the bulk at the surface
of the crystal. The dipolar polarization can somes be seen in some materials up t&’ Hr. The ionic and
electronic polarizations always exist below*8z. The obtained result reveals that the dielectitstant has high
values at lower frequencies and it decreases withease in frequency and become independent aerhigh
frequencies. The variation of dielectric loss withquency and temperature are presented in theefigu The low
values of dielectric loss of the sample confirm lle¢ter dielectric quality [15]. The nature of dese o€, and tan
o0 with frequency suggests that the grown crystamseé contain domains of continuously varying rat&on
times. The values of dielectric constant ammkslare low at higher frequencies because domditerger
relaxation times may not be able to respond toettiejuencies. The results indicate that the dieteparameters
are observed to be increasing with increase of ¢éeatpre. The following observations are noticednfrthe
measurements of dielectric constant and dieleldsis.

& (at 1 Hz frequency) >, (at a1G Hz frequency) >, (at 1d Hz frequency) &, (at 10 Hz frequency)

€, (room temperature) & (higher temperature)

tand (at 1¢ Hz frequency) >tad (at 1G Hz frequency) > tad (at 1d Hz frequency) > tad (at 10 Hz frequency)
tand (room temperature) < tan(higher temperature)
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Fig.6: Variation of dielectric constant with frequency at different temperaturesfor CDSH crystal
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Fig.7: Variation of didlectric losswith frequency at different temperaturesfor CDSH crystal
CONCLUSION

Single crystals of CDSH have been grown by slowpevation technique and the solubility of CDSH skmpas

estimated for water solvent at different tempersgur Solubility of the sample is found to be insirg with

increase in temperature. The crystal structur@®frown crystal is found to be monoclinic. Theiagdtband gap of
the sample has been found. Relative SHG efficieridppe sample is found to be 0.65 times that of KMRkers

microhardness values were calculated at diffeaqmiied loads in order to understand the mechasicahgth.
Dielectric parameters such as dielectric constadtdielectric loss factor have been measured fgtbwn crystal
of CDSH at different frequencies and temperatures.
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