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ABSTRACT

The growth of Cadmium sulphate octahydrate single crystals was successfully carried out by using gel growth
technique. The cell parameter values were found using single crystal X-ray diffraction analysis. The purity of the
material of grown crystal was detected by atomic absorption spectroscopy (AAS). The presence of sulphate
functional group was determined by the FTIR and Raman spectra. The optical absorption study was done by UV-
Visible spectral analysis. TGA/DTA studies explain the thermal properties of the crystal. The microhardness studies
confirm that Cadmium sulphate single crystal has a high Vickers Hardness Number (VHN) in comparison to the
other crystals.
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INTRODUCTION

Cadmium metal and its alloys and compounds are usadarge variety of industries. Derivatives bé tcadmium
elements are used in active electrode materiali¢gheircadmium batteries, pigments used mainly iaspts,
ceramics and glasses to stabilize polyvinyl chiofit]. The Cadmium sulphate is an important inoig@admium
compound which is widely used in semiconductor stduwith many excellent physical and chemical emigs.
Anhydrous Cadmium sulphate is also produced byingeltadmium with ammonium or sodium peroxodisulfate
[2,3]. Cadmium sulphate octahydrate is generallgilable in the market with the common name of Caomi
sulphate. Cadmium sulphate structure was solvedison in 1936 [4]. Molecular structure of Cadmisiphate
is shown in Figure 1. Yun-Hong Zhang et al. ex@ditnygroscopic Property of Cadmium sulphate [5m&a and
Infra red studies are carried out by W.Rudolph @nlimer in 1994 [6]. Characterization on Cadmiunipbate
single crystals is not available in the literatatgvey. In this paper, highly transparent singlestals of Cadmium
sulphate octahydrate have been grown successfyllysing slow evaporation method and structural;ntizé and
optical properties are reported.

Fig. 1. Molecular structure of Cadmium sulphate
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MATERIALS AND METHODS

2.1 Crystal growth

Molecular structure formula was shown in fig. 1.

The growth of Cadmiunsulphati octahydrate crystals has been carried waihg gel growth techniqu The
apparatus used for crystalltizan consists of borosilicate glass tubes of lentihcm and diameter 2.4 cm ced
vertical in a wooden stand suitable amount oCadmium sulphatevastaken for crystal growth. Figure 2 shc
crystallization process of gel growth techniquethie present wor After a few days good quality, colourle:
transparent, single crystals @admiun sulphate were grown, which is shown in Figu

Fig. 3. Photograph of grown crystals.

2.2 Characterization

In order to study the crystal structureCadmium sulphate odtgdrate, single crystal -ray diffraction study was
taken for a perfect crystal using Enraf Nonius C-4 diffractrometer with MokK(A=0.7170/°) radiation. Atomic
absorption spectroscopy was carried out using daWaAA100 Atomic Absorption Spectrome (AAS). To
understand the chemical bonding and mular structure of the compound, FTHEhd Fl-Raman spectra were
recorded. FTIR spectrum was recor by the KBr pellet technique using a SPECTROMRX1HEEpectrometer i
range of of 4000—400 ¢ FT-Raman sectrum has been recorded using Thermo electroroatipn USA Nexus
670 spectrometer in the range of 3-50 cm’. Nd-YAG laser source of wave length 1064 nm and InGdétector
were used in FT Raman measurem Cadmium sulphate crystal optical behaviais been analyzed by |-Vis
analysis and found that transparency region ofgtieevn crystal usiniVarian Cary 500 scan spectrophotom in
the range from 200 nm to 2080n. Thermal stability of the sample was tested gusiifferential thermal analyze
(DTA) and thermo gravimetry analysis (TGA) usintharmal analyzeNETSZCH SDT Q600 V8.3 Build 10at a
heating rate of Z&/min in nitrogen atmosphere in temperature e PC-900C. Vickershardness measureme
were done on the grown crystals using a n-hardness tester Model HM¥;- Shimadzu, Jape
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RESULTS AND DISCUSSION

3.1 Single Crystal XRD study

From the single crystal XRD, the lattice parametdue of Cadmium sulphate octahydrate crystal fwasd to be
a=15.79(2) A, b=11.75(1) A, ¢=7.88(1) A=90, p=102.8 andy=90. This indicates that Cadmium sulphate
octahydrate crystallizes in monoclinic system. Témults are in agreement with reported values Cmparison of

lattice parameters is shown in the Table 1.

Table 1. Cell parameter data of Cadmium sulphate grstals

Cadmium sulphate Cadmium sulphate Cadmium sulphate mono Cadmium
Parameters octahydrate octahydrate hydrate sulphate
[present work] [7] [8] [6]

a (A 15.79(2) 14.78 7.64 47174

b (A) 11.75(2) 11.87 7.46 6.5590
c A 7.88(1) 9.44 7.62 4.7012
A (9 90 90 90 90

B () 102.¢ 97.31 115.¢ 90

¥y O 90 90 90 90
System Monoclinic Monoclinic Monoclinic Orthorhombic

3.3 Atomic absorption study

Atomic absorption spectroscopy (AAS) measurememisdétermine the composition of the crystals. The
incorporation of impurities in Cadmium sulphateatutdrate crystals has been quantified by this stirdgrder to
determine the exact mole percentage of compourdsporated in the crystals, crystalline powder efd@ium
sulphate was dissolved in 100 ml of double distillgater. The solution was subjected to analysi® fésults
revealed that impurities are very low in in thestay lattice of Cadmium sulphate crystal. This aon$ that crystal

is purely Cadmium sulphate. The observed data atagddted in Table 2.

Table 2. Amount of elements presence in the Cadmiusulphate octahydrate crystal

Elements | Value (ppm)
Mo 0.066
Cr 0.115
Ni 0.074
Zn 0.079
Pb 0.261
Mn 0.051
Cd 14.636
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Fig.4. FT-IR spectrum of Cadmium sulphate octahydrée
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3.2 FT-IR study

The Fourier transform infrared spectrum of Cadmauiphate octahydrate was recorded in between tfierrd00
cm® and 4000 cm shown in Figure 4. Observed bands along with tvieirational assignments have been tabulated
in Table 3. A peak at 1622 ¢his assigned to the bending vibrational mode ofewanolecules. Generally a
sulphate ion has four fundamental vibrations. Yrigitgenerate mode vibrationg)(of sulphate ion are observed at
1074 and 1137 cth The stretching vibrations of the water molecute @bserved in the region 3000-3700tm

Table 3. FT-IR vibrational frequencies of Cadmium siiphate octahydrate crystals

Wavenumbers (cnt) Assignments

653 triply degenerate vibrationss) of SQ
1074 Stretching ¢s) of SC,~

1137 Stretching ¥s) of SQ*

1497 Stretching of S=O

1622 Bending vibration of water molecules
1703 Stretching of SGF

1838 Stretching of SGF

300(-3700 symmetric stretching mode of the water mole

3.3 FT Raman study

In figure 5 show Raman spectra of Cadmium sulpbatahydrate crystal. The band observed at 478 innthe
investigated Cadmium sulphate octahydrate crystaksponds to bending mode)( of SQ?. The assignment of
the other Cadmium sulphate octahydrate bands engiv Table 4. The FTIR and Raman vibrational fesgues
assignments are based on the work of W. Rudolph][éi.

Table 4. Raman vibrational frequencies of Cadmiumuphate octahydrate crystals

Wavenumbers (cnt) Assignment
470 Bending mode,) of SQ2.
650 Bending mode(v,) of SQ.7.
1009 Asymmetric (vi) of SQZ.
1118 Anti symmetiric mode of (v)) SQZ.
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Fig. 5. Raman spectrum of Cadmium sulphate octahydite

3.4 Optical absorption study

The optical property of the grown crystal was assddy using Varian Cary 500 scan spectrophotoms8iegle

crystals are mainly used in opto electronic apflices. The optical transmission range and the meage of

transparency of the single crystals impact ther thgplications in the field. The transmission spgotwas recorded
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in the range starting from 200 nm - 2000 nm. Themded spectrum is shown in Fig. 6. A complete gpanency
between 300 and 2000 nm is interesting, as itfig neich required for optical applications of thigstal.

10

—

T I
500 1000 1500 2000
nm

Fig. 6. Absorption spectra for Cadmium sulphate o@hydrate crystal
3.5 Hardness study

Table 5. Microhardness values for the Cadmium sulphte octahydrate crystal

Load (P)gram | dlum | d2pum| dpm]| Microhardness Hy

10 3211 | 3045| 31.2 19.00
20 31.02 | 3155] 31.29 37.90
30 3156 | 31.18] 31.37 56.50
40 31.5¢ 31.1¢ | 31.3% 75.4(

50 37.58 | 35.5¢ | 36.51 69.3(

60 3429 | 3448| 34.39 94.10
70 46.80 | 45.47| 46.1 61.60

The physical strength of the crystal was measuyeditker’s micro hardness test. The mechanicapprty plays a
important role in device fabrication. One of thetinoels to determine the mechanical behavior of thevg crystal

is micro hardness test. The diagonal length ofridentation for various applied loads was measirale process.
The Vickers’' hardness number (Hv) is calculatechgighe relation Hv = 1.8544 B/gkg/mnf).Where P is the
applied load in grams and d is the average diagength of the vicker’s impression in mm after load Plot of H

versus P for the investigated sample is shown guréi 7. The non linear variation of H with load ifep the

presence of imperfection in the lattice. Hardnedses for different loads are tabulate in Table 5.

100

B0 A

10 20 30 40 50 &0 70
Load it gram
Fig. 7. Hardness value diagram
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3.6 Thermal studies
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Fig. 8. TGA/DTA curve of Cadmium sulphate octahydrate crysal

Differential Thermal Analysis (DTA) and Thermo Gmaetric Analysis (TGA) ofCadmiun sulphate octahydrate
single crystals were carried out simultaneously gte of 2 °C/min in inert nitrogen atmosphe Figure 8 shows
the TGA/DTA traces ofCadmiun sulphate octahydrate crystdlhere are two peaks in DTA curve at 123
255°C. TGA curve shows thahanges in weight at 10126 and 424 °CA gradual weight changes process ts
place from 424 to 803 °Cadmiun sulphate cannot be quenched at room temperdthezmalstudy confirms that
high temperature anomaly @admiun sulphate.

3.7 Etching studies

Imperfections present in a material can influenegosisly the device characterist Hence the assessment of
physical as well as the chemical imperfectionsriystalline materials is essential in the field cdterial research.
Etching techniques can be applied to understanbehavior of dislocations and also to reveal trewghn hisory of
the crystals. The etch patterns produced on aatrgst related to the internal structure just asrdgular geometr
and external shape of the grown crys Etch pattern of Cadmiuraulphate crystal is shown in tiFigure 9.
Similar shapes arobserved in the crystal surfaces. The hoppectsteiobserved in the etch pattern of the cry

Fig. 9. Etch pattern of Cadmium sulphate octahydrate crgtal

CONCLUSION

Gel growth method yielded optically transparentgkincrystals ofCadmium sulphateoctahydrate. The grown
crystals have been subjected to various charaataniz studie Monoclinic structure of therystal was confirmed
by single crystal XRDAtomic absorption spectroscopy estimated the psef different elemes in the grown
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crystal. FTIR and Raman studies confirm the preserf functional groups and vibrational interactiomhe optical
study reveals transparent region of the crysta¢ Mielting point of the crystal was confirmed by TIGAA studies.
Microhardness study estimates the mechanical strerighe crystal.
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