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ABSTRACT

In the present study, single crystals of cadmium tartrate (CdTr) were grown by a smple gel
technique using single diffusion method. The optimum growth conditions were optimized by
varying various process parameters such as pH of the gel solution, gel concentration, gel setting
time, concentration of the reactance. The test tubes were used as crystallization vessels while
silica gel as a growth media. Gel was prepared by mixing the solutions tartaric acid (C4HeOg),
sodium meta silicate (Na,SO3), cadmium chloride (CdCl;) and transferred in glass tube of
diameter 2.5cm and 15cm in length. The mouth of tube was covered by cotton plug and kept it for
the setting. After setting the gel, it was left for aging. After two days duration the supernatant
tartaric acid (C4HgOg) of 1M concentration was poured over the set gel by using pipette then it
was kept undisturbed by covering the cotton plug on the mouth of tubes. After 48 hours of
pouring the supernatant, the small nucleation growth was observed at below the interface of gel.
The round shaped single good quality large yellowish crystals were grown in 45 days. These
crystals were characterized by using X-ray diffraction and FTIR analysis.
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INTRODUCTION

Scientifically and technologically crystal growthcacharacterization have became an interested
research area in the past decades. All basic swdigrials are made up of single crystals and
they are backbone of the modern technology. THeente of single crystal is noticed in the
semiconductors, optics and acoustics, in varioudicakapplications and in jewellary industries
[1-4]. Now a day, various crystals are used intetedc industry for controlling the frequency of
radio waves, optical property in polarizing microges, in microwave communication, in digital
telephonic instrumentation, in wireless and optcammunication, in electronic and photonic
devices [5-9].
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Several researchers were found out the differamnigues to grow the various types of crystals.
The high quality ANI single crystals on SiC subtgravere grown by sublimation method [10],
lead molybdates crystals and calcium fluoride &nglystals were grown by Bridgeman and
Czochralski methods [11,12], germanium dioxide (@eQare earth aluminum borate,
SrMQOy 903 magnesium silicate Peroviskite cadmium sulphide S)Cdrystals, calcium
tungustate, transparent piezoelectric crystals-&GaPQ were grown by flux method [13-16]
whereas piezoelectric quartz crystals, nitrogenedo@ZnO crystals and potassium titanil
phosphate (KTP) crystals were grown by the hydrotiaé method [17,18]. The Cr-doped and
CO-doped CdSe, lead zirconate titanate (PZT) dryséae grown by solution growth method
[19, 20] while metals, semiconductors ionic crystahd few organic crystals were grown by
melt growth method [21].

A systematic study of crystallization in gels begiwith Lissegang’s famous discovery of
periodic crystallization in gels. This method hasngd considerable attention because of its
simplicity and effectiveness in growing single ¢aysof certain compound. This method is an
alternative technique to solution growth with colied diffusion. This growth process is free
from convection. This is purifying process, freenfr thermal strain [22, 23]. Crystal habit of
various crystals, grown under different conditiamsl also by different methods were described
by H. E. Buckley [24], P. Hartman [25], K. Kern [R&\. A. Chernor [27], W. K. Burton [28]
and J. W. Mullin [29]. The various process paramsetich as degree of saturation, type of
solvent [30], pH of the gel media [31, 32], pmese of impurities [33] and the change in growth
temperature also presumably affect significantg/iorphology of the crystal [34].

Henisch explained the use of gel to grow the clysfd@5]. Chemical reaction, chemical
reduction, complex dilution and reduction of solipiare the popular methods of crystal growth
in gel. Gel media prevents turbulence and helgsrimation of crystal by providing a framework
of nucleation site. This media is a unique place ¢t its characteristics of suppression of
nucleation centre. The convection is absent irgilenedia and it is alternative method for those
substances which are insoluble in water [36-38]e Thystals of sulphates [39], crystals of
tartrates [40], crystals of molybdates [41], cristaf barium oxalates [42], crystals of iodates
[39] were grown by chemical reaction method. Crigsté selenium, lead, copper were grown by
chemical reduction method [43] whereas mercury ledip crystals were grown by complex
dilution method [44]. KDP and ADP crystals werewgroby reduction of solubility method [45].
Few researchers reported the growth of the simylgtals of strontium tartrate tetrahydrates and
trihydrates based on their second harmaonic geoeraharacteristics [46-48], single crystals of
lithium-doped strontium tartrate on the surfacehef gel [49], single crystals of pure and nickel
doped strontium tartrate tetrahydrates in silidq%@], and single crystals of cadmium tartrate in
silica hydrogel [51]. In the present study, singigstals of CdTr were grown by a simple gel
technique using diffusion method. The optimum growdnditions for crystals were determined.
Optimum conditions were established by varying amasi process parameters such as pH,
concentration gel solution, setting time of the gmltion and concentration of the reactance.

MATERIALS AND METHODS

All chemicals used are of AR grade. The gel wapamred by using §HsOs and NaSiO; having
different pH values varying from 4.0 to 4.5. Thesuticals used for growth of single crystal were
C4HsOs, N&:SiO; and CdC. Different molar mass were tried to determine dpémum growth
condition. The test tubes were used as crystabizatessels while silica gel as a growth media.
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Gel was prepared by mixing the soluticC4HsOs, N&:SiO3;, CdCL in double distilled wat¢ and
transferred it in glass tube f diameter 2.5cm and 15cm in length. The moutta tube is
covered by cotton plug and keit for the setting. After setting the gel, it was Heft aging. After
two days duratiorthe supernatant ;HgOg of 1M concentration was poured over the set ge
using pipette then it was kepndisturbed by covering the cotton plug on the maittubes

For infrared analysis of the crystal, samples aspgred in the form of pallet by taking ab
100 mg of the sample, mixed with 0.5 gm of analltigrade dr potassium bromide. TF
mixture is finely powdered and taken in a die. Tieis first evacuated to a pressure c* torr,
and subjected to extremely high pressure (aboud kB0cn™®) about five minutes. This proce
results into the formation of a e pallet, which removed from the die and used éansing the
spectrum. Experiments were carried out by chandifigrent concentrations of the reactai

The chemical reaction inside the gel can be expdeas

2C4H0s +NapSiO3—2C4HgOsNa| + SIO + HO
28:0sNa+CdCh— C4sHgOs Cd l+2NaCI

RESULTS AND DISCUSSION
The figure 1 showthe single large yellowish grown crysof CdTr at the interface while figur

2 showsthe round shaped single large good quéellowish crystal ofCdTr with its scaling on
a graph papeilhe size of the grown CdTr crystal was 9mmx9mmx3|

Fig. 1 Crystal of CdTr inside the test tube

Table 1 Experimental detail for the growth of CdTr crystal in silica ge

Constant parameter: Variable Results
parameter
CdCL(1M), pH values 4.0 to For 4.0 pH, round shaped sin
C4HeOg(1M), 4.5 large crystal with yellowisl
Gel age time 48 hot colour was obtained. Size of t
crystal was 9mmx9mmx3m
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Fig. 2 Single crystal of CdTr

Table 1 shows the experimental detail for the ghoeftCdTr in silica gel. The various optimt
conditions for growing CdTr crystal were establlaad are given in Table 2. We have char
the process parameters such as pH of the gel dnchgmf rea@ants and observe the growth
CdTr. GHOs used as upper reactant. Gel age is the time intbetween g¢ and poring of
upper reactant.

X- Ray Diffraction Analysis

The crystal structure of the sample compound wadiest by powder -ray diffraction mthod.
The X+ay diffraction was recorded using Minifl-Rigaku model Japan with Cukradiation of
wavelengthh=1.5405@. The recorded diffraction pattern of the CdTrsta}s is shown in th
figure 3.

Determination of Grain size from XRD spectre

From theXRD pattern, it is observed that, each peak hasaginite width. The grain size
determined by measuring the width of the line withhest intensity peak. The grain size car
calculated by using the formi

Grain size D = 0.9,/ pco9

Where,§ is full width of half maxima in radian and D isagm size of the crystal.
D = 0.9 x 1.54056A / 0.235x cos (1) °
=1.38654/ 0.00407886
=344.15 A
=34.415 nm

The calculated average grain size is 34.415 nm. Theysisaof different diffraction peak
indicates the formation of monoclinic system. Tli#raction peaks at @ value were measure
very carefully and converted into d value using Bragg’'s equation pung n=1. By measuring
the peak heights above the background in nm arohgdhe value up so that the tallest peak
a value of 100.
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Table 2 The various optimum conditions of processgrameters for growth of CdTr crystals

Sr. No. Various process parameters Optimum conditias
01 Density of NgSiO; solution 1.05 g/crh
02 % of NaSiO; solutions 15
03 Concentration of Cdgl 1.0M
04 Concentration of 150 (supernatant) 1.0M
05 pH of mixture 4.0
06 Temperature Room Temp.
07 Gel setting time 72 hours
08 Gel aging time 48 hours
09 Period of crystals growth 7 weeks

The preferential orientation is observed from thBDXdata is (-120) indicating maximum
growth of the crystal in that direction. Orientaisoof the crystallites along different h, k and |
values are present. The intensity of different gea&uld give the relative orientation of a
particular h, k and | of plane. In the XRD spectlree main peaks appeared at various diffraction
angles B. The values of @ d values, intensity ratio and their corresponding and | plane
were shown in the Table 3. From this table, theepled d values and h, k and | plane were
compared with standard data of 2002 JCPDS v. B-8232.

Table 3 Powder diffraction data of CdTrcrystal. (A =1.54056A)

Observed data values Standard data values h ki
20 d value Intensity D D value Intensity values
19.800 4.4801 27 19.364 4.5803 65 021
21.600 4.1106 100 21.604 4.1102 65 120
23.800 3.7354 22 23.771 3.7401 10 -102
24.200 3.6746 45 24.780 3.5901 14 101
27.200 3.2757 24 27.080 3.2902 17 122
32.200 2.7775 24 32.569 2.747( 13 2040
33.000 2.7120 35 33.152 2.7100 40 131
34.200 2.6196 51 34.075 2.6290 32 2272
35.000 2.5615 43 34.742 2.5800 11 -103
36.600 2.4531 32 36.618 2.452( 20 231
37.600 2.3901 29 37.800 2.3781 05 142
38.400 2.3421 40 38.575 2.3365 40 2038
39.400 2.2850 38 39.455 2.283( 40 1272
40.000 2.2521 38 40.320 2.23572 07 201
41.800 2.1592 51 41.463 2.1760 20 241
42.600 2.1204 61 42.256 2.1370 20 023
43.200 2.0924 27 43.037 2.1000 16 221
44.200 2.0473 27 44.118 2.0510 14 240
46.200 1.9632 79 46.283 1.9600 30 -143
47.200 1.9240 36 47.123 1.9235 35 322
49.400 1.8433 24 49.669 1.8340 17 233
50.800 1.7957 77 50.613 1.8020 20 331
57.800 1.5938 34 57.557 1.6000 08 301
58.400 1.5788 36 58.438 1.5781 12 143
60.800 1.5221 28 60.632 1.5260 02 063
62.400 1.4869 25 62.585 1.4831 05 18
63.600 1.4617 43 63.250 1.4690 02 411
65.600 1.4219 26 65.597 1.4220 08 341
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Fig. 3 Powder *-ray diffraction pattern of CdTr Crystal.

FTIR Analysis of CdTr crystal

The FTIR spectrum recorded for CdTr crystal witlsetyed band is shown in the figure 4.~
spectrum is scanned in the region 450 to 400 using “Perkin Elmer mod 783". The —OH
stretching frequency of cadmium tartrate appeate2Da4 cn™ confirms the presence of wa
of crystalization in the crystal [52, 5. The moderate absorption bands around 31C
2916cmt is probably due to stretching vibration of ali group. The bands around 1850 to 2
cm* may be attributed to hydrogen bonding. The presefitiee —C—G- group is indicated by
the occurrence dhe sharp and an intense band at 159 and 1463 ci indicates asymmetric
—C-H bending. These bands may be assigned respectia -C-0O- asymmetric and
symmetric stretching of —@-. The bonding mode of water of crystallization d&ps with the
new asymmetric —C—Ofrequency band. i.e. the region of for the broadnastte absorption
around 1593-94 cth
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Fig. 4 FTIR Spectrum for CdTr crystal.
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The plane bonding of —C—H is assigned by the peak3Z7cnt. The absorption bands at
1117cm* are probably due to —O—H bending and —C—OH stirgchibration respectively. It

also represents the co-ordinate —C—OH group. Tédtref FTIR spectra of CdTr crystal with
observed band and their assignment are shown ife Hablt is in good agreement with the
structure of the copper tartrate reported by Kieat{b4, 55].

Table 4 The FTIR assignments of CdTr crystal

FTIR peaks cmi* Intensity Assignment

2854 Strong, sharp —OH stretching

3104 — 2916 Weak C—H stretching of alkali

group

1850 — 2800 Weak Hydrogen bonding
1594 Strong, broad —C—0O- stretching
1463 Strong, sharp —C—H asymmetric bending
1377 Strong, sharp —C—H bending
1117 Strong, sharp —C—OH stretching

CONCLUSION

We have successfully grown CdTr crystal. Singlestalg of CdTr were grown by controlled
single diffusion of C&" using the silica Gel. CdTr is required to maintdia pH of the gel. The
process parameters such as temperature affectdivthgof CdTr Crystal. Gel growth technique
is suitable for growing crystals of CdTr. The roustthped single good quality large yellowish
crystals were grown. Size of the grown crystal @asnx9mmx3mm. Unit cell parameter values
match very well with the reported XRD standard Dadhues. The FTIR spectrum confirms the
formation of CdTr crystal. The CdTr crystal isirshg yellowish and quite transparent with
good quality.
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