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ABSTRACT

The doping effect of Barium ion in Cadmium Chloraéution on the size and transparency of Cadmiantrdte
crystal are presented in this paper. Doped crystedse synthesized by controlled diffusion of Cadmihloride
into Gel with Tartaric acid at room temperature.elBarium ions enhance the size of transparench@fdbped
crystals. The crystal structure of the compound w@sfirmed by X-ray diffraction and Field Emissi8eanning
Electron microscopes (FESEM), Energy Dispersivelysia X-Ray diffraction (EDAX) etc.
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INTRODUCTION

Single crystals are the backbone of the modernntdoly of logical revolution [1, 2, 3]. The impaof single
crystal, is clearly visible in industries like saminductors, optics etc. This type of crystal ini@m of LASER, and
the field of the nonlinear optics and the practioaplementations was possible with the applicatiohsonlinear
optical crystal. Now a day great attention has beevoted on the growth and characterization of dopartrate
crystal with the aim of identifying new materialsr fpractical purposes [4, 5]. The effect of dopuomg various
purpose of crystal are of great interest from sslate science as well as technological point @fwiThe crystals of
Cadmium Tartrate grown in silica gel medium in dibpeith Barium, Strontium, Lithium, Calcium have eddy
been reported [6]. The growth of Barium doped CaoimTartrate crystals yet had not been reportethdrpresent
work we have attempted to grow pure and Barium dapedmium Tartrate crystal by Gel Technique. Thisv@h
experiment yield crystal in the Gel using solut®el Technique [7].

MATERIALSAND MEHTODS

Crystal Growth

Most of the Tartrate compounds are insoluble inewand decompose before melting. Hence, such type o
compounds cannot be grown by either slow evaporatio melt technique. But can be grown by soluti@h g
method. A single diffusion method (Henish 1973) wawployed to grow pure and Barium doped Cadmiuntrater
crystal in the gel method [8]. The AR grade (LobhEmicals were used for the present work. The alliztion
apparatus employed was borosilicate glass tubewr(R8iameter and 200mm length). Gel was preparetiiking
Sodium Meta Silicate solution of appropriate sgedifravity and one molar solution of Tartaric Agd that the
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desired pH of the mixture could be obtained. ThecHjT gravity and pH were varied between 1.02 graid 1.05
gm/cc and 4 to 5 respectively. After mixing thewsian was allowed to set for about 48 hours. Olierdet gel, one
molar Cadmium Chloride solution was gently pourdthwhe help of a pipette, so as to allow the sofuto fall
steadily along the walls of the tube without dibing the gel surface. The supernatant ions {Bad Cd") slowly
diffuse into the gel medium where it reacts withénreactant. The open end of the test tube waedlwith cotton
to avoid dust from the entering into the glass tulliee solution was faint milky and transparenttiatly, but with
lapse of time its color slightly change. The tedigs were kept undisturbed at room temperaturegrow doped
crystal, an aqueous solution of Barium Chloridevafying concentration 0.2- 1.0 M was mixed with tiop
solution. After one month the crystal was taken fooitn the test tube and cleaned for the furtherattarization
[9]./The best quality crystals were grown for 482 @s shown in fig.1

Figl

Chemical reaction
The following reaction is expected to take placthimformation of Barium cadmium tartrate crystal,

2(C4H606) + XBaC|2 + (1_X)CdCl2—> B&Cd(l_x) (C4H406)2 X H20+ 4HCI.
RESULTSAND DISCUSSION

The various optimum conditions for the growing ¢taysvere found and are given in table no.1

Table 1 Optimum conditionsfor growth of BCT Crystal

Condition Barium Cadmium Tartrate
Density of sodium meta silicate solution 1.04 g/cc
Concentration of tartaric acid 1M
Volume of tartaric acid 7ml
Volume of sodium meta silicate solutign 24ml
pH of the Ge 4.z
Concentration of Bagl 0.2M
Concentration of Cdgl 1.0M
Temperature Room Temperature

Different parameters such as concentration of asast pH of gel, impurities in the solvent, geltisgt time, gel
aging time etc have considerable effect on growete.rFig.1shows photographs of Barium Cadmium &gatr
crystals inside the test tube and Fig.2 shows iffiereint morphologies of Barium Cadmium Tartratgstals grown
under different conditions of growth [10]. The dwls grown are whitish, milky white and transparent
semitransparent and rectangular in shape well éefanystals of Barium Cadmium Tartrate crystalsea@stained.
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Some of them were transparent small diamond shapéadfast growth rate twin crystal are obtainezefaare well
developed and polished.

Fig. 2

Table 2 Effect of concentration of reactantsand habits, quality and size of thecrystal

Concentrations of reactantsin gel | Concentrations of reactants above gel Habits Quality Size(mm)
CsHeOs BaClz,CdCL . .
1M(8ml,pH 4.2) 0.5&1M 20ml Prismatic| Opaque 2x2x2
C4HeOs ) ) i
1M(8m ,pH 4.2) BaChLCdCL0.5&1 M(25ml) Prismatic| Good transparept 2x1x2

Table 3 Chemical composition of BaCdTr crystals % weight

Composition | Cd# | B&" | CiHeOs | water
Experimental | 15.10| 12.02 60.90 12.50
calculated 15.46 | 12.06 60.91 11.3D

3.1. Powder X - Ray Diffraction

Table 4 Powder diffraction data of BCT crystal

L =1.54056A.
From present wol From JCPDS fil
26 Observed -value | Intensity | h k| value 20 Standardd-value | Intensity | h k| value
18.648 4.75441 1081 111 18.6%9 4.75438 64 101
28.483 3.13116 363 300 28.712 3.13106 26 200
30.439 2.93426 1120 212 30.441 2.93430 756 211
32.415 2.75976 1419 203 32.589 2.75970 911 112
37.32¢ 2.4072! 92¢ 227 37.83: 2.4072¢ 311 102
44.55: 2.0321! 70€ 41C 44.60¢ 2.0322( 17 402
45.155 2.90632 718 105 45.831 2.90645 4 431
46.153 1.96524 104 304 46.073 1.96521 3 204

In the above table, the observed d-values ankl I plane are compared with standard data of 2002 3OPRPR2.3,
26-0282.
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Fig. 3 Powder X-Ray diffraction of BCT Crystal

X-Ray diffraction
X ray diffraction technique is used to investig#te inner arrangement of atoms or molecule in tystalline

material. The grown BaCdTr crystals/were subjettedowder diffraction pattern of the grown crystads carried
out using BRUKER AXSD8-Advance model Germany. X diffraction with Cukal radiation of wave length
(A=1.54056 A) operating at a voltage of 40KV and &rent 20 mA. The scanning rate was maintained Atn2n
over a @ range of 20 - 80In the present study of XRD powder pattern of Baridoped Cadmium Tartrate crystal
is shown in fig. 3. The sharp peaks with maximuternsity characterize the XRD pattern, indicating thrmation
of well defined crystallites. The spectrum matchhwthe data reported in JCPDS file N026-0282 [Ethm this
diffraction pattern intensity and (h k |) valuesreeeomputed. The observation table give the indeXlata for the
grown crystals value and (h k I) plane were cakadahe unit cell parameter satisfy the condition Hexagonal
system that is a=# ¢ ando=p=9¢°y = 120. The observed and calculated d values are giveFable no. 1The
diffracting index observed, the (d) values are dodyagreement with calculated values. It is vetgrigsting to note
that BaCdTr crystals are hexagonal with non Cesyrametric space group where as Cadmium Tartrattadsyin
Centro symmetric monoclinic space group [12].

Unit Cédll parameter

Parameter | BCT crystal
system Hexagonal

a 10.74

b 10.74

c 10.2

o a9

B o

v 12¢

v 74.46

Percentage of crystallinity is very good and iB&6% and crystal size is 5.2nm.and FWHM is 17.14dalysis
composition determines by chemical analysis 49.%%6aBd 50.1% Cd.and space group Pm-3m(221).

Energy Dispersive Analysis by X-ray (EDAX)

Energy dispersive analysis by X-ray (EDAX) is used the quantitative analysis and is also callectiasnental
analysis [13]. In The present work elemental anglg$ gel grown Barium Cadmium Tartrate crystal veasried
out using BRUKER-X-Flash detector at the NMU Jalga&ig. 2 represents that EDAX spectrum of Barium
Cadmium Tartrate crystal. When a beam of electtokes a specimen, a fraction of the incident etecexcites the
atom of the specimen, which then emits X-ray wheytreturn to their ground state. The energy ofehg-ray is
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strictly related to the atomic number of the eletextited and therefore their detection forms tasidof elemental
analysis in the electron microscope [14]. EDAXriat out standard less at 15.0KV energy showeddhawing
result for the given sample of Barium Cadmium Tagrcrystals. The pulse rate 2.97 Kcps. and peaking from
0-5 Ev. It is clearly indicates that the presenéeBarium Cadmium Tartrate sample characteristickpe&athe
sample appear in between the 0-5 Kev. The relativeentration of the Barium Cadmium Tartrate iseobsd 48%
and 56% [15].

4.5 AP NOTE BRUKER]

cd’. Ba cd B

Fig. 4 EDAX spectrum of barium cadmium tartrate

Table-shows the value of elemental content of thestal as measured by EDAX technique (At%) and the
theoretical calculation from molecular formula (Wt%

Table5 Value of elemental content of barium cadmium tartrate

unn.c | Norm.c | Atom.c | Sigma

Element | AN | series | \yior | 'wioe | Wi | Wi%

Cd 48 | L-serie: | 0.47 2.52 3.0¢ 0.2C
Ba 56 | L-serie: | 18.3% 97.4¢ 96.9¢ 1.4¢
Total 18.82| 100.00] 100.0¢

Scanning Electron Microscope (SEM) of BCT Crystal

In the present work powder sample of Barium Cadmilartrate crystal was examined by using SEM tealmiq
The studies of the surface exposure to air of ddpa@@dch were examined by FESEM [16]. The crystal gives
valuable information about its internal structutels as smooth and continuous surface. Fig. 5 (dp)&hows
illustrate FESEM photograph of crystal of Bariumd@daum Tartrate crystal. An enlarged FESEM imagshiswn
in fig. 5 (b). This technique combines the resolutand analytical power with ease of operation.genaan be
formed form a very wide range of material [17]. $Bematerials can be examined with low energy seargnd
electron with high energy back scattered electnomwith other emission such as light, heat and sodi high
depth of field of the FESEM image makes it. Espéciauitable for the study of the fracture and cdexp
microstructure such as found in composite matétid). Fig. 5 (a) & (b) shows flower like crystal mphology. It
shows all boundaries are clear. These crystalgr@en by point to point deposition. The corner audje of the
crystal serves as the initiation point for the gitovayers [19, 20].
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Fig. 5(a) FESEM Image of BCT crystal Fig. 5(b) Enlarged Imagesof BCT
CONCLUSION

1)Gel method is found suitable for growing bariumroagn tartrate crystal.

2)The growth of single crystal of barium cadmiumriate crystal was accomplished using single test tliffusion
method. Optimum condition for growth ware worked.ou

3)Different habits of barium cadmium tartrate crystah be obtained by changing parameters like getitie gel
ageing, pH of gel, concentration of reactants etc.

4)EDAX studies revels that grown crystal are BCT iedleWater of Crystallization present in grown caysind
presence of barium and Cadmiumis confirmed in tlstal.

5)The FESEM Images shows morphology of BCT crysiadlists suggested 2-D layer deposition growth.
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