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ABSTRACT

In the present investigation, single crystals of Barium tartrate (BaTr) were grown by a simple gel
technique using diffusion method. The optimum growth conditions were optimized by varying
various parameters such as pH, concentration of the gel solution, setting time of the gel solution
and 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 acetic acid (CHzCOOH),
sodium meta silicate (Na,SOs),barium chloride (BaCly) and transferred in glass tube of
diameter 2.5cm and 15cmin length. The mouth of tube is covered by cotton plug and kept for the
setting. After setting the gel, it was left for aging. After two days the supernatant tartaric acid
(C4Hs0Og) of 1M concentration was poured over the set gel by using pipette and 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. Good quality spherulites
crystals were grown in 45 days. The grown BaTr crystals were observed in small size. These
crystals were characterized by using X-ray diffraction and FTIR analysis.
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INTRODUCTION

The Moiner and Vesque was the first researcher, rloords the growth of large crystals by
slow diffusion in gel. A systematic study of cryBzation in gels begins with Lissegang’s
famous discovery of periodic crystallization in gelThis method has gained considerable
attention because of its simplicity and effectinean growing single crystal of certain
compound. This technique is an alternative techmi¢@ solution growth with controlled

diffusion. This growth process is free from convatt This is purifying process, free from
thermal strain [1-7].
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Crystal habit of various crystals, grown underelént conditions and also by different methods
viz., Melt growth,Vapour phase growth, Solutionwtb and  Gel growth were described by H.
E. Buckley [8], P. Hartman [9], K. Kem [10], A. Ahernov [11], W. K. Burton [12] and J. W.
Mullin [13]. A number of factors such as degreesafuration, type of solvent [14], pH of the gel
media [15, 16], presence of impurities [17] and tienge in growth temperature also
presumably affect significantly the morphology bétcrystal [18]. The crystals, which cannot
satisfactorily grow from melt and vapour, are grasuccessfully by using this method [19 -22].

H.K.Henisch explained the use of gel to grow thesials [23].This technique has become more
popular because of simplicity of the procgg$ 25], crystals having low solubility [26] antb i
unique advantage in terms of crystal product [B], Rlany investigators have grown the single
crystal of tartrate compounds by gel method [29, 30e rare earth tartrates [31,32], the rare
earth oxalates [33-35], the transition metal oxaaf36], alkaline earth metal [37], barium
copper oxalates [38] and barium tartrates were groyusing this method [39)low a day, this
method has applied to the study the crystal foronati human system such as cholesterol stones
[40, 41], cholesterol monohydrates crystal in geldiam. In urinary stones, calcium hydrogen
phosphate dehydrates (CHPD) crystals were founds@ ICHPD crystals were carried out by
this gel technique [42Recently, the crystals of biological macromolecwase also grown by
this technique.

In the present research work, single crystals dfrBeere grown by a simple gel technique using
diffusion method. The optimum growth conditions forystals were determined. Optimum
conditions were established by varying various ipetars such as pH, concentration gel
solution, setting time of the gel solution and camtcation of the reactance. These crystals were
characterized by using X-ray diffraction and FTifalsis.

MATERIALSAND METHODS

The test tubes were used as crystallization vesdale silica gel as a growth media. The gel
was prepared by using GEOOH and NgSiOs having different pH values varying from 4.0 to
4.3. The chemicals used for growth of single ciyatere CHCOOH, NaSiO; and BaCl. All
chemical were of AR grade. Different molar massenteied to determine the optimum growth
condition. Gel was prepared by mixing the soluti@egtic acid (CECOOH), sodium meta
silicate (NaSiOs),barium chloride (BaG) and transferred in glass tube of diameter 2.50th a
15cm in length. The mouth of tube is covered bytaroplug and kept for the setting. After
setting the gel, it was left for aging. After twaysd the supernatant tartaric acigigOs) of 1M
concentration was poured over the set gel by usipette and kept undisturbed by covering the
cotton plug on the mouth of tubes.

For infrared analysis of the crystal, samples aspared in the form of pallet by taking about
100 mg of the sample, mixed with 0.5 gm of analltigrade dry potassium bromide. The
mixture is finely powdered and taken in a die. Tieis first evacuated to a pressure of 1@,

and subjected to extremely high pressure (aboub kB0cni®) about five minutes. This process
results into the formation of a fine pallet, whigmoved from the die and used for scanning the
spectrum. Experiments were carried out by chandiffgrent concentrations of the reactants.
The chemical reaction inside the gel can be expteas:
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2CHCOOH +NaSiO;—»2CH,COONa + SiO + HO
2GBOONa+BaGl— (CHsCO0),Ba |+2NaCl
(GBOO), Ba + GH¢Os — C4H4BaGs| + 2 CHCOOH

RESULTSAND DISCUSSION
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Fig. 1 Crystal of BaTr insidethetest tube Fig. 2 Few crystalsof BaTr

The figure 1 shows transparent crystals of BaTacaid themselves and forming a thick layer at
the interface while figure 2 shows a few crystdl8aTr having different habit with their scaling
on a graph paper. The grown crystals were of thenB1x2.5mmx 2.5mm size. The various
optimum conditions for growing crystals were essi#d and are given in Table 1. We have
changed the parameters such as pH of the gel dnthe®f reactants and observe the growth of
BaTr. The Table 2 shows the details of experimenttie growth of BaTr in Silica gel. Tartaric
acid (GHgOg) used as upper reactant. Gel age is the timevaltbetween of gel and poring of
upper reactant.

Table 1: Optimum conditions for growth of BaTr crystals

Sr. No. Conditions BaTlr
01 Density of Ni,SiO; solution: 1.05 g/cn®
02 Concentration of C;COOH 1.0M
03 pH of mixture 4.C
04 Temperatur Room Temg
05 Concentration of Ba(, 1.0M
06 Concentation of (,HsOs (supernatan 1.0M
07 Gel setting tim 48 hour.
08 Period of crystals grow 6 week:
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Table 2: Details of Experiment for the growth of BaTr crystal

Constant parameter Variable Results
par ameter
BaClL(1M), pH values | For 4.0 pH the semitransparent pl
CH;COOH(1M), 4.0t04.3 shape and spherulitic crystals were
C4HsOs(1M), observed in the interface and
Gel age 2 days interstatical of the gel column. Size pof
the crystal 3.5mmx2.5mmx 2.5mm

X- Ray Diffraction Analysis

The crystal structure of the sample compound wadiestt by powder X-ray diffraction method.
The X-ray diffraction was recorded using Miniflexgaku model Japan with Cukradiation of
wavelengthi=1.54056A. The recorded diffraction pattern of B&Tr crystals is shown in the
figure 3.
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Fig. 3 Powder X-ray diffraction pattern of BaTr Crystal

Determination of Grain size from XRD spectra

From the XRD pattern, it is observed that, eachkgess got a finite width. The grain size is
determined by measuring the width of the line withhest intensity peak. The grain size can be
calculated by using the formula:

Grain size D = 0.9 fco

Where,§ is full width of half maxima in radian and D isagn size of the crystal.

D =0.9 x 1.54056A / 0.235x cos (17.3)°
= 1.38654/ 0.0039141
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= 354.42A =35.42 nm

The calculated average grain size is 35.42 nm. dima@ysis of different diffraction peaks
indicates the formation of orthorhombic system. @l&action peaks at@®value were measured
very carefully and converted into d value using Bragg’'s equation putting n=1. By measuring
the peak heights above the background in nm arithgdhe value up so that the tallest peak has
a value of 55 and 66. The preferential orientatobserved from the XRD data is (168) and
(162) indicating maximum growth of the crystal it direction. Orientations of the crystallites
along different h, k and | value were present. Tritensity of different peaks could give the
relative orientation of a particular h, k and | gine. In the XRD spectra, the main peaks
appeared at various diffraction anglds Zhe values of @ d values, intensity ratio and their
corresponding h, k and | plane were shown in tHaer'da. From this table, the observed d-values
and h, k and | plane were compared with standaa afe2002 JCPDS v. 2.3, 26-0192.

Table 3 Powder diffraction data of BaTr crystal(1 =1.54056A)

Observed data values Standard data hkl
values
20 d-value | Intensity 20 d-value | Intensity

32.60( 2.744¢ 21 32.76¢ 2.731( 04 062
34.60( 2.590: 66 34.86¢ 2.571( 25 162
35.20( 2.547: 40 35.39¢ 2.534( 12 23¢
38.80( 2.318¢ 25 38.88" 2.314( 06 04:
42.40( 2.130( 21 42.33¢ 2.133( 02 36¢(
43.0( 2.083: 26 43.21( 2.091¢ 02 31:
43.40( 2.083: 24 43.38¢ 2.084( 12 29¢
44.20( 2.0473 34 44.32: 2.042( 02 16:¢
44.60( 2.029¢ 31 44.69: 2.026( 02 23:
47.40( 1.916: 26 47.33: 1.919( 08 08¢
51.60( 1.769¢ 26 51.56: 1.771( 01 19:¢
55.20( 1.662¢ 55 55.33( 1.659( 02 16¢

FTIR Analysisof BaTr crystal

The IR spectrum recorded for BaTr crystal with oteed band is shown in the figure 4. The
spectrum is scanned in the region 450 to 4000 leynusing “Perkin Elmer model 783". The —
OH stretching frequency of the sample in IR appga@®e2924 cn confirms the presence of
water of crystallization in the crystal [43].The devate absorption around 3104t 2916crt

is probably due to stretching vibration of alkalogp. 1850crit to 2800cr may be attributed to
hydrogen bonding.
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Fig. 4 FTIR Spectrum for BaTr crystal

The broad band at 1598¢nindicates C=0- functional group whereas sharp lari77 crit
indicates —C—H stretching frequency. The absorpiiothe spectrum at 1136 ¢his probably
due to —OH bonding and —C—OH stretching vibratespectively. It suggests the coordinate —C—
OH group. The FTIR assignments of BaTr crystallsted in the Table 4. Thus, FTIR spectral
results confirm the structure of BaTr. It showsygood agreement with —C—OH the structure of
the copper tartrate reported by Kirchner [44, 45].

Table4: TheFTIR assignmentsof BaTr crystal

FTIR Intensity Assignments
peakscm™
292 Strong, shar | —OH Stretchin
3104-280C | Weal Stretching of alkali grot
185(-280C | Weal Hydrogen bondin
159¢ Strong, Broa | C=C- Stretchin
145¢ Strong, shar | -C-H Asymmretric bendin
1377 Strong, shar | -C-H bending
113¢ Strong, shar | -C-OH Stretchin
197¢ Strong, shar | -C-O Stretchiny
92C Strong, shar | O—H Stretchin
752 Strong, Broa | —C-H Stretching out of plar
CONCLUSION

We have successfully grown BaTr crystal. Singlestalg of BaTr were grown by controlled
diffusion of B&" using the silica Gel. The BaTr is required to rt&imthe pH of the gel. The
parameters such as temperature affect the growtRadt Crystal. Gel growth technique is
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suitable for growing crystals of the BaTr. The groBaTr crystals were in small size. The

structure of BaTr is the semitransparent platy ehepd spherulitic. Unit cell parameter values
match very well with the reported XRD standard Dahues. The FTIR spectrum confirms the

formation of BaTr crystals. The BaTr crystals anensgig and quite transparent and they are of
good quality.
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