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ABSTRACT

The growth of nickel potassium tartrate in silica hydro gel at ambient tem-
perature has been successfully carried out. The effect of various parameters:
like gel pH, gel ageing and concentration of reactants on the growth of these
crystals have been studied. The grown crystals are characterized by chemi-
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cal analysis, X-ray powder diffractometry and infrared spectrometry. The
results of these observations have been described and discussed.
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INTRODUCTION

Growth of crystal in gel medium paid much at-
tention by research workers after the fundamental
work by H. K. Henisch. It has been reportedi* that
avariety of crystalssuitablefor research and tech-
nology can begrowninsilicahydro gel. Thismethod
isuseful for the growth of compounds, which are
insoluble or sparingly solubleinwater and dsowhich
cannot be conveniently grown from melt or vapour
phase. Thegel medium preventsturbulenceand re-
maining chemically inert, providesathreedimensiona
structure which permitsthereagentsto diffuseat a
desirable controlled rate.

Most tartrate crystals are insoluble in water and
decompose before melting. Hence, single crystals of
compounds cannot be grown by either S ow evapora-
tion or melt techniquesbut they can be suitably grown
by gel method. Mixed crystal growthsemploying the
gel techniquearevery scarily tried®® and thefieldisin

an early stage of devel opment with many opportunities
to create new species. Sometartrate crystalsare well
known for itsferroe ectric propertiesin pure” aswell
asdoped formg® andtheir structura characterization!®.
The purpose of the present paper isreport for first time
(tothebest of my knowledge) thegrowth of Snglecrys-
tals of nickel doped potassium hydrogen tartrate
(NPHT) insilicahydro gel at ambient temperature.

EXPERIMENTAL DETAILS

Crystal growth experimentsare carried outin one
open end corning glasstubes of length 15 cm and inner
diameter 2.5 cm. Thechemicalsused are;

Commercid sodium metasilicate,

Tartaricacid-C,H,O, (analar BDH)

Nickel chloride-NiCl.6H,0 (andar BDH)

Potassium Chloride-KCl (analar BDH).

Thefollowing chemicd reactionsareemployed for
thegrowth of NPT crystals:
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(1) NiCl,+xKCl +C,H O,~ Ni_ K H C,H,0 +HCI

4 '6°6 1-x "x 4 476

Thecommercid sodiummetasilicateisdiluted with
distilled water in 1:5 ratio and separate out the fl oat-
ing and suspended impurities by whatman filter paper
no. 41. Thedoublefiltered solution isfurther diluted
with requisite quantity of distilled water of gel sodium
metasilicate (SMS) of varying specific gravity. Mix-
ing sodiummetasilicate solution of specificgravity 1.06
gm/cc with tartaric acid solution having different mo-
lar concentrations. Thegel wasset within4to 12 days
depending on thegel density, pH of the gel solution
and ambient temperature. After ensuring proper gel
setting, the growth processwas starting by adding a
mixture of aqueoussolution of NiCl, and KCl asthe
feed solution abovethe set gel with the help of api-
pette. Thedetailsof crystal growth study are presented
elsewherd,

The growth experiments arerepeated by varying
pH of gel aswell as the concentration of the reac-
tantsin order to determinethe best experimenta con-
ditionsfor the growth of largeand well formed crys-
tals. Thegrown crystal swere characterized by chemi-
cal analysis, X-ray power diffraction and infrared
spectroscopy.

RESULTSAND DISCUSSION

Intermsof clarity of the crystals, separation be-
tween the crystalsand form of thecrystals, the combi-
nation of pH 2.5t0 3.0gd mixturesand 0.5M supernent
feed solutions (NiCl, and KCI) gavethe best resullts.
Thespecificgravity of thesodium metasilicatesolution
usedis1.06 gm/cc. Thegelingtimeisabout 4 days. As
the supernent solution diffused into thegel columna
number of well defined regular aswell asirregular shaped
needletypetransparent crystals (up to 2.9 cminlength)
areobserved asshownin Figurel.

Still deeper ingel columnwherethediffusionrate
attainsasteady value, well devel oped bi-prismaticand
hexagona prismwith rhombohedral edgestransparent
snglecrystdsaregrown. Thetypica singlecrystasare
showninFigure2.

A habit of bi-prismatic and hexagonal prismwith
rhombohedrd edgescrystasareshowninFgure3and

4 respectively.

Ingel growth, nucl eation control can beachieved,
to someextent by changing avariety of parametersviz.,
concentrations of feed solutions, gel density, gel pH,
gel ageing and repl eni shment programmes. Itisfound
that thepH valuesof 2.5t0 3.0 giveoptimum condition

Figurel: Growth of nickel doped potassium hydrogen tar-
tratesinglecrystalsin thetest tube.

Figure2: Nickel doped potassium hydrogen tartratesingle
crystals.
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Figure3: Nickel doped potassium hydrogen tartratebi-pris-
matic singlecrystal.

Figure4: Nickd doped potassium hydr ogen tartr atehxagonal
prismwith rhombohedral edgessinglecrystals.

for the growth of NPHT crystals. WhenthepH isin-
creased above 3, irregul ar shaped and opaque needle
typecrystalsare grown. Ontheother handif thepH is
decreased below 2.5, flower typedendriticcrystalsare
formed. Thismay bedueto theimproper formation of
cellsat thosepH valuesof gel.

It’s observed that a very dense gel produces poor
crystals. Ontheother hand, gelsof insufficient density
take alonger timeto form and are mechanically un-
stable. It isalso observed that nucleation density de-
creasesasgel dengity increases. A greater gel density
resultsin smaller pore size and poor communication
among the poresthus decreasing thenucl egtion density
at room temperature.

Itisobserved that longer agel set, greater amount

= Fyll Poper

of water that evaporatesout of thegel. Theeffect of the
water evaporation should be considered before and
after formation of gel framework.

Beforethegd set, the evaporation of water causes
an increasein gel density that in turn decreases the
diffusivity of Ni?* and K" ionsin thegel thereby de-
creasesnumber of nucleation sites. After thegel isset,
evaporation of water causes not only thelack of ionic
carriersin thechannel of the gel framework, but also
discontinuitiesin the channel dueto shrinkage of gel.
Boththeseeffectswould adversely affect thediffusion
of Ni?* and K** ions and hence the number of nucle-
ation centers. It isseen that asthe concentration of the
feed solutionincreases, thenuclegtion density alsoin-
creases because of theenhanced availability of Ni%* and
K**ions. For the growth of good quality of crystals,
suitable concentrations of feed solution arefoundto be
0.5M. Similarly the concentration of tartaric acid, suit-
ablefor thegrowth of good quality crystalsis1.5M.

The presence of Ni2 and K*ionsin NPHT crys-
talsare confirmed by the usual chemica analysisand
IPC method. It has been reported that the doping atom
replaces the host oné®. Carbon and Hydrogen ele-
mentsare confirmed by CH N analysis. NPHT crys-
talscontain 0.83 % nickel, 21.7 % potassium, 23.63
% carbon and 2.40 % Hydrogen.

AnX-ray powder diffraction pattern of NPHT crys-
tals was recorded by X-ray Powder Diffractometer,
Model No. Xpert MPD DY 1152 with monochromeatic

TABLE 1: Indexed XRD datafor nickel doped potassium hy-
drogen tartratecrystals

d value 20 /g hkl
3.82928 23.20905 19.07 200
3.60071 24.70486 47059 210
3.1886 27.95884 11.07 211
2.84187 31.45319 22.36 220
2.4336 36.90507 22.58 310

2.372 37.89951 38.40 311
2.21368 40.72554 62.98 222
2.1709 41.56484 14.63 320
1.84573 49.33245 100.00 400
1.71941 53.2296 11.46 330
1.7015 53.84477 14.48 331
1.39698 66.92484 23.50 422
1.23723 77.01027 14.40 511
1.10513 88.37426 47.29 520
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nickd filtered CuKa radiation (A= 1.542 angstrom) as
the X-ray source. The sampleisscanned at ascanning
gpeed of 2° per minute. The observed d values with rela-
tiveintendtiesfor thesecrystdsaregivenin TABLE 1.
Infrared absorption spectraof thesegel grown crys-
tals were recorded on IR-435, Shimadzu Infrareds
Spectrometer. Theinfrared spectraof thesecrystasare
presented in Figure 5. The results obtained from IR
Spectrumaresummarized in TABLE 2.

e T

Figure5: IR spectrum of nickel doped potassium hydrogen
tartratesinglecrystals.

B e e T i

TABLE 2: IR spectral datafor nickel doped potassium hy-
drogen tartratecrystals.

Band (cm™) Assignment
3275 (s) O-H dtretching vibrations
2978 (s) CH dtretching
1772 (b) C=0 dtretching vibrations
1541 (b) CO system + 8 O-C=0
1412 (b) CO system + 8 O-C=0
1261 (w) OH in plane bending
1211 (w) OH in plane bending

1134 A C-H,nC-H
1070 (9) 8 C-H, n C-H and CO stretching
484 (9) M-O stretching

The peak 3275 cnmrt isdueto strongly stretching
modes of OH group. The bandsdueto CH stretching
appear at 2978 cmt. The bands near 1772 cm™ may
be attributed to C = O of COOH group. While the
band at 1412 and 1541 cm* aredueto CO system + 6
C - O =0 modes. The band corresponding to 1211
and 1261 cm* may beattributed to OH in plane band-
ing. Bandsat 1070 and 1134 cm-1 indicate 6 C — H
and t C —H modes.

The plane bending band of the OH group inlattice
ionsat 1211 and 1261 cm* remainsa most unchanged,
soit indicatethe non participation of OH groupinthe

formation of bandwithmetd ion. Besdes therearesome
peaksbe ow 500 cmt indicates metd oxygen band.

Theinfrared spectra studies described above con-
firmthecrysta structurefor smple metal tartrate and
represent schematically asbel ow.

H O
OH:(IJ—IC!—OH
OH=C—C—0OM
g
WhereM = Ni or K

CONCLUSION

Transparent single crystals of NPHT can be ob-
tained at apH value 3.0 with gel density of about 1.06
gm/cc. Growth of theNPHT crystalsisconfirmed by
relevant characteri zationtechniques.
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