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ABSTRACT

Theinfluence of different gel parameters, concentration programme and re-
plenishment programme on nucleation and growth of nickel doped potas-
sium hydrogen tartrate (NPHT) crystals are discussed. The nucleation con-
trol can be achieved by varying a variety of gel parameters such as gel
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density, gel pH, gel ageing and concentration of feed solution. The size of
the crystals can be increased by replenishment programme. Increasein the
concentration of feed solution, nucleation density increases. By concentra-
tion programme, the size of NPHT crystals improved but transparency de-

creased. Gel ageing reduces the growth rate of crystals.
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INTRODUCTION

Thenuclegtion control isimportant inany gel sys-
tem. Gel medium preventsturbulence, actsasacata-
lyst, and permitstheeectrolytesto diffuseat adesired
controlled rate and yiel dsgood quality crystalgY. The
gel isto stabilize concentration gradientsintheneigh-
borhood of growing crystals by suppression of con-
vection currents?. Itisenvisaged that the potential nu-
clel arephysicaly enclosed ingd cdlsof varyingsizes
and varying degreesof concentrationswith neighboring
cdls. Thusmany nuclel would berendered ineffectiveif
they arelocated in cellseither too small or tooisolated
to support visblegrowth. Gel cell szeisinfluenced by
gel density, gel age’¥, pH of gel¥, temperature®, etc.
Hence nucleation control isachieved to someextent by
varyingthese parameters.

Nickel doped potass um hydrogentartrate (NPHT)

crysta shave been grown previoudy using silicahydro
gel. Thispaper describethe effect of gel parameters,
concentration of feed solution and replenishment
programme on nucleation and growth of NPHT single
crystalsusingslicahydrogel.

EXPERIMENTAL PROCEDURE

The crystallization apparatus used in the present
study arethe usud test tube, of length 15 cm and diam-
eter 2.5 cm. A stock solutionfrom 0.2 M sodium meta
slicate (Lobagrade) with density 1.03 g cmwas pre-
pared. Aqueous nickel chloride (Analar BDH grade)
solution with 0.05to 1.5 M concentration and potas-
sium chloride (Analar BDH grade) solutionwith 0.05
to 1.5M werealso prepared. Thedifferent pH values
of gel solutionsused are 3.5, 4.0, 4.5and 5.0. Inthe
test tube, pH of the gel solution wascontrolled by tar-
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taric acid and with addition of nickel chlorideand po-
tassum chloridesolutions.
Thegd isformed with tartaric acid and thetop so-
Iutionswerenicke chlorideand potassum chloride.
Indl thecases, thefollowing reactionsare expected.

(1-x) NiCl,+xKCl +C,H.O,~» Ni, K H C,H,0,+HCI
Thedetailsof crystal growth study are presented
elsawhere. The growth experiments are repeated by
varying pH of gel, ageing of gdl, gel density, replacing
the feed solution aswell asthe concentration of the
reactantsin order to determinethe best experimental
conditionsfor thegrowth of largeand well formed crys-

talsasshowninfigurel.

Figurel: Nickel doped potassium hydrogen tartraesingle

crystals

RESULTSAND DISCUSSION

Six different effectson NPHT crystalswere ob-
served under various conditions. Well defined regular

aswell asirregular shaped needletypetransparent crys-
talsupto 2.9 cminlength are observed.

Effect of concentration of feed solution

Toinvestigatethe effect of concentration of feed
solution, the gel of certain pH and density are pre-
pared. The solution of NiCl 6 H,O and KCI of 0.25
M to 1.0 M are poured over the set gels. Thevaria-
tion of the nucleation density with the concentration of
feed solutionisobtained asshowninfigure2. Itindi-
catesthat the nucl eation density increases at higher
concentration of feed solutions because of the en-
hanced availability of nickel and potassumions. Itis
observed that the higher concentration of feed solu-

tion giverisetolong needle shaped crystals. Thismay

be dueto anincreasein the super saturation at higher
concentration of feed solution.
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Figure2: Thevariation of nucleation density with concentra-
tion of feed solution

Effect of gel density

By mixing sodium metasilicate sol ution of specific
gravity 1.06, 1.07, 1.08 and 1.09 g cm3 with 1.5 M
tartaricacid, gelsof variousdengitiesare prepared. The
pH of gel kept at 4.0. Figure 3 showsaplot of nuclegtion
dengty versusgd dengity. A greater gel density impliesa
smaller pore sizeand poor communication amongthe
poresand thereby nuclestion dendity decreases. Thein-
creaseingd density d so causesthecontamination of the
slicagd with NPHT crystalsand therefore affectsther
quality and shape. A gel density of 1.04 g cn® gives
good transparent NPHT crystals. Density of gel more
than 1.06 gcm® givesbig crysta sbut they arelesstrans-
parent. It may benoted that agel density of 1.06 gcm-3
istheoptimum vauefor thegrowth of fairly transparent
andbigwell defined singlecrystalsof NPHT.
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Figure 3: Thevariation of nucleation density with gel
density

Effect of pH of gel
ThepH valuesof gel arevaried from 2.0t0 10.0

Tnorganic CHEMISTRY ==
A Tndian ﬂammf



ICAIJ, 7(3) 2012

M.K.Gondalia and R.N.Patel 97

by the addition of tartaric acid of various concentra-
tions. TABLE 1 showsthe proportion of tartaric acid
(V) and sodium metasilicate (V,,) to securethe de-
sred pH of gd solution. Figure4illustratethevariation
of nucleation density withthe pH of gel. Thegel trans-
parency decreaseswithincreaseingd pH. TheNPHT
crystalsgrowing at higher pH va uesare opaque and
poorly defined. Thisisdueto contamination of crystals
by silicagel, because asthe pH increases, thebox like
structures of gel changesto aloosely bound platel et
structurewithout crosslinkagesand thecd lular nature
becomelessdistinct. Itisfound that the nucl estion den-
Sty decreaseswithincreasing pH, whichmay bedueto
improper formation of the cellsat higher gel pH.

TABLE1
Tartaric Sodium meta H of gel
Acid 1.5M silicate1.06gem®  Vy/Vy F;)l utign
(Ve ml) (Vm ml)
53 100 1.88 2
35 100 2.86 3
19 100 5.26 4
15 100 6.66 5
12 100 8.33 6
8 100 125 7
6 100 16.66 8
4 100 25.00 9
2 100 50.00 10
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Figure4: Thevariation of nucleation density with pH of
the gel

Effect of gel ageing

Gelsarealowedto agefor various periods before
adding thefeed solutions (NiCl.6 H,O and KClI). Fig-
ure5 showsaplot of ageing of gelsversusnucleation
density. Gel ageing reducesthe cell size and conse-
guently therate of diffusion of nickel and potassium
ionsintothegd. Typical NPHT crystalsaregrownin
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gelsfor theage of threedifferent periods. It isobserved
that longer a gel set period, more amount of water
evaporates out of the gel. The evaporation of water
causesanincreasein gel density whichinturn decreases
thediffusivity of nickel and potassumionsinthegd,
thereby decreasesnumber of nucleation sites.

Evaporation of eater causes not only the lack of
ionic carriersinthe channel of thegel framework, but
a so discontinuitiesin the channel dueto shrinkage of
gel. Both these effectswould adversdly affect thediffu-
sion of nickel and potassiumionsand hence the num-
ber of nucleation centers.
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Figure5: Thevariation of nucleation density with the
ageing of gel
Replenishment programme

Thesize of thegrown NPHT crystalscan be con-
siderably increased and the nucl eation centers can be
controlled by continued supply of reagent and by re-
moving the waste product. This can be achieved by
periodically replacing the feed sol utions of same con-
centration. The 20 ml solution of 0.5M nickel chloride
and 0.5 M potassium chlorideis placed over the set
gel, and after 3 daysthis solution wasreplaced by the
fresh 20 ml of the same solution. Thisprocessiscontin-
ued for onemonth.

Thereplaced solutionwill beableto maintain ady-
namicequilibriumandaflux of soluteowingtodiffuson
a thegrowing NPHT crystas. Thustherewill beacon-
stant new diffusion gradient throughout the crystal
growth. Thusthe probability of formationnew nucle is
reduced and size of growing NPHT crystalsbecomes
larger. By thismethod transparent andlargeNPHT crys-
talsaregrown.
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Inthisprocedure, 20 ml of 0.25M NiCl_ 6 H,O +
K Cl solutionisplaced over theset gd. Thestrength of
thisfeed solution isincreased at therate of 0.25M per
every two day by removingtheolder one. Initialy very
poor nucleation was observed but at 0.5 M concentra:
tion, nucl eation becomes maximum. After that nomore
new nuclestion but Szeof crysta sincreases, rather above
0.5 M concentration of feed solution, the crystalsbe-
comes successively opague and then hollow. Thisre-
sulted in afew nucleation centers, which acted assinks
and used inthe establishment of aradia diffusion pat-
tern that substantially reduced the reagent concentra-
tion inthe neighboring | ocations and hencetheforma-
tion of additiona nucld isinhibited.
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