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Abstract — An attempt has been made in this review to cover the current information on the growth of
single crystals in gels. Preparation of various kinds of gels, in which crystals can be grown, has been
quickly described. The growth of single crystals from gels is reviewed utilizing the accompanying
classifications: (I) Crystal growth by response. (i) Crystallization by complex dilution method. (iii)
Crystal growth by decrease of solubility. A minimal rundown o¢ some significant crystals grown in gels
is given. Growth mechanism and nucleation problems are examined. Morphology of various gel-grown
crystals are described. Researches on gel-grown single crystals are likewise quickly described.

Keywords — Gel Growth; Nucleation; Growth Mechanism; Morphology; Precious Stone Growth; Complex
Dilution Method; Nucleation Control; Habit Modification.

___________________________________ <
INTRODUCTION 1.1.2 Analysis of anionslodide (I,
Analysis of anions Zinc (z) (A) Test by oxidation to free iodine
(A) Test with diphenylthiocarbazone (dithizone) A drop of the test solution and a drop of 2.0 N acetic
acid are set on a starch free filter paper. At that
One drop of the test solution and a drop of solution of point, a drop of 0.1 N potassium nitrite solution is set
2.0 % dithizone in carbon tetrachloride are dropped on the spot. A blue speck or ring is acquired
on a channel paper. The green shade of dithizone because of the formation of iodine
changes to purple-red because of the formation of
zinc diphenylthiocarbazone 9HI + 2HNO; —» I3 + 2NO + 2H;0
CeH; ) )
AALINTYEY o _N< (B) Test with thallous nitrate
s=< I i + Zn¥ —— 5= e
i iy RSN A drop of the test solution is put on a filter paper.

The paper is uncovered for 1 min. over one,
hydrochloric acid and followed by a drop of dil.

(B) Test with ammonium mercury thiocyanate
solution

One drop of the solution and a drop of dil. svdphtiric
corrosive are put on a channel paper. One drop of
0.1 % copper sulfate solution followed by a drop of
ammonium mercury thiocyanate solution (8 g of
mercury chloride and 9 g ammonium thiocyanate are
dissolved in 100 ml water) is put over it. A violet
precipitate of zinc mercury thiocyanate is gotten.

Zn?* + (NHy)2[Hg(SCN)s] — Zn[Hg(SCN)s] + 2NH.*

thallous nitrate solution. A yellow thallous iodide is
acquired.

I + TINO3 —» TI + NOa

(C) Borax bead test

Mn,+ ions produce pinkish beads in oxidizing and
colorless beads in reducing flames. Confirmatory
trial of Zinc (1) particle (Zn2+) The white precipitate
of ZnS framed in the gathering analysis breaks up in
dil. HCI forming zinc chloride, and H,S is bubbled
off.

ZnS+2HCI—>ZnClL +H,51

Sunil L. Garud*

www.ignited.in

113



Synthesis and Characterization of Gel Grown Crystals of Zinc lodate [}

(D) Sodium hydroxide test

Zinc chloride (shaped by dissolving ZnS in dil. HCI)
responds with sodium hydroxide to shape white
precipitate of zinc hydroxide.

ZnCl,+2NaOH- Zn(OH), 4 +2NaCl

Zinc hydroxide
(White precipitate)

(E) Potassium ferrocyanide test

Zinc chloride (shaped by dissolving ZnS in dil. HCI)
responds with potassium ferrocyanide to frame white
or pale blue white precipitate of zinc ferrocyanide.

2ZnCh +K4[Fe(CN)g] = Zn,[Fe(CNg]+ +4KCl

Zinc ferrocyanide
(White or Bluish white)

(F) Charcoal cavity/Cobalt nitrate test

In this test, zinc oxide delivered in the charcoal cavity
test responds with CoO in cobalt nitrate test to
produces a greenish residue because of the
formation of ZnO.CoO.

Zn0+Co0 - Zn0.CoO (Greenish residue)

(G) Chloride, Bromide, and lodide lons:

Every one of the three of these anions structure
insoluble silver salts. Despite the fact that the
precipitates are of various hues (AgCl white, AgBr
cream, Agl yellow) the hues are hard to recognize,
and corroborative tests are important.

Silver chloride, the most solvent of the three,
dissolves promptly in 6 M NHj; solution on account of
formation of the alkali complex. Besides, when the
solution of the alkali complex is acidified,
AgClreprecipitates. Neither AgBr nor Agl will dissolve
promptly in 6 M NHs, an a lot higher concentration of
NH; being required to shape the complex.

Cl(aq) + Ag'(aq) — AgClI(s)
AgCl(s) + 2NH;(aq) — Ag(NH;)" (aq) + Cl'(aq)
Ag(NH3)* (aq) + Cl'(aq) + 2H (aq) — AgCl(s) + 2NH,(aq)

Bromide and iodide are typically distinguished by
oxidation to the free elements with chlorine. The
elements subsequently shaped are extracted into
carbon tetrachloride and distinguished by their color.

2Br (aq) + Cly(g) — Bra(g) + 2Cl'(aq)
2T (aq) + Cla(g) — Ix(s) + 2Cl'(aq)

(H) Chloride:
Acidify the test solution with 3SMHNOs. At that point

include a few drops of 0.1 M AgNO;. On the off
chance that a white precipitate structures, axis and

eliminate the supernatant. To the precipitate include
6 M NH3 with mixing. In the event that the precipitate
dissolves, add 6 M HNO3 to the solution. A white
precipitate will frame if the original test solution
contained Cl-.

(I) Bromide and lodide:

Acidify the example with a few drops of 6 M HCI and
include 4-5 drops of carbon tetrachloride. At that
point include about 0.5 mL of chlorine water and
shake. Appearance of an orange-brown carbon
tetrachloride layer demonstrates the nearness of
bromide. Formation of a purple layer demonstrates
iodide.

GEL GROWTH

The growth of assortment of crystals having
immense significance for their reasonable thought
and theoretical interest has been accomplished by
gel procedure. The significance of the gel growth is
ascribed to its straightforwardness in strategy,
adequacy in developing single crystals of
exacerbates that can only with significant effort be
grown by different methods. In spite of the fact that
the birthplace of the method goes back to 1899 —
the acclaimed 6 work of Liesegang who found the
intermittent crystallization in gels, interest in gel
strategy got consideration simply after crafted by
Henisch and his colleagues. Precious stone growth
in gels is a promising strategy for developing single
crystals of substances which are slightly dissolvable
in water and which can't be grown helpfully from
soften or fume. The gel method has likewise been
applied to consider the precious stone formation in
urinary calculi and rheumatic diseases.

While gem growth from aqueous, natural and salt
solutions has been read for various years, it is just
since 1965 that a systematic exploration deal with
precious stone growth in gels has been attempted.
Lately extensive consideration has been drawn
towards such work and the quantity of examination
focuses occupied with such investigations has
expanded. Present day technology severely needs
impeccable single crystals having various important
properties, for example, those of semiconductors,
luminophores, piezoelectrics, dielectrics, etc. Single
crystals are required to be of high flawlessness of
crystalline structure, 1. e. close to few imperfections,
for example, deformation of growth structures,
dislocations, and so forth.

In any case such models are fulfiled when single
crystals are grown under the most good conditions.
In this regard high melting point and water insoluble
subs Lances are the most hard to develop on the
grounds that at the melting temperature they
respond with silica or other container materials and
are insoluble in water. The equivalent is valid for
substances that decompose on melting, particularly
those including unstable segments. At the point
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when gels are utilized the necessities for the
crystallization cycle are less inflexible, and growth
from gels at room temperature (20 to 40 ° C) leads to
more readily single crystals.

The growth of single crystals in gels has gotten
extensive significance since Liesegang (1896) first
watched the intermittent precipitation of slightly
dissolvable salts in gelatin. These "Liesegang rings"
roused numerous different scientific experts and
furthermore mineralogists to examine different
reactions in various colloids. Among the early
laborers were Hatschek (1911), Holmes (1917), Fells
and Firth (1926), Fisher and Simons (1926), Morse
and Donnay (1931) and so on. Interest in the method
was restored by Stong (1962) and before long,Vand
et al (1963) described the maximum capacity of
developing single crystals in gels. Afterward, Henisch
et al (1965) distributed point by point systems for
growing an assortment of single crystals in gels.

The gel method has the accompanying advantages
over other precious stone growth methods and
henceforth it is completely investigated.

0] It is notable that crystals grown at room
temperature (20 to 40 ° C) will have lower
concentrations of non-equilibrium abandons
than those grown at raised temperatures.

(ii) Crystals can be watched reasonable in all
phases of growth.

(i) All crystals are carefully held in the situation
of their formation, subsequently restricting
impacts because of effect on the base or
sides of the container.

(iv) All cores are spatially isolated, minimizing
precipitation.

(V) The strategy can be helpfully utilized for
large scale manufacturing of crystals.

(vi) Crystals with various morphology and sizes
can be gotten by changing the growth
conditions.

(vii) The method is amazingly straightforward and
inexpensive.

Preparation of various type of gels

Gels can be readied utlizing a wide variety of
techniques and materials. Preparation, advantages
and disadvantages of various kinds of gels, utilized
for crystal growth

Crystal growth
The enormous progression of information identified

with crystal growth in gels has been isolated into the
accompanying three essential parts, every one of

which has uncommon
described in what follows.

advantages which are

0] Crystal growth by response;
(i) Crystallization by complex dilution method;
and

(iii) Crystal growth by decrease of solubility.
Crystal growth by reaction

The vast majority of the work on crystal growth in
gels has been finished by the response method. It
has an extraordinary bit of leeway of developing
single crystals which are insoluble (or slightly
dissolvable) in water and which decompose before
arriving at their melting point.

The requirements to develop single crystals by this
method are

® the reactants employed saint must be
dissolvable in the dissolvable (generally
water) and the product crystal must be
moderately less solvent,

(i) the gel must stay stable within the sight of
the responding solutions and must not
respond with these solutions or with the
product shaped, and

(iii) some solubility of the product crystal is
required so as to develop crystals of any
size (Armington and O' Conner 1967).

In this method two dissolvable reactants are
permitted to diffuse through a gel where they
respond and structure an insoluble or moderately
less solvent crystalline product. This might be
finished by the test tube procedure, as appeared in
figure 1, in which one of the reactants is joined
inside the gel and the other reactant is diffused into
it or by the U-tube strategy (figure 2) or its
modifications wherein the two reactants are
permitted to respond by dispersion into a basically
inactive gel.

Figure 1.Schematic diagram of test tube
apparatus for crystal growth by reaction method.

Figure 2.Schematic diagram of U-tube apparatus
for crystal growth by reaction method.
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Figure 3.Schematic diagram of an improved
design for crystal growth by reaction method
(after Patel and Vcnkateswars Rao 1980).

CRYSTALLIZATION BY COMPLEX DILUTION
METHOD

Crystal growth by complex dilution method was first
revealed by O'Connor et al (1968). The overall
element of this method is simply the presence of
some solvent material which itself builds the solubility
of the material of interest in a nonlinear manner with
concentration of the dissolvable material by complex
formation in solution or by formation of a dissolvable
twofold salt. In the crystal growth activity, the
concentration of the joined solution is decreased by
diffusion into the gel. Since the solubility of the
material is a nonlinear function of the concentration
of dissolvable material, it might reappear. The
procedure for developing cr3stals by this method is
schematically appeared in f~gure 7. On account of
FIGS, the aqueous solubilities of e-HgS and t3-HgS
are known to be upgraded by the nearness of Na2S.
Also, the solubilities of silver and cuprous halides are
known to increment enormously in concentrated salt
halide, soluble earth halide solutions and their
separate mineral acids. Utilizing this method,
mercuric sulfide, cuprous and silver halides, and
selenium (Blank et al 1968a) have been grown. a
couple of single crystals of laser quality cuprous
iodide grown by complex dilution method. The
rundown of crystals grown by this method is given in
a book by Henisch (1970).

CRYSTAL GROWTH BY REDUCTION OF
SOLUBILITY

This method is especially appropriate for developing
single crystals of exceptionally water solvent
substances. Gloker and Soest (1969) first revealed
the growth of ammonium dihydrogen phosphate
(ADP) single crystals by this method. The substance
to be grown is dissolved in water and consolidated
with the gel-forming solution. In the wake of setting of
gel, a solution which decreases the solubility of the
substance is added over the set gel to instigate
crystallization. For instance, potassium dihydrogen
phosphates (KDP) crystals have been grown by
including ethyl liquor over the gel containing a
saturated solution of KDP (Brezina and Havrankova
1971). The formation of the crystals is because of the
decrease of solubility of KDP in the fluid stage by the
diffusing liquor. A couple ferro electric crystals of
triglycinesulfate (TGS) developing in test tube.

SEMICONDUCTOR CRYSTAL:

The photonic device evolution today is because of
the appearance of compound semiconductor crystals
like llI-V (GaAs, InP, InSh, GaSb) II-VI (ZnSe, CdTe,
Zn: CdTe, HgCdTe and so on) mixes. The significant
use to the GaAs at present is in the zone of
microwave devices, fast advanced 17 coordinated

circuits and as substances for epitaxial layer growth
to fabrication photonic and electronic devices. With
the ongoing development of versatile communication
and advanced communication there has been an
expanding request of semi-protecting GaAs.

Simultaneously rigid for lower cost just as higher
quality for the substrates have risen In is settled as
the base material for opto-electronic segment in
significant distance fiber optic telecommunications
devices. Introductory innovative interest in the
material emerged in view of its positive electron
transport properties for the rapid operation an its
optimum band hole for sun oriented cell applications,
yet the principle take-up has been as a lattice
coordinated substrate for the epithelial growth of
direct hole composites with band energies between
1.2 to 1.6 v. appropriate for lasers and locators for
low misfortune, low scattering on fiber optic
transmission.

The extraordinary trouble and cost of material
processing contrasted and GaAs has postponed any
broad usage for microwave devices. Ongoing
requirements for operation around 100 GHz go have
reestablished interest in InP for electronic devices
and this is prompting interest for bigger diameter
InP. Momentum innovative work in these mixes are
centered around zones of devices utilizing falsely
layered structure and better comprehension of
degradation mechanisms in electronic and photon
devices for improved device dependability.
Noteworthy progress has been made in these
regions yet headed in numerous issues.

CRYSTAL GROWTH IN GELS SET WITH
IODIC ACID

Examinations were done to develop crystals of
iodates of barium,strontium and calcium in gels set
with iodic acid. It was discovered that gels set with
iodic acid are not as much flexible as gels set with
acetic acid. Due to high concentration of iodate ions
in such gels, crystalline precipitates bring about the
prior phase of growth in any event, for exceptionally
frail concentration of the feed solution. In any case,
in gels set with acetic acid, if iodic acid is utilized as
one of the reactants, results acquired are practically
like those got utilizing sodium iodate.

CONCLUSION

Analysis of anions and cations assumes a
significant job in the portrayal of obscure
substances. The portrayal of substances are
accomplished by qualitative analysis utilizing semi-
miniaturized scale, smaller scope and spot test
techniques. Notwithstanding, the adaptation of these
techniques in the vast majority of the chemistry
institutional is profoundly demoralizing. The
explanations behind this are initial venture for
changing over full scale into miniaturized scale
work, non-availability of the correct trial techniques
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just as procedural subtleties, absence of experience
of working with little scope synthetic compounds,
involvement of more prominent blunders in
quantitative analysis, non-availability of creative
techniques and apparatus notwithstanding the
advisability of understanding the advantages of little
scope analysis.
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