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Abstract – Crystals of Zinc Iodate (ZI) were grown by a basic gel strategy utilizing single diffusion 
method. The optimum growth conditions were established by various parameters, for example, pH of gel 
solution, gel concentration, gel setting time and concentration of reactants. The crystals were described 
utilizing XRD, SEM and Photo glow. Good quality crystals with various morphology and habits are 
acquired and detailed in this. Un doped and X-(Cu, Al and Zn) doped lead iodide crystals have been 
grown by gel procedure. Interestingly, slight films of these gel grown crystals have been set up of various 
thicknesses by vacuum thermal evaporation procedure on glass substrates (800 C). These films are 
smooth, uniform, glue and reflecting. Optical and basic investigations of these meager films were done. 
Measurements of absorption coefficients have been done and detailed. True to form, the optical vitality 
hole decreases with expanding dopant concentration, yet in the event of Al doped dainty films optical 
vitality hole increments in the current examination. The flimsy films are poly crystalline in nature and 
crystalline increments subsequent to doping however decreases when the thickness expanded (above 
3000ǻ). The absorption edge shifts towards the higher wavelength side and gets more extensive as the 
doping concentrations were expanded. X-beam diffractograms and Scanning Electron Microscopy were 
employed on these dainty films. The lattice parameters and the [h, k, l] values practically matching with 
the ASTM information for lead iodide. 
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INTRODUCTION 

Transition metal iodates(ZI) 

Metal iodates structure a progression of mixes 
conceivably valuable as dielectric materials and in 
non-straight optics. They can likewise be employed 
for different applications like desalination and water 
treatment. Among them, salt metal iodates, α-HIO3, 
and ammonium iodate have pulled in large 
consideration not just due to their non-straight optical 
properties yet additionally on account of their 
piezoelectric and pyroelectric reactions. For example, 
lithium iodate (LiIO3) has been generally utilized as a 
piezoelectric, acoustic-optic, and second-consonant 
age (SHG) material. Be that as it may, LiIO3 crystals 
sometimes have OH inclusions which lessen their 
transparency in the infrared (IR) district, influencing 
their presentation. Moreover, their properties are 
known to unequivocally rely upon the growth 
conditions. 

Change metal iodates liberated from OH inclusions, 
e.g., Zn(IO3)2, have consequently been created as 
elective materials with high SHG effectiveness. It is 
commonly acknowledged that the significant electro 
and nonlinear optical properties of metal iodates 
begin from the solitary electron pair of iodine in the 

IO3− iodate anion . A ton of endeavors have along 
these lines been devoted to the synthesis of mixes 
containing this anion. Iodates which consolidate two 
sorts of cations additionally comprise an especially 
interesting group. For example, consideration has 
been committed to the synthesis of twofold iodates 
like LiFe1/3(IO3)2 , which display higher nonlinear 
coefficients than LiIO3 and change metal iodates . 
Strong solution LixFe1−xZnx(IO3)3 crystals have 
been likewise contemplated . 

Among the double iodates, another material of 
uncommon hugeness is LiZn(IO3)3, arranged in the 
past by strong state sintering and answered to be a 
superb ionic conductor and to have a momentous 
SHG. An orthographic structure was then proposed, 
yet the space group and nuclear positions were not 
decided. We report here on an easy, modest, and 
environmentally amicable synthesis course for 
anhydrous LiZn(IO3)3. A potential crystal structure is 
proposed dependent on powder X-beam diffraction 
(XRD) trials and Rietveld refinements. The auxiliary 
assurance is additionally upheld by density-
functional hypothesis (DFT) calculations. Subtleties 
of the morphology and IR spectral properties of the 
compound are additionally introduced. 



 

 

Sunil L. Garud* 

w
w

w
.i
g

n
it

e
d

.i
n

 

133 

 

 Synthesis and Formulation of Zinc Iodate Crystals 

Crystal Structure 

A powder XRD pattern of LiZn(IO3)3, estimated at 
room temperature. To get a stage pure example with 
a stoichiometric organization, we found that the initial 
Li/Zn molar proportion must be expanded to above 
4:1, as expressed in the example preparation area. 
An overabundance of Li is surely important to 
forestall the formation of Zn(IO3)2, which is in any 
case acquired when the Li/Zn proportion is beneath 
2:1. It is likewise very much noticed that washing with 
water is required before annealing to eliminate any 
hints of the hygroscopic α-LiIO3 that is additionally 
present after the evaporation step. A homogeneous 
and single-stage material is then promptly acquired 
and varies from the notable Zn(IO3)2, ZnIO3(OH), and 
α-LiIO3 mixes. With respect to EDX measurements, 
stage impurities were not distinguished by XRD. 

 

Figure 1. XRD pattern of LiZn(IO3)3 measured 
using Cu Kα1 (λ = 1.54056 Å) and Kα2 (λ = 1.54443 
Å) radiation. Dots correspond to the experiment. 
The Rietveld refinements, carried out assuming 
DFT-calculated atomic positions, are shown with 
a red solid line. The residuals are plotted with a 
black solid line. Positions of the Bragg peaks are 
indicated by black ticks. 

While investigating the trial XRD pattern, we found 
that it couldn't be recorded with the orthorhombic 
crystal structure recently revealed by Sheng et al.. By 
utilizing the DICVOL standard, remembered for the 
FullProf Suite, we listed the XRD pattern and found 
that the most elevated figure of legitimacy related to 
a monoclinic unit cell with parameters a = 21.747(9) 
Å, b = 5.201(2) Å, c = 5.435(2) Å, and β = 
120.28(4)°. The analysis of the systematic 
extinctions (0k0reflections with k odd were missing) 
demonstrated P21 as the conceivable space group. 
This space group type is equivalent to that of the 
crystal structures of Zn(IO3)2 and Zn2(IO3)4 (records 
number 54086 and number 415821 of the Inorganic 
Crystal Structure Database, ICSD), though 
ZnIO3(OH) has a place with the monoclinic space 
group Cc, number 9 (document number 185598 of 
ICSD). Also, on account of Zn(IO3)2, the unit-cell 
parameters b = 5.1158 Å, c = 5.469 Å, and β = 120°, 

are similar with the lattice parameters b, c, and β we 
decided from our indexation of LiZn(IO3)3. The 
boundary a = 10.938 Å of Zn(IO3)2 is, nonetheless, 
around a large portion of the boundary a we got for 
LiZn(IO3)3. 

Ftir Spectroscopy 

Consequences of the Fourier change infrared 
spectroscopy (FTIR) measurements will be next 
talked about. The transmission spectrum in the 
4000–400 cm−1 region, with a zoom in the 900–500 
cm−1 region. The zoom is appeared in the inset to 
encourage the ID of modes related with the iodate 
anion. In the FTIR spectrum, we have naturally 
subtracted the CO2 groups from atmosphere 
absorption, albeit powerless relics started by CO2 
are as yet present in the amended information 
around 2300 cm−1. As indicated by group 
hypothesis, LiZn(IO3)3 has 81 IR-active modes (Γ = 
41A + 40B), which is extensively more than the 51 
IR-active modes (Γ = 26A + 25B) of Zn(IO3)2. This 
prompted a broadening of the IR groups of 
LiZn(IO3)3 because of halfway photon overlaps. 

 

Figure 2 FTIR spectrum of LiZn(IO3)3 in the 4000–
400 cm

−1
 region. The inset shows a zoom in the 

900–500 cm
−1

 range. Ticks indicate position of 
the absorption peaks listed in the text. 

Growth of crystals by gel technique 

Single crystals of lead iodide can be grown by gel 
method in a variety of ways by fluctuating the 
parameters. Good crystals can be gotten by this 
straightforward method. In the proper method of 
examination analar grade synthetic compounds 
were utilized. X-(Cu, Al and Zn) doped and undoped 
lead iodide crystals have been progressively grown 
by this method in our exploration laboratory. A 
solution of acetic acid and lead acetic acid derivation 
(each 5ml) was poured in test tube. At that point, 
sodium meta silicate (sp.gr. 1.04 g cm-3) was 
poured drop by drop, with steady stirring, in to the 
test tube, till 4pH of the solution was gotten. The 
mouth of the test tube was secured by cotton, with 
the goal that unfamiliar particles ought not enter 
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inside the test tube and kept in steady temperature 
shower (300C). Following 8/10 days, gel was set. 
From that point, potassium iodide poured gradually 
over the set gel. Precaution ought to be taken that 
the gel ought not be punchered. To get the X-(Cu, Al 
and Zn) doped lead iodide crystals, in the blend of 
acetic acid and lead acetic acid derivation, X-acetic 
acid derivation was poured (1 ml). The above 
procedure was rehashed to get the doped lead 
iodide crystals. 

Preparation of Thin Films by Thermal 
Evaporation Technique 

Flimsy films of gel grown doped and undoped lead 
iodide crystals have been set up by thermal 
evaporation method in our exploration laboratory. Gel 
grown crystals were squashed to a uniform size (150 
work). At that point, flimsy films of these gel grown 
crystals were kept onto glass substrates, which were 
chemo precisely and ultrasonically cleaned, by 
thermal evaporation procedure. The evaporation was 
done in a customary vacuum coating unit of 1.3 to 
5x10-3 pd, with a constant substrate temperature of 
353 K (with various thicknesses). The thickness was 
estimated by a quartz crystal thickness screen, 
HindHivac DTM model no.101. Care ought to be 
taken to dodge the overheating of lead iodide during 
sublimation, in any case thermal decomposition 
offers ascend to non-stoichiometry in the films, aside 
from this, no exceptional precautions are 
fundamental. 

X-RAY DIFFRACTOGRAM 

X-beam diffractograms on Lead Iodide slight films of, 
undoped and doped (Cu+2, Al+3and Zn+2), gel 
grown lead iodide crystals, were recorded utilizing 
powder revolution photographs method. For this 
reason Philips X-beam difractometer (Model PW-
1730) utilizing CuKα radiation with Ni filter 
(λ=1.5418å) was utilized. The example was pivoted 
in the range 200 - 900 

Scanning electron microscope (SEM) 

The thin films of doped and undoped gel grown lead 
iodide crystals were concentrated under scanning 
electron magnifying lens, applying in advance a thin 
coating of gold (silver) on the different sides of the 
cut slides. This portrayal was completed at C-MET, 
Pune by Philips XL-30. 

Optical Properties of gel grown doped and 
undoped Lead Iodide crystals 

The transmittance and reflectance spectra were 
recorded for all the films on Hitachi (model 330) 
spectrophotometer at ordinary and close to typical 
occurrence separately at Cosist Lab. College of 
Pune, . 

 

Different growth techniques of growing crystals 

The growth of single crystals can be extensively 
arranged into following groups: 

i) Solution growth 

ii)  Melt growth 

iii) Vapor growth 

These three groups can be additionally ordered into 
various subgroups 

1. Solution growth 

In the event that an appropriate solvent is 
discovered, crystals can be grown at room 
temperature beneath the melting purpose of the 
crystal. Growth from solution is the main other option, 
if the substance decomposes underneath its melting 
point or goes through a stage change. The decision 
of solvent is significant, which ought to have low 
viscosity and ought not react with the container or 
the atmosphere. The growth rate by this method is a 
lot littler than the growth rate from the soften. It is 
incredibly hard to deliver spontaneous nucleation in 
such a way, that solitary a solitary or even not many 
cores are shaped. In the event that large crystals 
are to be grown from solution, seeding is basic. 
Practically 80% of natural and inorganic optical 
nonlinear crystals are grown by this method 

This method can be additionally isolated into six 
subgroups as : 

i) Crystal growth from water solution 

ii) Flux growth 

iii) Hydrothermal growth 

iv) High pressure growth 

v) Growth by electro deposition 

vi) Growth by gel method 

2. Melt growth 

In this method, the material to be grown as a crystal 
is put in an appropriate container and warmed in a 
furnace over the melting point. To initiate the growth 
the liquefy is cooled from over the equilibrium 
melting point and there is a rapid transition from a 
state wherein the substance is totally molten over 
the melting to such an express, that the framework 
is totally strong beneath the melting point. This 
transition ought to be controlled so that good quality 
single crystals are shaped. This is accomplished by 
allowing little volume of the dissolve to go through 
transition temperature to crystallize. Generally the 
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crystal growth from pure dissolve is effectively 
constrained by controlling the thermal gradient. 

3. Crystal growth in gel media 

As the current work generally manages the growth of 
crystals in gel medium, much accentuation is given 
on the gel method in the accompanying sections. 

General considerations about crystal growth 
mechanism 

Gel growth in aqueous solution is currently a wide 
spread strategy for production of top notch crystals in 
a large scope of solubility's and temperature . A gel 
goes about as a three dimensional crucible which 
bolsters the crystals without applying any obliging 
powers on it, and empowers precise growth. 
Convection is totally missing and the solute is 
provided to the developing crystals by diffusion. 
When a solute has been brought to the surface by 
diffusion, growth happens by either screw 
disengagement mechanism or by two dimensional 
surface nucleation mechanism. One of the distinct 
highlights of the gel method is that super saturation is 
self-acclimating to the requirements of the growth 
process. This leads to the formation of crystals with 
serious extent of flawlessness. 

GELS: PREPARATION AND PROPERTIES 

A gel might be characterized as two-part 
arrangement of semisolid nature rich in liquid. The 
materials, which are normally called gels, incorporate 
silica gel as well as agar, gelatin, delicate cleansers, 
a variety of oleates and sterates, polyvinyl liquor, dirt 
gels, poly acrylamide gel and various hydroxides in 
water. Despite the fact that crystals develop in variety 
of gels, for reasonable purposes silica gels are 
generally utilized as an adaptable growth medium for 
growth of crystals. 

Gelling mechanism 

Silica hydrogel structures rely essentially upon the 
method of preparation and accordingly rely 
specifically upon whether the gels are made by 
balance of sodium metasilicate or by hydrolysis of 
siloxanes. The essential gel structure influences 
crystal growth characteristics including growth rates, 
nucleation control and extreme crystal size.When 
sodium metasilicate solution is acidified with any acid 
for example HCl, monosilicic acid is delivered. 

 

Test methods of crystal growth in gels The growth of 
crystal in gel media can be accomplished by 

i) Crystal growth by chemical reaction 

ii) Crystallization by complex dilution method 

iii) Crystal growth by decrease of solubility 

iv) Crystal growth by chemical decrease 

Basic growth techniques in gel media Single diffusion 
and twofold method are the two essential growth 
procedures associated with growth and advancement 
of crystals in gel media. These depend on diffusion. 

1) Single diffusion technique 

In single diffusion technique, one reagent is joined in 
gel blend and another is then diffused into the set 
gel, prompting high supersaturation, nucleation and 
crystal growth. 

2) Double diffusion technique 

In double diffusion technique, the gel is utilized to 
isolate the solution containing the reagents by 
putting the gel in the twisted segment of U-tube and 
the reagents in its two arms. By the decision of 
appropriate reagents and their concentrations, 
Henisch had the option to develop single crystals of 
number of substances. Murphy et al utilized sodium 
sulfide as a wellspring of sulfur for growth of lead 
sulfide though Brenner et al utilized the weaken 
solution of thio-acetamide for this reason. 

CONCLUSION 

Another polymorph of LiZn(IO3)3 was combined by a 
basic minimal effort co-precipitation course and 
warmth treatment of the nebulous precipitate at 400 
°C. The blend of Rietveld refinements of the powder 
XRD pattern and DFT calculations brought about a 
monoclinic crystalline lattice with the non-centro 
symmetric space group P21. The unit-cell 
parameters and atomic positions were likewise 
decided. We additionally performed EDX and SEM 
measurements that affirmed the stage 
immaculateness and showed that the incorporated 
LiZn(IO3)3 had a needle-like morphology. At long 
last, a FTIR analysis further upheld the preparation 
of stage pure LiZn(IO3)3 without the event of H+ 
ions. In light of the low balance of point group 2, an 
itemized task of every IR trial recurrence was not 
directed, yet FTIR measurements were discovered 
consistent with those of other iodate mixes. All the 
more significantly, in view of its non-centro 
symmetric polar crystal structure, just as its wide 
transparency and chemical strength contrasted with 
the hygroscopic α-LiIO3, LiZn(IO3)3 shows up as a 
good possibility for non-direct optical applications. In 
addition, nano crystal suspensions are under 
preparation to quantitatively survey, sooner rather 
than later, the averaged SHG coefficients, as 
effectively announced for other oxide nanomaterials. 
Considering the measure of information accessible 
on crystal growth in gel media and the significance 
of developing crystals at encompassing 
temperatures, a study of the method all in all and 
ensuing modifications alongside the test results 



 

 

Sunil L. Garud* 

w
w

w
.i
g

n
it

e
d

.i
n

 

136 

 

 Journal of Advances in Science and Technology 
Vol. 14, Issue No. 2, September-2017, ISSN 2230-9659 

 
detailed so far are introduced in this review article. 
The gel growth technique with its various 
modifications gives off an impression of being very 
encouraging for the production of exceptionally ideal 
single crystals of a variety of materials. Single 
crystals of X-(Cu, Al and Zn) doped and undoped 
lead iodide crystals have been progressively grown 
by gel technique. 2. Distinctive state of crystals has 
been gotten like hexagonal, three-sided, tree formed, 
needle, layered and so forth. 
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