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Abstract: The copper iodate crystals are grown using single diffusion technique of crystal growth. Nucleation effect if pH and gel
density and effect of supernautant, concentration programming explained and experimentally studied. The kinetic parameters
demonstrate anisotropic growth, likely due to controlled supersaturation or external influences. In contrast, basic copper iodate crystals
grow more uniformly, showing prismatic or block - like shapes. The modified morphology in star - shaped crystals can enhance specific

functional applications, particularly in optics and catalysis
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1. Introduction

Copper iodate grown crystals are used in optical and
electronic devices due to their semiconducting properties.
These crystals may be used in piezoelectric and nonlinear
optical applications. it can be used as a catalyst in oxidation
- reduction reactions and in biomedical applications due to
their unique chemical reactivity, they may find applications
in antimicrobial formulations. These crystals can be
employed in chemical sensors due to their ionic
conductivity. copper iodate (Cu (103) » forms prismatic or
irregularly shaped crystals when grown under standard
conditions. The crystal structure is usually orthorhombic or
monoclinic, leading to more block - like formations.
Intrinsic copper iodate does not usually exhibit star - shaped
morphology unless influenced by special parameters. It is
observed that morphology can enhance piezoelectric
properties. Increased surface area may improve catalytic
efficiency. The optical and electronic materials can be used
in photonic applications due to shape - dependent optical
properties of copper iodate grown crystals.

1.1 Experimentation

This single diffusion method used to obtain good quality
crystal of copper iodate in gel medium. In actual procedure,
5cc of 2N acetic acid was taken in a small beaker, to which
sodium meta silicate solution of density 1.04 gm/cc was
added drop by drop with constant stirring by using magnetic
stirrer, till pH of the solution reaches a value 4.4. A digital
pocket sized pH meter of HANNA instrument is used for
this purpose. A 5cc of copper chloride or copper nitrate
solution was added with constant stirring in mixture of
acetic acid and sodium Meta silicate solution. Continuous
stirring process avoids excessive ion concentration which
otherwise causes premature local gelling and makes the final
medium inhomogeneous and turbid. The pH of the mixture
was maintained at 4.4, Number of experiments were carried
out to secure appropriate range of pH values which in turn
gives good gel allowing to grow good quality crystals.

It was observed that the mixture of solution with pH value
less than 4.2, gelation takes quiet large time of the order of
several days. However in the pH range 4.2 to 4.5, there was
appropriate waiting in gelation time. The gel setting time
required for the gel solutions of pH greater than 4.5 was
short. Borosil glass test tubes of diameter 2.5cm and height
25cm were used as crystallizing vessels. This mixture was
then transferred to the test tube, a mouth of test tube closed
using cotton plug used to avoid contamination of the
exposed surface with atmospheric impurities and to keep the
gel at atmospheric conditions. Initially the mixture appeared
in test tube was bluish, However with lapse of time its color
changed towards dark blue when gel was completely set.
The setting time was 10 - 13days. The completely set gel
was left for aging for 4days. i. €.96 hours t0120 hours. It is
also observed that the aging of gel reduces the diameter of
the capillaries in gel so that speed of the reaction is
automatically controlled. Potassium iodate was used as
supernatant having different molarities like 0.1M, 0.4M,
0.5M.1M. were added over the copper chloride set gel. As
the concentrations of supernatant increases, the numbers of
nucleation centers were also found to be increased. For this,
numbers of test tubes were set up for the observation.

1.2 Nucleation

Formation of nuclei depends on number of parameters such
as pH of solution maintained, concentrations of reactants,
aging of gel, density of gel. It was observed that initial
nucleation takes place on the surface of the gel and
supernatant solution and rarely inside the gel. Number of
nuclei is inversely proportional to the distance from the gel
interface. Nucleation in gel takes place after 9 to 11 days.
Generally this time varies few hours to few days depending
upon the ambient temperature and circumstances.

2. Result and Discussion

It is observed that the optimum growth conditions for the
growth of copper iodate crystals and its Different parameters
such as gel density, gel setting time, gel aging time,
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concentration of reactant, pH of gel, period of growth etc
have the considerable effect on the growth rate.

Copper nitrate and copper chloride solutions are used to
compared thickness transparency and quality of the crystal.
The thickness of crystals grown by using copper nitrate as
reactant is quiet effective in comparison when copper
chloride is used as reactant. At a same time, crystals grown
with reactant copper chloride are more transparent when
same grown with copper nitrate. Crystals of copper iodate
grown with help of copper chloride are shown in figure 1
and 2. image of figure 1 and 2 shows shape of copper iodate
crystals in gel containing copper nitrate turns from spherical
to star shaped are crowded. The size of copper iodate crystal
in nitrate gel is small but are also transparent as shown in
figure 3.

Effect of concentration of reactants:

The effect of concentration of feed solution can be
investigated by preparing the gel of the same pH 4.4. Feed
solution of either KIOs, CuCl, and Cu (Nos) » were tried.
Potassium iodate solutions of concentrations 0.1M to 0.4M
molarities were prepared. It was observed that as the
concentration of the reactant in the gel increases, the
nucleation density also increases. This may be due to the
more effect of Cu ions in the gel. For the growth of good
quality crystal of copper iodate, suitable concentration of
reactant incorporated in gel is found to be 0.5M. Number of
experiments were performed with interchanging the position
of reactants.

It is to mention that the reactant [0.5M of CuCl, and Cu
(Nog) 2, 0.4M for KIO3s] were taken to grow good quality
crystal of copper iodate using copper nitrate and copper
chloride. Change in the position of reactants does not affect
either the quality of the crystal or the number of nucleation
centers. However, the use of KIOz and CuCl; yields the
better and transparent quality of crystal, in terms of size and

!

shape. Therefore, after getting the optimized condition, all
experiment were carried out by incorporating 5cc, 1M CuCl,
solution in gel and 15cc, 0.4M of KIO;s; solution as
supernatant was put over the set gel acidified with 2N acetic
acid as a feed solution.

1 Star shaped grown crystals of copper iodate
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Figure 2: Spherical shaped grown crystals of copper iodate
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3. Observations and Applications

The first image shows copper iodate crystals with a distinct
star - like morphology. The star - shaped crystals indicate a
unique growth pattern influenced by specific crystallization
conditions. The formation suggests anisotropic growth,

i - 1 1 1
Figure 3: Grown crystals of copper iodate

meaning the crystal grows at different rates in different
directions. The light blue color confirms the presence of
copper iodate. The star - shaped copper iodate crystals
demonstrate anisotropic growth, likely due to controlled
supersaturation or external influences. In contrast, basic
copper iodate crystals grow more uniformly, showing
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prismatic or block - like shapes. The modified morphology
in star - shaped crystals can enhance specific functional
applications, particularly in optics and catalysis. Typically,
copper iodate (Cu (103) 2forms prismatic or irregularly
shaped crystals when grown under standard conditions. The
crystal structure is usually orthorhombic or monoclinic,
leading to more block - like formations. Basic copper iodate
does not usually exhibit star - shaped morphology unless
influenced by special parameters.

Comparison with Ideal Copper lodate Crystals

Feature

Observed Crystals Ideal Copper lodate
(Image 3) Crystals

Shape

Irregular, broken, [Well - defined prismatic o
and clustered star - shaped

Size Uniformity| Varies significantly

More uniform under
controlled conditions

Surface Texture

Rough, uneven Smooth, well - formed

Crystal Growth | Random nucleation

Controlled growth with

Pattern and growth defined symmetry
Structural and Topographical Differences 4. Conclusion
Feature Star_?,?ﬁg;g f)ryStaIS Basic g?ﬁg;{smme e The star - shaped copper iodate crystals in the first
) mati N image demonstrate anisotropic growth, likely due to
Shape Star - like, branched growth Prlsmat!c, block ; ;
' like controlled supersaturation or external influences. In
Growth Anisotropic, uneven Uniform, structured contrast, basic copper iodate crystals grow more
Pattern directional growth growth uniformly, showing prismatic or block - like shapes.
Size Irregular and extended | Compact and dense The modified morphology in star - shaped crystals can
Distribution branches formation enhance specific functional applications, particularly in
Formation | Requires supersaturation or Standard optics and catalysis.
Conditions | _ controlled parameters crystallization «  The third diagram showcases individual copper iodate
crystals with varied shapes and sizes, likely due to rapid
) ) . nucleation or external influences. The analysis helps in
Observations and Morphological explanation of Copper understanding growth patterns and  optimizing
lodate grown Crystals: _ o crystallization techniques for specific applications.
The first image shows copper iodate crystal formation in a
quu!d medium. Its precipitation appears as fine, dispersed References
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