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Abstract: Hollow microcubes with nanorods of Indium oxide (In203) are synthesized using hydrothermal followed by
decomposition process. Synthesized materials are characterized with XRD, SEM, and FTIR spectroscopy for
esteeming phase compositions and morphologies. The photocatalytic performances of two materials are evaluated
by the degradation of crystal violet dye in an aqueous solution under UV light. The photocatalytic activity of prepared
In(OH)s shows ~60% degradation of crystal violet after 5 h reaction, whereas In203 shows ~92% degradation under

same conditions.
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1. Introduction

Non-biodegradable pollutants in air and water
are eliminated by using some semiconductors [1-7].
Usually, oxide semiconductors have higher band gap
(5.5 eV). By UV light irradiation, electrons from
adjourning areas are removed thereby, creating holes.
Removed electrons have sufficient energy to overcome
energy gap and cause conduction in materials.
Enhanced properties of these materials are therefore,
utilized for modern electronic applications [8].

Research scientists are taken interest to purify
hazardous water near the dye industries and textile
industries. In those areas, the effluent contains
hazardous and toxic material that threatens the
ecosystem by polluting the drinking water. If the dye’s
effluent is mixed with clean drinking water resources, it
will cause odder and turbidity making it unsuitable for
consumption. The colored water also affects the sea
creatures. Dyes, including CV dye, have serious harm to
humans' health; it can irritate the skin and eyes and
damage the brain, kidney, liver, and immune system.
Furthermore, respiratory problems occur when inhaling
effluent contaminants with dyes when they evaporate.
CV is toxic to mammalian cells and can cause faintness,
diarrhea, headache, vomiting, and long-term exposure
that may cause cancer. So, our aim is to develop a
catalyst to purify CV dye contaminated water. That water

is used as drinking water by the peoples stayed near by
the areas.

It is for this reason, Indium oxide and hydroxide
are studied exhaustibly for their physico-chemical
properties as well as for their potential applications in
various electronic fields [1, 9].

IN(OH)s is observed to be an useful
photocatalyst used for the removal of benzenes as
compared to other materials such as P20s, TiO2 [2-7,
10]. It has now been accepted that In20Oz would be a
suitable semiconductor for application in gas sensor,
transparent conductors, solar cells and solid-state
application devices [11]. Further studies are thought to
be necessary to find out photoelectron catalytic activity
of In(OH)3 and In203 cubic nano-particles.

At present, there are different techniques
available to produce nanoparticles [12, 13]. They are
chemical vapour deposition, hot injection technique,
organic solution synthetic route, hydrothermal methods
[13], etc. These methodologies are utilized to synthesize
In(OH)s and In203 with various shapes such as hollow
shaped nanorods, nano belts, nanowires, etc [14].
Reports are available where In(OH)s and In203 particles
are synthesized as cubic nanoparticle. A mixed micro
structure of microcubes with nanorods of these two
materials need further be studied for optoelectronic
behaviour of two materials.
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In the present investigation, template free
surfactant less in (OH)s microcubes with nanorods and
hollow microcubes of In20z are successfully synthesized
by hydrothermal method. The cost is minimized to
produce the mix micro structures. Reproducibility is
checked. Photocatalytic activity is tested.

2. Experimental Details

2.1 Synthesis of In (Oh)s And In203

Analytical grade of Indium (lII) chloride 99.99 %
purity, Sodium hydroxide are used for the preparation of
INn(OH)s and In203. at room temperature. 40 mL of
distilled water is poured into 0.07 M (0.155 gm) of Indium
(1) chloride and is stirred still a clear liquid is obtained.
During stirring, 0.8 M (0.032 gm) of NaOH is added to
the solution. 0.02 M (0.034 gm). Oxalic acid is also
added simultaneously to the above liquid and stirring
process continuous for 20 minutes. Resulting solution is
now transferred to a stainless steel autoclave where it is
heated at 180 °C, continuously for 30 hrs in a hot oven.
The product, thus, obtained is collected, washed with
distilled water and ethanol mixture for three times. This
is followed by a drying process in an oven at 60 °C for 5
hrs. The final product is grinded in a motar to a very fine
size. The product is characterized with XRD for
confirmation of the formation of In(OH)2. In(OH): is finally
calcined for 10 minutes at 500 °C in an air furnace. The
calcined powder is characterized with XRD for
confirmation of the formation of In20s.

2.2 Characterizations

The surface morphology of as prepared In(OH)z
and In20z are studied using a Zeiss EVO 60. The structur
of the samples is studied using a PANalytical High

Resolution XRD, PW 3040/60 operated at 40 kV and 30
mA using Cu Ka radiations. FTIR spectra of prepared
samples are studied by using Burker Tensor 27. Further
to investigate the photocatalytic activity of In(OH)s and
In203 samples are characterized by using UV-visible
absorption spectroscopy (PerkinElmer, Lambda 750).

3. Results and Discussion

3.1 Structure and Morphology of in (Oh)s; And
In203

Diffraction peaks shown in Figure. 1 (a and b)
perfectly match with cubic In(OH)s and In203 crystal
structures with lattice constants. Lattice constants are
0.797 nm, and 1.012 nm, respectively [JCPDS card no
01-085-1338 for In(OH)s and 00-006-0416 for In20s3].
Presence of no other lines indicates purity of the two
phases. Sharp peaks from those XRD patterns indicate
crystallinity of those two products.

Figures. 2(a and b) are superimposed FTIR
spectra of In(OH)s and In20Os compounds. Presence of
absorption band at 3232 cm corresponds to the O-H
vibration [15]. Absorption bands at 3128 and 2253 cm!
is attributed to the O-H bond due to the adsorption of
water molecules [16]. The absorption bands at 501, 778,
and 1155 cm? are assigned to In-OH deformation
vibration [17]. The bands at 853 and 1060 cm are
assigned to (O-InO) stretching vibration. In In203, the
peak at 3440 cm, accompanying by a weak peak at
1629 cm-l, are due to O—H stretching vibration (vO—-H)
from residual water in KBr discs for FTIR measurement.
The peaks at 1128 and 1344 cm™ are attributed to
typical O—-H bending vibration (yO-H). The peak at 466
and 605 cm-1 are attributed to In—-O vibration [17].
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Figure 1. XRD pattern of prepared (a) In20s and (b) In(OH)3
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Figure 3. SEM image of In(OH)s microcubes with nanorods
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Figure 4. SEM image of In203 hollow microcubes with nanorods.
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Figure 3a and 3b show the low- and high-
magnification images of in (OH)z phase. In (OH)z shows
solid microcubes and nanorods (Figure 3a).

Microstructures of In20s indicate hollow
microcubes ranging between 1-5 micron with presence
of nano rods less than 100 nm [Figure. 4 (a and b)].
Figure. 4 at different magnification (vide Figure. 4a and
4b). The sizes of microcubes are varying between 1-5
microns mixed with nanorods (size less than 100 nm).
Marked positions in Figure 4b (higher magnification) are
hollow in nature. Therefore, the microcubes are
confirmed the hollow shapes. The hollow nature of In203
indicates a well-known phenomenon described as
Krikendal effect [18].

The possible mechanism of formation In(OH)3
solid microcubes and hollow microcubes of In203z with
nanorods is thought to be in two stages. In the first stage,
the in (OH)s solids are formed by hydrolysis of In3* due
to hydrothermal treatment at 200 °C. In the second
stage, the in (OH)s gets transformed to In2O3 through
decomposition. The Krikendal effect leads to Krikendal
porosity i.e., supersaturation of vacancies into hollow
pores [19, 20]. Here, the anion exchange has occurred
between OH- of in (OH)s with O% of In20s, leading to
hollow structures rather than solid microcubes with
nanorods.

3.2 Photocatalytic Activity

Photocatalytic properties of In(OH)s and In203
materials are evaluated by recording the extent of
degradation occurred in crystal violet (CV) dye treated
with 5 x 10> mol/L solution under UV light irradiation at
A = 580 nm. Figure.5a depicts UV-Visible spectra,
indicating degradation of CV dye with In2Os compounds.
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Fig.5b shows a similar plot for In(OH)3 compound. Plots
are made for each material treated for different length of
time. In each case, drop in peak height vis-a-vis
decrease in areas under those curves with increase in
the exposure time indicates the quantity of absorption
occurred by the use of those crystalline materials. It is
inferred that there substantial decrease in the peak
heights for In203 if compared with In(OH): compound
i.e., 91 % for 5 h for In2Os as compared to 60 % with
In(OH)3 compound peaks are formed between 500-600
nms. Thus, In203 is an efficient absorbent if compared
with In(OH)s compound.

For our study, degradation time is 5 h which is
efficient for the sample. At the degradation efficiency i.e.
reducing degradation time may improve by preparing
composite with in (OH)2 having band gap suited in
visible region. This is our future study.

4. Conclusions

In(OH)s and In203 are successfully synthesized
by using hydrothermal method. SEM micrographs show
formation of microcubes and nanorods for both In(OH)3
and In20s. Porosity in In20s compound is believed to be
due Krikendal effect i.e., owing to migration of atoms in
In(OH)s lattice during In203 transformation by calcination
process. As a catalyst, In2Os is found to be highly
efficient for the degradation of crystal violet dye (~ 91 %)
as compared to In(OH)s (~60 %) under UV Visible
irradiation. Occurrence of peak is observed to be
between 500-600 nm in UV spectra for both the
materials of CV dye degradation. Higher degradation in
In203 compound is due to higher surface area and lower
band gap of the sample.
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Figure 5. UV-vis spectra of CV dye degradation. (a) In203z (b) In(OH)s.
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