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Abstract: In this work, we report the, optical, structural morphology and photocatalytic activity
of Chitosan capped zinc indium selenide nanoparticles, which have been synthesized by
solvothermal method from zinc chloride, indium chloride and selenium dioxide. Chitosan is acted as
capping agent. The nanoparticles were characterized using XRD, SEM with EDAX, TEM and UV-
Vis absorption spectroscopy. The synthesized nanoparticles have rhombhohedral crystal structure
according to XRD pattern. The SEM revealed that the nanoparticles were uniformly distributed on
the surface. The TEM microscopy confirmed that the Znin:Ses nanoparticles were spherical in
shape. The ranges of diameter of these nanoparticles are from 30 to 50 nm. In addition,
photocatalytic degradation of Congo red in aqueous solution was performed using Chitosan capped
zinc indium selenide nanoparticles under the illumination of visible light.
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1. INTRODUCTION

Semiconductor nanocrystals with high quality and narrow size distribution have
been the object of intensive scientific and technological interest [1-9]. Recently, a ternary
compound of II-III-VI group attracts many researchers due to their applications in
optoelectronic devices and solar cells [10]. Zinc indium selenide is a kind of n-type
ternary chalcogenide semiconductor of type A'B",C"4, where A=Zn, Cd or Hg, B=In or
Ga and X=Se, S, Te. The direct energy gaps of this crystal have 1.82 eV at room
temperature. The preparation of ZIS with a defective chalcopyrite structure has attracted
much attention both for fundamental and for applied research. The defect in this
compound arises from some percentage vacancies of Zn sites and naturally disorder is
created which causes the appearance of a large number of electronic levels in the energy
gap both very close to bottom of the conduction band and in the mid gap region [11]. In
the present work, photocatalytic activity of zinc indium selenide nanoparticles are
synthesized by using solvothermal method and chitosan used as capping agent. In our
previous paper, we reported the structural, morphological and optical band gap
determination of polymer capped zinc indium selenide nanoparticles [12].

2. MATERIALS AND METHOD
2.1. Preparation of polymer solutions

The chitosan solution was prepared by dissolving 1g of chitosan in 100 ml of 1% of acetic
acid under constant stirring at room temperature.

2.2. Synthesis of chitosan capped Zinc Indium Selenide (ZnIn,Se4)

nanoparticles
In a typical synthesis, ZnCl;.2H,O (AR), InCl; (absolute, AR) and selenium
dioxide (SeO2, AR) were added to 90 ml polymer solution (Chitosan) at room temperature
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with the molar ratio of 1:2:4 under vigorous stirring to form a homogeneous solution.
Then the obtained solution mixture was transferred into a Teflon-lined autoclave of 100
ml capacity. The autoclave was sealed and maintained at 180°C for about 12 h and then
cooled to room temperature naturally [12].

2.3. Measurement of Photocatalytic Activity

The photocatalytic activity of the polymer capped zinc selenide nanoparticles and
zinc indium selenide nanoparticles were evaluated by photo degradation of an aqueous
Congo red (CR) textile dye. The experiment was carried out in a cylindrical double walled
hollow photoreactor with water circulation facility. A visible lamp was placed inside the
reactor. The catalytic experiments were carried out with 100 mL solution of CR [5x107°
M] and 20 mg of the catalyst under constant stirring. About 3 mL of the aliquot solution
was withdrawn at predetermined time intervals from the reaction mixture, centrifuged and
the decrease in absorbance value was measured. A control experiment was carried out
under identical experimental condition using commercial CR without catalyst.

% Decolourization = [(Co — C) =+ Co] x 100
Where,

Co, is the initial concentration of dye solution and
C, is the concentration of dye solution after photocatalytic degradation.

3. RESULTS AND DISCUSSION
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Fig.1. XRD Spectrum of Chitosan capped ZnIn:Ses nanoparticles

Fig.2. SEM image of Chitosan capped ZnIn2Ses nanoparticles
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Fig.2.a. EDAX image of Chitosan capped ZnIn:Ses nanoparticles
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Fig.3. TEM image of Chitosan capped ZnIn2Ses nanoparticles
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Fig.4. Band gap of Chitosan capped ZnIn:Ses nanoparticles
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Fig. 5. AFM 3D image of Chitosan capped Zinc Indium Selenide (ZnIn2Ses) nanoparticles

The XRD pattern of different chitosan capped Znln,Ses nanoparticles were shown
in fig.1. For the sample a major peak is observed at about 27.17 and its equivalent inter-
planar spacing is of 3.279 A which corresponds to reflection from (112) plane of
rhombhohedral system. This indicates that the nanocrystalline in nature. It coincides with
the Zeyada et.al report [13]. In SEM with EDAX spectrum, it is seen that the lot of
polymer capped nanoparticles are spherically shaped grains are distributed on the surface
of the nanoparticles in fig.2.a. The EDAX spectra indicated well defined peaks
corresponding to Zn, In and Se in addition to O (fig.2.b). TEM (fig.3) is revealed that the
nanoparticles were mainly spherical in nature with few of them irregular shape. The
diameter of spherical zinc indium selenide nanoparticle with an average size is 40 nm - 55
nm. The band gap was found to be 1.91 eV for chitosan capped Znln,Ses nanoparticles.
The band gap figure is shown in fig.4. Surface topological features of chitosan capped
zinc indium selenide nanoparticle as observed under 3D AFM is shown in Fig. 5. The
micrograph is at 3.45 pm x 3.45 pum. It might be used to investigate the surface
roughness, RMS value and particle size of the nanoparticle. The micrograph illustrate that
the substrate are entirely covered with grains of different size.

The experiments showed that degradation was completed nearly within 30 min. It
was observed that decolorization and photodegradation increased with increase in the
irradiation time. The kinetics of photodegradation was found that the degradation reaction
of CR under the catalysis of chitosan capped zinc indium selenide nanoparticle basically
obeys to the first order reaction kinetics. The increase in the degradation efficiency of CR
with increase in the amount of catalyst may be due to increase in the active sites available
on the catalyst surface for the reaction. The increase in the degradation efficiency of CR
with increase in the amount of catalyst may be due to increase in the active sites available
on the catalyst surface for the reaction. Initial concentration of dye is generally noted that
the degradation rate increases with the increase in dye concentration to a certain level and
a further increase in dye concentration leads to decrease the degradation rate of the dye
[14-15].

VOLUME 8§, ISSUE 9, 2021 PAGE NO: 51



International Journal of Pure Science Research

Fig. 5.

Fig.

T
i | /.
B0 ._/
F
¢ i
= 504 /!
- o
- L2
= 1 "
g 4 //
7}
= /
=.= &
204 //
204
B T e T T 1
o 1w = 3} 40 51 60 w ]

Time {mim)

Effect of Contact time in presence of visible irradaiation

2
™,

i Remaval of Dve
bt .3 =
i i

2 T t t T —
ia i2 ir i in 20

Dhnse (i)

6. Effect of Dosage in presence of visible irradaiation

% Removal of Dye
8
I

E T T T T T

Concentration of dye (ppm)

Fig.7. Effect of initial concentration of dye in presence of visible irradaiation

VOLUME 8, ISSUE 9, 2021

ISSN NO : 1844-8135

PAGE NO: 52



International Journal of Pure Science Research ISSN NO : 1844-8135

4. Conclusion

The Chitosan capped zinc indium selenide have rhombhohedral crystal structure
according to XRD pattern. SEM analysis revealed that the spherically shaped grains are
distributed on the surface. The EDAX spectra indicated well defined peaks corresponding
to Zn, In and Se. The band gap energy of these nanoparticles is 1.91 eV (Chitosan). These
values are higher than that of bulk zinc indium selenide (1.82 eV) nanoparticles and the
material is blue shifted, when compared with bulk zinc indium selenide. AFM image
might be used to investigate the surface roughness, RMS value and particle size of the
nanoparticle. The micrograph illustrate that the substrate are entirely covered with grains
of different size.The percentage removal of congo red was analyzed with different
experimental parameters such as contact time, dosage. Based on the analysis, the resulting
materials are to be very useful in water treatment.
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