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ABSTRACT

The zinc oxide nanoparticles were successfully synthesized using zinc nitrate as the precursor
and extract of lllicium verum was used as the reducing and stabilizing agent. Synthesized zinc oxide
particles in nano size were characterized by FT-IR, Ultraviolet-Visible SEM & XRD techniques. The
formed nanoparticles were confirmed as zinc oxide nanoparticles by UV-Visible, FT-IR spectroscopic
techniques. XRD data gave the results regarding structure and size of the prepared nano-sized
particles. According to the results of XRD, the size was calculated as 27.01 nm. SEM analysis results
sphere and flake like shape and morphology of zinc oxide nanoparticles.
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INTRODUCTION

Nanotechnology is a rapidly growing
interdisciplinary field with tremendous applications
and having exciting and unique properties. It
involves particles with 1-100 nm size and used
in more applications oriented studies'?. It is
considered as center point for the researchers
in chemical, biological, physical and engineering
fields. Nowadays environmental pollution such as
water, air, soil and noise pollutions is the major
problem existing on earth. Nanotechnology serves
an effective tool in the eradication of such pollution.
The main sources of these kinds of pollution are
created by the excretion of industrial wastes and
effluents. It may be solid waste or liquid or gaseous

matters®*. From various industries, effluents were
discharged into the water bodies and creating water
pollution. So on searching techniques to decompose
the effluents before reaching water bodies, Fujishima
and Honda reported that varieties of semiconductors
like ZnS, Zinc oxide, TiO,, ZrO,, CuO, CdS, NiO,
Cu,0, Ta,0,, ZnFe,O, were used to decompose
pollutants in water52%. Among these semiconductors
Zinc oxide is considered as important semiconductor
because of its non-hazardous and economically
favorable characteristics. zinc oxide is abundantly
present in nature and has attractive characteristics
related to many applications242®. Approximately 45%
of synthetically prepared zinc oxide was used as
additive in rubber vulcanization®. In this view zinc
oxide with different crystal structure wurzite, zinc
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blende, rock salt and band gap value of 3.1- 3.3 eV
is used in many fields?. Zinc oxide nanoparticles are
used in food packaging, sunscreens, paints and as
coating materials?. Antimicrobial agents prepared
from organic compounds are mostly sensitive to
temperature and pressure. Most of the antimicrobial
agents are toxic and produce unexpected side
effects due to their bulky groups?®-3%. Based on
particles in various parameters, the biological and
pharmaceutical field is developed'®*. That is why we
need to go for inorganic compounds as antimicrobial
agents, especially nano-sized inorganic metal
oxides. The role of inorganic metal nanoparticles
was not disturbed by high temperature and pressure
due to their long shelf-life. Immeasurable sources
are available in nature, which is useful for many
biological reactions®-:¢. In present condition,
scientists have discovered various methods to
prepare nanoparticles; they were financially flexible
to us. Nowadays, major research is developing on
green synthesis of nanoparticles using organisms.
Especially plant species are used in large-scale,
biosynthesis of nanoparticles®”3°. Various parts of the
plants are used for the preparation of nanoparticles.
Phytochemicals present in the plants are acting as
the reducing, capping and stabilizing agents*®+'.
In the preparation of nano-sized particles in green
method, route using salts such as nitrates, chlorates
and sulfates of metals as the starting materials.
Metabolites and proteins in biological systems acting
as reducing agent and reduces the inorganic metal
ions into metal nanoparticles*2. Due to environmental
friendliness, cost-effectiveness, biocompatibility
and safety, nanoparticles were produced using
microorganisms and plants through their reductive
capacities. Polyphenols, carbohydrates, alkaloids,
terpenoids play the main role in reducing metal ions
and maintaining stability*3.

Green synthesis is better than traditional
methods, in the following aspects,
1) It is quite easy and needed short time.
2) We need not add chemicals as reducing agent
plant based compounds act as reducing agent.
3) Inexpensive method*+45,

Some results are obtained by changing
calcination temperature, concentrations, reaction
conditions. V. A. Soares et al., prepared ZnO
nanoparticles by in a greener way and depicted the
nanoparticles by XRD, TEM and Raman spectroscopy.
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The reported size was 18-89nm. They observed that
when calcinations temperature increased, the band
gap of ZnO nanoparticles was decreased*®.

C. A. Soto Robles et al., synthesized ZnO
nanoparticles using Hibiscus sabdariffa extract in
various concentrations and studied the effect of
concentration. When the concentration of extract
increased the band gap value decreases from 2.96
to 2.77 eV and destroyed the methylene blue for
about 97%*.

In 2019, Sarid Taghavi Fardood and his
co-workers synthesized ZnO nanoparticles and used
as the catalyst in organic coupling reactions. In 2019,
Jejenija Osuntokun et al., prepared nanoparticles
using broccoli and studied their photocatalytic
activity. They followed two ways to synthesize ZnO
nanoparticles. One is by adding broccoli, another one
is without adding broccoli. They were characterized
separately. The particle sizes obtained were 14nm
and 17nm for broc-ZnO and nb-ZnO respectively.
74% of dye was degraded by this synthesized
ZnO nanoparticles*s. Jorge Rodrigues et al.,
(2020) have been prepared ZnO, Ag-ZnO and Pd-
ZnO nanoparticles by co-precipitation method for
photodegradation of textile effluents in the presence of
UV-light. They have been found that the ZnO removed
100% of RB 19 and 91% of RB 21 over six hours*.

L.S. Reddy Yadav et al., (2019) have been
synthesized silver-doped ZnO nanoparticles using
turmeric root extract as a fuel. They have been
investigated the structure and morphology of Ag-ZnO
nanoparticles using various analytical techniques
such as UV-Vis spectroscopy, Raman spectroscopy,
XRD, XPS, FT-IR, SEM and TEM. They have been
used Ag-ZnO nanocatalyst for hydrogen generation
and formylation®.

In our research, we used lllicium verum
(Star Anise). The major components present in
lllicium verum are flavanoids and polyphenols.
Linalool, quercetin, anethole, shickimic acid, gallic
acid, limonene are present in lllicium verum®'54.
Even though more number of methods available on
synthesis of zinc oxide nanoparticles we are reporting
the green synthesis of zinc oxide nanoparticles using
lllicium verum in this article. The synthesized zinc
oxide nanoparticles were characterized by various
spectroscopic, microscopic techniques and XRD.
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EXPERIMENTAL

Materials

Commercially available /llicium verumwas
purchased and played the role as reducing and
stabilizing agent. The purest form of zinc nitrate
(= 99%) and NaOH (= 98%) were got from Sigma-
Aldrich chemicals. The chemicals were diluted to
preferred concentrations by adding deionized water.

lllicium verum mediated Preparation of Zinc
oxide particles in nano size

25 g of thoroughly powdered lllicium verum
(Star Anise) was weighed and dissolved in 150 mL of
deionized water. The mixture was refluxed for about
45 minutes. The mixture was allowed to cool and
separated in cold condition. 0.1 N solution of zinc
nitrate was prepared for about 100 mL. 20 mL of the
plant extract was mixed to 100 mL of 0.1 N zinc nitrate
solution. To the above mixture, 2 M sodium hydroxide
was added in drops to increase precipitation as well
as pH maintenance. The whole mixture was kept in
magnetic stirrer for about 2 h till the color change of
the solution. The precipitate was separated using
Whatmann No. 1 and dried at 100°C to obtain Zinc
oxide nanoparticles®s-%.

Characterization of zinc oxide nanoparticles
prepared by using lllicium verum

The prepared zinc oxide nanoparticles
were characterized by different techniques.
The functional groups present were analyzed using
FT-IR spectroscopy. The IR spectrum was recorded
in KBr disc on a Shimadzu IR spectrophotometer
in the range 200-4000 cm' in Amrita College,
Coimbatore. The percentage transmission against
wave number was recorded. The interpretation
of the infrared spectrum of any substance under
study can be done by taking a substance with the
known group frequencies. The electronic spectrum
has been mostly used to depict the semiconductor
nanoparticles. When the particle size decreased,
absorption wavelength shifted to lower wavelength
automatically band gap will be increased. The
electronic spectrum is recorded in acetone solvent
by Shimadzu 1800 UV double beam spectrometer
in Jayaraj Annapackiam College for Women, Theni.
X-Ray diffraction was used to know the crystal
structure of samples. It was recorded in Jayaraj
Annapackiam College for Women, Theni. Scanning
Electron Microscopy (SEM) was used to study the
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morphology of zinc oxide nanoparticles. The SEM is
recorded by JEQL Model 6390 computer-controlled
microscope in Karunya University, Coimbatore.

RESULTS AND DISCUSSION

UV-Visible spectral Analysis

The UV-Visible spectroscopy was adapted
to identify the generation of zinc oxide nanoparticles.
An absorption band appeared in 375nm is formal
peak of zinc oxide nanoparticles is shown in
Fig. 1. It confirms the effective formation of Zinc oxide
nanoparticles using lllicium verum®’.

Fig. 1. The electronic spectrum of zinc oxide nanoparticle
(Mllicium veerum)

FT-IR spectral Analysis

The FT-IR spectrum of zinc oxide
nanoparticles synthesized from lllicium verum is
depicted in Fig. 2. FT-IR spectrum of zinc oxide
nanoparticles showed specific stretching vibrations.
The stretching frequency observed in 544 cm-’
indicated an effective formation of zinc oxide
nanoparticles®®. The broad range in 3732 cm
reveals stretching frequency of O-H group. The
vibrational frequencies in the range of 836-2527 cm-'
will be attributed to flavonoids and polyphenols exist
in lllicium verum solution.

Fig. 2. FT-IR spectrum of zinc oxide nanoparticle
(Mllicium verum)
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XRD studies

The catalytic and crystal structures were
studied by X-ray diffraction patterns. X-ray diffraction
patterns of the synthesized zinc oxide nanoparticles
show strong diffraction peaks at 31.67°, 34.31°,
36.17°,47.44°,56.46°, 62.62°, 66.21°,67.70°, 72.42°,
77.04° corresponds to 100, 002, 101, 102, 110, 103,
200, 112,201, 004, 202 hexagonal crystal planes. The
particle size was found to be 27.01nm. From peak
values and corresponding lattice planes, hexagonal
wurzite structure of zinc oxide nanoparticles was
confirmed. It is further affirmed by the JCPDS card
No. 36-145147%, Debye-Scherrer equation used to
calculate particle size is given below

D=KA /B cos 6

D-size of the nanoparticles.
A-wavelength of incident beam.
B-full width for half maximum.
B-diffraction angle.

The constant K is shape factor. A=1.5406
A°:K= 0.94. Using this equation, the calculated
particle size is 27.01nm. The XRD pattern is
represented in Figure 3.

SEM Analysis
Using Scanning Electron Microscopy, the
structure and morphology were determined. The
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SEM image of zinc oxide nanoparticles synthesized
from lllicium verum exhibits sphere and flake like
aggregates is represented in Fig. 4. The results of
green synthesis of nanoparticles using various plant
sources are tabulated in Table 1 and compared the
obtained results with them.

Fig. 3. XRD Spectrum of zinc oxide nanoparticle
(lllicium verum)

Fig. 4. Scanning Electron Microscopic image of zinc oxide
nanoparticles (lllicium verum)

Table 1: Comparative results of green synthesis of ZnO noparticles using various plant parts

S.No. Plant (family) Size (nm) Shape
1. Azadirachta indica (Meliaceae) 18 spherical
2. Agathosma beulina (Rutaceae) 15.8 Quasi-spherical agglomerates
3. Aloe Vera (Liliaceae) 8-20 Spherical, oval
4. Coptidis rhizoma (Ranunculaceae) 2.9-25.2 Spherical, rod shaped
5. Phyllanthus niruri (Phyllanthaceae) 25.61 Hexagonal wurzite
6. Pongamia pinnata (Legumes) 26 Spherical, hexagonal
7. Trifolium pratense (Legumes) 60-70 spherical
8. Rosa canina (Rosaceae) 13.3 spherical
9. Solanum nigrum (Solanaceae) 20-30 Wurzite hexagonal
10. Illicium verum (Schisandraceae) 27.01 Sphere and flake like structure

CONCLUSION

Zinc oxide nanoparticles have been
effectively synthesized using lllicium verum and
characterized using different spectroscopic and
microscopic techniques. The UV-Visible spectrum
showed functional band in 375nm region. FT-IR
spectroscopy exhibited a characteristic peak at 544

cm' responsible for ZnO. From spectroscopic results,
the formation of ZnO nanoparticles was depicted.
SEM and XRD analysis gave the morphology and
size of the nanoparticles. The results represented
the formation of sphere and flake like zinc oxide
nanoparticles in the size of 27.01nm. The obtained
results were compared with the earlier studies and
confirmed that the results were acceptable one.
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