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ABSTRACT

Green synthesis of zinc oxide nanoparticles (ZnO
NPs) was achieved by utilizing the reducing and
capping potential of leaf of Azadirachta indica
compared to Hibiscus rosa-sinensis. The bioreduced
ZnO-NPs were characterized using ultraviolet—vis-
ible spectroscopy (UV—Vis spectroscopy), particle
size analyzer (PSA), scanning electron microscopy
(SEM) and energy dispersive spectroscopy (EDX).
The UV—Vis spectral analysis confirmed that the max-
imum absorption at 362 nm range corresponds to the
intrinsic band gap of ZnO NPs. Particle size analyzer
confirmed synthesized particles are of nanoscale i.e.,
below 100 nm. SEM images confirmed synthesized
nanoparticles were found to be relatively rod shaped
and EDX confirmed peak is of ZnO nanoparticles.
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This is a simple and effective method which could
be an alternative for chemical and physical methods
for the large-scale production of ZnO-NPs.
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INTRODUCTION

A nanoparticle is a microscopic particle with at least
one dimension less than 100 nm (Laurent e al. 2008).
Nanoparticles are of great scientific interest due to
their extremely small size and large surface to volume
ratio, which leads to both chemical and physical dif-
ferences in their properties (Khan ef al. 2019). Man
engineered nano materials have received a particular
attention because of their positive impact on improv-
ing many sectors of economy, including consumer
products, pharmaceuticals, cosmetics, transportation,
energy, agriculture and the list goes on (Gubala et al.
2018). Nanotechnology is a promising field of inter-
disciplinary research which opens up wide array of
opportunities in various agricultural fields.

There are several methods available for synthesis
of nanoparticles, such as chemical route, hydro-
thermal route, sol-gel template process, photolumi-
nescence emission technique, microwave-assisted
hydrothermal and decomposition, aerosol process,
sonochemical synthesis, laser ablation, microemul-
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sion method, precipitation method, hydrolyzed in
polar organic solvents, solid-state thermal decomposi-
tion, microwave synthesis (Ghidan et al. 2017). These
routes have many disadvantages due to difficulty of
scale up the synthesis process, separation and purifica-
tion of nanoparticles from surfactants, co-surfactants,
organic solvents, high energy consumption and toxic
by-products. Recently increasing awareness towards
green chemistry and other biological processes have
led to the development of an eco-friendly approach
for the synthesis of nanoparticles (Rosi and Mirkin
2005). This biological approach appears to be a cost
effective alternative to conventional physical and
chemical methods of synthesis.

Green nanotechnology is a flourishing field
generating interest among researchers towards
eco-friendly biosynthesis of nanoparticles and having
a huge potential to bring benefits in areas of interfac-
ing physical, chemical, biological, agricultural and
environmental sciences with myriad applications
(Ghidan et al. 2017). Eco-friendly methods of green
mediated synthesis of nanoparticles are the present
research in the limb of nanotechnology. Green tech-
nology sustains by minimizing harmful polluting
substances in the synthesis of nanoparticles, eliminat-
ing pollutants in current chemical processes. Green
synthesis method is beneficial over other methods
which are implemented for the synthesis of nanoparti-
cles. Plant extracts are used for bio reduction of metal
ions to form nanoparticles. It has been demonstrated
that plant metabolites like sugars, terpenoids, poly-
phenols, alkaloids, phenolic acids and proteins play
an important role in reduction of metals ions into
nanoparticles and support their subsequent stability
(Makarov et al. 2014). Synthesis of nanoparticles
from plant extracts is safe to the environment and the
user. Further, they are easily available and possess a
broad range of metabolites.

Azadirachta indica (L.) is a tropical ever green
native tree to India and is also found in other southeast
countries. In India, neem is known as “the village
pharmacy” because of its healing versatility and it has
been used in Ayurvedic medicine for more than 4,000
years due to its medicinal properties. Azadirachta
indica (leaf, bark and seed) contains antibacterial,
antifungal and antiviral activity (Reddy et al. 2013).

Raphael (2012) reported phytochemical present in
the neem plant such as alkaloids, steroids, flavonoids,
carbohydrates, glycosides and terpenoids compounds.
They are responsible for their medicinal uses.

In this work, the ZnO nanoparticles are syn-
thesized using the cost competitive, simple and
eco-friendly method. The eco-friendly method with
the large scale production and without unwanted
impurities is desirable for the cost-effective prepa-
ration of ZnO nanoparticles. As a consequence, the
low cost precursors such as zinc sulfate heptahydrate
and natural product such as neem leaves are used to
synthesize the ZnO nanoparticles through a simple
green route.

MATERIALS AND METHODS
Cleaning of glassware’s and sterilization

Glassware’s were kept in cleaning solution, pre-
pared by dissolving 60 g of potassium dichromate
(K,Cr,0,), 60 ml of concentrated sulfuric acid
(H,SO,) in one liter of water. Each of these chem-
icals were dissolved separately in 500 mL of water
and finally mixed. The glassware was later cleaned
by washing with detergent solution followed by tap
water and finally rinsed in distilled water and kept for
drying in hot air oven at 100 °C for one hour.

Preparation of leaf aqueous extracts

Fresh leaves of Azadirachta indica were collected in
the UAS Dharwad campus and were washed several
times using deionized distilled water, air-dried and
chopped finely into small pieces. Twenty grams of
chopped leaves were taken in pestle and mortar and
finely ground by adding 100 ml of deionized distilled
water. The extract mixture was then filtered using
Whatman filter paper No. 1 and the filtered mixture
was stored in refrigerator at 4 °C for further utilization
in the experiments.

Preparation of 1000 ml aqueous ZnSO, (2000 ppm)
stock solution

Zinc sulfate (ZnSO,.7H,0) procured from the firm



Himedia was used as a precursor in the synthesis of
zinc nanoparticles. 2.0 g of ZnSO,.7H,0 was dis-
solved in 1000 ml of deionized water and stored in
bottle for use in further experiments.

Standardization of the protocol for green synthesis
of magnesium oxide nanoparticles

The bio-active molecules present in the plant extracts
of Amaranthus retroflexus and Azadirachta indica
were being tried for green synthesis of nanoparticles
with different methods viz., hot plate heating method,
heating with stirring method and autoclave method.
Though several methods were tried, based on the size
(1-100 nm) of the ZnO nanoparticles, one method
(lowest size) was selected for further synthesis of
ZnO nanoparticles.

Hot plate heating method

The different combinations of precursor (ZnSO,) and
plant extract (neem) were kept on the hot plate @
60°C for 30 and 60 minutes and particle size analyzer
observations were recorded.

Heating with stirring method

The different combinations of precursor (ZnS0O,)
and plant extract (neem) were kept on the hot plate
@ 60°C along with stirring for 500 rpm for 30 and
60 minutes and particle size analyzer observations
were recorded.

Autoclave method

The different combinations of precursor (ZnSO,) and
plant extract (neem) were kept in autoclave (121°C
temperature and pressure of 15 pounds per square
inch) for 15 and 30 minutes and particle size analyzer
observations were recorded.

Characterization of synthesized zinc oxide
nanoparticles

The biosynthesized nanoparticles were characterized
in order to know the shape, size and other parameters
by using UV-Visible spectrophotometer (UV-Vis),
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Particle Size Analyzer (PSA) and Scanning Electron
Microscope (SEM) with Energy dispersive X-ray
(EDX).

UV-Visible spectroscopy

Reduction of Zn*? ions to ZnO NPs were confirmed
by UV—Vis spectrophotometer (SP-UV 500DB, Ger-
many) at scanning wavelengths of 200—700 nm based
on their optical absorbance peak. As the size of the
nanoparticle decreases, the band gap increases and
thus, the optical absorbance increases as compared
to that of the bulk particles and therefore their color
changes. The synthesized ZnO NPs were first sonicat-
ed using solid probe Ultra sonicator (inkarp 20 kHz
+50Hz. Sonics Vibracell) for uniform distribution
of nanoparticles. An aliquot of extract was used as
control and the absorbance maximum was recorded
at room temperature.

Particle size analyzer (PSA)

The nanoparticles were further subjected to dynamic
light scattering (DLS) to measure average particle
size, in a high-performance particle-size analyzer
(model Z3000, Nicomp, USA). The sample was
placed in disposable polystyrene cuvettes and the
analysis was carried out at room temperature in trip-
licate with a scattering angle of 90°.

Scanning Electron Microscope (SEM)

The magnesium and zinc oxide nanoparticles were
then subjected to surface morphology analysis by
scanning electron microscopy (SEM, Carl Zeiss,
Germany). A pinch of powder sample obtained from
muffle furnace was uniformly placed on an aluminum
stub with carbon adhesive tape and coated with gold
in a sputter coater and SEM images were captured
with an EVO 18 microscope operated with smart
SEM software and examined at a working distance
between 8§ - 9 mm and different voltage of 5 — 10 kV.

Energy dispersive X-ray (EDX)

The presence of Mg and Zn ions were further con-
firmed by energy-dispersive X-ray spectroscopy
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Table 1. Standardization of the protocol for green synthesis of zinc oxide nanoparticles.

ZnSO, Method employed (min)  Hibiscus leaf extract (ml) PSA (nm) Neem leaf extract (ml) PSA (nm)
2000 ppm (ml)

Heating @ 80°C
10 30 1 620.6 1 3253
10 30 2 642.4 2 326.4
10 30 3 667.6 3 341.6
10 30 4 685.6 4 367.5
10 30 5 693.0 5 430.3
10 60 1 614.6 1 307.5
10 60 2 627.1 2 350.7
10 60 3 643.8 3 351.7
10 60 4 650.7 4 455.1
10 60 5 675.3 5 475.2

Heating @ 80°C with stirring @ 500 rpm
10 30 1 319.9 1 287.4
10 30 2 352.8 2 265.4
10 30 3 362.8 3 255.7
10 30 4 372.7 4 268.4
10 30 5 385.9 5 249.3
10 60 1 297.4 1 189.5
10 60 2 310.8 2 184.7
10 60 3 311.2 3 190.4
10 60 4 322.5 4 201.3
10 60 5 3233 5 216.9

Autoclave method
10 15 1 345.4 1 216.3
10 15 2 391.1 2 202.3
10 15 3 362.6 3 179.3
10 15 4 3289 4 183.8
10 15 5 365.3 5 198.7
10 30 1 375.2 1 168.4
10 30 2 356.4 2 135.2
10 30 3 344.1 3 60.9
10 30 4 324.6 4 99.9
10 30 5 321.5 5 106.7

(EDX), attached to the EVO 18 scanning electron
microscope.

RESULTS AND DISCUSSION

Green synthesis of zinc oxide nanoparticles from
leaf extracts of hibiscus and neem

Hot plate heating method

The varied quantities of Hibiscus rosa-sinensis and
Azadirachta indica leaf extract were used for the
synthesis of ZnO nanoparticles with zinc sulfate
(2000 ppm) as a precursor solution through hot plate

heating method at 80°C . Hot plate heating at 80°C for
30 and 60 minutes, PSA results showed that, particle
size ranged between 693.0 to 614.6 nm for Hibiscus
rosa-sinensis and 307.5 to 475.2 nm for Azadirach-
ta indica (Table 1). The size of the particles were
increasing with the increasing the quantity of plant
extract and decreasing with heating at 60°C compared
to 30°C, but the size of the synthesized particles were
not in the nano range i.e., below 100 nm.

Hot plate heating with stirring method
The varied quantities of Hibiscus rosa-sinensis and

Azadirachta indica leaf extract were used for the syn-
thesis of ZnO nanoparticles with zinc sulfate (2000



ppm) as a precursor solution through hot plate heating
at 80°C along with stirring at 500 rpm. Hot plate
heating at 80°C with stirring at 500 rpm for 30 and 60
minutes, PSA results showed that, particle size ranged
between 297.4 to 385.9 nm for Hibiscus rosa-sinensis
and 189.5 to 268.4 nm for Azadirachta indica (Table
1). The size of the particles were increasing with in-
creasing the quantity of plant extract and decreasing
with heating at 80°C along with stirring at 500 rpm
for 60 minutes compared to 30 minutes, but the size
of the synthesized particles were not in the nano range
i.e., below 100 nm.

Autoclave method

The varied quantities of Hibiscus rosa-sinensis and
Azadirachta indica leaf extract were used for the
synthesis of ZnO nanoparticles with zinc sulfate
(2000 ppm) as a precursor solution through autoclave
method. After reaching 121°C temperature and 15 psi
pressure in autoclave, kept for 15 and 30 minutes,
PSA results showed that, particle size ranged between
321.5t0391.1 nm for Hibiscus rosa-sinensis and 60.9
to 216.3 nm for Azadirachta indica (Table 1). The size
of the synthesized particles was not in the nano range
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i.e., below 100 nm for autoclave period of 15 and 30
minutes for Hibiscus rosa-sinensis leaf extract. But,
for the leaf extract of Azadirachta indica autoclaving
for 30 minutes successfully synthesized particles in
the nano range i.e., 60.9 nm.

Standardized protocol for green synthesis of zinc
oxide nanoparticles by using leaf extract of neem
(Azadirachta indica)

The zinc oxide nanoparticles were successfully syn-
thesized from 10 ml of zinc sulfate solution and 3.0 ml
of neem leaf aqueous extract which was autoclaved.
After 30 minutes of autoclave, maximum number of
Zn** ions to zinc nanoparticles which was confirmed
by change in color from initial yellowish to dark
brown, indicating the reduction of Zn** to ZnO in the
ZnSO, solution (Plate 1). Previous studies suggested
that the aldehyde groups are responsible for reduction
of zinc sulfate to zinc oxide nanoparticles (Nath and
Banerjee 2013). The stability of ZnO nanoparticles
may be due to the free amino and carboxylic groups
that have interacted with the zinc surface. The bonds
of functional groups such as -CO-C—, -C-O— and
—C=C- are derived from heterocyclic compounds

Preparation of Neem leaf extract

Neem Leaves Grounded neem leaf

Final product

—— P—

l l === =

After autoclave for
30 minutes

Green Synthesis of ZnO nanoparticles

ZnSO, Solution

Neem leaf extract ‘
P

Initial colour

Plate 1. Standardized protocol for synthesis of ZnO nanoparticles using neem leaf extract.
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and the amide bands derived from the proteins are
present in the leaf extract and they are the capping
ligands of the nanoparticles. The natural products,
namely flavanones, terpenoids and reducing sugars
are the main constituents of the neem leaf extract that
acts as stabilizing agents (Nath and Banerjee 2013).
Moreover the proteins present in the medium prevent
agglomeration and aids in the stabilization by forming
a coat, covering the metal oxide nanoparticles (Peletiri
et al. 2012). Thus, it is concluded that the neem leaf
extract acts as reducing and stabilizing agents for the
formation of zinc oxide nanoparticles.

Characterization of synthesized ZnO nanopar-
ticles

UV-Visible spectrophotometer

UV-Visible spectroscopy is sufficiently effective
as a preliminary analysis for the confirmation of
nanoparticle formation. According to Mie theory, light
absorbance is directly proportional to the particulate
size of metal nanoparticles, as metal nanoparticles are
conductors and possess surface plasmon resonance
(Kelly et al. 2003). In this study, a strong and broad
surface plasmon resonance peak at 362 nm for ZnO,
was obtained confirming the successful synthesis of
nanoparticles (Plate 2). Previous studies reported that

a surface plasmon resonance peak located between
350 to 400 nm for ZnO nanoparticles synthesized
through different plant extracts as reported by several
researchers Ajayan and Hebsur (2020), Awwad ef al.
(2020), Jayappa et al. (2020), Selim et al. (2020),
Fakhari et al. (2019), Datta et al. (2017).

Particle size analyzer

The particle size distribution analysis revealed the av-
erage diameter and per cent distribution in relation to
intensity-weight, volume-weight and number weight
of nanoparticles. This analysis yielded a diameter
of 60.9 nm for ZnO nanoparticles (plate 3). These
values given by the Gaussian distribution confirmed
by particle size distribution analysis at 100 per cent
intensity single peaks. These results are in agreement
with the previous report given by Ajayan and Hebsur
(2020), and Elumalai and Velmurugan (2015) they
synthesized Zinc oxide nanoparticle using the leaf
extract of neem and the particle size were 101.6 and
40 nm.

Scanning electron microscope (SEM) and energy
dispersive X-ray spectroscopy (EDX)

SEM images of the ZnO NPs synthesized using
the Azadiractha indica leaf extract where the scale

Absorbance

gc}
8

Wavelength (nm)

Plate 2. Characterization of synthesized ZnO nanoparticles from neem leaf extract by UV-Visible spectrophotometerc.
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Plate 3. Characterization of synthesized ZnO nanoparticles from neem leaf extract by particle size analyzer (Nicomp).

bar is 200 nm. Figure X (a) shows the size of ZnO
nanoparticles were below 100 nm. Furthermore, syn-
thesized nanoparticles of various sizes were located
with smooth shiny surfaces and were rod shaped
(Plate 4). Elumalai and Velmurugan (2015) obtained
spherical shaped ZnO nanoparticles. Further analysis
of the ZnO NPs by EDX profile confirmed the signal
characteristic of zinc and oxygen. EDS profile is the

additional evidence of the formation of pure MgO
nanoparticles. Plate 5 presents peaks between 0.5
and 1.2 keV, which indicate the presence of zinc and
oxygen. Plate 5 shows the zinc content at the level of
82.6 %, and the oxygen content at the level of 17.3
%. Several reports have been found that the peak of
Zn in EDX spectra appears to be around the same
region (Joel and Badhusha 2016).

EHT = 10.00 kV
WD = 15.5 mm

Signal A=SET
Mag= 5086 KX

Date :19 Aug 2021
Time :12:12:13

Plate 4. Surface morphology of ZnO nanoparticles by SEM.
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Plate 5. Elemental peaks and distribution of ZnO nanoparticles with EDX.
CONCLUSION antimicrobial activities of zinc oxide nanoparticles from the

Azadirachta indica (neem) leaves aqueous extract can
be used as an efficient reducing and capping agent for
green synthesis of ZnO nanoparticles compared to
Hibiscus rosa-sinensis. The UV-Vis spectral analysis
confirmed that the maximum absorption at 362 nm
range corresponds to the intrinsic band gap of ZnO-
NPs. Particle size analyzer confirmed synthesized
particles are of nanoscale. SEM images confirmed
zinc oxide nanoparticles synthesized were found to
be relatively rod shaped and EDX confirmed peak is
of ZnO nanoparticles. This is a simple and effective
method which could be an alternative for chemical
and physical methods for the large-scale production
of ZnO-NPs.
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