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ABSTRACT: The use of plant extracts has become an interesting ecofriendly method to synthesize and stabilize the
different structures nanoparticles (NPs). This work investigated the effect of plant extract as a reducing and stabilizing
agent on the growth and morphology of ZnO nanoparticles (ZnO-NPs). Green synthesis and growth of spherical ZnO-
NPs was carried out by co-precipitation method using a Zinc acetate salt and various amounts of Azadirachta indica seed
husk extract (20 ml and 40 ml). The synthesized ZnO-NPs were characterized by Fourier transform infrared (FTIR),
scanning electron microscopy (SEM-EDX), and transmission electron microscopy (TEM). The FTIR analyses revealed
the presence of Phenolic alcohol, amines and carboxylic acid groups and ZnO in synthesized NPs with more intense peaks
at higher amount (40 ml) of 4. indica extract. Also, structural morphology analyses using SEM revealed uniform spherical
shaped particles with diameter from 25 to 60 nm (20 ml of extract) and 19 to 35 nm (40 ml of extract) for ZnO-NPs. The
EDX spectral revealed that the required phase of Zn and O was present 69.54% (Zn) and 30.46% (O) at 20 ml of extract,
also 73.71% (Zn), 26.26% (O) at 40 ml of extract respectively and confirmed high purity for the synthesized ZnO NPs.
TEM revealed spherical shaped NPs with diameter ranging from 28 to 52 nm (20 ml of extract) and 8.2 to 11.9 nm (40 ml
of extract) respectively, with a trend reduction in particle size of NPs at higher amount of 4. indica seed extract (40 ml)
and growth of more uniform particles with no agglomeration. The study showed successful growth of spherical ZnO-NPs
with required properties at a higher amount of extract.
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Nanotechnology involves the diverse applications of
nanoparticles in various fields of science.
Nanoparticles are a part of nanomaterials that are
defined as a single particle at 1-100 nm in diameter.
The various methods of synthesizing nanoparticles
include physical, chemical, biological, or green
approaches (Karanassios, 2018). Green synthesis of
nanoparticles using plant extract is a cost-effective and
eco-friendly process, eliminating the use of high
energy and hazardous chemicals necessary in the
conventional synthesis such as physical and chemical
reduction of nanoparticles (Sorbiun et al., 2018). Plant
parts are rich in various phytochemical constituents
such as alkaloids, phenols, flavonoids, terpenoids,
tannins, steroids and anthraquinones (Maria et al.,
2018; Agarwal et al., 2017). The variation of
compounds and the corresponding levels in plant
extract renders green synthesis approach versatile.
Crude plant extract containing various biomolecules
with functional groups such as C=C (alkenyl), C=N
(Amide), O-H (phenolic and alcohol), N-H (amine),
C-H and COO" (carboxylic group) are mainly
responsible for the reduction and stabilization of
metallic ions into metallic nanoparticles (Yadi et al.,

2018; Nethavhanani, 2018). In the green synthesis of
metallic nanoparticles using plant extracts, three
important parameters required are metal salt
(precursors), a reducing agent, and a stabilizing or
capping agent (Husen, 2019). Reducing and capping
agents such as plant extracts are frequently used in
nanoparticle synthesis to prevent overgrowth and
aggregation as well as to control the size of
nanoparticle in a precise way (Haghighi et al., 2018).
Previous studies reported synthesis of ZnO-NPs with
controlled sizes and shapes were achieved by only
varying the concentration of the extract. Madan et al.,
(2016) obtained a plant extract from the leaves of 4.
indica. They obtained nanoparticles of 9-40 nm by
varying the concentration of the extract. With a higher
concentration, they produced nanoparticles of smaller
sizes. The shapes of nanoparticles could also be altered
by changing concentration of extracts. In addition,
they obtained different shapes such as hexagonal,
spherical, and quasi-spherical, bullet, bud and cone.
This study is aimed at investigating the influence of
the amount of Azadirachta indica seed husk extract
acting as the reducing and capping agent in the green
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synthesis of ZnO-NPs. The growth, control of particle
size and structural morphology of ZnO-NPs.

MATERIALS AND METHODS

Chemicals and Reagents: Zinc acetate dihydrate
[Zn(CH3COO0),].2H20, sodium hydroxide (NaOH)
pellets, deionized and distilled water of analytical
grade were purchased and used without further
purification.

Collection and preparation of A. indica Seed Husk: A.
indica seed husk was collected from Zaria Local
Government Area, Kaduna State and authenticated by
a botanist at the herbarium of the Department of Plant
Biology, Ahmadu Bello University Zaria, Nigeria
(Shallangwa et al., 2013). The seed husk was
separated from the kernel and washed repeatedly with
distilled water to remove particulate matter and other
impurities on it, shade dried to constant weight, then
pulverized into coarse powder using mortar and pestle
and stored in air tight containers for further use.

Preparation of Aqueous A. indica Seed Husk: A.
indica aqueous extract was prepared by slight
modifications of the method described by Nava et al.,
(2017). Briefly, about 50 g A .indica coarse powder
were weighed and added into 250 ml beaker
containing 50 ml of deionized water, and was stirred
and heated for about 4 hours in water bath at 40°C.
After cooling, the extracts were filtered through
muslin cloth and through Whatmann No.1 filter paper.
The filtrate was collected in bottles and stored at 4°C
in a refrigerator until use.

Green synthesis of ZnO-NPs using A. indica Seed
Husk Extract: All reagents were prepared according to
standard procedures. The ZnO-NPs were green
synthesized by following the co-precipitation method
described by Africa et al., (2020). Zinc acetate
dihydrate [Zn (CH3COO);].2H,O and sodium
hydroxide (NaOH) were used as precursors. Briefly,
zinc acetate dihydrate (2M) was prepared in 50 ml of
deionized water under constant stirring conditions.
After complete dissolution of the mixture, 20-40 ml of
seed husk extract was added. When the solution was
heated up to 50°C, 50 ml of 2M NaOH was added drop
wise to the prepared solution of zinc acetate and seed
extracts. The mixture was stirred continuously for 2h
on magnetic stirrer resulting in white precipitate. The
precipitate was filtered and washed repeatedly with
distilled water followed by ethanol to remove the
impurities. Finally, a white powder was obtained after
overnight drying of the purified precipitate at 60°C in
oven over night, then annealed at 200°C for 2h and
kept for further characterization.
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Characterization: The surface images, size and
elemental composition of synthesized ZnO-NPs was
captured by a scanning electron microscope/electron
dispersion x-ray (Jeol JSM 7800F) and transmission
electron microscope (Jeol, JSM2010). The surface
functional groups of ZnO-NPs were analyzed by FTIR
spectroscope (Agilent, Cary 630 2017 and FTIR-
8400S Shimadzu, Japan). The spectral were recorded
from 300 to 4000 cm™' with a number of 30 scans.

FT-IR Spectral Analysis: Green synthesized ZnO-NPs
using A. indica aqueous extract was within range of
4004000 cm™' to ascertain the possible
phytochemical constituent which is implicated in
capping and stabilization. The FTIR (figure 1) shows
that synthesized NPs exhibit (broad, sharp) peaks at
3402.54 cm!' (ZnO-NPsl and ZnO-NPs2)
corresponding to stretching bonds of primary O-H
groups from phenols, polysaccharides, and protein.
The peak at 3888.62 cm™ corresponds to the O-H
stretching vibration of the intra molecular hydrogen
bond. The peaks at 293190 cm' (ZnO-NPsl),
2939.61 cm™! (ZnO-NPs2) are attributed to the
asymmetric and symmetric stretching vibrations of —
CHa group, respectively.

The peak at 2260.65 cm™! (ZnO-NPs1 and ZnO-NPs2)
reveals the presence of C—H stretching vibrations of an
aromatic aldehyde. The peaks of 1627.97 cm™' (ZnO-
NPsl), 1643.41-1589.40 cm™'  (ZnO-NPs2)
correspond to C=O stretching vibration of primary
amines (Nethahavanani, 2018). Absorption peaks in
the region covering 1404.42-1141.90 cm™! (ZnO-
NPs1), 1419.66— 1141.90 cm™! (ZnO-NPs2) imply the
presence of an aromatic ring. An absorption peak
found at 1018.45 cm™' (ZnO-NPs2); 1026.42 cm™!
(ZnO-NPsl) corresponds to saturated primary alcohol
C-0 stretching. The above inference justifies the fact
that the presence of phenols, polyphenols and primary
amines in the plant extract could be implicated for
capping and stabilization of ZnO-NPs.

The peak at 663.53 cm™!, 624 cm™' (ZnO-NPsl),
648.10 cm! (ZnO-NPs2) indicates the stretching
vibrations of ZnO-NPs which is consistent with
previous reports on similar studies (Bhuyan et al.,
2015; Nethahavanani, 2018).

The FTIR spectrum, absorption at 400 cm™' to 600 cm
!'identifies the absorption peaks of metal oxide and the
presence of ZnO (Bhuyan et al., 2015; Nethahavanani,
2018) which further confirms the formation of ZnO-
NPs by using plant extracts. The peaks at 439.78 cm™!
(ZnO-NPs1), 455.22 ¢cm™! (ZnO-NPs2) indicates the
presence of ZnO-NPs (Elumalai et al., 2015).
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Fig 1: FTIR spectral of synthesized ZnO NPs1 (blue) and ZnO-
NPs2 (green) spectral lines using 20-40 ml of 4. indica

Scanning electron microscopy analyses: The particle
size distribution of the nanoparticles was estimated
from the Image J software by treating the
nanoparticles as spheres and thus calculating the
particle size distribution from the deduced area. SEM
micrographs in Figure 2 revealed the shape of ZnO-
NPsl was spherical with agglomeration of particles
with size ranging from 25 to 60 nm and ZnO-NPs2
(figure 3) were more uniform spherical shaped
particles with size ranging from 19 to 35 nm. The
morphology of structures indicated a reduction in size
of particles and more uniform larger surface area with
synthesis at higher amount of A. indica seed husk
extract.
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Fig 3: SEM micrograph of synthesized ZnO-NPs2
using 40 ml of A. indica extract
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Electron Dispersive x-ray Analyses: The EDX studies
shown in figure 4 and 5 reveal the elemental
composition of the different ZnO-NPs samples, where
it can be observed that all the samples presented
similar chemical composition. The EDX analysis of
the green synthesized ZnO-NPs using A. indica seed
husk extract confirms the presence of pure ZnO-NPs.
The EDX spectrum of ZnO-NPs show only emission
of strong signals of zinc and oxygen elements, which
confirm ZnO-NPs prepared is essentially free from
impurities and it is seen in the limit of the EDX (figure
4, 5). Additionally, the values shown by these EDX
studies corroborate the presence of zinc oxide in all
samples. Similar kinds of observations have been
reported by Madan et al., (2016) indicating that
increases in the amount of plant extract leads to a
decrease in the particle size of nanoparticles (Fakhari
etal.,2019). It is evident that the morphology of ZnO-
NPs is spherical shaped and well distributed particles
on the matrix with aggregation indicating the presence
of biological material observed which is very similar
to earlier studies of biosynthesized ZnO-NPs by
Bhuyan et al., (2017), Haghighi et al., (2018). This
agglomeration maybe due to polarity and electrostatic
attraction of ZnO NPs rising from the biological
material (4. indica seed husk extract).

ZnO-NPS 1
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Fig 4: EDX spectral of synthesized ZnO-NPsl using 20 ml of 4.
indica extract

ZnO-NPS 2
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Fig 5: EDX spectral of synthesized ZnO-NPs2 using 40 ml of 4.
indica extract
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Theoretically, the expected stoichiometric mass
percent of Zn and O are 80.3% and 19.7%
respectively. The EDX of ZnO-NPs1 was observed as
69.54% (Zn) and 30.46% (O). The emission peaks for
ZnO-NPs2 were 73.71% (Zn), 26.26% (O) was
obtained. The EDX analyses in our study show similar
results for all the synthesized nanoparticles and in
close agreement especially the values for ZnO-
NPslwith reports by Elumalai ef al., (2015) in
previous studies of ZnO-NPs synthesis using 4. indica
leaf extract with atomic and weight percent values of
Zn and O observed as 67.39, 32.61, respectively
without impurities, also our study proved to have
higher elemental composition of zinc and oxygen than
the reported 57.16% and 14.87% of Zn and O by
Bhuyan et al., (2015). It can be noted that ZnO-Nps2
has the highest mass percent of Zn and O. This study
results further confirms that an increase in the amount
of extract has significant effect on the nanoparticles
yielded.

Transmission electron microscopy analyses: The
growth of the ZnO-NPs was analyzed through TEM,
as shown in Figure 6 and 7. TEM micrograph for ZnO-
NPsl1, 2 was digitized using image J software treating
particles as spheres revealed the particles are discreet
and spherical in nature and poly dispersed with size
ranging from 28 to 52 nm and the mean particle size
of 4538 4+ 12.15nm. The ZnO-NPs2 revealed the
particles are distinctly spherical with size ranging from
8.2-11.9 nm and the mean particle size of 10.288 +
1.066. The synthesized ZnO-NPs present different
shapes and a reduction in the particle size of each
sample related to the higher amount of 4. indica seed
husk extract used, which could be ‘attributed to the
polyphenolic content of the 4. indica seed husk extract
as described by Nava et al., (2017).
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Fig 6: TEM micrograph of synthesized ZnO-NPs1 using 20 ml of
A. indica extract

ograph of synthesized ZnO-NPs2 using 40 ml of
A. indica extract

The effect of the A. indica seed husk extract used in
the synthesis of the nanoparticles is largely noticeable.
The smaller amount in sample ZnO-NPsl presents
non-homogenous ragged particles of very irregular
sizes and shapes, with an average diameter of 45.38 +
12.15nm. On the other hand, the larger amount of A.
indica seed husk extract in sample ZnO-NPs2 shows a
more homogeneous material that has very well defined
spherical particles, almost all of which are of a similar
size and shape, with an average diameter of 10.288 +
1.066 nm which is in close agreement with reports of
Bhuyan et al., (2017). Luque et al., (2018) carried out
biosynthesis of purely spherical and hexagonal ZnO-
NPs and different size and shape homogeneity
depending on the amount of extract used.

Conclusion: The green synthesis and growth of small,
stable, spherical and pure ZnO-NPs using various
amount of A4. indica seed husk extract as a reducing
agent was successful. The study confirms that the
growth of Spherical ZnO-NPs is supported by the
presence of phytochemicals in the plant extract,
thereby has significant effects on the growth,
stabilization and control of the size and shape of
synthesized nanoparticles. This research reveals A.
indica seed husk extract as an effective reducing agent
and significantly influences the surface morphology
and structure of the ZnO-NPs.
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