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Abstract

In this contribution an exceptionally simple, cost effective and reliable method
for biosynthesis of ZnO nanoparticles through using Sageretia thea natural
extracts as an effective chelating agent. The morphological analysis shows ZnO
has nanoscale particles size 28.09 nm * 5 nm, crystalline and possess distinct
nanostructure hexagonal wurtzite structure. Effects of heat on ZnO synthesised
at room temperature caused bonds with in the molecule to be broken exhibited
continuous weight loss with 3 quasi sharp changes and 3 endothermic peaks
occurring at 79°C, 228°C and 300°C. A proposed mechanism of reaction for
Zn(NO,), 6H,0 precursor with bioactive compounds in Sageretia thea extract such
as phenolic acid, flavonoids, natural sterolin and vitamin based compounds to
form ZnO nanoparticles. Electrochemically ZnO nanoparticles are electroactive
by exhibiting charge transfer resistance (R,) 82006 Q and bare GCE 3.7707 x
10° Q. Showed good catalytic and conductivity which can be applied for pseudo
capacitors.

Keywords: Biological synthesis, Electrodeposition, Nanoparticles, Sageretia thea,
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Introduction

Nanotechnology is emerging as a new field of research dealing
with synthesis of nanoparticles (NPs) and nanomaterials for their
applications in various fields such as electrochemistry, catalysis,
sensors, biomedicines, pharmaceutics, health care, cosmetics,
food technology, textile industry, mechanics, optics, electronics,
space industry, energy science, optical devices, etc [1-3]. The
only reason for using nanotechnology in different fields is its
unique capability to enhance the efficiency of the system when it
is incorporated with nanotechnology [4]. In nanotechnology, the
most usable thing is nanoparticle, also often called “engineered
nanomaterial” [2,5]. In common sense nanoparticles are the
collections of atom bonded together with smallest sizes as stated
above. Another highly attracted property of nanoparticle is its
large surface area which makes it more efficient to interact with
solvent molecules when it is added for making suspension [6].
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transfer, cooling, and insulation and property of mechanical
strength like ultra-high strength of material [3,7].

Along with this the most significant properties of nanomaterials
also include optical transparency, colour change, chemical
catalysis, electrical conductivity, thermal properties like heat

Metallic oxide nanoparticles, specifically nano-scale ZnO have
gained considerable importance in recent years due to their
wide range of applications in various field of science [4,8].
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Furthermore, ZnO is an environmentally friendly material,
several physical and chemical methods have been developed to
obtain ZnO micro- and nanoparticles with different morphology
[9]. Numerous strategies such as chemical vapour deposition,
electrochemical deposition, hydrothermal solution synthesis,
and sol-gel processing have been developed for the synthesis of
ZnO nano materials [10-12]. There are several studies that have
been reported on ZnO nanoparticles with different applications,
there are as follows:

Zinc oxide nanoparticles have been viewed as one of the
most promising active materials with high energy density of
650 A h/g for super capacitors, due to its significant advantages
of low cost, abundant availability, environment friendly nature
and electrochemical activity [9,13,14]. Super capacitors have
received increasing attention as energy storage devices in the
recent years because of their high-power density, excellent
cycle performance, ultrafast charging/discharging rate, low cost
and environment friendly [14-16]. Much of research effort has
been devoted to achieve high performance super capacitors,
and reveals that both of electrode structure and Faradic active
materials are very important factors that have significant
influence on the capacitance performance [14,17,18].

Zn0O nanoparticles have gained momentum in the past decade
for providing a broad spectrum in resistance against bacteria.
Since bacterial pathogens have been found to develop resistance
against antibiotics [6,19,20]. There are only a few reports
demonstrating antibacterial activity of ZnO nanoparticles against
multiple-antibiotic-resistant (MAR) strains [21]. The first evidence
of ZnO action against multidrug resistance S. aureus came, found
that the killing ability of zinc oxide against multidrug resistance
cells increased in the presence of some common antibiotics such
as ciprofloxacillin [6,20,21]. Although the combination therapy
is found useful against multidrug resistance bacteria, the exact
mechanism of nanoparticle action still remains ambiguous. The
mechanism for bactericidal property of ZnO has been described
to be the production of Reactive Oxygen Species (ROS) that
internalize the bacterial cell envelope and the damage it leads to
subsequent cell death. A number of studies have indicated that
the primary cause of the antibacterial action might be from the
disruption of cell membrane [6,19-21].

Gas sensors constructed with ZnO nanomaterials for instance,
have been extensively investigated to detect chemicals, such as
ethanol, NO, and H_S [14,22]. Especially, 2D ZnO nanosheets with
mesoporous structures exhibit excellent gas sensing properties
including high sensitivity, good selectivity and long-term
stability [14,22,23]. Zn (OH),CL-H,O, as one type of precursors
to topologically produce ZnO nanomaterials, has also attracted
attention for their gas sensing applications, such as hydrogen
gas sensor with highly improved response of 55 at 300°C
[14,23]. It has been reported that ZnO nanoparticles can readily
agglomerate, owing to their high surface energy [24]. Therefore,
having an applicable strategy to control ZnO-NPs agglomeration,
e.g., surfactant coating or capping, is crucial to encounter
biofluids [2,5]. In addition, for such biological applications as
sensing or drug delivery, the surface of ZnO nanoparticles should
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be functionalized to preserve water solubility and probe/drugs
bioconjugate attachment [6,22,25]. Although, bulky form of
ZnO particles have been recognized as generally recognized as
safe material by the FDA and many researchers have indicated
the low toxicity of their nano-scale form against normal cells,
coating of nanoparticles is also an appropriate method for
reducing unwanted toxicity and improving biocompatibility of
nanoparticles [7,26,27]. To date, a number of capping agents
or polymeric compounds have been employed to modify and
functionalize ZnO nanoparticles [7,11,28].

These conventional techniques used for synthesis of metal NPs
are quite expensive and hazardous to the environment due to
involvement of various perilous and hazardous chemicals in their
synthesis responsible for various health risks [6,7,29]. During
the last decade, researchers showed their interest to biological
method involved in synthesis of metal and metal oxide NPs,
and the development of this biologically inspired technique is
evolving as an important branch in the field of nanotechnology
and nanoscience [1,2,30]. In the biological synthesis method, the
use of plant extracts, fungi, microbes, and raw materials of fruits
and vegetables are used for synthesis of metal and metal oxide
NPs [26,31,32]. The various types of NPs have been synthesized
by using this green and eco-friendly way using plants extract
and microbes [22]. The morphological structure of NPs plays
an important role in controlling chemical, physical, and optical
properties [33,34].

The plant extracts used were from Sageretia thea a member
of the family Rhamnacea, a plant common in certain regions of
Paskistan. Various phyto-chemical studies carried out on different
parts of these tree species show that the extracts obtained from
the Sageretia thea contained flavonoids, polyphenols, steroids,
alkaloids and triterpenoids [1,11].

This study attempts to take advantage of interaction between
Sageretia thea plant extracts and zinc metal precursor to prepare
nano ZnO, reported for the 1% time. Generally, the extracts
contain myricetrin, syringic acid, daucosterol, beta-sitosterol,
quercetin and glucopyranoside which forms chelation with zinc
metals by adsorption to finally form nano ZnO. Apart from the
zinc containing precursor, there was no use of inorganic neither
organic solvents nor surfactants in this method of synthesis
making the process environmentally friendlier. The main purpose
is to achieve a deeper insight into a systematic investigation on
thermal stability, structural, morphological and electrochemical
activity of ZnO nanoparticles. Mechanisms of formation of ZnO
nanoparticles via zinc precursor and phytochemical bioactive
compounds of the natural extract is proposed.

Methods

Synthesis of ZnO nanoparticles using green
extracts

Zinc nitrate hexahydrate (Zn(NO,), 6H,0) was purchased from
Sigma Aldrich, and Sageretia thea leaves was from Pakistan

(middle east Africa) [1]. In a typical setup 6.32 g of Sageretia thea
leaves were heated in 200 ml of deionized water at a temperature

This article is available in: http://nanotechnology.imedpub.com/archive.php



range between 80°C and 90°C for 2 to 3 hours. The green extract
with a pH of 3.92 was filtered after cooling to room temperature
and added 1.623 g of (Zn(NO,), 6H,0) Zinc nitrate hexahydrate
salt. The extract with the metal precursor was heated to 90°C
for 1 hour under constant stirring with a magnetic stirrer. The
salt was observed to have completely dissolved in the aqueous
extract with a formation of a brown precipitate. The precipitate
was separated from the aqueous extract by decanting then by
centrifuging at 3500 rpm 3 times to 4 times over washing the
precipitate with deionised water. Subsequently calcination was
carried out at 300°C and 500°Cfor 2 hours in open air, obtained
highly crystalline nanocrystals white in colour which was later
confirmed by structural analysis. Phytochemicals of Sageretia
thea are known to be phenolic acid, flavonoids, natural sterolin
and vitamin based compounds [1,35].

Characterization techniques

Various techniques were used to characterize and investigate
thermal stability, structural, morphological and electrochemical
activity of ZnO nanoparticles. The phase identification of
the annealed powders ZnO was performed on an X-Ray
Diffraction (XRD) Model Bruker AXS D8 advance with radiation
)\Cuku1=1.5406ﬂ. A simultaneous differential scanning
calorimetry/thermogravimetric analysis (DSC/TGA) was used
to characterize the decomposition and thermal stability of
nanoparticles measured from 50°C to 500°C at the heating rate
of 10°C/min. A Fourier transform infrared (FT-IR) absorption
spectrometer (Shimadzu 8400 s spectrophotometer, 400 cm™to
4000 cm™) as well as Raman measurements (LabRam HR by Jobin-
Yvon Horiba scientific Explora, France) with a 1200 line mm™
grating coupled to a microscope (Model BX41, Olympus). High
Resolution Transmission Electron Microscopy (HRTEM) analysis
was carried out on a Philips Technai TEM instrument operated
at an accelerating voltage of 120 kV. The Energy Dispersive Xray
Spectroscopy (EDS) was performed on an EDS Oxford instrument
for elemental analysis.

Electrochemistry

All electrochemical measurements were carried out using a
Potentiostat/Galvanostat Autolab 30 equipped with a Frequency
Response Analyzer (FRA 4.9). This was then interfaced with
a personal computer and controlled by GPES 4.9 and FRA 4.9
software (Eco Chemie, B.V., Utrecht, The Netherlands). Used a
conventional three-electrode system consisting of a 1.0 mm
Glassy Carbon Electrode (GCE) as the working electrode, platinum
wire as the auxiliary electrode and Ag/AgCl (with 3 M NaCl salt
bridge) as the reference electrode. The cyclic voltammetry (CV)
was recorded under argon atmosphere. The GCE/ZnO electrode
was prepared by dissolving ZnO nanoparticles in ethanol, the
solution was ultra-sonicated using a warm bath for 10 mins.
Alumina micro polish (1.0 mm, 0.3 mm and 0.05 mm alumina
slurries) and polishing pads (Buehler, IL, USA) were used for
polishing the working electrode (GCE) surface before and after
measurements. The 4 uL of the solution was drop coated on the
surface area of GCE and dried in the oven at 20°C for 30 mins.
All the electrochemical experiments were deoxygenated by
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bubbling with highly purified argon gas for 20 mins and blanketed
with argon throughout the experiment.

Electrochemical measurements were performed in 10 mL of
0.1 M H,SO, electrolyte over a potential range of -900 mV to
+100 mV the solution was used as the test solution for ZnO
nanoparticles. Electrochemical impedance spectroscopy (EIS) of
the nanoparticles modified electrodes were measured in 0.1 M
H,SO, at a perturbation amplitude of 10 mV within a frequency
range of 100 kHz to 100 mHz.

Results and Discussion
X-Ray diffraction (XRD)

Figure 1 The crystal structure of prepared ZnO at room
temperature and annealed at 300°C and 500°C were confirmed
using X-ray diffraction. The spectra of the non-annealed nano
powder displayed an amorphous signature. The annealed nano
powder showed peaks that can be indexed to the hexagonal
wurtzite structure ZnO, which coincide with the standard JCPDS
card (No.36-1451) [4,7,36]. The Bragg peaks are ascribed to
crystallographic reflection from the (100), (002), (101), (102),
(110), (103), (200), (112), (201) and (202) plane [37]. The strong
sharp diffraction peak indicate that ZnO nanoparticles annealed
at 500°C are well crystallized [6,31]. The crystallite size of

ZnO nanoparticles were calculated from peak broadening of
diffraction peak using Scherrer formula [9,17,38,39].

WA
D= Brozfg (1)

In this equation 1, A represents the wavelength of X-ray
radiation, B is the full width and half maximum of the diffraction
peak and ©, the Bragg’s angle. The average crystallite size of
Zn0 nanoparticles annealed at 500°C was 31.03 nm and for ZnO
annealed at 300°C was 25.15 nm. The crystal structure of ZnO
annealed at 300°C and 500°C is Wurtzite in which the oxygen
atoms are arranged in a hexagonal close packed type with Zn
atoms occupying half of the tetrahedral sites. The Zn and O
atoms are in tetrahedral coordination to each other. The lattice

a N

Zn0O

101

Intensity (counts X1000)
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Figure 1 XRD patterns of ZnO nanoparticles annealed at 300°C

K and 500°C. /
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parameter of ZnO hexagonal structure and the plane spacing d, |
is related to the lattice constant a, ¢ and the miller indices by
[22,35,39].
1 4 (h:+hk+k‘":l 12
=cl—+ = (2)

digg 3 a* o

The lattice parameter was calculated using the above equation
with the Bragg’s law (2d, sin©=n}), we calculated the values of
“a” and “c”. The lattice constant calculated from (101) peak. The
value of “a” for ZnO NP/500° C and ZnO NP/300°C was 3.247 and
3.253 A and “c” was 5.206 and 5.202 A respectively. The XRD
suggest that on set crystallization does not begin until = 300°C
before which ZnO nano-powder produced is amorphous.

Thermogravimetric Analysis TGA/Differential
Scanning Calorimetry (DSC)

Figure 2 reports a typical DSC/TGA curves of the biosynthesized
ZnO based product heated at 10°C/min. thermogravimetric
analysis is a process in which a substance is decomposed in the
presence of heat which causes bonds within the molecules to be
broken [28,36]. The TGA profile exhibits continuous weight loss
with 3 quasi sharp changes occurring at 79°C, 228°C and 300°C
followed by constant plateau. The first decomposition step with
a percentage weight loss of (10.1%) may be due to desorption of
physically adsorbed water. The second and third decomposition
with a weight loss percentage of (21.3% and 30.7%) is due to
chemically absorbed water, alcohol, organic matter and the
hydroxide group [5,35,36]. Hence annealing at above 350°C
guarantee the formation of ZnO nanoparticles. The DSC curve
of the biosynthesized ZnO nanoparticle revealed 3 endothermic
peaks at 79°C, 228°C and 300°C. The peak at 79°C might be
due to loss of volatile surface molecules adsorbed. The peak at
228°C is due to the conversion of Zinc complex to Zinc hydroxide.
Lastly the peak at 300°C is due to the formation of Zinc Oxide
nanoparticles and decomposition of organic matter [35,36]

High Resolution Transmission Electron
Microscope (HRTEM)

Figure 3 reports a typical High-Resolution Transmission Electron
Microscope (HRTEM), Energy Dispersive X-Ray (EDX) as well as
Selected Area Electron Diffraction (SAED) of ZnO nanoparticles
annealed at 500°C in air. Figure 3a shows that the particles were
highly agglomerated quasi-spherical in shape [37]. The average
diameter of the nanoparticles was found to be of the order of
(fpam.des) = 28.09 £ 5 nm. To conclude on the degree of crystallinity
of the nanoparticles, several HRTEM and SAED analysis were
carried out (Figures 3b and 3c). The bulk of the nanoparticles
appear to be polycrystalline [11,23]. The reticular distance of the
observed lattice fringe is 0.29 nm which is in good agreement
with ZnO [100] (d, ,=0.287 nm) interreticular plane distance
[40]. In Figure 3d reports the EDX analysis of ZnO nanoparticles,
distinct peaks of O, Zn and Cu are present. Zn and O are related
to ZnO nanoparticle while Cu is due to the copper grid on which
the nanoparticles were drop coated to minimize electrons from
charging [10,39].
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Figure 2 Simultaneous TGA/DSC of ZnO nanoparticles before

annealing. /

Fourier Transform Infrared (FTIR) and proposed
mechanism of reaction

FTIR was used to confirm the nature of ZnO nanoparticles,
composition and functional groups at the surface in order to
identify the potential ZnO mechanism of formation. A study
was carried out on the Sageretia thea natural extracts and
the biosynthesised Zn based product and an annealed ZnO
nanoparticles at 300°C and 500°C. Figure 4 showed absorption
bands for ZnO RT 2685 cm™®-3553 cm™ can be assigned to C=C,
O-H, COOH and OCH,, absorption band at 1239 cm?-1903 cm™
can be assigned to C=0, CH, and C=C aromatic of various bioactive
compound of Sageretia thea natural extract as shown in Figure
5. Before and after the process of annealing it can be seen from
the spectra that there is an intrinsic absorption band below
1000 cm™ in the finger print region arising from inter-atomic
vibrations [35,41]. The absorption peak at 457 cm™ is associated
to the stretching mode of ZnO nanoparticles at RT, annealed at
300°C and 500°C. after annealing the FTIR spectrum indicated no
significant absorption peaks at higher wavelength, indicating the
nature of nanoparticles formed [35,41,42].

In Figure 5 major bioactive compounds present in Sageretia
thea extracts are shown in order to bring understanding how
metal precursor salt (Zn (NO,),. 6H,0) can transform in to ZnO
nanoparticles. The action of different biological compounds as
both chelating and capping agents, the proposed mechanism of
reaction shows how [1,2,30]. Glucopyranoside has been chosen
as a representative compound to propose the mechanism.
The aromatic hydroxyl group adhere to zinc ions which lead
to a stable complex of zinc and glucopyranoside. After the
process of annealing the complex decomposes to give rise to
Zn0O nanoparticles. Polyphenolic compound such as myricetrin
and syringic acid are responsible for bioreduction [6,8,32]. The
presents of a carboxylic group it stabilizes the ZnO nanoparticle
and prevents growth [1,35,43].

Raman spectroscopy

Raman scattering is a useful technique to investigate the
nanomaterials [11]. Figure 6 shows the RT Raman spectra of

This article is available in: http://nanotechnology.imedpub.com/archive.php



2017

Vol.3No.2:9

Nano Research & Applications

ISSN 2471-9838

12004

— Acquired EDX
2n _ q X
10004
8004
%] Zn
T 004
3
3
4004,
200 Cu
Zn
10000 15000 20000

0
(C) ° " Energy (keV)

(a) and (b) HRTEM image of ZnO annealed at 500°C, (c) EDX spectra of ZnO annealed at (d) 500°C and
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K HIEHISl Selected electron diffraction patterns of ZnO nanoparticles annealed at 500°C. J
f \ high intensity of the E, mode and the weak 2E, mode (370 cm™;
Zno ZnO 300°C and 329 cm, 375 cm™; ZnO 500°C) indicate the high
104 crystallinity of ZnO [45]. The peak at 531 cm?, 571 cm? (ZnO
g B_Z:’:J[‘\ 300°C) and 579 cm™* (ZnO 500°C) can be assigned to Ao and
© 500C Eio) vibration mode. The sample absorption maybe the reason
E 6+ - for the decrease of the Raman peaks [4,46,47]. The broadened
5 4] 1 , weak peak at 579 cm? (ZnO 500°C) appeared in the spectra
1239-1903 cm 300C . ;
o is usually related with the defects of the O-vacancy and Zn
E  2qs7cm” 2685-3553 cm ™| interstitial [4,11].
% 04 o 3 - Electrochemical study
2 2470 G=C Argmatic ggg: Figure 7 shows the electrochemical performance of ZnO
S 1000 180D 2000, 2200 5000 BENC ARoD. ARG nanoparticles annealed at 500°C drop coated on GCE were
A investigated by cyclic voltammetry (CV)in 0.1 M H,SO, electrolyte.
Wavenumber {(cm™')
The ZnO nanoparticles displayed good reactivity in the potential
Figure4 FTIR spectra of Sageretia thea extracts and ZnO window -900 mV to +100 mV from the scan rate was 20 mV.s?,

K nanoparticles annealed at 300°C and 500°C. J

Zn0 nanoparticles at RT, annealed at 300°C and 500°C. Samples
shows a higher peak at 483 cm™ (ZnO RT), 492 cm™ (ZnO 300°C)
and 483 cm™ (ZnO 500°C) which can be assigned to the E, (high)
vibration mode of the ZnO non-polar optical photons [44]. The

© Under License of Creative Commons Attribution 3.0 License

40 mV.s?, 60 mV.s?, 80 mV.s? till 100 mV.s?, respectively. The
increase in the current density with the increase in the potential
scan rate is attributed to the excitation signal caused during the
charging of the interface capacitance by the charge transfer
process. Thus, showing the CV for bare GCE and ZnO nanoparticles
at different scan rates [35,48]. The shape of the curves is nearly
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Figure 6 Cyclic voltammogram in test solution 0.1 M H,SO,
of ZnO nanoparticles modified on glassy carbon
electrode (GCE/ZnO) at different scan rates; 20
mV.s?, 40 mV.s?, 60 mV.s?, 80 mV.s?, and 100 mV.s®
! respectively.

\_ /

rectangular show clear increase in current with scan rate which
suggests the contribution from faradaic reaction [15,31]. It is
further interesting to note that CV curves remain unchanged as
scan rate increase thus indicating the excellent electrochemical
reversibility and exceptional high rate performance [49]. The
electrode exhibits relatively high current density, corresponding
to high capacitance which might be attributed to its morphology
and good conductivity [33,35,50].

Figure 8a the charge transfer resistance (R,) of ZnO NP was the
lowest (R =82006 Q) compared to that of bare GCE working
electrode (3.7707 x 10° Q), indicating that the ZnO nanoparticles
have good conductivity as compared to bare GCE and played
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Figure 7 Cyclic voltammogram in test solution 0.1 M H,SO,
of ZnO nanoparticles modified on glassy carbon
electrode (GCE/ZnO) at different scan rates; 20
mV.s?, 40 mV.s?, 60 mV.s?, 80 mV.s?, and 100 mV.s
! respectively.

\_ /

an important role in accelerating the transfer of electrons
[38,47]. This can be attributed to the increased catalytic and
improved conductivity properties portrayed by nanoparticles.
Electrochemical Impedance Spectroscopy (EIS) is a very powerful
tool used to investigate the electrochemical characteristics of the
electrode/electrolyte interface using a Nyquist plot, which is a
representation of the real and imaginary parts of the impedance
in a sample [51,52]. The impedance parameters were obtained
by fitting using an equivalent circuit and the fitting errors were
less than 2%.

In Figure 8b shows plots of phase angle changes with frequency
for ZnO nanoparticles. Bode plots showed remarkable electronics

This article is available in: http://nanotechnology.imedpub.com/archive.php
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of ZnO nanoparticles interfaces. The frequency of maximum
phase angle increased with the phase angle decreasing to
semiconductor value of (70.9°) for ZnO nanoparticles [53]. The
Bode plot gives direct information on the frequency and phase
angle. The frequency at maximum phase is a useful parameter in
determining the double layer capacitance. In most applications
however, analysis of both Bode and Nyquist plots is highly
advised in order to conclusively study electrochemical processes
at interfaces [52,54,55].

Conclusion

In summary, ZnO nanoparticles were successfully biosynthesised
using natural green extracts of Sageretia thea with an average
particle size of 28.09 + 5 nm. The XRD patterns of the sample show
Zn0O annealed at 300°C and 500°C exhibit wurtzite structure with
no secondary phases. The ZnO after synthesis was amorphous
after heat treatment significant crystallization was observed at
300°C and 500°C. The TGA exhibited weight loss were 3 quasi
sharp changes and DSC exhibited 3 endothermic peaks at 79°C,
228°C and 300°C were heat causes bonds within the molecules
to be broken. HRTEM showed ZnO to be nanoparticulate and
polycrystalline with EDX showing composition of the material.
FTIR spectra was used to propose a possible mechanism were

© Under License of Creative Commons Attribution 3.0 License

biological compounds act as both chelating and capping agents.
The Zn** ions are considered to react with phytochemicals of
Sageretia thea which are phenolic acid, flavonoids, natural
sterolin and vitamin based compounds to form nanoparticles.
Raman spectrum showed a red shift and broad features in all
peaks which can be ascribed to a quantum confinement effect
observed in nanosized ZnO. The voltammetric studies showed
that the GCE/ZnO electrode exhibits relatively high current
density, corresponding to high capacitance. The EIS showed
ZnO nanoparticles has good catalytic and conductivity while
the bode plot proved that the material is a semiconductor.
Electrochemical activity of the material showed that it can be
used as an electrocatalyst or applied for pseudo capacitors. This
method demonstrated that natural extracts can be used as a cost
effective, eco-friendly alternative in preparation of metal oxides
nanoparticles, in this instance ZnO.
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