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Abstract: The current studies presented the green
synthesis of zinc oxide and copper doped ZnO
nanoparticles (NPs) using different ratios of Neem leaf
extract and its antibacterial application on drug-resistant
bacteria. The synthesized NPs were characterized using:
X-ray diffractions (XRD), Fourier Transform Infrared
Spectroscopy (FT-IR), Scanning Electron Microscope
(SEM), UV-visible spectroscopy and a simultaneous
DTA-TGA thermal analyzer. All the synthesized materials
were stable above 400°C. The powder diffraction studies
indicated the formation of phase pure materials with
wurtzite structure for pure ZnO and 0.5%, 1%, 1.5% Cu
doped ZnO with the crystallite size in the range of 16.07 —
23.74 nm. SEM analysis revealed the formation of spherical
shaped NPs with large grain size for 10% (v/v) ratio of
aqueous leave extract. The aqueous extract of neem act as
capping agent and prevent the NPs from agglomeration.
The spectral studies confirmed the formation of NPs with
the absorbance peak that is different from the micro-
size ZnO. The antibacterial activities of the synthesized
materials ZnO (1:1) against Staphylococcus aureus and
uncalcined ZnO (7:3) and (Zn,Cu, . O) against Bacillus
subtilis were enhanced when referenced to the standard
gentamicin.
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1 Introduction

Zinc oxide NPs has been under investigations by many
researchers for its medical and other applications [1,
2]. Nanoscale zinc oxide shows unique properties in
comparison to its micro size. These excellent properties
of ZnO NPs are due to a large number of surface zinc
ions and higher surface energy, which allows increased
interaction of NPs with bacteria [3]. ZnO NPs, based on
its unique properties such as non- toxicity, selectivity and
biocompatibility with skin, makes it a suitable additive for
textiles, sunscreen emulsion, and surfaces that come in
contact with human body. Therefore, it can be regarded
as a promising nano-material [4]. For the synthesis of
ZnO NPs, the optimization of the synthesis parameters
(like temperature, precursor, time, concentration, pH of
reactant, etc) leads to NPs of different size, shape, and
properties. The addition of a capping molecule could also
greatly influence the size confinement of nanostructures,
which in turn affects the physical properties. A significant
variation in size is noted with the addition of capping
molecules [5-12]. The functionality and efficiency of ZnO
NPs and nanostructures can be enhanced by increasing
and modifying their surface by adding dopants like copper
[13, 14]. For the environmental concern, researchers are
using nontoxic chemicals and green methods for the
synthesis of NPs for medical and other applications [15].
Several reactions require high temperature and pressure
for initiation, while some require inert atmosphere
protection, usage of toxic solvents, template and stabilizer
for the synthesis of bioactive metal oxide NPs [16, 17].
Green approaches using microorganisms, including
bacteria, fungi, yeast, and plant extracts have been
used in the synthesis of NPs [17, 18]. Synthesis of NPs
using microorganisms involves complicated processes
due to cell cultures, and multiple purification steps. In
this regard using plant extract methods for the synthesis
of NPs has increasingly become a topic of interest as
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Table 1: Leave extract ratios used for the synthesis of nanoparticles.
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No Precursors Ratio of leaf extract

Abbreviation

Zn(CH,C00),.2H,0
Zn(CH,C00),.2H,0
Zn(CH,C00),.2H,0
Zn(CH,C00),.2H,0

A W N R

Neem Leaf Extract (1:1) Ratio(25 mL:25mL)
Neem Leaf Extract (3:2) Ratio(30 mL:20mL)
Neem Leaf Extract (7:3) Ratio(35 mL:15mL)
Neem Leaf Extract (9:1) Ratio(45 mL:5mL)

Zn0(1:9)
Zn0(3:2)
Zn0(7:3)
Zn0(9:1)

conventional chemical methods are expensive and require
the use of organic solvents as reducing and capping agents
[19, 20]. In this work, we report the synthesis of pure and
copper doped ZnO NPs using different ratios of Neem leaf
extract in order to obtain a new product with the better
antimicrobial activities [21, 22].

2 Experimental

2.1 Preparation and Characterization

Leaves of Neem (Azadirachta Indica) were collected and
washed several times with sterilized distilled water. The
aqueous extract of the sample was prepared by boiling
25 g of fresh leaves in 250 ml glass beaker along with
100 ml of double distilled water, at 60°C for 20 minutes
while stirring with a magnetic stirrer until the color of
the aqueous solution changed to brown. The extract was
cooled to room temperature and filtered using Whatman
filter paper. The extract was stored in a refrigerator to be
used for the subsequent experiments [23]. To synthesize
zinc oxide in (50:50) ratio 25 mL of neem leaf extract was
added to 25 mL of 1M Zinc Acetate Dihydrate. The mixture
was stirred continuously using magnetic stirrer and the
solution was kept at pH 7.0 by dropwise addition of 0.5
M sodium hydroxide at room temperature resulted in the
formation of a precipitate. The precipitate was filtered and
washed repeatedly with water followed by ethanol in order
to remove impurities, dried in an oven at 60°C overnight,
ground to fine powder, and calcined at 400°C for 1 hour in
Muffle furnace under air atmosphere. For the preparation
of Cu doped ZnO (Zn,  ,Cu O) with: x = 0.005, 0.01 and
0.015, which are denoted as, (Cu-ZnO-05, Cu-ZnO-1 and
Cu-Zn0-15), 80 mL Zn (CH,C00),.2H,0 (0.5033 M), 10 mL
Cu(NO,),.3H,0 (0.02077 M) and 10 mL of neem leaf extract
were mixed into 250 mL beaker. The same procedures were
used with different ratios of aqueous extract as indicated
in Table 1 for the synthesis of more NPs.

2.2 Characterizations

Thermal analysis was carried out using DTA-TGA
apparatus (DTG-60H, Shimadzu Co, Japan) to determine
the calcination temperature of the synthesized materials.
8.475 mg of as-synthesized ZnO NPs using zinc acetate
precursor and 8.117 mg of Cu doped ZnO NP samples
were placed in a platinum crucible on the pan of the
microbalance and heated to 1000°C, using AL, as inert
material. The phase identifications of the synthesized NPs
were investigated using D8 Advance Diffractometer. XRD
patterns were recorded from 26 = 10 to 80° using CuK_ (I
=1.54 A) at 40kV, and Debye Scherrer’s equation was used
to estimate the crystallite size. The microstructure and
surface composition of the NPs analysis were investigated
with the scanning electron microscope (SEM) and
Energy Dispersive X-ray Spectroscopy (EDS). The optical
properties were investigated using UV-Vis spectroscopy.
FTIR study was conducted on compressed pellets
prepared by mixing powders with potassium bromide.
Antibacterial activity of the synthesized NPs were tested
against gram-positive (Staphylococcus aureus and Bacillus
subtilis) and gram-negative (Escherichia coli and Proteus
mirabilis) bacteria by the disc diffusion method using 200
KL of each sample with 10 mg/ml concentration saturated
with 6 mm diameter disc placed on plate and incubated at
37°C for 24 hours.

Ethical approval: The conducted research is not
related to either human or animal use.

3 Results and Discussion

3.1 Thermal Analysis

Figure 1 depicts the TGA-DTA curves for the thermal
transformation of Zn-complex with leaf extract. TGA
showed a weight loss in two steps at 110 and 400°C, while
DTA showed one endothermic peak and one exothermic
peak at 110 and 400°C respectively. The endothermic
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Figure 1: Thermal Analysis result of as synthesized oxides of a) ZnO and b) Zn_ . Cu_ . .O
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Figure 2: XRD patterns of pure ZnO synthesized using (10%, 50%) &
Cu doped Zn, Cu O (x=0.5% & 1.5%).

peak at 110°C was due to the removal of water and the
peak at 400°C was due to decomposition of acetate ions
and organic binders from leaf extracts. Dehydration from
Zn-complex at 110°C is endothermic. No considerable loss
was observed after 400°C up to 1000°C, which implies the
Zn0 and Cu-doped ZnO NPs were thermally stable above
400°C.

3.2 XRD-Analysis

Figure 2 (a, b, ¢ & d) shows the XRD pattern of ZnO with
10%, 50% and Zn, Cu O samples, where: x = 0.005 and
0.015 respectively. All the indexed diffraction peaks were
matched with the hexagonal phase ZnO reported in JCPDS
card No 36-1451 [24, 25]. The average crystallite size of ZnO
(10%), ZnO (50%), Cu doped ZnO NPs for Zn_, .Cu O

0.995 0.005

0.9957°0.005°

and Zn,..Cu, O were found to be 19.8nm, 23.7nm, 18.4

nm, and 16.1 nm respectively.

3.3 HRSEM & EDX-Ray Spectroscopy
Analysis

Figure 3(a-f), micrographs of pure and copper doped
ZnONPs synthesized using different ratios of neem leaf
extract revealed the influence of leaf extract or capping
agent concentration on the grain size of synthesized
materials.

As it is observed from SEM images of Figure 3 (b-f),
the grain size of the particles increased when the volume
ratios of leaf extract decreased from 50% to 10%. This is
due to the high concentration of the capping agents in the
reaction media. The calcinations of the as-synthesized
particles removed the bonded organic capping agents
and counter anions through decomposition reactions. The
surface morphology of the synthesized samples viewed
through the high-resolution scanning electron microscope
revealed the morphology of ZnO NPs synthesized from
zinc acetate has agglomerated spherical shapes. On the
SEM image of Cu doped ZnO (Zn,,Cu,,.0O), Figure3c,
cluster, flake-like and agglomerated spherical shapes
were observed. The composition analysis of the samples
determined by energy dispersive X-Ray spectroscopy
(Figure 4) confirmed Zn and O are the major elements and
the absence of foreign material in the spectrum.

3.4 FT-IR spectroscopy Analysis

Figure 5a-c shows the FT-IR spectra of synthesized pure &
copper doped ZnO NPs using zinc acetate before and after
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Figure 3(a-f): HRSEM micrographs of a) ZnO (1:9) not calcined, b) ZnO (1:9) calcined at 400°C, c) Cu—doped ZnO (1:9) calcined at 400°C, d)
Zn0 (3:2) calcined at 400°C, e) ZnO (3:7) calcined at 400°C, f) ZnO (1:1) calcined at 400°C
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Figure 4: EDX spectrum of zinc oxide nanoparticles using zinc acetate.
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Figure 5a-b: FT-IR spectra of a) ZnO before calcinations & b) Cu doped ZnO before calcinations.
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Figure 5.c: FT-IR spectra of Cu doped ZnO calcined at 400°C
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Table 2: d - spacing (d

hklb
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) and Miller indices for Zn,__ Cu O (where x = 0.005 and 0.015).

ForZn . . Cu O

0.995~70.005

ForZn . Cu O

0.985~70.015

20(degree) d -spacing(d,,) Miller Indices 20(degree) d - spacing(d, ) Miller Indices
()] hkl ()] hkl

31.99 2.7953 100 31.96 2.7979 100

34.63 2.5880 002 34.60 2.5902 002

36.46 2.4622 101 36.43 2.4642 101

47.77 1.9023 102 47.74 1.9034 102

50.94 1.7911 003 50.92 1.7918 003

56.82 1.6189 110 56.80 1.6195 110

63.12 1.4717 103 63.08 1.4725 103

68.22 1.3735 112 68.20 1.3739 112

Table 3: Different angles, their corresponding FWHM values and sizes of Cu doped ZnO NPs using zinc acetate and copper nitrate precursors.

20(degree) FWHM Size of Cu doped ZnO NPs 20(degree) FWHM Size of Cu doped ZnO
(degree) (Zn, ,,.Cu, ,0)(nm) (degree) NPs(Zn, ,..Cu, ,..0)(nm)
31.99 0.4466 19.33 31.96 0.4417 19.53
34.63 0.4482 19.40 34.60 0.4907 17.72
36.46 0.4717 18.51 36.43 0.5512 15.84
47.77 0.5756 15.83 47.74 0.6861 12.06
50.94 0.4964 18.51 50.92 0.6507 14.05
56.82 0.5130 18.39 56.80 0.5754 16.45
63.12 0.6158 18.97 63.08 0.6313 15.45
68.22 0.5583 17.96 68.20 0.5766 17.48
Average crystallite size 18.36 Average crystallite size 16.07

calcination. The intense absorption peaks in the region
430-520 cm™ correspond to the standard peak of ZnO due
to ZnO stretching frequency of Zn-0 bonds confirm the
presence of M—0 vibration bands, and the wide absorption
near 3430 cm® was due to O-H stretching vibrations. The
absorption occurred around 1614 cm? was due to aromatic
C=C ring stretching while the strong intensity at 1401
cm’was due to a-CH, bending vibrations of aldehydes and
ketones. The medium intensity around 1340 cm? was due
to O-H bending. Vibrations observed around 1021 and
930 cm® were because of C-O and C-O-H stretching and
bending respectively. Furthermore, Figure 4c indicates,
the peaks intensity in 1400-1600 cm* range was relatively
reduced, indicating the removal of the organic compound
from the surface of ZnO NPs during calcinations. In the

doped samples with copper, an absorption band near 681
cm? is also recognizable, which is related to vibration of
Cu-0 bond [26, 27].

3.5 UV - Visible Spectroscopy Analysis

Optical absorption spectral data of samples synthesized
using (9:1, 7:3, 3:2 and 1:1) ratios of leaf extract and Cu
doped Zn, O for x = 0.015 are listed in Table 4. With the
increase in leaf extract ratio, the absorption curve shifted
to thelonger wavelengths. The red-shift result is associated
with the cluster dimensions as it was confirmed on SEM
micrographs.
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Table 4: UV-Visible absorption spectra of Zinc oxide nanoparticles synthesized using different ratios of neem leaf aqueous extracts.

No Synthesized NPs in different ratio of leave extract l(nm)
1 Zn0 (9:1) 322
2 Zn0(7:3) 368
3 Zn0 (3:2) 376
4 ZnO (1:1) 386
5 (Zng . Cu,,.0) (9:1) 376

Table 5: Zone of inhibition (mm) of ZnO NPs, Cu doped ZnO NPs and composites against gram positive and gram negative bacterial strains.

No Bioactive agents Zone of inhibition(mm)(Diameter)

Gram positive bacteria Gram negative bacteria

Staphylococcus aureus  Bacillus subtilis Escherichia coli Proteus mirabilis
1 Zn0(9:1) 10 mm 6 mm 7 mm 6 mm
2 Zn0(7:3) 12 mm 6 mm 6 mm 6 mm
3 Zn0(3:2) 12 mm 6 mm 6 mm 6 mm
4 Zn0(1:1) 13 mm 6 mm 6 mm 6 mm
5 Cu-Zn0-05 10 mm 7 mm 6 mm 6 mm
6 Cu-ZnO-1 8 mm 7 mm 7 mm 6 mm
7 Cu-ZnO-15 7 mm 8 mm 8 mm 6 mm
8 *7n0(7:3) 6 mm 15 mm 6 mm 6 mm
9 *Cu-Zn0O-15 6 mm 16 mm 6 mm 6 mm
10 Gentamicin 12 mm 14 mm 14 mm 14 mm

*Zn0(7:3) & *Cu-Zn0-15 are samples without calcinations

The results in Table 5 showed the microbial activities
of ZnO and copper doped ZnO NPs synthesized using
leaf extract with different ratios. Zone of inhibition for
Cu doped ZnO NPs increased with the concentration of
dopant: Zn,,Cu O to Zn ,Cu O (6mm to 8mm)
on Bacillus subtilis and decreased on S.aureus (from
10mm to 7mm). Also, inhibitions of 15 and 16 mm were
recorded for *ZnO (7:3) and *Cu-ZnO-15. This might be
due to the synergetic effect of leaf extract, ZnO and CuO
NPs. The influence of the leaf extract ratios and dopant
concentration were clearly observed on gram-positive,
Staphylococcus aureus bacteria.

4 Conclusions

Pure and Cu doped zinc oxide NPs with wurtzite structures
were synthesized using different ratios of neem leaf
extract by the co-precipitation method. All the synthesized

materials were stable above 400°C. The microstructure
investigation revealed the influence of leaf extract ratios
on the morphology of the particles. The antibacterial
studies of the synthesized composite materials revealed
the synergetic effect of leaf extract, ZnO and CuO NPs on
the gram-positive Bacillus subtilis.

Conflict of interest: Authors declare no conflict of interest.
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