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Abstract:
Pristine and Nickel doped Copper Oxide (CuO) nanocomposite were synthesized using Centratherum Puncta-
tum leaf extract. The structural characterization is performed employing XRD, SEM, and EDAX. Pure Copper
Oxide nanoparticles (CuO Nps) exhibit leaf-like morphology, but Nickel-doped Copper Oxide nanocompos-
ites exhibit a mixture of rod, spherical and hexagonal morphology. Owing to the XRD data, the resulting
particles for NiO NPs, CuO NPs, and Ni-doped CuO nanocomposite comprised crystallite sizes of 35 nm,
41 nm, and 37 nm, respectively. The optical properties and functional group of the materials are analyzed
utilizing UV-Vis and FTIR. The rise in the measured optical band gap values was seen by the blue shift noted
in the UV-vis study subsequent to nickel doping. The existence of different functional groups in samples is
verified by FT-IR characterization. The electrochemical analysis is studied by cyclic voltammetry. It exhibits
an elevated specific capacitance value of 314 F/g for Ni doped copper oxide nanocomposite. The antibacterial
activity studies reveal that the Ni-doped nanocomposite is active against gram-negative bacteria over and
above the gram-positive bacterial species.
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1. Introduction

Recent years have witnessed a rise in interest in nanomate-
rials owing to their distinct chemical and physical charac-
teristics. The experimental settings used to prepare these
materials significantly affect the product’s particle size [1].
The manufacture of metal oxide nanoparticles has garnered
substantial attention in recent decades because of their wide
range of applications, including optoelectronics, nanode-
vices, nanoelectronics, nanosensors, and catalysis. Multiple
investigations point out that nanoparticles have distinct tox-
icity profiles compared to bigger fragments because of their
small size and strong reactivity [2]. Metal oxide nanopar-
ticles are fascinating to the scientific and industrial sectors
because of their distinctive optical, magnetic, electrical,
and chemical features caused by their high surface area
- to - volume ratio [3]. Within these compounds is cop-
per oxide (CuO), a P - type metal oxide with a 1.4 eV
band gap and a monoclinic structure that might find use in

solar cells, sensors, optoelectronic devices, catalysts, and
lithium ion batteries. In contrast to the semiconductor ma-
terial as a single compound, the addition of appropriate
impurities to the metal oxide matrix results in improved
physico-chemical properties that may be used in new de-
vice applications [4]. Early research has reported on metal
oxide doped with several transition metal ions, including
Mn, Fe, and Sn, in the copper oxide lattice structure [5, 6].
Ni is regarded as the ideal transitional metal dopant among
them all for applications requiring high energy and power
density. NiO nanoparticles are p-type semiconductors with
a broad band gap of 3.6 to 4.0 eV [7]. Because of their supe-
rior physico-chemical characteristics, they are a promising
option for advanced material applications, including gas
sensors and electronic devices [8], active anode material
for Li-ion batteries, electrode material for super capacitors
[9], and catalysts for electrochemical reactions [10]. Many
unique techniques, including sol-gel, chemical precipita-
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tion, ball milling, microwave-assisted process, hydrother-
mal, combustion, and mechanical alloying, produce metal
oxide nanoparticles [11]. Particularly, the biological mode
is preferred over the available physical, chemical, and bi-
ological approaches for the fabrication of metal nanopar-
ticles (NPs) due to its advantages, which include reduced
energy requirements, biocompatibility, sustainability, non-
toxic reagents, enhanced stability, ease of processing, and
the removal of unnecessary processing during synthesis. In
contrast, physicochemical methods are costly and may re-
sult in toxic by products. The organic biomolecules have
two roles in the biological creation of metal nanoparticles
(NPs): they stabilize and reduce the NPs. It has been demon-
strated that the biomolecules such as flavones, phenolics,
and glycosides surround the nanoparticles and create a sta-
ble colloidal system in addition to reducing the metal ions
and converting them to their nanoforms [12–14]. Plants
such as Calotropis procera leaf extract , Abutilon indicum
leaf extract , aloe vera leaf extract , karaya gum , Cassia
alata flower extract, Caesalpinia bonducella seed extract,
Punica granatum peel extract, Ixiro coccinea plant leaves,
Gum Acacia, Eupatorium adenophorum, etc. are reported
to be utilized during the green synthesis of CuO NPs in the
literature [15–18].
Hence, the present work focuses on synthesizing CuO, NiO,
and Ni doped CuO nanocomposite using Centratherum
punctutam leaf extract and studying the various character-
istics. It is also termed as the ‘Queen of all Herbs’ and
is closely related to Centratheruman thelmethicum plant,
known for high medicinal value. Centratherum punctatum
used in traditional drugs and belongs to the family of Aster-
aceae. It is an everlasting bushy plant 45-60 cm tall with
a well-stemmed and purple colour flower head [19, 20]. It
is used to treat a number of illnesses, including pain, fever,
digestive problems, inflammation, and cancer [21] . The
Nùng and Tày ethnic communities in Thailand utilize the
plant to treat flu-like illnesses and jaundice. They also use
the plant’s decoction to bathe women after giving birth
[22]. The herb has qualities that are anti-inflammatory [23],
anti-oxidant, anti-proliferative, anti-fungal and antibacterial
[24]. Many beneficial phytochemicals have been found in
Centratherum. punctatum, including sesquiterpene lactones,
flavones, phenolics, and glycosides. These include anti-
cancerous substances like eugenol, spathulenol, sqalene,
viridiflorol, and eicosane, among others. This plant has also
been investigated for its cytotoxic, anti plasmodial, HIV-1
reverse transcriptase inhibitory, and molluscisidal proper-
ties [25]. It offers anti-aging, skin-whitening, and hair-care
benefits in addition to being used as an analgesic and rem-
edy for tiger and snake bites. The plants floral extracts
exhibit protease activity, which contributes to the plant’s
ability to heal wounds [26]. CuO, NiO, and Ni-doped CuO
nanocomposite production is mostly carried out by the phy-
tochemical flavonoids, which also serve as reducing and
stabilizing agents.
To the best of our knowledge, there is no study available
on the environmentally friendly synthesis of CuO NPs,
NiO NPs, and Ni-doped CuO nanocomposite utilizing Cen-
tratherum punctatum leaf extract. In this work, the green

synthesis of CuO, NiO NPs, and Ni-doped CuO nanocom-
posite is investigated, along with their characterization and
antibacterial activity. Leaf extract can be used to alter the
size and form of the particles while also preventing nanopar-
ticle aggregation.

2. Materials and Methods

2.1 Chemicals
Copper Chloride, Nickel Chloride, Sodium Hydroxide and
Centratherum punctutam leaves were used. Sodium Hy-
droxide is used for pH adjustment.

2.2 Extract preparation
Fresh leaves of Centratherum punctutam were collected
and thoroughly washed with distilled water. After drying,
the leaves were cut into small pieces. Ten grams of the
cleaned Centratherum punctutam were soaked in 100 mL
of deionized water, and heated on a hot plate at 80 OC
for one hour. The plant extract was then allowed to cool
and filtered (using Whatmann filter paper), obtain a pure
aqueous extract. The pH of the extract was measured at 5.5.
This extract can be stored in the refrigerator for up to three
days.

2.3 Green syntheseis of NiO/CuO Nps and Ni-doped
CuO nanocomposite

To synthesize NiO Nps (0.1 M), a 100 mL solution of Nickel
Chloride (NiCl2.6H2O) was prepared. From this, 40 mL
was combined with a leaf extract solution that had its pH
adjusted. The mixture was stirred for one hour, during
which the color shifted from light green to dark green, and
a brown precipitate formed. For CuO Nps (0.1 M), a sim-
ilar procedure was followed: 100 mL of Copper Chloride
(CuCl2.2H2O) solution was prepared and 40 mL of it was
mixed with the leaf extract. After one hour of stirring, the
color changed from bluish green to dark green, and a brown
precipitate appeared. The Ni-doped CuO nanocomposite
was synthesized with modifications based on the method of
Soruma Gudina Firisa. Separate 50 mL solutions of cop-
per chloride and 10 mL solutions of nickel chloride were
prepared at 0.1 M concentration. To synthesize CuO Nps,
20 mL of the leaf extract was added to the copper chloride
solution and stirred for 30 minutes. The nickel chloride
solution was then added drop by drop, and the mixture was
stirred continuously for two hours at room temperature. The
resulting precipitate was washed multiple times with deion-
ized water to remove impurities, filtered using Whatman No.
1 filter paper, and dried at 100 OC. The product was then
calcined for one hour at 500 OC. Finally, the black-colored
NiO and CuO Nps were collected and stored for further
characterization.

3. Results and discussions

3.1 XRD analysis
Figure 1. shows the XRD pattern of pure NiO, CuO and Ni
doped CuO. The diffraction peaks of NiO Nps observed at
36.95 O, 43.00 O, 62.78 O, 75.12 O and 79.37 O belong to
(111), (200), (220), (311) and (222) hkl values. It exhibits
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Figure 1. XRD of pure NiO, pure CuO, and Ni doped CuO nanocomposite.

a face centred cubic system (FCC) belonging to the space
group of (Fm3 m) [27, 28]. The values are well matched
with JCPDS card No 04-835. The average particle size of
NiO is around 35 nm calculated using the Scherer formula.
In CuO Nps, the peaks obtained at 32.49 O, 35.48 O, 38.86
O,46.26 O, 48.78 O, 53.55 O, 58.19 O, 61.53 O, 66.84 O, 72.06
O, and 75.39 O corresponding to reflection from (110), (111),
(200), (202), (020), (202), (113), (311), (113), (312), and
(222) are well matched with JCPDS card no. 48-1548. It
shows that the Nps are monoclinic crystalline structures
with an average particle size of 41 nm. In Ni-doped CuO
nanocomposite, the obtained diffraction peaks are unequiv-
ocally matched with JCPDS card no. 48-1548 except for
peak at 30.53 O reveals that the obtained particles are CuO
Nps with a monoclinic phase. The additional peaks matches
with JCPDS card no. 89-5881, corresponding to NiO Nps,
are also present in this sample. The average particle size is
around 37 nm.

3.2 UV-Vis spectrometer

Semiconductor materials’ UV-visible absorption spectra are
deemed to be highly valuable instruments that depend on a
multitude of factors, including surface morphology, doping,
and the materials’ interaction with the environment. The
electronic states in the high energy region of the optical
absorption spectrum are quite clarified by analyzing the
spectral behavior of the absorption coefficient of any semi-
conducting material; atomic vibrations are represented in
the lower energy region of the spectrum. It emerged that the
optical spectra of these materials also exhibit three primary
zones. They are the following: [29] absorption edge region,
[30] strong absorption region and [31] weak absorption re-
gion. In the UV-visible spectrum, a weak absorption zone is
associated with impurities, while a strong absorption region
is caused by pure material and is related to the optical band
gap energy of the substance. The structure disorder that re-
sults from doping or substitution in the material causes the
absorption edge region to appear. The UV-visible spectra
of NiO and CuO nanoparticles are displayed in figure 2(a,

Figure 2. (a-f). Show the UV absorbance spectra graph and Tauc’s plot.
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c). NiO was discovered to have strong absorption at 291
nm. The CuO Nps were corroborated by two absorption
peaks. Their broad range of wavelengths, ranging from
(450 to 550 nm) to (740 to 801 nm), is explained by the d-d
transition band. UV-visible spectra of CuO nanoparticles
replaced with Ni are displayed in figure 2(e). It was found
that absorption bands were moved to a lower wavelength,
between 393 to 431 nm, when Ni was substituted. This hap-
pens because of an assortment of causes, including oxygen
stoichiometry, size, and the quantum confinement effect; it
may additionally happen because of Ni clustering and an
increase in the surface area to volume ratio [32].
The band gap of a material is believed to be an essential indi-
cator of its ability to be excited by incident photons and thus
dictates its potential uses in optoelectronics [33]. Tauc’s
formula was used to determine the samples’ Eg values.

(αhν) = A(hν −Eg)
n (1)

In equation 1, α = molar absorptivity, A = measured ab-
sorbance, h = Plank’s constant, ν = frequency of light, n is
constant and related to mode of transition and Eg = band
gap energy. Value of n is 1/2 for direct band gap and 2
for indirect band gap. As illustrated in Fig. 2, (b, d, e, f),
plotted between “hν” and (αhν)1/n, band gap energy was
computed by extrapolating the graph’s straight section. NiO
was found to have very high band gap energy of 4.2 eV
[32]. The band gap values were 2.25 eV and 1.62 [33] eV,
confirming the validity of CuO Nps synthesis. Compared to
pure CuO Nps, it became apparent that the bandgap energy
of Ni-substituted CuO increased to 2.5 eV [34]. As an out-
come, nickel oxide’s impact caused the optical energy band
gap to increase in value. [35]. this can also be explained
by the fact that Ni doping reduced the particle size. The
well-known semiconductor quantum confinement effect is
caused by the reduction in particle size [36–39].

3.3 FTIR studies
An analysis method for establishing a molecule’s vibrational
frequency band and investigating the surface characteristics
of CuO nanoparticles is Fourier transform infrared spec-
troscopy [40, 41]. Figure 3 shows the Fourier transform
infrared spectra (FTIR) analysis of pure NiO, pure CuO,
and Ni - doped CuO nanocomposites in the 400–4000 cm−1

range. The peak at 435.06 cm−1 is attributed to NiO Nps,
the weak band at 1632.98 cm−1 is ascribed to the bending
mode of H2O molecules, the band at 1101.38 cm−1 is due
to C – H bending vibrations for NiO Nps and the band ap-
pears at 3445.18 cm−1 is assigned to water molecules. The
presence of water molecules is owing to adsorption on the
NiO surface when NiO Nps are exposed to the atmosphere.
In FTIR analysis of pure CuO Nps, the narrow bands at
462.82 and 581.82 cm−1are powerful Cu - O stretching vi-
brations that confirm the formation of highly pure CuO Nps
[42]. The band at 1107.28 is assigned to C - O stretching of
alcoholic and phenol compounds [43] , and the peak at 1469
cm−1 denotes the O – H bending [44]. In FTIR analysis
of Ni - doped CuO nanocomposite, all observed bands are
found to be shifted towards a higher wave-number side than
CuO Nps. This shift can be due to Ni doping ions in the
CuO host lattice [45]. A significant finding in the FTIR
study of the Ni-doped CuO nanocomposite is the slight shift
of all typical peaks into higher wave numbers. This shift
can be explained by the variation in bond length between
Cu, Ni, and O ions that results from the replacement of Cu
ions with Ni ions. CuO Nps are verified by the bands at
480.26 and 581.82 cm−1, while the band at 1124.28 cm−1

is caused by the C - O stretching of phenol and an alcohol
molecule [46, 47].

3.4 Morphological and elemental studies
The morphology was studied using by FESEM, and the
compositional analysis was done by EDAX spectrum which
were illustrated in figure 4(a, b, c, and d) and 5(a, b, and
c). It depicts the presence of cubic-shaped NiO Nps and

Figure 3. FTIR spectra of pure NiO Nps, pure CuO Nps, and Ni doped CuO nanocomposite.
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Figure 4. FESEM of a) pure Nio, b) pure CuO, and (c and d) Ni doped CuO nanocomposite.

Figure 5. EDAX of e) pure NiO, f) pure CuO, and g) Ni doped CuO nanocomposite.

tiny rods [48]. The pure copper oxide Nps show particle
aggregation with leaf - like formations, and when it is doped
with Ni, it shows a mixture of structures, i.e., rod, prismatic,
spherical, and hexagonal structures. The EDAX spectrum
is used to determine the elemental presence of prepared
Nps, confirming the presence of pure NiO and CuO Nps. It
shows the presence of 59.27 % of Ni and 28.13 per cent of
O and 66.79 % of Cu, and 33.21 % of O. When Ni is added
to CuO Nps; it shows the presence of 71.13 % of copper,
26.50 % of oxygen and 2.37 % of Nickel. Due to the plant
extract, some traces of Phosphor and Sulphur are seen. The
carbon peaks in the spectrum is due to copper support grid
(coated with carbon) used in the EDAX analysis.

3.5 The electrochemical analysis
The Cyclic Voltammetry examined the electrochemical
capacitive behaviour for NiO, CuO, and Ni-doped CuO
nanocomposites. The prepared Nps were evaluated under
conventional functioning events at various scan rates in the
potential window of 0.1–0.6 V using a 2 M KOH electrolyte.
The specific capacitance Csp (F / g) was calculated using
the Eq. 2.

Csp =
I∆t

2mv∆v
(2)

The CV curves for an as-prepared CuO, NiO, and Ni-doped
CuO nanocomposites electrode in 2M KOH at scan speeds
ranging from 10 to 100, mV/s are illustrated in figure 6.
The scan rate is directly correlated with the area under the
CV. According to the graph, the NiO, CuO, and Ni-doped
CuO nanocomposite have optimum specific capacitances
of approximately 260.89 F/g, 175.89 F/g, and 314.64 F/g
at a rate of 10 mV/s, while its lowest specific capacitances
are about 63.28 F/g, 49.02 F/g, and 150.268 F/g at a rate of
100 mV/s. Significant capacitance values are shown for the
NiO, CuO, and Ni-doped CuO nanocomposite in figure 7
at a scan rate of 10 mV/s. Notably, compared to CuO Nps,
the specific capacitance of the Ni - doped CuO nanocom-

Figure 6. CV graph of pure NiO NPs, pure CuO NPs, Ni doped CuO
nanocomposite.

Figure 7. Scan rate versus specific capacitance.

posite is greater. The physical and chemical characteristics
of CuO NPs may have changed as a result of the dopant
Ni2+ addition. When the rate of scanning increases, the
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anodic and cathodic current peaks always rise gradually. It
implies a diffusion-limited redox chemical reaction as the
mechanism of charge storage. The redox process may be
quasi-irreversible since the anodizing peak potential shifts
in a positive direction due to the kinetic constraint. [54]
We further examined the electrochemical performances of
CuO, NiO, and Ni-doped CuO nanocomposites at constant
current densities using a charged-discharge analysis. The
charge - discharge analysis curves (in Figs. 8a, b, c) il-
lustrate the variation in current densities between 1 and 5
A/g within the potential range of 0.1 and 0.5 V. For CuO,
NiO, and Ni - doped CuO nanocomposites, the specific ca-
pacitance values range from 122 to 65 F/g, 229 to 79.87
F/g, and 165 to 100 F/g (Table 1). This indicates that the
fabrication of Ni - doped CuO nanocomposites maintains
their outstanding stability and increases their high specific
capacitance. These experimental findings substantiate the
Ni - doped CuO nanocomposites’ pseudocapacitance behav-
ior and imply that they might provide suitable substances
for electrodes for Li - ion batteries and supercapacitors.
Additionally, our generated samples and the capacitance
of previously reported CuO materials were evaluated, as
shown in Table 2.

3.6 Antibacterial studies

The antibacterial tests were carried out based on reports
from Azam et al., [55] and Paul Debashri et al., [56] on
gram-positive bacteria such as Staphylococcus aureus and
Bacillus stereus and gram-negative bacteria such as Es-
cherichia coli and Pseudomonas aeruginosa using NiO Nps
(Fig. 9), CuO Nps, and Ni doped CuO nanocomposite
(Fig. 10). The bactericidal mechanism completed in 3 steps:
(i) the production of ROS, (ii) rupture of microbial cell
wall (iii) discharge of ions [57]. Researchers looked at data
on antibacterial activity. They found that nanocomposites
make reactive oxygen species (ROS) that kill bacteria. The
production of reactive oxygen species (ROS) is facilitated
by various factors such as specific surface area, oxygen va-
cancies contained by nanocomposites, diffusion potential of
reactant molecules, and discharge of Ni2+, Cu2+, and Cu1+

ions. The presence of hydrogen peroxide (H2O2), hydroxyl
radical (OH), and superoxide (O2−) in ROS can break down
cellular and DNA coverings, leading to significant damage
to pathogen cells. This enhances the antibacterial potential
displayed by ni-doped copper oxide nanocomposites, and it
can be concluded that comparatively more ROS production
is required to effectively kill bacterial strains [58–63]. As
demonstrated in Table 2, it was clear that Gram-negative

Table 1. Comparisons of specific capacitance of CuO NPs, and Ni doped CuO nanocomposites.

Nanocomposite material Specific capacitance Electrolyte Reference
Cu/Cu2O/ZnO/CuO 241 F/g (50 mV/s) KOH [49]

(CuO-Cu2O) Cu 178.68 F/g (0.01 mV/s) 1M KCl [50]
CeO2-CuO 396 F/g at a current density of 1 A/g 1M LiClO4 [51]

Zno-cuo 260.7 F/g (100 mV/s) 1M H2SO [52]
Cu/CuO nanobuds 0.7 A/g 230 31 6M KOH [53]

Cu/CuO nanoflowers 0.7 A/g 296 6M KOH [53]
MnO2-CuO 279.12 F/g 1M KOH

Ni doped CuO nanocomposite 314.64 F/g (10 mV/s) 2 M KOH Current work

Table 2. Antibacterial activities of pure CuO NPs, and Ni doped CuO nanocomposites.

Inhibition zone in mm
Bacteria NiO CuO Ni doped CuO
E.coli 14.5 16 17

Staphylococcus aureus 13 15 16
Bacillus cereus 15 16 18

Pseudomonas aeruginosa 13 14 16.5

Figure 8. GCD curves of a) pure NiO NPs, b) pure CuO NPs, and c) Ni doped CuO nanocomposite.
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Figure 9. Antibacterial activity of pure NiO NPs.

bacteria were more susceptible to the antibacterial proper-
ties of Ni-doped CuO samples than gram-positive bacteria
[64, 65]. Gram-positive bacteria have thicker peptidoglycan
cell membranes, which make them more difficult to pene-
trate. The bacterial cell wall was rendered less resistant to
nanoparticles by the outside bacterial membrane. Because
metal oxide nanoparticles have a remarkably high surface-
to-volume ratio, they interact with bacterial cell membranes
through their surfaces in microorganisms. Due to the bac-
terium’s eventual demise, this causes the nanoparticles to
aggregate on the cell surface [66, 67]. Furthermore, the
surface functionalization of NPs affects a path that aims to
highlight and/or list unique characteristics that are helpful in
applications related to biomedicine [68]. Additionally, the
antibacterial effects of the Ni-doped CuO nanocomposite
exceed those of pure CuO Nps. The multi-drug resistance
of common bacteria in living things is caused by these an-
tibacterial substances, which are also used for biological
purposes as antibacterial agents in the food processing and
production sectors. Ni-doped CuO nanocomposites are an
exciting replacement for these substances [69].

4. Conclusion

This work illustrated the environmentally benign, straight-
forward, and effective biosynthesis of NiO Nps, CuO Nps,
and Ni-doped CuO nanocomposite utilizing Centraturam
punctuatum leaf extract. Cyclic voltammetry verified
the pseudo-capacitance in nature by detecting a high
specific capacitance in the nickel-doped copper oxide
nanocomposite. Due to its excellent electrochemical
stability, it can be used as a potential electrode for
capacitor applications. Compared to copper oxide Nps,
the nickel-doped copper oxide nanocomposite exhibits
significantly stronger antibacterial activity. In light of
these findings, we anticipate that these materials might
offer researchers innovative ideas and novel applications,

Figure 10. Antibacterial studies of pure CuO NPs, and Ni doped CuO
nanocomposites.

primarily in the biomedical and pharmaceutical sectors and
in the control of antibiotic use.
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