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ABSTRACT
The paper presents an eco-friendlymethod for synthesizing a ternary copper, zinc, and nickel oxides nanocomposite usingClitoria
ternatea flower extract as the synthesis agent. The bioactive compounds in the extract act as protective agents, facilitating the
formation ofCNZand eliminating the need for additional chemical reagents. The synthesizedCNZwas characterized using various
analytical techniques (UV–Vis, FT-IR, SEM,TEM, PXRD,EDX, andBET), and the obtained results suggest that the formation of the
composite (CNZ) and confirm its crystalline nature. TEM image demonstrated that the CNZ has a spherical shape with crystallite
size varying between 8 to 20 nm. The optical absorption band gap of the CNZ has been estimated to be 3.37 eV. To explore the
application of CNZ in real-world application, we do both biological and electrochemical studies. In biological studies, the anti-
oxidant activity of the CNZ has been examined with a series of free radicals, such as DPPH∙, ABTS∙+, NO∙, and O2

− along with the
ascorbic acid (AA) and butylated hydroxy anisole (BHA), and the obtained results showed that the composite possessed substantial
activity. For electrochemical applications, we employed cyclic voltammetry (CV), galvanostatic charge–discharge (GCD), and
electrochemical impedance spectroscopy (EIS). The CNZ-based electrode exhibited pseudocapacitive behavior, with a specific
capacitance of 387.7 F g−1 at 1 A g−1, demonstrating improved charge storage. The electrode retains 90% of its specific capacitance
from the initial value after repeated charge–discharge processes for 2000 cycles. Ultimately, the combined electrochemical and
antioxidant performance makes CNZ nanoparticles derived from C. ternatea flower extract a promising subject for further
research.

© 2025 Wiley-VCH GmbH
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1 Introduction

Nanoparticles alongside multifunctional nanomaterials have
received notable interest because they provide solutions to
numerous application fields, including catalysis and wastew-
ater treatment as well as bioimaging and cancer therapy
[1]. Due to better performance and higher selectivity proper-
ties, trimetallic nanoparticles surpass both monometallic and
bimetallic nanoparticles in potential applications. Synthesis of
nanomaterials through different approaches, including physi-
cal, chemical, and biological methods, takes place because of
their widespread applications [2–5]. Plant-assisted synthesis of
nanomaterials stands out as an optimal method because of its
eco-friendly benefits, although chemical and physical techniques
encounter limitations that include toxicity risk and high energy
expenses. Mixed metal oxide systems are distinctive structures
that integrate various characteristics of metal oxides. Due to these
properties, they play a vital role in energy storage applications [6].

The highly unstable free radical molecules derived from different
chemical mechanisms create molecular instability by stealing
electrons from molecules, thus inflicting molecular damage.
Foreign substances produced by reactive species cause damage to
DNAand proteins togetherwith lipids, resulting inmajormedical
conditions such as cancer, neurological issues, and heart disease.
Nanomedicine through radical scavenging appears to present a
viable solution for minimizing such harmful biological outcomes
because the situation requires immediate effective intervention
[7–9]. Researchers focus strongly on nanomaterials because of
their special physicochemical characteristics. The commercial
demand for nanomaterials triggered the production of numerous
products across various application fields. Multi-metallic NPs
demonstrate various electronic and optical and magnetic behav-
iors whose properties stem from size, along with the shape of the
nanomaterials and the potential on their surface characteristics
[10, 11]. The properties of nanomaterials allow their efficient
contact with bacterial membranes, which produces disruption
and reactive oxygen species formation and leads to protein
destruction, DNA damage alongside bacterial cell death together
with host immune system activation [12, 13]. The production of
nanoparticles through plant extracts together with microorgan-
isms or chemical/physical methods as a fundamental production
method. Phyto compounds/plant-mediated nanotechnology rep-
resents a new sustainable production method which utilizes
plant leaves and other organic components together with seeds,
roots, and fruits to synthesize nanoparticles at affordable costs.
Active plant materials and their bioactive metabolites consisting
of polysaccharides and terpenoids alongside alkaloids, as well
as organic acids and proteins and vitamins, participate in these
synthetic routes [14].

The extensive scientific investigation has focused on understand-
ing the biological attributes of metal oxide nanoparticles specif-
ically CuO, ZnO, and NiO. The evaluated copper-based devices
were used to determine their antimicrobial effects on Escherichia
coli, Vibrio cholerae, and Salmonella typhi bacteria, whereas
researchers examined the cytotoxic properties and antioxidant
characteristics of ZnO particles extracted from Mangifera indica
leaves when using high-concentration solutions [15, 16]. The sol–
gel method enables scientists to produce pure nanoparticles of
ZnO, CuO, and Fe2O3 metal oxides [17]. The antibacterial potency

of these nanoparticles shows that their antibacterial properties
directly correspond to their surface-to-volume ratio, where ZnO
nanoparticles display the strongest antimicrobial effectiveness.

Plant extracts play a vital role in preparing a metal oxide
and mixed metal oxides nanoparticles. The authors synthesized
CuO/ZnO/NiO nanocomposites usingC. ternatea flower extracts,
which were obtained from fresh plants belonging to the Fabaceae
family. C. ternatea flowers possess numerous pharmacological
properties due to the phytochemical compounds in which it
contains tannins, triterpenoids, phenols, alkaloids, flavonoids,
anthraquinones, glycosides, proteins, volatile oils, and steroids
[18]. Throughout history, people have used different plant compo-
nents from C. ternatea to cure stomach pain, skin diseases, sore
throats, and improve mental capabilities. The aerial parts of C.
ternatea flowers serve together with other plant parts as snakebite
antidotes [19].

The extract of C. ternatea serves as a bridge between the phyto-
chemistry, nanotechnology, and sustainability. Therewere several
reports that depict the use of the extract of C. ternatea flower to
synthesize metal oxide nanoparticles. Sharma et al. synthesized
SrO2 NPs with the assistance of C. ternatea flower extract and
studied their biological applications [20]. Similarly, Guttapalli
et al. used C. ternatea extract to synthesize the ZnO–rGO NP
and reported their biological applications [21]. Kachhawaha
et al. presented the FeO NP by C. ternatea extract and reported
their anti-microbial applications in E. coli [22]. Prabhu et al.
synthesized metal oxides of Cu, Ni, and Zn separately and
studied their photocatalytic dye degradation in dyes along with
that their anti-microbial nature in gram-negative E. coli and S.
aureus, and obtained promising results in the research [23–25].
Alahmdi et al. presented ZnO NP by C. ternatea flower extract
and reported its anti-cancer application in MCF-7 cell line [26].
Chan et al. synthesized the Fe and Ag-doped ZnO nanoparticles
by C. ternatea extract and used this to enhance the sonocatalytic
degradation of Congo red dye [27]. Satpathy et al. synthesized
Cobalt oxide nanoparticles from theC. ternatea flower extract and
presented their neuroprotective actions at low doses [28]. Lavanya
et al. reported the synthesis of MgO NP from C. ternatea extract
and studied their impact on plant growth, soil dynamics, and
computational analysis [29].

The extract of C. ternatea possesses high levels of antho-
cyanins, flavonoids, polyphenols, alkaloids and etc., which shows
improved dispersion and reduced agglomeration mechanically.
The molecules, such as anthocyanins, act as both reducing and
stabilizing agents. In our synthetic procedure, we prepare the
nanocomposite (CNZ) in a single step at room temperature.
This process produces a stable CuO/ZnO/NiO nanocomposite
with a uniform size and good electrochemical activity. Further,
the nanocomposites formed by these constituents showed potent
biological activities. This method has a significant improvement
compared to an older green synthesismethod,which often creates
uneven particles and needs some extra steps to stabilize them.

According to the aforementioned facts, the study investigates
an original method to synthesize CuO/ZnO/NiO nanocompos-
ite through C. ternatea flower extract, which has not been
studied previously [20–29]. The research conducts a complete
antioxidant evaluation of the synthesized nanocomposite, which
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stands as the initial research into ZnO/CuO/NiO ternary metal
oxide nanocomposites prepared from C. ternatea flowers. The
nanocomposite synthesized by the extract of C. ternatea show
good anti-oxidant activitywith a series of radicals than someother
nanocomposites from other plant extracts [30]. This research
analyzes how the synthesized nanocomposites improve biological
functions while producing significant findings applicable to
creating medical nanomaterials that fight against stress-altered
diseases. In addition to the biological evaluation, we examine the
electrochemical behavior of the synthesized tertiary metal oxides
nanocomposite.

2 Experimental Work

2.1 Plant Identification and Its Phytochemistry

C. ternatea belongs to the family Fabaceae. The height of a
C. ternatea plant can range from 30 to 450 cm. The flower
contains phenolics, flavonols like ternatins, quercetin, myricetin,
and kaempferol derivatives. The seeds contain palmitic, stearic,
oleic, linoleic, and lonolenic acids. Complex chemical compo-
nents found in leaves and fruits produce alkaloids and various
kinds of proteins with greater economic significance. Formation
of nanocomposites by using plant extract follows a mecha-
nistic pathway of reduction of metal ions, nucleation growth,
stabilization, and capping.

C. ternatea comprises diversified phytochemicals, as mentioned
above; each phytochemical has its distinctive role in the nanopar-
ticle formation, like flavanols and fatty acids act as the reducing
agents by reducing the oxidation state of metal ions and stabiliza-
tion. Flavonols have many hydroxyl groups that give electrons to
metal ions, turning them into nanoparticles. They also stick to
the surface of the nanoparticles to keep them stable. Fatty acids
have carboxyl groups that attach to the nanoparticles and help
to keep them stable. These compounds allow the formation of
nanoparticles easily at normal conditions. The fatty acids, oleic
acid-mild reducer, prevent agglomeration by forming hydropho-
bic layers and act as a dispersion aid, linoleic acid-surface
stabilization via unsaturated bonds, palmitic acid-hydrophobic
capping, stearic acid-stabilization, emulsification, and particle
size controller [31, 32]. Phenolic compounds lend the electron-
donating groups (reduction, capping, and improve dispersion),
alkaloids aids in nucleation growth control, saponins and tannins
act as the emulsifiers, stabilizers, surface functionalization, and
colloidal stability [21, 22]. Recent studies show that the type and
amount of these chemicals present in the plant extract affect
the size, shape, and stability of the nanocomposites. This affects
how they are used in catalysis, medicine, and cleaning the envi-
ronment. C. ternatea has a wide variety of medical applications,
such as in traditional ayurvedic medicine has been used for
centuries as amemory enhancer, nootropic, antistress, anxiolytic,
antidepressant, anticonvulsant, and sedative agent [33, 34].

2.2 Preparation of Plant Extract

The authors collected the plant specimenC. ternatea flowers from
the Eachanari region in Coimbatore. The collected C. ternatea
flowers were washed several times with tap water and then with

distilled water to remove the impurities and dried in sunlight
for 4 days. Initially, 10 g of sundried C. ternatea flowers were
weighed and charged into the 250 mL conical flask. To this
flowers 100 mL of de-ionized water (freshly prepared) was added
as the medium of extraction. Then the conical flask was placed
in a temperature-controlled water bath to ensure the consistent
performance, and the temperature was set to 80◦C, and it was
heated up to 4 h for the extraction of phytochemicals from the
flowers. Due to the undisturbed continued heating, color of the
water changed from colorless to dark blue. After, the extract was
allowed to cool at room temperature. Once cooled, the extract was
filtered through Whatman no. 1 filter paper to remove the flower
residues from the aqueous extract. The resultant liquid contains
the phytochemicals from C. ternatea flower, which can be used to
synthesize nanocomposites [35].

2.3 Facile Synthesis of Nanocomposite-Copper,
Zinc, and Nickel Oxides Composite (CNZ)

The researchers prepared each 100 mM solutions of
Cu(NO3)2.3H2O (0.003 mol; 0.725 g in 30 mL of C. ternatea
flower extract), Zn(NO3)2.6H2O (0.003mol; 0.892 g in 30mL of C.
ternatea flower extract) and Ni(NO3)2.6H2O (0.003mol; 0.872 g in
30 mL of C. ternatea flower extract). For the synthesis of CNZ, all
threemetal nitrate solutionswere taken in equimolar ratio as 1:1:1.
In the synthesis procedure, each metal solution was combined
together and thoroughly mixed with a magnetic stirrer. A few
drops of 0.2 MNaOH solution were added to themixture, and the
stirring was maintained for about 10 h at room temperature. The
obtained precipitate was filtered and it underwent evaporation
until it became powder. Further, it was calcinated in a muffle
furnace at 600◦C for 4 h to obtain copper, zinc, and nickel oxides
composites (CNZ). During the precipitation process, the pH
level was controlled by the 0.2 M NaOH solution, and it stayed
around 10.5. This pH level is important for controlling the size
and shape of the metal oxide particles. At this alkaline pH,
metal ions react with water and form their hydroxides that settle
out easily. These hydroxide precursors then change into oxide
nanoparticles when heated. These elevated amounts of OH− ions
support the nucleation growth further and leading to a smaller
size particle, good crystallinity, quicker hydrolysis of metal
precursors [36–38]. The CNZ nanocomposites were calcinated
at 600◦C. This temperature improves their crystallinity, surface
area, and functional properties, without causing the particles
to clump together or grow too large, and shows a maximum
band gap, which is good for electrochemical applications. Even
though high temperature increases the crystallinity but this
600◦C provides a good balance between making the particles
crystalline enough and keeping them small, which is important
for various applications and environmental uses [39]. Multiple
analytical methods were used to analyze the structure of CNZ.
The supporting information comprised a complete description of
instrumentation methods.

2.4 Electrochemical Performances

The electrochemical testing of synthesized nanocomposite mate-
rial was conducted through cyclic voltammetry (CV), galvano-
static charge–discharge (GCD), and electrochemical impedance
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SCHEME 1 Synthesis process of Cu, Zn, and Ni oxides appended nanocomposite (CNZ) using aqueous extract of C. ternatea flowers.

spectroscopy (EIS) methods according to the previously reported
method [40].

2.5 Antioxidant Activity

The anti-oxidant activity of the synthesized CNZ and the stan-
dards (AA and BHA) has been examined according to the
reportedmethods with a range of free radicals, including ABTS∙+,
DPPH∙, O2−, and NO∙ at varying concentrations (20–100 µgmL−1)
[41–44]. Assuring consistency, all experimental measurements
were carried out in triplicate (n= 3). Three independent replicates
are used to calculate the mean ± standard deviation (SD), which
is how quantitative data are reported. The standard deviation was
selected to represent measurement variability. In all the figures,
error bars are included,which show standard deviations. In a plot,
if the error bars are not visible, it means that they are inside the
bounds of the symbol [45].

3 Results and Discussion

Our main aim was to prepare tertiary metal oxides (copper–
zinc–nickel) based nanocomposite (CNZ) with the help of
plant-based compounds without wasting any chemical resources.
Correspondingmetal nitrates were dissolvedwith aqueous flower
extracts of C. ternatea for the production of mixed metal oxides.
An aqueous flower extract of C. ternatea encompasses alkaloids,
flavonoids, saponins, tannins, and glycosides, which may be
helpful in reducing metal nitrates to metal oxides appended
nanocomposite. The synthetic route of the CNZ was given in the
Scheme 1.

3.1 FT-IR Spectroscopy

Figure 1 shows the FT-IR spectrum of the CNZ that presents
the bending vibration of ─OH appear as the sharp band at

FIGURE 1 FTIR spectrum of CNZ.

1019 cm−1 due to the surface hydroxyl group [46, 47]. Additionally,
the M─O bond stretches from 800 to 400 cm−1 and provides
evidence for the CuO/NiO/ZnO nanocomposite. The band at
407 cm−1 corresponds to M─O stretching and bending vibrations
of the nanocomposite structure [48]. The broad band observed
at 3312 cm−1 is related to stretching vibrations of O─H, which
often caused by moisture or residual hydroxyl groups. This
FTIR spectrum also shows some small peaks in the range of
1300–1600 cm−1 related to organic residues from plants, such
as C─H, C═O, C═C, N─H, and aromatic ring vibrations. The
diminishing of the IR bands of the plant residue was due to
the calcination process at higher temperatures [49, 50]. The IR
spectrum of CNZ was compared with the pure metal oxides like
CuO, ZnO, and NiO, which were synthesized chemically without
any green extract [51–56]. The peaks corresponded to the organic
residues were not present in pure metal oxides made without
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plant extracts. The observed results indicated that the presence of
organic molecules in the CNZ act as the capping and stabilizing
agents.

3.2 UV–Visible Spectroscopy

In solid form, the generated composite’s UV spectrum was
captured (Figure S1). Similar to previous observations, the CNZ
produced from C. ternatea flower extract exhibited maximum
optical absorption bands at 367 nm as a result of the metal cation
d-d transitions. Additionally, using the Equation (1).

𝐸𝑔 = 1240∕𝜆 (1)

The band gap energy (Eg) was determined to be 3.37 eV [48,
57]. The band gaps of the individual metal oxides usually range
from 1.2 eV, 3.6–4.0 eV, and ∼3.3 eV for CuO, NiO, and ZnO,
respectively. The obtained band gap for CNZwas 3.37 eV, and this
was neither as small as copper nor greater as NiO. The optical
properties of the ternary CNZ were different from the individual
metal oxides due to the different molar ratio of metals in it and
the synthetic conditions [58, 59].

These difference in band gaps of the individual metal oxide coun-
terparts creates type-II heterojunctions in CNZ nanocomposite,
which facilitates directional electron flow, reduced recombina-
tion rates and efficient charge separation and modifies the DoS
(Density of States) and enhances carriermobility. Doping ofmetal
ions creates defects and provides mid-gap energy levels which
have good visible-light absorption, improved redox activity and
conductivity, and narrows the effective band gap [60, 61].

3.3 X-Ray Diffraction (XRD) Analysis

The powder XRD analysis determined both crystallite struc-
ture and crystallite size measurement for the synthesized
nanocomposite. The powder XRD pattern of the synthesized
CuO/NiO/ZnO nanocomposite appears in Figure 2. As a result of
X-ray diffraction analysis, we obtained nanocomposite patterns
showing well-defined and strong peaks that demonstrate high
crystallinity of the synthesized CNZ. The (111) and (200) peaks
verify the cubic structure of the produced nickel oxide nanopar-
ticles according to JCPDS: 47–1049 [62]. Measurement points at
2θ = 37.2, 63.5, and 68.1◦ demonstrate the hexagonal primitive
phase of ZnO nanocrystals that corroborate with JCPDS: 79–2205
[63]. The nanocomposite containsmonoclinic CuO nanoparticles
whose short peak positions at 2θ = 33.23, 48.9, and 56.8 degrees
match the (111), (202), and (021) hkl plane values listed in JCPDS:
05–0661 [64]. The peaks appearing at 2θ = 75.1 and 58.2◦ with
hkl values of (311) and (220) indicated cubic phase CuO–NiO
(JCPDS: 78–0648) and NiO–ZnO (JCPDS: 75–0270) [65]. The
Debye Scherer formula Equation (2) allowed determination of
the average crystallite size for the synthesized CuO/ZnO/NiO
nanocomposite.

𝐷 = 0.9𝜆∕𝛽𝑐𝑜𝑠𝜃 (2)

The calculation depends on λ representing X-ray wavelength
together with β representing full width at half maximum peak

FIGURE 2 PXRD patterns of CNZ.

values while the Scherer constant equals 0.9 [66]. The X-ray anal-
ysis revealed that synthesized nanocomposite show an average
crystallite size measure at 29 nm through the application of the
Scherer formula.

Additionally, the crystallite size of synthesizedmaterialwas ascer-
tained using theWilliamson–Hall plot [67]. TheWilliamson–Hall
(W–H) equation for XRD analysis is Equation (3):

𝛽 cos 𝜃 = 𝐾𝜆

D
+ 4𝜀 sin 𝜃 (3)

In the Equation (3), 𝛽 is the observed peak width (full width at
half maximum), the dimensionless shape factor (about 0.9), X-
ray wavelength (0.154 nm for Cu), and crystallite size are the
parameters of K, λ, and D, respectively. The resulting crystallite
size is 24.13 nm [68]. The obtained slope (Figure S2) indicates that
the crystallite size as calculated by the Williamson–Hall plots is
smaller than the Scherer equation because of non-zero residual
tension. Furthermore, it was noted that the material had a micro
strain value of roughly 0.178 × 10−3.

3.4 Scanning ElectronMicroscopy

The SEM image of the synthesized nanocomposite (CNZ) appears
in Figure 3. The SEM image revealed that the background
contained dense agglomeration together with empty spaces at
specific locations. The complex structure showed visible bound-
aries on its surface, together with one or more individual
particles. The individual particles within the complex showed
non-uniform forms in addition to their irregular shapes [69].

3.5 Surface Characterization (BET Analysis)

BET analysis is used for composites to determine their specific
surface area and pore characteristics, which are crucial for
applications like catalysis, energy storage, and drug delivery. The
surface properties, such as surface area and the influence of
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FIGURE 3 FE-SEMmicrographs (a) SEM images of CNZ at 1 µM (b) SEM images of CNZ at 500 nm.

FIGURE 4 (a) N2 adsorption–desorption isotherm; (b) pore size distribution of the composite.

synthesis process on porosity, were further investigated using
Barrett–Joyner–Halenda (BJH) pore size distribution analysis,
nitrogen adsorption–desorption measurements, and Brunauer–
Emmett–Teller (BET) analysis. The amount of gas adsorbed at
various pressures is measured, and the data is analyzed using the
BET equation to calculate the total surface area, pore volume, and
pore size distribution [38, 70]. Figure 4a depicts the sample’s N2
adsorption–desorption isotherms. It exhibits a type IV isotherm
with anH2 hysteresis loop in the relative pressure range of 0.4–1.0
P/P0, the presence ofmesopores andmacropores possibly formed
by the loose stacking of constituent nanoparticles [71].

A homogenous particle size distribution with constant meso-
porous channels could be predicted by the average pore sizes,
which range from 2 to 25 nm (Figure 4b). It is noteworthy for hav-
ing the largest BET surface area,measuring 18.98m2g−1. Improved
capacitive performance is correlated with this larger surface
area. It seems that the produced composites’ structural integrity
influences their porosity and, in turn, their electrochemical
performance.

3.6 Transmission ElectronMicroscopy

TEM is a microscopy technique used to determine the size of
nanoparticles. Figure 5 displays the TEM image CNZ captured
in bright field mode. The analysis of the TEM image revealed
that the particles exhibited a spherical shape and were in a
non-agglomerated state. Additionally, the size of the colloidal

CNZ nanocomposites varied between 8 and 20 nm. The average
crystallite size obtained from XRD may not be equal to the
particle size obtained from TEM as a single particle can consist
of more than one crystallite, further possibly due to particle
agglomeration, polydispersity, or differences between grain size
and crystallite size [50]. Further, selected area electron diffraction
(SAED) patterns (Figure 5f) from a selected area of the TEM
images exhibited notable ring-like patterns, which indicate their
polycrystalline nature.

3.7 Energy-Dispersive X-Ray Spectroscopy
(EDAX)

The elemental composition of the prepared CNZ was examined
by the EDAX technique. Depending on weight and atomic
fraction, EDAX spectra energies vary from 0 to 10 keV. Zinc,
nickel, copper, and oxygen peaks were well-built in the sample’s
spectrum (Figure 6). Presence of metals composition in the com-
posite was given in Table 1, indicated that Zn (22.77), Ni (16.73),
Cu (38.45), and oxygen (22.25) with percentages, respectively.
Nanoparticle composition was indicated by EDAX spectra, the
obtained composition data matched theoretical values.

3.8 Electrochemical Performances

Tests of the electrochemical performances for synthesized
nanocomposite materials included CV alongside GCD, and EIS.
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FIGURE 5 (a–e) TEMmicrographs of CNZ at 50 and 20 nm; (f) selected area electron diffraction (SAED) pattern of CNZ.

FIGURE 6 EDAX spectrum of CNZ.

CV studies utilized nanocomposite CNZ as the working electrode
together with platinum and calomel electrodes serving as counter
electrode and reference electrode during analysis in 6 M aq. KOH
electrolytes through a 3-electrode system. CV results in Figure 7a

demonstrate CNZ behavior across 0 to 0.5 V potential range at a
scan rate of 100–5 mVs−1 thereby showing non-rectangular pseu-
docapacitive formation as the intercalation produces these shapes
[72]. Good electrochemical stability alongside full reversibility
of the electrodes can be attributed to constant CV curve shapes
when performing various scan rates. This finding supports an
intercalation/surface diffusion-controlled mechanism in redox
processes [73].

The charge–discharge tests were carried out with current den-
sities from 20 to 1 Ag−1 are shown in Figure 7b. The electrodes
displayed non-linear curves in the test, which confirmed their
pseudocapacitive behavior while matching the CV profile results.
The specific capacitance evaluation resulted in 387.7 Fg−1 values
for CNZ electrodes at 1 Ag−1. The discharge time of the CNZ
electrode demonstrates improvement when using an applied
current of 1 Ag−1. The electrochemical performance of CNZ
improves due to two factors: its expansive surface area and
the increased participation of ions for conductivity. The utiliza-

TABLE 1 The elemental composition of the CNZ.

Element Line type k factor Absorption correction Wt% Wt% sigma atomic %

O K series 2.020 1.00 22.05 0.42 52.67
Ni K series 1.164 1.00 16.73 0.31 10.89
Cu K series 1.247 1.00 38.45 0.43 23.13
Zn K series 1.277 1.00 22.77 0.39 13.31
Total: 100.00 100.00
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FIGURE 7 Electrochemical characterization of CNZ nanocomposites: (a) Cyclic voltammograms at varying scan rates; (b) GCD profiles; (c)
Current vs. potential at different current densities; (d) Nyquist plot with equivalent circuit model inset.

tion of nanostructures became advantageous for promoting fast
chemical reactions within the boundary between electrodes and
electrolytes.

Further, the observed results are compared well with the sim-
ilar plant-synthesized mixed oxide electrodes and metal oxides
electrodes prepared by some other methods. CuO-ZnO hybrid
nanocomposites synthesized using Ficus benghalensis leaf extract
can exhibit a specific capacitance of 352 Fg−1 at current density
of 1 Ag−1 [74]. Green synthesis of CuO/NiO nanocompos-
ite with different CuO/NiO ratios by Saussurea costus extract
shows potent applications in energy storage technologies. The
composite showed 1072 Fg−1 of capacitive performance along
with 72% of capacitance retention even after 4000 cycles [75].
Krishnaiah et al. used neem extract to synthesize CuO–ZnO
nanocomposite and studied their electrochemical performance,
and the results revealed that the CuO–ZnO shows specific
capacitance of 31 Fg−1 at the scan rate of 30 mVs−1 [76]. Flower-
like nanocomposites based on ZnO/NiO as an effective electrode
exhibit a specific capacity of 350 Cg−1 was found at 2 Ag−1
[77]. CuO-NiO nanocomposites synthesized via the hydrothermal
method exhibit the specific capacitance of 35.63 Fg−1 at current
density of 0.3 Ag−1 [78]. Ultrasound-assisted probe sonication
route effectively prepared pure CuO and two-dimensional CuO-
ZnO nanocomposites (NCs) for different ratios of CuO and ZnO,
two-dimensional CuO-ZnO nanocomposites exhibited specific
capacitance values that were found to be in the range of 248–
352 Fg−1 [74]. The improvement in the specific capacitance of the

composite electrode is the result of the nanoparticles are tightly
bound to create composites with more surface area. The data
shown in Figure 7c illustrates the change in specific capacitance
values under various scan rates.

The composite electrode charge transport kinetics analysis
occurred through the EIS spectra depicted in Figure 7d. The
electrochemical impedance spectroscopy consists of two distinct
regions: a semicircle in the high-frequency range and a straight
line in the low-frequency range. The measurement data from the
application of low-frequency range [79] appears as a semicircle
that indicates resistance–capacitance parallel function, which
other diffusion components lead to a high-frequency straight line
[80]. The solution resistance (RS) and charge transfer resistance
(RCT) reach values of 3.3 and 15.3 Ω, respectively, based on
the X-intercept and diameter of the semi-circle. The low RCT
value detected in the electrode demonstrated that an intense
reaction occurred between the electrode interface and electrolytic
space because of efficient ionic conductivity. The ability to
maintain electrode cycle performance stands as the essential
criterion for utilizingmaterials in supercapacitor technology. The
nanocomposite underwent a cycling stability test under 10 Ag−1
for 2000 cycles to evaluate its specific capacitance retention
within KOH electrolytic solution. The researchers reported the
cycle performance data after 2000 cycles of operation. The
specific capacitance value of CNZ in KOH electrolyte remains
almost 90% after measurement in Figure 8. The electrochem-
ical parametric investigations demonstrated that this synthe-
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FIGURE 8 Cyclic stability of the CNZ composite electrode.

FIGURE 9 Anti-oxidant activity of the CNZ.

sized material represents suitable materials for supercapacitor
applications.

3.9 Antioxidant Activity

Cell mutation caused by free radicals negatively affects human
health. The elimination of ROS requires antioxidants as a neces-
sary factor. In vitro antioxidant activity indicates their pharma-
cological function [81–84]. The investigation of DPPH∙, ABTS∙+,
NO∙, and O2−, scavenging activity of synthesized nanocompos-
ite (CNZ) appeared in Figure 9. Standards of pharmaceutical
comparison consist of AA and BHA. Antioxidants within the
test solution reduce the DPPH radical by donating electrons
or hydrogen atoms, thus creating a change from violet to
light yellow, along with a large reduction in maximum absorp-
tion. Researchers investigated the radical-scavenging percentage
activity of the created nanocomposite across 20–100 µgmL−1

concentration levels. An increase in concentration leads to higher
percentages of radical scavenging by the synthesized nanocom-
posite against theDPPHradical, as shown inFigure S3. TheDPPH

radical scavenging capability of CNZ possessed an IC50 value
at 81.84 ± 0.15 µgmL−1 (Figure 9), but they showed significant
activity compared to the standards such as AA (IC50 value at
7.98 ± 0.98 µgmL−1) and BHA (IC50 value at 8.11 ± 1.02 µgmL−1).

Free radical cations of ABTS+ originate through nitrogen electron
removal at the beginning of the experiment. ABTS undergoes
oxidation when exposed to potassium persulfate or manganese
dioxide and other similar agents, producing ABTS+ free radicals.
Antioxidants cause the ABTS+ free radical to transform the
solution into a colorless state [85]. Figure S4 demonstrates
how CNZ lowers the activity of ABTS free radical scavenging
throughout the entire test span. The anti-oxidant activity at
50 µgmL−1 concentration of CNZ reached 32% when tested with
the ABTS compound, while normal ascorbic acid demonstrated
35%. TheCNZ showed themost significant activity, with an IC50 of
79.70 ± 0.49 µgmL−1, which was lower than that of the standards.
The composite exhibits 78% inhibitory effect on nitric oxide at
100 µgmL−1 along with an IC50 value of 66.1 ± 0.65 µgmL−1

which was comparable one with the IC50 value of ascorbic acid
(52.08 ± 0.56 µgmL−1) according to the experimental results
shown in Figure S5. At a concentration of 100 µgmL−1 the
superoxide scavenging action of CNZ was measured at 85%
which possessed 93% of the antioxidant capacity demonstrated by
standard (AA, BHA) (Figure S6). The IC50 values of compounds
CNZ, AA, and BHA were found to be 51.90 ± 0.95, 35.41 ± 0.56,
and 42.60 ± 0.23 µgmL−1, respectively. The anti-oxidant activity
of the synthesized CNZ nanocomposite along with the control
is given in Figure 9. From the results, we know that the CNZ
possessed significant activity. Moreover, scavenging capability
of CNZ was significantly comparable to that of standards (AA,
BHA) at the same concentration (p < 0.05). It seemed that the
scavenging ability of the synthesized composite exhibited good
free radical scavenging activity, which are comparable to that of
similar material synthesized via green methods [86–88].

4 Conclusion

In conclusion, the research introduces an environment-friendly
generation method by preparing copper, zinc, and nickel oxides
based nanocomposites (CNZ) through C. ternatea flower extract.
The synthesis procedure does not require chemical reagents
because the flower extract bioactive compounds serve both as
stabilizing and capping agents for generating nanoparticles.
Multiple analytical techniques confirm the formation of the
nanocomposite (CNZ) through this plant-assisted method. Elec-
trochemical functionality based on CNZ electrode exhibited
pseudocapacitive characteristics and achieved 387.7 Fg−1 specific
capacitance at current density of 1 Ag−1. The data show how CNZ
nanocomposites can effectively function as energy storage com-
ponents in supercapacitor devices. The antioxidant examination
of CNZ nanocomposite included careful testing via four radical
scavenging methods that utilized DPPH∙, ABTS∙+, NO∙ and
O2− assays. The CNZ nanocomposite shows antioxidant strength
on equivalence with traditional antioxidants like ascorbic acid
according to the test results. The promising features of CNZ
make it a suitable candidate for pharmaceutical approaches and
biomedical fields to reduce oxidative stress effects. This nanocom-
posite possesses special electrochemical properties combined
with antioxidant functions that enable its utilization as energy
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storage systems and antioxidant health agents. This investigation
strengthens research on plant-based methods for nanomaterial
production and introduces opportunities to study C. ternatea
flower extract applications in nanotechnology and biomedical
research.
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