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ABSTRACT

The eco-friendly synthesis of
Nickel Oxide/Zinc Oxide (NiO/ZnO)
nanocomposite nanoparticles
(NPs) using Vitex negundo leaf
extract offers a sustainable and
green approach to developing
nanomaterials for biomedical
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applications. Three different molar ratios were synthesized: F1 (equal proportion of NiO and ZnO), F2 (high zinc, low nickel), and F3 (high nickel,
low zinc). XRD analysis confirmed excellent crystallinity, with ZnO particle sizes of 14.35 nm (F1), 15.91 nm (F2), and 22.97 nm (F3), while NiO
sizes ranged from 14.11 nm to 15.75 nm. UV-Vis spectroscopy revealed bandgap energies of 2.7 eV (F1), 2.75 eV (F2), and 2.55 eV (F3), highlighting
compositional effects. SEM analysis demonstrated sheets morphology with minimal agglomeration, and EDX confirmed elemental composition.
The F1 ratio exhibited superior antibacterial performance, showing a 1.5 mm inhibition zone against Staphylococcus aureus and Pseudomonas
aeruginosa. Anti-inflammatory studies revealed concentration-dependent inhibition, with F1 achieving the highest inhibition (46.2% at 500 pg),
though lower than diclofenac (70.3%). This study highlights the successful synthesis of NiO/ZnO nanocomposites, particularly F1, with significant
antibacterial and anti-inflammatory potential, emphasizing the role of eco-friendly methods in advancing biomedical research.
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INTRODUCTION

Nanotechnology revolutionizes biomedical applications by
enabling precise drug delivery, minimizing side effects, and
improving treatment effectiveness.? It advances diagnostics with
nanoscale biosensors, facilitating early and accurate disease
detection. In regenerative medicine, it drives innovations like tissue
engineering and nanoparticle-assisted wound healing, expanding
the possibilities of modern healthcare.®>  Additionally,
nanotechnology has become integral to modern scientific research,
particularly in developing new materials with unique properties and
diverse applications.*®> Among these materials, metal oxide
nanoparticles have garnered significant attention for their
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exceptional properties, including high surface-to-volume ratio,
chemical stability, and multifunctional capabilities. The potential
uses of two such metal oxides, Nickel Oxide (NiO) and Zinc Oxide
(Zn0), in a variety of sectors, including biomedicine, sensors,
electronics, and catalysis, have been extensively investigated.®® A
variety of applications, such as battery cathodes, supercapacitors,
and magnetic storage devices, may utilize the well-known
magnetic, catalytic, and electrochemical characteristics of Nickel
Oxide nanoparticles.®*® Antibacterial coatings, medication delivery
systems, and sunscreen have all benefited from the exceptional
optical, piezoelectric, and antibacterial qualities of Zinc Oxide
nanoparticles.’*® However, the creation of these nanoparticles
frequently uses chemical techniques that might be harmful to the
environment because they call for harsh reaction conditions, high
temperatures, and toxic solvents. These techniques have the
potential to produce hazardous byproducts that threaten both human
health and the environment. The ecologically conscious synthesis
approach has become a viable and environmentally responsible
solution to these challenges. Green synthesis produces
nanoparticles in an environmentally safe way by reducing and
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stabilizing metal ions using natural resources like plant extracts.'®2
In addition to reducing the amount of hazardous chemicals used,
this process gives the produced nanoparticles biocompatibility,
which makes them ideal for biological applications??2. The
Chinese chaste tree, or Vitex Negundo, is a medicinal plant that has
been used for many years in Asian traditional medicine.?®?® Vitex
Negundo's leaves are a rich source of flavonoids, terpenoids,
glycosides, and alkaloids, among other bioactive substances that
support the plant's analgesic, anti-inflammatory, antioxidant, and
antibacterial qualities. Due to their phytochemicals' ability to
stabilize the produced nanoparticles and decrease metal ions, Vitex
Negundo is a perfect choice for sustainable synthesis.?®?

In this study focused on the green synthesis of NiO/ ZnO nano
composed using Vitex Negundo leaf extract. The specific
nanoparticles lie in the complementary properties of NiO and ZnO,
which, when combined, are expected to exhibit enhanced biological
activities. The phytochemicals present in Vitex Negundo not only
facilitate the synthesis of these nanoparticles but also impart
additional bioactive properties to the resulting nanocomposites,
thereby enhancing their potential for biomedical applications.

The produced NiO/ZnO nanocomposites will be examined by
applying a number of scientific approaches, such as Fourier-
transform infrared spectroscopy (FT-IR), scanning electron
microscopy (SEM), transmission electron microscopy (TEM), and
X-ray diffraction (XRD). These methods will provide insights on
the compositional, morphological, and physical characteristics of
the nanocomposites. The produced nanocomposites' biological
activities will also be completely analysed, with a focus on their
antibacterial, anti-inflammatory, and antioxidant properties.

Utilizing Vitex Negundo leaf extract, the green production of
NiO/ZnO nanocomposites offers a fresh method for creating
biocompatible materials with improved biological applications.
This work is to investigate the possibilities of plant-mediated
synthesis in creating cutting-edge materials for medical and
environmental applications, as well as to add to the increasing
literature of research on sustainable nanotechnology.

EXPERIMENTAL PROCEDURE

Vitex Negundo leaf extract

In order to eliminate any foreign contaminants, fresh Vitex
Negundo leaves were repeatedly rinsed with purified water. After
that, for 30 minutes at 60 °C, 10 g of the finely chopped leaves were
mixed with 100 ml of pure water. Filter paper of Whatman No. 1
was then used to filter the leaf extract. Nanoparticle production was
carried out using this extract.

Synthesis of NiO/ZnO nano composting nanoparticles

Ni(NOs). -6H. O and Zn(NQ).-6H:0 salts were used in three
distinct molar ratios 1:1, 1:3, and 3:1 to produce nanocomposites:
(designated F1, F2, and F3) respectively. By dissolving 2.907 g of
NiO and 2.9104 g of ZnO nanoparticles in 100 ml of distilled water
to create a 0.1 M solution, NiO/ZnO was created for the F1
nanocomposite. After 20 minutes of constant stirring, the leaf
extract was added to this mixture. The nanocomposites were mixed
with the leaf extract after 20 minutes, and the mixture was then
agitated one more for 30 minutes at 60 °C. To get a gel-like
consistency, sodium hydroxide pellets were dissolved in distilled
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water and the pH was raised to 10. For three hours, the gel was
heated to 100 °C in a hot air oven. A mortar and pestle were used
to grind the resultant powder, which was then heated to 500 °C for
an hour in a muffle furnace. Further characterization was done
using the obtained powder sample. The F2 and F3 nanocomposites
followed the same process repeatedly.

XRD characterization

The XRD analysis of the NiO/ZnO nanocomposites synthesized
in three different molar ratios (1:1, 1:3, and 3:1) name as F1, F2,
and F3. It reveals distinct diffraction patterns corresponding to the
crystallographic planes of ZnO and NiO, confirming the formation
of these composite nanoparticles. In addition to the structural
analysis, the Coulomb interactions between the nanoparticles and
the effects on their crystallinity and morphology can be explored to
provide a more in-depth understanding of the system.
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Figure 1. XRD pattern of NiO/ZnO Nanocomposite utilizing the
Vitex Negundo leaf extract.

The F1 sample diffraction peaks at 26 values of 37.18°, 43.20°,
62.72°,75.17°, and 79.12° can be indexed to the (111), (200), (220),
(311), and (222) planes of NiO, in line with JCPDS card no. 04-
0835, confirming the presence of face-centered cubic NiO%* .The
diffraction peaks observed at 20 values of 31.78°, 34.48°, 36.35°,
47.56°, 56.69°, and 67.91° correspond to the (100), (002), (101),
(102), (110), and (112) planes of ZnO, following JCPDS card no.
36-1451, indicating that ZnO exhibits a hexagonal wurtzite
structure?®. The observed peak intensities and sharpness suggest
that the electrostatic Coulomb forces between NiO and ZnO
facilitate a strong interfacial bonding, preventing significant strain
or disorder within the composite is maintaining the distinct
crystallographic phases of NiO and ZnO without the formation of
secondary phases, as supported by the XRD data.

For the F2 sample, NiO/ZnO nanocomposite, the diffraction
peaks at 43.20° and 62.72° match the (200) and (220) planes of
face-centered cubic NiO, as per JCPDS card no. 04-0835. the
prominent diffraction peaks observed at 31.78°, 34.48°, 36.35°,
47.56°, 56.69°, 67.91°, and 69.15° are indexed to the (100), (002),
(101), (102), (110), (112), and (201) planes of ZnO, as indicated by
JCPDS card no. 36-1451, confirming the hexagonal wurtzite
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structure. The increased ratio of ZnO may lead to stronger
Coulombic interactions between the Zn2* and 0 *~ ions com pared
to the NiO phase, slightly affecting the lattice parameters, as
evidenced by minor shifts in the peak positions. These shifts are
indicative of the strain that arises from the Coulombic attraction
between the different ionic species, which affects the overall lattice
structure.

F3 sample nanocomposite, peaks at 37.18°, 43.20°, 62.72°,
75.17°, and 79.12° correspond to the face-centered cubic phase of
NiO (JCPDS card no. 04-0835). Additional diffraction peaks at
31.78°, 34.48°, 36.35°, 47.56°, 56.69°, and 67.91° align with the
hexagonal wurtzite structure of ZnO (JCPDS card no. 36-1451).
Here, the dominance of NiO over ZnO suggests that Coulomb
interactions between Ni2* and 0 *~ ions m ight contribute m ore
significantly to the stabilization of the NiO phase. These
electrostatic forces help maintain the integrity of the face-centered
cubic structure, as indicated by the absence of secondary phases or
impurities in the XRD pattern. The particle size of ZnO and NiO
Nano composting nanoparticles was determined using the Debye-

Scherrer equation,
kA

D=-—29 1)

Pcos

where D, K, and A represent the crystal size, Shape factor, and
wavelength of the X-ray. B and 0 represent the full width at half
maximum intensity of the peak and diffraction angle. And also

calculated the lattice constant ‘a’ using the below formula,
a= dhi (W?+k2+12)12 @)
The NiO particle sizes for the F1, F2, and F3 samples show
14.11 nm, 14.64 nm, and 15.75 nm, respectively. Similarly, the
ZnO particle sizes for the F1, F2, and F3 samples show 14.35 nm,
15.91 nm, and 22.97 nm, respectively. These results indicate a trend
of increasing particle size with changes in the compositional ratios.
Calculated particle sizes, interplanar distances, and lattice constants of
the NiO/ZnO Nano composting NPs are different ratios (F1, F2 and F3)

are shown in Tables 1,2, and 3.

Table 1. Particle size, lattice constant, and interplanar distance of
NiO/ZnO Nanocomposting NPs at F1 sample were calculated.

20 hkl FWHM  d-spacing (&) Crystal  Lattice
® Obser  Calcul size constan
ved ated (D) t(a)
31.78 100 0.492 2.81 2.81 16.78 281
3448 002 0.539 2.60 2.60 15.42 3.67
36.35 101 0.656 247 2.47 1274 3.49
37.18 101 0573 2.42 2.42 14.62 3.42
43.2 200 0.474 2.09 2.09 18.01 295
47.56 102 0.89 1.90 1.90 9.750 3.29
56.69 110 0.576 1.62 1.62 1566  2.29
62.72 220 0.69 1.48 1.48 13.47 2.96
6791 112 0.63 1.37 1.37 1519 274
75.91 311 071 1.26 1.26 14.18 2.81
79.12 222 0.96 1.20 1.20 1072 2.93

FTIR characterization

The FTIR analysis of the NiO/ZnO nanocomposite nanoparticles
synthesized using Vitex Negundo leaf extract reveals key functional
groups involved in their formation and stabilization. The broad
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Table 2. Particle size, lattice constant, and interplanar distance of
NiO/ZnO Nanocomposting NPs at F2 sample were calculated.

20 hkl ~ FWHM  d-spacing (A) Crystal  Lattice
® Obser  Calcul size constan
ved ated (D) t(a)
31.78 100 0.453 281 281 18.22 2.81
3448 002 0.466 2.60 2.60 17.00 3.67
36.35 101 0.489 2.47 2.47 17.09 3.49
43.2 200 0.532 2.09 2.09 16.05 2.95
4756 102 0.600 191 191 14.46 3.30
56.69 110 0.558 1.62 1.62 16.17 2.29
62.72 220 0.702 1.47 1.47 13.24 2.94
6791 112 0.653 1.37 1.37 14.66 2.74
69.15 201 0.70 1.35 1.35 13.77 2.33

Table 3. Particle size, lattice constant, and interplanar distance of
NiO/ZnO Nanocomposting NPs at F3 sample were calculated.

20 hkl ~ FWHM  d-spacing (A) Crystal  Lattice
® Obser  Calcu size constant
ved lated (D) €))
31.78 100 0.319 2.81 2.81 2588 281
3448 002 0.336 2.60 2.60 24.74 3.67
36.35 101 0.364 2.47 2.47 2296 349
37.18 101  0.432 2.42 2.42 19.39 3.42
43.2 200 0.461 2.09 2.09 1852 295
47.56 102 043 191 191 20.18 3.30
56.69 110 0.387 1.62 1.62 2331 229
6272 220 0.681 1.48 1.48 13.65 2.96
6791 112 0461 1.37 1.37 20.76  2.74
75.17 311 0.715 1.26 1.26 14.01 2.81
79.12 222 0.78 1.21 1.21 1320 2.96
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Figure 2. FTIR spectrum of NiO/ZnO Nanocomposite NPs using
Vitex Negundo leaf extract.

peak observed in the 3353-3411 cm~ ' range corresponds o 0 -H
stretching, indicating the presence of hydroxyl groups from
biomolecules in the extract.® Peaks at 1603-1648 cm™' are
recognized to O-H bending vibrations®. Vibrations between 1007
and 1264 cm~" and 1315 -1361 cm™ ' are indicative of G —H and
C=0 groups, respectively, and validate the organic capping of
nanoparticles.! By confirming the production of Ni-O and Zn-O
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bonds, the distinctive metal-oxygen stretching vibrations at
577-682 cm~' validate the successful synthesis of the
nanocomposites.?

UV Characterization

The NiO/ZnO nanocomposites (F1, F2, and F3) exhibited
significant absorption in the UV-visible region, with absorption
peaks shifting to longer wavelengths when the NiO: ZnO molar
ratio varies, according to their UV-Vis absorption spectra, which
were recorded within the wavelength range of 300 nm to 800 nm.
Strong absorption is seen in the F1 ratio, indicating an equal
percentage of NiO and ZnO, however the optical characteristics of
F2 and F3, which have different compositional ratios, are
dependent on the proportions of NiO and ZnO. ZnQO's conduction
band electrons and the localized d-electrons of Ni2 ions interact
through sp-d exchange interactions, which is reflected in the red
shift in the absorption band edge across F1, F2, and F3 2 %, This
interaction findings in a reduced bandgap energy as the proportion
of NiO increases. The bandgap energy (Eg) can be established
using the Tauc equation:

(ahv)Y"= A (hv - Eg) 3)

Table 4. Shows the wavelength and bandgap energy

NiO/ZnO NPs Wavelength (nm) Bandgap Energy
(E9)

F1 ratio 375 nm 2.7eV

F2 ratio 382 nm 2.75 eV

F3 ratio 391 nm 2.55 eV

When NiO and ZnO are present in similar proportions, the F1
ratio shows a balanced optical response. In contrast to the F3 ratio,
which exhibits the lowest bandgap and the most improved optical
qualities, the F2 ratio has a little greater bandgap, suggesting less
optical activity. These modifications demonstrate how NiO/ZnO
nanocomposites' optical characteristics may be tuned, which makes
them appropriate for photocatalytic and optoelectronic
applications.®*
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Figure 3. UV Absorption spectrum of NiO/ZnO nanocomposite NPs
using Vitex Negundo leaf extract.
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Figure 4. UV Energy bandgap of NiO/ZnO nanocomposite NPs using
Vitex Negundo leaf extract.

SEM characterization

Well-defined morphological features with agglomerated
structures are shown by the SEM analysis of NiO/ZnO
nanocomposites made with Vitex Negundo leaf extract in an equal
ratio. The tightly packed, irregularly shaped nanoparticles at higher
magnifications indicate strong contacts between the NiO and
ZnO phases. The rough surface shape is probably due to the Vitex
Negundo extract's function as a capping and reducing agent, which
made the composite easier to form. A tendency for aggregation is
reflected in the observed particle clusters, which may increase the
composite's potential for photocatalytic and biological applications.
Overall, the SEM examination validates the green synthesis of
NiO/ZnO nanocomposites with consistent surface characteristics
and efficient phase interaction.®

Figure 5. SEM characterization of F1 ratio, NiO/ZnO nanocomposite
NPs using Vitex Negundo leaf extract.

Different morphological features are revealed by the SEM
characterisation of NiO/ZnO nanocomposites made with Vitex
Negundo leaf extract and a greater nickel to zinc ratio. High
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magnification (Figure a) reveals layered and sheet-like structures,
which show that NiO predominates while ZnO partially integrates.
Figure b at intermediate magnification shows irregular and
aggregated particles, suggesting strong interaction and effective
bonding between the NiO and ZnO phases. Figure ¢ at lower
magnification highlights the overall uniform distribution of the
composite with clustered and rough surface features, which could
enhance catalytic or biological activity. These observations confirm
the successful formation of NiO/ZnO nanocomposites with unique
structural characteristics facilitated by the green synthesis
method.®

Figure 6. SEM characterization of F2 ratio, NiO/ZnO nanocomposite
NPs using Vitex Negundo leaf extract.

Figure 7. SEM characterization of F3 ratio, NiO/ZnO nanocomposite
NPs using Vitex Negundo leaf extract.

The SEM characterization of NiO/ZnO nanocomposites
synthesized using Vitex Negundo leaf extract with an F3 ratio
reveals distinct morphological features. At high magnification
(Figure a), sheet-like and wrinkled structures are observed,
indicating the dominant presence of NiO with minimal ZnO
incorporation.  (Figure b) at intermediate magnification shows
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aggregated and clustered formations, suggesting strong interaction
and partial dispersion of ZnO within the NiO matrix. (Figure c) at
lower magnification highlights elongated, rough surface textures,
reflecting the influence of NiO higher content in shaping the overall
morphology. These observations confirm the successful synthesis
of NiO/ZnO nanocomposites with hierarchical structural
characteristics, achieved through the green synthesis method.

Biological Application

Antibacterial Activity

The antibacterial activity of NiO/ZnO nanocomposites
synthesized using Vitex Negundo (VN) leaf extract highlights the
dual role of the extract as both a reducing and stabilizing agent
during the green synthesis process. The VN leaf extract contributed
bioactive phytochemicals that may synergize with the
nanocomposite's properties, enhancing their biological activity®.
The production of reactive oxygen species (ROS) such hydroxyl
radicals (OH) and superoxide anions (O, ) during interactions
between the nanocomposites and bacterial cells is the main
explanation for the antibacterial mechanism of NiO/ZnO
nanocomposites. These ROS induce oxidative stress, which
damages DNA, breaks down proteins, and destroys bacterial cell
membranes, ultimately leading to bacterial cell death®. Still, the
nanocomposites' high surface area and tiny size allow them to more
easily enter bacterial cells, improving their bactericidal efficacy.®®

//z L

Figure 8. Antibacterial Activity of NiO/ZnO nanocomposting NPs
using Vitex Negundo leaf extract.

Among the studied ratios (F1, F2, and F3), F1 showed the
strongest antibacterial activity, displaying the largest inhibition
zones against Pseudomonas aeruginosa (1.5 cm) and
Staphylococcus aureus (1.5 cm). The lowest activity was observed
by F3, which produced zones of 0.8 cm and 0.7 cm, whereas F2 had
moderate activity with inhibition zones of 1.3 cm and 1.1 cm,
respectively. The results were reliable because the control showed
no growth and the negative control, DMSO, had no bactericidal
effect.

The results highlight the significance of the NiO to ZnO ratio is
in assessing the nanocomposites' antibacterial efficacy. When
combined with the bioactive ingredients in the VN leaf extract, the
synergistic action of NiO and ZnO nanoparticles increases ROS
production and membrane disruption, which improves antibacterial
activity. In addition to lessening the products' negative effects on
the environment, this ecologically friendly synthesis method with
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VN leaf extract gives the materials a high degree of bioactivity,
which makes them desirable choices for antibacterial applications.

Table 5. The antibacterial activity is displayed in the table

Microorganism  DMSO | Control | F1 ratio F2 ratio = F3ratio
Staphylococcus |~ 00 1.2 15 13 0.8
aureus

Pseudomonas 00 0.7 15 11 0.7
aeruginosa

1.6 4

Control
F1
1.4 4 F2
F3

1.24

1.0

0.8 4

0.6 4

zone of inhibition (mm)

0.4

0.2

0.0

Staphylococcus aureus Pseudomonas aeruginosa

Microorganism

Figure 9. The bar graph shows the Antibacterial Activity of NiO/ZnO
nanocomposting NPs using Vitex Negundo leaf extract.

Anti-inflammatory activity

The human red blood cell (HRBC) membrane stabilization
experiment was used to assess the anti-inflammatory properties of
NiO/ZnO nanocomposite nanoparticles made with Vitex Negundo
leaf extract. With the highest suppression of RBC hemolysis, the
F1 ratio (equal parts NiO and ZnO) had superior membrane stability
and anti-inflammatory capability, according to the data, which
showed a concentration-dependent effect. By contrast, the F3 ratio
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I
co4 | F2
B F3
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©
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Figure 10. The bar graph shows the Anti-inflammatory activity of
NiO/ZnO nanocomposting NPs utilizing Vitex Negundo leaf extract.
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(high NiO, low ZnOQ) exhibited the least activity, whilst the F2 ratio

(high ZnO, low NiO) displayed moderation. Hemolysis brought on
by an excessive buildup of fluid causes membrane rupture and
oxidative damage in hypotonic solutions. By stabilizing the RBC
membrane, the nanocomposites may be able to stop the release of
lytic enzymes and inflammatory mediators, which would lower
membrane permeability and the inflammatory reactions that follow.
Vitex Negundo leaf extract played a crucial role as a green
synthesis agent and a source of bioactive substances including
flavonoids, which have antioxidant and anti-inflammatory effects.
These results demonstrate the potential of environmentally friendly
synthetic nanocomposites for applications in medicine and
emphasize the importance of the NiO: ZnO ratio in regulating anti-
inflammatory activity.*04!

Table 6. Shows the Anti-inflammatory activity

Sample

Concentration 100 200 300 400 500 B
(H9)

Diclofenac 0.36 0.27 0.21 0.17 0.12 0.41
% of inhibition 12.1 341 | 487 58.5 70.3

F1 0.34 0.32 0.30 0.27 25 0.38
% of inhibition 10.5 15.7 21 289 | 46.2

F2 0.35 0.33 0.31 0.28 26

% of inhibition 7.8 13.1 18.4 26.3 315

F3 0.37 0.35 0.32 0.30 28

7.8 15.7 21 26.3

% of inhibition 2.63

Figure 11. Antl-lnflammatory human red blood assay.

CONCLUSION

This work effectively illustrates the environmentally friendly
production of NiO/ZnO nanocomposites utilizing leaf extract from
Vitex negundo, offering a sustainable method for creating useful
nanomaterials. The synthesized nanocomposites’ outstanding
crystallinity was validated by structural analysis, which further
highlighted the impact of compositional modifications by seeing
significant fluctuations in particle size and bandgap energies across
the F1, F2, and F3 ratios. Equal amounts of NiO and ZnO in the F1
ratio made it the most promising formulation. It showed strong
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antibacterial activity against Pseudomonas aeruginosa and
Staphylococcus aureus, as well as significant anti-inflammatory
benefits, albeit they were not as strong as those of the common
medication diclofenac. The findings highlight the promise of
NiO/ZnO nanocomposites produced by green synthesis for use in
biomedical applications, specifically in antibacterial and anti-
inflammatory treatments. By utilizing their environmental
sustainability, these results open the door for additional study into
environmentally friendly nanomaterials.
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