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ABSTRACT

Green synthesis of zinc oxide (ZnO) nanoparticles (NPs) using plant extracts has
attracted increasing attention due to its eco-friendly, cost-effective, and
sustainable nature. In this study, ZnO nanoparticles were successfully synthesized
using aqueous leaf extracts of Mangifera indica and Carica papaya, where plant
phytochemicals acted as reducing and stabilizing agents, eliminating the need for
toxic chemicals. Powder X-ray diffraction (XRD) analysis confirmed that the
synthesized ZnO NPs crystallized in a cubic phase consistent with JCPDS card
no. 36-1451. The average crystallite sizes were 17.25 nm for Mangifera. Indica-
derived ZnO, and 33.27 nm for Carica papaya-derived ZnO, as estimated using
the Scherrer equation. UV-Vis spectroscopy showed characteristic absorption
peaks at 299 nm and 303 nm, respectively, with variations in direct and indirect
band gaps attributed to particle size differences and minor carbon impurities (2.0—
3.2%). SEM analysis revealed predominantly spherical and flower-like
morphologies with uniform distribution, while EDX confirmed Zn and O as the
major elemental constituents. Electrical conductivity measurements indicated
higher conductivity for Mangifera indica-derived ZnO (24.96 mS) compared to
Carica papaya-derived ZnO (16.24 mS), suggesting superior dielectric potential.
Overall, the study demonstrates that green synthesis using plant extracts is an
effective route for producing ZnO nanoparticles suitable for applications in
electronics, optoelectronics, photocatalysis, cosmetics, and biomedical fields.
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INTRODUCTION

Nanotechnology is an emerging field with the potential to
revolutionize several scientific and technological
disciplines due to the unique size-dependent properties of
nanomaterials. Nanoparticles, typically ranging from 1-
100 nm, possess a high surface area-to-volume ratio,
resulting in enhanced thermal conductivity, chemical
stability, nonlinear optical behavior, and catalytic activity
compared to their bulk counterparts (Fakhari et al., 2019;
Agarwal et al., 2017). In recent years, the integration of
nanotechnology with green chemistry principles has
gained significant attention. Green chemistry primarily
addresses two key challenges: the safe management of
hazardous industrial waste and the development of

sustainable synthetic routes that eliminate or minimize the
use of toxic substances (Gul et al., 2021). This approach
emphasizes environmentally benign raw materials, safer
processing methods, and reduced ecological impact while
promoting  responsibility among  scientists and
manufacturers (Viana et al., 2020; Ansari et al., 2020).

Plant-mediated green synthesis of nanoparticles has
emerged as a promising alternative to conventional
chemical and physical methods, which are often energy-
intensive and environmentally harmful. Plant extracts
serve as effective reducing and capping agents due to their
rich phytochemical content, enabling safe and cost-
effective nanoparticle production. Zinc oxide (ZnO)
nanoparticles, in particular, are attractive for sustainable
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and renewable energy applications owing to their
abundance, chemical stability, low cost, and ease of
processing. Their structural and surface properties
significantly influence performance in energy harvesting,
conversion, and storage systems, contributing to
environmentally friendly solutions for global energy
challenges (Wahid et al., 2020).

Despite considerable progress in the plant mediated green
synthesis of ZnO nanoparticles, most existing studies
examine the structural, optical, or morphological
behaviour of a single plant-derived ZnO system in
isolation, with comparatively few studies subjecting two
botanically distinct extracts to identical synthesis,
deposition, and characterization conditions for direct
comparison. In addition, structural and optical
characterization of green-synthesized ZnO nanoparticles
is well documented in the literature, but this is rarely
coupled with electrical conductivity measurements of the
corresponding ZnO thin films deposited on conductive
substrates such as Indium Tin Oxide (ITO), information
that is essential for evaluating their suitability for
optoelectronic, sensing, and energy-related device
applications. This gap limits the extent to which clear
structure property performance relationships can be
established to guide the selection of plant extracts for
specific technological uses. The present study addresses
this gap by providing a comprehensive, side by side
structural, optical, and electrical investigation of ZnO
nanoparticles synthesized from Mangifera indica and
Carica papaya leaf extracts, deposited on ITO substrates
and processed under identical conditions, thereby linking
their structural and optical properties directly to electrical
performance.

This study focuses on the green synthesis of ZnO
nanoparticles using Mangifera indica (mango) and
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Carica papaya (pawpaw) leaf extracts as reducing and
stabilizing agents. The synthesized nanoparticles were
comparatively characterized using X-ray diffraction
(XRD), UV-Visible spectroscopy, scanning electron
microscopy  with  energy-dispersive  spectroscopy
(SEM/EDS), and electrical conductivity measurements.
The findings provide evidence-based insights into the
effectiveness of these plant extracts in nanoparticle
formation and functional enhancement, contributing
valuable knowledge to green nanotechnology research.

MATERIALS AND METHODS

Collecting the Plant Samples

Carica papaya and Mangifera indica leaves that appeared
fresh and healthy were gathered from the Oremeji Area of
Ibadan, Oyo State, Nigeria. The plants were recognized
and verified. After four to five weeks of air drying in the
shade, these samples were ground into a powder for
subsequent use. Until they were needed, the powdered
leaves were kept at room temperature in airtight
containers.

Carica Papaya and Mangifera Indica Leaf Extract
Preparation

As shown in figure 1, fifty grams of ground or powdered
leaf samples of Carica Papaya and Mangifera Indica
were combined with 600 ml of distilled water in 1000 ml
beakers. After that, the beakers were covered with
aluminum foil and left for a whole day. After settling, the
liquid supernatant was sieved using a muslin bag and
filtered out using filter paper with the smallest pore size.
The filtrate was then put into centrifuge bottles with
labels, as shown in the picture below. After centrifuging
the filtrates for ten minutes at 1000 rpm, the supernatant
was placed into sample bottle with clear labels.

Figure 1: The cold water extraction process of carica papaya and mangifera

indica leaf extract

Zinc nitrate (Zn(NOs)2), EMPLURA grade) served as the
precursor for ZnO nanoparticle production. To create a
0.4 M solution, dissolve 7.574 g of Zn(NO3). in 100 mL
of distilled water. Stir intermittently for 20 minutes until
completely dissolved. The solution was divided equally

into two conical flasks and magnetically swirled for 20
min. Carica papaya and Mangifera indica leaf extracts
were then mixed individually in a 1:5 ratio (extract to
precursor). Continuously stirred until colour changes and
the pH was adjusted to neutral (pH 7; being mindful of
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application in biological interest the particle yield was
low; having known that at pH between 8-9 it yield better)
by gradually adding 0.4 M NaOH. The mixtures were
agitated for 1 hour and 30 minutes, resulting in a sol-gel

i

0.4 M of Zinc Nitrile

Samples after annealled @ 400°C
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transition and a modest color change. The products were
filtered, oven-dried at 60°C, and then annealed at 400°C
for 2 hours to yield ZnO nanoparticles. The synthesis
process was represented in figure 2:

Oven drying after filtered

Figure 2: Synthesis process of Zinc Oxide Nanoparticle

Deposition of Zinc Oxide Nanopaticle on Indium
doped Tin Oxide substrate

The solution obtained during nanoparticle synthesis was
used to implant ZnO NPs on an Indium Tin Oxide (ITO)
substrate. ITO panels measuring 2 cm by 4 cm were cut
out using a diamond cutter and labeled for each sample of
ZnO Nps from both leaf extracts. The ITO slides were
first cleaned by rinsing them in distilled water and then

20em

20cm

washing them in methanol to remove grease. The spraying
pyrolysis machine was set at a substrate temperature of
150°C for all samples with a deposition period of 312
seconds (5 minutes and 12 seconds). For all samples, the
nozzle height and distance to the substrate are both 20 cm,
and the nozzle-to-substrate inclination slope distance is
given by:

Figure 3: Spraying pyrolysis process showing nozzle-substrate distance

Nozzle — substrate distance y (cm) =

This was necessary because the nanoparticle yield was

Jheight of the nozzle? + substrate horizontal distang®all for X-ray diffraction analysis. During the spraying

y = V202 + 202
y =+v800cm? = 28.28 cm

process with the spray pyrolysis machine, pressure pumps
and atomizers were also utilized. Figure 3 depicts the
deposition process. The samples were then annealed for
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two hours at 350°C; this temperature was chosen to avoid
denaturing the ITO conductivity.

RESULTS AND DISCUSSION

The samples were analyzed structurally using an X-ray
diffractometer (XRD), morphologically with a scanning
electron microscope (SEM/EDX), optically with UV-
visible spectroscopy, and electrically with a digital
conductivity tester. This section provided details on
sample characteristics.

XRD (Structural)

Samples 1 and 2 were structurally characterized by
powdered X-ray diffractometry (PXRD), with zinc oxide
from Carica papaya and Mangifera indica nanoparticles,
respectively. Their grain size was calculated using
Equation 3.1, and the results were compared to
conventional references. Equation 3.2 represents the
lattice's d-space.
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Where g is the grain size, K is a constant of value 0.94, A
is the wavelength of the XRD machine of value 0.15406
nm, B is the FWHM in degrees (but converted to radians)
of the spectrum, dspace and Bragg’s angle 6 are obtained at
26 that matches peaks in degrees, and n = 1.

Figure 4 shows the X-ray diffraction (XRD) patterns of
green-synthesized ZnO nanoparticles placed on ITO
substrates with extracts of Mangifera indica (Sample 1)
and Carica papaya (Sample 2). The diffraction peaks at
20 = 31.7°, 34.4°, 36.2°, 47.5°, 56.6°, 62.8°, and 67.9°
correspond to the hexagonal wurtzite ZnO
crystallographic planes (100), (002), (101), (102), (110),
(103), and (112). These peaks are consistent with the
standard JCPDS card No. 36-1451, indicating the
successful production of crystalline ZnO nanoparticles.
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Figure 4: XRD for Zinc Oxide synthesized using m. indica and
c.papaya leaf extracts tagged samples 1 and 2

Table 1: The grain size of the zinc oxide synthesized with leaf extract from m. indica and c. papaya leaf extracts

for sample 1 and 2

Sample 20° FWMH (B)° Grain Size nm Average grain size nm
1 32.00 2.03 4.26

47.50 0.30 30.24 17.25
2 31.82 0.37 23.34

47.50 0.21 43.20 33.27

UV-Visible (Optical)

The ZnO NPs samples and the extract of M. indica and C.
papaya leaves are shown in Figure 5, UV-visible spectra.
In the UV-visible spectrum, the nanoparticle samples
have maxima at roughly 299 and 303 nm, respectively.
However, ZnO suggests a considerable reduction in the
signal strength at about 360 nm in the UV-visible
spectrum of the ZnO NPs investigation Gur et al., 2022.
The Zinc oxide shows the absorption at 380 nm and pure
nanoparticle is observed at 374 nm. The green ZnO Nps
were found to have Eg values of 3.44 eV. Similarly, ZnO
nanoparticles that were chemically produced showed a
band gap energy of 3.35 eV (at the 370 nm absorption
band) to indicate variations in their sizes. Due to the fact

that particle size affects surface plasmon resonance
(SPR), it should be noted that the two types of Nps
displayed distinct absorption bands. The absorption band
in the quantum confinement range moves towards a lower
wavelength when the particle size decreases due to a rise
in particle band gap energy. Consequently, our results
demonstrate that the produced ZnO Nps have greater band
gap energy than the chemically manufactured ZnO NPs,
indicating their smaller size. It's possible that their
significantly reduced size is due to these leaves extracts'
powerful capping and lowering capabilities®. Hence, the
band gaps for indirect were 3.61 and 3.56 eV for samples
1 and 2, respectively, while for the direct band gap, which
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is ZnO, it was revealed as 3.88 and 3.84 eV for samples 1
and 2, respectively.
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Figure 5: (a) The absorption spectrum of Zinc oxide (b) The indirect band gap
using Tauc’s equation (c) The direct band gap using tauc’s equation for both
synthesized through mangifera indica and carica papaya respectively

SEM/EDX (Morphology)

Scan Electron Microscopy (SEM) examinations were
used to determine the size, shape, and structure of the
synthesized ZnO NPs as shown in Figures 6. ZnO NPs
homogeneous

micrographs  demonstrated  their

distribution, spherical shape, and nanoscale range. The
SEM results showed that the size and form of the
nanoparticles were altered while utilizing various leaves
extracts.
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Figure 6: The SEM micrograph and EDS for samples 1 and 2; Zinc Oxide

with mangifera indica and carica papaya respectively (Daramola et al.,

2025)

The produced ZnO NPs were analyzed by SEM and EDX
for the morphological and elemental examination. ZnO
NP production was verified by the EDX, which displayed
a high signal in the oxygen and zinc areas. Furthermore,
the mangifera indica ZnO NPs had a composition of

77.20% zinc, 20.48% oxygen, and 2.32% carbon and were
hexagonal with aggregations. Their carica papaya
counterparts, on the other hand, were spherical and
comprised of 15.24% oxygen, 82.76% zinc, and 2.00%
carbon. Also, EDX shows the dispersion of Zn in the
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range of 1.3 to 1.5 KeV, oxygen at 1.5 KeV, and carbon
at 1.0 KeV for; mangifera indica leaf extract (Sample 1),
while the EDX result shows the dispersion of Zn in the
range of 0.5 to 1.0 KeV, oxygen, and carbon at 0.2 KeV
for carica papaya leaf extract, as shown in figure 6.

Conductivity at the room temperature

The conductivity of the samples 1 and 2 in solution (the
solution used for spray pyrolysis deposition) was
determined using ECscan40 digital conductivity tester.
The sample 1 Zinc oxide from the extract of mangifera
indica shows higher conductivity of 24.96 mS while the
sample 2 from carica papaya shows conductivity of 16.24
mS; all at the room temperature of 31.2 °C.

FTIR Data Analysis

The FT-IR spectra of the synthesized ZnO nanoparticles
in Figure 7 were recorded in the range of 400-4000 cm™
to identify the functional groups and confirm the
formation of the ZnO phase. The transmittance profile
exhibited multiple characteristic absorption bands, which
were assigned with reference to recent literature. The
broad absorption features observed in the range 3444—
3456 cm™ in Sample 1 (mi) and the corresponding 3444
cm! region in Sample 2 (cp) were attributed to O—H
stretching vibrations of surface-adsorbed moisture and
hydroxyl groups on the ZnO nanoparticle surface. These
vibrations commonly occur due to hydrogen-bonded —OH
groups, which may result from atmospheric water
adsorption or remnants from synthesis solvents,
consistent with previous reports of ZnO FT-IR spectra in
the 3400-3600 cm™ range Adeyemi et al., (2025). The
absorption modes at 2850 cm™ and 2762 cm™! can be
ascribed to C—H stretching vibrations of residual organic
moieties, potentially arising from capping agents or
synthesis precursors. Such hydrocarbon-related bands
were also identified in surface-modified ZnO composites,
suggesting the presence of adsorbed organic species
Singh et al., (2025). In the mid-infrared region, peaks at
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2341,2094, and 2357 cm™! are indicative of adsorbed CO-
or atmospheric contamination, or bending modes
involving surface-bound functional groups. Similar
features have been documented in ZnO nanoparticle FT-
IR spectra and are often ascribed to physisorbed CO: or
weakly bound species on nanoparticle surfaces El-Batal et
al., (2025). A prominent absorption near 1616-1631 cm™!
can be assigned to H-O-H bending vibrations of water
molecules, confirming adsorbed moisture within the
sample matrix. Bands in this region have been similarly
reported and are associated with the bending mode of
physically adsorbed water on metal oxide surface
Adeyemi et al., (2025). In the fingerprint region, several
distinct peaks between 800-1000 cm™ (e.g., at 937, 813
cm') are observed, which are attributable to various
bending and stretching modes related to Zn-O lattice
vibrations and residual related functional groups. These
lower-energy features often correlate with surface defects
or lattice dynamics in nanostructured ZnO Zhang et al.,
(2024). The most characteristic absorption band
confirming the formation of ZnO appears in the range
420-725 cm™, where strong peaks at 420.50 and 725.26
cm! were detected. Bands below 800 cm™ are widely
recognized as Zn—O stretching vibrations associated with
the wurtzite ZnO lattice, which affirm successful
nanoparticle synthesis. Reports in recent literature
consistently assign strong bands in the 400-600 cm™
regions to Zn—O phonon modes, validating our spectral
observations Abdullahi et al., (2024). Overall, the FT-IR
spectrum confirms the presence of Zn—O bonds as the
dominant structural feature of the nanoparticles, alongside
adsorbed hydroxyl groups, atmospheric CO: species, and
minor organic residues. The similarities between the two
samples (mi and cp) suggest comparable surface
chemistry and phase composition, with slight variations
in the intensities of O—H and organic-associated bands
indicating differences in surface adsorption or synthesis
conditions Khan et al., (2022) and Rana et al., (2021).
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Figure 7: Fourier Transform Infrared Spectrum compared the Zinc oxide
by the two different leaf extracts (Daramola et al., 2025)
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XRD Discussion

The 20 peak values match the JCPDS card number 36-
1451 as shown in Figure 4, confirming that the
synthesized ZnO nanoparticles crystallize in the
hexagonal wurtzite phase (space group P6smc), consistent
with the diffraction planes indexed in Section 3.1. In this
structure, each Zn*' ion is tetrahedrally coordinated to
four O?" ions, and each O* ion is likewise coordinated to
four Zn** ions, giving alternating close-packed layers of
Zn and O ions stacked along the c-axis. This tetrahedral
coordination is characteristic of the wurtzite lattice and
accounts for the non-centrosymmetric, polar structure
responsible for the piezoelectric and pyroelectric
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behaviour commonly reported for ZnO nanomaterials.
The selected peak was used to determine the grain sizes
using the Scherrer equation (Equation 3.1); the average
grain size for zinc oxide synthesized using mangifera
indica shows a grain size of 17.25 nm against the 33.27
nm shown by Carica papaya. The grain sizes of the two
extracts fall within the nanoparticle range of 1-100 nm
and are comparable to the 18-45 nm range reported for
other green-synthesized ZnO nanoparticles, which
likewise confirmed a hexagonal (wurtzite) morphology,
as illustrated in Figure 8, Fakhari et al., (2019); Elumalai,
K., & Velmurugan (2015) and Singh et al., (2019)

Figure 8: The cubic crystal structure for Zinc oxide (wurtzite) with XRD spectral
closely matched generated by material explorer (Material explorer;
https://next-gen.materialsproject.org/materials

Optical Characterization Discussion

The UV-Vis plot (left) shows strong absorbance in the UV
region, with prominent peaks around 299-304 nm for both
samples (m.i and c.p), indicating that ZnO strongly
absorbs high energy (short wavelength) UV photons. This
is typical for wide band gap semiconductors.

Real ZnO materials typically show a UV absorption edge
around 360-380 nm, corresponding to electronic
transitions from the valence to conduction band. For
example, studies report a UV absorption peak/edge near
368-380 nm for ZnO nanostructures and thin films in UV-
Vis spectra, consistent with band-edge absorption
behavior in high-quality ZnO.

Interpretation: Peaks near 300 nm suggest significant
absorption in the near UV region. Slight differences in
peak positions between samples may arise from variations
in particle size, defect states, or synthesis method, which
affect electronic states and absorption intensity.
Extrapolating the linear regions to the photon energy axis
yields band gap energies around: 3.61 eV for Sample 1
(m.i) and 3.56 eV for Sample 2 (c.p) for indirect band gap
and 3.88 and 3.84 eV for direct band gaps. These values
are slightly higher than typical reported values for ZnO
(usually 3.2-3.4 eV), which can occur due to quantum

confinement effects in nanoparticles, differences in
crystallinity, defect concentrations, or measurement
conditions. Direct Band Gap: The linear Tauc plots
confirm that ZnO has a direct allowed band gap, typical
of wurtzite ZnO Das et al., 2025. The higher Energy Gap:
Values >3.5 eV may reflect size effects, surface states, or
optical measurement fringes. Strong UV Absorption: ZnO
absorbs prominently in the UV region with negligible
visible absorption (below ~400 nm). Direct Band Gap:
ZnO exhibits a direct electronic transition, and its optical
band gap is in the 3.2-3.6 eV range depending on sample
properties. Variation with Material Properties: Small
shifts in absorption peaks/tails and band gap energies are
common and depend on particle size, defects, and
synthesis methods Negi, et al., 2024.

SEM/EDS: Morphology Discussion

Scanning Electron Microscopy (SEM) was employed to
investigate the surface morphology, size distribution, and
structural features of the synthesized ZnO nanoparticles
(NPs), as presented in Figure 6. The SEM micrographs
reveal that the ZnO NPs are predominantly well-
dispersed, nanoscale, and quasi-spherical, with no
evidence of large agglomerates, indicating effective
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stabilization by plant-derived phytochemicals during
synthesis (Rana et al., 2021; Khan et al., 2022). Notably,
variations in particle size and morphology were observed
depending on the type of leaf extract used, highlighting
the strong influence of botanical precursors on
nanoparticle nucleation and growth dynamics (Lateef et
al.,, 2021). The ZnO nanoparticles synthesized using
Mangifera indica leaf extract (Sample 1) exhibited a
predominantly hexagonal morphology with slight
aggregation, which may be attributed to anisotropic
crystal growth and preferential crystallographic
orientation induced by specific polyphenols and
flavonoids present in the extract (Khan et al., 2022;
Abdullahi et al., 2024). In contrast, ZnO nanoparticles
derived from Carica papaya leaf extract (Sample 2)
showed a more uniform spherical morphology, suggesting
comparatively isotropic nucleation and growth behavior
under the influence of different phytochemical
compositions (Ramesh et al., 2022). Similar morphology-
dependent effects arising from plant extract chemistry
have been widely reported for green-synthesized ZnO
nanoparticles (Rana et al., 2021; Singh et al., 2025).
Energy-Dispersive X-ray Spectroscopy (EDS) analysis
further confirmed the elemental composition and purity of
the synthesized ZnO nanoparticles. The EDS spectra
exhibited strong and well-defined signals corresponding
to zinc (Zn) and oxygen (O), verifying the successful
formation of ZnO (Abdullahi et al., 2024). For Mangifera
indica—derived ZnO nanoparticles, the elemental
composition consisted of 77.20% Zn, 20.48% O, and
2.32% C, while the Carica papaya—derived ZnO
nanoparticles contained 82.76% Zn, 15.24% O, and
2.00% C. The minor carbon content detected in both
samples is attributed to residual organic species from
plant extracts, which act as natural reducing and capping
agents during green synthesis (Lateef et al., 2021; Singh
et al., 2025). Furthermore, the EDS spectra revealed
characteristic energy dispersion peaks for Zn in the range
of 1.3-1.5 keV, oxygen around 1.5 keV, and carbon near
1.0 keV for Sample 1 (Mangifera indica). In comparison,
Sample 2 (Carica papaya) exhibited Zn dispersion in the
range of 0.5-1.0 keV, with oxygen and carbon peaks
appearing around 0.2 keV, as illustrated in Figure 6. These
variations in elemental dispersion and relative intensities
may reflect differences in surface chemistry, crystallite
size, and phytochemical binding strength between the two
synthesis routes (Khan et al., 2022; Abdullahi et al.,
2024).

Overall, the SEM and EDS analyses confirm that the
green synthesis approach successfully produced high-
purity ZnO nanoparticles with controlled morphology and
elemental composition, while demonstrating that the
choice of plant extract significantly influences particle
shape, elemental distribution, and aggregation behavior.
Such  morphology- and  composition-dependent
characteristics are critical for tailoring ZnO nanoparticles
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for applications in sensing, photocatalysis, energy
storage, and optoelectronic devices, where surface
structure and elemental purity play decisive roles
(Ramesh et al., 2022; Singh et al., 2025).

Electrical Conductivity of Discussion

The electrical conductivity of the synthesized ZnO
nanoparticles was measured using an ECscan40 digital
conductivity tester at a room temperature of 31.2 °C. The
results reveal a clear dependence of conductivity on the
botanical source of the plant extract used during synthesis
Sample 1, ZnO nanoparticles synthesized using
Mangifera indica leaf extract, exhibited a higher electrical
conductivity of 24.96 mS, whereas Sample 2, derived
from Carica papaya leaf extract, showed a comparatively
lower conductivity of 16.24 mS. The enhanced
conductivity observed in the Mangifera indica—mediated
ZnO nanoparticles can be attributed to differences in
phytochemical composition, which strongly influence
nanoparticle nucleation, growth, and defect chemistry.
Plant extracts rich in polyphenols, flavonoids, and organic
acids are known to promote the formation of oxygen
vacancies and Zn interstitial defects, which act as shallow
donor states, thereby increasing charge carrier
concentration and electrical conductivity in ZnO
nanostructures. Similar trends have been reported in
recent  studies  where  green-synthesized ZnO
nanoparticles exhibited improved conductivity due to
defect-assisted electron transport mechanisms Lateef et
al., (2021); Khan et al., (2022), Singh et al., (2025) and
Ramesh et al., (2022). In contrast, the relatively lower
conductivity of the Carica papaya derived ZnO
nanoparticles may be associated with stronger surface
passivation by organic residues, which can reduce free
charge carrier mobility by limiting interparticle electron
hopping. Surface-adsorbed phytochemicals and hydroxyl
groups, although beneficial for stability, may act as
insulating barriers at grain boundaries, thereby decreasing
overall conductivity. Comparable observations have been
reported in green synthesis routes where excessive
organic capping reduced electrical transport despite
preserving structural integrity Abdullahi et al., (2024) and
Singh et al., (2025). Furthermore, the difference in
conductivity may also reflect variations in crystallite size,
grain boundary density, and surface defect distribution, all
of which are known to influence electrical behavior in
semiconducting metal oxides. Smaller crystallites with
higher defect densities generally exhibit improved
conductivity due to increased carrier concentration, while
excessive grain boundaries can introduce scattering
centers. Recent investigations have emphasized that
controlled defect engineering via green synthesis routes
plays a crucial role in tuning the electrical performance of
ZnO nanoparticles for electronic and energy-related
applications Abdullahi et al., (2024).
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Overall, the conductivity values obtained in this study fall
within the range reported for green-synthesized ZnO
nanoparticles at near-ambient temperatures, confirming
the suitability of plant-mediated synthesis routes for
producing electrically active ZnO nanomaterials. The
superior conductivity of the Mangifera indica based ZnO
nanoparticles suggests their greater potential for
applications in sensors, supercapacitor electrodes, and
optoelectronic devices, where efficient charge transport is
critical.

FTIR Discussion

The observed FT-IR spectral features align well with
characteristic vibrational modes reported for ZnO
nanoparticles synthesized via various chemical and green
routes in recent years. Several studies have documented
strong Zn-O stretching bands in the low wavenumber
region (400-600 cm™), coupled with O-H and C-H related
vibrations arising from surface adsorbates or synthesis
precursors. ZnO NPs exhibiting bands at ~559 cm™ for
Zn-0 stretching and broad features at ~3427 cm™ due to
-OH groups, corroborating the assignments in this work
Adeyemi et al., (2025). Similarly, some studies have
identified Zn-O absorption near 420 cm™ as a definitive
marker of ZnO nanoparticles Abdullahi et al., (2022). The
presence of additional peaks related to adsorbed CO- and
organic residues highlights the influence of synthesis
environment and post-processing on surface chemistry,
which can impact functional properties such as interfacial
charge transfer in device applications. These FT-IR
results not only confirm phase purity but also reveal
insights into surface functionalities that may influence
electrochemical behavior and material interactions in
applications like sensing, catalysis, or energy storage.
Continued comparative analysis with complementary
techniques such as XRD and SEM/EDX, have provide a
more holistic understanding of sample composition and
structural quality during the course of this study.

CONCLUSION

Zn0O nanoparticles were successfully synthesized via an
eco-friendly, plant-mediated route using aqueous leaf
extracts of Mangifera indica and Carica papaya, and
deposited on ITO substrates by spray pyrolysis. XRD
confirmed the formation of single-phase, hexagonal
wurtzite ZnO consistent with JCPDS card no. 36-1451,
with average crystallite sizes of 17.25 nm and 33.27 nm
for the M. indica- and C. papaya-derived samples,
respectively. UV-Visible analysis revealed strong near-
UV absorption with direct and indirect band gaps in the
3.56-3.88 eV range, slightly wider than bulk ZnO due to
particle-size and quantum confinement effects, while
SEM/EDX confirmed predominantly hexagonal-to-
spherical, well-dispersed morphologies with Zn and O as
the dominant elemental constituents and only minor
carbon residues. FT-IR spectra corroborated the
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formation of the Zn-O lattice alongside adsorbed
hydroxyl and organic surface species. Electrical
measurements showed higher conductivity for the M.
indica-derived ZnO (24.96 mS) than for the C. papaya-
derived ZnO (16.24 mS), a difference attributed to
phytochemical-dependent defect chemistry and surface
passivation rather than to any difference in crystal
structure, since both samples share the same hexagonal
wurtzite framework. Taken together, these results show
that the choice of plant extract tunes the size, optical, and
electrical properties of green-synthesized ZnO without
altering its fundamental crystal structure, and that
Mangifera indica-mediated ZnO, in particular, is a
promising candidate for optoelectronic, sensing, and
energy-storage applications. Future work should extend
this comparison to a wider range of plant extracts and
correlate defect concentrations with conductivity using
complementary techniques such as photoluminescence
and impedance spectroscopy.
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