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This research explores the green synthesis of zinc oxide nanoparticles using Carica papaya leaf extract
as a reducing agent. With a focus on developing reliable, eco-friendly, and cost-effective nanomaterial for
device technologies, this sustainable method offers an alternative to conventional bulk material synthesis.
Synthesized powder samples were characterized using XRD, FTIR, UV-Vis spectroscopy, SEM, EDX,
and TEM. Spin-coating technique was used for thin-film deposition, while current-voltage properties were
measured using a four-point probe system connected to a Keithley 2400 measurement unit and a solar
simulator. Absorption peaks ranged from 299-382 nm as recorded from UV-visible, which is inferior to
bulk material at 410 nm. The band gap energy was estimated to be 3.47 eV, resistance 5192.63 Q,
resistivity 132.0038 Qm™, and conductivity 7.6x107> Sm™ were determined. These results highlight ZnO
nanoparticles potential for renewable energy and semiconductor applications.
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1. Introduction

Zinc oxide (ZnO) compounds and zinc oxide-based
materials have received greater attention in renewable
energy technology [1,2]. ZnO is an n-type
semiconductor that exhibits n-type conductivity which
is an inorganic substantial [3] with high electron
mobility finds application as a material for
optoelectronic and electronic device technologies [4-6].
ZnO has been extensively researched as a material for
many decades, owing to its high stability and low
toxicity [7]. ZnO has a direct band gap in the near UV
spectrum at room temperature (~3.3 eV). The extensive
research on ZnO as a material has been attributed to its
high abundance and unique properties such as chemical
compatibility, durability, conductivity, and a broad
range of radiation absorption, among others [8]. Metal
oxide nanoparticle synthesis by plant extract route has
gained importance over other methods of synthesis,
such as chemical and physical methods, due to its
simple  economic  processing, environmental
friendliness, nontoxicity, and ease of fabrication,
among others. The twenty-first century development of
nanoscience and nanotechnology has led to the design
and production of nanoscaled metal oxides that possess
shape and size, allowing them to be used in electronics,
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energy conversion, laser diodes, photovoltaic,
ultraviolet photodetectors, and renewable energy
systems [9-13]. The plant extract synthesis method
enhances metal ion conversion to metal oxides by
extract acting both as capping or oxidizing and
reducing agents [14-16].

In this work, Carica papaya leaf extract is used to
synthesize ZnO to reduce metal ions to metal oxides by
acting as a reducing agent. ZnO is biocompatible with
the extract because it can bind to the surface of bulk
ZnO. Production of metal oxide nanoparticles by green
synthesis technique at industrial quantities remains a
challenge yet to be fully exploited. The mechanisms of
the formation of nanoparticles (NPs) during synthesis
needed to be understood [17,18]. Publications on metal
oxide green synthesis to produce nanoparticles are
reported. Kanika et al. [19] reported the antifungal
activity and antioxidant assay assessment properties of
synthesized ZnO nanoparticles from Carica
papaya leaf extract. Balogun et al. [20] reported the
synthesis of ZnO nanoparticles using Carica
papaya fresh leaf extract for anode buffer layers in
solar cells. The thin films they fabricated exhibit high
optical transparency with a band gap between 3.2 and
3.4 eV. Alam et al. [21] reported the Phyto synthesis of

PRINTED IN IRAQ 131



IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 22, No. 1, January-March 2026, pp. 131-136

manganese-doped ZnO nanoparticles using Carica
papaya leaf extract. They obtained a nanoparticle
crystallite size of 19.23 nm using x-ray diffraction, a
hydrodynamic diameter of 135.1 nm, and a zeta
potential of -33.36 eV. Also, the photocatalytic activity,
antioxidant activity, and antimicrobial action of the
Mn-Zn nanoparticles were assessed. Rathnasamy et al.
[22] reported production of ZnO nanoparticles via leaf
extracts of Carica papaya. They reported hexagonal
wurtzite structure of nanoparticles with a particle
diameter size of ~50 nm, and it gave an efficiency of
1.6% and a current density of 8.1 mA/cm? when used
as a photoanode in dye-sensitive solar cells. Bhuiyan et
al. [23] reported iron oxide nanoparticles produced with
extract of Carica papaya leaf for photocatalysis and
antibacterial property assessments. The reported result
showed efficient photocatalytic degradation ability and
exhibited =~ moderate antibacterial efficiency.
Nizamuddin et al. [24] used Carica papaya leaves to
synthesize ZnO nanoparticles. Aqueous extract acted as
a reducing agent as well as a stabilizing agent.
Published articles on the electrical and photovoltaic
property assessment of ZnO nanoparticles for
renewable energy applications are scarce in the
literature, which calls for more experimental and
analytical research. The synthesized ZnO nanoparticles
were analyzed by UV-visible spectroscopy, X-ray

diffraction  (XRD), Fourier-transform infrared
spectroscopy  (FTIR), and scanning electron
microscopy (SEM). The optical, structural,

morphological, chemical bond, functional group, and
electrical results of the ZnO nanoparticles characterized
are presented.

2 Experimental Procedures

The glass slides for the experimental procedure
were locally purchased and thoroughly washed with
liquid soap in an ultrasonic water bath, cleaned in
ethanol, rinsed in deionized H»O, dried inside an oven
at 150°C, and subsequently cooled to 27°C. Zinc nitrate
hexahydrate was used as a precursor supplied by Sigma
Aldrich. Other chemicals and reagents were locally
purchased. Carica papaya leaves, a popular cuisine in
Nigeria, were harvested from the nearby farm.

Leaves of the Carica papaya plant were collected
and dried at ambient room temperature for 10 days. 15
g of dried crushed powder was immersed in 500 mL of
distilled water in a container placed on a magnetic
stirrer for the duration of 1 h at 70°C to extract the
bioactive compounds. The mixture was left to cool to
expunge and remove residual unwanted materials and
was then filtered to get a clear extracted solution free
from impurities. The filtrates were then kept for use
without further purification.

15.0 g of zinc nitrate hexahydrate precursor was
homogenously stirred in a beaker containing 45 ml of
Carica papaya extract using a magnetic stirrer for 5
hours. The obtained precipitates were filtered and
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washed with deionized water to remove residue. The
sample obtained was dried at 70°C in an oven, but it
was still an amorphous product; hence, temperature
annealing at 500°C for 1 hour in a furnace was done
and left to cool in the furnace [25-27]. The refined
samples were crushed into powder for the UV-visible
spectroscopy  analysis  for  the  synthesized
ZnO nanoparticles. The deposition of synthesized ZnO
nanoparticles was carried out using spin-coating
technique and these nanoparticles were dissolved in
ethanol and the spin-coater was set at a speed of 3000
rpm for 30 s which was deposited on the cleaned
substrate surface. The thin-films fabricated on a glass
substrate were annealed for 30 minutes at 100°C in an
oven to evaporate organic chemicals and then
characterized.

The crystal structural patterns were revealed by
Rigaku XRD instrument. Functional groups were
obtained with a BUK M530 FTIR spectrophotometer.
Optical absorption was studied with an ASUV-6300PC
UV-Visible spectrophotometer. A JOEL-JSM 7600F
SEM was used to reveal the ZnO nanoparticles
micrograph. Energy-dispersive x-ray spectroscopy
(EDX) was utilized to reveal the purity and elemental
composition of the prepared ZnO nanoparticles.
Current-voltage characteristics measurement was done
using a Four-Point Probe (FPP) system equipped with
a Keithley 2400 source measurement unit.

3. Results and Discussion

Figure (1) depicts the UV-Vis absorption spectra of
ZnO nanoparticles. The spectrum shows the absorption
peaks from 299 to 390 nm. A careful observation shows
the absorption peaks were maximums at the
wavelength of 299 and 382 nm but are lower in
comparison to the absorption with bulk size that
occurred at 410 nm.
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Fig. (1) UV-visible absorption spectrum of ZnO NPs
Figure (2) depicts the energy band gap analysis of

the synthesized ZnO nanoparticles throughout the
graphical relation plotted using the Tauc plot method
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[28,29] by extrapolation of the linear portion of the
graph (ahv)? versus photon energy (4v) on the x-axis.
Optical absorption coefficient (o) and photon energy
(hv) are related by Eq. (1) for the direct transition of
electrons from the valence band, which is filled with
electrons to the conduction band which is empty as
(ahv)? = A(hv — E,) (D)
where A stands for a constant, and E, is the energy band
gap ineV

The value of the energy band gap is 3.47 eV which
concur with published study by Preethi et al. [30]. The
energy band gap of ZnO nanoparticles depends on the
bioactive compounds obtained from Carica papaya
extract. The determined energy band gap is greater than
that for bulk ZnO (3.3-3.7 eV) at ambient temperature
[31,32]. This increase is attributed to the quantum
confinement effect.
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Fig. (2) determination of energy band gap of ZnO NPs

Figure (3) shows the XRD pattern of green
synthesized ZnO nanopowder annealed at 500°C for 1
hour. This pattern indicates that the ZnO nanoparticles
have a wurtzite hexagonal structure with peaks
observed at 20 of 38°, 41°, 43°, 51°, 57°, 62°, 66°, and
68° corresponding to Miller indices of (100), (002),
(101), (102), (110), (103), (112), and (201),
respectively. The sharp peaks observed indicate the
high purity and crystallinity of ZnO nanoparticles.
Annealing at 500°C influenced wurtzite hexagonal
structure-oriented ZnO crystallites. The dominant peak
at Miller indices of (101) corresponding to 20 of 43°
has the highest intensity, which indicates anisotropic
growth and also indicates a preferred orientation of the
crystallites. The crystallite size (D) was calculated by

Debye-Scherrer’s equation as:
KA
b= L cos @ (2)
where A is the wavelength of X-ray radiation, K is a
constant (shape factor), P is the full-width at half
maximum (FWHM), and 0 is the diffraction angle
The estimated crystallite size calculated using Eq.

(2) is 35 nm. The diffraction pattern matched JCPDS
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card no. 89-7102. The result obtained is in agreement
with published results reported by [19, 33].

Figure (4) indicates the FTIR spectrum of the
synthesized ZnO nanoparticles. FTIR analysis was
performed to investigate, determine, and identify the
chemical bonds, vibrational stretching, and absorption
bands of the synthesized nanoparticles. The single-
bond vibrations between 2500 and 4000 cm’!' are
ascribed to O-H, N-H, and C-H, the triple-bond
vibrations are observed between 2000 and 2500 cm’!,
the double-bond vibrations from 1500 to 2000 cm™! are
attributed to C=C, C=0, and C=N, and the single-bond
fingerprint vibration lies between 600 and 1500 cm'!
[34,35]. The peak observed at 3396.59 cm™ involve
both asymmetric and symmetric stretching modes of
the hydroxyl group, H-bonded, and OH stretch (Zn-
OH). The peaks at 3396.59 and 2628.20 cm™ are
characteristic of O-H bending modes of adsorbed
water. The band centered at 2524.36 cm™! is assigned to
Thiols S-H stretch [34]. The band seen 1819.66 c¢cm’!
belongs to the aromatic ring (aryl) functional group.
The observed band peak at 1433.25 cm’!' belongs to
Methyl C-H asymmetric/symmetric bend. The Zn-O
stretching and Zn-O-Zn bridging stretching modes at
880.56 and 728.86 cm™ in the fingerprint region
confirm the formation of ZnO nanoparticles formation
[36].
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Fig. (3) XRD pattern of ZnO NPs synthesized in this work and
annealed at 500°C
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Fig. (4) FTIR spectrum of the synthesized ZnO NPs

Figure (5) shows SEM micrographs of ZnO
nanopowders. The particle sizes in figures (5b,c, and d)
are larger compared to Fig. (5a), which implies that
annealing temperature at 500°C has improved the
ability of ZnO nanoparticles to absorb photons from
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solar spectrum, and hence decrease the resistivity and
increase the conductivity of the material as the heat
treatment produces electronic contacts between the
nanoparticles. The EDX spectrum in Fig. (6) indicates
the elemental composition of the synthesized ZnO
nanoparticles. The elemental weight (%) composition
of Zn (70.2%) and oxygen (13.0%) also successfully
confirm the formation of ZnO nanoparticles. Other
elements presented in the composition are assigned to
the bioactive compounds of Carica papaya extract
introduced during the synthesis process. Oxygen (O)
must have been captured during synthesis process.
Figure (7) shows the transmission electron microscopy
(TEM) image at a scale of 100 nm. The particles are
distinct and separate from each other and the size
ranges from 35 to 87 nm showing a spherical geometry.
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Fig. (5) SEM images of pure ZnO NPs (a) and ZnO NPs annealed
at 500°C (b) 20 nm, (c¢) 150 pm, (d) 200 pm magnifications

4 s
Energy (KeV)

Fig. (6) EDX spectrum of the synthesized ZnO NPs

Fig. (7) TEM image of the synthesized ZnO NPs at 1000 nm

The current-voltage characteristics of ZnO
nanoparticles deposited on an indium-doped tin oxide
(ITO) substrate were measured using an FPP system
equipped with a Keithley 2400 source meter and solar
simulator. Figure (8) shows the schematic structure of
the nanostructured ZnO thin film on ITO substrate and
silver paste as a metal contact for I-V characteristics
measurement. Figure (9) shows the obtained current-
voltage characteristics. The resistance (R) was
determined using the following equation

R=% (3)
The resistance is related to the resistivity (p), cross-
section area (a), and length (L) of the used substrate as

follows:
R=£ (4)

a
Resistivity (p) and conductivity (o) are related by
the following equation:
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o= )

The value of the resistance is 5192.63 Q - which is
relatively high - the resistivity of the nanoparticles was
found to be 132.0038 Q.m, and the conductivity was
estimated to be 7.6x10 S/m.

Ag contact

ZnO NPs

ITO substrate

Fig. (8) Schematic diagram of the fabricated ZnO NPs-based
device
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Fig. (9) Plot of current-voltage characteristics for ZnO NPs thin
film device

4. Conclusions

In concluding remarks, the optical, structural,
morphological and electrical properties of synthesized
ZnO nanoparticles were presented. The maximum
absorption peaks were noticeable within 299-390 nm
with band gap of 3.47 eV. The synthesized
nanoparticles showed wurtzite hexagonal structure
with the highest intensity at miller indices (101). An
electrical resistance of 5192.63 Q, a resistivity of
132.0038 Q.m, and a conductivity of 7.6x10-* S/m were
revealed. These combined promise properties show that
the ZnO nanomaterial could perform better in
renewable energy application.
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