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ABSTRACT

Zinc oxide nanoparticles have garnered considerable attention for their unique properties and diverse
applications in medicine, agriculture, and the environment. This study aims to assess the structural and
optical properties of Zinc oxide nanoparticles synthesized by green and chemical methods using Banana
peel extract and zinc acetate as precursors. Zinc oxide nanoparticles were synthesized using the co-
precipitation method. Nanoparticles were characterized using zeta potential, UV–Visible spectroscopy,
Fourier Transform Infrared Spectroscopy, Scanning Electron Microscopy, Energy-Dispersive X-ray analysis,
and X-ray diffraction. UV–vis spectra showed absorption peaks at ~347 nm (green) and ~356 nm (chemical),
indicating high excitation binding energy. Fourier Transform Infrared Spectroscopy confirmed the presence
of Zn–O stretching and vibration, while Scanning Electron Microscopy revealed distinct nanorod and
nanosphere morphologies. The green-synthesized nanoparticles ranged from 34–59 nm, whereas the
chemically synthesized ones measured 13–50 nm. Energy-dispersive X-ray analysis confirmed high elemental
purity, and X-ray diffraction demonstrated a hexagonal wurtzite crystalline structure for both samples.
Chemically synthesized Zinc oxide nanoparticles offer greater uniformity for applications requiring precise
and consistent particle characteristics, while green synthesis is eco-friendly, reducing energy use and
minimizing by-product formation, thereby promoting environmentally sustainable practices. The findings
of this study demonstrate an eco-friendly approach for the synthesis of zinc oxide nanoparticles, facilitating
their potential application in sustainable industrial and biomedical practices.
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Introduction

Nanotechnology, which uses artificially or naturally
produced particles known as nanoparticles (NPs), is
the study of creating and using “petite” particles
with 10-9m diameters. Their properties include
higher strength, less weight, improved electrical
conductivity, alteration of chemical reactivity, small

size, and a huge surface area-to-volume ratio
(Shamhari et al., 2018). They also exhibit enhanced
reactivity, strength, and electrical characteristics.
Environmental contaminants like organic pollutants
are remediated from water and soil using NPs
(Shivangi, 2023). NPs’ strong reactivity and enor-
mous surface area make them very effective cata-
lysts. They are employed in a number of industrial
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operations to save costs and improve reaction effi-
ciency (Boopathi and Davim, 2023).

Zinc and its oxide are among the most intriguing
and promising metallic NPs. Zinc oxide
nanoparticles (ZnPs) are versatile semiconductors
that exhibit notable optical transparency and lumi-
nous capabilities. Because of their superior chemical
and thermal durability, these NPs have gained im-
portance in recent years (Cao et al., 2011). Zinc is a
strong reducing agent, and it can readily oxidize to
generate zinc oxide based on its reduction potential
(Król et al., 2017).  According to Dušan and Petar
(2010), ZnPs have several benefits, including low
cost, antibacterial activity, photocatalytic potential,
and the ability to create structures with intriguing
optical characteristics. According to Sani et al. (2023),
ZnPs find use in a number of industries, like rubber,
photocatalysis, pharmaceuticals, textiles, and
electrotechnology. Various methods for the synthe-
sis of ZnPs have been developed, such as hydrother-
mal, spray pyrolysis, sol-gel, chemical vapor depo-
sition, precipitation methods, and ultrasonic condi-
tions (Lu and Yeh, 2000; Okuyama and Lenggoro,
2003; Zak et al., 2011; Omri et al., 2014).

Extensive studies have been conducted on the
chemical synthesis of ZnPs utilizing various ap-
proaches, and their utilization due to their high lu-
minous efficiency, wide bandgap (3.36 eV), and sub-
stantial exciton binding energy (60 meV) (Król et al.,
2017). Despite these benefits, NPs have drawbacks,
especially their possible toxicity and environmental
impact.

 On the other hand, biological approaches are in-
creasingly being used since they are frequently safe,
inexpensive, and clean. Additionally, the NPs made
from plant extracts are more stable, and the plants
are readily safe to handle (Chikkanna et al., 2018).
An environmentally friendly and economical way to
create ZnPs is by green synthesis, which uses plant
extracts. For example, pomegranate, beetroot, and
spinach extracts produced ZnPs with particle sizes
ranging from 20 to 30 nm (Mousa et al., 2024). Simi-
larly, ZnPs made with aloe vera demonstrated their
promise for photocatalytic applications with a
bandgap of 4.37 eV and a particle size of 5.86 nm
(Singh and Jain, 2024).

The current study initially outlines the synthesis
of ZnPs utilizing chemical and green methods. For
green synthesis, banana peel was used. The banana,
or Musa paradisiaca, is a member of the Musaceae
family. It grows in the warm and humid tropics. It

contains a high concentration of potassium, linoleic
acid, sterol fatty acid, fructose, glucose, xylose, and
mannose, as well as some phenolic compounds
(Imam and Akter, 2011). Several of these com-
pounds can act as reducing agents and catalysts
during the oxidation-reduction process by provid-
ing electrons to metal ions, which ultimately causes
the ions to transform into the desired NPs (Miri et
al., 2021). In the chemical co-precipitation method,
zinc acetate and NaOH were used. In this work, ba-
nana peel extracts were employed to determine the
effectiveness of banana peels in creating NPs. The
structural and optical properties of the synthesized
ZnPs have been confirmed by zeta potential, UV-
Visible spectroscopy, Fourier Transform Infrared
Spectroscopy (FTIR), Scanning Electron Microscopy
(SEM), Energy-Dispersive X-ray analysis (EDX), and
X-ray diffraction (XRD) techniques.

Materials and Methodology

Chemicals

Zinc acetate (Zn(OAc)2·2H2O), sodium hydroxide
(NaOH), and an aqueous extract of banana peel
were utilized in the experiment. All chemicals em-
ployed were of analytical reagent grade, and solu-
tions were prepared using deionized water (DW).

Preparation of banana peel aqueous extract

Musa Paradisiaca, the Banana, was purchased from
the Rohtak market. The peels were collected,
washed with DW, and left to dry in the oven over-
night. The dried peels were then ground into a pow-
der using a mortar and pestle, combined with 300
ml of deionized water, and heated for 30 minutes at
700 °C with a heater stirrer. After removing the resi-
due with a centrifuge set to 6000 rpm for 20 minutes,
the mixture was filtered through Whatman filter
paper and stored for later use.

Green synthesis of ZnPs

ZnPs were prepared by the co-precipitation method
(Dadalioglu and Evrendilek, 2004). To synthesize
ZnPs by Zn(OAc)2.2H2O and the banana peel ex-
tract, 50 ml of 0.02M Zn(OAc)2·2H2O was combined
with 10mL of the banana peel aqueous extract, and
the resulting mixture was stirred at room tempera-
ture with a magnetic stirrer for 2 to 3 hours until a
precipitate with an off-white colour was obtained.
The residue was washed several times in DW, fol-
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lowed by ethanol to remove impurities. The final
product was a white precipitate dried overnight in
an oven at 55 °C. The powder was placed in a cru-
cible and calcinated at 350-400 ºC for 3 hrs in a
muffle furnace.  Complete conversion of Zn(OH)2

into ZnO occurred during drying. Finally, the mate-
rial was ground using a mortar pestle and stored in
an airtight container.

Chemical synthesis of ZnPs

To the aqueous zinc acetate solution, NaOH solution
was added gradually, dropwise under vigorous stir-
ring, and stirring was maintained for an additional
3-4 hours. The resulting precipitate was then filtered
and carefully washed 3 times with DW, followed by
ethanol to remove impurities. The final product was
a milky white precipitate, which was dried over-
night at 60 °C in an oven. The dried material was
placed in a crucible and calcinated at 450 ºC for 3-4
hours in a muffle furnace. Finally, the material was
ground to a fine powder and stored in a container.

Characterization of ZnPs

Several methods were used to characterize the syn-
thesized ZnPs. After the completion of the reaction,
1-2 ml of the suspension was taken from the purified
sample for the zeta (zetasizer Nano-ZS) and UV-Vis
analysis (UV-3600 plus). An FTIR spectrometer
(Perkin Elmer) was used to examine the chemical

composition. Scanning electron microscopy (Quo-
rum, Q150ES plus) was used to study the
nanoparticles’ size and shape. Using a
diffractometer, XRD (SmartLab 3kW) analysis was
used to assess the phase purity and grain size. EDX
(Quorum, Q150ES plus) was used for the analysis of
the elemental composition and purity.

Results and Discussion

The study tracks colour changes to document the
creation of NPs when exposed to banana peel ex-
tract. The result of synthesis I (green synthesis) was
a pale white precipitate, while synthesis II (chemical
synthesis) produced a white precipitate.

Zeta Potential

The surface charges that ZnPs gained were detected
via zeta potential analysis. There won’t be any NP
aggregation if the particles in a suspension have
high zeta potential (positive and negative). In Figure
1, both samples show negative zeta potential values
of -26.7 mV (A) and -28 mV (B), which indicates
good colloidal stability since particles with zeta po-
tential above ±30 mV are generally considered stable
due to electrostatic repulsion. ZnPs produced by
various techniques in previous studies have zeta
potentials ranging from -10.1 mV to -51.8 mV, which
suggests moderate to high stability in colloidal solu-

Fig. 1. Zeta potential of the ZnPs by (A) green synthesis and (B) chemical synthesis.
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tions (Hamdy et al., 2023; Abdullah et al., 2024;
Casiano-Muñiz et al., 2024). In Abdullah et al. (2024)
and Hamdy et al. (2023) experiments, zeta potential
values for biosynthesized ZnPs ranged from -20.4
mV to -46.7 mV, indicating low aggregation and
strong stability.

UV-Visible spectroscopy

NPs are characterized using UV-visible spectros-
copy to determine their optical properties and maxi-
mum absorbance. Figure 2 shows the UV-visible
absorption spectrum of the produced NPs. There is
an absorption peak at 346 nm in Spectrum A and a
peak at 356 nm in Spectrum B. There are physical
variations between the chemically produced and
green NPs, probably related to surface features or
particle size, as evidenced by the 10 nm shift in peak
location. A similar result of an absorption band at
355 that represents ZnPs was also obtained from
these peaks by Talam et al. (2012).  Absorption spec-
troscopy demonstrated that when the size of NPs
decreases, the band gap widens. The absorption
wavelength and band gap likewise have an oppos-
ing ratio. Previous studies proved that ZnPs absorb
at a wavelength of approximately 385 nm
(Ogunyemi et al., 2019; Jayappa et al., 2020;
Almoneef et al., 2024). According to Jayappa et al.
(2020), ZnPs’ absorption maxima were seen in the
UV range between 350 and 380 nm, which corre-
sponds to band gap energies between 3.1 and 3.54
eV.

FTIR

FTIR spectroscopy analysis of the synthesized ZnPs
is presented in Figure 3. FTIR was employed to
verify the purity of the NPs and to detect the pres-
ence of phyto-chemicals. The chemically synthe-

sized sample exhibits a cleaner spectrum with fewer
organic-related peaks. In contrast, the green synthe-
sis sample shows a more complex organic signature,
due to the presence of phytochemicals from the ex-
tract, which act as both reducing and capping
agents. The green synthesis, using banana peel ex-
tract, exhibited a complex organic signature with
several characteristic peaks. A broad peak at 3477.71
cm-¹ indicated O-H stretching from water and hy-
droxyl groups, while peaks at 2354.36 and 2312.77
cm-¹ were attributed to atmospheric CO2 or CN
stretching from nitrogen-containing compounds
(Fakhari et al., 2019). Notably, the most intense peak
at 1454.96 cm-¹ was due to C-H bending, or nitrate
bending, suggesting significant incorporation of or-
ganic compounds. Zn-O stretching vibrations were
confirmed by peaks at 844.69, 761.25, 696.83, 667.48,
and 499.10 cm-¹ (Agarwal et al., 2017). In
biosynthesized ZnPs, additional peaks that corre-
sponded to organic functional groups, including C-
H, C-N, and C=O, were detected, suggesting the
presence of capping agents derived from plant ex-
tracts (Ullah et al., 2024).

In contrast, the chemically synthesized ZnPs us-
ing zinc acetate showed a much cleaner spectrum
with fewer organic-related peaks, indicating greater
purity and minimal surface functionalization. A
broad peak at 3439.68 cm-¹ and a peak at 1626.16 cm-

¹ were associated with O-H stretching and bending
from adsorbed water. Peaks at 1409.04 and 1115.35
cm-¹ were due to residual acetate groups
(Jayachandran et al., 2021). Strong Zn-O stretching
vibrations appeared at 690.06 and 563.20 cm-¹, while
a cluster of intense peaks in the 400–450 cm-¹ range
confirmed high crystallinity and well-defined ZnO
structures (Gur et al., 2022). Overall, the green syn-
thesis produced bio-functionalized ZnPs, while

Fig. 2. UV-visible spectrum of the ZnPs by (A) green synthesis and (B) chemical synthesis.



1384 Eco. Env. & Cons. 31 (4) : 2025

chemical synthesis resulted in highly crystalline and
purer NPs. The hydroxyl groups (about 3200-3500
cm-¹) and Zn-O stretching vibrations (approximately
450-500 cm-¹) were usually represented by absorp-
tion bands in ZnPs FTIR spectra (Almoneef et al.,
2024).

SEM

SEM analyses determine the size and structure of
the produced ZnPs. Micrographs of ZnPs demon-
strated their homogeneous distribution, spherical

shape, and range of nanosizes. In Figure 4(A), the
green synthesis shows particle sizes ranging from 34
to 59nm, and in Figure 4(B), the chemical synthesis
shows particle sizes ranging from 13 to 50 nm. The
chemically synthesized NPs appear to have a more
uniform size distribution and smoother morphol-
ogy, while the green-synthesized particles show
greater variation in size and surface characteristics.
Madan et al. (2013) have already described a similar
homogenous spherical shape of ZnPs. The structural
differences between these samples indicate that the

Fig. 3. FTIR analysis of the ZnPs by (A) green synthesis and (B) chemical synthesis.

Fig. 4. SEM micrographs of ZnPs (A) green synthesis and (B) chemical synthesis.
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synthesis method significantly influences the final
particle characteristics, which could have important
implications for their potential applications. In pre-
vious studies, the morphologies of ZnPs produced
by various techniques included spherical, irregular,
and agglomerated shapes (Hamdy et al., 2023;
Flemban, 2023). Depending on the synthesis process
and variables like temperature, concentration, and
reaction time, the ZnPs size varied from 5-100 nm
(Sharma et al., 2024.

EDX spectroscopy

The elemental makeup of the ZnPs, as determined
from the EDX analysis of the SEM images shown in
Figure 5, indicated the presence of Zn and O in the
samples. The EDX spectra confirmed that the syn-
thesized ZnPs possessed high purity and contained
the desired Zn and O phases. The elemental analy-
sis of the NPs revealed a composition of 66.8% zinc
and 28.6% oxygen for green synthesis and 68.7%
zinc and 28.3% oxygen for chemical synthesis, con-
firming that the synthesized NPs were of exception-
ally high purity. Sample B shows higher peak inten-
sities than Sample A, with its primary zinc peak
reaching about 3.60K counts as opposed to Sample
A’s 2.07K counts. This intensity difference may re-
sult from variations in sample thickness or density
rather than true concentration differences. These

findings align closely with those reported in previ-
ous studies. The successful synthesis of high-purity
NPs was confirmed by the elemental composition,
which matched the anticipated stoichiometry of
ZnO (Almoneef et al., 2024; Merdan and
Banimuslem, 2024).

XRD

The XRD analysis of ZnPs in figure 6 (green and
chemical synthesis) exhibited distinct peaks at vari-
ous scattering angles (2) of 31.9 and 31.72, 34.58
and 34.38, 36.32 and 36.24, 47.62 and 47.5, 56.76 and
56.58, 62.88 and 62.82, 68.08 and 67.94, correspond-
ing to reflection from the 100, 002, 101, 102, 110, 103
and 112 diffraction lattice planes respectively. Both
patterns display characteristic peaks of the hexago-
nal wurtzite structure of ZnPs, which is the most
stable crystalline form of ZnPs at ambient condi-
tions. The peaks of the synthesized ZnPswere in
close agreement with the previous findings
(Flemban, 2023; Hamdy et al., 2023). The highest in-
tensity peak at around 36.32-36.24 in both patterns
corresponds to the (101) plane of the wurtzite ZnO
structure. These peaks are consistent with those re-
ported by Kotresh et al. (2021). The similarities be-
tween the two patterns suggest that both synthesis
methods (green and chemical) produced ZnPs with
similar crystalline structures. However, there are

Fig. 5. EDX analyses of ZnPs (A) green synthesis and (B) chemical synthesis.
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slight differences in peak positions and relative in-
tensities, which might indicate minor variations in
crystallite size, strain, or possible impurities be-
tween the two synthesis methods (Arumugam et al.,
2021).

Fig. 6. XRD analyses of ZnPs (A) green synthesis and (B)
chemical synthesis.
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Comparative analysis of synthesized ZnPs

Table 1 provides a comparative overview of the
various plant species employed in the green synthe-
sis of ZnPs, along with their characterization, in re-
lation to the present study. The size of the ZnPs in
previous studies ranges from 20 to 87nm, while the
present study shows the range from 34 to 56nm in
green synthesis. Table 2 shows the results of ZnPs
characterizations from previous studies in compari-
son with the present study.

Conclusion

This research successfully synthesized ZnPs using
green and chemical methods. The results highlight
the advantages of green synthesis, which aligns with
sustainable nanotechnology principles. The green
synthesis yielded bio-functionalized ZnPs with dis-
tinct organic signatures and slightly larger, more
varied particle sizes, while chemical synthesis yields
purer, highly crystalline, and uniform NPs. Both
methods displayed good colloidal stability, as
shown by zeta potential. UV-Vis spectra revealed
characteristic absorption peaks influenced by par-
ticle size, and FTIR analyses confirmed the role of
phenolic and carboxylic acid groups in NPs forma-
tion. SEM analysis highlights the distinct nanorod
and nanosphere morphologies, and EDX confirms
the elemental purity, and XRD verifies the hexago-
nal wurtzite structure of ZnPs. Particle size strongly
affects application; smaller ZnPs (1-50 nm) suit high-
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reactivity uses like biomedicine and sensors, while
larger ones (50–100 nm) are optimal for stable agri-
cultural or industrial uses. Present research confirms
that agricultural waste, such as banana peel, can be
utilized for sustainable NPs synthesis, supporting
further research into green approaches for indus-
trial, medical, agricultural, and environmental appli-
cations where sustainability is crucial.

Conflict of interest: The authors declare that they
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