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Abstract

Applying the green method in this study to synthesize the nanoparti-
cles of zinc oxide (ZnO NPs) from reacting pomegranate peel extract
with aqueous zinc nitrate in an environmentally friendly aqueous solution.
The ZnO nanoparticles were characterized using various techniques:
FTIR, XRD, EDX, and SEM. The results showed that the prepared
particles had high purity and their sizes ranged from 24 to 44 nm,
which confirmed the successful synthesis and purity of the composite
produced. In order to study the electrical properties of the resulting
film, the ZnO nanoparticles were embedded in polymethyl methacrylate
(PMMA). Both dielectric constants, the real and the imaginary, recorded
the highest values when frequencies were low and then began to
gradually decrease with increasing frequency. In contrast, when the
frequency is at its lowest value, the conductivity is at its lowest value but
increases gradually with the frequency increase.

1. Introduction:
Due to the phenomenal properties of Zinc oxide (ZnO)

nanoparticles, they are currently the most common and widely
used metal oxides, leading to the development of an important
research area for a wide variety of applications. ZnO nanopar-
ticles can be synthesized using different methods. These tech-
niques include chemical methods like solvent precipitation
and sol-gel, as well as physical methods such as laser ablation,
condensation, and evaporation. Additionally, it may include
contemporary biological methods that utilize eco-friendly in-
gredients such as plant extracts; methods that reduce the pro-
duction of hazardous byproducts; or methods that use water
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as a solvent instead of harmful solvents that break down into
undesirable products. However, chemical techniques are less
frequently favored because of the health and environmen-
tal hazards they pose from solvents, chemical reactions, as
well as the associated harmful byproducts like toxic fumes
and harmful compounds. Conversely, physical techniques
have numerous challenges that limit their widespread use and
availability, like high costs and harsh and specific operating
conditions, such as high pressures and temperatures. [1].

As a result, green biosynthesis has received more atten-
tion as a straightforward and efficient economic substitute. It
is ecologically safe and has a variety of antibacterial quali-
ties that are superior to those produced by straightforward,
conventional physical and chemical techniques. This kind of
synthesis can generate pure nanomaterials in large quantities,
without the need for complex equipment or high technical
skill, as it focuses on the use of easy-to-prepare plant extracts
depending on the kind of process employed [2].
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One of the most commonly used extracts for producing a
range of nano oxides, like zinc oxide, is pomegranate peel ex-
tract. This is because of its high concentration of various and
potent plant components, like flavonoids and phenols, which
serve as reducing agents, stabilize nanoparticles at specific
boundaries, which are crucial in the preparation of nanocom-
posites, and prevent their agglomeration. These compounds
convert metal ions (such as Zn²) into solid nanoparticles (ZnO)
in a natural, safe, and environmentally friendly way. Addi-
tionally, they aid in preventing agglomeration and stabilizing
these particles at nanoscale dimensions, thereby preserving
their small size and uniform shape. This method is part of
green synthesis, which is environmentally friendly and cost-
effective compared to traditional chemical methods [3].

However, zinc oxide (ZnO) is a semiconductor metal ox-
ide that has good insulating qualities, which makes it a mate-
rial that shows promise for a range of photovoltaic and elec-
tronic applications. At room temperature, ZnO’s moderate
dielectric constant, which varies depending on frequency, tem-
perature, particle size, and manufacturing technique, usually
ranges from 8 to 10. Both the dielectric loss and the dielectric
constant decrease with increasing frequency, demonstrating
frequency-dependent behavior in its dielectric characteristics.
This is because slow polarizations like vacuum polarization
(which leads to the appearance and disappearance of electron-
positron pairs and and weak electric field) have less of an
impact. High temperatures also raise the dielectric constant
and improve dipole mobility. Through structural alteration or
elemental additions like aluminum or gallium, ZnO nanostruc-
tures demonstrate highly adjustable dielectric characteristics,
increasing their effectiveness in applications including sen-
sors, capacitors, resonators, and piezoelectric devices [4, 5].

Vacuum Zinc oxide nanoparticles can be placed in a poly-
mer matrix to create a composite that resembles a thin film,
which allows for an exact analysis of the dielectric character-
istics of zinc oxide. This makes it possible to quantify the
composite’s AC conductivity, imaginary dielectric loss, and
dielectric constant at different frequencies and temperatures.
By acting as a backing matrix, the polymer helps prevent
agglomeration by facilitating the even distribution of zinc ox-
ide particles and improving the consistency of the electrical
properties. By changing the polarity of the material and the
interaction between the zinc oxide particles and the charge
carrier mobility within the composite. The dielectric prop-
erties are also affected by the polymer. The development of
high-performance composite materials for use in capacitors,
sensors, and advanced electronic gadgets are produced made
possible by studying these traits, which helps to elcidate the
principles of electrical transport and the impact of nanoparti-
cles on dielectric behavior. Additionally, this method makes it
possible to study how the size and concentration of zinc oxide
particles affect dielectric characteristics, which aids in the
development of composite materials with enhanced electrical

performance [6, 7].

Hong et al. created zinc oxide (ZnO) nanocomposites
using low-density polyethylene (LDPE), in which the ZnO
particles were either uniformly distributed throughout the
composite or in a tightly regulated heterogeneous arrange-
ment within the composite. The dielectric constant of these
composites was measured at filler concentrations of up to 40%
by volume, and contrasted to that of similar composites that
contained ZnO particles smaller than a micrometer in size.
In order to take advantage of the large surface area of the
nanoparticles, which facilitated the incorporation of highly
polar molecules into the composite, the filler particles were
enclosed by silane cross-linking agents and mixed with LDPE.
Investigations into the impact of filler particle distribution on
the dielectric constant revealed that the two types of inter-
faces inside the composite—the first between the contacting
ZnO particles and the second between the LDPE and the ZnO
particles—were responsible for the observed variations [8].

Rashmi and colleagues conducted a study to examine the
impact of zinc oxide nanoparticles on the electrical and struc-
tural properties of polyvinyl alcohol (PVA) films. The result-
ing nanocomposites were evaluated using scanning electron
microscopy (SEM), infrared spectroscopy, UV-Vis absorption,
and X-ray diffraction. The UV-Vis spectra indicated that the
addition of zinc oxide nanoparticles did not change the com-
posites’ absorption in the visible range. The SEM images
also revealed that the nanoparticles were uniformly dispersed
throughout the polymer matrix. It was found that the dielec-
tric properties were significantly influenced by frequency and
the concentration of nanofillers. The alternating conductivity
(σac) of the PVA composites grew with increasing frequency,
while the dissipation coefficient (tan δ ) rose with the addi-
tion of nanoparticles and decreased with increasing frequency.
With moderate nanofiller levels, the composites acted like
nearly lossless substances at high frequencies, making them
suitable for microwave use [9].
A research team led by Hamed, S.T., successfully synthesized
zinc oxide nanoparticles (ZnO NPs) with sizes ranging from
20 to 80 nm via the sol-gel method. Using the solution casting
process, these particles were placed onto a polymeric blend
of carboxymethyl cellulose (CMC) and polyethylene oxide
(PEO) in a 70:30 ratio with varying weight proportions rang-
ing from 0 to 6%. As the ZnO particle content increased
from 0 to 6%, the resulting composite significantly increased
in the refractive index from 1.79 to 1.97, and a significant
decrease in the energy gap from 4.51 to 3.34 eV. Alternat-
ing conductivity (σac) measurements at 298 K confirmed a
significant improvement in the conductivity and dielectric
coefficients with increasing ZnO particle concentration, reach-
ing maximum values at 2%. The effect of temperature on
the conductivity and dielectric coefficients at this optimum
concentration was also studied, revealing unique properties
of this material that make it suitable for use in solid-state
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supercapacitors [10].
In this work, nano zinc oxide was prepared by the green
method using pomegranate peel extract, then the prepared
oxide was characterized using different techniques: FTIR,
XRD, EDX, and SEM. Then, zinc oxide films were prepared
with polymethyl methacrylate to study the real and imaginary
dielectric constant and electrical conductivity.

2. Materials and Methods:
2.1 Chemicals:

The experiment involved the use of chemicals and sol-
vents from different suppliers, such as Sigma-Aldrich, Riedel-
de Haën, and SDH. The materials were used in this research
as obtained without any prior purification process or modifi-
cation. Peels from pomegranates were also gathered for the
experiment. Based on information from a farmer northwest
of Diyala Governorate, the experimental research was car-
ried out in compliance with national and international norms,
organizations, and laws pertinent to plant material research.

2.2 Devices:
The produced zinc oxide nanoparticles were characterized
using FTIR, XRD, EDX, and SEM methods. A Perkin-Elmer
FTIR-65 infrared spectrometer was used for FTIR testing. Uti-
lizing an X-ray detector (Philips/PW1730, Cu, Kα = 1.5406
), the composition of the sample was examined. Additionally,
the material’s surface characteristics were examined using a
TESCAN MAIA3 scanning electron microscope (SEM).

2.3 Procedures:
2.3.1 Preparation of pomegranate peel extract:
Pomegranates, the plant used in this study, were purchased
from a farm in the Diyala Governorate. Peels from pomegranates
were gathered, washed with purified water, and allowed to dry
at room temperature with adequate ventilation in the shade.
After being partially broken into small pieces with an electric
grinder, the peels were kept dry and out of the way in a paper
bag until they were ready to use. Using a delicate electronic
balance, 25 grams of pomegranate peels were used for the
extraction procedure. To extract the bioactive components,
the peels were cooked to 60–70°C for 90 minutes on a hot
plate while being gently stirred, all while being contained in a
conical flask with 300 ml of deionized water. After repeatedly
filtering the solid waste using a cotton swab, centrifugation
was used to extract it. To get a filtered solution with the ex-
tracted chemicals and no contaminants, this procedure was
carried out three times. After measurement, the solution’s pH
was determined to be 4.6.

2.3.2 Preparation of Zinc oxide:
Zinc oxide nanoparticles (ZnO NPs) were prepared using 10
grams of zinc hexahydrate (Zn(NO3)2·6H2O) weighed accu-
rately using a sensitive balance, and dissolved in 200 ml of

deionized water in a beaker. The solution was heated on a
hot plate at 60°C with gentle stirring for 1 hour. Pomegranate
peel extract was then slowly and gradually added using a
pyrite until complete addition. Stirring was continued at the
same temperature for another 1 hour. The color of the solu-
tion changed from yellow to dark green, indicating successful
synthesis of ZnO nanoparticles. After the reaction was com-
pleted, the solution was allowed to cool to room temperature
for 20 minutes, and the mixture was filtered to collect the
resulting precipitate, which was subsequently dried in an oven
at 150°C. After drying, the sample was placed in a ceramic
crucible and heat-treated (such as annealing) in a furnace at
500°C for four hours, resulting in pure white powder of zinc
oxide nanoparticles, confirming the success of the synthesis
process.

2.3.3 Preparation of Polymer Films:
2 grams of poly (methyl methacrylate) (PMMA) are dissolved
in 50 mL of tetrahydrofuran (THF) with continuous stirring
until a completely homogeneous solution is formed. Then,
0.5 grams of ZnO Nps is weighed and placed in a sealed
glass tube. Then, 10 mL of the previously prepared PMMA
solution is added to the weighted ZnO. The mixture is stirred
well and then treated in an ultrasonic bath for 15 minutes to
ensure complete mixing and even distribution of the particles
in the polymer solution. Finally, the homogeneous mixture is
poured into a glass mold and left until the solvent evaporates
completely, forming ZnO/PMMA nanocomposite film.

3. Results and Discussions:
3.1 FTIR of Zinc Oxide Nanoparticles:
The FTIR spectra of ZnO NPs within the 400–4000 cm−1

range following the calcination process is shown in Figure 1.
The two bands in the picture, which are centered at 3455 and
1624 cm−1, correspond to the stretching and bending vibra-
tions of the O-H group, respectively, caused by the presence of
moisture between zinc oxide particles and the plant’s absorbed
OH groups on the ZnO NPs’ surface. The Zn-O group in zinc
oxide is represented by the band centered at 436 cm−1, which
is in good accord with other previously published findings
[11].

3.2 X-ray Diffraction (XRD) of Zinc Oxide Nanoparti-
cles:

The XRD analysis of ZnO nanoparticles (illustrated in Figure
2) reveals several sharp and well-defined peaks, indicating
high purity and crystallinity. These peaks are observed in the
2 region at 31.7189°, 34.3224°, 36.2830°, 47.6227°, 54.1320°,
56.5642°, 59.9838°, 62.9247°, 66.4878°, 68.0870°, 69.1588°,
72.7933°, and 77.1045°, corresponding to the crystallographic
planes (100), (002), (101), (102), (110), (103), (200), (112),
and (201), respectively. Several distinct and sharp peaks are
visible in the XRD examination of ZnO nanoparticles, as
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Figure 1. FTIR of ZnO NPs.

Figure 2. XRD of ZnO NPs.

shown in Figure 2, suggesting great purity and crystallinity.
The crystallographic planes (100), (002), (101), (102), (110),
(103), (200), (112), and (201) correspond to these peaks,
which are located in the 2 region at 31.71°, 34.32°, 36.28°,
47.62°, 54.13°, 56.56°, 59.98°, 62.92°, 66.48°, 68.08°, 69.15°,
72.79°, and 77.10°, respectively. These results validate the
effective production of pure ZnO nanoparticles and are in line
with prior research in the literature (JCPDS Card number 36-
1451). The excellent purity of the synthesized ZnO is further
demonstrated by the absence of any extraneous peaks in the
analyzed spectrum. The Debye-Scherer equation was used to
estimate the average size of crystals[12, 13].

D = Kλ/(β .cosθ)

Where: D is the crystal size (nm), the full width at half maxi-
mum (FWHM) of the diffraction peak, the wavelength of the
X-ray (1.5406), and θ is the Bragg angle. The average crystal
size was found to be in the range of 13.09-47.91 nm.

3.3 Scanning Electron Microscope (SEM):
In this work, the morphology of the nanostructures was ana-
lyzed using scanning electron microscopy (SEM) to determine
the microstructural differences in the samples. The round or
irregularly shaped particles detected in the SEM images were
zinc oxide nanoparticles. The diameters of the generated ZnO

Figure 3. SEM of ZnO NPs.

nanoparticles were found to range from 22 to 53 nm, as shown
in Figure 3.

3.4 EDX of the ZnO NPs:
The EDX analysis strongly indicates the presence of zinc in
its oxide form, with high signals for both zinc and oxygen.
Each element in the sample can be precisely identified us-
ing EDX, and the results show zinc and oxygen with weight
percentages of 82.80% and 17.20%, respectively. The theoret-
ical percentage values 80.339% and 19.66% zinc and oxygen
with respectively, give a great convergence in the weight ratio
between the theoretical and real calculations of the prepared
compound. Two notable zinc peaks at 1 keV and 8.6 keV, as
well as a unique oxygen peak at 0.5 keV, are visible in the
EDX spectrum. The distinctive peaks of zinc and oxygen vali-
date the elemental makeup of the ZnO nanoparticles that were
produced. Furthermore, Figure 4 provides additional evidence
of the purity and composition of the sample by showing the
presence of trace elements, such as gold, alongside zinc and
oxygen [14, 15].

3.5 Dielectric properties:
The electrical properties of the polymer nanocomposites were
measured, including the real and imaginary parts of the dielec-
tric permittivity, as well as the electrical conductivity, using
an LCR meter. The measurements were conducted at various
frequencies ranging from 20 kHz to 1000 kHz at room tem-
perature [16].
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Figure 4. EDX of ZnO NPs

1. Real Permittivity (ε ′):
The real part of the dielectric permittivity (ε ′) represents the
material’s ability to store electrical energy when exposed to
an electric field. It is calculated using the following equation:

ε
′ =

C.d
ε0.A

Where:

• ε ′: Real dielectric permittivity

• C: Capacitance

• d: Thickness of the measured film

• A: Electrode area, which is equal to 1 cm2

• ε0: Vacuum permittivity (a constant with a value of
8.85×10−12Fm−1)

2. Imaginary Permittivity (ε ′′):
The imaginary part of the dielectric permittivity (ε ′′) repre-
sents the amount of electrical energy that is dissipated as heat
over time. High ε ′′ values indicate that the material is less
efficient at storing electrical energy, which is undesirable for
materials used in energy storage applications.

The ratio of imaginary to real permittivity is known as
the loss tangent (tan δ ), which can be calculated using the
following relation:

tanδ =
ε ′′

ε ′

Rearranging this equation, the imaginary permittivity can be
calculated as:

ε
′′ = tanδ .ε ′

Figure 5. Relationship between the real dielectric constant
and the logarithm of the frequency for ZnO/PMMA polymer

nanocomposite film.

If the value of tan δ is given as a constant symbolized by
D, known as the dissipation factor or loss factor, then the
equation becomes:

ε
′′ = D.ε ′

Where:

• ε ′′: Imaginary dielectric permittivity

• D: Dissipation factor (loss factor)

• ε ′: Real dielectric permittivity

Figures 5 and 6 show the relationship between the real and
imaginary dielectric constants with the logarithm of frequency
for ZnO/PMMA polymer film. It is clear that the real dielectric
constant values for polymer composites reached their highest
value at the lowest frequency, as shown in the figure, and
then began to gradually decrease with increasing frequency
until they reached their lowest value at high frequencies. This
can be explained by the fact that at low frequencies, the field
rotation is slow, providing sufficient time for the permanent
and induced dipoles to align themselves in the direction of
the applied field. At high frequencies, the time period is
shorter than the time period needed for the molecules to align
themselves in the direction of the external electric field, and
therefore, the field is low [17].

The imaginary dielectric constant (ε ′′) of the ZnO/PMMA
composite decreases at high frequencies due to the reduced
ability of the charges to follow the changing alternating elec-
tric field. At low frequencies, there is sufficient time for ion
movement and interfacial polarization (e.g., polarization at
the ZnO/PMMA interface), resulting in high imaginary di-
electric constant values, which are primarily related to energy
losses in the material. However, as the frequency increases,
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Figure 6. Relationship between imaginary dielectric constant
and logarithm of frequency for ZnO/PMMA polymer

nanocomposite film.

the charges or dipoles cannot reorient as rapidly as the chang-
ing field, so the polarization effect diminishes, and electrical
losses decrease, resulting in a lower imaginary dielectric con-
stant (ε ′′). This behavior reflects the reduced energy loss in
the dielectric at high frequencies, making the material more
efficient in high-frequency electronic applications such as thin
film dielectrics and microfilters [17, 18].

4. Electrical Conductivity (σ ):
Electrical conductivity can be defined as the process of trans-
ferring electric charges from one place to another in a given
medium when an electric field is applied. The electrical con-
ductivity values of the nanocomposites were studied using
alternating current (AC) at different frequencies ranging be-
tween 20 kHz and 1000 kHz at room temperature. These
values were calculated using the following equation:

σa.a. = ωε0ε
′ tanδ

ω = 2π f ,ε ′′ = tanδε

σa.a. = 2π f × ε0 × ε
′′

Where:
σ : Electrical conductivity
ε0: Permittivity of free space (vacuum permittivity), a constant
with a value of 8.85×10−12Fm−1

ω: Angular frequency, equal to 2π f
f: Frequency used in the measurements

Conductivity is defined as the process of transfer of elec-
trical charge from one location to another within a medium
when an electric field is applied. The electrical conductivity
of the polymer composites was measured, and an increase
in the alternating electrical conductivity was observed with
increasing frequency at room temperature, as shown in Fig-
ure 7 [18, 19]. The alternating electrical conductivity (σ ) of

Figure 7. Relationship between electrical conductivity and
logarithm of frequency for ZnO/PMMA polymer

nanocomposite film.

Figure 8. FTIR spectrum of the composite

ZnO/PMMA composites increases with increasing frequency
due to several complex physical mechanisms, most notably
the energy hopping mechanism, where zinc oxide nanopar-
ticles allow charge transfer between non-equivalent energy
sites, especially at high frequencies. The Maxwell-Wagner
polarization mechanism also plays an important role, where
ZnO/PMMA interfaces act as charge accumulation areas, en-
hancing conductivity. As frequency increases, the dielectric
capacitance of the polymer material decreases, thus reduc-
ing charge transport barriers, leading to increased electrical
conductivity. This behavior makes these composite nanoma-
terials promising for applications such as smart insulators,
electronic devices, and thermoelectric sensors. This study is
highly consistent with recently published articles [20, 21].
Figure 8’s FTIR spectrum of the zinc oxide film distributed
throughout PMMA revealed peaks at frequencies of 756, 844,
and 989 cm−1 that were caused by the CH group’s rocking
motion. Additionally, a peak at 1141 cm−1 was noted, which
was ascribed to the C–O–C bond’s asymmetric stretching. At
1242 cm−1, stretching vibrations of the C–C–O link in the
methyl carbonyl group were seen, whereas a deformation of
the C–H bond produced the peak at 1435 cm−1. Furthermore,
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a noticeable signal was seen at 1728 cm−1, which was as-
cribed to the C=O carbonyl bond’s stretching vibration. Also,
peaks at 2951 and 2989 cm−1 emerged, suggesting that the
C–H bond was vibrating. The presence of zinc oxide in the
polymer is the cause of the bands at 467 and 540 cm−1.

5. Conclusions:
The results of this study indicate that pomegranate peel ex-
tract is an important, environmentally friendly, and effective
agent for preparing zinc oxide nanoparticles (ZnO NPs) with
high purity and sizes ranging from 24 to 44 nm. Incorporat-
ing these particles with polymethyl methacrylate (PMMA) to
form a ZnO/PMMA film showed a significant improvement
in the electrical properties of the resulting film, as the real
and imaginary dielectric constants reached their highest val-
ues at low frequencies, while the AC electrical conductivity
gradually increased with increasing frequency, demonstrating
the efficiency of the prepared materials in various electronic
applications.
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