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Abstract:

Copper oxide (CuQ) nanoparticles were synthesized chemically using aqueous
copper nitrate by sol-gel method. The phase and structure investigations by XRD
and SEM indicate to the spherical aggregation particles with an average particle
size of 12 nm. The produced CuO nanoparticles showed an excellent purity, as
confirmed by EDX measurement. The optical properties of Uv-Vis spectroscopy
displayed a highly absorption band in range of 200 nm -350 nm of a bandgap 3.5
eV. These results support the preparation of these nanostructures for solar cell
applications. The heterojunction (Ag/CuQ/Si/Ag) characterized in term of current-
voltage properties
of as a solar cell. It displayed a filling factor (F.F) and a power conversion
efficiency (1) were 48.05% and 0.105% respectively.

Keywords: Nanoparticles, Copper Oxide, Optical properties, Solar cell,
.heterojunction, Structural properties
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Introduction:

Our lifestyles require renewable, sustainable, and clean energy sources that

keep pace with scientific and technological advancements. Solar cells assumed
from the best options for obtaining energy under these conditions. However, a
number of obstacles have significantly impacted the widespread use and
application of solar cells, such as the efficiency of converting solar energy into
electricity, the stability of efficiency, and, to some extent, the cost [1-
2].Nanomaterials represent an alternative option for obtaining solar cells with
better efficiency and lower costs by relying on the development paths of
nanomaterials, especially metal oxides.
Metal oxide at nano scale nanostructures had intrigued researchers because of their
characteristics, that fluctuate according to size and form, and can be synthesized
through several methods [3]. Their elevated surface to - volume ratio renders them
exemplary applicant for diverse sensing fields [4- 5], photocatalysis [6], solar cells
[7-8], electronics [9-11]. Stability solar cell represents the essential for meeting
addressing upcoming times non- depletion energy requirements, rendering it
essential to choose economical materials such as metal oxides [12]. A solar cell is
an electronic apparatus transforms the optical energy from sun to an electrical
energy. At sunlight impinges upon the solar cell, will produces electricity and
voltage [13, 14]. The operation of a solar cell can be summarized in two basic

steps: absorption of sunlight, which raises the energy levels of electrons, followed
by the migration of electrons to higher energy levels and their transfer to the
external circuit. After these electrons discharge their energy, they return to the
solar cell.Copper oxide (CuO) particles are of significant interest as nanoscale
conductors due to their advantageous properties, including abundance, elevated
optical absorption coefficient, low energy range, and non-toxicity [15-16]. It is a
semiconductor matter extensively utilized in energy photovoltaic conversion
manufacturing owing to its superior optical absorption and non-toxic properties
leading to reduced production expenses. It is a p-type semiconductor have a band
gap varies between 1.2 eV — 3.35 2.0 eV in nanoscale influenced by size of the
nanoparticle, while the bulk CuO possess an energy band gap about 1.2 eV [17-
19]. Hence, the peak absorption of the light spectrum is expected to be in the
ultraviolet - visible band, which makes it suitable for solar cell applications [9,20].
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This feature makes copper oxide unique in is a significant substance utilized in
solar energy conversion [21], besides of other varied physical and chemical
properties, which depend on the morphology of nanostructures [22,23]. Numerous
technologies and techniques facilitate the preparation of CuO nanopowder. The
present paper describes a simply production of copper oxide nanoparticles using
agueous copper oxide nitrate and its future applications in solar cells and study
optical and structure properties of nano material. The influence of the preparation
method on the crystal size of particles and their relationship to the optical
properties is investigated.
Methods and materials

In this study, a chemical method was adopted to prepare copper oxide
nanoparticles from Nitrous copper nitrate with the chemical formula Cu
(NO3),.H,0O Salt of 0.2 gram of Cu (NOjz), was dissolved in 20 mL volume of
distilled water and stirred until the salt was completely dissolved, forming a blue
solution of molarity 0.04 M. Another sodium hydroxide NaOH solution was
prepared by dissolved 0.1 gram in 25 ml volume of distilled water and mixed well
for 5 minutes. The sodium hydroxide solution was added to the blue solution by a
slow drip method, continuing for 10 minutes with continuous stirring to ensure
complete mixing. The solution was then left to resolve for several minutes. It was
washed thoroughly twice with water and once with ethanol and left to dry on a hot
plate until it turned black, as shown in Figure 1. The black powder was collected
with a spoon, ground, and dried at 400°C for two hours to form pure copper oxide.

= B

Figure (1):Nanoparticle solution after distillation
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Fabrication of copper oxide nanoparticles based as solar cell set up was done by
deposited a thin film of CuO NPs on a silicon (Si) substrate to form an active layer
for solar cell to manufacture the heterojunction (Ag/CuO/Si/Ag). CuO NPs was
deposited on the silicon substrate (1xlcm?) by drop-casting technique, the
deposited layer diameter 0.75 cm. The silicon surface was treated with HF to create
surface roughness, which enhances the adhesion of subsequent layers. This CuO
layer acts as an efficient light absorber was deposited by drop casting method on a
heat plate to get uniform film. After annealing to improve crystallinity and
adhesion, a metal electrode of silver is deposited on top of the CuO layer using
silver paste. This top electrode serves as the current collector. The careful
alignment and deposition of these electrodes are crucial for achieving good
electrical contact and high device performance. Figure (2) displays the final setup
of solar cell.

CuO

Si

Figure (2): Schematic diagram of the prepared solar cell.

Results and Discussion
3-1 XRD analyses

X-ray diffraction of the CuO NPs produced by chemical preparation showed the
crystalline structure, phase and high purity within the nanoscale. The figure (3)
illustrated the diffraction pattern for the angle26 range from 30° - 80°, the peaks
appeared at 35.553° and 38.730 recording to Miller indices (1711) , (111),
respectively . This was verified by comparing with the ASTM card no. 050661.
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The widen of typical peaks was proved the nano scaled particles formation,
exhibited a  successful preparation of CuO NPs. The CuO nanocrystals size
determined by Debye-Scherrer’s formula [24].

D (A°) =kA/Bcos® ------- (1)

Where, D remarked to the crystallite size, k is Scherrer’s constant (typically valued
at 0.9), while, the wavelength of X-ray wavelength is represented by A denotes the
(1.540 A), the symbol of P stands for the full width at half maximum (FWHM) of
the diffraction peaks measured at the Bragg angle 0. The Copper oxide
nanoparticles were formed in a crystallite its average size wasl2nm. Table (1)
summarized the structure parameters, the dislocation density (8) and microstrain
(g) were calculated by formula (2) and (3) respectively [24]:

The crystallite size of the two principle peaks shows small values which confirm
that the material is nanocrystalline in nature. A crystallite size below 100 nm
indicates that the sample likely contains fine grains or nanoparticles. While the
slightly larger crystallite size in peak (20=38.825) suggests that region might be
more ordered or less affected by strain. The table (1) indicated that the amount of
defects or dislocations per unit area in the crystal is high means more
imperfections, which can impact electrical properties. Values fall in the typical
range for nanomaterials and support the microstrain findings. The lattice
distortions or internal strain within the crystal structure arises from defects,
dislocations, grain boundaries, or residual stresses. The relatively high values here
indicate that the material experiences noticeable internal stress, which is common
in nanostructured chemically synthesized materials.
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Figure (3): XRD pattern for CuO NP

Table (1): Structural parameters of CuO NPs

20 FWHM dhkl Miller Average | Dislocation Microstrain
(Deg.) (Deg.) Exp.(A) | Indices | Phase D (nm) D(nm) | density (cm?)
_ N 9.19x10™ 1.09x10°
35.63 0.8 2.521 (111) | Monoclinic 10
N 5.76x10™ 7.85x10°
38.825 0.634 2.317 (111) | Monoclinic 13 12

The data obtained by XRD analyzed by Williamson —Hall method plot, for [3-
instrument of 0.3 the W-H plot showing a high scattering of points (R* = 0.1272)
around the liner fitting, as illustrated in Figure(4). The microstrain (g) and crystal
size (D) are 7.464x10° and 37.45 nm respectively. The microstrain confirmed
good agreement with the Scherrer’s method, but the size witnessed a large
difference, which may be due to overlapping peaks or noise as seen in inset picture
in Figure (3), a crowded peaks around angle 40° and 60°.
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Figure (4): Wallison-Hall plot

3-2 SEM analyses

SEM analysis was applied to investigated the surface morphology of the
chemically synthesized CuO NPs. Figure (5-a, -b and -c) expose to view the CuO
NPs SEM images in 200 nm scale, enlarged to 10 um and particle- size histogram
as in order. As it noticed, CuO nanostructure own a small- sized layered sheets
shape of thickness around 25 nm, poor homogeneity with a jagged surface due to
the small particles of high surface tension energy, which accumulate the particles
together and complete particles separation cannot have obtained (see Figure 5-b).
However, particles aggregated were remarked, this may due to high NaOH content,
the study [25] indicated the effect of the amount of sodium hydroxide on the size
and agglomeration of particles. Exceeding NaOH may producing highly
agglomerated particles, and the size of the particles changes. The appearance of
larger grains and nanoparticle aggregation is likely due to the high surface area and
elevated surface energy characteristic of the CuO nanoparticles [26]. The particle
size distribution confirms the low — scale size, the most particle size is in the range
below 10 nm giving it a Gaussian form. As a reason of their high surface area-to-
volume ratio, the nanoparticles tended to stick together or form agglomerates as a
result of attractive physical interactions.
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Figure (5): SEM images of CuO NPs

3-3 EDX analyses

Energy Dispersive X-ray Spectroscopy (EDX) examination proved the chemical
configuration of the synthesized CuO nanostructure. The Figure (6) shows the
spectrum of the X-ray diffraction, and the peaks in it are limited to the presence of
peaks specific to the elements copper(Cu) and oxygen (O), which proves the purity
of the prepared CuO nanoparticles and their freedom from impurities. From the
weight % and atomic % percentages of the chemical elements that are given in the
inset table, it revealed the presence of copper (Cu) and oxygen (O) as the main
components, with their weight percentages reaching 60% and 40%, respectively,
while the atomic percentages of copper and oxygen were 27.4% and 72.6%,
respectively. The (Au) element peaks attributed to the presence of the Au element
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that appeared in multiple peaks is due to the gold coating layer during the
examination. These results are consistent with the predicted chemical composition
of copper oxide (CuO) and reflect the good purity of the sample. On the other
hand, X-ray diffraction (XRD) analysis confirmed the monoclinic crystal structure
of copper oxide, with diffraction peaks matching the standard data from the JCPDS
card no. 050661 for CuO which exhibits good thermal and chemical stability in
contrast to other cuprous of higher oxidation number. This agreement between the
EDX and XRD results clearly demonstrates the successful preparation of the
material, both in terms of chemical composition and crystal structure, enhancing
the reliability of the sample for functional applications in the electronic or optical
fields [17, 27].

‘Weight % Atomic %

60 274
40 72.6

Figure (6): EDX spectra of the CuO nanoparticles

3-4 Optical properties

The UV-Vis Spectroscopy was used to investigate the optical behavior of copper
oxide nanostructures prepared by chemical method. The optical properties were
studied through absorption spectrum and energy gap.The UV-Vis absorption
spectra of CuO NPs exhibited a broad absorption peak within the wavelength
range of 200 nm to 350 nm, as depicted in Figure (7). The absorption edge reaches
around short wavelengths resulting in increased of the optical band gap energy
(Eg). Very small crystallites (10—13 nm) result in a larger surface area, which can
enhance light absorption. As the dimensions decreased (the case in ultra-small size
in nanoparticles) the continues energy levels in bulk were split into quantized
discreet levels causing a widening in band gap. This indicates that a smaller
nanoparticles absorb and emit higher-energy (shorter wavelength). The improved
absorbance resulting from the large surface area combined with the availability of
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effective sites for light interaction with the material may provide an opportunity to
Improve the performance of solar cells. The optical band gap energy is calculated
from experimental absorbance. Planck's law, as given in Eq. (4) [28], was applied
for calculation the bandgap energy directly from Acut:

Eg=hc/A cut =1240/Acut ............. 4)

where Eg is the energy gap, h is Planck's constant (h=6.626x10* J.s), ¢ is the light
velocity (3 x 10° m/s), and A is the wavelength.

Absorbance

150 250 350 450 550 650 750 850 950
Wavelength (nm)

Figure (7): UV-Vis spectrum of CuO nanoparticles
absorption coefficients can be determined graphically by Tauc's relationship as in
equation (5) [26]:
(ahv)" =A(hv—E;) ————— (5)
Where a remarked to the absorption coefficient, while v refers to the photon
frequency, A is a constant (A= 0.9), and r is a value of the direct transition (r = 2).
The common approach to determine the band gap the don by plotting the curve
between (ahv)' and photon energy (hv) on x-axis. By intercept of the tangent of
the linear portion curve, crosses the x- axis obtained the band gap value. The band
gap energy was 3.5 eV, which is less than that reported in the literature [18, 29],
see Figure (8).
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Figure (8): Optical energy band gap of CuO NPs

The solar cell (Ag/CuQ/Si/Ag) heterojunction was investigated by the current—
voltage properties. It was found that the forward bias current exceeds the reverse
bias current, as illustrated in Figure 9a. As the forward voltage is below 3 volts, an
electric current is produced due to the re-combination process of electron-hole
pairs. Although, higher voltages enable the electrons to gain sufficient energy for
crossing the junction’s potential barrier. The resulting current is referred to as the
diffusion current. Figure 9b presents the reverse current—voltage behavior and the
heterojunction properties recorded at both dark conditions and at under light of
tungsten lamp of 1000mW / cm2 illumination power.
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Figure (9): Current-Voltage properties: (a) in forward and reverse biasing, (b)
dark and lightening
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The reverse current of the (Ag/CuQO/Si/Ag) heterojunction under illumination is
noticeably higher in contrast in dark conditions, referring to the photo-generated
charge carriers subscribe_significantly to the photocurrent through electron-hole
pair generation. This behavior offers valuable insight into the formation of
electron-hole pairs as a result of incident photon energy. The major photovoltaic
parameters containing the open-circuit voltage (\Voc), short-circuit current (Isc), fill
factor (FF), and conversion efficiency—are measured and analyzed as given by
Figure 10, which presents the |-V characteristics under illumination with varying
load resistances. This experimental approach provides a straightforward method

for evaluating the efficiency of a solar cell. To determine efficiency, two key
points must be considered: the short-circuit current (Isc), which occurs when the
load resistance (R) and voltage (V) are both zero, and the open-circuit voltage
(Voc), which is observed when the load resistance is high enough to reduce the net
current to zero. These findings reinforce the effectiveness of the CuO-based
heterojunction structure in enhancing photoresponse and serve as a foundation for
optimizing future solar cell designs based on similar configurations. It could
specify the maximum power rectangle by Equation (6) to obtain the maximum
solar energy efficiency, Figure (10) shows the open — circuit (current-voltage)
characteristics for CuO/Si heterojunction. Short- circuit current(Isc), open —circuit
voltage(Voc), Efficiency (n) and fill factor (F.F) and have been measured using
equations (6) and (7) [30] respectively, were the obtain results of 15 pA, 154 mV,
48.05% and 0.105 % respectively. All the results relieve that the heterojunction

CuO/Si could be used for solar cell applications [31,32].
Pm Vmim

= = o 00 - — - - —
n Pin Pin *100% (6)
F= VmiIm .
" VoclSC (7)
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Figure (10): Photocurrent- voltage of the (Ag/CuO/Si/Ag) solar cell
These results are somewhat acceptable when compared to previously published
results in [33-34] for CuO without additions or improvements, their efficiency
were 0.64% and 0.0863% respectively. The reasons that affected the efficiency and

filling factor can be explained based on the resulting structural properties. The
small crystal size causes an increase in defects, which appear in the form of
dislocation defects, causing charge losing. Furthermore, increased microstrain may
lead to increased recombination.Very small crystal size resulted more grain
boundaries, which act as recombination centers. These boundaries can trap carriers,
preventing them from reaching the electrodes. Nanocrystals have too many grain
boundaries hurt charge transport and reduce efficiency. High dislocation density
indicates many structural defects. These defects create non-radiative recombination
centers, and lower open-circuit voltage (Voc) and fill factor (FF). High dislocation
density leads to exceeds recombination and decreasing power conversion
efficiency. The high lattice distortions create trap states (defect levels within the
band gap). Trap states will be raising recombination of electrons and holes,
decreased carrier lifetime. And lower short-circuit current (Isc) and total efficiency.
High microstrain tends to reduce efficiency by increasing charge losses.The
calculated band alignment of the p-CuO / n-Si heterojunction reveals important
interfacial properties. The electron affinities of CuO (4.07 eV) and Si (4.05 eV)
[35] are nearly identical, resulting in a very small conduction band offset (AEc =
0.02 eV). This facilitates efficient electron transfer across the junction. In contrast,
the valence band offset is large (AEv = 2.40 eV), creating a substantial barrier for
hole transport from Si into CuO. The wide band gap of nanostructured CuO (Eg=

February (2026)&L% S O (T { [ =2, A P
242



i i | oot ot | CoelS el
It i) ralizmd) — sl i S i

Journal of the College of Basic Education Vol.32 (NO. 135) 2026, pp. 230-247

3.5 eV) makes it a suitable light-absorbing and hole-blocking layer, while the
narrower band gap of Si (Eg = 1.12eV) supports electron conduction. Upon
contact, Fermi level equilibration induces band bending and depletion region
formation, which assist in charge separation. Overall, the CuO/Si heterojunction
exhibits favorable band alignment for photovoltaic and photodetector applications,
as the low AEc promotes electron transport while the high AEv suppresses
recombination, Figure (11) shows the bending band energy diagram of p-CuO / n-
Si heterojunction.

' . | Xns=4.05 eV
\ i Ac=0.02 eV |

| |
| Eg(Cu0)=3.5eV i \ n-Si +
‘ : | a Ec

Er

1
' |
'\N¥ Eg(Si)=1.12 eV
5 - Vae=24ev Ev
|

Figure (11): Heterojunction band diagram

Conclusion

The copper oxide NPs were achievement synthesized adopting the chemical
method. Velocity, cost-effectiveness, and ecological sustainability in comparison
to alternative. Copper oxide NPs of a monoclinic structure with small average
particle size (12 nm) were effectively fully prepared exhibiting high absorption in
region 200 nm to 350 nm possessing an energy band gap of 3.5 eV. The ultra-small
size has a crucial role in increasing the absorption. The heterojunction
Ag/CuO/Si/Ag fabricated as solar cell achieved a filling factor and efficiency of
(48.87% and 0.105%). These are acceptable results when compared with the other
solar cells fabricated from modified metal oxides. The possibility of increasing
efficiency by improving the p-n interface may have suggested as future work.
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