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Copper (II) oxide nanoparticles (CuO-NPs) are gaining significant attention due to their unique properties 
and applications in various fields, including photocatalysis, environmental remediation, and sensors. The 
biosynthesis of CuO-NPs offers an eco-friendly and cost-effective approach compared to traditional chemical 
synthesis methods. Neem leaf extract, known for its reducing and stabilizing properties, serves as an ideal 
candidate for nanoparticle synthesis. This study aims to biosynthesize CuO-NPs using copper acetate 
monohydrate as a precursor and neem leaf (Azadirachta indica) extract as a reducing and stabilizing agent, 
followed by a thorough characterization of the synthesized nanoparticles. CuO-NPs were synthesized by 
mixing copper acetate monohydrate with neem leaf extract, followed by annealing at 400°C for one hour. The 
synthesized nanoparticles were characterized using several techniques: X-ray diffraction (XRD) for structural 
analysis, Fourier-transform infrared (FTIR) spectroscopy for functional group analysis, UV-Visible 
spectroscopy for optical properties, and atomic absorption spectroscopy (AAS) to determine copper 
concentration. XRD analysis confirmed the formation of CuO nanoparticles with a monoclinic crystal 
structure, with crystallite sizes of 49.62 nm for sample A and 55.95 nm for sample B. FTIR spectra exhibited 
peaks at 516.92 cm-1, 518.85 cm-1, and 617.22 cm-1, indicating successful nanoparticle formation. AAS analysis 
revealed copper concentrations of 0.44 mg/L and 0.40 mg/L for samples A and B, respectively. The UV-Visible 
spectra indicated direct energy band gaps of 1.75 eV for sample A and 2.25 eV for sample B. The findings 
highlight the successful synthesis of CuO-NPs with desirable structural and optical properties. The energy 
band gaps suggest potential for photocatalytic applications, and the presence of functional groups confirmed 
nanoparticle formation. This study successfully demonstrates the biosynthesis of CuO-NPs using neem leaf 
extract. The synthesized nanoparticles show promising structural and optical characteristics, indicating their 
potential use in environmental and energy applications. The study presents an eco-friendly method for CuO-
NP synthesis using neem leaf extract, highlighting its applicability for green synthesis and potential 
photocatalytic applications. 
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1. INTRODUCTION 

Nanoparticle research has become a focal point in modern scientific 
advancements due to the unique properties of nanoparticles, such as 
enhanced electrical conductivity, improved hardness and ductility, better 
strength of metals and alloys, increased luminescent efficiency in 
semiconductors, and superior formability of ceramics (Rezić, 2022). These 
properties make nanoparticles particularly useful across various 
engineering, healthcare, agriculture, and environmental sciences 
applications. Among the numerous materials studied in nanoparticle 
research, copper oxide (CuO) nanoparticles have garnered significant 
attention for their exceptional characteristics. Copper (Cu) is a transition 
metal belonging to Group 11 (IB) in the periodic table, while oxygen (O) is 
a chalcogen element from Group 16 (VIA), period 2 (Siddiqi and Husen, 
2020; Cuong et al., 2021). Copper oxide (CuO), also known as tenorite or 

cupric oxide, is a Group II-VI metal oxide semiconductor. The visible form 
of CuO nanoparticles is typically a brownish-black powder. CuO 
nanoparticles can be reduced to metallic copper under high temperatures 
by reducing agents such as hydrogen, carbon monoxide (CO), or carbon 
(Mandal et al., 2018). Despite their promising potential, CuO nanoparticles 
are classified as harmful to aquatic life, the environment, and human 
health. 

Advances in material science and engineering have primarily driven the 
rapid technological evolution of modern society. The discovery and 
synthesis of novel materials with remarkable physicochemical and 
mechanical properties are essential for the ongoing development of 
contemporary technology (Khan et al., 2019). This has been particularly 
evident in optoelectronics and photovoltaic cell industries. In today's 
world, thin films and nanomaterials are required to advance these 
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industries, which play a key role in developing solar cells, sensors, and 
other high-tech applications. Alongside these, nanomaterials have wide-
ranging uses in different sectors, such as healthcare, agriculture, and 
environmental sustainability (Chen et al., 2021). A central area of interest 
in material science is semiconductors, which are crucial for electronic 
devices. Unlike metals and insulators, semiconductors exhibit electrical 
conductivity that can be controlled by doping with other materials, making 
them highly versatile (Song et al., 2024). Semiconductors can be classified 
into two categories based on their band-gap structure: direct and indirect 
band-gap semiconductors. Silicon, one of the most studied semiconducting 
materials, is an indirect band-gap semiconductor and remains at the 
forefront of electronics and photovoltaic technologies (Huo et al., 2024). 
However, the limitations of silicon, such as its inefficiency in optical 
systems and its performance degradation when exposed to radiation over 
extended periods, have driven the search for new materials that can offer 
better performance in high-efficiency devices. 

Chalcogenides, chalcopyrites, and metal oxide semiconductors doped with 
rare-earth and transition metals have emerged as promising alternatives. 
These materials show particular promise in optoelectronic devices such as 
solar cells, displays, and photodetectors (Priyadarshini et al., 2022). They 
also hold potential for other applications like gas sensors and photonics, 
essential for advancing modern technology. The synthesis and 
development of materials with specific properties often rely on precise 
control over the material's microstructure and the methods used to 
produce them. The processes used to create these materials must be 
carefully optimized to achieve the desired characteristics (Nikolic et al., 
2020). Nanotechnology and thin film technology are key to building 
materials that exhibit physical, chemical, and functional properties that 
deviate significantly from the corresponding bulk properties of the 
material. These unique properties are particularly valuable in advanced 
applications such as nanoelectronics, energy conversion, catalysis, 
environmental protection, and space exploration (Banin et al., 2020). 

Nanomaterials are typically measured on the nanoscale (1 to 100 
nanometers) with their unique chemical and physical properties. At this 
scale, materials behave very differently from their bulk counterparts. 
Nanomaterials exhibit enhanced surface-to-volume ratios, which can 
significantly improve properties such as strength, reactivity, and 
conductivity. The development of these materials has been made possible 
by advances in various scientific disciplines, including surface 
engineering, plasma physics, solid-state physics, and computational 
chemistry (Saleh, 2020). Nanotechnology has emerged as one of the most 
significant technological advancements of the 21st century. It spans 
physics, chemistry, biology, material science, and medicine and is rapidly 
evolving as a multidisciplinary field (Kolahalam et al., 2019). The term 
"nano" refers to materials that are on the order of one billionth of a meter 
(10-9 m), and the prefix "nanos" is derived from the Greek word for 
"dwarf." Physicist Richard Feynman formally introduced the field of 
nanotechnology in his 1959 lecture titled "There's Plenty of Room at the 
Bottom," where he outlined the potential for manipulating matter on an 
atomic and molecular scale. Since then, nanotechnology has witnessed 
significant growth in research and application, with numerous 
breakthroughs in developing innovative nanoscale materials. 

One of the most critical advances in nanotechnology has been the creation 
of copper oxide (CuO) nanoparticles. CuO nanoparticles possess unique 
optical, electrical, and chemical properties, making them ideal candidates 
for various applications, such as solar cells, sensors, photocatalysis, and 
environmental remediation (Cuong et al., 2021). Their synthesis, 
characterization, and potential applications have been the subject of 
numerous studies, focusing on their behaviour in various environments, 
including their ability to interact with light and electricity. The research 
into copper oxide nanoparticles is particularly relevant due to their 
potential in energy applications (Majumdar and  Ghosh, 2020). As 
semiconductors, CuO nanoparticles can be used in developing high-
efficiency solar cells, where their ability to absorb light and convert it into 
electrical energy is key to improving the performance of solar energy 
technologies. CuO nanoparticles have shown promise in photocatalytic 
applications, where they can facilitate chemical reactions, such as the 
degradation of pollutants, in the presence of light (Kumar et al., 2023). CuO 
nanoparticles also have significant applications in sensor technologies, 
particularly gas sensors. Their unique ability to interact with gases and 
undergo changes in electrical conductivity makes them highly suitable for 
detecting a range of gases, including toxic or hazardous gases (Lupan et al., 
2020). This property has led to the exploration of CuO nanoparticles in 
environmental monitoring and safety applications. 

Developing copper oxide nanoparticles represents a significant 
advancement in material science and nanotechnology. Their unique 
properties, including their behaviour as semiconductors, their ability to 
interact with light and electricity, and their potential applications in 

energy, environmental, and sensor technologies, make them highly 
promising for future technological innovations (Luque-Jacobo et al., 
2023). As research in this field continues to evolve, it is expected that CuO 
nanoparticles will play an increasingly important role in addressing 
modern society's challenges, particularly in energy production, 
environmental sustainability, and safety. The continued development of 
nanomaterials like CuO nanoparticles will be crucial in advancing 
technologies that improve society and the environment. 

2. METHODOLOGY

Copper (II) oxide nanoparticles were biosynthesized using Copper(II) 

acetate monohydrate (CH3COO)2Cu·H2O of analytical grade (98%, MW = 

199.65 g/mol), purified water, and neem leaf (Azadirachta indica) extract 

as a reducing and stabilizing agent. Neem leaves were collected, 

thoroughly washed with distilled water to remove dust, and dried 

(Gopalakrishnan and  Muniraj, 2020). The dried leaves were ground into a 

fine powder using a blender and stored in an airtight container. To prepare 

the neem leaf extract, 5g of the powdered neem leaves were added to 

500ml of purified water. The mixture was heated in a water bath at 80°C 

until the colour changed from pale yellow to light amber. After cooling, the 

filtrate was collected by filtering through paper and stored for further use. 

To biosynthesize the copper (II) oxide nanoparticles, 1g of Copper(II) 

acetate was mixed with 500 ml of the neem leaf extract solution, and 8g of 

Copper(II) acetate was combined with 80 ml of the extract. The resulting 

paste was placed in a ceramic crucible and heated for an hour at 400°C in 

an air-heated furnace (Gopalakrishnan and  Muniraj, 2020). After cooling, 

a deep black powder was obtained, carefully collected and stored. The 

powder was further processed by grinding it with a spatula in a ceramic 

crucible to achieve a finer consistency for characterization. The resulting 

copper (II) oxide nanoparticles were analyzed using UV-visible, FTIR, XRD, 

and AAS techniques for further characterization, as described in previous 

studies on copper nanoparticle biosynthesis (Copper Metal Nanoparticle 

Biosynthesis and Characterization Using Ascorbic Acid, 2015). 

2.1 Characterization 

After an hour of annealing, UV-visible spectroscopy Analysis was 

performed to monitor the reduction of Cu²⁺ ions to CuO nanoparticles in 

the reaction medium. The UV-visible spectra were measured to track the 

process. X-ray Diffraction (XRD) Analysis was conducted using an 

EMPYREAN X-ray diffractometer equipped with a graphite 

monochromator, employing Cu-K radiation. XRD patterns were generated 

to determine the crystallite size, identify the peaks with the highest 

intensities, and assess the type of crystal structure, lattice constants, and 

compound type, following the methodology of (Guo et al.,2020). 

The synthesis of the metal oxide nanoparticles was further analyzed using 

Atomic Absorption Spectrometry (AAS) and Fourier Transform Infrared 

Spectroscopy (FTIR). FTIR spectra were obtained with a SHIMADZU Model 

8400S spectrophotometer (Japan) at a resolution of 4 cm⁻¹ with 64 co-

added scans, covering the range of 500 cm⁻¹ to 4000 cm⁻¹. AAS was 

performed using a BUCK Scientific ACCUSYS 211 spectrophotometer to 

determine the elemental composition of metals in the compounds 

expressed in concentration (mg/L). Prior to AAS analysis, the samples 

were digested by adding 1g of CuO nanoparticles into a digestion flask, 

followed by 9 ml of concentrated HNO₃ and 3 ml of concentrated HCl (3:1 

ratio). The samples were heated on a hot plate until all brown fumes were 

expelled. After digestion, the mixtures were filtered and diluted with 

distilled water for AAS analysis. Data collected from UV-visible and FTIR 

spectrophotometric measurements were analyzed using Origin 8 Pro 

Version Software to interpret the findings. 

3. RESULTS AND DISCUSSION

3.1 Result 

The UV-Visible absorption spectra of Copper (II) Oxide (CuO) 
nanoparticles (NPs) synthesized in two different samples have been 
analyzed to understand their potential applications in solar cells and as 
photocatalytic agents. CuO nanoparticles have garnered significant 
attention due to their optical properties, which make them suitable for a 
variety of applications, including solar energy harvesting and 
environmental remediation(Alzalzala and  Al-Shamari, 2023). In this 
study, the UV-Visible spectra of CuO NPs in Sample 1 and Sample 2 are 
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discussed, revealing important characteristics such as absorption peaks, 
transmittance properties, energy band gaps, and crystallinity, which 
support their potential for use in solar cells and wastewater purification. 

3.1.1 UV-Visible Spectrum of CuO NPs in Sample 1 

The UV-Visible spectrum of CuO nanoparticles in Sample 1 displayed a 
significant absorption peak at 580 nm in the visible region, as shown in 
Figure 1. This absorption peak suggests that CuO NPs in this sample 
absorb light effectively within the visible region, particularly at 
wavelengths around 580 nm within the range reported by (Chen et 
al.,2007). As the wavelength increases beyond this peak, the absorbance 
decreases, indicating a strong absorption in the visible region of the UV-
Visible spectrum (200-700 nm.,Jia et al., 2022).  

Table 1: The crystallite size of CuO NPs in Sample 1. 

2θ 
(degre

e) 
JCPDS 
Card 

2θ 
(degre

e) 

Observ
ed 

FWHM(
β) 

(degre
e) 

Crystall
ite 

size(D) 
(nm) 

Preferred 
Crystal 

Orientation(
hkl) 

FWHM(
β) 

(radian
s) 

35.42 35.42 0.16 54.48 (002) 0.0028 

38.71 38.76 0.18 48.86 (111) 0.0031 

48.72 48.62 0.20 45.52 (-202) 0.0035 

This characteristic makes CuO NPs in Sample 1 well-suited for use as an 
absorbing layer in solar cell materials. These materials can capture a broad 
range of solar radiation, making them an ideal candidate for enhancing the 
efficiency of solar cells by improving light absorption. The observed 
absorption spectrum indicates that CuO NPs in Sample 1 can function as 
effective photocatalysts, particularly for environmental applications such 
as the purification of wastewater. Photocatalysis involves the acceleration 
of a chemical reaction under light irradiation, and the high absorbance of 
CuO nanoparticles within the UV-Visible range suggests they could be used 
to degrade organic pollutants in contaminated water (Chauhan et al.,  

2020). 

200 300 400 500 600 700

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

A
b

s
o

r
b

a
n

c
e

 (
a

.u
)

wavelength (nm)

Figure 1 : shows the CuO nanoparticles in Sample 1's UV-visible 
spectrum of absorbance. 

3.1.2 UV-Visible Spectrum of CuO NPs in Sample 2 

In Sample 2, CuO nanoparticles were synthesized using an eco-friendly 
approach involving neem leaf (Azadirachta indica) extract dispersed in 
water. The UV-Visible spectrum of these nanoparticles also exhibited a 
peak at 580 nm, similar to that observed in Sample 1, as shown in Figure 
2. The absorption peak at 580 nm is associated with the surface plasmon 
resonance of the CuO nanoparticles, a phenomenon resulting from the 
collective oscillation of free conduction band electrons upon interaction 
with incident electromagnetic radiation (Proença et al., 2019).  

Table 2: The crystallite size of CuO NPs in Sample 2 

2θ (degree) 
JCPDS Card 

2θ (degree) 

Observed 
FWHM(β) (degree) 

Crystallite size(D) 
(nm) 

Preferred Crystal 
Orientation(hkl) 

FWHM(β) 
(radians) 

35.54 35.70 0.14 62.26 (-111) 0.0024 

38.71 38.70 0.16 55.01 (111) 0.0028 

48.72 48.60 0.18 50.58 (-202) 0.0031 

The surface plasmon resonance absorption in metal oxide nanoparticles 
like CuO is a characteristic feature that indicates the formation of 
nanoparticles in the solution. In the case of Sample 2, the CuO 
nanoparticles synthesized using neem leaf extract also demonstrated 
potential for use as an absorbing layer in solar cells. Like Sample 1, these 
nanoparticles can effectively absorb light within the UV-Visible range of 
200-700 nm, making them suitable for solar energy applications. 
Furthermore, the strong absorption properties of CuO NPs in Sample 2 
suggest that these nanoparticles could also be utilized as photocatalysts 
for the degradation of pollutants in wastewater. 
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Figure 2: The UV-Visible Spectrum of Absorbance of CuO NPs in Sample 

2. 

3.1.3 Transmittance Spectrum of CuO NPs 

The transmittance spectrum of CuO NPs in both Sample 1 and Sample 2 
was analyzed to gain insight into the transparency and light transmission 
properties of the nanoparticles across the UV-Visible spectrum. The 
transmittance in both samples was observed to increase steadily until a 
constant value of transmittance was reached. However, there was a sharp 
increase in transmittance at approximately 550 nm, which indicates a 
significant change in the optical properties of the CuO nanoparticles 
around this wavelength. This increase in transmittance suggests that the 
CuO nanoparticles undergo a transition in their light absorption behavior, 
possibly due to changes in the electronic structure or the influence of 
surface states as the wavelength increases. Both samples exhibited this 
behavior, with Sample 1 showing a similar trend, making them suitable for 
potential photocatalytic applications, particularly in environmental 
cleanup, such as wastewater treatment. The steady increase in 
transmittance also indicates that after reaching a certain threshold 
wavelength, the material does not absorb light as effectively, thus 
contributing to the transparency or optical transparency of the material at 
those wavelengths (Wu et al., 2021). 

The significant changes in transmittance and absorption observed in the 
UV-Visible spectra are indicative of the potential for CuO NPs to be utilized 
in various applications. As photocatalysts, the ability to absorb light 
effectively and then transmit certain wavelengths is crucial for facilitating 
photochemical reactions (Sharma et al., 2021). The decrease in absorption 
with increasing wavelength suggests that CuO nanoparticles can be 
tailored for specific wavelength ranges, which is a valuable property for 
optimizing the material’s use in solar cells and photocatalytic processes 
(Atta et al., 2023). 
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Figure 3: shows the transmittance of CuO NPs in Samples 1 and 2 over the UV-visible spectrum. 

3.1.4 Direct Energy Band Gaps of CuO NPs 

The direct energy band gaps of CuO NPs in Sample 1 and Sample 2 were 
calculated and analyzed to understand their electronic properties and 
their suitability for applications in energy harvesting and catalysis. The 
band gap is a critical property that determines the material's electronic 
behavior and its ability to absorb light at specific wavelengths. CuO is a 
semiconductor with a relatively wide band gap, and this property 
influences its photocatalytic behavior and its application in solar energy 
systems (Balık et al., 2018). 

Table 3: Variation of Observed lattice constant with Standard lattice 
constant 

2θ 
(degre

e) 

Crystal 
Orientati
on (hkl) 

θ 
(degre

e) 

d-
spacing(

Å) 

Observe
d lattice 
constant

(Å) 

Standard 
lattice 

constant
(Å) 

38.90 (200) 19.45 2.313 a=4.626 a=4.6837 

53.49 (020) 26.75 1.711 b=3.422 b=3.4226 

35.42 (002) 17.71 2.532 c=5.064 c=5.1288 

In Sample 1, the direct energy band gap of the CuO nanoparticles was red-

shifted due to surface imperfections. Surface defects and disorder in 

nanoparticles can lead to changes in their electronic structure, causing a 

shift in the band gap. This red shift implies that the material's ability to 

absorb lower-energy photons is enhanced, making it useful for capturing 

a broader range of sunlight, including in the visible spectrum (Sahu et al., 

2020). In contrast, the direct band gap in Sample 2 was observed to be 

larger due to the quantum confinement effect. Quantum confinement 

occurs when the size of nanoparticles is reduced to the point where 

electronic properties such as the band gap are significantly altered. This 

effect results in an increased band gap and, in turn, a shift toward the 

absorption of higher-energy photons (Zwijnenburg, 2022). The larger 

band gap in Sample 2 suggests that the CuO nanoparticles may be more 

efficient at absorbing higher-energy UV radiation, which is beneficial for 

both solar cell applications and photocatalytic processes. 

The comparison between the two samples indicates that both have distinct 

advantages depending on the application. Sample 1, with its red-shifted 

band gap, may be more suitable for solar energy applications, particularly 

in environments with abundant visible light. On the other hand, Sample 2, 

with its larger band gap, could be more efficient in environments where 

UV light is more prevalent, or for processes that require higher-energy 

photon absorption. 

Figure 4: CuO NPs in Samples 1 and 2's Direct Energy Band Gap 

3.1.5 X-Ray Diffraction (XRD) Analysis of CuO NPs 

To further characterize the structural properties of the CuO nanoparticles, 

X-Ray Diffraction (XRD) analysis was performed on both Sample 1 and 

Sample 2. XRD patterns are essential for determining the crystallinity and 

phase structure of nanoparticles. Figure 5 shows the typical XRD patterns 

of CuO nanoparticles from both samples. The XRD patterns exhibited 

peaks corresponding to the monoclinic crystal structure of CuO, which is 

the characteristic phase of Copper (II) Oxide. The observed peaks 

confirmed that the nanoparticles synthesized in both samples were 

predominantly single-phase CuO, with no significant impurities or 

additional phases present (Baqer et al., 2017). 
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Figure 5: XRD pattern of CuO nanoparticles in Sample 1 and 2. 

The XRD analysis also revealed that the crystallite size of the CuO 
nanoparticles in both samples was influenced by the annealing process. 
Sample 1 exhibited an average crystallite size of 49.62 nm, calculated using 
the Debye-Scherrer formula, which is based on the full width at half 
maximum (FWHM) of the XRD peaks. Sample 2 showed a slightly larger 
average crystallite size of 55.95 nm. The increase in crystallite size with 
annealing temperature is a common phenomenon, as higher temperatures 
allow for the growth of larger crystalline domains. This trend was 
observed in both samples, indicating that the annealing process had a 
significant effect on the crystallinity of the CuO nanoparticles. The XRD 
data for both samples were compared to reference values from the Joint 
Committee on Powder Diffraction Standards (JCPDS), which confirmed 
that the observed lattice constants were in good agreement with the 
standard values for CuO (Srivastava, 2013). 

The crystallite size and lattice parameters of CuO nanoparticles are crucial 
for determining their optical and electronic properties. The larger 
crystallite size observed in Sample 2 suggests that the nanoparticles in this 
sample may have improved structural integrity and enhanced stability, 
which could be beneficial for photocatalytic and solar cell applications 
(Kamble and Mote, 2021). Larger crystals often result in fewer surface 
defects and improved charge carrier mobility, which can enhance the 
efficiency of energy conversion and photocatalysis. 

4. CONCLUSION 

This study presents an in-depth analysis of the UV-visible spectra, 
transmittance, energy band gaps, and crystallite sizes of Copper (II) Oxide 
nanoparticles (CuO NPs) synthesized using two different methods: one 
utilizing a direct synthesis technique and the other incorporating neem 
leaf (Azadirachta indica) extract as a green reducing agent. The study's 
findings suggest that CuO NPs synthesized from both methods exhibit 
promising characteristics for various applications, particularly in solar 
cells and photocatalysis. 

4.1 UV-Visible Absorption Behavior of CuO NPs 

The UV-visible absorption spectra of CuO NPs in samples 1 and 2, 
displayed in Figures 1 and 2, show a strong absorption peak at 580 nm in 
the visible region. This absorption peak is consistent with reports in the 
literature for CuO NPs, which typically exhibit an absorption band around 
580 nm, attributed to surface plasmon resonance (SPR) (Kazuma et al., 
2011). The absorption peak of 580 nm in both samples suggests that these 
nanoparticles have excellent light-absorbing properties within the UV-
visible range of 200-700 nm. This characteristic is crucial for applications 
in solar energy conversion, specifically as an absorbing layer in solar cells. 

The decrease in absorbance with increasing wavelength within the UV-
visible range is typical behaviour for metal oxide nanoparticles, where the 
absorption efficiency diminishes as the wavelength increases (Duque et 
al., 2019). This decrease indicates the material's selective absorption 
properties, absorbing more light at shorter wavelengths while 
transmitting longer wavelengths. Therefore, the CuO NPs in both samples 
show the potential to function effectively as light-harvesting materials in 
solar cells, capturing energy in the UV and visible regions of the solar 
spectrum. Furthermore, CuO NPs are known for their photocatalytic 
properties, which make them suitable for environmental applications, 
such as wastewater purification (Siddiqi and  Husen, 2020). The 
absorption characteristics observed in this study suggest that CuO NPs in 

both samples could be employed for photocatalytic degradation of organic 
pollutants under UV and visible light exposure. 

4.1.1     Transmittance Spectra and Photocatalytic Potential 

Figure 3 illustrates the transmittance spectra of CuO NPs in samples 1 and 
2 over the UV-visible region. It is evident from the spectra that the 
transmittance increases until it reaches a constant value, with a sharp 
increase observed at approximately 550 nm. This sharp rise in 
transmittance corresponds to the threshold wavelength at which the 
nanoparticles begin, allowing more light to pass through, commonly seen 
in semiconducting materials. The change in transmittance behaviour 
further corroborates the potential of these nanoparticles to act as efficient 
photocatalysts (Sarina et al., 2017). Photocatalysis requires the material 
to absorb light, generate electron-hole pairs, and degrade pollutants. The 
observed transmittance characteristics support the hypothesis that CuO 
NPs can perform this function effectively (Nazim et al., 2021). 

Moreover, the transmittance data suggest that CuO NPs could be used for 
various photocatalytic applications, especially in environmental 
remediation, such as the degradation of organic contaminants in 
wastewater. The ability of CuO to absorb in the visible region, combined 
with its effective transmittance and photocatalytic behaviour, positions it 
as a potential material for developing more efficient and cost-effective 
photocatalysts for wastewater treatment (Bharti et al., 2020). 

4.1.2     Energy Band Gap and Crystallinity 

The energy band gaps of CuO NPs in samples 1 and 2 were analyzed and 
displayed in Figure 4. The band gap of the nanoparticles in sample 1 was 
red-shifted, likely due to surface defects or imperfections in the crystal 
structure. This red-shifting of the band gap is typical for nanoparticles, 
where the smaller particle size and surface states modify the electronic 
properties (Adesoye et al., 2022). In contrast, the energy band gap in 
sample 2 was higher, possibly due to quantum confinement effects, a 
known phenomenon in nanomaterials. The quantum confinement effect 
occurs when the particle size becomes small enough (typically below 10 
nm) that the electronic energy levels begin to quantize, leading to a wider 
band gap (Ji et al., 2020). 

The variation in energy band gaps between the two samples suggests that 
the method of synthesis (biosynthesis with neem leaf extract versus a 
direct chemical synthesis) influences the electronic properties of the CuO 
NPs. The smaller band gap in sample 1 implies that the nanoparticles may 
be more sensitive to visible light, enhancing their photocatalytic activity. 
In contrast, the more significant band gap in sample 2 could potentially 
result in improved stability and lower recombination rates of electron-
hole pairs, which is also beneficial for photocatalytic applications (Zhou et 
al., 2018). 

4.1.3      Crystallite Size and X-Ray Diffraction Analysis 

X-ray diffraction (XRD) patterns were used to assess the crystallinity and 
phase structure of CuO NPs in both samples. Figures 5 and Tables 1 and 2 
present the XRD data, indicating that both samples exhibit a monoclinic 
crystal structure consistent with the literature for CuO nanoparticles 
(Ahamed et al., 2014). The crystallite size of CuO NPs in sample 1 was 
calculated to be 49.62 nm, while in sample 2, it was slightly larger at 55.95 
nm. The increase in crystallite size in sample 2 could be attributed to the 
biosynthesis process, where the presence of neem leaf extract as a 
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reducing agent may result in more considerable particle growth. The 
increase in particle size may also be linked to the annealing process, which 
promotes crystallization and grain growth (Ghosh et al., 2020). 

The calculated crystallite sizes and the observed diffraction peaks suggest 
that the CuO NPs in both samples are crystalline and possess a stable 
monoclinic phase, which is essential for their application in solar cells and 
photocatalysis. Crystalline materials typically exhibit better charge carrier 
mobility, which enhances the efficiency of photocatalytic reactions and 
photovoltaic devices (Abdulnabi and Juda, 2023). 

4.1.4      Comparison of Lattice Constants and Structural Properties 

The variation of the observed lattice constant with the standard lattice 
constant, as shown in Table 3, reveals that the CuO NPs in both samples 
closely match the reference lattice values, further confirming the 
monoclinic crystal structure of the nanoparticles. The minor discrepancies 
between the observed and standard lattice constants could be attributed 
to slight strain or defects within the crystal structure, which can be a 
common feature of nanomaterials (Kamble and Mote, 2021). The lattice 
constants and the crystallite size data support the idea that CuO NPs 
synthesized through both methods exhibit a high degree of crystallinity, 
which is essential for photocatalytic applications, as crystalline materials 
typically exhibit better performance than amorphous ones. 

The UV-visible spectra, transmittance characteristics, energy band gaps, 
and X-ray diffraction data presented in this study demonstrate that CuO 
nanoparticles synthesized using two different methods exhibit significant 
promise for solar energy harvesting and photocatalysis applications. Both 
samples of CuO NPs display a strong absorption peak at 580 nm, indicating 
their potential as absorbing layers in solar cells and as photocatalytic 
agents for wastewater purification. The crystallinity and size of the 
nanoparticles also play a crucial role in their photocatalytic activity and 
stability. The findings highlight the versatility of CuO nanoparticles and 
their potential to be employed in sustainable technologies for energy and 
environmental applications. Future work should explore the optimization 
of synthesis methods and the performance of CuO NPs in practical 
applications such as solar cells and wastewater treatment systems. 

5. CONCLUSION 

The present investigation discusses the biosynthesis and characterization 
of CuO-NPs using copper acetate monohydrate as a precursor and neem 
leaf (Azadirachta indica) as both a reducing and stabilizing agent. The 
resulting black paste was then annealed for a full hour at 400°C in the air, 
forming CuO nanoparticles. The synthesized CuO nanoparticles were 
crystalline, and XRD analysis revealed that the samples (1 and 2) exhibited 
single-phase monoclinic crystal structures with average crystallite sizes of 
49.62 nm and 55.95 nm, respectively. This indicates the successful 
synthesis of CuO nanoparticles with well-defined crystalline properties. 
The optical properties of the CuO nanoparticles were examined using UV-
visible absorption spectra. It was observed that CuO nanoparticles in 
sample B had a higher direct band gap than those in sample A, further 
confirming that the nanoparticles were crystalline. The direct band gap 
observed in both samples is relatively large, considering the size of the 
crystallites, suggesting their potential utility in various electronic and 
photonic applications. The presence of hydroxyl and carboxylate groups 
from the neem leaf extract facilitated the synthesis of copper hydroxide 
(Cu(OH)2), which was subsequently hydrolyzed to form nano-crystalline 
CuO nanoparticles.  

FTIR spectroscopy was employed to confirm the production of CuO 
nanoparticles, as the spectra displayed characteristic peaks corresponding 
to Cu-O bonds. AAS analysis revealed the copper metal concentration in 
the samples to be in the ratio of 0.44 mg/L in sample A and 0.40 mg/L in 
sample B, indicating the successful synthesis of CuO nanoparticles. These 
CuO nanoparticles have promising applications as photocatalytic agents, 
optoelectronic components, and solar cell technologies, owing to their 
unique optical and structural properties. Copper (II) oxide nanoparticles 
can be synthesized using neem leaf (Azadirachta indica) extract, offering a 
green, eco-friendly, and cost-effective method. These nanoparticles are 
valuable in organic-inorganic composites, photocatalysis, solar cells, and 
gas sensors. They also have antibacterial, antifungal, and biocide 
properties, making them useful in coatings, textiles, and wastewater 
treatment. CuO nanoparticles enhance electron field emission due to their 
low surface potential barrier. 
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