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Organic dye contamination in wastewater is a growing environmental threat that requires environmentally friendly and 
e῿�cient treatment solutions. In this study, copper oxide nanoparticles (CuO NPs) were synthesized via an environmentally 
friendly method using Ocimum basilicum and Solanum melongena plant extracts. The resulting NPs exhibited di�erent sizes 
(~50 nm and ~20 nm, respectively) and band gaps (2.26 eV and 1.94 eV), with characterization con⿿�rming their crystalline 
and nanoscale nature. Under solar light, S. melongena derived CuO NPs achieved superior photocatalytic degradation of 
methylene blue (92.27%) and brilliant blue (55.22%) dyes. These results highlight the promising role of plant-mediated CuO 
NPs as sustainable photocatalysts for wastewater remediation.
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Introduction

Population growth and industrial development have 
led to significant water pollution in recent years [1]. 
Various pollutants, including industrial waste, fertilizers, 
and pesticides, contaminate water sources [2]. Water 
treatment aims to make water suitable for specific 
uses by removing or reducing pollutants to acceptable 
levels [3]. The breakdown of organic pollutants through 
the use of light is acknowledged as a more favorable, 
economical, and eco-friendly approach in comparison to 
traditional advanced oxidation processes, such as ozone, 
hydrogen peroxide, and/or UV light treatment [4]. The 
development of effective photocatalytic materials has 
thus become a major research focus [1].

Nanotechnology plays a crucial role in this area 
by enabling the synthesis of advanced materials with 
tailored properties. Metal oxide nanoparticles (NPs), in 
particular, possess unique features such as tunable surface 
chemistry, morphology, and optical behavior, making 
them suitable for applications in health, environment, 
agriculture, and electronics [5–8]. However, conventional 
synthesis methods can be environmentally harmful, 
prompting the rise of green synthesis approaches [9]. 

Natural reducing and stabilizing agents, such as 
plant extracts, are used in green synthesis to produce 
NPs in a cost-effective and eco-friendly manner [10, 

11]. Plant-based methods benefit from phytochemicals 
like flavonoids, phenols, terpenoids, and alkaloids, 
which influence the size, shape, and stability of NPs 
[12–16]. Ocimum basilicum (basil), from the Lamiaceae 
family, is rich in essential oils, flavonoids, phenolic 
compounds, and other bioactive molecules [17–22]. 
Recent studies conducted on O. basilicum have reported 
high total phenolic and flavonoid contents in aqueous 
extracts, with values of approximately 55.64 and 19.90 
mg GAE/g, respectively, indicating its significant 
potential as a natural reducing and stabilizing agent in 
nanoparticle synthesis [23]. It is well established that 
these phytochemicals act as electron donors and metal 
chelators, facilitating the reduction of metal ions and 
preventing agglomeration during nanoparticle formation. 
Similarly, Solanum melongena (eggplant), a nutrient-
rich vegetable from the Solanaceae family, contains 
anthocyanins, tannins, flavonoids, and copper making it 
a promising agent for the green synthesis of CuO NPs 
[24, 25]. In the study by Polat et al. (2024) [26], total 
phenolic content in different eggplant varieties ranged 
between 80.50 and 120.14 mg/kg. Additionally, GC-
MS analysis identified 36 volatile aroma compounds in 
eggplant. The diverse phytochemicals in O. basilicum 
and S. melongena extracts act as natural reducing and 
stabilizing agents in the green synthesis of CuO NPs, 
enabling controlled particle formation and preventing 
aggregation. This sustainable approach supports the 
production of nanoparticles with effective photocatalytic 
properties for environmental applications. In this context, 
several recent studies have successfully demonstrated the 
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potential of green-synthesized CuO NPs in photocatalytic 
dye degradation systems. These works collectively 
highlight how plant-derived phytochemicals influence the 
structural, morphological, and photocatalytic properties of 
CuO NPs in environmental remediation applications. For 
instance, Aroob et al. [27] utilized a bio-mechanochemical 
approach with Seriphidium oliverianum leaf extract, 
yielding CuO NPs that achieved approximately 65% 
degradation of malachite green and methyl orange dyes 
under sunlight. Similarly, Jayasimha et al. [28] reported 
a green-synthesized CuO catalyst capable of degrading 
97.35% of Acid Red 88 dye within 80 minutes of UV 
exposure, and additionally demonstrated its effective and 
application in ciprofloxacin sensing. In a comparative 
study, Gemachu and Birhanu [29] synthesized CuO, 
ZnO, and NiO NPs using Azadirachta indica extract, and 
found that CuO NPs exhibited the highest photocatalytic 
efficiency against methylene blue dye, underscoring their 
scalability and suitability for water treatment applications.

In this study, copper oxide (CuO) NPs were 
synthesized via a green route using aqueous extracts 
of Ocimum basilicum and Solanum melongena as 
natural reducing and stabilizing agents. The structural, 
morphological, and optical properties of the synthesized 
CuO NPs were characterized using X-ray diffraction 
(XRD), field emission scanning electron microscopy 
(FE-SEM), and Fourier-transform infrared spectroscopy 
(FT-IR), respectively. The photocatalytic performance 
of the CuO NPs was evaluated through the degradation 
of methylene blue (MB) and brilliant blue (BB) dyes 
under solar-simulated light using a 300 W xenon 
lamp. A comparative analysis was conducted to 
assess the impact of plant extract type on nanoparticle 
characteristics and photocatalytic efficiency. The results 
highlight the influence of phytochemical composition on 
both nanoparticle formation and their dye degradation 
capabilities, underscoring the potential of plant-mediated 
CuO NPs in sustainable water treatment applications.

Experimental

Copper(II) acetate monohydrate (CuSO4·5H2O) 
was purchased from Merck, Methylene Blue (MB) 
(C16H18ClN3S) vs. Brilliant Blue (BB) (C37H34N2Na2O9S3) 
was purchased from Sigma-Aldrich. Ocimum basilicum 
and Solanum melongena plants have been purchased 
from commercial sources. Ocimum basilicum and 
Solanum melongena plants were washed with tap water 
and then again with distilled water to remove dust and 
residue. After drying in the shade, the leaves, stems 
and stalks of the plants used in the experimental studies 
were ground to powder using a grinder. 10 g of plant 
powder was heated in 50 ml of distilled water at 50 °C 
for 60 min. The prepared solution was cooled to room 
temperature and then filtered with Whatman filter paper 
and the resulting stock extract was stored at 4 °C [25]. 
50 ml of plant extract of Ocimum basilicum was heated 
to 70 °C with a magnetic stirrer. 2.41 g of copper (II) 
acetate monohydrate (CuSO4·5H2O) was dissolved in 40 
ml of pure water by stirring for 30 min in an ultrasonic 
bath. It was then added slowly to the plant extract. The 
solution was stirred overnight at 70 °C with a magnetic 
stirrer. The solution was centrifuged at 4000 rpm for 10 
min to obtain the CuO NPs. It was left to dry at room 
temperature. The same procedure was followed for the 
plant extract of Solanum melongena. The synthesis steps 
of CuO NPs are shown in Fig. 1.

The morphology, shape, size and crystallographic 
structures of CuO NPs were investigated using a Zeiss 
Supra 55 FE-SEM (field emission scanning electron 
microscope). FT-IR analyses, which were used to 
investigate the molecular structure and interactions, 
were performed using PerkinElmer/MID Spectrum Two/
UATR. XRD measurements of CuO NPs were carried 
out using Rigaku, SmartLab. Photodegradation tests 
were carried out under 300W xenon lamp illumination 
using the solar simulator LuzChem-SolSim calibrated 

Fig. 1. CuO NP green synthesis steps.
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AM1.5 spectra (ÜSKİM). Optical properties and photo­
degradation tests were investigated using UV-Vis spectro
photometer. UV-Vis analyses were investigated at KSÜ 
University-Industry-Public Cooperation Development 
Application and Research Center (ÜSKİM).

The photocatalytic activities of CuO(O) and CuO(S) 
NPs were determined by the degradation of MB and BB 
dyes using a solar simulator under 300 W visible light. 
For the photocatalytic degradation experiment, cationic 
dye solutions with a concentration of 20 ppm were 
prepared. 0.1 g of CuO NPs were added to the solutions 
obtained. The suspension was stirred in a sterile cabinet 
in the dark for 1 h to obtain the adsorption equilibrium 
of the contaminants before illumination. 2.5 ml of the 
suspension was taken with a pipette at 15 min intervals 
and analyzed using a UV-vis spectrophotometer.

The rate constant allows the determination of the 
photocatalytic activity, which is independent of the 
adsorption time and the concentration of the dye solution 
remaining in the solution. The Langmuir-Hinshelwood 
model can be applied to investigate the reaction kinetics 
of dye degradation. The L-H model is well established 
for heterogeneous photocatalysis at low dye concentration 
and is given in Eq. (1). The degradation efficiency of the 
dye solution can be calculated using Eq. (2) according 
to the Beer-Lambert law [30]:

	 (1)

	 (2)

In the equations, C₀ represents the initial concentration 
just before irradiation, Ct represents the concentration 
at the corresponding irradiation time, k represents the 
kinetic rate constant, and t represents the irradiation time 
[31]. The photocatalytic activities of CuO(R) and CuO(P) 
NPs were determined by investigating the degradation of 
MB and BB dyes as organic pollutants under visible 
light at 15 min intervals and at the end of 120 min. The 
degradation of dye solutions as a result of photocatalytic 
activity was kinetically studied, and the photocatalytic 
activity ratios were calculated.

Results and Discussion

The crystal structure of CuO(O) and CuO(S) NPs 
was investigated by X-ray diffraction pattern (Fig. 2). 
The diffraction peaks observed in both samples were 
in good agreement with the standard monoclinic CuO 
phase (JCPDS card no. 01-080-1268), confirming the 
successful synthesis of CuO NPs with monoclinic 
symmetry. Importantly, no additional peaks corresponding 
to secondary phases or impurities were detected, 
indicating the high phase purity of the synthesized 
CuO NPs [32].The hkl spatial orientations of the peaks 
observed at 32.53°, 35.47°, 38.72°, 48.93°, 53.48, 
58.23°, 61.53°, 66.43°, 68.16°, 72.22° and 74.96° of 2θ 

in the diffraction pattern of CuO(O) NPs correspond to 
the (110), (002), (111), (2̅      02), (020), (202), (11 ̅3 ), (311̅   ),  
(113) and (2̅       22) planes, respectively. The presence of the 
two sharpest peaks within the 2θ diffraction angles of 
35.47° and 38.72° confirms the formation of monoclinic 
structured CuO NPs [33]. The spatial orientations of 
the peaks observed at 32.78°, 35.58°, 38.71°, 48.99°, 
58.23°, 61.45°, 66.52° and 68.18° of 2θ for the CuO(S) 
diffraction pattern correspond to the (110), (002), (111),  
(2̅    02), (202), (113̅    ), (311̅    ), and (113) planes, respectively. 
The XRD patterns of the same materials may be 
different. The peak positions may remain the same, but 
the peak intensities may be different. In particular, for 
nanoscale powder materials, the XRD peak intensities 
may decrease as the particle size decreases [34]. Using 
the Debye-Scherrer equation, the average crystal grain 
sizes of CuO(O) and CuO(S) NPs were calculated to be 
13.86 nm and 7.62 nm, respectively.

The structural properties of CuO, NPs were analyzed 
by XRD, and the grain size of the nanoparticles was 
calculated by the Debye-Scherrer formula Eq. (3) using 
the graph obtained from the XRD pattern. According 
to the Debye-Scherrer formula, there is a relationship 
between the grain size and the width of the half-intensity 
[35].

	  (3)

Where D is the grain size, λ (1.5418 A°) is the 
wavelength of CuKα radiation, β is the full width at 
half maximum (FWHM) and θ is the angle of Bragg 
diffraction [36]. Table 1 shows the XRD structural 
parameters of CuO NPs. 

The morphology, structure, and dimensions of CuO(O) 
and CuO(S) NPs were investigated by FESEM images. 
The images were taken at magnifications of 100 nm. 
FE-SEM images clearly show that the morphology of 
CuO is composed of spherical clustered nanoparticles. 

Fig. 2. XRD patterns of CuO(O) and CuO(S) NPs.



Green synthesis of CuO nanoparticles for photocatalytic applications: structural and optical characterization 589

The morphology of CuO NPs depends on plant-based 
stabilizers and reducing agents in green synthesis. The 
nucleation rate depends on supersaturation and active 
nucleation [37]. FE-SEM images of the CuO(O) and 
CuO(S) NPs are shown in Fig. 3. FE-SEM images 
showed that CuO(O) NPs were in a homogeneously 
distributed spherical structure, with a size of about 50 
nm. FE-SEM images showed that CuO(S) NPs were 
in a homogeneously distributed spherical structure with 
a size of approximately 20 nm. The anthocyanins, 
phenolic compounds, and saponins found in the Solanum 
melongena plant may have caused the formation of 
the smaller size CuO(P) NPs. This is because these 
compounds may have accelerated nucleation during 
synthesis, while causing the particles to become smaller. 
In addition, nano-sized materials have a more active 
surface area than micron-sized CuO. In this case, they 
provide a more efficient photocatalytic effect because 
more light absorption occurs.

The FT-IR spectra of the CuO(O) and CuO(S) NPs 
are shown in Fig. 4. The IR bands at 414 and 484 cm-1 
determine the stretching vibrations of the Cu-O bond 
in monoclinic CuO. The presence of a distinct IR band 
around 400-600 cm-1 confirms the formation of CuO 
from the green synthesis [38]. The peaks between 900-
1100 cm-1 represent the asymmetric and unsymmetric 
stretching of the C-O-C bond. The peaks at 944 and 
1014 cm-1 may indicate the presence of C-O-C stretching 
vibrations in flavonoids, polysaccharides and other organic 
compounds from plant extracts. The peaks around 2200-

Table 1. XRD structural parameters of CuO NPs.

NPs
Observed values Standard values

(hkl) PDF card number Faz
2θ (°) d (Å) 2θ (°) d (Å)

CuO(O) 32.53 2.75 32.53 2.74 (110) 01-080-1268 monoclinic (CuO)
35.47 2.52 35.55 2.52 (002) 01-080-1268 monoclinic (CuO)
38.72 2.32 38.96 2.30 (111) 01-080-1268 monoclinic (CuO)
48.93 1.85 48.75 1.85 (2̅      02) 01-080-1268 monoclinic (CuO)
53.48 1.70 53.50 1.70 (020) 01-080-1268 monoclinic (CuO)
58.23 1.58 58.35 1.57 (202) 01-080-1268 monoclinic (CuO)
61.53 1.50 61.57 1.50 (113̅      ) 01-080-1268 monoclinic (CuO)
66.43 1.40 65.84 1.42 (311̅      ) 01-080-1268 monoclinic (CuO)
68.16 1.37 68.14 1.37 (113) 01-080-1268 monoclinic (CuO)
72.22 1.30 72.42 1.30 (2̅      22) 01-080-1268 monoclinic (CuO)
74.96 1.26 75.82 1.26 (311) 01-080-1268 monoclinic (CuO)

CuO(S) 32.78 2.75 32.53 2.74 (110) 01-080-1268 monoclinic (CuO)
35.58 2.52 35.55 2.52 (002) 01-080-1268 monoclinic (CuO)
38.71 2.32 38.96 2.30 (111) 01-080-1268 monoclinic (CuO)
48.99 1.86 48.75 1.85 (2̅      02) 01-080-1268 monoclinic (CuO)
58.23 1.58 58.35 1.57 (202) 01-080-1268 monoclinic (CuO)
61.45 1.51 61.57 1.50 (113̅      ) 01-080-1268 monoclinic (CuO)
66.52 1.40 65.84 1.42 (311̅      ) 01-080-1268 monoclinic (CuO)
68.16 1.37 68.14 1.37 (113) 01-080-1268 monoclinic (CuO)

Fig. 3. FE-SEM images of CuO(O) and CuO(S) NPs.
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2400 cm-1 may represent the CΞC (alkyne) stretching 
vibrations, which are long-chain carbon compounds in 
the sample originating from plant organic residues. It 
usually appears as a weak signal.

The optical properties of CuO(O) and CuO(S) NPs 
were investigated by means of absorption spectra 
using UV-Vis spectrophotometer. Fig. 5 shows the 
optical absorption spectra of CuO(O) and CuO(S) NPs. 
The optical absorption spectra were measured in the 
range of 200 to 800 nm. The absorption band which 
is maximum at 300-350 nm indicates the presence of 
CuO nanostructure [39]. The optical absorption, which 
is caused by the excitation of electrons from the valence 
band to the conduction band of CuO, causes a decrease 
in the wavelength. It was observed that the optical 
absorption decreases smoothly from UV to near.

The energy band gap (Eg) of CuO NPs was calculated 
using Tauc's formula Eq. (4) [40].

(ahn)2 = A(hn - Eg) 	 (4)

In the formula, αhν is the absorption coefficient, hν 
is the energy of the photon, and A is the value of the 
energy constant [41]. Tauc plots for CuO(O) and CuO(S) 
NPs are shown in Fig. 6. The Eg values were estimated 
from the intersection of the linear portion. Eg values of 
CuO(O) and CuO(S) NPs were calculated to be 2.26 eV 
and 1.94 eV, respectively.

Photocatalytic degradations of CuO NPs, prepared 
by green synthesis, by synthetic organic pollutants MB 
and BB was investigated by using a solar simulator 
under 300 W xenon visible light at room temperature. 
The degradation of CuO NPs in cationic dyes was 
studied by taking measurements every 15 min. The 
photodegradation tests were performed using a scanning 
UV-Vis spectrophotometer in the range of 400-800 nm.

The variation of the UV absorption spectra of the 
synthesized CuO(O) NPs for photocatalytic degradation 
of MB with respect to time is shown in Fig. 7a. A 
consistent decrease in absorbance with increasing 
irradiation time indicates a reduction in MB concentration. 
The degradation efficiencies at 15, 30, 45, 60, 75, 90, 
105, and 120 minutes were calculated as 28.54%, 
43.42%, 51.36%, 56.51%, 61.04%, 63.96%, 68.92%, 
and 82.69%, respectively. A rapid initial degradation was 
observed within the first 30 minutes, likely due to the 
abundance of active surface sites and rapid generation 
of reactive oxygen species (ROS). The degradation 
rate slowed between 45 and 90 minutes, potentially 
due to site saturation and reduced dye concentration. 
An acceleration in the final phase suggests enhanced 
degradation of intermediates and smaller by-products. 
These results confirm the photocatalytic activity of 
CuO(O) NPs.

 A progressive decline in the degree of absorption 
with an increase in the duration of the irradiation is 

Fig. 4. FT-IR spectra of CuO(O) and CuO(S) NPs.

Fig. 5. UV absorbance spectra of CuO(O) and CuO(S) NPs.

Fig. 6. Tauc curves of CuO(O) and Cuo(S) NPs.
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indicative of a reduction in the concentration of MB. 
[42] The degradation efficiencies at 15, 30, 45, 60, 
75, 90, 105, and 120 minutes were determined as 
38.86%, 57.27%, 65.25%, 69.57%, 71.96%, 74.77%, 
77.72%, and 92.27%, respectively. A notable 38.86% 
degradation occurred within the first 15 minutes, 
indicating rapid initial interaction between CuO(S) NPs 
and MB. The slower degradation observed between 30 
and 105 minutes may be attributed to decreased MB 
concentration and the saturation of active catalytic sites. 
In the final 15 minutes, the degradation rate increased 
markedly, suggesting renewed photocatalytic activity, 
likely due to the breakdown of intermediates and further 
oxidation of residual dye molecules. These findings 
confirm the effective photocatalytic performance of 
green-synthesized CuO(S) NPs.

When exposed to sunlight in the presence of CuO 
nanocatalysts (NCs), the strong MB band at 664 nm starts 
to decrease and the strong peak starts to decrease. The 
photodegradation activities of the cationic dyes of MB in 
the presence of CuO(O) and CuO(S) catalysts are shown 
in Fig. 7c. During the photodegradation experiment, it 

was found that the color of MB gradually changed from 
blue to colorless with the increase of irradiation time, and 
the degradation effect was consistent with the removal 
rate result of MB [43]. The degradation efficiency of 
CuO(O) catalyst reached 82% after 120 min. Meanwhile, 
the degradation efficiency of CuO(S) catalyst reached 
92% after 120 min of irradiation. It can be clearly 
seen that CuO(S) NC showed higher photocatalytic 
performance. The results also showed that CuO(O) NC 
was also effective, but not as efficient as CuO(S). This 
may be due to the smaller particle size of CuO(S) catalyst 
(20 nm), which increases the surface area and improves 
the photocatalytic efficiency. In addition, CuO(S) NPs 
have a lower bandgap energy value (Eg=1.94 eV), which 
indicates a wider light absorption range. Therefore, they 
can absorb photons with longer wavelengths and can 
absorb more photons in the visible light region. This 
results in a more effective photocatalytic activity under 
sunlight. When CuO(S) absorbs photons, electrons in the 
valence band can more easily pass into the conduction 
band. This allows for the production of more e--h⁺ 
pairs, resulting in higher production of reactive species 

Fig. 7. (a) CuO(O) and (b) CuO(S) degradation of MB dye under UV-vis irradiation, (c) CuO(O) and CuO(S) NP catalysts degradation 
efficiencies, (d) rate constants of CuO(O) and CuO(S) NP.
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(OH·, O₂⁻, etc.). These reactive species, particularly 
hydroxyl radicals (·OH) and superoxide anions (O₂⁻·), 
play a critical role in the degradation mechanism. 
Upon sunlight irradiation, CuO NPs generate electron-
hole pairs (e⁻/h⁺), where the excited electrons reduce 
molecular oxygen to O₂⁻·, while the holes oxidize 
water or hydroxide ions to form ·OH. These highly 
reactive species subsequently attack the dye molecules, 
breaking the chromophoric structures via oxidative 
cleavage, leading to mineralization into less harmful 
end-products such as CO₂ and H₂O. This mechanism 
explains the gradual decolorization and reduction in 
absorbance of the dye solutions observed in the UV-
Vis spectra [44, 45]. In Fig. 7d, the photodegradation 
kinetics of MB degradation of CuO(O) and CuO(S) NCs 
were determined by plotting the -In(Ct/C0) curve against 
the reaction time (time) to determine the pseudo first 
order reaction kinetics. The ratio of -ln(Ct/C0) is directly 
proportional to the contact time. This ratio also shows 
that photocatalytic degradation of MB solution is directly 
proportional to MB dye concentration [46]. It can be seen 
from the graph that k = 0.010 min-1 for CuO(O) and k 

= 0.012 min-1 for CuO(S). The reaction rate constant (k) 
for CuO(S) is larger than CuO(O). Faster photocatalytic 
degradation is indicated by a higher k value. Since 
CuO(S) has smaller band gap (Eg), a photocatalyst 
with broader spectrum of light absorption and a longer 
lifetime of the charge carriers can be explained by the 
faster degradation of MB. How well the model fits the 
data is indicated by the R² (coefficient of determination). 
Fig. 7d shows R² = 0.913 for CuO(O) and R² = 0.936 
for CuO(S). Although both of these models show a good 
fit, the CuO(S) model provides a more reliable model 
because its R² value is higher. As the R² value gets 
closer to 1, fit between the linear regression model and 
the experimental data increases.

In Fig. 8d, the photodegradation kinetics of CuO(O) 
and CuO(S) NCs for BB degradation were determined 
by plotting the -In(Ct/C0) curve against the reaction 
time (time) to determine the pseudo-first order reaction 
kinetics. From the graph, it can be observed that k = 
0.003 min-1 for CuO(O) and k = 0.007 min-1 for CuO(S). 
These values indicate that CuO(S) provides about more 
than 2 times faster degradation as compared to CuO(O). 

Fig. 8. (a) CuO(O) and (b) CuO(S) degradation of BB dye under UV-vis irradiation, (c) CuO(O) and CuO(S) NP catalysts degradation 
efficiencies, (d) rate constants of CuO(O) and CuO(S) NP.



Green synthesis of CuO nanoparticles for photocatalytic applications: structural and optical characterization 593

Therefore, CuO(S) can be considered as a more efficient 
photocatalyst for the degradation of BB dye. Fig. 8d 
shows that the R² value for CuO(O) is 0.917 and the 
R² value for CuO(S) is 0.970. The R² value of 0.970 
indicates that the degradation process by CuO(S) fits the 
first-order kinetic model fairly well.

Figure 8 shows the time-dependent UV absorption 
spectra for the photocatalytic degradation of BB dye 
using (a) CuO(O) and (b) CuO(S) NCs. Initially, BB 
exhibits maximum adsorption in the dark, followed 
by gradual degradation under sunlight, indicating a 
reduction in dye concentration. For CuO(O) (Fig. 8a), 
degradation increased slowly, reaching only 25.27% after 
120 minutes, with the system approaching equilibrium 
in the final 30 minutes suggesting limited photocatalytic 
efficiency. In contrast, CuO(S) (Fig. 8b) showed a more 
rapid increase, particularly after 30 minutes, reaching 
55.90% degradation at 120 minutes. The initial lag phase 
reflects the activation time of the catalyst surface, while 
the plateau after 105 minutes suggests saturation of the 
photocatalytic process. Overall, CuO(S) exhibited higher 
efficiency than CuO(O), though its activity toward BB 
remained moderate. Fig. 8c compares the BB dye 
degradation efficiencies of CuO(O) and CuO(S) catalysts. 
CuO(O) showed limited activity, reaching only 25% 
after 120 minutes, likely due to weak interaction with 
the dye. In contrast, CuO(S) achieved 55% degradation, 
with a notable 23.29% in the first 30 minutes, indicating 
higher initial and overall photocatalytic efficiency. 
Table 2 provides a comparative overview of CuO-
based photocatalysts synthesized by green methods 
using various plant extracts evaluated under sunlight. 
This eco-friendly approach is in line with sustainable 
chemistry and demonstrates efficient dye degradation 

against pollutants such as MB, BB, RhB (Rhodamine 
B), EY (Eosin yellow), MG (methylene green) and MO 
(methylene orange). While degradation efficiencies vary 
based on the plant source and dye type, the CuO(S) 
NPs synthesized using Solanum melongena in this study 
exhibited high photocatalytic activity, degrading 92% of 
MB and 56% of BB within 120 min. These results are 
similar or better than many previously reported green 
synthesized CuO materials and confirm the potential 
of plant-mediated synthesis under solar conditions 
for effective photocatalytic applications. To put the 
photocatalytic performance of the synthesized CuO(S) and 
CuO(O) NPs into context, Table 2 presents a comparison 
of green-synthesized CuO-based photocatalysts reported 
in the literature, prepared using various plant extracts 
and evaluated under sunlight irradiation. This eco-
friendly strategy aligns with the principles of sustainable 
chemistry and has been shown to effectively degrade a 
range of organic dyes, including Methylene Blue (MB), 
Brilliant Blue (BB), Rhodamine B (RhB), Eosin Yellow 
(EY), Methylene Green (MG), and Methyl Orange (MO). 
In this study, CuO(S) NPs synthesized from Solanum 
melongena exhibited significant photocatalytic activity, 
achieving notable degradation efficiencies of 92% for 
MB and 56% for BB within 120 minutes. These results 
are comparable or superior to many reported CuO-based 
systems, highlighting plant-mediated synthesis under 
solar irradiation as a sustainable and promising route 
for high-performance photocatalytic applications.

The proposed photodegradation mechanism of MB 
and BB dyes using CuO NCs is illustrated in Fig. 9. 
Upon light irradiation with energy greater than the CuO 
band gap, electrons (e⁻) are excited from the valence 
band (VB) to the conduction band (CB), generating 

Table 2. Comparative study of photocatalytic degradation of dyes using CuO based materials.

Plant Extract Photo catalyst Dye Time (min) Degradation Efficiency 
(%) Ref.

1. Aloe barbadensis miller CuO MB 60 92 [52]
RhB 60 76

2. �Papaya peel  
Banana peel

CuO NP MB 90 27 [53]
MB 90 26

3. Seriphidium oliverianum CuO NP MG 60 65 [27]
MO 60 65

4. Citrus limon CuO NP MB 80 87 [54]
5. �Papaya bark 

Banana stem
PB-CuO NP RhB 120 93 [55]

EY 120 94
BS-CuO NP RhB 120 94

EY 120 96
6. �Ocimum basilicum 

Solanum melongena
CuO(O) NP MB 120 82 This work

BB 120 25
CuO(S) NP MB 120 92

BB 120 56
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electron-hole pairs (eq. 5) [47]. The excited electrons 
react with molecular oxygen to form superoxide radicals 
(•O₂⁻) (eq. 6) [48], while the holes oxidize water or 
hydroxide ions to generate hydroxyl radicals (•OH) (eq. 
7–8) [49]. These reactive oxygen species (•OH and •O₂⁻) 
play a key role in degrading organic pollutants into non-
toxic end products like CO₂ and H₂O (eq. 9) [50, 51].

CuO NP + hν → e − + h + 	 (5)

e − + O2 → •O 2 − 	 (6)

h+ + H 2O→ •OH + H + 	 (7)

or

h+ + OH− → •OH 	 (8)

•OH + (MB or BB) → CO2 + H2O or  
  •O2

− + (MB or BB) → CO2 + H2O 	 (9)

Conclusion

This study demonstrated the successful green synthesis 
of CuO NPs using Ocimum basilicum and Solanum 
melongena extracts, revealing significant differences 
in particle size, band gap energy, and photocatalytic 
activity. Among the two, CuO(S) NPs exhibited superior 
photocatalytic degradation, particularly for methylene 
blue, achieving up to 92.27% efficiency. The enhanced 
activity is likely due to the rich phytochemical profile of 
S. melongena, which facilitates the formation of smaller, 
more reactive nanoparticles. While similar studies exist, 
this work is distinctive in its comparative approach using 
two different plant species for CuO synthesis under 
identical conditions. The findings underline the potential 
of plant-based CuO NPs especially those derived from 
S. melongena as effective, low-cost, and sustainable 
photocatalysts for water treatment. This study contributes 
valuable insight into the influence of biological source on 
photocatalytic performance, supporting further exploration 
of plant diversity in nanomaterial synthesis.
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