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ABSTRACT 

In this study, we report the microwave-assisted synthesis of morphology-controlled cupric oxide (CuO) nanostructures using 
ethylenediaminetetraacetic acid (EDTA) and polyethylene glycol (PEG) as morphology-controlling agents. The structural, 
morphological, and optical properties of the prepared CuO nanostructures are thoroughly investigated using XRD, FTIR, FESEM, 
EDX, PL, and UV–vis spectroscopy. XRD analysis revealed the development of monoclinic CuO with different crystallinity. FESEM 

analysis showed that the CuO synthesized in the absence of an organic modifier exhibited a flake-like nanostructure, whereas the 
use of PEG and EDTA as morphology controllers resulted in the formation of spherical and rod-like nanostructures, respectively. 
The photocatalytic test was conducted on eosin yellow dye degradation using the synthesized CuO nanostructures under visible 
light for 120 min. The shape-dependent photocatalytic degradation of eosin yellow dye by the synthesized CuO nanostructures 
was observed with the respective degradation efficiencies of 81.70%, 95.50%, and 98.13% for flake-like, spherical, and rod-like 
nanostructures. Hence, morphology-controlled synthesis plays a key role in optimizing the photocatalytic performance of CuO 

nanostructures, making them more effective for environmental remediation. 

 

 

 

 

 

 

 

 

1 Introduction 

In recent decades, materials research has increasingly focused on
nanoscale materials, which are emerging as powerful tools for
addressing environmental pollution. Nanoscale materials exhibit
unique physicochemical characteristics compared to their bulk
© 2026 Wiley-VCH GmbH 
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counterparts, owing to quantum confinement effects and a high
surface area [ 1, 2 ]. The properties of nanostructures can be
engineered for energy, environment, and healthcare applications, 
as they tend to depend more on their size and morphology
[ 1, 3 ]. Nanostructured cupric oxide (CuO) has been among
the nanomaterials that have attracted considerable attention 
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due to its wide range of applications, including solar cells,
batteries, supercapacitors, photodetectors, sensors, and photo-
catalysis, among others. CuO is the p-type transition metal oxide
semiconductor with a narrow bandgap of 1.2 eV when in bulk.
CuO has a monoclinic crystal structure with C2/c symmetry
[ 4–6 ]. The photocatalytic reactivity of CuO nanostructures is
significantly influenced by their size, shape, and crystallographic
orientation [ 5, 6 ]. Thus, it is essential to modify the synthesis
techniques, which can lead to the design of CuO nanostructures
with controlled dimensions, shapes, and specific crystallographic
directions, thereby enabling photocatalytic activity toward the
degradation of organic pollutants [ 6–8 ]. 

Nanostructured CuO can be prepared through various chem-
ical and physical techniques, including hydrothermal, sol–gel,
solvothermal, and chemical vapor deposition [ 5, 6 ]. All these
methods have their specific merits; however, long reaction times,
very high temperatures, and expensive precursors hinder them
from being practical or scalable for industrial applications.
In this context, microwave-assisted synthesis has established
itself as a promising method for developing nanomaterials with
tunable morphologies due to its rapid energy efficiency and
cost-effectiveness [ 9, 10 ]. Microwave irradiation can provide
heat evenly and simultaneously, thereby contributing to higher
reaction rates and the formation of nanostructures with tunable
shapes and sizes [ 11, 12 ]. Microwave irradiation appears to be a
promising method to rapidly and efficiently synthesize a variety of
advanced materials, particularly in biomedical engineering, catal-
ysis, and energy storage. Unlike conventional thermal methods,
which rely on conduction and convection to transfer heat from
the outer surface to the interior of the material, microwave irra-
diation enables volumetric heating through the direct coupling of
microwave energy with polar molecules and ionic species present
in the reaction mixture. The typical microwave heating frequency
is 2.45 GHz. The microwave heating mechanism is primarily
based on two well-known phenomena: the first is dipolar polar-
ization, in which polar molecules align themselves according to
the rapidly alternating electric field, thereby producing heat due
to intermolecular friction. The second one is ionic conduction,
in which dissolved ions move due to the electric field, colliding
with surrounding molecules and producing heat. The combined
effect causes a very high local temperature, providing tremendous
acceleration to reaction kinetics, nucleation rates, and crystal
growth [ 11, 12 ]. Thus, this technique allows for the synthesis
of morphology-controlled CuO nanostructures within a shorter
duration. 

One of the most promising prospects for CuO nanostructures is
their capability as photocatalysts for degrading organic contami-
nants in wastewater [ 5 ]. The discharge of toxic organic chemicals
through industrial processes into water bodies poses a significant
threat to both the environment and human health, prompting
extensive research on the development of efficient and sustain-
able remediation technologies [ 13–15 ]. Photocatalytic degradation
of organic contaminants using semiconductor materials activated
by either UV or visible light has attracted significant interest as a
sustainable technique [ 15–18 ]. In this context, the advantages of
CuO nanostructures include their high absorption in the visible
light region, ease of preparation, and ecological compatibility,
which are considerable [ 5, 6, 19 ]. However, the photocatalytic
activity of CuO is highly dependent on its morphological or
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even surface characteristics. Therefore, it is necessary to control
and shape the structures of CuO nanomaterials to improve their
photocatalytic efficiency for degrading organic pollutants [ 5, 20 ]. 

In this work, we present a facile method for synthesizing CuO
nanostructures of controlled morphologies using microwave- 
assisted techniques and their application in the photodegradation 
of organic pollutant. Microwave-assisted techniques offer a rapid 
and straightforward process for synthesizing CuO nanostructures 
with tunable morphologies, including nanorods, nanospheres, 
and nanoflakes [ 9–12 ]. This can be achieved by optimizing
reaction conditions, such as precursor concentration, reaction 
time, and microwave power, which tailor the size, shape, and
crystallinity of the unfolded nanostructures [ 10, 11 ]. This is
also very important for enhancing photocatalytic activities of 
emerging nanomaterials, as the surface area and exposed crystal
facets significantly affect their reactivity [ 21 ]. 

The primary objective of this research is to develop an efficient
and facile method for synthesizing CuO nanostructures with 
designed morphologies and to investigate their photocatalytic 
application for the degradation of organic pollutants, such as
dyes and pharmaceuticals, under visible-spectrum irradiation. 
Tailoring the morphologies of CuO nanostructures thus provides 
an opportunity to optimize their photocatalytic performance, 
making them of intense interest in wastewater treatment applica-
tions [ 5, 7, 22 ]. Hence, the current research focuses on developing
a microwave-assisted synthetic route for the preparation of CuO
nanostructures in a controlled morphological form. Another part 
of the study also aims to evaluate the photocatalytic activity of the
synthesized CuO nanostructures in removing organic pollutants 
under visible light irradiation. It can thus contribute toward
developing a sustainable and efficient solution for the synthesis
of morphology-controlled CuO nanostructures. This research, 
therefore, has important implications for environmental remedi- 
ation and wastewater treatment technologies. 

2 Experimental Procedure 

2.1 Materials 

The materials used were copper(II) nitrate trihydrate 
(Cu(NO3 )2 ⋅3H2 O, purity ≥ 99%, Merck, India,) as the 
copper source, ethylenediaminetetraacetic acid (EDTA, 
C10 H16 N2 O8 , purity ≥ 99%, Merck, India,) and polyethylene 
glycol (H − (O − CH2 − CH2 )n − OH, PEG, molecular weight: 3350,
purity ≥ 98%, HiMedia Laboratories Pvt. Ltd.) as chelating agents
to control nanoparticle morphology, sodium hydroxide (NaOH, 
purity ∼ 97%, Nice Chemicals Pvt. Ltd.) as the precipitating agent,
deionized water as the solvent, and eosin yellow (C20 H8 Br4 O5 ,
purity ∼ 90%, Loba Chemie, Pvt. Ltd) as a model pollutant for
photodegradation studies. 

2.2 Synthesis of CuO Nanostructure with 

Different Morphologies 

The cupric oxide (CuO) nanostructures with different sizes and
shapes were synthesized using a microwave-assisted method 
using EDTA or PEG as chelating agents [ 23, 24 ]. An aqueous
Crystal Research and Technology, 2026



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 XRD pattern of CuO nanostructures synthesized via the 
microwave method (a) without a chelating agent, (b) with EDTA, and (c) 
with PEG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

solution of 0.1 m Cu(NO3 )2 ⋅3H2 O was prepared in 100 mL of
distilled water as the copper source, to which an EDTA or PEG
solution was added dropwise under continuous stirring. The
resulting mixture was refluxed for 1 h to obtain a homogeneous
solution. Then, 40 mL of 0.1 m sodium hydroxide was gradually
added to adjust the pH to 11 with vigorous stirring. The obtained
mixture was then placed in a microwave oven (Make: LG Elec-
tronics India Pvt. Ltd.) and subjected to microwave irradiation
for 10 min at 700 W. After microwave treatment, the solution was
allowed to cool to ambient temperature, and the precipitated CuO
nanostructures were collected by centrifugation. The collected
precipitate was systematically washed with distilled water, fol-
lowed by ethanol, to remove impurities, and thendried at 110◦C
to obtain the CuO product. The samples were prepared with
the addition of EDTA or PEG as chelating agents, respectively.
Additionally, pure CuO was prepared without the use of chelating
agents using the above procedure for comparison. 

2.3 Characterization 

The prepared CuO nanostructures were analyzed in detail for
their structural, morphological, elemental, and optical properties.
The X-ray powder diffraction (XRD) analysis was carried out
using a Bruker D8 Advance X-ray diffractometer with a Cu K α
radiation source ( λ = 1.5406 Å) covering an angular range of
2 θ between 20◦ and 80◦. The voltage and current settings were
40 kV and 40 mA for operation, respectively. The indexing of
resultant diffraction peaks was done using JCPDS standard data
(Card No. 05–0661) To identify functional groups and verify the
chemical bonding in CuO nanostructures, Fourier Transform
Infrared (FTIR) spectroscopy was used for examination. FTIR
spectra were obtained in the mid-infrared range of (4000–400 cm)
with a Bruker Tensor 27 spectrometer. For this process, samples
were prepared by homogeneously mixing the CuO powder with
spectroscopic-grade potassium bromide (KBr) at a ratio of 1:100
and pressing the mixture into pellets using a hydraulic pellet
press. FESEM analysis was employed to examine the surface
morphology and particle size of the CuO nanostructures. Imaging
was performed on the Carl Zeiss Sigma 300 FESEM. All samples
were preliminarily sputter-coated with a thin layer of gold to
improve conductivity. Elemental composition and purity were
assessed using Energy Dispersive X-ray Spectroscopy (EDX)
attached to a Carl Zeiss Sigma 300 FESEM. The photolumi-
nescence (PL) spectrum of the samples was recorded using a
Shimadzu RF-5301 PC spectrofluorophotometer in the range of
300–500 nm with excitation wavelength 325 nm. The UV-vis-NIR
diffuse reflectance spectra of the samples were measured on a
Shimadzu UV-2600 spectrophotometer in the wavelength range
of 200–1400 nm. 

2.4 Eosin Yellow Dye Degradation Tests 

Eosin yellow is a model organic pollutant that is most commonly
used in photocatalytic degradation studies. Eosin yellow is a com-
mercially utilized xanthene dye in various industries, including
imaging, textiles, paper, and cosmetics [ 25 ]. The photocatalytic
degradation of eosin yellow dye was studied using 100 mg of
synthesized photocatalyst, mixed with 100 mL of a 50 mg/L
eosin yellow dye solution, and illuminated with UV light for
Crystal Research and Technology, 2026
120 min. This mixture was stirred under dark conditions for 1 h to
allow it to establish an adsorption–desorption equilibrium before 
exposure to UV light. The degradation of eosin yellow dye was
observed by measuring the difference in absorbance at its charac-
teristic wavelength (517 nm) using a UV–vis spectrophotometer. 
The efficiency of dye degradation was determined by comparing
absorbance values before and after exposure to light over a set
time [ 22, 26 ]. 

3 Results and Discussion 

The XRD patterns of the synthesized CuO are revealed in Figure 1 .
All XRD patterns show clear diffraction peaks at 32.5◦, 35.5◦,
38.7◦, 48.7◦, 53.4◦, 58.3◦, 61.5◦, 66.3◦, 68.1◦, 72.4◦, and 75.2◦. All
these peaks can be indexed to the monoclinic phase of CuO,
which matches well with the standard JCPDS card number. 45–
0937. The diffraction peaks observed in Figure 1b,c were much
broader and less intense than the corresponding peaks obtained
for the sample synthesized without a chelating agent (Figure 1a ).
This suggests that the chelating agent-assisted CuO samples may
have lower crystallinity and possibly smaller crystallite sizes. 
On the other hand, these results showed that the chelating
agents stabilize the copper ions and control the growth of the
crystal, yielding CuO of a lower degree of crystallinity and
possibly smaller crystallite sizes. From this analysis, it is clear
that chelating agents, i.e., EDTA and PEG, have a significant
effect on tuning the crystallinity and structural quality of CuO.
Madona et al. observed that surfactants influence the intensity
of diffraction peaks in CuO nanostructures [ 27 ], which aligns
well with our results. The calculated lattice parameters shown
in Table 1 also indicate that chelating agents alter the lattice
parameters of the monoclinic unit cell of the CuO sample. It
suggests that the lattice constants of CuO samples are influenced
by chelating agents, which reflects internal structural effects. 
The slight variations in the unit cell dimensions due to EDTA
are evidence of minor structural changes. In contrast, PEG
demonstrates a much more pronounced expansion of the lattice,
3 of 12



TABLE 1 Lattice constant and cell volume of the CuO samples prepared without and with chelating agents. 

Sample code Chelating agent 

Lattice constant and cell volume 

a (Å) b (Å) c (Å) V (Å3 ) 

CO Nil 4.8557 3.2942 4.4794 71.46 
ECO EDTA 4.8520 3.2979 4.4818 71.52 
PCO PEG 4.8586 3.2981 4.4804 71.61 

FIGURE 2 FTIR spectrum of CuO nanostructures synthesized via 
the microwave method. (a) without a chelating agent, (b) with EDTA, and 
(c) PEG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

indicating stronger molecular interactions during synthesis. It
suggests that chelation influences the lattice and crystal structure,
which could ultimately impact the electronic properties, defect
density, and performance of the material in different applications.

The FTIR spectrum of CuO nanostructures synthesized via the
microwave method, with and without a chelating agent, is
shown in Figure 2 , revealing the vibrations of different functional
groups present in the samples. The entire spectrum exhibits
prominent peaks in the range of 500–600 cm− 1 , indicating the
Cu ─O vibration, which confirms the formation of CuO [ 28,
29 ]. Furthermore, a broad band around 3500 cm− 1 and a peak
at 1632 cm− 1 were observed in all samples, corresponding to
the vibrations of hydroxyl groups due to surface-bounded water
molecules [ 30 ]. The spectra also show peaks in the region of 2850–
2950 cm− 1 , associated with C-H stretching vibrations, which are
most prominent in the samples synthesized using EDTA and PEG,
implying the presence of organic residues from these chelating
agents [ 30–32 ]. The peaks seen at 1386 cm− 1 and at 1450 cm− 1 

are attributed to carboxylate COO- stretch vibrations, likely
introduced by the residual organic molecules present during the
synthesis [ 27, 31 ]. The peaks observed around 1055 and 1124 cm− 1 

were due to C ─H bend vibrations, thus confirming the interaction
of organic moieties with the CuO surface [ 30–33 ]. The observed
variations in peak intensity and wavenumber shifts among the
three spectra serve as evidence that EDTA and PEG have played
a modifying role on the surface chemistry of CuO nanostructures
4 of 12
[ 33, 34 ]. The presence of chelating agents would likely modulate
the adsorption of organic residues and thus create a defect or
modify the electronic structure of the material. Such changes
could have a profound impact on the functional properties of
CuO, particularly its photocatalytic ability. 

Figure 3 depicts the FESEM images of the CuO nanostructures
synthesized via the microwave method under varying conditions: 
without a chelating agent, with EDTA, and with PEG. The CuO
nanostructure synthesized without a chelating agent, as revealed 
in Figure 3a–c , exhibits irregular, flaky, and plate-like structures
with rough surfaces and poor uniformity in shape and size,
with individual flakes measuring several hundred nanometers 
across. The CuO with irregular, flaky, and plate-like structures
was formed as follows: When the copper nitrate aqueous solution
was added with NaOH, copper hydroxide (Cu(OH)2 ) precipitates 
were formed. This mixture was then subjected to microwave irra-
diation, where Cu(OH)2 decomposed quickly into CuO and water 
due to rapid heating [ 35 ]. The extremely rapid thermal decompo-
sition gives rise to many CuO nuclei almost instantaneously. The
microwaves provide such high energy that they ensure uniform
but speedy decomposition, resulting in different nucleation and 
growth rates in various regions of the solution, thus forming
irregular CuO particles. The fast-growing nuclei are conducive 
to the development of flaky and platey structures as the particles
tend to aggregate and, under the influence of rapidly varying
thermal conditions, orient in specific directions. Moreover, NaOH 

affects the pH of the medium, which also affects the solubility
and growth of CuO particles. High pH values contribute to the
formation of more CuO nuclei, but a faster heating rate could lead
to an uncontrolled growth pathway, resulting in rougher surfaces
and poor uniformity. Bajaj et al. have prepared CuO nanoflakes
via microwave-assisted synthesis without the use of any chelating
agents, which strongly corroborates our results [ 36 ]. 

On the other hand, Figure 3d–f showed that when EDTA
was added, spherical particles were formed, which were rather
homogeneous in size, approximately 10–20 nm in diameter. The
uniform CuO nanoparticles with a spherical shape were formed
in the presence of EDTA as follows. EDTA is a complexing
agent that forms a stable complex with metal ions [ 33 ]. Hence,
Cu2 + ions can be reacted with EDTA and form a stable Cu-
EDTA complex, which controls the release of Cu2 + ions. When
sodium hydroxide is added, hydroxide ions (OH− ) will react
with the Cu2 + ions, precipitating a copper hydroxide (Cu(OH)2 ), 
which is then subjected to microwave irradiation. The microwave
irradiation provides rapid and uniform heating, which accelerates
the reaction and promotes homogeneous nucleation. During 
this process, the Cu(OH)2 loses water and converts into CuO
nanoparticles. EDTA is crucial in this process as it controls
Crystal Research and Technology, 2026



FIGURE 3 FESEM images of CuO nanostructures synthesized via the microwave method (a–c) without a chelating agent, (d–f) with EDTA, and 
(g–i) PEG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the release of ions and keeps them apart, thereby ensuring a
spherical and uniform CuO. Figure 3g–i reveals that the use
of PEG as a chelating agent resulted in CuO nanostructures
showing rod-like or elongated features at higher magnifications.
The individual rod-like structures are approximately 100–200 nm
long and 40–50 nm thick. Copper nitrate reacts with NaOH to
form copper hydroxide, with PEG stabilizing the copper ions
by chelation. Microwave irradiation then provides rapid and
uniform heating, decomposing the copper hydroxide into CuO.
PEG molecules preferentially adsorb on specific crystal facets,
directing growth into rod-like structures by inhibiting growth in
particular directions [ 34, 37 ]. These results clearly revealed the
role of chelating agents in determining the morphology and size
of CuO nanostructures during microwave synthesis. 

The EDS spectra, elemental mapping, and elemental composition
analysis are presented in Figure 4 . The effect of chelating agents
on the Cu to O ratio in CuO nanostructures is evident from the
EDS spectra and elemental composition data. Comparing the
CuO nanostructures produced in the absence of a chelating agent
to those synthesized with EDTA and PEG reveals apparent differ-
ences in the copper to oxygen ratio. The EDS spectrum shown
in Figure 4a is for the CuO nanostructures synthesized in the
absence of a chelating agent. The EDS spectrum shows significant
Crystal Research and Technology, 2026
peaks due to copper and oxygen, with weight percentages of
76.70% Cu and 23.30% O, and atomic percentages of 45.32%
Cu and 54.68% O. The atomic ratio is about 0.83. Figure 4b
shows the EDS spectrum for CuO nanostructures synthesized 
using EDTA as a chelating agent. EDS spectrum analysis yields
weight percentages of 77.47% Cu and 22.53% O, corresponding
to atomic percentages of 46.41% Cu and 53.59% O. The atomic
ratio is approximately 0.87. The fact that EDTA increases the
Cu to O weight ratio suggests that EDTA effectively coordinates
copper ions, potentially facilitating copper incorporation into the 
nanostructure [ 33 ]. EDTA can stabilize the copper ions due to
its multiple binding sites, leading to more evenly grown CuO
nanostructures with a higher relative copper content. In addition,
Figure 4c shows the EDS data and elemental mapping for CuO
nanostructures prepared using PEG as a chelating agent. EDS
data reveal the weight percentages of 78.16% Cu and 21.84% O,
atomic percentages of 47.39% Cu and 52.61% O, and an atomic
ratio of roughly 0.90. PEG acts as both a stabilizer and a capping
agent, which better facilitates the incorporation of copper ions
into the nanostructure, thereby offering a larger relative copper
content compared to oxygen [ 34 ], thereby further enhancing the
Cu:O ratio. This indicates that both EDTA and PEG enhance
the Cu:O ratio of CuO nanostructures in comparison to the
synthesis carried out without chelation. The chelating agents are,
5 of 12



FIGURE 4 EDX spectra of CuO nanostructures synthesized via the microwave method. (a) without a chelating agent, (b) with EDTA, and (c) PEG. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

therefore, very critical in determining the elemental composition
and texture of CuO nanostructures. 

Figure 5a presents the UV-DRS spectrum indicates the reflectance
properties of CuO nanostructures prepared without a chelating
agent, with EDTA as a chelating agent, and with PEG as
a stabilizing agent. All samples exhibit a sharp increase in
reflectance between 800 and 900 nm, a characteristic feature
of CuO nanostructures. Reflectance levels vary depending on
the synthesis method, with the PEG-assisted sample (blue line)
exhibiting the highest reflectance, followed by the sample without
a chelating agent (black line), and then the lowest reflectance for
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the EDTA-assisted sample (red line). Such variation demonstrates
how the choice of synthesis additives alters light interaction
and consequently the optical properties of the nanostructures,
which is of utmost importance in photocatalysis applications. 
A Tauc plot is used to determine the energy bandgap (Eg) of
materials, primarily semiconductors, from UV-DRS data. The 
plot is derived from the equation: (𝛼ℎ𝜈) 2 = 𝐴(ℎ𝜈 − 𝐸𝑔 ) [ 38, 39 ].
In this expression, α is the absorption coefficient, h is Planck’s 
constant, ν is the frequency of the incident light, Eg is the 
bandgap of the material, and A is a constant of proportionality.
The absorption coefficient determined from the reflectance data 
can be used to calculate the bandgap by extrapolating the linear
Crystal Research and Technology, 2026



FIGURE 5 (a) UV–vis–NIR diffuse reflectance spectra (b) Tauc plot for the estimation of the optical bandgap (Eg ) of CuO nanoparticles 
synthesized without a modifier (black), with EDTA (red), and with PEG (blue). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 6 (a) Photoluminescence spectra of CuO nanoparticles 
synthesized without a modifier (a), with EDTA (b), and with PEG (c). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

portion of the h ν plot to the x-axis, where absorption is zero.
Figure 5b shows the Tauc plot for CuO nanostructures without
the chelating agent, with EDTA, and with PEG. The calculated
bandgap energies for the three samples are 1.47, 1.50, and 1.98 eV,
respectively. The increase in bandgap with EDTA and PEG
modifications suggests that these agents influence the structural
and electronic properties of CuO, possibly due to a reduction in
particle size and enhanced quantum confinement effects [ 11, 40 ].
These findings highlight the impact of chelating and stabilizing
agents on the optical behavior of CuO, which is significant for
applications in photocatalysis. 

Photoluminescence and photocatalysis are connected in that
they both involve the production of electron-hole pairs by light
in a semiconductor [ 41 ]. A semiconductor with high photocat-
alytic activity is typically associated with low photoluminescence
intensity because a large fraction of the electron-hole pairs are
efficiently separated to participate in reactions (photocatalysis),
and thus, a smaller fraction recombines to emit light (photolu-
minescence). On the other hand, strong photoluminescence is
often interpreted as a higher rate of electron-hole recombination,
which implies that less energy is available for photocatalysis
[ 41 ]. The PL spectra of CuO nanoparticles prepared in different
ways under 325 nm excitation exhibit two major emission peaks
at approximately 365 and 469 nm (Figure 6). The emission
detected at 365 nm confirms the occurrence of near-band-edge
excitonic recombination. On the other hand, the blue emission
at 469 nm is linked to the existence of intrinsic lattice defects,
such as oxygen vacancies [ 42, 43 ]. Among the samples, pure
CuO exhibits the highest photoluminescence intensity, indicating
good crystallinity and a high number of radiative defect centers.
The EDTA-assisted CuO and PEG-modified CuO exhibit the
lowest photoluminescence emission compared to pure CuO,
suggesting that they have non-radiative traps or structural dis-
order, which hinders radiative recombination. Since the lower
photoluminescence intensity corresponds to less electron–hole
recombination [ 41 ], the PEG-modified CuO is thought to be the
most effective photocatalyst, followed by the EDTA-modified
sample, while pure CuO might be the least effective because of
its high recombination rate (Figure 6 ). 

The UV–vis absorption spectra (Figure 7 ) show the photocatalytic
degradation of eosin yellow by the prepared CuO photocatalyst.
Crystal Research and Technology, 2026
The characteristic absorption peak of eosin yellow was 515 nm
[ 44 ]. It noted that the absorption maxima of eosin yellow
decreased gradually with increasing degradation time. These 
results clearly indicate the dye degradation efficiency of the pre-
pared CuO photocatalyst for eosin yellow dye. Among the tested
samples, the maximum degradation efficiency was exhibited by 
the CuO prepared with PEG, followed by the CuO prepared with
EDTA, while the CuO prepared without a chelating agent showed
comparatively lower activity. For PEG, this is explained by a
higher bandgap and an enhanced surface area due to its rod-like
shape, which further helps in charge-carrier separation, reducing 
the chances for recombination [ 45, 46 ]. Additionally, EDTA-
assisted CuO exhibited higher photocatalytic activity compared 
to pure CuO, owing to better control over particle growth, which
is dependent on surface properties. The results demonstrated the
role of chelating agents in optimizing CuO nanostructures for dye
degradation in photocatalytic applications, qualifying them as a 
potential candidate for wastewater treatment. 

The photocatalytic degradation of eosin yellow using a prepared
CuO photocatalyst was investigated. Photodegradation efficiency 
(Figure 8a ) indicates that PEG-assisted CuO showed 98.13% degra-
7 of 12



FIGURE 7 UV–vis absorption spectra illustrate the photocatalytic degradation of Eosin Yellow using CuO photocatalysts synthesized via 
microwave method by (a) without a chelating agent, (b) with EDTA, and (c) with PEG. 

FIGURE 8 (a) Photodegradation efficiency and (b) kinetic analysis of CuO nanostructures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dation of dye within the 120 min of experimentation, thereby
outperforming EDTA-mediated CuO (95.50%) and unmodified
CuO (81.70%). Such a variation in photocatalytic performance
is considered to be intensely dependent on the various mor-
phological features resulting from different chelating agents.
The CuO obtained without a chelating agent has been found
to possess irregular, flaky, and plate-like structures with rough
surfaces, as revealed by morphological analysis. Such structural
imperfections have led to a decreased surface area and fewer
photocatalytically active sites, resulting in slower degradation. In
contrast, CuO modified by EDTA has created spherical nanopar-
ticles of relatively uniform size, thereby increasing the surface
8 of 12
area and light absorption, which leads to better photocatalytic
activity compared to unmodified CuO. Moreover, PEG-modified 
CuO exhibited a rod-like nanostructure, which significantly 
enhanced its photocatalytic activity by increasing the surface area
and providing more active sites for the adsorption of dyes and
degradation. Furthermore, the elongated morphology enhances 
charge separation and transport, thus avoiding electron-hole 
recombination and improving overall photocatalytic efficiency. 
The kinetic analysis (Figure 8b ) is based on the pseudo-first-order
model [ 46, 47 ], which provides further evidence to support the
photocatalytic activity of the samples. The rate constant ( 𝑘 ) was
highest for PEG-modified CuO (k = 0.01335 s− 1 ), followed by
Crystal Research and Technology, 2026
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EDTA-modified CuO (k = 0.01057 s− 1 ), and lowest for unmodified
CuO (k = 0.00722 s− 1 ). This trend confirms that PEG-assisted
synthesis optimizes charge carrier dynamics and enhances reac-
tion kinetics. The increase in the rate constant of PEG-modified
CuO suggests that the rod-like structure is a crucial factor that
accelerates photodegradation through effective electron transfer,
thereby sustaining reaction rates over time. Therefore, PEG-
modified CuO exhibits better photocatalytic activity and kinetics
than other samples due to its rod-like structure owing to more
efficient light absorption, surface reactivity, and charge transport
properties. 

In Table 2 , we have compared the present results with those
in the literature. It revealed the importance of the synthesis
method, the role of the precursor, and the significance of
CuO morphology on the photocatalytic activity of CuO for the
photocatalytic degradation of organic pollutants. In the current
work, we have introduced a microwave-assisted synthesis method
utilizing copper nitrate, polyethylene glycol, EDTA, and NaOH,
yielding irregular flakes, rod-like, and spherical nanoparticles
with tunable degradation efficiency for eosin yellow. Our findings
emphasized the significant relationship between nanostructure
morphology and photocatalytic degradation efficiency. In fact,
the PEG-assisted synthesis of CuO yields a well-optimized nanos-
tructure that effectively enhances dye degradation, making it
highly feasible for wastewater treatment applications. 

4 Conclusions 

In this study, we investigated the microwave-assisted synthe-
sis of morphology-controlled copper oxide nanostructures and
examined the role of chelating agents in their structural,
optical, and photocatalytic properties. PEG-assisted CuO devel-
oped nanorods, while EDTA-assisted CuO produced spherical
nanoparticles, and unmodified CuO appeared as irregular flakes.
This presented a bandgap shift from 1.47 eV (unmodified CuO) to
1.50 eV (EDTA-assisted CuO) and 1.55 eV (PEG-assisted CuO) as
a result of quantum confinement effects. Photocatalytic studies
revealed that the morphology of the CuO nanostructure has a
significant impact on the degradation of eosin yellow, thereby
affecting their photocatalytic performance. Kinetic analysis con-
firmed the highest degradation rate for PEG-assisted CuO (k
= 0.01335 s− 1 ). Hence, synthesizing CuO nanostructures with
controlled morphology is a promising approach for developing
highly effective photocatalysts for environmental remediation. 
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