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A B S T R A C T

Copper nanoparticles (CuNPs) have garnered considerable attention owed to their straightforward and cost-
effective synthesis techniques, making them suitable for various applications across several fields. This paper
describes a straightforward method for synthesizing CuNPs using the aqueous chemical reduction approach. A
unique copper nanozyme (CNZ) is also prepared to degrade dyes. The nanoparticles were analyzed using various
techniques to examine their morphological structure, optical properties, functional groups, and crystallite size
via SEM, UV–visible spectrophotometry, FTIR, XRD, and zeta potential with particle size analyzer. SEM analysis
showed that the CuNPs have a cubical form, with particle size fluctuating from 250 to 300 nm. The CNZ has a
flower-like structure with a typical 100 to 150 nm size. The zeta potential of CuNPs is measured to be + 23.4 mV,
indicating a high level of stability for the nanoparticles. The XRD evaluation showed that the CuNPs displayed a
prominent peak at an angle of 36.64◦, indicating a crystallite size of 26.97 nm. The CNZ displayed a peak at
31.18 nm, corresponding to a crystallite size of 44.84 nm. The capacity of CuNPs and CNZ to degrade a com-
bination of dyes (Methyl orange, Methyl red, Congo red, Tropaeolin-O, and Tartrazine) was investigated. The
innovative approach utilizing CNZ and CuNPs resulted in a degradation percentage of 84.61 % for mixed colors.
Experimental findings have demonstrated that the combined effect of CuNPs and CNZ is remarkably effective in
catalytically degrading azo dyes, making it a highly efficient method for treating effluents from the textile sector
and wastewater treatment.

1. Introduction

Persistent toxic dyes and waste products greatly impact the world’s
humans, flora, and fauna. These dyes are produced and consumed by
various industries and release wastewater that contains hazardous dyes,
which are challenging to break down because of their chemical
composition, resulting in the colors being very resistant to degradation.
These toxic organic dyes result in significant environmental contami-
nation (Tsai et al. 2023; Subha et al. 2023). Several processes can
degrade these harmful dyes, but they are ineffective and costly opera-
tions, these systems are prone to releasing hazardous contaminants into
the water bodies. Therefore, it is decisive to practice gainful and

ecologically responsive alternative approaches to reduce the issues
mentioned above associated with the breakdown of colors found in
wastewater (Dalal et al. 2023). Nanotechnology produces particles at
the nanoscale; the atoms and molecules are manipulated. Nanoparticles
are faster and lighter, can get into small spaces, and possess different
properties like magnetic, electronic, and optical properties from their
bulk composition in nano. Other metal and metal oxide nanoparticles
are used in various fields like pharmaceuticals, cosmetics, targeted drug
delivery, bioremediation, genetics, etc.; most industrial effluents dis-
charged into the environment have become a significant cause of water
pollution. They significantly affect water quality and become mutagens
and carcinogens to aquatic living and human beings (Lellis et al. 2019).
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These effluents contain mostly non-degraded dyes). Metal nanoparticles
are the alternatives nowadays to overcome the secondary pollutants
generated by traditional methods (Guerra et al. 2018; Kurhade et al.
2021; Slama et al. 2021). Copper is a transition metal with diverse
physical and chemical properties (Sivayogam et al. 2021). Azo dyes are
mainly employed in textile industries because of their enticing color and
easy synthesis compared to natural dyes and pigments (Heydaria et al.
2017; Benkhaya et al. 2020). Azo dyes may have a single azo group (− N
= N-) to n number of azo groups. These synthetic dyes released on water
bodies cause foul odor and color changes in water bodies. These textile
azo dyes are more soluble and difficult to remove from the water bodies
(Hassan and Carr, 2018; Mariselvam et al. 2019). A CNZ is a nano-
structured particle that possesses peroxidase enzyme-like activity.
Hence, the name was coined as Nanozyme. It is an alternative to en-
zymes like horseradish peroxidase (HRP) for treating industrial effluent
dyes (Batool et al. 2018; Zainal et al. 2019). The presented work uses
CuNPs and CNZ to degrade an azo dye effectively. This study aims to
address the research gap by developing an effective, scalable, and
environmentally friendly method for azo dye degradation using the
synergistic effect of CuNPs and CNZ. The combined approach leverages
the catalytic properties of both materials, providing a robust solution for
treating textile effluents.

2. Materials and methods

2.1. Materials

Materials used are cupric acetate, sodium hydroxide, L-ascorbic acid,
copper sulfate, DL-tryptophan, phosphate buffer solution, potassium
dihydrogen phosphate, sodium chloride, potassium chloride, and
deionized water. The dyes Methyl red (MR), Methyl orange (MO), Congo
red (CR), Tropaeolin-O (TO), and Tartrazine (TA) were acquired from
Hi-media.

2.2. Preparation of copper nanoparticle (CuNPs)

CuNPs were produced by the aqueous chemical reduction technique,
with a bit of adjustment to the approach described by Fathima et al.
(2018). A solution containing 0.25 g of cupric acetate in 500 ml of
distilled water and another solution containing 5 g of sodium hydroxide
in 500 ml of distilled water while continuously stirred using a magnetic
stirrer. Subsequently, a solution of L-ascorbic acid (12.5 g in 500ml) was
meticulously produced and gradually introduced into the mixture.
Adding L-ascorbic acid to the copper salt solution resulted in observable
changes in color, indicating the creation of CuNPs. The green solution
underwent a color change to yellow and then dark brown, marking the
successful production of CuNPs. The transformation into a reddish-
brown color indicates the creation of CuNPs resistant to change. The
solution enables the precipitation of the produced nanoparticle. Subse-
quently, the mixture was centrifuged and rinsed with distilled water and
ethanol. After washing, nanoparticles are dried at 80 ◦C for 2 h. Sub-
sequently, they are stored and utilized for further applications.

2.3. Preparation of copper nanozyme (CNZ)

The copper nanozyme (CNZ) protocol was derived from Geng et al.
(2021) with minor adjustments. A 5 mM solution of PBS was created,
and its pH was adjusted to 7. Next, 0.5 ml of CuSO4 solution was
introduced into 75 ml of PBS solution, followed by adding 1.5 ml of
tryptophan solution. The solution was agitated for 15 min and left to
react at ambient temperature for 24 h. The blue precipitates underwent
centrifugation, were rinsed with deionized water, and were left to dry
under ambient conditions for subsequent use. The DPPH test technique
was used to investigate the peroxidase-like activity of CNZ.

2.4. Characterization of synthesized nanoparticle

Scanning electron microscope (SEM) on VEGA3 TESCAN character-
ized powder morphology, surface topography, and nanoparticle size.
Stability analysis of the zeta potential was recorded on a MALVERN zeta
sizer using water as a dispersant. The particle size distribution was
carried out on a MALVERN particle size distributor and determined
using water as a dispersant. Fourier transform infrared (FT-IR) spectra of
prepared nanoparticles were documented in the range from 450 – 4000c
m− 1 KBr pellets as the reference. XRD patterns were recorded using a
diffractometer with CuKα radiation (ʎ=1.5406 Ǻ) as a source. The
crystalline size was calculated from the broadened peaks using Scher-
rer’s formula. The average crystalline size (D) was calculated using (Eq.
(1),

D =
0.9λ
Bcosθ

(1)

Where ʎ = X-ray wavelength (0.154 nm), Θ = Bragg diffraction angle,
β= FWHM of XRD peak at angle Θ. The lattice parameter is calculated
through the interplanar spacing of the planes as follows (Eq. (2):

a = d(hkl)√h2 + k2 + l2 (2)

Where ‘‘a’’ is the lattice parameter, d is interplanar spacing, and hkl is
the Miller indices of the plane of crystal (Patil et al. 2018; Lai et al. 2022;
Mohamed, 2020; Leal et al. 2024).

2.5. Catalytic degradation of mixed dyes using nanoparticles

The obtained CuNPs and CNZ were examined for dye degradation
from its aqueous solution. The effect of variables like time, dye con-
centration, pH, temperature, and adsorbent dosage were studied. All the
dyes were decolorized in an aqueous solution (Nguyen et al. 2018).

All the individual dyes’ decolorization rate was initially screened
with varying combinations of CNZ, CuNPs, hydrogen peroxide, and so-
dium borohydride. Among those combinations, CNZ, CuNPs, and
hydrogen peroxide show efficient degradation of all the dyes. About 5
mg of CuNPs, 500 µl of H2O2, and 1 ml of CNZ (8 mg of CNZ in 1 ml of
PBS) were added into 5 ml of each dye solution. The sample solution was
regularly taken out, centrifuged, and analyzed using a UV–visible
spectrometer to measure the absorption maximum (µmax). The per-
centage of degradation was calculated using the formula written below
(Eq. (3).

Degradation% = [(C0 − Ct)/C0 ] × 100 (3)

Where C0 = initial dye concentration, Ct = final dye concentration.

3. Results & discussion

3.1. CuNPs formation

The presence of CuNPs was established by a sequence of color al-
terations resulting from several chemical reactions during
manufacturing. Adding L-ascorbic acid to the copper salt solution results
in a color change, indicating the creation of CuNPs. This color change
occurs because the electrons from L-ascorbic acid cause the reduction of
copper acetate to copper ions. The green solution changed from yellow
to dark brown, indicating the successful creation of CuNPs. The subse-
quent decrease to reddish brown further confirms the development of
stable CuNPs. L-ascorbic acid is a naturally occurring antioxidant that
shields CuNPs from oxidation, eliminates free radicals, and is an inter-
mediary in reduction–oxidation processes involving electron transfer
(Gurav et al. 2014). Ismail et al. (2019) produced CuNPs by combining
the fruit extract of Duranta erecta. The UV–visible spectra of the CuNP
solution displayed a conspicuous absorption peak at a wavelength of
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588 nm. CuNPs were employed to reduce azo dyes and these CuNPs
possess remarkable catalytic reduction properties, making them suitable
for utilizing natural plant materials as affordable and environmentally
acceptable substrates for CuNP synthesis. Additionally, these CuNPs can
potentially be employed in the remediation of water tainted with
organic dyes.

3.2. CNZ formation

The reaction of copper sulfate with PBS forms copper-phosphate

residues, and the subsequent addition of tryptophan leads to the for-
mation of a thin nanofilm, which aggregates to form a flower-like CNZ
structure. After 24 h of incubation, a blue precipitate confirms the for-
mation of CNZs. Tryptophan is crucial in arranging Cu (II)-Trp nano-
sheets into a flower-like structure. A similar approach was employed by
Geng et al. (2021), who synthesized CNZ using a unique method. The
CNZ displayed characteristic peroxidase activity towards 2, 2′-azinodi-
(3-ethylbenzthiazoline)-6-sulfonate (ABTS). Comparable studies, such
as those by Liu et al. (2020) and Zhang et al. (2019), also reported the
synthesis of copper-based nanozymes with significant peroxidase-like

Fig. 1. SEM pictures of CuNPs.

Fig. 2. SEM pictures of CNZ.
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activity. Liu et al. demonstrated the degradation of methylene blue using
copper oxide nanozymes, achieving a degradation rate of 88 % under
optimal conditions. Similarly, Zhang et al. reported a 90 % degradation
rate of rhodamine B using CuO nanoparticles at pH 3.5 and 50 ◦C. In this
study, CNZ was effectively utilized to degrade Methyl orange contami-
nants. Under conditions of pH 3.0, temperature of 60 ◦C, H2O2 con-
centration of 200 mM, and a CNZ dose of 8 mg, a degradation rate of 93
% was achieved in less than 10 min. This performance is superior to the
85 % degradation rate of Congo red achieved by copper nanoclusters
reported by Wang et al. (2020) under similar conditions, highlighting
the efficiency of the flower-like CNZ structure in catalytic applications.

Furthermore, the nanozyme demonstrated exceptional reusability
and storage stability without significant degradation in performance;
this aligns with the findings by Chen et al. (2021), who reported stable
catalytic activity of copper-based nanozymes over multiple cycles. The
high degradation rate and excellent reusability suggest that CNZ is
highly effective for treating dye-containing wastewater, making it a

promising candidate for industrial applications. The enhanced perfor-
mance of CNZ compared to other studies may be attributed to the unique
flower-like structure, which increases the surface area and active sites
available for catalytic reactions. This structural advantage, combined
with the synergistic effect of tryptophan in the synthesis process, results
in superior catalytic efficiency.

3.3. Peroxidase-like activity of CNZ

The catalytic activity of CNZ was evaluated using DPPH (1,1-
diphenyl-2,2-picryl-hydrazyl) as a substrate for peroxidase. It was
discovered that CNZ undergoes oxidation of DPPH in the presence of
H2O2, resulting in the formation of a solution without color. Neverthe-
less, DPPH cannot undergo oxidation by CNZwithout H2O2, as shown by
its purple color. The oxidation of DPPH confirms the peroxidase-like
activity of CNZ into a colorless product by producing free hydroxy
radicals, which results from the interaction between copper ions and

Fig. 3. Zeta potential and particle size of CuNPs.
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hydrogen peroxide. Geng et al. (2021) found that the existence of H2O2
leads to the oxidation of ABTS by CNZ, forming a green solution. The
presence of copper ions and hydrogen peroxide (H2O2) can initiate a
copper-redox cycle, producing the free hydroxyl radical (OH•) in a
copper-redox cycle. Subsequently, this radical can undergo oxidation of
ABTS, leading to the generation of a corresponding colored product.
Furthermore, they evaluated the peroxidase-like functionality of copper
phosphate precipitation, CuSO4, and a combination of CuSO4 and
tryptophan. Their research showed CNZ has higher catalytic activity
than copper phosphate precipitation and CuSO4. The presence of tryp-
tophan does not enhance the catalytic effectiveness of CuSO4 anymore.
The results suggest that the intact CNZs are accountable for the intrinsic
peroxidase-like activity. The nanozyme containing copper ions had the
highest enzyme-like activity, as measured.

3.4. Scanning electron microscope (SEM)

The surface morphology of the generated copper nanoparticles
(CuNPs) and carbon nanotubes (CNZ) pictures are displayed in Figs. 1
and 2, respectively. The SEM was used to analyze the surface
morphology of the produced CuNPs. The particles had a cubic shape and
were evenly distributed, revealing copper nanoclusters with an average
diameter ranging from 150 to 250 nm. The increased size results from
the clustering of CuNPs in the stable phase (Conway et al. 2015) and the
coating of CuNPs with a capping agent such as ascorbic acid. The
scanning electron microscopy (SEM) pictures of the synthesized CNZ
exhibited a floral morphology, with an average diameter ranging from
100 to 150 nm. This size falls within the nanoscale range, in contrast to
the dimensions of the nanozyme previously described by Geng et al.
(2021). In their work, Shubha et al. (2023) utilized FE-SEM to

investigate the topological characteristics of NiO-SD NPs. The photo-
graphs of the NiO-SD nanoparticles displayed surface porosity and an
irregular shape. In their study, Dawoud et al. (2020) utilized scanning
electron microscopy (SEM) to examine the morphological properties of
ZrO2 and Ag-doped ZrO2 nanoparticles. The emphasis of their investi-
gation was on particles with a size of 1 µm. The picture showed that the
microscopic particles were spherical and came together to form clusters
with irregular forms that resembled monocrystals. As the concentration
of dopant increases, the level of porosity also increases. Furthermore, it
was noted that the particles merged and created clusters throughout the
synthesis process. The roughness and cracks on the surface of the syn-
thesized Ag-doped ZrO2 NPs indicate that they possess porosity, which is
not evident from their visual appearance.

3.5. Zeta potential and particle size

Zeta potential is employed to assess the stability of nanoparticles in a
suspension. Fig. 3 depicts the zeta potential and particle size of the
generated nanoparticles. Naradala et al. (2022) showed that the range of
nanoparticles with excellent stability is expected to be between+ 25mV
and − 25 mV. The zeta potential of the synthesized CuNPs was measured
to be + 23.4, suggesting a significant degree of stability. This discovery
is consistent with Xiong et al.’s (2012) and Naradala et al. (2022) in-
vestigations. The average diameter of the CuNPs was measured to be
743.8 nm. The enlargement occurred due to the aggregation of nano-
particles with an average size ranging from 700 to 2000 nm in the stable
phase (Conway et al., 2015). Pavani et al. (2015) observed the existence
of polydisperse CuNPs, with an average diameter ranging from 600 to
680 nm. In their study, Fathima et al. (2018) utilized the dynamic light
scattering (DLS) technique to determine nanoparticle dimensions and

Fig. 4. XRD of CuNPs.
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electrical properties. The mean particle diameter and breadth were
determined to be 165.2 nm and 17.73 nm, respectively. Measuring zeta
potential is crucial for studying the stability of solutions that include
nanoparticles. The zeta potential of the produced CuNPs was determined

to be − 21.9 mV.

Fig. 5. XRD of CNZ.

Fig. 6. FTIR CuNPs spectrum.
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3.6. XRD analysis

X-ray diffraction (XRD) offers precise information on the nano-
particle’s crystalline structure and grain size. The XRD peaks of CuNPs
were seen at 2 theta angles of 29.78, 36.64, 42.3, 52.6, 61.59, and 73.72
degrees. These peaks correspond to the crystal inter-planes of (100),
(110), (111), (210), and (310). Fig. 4 displays the X-ray diffraction
(XRD) pattern of CuNPs, revealing the presence of crystallite sizes within
the nanometer range as shown by the widened peaks. The presence of
distinct peaks in the XRD pattern indicated that the CuNPs have a
crystalline structure. No peaks indicating impurities were detected, and
the crystalline size was determined using Scherrer’s formula based on
the broadened peaks. The mean size of the crystallites was determined to
be 26.97 nm. The X-ray diffraction (XRD) peaks of the CNZ (shown in
Fig. 5) were seen at 2 theta angles of 28.84, 31.18, 33.99, 37.42, 41.85,
53.69, and 57.17 degrees. The corresponding inter-planar spacings were
determined to be (100), (110), (110), (111), (210), and (211). The
mean size of the CNZ crystals was determined to be 44.84 nm. The re-
sults exhibited a resemblance to the XRD patterns documented in pre-
vious studies. Sadia et al. (2021) provided X-ray diffraction (XRD)
patterns for undoped and doped titania. Anatase titania has distinct
diffraction peaks at 2θ angles of 25.2◦, 37.1◦, 47.5◦, 53.5◦, and 62.3◦.
The peaks exhibited similar characteristics to those found in the con-
ventional spectrum. Regardless of the quantity of metal, the data sug-
gested that all the samples displayed the anatase phase. The X-ray
diffraction (XRD) patterns of titania samples containing metal dopants
do not exhibit any identifiable diffraction peaks that correlate to the
presence of the metals; this can be due to the doped metals’ low con-
centration (1 %) and their efficient dispersion within the titania crystal
phase.

3.7. FTIR spectroscopy

Figs. 6 and 7 display the FTIR spectra of CuNPs and CNZ, respec-
tively. The FTIR spectra of the pure CuNPs exhibited a prominent peak at
3430.05 cm− 1, which may be ascribed to the stretching vibration of the
hydrogen bond in the hydroxyl (OH) group. This peak signifies the
interaction between the hydroxyl group (–OH) and the CuNPs. Addi-
tionally, a signal was seen at 1622.82 cm− 1, indicating the stretching
vibration of the C = C bond in ascorbic acid. These potential functional
groups are responsible for the synthesis and stability of CuNPs. The FTIR
spectra of the compound CNZ displayed a prominent peak at a wave-
number of 3412.11 cm− 1. This peak was assigned to the vibrational
motion of the nitrogen–hydrogen (N–H) bond inside the indole ring. A
detected peak at 2972.22 cm− 1 corresponds to the asymmetric stretch-
ing of a methyl group (CH). The presence of a peak at 1049.57 cm− 1

suggests the occurrence of the asymmetric stretching vibration of
phosphate ions, whereas a peak at 559.76 cm− 1 indicates the bending
vibration of PO4

3-. The peaks exhibited a strong resemblance to the
functional categories that were previously documented by Geng et al.
(2021). The FTIR spectra of CuNPs and leaf extract were examined
within the frequency range of 400 to 4000 cm− 1, as documented by
Nouren et al. in 2024. The band seen at a wavenumber of 2718.11 cm-1
is attributed to the vibrational movement of the carbon-hydrogen (C–H)
bond. The band seen at 1024.72 cm− 1 corresponds to the elongation of
the C–N bond in a primary amine, whereas the band at 831.71 cm− 1

pertains to the oscillations of the C–C bond in the alkyl group found in
the plant extract. The presence of lipid molecules in the leaf extract is
verified by observing bands at 2354.86 cm− 1, which correspond to the
stretching vibration of alkyne C–C bonds. The prominent absorption
peak detected at 491 cm− 1 is attributed to the vibration of metal–oxygen
bonds.

Fig. 7. FTIR CNZ spectrum.
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3.8. Band gap energy

Extrapolating the linear regions in the plots of (αhʋ)2 Vs photon
energy (hʋ), the UV–Vis spectra of CuNPs showed high absorption in the
UV wavelength region with a band gap of 4.1 eV (Fig. 8). This band gap
energy is in coincides with Chandraker et al. (2020) and shows the
formed CuNPs are suitable semiconductors and act as a promising
photocatalyst utilized for dye degradation. The surface plasmon

resonance band for CNZ (Fig. 9) was recorded, and band gap energy was
calculated from the UV–Vis data. The UV–Vis spectra of CNZ showed
high absorption in the UV wavelength region with a band gap of 4.4 eV.

Shubha et al. (2023) elucidated the occurrence of band-gap ab-
sorption, a phenomenon resulting from the electrical transition between
Ni atoms’ valence and conduction bands. The direct band gap energy of
NiO-SD nanoparticles, as measured by analysis of the Tauc plot, was
found to be 3.6 electron volts (eV). Dawoud et al. (2020) employed the

Fig. 8. Band gap for CuNPs.

Fig. 9. Band gap for CNZ.
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Fig. 10. Degradation of mixed dyes. (a) effect of CNZ concentration, (b) CuNPs dosage, (c) impact of H2O2 concentration, (d) pH, (e) temperature.
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Kubelka-Munk (KM) theory to calculate the band gap (Eg). The band gap
values obtained for ZrO2 and ZrO2 nanoparticles doped with six mol%
Ag are 6 eV and 5.6 eV, respectively. The introduction of Ag-doped
ZrO2NPs led to a decrease in the band gap compared to bare ZrO2NPs.
This decrease may be explained by the transfer of energy levels from Ag
to the conduction band of ZrO2, resulting in a charge transfer.

3.9. Degradation of mixed dyes

Ffive mixed dyes (Methyl orange, Methyl red, Congo red, Tropaeolin-
O, and Tartrazine) was studied, and all the parameters were evaluated
for efficient degradation (Fig. 10). All the dyes are taken in 1:1:1: 1:1
ratio. The absorbance (µmax) was measured at 550 nm.

3.9.1. Optimization studies for effective dye degradation
During the initial screening of the degradation ability of azo dyes, 5

mg of CuNPs, 1 ml of CNZ, and 500 µl of hydrogen peroxide combina-
tions reached 98–100 % of degradation within 1 h. Increased amounts of
CNZ, CuNPs, or hydrogen peroxide could not improve the decolorization
rate further or decrease it. Therefore, the CNZ, CuNPs, and H2O2 com-
bination was chosen for the following experiments.

3.9.1.1. Effect of CNZ concentration. The consequence of CNZ dosages
on mixed dyes was studied at various concentrations (Fig. 10a). The
maximum degradation of about 81.76 % was achieved at 4.8 g/l of CNZ.

3.9.1.2. Effect of CuNP concentration. The effect of CuNPs was studied
at various concentrations (Fig. 10b). The degradation efficiency in-
creases with an increase in CuNPs dosage. The maximum degradation of
about 81.7 % was achieved at 1.8 g/l of CuNP dosage.

3.9.1.3. Effect of hydrogen peroxide. Hydrogen peroxide can quickly
produce hydroxy radicals that play a significant role in dye degradation.
120 ml of H2O2 /l greatly enhances the degradation process of about
87.5 % with nano-catalyst (Fig. 10c). H2O2 produces hydroxy radicals
either by conduction band electron or by superoxide.

3.9.1.4. Effect of pH. The effect of pH on mixed dye degradation was
evaluated at different pH ranging from 1 to 14. The higher efficiency of
degradation of about 77.6 % is achieved at pH 4. (Fig. 10d). The
degradation percent drastically decreases in neutral pH and increases
from 7 to 14; this shows the process is effective in both acidic and
alkaline conditions.

3.9.1.5. Effect of temperature. The optimum temperature required for
maximum degradation of mixed dye was 76.84 % at 40 ◦C (Fig. 10e).
The degradation efficiency gradually decreases when the temperature
increases; this shows the degradation process is effective at an optimum
temperature of 40 ◦C.

Dawoud et al. (2020) studied the behavior of pure ZrO2 and ZrO2
nanoparticles doped with six mol% Ag when exposed to visible light in
the presence of Rh B, a cationic dye. According to the studies, the
nanoparticles and other photocatalysts have exceptional photocatalytic
characteristics. Indeed, a mere 150 mg of photocatalyst and a concen-
tration of ten parts per million (ppm) of dye, when exposed for 105 min,
was sufficient to destroy 95 % of Rh B. The study by Sadia et al. (2021)
sought to examine the photocatalytic properties of nanoparticles. Spe-
cifically, they investigated the elimination of methylene blue and
neutral red dye utilizing parent respondent material and titania doped
with metal. The researchers conducted experiments to assess the impact
of many attributes: pH levels, reaction duration, preliminary dye con-
centration, and photocatalyst, on the remediation of the dye when un-
covered to UV radiation. Consequently, the deterioration of dyes
increased due to the factors listed above. Using titania with Ag dopant
resulted in 90 % and 95 % elimination of the two dyes. Therefore, the

most effective method for discoloration industrial dye was titania doped
with Ag.

Nouren et al. (2024) successfully produced copper oxide nano-
particles with photocatalytic properties utilizing a green synthesis
technique, including an aqueous extract of Jasminium sambac leaves.
Nouren et al. (2024) conducted studies to optimize copper sulfate’s
impacting factors. The composition of the sample, assessed using EDX
analysis, revealed that it consisted of 76 % copper and 24 % oxygen. The
CuO nanoparticles exhibited a crystalline structure, great crystallinity,
and excellent dispersion, with a dimensions of 13 nm, and were devoid
of contaminants. Furthermore, notable photocatalytic investigations
have accomplished a 97 % breakdown of the dye methylene blue within
210 min.

Isa et al. (2024) employed an environmentally friendly synthesis
approach to create gold nanoparticles using Johey oak fruit peel extract
as a reducing and capping agent. This study examined the effect of
concentrations of nanoparticles and the impact of temperatures, on the
outcome. The UV-absorption spectra revealed that the Au NPs exhibited
a peak absorption in the 533 to 537 nm region, which was influenced by
the circumstances under which they were synthesized. The TEM analysis
reveal the nanoparticles size to be 12 to 25 nm. The XRD evaluation
unequivocally verified the existence of gold nanoparticles, as evidenced
by the diffraction peaks aligning precisely with the established pattern.
The FTIR analysis demonstrates that phytochemicals exhibit in-
teractions with nanoparticles (NPs). The catalytic assays yielded a rate
constant (RC) of 0.0795 min− 1 for the breakdown of the rhodamine B
dye in the presence of NPs and a RC of 0.0445 min− 1 in the absence of
the NPs. Therefore, this discovery suggests that the gold in nanoparticles
can be employed as filters in the hybrid photovoltaic-thermal system.
The study demonstrated that nanoparticles (NPs) can expedite the
breakdown of contaminants, enhancing their viability in the wastewater
treatment system.

4. Conclusion

The current study provided an easy fabrication, cost-effective, and
convenient chemical reduction method for producing CuNPs by
reducing the metal precursor in the aqueous phase and using a novel
CNZ. Metallic CuNPs and CNZ were successfully synthesized and char-
acterized with several characterization techniques such as FT-IR, XRD,
Zeta potential, and SEM. Dealing azo dyes using CuNPs and CNZ is a
novel method for environmental clean-up in degrading textile dyes; this
was the first attempt made by the present research. The combined effect
of CNZ and CuNPs efficiently degraded the mixed dyes (87.05 %).
Hence, the combination of CuNPs and CNZ is a prominent catalyst for
the mixed dye degradation. In the future, a pilot study on the catalytic
capability of azo dyes via these CuNPs-CNZ complex will be scaled up
with improved and optimized conditions for treating the dye decolor-
ization process.
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