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In this work, pure and heterostructured g-C3N4/CuO photocatalyst materials were prepared using a combination
of thermal decomposition and hydrothermal techniques. The phase and purity of the catalysts were examined
using powder X-ray diffraction (XRD). The prepared catalysts were also assessed using different systematic
techniques, which demonstrated that the addition of CuO to the g-C3N4 matrix significantly altered the particle
size, crystallinity, morphology, and energy bandgap. Heterojunction formation and interfacial contact between
CuO and g-CgNswere confirmed by TEM and XPS analyses. The photocatalytic activity of the g-C3N4/CuO
nanocomposite was assessed by its ability to break down Methylene Blue (MB), an organic contaminant, under
visible-light exposure. Remarkably, the g-C3N4/CuO catalyst demonstrated rapid photocatalytic degradation of
MB, achieving 98 % breakdown within 40 min. The increased degradation efficiency of g-C3N4/CuO is due to its
lower energy bandgap, enhanced charge transport, and lower charge recombination compared to pure CuO and
8-C3Ny4. Therefore, constructing a g-C3N4/CuO heterostructure could be a promising technique for sewer water

treatment.

1. Introduction

Environmental pollutants and synthetic dyes are frequently used in a
variety of sectors. Their excessive use can lead to an unwanted and
hazardous occurrence whereby these dyes are released into aquatic
reservoirs as industrial effluents [1]. These dyes are frequently used as
colouring agents in paper, paint, food, textile, pharmaceutical, and
leather industries. The introduction of these carcinogenic azo dyes into
the aquatic environment results in adverse structural alterations to the
ecosystem. These dyes produce hypertrophication, which severely
harms aquatic flora and fauna and lowers marine life’s ability to absorb
oxygen. Since humans eat aquatic food, humans are also indirectly
impacted by the bioaccumulation and biomagnification of these haz-
ardous dyes in the aquatic environment. Methylene blue (MB) is a
well-known, highly carcinogenic thiazine pollutant that has been

produced and utilized for a variety of reasons in numerous sectors,
including hair colouring, paper colouring, and the dying of cotton, wool,
and textiles [2]. MB poses a major risk to human health when consumed
and has been linked to neurological and ocular impairment. Other
related illnesses include gastritis infections, nausea, vomiting, diar-
rhoea, and respiratory problems. Consequently, it is crucial to create
such cutting-edge tactics that can remove such dangerous toxins from
water bodies. There are several reported removal techniques that can
efficiently break down these harmful pollutants in the aqueous medium
in order to solve this environmental problem. A few of these removal
techniques are photo-oxidation [3], ion-exchange removal [4], mem-
brane filtration [5], adsorption [6], biological therapies [7], and pho-
tocatalytic degradation [8,9]. Compared to alternative techniques,
photocatalytic pollution removal has several advantages, such as the use
of a renewable resource (sunlight), a simple operating scheme, effective
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dye removal and complete mineralization, etc. Semiconductor photo-
catalyst converts solar energy into chemical energy, which degrades the
pollutant under sunlight irradiation [10]. In recent years, emerging
technologies such as piezoelectric and piezo-photocatalysis have also
gained traction for environmental remediation. Piezo-photocatalysis
integrates the piezoelectric effect with photocatalysis, enhancing
charge separation under mechanical stress combined with light irradi-
ation. This innovative approach enables the generation of reactive
species through piezoelectric polarization charges, improving the
degradation efficiency of organic pollutants. For example, studies have
shown that piezoelectric materials like ZnO and BaTiO3 [11-14] exhibit
significant potential for synergistic dye degradation. Recent works,
including the development of novel piezo-photocatalysts [15], detailed
reviews on piezoelectric materials [16], and applications in environ-
mental management [17], underscore the relevance of this approach.
Although piezo-photocatalysis represents a promising direction,
photocatalytic techniques using heterostructured materials, such as g-
C3N4/CuO, remain highly effective for dye degradation under visible
light irradiation. Compared with above mentioned materials the
graphitic carbon nitride (g-C3N4) has lot of properties such as two-
dimensional (2D) nanostructure, narrow band gap energy (2.7 eV),
high charge separation and high chemical stability have attracted
tremendous attention for the research [18]. Due to its low cost, superior
durability, and nontoxicity, graphitic carbon nitride assisted photo-
catalysis is becoming more and more popular. However, the g-C3Ny4
band gap and valance band potential result in a limited oxidation ability
and quick recombination of photo-generated charge carriers resulting
low photocatalytic degradation performance [19-21]. Therefore,
g-C3N4 with other adequate band position can be changed with other
semiconductors to generate a heterostructure. In the interest of
increasing photocatalytic activity, a numerous approaches have been
explored such as doping, construction of heterostructures and coupling
with metal or non-metal semiconductors. In the field of photocatalytic
activities, there has been a notable advancement in the use and devel-
opment of metal oxide materials at the nanoscale level in recent years.
Copper oxide, nickel oxide, tungsten oxide, manganese oxide, and
ruthenium oxide are some of the most often used metal oxides [22-29].
CuO is one among them and has drawn a lot of interest due to its eco-
nomic viability, abundance of resources, excellent catalytic perfor-
mance, and commitment to the environment. During the recent years,
the photocatalytic degradation performance of various organic pollut-
ants have been investigated by g-C3N4 based materials such as CuO/NiO
[30], CuO/TiO; [31], CuO/Ag [32], CuO/ZnO [33]. The synthesis of
CuO/g-C3N4 was achieved through a combination of thermal decom-
position and hydrothermal techniques. This approach not only ensures
high interfacial contact between CuO and g-C3N4 but also optimizes the
structural and optical properties of the composite, leading to superior
photocatalytic performance. By exposing MB aqueous to visible light,
the synthesized materials’ photocatalytic activity was also investigated.
Comparing the g-C3N4/CuO nanocomposite to two pure g-C3N4 and CuO
samples, the former exhibits increased photocatalytic activity. To better
understand the optical response mechanism, the improvement of pho-
tocatalytic performance was carefully explored. Researchers trying to
create environmentally and economically sound materials with high dye
degradation efficiency will find this work to be a great resource. The
research offers detailed analysis of the charge transfer dynamics and the
photocatalytic mechanism. Advanced characterization techniques,
including XPS and TEM, confirm the formation of a robust hetero-
junction, which enhances the separation of photogenerated electrons
and holes, reducing charge recombination. Overall, the study exten-
sively evaluated the structural stability and reusability of the photo-
catalyst over multiple cycles, highlighting its practicality for large-scale
applications. These aspects collectively contribute to the advancement
of CuO/g-C3N4 photocatalysts, offering practical environmental reme-
diation solutions while addressing the limitations of existing methods.
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2. Materials and methods

The source of C3N4 material is melamine, which was purchased from
sigma aldrich (99 %). Trapping test were carried out with the following
chemicals AgNOs, EDTA, isopropanol IPA, p-benzoquinone (BQ),
Methylene Blue (MB). The chemicals used for the experiments are
analytical grades with negligible purification.

2.1. Fabrication of g-C3N4/CuO photocatalysts

Initially, 3g of melamine was heated to 550 °C for 3 h by ramping the
temperature up by 3 'C/min to create g-C3N, using the thermal break-
down method. The final g-C3N4 product had a yellowish tint and was
finely powdered. Using the same thermal decomposition technique,
more copper oxide was produced from copper acetate monohydrate. The
required quantity of source material was placed in an alumina crucible
and subjected to a 3-h heat treatment in a muffle furnace, maintaining a
consistent temperature and ramping rate. To create the nanocomposite
substance, the appropriate amounts of g-C3N4 and 3 wt percent of CuO
were mixed in 75 ml of distilled water and stirred for an hour. Subse-
quently, the homogeneous solution was introduced into a Teflon-lined
autoclave and underwent hydrothermal treatment for 4 h at 180 °C
(Fig. 1). Following the hydrothermal process, the resulting product
underwent thorough cleaning and drying in a vacuum oven before being
utilized in further tests and characterization.

2.2. Characterization

The crystalline structure of the synthesized photocatalysts was
analyzed using a Bruker D8 Advance diffractometer equipped with Cu
Ko radiation (A = 1.5406 A), operating at 40 kV and 30 mA. The
diffraction patterns were recorded in the 26 range of 10°-60°, with a
step size of 0.02° and scan speed of 1°/min. FE-SEM: High-resolution
imaging was performed using a FEI Quanta 200 (Netherlands) Field
Emission Scanning Electron Microscope at an accelerating voltage of
5-15 kV, with gold sputtering applied to improve conductivity. High-
resolution TEM imaging was carried out using a JEOL JEM-2100F mi-
croscope operating at 200 kV, providing insights into the microstruc-
tural features of the nanocomposite. The functional groups of the
synthesized catalysts were examined using an FTIR spectrometer
(Bruker Tensor 27) in the range of 500-2000 cm ! with a resolution of 4
em™!. The spectra were collected using the KBr pellet technique. Optical
properties and band gap determination were conducted using a Shi-
madzu UV-3600 spectrophotometer equipped with an integrating
sphere attachment, with BaSO,4 as the reference. The recombination
behavior of photogenerated charge carriers was studied using a Horiba
Fluoromax-4 spectrofluorometer with an excitation wavelength of 320
nm. The electron transfer resistance was analyzed using a CHI660E
electrochemical workstation in a three-electrode system with an Ag/
AgCl reference electrode, a platinum counter electrode, and a working
electrode prepared by drop-casting the photocatalyst onto an FTO sub-
strate. The measurements were performed in 0.1 M NaySO4 electrolyte
solution with an AC amplitude of 10 mV over the frequency range of 0.1
Hz-1 MHz. The surface charge of the prepared photocatalysts was
evaluated using a Malvern Zetasizer Nano ZS (ZEN3600) at room tem-
perature, with measurements taken at a pH range of 3-11 to determine
the isoelectric point (pH_IEP).

2.3. Photocatalytic measurements

Using an Annular type photoreactor, dye MB in aqueous solution was
broken down to conduct photocatalytic tests. The source of visible light
irradiation was a 400W halogen lamp. The photocatalyst sample (100
mg) and MB (5 mgL1, 100 mL) were agitated in the dark for 30 min to
achieve the adsorption-desorption equilibrium condition between the
MB molecules and the produced photocatalyst. Every 10 min during the
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Fig. 1. Schematic diagram of the synthesis process for g-C3N4/CuO nanocomposite.

irradiation procedure, 4 mL aliquots were taken and centrifuged for 15
min to remove any suspended g-C3N4/CuO photocatalyst particles.
Additionally, the concentration of the supernatant solution was exam-
ined using a UV-vis spectrophotometer.

In order to gain a comprehensive understanding of the photocatalytic
mechanism, the influence of various active species on the degradation of
the MB solution was systematically examined. Typically, a specific
quantity of photocatalyst was dispersed in a solution containing meth-
ylene blue (MB) alongside specific quenchers, including EDTA-2Na
(18.61 mg, a quencher of h+), IPA (10 % by volume, a quencher of
¢OH), BQ (5.4 mg, a quencher of 02-), and AgNOs (8.45 mg, a quencher
of e). The MB solution, with an initial concentration of 5 mg/L in a
volume of 100 mL, underwent a similar procedure to the previously
described photocatalytic measurements [25].

The procedure employed to assess the durability of the catalyst
involved several steps. After each catalytic run, the catalyst was sepa-
rated from the aqueous solution through centrifugation, subjected to
repeated washing with deionized water and ethanol, and subsequently
dried at 80 °C overnight. Following this, all recycling tests were per-
formed under consistent conditions. To evaluate the structural stability,
a powder X-ray diffraction (XRD) analysis was conducted on the g-C3N4/
CuO catalyst after five consecutive cycle runs.

3. Results and discussions
3.1. XRD patterns

X-ray powder diffraction (XRD) techniques were utilized to investi-
gate the crystal structure and phases of g-C3N4, CuO, and the g-C3Ny4/
CuO composite. Fig. 2 depicts the XRD patterns of the synthesized
photocatalyst materials. The XRD pattern of pure g-C3N4 displayed a
semi-crystalline nature with two distinct peaks. The prominent peak at
27°, corresponding to the (002) diffraction plane, is attributed to the
inter-planar stacking of conjugated aromatic ring systems. This peak
closely aligns with JCPDS card no. 87-1526. Furthermore, the faint peak
at 13°, indexed to the (100) plane, is associated with the interlayer
structural packing of tri-s-triazine [26,34].

In the sample consisting solely of CuO, two prominent peaks were
observed in the X-ray diffraction analysis at 35.43° and 38.69°, which
correspond to the JCPDS card no. 45-0937. These peaks confirm the
monoclinic structure of CuO and correspond to the (002) and (111)
diffraction planes, respectively. The XRD patterns further demonstrate
the presence of the CuO phase in the g-C3N4/CuO composite. The re-
sults also indicate the substantial presence of both g-C3N4 and CuO in the
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Fig. 2. XRD of g-C3Ny4, CuO and g-C3N4/CuO nanocomposite.

g-C3N4/CuO nanocomposite, indicating the successful formation of the
composite material.

3.2. FE-SEM analysis

Fig. 3 depicts the FE-SEM images of g-C3Ny4, CuO, and g-C3N4/CuO
nanomaterials. In Fig. 3a, the significant agglomeration, and larger
particles with some curled structures present in g-C3N4 are visible. The
lateral size of the g-C3N4 sheets is in the range of hundreds of nano-
meters. The FE-SEM micrograph of CuO in Fig. 3b clearly shows the
needle and nanobelt morphology (lengths of approximately 100-200 nm
and widths of around 10-30 nm). As illustrated in Fig. 3c, the g-C3Ng4/
CuO nanocomposite displays both g-C3N4 and CuO morphologies, con-
firming the formation of the g-C3N4/CuO nanocomposite. This structure
indicates that the interaction between g-C3N4 and CuO is more effective
[35].

The crystalline characteristics of the CuO that was generated on the
surface of the g-C3Ny is seen in HRTEM pictures and the selected area
electron diffraction (SAED) pattern (Fig. 3d and e) of the active material.
The selected area electron diffraction (SAED) pattern (Fig. 5d) can be
indexed to the (110), (—111), (020), and (—113) crystal planes of
monoclinic CuO, according to JCPDS No. 05-0661. This also demon-
strated that the as-synthesized g-C3N4/CuO nanocomposites contained
the CuO component, which was further confirmed by XPS results.
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Fig:3. FE-SEM morphology of photocatalyst (a) g-C3N4 (b) CuO (c) g-CsN4/CuO (d) HR TEM and (e)SAED pattern of g-C3N4/CuO catalyst.

3.3. FTIR spectroscopy studies

The photocatalyst materials’ FTIR spectra are depicted in Fig. 4. A
noteworthy absorption peak at 806 cm ™! in pure g-C3Ny is indicative of
the out-of-plane skeletal bending vibration of the triazine unit-like C-N
heterocycles. Furthermore, the usual C-N and C=N stretching modes
are present in the band between 1200 and 1700 cm™!. The stretching
vibration of the Cu-O band, located at approximately 469 cm™!, cor-
responds to the principal absorption peak in the CuO spectra. For the g-
C3Ny4/CuO composite, peaks associated with the typical vibrations of the
C-N and C=N bonds, as well as the stretching vibrations of the Cu-O
bond, were observed. This outcome supports the production of g-C3N4/
CuO nanocomposites and is consistent with the XRD findings.

3.4. UV vis — DRS analysis

The optical absorption characteristics of g-C3N4, CuO, and the g-
C3N4/CuO nanocomposite were investigated using UV-Vis diffuse
reflectance spectroscopy (DRS), as depicted in Fig. 5. The absorbance
spectrum provides crucial insights into the electronic transitions and
bandgap properties of these materials.

The absorbance spectrum of pure g-C3Ny4 (Fig. 5a) shows character-
istic absorption peaks at approximately 245 nm and 324 nm. The peak at
245 nm corresponds to the 1 — 7* electronic transition within the
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Fig:4. FTIR spectra of g-C3N4, CuO and g-C3N4/CuO catalyst.

triazine aromatic rings, a structural feature of graphitic carbon nitride.
The absorption at 324 nm is attributed to © — n* transitions within the
conjugated heptazine rings, where lone pair electrons on the edge ni-
trogen (N) atoms contribute to the electronic excitation. The overall
absorption edge of g-C3Ny4 extends into the visible range, indicating its
semiconducting nature with a bandgap of approximately 2.72 eV, as
determined from the Tauc plot (Fig. 5d).

For CuO (Fig. 5b), a broad absorption band is observed, extending
from the UV to the visible region. This broad absorption is attributed to
charge transfer transitions from oxygen 2p to copper 3d orbitals, char-
acteristic of CuO’s p-type semiconducting behavior. The estimated
bandgap of CuO, calculated from the Tauc plot (Fig. 5e), is approxi-
mately 2.23 eV, confirming its strong visible-light absorption
capabilities.

Upon the formation of the g-C3N4/CuO nanocomposite (Fig. 5¢), a
significant enhancement in absorbance is observed across the visible
spectrum. Compared to pure g-C3Ny, the composite exhibits a redshift in
the absorption edge, suggesting an increased capacity for visible-light
harvesting. The bandgap of the nanocomposite, estimated to be
around 2.72 eV (Fig. 5f), is similar to that of g-C3N4. However, the
improved absorption intensity indicates strong interfacial interactions
between g-C3N4 and CuO, which may facilitate better charge separation
and enhanced photocatalytic performance.

The spectral similarities between g-C3N4 and the g-C3N4/CuO
nanocomposite arise due to the dominant optical response of g-C3N4 in
the hybrid structure. However, the enhanced absorbance and extended
absorption in the composite suggest that CuO contributes to light ab-
sorption and possibly alters charge carrier dynamics. The formation of
heterojunctions between g-C3N4 and CuO likely improves charge
transfer efficiency, reducing recombination and enhancing photo-
catalytic activity.

3.5. PL and EIS analysis

To investigate the separation and transfer behaviors of free charge
carriers and their impact on the photocatalytic performance of the cat-
alysts, PL spectroscopy measurements were conducted. PL emissions
arise due to the recombination of photo-generated electron-hole pairs,
providing insights into charge separation efficiency. The PL emission
spectra of pure g-C3Ny, CuO, and g-C3N4/CuO nanocomposite are shown
in Fig. 6a at room temperature. The central emission peak for g-CsN4
appears around 460 nm, corresponding to its intrinsic n-t* electronic
transitions, with an energy band gap of 2.72 eV. The PL intensity of g-
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Fig. 6. (a)PL and (b) EIS plot of g-C3Ny4, CuO, and g-C3N4/CuO nanocomposite.

C3Ny is significantly higher, indicating a faster recombination rate of
photogenerated electron-hole pairs, which typically reduces photo-
catalytic efficiency.

For pure CuO, a broad PL emission is observed, attributed to oxygen
vacancies and surface defects, which play a role in charge trapping. The
g-C3N4/CuO nanocomposite exhibits a significant reduction in PL in-
tensity compared to pure g-C3N4. This suppression of recombination
suggests an efficient transfer of photogenerated charge carriers between
g-C3N4 and CuO, forming a heterojunction that enhances charge
separation.

In the g-C3N4/CuO nanocomposite, photogenerated electrons
migrate from the conduction band of g-C3sN4 (—1.53 V vs NHE) to CuO

(—0.27 V vs NHE) due to favorable band alignment. Simultaneously,
holes transfer from the valence band of CuO (1.96 V vs NHE) to g-C3N4
(1.19 V vs NHE), further improving charge separation efficiency. This
movement of charge carriers effectively reduces recombination, as
supported by the observed lower PL intensity, thereby enhancing the
photocatalytic performance of the g-C3N4/CuO nanocomposite. The
formation of a heterojunction between g-CsN4 and CuO plays a critical
role in facilitating charge transfer. The band alignment at the interface
creates a built-in electric field that drives electrons from g-C3N4 to CuO
and holes from CuO to g-C3N4, minimizing recombination losses. The
observed reduction in PL intensity and the anticipated enhancement in
photocatalytic activity confirm the synergistic effect of the g-C3N4/CuO
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composite.

Electrochemical impedance spectroscopy (EIS) was used to evaluate
the electron transfer resistance (Rct) of the prepared photocatalysts. The
Nyquist plot (Fig. 6 (b)) presents the impedance response of g-C3Ny,
CuO, and g-C3N4/CuO, where the diameter of the semicircle corresponds
to the interfacial charge transfer resistance. A smaller semicircle in-
dicates lower resistance and more efficient charge separation. From the
EIS results, pure g-C3N4 exhibits the highest charge transfer resistance,
signifying slower electron transport and higher recombination rates. In
contrast, CuO displays a lower Rct, suggesting improved electrical
conductivity. The g-C3N4/CuO nanocomposite shows the smallest
semicircle diameter, indicating significantly reduced charge transfer
resistance compared to pure g-C3N4 and CuO. This enhanced charge
separation efficiency in the composite system can be attributed to the
formation of a heterojunction between g-C3N4 and CuO, which facili-
tates rapid electron transfer and reduces recombination losses.

The lower Rct values of the g-C3N4/CuO composite confirm its su-
perior electron transport capability, which is essential for improving
photocatalytic performance. The efficient charge transfer and reduced
interfacial resistance in the heterostructure further support the
enhanced photocatalytic activity observed in the g-C3N4/CuO system.

3.6. XPS analysis

Using X-ray Photoelectron Spectroscopy (XPS) to analyze the
oxidation state of the components in the synthesized g-C3N4, CuO and g-
C3Ny4/CuO nanoplates, as shown in Fig. 7a—c, revealed the presence of C,
N, O, and Cu signals in the survey spectrum of the g-C3N4/CuO nano-
plates, as shown in Fig. 8a-d. The resolved Cu 2p XPS spectrum in Fig. 8a
displayed two major peaks at 933.9 and 954.1 eV, corresponding to Cu
2p3/2 and Cu 2pl/2, respectively. Furthermore, two satellite peaks
indicating Cu2+ in CuO were also detected.

The resolved spectrum of Ols, as shown in Fig. 8b, displays a peak at
529.6 eV, which is attributed to O2 ions in the monoclinic lattice of CuO.
Another peak located at 531.4 eV, indicating the C-O interaction and
suggesting the interaction between CuO and g-C3N4 in the prepared g-
C3N4/CuO nanoplates, is also visible in the fitted spectra of Ols.

The resolved Cls spectra in Fig. 8c exhibit two prominent peaks at
284.6 eV and 287.68 eV, corresponding to the sp2-hybridized C-N bond
in the aromatic structure and the interaction between C-N and CuO.

The N1s signal at 399.5 eV in Fig. 6a indicates the existence of sp2-
hybridized nitrogen atoms. The binding energies of oxygen, copper,
nitrogen, and carbon reveal the formation of a g-C3N4/CuO hetero-
structure. This heterostructure is expected to exhibit enhanced charge
carrier transfer and improved photocatalytic activity. According to the
XPS spectra, the g-C3N4/CuO heterostructure comprises 20.18 % Cu,
32.52 % O, 28.22 % C, and 19.10 % N.
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3.7. Degradation of organic pollutants MB

The study of the degradation of methylene blue (MB) in an aqueous
solution under both dark and visible light irradiation served as a mea-
sure of the photocatalytic performance and provided valuable insight
into the photocatalytic mechanism. A schematic illustration in Fig. 9
demonstrates the photocatalytic degradation of MB by g-C3N4/CuO
nanocomposite materials. This schematic design was employed to
showcase the efficiency of the g-C3N4/CuO photocatalyst, explaining the
separation of electrons and holes, their reactivity, and the band-edge
potential of the resulting photocatalyst. The valence band edge poten-
tial (VBE) and conduction band edge potential (CBE) of g-C3sN4 were
determined using the absolute electronegativity formula, as indicated
below [36].

Ecg=Eyp —Eg 3)

where, y is the absolute electronegativity of the semiconductor, Ecp is
the conduction band edge potential, E; is the band gap of the semi-
conductor, Eyp is the valence band edge potential and Ee is the energy of
free electrons on the hydrogen scale. The electronegativity value of g-
C3Ny4 was 4.64 eV [37]. The conduction and valence band potentials of
g-C3Ny are —1.53 and 1.19 V vs NHE, respectively. Similarly, the
calculated band edge potentials for CuO are Eyp = 1.96 and Ecg = —0.27
V vs NHE. In Fig. 10a-c, the absorption spectrum of the methylene blue
(MB) solution under visible light exposure is illustrated, clearly depict-
ing the gradual decrease of the characteristic MB peak at 664 nm
throughout the exposure period with a lesser blue shift. Catalysis with
g-C3Ny, CuO, and the g-C3N4/CuO nanocomposite resulted in significant
concentration variations, indicating that the degradation was driven by
the photocatalytic effects of the g-C3N4 and CuO catalysts.

The photocatalytic degradation efficiency was estimated using the
formula n = (1-C/Cp) x 100 %, where Cy is the initial concentration,
and C is the concentration after the degradation of the MB solution at
each specific time. The estimated degradation efficiency values are
shown in the C/Cy graph in Fig. 10d. Remarkably, the g-CsN4/CuO
sample achieved up to 98 % destruction of MB molecules within 40 min.

During the photocatalytic degradation process, when light shines on
the supernatant solution, the g-C3Ny4 catalyst absorbs photon energy,
allowing electrons in the valence band to move into the conduction band
while the holes remain in the valence band. The separated electrons and
holes actively contribute to the photocatalytic reaction, although some
may recombine. The conduction band potential of g-C3N4/CuO was less
favorable than the typical redox potential of Oy/.02- (—0.33 V), leading
to the rapid transformation of dissolved oxygen molecules into super-
oxide anion radicals. These reactive oxygen species initiate photo-
degradation by damaging the MB molecules. Electrons in the conduction
band break down organic pigments into HoO and CO,, reducing O to.
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Fig. 7. XPS survey spectrum of the (a)g-C3N4, (b) CuO and (c) g-C3N4/CuO catalyst.
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Fig. 9. Schematic illustration of g-C3N,4/CuO photocatalyst mechanism under
vis irradiation.

0,- [38].

Fig. 10 illustrates the catalytic effects of all the generated samples on
the degradation of the methylene blue (MB) solution, a process that
results in the breakdown of chromophores responsible for MB’s
distinctive color of MB. To align with the experimental data, the first-
order kinetic formula In(Cy/C) = kt was used, where k is the first-
order rate constant [39]. The calculated k values for g-C3N4, CuO, and
the g-C3N4/CuO nanocomposite were 0.063, 0.068, and 0.072 min~?},
respectively.

The zeta potential values of all three catalysts were evaluated using a
zeta potential analyzer (g-C3N4 = 41.6 mV, CuO = —46.8 mV, and g-
C3N4/CuO = —47.9 mV) by dispersing the samples in deionized water.
The surface of the g-C3N4/CuO nanocomposite exhibited more negative
charges than the surfaces of pure g-C3N4 and CuO, enhancing the like-
lihood of interaction with molecules of the cationic dye MB. When
visible light shines on the catalyst-mixed MB solution, a greater number
of photogenerated electrons are produced, especially for the g-CsNy4/
CuO catalyst with a more negative surface potential (—47.9 mV). The
increased negative surface charge of the g-C3N4/CuO nanocomposite
compared to pristine g-C3N4 and CuO is attributed to the formation of
the heterojunction. The strong electronic interactions between the two
components lead to the redistribution of surface charges. Specifically,
CuO donates electrons to g-C3N4, resulting in an overall more negative
charge on the composite surface. This enhanced negative charge facili-
tates stronger interactions with the cationic MB molecules, increasing
photocatalytic efficiency. The interaction between cationic dye mole-
cules (MB) and more negative charges, coupled with the presence of
photogenerated electrons, facilitated the rapid photocatalytic destruc-
tion of organic dye contaminants.

To understand the photocatalytic reaction mechanism during the
degradation of the MB solution, trapping experiments with the g-CgNy4/
CuO catalyst were carried out. To detect h+, eOH, ¢02-, and e, EDTA-
2Na, IPA, BQ, and AgNO3 were used as scavengers. It is clear from
Fig. 10e that adding AgNO3 greatly slows the deterioration of the MB
solution (it deteriorates by only 70 % in 40 min). Other scavengers, such
as EDTA-2Na, IPA, and BQ, on the other hand, had no discernible effect
on the MB photodegradation procedure. As a result, the primary oper-
ational species in the photo-oxidation reaction are the photogenerated
electrons.

The reusability of a catalyst is an essential factor for its practical
application, particularly in large-scale enterprises where cost-
effectiveness and sustainability are crucial considerations. A photo-
catalyst with high stability enables multiple uses, reducing the need for
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dation of MB solution in presence of g-C3N4/CuO catalyst under visible light irradiation with different cycles.

frequent replacement and making the contamination-removal process
more economically viable. This is particularly important in industries or
environmental remediation processes, where continuous and efficient
removal of contaminants is required over an extended period. Therefore,
the development of stable and reusable photocatalysts is vital for their
successful implementation in practical applications and for addressing
environmental challenges on a larger scale. The g-C3N4/CuO catalyst
was employed repeatedly with the MB solution five times to assess its
stability. Fig. 10f illustrates the results of the first and fifth iterations of
the experiment.

After several cycles, the photocatalytic activity of the g-C3N4/CuO
catalyst only slightly diminished, demonstrating the high level of sta-
bility of the catalyst. Therefore, the synthesized g-C3N4 photocatalyst
can be utilized to purify water repeatedly. These outcomes are compared
in Table 1 alongside previously published values.

4. Conclusions

In conclusion, the hydrothermal technique and simple thermal
decomposition enabled successful fabrication of g-C3N4, CuO, and g-
C3Ny4/CuO catalysts. Under visible-light irradiation, the synthesized g-
C3N4/CuO catalyst showed significantly improved photocatalytic per-
formance for MB degradation. More significantly, the g-C3N4/CuO
catalyst degraded Mb (98 %) dye with a higher degradation efficiency
than either the g-C3N4 catalyst or CuO catalyst. The g-C3N4/CuO cata-
lyst demonstrated notable photocatalytic efficiency, which was attrib-
uted to enhanced photogenerated electrons during the degradation
process. Additionally, its superior visible-light absorption was facilitated
by its larger surface area and greater number of active sites. Even after
five consecutive photocatalytic cycles, the g-C3N4/CuO catalyst main-
tained strong structural stability, indicating that the photocatalytic ac-
tivity did not change. Overall, the current catalyst may be a strong

Table 1
Photocatalytic degradation using comparable photocatalysts across diverse reaction environments.
S. No Photocatalysts Catalytic Degradation Dye (Catalyst dosage, dye dosage, dye concentration) Catalytic environments Rate of Catalytic activity References
1 Zn0/g-C3Ny methylene blue (100 mg, 100 ml, 50 mg/L Visible light (500 W) 88 % [40]
180 min
2 g-C3Ny/CuO methylene blue (80 mg, 100 ml, 50 mg/L) Visible light (500 W) 94 % [41]
100 min
3 CuO-SWCNT methylene blue (150 mg, 100 ml,0.1 mg/L) Natural sunlight 97 % [42]
120 min
4 TiO2/g-C3Ny Rhodamine B (50 mg, 100 mL, 10 mg/L) Visible light (300 W) 85 % (90 min) [43]
5 Ag/g-C3Ny Methyl orange (75 mg, 100 mL, 10 mg/L) UV light (250 W) 92 % (60 min) [43]
6 BiVO,/g-C3N4 Rhodamine B (100 mg, 100 mL, 20 mg/L) Visible light (300 W) 89 % (120 min) [44]
7 Cup0/g8-C3Ny Methylene blue (80 mg, 100 mL, 10 mg/L) Visible light (450 W) 96 % (80 min) [45]
8 g-C3Ny methylene blue (100 mg, 100 mL, 5 mg/L) Visible light (400 W) 94.4 % This work
40 min
9 CuO methylene blue (100 mg, 100 mL, 5 mg/L) Visible light (400 W) 96.3 % This work
40 min
10 g-C3N4/CuO methylene blue (100 mg, 100 mL, 5 mg/L) Visible light (400 W) 98 % This work

40 min
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candidate for applications involving environmental protection.
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