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Abstract: Water pollution caused by Rhodamine B (RhB) underscores the need for efficient
photocatalytic degradation methods. In this study, g-C3N4 nanosheets were synthesized via a one-
pot thermal polymerization method, with a constant melamine amount and varying NH4CI content.
The obtained g-C3N4 nanosheets exhibited the lateral size of around 0.5 X 2.5 pm and the thickness
of about 6-8 nm. g-C3Ny catalysts exhibited high efficiency in the degradation of RhB under
ultraviolet (UV) irradiation (365 nm). Within 60 min, RhB degradation reached ~ 99.78% with a
rate constant (k) ~ 0.114 min'. Based on the analytical results, a possible mechanism of
photocatalytic degradation was proposed. Its superior performance stems from its numerous active
sites and improved surface area, which promoted charge transfer and enhanced redox species

generation. Superoxide (O, ) and hydroxyl (-OH) radicals are the effective agents for

photodegrading RhB. This work demonstrates that g-CsN4 nanosheets function as an efficient
photocatalyst for removing organic pollutants from wastewater.
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1. Introduction

The escalating problem of global environmental pollution, especially water contamination, is widely
regarded as one of the most significant concerns for modern society as it poses a serious threat to
terrestrial and marine ecosystems, including human beings [1]. Rapid industrialization has led to
increased release of hazardous pollutants such as dyes, insecticides, pesticides, etc. from industrial,
agricultural, and livestock farming into wastewater, many of which are toxic, persistent, and difficult to
degrade [2].

Colored pigments are broadly utilized across several industries, such as food, leather, printing, paper,
fiber, textiles, etc. that discharge a large volume of wastewater containing hazardous substances and
organic dyes [3]. The untreated industrial effluents contaminate water bodies like rivers and ponds and
raise a major interest for governments and the scientific community. Thus, decontaminating the
wastewater would protect the environment and public health as well as the sustainable development of
countries.

Organic dyes are categorized into three distinct types: cationic, anionic, and non-ionic. Rhodamine
B (RhB) is a cationic dye with positive charge and a chemical formula of C3H31CIN,O; [4]. Its chemical
structure is illustrated in Figure 1. Due to its intricate aromatic structure, RhB is classified as a secondary
diazo dye. It is resistant to biodegradation and rather durable. It is commonly used to determine the
direction and velocity of flow thanks to its fluorescent characteristic, and therefore can be easily detected
by fluoroscopy. It is also used in biology to detect organisms, especially bacteria, biological
macromolecules, and heavy metal ions. In the industrial sector, RhB is a synthetic dye for textiles,
clothing, and food.
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Figure 1. Chemical structure of Rhodamine B (RhB) molecule.

However, it presents a particular concern due to its pronounced biological toxicity, high solubility,
and stability in water, which poses challenges in removing it from contaminated water. It exhibits a
carcinogenic potential, so products containing it must be labeled with a warning. Exposure to RhB can
lead to severe health impacts, such as respiratory damage, tissue necrosis, thus posing a substantial risk
to aquatic life and water quality [5]. Therefore, developing effective and sustainable strategies for the
removal of RhB is crucial.

Several methods have been applied for RhB removal, consisting of membrane filtration, adsorption,
sedimentation, flocculation, reverse osmosis, ozonation, sonophotocatalysis, chemical precipitation,
advanced oxidation processes (AOPs), electrochemical processes, biodegradation, flotation, etc. While
they are highly effective, their high-cost limits scalability. Photocatalysis has recently gained
considerable attention owing to its significant potential in degrading a broad range of organic
contaminants. Photocatalytic degradation offers a more economical and greener alternative through the
usage of highly active oxidants without causing secondary pollution [6]. Photocatalysts can break down
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dyes into harmless products like CO, and H,O under light illumination [7]. Photocatalysts use
photoexcited electron-hole pairs over semiconductors to form oxidative radicals to degrade the organic
pollutants. The efficiency of photocatalytic reaction strongly depends on various factors, including the
surface area, bandgap energy, crystallinity, morphology, composition of catalysts, light wavelength and
intensity, the presence of scavengers, pollutant concentration, pH value in the media, and so on.
Graphitic carbon nitride (g-C3;N4) is one of the eco-friendly and efficient photocatalyst that can
degrade RhB into less harmful compounds. g-C3Nj is a promising support owing to its stability, ease of
synthesis, inexpensive, non-toxic, and semiconducting properties. It shows strong ultraviolet light
activity due to its suitable bandgap (2.7 eV) [8], increased surface-active edge sites, effective charge
transfer, and high structural porosity. Under UV irradiation, g-C3;Ny efficiently generates electron-hole

pairs enhancing redox capability. Photoinduced electrons produce superoxide radicals (-O, ), while

photogenerated holes produce hydroxyl radicals (-OH ) [7]. These reactive species mineralize RhB into
CO;, H0, and other by-products. g-C3N4 is a metal-free polymeric carbon nanomaterial that has
received the great interest of researchers. For example, Luu H. Q. et al. have prepared TiO»@g-C3N4 Z-
scheme structure to degrade NO in visible light through plasma-treated photocatalytic [9]. Chu C. et al.,
have synthesized 2D carbon nitride with Co single atom for photocatalytic H,O» production [10]. Zhu
Q. et al.,, modified carbon-based heterostructures by binary heteroatom dopants (S and N) for
photocatalytic production of H,O> [11]. Liu B. et al., obtained S-doped g-CsN4/CuFeO, S-scheme
heterojunction for photocatalytic removal of RhB with 92.6% efficiency within 3 h [5]. Wang Y. et al.,
synthesized Pt/g-C3;N4 heterojunctions via photoreduction by integrating plasma Pt with g-C3Ny
nanotubes for methyl orange (MO) degradation [12]. Molaei P. et al. synthesized Se/g-CsN4 S-scheme
heterojunctions through a rapid thermal shock (RTS) strategy for methylene blue (MB) degradation [6].
Yaqoubi M. et al. have fabricated S-scheme CuMn»O./g-C3N4 heterojunction via a simple two-step
technique to destroy erythrosine below visible lamp [13]. Niknam M. et al. have synthesized g-
CsN4/NiAl-LDH/CeO; nanocomposites via a straightforward hydrothermal method for degradation of
RhB with an efficiency of 98% under UV irradiation after 350 min [14]. Alekseeva O.V. et al.
synthesized TiO,/g-C3;N4 composites using sol-gel method for destruction of organic dyes (Rhodamine
B, Methylene blue, Reactive Red 6C) under UV light [15]. Almotiry S. et al. prepared BaZnO/g-C3N4
nanocomposites for anionic and cationic dyes (Basic fuchsin and Congo red) degradation [8]. Ammar
S.H. et al. fabricated S/g-C3N4 composites for MB degradation with efficiency of 94.6% within 60 min
of visible light [16], and so on. These authors have focused on overcoming issues with single
composition catalysts such as limited responsiveness to visible light and rapid charge-carrier
recombination. The photocatalytic performance has been improved through surface modification,
doping, or heterojunction creation with other semiconductors to suppress electron-hole pair
recombination, reduce the bandgap, so enhance visible light absorption and photocatalytic efficiency.
To our best knowledge, there are no reports addressing the photocatalytic degradation of RhB dye with
individual g-C3N4 nanosheets. They offer outstanding benefits such as a large specific surface area,
reduced charge-diffusion distance, small bandgap, remarkable redox capacity, straightforward synthesis
and can operate as a highly efficient photocatalyst when exposed to UV light [17].

In this work, g-CsNs was developed to address the distinct environmental pollutant (RhB) via
photocatalytic degradation. Its superior photocatalytic performance is attributed to its improved charge
carrier generation under UV irradiation and reactive species formation. The primary aim of this research
is to construct g-C3N4 nanosheets photocatalysts and evaluate their photocatalytic effectiveness in the
degradation of RhB dye as a model of organic contaminant under UV light.
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2. Experimental
2.1. Synthesis Procedure of g-C3N,

g-C3N4 was prepared via a one-step thermal condensation method employing melamine (C3HeNe)
and ammonium chloride (NH4Cl) as precursors. 3 g of melamine and a certain amount of NH4Cl were
ground thoroughly in an agate mortar to achieve uniform mixing. The mixed precursor was dispersed in
10 ml of absolute ethanol (C;HsOH). The blended mixture was then placed in a lidded ceramic crucible
and subjected to thermal treatment at 520°C for 2 h with a ramp rate of 1°C/min. During the thermal
process, melamine underwent decomposition and polymerization, resulting in the formation of graphitic
carbon nitride (g-CsNs) as following:

C,H,N, > C,N, +2NH, (1)
Table 1. Amounts of precursors and designation of g-CsN4 products
No. Sample | Melamine (g) | NH4Cl (g) | Melamine/NH4Cl ratio
1 g-C3N,4 6:1 3 0.5 6:1
2 g-C3N4 6:2 3 1 6:2
3 g-C3N4 6:3 3 1.5 6:3
4 g-C3N4 6:4 3 2 6:4
5 g2-C3N4 6:6 3 3 6:6
6 g-C3N4 6:8 3 4 6:8

Simultaneously, ammonia (NH3) gas was released. After naturally cooling, the dark-coloured
powder product was thoroughly washed with ethanol to eliminate residual impurities and dried at 60°C
overnight. To investigate the effect of melamine/NH4Cl ratio on photocatalytic performance of
g2-C3Ny, a series of g-C3Ns was prepared by varying the amount of NH4Cl precursor from 0.5 g to 4 g,
and the resulting samples were designated as Table 1.

2.2. Characterization

Phase identification and the crystalline nature of g-CsNs were examined using power X-ray
diffraction (XRD, Bruker D8 Advance, Germany) with Cu-K, radiation (0.15418 nm) at 40 kV and a
scan rate of 10°/min in the range of 5-65°. The surface morphology was recorded using transmission
electron microscopy (TEM, JEOL JEM 1010, Japan) operating at 80 kV. The lattice distance was
determined by high resolution transmission electron microscopy (HRTEM, JEOL JEM 1010, Japan)
operating at 200 kV. The ultraviolet-visible (UV-Vis) absorption spectra were obtained on a JASCO
V770 spectrophotometer (Japan) in the wavelength range of 200-1000 nm. A photoluminescence
spectrometer (FLS1000, Scotland) was employed for the photoluminescent spectrum analysis using the
exciting wavelength of 365 nm. Energy-dispersive X-ray spectroscopy (EDS) measurement was
conducted using Hitachi SU 8020 (Japan).

2.3. Evaluation of Photocatalytic Activity in Rhodamine B Degradation

The precision of the experimental condition was a key factor in ensuring the validity of the results.
The photocatalytic efficiency of g-C3N4 was investigated by the degradation of RhB in the presence of
g-C3N4 under UV irradiation at room temperature. In the conventional photocatalytic procedure, six pink
solutions of RhB with known concentration of 15 ppm were prepared by dissolving 0.15 mg of RhB in
10 ml of deionized water. Subsequently, 10 mg of g-C3N4 was dispersed in each RhB solution, and the
mixture was stirred in the dark for 1 h to ensure uniform distribution of the photocatalytic agent as well
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as adsorption-desorption equilibrium. The photoreactor comprised a glass beaker fitted with a cooling
to maintain the solution temperature at approximately 25°C during the photocatalytic process. 1 ml of
the combined solution was taken out to determine the initial dye concentration (C,) and the remaining
mixture was then subjected to UV irradiation (365 nm) from a mercury lamp at the illumination intensity
of 1 mW/cm?. Subsequently, at regular intervals of 10 min, 1 ml of the suspension was withdrawn and
analyzed using UV-Vis spectrophotometer within the spectral range of 450-650 nm to evaluate its
photodegradation. The photodegradation efficiency of RhB was assessed by measuring the variation in
dye concentration through absorbance measurement at Amax = 553 nm using equation (2):
C A
E=1 C 1 A (2)

where C represents a concentration of dye at irradiation time (t), and C, denotes the initial concentration
of dye, A signifies absorbance at regular intervals, and A, is the initial absorbance. The pseudo-first-order
rate constant value (k) was estimated by linear fitting of In(C,/C) against time plot [18]:

In(C, /C)=kt +a 3)

3. Results and Discussion

3.1. Characterization
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Figure 2. (a) XRD patterns of g-C3N4 nanosheets prepared from different melamine/NH4Cl weight ratios,
(b) the crystallite size calculated from the width and position of (002) peak using Debye-Scherrer equation.

Powder XRD pattern was employed to examine the crystal structure, phase component, and purity
of the synthesized nanosheets. The diffraction profile was compared with standard reference pattern to
confirm the structural phase present. Figure 2a exhibits two distinct diffraction peaks at 20 value of
26.94° and 12.41°, corresponding to the (002) and (100) planes, respectively. These peaks align
accurately with the reference data for g-C3N4 (JCPDS No. 087-1526) [19]. The diffraction peaks appear
as sharp reflections of graphitic material. The weak (101) diffraction peak at 20 = 43.59° is due to the
axis of the graphite structure, consistent with prior research [20]. The diffraction peak at 64° is very
weak and disappeared as a large amount of NH4Cl was added. These results confirmed the successful

formation of g-C3N4 phase [21]. The crystallite size is calculated using the Debye-Scherrer equation
[22]:
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kA
D= )
BcosO
where D is the crystallite size (nm), A is the wavelength of X-ray used in the X-ray diffraction
experiment, k =0.893 is Scherrer constant, 3 is the full width at half maximum (FWHM) of the

diffraction peak (rad), 0 is the Bragg diffraction angle (°). From the calculation result (Figure 2b), the
average crystallite size of g-C3N4 nanosheets was 4.536 nm.

500.0nm
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Figure 3. TEM images of g-C3N4 nanosheets.

Transmission electron microscopy (TEM) image was performed to study the morphology of g-C3N4
with various melamine/NH4Cl weight ratios (6:8, 6:6, 6:3, and 6:1). Figure 3 provides a clear and visual
confirmation of g-C3N4 shape with lateral size of 0.5 X 2.5 um. The g-C3N4 sample presents a nanosheet
structure and layered nature with a smooth surface, compact arrangement, and thickness ranging from 6
to 8 nm. The stacking structure is highly porous with abundant surface-active sites for dye adsorption,
potentially resulting in improved degradation efficiency. These nanosheets form an interconnected
network which facilitate efficient charge carrier transport, thereby optimizing the photodegradation
process. The structural feature of g-C3Ns4 nanosheets was further elucidated using high-resolution
transmission electron microscopy (HRTEM) technique. Figure 4a shows well-defined lattice fringes that are
the parallel lines dividing the crystal surfaces, and interplanar d-spacing of 0.323 nm, corresponding to the
(002) plane. This result confirms the crystalline nature of g-C3N4 nanosheets.

Moreover, photoluminescence (PL) spectra in the range of 380-750 nm were employed to assess the
photoluminescent property of materials. The efficacy of photogenerated phenomenon when excited by
365 nm UV, electron-hole recombination rate, and the charge mobility of g-C3N4 nanosheets were
deduced from Figure 4b. g-CsNs 6:3 exhibits relative high PL intensity, indicative of rapid
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recombination of photogenerated charge carriers. In contrast, a noticeable reduction in PL. emission
intensity is observed for g-C3N,4 6:2, demonstrating its superior ability to inhibit electron-hole recombination
[23], contributing to the improved degrading efficiency of g-C3N, nanosheets against RhB.

The optical properties of the as-synthesized g-C;Ns4 nanosheets were examined via UV-Vis
spectroscopy. Figure 5a reveals the absorption from the ultraviolet region to the visible range with an
absorption edge around 400 nm. Furthermore, the optical bandgap energy value (E,) has been calculated
using the Tauc’s equation as follows [2]:

(chv)” =A(hv-E, )

where a, v, A, and Eg are the absorption coefficient, frequency of light, proportionality constant, and
energy bandgap. The Tauc plot (ahv)* versus hv exhibits a bandgap of 2.6 eV, indicating a direct
electronic transition (Figure 5b). g-C3N4 6:2 shows a noticeable red-shift of the edge to approximately
402.6 nm, with a slightly narrower bandgap of 2.5 eV [13]. The small optical gap enhances the light
absorption and photocatalytic activity [24].
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Figure 4. (a) HRTEM image, (b) the photoluminescent spectra of g-C3N4 nanosheets.
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Figure 5. (a) UV-Vis spectrum, (b) Tauc’s plot of g-C3N4 nanosheets.
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Figure 6. EDS spectrum of g-C3Ny4 6:6 sample.

EDS was employed to obtain the elemental composition and corresponding weight percentages of
the g-C3N4 sample. The analysis result shown in Figure 6 revealed distinct peaks for the C, N elements,
indicating the successful preparation of g-C3N4 nanosheets. No other elements were detected, further
confirming the purity of the obtained sample.

3.2. Photodegradation of Rhodamine B

In this study, the photocatalytic activity of g-CsN4 was evaluated using RhB as a model pollutant
under UV light irradiation at room temperature. The degradation process was systematically monitored
at 10-min intervals using a UV-Vis spectrophotometer until complete degradation was achieved. RhB
degradation occurring in the dark can be negligible. The degradation of RhB was analyzed from g-C3Ny
6:1 to g-C3N4 6:8 and compared with pristine RhB. Among them, g-C3N4 6:8 has demonstrated superior
photocatalytic effect over other g-CsN4 samples. The photodegradation of RhB was completed in 60
min under UV light in the presence of g-C3Njy as a photocatalyst.

The photocatalytic reaction of RhB was efficiently achieved using g-Cs;Ni nanosheets as a
photocatalyst. As illustrated in Figure 7a, RhB exhibits an absorption peak at 553 nm. The
photodegradation efficiency of RhB alone by UV light without a photocatalyst was minimal (59.35%)
after 60 min. Without g-C3sN4 photocatalyst, the photodegradation process was relatively slow with the
rate constant (k) of about 0.015 min™ (Figure 7d). Further, the effect of melamine/NH4Cl ratio on the
photodegradation performance of RhB was evaluated using various g-C3N4 samples. As shown in Figure
7b, increasing the melamine/NH4Cl ratio from 6:1 to 6:8 enhanced the photodegradation efficiency and
rate.

Table 2. The degradation efficiencies and rate constants of RhB using g-C3N,

Sample Efficiency (%) after 60 min UV light Rate constant (k, min™!)
g-C3N, 6:1 99.29 0.086
g-C3N, 6:2 99.54 0.096
g-C3N, 6:3 99.35 0.090
g-C3N, 6:4 99.44 0.097
g-C3N, 6:6 98.98 0.084
g-C3N, 6:8 99.78 0.114
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Figure 7. (a) Photocatalytic degradation profile of pristine RhB without g-C3Ns under UV illumination, (b)
comparison the photocatalytic efficiency of RhB after 10 min UV irradiation using different g-C3;N4 samples, (c)
The absorption spectra of photocatalytic degradation RhB using g-C3N; 6:8 as photocatalyst, (d)
photodegradation efficiency of RhB using different g-C3N4 samples, (e) the change of relative RhB
concentration (C/C,) against UV illumination time using g-C3N4 prepared from different melamine/NH4Cl ratios,
(f) the rate constant from the first-order kinetic curve In(Co/C) against time.
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In contrast, in the presence of any g-CsNi sample, the photodegradation performance was
significantly enhanced with the photodegradation efficiency of approximately 100% achieved within 60
min (Figure 7d), indicating that UV light alone is insufficient for effective photodegradation of RhB and
highlighting the essential role of g-C3;N4 as the photocatalyst. Upon UV illumination, g-C3;N4
demonstrates markedly superior photocatalytic degradation of RhB compared to bare RhB. g-Cs;N,4
showed an enhancement of about 1.68 folds over bare RhB, confirming that g-CsN4 significantly
improved photocatalytic activity. The application of g-C3N4 6:1 photocatalyst resulted in 99.29%
degradation, which rose to 99.54% with g-C;N4 6:2. The peak degradation of RhB, recorded at 99.78%,
was achieved using g-CsN, 6:8, as illustrated in Table 2.

Figure 7e¢ depicts the change in relative concentration (C/C,) over time and Figure 7f presents the
pseudo-first-order rate constant (k) for RhB degradation obtained from In(C,/C) against time linear plot.
The values of k increased from 0.086 to 0.114 min™ with increasing melamine/NH4Cl ratio from 6:1 to
6:8, demonstrating a strong dependence of the reaction rate on the g-C3N4 sample. The degradation rates
of 0.096 and 0.097 min™' were recorded with photocatalysts of g-C3N4 6:2 and g-C3N4 6:6, respectively.

Figure 8. The colour of RhB solution changed under UV light irradiation in the absence (upper image),
presence (lower image) of g-C3N4 nanosheets.

The highest degradation rate, recorded at 0.114 min™', was achieved employing g-CsNs 6:8
photocatalyst with a rapid photodegradation (~ 50.7% within 10 min of UV illumination) (Figure 7b).
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Hence, g-C3N4 6:8 was an optimal sample in improving photocatalytic activity. These results suggest
that the g-C3sN4 nanosheets exhibit effective photocatalytic activity in RhB degradation.

Table 3. Comparative photocatalytic performance of pristine g-C3Ny
and conventional materials for RhB degradation

Materials Light Efficiency (%) | Time (min) Rate o nls tant Ref.
source (min™)
Activated carbon/g- Visible 95.67 60 0.053 [7]
C3Ny
Spinel oxides Visible 85.20 60 0.075 [25]
AgsP04/CoFe204/RGO Visible 98.65 120 0.029 [23]
Ti0,/BizS3 Visible 93.80 120 0.021 [26]
Fe3/Nij-g-C3Ng Visible 99.20 120 0.045 [27]
2-C3N4 uv 99.78 60 0.114 This work

The addition of g-C3N4 nanosheets led to a change in the solution colour from pink to colourless
demonstrating the degradation of RhB under UV light (Figure 8), followed by a blue shift in the
absorption peak to 543 nm (Figure 7c). Superior photocatalytic degradation efficacy for RhB dye
underscores the significant impact of this research on the field of environmental science.

To benchmark the photocatalytic performance of g-CsN4 nanosheets, a comparative analysis was
conducted against previously reported photocatalysts in degrading RhB (Table 3). Pristine g-CsNy4
nanosheets in this work exhibited the highest efficiency and rate constant within 60 min compared to
other photocatalysts. This performance is attributed to the chosen light source and its narrow bandgap.
The integration of kinetic modeling, mechanistic insight, and comparative benchmarking highlights the
potential of g-C3N4 nanosheets for next-generation photocatalysts in environmental remediation.

3.3. Degradation Mechanism

The plausible mechanism for the photocatalyst in the degradation of RhB has been understood as
follows. The superior activity of g-CsN4 nanosheets was attributed to their enhanced electron transfer
across the catalyst surface and adsorption capability, making them a highly efficient and promising
photocatalyst for the degradation of RhB dye. The improvement stems from large surface area and rich
redox-active sites that promote the dye adsorption and graphitic-mediated reactive oxygen species
(ROS) generation. The photocatalytic process of RhB follows pseudo-first-order reaction kinetics in the
presence of g-C3Ni nanosheets, including four stages [28]: i) Adsorption of RhB molecules on the
surface of g-CsN4 nanosheets; ii) Diffusion of RhB molecules to the catalyst’s active sites; iii)
Conversion of RhB to CO; and H»O on the catalyst’s surface; iv) desorption of products from the surface.

The photogenerated electrons and holes promote the in-situ formation of superoxide radicals (-O, ) and

hydroxyl radicals (-OH ) [29].

The g-C3N4 photocatalysis activity can be described by considering the electronic band structure.
The redox mechanism can be deduced from the conduction band (CB) and valence band (CB) potential
calculations. The band-edge potential and bandgap of g-C3Ny4 are 4.73 eV and 2.78 eV, respectively [2].
The valence band (VB) and conduction band (CB) positions of g-C3;N4 were calculated to be 1.62 eV
and — 1.16 eV, respectively [15]. Under UV light irradiation, g-C3N4 nanosheets absorb photons that
possess energy larger than bandgap of g-CsN4 (hv > E, ), promoting electrons from the VB to the CB

and leaving holes behind in the VB, generating electron-hole pairs:
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g—-CN, +hv e +hy, (5)

The recombination process between electrons in the CB with holes in the VB of g-C3N4 removes the
weaker reducing electrons and weaker oxidizing holes, leaving strong electrons in the CB and strong
holes in the VB of g-C3N4, facilitating the spatial separation of photogenerated electrons and holes. The

strongly reducing electrons efficiently convert dissolved O, into superoxide radicals (O, ), while the
highly oxidative holes readily oxidize water to hydroxyl radicals (-OH ) and H" ions [14].
ey +0, >0, (6)
hy; +H,0>-OH+H" (7
The low positive valence band potential of g-C3N4 (1.62 V) indicates that the holes on the valence

band are unable to produce -OH through a reaction with hydroxide ions (OH™ ) [30]. Additionally, the
conduction band electrons of g-C3N4 possess a more negative potential of -1.22 eV and are capable of

initiating the reduction of adsorbed O, molecules to -O; . -O; radicals can undergo protonation with H"
ions to form hydroxyl radicals (-OH ) [31].

‘0, +2H" - 2-OH ®)
E (eV)

0 RhB
MRy "GN

CO, + H,0 + by-product

CO, + H,0 + by-product

V 7
LTS | AOARBER, . B AR < - 'Oﬂﬁ_ '
oxidation
H,0

RhB

g-CN,

Figure 9. Plausible mechanism for photocatalytic degradation of RhB using g-C3;N4 nanosheets.

These reactive oxygen species (-O, and -OH ) attack and decompose RhB molecules into CO»,
H,O, and other mineralized products until complete mineralization (Figure 9).

146-OH + C,,H, CIN,0, — 28CO, +87H,0+ HCl + 2HNO, )

65-0; +2C,H,,CIN,0, — 56CO, +24H,0 + 2NH, + 2NH,Cl + 65¢” (10)

The previous experiments specified the h™ and O, significant involvement of dye degradation and

the moderate role of electrons and -OH. It is said that g-C3Ns strengthens redox capability and
significantly accelerates the photocatalytic degradation of RhB. g-C3;Ns4 demonstrated excellent
photocatalyst for the removal of organic pollutants from water resources.
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An increase in melamine/NH4Cl weight ratio from 6:1 to 6:8 results in a greater generation of
hydroxyl free radical due to an augmentation of active sites on the catalyst’s surface, enhancing the
effectiveness of photocatalytic degradation. The photocatalytic process is influenced by the shape, size,
active surface area of the photocatalyst, and light source. The high rate is attributed to the use of
ultraviolet light instead of visible radiation.

4. Conclusions

In summary, g-CsNs nanosheets were successfully synthesized via a thermal polymerization
approach and demonstrated excellent photocatalytic performance for the removal of Rhodamine B
(RhB). XRD, TEM, HRTEM, UV-Vis, PL, and EDS techniques revealed the crystalline phase, sheet-
like morphology, size, lattice spacing, and bandgap of g-C3;N4. The obtained product efficiently
photodegraded RhB with 99.78% efficiency within 60 min (k = 0.114 min™") under UV light (365 nm).
The high activity of g-C3N4 nanosheets arises from abundant active sites on their surfaces for RhB
adsorption, redox-active centers and electron transfer. UV photons generate superoxide and hydroxyl
radicals that are the effective agents for photodegrading RhB molecules. Overall, g-CsN4 nanosheets are
efficient catalyst for the sustainable removal of organic pollutants from aqueous systems.
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