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A metal-free oxygen-doped graphitic carbon nitride (O-g-C3N4) photocatalyst was

synthesized via a facile one-step thermal polycondensation of melamine followed by

ultrasonic dispersion. The obtained O-g-C3N4 exhibited a pseudo-layered structure and

nanoscale morphology. The optical band gap was determined to be 2.64 eV, indicating

visible-light activity. The photocatalytic performance was evaluated through the degradation

of methylene blue under solar irradiation, achieving nearly complete degradation within

120 min. Kinetic analysis revealed that the process follows a pseudo-first-order model

with a rate constant of 0.018 min–1. The enhanced photocatalytic activity is attributed to

oxygen-induced modification of the electronic structure and improved charge separation.

The results demonstrate that O-g-C3N4 is an efficient metal-free photocatalyst for

wastewater treatment applications.
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Introduction
In recent decades, the contamination of water

resources by anthropogenic organic compounds has
become a critical environmental issue. A wide range
of hazardous substances, including dyes,
pharmaceuticals, surfactants, pesticides, and other
industrial chemicals, have been detected in both
wastewater and natural water systems. Many of these
pollutants are characterized by high toxicity, persistence,
and resistance to biodegradation, posing serious risks
to ecosystems and human health [1–6].

Synthetic organic compounds represent a major
class of water pollutants due to their continuous release
from industrial, agricultural, and domestic sources.
Even at low concentrations, these compounds can
exhibit mutagenic, carcinogenic, and endocrine-
disrupting effects. Therefore, the development of
efficient, environmentally friendly, and cost-effective
technologies for water purification is of great importance
[7–10].

Conventional treatment methods, such as
adsorption, coagulation, membrane filtration, and
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electrochemical processes, have been widely applied
for pollutant removal. However, these techniques often
suffer from several limitations, including high
operational cost, incomplete mineralization, and the
generation of secondary pollutants [11–14]. In this
regard, advanced oxidation processes (AOPs),
particularly heterogeneous photocatalysis, have attracted
increasing attention due to their ability to generate
reactive oxygen species capable of degrading organic
pollutants into harmless end products under light
irradiation [15–18].

Titanium dioxide (TiO2) has been extensively
studied as a photocatalyst because of its chemical
stability, non-toxicity, and low cost. However, its wide
band gap restricts its activity to the ultraviolet region,
which significantly limits the utilization of solar energy.
Therefore, the development of visible-light-active
photocatalysts is highly desirable [19,20].

Graphitic carbon nitride (g-C3N4) has emerged
as a promising metal-free semiconductor due to its
suitable band structure, high thermal and chemical
stability, and facile synthesis from nitrogen-rich
precursors such as melamine. Owing to its moderate
band gap, g-C3N4 can absorb visible light and has
been widely investigated in photocatalytic applications,
including organic pollutant degradation [21–24].
Nevertheless, pristine g-C3N4 suffers from rapid
recombination of photogenerated electron–hole pairs
and relatively low photocatalytic efficiency.

To overcome these limitations, various
modification strategies have been developed, among
which heteroatom doping is considered an effective
approach. In particular, oxygen doping can significantly
modify the electronic structure of g-C3N4, introduce
defect sites, and enhance charge separation efficiency,
thereby improving photocatalytic performance under
visible light [25–29].

In this work, nanosized oxygen-doped graphitic
carbon nitride (O-g-C3N4) was synthesized via thermal
polycondensation of melamine in air. The
physicochemical properties of the material were
systematically investigated, and its photocatalytic
activity was evaluated through the degradation of
methylene blue under solar irradiation. Particular
attention was paid to the kinetic behavior of methylene
blue degradation and the role of oxygen doping in
enhancing photocatalytic performance.

Materials and methods
Materials
Melamine (C3H6N6, 99%), isopropyl alcohol

(C3H7OH, 96%), distilled water, and methylene blue
(MB) were used as starting materials. All chemicals
were of analytical grade and used without further
purification.

Synthesis of O-g-C3N4 photocatalyst
Oxygen-doped graphitic carbon nitride

(O-g-C3N4) was synthesized via a facile one-step
thermal polycondensation of melamine.

Melamine was placed into a sealed autoclave
without prior degassing. The synthesis was carried out
in the presence of air, without using an inert
atmosphere. After loading, the autoclave was tightly
closed and subjected to thermal treatment at 5000C
for 3 h.

During the thermal process, melamine underwent
polycondensation, leading to the formation of a
graphitic carbon nitride structure. The presence of air
in the closed system is assumed to promote the
incorporation of oxygen-containing functional groups
into the structure, resulting in oxygen doping.

After cooling, the obtained product was dispersed
in a water–isopropanol medium and treated
ultrasonically for 6 h using a UM-2 ultrasonic disperser
(Unitra Unimasz Olsztyn, Poland) operating at
50 kHz to obtain nanosized particles.

Characterization techniques
The structural, morphological, thermal, and

optical properties of the synthesized material were
investigated using a set of physicochemical methods.

FTIR spectra were recorded using a Bruker
spectrometer (Bruker, Germany) in the range of
400–4000 cm–1 using KBr pellets prepared by pressing
the sample with potassium bromide.

Phase composition was analyzed by X-ray
diffraction (XRD) using an X’Pert PRO diffractometer
(Malvern Panalytical, Netherlands) with CuKα
radiation (λ=1.54056 Å). The measurements were
performed in the 2θ range of 10–800 with a scanning
step of 0.010.

Surface morphology and elemental composition
were examined by scanning electron microscopy
combined with energy-dispersive X-ray spectroscopy
(SEM-EDX) using a JSM-IT200LA microscope
(JEOL Ltd., Japan).

Particle size and internal structure were analyzed
by transmission electron microscopy (TEM) using a
CM30 microscope (Philips, Netherlands).

Optical properties were investigated by
UV–Vis diffuse reflectance spectroscopy using an
EMC-30PC-UV/VIS spectrometer (Germany).

Photoluminescence (PL) spectra were recorded
in the wavelength range of 300–1100 nm using a
Cary Eclipse fluorescence spectrophotometer (Agilent
Technologies, USA).

Thermal stability was studied by
thermogravimetric analysis (TGA/DTG) using a
DTG-60 instrument (Shimadzu, Japan) under argon
atmosphere in the temperature range of 30–9000C
with a heating rate of 100C/min and a sample mass
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of approximately 10 mg.
Photocatalytic activity tests
The photocatalytic activity of O-g-C3N4 was

evaluated by the degradation of MB in aqueous solution
under solar irradiation.

For the experiment, 0.5 g of the photocatalyst
was dispersed in 500 mL of MB solution. Prior to
irradiation, the suspension was stirred in the dark for
15 min to establish adsorption–desorption equilibrium.

During the photocatalytic reaction, 2 mL aliquots
were withdrawn every 15 min, centrifuged to remove
solid particles, and analyzed spectrophotometrically.

The concentration of MB was determined using
a UV-5100 UV–Vis spectrophotometer (Metash
Instruments Co., Ltd., China).

Kinetic analysis
The photocatalytic degradation kinetics of

methylene blue was analyzed using zero-order, first-
order, and second-order kinetic models. The
experimental data were fitted using the following
equations:
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where C0 and C are the initial and current
concentrations of the dye, respectively; k0, k1, and k2

are the rate constants of zero-, first-, and second-

order reactions, respectively; and t is the reaction
time.

Results and discussion

FTIR analysis
The structural features of the synthesized oxygen-

doped graphitic carbon nitride (O-g-C3N4) were
investigated using Fourier transform infrared (FTIR)
spectroscopy. The obtained spectrum exhibits
characteristic absorption bands confirming the
formation of a polymeric graphitic carbon nitride
framework with oxygen-containing functional groups
(Fig. 1).

A broad absorption band observed at ~3157 cm–1

is attributed to the stretching vibrations of
–NH2, –NH, and –OH groups. The presence of this
band indicates residual amino functionalities as well
as hydroxyl groups, which may originate from
incomplete polycondensation of melamine and the
incorporation of oxygen during synthesis in an air-
containing environment.

A distinct band at ~802 cm–1 corresponds to the
breathing mode of the tri-s-triazine (heptazine) units,
which is a typical fingerprint of graphitic carbon nitride.
This confirms the formation of a condensed
heterocyclic structure.

Strong absorption bands located at ~1315 and
~1229 cm–1 are assigned to the stretching vibrations
of C–N–C and C–NH–C linkages in the polymeric
network. These bands indicate the formation of a
conjugated structure characteristic of g-C3N4. Additional
bands at ~1568 and ~1624 cm–1 are attributed to the
stretching vibrations of C=N bonds and aromatic
heterocycles within the heptazine framework.

The band at ~887 cm–1 can be associated with

Fig. 1. FTIR spectrum of oxygen-doped graphitic carbon nitride (O-g-C3N4)
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vibrations of the six-membered heterocyclic ring, while
the weak band at ~665 cm–1 corresponds to
deformation vibrations of amino groups. Low-
frequency bands observed at ~473 and ~667 cm–1 are
related to skeletal vibrations of the condensed
heterocyclic structure.

Overall, the FTIR results confirm the successful
formation of oxygen-doped graphitic carbon nitride.
The presence of characteristic heptazine units, C–N
and C=N bonds, along with oxygen- and hydrogen-
containing functional groups, is consistent with the
proposed structure of O-g-C3N4 synthesized via thermal
treatment of melamine in a sealed air environment.

XRD analysis
The crystal structure of the synthesized oxygen-

doped graphitic carbon nitride (O-g-C3N4) was
investigated by X-ray diffraction (XRD). The
diffraction pattern exhibits two characteristic reflections
located at 2θ≈13.270 and 27.170, which correspond to
the (100) and (002) crystallographic planes,
respectively (Fig. 2).

The diffraction peak at ~13.270 is attributed to
the in-plane structural ordering of tri-s-triazine
(heptazine) units, indicating the periodic arrangement
of the fundamental building blocks within the
polymeric network. The more intense peak at ~27.170

corresponds to the interlayer stacking of the conjugated
aromatic structure, which is typical for graphitic carbon
nitride materials and reflects the layered nature of the
material.

The observed diffraction pattern is consistent
with previously reported data for g-C3N4 and confirms

the formation of a pseudo-layered structure. The
relatively broad diffraction peaks indicate a low degree
of crystallinity and suggest the presence of nanosized
crystallites.

The crystallite size of O-g-C3N4 was estimated
using the Scherrer equation based on the broadening
of diffraction peaks. The calculated crystallite sizes
for different reflections are presented in Table 1. The
results show that the dominant fraction of crystallites
is in the range of ~3.9–6.0 nm, with the most intense
peak at 2θ≈27.170 corresponding to a crystallite size
of approximately 3.92 nm.

In addition, crystallites with sizes of
approximately 5–6 nm are also observed, while a
minor fraction of larger crystallites (~18.6 nm) appears
at higher diffraction angles. This distribution indicates
a polydisperse structure with predominantly nanoscale
domains. Such structural features are favorable for
photocatalytic applications, as reduced crystallite size
can enhance surface reactivity and facilitate charge
transfer processes.

Overall, the XRD results confirm the successful
formation of oxygen-doped graphitic carbon nitride
with a layered structure composed of nanosized
crystallites.

UV–Vis diffuse reflectance and band gap analysis
The optical properties of the synthesized

O-g-C3N4 photocatalyst were investigated using
UV–Vis diffuse reflectance spectroscopy (DRS), as
shown in Fig. 3a. The obtained spectrum demonstrates
significant absorption in the visible region, indicating
the ability of the material to be activated under solar

Fig. 2. XRD pattern of oxygen-doped graphitic carbon nitride (O-g-C3N4)
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irradiation.
The optical band gap energy (Eg) was estimated

using the Kubelka–Munk function derived from the
diffuse reflectance data and further analyzed by the
Tauc plot method, as shown in Fig. 3b. The
relationship between photon energy (hν) and the
transformed reflectance function was used to determine
the band gap energy.

The calculated band gap of O-g-C3N4 was found
to be approximately 2.64 eV, which is characteristic
of graphitic carbon nitride and confirms its
semiconductor nature. This value indicates that the
synthesized material is active in the visible light region,
making it suitable for photocatalytic applications under
solar irradiation.

The relatively narrow band gap compared to
conventional wide-band-gap photocatalysts allows for
enhanced light absorption and improved utilization
of the solar spectrum. In addition, oxygen doping is
expected to introduce defect states and modify the
electronic structure, which can facilitate charge carrier
separation and reduce recombination rates.

As a result, the observed optical properties of
O-g-C3N4 contribute to its enhanced photocatalytic
performance in the degradation of organic pollutants.

SEM and TEM analysis
The morphology and microstructure of the

synthesized O-g-C3N4 were investigated using scanning
electron microscopy (SEM) and transmission electron
microscopy (TEM).

The SEM images at different magnifications
(Fig. 4a–d) reveal that the material exhibits a
heterogeneous and irregular morphology composed of
agglomerated particles with layered and plate-like
features. At lower magnifications (Fig. 4a,b), the sample
appears as loosely packed aggregates, while at higher
magnifications (Fig. 4c,d), a more developed structure
consisting of interwoven sheet-like and partially
elongated features is observed.

Such morphology is attributed to the release of
gaseous products (e.g., NH3) during the thermal
polycondensation of melamine, followed by structural
rearrangement. The presence of wrinkled and stacked
layers indicates the formation of a graphitic-like

structure with a certain degree of disorder, which is
typical for g-C3N4 materials.

The EDX spectra (Fig. 4e,f) confirm that the
material is mainly composed of carbon and nitrogen,
with a small amount of oxygen, indicating successful
incorporation of oxygen into the g-C3N4 framework.
The detected oxygen is associated with doping and
the formation of oxygen-containing functional groups
during synthesis in an air-containing environment.

TEM analysis (Fig. 5a–c) provides further insight
into the internal structure of the material. The images
reveal the presence of nanoscale structures with partially
elongated and tubular-like morphology. In particular,
individual tubular-like features with diameters on the
order of ~8 nm can be observed (Fig. 5a,b). However,
these structures are not uniformly distributed and appear
together with irregular nanoscale domains, indicating
a predominantly disordered nanostructured framework.

The formation of such tubular or fiber-like
features may be associated with local structural
rearrangement during thermal treatment and
subsequent ultrasonic dispersion. Overall, the material
consists mainly of nanosized domains with a
heterogeneous structure.

The presence of nanoscale features and structural
disorder implies a high density of defect sites, which
can act as active centers and facilitate charge separation.
These characteristics are favorable for enhancing the
photocatalytic activity of O-g-C3N4.

Particle size distribution (DLS analysis)
The particle size distribution of the synthesized

O-g-C3N4 was analyzed using dynamic light scattering
(DLS). The results (Fig. 6a,b) indicate that the material
exhibits a bimodal size distribution.

The dominant fraction of particles is centered at
approximately 30.6 nm, accounting for about 86% of
the total population. A secondary fraction with a larger
average size of approximately 176.7 nm contributes
about 13–14%, which can be attributed to particle
aggregation in the suspension.

The presence of larger particles is likely associated
with the formation of agglomerates in the water–
alcohol medium, as well as the development of a
solvation shell around the particles. As a result, the

Table 1

Crystallite size of O-g-C3N4 calculated using the Scherrer equation

No. 2θ (0) d (Е) I/I? (%) β (FWHM) D (nm) 

1 13.27 6.665 34 1.384 6.04 

2 24.97 3.563 18 1.455 5.84 

3 27.17 3.279 100 2.181 3.92 

4 29.52 3.023 13 1.500 5.72 

5 77.43 1.232 10 0.572 18.59 
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hydrodynamic diameter measured by DLS is typically
larger than the actual particle size observed by TEM.

The bimodal distribution indicates that the
synthesized material consists predominantly of
nanoscale particles with partial aggregation. Such
structural characteristics are typical for g-C3N4-based
materials obtained via thermal condensation and
subsequent ultrasonic dispersion.

TGA/DTG analysis
The thermal stability and composition of the

synthesized O-g-C3N4 were investigated by
thermogravimetric analysis (TGA) and differential
thermogravimetric analysis (DTG). The corresponding
thermograms are presented in Fig. 7.

The TGA curve shows that the material exhibits
relatively high thermal stability up to approximately
500–5400C, indicating the formation of a stable
polymeric structure characteristic of graphitic carbon
nitride.

In the temperature range of 56–5310C, a gradual

Fig. 3. (a) UV–Vis diffuse reflectance spectrum of O-g-C3N4; (b) Tauc plot for band gap determination

(a) (b) (c) (d) 

(e) (f) 

Fig. 4. SEM images of O-g-C3N4 at different magnifications: (a) ×200; (b) ×500; (c) ×1000; (d) ×2000; (e)

and (f) corresponding EDX spectra

(a) (b) 
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weight loss is observed, which can be attributed to the
removal of physically adsorbed species, residual
intermediates, and incomplete condensation products.
This stage is accompanied by endothermic processes,
indicating structural rearrangement and further
condensation of the polymeric network.

A significant and rapid mass loss occurs in the
temperature range of 542–6840C, corresponding to
the thermal decomposition of the g-C3N4 framework.
This stage is associated with the breakdown of the
conjugated nitrogen–carbon structure and the release
of gaseous products such as NH3  and other nitrogen-
containing species.

The total weight loss during the decomposition
process reaches approximately 82.1%, which is
consistent with the thermal degradation behavior of

polymeric carbon nitride materials.
The DTG curve shows a pronounced peak in

the high-temperature region, confirming that the main
decomposition occurs within a relatively narrow
temperature interval. This behavior indicates a well-
formed but thermally decomposable polymeric
structure.

Overall, the thermal analysis demonstrates that
O-g-C3N4 possesses sufficient thermal stability for
photocatalytic applications under ambient and
moderate temperature conditions. The decomposition
temperature is consistent with previously reported values
for g-C3N4 materials.

Photocatalytic activity
The photocatalytic activity of the synthesized

O-g-C3N4 was evaluated by the degradation of

Fig. 5. TEM images of O-g-C3N4: (a) and (b) tubular-like nanostructures (~8 nm diameter);

 (c) distribution of nanosized domains

Fig. 6. Particle size distribution of O-g-C3N4 obtained by DLS: intensity distribution and size distribution analysis

   

(a) (b) (с) 
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Fig. 7. TGA and DTG curves of oxygen-doped graphitic carbon nitride (O-g-C3N4)

methylene blue (MB) in aqueous solution under
different irradiation conditions, including UV, visible,
and solar light. The variation of MB concentration
with irradiation time is presented in Fig. 8.

Prior to irradiation, the suspension was stirred
in the dark for 15 min to establish adsorption–
desorption equilibrium. The results indicate that the
decrease in MB concentration during this stage was
negligible, confirming that adsorption plays a minor
role in the overall removal process.

As shown in Fig. 8, the photocatalytic degradation
efficiency strongly depends on the irradiation source.
In the absence of the photocatalyst, only a slight
decrease in MB concentration was observed, indicating

that photolysis alone is insufficient for effective
degradation.

In contrast, the presence of O-g-C3N4

significantly enhances the degradation rate. Among
the tested irradiation conditions, the highest
photocatalytic activity is observed under solar
irradiation, followed by UV and visible light. Under
solar light, the concentration of methylene blue
decreases rapidly, reaching nearly complete degradation
within 120 min.

This enhanced performance can be attributed to
the ability of O-g-C3N4 to absorb a broad range of
light due to its band gap energy of 2.64 eV, enabling
efficient utilization of visible light. Additionally,

Fig. 8. Photocatalytic degradation of methylene blue over O-g-C3N4 under UV, visible, and solar irradiation
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oxygen doping is expected to modify the electronic
structure and introduce defect states, which improve
charge separation and suppress recombination of
photogenerated electron–hole pairs.

Upon light irradiation, electron–hole pairs are
generated in the semiconductor. The photogenerated
electrons react with dissolved oxygen to form
superoxide radicals (O2

·–), while holes oxidize water
or hydroxide ions to produce hydroxyl radicals (·OH).
These reactive oxygen species play a key role in the
degradation of methylene blue molecules.

Overall, the results demonstrate that O-g-C3N4

exhibits high photocatalytic efficiency under solar
irradiation and is a promising material for the removal
of organic pollutants from aqueous systems.

Kinetic analysis
The kinetics of methylene blue degradation over

O-g-C3N4 was investigated using zero-order, first-order,
and second-order kinetic models. The corresponding
linear fitting plots are presented in Fig. 9a–c, and
the calculated kinetic parameters are summarized in
Table 2.

The zero-order kinetic model (Fig. 9a) shows a
moderate linear relationship with a correlation
coefficient of R2=0.9655, indicating that the
degradation process does not strictly follow zero-order
kinetics.

The first-order kinetic model (Fig. 9b) exhibits
the best linear fit, with a correlation coefficient of
R2=0.9892, confirming that the photocatalytic
degradation of methylene blue follows a pseudo-first-
order kinetic model. The corresponding apparent rate
constant is k1=0.018 min–1.

In contrast, the second-order model (Fig. 9c)

shows a lower correlation coefficient (R2=0.8985),
indicating a poorer agreement with the experimental
data.

As shown in Table 2, the comparison of
correlation coefficients clearly demonstrates that the
first-order model provides the most accurate description
of the degradation process. This behavior is typical
for photocatalytic reactions at relatively low pollutant
concentrations, where the reaction rate is primarily
governed by the concentration of the organic substrate.

These results indicate that the degradation of
methylene blue over O-g-C3N4 proceeds via surface-
mediated photocatalytic reactions involving reactive
oxygen species, while the concentration of active
radicals remains relatively constant during the process.

Conclusions

A simple and scalable strategy for the synthesis
of oxygen-doped graphitic carbon nitride (O-g-C3N4)
was successfully demonstrated using a one-step thermal
treatment in a sealed air environment, eliminating
the need for inert conditions.

The obtained material combines a pseudo-layered
architecture with nanoscale structural features
(≈4–6 nm crystallites and ≈30 nm particle size) and
oxygen-induced modification of the electronic structure.
Such structural characteristics, together with a band
gap of 2.64 eV, enable efficient visible-light absorption
and promote improved charge carrier separation.

As a result, the photocatalyst exhibits high
efficiency in methylene blue degradation, achieving
nearly complete removal within 120 min under solar
irradiation. The degradation process follows pseudo-
first-order kinetics with a rate constant of 0.018 min–1,
indicating a surface-controlled photocatalytic

Table 2

Kinetic parameters of methylene blue degradation over O-g-C3N4 under solar irradiation

(a) (b) (ñ)

Fig. 9. Kinetic models for methylene blue degradation over O-g-C3N4: (a) zero-order; (b) pseudo-first-order; (c) second-order
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mechanism.
The enhanced performance arises from the

combined effect of oxygen-related defect states, which
suppress recombination, and the nanoscale morphology
providing accessible active sites.

Overall, the developed O-g-C3N4 demonstrates
that combining facile synthesis with targeted electronic
structure tuning is an effective strategy for designing
efficient metal-free photocatalysts. The proposed
approach offers strong potential for scalable applications
in solar-driven water purification and environmental
remediation.
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ÏÐÎÑÒÈÉ ÑÈÍÒÅÇ ² Ô²ÇÈÊÎ-Õ²Ì²×Í²
ÂËÀÑÒÈÂÎÑÒ² ÊÈÑÅÍÜ-ÄÎÏÎÂÀÍÎÃÎ
ÃÐÀÔ²ÒÎÏÎÄ²ÁÍÎÃÎ Í²ÒÐÈÄÓ ÂÓÃËÅÖÞ
(O-g-C

3
N

4
) ÄËß ÅÔÅÊÒÈÂÍÎ¯ ÔÎÒÎÊÀÒÀË²ÒÈ×ÍÎ¯

ÄÅÃÐÀÄÀÖ²¯ ÌÅÒÈËÅÍÎÂÎÃÎ ÑÈÍÜÎÃÎ

Ã. Ñ³äðàñóë³ºâà, Í. Êàòòàºâ, Õ. Àêáàðîâ, À. Àéòìóðàòîâà,
Ñ. Óñíàòä³íîâà, Äæ. Ìàìàòîâ, Ñ. Îòàæîíîâ,
Ð. Ìóÿññàðîâà, Ñ. Ò³ëåóáàºâ

Áåçìåòàëåâèé ôîòîêàòàë³çàòîð íà îñíîâ³ äîïîâàíîãî
êèñíåì ãðàô³òîïîä³áíîãî í³òðèäó âóãëåöþ (O-g-C3N4) áóëî
ñèíòåçîâàíî øëÿõîì ïðîñòîãî îäíîñòàä³éíîãî òåðì³÷íîãî
ïîë³êîíäåíñóâàííÿ ìåëàì³íó ç ïîäàëüøèì óëüòðàçâóêîâèì
äèñïåðãóâàííÿì. Îäåðæàíèé O-g-C3N4 õàðàêòåðèçóâàâñÿ
ïñåâäîøàðóâàòîþ ñòðóêòóðîþ òà íàíîðîçì³ðíîþ ìîðôîëî-
ã³ºþ. Âñòàíîâëåíî, ùî øèðèíà çàáîðîíåíî¿ çîíè ñòàíî-
âèòü 2,64 åÂ, ùî ñâ³ä÷èòü ïðî àêòèâí³ñòü ó âèäèì³é îá-
ëàñò³ ñïåêòðà. Ôîòîêàòàë³òè÷íó åôåêòèâí³ñòü îö³íþâàëè çà
ñòóïåíåì äåãðàäàö³¿ ìåòèëåíîâîãî ñèíüîãî ï³ä ä³ºþ ñî-
íÿ÷íîãî âèïðîì³íþâàííÿ; ìàéæå ïîâíå ðîçêëàäàííÿ
áàðâíèêà äîñÿãàëîñÿ ïðîòÿãîì 120 õâ. Ê³íåòè÷íèé àíàë³ç
ïîêàçàâ, ùî ïðîöåñ îïèñóºòüñÿ ìîäåëëþ ïñåâäîïåðøîãî
ïîðÿäêó ç êîíñòàíòîþ øâèäêîñò³ 0,018 õâ–1. Ï³äâèùåíà
ôîòîêàòàë³òè÷íà àêòèâí³ñòü çóìîâëåíà ìîäèô³êàö³ºþ
åëåêòðîííî¿ ñòðóêòóðè, ³íäóêîâàíîþ êèñíåì, à òàêîæ ïî-
êðàùåíèì ðîçä³ëåííÿì çàðÿä³â. Îòðèìàí³ ðåçóëüòàòè
äåìîíñòðóþòü, ùî O-g-C3N4 º åôåêòèâíèì áåçìåòàëåâèì
ôîòîêàòàë³çàòîðîì äëÿ çàñòîñóâàííÿ â òåõíîëîã³ÿõ î÷èùåííÿ
ñò³÷íèõ âîä.

Êëþ÷îâ³ ñëîâà: O-g-C3N4; íàíî÷àñòèíêè; ìîðôîëîã³ÿ;
ôîòîêàòàë³ç; ìåòèëåíîâèé ñèí³é; âèäèìå ñâ³òëî; î÷èùåííÿ
ñò³÷íèõ âîä.
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FACILE SYNTHESIS AND PHYSICOCHEMICAL
PROPERTIES OF OXYGEN-DOPED GRAPHITIC
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PHOTOCATALYTIC DEGRADATION OF METHYLENE
BLUE
Gozzal Sidrasulieva a, Nuritdin Kattaev a, Khamdam Akbarov a, *,
Altinay Aytmuratova a, Sarbinaz Usnatdinova a,
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Rayhona Muyassarova b, Sadatdin Tileubaev c
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A metal-free oxygen-doped graphitic carbon nitride
(O-g-C3N4) photocatalyst was synthesized via a facile one-step
thermal polycondensation of melamine followed by ultrasonic
dispersion. The obtained O-g-C3N4 exhibited a pseudo-layered
structure and nanoscale morphology. The optical band gap was
determined to be 2.64 eV, indicating visible-light activity. The
photocatalytic performance was evaluated through the degradation
of methylene blue under solar irradiation, achieving nearly
complete degradation within 120 min. Kinetic analysis revealed
that the process follows a pseudo-first-order model with a rate
constant of 0.018 min–1. The enhanced photocatalytic activity is
attributed to oxygen-induced modification of the electronic
structure and improved charge separation. The results demonstrate
that O-g-C3N4 is an efficient metal-free photocatalyst for
wastewater treatment applications.

Keywords: O-g-C3N4; nanoparticles; morphology;
photocatalysis; methylene blue; visible light; wastewater treatment.
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