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Abstract

Photocatalytic degradation of tetracycline has received widespread attention as a green wastewater treatment technology.
However, the current degradation efficiency is still limited by the insufficient oxidation ability and high recombination
efficiency of photo-generated carriers. In this research, cyano-modified ultrathin graphitic carbon nitride (g-C3N4) is
synthesized by a facile salt-assisted heat treatment method. As a result, it displays a satisfactory photo-degradation efficiency
of 98.96% in 60 min, particularly for the high concentration tetracycline of 100 mg LX. The underlying causes lie in the cyano
groups, which act as electron trapping groups, effectively suppress the recombination of charge carriers. Meanwhile, the
ultrathin nanosheet structure of g-CsN4 validly augments the active sites on the surface, as well as shortens the carriers
migrating route. The synergistic effect of the above optimizes the carrier migration kinetics of g-C3N4, thus achieving superior
photocatalytic degradation performance. This study paves the way for the extensive application of g-CsN4 in photocatalytic

wastewater treatment technology and offers promising prospects for its future development.

Keywords: Photocatalysis; g-C3N4; Tetracycline degradation; Cyano groups; Ultrathin nanosheet structure.
Received: 09 May 2025; Revised: 22 July 2025; Accepted: 06 August 2025

Article type: Research article.

1.Introduction

Tetracycline (TC), a common antibiotic, is frequently
employed in the treatment of diverse bacterial infections.!!
However, TC has become a serious threat to the environment
due to its excessive use and weak self-degradation ability.l?!
As method for
photocatalytic technology exhibits great potential to replace

an effective wastewater treatment,
traditional chemical treatment methods due to its high
efficiency, environmental protection, and low cost. Among a
series of reported photocatalysts, graphitic carbon nitride (g-
C3Ny), as a novel semiconductor photocatalyst for nonmetallic
compounds, has received much attention in the field of
photocatalysis owning to its excellent thermal-chemical and
stability.’! However, its

photo-chemical photocatalytic

School of Material Science and Engineering, Hunan Provincial Key
Laboratory of Advanced Materials for New Energy Storage and
Conversion, Hunan University of Science and Technology, Xiangtan,
Hunan, 411201, China

*Email: zhaihh@hnust.edu.cn (Huanhuan Zhai), qgliu@hnust.edu.cn
(Qingquan Liu)

Engineered Science Publisher

efficiency in application is still limited by the shortcomings of
insufficient specific surface area, confined visible light
absorption carrier

recombination rate.*>] Hence, there is an urgent need to

range, and high photogenerated
develop new modification strategies to further improve the
catalytic activity of g-C3Na.

At present, a diverse array of modification methods are
being implemented on g-CsN4, such as morphological
modulation,'®”! elemental doping,'®*! vacancy defects,'” and
heterostructure construction.!'"-'*) Among them, the functional
group modification mainly enhances the photocatalytic
performance of g-CsNs by improving the energy band
structure.') Cheng et al. has reported that metal-free phenyl
groups are grafted onto the edge of g-C3N4 by using 4-phenyl-
3-thiosemicarbazide and urea as precursors. The edge
modification and energy level improving are realized by one-
step copolymerization. As a result, the optimal photocatalytic
hydrogen production rate of the modified g-C3N4 reaches
2390.6 umol h''g’!, and the apparent quantum efficiency (AQE)
at 420 nm reaches 8.3%.'5) Zhou et al. has prepared g-C3N4
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with a porous thin-layer structure through the gas templating
method, using thiourea as a precursor and ammonium chloride
as a sacrificial agent. This process adjusts the energy band
structure and enhances the electron reduction ability. As a
result, the degradation efficiency of the product increases from
68% to 92%, and the kinetic constant of phenol degradation is
four times higher than that of pristine g-CsNa.[1¢]
Morphological modulation is an effective strategy to
improve the photocatalytic performance of g-CsN4 by
shortening the carrier transport path and providing more active
sites.['”l The team modified the morphology of g-C3Ny in the
g- g-C3Ny-Pt photocatalyst using a simple hydrothermal
method and investigated its effect on hydrogen evolution
performance. Prolonged hydrothermal treatment altered the
morphology of g-C3Ny, creating more oxygen-containing
functional groups at the edges of expanded melem unit defects,
resulting in a hydrogen yield of 151.4 mmol-gp '."8] The
Zheng team used melamine-cyanuric acid supramolecular
(MCS) prepare  CN/MnyO3/FTO p-n
heterojunctions on FTO substrates, which remained intact

precursors  to
after five cycles of PEC testing, indicating structural stability
and excellent mechanical strength.['"” Either functional group
modification or morphological regulation can enhance the
utilization efficiency of charge carriers. However, the
optimization of catalytic reaction kinetics remains a pivotal
focus in the current field of photocatalytic degradation.
Therefore, the approach of synergistic modification through
multiple strategies is a necessary means to enhance the
catalytic reaction kinetics of g-CsNs and expand its
development space in the field of pollutant degradation.

In this paper, cyano-modified ultrathin g-C3N4 are
synthesized by a facile salt-assisted heat treatment method.
The experimental results showed that the photodegradation
efficiency of high concentration of TC (concentration of 100
mg/L) reached 98.96% with the degradation rate constant k
value as high as 0.04936 min™! after the light duration of 60
min. The performance enhancement is attributed to the
ultrathin nanosheet structure of g-C3N4 that effectively
increases the active sites on the surface while reducing the
carrier migration path. Furthermore, as an electron-
withdrawing group, cyano can effectively suppress the
Thus, the

synergistic effect of the ultrathin structure and cyano groups

combination efficiency of charge carriers.

effectively improves the photocatalytic reaction kinetics. Our
research advocates green technology as an alternative to
traditional processes, which meets the goal of “carbon
neutrality” and provides a sustainable technology pathway for
wastewater treatment in the pharmaceutical and aquaculture
industries.?"

2| Eng. Sci., 2025, 37, 1738

2. Experimental procedure

2.1 Synthesis of g-C3N4 samples

First, 4 g of dicyandiamide and 100 mL of water were added
to a container and sonicated for 10 min, followed by the
addition of 6 g, 8 g, 10 g, 12 g, or 14 g of NaCl, which was
sonicated until it was completely dissolved. Then the solution
was quickly frozen with liquid nitrogen, and then placed in a
freeze dryer for drying. Subsequently, the dried powder was
transferred to a corundum beaker and calcined at 550 °C for 4
h at a rate of 2.3 °C/min under an atmosphere of No. After
natural cooling, the powder was ground, cleaned, and then
dried in vacuum at 60 °C for 12 h. The series of cyano-
modified ultrathin g-C3N4 obtained were named as cyano-
UCN 4:6, cyano-UCN 4:8, cyano-UCN 4:10, cyano-UCN
4:12, and cyano-UCN 4:14, respectively in related with the
ratio of dicyandiamide and NaCl. Its comparative sample (CN)
was synthesized without the addition of NaCl, and the rest of
the steps were consistent with the synthesis of cyano-UCN.

2.2 Characterization

Fourier transform infrared (FT-IR) spectra were obtained
using a Nicolet iS 10 spectrometer. X-ray photoelectron
spectroscopy (XPS) analysis was obtained with an ESCALAB
250Xi spectrometer. X-ray diffraction spectroscopy (XRD)
was used to obtain the crystal structure of the material with a
Bruke D8 Advance diffractometer equipped with Cu Ka
radiation. The transmission electron microscope (TEM) was
conduct by using FEI Tecnai F20. Specific surface area
analysis (BET) was obtained using a TriStar II Plus 3Flex gas
adsorption analyzer. Solid-state UV-Vis diffuse reflectance
spectra (DRS) were obtained at room temperature using a PE
lambda 750 spectrophotometer. Photoluminescence (PL)
spectra of g-C3N4 were obtained by an Edinburgh FLS 980
spectrophotometer. Time-resolved luminescence spectra
(TRPL) of the samples were analyzed with an Aerospace
FLS1000 fluorescence lifetime spectrophotometer. CHI660E
electrochemical workstation and standard three-electrode
system (working electrode, Pt electrode and Ag/AgCl
reference electrode) were selected for the photoelechemical
performance, and the solution was 0.5 M Na;SO4. Electron
Spin Resonance (ESR) were performed by using a Bruker
EMXplus, and the liquid chromatography-mass spectrometer
(LC-MS) was detected by Thermo Fisher Ultimate 3000

UHPLC-Q Exactive.

2.3 Photocatalytic degradation performance

The photocatalytic degradation of TC by the g-C3N4 sample
was investigated to assess its activity under visible light
irradiation. The light source was provided by a 300 W xenon
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lamp (A > 420 nm). During the test, 10 mg of the photocatalyst
was dispersed in 100 mL TC solution (100 mg/L) and
sonicated for 20 min in the dark environment to achieve
adsorption-desorption equilibrium. Subsequently, the solution

was exposed to visible light for photodegradation experiments.

During the process, 4 mL of the liquid was extracted at -10, 0,
10, 20, 30, 40, 50, and 60 min, and the supernatant was
centrifuged and analyzed for the concentration of TC by UV-
Vis diffuse reflectance spectra. The characteristic absorption
wavelength of TC was 357 nm, and a quasi-primary kinetic
model was used to determine the rate of degradation of TC
during the 60-minute reaction cycle constant.

3. Experimental results and discussion

3.1 Catalyst morphology and structure characterization
The morphology and structure of CN and cyano-UCN 4:14
were explored by TEM, and it can be seen from Fig. 1(a-b)
that CN exhibits severe layer-to-layer stacking because of its
smaller lamellar size and larger surface energy. While cyano-
UCN 4:14 exhibits ultrathin nanostructures, in which the
stacking and curling between layers is greatly suppressed, and
the surface area of layer is effectively increased. Literature
reports confirm that the ultrathin nanosheet structure can
effectively shorten the carrier transport path, while providing
more active sites for photocatalytic reactions.?'! HR-TEM
images exhibited in Fig. 1(c-d) exhibit that the two materials
belong to the amorphous structure. Isothermal adsorption-
desorption plots in Fig. S1 indicate that g-C3N4 has a typical
Langmuir IV adsorption-desorption curve, and its specific

surface area of cyano-UCN is 173.89 m?g’!, which is 27 times
higher than that of CN (6.44 m?g!). The BET results further
validate the ultrathin nanosheet g-C3Ny is achieved by salt-
assisted heat treatment method. The inner reason may lie in the
fact that the adding of NaCl forms a liquid or molten state
environment at high temperatures. It may play a spatial barrier
role during the polymerization process of the g-C3Ny precursor,
thereby facilitating the formation of ultrathin nanosheet
structure.

The surface chemical states of CN and cyano-UCN 4:14
can be observed by XPS characterization. The XPS fitting
curves of C 1s, N 1s, and O 1s are depicted in Fig. 2(a-d) and
Fig. S2. In Fig. 2a, the C 1s peak located at 284.80 eV
and288.31 eV represent the exogenous carbon and the sp?
hybridized carbon of N-C=N in CN, respectively. The peak
located at 286.26 eV represents the cyano group (C=N), which
is originated from an inevitable incomplete polycondensation
reaction. By comparing the fitting peaks of C=N for CN and
cyano-UCN 4:14 in Fig. 2a and b, it is obvious to find that the
peak area of cyano group for cyano-UCN 4:14 is larger than
that of CN. Thus, it confirms the successful introduction of
cyano groups in g-CsNj; framework through salt-assisted
thermal treatment method. The N 1s spectra are displayed in
Fig. 2¢ and d. In which the peak at 398.68 eV is originated
from the sp>-bonded nitrogen (C=N-C) in the tris-s-triazine
ring. The peak at 399.46 eV is attributed to the terminal amino
functional group (-NHy), and the peak at 401.11 eV represents
the bridging nitrogen atom (N-(C)?).2224 1t is surprising to find
that the peak of -NHy incyano-UCN 4:14 is almost disappeared.

Fig. 1: TEM images of (a) CN, (b) cyano-UCN 4:14, HR-TEM images of (c) CN, (d) cyano-UCN 4:14.
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Fig. 2: XPS spectra of (a) C 1s, (¢) N 1s of CN and (b) C 1s, (d)N 1s of cyano-UCN 4:14, (e) the molecular structure of pristine g-

CsN4 and cyano-modified g-C3Na.
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Fig. 3: (a) XRD pattern and (b) FT-IR spectrum of CN, cyano-CN 4:14.

Thus, it is reasonably to deduced that the -NHXx is replaced by
N-C=N as shown in Fig. 2e. Fig. S2a-b depicts the XPS fitting
peaks of O 1s. It is obvious to find that only a single peak
appears in CN, which represents the C-O group. While the
spectrum of cyano-UCN 4:14 exhibits two peaks, which are
caused by the C-O group and the O-H on the adsorbed water
molecules, respectively. According to the literature, the O-H
peak is caused by water molecules adsorbed on the materials
surface during synthesis or storage.*!

The compositional information of the samples is analyzed
by FT-IR and XRD. It can be seen from the XRD spectra in
Fig. 3a that CN possess the typical characteristic peaks of g-

C3Na. The former peaks located near 13° attributed to the (100)

facet of the triazine-s-triazine unit within the CN unit layer,
and the latter peaks located at 27.5° representing the (002)
facet of the interplanar stacking. Comparison of the diffraction
peaks for the two materials, it is revealed that the (002) peak
of cyano-UCN 4:14 shifts from 27.49° to 27.77°. According

4| Eng. Sci., 2025,37, 1738

to the equation of d=A/2sin8, it is reasonably to infer that the
layer distance between the two neighboring unitary layers of
cyano-UCN 4:14 is narrower, which might be attributed to that
the strong end-groups of cyano enhance the interactions
between the neighboring layers.?! By contrast, no diffraction
peak of (100) is detected, which suggests that the reaction of
NaCl with dicyandiamide during thermal polymerization
reduces the long-range ordering within the structural facets.?”
281 The FT-IR spectra are shown in Fig. 3b, and absorption

peaks located at 810 cm’!

originates from the out-of-plane
bending vibration of the triazine-s-triazine ring in the CN
structure. The peaks in the range of 1200-1700 cm! belong to
the stretching vibrations of aromatic C-N or C=N
heterocycles.l?”’ The broad peaks in the range of 3000-3400
cm’! correspond to the stretching vibrations of the -N-H bond
in the amino group and the hydrogen bonding interactions of
adsorbed water molecules.?” It is obvious to find that the

vibration peak in 3000-3400 cm™! of cyano-UCN 4:14 is lower
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Fig. 4: (a) UV-Vis absorption spectra, (b) Kubelka-Munk plot curves, (¢c) M-S plots, and (d) energy band energy maps of CN, cyano-

UCN 4:14.

than that of CN, which might be attributed to the replacement
of -N-H bond to -N-C=N.B1 In addition, unlike CN, a distinct
characteristic peak at 2177.7 cm™ is appeared for cyano-UCN
4:14, which represents the stretching vibration of C=N.532 The
successfully introduction of cyano in the g-C3Ny4 framework is
proved again, which is originated from the incomplete
polymerization and/or partial decomposition of the triazine-s-
triazine unit during synthesis induced by NaCl.[33]

3.2 Optical properties and photocatalytic degradation
efficiency

UV-Vis absorption spectra and Kubelka-Munk plot curves are
depicted in Fig. 4a-b.** The light absorption properties of CN
and cyano-UCN 4:14 can be understood by UV-Vis DRS as
shown in Fig. 4a. Both CN and cyano-UCN 4:14 exhibit
typical semiconductor light absorption properties with the
absorption edge located at 468.5 nm. It is obviously seen that
a higher light absorption intensity is achieved for cyano-UCN
4:14 in the visible light absorption range. Since the
nanostructuring of g-C3N4 usually leads to an increase in the
band gap due to quantum size effect,*” the enhancement of
cyano-UCN light absorption can be attributed to cyano groups.
The bandgap value (E;) of both samples is about 2.63 eV as
calculated by the K-M formula (Fig. 4b). As the M-S plots

Engineered Science Publisher

show in Fig. 4c, the values of conduction band (Ecg) of CN
and cyano-UCN 4:14 are -0.32 eV and -0.29 eV, respectively.
According to the formula of Es=Ecp+Evs, the energy of
valence band (Evg) are calculated to be 2.31 eV and 2.34 ¢V,
respectively. Based on above, the energy band diagrams of CN
and cyano-UCN 4:14 are depicted in Fig. 4d. It is obvious to
find that the Evp of cyano-UCN 4:14 is higher than that of CN,
indicating a stronger oxidizing ability of cyano-modified
samples. Therefore, water molecules can be oxidized into
hydroxyl radicals by holes, and then tetracycline can be
effectively oxidized and degraded.")

The photocatalytic performance of the materials was
evalueded by the degradation efficiency of TC under 300 W
xenon lamp (A>420 nm) irradiation. The photocatalytic
degradation efficiency of CN and all cyano-modified samples
is shown by Fig. 5a. In the absence of catalyst addition or light
irradiation, there is hardly any degradation efficiency, which
proves that the degrade
photocatalytic, and the degradation efficiency of TC under

pollution cannot without
dark conditions is poor. It is obvious seen from Fig. 5a that CN
has almost no TC degradation ability. Surprisingly, the TC
degradation performance of cyano-UCN in different ratio is
effectively improved. Among them, the photodegradation

efficiency of TC by cyano-UCN 4:14 reaches 98.96% after 60
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Fig. 5: (a) TC degradation efficiencies for different samples, (b) comparison of photocatalytic degradation kinetics of k value, (c)

cycling performance of cyano-UCN 4:14 in 3 h.

min of continuous visible light irradiation, which is much
higher than that of cyano-UCN 4:12 (84.62%), cyano-UCN
4:10 (79.55%), cyano-UCN 4:8 (84.32%), and cyano-UCN
4:6 (80.22%). In addition, the corresponding kinetic rate
constant (k) is calculated and depicted in Fig. 5b according to
the following equation: -In(C/Co)=kt, where Co and C
represent the initial light absorption intensity of TC and the
light absorption intensity of TC at t min, respectively. As can
be seen from Fig. 5b and Fig. S3, the k value of cyano-UCN
4:14 reaches 0.04936 min’!, which is 1.63 times, 1.91 times,
1.63 times and 2.23 times that of cyano-UCN 4:12 (k
=0.03029 min™"), cyano-UCN 4:10 (k = 0.02589 min™"), cyano-
UCN 4:8 (k = 0.03034 min!) and cyano-UCN 4:6 (k =
0.02216 min'), respectively. The cycling perfomance is
exhibited in Fig. 5c, in which the TC removal rate still remain
82.6% after 3 h visible light irradiation. The degradation
efficiency is retained 87.7% in three cycles. Compared with

the relevant literature shown in Table S1, the TC degradation
performance of cyano-UCN 4:14 in this study is remarkable.
Considering the ultra-low concentration of the catalyst (0.1
g/L) and the ultra-high concentration of TC (100 mg/L) used
in the experiment, the TC degradation performance in this
study exceeds the performance reported in current literatures
and is in a leading position in the industry.

3.3 Research on photocatalytic mechanism

Optical current density response (I-T), PL and electrochemical
impedance spectroscopy (EIS) are effective methods to study
the separation efficiency of photo-excited electron-hole pairs.
Fig. 6a exhibits that the I-T response of cyano-UCN 4:14 is
significantly higher than that of CN, demonstrating a
promoted carrier mobility efficiency for cyano-UCN 4:14
under visible light irradiation. 37 The fluorescence intensity of
PL spectra in Fig. 6b reflects the exciton recombination
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Fig. 6: (a) I-T responses, (b) PL, (c) TRPL spectra and (d) EIS plots of CN and cyano-UCN 4:14.
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efficiency. The intensity of cyano-UCN 4:14 is substantially
weakened relative to the peak intensity of CN, implying that
the exciton combination rate of cyano-UCN 4:14 is
significantly reduced. This phenomenon occurs because the
highly electron-withdrawing effect of cyano in the cyano-
UCN network effectively modulates the electronic structure of
g-C3N4 and therefore attracts electrons to form locally
polarized sites, thus reducing the combination of electron-
hole.*®! The TRPL spectra were conducted to reveal the
behavior of excited-state carriers in materials (Fig. 6¢). The
Tave Of cyano-UCN 4:14 (5.8673 ns) is shorter than that of CN
(14.1724 ns), indicating that electron-hole separation and
transfer are effectively enhanced, demonstrating that the ultra-
thin nanosheet structure can effectively shorten the carrier
transport path. In addition, EIS plots in Fig. 6d show that the
semicircular radius of cyano-UCN 4; 14 is significantly
lower than that of CN, suggesting that cyano-modified
ultrathin g-C3N4 has more efficient photogenerated electron-
hole separation ability. The enhanced carrier separation and
migration ability is attributed to the ultrathin 2D lamellar
structure that effectively shortens the carrier migration path,
and its enlarged surface area can provide more active sites for
charge carriers, thus prompting more carriers to migrate to the
surface active sites to participate in the TC degradation
process.[!

To further investigate the main active substances in the
photocatalytic degradation of TC, tert-butanol (BuOH),
2,2,6,6 tetramethylpiperidine oxide (TEMPO), and L-
tryptophan (L-trp) were used as scavengers for free radical
trapping experiments to remove hydroxyl radicals (-OH),
superoxide radicals (-O2’) and linear oxide radicals ('02). As
shown in Fig. 7a, the degradation efficiencies after the
addition of BuOH, TEMPO, and L-trp are about 82.40%,

90.50%, and 62.39%, respectively. It indicates that -OH, 'O»
are the most effective reactive oxygen species and O is the
less effective reactive oxygen species in photocatalytic
degradation. In addition, the reactive oxygen species were also
detected by ESR after 5 min light radiation. In the experiments,
5,5-dimethyl-1-pyrroline-n-oxide (DMPO) was employed to
capture OH in water, ‘O, was detected in methanol, and
TEMPO was used to capture '0,.1411 It is obvious to find the
characteristic peak of all reactive oxygen species in Fig. 7b.

Therefore, the combined radical trapping experiments and
ESR spectra analysis label ‘O>, 'O, and ‘OH as the main
active substances in the photocatalytic degradation of TC by
cyano-UCN 4:14.

To further investigate the TC degradation pathways, LC-
MS was used to analyze the TC intermediates during the
photocatalytic degradation of cyano-UCN 4:14. The mass
spectra of these intermediates are shown in Fig. S4. In this
study, the assay infers two possible decomposition pathways
as shown in Fig. 8. In pathway I, the intermediate product TC1
394) generated by
dehydrogenation, deamination and demethylation of TC. TCI
transforms into TC2 (m/z
hydrogenation of the benzene

= is reduction reaction,

(m/z

309) by ring opening,

ring, alkylation and
hydroxylation. TC2 undergoes dehydrogenation to form TC3
(m/z = 292). In pathway II, TC4 (m/z = 417) is obtained by
hydroxylation and demethylation of TC.*? TC4 undergoes
dehydroxylation, benzene ring opening and hydroxylation to
yield TC5 (m/z = 349). TCS undergoes hydrogenation of the
benzene ring and decarboxylation to yield TC6 (m/z = 280).
These intermediates are further subjected to ring-opening,
addition, and oxidation reactions to form TC7-TC12. Finally,
these small molecule intermediates were mineralized to CO»

and H»O.
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Fig. 7: (a) Trapping experiments of active substances during photocatalytic degradation of TC by cyano-UCN 4:14 under visible
light irradiation, (b) ESR spectra for the detection of-O", 'O,, and-OH.
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Fig. 8: Possible photodegradation

Based on above, a possible photocatalytic mechanism for
the enhancement of the photocatalytic degradation is proposed
in this research. Salt-assisted heat treatment method leads to
the expansion of g-C3Ns surface area. The ultrathin 2D
structure of cyano-UCN 4:14 leads to an expanded specific
surface area, thus shortens the transfer route of charge carriers
and effectively enhances the amount of electron and holes
migrations to the surface. However, there is still a risk of
the
Therefore, cyano groups with strong electrons capture ability

recombination for surface electron-hole surfaces.
grafting are introduced in the framework of g-Cs;Na, validly
suppressing the recombination efficiency of charge carriers on
the surface. Thus, the carriers transfer kinetics is reasonably
improved on the cooperation of the ultrathin structure and
cyano groups. Furthermore, the cyano-modified ultrathin g-
C3N4 with higher Ecp values has higher oxidizing ability in the
photo-excited state. Thus the cyano-UCN samples show ultra-
high visible-light photocatalytic degradation efficiencies for

TC.

4. Conclusion
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pathways of TC by cyano-UCN 4:14.

In summary, we employed a simple and efficient salt-assisted
thermal treatment method to successfully prepare cyano-
modified ultrathin g-C3N4. The reduction of the layer stacking
for g-C3N4 can effectively shortening the carrier transport
paths while providing more abundant activation sites on the
surface. Moreover, the strong electron-withdrawing effect of
cyano groups can regulate the electronic structure of g-C3N4
and reduces the recombination efficiency of charge carriers.
The synergistic effect of ultrathin structure and cyano groups
validly optimizes the carriers transfer kinetics, which results
in a significant enhancement of the photocatalytic efficiency
of the prepared materials. The results show that the
photodegradation efficiency is as high as 98.96% in 1 h with a
k value of 0.04936 min™' for high concentration of TC solution
(100 mg/L). This research opens up a broad prospect for the
application of g-C3N4 materials in the field of photocatalytic
wastewater treatment, and it is summarized as the following
two points:

Cyano-modified g-C3Ny catalysts can be combined with
heterojunctions simultaneously to optimize the degradation
performance of the material.
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This material can be applied to the development of
photocatalytic degradation for various pollutants, such as
phenols, dyes, and halogenated hydrocarbons.
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