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Summary: A simple calcination process was used to create g-C3N4 (CN) from melamine, and the 

modified g-C3N4 (MCN) was synthesized with hydrochloric acid (HCl), sulfuric acid (H2SO4), and 

nitric acid (HNO3). After acid modification, CN successfully introduced oxygen-containing functional 

groups and obtained CN-HNO3 with multiple holes, which improved the photocatalytic efficiency. 

The bandgap of CN-HNO3 (2.46 eV) is 0.24 eV lower than that of CN (2.70 eV), resulting in more 

electron holes and improved light absorption of the catalyst. CN-HNO3 has a conduction band (CB) 

of -1.23 eV, while CN has a CB of -1.13 eV. CN-HNO3 is simpler to convert O2 to ·O2
- than CN, which 

can boost photocatalytic efficiency. The degradation of rhodamine B(RhB) was used to investigate the 

photocatalytic properties of CN and MCN. The results show that the photocatalytic efficiency of MCN 

was higher than that of pure CN, and the photocatalytic efficiency and degradation rate constant of 

CN-HNO3 was 36.6% and 5.5 times higher than that of the CN, reaching 99.7% and 0.0341 min-1. The 

degradation efficiency remained more than 85% after five cycles, showing that MCN was more photo-

catalytically stable than CN. 
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Introduction 

 

With the continued growth of business and 

the worsening of environmental degradation [1], the 

physical and biological methods in traditional water 

treatment processes cannot meet sewage treatment 

needs [2]. Photocatalytic technology is a novel way to 

handle the problem of water pollution, and it has a 

wide range of applications in environmental pollution 

management. As the core of photocatalytic technology, 

there are various types of photocatalysts, such as TiO2, 

ZnO, and CN [3-7]. Among them, CN has great 

application prospects in photocatalysis due to an 

appropriate band edge, good stability, and stability in 

water, acid, and alkali solutions [8-12], however, 

Because of the narrow broadband gap (2.7 eV), CN 

has a low visible light usage and quantum efficiency, 

limiting its use [13]. 

 

Several strategies for improving the 

photocatalytic performance of CN have been 

investigated to address these issues, including 

different metal or nonmetal doping [14, 15]. They add 

defects or affect the crystallinity of photocarriers by 

doping transition metals (TM) such as iron, cobalt, 

nickel, copper, and vanadium, which can act as 

electron and hole traps to extend the lifespan of 

photocarriers. In addition, the acid treatment of CN to 

produce covalent bonds of oxygen groups (e.g, -

COOH and -OH) on its base surface facilitates the 

incorporation of hydrophilic groups to change surface 

properties [16]. Li et al [17]. Prepared hydrophilic 

porous CN using K2Cr2O7-H2SO4 as a chemical 

oxidant, with a higher surface area (235.2 m2·g-1) than 

that of pure CN. In addition, the bandgap of this water-

dispersed porous CN was lower than that of pure CN 

(0.2 eV) Weight et al [18]. The use of HNO3 to oxidize 

CN is a cost-effective and ecologically beneficial 

technology. Compared with bulk CN, the surface of 

hydrothermal oxidized CN has higher carboxyl and 

hydroxyl covalent functional groups, and the zeta 

point shows that CN has a positive charge after acid 

treatment, which is the main reason for the 

improvement of Cr (VI) adsorption. However, due to 

its complex preparation method, time-consuming and 

uneconomical shortcomings, industrializing is not 

easy. As a result, more research into cost-effective and 

efficient strategies to increase CN's photocatalytic 

activity is required. 
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The active sites were developed to assist the 

migration of photogenerated charges, which 

considerably increased the separation efficiency of 

photogenerated electron-hole pairs of catalysts, and 

the causes for the differences of various acid pairs 

were studied in this article. On the CN-HNO3 surface, 

there are oxygen-cotaining functional groups, and CN 

with a pore structure is formed. MCN also has a high 

rate of photocatalytic destruction of organic 

contaminants. 

 

Experimental  

 

Experimental materials 

 

Melamine (analytically pure), concentrated 

nitric acid (68%), concentrated hydrochloric acid 

(36%), concentrated sulfuric acid (98%), RhB 

(analytically pure), absolute ethanol (analytically 

pure), all reagents purchased from Aladdin Reagent 

(Shanghai) Co., Ltd., deionized water for laboratory 

self-made. All drugs were not further purified. 

 

CN preparation 

 

5 g melamine was dried at 60 °C for 12 h, and 

then put into the crucible and placed in the box furnace. 

In the air atmosphere, a heating rate of 1 °C min-1 was 

used to raise the temperature from room temperature 

to 300 °C, and then a heating rate of 4 °C min-1 was 

used to raise the temperature from 300 to 550 °C and 

keep it there for 3 h. After allowing the product to cool 

to room temperature, it was ground and a little amount 

of deionized water was added. After ultrasonic 30 min, 

the mixed solution was centrifuged. The separated 

product was washed repeatedly with anhydrous 

ethanol, and CN was obtained after drying at 60°C for 

24 h. Fig. 1 shows the schematic diagram of CN 

synthesis.

 

Fig. 1: Schematic diagram of CN synthesis. 
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Preparation of CN modified by different acids 

 

As shown in Fig. 2, 1 g CN solid was weighed, 

30 mL concentrated acid (HNO3, HCl, H2SO4) was 

taken, and 70 mL deionized water was added. 1 g of 

CN was added to the solution. Reflux at 80°C for 12 h, 

then allow cooling at ambient temperature. The result 

of the reflux was centrifuged at 12000 rpm and rinsed 

with deionized water until the pH reached 7.0. Finally, 

the modified CN was obtained after drying at 60°C for 

12 h in a vacuum oven. Put into the bowl grinding. The 

MCNs were obtained.  

 

 

Fig. 2: Preparation diagram of HNO3 modified CN. 

 

Photocatalytic experiments of catalysts 

 

Take 20 mg/L RhB solution 150 mL, weigh 

modifier 100 mg, and put it into RhB solution. The 

prepared RhB solution was placed in a xenon lamp 

light agitator for stirring. After a dark reaction for 30 

min, the sample was centrifuged. The upper layer was 

taken for the UV-Vis test at night. After the test, the 

xenon lamp was turned on and stirred every 30 min 

under the light. The samples were centrifuged. Then, 

the upper layer was taken for the UV-Vis test. 

 

Results and Discussion 

 

Fig 3 (a) shows the XRD patterns of the CN 

and MCN samples with the diffraction pattern of two 

classic peaks, which are located at 13° (100) and 27.5° 

(002), corresponding to the 3-s-triazine ring in-plane 

structure filling and conjugated aromatic interlayer 

stacking. The results indicate that the XRD patterns of 

CN are consistent with the standard diffraction pattern 

of the data card JCPDS 86-2345, suggesting that the 

phase structure of MCN is not changed after 

modification. Moreover, it is noteworthy that the 

intensity of the sharp peaks follows the order of CN > 

CN-HCl > CN-HNO3> CN-H2SO4, suggesting that 

CN-H2SO4 has a lower crystal structure than the other 

MCN the reason that the stronger the acidity is, the 

greater the damage is. The slight peak broadening 

reflects the slight deformation of the graphite structure, 

which may be attributed to the strength of the acid. 

 

The functional groups of CN and MCN were 

characterized by FT-IR (Fig.3b). CN, CN-HCl, and 

CN-H2SO4 showed no obvious special peaks. The 

absorption bands of MCN and CN near 808 cm-1 

correspond to the out-of-plane bending vibration mode 

of the heptane ring, indicating the existence of the 

melamine NH/NH2 group. The presence of N-C=N is 

attributable to the absorption band at 900~1800 cm-1, 

and the peak width at 3000~3500 cm-1 corresponds to 

the stretching vibration absorption peak of -NH or OH. 

CN-HNO3 did, however, show two additional FTIR 

absorption peaks at roughly 1701 and 1390 cm-1, 

which can be attributed to the stretching modes of 

C=O and NO3
–, respectively. It is proven that nitric 

acid modification may introduce -COOH

 

Fig. 3: (a) XRD patterns of different acid-modified carbon nitride, (b) FT-IR spectra of different catalysts. 
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Fig. 4: N2 adsorption-desorption isotherms for 

preparation of catalysts. 

 

 

Fig. 4 depicts the nitrogen adsorption-

desorption isotherms of CN and MCN. All of the 

samples had type IV isotherms with an H3 hysteresis 

loop, indicating that a certain degree of the 

mesoporous structure had developed due to flake 

particle buildup. Mesoporous has a great influence on 

the activity of the reaction, which can be used as the 

capture site and the active site of photoexcited charge 

in a photochemical reaction. After calculation, the 

specific surface areas of CN, CN-HCl, CN-HNO3, and 

CN-H2SO4 were 10.13, 15.16, 16.32, and 15.56 m2·g-

1, respectively. This result indicated that after CN 

modification, the catalyst had a larger specific surface 

area, and an increase in specific surface area, which 

could provide more reactive sites for the catalyst 

surface, and consequently lead to the improved 

catalytic performance of the catalyst. 

 

 

Under the same relative pressure, the 

adsorption capacity of MCN was significantly higher 

than that of unmodified CN. It can also be seen that the 

specific surface area of MCN by nitric acid increases. 

In general, materials with a large specific surface area 

have strong adsorption capacity and a special 

significance in the field of nanometer and sewage 

purification. 

 

XPS characterization to have a better 

understanding of the changes and chemical bonds of 

the materials, Fig. 5 (a) is the total spectrum of CN and 

CN-HNO3. It can be found from the graph that CN 

before and after HNO3 is modified contains C, N, and 

O elements. Fig. 5 (b) There are two characteristic 

peaks at 288.0 and 284.6 eV in the C1s spectrum of 

CN, corresponding to C-N=C and C-C bonds. showed 

A new generation peak can be found at 289.3 eV (C=O) 

in Nitric acid-modified porous CN, which may be due 

to the introduction of -COOH so that it has better 

hydrophilicity and is conducive to photocatalysis. The 

three characteristic peaks in the N1s spectrum in Fig. 

5 (c) correspond to 398.5, 399.8, and 401.1 eV, 

respectively. The characteristic peak at 398.5 eV 

belongs to the hybridization of N atom sp2 in the C-

N=C structure, while that at 399.7 and 401.1 eV 

corresponds to the bond energy of N-(C)3, and the bond 

energy of N-H. In short, the introduction of the 

carboxyl group makes it have better hydrophilicity, 

and more conducive to photocatalytic. 

 

 

As shown in the SEM image in Fig. 6 (a), it 

can be seen that CN exhibits a very obvious stacked 

lamellar structure. Fig. 6 (b) is CN-HCl, which can 

also be seen as a smaller lamellar structure than pure 

CN. After modification with nitric acid and sulfuric 

acid, the surface of CN has many exposed pore 

structures in Fig. 6 (c) and (d). The reason is that the 

surface of CN is oxidized by acid treatment, which 

destroys its original structure, and a positive charge 

and electrostatic effect are found in MCN. These holes 

increase the surface area of CN, which increases the 

probability of reaction when contacting other 

substances. These pores also changed the chemical 

structure of CN and had a certain impact on physical 

and chemical properties of CN. 

 

 

The degradation of RhB was used to evaluate 

the photocatalytic activity of CN, CN-HCl, CN-H2SO4, 

and CN-HNO3, and the light was turned on after 30 

min. The dark reaction stage was 30 min ago. As 

shown in Fig. 7 (a), the catalytic efficiency of acid 

modification was higher than that of pure CN in the 

dark reaction stage. After illumination, CN, CN-HCl, 

CN-H2SO4, and CN-HNO3 showed photocatalytic 

degradation efficiencies of 63.1%, 81.2%, and 85.1%, 

respectively. The photocatalytic activity of CN-HNO3 

was the greatest, with a 99.7% elimination rate of RhB 

after 90 minutes of light. In Fig. 7 (b), the linear 

relationship between ln(C/C0) and irradiation time can 

be seen from -ln(C/C0) = kt, indicating that the 

photodegradation of RhB follows the first-order 

reaction model. The k value represents the degradation 

rate, and CN, CN-HCl, CN-H2SO4, and CN-HNO3 

have high k values with the degradation rate constants 
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k of 0.0062, 0.0091, 0.0112, and 0.0341 min-1, 

respectively. CN-HNO3 has good photocatalytic 

activity under visible light, the reason may be that the 

introduction of oxygen-containing functional groups 

increases the active sites, which is conducive to the 

photocatalytic process, followed by the pore structure, 

which is conducive to the combination with pollutants. 

Therefore, CN-HNO3 has a good application prospect 

in the effective removal of RhB in the environment. 

 

The stability of the catalyst is also one of the 

important indicators that affect the catalytic 

performance of the photocatalyst. Fig. 8 (a) showed 

the cyclic activity of CN-HNO3 after repeats after five 

cycles. After each degradation experiment, the catalyst 

after the reaction is obtained by centrifugal separation, 

washed three times with deionized water and ethanol, 

dried, and then subjected to the next cycle experiment. 

The degradation rate of RhB by the CN-HNO3 barely 

altered marginally after five cycles, as shown in Fig. 8. 

At the same time, the surface of the catalyst may 

remain the RhB adsorbed in the previous experiment, 

which will also affect the degradation rate of the 

catalyst to a certain extent. However, the degradation 

rate reached above 85% after five cycles, which 

proved that the catalyst had good stability. 

 

 

 

 

Fig. 5: XPS spectra of CN-HNO3 and CN catalysts (a) Survey, (b) C1s, (c) N1s. 
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Fig. 6: SEM images of different catalysts (a) CN, (b) CN-HCl, (c) CN-H2SO4 (d) CN-HNO3. 

 

 

 

Fig. 7: (a) Degradation capacity of different catalysts for RhB, (b) Degradation rate constants of different 

catalysts for RhB. 
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Fig. 8: (a) Cyclic activity of CN-HNO3 catalyst, (b)Effect of capture agent on the photodegradation of RhB 

by CN-HNO3. 

 

Free radical trapping experiments are shown 

in Fig. 8 (b). Under the same reaction conditions, 

different trapping agents were added to the reaction to 

determine the reactive substances. For hydroxyl 

radical (·OH), superoxide radical (·O2
−), and 

photogenerated hole (h+), tert-butyl alcohol (TBA), p-

benzoquinone (BQ), and methanol (MeOH) were 

utilized as capture agents, respectively. The 

photocatalytic degradation impact of RhB was 

investigated after the capture agent was introduced to 

the system to identify the effects of holes, ·OH, 

and ·O2
−. Because the band value of CN-HNO3 (2.49 

eV) was lower than the redox potential of ·OH/OH- 

(+1.99 eV) and ·OH/H2O (+2.73 eV), the addition of 

TBA had minimal influence on the degradation of RhB 

[19,20]. When adding MEOH, the degradation rate has 

a certain degree of influence, indicating that h+ has a 

certain degree of influence and plays an auxiliary role 

in photocatalysis. The degradation efficiency of 16.4% 

with BQ was significantly lower than that without the 

capture agent (99.7%), indicating that superoxide 

radicals play a major role in the degradation of RhB. 

According to the findings, ·O2
− had a substantial role 

in the degradation of RhB by CN-HNO3, with 

photogenerated holes playing a supporting function. 

 

Fig. 9 (a) shows the UV-Vis DRS spectra of 

CN, CN-HCl, CN-HNO3, and CN-H2SO4 catalysts. 

The absorption boundary of CN is about 459 nm, and 

the tangent of the absorption curve is made by the 

intercept method. The absorption wavelength 

threshold is the intersection of the tangent extension 

line and the X-axis. According to the optical band gap 

equation Eg = 1240/λ [21], the bandgap energy of CN 

is 2.70 eV. The absorption band edges of CN, CN-HCl, 

CN-HNO3, and CN-H2SO4 catalysts were about 450, 

464, and 497 nm, respectively, which were red-shifted 

compared with CN. The corresponding band gap 

energies were 2.76 and 2.49 eV, respectively, 

indicating that the modification of different acids 

could adjust the bandgap width of the catalyst. Among 

them, the bandgap width of the catalyst modified by 

nitric acid was the lowest, and the decrease in the 

bandgap energy increased the absorption of light by 

the catalyst, resulting in more electron-hole pairs. 

 

Because the bandgap of CN-HNO3 is 

narrower than that of pure CN, it can trigger more 

photogenerated electrons and holes when exposed to 

visible light. The optical absorption threshold of CN is 

around 459 nm, and its bandgap is estimated to be 2.70 

eV, according to the DRS study. The valence band (VB) 

of the XPS valence band spectrum is shown in Fig. 9 

(b). The value of CN is 1.57 eV. As a result, using the 

empirical formula: The conduction band location of 

CN is determined to be 1.13 eV using ECB = EVB - 

Eg. ·OH /OH− and O2/·O2
− have redox potentials of + 

1.99 and -0.33 eV [22], respectively. As a result, while 

the electrons on pure CN (1.13 eV) CB can decrease 

O2 to ·O2
−, the VB position is insufficient to 

oxidize ·OH to OH−. The bandgap of CN-HNO3 

material is calculated to be 2.49 eV, while the optical 

absorption threshold is around 497 nm. 

 

The separation of photogenerated electron-

hole pairs by photoluminescence spectroscopy is 

studied in PL characterization [23], and the findings 

are displayed in Fig. 9 (c). Compared with CN, the 

luminescence rate of CN-HNO3 material at 450 nm 

decreased significantly. It is known that the emission 

peak of PL comes from the quenching of 

photogenerated electron-hole pairs, that is, the higher 

the recombination rate of photogenerated electron-

hole pairs, the stronger the PL peak intensity. It can be 

seen that the modification of acid significantly 

improves the separation efficiency of the electron hole 
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in the catalyst. On the one hand, maybe the 

modification of acid makes the specific surface area 

increase and thus increase a lot of active sites, on the 

other hand, the introduction of the carboxyl group can 

quickly transfer the photo charge, inhibit the 

recombination of photogenerated electron-hole pairs 

inhibit the recombination of photogenerated electron-

hole pairs so that the catalyst has higher photocatalytic 

activity. 

 

Fig. 9 (d) Photocatalytic mechanism shows 

that CN-HNO3 plays electrostatic adsorption on the 

surface of CN-HNO3 due to the formation of -COOH, 

and the VB of CN-HNO3 is -1.23 eV, and the VB of 

CN is -1.13 eV. Compared with CN, CN-HNO3 is 

easier to reduce O2 to ·O2
−, and produce more ·O2

−. 

CN-HNO3 plays electrostatic adsorption on RhB due 

to the formation of -COOH, and adsorbs on the surface 

of CN-HNO3, making ·O2
− easier to degrade RhB. The 

photocatalytic efficiency was improved.

 

 

 

Fig. 9: (a) UV-Vis DRS spectra of different catalysts, (b) XPS valence bands of CN and CN-HNO3, （c）PL 

spectra of CN and CN-HNO3 catalysts, (d) Photocatalytic mechanism diagram of CN and CN-HNO3  
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Conclusion 

 

This study proposed a simple and efficient 

method to prepare CN and MCN with block- and pore 

morphologies. The results indicate that the MCN 

particles are all anhydrous magnesium carbonate 

crystals, which can significantly improve the 

photocatalytic efficiencies of CN, especially the 

degradation rate constant. Moreover, CN-HNO3 has a 

uniform cube-like shape, a small size, active sites, 

bandgap width, and outstanding photocatalytic 

efficiencies of 99.7%. The degradation rate constant of 

CN-HNO3 for RhB is 0.0341 min-1, which is 5.5 times 

of unmodified CN. After five cycles, the degradation 

efficiency is still higher than 85%, indicating the 

decrease of bandgap energy increased the absorption 

of light by the catalyst and generated more electron-

hole pairs, and the VB of CN-HNO3 was smaller than 

that of CN. CN-HNO3 is easier to reduce O2 to ·O2
-, 

which is more conducive to photocatalytic 

performance. The free radical trapping experiments 

showed that the photocatalytic activity of CN-HNO3 

was enhanced by the synergistic effect of ·O2
- and hole. 

Carbon nitride modified by a sample preparation 

method has high catalytic efficiency and is easier to 

industrialize. This study confirms that CN-HNO3 

material has broad application potential in the 

degradation of organic pollutants and is expected to 

develop in a clean environment for a long time.  
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