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ARTICLE INFO ABSTRACT 

Received:  07/08/2024 In this paper, we combined bismuth oxychloride (BiOCl) and graphitic 

carbon nitride (g-C3N4) to in g-C3N4/BiOCl heterostructure photocatalysts 

for the rejection of organic contaminants in wastewater. At first, the bulk 

g-C3N4 was delaminated into a few-layer g-C3N4 suspension in water. 

Afterward, the photocatalysts were blended via the sol-gel method with the 

combination of the g-C3N4 suspension at numerous g-C3N4/BiOCl ratios. 

The methodology, morphology, optical properties, and photocatalytic 

activity of the g-C3N4/BiOCl series were discussed in detail. The 

combination of the two-dimensional plate structure of g-C3N4 and BiOCl 

was examined through scanning electron microscopy (SEM), surface area 

(BET), X-ray diffraction (XRD), Fourier transform infrared spectroscopy 

(FTIR), and UV-Vis diffuse reflectance spectroscopy (DRS). Since BiOCl 

and g-C3N4 are both semiconductors, it is expected that BiOCl sheets will 

be well dispersed on the surface layers of g-C3N4 to form a heterostructure 

with the heterogeneous charge transfer model, providing significant 

removal of Rhodamine B (RhB) dye under visible light. Such a 

combination has the potential to overcome the disadvantages of pristine 

BiOCl and g-C3N4 improve the photocatalytic activity, and shorten the 

wastewater treatment time. 
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1. Introduction 

Nowadays, the development of modern industries leads to numerous serious environmental pollution 

issues such as soil pollution, air pollution, water pollution, etc. Scientists have focused on researching 

high-application materials in the environmental field, particularly photocatalytic materials for treating 

organic waste in water [1], [2], [3]. The photocatalytic process utilizes natural sunlight radiation, which 

can be easily and widely used on large-scale fields. Rhodamine B (RhB), a common industrial dye, is a 

major cause of water pollution and toxic to organisms, potentially causing cancer with prolonged 

exposure [4], [5]. 

Bismuth oxychloride (BiOCl) is a p-type semiconductor with stability, superior photocatalytic 

efficiency, an indirect bandgap transition, non-toxicity, and a layered crystal structure. Which are 

bonded through an internal electrostatic field that can improve the division and transport of electron (e-

) and hole (h+) pairs [6]. However, BiOCl has a relatively large bandgap (3.2 – 3.6 eV), so it can only 

be excited by UV light [7]. Various studies have been executed to improve the bandgap and quantum 

efficiency of BiOCl, such as adjusting the heterostructure to enhance photocatalytic activity [8]-[11]. 

Graphitic carbon nitride (g-C3N4) is a polymer semiconductor with a small bandgap and good light 

response, but it has a small surface area and reduced light absorption rate at wavelengths greater than 

460 nm [12]. The swift recombination of electrons and holes is a problem that needs to be resolved for 

g-C3N4. By combining materials (Ag, RGO) with good electrical conductivity of semiconductors (ZnO, 

TiO2), the composite material shows enhanced photocatalytic efficiency due to the effective separation 

of e− and h+ [13]-[18]. Particularly, the development of heterostructure materials is being promoted to 

take advantage of the benefits, improve limitations, and thus maximize the photochemical efficiency of 

the materials. 
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The heterostructure of g-C3N4 and BiOCl efficiently separate and transfer charges, reducing the 

recombination probability of carrier charge, to improve photocatalytic efficiency. Many studies have 

shown that incoporating g-C3N4 and BiOCl could lead to higher photocatalytic efficiency [7], [19]-[26]. 

However, most of the studies are focused on the bulk g-C3N4 and tested with high power lamp. In this 

paper, the g-C3N4/BiOCl heterostructure was successfully synthesized from exfoliated g-C3N4 and 

BiOCl by sol-gel method. The results narrow the quantum transition energy of BiOCl to enhance 

catalytic efficiency under visible light, with the goal of degrading RhB in industrial wastewater under 

low power LED lamp. 

2. Materials and Experimental 

2.1. Materials and Chemicals 

Chemicals were utilized directly without further purification. Urea, sulfuric acid (98%), acetic acid 

(99%), ethanol (99.9%), ethylene glycol (EG), isopropanol (IPA), potassium dichromate (K2Cr2O7), 

ethylenediaminetetraacetic acid (EDTA-2Na), p-benzoquinone (BQ) were obtained from Xilong 

Chemicals (China). Thiourea (TU), bismuth (III) nitrate pentahydrate (Bi(NO3)3·5H2O), potassium 

chloride (KCl), and rhodamine B (RhB) were obtained from Sigma (Merck). 

2.2. Synthesis of g-C3N4/BiOCl Heterostructure 

2.2.1. Synthesis of Water-Dispersible g-C3N4  

g-C3N4 was synthesized through two processes: (i) Urea was used as a precursor in a thermal 

polycondensation process to create bulk g-C3N4 (CNb), and (ii) The CNb product was oxidized using 

an oxidizing mixture of H2SO4 and K2Cr2O7. Specifically, urea was heated to 550℃ for 5 hours at a 

heating rate of 3℃/min. After completing the thermal treatment, the CNb product was delaminated by 

oxidation. 4 g of K2Cr2O7 was slowly added to 20 ml of H2SO4 (98%) and stirred until the solution 

turned brown, then 0.2 g of CNb was added and stirred for 4 hours without heating. The reaction blend 

was quickly poured into 200 ml of DI water and allowed to cool to room temperature, followed by 

multiple washes until pH = 7. The resulting white solid was dispersed in DI water by sonication for 2 

hours. Finally, the solution was centrifuged at 3000 rpm for 5 minutes to eliminate undelaminated g-

C3N4. The product was fully water-dispersible g-C3N4 with a concentration of 5 mg/ml, denoted as CNs. 

2.2.2. Synthesis of BiOCl  

The synthesis of BiOCl was carried out as follows: 0.005 mol of Bi(NO3)3·5H2O was dissolved in 

50 ml of an EG-H2O mixture (1:1). Then, 0.5 mol of TU was added to the solution, and upon observing 

the formation of a white suspension, 0.005 mol of KCl was added, and the stirring speed was increased. 

While stirring, 50 ml of 2% acetic acid solution was slowly added and stirred continuously for 1 hour. 

The resulting solid was filtered and cleaned with DI water and ethanol. Finally, the washed solid was 

dried to a constant weight at 60°C for 12 hours. 

2.2.3. Synthesis of g-C3N4/BiOCl Heterostructure 

Similar to the BiOCl synthesis procedure, after adding TU to the system, x grams of CNs (where x 

is the weight percentage of CNs) were added. The subsequent steps remained unchanged. The resulting 

g-C3N4/BiOCl heterostructure products were denoted as BCN-x, with x being 2%, 4%, 6%, and 8% by 

weight of g-C3N4. 

2.3. Characterization 

The crystal structure of the samples was inspected using X-ray diffraction (XRD, Empyrean – 

PANalytical) with Cu-Kα radiation (λ = 1.54 Å). The morphology and microstructure of the samples 

were analyzed using field emission scanning electron microscopy (FE-SEM, Regulus 8100, Hitachi). 

Specific surface area and pore size were measured using Brunauer–Emmett–Teller (BET) surface area 

and pore size analyzer (TriStar II Plus 3.03). Functional groups were determined using Fourier-

transform infrared spectroscopy (FT-IR, Nicolet 6700, Thermo). Bandgap widths were analyzed using 

UV diffuse reflectance spectroscopy (DRS, V-570 UV/VIS, Jasco). Light absorption efficiency was 

evaluated using UV-Vis absorption spectroscopy (CRF - V-730, Jasco). 
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2.4. Photocatalytic Experiments 

Photocatalytic activity was assessed by RhB degradation in water using visible light. 25 mg of BCN-

x was added to 100 ml of RhB solution (10 ppm). The solution was then subjected to adsorption 

equilibrium for 30 minutes. After adsorption, the solution was irradiated for 60 minutes using a 50W-

220V white LED lamp. The degradation of RhB was determined by calculating the reduction in 

concentration at a wavelength of 553 nm at specific time intervals using UV-Vis absorption 

spectroscopy (CRF - V-730, Jasco). 

3. Results and Discussion 

3.1. Characterization 

XRD method was employed to analyze the crystal phase structure of the synthesized samples. Figure 

1 (a) shows the XRD spectra of BiOCl, CNb, and BCN-6 samples. For CNb, the strongest and most 

distinct diffraction peak at 27.5° corresponds to the (002) plane, characteristic of the stacking of single 

layers with its aromatic ring structure. The weaker peak at 12.7° is the (100) plane of CNb, caused by 

the in-plane linkage of tri-s-triazine units. In bulk form, CNb consists of multiple stacked single layers, 

making the (002) plane diffraction peak the strongest [27]. For pure BiOCl, all diffraction peaks match 

those of tetragonal-phase BiOCl reported in the card ICDD 01-085-0861 [27], [28], [29]. The 2θ 

diffraction peaks with values of 11.84°, 24.07°, 25.91°, 32.61°, 33.47°, 34.81°, 36.52°, 40.96°, 46.76°, 

48.44°, 49.73°, 54.25°, 58.71°, 60.65°, 68.30°, 75.12°, and 77.80° correspond to the planes (001), (002), 

(101), (110), (102), (111), (003), (112), (200), (201), (113), (211), (212), (114), (220), (214), and (310) 

[27], [28]. For CNb and BiOCl materials, the characteristic peaks for both phases match the data in 

previous reports [20], [27], [28], with no other peaks detected, indicating high purity and no formation 

of by-products. For the BCN-6 composite material, the characteristic peaks of BiOCl were observed in 

the material, showing the existence and structural maintenance of BiOCl in the composite. However, 

the peaks of CNb did not appear in the composite material, possibly due to the relatively low CNs 

content and delaminated structure caused by strong oxidation, making detection by XRD difficult. 

Furthermore, when focusing on the (101), (110), and (102) peaks (Figure 1b), no peak shift occurred 

in the BCN-6 sample compared to BiOCl, which indicates the preservation of the BiOCl phase structure 

inside the BCN-6 sample and that no phase change of BiOCl occurred during the synthesis process. 

Based on equation (1), the crystal sizes of BiOCl and BCN-6 at the (101) peak are 16.41 nm and 16.78 

nm, respectively. These sizes are almost unchanged, however, BCN-6 appears to be slightly larger than 

BiOCl. The formula for calculating crystal size is based on the Scherrer equation: 

𝐷 =
𝑘 × 𝜆

𝛽 × 𝑐𝑜𝑠⁡(𝜃)
⁡⁡ (1) 

Figure 1. (a) XRD diffraction patterns of BiOCl, CN, and BCN-6 samples, (b) Enlargement of the (101), 

(110), and (102) peaks of BiOCl and BCN-6 
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Where λ is the X-ray wavelength (nm), k is the 

shape factor (0.9), θ is the diffraction angle (rad), 

β is the full width and half maximum (rad) and D 

is the crystal size (nm).  

In Figure 2, the FT-IR spectra of CNb show 

peaks appearing at 809 cm-1, characteristic of the 

vibrations of tri-s-triazine rings, while the peak at 

1639 cm-1 relates to the stretching vibration of 

C=N bonds, and peaks ranging from 1205 to 1639 

cm-1 are associated with the stretching of aromatic 

C-N bonds [20], [30]. Regarding the FT-IR 

spectrum of BiOCl, the absorption peak at 528 cm-

1 is attributed to the stretching vibration of Bi-O in 

the tetragonal phase of BiOCl crystals [20]. 

Another peak at 1385 cm-1 are attributed to the 

asymmetric stretching vibrations of Bi-Cl bonds 

[31]. The peak at 1623 cm-1 corresponds to the 

vibrations of O-H bonds in water molecules, possibly from moisture in the air [32], overlapping with 

the peak at 1639 cm-1 of CNb, indicating a slight shift between the peaks of BiOCl compared to CNb 

and the BCN-x samples. All composite samples show the presence of characteristic peaks of BiOCl and 

CNb, demonstrating that the composite maintains the basic structure of CNs and BiOCl after 

incorporation of CNs. 

The morphology and size of the particle are determined by SEM. Figure 3a shows the SEM image 

of pure BiOCl with a flower-like structure about 0.7 μm in size consisting of many BiOCl plates 

aggregated together, each BiOCl plate having an average thickness of about 15 nm and a size of about 

100 nm. Meanwhile, CNb consists of multiple stacked layers with uneven sizes (Figure 3b). After 

undergoing oxidation with K2Cr2O7 and H2SO4, the structure becomes more porous, and the size of each 

layer becomes smaller and thinner (Figure 3c). A heterostructure forms when CNs are added to BiOCl. 

During this process, the bismuth precursor decomposes in water to form Bi3+ ions, which then combine 

with the -OH group in EG to form the Bi(OCH2CH2OH)2+ complex. After adding TU, TU binds to this 

complex to form a new complex Bi(OCH2CH2OH)(Tu)2+ because the lone pairs of electrons on the N 

and S atoms in the TU molecule can bind to Bi ions [9]. In the tri-s-triazine ring structure, the N atoms 

are more electronegative than the C atoms, so the active sites of the N atoms will have a more negative 

charge. As a result, the positively charged Bi(OCH2CH2OH)(Tu)2+ complexes can be electrostatically 

adsorbed onto the active sites of the N atoms [14]. When Cl− ions are present, they gradually replace 

Figure 2. FT-IR spectra of BCN-x composite 

samples, BiOCl, and CNb 

Figure 3. SEM images of (a) pristine BiOCl, (b) CNb, (c) CNs and (d) BCN-6. 
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TU, and then BiOCl crystal nuclei can grow into a 

2D sheet-like structure on the surface of CNs. 

During the growth process, because Bi3+ ions adhere 

to the surface of CNs before developing into BiOCl 

sheets, Figure 3d shows BiOCl sheets adhering to 

the surface of CNs, which is different from the 

structure of pure BiOCl. 

One factor affecting the pollutant degradation 

efficiency is the specific surface area of the catalyst. 

A catalyst with a significant specific surface area 

increases the ability to adsorb pollutants and can 

improve photocatalytic efficiency by providing 

more active sites on the surface [7], [33]. Figure 4 

shows the basic type IV N2 adsorption-desorption 

isotherms of BiOCl and BCN-6 with H3 hysteresis 

loops, indicating the creation of mesoporous materials during the aggregation and stacking of sheets for 

BiOCl and BCN-6, respectively [34]. This is entirely consistent with the SEM analysis results above 

regarding the stacked single-sheet structure of BCN-6. With characteristics of mesoporous materials 

such as pore width ranging from 2 to 50 nm, significant specific surface areas, and substantial pore 

volumes. The parameters of total pore volume (Vpore), surface area (SBET), and average pore width (Wpore) 

are shown in Table 1, in accordance with the theory of mesoporous materials. The surface area of BCN-

6 is higher than that of BiOCl, thus it may have higher adsorption and photocatalytic capabilities, which 

will be verified in the experiments in section 3.3. 

Table 1. Total pore volume (Vpore), average pore width (Wpore), and surface area (SBET) 

Sample Total pore volume (Vpore, 

cm3/g) 

Average pore width (Wpore, 

nm) 

Surface area  

(SBET, m2/g) 

BiOCl 0.049 9.24 21.41 

BCN-6 0.041 5.55 30.20 

3.2. Optical properties 

The samples optical properties were examined using a UV-Vis spectrophotometer. UV-Vis DRS was 

used to measure and analyze the optical absorption of BiOCl, CNb, and BCN-x samples. In Figure 5a, 

the absorption edges of BiOCl, CNb and the BCN-2, BCN-4, BCN-6, and BCN-8 samples are at 

wavelengths of 439 nm, 480 nm, 450 nm, 444 nm, 452 nm, and 447 nm, respectively. The absorption 

edges of the BCN-x composite samples are detected to shift towards the visible region, indicating that 

Figure 4. N2 adsorption–desorption isotherms 

of pure BiOCl, and BCN-6 

Figure 5. (a) The DRS UV-Vis spectra and (b) Tauc-plot of CNb, BiOCl and BCN-x. 
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the presence of CNs on the BiOCl surface extends 

the light absorption range into the visible region 

by adding CNs. To calculate the band gap energy 

of the semiconductor, the following formula can 

be used: 

 𝐴(ℎ𝑣⁡ −⁡𝐸𝑔)
𝑛

2 = 𝛼ℎ𝑣 (2) 

Where A, h, v, Eg and α are the constant, 

Planck's constant, light frequency, band gap 

energy and absorption coefficient, respectively. In 

this equation, n is defined by the type of band gap 

energy of the semiconductor (n = 1 for direct band 

gap and n = 4 for indirect band gap). Based on 

earlier reports, the n values for BiOCl and CNb 

are both 4 [28], [35]. Thus, the Eg of BiOCl and 

CNb are predicted to be 2.90 eV and 2.54 eV, 

respectively. Figure 5b shows that the Eg values 

of the BCN-2, BCN-4, and BCN-8 samples did not change significantly as the g-C3N4 content increased, 

ranging from 2.84 to 2.89 eV. It could be seen that either deficiency or excess amount g-C3N4 do not 

lead to the desired band gap results, owing to the coverage level and dispersion of BiOCl on the g-C3N4 

sheets [36], [37]. However, the BCN-6 sample, with an Eg value of 2.78, shows an improved band gap 

compared to the other BCN-x samples and a significant improvement compared to the original BiOCl. 

The conduction band and valence band edge positions of the semiconductor are determined using the 

following formula: 

ECB ⁡= ⁡χ⁡–⁡Ee ⁡− ⁡0.5Eg⁡ (3) 

EVB =⁡ECB +⁡Eg (4) 

Where EVB and ECB are the valence band and conduction band edge positions, X is the absolute 

electronegativity of the semiconductor (χ = 6.36 and 4.73 for BiOCl and g-C3N4, respectively) [38], and 

Ee is the energy of free electrons on the hydrogen scale (4.5 eV). With the Eg values of BiOCl and g-

C3N4 being 2.75 and 2.54 eV, respectively, the ECB and EVB values of g-C3N4 are determined to be -1.04 

and +1.5 eV, respectively, while for BiOCl they are +0.41 and +3.31 eV, respectively. From these 

numbers, it can be assumed that the VB and CB energy levels of BiOCl and g-C3N4 are staggered, 

forming a structure similar to a type II heterojunction facilitating the effective utilization of electrons 

and holes generated when exposed to light. 

3.3. Photocatalytic activity 

𝑞𝑡 =
(𝐶𝑜 − 𝐶𝑡). 𝑉

𝑚
⁡ (5) 

𝑡

𝑞𝑡
=

1

𝑞𝑒
𝑡 +

1

𝑘𝑎𝑑𝑠. 𝑞𝑒
2 (6) 

The following equations are used to estimate the adsorption capacity of pollutants. The adsorption 

capacities of BiOCl, CNb and BCN-x samples follow the second-order kinetic model [39], and are 

determined by examining the removal rate of RhB when dissolved in water. 

Where: CO and Ct (mg/L) represent the initial concentration and the concentration at time t of RhB 

in the solution, respectively, m (g) is the mass of the adsorbent and V (L) is the volume of the solution. 

qt (mg/g) is the quantity of RhB adsorbed on the catalyst at time t, kads (g/mg.min) is the adsorption rate 

constant, and qe (mg/g) is the amount of RhB adsorbed on the catalyst at equilibrium. 

Figure 6. Adsorption capacity of RhB by CNb, 

BiOCl, and composite samples over time in dark 

conditions. 
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Figure 6 shows the RhB adsorption capacity of the photocatalysts CNb, BiOCl, and composite 

samples, which reached a stable state after 30 minutes. The quantity of adsorbed RhB at equilibrium (qe) 

is presented in Table 2. The adsorption capacity of the composite samples increased linearly with the 

percentage of CNs doped into BiOCl, with a tendency to decrease in the BCN-8 sample. This may be 

owing to the great specific surface area of the oxidized CNs sheets, which, when bonded with BiOCl 

crystals, increase the surface contact area of the composite samples, thereby enhancing the adsorption 

capacity. However, in the BCN-8 sample, the excessive amount of CNs may cover part of the BiOCl 

sheets surface area, reducing the contact surface area and consequently decreasing the adsorption 

capacity compared to the BCN-6 sample. 

Table 2. Adsorption capacity qe and adsorption rate constant kads 

Sample qe 

(mg/g) 

kads 

(g/mg.min) 

R2 

(kads) 

kapp 

(min-1) 

R2 

(kapp) 

BiOCl 14.50 0.0249 0.99 0.0819 0.97 

CNb 8.02 0.2767 0.98 0.0134 0.95 

BCN-2 10.33 0.0443 0.98 0.0777 0.96 

BCN-4 14.83 0.0696 0.99 0.0848 0.96 

BCN-6 19.92 0.0287 0.98 0.1132 0.98 

BCN-8 13.62 0.0268 0.98 0.0743 0.96 

To evaluate the photocatalytic efficiency, the research team assessed the degradation capability of 

the organic dye RhB under visible light irradiation using the BCN-x, BiOCl, and CNb samples (Figure 

7a). To determine the stability of RhB under visible light irradiation in water, the experiment was 

conducted under the same conditions but without any catalyst. The results showed no substantial 

alteration in RhB concentration, indicating that the self-degradation of RhB could be neglected. For 

CNb, despite being a semiconductor with a low band gap and visible light absorption, the photocatalytic 

efficiency of CNb was very poor, reaching only about 50% after 60 minutes of catalysis. This is due to 

the drawback of g-C3N4 with its rapid recombination ability of electrons and holes, thereby inhibiting 

the reactions from occurring during the photocatalytic process [27]. In contrast, BiOCl still exhibited 

very good photocatalytic activity, achieving an efficiency of up to 85% after 30 minutes of catalysis. 

This could be due to the structure of BiOCl in the form of assembled single plates, which increases the 

contact area between the catalyst and the RhB dye, leading to better RhB degradation. When using 

Figure 7. (a) Rate of RhB degradation under visible light irradiation for the BiOCl, CNb, and BCN-x 

samples. (b) Kinetics of RhB degradation by the BiOCl, CNb, and BCN-x samples under visible light 

irradiation. 
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composite samples, the catalytic efficiency was 

most effectively improved at a concentration of 

6% (BCN-6), which could nearly completely 

degrade RhB dye within just 30 minutes of 

catalysis. However, adding too many CNs reduces 

the photocatalytic efficiency, as seen with BCN-8 

showing lower photocatalytic performance 

compared to BCN-6. As mentioned, adding too 

many CNs can cause the CNs to agglomerate, 

covering part of the contact area of the BiOCl 

sheets. This reduces the adsorption capacity and 

directly affects the photocatalytic efficiency when 

excessive amount of CNs is used. The kinetics 

study of the BiOCl, CNb, and BCN-x samples 

during RhB degradation is shown in Figure 7b. 

The data fits well with the first-order reaction rate 

model: 

ln
𝐶0
𝐶𝑡

=⁡𝑘𝑎𝑝𝑝. 𝑡 (7) 

Where Ct is the RhB concentration at various irradiation times, Co is the initial RhB concentration 

after 30 minutes of adsorption equilibrium, and kapp (min-1) is the apparent reaction rate constant. Based 

on Table 2 and Figure 7b, the Kapp value for the BCN-6 sample is 0.1132 min-1, which is 8 times and 

1.3 times higher than the Kapp values of CNb (0.0134 min-1) and BiOCl (0.0819 min-1), respectively. The 

Kapp values of the BCN-x samples also increase with the CNs ratio, reaching the fastest rate with BCN-

6, and then significantly decreasing with BCN-8 when exceeding the optimal CNs amount. 

3.4. Catalyst Photostability and Photocatalytic Mechanism 

In order to investigate the effects of different reactive species in the photocatalytic process, a series 

of separate trapping experiments were conducted to capture irradiated electrons (e-), irradiated holes 

(h+), superoxide radicals (●O2
−), and hydroxyl radicals (●OH), various agents such as potassium 

Scheme 1. Photocatalytic mechanism of g-C3N4/BiOCl photocatalysts for the degradation of organic 

pollutants under visible light radiation. 

Figure 8. Trapping experiment of active species 

for RhB degradation over BCN-6 under visible light 

irradiation. 
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dichromate (K2Cr2O7), ethylenediaminetetraacetic acid disodium salt (EDTA-2Na), p-benzoquinone 

(BQ), and isopropanol (IPA) were used, respectively. The concentration of the chelating agents was 

fixed at 2 mM. As shown in Figure 8, the degradation rate of the RhB solution was barely affected when 

IPA was added, indicating that ●OH radicals play an insignificant role in the oxidation reaction. 

Meanwhile, when EDTA-2Na and K2Cr2O7 were added, the degradation rate significantly decreased, 

demonstrating that h+ and e- are crucial in the redox process of organic pollutants. For BQ, the results 

showed that ●O2
− has a partial effect, suggesting that few radicals are generated, so it does not 

significantly impact the degradation rate of organic pollutants. 

Based on the results of the reaction species trapping experiments mentioned above, a possible 

photocatalytic mechanism is illustrated in Scheme 1. When irradiated under visible light, both g-C3N4 

and BiOCl are excited and generated electron-hole pairs. At this point, excited electrons on the surface 

of g-C3N4 can easily migrate to the CB of BiOCl or partially reduced oxygen in the enviroment to ●O2
- 

whereas excited holes have tendency to migrate to the VB of g-C3N4 without the oxidation reaction (OH-

/●OH) occurred [40]. Since the redox potential (O2/●O2
-) is lower than CB of g-C3N4, reduction is 

thermodynamically favorable [41]. Thus, remained excited electrons are concentrated in the CB of 

BiOCl and excited holes are separated in VB of g-C3N4. As mentioned above, these electrons and holes 

would directly react with RhB to degradated products. The reactions continue until totally removed RhB 

in water within 30 min. The incorporation of g-C3N4 with BiOCl has appropriate effect on separating 

electrons and holes, which can accelerate removal rate 1.4 times and shorten removal times from 50 min 

(BiOCl) to 30 min (BCN-6). 

4. Conclusions 

We have successfully synthesized a new and stable g-C3N4/BiOCl heterostructure photocatalyst 

under light. The highest optical activity was achieved at an optimal amount of g-C3N4 (x = 6%) 

combined with BiOCl. Analytical and computational methods confirm that this new heterostructure 

catalyst has improved the degradation efficiency for RhB dye compared to the single-component 

photocatalysts g-C3N4 and BiOCl. This heterostructure photocatalyst has successfully increased the 

surface area of the material and overcome the rapid recombination rate between the e- and h+ pairs of g-

C3N4, and reduced the initial bandgap of BiOCl, enabling the photocatalyst material to easily react under 

visible light conditions for an extended period. 
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