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ABSTRACT 

 

In the search for an effective semiconductor for photocatalytic applications, 

certain important necessities such as narrow bandgap for efficient 

absorption of visible light, suitable band location for an effective redox 

reaction, low recombination rate, etc. need to be kept in mind. It is 

apparently clear that a no single semiconductor can satisfy these 

requirements. Graphitic Carbon Nitride (g-C3N4)-based semiconductor 

nanocomposites have however been found to possess these all-important 

qualities. This study outlines the most recent developments in the design 

and fabrication of g-C3N4-based materials, as well as their applications in 

photo catalysis. 

 

INTRODUCTION 

The expanding worldwide emergency of energy deficiency and natural issues are getting to be genuine dangers to 

the economic improvement of human society. Governments and researchers are working behind the clock to find 

green technologies as justifiable ways to solve these abovementioned crises [1]. Solar energy is an ideal source of 

energy to solve these energy crises without imposing any negative effects on the environment. This is because solar 

energy is environmentally friendly, and has limitless supply of power. Solar energy/sunlight has also been found 
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useful in the removal of pollutants [2]. Nowadays, scientific and engineering interest in semiconductor application 

has grown extensively. Especially, semiconductor-based photocatalysis has been considered as a renewable, 

economic, secure, and clean innovation, which conducts catalytic responses for an assortment of applications, 

such as water purification [3-6] lessening of CO2 [7-9], evacuation of natural poisons [10,11], bacteria dis-infection [12,13], 

NOx abatement [14,15], and particular blend of organic compounds [16]. However, the less effectiveness in utilizing 

solar-energy still stay the blockage of semiconductor photocatalysts to fulfill the prerequisites of real-world 

applications [17]. For example, the traditional semiconductors (such as TiO2, ZrO2, ZnO, ZnS, and Fe2O3) perform 

poorly under visible light due to their large energy gap. For this reason, several modification have been made to 

these traditional semiconductors, as well as fabricating their alternatives [18-20]. 

Presently, how to design novel photocatalysts that are firm, abundant and simplistic in construction still remains a 

challenge. Effective use of solar energy, designing and manufacturing of semiconductor materials for 

photocatalysis application is widely studied by scientific researchers [21]. It is against this background that graphitic 

Carbon Nitride (g-C3N4) based semiconducting materials having caused waves of eagerness in the arena of 

scientific research due to its treasure of striking properties [22]. Graphitic Carbon Nitride (g-C3N4) is the most stable 

allotrope of carbon nitrides at ambient atmospheric conditions with unique surface properties that makes it 

suitable for many applications, including catalysis. As the saying goes, “there are more room for improvement”, it is 

believed that, new physical properties of g-C3N4 nanocomposites are yet to be discovered. Since a single 

semiconducting material cannot meet the current demand, there is urgent need to develop various synthetic 

procedures and physicochemical strategies to enrich g-C3N4with a desired electronic structure, crystal structure, 

nanostructure, and heterostructure [23]. In this review, synthesis and applications of graphitic carbon nitride-based 

semiconductor composites are dealt with. 

LITERATURE REVIEW 

Graphitic Carbon Nitride (g-C3N4) 

In 1989, Liu and Cohen projected that carbon nitride could be fabricated to be ultrahard materials. Nitrites of 

carbon are group of polymeric material comprising basically of carbon and nitrogen [24]. They can be gotten from 

carbon materials, through substitution of the carbon iotas by nitrogen, and gotten to be engaging candidates for an 

assortment of applications. As mentioned earlier, Graphitic Carbon Nitride (g-C3N4), in recent times has generated a 

lot of interest among researchers in the field of photocatalysis. This is due to the fact that g-C3N4 is chemically 

stable and has exceptional microelectronic band structure [25], the occurrence of basic sites, low cost, metal free, 

and very responsive to visible light. It is estimated through thermogravimetric investigation that carbon nitrides can 

endure heat up to 600°C and will decompose wholly when temperatures rises to 750°C [26]. 

Ideally, g-C3N4comprises exclusively an assemble of C-N bonds in which there are no localisation of electrons in π 

state [27]. The ability of graphitic carbon nitride to undertake structural and chemical alteration gives it a plausibility 

of fine tuning its structure and reactivity and allows one to control the semiconducting properties and altogether 

expand the variety of catalytic applications [28]. Additionally, g-C3N4 is a polymeric semiconductor with an exceptional 

structure, energy gap of 2.7 eV and amazing physical and chemical properties [29]. G-C3N4 possesses strong van der 

Waals forces among its layers which make it chemically stable in most solvent such as alcohols, water, diethyl 
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ether, toluene, N, N-dimethylformamide, and tetrahydrofuran. More critically, g-C3N4 is as it were composed of two 

earth-abundant components: carbon and nitrogen. This proposes that it can effectively be produce at a low cost, 

and that its properties can be tuned by straightforward techniques without critical modification of what it’s generally 

made of [30]. 

In spite of the above mentioned benefits of g-C3N4, there is high rate of recombination of charge carriers generated 

by photo reactivity which limit the photocatalytic efficiency [9] and low electrical conductivity. In an attempt to curb 

the just mentioned problems associated with g-C3N4, researchers capitalised on its compatibility with several 

inorganic nanoparticles [1] to fabricate g-C3N4-based composite materials. Several approaches such as metal doping 

[31,32], non-metal doping [33-35], metal/non-metal co-doping [36], fabrication of nano/mesoporous structure [37] and 

combining with other semiconductors [38], have been use to enhance the photocatalytic performance of g-C3N4 [39]. 

Graphitic Carbon Nitride (g-C3N4)-based semiconductor nanocomposites 

In the search for effective g-C3N4-based nanocomposites, certain important necessities such as narrow band gap 

for efficient absorption of visible light, suitable band location for an effective redox reaction, etc. need to be kept in 

mind. It is apparently clear that a no single semiconductor can satisfy these requirements [40]. It is on the bases of 

this that several semiconducting materials such as CdS [41], WO3 [42], BiWO6 [43], ZnO [44], TiO2 [45], Ag2O [46], Cu2O [47], 

Fe2O3 [48], In2O3 [49], graphene [50] and carbon quantum dots were coupled with g-C3N4 to fabricate composites [26]. 

Construction of g-C3N4 based heterostructured composites endow the composites with the ability to conquer the 

recombination of photoinduced charge carriers, and also enhanced the composite with physicochemical properties 

[46]. 

Synthesis Graphitic Carbon Nitride (g-C3N4) 

In 2009, Wang and co-workers discovered that graphitic carbon nitride can be used to produce H2 from water [51]. 

Since then, several efforts have been made to manufacture g-C3N4 semiconductor and its derivatives by thermal 

condensation of plentiful, nitrogen-rich and oxygen-free precursors which contain C–N bonds [52,53]. Nitrogen-rich 

precursors (Figure 1) such as urea [54], thiourea [55], melamine [7,56], cyanamide [57-59], dicyandiamide [59,60]have been 

used to synthesise g-C3N4. 

 Figure 1. Shematic diagram of the synthesis of graphitic carbon nitride by thermal condensation [61].  
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Several authors have reported that physical and chemical properties of g-C3N4 such as surface area, porosity, 

absorption, photoluminescence, C–N ratio, and nanostructures are strongly influenced by the type of precursors 

and treatment used [16]. This means that the choice of precursors and treatment methods are very crucial. For 

example, Zhang and co-workers prepared g-C3N4 by directly heating thiourea at varied temperatures for 2 h. They 

concluded that condensation temperature greatly affect formation of g-C3N4. However, increasing the temperature 

to 650°C accelerates the partial decomposition of the catalyst itself [62]. Cui et al. [63] also fabricated g-C3N4 by 

heating directly ammonium thiocyanate and dicyandiamide at different temperatures. XRD analysis of their 

samples revealed that the characteristic graphite-like structure of g-C3N4 evolves when the calcination temperature 

exceeds 450°C. They concluded that a sample obtained from ammonium thiocyanate was of improved 

photoactivity than those fabricated from dicyandiamide [63]. Additionally, Yan and co-workers successfully fabricated 

g-C3N4 by direct heating of melamine in a semi closed system with the aim of preventing sublimation of melamine. 

In their synthesis process, melamine powder was put into alumina crucible with a cover, then heated to 500 °C in a 

furnace for 2 h, and later subjected to deammonation treatment at 500, 520, 550, and 580°C for 2 h. It was 

evident from their analysis that, g-C3N4 is stable in the partly closed ammonia atmosphere than in the open system 

[64]. Studies conducted by Mo et al. on the effect of calcination temperature on crystal structure, morphology 

evolution, energy gap engineering of melamine-derived graphitic carbon nitride revealed that, g-C3N4 could be 

formed fully only when the calcination temperature exceeds 500°C. They also reported that samples fabricated at 

650°C showed an extraordinary photocatalytic performance. 

Synthesis of Graphitic Carbon Nitride (g-C3N4)-based semiconductor nanocomposites 

In the quest to manufacture g-C3N4 based heterostructure, there are few things one ought to consider. First and 

foremost, the chosen semiconductors must have a reasonable band arrangement. Furthermore, the 

semiconductors got to be associated in such a way that their interesting physical and chemical properties are 

ideally utilized. The choice of a suitable blend methodology comes into play when the implementation and 

optimization of the heterostructure is the prime concern [65]. Several researchers have developed different ways to 

effectively synthesize g-C3N4-baesd nanocomposites. These include: simple calcination method, solution mixing, 

sol-gel, hydrothermal, hydrolysis, and microwave irradiation. According to Liu et al. these methods have been 

grouped into two major kinds of artificial approaches which have been employed for the synthesis of g-C3N4-based 

composites. Firstly, the material is mixed with carbon nitride precursor accompanied with thermal condensation at 

favourite temperature. Secondly, the material is post treated with as- prepared g-C3N4 by deposition or basically 

mixing). For example, Ghane et al. prepared Fe2O3/ g-C3N4 nanocomposites using the latter method. In their 

synthesis process, different amounts of Fe (NO3)3.9H2O and urea were added to as-prepared g-C3N4 powder. Optical 

absorption spectroscopy analysis of their samples showed an increase absorption in the visible region of the EM 

spectrum with increasing Fe2O3 content, which was proven by a decrease in bandgap from 2.65–1.75 eV. They 

concluded that, coupling g-C3N4 with Fe2O3 endowed the resulting composite with certain remarkable qualities such 

as electron-hole recombination reduction, efficient visible light harvesting, and energy gap narrowing. However, 

there was a word of caution from their report that, although increasing Fe2O3 content of the nanocomposite 

enhanced its photoresponse, excessive Fe2O3 content can undo the achievement made. Ge et al. on the other hand 

fabricated g-C3N4/Bi2WO6 composite by mixing the powders of as-prepared g-C3N4 and Bi2WO6. The resultant 

samples were collected and calcined at 300°C for an hour in a muffle furnace. Analysis of their samples revealed 

an efficient photocatalytic activity on MO degradation with degradation efficiency of 99.9%. This was attributed to 
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the synergic effect between polymeric g-C3N4 and Bi2WO6, which played a vital role in supressing electron-hole 

recombination. 

Also, Chang et al. prepared g-C3N4–TiO2 nanocomposite through simplistic sol–gel technique using tetra-n-butyl 

titanate as a precursor. This precursor undergoes hydrolysis and polycondensation process to form a colloid 

solution. Analysis of their samples revealed a close contact between g-C3N4 and TiO2 to form a heterojunction 

structure. 

Sol-gel method is one of the critical approaches that have been used to fabricate extremely permeable g-C3N4. Due 

to its low cost, ambient processing temperature, and synthesis route, sol-gel technique has been considered as one 

of the unique methods. This method has been known as one of the appropriate methods for the fabrication of g-

C3N4 and metal oxides semiconductor photocatalysts due to the production of metal-OH network [66]. Recently, in 

the field of material science ceramic engineering, sol-gel method which is a wet-chemical process has been 

employed [67]. 

Doping 

Metal doping: Junction formed between a semiconductor and a metal has been extensively used to generate space-

charge separation region popularly known as Schottky barrier. In order to prevent charge recombination and also 

align Fermi energy levels, electrons transfer occurs from one component to the other at their interface. It is 

therefore possible to dope g-C3N4 with metals with the aim of increasing the photocatalytic activity. G-C3N4 has an 

exceptional structure, with nitrogen forming a triangle (Figure 2). Each of the triangles has six lone-pair electrons 

which makes it very easy for metal incorporation into the structure [25]. Doping g-C3N4 with a metal endows it with 

low energy gap, improved surface area, high absorption of visible light and prevention/reduction of recombination 

of light generated electron-hole pairs [68]. To be able to incorporate metal ions into the network of g-C3N4, the g-C3N4 

precursor is mixed uniformly with the soluble salt that contains the metal ions. Through thermal condensation of 

precursor, metal impurities will be concurrently doped into the network of the g-C3N4 [69]. 

Figure 2. Structure of graphitic carbon nitride [70]. 

 

Several metals such as Fe, Zn, Cu, Co, Ag, Li, K, Ni, Na, Er, V, etc. have been used to dope g-C3N4 photocatalyst with 

the aim of modulating its physical and chemical properties [71-78]. In general, one of the effective strategies to 

enhance the performance of g-C3N4 through modification of its electronic structure and surface properties is by 
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elemental doping [79]. For example, Das and co-workers fabricated Nickle doped g-C3N4 using urea and nickel 

nitrate hexahydrate as precursors [80]. As revealed in Figure 3, the Ni ions may be synchronised with the large rings 

of C–N. Moreover, they reported that, when Ni atoms are introduced into the structure, many states are created 

within the energy gap and also there was an electronic bond between the Ni atoms and the lone pairs of nearby 

nitrogen atoms. They also reported a reduction in the recombination rate of photogenerated carriers. They 

attributed this to the fact that electrons spend some time being trapped in the doping site, thereby prolonging the 

time taking by an electron to recombine with a hole. It was evident from their research that band gap decreased 

with increasing doping concentration. 

Figure 3. Possible doping site for Ni. (Note: - Nitrogen,  -Carbon, -Ni2+) 

 

Reddy et al. performed photochemical studies on Ni–doped g-C3N4 nanostructures under visible light and 

presented similar report as Das et al.  

Fronczak et al. [81] fabricated undoped and Na-doped g-C3N4 by thermal condensation using sodium chloride and 

cyanamide as precursors. They reported that the Na-doped g-C3N4 samples had an exceptional adsorption 

performance (with maximum adsorption ability in the range between 200 and 300 mg.g-1) in relation to the removal 

of an anionic dye-methyl blue. 

Additionally, Zhao’s group presented a novel energy gap-tunable K-Na co-doped g-C3N4 photocatalysts by molten 

salt method using melamine, potassium chloride and sodium chloride as precursors. They reported that when the 

weight ratio of eutectic salts to melamine is controlled, the conduction band and the valence band potentials of g-

C3N4 can be tuned from -1.09 and +1.55 eV to -0.29 and +2.25 eV respectively [82]. This will surely lead to the 

formation of *OH and *O2 resulting into a much higher photodegradation rate. Zhao et al. added that K-Na co-

doping endows the g-C3N4 photocatalyst with a supressed crystal growth, enhanced surface area and a decreased 

electron-hole recombination. Similar results were obtained by Hu and friends when they synthesized Fe-P co-doped 

g-C3N4 photocatalyst with dicyandiamide monomer, ferric nitrate, and diammonium hydrogen phosphate as reacting 

chemicals [32]. The extraordinary performance of their samples was attributed to synergistic effect of Fe and P co-

doping. 

In summary, there has been a widespread introduction of metal ion dopants into the structure of g-C3N4. Some of 

the benefit of metal ion dopants is the creation of new energy levels in the energy gap, improved visible light 

response, and an increased electron-hole separation rate. 

Non-metal ion doping: G-C3N4 is known to be a very promising metal-free polymeric photocatalyst [4]. In an attempt 

to maintain the metal-free characteristics of g-C3N4, much attention of researchers has been drawn to no-metal 

doping. Unlike metals, non-metals have high ionization energies and high electronegativity which offer them the 
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ability to form covalent bonds. More importantly, non-metals can overcome thermal variation of chemical states of 

doped metal ions. It is believed that introducing non-metal ions into graphitic carbon nitride could endow the 

system with a unique electronic structure and bandgap that can be tuned for a desired application such as 

Photoluminescence (PL) [34]. 

Different non-metals such as P [83], B [77], S [84] and Br [54] have been extensively used to dope g-C3N4. For example, 

boron doped g-C3N4 photocatalysts were fabricated by Lu and friends using thiourea and boric acid as precursors. 

They reported that introducing B atoms into g-C3N4 structures enhances its photocatalytic activities by lowering its 

band gap with a corresponding high absorption of visible light. They performed photocatalytic degradation activities 

on UO22+ and reported 93% efficiency. After evaluating the long-term stability of their samples, it was observed 

that the samples were very stable even after five cycles [77]. In addition to altering the bandgap, boron doping can 

modify the conductivity of g-C3N4 from n-type to p-type whereas keeping the conduction band edge negative 

sufficient for hydrogen generation [85]. 

In 2015, Zhou et al. presented an excellent work on P-doped g-C3N4 by a thermo-induced copolymerization 

approach with Guanidiniumhydrochloride (GndCl) and hexachlorocyclotriphosphate as P source. In their preparation 

process, 5 g of guanidiniumhydrocloride was made into powdered form and mixed with different quantities of 

hexachlorocyclotriphosphate. This combination was then put into a furnace and heated to a desired temperature 

(550, 600, 650°C) at the rate of 2°C per minutes. They investigated the photocatalytic performance, and 

rhodamine B decomposition of the resulting P-doped g-C3N4 photocatalyst completely degraded 10 mgL-1 RhB in 10 

min, whereas pure g-C3N4 will need 30 min. They moreover, reported H2 evolution rate of 50.6 μmol h-1, which is 

2.9 times greater than that of pure g-C3N4. 

Additionally, Zhou and friends stated that adding P atoms to g-C3N4 positively affect electronic, semiconducting, and 

chemical properties of g-C3N4. Again, they detailed that there was efficient suppression of recombination of light 

generated electrons and holes. 

In similar study, Wang et al. [86] also fabricated P-doped g-C3N4 nanosheets for the detection of silver ion and cell 

imaging. Melamine and diammonium hydrogen phosphate were the precursors used. In their approach, a 

suspension was formed by adding the precursors to water in a beaker. After heating in an oil bath at 100°C for 2 

hours and removing the water, the solids were dried in an oven at 100°C for 2 hours. The product was calcined for 

4 hours at 520°C at 2°C/min in an alumina crucible. To obtain bulk P-doped g-C3N4, the yellow solid was ground 

into powder, which was then dissolved in water and ultrasonically dispersed for 12 hours. Centrifugation and 

lyophilization were used to collect solid P-doped g-C3N4 nanosheets. In addition to B-doped and P-doped graphitic 

carbon nitride photocatalysts, Br-modified g-C3N4 semiconductors have also been prepared by Lan, et al. [54] for 

photoredox water splitting. Urea (10 g), and with different concentration of ammonium bromide (NH4Br) was mixed 

with 10 mL deionized water while stirring to remove water. The products were sintered at 550°C for 2 h at a 

heating rate of 5.0°C/min in air. Other chemicals such as dicyandiamide, ammonium thiocyanide and thiourea 

were used in conjunction with ammonium bromide to fabricate Br-doped g-C3N4 via similar method. They reported 

that, the addition of bromine to g-C3N4 modifies the texture, optical absorption, electrical conductivity, charge-

carrier transfer rate, and photocatalytic efficiency without damaging the polymer’s major structure and architecture. 
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Sulphur, being one of the nonmetallic elements has also been used to dope graphitic carbon nitride. Zhang et al. 

fabricated S-doped g-C3N4 via a simple method. Three (3) g of melamine was mixed with varied amount of 

elemental sulphur. The mixture was grounded into powder and then transported into a covered crucible and heated 

to 650°C for 2 hours directly in nitrogen gas. Optical absorption spectroscopy analysis of their sample revealed a 

bandgap decrease from 2.76–2.58 eV for a pure g-C3N4 and sulphur-doped g-C3N4 respectively. The observed red 

shift and additional absorption into longer wavelength for all S-doped g-C3N4 was attributed to intermediate energy 

bands related to surface imperfections induced by sulphur mediated fabrications. It was evident from their PL 

analysis that charge carrier recombination was efficiently supressed by the S-doped g-C3N4 due to optimized 

structure, electronic and a textural property that assists charge separation. 

Jiang and friends studied the combined effect of co-doping g-C3N4 with sulphur and phosphorus on photocatalytic 

performance for the degradation of methyl orange and tetracycline. Co-doping has been found to combine the 

advantages of both impurity atoms, resulting in the enhancement of the photocatalytic performance. In their 

synthesis approach, varied amount of Hexachlorotriphosphazene (HCCP) and fixed amount of thiourea were mixed 

together, grounded into powder and calcined for 4 hours at 550°C in a covered crucible where the heating rate was 

kept at 10°C/min. After cooling to room temperature, the resulting products were gathered and grounded into 

powder. They reported that the P-, S-codoped g-C3N4 had significantly higher visible light photocatalytic activities 

against TC and MO solution than pure g-C3N4 and single-doped g-C3N4. They added that P-S-co-doped g-C3N4 

enhances surface area, light absorption ability, and charge separation efficiency, thereby leading to higher 

photoactivity. 

Zhang et al. [87] has also described the synthesis of B and P co-doped g-C3N4 nanosheets for organic waste removal. 

BmimPF6, B2O3 and melamine were the precursors used. In their methodology, 50 mg BmimPF6, 50 mg B2O3 and 

3 g melamine were introduced into 15 mL water. Whiles constantly being stirred, the resulting suspension was 

heated at 100°C for the removal of water. To obtain the dark yellow bulk B, P co-doped g-C3N4; the product was 

grounded, transferred into a covered crucible and heated at 520°C for 4 hours in an oven. For the B, P co-doped g-

C3N4 nanosheets, the authors adopted a simple method called direct thermal oxidation etching process, which was 

developed by Niu, et al. [88]. The bulk B, P co-doped g-C3N4 was placed in a crucible without a cover and heated at 

500 °C at a rate of 5°C/ min for 2 hours to obtain a light-yellow sample. The results of their analysis were similar to 

that of Jiang et al. described above. 

In a nut shell, doping plays a vital part in tuning the electronic band structure of g-C3N4. Metal doping happens 

through inclusion into the system of g-C3N4, whereas non-metal doping happens by means of substitution of carbon 

or nitrogen atoms, which influences the resulting conduction band and valence band. Almost all the time, a 

diminished bandgap can be achieved, leading to an increase in the light absorption capacity. This is often very 

adaptable technique that empowers the bandgap designing of g-C3N4 by choosing particular doping elements and 

their quantities, depending upon the specified band positions [1]. 

Application 

A wide range of g-C3N4-based photocatalysts have been used in redox reactions as diverse as water splitting, CO2 

reduction, pollutants degradation, bacterial inactivation, solar energy conversion, organic synthesis, and 

photoelectronic system fabrication [52,85,89-91]. 
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Water splitting: The basis of natural photosynthesis is focused on the analysis of H2 and O2 generation from water 

splitting by semiconductor-based photocatalysts. The production of O2 is difficult [92]. Photolysis of water needs 

semiconductors with conduction bands with more negative potential for reducing H+ to H2, while their valence 

bands must exhibit a more positive potential than the potential necessary for oxidizing H2O to O2 [93]. Most g-C3N4 

photocatalysts are only used in the semi reactions of H2 or O2 evolution because the formation of O2 necessitates a 

four-electron transfer phase that demands a significant overpotential [92]. 

Qin et al. [90] fabricated Zn-doped g-C3N4/BiVO4 z-scheme photocatalyst combination to split water completely into 

H2 and O2. The system comprises Fe3+/Fe2+ redox mediator for water splitting whereby Zn-doped g-C3N4 was used 

for H2 evolution and BiVO4 for O2 evolution. Moreover, the photocatalyst for H2 generation ought to have great 

charge division execution and an adequate oxidation energy level to oxidize halfway particles to an elevated 

valence state, so as to guarantee the smooth realization of another half reaction. It ought to be noted that there are 

numerous components influencing the redox cycle of the intermediary medium, just like the adjustment of pH and 

the inclusion of appeasing agent, which may cause harm to the charge exchange structure so as to obstruct the 

catalytic performance [92]. Additionally, Thaweesak and friends manufactured B-doped g-C3N4 nanosheets for 

improved visible light photocatalytic water splitting. The structure of nanosheets can provide surface catalytic active 

area and also reduces the distance with which the photoexcited charge carriers defuses from the bulk to the 

surface [89]. In 2016, Lan and co- workers prepared bromine-modified graphitic carbon nitride photocatalysts for 

water splitting through one-pot condensation of urea and NH4Br. Photocatalytic water reduction analysis of the Br-

modified g-C3N4 samples revealed a comparatively high evolution rate for H2, i.e., 48 µmolh-1 as against 20 µmolh-1 

for pure g-C3N4. However, this was not the same for water oxidation process for O2 production. Br-modified g-C3N4 

samples showed restricted activity for O2 evolution (4 µmolh-1). This was attributed to the fact that the VB edge of 

the Br-g-C3N4 was not positive sufficient to drive the numerous electron/energy exchange process of O2 production. 

Furthermore, the huge O2 evolution over-potential and poor surface kinetics constantly slowed down the water 

oxidation cycle. To overcome these challenges, cobalt oxide was loaded on g-C3N4 as co-catalyst for water oxidation. 

This resulted to O2 production rate of about 6 times more than that of pure Br-g-C3N4 [54]. 

Generally, the key to the complete water splitting by photocatalysis is that its redox procedures ought to have 

comparatively high photocatalytic carrier separation rate, whether a single catalyst or a separation system 

composed of two catalysts [92]. 

CO2 photoreduction: Carbon dioxide gas photoreduction has been a major topic of research in the fields of 

environment and energy as the global greenhouse effect has intensified [94]. CO2 is chemically reduced into 

hydrocarbons using photocatalytic technology, which not only converts this greenhouse gas into recycled fuel but 

also helps to reduce global warming. CO2, on the other hand, is a very stable compound, making direct reactions 

difficult. The solar photocatalytic transformation of CO2 to hydrocarbon fuels in the presence of H2O has gotten a lot 

of attention because it has the potential to reduce society's current reliance on fossil fuels while also lowering CO2 

levels in the atmosphere and thus lowering the greenhouse effect [95]. Several methods such as doping, 

heterostructures, cocatalyst loading and fabrication of z-scheme have been employed to improve the photocatalytic 

activity of g-C3N4 for CO2 reduction [85,96-99]. For instance, Cao and friends reported a facet effect of Pd co-catalyst on 

photocatalytic CO2 reduction over g-C3N4. It was evident from reduction process that the tetrahedral palladium 

nanocrystals with exposed (111) facets were more effective co-catalyst than the cubic. This structural dependent 
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CO2 photoreduction activity was primarily ascribed to the more preferable electron sink effect, CO2 adsorption 

ability and CH3OH desorption ability of the Pd(111) surface. They further explained that deposition of Pd 

nanocrystals on g-C3N4 can capture photogenerated electrons from the CB of g-C3N4 via such Pd/g-C3N4 

heterojunction. The collected electrons on the Pd nanoparticles in this way respond to the surface-adsorbed CO2 

and H+ to create CH3OH and CH4 gas, whereas H2O particles devour holes to discharge O2 and H+ within the 

valence band of g-C3N4 [96]. 

More recently, Guo et al. constructed a z-scheme g-C3N4/Bi2O2 [BO2 (OH)] photocatalyst through a facile high-energy 

ball grinding approach, with close interfacial interaction between g-C3N4 and Bi2O2 [BO2 (OH)]. The obtained 

heterogenous semiconductor photocatalyst showed a remarkable performance for CO2 photoreduction. They 

reported that the improved photocatalytic activity was mainly accredited to the largely assisted charge carrier 

separation and supressed recombination. This was made possible due to the formation of the z- scheme band 

structure. In 2018, a novel ternary Ag2CrO4/g-C3N4/GO nanocomposite z-scheme photocatalyst was synthesized by 

Xu and friends for CO2 photoreduction into CH3OH and CH4. Ag2CrO4 and GO were employed as photosensitizer and 

co-catalyst respectively. They stated that the ternary photocatalyst attained a CO2 reduction activity of 1.03 µmolg-1 

and a turn over frequency of 0.30 h-1, which according to them was 2.3 times higher that of pristine g-C3N4. The 

improved photocatalytic activity was credited to extended light absorption, advanced adsorption of CO2 and more 

effective charge separation, which resulted from the well-matched band structure of the z-scheme and an 

appropriate loading ratio of silver chromate. Mostly, a well-matched band structure is a criterion for the 

development of a z-scheme structure [97]. Xu and friends further stated that, when GO is used as a cocatalyst, it 

champions the charge carrier transfer and also offers more CO2 adsorption and catalytic sites [100]. Silver 

bromide/graphitic carbon nitride (AgBr/g-C3N4) nanocomposite photocatalyst has also been prepared by 

Murugesan et al. [101] via modified deposition-precipitation technique for CO2 photoreduction into methane and 

acetone. Silver nitrate, melamine and trimethyl-ammonium bromide were the precursors used. Their report 

revealed that the AgBr/g- C3N4 composite showed an improved photocatalytic activity for photoreduction of CO2 in 

aqueous medium under UV light than the pure g-C3N4. Parameters such as pH, reaction medium, irradiation time 

and catalyst dosage were studied, and were found to influence the reduction of CO2. 

Dyes and organic pollutants decomposition: Clean and non-polluted water is one of the basic requirements for all 

living organisms including human beings. It is also a critical feedstock to a variety of key industries including food 

and pharmaceuticals. But its availability is a major issue nowadays. In the future, this issue will further increase due 

to global industrialization and population growth [6]. Currently, photodegradation of organic pollutants via g-C3N4 

based semiconductors has attracted the attention of researchers [102]. 

Chai et al. [103] fabricated P-doped g-C3N4 via co-polycondensation technique for photodecomposition of Rhodamine 

B (RhB). The P-g-C3N4 exhibited an enhanced photocatalytic activity towards RhB than the pure g-C3N4 under visible 

light irradiation. They recorded maximum removal efficiency of 95 % as against 67 % for pure g-C3N4 after 30 min. 

This was accredited to the substitution of P atoms for C atoms of g-C3N4 network resulting in the formation of π-

conjugated scheme and improvement in light harvesting. Also, SnO2-ZnO quantum dots have been anchored on 

graphitic carbon nitride nanosheets to form a ternary semiconductor for photoreduction of RhB. The obtained 

hybrid achieved photocatalytic efficiency of 99% in 60 min under visible light irradiation. The extraordinary 
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photoactivity was attributed to swift electron production and transfer driven by visible light due to robust interaction 

between SnO2-ZnO quantum dots with g-C3N4 matrix [104]. 

Ge et al. [31] synthesized g-C3N4/Bi2WO6 heterostructure for the decomposition of methyl orange (MO) under visible 

light illumination. The optimized photocatalyst showed decomposition efficiency of 99.9% after 3 h of illumination. It 

was concluded that the enhanced photoactivity was due to the synergic effect between g-C3N4 and Bi2WO6, which 

played a significant role in supressing electron-hole pairs. Additionally, Konstas et al. [105] manufactured g-

C3N4/SrTiO3 heterostructure through sonication mixing for degradation of Methyl Blue (MB) under visible light 

illumination. The system showed an improved photoactivity towards MB degradation with about 95% efficiency. 

They credited this enhanced degradation performance to the formation of z-scheme mechanism. The 

photodecomposition of Malachite Green (MG) by Ag/ g-C3N4 photocatalyst showed that within 30 min 80% of the 

MG was removed as against 48 % for the pure g-C3N4 [106]. 

Type-II CeO2/g-C3C4 nanosheets were produced by Ma et al. [107]and used to photocatalyzed the breakdown of 

Bisphenol A (BPA) under visible light irradiation. About 94% of BPA was removed by the CeO2/g-C3C4 in 80 minutes, 

which was much greater than CeO2 (14%) and g-C3C4 (65%). They reported that the CeO2/g-C3C4 heterostructure 

possessed a well-matched energy bands which assisted the photogenerated charge carriers’ migration and 

separation, thereby resulting in an enhanced photodegradation of BPA. Finally, because of the excellent 

photocatalytic characteristics of g-C3N4-based photocatalysts, photocatalytic destruction of organic matter provides 

an efficient technique to eradicate organic contaminants [108,109]. 

DISCUSSION AND CONCLUSION 

Fundamentally, the goal of this review was to gather the prevailing approaches and alterations that have been 

employed to overcome the limitations of pure g-C3N4 for photocatalytic applications. Some of these limitations are, 

charge carrier recombination, low specific surface area, low absorption of visible light, poor quantum harvest and 

low recovery of photocatalyst. Synthesis approaches and possible photocatalytic applications have been discussed. 

The g- C3N4-based composites that were driven by visible light showed great promise in wastewater purification. The 

heterostructures of g-C3N4-based semiconductor photocatalysts have the potential to improve visible light 

absorption, chemical stability, charge migration and separation, and hence an enhanced photocatalytic 

performance. 

In general, it is certain that there will be various interesting prospects on g-C3N4-based nanocomposites. It is 

anticipated that this review will give a few directions and deliver a few conclusions to those who are curious about 

g-C3N4-based nanocomposites. 
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