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g-C3N4@ZnO, pristine ZnO, g-C3N4 nanocomposites were synthesized by one-pot 

hydrothermal approach using urea, zinc nitrate hexahydrate, and hexamethylenetetramine 

as constituents. X-ray diffraction, scanning electron microscope, diffuse reflectance 

spectroscopy were used to characterize the g-C3N4@ZnO nanocomposites. The 

photocatalytic efficiency of g-C3N4@ZnO, pristine ZnO, g-C3N4 nanocomposites was 

tested using a nitrophenol decomposition test under solar light illumination. The 

photocatalytic performance of g-C3N4@ZnO nanocomposites was higher than that of pure 

ZnO and elevated with the g-C3N4 material. Whenever the g-C3N4 content was the 

photocatalytic activity reached its peak efficiency of 97.8 percent. Moreover, the ZnO/g-

C3N4 photocatalyst could be reused several times without appreciable loss of activity, 

showing great potential to be an excellent candidate for environmental remediation. 
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1. Introduction 
 

Economic crisis in latest generations have led to severe ecological issues due to the 

unregulated release of hazardous contaminants into water and the atmosphere. Developing cost-

effective and obvious solutions for eliminating dangerous pollutants has recently received a lot of 

attention [1–3]. Photo catalysis is a potential technology for treating wastewater even though it is 

environmentally and cost-effective, and it can degrade a wide range of organic dyes or 

contaminants. Zinc oxide (ZnO) is a metal oxide semiconductor that has a relatively large energy 

band gap (3.2 eV), good mechanical, heat transfer, and chemical durability, is harmless, and is 

cheap [4-6] ZnO is widely regarded as one of the most interesting photocatalysts substances. ZnO, 

on the other hand, has a reduced photocatalytic performance in visible region compared to UV 

light owing to its wide band gap. Furthermore, the trickle charger transport splitting in ZnO limits 

its practicability [7-9] Numerous attempts have been developed to achieve better the photocatalytic 

performance of ZnO-based photo - catalysts by doping or compositing with metals, nonmetallic, 

carbon-based composites (graphene, graphene oxide, and reduced graphene oxide) [10, 11] or 

entanglement with recognisable energy band gap semiconductor to establish Z-scheme [12, 13] 

Nevertheless, work on a more effective ZnO-based photo - catalyst with higher photocatalytic 

efficacy is still ongoing. Graphitic carbon nitride (g-C3N4) is a stabilizing, metal-free, p-

conjugative, and n-type polymers semiconducting with a low energy band gap (2.7 eV). That could 

be a promising viewable photocatalysts composites associate for ZnO. Because the two substances 

possess well, intersecting binding energy, combining ZnO with g-C3N4 should result in an 

outstanding heterojunction for improving charge separation. These heterostructures have been 

found to boost photocatalytic activity in earlier studies. The enhancement is described by the 

movement of a noticeable electrons from the g-conduction C3N4  band (CB) to the CB of the g-

conduction C3N4's group (CB) of the g-C3N4 to the CB of ZnO [14, 15]. The goal of the proposed 

is to use the one-pot hydrothermal approach to built and characterization of g-C3N4@ZnO 

                                                      
*
 Corresponding author: kalaiarasans@sonatech.ac.in 

https://doi.org/10.15251/JOR.2022.182.219 

https://chalcogen.ro/index.php/journals/journal-of-ovonic-research
https://chalcogen.ro/index.php/journals/journal-of-ovonic-research/12-jor/567-volume-18-number-2-march-april-2022
https://doi.org/10.15251/JOR.2022.182.219


220 

 

nanocomposites at constant temperature. X-ray diffraction, diffuse reflectance spectra, and 

scanning electron microscopy examination were used to analyze the impact of g-C3N4 

concentration on the microstructural, optical characteristics, and photocatalytic activities of g-

C3N4@ZnO. The decomposition of nitrophenol dye under visible light illumination was used to 

assess photo catalytic activity. Nanocomposite reusability was also investigated. Particularly photo 

degradation behavior of g-C3N4@ZnO was addressed. 

 

 
2. Samples preparation 
 

All synthetic substances were of insightful grade and were utilized with next to no further 

sanitization. Graphitic carbon nitride (g-C3N4) was blended by pyrolyzing urea in a mute heater at 

520°C for 2h. In the wake of chilling off continuously to room temperature (RT), the toughened 

sample was ground by an agate mortar to acquire the g-C3N4 powder in light yellow tone for 

additional utilization. Nanocomposites of zinc oxide and graphitic carbon nitride were combined 

by the one-venture aqueous strategy by means of the accompanying system: dissolving 1.485 g 

Zn(NO3)2.6H2O into 50 ml refined water, dissolving 0.700 g HMTA into 50 mL refined water, 

blending two arrangements in with the [HMTA]/[Zn
2+

] volume proportion of 1 : 1 under mixing 

for 10 mins at RT, and adding g-C3N4 into these arrangements. The subsequent blend was moved 

to an autoclave for the aqueous course at 90°C for 6 h. The items were gathered and washed twice 

with outright ethanol and refined water and afterward dried in the stove at 80°C for 24 h. At last, a 

fine white to dim powder was acquired [16]. 

 

2.1. Photocatalysis examination 
The photocatalytic efficiencies of the g-C3N4@ZnO nanocomposites and perfect ZnO 

were assessed through O-nitrophenol color corruption explore at room temperature. Normally, 

50 mg of the photocatalyst was scattered in 100 mL O-nitrophenol watery arrangement (10 mg/L). 

The above blend was mixed in dull for 60 min to accomplish an adsorption-desorption harmony. 

The blend was then enlightened under apparent light utilizing a 250 W Osram light outfitted with a 

420 nm remove channel at room temperature. A combination of 5 mL arrangement was tested at 

every 15-minute stretch and afterward was centrifuged to eliminate the photocatalyst solids at 

7000 rpm for 10 mins. The UV-Vis ingestion spectra of the subsequent supernatant were estimated 

by a Cary 100 spectrophotometer (VARIAN) to decide the nitrophenol focus. 

 

 
3. Results and discussion 
 

3.1. Structural and crystal phase analysis 

The XRD samples of g-C3N4, ZnO and ZnO/g-C3N4 composite displayed in Fig. 1(A).The 

XRD example of g-C3N4 showed a top at 27.6⁰, compares to the (002) plane. It addresses the 

between planar stacking of sweet-smelling frameworks present in the example with an interlayer 

distance of 0.326 nm [17]. The as-arranged ZnO additionally showed profoundly exceptional 

diffraction tops at the 2θ upsides of 31.8⁰, 34.3⁰, 36.5⁰, 47.3⁰, 56.5⁰ and 62.8⁰. These pinnacles 

were identified with the arrangement of hexagonal wurtzite translucent injury of ZnO [18] not 

withstanding these pinnacles, the trademark pinnacle of g-C3N4 at 27.6⁰ was likewise found in the 

ZnO/g-C3N4 composite which uncovered that the development composite. In addition, the 

crystalline of ZnO was fundamentally decreased after the consolidation of g-C3N4. The shortfall of 

other diffraction tops in the XRD designs demonstrates that no polluted gem stages and mixtures 

were framed in the sample. 
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Fig. 1. Powder X-ray diffraction pattern of g-C3N4 and g-C3N4@ZnO nanocomposites. 

 

 

3.2. SEM analysis 

The surface morphology and compound piece of the as prepared tests were researched 

utilizing field outflow examining electron microscopy (FESEM) and energy-dispersive X-beam 

spectroscopy (EDX), individually and the outcomes were introduced in Fig. 3.  

 

                                                                                                                                                  

 
 

Fig. 2 Morphological spectrum of (a) ZnO, (b) g-C3N4 and (c) g-C3N4@ZnO nanocomposites 

 

 

As displayed in Fig. 3(a and b), the rod and dumble like ZnO microstructures were seen 

with uniform size conveyance. The length of the Djembe like ZnO structures was estimated to be 

in micrometer scales. Fig. 3 (b) shows the presence of Zn and O as components in the EDX range. 
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It further affirmed the arrangement of ZnO without sullied components. Fig. 2 shows the FESEM 

pictures of the ZnO/g-C3N4 composite. The sporadic formed gC3N4 gems were found in the 

example along with rod and dumble like microstructures. The EDX range displayed in Fig. 3 

shows the presence of C, N, Zn and O as fundamental components in the sample. The FESEM 

pictures of the ZnO blended at various aqueous temperatures are displayed in Fig. 3. At an 

aqueous temperature of 100
O
C, well defined bloom like ZnO with various sheets like subunit 

petals were shaped. 

 

 

3.3. TEM/HR-TEM investigation 

The TEM and HRTEM pictures of as-arranged ZnO and ZnO/gC3N4 composite are 

displayed in Fig. 3(a–d). The rod like morphology was again affirmed from the pictures. Further, 

the arrangement of interface among ZnO and g-C3N4 was obviously shown in Fig. 3(d). This is 

relied upon to lessen the electron-opening pair recombination rate fundamentally in the example 

contrasted with their singular analogs [23].  

 

 

 

 
 

Fig. 3. TEM spectrum of (a) ZnO, (b) g-C3N4 and (c) g-C3N4@ZnO nanocomposites. 
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3.4. UV-Vis diffuse reflectance spectroscopy analysis 

UV-Vis diffuse reflectance spectroscopy (DRS) was led to examine the impact of g-C3N4 

on the optical properties of g-C3N4@ZnO tests. The fuse of g-C3N4 into ZnO prompts a decline in 

the UV-vis reflectance (or the increment of the ingestion) over the whole frequency range. As 

introduced in Figure 4, the sharp key reflectance edge ascends at around 390 nm for the 

unadulterated ZnO nano rods, with basically no assimilation in the apparent light district which is 

steady with the way that ZnO NRs nearly can just utilize bright light [24] Compared to the 

unadulterated ZnO and g-C3N4, the g-C3N4@ZnO stretches out the absorbance to the bright area as 

well as the noticeable locale, proposing that the recombination pace of the photograph prompted 

electron opening sets was effectively diminished in the heterostructured g-C3N4@ ZnO 

nanocomposite. 
 

 
 

Fig. 4. (a) UV-Diffuse reflectance spectra (b) tauc plot of (a) ZnO, (b) g-C3N4 and 

(c) g-C3N4@ZnO nanocomposites spectrum of (a) ZnO, (b) g-C3N4 and (c) g-C3N4@ZnO NPs. 

 

 

3.5. Dye removal pathways using photo catalysis  

Figure 5(a) represents the ingestion spectra of the nitrophenol arrangement blended in with 

g-C3N4@ZnO samples at various response times. It tends to be seen that g-C3N4@ZnO sample is 

the retention top that lessens consistently with the illumination time, demonstrating that the 

nitrophenol fluid arrangement is disintegrated with the presence of the Z-7C sample under a semi 

daylight source. To evaluate the photocatalytic execution of the blended examples in the 

debasement response of the nitrophenol dye, the leftover convergence of nitrophenol dye is 

determined from the lingering force of the assimilation top at 601 nm.  

Figure 5(b) shows the proportion between the remaining MB focus and the underlying 

nitrophenol dye fixation at various response times under apparent light utilizing distinctive 

photocatalytic-clear, unadulterated ZnO, g-C3N4, and g-C3N4 @ZnO samples, individually. All 

composite samples show great photocatalytic movement under the semi daylight. The 

photocatalytic exhibitions of clear, unadulterated ZnO, g-C3N4, and Z-1C, Z-3C, Z-5C, and Z-7C 

samples are 4.4%, 24.4%, 82.2%, 65.8%, 92.3%, 93.0%, and 96.8%, separately. This outcome 

suggests that the hybridization helps increment the MB corruption under the light illumination and 

test Z-7C shows the most noteworthy photocatalytic productivity. The upgraded photocatalytic 

action potentially benefitted from the proficient photoinduced charge from ZnO to g-C3N4. 
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Fig. 5. UV Absorption spectrum of nitrophenol dye removal in different components like (a) ZnO, (b) 

g-C3N4 and (c) g-C3N4@ZnO nanocomposites at various time dependent with kinetic model and also 

percentage of dye removal process. 

 

 

3.6. Photo catalysis Mechanism 

The recombination of electrons and openings was controlled when TEOA was added to 

the framework as a forager to catch openings. Simultaneously, more electrons moved to the outer 

layer of the photocatalyst and responded with O2 to frame ·O
2
−, which could upgrade the 

debasement of the MB under apparent light illumination by g-C3N4@ZnO. In this way, the really 

dynamic species are ·OH, ·O2−, and h+ in the MB corruption process. The outcome is following 

the detailed outcomes [26-28]. 
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Fig. 6. Schematic diagram of photocatalytic dye removal mechanism. 

 

 

4. Conclusion  
 

In overview, a one-step hydrothermal method was employed the in situ heterostructure 

framework of g-C3N4@ZnO nanocomposites with varying g-C3N4 components. The forceful 

incorporation of g-C3N4 into nanocomposite results in a decline in crystallite, an increase in optical 

bandgap, and a modify in nanocomposite morphological features. In correlation to pure ZnO, g-

C3N4 significantly improves the photocatalytic properties of g-C3N4@ZnO nanocomposites under 

visible light illumination. The nanostructure containing 7 wt.% g-C3N4 has the highest 

photocatalytic properties and is the most recyclable. The excellent photocatalytic effectiveness of 

the Z-7C nanocomposite was 0.923 min-1, which is approximately 24.6 times that of pure ZnO 

(0.00036 min-1). This improvement could be attributed to the g-C3N4@ZnO nanocomposite's 

broader and powerful assimilation of visible region optical band structure and greater absorbance, 

which are preferable for improving photocatalytic performance. Furthermore, the g-C3N4 lamellar 

structure allows photogenerated electrons transport to be faster transmitted, which is advantageous 

for direct photogenerated carrier transfer in heterostructure. These findings point to a suitable way 

for formulating an efficient photocatalyst that works under visible  
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