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The widespread pollution of water resources by synthetic dyes and aromatic compounds has 
become a critical environmental challenge. To address this, we developed a novel 
photocatalyst, g-C₃N₄-modified ZnO/La₂O₃ nanocomposite, engineered for effective 
degradation of methylene blue (MB) dye and benzoic acid under visible light irradiation. 
The material’s physical and optical properties were evaluated through XRD and UV–Visible 
spectroscopy, revealing its crystalline integrity and strong light absorption behavior. Under 
visible light illumination, the composite achieved promising degradation rates of over 90% 
for methylene blue and 68% for benzoic acid within 120 minutes. Compared to the binary 
ZnO/La₂O₃ system, the g-C₃N₄ enhancement significantly improved charge separation and 
broadened the absorption spectrum, resulting in faster reaction kinetics. The calculated rate 
constants were 0.01813 min⁻¹ for MB and 0.0213 min⁻¹ for BA. The photocatalyst 
maintained its performance across multiple reuse cycles, demonstrating excellent stability. 
Mechanistic studies identified electrons, holes, and hydroxyl radicals as key reactive species 
in the photodegradation reaction. Additional tests, including pH variation and measurement 
of total organic carbon (TOC), verified the material’s adaptability and mineralization 
capability. These findings position g-C₃N₄@ZnO/La₂O₃ as sustainable solution for 
wastewater treatment technologies.  
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1. Introduction 
 
Organic pollutants in water sources are becoming increasingly prevalent worldwide as the 

population grows, along with the expansion of agricultural and industrial sectors [1]. Heavy metals, 
organic and inorganic pollutants present in industrial effluents, such as pesticides, phenols, dyes, 
and mineral acids, are harmful to aquatic life, plant diversity, and human health. Dyes, classified as 
the most common contaminant in textile wastewater, are one of the organic chemicals that 
chemically bind to the surface of the garment, thereby coloring it. It is easily detectable even at near-
detectable levels (<1 ppm) and has potentially harmful effects [2]. Many dyes are harmful and may 
pose carcinogenic risks, making their elimination from industrial wastewater a significant 
environmental challenge.  
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To address this issue, several approaches have been proposed for removing dyes from water 
[3]. Degradation techniques are one of the useful methods that have been successfully used for dye 
removal from contaminated water among the various techniques, such as oxidation of synthetic dyes, 
coagulation, electrochemical process, surface adsorption phenomena, membrane separation, and 
biological process [4]. Each method has its advantages and limitations. Advanced oxidation 
processes, however, stand out as a promising area of research due to their effectiveness in degrading 
soluble organic pollutants from water and soil near ambient conditions, often achieving nearly 
complete breakdown [5]. 

Since the leading-edge study of Akira Fujishima and Kenichi Honda in 1972 on 
photoelectrochemical water-splitting via TiO2, photocatalysis has come a long way and has become 
an inseparable component of advanced oxidation processes (AOPs). Complex waste materials, 
pollutants in high amounts, and poor biodegradability can be efficiently treated in wastewater using 
the method of photocatalysis. The novel strategy is not just energy-saving but also eco-friendly and 
feasible, and, therefore, a viable choice for sophisticated treatment of water with a sustainable 
resolution [1, 6]. Low-energy UV light is used in the process, and semiconductors serve as 
photocatalysts. In this approach, hazardous contaminants are degraded directly by electron-hole 
pairs produced by band-gap stimulation. While harmful metal ions can be reduced to metals and 
then recovered by solvent extraction, the holes serve as a potent oxidant to oxidize poisonous organic 
molecules [7]. Methylene blue (C16H18N3SC), an aromatic cationic dye, is commonly used for 
dyeing various textiles. Nevertheless, about 40% of synthetic dyes are hazardous and carcinogenic 
chemicals. Such dyes tend to be persistent in industrial effluents, which is of great concern to the 
environment and human health [8, 9]. As a result, studies regarding innovative methods for the 
affordable mineralization of organic dyes are in progress. 

Several metal oxides (MOs) are used to decompose organic contaminants present in 
industrial effluent. Nanostructured metal oxides possess distinctive features, including 
semiconducting and insulating behaviors [10], which make them suitable for several commercial 
and technological domains. MOs such as ZnO [11], TiO2 [12], La2O3 [13], CeO2 [14], MnO2 [15], 
Gd2O3 [16], and so forth have been utilized for dye degradation. Zinc oxide nanoparticles (NPs) can 
be prepared cost-effectively by various chemical methods at relatively low temperatures, making it 
a practical choice for various applications. It absorbs in the ultraviolet region due to its high exciton 
binding. This property further adds to its usefulness for many applications in optics and 
photochemistry [17]. It became apparent that ZnO, having a band gap energy of 3.37eV, is a good 
substitute for TiO2 and, in certain situations, is a more effective catalyst in the photodegradation 
process [18].     

TiO2 and ZnO are known to be extremely efficient photocatalysts for degrading many types 
of pollutants. Their high light sensitivity, chemical stability, and large band gap render them highly 
desirable for use in environmental remediation processes [19]. Nanostructured lanthanum oxide 
(nLa2O3) belongs to the class of p-type semiconductors and is a rare earth metal oxide with some 
unique chemical and physical characteristics, such as electrochemical inertia, excellent stability, 
high surface area, ecological sustainability, and its capability to interact with chemicals [20]. 
Lanthanum oxide (La2O3), with its broad energy band gap (Eg > 4 eV), low lattice energy, and high 
dielectric constant (ϵ = 27 pF/m), is a promising rare-earth oxide for photocatalytic processes. Its 
special characteristics make it a very valuable semiconductor for various optical and electrical 
applications [21]. The large band gap of La2O3 improves the characteristics of zinc oxide by 
generating new energy states within the band gap, as revealed by Evans (2013). Moreover, 
lanthanum oxide's low cost highlights its great potential for large-scale commercial uses [22]. 

The remarkable characteristics of g-C3N4-based materials, such as their high stability, non-
toxicity, ease of synthesis, affordability, as well as their capacity to absorb visible light, have 
prompted growing interest over the last few decades [23]. It is an incredible material having 
numerous potential uses in the energy and environmental domains, like photovoltaics [24], sensing 
[25, 26], and photocatalysis [27-29]. Due to its quick emission, strong excitation binding energy, 
and band gap energy (Eg) of 2.7 eV [30], g-C3N4 frequently exhibits high-yield luminescence. 
However, a modification must be made to g-C3N4 either by coupling or doping with other 
semiconductor materials (metals/non-metals) to reduce the likelihood of electron and hole pairs 
recombining [27, 30, 31], poor quantum yield, and an inadequate specific surface area [32, 33]. 
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Inspired by the facts provided above, a novel g-C3N4 doped ZnO/La2O3 catalyst was 
fabricated by a facile wet precipitation and ultrasonication was applied for loading g-C3N4. In 
contrast to other approaches, the wet precipitation method for the synthesis of nanomaterials 
constitutes numerous benefits, notably high-quality materials, cheap processing costs, a relatively 
low temperature, and an excellent yield [10]. Following similar events and parameters, g-C3N4 was 
introduced into a ZnO/La2O3 framework. Techniques like XRD and FTIR were used for analyzing 
the prepared nanomaterials. To evaluate the degradation efficiency of the fabricated catalysts, 
degradation MB dye and benzoic acid was conducted under visible light irradiation. 

 
 
2. Methodology and characterization 
 
2.1. Chemicals 
Chemicals including lanthanum nitrate hexahydrate, ammonium chloride, acetone, absolute 

ethanol, benzoic acid, and methylene blue were purchased from Sigma Aldrich, zinc nitrate 
hexahydrate from ACS Chemicals, while melamine and sodium hydroxide from Emparta. Since all 
the chemicals and reagents used in this study are almost 99.8 % pure and used as received. 

 
2.2. Fabrication of ZnO/La2O3 Binary Nanocomposite 
ZnO and La2O3 nanopowders were synthesized by using the co-precipitation method [34, 

35]. The as-prepared ZnO and La2O3 nanopowders were combined in a 1:1 weight ratio and 
thoroughly ground to ensure precise and effective mixing. The ZnO/La2O3 combination was then 
dissolved in distilled water and sonicated for about 2 hours, resulting in a homogeneous solution. 
After that, the resultant mixture was dried in a vacuum oven set at 80°C and later annealed at 450°C 
for 2 hours to obtain nanopowder. 

 
2.3. Fabrication of Graphitic Carbon Nitride (g-C3N4)  
10 g of melamine was heated in an alumina crucible by placing it in a muffle furnace set at 

500 oC for 2 hours, having a heating rate of 20 oC min-1. A yellowish powder was obtained as a 
product after cooling [36][37].  

To prepare g-C3N4 nanorods, the previous method was used [38]. In a conventional reaction, 
2.8 mmol of NH4Cl was mixed in 20 cm³ of double-distilled water. A 0.5 mmol bulk g-C3N4 solution 
was also prepared and mixed into the ammonium chloride solution prepared earlier, followed by 
uniform stirring for half an hour. Sonication was applied to the suspension for 30 minutes. This 
suspension was poured into a 25 cm³ Teflon-lined autoclave and heated in the oven for 12 hours at 
160 °C. After being brought to room temperature, the final product was centrifuged, washed, and 
dried for 12 hours at 50 °C, as presented in Figure 1.  

 
2.4. Fabrication of g-C3N4@ZnO/La2O3 Ternary Nanocomposite 
80 mg of ZnO/La2O3 nanocomposite dissolved in distilled water was combined with 10 cm3 

of the previously synthesized g-C3N4 nanorods solution to yield the ternary nanocomposite. After 2 
hours of ultrasonication and 60 °C oven drying, g-C3N4@ZnO/La2O3 nanopowder was obtained as 
shown in Figure 1.  
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Fig. 1. Schematic diagram for the preparation of g-C3N4 nanorods and g-C3N4@ZnO/La2O3. 
 
 
2.5. Characterization Instruments 
To study the phase structure of the prepared catalysts, diffraction patterns were recorded 

using a 3040/60 diffractometer with Cu-K radiation (= 0.154 nm) facility (Philips X Pert PRO). 
With the help of a spectrophotometer (Nexus 470), FT-IR spectra were obtained for identifying 
different functional groups of the synthesized samples within range 4000-500 cm-1. For the UV-
visible analysis, Cary 60 UV-Visible double-beam spectrophotometer was utilized. Moreover, the 
morphological and elemental determination of the fabricated g-C3N4@ZnO/La2O3 was explored by 
FE-SEM using Zeiss Sigma VP 500 along with a Metek detector EDX. 

 
 
3. Data Analysis and Discussion 
 
3.1. Structural Analysis via XRD    
X-ray diffractograms of binary ZnO/La2O3 and g-C3N4-doped ZnO/La2O3 nanocomposites 

are given in Figure 2. The samples showed prominent diffraction peaks for La2O3, ZnO, and g-C3N4. 
The XRD patterns show two consistent peaks generated by g-C3N4 nanorods. The tri-s-triazine unit 
peak, indexed as (100) diffraction plane with interplanar spacing 0.675 nm, correlates to the peak at 
2ϴ=15.74°. Moreover, the peak appearing at 2ϴ=26.9°, which is designated as the (002) diffraction 
plane of the conjugated aromatic system, is related to the π-π stacking interactions of aromatic rings 
with an interplanar distance of 0.33 nm (Paul et al., 2020). The XRD pattern shows that there were 
no significant changes in the crystalline structure of g-C3N4 after following hydrothermal treatment 
with ammonium chloride [38]. Five strong peaks at 31.65°, 34.38°, 36.13°, 47.37°, and 56.25° in 
the ZnO/La2O3 XRD pattern were assigned to (100), (002), (101), (102), and (110) planes (JCPDS 
no. 36-1451) [39]. La2O3 occurs in both hexagonal and cubic phases. The hexagonal phase of La2O3 
was responsible for the diffracted peaks at 2ϴ = 30.28° (011), 39.28° (012), 44.48° (110), 48.79° 
(111), and 54.79° (112) whereas the cubic phase of La2O3 was responsible for 25.7° (211) and 27.29° 
(222) (Ikram et al., 2022). The composite g-C3N4@ZnO/La2O3 displayed two extra peaks at 2ϴ = 
15.74 ° (100) and 26.9o ° (002) in contrast to ZnO/La2O3, which implies the fabrication of g-C3N4 
functionalized nanoparticles. Using Debye-Scherrer's formula, the crystallite size of the prepared 
catalysts was computed [40]; 

 
𝐷𝐷 =  0.9 λ

𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽
                                                                            (1)                                                                               
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where β is full-width at half maximum (FWHM), λ represents the wavelength of X-rays used, and θ 
represents the diffraction angles. These results indicates that g-C3N4-doped ZnO/La2O3 
nanocomposites were successfully prepared.  
 
 

 
 

Fig. 2. XRD patterns of prepared nanocomposites. 
 
 
3.2. FT-IR analysis 
The spectra were observed in the frequency range of 500–4000 cm-1 as shown in Figure 3 

(a). However, the zoomed FTIR spectra of ZnO/La2O3 and g-C3N4@ZnO/La2O3 nanocomposites 
showed the characteristic peaks as displayed in Figure 3 (b). The transmittance peak at 562 cm-1 is 
of MO (Zn-O stretching vibrations) vibration mode [41]. The transmittance peaks at 621, 853, and 
1087 cm-1 are due to the stretching modes of La-O [42, 43]. While peaks at 1151 and 1358 cm-1 are 
ascribed to the OH bending vibrations. The 1461 cm-1 band may arise due to the absorption of 
atmospheric CO2 [2].  

For g-C3N4@ZnO/La2O3, the peak at 1610 cm-1 is attributed to the C=N stretching 
vibrations, while the peaks at 1241 cm-1, 1318 cm-1, and 1416 cm-1 are due to aromatic C-N 
stretching. The characteristic strong peak of g-C3N4 at 806 cm-1 is associated with the vibrational 
bending of the s-triazine ring [44]. Transmittance bands corresponding to ZnO, La2O3, and g-C3N4 
can be seen in the nanocomposites. Thus, FTIR also confirmed the formation of g-
C3N4@ZnO/La2O3. 

 
 

 
 

Fig. 3. FTIR spectra for ZnO/La2O3 and ZnO/La2O3/g-C3N4. 
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3.3. Optical Study via UV-visible Spectroscopy 
The UV-visible spectra were used to study the optical properties of ZnO/La2O3 and g-

C3N4@ZnO/La2O3 nanocomposites as shown in Figure 4. The binary nanocomposite ZnO/La2O3 
displayed broad absorption bands from 280 nm to 400 nm, demonstrating favourable wavelength 
selectivity. A small shift in the absorption band edge was seen in g-C3N4@ZnO/La2O3, which may 
have been caused by interaction between the g-C3N4 component and the ZnO/La2O3 binary 
nanocomposite. 

A material's capacity to produce electron-hole pairs during excitation is indicated by its band 
gap energy. The material's form, size, and proportions have a significant impact on this property. To 
find the band gap energy of the prepared samples, the Tauc relation was employed, which is 
expressed as [45]:  

(ɑhν) n = 𝐴𝐴 (ℎ𝜈𝜈 − 𝐸𝐸𝐸𝐸)                                                                    (2) 
 
 

 
 

Fig. 4. Absorbance spectra and Tauc plots for ZnO/La2O3 and g-C3N4@ZnO/La2O3. 
 
 
In the given equation, the symbol '𝛼𝛼' denotes the coefficient of absorption, 'h' represents 

Planck's constant, '𝜈𝜈' stands for the vibrational frequency, 'Eg' indicates energy gap between 
conduction and valence bands, 'A' is a material-specific constant, and 'n' is a constant associated 
with electronic state transitions, including both direct (2) and indirect (1/2) ones. To ascertain the 
direct band gap, a graph was constructed, plotting (αh𝜈𝜈)² on the y-axis and energy on the x-axis. 
During photodegradation experiments, the efficient generation of electrons and holes hinges on the 
material's band gap energy. The ZnO/La2O3 binary nanocomposite exhibits about a 2.67 eV band 
gap energy, while the ternary nanocomposite g-C3N4-doped ZnO/La2O3 showcases 2.24 eV band 
gap. Due to a lower band gap value, g-C3N4@ZnO/La2O3 is capable of efficiently absorbing visible 
light, thereby enhancing the degradation efficiency of the material. 

 
3.4. Scanning Electron Microscopy (SEM) 
The morphology of the freshly fabricated photocatalytic material, i.e., g-C3N4@ZnO/La2O3, 

was evaluated by SEM. Figure 5 (a) shows the large number of very small particles, as the scale bar 
of 10 μm suggests the aggregation of smaller structures. The individual agglomeration of 
nanoparticles and sheets of g-C3N4, as exhibited in Figure 5 (b), presented irregular shapes and a 
wide range of sizes. Some particles and sheets appeared the loose packing, while others presented 
dense packing in the SEM as displayed in Figure 5 (c). The occurrence of tiny particles and their 
agglomeration suggested a higher surface area.  Having a larger surface area is a desirable 
characteristic of the catalyst, it provides more active sites for effective adsorption of effluents 
leading to a higher rate of reaction. Moreover, the porous appearance facilitates the diffusion of 
wastewater contaminants to the catalytic sites present on the surface of model g-C3N4@ZnO/La2O3. 
The porosity and more catalytic sites enhance the mineralization ability of the photocatalytic 
materials [46].  
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Fig. 5. SEM images of fabricated g-C3N4@ZnO/La2O3 at (a) 10 μm, (b) 1 μm, and (c) 300 nm. 
 
 
3.5. Energy Dispersive X-ray (EDX) Spectroscopy 
The existence of respective elements in the prepared photocatalysts was analysed via EDX. 

The EDX spectra of freshly prepared g-C3N4@ZnO/La2O3 are displayed in Figure 6. The peaks of 
respective elements are visible, which confirms their presence in the photocatalytic material. The 
absorption peaks of nitrogen (N), oxygen (O), and carbon (C) lie between 0.0 and 1.3 keV. However, 
lanthanum (La) and zinc (Zn) appear in the energy range of 3.9 and 9.1 keV. The calculated atomic 
percentage of C, N, O, La, and Zn was 7.64 %, 11.86 %, 47.05 %, 8.51 %, and 24.95 %, respectively. 
The presence of constituent elements affirms the formation of g-C3N4@ZnO/La2O3.  

 
 

 
 

Fig. 6. EDX profile of fabricated g-C3N4@ZnO/La2O3. 
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3.6. Photodegradation Experiment  
To study the catalytic potential of the fabricated photocatalysts, i.e., ZnO/La2O3 and g-

C3N4@ZnO/La2O3, methylene blue, an organic-colored dye, and benzoic acid, a colorless effluent, 
were exposed to photocatalytic degradation under visible light. When subjected to visible light (420 
nm), degradation tests were carried out using a tungsten filament commercial bulb (200 W). The 
light source was monochromatic. The lamp and photocatalytic reactor were kept 4 cm apart. In a 
standard experimental setup, for the preparation of a 5 ppm MB solution, 5 mg of a colored dye was 
mixed in 1000 cm³ of distilled water. For benzoic acid, a 50 ppm solution was prepared. Then, 20 
mg of binary ZnO/La2O3 and ternary g-C3N4@ZnO/La2O3 photocatalysts were added to 50 cm³ of 
the pre-prepared solutions with the dye and benzoic acid. The obtained mixture was left in the dark 
and mixed repeatedly at room temperature. After an interval of 30 minutes, a sample of 4 cm³ was 
drawn out from the solution at the start time and centrifuged for 10 minutes at 2000 revolutions per 
minute, separating the catalyst from the sample. The absorbance spectra were then recorded via a 
UV-visible spectrophotometer. In the presence of a photocatalyst, the solution was illuminated with 
visible light under a lamp to cause the degradation of the dye. Absorbance measurements were done 
at 15-minute intervals to observe the degradation rate. 

 
3.6.1. Photocatalytic Activity of Methylene Blue 
When exposed to visible light, the photodegradation efficacy of ZnO/La2O3 and g-

C3N4@ZnO/La2O3 catalysts towards methylene blue were investigated. During the photocatalysis 
reaction, the surface reactivity of the photocatalyst against dye adsorption is crucial. Figure 7 depicts 
the absorption spectra of methylene blue dye in the presence of ZnO/La2O3 and g-
C3N4@ZnO/La2O3. While the absorption at time 0 min demonstrated the ability of various 
photocatalysts to absorb in the dark, the absorption spectra observed after a certain period 
demonstrate a reduction in peak intensities of the dye. In comparison to the ZnO/La2O3 binary 
composite, the g-C3N4@ZnO/La2O3 outlined improved degradation potential, due to higher surface 
area of the as-prepared material. The photocatalytic degradation efficiency of the MB dye is in the 
following order: g-C3N4@ZnO/La2O3 (90.38%) > ZnO/La2O3 (86.53%). 

A lower band gap and the highest surface area as a result of doping g-C3N4 nanorods with 
ZnO/La2O3 matrix are due to the highest degradation performance of g-C3N4@ZnO/La2O3 
nanocomposite. The incorporation of ZnO/La2O3 into g-C3N4 effectively enhances the nano 
photocatalyst's surface area, leading an increased number of active sites for adsorption and 
heightened surface activity concerning dyes. The %age degradation efficacy was determined using 
the relation given below [47] [48]. 

 
Photodegradation efficacy (%) = �1 − Ct

C0
� × 100                                             (3) 

 
The kinetics of the photodegradation of MB dye can potentially be exploited to study the 

catalytic activity of ZnO/La2O3 binary and g-C3N4@ZnO/La2O3 ternary photocatalysts. Further, the 
rate constant (k) value for dye degradation was determined using pseudo-first-order kinetics for each 
photocatalytic experiment to do further studies on the degradation reaction [49]. 

 
kt = −ln �Ct

Co
�                                                                            (4) 

 
where Ct/Co is ratio of concentration of MB at time=t to its initial concentration of the dye at time= 
0 minutes, k indicates the rate constant value, and t is the period of irradiation. Straight-line graphs 
were generated when data were plotted between time and -ln(Ct/Co). Pseudo-first-order kinetics are 
implied by linear graphs of -ln(Ct/Co) versus time (t) for the sample. Figure 8 exhibits the rate 
constant and %age degradation values for MB dye utilizing various photocatalysts, with values 
increasing in the order that is given: g-C3N4@ZnO/La2O3 > ZnO/La2O3. The maximum 
photocatalytic rate constant value was obtained by utilizing g-C3N4@ZnO/La2O3 nanocomposites. 
The results of the study for the % MB degradation kinetics parameters, linear regression coefficient, 
and pseudo-first-order degradation rate constant (K) are shown in Table 1. 
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Fig. 7. UV-visible absorbance spectra of methylene blue dye degradation by (a) ZnO/La2O3 and (b) g-
C3N4@ZnO/La2O3 nanocomposite. 

 
 

 

 
 

Fig. 8.  Kinetic analysis of photodegradation of MB (a) A kinetic plot illustrating the photodegradation of 
the dye. (b) A plot of the relationship of –ln (Ct/C0) with time (c), an increase in the rate constant (k) value 

when exposed to light, and (d) Percent degradation efficiency of methylene blue in the existence of g-
C3N4@ZnO/La2O3 photocatalysts after 120 min. 
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Table 1. The kinetics parameters for percentage MB degradations, linear regression coefficient,  
and rate constant (k). 

 
Photocatalyst Amount of 

Catalyst 
(mg) 

Reaction 
Time   
(min) 
 

Degradation 
Efficiency 
 (%) 

k (min-1)     R2 

ZnO/La2O3 120 20 86.53 
 

0.01813 0.9323 

g-C3N4@ZnO/La2O3 120 20 90.38 0.0213 0.9002 

 
 
3.6.2. Photocatalytic Activity of Benzoic Acid 
Upon exposure to visible light, the photocatalytic efficiency of g-C3N4@ZnO/La2O3 

nanocomposites towards benzoic acid was investigated. The results have been displayed in Figure 
9. The specific absorbance peak of benzoic acid was found at 230 nm. The progressive shift in BA 
peak intensities at periodic time intervals indicates degradation. At 0 minutes, the absorption 
indicated the photocatalysts' capacity to function in darkness, influenced by their extensive surface 
area and low band gap energy, result 

ing from doping g-C3N4 nanorods with ZnO/La2O3 matrix is attributed to the highest 
degradation performance of g-C3N4@ZnO/La2O3 nanocomposite. 

Figure 10. illustrates the kinetic profiles and degradation percentages concerning benzoic 
acid across different time intervals. The g-C3N4@ZnO/La2O3 photocatalyst accomplished a 
degradation rate of approximately 68.34% after 120 minutes in the case of benzoic acid. The rate 
constant for benzoic acid was calculated through a straight line of -ln(Ct/Co) against time as 0.00816 
min-1 with the utilization of the g-C3N4@ZnO/La2O3 photocatalyst. Table 3 offers a comparison of 
degradation percentages among various photocatalysts in the context of diverse dye removal 
scenarios. 

 
 

 
 

Fig. 9.  UV-visible spectra for the degradation of benzoic acid by g-C3N4@ZnO/La2O3 nanocomposite. 
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Fig. 10. (a) Kinetic plots of g-C3N4@ZnO/La2O3 for benzoic acid degradation (b) -ln (Ct/C0) plots against 
time (c) Comparative photodegradation percentage of BA in the presence of g-C3N4@ZnO/La2O3 

photocatalyst at different intervals of time. 
 
 

Table 2. The BA Percentage degradation kinetics parameters, rate constant (k) and the adj-R2. 
 

Photocatalyst Reaction 
Time 
(min) 

Amount of 
Catalyst  
(mg)  

Degradation 
Efficiency (%) 

k (min-1)  R2 

g-C3N4@ZnO/La2O3 120 20 68.34 0.00816 0.9545 
 
 

Table 3. Comparison of previously reported percent degradation efficiency for the removal of various dyes  
using various photocatalysts. 

 
Photocatalysts Azo 

Dye 
Light 
Source 

Reaction 
Time 
(min) 

Degradation 
Efficiency (%) 

Reference 

La2O3 NPs MG UV  120 87.32 [50] 
Mn@ZnO MB UV  35 ~77 [51] 
ZnO-La2O3 MB UV  120 81.75 [52] 
g-C3N4/ZnO MB UV  360 ~90 [53] 
In2O3/OGCN BPA Xe lamp 180 91 [54] 
ZnO/ZnS/g-C3N4 MB Visible  70 98.39 [55] 
CoFe2O4/g-C3N4/ZnO 
 

MB Visible 100 89 [56] 

GaN-ZnO/g-C3N4 MB Visible  300 98.1 [57] 
ZnO.La2O3.CeO2 RhB Mercury 

vapor lamp 
160 94.99 [13] 

La2O3–CoO–g-C3N4 MB Xe lamp 360 ~90 [58] 
ZnO/La2O3 MB Visible 120 86.53 This work 
g-C3N4@ZnO/La2O3 MB, BA Visible 120 90.38,68.34 This work 

 
 
3.6.3. Scavenging Experiment 
Experiments were done to assess the role of various reactive species/radicals during the 

degradation of MB, utilizing the active species produced by g-C3N4@ZnO/La2O3 under visible light. 
By utilizing numerous free radical trapping substances including ascorbic acid (AA) (0.25 mM), 
ammonium oxalate (AO) (1 mM), and 2-butanol (2-B) (0.13 mM), it is possible to determine the 
roles of hydroxyl radical, holes, and electrons in the photodegradation process. ascorbic acid, 
ammonium oxalate and 2-butanol were used as chemical traps for O2

−•, h+, and OH., respectively. 
During the photodegradation of an organic dye (methylene blue), these scavengers serve to track the 
inhibitory effect. The degradation percentage outcomes for scavenging investigations are shown in 
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Figure 11. The inclusion of scavengers led to a decrease in degradation percentages by 67.7% for 
ascorbic acid, 58.09% for ammonium oxalate, and 39.82% for 2-butanol, respectively. The overall 
results of the experiments demonstrate that the presence of trapping agents decreases 
photodegradation of MB, which somewhat underlines the importance of hydroxyl radicals, holes 
and electrons in the entire photodegradation investigations. When MB dye is degraded by g-
C3N4@ZnO/La2O3 photocatalyst, the order of the active species is OH* > h+ > O2

− •. The percent 
degradation and rate constant findings demonstrate the substantial role of OH* in the redox processes 
throughout the entire catalytic process, and 2-butanol as a hydroxyl radical quencher causes the 
photocatalytic organic dye degradation to decrease to a greater extent. Consequently, it is the 
dominant inhibitor specie. 

 
 

 

 
 

Fig. 11. Kinetic plots, rate constant, and percentage degradation 
 for the photodegradation of MB under various scavengers. 

 
 
3.6.4. Effect of pH 
The solution's pH directly influences the mineralization rate of the contaminants. This 

influence may arise due to the variations in molecular structure, ionization state, and surface 
properties of dyes and photocatalytic materials. The photocatalyst’s surface displays the pH-
dependent charge characteristics, where acidic conditions enhance H+ ion adsorption, resulting in a 
positively charged surface, while under alkaline conditions, the catalyst adsorbs more OH− ions, 
leading to a negative surface charge. The photodegradation of pollutants, i.e., MB (cationic dye) and 
BA (anionic compound), was tested by using g-C3N4@ZnO/La2O3 in acidic and alkaline media. To 
investigate how pH affects the degradation percentage, the solution’s pH was set using a 0.1M 
solution of HCl and NaOH. The ability to mineralize MB and BA was assessed over a pH ranging 
from 4-10, given in Figure 12. The percentage degradation was increased (74.8 % and 65.91 %) up 
to pH = 7 and 6 for MB and BA. The charge on the catalyst’s surface at this pH allowed optimal 
adsorption and degradation of the pollutants. Furthermore, it was noticed that the percentage 



1419 
 
degradation was decreasing after the optimal pH, as displayed in Figure 12 (a) and (b). The higher 
percentage degradation at pH 7 and 6 for MB and BA can be possible due to the stronger electrostatic 
forces occurring between methylene blue and freshly fabricated g-C3N4@ZnO/La2O3.  

 
 

 
 

Fig. 12. Effect of pH using g-C3N4@ZnO/La2O3 on the photodegradation (a) MB and (b) BA.   
 
 
3.6.5. TOC measurements 
The photo-degradation efficacy of the prepared photocatalysts, specifically g-

C3N4@ZnO/La2O3, was evaluated through the mineralization of MB, a model contaminant. Total 
organic content (TOC) measurements were used to observe the process of degradation. 
Measurements of TOC were performed by preparing the MB solution in COD vials and adding the 
catalyst, i.e., g-C3N4@ZnO/La2O3. Furthermore, potassium acid solution and distilled water were 
used for making standard and blank solutions. The volume of the three solutions was the same as 
3cm3. After that, all the vials were settled for incubation at 120 °C for 120 minutes. At last, the TOC 
was measured by a COD meter. The photocatalytic mineralization of MB was determined by 
determining the total organic carbon removal in the presence of g-C3N4@ZnO/La2O3. The total 
organic carbon removal was calculated using equation 5 and found to be 88.53 % for MB. This 
suggests that practically all of the contaminants were converted into water and carbon dioxide, two 
simple molecules. 

 
TOC (% age removal) = 𝑻𝑻𝑻𝑻𝑻𝑻 (𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖)−𝑻𝑻𝑻𝑻𝑻𝑻 (𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕)

𝑻𝑻𝑻𝑻𝑻𝑻 (𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖𝒖)
 × 𝟏𝟏𝟏𝟏𝟏𝟏                                     (5) 

 
3.6.6. Photocatalytic Mechanism 
The degradation process can be clarified by investigating the relation between 

photocatalytic activity and the adsorption capacity of ZnO/La2O3 in conjunction with g-C3N4. The 
fundamental mechanism of photo-degradation begins when UV-visible light interacts with the 
combination of the dye and photocatalyst, as depicted in Figure 13. Consequently, the photocatalyst 
absorbs the high-energy photons, resulting in photo-excitation and the e-/h+ pairs throughout the 
photocatalyst’s surface (Equations 6-8). These generated excitons play a critical role in the reduction 
of organic contaminants via redox reactions. As the photogenerated electrons consume the adsorbed 
oxygen, they reduce it to superoxide radicals (Equation 9). These superoxide radicals then react with 
water molecules, yielding hydroxyl ions and peroxide radicals (Equation 10). The highly reactive 
hydroxyl radical can also be produced when the peroxide radical anion reacts with H2O (Equation 
11) or when hydrogen peroxide reacts with electrons (Equation 12). The hydroxyl radical, which is 
primarily formed by the conduction band electrons, serves as the primary agent to degrade organic 
contaminants, transforming them into mineralized organic composites. Most notably, the highly 
reactive hydroxyl radical is generated either through the breakdown of water molecules upon 
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interaction with holes [59, 60] (Equation 13). The overall mechanism of the reaction may be 
summarized as follows: 

 
g-C3N4@ZnO/La2O3+ hʋ → g-C3N4@ ZnO (e−⁄ h+) − La2O3 (e−⁄ h+)                                 (6) 

 
g-C3N4@ ZnO (e−⁄ h+) − La2O3 (e−⁄ h+) → g-C3N4@ ZnO (e−) − La2O3 (h+)                               (7)  

 
ZnO (e−) → g-C3N4(e−)                                                                      (8)  

 
g-C3N4 (e−) + O2   → O2

−.                                                                 (9)  
 

O2
−. + H2O   →   HOO. + HO−                                                           (10)   

 
HOO. + H2O   →    H2O2 + HO.                                                          (11) 

 
H2O2 + g-C3N4 (e−)  →  HO. + HO−                                                      (12)    

               
La2O3 (h+) + H2O  →   HO.                                                             (13)   

         
HO. ⁄ O2

−. + Organic pollutant  →   CO2 + H2O                                          (14)     
  

The hydroxyl and superoxide radicals initiate an attack on the functional groups within the 
methylene blue [61] dye that contain sulfur and nitrogen. These active species degrade organic 
contaminants like MB dye and transform them into chemicals that are not hazardous. 

 
 

 
 

Fig. 13. Illustration in a schematic form of a potential mechanism underlying the photocatalytic activity of 
nanocomposites made of g-C3N4@ZnO/La2O3. 

 
 
3.6.7. Recyclability of Photocatalyst 
Reusability and sustainability of the photocatalyst are crucial for real-world applications. 

Three consecutive cycles of g-C3N4@ZnO/La2O3 for MB degradation were examined. Each cycle 
was completed by ultracentrifuging the photocatalyst from the reaction mixture. Following a cycle 
of washing it in distilled water, it will be heated to dry at 60 °C. The recycling experiment using g-
C3N4@ZnO/La2O3 photocatalyst is illustrated in Figure 14 under the same experimental 
circumstances as previously stated. After three successive cycles, no significant decline in 
photocatalytic activity was observed, which is crucial for the photocatalyst’s practical uses. After 
three catalysis cycles, the photocatalyst's catalytic efficiency for the degradation of MB is barely 
any lower than when it was initially synthesized. The g-C3N4@ZnO/La2O3 nanocomposite exhibits 
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excellent stability and reusability. As stated by Cui et al. [62], the noticeable decline in 
photocatalytic activity may be caused by extreme temperatures and catalyst deficiency during 
washing. According to the findings, placing ZnO/La2O3 in a hybrid structure on g-C3N4 protects 
from leaching and photo-corrosion. 

 
 

 
 

Fig. 14. Photocatalytic recyclability of g-C3N4@ZnO/La2O3 for three consecutive cycles. 
 
 
4. Conclusion 
 
This study presents the fabrication of novel ternary photocatalysts, g-C3N4@ZnO/La2O3 

composites, through the co-precipitation and ultrasonication. The nanocomposites' structural and 
optical characteristics were scrutinized employing UV-Visible and X-ray diffraction (XRD) 
methodologies, affirming exceptional purity. Moreover, the elemental composition and morphology 
were analysed via EDX and SEM, respectively. In the context of the degradation process of benzoic 
acid (BA) and methylene blue dye when subjected to visible light, the photodegradation efficacy of 
these composites was evaluated through UV-Visible spectroscopy. Incorporating g-C3N4 in the 
composites resulted in enhanced degradation rates of MB dye, with the degradation rate being 
90.38% in 120 minutes. The degradation rate of BA was approximately 68.34% when the g-
C3N4@ZnO/La2O3 composite was used. The rate constant also increased with the photodegradation 
of methylene blue dye. The prepared photocatalysts demonstrated desirable properties, including 
high stability, degradation ability, and affordability. After three cycles, the g-C3N4@ZnO/La2O3 
composite showed a small decline in photocatalytic activity, demonstrating its stability and 
efficiency. With their excellent dye removal and regeneration capacity, these nanocomposites offer 
an efficient, economical, and practical solution for large-scale applications in environmental 
remediation and wastewater treatment. Overall, the synthesized nanocomposites prove to be suitable 
photocatalysts for various photocatalytic applications and the treatment of wastewater. 
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