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Abstract 

The use of photocatalyst for the destruction of synthetic and organic pollutants, such as dyes 

and chemicals, has developed as a successful method for the treatment of wastewater. In this 

study, we have mainly focused on two-dimensional graphene oxide (GO) and reduced graphene 

oxide (rGO), which have high oxygen functionality, sizable surface areas, and effective 

adsorption sites, as photocatalytic materials. The GO/rGO composites outperform electron-

hole pairs recombination rate and minimize energy gaps, enhancing the photodegradation 

performance of metal oxide composites. This is accomplished by changing the level of the 

valence band and conduction band. 

Introduction 

Colored organic compounds are frequently discarded in wastewater at the end of the production 

process in a number of industrial operations, including textile, food, tannery, paper, printing, 

and cosmetics. These dyes affect the aquatic ecosystem by coloring the water and blocking 

light from penetrating, which reduces photosynthesis and lowers the amount of dissolved 

oxygen in the water. Additionally, this kind of pollutant may have genotoxic impacts on fauna, 

flora, and human health in addition to having carcinogenic, hypersensitive, and other negative 

effects [1-5]. Dyes are synthetic organic molecules, including azo, sulfur, nitro, 

triphenylmethane, acidic, and basic ones. The industries of leather, textiles, and biology all 

benefit from the usage of brilliant green (BG), a dye based on triphenylmethane. However, 

drinking water tainted with BG can harm people and result in hypertension, heart, lung, and 

kidney problems, as well as cancer that can be passed onto future generations [6-12]. 

Methylene blue (MB) can induce eye burns in both people and animals, which is one of its 

many major negative effects. When consumed, MB stimulates the digestive system and causes 

nausea, vomiting, and diarrhoea. In addition, it can cause convulsions, cyanosis, 

methemoglobinemia, dyspepsia, and tachycardia. To maintain ecological balance, it is crucial 

to remove dye from contaminated water due to the negative effects on people, animals, and 



aquatic life [13-15]. Adsorption, ion change, membrane separation, chemical precipitation, 

photocatalytic method, and other techniques have all been developed in the field of wastewater 

treatment. [16].  

In this regard, the environmentally friendly and cost-effective way of removing the dye 

from water bodies is photodegradation of the dye under the stimulation of light [17]. The design 

and prospective uses of nanostructured semiconductor materials for energy, the environment, 

and water sanitization have recently been examined. However, before the photocatalysts are 

commercially feasible for extensive industrial applications, a number of basic difficulties need 

to be resolved. Due to their ability to break down organic dyes when exposed to light, these 

semiconductor photocatalysts are among the most promising photocatalysts and offer an 

affordable and simple method for water filtration. On the photocatalyst surface, electron-hole 

pairs are produced as a result of light absorption during the photocatalytic reaction. Charge 

carriers produced by photosynthesis migrate toward the catalyst surface and produce reactive 

oxygen species (ROS) [18-21]. Finally, these ROS degrade the dye molecule present. For 

instance, the fast recombination of electron-hole pairs (EHPs) and the discrepancy between the 

band gap energy and the solar radiation spectrum limit the use of metal oxide photocatalysts. 

Due to the large band gap of the photocatalysts (~ > 3 eV), the photocatalyst must be activated 

by UV light, which significantly limits the technology's use in practical applications. [22-24]. 

At the moment, there is a lot of focus on creating composite systems and heterostructures based 

on semiconductors for visible light driven photocatalysis. The practical limitations on their 

photocatalytic capabilities, however, include low visible light absorption, a wide band gap 

energy, and rapid EHPs recombination. As a result, the design and development of 

semiconductor nanocomposite (NC) materials has recently become a very promising field of 

study.  

Designing GO semiconductor composites has received particular attention in an effort 

to boost the photocatalytic performance of the photocatalyst, notably for water remediation. 

Graphite oxide sheet, often known as GO, is the end result of the chemical exfoliation of 

graphite. It is a 2D material made up of an atom-thick sp2 carbon network. With its exceptional 

mechanical properties, huge theoretical surface area (2630m2/g), high transparency, and 

distinctive two-dimensional long-range conjugation structure, graphene makes an excellent 

platform for the grafting of various semiconductor materials. It also makes it possible for the 

transfer of photogenerated charge carriers, which is made possible by its magnificent electrical 

and thermal conductivity, as well as its assorted derivatives with enchanting surface properties 



[25-30]. Semiconductor materials may be adhered to the surface of GO, where photogenerated 

electrons are then transferred, enhancing the photocatalytic degradation efficiency. Because of 

its distinctive characteristics, such as ease of synthesis, vast surface area, layered structure, and 

excellent thermal and chemical durability, GO is a significant member of the carbon family 

[31-35]. Due to its exceptional qualities, GO is widely employed in a variety of applications, 

including bio-applications, sensors, photovoltaics, energy and electronic devices, catalysis, and 

more. Because of its hydrophilic characteristics and the abundant oxygen groups on its basal 

and edge surfaces, GO has the advantage of being able to interact with and absorb organic 

compounds and dyes in water treatment applications. In addition to interacting with water and 

other polar solvents, functional groups like epoxy, hydroxyl, and carboxyl groups also exhibit 

π-π stacking interactions [36-43]. In addition, it is simple to reduce these functional groups to 

generate rGO. Furthermore, these oxygen-containing functional groups significantly simplify 

the access to functionalized graphene-based heterostructure NCs. [44-48]. This new material 

finds significant application in heterogeneous catalysis and support due to its tunable band gaps 

and effective intercalation of different compounds. By combining with semiconductor 

photocatalysts, GO and rGO can be used to create certain hetero structure composites with 

adjustable size and pore architectures, size distributions, and morphologies. 

In this chapter, we discuss the recent development of research on the use of 

semiconductor NCs materials utilizing GO and rGO in the photocatalytic degradation of 

synthetic organic dye. In chronological sequence, the production method, characterisation, and 

photocatalytic activity of some representative samples as well as the mechanism of 

photocatalysis of those materials with regard to some Organic dye degradation are described. 

Additionally, we have attempted to identify the main obstacles and potential areas for further 

improving the photocatalytic activity for industrial applications of the graphene oxide based 

photocatalysts. 

Synthesis of GO and rGO 

Jianguo Song et al [49] synthesized GO through the Hummer’s method. In further specifics, 

108 mL of H2SO4 and 12 mL of H3PO4 were combined with 5 g of graphite and 2.5 g of NaNO3 

and swirled in an ice bath for 10 min. 15 g of KMnO4 were then gradually added so that the 

mixture's temperature stayed below 5°C. The suspension was then agitated for 60 minutes and 

reacted for 2 hours in an ice bath before being stirred once more for 60 minutes in a 40°C water 

bath. The mixture was heated to a steady 98°C for 60 minutes while water was continuously 



added. Additional deionized water was added until the suspension had 400 mL in it. After 5 

minutes, 15 mL of H2O2 was added. The reaction by-product was centrifuged and repeatedly 

cleansed with DI water and 5% HCl solution. The product was then dried at 60°C. Anastasiia 

Kobyliukh et al [50] synthesized GO through modified Hummer’ method.  

Ning Cao et al [45] synthesized GO and rGO through Hummer’s method. In 400 mL of water, 

400 mg of GO was dissolved using ultrasonication for 30 minutes. A uniform brown GO 

aqueous solution was produced as a result. By removing NH3H2O, the pH of the suspension 

was brought down to 10. The weight ratio of hydrazine hydrate and GO was maintained at 10: 

7 after amounts of the compounds were added to suspension and heated at 80°C for 24 hours. 

Gradually, a kind of dark flocculent substance precipitated from the solution. Using high-

quality filter paper, the product was obtained. The finished black product was then dried for 24 

hours at 80°C after being cleaned with methanol and water. By heating GO in a vacuum 

chamber in an inert atmosphere, such as nitrogen, it is possible to reduce GO by thermal 

treatment while mostly preserving the hexagonal lattice structure of the carbon atoms. 

Combination or hybrid methods combine chemical and thermal reduction to achieve a greater 

degree of reduction, which leads to the transition into graphene to obtain a higher ratio of 

carbon to oxygen. Fig. 1 represents the schematic diagram for GO and rGO preparation. 

 

Fig. 1. Schematic diagram of GO and rGO preparation. (Ref.45) 

 

Properties of GO and rGO 

Hydroxyl, carbonyl, epoxy and carboxyl functional groups are among the several oxygen 

functionalities found in GO [51,52]. By changing the oxygen functionality, it is possible to 

change the band gap of GO. Partially oxidized GO can serve as a semiconductor, but fully 



oxidized GO can work as an electrical insulator. The UV-vis absorption spectra were used to 

calculate the band gap energy of GO, which was found to be 3.26 eV. GO has outstanding 

absorptivity and spatial charge separation are facilitated by the wide surface area, low density, 

efficient electron-transporting capability, good mechanical strength, distinctive electrical 

properties and high catalytic activity [53,54]. In order to improve photocatalytic activity, GO 

also functions as an excellent electron acceptor to increase photo-induced electron transfer [55]. 

rGO is superior to GO in terms of its strong features and potential applications, 

including better optical performance, increased electron mobility, higher conductivity, 

chemical stability, better adhesiveness, a larger surface area, superior thermal conductivity, and 

improved flexibility [56]. rGO can work well with metal oxides as a co-catalyst to improve 

photocatalytic redox capabilities under visible and UV light sources. It can also efficiently 

separate photo-generated electrons to surpass the rate of electron-hole recombination because 

of its greater electrical mobility. However, GO or rGO accelerates the photocatalytic 

degradation process due to their -interaction with organic dyes and the formation of hydrogen 

bonds amongst organic contaminants. Preventing EHPs recombination can increase the 

photodegradation efficiency of photocatalysts based on GO/rGO [57]. This can be done by 

doping with metal oxide nanoparticles (NPs), which can change the band gap of the materials. 

For instance, it has been discovered that the integration of rGO on metal oxide NPs improves 

photodegradation activity due to improved charge separation and enhanced active or reactive 

sites [58-61]. 

Metal oxides - GO NCs as photocatalyst 

When semiconducting metal oxide photocatalysts like ZnO, TiO2, V2O5, and many more 

absorb light, photocatalysis occurs. When electrons move from the lower energy valence band 

to the higher energy conduction band, electron-hole pairs are produced. Through migration, the 

newly formed electron-hole pairs start redox reactions with oxygen and water that break down 

the organic pollutants adsorbed on the surface of the photocatalyst. In order to increase the 

photodegradation efficiency GO was loaded on the metal oxide NPs. This might be explained 

by the fact that metal oxide-GO NCs have higher surface area that is active than GO alone. 

Additionally, GO sheets are capable of holding excited electrons from the metal oxide's 

conduction band to the valence band with ease. As a result, the metal oxide-GO NC has a 

greater energy gap between the conduction band and valence band, which inhibits electron-

hole pair recombination [62,63]. 



Beaula Ruby Kamalam et al [63] synthesized V2O5 nanorods (NRs) and V2O5-GO NCs by 

sonochemical process. GO was prepared by Hummer’s method. To investigate the 

photodegradation of Victoria blue (VB) dye using the as-synthesized NRs and NCs under UV, 

visible and direct sunlight. A standard stock solution was prepared with a dye concentration of 

10 mg in 1L (10 ppm). About 10 mg of GO- V2O5 NCs was dispersed in 100 mL of VB dye 

solution. The bandgap for GO, V2O5 NRs, and GO- V2O5 NCs was estimated from the UV-Vis 

spectrum and is 2.2 eV, 2.22 eV, and 2.15 eV, respectively. GO- V2O5 NCs are a viable option 

for visible-light driven photocatalysts due to their low bandgap energy. The photocatalytic 

degradation efficiency was maximum in V2O5-GO NCs under direct sunlight. The electrons in 

V2O5 nanorods' valence band are stimulated to the conduction band and finally reached the go 

state during exposure to direct sunslight. The PL quenching for the GO- V2O5 nanocomposite 

was found, which proved that electrons were effectively transported from the conduction band 

of V2O5 to GO. V2O5 nanorods recombine charge carriers at a slower rate because GO acts as 

an electron quencher since its relative energy level is close to the position of the conduction 

band of V2O5. In this way, GO advances the separation of charge carriers in V2O5 and serves 

as a sink for photogenerated electrons. During the photodegradation process, these electron-

hole pairs generate hydroxyl radicals (OH•), superoxide radicals (O2
-), and numerous other 

oxygenated reactive species. The degradation efficiency and the detailed photocatalytic 

mechanism is shown in Fig. 2. 

 

Fig. 2(a). Photocatalytic degradation efficiency graph of V2O5 and V2O5-GO NCs under UV 

light and solar light (Ref.63) 



 

Fig. 2(b) Photocatalytic mechanism of V2O5-GO NCs (Ref.63) 

Ahmar Umar et al [36] synthesized GO through Hummer’s method and Fe3O4-GO through 

chemical precipitation method.  Fig 3 (a-f) represents the morphological structure of the as-

prepared Fe3O4 NPs, GO, and Fe3O4-GO NCs. The nanoparticles are round and tightly packed 

due to high-density growth. Figure 3(c) depicts a typical TEM picture of Fe3O4 nanoparticles, 

which verifies the spherical shape morphologies. The typical FESEM and TEM pictures of the 

generated Fe3O4-GO nanocomposite are shown in Figures 3(e) and (f), respectively. These 

images proved that the GO sheets are adorned with nanoparticles. The TEM image shown in 

Figure 3(f) shows that the Fe3O4 nanoparticles are evenly distributed across the surface of the 

GO nanosheets. The average particle size was calculated from the TEM images was found to 

be in the range of 11 ± 2 nm. 

 

Fig. 3. (a, b) FESEM of Fe3O4 NPs (c) TEM image of Fe3O4 NPs, (d) FESEM of GO (e) 

FESEM of Fe3O4-GO NCs and (f) TEM images of Fe3O4-GO NCs. (Ref.36) 



The energy band gap of GO was calculated using Tauc’s plot from UV-Vis absorption 

spectrum and it was found to be 2.1 eV. After the addition of Fe3O4 NPs on GO the bandgap 

was reduced to 1.59 eV. The photocatalytic degradation efficiencies of GO and Fe3O4 - GO 

NCs towards Methylene blue (MB) under sunlight irradiation as shown in Fig. 4. 

Photoirradiation excites the valence band electrons of the Fe3O4 to the conduction band to 

reduce the molecular oxygen to superoxide ions. In the valence band, holes are created as a 

result of this, and when H2O is involved, the radicals OH are created. When the dye sample 

was continuously irradiated for 210 min, the degradation efficiency of GO towards MB dye 

was determined to be 75%. The greatest degrading efficiency of 91% for Fe3O4-GO, however, 

was seen after 30 minutes. This might be explained by Fe3O4-GO NCs having larger surface 

area that is active than GO. Additionally, EHP recombination is prevented in Fe3O4-GO NCs 

by the GO sheets, which also improve the energy difference between the conduction band and 

valence band in these materials. As a result, Fe3O4-GO NCs outperformed GO in terms of 

photocatalytic activity. 

 

Fig. 4. Degradation efficiency of GO and Fe3O4-GO nanocomposites under sunlight  

(Ref.36) 

Beaula Ruby Kamalam et al [64] synthesized nanocomposites were synthesized using 

sonication assisted simple solution mixing method by loading of α-MoO3 on GO sheets. GO 

was prepared through Hummer’s method. TEM images revealed that the α-MoO3 NRs 

decorated on the GO sheets (Fig. 5 a-d). The band gap values of the graphene oxide, α-MoO3 

and GO-MoO3 were 2.4 eV, 3.0 eV and 2.96 eV respectively suggesting that the NCs are 

sensitive to visible regions of wavelength. 



 

Fig.4 TEM images of (a) GO sheet (b) GO-MoO3 (5 wt%) (c) GO-MoO3 (10 wt %) (d) 

HRTEM images of GO-MoO3 (5 wt%). Inset in c) SAED pattern of GO-MoO3 (10 wt %). 

(Ref.64) 

Photocatalytic degradation efficiency of VB dye in the presence of as-synthesized NCs under 

visible light irradiation. The degradation efficiency of MoO3 NRs was found to be 27% in 150 

mins and GO-MoO3 NCs was found to be 89% in 90 mins respectively (Fig. 5 a & b). The 

remarkable performance and enhanced absorptivity of the GO-MoO3 nanocomposites are 

clearly responsible for the adsorption of dye molecules on the catalytic surface. The presence 

of graphene oxide may be the cause of the improvement in the speed of charge transportation 

and the separation of the charge carriers. As a result, the electrons produced by - MoO3 are 

transported from graphene oxide's conduction band to molybdenum trioxide. Therefore, it is 

claimed that graphene oxide functions as an excellent electron acceptor in order to lower the 

recombination rate. 



 

Fig. 5. Photocatalytic degradation VB dye under sunlight in the prensence of (a)MoO3 & (b) 

GO-MoO3 (Ref.64) 

Nathir. A. F., et al [27] synthesized GO-ZnO NCs embedded Ag and Cu NPs was synthesized 

through a simple one pot method. SEM images represent the massive volume of ZnO 

nanoparticles positioned over and between GO sheets (Fig. 6a) without any agglomeration. Fig. 

6(b) and 6(c) shows the presence of Ag and Cu NPs on GO-ZnO NCs.  

 

Fig. 6. SEM images of (a) GO−ZnO, (b) GO−ZnO−Ag, and (c) GO−ZnO−Cu (Ref.27) 

 

The photodegradation efficiency of MB dye was examined in the presence of as-synthesized 

GO−ZnO, GO−ZnO−Ag, and GO−ZnO−Cu NCs under sunlight irradiation is represented in 

Fig. 7 (a-c). The degradation efficiency of GO-ZnO was found to be 84% in 90 mins. After the 

addition of Ag NPs, it was found to be 100% in 40 mins and Cu NPs it resulted to be 50% in 

90mins. The inclusion of silver nanoparticles, which reduced the recombination of electron-

hole pairs, and the influence of one-dimensional ZnO nanorods, which increased light-

harvesting capacity and significantly increased the photoactivity of the catalyst, are credited 

with this unusual discovery. Ag nanoparticles' synergistic effect on the activity of ZnO through 

electron and hole trapping had an impact on the increase in hydroxyl radical generation. The 



decrease in the degradation efficiency may be attributed to the electrical conductivity is higher 

in Ag than Cu NPs. 

 

Fig. 7. Photocatalytic activity of (a)GO−ZnO, (b)GO−ZnO−Ag and (c)GO−ZnO−Cu NCs in 

degrading the MB dye (Ref.27) 

Metal oxides - rGO NCs as photocatalyst 

In order to remove both organic and inorganic pollutants, carbon-based materials have typically 

been used in adsorption processes. Activated carbon is one of the most widely used adsorbents. 

The utilization of rGO for dye adsorption has recently increased. Due to various faults in the 

graphitic domains and the persistence of surficial oxygen functions, rGO is considered effective 

for the adsorptive removal of dyes. rGO often engages in interactions, electrostatic interactions, 

hydrophobic association, and structural conjugation with dyes. Numerous dyes can bind to rGO 

thanks to these interactions. rGO with a large surface area and high porosity are preferred in 

order to increase the adsorption capacity; this is possible by carefully monitoring the quality of 

the GO precursor and the reduction technique [65,66]. 

Siong et al [67] synthesized rGO at different reduction temperatures via an environmentally 

friendly solvothermal approach. By removing functionalities that are oxygenated from the 

surface, the rGO produced at 160oC clearly demonstrated the partial restoration of the sp2 

hybridization. Evaluations were made of the impacts of the initial dye concentration, catalyst 



loading, light intensity, and solution pH. When 60 mg of catalyst, 50 ppm of dye at pH 11, and 

60 W/m2 of UV light source were utilized, it was shown that rGO-160 could produce a greater 

adsorptive removal (87.39%) and photocatalytic degradation (98.57%) of MB dye. After five 

consecutive cycles, there was no discernible decline in the MB photodegradation activity of 

rGO-160 (Fig. 8). 

 

Fig. 8. Recyclability tests of rGO for MB dye degradation (Ref.68) 

 

M. Jarvin et al [15] successfully synthesized Mn3O4-rGO NCs through a simple solvothermal 

method as shown in Fig. 9. The as-prepared NCs was used as a photocatalyst to degrade MB 

dye under sunlight. The pristine Mn3O4 shows the efficiency of 34 % and the Mn3O4-rGO NC 

shows the efficiency of 60% at 120 mins. The band-band transition that caused the strong 

emission to be seen at 424 nm can be seen in the PL spectra of Mn3O4 and Mn3O4-rGO NC. 

When compared to bare Mn3O4, the Mn3O4- rGO exhibits a peak intensity that is somewhat 

lower but still high. Due to edge defects in rGO, which cause a drop in peak intensity, excited 

electrons are trapped into the surface via typical flaws. This will reduce the recombination of 

electrons and holes, enhancing the photocatalytic activity of Mn3O4-rGO NC. 

 

Fig. 9. Schematic illustration of the synthesis of Mn3O4–rGO NCs (Ref.15) 



 

R. Fatima et al [47] synthesized transition metal oxides (TMO’s) and their composite with 

rGO through facile co-precipitation method (Fig. 10). GO was prepared via Hummer’s 

method. 

 

Fig. 10. Synthesis of mixed metal oxides CuO.ZnO.Fe2O3, GO and rGO (Ref.47) 

The photogenerated electron is excited toward the photocatalyst's conduction band. By 

directing electrons toward the high energy level, the hybrid of different metal oxides and 

carbonaceous nanomaterials like GO, rGO, and CNTs can lessen the recombination of 

photogenerated electrons and holes. The oxygen molecules that were adsorbed on the 

photocatalyst's surface were converted into superoxide radicals (O2
-) and hydroxyl ions were 

transformed into OH oxidant radicals. The stacking properties of the carbonaceous materials 

rGO and CNTs make them an effective instrument for snatching electrons from the conduction 

band of mixed metal oxides and advancing redox reactions. In order to lessen photocorrosion, 

rGO provides an active site that postpones the recombination of photogenerated electrons and 

holes. Under UV irradiation, the CuO.ZnO.Fe2O3/rGO NCs exhibit the highest rate of MB dye 

degradation, 87%, in 90 minutes. 

 

 

 

 

 



Conclusions 

From the above mentioned research reports it can be seen that photocatalytic degradation of 

organic pollutants, such as dyes and compounds that are toxic to humans and aquatic and 

terrestrial organisms as well as carcinogenic to humans, is crucial from both a human and 

environmental standpoint. Degradation by photocatalysis is an effective technique for getting 

rid of these harmful substances found in wastewater. pH value, catalyst dosage and temperature 

play a significant role in photocatalysis. Additionally, rGO has a superior conductivity 

behavior, which narrows the band gap to provide an intermediary energy level that encourages 

the PC to display its activity in the visible area and improves separation and reusability. It has 

also been discovered that external magnets may successfully separate nanocomposites having 

magnetic characteristics, such as rGO doped with iron nanoparticles or iron oxide. It may be 

possible for the current water treatment facilities and other water purification systems to use 

photo catalysis technology. When combined with other cutting-edge water treatment 

techniques like membrane technology, adsorption, etc., photo catalysis may provide synergistic 

benefits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



References 

1. Ahmad, Jahangir, and Kowsar Majid. "Enhanced visible light driven photocatalytic activity 

of CdO–graphene oxide heterostructures for the degradation of organic pollutants." New 

Journal of Chemistry 42, no. 5 (2018): 3246-3259. 

2. Ajmal, A., I. Majeed, R. N. Malik, M. Iqbal, M. Arif Nadeem, I. Hussain, S. Yousaf, G. 

Mustafa, M. I. Zafar, and M. Amtiaz Nadeem. "Photocatalytic degradation of textile dyes 

on Cu2O-CuO/TiO2 anatase powders." Journal of environmental chemical engineering 4, 

no. 2 (2016): 2138-2146. 

3. Rahmani, Zahra, Majid Kermani, Mitra Gholami, Ahmad Jonidi Jafari, and Niyaz 

Mohammad Mahmoodi. "Effectiveness of photochemical and sonochemical processes in 

degradation of Basic Violet 16 (BV16) dye from aqueous solutions." Iranian journal of 

environmental health science & engineering 9, no. 1 (2012): 1-7. 

4. Madiha, B., Q. Zahid, M. Nida, and S. S. Abdul. "Studie on Malachite Green Dye 

Degradation by Biogenic Metal Nano Cuo And Cuo/Zno Nano Composites. Arch Nano Op 

Acc J 1 (4). 2018." ANOAJ. MS. ID 119. 

5. Taourati, Rabab, Mohamed Khaddor, Ali Laghzal, and Achraf El Kasmi. "Facile one-step 

synthesis of highly efficient single oxide nanoparticles for photocatalytic 

application." Scientific African 8 (2020): e00305. 

6. Bhattacharya, Debopriya, Debopriyo Ghoshal, Dheeraj Mondal, Biplab Kumar Paul, 

Navonil Bose, Sukhen Das, and Mousumi Basu. "Visible light driven degradation of 

brilliant green dye using titanium based ternary metal oxide photocatalyst." Results in 

Physics 12 (2019): 1850-1858. 

7. Garg, V. K., Rakesh Kumar, and Renuka Gupta. "Removal of malachite green dye from 

aqueous solution by adsorption using agro-industry waste: a case study of Prosopis 

cineraria." Dyes and pigments 62, no. 1 (2004): 1-10. 

8. Raval, Nirav P., Prapti U. Shah, and Nisha K. Shah. "Malachite green “a cationic dye” and 

its removal from aqueous solution by adsorption." Applied Water Science 7, no. 7 (2017): 

3407-3445. 

9. Moumeni, Ouarda, Oualid Hamdaoui, and Christian Pétrier. "Sonochemical degradation of 

malachite green in water." Chemical Engineering and Processing: Process Intensification 62 

(2012): 47-53. 

10. Berberidou, C. P. I. X., I. Poulios, N. P. Xekoukoulotakis, and D. Mantzavinos. "Sonolytic, 

photocatalytic and sonophotocatalytic degradation of malachite green in aqueous 

solutions." Applied Catalysis B: Environmental 74, no. 1-2 (2007): 63-72. 



11. Behnajady, Mohammad A., Nasser Modirshahla, Mohammad Shokri, and Behrouz Vahid. 

"Effect of operational parameters on degradation of Malachite Green by ultrasonic 

irradiation." Ultrasonics Sonochemistry 15, no. 6 (2008): 1009-1014. 

12. Khattri, S. D., and M. K. Singh. "Removal of malachite green from dye wastewater using 

neem sawdust by adsorption." Journal of hazardous materials 167, no. 1-3 (2009): 1089-

1094. 

13. Mageshwari, K., et al. "Template-free synthesis of MgO nanoparticles for effective 

photocatalytic applications." Powder technology 249 (2013): 456-462. 

14. Kumar, S. Ashok, M. Jarvin, S. S. R. Inbanathan, Ahmad Umar, N. P. Lalla, Nelson Y. 

Dzade, Hassan Algadi, Qazi Inamur Rahman, and Sotirios Baskoutas. "Facile green 

synthesis of magnesium oxide nanoparticles using tea (Camellia sinensis) extract for 

efficient photocatalytic degradation of methylene blue dye." Environmental Technology 

& Innovation 28 (2022): 102746. 

15. Jarvin, M., S. Ashok Kumar, G. Vinodhkumar, E. Manikandan, and S. S. R. Inbanathan. 

"Enhanced photocatalytic performance of Hausmannite Mn3O4-rGO nanocomposite in 

degrading methylene blue." Materials Letters 305 (2021): 130750. 

16. Hong, Xiaodong, Xu Wang, Yang Li, Jiawei Fu, and Bing Liang. "Progress in 

graphene/metal oxide composite photocatalysts for degradation of organic 

pollutants." Catalysts 10, no. 8 (2020): 921. 

17. Silvestri, Siara, Juliane Facco de Oliveira, and Edson Luiz Foletto. "Degradation of 

methylene blue using Zn2SnO4 catalysts prepared with pore-forming agents." Materials 

Research Bulletin 117 (2019): 56-62. 

18. Aftab, Saima, Tayyaba Shabir, Afzal Shah, Jan Nisar, Iltaf Shah, Haji Muhammad, and 

Noor S. Shah. "Highly efficient visible light active doped ZnO photocatalysts for the 

treatment of wastewater contaminated with dyes and pathogens of emerging 

concern." Nanomaterials 12, no. 3 (2022): 486. 

19. Ravishankar, T. N., K. Manjunatha, T. Ramakrishnappa, G. Nagaraju, Dhanith Kumar, S. 

Sarakar, B. S. Anandakumar, G. T. Chandrappa, Viswanath Reddy, and J. Dupont. 

"Comparison of the photocatalytic degradation of trypan blue by undoped and silver-doped 

zinc oxide nanoparticles." Materials science in semiconductor processing 26 (2014): 7-17. 

20. Ravishankar, T. N., K. Manjunatha, T. Ramakrishnappa, G. Nagaraju, Dhanith Kumar, S. 

Sarakar, B. S. Anandakumar, G. T. Chandrappa, Viswanath Reddy, and J. Dupont. 

"Comparison of the photocatalytic degradation of trypan blue by undoped and silver-doped 

zinc oxide nanoparticles." Materials science in semiconductor processing 26 (2014): 7-17. 



21. Wang, Ronghua, John Haozhong Xin, Yang Yang, Hongfang Liu, Liming Xu, and Junhui 

Hu. "The characteristics and photocatalytic activities of silver doped ZnO 

nanocrystallites." Applied Surface Science 227, no. 1-4 (2004): 312-317. 

22. Elangovan, S. V., N. Sivakumar, and V. Chandramohan. "Magnesium doped zinc oxide 

nanocrystals for photo-catalytic applications." Journal of Materials Science: Materials in 

Electronics 26, no. 11 (2015): 8753-8759. 

23. Etacheri, Vinodkumar, Roshith Roshan, and Vishwanathan Kumar. "Mg-doped ZnO 

nanoparticles for efficient sunlight-driven photocatalysis." ACS applied materials & 

interfaces 4, no. 5 (2012): 2717-2725. 

24. Sangpour, Parvaneh, Fatemeh Hashemi, and Alireza Z. Moshfegh. "Photoenhanced 

degradation of methylene blue on cosputtered M: TiO2 (M= Au, Ag, Cu) nanocomposite 

systems: a comparative study." The Journal of Physical Chemistry C 114, no. 33 (2010): 

13955-13961. 

25. Mandal, Soumen, Srinivas Mallapur, Madhusudana Reddy, Jitendra Kumar Singh, Dong-

Eun Lee, and Taejoon Park. "An overview on graphene-metal oxide semiconductor 

nanocomposite: A promising platform for visible light photocatalytic activity for the 

treatment of various pollutants in aqueous medium." Molecules 25, no. 22 (2020): 5380. 

26. El-Shafai, Nagi M., Mohamed E. El-Khouly, Maged El-Kemary, Mohamed S. Ramadan, 

and Mamdouh S. Masoud. "Graphene oxide–metal oxide nanocomposites: fabrication, 

characterization and removal of cationic rhodamine B dye." RSC advances 8, no. 24 

(2018): 13323-13332. 

27. Al-Rawashdeh, Nathir AF, Odai Allabadi, and Mohannad T. Aljarrah. "Photocatalytic 

activity of graphene oxide/zinc oxide nanocomposites with embedded metal nanoparticles 

for the degradation of organic dyes." ACS omega 5, no. 43 (2020): 28046-28055. 

28. Atchudan, Raji, Thomas Nesakumar Jebakumar Immanuel Edison, Suguna Perumal, 

Dhanapalan Karthikeyan, and Yong Rok Lee. "Facile synthesis of zinc oxide nanoparticles 

decorated graphene oxide composite via simple solvothermal route and their 

photocatalytic activity on methylene blue degradation." Journal of Photochemistry and 

Photobiology B: Biology 162 (2016): 500-510. 

29. Ranjan, Pranay, Jayakumar Balakrishnan, and Ajay D. Thakur. "Dye adsorption behavior 

of graphene oxide." Materials Today: Proceedings 11 (2019): 833-836. 

30. Durmus, Zehra, Belma Zengin Kurt, and Ali Durmus. "Synthesis and characterization of 

graphene oxide/zinc oxide (GO/ZnO) nanocomposite and its utilization for photocatalytic 

degradation of basic fuchsin dye." ChemistrySelect 4, no. 1 (2019): 271-278. 



31. Kamalam, M. Beaula Ruby, S. S. R. Inbanathan, B. Renganathan, and K. Sethuraman. 

"Enhanced sensing of ethanol gas using fiber optics sensor by hydrothermally synthesized 

GO-WO3 nanocomposites." Materials Science and Engineering: B 263 (2021): 114843. 

32. Zubir, Nor Aida, Christelle Yacou, Xiwang Zhang, and João C. Diniz da Costa. 

"Optimisation of graphene oxide–iron oxide nanocomposite in heterogeneous Fenton-like 

oxidation of Acid Orange 7." Journal of environmental chemical engineering 2, no. 3 

(2014): 1881-1888. 

33. Raliya, Ramesh, Caroline Avery, Sampa Chakrabarti, and Pratim Biswas. "Photocatalytic 

degradation of methyl orange dye by pristine titanium dioxide, zinc oxide, and graphene 

oxide nanostructures and their composites under visible light irradiation." Applied 

Nanoscience 7, no. 5 (2017): 253-259. 

34. Mura, Stefania, Yu Jiang, Irene Vassalini, Alessandra Gianoncelli, Ivano Alessandri, 

Gaetano Granozzi, Laura Calvillo et al. "Graphene oxide/iron oxide nanocomposites for 

water remediation." ACS Applied Nano Materials 1, no. 12 (2018): 6724-6732. 

35. Sivaraj, Durairaj, Kalimuthu Vijayalakshmi, Manickam Srinivasan, and Perumalsamy 

Ramasamy. "Graphene oxide reinforced bismuth titanate for photocatalytic degradation of 

azo dye (DB15) prepared by hydrothermal method." Ceramics International 47, no. 17 

(2021): 25074-25080. 

36. Umar, Ahmad, S. Ashok Kumar, S. S. R. Inbanathan, Maryam Modarres, Rajesh Kumar, 

Hassan Algadi, Ahmed A. Ibrahim et al. "Enhanced sunlight-driven photocatalytic, 

supercapacitor and antibacterial applications based on graphene oxide and magnetite-

graphene oxide nanocomposites." Ceramics International (2022). 

37. Ikram, M., T. Inayat, A. Haider, A. Ul-Hamid, J. Haider, W. Nabgan, A. Saeed et al. 

"Graphene oxide-doped MgO nanostructures for highly efficient dye degradation and 

bactericidal action." Nanoscale research letters 16, no. 1 (2021): 1-11. 

38. Saroyan, Hayarpi, George Z. Kyzas, and Eleni A. Deliyanni. "Effective dye degradation 

by graphene oxide supported manganese oxide." Processes 7, no. 1 (2019): 40. 

39. Zhang, Junye, Enjie Ding, Shicai Xu, Zhenhua Li, Ali Fakhri, and Vinod Kumar Gupta. 

"Production of metal oxides nanoparticles based on poly-alanine/chitosan/reduced 

graphene oxide for photocatalysis degradation, anti-pathogenic bacterial and antioxidant 

studies." International Journal of Biological Macromolecules 164 (2020): 1584-1591. 

40. Khan, Ziyauddin, Tridip Ranjan Chetia, Anil Kumar Vardhaman, Dipankar Barpuzary, 

Chivukula V. Sastri, and Mohammad Qureshi. "Visible light assisted photocatalytic 



hydrogen generation and organic dye degradation by CdS–metal oxide hybrids in presence 

of graphene oxide." RSC advances 2, no. 32 (2012): 12122-12128. 

41. Lin, Yi, Ruoyu Hong, Huaiyin Chen, Di Zhang, and Jinjia Xu. "Green synthesis of ZnO-

GO composites for the photocatalytic degradation of methylene blue." Journal of 

Nanomaterials 2020 (2020). 

42. El-Shafai, Nagi M., Mohamed E. El-Khouly, Maged El-Kemary, Mohamed S. Ramadan, 

and Mamdouh S. Masoud. "Graphene oxide–metal oxide nanocomposites: fabrication, 

characterization and removal of cationic rhodamine B dye." RSC advances 8, no. 24 

(2018): 13323-13332. 

43. Rehman, Attiya, Aysha Daud, Muhammad Farooq Warsi, Imran Shakir, Philips O. 

Agboola, Muhammad Ilyas Sarwar, and Sonia Zulfiqar. "Nanostructured maghemite and 

magnetite and their nanocomposites with graphene oxide for photocatalytic degradation of 

methylene blue." Materials Chemistry and Physics 256 (2020): 123752. 

44. Khan, Faisal, Mohd Shoeb Khan, Shahid Kamal, Mohammad Arshad, Syed Ishraque 

Ahmad, and Shahab AA Nami. "Recent advances in graphene oxide and reduced graphene 

oxide based nanocomposites for the photodegradation of dyes." Journal of Materials 

Chemistry C 8, no. 45 (2020): 15940-15955. 

45. Cao, Ning, and Yuan Zhang. "Study of reduced graphene oxide preparation by Hummers’ 

method and related characterization." Journal of Nanomaterials 2015 (2015). 

46. Abdolhosseinzadeh, Sina, Hamed Asgharzadeh, and Hyoung Seop Kim. "Fast and fully-

scalable synthesis of reduced graphene oxide." Scientific reports 5, no. 1 (2015): 1-7. 

47. Fatima, Rukia, Muhammad Farooq Warsi, Sonia Zulfiqar, Sameh A. Ragab, Imran Shakir, 

and Muhammad Ilyas Sarwar. "Nanocrystalline transition metal oxides and their 

composites with reduced graphene oxide and carbon nanotubes for photocatalytic 

applications." Ceramics International 46, no. 10 (2020): 16480-16492. 

48. Tene, Talia, Gabriela Tubon Usca, Marco Guevara, Raul Molina, Francesco Veltri, Melvin 

Arias, Lorenzo S. Caputi, and Cristian Vacacela Gomez. "Toward large-scale production 

of oxidized graphene." Nanomaterials 10, no. 2 (2020): 279. 

49. Song, Jianguo, Xinzhi Wang, and Chang-Tang Chang. "Preparation and characterization 

of graphene oxide." Journal of Nanomaterials 2014 (2014). 

50. Kobyliukh, Anastasiia, Karolina Olszowska, Marcin Godzierz, Aleksandra Kordyka, Jerzy 

Kubacki, Yevgen Mamunya, Sławomira Pusz, Ivanka Stoycheva, and Urszula Szeluga. 

"Effect of graphene material structure and iron oxides deposition method on morphology 



and properties of graphene/iron oxide hybrids." Applied Surface Science 573 (2022): 

151567. 

51. Brisebois, P. P., and Mohamed Siaj. "Harvesting graphene oxide–years 1859 to 2019: a 

review of its structure, synthesis, properties and exfoliation." Journal of Materials 

Chemistry C 8, no. 5 (2020): 1517-1547. 

52. Singh, Nirbhai, Sk Riyajuddin, Kaushik Ghosh, Surinder K. Mehta, and Abhijit Dan. 

"Chitosan-graphene oxide hydrogels with embedded magnetic iron oxide nanoparticles for 

dye removal." ACS Applied Nano Materials 2, no. 11 (2019): 7379-7392. 

53. Chen, Da, Hongbin Feng, and Jinghong Li. "Graphene oxide: preparation, 

functionalization, and electrochemical applications." Chemical reviews 112, no. 11 

(2012): 6027-6053. 

54. Al Kausor, Mehdi, and Dhruba Chakrabortty. "Graphene oxide based semiconductor 

photocatalysts for degradation of organic dye in waste water: a review on fabrication, 

performance enhancement and challenges." Inorganic Chemistry Communications 129 

(2021): 108630. 

55. Jamjoum, Hayfa Alajilani Abraheem, Khalid Umar, Rohana Adnan, Mohd R. Razali, and 

Mohamad Nasir Mohamad Ibrahim. "Synthesis, characterization, and photocatalytic 

activities of graphene oxide/metal oxides nanocomposites: A review." Frontiers in 

Chemistry 9 (2021). 

56. Nada, Amr A., Hesham R. Tantawy, Mohamed A. Elsayed, Mikhael Bechelany, and 

Mohamed E. Elmowafy. "Elaboration of nano titania-magnetic reduced graphene oxide 

for degradation of tartrazine dye in aqueous solution." Solid State Sciences 78 (2018): 116-

125. 

57. Fatima, Rukia, Muhammad Farooq Warsi, Muhammad Ilyas Sarwar, Imran Shakir, Philips 

O. Agboola, Mohamed F. Aly Aboud, and Sonia Zulfiqar. "Synthesis and characterization 

of hetero-metallic oxides-reduced graphene oxide nanocomposites for photocatalytic 

applications." Ceramics International 47, no. 6 (2021): 7642-7652. 

58. Benjwal, Poonam, Manish Kumar, Pankaj Chamoli, and Kamal K. Kar. "Enhanced 

photocatalytic degradation of methylene blue and adsorption of arsenic (iii) by reduced 

graphene oxide (rGO)–metal oxide (TiO 2/Fe 3 O 4) based nanocomposites." Rsc 

Advances 5, no. 89 (2015): 73249-73260. 

59. Zhang, Jintao, Zhigang Xiong, and X. S. Zhao. "Graphene–metal–oxide composites for 

the degradation of dyes under visible light irradiation." Journal of Materials Chemistry 21, 

no. 11 (2011): 3634-3640. 



60. Raghavan, Nivea, Sakthivel Thangavel, and Gunasekaran Venugopal. "Enhanced 

photocatalytic degradation of methylene blue by reduced graphene-oxide/titanium 

dioxide/zinc oxide ternary nanocomposites." Materials Science in Semiconductor 

Processing 30 (2015): 321-329. 

61. Ramesh, K., B. Gnanavel, and Mohd Shkir. "Enhanced visible light photocatalytic 

degradation of bisphenol A (BPA) by reduced graphene oxide (RGO)–metal oxide (TiO2, 

ZnO and WO3) based nanocomposites." Diamond and Related Materials 118 (2021): 

108514. 

62. Khurshid, Farheen, M. Jeyavelan, and S. Nagarajan. "Photocatalytic dye degradation by 

graphene oxide doped transition metal catalysts." Synthetic Metals 278 (2021): 116832. 

63. Kamalam, M. Beaula Ruby, S. S. R. Inbanathan, K. Sethuraman, Ahmad Umar, Hassan 

Algadi, Ahmed A. Ibrahim, Qazi Inamur Rahman, Christos S. Garoufalis, and Sotirios 

Baskoutas. "Direct sunlight-driven enhanced photocatalytic performance of V2O5 

nanorods/graphene oxide nanocomposites for the degradation of Victoria blue 

dye." Environmental Research 199 (2021): 111369. 

64. Kamalam, M. Beaula Ruby, S. S. R. Inbanathan, and K. Sethuraman. "Enhanced photo 

catalytic activity of graphene oxide/MoO3 nanocomposites in the degradation of Victoria 

Blue Dye under visible light irradiation." Applied Surface Science 449 (2018): 685-696. 

65. Aragaw, Belete Asefa, and Atsedemariam Dagnaw. "Copper/reduced graphene oxide 

nanocomposite for high performance photocatalytic methylene blue dye 

degradation." Ethiopian Journal of Science and Technology 12, no. 2 (2019): 125-137. 

66. Liu, Sen, Jingqi Tian, Lei Wang, Yonglan Luo, and Xuping Sun. "One-pot synthesis of 

CuO nanoflower-decorated reduced graphene oxide and its application to photocatalytic 

degradation of dyes." Catalysis Science & Technology 2, no. 2 (2012): 339-344. 

67. Siong, Valerie Ling Er, Kian Mun Lee, Joon Ching Juan, Chin Wei Lai, Xin Hong Tai, 

and Cheng Seong Khe. "Removal of methylene blue dye by solvothermally reduced 

graphene oxide: a metal-free adsorption and photodegradation method." RSC advances 9, 

no. 64 (2019): 37686-37695. 


