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 To investigate the effects of various operating conditions like, concentration of 

pollutants, amount of catalyst, dose of catalyst, initial pH value, anionic species, addition 

of H2O2, etc. on the reaction rate. 

 To study the photochemical removal of various groups of pollutants with different 

structure in aqueous solutions by photocatalysis. 

 The decoloration kinetics of photodegradation of pollutants in water will be determine. 

To determine the rate constant for the removal of pollutants by photocatalysis using 

semiconductors based on Langmuir-Hinshelwood (LH) model under various 

experimental conditions. To characterize the reaction intermediates and to propose a 

possible reaction mechanism. 
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WORK DONE 

INTRODUCTION       

                  

Millions of various colored chemical substances have been generated within the last century or 

so, 10,000 of which are industrially produced. On a global scale, over 0.7 million tons of  organic 

synthetic dyes are manufactured each year mainly for use in the textile, leather goods, industrial 

painting, food, plastics, cosmetics, and consumer electronic sectors. A sizable fractionof this is 

lost during the dying process and is released in the effluent water streams from the above 

industries. Therefore, decolorization and detoxificationof organic dye effluents have taken an 

increasingly important environmental significance in recent years. As one of the most promising 

solutions for these problems, semiconductor photocatalysis has attracted much attention, since it 

is a ‘‘green’’ technology for decomposing water into hydrogen and oxygen, inactivating viruses 

and/or completely eliminating all kinds of contaminants, under the illumination of light under 

ambient conditions. To date, the TiO2 semiconductor has undoubtedly proven to be one of the 

excellent photocatalysts for water splitting and the oxidative decomposition of many organic 

compounds. However, due to its wide band gap of 3.2 eV, TiO2 can only be excited by 

ultraviolet or near ultraviolet radiation, which occupies only 4% of the incoming solar light 

spectrum on the earth. To efficiently utilize the visible region which covers the largest proportion 

of the solar spectrum, the development of visible light driven (VLD) photocatalysts is the current 

trend. 

 

AIM AND SCOPE OF THE WORK 

            The present work aims to utilize novel method to synthesis visible light driven 

photocatalyst of nanoheterostructures using hydrothermal/solvothermal method.  

             Photocatalysts will be synthesized with coupled Nano composite using suitable method. 

In order to harvest visible light either Natural or synthetic dyes will be utilized to study the 

photocatalytic activity of prepared catalysts.  The photo catalytic efficiency will be studied.  
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EXPERIMENTAL PART: 

Reagents: 

                          All the chemicals used in the present study were of high purity, commercially 

available Analar grade (Merck, India). Doubly deionized water was used to carry out all the 

processes throughout the synthesis. Zinc nitrate hexahydrate, Nicel nitrate, Cerric ammonium 

nitrate and Copper Nitrate trihydrate, NaOH,  HCl and Glycerol. 

Preparation of modified-ZnO heterostructures: 

                    In a typical preparation, 0.2M of each metal nitrate was dispersed in 25 ml water and 

the drop wise addition of 0.3M sodium hydroxide, achieved pH range 5.8. This mixture was 

stirred and refluxed for 4h at 60°C, resulting in the formation of modified-ZnO. The precipitate 

thus obtained was separated from the reaction mixture and washed with deionised water to 

remove the adhering impurities and finally washed with glycerol for good morphology. It was 

then dried at oven and calcinated 250°C for 3hours. 

Photoreactor : 

These reactors are among the most efficient for photochemical reactions since the lamps are 

effectively surrounded by the solution to be irradiated. The lamps are contained in double-walled 

immersion wells made of quartz, allowing water cooling and/or filtering of excitation radiation. 

Various flask designs enable reactions to be conducted under anaerobic conditions at low or 

constant temperature. These are double-walled vessels made of quartz glass which house the 

irradiation lamp. Inlet and outlet tubes provide for air or water cooling. A space between the 

walls allows filtering of certain wavelengths with liquids such as cobalt, nickel, copper sulphate, 

sodium nitrate solutions or gas such as chlorine to reduce secondary photochemical reactions of 

products.  

  The synthesized photocatalysts will be characterized utilizing the following instrumental 

techniques.        

 SEM with EDS 

 UV-DRS(ULTRA VIOLET DIFFUSED REFLECTANCE SPECTROSCOPY) 

 X-RAY DIFFERACTION (POWDER-XRD) 
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RESULT AND DISCUSSION: 

CHARACTERIZATION: 

UV-DRS: 

The DRS of the as-prepared samples is shown in Fig.1. ZnO nanoparticles have strong 

absorption peaks at 365nm at visible light region. The observed red shift in ZnO-Cu 5% and 

ZnO-Cu 7%  nanoparticles can be attributed to the electron–hole transition between ZnO and Cu. 

The above result indicates that dispersing ZnO on the Cu surface leads to the enhanced 

absorption in the visible light range, therefore, these ZnO-Cu nanoparticle would be promising 

for photocatalysis application. The enhanced light absorption may lead to forming more 

electron–hole pairs. The optical energy band gap of the nanoparticle was measured using the 

Tauc relation. Abruptly, similar UV-vis absorption curves were observed and the absorption 

edges were calculated using the formula          

                                     

Fig:1 DRS of the as-prepared samples (a = ZnO, b = 5% Cu-ZnO and c = 7% Cu-ZnO) 

αhν = A (hν ‒ Eg) n/2                               -------------------------- (1) 

Where, α, h, ν, A, Eg are the absorption coefficient, Planck’s constant, incident light frequency, 

proportionality constant, and band gap energy respectively. The obtained band gap energy values 

of ZnO, ZnO-Cu 5% and ZnO-Cu 7% are found to be 3.23eV, 2.08eV and 2.25eV respectively 

and it is displayed in Fig.2. 
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                                   Fig:2 Band gap energy for the particles 

Using the DRS results, the band edge positions of the nanocomposites were calculated 

theoretically using Mulliken electronegativity theory following the empirical equations 3 and 4. 

     EVB = X ‒ Ee + 0.5 Eg    -------------------------- (2)  

     ECB = EVB ‒ Eg                                          --------------------------- (3)  

Where EVB is the valence band edge potential, ECB is the conduction band edge potential, Eg is 

the band gap energy of the semiconductor, Ee is the scale factor of the hydrogen reference 

electrode (-4.5 eV), and χ is the absolute electronegativity of the semiconductor, which is defined 

as the geometric mean of the absolute electronegativities of the constituent atoms. The calculated 

band edge potentials of the CB and VB of ZnO as given in Table 1.  

Table. 1.Estimated band-gap energies (Eg) and calculated EVB and ECB of ZnO. 

 

 

Catalyst 

 

Absolute 

electronegativity 

X(eV) 

Calculated 

conduction 

band position 

EVB (eV) 

Calculated valence 

band position 

ECB(eV) 

Energy band 

gap Eg (eV) 

 ZnO 5.80 2.915 -0.315 3.23 
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XRD: 

 Figure.3: shows the X-ray powder diffraction patterns of ZnO, CuO, ZnO-Cu(5%),ZnO-Cu(7%) 

and ZnO-Cu(9%) particles. All the diffraction peaks of the samples can be indexed as the 

wurtzite structured hexagonal ZnO with lattice (JCPDS, No.36-1451), which indicate that the 

sample ZnO is in pure form. The high intensities of the XRD peaks of the sample suggest that 

the ZnO phase used in this work is highly crystalline. Diffraction peaks at 

31.73°,34.45°,36.28°,47.51° and 56.68° correspond to (100),(002),(101),(102) and (110), planes 

of ZnO respectively.These XRD patterns give the monoclinic structure of CuO in agreement 

with the literature (JCPDS card no 45-0937), which indicates that the sample CuO is in pure 

form. Diffraction peaks at 32.4°,35.1°,38.2°, 48.7°,51.3°,58.0°,62.6°,66.83° and 68.13° 

correspond to (110) ,(002) ,(111) ,(202) ,(020) and (202) planes of CuO respectively. 

              

 Fig: 3  Xrd patterns of  a)ZnO, b) CuO, c) ZnO-Cu(5%), d) ZnO-Cu(7%), e) ZnO-Cu(9%)                                         

Morphological Studies: (SEM with EDS) 

        The scanning electron microscopy (SEM) images of pure and Cu doped ZnO. The SEM 

micrograph indicates that the shape and morphology of ZnO nanoparticles changes with 

increasing Cu concentration. These images revealed that the individual particles were composed 

by the collection of particles of various shapes with increasing Cu concentration. This indicates 

that doping of Cu ions influences strongly on morphology of ZnO nanoparticles. These images 



9 UGC Minor Research Project by Dr. S. Pitchaimuthu, Dept. of Chemistry entitled, “Fabrication of Visible-Light-Driven 

Semiconductor Nanoheterostructures For The Enhanced Photocatalytic Treatment of Organic Contaminants in Aqueous 

Media” vide its letter  No.F. MRP-6450/16 (SERO/UGC) dated 30.06.2017 

 

also show that the agglomeration in nanoparticles increases with increasing Cu concentration and 

dispersivity, homogeneity of particles was not good. This kind of structure can provide a better 

adsorption environment and more active site for the photocatalytic reaction. In this Fig 4: [A] 

CuO have the sphere structure,[B] indicates as  RICEROD structure from (5%)Cu dopped ZnO. 

[C] indicates FLAKES like structure increasing of Cu percentage(7%) [D] indicates  PLATE like 

structure in coupled formation. 

 

 

(Fig:4) SEM images of A) CuO, B)ZnO-Cu(5%), C)ZnO-Cu(7%) and D)Coupling. 

 

Fig:5  The EDS shows the presents of element such as Zn, Cu, O, Cu-ZnO. 
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                                   Fig:5 EDS images of the prepared Cu modified ZnO  

Photocatalytic Degradation: 

   The photodegradation was monitored by examining the variations in maximal absorption with 

respect to irradiation time in UV-Vis spectra. The photocatalytic activity of ZnO-Cu nanoparticle 

was investigated by measuring the degradation of GV at pH 6.5 in the presence of 1.0g/L catalyst 

Fig.6. From these experiments, it was observed that the concentration of GV photodegradation 

under visible light irradiation in the absence of the photocatalytic materials. The control 

experiments were performed for 30 min under the dark condition in the presence of 

photocatalytic materials, which indicated the absorption of dye on the active sites of the 

synthesized photocatalysts with the increase of irradiation time, the absorption peak at λmax 

645nm decreased gradually and after 180 min of irradiation. The photocatalytic degradation of 

EY in aqueous solution in the presence of ZnO-Cu resulting in 90% degradation efficiency. No 
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new absorption bands appeared, either in the visible and ultra-violet regions indicating the 

destruction of the conjugated structure. 

                      

                                  Fig:6  Photocatalyst degration of Nanoparticle 

SUMMARY 

In this work, a detailed study of the effect of nanoheterostructures of semiconductor 

catalyst on the photodegradation of GV dye has been carried out. XRD analyses reveal that ZnO 

and CuO conserved their Wurtzite crystal features and monoclinic lattices respectively during the 

irradiation. UV-Vis DRS demonstrated that Cu modification leads to a significant effect on the 

optical characteriztics of ZnO. Cu/ZnO system has higher absorption intensity in the visible 

region compared to the ZnO catalyst systems.  

Hence photodecoloration of dyes in Cu/ZnO systems exhibits better photocatalytic 

decoloration efficiency than that of all other catalyst systems. This work provides basic 

information on the promotion effects of Cu modification on the photodegradability of ZnO on 

dye in aqueous solution.  

Comparing the results obtained from all the preliminary operational parameters discussed 

above, it is observed that, Cu/ZnO systems exhibit better photocatalytic decoloration efficiency 

than that of ZnO catalyst systems. Effect of modification of catalyst through Cu modification on 

ZnO in GV dye photodecoloration would probably leads to a high efficiency and selectivity than 

that of photodecoloration of dyes using ZnO as catalyst.  
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SYNTHESIS AND CHARACTERIZATION OF CeZn2O4 NANOSPHERES 

FOR PHOTOCATALYTIC DECOLORATION OF BRILLIANT GREEN 

DYE 

Abstract 

CeZn2O4 nanosphere photocatalysts have been successfully synthesized using a mixing 

annealing method. The synthesized composites exhibited significantly higher photocatalytic 

activity than a naked semiconductor in the photodegradation of Brilliant Green (BG) under 

visible light irradiation. The various operational parameters such as initial concentration, pH, 

irradiation time, amount of catalyst on photocatalytic activity were also investigated. The origin 

of the high level of activity was discussed based on the results of scanning electron microscopy, 

X-ray diffraction, UV–vis diffuse reflection spectroscopy. The enhanced activity of the catalysts 

was mainly attributed to the synergetic effect between the two semiconductors, the band 

potential of which matched suitably. 

Keywords 

Photocatalysis, CeZn2O4, Brilliant Green 

Introduction 

In recent years, a sizeable quantity of interest in photocatalysis has been focused on the 

photodegradation of organic pollutants through nanoscale semiconductor powders. 

Photocatalytic reactions using metal oxide semiconductor powders such as TiO2, ZnO, Fe2O3, 

ZrO2, and CeO2 have received much attention because of possible practical applications. These 

metal oxides have been used for the decomposition of water to hydrogen and oxygen. They have 
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also been used for a wide range of chemical redox reactions such as the mineralization of organic 

pollutants in wastewater.  

ZnO, as a well-known wide direct band gap (Eg=3.37ev at 300 K) semiconductor, has 

attracted much attention in recent years [1,2] for its potential application in environment 

improvements. Various kinds of ZnO nanostructures, such as nanoparticle, hollow sphere have 

been prepared for many applications [3–5]. Especially, due to the large aspect ratios of fibers, 

ZnO nanofiber and its based composite nanofibers, including ZnO–SnO2, TiO2–ZnO and Ag–

ZnO composite nanofibers, have revealed superior photocatalytic activity than other types, and 

have been mainly used as photocatalyst to degrade dye pollutants [6–8]. 

Ceria (CeO2), as a fascinating rare earth material, has attracted much attention due to its 

applications in catalysis and chemical materials [9,10]. Accordingly, it was interesting to prepare 

CeO2–ZnO composites, and various efforts have been extensively developed. He et al. reported 

the CeO2–ZnO microspheres prepared by combining homogeneous precipitation with micro-

emulsion, revealing high catalytic activity for the oxidative coupling of methane [11]. Mishra et 

al. prepared nanoparticle catalysts of CeO2–ZnO composites by amorphous citrate method, and 

they found that the presence of ceria in the composite oxide could enhance the catalytic activity 

for both cyclohexanol dehydrogenation and hydrogen transfer reactions [12]. However, due to 

the problems of aggregation and difficulties in recovery, these nanostructures might decrease the 

catalytic efficiency or even re-pollute the treated water or air [13].   

It is reported that, the properties of CeO2 are similar to the titania features such as wide 

band gap, nontoxicity, and high stability [14]. Because of its unique 4f electron configuration, 

CeO2 has been frequently selected as a component to prepare complex oxides or as a dopant to 

improve titania-based catalysts. It is recently reported the photocatalytic behaviors of CeO2 and 
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its modified catalyst under various irradiation to degrade dyes and antimicrobial activity  [15-

18].    

Cerium oxide (CeO2) is an additive in the automotive three-way catalysts [19]. The redox 

couple of Ce3+/Ce4+ and the high capacity to store oxygen of CeO2 have gained additional 

importance in the application of heterogeneous catalysis. However the poor thermostability of 

pure CeO2 has limited its application in oxygen storage [20, 21]. To overcome this problem, 

some strategies have been adopted like mixing with metal or metal oxide to increase the thermal 

stability. The mixing of two different metal oxides leads to not only the thermal stability but also 

the different physical and chemical property from the individual metal oxides [22]. 

Generally, hybrid photocatalysts show improved performance compared to their 

respective individual components [23, 24]. The achievement of visible-light photocatalysis 

depends on the prevention of electron-hole recombination [25-27]. Therefore, a number of 

efforts have been attracted to inhibit the recombination of electron-hole pairs and improve charge 

transport via coupling the wide band gap semiconductor photocatalysts with other materials such 

as metal or nonmetals doped ZnO (Fe, Au, Ag, Mn, or F, N, S and etc.,) composite, polymer 

modified ZnO composite, carbon nanotube (CNTs) or graphene –ZnO composites, β-CD 

modified ZnO [17, 23-30]. 

Among the different reported composites, the simplest and most viable composites are 

those that comprise different semiconductors, such as ZnO/CdO13, ZnO/Mn2O3 15, and 

ZnO/CeO2 16. These are reported that ZnO combined with different semiconductors can 

effectively inhibit electron-hole recombination, and the resulting composite enabled the 
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degradation of pollutants to be extended from the UV to the visible light range because of the 

synergetic effect between these two semiconductors [28]. 

In this work, we fabricate and characterized the CeZn2O4 nanospheres and their 

photocatalytic activity towards decoloration of BG dye and under visible light radiation have 

been studied and the results are documented. The optical property was tuned by changing the 

stoichiometric amount of CeO2 and calcination temperature and achieved longer wavelength 

adsorption in UV-Vis spectrum. The morphology and crystalline nature of the composites were 

characterized using FESEM and XRD techniques, respectively. The photocatalytic degradation 

of BG under visible light irradiation using the composite catalysts was investigated under various 

experimental conditions and the rate constant was calculated using pseudo first order kinetic 

model. A suitable mechanism has also been proposed to explain the photocatalytic activity of 

CeO2. 

Materials 

 The commercial organic dye Brilliant Green (BG) (C.I. 42040; λmax = 623 nm) 

was used as such. The semiconductor photocatalyst Ce(NO3)2·6H2O and Zn(NO3)2·6H2O were 

purchased from Merck Chemicals. 2-methylimidazole and all other chemicals were of the 

Analytical grade, received used without further purification. Double distilled water was fsused 

throughout this study for the preparation of all the experimental solutions.  

Experimental Methods 

In a typical synthesis process, the 1:2 molar ratio of Ce(NO3)2·6H2O and Zn(NO3)2·6H2O 

were dissolved in 30 mL of methanol to form a clear  homogenous solution, which was 

subsequently poured into 10 mL of MeOH containing 12 mmol of  

2-methylimidazole. The resulting mixed solution was initially stirred for 5 minutes to ensure 
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complete mixing of reactants then   incubated for 24h at room temperature. As formed yellow 

coloured Zeolitic Imidazolate Frame work (Ce-ZIF) of Ce-Zn was centrifuged and washed 

several times with ethanol. The final product was calcined in tube furnace at different 

temperatures at 400°C and 600°C for three hours with the heating ramp of 5 °C min–1 under the 

nitrogen protection. Finally, the yellow colour of Zeolitic Imidazolate Frame work (ZIF) of Ce-

Zn changed into black coloured free flowing powder and designated as CeZn2O4. 

Photocatalytic Activity 

 The photocatalytic activities of the ZnO and synthesized CeZn2O4 nanocomposite were 

investigated for the photodegradation by choosing BG as model substrate under visible light 

irradiation. The photo reactor “Heber Visible Annular Type Photo reactor” (Model No HIPR-

MP400) equipped with 300W tungsten halogen lamp (8500 lumen) was used for the 

investigation. The photo reactor was comprised of a borosilicate immersion jacketed tube to hold 

the lamp with inlet and outlet for water circulation to cancel the IR radiation. The immersion 

well is held at the centre of a reaction chamber. The inner surface of reaction chamber is fitted 

with highly polished anodized aluminum reflector. In a typical process, aqueous suspension of 

BG and composite was taken in a glass tube. Prior to irradiation, the suspension was 

magnetically stirred in dark for 30min to attain the adsorption-desorption equilibrium. At the 

given time interval 3.5mL of the sample was withdrawn and centrifuged to separate the filtrate 

for analysis. The degradation of BG was determined by measuring the absorbance at 623 nm on 

UV-Visible Spectrophotometer. 
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Results and discussion 

The formation of bimetallic ZIFs with a unique nanosphere morphology was first 

achieved by the reaction of 2-methylimidazole with divalent Zn2+ ions and tetravalent Ce ions in 

methanol solution at room temperature ambient pressure.  

 

 

Figure 1.XRD pattern for as calcined  CeZn2O4-nnanospheres . 

The crystallinity of CeZn2O4-n was examined in X-ray diffraction (XRD) as shown in Figure 1. 

All Zn-Ce-ZIFs-n exhibit strong diffraction peaks at similar positions and all peaks match well 

with the simulated ZIF-8, indicating that they have high crystallinity and pure-phase ZIF-8 

structure. Crystal structure and crystallinity of the CeZn2O4 nanostructures were corroborated 

by XRD which is represented in Fig. 2. The strong diffraction peaks of CeO2 and ZnO are 

detected in the sample, those marked with \*" could be indexed to (111), (200), (220), (311), 

(222), (400), (331), (420), and (422) phases, which demonstrate that the synthesized product 

have well-crystalline distinct cubic fluorite structure of CeO2. Besides, the feature peak marked 

with \#" are indexed to wurtzite hexagonal phase ZnO (JCPDS 36-1451) [31-33]. All the 
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characteristic peaks observed are well-matched with those of cubic fluorite CeO2 and wurtzite 

hexagonal well-crystalline ZnO. XRD thus confirrms that the obtained nanomaterial is the 

combinatio

n of 

CeZn2O4. 
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observed from the FESEM images that as formed CeZn2O4 are nanospheres and all spheres has 

good uniform diameter size of about 0.4 micron. The high resolution FESEM image shown in 

Figure 2c reveals that these particles have spherical geometry, and each of them is an irregular 

nanospheres crystal with very rough surface. The presence of rough surface on the irregular 

nanospheres may enhance the water treatment process due to increment in the active surface area 

than the uniform surface.  To ensure the uniform distribution of CeZn2O4 nanospheres, the 

elemental mapping was conducted and presented as figure 2c, the elemental mapping study 

suggest that the CeZn2O4 is uniformly formed. 

 

 

Figure 3. UV-DRS spectra of CeZn2O4 nanospheres (Absorbance vs Wavelength) 

The estimation of the optical absorption wavelength of the prepared nanocomposites is an 
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is equivalent to or greater than the photocatalysts’ band-gap energy. Otherwise, the 

photocatalytic activity will be limited or not occur. Therefore, we measured the optical 

absorption wavelength of CeZn2O4 nanocomposites a UV-vis spectrophotometer; the results are 

shown in Fig. 3 and Fig 4.  

 

 

 

Figure 4. UV-DRS spectra of ZnO and CeZn2O4 ((F(R)hv)1/2 vs Photon energy) 
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edge of the CeZn2O4 nanocomposite is 2.867 eV (Figure 4) because it contains amorphous 

CeZn2O4, whereas the pure ZnO has a very sharp band edge [34]. This wider band edge for 

amorphous CeZn2O4 has been speculated to arise from the formation of Ce4+ ions that have 

induced some localized mid-gap states in the band gap [35,36]. Therefore, the UV-Vis 

absorption results confirm that the nanocomposite can harvest visible light and generate a greater 

number of electrons and holes under visible-light irradiation15. These results also suggest that, 

during the photocatalytic reactions, the generated holes and electrons could actively participate 

in oxidation and reduction reactions [28, 37]. 

 

 

 

Figure 5. Time dependent absorption spectrum for the degradation of BG dye by ZnO  
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Photocatalytic Activity 

Photocatalytic activities of ZnO and CeZn2O4 nanospheres have been investigated under visible 

light irradiation. The photocatalytic activity at 0.5 g/L of ZnO or CeZn2O4 nanospheres and 

20mg/L of BG dye concentration was shown in Figure 5 and 6. The CeZn2O4 nanospheres shows 

high photocatalytic activity.  

 

 

Figure 6. Time dependent absorption spectrum for the degradation of BG dye by 

CeZn2O4 nanospheres 
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Figure 7. Photocatalytic degradation of BG dye by ZnO and CeZn2O4 nanospheres 

 

 

Figure 8. Kinetic profile for the degradation of BG 
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Figure 9. Rate constant promotion of BG 

Photocatalytic degradation of many organic dyes follows a pseudo first order Langmuir-

Hinshelwood kinetic model. The rate of the reaction is calculated by plotting ln(𝐶𝑜/𝐶) versus 

irradiation time using the following equation [29,30]: 

ln (𝐶𝑜/𝐶t) = 𝑘app𝑡 

Where 𝐶𝑜 is the initial concentration of the BG dye solution, 𝐶t is the concentration of 

the BG dye solution at time 𝑡, and 𝑘 is the rate constant (min−1). The kinetic profiles for the 

degradation of BG shows in Figure 8 and the calculated rate constants are given in Figure 9. 

From the observed results, it is clearly understood that the high degradation rate was 

observed for CeZn2O4 and the rate of the reaction is low for ZnO. This increase in the rate may 
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Figure 9. Proposed mechanism of CeZn2O4 

 

Fig. 10 represents the photocatalytic pathway mechanism for the CeZn2O4 nanostructure 

under visible light irradiation. During the photocatalytic reaction, when the surface of the 

CeZn2O4 is irradiated with visible light, electrons in the valence band of CeO2 are excited 

because of its small band gap [35]. The excited electrons are transferred to the conduction band 

of ZnO. The conduction band edge positions of ZnO and CeO2 are very close to each other. The 

injection of electrons from the conduction band of ZnO into conduction band of CeO2 

nanoparticles is expected to retard the reverse reaction between the photogenerated charge 

carriers [26] 

 The conduction band electrons react with adsorbed oxygen molecules during the reaction 

process and get converted into superoxide anion. This superoxide anion reacts with water 

molecules and finally forms hydroxide radicals. These radicals effectively degrade the BG dye 

effluents under visible light irradiation. Moreover, CeZn2O4 nanostructure photocatalyst having 

oxygen vacancies and Ce4+ due to line defect generates intermediate states which induce 
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narrowing of band gap which was confirmed by UV-DRS. Thus, oxygen vacancies and Ce4+ lead 

to improve the visible light induced photocatalytic degradation through harvesting maximum 

amount of visible light in short time. The similar statement has been reported by several other 

authors [37-42]. Therefore, we too assume that the CeZn2O4 nanostructure shows excellent 

efficiency for the degradation of BG dye effluent owing to the Ce4+ and oxygen vacancies 

present in this system, which would be helpful to improve the photocatalytic activity of the 

CeZn2O4 nanostructure under visible light irradiation. 

Conclusions  

The CeZn2O4 nanocomposites material have been prepared and characterized by FESEM, 

PXRD and UV-DRS analysis. The UV-DRS shows an increasing absorption in the visible 

region. The FESEM results were confirming the formation of CeZn2O4 nanocomposites are 

nanospheres and all spheres has good uniform diameter size of about 0.4 micron. XRD thus 

confirrms that the obtained nanomaterial is the combination of CeZn2O4. All the characteristic 

peaks observed are well-matched with those of cubic fluorite CeO2 and wurtzite hexagonal well-

crystalline ZnO. CeZn2O4/Visible light system exhibited superior photocatalytic degradation of 

BG dye than that of ZnO/Visible light system. Therefore, because of its promising and enhanced 

photocatalytic degradation performance, this can be effectively used for future environmental 

applications. 
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ANNEXURE-I 

Report of the work done 

Detailed literature survey has been carried out on the topics of redox reaction of organic 

molecules, dyes, inorganic compounds and metal ions by using the libraries of our College 

library and internet at Madurai Kamaraj University, Madurai, and required reprints were 

collected. 

Photodegradation of dyes 

After the literature survey, required equipments, chemicals and glasswares were purchased. The 

Objectives of the work is to synthesize metal oxide heterostructure nanocomposite with 

enhanced photocatalytic activity. In the presence study, metal oxide heterostructures like 

CeO2/ZnO, NiO/ZnO, CuO/ZnO  have been synthesized. The photodegradation studies started 

with semiconductor photocatalysts on Gentian Violet (GV) dye under visible light source. 

The degradation of GV dye were studied by photodegradation technique with prepared 

semiconductor photocatalyst i.e., CeO2/ZnO, NiO/ZnO, CuO/ZnO modified semiconductor nano 

heterostrucutures have been carried out with an aim to obtain data for treating model dye 

effluents. Effect of various operational parameters (like initial concentration of dye, dose of 

catalyst, initial pH of dye solution and irradiation time have been investigated for fixing the 

optimum conditions for maximum percentage degradation of GV dye at room temperature. The 

photodegradation percentage decreased with increasing the initial concentration of dye and 

increased with increasing the dose of the catalyst, contact time and initial pH for GV dye. As a 

result of the above parameters, it is concluded that the mineralization of wastewater is varies 

with varying the initial pH of dye solutions. The photodegradation studies have been carried out 

under visible light radiations. This work has been carried out with an aim to obtain data for 

treating industrial effluents from textile industries.  

 

The CeZn2O4 nanocomposites material have been prepared and characterized by FESEM, PXRD 

and UV-DRS analysis. The UV-DRS shows an increasing absorption in the visible region. The 
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FESEM results were confirming the formation of CeZn2O4 nanocomposites are nanospheres and 

all spheres has good uniform diameter size of about 0.4 micron. XRD thus confirrms that the 

obtained nanomaterial is the combination of CeZn2O4. All the characteristic peaks observed are 

well-matched with those of cubic fluorite CeO2 and wurtzite hexagonal well-crystalline ZnO. 

CeZn2O4/Visible light system exhibited superior photocatalytic degradation of BG dye than that 

of ZnO/Visible light system. Therefore, because of its promising and enhanced photocatalytic 

degradation performance, this can be effectively used for future environmental applications. 


