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Abstract: Novel Co3V2O8 /TiO2 nanocomposite was synthesized by simple and cost effective route Hydrothermal method. As 
synthesized nanocomposites were characterized by different advanced analytical techniques such as X-ray diffraction (XRD), 
Scanning electron microscope (SEM), energy dispersive X-ray spectrometer (EDX), Dynamic light scattering (DLS), Fourier 
Transform Infrared spectrophotometer (FTIR) and UV-Visible spectrophotometer for the investigation of crystalline, 
morphology, elemental percentage, particle size distribution, functional group and optical properties respectively. Further the 
photo-catalytic properties of as synthesized Co3V2O8 /TiO2 nanocomposite were characterized by using Tauc plot (3.02 band gap 
energy). It was found that the methylene blue dye degraded to 85 percentage in the presence of photocatalyst Co3V2O8 /TiO2 
nanocomposite under solar light irradiation.  
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I. INTRODUCTION 
Nowadays environmental pollution and health has become the two big serious issues for the future of world. It is necessary to avoid 
water pollution, which is the most important crisis for the environmental hazardous using different technology. Photo-catalysis is the 
very significant process by using photocatalyst, which can easily reduce the level of pollutants in aqueous system. The photocatalyst 
with reduced size, in nanometer scale it can effectively utilized for the photocatalyst and the litereature proved that the nano-
photocatalyst shows maximum photocatalytic performance.  
The higher surface are of the nano material is helpful for the adsorption of pollutant and oxidized to highly stable inorganic 
substances, which are harmless to the living things. According to Henglein, the nanomaterial can shows effective behavior when 
compare to bulk material [1].  
Surface to volume ratio of nano particles is more, and it leads to high surface energy.  
The TiO2 was most widely used photocatalyst, in different industries which was easily available [2, 3]. The band gap energy of TiO2 
was 3.2 eV, which has larger energy and it needs high light energy for the excitation electron between valence bond and conduction 
band. Therefore, this wide band gap energy of TiO2 caused researcher to think more or other photocatalysts materials for the lower 
band gap energy. And also they tried to synthesis visible light active photocatalyst, which can able to destruct organic molecules. 
The researcher found large number photocatalyst for the lower band gap energy such as BiVO4 [4, 5], FeVO4 [6, 7], AgVO3 [8, 9], 
Ag3VO4 [10, 11], Cu3V3O8 [12, 13] and Zn3V2O8 [14, 15].  
 The metal oxides shows excellent photocatalytic properties and also the vanadates are also shows the different band gap energy 
which was helpful for the degradation of pollutants. Among vanadates family, cobalt vanadate gain interest for the destruction of 
pollutants.  
There are several cobalt vanadates used for the photocatalytic applications like Co3V2O8 [16, 17], Co2V2O7 [18, 19] and CoV2O6 
[20, 21]. There are different types of synthesis methods of cobalt vanadates such as precipitation [22], solid-state [23], sol-gel [24], 
hydrothermal [25, 26] and electrospinning [27]. These types of vanadates has many advantages in different fields such as electrode, 
supercapacitor, batteries and water oxidation processes [28-31].  
 Here, for the first time the composite of Co3V2O8/TiO2 particle were synthesized by simple hydrothermal method. The synthesized 
particle was examined with different advanced instruments for the investigation of basic properties like crystalinity, morphology, 
particle size elemental analysis.  
It has been demonstrated that the synthesized composite was used for the destruction of organic pollutants present in the water. The 
ability of synthesized photocatalyst for the destruction of methylene blue dye, under solar light irradiation was investigated. The 
results show high photocatalytic efficiency for the destruction of dyes present in the water system. 
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II. EXPERIMENTAL 
A. Materials 
All the chemicals and reagents such as Cobalt chloride hexa hydrate, Sodium metavanadate and Titanium dioxide were of analytical 
grade purchased from SRL laboratory India Pvt. Ltd. and used without further purification. 
 
B. Synthesis of Co3V2O8/TiO2 Nanocomposite 
The synthesis of nanocomposite was carried out by simple, cost effective hydrothermal method. In a typical procedure, 3 mmol of 
CoCl2.6H2O was dissolved in 20ml distilled water and 20 ml of 2 mmol of Na3VO4.12 H2O was added drop wise to the above cobalt 
solution. The suspension was stirred for 30 minutes at constatnt temperature 75 oC. Later the 20 ml 3 mmol of TiO2 was added to the 
suspension and stirring was continued for further 20 minutes. Finally the obtained 18 ml suspension was transferred to Teflon liner 
(20 ml capacity) and fixed with stainless steel autoclave. The autoclave was placed in hot air oven at the constant temperature of 160 
oC for the duratipon of 4 hours. Later the autoclave was cooled down to room temperature and the brown colour solid was washed 
with water, filtered and dried at 60 oC.  

C. Characterization Technique 
Crystallite structures were determined by X-ray diffraction (XRD) using a Rigaku desktop diffractometer (Japan) with Cu Ka 
radiation (l ¼ 0.15418 nm) operating at 40 kV and 
150 mA. The microstructure and morphology of the materials were characterized using a scanning electron microscope (SEM-2010, 
Japan) operating at an accelerating voltage of 200.0 kV. The EDX analysis was carried out with 20 kV accelerated voltage was 
done. Brunauer–Emmett–Teller (BET) formulations were used to calculate the surface area. The diffraction angle (2θ) range 
between 6° and 80° was scanned. The Fourier transform infrared spectroscopy (FT-IR) spectrums were obtained within the range 
200–4,000 cm−1 region on a spectrophotometer (Spectrum 100, Perkin Elmer) using KBr as binders. The samples were 
characterized by UV–visible spectrophotometer (Shimizu UV–1,650 PC) for wavelength-dependent absorption spectrum. The 
particle size distributin of composite was carried out by DLS (Microtrac-nanotrac wave-w 3231 Instruments Ltd., at a fixed 
scattering angle of 90 at room temperature) analytical instruments. 

III. RESULTS AND DISCUSSION 
A. X-ray Diffraction 
The crystalline phases of Co3V2O8/TiO2 nanocomposite were carried out by XRD as shown by Figure (1). The diffraction angles of 
2θ values 34.5, 42.5, and 61o were having plane of 122, 042 and 442 respectively. These results were in good agreement with the 
standard XRD pattern of Co3V2O8 (JCPDS no. 74-1487). The diffraction angle of 2θ values, 25.5, 37.5 and 48o was attributed to the 
different planes of 101, 004 and 200 respectively. These crystalline datas were has good agreement with the standard XRD pattern 
of TiO2. It was demonstrated that the synthesized composite have crystalline properties of both Co3V2O8 and TiO2, and confirmed 
that the formation of composite under hydrothermal reaction. 

 
Figure 1: XRD spectrum Co3V2O8/TiO2 nanocomposite  
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B. FTIR Analysis 

 
Figure 2: FTIR spectrum of Co3V2O8/TiO2 nanocomposite 

In order to get physical insights of the chemical bonding and phase formation, we also studied the structure by FTIR spectroscopy. 
FTIR spectroscopic technique is powerful for investigating the local structure and environment in oxides [32, 33]. The FTIR 
spectrum of crystalline Co3V2O8/TiO2 was shown in the figure 2 that it contains main absorption bands at the far infrared region at 
279 cm-1, which confirms the unique fingerprint of the Co site in the octahedron crystal structure of Co3V2O8. The absorption band 
at 854 cm-1 may be assigned to V=O stretching mode of Co3V2O8. The absorption bands in the region of 500 to 700 cm-1 were due 
to the symmetric and asymmetric stretching band of V-O-V bonds. The bands at 386 cm−1 can be assigned to the stretching mode of 
Co–O modes. The sharp absorption peaks around 1,110 cm−1, which is due to the vibrations of the cobalt vanadate crystal lattice. 
The results of FTIR analysis were good agreement with XRD results also. However the absorption band at 551 cm-1 confirms the 
presence of TiO2 and finally these results were attributed to the properties of Co3V2O8/TiO2 nanocomposite [34]. 

C. SEM Analysis 

 
Figure 3: SEM image of Co3V2O8/TiO2 nanocomposite 

The surface morphology of the as synthesized Co3V2O8/TiO2 nanocomposite materials were examined by SEM. Figure 3 shows the 
typical SEM images of composite with different magnifications. The SEM images of composite shows the particle size 50-100 nm 
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and reveal that the particle are uniform with very smooth surface. The particle of composites was separated from each other, and 
these separated particles can show high surface area with good photocatalytic properties. In these nanocomposites, there are many 
mesoporous structures with average pore diameter of 20 nm. The BET surface area of nanocomposite was found to be 95.5 m2g-1, 
which was considerably effective for the adsorption processes and photocatalytic applications. The higher surface area enhances the 
exposure of active sites available for the photochemical reaction on the surface of composites.  

D. Particle Size Distribution Of Co3v2o8/Tio2 Nanocomposite 

 
Figure 4: Particle size distribution of Co3V2O8/TiO2 nanocomposite 

The particle size of Co3V2O8/TiO2 nanocomposite was analyzed by using DLS instrument (Figure 4). DLS is the very useful method 
for investigating size of nanomaterials in which the composite was dispersed in suitable solvent (Water). This analysis was based 
upon the Brownian motion of particles in the solvent, in which the composite was ultrasonicated before analysis. The 
nanocomposite found to be average particle size 68 nm distributed in solvent. These results were suggested that the particle were 
dispersed well in the solvent molecules without such agglomeration. This indicate that the stability of composite, which were 
dispersed and stable up to sometime duration.  

E. Elemental Analysis 
The synthesized nanocomposite was analyzed for the instigation of percentage of elements present in the composite molecules. This 
analysis was carried out by using EDX spectrometer, which was based on the energy dispersive X-ray spectrometer (Figure 5). 
Basically it contains the elements such as Co, O, V and Ti, but in this analysis it was necessary to investigate the presence or 
absence of impurities in the composite. The results show that the composite doesn’t contains any impurities because all the 
impurities were removed by post treatment of product by washing and drying.  And also it shows that highest mass and weight 
percentage found to be Cobalt element (64) and lowest element was Vanadium (21).  

 
Figure 5: EDX spectrum of Co3V2O8/TiO2 nanocomposite 
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F. Optical Properties 
The optical properties of a material are very important in some applications such as optical coatings, reflectors, absorbers, and 
various optoelectronic devices. UV-Vis absorption spectroscopy was carried out for the investigation of optical properties and 
energy structures including band gap of Co3V2O8/TiO2 nanocomposite. In this study, UV–visible absorption spectrum of the 
Co3V2O8/TiO2 nanocomposite was recorded using a UV–visible spectrophotometer in the photon wavelength range 200–800 nm. 
Figure 6 shows the UV-Vis absorption spectrum of nanocomposite. The absorption peak was found in the ultraviolet region at ~310 
nm, which reveal that the absorption of Co3V2O8/TiO2 nanocomposite. 

 
Figure 6: UV Vis spectrum of Co3V2O8/TiO2 nanocomposite 

Band gap energy of Co3V2O8/TiO2 nanocomposite: 
The band gap energy of a semiconductor may be calculated from eqn (1).  
αhν = A(hν – Eg)n/2    ……………….   (1) 
Where α, h, ν, Eg and A are the absorption coefficient, the Planck's constant, the light frequency, band gap energy, and a 
proportionality constant, respectively. The exponent n is determined by the type of optical transition of a semiconductor (n= 1 for 
direct transition and n = 4 for indirect transition). Thus, the band-gap energies (Eg) of the samples could be estimated from plots of 
(αhν)2/n versus the photon energy (hν). According to Figure 7 the nanocomposite Co3V2O8/TiO2 possessed band gap energy of 
approximately 3.02 eV which is lower than the band gap energy of both pure Co3V2O8 (2.85 eV) and pure TiO2 (3.15 eV). This 
observation is important, as it indicates that the Co3V2O8/TiO2 nanocomposites can be photoexcited to generate more electron−hole 
pairs under visible-light irradiation, which could result in higher photocatalytic performance. 

 
Figure 7: Band gap energy of Co3V2O8/TiO2 nanocomposite 
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G.  Photocatalytic Activity of Co3V2O8/TiO2 Nanocomposite 

 
Figure 8: photodegradation efficiency of MB using Co3V2O8/TiO2 nanocomposite: 

The photocatalytic activities of Co3V2O8/TiO2 nanocomposite photocatalysts were evaluated by measuring the decoloration of MB 
under visible light irradiation (>400 nm). The concentrations (C) of MB were determined from UV−vis absorption studies by using 
the Beer−Lambert law relation at the maximum wavelength (λmax) of 664.5 nm. Variations of MB concentration (Ct/C0) with solar-
light irradiation time over different catalysts are presented in Figure 8. 

IV. CONCLUSION 
The Co3V2O8/TiO2 nanocomposite was reported as a photocatalyst for the first time. Because of high surface area, low particle size 
with more pore structure, it was considered as the best photocatalyst for the degradation of methylene blue dye present in the 
wastewater. The high crystalline properties, smooth surfaces of synthesized nanocomposite succeeded in the activity as a 
semiconductor with optimum band gap. The band gap energy was calculated by plotting Tauc plot and investigated the properties in 
photocatalysis. Further the efficiency of as synthesized composite as a photocatalys shows the high activity towards the degradation 
of organic waste present in water. 
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