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ABSTRACT 

Environmental issues and energy resources at global level are the two important 

topics in the present scenario. To effectively address the serious environmental 

problems and the depletion of fossil fuels accompanying their combustion, there has 

been extensive search for technologies that help in environmental remediation and 

provide energy that is a clean, renewable, cheap, safe, and viable alternative to fossil 

fuels. Photocatalyst materials are important for future energy requirements. Oxide 

semiconductor based photocatalysis has attracted extensive attention due to its wide 

application of photon energy conversion from the viewpoint of solar energy 

utilization in environmental processing such as air purification, water disinfection, 

hazardous waste remediation and degradation of toxic compounds. Photocatalysis 

reactions are assisted by photons in the presence of catalyst accompanying 

simultaneous oxidation and reduction using electrons and holes. Under irradiation 

with an energy equivalent to or greater than the band gap of the semiconductor 

photocatalyst, electrons in the valence band are excited into the conduction band, 

leaving holes in the valence band. These photogenerated electrons and holes cause 

reduction and oxidation reactions, respectively. 

The design of nanostructured oxide based semiconductor materials has become one of 

the most challenging fields of nanoscience and technology due to its unique properties 

and important applications in catalysis, electronics and photonic devices. Since the 

discovery of photochemical splitting of water on titanium dioxide by Fujishima and 

Honda in 1972, there has been a growing interest in search of materials with 

photocatalytic properties. Semiconductor photocatalysis has been proven to be 

potentially advantageous for environmental pollutant remediation because it allows 

complete decomposition of organic compounds into CO2 and H2O at ambient 
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conditions and also for water splitting to supply clean and recyclable hydrogen 

energy. In order to meet all these requirements new materials are being explored and 

examined for the purpose of photocatalytic degradation of organic waste and for 

facilitating water splitting.  

The present thesis is aimed to develop alternate approaches for the synthesis of 

nanostructured titanium, niobium and tantalum based oxides and investigate their 

photocatalytic properties and to establish various factors influencing the efficiency of 

the catalyst material. 

In the present investigation, we focus our study on the enhancement of the efficiency 

of photocatalysts (titania, niobate and tantalate nanostrutures) by increasing the 

surface/volume ratio, the control of morphological features, size, surface charge and 

surface area. These nanomaterials were obtained by a combination of microemulsion 

and hydrothermal methods under various reaction conditions. Such size and shape 

tunable materials have the potential to reduce water contaminants and eliminate the 

use of  toxic catalysts. We have investigated various parameters that collectively 

enhances the photocatalytic efficiency of the material. This thesis deals with the 

synthesis, characterization and properties of various metal oxide nanostructures and 

their photocatalytic properties. 

In Chapter 1, a detailed survey of the background literature has been carried out for 

the state of knowledge existing in the area relevant to the materials especially metal 

oxides with photocatalytic properties. We have also discussed the possibility for 

obtaining metal oxides in bulk as well as nano regime. Though various high 

temperature routes are known, but due to difficult synthetic conditions, cannot be 

commercialized. Further, in this section we have discussed the details of our effort for 
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designing methodologies to obtain nanostructured metal oxides of controlled size and 

morphology for photocatalytic applications. 

In chapter 2, we have discussed the method of synthesis of TiO2 nanostructures of 

various morphologies (spindles, cube, spherical particles) with high surface area by 

reverse micellar route. In this chapter, we aimed to synthesize monodispersed 

mesoporous TiO2 nanostructures of high purity by tuning the morphology and size 

using the reverse micellar method for their photocatalytic properties. We have carried 

out detailed study on the effect of water content, co-surfactant, surfactant on particle 

size and shape of TiO2 nanoparticles. The effect of co-surfactant was studied by 

varying the chain length of the co-surfactants. The surfactant used was CTAB. Co-

surfactant was varied from 1-butanol, 1-pentanol, 1-hexanol and 1-heptanol which 

allowed to study role of co-surfactant chain length on the surfactant film flexibility 

which determines the growth of particles inside the reverse micelle.TEM studies show 

the morphology varying from spindle shaped as obtained with butanol as co-

surfactant to cube shaped in the case of hexanol. We also estimated the photocatalytic 

activity of the prepared TiO2 nanostructures for decomposition of Rhodamine B dye. 

The current work is focused to make an attempt to understand the major factors which 

controls the growth of TiO2 nanoparticles and thereby influencing the efficiency of 

the synthesized material towards degradation of dye. 

In chapter 3, we have discussed a template free hydrothermal route for the synthesis 

of Cd2Ta2O7 and Cd2Nb2O7 nanocubes, and also their photocatalytic activity. The 

various synthetic parameters such as concentration of alkali, reaction temperature and 

reaction time which play important role in the formation of monophasic Cd2Ta2O7 and 

Cd2Nb2O7 nanoparticles were studied in detail. Photocatalytic activity towards 

Rhodamine B indicated that nanosized Cd2Ta2O7 and Cd2Nb2O7 obtained by 
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hydrothermal method show efficient photocatalytic properties. The above studies 

show the enhanced efficienciy of these nanostructured material and compared with 

TiO2 also better in terms of stability.  

In chapter 4, Synthesis of perovskite based silver tantalate (AgTaO3) and silver 

niobate (AgNbO3) nanoparticles and its application as UV and visible light based 

photocatalyst for the degradation of organic dyes have been discussed. Nanostructures 

of AgTaO3 and AgNbO3 synthesized by hydrothermal method have been 

characterized by powder X-ray diffraction, diffuse reflectance spectroscopy, 

transmission electron microscopy and surface area measurements along with its 

photocatalytic properties. The photooxidation activities have been carried out using 

organic molecules, Rhodamine B. We have investigated the role of sacrificial reagent 

on the photocatalytic efficiency of the synthesized materials. AgTaO3 and AgNbO3 

nanoparticles showed excellent decomposition rates for the organic compounds under 

UV and visible light irradiation. 

In chapter 5, we have shown the methodology for the synthesis of novel visible light 

photocatalysts copper tantalate and copper niobate under hydrothermal conditions. 

Hydrothermal synthesis lead to the formation of smaller crystallite size particles, 

which was beneficial for the adsorption of organic moiety during the photocatalysis. It 

was observed that CuTa2O6 and CuNb2O6 nanoparticles showed nearly 4-5 times 

enhanced photoactivity than bulk. The catalyst showed excellent decomposition rates 

for the organic compounds under visible light irradiation. This is the first detailed 

photocatalytic study of nanostructured CuTa2O6 and CuNb2O6. The results point 

toward the possibility of CuTa2O6 and CuNb2O6 nanoparticles as potential 

photocatalysts to split water under visible light irradiation. 
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In chapter 6, we have discussed synthesis of InTaO4 and InNbO4 nanoparticles as a 

visible light photocatalysts. The study focuses on two important aspects i.e., role of co 

– catalyst and sacrificial reagent on the photocatalytic efficiency of the material. 

InTaO4 and InNbO4 photocatalysts with different NiO loading were prepared by 

incipient wetness impregnation. NiO loading greatly enhanced the rate of degradation 

during photocatalysis. We have also studied the role of sacrificial reagent on the 

photoefficiency of the synthesized InTaO4 and InNbO4 nanoparticles. 

Chapter 7 deals with conclusions and future prospects of the work described above. 

The thesis has led to the development of low temperature methodologies using 

microemulsion route and hydrothermal mediated precursors to obtain various 

morphologies of nanostructured titanium, niobium and tantalum based oxides. The 

methods employed have enabled us to lower the synthesis temperature by 200ºC to 

400ºC in metal oxides and the above study can be extended to the synthesis and 

investigation of tantalum and niobium based semiconducting oxides of importance. 
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