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Preface 

The aim of this work is to exploit the unique physicochemical properties of 

manganese oxide and their composites molecules and other different semiconductor 

material near various sizes and shapes of metal nanostructures Metallic particles in the 

nanometer size regime display widely interesting size-dependent optical, electronic, 

magnetic, catalytic and chemical properties. With such applications on the horizon, 

new synthetic routes for quickly and reliably rendering magnetic nanoparticle surfaces 

have become an increasingly important focus. Different shape and size-selective 

change of physicochemical properties of manganese oxides and their composites.  For 

this purpose, the present Ph. D. thesis entitled “Synthesis, Characterization and 

Physicochemical Properties of Size and Shape-Selective Manganese Oxides and 

their Composites” has been chosen. This thesis includes the synthesis of different 

manganese oxides (like Mn3O4, Mn2O3 and MnO) nanoparticles of various sizes and 

shapes (spherical, nanorods, microdendelions shape nanostructures), formation of 

noble metal-manganese oxide nanocomposites (like Au-Mn3O4, Ag-Mn3O4) and their 

photophysical properties based on catalysis (both organic and photocatalysis), 

electrocatalysis and selective sensing measurements and also formation of more 

interesting system such as dual metal oxides and triple semiconductor 

nanocomposites. Moreover, size selective manganese oxide nanoparticles-

semiconductor assembly and their various physicochemical properties have been 

studied using microscopic (transmission electron microscopy, scanning electron 

microscopy) and spectroscopic (UV-visible spectroscopy, diffuse reflectance 

spectroscopy, Raman spectroscopy, energy dispersive X-ray analysis, Fourier 

transform infrared spectroscopy, X-ray diffraction, and selected area electron 

diffraction) techniques. The complete work of the thesis has been divided into seven 

chapters 

Chapter 1 

This chapter describes the general introduction about the current literature related to 

the research work presented on manganese oxide nanomaterials, their composites and 

physicochemical properties of the nanostructures. 
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Chapter 2 

This chapter presents a brief description about the chemicals and reagents used and 

various techniques and analytical instruments used for the characterisation for the 

synthesised manganese oxides and other related materials. 

Chapter 3 

This chapter describes the synthesis of different shape and size selective manganese 

oxide nanoparticles using soft-template strategy and synthesized materials used in 

photocatalysis and selective organic catalytic oxidations reactions. This chapter 

consists of two sub-sections: 

Chapter 4 

This chapter describes the synthesis of different shape and size selective gold-

manganese oxides and silver-manganese nanocomposites using non-toxic binary 

solvents mixture as soft-template and synthesized materials used in electrocatalytic 

water oxidation/oxygen reduction reaction and in sensing of VOCs. This chapter 

consists of two sub-sections: 

Chapter 5 

This chapter includes the new types of metal oxides-manganese oxides di-oxides 

nanocomposites. Here we have synthesized iron oxide-manganese oxide (Fe3O4-

Mn3O4 NCs) and nickel oxide-manganese oxide (NiO-Mn3O4 NCs) nanocomposites 

by facile hydrothermal treatment. This chapter consists of two sub-sections. In first 

section we have discussed the synthesized reduced magnetic material (Fe3O4-Mn3O4 

NCs) are used biological applications and in the other we have discussed the most 

important part of this thesis, room-temperature, neutral pH water splitting by NiO-

Mn3O4 NCs. 

Chapter 6 

In this chapter, a new type of nanocomposites have been synthesized using three 

different semiconductor materials in a unit system. Typical triple semiconductor 

nanocomposites here report for first time as best of our knowledge. Here we studied 

the photocatalysis application and band-gap tenability of synthesized MnO-ZnO-CdO 

triple semiconductor. 

Chapter 7 

The important outcomes of the completed research are summarized and the future 

scopes of the work are mentioned in this chapter. 
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