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ABSTRACT 

Growing environmental pollution and depleting energy resources are major issues in the 

present scenario. One of the prime reasons behind the arising environmental pollution is 

combustion of fossil fuels and their depletion. Therefore, the need of the hour has 

generated an extensive interest in researchers to develop technologies that provide clean, 

sustainable, cheap, renewable energy which are also environmentally benign. 

Electrochemical storage and conversion devices have attracted a great interest to solve 

these issues. Electrochemical water splitting reaction provides one of the efficient sources 

of renewable energy (Hydrogen evolution and oxygen evolution). Spinel based mixed 

transition metal oxides (MTMOs) is important for future energy requirements due to their 

low cost, high abundance and environmental friendly behavior. Electrocatalytic 

properties of the functional materials depend on the composition, structure, crystalline 

phase, and morphology (size and shape). Due to the presence of various cations with 

more than one oxidation state and unpaired electrons, cobaltite and manganite spinel 

nanostructures show interesting and highly tunable electrocatalytic properties. Although, 

various physical and chemical methodologies are known for synthesis of MTMOs, 

rational design of the efficient electrode material for effective electrochemical 

technologies is still a challenge. 

Motivation of the present thesis is to develop alternate approaches for the synthesis of 

nanostructured spinel cobaltites and manganites with various morphologies. We focus on 

the development of an efficient electrocatalyst with controlled size, morphology, 

composition and structure. Nanostructured electrodes (with high surface/volume ratio, 

efficient electrochemical activities and cycling performance) have been synthesized using 
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hydrothermal, microemulsion and coprecipitation methods under ambient conditions. We 

have investigated various parameters that cooperatively enhance the electrocatalytic 

efficiency of the material. This thesis deals with the synthesis, characterization and 

properties of various shapes and size of cobaltites and manganites nanostructures and 

their properties suitable for electrochemical storage/conversion devices. 

In chapter 1, a detailed review of the background literature has been carried out to know 

the existing research and the major challenges in the area of the available energy source 

and the materials especially manganites and cobaltites, which are useful for the 

electrochemical devices. We have also discussed the importance of the nanostructured 

cobaltites and manganites as efficient electrocatalyst. Although, various high temperature 

routes, physical and chemical methods known, rational design of the efficient electrode 

material is still a challenge. So, in this chapter we have discussed the methodologies used 

for obtaining cobaltites and manganites of controlled size and morphology for efficient 

electrocatalytic applications. 

The controlled synthesis procedure for obtaining NiCo2O4 nanorods (assembled from 

small nanoparticles) with different aspect ratio has been discussed in chapter 2. To 

control the anisotropy of the NiCo2O4 nanorods, a surfactant mediated reverse micellar 

route was used. The effect of surfactants and non-polar phases was studied by varying the 

chain length of the co-surfactants. Cationic surfactant (CTAB) prefers the alignment of 

NiCo2O4 nanorods with high aspect ratio (~12) while non-ionic surfactant (Tergitol) led 

to the formation of much lower aspect ratio (~5) nanorods. We also investigated the 

electrocatalytic activity of the NiCo2O4 nanostructures towards oxygen evolution 
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reaction. The current work focuses to understand the effect of size of nanostructured 

electrode towards the electrochemical applications.  

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

NiCo2O4 nanostructures. Different morphologies of NiCo2O4, like square sheets, 

hexagonal sheets and spheres were synthesized by fine tuning the reaction conditions as 

well as the selection of the hydrolyzing agents. These synthetic parameters were studied 

in detail. Shape dependent electrocatalytic study showed significant electrochemical 

behavior with improved supercapacitance as well as good electrocatalytic properties 

towards oxygen evolution reaction. Studies showed the enhanced efficiency of NiCo2O4 

square sheets with enhanced stability.  

In chapter 4, the role of the surfactant, co-surfactant and non-polar phase during the 

synthesis of NiMn2O4 nanospheres and hexagonal particles using the reverse micellar 

route are discussed. Slow decomposition of the oxalate precursor (aspect ratio > 3) is the 

key to maintain the anisotropic morphology of the oxide NiMn2O4 nanorods (assembled 

with smaller nanoparticles). Cationic surfactants lead to anisotropic growth while non-

ionic surfactant preferred isotropic growth of nanostructures. The detailed magnetic 

properties of the above have been studied. 

 Chapter 5 highlights, the methodology used for the synthesis of novel Mg and Cd based 

manganites (Mg2MnO4 and CdMn2O4) under ambient conditions. Mg2MnO4 nanorods 

(assembled from small nanoparticles) have been synthesized using reverse micellar route 

while CdMn2O4 nanocubes have been obtained via a facile co-precipitation route at room 

temperature. Electrochemical studies showed that Mg2MnO4 nanorods act as efficient 
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electrode towards oxygen evolution reaction and CdMn2O4 nanocubes show good anodic 

behavior towards Li-ion battery applications. 

In chapter 6, we have discussed composition and phase dependent electrochemical 

behavior of cobalt manganite nanostructures. The chapter focuses on synthesis of two 

distinct phases, cubic Co2MnO4 and tetragonal CoMn2O4 using a simple hydrothermal 

method without any further annealing. Cubic Co2MnO4 nanocubes show efficient 

electrochemical behavior towards oxygen reduction reaction while tetragonal CoMn2O4 

nanocubes show better performance towards oxygen evolution reaction (OER) than 

Co2MnO4.  

Conclusions and future prospects of the work carried out are described in chapter 7. The 

thesis has led to the development of low temperature methodologies using co-

precipitation, microemulsion route and hydrothermal mediated precursors to obtain 

various morphologies of nanostructured cobaltites and manganites. Various factors that 

affect the electrochemical performance have been studied in this thesis and the above 

study can be extended to a detailed study of the growth controlling parameters for various 

morphologies of spinel cobaltites and manganites. 
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