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Abstract 

Graphene is an allotrope of carbon, where 2-D arrangement of carbon atoms offers a plethora of 

amazing properties. Carbon atoms arrange themselves in sp2 hybridized honeycomb structures 

where long-range of π -conjugated graphitic system yields extraordinary thermal, high theoretical 

surface area, amazing mechanical and electrical properties. These extraordinary properties make 

graphene a perfect support material for catalytically active nanoparticles. Infact, graphene in the 

form of reduced graphene oxide is widely used as a catalyst support. Reduced graphene oxide 

sheets, formed due to the reduction of graphene oxide contains marginal amount of residual oxygen 

that are bonded to carbon atoms in the sheets forcing them to be in sp3 hybridized state. Due to the 

presence of these sp3 sites the flow of charge carriers through sp2 clusters get disrupted. The 

presence of such functional groups also decreases the π electron cloud and disturb the π-π 

interaction property of graphitic sheets with other electron rich molecules. However, the reduced 

graphene oxide is a popular choice as support material mainly due to its hydrophilicity, better 

interaction with metal or metal oxide nanoparticles through the functional groups and the familiar 

chemical method of synthesis. The primary postulate of the present thesis was that pristine 

graphene with minimal defect concentration and uniform distribution of π electrons throughout the 

2-D sheets should make it a better catalyst support material. The studies that are embodied in the 

present thesis proved our postulate to be true. 

The pristine graphene was synthesized using a sonication assisted liquid phase exfoliation is 

aqueous solution of surfactants. The method was initially optimized for obtaining maximum yield 

of exfoliated thin layer graphene without introducing significant amounts of defects. Two methods 

were developed to make nanocomposites of pristine graphene with metal or metal oxide 

nanoparticles. First approach was to use swollen liquid crystals (SLCs) as soft templates for the 
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preparation of nanocomposites of pristine graphene. SLCs are a class of lyotropic liquid crystals 

that are usually formed from a mixture of water, oil, surfactant and co-surfactant. The aspects such 

as diameter of the micelles and the distance between them can be varied in SLCs and hence the 

name. It has been shown in the past that the SLCs can be used as versatile templates for the 

synthesis of a variety of noble metal nanostructures. In this thesis, SLCs were used as soft 

templates to synthesize spherical and rods shaped metal nanostructures that are preferentially 

attached to pristine graphene sheets. The nanocomposites were prepared by entrapping the pristine 

graphene in the SLCs along with a metal precursor which on exposure to hydrazine vapor yielded 

the nanocomposites. The present studies also proved that the nanocomposites of pristine graphene 

could be synthesized by using hydrothermal methods also. All the prepared nanomaterials were 

thoroughly characterized using advanced characterization techniques. These nanocomposites were 

found to have better catalytic activities than the corresponding nanocomposites of RGO for various 

chemical and electrochemical reactions.    

The present thesis entitled ‘Unraveling the potential of pristine graphene as a valuable catalyst 

support material for nanoparticles” contains seven chapters. Chapter 1 includes a brief introduction 

about graphene, its properties, synthesis, effect as a support material and its applications. A 

discussion about the general aspects of the two methods that were used for making the 

nanocomposites of pristine graphene, i.e. SLC and hydrothermal has also been included in this 

chapter. The liquid phase exfoliation, optimization of different experimental parameters to obtain 

maximum yield of graphene and the detailed characterization of pristine graphene vis-à-vis RGO 

are detailed in Chapter 2. Chapter 3 describes an approach for the synthesis of pristine 

graphene/palladium   nanocomposites by confining pristine graphene and metal salt in the oil phase 

of SLCs. Chapter 3 mainly focuses on the synthesis and the application of pristine 
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graphene/palladium   nanocomposites, where small palladium nanospheres (approx. size 4±1 nm) 

were preferentially got deposited over pristine graphene sheets. The pristine graphene-Pd 

nanocomposite showed very good catalytic activities in C-C coupling reactions and hydrogenation 

of nitrophenol. Chapter 4 conveys the ability of soft templates in controlling the morphology of 

palladium nanorods over the pristine graphene support. This chapter also includes the exploration 

of its activity in different C-C coupling reactions. In chapter 5, synthesis of pristine graphene/iron 

oxide nanocomposites using SLC template assisted method is discussed. The catalyst showed very 

high electro-catalytic activity as a bifunctional catalyst in water splitting reactions. Chapter 6 

includes the synthesis and application in pristine graphene/copper oxide nanocomposites in copper 

catalysed azide-alkyne cycloaddtion reactions. The synthesis and application of this catalyst was 

performed in a green environment where we used water as a solvent and microwave for the 

temperature control during the reaction.  

Chapter 7 presents the key findings of our research work and the future scope of the present work. 

Overall, the study clearly established that pristine graphene is a better catalyst support than RGO 

for the catalyst systems and applications that were studied. The nanocomposites of pristine 

graphene with Pd, iron oxide and CuO were not only having better activities, but exhibited very 

good stability and hence recyclability, thus proving the utility of pristine graphene as a better 

catalyst support material. 
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