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ABSTRACT 

From synthesis of novel materials to their end-use applications, the prime objective of the material science 

community is to address the burgeoning social issues across the world. Noxious emissions from fossil fuel 

combustion, increased incidence of skin cancer, drug misuse, and ever-increasing demand for energy are some 

of the global concerns that require urgent consideration.  In light of this, the current doctoral research 

emphasizes the development of trailblazing graphene-based materials with manifold usages derived from a 

naturally abundant carbonaceous fossil fuel coke to discover scientific solutions to the aforesaid trials and 

tribulations. Fossil fuel coke with 99% carbon content was used for the production of high-quality oxidized 

graphene derivatives by employing an environmentally-benign synthesis technique. The obtained graphene 

structure exhibited a multi-emissive fluorescence property having emissions ranging from blue to green-

yellow. In addition, it also possessed remarkable electrochemical performance, good rate capability, and 

durability, signifying its expediency in energy storage devices. In an attempt to further enhance the scope of 

as-synthesized coke-based graphene derivatives, heteroatoms such as nitrogen and phosphorus were 

introduced into the graphene lattice via substitutional doping. By utilizing the as-synthesized heteroatom 

doped graphene derivative, oxytocin, a high-risk abused drug, was electrochemically detected in an nM range 

and also obtained fluorescent bioimaging of melanoma skin cancer cells with appreciable biocompatibility. 

The coke-based graphene derivatives were further refashioned to obtain optimum textural and surface 

chemistry characteristics beneficial for energy storage characteristics. Accordingly, simultaneous heteroatom-

doping and activation of graphene derivative were carried out to attain enhanced supercapacitive performance, 

facilitating the cradle-to-gate transformation of fossil fuel, i.e., the conversion of sluggish black coal to green 

energy.  
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