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Abstract 
2D Transition metal selenides (TMDs), now a well established family of materials due to their excellent electronic, optical and magnetic properties, are at the forefront of their use in electrochemical cells, energy conversion and storage applications. Compositionally well defined two-dimensional hybrid nanocomposites of transition metal selenides (CoSe2, NiSe2, SnSe and Fe2Se3) grown onto graphene (G) for electrocatalytic applications have been been synthesized by in-situ hydrothermal process which is a convenient and efficient way to grow these materials with excellent crystallographic and morphological features. The TMD-G nanohybrid has shown a strong dependence on metal precursor concentration, ratio of solvent mixture, reaction temperature and time. Crystallographic features such as crystal phase, lattice orientation, defects, stacking faults and relevant vibrational phonon processes of the composites have been investigated by XRD and Raman Analysis. Morphological aspects such as surface assisted growth of TMDs onto graphene and their distribution throughout the surface dimensions have been explored using SEM followed by EDX analysis, TEM and HRTEM microscopy and SAED calculations. The catalytic efficiency of the composites for methanol fuel cells (DFMC) has been measured and analysed electrochemically through forward/ reverse scan under a given voltage from -0.2 V to 1.0 V versus Ag/ AgCl electrode in acidic medium. An oxidation mechanism for methanol has been proposed with respect to the heterostructures which have shown the formation of various intermediate species responsible for reducing catalytic activity. Thus, these graphene supported electro-catalysts can be potent materials for batteries with durable charge- discharge cycles under rigorous operating conditions.
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