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RESEARCH AREA 

 Computational Material Science 

 Surface Chemistry 

 Novel Carbon Allotropes 

 Functionalization of 2D Materials for Energy Applications 

 Raman Spectroscopy 
 
Graphene-like two dimensional (2D) materials have recently gained interest especially due to 
their unique electronic and optoelectronic properties. Graphene and other 2D materials like 
hexagonal BN, MoS2 constitute one of the most active fields of research in materials science, 
condensed matter physics, and chemistry. We have reported a comprehensive study involving 
in situ Raman spectroscopy supported by quantum mechanical calculations to exactly monitor 
the covalent binding to graphene with unprecedented precision. We have also studied the 
reactivity of graphene towards atomic hydrogen for hydrogen storage application (shown in 
Figure 1).  
 
At present we are working on 2D materials and their functionalization with applications in the 
field of energy storage. Basically, we are using 2D material as a catalyst to solve two key societal 
and scientific problems: (1) in the field of environment i.e. CO oxidation to CO2 in particular, but 
in general combustion of carbonaceous particulates from engine exhaust gases at room 
temperature and with high efficiency; and (2) in the field of energy i.e. CO reduction via 
hydrogenation. The determination of the structure which is required as a basis for 
understanding many of its properties, in general, a hard task, either by the experimental 
techniques or by using sophisticated total energy calculations. These calculations will provide 
fundamental information in relation to element selection, and will also allow us to determine 
the electronic structure of these systems. This will include the electronic band structure, 
corresponding density of states, and bonding configurations. Density-functional theory ‘DFT’ 
permits calculation of the total energy of solids without any parameterization to experimental 
data.  

 
Figure 1: Ortho (o), meta (m), and para (p) functionalization patterns shown for a second 
hydrogenation with respect to a first hydrogen atom at the position marked by a green circle in 
a hexagonal (4x4) unit cell (cyan, orange unit cell vectors a1 and a2) (Soni et. al., Journal of 
Physical Chemistry C (2018)).  
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