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Abstract 

The rise of carbon-based materials created the tremendous interest 
in the scientific community. These materials have promising remarkable 

structural, electrical, optical, vibrational, thermal and mechanical 

properties for technological purposes. They are considered to be potential 
contenders for photonics, hydrogen storage, electronics, solar-cell 

materials, sensing devices and electron emission devices for the next 

generation of display units. Before using these materials for such 
technological applications, it is important to understand the nature of 

bondings in various graphite-based materials. The microscopic origin 

and role of disorder are always a subject of debate in the graphite-based 

systems for researchers. Ratio of the sp2 (graphite-like) to sp3 (diamond-
like) bonds influences the physical properties graphite-based systems. 

This thesis presents detailed Raman studies of the spatial disorder, 

quantum confinement effect and electron-phonon interaction in the 
graphite-based materials.  

Study of the spatial disorder is carried out as a function of phonon 
softening of Raman active modes in the graphite. A comprehensive 

analysis of disorder is discussed here. Raman lineshape of the optical 

mode is analyzed within the framework of phonon confinement model 
which is used to reveal the role of disorder. Raman lineshape of the 

optical phonon mode shows the phonon softening and asymmetry in the 

disordered graphite. Phonon softening and linebroadening of the D mode 

have high sensitivity to disorder in the polycrystalline graphite (PG). 
Electron-phonon coupling is responsible for phonon softening and 

linebroadening of the D mode which is double-resonant (DR) Raman 

scattering involving disorder, electron and transvers optical (TO) phonon. 
A comprehensive analysis of DR Raman scattering is also discussed here 

as a function of disorder in the graphite.  

The phase transformation from graphite to amorphous carbon (a-

C) has been investigated during ion implantation of graphite for various 

fluences. Graphite transforms into a-C above a threshold fluence of Ar 
ions. Analysis of Gibb’s free energy can permit a rough identification of 

the threshold fluence for the formation of a-C. Raman spectra also reveal 

similar threshold fluence when transformation from graphite to a-C takes 

place. Modifications of the surface of graphite are also investigated here 
by electron emission studies. Analysis of Cij(ω) and coupling of light to 

vibrational states of a-C permits a rough identification of possible Raman 

active overtones of graphite. Low frequency Raman scattering is observed 
here for disordered state where acoustic phonons can be seen in Raman 

scattering due to relaxation of selection rule.  
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