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 For last two decades honeycomb structured carbon based materials such as fullerenes, 

nanotubes, graphene and its quasi one dimensional ribbons have dominated nanoscience. While pi-

orbitals are responsible for the unusual electronic and magnetic properties, the planar flexibility but 

high in-plane strength is achieved by sp2-hybrid orbitals. Following its first synthesis in 2004,[1,2] 

two-dimensional (2D) single layer of honeycomb structure, namely graphene, has been the focus of 

intensive research. Charge carriers behaving as massless Dirac fermions,[3] Klein tunneling,[4,5] 

ballistic transport at room temperature,[6,7] and anomalous quantum hall effects[8] are some of 

exceptional properties of graphene. From experimental points of view, field-effect transistors[9,10], 

micromechanical resonators[11],  gas sensors[12] of graphene have already been proposed. 

 

By using first-principles plane-wave calculations, we investigate the functionalization of graphene 

and its nanoribbons or sheets. Vacancy creation, adatom decoration, heterojunction formation and 

elastic and plastic deformation are shown to induce desired properties for novel nanoscale device 

applications.  

 

Quasi one dimensional graphene nanoribbons are specified either armchair or zigzag. Due to 

quantum confinement effects, they are semiconductors in contrast to 2D graphene which is a 

semimetal. Armchair nanoribbons are nonmagnetic semiconductors while zigzag nanoribbons are 

anti-ferromagnetic semiconductors which can attain half-matallic properties under electric 

field.[13,14] The band gaps of armchair graphene nanoribbons are  strongly dependent on  the 

width of the ribbon and obey a family behavior. By using these special properties of graphene 

nanoribbons, we showed that periodically  repeating junctions of graphene nanoribbons having 

different widths with different band gaps can form multiple quantum well structures[15] and can be 

used for confining spin-states  in a specific region of the ribbon.[16]  

 

Furthermore, it have been shown that the electronic and magnetic properties of graphene 

nanoribbons can be modified by the defect-induced itinerant states.[17] The band gaps of armchair 

nanoribbons can be modified by hydrogen-saturated holes. The band-gap changes depend on the 

width of the ribbon as well as on the position of the hole relative to the edges of the ribbon. Defects 

due to periodically repeating vacancy or divacancies induce metallization as well as magnetization 

in nonmagnetic semiconducting nanoribbons due to the spin polarization of local defect states. 

Antiferromagnetic ground state of semiconducting zigzag ribbons can change to ferrimagnetic state 

upon creation of vacancy defects, which reconstruct and interact with edge states.  

 

Not only vacancies, adatom adsorption and substitution give rise to dramatic changes [18] in the 

electronic and magnetic properties of graphene and its nanoribbons. We find that 3d-TM atoms can 

be adsorbed on graphene with binding energies ranging between 0.10 to 1.95 eV depending on their 

species and coverage density. Upon TM-atom adsorption graphene becomes magnetic metal.  

Graphene nanoribbons with armchair edge shapes also adsorb TM-atoms.  
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Elastic and plastic deformation are also efficient ways of functionalization of graphene and 

graphene nanoribbons. In our recent paper,[19] we have performed a through analysis of the effects 

of applied tension on the structural and electronic properties of graphene, BN and silicon 

honeycomb structures. We have calculated the some elastic constants  and revealed  interesting 

features.   In the course of stretching in the elastic range, the electronic and magnetic properties can 

be strongly modified. In particular, it is shown that the band gap of a specific armchair nanoribbon 

is closed under strain and highest valance and lowest conduction bands are linearized. This way, the 

massless Dirac fermion behavior can be attained even in a semiconducting nanoribbon. Under 

plastic deformation, the honeycomb structure changes irreversibly and offers a number of new 

structures and functionalities. Cage like structures, even suspended atomic chains can be derived 

between two honeycomb flakes. Present work elaborates on the recent experiments performed in the 

group of Iijima carbon chains are derived from graphene. Furthermore, the similar formations of 

atomic chains from BN and Si nanoribbons are predicted. 

 

In addition to these, Hydrogen storage by Li or Ca doping,  quantum dots and magnetic domains by 

selective hydrogenation, friction-lesssurface coating, graphene nanoribbons acting as strain gauges 

are being actively studied  in our group. 
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