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Abstract 

 

There is a growing interest on structural defects in graphene, either extended in defect lines or 

separated as mono- and multi-vacancies. The appearance of these defects has been experimentally 

observed in different graphene-based systems [1,2] and can significantly modify the electronic, 

magnetic and transport properties [3-6]. Such defects naturally appear during the growth process but 

have also been introduced on purpose using electron or ion irradiation [7]. Among those defects, 

vacancies are well-known to show atoms in topologies such as pentagons, heptagons and octagons.  

 

We here deal with the particular case of divacancies, where the hexagonal graphene structure usually 

reconstructs into an octagon accompanied by two pentagons (the so-called 5-8-5 defect), as shown in 

the Fig. 1. Since such defects can spontaneously appear in graphene systems or be created 

intentionally, we theoretically study these vacancies in semiconducting graphene nanoribbons and 

carbon nanotubes. We investigate the influence of such defects on the electronic and transport 

properties of graphene nanoribbons and carbon nanotubes. We consider the orientation of vacancies 

before and after reconstruction, and vary the nanoribbon width or roll up the ribbon into a zig-zag 

nanotube. We also consider ribbons with pairs of such defects. 

 

In our calculations, we focus on the armchair ribbons as they have no edge states that could mix with 

the defect-localized state. We perform calculations within the π-electron tight binding approximation 

(TB) with hopping parameter t =-2.7 eV. For non-periodic systems, like a single defect in a perfect 

ribbon, we use the Green function matching technique to calculate the local density of states (LDOS) 

and conductance. Band structures and the corresponding wave functions are obtained for superlattices 

with periodical 5-8-5 defects using the TB Hamiltonian direct diagonalization. 

 

We find that the presence of divacancies leads to the appearance of gap states. In different cases, we 

have obtained one or two states appear in the gap. We have observed that in some particular cases, 

they may act as acceptor or donor states (see Fig. 2). The gap states we observe are mainly localized 

on the defect. By varying the hopping parameters, we investigate the source of these states, what 

shows that they originate from the octagonal ring states [8] 
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Figures 

 
Fig. 1. A model of a graphene nanoribbon with a divacancy reconstructed into an 
octagonal topological defect accompanied by two pentagons. 
 

a)  

b)  
Fig. 2. Local density of states (LDOS) on the 5-8-5 defect introduced in a 9-AGNR (a) and CN (5,0) (b). In the 
case of the nanoribbon we observe only one gap state, while in the LDOS of the nanotube we observe 
appearance of two states, which play the role of an occupied acceptor state and an unoccupied donor 
state. 


