Chemical edge engineering of Graphene Nano Ribbons: a DFT study
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Although graphene displays a large number of extraordinary properties, there is still a need to modify
some of these for graphene based devices. Notably for transistor design it is necessary to create and
engineer an electronic gap in graphene. One way to introduce such a gap is by cutting graphene into
graphene nanoribbons (GNRs). Previous studies have shown that ribbon gaps decrease exponentially
with increasing width [1]. However less attention has been paid to other ways of controlling the band gap
of ribbons. In particular, structure and chemical design of edge states are beginning to receive attention
[2]. First experiments have shown that the most stable configurations of GNRs with chemically
functionalised edges are mostly either zigzag or armchair edges [3]. The simplest chemical edge
termination of GNRs is hydrogen termination, which is used almost exclusively in theoretical modeling
[4,5]. In experiments however edges will be commonly terminated by a range of species including N, O,
etc. Depending on the functional group both the electronic structure and the surface topology can change,
as recently proposed in calculations of twisted F-terminated GNRs [6].

We present here the result of theoretical DFT studies of OH-terminated armchair and zigzag GNRs, and
show first evidence of the stability of 3D-rippled edges as compared to flat OH-terminated ribbons. GNR
result in a significant change of the GNR band gap as compared to equivalent hydrogen terminated
ribbons. Hydrogen bonding occurs between neighbouring edge functional groups. We discuss resultant
mobility and transport properties and the possibility for band gap and transport engineering through
chemical control of edge site terminations.
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