Towards the control in 2D organization of covalent functionalization of graphene surfaces
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Graphene, a monolayer of carbon atoms packed in a two-dimensional honeycomb lattice, has lately
become a very interesting material, being endowed with exceptional physical properties®. In particular,
electronic properties constitute one of the most investigated aspects of graphene, which is considered a
zero band gap semiconductor. Great efforts have been devoted to open a band gap into its energetic
levels® and one of the followed routes is covalent chemical functionalization®. Some of the issues related
to this strategy are that (1) pristine graphene shows a very low chemical reactivity; (2) if many ways
have been proposed to functionalize the surfaces in a “random” fashion, controlled chemical
functionalization (i.e. only at specific sites) has not yet been described.

In this context, our attention is focused in getting a control on the patterning of the eventually covalent
functionalization of graphene in 2D. The chemistry we apply is that of Diels-Alder cycloaddition
reactions”, offering a better control on the reaction outcome, as for what it is concerned with the
compossition of the chemisorbed layer, compared to the strategies employing highly reactive radical
species’.

In a first step, we have carried out tests of functionalization of graphite and graphene devices by
microwave-activated Diels-Alder reactions with maleimide derivatives. The Raman characterization of
the samples has revealed the possibility of activating the reaction at the solid/liquid interphase on
different substrates (graphite flakes, graphene on SiO,).

In a second step, we have synthesised a series of oligo (phenylene-ethynylene) derivatives of different
geometries, prone to self-assemble on graphene, characterised by the presence of functionalities
potentially reactive with graphene by Diels-Alder reaction. Their self-assembling behaviour has been
studied by STM at the liquid/HOPG interphase. In a next step, we will explore the possibility of achieving
the controlled chemisorption of the molecules by STM local activation on epitaxial graphene in UHV.
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