Electronic interaction between organic molecules and nitrogen-doped graphene
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Abstract

Interaction between donor and acceptor molecules with graphene is key strategy for tuning and
exploiting unique properties of graphene in coupling with the unique properties of molecular building
block in molecular electronics. Scanning tunneling microscopy/spectroscopy (STM/STS) offers unique
surface investigation technique that provide both topography and electronic properties at atomic spatial
resolution of the interacting systems. Here we show the electronic interaction between porphyrins — a
donor molecule and another acceptor molecule adsorbed on both pristine and nitrogen-doped
graphene. We focus on the electronic interaction between these molecules with graphene, particularly,
on nitrogen defect site of doped graphene. The STM results show that on graphene, these molecules
form self-assembled molecular island. Strikingly, the molecules adsorbed above nitrogen doping sites
are distinctively different (as bright molecules in Figure 1) as compared to those adsorbed on bare
graphene area. This effect is originated from a charge transfer that is locally different at nitrogen doping
site more than the bare graphene area. As a consequence, the STS taken on these bright molecules
revealed a downshift of HOMO-LUMO gap. Then, tip manipulation was used to remove the molecular
self-assembly, that finally discovered the underlying nitrogen dopants in order to determine their relative
position to the molecules with atomic precision. Our current results offer a basic understanding of the
electronic interaction between different types of molecule (donor and acceptor) with graphene,
particularly with atomic defect site on graphene (nitrogen doping). This work help better understand on
the future fabrication of graphene-related electronic devices, for example, graphene sensor.
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Figure 1. STM image of self-assembled porphyrin molecules adsorbed on nitrogen-doped graphene.
The bright molecules are sitting above the nitrogen dopants and induced by a charge transfer from
nitrogen sites toward molecules [1].
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