Engineering edge structure and electronic properties of graphene nanoislands by Au
intercalation
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Abstract

The interaction with the underlying substrate is an effective way to tailor the electronic and magnetic
properties of graphene. The interfacial interaction can dope Dirac cones and induce band gaps [1], spin-
polarization [2-3] or spin-orbit coupling [4]. The same interaction also controls the growth morphology
and edge atomic structure. Intercalation of metals at the graphene-substrate interface is an interesting
method to decouple growth from final physical properties, enabling the choice of the most suitable
material for each case. Although metal intercalation in monolayer graphene has been widely studied,
the effect of finite size in graphene nanostructures has been basically unexplored. With graphene
nanostructures we can explore possible new intercalation mechanisms, the stabilization of different
edge structures, and the arousal of one dimensional edge states of different nature.

In this work, we use scanning tunnelling microscopy to show how Au intercalation can modify the
characteristics of graphene nanoislands grown on Ni. We have previously shown that on a Ni(111)
surface, the interaction with the substrate determines the edge termination and shape of graphene
nanoislands: by selecting post-annealing temperature, triangular islands with zig-zag edges or
hexagonal islands with alternated zig-zag and reconstructed pentagon-heptagon (zz(57)) edges are
obtained [Fig.1a] [5-6]. Gapped spin polarized bands are induced in graphene, leading to spin and
edge-dependent electron scattering [3].

Following graphene growth, intercalation of Au is achieved by deposition and subsequent annealing.
Graphene nanoislands are found floating on the Au overlayer or embedded in it, with some islands
laying on different Au atomic layers. Embedded hexagonal islands now present only zig-zag edges due
to the different coordination environment, implying that the intercalated metal can also modify the
morphological properties of nanoislands [Fig.1b]. The capability of laterally displacing graphene
nanoislands by using the STM tip evidences chemical decoupling from the substrate [Fig.1c], while
electronic decoupling is evidenced by the characteristic intervalley scattering patterns observed inside
the islands [Fig.1d] [7].
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