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First—principles Study of Graphene/Hexagonal Boron Nitride
Stacked Layer with Intercalated Atoms

Dongchul Sung, Gunn Kim, Suklyun Hong*
Graphene Research Institute and Department of Physics, Sejong University

We have studied the atomic and electronic structure of graphene nanoribbons (GNRs) on a hexagonal boron
nitride (h-BN) sheet with intercalated atoms using first-principles calculations. The h-BN sheet is an insulator
with the band gap about 6 eV and then it may a good candidate as a supporting dielectric substrate for
graphene-based nanodevices. Especially, the h-BN sheet has the similar bond structure as graphene with a
slightly longer lattice constant. For the computation, we use the Vienna ab initio simulation package (VASP).
The generalized gradient approximation (GGA) in the form of the PBE-type parameterization is employed. The
ions are described via the projector augmented wave potentials, and the cutoff energy for the plane-wave basis
is set to 400 eV. To include weak van der Waals (vdW) interactions, we adopt the Grimme's DFT-D2 vdW
correction based on a semi-empirical GGA-type theory. Our calculations reveal that the localized states appear
at the zigzag edge of the GNR on the h-BN sheet due to the flat band of the zigzag edge at the Fermi level
and the localized states rapidly decay into the bulk. The open-edged graphene with a large corrugation allows
some space between graphene and h-BN sheet. Therefore, atoms or molecules can be intercalated between
them. We have considered various types of atoms for intercalation. The atoms are initially placed at the edge
of the GNR or inserted in between GNR and h-BN sheet to find the effect of intercalated atoms on the atomic
and electronic structure of graphene. We find that the impurity atoms at the edge of GNR are more stable than
in between GNR and h-BN sheet for all cases considered. The nickel atom has the lowest energy difference
of ~0.2 eV, which means that it is relatively easy to intercalate the Ni atom in this structure. Finally, the
magnetic properties of intercalated atoms between GNR and h-BN sheet are investigated.
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