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Abstract

From the moment it was isolated as a 2-dimensional material, graphene has become a remarkable subject
of research, exhibiting novel phenomena that extend to virtually every domain of solid state physics and
applications [1,2]. A particularly active domain of graphene research deals with its interaction with atoms
which are adsorbed on its surface (adatoms) [3,4].

We present density functional theory (DFT) calculations of the interaction between graphene and adatoms:
atomic positions, binding energies, electronic structure, and hyperfine parameters. While DFT calculations
(arguably) lack absolute predictive power in this context, they can provide great insight when combined
with experimental studies. Our work is based on the combination of DFT calculations and experimental
hyperfine techniques: perturbed angular correlation (PAC) spectroscopy and Mdssbauer Spectroscopy
(MS). Experimental hyperfine parameters — electric field gradient (EFG) and hyperfine magnetic field
(HMF) — are measured using PAC and MS, and compared to the EFG and HMG values calculated for
various structural/electronic/magnetic configurations. The EFG carries the signature of the atomic position
with respect to the graphene host, charge state, and type of bonding (ionic, covalent, van der Waals). The
HMF provides information on the electronic (and spin) configuration and, in appropriate cases, magnetic
phenomena (paramagnetism, magnetic interactions...). As representative examples, we present calculations
for Fe, Ta and Hg adatoms, which have suitable MS (Fe) and PAC (Ta, Hg) isotopes and decay schemes.

These calculations form the basis for the experiments which are currently being prepared at the ISOLDE
facility at CERN, using ASPIC (Apparatus for Surface Physics and Interfaces at CERN) [5].
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