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Graphene was the first material predicted to realize a topological insulator (TI) in
seminal work by Kane and Mele, though unfortunately the gap is unobservably
small due to carbon’s exceedingly weak spin-orbit coupling. It is hence important
to search appropriate adatoms and/or substrates to expand the spin-orbit coupling
gap through hybridization. We found that heavy In or Tl adatoms may dramatically
enhance the gap to detectable values of order 0.01 eV. We also introduce a new
framework for engineering a 2D spin-orbit coupling gap with impurity bands arising
from heavy adatoms through graphene, in particular osmium and iridium. First
principles calculations predict that the gaps generated by this means exceed 0.2
eV over a broad range of adatom coverage; moreover, tuning of the Fermi level is
not required to enter the Tl state. The mechanism at work is expected to be rather
general and may open the door to designing new Tl phases in many materials.
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