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X-ray photoelectron spectroscopy (XPS) is a widely used tool for probing
carbon-based nanomaterials. To interpret the binding energies measured by
XPS, references to which such energies can be compared is needed. We
have employed core-hole calculations utilizing a Delta Kohn-Sham total en-
ergy differences method recently implemented [1] in the real-space grid-based
projector-augmented wave (GPAW [2]) DFT code to calculate reference core
level energies for defected and functionalized graphene.

Our graphene system had a 9x9 unit cell with periodic boundary condi-
tions, treated with 3x3x1 k-points. Using the PBE functional, we calculated
Cls and Ols core level energies for simple oxygen and hydrogen functional-
ities such as the hydroxide, epoxide and carboxylic groups. In addition, we
considered the elementary atomic defects [3]: single and double vacancies,
and the Stone-Thrower-Wales defect. Finally, modifications of the reactive
single vacancy with O and H containing groups were considered. The cal-
culated Cls and formation energies were compared to data in the literature,
and Bader analysis [4] employed to elucidate the effect of charge transfer to
the observed shifts.
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