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Report:

Graphene (gr) on metal surfaces is a widely used system to explore the fascinating electronic and mechanical
properties of this new material. Especially gr/Ir(111) can be used for model studies as the carbon layer can be
grown with a high degree of structural quality [Coraux2008, NDiaye2008], while its electronic structure is
largely identical to the one of free graphene [Pletikosic2009]. In a previous beamtime at ESRF, we were able
to precisely measure the distance between the graphene sheet and the metal substrate [Busse2011] using x-ray
standing waves (XSW). Together with extensive DFT calculations we could thereby show that graphene on
Ir(111) is only weakly bound to the substrate through Van-der-Waals-forces.

This beamtime was devoted to the study of graphene intercalation compounds: When an additional species is
inserted between the graphene sheet and its substrate, the properties of the system can be significantly
changed: Charge transfer between the intercalate and the carbon atoms leads to pronounced doping, where
both n- and p-doping are possible. Theoretical studies even suggest that superconductivity in graphene can be
a consequence of this charge transfer [Profeta2012]. Also the binding to the substrate is altered, in favorable
cases the intercalation can then allow the exfoliation of epitaxial graphene [Herbig2012].

The experiment run without problems, the issues regarding the electron beam heating in previous sessions
have been solved, remaining smaller problems wer solved during the beamtime. Graphene on Ir(111) could
be prepared routinely. We intercalated Eu, Cs (using our own sources) as well as O. The sample morphology
was veryfied using LEED. In XPS the signal of the intercalated species was well visible for all preparations.
We were able to reproduce and extend existing experiments on the shift of the C1s core level, which depends
on the degree and direction of charge transfer between the intercalated species and graphene. XSW
measurements were performed using the (111)-reflection, a few runs using the (222) reflection have also been
performed. The height of the graphene layer and of the intercalate could be analysed and interpreted by using
graphite intercalation compunds as a reference. Significant changes in graphene’s geometry depending on the
species and ammount of intercalated material could be determined, showing qualitative differences between
the n-doping metals (Eu, Cs) and the p-doping oxygen. The results have been presented at several
conferences and a publication is in preparation.



In summary, the beamtime can be considered as a success, yielding important results on the geometry of
graphene intercalation compounds. Full evaluation of the data is almost completed, a publication is in

preparation.
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