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Understanding metal adsorption on graphene is important to determine the strength of the
metal graphene interaction and the conditions to grow uniform films for optimal electrical
contacts. Although clean graphene has been studied extensively with many probes to map its
unique electronic structure, to tune the Fermi level and to open a gap, metal adsorption
experiments are limited. Large single and bilayer graphene domains were recently grown on 6H-
SiC(0001)[1]ideal for metal adsorption studies. STM experiments of metal deposition have been
carried out as a function of growth conditions of temperature T, coverage 6 and flux rate F to
determine the grown morphology, diffusion and adsorption barriers, crystallization temperature
and adatom-adatom interactions.

Non-free-electron-like metals (rare earth Gd, Dy, Eu and transition metal Fe) and free-
electron like metal (Pb) were deposited. From the good agreement between measured and
calculated barriers a classification of the strength of the metal graphene interaction. For Gd, Dy,
Fe at RT high island densities (~10?islands/nm?) are observed , the island densities are stable and
coarsening occurs only after heating to higher than ~800° K. These results show unusually strong
metal-graphene bond[2] and DFT confirms the covalent nature of the bond[3,4]. Fe shows a
steadily increasing island density with coverage which indicates long range repulsive adatom
interaction. This high density of the Fe islands can be relevant for spintronics . For all metals the
grown islands are 3-d as a result of the low ratio of the metal adsorption energy on graphene to
the metal cohesive energy. On the other hand Pb has extremely weak interaction(~10
*islands/nm* at 30° K ) which implies very low diffusion and adsorption barriers[2]. Although
graphene seems to be the ideal substrate for electron confinement and QSE-driven Pb
uniform height islands, this is not the case[2,5]. Since height selection on Pb/Si(111) is due to
very fast kinetics of the dense wetting layer, the absence of a wetting layer on graphene is
the real limitation whether uniform heights form or not.

These results of metal deposition on epitaxial graphene will be compared with metal
deposition on graphene grown on metals [6,7]where the graphene subsrate interaction is
more important for the nucleation.

Work performed in collaboration with M. Hupalo, E.H. Conrad, S. Binz, Xiaojie Liu,
C.Z.Wang, Y. X. Yao, W.C. Lu, K. M. Ho.

References
1. M. Hupalo E.H. Conrad and M. C. Tringides Phys. Rev. B 80 041401R 2009
2. M. Hupalo S. Binz and M. C. Tringides Jour. of Cond. Mat. Phys. 23 045005 (2011); M.
Hupalo , Xiaojie Liu, C. Z. Wang, Wen-Cai Lu, Y. X. Yao, K. M. Ho, and M. C. Tringides
Advanced Materials
3. Chan, K. T.; Neaton, J. B.; Cohen, M. L. Phys. Rev. B 77,235430 2008,
4. Xiaojie Liu, C. Z. Wang, M. Hupalo, Y. X. Yao, M. C. Tringides, W. C. Lu, and K. M. Ho
Phys. Rev. B 82,245408 (2010);
5. Dil, J. H.; Kampen, T. U.; Hiilsen, B.; Seyller, T.; Horn K. Phys. Rev. B 75, 16140 2007.
6. R.van Gastel, A.T. N’Diaye, D. Wall, J. Coraux, C. Busse, N. M. Buckanie,
F.-J. Meyer zu Heringdorf, M. Horn von Hoegen, T. Michely, and B. Poelsema Appl. Phys. Lett.
2009, 95, 121901
7.A. T. N’Diaye, T. Gerber, C. Busse, J. Myslivecek, J. Coraux and T. Michely, New J. Phys., 11,
103045 (2009)



