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Abstract

X-ray, resonant and UV angle resolved photoemission spectroscopy of ultra-thin films of cerium deposited on a Pd(111) single-crystal surface has been carried out. Both core level and valence band spectra show a formation of a surface alloy exhibiting d- and f- electron orbital hybridization. An azimuth and polar angle measurement of X-ray excited photoemission intensities (XPD) results in surface-geometrical structure information. Recording of ultra-violet photoelectron intensities as a function of emission angles (ARUPS) is used for a band mapping, Fermi surface mapping and electronic structure determination. 
ARUPS data of clean Pd(111) and Ce/Pd(111) with k|| along , and' direction in surface Brillouin zone show that Ce-Pd valence band shifts to higher binding energy. The constant energy spectra in the binding energy interval BE = (-0.1 eV,0.1 eV), polar angle interval Θ = (0°,70°), and azimuthal angle Φ = (-90°,90°) show the Fermi edge enhancement due to the Ce 4f level shift. 
This observation of the valence band shift away the Fermi level even for extremely thin two-dimensional Pd–Ce surface alloys seems to be a key feature that is responsible for particular Pd/CeOx catalytic properties, e.g. CO oxidation temperature lowering through an important decrease of CO adsorption energy due to the Pd 4d – CO 2backdonation suppression.

The Ce 4f electron state in Ce was investigated with the use of a resonant photoemission technique in the Ce 4d – 4f photoabsorption region. Resonant enhancement of the valence band emission showed a strong dependence on the valent state with resonant features obtained for the excitation energy of 122 eV corresponding to 4f0 and 4f1-x configuration in the ground state. We have measured the constant initial state (CIS) curves that indicated that Ce-Pd(111) films exhibited mixed valence states. 

