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[image: image1.emf]Although bulk metallic gold is not active as a WGS catalyst, Au nanoparticles (NPs) supported on TiO2(110) have an activity comparable to that of Cu/ZnO(000ī). Cu/TiO2(110) is clearly a better catalysts than Cu/ZnO(000ī) or Au/TiO2(110). The catalysts that have the highest activity for the WGS have also the lowest apparent activation energy. The Cu↔titania interactions are substantially stronger than those of Au↔titania and STM images show that the average particle size in Cu/TiO2(110) is smaller than in Au/TiO2(110). Also, while Cu NPs are dispersed on the terraces and steps, Au NPs concentrate on the steps. The morphology of Cu/TiO2(110) favors high catalytic activity. The results of DFT calculations indicate that the metal-oxide interface plays an essential role in the catalysis, helping in the dissociation of water and in the formation of an OCOH intermediate which  decomposes to yield CO2 and hydrogen. 

Ce deposition on TiO2(110), shows that, at small coverage, CeOx NPs have an unusual coordination mode. STM and DFT calculations point to the presence of Ce2O3 dimers, which form diagonal arrays that have specific orientations of 0, 24 and 42 degree with respect to the [1 -1 0] direction of the titania substrate. At high coverages of ceria on TiO2(110), the surface exhibits two types of terraces. In one type, the morphology is not very different from that observed at low Ce coverage. However, in the second type of terrace, there is a compact array of ceria particles with structures that do not match the structures of CeO2(111) or CeO2(110). The titania substrate imposes on the ceria nanoparticles nontypical coordination modes enhancing their chemical reactivity. This phenomenon leads to a larger dispersion of supported metal NPs (M= Au, Cu, Pt) and makes possible the direct participation of the oxide in catalytic reactions. The M/CeOx/TiO2(110) surfaces display an extremely high catalytic activity for the water-gas shift  reaction that follows the sequence:  Au/CeOx/TiO2(110) < Cu/CeOx/ TiO2(110) < Pt/CeOx/TiO2(110). At low coverage of Cu and CeOx, Cu/CeOx/TiO2(110) is 8 – 12 times more active than Cu(111) or Cu/ZnO industrial catalysts. In the M/CeOx/ TiO2(110) systems, there is a strong coupling of the chemical properties of the admetal and the mixed-metal oxide: the adsorption and dissociation of water probably take place on the oxide, CO adsorbs on the admetal nanoparticles, and all subsequent reaction steps occur at the oxide-admetal interface.  The high catalytic activity of the M/CeOx/TiO2(110) surfaces reflects the unique properties of the mixed-metal oxide at the nanometer level.
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Calculated structures for reactants and intermediates of the WGS reaction on a Au/TiO2 model catalyst.








