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Abstract:

The interaction of water with ceria surfaces is of importance in automotive exhaust and water-gas shift catalysts.  Recently, Kundakovic and coworkers [1] observed that water was irreversibly decomposed on vacuum reduced CeO2(111), resulting in H2 desorption in TPD and oxidation of surface Ce3+ sites, whereas the oxidized surface showed no reactivity toward water.  In their study, these authors employed thin films (< 50 Å) of CeO2(111) grown on a Ru(0001) substrate.  We have examined the chemistry of water on thicker CeO2(111) films (about 500 Å) grown on a ZrO2(111) substrate by molecular beam epitaxy in order to determine whether or not the underlying metal substrate played a role in the reduction of water to H2 in the study by Kundakovic et al.  Using both valence band and core-level photoemission, we found that CeO2(111) films on ZrO2(111) could be reduced by annealing in vacuum at >775 K.  The resulting Ce3+ sites were located at the vacuum-solid interface because O2 exposure at RT removed photoemission features ascribed to Ce3+.  Water TPD spectra on oxidized and reduced CeO2(111) were similar, with the main difference being in the coverage-dependencies.  However, there was no evidence for irreversible H2O decomposition on either surface under UHV conditions.  Based on these results, we speculate that the H2 observed in TPD by Kundakovic et al. may have arisen from Ce3+ defects at the CeO2-Ru(0001) interface, which were accessible to water via grain boundaries between islands of CeO2.  Such island growth behavior and Ce3+-metal interactions have been observed recently in the case of CeO2 films grown on Rh(111) [2].  
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