Reactions of O2 and NO with Bridging OH Groups at Oxygen Vacancy Defects on TiO2(110)
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Abstract:

Water readily dissociates at oxygen vacancy sites on TiO2(110) to form bridging OH (OHbr) groups [1-3].  In this talk, we will show that these OH groups exhibit properties that are not inconsistent with what one would expect from OH radicals.  A surface consisting a low coverage of OHbr groups was prepared by dosing a multilayer exposure of water at 130 K on a surface possessing about 14% oxygen vacancy sites followed by heating to 300 K to desorb all unreacted molecular water.  The remaining OHbr groups recombine to form water in TPD at 500 K.  EELS spectra before and after exposure of the surface to water both possess the 0.9 eV loss feature attributable to Ti3+ cations at vacancies, indicating that vacancy sites are not oxidized by H2O/OH, in agreement with earlier photoemission studies [4]. Surprisingly, exposure of O2 or NO to OHbr groups results in a reaction that forms terminal OH groups at neighboring non-defect sites and oxidation of the defect Ti3+ cations.  In contrast, such a reaction does not occur between OHbr groups and diamagnetic molecules like N2O or CO2 [5].  We speculate that this behavior may arise from a radical-radical reaction between O2/NO and OH•.  These findings suggest that bridging OH groups on TiO2(110) formed from the dissociative adsorption of H2O at vacancy sites might be useful in exploring the thermal chemistry OH radicals believed to be formed during photon irradiation of TiO2 photocatalysts.
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