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  In addition to the catalysts’ activity and selectivity, the deactivation of catalysts during use is of 
practical importance. It is crucial to understand the phenomena of the deactivation to predict the 
loss of activity during catalyst usage so that the high operational costs associated with catalyst 
replacement can be reduced. In this study, the activity of Ru catalysts, such as nanoparticles (3∼6 
nm) and polycrystalline thin film (50 nm), have been investigated under CO oxidation and 
oxidative/reductive reaction conditions at various temperatures with the ambient pressure X-Ray 
photoelectron spectroscopy (APXPS). With APXPS, the surface oxides on the catalyst are measured 
and monitored in-situ. It was found that the Ru film exhibited faster oxidation-and-reduction 
compared to that of nanoparticles showing mild oxidative-and-reductive characteristics. Additionally, 
the larger Ru nanoparticles showed a higher degree of oxide formation at all temperatures, 
suggesting a higher stability of the oxide. These observations are in agreement with the catalytic 
activity of Ru catalysts. The loss of activity of Ru films is correlated with bulk oxide formation, 
which is inactive in CO oxidation. The Ru nanoparticle, however, does not exhibit deactivation 
under similar conditions, suggesting that its surface is covered with a highly active ultrathin surface 
oxide. Since the active oxide is more stable as nanoparticles than as a film, the nanoparticles 
showed mild oxidative/reductive behavior, as confirmed by APXPS results. We believe these 
simultaneous observations of both the surface oxide of Ru catalysts and the reactivity in real time 
enable us to pinpoint the deactivation phenomena more precisely and help in designing more 
efficient and stable catalytic systems.
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