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This paper focuses on the catalytic properties of size-selected clusters supported on 
technologically relevant oxide films with the goal to understand the effect of size and 
composition in complex reactions of high industrial relevance. In particular, partial oxidation 
reactions of alkanes and alkenes on supported size-selected atomic clusters and up to 20 nm 
particles are investigated, to our knowledge for the first time, under realistic reaction 
conditions (at atmospheric pressure and elevated temperatures). The size and shape of the 
nanocatalysts at work is monitored in situ by synchrotron X-ray scattering. The simultaneous 
detection of reaction products allows to elucidate the correlation between the size&shape and 
catalytic properties. High-resolution SEM was employed to image the supported clusters 
before and after the catalytic test; XPS to detect the catalytically relevant states. 
Synthesis. The applied synthesis techniques allow for the ultimate control of both: surface 
composition, as well as cluster size and composition – prerequisites for producing highly 
uniform active sites on technologically relevant supports for basic catalysis studies. The 
atomic and several nm size clusters were produced in a laser ablation cluster source and 
ACIS source, respectively and deposited on thin amorphous alumina films prepared by 
atomic layer deposition technique on flat as well as nanoporous supports.  
Reactions studied. Epoxidation of propene (C=C bond activation). The direct oxidation of 
propene to propylene oxide was studied on size-selected Ag nanoparticles as well as atomic 
Ag and Au clusters. Pronounced size-dependent reactivity was observed on Ag clusters; the 
performance of the atomic Au clusters was strongly dependent on additives to the gas 
mixture. XPS studies found metallic silver; there was no indication of any subsurface 
chemistry and no surface silver oxide formation. Gold is found metallic (Au0) under reaction 
conditions as well. Theoretical modeling performed on atomic Au and Ag clusters reveals the 
details of the catalytic steps taking place at the interface of the clusters with the support. 
Dehydrogenation of propane (C-H bond activation). It was found that Pt clusters stabilized 
on high surface area nanoporous supports were highly active in the oxidative 
dehydrogenation of propane. The subnanometer clusters were by up to two orders of 
magnitude more active than previously reported platinum and vanadia catalysts, while at the 
same time maintaining high selectivity towards the formation of propylene. The results of 
theoretical calculations show that the extraordinary activity and selectivity of the 
subnanometer clusters is determined by the under-coordination of the Pt atoms. 


