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Chemical reactions on supported metal nanoparticles are important for a wide range of
applications, such as heterogeneous catalysis, exhaust gas cleaning or energy conversion. In the last
decades, basic surface science studies have helped to understand the interaction of gases with single
crystal metal surfaces at near ultra-high vacuum pressures. These results are however not directly
applicable to metal nanoparticles since these exhibit additional degrees of freedom, such as under-
coordinated atoms at corners and edges, reduced, nano-sized dimensions of differently oriented,
communicating facets and an interface with the support.

To gain atomistic insight into the shape, size and structure of nanoparticles under reaction
conditions, we developed a novel formalism based on the quantitative analysis of x-ray reciprocal space
maps from epitaxial nanoparticles on single crystal oxide supports. As a result, we obtain the average
particle shape and size, which can be studied in-situ at near-atmospheric pressures and elevated
temperatures. During my presentation, | will compare the oxidation and reduction behavior of MgO(100)
supported Rh and Pd nanoparticles from 10™ mbar to 10 mbar gas pressures. For Rh nanoparticles, low
index facets are stabilized by the formation of ultrathin surface oxides, which can be directly identified
from their diffraction fingerprint [1]. In contrast, Pd particles exhibit a shape transformation to higher
index facets under oxygen exposure [2]. For both systems particle shapes will be compared to
predictions by a density functional theory based Wulff construction as a function of the surrounding gas
atmosphere [3].
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