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Z-contrast scanning transmissi@tectron microscopy combinedith electron energyloss spectroscopy
provides an essentially complete atomic-scale characterization of interfaces, ineltaimg structure and
impurity segregation sites, concentration &atknce. Suchdata is a perfedtarting pointfor first-principles
theoretical calculations, which provide total energigusion pathways, activatiomarriers, and the link to
properties. For As irBi, images show segregation in particudomic columns in a grain boundary, and
calculations show the As to be in tfeem of dimers. In MgO, an impurity-induced structural transformation
hasbeen revealed. At th8i/SiQ, interface, thestructure of the last crystalline planessen directly in the
image, and composition profiles show substantial sub-stoichiometric oxide. Thabmws that abrupt
interfaces are energetically preferred, angigestshe origin of danglingbonds. Incatalysis,Z-contrast
images show preferred configurations of atomically-dispersed PtRand Theoryreveals a remarkably
complex situation, thatalumina is asequence of hydrogetontainingcompoundswith H exchangedwith
surface Al in a dynamic fashion, and explains the atomic sites and configurations observed experimentally.
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