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In the last decade, atomic simulations have become an 

important part of studies aimed at the understanding and 

design of new materials for catalysis, batteries, 

optoelectronic, structural, and other applications. In 

particular, atomic simulations have proven to be a 

valuable tool for studies of nanocomposite materials 

whose understanding requires precise atomic-scale 

characterization of their structure. Although resolving 

the 3D structure of nanocomposites often remains 

challenging in the experiment, the desired space and 

time resolution can be easily achieved in modern 

simulations. 

This talk will describe our recent achievements in the 

understanding of nanocomposite properties using 

density functional (DFT) methods and overcoming 

various methodological challenges for such studies. For 

example, I will discuss how simulations enable the 

rational design of alloy nanoparticles whose 

composition and properties can be precisely tuned for 

optimal performance in a given application. Also, I will 

present our recent studies aimed to understand how 

strong interactions in nanocomposites composed of 

transition metal nanoparticles on oxide supports or oxide 

films supported on metal surfaces yield materials with 

atoms in unusual charge states as well as unique 

electronic and catalytic properties. 
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