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Abstract: Advances in supercomputing capabilities and electronic structure calculations based on 
density-functional theory (DFT) now make it possible to design materials with new properties starting 
from the atomic scale, and guide their experimental synthesis and characterization. Concurrent 
advances in scanning transmission electron microscopy (STEM) enable imaging and spectroscopy of 
materials with unprecedent spatial and energy resolution. Naturally then, the combination of theory 
and microscopy provides an unparalleled probe to unravel the atomic-scale structure-property 
correlations in complex materials with defects and disorder. In this presentation, I will discuss my 
group’s efforts to develop new ferroic materials with defects and disorder for energy and optical 
applications. Examples will include the discovery of chalcogenide perovskites with colossal optical 
anisotropy [1,2], unraveling the origin of ferroelectricity in nanoscale hafnia [3]; and the realization of 
a relatively understudied class of multiferroic that combines ferroelectricity and chirality [4].  
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