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RaƟonal, computaƟonal design is a promising path to the development of novel 
materials and catalysts that can have far‐ranging impact from improvements in 
human health to efficient uƟlizaƟon of energy and resources, but these approach‐
es are oŌen limited by the predicƟve capabiliƟes and applicable system size of the 
computaƟonal methods employed. I will introduce advances in accuracy and effi‐
ciency of electronic structure methods that I have developed that aim to bridge 
this gap in design strategies through improving upon standard approximaƟons in 
pracƟcal density funcƟonal theory and in rethinking hardware and algorithms 
that we use in order to drasƟcally speed‐up simulaƟons.  I will show how the first 
set of improvements reduce errors in descripƟons of transiƟon metals criƟcal to 
both biocatalysis and materials science through examples in non‐heme iron 
metalloenzymes and in self‐assembled monolayers of cobalt porphyrins on metal‐
lic surfaces, respecƟvely.  I will also briefly discuss how hardware‐accelerated 
quantum chemistry can provide unique insight into the geometric and electronic 
structure of proteins relevant to understanding biocatalysis and developing new 
catalysts and biomaterials. 
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