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ABSTRACT 

Due to limited mechanistic insights and the complexity of catalyst-substrate interactions, catalyst 

design and optimization in transition metal catalysis and biocatalysis are often based on chemical 

intuition and experimental trial-and-error. I will discuss our recent efforts towards a streamlined 

computational approach to understand and predict the reactivity and selectivity of various C–H 

bond and olefin functionalization reactions, catalyzed by both transition metal complexes and 

bioengineered metalloenzymes. 

 

We use computational tools to investigate reaction mechanisms and steric, electronic, dispersion, 

and strain effects of the transition metal catalyst. We utilized energy decomposition analysis 

(EDA) methods to quantitatively analyze different types of covalent and non-covalent 

interactions between the transition metal catalyst and the substrate. These studies provided a 

straightforward way to identify the dominant factor controlling reactivity and selectivity. We 

demonstrated these theoretical insights can facilitate catalyst discovery in collaborations with 

synthetic organic chemistry groups. Recently, we have applied these computational approaches 

to conformationally flexible catalyst systems, including transition metal catalysts with 

conformationally flexible and hemilabile ligands, asymmetric ion-pairing catalysis, and organic 

reactions in solution. These approaches have been further extended to study enzymatic reactions 

to explore the behaviors of short-live radical intermediates in asymmetric biocatalysis.  
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Award (2020). He has published over 200 manuscripts, including 76 in J. Am. Chem. Soc., the 
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Prof. Liu's research focuses on addressing the grand challenges in computational studies of 

catalytic organic reactions. He introduced transformative computational approaches to the 

organic chemistry community to study catalytic reaction mechanisms and catalyst effects on 

reactivity and selectivity. He has significantly expanded the capabilities of utilizing 

computational studies to provide chemically meaningful insights into complex mechanistic 

scenarios. Prof. Liu's research has led to new understanding of several important, but often 

overlooked factors in catalysis, including catalyst–substrate non-covalent interactions, catalyst 

flexibility, substrate ring strain, and solvent effects.  

Prof. Liu have employed next-generation computational tools in various catalytic systems, 

including transition metal catalysis, polymerization, glycosylation, photoredox catalysis, and 

biocatalysis with engineered metalloenzymes. These catalytic reactions enabled selective 

synthesis of functionalized molecules via novel bond formation strategies. The mechanistic 

insights from Prof. Liu's computational studies provided the theoretical foundation of new 

experimental methodology development and practical catalyst design principles to accelerate 

experimental discovery. 
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