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Transition metal and metal oxide catalysts are effective for oxidation reactions (e.g., the partial oxidation of 
alcohols) and for water–gas shift reactions in both forward and reverse directions, which are key processes in 
the production of value-added chemicals and fuels. Here, we present two separate but complementary 
viewpoints towards rationalizing the catalytic reactivity: (i) a generalized, thermodynamically grounded 
framework for understanding, interpreting, and predicting catalytic rates in alcohol oxidation, with potential 
extension to alkane oxidation; and (ii) the thermochemical and reactivity interconnectivity among redox, 
Brønsted acid, and Lewis acid sites on multifunctional metal oxide catalysts. These two viewpoints stemmed 
from deciphering catalytic turnovers, observed at the macroscopic scale, into sequences of elementary steps, 
each exerting a distinct degree of rate control and governed by the interactions of reactants, reactive 
intermediates, and transition states with active sites and their local coordination environments, and then 
interpreting these steps within thermochemical driving forces. We will discuss the two viewpoints with alcohol 
partial oxidation and water-gas shift reactions as the examples. Understand these viewpoints would allow us 
to generate structure-thermochemical-reactivity relationship for optimizing catalytic processes.     
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