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Graphical Abstract 

Transport of various reactant and product species at various lengthscales controls the electrochemical microenvironment 

and influences the behavior of catalysts and related materials. 

 

 
 

Abstract 

As electrochemical technologies become increasingly important in our energy paradigm, there is a 

need to examine them holistically. Furthermore, for such technologies to become practical, they need 

to operate at high current densities to minimize various cell costs. This operating space necessitates 

the need for efficient transport of reactants and removal of products from the reaction site. For 

example, one of the main challenges towards achieving high-efficiency fuel generators performing 

CO2 reduction are the mass-transport limitations in traditional aqueous systems due to CO2 

interactions/solubility and boundary-layer thickness. To circumvent these issues, gas-diffusion 

electrodes (GDEs) are considered wherein the reactants and products are fed or removed in a vapor 

form into a porous 3-D electrode. In this talk, we will explore the various tradeoffs endemic in GDE 

architectures for various electrochemical reactions including CO2 and CO reduction and O2 and H2 

consumption and evolution. Such tradeoffs are quantified through multiphysics modeling of the cells 

including breakdowns of the various limiting phenomena at both the micro and macroscales, where 

the local conditions and environment around the reaction center impact reactivity and influence 

material development. It will be shown how transport phenomena dominate a lot of the performance 
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and selectivity of the catalysts, which is critical to understand to improve overall performance. 

Different GDE design architectures will be explored and their intrinsic tradeoffs noted including 

complex interplay of hydration, reactant concentration, and both homogeneous and heterogeneous 

reactions. In particular, full vapor-phase motifs will be discussed including nonintuitive results when 

one goes from liquid to solid-state, polymer electrolytes. In addition, experimental data on both 

GDEs and model, microelectrode solid-state systems for the various electrochemical reactions will 

be presented and results rationalized through understanding the various concentration and ionic 

overpotentials. 
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