
              Understand and Control Charge Transfer Reactions in  
Electrochemical Energy and Manufacturing Systems  

Abstract: 
Electrochemical systems find wide applications in energy and manufacturing applications (e.g., batter-
ies, water electrolyzers, metal production, etc.). A physical understanding of thermodynamics and kinet-
ics of the interfacial charge (ion and electron) transfer reaction, especially in emerging electrolyte sys-
tems (such as concentrated electrolytes, water-in-salt electrolytes, etc.), is essential for rational electro-
lyte design to enhance performance, reduce cost, and improve scalability. 
In the first part of this talk, I will discuss the electro-deposition of transition metals in aqueous environ-
ment, the core reaction in low-cost energy storage (iron and zinc batteries) and emission-free metal 
production (electrowinning). We demonstrated that concentrated electrolytes can enhance the effi-
ciency of these reactions. In addition to the long-held understanding that attributes the improved effi-
ciency to better deposit morphology and suppressed water reactivity, our study reveals an overlooked 
mechanism related to the metal redox (M2+/M) and metal-anion complex. I will present our experi-
mental findings and discuss the fundamental understanding based on electrode reaction and complex 
formation equilibria. 
In the second part of the talk, I will turn to ion insertion reaction, an important family of charge transfer 
reactions that underpin batteries, smart windows, and critical material extraction. I will present our un-
derstanding of Li insertion kinetics and how we can leverage this understanding to design better elec-
trolytes with extreme performance for defense and space applications, and to design a new platform 
technology for the separation and production of critical metals.  
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