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ABSTRACT 
 
Electrochemical processes involve ion transport, 
electron transport and transfer, and the 
subsequent redox reactions and material 
properties changes. They are the foundation of 
energy conversion and storage, as well as many 
other phenomena particularly new device 
concepts such as neuristors and neurotransistors. 
Following the main theme of electrochemical 
study, I will first give an introduction on our 
recently initiated research of Li-ion based 
neurotransistors and phase-change material based 
neuristors toward neuromorphic computation, 
and then focus on electrochemical energy storage 
devices. The R&D work on kilo hertz (kHz) 
frequency electrochemical capacitors (ECs) will be 
presented, aiming to develop compact kHz ECs as 
a filtering capacitor in substitution of the bulky 
aluminum electrolytic capacitor for low power 
applications. Nanostructured electrode design and 
its impacts on frequency response of ECs will be 
emphasized.  In the last part, I will highlight our 
studies on batteries, particularly lithium-sulfur 
battery technology. Challenging issues on the 
sulfur cathode design, particularly how to 
physically and chemically confining the soluble 
polysulfides and catalyze their conversion rates to 
minimize their shuttling effects will be discussed, 
toward the goal of doubling the energy density of 
current Li-ion battery technology to 500 Wh/kg. 
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