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Lithium-ion batteries have enabled the revolution in portable electronics, but their adoption for transportation and stationary electrical energy storage requires the development of alternate materials with high energy and power with long cycle life at an affordable cost. The high-voltage spinel and high-capacity lithium-rich layered oxides are appealing cathode candidates in this regard. However, the commercialization of the high-voltage spinel cathode is hampered by capacity fade and variations and inconsistencies in performance depending on how it is made. Similarly, the lithium-rich layered oxide is hampered by huge irreversible capacity loss, low rate capability, and voltage decay during cycling. This presentation will first focus on a systematic examination of the various factors that influence the electrochemical performances of the high-voltage spinel cathodes. Specifically, the role of cation ordering, cation doping, surface planes/morphology, and surface composition on the electrochemical performances will be presented. Also, novel synthesis approaches to obtain specific morphologies and to decouple the influence of the various factors will be presented. The presentation will then focus on the factors that influence the irreversible loss and voltage decay of lithium-rich layered oxides. Specifically, surface modification to reduce the irreversible loss and compositional control to suppress the voltage decay will be presented. 
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