
Maximizing the usage of renewable energy will reduce our reliance on dwindling natural resources and 
environmental pollution. Batteries are an important enabling technology for renewable energy, portable 
electronics, and modern transportation systems such as hybrid electric vehicles. However, limitation of 
current materials has to be overcome if long-life and low-cost batteries are to be built. In my talk, I will focus 
on the study of the Li-ion/Na-ion batteries using a combination of advanced synthesis and characterization 
methods. The advances in the aberration-corrected scanning / transmission electron microscopy have 
enabled the study of physical structure, chemical composition, bonding of complicated chemical substance at 
the atomic scale and in three dimensions. Therefore, the electron microscopy plays a critical role in providing 
key feedbacks on the design of new batteries and origin of battery failures. For instance, three-dimensional x-
ray energy dispersive spectroscopy tomography was developed during my study of Li1.2Ni0.2Mn0.6O2 cathode 
materials and used to accurately locate and quantitatively analyze the Ni-segregated regions in one single 
nanoparticle. Furthermore, state of the art in-situ microscopy methods open the door for the study of the 
dynamic changes of the electrodes during electrochemical cycling. The first operando study of silicon anode 
nanostructures in a closed-liquid-cell battery will be presented in detail. The information obtained during the 
in-situ characterization experiments can be used to direct the development of new electrodes and enhance 
the capacity and life of batteries.    
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