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Graphical abstract 
 

 
 

As opposed to conventional STEM imaging techniques, such as HAADF, the CoM-STEM techniques (iCoM and dCoM) 

demonstrated here enable light and heavy elements like Li and Co, respectively, to be imaged at atomic-resolution in 

energy materials such as those used in batteries. 

 

Abstract 
 

Many energy materials, such as those used in battery electrodes, involve a combination of light and heavy 

elements, and the properties of these materials are often dictated by their structure down to the atomic scale. 

Analytical scanning transmission electron microscopy (STEM) has thus proven a valuable technique for 

understanding these materials due to its ability to reveal atomic-scale structural, compositional, and local 

bonding state information [1,2]. Conventional imaging modes, such as high-angle annular dark-field (HAADF), 

provide limited ability to image light and heavy elements simultaneously and in an easily interpretable manner. 

In this talk, a recent technique called center-of-mass (CoM) STEM will be discussed, which involves rapidly 

acquiring an image of the convergent beam electron diffraction pattern at each probe position in the two-

dimensional scan over the sample [3] This technique allows atomic-scale images to be generated with contrast 

approximately proportional to the atomic number of the elements present, allowing light and heavy elements to 

be simultaneously imaged in an easily interpretable way. Results from this technique for the Li-ion battery 

cathode material LiCoO2 will be demonstrated, showing how the Li, O, and Co columns can all be clearly 

resolves and differentiated. Finally, multislice electron scattering simulations will be used to explore the 
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 robustness of the technique to variations in experimental parameters such as defocus, sample thickness, and 

sample tilt, as well as the sensitivity of the technique for detecting processes such as delithiation. Through these 

experimental and simulated results, CoM-STEM will be shown to be a robust and sensitive technique that can 

enable a wide range of elements to be imaged simultaneously in energy materials. 
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