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Nanoscale Imaging of Structure and Ion Distributions during 
Electrochemical Cycling by Electron Microscopy

Much of what we know about the structure-property relationships of energy conversion and storage materials 
during their operation is inferred indirectly through bulk measurements or post-mortem studies. To 
observe electrochemical processes in their native environment on the nanometer scale, we developed a 
liquid cell incorporating electrodes on the viewing membrane in a transmission electron microscope 
[1,2]. This geometry allows us to image the microstructure of an electrode, in liquid and under bias, 
and further perform spatially-resolved spectroscopy to determine composition and bonding.  Using 
this cell, we have studied the degradation and coarsening of Pt/Co fuel cell cathode electrocatalysts 
during electrochemical cycling. We also show how valence electron energy-loss spectroscopy (EELS) 
can be used to observe the lithiation and delithiation dynamics of individual LiFePO4 nanoparticles, as 
well as the lithium ion distribution in the liquid using energy-filtered transmission electron microscopy 
(EFTEM).  We also consider fundamental limits on this imaging approach imposed by the liquid 
thickness and maximum allowable beam dose.These studies are supplemented by an air-operational 
scanning electron microscope (airSEM) that leaves the sample outside of vacuum – in air or liquid [3].  
The sample can be placed on a simple optical microscope slide or even the surface of a liquid.  The 
spatial resolution is 5-10 nm, and the absence of a specimen vacuum chamber simplifies the construction 
of custom detectors, liquid and electrochemical cells [4].
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