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The design and development of safe, high energy electrodes for next-generation batteries, requires better 
understanding of how electrodes function by real time tracking of electrochemical reaction and the 
associated ionic transport in active constituents, preferentially at a range of relevant length scales due to 
the inherent heterogeneity of the electrodes. Most of the available in situ techniques, such as those based 
on hard X-ray scattering, are suited for bulk measurement at electrode level, but very often have no 
adequate spatial resolution to probe local structural changes in single particles or interfaces [1]. High-
resolution scanning/transmission electron microscopy (S/TEM) – electron energy-loss spectroscopy 
(EELS) is powerful, not only for its high spatial resolution (down to sub-Å scale), but because of its 
analytical capability in imaging, diffraction, spectroscopy within a single instrument. The recent advances 
in designing in situ electrochemical cells for operation in the transmission electron microscope allow for 
direct visualization of the ionic transport and reaction within individual particles [1-4]. 
 
Figure 1 shows one type of electrochemical cell based on carbon-coated TEM grids, allowing for in situ 
S/TEM-EELS tracking of lithium transport in nanoparticles [3]. The carbon film, being used as the support 
of nanoparticles, also provides the pathway for electronic and ionic transport. The counter electrode, 
lithium metal coated with natively formed surface lithium oxynitride (acting as electrolyte), can be 
introduced into the TEM column using a piezo-driven biasing probe in the TEM sample stage. The 
electrode configuration of the cell was recently modified for probing local Li intercalation within a single 
particle of LixFePO4 (LFP) [5]. As illustrated in Figure 2a, through in situ electron diffraction and high-
resolution TEM imaging, details on the evolution of local Li concentration were revealed, showing that 
fast lithiation in nano-sized LFP proceeded via kinetically favorable solid solution transformation, 
accompanied with an unexpected reversal of Li concentration at the nanometer scale (Figure 2b). The 
findings from this study provide a new perspective on the local intercalation dynamics in battery 
electrodes.  
 
Following an early in situ S/TEM-EELS study [3], the conversion reaction mechanisms were revisited 
through in situ crystallography of a single crystal of FeF2 upon lithiation (using the similar set up as in 
Figure 2a) [6]. Contradicting the traditional belief of causing structural breakdown, conversion in FeF2 
was found to resemble an intercalation process – proceeding via topotactic reaction with the anion 
framework retained throughout the process. Similar phenomenon was observed in oxides and other types 
of conversion electrodes [7]. These findings provide a new paradigm for re-interpretation of conversion 
reaction and, for practical application, shed light on designing viable conversion electrodes for high energy 
batteries [8]. 
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Figure 1.  Schematic illustration of the electrochemical cell for in-situ S/TEM-EELS measurements [3]. 
 

 

Figure 2. Real time tracking of lithium intercalation in a single LixFePO4 (LFP) nanoparticle (a) 
Schematic illustration of the setup. (b) Maps of local lithium concentration within a single particle at 
intermediate lithiated states [5]. 

Microsc. Microanal. 25 (Suppl 2), 2019 2047

https://doi.org/10.1017/S1431927619010961 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927619010961

