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Tracking lithium transport and reactions in
nanoparticles by in situ TEM-EELS
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In order to design safe, high-energy electrodes with
long-cycle life, we need a better understanding how
electrode materials function by real-time tracking of
lithium transport and electrochemical reaction in a working
electrode, ideally at the level of single particles. This type
of characterization requires high sensitivity to Li and other
constituents at relevant spatial and temporary resolution.
High-resolution transmission electron microscopy (TEM)
imaging and energy-loss spectroscopy (EELS), have been
shown powerful for probing Li with sub-nm spatial
resolution [1]. However TEM-EELS has been mostly used
in ex situ measurements, providing limited information on
phase nucleation and propagation, which is critically
important for identifying pathways for lithium and electron
transport, and the reaction kinetics of the electrode.

Recently we have developed a novel in situ TEM-
EELS approach to track electrochemical reactions of
individual nanoparticles in real time and used it to study
the lithium conversion reaction in individual FeF,
particles. The in-situ measurements enable us, for the first
time, to reveal the real time conversion of FeF, into tiny
Fe and LiF particles (Fig.1)[2]. The reaction appears to
start from surface as indicated by the formation of sub-nm
Fe particles in the near-surface region of the particles.
While in the fully lithiated sample, 1-3 nm Fe particles are
formed within the domains of the parent FeF: particles.
The structural and chemical changes were also monitored
with in situ EELS, coupled with TEM images and
diffraction patterns acquired from a same area.

The experimental results were combined with first
principles calculations and Monte Carlo simulations to
gain insight on reaction pathways and kinetics of the
conversion reactions. The versatility of this new in-situ
TEM-EELS technique for studies of various nanoparticular
electrodes will be discussed along with our recent results
on FeF, and other electrodes.

Acknowledgement This work was supported by the
Northeastern Center for Chemical Energy Storage, an
Energy Frontier Research Center funded by the U.S. DOE,
BES under award No. DE-SC0001294.

References

[1] F. Wang, J. Graetz, M. Moreno, C. Ma, L. Wu, V. Volkov,

and Y. Zhu, ACS Nano, 5:1190 (2011).

[2] F. Wang, H-C. Yu, M-H. Chen, L. Wu, N. Pereira, K.
Thornton, A.V.d. Ven, Y. Zhu, G. Amatucci, J. Graetz, Nat.
Comm. 3:1201 (2012).

Fig. 1. Selected scanning TEM (STEM) images of one
single FeF, nanoparticle in the initial and final states from
the in-situ TEM measurements (left), and schematic
illustration of the propagation of the reaction front through
a single FeF, particle via a “layer-by-layer’ process and
possible pathway for electron and lithium transport (right).



