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/ MOtl\Iathn \ Atomic-scale imaging of electrochemical lithiation in crystalline Si ReaCtIOn mEChanlsm "l: COn\IerSIOn
Lithium ion batteries (LIBs) have received extensive attention as a top performing * The conversion reaction mechanism and reversibility of lithium storage in
energy storage system. However, due to the intrinsic complexity of LIBs, for  Asharp interface of about 1 conversion reaction type electrodes were investigated using individual RuO,
instance, the concurrent events of electrochemical, physical and mechanical R nm thick was observed nanowires.’
processes during cycling, little progress has been achieved in making advanced (11] between the crystalline Si and iy s iiotar bt
batteries with enhanced performance. Therefore, understanding the mechanisms G T e < an amorphous Li,Si alloy. c-Ru0, ——> c-LiRuO,(x~1) —> ft::Rcl;gzo — 5 Ru+c-Li,0 ?I:.é?tlona-lauoz
of the electrochemical reactions and electrode degradation from a microscopic BT piells Ak Lo T e i hiation
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view is highly important for guiding the design of high performance LIBs.
K / controlled by the migration of
the interface, which occurs
through a ledge mechanism.
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Si nanowires  LiCoO, microscope (TEM), which can D alloy through layer-by-layer
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survive the high vacuum.* peeling off the close-packed

{111} atomic planes.
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* The first working in-situ Li-ion
cell inside a TEM, enabling real
time observations of
electrochemistry process at
atomistic length scales.?3

* In the first lithiation process, a two-step phase transformation FEEEEEEERRCFar "

was observed. (1) Li intercalation into crystalline RuO, to form
intermediate crystal phase Li,RuO, , x is close to 1. (2) Further
lithiation converted the crystal Li RuO, to nanocrystalline Ru
embedded in Li,O matrix.

* This observation of lithiation
mechanism from the
microscopic view can provide

J the root cause for the
anisotropic expansion in Si
upon first lithiation.5
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Solid cell * Very clean system, no binder.
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* The Li,O here can be replaced
- Potentiostat 1~ by other kinds of more stable
solid electrolytes, such as
LiIPON and LiAlISiO.

/ Reaction mechanism I: Alloying
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* Allowing in-situ TEM studies of

| Conclusion and Perspective
electrochemical processes

down to single nanoparticle * A novel technique of “in-situ TEM electrochemistry” has been developed to

with size less than 10 nm levell Reaction mechanism II: Inse rtion stu.dy the working and degradation rr.lecha.nisms in.LIBs. |

* This allows for the dynamic observation with atomic-scale resolution of
morphology evolution, phase transformation and chemical composition
changes of battery materials.

* The future direction of this field is to introduce quantitative electrochemistry
into the in-situ TEM, where structure and phase changes on individual
nanostructure can be correlated with electrochemical signatures.

Li,O

* Anisotropic lithiation
mechanism in FePO,
was investigated in real-
time with atomic-scale
observation for the first
time.

Quantitative electrochemistry
in individual nanostructure
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