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Development of new high-performance electrode materials for in lithium ion
batteries (LIBs), especially the anode materials, has been under intense research
during the past decade. The design of new electrode materials to a great extent
depends on how the lithiation front propagates into the anode material. Therefore,
revealing the atomic scale lithiation mechanism is central to unfolding the
performance of electrode materials during the operation of LIBs. Although recent
studies of in situ TEM LIBs[1-2] have revealed morphology evolution, structure and
chemical changing in the anode materials during the electrochemical reaction, there is
currently lack of critical knowledge about the atomistic mechanisms of dynamical
lithiation.
In the present work, taking advantage of an aberration-corrected scanning
transmission electron microscopy (STEM), we show that the dynamic lithiation
process of anode materials with atomic resolution can be revealed. Atomically
resolved imaging of the lithiation process in SnO2 nanowires illustrated that at the
very initial stage of lithiation, lithium ions preferred to diffuse along [001] direction in
the {200} planes, which introduced the lattice expansion and dislocations. The


movement, reaction and generation of b [111] mixed dislocations effectively
facilitated lithium ion insertion into the crystalline interior. At the later stages of
lithiation, the Li-induced amorphization of rutile SnO2 and the formation of
crystalline Sn particles in an amorphous matrix were observed. In situ high resolution
TEM imaging revealed that the morphological evolution and mobility of the interface
between the crystalline Sn and amorphous LixSn were orientation-dependent during
lithiation.
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Figure 1 (a) HAADF image taken from the reaction front of a partially lithiated SnO2


nanowire. (b) The corresponding [10 2] zone axis SAED pattern taken from the area
marked as A. (c) Higher magnification HAADF of the area marked as B in (a), and (d)
is the corresponding bright field image showing lithiation strips along the SnO2
nanowire. (e) An atomic resolution HAADF image taken from the area near the tip of
one lithiation strip. (f)-(h) EELS spectra taken from the different areas (marked by red
spots as 1, 2, 3 in STEM images (c-e)) showing Li-K edge in the SnO2 nanowire,
respectively.
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