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In Situ Transmission Electron Microscopy Observation of the
Electrochemical Behavior and Mechanism of CuO Nanowires
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Abstract: Transition metal oxides have been used as one of the most promising candidates as anode materials for lithium ion
batteries (LIBs). However, their electrochemical process remains unclear. Here we directly observe the dynamic behaviors
and conversion mechanism of CuO nanowire in LIBs by in situ transmission electron microscope. The results show that a reac-
tion front propagates progressively along the nanowire and always keeps a conical shape during the whole process. The conical
reaction interface also verifies that lithiation proceeds from the nanowire surface towards its center. After lithiation, the origi-
nally straight CuO nanowire becomes heavily distorted and prolonged. The lithiation process causes an axial elongation of
43.1% , a radial expansion of 40% , and the total volume expansion of 185%. Also, single crystalline CuO nanowires are
found to transform to multicrystalline nanowires consisting of many Cu nanograins (2 ~3 nm) embedded in Li,O matrix. The
delithiated product is not CuO but Cu,O, accounting for the irreversible electrochemical process and the large capacity fading
of the anode material in the first cycle.
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Fig. 1 SEM and TEM images of CuO nanowire: (a) SEM image, (b) magnified SEM image of CuO nanowires, (c¢) TEM image, (d)

magnified TEM image of single CuO nanowire, (e) HRTEM image, and (f) ED pattern of CuO nanowire
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Fig. 2 Schematic illustration of the experimental setup for in situ TEM
analysis of nano-LIB(a) , the electrochemical lithiation of individ-
ual CuO nanowire showing obvious volume expansion after lithia-
tion with a potential of —1 V as a function of time (b ~g), the
reaction front position (arrowed in (b)-(g)) against time(h),

and high-magnification TEM image of the reaction front(i)
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Fig.3 TEM images of original (a) and lithiated (b)

CuO nanowire
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Fig.4 TEM image(a) , HRTEM image (b) and ED pattern (c) of fully lithiated CuO nanowire, and schematic illustration of partly lithiated CuO

nanowire (d)
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Fig.5 TEM image(a), HRTEM image(b), ED pattern(c¢) and EELS spectrum (d)of the delithiated CuO nanowire
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Fig. 6 Schematic illustration of Li-insertion and Li-extraction processes, and the corresponding phase transformations at different reaction sta-

ges: (a) lst cycle and (b) 2nd cycle.
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