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Li-ion batteries have been widely applied in alm ost every aspect of daily life-portable electronics,
mobile devices, and electronic vehicles. In orde r to satisfy the dem and of high capacity and high
power output of the electric vehicles, a better design of the electrode materials are needed.[1-5] Most
importantly, the structural and chem istry changes upon lithiation and delithiation are critical during
the consideration of new designs of the electrode . Recently, in-situ TEM has been applied in the
study of the structural changes of anode m aterials used in Li-ion batteries and significant insights
have been obtained based on these in-situ studies. [1 -3] Here, we report an in-situ analysis of the
structural and chem ical changes of one important oxide anode-anatase TiO , nanowires using
scanning transmission electron microscopy and electron energy loss spectroscopy(EELS). The TiO ;
nanowires are synthesized using electrospinning method. The as-synthesized TiO; nanowires have a
diameter of ~50-100nm and a length of tens of m icrons as shown by the SEM im ages in Fig 1. The
TiO, nanowires are loaded on a gold rod which is ¢ onnected into a close circuit as shown by the
schematic drawing in Fig 2. Th e other end oppose to the TiO , nanowires is Li m etal loaded on a
tungsten tip. Due to a very short exposure to air during loading the holder into TEM colum n, a thin
layer of Li,O forms on the surface of Li m etal, which can acts as solid electrolyte during the in-situ
lithiation process. Due to the extra stability of this all-solid setup, atomic resolution images can be
obtained during in-situ lithiation and delithiation. Ther efore, the crystal structure changes can be
directly monitored during lithium insertion/desertion. The volume changes can be directly measured
based on the diameter changes before and after lith iation. Besides, the valence state changes of the
Ti ions can be monitored in-situ using EELS. The Ti L edges can reflect the vacant density of states
of the Ti 3d orbital, which is closely related to va lence of Ti ions. The am ount of Li ions inserted
into the TiO; nanowires can be quantitatively compared using Li K edges. [6]
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FIG. 1. left) Overall view and (right) higher magnification SEM images of the s-synthesized TiO,
nanowires

Li metal

FIG. 2. Schematic drawing showing the setup of the in-situ experiment.
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