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Conversion mechanism in lithium ion batteries provides higher capacity than intercalation mechanism
since multiple numbers of electrons and lithium ions are associated. However, poor cycling stability, large
voltage hysteresis, and low energy efficiency have been great challenges of conversion reaction. To
address those issues, conversion-type electrode materials have been reformed via doping or substituting

other elements. For example, iron fluorides (FeF2, FeF3) have modified as iron oxyfluorides (FeF1-xOx),
showing enhanced long-term stability.[l][z] Furthermore, co-substituted (both anion and cation
substituted) Feo.9Co0.10F (FeCoOF) was demonstrated excellent cycling stability. (capacity of 350 mAh

g'1 at a current of 500 mA g-l for 1000 cycles)[3] Substituting anion and cation in iron fluoride has been
suggested as an effective method to achieve better reversibility but understanding of lithiation reactions
in co-substituted FeCoOF is not clear. This work takes advantage of ex-situ/ in-situ synchrotron X-ray
based techniques and transmission electron microscopy to elucidate structural changes with lithium ion,
which may provide fundamental insights into modifying conversion-type materials.

Figure 1 presents discharge-charge curves and pair distribution function patterns acquired at each
potential. As lithium ions were inserted, structural changes were noticed both at short-range and long-
range. However, long-range ordering was nearly maintained even at 1 V, indicating absence of conversion
reaction. Figure 2 shows lithiation induced structural evolution of a single FeCoOF nanorod observed in
real time. As lithiation proceeds, the width of nanorods shows a stepwise increase, particularly A in figure
2d, which may indicate multiple steps of lithiation occur. Considering that conversion reaction takes place
around 2 V in FeFs,[*l co-substitution Co and O into iron fluoride may change thermodynamic features of
lithiation reactions by lowering the initiation potential for conversion reaction. Instead, phase
transformations occur at long-range order, which may help maintaining structural integrity during
operation, eventually, achieving cycling stability [5].
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Figure 1. (a) discharge-charge profile of FeCoOF at a current density of 50 mAg-1. (b) PDF patterns

acquired at different potentials.
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Figure 2. A time-series of bright-field TEM images during lithiating a single nanorod of FeCoOF.
Electron diffraction patterns acquired (b) before and (c) after in situ lithiation. (d) Projected width and
reaction front movement in function of lithiation time. Widths of nanowire are tracked at two different
positions of A and B shown in (a).
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