Controlling the coordination states of electrolyte solutions
for reversible lithium metal plating/stripping
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Lithium metal is an ideal negative electrode for its high theoretical capacity. However,
the dendritic growth and poor coulombic efficiency have prevented its practical
application to a rechargeable battery. Of particular importance is the development of
stable and functional electrolyte solutions. A promising candidate is highly concentrated
electrolytes, which show an unusual passivation ability owing to its unique coordination
state.1 Recently, highly concentrated ether-based electrolyte is reported to effectively
address those issues of lithium metal negative electrodes, implying a coordination state is
an important factor that dominates the reversibility of electro-deposition/dissolution of
lithium metal. In this study, we investigated the coordination state of ether-based
electrolytes, and discuss its effect on the reversibility of lithium metal negative electrodes.
We first studied lithium metal deposition/dissolution in LiN(SO2F)2 (LiFSI) /
tetrahydrofuran (THF) electrolytes at various concentrations (Fig. 1a). We found that a
concentrated 4.0 M LiFSI/THF electrolyte showed higher coulombic efficiency. As a key
difference of the electrolyte solutions, we found extensive coordination of Li+ to FSI
anion in the concentrated electrolyte (Fig. 1b). We next diluted the highly concentrated
LiFSI/THF electrolyte with non-polar toluene, motivated by previous works on diluted
solvate ionic liquids3, which have higher ionic conductivity and lower viscosity, still
showing a local coordination structure similar to original solvate ionic liquids. The
LiFSI/THF:toluene electrolyte showed comparable or even better coulombic efficiency
than the concentrated LiFSI/THF electrolyte (Fig. 1a). The Raman spectrum shows a
similar coordination environment achieved with the addition of toluene (Fig. 1b),
suggesting a correlation between the coordination states of electrolyte solutions and the
reversibility of lithium metal negative electrodes. This work shows that the high reductive
stability unique to highly concentrated electrolytes is also available in diluted ones.

Fig. 1 (a) Coulombic efficiency and (b) Raman shift of the counter anion with each electrolyte.
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