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Investigation of determining factor on electrochemical stabilities of lithium
and sodium metal battery electrolytes
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Rechargeable batteries those_incorporating reductive metal as_the negative
electrode active material can achieve an energy density higher than that of current lithium-ion
batteries. In this study, we focused on Li and Na metal, which possess strong reducing power among
various electrode materials, and aimed to establish a rational design guideline for a stable
electrolyte that increases the charge-discharge reaction efficiency. The chemical
structure-electrochemical property relationship was systematically evaluated using an art
complex-based electrolyte salt as a model system because of its structural design flexibility. It
was found that controlling the dissociativity of the electrolyte salt by introducing appropriate
branching structure and fluorine substitution is an important guideline in creating an electrolyte
that exhibit favorable electrochemical performance against Li and Na metal negative electrodes.
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Figure 1. Molecular structures of [B(HFIP)4]-based salts obtained by
X-ray crystallography. H atoms are omitted from the image for clarity.
Reprinted with permission from T. Mandai et al., J. Phys. Chem. C,
2023, 127, 7987. Copyright 2023 American Chemical Society.
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Table 1. Transport properties of Li[B(OR)4] and Na]B(OR)4]-based electrolytes measured at 30 °C.

Salt Solvent c/mol ¢/ mS *¢/mS n/mPas A/ S Dy Danion
dm3 cm? cm? cm? /10° [ 10°
at 50 °C mol? m?s?! m?s?
Li[B(TFE)4] Gl 0.5 3.68 3.54 0.626 3.35 1.00 1.04
Li[B(TFE)4] G2 05 2.60 2.59 1.60 5.80
Li[B(HFIP)] G1 05 11.2 136 0792 229 076 0.69
Li[B(HFIP)4] G2 0.5 5.72 7.62 1.98 14.1
Na[B(TFE).] G1 05 1.68 1.81 0626  3.35
Na[B(TFE).] G2 05 2.90 3.21 1.60 5.80
Na[B(HFIP)]  G1 0.5 115 14.0 0792 229
Na[B(HFIP)] G2 0.5 7.06 9.32 1.98 14.1
Na[BH(HFPP)j] Gl 05 5.55 0.836 111

M[BH(HFPP)3]
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Figure 2. Cyclic voltammograms of Cu
[BHFIP)l  gectrodes recorded in 05 M (upper)
' ' Li[B(OR)4]/G1 and (lower) Na[B(OR)4]/G1.
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(I. Krossing et al., Angew. Chem. Int. Ed., 2017, 56, 6192).
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