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Ionic liquids are composed only of ionic species and have been attracted attention as electrolytes for fuel cells and
next-generation secondary batteries. lonic liquids are often found to have the specific ionic conduction mechanism. We
recently found that the equimolar mixtures of N-methylimidazole (CiIm) and acetic acid (CH3COOH) have significant
ionic conductivity, although only electrically neutral molecules practically exist in their equimolar mixture. We propose
such liquids can be called as the pseudo-protic ionic liquids pPILs and consider that the specific proton conduction
without static acid dissociation may occur in the mixture. On the other hand, solvate ionic liquids have been proposed as
electrolyte solution for lithium sulfur battery. In this study, we discuss on ionic conduction mechanism for the non-

equimolar pPILs.

In addition, we demonstrate in-situ impedance measurements to reveal ion dynamics in

electrode/electrolyte interface for the battery using the solvate ionic liquid.
Keywords: Pseudo-protic ionic liquid, Ionic liquid, Secondary battery, Speciation, lon conduction, Electrode reaction
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Fig.1 Molecular structures of N-methylimidazole (CiIm) and
acetic acid (CH3COOH).
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Fig.2 Ion conductivity o (a) and viscosity 7 (b) of
[CiIlm]:[CH3COOH](1-» as a function of mole fraction of CiIm.
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Fig.3 Self-diffusion coefficients of [CiIm],[CH3;COOH]1) at
xcim = 0.2, 0.4, 0.5 and 0.8. The measurement temperature is 298
K.

Table 1 Arrhenius activation energy of molar ionic conductivity,
fluidity and self-diffusion coefficients of [CiIm][CH3COOH](1-x)
at xcum = 0.2, 0.4, 0.6 and 0.8. D+ and D. donate the self-diffusion
coefficients of ring proton on Cilm and methyl group on
CH3COOH, respectively.

x Eo(A) E(r)  EdD) E«D.)
/kJmol! /kImol! /kImol! /kJmol!
02 25(1) 29(1) 33.5(5) 32.309)
04 20309 25(1) 277(7)  26.8(9)
0.6 17.4(5) 17.6(5) - -
0.8 14.1(3) 14.7(1) 19.1(4) 15(1)
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Fig.4 Experimental Raman intensities of

[CiIm]:[CH3COOH](1.x) as a function of the concentration of
Cilm.
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Fig.5 Raman scattering factors and species distribution
functions of CiHIm*(Blue), the molecular complex Cilm-
CH3COOH (yellow) and CiIm (green).
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Fig.6 Molecular structures of [CiHIm"][CH3COO"] ionic pair
and CiIm...HOOCCH3 molecular complex.
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liquid.
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Fig.8 discharge curve of LiSB with the Li-Gn solvate ionic liquid measured at the C-rate of 0.1C (a) and the
instantaneous impedance spectra at DOD = 6 (b), 25, 50 (c) and 6-75 % (d).
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spectra at DOD = 25%. (c) Discharge curves (solid lines) and
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