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Methodology section

Experimental study
[bookmark: _Hlk107416931]The electrolytes were prepared by adding lithium bis(fluorosulfonyl)imide (LiFSI, LiN(SO2F)2, Nippon Shokubai) into several solvents (ethylene carbonate (EC); propylene carbonate (PC); sulfolane (SL); tetrahydrofuran (THF)/toluene) in an Ar-filled glove box. 
[bookmark: _Hlk107417048]Raman spectroscopy measurements were performed using an NRS-5100 spectrometer (JASCO, 532 nm laser). The samples were sealed in a quartz tube in an Ar-filled glove box to prevent air contamination. The Raman spectra were calibrated using a Si plate (520.7 cm–1). 
To estimate ELi+/Li, cyclic voltammetry (CV) was performed using a VMP3 potentiostat (BioLogic) in a three-electrode cell (Pt as the working electrode, and Li as the counter and reference electrodes), with the given electrolytes containing 1 mmol dm–3 ferrocene (Fc, Sigma Aldrich) at 298.15 K. 
Furthermore, Li plating/stripping tests were conducted on a Cu foil at a constant current density of 0.5 mA cm–2 for 1 h with a cut-off voltage of 0.5 V. For Scheme 1c, various electrolytes, which show deferent Li/Li+ potentials from -3.48 to -2.88 V vs. Fc/Fc+, were applied (The detail of electrolytes is described in our recent paper).1 For Figures 1 and S8, LiFSI/EC, LiFSI/PC, LiFSI/SL, and LiFSI/THF:toluene with diverse concentration were used. The 2032-type coin-cell parts (Hohsen), Li metal (Honjo Metal, diameter of 1.2 cm), and Cu foil (Fuchikawa Rare Metal) were used as received. The glass-fibre separator (GC50 Advantec) was used to ensure the immersion of all electrolytes. The average Coulombic efficiency (CE) was evaluated from the 2nd to 20th cycles to focus on the CE after the passivation film (solid electrolyte interphase, SEI) formation.

Computational study
Molecular dynamics (MD) simulations were conducted to determine the liquid Madelung potential (ELM) and radial distribution functions in the given electrolytes using the Amber 16 software package. Details of the calculation models are presented in Tables S1 and S2, where the numbers of solvents/ions correspond to the experimental composition. In the simulations, the generalised AMBER force field (GAFF)2 was used for all chemical species. The atomic point charges were obtained via the RESP method3 with density functional theory calculations at the B3LYP/cc-pvdz level, using the Gaussian 16 software package (Figure S1). The time step was set to 1 fs using the SHAKE method,4 which constrains the bond distances between hydrogen atoms and heavy atoms. The sizes of the simulation cells were adjusted using NPT-MD simulations (1 bar and 298 K). Thereafter, using NVT-MD simulations (298 K), the systems were equilibrated for 1 ns, followed by 10 ns production runs. The ionic charges are scaled by a factor of 0.8 based on previous studies on concentrated (or ionic liquid) electrolytes.5-9 The calculated solution structures (Figures 3e, 3f, S5, S7c, and S7d) well reproduced the experimental data for Raman spectroscopy (Figures 3a, 3b, S3, S7a, and S7b). The molecular electrostatic potentials of EC and FSI– (Figures 3g and S6) were plotted using GaussView 6.0 software.10 The images were obtained by mapping the electrostatic equipotential surface onto the electron density (isovalue = 0.05 e Å–1). Moreover, ELM was evaluated by averaging the sum of all the electrostatic interactions from the surrounding electrolyte solvents/ions to each Li+ using the particle mesh Ewald method.11

Theoretical basis
   Eq. [2] in the main text is converted as follows:
							[S1]
where µLi+ is the chemical potential (or partial molar Gibbs energy) of Li+. Here, the chemical potential is rewritten using the partial molar enthalpy and partial molar entropy, and the enthalpy term can be described as the sum of ELM for Li+ and the other terms:
			            [S2]
Therefore, the difference of chemical potential is given by 
					[S3]
If ΔELM >> ΔEother – TΔS, or ΔELM primarily contributes toward the enthalpy term and the entropy term is relatively small, ΔELi/Li+ can be expressed as follows:
						[S4]
[bookmark: _GoBack]In Figure 1d–f, ΔELM is expressed in electron volt (eV) units, obtained by dividing the ΔELM in Joule (J) units with the Faraday constant F. Thus, eq. [S4] explains why the experimental values of ΔELi/Li+ are reproduced well by ΔELM. According to eq. [2] in the main text and eq. [S4], ΔELM varies logarithmically, as exemplified in Figure 1d–f (red lines).
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