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Electrode potential dominates the reversibility of lithium metal anodes
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[bookmark: _Hlk83999426]Figure S1. The electrode potential of Li (ELi) in 74 electrolytes; lithium bis(fluorosulfonyl)imide (LiFSI)/1,2-dimethoxyethane (DME) (1:8.9, 1:6.0, 1;4.0, 1;3.0, 1;2.0, 1;1.4, n;n), 1.5 mol L-1 (M) LiFSI/DME:highly fluorinated ether (1,1,2,2-tetrafluoroethyl 2,2,3,3-tetrafluoropropyl ether, HFE) (9/1, 7/3, 6,4, 5/5, 4/6, n/n), 1.5 M LiFSI/DME:toluene (9/1, 7/3, 5/5, 4/6, 3.5/6.5, n/n), LiFSI/tetrahydrofuran (THF) (1:11.6, 1:7.1, 1:5.1, 1:3.0, 1:2.0, 1;1.4, 1:1.1, n:n), 1.5 M LiFSI/THF:toluene (9/1, 7/3, 5/5, 4/6, 3.5/6.5, n/n), LiFSI/dimethoxymethane (DMM) (1:10.3, 1:6.6, 1:4.8, 1:2.9, 1:1.9, 1:1.3, n:n), LiFSI/1,4-dioxane (1:10.7, 1:8.0, 1:6.7, n:n), LiFSI/diglyme (G2) (1:6.4, 1:4.3, 1:4.0, 1:3.5, n:n), LiFSI/methyl (2,2,2-trifluoroethyl) carbonate (FEMC) (1:7.8, 1:6.0, 1:4.0, 1:3.0, 1:2.0, 1:1.8, n:n), LiFSI/sulfolane (1:9.5, 1:8.0, 1:6.0, 1:4.0, 1:3.0, 1:2.5, n:n), LiFSI/ethylene carbonate (EC) (1:13.8, 1:10, 1:8.0, 1:6.0, 1:4.0, 1:3.0, 1:2.0, 1:1.5, n:n), LiFSI/propylene carbonate (PC) (1:10.6, 1:8.0, 1:6.0, 1:4.0, 1:3.0, 1:2.0, 1:1.5, n:n), LiFSI/ fluoroethylene carbonate (FEC) (1:12.9, 1:10, 1:8.0, 1:6.0, 1:4.0, 1:3.0, n:n). The concentration variation is from 1.0 M to nearly saturated. The redox potential of 1 mM ferrocene was used as a reference. 
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Figure S2. The average CE of Li plating/stripping reactions with 74 electrolytes. The Li | Cu cells are used for plating/stripping tests under the conditions (plating at a constant current density of 0.5 mA cm-2 for 1 hour, stripping with a cut-off voltage of 0.5 V). The deposited area of Li on Cu foil was 1.13 cm2 (diameter 1.2 cm). The glass fiber separator was used. The average CE was calculated from a second to ~20 cycles with three cells. The CE of the first cycle (SEI formation process) was excluded because we put more focus on the CE after SEI formation.
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Figure S3. Cyclic voltammograms of 1 mM ferrocene (Fc) dissolved in the given electrolytes on Pt at 5 mV s-1. 
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Figure S4. XPS spectra of cycled Cu in the given electrolytes. The salt derived F, N, and S components/moieties (F-S, LiF, S-N-S, Li-N, and S=O) were detected on the surface of the cycled Cu electrode, regardless of the type of electrolyte.
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Figure S5. SEM images of deposited Li on Cu foil in (a) 1.5 M LiFSI/G2, (b) 1.5 M LiFSI/DME, and (c) 1.5 M LiFSI/DMM. The morphology of deposited Li was similar regardless of the type of electrolyte.
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Figure S6. (a) Anomeric effect of a DMM molecule. DMM favors a sterically hindered gauche-gauche confirmation, which is not suitable for chelation. (b) Optimized 3D geometric structures of 1.5 M LiFSI/diglyme (G2), 1.5 M LiFSI/DME, and 1.5 M LiFSI/DMM (H : light grey, C : cobalt green, O : red). The 3D trajectory of Li+ around one specific solvent is demonstrated as a blue area. The  and  represent the difference in Li+-solvation Gibbs free energies of diglyme (G2) and DMM, respectively, with regard to DME. The solvation Gibbs free energies were calculated with ESM-RISM.
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Figure S7. Raman peak position of FSI- anion of 74 electrolytes in the ranges of (a) 700-760 cm-1 (vs(S-N-S)) and (b) 1205-1235 cm-1 (v(S=O)). The Raman peak position represents the ion-pairing state of Li+-FSI-.
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Figure S8. (a) Raman spectra of LiFSI/sulfolane electrolytes, where the Raman signals of FSI- anion (vs(S-N-S)) are overlapped with a weak signal of sulfolane (v(C-S-C)) at 735 cm-1. (b) ELi of various electrolytes plotted against the Raman peak positions of FSI- in the range of 1205-1235 cm-1 (v(S=O)), avoiding the influence of strong solvent-derived peaks a of EC, PC, or FEC at around 720 cm-1, which overlaps the peak of FSI- (vs(S-N-S)). A clear relationship between the ELi and the Raman peak position was obtained even though the peak for (v(S=O)) at 1205-1235 cm-1is much smaller in shift amplitude with poorer resolution than those for vs(S-N-S) at 700-760 cm-1.
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Figure S9. (a) Raman spectra of 1.5 M LiFSI/DME:toluene with various mole fractions of toluene. The Raman band in a range of 700 to 760 cm-1 is derived from the vibration of FSI- anion, which represents the states of Li+-FSI- ion pairs. (b) Electrode potentials of Li (ELi) in 1.5 M LiFSI/DME:toluene with various mole fractions of toluene including 1 mM ferrocene. The redox potential of ferrocene was used as a reference. (c) CE during Li plating/stripping reactions on Cu with the given electrolytes. The introduction of toluene upshifts the ELi by extensive formation of Li+ and FSI- ion pairs, thus contributing to a stable Li plating/stripping with high CE  (~99.3 %) over 400 cycles. A PP separator was used.
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