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S 1  Numerical data

Table S1: Amount of substance, Nα, of constituent species, α = Li, PF6, EC, or PC, and molarity, C, of the electrolyte solution.
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Table S2: Viscosity, η, of the binary solvent without solute (top) and the 1.0 mol kg−1 LiPF6 solution (bottom).
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Table S3: Specific conductivity, σ (top), and molar conductivity, Λ (bottom), of the 1.0 mol kg−1 LiPF6 dissolved in the binary solvent.
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Table S4: Diffusion coefficient, Dα, of constituent species, α = Li, PF6, EC, or PC, of the binary solvent without solute (top) and the 1.0 mol kg−1 LiPF6 solution (bottom).
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Table S5: Specific conductivity, σ, of the 1.0 mol kg−1 LiTFSA dissolved in the binary solvent.
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Table S6: Density, ρ, of the solvent without solute and the 1.0 mol kg−1 LiPF6 solution at T = 298 K.
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Table S7: System volume per mole of constituent species, Vm,sys, molar van dar Waals volume, Vm,vdW, of the system and packing factor, Fp, of the binary solvent without solute (top) and the 1.0 mol kg−1 LiPF6 solution (bottom).
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Table S8: Raman peak area ratio, AS/AI and AF/AI, and the mole fraction of EC, fsolv,EC, solvating to Li+ in the solution of LiPF6 with various concentration, 0.4, 0.6, 0.8, and 1.0 mol kg−1, dissolved in only EC. 
[image: ]

Table S9: The difference between the peak position of pure EC and that containing LiPF6, ΔppmEC, with various concentration, 0.4, 0.6, 0.8, and 1.0 mol kg−1.
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Table S10: 13C-NMR peak position of EC, ppmEC(δ), in the binary solvent without solute, the 1.0 mol kg−1 LiPF6 solution and their difference, ΔppmEC.
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Table S11: Average solvation number, ns,α, the mole fraction of solvent solvating to Li+, fsolv,α*, (α = EC or PC) and preference of EC in the Li+ solvation shell, PEC/PC, of the 1.0 mol kg−1 LiPF6 dissolved in the binary solvent.
[image: ]

Table S12: (a) Van dar Waals volume, VvdW, and radius, rvdW, of coordinated-Li+ (referred to as #Li) in the 1.0 mol kg−1 LiPF6 dissolved in the binary solvent calculated using Eq. (14). (b) The result when the coordination number of PF6− is 0.32.
[image: ]   [image: ]

Table S13: Radius of coordinated-Li+ taking into account the free volume, r0,#Li, in the 1.0 mol kg−1 LiPF6 dissolved in the binary solvent.
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Table S14: Stokes radius, rSt,α, of constituent species, α = Li, PF6, EC or PC, of the 1.0 mol kg−1 LiPF6 dissolved in the binary solvent, when c = 3.05 in Eq. (20).
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S 2  Raman spectrum of EC and PC

Fig. S1 shows the Raman spectrum of pure PC and the mixture of EC+PC, where an intensive signal of EC sensitive to solvation a little overlays the broad signal of PC with weak intensity, which completely overlaps the band of EC solvating to Li+, labeled “S” in Fig. 5. Therefore, the Raman signal of the electrolyte with binary solvent EC+PC cannot be deconvoluted accurately.

[image: ]
Fig. S1: Raman spectrum of pure EC and the mixture of EC+PC.


S 3  Pulsed gradient spin-echo NMR

When the probed nuclide migrates during duration time, Δ, according to the random walk model, the relative spin-echo intensity, M/M0, is attenuated as follows [1]:



where γ is the gyromagnetic ratio unique to each nuclide, δ the pulse width of the field gradient, and g the strength of the field gradient. Probed nuclides are 7Li for Li+, 19F for PF6− and 1H for EC and PC. An example is shown in Fig. S2. The slopes of the lines give −D.

[image: ]
Fig. S2: Example of the relative spin-echo intensity, ln(M/M0), as a function of γ2δ2g2(4Δ−δ)π2 of the 1.0 mol kg−1 LiPF6 dissolved in the binary solvent with xEC = 0.356.


[1] H. Kataoka, Y. Saito, M. Tabuchi, Y. Wada, and T. Sasaki, Macromolecules, 35, 6239 (2002).


S 4  Activation energy
[image: ]
Fig. S3: Activation energy associated with viscosity, Eaη, of the binary solvent without solute and the 1.0 mol kg−1 LiPF6 solution obtained from the temperature dependencies listed in Table S2. 

[image: ]
Fig. S4: Activation energy associated with specific conductivity, Eaσ, of the 1.0 mol kg−1 LiPF6 dissolved in the binary solvent obtained from the temperature dependencies listed in Table S3.


[bookmark: _Hlk75907015]S 5  Specific conductivity of LiTFSA system

Fig. S5(a) shows specific conductivity, σ, of the 1 mol kg−1 lithium bis(trifluoromethansulfonyl)amide (LiTFSA) solution with the binary solvent at T = 298 K, that monotonously increases with increase in xEC as same as the LiPF6 system as shown in Fig. 2. Comparing Figs. S4 and S5(b), we can find that the activation energy, Eaσ, of the LiTFSA system is hardly affected by the solvent composition like that of the LiPF6 system, although these values are different.
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Fig. S5: (a) Specific conductivity, σ, of the 1 mol kg−1 LiTFSA solution with the binary solvent at T = 298 K. (b) Activation energy associated with specific conductivity, Eaσ, of the 1.0 mol kg−1 LiTFSA dissolved in the binary solvent obtained from the temperature dependencies listed in Table S5.
[bookmark: _Hlk75907878]S 6  Raman spectra of LiPF6 dissolved in only EC

Fig. S6(a) shows the dependence of the salt concentration for the Raman signals at around ν = 900 cm−1, labeled “F” and “S,” from which a spectrum at m =1.0 mol kg−1 was extracted as in Fig. 5 to show a sample of the fitting result using a pseudo-Voigt function (Eq. (S2)). As shown in Fig. S6(b), the shape of the Raman signal of EC located at around ν = 1450 cm−1, labeled “I,” hardly changed with the salt concentration, that is, it was insensitive to solvation. The intensity of the signal “I” also showed little dependence on the salt concentration. It was considered that the changes in the number of EC molecules per unit volume were canceled by the decrease in the relative amount of EC and the increase in density with increasing salt concentration. The peak area of the signals labeled “F”, “S” and “I” were accurately determined by peak deconvolution using Eq. (S2). Fig. S6(c) shows the peak at around ν = 740 cm−1 attributed to PF6−, which is hardly sensitive to Li+ coordination and overlaps with the bands that arise from the ring deformation of EC and PC, and thus the coordination state of PF6− could not be evaluated using Raman spectroscopy.





[image: ]
Fig. S6: Raman signals of LiPF6 dissolved in only EC with various salt concentrations, 0.4, 0.6, 0.8, and 1.0 mol kg−1. Each band derived (a) a symmetric vibration of O–C–O bonds, (b) a CH2 group of EC, and (c) a symmetric ring deformation of EC and an a1g mode vibration of PF6−.


[bookmark: _Hlk75907970]S 7  13C-NMR
[image: ]
Fig. S7: 13C-NMR spectrum of EC and PC in (a) the binary solvent without solute and (b) the 1.0 mol kg−1 LiPF6 solution.


[bookmark: _Hlk75908233]S 8  Experimentally determined radius of coordinated-Li+

Fig. S8 plots the system volume per mole of solvent, Vsys/solv, for the binary solvent without solute and 1 mol kg−1 LiPF6 and solution as a function of xEC at T = 298 K. Denoting the molar volume, Vm,α, of the constituent species, α = LiPF6, EC and PC, the Vsys/solv can be expressed for the solvent as



and for the solution as


where Nα is the molar number of the species in the solution. The linear optimization for the solvent gives the y-intercept as Vm,PC and Vm,EC obtained from the slope, Vm,EC − Vm,PC. The difference between the Vsys/solv of solvent and the solution also leads Vm,LiPF6 which can be regarded as a molar volume of PF6− because volume of Li+ is negligibly small. The radius of coordinated-Li+ taking into account the free volume, r0,#Li, can be also estimated from Li+ coordination state and the Vm,α, which includes the free volume, calculated by above procedure using experimentally measured density. The value of r0,#Li that can be obtained in here coincides with that displayed in Table S13 within two significant figures.


[image: ]
Fig. S8: Volume of the system per mole of solvent, Vsys/solv, for the binary solvent without solute and 1 mol kg−1 LiPF6 and solution as a function of the xEC at T = 298 K, which is calculated from the experimentally measured density in Table S2. The lines are the result of the linear optimization. cf., Eq. (S4 and S5).
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