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Supplementary Notes
[bookmark: _Hlk72960113]Supplementary Note 1
[bookmark: _Hlk72957945]Charge/discharge curves and overpotentials at different rates
[bookmark: _Hlk72959232][bookmark: _Hlk73022983][bookmark: _Hlk72959323][bookmark: _Hlk86615638][bookmark: _Hlk72959339][bookmark: _Hlk72960067][bookmark: _Hlk74698611][bookmark: _Hlk74698725][bookmark: _Hlk74698464]The charge/discharge curves in Fig. 2b, Supplementary Figs. 6a, 10 and 11 are at 1C, 5C, 10C, 20C, 30C, 50C from right to left. The charge/discharge curves in Supplementary Fig. 22 are at 0.2C, 0.5C, 1C, 2C, 5C, 10C, 15C and 20C from right to left. Difference between middle value of charge voltage and the corresponding middle value of discharge voltage is the value of the whole overpotential. The overpotential of Li metal electrode is estimated from Supplementary Fig. 6 via the equation: 
V = |plating overpotential – stripping overpotential|/2     
The real overpotential of graphite anodes at various rates are obtained by taking the potential differences between the whole overpotential and the corresponding overpotential of Li metal electrode.

Supplementary Note 2
Analysis of the cyclic voltammetry (CV) measurement
In theory, the voltammetric response of an electrode-active material at various sweep rates can be summarized as follows1,2:
i = avb
in which the measured current (i) at a fixed potential obeys a power-law relationship with the potential sweep rate (v). For a redox reaction limited by semi-infinite diffusion, the peak current i follows a linear relationship with v0.5 (i.e., b = 0.5); for a capacitive process, it varies with v (i.e., b = 1).
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[bookmark: _Hlk89630707][bookmark: _Hlk89630669]Supplementary Figure 1. Atomic structures for the reduced Li-solvent/anion combinations. The reduction potentials with different dielectric constants of epsl=4.24/7.19/20.49 are listed below respectively.
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[bookmark: _Hlk86954200]Supplementary Figure 2. (a) Impedance spectra of LTO||Li cell in 1.0 M LiPF6 EC/DMC with a three-electrode system. Inset is the photograph of a three-electrode equipment. (b) Ionic conductivities of the LiFSI-DOL electrolytes at different concentrations. (c) Raman spectra of 1.8 M LiFSI DOL electrolyte. DOL Sol. refers to the pure DOL solvent. 
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[bookmark: _Hlk69243839][bookmark: _Hlk68733916][bookmark: _Hlk86961744][bookmark: _Hlk86961868][bookmark: _Hlk86962153][bookmark: _Hlk86962017]Supplementary Figure 3. Radial distribution functions of (a) Li-FPF6, Li-OEC, and Li-ODMC pairs for 1.0 M LiPF6 EC/DMC (1:1 by vol.) and (c) Li-OFSI and Li-ODOL for 1.8 M LiFSI DOL. (b), (d) The corresponding distribution of the solvent number solvating with one Li+. 

The average solvent number solvating with one Li+ for 1.8 M LiFSI DOL is calculated as follows:
=1.26
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[bookmark: _Hlk86962276][bookmark: _Hlk86953426][bookmark: _Hlk86953481]Supplementary Figure 4. Impedance spectra of three different NG||Li cells with (a) 1.0 M LiPF6 EC/DMC and (b) 1.8 M LiFSI DOL. (c) Impedance spectra of NG||Li cells using NG anodes with different particle sizes.
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[bookmark: _Hlk69248614][bookmark: _Hlk72702761][bookmark: _Hlk69248566]Supplementary Figure 5. SEM images of different graphite particles: (a) 2.5NG, (b) 10NG, (c) 15NG, (d) AG and (e) MCMB.
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[bookmark: _Hlk74698160][bookmark: _Hlk72875576][bookmark: _Hlk72941014][bookmark: _Hlk74694257][bookmark: _Hlk86016752][bookmark: _Hlk74698422]Supplementary Figure 6. (a) Charge/discharge curves of NG||Li cell with 1.0 M LiPF6 EC/DMC. (b) Evolution of the overpotential at different current density of Li metal counter electrodes in two electrolytes. (c) Simulation of the overpotential changes for Li metal counter electrodes in Li||Li cell from 0.06 to 15 mA cm-2 via galvanostatic Li plating/stripping tests.
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[bookmark: _Hlk68733944][bookmark: _Hlk68735616]Supplementary Figure 7. (a) Charge-voltage profiles of NG||Li cells via GITT measurements at 10C and (b) voltage relaxation process during the rest taken from the black ellipses. Complete GITT measurements of NG||Li cells with (c) 1.0 M LiPF6 EC/DMC and (d) 1.8 M LiFSI DOL.
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[bookmark: _Hlk68911690][bookmark: _Hlk68784030][bookmark: _Hlk72866747][bookmark: _Hlk86017247][bookmark: _Hlk86017164]Supplementary Figure 8. CV curves at different sweep rates (0.01-1 mV s-1) with (a) 1.0 M LiPF6 EC/DMC and (c) 1.8 M LiFSI DOL. The corresponding b-value of different current peaks for the (b) 1.0 M LiPF6 EC/DMC and (c) 1.8 M LiFSI DOL.
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[bookmark: _Hlk69255629][bookmark: _Hlk72880325][bookmark: _Hlk86954110][bookmark: _Hlk72880346]Supplementary Figure 9. (a) Top-viewed SEM image of the pristine Li metal counter electrode. The insets showed photographs of the Li metal counter electrode and separator before cycling. The SEM image was taken from the dotted boxes. (b) Charge/discharge curves and (c) cycling performance of NG||Li cell with 1.8 M LiFSI DOL at 20C without replacing the Li metal electrode.
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[bookmark: _Hlk72959070][bookmark: _Hlk69856085][bookmark: _Hlk72880690][bookmark: _Hlk72880744]Supplementary Figure 10. Charge/discharge curves of NG||Li cells with the (a)10NG and (b) 15NG anodes. (c) Rate performance of NG||Li cells assembled with different NG anodes in 1.8 M LiFSI DOL.
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[bookmark: _Hlk72967597][bookmark: _Hlk69863024][bookmark: _Hlk72917093][bookmark: _Hlk72880759][bookmark: _Hlk72933660]Supplementary Figure 11. Charge/discharge curves of NG||Li cells with (a) 0.9 M LiFSI DOL, (b) 2.4 M LiFSI DOL, (c) 2.8 M LiFSI DOL and (d) 3.2 M LiFSI DOL. (e) Rate performance of NG||Li cells with LiFSI-DOL electrolytes at different concentrations. 
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Supplementary Figure 12. (a) Rate performance of NG||Li cells with 1.8 M LiFSI DOL at an areal loading of 3.5 mAh cm-2. (b) Recent researches3-12 and our work on fast-charging in graphite||Li cells. The numbers in brackets represent the areal capacities of the used graphite electrodes (Loading unit: mAh cm-2). 
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[bookmark: _Hlk72882879]Supplementary Figure 13. XPS analysis of the SEI formed on graphite anodes cycled using (a) 1.0 M LiPF6 EC/DMC and (b) 1.8 M LiFSI DOL. The C 1s, O 1s and F 1s spectra were displayed after different sputtering times from 300 s to 1500 s with Ar+.
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[bookmark: _Hlk69415924]Supplementary Figure 14. The N 1s and S 2p spectra of the SEI formed on graphite anodes cycled using 1.8 M LiFSI DOL after different sputtering times with Ar+. 
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[bookmark: _Hlk89632264]Supplementary Figure 15. Snapshots of Ab initio molecular dynamic (AIMD) calculated cells with graphite anode and (a) 1.0 M LiPF6 EC/DMC and (b) 1.8 M LiFSI DOL electrolytes after 10 ns.
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[bookmark: _Hlk72917037][bookmark: _Hlk72917161][bookmark: _Hlk72918453][bookmark: _Hlk72917607]Supplementary Figure 16. Cryo-TEM images and the corresponding FFT patterns of the graphite anodes cycled in (a, b) 1.0 M LiPF6 EC/DMC and (c, d) 1.8 M LiFSI DOL.
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[bookmark: _Hlk72914669][bookmark: _Hlk86309418][bookmark: _Hlk72883028][bookmark: _Hlk69926356]Supplementary Figure 17. Cryo-TEM images and the corresponding EDS mapping images of graphite anodes cycled in (a) 1.0 M LiPF6 EC/DMC and (b) 1.8 M LiFSI DOL.
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[bookmark: _Hlk86356974][bookmark: _Hlk72917479][bookmark: _Hlk86413283]Supplementary Figure 18. Charge/discharge curves of NG||Li cells with (a) 1.0 M LiPF6 EC/DMC and (b) 1.8 M LiFSI DOL. (c) Long-cycling performance of NG||Li cells with two electrolytes, respectively. The loadings of active material in all graphite anodes are 2.0 mAh cm-2. For each cycle, the rates of charge and discharge are the same.
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[bookmark: _Hlk72918341]Supplementary Figure 19. (a) Charge/discharge curves and (b) long-cycling performance of NG||Li cells with 1.8 M LiFSI DOL at 8 C. The loadings of active material in all graphite anodes are 2.0 mAh cm-2. For each cycle, the rates of charge and discharge are the same. The noticeable capacity decay at 8C is caused by the degradation of the Li metal rather than the graphite anode.
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[bookmark: _Hlk86414042][bookmark: _Hlk86413814]Supplementary Figure 20. Charge/discharge curves of NG||Li cells with (a) 1.0 M LiPF6 EC/DMC and (b) 1.8 M LiFSI DOL. (c) Long-cycling performance of NG||Li cells with two electrolytes, respectively. The loadings of active material in all graphite anodes are 2.0 mAh cm-2. All the cells were cycling at lithiation rate of 4C and delithiation rate of 0.3C.
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Supplementary Figure 21. Ionic conductivities of 1.0 M LiPF6 EC/DMC and 1.8 M LiFSI DOL at different temperatures.
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[bookmark: _Hlk72959297][bookmark: _Hlk72937488][bookmark: _Hlk72942581][bookmark: _Hlk72943163]Supplementary Figure 22. Charge/discharge curves of LFP||Li cells with (a) 1.0 M LiPF6 EC/DMC and (b) 1.8 M LiFSI DOL at different rates. (c) Rate performance of LFP||Li cells with two electrolytes. The loadings of active material in all LFP cathodes used above are 0.4 mAh cm-2. For each cycle, the rates of charge and discharge are the same.
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[bookmark: _Hlk72943195][bookmark: _Hlk72943267]Supplementary Figure 23. Charge/discharge curves of LFP||Li cells with (a) 1.0 M LiPF6 EC/DMC and (b) 1.8 M LiFSI DOL during long cycling at 20 C. (c) Long-cycling performance at 20 C of LFP||Li cells with two electrolytes. The loadings of active material in all LFP electrodes used above are 0.4 mAh cm-2. For each cycle, the rates of charge and discharge are the same.
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[bookmark: _Hlk86437463][bookmark: _Hlk86600898][bookmark: _Hlk86435675][bookmark: _Hlk86601130][bookmark: _Hlk72943327]Supplementary Figure 24. Charge/discharge curves of LFP||NG full cells with (a) 1.0 M LiPF6 EC/DMC and (b) 1.8 M LiFSI DOL during long cycling at 20 C. (c) Long-cycling performance at 20 C of LFP||NG full cells with two electrolytes. The loadings of active material in all LFP cathodes used above are 0.4 mAh cm-2. For each cycle, the rates of charge and discharge are the same.
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[bookmark: _Hlk86534839][bookmark: _Hlk86535101]Supplementary Figure 25. Photographs and SEM images of the graphite anodes under different SOCs.
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Supplementary Figure 26. Coulombic efficiency of LFP||NG pouch cells with two electrolytes during the long cycling performance.


[image: ]
[bookmark: _Hlk86535569][bookmark: _Hlk86600138][bookmark: _Hlk86599982]Supplementary Figure 27. (a) Desolvation energies and ionic conductivities of different electrolytes measured at room temperature. (b) Ionic conductivities of 1.0 M LiPF6 FEC/AN (7:3 by vol.) and 1.0 M LiPF6 EC/DMC (1:1 by vol.) + 2% VC at different temperatures.
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[bookmark: _Hlk89635815]Supplementary Figure 28. Radial distribution functions of (a) Li-FPF6, Li-OFEC, and Li-NAN pairs for 1.0 M LiPF6 FEC/AN (7:3 by vol.) and (b) the corresponding distribution of the FEC solvent number solvating with one Li+.
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[bookmark: _Hlk95504324][bookmark: _Hlk86600952][bookmark: _Hlk86605548]Supplementary Figure 29. Charge/discharge curves of NG||Li cells with (a) 1.0 M LiPF6 EC/DMC+ 2% VC and (b) 1.0 M LiPF6 FEC/AN from 1C to 20C. (c) Evolution of the overpotential at different rates in NCM811||NG cells with two electrolytes. 
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[bookmark: _Hlk86601001][bookmark: _Hlk86601053]Supplementary Figure 30. Charge/discharge curves of NCM811||NG cells with (a) 1.0 M LiPF6 EC/DMC+ 2% VC and (b) 1.0 M LiPF6 FEC/AN from 0.2C to 20 C. (c) Rate performance of NCM811||NG full cells with two electrolytes. The loadings of active material in all NCM811 cathodes used above are 0.3 mAh cm-2. For each cycle, the rates of charge and discharge are the same.
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