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Supplementary Figures and Tables
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Fig. S1 (a) Reference labels for atoms in the intermolecular contact matrix of TFE and FSI- anion. (b) Scatter map between RDG and sign(I2)r of the grid points used to Fig. 1c. (c) Commonly used color scale in non-covalent interaction (NCI) map and common interpretation of various color ranges.
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Fig. S2 (a) Reference labels for atoms in the intermolecular contact matrix of TFEE and FSI- anion. (b) Intermolecular contact matrix and interaction energy gradient isosurfaces of TFEE-FSI- obtained by the RDG (reduced density gradient) method. (c) corresponding scatter plot between RDG and sign(I2)r.
[image: image3.png]TFEE+Pyr, FSI

TFEE+Pyr,FSI

H Chemical shift (ppm)

TFEE |
I
. TFEE
[
' AX,
TFE+Pyr,,FSI i
A e TFE+Pyr oFSl
I
JL
I
TFE | TFE
T T T T T T T T T !
6 5 4 3 2 1 0 65 6.0 55

H Chemical shift (ppm)




Fig. S3 (a, b) The ¹H NMR spectra of the pure diluent and the diluent after being mixed with the ionic liquid. 
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Fig. S4 Molecular dynamics (MD) simulation snapshot of (a) TFE-LHCE and (b) TFEE-LHCE. 
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Fig. S5 (a) RDF and CN of Li+-O (FSI-) and Li+-F (TFE) obtained from MD simulations in TFE-LHCE. (b) RDF and CN of Li+-O (FSI-) and Li+-F (TFEE) obtained from MD simulations in TFEE-LHCE. 
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Fig. S6 Wide-angle X-ray scattering (WAXS) test result of an empty glass capillary. 
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Fig. S7 (a) Ionic conductivities and (b) pH value of TFE-LHCE and TFEE-LHCE were tested by using an Mettler Toledo S400.
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Fig. S8 (a, b) The lithium-ion transference numbers of the two electrolytes were determined via direct current polarization combined with alternating current impedance using Li||Li symmetric cells. 
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Fig. S9 The viscosities of the LiFSI-Pyr13FSI electrolyte, TFE-LHCE electrolyte, and TFEE-LHCE electrolyte. 
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Fig. S10 Relaxation Time Distribution (DRT) derived from in-situ electrochemical impedance spectroscopy (EIS) of Li||TFEE-LHCE||NCM811 cells after formation cycles at a 4.3 V cutoff voltage.
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Fig. S11 DRT analysis derived from in-situ EIS of (a) Li|TFE-LHCE|Li and (b) Li|TFEE-LHCE|Li cells after formation cycles. 
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Fig. S12 Li plating/stripping voltage profiles in Li||Cu cells with (a) TFE-LHCE and (b) TFEE-LHCE.
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Fig. S13 Cycling performance of the Li||Li cell at 0.1 mA cm-2 and 0.1 mAh cm-2.
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Fig. S14 XPS O1s contour plots of lithium metal after 50 cycles with (a) TFE-LHCE and (b) TFEE-LHCE electrolytes. 
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Fig. S15 Top-view SEM morphologies of lithium metal after cycling in (a) Li||TFE-LHCE||Li and (b) Li||TFEE-LHCE||Li.
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Fig. S16 Top-view SEM morphologies of (a) pristine NCM811 cathode and after 200 cycles with (b) TFE-LHCE and (c) TFEE-LHCE.
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Fig. S17 Charge/discharge voltage profiles of (a) Li||TFE-LHCE||NCM811 and (b) Li||TFEE-LHCE||NCM811 coin cell under 3.0-4.3 V at 0.5 C. 
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Fig. S18 The rate capability of the Li||NCM811 batteries with different electrolytes. 
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Fig. S19 Charge/discharge voltage profiles of 2.6 Ah Li||TFE-LHCE||Ni83 pouch cell under 3.0-4.3 V at 0.1 C.
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