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Figure S1. (a) Schematic of three-dimensionally ordered macroporous (3DOM) structure. SEM
images of (b) surface and (c) cross-section of 3DOM PI separator.
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Figure S2. DSC thermograms of LiFSI/SL solutions at a rate of 10 °C min™1,
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Figure S3. Linear sweep voltammograms of LiFSI/SL solutions and a conventional 1.0 mol dm=3
LiPF,/EC:DMC electrolyte at a scan rate of 1 mV s at room temperature with three-electrode

cell employing a platinum disk as a working electrode and Li foils as reference and counter
electrodes.



a| PP b | Surfactant-coated PP

5 C-H 5 C-H

© o

3 C-H —~

S &

S S

o) o

(%) 0

< <

4000 3000 2000 1000 4000 3000 2000 1000
Cc 3DOM PI d

= c=0

f c=0 N

@ C-N

c

3 ‘]’ e

5 ~ 0] o]

2 c=0 \\ /

< \ N N@—o

m J I/ \
. ) . o] e} n

4000 3000 2000 1000

Wavenumber / cm™1

Figure S4. FT-IR spectra of (a) PP, (b) surfactant-coated PP, and (c) 3DOM PI separators. The
peaks were assigned based on the previous reports.? Chemical structures of (d) PP and (e) PI.
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Figure S5. Woltage versus capacity of lithium plating/stripping in Cu|Li cells using LiFSI/SL
solutions with salt-to-solvent molar ratios of (a) 1:3.0 and (b) 1:2.5 after long-term cycling at 30

°C. A current density and a deposition capacity are 1.0 mA cm2 and 0.5 mAh cm™2, respectively.
(c) The magnified view of b.
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Figure S6. (a) Voltage versus capacity and (b) Coulombic efficiency versus cycle number of
lithium plating/stripping in Cu|Li cells using surfactant-coated PP separator and 1:2.5 LiFSI/SL
solution at 30 °C. A current density and a deposition capacity are 1.0 mA cm=2 and 0.5 mAh cm,
respectively.

S-7



Figure S7. SEM image of morphology of lithium metal deposited on Cu foil in LiFSI/SL solution
with a salt-to-solvent molar ratio of 1:2.5 using surfactant-coated PP separator at 30 °C. A current
density and a deposition capacity are 1.0 mA cm=2and 1.0 mAh cm™2, respectively.
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Figure S8. Nyquist plots of EIS measurements for Li|Li cells using LiFSI/SL solutions with salt-
to-solvent molar ratios of (a) 1:10.3, (b) 1:3.0, and (c) 1:2.5. The cells were measured at 30 °C
after 10, 100, 300, and 500 lithium plating/stripping cycles. The insets are magnified views of
each figure.
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Figure S9. Equivalent circuit model established for fitting of the EIS spectra in Figure S8. The
model is composed of the bulk electrolyte resistance (R,), the SEI resistance (Rgg,) and the charge-
transfer resistance of lithium metal (R,), the constant phase elements (CPE1 and CPE2) associated
with the double layer capacitance between the electrode and electrolyte, and the Warburg
impedance (W) associated with diffusion of lithium-ion.34
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Figure S10. High-resolution Li 1s spectra of the SEI layers on Li foils after 50 plating/stripping
cycles in LiFSI/SL solutions with salt-to-solvent molar ratios of 1:10.3, 1:3.0, and 1:2.5. In the
spectra, various Li-containing compounds give a peak at almost the same binding energy in 53-56

eV and hence, no useful information was obtained.
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Figure S11. High-resolution C 1s spectra of the SEI layers on Li foils after 50 plating/stripping
cycles in LiFSI/SL solutions with salt-to-solvent molar ratios of 1:10.3, 1:3.0, and 1:2.5. Dots and

solid lines denote experimental spectra and fitting curves, respectively.
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Figure S12. High-resolution O 1s spectra of the SEI layers on Li foils after 50 plating/stripping
cycles in LiFSI/SL solutions with salt-to-solvent molar ratios of 1:10.3, 1:3.0, and 1:2.5.
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Figure S13. Nyquist plots of EIS measurements for LiFePO,|Li cells using (a) 1.0 mol dm3
LiPF;/EC:DMC (1:1 by volume) and LiFSI/SL solutions with salt-to-solvent molar ratios of (b)
1:3.0 and (c) 1:2.5. The cells were measured at 30 °C after 10, 100 and 140 cycles of the
charge/discharge test.
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Figure S14. Equivalent circuit model established for fitting of the EIS spectra in Figure S13. The
model is composed of the bulk electrolyte resistance (R,), the interfacial resistances (R;,; and
Rii») Of the lithium metal anode and LiFePO, cathode, the constant phase elements (CPE1 and
CPE2) associated with the double layer capacitance between the electrodes and electrolyte, and
the Warburg impedance (W) associated with diffusion of lithium-ion.5>6
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Table S1. Electrolyte resistance (R,) and interfacial resistances (R;,; and R;,;,) based on the EIS
measurements of LiFePO,|Li cells using 1.0 mol dm= LiPF;/EC:DMC (1:1 by volume) and
LiFSI/SL solutions with salt-to-solvent molar ratios of 1:3.0 and 1:2.5. The cells were measured
after 10, 100, and 140 cycles of the charge/discharge test.

Electrolyte

Resistances after
10 cycles/ Q

Resistances after
100 cycles / Q

Resistances after
140 cycles/ Q

Re Rintl Rint2

Re Rintl Rint2

Re Rint1 Rint2

1.0 mol dm™ LiPFg/EC:DMC
1:3.0 LiFSI/SL
1:2.5 LiFSI/SL

1.57 111 235
451 7.70 6.00
518 16.6 18.0

3.87 843 1210
484 102 815
490 109 7.01

566 12.6 163
524 118 188
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Figure S15. Charge/discharge curves for LiFePO,|Li cells using (a) 1.0 mol dm2 LiPF4/EC:DMC
(2:1 by volume) and LiFSI/SL solutions with salt-to-solvent molar ratios of (b) 1:3.0 and (c) 1:2.5
at various C rates. Charge and discharge were conducted at the same C rate at 30 °C in a voltage
range of 2.5-3.8 V.
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Figure S16. Charge/discharge curves for NCM523|Li cells using (a) 1.0 mol dm™2 LiPF,/EC:DMC
(2:1 by volume) and LiFSI/SL solutions with salt-to-solvent molar ratios of (b) 1:3.0 and (c) 1:2.5.
The curves of 2nd, 10th, 20th, and 30th cycles are shown. (d) Discharge capacity and (e)
Coulombic efficiency versus cycle number for the cells. The cycling tests were conducted at 0.5C
rate after an initial one cycle at 0.1C rate and then four cycles at 0.2C rate at 30 °C in a voltage
range of 2.7-4.3 V.
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Figure S17. SEM images of stainless steel (SS316L) coin cell cases after 30 cycles of the
charge/discharge tests in NCM523|Li cells using (a) 1.0 mol dm=2 LiPF,/EC:DMC (1:1 by
volume) and LiFSI/SL solutions with salt-to-solvent molar ratios of (b) 1:3.0 and (c) 1:2.5.
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