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Section 1: Supplementary Characterization Result Fig. S1-S25
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Fig. S1 FTIR spectra of PEGDMA, ACN and polymer C-1.
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Fig. S2 FTIR spectra of PEGDMA, F-monomer and polymer C-2.
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Fig. S3 FTIR spectra of PEGDMA, ACN, F-monomer and polymer C-3.
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Fig. S4 'H NMR spectra of (a) PEGDMA, (b) ACN and (c) polymer C-1.
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Fig. S5 '"H NMR spectra of (a) PEGDMA, (b) F-monomer and (c¢) polymer C-2.
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Fig. S6 '"H NMR spectra of (a) PEGDMA, (b) ACN, (c) F-monomer and (d) polymer
C-3.
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Fig. S7 (a) Calculation of Li* solvation clusters in ether-based electrolyte. Calculated

Raman spectra of Li* solvation clusters with (b) DME and (¢) DOL molecules.
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Fig. S8 SEM image of PP separator surface without polymer modification.



Fig. S9 Morphological analysis of the C-3-modified PP separators. SEM image of PP

surface with (a) 12.4 mg, (b) 9.5 mg and (c) 6.7 mg coating loading.
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Fig. S10 Coulombic efficiency of the Li/Cu batteries in ether-based electrolyte
assembled with PP, C-1-modified, C-2-modified and C-3-modified PP separators at a

current density of 0.5 mA/cm? with a cycling capacity of 3 mAh/cm?.
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Fig. S11 Coulombic efficiency of the Li/Cu batteries in ether-based electrolyte
assembled with PP and C-3-modified PP separators at a current density of 1 mA/cm?

with a cycling capacity of 1 mAh/cm?.
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Fig. S12 The corresponding voltage profiles of Li/Cu batteries in ether-based

electrolyte with (a) PP separator and (b) C-3-modified PP separator at a current density

of 0.5 mA/cm? with a cycling capacity of 1 mAh/cm?.
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Fig. S13 The corresponding voltage profiles of Li/Cu batteries in ether-based

electrolyte with (a) PP separator and (b) C-3-modified PP separator at a current density

of 0.5 mA/cm? with a cycling capacity of 2 mAh/cm?.
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Fig. S14 Cyclic voltammetry (CV) curves of the Li/Cu batteries with the electrolyte
composed of 1 M LiTFSI/DME-DOL (volume ratio 1:1) with 1% LiNOj using pristine
PP and C-3-modified PP separators respectively at a scan rate of 50 mV/s in the first

five cycles.
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Fig. S15 Performance of Li/Li symmetric batteries in ether-based electrolyte using 25

pum ultra-thin Li anodes. Cycling stability comparison of the batteries assembled with

PP and C-3-modified PP separators at a current density of 1 mA/cm? with a cycling
capacity of 1 mAh/cm?.
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Fig. S16 Performance of Li/Li symmetric batteries in ether-based electrolyte using 30
pum ultra-thin Li anodes. Cycling stability comparison of the batteries assembled with

PP and C-3-modified PP separators at a current density of 1 mA/cm? with a cycling

capacity of 1 mAh/cm?.
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Fig. S17 Top view SEM image of Li foil after 1000 cycles in the Li/Li symmetric
battery in ether-based electrolyte using C-3-modified PP separator at a current density
of 1 mA/cm? with a cycling capacity of 1 mAh/cm?.
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Fig. S18 XPS spectra of the SEI layers in ether-based electrolyte generated at different
Ar sputtering time. F 1s spectra of the SEI layers using pristine PP and C-3-modified
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PP separators respectively after Ar sputtering for (a) 70 s and (b)105 s.
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Fig. S19 XPS spectra of the SEI layers in ether-based electrolyte generated at different
Ar sputtering time. Li 1s spectra of the SEI layers using pristine PP and C-3-modified
PP separators respectively after Ar sputtering for (a) 70 s and (b) 105 s.
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Fig. S20 XPS spectra of the SEI layers in ether-based electrolyte generated at different
Ar sputtering time. O 1s spectra of the SEI layers using pristine PP and C-3-modified
PP separators respectively after Ar sputtering for (a) 70 s and (b) 105 s.
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Fig. S21 Zeta potential of the polymer C-3.
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Fig. S22 CV curves of the Li/CP batteries in carbonate-based electrolyte in the first two

cycles using the base electrolyte and electrolyte with 2 wt% C-3 as an additive,

respectively.
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Fig. S23 Coulombic efficiency of the Li/CP batteries in carbonate-based electrolyte
assembled with base and base + 2% C-3 electrolytes respectively at a current density

of 1 mA/cm? with a cycling capacity of 1 mAh/cm?.
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Fig. S24 (a) SEM image of carbon paper (CP) surface. (b) Raman analysis of CP. (c)
Full XPS spectra of CP. (d) O 1s spectra of CP.

SEM image indicates that the CP is a cross-link framework composed of alternating
carbon fibers (Fig. S24a). Meanwhile, Raman spectrum detects a D peak at 1331.4 cm™!,
a G peak at 1583.6 cm!, and a 2D peak at 2676.6 cm™!, indicating that the CP has a
graphene-like structure (Fig. S24b). XPS results show that there are two elements C
and O on the CP surface (Fig. S24c¢). The peaks at 531.6 and 532.6 eV in the O s region
belong to C=0 and C-OH, respectively (Fig. S24d).
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Fig. S25 Electrochemical impedance spectroscopy (EIS) results of Li/CP batteries in
carbonate-based electrolyte assembled with (a) base electrolyte and (b) base + 2% C-3

electrolyte after 10, 50, and 100 cycles.
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Section 2: Supplementary Tables

Table S1. Comparison of cycle life in symmetric batteries.

Modified SEI layer Current density /  Cycle life  Ref.

cycle capacity (hours)

(mA cm™2 / mAh

cm?)
LiZn/LisPOy 5/1 140 [1]
Ui0-66-Cl104 5/1 300 [2]
poly (vinyl alcohol) 572 200 [3]
hybrid polyurea layer 51 85 [4]
SEI enriched with LiF 5/5 600 [5]
LiF/Li;Sb 5/5 600 [6]
polyacrylonitrile 5/1 300 [7]
Li,Si alloy layer 5/1 1500 [8]
poly-melamine-formalde-hyde  5/1 80 [9]
3D Li-ion conductor 5/2.5 4000 [10]
anion-derived SEI 5/2.5 12500 This work
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Table S2. Comparison of coulombic efficiency using 3D carbon-based hosts.

Electrode Current density  Coulombic  Cycle Ref.

/ cycle capacity  efficiency number

(mA cm™2/ (%)

mAh cm ™)
cross-stacked carbon nanotube 1/1 99 300 [11]
network/Li
ponge carbon layer on 3D 0.5/3 98.5 150 [12]
carbon paper
porous carbon nanofibers 11 97 106 [13]
Si0,/carbon-nanofibers 1/1 97.6 200 [14]
composite skeleton
stacked graphene 0.5/1 97.1 200 [15]
nanoporous carbon tubes 0.5/0.5 96 200 [16]
carbon paper 0.5/1 99.87 500 This work
carbon paper 11 99.78 550 This work
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Table S3. Comparison of the battery performance with low N/P ratio.

N/P ratio Cycle rate (C) Cycle number Capacity Ref.
retention (%)

3 1 450 80 [5]

2 1/3 205 80 [17]

2 1/3 102 80 [18]

5 1/5 120 85 [19]

2.34 1/2 140 92.7 [20]

1.9 200 90.7 [21]

1.4 1/2 400 86 This work
1.4 1 1000 90 This work
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