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Experimental section

Synthesis of EMEImBr monomer (ionic liquid monomer): According to previous work, !-2 the
synthesis of EMEImBr monomer is displayed in Scheme 1. Firstly, a solution containing 2-
bromoethanol and triethylamine in tetrahydrofuran (THF) was prepared. Methacryloyl chloride in
THF solution was added dropwise at 0 °C under inert N, atmosphere. The obtained mixture was
stirred for 48 h at ambient temperature, followed by filtrate and washed thoroughly with deionized
H,0. The resultant outcome was dried with anhydrous MgSO, and placed in vacuum to remove
the solvent. The product 2-bromoethyl methacrylate was achieved. N-ethylimidazole was mixed
with 2-bromoethyl methacrylate, along with a minute amount of phenothiazine. After stirring for
120 h at 60 °C under nitrogen (N;) gas atmosphere, the reaction mixture was subsequently diluted
with methylene chloride (200 ml) and filtered through a silica gel column.

Polymerization: The polymerization of monomers was proceeded at 65 °C under N, atmosphere
with AIBN as initiators. After polymerization, the solution was filtered and washed with methyl
alcohol for several times, followed by vacuum drying at 60 °C for overnight. "H NMR (400 MHz,
DMSO-dg, 0): 9.42 (s, 1H), 7.87 (d, 2H), 6.04 (s, 1H), 5.72 (s, 1H), 4.55 (t, 2H), 4.44 (t, 2H), 4.24
(g, 2H), 1.86 (s, 3H), 1.42 (t, 3H).

For the anion exchange, the above poly(ionic liquid) (PEMEImBr, 100 mg) was dispersed in 100
ml deionized water containing LiTFSI salt (200 mg, 99.95% from Sigma-Aldrich). After stirring
for 48 h at room temperature, the precipitate was collected by filtration and kept vacuum drying at
60 °C for overnight to remove the residual moisture. The obtained mixture was denoted as
PEMEImMTFSI.

Fabrication of the solid electrolytes: The precursor ink was prepared by mixing 50 mg

PEMEImTFSI and 28.7 mg LiTFSI in NMP solution with the assistance of ultrasound to obtain a



homogenous suspension. Subsequently, the mixture was directly dispensed onto Li anodes,
followed by drying in vacuum at 80 °C for overnight to evaporate the NMP solvent. The as-
obtained electrolytes was adherent to Li anodes, which was abbreviated as Li/PIL. Finally, a series
of Li/PIL samples with different PIL thickness were synthesized by adjusting the amounts of the
suspension above.

Characterizations: The morphologies of membranes and cycled Li anodes were characterized by
a field emission scanning electron microscope (FESEM, Hitachi S4800). TGA evaluation (STA-
449F3, Netzsch) was utilized to investigate the thermal stability of the membrane at 5 °C min™!
under argon atmosphere. The XPS experiments were conducted on a KRATOS Axis Supra to
detect the chemical constituent of SEI layer and explore the chemical durability of membranes.
The EMEImBr monomer polymerization was measured by the Fourier transform infrared spectra
(FTIR, PE-Specturm Two), and the corresponding molecular weight distribution was studied by
Agilent PL-GPC50 gel permeation chromatography (GPC). 'H NMR and 3C NMR were
conducted on a Bruker Avance III spectrometer at 400 MHz with deuterated DMSO as a solvent.
Electrochemical characterizations: The galvanostatic charge/discharge measurements were
carried out on CT2001A Land instrument (Wuhan LAND Electronics Co, Ltd) in the potential
range of 2.5-4.3 V at various rates. The LiFePO, (LFP) cathode slurry comprises of LFP, Super P
and PVDF at a mass ratio of 8:1:1 with N-methyl-2-pyrrolidone (NMP) as the disperse medium,
which was blade-casted on precleaned Al foil and heated at 80 °C for 12 h in vacuum. The mass
loading of the cathode is 2.6-3.0 mg cm by getting rid of the weight of collectors. The Li|LFP
batteries were fabricated by stacking the LFP cathode on the other side of PIL membrane in an
argon-filled glove box with the content of moisture and O, lower than 10 ppm. The symmetric

batteries were assembled with the same procedures by replacing the LFP cathode with Li foil,



which were subjected to Li plating/stripping processes at current densities of 0.01, 0.02, 0.05, 0.1
and 0.2 mA cm?, respectively. GITT test was conducted at 0.1 C with 0.5 h charge/discharge
interval following 0.5 h relaxation.

The linear sweep voltammetry (LSV), electrochemical impedance spectroscopy (EIS)
measurements and lithium transference number were studied on a BioLogic VMP3
electrochemical workstation. The electrochemical stability of the synthesized PIL electrolyte was
carried out on a Li|PIL|stainless steel battery via LSV method at a sweep rate of 0.5 mV s! in the
potential range from OCV to 6 V. The lithium transference number (t;;") was determined on a

Li|[PIL|Li battery under a polarization potential of 10 mV (AF) until a steady status was reached.
0
The initial (/) and steady state current (/) were collected. The interfacial resistances before (R 1)

N
and after (F1) the polarization scans were likewise taken. The t; ;" was estimated according to the
equation below:

I[AV I,RY]

MgV - 1,RS] 0

The ionic conductivity (9) of PIL membrane were measured in the temperature of 5-60 °C via
EIS measurements on a stainless steel|PIL|stainless steel battery under an amplitude of 5 mV in
the  frequency range of 0.1 - 100 Hz. o was calculated from

o= l(thickness of PIL, cm)/

Rb (bulk resistance, ) X (contact area, sz)

Theoretical calculations: All the geometry relaxations and electronic property calculations within
density functional theory (DFT) were performed by using Quantum Espresso. > The Perdew-
Burke-Ernzerhof functional within the generalized gradient approximation (PBE-GGA) was used
to describe the electron exchange-correlation interaction. * The DFT-D3 method of Grimme ° was

used to describe long-range Van der Waals (vdW) interactions between Li (001) surface and



PEMEImTFSI. The energy cutoff for the plane-wave basis expansion and convergence threshold
for energy was set to 80 Ry and 0.01 eV A~!, respectively. The Brillouin zone was sampled with a
3 x 3 x 1 k-point mesh. A vacuum of at least 16 A in the z-direction was introduced to avoid the

interaction between two periodic units.
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Fig. S1 Electrochemical performance of Li|LiFePO4 batteries at 25 °C.
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Fig. S2 Galvanostatic cycling profiles of Li|PIL|Li batteries at various current densities at room temperature.
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Fig. S3 Typical charge-discharge voltage profiles of Li|PIL|LFP batteries at 0.2 C and room temperature.



Table S1 Molecular weights of PIL polymers

Sample M, (Da) M, (Da) M, /M,
PIL-1 15209 10196 1.492
PIL-2 28418 22473 1.265
PIL-3 44188 24177 1.828

Table S2 Electrochemical performance of polymer electrolytes consisting of PMMA/EMIMTEFSI

PMMA EMIMTFSI LiTFSI Electrochemical performance
1 1 2M Short circuit (on the anode)
1 1/2 2M No working (on the anode)
1 1/5 2M No working (on the anode)
1 1/10 2M Free-standing membrane (decaying shortly)




Table S3 Performance of different solid electrolyte materials

: Thermal Electrochemical 10[“? aii ; Chem.lc?.l ) leﬁcu‘lt)_‘ m Environmental Mechanical
Solid electrolyte tability ind conductivity/ tri compatibility device friendli € Cost
stabilil wincow X104S cm! towards Li anodes integration riendliness properties
LigPS:Cl1 6 g / 120at25° C / unstable high unfriendly High High
LiNbO; doped LigPSsCl7 / 5V 409at25° C / unstable high unfriendly High High
LAGP?# > 600 / 5.87at30° C / unstable medium friendly High High
LLZO/PVDF-HFPfiber network® 260° C 4.83V 4.65atd40° C 0.56 stable low relatively friendly Medium  Medium
LATP-LiTFSI-Py;TFSI- o - s ivelv fri . i
PDADMATFESI 19 400° C 49V 1.03at40° C 0.45 stable low relatively friendly Medium Low
TEOS in PANU 324° C 5.2V 43at20° C 0.52 stable low relatively friendly Medium Low
EMIm-TFSI in cross-linking EPVIm- o " o T— o "
TFSUPELPVDF-HFP network 12 340° C 5.0V 18at25° C 0.33 stable low relatively friendly Medium Low
FEQ netyorks crosslinked I';" Me 3560 ¢ >49V  697at25° C 048 stable low relatively friendly Medium  Low
and disulfide bonds
PEO-Pyry 20); TFSI-LITFSI 4 350° C 52V 6.6at25° C 0.10+0.01 stable low relatively friendly Medium Low
crosslinked PEGDE 15 259° C 4.5V 0.89at25° C / stable low relatively friendly Medium Low
EMIMTFSI/P(MMA-co-AMIMTFSI) 16 260 ° C 46V 1.9at25° C 0.17 stable low relatively friendly Medium Low
SnF, catalyzed P-DOL 17 85° C / 0.72atd45° C 0.86 stable low relatively friendly Medium Low
PDADMAFSI-PYR,,FSI118 300° C >5V 8.0at25° C 0.44 stable low relatively friendly Medium Low
Our work 190° C 52V 1.76 at25° C 0.31 stable low relatively friendly Medium Low
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