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Figure.S1. SEM image of (a) PEMI5 electrolyte and (b) cross sectional of PEM10

electrolyte.
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Figure.S2. EDX mapping of (a) PE, (b) PEMS5 and (c) PEM15. (d) EDX spectra of

PEM1

Intensity/a.u.

0 electrolyte.

—— PEMI5 [ PEMIS
I 5 PEM10 1050.06
( E
! —— PEM35 2
‘m  ——PEMS
5 1049.94
- kE \ /M/

1049.53

T T T T T T T T T T T T T T T T
500 1000 1500 2000 2500 3000 3500 1000 1020 1040 1060 1080 1100 1120 1140 1160 1180 1200
1 1

Wavenunber/cm™ Wavenunber/cm™

Figure.S3. FTIR spectrum of PE, PEMS, PEM10 and PEM15 electrolyte.
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Figure.S4. The chronoamperometry curve of Li/PE/Li cell under a potential step of 10

mV at 50 °C.
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Figure.S5. The chronoamperometry curve of Li/PEMS5/Li cell under a potential step of

10 mV at 50 °C.
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Figure.S6. The chronoamperometry curve of Li/PEM15/Li cell under a potential step

of 10 mV at 50 °C.
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Figure.S7. EIS spectra at 25 °C, 30 °C, 40 °C, 50 °C, 60 °C, 70 °C and 80 °C of

electrolytes. (a) PE; (b) PEMS; (c) PEM15; (d) PEMS, [EO]: [Li]=16:1.
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Figure.S8. Long-term cycling profiles of Li/PEMS5/Li and Li/PEM15/Li batteries with

0.1 mA cm2at 50 °C.

Figure.S9. SEM images of Li electrode after cycling (a) Li/PEM10/Li symmetric cell

for 600 h and (b) Li/PE/Li symmetric cell for 300h.



= Anion distribution 10*mol cm?

120_ l . i

Pristine state Intermediate state Steady state

pm 10°mol cm3

120 7 1.05
100 -

80

60 -

40 A

20 4

0

Pristine state Intermediate state Steady state

1.05

1.04
100
1.03

80 1.02
1.01
60 -
0.99
0.98
20 0.97
0.96

0.95

1.04
1.03
1.02

1.01

0.99
0.98
0.97
0.96

0.95

Figure.S10. Diffusion behaviors of anion in (a) PEM10 and (b) PE electrolytes at
pristine state, intermediate state, and steady state during charging from the COMSOL

simulations.
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Figure.S11. Rate capacities and coulombic efficiency of LiFePO4/PEM10/Li cell

o
at 50 °C.
a 10 b 1.0
= =
T8z T 3.2
2 g
= = 2 cycle
© 2 ©
> 2 cycle > 20 cycle
2.8 20 cycle 2.8 e
40 cycle
40 cycle
—— 60 cycle 80 cycle
80 1
80 cycle eyele
2.4 2.4
0 20 10 60 80 100 120 140 160 0 20 10 60 80 100 120 140 160

Specific capacity(mAh g")

Figure.S12. Corresponding charge-discharge profiles of (a) LiFePO4/PEMS5/Li and (b)

LiFePO4/PEM15/Li cell.
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Figure.S13. SEM images of PEM10 electrolyte membrane after Cycling test of

LiFePO,/PEM10/Li cell.

electrolyte [EO]: [Li] 25°C 30°C 40°C 50°C 60°C 70°C 80°C

PE 6:1 668.21 239.67 101.24 29.35 1527 925 6.67
PEMS 6:1 45941 166.29 69.34 2552 10.78 6.94 3.09
PEM10 6:1 76.08 5445 2201 537 317 209 1.73
PEM15 6:1 142.72 87.53 5043 17.02 1029 491 2.54
PEMS 16:1 1681.5 34826 70.53 2932 21.01 10.84 6.11

Table S1. Comparison of the impedance value () of PE, PEMS, PEM10, and PEM15

electrolyte at 25 °C, 30 °C, 40 °C, 50 °C, 60 °C, 70 °C and 80 °C

electrolyte [EO]: [Li] 25°C 50 °C 80 °C
PE 6:1 8.93 x 106 2.03x 10 8.9 x 10
PEMS5 6:1 1.3 X107 2.34 x 10+ 1.92 x 1073
PEM10 6:1 7.8 x 10 1.43 x 1073 3.4 %103
PEMI15 6:1 4.18 x 10 3.51 x 104 2.3 %1073
PEMS 16:1 3.55 x 106 2.03 x 10+ 9.76 x 104

Table S2. Comparison of the ionic conductivity (S cm™!) of PE, PEMS5, PEM10, PEM15

and PEMS5 [EO]: [Li]=16:1 electrolyte at 25 °C, 50 °C and 80 °C.



PE PEMS5 PEM10 PEM15
extension values (%) 275% 450% 555% 492%

Table S3. Maximum extension values (%) of PE, PEMS5, PEM10, PEM15 electrolytes.



