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1. SEM images of GPE’s polymeric framework

Fig. S1.  SEM images of electrospun (a) PAM, (b) PAM:SiO2, and (c) PAM:TiO2 

membranes consisting of nanofibers and side-view image of the (d) PAM:SiTi 

membrane comprising PAM:SiO2, PAM, and PAM:TiO2 layers connected in series. 



2. Full-range Raman spectra of electrolytes

Fig. S2. The full-range Raman spectra of (a) SLE, (b) GPE-PAM, (c) GPE-PAM:SiO2, 

and (d) GPE-PAM:TiO2.



3. Calculation details for the tLi+ values

Cells consisting of two Li-metal electrodes sandwiching SLE or GPEs were used 

to determine the tLi+ value according the following equation:1
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(2)

where I0 and Iss are the initial and steady-state currents, respectively (Figure S2a), 

when polarizing the cell to a low DC voltage of 5 mV (VDC). The Iss values were 

determined when the current variation rate was smaller than 0.1 A/min. Rint,0 and 

Rint,ss are the initial and steady-state resistance values associated with charge transfer 

at the Li-metal interfaces, as determined using AC impedance analysis (Figure 

S2(bf)).
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Fig. S3. (a) Current-time curves of LielectrolyteLi cells following application of DC 

voltage (5 mV) to the cell. (bf) Corresponding Nyquist impedance plots of the cells, 

(b) SLE, (c) GPE-PAM, (d) GPE-PAM:SiO2, (e) GPE-PAM:TiO2, and (f) GPE-

PAM:SiTi, which were used to determine the initial and final Rint values.



4. Impedance data of electrolytes at various temperatures

Fig. S4. Nyquist impedance spectra of electrolytes at various temperatures: (a) SLE; 

(b)GPE-PAM; (c) GPE-PAM:SiO2; (d) GPE-PAM:TiO2; (e) GPE-PAM:SiTi. The 

measurements were conducted by inserting the electrolytes between two stainless-

steel electrodes and applying an AC potential amplitude of 5 mV over a frequency 

range of 0.1 Hz to 100k Hz at temperatures of 30 to 80 °C. The thicknesses of the 

GPEs and SLE were 50 and 12 m, respectively.



5. Cycling test for the graphite|GPE-PAM-SiTi|LiFePO4 battery

Fig. S5. Discharge capacities of the full-cell graphite|GPE-PAM-SiTi|LiFePO4 battery 

following 500 cycles of chargedischarge at 5 C-rate over a voltage range of 2.03.8 

V. The capacity retention at the 500th cycle was presented in the figure.



6. Comparison of the GPE-PAM-SiTi battery with other GPE-based batteries

Table S1.  Literature survey: Capacity values and cycle lifespans of 

graphite|electrolyte|LiFePO4 lithium ion batteries assembled using various 

electrolytes.

GPE composition:
polymer/electrolytea Electrodesb Capacity

(mAh g-1)

Cycling 
retention, 
cycles/rate

Ref.

P(EO-PO)/
LiPF6-EC-DEC-DMC GLFP 125 @ 0.5 C

88 @ 5 C
77%,
450/1 C 1

P(MMA-PEGMA)- 
PVDF/
LiPF6-EC-DMC-EMC

GLFP 130 @ 0.1 C
90 @ 2 C 

55.6%,
50/1 C 2

PDMS-g-(PPO-PEO)- 
PVDF/
LiPF6-EC-DMC-EMC

GLFP 120 @ 1 C 85%,
100/1 C 3

P(OEGMA-BnMA)/
LiPF6-EC-DMC GLFP 122 @ 0.1 C

25 @ 5 C
91%, 
50/0.5 C 4

PAM:SiTi/
LiPF6-EC-DEC-DMC GLFP

137 @ 0.1 C
131 @ 1 C
103 @ 5 C
85.1 @ 7 C

87%,
500/5 C

this 
work

a LiPF6, lithium hexafluorophosphate; EC, ethylene carbonate; DMC, dimethyl 

carbonate; EMC, ethyl methyl carbonate; DEC, diethyl carbonate; P(EO-PO), 

poly(ethylene oxide-co-propylene oxide); P(MMA-PEGMA), poly(methyl 

methacrylate-co-poly(ethylene glycol) methacrylate); PVDF, poly(vinylidene 

fluoride); PDMS-g-(PPO-PEO), poly(dimethylsiloxane) graft poly(propylene 

oxide)-co-poly (ethylene oxide); P(OEGMA-BnMA), poly(oligo (ethylene glycol) 

methyl ether methacrylate-benzyl methacrylate); PAM:SiTi, diode-like membrane 

comprising poly(acrylonitrile-co-methyl acrylate) doped with TiO2 and SiO2 

nanoparticles. 
b G, graphite; LFP, LiFePO4.
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