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Characterizations
Materials characterization
The morphology of PSE membranes and lithium foils were examined via a JEOL JSM-7100F scanning electron microscope (SEM) equipped with an energy dispersive spectrometry (EDS) attachment at an accelerating voltage of 20 kV. TEM images were acquired from an A JEM-2100F transmission electron microscope (TEM, Japan Electronics Corporation, Japan) at an acceleration voltage of 200 KV. The solid-state nuclear magnetic resonance (ss-NMR) spectra of PSEs were recorded on a Bruker Advanced II AV400 MHz NMR spectrometer. Fourier transform infrared spectrometer (FT-IR) (Thermo Nicolet Corporation; 7800-350/cm 0.01/cm/6700) was used to analyze the PSEs and their components. The X-ray photoelectron spectroscopy (XPS) analysis was conducted using a Kratos AXIS SUPRA spectrometer equipped with an Al Kα radiation source. The analysis software is CasaXPS. The Raman spectroscopy measurement was performed using a Raman spectrometer (Horiba Lab RAM HR Evolution) with a 532 nm excitation wavelength. Differential scanning calorimeter (DSC) was measured with a Netzsch STA 449C. The thermostability of PSEs was executed by thermogravimetric analysis (TGA) using a NETZSCH STA 449F5 instrument over the temperature range between 40 and 600 °C under Ar condition at a heating rate of 10 °C min-1. A tensile testing machine (Instron 5967) was employed to obtain the stress-strain curves with the tensile speed of 0.5 cm min-1.
Electrochemical performance measurements
Electrochemical impedance spectroscopy (EIS) was tested by assembling blocking stainless steel||PSEs||stainless steel (SS) cells from 0.1 Hz to 106 Hz with an amplitude of 10 mV via Autolab PGSTAT302N. The intrinsic ionic conductivity of PSEs was calculated using the following Equation:
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Where S represents the effective contacting area among PSEs and SS, R represents the resistance value of the bulk electrolyte, and L is the thickness of the SSE. Activation energy (Ea) was obtained by calculating resistance at a temperature range of 20-80 oC according to the Arrhenius law:
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Where A is conductivity pre-exponential factor, Ea is the activation energy, T is the absolute temperature and R is the ideal gas constant. The electrochemical stability window was tested by linear sweep voltammetry (LSV) on a lithium||PSEs||stainless steel cell from 0 to 6.5 V via Autolab PGSTAT302N at a scan rate of 10 mV s-1. When it comes to the tLi+(lithium-ion transference number), the Li||Li symmetrical cells assembled with GTSSE were measured by chronoamperometry method, a polarization of 10 mV (ΔV) was applied to the cells for 6000 seconds. The polarization currents of cell including initial (I0) and steady-state (Iss) were recorded. The interfacial resistances before (R0) and after (Rss) polarization were tested by alternating current impedance. Afterwards, tLi+ was calculated from Bruce-Vincent-Evans Equation: 
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The exchange current density was evaluated by fitting CV curves of symmetrical Li||Li cells after 10 cycles at 0.1 mA cm-2 via Autolab PGSTAT302N at a scan rate of 1 mV s-1. according to the Tafel equation:
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where i is the current density, 𝜂 is the overpotential, and 𝛼 is the transfer coefficient. The Tafel curve represents the logarithm of the current density versus the overpotential. Using the extrapolation method, on the linear Tafel region, the intercept with the Y-axis at the overpotential of 0 represents the exchange current density. Lithium-ion diffusion energy barrier (Ea) through the SEI was obtained by calculating to the resistance of the Li||PL||Li and Li||PL15C5||Li symmetric cells after 10 cycles at 0.1 mA cm-2 performed at different temperatures (from 283 to 333 K) via Autolab PGSTAT302N according to the Arrhenius law:
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Where RSEI corresponds to the interface impedance between the electrode and electrolyte, Ea represents the lithium-ion diffusion energy barrier through the SEI, A is conductivity pre-exponential factor, T is the absolute temperature and R is the ideal gas constant. The cycling stability of Li||PSEs||Li and ASSLBs were conducted using a multichannel battery testing system (LAND CT2001A). The cycle performance of LiFePO4||Li batteries were tested between 2.5 and 4.0 V, while NCM811||Li batteries were tested at charge-discharge ranges of 2.7~4.2V. The C rates in all of the electrochemical measurements are defined based on 1 C=180 mA g-1 (NCM811) and 1 C=170 mA g-1 (LiFePO4). All the electrochemical properties of SSLBs and lithium compatibility at 60 oC. 
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Fig. S1  AFM images of ultrathin PE porous membrane.
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Fig. S2  Side view SEM images of ultrathin PE porous membrane.
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Fig. S3  (a) Top view and (b) side view SEM images of PL.
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Fig. S4  Current-time curve following DC polarization of (a) Li||PL||Li and (b) Li||PL15C5||Li symmetrical cell at 10 mV s−1 (inset: EIS variation before and after polarization at 60 oC).
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Fig. S5  FTIR spectra of PL and PL15C5 electrolytes.
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Fig. S6  Voltage profiles at different cycles of the Li||PL||Li and Li||PL15C5||Li cells
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Fig. S7  CV curve of (a) PL and (b) PL15C5 electrolytes.
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Fig. S8  EIS curve of (a) ~ (b) Li||PL||Li and (c) ~ (d) Li||PL15C5||Li.
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Fig. S9  High-resolution XPS spectra of Li foils surface after cycling with PL electrolyte at various sputtering times (from up to down are 60, 120, 180, and 240 s, respectively): (a) C 1s, (b) O 1s, (c) F 1s, and (d) S 2p.
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