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(1). Schematic illustration of NSPE

Fig. S1 Structure of the NSPE and its components. (a) A P(PO-EO-PO) polymer chain with
amino ends. (b) A cage-like POSS molecule containing eight tentacles with epoxy ends. (c) The

NSPE with conceptual illustration of Li* ion transport in the network.



(2). Top-view SEM images of porous PVdF-HFP membranes

| (a) PVAF-HFP-1.5

P 2 S

100um

Fig. S2 Top-view SEM images of the porous PVdF-HFP membranes. (a) PVDF-HFP-1.5. (b)
PVDF-HFP-2.0. (c) PVDF-HFP-2.5. (d) PVDF-HFP-3.0.



(3). Side-view SEM images of porous PVdF-HFP membranes

Fig. S3 Side-view SEM images of the porous PVdF-HFP membranes. (a) PVDF-HFP-1.5. (b)
PVDF-HFP-2.0. (¢) PVDF-HFP-2.5. (d) PVDF-HFP-3.0.



(4). Thermal analysis of NSPE@PF and its components
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Fig. S4 Thermal analysis of the NSPE@PF membrane and its components. (a) Differential
scanning calorimetry analysis of the PVdF-HFP-2.5, NSPE@PF, and NSPE membranes. (b)
Thermogravimetric analysis of PVAF-HFP-2.5, NSPE@PF and NSPE membranes. Both

analyses were conducted at a constant heating rate of 10 °C min! under a continuous nitrogen

purge.
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(5). Mechanical strength analysis of NSPE@PF and its components
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Fig. S5 Mechanical strength analysis of the PVdF-HFP-2.5, NSPE@PF, and NSPE membranes.



(6). Photograph of NSPE-incorporated PVdF-HFP-1.5 membrane

Fig. S6 Photograph of the NSPE-incorporated PVdF-HFP-1.5 membrane.



(7). Top-view SEM image of the NSPE@PF membrane
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Fig. S7 Top-view SEM image of the NSPE@PF membrane.



(8). Crystallinity analysis of NSPE and precursor polymer
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Fig. S8 X-ray diffraction patterns of the NSPE and its precursor P(PO-EO-PO).



(9). Impedance spectra of SSINSPE@PF|SS and SS|NSPE|SS
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Fig. S9 Temperature dependence of the AC impedance spectra of SS||SS inserted with SPEs.
(a) SSINSPE@PF|SS. (b) SSINSPE|SS. The NSPE@PF and NSPE membranes were
sandwiched between the two stainless-steel electrodes for the impedance measurements
operated measured at 0 V with an AC potential amplitude of 10 mV over a frequency range of

1 Hz to 1 MHz.

The ionic conductivity ( 0 ) was calculated using the following equation:

where d is the distance between the SS electrodes, R is the bulk resistance determined from the
intercept on the real axis of the impedance plot, and A4 is the geometric area of the electrolyte—

electrode interface.
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(10). Electrochemical analysis on solid-state symmetric Li||Li cells
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Fig. S10 Electrochemical analysis on solid-state symmetric Li||Li cells. (a) AC impedance
complex-plane spectra of the LiNSPE@PF|Li and Li[NSPE|Li cells. (b) Li plating/stripping
voltage profiles of the LiNSPE@PF|Li and Li|NSPE|Li cells at current density of 200 pA cm-

2 with Li capacity of 0.1 mAh cm for each step. The tests were conducted at 30 °C.
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(11). Li plating/stripping of liquid-phase Li||Li cells
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Fig. S11 Li plating/stripping profiles of the Li|LE@PF|Li and Li|LE@Celgard|Li cells at
current density of 1 mA c¢cm2 with a Li capacity of 1 mAh cm for each step. The tests were

conducted at 30 °C.
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(12). Performance survey of PEO-based SPEs

Table S1 Literature survey on the ionic conductivity (o) and lithium transference number (71 ;+)

of liquid electrolytes and PEO-based SPEs.

No. Composition of electrolytes o [S em] triv Ref.
1 Liquid electrolyte - 0.20-0.40 @ 25°C  [1]
2 PEO-based SPE ~10%-10° @ 30 °C 0.2-03 @ 80°C [2,3]
3 PEO + LiTFSI + 1% LGPS® 1.18 x 10° @ 25 °C 0.26 @ 80 °C [4]
4  PEO + LiTFSI + 10wt% 3.03 x 10* @ 55°C 0.117 @ 55 °C [5]

LLZTOY
5  PEO-TPU® + LiTFSI 53 x 104 @ 60 °C - [6]
6 PEO-PSY + LiTFSI 9.5x10° @ 60 °C 0.22 @ 60 °C [7]
7  PEGDE®-PEGDADY + LiTFSI 53x%x10° @30°C 0.44 @ 55 °C [8]
8 P(PO-EO-PO) + LiTFSI 53 x10* @ 70 °C - [9]
9 PEGDGE®-PEMPM-PDMS? + 3.59 x 10 @ 60 °C 0.20 @ 60 °C [10]
LiTFSI
10 PEGDMAY-PEGDA + PETMP® 5.05x 10° @ RTY 0.312 @ 60 °C [11]
cross-linker + LiTFSI
11 PEGAD + SSH™ cross-linker + 1.78 x 10* @ 80 °C 0.32 @ 60 °C [12]
LiTFSI
12 PEEC™ + TEGDAZ® cross-linker 1.6 x 10° @RT 0.40 @ 55 °C [13]
13 INSPEP + LiTFSI 5.6 x 10 @ 25°C 0.37 @ 60 °C [14]
14 P(PO-EO-PO) + PVdF-HFP 1.1 x10* @ 30 °C 0.45 @ 30 °C This
scaffold work

9Li;0GeP,S1s; YLig7sLa3Zr 75Tag,501,; Ythermoplastic polyurethane; Ypolystyrene;

9poly(ethylene glycol) diglycidyl ether; Ppoly(ethylene glycol) diacrylate; ®poly(ethylene

glycol) diglycidyl ether; Mpentaerythritol tetrakis (3-mercaptopropionate);

Dpoly(dimethylsiloxane); Ppoly(ethylene glycol) methyl ether methacrylate; ¥pentaerythritol

tetra(3-mercaptopropionate); Ppoly(ethylene glycol) methyl ether acrylate; ™1,2-

bis(ureidoethylenemethacrylateethyl) disulfide; poly(ethylene ether carbonate);

oitetracthyleneglycol diacrylate; Pinterpenetrating network polymer electrolyte; Yroom

temperature.
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(13). Charge—discharge profiles of LiNSPE|LiFePO,
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Fig. S12 Charge—discharge profiles of the LiiNSPE|LiFePO, battery at different cycles for
cycling at 0.3C and 30 °C.
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(14). Impedance spectra of solid-state cells
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Fig. S13 AC impedance complex-plane spectra of solid-state cells. (a) LiNSPE@PF|LiFePO,
and LiNSPE|LiFePO,. (b) LiFePO4NSPE@PF|LiFePO, and LiFePO4NSPE|LiFePO,.
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(15). Impedance analysis on interfacial capacitive behavior
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Fig. S14 AC impedance analysis of Li|NSPE|SS and LiNSPE@PF|SS under different applied
potentials. (a) LiiNSPEJSS. (b) LiNSPE@PF|SS. The points are the experimental data and the
fitting curves were obtained from simulation using the equivalent circuit shown in the inset of
panel (a). The impedance analysis was conducted with an AC amplitude of 10 mV and

frequency ranging from 100 kHz to 0.1 Hz.
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