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[bookmark: OLE_LINK1]Fig. S1 Synthesis schematic diagram of PU
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Fig. S2 1H NMR spectrum of PU and its synthesis reagents
As shown in Fig. S2, in the 1H NMR spectrum of PU, the chemical shift of hydroxyl proton in HP disappears along with the evident chemical upshift or downshift of He and Hd in IM after reaction, indicative of the successful synthesis of PU.
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Fig. S3 FTIR spectra of HP, IM and PU
The disappearance of the characteristic peaks of –NCO at 2274 cm−1 and –OH at 3389 cm−1 in the FT-IR spectra of IM and HP, and the appearance of the characteristic peak of –C=O and N–H of urethane motifs functional group separately at 1581 and 3308 cm−1 prove the successful synthesis of PU monomer.
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Fig. S4 Synthesis schematic diagram of PPM-PE
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Fig. S5 FTIR spectra of MMA, PU, LE and PPM-PE
As shown in Fig. S5, FTIR spectra show that the typical C=C characteristic peak at about 1625 cm−1 was not observed in the prepared polymer electrolyte, which indicates the successful preparation of PPM-PE.
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Fig. S6 Cyclic performance of Li//SiOx button cells with different copolymer monomer molar ratios at 0.5 C rate after 2 cycles of activation at 0.1 C rate and a voltage range of 0.001–1.5 V
The as-designed polymer electrolytes with PU: MMA molar ratios of 9:1, 7:3, and 5:5 is recorded as PE1, PE2, and PE3. As shown in Fig. S6, the cell of PE1 has superior cycling performance after 200 cycles compared to PE3 or PE2. Based on these results, a PU: MMA molar ratio of 9:1 (i.e., PE1) was selected as the model for the following research.
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Fig. S7 a) Digital photographic images of polymer electrolytes with different LE to polymer matrix weight ratios, and b) electrochemical impedance spectracopy (EIS) of polymer electrolytes with different LE to polymer matrix weight ratios (Inset is an equivalent circuit fitted by Zview software). The dots and lines represent experimental data and fitted data, respectively. c) Ionic conductivity of corresponding polymer electrolytes
As shown in Fig. S7a, noting that after thermal treatment at 60 °C for 6 h, polymer electrolytes with a weight ratio of LE to polymer matrix of 8:1 are flowable, while the ones with weight ratio of LE to polymer matrix of 7:1, 6:1 and 5:1 exhibit a solidified state.
EIS measurements were performed in the frequency range of 7 MHz to 100 mHz to evaluate the ionic conductivity of polymer electrolytes with varied weight ratios of LE to polymer matrix. PP separators used in these batteries exhibit a measured thickness of 24 μm and an effective surface area of 2.0 cm². As shown in Fig. S7b, the weight ratio of LE to polymer matrix of 7:1 demonstrates an optimal ionic conductivity, which was thus set as the optimal electrolyte uptake for following study.
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[bookmark: _Hlk168973349]Fig. S8 EIS measurements a) PPM-PE and b) LE were performed in the frequency range from 7 MHz to 100 mHz, where the PP separators were measured at a thickness of 24 μm and an effective surface area of 2.0 cm² (Inset is an equivalent circuit fitted by Zview software). The dots and lines represent experimental data and fitted data, respectively. c) Temperature-dependent ionic conductivities for LE and PPM-PE
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Fig. S9 Flame retardancy test chart for LE and PPM-PE
As illustrated in Fig. S9, the separator absorbing LE was ignited rapidly, whereas PPM-PE remained non-ignitable within 3 s. This demonstrates the flame-retardant properties of PPM-PE.
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Fig. S10 Variation of dielectric constant (ε‘) with frequency (f) for MMA and PE
As illustrated in Fig. S10, in the entire frequency range, PU and MMA have a large difference in ε′, indicating a large difference in polarity.
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[bookmark: _Hlk184641813]Fig. S11 Digital images showing the stretching process for PPM-PE films
PPM-PE films show excellent mechanical properties after stretching to 80% of the pristine length.
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Fig. S12 The corresponding energy dissipation and loss coefficient of PPM-PE films at per cycle
[bookmark: _Hlk184887969]As shown in Fig. S12, at 80% tensile strain, the initial cycle dissipation energy of PPM-PE films is 0.68 MJ m–³ with a loss coefficient of 77%. While at the 8th cycle, the dissipation energy remains at 0.55 MJ m–³ with a loss coefficient of about 72%.
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Fig. S13 Nanoindentation curves of SiOx electrodes disassembled from half-cells with different electrolytes after 100 cycles
As illustrated in Fig. S13, under a given nanoindentation force, the indentation depth (145 nm) of SiOx@PPM -PE is smaller than that (555 nm) of SiOx@LE. This result demonstrates that PPM-PE endows SiOx electrodes with the improved mechanical strength and cohesion than LE.
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Fig. S14 Young’s modulus mappings obtained by typical AFM imaging of PPM-PE films
The elastic modulus of PPM-PE film was measured by peakforce quantitative nanomechanics (QNM) mode of dimension icon atomic force microscope (AFM) and fitted by Derjaguin-Muller-Toporov (DMT) mode. As shown in Fig. S14, PPM-PE film delivers a high Young’s modulus (147 MPa), which is favorable for suppressing excessive volume expansion of SiOx electrodes.
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Fig. S15 AFM DMT modulus mappings of a) SiOx@PPM-PE, b) SiOx@LE after 100 cycles at 0.5 C rate
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Fig. S16 Enlarged stress distribution of SiOx electrodes in the presence of (a) LE and (b) PPM-PE
Finite element simulation was used to investigate the effect of the mechanical properties of the electrolyte on the stress distribution of SiOx electrodes. Figure S16 shows that the stress on the surface of SiOx electrodes with PPM-PE wrapped around is much lower than that using LE.
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[bookmark: _Hlk169094603]Fig. S17 Top-viewed SEM images of a) SiOx@PPM-PE, b) SiOx@LE before cycling
As shown in Fig. S17a-b, the pristine SiOx electrode surface using LE or PPM-PE shows no apparent cracks.
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Fig. S18 Cross-sectional SEM images of a) SiOx@PPM-PE, b) SiOx@LE before cycling
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Fig. S19 TEM imaging and corresponding elemental mapping images of SiOx particles from a) SiOx@PPM-PE, b) SiOx@LE after 50 cycles at 0.5 C rate
As shown in Fig. S19, TEM imaging and corresponding elemental mapping images of SiOx electrodes with different electrolytes after 50 cycles at 0.5 C rate reflect the thickness and element composition of SEI layers on the surface of SiOx particles after cycling. 
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Fig. S20 XPS spectra in N 1s branches of SiOx electrodes after 30 cycles at 0.5 C rate
There is C–N/N–H type species found on the surface of SiOx electrodes cycled with PPM-PE, indicating that PPM-PE may participate in the formation of SEI layers.
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Fig. S21 TOF-SIMS depth profiles of a) SiOx@PPM-PE, b) SiOx@LE
More LiF2– and less C2HO−/C2H– contents can be found on the SiOx@PPM-PE surface, compared with SiOx@LE. 
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Fig. S22 Charge-discharge curves of the SiOx/LE/Li half-cells at 0.5 C rate after 2 cycles of activation at 0.1 C rate, for the 1st, 3rd, 200th, 300th and 320th cycles of the cycle
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Fig. S23 a) Rate performance of different electrolytes in SiOx electrode-based half-cells and b) charge-discharge curves of SiOx at different rates for the final cycle of the varied rate
As presented in Fig. S23, PPM-PE delivers higher delithiation capacities than LE at different current densities from 0.1–1 C, demonstrating faster electrochemical reaction kinetics of SiOx electrodes when using PPM-PE. 
[bookmark: _GoBack][image: ]
Fig. S24 CV curves of a) LE, b) PPM-PE at different scan rates
Fig. S24 compares the cyclic voltammetry (CV) curves of different electrolytes at varied scan rates from 0.2 to 1.0 mV s‒1.
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Fig. S25 Charge and discharge curves of the NCM811/LE/SiOx soft package full cell at 1 C rate for varied cycles

[image: ]
[bookmark: _Hlk192552842]Fig. S26 Nyquist curves of SiOx electrodes in half-cells with different electrolytes after a) the initial cycle and b) 30 cycling. (Inset is an equivalent circuit fitted by Zview software). The dots and lines represent experimental data and fitted data, respectively.
[bookmark: _Hlk192552786]As shown in Fig. S26, each EIS curve consists of two semicircles corresponding to the interfacial resistance and charge transfer resistance (denoted as RSEI and RCT, respectively) at the electrode/electrolyte interface, and shows a straight line at the low frequency region corresponding to Li+ diffusion in the active particles. The Zview software was used to construct an equivalent circuit diagram to fit the impedance spectrum, which can give the values of RSEI and RCT (Tables S2 and S3). The EIS results demonstrate that after the first cycle, all the half-cells show little difference RSEI and RCT. After 30 cycles, the RSEI and RCT increase (ΔRSEI and ΔRCT, respectively) of half-cells with SiOx @PPM-PE are only 0.1 and 12.2 Ω, respectively. In a fair comparison, the half-cell with SiOx @LE exhibits more significant increases, with RSEI and RCT reaching 1.9 and 53.3 Ω, respectively. This finding indicates improved stability of SEI in half-cells when using SiOx @PPM-PE during cycling.
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[bookmark: _Hlk192513907][bookmark: _Hlk192513892][bookmark: _Hlk178077622]Fig. S27 a) Cycling performance of NCM811/LE/SiC650 soft package full cells at 0.4 C rate between 2.8 to 4.3 V and the corresponding b) charge-discharge curves at varied cycles
As exhibited in Fig. S27, the assembled cell provides a capacity retention of 54.62% and an average Coulombic efficiency of 99.00% after 95 cycles at 0.4 C rate between 2.8 and 4.3 V.
Table S1 Cycle performance comparison of SiOx electrode based half-cells using PPM-PE and previously reported typical electrolytes
	
	Electrolytes
	Remaining specific capacity (mAh g−1)
	Cycle
number
	Capacity
Retention (%)
	References

	Li//SiOx
half cells
	PPM-PE
	1035 
	400 cycles at 0.5C
	80.63
	Our work

	
	2FPI-5FEC
	895.3 
	100 cycles
	69.20
	[bookmark: OLE_LINK14][bookmark: OLE_LINK15][S1]

	
	10.0 TFE
	1135 
	100 cycles
	69.90
	 [S2]

	
	LTN
	1013 
	100 cycles
	83.20
	 [S3]

	
	TMVS
	1017 
	200 cycles
	70.00
	 [S4]

	
	SE + 0.5 F
	1250 
	50 cycles
	82.40
	 [S5]

	
	15.0 TTFP
	1302 
	100 cycles
	84.90
	 [S6]

	
	VL-2
	1179 
	100 cycles
	72.70
	 [S7]


Table S2 RSEI and RCT of SiOx electrodes in half-cells with different electrolytes after initial cycling
	[bookmark: _Hlk191182316]
	RSEI (Ω)
	RCT (Ω)

	SiOx@PPM-PE
	4.5
	19.0

	SiOx@ LE
	4.4
	18.2



Table S3 RSEI and RCT of SiOx electrodes in half-cells with different electrolytes after 30th cycling
	
	RSEI (Ω)
	RCT (Ω)

	SiOx@PPM-PE
	4.6
	31.2

	SiOx@ LE
	6.3
	71.5
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