A polymer electrolyte with a thermally induced interfacial ion-blocking function enables safety-enhanced lithium metal batteries
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Fig. S1. Preparation process of P(VC-EAVE)-PE.
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Fig. S2. FTIR spectra of monomers, liquid electrolyte and P(VC-EAVE)-PE.
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Fig. S3. 1H NMR spectrum of P(VC-EAVE)-PE.
As illustrated in Fig. S3, it is evident that the proton of double bonds on EAVE located at 7.5 and 8.0 ppm almost disappears after polymerization, while the proton on the VC monomer located at ~7.7 is still present after thermal treatment together with the generation of protons (5.4 ppm) on PVC segments. These observations mean that nearly all EAVE monomers undergo random radical copolymerization, while VC monomer delivers a low conversion rate (49.5%, calculated by integral area ratio (1.00/(1.00+1.02)).
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Fig. S4. GPC curves of P(VC-EAVE)-PE in the  before and after thermal treatment at 150 °C.
As shown in Fig. S4, the molecular weight of P(VC-EAVE) increases from 2.3 × 105 to 2.4 × 105, and PDI increased from 3.2 to 3.8. 
Besides, there generates a very small portion of larger-molecular-weight polymers, which may result from either the crosslinking reaction between relatively low-molecular-weight P(VC-EAVE) or few residual VC monomers polymerized onto polymer matrix P(VC-EAVE) upon heating. Such small portion of larger-molecular-weight polymers means that this is not the dominate evolution route of remaining VC in the P(VC-EAVE-PE).
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Fig. S5. AC impedance spectra of P(VC-EAVE)-PE with 100 wt.% electrolyte uptake and different VC/EAVE molar ratios (3/1, 2/1, 1/1, 1/2, 1/3) 
As shown in Fig. S5, the P(VC-EAVE)-PE with a VC/EAVE molar ratio of 1:1 exhibits the highest ionic conductivity (2.8 × 10-4 S cm-1) at ambient temperature. 
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Fig. S6. Resultant physical state of P(VC-EAVE) with different LE uptakes (100 wt.%, 200 wt.%, 300 wt.%, 400 wt.%).
Fig. S6 indicates that the P(VC-EAVE)-PE with 100 wt.% electrolyte uptake shows quasi solid state, which is chosen as the model electrolyte for further battery research.
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Fig. S7. (a) Linear sweep voltammogram and (b) temperature dependency comparison of ionic conductivity for P(VC-EAVE)-SPE. (c) Current-time profiles following a DC polarization of 0.01 V for the Li/P(VC-EAVE)-SPE/Li symmetrical cell at room temperature. The inset shows the corresponding Nyquist profiles of electrochemical impedance spectroscopy before and after polarization.
As shown in Fig. S7a, a low activity energy (Ea = 0.048 eV) of PVCVA-PE is obtained through Vogel-Tammann-Fulcher (VTF) fitting based on the temperature dependence of ionic conductivity, implying the fast segmental movement of the polymer matrix conductive to ionic conduction. To investigate the anodic stability of the P(VC-EAVE)-PE, linear sweep voltammetry (LSV) experiments were conducted by sandwiching it between the stainless steel and lithium metal electrodes (Fig. S7b). P(VC-EAVE)-PE shows a decomposition potential of beyond 5.4 V (vs. Li+/Li), indicating its high oxidation stability. The time-current curve of the Li/P(VC-EAVE)-PE/Li symmetric cell following a direct current (DC) polarization of 0.01 V for 6000 s is presented in Fig. S7c. As we can see, the initial current is 80 μA and then stabilizes at 60 μA after polarization, and the corresponding interfacial impedance increases from 95.8 Ω to 124.3 Ω. As a result, the P(VC-EAVE)-PE presents a tLi+ of 0.68, obviously higher than the value (~0.3) of the LE counterpart. Such a high tLi+ of P(VC-EAVE)-PE might be attributed to the fast segmental movement kinetics of P(VC-EAVE) segments. 
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Fig. S8. 1H NMR spectrum of P(VC-EAVE)-PE after treatment at 150 °C.
In Fig. S8, the 1H NMR analysis indicates that the peak of C=C on remaining VC monomers in the as-investigated electrolyte located at 7.7 ppm almost disappears with VC conversion from 49.5% to 90.9%, indicative of the chemical evolution of residual VC under thermal treatment.
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Fig. S9. Typical cross-sectional SEM image of cycled Li metal in P(VC-EAVE)-based cells  before 150 °C.
In Fig.S9, the cycled SEI of P(VC-EAVE)-based cells without thermal treatment is about 2.5 μm.
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Fig. S10. Cross-sectional (a) O, (b) C and (c) F mapping images of cycled Li metal in Fig. 1c via energy dispersive X-ray spectroscopy (EDS). (d)Pore size distribution of cycled Li metal anode towards P(VC-EAVE) after heating, while the inset is the enlarged view ranging from 0 to 50 nm pore width.
As shown in Fig. S10a-c, cross-sectional (a) O, (b) C and (c) F mapping images of cycled Li metal further verify the large thickness of SEI on the cycled Li anode towards P(VC-EAVE) after thermal treatment. In addition, abundant O and C elements are observed in the whole SEI layer towards P(VC-EAVE), while the F element is mainly present in the bottom of that SEI. 
As illustrated in Fig. S10d, the pore sizes of cycled Li metal anodes towards P(VC-EAVE) range from 4 nm to 158 nm, with a median pore width of 6.786 nm.
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Fig. S11. XPS Li 1s spectrum of cycled Li anodes before and after thermal treatment at 150 °C.
In Fig. S11, there is decreased content of C-O-Li species assigned to Li2CO3, and LiF on the cycled Li anode after thermal treatment. Thereinto, the generation of Li2CO3 can evolve from carbonate solvents, remaining VC and the polymer matrix. Nevertheless, given its low amount and no obvious increase after thermal treatment, the decomposition of VC into lithium carbonate and lithium ethylene diol (or other analogues) is not the main evolution route.
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Fig. S12. Quantified C ratios at varied sputtering depths of Li electrodes before and after 150 °C.
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Fig. S13. Images of VC containing Li2CO3 (a) before and (b) after thermal treatment. (c) The corresponding 1H NMR spectrum of the VC derivatives after heating. (d) Possible polymerization mechanism of remaining VC initiated by Li2CO3.
 To confirm whether Li2CO3 can initiate the polymerization of VC, a confirmatory experiment of heating VC solution containing Li2CO3 was designed. Here, commerical available VC was purified to remove the polymerization inhibitor via alkaline aluminium oxide-based column chromatography. As illustrated in Fig. S13a-b, the liquid VC solution containing Li2CO3 turns into solid state after thermal treatment at 150 °C for 5 min, implying the occurrence of VC polymerization. Furthermore, the 1H NMR spectrum analysis indicate that good amounts of PVC are present in the solid after heating (Fig. S13c). These findings suggest that the remaining VC in the as-developed electrolyte can polymerize under thermal treatment, which could be initiated by Li2CO3 (Fig. S13d). This polymerization reaction should follow an anionic polymerization type mechanism. Specifically, the carbonate anion of Li2CO3 attacks the double bond of VC via a nucleophilic addition reaction at high temperature (150 °C), and the produced carbanion then attacks neighboring VC, ultimately giving PVC.
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Fig. S14. Time-dependent temperature curves of the SEI layer component collected from the cycled lithium anode after heating treatment in ARC tests.
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Fig. S15. Time-dependent voltage curves of LE-based cells before and after thermal treatment at 150 °C for 10 min. 
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Fig. S16. Impedance curves of the cycled LFP/P(VC-EAVE)-PE/Li cell before and after heat treatment at 150 °C for 10 min.
[image: C:\Users\Administrator\Desktop\dui74455.jpg]
Fig. S17. (a) Impedance curves of the cycled Li/P(VC-EAVE)-PE/Li cell before and after heat treatment at 150 °C for 10 min; (b) Enlarged view of (a).
  As shown in Fig. S17, the bulk impedance of cycled Li/P(VC-EAVE)-PE/Li cells before and after heat treatment shows similar values.
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Fig. S18. Photographs of LE-based pouch cells (a) before and (b) after heating at 150 oC; Photographs of PVC-based pouch cells (c) before and (d) after heating at 150 oC; Photographs of P(VC-EAVE)-PE-based pouch cells (e) before and (f) after heating at 150 oC.
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Fig. S19. (a) Time-dependent temperature curves of batteries with PVC-PE at heating test. (b) Corresponding time-dependent voltage curves of batteries with the LE, P(VC-EAVE)-PE and  PVC-PE at heating tests.
In Fig. S19a, the PVC-based pouch cell shows a relative stable temperature profile. However, the PVC-based pouch cell and LE shows short-circuit behaviors after 150 °C (Fig. S19b), which indicates their unstable operations at high temperature.
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Fig. S20. Typical (a) top and (c) cross-sectional view of SEM images of Li deposition onto Cu foils in Cu/Li cells with P(VC-EAVE)-SPE at 0.5 mA cm−2.  Typical (b) Top and (d) cross-sectional view of SEM images of Li deposition onto Cu foils in Cu/Li cells with LE at 0.5 mA cm−2.
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Fig. S21. Corresponding charge/discharge profiles at different cycles of the LE-based LFP/ Li cell.
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[bookmark: _GoBack]Fig. S22. Typical (a) surface and (c) cross-sectional SEM images of Li metal of P(VC-EAVE)-PE-based cells after 50 cycles. Typical (b) surface and (d) cross-sectional SEM images of Li metal of LE-based cells after 50 cycles.
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