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[bookmark: _Hlk217391898]Supplementary Method S1
Electrochemical performance measurements
[bookmark: OLE_LINK39]The ionic conductivity was tested by EIS to measure the impedance (𝑅), and calculated by the Equation (1): 
                                                (1)
where 𝜎 is ionic conductivity, 𝐿 represents the thickness of the separator, and 𝑆 stands for the area of the electrode, respectively.
The lithium transference number (tLi+) was performed by a combination of direct-current (DC) polarization and AC impedance in a Li||Li symmetrical cell. tLi+ can be calculated with the Equation (2): 
                                            (2)
where 𝐼0 and 𝑅0 represent the initial current and pristine resistance, respectively. 𝐼𝑠 and 𝑅𝑠 correspond to the current and resistance at steady state, respectively, while 𝑉0 is the applied voltage polarization.
The activation energy of the Li+ desolvation process was obtained from the temperature-dependent EIS Nyquist plots from 303 K to 343 K, fitted by the Arrhenius equation (3): 
[bookmark: OLE_LINK29]                                          (3)
where 𝑅0 represents the Li+ desolvation resistance or the resistance of Li+ transport through the interphase, 𝑇 is the absolute temperature, 𝑅 is the gas constant, and 𝐴 is the pre-exponential factor.
Supplementary Method S2.
Finite element simulation
Transient simulations were performed to describe the lithium plating process. The negative-electrode surface was assigned an electric potential of 0 V, whereas the positive-electrode surface was assigned an electric potential of 0.1 V. The initial Li+ concentration in the electrolyte was set to 1000 mol m−3, and the plating time was set to 120 s.
A representative cell consisting of a lithium metal electrode and an electrolyte region, including the solid electrolyte and electrolyte-filled separator, was used as the model system. The two phases and three components in the model were described by a non-conserved order parameter, where  = 0 represents the electrolyte phase and = 1 represents the lithium metal phase, together with component concentrations for Li, Li+, and anion species. The local electrostatic potential is denoted by , where i represents the lithium electrode or electrolyte domain, and the displacement field is denoted by . The total free energy of the system is expressed as Equation (5):
                           (5)
where ,, , and  denote the gradient, chemical, electrostatic, and elastic free-energy densities, respectively.
The kinetics of the electrochemical reaction were described by the Butler–Volmer formalism, as given in Equation (6):
                      (6)
[bookmark: OLE_LINK37][bookmark: OLE_LINK3]where  is the interfacial mobility,  is the reaction-rate constant,  is the charge-transfer coefficient, is the initial electrolyte concentration. The interpolation function is defined as . The overpotential  is defined as Equation (7):
 =                                          (7)
where  is the potential of the lithium metal electrode,  is the electrolyte potential, and is the equilibrium potential of the electrochemical reaction.
The spatiotemporal evolution of the concentration  in the electrolyte was governed by the Nernst–Planck equation, as shown in Equation (8): 
                           (8)
where  is the diffusion coefficient of , and  is the initial lithium concentration in the electrode. This equation accounts for both diffusion and electromigration. 
The electrostatic potential distribution was determined by Equations (9) and (10):
                                          (9)
                                       (10)
where the effective electrical conductivity, , is defined as Equation (11):
[bookmark: OLE_LINK12] =                                     (11)
where  and  represent the electrical conductivities of the electrode and the electrolyte, respectively.
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Supplementary Figure S1. Structural formula of PFPA and PETEA and possible structural diagram of polymer matrix for LGPE.
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[bookmark: OLE_LINK70][bookmark: OLE_LINK30]Supplementary Figure S2. Radial distribution function g(r) (solid line) and coordination number CN (dashed line) calculated from MD simulations of (a) LHCE and (b) LGPE(BTFE-TTE).
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Supplementary Figure S3. Snapshots of MD simulations of LHCE.
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Supplementary Figure S4. Nyqusit curves of (a) LGPE and (b) BE at room temperature and corresponding ionic conductivities.
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Supplementary Figure S5. XRD spectra of LGPE.
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Supplementary Figure S6. Timed current polarization curves and impedance spectra before and after polarization for the Li||BE||Li symmetric cell.
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Supplementary Figure S7. TG curves for LGPE and BE.
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Supplementary Figure S8. LOI test results of BE,LHCE and LGPE.
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[bookmark: OLE_LINK85]Supplementary Figure S9. SET values of BE,LHCE and LGPE.
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Supplementary Figure S10. TG-FTIR 3D mapping curves for BE.
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[bookmark: OLE_LINK51][bookmark: OLE_LINK14]Supplementary Figure S11. XPS spectra of char residue for LGPE and BE. a) O 1s, b) P 2p.
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[bookmark: OLE_LINK52]Supplementary Figure S12. Nyquist curves for electrochemical impedance spectroscopy (EIS) testing of (a) LGPE and (b) BE.
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[bookmark: OLE_LINK54]Supplementary Figure S13. Voltage-capacity profiles of (a) LGPE and (b) BE at the 1st, 25th, 50th, and 100th cycles.
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Figure S14. SEM images of the cycled lithium anodes with the (a) LGPE and (b) BE.
[image: ]
[bookmark: OLE_LINK16]Supplementary Figure S15. COMSOL Multiphysics simulates the Li deposition and the electric field distribution near LHCE.
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Supplementary Figure S16. COMSOL Multiphysics simulated the lithium - ion concentration gradients of BE, LHCE, and LGPE.
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Supplementary Figure S17. The adsorption energy when the carbonyl oxygen (C=O) in the acrylate group of PFPA points towards the Li surface.
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Supplementary Figure S18. Energy profiles and corresponding activation barriers (Ea) for the reduction and dissociation of isolated PFPA on the lithium anode.
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[bookmark: OLE_LINK15][bookmark: OLE_LINK69]Supplementary Figure S19. Cryogenic HRTEM images and FFT of Li2O, LiF and Li2CO3 of BE.
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Supplementary Figure S20. TOF-SIMS depth profiling of secondary ion fragments on the SEI using BE.

[image: ]
Supplementary Figure S21. XPS spectra of the Li anode in Li||Li batteries with BE at different etching times after 50 cycles: a) C 1s, b) F 1s and c) Li 1s .
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[bookmark: OLE_LINK76][bookmark: OLE_LINK11]Supplementary Figure S22. Electrochemical floating analysis of LGPE and BE.
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Supplementary Figure S23. CV curves using a) LGPE and b) BE at 0.1 mV s-1 between 2.8 and 4.6 V.
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[bookmark: OLE_LINK6][bookmark: OLE_LINK128]Supplementary Figure S24. Charge/discharge curves of Li||NCM811 cells in a) LGPE and b) BE.
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Supplementary Figure S25. Rate performance of Li||NCM811 cells with LGPE and BE.
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Supplementary Figure S26. the diffusion coefficient of Li+ at different voltages.
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Supplementary Figure S27. (a–c) GITT curves of NCM811 electrodes in LGPE and BE at different states of charge.
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[bookmark: OLE_LINK53]Supplementary Figure S28. In-situ EIS spectra and their DRT transformation results of the Li||NCM811 battery assembled with a) LGPE and b) BE during the charge process, and with c) LGPE and d) BE during the discharge process at 25 °C.
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Supplementary Figure S29. The cycling performance of Li||LcoO2 batteries charged and discharged at a 0.5 C rate using LGPE and BE with a cut-off voltage of 4.6 V.
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Supplementary Figure S30. The corresponding charge–discharge curves of Li||LGPE||NCM811 pouch cells.
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Supplementary Figure S31. a)ARC tests of fully charged Li||LGPE||NCM811 and Li||BE||NCM811 coin cells in HWS mode and b) corresponding dT/dt vs temperature curves.


[bookmark: OLE_LINK7][bookmark: OLE_LINK5]Supplementary Tables Table S1. Comparison of Limiting Oxygen Index (LOI) and Self Extinguishing Time (SET) between LGPE and Reported Flame Retardant Electrolytes.
	Reference
	LOI(%)
	SET(s g-1)

	S1
	39.00
	[bookmark: OLE_LINK10]N/A

	S2
	29.00
	N/A

	S3
	32.00
	N/A

	S4
	24.00
	8.60

	S5
	25.1
	0.95

	S6
	27.2
	6.90

	S7
	N/A
	2.53

	S8
	N/A
	3.00

	S9
	N/A
	3.22

	This work (BE)
	15.90
	63.00

	This work (LHCE)
	39.70
	3.00

	This work (LGPE)
	49.10
	0



Supplementary Tables Table S2. Electrochemical performance comparison of LGPE-based full cells with reported electrolytes under diverse conditions.
	[bookmark: OLE_LINK20]Reference
	Temperature (°C)
	Rate (C)
	Cycle number
	Capacity retention (%)
	Cathode

	S10
	25
	0.1
	100
	83.20
	NCM811

	S11
	25
	0.5
	150
	80.40
	NCM811

	S12
	25
	0.5
	200
	78.00
	NMC811

	S13
	25
	0.3
	236
	80.80
	NMC811

	S14
	25
	0.5
	300
	71.95
	NMC811

	[bookmark: OLE_LINK21]S15
	25
	0.5
	200
	74.40
	NMC811

	This work
	25
	0.5
	330
	79.80
	NMC811



	[bookmark: OLE_LINK8]Reference
	Temperature (°C)
	Rate (C)
	Cycle number
	Capacity retention (%)
	Cathode

	S16
	55
	0.5
	100
	66.80
	NCM811

	S17
	55
	N/A
	100
	80.00
	NCM

	S18
	45
	0.1
	120
	71.00
	NCM811

	S19
	60
	0.5
	200
	80.00
	NCM

	S20
	60
	0.1
	200
	70.00
	LCoO2

	S21
	60
	0.2/0.5
	200
	77.50
	NCM811

	This work
	60
	0.5
	300
	78.80
	NCM811



	Reference
	Voltage range (V)
	Rate (C)
	Cycle number
	Capacity retention (%)
	Cathode

	[bookmark: OLE_LINK9][bookmark: OLE_LINK18]S22
	3.0-4.5
	0.2
	140
	81.00
	NCM811

	S23
	3.0-4.5
	0.5
	150
	69.60
	LCO

	S24
	2.5-4.5
	0.33
	200
	77.00
	NCM811

	S25
	3.0-4.5
	0.1
	200
	71.00
	NCM811

	S26
	3.0-4.5
	0.5
	200
	68.60
	LCO

	S15
	2.7-4.5
	0.1
	200
	64.4
	NCM811

	This work
	2.8-4.5
	0.5
	200
	82.70
	NCM811
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