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Supplementary Figures
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Fig. S1 The cycle performance of Si anode with different concentrations of PMTFPS at current density of 200 mA g−1
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Fig. S2 High-resolution transmission electron microscopy image of the pristine Si particle
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Fig. S3 (a) Initial charge/discharge profiles of Si anode at 50 mA g–1 for the first three cycles and 200 mA g–1 for the subsequent cycles; (b) Cyclic performances of Li−Li symmetric cells under 1.0 mA cm−2/1.0 mAh cm−2
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[bookmark: _Hlk197979053]Fig. S4 Top-view SEM images of Si anodes cycled in the (a) P and (b) PF electrolyte[image: ]
Fig. S5 Top-view SEM images of Si anodes cycled in the PF electrolyte discharging to 2.0 V (a), 1.8 V (b) and 1.6 V (c); and applied a constant voltage of 1.8 V for 2 h (d), 5 h (e), 10 h (f)
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Fig. S6 Relative atomic content of Si, O, F, and C based on the XPS survey spectra of the SEI formed in the P and PF electrolytes 
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Fig. S7 XPS spectrum of the Si 2p from the Si anode cycled in the PF electrolyte
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Fig. S8 MALDI-ToF-Ms spectrum of PMTFPS
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Fig. S9 The corresponding FFT pattern of the Fig. 3a and the enlarged region of crystalline LiF
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Fig. S10 The corresponding FFT pattern of the Fig. 3b and the enlarged region of crystalline LiF
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Fig. S11 Dark-field scanning transmission electron microscopy (STEM) image of the Si anode cycled in P electrolyte for the EDS mapping in the Fig. 3c
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Fig. S12 Dark-field STEM image of the Si anode cycled in P electrolyte for the EDS mapping in the Fig. 3d
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Fig. S13 The distribution of F and O based on the EELS mapping of the Si particle cycled in PF electrolyte
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Fig. S14 EELS spectra from the top layer (a-c) and middle layer (d-f) of the Si particle in the PF electrolyte
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Fig. S15 ToF-SIMS spectra of the Si–, LiF₂–, and SiCH₂–signals of P electrolyte (a) and PF electrolyte (b)
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Fig. S16. Cross-sectional image and its corresponding elemental mappings based on the EDS from the Si anode after 50 cycles in the PF electrolyte
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Fig. S17 Cross-sectional image and its corresponding elemental mappings based on the EDS from the Si anode after 50 cycles in the P electrolyte
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[bookmark: _Hlk196468959]Fig. S18 Cross-sectional SEM images of the Si anodes cycled in the (a) P and (b) PF electrolytes after 3 cycles at 50 mA g–1 and 50 cycles at 200 mA g–1
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Fig. S19 DSC curves of the Si electrodes after 10 cycles in the P and PF electrolytes
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Fig. S20 Galvanostatic charge-discharge profiles of Li||Si half-cells at a current density of 100 mA g⁻¹ in the voltage range of 0.005–1.5 V
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Fig. S21 the CE changes as a function of cycle number of the Si||LCO full cells with the P and PF electrolyte at 100 mA g–1
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Fig. S22 Cryo-TEM images of LCO cathodes cycled for 100 cycles in Si ∥ LCO full cells with (a) P electrolyte and (b) PF electrolyte after 10 cycles
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Fig. S23 Top-view SEM images of Si anodes after 300 cycles at 100 mA g⁻¹ in Si||LiCO full cell in P electrolyte (a) and PF electrolyte (b)
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Fig. S24 EIS measurements on the Si||LCO full cell after 300 cycles
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Fig. S25 Flammability tests for the P and PF electrolyte
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Fig. S26 SET value for the P and the PF electrolyte
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Fig. S27 DSC curves of the P and PF electrolyte
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Fig. S28 LSV curves for the P and PF electrolyte and their VT
[bookmark: _Hlk197939190][bookmark: _Hlk165664368][bookmark: _Hlk165664621]Table S1 Equivalent circuits and EIS fitting results and errors
[image: ]
	Sample
	Rs
	Error%
	RSEI/CEI
	Error%
	Rct
	Error%

	Li||Si 10th cycles-P
	3.2
	0.7
	3.4
	1.0
	5.9
	0.3

	Li||Si 10th cycles-PF
	3.3
	0.6
	2.4
	1.6
	4.7
	0.5

	Si||LCO 10th cycles-P
	4.0
	0.6
	10.3
	0.5
	44.45
	1.4

	Si||LCO 10th cycles-PF
	4.1
	0.5
	13.6
	1.2
	20
	1.5

	Si||LCO 300th cycles-P
	7.6
	0.3
	57.6
	6.0
	104.7
	4.3

	Si||LCO 300th cycles-PF
	6.9
	0.5
	52.46
	4.1
	78
	3.6


[bookmark: _Hlk197889689][bookmark: _Hlk197889613]Table S2 Performance comparison of the stabilization strategies for silicon (Si) anodes between this work and other reported studies
	[bookmark: _Hlk197889648]Materials
	Strategy
	Current
	cycles
	Capacity retention
	Refs.

	Si
	LiF-Pie SEI
	0.5 C
	300
	88.9%
	This work

	Si-SiOx/C
	CNT nanoskeleton
	0.5 C
	300
	72%
	 [S1]

	Nano Si
	Si@TiO2
	0.5 C
	100
	53%
	 [S2]

	Si-C
	Multi-wall CNTs coating
	0.5 C
	100
	76%
	 [S3]

	Si
	Pre-lithiation
	1 C
	300
	82%
	 [S4]

	SiOx-C
	3D porous SiOx/C composites
	0.5 C
	100
	88.9%
	 [S5]

	Si
	Fe crosstalk 
	0.33 C
	100
	52% 
	 [S6]

	Si
	Polyaniline coating
	0.2 C
	45
	80% 
	 [S7]

	Micro-Si
	Selective dissolution of SEI components
	0.05 C
	150
	83.7% 
	 [S8]

	Si
	silver -decorated mucic acid buffer interface
	0.2 C
	100
	87% 
	 [S9]

	Si
	trifunctional network binder
	0.2 C
	140
	57% 
	 [S10]
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