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Supplementary Figure 1. (a) Raman spectra of different electrolytes, D-THF, LiNO3-THF (N-THF), DN-THF and DN-THF-TTE. (b) The proportions of AGGs, CIPs, and SSIPs solvation structure in each electrolyte. 
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Supplementary Figure 2. The ionic conductivity of different electrolytes under different temperatures. 
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Supplementary Figure 3. The different F sites in TTE.


Supplementary Table 1. The calculated binding energy for different solvent-anion pairs.
	Pairs
	Binding energy (kcal/mol)

	Li⁺-DFOB-
	-132.55

	Li⁺-NO3-
	-171.23

	THF-DFOB-
	-35.67

	THF-NO3-
	-23.48

	DFOB--NO3-
	-4.86

	TTE-DFOB-
	54.58

	TTE-NO3-
	-43.92

	Li⁺-TTE
	-55.18
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Supplementary Figure 4. Results from MD simulations for the three electrolytes. (a, c, e) Radial distribution functions and (b, d, f) corresponding snapshots of the simulation boxes for the DN-THF (a, b), DN-THF-TTE (0.5) (c, d), and DN-THF-TTE (e, f) electrolytes, respectively.
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Supplementary Figure 5. Coordination number of (a) Li+-THF, (b) Li-NO3- and (c) Li+-DFOB- in DN-THF, DN-THF-TTE(0.5) and DN-THF-TTE.
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Supplementary Table 2. The population distribution of Li⁺-(THF)x coordination states from the MD simulations
	Label
	THF
	TTE
	DFOB-
	NO3-
	Stat
	Content (%)

	DN-THF
	0
	/
	2
	2
	5.00%
	5%

	
	1
	/
	0
	3
	1.00%
	24%

	
	
	/
	1
	2
	5.00%
	

	
	
	/
	2
	1
	8.00%
	

	
	
	/
	2
	2
	3.00%
	

	
	
	/
	3
	1
	1.00%
	

	
	
	/
	4
	0
	4.00%
	

	
	
	/
	4
	1
	2.00%
	

	
	2
	/
	0
	2
	10.00%
	58%

	
	
	/
	0
	3
	7.00%
	

	
	
	/
	1
	1
	5.00%
	

	
	
	/
	1
	2
	7.00%
	

	
	
	/
	2
	0
	1.00%
	

	
	
	/
	2
	1
	20.00%
	

	
	
	/
	3
	0
	1.00%
	

	
	
	/
	3
	1
	5.00%
	

	
	3
	/
	0
	1
	2.00%
	14%

	
	
	/
	0
	2
	4.00%
	

	
	
	/
	1
	1
	3.00%
	

	
	
	/
	2
	0
	4.00%
	

	
	
	/
	2
	1
	1.00%
	

	
	4
	/
	0
	1
	1.00%
	1%

	DN-THF-TTE(0.5)
	0
	1
	1
	2
	2.00%
	2%

	
	1
	0
	1
	2
	7.00%
	11%

	
	
	0
	2
	1
	3.00%
	

	
	
	1
	1
	1
	1.00%
	

	
	2
	0
	0
	2
	13.00%
	33%

	
	
	0
	1
	1
	9.00%
	

	
	
	0
	1
	2
	5.00%
	

	
	
	0
	2
	0
	2.00%
	

	
	
	0
	2
	1
	3.00%
	

	
	
	0
	3
	0
	1.00%
	

	
	3
	0
	0
	1
	6.00%
	43%

	
	
	0
	0
	2
	7.00%
	

	
	
	0
	1
	1
	6.00%
	

	
	
	0
	2
	0
	24.00%
	

	
	4
	0
	0
	1
	8.00%
	11%

	
	
	0
	1
	0
	1.00%
	

	
	
	0
	2
	0
	2.00%
	

	
DN-THF-TTE
	0
	0
	2
	2
	4.00%
	6%

	
	
	1
	1
	1
	1.00%
	

	
	
	1
	2
	2
	1.00%
	

	
	1
	0
	1
	2
	7.00%
	16%

	
	
	1
	0
	2
	4.00%
	

	
	
	1
	1
	1
	4.00%
	

	
	
	1
	1
	2
	1.00%
	

	
	2
	0
	0
	2
	8.00%
	37%

	
	
	0
	1
	1
	7.00%
	

	
	
	0
	1
	2
	11.00%
	

	
	
	0
	2
	0
	2.00%
	

	
	
	0
	2
	1
	4.00%
	

	
	
	0
	3
	0
	4.00%
	

	
	
	1
	3
	0
	1.00%
	

	
	3
	0
	1
	1
	5.00%
	9%

	
	
	0
	2
	0
	3.00%
	

	
	
	1
	1
	0
	1.00%
	

	
	4
	0
	0
	1
	4.00%
	24%

	
	
	0
	1
	0
	19.00%
	

	
	
	0
	2
	0
	1.00%
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Supplementary Figure 6. The MSD results from MD simulation for DN-THF, DN-THF-TTE (0.5) and DN-THF-TTE at (a) −65 ℃, (b) −25 ℃, (c) 25 ℃ and (d) 65 ℃.
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Supplementary Figure 7. SANS curves for Li metal plated in selected electrolytes to an areal capacity of (a) 6.0 mAh/cm2 and (b) 14.0 mAh/cm2.
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Supplementary Figure 8. (a) Linear sweep voltammetry (LSV) curves for DN-THF and DN-THF-TTE.
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Supplementary Figure 9. The cycling performance electrolyte DN-THF and DN-THF-TTE at room temperature for (a) 4.3V, (b) 4.5V. 
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Supplementary Figure 10. The snapshot of the initial structure for AIMD.
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Supplementary Figure 11. The XPS spectra of (a) O1s, (b) N1s, (c) F1s and (d) C1s for Li metal surface after 50 cycles of plating in Li symmetrical cells with DN-THF and DN-THF-TTE electrolyte.
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Supplementary Figure 12. Low-temperature cycling performance of cell with DN-THF-TTE electrolyte under −30 ℃ and −40 ℃.
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Supplementary Figure 13. Evaluation of Li/NCM811 pouch cells. Low-temperature discharge performance of a ~1.3 Ah cell using the DN-THF-TTE electrolyte at (a) −30 ℃ and (b) −40 ℃. 


Supplementary Table 3. The comparison of areal cathode loading, active material ratio and low-temperature discharge performances with previous literatures.
	Ref.
	Active material ratio
(%)
	Areal cathode loading
(mg/cm2)
	−30℃
	−40℃
	−50℃
	−60℃
	−70℃

	Ref.(1)
	90
	11.0
	
	
	61%
	
	

	Ref.(2)
	90
	21.5
	
	
	
	73%
	

	Ref.(3)
	80
	8.0
	83%
	
	
	
	

	Ref.(4)
	90
	20.69
	
	
	
	66%
	

	Ref.(5)
	80
	1.62
	
	
	73%
	
	

	Ref.(6)
	90
	5.6
	
	
	
	67%
	

	Ref.(7)
	85
	12.5
	
	
	
	61%
	

	Ref.(8)
	95
	26.0
	
	
	67%
	
	

	Ref.(9)
	90
	9.5
	
	
	
	
	92%

	Ref.(10)
	80
	9.0
	
	73%
	
	
	

	Ref.(11)
	96
	13.0
	
	38%
	
	
	

	Ref.(12)
	90
	10.8
	
	
	39%
	
	

	This work
	96
	26.0
	
	
	68%
	
	





Supplementary Figure 4. The detailed parameters and mass of each part of Li/NCM811 pouch cell.
	Components
	Cell parameters
	Values

	Cathode
	Cathode type
	NCM811

	
	Cathode areal loading (mg/cm2)
	26.0

	
	Ratio of active cathode material (%)
	96

	
	Areal capacity of cathode (mAh/cm2)
	5.0

	
	Electrode size (cm2)
	6.2*7.2

	
	Number of electrode sheets
	25

	
	Thickness of Al foil (μm)
	12

	LMA
	Thickness of LMA (μm)
	50

	Electrolyte
	Injection ratio (g/Ah)
	1.00

	
	Total mass of electrolyte (g)
	15.50

	Separator
	Thickness of separator (μm)
	16.0

	Pouch cell
	N/P ratio
	2.14

	
	Charge/discharge rate (C)
	0.05C/0.05C

	
	Capacity (Ah)
	10.31

	
	Energy (Wh)
	39.34

	
	Mass of cell (g)
	93.67

	
	Energy density (Wh/kg)
	420.0
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