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Figure S1. The contact angle of various electrolytes on the surface of PVdF separator. 
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Figure S2. The Nyquist plots of graphite||Li half cells using different electrolytes at 25 C after 100 cycles at the discharged state.


 
[image: ]
Figure S3. The LSV scans of DMC and FEA pure solvents with a scan rate of 5 mV s-1 with titanium as the working electrode.
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Figure S4. The corrosion currents with constant potential of 5.1 V for 100 h in 4.8 M LiFSI FEA/DMC + 1% LiPF6, 4.8 M LiFSI FEA/DMC, 4.8 M LiFSI FEA + 1% LiPF6, and 4.8 M LiFSI DMC + 1% LiPF6 electrolytes.



[image: ]
Figure S5. (a) Capacity of graphite cathode tested in 4.8 M LiFSI FEA/DMC electrolyte with different solvent ratios and (b) corresponding Coulombic efficiency; (c) charge and discharge curves of graphite with different electrolytes at 5 C (100th cycle).
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Figure S6. The electrochemical performances of graphite||lithium DIBs in FEA/DMC = 8:2 electrolyte with different LiFSI concentrations at room temperature. (a) Cycle performance at a 5 C current density and (b) charge and discharge profiles at the 100th cycle.
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Figure S7. The effect of LiPF6 content on the electrochemical performances of graphite||lithium DIBs at room temperature. (a) Cycle performance at 5 C current density; (b) rate capability of graphite cathode under various charge/discharge rates.
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Figure S8. The charge-discharge profiles of graphite||Li half-cells using 4.8 M LiFSI-based electrolytes (a) at 50th cycle and (b) at 100th cycle. The charge-discharge curves of cells with (c) 4.8 M LiFSI FEA/DMC + 1% LiPF6, (d) 4.8 M LiFSI FEA/DMC, (e) 4.8 M LiFSI FEA + 1% LiPF6, and (f) 4.8 M LiFSI DMC + 1% LiPF6 electrolytes at selected cycles.
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Figure S9. Capacity-voltage curves of graphite||Li cells under various current densities at room temperature (25 C) in (a) 4.8 M LiFSI FEA/DMC + 1% LiPF6 electrolyte, (b) 4.8 M LiFSI FEA/DMC electrolyte, (c) 4.8 M LiFSI FEA + 1% LiPF6 electrolyte and (d) 4.8 M LiFSI DMC + 1% LiPF6, 
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Figure S10. High-resolution X-ray photoelectron spectra of graphite cathode surface tested with different 4.8 M LiFSI-based electrolytes: (a-d) The full XPS spectra; (e-h) S 2p spectra; (i-l) N 1s spectra.


Table S1. Summary of the elemental composition (at%) on the graphite cathode surface in different electrolytes based on Figure 5h.

	Electrolyte/Solvent
	C
	O
	F
	N
	S
	P

	4.8 M LiFSI FEA/DMC + 1% LiPF6
	70.4
	14.4
	8.9
	2.8
	3.1
	0.4

	4.8 M LiFSI FEA/DMC
	71.7
	13.3
	9.7
	2.9
	2.4
	-

	4.8 M LiFSI 
FEA + 1% LiPF6
	62.7
	16.4
	14.6
	2.5
	3.5
	0.3

	4.8 M LiFSI DMC + 1% LiPF6
	61.2
	18.2
	9.3
	4.3
	5.9
	1.1
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Figure S11. The melting point of 3.7 M LiPF6 FEA/DMC and 4.8 M LiFSI FEA/DMC + 1% LiPF6 electrolytes.


Table S2. Summary of the electrochemical performances of reported dual-ion batteries at room temperature and low temperature. 

	Anion
	Cathode||
anode
	Electrolyte
	Voltage range (V)
	Specific discharge capacity (mAh g-1)
	Applied current density
(1C=100mA g-1)
	Temperature
	Cycling capability (capacity retention/cycles)
	Reference

	This work
	Graphite||Li
	4.8 M LiFSI-FEA/DMC + 1% LiPF6
	3.0-5.1
	93.1
	2 C
	25 C
	94.1%/ 
2000
	This work

	
	
	
	3.0-5.1
	88.0
	2 C
	0 C
	86.3%/500
	

	
	
	
	3.0-5.0
	69.2
	0.5 C
	-30 C
	-
	

	Other works
	Graphite||Li
	1 M LiFSI-EC/DEC
(1:1)
	3.0 - 5.1
	60
	0.1 C
	25 C
	~99%/5
	[1]

	
	Graphite||Li
	4 M
LiFSI-EC/DEC
	3.4 - 4.95
	86
	0.1 C
	25 C
	87%/50
	[2]

	
	Graphite||Li
	7.5 M LiFSI-EC/DMC
	3.0 - 5.2
	94.0
	2 C
	25 C
	96.8%/500
	[3]

	
	Graphite||Li
	5 M KFSI- EC/DMC
	3.0 - 5.25
	90
	1 C
	25 C
	89%/300
	[4]

	
	Graphite||Sn
	6.6 M KFSI-TMP
	3.0 - 5.35
	100.8
	3 C
	25 C
	81%/400
	[5]

	
	Graphite||Li
	4 M
LiTFSI-EC/DEC
	3.0 - 5.1
	104
	0.1 C
	25 C
	82%/50
	[2]

	
	Graphite||Li
	0.3 M LiTFSIPyr14TFSI
	3.4 - 5.0
	45
	0.5 C
	25 C
	~100%/50
	[6]

	
	Graphite||Li
	2.7 M LiTFSI-DEC
	3.4 - 5.0
	85
	0.5 C
	25 C
	~ 94%/30
	[7]

	
	Graphite||Li
	1 M LiPF6-MA/EMC (5:5)
	3.0 - 5.2
	41
	1 C
	-25 C
	-
	[8]

	
	Graphite||Li
	1 M LiPF6 MP
	3.0 - 5.2
	40.2
	2 C
	-20 °C
	-
	[9]

	
	Graphite|| Graphite
	2.0 M LiPF6-MP/FEC (10:1)
	2.5 - 5.1
	74.4
	1 C
	-40 °C
	-
	[10]

	
	Graphite||PTPAn
	0.5 M NaPF6-DEG/DME
	1.0 - 4.0
	60
	0.1 C
	-40 °C
	-
	[11]
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Figure S12. Long-term cycle performance of cells with 4.8 M LiFSI FEA/DMC + 1% LiPF6 electrolyte at -20 C at a current density of 0.5 C.
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Figure S113. The charge-discharge curves of graphite||Li dual-ion half cells with 4.8 M LiFSI FEA/DMC + 1% LiPF6 and 3.7 M LiPF6 FEA/DMC electrolytes at different current densities at 0 C.
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Figure S14. Nyquist plots of graphite||Li cells with (a) 4.8 M LiFSI FEA/DMC + 1% LiPF6 electrolyte and (b) 3.7 M LiPF6 FEA/DMC electrolyte at 25C at discharged state after different number of cycles.


Table S3. The fitting data for EIS results of graphite||Li cells with 4.8 M LiFSI FEA/DMC + 1% LiPF6 and 3.7 M LiPF6 FEA/DMC electrolytes at different temperatures.

	Electrolyte
	
	25 C
	0 C

	
	
	100th
	200th
	400th
	500th
	100th
	200th
	400th
	500th

	4.8 M LiFSI FEA/DMC + 1% LiPF6
	Rohm
	8.1
	7.1
	6.8
	7.3
	26.5
	27.6
	27.9
	28.4

	
	RCEI
	0.5
	0.5
	0.7
	0.8
	1.4
	1
	2.8
	3.9

	
	Rct
	0.7
	0.4
	0.5
	0.6
	4.9
	4.3
	3.0
	2.7

	3.7 M LiFSI FEA/DMC
	Rohm
	14.9
	15.3
	16.1
	16.9
	28.4
	28.9
	29.1
	28.7

	
	RCEI
	0.6
	0.7
	1.0
	1.1
	-
	-
	-
	-

	
	Rct
	0.5
	1
	2.5
	4.2
	5092.6
	5135.7
	5135.8
	5140.0
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