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Supplementary Figure 1. Digital of photo of 2M ZnSO4 in H2O/DMF with different volume ratio.
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Supplementary Figure 2. Snapshot of ZnSO4-H2O-DMF (5:1) during MD simulation.
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Supplementary Figure 3. Radial distribution functions (RDFs) and coordination number distribution functions obtained from MD simulations for ZnSO4-H2O-DMF (5:1) electrolyte.
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Supplementary Figure 4. Coordination numbers of H2O, DMF, and SO42– around Zn2+ in different electrolytes.
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Supplementary Figure 5. Different Zn2+[DMF]x[H2O]y[SO42–]z complex ratios in (a) ZnSO4-H2O, (b) ZnSO4-H2O-DMF (5:1), and (c) ZnSO4-H2O-DMF (4:2) electrolytes obtained from MD simulations.
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Supplementary Figure 6. 17O NMR spectra in ZnSO4-H2O and ZnSO4-H2O-DMF.
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Supplementary Figure 7. Cycling performance of Zn||Zn symmetric cells in ZnSO4-H2O-DMF (5:1) electrolyte at 1 mA cm–2 for 1 mA h cm–2. The voltage increase at around 450 h is caused by the temperature drop due to power failure of the temperature-controlled equipment.
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Supplementary Figure 8. Ion conductivities of different electrolytes at 25 ℃.
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Supplementary Figure 9. Cycling performance of Zn||Zn symmetric cells in ZnSO4-H2O-DMF electrolyte at 2 mA cm–2 for 1 mA h cm–2. The voltage increase at around 300 h is caused by the temperature drop due to power failure of the temperature-controlled equipment.
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Supplementary Figure 10. Rate performance of Zn||Zn symmetric cell in ZnSO4-H2O at various current densities.
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Supplementary Figure 11. Selected charge-discharge profiles of Zn||Cu asymmetric cell in ZnSO4-H2O at 1 mA cm–2 for 1 mA h cm–2.
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Supplementary Figure 12. Corrosion curves of Zn anodes in different electrolytes.
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Supplementary Figure 13. SEM image of bare Zn anode.
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Supplementary Figure 14. SEM images of bare Zn anodes after immersion in (a) ZnSO4-H2O and (b) ZnSO4-H2O-DMF electrolytes for 5 days.
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Supplementary Figure 15. XRD patterns of bare Zn anodes after immersion in (a) ZnSO4-H2O and (b) ZnSO4-H2O-DMF electrolytes for 5 days.
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Supplementary Figure 16. CV curves of Zn||Ti cells with different electrolytes.
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Supplementary Figure 17. Nyquist plots Zn||Zn symmetric cells tested in (a) ZnSO4-H2O and (b) ZnSO4-H2O-DMF under different temperatures. (c) The activation energies obtained from Nyquist plots.
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Supplementary Figure 18. Chronoamperograms of Zn anodes in different electrolytes.
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[bookmark: OLE_LINK5]Supplementary Figure 19. TEM image of Zn anode surface after 20 cycles in ZnSO4-H2O.
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Supplementary Figure 20. XRD patterns of Zn anodes after 20 cycles in different electrolytes.
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Supplementary Figure 21. pH values of different electrolytes at 25 ℃.
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Supplementary Figure 22. (a) CV curves of HZICs in ZnSO4-H2O at different scan rate. (b) Galvanostatic charge-discharge profiles of HZICs in ZnSO4-H2O at various current densities.
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Supplementary Figure 23. SEM images of Zn anodes after 500 cycles in HZICs with (a) ZnSO4-H2O and (b) ZnSO4-H2O-DMF electrolytes.
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Supplementary Figure 24. DSC curves of different electrolytes at low temperature.
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Supplementary Figure 25. Ion conductivities of different electrolytes at different temperatures.
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Supplementary Figure 26. DSC curves of different electrolytes at high temperature.
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Supplementary Figure 27. Cycling performance of HZICs at 2 A g–1 in different electrolytes under 60 C.
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Supplementary Figure 28. Cycling performance of HZICs at 2 A g–1 in different electrolytes under 70 C.
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Supplementary Figure 29. Galvanostatic charge-discharge profiles of HICs cycled in ZnSO4-H2O and tested at 0.5 A g–1 under various temperatures.
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Supplementary Figure 30. Nyquist plots Zn||Zn symmetric cells at various temperatures after 20 cycles at 2 mA cm–2 for 1 mA h cm–2 and -20 C in ZnSO4-H2O-DMF electrolyte.
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Supplementary Figure 31. (a) XRD pattern and (b) SEM image of the as-synthesized Zn5(OH)6(CO3)2.
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Supplementary Figure 32. TGA/DTA curves of the as-synthesized Zn5(OH)6(CO3)2.


Supplementary Table 1. Composition of different electrolytes.
	System 
(2 mol/L)
	ZnSO4 salt
	H2O
	DMF
	Molar ratio (H2O:DMF)

	ZnSO4-H2O
	2 mmol
	55.56 mmol
	0
	--

	ZnSO4-H2O-DMF (5:1)
	2 mmol
	49.30 mmol
	2.16 mmol
	22.82:1

	ZnSO4-H2O-DMF (4:2)
	2 mmol
	37.04 mmol
	4.32 mmol
	8.57:1



Supplementary Table 2. Numbers of ions and solvent molecules in MD models.
	System 
(2 mol/L)
	Number of Zn2+
	Number of SO42-
	Number of H2O
	Number of DMF

	ZnSO4-H2O
	50
	50
	1390
	0

	ZnSO4-H2O-DMF (5:1)
	50
	50
	1226
	54

	ZnSO4-H2O-DMF (4:2)
	50
	50
	922
	108



Supplementary Table 3. Radial distribution functions and coordination number of different electrolytes.
	System
	CN of DMF (coordinated/total)
	CN of H2O
	CN of SO42-

	ZnSO4-H2O
	0.00 (0.0%)
	3.82
	1.72

	ZnSO4-H2O-DMF (5:1)
	0.20 (18.5%)
	3.68
	1.60

	ZnSO4-H2O-DMF (4:2)
	0.44 (20.4%)
	3.48
	1.56
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Supplementary Table 4. Comparison of electrochemical properties of the recently reported Zn anodes using electrolyte modification strategy.
	Electrolyte
	Current density
(mA cm-2)@Capacity (mAh cm-2)
	Cycle life (h)
	Ref.

	[bookmark: OLE_LINK14][bookmark: OLE_LINK16]2M ZnSO4 in H2O:DMF (4:2)
	1@1
	2500
	This work

	
	2@1
	1400
	

	
	4@1
	1000
	

	2M ZnSO4 in H2O:DMF (5:1)
	1@1
	1780
	

	1M Zn(TFSI)2+20M LiTFSI
	0.2@0.068
	~170
	[1]

	1M Zn(SO3CF3) + 1M Li(SO3CF3)2
	0.5@0.25
	1500
	[2]

	0.5M Zn(CF3SO3)2 in TEP:H2O (7:3)
	1@1
	220
	[3]

	LiTFSI:Zn(TFSI)2:urea:water= 1 : 0.05 : 3.8 : 2.0
	0.1@0.074
	2400
	[4]

	3M Zn(CF3SO3)2 in H2O: diethyl ether (98:2)
	0.2@0.2
	250
	[5]

	[bookmark: OLE_LINK23][bookmark: OLE_LINK26]2M ZnSO4+0.05mM TBA2SO4
	2@2
	300
	[6]

	2 M ZnSO4 in ethylene glycol: H2O (40:60)
	2@1
	145
	[7]

	1M Zn(OAc)2+31M KOAc
	5@0.42
	33.3
	[8]

	1M ZnCl2 in H2O: DMSO (17:1)
	0.5@0.5
	1000
	[9]

	1 M ZnSO4 in acetonitrile: H2O (10:90)
	1@2
	600
	[10]

	3M ZnSO4+ 2M LiCl
	0.2@--
	170
	[11]

	1M ZnSO4+ 10mM glucose
	1@1
	2000
	[12]

	1M Zn(CF3SO3)2 +25mM Zn(H2PO4)2 in H2O
	1@1
	1200
	[13]

	4M Zn(TFSI)2+4M P444(201)-TFSI
	1@1
	850
	[14]

	3M Zn(SO3CF3)2+20mM Zn(NO3)2
	0.5@0.5
	1200
	[15]

	2M Zn(SO3CF3)2 in H2O:DMC (4:1 in molar)
	1@0.5
	1050
	[16]

	2M Zn(SO3CF3)2 in H2O: EG (1:5)
	0.5@0.5
	600
	[17]

	2M ZnSO4 + 0.05M KPF6
	1@0.5
	2200
	[18]

	2M ZnSO4 + 0.5M NaSO4
	0.2@--
	300
	[19]

	[bookmark: OLE_LINK42][bookmark: OLE_LINK43]2M ZnSO4 in glycerol: H2O (1:1)
	1@1
	1500
	[20]

	[bookmark: OLE_LINK17][bookmark: OLE_LINK22]1M ZnSO4 + 6mM POM in H2O
	10@1
	114
	[21]

	3M ZnSO4 in H2O: ethylene glycol (32:68)
	0.5@0.5
	2668
	[S22]

	2M ZnSO4 + 0.05mg mL-1 Ti3C2Tx
	1@1
	1000
	[S23]

	4M Zn(SO3CF3)2+0.5M Me3EtNOTF
	0.5@0.25
	6000
	[S24]



Supplementary Table 5. Nyquist results of symmetric cells fitting using the equivalent circuit.
	Electrolytes
	Pristine
	After 30 min
	After 10 cycles
	After 20 cycles

	
	Rs (Ω)
	Rct (Ω)
	Rs (Ω)
	Rct (Ω)
	Rs (Ω)
	Rint (Ω)
	Rct (Ω)
	Rs (Ω)
	Rint (Ω)
	Rct (Ω)

	ZnSO4-H2O
	0.1
	420
	0.1
	820.3
	0.5
	3.2
	96.1
	0.3
	3.3
	72.4

	ZnSO4-H2O-DMF
	1.1
	198.5
	1.1
	362.9
	1.2
	2.2
	58.5
	1.3
	2.1
	46.2



Supplementary Table 6. Nyquist results of symmetric cells fitting using the equivalent circuit.
	Temperature (C)
	Rs (Ω)
	Rint (Ω)
	Rct (Ω)

	-20
	8.6
	3077
	12306

	70
	1.3
	8.9
	44.7



Equivalent circuit diagram of symmetrical cells in ZnSO4-H2O and ZnSO4-H2O-DMF:
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Movies

Supplementary Movie 1. Operando optical video of Zn anode observed in symmetric transparent cell with ZnSO4-H2O.
Supplementary Movie 2. Operando optical video of Zn anode observed in symmetric transparent cell with ZnSO4-H2O-DMF.
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