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[bookmark: OLE_LINK1][bookmark: _Hlk204933724][bookmark: _Hlk200735263]Fig. S1 The molecule structure of SCL
[bookmark: _Hlk204894318][image: ]
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Fig. S2 a The voltage profiles of Zn//Zn batteries with different electrolytes at 30 mA cm-2 and 30mAh cm-2. b Rate cycling performance comparison of Zn//Zn symmetric cells under different current densities and areal capacities of 1 mA cm-2/1 mAh cm-2, 2 mA cm-2/2 mAh cm-2, 5 mA cm-2/5 mAh cm-2, 10 mA cm-2/10 mAh cm-2, 20 mA cm-2/20 mAh cm-2 and 30 mA cm-2/30 mAh cm-2. c CEs of Zn plating/stripping on Cu foil in SCL/ Zn(OTF)2 electrolyte at 0.5 mA cm-2 with the capacity of 0.5 mAh cm-2. d The XRD spectra of the deposited Zn plates in different electrolytes. e SEM image of the deposited Zn at a constant current density of 30 mA cm-2 in different electrolytes
[bookmark: _Hlk204894418]The Zn//Zn symmetric battery results demonstrate that the electrolyte containing 5 wt% SCL exhibits the most extended cycling lifespan and exceptional rate performance, whereas other electrolytes suffer from short circuits after only a few cycles (Figs. S4a, S4b). As depicted in Fig. S4c, the 5 wt% SCL-containing Zn//Cu battery achieves the highest Coulombic efficiency. XRD analysis of Zn deposits formed at 30 mA cm-2 shows that the (002) diffraction peak is most intense in the 5 wt% SCL electrolyte, indicative of a preferential (002) orientation during Zn deposition. Furthermore, SEM observations (Fig. S4e) reveal that Zn deposited in the 5 wt% SCL-containing electrolyte exhibits a discernibly flat and layered morphology, contrasting sharply with the noticeably non-uniform and disordered structures observed in other tested electrolytes.
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[bookmark: OLE_LINK2][bookmark: _Hlk200735294]Fig. S3 The charge density difference of SCL adsorbed on the Zn (002)

[bookmark: _Hlk204933651][image: ]
[bookmark: _Hlk200735322]Fig. S4 Electrostatic potential (ESP) mapping of SCL molecule
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[bookmark: OLE_LINK46]Fig. S5 XPS spectra for Zn foil after soaking in electrolytes with/without the SCL additive for 24 h
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[bookmark: OLE_LINK54][bookmark: _Hlk200735399][bookmark: OLE_LINK56]Fig. S6 The schematic descriptions of the interface structure: after (the right) and before (the left) introducing SCL
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[bookmark: OLE_LINK87]Fig. S7 The hydrogen barrier of pure Zn(OTF)2 and SCL/Zn(OTF)2 electrolytes
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[bookmark: _Hlk200735422]Fig. S8 pH measurement of SCL/Zn(OTF)2 solution
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[bookmark: _Hlk200735527]Fig. S9 The Tafel plots in different electrolytes
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[bookmark: _Hlk200735581]Fig. S10 The SEM images of soaked Zn plated surface in SCL/Zn(OTF)2 (the left) and Zn(OTF)2 (the right)
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[bookmark: OLE_LINK9][bookmark: _Hlk200735597][bookmark: OLE_LINK49][bookmark: OLE_LINK78][bookmark: OLE_LINK79]Fig. S11 The XRD curves of Zn anode immersed in SCL/Zn(OTF)2 and Zn(OTF)2 electrolyte
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[bookmark: _Hlk204892902]Fig. S12 EIS of Zn//Zn symmetric cells with SCL/Zn(OTF)2 (left) and Zn(OTF)2 (right) electrolytes after different cycles
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[bookmark: _Hlk204895177][bookmark: OLE_LINK114]Fig. S13 a Arrhenius curves and activation energy (Ea) value. EIS curves under different temperatures in a SCL/Zn(OTF)2 and b Zn(OTF)2 electrolyte
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[bookmark: _Hlk200735615]Fig. S14 AIMD simulation for understanding the effect of water environment on SCL/Zn interaction
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[bookmark: OLE_LINK3][bookmark: _Hlk200735651]Fig. S15 RTC value of deposited Zn anodes with different electrolytes
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[bookmark: _Hlk204851021][bookmark: _Hlk200735670]Fig. S16 XRD spectra of the deposited Zn plates in different electrolytes at various current densities for 1h
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Fig. S17 SEM images of deposited Zn anode under different current densities with fixed areal capacity of 30 mAh cm-2 in SCL/Zn(OTF)2
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[bookmark: OLE_LINK47]Fig. S18 SEM image of the cycled Zn anode surface in SCL/Zn(OTF)2 (the left) and Zn(OTF)2 (the right) electrolytes after 10 cycles at 30 mA cm-2 and 30 mAh cm-2
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[bookmark: OLE_LINK52]Fig. S19 SEM image of the cycled Zn anode surface in SCL/Zn(OTF)2 electrolytes after 10 cycles at 30 mA cm-2 and 30 mAh cm-2
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[bookmark: _Hlk200735694]Fig. S20 Zn2+ migration energy on Zn (100) and (101) after SCL adsorption, insets show the calculated migration positions
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[bookmark: _Hlk204610756]Fig. S21 CV curves of Zn//Cu half batteries in SCL/Zn(OTF)2 and Zn(OTF)2 electrlytes
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[bookmark: _Hlk204889608]Fig. S22 a Potential profiles during the galvanostatic cycling at 1 mA cm-2, 1 mAh cm-2. The enlarged potential-time profiles of Zn//Zn batteries at different cycling time under the current density of 1 mA cm-2: b 950-1050 h; c 1950-2050 h; d 4550-4650 h 
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[bookmark: OLE_LINK83][bookmark: _Hlk200735709]Fig. S23 Digital photos of Zn//Zn symmetric battery operating at 30 mA cm-2, 30 mAh cm-2, after 50 cycles with SCL (the left) and after 10 cycles without SCL (the right)
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[bookmark: _Hlk204890353]Fig. S24 Rate cycling performance comparison of Zn//Zn symmetric batteries under different current densities and areal capacities of 1 mA cm-2/1 mAh cm-2, 2 mA cm-2/2 mAh cm-2, 5 mA cm-2/5 mAh cm-2, 10 mA cm-2/10 mAh cm-2, 20 mA cm-2/20 mAh cm-2 and 30 mA cm-2/30 mAh cm-2
[bookmark: _Hlk204893310][image: ]
[bookmark: _Hlk200735731]Fig. S25 a CEs of Zn plating/stripping on Cu foil in SCL/ Zn(OTF)2 electrolyte at 0.5 mA cm-2 with the capacity of 0.5 mAh cm-2. b Corresponding potential-capacity profiles at different cycles
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[bookmark: OLE_LINK80]Fig. S26 Potential-capacity profiles at different cycles at 0.2 mA cm-2 with the capacity of 0.2 mAh cm-2
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[bookmark: _Hlk204890843]Fig. S27 CV curves of Zn//NH4V4O10 full batteries with different electrolyte at 1st cycle
[bookmark: OLE_LINK84][image: ]
[bookmark: OLE_LINK81][bookmark: OLE_LINK88]Fig. S28 The voltage- Specific capacity profiles of Zn//NH4V4O10 full batteries with different electrolytes
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[bookmark: _Hlk204929862]Fig. S29 The performance of Zn//NH4V4O10 full battery with SCL/Zn(OTF)2 eletrolyte at 5 A g-1
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[bookmark: _Hlk204930383][bookmark: OLE_LINK82]Fig. S30 The voltage- Specific capacity profiles of Zn//NH4V4O10 full battery with SCL/Zn(OTF)2 electrolyte at 5 A g-1
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[bookmark: _Hlk204930535]Fig. S31 The rate performance of Zn//NH4V4O10 full battery with SCL/Zn(OTF)2 electrolyte
[bookmark: OLE_LINK35]Table S1 Comparison of the electrochemical stability of Zn metal electrodes
	Electrolyte
	Current density areal capacity
	Lifetime
	Depth of discharge
	References

	SCL/Zn(OTF)2
	1 mA cm-2, 1 mAh cm-2
[bookmark: OLE_LINK4]30 mA cm-2, 30 mAh cm-2
30 mA cm-2, 40 mAh cm-2
	4900 h
171 h
98 h
	1.7%
73.3%
97.7%
	Our work

	LA/ ZnSO4
	10 mA cm-2, 10 mAh cm-2
15 mA cm-2, 15 mAh cm-2
	180 h
60 h
	61%
92%
	[S1]

	LA+/ ZnSO4
	10 mA cm-2, 5.9 mAh cm-2
	160 h
	80%
	[S2]

	DMA/ ZnSO4
	1 mA cm-2, 1 mAh cm-2
30 mA cm-2, 30 mAh cm-2
	3200 h
120 h
	3.4%
51.3%
	[S3]

	SL/ ZnSO4
	24 mA cm-2, 24 mAh cm-2
	110 h
	
	[S4]

	PMCNA/Zn(ClO4)2
	1 mA cm-2, 1 mAh cm-2
	4500 h
	
	[S5]

	ggg/ZnSO4
	0.5 mA cm-2, 0.5 mAh cm-2
	4500 h
	
	[S6]

	PV/ZnSO4
	1 mA cm-2, 1 mAh cm-2
	4000 h
	
	[S7]

	SAA/ ZnSO4
	1 mA cm-2, 1 mAh cm-2
	3400 h
	
	[S8]


Table S2 The comparison of average CE with other reported works
	Electrolyte
	Current density areal capacity
	Coulombic efficiency
	References

	SCL/Zn(OTF)2
	0.5 mA cm-2, 0.5 mAh cm-2
[bookmark: OLE_LINK5]0.2 mA cm-2, 0.2 mAh cm-2
	99.84%
99.61%
	Our work

	AS/ZnSO4
	1 mA cm-2, 1 mAh cm-2
	99.6%
	[S9]

	TG/ZnSO4
	0.5 mA cm-2, 0.25 mAh cm-2
	99.73%
	[S10]

	NCAP-Glu/ZnSO4
	1 mA cm-2, 1 mAh cm-2
	99.83%
	[S11]

	[bookmark: OLE_LINK29]AMCA/ZnSO4
	0.5 mA cm-2, 0.5 mAh cm-2
	99.53%
	[S12]

	APM/Zn(OTF)2
	0.5 mA cm-2, 0.5 mAh cm-2
	99.16%
	[S13]

	[bookmark: _Hlk198486556]NMS/ZnSO4
	1 mA cm-2, 0.5 mAh cm-2
	99.7%
	[S14]

	IDS/ZnSO4
	[bookmark: _GoBack]1 mA cm-2, 1 mAh cm-2
	99.5%
	[S15]
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