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Supplementary Figures and Tables
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Supplementary Fig. 1∣3D partial enlarged snapshots representing Zn2+ solvation structure obtained from MD simulations of a pure ZnSO4 system and b MU/ZnSO4 system (grey balls: Zn atoms; red balls: O atoms; pink balls: H atoms; yellow balls: S atoms; blue balls: N atoms; brown balls: C balls).
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Supplementary Fig. 2∣Illustration of desolvation process of Zn2+ from Zn(H2O)62+ in the pure ZnSO4 electrolyte.
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Supplementary Fig. 3∣Illustration of desolvation process of Zn2+ from the electrolyte with MU.
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Supplementary Fig. 4∣Nyquist plots of the Zn||Zn symmetric cells in electrolytes a without MU, b with MU at various temperatures.
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Supplementary Fig. 5∣Digital photographs of the electrolytes with different concentrations of MU.
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Supplementary Fig. 6∣Raman spectra of the electrolytes with/without MU.
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Supplementary Fig. 7∣a Local Raman spectra for 1 M ZnSO4 with/without MU additives. b Two different Zn2+ solvation structures in MU/ZnSO4 electrolyte.
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Supplementary Fig. 8∣FT-IR spectra of the electrolytes with/without MU.
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Supplementary Fig. 9∣Enlarged FT-IR spectra of electrolytes containing different MU additives.
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[bookmark: _Hlk127635927]Supplementary Fig. 10∣Coulombic efficiencies of Zn||Cu cells containing different contents of MU additives at 1 mA cm-2 with a capacity of 0.5 mAh cm-2.
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[bookmark: OLE_LINK1]Supplementary Fig. 11∣Electric double layer capacitance (EDLC) measurements for Zn||Zn symmetric cells with/without MU additive. CV curves within -15 mV ~ 15 mV at different scan rates in the el	ectrolyte without a with c without MU additive. The plots of capacitive currents density vs. scan rate for the cell cycled in the electrolyte b with d without MU additive.
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[bookmark: OLE_LINK3]Supplementary Fig. 12∣a In-situ electrochemical impedance spectroscopy (EIS) was carried out to study the transport kinetics of Zn||Zn symmetric cells upon continuous discharge/rest. The data were obtained after orderly discharging and standing for 4 min at 0.5 mA cm-2.1 EIS curves of Zn||Zn symmetric cells b without MU and c with MU.
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Supplementary Fig. 13∣SEM image of the pristine zinc foil (top view).
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Supplementary Fig. 14∣SEM images of Zn deposits on a substrate (Zn||Zn symmetric cells) at 5 mAcm-2 and 1 mA h cm-2 for 100 cycles in a 1 M ZnSO4 (BE) and b 1 M ZnSO4 + 500 mM MU (DE).
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Supplementary Fig. 15∣Electrolyte potentials: a without MU b with MU.
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Supplementary Fig. 16∣Zinc deposition thickness in different positions on the substrate along deposition time in the electrolyte: a without MU; b with MU.
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Supplementary Fig. 17∣Rate performances of the Zn||Zn symmetric cell with MU additive at various current densities with a capacity of 1 mA h cm-2.
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Supplementary Fig. 18∣XRD pattern (Mo Kα radiation) of the commercial MnO2.
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Supplementary Fig. S19∣Charge/discharge curves of Zn||MnO2 full cell under different current densities with MU additive.
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Supplementary Fig. 20∣Charge/discharge curves of Zn||MnO2 full cell under different current densities without MU additive.
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Supplementary Fig. 21∣CV curves of Zn||MnO2 full cells with/without MU additive.
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Supplementary Fig. 22∣Charge/discharge curves at different cycles of the Zn||AC capacitor with MU additive.
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Supplementary Fig. 23∣Charge/discharge curves at different cycles of the Zn||I2 full cell with MU additives at 2 A g-1.



Supplementary Table 1∣Summary of application of DRT peaks from a Zn||Zn symmetric cell.
	DRT peak
	Approximate time constant, τ
	Assignment

	P1
	13.2-20 μs
	Double-layer relaxation

	P2
	21.9-44.5μs
	Solid-electrolyte interphase

	P3
	0.11-0.5 ms
	Positive electrode charge transfer

	P4
	1.2-3.3 ms
	Positive electrode charge transfer

	P5
	11-56 ms
	Positive electrode charge transfer

	P6
	0.3-0.91 s
	Diffusion

	P7
	3.95-12.02 s
	




Supplementary Table 2∣Comparison of the cumulative plating capacity of the ZnSO4-MU electrolyte with recently reported Zn metal anodes with electrolyte additives optimization.
	Electrolyte
(M: mol L-1; m: mol kg-1)
	Current Density (mA cm-2)
	Capacity (mAh cm-2)
	Cycle Life (h)
	Cumulative Capacity (mAh cm-2)
	Ref.

	1 M ZnSO4+500 mM MU
	10
	1
	1600
	8000
	This work

	0.5 M ZnSO4-7H2O-3DMF (H2O/DMF = 7:3 by volume)
	3
	1
	1100
	1650
	2

	1 M ZnSO4+0.5 wt % silk fibroin
	1
	1
	1600
	800
	3

	2 M ZnSO4+ 0.2 g L-1 CeCl3
	2
	1
	2600
	2600
	4

	[bookmark: OLE_LINK2]1 M ZnSO4+10 mM glucose
	1
	1
	2000
	1000
	5

	2 M ZnSO4+8 mg mL-1 PASP
	0.5
	0.5
	3200
	800
	6

	2 M ZnSO4+0.0085 M La(NO3)3
	1
	1
	1200
	600
	7

	3 M ZnSO4+0.25 mM PFOA
	1
	0.5
	2200
	1100
	8

	1 M ZnSO4+5 vol % NMP
	1
	1
	1500
	750
	9

	1 M Zn(ClO4)2+10 mM β-CD
	1
	1
	1000
	500
	10

	3 M ZnSO4+10 mM TH
	5
	1
	700
	350
	11

	0.5 M Zn(CF3SO3)2 in DMMP and H2O (molar ratio 3:2)
	1
	1
	2500
	1250
	12

	1 M Zn(CF3SO3)2+25 mM Zn(H2PO4)2
	1
	1
	1200
	600
	13

	2 M ZnSO4 in DMA/H2O (volumetric ratio: 2: 20)
	1
	1
	1900
	950
	14


[bookmark: _Hlk118817986]*Note: Dimethylformamide (DMF); Polyaspartic Acid (PASP); Perfluorooctanoic Acid (PFOA); N-Methyl Pyrrolidone (NMP); β-Cyclodextrin (β-CD); Threonine (TH); Dimethyl Methylphosphonate (DMMP); N, N-Dimethylacetamide (DMA).
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