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S1 Materials characterizations
The structure and morphology of samples were characterized by the SEM (JEOL JSM-7100F) and CLMS (Leica SP8). XRD (Bruker-D8 ADVANCE) was used to investigate the crystal structures. The elemental status was obtained with XPS (Kratos Axis Supra Plus). Contact angel was measured on a Krűss DSA10 with the sessile drop technique. Raman spectroscopy (WITec alpha300) and NMR (Bruker Avance 500 MHz) were used to investigate the solvated structure of electrolytes.
S2 Computational methods
All the density functional theory (DFT) calculations (adsorption energy) were performed by the generalized gradient approximation (GGA) with the exchange-correlation functional PBE. A cutoff energy of 400 eV was used for the plane-wave basis set. The spin geometry optimization conversions with forces on atoms and energy differences were smaller than 0.02 eV Å-1 and 10-5 eV with a 1×2×1 Monkhorst-Pack k-point mesh, respectively. Moreover, the charge density differences of Zn (002)-H2O and Zn (002)/(101)/(100)-MPC were investigated to study the electronic structures.
S3 Electrochemical tests
The cathodes were fabricated via mixing active materials, super P, and PVDF at a mass ratio of 7:2:1 in NMP solvent, followed with coating on the Ti foil and drying in a vacuum oven at 60 °C overnight. Electrochemical behaviors were evaluated by using 2032-type coin-cells with glass fiber as the separator. Zn//Zn cells were assembled using Zn foils as the working and counter electrodes. The utilization of Zn at capacities of 1 mAh cm-2 and 10 mAh cm-2 are approximately 1.7% and 16.7%, respectively. Zn//Cu cells were assembled using Cu foils as the working electrodes and Zn foils as the counter electrodes. Full cells were assembled using Zn foils as anodes with different cathodes. CV tests were carried out at scan rates of 0.1 mV s-1 between 0.2 V and 1.6 V on a CHI760E electrochemical workstation. EIS tests were performed on a CHI760E electrochemical workstation with a frequency range of 100 kHz-0.1 Hz.
S4 Supplementary Figures and Tables
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Fig. S1 Cycling performance of Zn//Zn cell based on blank ZSO electrolyte
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Fig. S2 Cycling performance of Zn//Zn cells based on ZSO/CBMA electrolytes with the concentration of CBMA from 0.5 to 10 wt%
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Fig. S3 Cycling performance of Zn//Zn cells based on ZSO/SBMA electrolytes with the concentration of SBMA from 0.5 to 10 wt%
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Fig. S4 Cycling performance of Zn//Zn cells based on ZSO/MPC electrolytes with the concentration of MPC from 0.5 to 10 wt%
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Fig. S5 Ionic conductivity of different electrolytes[image: ]
[bookmark: _Hlk196749755]Fig. S6 Detailed voltage profiles of Fig. 1a at about 250 h, 1250 h, 2250 h, 3250 h, and 4250 h
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Fig. S7 Detailed voltage profiles at 1 mA cm-2 and 1 mAh cm-2
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Fig. S8 Detailed voltage profiles at 5 mA cm-2 and 1 mAh cm-2
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Fig. S9 Voltage-capacity curves of Zn//Cu cells at 5 mA cm-2 and 1 mAh cm-2

[image: ]
Fig. S10 Cycling performance of Zn//Zn cell at 10 mA cm-2 and 10 mA cm-2
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Fig. S11 High-resolution SEM image of Zn anode in ZSO/MPC cell after cycling.
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Fig. S12 Average roughness of cycled Zn with different electrolytes
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Fig. S13 XRD patterns of Zn anodes after 50 cycles
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Fig. S14 SEM image and corresponding element mappings of cycled Zn based on a ZSO, b ZSO/CBMA, c ZSO/SBMA, and d ZSO/MPC. The inset is the atomic percentages of C, N, P, and S elements
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[bookmark: _Hlk197197522]Fig. S15 In-situ optical visualization observations of Zn deposition process
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Fig. S16 Digital photos of different electrolytes
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Fig. S17 Nyquist plots of the Zn//Zn cells at various temperatures
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Fig. S18 LSV curves of different electrolytes
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Fig. S19 CLSM optical images of Zn foils after plating with Zn
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Fig. S20 SEM images of Zn foils after plating with Zn
[image: ]
Fig. S21 The 3D contour mapping differential charge density of H2O on Zn (002) plane
[bookmark: _Hlk182989706][image: ]
Fig. S22 XRD patterns of a V2O5 and b MnO2
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Fig. S23 GCD profiles of Zn//V2O5 cell with ZSO/MPC at 5 A g-1
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[bookmark: _Hlk197195714]Fig. S24 Cycling performance of Zn//MnO2 cell at 1 A g-1
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Fig. S25 a SEM image and b XRD pattern of NaVO
Table S1 Comparison of electrochemical performance of our work with various works
	Sample
	Current density
(mA cm-2)
	Capacity
(mAh cm-2)
	Cycle number
(n)
	Refs.

	MPC
	1
20
	1
1
	2500
8000
	This work

	GA
	1
	1
	1365
	[S1]

	SDE
	1
	1
	1750
	[S2]

	PGA
	2
	1
	800
	[S3]

	CP
	1
	1
	500
	[S4]

	MES
	0.5
	0.5
	800
	[S5]

	Z10
	5
	1
	1500
	[S6]

	DA
	10
	1
	3500
	[S7]

	MEP·Br
	5
	1
	375
	[S8]

	FI
	5
	0.5
	3000
	[S9]
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