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Fig. S1 Raman spectra of ZSO and ZSO/Gd3+ electrolytes with different Gd3+ concentrations.


[bookmark: OLE_LINK5]Fig. S2 Cycling performance of the Zn//Zn symmetric cells with the electrolytes containing different Gd3+ concentrations at 1 mA cm-2 and 1 mAh cm-2



Fig. S3 Calculations of Gd3+-H2O coordination number. The binding energy reaches the lowest at a coordination number of 9, which suggests [Gd(H2O)9]3+ is the most stable solvation structure for Gd3+ ions

Fig. S4 Morphology evolution of the zinc deposits over time in ZSO and ZSO/Gd3+ electrolytes under a current density of 1 mA cm-2


Fig. S5 Elemental distribution of the zinc surface soaked in the ZSO electrolyte for 6 days


[bookmark: OLE_LINK3]Fig. S6 SEM image of the initial zinc surface



Fig. S7 Elemental distribution of the zinc surface soaked in the ZSO/Gd3+ electrolyte for 6 days
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Fig. S8 pH values of the ZSO electrolytes containing various Gd3+ concentrations
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[bookmark: _Hlk188199289]Fig. S9 Contact angles between a ZSO and Zn, b ZSO/Gd3+ and Zn; c ZSO and Cu, d ZSO/Gd3+ and Cu; e ZSO and NVO, f ZSO/Gd3+ and NVO
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[bookmark: OLE_LINK4]Fig. S10 EIS curves of Zn//Zn symmetric cells using ZSO electrolyte at temperatures ranging from 10 to 50 °C
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Fig. S11 Nucleation overpotentials at 1 mA cm-2
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Fig. S12 CV curves of Zn//Cu batteries with ZSO and ZSO/Gd3+ electrolytes showing the zinc plating process
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Fig. S13 Rate capability of Zn//Zn symmetric cells with different electrolytes
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Fig. S14 XPS spectra of the Zn anode after cycling in Zn//Zn symmetric cells for 50 h
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[bookmark: OLE_LINK6]Fig. S15 Electrochemical performance of Zn//Cu batteries. a Coulombic efficiency of zinc plating/stripping in Zn//Cu batteries operating at a current density of 1 mA cm-2 and a capacity of 1 mAh cm-2. Corresponding voltage-capacity curves of the Zn//Cu batteries with b ZSO and c ZSO/Gd3+ electrolytes
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Fig. S16 Characterization of NVO cathode material. a SEM image and b XRD pattern of NVO powders synthesized by the hydrothermal method
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[bookmark: OLE_LINK7]Fig. S17 Cycling performance of Zn//NVO full cells at 2 A g-1
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Fig. S18 Voltage-capacity profiles of the Zn//NVO full cells with a ZSO and b ZSO/Gd3+ electrolytes
Table S1 Performance comparison of AZIBs with the electrolytes containing different metallic cations
	Additive
	Concentration
	Symmetric cell
	Full cell
	Refs.

	Na+
	2 M
	NA
	82% after 1000 cycles at 
4 A/g
	[bookmark: _GoBack][S1]

	Mg2+
	1 M
	NA
	72.8% after 600 cycles at 
2 A/g
	[S2]

	Co2+
	0.2 M
	NA
	92% after 5000 cycles at 
4 A/g
	[S3]

	Pb2+
	1.67 mM
	NA
	NA
	[S4]

	Li+
	2 M
	100 h at 1 mA/cm2, 
1 mAh/cm2
	85.7% after 1000 cycles at 5 A/g
	[S5]

	Y3+
	0.1 M
	2080 h at 5 mA/cm2, 
2 mAh/cm2
	89.6% after 2000 cycles at 5 A/g
	[S6]

	Ce3+
	0.1 M
	2600 h at 2 mA/cm2, 
1 mAh/cm2
	80% after 400 cycles at 0.34 A/g
	[S7]

	Li+
	1.1 M
	NA
	NA
	[S8]

	La3+
	8.5 mM
	1200 h at 1 mA/cm2, 
1 mAh/cm2
	80% after 1000 cycles at 
1 A/g
	[S9]

	Rb+
	1.5 mM
	6000 h at 0.5 mA/cm2, 0.25 mAh/cm2
	71.6% after 500 cycles at 
5 A/g
	[S10]

	K+
	0.2 M
	1000 h at 1 mA/cm2, 
1 mAh/cm2
	52% after 400 cycles at 
0.5 A/g
	[S11]

	Ce4+
	0.2 M
	2500 h at 5 mA/cm2, 
2.5 mAh/cm2
	~64% after 1000 cycles at 5 A/g
	[S12]

	Gd3+
	0.05 M
	2100 h at 1 mA/cm2, 
1 mAh/cm2
	85.6% after 1000 cycles at 5 A/g
	This work
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