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Experimental Section
Materials

Zn foils (99.99%) and Cu foils (99.99%) were purchased from Guangdong Canrd New Energy Technology. ZnSQO,,
Zn(CF3C0O0),, and V205 were purchased from Sigma-Aldrich. The preparation of the electrolyte uses high-purity
water.

Preparation of Electrolytes

The electrolytes were prepared by dissolving ZnS04:7H,0 and Zn(CFsCOO), into deionized water. First, we prepared
2 M ZnS0, as the base electrolyte (ZS). Then we added 10, 50, 80, and 100 mM Zn(CFs;COO),. The obtained
electrolytes were denoted as ZSF-10, ZSF-50, ZSF-80 (ZSF), and ZSF-100, respectively.

Characterizations

Scanning electron microscopy (SEM) was performed on an Auriga Zeiss field emission. Bruker AXS D8 X-ray
diffraction (XRD) was used to analyze the crystalline structures. TEM characterization was performed on a JEOL
JEM2800 microscope. For the cryo-TEM and cryo-HRTEM characterizations, the Cu grid was transferred into a cryo-
TEM equipped low-dose system. TOF-SIMS characterizations were conducted on an ION TOF ToF-SIMS 5-100. A
Renishaw Invia Reflex Raman was used for Raman spectra. Bruker FTIR was employed to determine the vibrational
peaks. The X-ray photoelectron spectroscopy (XPS) was obtained with ESCALAB 250 (Al Ka). The pH values are
tested by a GLP 22 meter.

Simulation methods

First-principles calculations were performed using the DMol3 module. The generalized gradient approximation
(GGA) and Becke—Lee—Yang—Parr (BLYP) functionals were employed to describe electron interaction energies.
Ultrasoft pseudopotential was performed (OTFG describing the valence electrons) with Grimme’s method
introduced for DFT-D correction. The self-consistent field (SCF) tolerance was set to 5x107 eV atom™?, with a cutoff
energy of 500 eV and a maximum of 500 cycles. Additionally, a vacuum space of 20 A was included in each model.
the adsorption energy (AE) was acquired by the following equation: AE = Etotal = Eatom — Emol (Etotal, the total energy
of the system; Eaom, the total energy of matrix; and Emel, total energy of Zn?*). In terms of the diffusion energy
barrier calculations, transition state (TS) search tasks were implemented using the DMol3 module. Geometry
optimizations were conducted prior to the TS search simulations. MD simulations were conducted using the Forcite
module. The forcefield was set to be COMPASSIII and the electrostatic employed Ewald electrostatic method with
the van der Waals method assigned as atom based. The forcefield types were assigned according to the states of
the atoms. Geometry optimizations were conducted prior to the MD simulations. To enhance the efficiency of the
MD simulations, parallel calculations were performed. Both first-principles and MD simulations were exerted
based on Materials Studio platform. The finite element analyses of Zn plating were conducted using ANYSES based
on Nernst—Planck—Poisson equation. In terms of the electrochemistry on the Zn anode surface, the concentration-
dependent Butler—-Volmer equation was introduced. Semiellipse nuclei were set at the initial state at the Zn anode
surface.

Electrochemical Measurements

The 2032-type coin cells were used for all the electrochemical testing in this work. For the Zn| |V,Os full cell, the
positive electrode was prepared with 70 wt% V,0s as active material, 20 wt% black carbon as conductive agent,
and 10 wt% PVDF as binder. All the galvanostatic discharge/charge tests were measured on a Neware battery
testing system (Shenzhen, China) at room temperature. The cyclic voltammetry (CV), corrosion, linear sweep
voltammetry (LSV) and linear polarization tests were obtained on a Correst electrochemical workstation.
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Fig. S1 The optical Fig.s of the electrolytes with different mount of additives.

As shown in the above photo, the solution becomes saturated when the additive concentration exceeds 80 mM.
Therefore, we selected 10, 50, and 80 mM as the experimental groups.
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Fig. S2 The ionic conductivity of the electrolytes with different amounts of additives.
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Fig. S3 The contact angles of electrolytes (with different amounts of additives) on the Zn foils.
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Fig. S5 (a, b) The FTIR patterns of different electrolytes.

Table S1 Structures of elementary units for theoretical simulations.
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Fig. S6 (a-c) Theoretically calculated charge density differences of Zn?*-TFA" (a), Zn?*-S0,> (b), and Zn?*-H,0 (c).

Fig. S7 (a) The 3D snapshot of ZS electrolyte from MD simulation. (b) RDF g (r) and corresponding integrated
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Fig. S8 (a) The 3D snapshot of ZSF-10 electrolyte from MD simulation. (b) RDF g (r) and corresponding integrated
coordination numbers n (r) of Zn?*-O (for H,0), Zn?*-0 (for SO4%), and Zn**-0 (for CF:CO0"), respectively.
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Fig. S9 (a) The 3D snapshot of ZSF-50 electrolyte from MD simulation. (b) RDF g (r) and corresponding integrated
coordination numbers n (r) of Zn?*-O (for H,0), Zn?*-O (for SO4%), and Zn**-0 (for CF3CO0"), respectively.
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Fig. S10 EIS of the symmetrical Zn||Zn symmetric cells using (a) ZS and (b) ZSF electrolytes at different
temperatures. (c) Arrhenius curves at different temperatures.

The desolvation process of Zn?* ions are commonly regarded as the rate-limiting step in Zn deposition at the
anode, and can be characterized by the activation energy (E.) using the Arrhenius equation:

Ret

L, Ea
=Aexp (pr

Where R represents the interface resistance, A is the frequency factor, R is the gas constant, and T stands for
the absolute temperature.
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Fig. S11 (a, b) FTIR pattern (a) and Raman spectra (b) of the cycled Zn anodes after 100 cycles in ZS and ZSF

electrolytes.



Fig. S12 (a, b) Cryo-TEM and HRTEM images (a) and corresponding EDX mapping of SEI (b) on the cycled Zn metal
in ZS electrolyte.

Fig. $13 The cryo-HRTEM of the Zn anode cycled in ZSF electrolyte.
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Fig. S14 Current-time plots of Zn||Zn symmetric cells in ZS (a) and ZSF (b) electrolyte after polarization at a
constant potential (10 mV) for 4000s.
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Fig. S15 EIS of Zn||Zn symmetric cells in ZSF electrolyte after polarization at a constant potential (10 mV) for
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Fig. S16 The Diffusion paths and migration energy barriers of Zn?* in ZSH.
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Fig. S17 Diffusion paths and migration energy barriers of Zn?* in ZnS.
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Fig. S18 Diffusion paths and migration energy barriers of Zn?* in ZnF,.

Fig. S19 (a, b) Morphology of pristine Zn anode. SEM (a) and 3D height (b) images.
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Fig. S20 (a, b) The section-cross SEM image of Zn anode after 1% plating in ZS (a) and ZSF (b) electrolytes.
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Fig. S21 The CV curves of the Zn| |Cu cells at 1 mV S™.
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Pristine

Fig. S24 The thickness variations of the cells using ZS (a) and ZSF (b) electrolytes after 100 cycles.
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Fig. S25 The Zn anode soaked in the ZS electrolyte and the corresponding EDS mappings.
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Fig. $26 The Zn anode and the corresponding EDS mappings soaked in the ZSF-10 electrolyte.
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Fig. S27 The Zn anode and the corresponding S element EDS images soaked in the ZSF-50 electrolyte.
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Fig. $28 The Zn anode and the corresponding EDS images soaked in the ZSF (ZSF-80) electrolyte.
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Fig. S31 The S 2p (a) and F 1s (b) XPS patterns of the Zn anode soaked in ZSF electrolyte.
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Fig. S32 Galvanostatic Zn plating/stripping in Zn||Zn symmetrical cells at current density of 10 mA cm? with a

capacity of 5 mAh cm™.
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Fig. $33 Galvanostatic Zn plating/stripping in Zn||Zn symmetrical cells at current density of 40 mA cm™ with a

capacity of 2 mAh cm™.
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Fig. S34 Morphologies of Zn anode in ZS (a) and ZSF (b) electrolytes with a DOD of 87.1% after 100 cycles.
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Table S2 Multiple parameter comparisons with other reported Zn||Zn symmetric batteries.

Electrolyte/Anode

La3*-ZS

n@ZnP

ZnF-Ag@Zn

AZO@Zn
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4m Zn(BF4)2/EG
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2+0.1 LB
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ZnSO4—H20-NMP

BE + 6M
HD-OTf/Li
TMB-5

ZSF

DOD (%)

80

82

85.6

80

80

50
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51.24

85.6

85.3
65

57

87.1

CPC (Ah cm?)

0.79

0.825

0.35

0.093504
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1.17
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Table S3 The CE with other reported Zn| |Cu or Zn| | Ti batteries.

Electrolyte/Anode

ZS0/Ce

1M ZnS0O4 + 2 wt% PDD
1 M ZnSO4 + 2 wt%
10% TG

10% TG

Gly/ZnSO,

2 M ZnS0O4 + 0.1 MSG
La®*-ZS
Zn(OTF),-HMPA-H,0
Zn(OTF),-HMPA-H,0
LIAE-20%

ZSF

CE (%

99.7
99.8
99.1
99.7
99.49
99.68
99.75
99.9
99.5
99.4
99.74

99.7

) Current density (mA cm?)

10 60

2 500
10 150
0.5 1000
2 300
2 650
2 1700
2 2100
8 200
10 100
1 100
10 6000

Cycling number

Ref.

17
18
18
19
19
20

21

22
22

23

This work

28



Fig. S42 (a-d) TEM (a), HRTEM (b), SAED (c), and element mappings (d) of the prepared V,0s material.
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Fig. S47 Four series-connected pouch-battery cells powering a light board.
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Table 4 The capacity comparison with other reported full-battery cells.

System

Zn| |V20s
Zn||VeO13
Zn||MnO;
Zn||MnO,
Zn||Ve013-H,0
Zn]|I
Zn||MnO,
Zn||VO2

Zn||VO,

Zn||Zno25V20s-nH,0

Zn | |V205

Electrolyte/Anode

Zn(OTF),-HMPA-H,0
17-5H

Sel/ZnSO.

GSS 2:1

With ET

Be-Ace-I
TPPS/ZnS04

M56

ZnS0O,+DGME
12-C-4

ZSF

N/P ratio

1.8

1.07

1.9
2.5

2.6

2.6
2.2

1.13

Cumulative Capacity (mAh cm?)

1986
~500
~72.6
~600
~275
~2000
~522
1175
~250
~320
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