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Experimental Section
Materials

3-(Hydroxy (phenyl) phosphoryl) propanoic acid (HPA, powder) was purchased from TCI. Zn(OTf), was purchased
from TCI. MnO, was purchased from Macklin. Zinc foils and Cu foils were purchased from Guangdong Ares Metal
Technology Co. Ltd. Zinc foils (0.07mm thickness, 99.999% purity) and Cu foils (0.05mm thickness, 99.99% purity)
were purchased from Guangdong Ares Metal Technology Co. Ltd.

Fabrication of electrolytes

Aqueous electrolytes, formulated with 2M (M: mol/L) Zn(OT¥), and 2M Zn(OTf), with ImM HPA, 5mM HPA, 10 mM
HPA, and 15 mM HPA, are named BE, HPA1, HPAS, HPA10, and HPA1S5, respectively.

Characterizations

The Nuclear Magnetic Resonance (NMR, JEOL ECZ400S, Japan), and Fourier transform infrared (FTIR, Thermo
Nicolet iS50) were employed to analyze the element and surface chemistry of the samples. Zn foils were characterized
with X-ray diffraction (XRD, MiniFlex 600, Cu-K, radiation), Scanning Electron Microscopy (SEM, Hitachi SU-8010),
and X-ray photoelectron spectroscopy (XPS, ESCALAB 250Xi spectrophotometer with Al-K radiation system). The in-
situ optical microscope images were obtained on an electron microscope (XJ-906H, Shenzhen Xianjian Juye Electronics
Co. Ltd., China) by using a homemade in-situ optical electrochemical cell. The SAXS data was obtained by the small-
angle X-ray scattering instrument (Xeuss 3.0). The X-ray absorption fine structure analysis (XAFS) experiment described

in this paper was performed at the Shanghai Synchrotron Radiation Facility.

Electrochemical Measurements

Zn plating/stripping properties of Zn symmetric batteries and electrochemical performance of full batteries were
performed with LIR2025 coin-type cells. The performance of coin-type cells was recorded on NEWARE battery-testing
instrument (CT-4008Tn-5V10/20/50mA/1A, Shenzhen, China) at room temperature. The cathode was fabricated by
mixing the commercial MnO, powder, super P, and polyvinylidene fluoride (PVDF) with a weight ratio of 7:2:1 using
N-methyl-2-pyrrolidone (NMP) as solvent. The mixture slurry was printed on hydrophilic carbon paper and then
transferred to a vacuum oven drying under 60°C for 12 h. Finally, cathodes were prepared by cutting circular discs from
the dried samples. The loading mass of cut disk of electrodes are all within the scope of 2~2.5 mg along with a diameter
of 1.2 cm. Zinc foil and Whatman GF/C glass microfiber were employed as the anode and separator, respectively. The
volume of electrolytes in each coin cell is 0.08ml. Each pouch-type Zn//Zn symmetric cell consisted of two 3x3 cm? Zn
foils as electrodes and two 3x3.1 cm? glass fiber separators. Each pouch-type Zn/Cu cell consisted of one 3x3 cm? Zn
foil and one 3x3 cm? Cu foil as electrodes and two 3x3.1 cm? glass fiber separators. The shell of the pouch cell was an
aluminum—plastic film and the amount of electrolyte was 0.6 mL. Linear sweep voltammetry (LSV), cyclic voltammetry
(CV), chronoamperometry (CA), and electrochemical impedance spectroscopy (EIS) were performed using an
electrochemical workstation (CHI760E, Shanghai, China). The LSV test was conducted using a three-electrode system,

with Ag/AgCl electrode, glass carbon electrode, and Ti anode serving as the reference, counter, and working electrodes,
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respectively. CV curves of Zn plating/stripping using Ti as the working electrode and Zn as the reference and counter
electrode. CA plots were carried out with Zn symmetric batteries (coin-type cells) at an overpotential of -150 mV and a

duration of 400 s.
The transference number of (tz,2") was calculated by the following equation (the typical Evans method):

;. _A1(AV —I,Ry)
o 1,(AV —IsRs) (S])

Where AV is the applied polarization voltage (15 mV), I, and R, are the initial current and resistance. /; and R; are the

steady-state current and resistance, respectively.

Computational Methods

The calculations of the binding energies, HOMO and LUMO were performed with Gaussian 16 program'. The geometric
structure of the molecules and ions were calculated by M06-2X? method with a basis set aug-cc-pVTZ.? The vibrational
frequencies and thermal correction to Gibbs free energy of the molecules and ions were calculated at optimized geometry
using the same level of theory. The energies of binding energies are Gibbs free energies. The electrostatic potential (ESP)
was created by GaussView 6.0 from total SCF density. The method and basis set used in the calculation are identical to

those mentioned above.

The first-principles DFT calculations of adsorption energies were performed using the Vienna A4b initio Simulation
Package (VASP) code.* All the calculations were carried out by using Perdew—Burke—Ernzerh (PBE) for
exchange—correlation functional. The spin-polarized Kohn—Sham equations were solved in the plane-wave and

pseudopotential framework with a cutoff of 500 eV.
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Fig.S1 Measured pH and ionic conductivity of different electrolytes.
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Fig. S2 (a) Coulombic efficiency of Zn/Cu cells in electrolytes with different content of HPA additives; (b) Long-term galvanostatic Zn
stripping/plating in the Zn/Zn symmetric cells with different electrolytes under 0.5 mA cm2, 0.5 mAh cm™.
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Fig. S3 Chronoamperometry curves of Zn//Zn symmetric cells with different electrolytes.
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Fig. S5 (a) The voltage-time curve of Zn//Cu pouch cells in electrolytes with different content of HPA additives; (b) Coulombic efficiency
of Zn/Cu pouch cells in electrolytes with different content of HPA additives.
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Fig. S6 Linear polarization curves for describing corrosion of Zn anodes in different electrolytes.
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Fig. S7 The linear sweep voltammetry (LSV) curves of various electrolytes.
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Fig. S8 'H NMR of the different electrolytes.
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Fig. S9 Tyndall effect of the HPA electrolytes and H,O.
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Fig.S12 k3/k?>-weighted Fourier transform of Zn K-edge EXAFS spectra of different electrolytes in the k-space.
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Fig. S13 Wavelet transform images of the EXAFS spectra for Zn foil and ZnO.
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Fig. S14 Comparison between experimental Zn K-edge XANES spectra of Zn foil and different electrolytes.
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Fig. S18 The corresponding voltage profiles of cells aged for 7/15 days in electrolytes with/without HPA.
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Fig. S21 XRD patterns of Zn foils after soaking in different electrolytes for 30 days.
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Fig. S22 The images of Zn anodes in a) Zn(OTY), electrolyte and b) HPA/Zn(OTY), electrolyte after cycling for 100 h.
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Fig. S23 The images of Zn anodes in a) HPA/Zn(OTY), electrolyte and b) Zn(OTf), electrolyte after cycling for 50 h.
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Fig. S25 Nyquist plots at different temperatures for Zn//Zn symmetrical batteries in pure Zn(OTf), electrolyte (the insert picture is the fitting
circuit of symmetric batteries).

The Arrhenius activation energy (E,) can be approximated as the desolvation energy barrier for hydrated Zn?*, which
can be calculated according to the following Arrhenius equation> °:

1/R..= A exp (E,/RT) (S2)

where R.,, A, R, and T represent the charge-transfer resistance, the frequency factor, the gas constant, and the absolute
temperature, respectively.
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Fig. S26 Nyquist plots at different temperatures for Zn//Zn symmetrical batteries in HPA/Zn(OTf), electrolyte (the insert picture is the fitting

circuit of symmetric batteries).
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Fig. S27 CV curves of Zn/Ti cells in electrolytes with/without HPA additive.
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Fig. S28 (a) Current-time plots of Zn//Zn symmetric cells with Zn(OT¥), electrolyte after polarization at a constant potential (15 mV) for

4000 s; (b) The impedance spectra before and after polarization.
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Fig. S29 (a) Current-time plots of Zn symmetric cells with HPA/Zn(OTY), electrolyte after polarization at a constant potential (15 mV) for
4000 s; (b) The impedance spectra before and after polarization.
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Fig. S30 Reproduced test of long-term galvanostatic Zn stripping/plating in the Zn/Zn symmetric cells under 0.5 mA ¢cm2, 0.5 mAh cm™.
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Fig. S32. (a) CV profiles of the Zn//MnO, battery with HPA from 0.1 to 1 mV s’!; (b) Contribution ratio of the capacitive capacities and

diffusion-limited capacities at different scan rates.

In principle, electrochemical kinetics can be analyzed via power-law formula as i = av?, where i is the current (A), a and b are
variable parameters and v is the scan rate (V/s). In general, the value b represents the type of electrochemical charge storage
reaction.

The power-law formula i = av® can be divided into two parts to quantify the capacitive (k;v) and diffusion (k.v*2) contributions:

i = Kqv + kov'2 (S3)
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Table S1. Fitting results of EXAFS of different samples

Sample Path CN R(A) c%(103A2)  AEyeV) R factor
BE Zn-0 6.3 2.07 7.8 0.357 0.024
HPA Z0-0(P) 14 2.00 25 0.869 0.008
Zn-0 (H,0) 5.0 2.10 7.6 0.869 0.008

CN: coordination numbers; R: bond distance; o?: Debye-Waller factors; AE,: the inner potential correction; R factor:
goodness of fit. Sy2 was set as 0.96. The data ranges are presented as 3 <k < 12.269 A1, 1 <R <2.6 A for BE; 3 <k <
12.27 A1, 1 < R < 2.6 A for HPA. Error bounds that characterize the structural parameters obtained by EXAFS

spectroscopy were estimated as CN = 20%: 62+ 20%: R £ 0.03 A.
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