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Experimental Section

Material synthesis

Electrolyte preparation: The reference group electrolyte was 3M ZnCl,. The test group
electrolyte (AM/ZnCl, electrolyte) were prepared by adding different amount (0.1, 0.2
and 0.3 M, respectively) of AM and different amount (0.01, 0.02 and 0.03 M,
respectively) of N,N-Methylenebisacrylamide (NMAM) into 3 M ZnCl, electrolyte.

Synthesis of NVO cathode materials: A simple hydrothermal method is applied to
prepare NVO. 1.053 g of commercial NH,VO; powders were added into 45 mL of
deionized water. The above solution was completely dissolved at 80°C under
continuous magnetic stirring for 1 h. Subsequently, 1.7019 g of H,C,04 -2H,0 was
added and stirred at room temperature until the color of solution turned to black-green.
The obtained solution was poured into a 50 mL Teflon-hydrothermal reactor and heated
in an oven at 140°C for 14 h. The NVO powders were collected by vacuum filtration
and washing several times with deionized water. Finally, the NVO powers were dried

in 80 °C.

Preparation of electrodes and assembly of full cells: The cathode electrodes were

fabricated by mixing the NVO materials with super P and polyvinylidene fluoride
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(PVDF) with a weight ratio of 7:2:1. The above mixture was mixed in an appropriate
amount of N-methyl-2-pyrrolidone (NMP) to form a slurry under vigorously stirring
for 5 h, and then spread onto Ti foil, dried in a vacuum oven at 80 °C. The cathode
electrode is cut into 12mm discs. The mass loading of the disc was about 2 mg.
Symmetric cells and full cells were assembled using Zn foils (14mm) as anodes in
Swagelok cells, and 150 pL of electrolyte (3 M ZnCl, or AM/ZnCl,) was utilized with
the glass fiber (Whatman, grade GF/D) as the separator.

Electrochemical testing

The battery performance was evaluated by using Swagelok cells on a LAND battery
test system (CT2001A, Wuhan, China). The Zn plating/stripping tests were performed
on Zn//Zn symmetrical cells in the electrolytes with and without AM. Coulombic
efficiency (CE) measurements were carried out on asymmetrical Zn//Cu cells. The
corrosion, diffusion and hydrogen evolution behaviors of Zn foil electrodes were
performed d by an electrochemical station (Gamry 1010). The Tafel plots were
measured by scanning between - 0.2 and 0.2 V at | mV s! by Zn//Zn symmetrical cells.
The diffusion curves were recorded by chronoamperometry method under an
overpotential of -150 mV by Zn//Zn symmetrical cells. The hydrogen evolution
performance was collected through linear sweep voltammetry (LSV) with a potential
range of -0.3 ~ 0 V vs. Zn/Zn?>" at a scan rate of 1 mV s'! by Zn//Ti symmetrical cells.
Electrochemical impedance spectroscopy (EIS) was implemented within a range of 10°
to 102 Hz. The full cells were cycled between 0.4 and 1.4 V vs. Zn/Zn**, and the
specific capacities were evaluated according to the mass of active materials. Cyclic
voltammetry (CV) test is executed by Electrochemical workstation (Gamry 1010) at
room temperature at a scan rate of 0.5 mV s™! in the voltage between 0.4 to 1.4 V.
Materials characterization

Field emission scanning electron microscope (SEM, Regulus SU8100) was used to
characterize morphology. X-ray diffraction (XRD) patterns were obtained on a Bruker
D8 advance X-ray diffractometer with Cu-Ka radiation (A =0.15418 nm). Atomic force
microscopy (AFM) images were acquired in tapping mode using a SPM-9700HT. The

Fourier transform infrared (FTIR) (Nicolet IS50-Nicolet Continuum) was used to detect
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the presence of PAM on Zn foil. Raman spectroscopy (HJY LabRAM Aramis) was
conducted to analysis the component on the surface of the Zn foil after circulation. In-
situ optical microscope images were obtained from a YM710R optical microscope. A
DataPhysics Micro apparatus (OCA40) was used to study the contact angles. X-ray
photoelectron spectroscopy (XPS) testing was performed on an X-ray photoelectron
spectrometer (Thermo SCIENTIFIC Nexsa).

Computation methods

DFT calculation method: The first-principles ' have been employed to perform all
density functional theory (DFT) calculations within the generalized gradient
approximation (GGA) using the Perdew-Burke-Ernzerhof (PBE) ? formulation. We
have chosen the projected augmented wave (PAW) potentials #3 to describe the ionic
cores and take valence electrons into account using a plane wave basis set with a kinetic
energy cutoff of 450 eV. Partial occupancies of the Kohn-Sham orbitals were allowed
using the Gaussian smearing method and a width of 0.05 eV. The electronic energy was
considered self-consistent when the energy change was smaller than 10 eV. A
geometry optimization was considered convergent when the energy change was smaller
than 0.05 eV A-!. The vacuum spacing in a direction perpendicular to the plane of the
structure is 20 A for the surfaces. The Brillouin zone integration is performed using
3x3x1 Monkhorst-Pack k-point sampling for a structure. Finally, the adsorption
energies (E,qs) were calculated as E, q= E,q/sub -E,q -Egp, where E,4/sub, E,q, and Egy,
are the total energies of the optimized adsorbate/substrate system, the adsorbate in the
structure, and the clean substrate, respectively. And the Binding energies (Ey) were
calculated as Ey= E(q -Ezn -Esup, Where Eqy.1, Ezn, and Eg, are the total energies of the
binding structures system, the Zn atom in the structure, and H,O or C;HsNO
(acrylamide) the clean substrate, respectively. Interface energy is calculated using the
7= (Esystem-Esub1-Esun2)/A, where the Egygem s the interface structures, Eqyp1, Equpz 1 the

energy of Zn surface and C;HsNO structures, A is the area of interface.
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Fig. S1 The SEM image of (a) Zn foil immersed ZnCl, electrolyte for 5 days and

corresponding EDS analysis results of (b) Zn, (¢) O and (d) O element.
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Fig. S2 SEM images of (a) Zn foil at pristine state and immersed into (b) water, (c)
ZnCl, electrolyte and with (d) AM additive for 5 days.
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Zn foil + AM solution
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Fig. S3 FTIR spectra of the Zn Foil immersed AM solution.
The peaks of C=0 stretching vibration at 1676 cm™! and N-H bending vibration at 1610

cm!, and the characteristic peak of the C=C bond around 980 cm! all indicate that the

AM will be adsorbed on the Zn foil before polymerization reaction occurs.

.:.‘...
A, Yo @

QN S W s .
MUl S
Zn(100) ."l‘ ‘-:\Ii‘l.'ll‘ . 'T““ . _T‘ ™ ..‘
Vg A AR L S, i
. ..‘ ‘ ":‘l'l ‘;,.4“.\1‘,. l‘,"'ﬂ‘h"
|
4 11'
[
~
"
.t
Zn(002)

H20 C3H5N0

Fig. S4 Structure diagram of (a) H,O molecule adsorbed on Zn (100) plane, (b) H,O
molecule adsorbed on Zn (002) plane, (c) acrylamide molecule adsorbed on Zn (100)
plane and (d) acrylamide molecule adsorbed on Zn (002) plane.
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Fig. S5 SEM images of the Zn foil after (a) 10, (b) 30" and (c¢) 50" symmetric cycles

at 1 mA cm? and 1 mA h cm? in ZnCl, electrolyte.
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Fig. S6 The line scanning results of EDS analysis in the plating state after 50 cycles.
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Fig. S7 SEM images of the Zn foil after 650™ cycles at (a) (b) plating state and (c) (d)
stripping state with AM additive (1 mA cm™ and 1 mA h cm™?).

Fig. S8 3D AFM images of Zn metal after 50 cycles in the electrolyte at | mA ¢cm2 and
1 mA h cm (a) without AM and (b) with AM.
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Fig. S9 The XRD patterns of Zn anodes after Zn plating at different cycles with and
without AM additive.
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Fig. S10 The XRD patterns of Zn anode after 10%, 30t and 50" cycles at | mA cm?
and 1 mA h cm with (a) AM additive and (b) without AM additive.
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Fig. S11 Comparison of collected PAM power and AM power’s FTIR spectra.
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Fig. S12 Raman spectra of cycled Zn anode with and without AM.
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Fig. S13 XPS analysis of (a) full survey, (b) C 1s, (c) N 1s, (d) O 1s, (e) Cl 2p, (f) Zn

2p spectrum of the Zn anode after circulation with the addition of AM additive.

Fig. S14 Optical microscopy (a) and the reaction cell (b) for in-situ observation of the

Zn plating process.
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Fig. S15 The cross-section SEM images of Zn anodes with AM additive after (a) 10
cycles, (b) 30 cycles and (c) 50 cycles. The cross-section SEM images of Zn anode
without AM additive after (d) 10 cycles, (e) 30 cycles and (f) 50 cycles.
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Fig. S16 Effect of AM additive concentration on the performance of symmetrical cells
at 30 mA cm™ and 15 mA h cm™. The result shows that the generated in-situ SEI film

is too thin or too thick will have an impact on the performance, so the AM concentration

1s selected as 0.2 M 1n the later.

S11



0.3
1mA cm?1 mA h cm?
0.2 ——— with AM
S 01- —— without AM
)
8 0.0
°
> _01 b
=0.2 4
-0.3 T T T T
0 200 400 600 800 1000
b Time (h)
0.2 5mA cm?1 mAhcm?
——— with AM
—~ 0.1 —— without AM
2
o
o
|
°
>
=-0.2 4
0 400 800 1200 1600 2000 2400 2800
c Time (h)
5 mA cm?22.5mA hcm?
0.2 4

1
S
[ ]
1

Voltage (V)
b

—— with AM
— without AM

250

500

750 1000 1250 1500
Time (h)

Fig. S17 The performance of Zn//Zn symmetrical cells with and without AM additive

at (a) 1 mA cm? and 1 mA h cm?, (b) 5 mA cm? and 1 mA h cm?, (¢) 5 mA cm? and

2.5mA h cm™.
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Fig. S18 The performance of Zn//Zn symmetrical cells at 40 mA cm? and 40 mA h

cm™.
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Actual area capacity (mAhcm™ 2)

Inpop =

0.585 x d (mA hcm™%)

d represents Zn foil thickness (um)

Table S1 the comparison of references with different strategies

X 100%

Strategy Current Specific Cycles Depth of
density capacity number discharge
(mA cm?) (mA h cm™?) (n) (%)
enamel-like nano- 0.1 0.1 2400 -
HAP layer© 10 5 400 -
NGDY modified CS 5 1 500 -
separator ’ 10 1 200 -
thiourea electrolyte 1 1 1200 1.71%
additive ® 10 1 600 1.71%
electrochemical 5 1 1000 2.13%
pretreatment of Zn 7.5 1 700 2.13%
electrode ° 10 1 500 2.13%
weighing paper 1 1 2400 1.71%
separator interlayer 10 9 4.5 800 7.69%
amino acid 5 4 2400 -
electrolyte additive ' 10 4 900 -
3D artificial array 1 1 1500 1.71%
electrode 2 5 1.25 800 2.14%
xylitol electrolyte 1 1 1100 5.68%
additive 13 5 1 1000 5.68%
bio-inspired silk 1 1 1500 1.65%
fibroin coating '4 10 2 500 3.30%
interface stabilizer 2 2 800 -
electrolyte additive 1 10 2 240 -
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ammonium cationic 1 2 1000 2.28%

surfactants electrolyte 2 2 900 2.28%
additive 10 5 5 600 5.70%
10 5 500 5.70%
non-aqueous 2 2 1500 -
electrolyte system ! 3 1 1200 -
5 1 1200 -
Organic/inorganic 1 1 450 1.71%
hybrid artificial 5 1 1000 1.71%
functional layer '8 10 1 700 1.71%
This work 5 1 2800 1.71%
5 2.5 1500 4.27%
10 5 1400 8.55%
30 15 140 25.64%
40 40 45 68.38%
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Fig. S19 EIS curves of the (a) bare Zn and (b) Zn@ PAM-ZHCI at different

temperatures.
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Fig. S20 (a) Initial deposition voltage profile. SEM images of the Cu foil at stripping

state (b) without AM additive (c¢) with AM additive. (d) The XRD patterns of Cu foil

without and with AM additive.
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Fig. S21 The CE of the Zn//Cu asymmetric cells with and without AM additive (a) at 5
mA c¢cm? and 2.5 mA h cm?2, and (b) the corresponding voltage profiles. The CE of the
Zn//Cu asymmetric cells with and without AM additive (c) at 10 mA ¢cm™ and 5 mA h

cm?, and (d) the corresponding voltage profiles.
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Fig. S22 (a) The XRD pattern and (b) the SEM image of NVO powder.
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Fig. S23 (a) The SEM image of initial NVO cathode. The SEM image of NVO cathode
after 50 cycles at 1 A g'! (b) without and (c) with AM. (d) Optical photograph of
separators with AM additive (left) and without AM additive (right).
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Fig. S24 The EIS curves of Zn/NVO cell at pristine state.
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Table S2 the results of equivalent circuit fitting

pristine state

after cycling 50t

Without AM With AM Without AM With AM

R, 1.15Q 1.24 Q3 R, 1.29 Q3 1.85 Q
R; 33.25Q 23.01 Q
R 128.90 Q 82.67 Q R 1.77 Q 25.02 Q

"7;300 4 mass loading:~10 mg cm2

= 200 mA g™

< with AM

E ool = without AM
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Fig. S25 The cycling performance of Zn//NVO cells with and without AM additive

with high mass loading of the cathode at 200 mA g
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