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Experimental section

Synthesis of 1-Vinyl-3-carboxylate-imidazol: 1-vinyl-3-carboxylate-imidazol
was synthesized according to the previous work.* First, 7.05 g vinyl imidazole (99%,
Aladdin) and 8.95 g methyl chloroacetate (AR, Aladdin) was stirred at room
temperature for 2 days. Then the mixed precursor was washed 3 times with diethyl ether
and dried under vacuum at 30 °C for 12 h, a white powder product was obtained.
Second, 7 g white powder above and 2.14 g KOH into a solvent of ethanol (40 mL),
stirring for 2 h. The crude product was separated by the centrifuge at a speed of 10000
r min for 3 min. Then the crude product was washed 3 times with ethanol and dried

under vacuum at 30 °C for 12 h. Finally, 1-Vinyl-3-carboxylate-imidazol was obtained.

Preparation of PZIL-Zn electrodes: 1.2 g acrylamide and 0.64 g 1-vinyl-3-
(carboxymethyl)-imidazole was added in 10ml deionized water while stirring until
monomer dissolved. Then 18.4 mg ammonium persulfate (99.99%, Aladdin), 1 wt%
N,N,N’ N’-tetramethyl  ethylenediamine = (Aladdin), and 3 mg N,N-
methylenebisacrylamide (99%, Aladdin) were added to the solutions above. To prepare
PZIL-Zn, the as-prepared solution was coated on the surface of Zn plate by spin-coating

under 3000 rpm for 15 s.

Synthesis of MnOy/CNT: MnO>/CNT nanocomposites were synthesized by a
hydrothermal method reported in the previous literature.> Firstly, 1.13 g

Mn(CH3COO),-4H20 (AR, Aladdin) was added to 50 mL of deionized water, then 0.16



g CNT was added into the solution under continuously stirring. Second, the above
mixed solution was added slowly into 25 mL aqueous solution, which dissolved 1.45 g
KMnO4 (AR, Aladdin). Third, after stirring for 2 h, the mixed solution was transferred
to a Teflon-lined autoclave and maintained at 80 °C for 6 h. Finally, the dark brown

precipitate was washed with deionized water and dried to finally give the MnO2/CNT.

Density functional theory calculations: The DFT calculation was carried out
using DMol3 package. A double-numeric polarized basis set and all electron for the
core-treatment were selected. For the numerical integration, the system was set as the
open-shell (spin unrestricted) structure. The general gradient approximation with the
Perdew-Burke-Ernzerh function (GGA-PBE) was applied for the electronic structure.
The conductor-like screening model (COSMO) was used to simulate a H20 solvent
environment. The convergence tolerances of energy, maximum force and maximum
displacement for structural optimization were 1.0 x 10-° Ha, 0.002 Ha/A and 0.005 A,
respectively. The self-consistent field (SCF) density convergence tolerance was 1 x 10

6. The adsorption energy (Eags) of the Zn?* on B was defined as:

Eass = E(ZN2*/B) — E(Zn?*) — E(B)

where B represent the ZIL with functional groups. E(Zn?*/B), E(Zn**) and E(B)
were the energy of Zn?* adsorbed on B, the energy of Zn?*, and the energy of B,

respectively.



Material Characterization: SEM images are observed by a JEOL JSM-7100F
scanning electron microscope. X-ray diffractometer (XRD) with Cu Ka radiation (A =
1.054056 A) with 20 in the range of 5~80° are used to collect X-ray diffractometer
characterizations. Fourier transform infrared Spectroscopy (FTIR) measurements were
collected by using Nicolet 6700 (Thermo Fisher Scientifc Co., USA). Atomic force
microscope (AFM) images were conducted under tapping mode on a VEECO
(Nanoscope IV/Nanoscope V). The X-ray photoelectron spectroscopy (XPS) analysis
was tested by ESCALAB 250 Xi spectrometer. The contact angles of the bare Zn,
PAM-Zn, and PZIL-Zn were measured on Dataphysics OCA35 optical contact angle

system for each test at the temperature of 25 °C.

Electrochemical Measurements: The cathode slurry was prepared by mixing the
MnO2/CNT powder, acetylene black carbon, and PVDF in NMP solution at a weight
ratio of 7:2:1. And then the slurry was coated onto a carbon paper. After drying, the
carbon paper was cut into circular sheets. The areal mass loading of the cathode
electrodes was about 1.3 mg cm. All the electrochemical performances were tested
with CR2016 coin cells assembled by a glass fiber separator. The Zn plating/stripping
performance was measured in Zn||Zn (or PZIL-Zn||PZIL-Zn) symmetrical cells in 2 M
ZnS0Og4 solution. The CE of Zn anodes was measured with Zn||Cu (or Zn||PZIL-Cu) cells
at a current density of 2 mA cm™2 for 0.5 h. The electrochemical performance of full
cells (Zn||[MnO:z or PZIL-Zn|[MnO2) was tested at current density of 3 C in a voltage

range of 0.9-1.8 V, using 2 M ZnSO4 and 0.2 M MnSQa solution as electrolyte. All the
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tests above were performed on a Neware Battery Tester. The EIS of the symmetrical
cells in the frequency range of 0.01-100 kHz and CV curves of the full cells at a scan

rate of 0.1 mV s were tested by a BioLogic electrochemistry workstation.



Figure S1. SEM cross section images of the decorated layer.



——PZIL-Zn
—ZIL
— AM

C=C stretching

N\

C=C stretching
735 750 765 780 795 810 825

Transparence (%)

Wavenumber (cm™)

Figure S2. FTIR spectra of AM, ZIL, and PZIL-Zn. The IR peaks in the range of 780-
830 cm are mainly ascribed to C=C twisting vibration. The characteristic peaks C=C
bonds disappeared after polymerization.
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Figure S3. XPS spectrum of PZIL layer on Zn foil. (a) XPS survey scan of the PZIL-
Zn. (b) High-resolution N 1s spectrum. (c) High-resolution O 1s spectrum. (d) High-
resolution C 1s spectrum
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Figure S4. The stability of Zn and PZIL-Zn in 2 M ZnSO; electrolyte. (a,d) The bare
Zn and PZIL-Zn soaked in electrolyte. (b,e) The optical image of soaked bare Zn and
PZIL-Zn. (c,f) SEM images of soaked bare Zn and PZIL-Zn.
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Figure S5. Linear polarization curves presenting the corrosion for bare Zn, PAM-Zn,
and PZIL-Zn.
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Figure S6. Corrosion curves of the bare Zn, PAM-Zn, and PZIL-Zn.
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Figure S7. Zn plating/stripping performance for bare Zn metal and PZIL-Zn metal in

the current density of 5 mA cm™.
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Figure S8. Nyquist plots of symmetric cells using (a) PZIL-Zn and (b) bare Zn before
cycling and after 100 cycles.
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Figure S9. Zn plating/stripping performance for PAM-Zn and PZIL-Zn in the current

density of 1 mA cm™.
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Figure S10. (a,b) SEM images of PAM-Zn after striping/plating for 100 cycles at | mA
cm™? and ImAh cm™.
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Figure S11. The CE tests of Zn|[PZIL-Cu and Zn||PAM-Cu at a current density of 2
mA cm™,
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Figure S12. Static contact angle of 2 M ZnSO4 electrolyte on PAM-Zn.
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Figure S13. Nyquist patterns at different temperatures of the (a) bare Zn and (b) PZIL-
Zn anode in symmetric cells.
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Figure S14. Arrhenius curves of bare Zn and PZIL-Zn anode.
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Figure S15. The cross-sectional SEM image of (a) cycled PZIL-Zn and (b) pull off the
layer.
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Figure S16. The calculated binding energies of Zn>" with water.
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Figure S17. Intensity ratio of free water and bound water in Raman spectra.
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Figure S18. SEM image of the a-MnO,/CNT composites.
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Figure S19. XRD pattern of the a-MnO»/CNT composites.
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Figure S20. Charge/discharge curves of PZIL-Zn full cell at different current densities.
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Figure S21. SEM images of the (a) surface of bare Zn and (b) PZIL-Zn full cell after
500 cycles.
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Figure S22. Digital photo of PZIL-Zn soft-packaged cells in series after being cut.
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Table S1. Different zinc anode modification methods and the corresponding electrochemistry
performance

Current  density Areal capacity Worked time

Zinc anode (mA em?) (mAh em?) (h) Reference
g}?ozl;sis) (s ! ! 400 3
PANZ@Zn 1 1 1145 4

MZn-60 0.2 0.2 800 5

In@Zn 0.25 0.05 1400 6
ZnO@Zn 5 1.25 500 !

Cu@Zn 1 0.5 1500 8

502@Zn 0.5 0.25 800 ?

gf;’;ﬁlite azn 0.1 0.1 200 10
ZnS@Zn 2 2 1100 i
ZnFr@Zn 1 1 800 12
Sc:03@Zn 0.5 0.5 275 13
ALD-ALO;@Zn 1 1 500 14
ggfz@rz“r’lh 0.1 0.05 1000 Is

Faceted TiO2@Zn 1 1 460 16
CM@CuO@Zn 1 1 400 17

In@Zn 1 1 500 18
PZIL@Zn 1 1 2600 This work
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