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Experiment section

Materials

ZnS0,4-7H,0 (99%), iodine (l;, 99.99%) and N-methyl-2-pyrrolidone (NMP, 99.5%) were bought from
Aladdin (Shanghai, China). Isopropanol (AR), hydrogen peroxide (H,0,, 30%) and potassium
permanganate (KMnO,, AR) were obtained from Sinopharm (Shanghai, China). 2-methylimidazole
(98%) was supplied by Macklin. Poly (1,1-difluoroethylene) (PVDF), super P, activated carbon (AC), Zn
foil (0.10 mm), Ti foil (0.02 mm) and Cu foil (0.01 mm) were procured from Kejing Star Technology
(Shenzhen, China).

Preparation of Zn@DZ-MOF electrodes

Zn@DZ-MOF anodes were fabricated by a two-step reaction process. First, one side of the Zn foil (0.10
mm) was covered with Kapton tape to protect it from oxidation. Then, the covered Zn foil was sonicated
in isopropanol solvent for 30 min and then immersed in 20 mL KMnQ, solution (0.02 M) at 85 °C for 30
min. Subsequently, the obtained Zn foil was washed and infiltrated into 20 mL 2-methylimidazole
solution (0.50 M) for 48 h. The products were washed with deionized water (DI), dried at 50 °C for 24 h
and cut into circular disks with a diameter of 12 mm to obtain Zn@DZ-MOF electrodes.

Preparation of zinc-based metal-organic framework (Zn@zZ-MOF) electrodes

Similarly, Zn@Z-MOF anodes were synthesized using the same procedures, except that the treatment
of Zn foil in 20 mL KMnOQ, solution (0.02 M) at 85 °C for 30 min was replaced with 20 mL H,0, solution

(30%) at 70 °C for 30 min.

Preparation of I,-AC electrode materials

The I,-AC cathode material was prepared by an |, sublimation method.! In general, 1.0gofl,and 1.0 g
of AC were completely mixed, and then placed in a hydrothermal reactor and heated at 90 °C for 4 h.
The 1,-AC composite cathode material was finally obtained after the product cooling to ambient

temperature.

Materials characterization

The samples were characterized by the X-ray diffraction (XRD, Smart Lab, 9 KW) analysis with Cu-Ka



radiation source in the 20 range of 5°~90°. The scanning electron microscopy (SEM, Hitachi, S-4800),
transmission electron microscopy (TEM, JEOL JEM-2010) and energy dispersive spectroscopy (EDS,
INCA) investigations were employed to study the morphology, microstructure, and element distribution
of the materials. The X-ray photoelectron spectroscopy (XPS, Thermo ESCALAB 250) analysis was
recorded to characterize the surface composition. The X-ray absorption fine structure (XAFS)
measurements of Mn K-edge were conducted on a TableXAFS-500 (Specreation Instruments Co., Ltd.,
China). The wettability of the 2.0 M ZnSO, electrolyte to bare Zn, Zn@Z-MOF and Zn@DZ-MOF
electrodes were investigated using a contact Angle meter (DSA30). The structural composition of the
samples was collected by Fourier transformation infrared (FTIR, Bruker Tensor 27). The |, content in I,-
AC was measured by the thermogravimetric analysis (TGA, Hitachi, STA200). The surface morphologies

of electrodes during electrochemical deposition were observed by an electron microscope (Shenhong).

Electrochemical measurements

All full and half batteries were assembled into CR-2025 coin cells using a Glass fiber (Whatman GF/D)
separator and an electrolyte of 2.0 M ZnSO, aqueous solution (80 uL). The cathodes were fabricated by
mixing I,-AC powder, Super P and poly (1,1-difluoroethylene) (PVDF) in a weight ratio of 8: 1: 1 using N-
methyl-2-pyrrolidone (NMP) as blending solvent. Then, the resultant slurry was coated on Ti foils and
dried in a vacuum oven at 60 °C for 12 h. Galvanostatic Charge-Discharge (GCD) tests were carried out
using a Neware Battery Test System (CT-4008T). Electrochemical impedance spectroscopy (EIS),
corrosion current density, linear sweep voltammetry (LSV) and chronoamperometry (CA) were
measured in a CHI 760E electrochemical workstation. Corrosion current density was tested using a
three-electrode system with bare Zn, Zn@Z-MOF or Zn@DZ-MOF electrodes as working electrodes, Zn
foil as the counter electrode and Ag/AgCl electrode as the reference electrode. CA was tested in
symmetric batteries, LSV was conducted at 0.5 mV s~ and EIS was performed in a frequency range from
0.01 Hz to 100 kHz. Zn//Cu asymmetric batteries were assembled to measure CE using commercial Cu
foil as a cathode and bare Zn, Zn@Z-MOF or Zn@DZ-MOF as anodes, respectively.

Density functional theory (DFT) calculation

All calculations were conducted by using the DFT method within the Vienna Ab initio Simulation
Package (VASP).2 The ion-electron interactions were depicted by implementing the projector

augmented wave (PAW) basis at a cutoff energy of 500 eV.? In addition, the Perdew-Burke-Ernzerhof



(PBE) functional was employed to handle the exchange and correlation interaction within the
generalized gradient approximation (GGA).4 A vacuum buffer of 15 A was utilized to prevent the
interaction between adjacent images. The convergence criteria of energy and force were set at 10 eV
and 0.03 eV A, respectively, to guarantee the thorough relaxation of all atomic positions. Empirical
DFT-D3 corrections were used to treat long-range van der Waals (vdW) interactions for Z-MOF and DZ-
MOF. A supercell containing 44 unit cells was adopted to model the Zn (001) surface, and the bottom
two layers were fixed. The first Brillouin zone was sampled with k-point meshes of 1 x 1 x 1 and 3 x3 x
1 for the surface of Z-MOF and Zn (001), respectively. The binding energies of Zn (E,) on each model

were defined as follows:
Esztotal_Esurf_EZn (1)

where Eiotal, Esurf and Ez, are the energies of the system, the surface and the Zn atom, respectively.



Fig. S1 SEM images of (a-b) bare Zn, (c-d) Zn@Z-MOF and (e-f) Zn@DZ-MOF electrodes.
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Fig. S2 EDS spectrum of the Zn@DZ-MOF electrode.
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Fig. S3 SEM image of the Zn@DZ-MOF electrode and the corresponding EDS spectra at different areas.
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Fig. S4 Current-time curves of (a) Zn@Z-MOF//Zn@Z-MOF and (b) bare Zn//Zn symmetric batteries with
an experimental potential of 20 mV. Inset: the EIS curves of symmetric batteries before and after
current-time tests.

The Zn?* transference number is calculated according to the Bruce-Vincent formula:

1,(8V ~1gRy)

s IO(AV_ ISRS)

Zn

Where AV is the applied constant potential (20 mV), I, and R, are the incipient current and resistance

of the symmetric battery, and I and R, are the stable current and resistance, respectively.
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Fig. S5 EIS spectra of bare Zn//Zn, Zn@Z-MOF//Zn@Z-MOF and Zn@DZ-MOF//Zn@DZ-MOF batteries

after 50 cycles.
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Fig. S6 XRD patterns of bare Zn, Zn@Z-MOF and Zn@DZ-MOF electrodes after immersing in 2.0 M ZnSO,

electrolyte for 7 days.



Fig. S7 In-situ optical microscopic observation of (a) bare Zn and (b) Zn@DZ-MOF electrodes at 1 mA

cm2,
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Fig. S8 Voltage profiles of (a) bare Zn//Cu and (b) Zn@Z-MOF//Cu asymmetric batteries at different

cycles.
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Fig. S9 Coulombic efficiencies (CEs) of Zn plating/stripping of bare Zn//Cu, Zn@Z-MOF//Cu and Zn@DZ-

MOF//Cu batteries at 0.5 mA cm~2, 0.5 mAh cm™2.



Fig. $10 SEM images of (a) bare Zn//Zn, (b) Zn@Z-MOF//Zn@Z-MOF and (c) Zn@DZ-MOF//Zn@DZ-MOF

symmetric batteries after 100 cycles.
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Fig. S11 SEM image and the corresponding elemental mapping of the as-prepared I,-AC composite.
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Fig. S12 XRD patterns of I,, AC and I,-AC.
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Fig. S13 TGA curves of AC and I,-AC.
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Fig. S14 The EIS spectra of bare Zn//l,, Zn@Z-MOF//1, and Zn@DZ-MOF//I, batteries. Inset: Equivalent
circuit model used for EIS fitting analysis. (Rs: electrolyte resistance; R.;: charge transfer resistance; Rg;:
solid electrolyte interphase resistance; CPE: double-layer capacitance; Z,: ion diffusion in the host

material).



Table S1 The calculation of transference number of Zn?*.

electrode lo (LA) Is (LA) Ro (Q) Rs (Q) AV (V) tzn?

Bare Zn 5.43 1.904 1214 1324 0.02 0.269
Zn@Z-MOF 18.51 11.26 646.7 796.5 0.02 0.443
Zn@DZ-MOF 21.3 15.61 389.6 519 0.02 0.721

Table S2 Comparison of the electrochemical performance of the Zn@DZ-MOF anode with recently

reported Zn-based anodes.

Protective layers Current density Capacity Time (h) Reference
(mA cm™?) (mAh cm™?)
Zn@ZIF8 0.5 0.2 500 5
Zn@ZIF 2 1 1200 6
2 2 700
ZIF-8/Zn 2 2 800 7
5 5 800
Zn@ZIF-L 0.25 0.25 800 8
S/MX@ZnS@Zn 0.5 0.5 1600 9
1 1 1100
ZPS@Zn 1 1 2200 10
5 2.5 650
Zn-ATMP@2Zn 1 1 1850 11
Zn0O:S@2Zn 1 1 1400 12
ZnSe@Zn 1 1 1530 13
ZnS@Zn 2 2 1100 14
Si0,@Zn 1 0.5 1000 15
CeO,@Zn 0.5 0.25 1300 16

Zn@ZnF, 0.5 1 500 17



AZ-Zn 1 1 1800 18

ZnF,@Zn 0.5 0.5 715 19
Zn@PAQ 1 1 1750 20
ZIF-11 1 0.5 400 21
Sn@Zn-IP 2 1 700 22
2CS@Zn 2 4 1200 23
2rO,@Zn 0.25 0.125 2800 24
UI0-66 3 0.5 500 25
ZnO@Zn 5 1.25 500 26
PA-Zn 2 1 1500 27

Zn@DZ-MOF 1 1 2650 This work

2 2 1760 This work

5 5 580 This work

Table S3 Fitting data of EIS spectra of bare Zn//|,, Zn@Z-MOF//I, and Zn@DZ-MOF//I, batteries.

Samples Rs (Q) Rsei (Q) Rt (Q)

Bare Zn 1.712 41.8 511.2

Zn@Z-MOF 2.745 48.59 238.8

Zn@DZ-MOF 1.719 17.36 62.77
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