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Experimental
1 Materials

Zinc acetate dihydrate (CsHsO4Zn-2H,0), potassium hydroxide (KOH), anhydrous
potassium carbonate (K,COj3), hydrochloric acid (HCI) and iron nitrate nonahydrate
(Fe(NO3)39H,0O) were purchased from Sinopharm Chemical Reagents Co., Ltd. 2-
methylimidazole (CsH¢N2) was purchased from Shanghai Macklin Biochemical Technology
Co., Ltd. Boric acid (H3;BO3) was purchased from Hunan Huihong Reagent Co., Ltd. All
reagents were used without further purification.

2 Preparation of ZIF-8

ZIF-8 was synthesized through a wet chemistry method. In detail, 7.2 g of
C4HeO04Zn-2H,0 and 30 g of C4sHeN> were dissolved in 200 mL of deionized water by magnetic
stirring at room temperature, respectively. The above two solutions were thoroughly mixed, and
then aged for 48 h at room temperature. The obtained white precipitate was collected and
washed three times by methanol and deionized water respectively, and dried at 60 °C for 8 h.

3 Carbonization of ZIF-8 (ZIF-8-800)

The ZIF-8 powder was transferred into a tube furnace and annealed at 800 °C for 1 h under
argon with a heating rate of 5 °C/min. Subsequently, the obtained product was thoroughly
washed with 35 wt% hydrochloric acid and deionized water, respectively, filtered and dried at
60 °C for 8 h.

4 Preparation of ZIF-8-derived porous carbons

ZIF-8-800 and activator (KOH, H3BO; or Fe(NO3)3) were mixed in an appropriate amount
of deionized water at a mass ratio of 1:2. Then, the mixed suspension was stirred at 80 °C to
evaporate deionized water. The obtained powder was dried at 60 °C for 8 h. The dried powder
was further transferred to a tube furnace and activated at 700 °C for 2 h under argon with a
heating rate of 5 °C/min. The activated product was thoroughly washed with 35 wt%
hydrochloric acid and deionized water, filtered and dried at 60 °C for 8 h. ZIF-8-800 activated
with KOH, H3BOs, Fe(NOs); were labeled as ZIF-8-800(KOH), ZIF-8-800(H3;BO3) and ZIF-
8-800(Fe(NOs)3), respectively.

5 Material characterization

Powder X-ray diffraction analysis was performed on an Bruker D8 Advance diffractometer
with a Cu K,, radiation source. The morphology of the prepared powders was characterized by
a JSM-7610Fplus scanning electron microscope equipped with an energy dispersion
spectroscopy. Raman spectra were collected on an inVia Reflex spectrometer. The specific
surface area and pore size of the prepared powder were measured by an ASAP2020 N2
adsorption-desorption instrument.

6 Electrochemical measurements

The electrochemical performance of ZIHCs using ZIF-8-derived porous carbon cathodes
was investigated using 2023-type coin cells. In the assembly of ZIHCs, ZIF-8-800, ZIF-8-
800(H3BOs), ZIF-8-800(Fe(NOs);) and ZIF-8-800(KOH) were used as cathodes to match
commercial zinc foil anodes whose surface was first polished by the sandpaper to remove oxide
layer before use. A glass fiber as a separator filled with zinc sulfate electrolyte is sandwiched



between the cathodes and anodes. The fabrication of cathode is by mixing active materials (ZIF-
8-800, ZIF-8-800(H;BO;), ZIF-8-800(Fe(NOs);) and ZIF-8-800(KOH)), polyvinylidene
fluoride binder and acetylene black conductive agent in 1-methyl-2-pyrrolidone solvent with at
a mass ratio of 8:1:1 to form a uniform slurry. The slurry was coated on a stainless steel foil by
a doctor blade and dried at 60 °C for 8 h. Mass loading of active materials is around 1 mg/cm?.
The thickness of the electrode is about 25 um. Galvanostatic charge-discharge tests were
performed on the CT-3008-5V10Ma-164 high-precision electrochemical performance test
system at current densities of 0.1 and 1 A/g. Cyclic voltammetry (CV) tests were conducted at
a scan rate from 5 to 50 mV/s. Electrochemical impedance spectroscopy (EIS) measurements
were performed at a frequency ranging from 0.1 Hz to 1 MHz with an amplitude of 5 mV. CV
and EIS were measured on an RST5000 electrochemical workstation. The specific capacitance,
energy density and power density were calculated according to Egs. (1)—(3) [1-3].
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where I, At, m and AV represent the charge and discharge current, the discharge time, the mass
of the active material in the working electrode and the voltage window, respectively.

(a)

0

600 900 1200

Binding energy/eV

300

(©

Cls

280 285 290

Binding energy/eV

295

300

(b)

O 1s

525

535 540
Binding energy/eV

530 545

(d)

Pyridinic-N  ¢&

N s

Graphitic-N

%, Pyridinic-N-+-O-

395

400 405
Binding energy/eV

410

Figure S1 (a) XPS survey, high resolution (b) O 1s, (c) C 1s and (d) s spectra of ZIF-8-800
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Figure S2 (a) The N2 adsorption/desorption isotherms and (b) the pore size distribution of ZIF-8-
800(Fe(NO:s)3) and ZIF-8-800(H3BO:)
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Figure S3 Charge and discharge curves of ZIHCs using (a) ZIF-8-800 and (b) ZIF-8-800(KOH) cathodes
with arest of 12 h



b
(a) * Fe (b) 202
1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 1000 1020 1040 1060
200(%) Binding energy/eV
©) Ols (d) S 2p

525 530 535 540 160 165 170 175
Binding energy/eV Binding energy/eV

Figure S4 (a) XRD patterns and (b, c, d) XPS spectra of ZIF-8-800(KOH) cathode in ZIHCs after cycling

XRD patterns show no impurity peaks except for the iron phase of the stainless steel
substrate. However, pronounced zinc, oxygen and sulfur signals are observed in the XPS spectra
of the post-cycling electrodes. The Zn 2p at 1022 and 1045 eV and S 2p spectra at 168.9 eV
can be indexed as Zn*>" and SO4> ions, respectively. In addition, a new peak is formed in the
binding energy of 532.7 eV of O 1s, which is assigned to the S—O bond. Based on this, the
byproducts on the post-cycled electrode are supposed to be zinc hydroxide sulfate, which is
consistent with previously reported byproducts on manganese and vanadium-based cathodes in
aqueous zinc-ion batteries.



Table S1 Rate performance of ZIF-8-800(KOH) compared with previously reported porous carbon

Material Electrolyte Current density/(A-g™") Capacitance/(F-g"') Reference
0.10 375.5 ]
ZIF-8-800(KOH) ZnSO4 This work
1.00 203.0
N, O-doped honeycomb- ZnSO4 0.05 218.0 [4]
carbon
Potato derived porous carbon 0.50 336.0 [5]
Chltosap aerogel derived ZnSOs 200 165.6 [6]
hierarchical porous carbon
Nitrogen and oxygen co-doped Zn(CF3503)2/DMF 20.00 151.0 7]
carbon ZnS04 20.00 181.2
' Cotth fabric derived KOH 10.00 90.0 [8]
hierarchically porous carbon
Nitrogen-doped tubular carbon H2S04-ZnSO4 10.00 181.3 [9]

Table S2 Comparison of electrochemical properties of ZIF-8-800(KOH) with previously reported

capacitors
. . . Capacity
Material Electrolyte Current density ~ Cycling number retention/% Ref.
0.1 A/g 100 89.20 i
ZIF-8-800(KOH) ZnSO4 This
1A/g 9000 77.80 work
PCN ZnSO4 1A/g 4000 90.80 [10]
N, O, and S tri-doped ZnSO4 2 Alg 8000 88.00 [11]
hierarchical porous carbon
ZnLFK-PC ZnSO4 10 A/g 4000 92.40 [12]
NiC0204//FesMo3C/
Mo2C@CNTs-800 KOH 1A/g 4000 73.90 [13]
COCVO-2//AC ASC KOH 30 mA/cm? 5000 84.65 [14]
Ni-MOF@PANI-rGO KOH 8A/g 5000 90.00 [15]
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