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Experimental

S1. Material characterizations

The morphologies and structures of the as-prepared samples were characterized
by SEM (INCA X-Max) and TEM (JEOL JEM 2100F). The Phase composition and
surface chemistry states of samples were characterized by powder X-ray diffractometer
(Bruker D8, Cu Ka radiation (A=0.15418 nm) between 5 and 90°) and XPS (Thermo
ESCALAB 250XI with a monochromatic Al-Ka radiation (1486.6 ¢V).). The Raman
spectra were s performed using laser Raman spectrometer ((LabRAM HR, HORIBA,
laser excitation: 532 nm). Moreover, the specific surface area, and pore size of the as-
synthesized materials were evaluated by N, adsorption/desorption measurement (ASAP
2460 Version 3.01) and Brunauere- Emmette-Teller method. The contact Angle of the
film on the electrode surface was measured by a contact Angle measuring instrument

(DSA25E).

S2. Electrochemical calculations

All Cyclic voltammetry (CV, 0.2-1.8V) and electrochemical impedance
spectroscopy (EIS, 100kHz-10Hz) tests were carried out in CHI 660E electrochemical
workstation (Shanghai ChenHua Instrument Co., Ltd.). The galvanostatic charge—
discharge (GCD, 0.2-1.8V) and cycling performance were tested by Land cell tester
system (Wuhan Land Electronics Co., Ltd. CT3002A-5V-2mA&10mA). The
calculations on the specific capacitances, energy and power densities of the cells are
provided in SI.

Coin-type ZICs were tested in the voltage range of 0.2-1.8 V. The specific



capacitance, energy and power densities of ZICs were calculated as described below.

Specific capacitances were calculated from GCD curves according to Eq. (1):

[ X At
Cm=
m (D

where Cm (mAh g!) is the specific capacity of a single electrode based on the mass of
active material in three-electrode system or based on the total mass of active materials
in two-electrode system. 7 (A) is the constant charge/discharge current, and m (g) is the
mass laoding.

Energy density (£, Whkg!) and power density (P, W kg!) of PICs were calculated

based on Egs. (2) and (3):
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S3. Theoretical simulations details

The DFT calculation of this work were performed using Vienna Ab-initio
Simulation Package (VASP version 6.4.1). The interaction between nuclei and valence
electrons were described by Projector augmented wave (PAW) pseudopotential, while
the exchange behavior and correlation between electrons were approximated by the
generalized gradient of Perdew- Burke-Ernzerhof (PBE). Specifically speaking, the
truncation energy was set to 520 eV in the calculation, while the convergence criteria
for energy and mechanics were respectively delimited as 10E-6 eV and 0.01 eV A-1,
ensuring that the energy error is less than Imev/atom. DFT-D4 was used to correct the

van der Waals force in the calculation, and the free energy was calculated based on the



following formula:

AG = AE + AZPE-TAS-eU

Where, AE is the change in system energy before and after the reaction, AZPE
represents the change in zero-point energy, and AS is the change in entropy for each

reaction. During vibration analysis, all atoms are fixed (T = 298.15 K). U is the

electrode potential and e is the transfer charge (U =0 V).
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Figure S3. SEM images of NPCP.
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Figure S4. XRD pattern of ZIF-8/SA and SA
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Figure S5. The high-resolution Clgspectrum of HPCN-1, HPCN-3 and NPCP

Table S1 Relative concentration of Cabon bonding

Binding Carbon Relative Concentration(%)
Energy (¢V) | bonding NPCP | HPCN-3 | HPCN-2 | HPCN-1

284.5 C=C 42.55 40.83 38.71 42.06
285.0 C-C 27.16 35.18 33.04 27.76
286.1 C-O/C-N 21.26 16.04 18.62 20.90
287.5 Cc=0 431 3.74 5.51 5.44

288.7 -COOH 4.72 421 4.12 3.84



Table S2 Relative concentration of Oxygen bonding

Binding Oxygen Relative Concentration(%)
Energy (eV)

ponding

532.0 0-C/C-OH 46.4 46.46 5341 48.36
530.8 C=0 25.08 21.76 22.69 29.60
533.3 0O-C=0 28.46 31.79 23.90 22.04

Table S3 Relative concentration of Nitrogen bonding

Binding Nitrogen Relative Concentration(%)
Energy (eV)| bonding NPCP | HPCN-3 | HPCN-2 | HPCN-1

398.2 Pyridinic-N  47.35 48.65 51.50 49.26
399.8 Pyrrolic-N 35.85 25.66 23.25 36.46
401.2 Graphitic-N  14.34 20.65 20.02 11.16
402.8 Oxidized-N 2.46 5.13 5.23 3.13
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Figure S6. Pore size distribution HPCNs and NPCP:



Table S4 The simulated R; and R.; of NPCP, HPCN-3, HPCN-2 and HPCN-1 cathodes for

ZICs.

NPCP HPCN-3 HPCN-2 HPCN-1
22 1.6 1.2 1.4

R, (ohm)
R, (ohm) 188.7
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Figure S7. Electrochemical performance of NPCP: (a) CV curves at different scan
rates, (b-c) GCD curves at different current density and (d-1) capacitive contribution at
different scan rates (the red region;1-20 mV-s!).



(a)

Wl Tmvs? I
-~ ——2my ! o 1y A
o 15 Smvs' o /l 16 “| 1\ \
“u —Sm\‘s"l S ':‘ _ i I \
z . 0 my 5 i Zud |H /A / \
a B /
= £l \ / \
= 7 E=RNE L \ —
I e 3 w/ / \ SaE
En / o s ﬂ 1
5 i e 20 my ¥ i
o i = oot wedl [/
-15 f— S0mVs . ‘.',;
2 L ——Mamve 0l \
S 100 WV 1
—————— 02 v v v v T T 2 -
(d) D2 04 06 98 10 12 14 16 18 (e)o 1000 2000 3000 4000 5000 G000 6 10 20 30 4D S0 60 T0 80 90 100
Voltage (V) Lime (s) (f) Capacity (mAh g1y
04 0.75
(K]
~ 00 a
e e 4
202 = 2 05
I 028 P
E g’ £
E] F =00
Z 00 3 e 3
H El I
£ ‘ g 0,25 H 03
Diffusi — .
Sz o ::":":L o] Diffusion o | Diffusion
I Cup 050 I Capacitive BY I Capacitivel
1mv-s' 62% 2mv-s" 75% Smv-§? 9%
AT ATV oY - B2 04 06 B8 L0 12 14 L6 18
2 04 06 08 10 12 b 16 0 02 04 06 B L0 12 14 L6 L8 . A :
(g) O e (V) oo (h) Valtage (V) (l Voltage (V)
4
] T
: 2
=" =
E Z
= 20
30 e
= =
£, £
e- =2
| piffusion | ¥, | biffusion | Diffusion
15 I Capacitive] I <apacitive " B Capacitive
Smv-s 82% N 10wy §T 83% 20 mv-§" §7%
0z k4 06 08 L0 1E 14 L6 L8 D02 04 06 0B 10 L2 14 L6 18 0z 04 06 %ﬁ 10 12 34 16 18
Voltage (V) Voltage (V) oltage (V)

Figure S8. Electrochemical performance of HPCN-1: (a) CV curves at different scan
rates, (b-c) GCD curves at different current density and (d-1) capacitive contribution at
different scan rates (the red region;1-20 mV-s!).
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Figure S9. Electrochemical performance of HPCN-2: (a) CV curves at different scan
rates, (b-c) GCD curves at different current density and (d-1) capacitive contribution at
different scan rates (the red region;1-20 mV-s!).
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Figure S10. Electrochemical performance of HPCN-3: (a) CV curves at different scan
rates, (b-c) GCD curves at different current density and (d-1) capacitive contribution at
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Table S5 The Performance comparison of This work with reported ZIHCs

Cathode Electrolyte

Capacity Span life

Energy/power density

Potential

window

Ref

Zn-MET-800 2 M ZnSOy

PZC-A750 1M Zn(CF;S03),

HPCS-900 2 M ZnSOy

1214 mAh * g' @
0.5A « g1
110.2 mAh * g' @
1A« g

98.7mAh * gl @2A * g
1

30,000cycles @ 90.4%

81.6mAh* gl@5A « g
1

119mAh * g' @
0.5A * g1
108 mAh * g' @ 1A » g!
102 mAh * g' @ 3A * g!

99.6mAh * gl @5A * g
1

10,000cycles @ 100%

104.9mAh * g' @ 30,000cycles @ 95.2%

128.5 Whkg' @ 70 W * kg™!

107.3 Wh kg @ 214.9W - kg
1

90.17 Wh kg @ 81.2 W * kg'!

0.1-1.7V

0.2-1.8V

0.1-1.7V




0.1A « g1
90.7 mAh * g' @
0.2A « g1
823 mAh * g'@
0.5A « g1
75.6mAhg'@1A * g
1
64.8mAh * gl @ 2A - g!
558mAh - g'@5A * g
1
48.5mAh * g' @
10A - g1
C-800 3 M ZnSO, 121.7 mAh * g' @
0.05A * g
80 mAh* g!'@ 0.5A * g
1
55mAh* gl@5A * g!
414 mAh * g' @
20A ¢+ gt
SOCNs M Zn(CF3SO3)2 151 mAh * g-l @ ——
0.1A « g1
121.4mAh * g' @
0.2A « g1
105.6 mAh * g' @
0.5A « g1
101.2 mAh - g' @
1A - g
92 mAh * g1 @ 2A - g
84 mAh * g1 @ 5A - g1
81 mAh * g'@ 10A -« g!

N/S-PCD 2 M ZnSOy 133.4mAh * g' @
0.2A + g!
1289 mAh * g'' @
0.5A « g!
123.7mAh * g' @
1A * g-l
117.8 mAh * ¢' @
2A ¢ g-l
107.5mAh * g' @
SA ¢ g-l
98.2 mAh * g' @

10,000cycles @ 98.7%

10,000cycles @ 97.1%

119.7 Wh kg @ 400.8
W e kgl

103.1 Wh kg'! @ 51.6 W - kg'!

106.7 Wh kg @ 160 W * kg'!

0.2-1.8V

0.2-1.8V

0.2-1.8V

4

5

6



10A - g
90.7 mAh * g' @

15A « g!
84.4mAh * g' @

20A » g
LDC

1M ZnSO, 127.7mAh * gl @

0.5A « g1
42.8mAh * g' @
20A * g!

DCPs-800 2 M ZnSOy 140mAh * g @

0.2A + g!
1212 mAh * g' @
0.4A + g!
103.5mAh * gl @
0.8A + g’!
98.8 mAh * g' @
1.6A ¢ g'!
90.1mAh * g'' @
32A - g
86.2 mAh * g!
@6.4A * g1

SA-3

2 M ZnSO, 100 mAh « g' @

0.1A « g!
92mAh * gl @ 0.2A * g

1

84 mAh * g1 @ 0.5A * g
1

80 mAh* gl @ 0.8A * g
1
77 mAh * gl @ 1A « g'!
72 mAh * gl @ 2A * g'!
70 mAh * gl @ 5A « g'!
49 mAh - g' @ 10A » g!
This work 2 M ZnSO, 128mAh * g' @
0.1A + g!
121 mAh* g'@
0.2A + g!
118 mAh * g' @

16,000cycles @ 99.5%

50,000cycles @ 93%

50,000cycles @ 97.8%

97.6 Wh kg @ 400 W = kg'!

111.1 Wh kg @ 150 W * kg'!

100 Wh kg! @ 120 W » kg'!

128.5 Whkg' @ 130 W « kg'!

0.2-1.8V

0.2-1.8V

0.2-1.8V

0.2-1.8V

7

8

9




0.5A « g
115 mAh * g' @
0.8A * g
108 mAh * g @ 1A * g!
101 mAh * g @ 2A * g
96 mAh * gl @ 5A * g!

Figure S12. Ex situ SEM images at different states for cathode.



@) (b) (c)
mkl ols 1 s Zn2p
.
ol s 5 A s
ol - z
s AL_AWK.J‘_LM 4 = /\ 4 =
a i T &
4 k3
Z z g
7] g =
g s z £
E = =
2
‘/\L_/"\LA\——A_M_/\L
1
1200 1000 800 600 400 200 o 1055 1050 1045 1040 1035 1030 1025 1020 1015 176 174 172 190 168 166 164
Bonding energy (eV) Bonding energy (cV) Bonding cnergy (cV)

Figure S13. Ex situ XPS (b)Zn 2p, (c) S 2p,

Table S6 Relative concentration of Cabon bonding

Binding Carbon Relative Concentration(%)

284.6 C=C/C-C 35.57 27.23 26.13
285.7 C-O/C-N 21.54 31.91 29.94
286.3 C=0 27.13 20.29 24.26
288.3 C-O-Zn 5.46 9.45 7.82
290.6 C-F 10.30 11.12 11.46

Table S7 Relative concentration of Oxygen bonding

Binding Oxygen Relative Concentration(%o)
Ecrgy (V)| bunding

533.1 63.82 71.76 61.28
534.2 O-C=0 13.99 18.09 14.11
532.0 C=0 22.19 10.15 14.60

Table S8 Relative concentration of Nitrogen bonding

Binding Nitrogen Relative Concentration(%)

398.3 Pyridinic-N 27.92 19.58 24.03
400.0 Pyrrolic-N 48.36 43.23 37.08
401.8 Graphitic-N 19.85 22.61 32.63

403.6 Oxidized-N 3.87 14.59 6.26
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