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Materials Characterizations

On an X-ray diffractometer (Bruker D2 Phaser), the sample crystal structures were examined using
copper-Ka radiation (A = 1.54178 A) throughout a 20 range of 5 to 80 degrees. SEM (Philips XL
30) and TEM (Philips EM208) were used to examine the microstructure and morphology of the
samples. A spectrometer (BRUKER-ALPHA) gathered Fourier transform infrared (FTIR) spectra.
XPS measurements (PHI 5500) were taken to analyze the surface elemental composition and the
corresponding valance states. HRTEM was performed using a field emission electron microscope
(JEM-3000F (JEOL)) operating at 300 kV. EDX elemental mapping and HAADF-STEM
investigations were done on a JEOL JEM-ARM200CF at 200 kV. A probe aberration corrector

was installed in a STEM.
Electrochemical Measurements

The dispersion of PVDF (10 wt%) binder, super black carbon (20 wt%), and active materials (70
wt%) were performed in N-Methyl pyrrolidone. The resultant slurry was cast onto Carbon cloth to
make the working electrode. The electrode was then sliced into circular slices (diameter = 11 mm)
with an active mass loading of 1.75-2.1 mg cm followed by vacuum drying at 80 °C for 10 hours.
Fiber glass separator, working electrode, 3 M Zn(CF;SOs3), aqueous electrolyte, and zinc anode
manufactured CR2032 coin cells in ambient air. Between the zinc anode and PPy-MoS,, the
separator was used to complete the AZIB. Charge-discharge cycle measurements were conducted
using a Kimiastat battery test system within a voltage range from 0.2 to 1.3 V vs. Zn?*/Zn. CV and

electrochemical impedance spectroscopy (EIS) tests were recorded by Autolab (PGSTAT 302 N).
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Materials Synthesis

Synthesis of MoS: Using a slightly modified version of the typical hydrothermal technique, MoS,
was prepared. Initially, after dissolving 0.242 g (1 mmol) sodium molybdate (Na2MoO4, AR),
0.05 g (0.14 mmol) cetyltrimethylammonium bromide (CTAB, AR), and 0.151 g (2 mmol)
thiocetamide (TAA, AR) in a DI water volume of 20 mL, the solution was subjected to magnetic
stirring for ten minutes so as to achieve a uniform solution after complete dissolution. After
transferring the same homogenous solution to a polytetrafluoroethylene autoclave (volume of 50
mL), it was maintained at a constant temperature for a period of 24 hours, after which the autoclave
was allowed to cool down to the temperature room. Using absolute ethanol and deionized water,
the obtained product was rinsed three times. The acquired products (at 200 °C) are labeled as 200-
MoS, for the purpose of convenience. After drying them for a period of 12 h at a temperature of
60 °C within an oven, the products were characterized further and utilized as the materials of

battery cathode.

Synthesis of PPy-MoS,: Through polymerization, the synthesis of PPy-MoS, was conducted.
Typically, two grams of powdered MoS, undergoes dispersion within DI water (volume of 100
mL). The resulting mixture underwent ultrasonication for a period of 30 minutes so as to disperse
the powder evenly. Then, a mixture containing anhydrous ferric chloride and pyrrole monomer
(molar ratio of 3:2) was added to the same dispersion. The resulting mixture underwent stirring
over an ice bath for a period of 10 hours. Then, the powder of as-synthesized PPy-MoS, was dried

at a temperature of 80 °C.
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Zn-ions diffusion coefficient calculation based on the GITT measurement:

The kinetics of Zn?>" intercalation during the charge/discharge reaction of PPy-MoS, cathode
material in depth was investigated using the galvanostatic intermittent titration technique (GITT).

The diffusion coefficient of Zn?* (D,) was calculated using the following equation:

E
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Where 1, M, m, V,,, A severally represented the relaxation time, the molar mass of active material,
the mass of active material, the molar volume, and the contact area between electrode and
electrolyte, while AEs and AEt represented the values of pulse voltage change and voltage change

of constant-current charge/discharge, respectively.

Computional Details: By employing the Vienna ab initio simulation package (VASP), first-
principles computations were carried out on the basis of the density functional theory (DFT) in
order to investigate the migration behavior of Zn ions within the PPy-MoS, framework'. The
projector augmented wave (PAW) technique, along with the Perdew—Burke—Ernzerhof (PBE)
functional, was employed in the calculations of the electronic structure. In structural optimization,
the adopted k-point separation and cut-off energy were 0.00 A and 500 eV, respectively. In the
course of the relaxation, the decided convergence tolerances for energy and force were 1075 eV
and 0.01 eV A1, respectively. In accordance with the spacing between the C atom center within

the PPy and the center of the molybdenum atom within the MoS, layer, the MoS,-to-PPy distance

S4



was determined and simulated. By employing the climbing-image nudged elastic band (cNEB)

technique, the energy barriers and migration paths could be simulated 3.
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Figure S1. CV curves of MoS, cathodes at a scan rate of 0.3 mV's .
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Figure S2. charge/discharge curves at 0.1 A g*! over the voltage range of 0.2-1.3 V of the MoS,
cathode.
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Figure S3. Typical galvanostatic charge and discharge profiles of PPy-MoS, cathode for

different current densities.

S8



1.4

Voltage(V vs. Zn>/Zn)

1.2 -
by ——0.1
1.0 1 1|L -~ AL R 0.2
e () 4
0.8 =3
sl 1
2
0.6 - 3
4
0.4 - S
10
0.2 -
0 5 100 15 200 250

Capacity(mAh g™)

Figure S4. Typical galvanostatic charge and discharge profiles of MoS, cathode for different

current densities.
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Figure S5. Rate capability at 0.1-10 A g'' of MoS, cathode
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Table S1. Summary of the electrochemical properties of transition-metal sulfides and selenides

cathodes
Cathode
materials Electrolyte Voltage Capacity [mAh g] Cycle stability Ref
This
PPy-MoS, 3 m Zn(CF;505), | 0.2-1.3V 404 mAh g'! 83% after 1000 cycles at 5 A g'! | work
86% after 1000 cycles at 1.0 A
MoS,/PANI 3m Zn(CF;S03), | 0.2-13V 106.5at 1.0 A g! gl 4
MoS,@CF 3 m Zn(CF;80;5), | 0.2-13V 182at0.1 A g’! 94% over 1500 cycles at2 A g! 3
MoS,-nH,0 3m Zn(CF;S03), | 0.2-1.25V 165at0.1 A g'! 88% over 800 cyclesat 1 A g’! 6
1T MoS, 3 m Zn(CF3S03), | 0.25-1.25V | 165at0.1 A g'! 98.1% over 400 cyclesat 1 Ag! | 7
200-MoS2 3 m Zn(CF;S03), | 0.25-1.3V 148 at 0.5 A g'! 100% after 500 cyclesat2 A g!' | 8
Vertical 1T- 87.8% after 2000 cycles at 1 A
MoS, 3 m Zn(CF;S0;), | 0.25-1.25V | 198 at0.1 A g! gl 9
ITVS, 1 m ZnSO, 04-1.0V 190 at 0.01 A g'! 98% after 200 cyclesat 0.5 A g! | 10
VS,@SS 1 m ZnSO, 04-1.0V 190 at 0.05 A g°! 80% after 2000 cyclesat2 A g! |
1T WS, 1 m ZnSO, 0.1-15V 233.26 at 0.05 A g! / 12
TiSe, 2 m ZnSO, 0.05-0.6 V 128 at 0.2 A g'! 70% after 300 cyclesat 1.0 A g! | 13
87.8% over 1800 cycles at 4 A
VSep,-SS 3 m Zn(CF;S0;), | 04-1.6V 265.2at0.2 A g! g! 14
90.5% after 1000 cycles at 1 A
D-MoS,-0 3 mZn(CF;S03), | 02-125V | 26lat0.1 Ag! g! 15
Sn vacancy 83.3% over 2400 cycles at 1 A
CosSn; 58S, 1 m Zn(TFSI), 0.01-23V 346at 0.2 A g’! g’! 16
N-doped 1T 89.1% after 1000 cycles at 3 A
MoS, 3mZn(CF3;S0;), | 0.2-1.3V 149.6 at 0.1 A g'! g’! 17
VS,@N-C 3 m Zn(CF;80;), | 0.2-1.8V 203 at 0.05 A g’! 97% after 600 cycles at 1 A g! 18
Co-doped 1 m KOH and 85.9% after 1000 cycles at 1 A
Ni3Se, 0.25 m ZnO 1.4-19V 179.34at1 A g'! g! 19
88.6% after 1800 cycles at 1 A
MoS,/Graphene | 3 m Zn(CF;S03), | 0.2-1.5V 283.9at0.1 A g'! g’! 3
MoS,@CNTs 3 m Zn(CF;S03), | 0.3-12V 161.5at0.1 A g! 80.1% after 500 cyclesat 1 Ag! | 20
93% after 1000 cycles at 5.0 A
rGO-VS, 3 m Zn(CF;S0;), | 04-1.7V 238 at0.1 A g'! g! 21
91.6% after 150 cycles at 0.5 A
rGO-VSe, 2 m ZnSO, 0.2-14V 221.5at0.5A g! g! 2
82% after 3500 cycles at 10 A g
VS,@rGO 1 m Zn(CF;S0;), | 0-1.8V 450 at 0.5 A g'! ! 23
85.6% after 100 cycles at 0.5 A
MoS3/MWCNTs | 2 m ZnSO, 0.01-2V 368 at 0.5 A g-1 gl 24
2 m ZnSO, and 70.8% after 1000 cycles at 1 A
MnS/RGO 0.1 m MnSQO, 0.8-19V 289 at 0.1 A g! g’! 25
86% after 200 cycles at 1.0 A g!
VS2@VOOH 3 m Zn(CF;S03), | 0.4-1.0V 165 at0.1 A g! [123] 26
75% after 3000 cycles at 1.0 A
VS2/VOx 25 m ZnCl, 0.1-1.8V | 260at0.1 A g! o1 [142] 27
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