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Experimental Section
Preparations of S-MoS, and MoS,

The C;HgNg was heated at 550 °C for 4 h to obtain C3N4. Then, the C;Ny,
(NH4);M00,, and CH4N,S were ball milled for 2 h in a weight ratio of 10:1:2. The
sample was heated at 550 °C for 4 h in Ar atmosphere to generate MoS,, and further
heated to 800 °C for 2 h to volatilize C5Ny. After cooling, the S-MoS, was obtained. As
a control, MoS, was synthesized by the same method as S-MoS,; except for the presence
of C5Ny.

Material characterizations

The phase structure of samples was investigated in the sweep range of 10-80
degrees by X-ray diffraction (XRD, Rigaku Smartlab SE). The morphology and
microstructure information were performed by field-emission scanning electron
microscopy (SEM, JEOL JSM-7800F) and transmission electron microscopy (TEM,
JEOL JEM-2100). The surface valance states were characterized using X-ray
photoelectron spectroscopy (Krayos AXIS Ultra DLD). N, adsorption-desorption tests
were implemented to determine the surface area and pore size of samples by ASAP
2420.

Electrochemical performance tests

The active materials (80%), acetylene black (10%), and PVDF (10%) were mixed
with N-methyl pyrrolidone as a solvent and kept stirring for 12 h. The resulting slurry
was coated on the current collector (Mo foil) and vacuum dried at 60 °C for 12 h. The

mass loading of cathode was 1.0-1.2 mg cm2. High-purity Al foil and glass-fiber



membrane were used as reference electrode and separator, respectively. A fixed amount
of ionic liquid (80 uL) composed of AlCl; and [EMIm]CI with a molar ratio of 1.1:1
was used as the electrolyte of batteries. The electrochemical performance of cathode
materials was tested using the assembled 2025-type coin cells. The smaller amount of
electrolyte and the lower concentration of AICl; avoid the side reaction between the
electrolyte and stainless steel coin cells. Cyclic voltammogram (CV) curves for current
collector without active material are shown in Figure S13, showing that no significant
redox reaction is experienced between the coin cells and the electrolyte. The CV test
was performed on an electrochemical workstation (CHI 660E) with a scanning rate of
0.5 mV s In GITT tests, each discharge pulse lasted for 3 min at current density of
100 mA g'! and relaxation time was 1 min. Electrochemical impedance spectroscopy
(EIS) was performed on the same electrochemical workstation with a frequency range
of 100,000 to 0.01 Hz. Galvanostatic charge/discharge performance was tested by the
Land CT2001A system in a voltage range of 0.01-1.8 V.
First-principles calculations

The first-principles calculations were implemented by Vienna Ab initio
Simulation Package (VASP) based on density functional theory (DFT). The exchange-
correlation function of electrons was explained using generalized gradient
approximation (GGA) with the Perdew-Burke-Ernzerhof (PBE) function. The core-
valence interaction was performed on the projector augmented-wave (PAW) method.
The (001), interlayer, and (100) planes of MoS, were cleaved to interact with the AI3*

and AICl, ions. The vacuum region was 16 A. The cutoff energy was 300 eV and the



k-point mesh was used 3x3x1. The convergence of energy was set to 1x107 ¢V.

Figure S1. SEM images of (a) C;N4 and (b) MoS,.



Figure S2. Elemental mapping images of S-MoS,.
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Figure S3. XPS full scan survey of S-MoS,.
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Figure S4. N, adsorption-desorption curves of MoS,.
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Figure S5. CV curves of (a) S-MoS, and MoS; and (b) MoS; at a scan rate of 0.5 mV s,

2.0



1.2

Voltage (V)
o 2 2 9 9 =
o N A OO 0 O

0 50 100 150 200 250
Specific Capacity (mAh g™) Specific Capacity (mAh g™)

100

Figure S6. Charge-discharge curves of (a) S-MoS, and (b) MoS; at various current densities.



Current

Strategy Cap aci‘fy Cycle density Reference
(mAh g')  (number) (A g)
S-MoS, 167 100 1 This
129 1000 2 work
C4Q 102 500 0.2 [1]
CosSes/ZnSe 117 500 0.2 [2]
VS,-PH10 300 100 0.2 [3]
Aly;sLisMnyOy 93 1000 1 [4]
S-WSe, 110 1500 2 [5]
Natural graphite 60 6000 0.66 [6]
CoSe 63 100 5 [7]
Co304 116 500 0.5 [8]
V,05/C 75 30 0.02 [9]
CoFe,0,@rGO 67 500 1 [10]
0-MnO, 37 100 0.1 [11]
G-SnS, 70 100 0.2 [12]
CuS@C 90 100 0.02 [13]
WS, 119 500 1 [14]
VS4/rGO 60 100 0.3 [15]
SnSe 107 100 0.3 [16]
graphite flakes 100 300 0.6 [17]
graphite nanoflakes 57 300 0.1 [18]
S—NiCo@rGO 83 100 1 [19]
cobalt sulfide nanosheets 120 250 0.2 [20]
crystal carbon@graphene 100 300 1 [21]
Porous CuO 112 100 0.2 [22]
V,CTx MXene 80 100 0.2 [23]
Ni;S,@Graphene 50 300 0.2 [24]
CosS, 90 150 0.05 [25]
Zn/Co-Se@C 79 400 1 [26]
NiCoSe, @F-C 115 400 1 [27]0]

Table S1. Comparison of S-MoS; and other reported cathode materials in ABs.




Current

Capacity Cycle .
Strategy density Reference
(mAh g! number )
g (umben) 00
167 100 1 i
S-MoS, This
129 1000 2 work
MoS,/Polythiophene 80 40 0.075 [28]
Few-layered
ultra-small MoS, 80 150 0.1 [29]
MoS,-RGO 150 100 1 [30]
MoS, 43 / 0.04 [31]

Table S2. Comparison of S-MoS, and MoS,-based cathode reported in ABs.
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Figure S7. The equivalent circuit diagram of EIS tests.
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Figure S8. Relationships between Z" and « 2 for S-MoS, and MoS,; cathodes.



State 1T (%) 2H (%)
Pristine 553 28.5
15t discharge 21.6 63.7
15t charge 47.7 36.9

Table S3. The proportion of 1T phase and 2H phase in S-MoS; at different voltage states.
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Figure S9. (a) Side view and (b) top view of the pristine MoS, crystal model.
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Figure S10. Ex-situ XRD patterns of MoS, cathode after cycling at 2A g,
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Figure S11. Comparison of lattice change rates for AI** and AICl,~ on different facets.
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Figure S12. DOS of AI** and AICly.



1.0
0.5mV s
— 0.5
<
£
S 0.0
Q
=
e
=]
= 0.5+
— $-MoS,
1.04 Without active materials

0.0 0.4 0.8 1.2 1.6 2.0
Voltage (V)

Figure S13. CV curve of cathode without active material shows no significant redox reaction

between coin cell and electrolyte.
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