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Fig. S1 Optimized geometric structures of a Co3S4, b 2H-MoS2, c 2H-MoS2@Co3S4, and d 1T-MoS2@Co3S4
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Fig. S2 a Bader charge transfer and b charge density difference with electron localization function (ELF) of 1T-MoS2@Co3S4. Charge accumulation and depletion are displayed by yellow and cyan, respectively
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Fig. S3 a Co 3d-orbitals of Co3S4 and Mo 4d-orbitals of b 2H- and c 1T- MoS2
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Fig. S4 Schematic illustration of the electron couplings between Co, S, and Mo in a 2H-MoS2, b Co3S4, and c 1T/2H-MCS
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Fig. S5 Digital photos of the products in the synthesis process
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Fig. S6 a XRD pattern and b FESEM image of ZIF-67
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Fig. S7 a XRD pattern and b FESEM image of Co3S4
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Fig. S8 a XRD pattern and b FESEM image of 2H-MoS2
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Fig. S9 Raman spectra of different samples
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Fig. S10 XPS survey spectra of different samples
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Fig. S11 Percentages of Co3+ and Co2+ in 1T/2H-MCS and Co3S4
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Fig. S12 High-resolution Mo 3d XPS spectra of different samples
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Fig. S13 High-resolution S 2p XPS spectra of different samples
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Fig. S14 EPR spectra of different samples
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Fig. S15 N2 adsorption-desorption isotherms with pore size distribution curves of a 1T/2H-MCS, b Co3S4, and c 2H-MoS2
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Fig. S16 a AFM image with b 3D photography of 1T/2H-MCS
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Fig. S17 HRTEM images of 1T/2H-MCS
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Fig. S18 SAED pattern of 1T/2H-MCS
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Fig. S19 Element mapping images of 1T/2H-MCS
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Fig. S20 a FESEM image with b-d corresponding element mapping images of Co3S4
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Fig. S21 a FESEM image with b-d corresponding element mapping images of 2H-MoS2
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Fig. S22 EDX results of a 1T/2H-MCS, b 2H-MoS2, and c Co3S4
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Fig. S23 Differential profiles of 1T/2H-MCS cathode at 100 mA g-1
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Fig. S24 a Rate performance of different cathodes and b corresponding typical discharge/charge curves of 1T/2H-MCS cathode
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Fig. S25 a Cycling performance of different cathodes at 500 mA g-1 under a specific capacity limit of 600 mAh g-1 and b corresponding typical discharge/charge profiles of 1T/2H-MCS cathode
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Fig. S26 Open circuit voltage of pouch-type LOBs in series measured by a multimeter
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Fig. S27 XRD patterns of 1T/2H-MCS cathodes at different stages
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Fig. S28 Raman spectra of 1T/2H-MCS cathodes at different stages
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Fig. S29 FESEM images of 2H-MoS2 cathodes a at fresh stage, b after 1st discharging, and c after 1st recharging
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[bookmark: _Hlk200615988][bookmark: _Hlk200616120]Fig. S30 FESEM image of 1T/2H-MCS cathode after discharging to 1000 mAh g-1
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Fig. S31 FESEM images of 1T/2H-MCS cathodes after a 100th discharging and b 100th recharging
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Fig. S32 EIS plots of a 1T/2H-MCS, b Co3S4, and c 2H-MoS2 cathodes at different stages with equivalent circuits as insets and corresponding d charge transfer resistances of different cathodes
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Fig. S33 a High-resolution Li 1s XPS spectra corresponding to States (I-IV) with b initial discharge-charge profiles of Co3S4 cathodes at 200 mA g-1 under a fixed specific capacity of 1000 mAh g-1
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Fig. S34 a High-resolution Li 1s XPS spectra corresponding to States I-IV with b initial discharge-charge profiles of 2H-MoS2 cathode at 200 mA g-1 under a fixed specific capacity of 1000 mAh g-1
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Fig. S35 In-situ DEMS curves during a discharging and b charging at 200 mA g-1 of 2H-MoS2 cathodes
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Fig. S36 In-situ DEMS curves during a discharging and b charging at 200 mA g-1 of Co3S4 cathodes
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Fig. S37 In-situ DEMS curves during discharging at 200 mA g-1 of 1T/2H-MCS cathode
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Fig. S38 High-resolution a Co 2p and b Mo 3d XPS spectra of MoS2 Mixed Co3S4
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Fig. S39 a Initial discharge/charge curves at 100 mA g-1 and b rate performance of MoS2 Mixed Co3S4 cathodes
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Fig. S40 EIS plots of MoS2 mixed Co3S4 cathodes at different stages with the equivalent circuit as the inset
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Fig. S41 Optimized geometric structures of a Co3S4, b 2H-MoS2, c 2H-MoS2@Co3S4, and d 1T-MoS2@Co3S4 after adsorbing different oxygen species (O2, LiO2, Li2O2, and Li4O4)
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Fig. S42 Charge density differences of Co3S4 after adsorbing a Li2O4*, b Li3O4*, and c Li4O4*


[image: ]
Fig. S43 Charge density differences of 2H-MoS2@Co3S4 after adsorbing a Li2O4*, b Li3O4*, and c Li4O4*
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Fig. S44 Charge density differences of 1T-MoS2@Co3S4 after adsorbing a Li2O4*, b Li3O4*, and c Li4O4*
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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Fig. S45 Charge density differences of 2H-MoS2 after adsorbing a Li2O4*, b Li3O4*, and c Li4O4*
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Fig. S46 DOS of Co3S4, 2H-MoS2@Co3S4, 1T-MoS2@Co3S4, and 2H-MoS2 at fresh stage and after adsorbing LiO2*
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Fig. S47 DOS data of a Co3S4, b 1T-MoS2@Co3S4, c 2H-MoS2@Co3S4, and d 2H-MoS2 adsorbed with different intermediates
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Fig. S48 Phase diagrams of the cathode reactions on a Co3S4, b 1T-MoS2@Co3S4, c 2H-MoS2@Co3S4, and d 2H-MoS2 cathodes
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Fig. S49 Optimized structure models (top sides) with the corresponding O-O bond lengths, O-Li-O angles, and adsorption distances for LiO2*/Li2O4*/Li3O4*/Li4O4*-adsorbed Co3S4 surfaces
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Fig. S50 Optimized structure models (top sides) with the corresponding O-O bond lengths, O-Li-O angles, and adsorption distances for LiO2*/Li2O4*/Li3O4*/Li4O4*-adsorbed 2H-MoS2@Co3S4 surfaces
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Fig. S51 Optimized structure models (top sides) with the corresponding O-O bond lengths, O-Li-O angles, and adsorption distances for LiO2*/Li2O4*/Li3O4*/Li4O4*-adsorbed 1T-MoS2@Co3S4 surfaces
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Fig. S52 Optimized structure models (top sides) with the corresponding O-O bond lengths, O-Li-O angles, and adsorption distances for LiO2*/Li2O4*/Li3O4*/Li4O4*-adsorbed 2H-MoS2 surfaces
Table S1 Parameters obtained from the fit of the Co K edge EXFAS spectra.
	Catalysts
	Path
	N
	R (Å)
	ΔE0 (eV)
	σ2 (Å2)
	R-factor

	1T/2H-MCS
	Co-S
	4
	2.21(±0.02)
	-4.9(±1.4)
	0.017(±0.005)
	0.008

	
	Co-Co
	8
	4.00(±0.05)
	-5.1(±2.2)
	0.033(±0.009)
	

	Co3S4
	Co-S
	4
	2.01(±0.01)
	-0.5(±1.2)
	0.001(±0.002)
	0.005

	
	Co-Co
	8
	3.69(±0.05)
	-2.0(±0.7)
	0.065(±0.010)
	

	Co Foil
	Co-Co
	12
	2.49(±0.01)
	6.8(±0.4)
	0.006(±0.001)
	0.001


Table S2 Atomic ratios of Co3S4/MoS2 determined by ICP-OES
	Sample
	Atomic Percentage (%)
	Atomic Ratio of Co3S4/MoS2

	
	Co
	Mo
	S
	

	1T/2H-MCS
	32.88
	10.45
	56.67
	51.2/48.8


Table S3 Comparison of 1T/2H -MCS cathode with the representative and state-of-the-art cathodes containing Mo-, Co- and noble metal-based compounds
	Materials
	Current Density (mA g-1)/
Specific Capacity (mAh g-1)
	Discharge/
Charge
Overpotential (V)
	Coulombic
Eﬃciency
	Current Density (mA g-1)-
Fixed Capacity (mA g-1)/
Cycle Hours (h)
	Refs.

	1T/2H-MCS
	100/18456 
	0.26/0.97
	99.7%
	200 -1000/2420
	This
Work

	Co3S4
	100/5917 
	0.26/1.10
	95.2%
	100-500/250
	[S1]

	Ni-RuO2
	200/19698 
	0.28/1.19
	-
	500-500/1580
	[S2]

	Co-S@NC
	1000/34587 
	0.21/0.64
	110%
	500-1000/1240
	[S3]

	FeSA-RuO2/HPCS
	200/23628 
	0.26/0.89
	-
	200-1000/2300
	[S4]

	Ru/O-MoS2
	100/18700 
	0.17/0.84
	96.2%
	200-1000/1200
	[S5]

	Pt/RuO2/G
	200/4.3 mAh cm-2
	0.25/1.22
	104.6%
	200-1000/2200
	[S6]

	PtAu
	100/5049 
	0.24/1.23
	99.2%
	500-1000/880
	[S7]

	MnS-MoS2
	100/11696 
	0.22/1.20
	95.2%
	100-800/1800
	[S8]

	RuFe@NC
	150/11102 
	0.33/1.27
	99.7%
	150-1000/1240
	[S9]

	Pd1Co2Px
	200/6825 
	0.27/1.15
	-
	200-500/1200
	[S10]

	P-NiCo2S4
	100/17392 
	0.39/1.49
	86.8%
	500-600/1296
	[S11]

	P-CuMo2S4
	100/13700 
	0.27/1.23
	98.5%
	200-600/1020
	[S12]

	CoPP-O-MXene
	100/11035 
	0.32/1.23
	95.5%
	300-500/1433
	[S13]

	Ti0.87O2/MXene
	100/13500 
	0.31/1.27
	98.4%
	500-600/982
	[S14]

	CNTs@Co4N@C
	200/10000 
	0.22/0.91
	-
	200-500/1250
	[S15]

	MoO2/Mo3P
	50/4720 
	0.26/0.92
	-
	500-500/1000
	[S16]

	RuPd/Fe-CNCs
	200/31211 
	0.24/0.60
	-
	200-1000/3000
	[S17]
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