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Supplementary Figures and Tables

[bookmark: _Hlk208870343]Fig. S1 FESEM image of mSiO2@CTAB

Fig. S2 a Nitrogen adsorption–desorption isotherms and b corresponding pore size distribution curve of mSiO2@CTAB

Fig. S3 FESEM images of SiO2@MoS2-N-C composites at different magnifications: a, b SiO2@MoS2-N-C600, c, d SiO2@MoS2-N-C700, and e, f SiO2@MoS2-N-C800

[bookmark: _Hlk208870474][bookmark: OLE_LINK5]Fig. S4 Digital photographs of mSiO2@CTAB before and after carbonization

Fig. S5 TG curve of CTAB measured under Ar

Fig. S6 TG curve of thiourea measured under Ar

[bookmark: _Hlk204108187][bookmark: OLE_LINK7]Fig. S7 FESEM images of the MoS2-N-C heterostructures synthesized at different temperatures: a MoS2-N-C600 and b MoS2-N-C800

Fig. S8 a TEM image and b SAED pattern of MoS2-N-C700
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Fig. S9 FESEM images of commercial MoS2 at different magnifications
[image: ]
Fig. S10 EDS spectrum of MoS2-N-C700, showing the existence of N-dopants
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Fig. S11 a TEM and b HRTEM images of commercial MoS2

Fig. S12 XRD pattern of commercial MoS2
[bookmark: OLE_LINK2]
Fig. S13 Full Raman spectra of MoS2-N-C600, MoS2-N-C700, and MoS2-N-C800

Fig. S14 Pore size distribution curves of MoS2-N-C600, MoS2-N-C700, and MoS2-N-C800

Fig. S15 XPS survey spectra of MoS2-N-C600, MoS2-N-C700, and MoS2-N-C800

Fig. S16 a Normalized XANES spectrum and b Fourier transformed k2-weighted EXAFS spectrum of Mo K-edge for MoS2-N-C700

Fig. S17 Structure characterization of Pristine MoS2 control sample. a, b FESEM images at different magnifications, c XRD pattern, and d TG curves

Fig. S18 a N2 adsorption-desorption isotherms and b-d Mo 3d, Mo 3p and S 2p spectra of Pristine MoS2 control sample, respectively


Fig. S19 EPR spectra of MoS2-N-C600, MoS2-N-C700, and MoS2-N-C800

Fig. S20 EPR tests of MoS2-N-C700 electrodes after different cycles at 0.5 A g-1

[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Fig. S21 a N2 absorption/desorption isotherms and b relative specific area of MoS2-N-C700 electrodes before cycling and after different cycles at 0.5 A g-1


Fig. S22 a CV cures and b corresponding redox peak currents of MoS2-N-C700 electrodes after different cycles

Fig. S23 Deconvoluted XPS spectra of MoS2-N-C700 electrodes after different cycles at 0.5 A g-1: a Mo 3d, and b N 1s + Mo 3p

Fig. S24 Cycling stability of MoS2-N-C600 at 0.5 A g-1

Fig. S25 Cycling stability of MoS2-N-C800 at 0.5 A g-1

Fig. S26 a N2 adsorption-desorption isotherms and b corresponding pore size distribution curve of MoS2/NC control sample

Fig. S27 SEM images of MoS2/NC control sample at different magnifications

[bookmark: OLE_LINK58]Fig. S28 Cycling stability of MoS2-N-C700 at 2 A g-1
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Fig. S29 dQ/dV curves at various cycles of a MoS2-N-C600 and b MoS2-N-C800

Fig. S30 dQ/dV curves of MoS2/NC at various cycles
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Fig. S31 First three CV curves at 0.1 mV s-1 of a MoS2-N-C600 and b MoS2-N-C800
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Fig. S32 First three CV curves at 0.1 mV s-1 of commercial MoS2
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Fig. S33 First three CV curves at 0.1 mV s-1 of MoS2/NC
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[bookmark: OLE_LINK66]Fig. S34 First three GCD curves of a MoS2-N-C600 and b MoS2-N-C800 obtained at 0.1 A g-1
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Fig. S35 First three GCD curves of a commercial MoS2 and b MoS2/NC obtained at 0.1 A g-1
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[bookmark: _Hlk231153029]Fig. S36 a Rate performance and b cycling stability at 0.5 A g-1 of MoS2-N-C700 at a high mass loading of ~2.9 mg cm-2
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Fig. S37 Rate performance of MoS2-N-C700, commercial MoS2 and MoS2/NC electrodes
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Fig. S38 Deconvoluted N 1s XPS spectra for the MoS2-N-C700 electrode after discharging to 0.01 V at 0.1 A g-1
[image: ]
[bookmark: _Hlk224775271]Fig. S39 Nyquist plots of MoS2-N-C600, MoS2-N-C700 and MoS2-N-C800
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Fig. S40 Linear relationship between Z′ and 𝜔-1/2 of MoS2-N-C600, MoS2-N-C700, and MoS2-N-C800
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Fig. S41 Nyquist plot of MoS2/NC control sample
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Fig. S42 a CV curves at scan rates from 0.2 to 1.0 mV s-1, b linear fitting of the logarithmic relationship between peak current log(i) and scan rate log(v), c pseudocapacitive contribution at different scan rates, and d pseudocapacitive contribution at 1.0 mV s-1 of MoS2-N-C600
[bookmark: OLE_LINK25][image: ]
Fig. S43 a CV curves at scan rates from 0.2 to 1.0 mV s-1, b linear fitting of the logarithmic relationship between peak current log(i) and scan rate log(v), c pseudocapacitive contribution at different scan rates, and d pseudocapacitive contribution at 1.0 mV s-1 of MoS2-N-C800
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Fig. S44 Pseudocapacitive contribution of MoS2-N-C700 at different scan rates
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Fig. S45 a CV curves at scan rates from 0.2 to 1.0 mV s-1, b linear fitting of the logarithmic relationship between peak current log(i) and scan rate log(v), c pseudocapacitive contribution at different scan rates, and d pseudocapacitive contribution at 1.0 mV s-1 of MoS2/NC

[bookmark: _Hlk204287632][image: ]
Fig. S46 Equivalent circuits for EIS spectra fitting
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Fig. S47 The trends of a Rct and b DLi+ values obtained from in-situ EIS spectra during discharge and charge for MoS2-N-C700
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Fig. S48 In-situ EIS spectra of MoS2-N-C600 during the 6th cycle: a discharge process and b charge process
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Fig. S49 In-situ EIS spectra of MoS2-N-C800 during the 6th cycle: a discharge process and b charge process
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Fig. S50 DRT plots of MoS2-N-C600 based on the EIS spectra: a discharge process and b charge process
[image: ]
Fig. S51 DRT plots of MoS2-N-C700 based on the EIS spectra: a discharge process and b charge process
[image: ]
Fig. S52 DRT plots of MoS2-N-C800 based on the EIS spectra: a discharge process and b charge process
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Fig. S53 XRD pattern of the as-synthesized WS2-N-C700 heterostructure
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Fig. S54 FESEM image of the as-synthesized WS2-N-C700 heterostructure
[image: ]
Fig. S55 Electrochemical performance of the as-synthesized WS2-N-C700 heterostructure for LIBs. a CV curves, b rate capability, c GCD profiles, and d cycling stability at 0.5A g-1
Table S1 Quantitative analysis of different chemical states of S species obtained from the deconvoluted XPS spectra
	Samples
	Chemical states
	Peak position (eV)
	Relative percentage (%)

	MoS2-N-C600
	Sulphate
	2p 1/2
	169.7
	16.8

	
	
	2p 3/2
	168.6
	

	
	C-S
	2p 1/2
	165.2
	10.2

	
	
	2p 3/2
	164.1
	

	
	Mo-S
	2p 1/2
	163.5
	73.0

	
	
	2p 3/2
	162.4
	

	MoS2-N-C700
	Sulphate
	2p 1/2
	169.8
	19.8

	
	
	2p 3/2
	168.7
	

	
	C-S
	2p 1/2
	165.2
	6.0

	
	
	2p 3/2
	164.1
	

	
	Mo-S
	2p 1/2
	163.5
	74.2

	
	
	2p 3/2
	162.4
	

	MoS2-N-C800
	Sulphate
	2p 1/2
	169.9
	12.4

	
	
	2p 3/2
	168.8
	

	
	C-S
	2p 1/2
	165.2
	2.6

	
	
	2p 3/2
	164.1
	

	
	Mo-S
	2p 1/2
	163.6
	85.0

	
	
	2p 3/2
	162.5
	


Table S2 Relative percentages of nitrogen species in the MoS2-N-C heterostructures determined from the deconvoluted N 1s XPS spectra
	Samples
	Chemical states
	Peak position (eV)
	Relative percentage (%)

	MoS2-N-C600
	Mo–N
	397.5
	17.2

	
	Pyridinic N
	398.5
	33.0

	
	Pyrrolic N
	399.9
	30.4

	
	Graphitic N
	401.2
	19.4

	MoS2-N-C700
	Mo–N
	397.6
	16.4

	
	Pyridinic N
	398.5
	30.0

	
	Pyrrolic N
	399.8
	30.4

	
	Graphitic N
	401.3
	23.1

	MoS2-N-C800
	Mo–N
	397.6
	15.1

	
	Pyridinic N
	398.5
	33.6

	
	Pyrrolic N
	399.8
	26.1

	
	Graphitic N
	401.4
	25.2


[bookmark: _Hlk213003421]Table S3 Charge transfer resistance (Rct) and Li+ diffusion coefficient (DLi+) values obtained from fitting the EIS spectra
	
	MoS2-N-C600
	MoS2-N-C700
	MoS2-N-C800

	Rct (ohm)
	106.7
	77.1
	83.1

	DLi+ (10-14 cm2 s-1)
	1.2
	3.8
	1.4


[bookmark: _Hlk231144872]Table S4 Cycling performance comparison of recent state-of-the-art MoS2/C anodes for LIBs
	Anode
	Mass loading (mg cm-2)
	Current density (A g-1)
	Cycle number
	Capacity retention
	Ref.

	MoS2-N-C700
	1.1~1.3
	0.5
	800
	~100%
	This work

	MoS2@C
	~2.0
	1
	100
	21.7%
	[S1]

	NG@MoS2@LS-C
	~3.1
	0.1
	100
	55.5%
	[S2]

	B-MoS2–GO
	~0.6
	0.5
	200
	77.9%
	[S3]

	Ni-MoS2/rGO
	~2.0
	0.1
	100
	79.0%
	[S4]

	Co3S4/1T-MoS2@NC
	1.0~1.1
	1
	250
	75.7%
	[S5]

	1T/2H hybrid phase MoS2-graphene
	2~3
	0.18
	100
	90.0%
	[S6]

	MoS2/C-3
	1.6~2.1
	1
	1300
	41.4%
	[S7]

	5% BN-G@MoS2-50@50
	0.57~0.85
	1
	500
	85.6%
	[S8]

	SnS2/MoS2/DGS
	~2.0
	0.2
	200
	96.9%
	[S9]


Table S5 Comparisons of electrochemical performance of carbon-based LISCs reported previously
	System
	Voltage window (V)
	Current density (A g-1)
	Energy density (Wh kg-1)
	Cycling performance
	Ref.

	MoS2-N-C700//AC
	0.5-4 
	0.1
	175.0
	1 A g-1@10000 cycles@78.2%
	This work

	MC800//HC
	2-4 
	0.25
	152.2
	2 A g-1@5000 cycles@80.0%
	[S10]

	Zn80Co20-PC//AC
	2-4 
	0.05
	123.0
	1 A g-1@5000 cycles@90.0%
	[S11]

	CAC//NPC
	0.01-4  
	1
	151.8
	2 A g-1@1600 cycles@87.0%
	[S12]

	[bookmark: _Hlk213004625]NPC//AC
	2.0-4.2  
	0.1
	112.0
	1 A g-1@6000 cycles@72.0%
	[S13]

	CTK-1.0//CTK-1.0
	0.1-4.2  
	0.1
	137.6
	2 A g-1@3000 cycles@75.0%
	[S14]

	NP-HPC//NP-SC
	1-3.8  
	0.1
	121.0
	1 A g-1@3000 cycles@80.2%
	[S15]

	PCNs-800//PCNs-800
	1-4.2  
	0.1
	112.0
	1 A g-1@9000 cycles@63.0%
	[S16]

	NHCM-12//NHCM-A
	0.1-4  
	0.1
	162.0
	1 A g-1@5000 cycles@86.2%
	[S17]

	DGPC-1//AC
	2-4  
	0.1
	103.4
	5 A g-1@5000 cycles@70.2%
	[S18]
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