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Fig. S1. The initial discharge-charge profile (a) and cycling performance (b) of the Co9S8-CC electrode at a current density of 167 mA g-1.




Fig. S2. Galvanostatic discharge-charge profiles of the Co9S8-CC/Li2S6 electrode (a) and CC/Li2S6 electrode (b) at various rates.



[image: ]
Fig. S3. EIS curves of CC/Li2S6 and Co9S8-CC/Li2S6 electrodes before (a) and after (b) 100 cycles at 0.5 C. The inset in (b) corresponds to the equivalent circuit. The relationship between Zre and ω-1/2 before and after 100 cycles at 0.5 C of Co9S8-CC/Li2S6 electrode (c) and CC/Li2S6 electrode (d).


Table S1. Resistance parameters from fitting of EIS spectroscopy.

	Cathode
	
	Re (Ω)
	Rs (Ω)
	Rct (Ω)

	CC/Li2S6
	Before cycling
	4.5
	-
	34.4

	
	After 100 cycles at 0.5 C
	5.4
	12.7
	13.6

	Co9S8-CC/Li2S6
	Before cycling
	3.9
	-
	14.6

	
	After 100 cycles at 0.5 C
	4.3
	0.9
	4.4
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Fig. S4. SEM images of Co9S8-CC/Li2S6 electrode after 1500 cycles at 2 C.




Fig. S5. (a) Galvanostatic discharge-charge profiles and (b) rate performance of Co9S8-CC/Li2S6 electrode with high areal sulfur-loading of 6.2 mg cm-2 at different rates. (c) Cycle performance of Co9S8-CC/Li2S6 electrode with high areal sulfur-loading of 6.2 mg cm-2 at 0.5 C.


Table S2. Performance comparison of Li-S batteries in this work with those previously reported based on Co9S8 composite hosts.

	Host
	Sulfur-loading
(mg cm-2)
	Current density
(C)
	Initial capacity
(mAh g-1)
	Areal capacity
(mAh cm-2)
	Capacity decay rate
(%/cycle)
	Ref.

	Hollow NiCo-LDH/Co9S8 heterostructure
(H-LDH/Co9S8)
	1.5-2
	0.1
	1339.1
	2-2.68
	-
	[1]

	
	
	0.5
	963.5
	1.44-1.93
	0.07
(500 cycles)
	

	
	
	1
	866.1
	1.3-1.73
	0.06
(1500 cycles)
	

	
	
	2
	669.6
	1-1.34
	-
	

	Co9S8 inlaid carbon nanoboxes (Co9S8@C NBs)
	~1.6
	0.1
	1267
	~2.03
	-
	[2]

	
	
	0.5
	1059
	~1.69
	0.06
(100 cycles)
	

	
	
	1
	970
	~1.55
	0.043
(400 cycles)
	

	
	
	2
	802
	~1.28
	
	

	Co9S8 nanocrystal coated hollow carbon nanosphere
(HCS@Co9S8)
	1-2
	0.1
	1285
	1.29~2.57
	-
	[3]

	
	
	0.5
	890
	0.89-1.78
	0.033
(400 cycles)
	

	
	
	2
	710
	0.71-1.42
	-
	

	Graphene decorated with hetero-Co9S8-NiS sheets (BMS-G)
	1.2-1.5
	0.2
	1142.9
	1.37-1.71
	-
	[4]

	
	
	1
	788
	0.95-1.18
	0.031
[bookmark: OLE_LINK10][bookmark: OLE_LINK11](800 cycles)
	

	
	
	2
	705.8
	0.85-1.06
	-
	

	Hollow sphere-like Co9S8
	1
	0.1
	1100
	1.1
	-
	[5]

	
	
	0.5
	836
	0.84
	0.36
(100 cycles)
	

	
	
	1
	781
	0.78
	-
	

	Co9S8 inlaid carbon hollow nanopolyhedra
(Co9S8/C)
	1.5
	0.2
	1160
	1.74
	-
	[6]

	
	
	2
	950
	1.43
	0.041
(1000 cycles)
	

	
	3.0
	0.1
	950
	2.85
	-
	

	Co9S8 nanoparticle-embedded in N-doped carbon nanotube hollow polyhedron
(Co9S8@NCNHP)
	1.3
	0.2
	1107
	1.44
	0.14
(200 cycles)
	[7]

	
	
	2
	689
	0.9
	
	

	
	2.1
	0.2
	910
	0.91
	0.11
(200 cycles)
	

	
	3.2
	0.2
	780
	2.5
	0.15
(200 cycles)
	

	

	Co9S8 nanotube/GO
	0.7-1
	0.1
	1397
	0.98~1.40
	0.033
(100 cycles)
	[8]

	
	
	1
	513.4
	0.36~0.51
	0.027
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	2
	361
	0.25~0.36
	-
	

	Co9S8 nanotubes
	1.5-1.6
	0.1
	913
	1.37~1.46
	0.28
(100 cycles)
	[9]

	
	
	2
	425.7
	0.64~0.68
	-
	

	[bookmark: OLE_LINK5][bookmark: OLE_LINK14]MWCNT/Co9S8
	1
	0.1
	1271
	1.27
	0.55
(100 cycles)
	[10]

	
	
	0.5
	563
	0.56
	-
	

	
	
	1
	431
	0.43
	-
	

	Graphene-like Co9S8 nanosheet
	1.5
	0.05
	1130
	1.70
	-
	[11]

	
	
	0.5
	-
	-
	0.045
(1500 cycles)
	

	
	4.5
	0.05
	-
	4.30
	-
	

	Co9S8-CC
	2.5
	0.1
	1315.1
	3.29
	-
	This work

	
	
	0.5
	1105.4
	2.76
	0.05
(100 cycles)
	

	
	
	2
	872.4
	2.18
	0.02
(1500 cycles)
	

	
	6.2
	0.1
	1115.1
	6.91
	0.129
(200 cycles)
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Fig. S6. Optical photos of separators used in (a) CC/Li2S6 and (b) Co9S8-CC/Li2S6 cells after 100 cycles at 0.5 C.
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Fig. S7. SEM images and the corresponding S element mapping of Li metal anodes used for CC/Li2S6 cell (a, b) and Co9S8-CC/Li2S6 cell (c, d) after 100 cycles at 0.5 C.
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Fig. S8. Optimal configurations and corresponding binding energies of (a) Li2S, (b) Li2S2, (c) Li2S4, (d) Li2S6, (e) Li2S8 and (f) S8 adsorbed on graphene (001).
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Fig. S9. Isosurface of charge density difference for optimized structures of (a) Li2S, (b) Li2S2, (c) Li2S4, (d) Li2S6, (e) Li2S8 and (f) S8 adsorbed on Co9S8 (311). The isovalues are defined as 0.005 e/Å3 in all cases.





Fig. S10. EIS curves of CC and Co9S8-CC symmetric cells.
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