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Fig. S1 XRD patterns of Co/Zn-ZIF-L and Zn-ZIF-L 
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Fig. S2 a, b FESEM images of Co/Zn-ZIF-L 

 

Fig. S3 a, b FESEM images of Co/Zn-ZIF-L; c, d FESEM images of Co-N4@2D/3D carbon@SiO2; 

e and f FESEM images of Co-N4@2D/3D carbon 
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Fig. S4 a FESEM image of Co/Zn-ZIF-L@SiO2; b-h corresponding EDS elemental mapping of 

Co/Zn-ZIF-L@SiO2 

 

Fig. S5 a, b FESEM and c, d TEM images of Co-N4@carbon 

 

Fig. S6 a Low- and b high-magnification FESEM images of 2D carbon. 
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Fig. S7 XRD patterns of Co-N4@2D/3D carbon and Co-N4@carbon 

 

 

Fig. S8 Potentiostatic discharge profiles at 2.05 V with Li2S8 catholyte of a Co-N4@2D/3D carbon, 

b S@2D carbon and c Co-N4@carbon 
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Fig. S9 a, c and e CV curves of S@Co-N4@2D/3D carbon, S@2D carbon and S@Co-N4@carbon 

cathodes at different scan rates in the range of 0.1−0.6 mV s−1, respectively. b, d and f The fitting 

lines between peak currents and the square root of the scan rates 

http://springer.com/40820
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Fig. S10 Optimized structures of a Co-N4@2D/3D carbon and b 2D carbon 

 

Fig. S11 Adsorption energy of Co-N4@2D/3D carbon and 2D carbon for Li2S4 and Li2S6, 

respectively 

 

Fig. S12 CV curves of S@Co-N4@2D/3D carbon, S@Co-N4@carbon and S@2D carbon cathodes 

within a potential window of 1.7−2.8 V at a scan rate of 0.1 mV s−1 
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Fig. S13 EIS spectra of S@Co-N4@2D/3D carbon, S@Co-N4@carbon and S@2D carbon 

electrodes 

 

 

Fig. S14 Cycling performances of S@Co-N4@2D/3D carbon cathode at 0.2 C with high-loading 

sulfur and low E/S ratio 

http://springer.com/40820
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Fig. S15 Optical and SEM images of the recovered lithium foils paired with a and d S@Co-

N4@2D/3D carbon cathode, b and e S@2Dcarbon cathode, c and f S@Co-N4@carbon cathode 

after 100 cycles at 1 C 

 

Fig. S16 FESEM images of a Co-N4@2D/3D carbon-0.75 and b Co-N4@2D/3D carbon-3. c N2 

sorption isotherms based on the Barrett-Joyner-Halenda (BJH) method and d the pores distribution 

of Co-N4@2D/3D carbon-0.75, Co-N4@2D/3D carbon and Co-N4@2D/3D carbon-3 

http://springer.com/40820
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Fig. S17 Cycling performance of cathode based on Co-N4@2D/3D-0.75 and Co-N4@2D/3D-3 at 

0.5 C 

 

Table S1 Co K Edge XAS fitting parameters of Co-N4@2D/3D carbon 

 

 

Table S2 Comparison of electrochemical performances of S@Co-N4@2D/3D carbon composites 

electrode with previously reported metal-based compounds/C/S electrodes 

Composites 
Sulfur 

content 

Rate 

performance 

(A/B) 

Cycling 

stability(A/B/n) 
Refs. 

S@Co-N4@2D/3D 

carbon 
73% 

805/2C 

695/5C 
0.053/1/500 This work 

S@MoC@N-CNF 50% 799/2C 0.084/1/350 [S1] 

S@Co/N-PCNSs      68% 683/2C 0.10/1/500 [S2] 

S/N-CNTs/Co-NFs      78% 684/3C 0.078/1/500 [S3] 

http://springer.com/40820
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S@H-Co-NCM       82% 611/2C 0.069/0.5/500 [S4] 

CoS2@ 

NGCNs/S 
      75% 525.5/2C 0.078/1/300 [S5] 

NC/MoS3-S       70% 596.7/3C 0.076/0.5/500 [S6] 

S@Co-NBC           77.2% 509/5C 0.09/1/500 [S7] 

S@Co@BNCNTs 

YS microspheres 
       64% 752/2C 0.06/1/400 [S8] 

S/Co-NPC-MCs        80% 752/2C 0.07/1/400 [S9] 

CC@Co-

CNAs/Li2S6 
       66% 

807/1C 
409/1/500 [S10] 

 

A/B means the capacity of A (mAh g–1) at the certain rate current density of B. 

A/B/n means the capacity of A (mAh g–1) at the certain rate current density of B after cycles of n. 
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