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Figure S1  Chemical equation for the synthesis of ZIF-67.
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Figure S2  (a, b) SEM image of ZIF-67
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Figure S3  SEM images of (a, b) N-Co3O4@N-C.



INTERNAL USE Page 5

Figure S4  Linear distributions of C, N, O and Co along the arrow line on the inset image of 

N-Co3O4@N-C.
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Figure S5  Co 2p spectrum of the N-Co3O4@N-C composite.
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Figure S6  SEM images of (a) N-Co3O4@N-C/GO and (b) N-Co3O4@N-C/rGO-S.
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Figure S7  TEM images of (a) N-Co3O4@N-C/GO and (b) N-Co3O4@N-C/rGO-S.
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Figure S8  (a) SEM image of N-Co3O4@N-C/rGO–S and the corresponding elemental 

mapping images of (b) Overall image (c) Carbon, (d) Sulfur, (e) Nitrogen, (f) Cobalt.
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Figure S9  XRD patterns of N-Co3O4@N-C/rGO-S, pure sulfur.
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Figure S10  Nitrogen adsorption-desorption isotherm curves of N-Co3O4@N-C/rGO-S.
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Figure S11  XPS survey spectra of N-Co3O4@N-C/rGO-S, comfirming the existence of 

cobalt, oxygen, carbon, sulfur, nitrogen.
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Figure S12  XPS survey spectra of N-Co3O4@N-C/rGO-S, comfirming the existence of 

cobalt, oxygen, carbon, sulfur, nitrogen.
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Figure S13  The equivalent circuit of electrochemical impedance spectra in Figure 3b.
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Table S1  Parameters identification by modeling the impedance spectra in Figure 3b.

Electrode Re (ohm) Rct (ohm) Y1(Ω-1cm-2s-n) n1

N-Co3O4@N-C/rGO-S 4.425 38.763 0.000035 0.79

N-Co3O4@N-C-S 4.578 41.687 0.000053

rGO-S 4.08 52.732 0.000085
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Figure S14  (a) The pressed N-Co3O4@N-C and Co3O4@C disks. (b) Top view of  the as-

prepared disk. (c) Side view of the as-prepared disk. The cross-sectional view of (d) N-

Co3O4@N-C disk and (e) Co3O4@C disks. (f ,g) Zhuhai Kaivo FP-001 Four-Point Probe 

Resistance Tester.

First, we pressed the N-Co3O4@N-C and Co3O4@C powder into disks, respectively. It should 

note that the Co3O4@C powder is made of commercial cobalt oxide mixed with the carbon 

black at the weight ratio of 9:1. We calculated the electronic conductivity of each sample 

based on the following equation:
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The electronic conductivity for the N-Co3O4@N-C disks:

 = R  W = Rx  F(D/S)  F(W/S)  Fsp  W

=0.1976 103   F(14/1)  F(0.334/1)  1.004  3.3410-6 m

=0.1976 103   4.348 1  1.004  3.3410-6 m 

=2.88110-3 m

=1/=1/(2.88110-3) -1 m-1 =347.1 S m-1  

The electronic conductivity for the Co3O4@ C disks:

= R  W = Rx  F(D/S)  F(W/S)  Fsp  W

=0.3454 103   F(14/1)  F(0.269/1)  1.004  2.6910-6 m

=0.3454 103   4.348 1  1.004  2.6910-6 m 

=4.05610-3 m

=1/=1/(4.056 10-3) -1 m-1 =246.5 S m-1  

In the formular:

D: The diameter of the sample, in mm.

S: The distance between two neighbouring probes. The value S=1 mm for the four-point 

probe we use.

W: The thickness of the conductive layer, in mm.

Fsp: The probe distance correction factor. The value Fsp= 1.004 for the four-point probe we 

use.
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F(D/S): The diameter correction factor. This factor can be chosen from the work brochure 

(Table S2) according to the value of D/S.

F(W/S): The thickness correction factor. This factor can be chosen from the work brochure 

(Table S3) according to the value of W/S.

Rx: The testing result from the tester.

: The electrical resistivity.

: The electronic conductivity.

Therefore, the electronic conductivity of N-Co3O4@N-C and Co3O4@C powder are 347.1 

and 246.5 S m-1, respectively. It also further confirms that nitrogen doping promotes electron 

conductivity of the material.
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Table S2  The relationship between F(D/S) and D/S.
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Table S3  The relationship between F(W/S) and W/S.
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Figure S15  The 100th and 300th cycle galvanostatic charge/discharge voltage profiles at 0.2 

C. (a) N-Co3O4@N-C/rGO -S, (b) N-Co3O4@N-C-S, (c) rGO-S.
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Figure S16 The galvanostatic charge/discharge voltage profiles of N-Co3O4@N-C-S, rGO-S 

cathodes at various current densities from 0.1 C to 3 C.



INTERNAL USE Page 23

Figure S17  Nyquist plots of N-Co3O4@N-C/rGO-S with the sulfur loading of 2.13 mg cm-2, 5.89 

mg cm-2 cathode electrodes.
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Figure S18  (a) Dissembled electrode of  rGO-S after 50 cycles. (b) Dissembled electrode of 

N-Co3O4@N-C/rGO-S after 50 cycles.


