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Fig. S1. (a-d) The TEM images of MCNs-MoO2, MCNs-MoS2, MCNs-MoN and MCNs-MoP, 

respectively.
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Fig. S2. (a-d) The HRTEM images of MCNs-MoO2, MCNs-MoS2, MCNs-MoN and MCNs-

MoP. (e-h) The corresponding elemental mapping images.
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Fig. S3. The XPS core-level spectra of the prepared MCNs-Mo-based compounds.
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Fig. S4. The TEM images of MCNs-MoP.

Fig. S5. Cross-sectional SEM image of MCNs-MoP separator.
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Fig. S6. TG profile of the MCNs, MCNs-MoO2, MCNs-MoS2 , MCNs-MoN, and MCNs-

MoP in air atomosphere.

Fig. S7.The CV curves of (a) MCNs, (b) MCNs-MoO2, (c) MCNs-MoS2 and (d) MCNs-MoN 

in symmetric cells with different scan rates.
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Fig. S8. Potentiostatic discharge of Li2S6 electrolyte on (a) MCNs, (b) MCNs-MoO2, (c) 

MCNs-MoS2, (d) MCNs-MoN2 and (e) MCNs-MoP electrodes at 2.05 V. The dark and light 

colors indicate the reduction of Li2S6 and the precipitation of Li2S, respectively.

Fig. S9. Potentiostatic charge profiles at 2.40 V on (a) MCNs, (b) MCNs-MoO2, (c) MCNs-

MoS2, (d) MCNs-MoN2 and (e) MCNs-MoP electrodes to evaluate dissolution behaviors of 

Li2S.
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Fig. S10. (a-e) CV profiles of MCNs, MCNs-MoO2, MCNs-MoS2, MCNs-MoN2 and MCNs-

MoP configuration at a scan rate of 0.1 mV s-1 in first five cycles.

Fig. S11. (a-e) CV profiles of MCNs, MCNs-MoO2, MCNs-MoS2, MCNs-MoN2 and MCNs-

MoP configuration at 0.1-0.5 mV s-1.
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Fig. S12. (a-e) The corresponding linear plot of peak current.

Fig. S13 The photograph of Li2S6 solution after contact with MCNs, MCNs-MoO2, MCNs-

MoS2, MCNs-MoN, and MCNs-MoP for 12h. 
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Fig. S14. The CV curves of MCNs, MCNs-MoO2, MCNs-MoS2, MCNs-MoN2 and MCNs-

MoP cells within the voltage window of 1.7-2.8 V at the scan rate of 0.1 mV s-1.

Fig. S15. EIS spectra of cells with different separators before (a) and after 100 cycling (b).
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Fig. S16. The galvanostatic discharge/charge profiles of the electrodes at different rates. (a-e) 

The discharge/charge profiles of MCNs, MCNs-MoO2, MCNs-MoS2, MCNs-MoN2 and 

MCNs-MoP cells at the rates varying from 0.1 to 5 C, respectively.

Fig. S17. Coulombic efficiency and cycling performance of all separators at 0.2 C.
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Table S1. Summary of Li+ diffusion coefficients (DLi
+) for different separators

Sample DLi
+ at peak R1 

[cm2 s-1]

DLi
+ at peak R2 

[cm2 s-1]

DLi
+ at peak O1 

[cm2 s-1]

MCNs 2.94*10-9 9.77*10-9 2.13 *10-8

MCNs-MoO2 5.2*10-9 1.03*10-8 2.21*10-8

MCNs-MoS2 5.46*10-9 1.08*10-8 2.91*10-8

MCNs-MoN 5.89*10-9 1.13*10-8 3.26*10-8

MCNs-MoP 8.86*10-9 3.00*10-8 5.06*10-8

Table S2. Comparison of electrochemical performance of this work with previous excellent 

works involving MCNs-MoP separators using carbon-sulfur cathodes in Li-S batteries.

Separator Initial 

capacity 

mAh g-1

Capacity 

retention 

mAh g-1

Cycles Fading 

rate per 

cycle %

Rate 

capacity 

mAh g-1

Sulfur 

Loading

mg cm-2

Ref.

MoO3@CNT ~1200 

(1 C)

641 400 0.11 655

 (3 C)

1.0 (1)

MoO3 1377 (0.5 

C)

684 200 0.25 1074

 (1 C)

0.9-1.0 (2)

MoS2/Celgard 808

 (0.5 C)

401 600 0.083 550 

(1 C)

/ (3)

LDH@NG 812

 (2 C)

337 999 0.06 709

 (2 C)

1.2 (4)

MoN-G 1061 

(0.5 C)

678 500 0.072 606

(2 C)
~0.8

(Li2S)

(5)

Edg-MoS2/C 935

(1C)

494 1000 0.047 602

(5 C)

1.7 (6)

Co9S8-Celgard 1385 

(0.1 C)

1190 200 0.070 428 (2 

C)

2 (7)

N,S-Mo2C/C- ~1000 524 600 0.08 630 0.9-1.3 (8)
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ACF (1C)  (5 C)

KB/Mo2C 813

(1C)

439 600 0.076 437

(3.5 C)

1.2 (9)

CoS2/NSCNHF@

C-200

960.9 

(0.5C)

661.3 100 0.312 532.1

(2 C)

2 (10)

CuNWs-

GN/PI/LLZO   

~1200

(0.5A g-1)

~500 300 0.194 488.3

(2A g-1)
3 (11)

MCNs-MoP 1218.0 

(0.5C)

640.8 500 0.09% 756.7 

(5C)

1.3-1.5 This 

work

Table S3. Comparison of the low-temperature performance of Li-S batteries with 

representative work.

Rate 

performance

mAh g-1

Separator Cathode Temperature
oC

1C   2C

Cycle 

Performance

mAh g-1

Ref

PP rGO-MoSe2 0

-25

779

272

538 (500th, 0.5C)

253 (500th, 0.5C)

(12)

Ni3Fe@HPC-

CNT

Pure S 0

-10

-25

1166

920

294

1038

420

225

476 (400th, 0.5C)
(13)

PP Ni@C/

graphene

-40

-50

/ / 354 (200th, 0.1C)

274 (400th, 0.1C)

(14)

AAPP/CB@P

P@LAGP

70% S/CB 0

-20

/ / 800.7 (100th, 0.5C)

372.2 (100th, 0.5C)

(15)

MCNs-MoP 80%S/

Super C

-40 350.2(100th, 0.1C) This 

work
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