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Fig. S1 N2 adsorption-desorption isotherms and corresponding pore size distribution 

plots (inset) of 10%MIL/PPy-800, 30%MIL/PPy-700, 30%MIL/PPy-900 and 

50%MIL/PPy-800.  

Fig. S2 XPS survey spectrum of 30%MIL/PPy-700 (a), 30%MIL/PPy-800 (b) and 

30%MIL/PPy-900 (c). 

Fig. S3 High-resolution spectra of C1s (a) and N1s (b) for 30%MIL/PPy-700. 

Fig. S4 High-resolution spectra of C1s (a) and N1s (b) for 30%MIL/PPy-900. 

Table S1 Comparison the catalytic performances of 30% MIL/PPy-800 with other 

analogous catalysts reported in 0.1M KOH. 
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Fig. S1 N2 adsorption-desorption isotherms and corresponding pore size distribution 

plots (inset) of 10%MIL/PPy-800, 30%MIL/PPy-700, 30%MIL/PPy-900 and 

50%MIL/PPy-800.  
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Fig. S2 XPS survey spectrum of 30%MIL/PPy-700 (a), 30%MIL/PPy-800 (b) and 

30%MIL/PPy-900 (c). 
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Fig. S3 High-resolution spectra of C1s (a) and N1s (b) for 30%MIL/PPy-700. 
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Fig. S4 High-resolution spectra of C1s (a) and N1s (b) for 30%MIL/PPy-900. 
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Table S1 Comparison the catalytic performances of 30% MIL/PPy-800 with other 

analogous catalysts reported in 0.1M KOH. 

Entry Catalyst 

Onset 

potential 

(V vs. RHE) 

Half-wave 

potential 

(V vs. RHE) 

Reference 

1 30% MIL/PPy-800 0.983 0.850 This work 

2
a 

NGPC/NCNT-900 0.914 0.793 1 

3
b 

N-graphene/CNT 0.885 Unknown 2 

4
c 

S,N-Fe/N/C-CNT Unknown 0.85 3 

5
d 

Fe-ISAs/CN 0.986 0.900 4 

6
e 

cal-CoZIF-VXC72 Unknown 0.84 5 

7
f 

NPCN/CoNi-NCNT 0.94 0.87 6 

8
g 

(b-CNT)/Fe3C Unknown 0.861 7 

9
h 

NPME 0.936 0.87 8 

10
i 

FeNS/HPC 0.97 0.87 9 

11
j 

CNT/HDC-1000 0.92 0.82 10 

12
k 

Fe-N-CNFs 0.945 0.825 11 

13
l 

Fe−N-CNS 0.98 0.85 12 

14
m 

Co3O4@CMWCNTs 0.89 V 0.81 V 13 

a
Nitrogen-doped graphitic porous carbon and carbon nanotubes; 

b
Nitrogen-doped 

carbon nanoarchitecture with graphene-nanosheet growth on the inner surface of 

carbon nanotubes; 
c
Atomic dispersion of Fe-Nx species on N and S co-decorated 

hierarchical carbon layers; 
d
Isolated single-atom Fe/N-doped porous carbon; 

e
Pyrolyzed product of a zeolitic imidazolate framework coated commercial carbon;

 
 

f
A 3D nanoarchitecture comprising in situ-formed N-doped CoNi alloyencapsulated 

carbon nanotubes (CoNi-NCNTs) grown on N-doped porous carbon nanosheets 

(NPCNs); 
g
One-dimensional bamboo-like carbon nanotube/Fe3C nanoparticle hybrid;

 

h
Core/shell structured nonprecious metal electrocatalysts (NPMEs) composed of 
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N-doped graphene-like layers uniformly coated on carbon prepared by pyrolysis of 

self-assembled iron porphyrin on carbon black;
 i
Hierarchically porous carbon with a 

high content of graphitic N and codoped with sulfur and iron species (FeNS/HPC);
 

j
Nanocomposites based on carbon nanotubes/heteroatom-doped carbon (CNT/HDC) 

core-sheath nanostructures; 
k
Nonprecious metal catalysts consisting of Fe3C 

nanoparticles encapsulated in mesoporous Fe-N-doped carbon nanofibers; 

l
Hierarchical Porous Fe–N-doped Hollow Carbon Nanoshells; 

m
MOF derived Co3O4 

nanoparticles embedded in N-doped mesoporous carbon layer/MWCNT hybrids. 

 

References 

1. Zhang, L.; Wang, X.; Wang, R.; Hong, M., Structural evolution from 

metal-organic framework to hybrids of nitrogen-doped porous carbon and carbon 

nanotubes for enhanced oxygen reduction activity. Chemistry of Materials, 2015, 27 

(22), 7610-7618. 

2. Wen, Z.; Ci, S.; Hou, Y.; Chen, J., Facile one-pot, one-step synthesis of a carbon 

nanoarchitecture for an advanced multifunctonal electrocatalyst. Angewandte Chemie 

International Edition, 2014, 53 (25), 6496-500. 

3. Chen, P.; Zhou, T.; Xing, L.; Xu, K.; Tong, Y.; Xie, H.; Zhang, L.; Yan, W.; Chu, 

W.; Wu, C.; Xie, Y., Atomically dispersed iron-nitrogen species as electrocatalysts for 

bifunctional oxygen evolution and reduction reactions. Angewandte Chemie 

International Edition , 2017, 56 (2), 610-614. 

4. Chen, Y.; Ji, S.; Wang, Y.; Dong, J.; Chen, W.; Li, Z.; Shen, R.; Zheng, L.; 

Zhuang, Z.; Wang, D.; Li, Y., Isolated single iron atoms anchored on n-doped porous 

carbon as an efficient electrocatalyst for the oxygen reduction reaction. Angewandte 

Chemie International Edition , 2017, 56 (24), 6937-6941. 

5. Ni, B.; Ouyang, C.; Xu, X.; Zhuang, J.; Wang, X., Modifying commercial carbon 

with trace amounts of ZIF to prepare derivatives with superior ORR activities. 

Advanced Materials, 2017, 29 (27),1701354(1-7). 

6. Hou, Y.; Cui, S.; Wen, Z.; Guo, X.; Feng, X.; Chen, J., Strongly coupled 3D 

hybrids of n-doped porous carbon nanosheet/CoNi alloy-encapsulated carbon 



S8 

 

nanotubes for enhanced electrocatalysis. Small, 2015, 11 (44), 5940-5948. 

7. Yang, W. X.; Liu, X. J.; Yue, X. Y.; Jia, J. B.; Guo, S. J., Bamboo-like carbon 

nanotube/Fe3C nanoparticle hybrids and their highly efficient catalysis for oxygen 

reduction. Journal of the American Chemical Society, 2015, 137 (4), 1436-1439. 

8. Li, J.; Song, Y. J.; Zhang, G. X.; Liu, H. Y.; Wang, Y. R.; Sun, S. H.; Guo, X. W., 

Pyrolysis of self-assembled iron porphyrin on carbon black as core/shell structured 

electrocatalysts for highly efficient oxygen reduction in both alkaline and acidic 

medium. Advanced Functional Materials, 2017, 27 (3), 1604356 (1-10). 

9. Kone, I.; Xie, A.; Tang, Y.; Chen, Y.; Liu, J.; Chen, Y. M.; Sung, Y. Z.; Yang, X. J.; 

Want, P. Y., Hierarchical porous carbon doped with iron/nitrogen/sulfur for efficient 

oxygen reduction reaction. Acs Applied Materials & Interfaces, 2017, 9(24),  

20963-20973. 

10. Sa, Y. J.; Park, C.; Jeong, H. Y.; Park, S. H.; Lee, Z.; Kim, K. T.; Park, G. G.; Joo, 

S. H., Carbon nanotubes/heteroatom-doped carbon core-sheath nanostructures as 

highly active, metal-free oxygen reduction electrocatalysts for alkaline fuel cells. 

Angewandte Chemie International Edition, 2014, 53 (16), 4102-4106. 

11. Wu, Z. Y.; Xu, X. X.; Hu, B. C.; Liang, H. W.; Lin, Y.; Chen, L. F.; Yu, S. H., Iron 

carbide nanoparticles encapsulated in mesoporous Fe-N-doped carbon nanofibers for 

efficient electrocatalysis. Angewandte Chemie International Edition, 2015, 54 (28), 

8179-8183. 

12. Wang, Y.; Kong, A.; Chen, X.; Lin, Q.; Feng, P., Efficient oxygen 

electroreduction: hierarchical porous Fe–N-doped hollow carbon nanoshells. ACS 

Catalysis, 2015, 5 (6), 3887-3893. 

13. Li, X.; Fang, Y.; Lin, X.; Tian, M.; An, X.; Fu, Y.; Li, R.; Jin, J.; Ma, J., MOF 

derived Co3O4 nanoparticles embedded in N-doped mesoporous carbon 

layer/MWCNT hybrids: extraordinary bi-functional electrocatalysts for OER and 

ORR. Journal of Materials Chemistry A, 2015, 3 (33), 17392-17402. 

 

 


