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Fig. S1 TGA and the corresponding derivative TG (DTG) curves of (a) MIM, (b) PVP, (c) ZIF-

8@CNT, and (d) PVP-ZIF-8@CNT measured in N2 atmosphere. 
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Fig. S2 Elemental mapping images of C, O, N and Zn of PVP-ZIF-8@CNT-900. 
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Fig. S3 SEM images of (a, b) ZIF-8@CNT-900 and (c, d) PVP-ZIF-8-900. 
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Fig. S4 (a) Raman spectra and (b) N2 adsorption/desorption profiles of PVP-ZIF-8@CNT-900,  

ZIF-8@CNT-900 and PVP-ZIF-8-900 (Inset: BJH pore size distribution curves of PVP-ZIF-

8@CNT-900, ZIF-8@CNT-900 and PVP-ZIF-8-900). 
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Fig. S5 (a) XPS survey spectra and (b) XPS spectra of Zn 2p for PVP-ZIF-8-900 and ZIF-8@CNT-

900 samples; (c-h) deconvoluted XPS spectra of N 1s, O 1s and C 1s for ZIF-8@CNT-900 and 

PVP-ZIF-8-900. 
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Fig. S6 XPS high-resolution spectra of O 1s for (a) PVP-ZIF-8@CNT-800, (b) PVP-ZIF-8@CNT-

900 and (c) PVP-ZIF-8@CNT-1000. 
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Fig. S7 XPS high-resolution spectra of C1s for (a) PVP-ZIF-8@CNT-800, (b) PVP-ZIF-8@CNT-

900 and (c) PVP-ZIF-8@CNT-1000.  
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Fig. S8 (a) LSV profiles of the PVP-ZIF-8@CNT-900, PVP-MIM@CNT-900 (w/o Zn), PVP-

ZIF-8-900 and ZIF-8@CNT-900 on a RDE electrode in O2-saturated 0.1 M KOH solution at a 

rotation rate of 1600 rpm and a scan rate of 10 mV s−1; (b) the RDE polarization curves of Pt/C in 

O2-saturated 0.1 M KOH solution before ADT and after the 5000 potential cycles with the 

electrode rotation speed of 1600 rpm and scan rate of 10 mV s−1. 
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Fig. S9 TEM image of PVP-ZIF-8@CNT-900 after 5000 ADT cyclings. 
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Table S1. Elemental composition of PVP-ZIF-8@CNT-900, PVP-ZIF-8-900 and ZIF-8@CNT-

900. 

Sample  Zn N C O 

PVP-ZIF-8@CNT-900 MP-AES 4 wt.% - - - 

 XPS 7.3 wt.% 8.7 wt.% 73.7 wt.% 10.3 wt.% 

PVP-ZIF-8-900 MP-AES 10 wt.% - - - 

 XPS 16.1 wt.% 15.8 wt.% 62.8 wt.% 5.3 wt.% 

ZIF-8@CNT-900 MP-AES - - - - 

 XPS - 1.8 wt.% 75.6 wt.% 22.6 wt.% 

 

Table S2. Nitrogen content and its types of coordination in PVP-ZIF-8@CNT-800, PVP-ZIF-

8@CNT-900, PVP-ZIF-8@CNT-1000, ZIF-8@CNT-900 and PVP-ZIF-8-900. 

Sample Total N 

[at. %] 

Pyridinic 

N 

[at.%] 

Pyrrolic 

N 

[at.%] 

Graphitic 

N 

[at.%] 

Oxidized 

N 

[at.%] 

PVP-ZIF-8@CNT-800 1.54 0.11 1.40 0 0.03 

PVP-ZIF-8@CNT-900 8.3 1.32 3.82 2.95 0.21 

PVP-ZIF-8@CNT-

1000 

2.74 0.64 0.32 1.44 0.34 

ZIF-8@CNT-900 1.51 0.39 0.22 0.46 0.44 

PVP-ZIF-8-900 15.8 1.29 8.42 2.92 3.17 

 

Table S3. Oxygen reduction peak potential, onset potential and E1/2 values recorded for all the 

catalysts in alkaline condition. 

Sample Oxygen reduction 

peak potential (V) 

vs. RHE 

Onset potential 

(V) vs. RHE 

E1/2 (V) vs. RHE 

PVP-ZIF-8@CNT-800 0.72 0.88 0.705 

PVP-ZIF-8@CNT-900 0.78 0.96 0.795 

PVP-ZIF-8@CNT-1000 0.75 0.93 0.770 
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Table S4. Comparison of the ORR performance of PVP-ZIF-8@CNT-900 with the other reported 

catalysts in 0.1 M KOH solution. 

Catalyst Loading 

(mg cm-2) 

Eonset (V) vs 

RHE 

E1/2 (V) vs 

RHE 

References 

PVP-ZIF-8@CNT-900 0.25 0.960 0.795 This study 

Co3O4@C-MWCNTs 0.33 0.890  0.810  S1 

Co@Co3O4/NC 0.21 N/A 0.800  S2 

N-Co9S8/G 0.20 0.941 0.770 S3 

Co@N-C 0.20 N/A 0.820  S4 

Co-MOF@CNT 0.21 0.910 0.820 S5 

NixCoyO4/Co–NG 0.20 N/A 0.804 S6 

Cu-N/C 0.25 0.914 0.813 S7 

N-doped Fe/Fe3C@C 0.70 0.910 0.830 S8 

LDH@ZIF-67-800 0.20 0.940 0.830 S9 

GNC-Co 0.40 0.840  0.730 S10 

ZIF8-Te-1000 0.10 0.881 0.790 S11 

CoOx NPs/BNG N/A 0.950 0.805 S12 

CoMn/pNGr 0.25 0.940 0.791 S13 

 

 

Table S5: Comparison of the AEMFC performance for PVP-ZIF-8@CNT-900 with the other 

reported catalysts.  

Catalyst Loading 

(mg cm-2) 

Membrane Temperature 

(⁰C) 

Pmax 

(mW cm2) 

References 

PVP-ZIF-8@CNT-

900 

2.0 Fuma-Tech 

FAA 

60 45 This study 

40 wt% Ag/CNT  0.5  Fuma-Tech 

FAA 

RT 26.1 S14 

CoFeNx/C 2.5 Tokuyama A-

201 

60 37 S15 

Fe/Co-NpGr 2.5 Fuma-Tech 

FAA 

50 35 S16 

N-S/Gr- 1000 2.0 Fumapem FAA RT 19.8 S17 

FeNCNH 4.0 Fumapem FAA 50 35 S18 

N-S-MPC 3.0 Tokuyama A-

201 

RT 21.7 S19 

CoPC/C 3.0 Tokuyama A-

901 

RT 12.6 S20 
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