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Figure S1. XPS survey spectrum (A) and the deconvoluted V 2p (B), N1s (C) and Fe 2p (D) spectra of 
FeTMPyP/V2O5 intercalation compounds

Figure S2 TEM images for commercial V2O5 powders
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Figure S3 FT-IR spectra of commercial V2O5 (a), FeTMPyP/V2O5 intercalation compounds (b), the 
resultant materials (c) by heating FeTMPyP/V2O5 at 750 °C for 4h, and PPCNs (d)
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Figure S4 XRD patterns of the PPCNs prepared at 600 (a), 650 (b),675 (c),700 (d),750 (e), and 
800 (f) °C
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Figure S5 AFM (A and B) and SEM (C and D) spectra in different regions of PPCNs obtained at 750 
°C
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Figure S6 Raman spectrum of PPCNs obtained at 750 °C

B

A C

D



S6

0.0 0.5 1.0 1.5 2.0 2.5
0.00

0.01

0.02

0.03

0.04

0.05

 

 

Di
ffe

re
nt

ia
l p

or
e 

vo
lu

m
e

pore size (nm)

A

0 200 400 600 800
0

20

40

60

80

 

 

V ad
s(S

TP
)/ 

cm
3  g

-1

Pressure/Torr

B

Figure S7. The corresponding micropore size distribution curves obtained by H-K method based on the 
N2-sorption analysis for PPCNs (A), and CO2 adsorption-desorption isotherms of PPCNs at 273 K (B)

Figure S8. The SEM-EDS individual mapping images for Fe (A) and N (B) as well as a total element 
mapping image for Fe, V, O, N, Fe and Cl (C) 
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Figure S9 XPS survey spectrum of FeTPyPI (A) and the Fe 2p spectra (B) of FeTPyPI (a) and the 
prepared PPCNs (b)
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Figure S10 ORR CVs obtained on the RDE of PPCNs in Ar- and O2-statured 0.1 M KOH (A) and 0.1 M 
HClO4 (B) electrolytes. The catalyst loadings on the electrodes in alkaline and acidic solutions are 0.1 
and 0.25 mg cm-2, respectively. The scan rate is 10 mV s-1.

 
0.0 0.2 0.4 0.6 0.8 1.0

5

4

3

2

1

0

 0.1 mg cm-2

 0.25 mg cm-2

 0.40 mg cm-2

 Pt/C  

 

J 
/ m

A 
cm

-2

E / V (vs RHE)

A

0.0 0.2 0.4 0.6 0.8 1.0
6

4

2

0

 0.25 mg cm-2

 0.40 mg cm-2

 0.60 mg cm-2  

 

J 
/ m

A 
cm

-2

E / V (vs RHE)

B

Figure S11 RRDE polarization curves on PPCNs and commercial Pt/C (20 wt%) in 0.1 M KOH (A) and 
0.1 M HClO4 (B) electrolytes at 1600 rpm with different loading. The scan rate is 5 mV s-1.
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Figure S12 XRD patterns (A), UV-Vis diffuse reflectance spectra (B) and SEM images (C and D) for 
the PPCNs prepared by heating TMPyP/V2O5(a) and CoTMPyP/V2O5(b) at 675 °C for 4h. (E) is the 
corresponding TEM image of PPCNs derived from CoTMPyP/V2O5
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Figure S13 ORR RDE polarization curves over the PPCNs prepared by heating TMPyP/V2O5 (a) and 
CoTMPyP/V2O5(b), FeTMPyP/V2O5(c) at 675 °C for 4h in 0.1 M KOH (A) and 0.1 M HClO4 (B) 
electrolytes at 1600 rpm. The catalyst loadings of PPCNs on the RDE electrodes in 0.1 M KOH and 0.1 
M HClO4 electrolytes are 0.10 and 0.25 mg cm-2, respectively. The scan rate is 10 mV s-1
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Figure S14 XRD patterns of different FeTMPyP/V2O5 compounds (A) prepared by using the different 
mass ratio of V2O5 to FeTMPyP (changed from 3:1(a), 2:1(b) to 1:1(c)) and the corresponding PPCNs 
(B) at 750 °C. (C and D) SEM images of the derived PPCNs with the mass ratio of V2O5 to FeTMPyP 
(3:1(C) and 1:1(D)). (E) RDE polarization curves on the corresponding PPCNs and commercial Pt/C (20 
wt%) in 0.1 M KOH electrolytes at 1600 rpm. The catalyst loadings of the prepared PPCNs on the RDE 
electrodes is 0.10 mg cm-2. The scan rate is 10 mV s-1
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Figure S15 ORR RDE polarization curves over the PPCNs prepared by heating FeTMPyP/V2O5 at 
different temperatures for 4 h in 0.1 M KOH (A) and 0.1 M HClO4 (B) electrolytes at1600 rpm. The 
catalyst loadings of PPCNs on the RDE electrodes in 0.1 M KOH and 0.1 M HClO4 electrolytes are 0.10 
and 0.25 mg cm-2, respectively. The scan rate is 10 mV s-1
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Figure S16 XPS survey spectrum (A) and XRD pattern (B) of PPCN-700; the corresponding micropore 
size distribution curves obtained by H-K method based on the N2-sorption analysis for PPCN-700

A

B C

F



S11

Figure S17 SEM (A and B) TEM images (C to F) image of PPCN-700 in different regions. Inset in (E) 
is the corresponding SAED pattern.  
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Figure S18 CV curves of ORR over the PPCN RDE electrode after run for 5000 cycles recorded in O2-
saturated 0.1 M KOH (A) and 0.1M HClO4 (B) electrolytes. The catalyst loadings of PPCNs on the RDE 
electrodes in 0.1 M KOH and 0.1 M HClO4 electrolytes are 0.10 and 0.25 mg cm-2, respectively. The 
scan rate is 10 mV s-1
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Figure S19 ORR RDE polarization curves over PPCNs and Pt/C catalysts in 0.1 M KOH (A and B) and 
0.1 M HClO4 (C and D) electrolytes containing methanol (2 wt%) at 1600 rpm (the capacitive currents 
were not subtracted). The catalyst loadings of PPCNs on the RDE electrodes in 0.1 M KOH and 0.1 M 
HClO4 electrolytes are 0.10 and 0.25 mg cm-2, respectively. The scan rate is 10 mV s-1


