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Additional experimental information

Characterizations. Scanning electron microscopy (SEM) was performed
on FEI Quanta 250FEG field emission scanning electron microscope
operating at 15 kV. Transmission electron microscopy (TEM) was
operated on a Tecnai G220 at a voltage of 200 kV. Nitrogen sorption
measurements were conducted on powder samples at 77K using an
Autosorb-1 surface area and pore size analyzer (Gemini VII 2390). The
specific surface areas were calculated based on the Brunauer Emmett
Teller method (BET). X-ray diffraction (XRD) patterns were measured
using a Bruker-AXS D8 Advance diffractometer. Raman spectra were
recorded on a scattering Raman spectrometer (Renishaw-invia) using
excitation radiation at 514 nm from an Ar" ion laser and under the power
of 10 mW. Fourier transform infrared (FTIR) spectra were obtained by the

FTIR spectrometer Nicolet S10 (Thermo Fisher).

DFT calculations. The spin-polarized density functional theories (DFT)
were carried out by using the Vienna Ab initio Simulation Package
(VASP).5! The DFT-D3 method is adopted to evaluate the van der Waals
(vdW) interaction.®* The Perdew-Burke-Ernzerhof generalized-gradient
approximation functional was used to describe the interaction between
electrons.®® All-electron plane-wave basis sets with an energy cutoff of 400

eV. The vacuum region was set to be 15 A to prevent the interaction



between two adjacent surfaces. The convergence threshold was set at 1 x
1075 eV in total energy and 0.02 eV A™! in force on each atom.
The reaction Gibbs free energy (4G) is defined as :
AG =AE + AEzpp — TAS (T=298.15K),
in which AFE, the reaction energy, 4FEzpg, zero-point energies, A4S, the
entropy difference from vibrational frequency calculations. The entropy of

gas phase are obtained from the NIST database with standard condition.**
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Additional Data

Figure S1. The SEM images of (a), (b) Ce particles by assembly in
toluene/DMF mixture, and (c), (d) FePc-Ce particles by co-assembly in

toluene/DMF mixture.



Figure S2. The HR-TEM images of (a) Ceo particle and (b) FePc-Cqg

particles.
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Figure S3. The XRD patterns of Cg, FePc and FePc-Cg particles.



(a) Top view (b) Top view (c) Top view (d) Top view
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Figure S4. (a) The conformation of FePc and the complexation patterns
for (b) the coordination of Fe in FePc (Fe@FePc) with pentagon carbon in
Coo (C@C5-Cqgp), () the coordination of Fe@FePc with C-C@C5-Cey and
(d) the coordination of N@FePc with C@C5-Cg with the optimal shortest
distances based on DFT calculation. Atom color: brown, C; white, H; blue,

N; red, Fe.



Side view Top view
Figure S5. The complexation pattern by the coordination of C-
C(pyrrole)@FePc with C-C@C5-Cgo with the average shortest distances
based on DFT calculation. Atom color: brown, C; white, H; blue, N; red,

Fe.
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Figure S6. The FTIR spectra of Ce particle, FePc, and FePc-Ce particles.
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Figure S7. The UV-vis spectra of Ceo, FePc, and FePc-Cgy.
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Figure S8. (a) The XPS spectrum and (c) C 1s spectrum of FePc. (b) The

292 287 282
Binding energy, eV

XPS spectrum and (d) C 1s spectrum of FePc-Cg particles.
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Figure S9. The TGA and DSC curves for (a) FePc, and (b) Ceo.



Figure S10. The SEM images of (a) FePc-Cgo_500, (b) FePc-Cey 700

and (c) FePc-Cegy_900.

Side view Top view

Figure S11. The convalent bonding based on the coordination pattern of
C-C(pyrrole)@FePc with C-C@C5-Ceo with the average shortest distances
based on DFT calculation. Atom color: brown, C; white, H; blue, N; red,

Fe.
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Figure S12. The UV-vis spectra of (a) FePc-Cqo_500, (b) FePc-Cey_700,

and (c) FePc-Cegy_900.
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Figure S13. The Raman spectra of FePc-Cg particles, FePc, and Ceo.
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Figure S14. The N, isotherms of (a) FePc-Cgy_500, (c) FePc-Cgy_700, and

(e) FePc-Coo 900. The pore size distribution of (b) FePc-Cg_ 500, (d)

FePc-Cgo_700, and (f) FePc-Cqy_900.



Table S1. The porous characteristic properties of FePc-Cgy carbon

electrodes by nitrogen sorption measurements.

BET surface area  Average pore size

Pore volume

Sample (g ™) (nm) (cmg™)
FePc-Cso 500 12.68 21.28 0.075
FePc-Cso 700 125.00 10.32 0.175
FePc-Cso 900 23931 9.33 0.329
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Figure S15. The XPS spectra of (a) FePc-Cgy_500, (b) FePc-Csy_700, and

(c) FePc-Cgo_900.



Table S2. The calculated proportion of various elements states in FePc-Cey

carbons based on the XPS analysis.

XPS Based on N 1s spectra Based on Fe

Samples 2p spectra

N%  Fe% Py;llcol/lonlc PyIfIrO?ohc C;r?\?oilt Ilj]f):/; Fc;:/30N Fe2t/Fe™
FePc 18.85 2.07 - - - 81.5* - 1/0
FePc-Ceo 6.70  0.80 - - - 75.8* - 1/0
FePc-Cgo 500 | 7.12  0.94 - - - 70.0* - 1.35
FePc-Ceo 700 | 2.28 0.39 12 24.9 142 338 - 0.72
FePc-Cgo 900 | 2.98 0.43 | 10.6 257 228 152° 33 0.55

a: be the form of Fe-Ny (including pyrrolic N from FePc); b: be the forms of various Fe-N,.
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Figure S16. The XPS C 1s spectra of (a) FePc-Cgp_ 500, (b) FePc-Cgy_700,

and (c) FePc-Cegy_900.
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Figure S17. The XPS N 1s spectrum of FePc.
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Figure S18. The Fe 2p XPS spectra (a) FePc, (b) FePc-Cq, and (c) FePc-

Cso_700.
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Figure S19. The LSV curves of Cgy_ 500, Cgp_700 and Cgo_900.
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Figure S20. The LSV curves of FePc-Cqy_ 500, FePc and MFePc-Cgy 500.



Table S3. The comparison of ORR activities of FePc-Cg carbon electrodes,

FePc, and Pt/C.

Sample Eo (V) E12 (V) JjL(mA-cm?)
FePc-Ceo_ 500 1.04 0.91 5.05
FePc-Cso_700 0.92 0.73 4.27
FePc-Ceo_ 900 0.97 0.84 4.53

MFePc-Ceo_ 500 0.88 0.74 5.16
FePc 0.88 0.75 4.6

Pt/C 0.97 0.87 5.01




Table S4. The comparison of the ORR performance of the reported metal-

doped Cgo-derived electrocatalysts in alkaline medium.

Catalyst Eo (V) E2 (V) JjL(mA-cm?) Ref.
FePc-Cso_500 1.04 0.91 5.05 This work
PD/N-C 0.911 0.833 5.29 1
MFCe0-130 0.82 0.76 - 2
FMN700 0.93 0.81 - 3
Fe-MFCe0-150 085 0.78 - 4
Cso@Co-N-PCM 0.98 0.85 5.5 5
Cu(15%)-MFCeo 0.86 0.76 5.18 6
N,S-PCNFs 0.969 0.837 5.50 7
N,S-PHCNSs-75 0.954 0.827 5.64 8
FNCNs-900 0.976 0.851 6.21 9
Ce0/FeTPP-700 - 0.877 - 10
FeN/Cg00-900 0.98 0.85 5.23 11
FeN@FCS-900 0.93 0.78 4.2 12
CoTPP/Ces0-800 0.93 0.824 5.5 13
FePc/FC - 0.917 - 14
CNO-900 0.976 0.853 6.02 15
dFCMC - 0.834 - 16
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Figure S21. The LSV curves of (a) FePc-Cgy_700 and (c) FePc-Cgo 900 in
O,-saturated 0.1 M KOH solution at different rotating rates. The K-L plots

of (c) FePc-Csy_700 and (d) FePc-Cgy_900 at different potentials.
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Figure S22. The electron transfer number (n) and H,0,% yield of (a) Pt/C,

(b) FePc-Cg_700 and (c) FePc-Cgp_900.



After 5000 cycles....”
initial

0.2 0.4 0.6 0.8 1.0
Potential, V vs RHE

e =
o o (=]
1 1 1

After 5000 cycles ..
a0] . After5000¢ ydles

initial

Current density, mA-c
én
o

'6-0 T T T T
0.2 0.4 0.6 0.8 1.0
Potential, V vs RHE

Figure S23. The LSV curves of (a) FePc-Csp_ 500 and (b) Pt/C in O,-
saturated 0.1 M KOH solution at 1600 rpm before and after 5000 potential

cycles.
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Figure S24. (a) The i—¢ response curves of FePc-Cgp_500 and Pt/C. (b) The

i—t response curves for the methanol immunity experiments of FePc-

C6()_500 and Pt/C.



