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Experimental section

For the rotating ring-disk electrode (RRDE) experiments, the Fe-N,-C slurry was
coated on a GC ring-disk electrode with 1.5 pg mm-2, and the 20% Pt/C catalyst (which is
stocked from Johnson Matthey (JM) Co.) was loaded with 0.5 pg mm-2. In addition, the

ring electrode with a fixed potential was set on 0.5 V with a rotating speed at 1600 rpm.



Fig. S1 TEM images of core-shell precursors: (a) Fe;C@NDC700 and (b)
Fe;C@NDC1100.



Fig. S2 HRTEM images of (a) Fe-N,-C700, (b) Fe-N4-C1100, (c) Fe-N,-C900HCI.
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Fig. S3 (a) XPS survey spectra of Fe-N,-C900 and Fe(P)-N,-C900 (Pour Fe loading
caused by multi-time washing after acid treatment), (b) N 1s and (c) C s spectra of Fe-
Nx-C900 and Fe(P)-N,-C900, and (d) Fe 2p spectra of Fe-N,-C900AH, Fe(P)-N,-C900
and Fe-N,-C900W (Fe-N,-C900W: acid-treated catalyst without 300 °C annealing in

vaccum).
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Fig. S4. (a) CV profile of the Fe-N4-C900 and Fe-Ny-C900W in O, saturated or N,
saturated 0.1M KOH, (b) CV profile of three catalysts in O, saturated 0.1M KOH at a
scan rate of 50 mV s!, (¢) CV profile of Fe-N,-C catalysts in O, saturated 0.1M KOH at
a scan rate of 50 mV s (Fe(P)-N,-C900: pour Fe loading catalyst caused by multi-time
washing after acid treatment; Fe-N,-C900HCI: catalyst is acid-treated by only HCI,
leading to lots ferrous cores remains in the catalyst; Fe-Ny-C900W: acid-treated catalyst
without 300 °C annealing in vaccum), and (d) RRDE of catalysts at a sweep rate of 10
mVs! under rotating speeds of 1600 rpm in O, saturated 0.1M KOH (Fe;C@NDC, the

precursor of Fe-N;-C900 without acid treatment).
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Fig. S5. (a) RRDE of catalysts at a sweep rate of 10 mVs! under rotating speeds of 1600
rpm in O, saturated 0.1M KOH

The transferred electron number (n) per oxygen molecule involved in ORR can be
calculated by the currents measured from the ring and disk electrode in terms of the

following equation:
4)ig]
n=-—————
ligl +i./N (1)
where N = 0.45, i3 and i, are the collection efficiency, disk current and ring current,

respectively.

The K-L plots has been calculated from the under K-L equation (2). The K—L plots
show linear relationships between J, "' and w2 for Fe-N,-C900 catalyst.

JTh = = B e )
B= 0.62HFC0(D0)2/3 v l/e
JK = l’leCo

where J is the measured current density; J is the diffusion limit current density; J is the
dynamic current density; o is the angular velocity of the disk (o = 2aN, N is the linear
rotation speed); n is the overall number of electrons transferred in oxygen reduction; F is



the Faraday constant; Cg is the bulk concentration of Oy; v is the kinematic viscosity of

the electrolyte, and k is the electron-transfer rate constant.

Table S1 characterization of reported novel Fe-N-C catalysts

Paper Catalyst type Fe (at.%) SBET Mesopore Eonset Eip Jx
(m2 gl volume V) W) (mA cm?)
(em?® gh)
[S1] N-Fe-800 6.91 511.0 <0.44 096  0.82 53 at0.5V
[S2] NH;-Fe-N-C-  22.0(wt.%) 124.5 <0.4 0.939 0.869 -
800
[S3] Fe-NMG 0.22 520.5 - 096  0.83 -
[S4] Fe-N-C-800 0.08 775.5 - 0.965 0.83 -
[S5] FNCT800-100 0.54 368.3 - 0926 0.82 532at0.36V
[S6] PVP-NaCl- 0.34 414.5 - - 0.878 -
Fe/N/C
[S7] FeGH-ArNH3 5.4 338.5 - 0936 0.84 5.4
[S8] S-Fe/N/C 1.38 273.38 0.4929 0911 0.799 5.05
[S9] Fe@N/C-800 - 480.95 <1.523 092  0.81 -
In our work Fe-N4-C900 242 890 1.6 096  0.83 6.2 at 0.6V
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