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Figure S1. The SEM images of comparison samples. (a) Pt/N-C, N-C, (b) Fe, Co/N-C,(c) N-C
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Figure S2. Nitrogen adsorption-desorption isotherms of Pt, Fe, Co/N-C and Fe, Co/N-C, Pt/N-C, N-C



—e— N-C
—~ 0.012 A —m— Pt/N-C
‘-'E —a— Fe,Co/N-C
= 0.010 - —e— Pt,Fe,Co/N-C]
 0.008
E
S 0.006
O 0.004
E -
S 0.002- ‘of
0.000 - .
0 10 20 30

Pore diameter (nm)

Figure S3. Pore size distributions of Pt, Fe, Co/N-C and Fe, Co/N-C, Pt/N-C, N-C.
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Figure S4. XPS survey spectrum of Pt, Fe, Co/N-C and Fe, Co/N-C, Pt/N-C.
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Figure S5. XPS C 1s spectra of Pt, Fe, Co/N-C and Fe, Co/N-C, Pt/N-C.
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Figure S6. CV curves of Pt,Fe, Co/N-C , Fe, Co/N-C, Pt/N-C, N-C and Pt/C in an Oz-saturated 0.1 M KOH solution



d —_1 b —~ 0
o Fe,Co/N-C N
£ 0 £
o )
< < -2
E 2| E
&3 2
G, pr———— G 4 —
c -4 = 400rpm c - 400rpm
% g — 625rpm % 625rpm
5 —— 900
e - - —— 900rpm = 6 — 122;?:)“m
S -6 {er — 1225rpm o —— 1600rpm
TR N ,,,,...‘.......,,H —— 1600rpm bt —— 2025rpm
s -7 —— 2025rpm 5 2500rp
— rpm
O : : — O3 : : :
0.4 0.6 0.8 1.0 0.4 0.6 0.8 1.0
Potential (V vs. RHE) Potential (V vs. RHE)
C ~ — d
< g —_
04 o Pt/C
£ £ 01
o ] o
<] <
E, E™
-3 7]
5 o 400 rpm 5 = 400rpm
T 4 = 625 rpm 5 31 —— 625rpm
— === 900 rpm - = 900rpm
5 —— 1225 rpm c —— 1225rpm
= 5. —— 1600 rpm Q44 —— 1600rpm
s 2025 rpm 5 ~— 2025rpm
(&) 6 . . —— 2500 rpm O 5 e 2500rpm
0.4 0.6 0.8 1.0 0.4 0.6 0.8 1.0
Potential(V vs. RHE) Potential (V vs. RHE)

Figure S7. ORR polarization curves at different rotating rates of comparison samples. (a) Fe, Co/N-C, (b) Pt/N-C (¢) N-C and (d)
Pt/C
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Figure S8. The number of transferred electrons and H2O: yield of Pt, Fe, Co/N-C, Fe, Co/N-C, Pt/N-C, Pt/C and N-C
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Figure S9. Scan rate dependence of current densities in CV curves for different samples. (a) Pt, Fe, Co/N-C, (b) Fe, Co/N-C, (c¢)

PYN-C and (d) N-C.
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Figure S10. The Ca curves of Pt, Fe, Co/N-C, Fe, Co/N-C, Pt/N-C, and N-C
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Figure S11. (a) Charge-discharge curves of Pt, Fe, Co/N-C and 20wt% Pt/C; (b) Discharge polarization and power density curves of
Pt, Fe, Co/N-C and 20wt% Pt/C

Table S1. Materials elemental composition

Sample C(at.%) N (at.%) Pt(at.%) Fe(at.%) Co (at.%)
Pt/N-C 98.37 1.17 0.07 0.24 0.15
Fe, Co/N-C 98.54 1.05 0 0.22 0.19

Pt, Fe, Co/N-C 98.06 1.48 0.04 0.21 0.21




