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Table S1. Summary of Particle Sizes and Lattice Constants for PtNi NWs/C Catalysts

NWs size Scherrer size Lattice parameter
Catalysts (nm) (nm) (nm)
PtigFes,/C 20+2.3 19+2.1 0.3713
PtsgFess/C 2.5+0.4 2.2+0.5 0.3782
Ptg,Fess/C 2.1+0.3 2.0+0.3 0.3796
Pt;;Fe,s/C 1.640.2 1.8+0.2 0.3813

Pt/C 2.1+0.3 1.9+0.3 0.3920
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Fig. S2. (A) CV and (B) RDE curves for commercial Pt/C in 0.1 M HCIO, solution saturated with nitrogen (scan rate:
50 mV/s) and oxygen (scan rate: 10 mV/s and rotation speed: 1600 rpm)

Table S2. Summary of physical and ORR data for Pt,Fe;go-n NWs/C catalysts

Metal loading ECSA Mass activity Specific activity
Catalysts
(%wt) (m?/g) (A/mg) (mA/cm?)
PtlgFegz/C 19.00% 24.3 0.40 1.65
PtssFesa/C 20.00% 35.0 0.60 1.71
Ptsteg,g/C 15.00% 69.0 1.03 1.49
Pt,,Fe,3/C 16.00% 76.0 1.68 2.21
Pt NWs/C 15.00% 48.0 0.54 1.13
Table S3. Comparison of ORR activities of various catalysts
Mass activity Specific activity
Catalyst Reference
(A/mg) (mA/cm?)
PtFe/Pt-V NWs 1.1 0.88 1
Hollow PtFe 1.01 2.73 2
Ordered FesPt on
0.67 1.28 3
nitride
3D PtFe clusters 1.26 1.51 4
Pt-skin hollow PtFe NPs 0.993 1.35 5
PtFe NWs 0.844 1.53 6

Pt;;Fe,3/C NWs 1.68 2.21 This work
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Fig. S3 CV curve of commercial Pt/Cin 0.1 M HCIO, + 0.5 M CH3O0H solution purged with N, at a scan rate of 50
50 mV/s

Table S4. Summary of physical and MOR data for Pt,Fejgo-, NWs/C catalysts

Catalysts Mass activity (A/mg) Specific activity (mA/cm?)
Pt,gFeg,/C 0.39 1.60
PtsgFess/C 0.52 1.50
Pte,Fess/C 1.73 2.51
Pt;7Fe,s/C 1.98 2.61

Pt /C 0.47 0.98

Table S5. Comparison of MOR activities of various catalysts

Mass activity Specific activity
Catalyst Electrolyte Reference
(A/mg) (mA/cm?)
PtFe-Pt,Fe,Ce,0, 0.1 M HCIO, + 0.5 M
0.734 3.28 7
Nanohybrids Methanol
PtFe Intermetallic 0.5MH,SO,+1M
0.536 6.16 8
nanotube Methanol
Ga-Pt Intermetallic
0.5MKOH+2 M
nanoparticle embed- 0.076 1.48 9
Methanol
ded in graphene
Pt;Ti/C intermetal-
0.149 0.03
lic nanoparticle 0.1 MHCIO;+1 M
10
Pt3V/C intermetallic Methanol
0.2 0.038
nanoparticle
Intermetallic Pt3Zn
1.0 M Methanol 0.25 0.95 11

nanocrystals

0.1 M HCIO;+0.5M
Pt;;Fe,3/C NWs 1.98 2.61 This work
Methanol
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Fig. S4 CV curve of commercial Pt/Cin 0.1 M HCIO4 + 0.5 M C,HsOH solution purged with N, at a scan rate of 50

mV/s

Table $6. Summary of physical and EOR data for Pt,Feigo_-» NWs/C catalysts

Specific activity (mA/cm?)

Catalysts Mass activity (A/mg)
PtygFeq,/C 0.45 1.85
Pt35Fe54/C 0.68 1.94
PtezFEgg/C 1.14 1.65
Pt77F923/C 1.32 1.74
Pt NWs/C 0.32 0.67
Table S7. Comparison of EOR activities of various catalysts
Mass activity Specific activity
Catalyst Electrolyte Reference
(A/mg) (mA/cm?)
Pt1Feq.20SN0.46
0.1 M HCIO4+ 0.5 M Ethanol 1.21 12
NWs
PtCu, 1 NWs 0.1 M HCIO4+ 0.2 M Ethanol 1.015 2.16 13
PtPbg,7; NWs 0.1 M HCIO4+ 0.15 M Ethanol ~1.7 ~0.9 14
PtRhNi/C 0.5 M HCIO, + 1 M Ethanol 0.378 15
RDH PtNi NFs 0.5 M H,S0,4 + 0.1 M Ethanol 0.98 1.79 16
0.1 M HCIO,4+0.5 M Ethanol 1.32 1.74 This work

Pt77Fe23/C NWs
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Fig. S5 (A) CV and (B) RDE curves for commercial Pt/C before and after 10,000 potential cycles (sweep rate, 100
mV/s, potential cycle window: 0.6 and 1.1 V) in 0.1 M HCIO, solution saturated with nitrogen and oxygen (scan
rate: 10 mV/s and rotation speed: 1600 rpm).
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Fig. S6 Mass activity and specific activity data (A) Pt;;Fe,3s/C NWs and (B) commercial Pt/C at 0.900 V (vs. RHE)
before and after 10,000 cycles.



Table S8. The electron configuration and natural atomic charge of the optimized structure of Pt,Fe,, (x=1, 2, 3, 4)

clusters

cluster atom No electron configuration charge e-transfer
1Pt 650.575d9.416p0.08 0.00
2Pt 65040575d9A416p0A08 0.00

pt, 3Pt 650.0575,49.4160.08 0.00

4Pt 65040575d9.416p0.08 0.00
1Fe 4504436.864p0.18 0.450
2Pt 6507252376009 -0.154

PtsFe, 3Pt 6507150386009 -0.148
4Pt 6S0-715d°-386p0-09 -0.148
1Fe 45061316894 n0-31 0.087
2Pt 650-875d9-23gp0-11 -0.183

Pt,Fe, 3Pt 6508750923011 -0.183

4Fe 450573¢7.044p0.12550.07 0.279
1Fe 450.653d7.144p0,084d0A015p0A14 0.111

Pt,Fe; 2Pt 6S51:065(°3316p0-07 -0.287 i
3Fe 450563d7‘024p0‘095p012 0.088
AFe 450563d7‘024p0‘095p012 0.088

LUMO

HOMO

Fig. S7 Frontier molecular orbitals and the energy of LUMO of O atom and HOMO of PtFes, (x = 4, 3, 2, 1)
clusters

Table S9. Structure and binding energy ((eV) for Pt,Feio (x=2, 4, 6, 8, 10) clusters



PtzFeg Pt4Fes Pt6F64 PtgFEZ Pth

C
e oot :‘3:%

-4.54 -3.96 -2.79 -2.24 -2.20

Table $10. Structure and adsorption energy (eV) for O Pt,Feio.,(x=2, 4, 6, 8, 10) clusters

Pt,Feg Pt,Feg PtcFes PtgFe, Pt
® @
‘ %o ¢°
[ )
(¢} -0.18 -0.27 -5.07 -4.99 -4.53

Table S11. Structure and adsorption energy (eV) for OOH Pt,Fe o, (x=2, 4, 6, 8, 10) clusters

PtzFEg Pt4FEs PtGFE4 PtgFez Pt10
o, Wooo £3F o
ol
® % SR
OOH -1.38 -0.785 -5.74 -2.21 -1.59

Table S12. Structure and adsorption energy (eV) for OH Pt,Feo, (x=2, 4, 6, 8, 10) clusters



Pt,Feg Pt4Feg PtcFe, PtgFe, Ptio

K ede %ele
0©

OH -2.65 -1.32 -2.98 -3.02 -2.41

Table S13. Structure and adsorption energy (eV) for CO PtFe o4 (x=2, 4, 6, 8, 10) clusters

PtZFEg Pt4F€5 Pt5F34 PtgFEz Ptlo
)
fog 'C £> gPe
% e® o
co -0.18 -0.27 -5.07 -4.99 -4.53

Table S14. The correction of zero point energy and entropy of the adsorbed and gaseous species.

ZPE(eV) TS(eV)
*OOH 0.35 0
*0 0.05 0
*OH 0.31 0.01
H,0 0.56 0.67
H, 0.27 0.41
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