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Figure S1. TEM (A) and HR-TEM (B) images of Pt NPs with 11.2±1.4 nm size

Figure S2. (A) CV and (B) RDE curves for commercial Pt/C in 0.1 M HClO4 solution saturated with nitrogen (scan rate: 50 mV/s) and 
oxygen (scan rate: 10 mV/s and rotation speed: 1600 rpm)
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Table S1. Summary of physical and ORR data for Pt-Cu NPs/C catalysts

Catalysts NWs size on 
carbon (nm)

Metal 
loading 
(%wt)

ECSA
(m2/gPt)

Mass activity 
(A/mgPt

-1)
Specific activity 

(mA/cm2)

Pt10Cu90/C 9.5±2.5 20.00% 47 0.35 0.74

Pt42Cu58/C 9.0±1.3 20.00% 63 0.82 1.3

Pt69Cu31/C 9.7±1.8 22.00% 87 1.23 1.41

Pt NPs/C 11.2±1.4 13.00% 70.1 0.42 0.6

Commercial 
Pt/C 2.3±0.6 20.00% 62.5 0.21 0.34

Table S2. Comparison of ORR activities of various catalysts

Catalyst Mass activity
 (A/mgPt

-1)
Specific activity

 (mA/cm2) Reference

Annealed Pt-Cu NPs 0.14 0.75 1

PtCu5@Pt/C 0.17 0.36 2

Pt75Cu25/C 0.38 0.69 3

FePtCu nanorods 0.22 0.33 4

PtCu nanoframes 0.82 1.24 5

commercial Pt/C 0.21 0.34 This work

Pt69Cu31/C 1.23 1.41 This work

Table S3. Summary of physical and MOR data for Pt-Cu NPs/C catalysts

Catalysts Metal loading (% wt) Mass activity
 (A/mgPt

-1) 
Specific activity

 (mA/cm2) 

Pt10Cu90/C 20.00% 0.46 0.98

Pt42Cu58/C 20.00% 1.32 2.1

Pt69Cu31/C 22.00% 2.13 2.45

Pt NPs/C 13.00% 0.78 1.11

commercial Pt/C 20.00% 0.54 0.86



Table S4. Comparison of MOR activities of various catalysts

Catalyst Electrolyte Mass activity 
(A/mgPt

-1)
Specific activity

(mA/cm2) Reference

Hollow Pt-Cu alloy 
tetradecahedrons 0.5 M H2SO4 + 1 M 

Methanol
0.88 6

Hollow PtCu/C 0.5 M H2SO4 + 0.5 M 
methanol

0.889 1.77 7

Porous PtCu 
nanocrystals 0.1 M HClO4+0.2 M 

Methanol
1.55 2.88 8

PtCu nanodendrites 0.1 M HClO4+1 M 
Methanol

1 1.04 9

Pt42Cu58/C 0.1 M HClO4+0.5 M 
Methanol 1.32 2.1 This work

Pt69Cu31/C 0.1 M HClO4+0.5 M 
Methanol 2.13 2.45 This work

Table S5. Summary of physical and EOR data for Pt-Cu NPs/C catalysts

Catalysts Metal loading (% wt) Mass activity
 (A/mgPt

-1)
Specific activity

(mA/cm2)

Pt10Cu90/C 20.00% 0.29 0.62

Pt42Cu58/C 20.00% 0.96 1.52

Pt69Cu31/C 22.00% 1.08 1.24

Pt NPs/C 13.00% 0.55 0.78

commercial Pt/C 20.00% 0.23 0.37

Figure S3 (A) CV curve of commercial Pt/C in 0.1 M HClO4 + 0.5 M CH3OH solution purged with N2 at a scan rate of 50 mV s1; (B) CV 
curves of commercial Pt/C in 0.1 M HClO4 + 0.5 M C2H5OH solution purged with N2 at a scan rate of 50 mV s1

Table S6. Comparison of EOR activities of various catalysts



Catalyst Electrolyte Mass activity 
(A/mgPt

-1)
Specific activity

(mA/cm2) Reference

Sub-5.0 nm PtCu 
nanoalloys 0.5 M KOH + 0.5 M Ethanol 0.81

 
10

Pt34Pd33Cu33
0.1MHClO4+0.5M

Ethanol 0.19 1.13 11

3D hierarchical PtCu 0.5 M KOH + 2.0 M ethanol 0.4 12

PtAu alloyed 
nanoflowers 1.0 M KOH + 0.5 M ethanol 0.95 13

Pt-Cu/RGO 0.5 M H2SO4 + 0.5 M Ethanol 0.53 14

Pt42Cu58/C 0.1 M HClO4+0.5 M Ethanol 0.96 1.52 This work

Pt69Cu31/C 0.1 M HClO4+0.5 M Ethanol 1.08 1.24 This work

Figure S4. (A) CV and (B) RDE curves for commercial Pt/C before and after 10,000 potential cycles (sweep rate, 
100mV/s, potential cycle window: 0.6 and 1.1 V) in 0.1 M HClO4 solution saturated with nitrogen (scan rate: 50 mV/s) 
and oxygen (scan rate: 10 mV/s and rotation speed: 1600 rpm).

Figure S5. Mass activity and specific activity data (A) Pt69Cu31/C NWs and (B) commercial Pt/C at 0.900 V (vs. RHE) before and 
after 10,000 cycles.



Figure S6. (A) Optimized geometric structure (B) isosurface map and (C) contour map of electrostatic surface potential (ESP) of 
PtxCu4-x (x =4, 3, 2, 1) clusters by DFT calculation. The calculations used Gaussian 09 and GaussView 5.0, with a model of 4-atom Pt-
Cu cluster, involving Optimization; Method via B3LYP functional with LanL2DZ basis set was used to obtain electronic properties and 
molecular orbitals.

Table S7. The electron configuration and natural atomic charge of the optimized structure of PtxCu4-x (x=1, 2, 3, 4) 
clusters

cluster atom No  electron configuration charge e-transfer

1Pt 6S0.575d9.416p0.08 0.00 

2Pt 6S0.0575d9.416p0.08 0.00

3Pt 6S0.0575d9.416p0.08 0.00Pt4

4Pt 6S0.0575d9.416p0.08  0.00    

1Cu 4S0.213d4.974p0.08   0.438 

2Pt  6S0.325d4.896p0.04   -0.146

3Pt 6S0.325d4.896p0.04   -0.146
 Pt3Cu1

 4Pt 6S0.325d4.896p0.04   -0.146

 

 

1Cu 4S0.823d9.774p0.245S0.01 0.167

2Pt 6S0.895d9.006p0.28  -0.167

3Pt 6S0.895d9.006p0.28 -0.168  Pt2Cu2 

4Cu  4S0.823d9.774p0.245S0.01  0.168 

 

 

1Cu 4S0.603d9.934p0.28 0.190 

2Pt    6S1.485d8.826p0.197S0.017p0.01 -0.499
3Cu 4S0.583d9.934p0.28 0.203

Pt1Cu3

  

4Cu 4S0.733d9.904p0.25 0.106



Figure S7. Frontier molecular orbitals and the energy of LUMO of O atom and HOMO of PtxCu4-x (x = 4, 3, 2, 1) clusters

Table S8. Structure and binding energy ((eV) for PtxCu10-x (x=1, 4, 7, 10) clusters
Pt1Cu9 Pt4Cu6 Pt7Cu3 Pt10

1.69 1.52 1.75 2.20

Table S9. Structure and adsorption energy (eV) for O on PtxCu10-x (x=1, 4, 7, 10) clusters
Pt1Cu9 Pt4Cu6 Pt7Cu3 Pt10

 

O 6.88 5.03 4.79 4.53

Table S10. Structure and adsorption energy (eV) for OOH on PtxCu10-x (x=1, 4, 7, 10) clusters



Pt1Cu9 Pt4Cu6 Pt7Cu3 Pt10

OOH 5.90 1.96 1.89 1.59

Table S11. Structure and adsorption energy (eV) for OH on PtxCu10-x (x=1, 4, 7, 10) clusters
Pt1Cu9 Pt4Cu6 Pt7Cu3 Pt10

OH 4.11 2.65 2.56 2.41

Table S12. Structure and adsorption energy (eV) for CO on PtxCu10-x (x=1, 4, 7, 10) clusters
Pt1Cu9 Pt4Cu6 Pt7Cu3 Pt10

CO 1.69 1.52 0.353 2.20

Table S13. The correction of zero point energy and entropy of the adsorbed and gaseous species.
ZPE(eV) TS(eV)

*OOH 0.35 0

*O 0.05 0

*OH

H2O

0.31

0.56

0.01

0.67

H2 0.27 0.41
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