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Additional Experimental Data:

Figure S1. TEM images (upper) and EDX spectrum (lower panels) for Pt22Ni78 (A), Pt42Ni58 (B), Pt57Ni43 (C), Pt75Ni25 (D) and 
Pt88Ni12 (E)) NWs. The compositions are also confirmed by ICP-OES. The sizes are 20±2 nm, 3.3±0.5 nm, 2.0±0.5 nm, 3.0±0.6 
nm and 3.0±0.5 nm. The standard deviation: 0.1%~0.5%.
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Figure S2. TEM images for Pt57Ni43 NWs (A), Pt57Ni43 NPs (B), and Pt NWs (C). The average feature sizes are 2.0±0.5 nm 
(diameter for individual boundled NW), 22±2 nm (diameter for individual cluster-like feature), and 2.0±0.2 nm (diameter for 
individual boundled NW) . HR-TEM images for as-synthesized Pt57Ni43 (D-F), D has (111) and (200) facets, E and F only have 
(111) facets, no (200) facets; as-synthesized Pt57Ni43 NPs (G-H), only have (111) facet, no (200) facets; as-synthesized Pt NWs 
(I), only have (111) facet, no (200) facets.

Table S1. Plot of percentages of relative facet domain sizes, S(200) vs. S(111)+S(200) (Pt22Ni78; Pt42Ni58; Pt57Ni43 (S(111)/S(200)=5.5); 
Pt75Ni25 (S(111)/S(200)=4.0); and Pt88Ni12 (S(111)/S(200)=2.4)).

Catalysts Pt24Ni76/C Pt43Ni57/C Pt59Ni41/C Pt78Ni22/C Pt92Ni8/C Pt/C
Relative Ratio: (200)/[(200)+(111)]/% 0 0 15 20 23 0

Scheme S1. Models for (A) a cluster of nano-tetrahedrons; (B) nanowire irregular Boerdijk–Coxeter helix of tetrahedrons with 
(111) facets; (C) nanowire of connected cubohedrons with both (111) and (200) facets.
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Figure S3. XRD patterns of NWs and NPs: (a) Pt59Ni41 NWs/C, (b) Pt59Ni41 NPs/C, (c) Pt NWs/C and (d) commercial Pt/C.

Figure S4. XRD patterns of NWs(A): (a) Pt24Ni76 NWs/C, (b) Pt43Ni57 NWs/C, (c) Pt57Ni43 NWs/C, (d) Pt78Ni22 NWs/C, (e) 
Pt92Ni8 NWs/C and (f) Pt NWs/C. (B) Dependence of the lattice parameters (symbols) for PtNi NWs/C on the relative 
composition of Pt%. The broken line is a linear fit to the experimental data.

Table S2. Current extraction in the kinetic region of PtNi NWs/C catalysts

Ilimit (mA) Iread (mA) IK (mA)sample
at 0.2V at 0.9V at 0.9V

Pt24Ni76/C -0.6303 -0.1029 0.1230
Pt43Ni57/C -1.0990 -0.2982 0.4092
Pt59Ni41/C -1.1613 -0.3131 0.4286
Pt78Ni22/C -1.1610 -0.3263 0.4540
Pt92Ni8/C -1.1370 -0.2956 0.3994

Pt/C -1.0485 -0.2115 0.2649

Table S3. Comparison of compositions, and ORR activities for different PtNi alloy catalysts
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Catalyst Mass activity (A/mgPt
-1) Specific activity(mA/cm2) Reference

Pt56Ni44/C 0.17 0.69 (S1)
Pt3Ni/C 0.11 0.74 (S2)
PtNi/C 0.10 0.31 (S3)

Core–shell PtNi@Pt 0.03 0.13 (S4)
De-alloyed PtNi3 0.29 1.49 (S5)

PtNi hollow nanoparticles 0.50 1.50 (S6)
PtNi octahedra 1.60 3.80 (S7)

PtNi nanoparticles 1.50 4.20 (S8)
Pt3Ni NPs/MWNTs 0.85 2.67 (S9)

Pt59Ni41/C NWs 0.33 0.61 This work

Figure S5. (A) CV and (B) RDE curves for commercial Pt/C before and after 5,000 potential cycles (sweep rate, 50mV/s, 
potential cycle window: 0.6 and 1.1 V) in 0.1 M HClO4 solution saturated with nitrogen and oxygen (scan rate: 10 mV/s and 
rotation speed: 1600 rpm); (C) Mass activity and specific activity data at 0.900 V (vs. RHE) before and after 5,000 cycles.

Figure S6. Durability test of Pt59Ni41 NWs/C catalyst for ORR. (A) CV curves at the beginning of potential cycling and at the 
end of 5,000 cycles (potential sweep rate, 50mV/s, potential cycle window: 0.6 and 1.1 V) in 0.1 M HClO4 solution saturated 
with oxygen. (B) RDE curve for ORR at the beginning of potential cycling and at the end of 5,000 cycles (scan rate: 10 mV/s 
and rotation speed: 1600 rpm).

Electrocatalytic activity measurement
The electrochemically active area (ECA) of the catalyst was determined by the voltammetric charges for the adsorption 

of hydrogen on the Pt sites of the nanoalloy using the following equation.S10

        (1)
2

H2
2 2

charge Q μC/cm
ECA cm Pt/g of Pt

210 μC/cm electrode loading g of Pt/cm

            
The diffusion limiting current is determined by the rate at which the reactant diffuses to the surface of the electrode. The 

current of the oxygen reduction reaction is dependent on the kinetic current (ik) and diffusion limiting current (id): 
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The kinetic current is used to determine the mass activity (MA, current density per unit mass of Pt) and specific activity 
(SA, current density per unit area of Pt).

      (3) 
   

Kinetic current 
MA=

catalyst amount on electrode metal loading on carbon Pt percentage
ki

                                                                   (4)
MASA=
ECA
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