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Methods

Chemical and Materials. 

Palladium(II)-acetylacetonate [Pd(acac)2] were received from sigma. AgNO3, 

polyvinylpyrrolidone (PVP, MW 55,000), ethylene glycol, H2SO4, HNO3, isopropanol, KOH 

were purchased from Shanghai Chemical Reagent Co. Ltd.

Materials Characterization.

Powder X-ray diffraction (XRD) was performed on a PANalytical Empyrean diffractometer 

with Cu Kα radiation. HRTEM images and selected area electron diffraction (SAED) patterns 

were obtained on a JEOL-2011 electron microscope operating at 200 kV equipped with an 

Oxford Link ISIS system for EDS. XPS was taken on Thermo ESCALAB 250XI with an X-

ray source (Mg Kα hυ = 1253.6 eV).

Synthesis of Pd-Ag catalysts.

Pd1Ag1 nanowires were prepared via modified polyol process. In general, 30 mg of Pd(acac)2, 

17 mg of AgNO3, 40 mg of polyvinylpyrrolidone (PVP, MW 55,000) were dissolved in 5 mL 

of ethylene glycol (EG). Under vigorous stirring, the mixture was heated to 80 oC until the 

solution was clear. The solution was further heated to 200 oC and refluxed for 2 h. The 

precipitate was centrifuged and washed with ethanol for several times. 

Pd4Ag1 and Pd1Ag4 nanowires were synthesized via the same procedure above expect changing 

the mole ratio of Pd/Ag to 4/1 and 1/4 with the fixed total mole amount, respectively. Pd 

nanoparticle chains were obtained without the addition of AgNO3 in the reaction.
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Carbon nanotube (CNT) supported PdAg nanoparticles were prepared as below. CNTs were 

treated in acid to introduce more functional groups, which allows better and even growth of 

PdAg nanoparticles on the surface of carbon. Pristine CNTs were refluxed in the solution of 

concentrated H2SO4/ HNO3/ H2O (3/1/1 in volume) at 100 oC for 4 h, followed by washing with 

deionized water to neutrality. The functionalized CNTs were dispersed in EG under 

ultrasonication for 1 h. Pd(acac)2, AgNO3 and PVP were added into the CNT (1 mg/ mL) 

dispersion. The solution was refluxed at 200 oC for 2 h. The precipitate was centrifuged and 

washed with ethanol for several times. 

Electrocatalytic measurements  

PdAg catalysts were dispersed in 5 ml isopropanol aqueous (isopropanol/H2O: 4:1) solution by 

ultrasonicating to form catalyst ink. For RDE, 10 µl of ink was dropped onto a polished glassy 

carbon (GC) electrode (5 mm diam.). The catalyst loading on glassy electrode was 25.5 µg 

cm-2. 20 wt.% Pt/C catalyst (Johnson Matthey) with the same mass loading were tested for 

comparison.

Electrochemical studies were carried out on a potentiostat (CH instrument, Shanghai, China.) 

with a rotation control (Pine Ins.). A three-electrode cell was constructed with a GC working 

electrode (WE), a Hg/HgO reference electrode (RE) and a platinum foil counter electrode (CE). 

0.1 M aqueous KOH solution was used as electrolyte and O2 was bubbled at least for 30 minutes 

before measurements. Before measurement, all the catalysts were activated by cyclic 

voltammograms running CV scans from 0.05 to 1.20 V (vs. RHE) under N2 flowing at a scan 

rate of 250 mV s-1 for 50 cycles. Linear sweep voltammetry measurement for ORR were 

performed in O2 electrolyte with a scan rate of 10 mV s-1 (electrode rotating rate: 1600 rpm)

The long-term stability test was conducted in saturated 0.1 M KOH solution by cycling the 

potential from 0.6-1.0 V (vs. RHE) at 100 mVs-1 for 5000 cycles. The ORR polarization curves 

were then recorded after the potential cycling.

To evaluate the tolerance towards methanol, RDE electrodes with catalyst loading were held at 

1600 rpm rotation in a 0.5 M methanol and 0.1 M KOH mixed solution, and the LSV were 

recorded at 10 mVs-1.
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Fig. S1 (a) TEM image and (b) EDS result of the obtained Pt-Ag nanowires.
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Fig. S2 (a-d) HRTEM images of Pd1Ag1 NWs.
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Fig. S3 XPS survey spectrum of Pd1Ag1 NWs.
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Fig. S4 (a, b) (d, e) TEM images of Pd4Ag1 and Pd1Ag4 NWs; (c, f) elemental mapping of 
Pd4Ag1 and Pd1Ag4 NWs, respectively.
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Fig. S5 (a-b) EDS and the corresponding element atomic ratio of Pd4Ag1 and Pd1Ag4 NWs.  
(C) XRD patterns of Pd4Ag1, Pd1Ag1 and Pd1Ag4 NWs.
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Fig. S6 TEM images of the product of without the addition of AgNO3 in the reaction.
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Fig. S7 (a-b) TEM image of carbon tubes supported PdAg nanoparticles; (c) the corresponding 
selected-area electron diffraction pattern; (d) XRD pattern; (e) EDS result.
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Fig. S8 (a-d) CV curves of the 1st, 2nd and 50th cycles of Pt/C, Pd NPC, PdAg NPs/CNT, and 
Pd1Ag1 NWs, respectively.
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Table S1 Comparison of the ORR performance of Pd1Ag1 NWs in alkaline medium 
with various Pd-based electrocatalysts previously reported.
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Fig. S9 Comparison of specific activities of Pd1Ag1 NWs, PdAg NPs/CNT, Pd NPC, and 
commercial Pt/C catalysts
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Fig. S10 Koutecky-Levich plots for the Pd1Ag1 NWs (j-1 vs. )
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Fig. S11 (a, b) XPS survey spectrums of Pd4Ag1 and Pd1Ag4 NWs; (c) XPS spectra of Pd 3d 
region in PdxAgy NWs with different Pd/Ag ratio (Pd4Ag1, Pd1Ag1, Pd1Ag4).
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Fig. S12 Comparison of specific activities and ECSAs of Pd1Ag1, Pd4Ag1, and Pd1Ag4 NWs.
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Fig. S13 (a, b) CV of Pd1Ag1 NWs and commercial Pt/C catalyst recorded in N2-saturated 0.1 
KOH solution at 50 mVs-1 before (the solid curve) and after (the dashed curve) stability test.
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Fig. S14 TEM (a, b) and HRTEM images (c, d) of Pd1Ag1 NWs after stability test.
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