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Supplementary Figures and Tables 

 

Fig. S1 a, b TEM of PtNi-W/C at the beginning and c, d after 10k durability Test. e, f TEM of 

Pt/C at the beginning and g, h after 10k durability Test 
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Fig.S2 a Analysis of the elemental mapping for PtNiW nanoparticles, b Ni-mapping, c Pt-

mapping and d W-mapping 

 

Fig. S3 a HAADF-STEM images of carbon support. b EDS for the selected area in the carbon 

support. c Deconvolution calculation of elemental content in the EDS. d Elemental content on 

the support 
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Fig. S4 a HRTEM images of PtNi/C. b The corresponding EDS elemental line scan along the 

yellow line in the inset plot. c HAADF-STEM images of PtNi/C catalyst. d-f Elemental 

mapping of PtNi nanoparticle, where the Pt, Ni distributions are displayed 

 

Fig. S5 W L3-edge EXAFS analysis of PtNi-W/C, WO3 and W foil in R spaces 
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Fig. S6 Ratios of surface elements resulting from XPS 

 

Fig. S7 XRD pattern of Pt (4-802), Pt-W/C, PtNi/C, PtNi/C-t (holding-treatment PtNi/C), and 

PtNi-W/C  
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Fig. S8 a H2-O2 and b H2–Air EIS with cathode loading of 0.05 mgPt cm-2 for commercial Pt/C 

(blue spheres) and PtNi-W/C (red spheres). c H2-O2 and d H2–Air EIS of commercial Pt/C and 

PtNi-W/C before cycling and after 10 k potential cycles between 0.6 and 0.95 V with cathode 

loading of 0.1 mgPt cm-2 
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Fig. S9 a-c Limiting current measurement in the potential range between 0.1 and 0.3 V at O2 

concentration of 1.5%, 2%, 4%, 8% and 12% at 100, 150, 200 kPa for commercial Pt/C. 

Marking the onset of hydrogen evolution. d-f Limiting current measurement in the potential 

range between 0.1 and 0.3 V at O2 concentration of 1.5%, 2%, 4%, 8% and 12% at 100, 150, 

200 kPa for PtNi /C. g-i Limiting current measurement in the potential range between 0.1 and 

0.3 V at O2 concentration of 1.5%, 2%, 4%, 8% and 12% at 100, 150, 200 kPa for PtNi-W/C 
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Fig. S10 a Total O2 mass transport resistance for Pt/C, b PtNi/C and c PtNi-W/C over all O2 

concentrations and the respective pressure. d Comparison of oxygen transfer resistance under 

different back pressure conditions 

 

Fig. S11 a H2-O2 (red spheres) and H2–Air (blue spheres) fuel cell polarization (left axis) and 

power density (right axis) plots and b EIS with cathode loading of 0.05  mgPt cm-2 for PtNi/C 
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Fig. S12 a CVs and b LSVs curves of Pt/C, Pt-W-C, PtNi/C-t and PtNi-W/C 

 

Fig. S13 The thickness of RDE catalyst films formed from a Pt/C and b PtNi-W/C was 

compared under optical microscope 

 

Fig. S14 a CVs curves of PtNi-W0.25-C, PtNi-W0.5-C, PtNi-W0.75-C and PtNi-W/C. b CVs 

curves of Pt/C and PtNi-W/C at 0 and 5,000th CV. c Summary of ECSA for electrocatalysts 

before and after 5,000 cyclic potential polarizations 
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Fig. S15 a-d HAADF-STEM images with elemental mapping of PtNi-W nanoparticle after the 

stability test (in MEA), where the Pt, Ni, W, distributions are displayed. e HAADF-STEM 

images of PtNi-W/C and f EDS for the selected area in the carbon support 

 

Fig. S16 a Analysis of the elemental mapping for Pt and b Ni on PtNiW nanoparticles after the 

stability test (in MEA) 

 

Fig. S17 CO stripping curves of PtNi-W/C at half-cell setup 
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Fig. S18 a LSVs curves of PtNi-W/C using less Nafion. b H2-O2 fuel cell polarization and 

power density plots with cathode loading of 0.05 mgPt cm−2 for PtNi-W/C using less Nafion 

 

Fig. S19 a ORR mechanism goes through the following intermediates on Pt (111) active sites: 

OOH*, b O*, c OH* and d OOH*, e O*, f OH* on PtNi-W (111) active sites (Legend: silver=Pt, 

green = Ni, blue = W, red = O, white = H, brown = C) 
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Table S1 The recently reported MEA performances based on PGM ORR catalyst 

 
Loading    

(mgPt cm-2) 

Peak power density

（O2）(W cm-2) 

Peak power density

（Air）(W cm-2) 
Refs. 

Pt/N-KB  

600℃ 

0.11 / 1.39  [S1] 

PtCo i-NPs 0.02 / 1.08  [S2] 

Coplanar Pt/C 

NMs 

0.1 1.21 0.55  [S3] 

Pt-Fe-N-C 0.015 1.08 0.55  [S4] 

Pt-Ni UHT 0.066 0.79 /  [S5] 

Pt3FeCo NSs/C 0.1 1.80 0.88  [S6] 

i-CoPt@Pt/KB 0.1 / 1.27  [S7] 

Pt3Co-0.87 0.08 2.25 0.96  [S8] 

PtNi-W/C 0.05 2.03 0.79 This work 

Table S2 The comparison of the TOF numbers to the literature 

 TOF@0.90V TOF@0.85V TOF@0.80V Refs.  

commercial Pt/C / 0.24 0.46  [S9] 

ALD-Pt/CNT 0.42 / /  [S10] 

Fe–N/C / / 1.6±0.2  [S11] 

Fe/N/C / / 0.33  [S12] 

Ce/Fe-NCNW 0.30 / /  [S13] 

Meso/Micro-

FeNSC 

/ 0.69 /  [S14] 

PANI-CM / / 1.20  [S15] 

PtNi-W/C 0.42 1.10 2.27 This work 
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