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‘ 0.28 nm ]
Table Pt atoms in Pt, ¢ ., catalyst
Pty gum Number of Pt atom
2.8 nm Pt shell Total 761
* Shell 369 (49 %)
Core 392 (51 %)

v¢ Catalytic reaction occurs on surface!

Pt,,_shell

*Pt utilization efficiency
=100 %

o oe
Fig. TEM image of Pt, ¢ ,/C catalyst. Fig. X core/Pt,,_shell structured catalyst.
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Fig. O,,, Pt;4 and their coupled orbitals.*
*V. Stamenkovic et al., Angew. Chem. Int. Ed., 45, 2897 (2006).
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*J). Zhang et al., Angew. Chem. Int. Ed., 44, 2132 (2005).
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Fig. ORR activity vs. d band center of Pt skin layers formed on Pt;M alloys*.
*V. Stamenkovic et al., Angew. Chem. Int. Ed., 45, 2897 (2006).
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B Cu Under Potential Deposition (Cu-UPD)
wCu*NERBHN : BESFEBRFLE>CueBRF.L
E (Cu?*) 0.29 V on Cu@pH~1, [Cu?*]:0.03 mol/Il
E (Cu?*) 0.30 V on Pd, Pt and Au@pH~1, [Cu?*]:0.03 mol/l
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Fig. Line profile analysis of (a) Pty /Pd/C NPs
(b) scanning EDS*,
*K. Sasaki et al., Electrochim. Acta, 55, 2645 (2010).
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Table ORR activity of Pt/C and Pt,, /Pd/C catalysts*

Catalyst ORR mass activity (A/mg-Pt)
Pt/C 0.20
Pt,, /Pd/C 0.57
"""""" DOE target (2015 044

*K. Sasaki et al., Electrochim. Acta, 55, 2645 (2010).
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| (a) Initial (b) After potential cycle test

Fig. Cross-sectional analysis of the membrane electrode assembly (MEA)*.
*K. Sasaki et al., Angew. Chem. Int. Ed., 49, 8602 (2010).
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Fig. Durability of Pt/Pd/C and Pt/Pdy,Au,/C catalysts*.
*K. Sasaki et al., 220" ECS Meeting, Abstract #1056, Boston (2011).
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*k Hfth, 110 AR EE R =, B 5 3E10, fafd (2012).
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Fig. TEM image of PtNi/C.*
*C. Wang et al., J. Am. Chem. Soc., 133, 14396 (2011).
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Fig. Cross sectional image of as-synthe5|zed PtNi NP.
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(a) As sputtered Pt;M (b) Pt skeleton in Pt3M (c) Ptskinin Pt3M
Fig. As sputtered, leached and annealed Pt;M model catalyst.*
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Fig. ORR activity vs. d band center of Pt;M alloy catalysts.*
*V. R. Stamenkovic et al., Nature Mat., 6, 241 (2007).
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. SN e See skeleton
_ _ (c) After thermql anneal_ing _ _
Fig. Change in surface atomic configuration of PtNi*.
) : ‘||
(a) As synthesized (b) After acid leaching  (c) After thermal annealing

*C. Wang et al., J. Am. Chem. Soc., 133, 14396 (2011).
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Fig. ORR activity of PtNi/C*.

C. Wang et al., J. Am. Chem. Soc., 133, 14396 (2011).
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Fig. CVs of Pt;(CoNi) NPs*.
C. Wang et al., J. Phys. Chem. Lett., 3, 1668 (2012).
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Fig. Durability of Pt/Au/C and Pt/C catalysts.
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(a) Before durability test (b) After durability test

Fig. TEM images of Pt/Au/C catalysts before and after durability test.
Table Compositional analysis of Pt/Au/C with XRF

Composition (at.%)

Pt/Au/C
Au Pt
Before durability test 49 51
After durability test 48 52
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Fig. Au-Pt binary phase diagram.
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Fig. Calculated heat of formation for Au-Pt solid solution*.
*S. Xiao et al., Eur. Phys. J. B, 54, 479 (2006). B. N. Wanjala et al., J. Mater. Chem., 21, 4012 (2011).
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