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Fig. S1 Diameter distribution of Ag nanowires.
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Fig. S2 External (a) and internal (b) diameter distribution of Ag;;PtsAug,.
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Fig. S3 HAADF image (a) and linear scan element-distribution

AgPtsAugy nanostructure.
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Fig. S4 XRD patterns of Ag nanowires, Ag;7Pty;, AgysPtigAus;, AgyPtipAugy and

AgiPtsAugy nanostructure. For comparison, standard diffraction peak centers of Ag

(JCPDS no. 4-783), Au (JCPDS no. 4-784), and Pt (JCPDS no. 4-802) were marked.
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Fig. S5 HAADF image (a) and linear scan element-distribution profile (b,c) of
Ag77Pty; nanostructure. Graph c is the enlargement of the part of graph b, as marked
in blue box in graph b.
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Fig. S6 XPS spectra of Ag 3d (a) and Pt 4f (b) of Ag;7Pty;. The black circle and the
brown solid curves are the original data and the fitted curves, respectively, and other
colorful curves are the deconvoluted ones.

XPS characterization shows that the energy band of Ag of Ag;;Pty; is perfectly
symmetrical, consistent with the standard patterns of Ag® 3d and Au® 4f,! indicating
that Ag species is in the metallic state. Nevertheless, compared with Ag nanowire (Ag
3ds), 367.4 eV; 3d3,, 373.4 €V),? Ag 3ds;, and 3ds, of Agy;Pty; are located at higher
energy (Fig. S6a); Pt® 4f;, and 4fs5, binding energy bands are centered at 70.88 and
74.25 eV, respectively (Fig. S6b), ~0.32 eV shift towards the lower energy direction
when compared with pure Pt (4f7,, 71.20 eV; 415, 74.53 eV). These results indicate
that, due to the small electronegativity of Ag (1.93),> more electrons accumulate
around Pt,* which may modify the electronic structure of Ag;;Pty;, helpful for
improving the tolerance of Pt towards CO-like species.> ¢ Additionally, Pt 4f binding
energy shows shoulder bands owing to the existence of Pt>" and Pt*", which can be
attributed to platinum oxide.”
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Fig. S7 SEM image f AgPtAu nanostructure with high-purified Ag nanowires as the
starting material: the bottom side (a) and top side (b).
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Fig. S8 TEM (a,c) and HRTEM (b,d) images of AgysPt;sAus; (a,b) and Ag, PtipAugy
(c,d).
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Fig. S9 UV-vis spectra of Ag nanowire, Ag;7Pty3, AgysPtigAuss, Agr1PtipAug, and
Ag;PtsAug, redispersed in ethanol.

Ag nanowire shows two absorption peaks centered at ~378.6 and 516.0 nm,
corresponding to its transversal and longitudinal plasma resonances,® respectively. By
contrast, Ag;7Pt,3 almost does not show any absorption owing to the damping effect
of Pt.% 19 Although the introduction of Au into Ag;;Pt,; reduces the content of Ag, it
simultaneously decreases the content of Pt, lowering the damping effect of Pt.
Composition-varied AgPtAu nanostructures show different absorption features.
Ag,sPtigAus; shows a broad absorption between ~360 and 650 nm, the part of which
lower than 450 nm may be attributed to Ag transversal plasma resonance and the part
of which larger than 450 nm may be attributed to Au plasma resonance. With the
increase of Au content, a well-defined absorption pattern is obtained for Ag;;PtsAug,.
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Fig. S10 ECSA- (a) cyclic voltammograms for Pt/C, Ag;;Pty;, AgssPtigAuss,
AgyPtigAugy, and AgPtsAugs in N,-saturated 0.5 mol L' H,SO4 50 mV s7!;
ECSA- (b) and mass-normalized (c) cyclic voltammograms for Pt/C, Ag;;Ptys,
AgysPtigAus;, AgrPtipAugo, and AgjPtsAugy in N,-saturated 1.0 mol L-! KOH + 1.0
mol L' CH30H, 50 mV s7!; (d) activity retention of Pt/C and Ag;PtsAugs based on
the cyclic voltammetric data of each operation cycle in N,-saturated 1.0 mol L-' KOH
+ 1.0 mol L' CH30H (900 s amperometric measurement and subsequently a cyclic
voltammetric sweeping from —0.40 to 0.80 V as an operation cycle).
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Fig. S11 ECSA- (a) and mass-normalized (b) cyclic voltammograms for Pt/C,
Agr7Pty;, AgysPtisAuzs, AgyPtipAugy, and AgyiPtsAugy in Np-saturated 1.0 mol L!
KOH + 1.0 mol L' CH;CH,OH, 50 mV s!; (¢) summary of specific activity of Pt/C,
Ag77Ptrs, AgysPtigAuss, AgyPtigAugy, and Ag;PtsAug, towards methanol oxidation;
(d) comparison of jy/j, of mass-normalized cyclic voltammograms.



0.24 —PYC
non oxidized
< 018
£ /\/
=
c
2 I
8 1.0 AgHPtEAum\ I 012}
0.5r
0 0.06 -
-0.8 -0.6 -0.4 -0.2 0.0 0.2 04 -0.3 -0.2
EN vs SCE £V vs SCE

Fig. S12 Cyclic voltammograms of CO-saturated adsorbed Ag;;PtsAug, nanotrough
array and CO-saturated adsorbed Pt/C in 1.0 mol-L-' KOH (v =50 mV-s!).

Excellent anti-poisoning ability of Ag;PtsAugs is further confirmed by CO
stripping experiments (Fig. S12). CO oxidation peak is centered at —0.33 V at
AgPtsAugy, ~100 mV negative than that of commercial Pt/C (-0.23 V) (Fig. S12a),
suggesting that CO desorption is much easier from Ag;;PtsAugs. In the second cycle,
CO characteristic peak completely disappears at Ag;;PtsAugs whereas it does not at
Pt/C, indicating that Ag;;PtsAug, is capable of oxidizing CO completely (Fig. S12b).
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Fig. S13 Cyclic voltammograms of CO-saturated adsorbed Ag;;Pty;, AgssPtisAuss,
Agy1PtipAugy nanotrough array in 1.0 mol-L-! KOH (v =50 mV-s!).



Table S1. The atomic ratios of AgPt and AgPtAu samples determined by ICP-OES

technique.
Volume (uL) Atomic ratio
Catalyst
H,PtClg HAuCly Ag:Pt:Au
Ag77Pt23 35 0 77:23:0
Ag45Pt18AU37 35 20 45:18:37
Ag21Pt10Au69 35 50 21:10:69

AgPtsAugy 35 100 11:5:84




Table S2. Catalyst loading of different elements (which were determined by ICP-OES)
on the surface of the glassy carbon electrode and its electrochemical active surface
area (ECSA) toward alcohol in the alkaline solution.

catalyst loading of catalyst loading of
Catalyst ECSA/m? gpi!
Avu/pug Pt/ug
Pt/C / 5 29
Ag77Pt23 / 0.254 54
Ag45Pt18Au37 0.629 0.293 35.6
AgzlptloAu69 2.696 0.373 39.7

Ag“PtSAug4 3.853 0.217 55




Table S3. Summary of the electrocatalytic oxidation performance of AgPtAu
nanostructure in our case and other previously reported catalysts towards methanol in
the alkaline solution.

ECSA-normalized  Mass-normalized

Catalyst . . Reference
activity (mA-cm2) activity
Au/Ag/Pt alloy nanoparticles 0.13 1.699 A mgp, ™! 1
Au/Ag/Pt hetero-nanostructure 1.40 1 A mgp! 12
3D Pt/C composite / 0.426 A mgp, ! 13
Au@AgPt yolk-shell
@AgPtyC 0.7 0.9 A mgp,”! “
nanoparticles
AgAu@Pt nanoframes / 0.483 A mgp,! 15
Pt-nanoporous gold Au leaf 1.65 1.06 A mgp,! 16
Pt/C 2.8 0.796 A mgp,! This work
Ag77Pty3 25.32 1.137 A mgap; ! This work
Ag45Pt18Au37 30.26 1.565 A mgAuﬂa(l This work
Ag21Pt10Au69 31.59 1919 A mgAuﬂ{l This work

Ag1PtsAug, 44.00 2.26 A mgaupi ! This work




Table S4. Summary of the electrocatalytic oxidation performance of AgPtAu
nanostructure in our case and other previously reported catalysts towards ethanol in

the alkaline solution.

ECSA-normalized

Mass-normalized

Catalyst activity (mA-cm2) activity Reference
22% YO,/ MoOy-Pt NWs 2.59 1.63 A mgp,! 17
Au/Pt nanodendrites 30 / 18
Pt;Rh;Ni, nanoassemblies 8 1.4 Amg ! 19
Pt/NiCe, / 0.087 A mgp,! 20

Pt/C 2.8 0.770 A mgp,"! This work

Ag77Pty3 11.50 0.663 A mgpp; ! This work

AgysPtigAuss 36.36 0.764 A mgppi ! This work

Agy 1 PtipAugg 39.67 1.9 A mgaypc! This work

Agi PtsAug, 73.00 2.29 A mgaupi ! This work
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