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Figure S1. (A and B) HAADF-STEM images and (C) elemental line-scanning results of

Pd nanoparticles.
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Figure S2. (A and B) HAADF-STEM images, (C) elemental line-scanning results, and (D)
mapping of PdAg nanoparticles.
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Figure S3. (A and B) HAADF-STEM images, (C) elemental line-scanning results, and
(D) mapping of PdAu nanoparticles.
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Figure S4. (A and B) HAADF-STEM images, (C) elemental line-scanning results, and
(D) mapping of PdBi nanoparticles.
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Figure S5. (A and B) HAADF-STEM images, (C) elemental line-scanning results, and

(D) mapping of PdPb nanoparticles.
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Figure S6. (A-C) HAADF-STEM images, (D) elemental line-scanning results, and (E)
mapping of PdAuAg nanoparticles.
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Figure S7. Statistical size distribution of (A) PdAg, (B) PdAu, (C) PdBi, (D) PdPb, and
(E) PdAuAg nanoparticles.
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Figure S8. EDS spectra of (A) Pd, (B) PdAg, (C) PdAu, (D) PdBi, (E) PdPb, and (F)
PdAuAg nanoparticles.
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Figure S9. Atomic composition of (A) PdAg, (B) PdAu, (C) PdBi, (D) PdPb, and (E)
PdAuAg nanoparticles. (F) Atomic composition of PdAuAg nanoparticles after
electrochemical cycles.
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Figure S10. Electrocatalytic performance of AuAg nanoparticles.
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Figure S11. PXRD patterns of PdAgBi and PdBiPb nanoparticles.
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Figure S12. HAADF-STEM images and corresponding elemental mapping of (A) PdAgBi
and (B) PdBiPb nanoparticles. EDS spectra of (C) PdAgBi and (D) PdAAuAg nanoparticles.
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Figure S13. EOR CV curves of (A) PdAgBi and (B) PdBiPb nanoparticles.
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Figure S14. (A-E) Mass-normalized CV curves and (A-F) change of the current density of
(A) Pd, (B) PdAg, (C) PdAu, (D) PdBi, (E) PdPb, (F) PdAAuAg nanoparticles after cycling
tests in 1.0M KOH/1.0M C,HsOH electrolyte.
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Figure S15. HAADF-STEM images and corresponding element mapping of PdAuAg
nanoparticles after electrochemical cycles. After 1000 cycles of EOR test, the surface of
PdAuAg nanoparticles is coated with nafion, ethanol, acetic acid, and other reaction

species. These contaminants deteriorate the resolution of the EDS elemental mapping.
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Figure S16. IC spectra of the electrolytes using Pd and PdAuAg nanoparticles as the catalysts
showing the distribution of reaction products.
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Figure S17. Schematic diagram and adsorption energy chart of OH adsorption on Pd (111)
surfaces, Pd (111) +1.0% tensile-strained surface, and the Pd sites of the PdAuAg (111)

surface.
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Figure S18. Schematic diagram and adsorption energy chart of CO adsorption on the Pd,
Au, and Ag sites of PdAAuAg (111) surface.
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Table S1. Comparison of the mass activities of noble metal nanoarchitectures for EOR in

an alkaline environment.

No. Catalysts Test conditions Mass activity Reference

1 PdAuAg NPs IM KOH + 1M C,HsOH 2448.7 mA mgpy’! This work

Pd nanowire@crystalline Cu

2 IM KOH + 1M C,H;OH 500 mA mgpg”! [1]
Oy

3 m-PtPb NSs IM KOH + 0.1M C,HsOH 1233.7 mA mgp! 2]

4 PGM-HEA IMKOH + IM C;HsOH ~ ~1600 mA mgpopie metals”! [3]

0.1M KOH + 0.5M C,H50

5 0.2Sn0,~Rh NSs/C ; 213.2 mA mggy’! [4]
6 RhCuBi TMEs IM KOH + 1M C,H:OH 1110 mA mggy’! [5]
7 Pd, 34Sn@SnOy IM KOH + 1M C,H;OH 495 mA mgpq’! [6]
8 PdInMo IM KOH + 1M C,H:OH 2668.49 mA mgp,! (7]
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Table S2. Comparison of the mass activities of noble metal nanoarchitectures for EOR in

an acidic environment.

No. Catalysts Test conditions Mass activity Reference

0.1M HCI1O,4 + 0.5M C,Hj
1 PtIrRhCoFeNiCu 2130 mA mgp,! [8]
OH

0.1M HCI1O,4 + 2M C,Hs0
2 L10C041Pt44Au15NPs 1233 mA mgpt'l [9]
H

0.1M HCI1O4 + 0.5M C,Hs
3 Pt;Sn nanofibers 2150 mA mgp,’! [10]
OH

0.1IM HC1O4 + 0.5M C,H;5
4 Pt74Mny;Irs NWs 670 mA mgp,"! [11]
OH

0.1 M HCIO; + 0.5 M

5 PtNiRh-E-H nanotubes 1810 mA mgp,! [12]
C,HsOH
22% YOx/MoOx-Pt 0.1M HCI1O,4 + 0.5M C,Hs
6 1630 mA mgp,’! [13]
ultrathin nanowires OH
Pt69Ni16Rh15 ultrathin 0.1IM HC]O4 +0.5M C2H5
7 1500 mA mgp,! [14]
nanowires OH
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Table S3. Quantitative analysis of the current decay rate in CA tests.

Catalyst Pd PdAg PdAu PdBi PdPb PdAuAg

Current reaction rate (%) 76.4% 61.6% 66.0% 95.0% 57.7% 94.9%

Percentage of decay (%) 23.6% 38.4% 34.0% 5.0% 42.3% 5.1%
Averags d‘icay AR 2.36 3.84 3.40 0.50 4.23 0.51
mgpy! / sec)
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