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Fig. S1 TEM images of as-prepared Au NPs obtained by citrate reduction of HAuCly :
6.1 £ 1 nm (a), 12.1 £2 nm (b), 19.3 £ 2 nm (¢), 30.4 + 2 nm (d), and 57.2 = 5 nm (e).
Insets are the high-magnification TEM images of corresponding Au NPs.
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Fig. S2 Scanning transmission electron microscope—energy dispersive spectrometer
(STEM-EDS) mapping image of 19 nm Au-NP seed.
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Fig. S3 TEM images (a-f) of C;9S Augg;@Pdyo9 NPs obtained by varying the
additional amount of AA and their corresponding extinction spectra (g): 0 mM (a,
blank curve ), 0.04 mM (b, red curve ), 0.4 mM (c, blue curve), 2 mM (d, olive curve),
4 mM (e, navy curve), and 8 mM (f, violet curve). The number of Au seed is 1.3 %
10'2. The concentrations of citrate and Na,PdCly are 4.12 and 0.02 mM, respectively.
The Pd-to-Au molar ratio is 1:10.
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Fig. S4 CV curves (A and B) of GCEs modified by C;9S Aug 91 @Pdj 09 NPs obtained
by varying the additional amount of AA measured in 0.50 M KOH solution in the
absence (A) and presence (B) of 0.5 M ethanol: 0 mM (a), 0.04 mM (b ), 0.4 mM (c),
2 mM (d), 4 mM (e), and 8 mM (f). The currents are normalized by the Pd mass
loaded on the GCE. The scan rates are 50 mV s, The number of Au-NP seeds is 1.3
x 1012, The concentrations of citrate and Na,PdCl,; are 4.12 and 0.02 mM,
respectively. The Pd-to-Au molar ratio is 1:10.
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Fig. S5 HRTEM images of 19 nm Au-NP seed (a) and C9S Augg;@Pdg o9 NP (b),
and cross-sectional compositional line profile (¢) of a C;9S Augg;@Pdg g9 NP.




Fig. S6 XPS spectra of the Pd 3d signals (A) of pure Pd NPs and C;9S Aug¢;@Pdy g9
NPs, and XPS spectra of the Au 4f signals (B) of spherical pure Au NPs and C;¢S

AuO_gl@Pd().()g NPs.
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Fig. S7 Additional HRTEM images of as-prepared C,,S Au,@Pd,.x NPs with various
core sizes and about one Pd atomic layer: C¢S Augs6@Pdors NPs (A), CioS
Aug gs@Pdg 15 NPs (B), C19S Auggi@Pdg g9 NPs (C), C30S Augos@Pdgos NPs (D), and
Cs7S Aug97@Pdg o3 NPs (E), respectlvely




Fig. S8 TEM images of C,S Au,@Pd;x NPs with carbon supports (a to e): C¢S
Aug76@Pdo24/C (a), CpoS Auggs@Pdo.15/C (b), Ci9S Augoi@Pdooe/C (), C30S
Augos@Pdy 05/C (d), and Cs7S Augg7@Pdg 03/C (€), respectively.
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Fig. S9 CV curves (A—C) and CA curves (D) of the GCEs modified by C¢S
Aug76@Pd24/C (a, black curve), C;pS Auggs@Pdys/C (b, red curve), C;oS
Aug g1 @Pdj0o/C (c, blue curve), C30S Augos@Pdjos/C (d, magenta curve), Cs;S
Augg7;@Pdj3/C (e, olive curve), and commercial Pd/C catalyst (f, navy curve),
respectively, measured in 0.50 M KOH solution in the absence (A) and presence (B to
D) of 0.5 M ethanol. The scan rates in panels A and D and panels B and C are 50 and
20 mV s, respectively. The current densities are normalized by the Pd mass loaded
(A, B, and D) and the ECSA values (C), respectively.
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Fig. S10 CV curves (A—C) and CA curves (D) of GCEs modified by C¢S
Aug76@Pdy24 NPs (a, black curve), C¢S Aug76@Pdy.4/C (b, red curve), and Pd/C
catalyst (c, blue curve) measured in 0.50 M KOH solution in the absence (A) and
presence (B to D) of 0.5 M ethanol. The scan rates in panels A and D and panels B
and C are 50 and 20 mV s7!, respectively. The current densities are normalized by the
Pd mass loaded (A, B, and D) and the ECSA values (C). The concentrations of citrate,
AA, Na,PdCl,; and Au-NP seeds are 4.12 mM, 4.0 mM, 0.02 mM, and 1.3 x 1013,
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Fig. S11 CV curves (A-C) and CA curves (D) of GCEs modified by C;,S
Aug gs@Pdj 15 NPs (a, black curve), C;,S Auggs@Pd, 15 /C (b, red curve), and Pd/C
catalyst (c, blue curve) measured in 0.50 M KOH solution in the absence (A) and
presence (B to D) of 0.5 M ethanol. The scan rates in panels A and D and panels B
and C are 50 and 20 mV s7!, respectively. The current densities are normalized by the
Pd mass loaded (A, B, and D) and the ECSA values (C). The concentrations of citrate,
AA, Na,PdCl,, and Au-NP seeds are 4.12 mM, 4.0 mM, 0.02 mM, and 3.3 x 102,
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Fig. S12 CV curves (A-C) and CA curves (D) of GCEs modified by C;¢S
Aug g1 @Pdj g9 NPs (a, black curve), C;9S Augo@Pdj o9 /C (b, red curve), and Pd/C
catalyst (c, blue curve) measured in 0.50 M KOH solution in the absence (A) and
presence (B to D) of 0.5 M ethanol. The scan rates in panels A and D and panels B
and C are 50 and 20 mV s7!, respectively. The current densities are normalized by the
Pd mass loaded (A, B, and D) and the ECSA values (C). The concentrations of citrate,
AA, Na,PdCly and Au-NP seeds are 4.12 mM, 4.0 mM, 0.02 mM, and 1.3 x 1012
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Fig. S13 CV curves (A-C) and CA curves (D) of GCEs modified by C;,S
Augos@Pdj s NPs (a, black curve), C30S Augos@Pdgs/C (b, red curve), and Pd/C
catalyst (c, blue curve) measured in 0.50 M KOH solution in the absence (A) and
presence (B to D) of 0.5 M ethanol. The scan rates in panels A and D and panels B
and C are 50 and 20 mV s7!, respectively. The current densities are normalized by the
Pd mass loaded (A, B, and D) and the ECSA values (C). The concentrations of citrate,
AA, Na,PdCl,, and Au-NP seeds are 4.12 mM, 4.0 mM, 0.02 mM, and 5.3 x 10'!.
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Fig. S14 CV curves (A-C) and CA curves (D) of GCEs modified by Cs;S
Augg7;@Pdj 3 NPs (a, black curve), Cs;S Augo7@Pdg3/C (b, red curve), and Pd/C
catalyst (c, blue curve) measured in 0.50 M KOH solution in the absence (A) and
presence (B to D) of 0.5 M ethanol. The scan rates in panels A and D and panels B
and C are 50 and 20 mV s7!, respectively. The current densities are normalized by the
Pd mass loaded (A, B, and D) and the ECSA values (C). The concentrations of citrate,
AA, Na,PdCl,, and Au-NP seeds are 4.12 mM, 4.0 mM, 0.02 mM, and 1.5 x 101,
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Fig. S15 Line charts of specific activities (A), ECSAs (B), and mass activities (C) of
the corresponding C,,S Au,@Pd;« NPs without carbon supports (black column) and
with carbon supports (red column), measured in 0.50 M KOH solution in the presence
(A and C) and absence (B) of 0.5 M ethanol, respectively: C¢S Aug76@Pdg24 NPs and
C6S Aug76@Pdo24/C (), C12S Auggs@Pdy s NPs and C,S Auggs@Pdy 15/C (b), CioS
Aug g1 @Pdj g9 NPs and Ci9S Augg;@Pdg09/C (c), C30S Augos@Pdgos NPs and C;¢S

Auo.gs@Pd0.05/C (d), C57S Au0_97@Pdo,03 NPs and C57S Au0.97@Pd0_03/C (e)
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Fig. S16 TEM images (left) and HRTEM images (right) of as-prepared CTAC-C,,S

Au@Pd NPs with various core sizes: CTAC-CoS Au@Pd NPs (A), CTAC-C5S

Au@Pd NPs (B), CTAC-C»S Au@Pd NPs (C), CTAC-C5,S Au@Pd NPs (D), and

CTAC CssS Au@Pd NPs (E), respectively.
A SR Ry

17



Fig. S17 CV curves (A to C) of the GCEs modified by CTAC-CoS Au@Pd NPs (a,
black curve), CTAC-C,3S Au@Pd NPs (b, red curve), CTAC-C,,S Au@Pd NPs (c,
blue curve), CTAC-C;,S Au@Pd NPs (d, magenta curve), and CTAC CssS Au@Pd
NPs (e, olive curve), respectively, measured in 0.50 M KOH solution in the absence
(A) and presence (B and C) of 0.5 M ethanol. The scan rates in panels A and panels B
and C are 50 and 20 mV s 7!, respectively. The current densities are normalized by the
Pd mass loaded (A and B) and the ECSA values (C), respectively.
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Fig. S18 Line charts of ECSAs (A), mass activities (B), and specific activities (C) of
the corresponding CTAC-C,,S Au@Pd NPs measured in 0.50 M KOH solution in the
absence (A) and presence (B and C) of 0.5 M ethanol, respectively: CTAC-CqS
Au@Pd NPs (a), CTAC-C,3S Au@Pd NPs (b), CTAC-C,,S Au@Pd NPs (c), CTAC-
C30S Au@Pd NPs (d), and CTAC CssS Au@Pd NPs (e), respectively.
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Fig. S19 TEM images of CGS Au0_76@Pdo,24 NPs (a), C]zSALl()_gs@PdO.U NPs (b), C198
Aug91@Pdo 09 NPs (¢), C30S Augos@Pdy s NPs (d), and Cs7S Augg7@Pdg 3 NPs (e)
after durability test.
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Fig. S20 TEM images (left) and HRTEM images (right) of C¢S Aug76@Pdo24/C (A),
C12S Auggs@Pdo.15/C (B), C1oS Auggi@Pd0e/C (C), C30S Augos@Pdys/C (D), and
Cs7S Aug97@Pdy 23/C (E) after durability test.
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Fig. S21 The potential cycling stability (A) and mass activities during cycling test (B
to F) of the GCEs modified by CgS Augs6@Pdoos NPs (a, black curve), C;,S
Auggs@Pdy 15 NPs (b, red curve), Ci;9S Augg;@Pdgg9 NPs (c, blue curve), C;¢S
Auggs@Pdj s NPs (d, magenta curve), and Cs7S Augg;@Pdy o3 NPs (e, olive curve),
respectively, measured in 0.50 M KOH solution in the presence of 0.5 M ethanol: 100
cycle (B), 200 cycle (C), 300 cycle (D), 400 cycle (E), and 500 cycle (F).
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Fig. S22 The potential cycling stability (A) and mass activities during cycling test (B
to F) of the GCEs modified by CsS Aug76@Pdg,4/C (a, black curve), Ci,S
Au0.85@Pd0.15/C (b, red curve), Clgs AUO,91@PdO'09/C (C, blue curve), C308
Augos@Pdyos/C (d, magenta curve), and Cs;S Augo;@Pdy03/C (e, olive curve),
respectively, measured in 0.50 M KOH solution in the presence of 0.5 M ethanol: 100
cycle (B), 200 cycle (C), 300 cycle (D), 400 cycle (E), and 500 cycle (F)
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Fig. S23 Line charts of mass activities during cycling test (A to E) of the
corresponding C.,S Au,@Pd,.x NPs without carbon supports (black column) and with
carbon supports (red column) measured in 0.50 M KOH solution in the presence of
0.5 M ethanol, respectively: 100 cycle (A), 200 cycle (B), 300 cycle (C), 400 cycle
(D), and 500 cycle (E). These samples were C¢S Aug76@Pdors NPs and CgS
Aug76@Pdo24/C (), CiaS Auggs@Pdos NPs and CppS Auggs@Pdo1s/C (b), CioS
AUO.gl@Pd0.0g NPs and Clgs AuO.gl@Pd0.0g/C (C), C308 AUO'95@PdO'05 NPs and Cgos
Augos@Pdoos/C (d), Cs;S Auggr@Pdoos NPs and Cs;S  Auger@Pdo3/C (),

respectively.
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Table S1. The detailed for synthesis of Au NPs with size range from 6 nm to 57 nm
by citrate reduction of HAuCly

Size (nm) Citrate (mM)  HAuCly(mM) AgNO; (uM) Premixed time

(min)
6 1.72 0.25 5.05 16
12 1.03 0.25 5.05 5
19 1.03 0.25 5.05 -
30 0.52 0.375 5.05 4.5

57 0.17 0.25 10.1 --
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Table S2. Summary of the concentrations of AA, ECSAs, mass activity, and specific
activity of the GCEs modified by different AA-to-Pd molar ratio of C;¢S
Augo@Pdpg9 NPs with respect to ethanol oxidation in 0.50 M KOH solution
containing 0.50 M ethanol.

[AA] Molar ratio of ECSA Mass activity Specific activity
(mM) AA-to-Pd (m2g™ (Amg?h) (mA ¢cm™)
0 0 11.6 0.3 2.6
0.04 2:1 25.4 0.9 3.5
0.40 20:1 58.3 4.8 8.2
2 100:1 75.3 7.1 9.4
4 200:1 108.2 9.7 8.9
8 400:1 96.4 8.8 9.1
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Table S3. Summary of the recipes for synthesizing C,,S Au,@Pd, « NPs with various
core sizes and about one Pd atomic layer. The concentrations of citrate, Na,PdCl,, and
AA are 4.12, 0.02, and 4 mM, respectively.

) Core size Total number of S total
Sample Sample image
(nm) Au-NP seeds (10 m?)
C(,S Au0,76@PdO.24 NPs Figure 1A 6.1 1.3x1013 1.5
C]zSAU04g5@Pd0415 NPs Figure 1B 12.1 3.3x1012 1.5
C]gs AuOlgl@Pdvog NPs Flgure 1C 19.3 1.3x1012 1.5
C30S Au0.95@Pd0405 NPs Figure 1D 304 5.3x101! 1.5
C57S Au0A97@Pd0‘03 NPs Figure 1E 57.2 1.5x101 1.5
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Table S4. Summary of the Pd 3d, Au 4f binding energies of pure Pd NPs, spherical
purc Au NPs and C19$ AuO_gl@Pdo_og NPs.

Pd 3d5/2 Pd 3d3/2 APd 3d5/2 Au 4f7/2 Au 4f5/2 AAu 4f7/2
peak(eV) peak(eV) (eV) peak(eV)  peak(eV) (eV)
Pd NPs 335.0 340.2 0 -- -- --
Au NPs -- -- -- 83.7 87.4 0
C1oSA
SAMN@ 4y 340.5 +0.3 83.4 87.1 0.3
Pd()A()g NPs
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Table S5. Summary of ECSAs, mass activities, and specific activities of the GCEs
modified by CTAC-CyS Au@Pd NPs, CTAC-C;3S Au@Pd NPs, CTAC-CyS
Au@Pd NPs, CTAC-C5,S Au@Pd NPs, and CTAC CssS Au@Pd NPs with respect to
ethanol oxidation in 0.50 M KOH solution containing 0.50 M ethanol.

Mass activity Specific activity
Sample ECSA (m? g'!)
(A mgh) (mA cm2)
CTAC-CoS Au@Pd NPs 27.8 0.47 1.69
CTAC-C3SAu@Pd NPs 54.0 0.71 1.31
CTAC-CyS Au@Pd NPs 85.7 1.18 1.37
CTAC-C50S Au@Pd NPs 68.9 0.95 1.37

CTAC-CssS Au@Pd NPs 60.2 0.51 0.84
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