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Figure S1. HRTEM images of nanobranches on HTCS Au;oo@Pd;oPt;o NPs with defects

(such as atomic steps, kinks, and corner atoms).




Figure S2. The digital photos of the aqueous solutions of TOH Au NPs (a), Au@Pd NPs
prepared by only adding Pd?* ions before the addition of second batch of AA solution (b),
Au@Pd NPs prepared by adding both Pd?* and Pt?* ions before the addition of second
batch of AA solution (c), and HTCS Auyoo@Pd;oPt;y NPs (d), respectively.




Figure S3. Low (a) and high magnification (b) TEM images of TOH-shaped Au@Pd NPs
prepared by adding both Pd?* and Pt?* ions before the addition of second batch of AA
solution, HRTEM images (c) recorded from the boxed area of (b), viewed along the
(011) direction and HAADF-STEM-EDS cross-sectional compositional line profile (d) of
one TOH-shaped Au@Pd NP, in which red and blue colors represent the elemental Au

and Pd, respectively. The inset in (c) is the corresponding FFT image.
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Figure S4. Low (a) and high magnification (b) TEM images of TOH-shaped Au@Pd NPs
prepared by only adding Pd?* ions before the addition of second batch of AA solution.
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Figure S5. XRD pattern of as-prepared HTCS Auyo@Pd;(Pt;o NPs.

(111) s HTCS AU @Pd, P, NPS

Au, JCPDS no.04-0784

~——— Pd, JCPDS no.46-1043

Pt, JCPDS no.04-0802
(200)

(220)

. Ny "L o
| i1 I I

30 40 50 = 60 70 80 90
26/degree

Intensity (a.u.)




Figure S6. Low (a) and high magnification (b) TEM image of CS Au;9o@Pt;o NPs.




Figure S7. The digital photos of the aqueous solutions of TOH Au NPs, CS Au;oo@Pty
NPs, and HTCS Au;0o@Pd;oPt; NPs, respectively.
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Figure S8. CV curves (A) and (B) of the GCE modified by Au;00@Pt;y (a, black curve)
and HTCS Auygo@Pd;oPt;0 NPs (b, red curve), which were measured in 0.50 M H,SO,
solution in the absence (A) and presence (B) of 1.0 M methanol, respectively. The scan
rates of (A) and (B) are 50 mV s and 20 mV s, respectively. The currents are
normalized by the Pt mass loaded.
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Figure S9. CV curves (A-C) of GCEs modified by HTCS Au;¢o@Pd;(Pt;; NPs obtained at
different AA-to-Pt molar ratios: 4 (a), 16 (b), 64 (c), 128 (d) and 256 (e), which were
measured in 0.50 M H,SO, solution in the absence (A) and presence (B and C) of 1.0 M
methanol, respectively. The currents are normalized by the Pt mass loaded on the GCE
(A and B) and ECSA values (C), respectively. The scan rates are 50 mV s (A) and 20 mV
s'1 (B and C), respectively.
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Figure S$10. CV curves (A-C) of GCEs modified by HTCS Au@PdPt NPs obtained at
different Pd-to-Pt molar ratios: 1.3:1 (a), 1.1:1 (b), 1:1 (c), 0.9:1 (d) and 0.8:1 (e),
respectively, which were measured in 0.50 M H;S0, solution in the absence (A) and
presence (B and C) of 1.0 M methanol, respectively. The currents are normalized by the
Pt mass loaded on the GCE (A and B) and ECSA values (C), respectively. The scan rates
are 50 mV s (A) and 20 mV s (B and C), respectively.
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Figure S11. TEM images of HTCS Au10o@PdsoPtso (a), HTCS Aui0o@Pd,sPtys (b), HTCS
Auloo@Pd17Pt17 (C), and HTCS Auloo@Pd14Pt14 NPs (d)
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Figure S12. CV curves (A-C) of GCEs modified by HTCS Au;oo@PdsoPtso NPs (a, black
curve), Au;oo@PdysPty;s NPs (b, red curve), Au;oo@PdyoPt;o NPs (c, blue curve),
Auy9o@Pd;;Pty; NPs (d, dark cyan curve), and Au;oo@Pd;4Pt14 NPs (e, magenta curve)
measured in 0.50 M H,SO, solution in the absence (A) and presence (B and C) of 1.0 M
methanol. The currents are normalized by the Pt mass loaded on the GCE (A and B) and
ECSA values (C), respectively. The scan rates are 50 mV s (A) and 20 mV s! (B and C),
respectively.
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The ECSA values of HTCS Aujoo@PdsoPtsy, Aujgo@Pd2sPtzs, Auggo@PdyPty,
Auq0o@Pd;7Pt;7, and Au;oo@Pd;4Pt14 NPs are calculated to be 42.34, 54.44, 55.42, 52.33,
and 40.22 m? g! (Table S2), respectively, by measuring the charge collected in the
hydrogen adsorption/ desorption region after double-layer correction in 0.5 M H,SO,

solution at room temperature at a scan rate of 50 mV s'! (Figure S11A).



Figure S13. Low (a) and high magnification (b) TEM images of dendritic PdPt alloy NPs.
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Typically, the aqueous solutions of Na,PdCl, (25 mM, 100 pL), K,PtCl, (25 mM, 100
uL) and AA (400 mM, 100 pL) were consecutively added into 5 mL of a 50 mM aqueous

solution of CTAC, followed by gently shaking. The resultant solution was heated to 70C
and maintained for 3h in the sealed vial. Eventually, dendritic PdPt alloy NPs were
obtained. The aqueous dispersion of dendritic PdPt alloy NPs was subjected to
centrifugation (6000 rpm for 5 min, three times) to remove excess reagents.
Subsequently, the resulting dendritic PdPt alloy NPs were redispersed in water with the
assistance of sonication to make a colloidal suspension for further characterization.



Figure S14. TEM images of spherical Au NPs (a) and HSCS Au;oo@Pd;oPt;o NPs (b). The
inset in (b) is the corresponding high magnification TEM images of HSCS
Auloo@szoptzo NPs.




Figure S15. TEM images of octahedral Au NPs (a) and HOCS Au;0o@Pd;oPt;o NPs (b).
The inset in (b) is the corresponding high magnification TEM images of HOCS
Auloo@szoptzo NPs.




Figure S16. CV curves (A and B) and CA curves (C) of the GCEs modified by commercial
Pt black (a, black curve), dendritic PdPt alloy NPs (b, red curve), HSCS Au;¢o@Pd;oPt;
NPs (c, blue curve), HOCS Au;o0@Pd;oPt;o NPs (d, dark cyan curve), and HTCS
Auqpo@Pd;Pt;y NPs (e, magenta curve), respectively, which were measured in 0.50 M
H,SO, in the presence of 0.5 M formic acid. The currents were normalized by the Pt
mass loaded on the GCE (A and C) and ECSA values (B), respectively. The scan rates (A
and B) were 20 mV s'1. CA curves (C) were recorded at 0.65 V.
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The electrochemical activities of the HTCS Auqgo@Pd,oPt,;g NPs on formic acid
oxidation were also investigated. Figure S16A and B depict the mass and specific
activities of the corresponding catalysts on formic acid oxidation recorded in 0.50 M
H,S0, solution in the presence 0.50 M formic acid at 20 mV s™&. HTCS Au;oo@Pd;,Pt;
NPs exhibit a greatly improved mass-normalized current density (up to 0.77 A mgp1),
which is 6.42, 2.33, 1.48, and 1.33 times than that of commercial Pt black (0.12 A mgp; 1),
dendritic PdPt alloy NPs (0.33 A mgp '), HSCS Au;oo@Pd;oPtyo NPs (0.52 A mgp:1), and
HOCS Auyoo@Pd,oPt;o NPs (0.58 A mgp:!), respectively. Moreover, the HTCS
Auypo@Pd,oPt;y NPs also exhibit a greatly improved specific activity (1.39 mA cm?)
compared to that of other catalysts (Table S3), indicating that the defects (such as
atomic steps, kinks, and corner atoms) on the surfaces of the PdPt nanobranches act as
highly active sites for formic acid oxidation. In addition, CA curves for 3000 s also
demonstrated the stability of HTCS Auyo@Pd;oPt;g NPs on the formic acid oxidation
(Figure S16C). It is evident that the HTCS Au;oo@Pd;(Pt;o NPs also exhibit markedly

enhanced electrocatalytic activity on formic acid oxidation among these catalysts.



Figure S17. Low (a) and high magnification (b) TEM image and HRTEM image (c)
recorded from the boxed area of (b) of HTCS Au;o0@Pd;oPt;o NPs collected after CA
measurement.




Figure S18. XPS spectra of the Pd 3d and Pt4d signals of dendritic PdPt alloy NPs (A)
and HTCS Auloo@szoptzo NPs (B)
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The peaks that appear at 340.0 and 335.0 eV in Figure S17 are assigned to Pd 3d3/,
and Pd 3ds/,, respectively.? Pd 3d could be deconvoluted into four individual peaks, i.e.,
335.2 and 340.5 eV and 336.8 and 342.1 eV, corresponding to the metallic state (Pd°)
and oxide state (Pd?*) of Pd, respectively. In addition, the BE values of Pd® 3ds3,, and Pd°

3ds/; in the HTCS Auyo@Pd3oPt;o NPs also negatively shift ca. 0.3 eV compared to that

of the dendritic PdPt alloy NPs (Table S4).



Figure S$19. XPS spectra of the Au 4f signals of TOH Au NPs (A) and HTCS
Auypo@Pd;Pty (B).
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Figure S20. Representative SERS spectra of 4-ATP molecules (1 x 10-* M) adsorbed on
the aggregates of HTCS Au;o0@Pd,oPtyg NPs, HOCS Auqoo@Pd;oPt;y NPs, HSCS
Auypo@Pd;Pt;y NPs, and dendritic PdPt alloy NPs on glass substrates. The excitation
laser wavelength for Raman measurements is 633 nm. The acquisition time is 30 s.
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Figure S21. CO stripping measurements of commercial Pt black catalysts (a),

commercial Pd/C catalysts (b), TOH Au NPs (c), dendritic PdPt alloy NPs (d) and HTCS
Auyo@Pd;(Ptyo NPs (e) performed in a solution of 0.50 M H,SO, at 50 mV s,
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Table S1. Summary of the total compositions of TOH-shaped Au@Pd NPs and HTCS
Auloo@szoptzo NPs by EDS.

Sample Au(%) Pd(%) Pt(%)
TOH-shaped Au@Pd NPs 93.5 6.5 0
HTCS Au;o@Pd;oPtyo NPs 79.4 10 10.6




Table S2. Summary of molar ratio of Au/Pd/Pt, ECSAs, mass- and ECSA-normalized
current densities of GCEs modified by HTCS Au;oo@PdsoPtsg, Aujoo@Pd;sPtys,
Auygo@PdyoPt;0, Auqgo@Pdy;Pty7, and Auygo@Pdq4Pt;4 NPs as catalysts on methanol
oxidation in 0.50 M H,SO, solution containing 1.0 M methanol, respectively.

Sample Molar ratio of ECSA Mass activity ~ Specific activity
Au/Pd/Pt [m?® gpe'] [A mgp'] [mA cm™?]
HTCS Auqgo@PdsoPtsg NPs 1:0.5:0.5 42.34 0.41 0.92
HTCS Aujgo@Pd;5PtsNPs 1:0.25:0.25 54.44 0.58 1.06
HTCS Auloo@szoptzo NPs 1:0.2:0.2 55.42 0.64 1.16
HTCS Auqgo@Pdq7Pt17 NPs 1:0.17:0.17 52.33 0.53 1.01

HTCS Aujoo@Pd;4Pt14 NPs 1:0.14:0.14 40.22 0.22 0.55




Table S3 Summary of the total compositions of HTCS Auyoo@Pd;Pt;o NPs, HOCS
Auloo@szoptzo NPs, and HSCS Auloo@szoptzo NPs by ICP-AES.

Sample Au(%) Pd(%) Pt(%)
HTCS AulOO@szoptzo NPs 100 18.7 10
HOCS Auy9o@Pd;oPt;o NPs 100 18.2 9.6

HSCS Auloo@szoptzo NPs 100 17.3 9.1




Table S4. Summary of mass- and ECSA-normalized current densities of GCEs modified
by commercial Pt black, dendritic PdPt alloy NPs, HSCS Au;,,@Pd,Pt;o NPs, HOCS
Auygo@Pd;oPty0 NPs, and HTCS Au,oo@Pd;oPt;o NPs as catalysts on formic acid oxidation
in 0.50 M H;SO, solution containing 0.50 M formic acid, respectively.

Mass activity Specific activity
Sample [A ] [mA cm”?]
commercial Pt black 0.12 0.86
dendritic PdPt alloy NPs 0.33 0.92
HSCS Auygo@Pd;Pty;q NPs 0.52 1.12
HOCS Auygo@Pd;oPt;o NPs 0.58 1.20

HTCS Auloo@szoptzo NPs 0.77 1.39




Table S5. XPS shifts for the Pd

3d signals for dendritic PdPt alloy NPs and HTCS

Auloo@szoptzo NPs.
Sample Pd 3ds,, peak Pd 3d3,, peak APd 3ds/,
(eV) (eV) (eV)
dendritic PdPt alloy NPs 3355 340.8 0
HTCS Auypo@Pd,oPt;0NPs 335.2 340.5 -0.3




Table S6. XPS shifts for the Au 4f signals for TOH Au NPs and HTCS Auygo@Pd;¢Pt;o NPs.

Sample Au 4f;, peak Au 4f;5, peak AAu 4f; ),
(eV) (eV) (eV)
TOH Au NPs 83.8 87.45 0

HTCS Auloo@szoptzo NPs 83.76 87.41 -0.04
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