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Characterizations

Hitachi S-4800 scanning electron microscope (SEM) was used to characterize the morphology.
JEOL-2100F transmission electron microscopy (TEM) was employed to investigate the structure
and composition of catalysts. X-ray diffraction (XRD) pattern was conducted on a PANalytical
X’Pert Powder with Cu Ka radiation X-ray source (A = 0.154056 nm). X-ray photoelectron spectra
(XPS) spectrum was carried out by ESCALAB MK II spectrometer (VG Scientific, UK) with Al

Ko X-ray excitation.

Electrochemical investigations

The electrochemical measurements were carried out on a CHI 852D electrochemical analyzer with
a three-electrodes cell which includes a Pt wire, a Ag/AgCl (3 M KCl), and a rotating disk electrode
(RDE) as a counter electrode, reference electrode, and working electrode, respectively. The working
electrode was modified with different catalysts (2 pg of catalyst), and then coated with 3 pL of
Nafion (0.5%), left to fully dry before the measurements. The linear sweep voltammograms (LSVs)
are performed on an RRDE-3A rotation system (ALS Co. Ltd, Japan) in an O,-saturated 0.1 M
HCIO, at a sweep rate of 5 mV s*! with a rotation speed of 1600 rpm. The electron transfer number
(n) 1s calculated by the Koutecky-Levich equation as follow:

I 1 1

J Jk Ja
Ja=0.2nFD*3v16w!? Cp,

Where, j, ji, and j; are the measured, kinetic, and diffusion currents, respectively. F' is the
Faraday's constant (96485 C mol"). D is the diffusion coefficient of O, (1.93 x 10~ cm? s7"), v is the
kinetic viscosity (1.13 x 102 cm? s'!), w is the rotation speed of electrode (rpm), and Cp; is the bulk
concentration of O, dissolved in 0.1 M HC1O4 (1.22 x 1073 mol L.

The electrochemical active surface areas (ECSAs) are calculated using the following equation:

ECSA=0/m x 210

Where m is the Pt loading on the electrode surface, 210 pC cm2 is the charge required for

monolayer adsorption of hydrogen on the Pt surface, and Q is the charge in the Hupd

adsorption/desorption area obtained after the double layer correction.
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Fig. S1 (a, b) SEM images and (c, d) TEM images of the PtPd mNCs.

0.3+

et
%)

Frequency (%)

0.0-
180 200 220 240 260

Particle size (nm)

Fig. S2 The size distribution histogram of the PtPdSP mNCs.
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Fig. S3 SAED pattern of the PtPASP mNCs.

0.3+

=4
%]
2

Frequency (%)

32 36 40 44
Wall thickness (nm)

Fig. S4 The wall thickness distribution histogram of the PtPdSP mNCs.
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Overlap

Fig. S5 (a) HAADF-STEM image of a PtPd mNC. (b-d) Elemental mapping images of the PtPd

mNC.
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Fig. S6 (a) XPS spectrum for the PtPdASP mNCs. (b) XPS spectra of Pd 3d for PtPdSP mNCs and

PtPd mNCs.
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Fig. S7 CV curves of the three catalysts in an N,-saturated 0.1 M HCIO, solution.

(a) — §25 rpm
01— 900 rpm
= 1225 rpm
& — 1600 rpm
g 29 2025 rpm
()
«
E 4
=,
m~
-6
PtPASP mNCs n=3.97
0.3 0.5 0.7 0.9 1.1 0.02 0.03 0.04
E (V vs. RHE) @2 (rpm7?)
(C) = 625 rpm (d) = 03V
01 — 900 rpm — . 04V
= 1225 rpm - 0.30 05V
a —— 1600 rpm E 7 g
E =24 - * 2025 rpm o e
~ —
; 254
E <« 0.25
=4 E —n=3.87
- 0204 —n=3.87
-6 —n=3.94
PUC .n=3.98
0.3 0.5 0.7 0.9 1.1 0.02 0.03 0.04
E (V vs. RHE) @2 (rpmr2)

Fig. S8 (a) ORR polarization curves with different RDE rotation rates, and (b) the electron transfer
numbers at different potentials of the PtPdASP mNCs. (c) ORR polarization curves with different

RDE rotation rates, and (d) the electron transfer numbers at different potentials of the Pt/C.



Table S1 The comparisons of the ORR performance of the PtPdASP mNCs with some recently

reported Pt-based catalysts.

Catalyst Euset (Vvs. RHE) | Eq(V vs. RHE) Ref.

PtPdSP mNCs 1.03 0.91 This work
PtAu nanoparticles 0.98 0.83 1
Porous PtAg hollow

0.933 0.857 2
chain-like networks
PtCo nanomyriapods 0.92 0.82 3
PtPd networks 0.89 / 4
Nanoporous Pt 0.85 / 5
Pt nanoparticles 0.85 / 6
Dodecahedral CuPt nanoframes / 0.87 7
MCS Au@PtNi NPs / 0.838 8

Table S2 The comparisons of the specific activity (SA) and mass activity (MA) of the PtPdSP

mNCs with some recently reported Pt-based catalysts.

Catalyst SA (mA cm?) MA (A mglp) Ref.
PtPdSP mNCs 1.10 0.56 This work
PtCu/CNT 0.45941 0.30525 9
Pt;Ni3MoN/C 0.1554 0.53941 10
Pt/Pd/C 1.172 0.434 11
NP-Pt;5Pd,s 0.39 0.25 12
Au-Pd-Pt NFs/rGO 0.479 0.212 13
Pt-Pd-Ag/C nanoflowers 0.526 0.206 14
np-PtCuTi catalyst 0.84 0.256 15
PtsCuy6Co;1Nig NTs 0.18 0.19 16
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