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1. Experimental

1.1. Chemicals and Materials

Potassium tetrachloroplatinate hexahydrate (K,PtCly-6H,0), copper chloride dihydrate
(CuCl,-2H,0), potassium hydroxide (KOH), L-ascorbic acid (AA), poly(vinylpyrrolidone) (PVP,
molecular weight (Mw = 40 000), tetracthyl orthosilicate (TEOS, 98.0%), and ethylene glycol (EG)
were purchased from Aladdin Chemistry Co., Ltd. Commercial Pt/C (20 wt% of ~ 3 nm Pt NPs on
Vulcan XC-72 carbon support) catalyst and Nafion solution (5%) were ordered from Sigma-Aldrich.
All other chemicals used in the experiment were analytical grade and used without further purification.

All aqueous solutions were prepared with secondary distilled water.

1.2. Characterization

The morphology, structure and particle size were characterized using the transmission electron
microscope (TEM, JEM-2100HR JEOL) operating at 200 kV and scanning electron microscopy (SEM,
S-3400N 1II) equipped with an energy-dispersive X-ray spectroscopy (EDS, EX-250). The
high-resolution TEM (HRTEM) images, selected-area electron diffraction (SAED) and elemental
mapping of the final catalyst were further conducted on FE-TEM (FEI Talos F200S G2) with an
excellent resolution specification of 0.16 nm in STEM mode. The corresponding characterization
samples were prepared through dropping the electrocatalyst suspension dispersed in ethanol on a
carbon-coated copper grid.! The phase and crystallinity of the samples were recorded on X-ray
diffraction (XRD) spectroscope by the Bruker D8 Advance diffractometer with Cu Ko radiation. The
concentration of final catalyst was determined by the inductively coupled plasma mass spectrometry

(ICP-MS, Thermo Scientific iCAP Q).> 3 X-ray photoelectron spectroscopy spectra (XPS) were
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performed on a PHI Quantera II with a monochromatized Al-ko X-ray source (1486.71 eV photons).*
Thermo-gravimetric analyses (TGA) were run under N,, between 50 and 800 °C, with a 20 °C/min

temperature ramp rate.

1.3. Preparation of PtCu NPs.”

In a typically synthesized, 1 mL of freshly prepared aqueous solution containing 0.7 mL of 20
mM K,PtCly, 0.3 mL of 20 mM CuCl,, and 0.01 g of PVP was quickly added to 1 mL of 0.1 M AA,
and then the mixture was sonicated at room temperature for 15 min. Finally, the resulting product was

washed three times with ethanol by centrifugation at 11 000 rpm for 15 min, and then dried for stored.

1.4. Electrochemical tests

Cyclic voltammogram (CV), linear sweep voltammogram (LSV), electrochemical impedance
spectroscopy (EIS), chronoamperometry (i-t) experiments were performed using a CHI 660E
electrochemical analyzer (Chenhua Co., Shanghai, China). A conventional three-electrode cell was
used, including an Ag/AgCl (3M KCI) electrode as a reference electrode, a Pt wire as a counter

electrode, and a working electrode.?

1.5. Preparation of the catalyst-modified GCE and RDE.

Prior to the surface coating, 4.0 mg of UsPtCu@C catalyst was dispersed in 2 mL water under
sonicated for 2 h. Then 6 pL or 10 pL of the resulting suspension was dropped onto a pre-polished
glassy carbon electrode (GCE, D = 3 mm) or rotating disk electrode (RDE, S = 0.126 cm?),

respectively and dried at ambient conditions. Total metal loading of Pt was controlled in the range of
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1.2245 pg for GCE and 2.0408 pg for RDE (based on ICP-MS measurement, 10.204 wt%). Then 3 pL
or 5 uL of Nafion (0.05%) was coated on the surface of the modified GCE or RDE, respectively and
dried before electrochemical experiments. The intermediate PtCu and commercial Pt/C (20 wt% Pt on

Vulcan XC-72) catalyst which were used for the contrast experiment were prepared in the same way.

1.6. Ethylene glycol oxidation reaction (EGOR)

The modified GCE was selected as the working electrode and electrochemical measurements were
conducted at room temperature. EGOR measurements were performed in a 0.5 M N,-saturated KOH
solution containing 1 M EG at a scan rate of 50 mV/s. EGOR durability tests were verified by the
accelerated durability test (ADT) of i-t and continuous CV. The former recorded the
chronoamperometric stability within 80000 s at a —0.1 V (vs. Ag/AgCl); The latter scan rate was 50
mV/s with cycles from 0 to 5000. And all of the potentials recorded in this part are given with respect
to a reversible hydrogen electrode (RHE) by the formula E(RHE) = E(Ag/AgCl) + 0.0591pH + 0.197,
and the pH value is measured by a pH meter.

Current densities were normalized in reference to the geometric area of the working electrode, and
specific and mass activities were normalized in reference to the electrochemically surface area (ECSA)
and loading amount of Pt, respectively. The ECSA of catalyst has been evaluated by CV
measurements in Np-saturated 0.5 M HCIO,4 aqueous solution with a sweep rate of 50 mV/s, and the
value of ECSA was estimated by measuring the charge associated with H,pq desorption (Qy) between

0.015 and 0.37 V versus RHE, and the specific ECSA was calculated based on the following relation:>

6

ECSA = — (S1)

mxdy

where Qy is the charge for Hpq desorption, m is the Pt loading amount on the electrode and gy (210

uC/cm?) is the charge required for monolayer desorption of hydrogen on Pt surfaces.
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1.7. Oxygen reduction reaction (ORR).

To obtain steady state voltammetric data on an RDE, a glass carbon RDE loaded with
electrocatalyst was used as the working electrode. The ORR was carried out in an O, saturated 0.1 M
KOH aqueous solution. Prior to each measurement, the electrolyte was bubbled with O, or N, until
saturation. A constant O, or N, flow was then maintained in the headspace of the electrolyte during
the whole experiment. The ORR performance was first investigated by CV in O,-saturated 0.1 M
KOH at a scan rate of 10 mV/s at room temperature. LSV was performed in the potential range of
—0.8 t0 0.2 V vs. Ag/AgCl at various rotation rates (400—2400 rpm) in 0.1 M KOH under constant O,
gas flow, with a sweeping rate of 10 mV/s. The durability test for methanol, methanol (3 pL) was
added to the O,-saturated 0.1 M KOH aqueous solution around 1000 s, and the current was collected
at —0.1 V (vs. Ag/AgCl) with a rotation speed of 1600 rpm. And all of the potentials recorded in this
part are given with respect to a reversible hydrogen electrode (RHE) by related calculations.

The kinetic-limiting current (Jy) was calculated according to the Koutecky-Levich (K-L)

equation:’

1 1
__|__
Jo I, 1. Ba” (52)

where J is the experimentally measured current density, Jq is the diffusion-limiting current density and
o is the angular velocity of electrode rotation. The parameter B can be written as following:®
B=0.2nF(D,)**v"°C, (S3)
F is the Faraday constant (96,485 C/mol), v is the kinematic viscosity (0.011 cm?/s) of the aqueous
solution, Dy is the diffusion coefficient (1.93 x 1073 cm?/s) of O, in 0.1 M KOH aqueous solution, C,

is the bulk concentration of O, (1.2 x 107% mol/cm?) in the electrolyte. n is the number of electrons

transferred per O, and can be calculated from the slope of the K-L plots.’
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Fig. S1. TEM images of PtCu NCs (a) and PtCu@SiO, core—shell nanospheres (b).
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Fig. S2. Histograms showing the particle-size distributions of the PtCu NCs (a), PtCu@SiO, core—
shell nanospheres (b), porous UsPtCu@C nanostructures (c). The insets in (a) and (c) display the

corresponding particle size distribution of interconnected arms, respectively.

Fig. S3. Different-magnification SEM images of PtCu NCs (a;—a;3), PtCu@SiO, core—shell

nanospheres (b;—bj3), porous UsPtCu@C nanostructures (c¢;—c3).
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Fig. S4. Thermo-gravimetric analysis (TGA) curves of PtCu, PtCu@SiO,, PtCu@SiO,@C and

UsPtCu@C.
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Fig. S5. (a) CV of UsPtCu@C in N,-saturated 0.5 M HC1O, aqueous solution, the potential region of
from 0.015 to 1.215 V versus RHE, with a scan rate of 50 mV/s. (b) gray region is used to calculate

the ECSA for UsPtCu@C.
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