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EXPERIMENTAL DETAILS

Chemical reagents

All reagents were commercially purchased and used without further purification.
Hexachloroplatinic acid (H,PtCls.xH,O; ~38% Pt), silver nitrate (AgNOs; >99.0%), and
Nafion 117 solution (~5%) were purchased from Sigma-Aldrich, USA. Formic acid (HCOOH;
98-100%), ethanol absolute (C,HsOH; 99.5%), sulfuric acid (H,SO,4, 95-97%); and methanol
(CH3;0H) were obtained from Merck, Belgium.

Material Characterizations

X-ray diffraction (XRD) analysis was performed on a D2 PHASER (Bruker, Germany) using
Cu K, radiation source (A = 1.5418 A) in the 20 range from 20° to 80° at a step size of 0.02° to
collect the structure information of as-obtained catalysts. X-ray photoelectron spectroscopy
(XPS) was analyzed on PHI 5000 VersaProbe (Ulvac-PHI) equipped with monochromator Al
Ky (hv = 1486.6 ¢V) X-ray source at a 10 mV current and 15 kV anode voltage. The
morphology and size of the AgPt nanocatalyst were recorded through transmission electron
microscopy (TEM) and HR-TEM images, which were carried out on a JOEF-JEM 2100F
device at 200 kV. Before TEM measurement, the sample was dispersed in ethanol to generate
a homogeneous suspension, which was cast on carbon film-coated copper microgrids.

The coherent length (D)) was estimated by Debye-Scherrer’s formula (Eq.(1))!-:

kA
Bcosh (Eq. (1))

Dy =

where: D) 1s average crystallite size (nm); k is Scherrer constant (0.94), A is the wavelength
of the incident X-ray (A = 15406 A); B is the line broadening at half the maximum intensity
(FWHM), and 0 is the Bragg angle.

The lattice space (d)) was calculated by Bragg’s law (Eq. (2))*3



d A
(k) = (Eq. (2)

where: dgy is lattice space (A); A is the wavelength of the incident X-ray (A = 15406 A); 0 is
the Bragg angle.

Electrochemical Properties

Electrochemical tests were performed on a CHI 660 C Electrochemical Workstation (CH
Instruments Inc., USA) connected with a three-electrode electrochemical cell consisting of a
glassy carbon electrode (GCE), platinum wire, and Hg/HgO electrode, which were used as a
working electrode, a count and reference electrodes, respectively. In terms of the catalyst ink
fabrication, 1.7 mg of catalyst was distributed in a mixture of 20 uL of Nafion and 180 pL of
ethanol absolute, followed by the ultrasonication of 30 min to generate a homogeneous ink. To
coast the obtained catalyst ink, the GCE surface was polished by 0.5 um Al,O3 and washed by
absolute ethanol and purged water, and then 2.5 pL of catalyst ink was drop-cast onto the GCE
surface and dried naturally, followed by scanning in N,-saturated 0.5 M H,SO, at 50 mV s-!
for 100 cycles to get an active working electrode. The electrochemical surface area (ECSA) of
investigated catalyst was estimated from hydrogen adsorption/desorption region in cyclic
voltammetry (CV) in N,-saturated 0.5 M H,SO,4 aqueous electrolyte at 25 mV s-! scan rate. The
electrocatalytic performance towards hydrogen evolution reaction (HER) of catalysts was
measured by linear sweep voltammetry (LSV) in N,-saturated 0.5 M H,SO4 ata 1 mV s'! scan
rate. Electrochemical impedance spectroscopy (EIS) of electrocatalysts was collected at an
amplitude of 5 mV in the frequency range from 0.1 to 10> Hz. In addition, the electrocatalytic
activity towards methanol electro-oxidation reaction (MOR) of as-prepared catalyst was
examed in Nj-saturated 0.5 M H,SO,4 + 1.0 M CH;0H aqueous solution by CV and LSV tests.
CO-stripping test was performed in 0.5 M H,SO, electrolyte, which was purged with nitrogen

gas for 15 min and then CO gas bubbled for 45 min at 0.05 Vgyg. In terms of the electrocatalytic
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stability, chronoamperometry (CA) at fixed 0.7 Vgryg and accelerated durability test (ADT)
with the 2000-cycling test were also used. For comparison, the commercial Pt NPs/C (E-TEK)
was used as a benchmark catalyst. All potential in this work was converted to a reversible
hydrogen electrode (RHE) through the Nernst equation.

Electrochemical surface area (ECSA) calculation

The electrochemically surface area (ECSA) of Pt-based electrocatalyst was calculated from
hydrogen adsorption/desorption regions in cyclic voltammetry (CV) curve in N-saturated 0.5

M H,SO, electrolyte according to Eq. (3) #°:

Qn

A=— <H
FeS 0.21* Metal |

3))
where Qy (mC cm) represents the coulombic charge for hydrogen adsorption; 0.21 (mC cm-
2) is the charge required to oxidize an H, monolayer, and [Metal] is the loaded catalyst metal

onto the working surface electrode (0.13 mg cm?). Qg can be estimated by Egs. (4) 7-3:
Q :LJ'I dv
ToyAdW

4)

Where I (A) represents the peak current; V (V) is the peak potential; v (mV s') denotes the
scanning rate, which is 25 mV s'! in this experiment; and A (cm) is the GCE’s geometric area,
which is 0.1964 cm2.

Turnover frequency (TOF) calculation

The pre-site TOF value was calculated according to the following Egs. (5-8) °-12

#total hydrogen turnovers per geometric area
TOF(H,s" ) yarogen PETES
#active sites per geometric area

(5)
The number of total hydrogen turnovers was estimated from the current density extracted from
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the LSV polarization curves according to:

-1 -1 %1023
#total hydrogen turnovers = (| mAZ) ICs Imole lmol_1 6.022*10™ moleculesH, (Eq. (6))
cm” | 1000mA ){ 96485.3C )\ 2mole ImolH,

A
_3.12¢10% 28 e A
cm cm

The number of active sites in Pt-based catalysts was calculated from the mass loading on the
working electrode, the Pt contents, and the Pt atomic weight, assuming each Pt center accounts

for one active site:

: ; 2y % 0 %1023
Hactivesites = [ catalyst loading per geometricarea (x gcm™ ) * Pt wt% j ( 6.022*10~Ptatoms

Eq.
PtM,, (gmol™) 1 mol Pt J( 4 (7)

:(0.13*10'3 gem” x8.51wt%](6.022*1023 Ptatoms

=3.41*10'6 Pt sites per cm?
195.084 g mol™ 1mol Pt

Finally, the current density from the LSV polarization curve can be converted into TOF values

according to:

3.12*10"

TOF (H, s) = | 22219
(H, s [3.41*1016

*|j|}=0-091*m (Eq.

8)
Tafel Slope Calculation for MOR
The kinetic parameter of electrocatalyst for MOR was calculated by Tafel equation (9)'3 14

n=a+blogi=- 2.3RT logi,+ 23RT logi (Eq. 9))
anF oanF

where R is gas constant, T (K) represents the absolute temperature, a is the charge transfer

coefficient, F is the Faraday constant, i, (mA cm) is the exchange current density.
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Results and Discussion

Table S1. XRD determined structural parameters of AgPt NCs/C and Pt NPs/C (E-TEK).

iy D™

Catalysts A nm Hi11/H00) Hi11y/H 20
(111) (200)  (220) (111) (200) (220)

AgPt NCs/C 231 2.02 1.40 3.19 2.13 2.49 2.96 7.50

Pt NPs/C (E-TEK) 2.27 1.98 1.39 2.16 1.89 2.11 291 6.02

@Calculation from Bragg’s law.
® Calculation from Debye-Scherrer’s equation.

Table S2. A comparison of HER activity of recently reported catalysts in acidic electrolytes.

Catalysts Overpotential® @) Tafel Slope@ Ref
10 mA cm? mV dec!

AgPt NCs/C 16.61 19.05 This work
Pt NPs/C (E-TEK) 21.30 21.37 This work
S-doped AuPdPt NWs 12 17.7 15
Commercial Pt NPs/C 29 252 15
Pt/PtTe,/NiCoTe,/NPFC HFSs 36 23 16
PtgsAgs, NDs 51 39 17
Pt/GNs 25 33 18
Pt/PtTe, NRs 44 23 19
Pt/NBF-ReS,/Mo,CT, 29 24 20
AgPt HANS 69 40 2
Pt;/Co;NCs 4.15 17 1
Pt-PMo/ZIF-67-800 26 30 22
Pt;Co 26.1 34 23
Pt4Co; hollow sphere 14.8 27.45 24
Pt/MoS,/CF; 5 53.6 %
Pty 44V/3DHPNG/Au,,,/GCE 12 26.8 26
PtNPs/3DHPNG/Aupla/GCE 10 252 26
PtAg NFs/rGO 55 31 27
PtNi/Pt DNPs 21 23 2

@Calculation from LSV curves in N,-saturated 0.5 M H,SO, aqueous solution.
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Table S3. A comparison of MOR performance of various Pt-based catalyst in acidic media.

ECSA®@ Current density®
Catalysts I/1, Ref.

m? Zyjegar”! mA cm™
AgPt NCs/C 81.36 22.65 1.47 This work
Pt NPs/C (E-TEK) 70.83 20.91 0.85 This work
Pty sRu;/PANI/CNTSs - 26.01 1.36 2
Pt,Pb,Ru 5 43 9.83 1.52 30
Commercial Pt NPs/C - 7.29 0.65 30
o-PtPd/rGO - 22.76 1.56 31
Pt/AC-MWCNT 55.8 27.02 0.92 32
Pt/C-OT-4 78.66 17.48 1.82 33
PtRu/rGO-2 69.21 17.9 1.90 4
Pt,I/MWCNT 85.30 9.72 1.10 35
PtO,/CoO,@OC-700 10.9 24.387 - 36

@Calculation from CV curves in Ny-saturated 0.5 M H,SO, aqueous solution.

® Calculation from CV curves in Ny-saturated 0.5 M H,SO, + 1 M CH;0H aqueous solution.

Figure S1. (a) TEM and (b) HR-TEM images of the AgPt NCs/C catalyst after CA test.
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Table S4. The MOR performance of electrocatalyst before and after 2000-cycling tests.

Methanol electro-oxidation

Current density@

Catalysts I/1,@ Deterioration
mA cm?
%
Initial 2000 cycles  Initial 2000 cycles
AgPt NCs/C 22.65 18.68 1.47 1.45 17.52
Pt NPs/C (E-TEK) 20.91 14.90 0.85 0.79 28.74

@Calculation from CV curves in Ny-saturated 0.5 M H,SO, + 1 M CH;0H solution before and
after 2000 cycling test.
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