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1 Experimental Section
1.1 The p-Pt/AP-GNPs catalyst preparation

Synthesis of Cu,O/AP-GNPs

Cu,0 nanocubes were prepared through a modified reductive solution chemistry route
according to the previous literature.! In a typical procedure, 20 mg of AP-GNPs and
0.50 g of poly(ethylene glycol) (PEG, MW: 10000) were first dissolved in 10 ml of
CuCl, aqueous solution (0.1 mM) under mechanical stirring at room temperature. Then
N, was purged into the reaction solution, and purging was maintained during the whole
reaction process. After magnetic stirring for 1h at room temperature, 50 ml of NaOH
solution (6.0 M) was added dropwise. After 10 min, 2 ml of AA solution (0.1 M) was
added dropwise to the solution. The product was collected by filtration after a reaction
time of 30 min by repeatedly rinsing with DI water and ethanol in order to minimize

the surface adsorbed PEG molecules, then dried at 60 °C in an oven for 12 h.

Synthesis of p-Pt/AP-GNPs

20 mg of as-prepared Cu,O/AP-GNPs were ultrasonically re-dispersed in 5 ml of DI
water. Then 2.56 ml Na,PtCl; (10 mM) were added to the Cu,O/AP-GNPs suspension
under magnetic stirring. The pH value of the suspension was adjusted to 3 by 0.5 M
HCI aqueous solution. The reaction was maintained for 1 h and the product was
collected by filtration after a reaction time of 30 min by repeatedly rinsing with DI

water, then dried at 60 °C in an oven for 12 h and denoted as p-Pt/AP-GNPs.

1.2 Synthesis of Pt;Cu;/AP-GNPs?

In a typical synthesis, 20 mg AP-GNPs were ultrasonically re-dispersed in 60 mL
EG/H,0 mixed aqueous solution (V/V, 2/1) and placed in a 250 mL beaker under
mechanical stirring for 1 h at room temperature. Then, 2.56 mL Na,PtCls (10 mM) and
2.56 mL Cu(CH;COO0); (10 mM) were added into the above mixture solution and the
mechanical stirring was continued for 1 h at room temperature. The pH value of the
obtained solution was adjusted to 11 by 1.0 M NaOH aqueous solution and N, was feed

into the ink for 30 min to remove O,. The suspension was heated up to boiling point by



microwave and refluxed for 7 min so that the PtCls> and Cu?* ions were reduced
completely. The suspension was allowed to cool down to room temperature with
continuous stirring, and then the suspension was filtered with DI water and ethanol.
Then the filter cake was dried at 60 °C in an oven for 12 h and the as-prepared catalyst
was denoted as Pt;Cu;/AP-GNPs.



2 Figures and Supporting Tables.
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Figure S1 (A) XRD patterns of p-Pt/AP-GNPs, p-Pt;Cu;/AP-GNPs, p-Pt;Cu,/AP-

GNPs and p-Pt;Cus/AP-GNPs catalysts, respectively. (B) Enlarged image of the XRD

patterns in the range of 26 = 36°~45".
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Figure S2 XPS spectra of Pt 4f region for p-Pt/AP-GNPs, p-Pt;Cu;/AP-GNPs, p-
Pt;Cu;/AP-GNPs and p-Pt;Cus;/AP-GNPs catalysts, respectively.
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Figure S3 SEM images of the p-Pt;Cu;/AP-GNPs catalyst.
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Figure S4 (A) The TEM image and (B) XRD pattern of the product obtained while

using the same procedure keeping all synthetic conditions identical but in the absence

of NathCI()-.
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Figure S5 A schematic illustration showing the Cu under potential deposition (UPD)

process during the formation of Pt-Cu NCs.
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Figure S6 (A) HRTEM images, (B) the EDS and (C) the XRD pattern of NCs obtained

at dropping time t = 30 s.
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Figure S7 (A) The TEM image and (B) XRD pattern of the product obtained while

using the same procedure keeping all synthetic conditions identical but in the absence

of CuClz.



Figure S8 TEM images of products which were obtained when Cu?* ions were
substituted by an equal molar amount of (A) Ni?* or (B) Co?" ions, and when the PtClg>

ions were switched to (C) PdCl4* or (D) AuCly ions.



Figure S9 TEM images of the product prepared by using (A) 0.1 M sodium borohydride
and (B) 0.1 M oxalic acid as reducing agent replacing AA.



Figure S10 TEM images of Pt-Cu NCs with the Pt/Cu molar ratio of 1/1 supported on
AP-GNPs formed at varying pH (A) 1 and (B) 6, respectively.
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Figure S11 TEM image of Pt-Cu NCs with the Pt/Cu molar ratio of 1/1 which were
synthesized in the presence of AP-GNPs which were functionalized by varying amount
of AP: (A) 0, (B) 1, (C) 2, (D) 3, (E) 4 mg, respectively; and (F) in the absence of AP-
GNPs.



Figure S12 TEM images of (A) the commercial Pt/C-JM and (B) p-Pt/AP-GNPs.
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Figure S13 CVs of p-Pt;Cus/AP-GNPs, p-Pt;Cu;/AP-GNPs, p-Pt;Cu;/AP-GNPs, p-

Pt/AP-GNPs and Pt/C-JM in N,-saturated 0.1 M NaOH solution at a scan rate of 50 mV

s,
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Figure S14 (A) TEM image of isolated Pt-Cu nanoparticles with the Pt/Cu molar ratio
of 1/1 supported on AP-GNPs; (B) CVs of p-Pt;Cu;/AP-GNPs and Pt,;Cu;/AP-GNPs
in a N,-saturated 0.1 M NaOH solution containing 0.5 M methanol at a scan rate of 50

mV s,



Table S1 Summary of the loading and composition data for the catalysts on the basis

of ICP-MS analysis

PtCl2/Cu?* Metal Loading (wt. %) Pt/Cuin Cu/Pt+Cu in
products products

Catalysts
(mol/mol) Pt Cu  Total  (mol/mol) (mol/mol, %)
p-Pt;Cus/GNPs 1:3 10.24  8.28 18.52 1:2.48 71.26
p-Pt;Cu;/GNPs I:1 1444  4.09 18.53 1.15:1 46.51

p-Pt;Cu;/GNPs 3:1 16.78  1.79 18.57 3.06: 1 24.63




Table S2 Electrochemical surface area (ECSA) estimated from hydrogen absorption
comparison in 0.5 M H,SO, solution, the mass activity expressed as the forward scan
peak current of methanol oxidation and i/i, ratios in 0.1 M NaOH containing 0.5 M
methanol for p-Pt;Cus;/AP-GNPs, p-Pt;Cu;/AP-GNPs, p-Pt;Cu;/AP-GNPs, p-Pt/AP-
GNPs and Pt/C-JM used in this work.

Catalyst ECSA / m? g! Mass activity / A mgp,’! iffip
p-Pt;Cus/AP-GNPs 76.58 2.13 9.31
p-Pt;Cu;/AP-GNPs 91.89 3.61 10.44
p-Pt;Cu;/AP-GNPs 80.60 2.75 9.50

p-Pt/AP-GNPs 69.11 0.619 5.49

Pt/C-JIM 62.89 0.497 2.57




Table S3 The positive scan peak current density normalized as mass activity for the p-

Pt;Cu;/AP-GNPs catalyst and other recently reported catalysts.

Mass Activity Scanning
Catalyst Condition Ref.
/ mA mgp! rate / mV s’!

p-Pt;Cu;/AP-GNPs 3611 50 0.1 MKOH + 0.5 M CH;0H This work
PtCu NWs 1740 50 1 MKOH + 1 M CH;0H 3
PtPd/CNTs 1000 50 0.5 M KOH + 0.5 M CH;0H 4
Pt/Ing 1Sn0O, 2320 20 0.5 M KOH + 2 M CH;0H 3
Pt/SG (PVA) 2371.31 50 1.0 M KOH + 0.5 M CH;0H 6
Pd-Pt ANFs/RGO  about 1487.18 50 1.0 M KOH + 0.5 M CH;0H 7
PdsoPts BANS about 2250 50 1 MKOH + 1 M CH;0H 8
PtPd NSs/RGOs 803.86 50 1 M NaOH + 1 M CH;0H ?
PtAuRwW/RGO 1605.5 50 1 M NaOH + 1 M CH;0H 10
N-Pt/RGO 1072.96 50 1 M NaOH + 1 M CH;0H 1
Pt-Au CSANCs 946 50 0.5 M KOH + 0.5 M CH;0H 12
Pt/G3DN 910.11 50 1 M NaOH + 1 M CH;0H 13
Pt/PAIn/GE 3293 50 1 M NaOH + 1 M CH;0H 14
Pt/P;-MCNTs 835 10 0.1 M NaOH + 1 M CH;0H 15
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