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Experimental Section
Chemicals and Materials: All the reagents used in this work, including various kinds
of metal inorganic salts, octadecylamine (ODA), ethanol, and cyclohexane, were of
analytical grade from the Beijing Chemical Factory. Palladium pentanedionate
(Pd(acac)2, 34.7% Pd basis), commercial Pt/C , and Nafion solution were purchased
from Alfa Aecar. All chemicals were used as received.
Instrumentation: The powder XRD patterns were recorded with a Bruker D8advance X-ray powder diffractometer with CuK radiation ( = 1.5406 Å). The size
and morphology of as-synthesized samples were determined by using Hitachi model
H-800

transmission

electron

microscope

and

JEOL-2010F

high-resolution

transmission electron microscope.
Electrochemical measurements: Electrochemical measurements were conducted on
a computer-controlled electrochemical analyzer (CHI 660D, Chenhua, China). A
conventional three-electrode cell was used, including a Ag/AgCl (KCl-saturated)
electrode as the reference electrode, a platinum wire as the counter electrode, and a
glassy carbon (GC) electrode as the working electrode. The GC electrode was first

polished with 0.3 and 0.05 μm Al2O3 slurry on a polishing cloth and then sonicated in
ethanol and water each for several times before use. To prepare the working electrode,
an aqueous dispersion of Pt-based NCs was transferred onto the surface of the
pretreated GC electrode using a microsyringe. After the electrode was dried, 5 μL
Nafion dilutes (0.05 wt%) was coated on the catalyst surface to enhance the samples’
attachment. Aqueous solutions of 0.1 M HClO4 and 0.1 M HClO4 containing 1 M
methanol were used for the electrolytes. All electrochemical experiments were
performed at room temperature.
Synthesis of PdCu nanocrystals: PdCu alloys were synthesized through our previous
protocol[5c]. 20 mg Pd(acac)2 and 15.9 mg Cu(NO3)2·3H2O were mixed with 7.5 g
ODA and heated at 110 oC to form a clear solution. Then the temperature was
elevated to 240 oC and maintained at this temperature for 10 min. The products were
separated by adding ethanol and centrifugation. The final product was dispersed in
cyclohexane for further use.
Synthesis of trimetallic PtPdCu nanocrystals: Specifically, 7.5g ODA was loaded in
a 25 mL two-neck flask and heated to 110 oC. 200 μL of Pd0.5Cu0.5 (1.1 mg/mL) and 80

μL of H2PtCl6 (0.1 g/mL) were together added into the reaction mixture. After
evaporating the cyclohexane at 110 oC (about 10 min), the temperature of the flask was
elevated to 270 oC and maintained at this temperature for 10 min. The products were
separated by adding ethanol and centrifugation. The final product was dispersed in
cyclohexane .

Supplementary Figures

Fig. S1 (a) TEM images of PdCu nanocrystals, (b) corresponding size distribution (c)
HAADF-STEM image and elemental maps, (d) EDX patterns of Pd-Cu nanocrystals.

Fig. S2 Representative tilted TEM images of the PtPdCu nanocrystals. All the scale
bars correspond to 20 nm.

Fig. S3 HAADF-STEM images of the PtPdCu nanocrystals.

Fig. S4 TEM and HAADF-STEM images of PtPdCu nanocrystals, and corresponding
element maps showing the distribution of Cu (orange), Pd (turquoise) and Pt (red). All
the scale bars correspond to 20 nm.

Fig. S5 XPS spectra of (a) Pt 4f, (b) Pd 3d and (c) Cu 2p catalysts.

Fig. S6 EDS analysis of PtPdCu hexapod nanocrystals, the Pt/Pd/Cu atomic ratios are
0.67 : 0.18: 0.15.

Fig. S7 XRD patterns of as-obtained products.

Fig. S8 a) HAADF-STEM image and (b) EDS analysis of samples collected at 15 s;
(c) HRTEM image of a single concave rhombic dodecahedron product, the inset
shows the corresponding FFT pattern.

Fig. S9 TEM image of products collected at 15 min.

Fig. S10 Representative TEM images of the products collected from the reaction in
N2-saturatued atmosphere.

Fig. S11 Representative TEM images of the products collected from the reaction with
the identical condition but (A) changing H2PtCl6 into Pt(acac)2 and (B) changing
H2PtCl6 into Pt(acac)2 and NH4Cl.

Fig. S12 TEM image of products collected at 30 s, the red circles indicate the
nanocrystals growth along <100> directions.

Fig. S13 EDS analysis of sample collected when H2PtCl6 was 12 mg.

Fig. S14 The size distributions of as-obtained (a) PtCu, and (b) PtAg nanocrystals.

Fig. S15 TEM images of as-prepared nanocrystals at different amount of H2PtCl6 (a,
e) 0 mg, (b, f) 8 mg, (c, g)10 mg and (d, h) 12 mg via using PtCu and PtAg seeds,
respectively.

Fig. S16 TEM images of as-prepared PtCuRh nanocrystals.

Fig. S17 Cyclic voltammetric curves for various catalyst on a GC electrode, in 0.1 M
HClO4 solution at a scan rate of 50 mV/s. Pt0.75Pd0.13Cu0.12 catalyst (black line),
Pt0.67Pd0.18Cu0.15 catalyst (red line) and commercial Pt/C catalyst (blue line).

Fig. S18 Representative TEM images of the recycled a) Pt0.75Pd0.13Cu0.12, b)
Pt0.67Pd0.18Cu0.15 c) Pt/C catalysts.

