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Chemicals and materials 

Chloroplatinic (IV) acid hexahydrate (H2PtCl6‧6H2O, 38%−40% Pt), copper (II) acetate 

dihydrate (Cu(CH3COO)2‧2H2O, 99%), cetyltrimethylammonium bromide (CTAB, 

99%), and trinoctylphospine oxide (TOPO, 99.9%) were purchased from J&K. 

Tetrabutylammonium bromide (TBAB, 99%), potassium bromide (KBr, 99%), and 

potassium chloride (KCl, 99%) were purchased from Tianjin Guangfu. Oleylamine 

(OAm, 80%−90%), oleic acid (OA, 99%), and carbon black (Vulcan XC−72) were 

purchased from Macklin. Absolute ethanol (99.9%), cyclohexane (99%), and 

N,N−Dimethylformamide (DMF, 99%) were provided by Tianjin Concord Co., Ltd. The 

commercial Pt/C (Pt/C, 20 wt% Pt) was purchased from Johnson Matthey. All chemicals 

and materials were used without further purification.  

Calculations of Electrochemical Surface Area 

The electrochemical surface areas (ECSAH) were calculated by integrating the hydrogen 

desorption charge on the CV curves which were measured in the solution of Ar-saturated 

0.5 M H2SO4 with the potential from −0.2 to 1.0 V (vs Ag/AgCl) at 10 mV s
-1

. The 

detailed calculation procedure is shown as follow: 

ECSAH (m2 g-1) = 
SHadsorption (A∙V)

0.21 (mC cm-2)∙mPt (mg)∙v (mV s-1)
×10

5
 

SHadsorption
= ∫ i dE (A∙ V)

1.0

-0.2
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0.21 mC cm
-2

 is assumed as the required charge which corresponding to the adsorbed 

monolayer of hydrogen per unit area on Pt surface. mPt (mg) is the mass of Pt on 

working electrode. v (mV s
-1

) is scan rate. 

Similarly, the ECSACO were calculated by integrating the CO oxidation charge on the 

CV curves of CO oxidation which were tested in the solution of Ar-saturated 0.5 M 

H2SO4 with the potential from −0.2 to 1.0 V (vs Ag/AgCl) at 10 mV s
-1

. 

ECSACO (m2 g-1) = 
SCOadsorption (A∙V)

0.42 (mC cm-2)∙mPt (mg)∙v (mV s-1)
×10

5
 

SCOadsorption
= ∫ i dE (A∙ V)

0.60

0.35

 

 

0.42 mC cm
-2

 is assumed as the required charge which corresponding to the oxydic 

monolayer of CO per unit area on Pt surface. 

Calculation of the Reaction Equilibrium Constant 

PtCl6
2-

 (aq) + 6Br
-
 (aq) → PtBr6

2-
 (aq) + 6Cl

-
 (aq)         Kθ 

The following primary cell was designed to calculate the reaction equilibrium constant 

at 101.325 kPa, 298.15 K. 

(-) Pt (s) | PtBr6
2-

 (aPtBr6
2-

) || PtCl6
2-

 (aPtCl6
2-

) | Pt (s) (+) 

PtCl6
2-

 (aq) +4e
-
 → Pt (s) +6Cl

-
 (aq)      φ

PtCl6
2-

/Pt

θ = 0.73 V 

PtBr6
2-

 (aq) +4e
-
 → Pt (s) +6Br

-
 (aq)      φ

PtBr6
2-

/Pt

θ = 0.61 V 

lnKθ = ln
[PtBr6

2-][Cl
-
]
6 

[PtCl6
2-][Br

-
]
6

= 
Eθ

RT
4F

=
φ

PtCl6
2-

/Pt 

θ - φ
PtBr6

2-
/Pt

θ

RT
4F

 ≈ 20.24 

R (molar gas constant) = 8.314 J·mol
-1

·K 

F (Faraday constant) = 96484 C mol
-1
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Kθ≈ 6.17×10
8≫ 1 

 

It can be deduced that the stability constant for PtBr6
2-

 is much larger than that of PtCl6
2-

. 
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Figure S1. Schematic illustration of synthetic procedures of the PtCu3/C catalyst. 
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Figure S2. (a) Bright field, (b) dark field TEM images, and (c) particle size distribution 

of the PtCu3 concave nanocubes. 
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Table S1. Atomic ratios of the PtCu3 concave nanocubes determined by ICP-OES. 

 

  

 1 2 3 

Pt/Cu atomic ratio 1/2.92 1/2.92 1/3.05 
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Figure S3. TEM images of the PtCu3 concave nanocubes from different projections 

directions and their corresponding models with scale bars of 5 nm. 
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Figure S4. TEM images of PtCu nanocrystals obtained with the following conditions: (a) 

23 mg of TBAB + 50 mg of TOPO and (b) 9 mg of KBr + 50 mg of TOPO. 
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Figure S5. TEM images of intermediates obtained at different reaction periods. (a) 240 

o
C, (b) 260 

o
C 5 min, (c) 260 

o
C 30 min, and (d) 260 

o
C 1 h. 

  



S11 
 

 

Figure S6. Particle size distributions of intermediates at different reaction periods. (a) 

240 
o
C, (b) 260 

o
C 5 min, and (c) changes of particle sizes. 
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Figure S7. (a) TEM image, (b) HRTEM image, and (c) TGA curve of the PtCu3/C 

catalyst. 
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Figure S8. (a) TEM image and (b) TGA curve of the commercial Pt/C. 
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Figure S9. (a) CV curves of the PtCu3 concave nanocubes recorded in Ar-saturated 0.5 

M H2SO4 at 50 mV s
-1

 for first 10 cycles and (b) CV curves of the PtCu3 concave 

nanocubes and commercial Pt/C recorded in Ar-saturated 0.5 M H2SO4 at 10 mV s
-1

. 
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Figure S10. (a) CV curves (normalized by ECSAH) recorded in Ar-saturated 0.5 M 

H2SO4 + 1.0 M CH3OH solution at 10 mV s
-1

 and (b) CV curves (normalized by ECSAH) 

recorded in Ar-saturated 0.50 M H2SO4 + 0.25 M HCOOH solution at 10 mV s
-1

. 
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Table S2. Electrocatalytic performance of Pt-based nanocrystals. 

Materials 
Methanol Oxidation Formic Acid Oxidation 

Ref 

Jm Js Electrolyte Jm Js Electrolyte 

PtCu3 concave 

nanocubes 
0.69 2.44 

0.5 M H2SO4 

1.0 M CH3OH 

10 mV s
-1

 

0.45 1.57 

0.50 M H2SO4 

0.25 M HCOOH 

10 mV s
-1

 

This 

Work 

Excavated 

rhombic 

dodecahedral 

PtCu3 alloy 

- - - 0.815 3.15 

0.5 M H2SO4  

0.25 M HCOOH 

50 mV s
-1

 

7 

Mesoporous 

PtCu alloy 

nanoparticles 

0.314 1.39 

0.5 M H2SO4  

1.0 M CH3OH 

50 mV s
-1

 

- - - 8 

Pt-Cu 

hierarchical 

trigonal 

bipyramid 

nanoframes 

- - - 0.64 3.77 

0.5 M H2SO4  

0.25 M HCOOH 

50 mV s
-1

 

9 

Cu5Pt 

Dodecahedra 

nanoframes 

- - - 0.194 10.89 

0.5 M H2SO4  

1.0 M HCOOH 

50 mV s
-1

 

10 

Pt3Cu 

icosahedra 
0.736 2.14 

0.1 M HClO4  

0.2 M CH3OH 

50 mV s
-1

 

- - - 11 

PtRu nanowires 0.82 1.16 

0.1 M HClO4  

0.5 M CH3OH 

50 mV s
-1

 

- - - 12 

Pt-Ni concave 

nanocubes 
- 1.86 

0.5 M H2SO4  

2 M CH3OH 

50 mV s
-1

 

- 0.45 

0.5 M H2SO4  

1.0 M CH3OH 

50 mV s
-1

 

13 

Excavated 

cubic Pt-Sn 

nanocrystals 

- 2.30 

0.5 M H2SO4  

0.5 M CH3OH 

50 mV s
-1

 

- - - 14 

Jm (A mgPt
-1

): mass activity Js (mA cmPt
-2

): specific activity 
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Figure S11. Chronoamperometric curves of (a) methanol oxidation recorded at 0.5 V 

and (b) formic acid oxidation recorded at 0.5 V. 
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Figure S12. CV curves of (a) the commercial Pt/C and (b) PtCu3/C recorded in 

Ar-saturated 0.5 M H2SO4 at 50 mV s
-1

 before and after durability tests. 
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Figure S13. (a) TEM image of the PtCu3/C, (b) HRTEM image and the structural model, 

(c) HAADF-STEM images (d, e) EDS mappings, (f) EDS spectra as indicated by a 

yellow rectangle in (c), and (g) atomic ratios of the PtCu3 concave nanocubes after 

accelerated durability test. (Mo is from the TEM grids.) 
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Figure S14. TEM images of the commercial Pt/C after accelerated durability test. 
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Table S3. Ratios of If / Ib for methanol and formic acid oxidation, ESCAH: ECSACO, and 

peak potentials of CO oxidation for the PtCu3/C catalyst and commercial Pt/C. 

 

  

 

methanol 

oxidation 

  If / Ib 

formic acid 

oxidation 

  If / Ib 

ESCAH : ECSACO 
peak potential of 

CO oxidation 

PtCu3/C 2.27 0.90 1.04 : 1.00 0.45 V 

Pt/C 0.93 0.45 1.00 : 1.11 0.54 V 
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Figure S15. XPS spectra of the Pt/C and PtCu3/C. 
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Figure S16. XPS spectrum of the as-prepared PtCu3/C catalyst in Cu 2p region. 
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