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CHARACTERIZATION

The electrochemical tests of HzOR were performed in a three-electrode cell. Graphite

rod and saturated calomel electrode (SCE) were used as counter electrode and reference

electrode, respectively. All of the measured potentials were converted to reversible

hydrogen electrode (RHE) according to the Nernst equation (ERHE = ESCE + 0.242 +

0.059 pH). Prior to each electrochemical measurement, the electrolyte solution was

deoxygenated by bubbling high-purity N2 for 20 min. The electrochemical

measurements of HzOR were conducted in 0.5 M N2H4 + 1 M KOH solutions and the

scan rate is 10 mV s-1. The electrochemical impedance spectroscopy (EIS) was

recorded in a frequency range from 0.1 Hz to 1 MHz at 0.20 V.

All calculation was carried out by using the density functional theory in the QE



package with the generalized gradient approximation of Perdew-Burke-Ernzerhof

(GGA-PBE) to treat the exchange-correlation potential. The projector-augmented-wave

(PAW) method was used to consider the electronic-ion interactions. The 2x2x1

Monkhorst-Pack k-point mesh was used for describing the Brillouin zones of Pt(311),

Pt(111) and Pt(100). The bottom half Au atoms were fixed and all other atoms

including intermediates were free during geometry optimizations. The cut-off energy

was 400 eV and the vacuum region was above ~15 Å. Using the computational

hydrogen electrode (p = 1 atm, T = 298 K). The Gibbs free energy was calculated from

G = E - TS, in which E is the total energy, S is the entropy. The reaction energy of AH*

→ A*+ H+ + e- was calculated from ΔG = E(A*) + E(H+ + e-) - E(AH*) - TΔS. At the

standard electrode potential condition, the free energy in the gas phase could be

replaced by that of H+ + e-. Vibrational frequencies were calculated on the basis of the

harmonic oscillator approximation.



Supplementary Figure 1. TEM (a) and the corresponding SAED pattern (b) of the

obtained TPH Pt-{311} nanocrystals along [001] direction. The surface facets were

determined to be {311} by comparing the average value of the interfacial angles of ��

with the theoretical ones. The average value of interfacial angle �� on the TPH Pt NCs

is measured to be 143.1°, which is close to the theoretical value of α = 142.0° on a TPH

NC enclosed by {311} facets.

Supplementary Figure 2. HRTEM image of border atoms of a TPH Pt NC along

<110> direction, showing the {311} surface sites.



Supplementary Figure 3. SEM image recorded from TPH Pt NCs after 5000s test of

HzOR.

Supplementary Figure 4. Proposed pathway of the HzOR on Pt(111). The pink, blue

and grey balls represent Pt, N and H atoms, respectively.

Supplementary Figure 5. Proposed pathway of the HzOR on Pt(100). The pink, blue

and grey balls represent Pt, N and H atoms, respectively.



Supplementary Table 1. Parameters of the programmed square-wave potential for

preparation of Pt NCs

Solution
*

EN
(V)

tN
(ms
)

EL
(V)

EU
(V)

tG
(min
)

�
(Hz
)

Miller
indice
s

Microface
t notation

dstep (
1014)

CN
s

TPH
Pt
NCs

a 0 140 0.4
2

1.3
9 30 100 {311} 2(111) ×

(100) 7.83 7

OTH
Pt
NCs

b 0.0
5 140 0.3

8
1.3
0 8 100 {111} (111) / 9

Cubi
c Pt
NCs

a 0 140 0.3
4

1.3
6 20 100 - - - -

c - - 0.4
5

1.5
0 15 100 {100} (100) / 8

*a: 2.0 mM H2PtCl6 + 0.1 M H2SO4; b: 2.0 mM H2PtCl6 + 0.1 M Na2SO4; c: 0.1 M

H2SO4. EN is the nucleation potential; tN is the time stay at the nucleation potential; EL
and EU are the lower and upper potential, respectively; f is the frequency of

square-wave potential; tG is the time of the square-wave potential for the growth of Pt

NCs; CNs: Coordination numbers.

Supplementary Table 2. Calculation of ECSA of the Pt NCs

QH/μC ECSA/cm2

TPH Pt-{311} NCs 227 1.08
OTH Pt-{111} NCs 195 0.93
Cubic Pt-{100} NCs 200 0.95

Supplementary Table 3. Estimation of Pt loading of all studied Pt NCs

NO.
Area
(  10-8
cm2)

D
(nm)

Mass density (
10-6g cm-2)

Formula
of
volume

Loading ( 
10-6 g)

TPH
Pt-{311} NCs 185 28.53 139 19.55 �D3/6 5.5

OTH
Pt-{111} NCs 249 18.11 110 9.35 D3/4.2 2.6

Cubic
Pt-{100} NCs 124 9.48 91 21.14 D3 6.0

*D is the diameter of Pt nanocrystals.



Supplementary Table 4. Comparison of HzOR activity of TPH Pt-{311} NCs with

the reference results

Catalyst Electrolyte
Potential
(V vs.
RHE)

Overpotential
(V)

Current
density

(mA·cm-2)
Ref.

TPH Pt-{311}
NCs

1 M KOH +
0.5 M N2H4

0.2 0.53 41.7 This
work0.3 0.63 94.2

0.4 0.73 143.8

Pt wire 1 M KOH +
0.5 M N2H4

0.2 0.53 32 1

Co NPs 1 M KOH +
0.5 M N2H4

0.3 0.63 75 2

HPHMC900 3 M KOH + 1
M N2H4

0.6 0.93 40 3

TOHAu NCs
0.1 M NaOH
+ 10 mM
N2H4

0.4 0.73 122 4

CoNi-R-S 0.1 M KOH +
20 mM N2H4

0.3 0.63 2.5 5

NiSe2 1 M KOH +
0.3 M N2H4

0.2 0.53 25 6

Ni
foam@Ag-Ni

1 M KOH +
25 mM N2H4

0.5 0.83 1.2 7

Rh NCs 1 M KOH + 1
M N2H4

0.5 0.83 25 8

FeS2 1 M KOH +
0.1 M N2H4

0.6 0.93 15 9

PdNiRu
NCNs

0.5 M KOH +
10 mM N2H4

0.5 0.83 28 10
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