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Application of surface alloy layer to fuel cell catalyst

Nakamura, Masashi
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Surface structure of a PtSn surface alloy on Pt(111), activating the ethanol oxida
tion reaction, was determined by using in-situ scanning tunneling microscopy (STM) and X-ray diffraction.
At the Sn coverage lower than 0.23, ordered structure of the PtSn aIIoK layer were observed by STM in perc
hloric acid. The superstructure with small domain size are formed at the Sn coverage = 0.23, which promote
s the catalytic activity for the ethanol oxidation reaction with a high durability. X-ray structural analy
sis shows that penetration of Sn to subsurface was less than 1 %; PtSn alloy layer is mainly formed the su
rface layer of Pt(111). Sn atoms in the PtSn alloy layer protrude by 0.02 nm from the first Pt layer simil
ar to the surface structure of Pt3Sn(111).



Pt

Pt(111)

PtSn

623 K

Pt
”bifunctional mechanism”

Snso,

Sn

PtRu
Ru
PtSn
Pt Sn
Sn
Pt(111)
Ar+H,

snso,

SPring-8 BL13XU

KEK-PF BL4C
12.4 keV Sn
@
Sn Pt(111)
PtSn Pt(111)
0.1 M
Pt(111) 0.8
Y
Sn 0.7V
0.7V
Sn OH
100
Sn

100

50 F

J/ uAcm?
(=]

50 F

-100

)
Sn

0.27C )

0.2

04

06

0.8 1

E/V vs RHE

0.1 M Hclo,

(asn

Pt(111)

0.05 Vs™

0.5 M H,S0,

Pt(111)

0.13(

)

Pt(111)

Sn

0.45V

Sn



0.48V
Sn 100
0.45V
Sn Pt(111)
100
Sn
PtSn 0.2—~0.3 V
PtSn
100 i ; . ;
(a) '
|
50 | ; ]
=
Q
T -
o3
S50 R0 . 3
|
|
(b) '
1
50 ; .
=
[&]
5o -
Eog
50 4
0 0.2 04 0.6 0.8 1
E/V vs RHE
0.5 M H,SO, (a)sSn
(b) Pt(111)
100
Sn 0.20
Pt(111) 0.05
Vst
PtSn
Sn
0.2 M
Sn
Sn 0.23
Pt(111)

2.0 T T T T

1.5+

Jp/ WA cm™

0.5F

1 | |

|
0 0.2 0.4 0.6 0.8
Sn coverage (8 )

Sn
@
STM PtSn
(€)) (M) Sn
0.23 STM
a=0.5 b=0.7 nm
a b 71°
(v 3x ¥ T)R19.1°
Sn
0.21
(111)

(v 3x v 7)R19.1°

ST™

1.0

PtSn STM (a,b)Sn
0.23 (c)Sn 0.07
Sn 0.07 ST™ 4(c)
X
0.02 nm
Sn

Pt



Pt

Pt(111) PtSn
(V 3x V 3)R30°

©

PtSn
0.23 0.07 STM™
0.23
Sn
PtSn
a Sn
Pt
Pt
Sn 0.23 Sn
(CO)
Sn OH
(6(0) ”bifunctional
mechanism” Pt

STM
STM
10 nm
5(b)
PtSn
Pt PtSn
Pt
Pt PtSn
V4
5(c)
Sn PtSn
Sn 0.27
STM
Sn Pt
0.23 STM

100

Structure Factor /arb. unit

o 1 2 3 4 5 6 7
L / reciprocal lattice unit
(b)
island layer
1st alloy layer
2nd alloy layer
3rd alloy layer
(©
2.36(49) A Y 0.23(4)A
225(HA X
2.28(DA
Pt Sn
(a)Sn 0.23 PtSn
Specular CTR ()

M. Nakamura, R. Imai, N. Otsuka, N. Hosh,
O. Sakata, “Ethanol oxidation on well-ordered
PtSn surface alloy on Pt(111) electrode” J. Phys.
Chem. C, 117, 18139-18143 (2013).
DOI:10.1021/jp406516v

“ Pt
Ni " 2013

“ sn/Pt(111)
" 2013

http://chem.tf.chiba-u.jp/gachl3/

o
NAKAMURA MASASHI

70348811



