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Abstract: Electrocatalytic activities toward the oxygen reduction reaction(ORR) were investigated on the low index
surfaces of a Ni substance modified with a few Pt layers(Pt,,;/Ni(#kl))by electrochemical deposition and then thermal
annealing. The ORR activity at 0.9 V(RHE) of the Pt,;/Ni(111) is three times as high as that of Pt(111), however the
activity is reduced to one-third after 1000 potential cycles between 0.6 V(RHE) and 1.0 V(RHE). The ORR activity
and durability are enhanced by thermal annealing of Pt;;/Ni(111). The ORR activity is 1.7 times as high as that
without annealing and the decrease of the activity is less than 10% after 1000 potential cycles. The annealing process
stabilizes the Pt-rich shell such as Pt skin or Pt alloy layers on Ni(111).
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Fig.2 Cyclic voltammograms of (A) Pt,y./Ni(111) during
three successive potential cycles, (B) Pt /Ni(111)
after successive potential cycles, (C) Pt,,./Ni (hk/) after
successive potential cycles in 0.05 M H,SO,. Scanning
rate is 0.01 Vs™.
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Fig.3 Cyclic voltammograms of Pt,,/Ni(111) and Pt,,/Ni(111)

-650(A) at the first cycle, (B) after successive potential
cycles in 0.1 M HCIO,. Scanning rate is 0.05 Vs ™.

MHFEM Vol.16 No.1 2016 91



JAREML__ Paper

3.2 ORR &M - Mt At

2 A D Pty /Ni(hkl) 0.1 M HCIO, 12 B %
ORRAKNF EZ T L %EMA4(A)ITRT, 0.2V(RHE) &
D B O FEALD ORR BT O WA I FHE 2 5 B EEAL K E
AND 2B TRICISHAEITLTVWD I EERLTVDEY,
0.9 V(RHE) |2 3} %5 ORR & ¥ % F£ 1 Pty /Ni(100)~
Pty /Ni(110) << Ptyn/Ni(111) << Ptyyg/Ni(111)- 650 &
5 THM L 720 Pty /Ni(111) J O Pty /Ni(100) i3 2
NZEN Pt(111) @ 35K O Pt(100) @ 1.5 £ ORR ik
ERLTWD, LA L Pyy/Ni(110) & Pt(110) & kiR L
T ORR k130D L 7% Pty /Ni(111) @ ORR {1 A¢
ZHLTHL R Tw5H AN OB %I PtyNi(hkl) &4
BRDOAEF L —F L T b, Stamenkovic 5 1% Pt;Ni(111)
G4 FIZEE & L7z Pt-skin B2 BT % d-band center ®
v ¥ 7 F A PE,Ni(100) % Pt;Ni(110) X ) b K& <
ORR Z MRS A ERTH L EEELTWE,

B2 (C) TRLZ: Ar FHA T TORNV Y E7 7 A28
W T Pty /Ni(hkl) TIZ 0.4 V(RHE) BLF 12 Ni 2% 1 4 3%
2 X AP S 3, AT L 72 Pt o KA 121338
WHEEO R E I VwE bR b, LA L, ORRIGHEICK
XLRENELTBY, LA Pt OB FIREEA Ni(111)
POBMLBEZIFITVWALEIERZRIBLTWS, XoT,
B IE R I EOF G NS, BT REOZL
25 ORR #1EME L T b, 3.3 THRELCANRS
A BT RMEENIE NI RS L2 Pt b 8% %
3 %728, ORRGEMWEY A4 NI NIl LA Pt ET
HbBHEVZ Do Ptyy/Ni(111) & ORR iH 25 1 L 7225,
it AVERER % 4T > 72 & 2 A, 1000 4 7 V5129
PAS1/3 1T L7z,

ML U 72 Pty /Ni(111)- 650 b [ #£ 12 ORR & )V
&7 7 L HERCAEREE1T-7: (K4 (B)). )
G Y13 Pty/Ni(111) @ 1.7 % & 0" Pt(111) @ 5 f5 o
ORRIGEMEZ R L7270 MZIC XV BIRD Pt ASNi(111) %
i~EA B LR A M in L7272 &2 55,
1000 ¥ 1 2 V% b KRG T IZA S hzwn P,

5(A) U5 (B) ICif APERER T @ Pty /Ni(111) K
O Pty /Ni(111)- 650 @ Ar ZHHATORLV Y £S5 T L%
R¥ o 5 (A) TIE. Ptyy/Ni(111) 1ZEMH A 7 VOB
M & 0 KFEWE / Bk X 2 BHRMAMET L7220 1000
P4 7 VHETIE, ECSAD30% WA LTHY)., BIbE
A7 VIZEY) PURFPER L TWDE Z LAY L2
Yhole —F. W5 B) IRT &I, Ptyw/Ni(111)
=650 13 1000 # 4 7 V& IZBWT b ECSA DA IE RS
N 7% o 7 5 (C) 12 Ptyn/Ni(111)- 650, Ptyy/Ni
(hkD). K O° Pt(hkl) @ ORR i&MEAl % £ & 9 %o Pty /Ni

P (A) Pt,,,/Ni / |

1 I
e 3
T T

|
o

i
— .
o

I
[ RN
T T

Pt,,,/Ni(111)-650 /
1 cycle
----- After 1000 cycles 1

Current density / mA cm™
o

1
[
T

00 02 04 06 08 10
Potential / V (vs. RHE)

B4 ORRKRIVZETZ L, BEER:0.1 M HCIO,. EEEE:0.01
Vs ', EEEE : 1600 rom (A) Pty /Ni(hkl) . (B) TEA M
HRERFIE (B (T B Pty /Ni(111)-650

Fig.4 ORR voltammograms of (A) Pt,./Ni (hk/) and (B) Pt /Ni

(hkl)-650 before and after durability test in 0.1 M HCIO,.
Scanning rate is 0.01 Vs™' and rotation rate is 1600 rpm.
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model and (C) surface alloy model of Pty /Ni(111)-650.

BAHE LI, REINTHEH LR35 NEFAER L TWw 5,
Ptp/Ni(111) % 650 K T 7 = — VLB % L 72 Pty /Ni
(111)- 650 i& Pty /Ni(111) @ 1.7 f5® ORR iM% 7R Ly
¥ /2% 5% 7% Pt-rich ¥ = VB OIEEIC L b 1000 ¥4 7 v
HOWEEDOITIZ 10 % DL I2HIz sz,

A

ARBFZeid. NEDO [ FAE 55T IR ith 92 A bk e 4
MiBA%E / FEMEHAN B /AR S bHA ] KO [EARE ST
TERRRL B M) P 2 BEAL BT B S 38 / 35 BB R AL ZE Aot
BH3S / e AR TS LHEM B | o ZFtx T CEBS N
720 F72. JSPS RlHF#E: 24651131 OB % 2172, i X
H P %E 1 SPring- 8 BL 13 XU T L7z (FEE 5
2012 A 1208, 2015B1315). BAREIICHELERL T,

2% R

1) J. Zhang, Y. Mo, M. B. Vukmirovic, R. Klie, K. Sa-
saki, R. R. Adzic : Platinum Monolayer Electrocata-
lysts for O, Reduction: Pt Monolayer on Pd(111)
and on Carbon-Supported Pd Nanoparticles, J.
Phys. Chem. B, 108, 10955 - 10964 (2004)

2) K. Sasaki, H. Naohara, Y. Cai, Y. M. Choi, P. Liu,
M. B. Vukmirovic, J. X. Wang, R.R. Adzic: Core-
Protected Platinum Monolayer Shell High-Stabili-
ty Electrocatalysts for Fuel-Cell Cathodes, 4ngew.
Chem. Int. Ed., 49, 8602-8607 (2010)

MHFEM Vol.16 No.1 2016 93



JAREML__ Paper

3)

4)

6)

7)

8)

9)

12)

94

J. Zhang, M. B. Vukmirovic, Y. Xu, M. Mavrikakis,
R. R. Adzic: Controlling the Catalytic Activity of
Platinum-Monolayer Electrocatalysts for Oxygen
Reduction with Different Substrates, Angew. Chem.
Int.Ed., 44, 2132-2135(2005)

V. R. Stamenkovic, B. S. Mun, K. J. J. Mayrhofer, P.
N. Ross, N. M. Markovic, J. Rossmeisl, J. Greeley,
J. K. Norskov : Changing the Activity of Electro-
catalysts for Oxygen Reduction by Tuning the
Surface Electronic Structure, Angew. Chem. Int. Ed.,
45, 2897-2901 (2006)

N. M. Markovic, R. R. Adzic, B. D. Cahan, E. B.
Yeager: Structural effects in electrocatalysis:
oxygen reduction on platinum low index single-
crystal surfaces in perchloric acid solutions, J.
Electroanal. Chem., 377, 249-259(1994)

N. Hoshi, M. Nakamura, A. Hitotsuyanagi: Active
sites for the oxygen reduction reaction on the high
index planes of Pt, Electrochim. Acta, 112, 899-904
(2013)

V. R. Stamenkovic, B. Fowler, B. S. Mun, G. Wang,
P. N. Ross, C. A. Lucas, N. M. Markovic : Improved
Oxygen Reduction Activity on Pt;Ni(111)via In-
creased Surface Site Availability, Science, 315, 493~
497(2007)

T. Rurigaki, A. Hitotsuyanagi, M. Nakamura, N.
Sakai, N. Hoshi: Structural effects on the oxygen
reduction reaction on the high index planes of
Pt;Ni: n(111)-(111)and n(111)-(100)surfaces, J.
Electroanal. Chem., 716, 58-62(2014)

Y. Takesue, M. Nakamura, N. Hoshi : Structural ef-
fects on the oxygen reduction reaction on the high
index planes of Pt;Co, Phys. Chem. Chem. Phys., 16,
13774-13779(2014)

M. Wakisaka, S. Kobayashi, S. Morishima, Y.
Hyuga, D. A. Tryk, M. Watanabe, A. liyama, H.
Uchida : Unprecedented dependence of the oxygen
reduction activity on Co content at Pt Skin/Pt-Co
(111)single crystal electrodes, Electrochem. Com-
mun., 67, 47-50(2016)

V. R. Stamenkovic, B. S. Mun, K. J. J. Mayrhofer,
P. N. Ross, N. M. Markovic : Effect of Surface Com-
position on Electronic Structure, Stability, and
Electrocatalytic Properties of Pt-Transition Metal
Alloys : Pt-Skin versus Pt-Skeleton Surfaces, J.
Am. Chem. Soc., 128, 8813-8819(2006)

D. Wang, H. L. Xin, R. Hovden, H. Wang, Y. Yu, D.

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

MFEM Vol.16 No.1

A. Muller, F. J. DiSalvo, H. D. Abruna: Structural-
ly ordered intermetallic platinum-cobalt core-shell
nanoparticles with enhanced activity and stability
as oxygen reduction electrocatalysts, Nat. Mater.,
12, 81-87(2013)

T. Wadayama, N. Todoroki, Y. Yamada, T. Suga-
wara, K. Miyamoto, Y. Iijama: Oxygen reduction
reaction activities of Ni/Pt(111)model catalysts
fabricated by molecular beam epitaxy, Electrochem.
Commun., 12, 1112-1115(2010)

M. Nakamura, R. Imai, N. Otsuka, N. Hoshi, O.
Sakata : Ethanol Oxidation on Well-Ordered PtSn
Surface Alloy on Pt(111)Electrode, J. Phys. Chem. C,
117, 18139-18143(2013)

T. Kumeda, H. Kimura, N. Hoshi, M. Nakamura :
Activity for the oxygen reduction reaction of
the single crystal electrode of Ni modified with
Pt, Electrochem. Commun., in-press, DOI: 10.1016/
j.elecom.2016.04.005

M. D. Macia, J. M. Campina, E. Herrero, J. M. Fe-
liu: On the kinetics of oxygen reduction on plati-
num stepped surfaces in acidic media, J. Electro-
anal. Chem., 564, 141-150(2004)

A. Kuzume, E. Herrero, J. M. Feliu: Oxygen re-
duction on stepped platinum surfaces in acidic me-
dia, J. Electroanal. Chem., 599, 333-343(2007)

B. D. Cahan, H. M. Villulas : The hanging meniscus
rotating disk (HMRD), J. Electroanal. Chem., 307,
263-268(1991)

H. M. Villullas, M. Lopez Teijelo: The hanging-
meniscus rotating disk (HMRD)Part 1. Depen-
dence of hydrodynamic behavior on experimental
variables, J. Electroanal. Chem., 384, 25-30(1995)

H. M. Villullas, M. Lopez Teijelo: The hanging me-
niscus rotating disk (HMRD)Part 2. Application to
simple charge transfer reaction kinetics, J. Electro-
anal. Chem., 385, 39-44(1995)

RABIE, il 2 VEHE#EST 71~ a2)b, oo
F— - PEFEPAR A B IERRE (NEDO) [k w20+
PRBLE M 52 L HE A Bty B 76 SR ElT B 7€ [k v
FH AT O e FE R 1. 1-25(2004)

M. Nakamura, N. Ikemiya, A. Iwasaki, Y. Suzuki,
M. Tto: Surface structures at the initial stages in
passive film formation on Ni(111)electrodes in
acidic electrolytes, J. Electroanal. Chem., 566, 385—
391(2004)

2016



