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BEE : AREFgE i, kMR KM - BHEEY 74 (HDV) IZHERS N2 BB ELO PEM ~O@BHAMEShTw
L7 b oA 7? VAR [demal [TfO] Hoig#&c Kt (ORR) % Pt FEARIEEN B X O Pty Co AT i & H v
TI120CTHMEL, 7L=v A7y MZX D ORR OIFHALER 2 MET L 720 Pt;Co AN MM 0.90V (RHE)
T ORR iHMEFH1X, [demal [TfO] H T Pt;Co (111) < Pt;Co (110) < Pt;Co (100) &7 o7zo ZOREHNIX0.1
mol dm™ HCIO, ' ® 5% Pt;Co (100) < Pt;Co (110) < Pt,Co (111) :E#THb, 7L =7 X710y b DFEHE,
WAL AV F— (E,) & ORRIEMEE OMBEIZZ Lwolcxf LT, HENT (A) X ORREM L L Pt;Co (111)
< Pt;Co (110) < Pt;Co (100) DFpHl L o720 TOHER T ORI, TIO DR REAFIC X 21E%S 4 Mo
& A VAR OWAEREZLTERN T 5270 Y BEHHEEOEICLLEEZ HND, [dema] [TIO] H1 0 Pt HA 5
T ORR i EFH1E Pt (111) < Pt (110) < Pt (100) TPt;Co &ML TH Y. ORR MEHEIIHHEN T TP F %,
Pt;Co® 0.90V (RHE) T® ORRIEMEHHER T IZ Pt L D dE <. 811X % ORR OEHALIZ A 4 Y iikF T
LHERTH 5o [demal [TIO]1Hd Pt B X U8 Pt;Co @ Linear Sweep Voltammogram (LSV) IZBRAERZ/RX73.0.6V
(RHE) V' FOERBEIKBEETORAEREEZKRE@Z 2, /2. (100) & (110) W<TiE 1.0V (RHE) T
KBEHEH LD L E ORRIGHEZ R L7ze Dl EofkHid, 120 C [demal [TfO] 25m BB EMHEM, B X KBRS
FEFIRIZ BT 5 ORR OWEHALICH R TH S 2 & 2R,

Abstract : We have studied the oxygen reduction reaction (ORR) on the low-index planes of Pt and Pt;Co in a
protonic ionic liquid [demal] [TfO] at 120 °C. Factors governing ORR activity have been investigated using Ar-
rhenius plots. The activity series of Pt;Co at 0.90 V (RHE) in [dema][TfO] was Pt;Co (111) < Pt;Co (110) <
Pt,Co (100), which differs completely from that in 0.1 mol dm® HCIO,:Pt,Co (100) < Pt;Co (110)< Pt,Co (111).
The Arrhenius plots revealed that the activation energy (E,) correlates little with the ORR activity, whereas the
pre-exponential factor (4) gave the same trend as the ORR activity: Pt;Co (111) < Pt;Co (110) < Pt;Co (100).
The order of the pre-exponential factor is attributed to the active-site blockage by TfO and the difference of pro-
ton transfer rate due to the change of the adsorption geometry of the ionic liquid. The orders of the ORR activity
and pre-exponential factor of Pt single crystal electrodes in [dema] [TfO] were Pt (111) < Pt (110) < Pt (100) :
this orders were the same as those of Pt;Co single crystal electrodes. The ORR activities and the pre-exponential
factors of Pt;Co at 0.9 V (RHE) were higher than those of Pt, showing that the alloying enhances the ORR activ-
ity in ionic-liquid as well as aqueous solutions. Linear sweep voltammogram (LSV) of Pt and Pt,Co in [demal] [ TfO]
saturated with O, did not give the limiting current density. The current densities of LSVs below 0.6 V (RHE) in
120 C [demal [TfO] overwhelmed the limiting current densities in 0.1 M HCIO,. The ORR activities of (100) and
(110) electrodes were higher than those in 0.1 M HCIO, at 1.0 V (RHE). These results show that [dema] [TfO]
contributes to the activation of the ORR in both high-and low-current-density regions.

Key Words : Pt;Co single crystal electrodes, Pt single crystal electrodes, Protonic ionic liquid, [dema] [TfO],
Arrhenius plot, Oxygen reduction reaction
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Fig. 1 Hard sphere models of Pt low-index planes.
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Fig. 3 Schematic diagram of the hanging meniscus configura-
tion.
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Fig. 4 CVs of the low-index planes of Pt;Co and Pt in Ar satu-
rated solutions: (a) Pt;Co in 0.1mol dm™ HCIO, at 26°C,
(b) Pt,Co in [dema] [TfO] at 120°C, (c)Pt in 0.1 mol
dm™ HCIO, at 26°C and (d)Pt in [dema] [TfO] at
120°C . Scanning rate : 0.050V s™.
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Fig. 5 LSVs of the low-index planes of Pt;Co and Pt in O,

saturated solutions : (a) Pt;Co in 0.1 mol dm™ HCIO,

at 26°C, (b)Pt,Co in [dema] [TfO] at 120°C, (c)Pt in
0.1mol dm™ HCIO, at 26°C and (d) Pt in [dema] [TfO]
at 120°C . Scanning rate : 10mV s™'. Rotation speed :

1600 rpm.
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Fig. 6 Comparison of the ORR activity of the low-index planes
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Fig. 7 The ORR activity of the low-index planes of Pt in
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Fig. 8 Adsorption model of SO,>/HSO, and TfO on Pt (111)
and Pt;Co (111).

L7,

X 81, Pt (111) kiZB1F % SO, /HSO, DWH € 5
VTHb, SO, %KM & LT, Pt IS EEETWAET
52 LT, ORRZMET 2, KIBIIRT LI, TIO b
SO, %2 A¥ %72, SO, /HSO, D4 & [dFkIZ, TfO
A Pt;Co (111) KNI < WAE L. ORR ZfFEL T3
RN EZ b b,

P lo X912 [demal [TfO] H1C ORR & iGMH:ALT 53
HfEEA (100) THDHZ ExWSITL72D5 FoiGtE
LRFIIAHTH B, 22T HEICHEEL RIZTRT %
TL=o 278y MIX AT CThREZRAMAT, KNI
40~ 120 C oI EEHPA TR E L7z LSV 271”7,

ORR D W O RUBEEE R k & j OBIFRIE, 2 (2)
TEIND,

J =nFkc (2)
(n: BB F: 779 EL ¢ 0, DBEEI
=39)

BAF O, BIVIEFE ¢ 1Z Mitsushima 512 X o THiEH S I
FAtiE ", F72, Pt#EMETO [demal [TIO] @
ORRIZBITZ2n Dz 4 TH A7, k13 (3) oK
HHND,

k =j/4Fc (3)
F10(a) ) 13 3) XEFHWTER Lk T L=

A7ay FERL, K10 (c) (d) T2 20085 N7z
WFEER A NVF =2 /R LT 5, HERTIZPLE

(a)Pt(111)

(b) Pt(110)

00 0z 04 06 08 10 0G0 0z 04 06 08 10

E/V (vs. RHE) E/V (vs. RHE)
(c) Pt(100)
%
g -0
S | .
< % —— 40°C
g -20¢ / e
5 ol
{ — 120°C
B T 04 06 08 10

E ! V (vs. RHE)
(d) Pt,Co(111)

(e) Pt;Co(110)

© [ /
g | wc § | /S - 40°C
< 2/ — 60°C g S S —— 60°C
g —sc E |/ / —— 80°C
~ _apl 0 ~ _3ol /
= 100°C o 100°C

| 120°C | 130°C

S R e e R Y ST
E/V (vs. RHE E/V (vs. RHE)

(f) Pt;Co(100)

00 02 04 06 10

E/V (vs. RHE)

9 40~ 120°CTDHO,E3#01 & € 7= [dema] [TfO] HDLSV: (a)
Pt (111). (b)Pt (110). (c)Pt (100). (d)Pt;Co (111).
(e)Pt;Co (110). (f)Pt;Co (100), EBRIEERE:0.010V
s”'. EHEEEEE : 1600rpm

Fig. 9 LSVsof (a)Pt(111), (b)Pt(110), (c)Pt(100), (d)Pt;Co
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