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Abstract : We investigate the electrocatalytic activities for oxygen reduction at nanoporous
gold (NPQG) surfaces fabricated by selective dissolution of Ag from electrodeposited Ag-Au lay-
ers on electrode surfaces. The structure of NPG was controlled by changing the concentration
ratios of precursor metal complexes during the electrodeposition of Ag-Au layers and the cor-
responding surface morphology and surface area was examined. NPG structures with Ag/Au
ratio of 2.0 exhibited the highest electrocatalytic activity for oxygen reduction, where the nan-
oporous structure plays a key role, but the surface area does not affect on the electrocatalytic
activity. The mechanism of electroreduction of oxygen was investigated by rotating disk elec-
trode techniques. In acidic media, oxygen was first reduced to hydrogen peroxide followed by
further reduction to water through 2-step 4-electron mechanism, whereas the oxygen was
reduced directly to water by 4-electron mechanism in basic media.
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Fig. 1. SEM images of NPG structures electrodeposited
on Au surfaces. Ag/Au ratios were (A) 1.0, (B) 1.3, (C) 1.5,
(D) 2.0, (E) 4.0, and (F) 6.0.

V198 wie A mHo] W F7ko] Ay A
Tx27F B71A B4de] =9 (Fig.
o] A717} Ag/Au Bl&©°] 2.0 QI A R} 5
AL & F Atk Ag/Au HlEo] 6.008 Z7eA
NPG 29| A7 A=rt o F7iste] A5 EHdel
Hl 37kl F7bskar Qo] Z7])= AXIth

tgst FEe] NPG +x9 H71sishA EHA
(electrochemical surface area, ESA)> 0.1 M H,SO,
Ao NPG AF4e] Au A8HE Z9o g4 o4
7 gd9gd dgste SFHAAAFE (cyclic
voltammograms)& Ao Z43IAh!Y Au FErHNA
Au AFHE ZFo] SHiEo] BAXHA e LR
' % AsES 400 mClem’eE Yol FH AT
FHe] ESAE 7& 5 Stk Table 190 Fig. 1o Y
Rl 670 NPG +x° théte] S4¥ ESA #E<
Ugsiaith Ag/Au ¥l 1.0 45 F4¥ NPG
TFx2| ESAE 022cm? 22 =3o] HYEH, o 3t
& 71Fe = AMEE HHEI Au A (bare AuplA =
A== ESA (0.077 cm® )9] 2.8 wlel] slFgtri(e]st
o)X o] e Atz ESA’ AR I}, 6719

Table 1. Variation of ESA depending on Ag/Au ratios

SEM Ag/Au Relative

Image }i/ltio ESA* (cm’) ESA®
A 1.0 0.22 (+0.04) 2.8
B 13 1.73 (£0.04) 224
C 1.5 2.34 (£0.12) 30.3
D 2.0 1.14 (£0.04) 14.8
E 4.0 0.52 (+0.03) 6.7
F 6.0 0.36 (£0.02) 4.6

2As calculated from the waves of Au oxide reduction.
"Normalized with respect to the ESA of bare Au electrode
(0.077 cm?).
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Fig. 2. Relative ESAs of NPG electrodes normalized with
respect to that of a bare gold surface as a function of Ag/
Au ratios.
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Fig. 3. (A and B) Cyclic voltammograms obtained on

NPG and bare Au surfaces in O,-saturated 0.1 M H,SO,.

Scan rate =50 mV/s. (C) Dependence of peak potentials

on Ag/Au ratios.

..

4.0%1 7% NPG F27} ¥HEE EA H99o] i
ZAasla Fg-ddie] "R 27 T3 ST
Holl whg} ESAZE 7HashAl =aL, ol#sh A2 Ag/
Au H]E°] 6.02] 735 © gAlA ESA= © Tast
Al . TS MEHE 27 SllA] AFo] o F
o A, Aoz £ H]&9] Ag/Au £olA 4
Z5= Al O]l go] Fo == Ao] ESA 7
2o glez Ajzte] H},

0.1 M H,SO, &915te] 42bd ZAlA #7]8)ksk4
2313g oA el NPG dA=e] A7)steks
A& Fig. 3A, 3BoA HojF th. Ag/Au H|&o]
1.0°] slgsl= NPG 2= HHT Au Aol H]sle]
oF7F o] WEko = o]F st HHellA H7|slshy Ata
3do] dojup=d Hhal, Ag/Au HlEo] 13 2 152
715l ulel d71sksly AtAge 27k 100mV <F
150 mV o] Wgko =z o]F3d oA A WAl
g ALE JEE dojuls AE & & it o
= NPG 727t 278l Akagkel visle] Fujg
A4S Yehlls 2L 9nsi=d], AgAu Hl&o] 2.090 &)
FER= NPG 7204 HH 3 Au 2= vja] 3 &
28 A9E olFo] 190 mve] HAgkS VERIITH
Ag/Au v &o] O Z7HIS ule o] Wekoze] B¢
g 99 olFo] HAFHA 130 mV FEZ FA|H
E RS O 4 Itk Ag/Au HEo) WE 3 2oa
299 WM3}= Fig. 3¢ =AI8IITh

NPG A= dollA H71skehs Abagiedo] dofd

= A A Y 592 9ol T shue] I B¢
27 F 150 mV F=e] 22 A FGolM Yeht
E AL gl & £ ) o3 e Au AT
EH d718l8t4 AZeo] 93] A" Au =43k
A Ueht= Ao By @ v gD 2 A3z
= sulfite A1) Au(l) 2HeI5HEe] W78y A&
of 93] P4 drgolE IS AYe Au T2A
ol M= vszd dde] Yehbe RS Rasisith?
A AoA] A WA Aag B9Ee 4ts x4
of ¥ 79 AR} o] Hof
e o] vkl 71k Aoz 7 HATh

O, + 2H +2e¢ > H,0, (])
W % WA B Beele we(elN AdE B

HeraTt 3712 2 NS A4S A e BE
FASE ofhe] WP oI AOR AT ek,
H,0,+ 2H"+ 2e”— 2H,0 2)
Fig. 391 AR 21t o] % wiA) Aol B9

2 A9 AgAu Mgo] Wskael Wk A WA B
2o2)9} M Agon sl 2L & 4 vk

ot >



A713)8k5)A), A 159, A 23, 2012 87

NPG “gollAe] Abae] A7)8}8k 2Haagkel wAY
55 AAs] AHRT] 5t Ag/Au HIE©] 2.09
3F3h= NPG H5S 83 3d93d= (rotating
disk electrode, RDE) A¥S st 2 AAE
Fig. 4Ad] E=A13}39th. RDE A0l =4€ A7)}
7 AbAagke Ao AR "ol 94 (15)E 3A
& AF2Y 9 (0?0l Hete] =A% Koutecky-
Levich plot='¥ Fig. 4Bol YJERATE A HA| 2k4
kel B8 A algste 0.1 VillXe #Ask=
Azke] 7t 242 Axte]l HAN, F WA 592 A
el sFst= —0.1 VellX= Axte] 71 3.92 ALt
HAck olgd A= 0.1 Ve AF AYeME kg
(el dofubr Akt spskeas ghelo] HA
—0.1 VollX& 4kie] 3zt A SR A=
st gl sigehe RHE)7F SAlOl X3
o] F ol AR Yol dojuhs AL oJn|git)
uebd NPG W0l x718hebz] Ahaghednk-gol thgh
Zuf 842 T AR Bk 4kAhe] 713}
2 g 59 e o] WP R olFx

oHA)
-~ M rom
! 100
§ 2 10
g 300
X 8y 40
600
4L
1200
5L L ) | )
04 02 0.0 02 04
E(V, vs. Ag/AgCI)
(B)e--o
05} Te 1
- o A-01V
o “t-e
§op = .
IE -
s .
=150 W 1
- u..
w ALOTV
20¢ . . N

0.02 0.04 " 0.06 " 0.08 0.10
™ (rpm™)

Fig. 4. (A) Rotating disk electrode voltammograms
obtained from NPG (Ag/Au ratio =2.0) surfaces in O,-
saturated 0.1 M H,SO,. Scan rate =10 mV/s. (B) Koutecky-
Levich plots obtained at 0.1V and —0.1V of electrode
potentials.
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Fig. 5. (A and B) Cyclic voltammograms obtained on
NPG and bare Au surfaces in O,-saturated 0.1 M NaOH.
Scan rate =50 mV/s. (C) Dependence of peak potentials
on Ag/Au ratios.
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