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dubd oz A= EAS YEhE AAES e a7], g 71€7], 9 F34(Turnover Frequency,
T0F), A5 <t8A, AS5EZAS] 7HAoltk. sk BE 1 mAS AFE=(current density) & DAst=d 2
g A (noat Imd em ) o2 YERH SYeas S Bl 7]27|E veas g Sk dig AR
= 7kl AXY. TR A=rkgol Folah= dake div] 54 dt(potential) oA e HFU=LId, 2hs}
A=) A9 B% RIE 715 1.91 V at pH = 7 (Ag/AgCl 715 A= din] 1.3 VoMo AFL=e] 2 Jehy
H, o] g F45 Foh. 8L 54 1 HE e AHEFE o

Aol e 5 EAEA Z2AA4 R0, B AEAA Ir AskE (a-1r0)7F 2 F5& wolsith. 224, Ru0,

A Colx (a—Co0x)+= Aol F4H-3 YA (earth abundant element)?] At3}Eolgl= 3
d Mo A AsErhs HolA B A4S Wolgtrh. 22y, a-CoOx= I el a-Ir0xe] #H gt
B} 2 wdo] gtk E3, B 7]€7) BEolA B Rul,, a-IrOx, a-CoOxE 35~40, 40, 60 2] Qw3

=
ml
w2
>
s
i

. TOF (sil)%@oﬂf\i H™ Ru0y, a-IrOx, a-CoOx+= Z}Z} 0.2, 8, 4.5~6 (sil)iﬂi 10 Silo]ﬂiﬂ

olg st wjAatel] B uASe 3pAgte] 0.2 V BU} wra, B 7]27]7} 40 o]akel:, TOF7} 10 s o] 4e] L,
ekgatm, 7ol Ruby, a-IrOx Bt} W A ksl A= A8E Astaxt shelct.

B a2 o-1r0x Y=9AxF ~5 mol%E =3 H a-Co0x AF(a-1rOx/a-Co0x)S N3t A3}, 2-CoOxER H

AT 2 o roxzut ® A2u Aso] AR $45k0] Celnd/en ol e ngto] 0.2V BT} @i, g2 7]7]7}
~30 mV dec . TOFO] 19.0 s o] =W, pH 0~140]A] <tAEA AEHT= AL WA

[a—CoOx]i(Hlalef] 1) E [a-1r0x/a-CoOx]ip(EAldl el s, 0.1 M A &5FN 2 3 pdl = 7 % pH =
13.9914 9] <3 FF(cyclic voltamograms)S = 2a 2 2bol] ZAIHo] v}, pH = 7 © pH = 13.994] ©]
o &5 B I¥ZE(Tafel plots)e] = 2¢ 2 2del Z=AIHO] v}, [a-1rOx/a-CoOxlio] 7HA A

(onset potentials)< 1.44 V (pH = 7) 2 1.41V (pH = 13.9)0]AHEE AYEL & o] ¢l 3 RIE
o] B3 Aolt}). ol HAEL a-Ir0x A [a-IrOx]ipe] AH(1.45 ~ 1.48 (pH = 7) 2 1.47 ~ 1.52 V (pH

= 13)3} FAIS T

=

0.1 M laF gk =74 &, [a-Co0x] el rL@lmAcn{2 50] 0.37 (pH = 7) 2 0.34 V (pH = 13)<1 wiA,

12

[a-1r0x/a-Co0x] 1102 rL@lmAcm_2 ZES 0.2V (pH = 7) 2 0.19 V (pH = 13.9)°)UvHE 1). wabA, a-

CoOX/IT0 7} a-1rOx2 =3 Az}, pHell 2#glo] nelmiem 7} 0.15 VAR 2AAHoz 7hxstgdch, oz
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[ a-Co0x]1109] IL@lmAcmiz%l'% 0.4V (pHl =7) o193, [a-IrOxlipe A%+ 0.20 V (pH = 7) 2 0.22 V (pH =
13)olth.  [a-1rOx/a-Co0x] 108 rL@lmAcm_Z% [a-1rOx] o2t FAFSEAY At (E 1. o2kA, [a-1rOx/a-

CoOxl 7t 94 5% alrOxE 43t dSol® B3ata, [a-1r0x/a-Co0x]ine] A5< n@lmcn ZHojA]

[a-1rOx]io A= FAFSEAY By o $-5=381t}.

[a-1r0x/a-CoOx] ;e Z4%¥ B 7197 29 ~ 34 nV dec 91 ¥HaA, [a-CoOxlo 56 ~ 60 mV dec ©]QITH(E
. A, [aCo0xlipE a-IrOx=2 =3 o Q@lmAcm %_‘iﬂ olUel e 718717 AdE] (22 ~ 27 mV dec

Q) gashd [a-1r0x/a-Co0xl e B 714713 [alrOx]m(38~44nVdec ) B Th B4 2CH(E 1),

1.913 V2 pH = 7 ol A [a-CoOxlim 2 [a-1r0x/a-CoOx] o] TOF A2Fgke zbzF 0.19 2 19 s o]th(® 1,

9). WA, [aCo0x]IT0 & a-1r0x Y=AdAEZ ©3sA TOF7F 1008 Z713tt). ol:= a-1r0x =3 A}
2 WA B2 (oxygen evolution reaction, OER) £XZolA A3 Z7H2 ABlF w+3)7t &S 9ndt

[a-TrOx] e Hig TOF o]l tief 6 ~ 8 s ©]7] W&o, A7) ©8e [aIr0x] Bt TOFE 2-38] Z74A17)
Zl=

B o

1M 2k ehFodelA pl Z2AES 4.54 ~ 13.92 22|sHA wgg_ B g Se] & 3a0] =AHO] it}
a-Tr0x/a-Co0x/1T0°] ZAH Bl 7]97]3= 25.9 ~ 34 aV dec (B = 31.4 aV dec )olth. A AgtolA
InCd o} pH ¢ ZZ2(0.7 V vs. Ag/AgCl, = 3b)ell wEw, 7127 A9 2 (1.8)d 7Mgdvh. webd, [a-
[r0x/a-CoOxlip0 78-F- F2 FAY JGolA OER 9 wH$ HAF(kinetic current, 7k) & 3}7] F38H2 12 FA
g 5

[t 1]

i, = nFAk(a,+)™* exp( (1)

A714, n& A 5, B Aol A%, A WA, KE OR W] SE Aol

1 nA e B AZsE Aol 7aA w [a-1r0x/a-Co0x]IT0 oA (§V/6pl) i TeZE = 3co] EAH o]
Atk o37]ol, Fel THoRNE U2 [a-IrOxli dolEZtE 2 0ER o doshy Aol ti&stes 1=
% £A50] Ut} [a-1r0x/a-Co0xl ol 9] n@lmAen @S (pH = 4.5, 7.2, 8.7, 10.7, 2 13.9914 27} 0.2,
0.17, 0.14, 0.12, 3 0.17 V)2 1 M #Asid xxolA 0.2 V (F+ = 0.16 V) B} AFA oz Ar}, L3
B n@lmdem #E [a-1r0x]pe] FaFatuch 2o},

712717} - 0.06 V plil (% 3c) 2he Ao RRE 434 28 281, B4 71277 A9 300lghe @Azt
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), -G ©

S 2 9 3% WEA] A S 104 AR £ 22 ARG 1),

F
ir = 2FAk(ay+)~ exp( (4)

ZRT)

oA, B AHAES [4-1r0x/a-Co0xlie Aol A 2709 AAF(electron) ZEAAEo] (FXRdlo] T x40
2) dojyar, oloji HEAAGA(rds)] OFR7F dojdu= A, £Edddds AR Ay #-do] glus
NS WA A

wE, (1.51 V 2 pH 13914) ¢d grel A& 2
E1M%mﬂymwhwlﬁﬁaﬂPid%gﬁaﬁﬂ.%@ﬂﬂwﬁw1;%%1w%ﬂﬂszL[T®MM&I
GE 4ASY, 1.5 mA cm_zﬂ‘r~ e FEsE. = 3dolA [a-1r0x/a-Co0x] 1108 G WEE& A= §9d Aol 0,
59 A4 FAPoz Qg WAy, ol dg = Hgte] 1.67 V2 F71sdE ¢ Aedg. ¢
7174 8- (1 M NaOH) oA [a-TrOx/a-CoOx]i08] =38 APAF FHL 53] Ale]E5<t LA FA S =d, o
= Aol A= AS ous(=E 10).
[a-Co0x]ioE  [a-I1r0x/a-CoOxlie Co K- 2 Ir LIII-%1A] EXAFS(extended X-ray absorption fine
structure) Z=FEZ] FElo-A3 (FT) ¥4 X &< (RF)E = 50 Z=AIH vk, Agto] A7F= =] ¥k
=

S ), [4-CoOxlio B [a-Ir0x/a-CoOxliry EFolA Co o]0 that AA RIF I3 5 xd‘é@ o2 229

R F29 Aol Eolul, o7|A, Co o5 FHe] 7} §WAl 4L di-usoxo HEAZS B8 (= 11) 9

AES T3t AR AZE 3, ol A8 AFAxet dXxgtt. AHA FT I3+ @Y 8HA o AU+
Co-0 Agto 2 RE U2 Aol FHA ¥3E di-p,oxo A ZE o] sHAES £3F Co-Co 2 Al
&3kt [a-1rOx/a-CoOxlipell A= Ir o] 259 A RIF IAAHEE 22 T4 T2 Aol EAolr}. 1¢
U, IEAE, ~3.5 A A9 F71E A-HA FT 3%, (mono-p-oxo T ATS E3)) IYE THste
Ir0s 8 A9} #HYE Ir Ly -4 ROFEHE #FEAct. WA, a-1r0x Y=PAEo] 8 AH(phase) & EA
AA-FF8 8UA A]EE A & A(minor phase) T ZFH Ao FU-FFE WA AJEES 2t
T A gsiin. e (Beller) 5% 7] 2& 45 #ASIGIT ARk EXAFS & NS ES &£ 2
2 3 3o Qo= U}

Wy £



[0050]

[0051]

ZIHS3d 10-2016-0069238

2 oo mEk, [0 A=ol] vjgd ZIE AstEo]l Az A= [a-Colx]ieel 5% ¥4 olgF AatE(a
Ir0x) e AE5S ©36hd, nelnen , B8 7197 2 T0F 7b [a-CoOxlim 2 [a-TrOx] B ot 58k o)
& otA3 AT [a-1r0x/a-CoOx]ie] FAATE AL WA AT. [a-1r0x/a-CoOx] o= a-Co0x 2 a-IrOx

Yeiabs Z57F A S Tsks 22k S 2R AT, a0y d=dAES B3 3UE $st

Ir0s 8WAl 23S 73 Att. [a-Ir0x/aColxlipe A= 718 2 A54%5 WA [a-Ir0x]pEt 80 95

la) 2 b))+ [a-IrOx/a-CoOx]lipe] SEMo]W A E-(a: 4 A, b: SH)olt}. = o)+ [aCo0xli ZE W a

= 2a) 2 b)E1MNaOH &9 W) pH 7 Q1A ¢+E9) (0.1 M) 2 pH 13.9 14 FN| A [aCoOx]ip 2 [a
Ir0x/a-Co0x] iy A9 +@AFIHITG, = 2 ¢) @ d)E BF 2L, 1 = Vy-iRE (nE Fdge|xn
iR & g9 A%, B = 2SS A% 498 A9

%= 3a)2 pH = 4.54, 7.2, 8.7, 10.7, & 13.9 ZtzH(olo] W-5= = WM UJAat &5, zElal pH = 13.99] AH$
1 M NaOH &9D)ellA Ad A3 (n = Vi - iR sl AHE [a-1r0x/a-CoOx] o8] EFE Lef3zolt}.

= 3b)E dEelsE Ak & = 0.7 V ovs. Ag/AgClolAl, [a-1r0x/a-CoOx]ioe 7% pHoll thdt InCd L=
o]},

= 3¢)¥ [aCoOxlig 2 [a-1r0x/a-CoOx] el 73-5- pHell w3k rL@lmAcm_Zgl Z1Ef o)t}

% 3d)E [aCo0xlim B [a-Ir0x/a-CoOxlind] 7% pH = 13 @ A9 1.67, 1.51 ¥ 1.51 V (vs. RHE)eA] 54
ZF St =" Ao digk (d o 2z ot}

% 4% [a-1rOx/a-CoOx]li109] XANES 2~ E-o|ty, = da)E& Agte] A7FsA] oyt wi(dg), 71F &
i3] 1.97 V vs RHE (&£3)o] <1712 wf Co-K A XANES ~FEHo|t}, & 4h)&= Asto] QI7FE A ofE uwf
(F5), 715 &= s 1.97 V vs REE (&%)o] Q17FE o] Ir-LIII-91%] XANES A~ Egojt},

L= 5% pH = 1394 Aolsk Aol <17kd w [a-1rOx/a-CoOx]iooll w3+ Co-K 9lA] EXAFS ~AdE= 2 [r-
LITT-91%] EXAFS A% EZo]t},

% 62 pH = 13004 [Ir(00),) §Nezie Azd v olelf AsHE(a1r0x) A5l TR ofu] o]

=
= 78 [a-1r0x/a-Co0x] 102 TEM ArelAe] EDS ¢4 wisolt}, AL (pola, HAL [rojn, HE ) Ir ¢
=X Zzatdoert,

IV/111

= 8% [a-1r0x/a-Co0x] 18] AS, pH 7 Q14F SkZAMo|A] 5 qV s 27 2E& 0.4~0.6 V oA Ir o 23

[e)

(Integration)2 YEFA Aolth. Anvlg]A|(coverage)= I'Ir = 4.757 X 10 “molem o)At}

T 98 5.7 A7 B9 ¢d = 2.78 mA cm ‘2 1.57 V(iR 732 BAE Ad)olA UF(anode) & [a-IrOx/a
CoOx]io= AF&3Fe] IM NaOH &9 A7|Eaf25E AAtE 0,88 o|w Faradaic E&0°) 100%S BT},

T 108 5w s o A7 2% pH 13.9, (1 M NaOH) |4 [a-IrOx/a-CoOx] el that 5719 A% cyclic
voltammetry (CV) =rAlo]t},

= 11+ [a-1rOx/aCo0xlitg H a-CoOx L a-1r0x2] o=+ FFo|tt.

_9_
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rlo

% 122 [a-Ir0x/aCo0x] 0] in-situ X~ &5 3HES SHS7] 93 g7 Aoty BE ~HEH
3.0 GeV, 250 mA 2] 3-HF(ring current)s}, EF7}E7] FY(PLS-11)9] BL10C (multipole-wiggler) W&}
Aol A 7153k T}

o

Wy AAs] A FAF BE

= EYs By fAdes A

[A&]
LS|

CO(N03)2(99.99%),KH2P04, KZHPO/l—E OE]—ETj/]j]oﬂ/ﬂ :I‘LUH—S}‘%‘\Tj[‘. Kglrcle% Alfa Aesaroﬂ/\i rI‘LUH—S]'%‘\Tj[‘. ?_]_% ‘7|:‘——|

AFE(I10) 2 7YH §8] Setol =5 Adda Fetgint. 110 2o ¥ AL 24 Qem ol%lt}.

RE A7t AL 7 Ao Ag/AgCl 2 Ao A=502 Pt #WAl(mesh) & 78] & Gamry A H el A
Ao A 43515 A= Age A E(NHE) = E(Ag/AgCl) + 0.2 V & AFE3Fo], NHE ~AIL = A3},

[ Z‘ﬂ = 0:ﬂ 1] [ a_COOX] 170 Zﬂ =

-

g B 44 (a fine porosity glass frit junction)< TH|E 27] F& #7838 AL 0] &3
25

o
g Aol a-Colx S H7|ZHAAT. F T8 =5 pH 7 24k 2459 100 mL (aliquot)® =31
T3 Qtol], 712 Co(N0y).B d7Feted Co %7 0.5 7} HA dtglth. 110 felas 25 A3
Ao, AFE Ao, ITO FEl& olAE ¢ "ol242 AR, Aoz, 1T0 F2le] 471 o
Flo] 2 mlA7ail ~0.92 X 0.92 cn' & Co & IAFAT. 7EAFL 10 EH O 2R

| =
AAZL AgEiel A Rk gle] 0.95 V(iR A gloDelA dA7ISze Fdssitt. ol Algd F
4 4

-

AZE [aCo0xlio ANA a-Colx =Y FAE 1.1mo)AvF. a-Co0x/1T0 & ZZME wQar, o] e (o

MBS Vol 2tk a-CoPi/IT02] Co &= %ol ola) AA3s] sso] Co & Wato] wghae W},

[AZe 2] a-IrOx Y4zt & &0

Wohler Mol W}, KIrCle(6mg)E 10 mL ] 0.1 M NaOH 8o =<1 5 90°Ce| FZ(water bath) oA 203t

C
ZhEstal, dezdl SA WAAA, alr0x Ymdabsel Fgdshs As 9
H -2 om A YedabsS detal e (& 6), Aol pll 13914 29 o]

3l 2 dell 0.1 M NaOH &4 o= 4u] 3]4a}it}.

(E
ol
ol
x
&
>0
v
o
N ofe
uied

[AZd 3] [a-Ir0x/a-CoOx]iy =H]

3m BE AL 2k 2] 79 A8 Ao @, AEA FF a1r0x #8910 uL, 0.3 mdl < Ir el
[a—Co0x] i =S HAAANAT. & 2 T8 (counter compartment)olls= 10 mL ¢ 0.1 M NaOH €N o7 %3}

Art. [a-CoOxlim A(0.85 em)S &alo] AT, Pt wAS A0 Aoz Ahgarar. wuk §lo] (iR

B gle]) 0.75 Vel A 1A3kset Ad7Iesls w383, 7I& d52 110 RHZHEH 1 em o] AT
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[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]
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[a-CoOx]ip A=ell 4.5 mA cm_zgl -t AFE &9, a-IrOx-E3H a-Co0x/1T0 A=E([a-1r0x/a-Co0x]110) <
A 23T, IrOye] &2 w5 Zrobd AF9] F7= WalA| gt

[a-IrOx/a-CoOxliro =9 FAAAL @AM (SEM) on| A o] AR @ SHETF = 1a B 1bell =AEH AT}, a-
Co0x & W Ir ¢ %E Zegde] mEw, a-Ir0x do] F=7F BF9 dolA etz 255 11.6% oA 0

VS @;o}aiu}(* A, = Lcodl =AIE vke} o], a-IrOx YeGAHES] ZY o] ARoA JiEE A4
2 HAxHoz z}ié}ﬁﬂr. ICP-MS 2 ZHHE, aCo0x W aIr0x 9 F%2 5 mol%oltt. AR ALkt

(calculated coverage, T'Ir)& 7.9 X 1078molcm72°]i’iq.

—|—’

(&) 1] olg pHIA iR 33 A
Aoldh phg e ke b gEAdN iR ZkE Z4es] e, 24-78 As) A(two-conpartment
electrolytic cell)= Z+Z} pH7} 4.54, 7.2, 8.7, 10.720 AM5A <03 1 M Q2 =N} pHrl 13.99 A&
A EAE 1N NOH S0z FAsd. A% AFesA wAel 0.8 w9 110 FHBS $F
A, digdshs A STk, pH 4.54, 7.2, 8.7, 10.7, % 13.991A49] A& 747k 43, 40, 33, 36
229 Q ol

[23le] 2] B 71&7
7k Zo 10 Lol A2 ANAS g DR-TE AAA sl ke Al 2 I SElA A
aYEe Adck, AEA 20 AFE(EA = 0.85 )L Ax fo] Ay
ok 7 pHel Ade AGdHEY WelA 20 mV AR ‘jr%kﬁ}ﬂ] ol7Fst AtolA A3 AF(steady-state
currents)—‘ S48k, FAA R, 2~37 el 2 st el ARTE vokskth. diolEl 3ol el
7.

(A& 3] In-situ X-4 &+ B39

o

AA F=0g [a-1r0x/a—CoOxlind =& 19 &< Fol&3td T/ A433ltt. Kapton Eolv|= &
2 Azxz"E 9SS 1) 78 Ariste AS FHEIai(E 12), 59 €4 WS Kapton Eolv|= &
SR RE 500m o4 MIXAlA 2 Hd=Fe] A W Kapton Eolv|= HF Alolo] 3|z &H9 l‘i—-ﬂ%
Zstate], A Aol o X-d AEe FFE A 4

goln|= HE Alo] 114 ¢to 2 NZE AfA &HS FFalr] Fl3l, £ FEE o] &3l Ar] 4] vy
SRFE AHEE AfE A5 AT, Ag/AgCl 71 A= 2 Pt WA A A5E ARESIT. Ad(vs
Ag/AgCl) S &A= 0.2 VoA 1.0 V&, 18]al 1.0 VoA -0.2 V 2 ¥ Z T, 3.0 GeV, 250 mA 9] 33
F 3l, ¥3 FAPLS-11)9 BL10C (multipole-wiggler) W&ol AoA RE X-HA F¢ E4psS
7]

e By m\m

Y

1o [a-Ir0x]1T0, [a-CoOx]ITO, % [a-I1rOx/a-CoOx]ITO A5 Eo°] HlE o] U

=]
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[0074] (% 1]
-2 \'4 -1 [T
— [Buffer] n@1mAcm™ (V) Tafel slope (mV dec™) Tgl"_i(s ) Rt
™ pH7 1B 139 7 13 139 P
[a-IrO:Jmo o1 - 02 - - - - 3 3¢
10 028° = 5 = 5 . 5¢
01 020 022 - 38 41 = 8 Sa
30 - = 38 44 . - Sa
[a-CoO:Jmo 01 040 - B 60 - . B 7a
5 040 - . . z S 0001 6
01 037 034 - 56 56 2 0.19 This work
10 - = 027 - = 42 - This work
[@k0/a-CoOdmo 01 022 019 - 34 29 - 9 This work
10 017 - 0.18 33 e 34 . This work
[0075] At 1.913 V.7 ®pvalue for C;to reach 0.5 mA cm™.
[0076] F 2 [aCo0x]i109 Co K-9A] k2-7}5 EXAFS 2~#EZHo| thall EXAFS #EB-38 3 A(EXAFS curve-fitting) 2
2HH U2 723 wpEeE AEdk Aol
[0077] [% 2]
Edge Path AE (V) © N R@)C 0
5 (x10°4% 4
Pristine Co-0O -0.81 49 1.89(1) 2.64
Co0 — [C0]edge-shared -0.97 39 2.85(3) 2.65
+0.2¢ Co-0O -497 6.3 1.86(1) 2.96
(+1.17)f Co — [COJedgeshared -4.18 51 2822 293
+0.6° Co-0 -3.80 59 18709 372
(+1.57)f C0 — [CO]edge-shared -1.43 48  2.84(1) 262
+1.0° Co-0O 0.13 5.6 1.89(8) 292
(=1.57)f C0 — [C0Jedge-shared -0.52 48  2.84(7) 2.86
+0.6° Co-0 -4.92 49 1.86(5) 324
+1.57)f Co — [COJedgeshared -1.18 42 28402 2.89
+0.2¢ Co-0 -0.95 60  1.90(1) 243
(+1.17) Co — [CO]edgeshared 372 50  2.82(8) 2.85
-0.2° Co-0 0.24 52 1.92(1) 327
-0.77)° C0 — [COedge-shared -5.79 41  2.8203) 3.12
“Energy shift, °Coordination number, ‘Bond distance, "Debye-Waller factor for each scattering path, “In
[0078] V vs. Ag/AgCl “In V vs. RHE.
[0079] ¥ 3% [a-1r0x/a-Co0x] 1108 Co K-91A k2-7}5 EXAFS ~FE o] tf3] EXAFS AB-TE3 AOo=RE 1} T

24 NSRS Aed Flolt
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[0080]

[0081]

[0082]

[0083]

[0084]

ZIHSdl 10-2016-0069238

[% 3]
Edge Path AE (eV) “ N? RA)° ( 10‘_’3'_;,) .
£10°A2
Pristine Co-0 29 4.3(5) 1.89(5) 3.40
Co — [Colt]edge-shared 43 4.0(1) 2.85(2) 295
+02° Co-0 26 5602) 1.89(6) 325
(+1.17)f C0 — [Col)edgeshared 25 4.3(8) 2.84(5) 3.01
+0.6° Co-0 4.0 5.5(1) 1.91(9) 278
(+1.57)f C0 — [COIt]edze shared 49 53(1) 2.83(3) 275
+1.0° Co-0 14 57(4) 1.88(8) 320
(+1.57)f C0 — [COlr]eageshred 36 5.4(1) 2.83(5) 295
+06° Co-0 04 5.7(6) 1.89(3) 275
+1.57)f C0 — [Colr]age-shared 33 5.1(1) 2.84(1) 3.02
02" Co-0 11 6.0(6) 1.89(6) 325
(+1.17)f C0 — [Colr]edge shared 4.9 5.5(8) 2.83(4) 3.17
02° Co-0 24 5.1(D) 1.90(1) 332
-0.77° C0 — [COIt]eze-shared 3.1 4.3(6) 2.84(1) 3.05

“Energy shift, °Coordination number, ‘Bond distance, “Debye-Waller factor for each scattering path, *In
V vs. Ag/AgCl ‘In V vs. RHE.

<31 Z>
10 2] el HAd F4F ZLE AF3HE (a-C0,) (°ldt, [aCoOxlin® #13)E& 5 mol% F8F o2& 2ts}
2 wgste], 5 askE AT [a-1r0/aCo0]nes AZsTh. 47 5§ AaE A5

2= HAdstar, -t (overpotential), BFE 7]7], 9 ©en Fug FWAAM [aCoO P [a-1r0,]iX T

[a-1r0,/a-Co0y] 110l = a-Co0x ¥ a-1r0x Yx=PAEe] BEF dAE FHats 239 =4 F%(edge-shared 2-
= Ir0s 89 A AgE

(corner-sharing IrOs octahedral defects)® 2ztal QUth. Co E Irel %7] Ak3} AEj= IV olth. &k A

f{rt
fo
R
vs
il
of
Jo
ol
rl

dimensional layered structure)® EA|3tct. ey}, a-1rOx Y=YAt

=

O

(positive potentials) 7} Al Ir'= 1r' 7} 9. a-CoOx U=dxs5e ) 5uje COWO&ﬂH% 7HAH, A
St QIARA] COIVOe AE 7 Hot, COWO5°ﬂ AE 0 WiAE] (vacancy)”F A3} H<t(oxidative potential) S17}A]

Ir'0s2 AEHE, 5 A Ir 0AESe] FAHT, o= B Ashe] 958 @A Zu Mg S0 Hrks

A AR, A g4 S Ad @Al 279 dArel 279 FYATE ofdit
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EEH2
pH7 pH 13.9
a) I b) ! !
‘ | r—— ! ‘ = i i
v/ ) i i i '
ol c e o =
51 | L/ /ﬂ‘/ HERE | —
%: / } iCoI /I"+i Irle } } d c N/ I v
< i ‘ ; i ‘ i i o +1r i
2 ‘ i i Pl i ; | |
g | I11mﬁ cm ; ; i ]:'mAlcm'2 i
) i i i i i i i i
s i i i i i i ‘ ‘ |
<t i i i i i i i i i
! i =170 | i | —1T0] |
3| /| e —[eco0ly
f | =+ [aedrG/Co0],,, | —ler0,/C40],/,
20 18 16 14 12 10 08 24 20 16 12
E/V vs. RHE E/Vvs. RHE
c) d)
044037 041
il s=42
i=331x10" -
03 o 034027 i= e
i; 125X 10 e
~ 02902 -2 e
N s=34 0.18 /././V.A
i=182x10" =
01 ¢ 01 =
ii= 84 x 10
00 T : T T T 00 T T T T T
60 55 50 45 40 35 30 -25 60 55 50 45 40 35 30 -25
log(Acm?) log(Acm?)
ZEH3
13 2
a) b)
<ave> =314 y
2] vy v PH454 11 "
1= s=259 04
w 1.0 PP pH7.2 .gg A
i oo
£ 0.9 = B2 . pHeT S 2l "
2o08] *— 216 E . ‘s=181
8 o7 o aow=pH107 |
et £ 44
0.6 e e PH1BY "
05 T o e
S0 45 40 35 30 25 20 3 ) 9 10 1
Log(A/cm’) pH
13 d) 12
) >
12 8 4-CoO, (ref. 7a) * [@-If0/a-C00],, at 167 V
.y . 101 + [a-Ir0/a-C00 ), at 151V
1:0_ 2 N(E, N B [a-CoO‘]“,° at151Vv
w 0.9 * ° E
Z 1 o 6 »
. 3.3 NN . z W
2] e * N 8 4l
w06 NG " =
052 aIr0,@0.5mAcm™ (ref. 5¢) o
1o a-Ir0, @1mAcm™ (ref. 5a) 8 21
0] o [a-Ir0 /a-C00 ) @1mAcm™
03 . . . ; . . 0 : : - :
2 4 6 8 10 12 14 0 2 3 4 5
pH Time (h)
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k1
(N2

X-ray absorption coefficient (a. u.)

X-ray absorption coefficient (a. u.)

1.5-

1.0

CoO (Co")

0.54 — Co,0, (Co", Co")
—— LiCoO, (Co")
— [a-Ir0 /a-Co0 ] . ,@no voltage
[a-Ir0 /a-Co0 ], @+1.97 V
0.0 T T ¥ T ¥ T ¥ T Y
b) 7710 7720 7730 7740 7750 7760
- —— IrCIH,0 (Ir")
. ——K,IrCl, (I'")
Iro, (Ir")
[a-Ir0 /a-CoO ]
@no voltage
2 [a-Ir0 /a-Co0 ],
@+1.97V
1 ] \

11210

11220

11230

Photon energy (eV)
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=95
[n-CoO.\_]n_0
Co-K Co-K
a) |- Co-0 —197V| b) | Co-0 —_—197V
1\ —1.57 ‘l, —157
Co-(p,-0),-Co =117 —0.77
initial 1.97 { [ initial
0.77
0 2 2 6 0 2 4
Reduced distance /A Reduced distance /A
[a-CoO /a-IrO ]
Co-K i #1190 Ir-L,
o |y ——1.97v | d) Ir-0 initial
—_—1.57 —_—117V
Co-(i,-0),-Co —_—1.17 —1.5F
1.97 initial ""(Uz'o)z‘" —_—1.97
T Ir-p-0-Ir
117
e) L2 —1.97V
l — .57
—_0.77
1j7 initial
0.77

2 a
Reduced distance /A

2 4 6
Reduced distance /A

o4
(=]
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k1

F1

)

Current density (mA cm?)

g

ZIHS3d 10-2016-0069238

sec

o
1.0

Co
0.8

06 04

E/NV vs NHE
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z=9710
0_ —
J
< -104
3
>
€ -20-
©
c
o
= -30
(@)
@04
16 14 12 10 08 06 04 02 00
E/V vs NHE
=y

e

e e e e S ’

SAAAAY

Ideal layered structure Layered structure with
corner-shared octahedral defects

O Hydrated K .Na @ Edge-shared Co @ Comer-shared Ir
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