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Construction of Porous Nanoribbon-interwoven Ir,Ru,/TiO,N, Film
Electrodes and the Mechanism Underlying Enhanced
Performance in the Acidic Oxygen Evolution Reaction

WANG Junjie, WANG Shuying, DU Xing", ZHAO Lei", LI Weixin,
HE Xuan, CHEN Hui, WANG Daheng, FANG Wei
(Faculty of Materials, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract The binder-free porous nanoribbon-interwoven Ir,Ru,/TiO N, thin-film electrode was fabricated through a
combined process of reduced-pressure filtration, ion exchange, thermal nitridation and impregnation reduction.
Systematic investigations were conducted to elucidate the effects of microstructure and varying precious metal
loadings on the catalytic activity and stability for acidic oxygen evolution reaction (OER). The charge transfer
dynamics at the interface and electronic transport mechanisms in the binder-free system were comprehensively
analyzed, revealing the intrinsic enhancement mechanism for OER performance. Electrochemical characterization

demonstrated that the Tr,Ruy/TiO N, thin-film electrode with a noble metal loading of 10.5% (mass fraction) exhibited
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outstanding OER activity with overpotentials of 199, 233 and 368 mV at current densities of 50, 100 and

500 mA/cm’®, respectively. Notably, the electrode showed exceptional stability with a minimal voltage decay rate of
0.265 mV/h during a 200 h durability test at 20 mA/cm’. These performance metrics significantly surpassed those of
the binder-containing Ir,Ru,/TiO,N, thin-film electrode with identical precious metal loading (278 mV@50 mA/cm’,
312 mV@100 mA/em?®, 466 mV@500 mA/cm® and a 100-hour decay rate of 1.7 mV/h). This study provides novel
insights into the rational design of high-performance acidic oxygen evolution reaction electrodes for high current
densities.

Keywords Acidic oxygen evolution reaction; Nanoribbon-interwoven structure; Porous structure; High current

density

FREAE gl BE 52 25 55 1) S €8 AT RS RE IR A, 7RSS Ik P oRn 5 8B S A BRRE IR A5 4 h &
Vg B RE MR Stk K A E, BT sc B ff K (PEMWE ) B B 5 1 BB R L iR
FVA LIRS 22 G0 g B[R] LA K SR AR A RICUEHBURE , RE A% 5T 47 Hb 55 mT A= AR VR CAnXURE . /KRB AR
PHAEE AR, WA N A 7= B Al S RS PR AR 4. SR, PEMWE BT 7 Az A 5 R P R A8 AL R85 % BH
W BTSN, (OER )AL B 06 M s e MRt T s i Bk ik ). STl vk . R MR AR AU, B4
J& IrRu & & WA 2 B R f B JTT BT SRR PE OER L3017, {H I 0 25 A FORR Bk L &2 Ru AN
SEPEMRER R T H RS

ARG I A RT LA R 5 5t 4 S AE L3 1m0 43180, 362 s i iE M S gk, Il B4R
B s W AT LA L 4 T -2 AR EL VR FH (MSD Ak A Ak 50 i e R D E TG 400 EL R, B FH A 2 A4
TiN AR AR HAT L S St (B ) & AR AR iU N, S B ARANERE 5 T AERR M I B IR SR T
A AR E MR TiO, B SR PR 22, TCI R UE R AL S B il R v AR R B8 . AR TS 5%
T, A BT A TIO, 33 H AL R TiN I B TION A1RE, i HE R i HAT R Sl ik R s o .
SR, TiON /EA IrRu 45 A f AR AR AR S ST A T 25 11, eRu TG PR AL 805 JAH B AR AL 8 A
CIFSIR

IeAk, HRTTHRGE K 250 PE OER AL FIER I LI ATE XA 7E , 240 HF PEMWE B, 35
T USRS RS A0 IR A A o1l (PEM) R THDE U AR TR B2 Bl (COMD) B 2L AR a2 R 1
TE AL R (PTE) , 13X — 1 AN AT sl S bt 2 s 26 5 - T M o, BRI E 7 e, D/ S g T M T
FRESL T H, RRESRIAE TS T R REAR S 3 rEAR ZS A AR I, S mm BT A4, ORI AR
RS AR T, RRRIRAERHLR EACIE T 2RTE A B R R AN E S ) R 25 A
R, AT AL L R I PE— 3R o7 SR, FESEER Tl A, R R 30 2 B X o ey P R
A DAREARBAS , i S04 B L e k2 RS H T K LI 2% OER EAL R i F R BUS T — & it
Jig, (0 F AR e ME OER Jy >,

SR, S S 3 U A ELAT B O LAY Na, Ti,0, 40 KA i 4 A S8 845 M 1) Na, Ti,0, 48 K45
VR, IR LA A A, 38 A oS - PR T A P -3 95 A T P 5 TG B 435 59 A L AT 5SS B4 R B Tr Ruy/
TiO N, Z LA KA A FEL AR (I, Ruy/TiO,N, PNF) , 858 T A 3CSURASOW A5 | AN [R] 5 4 1 2k a5 %) JL
TR AT 4RU S A AT P FTRS R PR A S M A, HR9T T T 205 70 ) 19 Hh 1~ i R 5 T Ak vy vl s 7 6 8
A7, 85 T H OER PEREAIEE B .

1 SEIGERSY

1.1 XK 5L

ZHEAHOKE Y (IeCL, -4 H,0) . =EALET KA (RuCl,-xH,0) . A AREK (TiO,) Al 75 ke 3 = H 3%
RALEE (CLHLBIN) , A Mrali, i Barhr T A AL BB 40 5 BR A 7l 5 Z A AL 4 (NaOH) | TE /K &
(C,H,0H) , BUEA/K (H,0,) . 2R (HCD FBRER (H,S0,) , ek, EZ8EF AL BRA F 5 20% 56k
AL (PYC, FEA80), HAH R4 8 Al 2REEER (Nafion) IF (D520) , M R/RIFEFHE A R

Chem. J. Chinese Universities, 2025, 46(12), 20250265 20250265(56/66)



Jd B3 s Ky ¥R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

SN RERES T (H, & 5%) | Eai S (LR 99. 999% ) FlE 4l 48 < (4l 99. 999%) , I i = 1
BARRTHEA A KB F/K(FBHZ%>18. 25 MO+ cm).

MIRA LMS %137 % 5 454 Fo 2 558 (SEM) , $ 5 TESCAN /24 H] 5 JEM-2100F 24375 i v -t 5%
(TEM), HZJEOL/Z ] ; ESCALA 250X1 B X 5 26 6l F-RE TS (XPS) , 52 [ Thermo Fisher A w5 D8
Advance 7 X SR A7 B (XRD) , 18 [ Bruker 28 @] 5 Optima 5300 DV 7Y H JEGHE & 45 25 11K & B i
(ICP-OES), [ PerkinElmer 28 7] 3 JW-BK132F I Ho 3¢ i K FLAE 4T (BET) , b 5Ok s TRl R
AR FE]; 760 B AL 2% T AR, R RAEERABRAF ; GC-7920 RIS A S (GC), bt h#4:
DERHEATRR 2 ] 5 SHB-HIRAE IR K 2 FH B ZS 22, AR TR AT B A
1.2 SCIEFE
121 EHZRAEMNTION, Z I 40 K H M E# & $42 g TiO,, 20 g NaOH F12 g C, H,,BrN LA F
50 mL & BTk, #ETIPEFE4 b, SRR EUN IR R TRIREE RS 2 100 mL 2R PUSR LM R DI kS
(IR, B EAE 200 'CRINE36 hy WHIZER)G, BURTIEY), H500 mL 28 F/K ks
5] 5 BUS0 mL Ay B, DESRAE R DU S AR D8 T, 38 2 4 R /K o A 2R ek e A gy =R =LA 58
ZHZER I Na, Ti,0, KA, 100 Na,Ti,0, NF; BG40 3 A28 7K . oK ZEEF10. 5 mol/L HCLVA TR
XF Na,Ti,0, NF #F 47305, 58808 128, PR 258 FORBRBER E )G, F 60 CEZS 54T T8
12 h, 15 HA S G5 1) HLTiL,0, 400K R, 120 HLTi,0, NF. 576 NH,SUR R, PLS “C/min 9T
TN EE 800 °C, FFAE800 CTIRER4 h, BEIEZRIG , P HA LS TiON, Z LKA
Ji, 3c 4 TiO,N, PNF.

122 Tr,Ruy/TiON, PNF . # t %] & 56, # 0. 167 g RuCl,*xH,0 F10. 069 g IrCl,*xH,0 43 7 % T
2 mLJG/K B 2 mL 2588 /K o (/Ru 7 Fe R 1:3) 5 BB IR A1 30 min J& , 8% TiO N, PNF 5£4x
BRETEIRAGEW T, 2 h G HUh, HERRR T 2Rk, ARET. REERARGASNT,
PL2 “C/min T 5 R AN 400 °C, FFAE 400 C R AR 1 h, BREEFRIG, K15 LR 47
Ir,Ru/TiON, PNF HL % , H 4k Dt 46 Jm i s s o, B HOARIE o 10. 5% (S5t 73 %0 Ir, Ru/TiON, PNF. 1t
Hh, [ 5E I/Ru JEEF-He R 103, 3833 20728 RuCly - xH,0 F TrCl, - xH,O AR T3 1A TR B2 S 122 o 4 g 1) 2 11
B, RIS 6. 4% (T80 T Ruy/TiO N, PNF ., 8. 6% (Jii 4350 Ir, Ruy/TiON, PNF, 10. 5% (Jfi 4>
#01Ir,RuyTiO,N, PNF F113. 1% (15340 Ir, Ruy/TiO,N, PNF Hi1% .

123 st ey sl & 6 O B S5 70 09 I Ruy/ TiO,N, PNF HUHK . SR PR i) 22 SO > i Jir
145 Ir Ru, 20K A4 . BAAL BRI « 4 18. 6 mg IrCl, - xH,0 145 mg RuCl,*xH,0 43 HL7E 40 mL £
W, SRIGTE 180 “CR BB FE N 4 h )5 HARGHE R . MG, B0 B UtiEdy, 34 100 mL G
KB B VRSITIEYI 3 WK . e, B TSR STE 60 CEZS 4T T4 12 h, 10 M s-Ir,Ru,. B—E =
() s-Ir,Ru, A F 7 20 L Nafion 759 . 380 L 232 F7K 1 1. 6 mLIG/K CEERTR AT, TEVKKIR 4%
P ESHE A 70030 min, SRAFHSIHEL. BfS , FHBBIRTE TION, PNF |, TR T AR TS
A, PSR R S i (BT 0 2978 10. 5% XS FLREHLR , 1224 Nafion (N)-Ir,Ru/TiO,N, PNF.

1.3 BLZFERER

BT AT B AL A PEREMIR S 8 B AL 24 TS, EEfr . B AR 2APEREIIHA R FH 0. 5 mol/L H,SO, 7K V5 7 HL fff
W RN Ag/AgClLHLAR . 1 (10 mmx10 mm) LA Ir, Ruy/TiON, PNF LR 20T A 25 FL A | X He
AN TAE R . I FAR ks TAE A2 A BRI, 12 AU A4 61 29 1 em?

SR AT U R (RHE) X T A LA A TR, 40 AN

Ene= Eyypa+ 0.059pH + 0.197 V

DA T4 i (0 PR B FE AR T e S A A R . FE R TR AR PR BRI B 2 A, S R Al E AT
0. 5 mol/L H,SO, L fA# WA 30 min, PAEFRFR R EA . RAMEIME 2 & (Cyclic voltammetry, CV) X
HLHEA T AL, 34 L R LR 0. 05~1. 50 V, FHHEHE A 50 mV/s, 94 50K . 81 AE AR 56 DX I,
(0. 82~0.92 V) L 2~10 mV/s BYA [ 348 R P 7 CV RIS 38 3R 2 /25 (C,y, mFlem?). €38
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T2 |~ |2 X R e s (b, R 40 B ORTE 0. 87 VIS 14 AR AN A i S 2% 5 ).
BT ¢, BRI A AL 22 G PER AL (ECSA) , AKX N ECSA=C,S/C[ Hid, CIRFEM LR,
X Ir, Ru M HAA G B0E N 40 pFlem,,, S(em®) N2 5 R ) JUATTEAR .

W CV XA A TR A PEPEAY . SR S 1. 2~1. 6 V, FH## R 100 mV/s, HHH
5000 ¥X .

TEDEAT LR 5 1R 22 1 (Linear sweep voltammetry, LSV ) M3 22 A, 56 FH &1 46 40 A% 0. 5 mol/L
H,SO, HL & 4 30 min. Pl J5 E4 7 LSV AR AL 26 . 905 3% 0 5 mV/s, HH R EY 1.0~
2.0 V. L 85% PBH (TROAZIE RARMES: B AN T AE R 22 [] ) R

TE 1.5 VT I 7oA 238 i BH AT (Electrochemical impedance spectroscopy , EIS) Il , 4%
Bl 107'~10° Hz, HLEARIE A 5 mV. AR A EIS Z5 R DL 23 2 HiRE R (Nyquist) B URR , T ZView 1
PRI B P IR R B . b4, SR B EIS#£5Y OER 2 b i1k L 1) o e i B J Ak 30 )
2, Bt E RS R 1. 30~1. 60 V. AHN AR AT EIS 55 DL 4R A (Bode ) TE XEIR .

K 11 B B 37 3 (Chronopotentiometric, CP) XJ 4 A 551 (4 f0E M A7 1AL . R E R E N
10 mA/cm?.

R PSR €833 ) HARY H g it D00 B )7 P A 8% %8 (Faradaic efficiency, FE). Nafion 115 JEAE
ffi PRI O 7 PIAL B . SEoR 5% (Jfi B0 B0 H,0, 76 80 CRALFE 1 h, SRJ5 &8 F/KiI2#10. 5 h, FH
5% Fii H,S0, 7E.80 ‘C N ALFE 1 h, fie /i K& F/KALFE0.5 h, & . 0.5 mol/L H,SO, K% WAE A Ha i
5. A4 20% (43550 PUC S MBEATERR AT (1 emx1 em) FAERBANL, 45K 1 mg/em?, L1 10. 5%
Ir,Ruy/TiO,N, PNF HUM A R B . 74 2 L 335 B 20 mA/em?® B9 451 L 4505 30 min 57 A= (40 IA
FLARIA OER ANAE B Hatl Az, I FHBRAR A R H 0502 A SO R R R, [ AR v b o e A
FTHE TS AE I O, FIEE JREL . VEPIERACE R OER 2 FE A B O, IS R B0 S B B JR B LU

2 HR5H

21 HRR . £ 5K
K H Scheme 1 7~ BT AHESE S, AR K S AL E R, 76w S5 IR R %

Vacuum filtration LT\ H* /‘\

Na.Ti:0, Interwgave \ Cation exchange \

nanoribbons ¢

<

- O@

Na,Ti;0; NF H.Ti:0; NF

Thermal
NH, ‘ treatment

Ir;Rus/TiO:N, PNF
Dip
O ee—
Thermal reduction
400 °C

TiO.N, PNF

Scheme 1  Preparation process of Ir,Ru,/TiO N, porous nanoribbon interlacing film
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BOEE, 24 Na,Ti;0, QKA B IR L B RERT , 5 Ia A B L, 177 = S L 1) Na, Ti,0, 94Ky PR A
B Y1) 3 R0 A A P A 8 R T PRE U AR, BEATLA 28 SUE — R TE B0 1 I 25 45 4, 1531 Na,Ti,0,
NF. BJ5 i PR TR 78 I Na' B 5 H M Ac il #2025 TS IR AR | 4355 187 /19 H,Ti,0, NF.

XRD [ ST(A), WA S R55 8 EM] T H, T30, i RSl 462728, HUAsR e /% (14 S 4 HER-
B, 76 BT At B se SUBREE R (R R AT . i B ST(B) AT UL, H,Ti,0, NF f G H A SR L
f4 HLTi,0, 94 K o 2 B S22 i, BRI TE B 7 S e FEvhr , AROKAT G540 T LLSESF U PR A7 . 1A,
SEM-EDSZ5 3R i /R, Na JCE I & AUR 0. 14%, #E—5 R B 73t e LI (&1 S2, WA K
FrfF ). BEJS , ¥ H,Ti,0, NF7E NH, U5 R 1 THVER AL B A 4 TiON, PNF. XRD 35/ [P 1(A) HE
BT TiON, F Rl 4. A, 18 LR S B R, IVERAL BIS , A28V 6 i 1 (58 k7
ARG . SEM BE A [ 1(B) 188, M T HTi,0, NF, TiON, PNF 1 A8 5Kk B2 L. TEM I& -
[ET(C)A(D) 1R, FEREAL AL TR R, TION, PNF AP AR AL s 5 58 45 FE BT s 0 FLBR 4%
. BEAh, TERARGCK EI B IE T 5~20 nm AYZKFL, 53X K I, Ru, K BI0RL Y 1 B4R A4 T R AP 2
FLASH IR LR TR .

&)

Clubir: TiN(PDF#65-0970)
|

Cubif TiO(PDF#08-0117)
| | .

20 30 40 50 60 70 80 90
20/(°)

Fig.1 XRD pattern(A), SEM(B) and TEM(C) images of TiO,N, PNF, TEM image of single TiO N,
nanoribbon(D)
(A) Inset: photograph of TiO,N| PNF.

T Jii , e AT B IR AR S K AN TR] 6 8 A9 T Ru AR UKL DTRAE TION, PNF 61T, il & A58 R
A 5t 4 @ 7 = 19 Ir, Ruy/TiO N, PNF HLA) . 20
AT 5t 42 i £ 38 1Y I, Ruy/TiO,N, PNF ) XRD ¥
K. A R AR TR, Tr Ru, 402K b B AFAE 0
WAE T St )Em T 5l 8. 6%, 10.5% F113. 1%
i) Ir,Ruy/TiO,N, PNF 1, Hrf | 20=38.6°, 41.8",
43.8°, 57.9°, 69.5°, 78.4° F184. 8° 43 WXt i N )y

3.1%IrRus [T,

I/% %ﬁ*ﬁ (hCP) éﬁm IrRu EI/‘J ( 100) , (002> ) ( 101 ) ) Hexago_nal Ru(PDF#06-0663)
(102), (110), (103)F(112) fHif . FHRAI(101) 5 Lubic I(PDEAST073)

" N e N L 30 40 50 60 70 80 90
AT T-42 8 Ie F Ru RIS 2 ], BT, 20/¢)
I % & % 1:@[29]' ey I\ ’ j?_‘: /ﬂ:‘ b t% fiE lll% %% ] ﬁ[\ ﬁ b Fig. 2 XRD patterns of the prepared Ir,Ru,/TiO N,
Ir,Ru, QK 0k AT BNk A2 . AR BB, PNF with various noble metal loading
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6. 4%Ir Ruy/TiON, PNF H IR MELE & T I, Ru, PR G GRHIE I, n] BB Bt T 2 D ISk

R ICP-OES X Ir,Ruy/TiO,N, PNF FI N-Ir,Ru,/TiO,N, PNF H 4% 1 (1) Ir Al Ru &t 645 15 B 43 #T
BB D28 STORASCFFE B . RN, Fril#53 09 Ir, Ruy/TiO,N, PNF F1 N-Ir, Ruy/TiO,N, PNF Hif%
HAY Te A Ru A LT FEIHEIT 123, S80RE U E AR —5

TEM M 7 75, BT A IrRu/TiON, PNF B8 B T TiON, PNF [ 2 £L 25 14 140 A A5 45 44 45 ik
[E3(A), (B), (D), (F), (G), (H), (DAIK) ], UL I, Ru, FH 1L R X SR F LB 4544
FMERGEAF ARG BEA RN . IRTIT, B D3R SRR A, ST T4 SRR, T, Ru, 2K UL PR~ 27
PRGN (E 83, WASCHHER) , /i USO8 4 . ik 13. 1% FEAEN, Ir, Ru, 0K B0RLH
AR PERY | LA R AR, MORCRLAR B A K . JE X 10. 5%Ir, Ruy/TiO, N, PNF H7 4 Ir, Ru, 24 K f5
R R SHHETEE T, & BRI BOR, R SH 434 3557, SFEEPRE42 (D) 2 2. 05 nm [ 3(1) 1. 18 3 (H) 4R K B 1Y
HRTEM 5+ £ 0. 245 F10. 236 nm b4 (8] #7351 %55 1 T fee 549 TiON, B9 (111) &4 18 F hep 4544 Tr,Ru,
f9(100) FhTAT . M S4 AT SRR 2 H 9 TEM BER S AL B9 EDS $148 451 /T AL, Ir, Ru, Ti, N,
O % LRI SIS AE TION, PNF b A, i iok 20 M- B R AL AR S T (S5, LA
SHHE B PE—HES T 10. 5%IrRuy/TiON, PNF HR{ETERIZFLAS IR (LR TR 48. 1 mg).

(©) D=183 nm

10.nm g 05 1.0 15 20 25 3.0
= Particle size/nm

F  D=192nm

1.0 1:5 2.0 25 3.0
Particle size/nm

) D=2.05 nm

SIRID)

. q.l?ﬁ im

05 1.0 15 20 25 30 35
Particle size/nm

(Ly D=355mm

10 nm 2.0 3.0 4.0 5.0 6.0
Particle size/nm

Fig.3 TEM images(A, B, D, E, G, H, J, K) and statistical average particle sizes(C, F, I, L) of the prepared
Ir,Ru/TiON, PNF with various noble metal loading of 6.4%Ir,Ru/TiON PNF(A, B, C),
8. 6%Ir,Ru/TiO N, PNF(D, E, F), 10. 5%Ir,Ruy/TiO N, PNF(G, H, I) and 13. 1%Ir Ru,/TiO,N, PNF
J,K,L)

(H) Inset: the corresponding lattice fringe images.
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22 HTFLEHSHETFEEERE

i 2 XPS St 3 X 10. 5%Ir Ruy/TiON, PNF 1 3% ] o€ & K Ak 2 B AT T 40 . XPS 4 3% &
[EIS6(A), WA Hefis B#fE T Ir, Ru, Ti, NFIOZEICRMIFLE. O, R XPS K[ K S6(B) |
IR, 7£530.2, 531. 2 F1532. 4 eV AMAFLE 3B S 05, 430 I T A% 40 (0,) A0S A6 (0, ) TR it
0,5 H,0(0,,) , IEH T 48725 AL A AFALE . it R IE AL FAE TiON, PNF 2k 5| Ao A2 0, %) 1
n BUBIRIVERT, SIA T BUOMY IR 7 (R 1), 3ga 1Sk, A F T 2506% 10. 5%Ir,Ru/TiO,N, PNF
£ OER s & i ST HEL A 4838, MNTTTANGE 1~ OER S8l 2% .

E 4(A) 1 (B) R, 5 TiON, PNFAIEL, 10. 5%IrRuy/TiON, PNF H1ff Ti,, FIN, W [ 55 45 4 ik
TSRS S T 250, 10F10. 19 eV, FKHIHF M TION, PNF [i] Ir,Ru, 568, BI TiO,N, PNF A {5 4 i 7-ff
PRARHE Ir, Ru, A0K I LT 4R, S0 S8 U5 RA AN 2352 0 TiO,N, AR [ 1 4 7 it B A1k i 7 DA AR ¢
Ru {7 S FUE .

A i B i
(A) TiO.N, (B) TN/

/\\
TiON PNi:HO\X AT Aol conbinedif \ti—o—n
N, Van < \
: 7 TiOxNM e
lepl/z i 2
™
\
\
\

10.5%Ir1Rus/
TiO.N, PNF

/
/
10.5%Ir1Rus/ £

Tizpl/z&thpy3 TiON, PNFH// N\

466 464 462 460 458 456 454 452 450 402 400 398 396 394

Binding energy/eV Binding energy/eV
(@ . Tty (Ir—1 D)
© Imfs/:(lrE Ir) I:%/Z( r—In) :Rus,, ,(Ru—Ru) Rus, ,
/ '& s-Ir\Rus
s-IrRus Rus,, (Ru—O)

Ity (Ir—0) A4 10.5%Ir1Rus/

. TiON, PNF

Rus,, & TIZPI/Z

10.5%Ir;Rus/TiO.N, PNF
70 68 66 64 62 60 58 490 485 480 475 470 465 460 455
Binding energy/eV Binding energy/cV

Fig. 4 High-resolution XPS spectra of Ti,,(A) and N (B) region of 10. 5%Ir,Ru,/TiO N, PNF and TiO,N,
PNF, high-resolution XPS spectra of Ir,(C) and Ru, (D) region of 10. 5%Ir,Ru,/TiO N, PNF and
s-Ir;Ru,

HEAR, 7E s-TrRu, (4 Try, 70 B XPS TSI [1E14(C) JH, 455 HESN 60. 6 F163. 6 eV AL I A RFAIE I AT
aillSiE Ir4f7/2(h—lr) il Ir4f5/2(h—lr) 201 R, 7E s-Ir,Ru, FY Ru3,,1/2 A PEXPS i K, Al REREIH R
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Z 1 Ru i s b TN S
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FE O, SR AT 0. 5 mol/L H,SO, Hi AR BT e . SR FH — R A4 56 AN [] 53 42 J 17 24 I Ruy/TiO, N,
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Fig. 6 Overpotential comparison of N-Ir,Ru,/TiO,N, PNF and Ir,Ru,/TiO N, PNF with different loading
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Fig.7 Tafel slope plots(A) and Nyquist plots(B) of N-Ir,Ru,/TiO N, PNF and Ir,Ru,/TiO,N, PNF with
different loading

Inset of (B) is the equivalent circuit diagram; R represents the resistance of the electrolyte; CPE represents constant

phase angle element.
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Fig. 8 C, plots(A), ECSA(B), LSV curves(C) normalized by ECSA, comparison of specific activity normalized
by ECSA at 1. 53 V(vs. RHE)(D), LSV curves normalized by noble metal mass(E), comparison of mass
activity at 1. 53 V(vs. RHE)(F) of N-Ir,Ru,/TiO N, PNF and Ir,Ru,/TiO, N, PNF with different loading
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Fig. 9 Schematic diagram of electron transport in N-Ir,Ru,/TiO, N, PNF(A) and 10. 5%Ir,Ru,/TiO,N, PNF(B)
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Fig. 10 LSV curves of N-Ir,Ru,/TiO.N, PNF(A) and 10. 5%Ir,Ru,/TiO N, PNF(B) before and after 5000
CV cycles, chronopotentiometry test of N-Ir,Ru,/TiO N, PNF and 10. 5%Ir,Ruy/TiO,N, PNF at a
constant current density of 20 mA/cm’(C), chronopotentiometry test of 10. 5%Ir,Ru,/TiO,N, PNF
at a constant current density of 500 mA/cm*(D), comparison of the overpotential(@100 mA/cm?)
and stability time of 10. 5%Ir,Ru,/TiO N, PNF with previously reported acidic OER electrocata-
lysts(E), amount of measured O, evolution and calculated faradaic efficiency during OER at 20
mA/cm’ for 10. 5%Ir,Ru,/TiO,N, PNF(F)
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