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Fig. S1. Structural and electronic characterization of the amorphous (a-IrOx) and rutile
(R-Ir0Oy) catalysts. (a) TEM images of the a-IrOx catalysis. (b) Microstructure comparison of
the catalysts using BET methods. (c—e) Electronic and structural analysis using (c) XPS Ir 4f

spectra, (d) XRD plots, and (e) UPS spectra.
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Fig. S2. Structural and electronic characterizations of the HA-IrOx and R-IrO: catalysts.

(a) XPS Ir 4f spectra, (b) XRD plots, and (c) pore distribution analysis
using the BJH method.

of the catalyst particles
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Supplementary Note 1.
In our study, the single-cell voltage was deconvoluted into kinetic, ohmic, and transport
overpotentials using a combination of electrochemical impedance spectroscopy (EIS),
polarization curve, and Tafel plot. We first assumed that the cathode contribution is negligible
compared to that from the membrane and anode compartments. The single-cell voltage (E..;;)
was deconvoluted based on the following expression:

Econ = Evev + Nact + i Ronm + 1+ REL + Tmass [1]
, where E,., 1s the reversible voltage (1.18 V at 80 °C), and g, © - Ropms L- Rg{f, and
Nmass are the overpotentials stemming from the OER kinetics, ohmic components,
ion/electron transport in CL, and material transport of oxygen and water, respectively. Firstly,
ohmic overpotential (i - R,p,,) Was determined from the high-frequency resistance (HFR or
Ronm) values obtained from the Nyquist plots, which include the contributions from the
membrane and interfacial resistances (i.e., CL/PTL interface resistance). To isolate the kinetic
overpotential (1,.¢), the iR-corrected polarization curve was plotted against the logarithm of
current density, and the Tafel line was extrapolated from the linear region at low current
densities (typically at the range of 40 — 100 mA cm™). The values obtained by subtracting the
reversible voltage from the Tafel extrapolation were considered as the kinetic overpotential.
Lastly, the remaining deviation between the iR-free curve and Tafel extrapolation, which is

associated with mass transport overpotential (77,,4ss) and electron/ion transport within the

tortuous anode CL (i - Rgf ), was categorized as the "other" overpotential in this study.



58

59
60
61

62

63

64
65

66

a 06
0.04 A cm? HA-IrOx / Ti PTL
D:9is Ms
Qriox TLE
“"E“ 04 A Rohm
o ’ Rriox Ranode
£ :
5 03- ﬁo.».«z.{.@.-_ﬁzﬁ_q_nmfmt R | 0.134 ohm e
= Rro. | 0.108 Ohmcm?  Rawss| 0.419 Ohm cm?
b !
e 024
0.14 Rro
- RA»ode
0.0 T T T T T
05 06 07 08 09 10 1.1
Re(Z) (Ohm cm?)
[
0.5 4 0.04 Acm? R-IrO2/ Ti PTL
0.4 - M) _Rom | 0,094 Omen?
& Re" Negligible
= Rowm | ,,, | —t—"""
o A Rancee | 0.462 Ohm cm?
0.3 - Anode
£
c
@ 0.2 4
E
0.1 4
Rancde = Roer
0.0 & T T T —
0.1 02 0.3 04 0.5 06

Re(Z) (Ohm cm?)

04 . 0.04 Acm? HA-IrOx / Pt-Ti PTL
Mz Row | 0.088 Ohm cm
I TLE e e
g 034 Ry e | 0.039 Ohm cm
Ranode | 0.365 Ohm cm?
I Ranods
°
o
=~ 0.2 4
i,
=
]
0.1 4
ROER
0.0 - - T T T
0.1 02 0.3 04 0.5
Re(Z) (Ohm cm?)
d
05 004Acm?  RIrOz2/Pt-Ti PTL
M, >
04 - 'W"Di]’ A= | DA Giimcp
& Re" Negligible
= Rotm | ., | ot
o bl Ranose | 0.456 Ohm cm?
0.3 4 node
£
e
@ 0.2 A
E
0.1 4
Ranode= Roer
0.0 - =

0.1

072 0!3 Of4
Re(Z) (Ohm cm?)

Fig. S3. Nyquist plots of single-layered anodes at 0.04 A cm™ with the equivalent circuit model
fitting. (a, b) HA-IrOx-based anodes and (c, d) R-IrO>-based anodes with (a, ¢) bare Ti PTL and
(b, d) Pt-coated PTL.
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Fig. S4. Single-cell data comparisons of the HA-IrOx and R-IrO: CLs. (a) Impedance

analysis at 1.3

5 V and (b) Tafel plots.
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Fig. S5. X-ray Absorption Spectroscopy (XAS) analysis of the HA-IrOx and R-IrO:
catalysts with varying applied potentials. (a) Ir L3-edge XANES analysis of the HA-IrOx and
(b) R-IrO; catalysts at a potential range of 1.0-1.8 V vs. RHE.
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Fig. S6. Overpotential breakdown analysis at 3.0 A cm™ for the two single-layered CLs

depending on the Pt coating.
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82  Fig. S7. Schematic illustrations of the fabrication processes for DL-CL.
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Fig. S8. Surface SEM images of the (a—c) HA-IrOx, (d—f) R-IrO», and (g—1) DL-CL CCMs.
At high magnifications, the DL-CL features surface morphology identical to that of the R-
IrO, CCM.
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Fig. S9. Nyquist plots and the equivalent circuit model fitting of the DL-CL anodes at 0.04 A
cm? with (a) bare Ti PTL and (b) Pt-coated PTL.
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Fig. S10. (a) IV polarization curves and (b) Nyquist plots of the DL-CL anode with and without
the Pt coating. (¢) Nyquist plots of the complex impedances at 1.35 V for the Pt-coated anodes.
(d) Tafel plots of the DL-CL anodes and the comparison with the HA-IrOx anodes with two
different loadings (0.30 and 0.50 mgy: cm™).
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99  Fig. S11. (a) IV polarization curves and (b) Nyquist plots of the single-layered R-IrO> and HA-

100  IrOx CCMs fabricated via spray-coating and decal-transferring methods. All the CCMs were
101 coupled with the bare Ti PTL.
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106  Fig. S12. R-IrO: catalyst loading effect for the DL-CL anode. (a) IV polarization curves and
107 (b) Nyquist plots. The total loadings were controlled to 0.5 mgi: cm™, while the ratio of the two
108  catalysts was varied.
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111 Fig. S13. (a—c) Surface and (d) cross-sectional SEM images of the IDL-CL CCM.
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116 Fig. S14. Single-cell data comparison of the DL-CL and IDL-CL anodes depending on the

117 Pt coating. (a) Nyquist plots at 0.04 A cm™, (b) Tafel plots, and (c) Overpotential breakdown
118  at3.0 Acm™.
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123 Fig. S15. Electrochemical analysis of the DL-CL and M-CL anodes depending on the Pt
124 coating. (a) Nyquist plots at 0.04 A cm™ and (b) Overpotential breakdown at 3.0 A cm™.
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129  Fig. S16. Nyquist plots and their equivalent circuit model fitting of the HA-IrOx anodes at 0.04
130 A cm? (a) before and (b) after the 1000h of constant current operation (1 A cm™).
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136 Fig. S17. Overpotential breakdown analysis at 2.0 A cm™ of the HA-IrOx (Pt-coated PTL) and
137  DL-CL (bare Ti PTL) before and after the long-term operation.



