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Experimental Section

Materials: All chemicals are purchased and used without further purification.

Sodium hydroxide (NaOH), ethylalcohol (C2Hs0OH), hydrochloric acid (HCI), Sulfuric acid (H2SOa4)
were bought from Beijing Chemical Co., Ltd (China). Ethylene glycol (EG, 95%) was purchased from
Shanghai Hushi Reagent Co., Ltd., Deionized water (18 MQ). Chloroiridic acid (Hz2IrCls, 35%) was
purchased from Shanghai Leyan Reagent Co., Ltd, Titanium plate (TP) (thickness is 0.2 mm) was
purchased from Qingyuan Metal Materials Co., Ltd (Xingtai, China.). Carbon Paper (CP) (39BB) was
purchased from Suzhou Sinero Technology Co., Ltd. Iridium oxide (IrO2) was purchased from
Aladdin Ltd. (Shanghai, China). All reagents used in this work were of analytical grade.

Preparation of TiO2/TP: Firstly, TP was cut into a small piece (3.0 x 1.0 cm?) and sonicated in
ethanol, and distilled water for 15 min, respectively. After then, TP was put into 10 M NaOH aqueous
solution in 50 mL Teflon-lined autoclave. The autoclave was kept in an electric oven at 160 °C for 6
h. After the autoclave was cooled down naturally to room temperature, the sample was moved out,
washed with deionized water and ethanol several times and dried at 60 °C for 60 min. Then the resultant
Na-titanate/TP was immersed in 0.1 M HCI for 4 h to exchange Na* with H*, followed by rinsing
several times with deionized water and then dried at 60 °C. Subsequently, the prepared H2Ti2O3s/TP
was cut into 1.0x1.0 cm? pieces prior to be annealed in Hz/Ar atmosphere at 700 °C for 3 h, After
cooling to room temperature, TiO2/TP was finally obtained.

Preparation of Ir-TiO2/TP: Subsequently, the prepared TiO2/TP was soaked in a fully dispersed
Chloroiridic-EG solution (3 pL of chloroiridic acid is uniformly dispersed in 10 mL of ethylene glycol)
for 30min, then, put it in a 20 mL Teflon-lined autoclave. The autoclave was kept in an electric oven
at 120 °C for 12 h, After the autoclave was cooled down to room temperature, the sample was moved
out, washed with deionized water and ethanol several times and dried at 60 °C for 1d, Ir-TiO2/TP was
finally obtained.

Preparation of 1rO2 electrode: 4 mg of the catalyst (commercial IrO2) was dispersed in a mixture of

480 pL of isopropanol and 20 pL of Nafion solution. The mixture was sonicated for 60 minutes to



form a homogeneous ink. 250 pL of the catalyst ink was drop-casted onto a carbon paper (CP) and
dried at room temperature, with a loading mass of 2 mg cm,

Characterizations: The crystal structure of as-prepared materials was identified through X-ray
diffraction (XRD, Philip D8). Raman spectroscopy was conducted on a Jobin-Yvon LabRAM HR-800
spectrometer with a laser excitation at 532 nm. Scanning electron microscopy (SEM, ZISS 300) and
transmission electron microscopy (TEM, JEM-F200, JEOL Ltd.) were carried out to reveal the
morphology information of samples. Energy dispersive X-ray (EDX) and X-ray photoelectron
spectroscopy (XPS, ESCALAB 250 Xi) were utilized to analyze chemical compositions.
Electrochemical measurements: All electrochemical measurements were conducted on a Gamry
Interface5000E electrochemical workstation (USA). The Ir-TiO2/TP electrode (1 x 1 cm?) served as
the working electrode, with a platinum electrode as the counter electrode and an MSE electrode (Hg-
Hg.SO4) as the reference electrode. The electrolyte used was a 0.5 M H2SOs solution. The OER
performance of the Ir-TiO2/TP electrode was evaluated in the 0.5 M H2SO4 electrolyte and compared
with that of TiO2/TP and IrO2 on CC. Unless otherwise specified, electrochemical data were
normalized and reported based on the geometric area of the electrode. Prior to data acquisition, all
electrodes underwent electrochemical activation through multiple cyclic voltammetry scans until a
stable state was reached. The measurements were performed at room temperature using a standard
three-electrode setup without stirring. Polarization curves were obtained via linear sweep voltammetry
(LSV) at a scan rate of 0.005 V st with IR compensation (100%). Electrochemical impedance
spectroscopy (EIS) was conducted at a potential corresponding to 15 mA cm, with a frequency range
of 1 Hz to 10 kHz and an amplitude of 10 mV. Different scan rates were employed during the cyclic
voltammetry measurements to get the double-layer capacitance value (Cai), and the current density
(Janodic-Jscodic) at the midpoint of the scan voltage interval was found to be linearly related to the
scan rate. All potentials reported in our work were converted to the reversible hydrogen electrode
(RHE) using the following equation:

E(RHE) = E(Hg2S04) + 0.0592 X pH + 0.656 V (1)

and the current density was normalized to the geometric surface area.



Fig. S1. SEM image of bare TP (a)85x, (b)2200x
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Fig. S2. SEM image of Na,TiOs/TP
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Fig. S3. HR-TEM image of Ir-TiO/TP.
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Fig. S4. SAED pattern of Ir-TiO2/TP.
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Fig. S5. (a) XRD patterns of Ir-TiO2/TP, (b) Partial enlarged XRD patterns of Ir-TiO2/TP.



Fig. S6. The electrochemical device for OER performance test.



200 F

=

(4]

o
T

Current Density (mA cm™)
g 8

o
T

125 130 135 140 145 150 155
Potential (V)

Fig. S7. CV curve of Ir-TiO2/TP in 0.5 M H2SOa4.
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Fig. S8. Comparison of overpotential and Tafel slope between Ir-TiO2/TP, TiO2/TP and IrOx.
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Fig. S9. Mass activities curve of Ir-TiOo/TP.
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Fig. S10. Cyclic voltammograms recorded at a series of scan rates of (a) IrO2, (b) TiO2/TP, (c) Ir-
TiO./TP and (d) Electrochemical double layer capacitances of TiO2/TP, IrOz2and Ir-TiO2/TP.
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Fig. S11. ECSA-normalized LSV curves of TiO2/TP, IrO2and Ir-TiO2/TP.
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Fig. S12. The two Three-electrode stability tests for IrO2 at 10 mA cm.

40



80,

N 14V
13V
12V
11V

1V
ocpP

Intensity (a.u.)

900 1000 1100
Raman Shift (cm™)

Fig. S13. The enlarged view of the in-situ Raman spectrum of Ir-TiO2/TP in the range of 900 - 1100
cm,



Table S1. Ir loading of the Ir-TiO2/TP catalyst.

Catalyst Mass/g TP Area/cm Ir concentration/mg L™

0.085¢ 1 1.06

Tip: Ir-TiO2/TP (1 cm?) was dissolved into a 50 mL solution for ICP testing.



Table S2. The atomic molar ratios of elements from the XPS analysis.

Element Position (eV) FWHM (eV) Peak area Atomic (%)
O 529.95 3.07 1523436.21 45.72
Ti 457.91 2.80 1630056.93 20.61
Ir 62.98 0.77 30811.30 0.14
C 284.80 2.95 461670.53 33.53




Table S3. Comparison of catalytic performance of Ir-TiO2/TP with recently reported OER

electrocatalysts in acidic electrolyte.

electrode Ir loading MA Overpotential
Catalyst Electrolyte area (pgir (Agirl) atlOmAcm? Stability (h) Reference
(cm?) cm2) (RHE) (mV)
. 05M 1545 440 @ 10 This
Ir-TiO/TP 1 53 199
H,SO, @1.5Vv mA cm2 work
Ti/TiO 05M 300h
2 1 144 - 190 @ 1
NTs/IrRuOx H2S04 10mA cm
. 05M 338 100h @
Ti-lrOx/Ir 0.196 1400 254 2
H2S04 @ 1.58Vv 10mA cm
IrgsRU1,@CM 01M 0.25 1000 229 120h @ 8
rssRuU a : -
it HCIO, 10mA cm?
857.6
IrOx/Nb4Ns- 05M 1.7V 40h
o 0.196 382 @ 247 @ 4
40 H,SO4 (A giro2 10mA cm
1
)
0.1M 6930 50h @
Ir-NCT/CC 1 5.7 202 5
HCIO4 @1.49V 10mA cm?
3,000
IrGa- 0.1M 841
0.196 20 272 voltammetry 6
IMC@IrOx HCIO4 @1.52Vv
cycles
05M 825 20h @
Ir-C 0.246 40 256 7
H2S04 @1.52v 10mA cm
0.05M 78 15h@
IrOX/ATO 0.196 10.2 434 8
H2S04 @1.52v 1mA cm?
. 0.05M 411 3h@
DO-IrNis3 0.196 10.2 310 9
H2S04 @1.52v 1 mA cm?
0.1M 2600 15h @
Irs4Pd1o 0.196 125 226 10
HCIO4 @1.49Vv 10 mA cm2
0.1M 750 75h @
Ir-STO 0.196 210 247 u
HCIO, @1.52v 10mA cm?
0.1M 25h
Co-Rulr 0.196 50 - 235 @ 12
HCIO4 10mA cm
0.1M 355 24h @
Ir-NSG 0.196 22 265 13
HCIO4 @1.52v 10mA cm?
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