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Fig. S1. Schematic illustration of the setup for friction-assisted localized electrochemical
oxidation of Ir and the resulting IrOx formed on the Ir surface measured by TOF-SIMS.

Fig. S2. XPS spectra of the Ir 4f of the IrOy layer recorded as sputtering depth increases.

Fig. S3. 3D morphology (a) and profile (b) of the wear track on Ir plate surface, after the ToF-
SIMS measurement.

Fig. S4. Effect of velocity, normal load and sliding time on the formation of IrOy on Ir surface.
Fig. S5. Effect of surface potential on the formation of IrOy on Ir surface.

Fig. S6. Mechanical properties of the friction-assisted electrochemical IrOx layer.

Fig. S7. The diagram of the scanning electrochemical microscopy for the electrochemical
activity measurement of Ir and IrO4 mixture.

Fig. S8. OER activity distribution on the surface of Ir-IrOy at potentials of (a) 1.49 Vgyg and
(b) 1.50 Vgyg.

Fig. S9. (a-c) CV curves at different scan rates (5~40 mV s'!) for IrO,, Ir and IrO,. (d)
Electrochemical double-layer capacitance. (e) OER activity comparison of IrO,, Ir and IrO
using ECSA-based analysis.

Fig. S10. Chronopotentiometry of OER at constant potential of 1.65 V.

Fig. S11. XPS spectrum of the Ir 4f of the original wear surface on the lower friction pair after
the OER measurements.

Fig. S12. XPS spectra of the Ir 4f of the [rOy layer after the OER measurements recorded as
sputtering depth increases.

Fig. S13. Microscopic morphologies of rough and smooth Ir metal surfaces before performing
any friction test.

Fig. S14. Effect of surface potential on the formation of IrO, on Ir surface. The parameters of
the friction experiment are marked in the figure.

Fig. S15. Surface morphologies of the ZrO, ball after the friction test of 200 s with pure water
as lubricant under a positive surface potential of +0.6 V (Ag/AgCl as the reference electrode).
Fig. S16. 3D morphologies of wear tracks on Ir plates with varying surface roughness under
different normal loads.

Table S1. Comparison of the overpotential at 10 mA cm™ between the friction-induced
amorphous IrOy layer in this work and recently reported amorphous IrO:-based catalysts.
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Fig. S1. Schematic illustration of the setup for friction-assisted localized electrochemical

oxidation of Ir and the resulting IrO, formed on the Ir surface measured by TOF-SIMS.
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Fig. S2. XPS spectra of the Ir 4f of the IrOy layer recorded as sputtering depth increases.
Sampling area: 50x50 um; sputtering depth: 4.44 nm per interval.
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Fig. S3. 3D morphology (a) and profile (b) of the wear track on Ir plate surface, after the
ToF-SIMS measurement. The splash time was 1200 s, and the sputtering depth measured by
a 3D optical profiling instrument (ZYGO NexView, USA) was about 250 nm.
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Fig. S4. Effect of velocity, normal load and sliding time on the formation of IrOy on Ir

surface. The parameters of the friction experiment are marked in the figure.
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Fig. SS. Effect of surface potential on the formation of IrOy on Ir surface. The parameters

of the friction experiment are marked in the figure.
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Fig. S6. Mechanical properties of the friction-assisted electrochemical IrO; layer. (a)
Depth-dependent hardness and complex modulus; (b) Variation of the friction coefficient

between the oxide layer and ZrO; ball (with a diameter of 6.35 mm, under 4 N) over time.
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Fig. S7. The diagram of the scanning electrochemical microscopy for the electrochemical

activity measurement of Ir and IrO, mixture. The electrolyte contains 1 mM Ru(NHj3)¢Cl;

and 0.1 M K,SO,. The motion rate of Pt UME was set as 20 pm/s. The UME-substrate

distance was kept constant at 4 pm.
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Fig. S8. OER activity distribution on the surface of Ir-IrO, at potentials of (a) 1.49 Vgyg
and (b) 1.50 Vgrygg. The Pt-tip substrate distance was kept constant at 15 pm.
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Fig. S9. (a-c) CV curves at different scan rates (5~40 mV s!) for IrO,, Ir and IrO,. (d)

Electrochemical double-layer capacitance. (¢) OER activity comparison of IrO,, Ir and

IrOy using ECSA-based analysis.
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Fig. S10. Chronopotentiometry of OER at constant potential of 1.65 V.
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Fig. S11. XPS spectrum of the Ir 4f of the original wear surface on the lower friction

pair after the OER measurements.
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Fig. S12. XPS spectra of the Ir 4f of the IrOy layer after the OER measurements
recorded as sputtering depth increases. (a) Ir 4f XPS spectra at different sputtering depths;
(b) relative atomic contents of Ir and O as a function of sputtering depth. Sampling area:

50%50 um; sputtering depth: 10 nm per interval.

Fig. S13. Microscopic morphologies of rough and smooth Ir metal surfaces before
performing any friction test. Optical microstructure (a) and 3D morphology (b) of rough

surface; Optical microstructure (¢) and 3D morphology (d) of smooth surface.
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Fig. S14. Effect of surface potential on the formation of IrO; on Ir surface. The
parameters of the friction experiment are marked in the figure. Delocalized surface
excess trends smeared out to larger length scales by Gaussian process regression (GPR) from
data in Figure.3D. Dotted lines show the reference surface excess for an ideally flat surface.
Dashed lines show the mean surface excess over the whole line scan. The Debye length Ap
serves as the spatial unit. Surface excess I is measured in units of bulk’ b, In water of pH 7,
Ap ¥ TEM g Chare =107 molm™% g g0 hydronium and hydroxide. A kernel of two

summed radial basis functions with the initial hyperparameters length scale 10 and 50 and

variance 0.01 for both has been used to perform GPR on the dimensionless data in Figure.3D.

Slpm
5% : x1000.0

Fig. S15. Surface morphologies of the ZrO, ball after the friction test of 200 s with pure
water as lubricant under a positive surface potential of +0.6 V (Ag/AgCl as the reference

electrode).

s-10



Fig. S16. 3D morphologies of wear tracks on Ir plates with varying surface roughness
under different normal loads. (a) and (b) show wear tracks on smooth and rough surfaces
after friction tests at a 4 N load (1.18 GPa); (¢) and (d) show wear tracks on smooth and rough
surfaces after tests at a 10 N load (1.62 GPa). All tests were conducted at a surface potential

of +0.6 V, a frequency of 3 Hz, and a duration of 200 s.
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Table S1. Comparison of the overpotential at 10 mA cm™: the friction-induced amorphous

IrO4 layer in this work vs. recently reported amorphous Ir or [rO,-based catalysts.

Catalyst Electrolyte Overpotential Reference
IrO, 0.1 M HCI1Oq4 310 This work
Commercial IrO, 0.1 M HCIO, 386 (1]
Amorphous Ir
0.1 M HCI1O4 255 (2]
NSs
IrO,/TiN NPs 0.1 M HCIO4 293 3]
[rO,/Ti0O, 0.1 M HCIO4 255 (4]
Pd@Ir 0.1 M HCIO4 300 (5]
Ir-MnO, 0.1 M HCIO4 288 el
5% Nd-IrO4 0.1 M HCI1O4 254 (7]
IrIrOH,Se,/H CC 0.5 M H,SO, 308 (8]
IrNiO,/WO; 0.5 M H,SO, 239 %]
RulrOy 0.5 M H,SO4 233 [10]
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