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Electrochemistry workflow

A rotating disc electrode (RDE) was used in this study to examine the activities of Ti-Nb supported IrO,.
All experiments were carried out using 0.1 M HCIO, as the electrolyte. Electrochemical workflow:
Chronoamperometry (CA) was firstly carried out by holding the potential at 1.6 Vg for 1 hour. The
current was recorded after being stabilised for activity comparison. The accelerated stress test (AST)
was conducted subsequently by cycling in a potential window from 1.2 Vgye to 1.7 Ve for 3,000 cycles
(as shown in Figure S1). The electrolyte was taken out twice before and after the AST for measuring
the metal dissolution.

1.6 VRHE —

OoCcVv AST: CV 1.2 - 1.7 VRHE Tor 3000 cycles I
ICP-MS ICP-MS

v

Figure S1. Demonstration of the electrochemistry workflow for the Ti-Nb samples.
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Figure S2. Ir 4f XPS spectrum with fitted components for different Ir oxidation states. The ratio
between Ir** to Ir3* is approximately 79% to 21%.

100 nm thick Ti-Nb thin films with varied Nb content were sputtered onto glassy carbon stubs shown

in Figure S3a using physical vapour deposition under Ar (Figure S3b). Table S1 summarises the sputter
conditions.
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Figure S3. (a) Photograph of a series of TiNb, (x = 0, 5, 10, 20, 50 and 100) samples on glassy carbon

substrate (RDE stub) synthesised using a sputter deposition method. (b) Photograph of the co-
sputtering of the Ti-Nb samples in an ultra-high vacuum chamber.

Table S1. Nb content of the as-sputtered samples obtained by XPS and the parameters used for the
sputter deposition (DC: direct current; RF: radio frequency)

Nb (at%)

(determined by XPS)

Ti growth rate

Nb growth rate

Coating time (s)

(A/s) (A/s)
TiNb(0) - 0.77 (150 W DC) - 1299
TiNb(5) 3.2 0.77 (150 W DC) | 0.045 (20 W RF) 1227




TiNb(10) 10.1 0.77 (150 W DC) | 0.088 (30 W RF) 1166
TiNb(20) 15.3 0.77 (150 W DC) | 0.19 (45 W RF) 1042
TiNb(50) 52.7 0.49 (100 W DC) | 0.49 (100 W RF) 1020.5
TiNb(100) - - 0.49 (100 W RF) 2041

Pure Ti with IrOx

TiNb(10) with IrOx

Pure Ti without IrOx

TiNb(10) without IrOx

Figure S4. SEM images at 1,000 and 50,000 times magnification showing the TiNb, (x = 0, 5, 10 and

TiNb(5) with IrOx

TiNb(50) with IrOx

TiNb(5) without IrOx

TiNb(50) without IrOx

50) supports before and after deposition of the IrO,-based ink using drop casting.
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Figure S5. Cyclic Voltammograms comparing the electrochemical water oxidation activity of two
independently synthesised samples that contain IrO, supported on TiNb, (x =0, 5, 10, 20, 50 and 100)
on glassy carbon (1.2 = 1.6 Vgye, 20 mV/s, 0.1 M HCIO,, 1600 rpm).
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Figure S6. Initial activity of IrO, supported on a polycrystalline gold disk and the activity after the
AST, where the sample was cycled between 1.2 and 1.7 Vg, at 50 mV/s in 0.1 M HCIO, (pH ~1.1).
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Figure S7. Comparison of the mass-normalised electrochemical water oxidation activity between this
work (dotted line) and published literature (coloured lines).!

Table S2. Experimental conditions of reported IrO, activities shown in Figure S7.

Refences Substrate Electrolyte Type of IrOx
Esquius et al, ACS Appl. Glassy carbon 0.1 M HCIO, Alfa Aesar (AA) IrO,
Energy Mater., 20206
Pfeifer et al, Phys. Chem. Glassy carbon 0.5 M H,S0, Alfa Aesar (AA) IrO,
Chem. Phys., 20167
Li et al. J. Am. Chem. Soc. Polycrystalline gold 0.1 M HCIO, Alfa Aesar (AA) IrO,
20252

This work Polycrystalline gold 0.1 M HCIO,4 Hydrothermal IrO,

Hoffmeister et al, Adv. Sci., Polycrystalline gold 0.1 M HCIO, Alfa Aesar (AA) IrO,




20248
Lam et al, ACS Catal., 20253 Polycrystalline gold 0.1 M HCIO, Tanaka
Kikinzoku Kogyo (TKK) IrO,
Murawski et al, Johnson Polycrystalline gold 0.1 M HCIO, Alfa Aesar (AA) IrO,
Matthey Technol. Rev., 20243
Zlatar et al. ACS Catal., 2023° Polycrystalline gold & | 0.1 M HCIO, Alfa Aesar (AA) IrO,
Glassy carbon
Zhang et al. Angew. Chem. Glassy carbon 0.5 M H,SO, Sigma Aldrich IrO,
Int. Ed., 2025!
Zhu et al, Nat. Comm., 20234 Glassy carbon 0.5 M H,SO, Aladdin IrO,
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Figure S8. Cyclic voltammogram (left) of IrO, supported onto TiNb(0) — pure Ti support during the AST.
Cyclel, cycle 1000 and cycle 3000 are coplotted. EIS (right) before and after the AST.

Table S3. Calculation of Ti/Nb dissolution during AST (based on ICP-MS measurements)

NOTE: Surface area of RDE stub 0.196 cm?; Density of Ti metal: 4.5 g/cm?3, 8.82 x 108 g/nm; Density of Nb metal: 8.6 g/cm?,
1.68x 107 g/nm

Nb at% Ti dissolved (ug) Nb dissolved (ug) | Tidissolved (nm) Nb dissolved (nm)
0 0.0496 - 0.56 -
5 0.045 0.0135 0.50 0.08
10 0.032 0.016 0.36 0.095
100 - 0.057 0.34
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Figure S9. Integrated oxygen produced during the ASTs by integrated charges of CV scans assuming a 100%
Faradaic efficiency.

Figure S10. (a) dissolved metals during the AST (RDE, 1.2 — 1.7 Vgye, 100 mV/s, 3000 cycles, 0.1 M HCIO,, 1600
rpm). (b) S-numbers of dissolved metals (Ti, Nb and Ir) during the AST.
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Figure S11. (a) CVs Ti supported and Au supported IrO, (RDE, 20 mV/s, 0.1 M HCIO,4, 1600 rpm). Inset is a close-
up at the non-Faradaic region. (b) EIS of Ti supported and Au supported IrO,at 1.6 V.
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Figure S12. (a) S-numbers of Ti supported and Au supported IrO,. S-numbers derived from the AST tests (RDE,
1.2 — 1.7 Vgrue, 100 mV/s, 3000 cycles, 0.1 M HCIO,4, 1600 rpm). (b) Capacitance normalised activity (absolute
current divided by double layer capacitance) of Ti supported and Au supported IrO,

Table S4. XPS fitting parameters (Ti 2ps/, and 2p,,,). FWHM: full width half maximum

Sample name Line shape Binding energy FWHM
(eV)
TiNb(0) Ti° A(0.4,0.4,0)GL(30) | (453.8,454.1) (0.9,1.8)
TiNb(0) Ti** GL(30) (459.5,459) (0.9,1.8)
TiNb(50) Ti° A(0.4,0.4,0)GL(30) | (454.1,453.8) (0.9,1.8)
TiNb(50) Ti?* GL(30) (456,455.5) (0.9,1.8)
TiNb(50) Ti3* GL(30) (457.6,457.3) | (0.9,1.8)
TiNb(50) Ti** GL(30) (459,459.5) (0.9,1.8)

Table S5. XPS fitting parameters (Nb 3ds/, and 3d;/;). FWHM: full width half maximum

Sample name Line shape Binding energy FWHM
(eV)
TiNb(0) Nb° A(0.4,0.4,0)GL(70) (202.5, 202) (0.6, 1.8)
TiNb(0) Nb2?* GL(30) (203.8,203.2) | (0.6,1.8)




TiNb(0) Nb* GL(30) (206.6,206) | (0.6,1.8)
TiNb(0) Nb>* GL(30) (207.9,207.3) | (0.6,1.8)
TiNb(0) Nb° A(0.4,0.4,0)GL(70) (202.5,202) | (0.6, 1.8)
TiNb(0) Nb* GL(30) (206.6,206) | (0.6,1.8)
TiNb(0) Nb>* GL(30) (207.9,207.3) | (0.6,1.8)

pure Ti post AST (without IrO,)

pure Ti post AST (With IrO,)

pristine Ti
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Figure S13. NEXAFS of the O K-edge of pure Ti support samples (pristine, post AST with IrO, catalyst and without
IrQ,).
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Figure S14. Transmission electron microscopy (TEM) characterisation of a focused ion beam (FIB)
milled cross sectional specimen of the pure Ti after the AST tested with IrO,. (a) TEM image where the
left of the image is the Pt and C strap used to protect the surface of the Ti during FIB sample
preparation. (b) Atomic lattice information from the yellow box region (1) in (a). (c) The Fourier
transform of (b), where the spots are indexed to the anatase TiO, phase. (d) Crystalmaker atomic
structure model and simulated diffraction pattern for the anatase TiO, phase (/4./amd).



D. 'Simulation: Ti (P6;/mmc)

J

Ti substrate

Figure S15. TEM characterisation of the same region but in the bulk shown in Figure 4 for the pure Ti
after the AST tested with IrO,. (a) TEM image, (b) Atomic lattice information from the yellow box
region (2) in (a). (c) the Fourier transform of (b), where the spots are indexed to alpha phase metal Ti
(hexagonal close packed). (d) Crystalmaker atomic structure model and simulated diffraction pattern
for metallic alpha phase Ti (P6,/mmc).

TiO2 (P4,/mnm)

Figure S16. TEM characterisation of a FIB milled cross sectional specimen TiNbs) after the AST tested
with IrOx. (a) TEM image where the protective Pt and C coating is visible in the top right of the image.
(b) The Fourier transform from the yellow box region (1) in (a), where the spots are indexed to rutile
phase TiO,. (c) Crystalmaker atomic structure model and simulated diffraction pattern for rutile TiO,
phase (P4,/mnm).
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