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Figure S1. XRD pattern of the as-prepared metal-semiconductor nanocomposite.
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Figure S2. XRD pattern of IrO2-MoO3.
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Figure S3, Structural characterization and elemental maps (Ir, Mo, O, C) of IMO. a, the high-
angle annular dark-field scanning transmission electron microscopy energy-dispersive X-ray
spectroscopy (HAADF-STEM-EDS). b, the annular bright-field scanning transmission electron
microscopy energy-dispersive X-ray spectroscopy (ABF-STEM-EDS) elemental mapping images.
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Figure S4. Line EDS mapping of IMO of Figures 2d and 2e.
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Figure S5. The side view of (left) and top view (right) of the structural model. Color code: Mo

(purple), O (red), Ir (yellow).



Figure S6. HAADF-STEM image of Ir metal in IMO. The bright points are Ir atoms.
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Figure S7. The survey spectrum with energy calibration using C 1s at 284.6 eV. a, Commercial

Ir. b, Commercial IrO,. ¢, IrO2-Mo0O:s. d, Ir-MoOs.
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Figure S8. HR-XPS of O 1s for commercial IrOz2, IOMO, and IMO. Where O is lattice

oxygen, Oon is adsorbed hydroxide, and Owater is adsorbed water.



Figure S9. The other enlarger charge density difference images of IMO. The yellow and cyan
regions represent electron accumulation and depletion. The red, gold, and violet balls represent the

O, Ir, and Mo atoms, respectively. The isosurface value is 0.015¢e/bohr>.
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Figure S10. HR-XPS of Ir 4f for commercial Ir, IrOz, and IMO.
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Figure S11 HR-XPS of Ir 4f for the Commercial Ir, IMO, and argon (Ar) etching IMO.
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Figure S12. a, EXAFS fitting curve for Ir in IMO; b, EXAFS fitting curve for Ir in [OMO; c,

EXAFS fitting curve for Mo in IMO; d, EXAFS fitting curve for Mo in IOMO.
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Figure S13. a, Cyclic voltammograms of IOMO acquired at the scan rates of 10 mV to 50 mV per

second. b, Cyclic voltammograms of IMO acquired at the scan rates of 10 mV to 50 mV per second.

¢, The corresponding plot for estimating Cpr. of IOMO d, The corresponding plot for estimating
CpL of IMO.
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Figure S14. Nyquist plots of IMO and IOMO acquired using the overpotential of 110 mV.
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Figure S15. Faradaic efficiency of the IMO electrode showing the amounts of theoretically
calculated and experimentally measured Oz gas over time in 0.5 M H2SOy4 at current density of

100 mA cm™.
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Figure S16. a, The mass activity of as-prepared electrodes normalizing by total loading of catalyst.

b, The mass activity of as-prepared electrodes normalizing by loading of Ir.
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Figure S17. a, the CV curve of IMO and It at a scan rate of 50 mV s’ in PBS solution (pH = 7.4).

b, the TOFs of the IMO and Pt in 0.5 M H2SOs.



For turnover frequency (TOF) calculation:

The upper limit of the number of active site (V) was first determined by measuring CV curves

in 1 mol phosphoric acid buffer (PBS) (pH = 7.4) at a scan rate of 50 mV s™'.! The N (mol) and

TOF (s) were calculated with the following equations:

where Q (C) is the number of voltammetric charge, F'is the Faraday constant (96485. 3329 C

Q

N ===

2F

TOF = !
~ 2NF

mol ™), and 7 (A) is the current obtained from the LSV polarization curve.
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Figure S18. Chronopotentiometric curves of Ir-MoQs3 at a current density of 100 mA cm?.
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Figure S19. XPS patterns for before and after the OER stability measurement. a, IMO and b,

IOMO.



Figure S20. The side view of IMO's relaxed structure for the oxygen adsorbed on the site D.
The red, pink, violet, grey, and rosy-brown balls represent the O, H, Co, Ni, and Ru atoms,
respectively.



Figure S21.The configuration of the OER process for IMO.
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Figure S22. The formation for various amounts of surface oxygen for IMO.



Figure S23. The top and side view of the IMO with 7 surface oxygen atoms.



Figure S24. The top and side view of the IMO with 8 surface oxygen atoms.



Figure S25. The top and side view of the IMO with 9 surface oxygen atoms.



Figure S26. The top and side view of the IMO with 10 surface oxygen atoms.



Figure S27.The configuration of the OER process for IMO (O-7).



Table S1. Parameter for deconvolution of XPS spectra.

. i
Material Peak Position ~ Shape FWHM Peak

(eV) (eV) (eV) Area
Ir 4f7 61.93 Gaussian 1.4 2239.5
Ir 415, 64.84 Gaussian 1.3 1710.3
O 1s 530.31  Gaussian 1.4 11418.9
O 1s 531.36  Gaussian 1.4 5334.9
O 1s 532.68  Gaussian 1.6 1379.1
5+
MO 1;/[(1’;/2 23172 Gaussian 1.6 25009
6+
1;’{1‘;2 23279  Gaussian 146 12031
5+
1;’{1‘;2 23446 Gaussian 12 o143
6+
1;/{1(;2 235.89  Gaussian 1.4 8539.4
Ir 4f5 61.55 Gaussian 1.3 1181.2
Ir 4fs» 64.53 Gaussian 1.22 917.7
O s 530.33 Gaussian 1.5 10722.1
O s 531.36  Gaussian 1.6 3366.9
O 1Is 532.66  Gaussian 1.4 739.1
5+
LOMO 1;’{1‘;2 23210  Gaussian 1.2 805.8
6+
g/ld‘;z 23259  Gaussian 1.3 9068.9
5+
g/ld‘;z 234.18  Gaussian  1.04 >43.97
6+
1;{103/2 23570  Gaussian 1.3 6078.51
Ir Ir 4f5 60.93 Gaussian 1.2 3360.0
Ir 4f5p 63.83 Gaussian 1.23 2583.7
IrCls Ir 4172 61.68 Gaussian 1.8 967.8
Ir 4f5p 64.67 Gaussian 1.7 727.1
Ir 4f7 61.63 Gaussian 1.34 1607.1
Ir 4f5p 64.56 Gaussian 1.4 1204.2
IrO: O 1s 529.83  Gaussian 1.4 1385.1
O 1s 531.18  Gaussian 1.8 1117.2
O ls 533.05  Gaussian 1.8 464.95

*FWHM: Full with at half maximum.



Table S2. EXAFS fitting parameters various samples

Samples Path Coordination Radial distance Debye-Wagler
number factor (¢°)
Ir-Irl 12 2.77(2) 0.0037(2)
Ir-Ir2 6 3.85(3) 0.0042(11)
IMO-Ir metal Ir-1r3 24 4.71(4) 0.0057(6)
Ir-Ir4 12 5.44(4) 0.0047(8)
Ir-Ir1-Ir4 48 5.44(4) 0.0047(8)
Ir-O1 7 1.95(6) 0.0025(3)
Ir-1r2 2 3.12(10) 0.0026(14)
I0MO-Ir0; Ir-01 4 3.53(6) 0.0025(3)
Ir-Ir2 8 3.55(4) 0.0044(8)
Mo-Ol1 1 1.65(8) 0.0012(8)
Mo-02 1 1.72(8) 0.0012(8)
Mo-03(Ir) 2 1.93(13) 0.0032(10)
Mo-O4(Ir) 1 2.28(2) 0.005(2)
IMO-MoOs3 Mo-0O5 1 2.35(2) 0.005(2)
Mo-Mol 2 3.38(7) 0.0007(8)
Mo-06 4 3.35(8) 0.0012(8)
Mo-Mo2 2 3.78(1) 0.0007(7)
Mo-Mo3 2 4.02(1) 0.0007(7)
Mo-Ol1 1 1.66(8) 0.0014(8)
Mo-02 1 1.72(8) 0.0014(8)
Mo-0O3 2 1.93(13) 0.0035(15)
Mo-0O4 1 2.28(3) 0.004(2)
IOMO-MoOs3 Mo-O5 1 2.35(3) 0.004(2)
Mo-Mol 2 3.37(9) 0.0012(7)
Mo-06 4 3.35(8) 0.0014(8)
Mo-Mo2 2 3.7709) 0.0015(12)
Mo-Mo3 2 4.00(1) 0.0015(12)

Radial distance: interatomic distance (the bond length between the central atom and surrounding

coordination atoms). 62: Debye-Waller factor.



Table S3. Faradic efficiency for OER (FEogr)

Time O2Volume Experimental ) Theoretical FEoEr
(min) (mL) Oz umol O2 (umol)(

10 3.4 151.786 60.008 155.464 98.7
20 6.8 308.036 120.016  310.969 99.01
30 10.3 459.821 180.023  466.392 98.6
40 13.8 616.071 240.031 621.856 99.01

For Faradic efficiency measurement:
The Faradic efficiency was calculated using the equation.

Faradic effici _ experimental pmol of 0, x 100
Aradic ECIeNeY = Theoretical pmol of 0,

The theoretical amount of O gas was calculated from Faraday’s law:

_I><t
n_z X F
n= ¢

z XF

where 7 is the number of mols, / is the current in ampere, ¢ is the time in seconds, z is the transfer

of electrons (for O2 z=4), and F is the Faraday constant (96485. 3329 C mol ). Q is charge.



Table S4. Parameter for deconvolution of XPS spectra before/after the OER reaction for

IMO and IOMO.

o i
Material  Peak Position ~ Shape FWHM Peak

(eV) (eV) (eV) Area
Ir 4f5, 61.93 Gaussian 1.4 2239.5
Ir 415> 64.84 Gaussian 1.3 1710.3
O 1s 530.31 Gaussian 1.4 11418.9
O 1s 531.36 Gaussian 14 5334.9
O 1s 532.68 Gaussian 1.6 1379.1
Mo>" } 2860.9
IMO 3dss 231.72 Gaussian 1.6
6+
Mo 23279  Gaussian 146 12831
3dsp
5+
Mo 23446 Gaussian 12 1514.3
3ds3p
6+
Mo 235.89  Gaussian 1.4 8339.4
3ds3p
Ir 4f5, 62.64 Gaussian 1.7 358.15

Ir 4fs)» 65.64 Gaussian 1.74 268.82
O s 530.54  Gaussian 1.5 11838.4
O s 531.36  Gaussian 1.4 2753.67
O 1s 532.46  Gaussian 1.45 1139.73

5+
Used 1;{10 231.94  Gaussian 1.5 741.41
MO M 5é2+ 1879.54
3 d° 23324  Gaussian 1.5 :
52
5+
1;? 234.60  Gaussian 1.4 498.31
3/
6+
1;? 236.23  Gaussian 1.8 1262.28
3/
Ir 4f5 61.55 Gaussian 1.3 1181.2
Ir 415, 64.53 Gaussian 1.22 917.7
O 1s 530.33 Gaussian 1.5 10722.1
O 1s 531.36 Gaussian 1.6 3366.9
O 1s 532.66 Gaussian 14 739.1
5+
IOMO Mo 232.10 Gaussian 1.2 805.8
3dsp
6+
1;/50 23259  Gaussian 1.3 9068.9
52
Mo>" 543.97

3dss 234.18 Gaussian 1.04



6+
Mo 23570  Gaussian 1.3 6078.51
3dsn

Ir 4f72 62.51 Gaussian 1.6 1499.94
Ir 4155 65.38 Gaussian 1.4 1127.94
O 1s 530.57  Gaussian 1.4 1829.78
O 1s 531.70  Gaussian 1.6 4796.47

O 1s 532.83 Gaussian 14 6277
5+
Used Mo 23254  Gaussian 1.4 424.23
oMo 392
Mo 23327  Gaussian 124 221766
3dsp
5+
Mo 23445 Gaussian 12 25078
3dsp
6+
Mo 23641 Gaussian 134 147657
3dsp
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