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Figure S1 XRD pattern of as-prepared ultrasmall NiO nanoparticles.

Figure S2 SEM image of as-prepared ultrasmall NiO nanoparticles.
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Figure S3 Particle size distribution of ultrasmall NiO nanoparticles.

Figure S4 EDS spectrum of as-prepared ultrasmall NiO nanoparticles.
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Figure S5 The Hammett parameter of substitutions on all modified molecules. * The -CO2H group is

deprotonated under alkaline OER conditions (-CO2’), behaving as electron-neutral property.
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Figure S6 XRD patterns of pristine and molecularly modified ultrasmall NiO nanoparticles.
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Figure S8 a) TEM pattern, b) Particle size distribution and c) EDS spectrum of NiO-CsHsNO>

Figure S9 a) TEM pattern, b) Particle size distribution and ¢) EDS spectrum of NiO-CeHsCl>
sample.
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Figure S10 a) TEM pattern, b) Particle size distribution and c) EDS spectrum of NiO-CsHsCO2H

sample.
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Figure S11 a) TEM pattern, b) Particle size distribution and ¢) EDS spectrum of NiO-CsHsOMe

sample.
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Figure S12 a) UV-Vis spectrum of pentafluorophenyldiazonium tetrafluoroborate solution at
different concentrations. b) Plot of absorption at 405 nm versus concentration. ¢) UV-vis spectrum
of pentafluorophenyldiazonium tetrafluoroborate solution after molecular modification of NiO
nanoparticles. The concentration of diazonium salt remaining in solution is estimated to be 2.18
mg/ml and the loaded molecule amount is estimated to be 2.11 nm,
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Figure S13 a) UV-Vis spectrum of 4-nitrobenzenediazonium tetrafluoroborate solution at different
concentrations. b) Plot of absorption at 260 nm versus concentration. ¢) UV-Vis spectrum of 4-
nitrobenzenediazonium tetrafluoroborate solution after molecular modification of NiO nanoparticles.
The concentration of diazonium salt remaining in solution is estimated to be 2.06 mg/ml and the

loaded molecule amount is estimated to be 2.55 nm™2.
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Figure S14 a) UV-Vis spectrum of 4-carboxylbenzenediazonium tetrafluoroborate solution at
different concentrations. b) Plot of absorption at 260 nm versus concentration. ¢) UV-Vis spectrum
of 4-carboxylbenzenediazonium tetrafluoroborate solution after molecular modification of NiO
nanoparticles. The concentration of diazonium salt remaining in solution is estimated to be 1.18
mg/ml and the loaded molecule amount is estimated to be 3.31 nm.
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Figure S15 a) UV-Vis spectrum of 4-Methoxybenzenediazonium tetrafluoroborate solution at
different concentrations. b) Plot of absorption at 315 nm versus concentration. ¢) UV-Vis spectrum
of 4-Methoxybenzenediazonium tetrafluoroborate solution after molecular modification of NiO
nanoparticles. The concentration of diazonium salt remaining in solution is estimated to be 2.43

mg/ml and the loaded molecule amount is estimated to be 2.37 nm.
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Figure S16 Fitting of the Fourier transformed k3-weighted EXAFS spectra of a) NiO and b) NiO-
CeFs samples.
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Figure S17 Tafel slopes of bare NiO and all modified NiO samples on glassy carbon electrode.
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Figure S18 Current densities measured at 450 mV overpotential of bare NiO and all modified NiO

samples.
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Figure S19 a) TEM pattern, b) Particle size distribution and ¢) EDS spectrum of NiO-CgFs sample
after OER electrolysis under 320 mV overpotential for 10 h.
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Figure S20 a) Cyclic voltammetry curves of NiO at different scan rates. b) AJ (=Ja-Jc) of NiO
plotted against the scan rates.
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Figure S21 a) Cyclic voltammetry curves of NiO-CgFs at different scan rates. b) AJ (=Ja-Jc) of NiO-
CeFs plotted against the scan rates.
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Figure S22 Water contact angles of bare NiO and all molecular modified NiO samples.
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Table S1 Structural parameters of NiO and NiO-CeFs extracted from EXAFS refinement. The
standard deviations in parentheses were obtained from k3-weighted least square refinement of the

EXAFS function x(k) and do not include systematic errors of the measurement.

Sample Path R (A) CN AE(eV) o (A?)
Ni-O 2.023(1) 5.97 0.0057(1)
NiO-d -13.108(3)
Ni--Ni  3.101(2) 6.91 0.0097(1)
Ni-O 2.043(2) 5.98 0.0069(2)
NiO-CsFs Ni-—-Ni  2.974(2) 7.96 -9.895(4) 0.0094(1)
Ni---C 2.728(2) 0.48 0.0087(1)
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