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XPS of ALD films: During XPS fitting, the spin-orbit coupling was neglected for Si 2p and Al 2p due to
the low doublet separation energies of only 0.6 and 0.4 eV?, respectively, as these are below the
spectral resolution of the analyzer (approximately 0.6-0.9 eV, depending on the full width at half
maximum, FWHM, and signal-to-noise ratio). For peak fitting of Ti 2p and Zr 3d regions, doublet
separation energies of 5.7 and 2.4 eV were constraint, according to the NIST XPS database. In case of
Zr 3d, a peak area ratio of 3ds/2:3ds/2 = 3:2 was employed, whereas the Ti 2p peak area ratio was left

unconstraint due to Coster-Kronig broadening of Ti 2p,».
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Figure S1 XPS spectra of ALD-grown Al;0s, ZrO;, and TiO, films deposited on a Si wafer after

pretreatment with oxidation (1x10® mbar 0,, 923 K, 30 min) and reduction (1x10® mbar H,, 923 K,

30 min).
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Figure S2 Comparison of ppp-SFG spectra of ZrO, film/Si with annealing at 423 K in UHV and at 600 K
in 1x10° mbar O,.
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Figure S3 ppp-SFG spectra of blank Si at 100 and 295 K under UHV in the range of 3000-3800 cm™.
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Figure S4 LEIS spectrum of the oxidized polycrystalline Co foil.

XPS Spectra of the oxidized Co foil were calibrated to the O 1s binding energy of 529.79 eV, following
the reference values reported by Biesinger et al.2 for CoO, due to the absence of adventitious carbon
and the lack of a measurable Co Fermi edge caused by the oxide layer thickness. Quantification was
performed using the Co 2p and O 1s regions after applying a Shirley-type and linear background

subtraction, respectively.
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Figure S5 Co 2p-XPS spectrum of the oxidized polycrystalline Co foil.
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Figure S6 Co 1s-XPS spectrum of the oxidized polycrystalline Co foil.
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Figure S7 Comparison of ppp spectra of pure CoO film-Co foil and Si water in the range of 2150-2800
cm™? acquired at 93-95 K.
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Figure S8 Photographs of (a) a ZrO, film on a flat Si wafer prepared by atomic layer deposition and (b)
a CoO film on an unpolished, rough Co foil obtained by oxidation in 1x10™> mbar O, at 600 K for 1 h.
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Figure S9 ppp-SFG spectra of D,O adsorption on CoO/Co foil (unpolished) at 93-95 K in the range of
3000-3800 cm™.
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