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The amount of deposited gold was calculated using the following method:

Just as described in the experimental section, all the experiments were conducted in two separate ultra-high vacuum
(UHV) systems. Both experimental beamlines are equipped with XPS, SRPES, and LEED, allowing us to perform XPS
measurements to determine the amount of gold deposited, thereby ensuring consistent gold coverage across experiments
conducted on different setups.

In this work, the Au coverage on CeO,(111) was determined by quantifying the amount of deposited Au. The Au
deposition rate was monitored by quartz crystal microbalance (QCM) and then calibrated by the attenuation of Ru 3d XPS
signal after depositing Au directly onto the Ru(0001) surface at low coverage. The reason we chose the Ru(0001) substrate
is that Au grows in a layer-by-layer fashion at least for the first two layers on Ru(0001) single crystal'-2. The calculated
deposition rate of Au is 0.12 A/min.

The exact amount of Au deposited onto CeO,(111) is calculated by multiplying the deposition rate by the evaporation
time assuming unit sticking probability of Au on CeO,(111). Because Au grows as 3D nanoparticles on CeO,(111) at room
temperature, we thus adopt the very common monolayer definition of metal nanoparticles on oxide surfaces® 4. One
monolayer (ML) of Au is defined as 1.39 x 105 atoms/cm?, which is the number of Au atoms per area in a close-packed
(111) layer of bulk Au crystal. In this work, the amount of Au deposited is manifested by monolayers. The monolayer
thickness is calculated by the number of Au atoms per area divided by the number of Au atoms per volume (5.90 x 1022
atoms/cm?) in bulk Au, which is 2.35 A.

Since we know the deposition rate and can control the Au deposition time, the exact deposited Au amount can be
obtained and converted to monolayers. For example, to prepare a 0.50 ML Au/CeO,(111) sample, with a deposition rate
of 0.12 A/min, the required deposition time was 9.83 minutes. Therefore, the amount of Au is 0.12 A/min x 9.83 minutes

=1.18 A. As 1 ML thickness is 2.35 A, thus, the coverage is calculated to be 1.18/2.35=0.5 ML.
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Figure S1. Integrated Au 4f intensity normalized to that of bulk Au versus coverage for Au growth on a 2-4 nm thick CeO g5(111) film grown on Cu(111) at room
temperature (open circles). The dashed black curve corresponds to what is expected if Au grows in a layer-by-layer growth mode, and the other curves represent
a hemispherical cap model with a constant island density, n. The inelastic mean free path used for calculation is 0.4 nm for Au, obtained from Ref. 5.

According to the 3D particle (hemispherical cap) growth model®’, the intensity ratios are given as follows:
R

Iy R\ 12,,
© = nR%m-2mnA2|1- (1 +T)e Au

1 Au(oo) Au,

(1

where I, represents the Au 4f intensity and I5,(e0) is the Au intensity from a thick bulklike Au layer on CeO; g5(111),
d is the Au thickness, A4, is the mean free path of Au photoelectrons, R and n are the radius and the number density of the
hemispherical Au particles, respectively.

We assume the gold grows on CeOj gs(111) in a 3D mode like hemispherical cap. Therefore, d=2/3nR3x. The number
of particle density n then becomes the only fitting parameter. It should be noted that in the hemispherical cap model, the
number of particle density is assumed to be independent of coverage and treated as a constant for fitting. Therefore, the
fitted curve is derived for a given n. Figure S1 presents fitting curves for different values of n, showing that deviation from
the experimental data occurs if the particle density n increases above or decreases below 5.3 x 10'? islands/cm?. Instead,

the signal is in excellent agreement with the hemispherical cap model, assuming a constant particle density of 5.3 x 1012

islands/cm?.
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(a) 110 K, 0.10 ML Au/CeQO,(111) (b)110 K, 0.10 ML Au/CeO, 4,(111) (c) 110 K, 0.10 ML Au/CeO, 4(111) (d)110 K, 0.10 ML Au/CeO, 4,(111)
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Figure S2. IRAS spectra obtained from the Au/Ce0,(111) (a), Au/Ce0;4(111) (b), Au/CeO;g5(111) (c), and Au/CeO, g5(111) (d) surfaces with incremental doses of

CO at 110 K.
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Figure S3. IRAS spectra obtained from the CeO; g5(111) surface with different Au coverages with incremental doses of CO at 110 K.
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Figure S4. Secondary electron cutoff spectra at different Au coverages.
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Figure S5. Resonant photoemission valence band spectra acquired on the CeO,(111) surface at different photon energies: 115 eV (off-resonance, black lines),
121.4 eV (Ce?** resonance, red lines), and 124.8 eV (Ce** resonance, blue lines). The resonant enhancements for Ce3*(denoted as D(Ce3*)) and for Ce** (D(Ce**))
are quantified by calculating the intensity difference between the corresponding features on- and off-resonance as indicated by black arrows.

The resonant enhancement ratio (RER) is defined as D(Ce?")/D(Ce*"). The Ce3* concentration can be calculated from

RER via the formular: n(Ce*")/n(Ce*") = RER/y, y=5.5.8 The stoichiometry of ceria was thus determined via the formula®:

1 n(Ce3+)
2n(Ce3+) + n(Ce4+)
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