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Section 1. Bare Pt Substrate

The bare Pt substrate was first cleaned, and exposed to a 2:1 mixture of CO and O, in a 2:1 ratio at
CIRCE beamline ALBA' where AP-XPS was performed. QMS of the gas in the cell was
performed, Figure S1C, allowing the light-off of the CO, to be seen at 250°C. The crystal was then
heated from RT to 300°C, as seen in Figure S1. In Figure ST1A the Cls region of the XPS spectra
can be seen. Unfortunately in UHV there is still a large amount of adventitious carbon on the

surface. Introducing the gas mixture sees the appearance of two surface peaks marked with the blue



dashed lines at 286.5¢V and 285.8eV, assigned to the on-top and bridge adsorption sites for the CO
on Pt(111)%. At higher binding energy the CO gas phase peak® can be seen, and at temperatures
250°C and above, after CO, light-off its gas phase peak can also be seen. Figure S1B shows the Ols
region of the XPS spectra for same crystal. At room temperature in the gas mixture, multiple peaks
are seen to appear, those located at higher binding energy are related to the gas phase labelled
O,(g)* (split peaks) and CO(g)’. The surface peaks marked in blue are located at 530.8 eV and
532.5 eV are related to the adsorbed CO?. CO,q4s can occupy both the bridge site and the top site in a
c(4 x 2) structure at the pressures present during the experiment. However these peaks are shifted to
lower binding energies than reported in literature, with the 530.8 eV binding energy often reported
as the value for chemisorbed oxygen (O,4)°. This occupies the hollow sites of the Pt(111) and it is
the interaction with the CO in the bridge sites that is deemed crucial in the CO oxidationS, which the
ball model in Figure S1D illustrates . The idea that there is also O in the hollow sites is collaborated
by the Cls region, Figure S1A, whereby the bridge peak, has a lower intensity, in contrast to when
there is no oxygen present leading to the belief that at least some of the hollow sites are occupied by
O.gs. As the sample is heated to above 200°C, where we first see lift-off of CO, you can also see

that the bridge site peak diminishes faster than the on-top peak, in both the Ols and Cl1s regions.
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Figure S1. A&B show the AP-XPS spectra for the C1s and Ol1s regions as a Pt(111) crystal is heated from RT to 300°C in a 2:1 gas
mixture of CO and O,. C the QMS of the gas in the cell during the experiment. D a ball model of the interaction on the surface, with
oxygen atoms, red, interaction with CO molecules, dark red, on the Pt(111), grey, surface.

Section 2. Fitting the Co2p peaks.

The Co2p?? region of the XPS spectra obtained at the HIPPE beamline in both CO oxidation and
PROX conditions was fitted using CASA XPS’. A peak fit of 6 peaks was chosen in line with the
work by A.J. Holt et al®. The first three of the 6 peaks are fitted as asymmetric peaks, as seen in
Figure S2, and are the Co metal (fitting using the main asymmetrical peak at 778¢V?), the Co**
oxidation peak associated with the trilayer structure located at 778.9¢V>!? and the Co?* oxidation
peak associated with the bilayer structure of the CoOx seen at 780.4eV. The peaks labeled I and II
are peaks associated with multiplet splitting and shake-up satellites of the high-spin Co?" state, and
located 2.1 eV and 5.7¢V away from the main peak respectively!'!"!4, The minor peak III is linked
with Co*" compounds®. The peak fit was energy calibrated to the Pt 42 peak, measured at each
interval using the same photon energy, 1250eV for the Co2p region. Using the fitted peaks an
approximation of the percentage make-up of the CoO, was calculated for each temperature of each

experimental series. A visual representation of this can be seen in Figure S3. The percentage



contribution presented in the main text arises from the addition of all the peaks associated with a
certain oxidation state, for example for the Co?" we take the main Co?* peak, as well as peaks I and
IT which are associated with that state and for Co®" it is the main peak and peak III. Note that we
always see some metallic Co® component in all spectra even in oxidizing conditions, which we
however do not consider to reflect full metallic Co species on the surface, expect at high

temperature where the oxide decomposes. of3
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Figure S2 the Co2p region of the XPS spectra of the CoOx bilayer, fitted using CASAXPS. The spectra was taken in CO oxidation
conditions (2 mbar CO and O, in a 1:1 ratio) at 100°C.
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Figure S3. Co2p peak fitting results. Each sub-image shows an experimental series, where the original 0.5ML bilayer is heated in
operando conditions. The bar charts show the percentage contribution to the peak fit for the Co2p>? region of the CoOx nanoislands
XPS spectra. A: CO Oxidation series, B: in PROX conditions H,:CO:0, = 0.1:1:1, C: in PROX conditions H,:CO:0, = 1:1:1, D: in PROX
conditions H,:CO:0, = 10:1:1.




Section 3. Cl1s fitting

Fitting of the Cls region was performed with a purpose written python script. The energy
calibration was performed using the Pt 47> peak, measured at each temperature interval using the
same photon energy as the Cls region. The peaks were then fitted after Shirley background
correction'> using an analytic approximation to the Voigt function in the form of a
Gaussian/Lorentzian Product Function'¢. A six-peak fit was used, the first two peaks are ascribed to
amorphous carbon at 283.8 eV and 284.3 eV, labelled C1 and C2, seen in Figure S4. They may be
the result of both sp? and sp® bonded carbon!?, when there is relatively large amounts of carbon on
the surface, but they represent the adventitious carbon on the surface. The next two peaks fitted are
the on-top and bridge site adsorption of CO on the Pt(111), as also seen in Figure S1, at 286.5¢V
and 285.8eV respectively. The last two peaks fitted were carbonates species peaks, assigned as the
on-top and bridge site adsorption of CO on the CoOx nanoislands. These are labelled o and [ in the
main text, with centres at at 288.4eV and 287.7eV. These are ascribed with the similarities to in
binding energies to CoCO;'® and to CO on metal oxide surfaces!® in mind. Shown in Figure S4 are
the areas of each of the fitted peaks (calculated using the numpy.trapz function), over the course of

the temperature series, in each of the different gaseous environments.
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Figure S4 the areas of the fitted surface peaks in the C1s region of the course of the temperature series for each of the different
gaseous envirnoments. A: CO oxidation with 2 mbar of a 1:1 mix of CO and O,. B: Low H, PROX, 6 mbar of a 1:1:0.1 mix ofCO:0;:H.,.
C: Equivalent H, PROX, 6 mbar of a 1:1:1 mix ofCO:0,:H,. D: High H, PROX, 6 mbar of a 1:1:10 mix ofCO:0,:H,.



Section 4. O1s peak fitting

Fitting of the Ols region was performed with a purpose written python script. The energy
calibration was performed using the Pt 47> peak, measured at each temperature interval using the
same photon energy as the Ols region. The peaks were then fitted after Shirley background
correction'> using an analytic approximation to the Voigt function in the form of a
Gaussian/Lorentzian Product Function'. One of the difficulties with fitting the Ols region arises
when you consider there is the potential to fit seven peaks to the region. These peaks begin at lower
binding energy with the lattice oxygen of the CoOx at 529.4eV as well as a hydroxyl peak at
531.1eV?2921, Between those two peaks there may also be a chemisorbed oxygen peak (O,g),’
however as seen in S1, this peak may also be related to the bridge site adsorption of CO on the
Pt(111), shifted to lower biding energy due to the presence of oxygen on the surface. The same can
be said of the on-top adsorption sight seen at 532.5e¢V but reported at 532.9¢V in a pure CO
environment?. Further still, we know that the CO adsorbs on the on-top and bridge sites of the
CoOx from the Cls region of the spectra. This adsorption has been reported in literature as having a
binding energy of that overlaps the hydroxyl region at 531.1eV?2, while Ferstl et al states that at low
temperatures on Co3;0y4 a peak at approx. 534eV is the a result of CO bonding to the Co?" sites!”.
However when trying to fit so many peaks the representation in the deconvolution was lost, that is
without better resolution in the energy axis peaks would be favoured over others in the automated
fitting in a non-consistent manner. This can be qualitatively seen when looking at the Ols regions
presented in the main text, without a fitting graphed, that it is difficult to assign more than three
peaks at any one time. With this in mind a peak fit of four peaks was chosen. As seen in Figure S5
these peaks were the main CoOx lattice peak, the —OH hydroxyl peak which overlaps with a CO
adsorption peak on CoOx, the O,4s peak which can also overlap with the CO on Pt bridge site, and

the CO on Pt top site. The areas of these peaks were graphed in the same way as in Figure S4, and



while they do give an indication of the surface

deconvolution and true quantitative analysis difficult.
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Figure S5 the areas of the fitted surface peaks in the O1s region of the course of the temperature series for each of the different
gaseous envirnoments. A: CO oxidation with 2 mbar of a 1:1 mix of CO and O,. B: Low H, PROX, 6 mbar of a 1:1:0.1 mix ofCO:0;:H.,.
C: Equivalent H, PROX, 6 mbar of a 1:1:1 mix ofCO:0,:H,. D: High H, PROX, 6 mbar of a 1:1:10 mix ofCO:0,:H,.

Another interesting result from Ferstl et al was noting that the main peak of the oxygen lattice site
shifted to lower binding energy in the presence of CO, from 529.5¢V to 529.35eV. At 150°C, the
temperature of light-off of the CO, we see the CoOx lattice oxygen peak shift back towards the

accepted value of 529.4eV, and raising in binding energy further as more of it is reduced away.
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Figure S6 the shift in Binding energy from literature of the fitted surface peaks in the O1s region of the course of the temperature
series for each of the different gaseous envirnoments. A: CO oxidation with 2 mbar of a 1:1 mix of CO and O,. B: Low H, PROX, 6
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