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Figure S1. Protocol of DRIFTS-MS-monitored CO oxidation experiments on Pt/A1;0;3 catalysts. CALC and RED
correspond to calcination and reduction steps, respectively. The n value is 2 or 10, depending on the chosen
conditions. The cycles in red correspond to the steps selected for the comparison of the single-atom catalyst (SAC)
and the nanocatalyst (NC). In the following Figures S3-S10 containing the whole set of DRIFTS data, the reaction
cycles are denoted C300-A1, C300-A2, R300-1, R300-2, C300-B1, and C300-B2. For CO desorption experiments,
after calcination or reduction, 2% CO in He was flowed at RT for 20 min, the cell was purged with He flow at RT
for 20 min, and one temperature cycle under pure He flow was performed.
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Figure S2. CO; yield versus temperature on pre-calcined 0.3 wt% Pt/y-A1,03 (SAC) and pre-reduced 1 wt% Pt/y-
Al,O3 (NC) catalysts under CO:0,=2:10% reaction conditions. The same quantity of Pt (500 ug) was used in both
cases. Heating/cooling ramp rates: 1 °C/min. Total flow rate: 50 mL/min. Data extracted from Ref. 1.
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Figure S3. DRIFTS experiments on 1 wt% Pt/y-Al,03 under CO:0,=2:10% reaction conditions. X axis
corresponds to wavenumbers in cm™. On Y axis, H and C denote heating and cooling steps, respectively. The data
at 300 °C (maximum temperature) were removed because of wrong signal due thermally-induced beam

dealignment.
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Figure S4. DRIFTS experiments on 0.3 wt% Pt/y»-AL,O3 under CO:0,=2:10% reaction conditions. X axis
corresponds to wavenumbers in cm™. On Y axis, H and C denote heating and cooling steps, respectively. The data
at 300 °C (maximum temperature) were removed because of wrong signal due thermally-induced beam
dealignment.
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Figure S§5. DRIFTS experiments on 0.3 wt% Pt/y-Al:03 under CO:0,=2:2% reaction conditions. X axis
corresponds to wavenumbers in cm™. On Y axis, H and C denote heating and cooling steps, respectively. The data
at 300 °C (maximum temperature) were removed because of wrong signal due thermally-induced beam

dealignment.
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Figure S6. CO desorption DRIFTS experiments on 1 wt% (left panel) and 0.3 wt% (right panel) Pt/y-Al;03. X axis
corresponds to wavenumbers in cm™. On Y axis, H and C denote heating and cooling steps, respectively. The data
at 300 °C (maximum temperature) were removed because of wrong signal due thermally-induced beam
dealignment.
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Figure S7. DRIFTS experiments on y-Al,03 under CO:0,=2:10% reaction (top row), CO:0,=2:2% (middle row),
and CO desorption (bottom row) conditions. X axis corresponds to wavenumbers in cm™. On Y axis, H and C
denote heating and cooling steps, respectively. The data at 300 °C (maximum temperature) were removed because
of wrong signal due thermally-induced beam dealignment.
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Figure §8. Comparison of CO desorption DRIFTS experiments on 0.3 wt% Pt/y-Al;03 (C300-A1 cycle), 1 wt%

Pt/y-A1,03 (C300-B1 cycle), and

7-AL,03 (C300 cycle).
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Figure S9. CO desorption DRIFTS spectra (C-O stretching region) on 0.3 wt% Pt/y-Al,O3 and 1 wt% Pt/y-Al;Os.
H and C stand for heating and cooling steps.
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Figure S10. Identification of formate species through correlation between C-H stretching (left panel) and COO
stretching (right panel) DRIFTS features: they appear clearly on alumina, weakly on 0.3Pt sample, not on 1Pt
sample. Bicarbonates (all samples) and carbonates (pre-oxidized samples) are also visible. H and C stand for

heating and cooling steps. * non-attributed bands.
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Figure S11. DRIFTS spectra (O-H stretching region) recorded for y-Al,O3 under CO:0,=2:10% conditions after
calcination. Top: raw spectra. Bottom: spectra obtained by smoothing of raw spectra and subtracting a baseline
(example: dotted line in top graph) to facilitate the comparison between hydroxyl bands. OH bands are labelled
after Hadjiivanov.? The same colors are used for corresponding top and bottom graph spectra. H and C stand for

heating and cooling steps.
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Figure S12. Distribution of the computed frequencies in the most relevant spectral zones addressed in the DRIFTS
study for (a) carbonyls, (b) carbonates, (c) bicarbonates, and (d) formates. Vertical lines show the positions of the
most relevant experimental bands.
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Figure S13. Computed thermodynamic diagrams at a CO partial pressure of 20 mbar for alumina-supported
species. a) Cumulated adsorption free energy of CO for Pt;(CO), (0 <n <4). b) Free energy of sintering from
Pt;(CO), (0 < n <4) to Pt;3(CO)s. c) Free energy of sintering from Pt;(CO), (0 < n < 4) to Pt;3(CO);2. d)
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ending with Pt;3(CO) 2. e) Cumulated adsorption firee energy of CO for Pt;(CO), (same as a) and PtO>(CO),.
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Table S1: Selection of experimental versus computed (harmonic, unscaled) wavenumbers for species containing
carbonates as reported in the literature.

Species Modes Experimental Computed Computational References
wavenumbers  wavenumbers (cm™)  details exp./comput.
(em™)
Free E’ 1415 1452 6-31G* 34
carbonate A’ 1063 1014 B3LYP
A7 879 876
E’ 680 665
COs/Pt(111) A 1455 1592 (long bridge) Pty clusters 34
1537 1657 (short bridge) 6-31G*, RECP (Pt)
B3LYP
COs/Pt(111) Ve=0 1457/1537 1591/1686 Periodic 6/6
Vasccoo)y  Not measured 1177/1140 Plane waves (400 eV)
(short/long bridge) PWI1
CO3/m-ZrOz2  ve=o 1524/1570 1667/1791 Periodic 78
(-111) Vasccooy  1350/1325 1239/1158 Plane waves (400 eV)
(tridentate/bidentate) PWO91
(dppp)PtCO3*  vce-o 1661 1737 See Section 2.4 %/this work

2dppp is 1,3-bis(diphenylphosphino)propane. The (dppp)PtCO3 complex is depicted below (color code: C grey, H
white, O red, P purple, Pt blue):

14/15



1300 -

1700 -

1500 -

1300 -

1100 A

Computed frequency [cmY}

500 -

700 1< . . . . . \
700 900 1100 1300 1500 1700 1500
Experimental frequency (cm™)

Figure S14. Computed vs. experimental values for carbonate vibration wavenumbers, extracted from Table S1.
The straight line represents y=x function.
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