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Computational details The search for the local minima configurations and for thasiteon
states connecting them was performed starting from a laatgbdse of structures and saddle points
previously generated via a Reactive Global Optimizatigraach! Local minima from the struc-
tural database were used as initial configurations for tevopations, and saddle points for intrin-
sic reaction coordinate calculatioA@\dditional Basin-Hopping global optimization searchesave
also performed&* with 300 Monte Carlo steps at a fictitious temperature of 50§tagting from

each major configuration to enrich the previously obtainatéh det and increase the thoroughness
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of the PES sampling. All the calculations were performedatdensity-functional theory (DFT)
level using the plane-wave Quantum Espresso pacRaljee Perdew-Burke-Ernzerhof (PBE)
exchange-correlation functional was used together wittastbft pseudopotentidisand energy
cutoffs of 40 Ry and 320 Ry for the wave function and electat@nsity, respectively. Structural
optimizations and transition state searches were cartiesh@ spin-unrestricted formalism, using
3x4 and 4x4 cells with 2 MgO layers (kept frozen during stuuak optimizations), 17 A of empty
space between replicated cells and a Brillouin zone sangildte Gamma point only. In order
to accurately describe transition state energetics, imrabtrriers were evaluated with a nudged
elastic band (NEB) transition state algorithmsing the Broyden scheme in a two-step approach:
a first NEB on the full reaction-path using 8-10 intermediatages; a second NEB with initial
and final states close to the transition state, using 4-8n@diate images and the climbing-image
procedure. In terms of accuracy, our theoretical approastes/hat overestimates the experimen-
tal value of the reaction energy for CO oxidation, predigtth53 eV vs 5.86 eV from experiment.
We finally note that entropic factors to the reaction freergnavere evaluated by neglecting vi-
brational contributions.

Charge density differences were performed using the QEgggcfollowing the details given
in the last paragraph. Mulliken charge analysis were peréar using the NWChefhpackage
version 5.1.1 and a cluster model consisting of a 3x3 cel pluarray of+2.0 au point charges
(about 1500) extending for four layers in the direction gewticular to the surface and up4010
from the borders of the cluster in the (100) surface plane dtbms of the central cluster and the
point charges around it were located at the lattice postadrthe MgO rock-salt bulk structure at
the experimental lattice constant a288. Gaussian-type orbital basis sets of double-z quatity f
all elements and 19-valence electron effective core piatidiot Ag and Aut® were used.

In the following slide we report the adhesion energies ofthiee metal clusters on MgO(001)
and also of the catalytic species ALO, Ag;Au,CO, Ag,Au;CO; and AgCO;. Then, in the
next 4 slides, we report some representative structurgsthét corresponding energetics oM

(second slide), MO, (third slide), M;O,CO (fourth slide) and Ag(COs). clusters supported on



MgO(100) (fifth slide). In addition, in the sixth slide we shthe spin density for six representative
configurations, Ag, Ag;0,, Ag;CO;, Aus;, Au;0, and ACO;. Last, in the last three slides we
report a charge analysis of the interaction of a carbonateiep with Ag and Ay, clusters in the
gas-phase, two Ag\u; homotops supported on MgO(100) and a;Aduster with the carbonate

non-interacting and interacting with the MgO(100) surface
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Adhesion energies on MgO(001)
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Relative energies: bare metal clusters — M./MgO(001)

LI AT % T~
Au, 0.00 +0.19 +0.13 -
Ag;Au; 0.00 0.00 +0.14 +0.48
AgG AU,  0.00 0.00 +0.22 +0.12
Ag, 0.00 +0.06 +0.19 +0.20

homotop energetics for alloys




Relative energies: M_O_/MgO(001)

OOO+OO9 1.26 +033 +022 +0.56
0.00 +0.19 -0.93 -0.18 +0.18 —
0.00 +0.21 -0.56 -0.33 +0.12 =4
0.00 +0.17 —-0.46 +0.13 —-0.01 +0.46

homotop energetics for alloys

(\ +0 24eV +0.22eV m
+0 42eV &f- +0.40eV %



Relative energies: M_.COO /MgO(OO1)
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(R m - (L/q T'ﬂ homotop energetics
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Relative energies: Ag,(CO) O, and Ag Au (CO) 0O,




Spin density — Mulliken analysis (NWChem)

Au AU3O2 0.39 AUBCO3
0.53

0.18

The magnetic moment is equal to 1u_ (one electron unpaired) in all cases



gas-phase M CO.: Mulliken and charge density difference

+0.16 +0.16

Au, +0.16 Ag,

larger charge gain for the oxygen atoms in contact with th metal atoms
no real differences between Ag, and Au,: the charge transfer is about the same

Values in black are the charge variation (Mulliken-NWChem)
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charge loss from the surface: 0.83¢

p(Ag,Au,CO_MgO) - p(Ag,AuMgO) - p(CO.)

>
O
©
=)
0
IS N
%b
RS
° %
T D
o <
0
mh
et
S §
=3
)
O &
T <
Tt O
S
»n &
D)
O £
= =
£ O
o 9
S
> 9
(7))
S &
= =
O 2
Tt o
O
S ©
q C
S O
% 8
®
o
0
<

Ag,AuCO: Ap
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charge loss from the surface: 0.83¢e




A93CO3 - laid-down vs straight
027 Ap = p(Ag,CO,MgO) - p(Ag,CO,) - p(MgO)
x 0,37

s

charge loss from the surface: 0.79¢ charge loss from the surface: 0.93e

carbonate interaction with the surface is energetically favorable for Ag., not
Au, and entails a larger charge transfer from the surface to the carbonate



