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1) Au19(CO), and AugZn (CO), isomers.
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Figure S1: Some isomers of Au;o(CO);; and AugZn~— (CO);, compounds with excess energy (below in parenthesis)
less than 0.15 eV over the ground state given of Figure 1 of the main text. Note that the isomer Aujo(CO)~ with
CO adsorbed on top site has 0.046 eV excess energy. For AugZn(CO)~ all the isomers with CO in bridge sites have
excess energy larger than 0.10 eV and are not included in this Figure-S1. All the compounds in this Figure have
spin multiplicity 1 (2) corresponding to an even (odd) number of electrons.

2) non-local van der Waals dispersion effects.
Ouly after the work of Langreth, Lundqvist, and coworkers [1] the non-local dispersion correlations have been incor-
porated selfconsistently in DFT. These authors demonstrate that the vdW interaction can be expressed by a nonlocal
functional depending only on the electron density. After that work, numerous efforts have been developed to include
vdW forces within DFT [2,3,4]. Dion et al. [1] proposed to divide the exchange-correlation (xc) energy in three parts:

Egeln] = EZ9Y[n] + B4 n] + B [n],

where E¢%4[n] is the exchange energy corresponding to the chosen generalized gradient approximation (GGA) func-
tional, EXPA[n] is the local density approximation (LDA) to the correlation energy, and E7[n] is a nonlocal contri-
bution to the correlation energy which contains the dispersion interaction.

Two different flavours of the Dion vdW-DF xc-functional have been choosen for the present test, the DRSLL and
the KBM ones. In the original work of Dion et al.[1] (DRSLL functional), the exchange part is described through
the GGA exchange functional of Zhang and Yang [5]. Insted, the KBM functional proposed by Klimes, Bowler, and
Michaelides [6] uses the so-called optB88 exchange functional, which is a modification of the B88 exchange functional
of Becke [7]. We have used these vdW-functionals in previous works concernig gold and mercury clusters [8].

Compound |isomer | RPBE |DRSLL | KBM
Auio(CO)~ | iso-1 | 0.026 | 0.066 |0.003
iso-2 | 0.046 | 0.081 |0.127
Au10(CO); | iso-1 | 0.017 | 0.023 |0.061
AuoZn(CO);, | iso-1 | 0.031 | 0.032 |0.045
AuoZn(CO), | iso-1 | 0.095 | 0.114 |0.067

TABLE S1: Comparison of the difference in total energy (in eV) between the compounds of Figure S1 above and the
corresponding minimum energy configurations shown in Figure 1 of the main text, for the RPBE functional and two
PBE plus non-local van der Walls correlation functionals, namely, DRSLL [1] and KBM [6].



In Table S1 are presented the self-consistently calculated differences between the total energies (in eV) of those
isomers in Figure S1 above and the corresponding minimum energy configurations given in Figure 1 of the main
text. No change of the initial CO adsorption configurations occurs after the forces minimization process, but only
slight changes in the bond lengths. The ground state adsorption configuration predicted by the RPBE xc-functional
remains for the calculations with the more sophisticated (and expensive) vdW dispersion functionals. This result
gives us confidence in the block RPBE calculations presented in the main text.

3) Angles Au-C-O for all CO molecules adsorbed in the complexes of Figure 1 of the main text.

Compound Angle Au-C-O (ag)

Au1o(CO)~ |119.64/141.30

Aui(CO); [137.84/133.94|137.81/133.95

Auio(CO); |136.25/135.27|136.55/135.28 | 130.48/131.42

Auio(CO); [136.60/134.86|134.79/137.06 | 131.62/139.01 165.42

Auyo(CO), |134.04/137.97|134.12/137.86|134.73/134.87 154.83 154.58
Aulo(CO)g 136.40/135.46 134.01/136.85 159.47 157.61 168.80
AugZn(CO)~ 141.23

AugZn(CO); | 14155 141.54

AUQZH(CO)ST 141.14 140.99 140.82

AUQZH(CO)Z 140.98 139.32 143.18 135.43

Auan(CO)g 156.10 175.50 149.44 139.95/136.71|141.61/134.36
AUQZn(CO)g 155.34 179.24 146.54 130.82/120.74|140.63/134.28140.33

TABLE S2: Angles Au-C-O (ay) formed by the CO molecules with Au atoms of the compounds of Figure 1 of the
main text. For those CO molecules bridging two Au atoms are given the corresponding two a7 angles.

4) Angle oy formed by the three corners Au atoms and the plane containing the Au-C-O molecule
for each of the compounds shown of Figure 1 of the main text.

[ The angle ag between the Au-C-O plane and that of gold substrate

Au1(CO)~ [0.99/1.00

Aui(CO); |0.13/0.13|0.24/0.21

Auyp(CO); [0.25/0.24]0.13/0.10(0.22/0.21

Auyp(CO); [0.48/0.55|0.60/0.66|0.45/0.43| 1.63

Aup(CO); [0.08/0.07]0.20/0.15|0.53/0.53| 0.21 1.38
Auio(CO)g |2.27/2.39|1.31/1.31]1.16/1.03| 2.75 1.48  |85.40
AugZn(CO)~| 85.41

AugZn(CO), | 84.40 81.45

AugZn(CO); | 86.43 82.26 88.90

AugZn(CO), | 81.56 74.21 80.16 70.94

AugZn(CO); | 3.19 8.36 0.65 |0.90/0.88| 2.2/2.08
AugZn(CO), | 5.46 39.74 3.34 |3.01/1.96|1.92/17.36|71.05

TABLE S3: Angle as formed by the plane of the Au-C-O trimer with the plane formed by the three Au corner
atoms of the compounds of Figure 1 of the main text. For those CO bridging two Au atoms are given the
corresponding two o angles.



5) Excess/deffect of charge (per CO molecule) for CO, C, O, and Zn atoms.

Bridge (b) and top (t) bonding, and excess/deffect of
charge (per CO molecule) for CO, C, O, and Zn
Compound | (b,t) [A(CO)| A(C) | A(O)|A(Zn)

Au10(CO)~ | (1,0) | 0.241 [-0.573 | 0.814
Auig(CO); | (2,0) | 0.252 |-0.564 | 0.816
Aup(CO); | (3,0) | 0.238 | -0.570 | 0.808
Auo(CO); | (3%,1) | 0.210 | -0.598 | 0.807
Auo(CO); | (3,2) | 0.204 |-0.594 | 0.798
Auo(CO), | (3,3%) | 0.189 | -0.613 | 0.803
AuoZn(CO)— | (0,1) | 0.147 | -0.682 | 0.829 | -0.849
AugZn(CO); | (0,2) | 0.144 | -0.688 | 0.833 | -0.842
AugZn(CO); | (0,3) | 0.150 | 0.672 | 0.822 |-0.839
AugZn(CO); | (0,4%) | 0.153 | -0.671 | 0.824 |-0.822
AugZn(CO) | (2%,3) | 0.186 | -0.636 | 0.823 |-0.717
AugZn(CO)4 | (3*,3)| 0.180 | -0.647 | 0.827 |-0.706

TABLE S4: In the second column is given the type of bonding, bridge (b) or on top (t), of the CO molecules. The
asterisk (*) indicates that the last CO binds to highly coordinated gold (Au) atoms. In columns third to sixth, the
excess or deficit of nominal charge per molecule is given for CO, C, O, and Zn atoms, respectively.

6) The xyz coordinates of all the minimum energy structures given in Figure-1 and Figure-18S.
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.609707
.463010
.946780

.197556
.661941
.106475
.122857
.259965
.369293
.042126
.442673
.477511
.780841
.614924
.843791
.145616
.265276
.515503
.239541
.959308
.639438
.506072
.536962
.494723
.955818



Au97n (CO) ¢~ isomer 1
22

0 -3.474530 -0.
C -3.811309 -1.
C 3.040416 2.
@) 4.010519 2
C -3.591246 2.
O -4.524060 3
C -0.345141 6
0 0.097089 7.
C -4.956819 -2.
0 -5.333177 -2.
C 5.352523 -3.
0 6.453161 -3.
Zn -0.171427 0.
Au 1.157693 -1.
Au -1.434705 -1.
Au -3.279894 0.
Au 1.031786 2.
Au 2.675100 0
Au -0.133776 5
Au -1.574142 2.
Au 3.851952 -1
Au -4.071985 -1

668225
059429
342627
.846469
772311
.521502
.866066
822764
494864
990289
168929
533025
630442
533264
310359
845573
700261
.445473
.011845
841045
.867079
.484332

-4.
-3.
1.
2.
-0.
.020560
2.
3.
-0.
0.
0.
0.
0.
-0.
-1.
-0.
1.
.917046
.892165
.592325
.358807
.967940

R O oOoORr O

929066
873730
775315
251017
049125

567936
085856
532348
464365
294124
470673
123998
342358
056517
748417
320260



