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Partial DOS of 0, 3, 6, 7, 8-Ag alloyed Au25 clusters
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Figure S2: (a) Partial density of states for 0 and 3 Ag alloyed Au,s(SCH;):5 and (b) orbital density of states of Au,,Ag;(SCH3):g
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Figure S3: Orbital density of states of (a) 0, (b) 6, (c) 7 and (d) 8 Ag alloyed Au25(SCH3)18
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HOMO and LUMO molecular orbitals and electron densities of hon-alloyed and alloyed Au25 cluster

(b)

Figure S4: (a) HOMO and (b) LUMO orbitals of Au,5(SCH3) .5 (isovalue = 0.0002)

Figure S5: (a)-(j) HOMO electron densities of 6-Ag alloyed nanoclusters in the order of increasing energy (isovalue = 0.0002).
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Figure S6: (a)-(j) HOMO electron densities of 7-Ag alloyed nanoclusters in the order of increasing energy (isovalue = 0.0002).

Figure S7: (a)-(j) HOMO electron densities of 8-Ag alloyed nanoclusters in the order of increasing energy (isovalue = 0.0002).
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Figure S9: (a)-(j) LUMO electron densities of 7-Ag alloyed nanoclusters in the order of increasing energy (isovalue = 0.0002).
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Figure S10: (a)-(j) LUMO electron densities of 8-Ag alloyed nanoclusters in the order of increasing energy (isovalue = 0.0002).

CO adsorbed isomers considered in this work. The first number next to the label is the relative energy
and the second number is the Boltzmann weight calculated based on the relative energy per atom.

(@) 0.0eV,0.129 x (b) 1.031 eV, 0.092 z (© 0.514 eV, 0.109 1 (d) 0.262 eV, 0.119 : (&) 0.765 eV, 0.101 x

Figure S11: CO adsorbed 6-Ag alloyed isomers.
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(@) 0.0eV,0.115 x (b) 0.599 eV, 0.094 z (©) 0.285 eV, 0.105 $ (d) 0.771 eV, 0.089 $ (€) 0.397 eV, 0.101 :

®

Figure S12: CO adsorbed lowest energy 7-Ag alloyed isomers.

(@) 0.071 eV, 0.117 z (b) 0.0eV,0.12 1 (©) 0.569 ¢V, 0.1 x (d) 0.329 eV, 0.108 x (€) 0.909 eV, 0.089 g

() 1.014 ¢V, 0.086 :

Figure S13: CO adsorbed 8-Ag alloyed isomers.
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Bond lengths of Au,5(SCH3).5 obtained with BLYP
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Figure S14: Bond lengths obtained with BLYP functional.

The bond lengths in Error! Reference source not found. agree quite well the experimental values given
in Ref. 2
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Figure S15: Different Ag/Au sites considered for CO adsorption.

(a) 6 Ag (b) 7 Ag

Figure S16: Symmetries displayed by the lowest energy (a) 6-, (b)7- and (c)8-Ag alloyed isomers
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Figure S17: Boltzmann distributions of the relative energies per atom. p(E;) = exp(-[Ei-Enin]/ksT )/ Sexp(-[Ei-Enin]/ksT ), where E; is
rhe energy per atom, kB is the Boltzmann constant and T is the room temperature(298K).
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Figure S18: Energies of CO adsorbed (a) 0-, (b) 6-, (c) 7-, (d) 8- and (e) 25-Ag alloyed isomers considered in Figure 6 of the main
text.
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Figure S19: (a) HOMO and (b) LUMO electron densities of Ag25 nanoculster (isovalue = 0.0002).
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Figure 20: Adsorption energies of Au25/2CO systems. Energies are weighted using the Boltzmann weights calculated based on the energy of the two-
CO-adsorbed isomers. The corresponding numerical values are given in Table S1.

Derivation of the CO-CO interaction energy and the Ag contribution to the adsorption
energy in the Au25/2CQO system

In the following derivation, adsorption energies are indicated with the superscript, ‘ads’.
All the other quantities are total energies.

Au25/2C0%** = Au25/CO(site1)?® + Au25/CO(site2)® + CO-CO™

=[]+ [2]+ 3]

[1] = Au25/CO(site1) — EAu25 — CO

= Au25/CO(site1, Ag=0) + Au25/CO(site1, Ag # 0) — Au25(Ag=0) —
Au25(Ag # 0) - CO

= Au25/CO(site1, Ag=0) — Au25(Ag=0) - CO
+ Au25/CO(site1, Ag # 0) — EAu25(Ag # 0)

= Au25/CO(site1,Ag=0) ** + Ag-contribution(site1)
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Similarly,
[2] = Au25/CO(site2,Ag=0) ®* + Ag-contribution(site2)

Therefore, the total Ag contribution is,

Ag-contribution(site1) + Ag-contribution(site2) = [1] - Au25/CO(site1,Ag=0)
2ds 4+ 12] - Au25/CO(site2,Ag=0) 2%

= Au25/CO(site1)® - Au25/CO(site1,Ag=0) °* +

Au25/CO(site2)*® - Au25/CO(site2,Ag=0)

= Difference between the adsorption energies when CO is at sites 1 and 2
seperately

Table S1: Numerical values of Au25/2CO adsorption energy (Au25-2C0O), CO-CO interaction energy
(CO-CO), Au25/CO adsorption energy at site 1 (Au25-CO (site1)), Au25/CO adsorption energyat site 2
(Au25-CO (site2)), and the relative energy (Ere) of ten lowest energy CO alloyed bimetallic clusters.
All the energies are in eV.

Au25-2C0O CO-CO Au25-CO Au25-CO E,q
(site1) (site2)

#Ag=0 -2.0948 0.1234 -1.162  -1.0562 0

#Ag =6 -2.4656 0.6338 -1.609  -1.4904 0
-2.8147 0.6815 -1.8871  -1.6091 0.1915
-2.3227 -0.0515 -1.0234  -1.2478 0.5886
-2.3863 0.8325 -1.6168 -1.601 0.602
-2.4244 0.8604  -1.4406  -1.8442 0.6383
-2.2838 0.8337  -1.6821  -1.4354 0.8626
-2.2139 0.1917  -1.2397 -1.166 0.9161
-2.1574 0.6828  -1.3561  -1.4841 1.0404
-2.129 0.3044  -1.1814 -1.252 1.1496
-1.6913 0.1708  -0.9544  -0.9077 1.8896

#Ag=7 -1.4542 0.0999 -0.5897  -0.9644 0
-2.0599 0.2627 -1.312  -1.0106 0.278
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-2.1369 0.2622  -1.5578  -0.8414 0.292
-1.821 0.4149  -1.0522  -1.1838 0.3806
-2.0352 0.0728 -1.0153  -1.0927 0.4083
-1.9269 0.0782  -0.6765  -1.3285 0.4452
-1.6662 -0.026 -0.9749  -0.6654 0.5701
-1.8604 -0.0636  -0.9082  -0.8885 0.6342
-1.5682 -0.5072 -0.595 -0.466 0.6625
-1.249 -0.1619  -0.6046  -0.4824 0.8195

#Ag=8 -1.5429 0.1962  -0.7699  -0.9692 0
-1.9612 0.5989  -1.1435 -1.4166 0.284
-1.9742 -0.0547  -0.9307  -0.9887 0.5933
-2.0051 0.4247  -1.3528 -1.077 0.7056
-1.7334 0.3652 -1.1388  -0.9597 0.7296
-1.9958 0.0148 -0.9734  -1.0372 0.7641
-1.662 0.1137  -0.8599  -0.9158 0.8461
-0.8518 -0.3602  -0.4559  -0.0357 0.9457
-1.3883 0.0815 -0.6764  -0.7934 0.9698
0.0093 -0.6709  -0.2386 0.9188 1.0919

Atomic coordinates of the lowest energy isomers shown in Figure 2 of the main text.

6-Ag
Au 5.3033210 8.8058220 9.0034970
Au 7.6682770 9.8188730 10.8394830
Au 9.6811940 6.5600820 11.2876340
Ag 7.5860790 4.2159630 9.7855380
Au 3.3207570 6.8642560 10.2852740
Au 2.2075780 9.7736920 9.2047420
Au 4.7849240 10.5354120 6.2455860
Ag 6.4906920 8.0744630 6.5241750
Ag 6.0317920 7.1931440 11.1919970
Au 4.1132420 6.2499960 13.3122130
Au 1.5970540 4.6139080 11.1034480
Au 2.9938770 4.7020330 8.3458550
Au 5.4785660 6.0211200 8.5727700
S 5.5596680 10.9881260 10.3758790
S 9.8628230 8.9869370 11.6120000
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Figure 21: Average CO adsorption energies at the 12 adsorbent sites in the outer shell for (a) 0, (b) 6-, (c) 7- and (d) 8-Ag alloyed
structures. Adsorption energies are calculates considering the adsorption on 10 lowest energy isomers.
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