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Figure S1: IR depletion spectra of Cu,C™ (left) and Cu,C:™ (right) reacted with CO: (red) and CO (blue).
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Figure S2: IRMPD spectra of: CusC™ and CusC reacted with CO: (red) and CO (blue), and calculated spectra (black) of the lowest energy structures
per group (see main text). All calculated spectra are convoluted with a 20 cm™ FWHM Gaussian line shape function, and are accompanied by the
geometrical structure (copper, carbon and oxygen atoms represented by orange, black and red spheres) and relative energy. For the lowest
energy structure, the energy relative to the reactants is given in parentheses.
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Figure S3: IRMPD spectra of: CusC;™ (left) and CusC2™ (right) reacted with CO: (red) and CO (blue), and calculated spectra (black) of the lowest
energy structure per group. All calculated spectra are convoluted with a 20 cm™ FWHM Gaussian line shape function, and are accompanied by
the geometrical structure (copper, carbon and oxygen atoms represented by orange, black and red spheres) and relative energy. For the lowest
energy structure, the energy relative to the reactants is given in parentheses.



Computational details on finding lowest energy cluster structures and adsorbate geometries

Lowest energy geometries of the bare Cu,Cm clusters were
searched by generating several possible initial structures based on
the pure copper cluster geometries, also using the capping method'
and finally were systematically analyzed and confirmed using the
CALYPSO method and software™"" in conjunction with the Gauss-
ian16' program code and employing the BP86/LANL2DZ method.
The lowest energy cluster structures were re-optimized using the
more accurate TPSSh/def2-TZVPD level of theory.

The target of the adsorption computations is not to locate the
global minimum structure, but to explore the possible kinetically
accessible adducts. The initial geometries for the cluster-adsorbate
systems were systematically generated using our program based
on the Molmod library,” while the reaction paths are explored sub-
sequently. This methodology was applied successfully in our recent
works"iixxxi The investigated intact and dissociated CO; binding
motifs are depicted in Figure S5.
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Figure S5. The different CO: binding motifs used in the systematic search for the intact and dissociated adsorbate structures.



Dispersion correction and Cartesian coordinates

Table S1. Reaction energies of different structures using different Grimme type dispersion corrections (Functional: TPSSh, basis: def2-TZVPD)

Structure No dispersion D3xii,xiii D4
correction
7B -3.20 eV -3.27 eV -3.32 eV
7F -1.08 eV -1.14 eV -1.26 eV

Table S2. Cartesian coordinates of structures in Figure 4

# XYZ Coordinates # XYZ Coordinates
6A Cu -0.14019 -1.41229 0.07019 7A Cu -1.17134 -0.73662 -1.15087
Cu -1.52845 0.52908 -0.46114 Cu 2.13669 1.67738  -0.16636
Cu 1.36315 0.30117 1.24278 Cu 0.28853  -2.00534 0.44259
Cu -2.51118  -1.45602 0.34256 Cu -1.24330  -0.31802 1.31892
Cu 0.88017 0.51897  -1.12456 C -2.11219 0.66885  -0.19721
Cu 0.11836 2.27877 0.52110 Cu 1.31063  -0.35842  -1.10547
C 1.75444 -0.97568 -0.23157 Cu -0.24274 1.35737 -0.21329
C 2.74758 -1.79812 -0.35067 Cu 1.14684 0.00293 1.41039
0] 3.66293  -2.54771  -0.46589 C -3.25226 1.27995 -0.18431
0] -0.44870 1.87418  -1.23960 0] -4.30511 1.83232  -0.16550
(0] 0.26169 -1.91380 -1.49105
6B Cu 0.82808 0.01958  -1.22528 78 Cu 0.41720 0.00005  -1.24980
Cu -0.78657  -1.29009 0.12820 Cu 1.18402  -1.95163  -0.00163
Cu 0.85851 0.02525 1.24873 Cu 1.13704 1.96948  -0.00025
Cu 1.52506  -1.97227 -0.07564 Cu -1.22704  -1.28252  -0.00026
Cu 1.41512 2.05061  -0.08319 C -2.75342  -2.29673  -0.00019
Cu -0.85602 1.24575 0.12392 Cu 0.41607  -0.00041 1.24920
C -2.51735 1.96276 -0.06855 Cu -1.25714 1.24433 -0.00099
C -2.40532  -2.09333  -0.07594 Cu 2.55557 0.02593 0.00260
] -3.49791  -2.44969  -0.16639 C -2.77880 2.26755 0.00008
(6] -3.62773 2.26188 -0.14841 (0] -3.77576 2.84180 0.00121
0 -3.76832  -2.83890 0.00300
6C Cu 0.25629  -0.29151 1.35943 7C Cu -2.17168 0.05754 0.01849
Cu 1.91029 -1.10252 -0.54182 Cu 1.72081 0.58024 -1.29989
Cu -0.43611  -1.64234  -0.52948 Cu -0.19547 1.35993  -0.08881
Cu 2.24126 0.97237 0.63271 Cu 1.91028  -1.45589 0.09130
Cu -1.81361 0.33442 0.07082 C -3.22913  -1.41398 0.00322
Cu 0.37094 0.69777 -0.85145 Cu -0.07114 -0.70326 1.29401
C -1.11567 2.00951 -0.63243 Cu -0.15154  -0.96258  -1.08409
C -3.50996  -0.27921 0.29414 Cu 1.82039 0.83398 1.08412
(6] -4.53833 -0.72531 0.57082 C -2.27568 1.93664 -0.01928
0] -1.16030 3.16793  -0.82538 ] -2.46853 3.08644  -0.03337
0 -3.77635  -2.42701  -0.00945
6D Cu 0.38833 -0.04987 -1.22620 7D Cu 1.07330 1.24070 0.60595
Cu 0.40906  -1.29538 0.81071 Cu -0.98514  -2.17103  -0.10769
Cu 1.21764 1.00584 0.89906 Cu 2.61919  -0.05694  -0.79387
Cu 2.57665  -0.56354  -0.27634 Cu -2.31043  -0.01283  -0.65590
Cu -1.18071 0.81306 0.57668 C -0.94423 1.21437 0.01073
Cu -1.70718  -1.27432  -0.42927 Cu 0.09807 -0.13887  -1.10491
C 0.21765 1.87529 -0.62171 Cu -0.92728 -0.20911 1.31264
C -3.02663 0.18242 0.17043 Cu 1.18148 -1.25672 0.72702
0 -4.17544 0.43064 0.10812 C -0.83560 2.69583  -0.00251
(o] 0.10597 2.97137  -1.05525 0 0.29704 3.06558 0.55237
(0] -1.67803 3.44418 -0.49777




6E Cu 0.40987  -0.35702  -1.35557 7E Cu 0.66491  -1.67933  -0.34508
Cu 0.71831  -1.27068 0.80910 Cu -2.04941 0.85545  -0.30702

Cu 0.88786 1.33046 0.31626 Cu 2.73369  -0.34537  -0.14380

Cu 2.63219  -0.24657  -0.36827 Cu -0.87862  -0.59031 1.40785

Cu -1.40290 1.16922  -0.62374 ¢ -0.83692  -0.56519  -0.55074

Cu -0.84560 0.32565 1.63284 Cu 0.55522 0.78267  -0.14883

C -1.04629 -0.76957 -0.07132 Cu -2.34213 -1.64333 -0.27145

C -2.47171  -1.04659  -0.40791 Cu 2.58664 2.01228 0.12113

0] -3.03467 0.04636  -0.88797 C -3.20655 2.23739  -0.28853

(6] -3.02586 -2.13184 -0.24112 (6] -3.97855 3.08697 -0.23388

o] 2.40624  -2.13734  -0.27059

6F Cu -0.04024  -1.54554  -0.20714 7F Cu 2.56174 1.00253 0.26238
Cu -0.89094 0.80534  -0.19917 Cu -2.02974  -0.07642 0.05950

Cu 1.00827 0.16006 1.39889 Cu 0.15487 0.81661 1.07223

Cu -2.37761  -1.13833  -0.07692 Cu 0.04837  -1.57541 0.04490

Cu 246512  -0.91457  -0.34513 C 1.22323  -0.14657 -0.30073

Cu 2.09606 1.55201 -0.42897 Cu -0.11102 0.82775 -1.29780

¢ 0.89908 0.10748  -0.54099 Cu 256975 -1.42914  -0.19324

C -2.84332 1.30107 -0.07136 Cu -1.52787 2.31264 0.00129

(0] -3.69380 0.35098 0.08807 C -2.48758 -2.01303 0.12617

(o] -3.04291 251139  -0.14199 (o] -1.43979  -2.79077 0.15245

] -3.65153  -2.39930 0.16237

Table S3. Cartesian coordinates of structures on Figure 5
XYZ Coordinates XYZ Coordinates

CusC Cu -2.37172  -0.90704 0.55130 Cus,C Cu 0.08161  -1.65264 0.57266
Cu -0.78433 -0.38280 -1.35530 Cu -2.12030 -0.72800 0.75262
Cu 0.83070 1.09638 0.04441 Cu -0.87763  -0.30246  -1.22355
Cu -1.61678 1.41943 0.22885 Cu 1.61849  -0.53700 -1.13439

Cu 0.99836 -1.23144 0.30498 Cu 0.19313 0.86079 0.56081
Cu 3.07056 0.04491 0.11172 Cu -2.02603 1.59668  -0.22185

C -0.61285  -0.19065 0.55117 Cu 2.80255 0.86651 0.53693

C 1.58617 -0.50211 0.75770

CusCy Cu 0.00019 -0.07097 0.00415 CueCy Cu 2.16603 -0.97491 0.01373
Cu -2.15481 0.98804  -0.00070 Cu -2.24986 1.39903 0.00872
Cu 2.15513 0.98781  -0.00180 Cu -2.16353  -0.97825  -0.00626
Cu -2.04696 -1.38639 -0.00144 Cu 0.00241 -2.09481 -0.00394
Cu 2.04636 -1.38681  -0.00035 Cu -0.00022 0.27402  -0.00294
c -0.63248 2.09826  -0.00025 Cu 2.24620 1.40249  -0.01004

C 0.63293 2.09856 0.00090 C -0.63523 2.34965 0.00601

C 0.63019 2.35040  -0.00250




Table S4. Cartesian coordinates of structures Figure 6

# XYZ Coordinates # XYZ Coordinates
5A Cu -0.42851 -0.89254 -1.08187 6.2A Cu -1.32727 -1.34845 -0.24422
Cu 1.07945  -1.15495 0.97793 Cu 2.14123 0.42346  -1.23996
Cu 1.85545  -0.25902  -1.20396 Cu 0.96626  -0.94713 0.43340
C -1.80222 0.29636 -0.30346 C -3.16467 0.98457 -0.57609
Cu -1.22731  -0.72169 1.27859 Cu -0.17508 0.84644  -0.96670
C -2.93415 0.75697  -0.70821 C -2.02363 0.44572  -0.29863
Cu 0.06283 1.05491 0.18464 Cu -0.86561 0.62275 1.33472
C 1.12574 2.46475 0.57984 Cu 1.40296 1.29856 1.01800
] 1.83617 3.33420 0.82756 C 0.00757  -2.67131 0.09878
0] -3.99261 1.18038 -1.06680 0] 0.33360  -3.80419 0.18434
(0] -4.21457 1.48829 -0.81765
5B Cu -0.93721 -1.53716 -0.00101 6.2B Cu -0.50173 -0.52754 1.49176
Cu 0.50279 2.49423  -0.00085 Cu 2.95950 0.47256  -0.39278
Cu -3.10315 -0.59331 0.00072 Cu -1.35820 1.65923 1.19035
C 2.07016  -1.70538  -0.00165 C -0.86695  -3.10899 0.02167
Cu 1.23831 0.24167  -0.00083 Cu 1.18003  -1.07473  -0.33280
C 0.86300 -2.01688 -0.00163 C -0.56055  -1.85481 0.03125
Cu -1.15791 0.82840 0.00131 Cu -1.22241  -0.15234  -0.78178
C 3.42954  -1.10332  -0.00002 Cu 0.70390 1.26805 0.03542
(o] 4.46209 -1.76385 0.00263 C -2.10891 0.77535  -2.06858
(0] 3.29813 0.18540 0.00225 (0] -2.57011 1.43875 -2.89117
0 -1.16148  -4.26138 0.01608
5C Cu 2.60718  -0.77769 0.00124 6.2C Cu 2.50613 1.13088  -0.21447
Cu -2.15249 0.86998 -0.00645 Cu -3.60345 -0.37535 -0.49483
Cu -0.22788 2.28322 0.00586 Cu 1.95970  -1.31493 0.02923
C -0.09626  -2.14501 0.00696 C -0.30394 2.25341 0.16011
Cu -1.86627  -1.60778  -0.00211 Cu -1.90490 1.23989  -0.04743
C 1.14526  -1.88747 0.00975 C 0.95868 2.20360 0.10102
Cu 0.08638  -0.05859 0.00916 Cu 0.28274 0.34102 0.71251
C 4.11120 0.19409  -0.01059 Cu -1.48589  -1.20851 0.10530
(0] 5.05629 0.84396 -0.01878 C 3.59209 -0.48133 -0.51940
] -3.29655  -0.53581  -0.01374 0 470305 -0.74714  -0.85754
0 0.25241  -1.55672 0.72386
5D Cu -0.23719 -1.51012 -0.00064 6.2D Cu 2.73894 -1.36046 -0.00219
Cu -0.33071 2.74817  -0.00345 Cu -1.67229 0.92730  -0.00642
Cu -2.67600  -1.32262  -0.00068 Cu 2.62623 1.02083  -0.00235
C 2.44930 -0.55158 0.00023 C -0.11518 -2.23089 -0.00018
Cu 1.03645 0.80500 0.00456 Cu -1.85141  -1.61394 0.00198
C 1.70505 -1.81287 -0.00169 C 1.14424  -2.34502  -0.00080
Cu -1.38292 0.63604 0.00191 Cu 0.49841  -0.24592 0.00365
C 3.73319  -0.32099  -0.00076 Cu 0.42283 2.10677 0.00558
(o] 4.86282 0.02037  -0.00188 C -3.57648 0.30530  -0.00155
0] 2.23665  -2.92344  -0.00260 ] -4.45009 1.15390  -0.00408
(0] -3.65420 -0.97628 0.00502
SE Cu 2.02819  -0.64373  -0.00058 6.2E Cu 2.65152 0.90014 0.01655
Cu -1.99819 1.51532  -0.00037 Cu -3.59446  -0.37640 0.02095
Cu 0.85667 1.65030 -0.00013 Cu 0.60568 2.24435 -0.00043
C -1.22253  -2.15782 0.00032 C 0.29484  -2.08381 -0.01087
Cu -2.65437  -0.87867 -0.00178 Cu -1.52068 -1.48800 -0.00363
C 0.05554  -2.23269 0.00038 C 1.53487 -1.86882  -0.00913
Cu -0.41425  -0.23103 0.00340 Cu 0.49236  -0.06623  -0.02739
C 3.72638 0.02278  -0.00179 Cu -1.62548 1.03829  -0.00970
(o] 4.68582 0.66167  -0.00098 C 3.02064  -1.90948 0.00566
(0] 1.30423 -2.50505 -0.00019 (0] 3.62889 -0.76211 0.01732
0] 3.57592  -3.00535 0.00668
SF Cu 2.57937  -0.93682 0.19907 6.2F Cu 3.15550 0.22313  -0.01310
Cu -1.53000 1.21514 0.00678 Cu -3.22762 0.18497 -0.02052
Cu 2.00316 1.43779 0.17631 Cu 1.37289 1.89448 0.00444
C -0.19249  -2.22509  -0.09037 C 1.73321  -2.32997 -0.01629
Cu -1.81833  -1.23959 0.05762 Cu -1.36135  -1.28070  -0.00082
C 1.07322  -2.11866  -0.05906 C 2.80579  -1.65635  -0.02591
Cu 0.37358  -0.18991 -0.44134 Cu 0.85279  -0.41118 0.01119




Table S6. Carte

¢ -3.14477 0.43971 0.23344 Cu -0.96511 1.17670 0.01605
(o] -4.28255 0.16272 0.34560 C 0.30748  -2.49548 0.00803
(o] 0.15238 1.72633  -0.40292 ] -0.37747  -3.51299 0.03233
o] -2.63061 1.89503 0.00329
Table S5 Cartesian coordinates of structures on Figure 7a
# XYZ Coordinates XYZ Coordinates
1 Cu -0.89612 0.82356  -0.21241 Cu -0.02170  -1.56212  -0.21384
Cu 0.98567 0.13193 1.41062 Cu -0.89612 0.82356 -0.21241
Cu -2.35053  -1.14173  -0.07201 Cu 0.98567 0.13193 1.41062
Cu 2.48558  -0.87101  -0.35856 Cu -2.35053  -1.14173  -0.07201
Cu 2.07823 1.55700 -0.41305 Cu 2.48558 -0.87101 -0.35856
¢ 0.88199 0.10695  -0.52312 Cu 2.07823 1.55700  -0.41305
C 0.88199 0.10695  -0.52312
C -2.86525 1.28318  -0.07267
o] -3.70372 0.31630 0.03702
] -3.07791 2.49224  -0.10034
3 Cu -0.25302  -1.67641  -0.14596 Cu -0.35762  -1.49103  -0.20346
Cu -0.73477 0.79173 -0.15227 Cu -0.67916 1.00064 -0.08628
Cu 1.15557 -0.10833 1.42574 Cu 1.12716 -0.15681 1.35575
Cu -2.53528  -1.03443  -0.14101 Cu -2.61448  -0.49879  -0.07996
Cu 2.74276 -0.67564 -0.48206 Cu 2.67188 -0.72244 -0.51056
Cu 1.74748 1.52396 -0.42773 Cu 1.71554 1.56565 -0.30098
C 0.90235  -0.20557  -0.47447 C 0.89884  -0.12702  -0.59456
C -2.06496 2.07118 0.06073 C -2.73927 135711  -0.04424
(o] -4.00058 -0.03691 -0.17029 (o] -3.32998 2.38282  -0.03053
(o] -2.82239 2.91204 0.20247 (o] -2.04421  -2.20780 -0.12302
sian coordinates of structures on Figure 7b
# XYZ Coordinates XYZ Coordinates
1 Cu 0.08169  -1.65272 0.57281 Cu -2.70242 0.02841 0.29896
Cu -2.12020 -0.72764 0.75311 Cu -0.63974 0.32676 -1.19401
Cu -0.87763  -0.30290  -1.22374 Cu 0.63786  -1.17086 0.52553
Cu 1.61888 -0.53728  -1.13415 Cu -1.48513  -1.89672  -0.49630
Cu 0.19322 0.86103 0.56053 Cu 1.72482 0.75805 -0.40483
Cu -2.02643 1.59638 -0.22226 Cu 3.02758  -1.09929 0.21322
Cu 2.80237 0.86690 0.53694 Cu -0.54343 1.04203 1.07268
C 1.58582  -0.50158 0.75771 C -1.19239  -0.83174 1.02601
C 0.14633 2.63684 0.10343
(o] 0.21813 3.84216 0.25134
0] 0.49556 2.09606  -1.15374
3 Cu -2.68731 0.20932 0.28100 Cu -2.88919 -0.12552 0.17562
Cu -0.75674  -0.02406  -1.33488 Cu -0.69652  -0.27279  -1.28742
Cu 0.61733  -1.02329 0.67603 Cu 0.69274  -0.82854 0.80132
Cu -1.59439 -1.92615 -0.01631 Cu -1.41404 -2.06415 0.30835
Cu 1.75171 0.45174  -0.86304 Cu 1.84009 0.36497  -0.96808
Cu 3.01775  -1.04532 0.46277 Cu 3.09294  -0.75653 0.69112
Cu -0.39627 1.30331 0.63615 Cu -0.22401 1.71779  -0.10147
C -1.18538  -0.49422 1.14099 C -1.11877  -0.23524 0.67409
C 0.15526 3.03962 0.80291 C -0.49110 3.03381 1.08562
] 0.53076 4.11940 0.76746 (o] -0.71793 3.78745 1.92189
(0] 0.41553 1.41889 -1.65159 (6] 0.46801 1.23592 -1.86214
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