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Table S1 Method sensitivity summary for AuO(CO,), " (n = 1 - 3): ZPE-corrected
relative energies across six methods.

Relative Energy (eV)
Isomer

combl comb2 comb3 comb4 comb5 combb6
1A~ 0.00 0.00 0.00 0.00 0.00 0.00
1B~ 0.12 0.19 0.13 0.13 0.09 0.10
1C 0.60 0.79 1.06 1.23 0.64 0.87
1D~ 0.92 1.30 1.39 1.32 1.31 1.35
2A” 0.00 0.00 0.00 0.00 0.00 0.00
2B” 0.38 0.24 0.27 0.14 0.57 0.41
2C 0.62 0.52 -0.02 -0.13 0.47 0.31
2D 1.49 1.38 1.62 1.44 1.74 1.74
3A° 0.00 0.00 0.00 0.00 0.00 0.00
3B” 0.14 0.11 0.84 0.85 0.77 0.58
3C 0.42 0.40 1.22 1.22 0.86 0.89
3D 1.35 1.35 2.22 2.29 1.81 1.91
1A* 0.00 0.00 0.00 0.00 0.00 0.00
1B* 1.02 0.97 0.19 0.14 0.99 0.98
1C* 1.50 1.44 1.74 1.66 1.64 1.56
1D* 1.75 1.77 1.92 1.88 1.81 1.86
2A° 0.00 0.00 0.00 0.00 0.00 0.00
2B* 0.63 0.61 0.81 0.87 0.69 0.64
2C* 1.09 1.01 0.06 0.05 0.00 0.03
2D* 2.67 2.58 3.06 3.07 3.21 1.53
3AT 0.00 0.00 0.00 0.00 0.00 0.00
3B* 0.09 0.11 0.13 0.23 0.04 0.04
3C* 1.18 1.16 0.98 0.98 1.42 1.16
3D* 3.54 343 2.85 2.78 3.38 3.74

Methods:
combl: B3LYP-D3/Def2-TZVP
comb2: B3LYP-D3/LANL2DZ/6-311+G(3df)
comb3: M06-2X /Def2-TZVP
comb4: M06-2X/LANL2DZ/6-311+G(3df)
comb5: ®B97X-D/ Def2-TZVP
comb6: ®B97X-D /LANL2DZ/6-311+G(3df)



Table S2 Percent differences of Au-O bond length and O-C-O angle for each method

combination relative to B3LYP/def2-TZVP

Isomer

percent change in Au-O bond length Pyong

percent change in O-C-O angle Pyngie

combl comb?2 comb3 comb4 comb5 combl comb?2 comb3 comb4 comb5
1A~ 0.50%  -0.50% -0.50% -1.50% -1.00% | -0.20% -0.74% -0.68%  -0.08%  -0.33%
1B 216%  -3.90% -1.73% -2.60% -0.43% | -0.29%  1.05%  0.92%  0.71%  0.45%
1C 1.09%  -0.54%  0.54% -1.09%  0.00% | 0.30%  1.14%  2.11%  0.02%  0.45%
1D 0.98%  1.47%  245% -049%  0.98% | -0.53% 121% 1.03%  1.87%  1.87%
2A° 1.98%  -0.99% -0.50% -0.99% -0.50% | 0.48%  1.82%  2.60%  0.16%  0.72%
2B~ 0.81% -024% -0.11% -125% -0.61% | -0.02% -0.66% -0.50% -0.30% -0.19%
2C 1.07%  0.15%  0.28%  -0.90% -0.51% | -0.25%  1.12%  1.08%  0.31%  0.26%
2D" 1.16%  3.14%  423%  022%  133% | 0.71%  098%  150%  0.73%  1.08%
3A- 0.00%  096%  1.44% -0.48%  0.00% | -0.05% 0.92%  0.87%  0.03%  0.05%
3B~ 0.67%  -0.01% 0.13% -1.18% -0.89% | 0.08%  -0.69% -0.56% -0.50% -0.34%
3C 225%  -3.80% -2.00% -2.44% -0.44% | 0.02% -0.33% -0.24%  -0.15%  -0.09%
3D 1.39%  3.65% 4.13% -030% 1.69% | 034%  0.62% 091%  0.67%  0.58%
1A* 0.69%  1.99%  3.69% -0.14%  0.82% | 0.29%  022%  0.95%  0.03%  0.98%
1B* 0.55% -1.80% -0.19% -3.85% 226% | -0.01% -0.54% 0.22% -0.67%  0.16%
1C* 0.73%  -3.43% -2.13% -2.04% -1.05% | -023% 1.87%  1.51%  0.95%  0.62%
1D* 0.67% -0.16% 1.05% -0.77%  0.10% | 0.02% -0.39% 0.02% -0.57%  0.02%
2AY 0.87%  1.88%  3.81% -023% 1.14% | -0.01% 0.14%  0.18%  0.02%  0.04%
2B* 0.86%  -3.45% -230% -230% -1.17% | -0.07%  0.20%  0.21%  0.05%  0.00%
2C* 0.72%  -1.64%  1.13%  -3.94% -2.51% | 0.00% -0.28% -0.22% -0.63%  0.15%
2D* 0.59%  -3.66% -2.64% -2.33% -1.63% | -022% 1.15% 0.78%  0.23%  -0.03%
3AY 0.93%  1.72%  3.66% -025% 1.15% | 0.93%  0.09%  0.14% -0.01%  0.04%
3B* 0.82%  2.72% -1.71% -1.95% -1.05% | -0.03%  0.08% 0.10%  -0.03% -0.06%
3Ct 1.46%  8.41%  8.86%  4.43%  521% | 146%  0.00% -0.03% -0.17% -0.19%
3D* 0.46%  791%  891%  3.05%  5.01% | 0.46% 323% 3.29%  1.06%  2.29%

Methods:

combl: B3LYP-D3/LANL2DZ/6-311+G(3df)
comb2: M06-2X /Def2-TZVP

comb3: M06-2X/LANL2DZ/6-311+G(3df)

comb4: ®B97X-D/ Def2-TZVP
comb5: ®B97X-D /LANL2DZ/6-311+G(3df)

Pbond = [rcomb n_ rref] / V'ref

Where 7¢omp » 1 the internal Au—O bond length of the AuO unit from the optimized
structure at method combination comb 7, and 7, 1S the B3LYP-D3/def2-TZVP value.

Positive means longer than the reference.

Pangle = [ecomb n— eref] / eref



Where 0¢omp » 1S the O—-C-O angle of the coordinated CO, from the optimized
structure at method combination comb #, and 0,.; is the B3LYP-D3/def2-TZVP value.

Positive means longer than the reference.



The coordinates of the low-lying AuO(CO,), " isomers, optimized at the B3LYP-D3

level with Def2-TZVP, are as follows:
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