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Aug(PH;)s’" (D2, and D, symmetries)

Table S1. Excited states of Aug(PH;)g3" (D2, symmetry). All excited states between 2.0 and 3.9
eV with oscillator strengths larger than 0.02 are listed.

Energy (eV) f Superatomic | Weight (%) Transition
character (%)
2.52 0.0210 99.19 51.20 HOMO LUMO
47.48 HOMO LUMO+2
2.63 0.1097 80.22 40.12 HOMO-1 LUMO
39.65 HOMO LUMO+2
18.64 HOMO-2 LUMO
3.17 0.2754 15.15 73.32 HOMO-2 LUMO
3.51 0.0207 18.13 15.64 HOMO LUMO+5
3.57 0.0810 1.15 89.50 HOMO-5 LUMO+1
3.62 0.0250 0.84 89.33 HOMO-6 LUMO
3.87 0.7635 69.8 48.39 HOMO LUMO+2
17.32 HOMO-1 LUMO+1
16.66 HOMO-2 LUMO+2

Table S2. Excited states of Aug(PH3)s*" (D, symmetry). All excited states between 2.0 and3.9 eV
with oscillator strengths larger than 0.02 are listed.

Energy (eV) f Superatomic | Weight (%) Transition
character (%)

2.87 0.176 95.75 89.03 HOMO LUMO+1

3.57 0.0911 60.86 57.84 HOMO LUMO+3
19.87 HOMO-2 LUMO+1
16.85 HOMO-2 LUMO

3.82 0.1751 11.72 73.75 HOMO-2 LUMO+1
9.99 HOMO-9 LUMO

3.87 0.0218 50.1 49.16 HOMO LUMO+4
24.98 HOMO-7 LUMO
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Figure S1. Kohn—Sham orbital energy diagram for the (top) D,, and (bottom) D,; symmetries of
Aug(PH3)g*. The horizontal colored bar for each Kohn-Sham orbital indicates the percent
contributions of the atomic orbitals of Au (sp) in yellow, Au (d) in blue, and P (sp) in violet. The
y axis shows the orbital energy.



Aug(PPh;)s*" (D3, and Dy, like symmetries)

Table S3. Excited states of Aug(PPh;)s* (D, like symmetry). All excited states with oscillator
strengths larger than 0.02 are listed.

Energy (eV) f Superatomic | Weight (%) Transition
character (%)
1.54 0.0296 99.94 98.92% HOMO LUMO
2.21 0.1261 94.37 60.01% HOMO LUMO+2
28.33% HOMO-1 LUMO
2.60 0.1078 50.04 48.10% HOMO-2 LUMO
30.98% HOMO LUMO+11
2.60 0.0612 72.85 59.25% HOMO LUMO+11
26.11% HOMO-2 LUMO
2.68 0.0328 96.81 92.48% HOMO LUMO+15
2.72 0.0781 98.66 37.73% HOMO-1 LUMO+2
30.56% HOMO LUMO+16
15.13% HOMO LUMO+17
2.77 0.1465 98.08 42.27% HOMO LUMO+16
29.04% HOMO-1 LUMO+2
3.01 0.0417 5.16 77.22% HOMO-3 LUMO+1
12.26% HOMO-7 LUMO
3.04 0.0276 4.23 75.34% HOMO-7 LUMO
3.13 0.1547 28.54 66.41% HOMO-2 LUMO+2
3.13 0.0506 71.62 38.72% HOMO LUMO+35
20.47% HOMO-1 LUMO+8
11.30% HOMO-5 LUMO+1
3.14 0.0511 84.92 34.18% HOMO LUMO+34
15.97% HOMO LUMO+35
13.64% HOMO-1 LUMO+8
3.17 0.0266 68.85 48.10% HOMO-1 LUMO+10
15.62% HOMO-13 LUMO
3.21 0.0212 93.96 66.74% HOMO LUMO+39
20.26% HOMO-1 LUMO+12
3.23 0.0214 26.07 41.86% HOMO-9 LUMO+1
15.32% HOMO-10 | LUMO+1
3.25 0.0434 52.43 26.39% HOMO-1 LUMO+14
17.22% HOMO-11 LUMO+1
14.48% HOMO-9 LUMO+1
3.28 0.0279 73.41 52.14% HOMO LUMO+43
20.03% HOMO-12 | LUMO+1
17.55% HOMO-1 LUMO+15




Table S4. Excited states of Aug(PPhs3)g* (D, like symmetry). All excited states with oscillator
strengths larger than 0.02 are listed.

Energy (eV) f Superatomic | Weight (%) Transition
character (%)
2.12 0.0448 99.78 90.59% HOMO LUMO+1
2.23 0.0276 99.72 82.36% HOMO LUMO+2
13.15% HOMO-1 LUMO+1
2.35 0.1057 98.84 80.46% HOMO-1 LUMO+1
10.83% HOMO LUMO+2
2.44 0.1106 98.28 86.55% HOMO-1 LUMO+2
2.67 0.0386 65.47 55.72% HOMO LUMO+6
33.90% HOMO-2 LUMO
2.76 0.0343 94.84 77.90% HOMO LUMO+8
2.82 0.0721 29.5 67.61% HOMO-3 LUMO
13.05% HOMO LUMO+11
2.86 0.0281 87.84 61.16% HOMO-1 LUMO+6
20.51% HOMO LUMO+12
2.94 0.0242 88.19 71.30% HOMO-1 LUMO+8
3.01 0.0211 77.2 53.92% HOMO LUMO+19
14.59% HOMO-6 LUMO
3.03 0.0559 25.87 61.60% HOMO-2 LUMO+1
3.06 0.0369 90.79 53.15% HOMO-1 LUMO+13
15.45% HOMO-1 LUMO+12
3.14 0.0263 26.38 32.60% HOMO-9 LUMO
20.89% HOMO-3 LUMO+1
14.96% HOMO LUMO+26
3.15 0.0309 76.87 70.53% HOMO-1 LUMO+17
18.11% HOMO-10 LUMO
3.17 0.0623 22.66 53.56% HOMO-3 LUMO+1
3.18 0.0209 95.32 46.79% HOMO LUMO+28
26.58% HOMO-1 LUMO+18
13.18% HOMO LUMO+27
3.19 0.0599 88.89 60.54% HOMO LUMO+29
3.25 0.0268 20.31 37.17% HOMO-3 LUMO+2
20.39% HOMO-18 LUMO
14.21% HOMO-4 LUMO+1
3.27 0.0323 53.17 23.13% HOMO-3 LUMO+2
21.32% HOMO LUMO+32
17.29% HOMO-1 LUMO+21
13.84% HOMO-19 LUMO
3.30 0.0369 71.25 40.63% HOMO-1 LUMO+24
23.81% HOMO-5 LUMO+1
22.11% HOMO-1 LUMO+23
3.30 0.0594 323 51.15% HOMO-5 LUMO+1




22.04% HOMO-1 LUMO+24

3.35 0.0294 79.49 60.20% HOMO LUMO+36
15.99% HOMO-6 LUMO+1
3.36 0.0382 28.47 56.61% HOMO-4 LUMO+2

19.61% HOMO-1 LUMO+27

Auy(PH3)sH?*

Table S5. Relative energies at the revTPSS/TZP level of Aug(PH3)sH?". d2h # and d4d # represent
different optimized geometries derived from different starting positions of the hydride on the
unsubstituted D, and D,; symmetries of Aug(PH;3)g*". The structure indicated in bold (d2h 2) is
the most stable structure, described in the manuscript.

A(kcal/mol)
d2h 1 9.18
d2h 2 0.00
d2h 3 11.93
d2h 4 8.61
d4d 1 6.75
d4d 2 7.81
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Figure S2. Optimized structures of the Aug(PH;3)gH?* at revTPSS/TZP level of theory
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Figure S3. Absorption spectra of the optimized structures of Aug(PH3)sH?".
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Figure S4. Kohn—Sham orbital energy diagram for the most stable structure of Auo(PPh;)sH?".
The horizontal colored bar for each Kohn-Sham orbital indicates the percent contributions of the
atomic orbitals of Au (sp) in yellow, H(s) in green, Au (d) in blue, and P (sp) in violet. The y axis
shows the orbital energy. HOMO-3 and HOMO-4 orbital depictions were given. HOMO, HOMO-
1 and HOMO-2 were given in the MS.



Table S6. Excited states of Aug(PH;)sH?* (D), symmetry (d2h 2)). All excited states between
2.0 and 3.9 eV with oscillator strengths larger than 0.01 are listed.

Energy (eV) f Superatomic Weight (%) Transition
character (%)
2.30 0.035 99.61 83.57 HOMO LUMO+1
2.72 0.0129 99.81 57.84 HOMO LUMO+3
19.87 HOMO LUMO+4
2.82 0.1196 97.83 65.50 HOMO-1 LUMO
12.07 HOMO-1 | LUMO+1
2.86 0.1202 98.24 42.76 HOMO-1 | LUMO+1
31.42 HOMO LUMO+2
2.88 0.0251 99.76 4291 HOMO-2 | LUMO+1
33.04 HOMO-2 LUMO
333 0.0749 97.17 86.44 HOMO-2 | LUMO+3
3.40 0.095 97.11 42.19 HOMO-2 | LUMO+2
27.15 HOMO-2 | LUMO+4
17.14 HOMO-1 | LUMO+4
3.60 0.0126 94.83 93.70 HOMO LUMO+6
3.75 0.0315 7.44 82.74 HOMO-3 LUMO
3.82 0.0245 90.96 87.99 HOMO-1 | LUMO+5




AU9(PPh3)8H2+

Table S7. Excited states of Aug(PPh3)sH?". All excited states between with oscillator strengths
larger than 0.02 are listed.

Energy (eV) f Superatomic | Weight (%) Transition
character (%)
1.99 0.0239 99.98 0.8784 HOMO LUMO+1
2.13 0.0299 100 0.5351 HOMO LUMO+3
0.2915 HOMO LUMO+2
2.22 0.0218 100 0.3526 HOMO LUMO+5
0.3365 HOMO-1 LUMO
0.2152 HOMO LUMO+6
2.26 0.0663 100 0.3331 HOMO-1 LUMO
0.201 HOMO LUMO+6
0.1874 HOMO LUMO+8
0.1281 HOMO LUMO+5
2.31 0.0419 100 0.5307 HOMO-1 LUMO+1
0.1573 HOMO LUMO+10
2.38 0.0318 100 0.4572 HOMO LUMO+12
0.3718 HOMO-1 LUMO+2
240 0.0569 100 0.298 HOMO-1 LUMO+2
0.1311 HOMO LUMO+11

0.1303 HOMO-1 LUMO+3
0.1074 HOMO-1 LUMO+1

0.1026 HOMO LUMO+13
2.49 0.0215 100 0.3783 HOMO-2 LUMO
0.2479 HOMO LUMO+17
0.2284 HOMO LUMO+16
2.52 0.0248 100 0.5488 HOMO LUMO+17
0.1734 HOMO LUMO+16
0.1677 HOMO-1 LUMO+5
2.61 0.0386 100 0.6574 HOMO LUMO+21
0.1052 HOMO-1 LUMO+9
2.67 0.0229 100 0.8251 HOMO-1 LUMO+I11
2.68 0.0358 99.88 0.7521 HOMO-1 LUMO+12
2.89 0.0221 99.88 0.7233 HOMO-1 LUMO+20
2.96 0.0297 100 0.6757 HOMO-2 LUMO+10
3.01 0.0230 99.75 0.8318 HOMO-2 LUMO+13
3.19 0.0220 54.49 0.4374 HOMO-3 LUMO
0.3534 HOMO-1 LUMO+35
3.21 0.0220 90.79 0.3343 HOMO-2 LUMO+20
0.1517 HOMO-1 LUMO+37
0.1279 HOMO LUMO+49

0.1052 HOMO LUMO+48




3.32 0.1128 33.08 0.631 HOMO-3 LUMO+1
0.215 HOMO LUMO+52
3.35 0.0297 88.92 0.3489 HOMO LUMO+52
0.176 HOMO-1 LUMO+43
0.155 HOMO-2 LUMO+29
3.37 0.0265 93.8 0.4475 HOMO-2 LUMO+29
342 0.0229 46.63 0.337 HOMO-2 LUMO+33
0.2318 HOMO-3 LUMO+2
0.137 HOMO-5 LUMO
0.1058 HOMO-3 LUMO+3
3.45 0.0478 9.07 0.6985 HOMO-3 LUMO+3
3.48 0.0341 16.92 0.5732 HOMO-6 LUMO
0.1719 HOMO-4 LUMO+1
0.1169 HOMO-1 LUMO+48
3.52 0.0250 23.96 0.6286 HOMO-5 LUMO+1
0.167 HOMO-2 LUMO+37
3.53 0.0323 87.56 0.5426 HOMO-2 LUMO+37
0.1318 HOMO-1 LUMO+49
3.65 0.0307 1.00 0.8513 HOMO-5 LUMO+2
3.67 0.0329 35.33 0.3175 HOMO-1 LUMO-+52
0.3001 HOMO-3 LUMO+10
3.72 0.0233 22.09 0.6636 HOMO-4 LUMO+4
0.1617 HOMO-2 LUMO+44
3.77 0.0336 2.44 0.8055 HOMO-4 LUMO+5
Auy(PH;)sF*

Table S8. Relative energies at the revTPSS/TZP level of Aug(PH3)sF?*. d2h # and d4d # represent
different optimized geometries derived from different starting positions of the fluoride on the
unsubstituted D, and D, symmetries of Aug(PH;3)g*". The structure indicated in bold (d4d 2) is
the most stable structure, described in the manuscript.

A(kcal/mol)
d2h 1 10.60
d2h 2 10.70
d2h 3 8.11
d4d 1 10.23
d4d 2 0.00
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Figure S5. Optimized structures of the Aug(PH3)sF>* at revTPSS/TZP level of theory
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Figure S6. Absorption spectrums of fluoride ligated structures.




Table S9. Excited states of Aug(PH;)sF?" (D,; symmetry (d4d 2)). All excited states between 2.0
and 3.9 eV with oscillator strengths larger than 0.01 are listed.

Energy (eV) f Superatomic | Weight (%) Transition
character (%)
2.24 0.0161 99.12 65.79 HOMO LUMO
2.43 0.0356 95.84 52.67 HOMO -1 LUMO
19.76 HOMO LUMO +1
15.72 HOMO LUMO +2
2.51 0.0432 97.18 79.35 HOMO -1 LUMO +1
2.61 0.0509 94.28 79.58 HOMO LUMO +2
2.77 0.0554 93.32 83.53 HOMO -1 LUMO +2
2.87 0.0283 4.43 72.94 HOMO -2 LUMO
18.00 HOMO -2 LUMO +1
2.98 0.0457 9.43 74.60 HOMO -2 LUMO +1
11.21 HOMO -2 LUMO
3.25 0.0151 70.94 29.31 HOMO LUMO +4
29.07 HOMO -1 LUMO +3
23.94 HOMO -2 LUMO +2
3.33 0.0165 1.27 76.16 HOMO -3 LUMO +2
19.20 HOMO -4 LUMO
3.46 0.1022 17.72 54.79 HOMO -4 LUMO
14.48 HOMO LUMO +5
11.52 HOMO -3 LUMO +2
3.67 0.1323 46.21 25.07 HOMO -1 LUMO +5
17.62 HOMO -6 LUMO
10.93 HOMO -4 LUMO +2
9.21 HOMO -4 LUMO +1
3.80 0.0672 34.79 26.16 HOMO -1 LUMO +6
23.80 HOMO -3 LUMO +3
18.76 HOMO -4 LUMO +2
3.85 0.0571 6.4 41.57 HOMO -3 LUMO +3
33.78 HOMO -2 LUMO +4
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Figure S7. Kohn—Sham orbital energy level diagram for the Aug(PH;3)gF?* structure. Each KS
orbital is drawn to indicate the relative contributions (line length with color labels) of the atomic
orbitals of Au (sp) in gold, F(s) in green, Au (d) in blue, and P (sp) in purple. The y axis shows the
M.O. and energy level. X axis shows the percentage of the specific atom contributions. HOMO-2,
HOMO-3, HOMO-4 and HOMO-5 orbital depictions were given. HOMO and HOMO-1 were
given in the MS.



AU9(PPh3)8F2+

Table S10. Excited states of Aug(PPh;)gF?*. All excited states between with oscillator strengths
larger than 0.02 are listed.

Energy (eV) f Superatomic | Weight (%) Transition
character (%)
2.00 0.0464 99.78 92.02% HOMO LUMO
2.12 0.0311 99.95 77.05% HOMO LUMO+2
2.26 0.0463 99.48 60.65% HOMO-1 LUMO
22.45% HOMO-1 LUMO
2.28 0.0648 98.8 65.37% HOMO-1 LUMO+1
2.35 0.0344 99.81 79.84% HOMO LUMO+4
2.37 0.0706 99.61 59.63% HOMO-1 LUMO+2
20.03% HOMO LUMO+5
2.62 0.0454 98.95 65.92% HOMO LUMO+13

12.72% HOMO LUMO+12
12.56% HOMO-1 LUMO+6

2.71 0.0201 86.2 72.59% HOMO LUMO+17
2.74 0.0231 44.05 49.12% HOMO-2 LUMO+1
16.53% HOMO LUMO+19
2.78 0.0463 86.29 66.08% HOMO LUMO+21
10.25% HOMO-2 LUMO+1
2.83 0.0300 45.04 51.42% HOMO-2 LUMO+2
27.35% HOMO-1 LUMO+13
2.95 0.0397 40.34 36.31% HOMO-4 LUMO

21.61% HOMO-1 LUMO+18
16.26% HOMO-3 LUMO

297 0.0380 93.58 68.95% HOMO-1 LUMO+19
297 0.0371 84.75 64.30% HOMO-1 LUMO+20
13.07% HOMO-1 LUMO+19
3.01 0.0270 87.51 65.36% HOMO-1 LUMO+21
16.80% HOMO LUMO+30
3.02 0.0448 43.44 29.04% HOMO-1 LUMO+22

28.55% HOMO-4 LUMO+1
22.08% HOMO-3 LUMO+1

3.04 0.0294 74.1 64.12% HOMO LUMO+31
21.10% HOMO-3 LUMO+1
3.05 0.0321 80.61 48.47% HOMO LUMO+33
3.06 0.0379 84.4 47.29% HOMO LUMO+33
3.08 0.0425 11.39 77.17% HOMO-3 LUMO+2
3.16 0.0335 37.25 44.05% HOMO-4 LUMO+2
29.94% HOMO LUMO+39
3.19 0.0219 48.33 47.32% HOMO-5 LUMO

36.12% HOMO LUMO+40




3.21 0.0304 79.88 52.27% HOMO LUMO+41
18.13% HOMO LUMO+40
16.80% HOMO-5 LUMO

3.24 0.0264 54.07 44.84% HOMO LUMO+43
30.48% HOMO-5 LUMO+1
3.25 0.0276 52.92 34.96% HOMO LUMO+43

30.50% HOMO-5 LUMO+1

AUQ(PH3)8C12+

Table S11. Relative energies at the revIPSS/TZP level of Aug(PH3)3CI?". d2h # and d4d #
represent different optimized geometries derived from different starting positions of the chloride
on the unsubstituted D,;, and D,; symmetries of Aug(PH3)g3*. The structure indicated in bold (d4d
2) is the most stable structure, described in the manuscript.

Name A(kcal/mol)
d2h 1 3.77
d2h 2 8.93
d2h 3 6.16
d4d 1 9.44
d4d 2 0.00
Front view Top view
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Figure S8. Optimized structures of the Aug(PH3)3CI1>* at revTPSS/TZP level of theory
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Figure S9. Absorption spectrums of chloride ligated structures.




Table S12. Excited states of Aug(PH3)sCI?* (D, symmetry (d4d 2)). All excited states between
2.0 and 3.9 eV with oscillator strengths larger than 0.01 are listed.

Energy (eV) f Superatomic Weight (%) Transition
character (%)
2.39 0.033 85.23 37.49 HOMO LUMO +1
23.47 HOMO -1 LUMO
19.22 HOMO -1 | LUMO +1
10.00 HOMO -2 LUMO
2.64 0.0187 76.55 37.30 HOMO LUMO +2
36.16 HOMO -1 | LUMO +2
9.56 HOMO -3 | LUMO +1
9.24 HOMO -2 LUMO
2.70 0.0401 82.05 40.20 HOMO -1 | LUMO +2
35.56 HOMO LUMO +2
11.40 HOMO -3 LUMO
2.80 0.0535 11.54 46.67 HOMO -3 LUMO
36.00 HOMO -4 LUMO
2.86 0.0731 10.86 72.91 HOMO -3 | LUMO +1
3.12 0.0489 3.41 89.18 HOMO -3 | LUMO +2
3.40 0.0631 39.74 29.97 HOMO -5 LUMO
26.92 HOMO LUMO +4
25.12 HOMO -5 | LUMO +1
3.46 0.0409 57.9 35.04 HOMO -5 | LUMO +1
17.84 HOMO -1 | LUMO +4
15.60 HOMO LUMO +5
12.77 HOMO LUMO +4
10.49 HOMO -1 | LUMO +5
3.52 0.0381 90.04 51.76 HOMO -1 | LUMO +5
36.16 HOMO LUMO +5
3.58 0.0241 19.96 62.10 HOMO -3 | LUMO +3
9.56 HOMO -5 | LUMO +2
9.47 HOMO -1 | LUMO +5
3.60 0.033 27.5 33.41 HOMO -3 | LUMO +3
31.24 HOMO -5 | LUMO +2




10.57 HOMO LUMO +5
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Figure S10. Kohn—Sham orbital energy level diagram for the Aug(PH;)sCI>* structure. Each KS
orbital is drawn to indicate the relative contributions (line length with color labels) of the atomic
orbitals of Au (sp) in gold, CI(s) in green, Au (d) in blue, and P (sp) in purple. The y axis shows
the M.O. and energy level. X axis shows the percentage of the specific atom contributions. HOMO-
2, HOMO-3, HOMO-4 and HOMO-5 orbital depictions were given. HOMO and HOMO-1 were
given in the MS.



AU9(PPh3)8C12+

Table S13. Excited states of Aug(PPh;)sCI%*. All excited states with oscillator strengths larger
than 0.02 are listed.

Energy (eV) f Superatomic | Weight (%) Transition
character (%)
1.81 0.0548 99.81 93.64% HOMO LUMO+1
2.32 0.0250 99.72 43.11% HOMO LUMO+11
39.71% HOMO LUMO+10
2.33 0.0269 99.74 48.01% HOMO LUMO+11

19.28% HOMO LUMO+9
10.76% HOMO LUMO+10
10.54% HOMO-1 LUMO+1

2.39 0.0630 98.48 58.25% HOMO-1 LUMO+2
33.39% HOMO LUMO+14
2.40 0.0403 98.68 61.36% HOMO LUMO+14
30.25% HOMO-1 LUMO+2
2.44 0.0252 96.81 79.69% HOMO LUMO+15
10.42% HOMO LUMO+16
249 0.0474 98.98 77.88% HOMO LUMO+16
2.55 0.0278 8.86 86.45% HOMO-2 LUMO+1
2.87 0.0360 70.48 55.26% HOMO-1 LUMO+14

13.55% HOMO-4 LUMO
10.10% HOMO LUMO+34

291 0.0430 28.69 47.45% HOMO-5 LUMO
15.23% HOMO-1 LUMO+15
2.99 0.0227 37.07 39.01% HOMO-4 LUMO+2

12.63% HOMO-1 LUMO+18
11.14% HOMO-5 LUMO+1
10.61% HOMO-1 LUMO+19
3.00 0.0319 34.98 24.12% HOMO-4 LUMO+2
20.10% HOMO-5 LUMO+1
19.28% HOMO-1 LUMO+20
13.23% HOMO-3 LUMO+3
3.03 0.0457 76.32 31.82% HOMO LUMO+42
15.10% HOMO-1 LUMO+21
14.63% HOMO LUMO+43
3.08 0.0338 28.05 63.99% HOMO-5 LUMO+2




AU9(PH3)8BI'2+

Table S14. Relative energies at the revTPSS/TZP level of Aug(PH;3)sBr?". d2h # and d4d #
represent different optimized geometries derived from different starting positions of the bromide
on the unsubstituted D, and D,; symmetries of Aug(PH3)s*". The structure indicated in bold (d4d
2) is the most stable structure, described in the manuscript.

Name A(kcal/mol)
d2h 1 6.74
d2h 2 10.98
d2h 3 5.88
d4d 1 9.42
d4d 2 0.00
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Figure S11. Optimized structures of the Aug(PH;)sBr?* atrevTPSS/TZP level of theory
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Figure S12. Absorption spectrums of bromide ligated structures.




Table S15. Excited states of Aug(PH3)sBr?" (D, symmetry (d4d 2)). All excited states between
2.0 and 3.9 eV with oscillator strengths larger than 0.01 are listed.

Energy (eV) f Superatomic Weight (%) Transition
character (%)
2.34 0.0339 84.39 62.73 HOMO LUMO +1
17.63 HOMO -1 LUMO
11.06 HOMO -2 | LUMO +1
2.69 0.0357 45.68 42.88 HOMO LUMO +2
20.36 HOMO -3 LUMO
15.00 HOMO -4 | LUMO +1
12.61 HOMO -2 | LUMO +2
2.79 0.1116 15.63 46.94 HOMO -4 LUMO
25.97 HOMO -2 | LUMO +1
3.08 0.0618 3.65 91.20 HOMO -4 | LUMO +2
3.41 0.0541 36.97 51.81 HOMO -5 LUMO
22.73 HOMO LUMO +4
12.13 HOMO LUMO +5
3.43 0.0655 14.17 71.71 HOMO -5 | LUMO +1
8.89 HOMO -2 | LUMO +3
3.54 0.0044 5.32 90.80 HOMO -1 | LUMO +5
3.58 0.0362 48.84 47.42 HOMO LUMO +5
25.76 HOMO -5 | LUMO +2
14.99 HOMO -2 | LUMO +4
3.78 0.159 22.96 37.43 HOMO -5 | LUMO +2
19.04 HOMO LUMO +5
9.21 HOMO -8 | LUMO +1
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Figure S13. Kohn—Sham orbital energy level diagram for the Aug(PH;3)sBr?* structure. Each KS
orbital is drawn to indicate the relative contributions (line length with color labels) of the atomic
orbitals of Au (sp) in gold, Br(s) in green, Au (d) in blue, and P (sp) in purple. The y axis shows
the M.O. and energy level. X axis shows the percentage of the specific atom contributions. HOMO-
2, HOMO-3, HOMO-4 and HOMO-5 orbital depictions were given. HOMO and HOMO-1 were
given in the MS.



AU9(PPh3)8Bl’2+

Table S16. Excited states of Aug(PPh;)sBr?*. All excited states with oscillator strengths larger
than 0.02 are listed.

Energy (eV) f Superatomic | Weight (%) Transition
character (%)
1.94 0.0517 99.49 0.9531 HOMO LUMO
2.21 0.0477 82.85 0.6099 HOMO-1 LUMO
0.1327 HOMO-2 LUMO
2.39 0.0267 19.26 0.5531 HOMO-2 LUMO+1
0.228 HOMO-3 LUMO
2.57 0.0336 17.94 0.5844 HOMO-4 LUMO
0.1723 HOMO-3 LUMO+2
2.63 0.0237 97.85 0.7793 HOMO LUMO+15
0.1051 HOMO LUMO+16
2.69 0.0408 96.99 0.7544 HOMO LUMO+17
2.69 0.0231 44.74 0.3458 HOMO-4 LUMO+1
0.3167 HOMO-1 LUMO+8
2.82 0.0265 80.29 0.5782 HOMO-1 LUMO+12
2.95 0.0454 35.24 0.2388 HOMO-4 LUMO+5
0.215 HOMO-5 LUMO
0.1589 HOMO-1 LUMO+18
0.1231 HOMO-2 LUMO+13
2.96 0.0379 17.34 0.6301 HOMO-4 LUMO+5
0.1236 HOMO-5 LUMO
3.00 0.0347 57.7 0.4731 HOMO-1 LUMO+21
0.2345 HOMO-2 LUMO+15
3.01 0.0204 16.79 0.6738 HOMO-3 LUMO+10
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-0.716200000
1.523400000
0.505200000
2.520200000
4.056500000
2.743500000
2.428600000
0.554300000
1.331300000
2.554900000
3.799000000
2.054200000
3.025700000
3.272600000



Aug(PH;)sBr?* (D, symmetry (d4d 2))

Au
Au
Au
Au
Au

>
c

QE.’IIEIIIE.’IIE.’IIE.’IIEEEEEEEEEEEEEEWWWWWWWWEEE

0.141500000
1.941400000
-2.348200000
-0.870800000
1.173000000
-2.177200000
2.752100000
1.182100000
-1.567200000
3.020300000
-3.374300000
-1.746900000
2.054100000
-4.232400000
4.928600000
2.195000000
-3.079600000
-3.202400000
-4.768900000
-3.019500000
2.227900000
3.697300000
4.021900000
3.431100000
1.567600000
1.884100000
-2.014000000
-2.974400000
-0.994000000
5.563800000
5.975000000
5.017300000
-4.569600000
-4.2774700000
-5.471500000
-4.338900000
-2.668900000
-3.463600000
2.755400000
3.246600000
1.344800000
-0.399800000

-0.286200000
1.428700000
-0.338200000
2.140800000
-2.784300000
0.569300000
-0.474500000
1.964800000
-2.276200000
1.766900000
-0.906900000
4.212500000
-5.020900000
1.195800000
-0.695100000
3.902300000
-3.897400000
-2.203900000
-0.801300000
-0.168100000
1.742900000
2.975500000
0.865800000
-5.229400000
-6.045800000
-5.630600000
4.305200000
4.667700000
5.384200000
-1.942000000
0.122300000
-0.462400000
0.449500000
2.481900000
1.185400000
-4.059700000
-5.236500000
-3.725100000
3.702500000
4.605600000
4.976300000
1.071400000

0.073400000
-1.294000000
-1.287400000
-0.754300000
0.160500000
1.296500000
0.736200000
1.279500000
0.714300000
-3.405400000
-3.375400000
-1.633600000
-0.101000000
2.414800000
1.718200000
2.331500000
1.627400000
-3.875800000
-3.461200000
-4.512400000
-4.560600000
-3.618600000
-3.787500000
0.061000000
0.721600000
-1.352000000
-3.006300000
-1.132200000
-1.472300000
1.643200000
1.267600000
3.096200000
3.551900000
2.968800000
1.758900000
1.033200000
1.666700000
2.963100000
3.600400000
1.726400000
2.626400000
3.341500000



