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To complement the analysis in the main text, here we provide additional information on : 

1. the optical absorption excitations of Au20 in terms of single-particle components and 

associated induced-density plots 

2. the geometry of Au20 and Au20Ne100 systems in their electronic ground states as predicted 

via a DFT/PBE-MBD approach and the geometry of Au20 in its electronic ground state and 

two lowest excited states as predicted via a DFT/B3LYP approach 

For technical reasons of use of symmetry, the DFT/B3LYP analysis in Table S1 and Figure S1 is 

performed using the ADF package [1], but the TDDFT results coincide with those obtained using 

the NWChem package [2] which is used throughout this work in the relaxation of excited states. 

The induced electron density or equivalently the transition density in Figure S1 is defined in 

equation 5.4.5 of ref. [3]. 
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Table S1. Analysis of the main excitations in the TDDFT/B3LYP scalar-relativistic spectrum of 

Au20 in terms of single-particle components. See Figure 3 of the main text for the definition of 

single-particle orbitals. 

 

    

Transition E (eV) f Composition 

    

    

1 2.22 0.0096 97% 16e30t2 

2 2.42 0.118 85% 29t230t2 

3 2.70 0.0203 90% 29t215a1 

4 2.82 0.00005 77% 16e19t1 + 14% 29t219t1 

5 2.88 0.0136 41% 16e19t1 + 46% 29t219t1 

6 2.99 0.00089 50% 14a130t2 + 22% 16e31t2 

7 3.08 0.0504 77% 29t231t2 

8 3.25 0.718 49% 18t130t2 + 12% 14a130t2 

9 3.39 0.668 44% 18t130t2 + 9% 14a130t2 

    

 

  



Figure S1. Induced electron density relative to electronic excited states of Au20 predicted at the 

TDDFT/B3LYP scalar-relativistic level as reported in Table S1.  

 

 

 

  



Cartesian coordinates of Au20 in its electronic ground state relaxed at the DFT/PBE-MBD 

level 

 

Au         2.86187        2.86187       -2.86187 

Au         3.03114        0.94689       -0.94689 

Au         3.03114       -0.94689        0.94689 

Au         2.86187       -2.86187        2.86187 

Au         0.94689        3.03114       -0.94689 

Au         1.10909        1.10909        1.10909 

Au         0.94689       -0.94689        3.03114 

Au        -0.94689        3.03114        0.94689 

Au        -0.94689        0.94689        3.03114 

Au        -2.86187        2.86187        2.86187 

Au         0.94689        0.94689       -3.03114 

Au         1.10909       -1.10909       -1.10909 

Au         0.94689       -3.03114        0.94689 

Au        -1.10909        1.10909       -1.10909 

Au        -1.10909       -1.10909        1.10909 

Au        -3.03114        0.94689        0.94689 

Au        -0.94689       -0.94689       -3.03114 

Au        -0.94689       -3.03114       -0.94689 

Au        -3.03114       -0.94689       -0.94689 

Au        -2.86187       -2.86187       -2.86187 

  



Cartesian coordinates of Au20Ne100 in its electronic ground state relaxed at the DFT/PBE-

MBD level 

 

Au         2.85392       -2.85392        2.85392 

Au        -1.09068        1.09068       -1.09068 

Au         2.85392        2.85392       -2.85392 

Au         3.02465        0.94368       -0.94368 

Au         3.02465       -0.94368        0.94368 

Au         0.94368        3.02465       -0.94368 

Au         1.09068        1.09068        1.09068 

Au         0.94368       -0.94368        3.02465 

Au        -0.94368        3.02465        0.94368 

Au        -0.94368        0.94368        3.02465 

Au        -2.85392        2.85392        2.85392 

Au         0.94368        0.94368       -3.02465 

Au         1.09068       -1.09068       -1.09068 

Au         0.94368       -3.02465        0.94368 

Au        -1.09068       -1.09068        1.09068 

Au        -3.02465        0.94368        0.94368 

Au        -0.94368       -0.94368       -3.02465 

Au        -0.94368       -3.02465       -0.94368 

Au        -3.02465       -0.94368       -0.94368 

Au        -2.85392       -2.85392       -2.85392 

Ne         7.38477       -1.07509        1.07509 

Ne         5.92422        1.58311        1.58311 

Ne         3.81606        3.81606        1.62314 

Ne         1.58311        5.92422        1.58311 

Ne        -1.07509        7.38477        1.07509 

Ne         5.89325       -3.70575        0.68959 

Ne        -3.70575        5.89325        0.68959 

Ne         3.70575       -5.89325        0.68959 

Ne        -5.89325        3.70575        0.68959 

Ne         1.07509       -7.38477        1.07509 

Ne        -1.58311       -5.92422        1.58311 

Ne        -3.81606       -3.81606        1.62314 

Ne        -5.92422       -1.58311        1.58311 

Ne        -7.38477        1.07509        1.07509 

Ne         7.38477        1.07509       -1.07509 

Ne         5.89325        3.70575       -0.68959 

Ne         3.70575        5.89325       -0.68959 

Ne         1.07509        7.38477       -1.07509 

Ne         5.92422       -1.58311       -1.58311 

Ne        -1.58311        5.92422       -1.58311 

Ne         3.81606       -3.81606       -1.62314 

Ne        -3.81606        3.81606       -1.62314 

Ne         1.58311       -5.92422       -1.58311 

Ne        -5.92422        1.58311       -1.58311 

Ne        -1.07509       -7.38477       -1.07509 

Ne        -3.70575       -5.89325       -0.68959 

Ne        -5.89325       -3.70575       -0.68959 

Ne        -7.38477       -1.07509       -1.07509 

Ne         7.64859        3.23754       -3.23754 

Ne         5.45465        5.45465       -3.22126 

Ne         3.23754        7.64859       -3.23754 

Ne         5.89325        0.68959       -3.70575 



Ne         0.68959        5.89325       -3.70575 

Ne         3.81606       -1.62314       -3.81606 

Ne        -1.62314        3.81606       -3.81606 

Ne         1.62314       -3.81606       -3.81606 

Ne        -3.81606        1.62314       -3.81606 

Ne        -0.68959       -5.89325       -3.70575 

Ne        -5.89325       -0.68959       -3.70575 

Ne        -3.23754       -7.64859       -3.23754 

Ne        -5.45465       -5.45465       -3.22126 

Ne        -7.64859       -3.23754       -3.23754 

Ne         7.67564        5.43827       -5.43827 

Ne         5.43827        7.67564       -5.43827 

Ne         5.45465        3.22126       -5.45465 

Ne         3.22126        5.45465       -5.45465 

Ne         3.70575        0.68959       -5.89325 

Ne         0.68959        3.70575       -5.89325 

Ne         1.58311       -1.58311       -5.92422 

Ne        -1.58311        1.58311       -5.92422 

Ne        -0.68959       -3.70575       -5.89325 

Ne        -3.70575       -0.68959       -5.89325 

Ne        -3.22126       -5.45465       -5.45465 

Ne        -5.45465       -3.22126       -5.45465 

Ne        -5.43827       -7.67564       -5.43827 

Ne        -7.67564       -5.43827       -5.43827 

Ne         7.64139        7.64139       -7.64139 

Ne         5.43827        5.43827       -7.67564 

Ne         3.23754        3.23754       -7.64859 

Ne         1.07509        1.07509       -7.38477 

Ne        -1.07509       -1.07509       -7.38477 

Ne        -3.23754       -3.23754       -7.64859 

Ne        -5.43827       -5.43827       -7.67564 

Ne        -7.64139       -7.64139       -7.64139 

Ne         7.64859       -3.23754        3.23754 

Ne         5.89325       -0.68959        3.70575 

Ne         3.81606        1.62314        3.81606 

Ne         1.62314        3.81606        3.81606 

Ne        -0.68959        5.89325        3.70575 

Ne        -3.23754        7.64859        3.23754 

Ne         5.45465       -5.45465        3.22126 

Ne        -5.45465        5.45465        3.22126 

Ne         3.23754       -7.64859        3.23754 

Ne         0.68959       -5.89325        3.70575 

Ne        -1.62314       -3.81606        3.81606 

Ne        -3.81606       -1.62314        3.81606 

Ne        -5.89325        0.68959        3.70575 

Ne        -7.64859        3.23754        3.23754 

Ne         7.67564       -5.43827        5.43827 

Ne         5.45465       -3.22126        5.45465 

Ne         3.70575       -0.68959        5.89325 

Ne         1.58311        1.58311        5.92422 

Ne        -0.68959        3.70575        5.89325 

Ne        -3.22126        5.45465        5.45465 

Ne        -5.43827        7.67564        5.43827 

Ne         5.43827       -7.67564        5.43827 

Ne         3.22126       -5.45465        5.45465 

Ne         0.68959       -3.70575        5.89325 

Ne        -1.58311       -1.58311        5.92422 



Ne        -3.70575        0.68959        5.89325 

Ne        -5.45465        3.22126        5.45465 

Ne        -7.67564        5.43827        5.43827 

Ne         7.64139       -7.64139        7.64139 

Ne         5.43827       -5.43827        7.67564 

Ne         3.23754       -3.23754        7.64859 

Ne         1.07509       -1.07509        7.38477 

Ne        -1.07509        1.07509        7.38477 

Ne        -3.23754        3.23754        7.64859 

Ne        -5.43827        5.43827        7.67564 

Ne        -7.64139        7.64139        7.64139 

 

 

 

  



Cartesian coordinates of Au20 in its electronic ground state relaxed at the DFT/B3LYP level 

 

 Au           2.93630007     2.93630007     2.93630007 

 Au          -1.13346203    -1.13346203    -1.13346203 

 Au          -2.93630007    -2.93630007     2.93630007 

 Au          -0.96466216    -0.96466216     3.14298745 

 Au           0.96466216     0.96466216     3.14298745 

 Au          -0.96466216    -3.14298745     0.96466216 

 Au           1.13346203    -1.13346203     1.13346203 

 Au           3.14298745     0.96466216     0.96466216 

 Au           0.96466216    -3.14298745    -0.96466216 

 Au           3.14298745    -0.96466216    -0.96466216 

 Au           2.93630007    -2.93630007    -2.93630007 

 Au          -3.14298745    -0.96466216     0.96466216 

 Au          -1.13346203     1.13346203     1.13346203 

 Au           0.96466216     3.14298745     0.96466216 

 Au           1.13346203     1.13346203    -1.13346203 

 Au           0.96466216    -0.96466216    -3.14298745 

 Au          -3.14298745     0.96466216    -0.96466216 

 Au          -0.96466216     3.14298745    -0.96466216 

 Au          -0.96466216     0.96466216    -3.14298745 

 Au          -2.93630007     2.93630007    -2.93630007 

  



Cartesian coordinates of Au20 in its electronic first excited state E1 relaxed at the DFT/B3LYP 

level 

 

 Au                   2.93793713     3.03822207     2.93969461 

 Au                  -1.20446374    -1.13139170    -1.20394166 

 Au                  -2.93793713    -3.03822207     2.93969461 

 Au                  -1.00603628    -0.95638911     3.13142783 

 Au                   1.00603628     0.95638911     3.13142783 

 Au                  -0.98036924    -3.03645629     0.97959279 

 Au                   1.20446374    -1.13139170     1.20394166 

 Au                   3.13238437     0.95726888     1.00729580 

 Au                   0.98036924    -3.03645629    -0.97959279 

 Au                   3.13238437    -0.95726888    -1.00729580 

 Au                   2.93793713    -3.03822207    -2.93969461 

 Au                  -3.13238437    -0.95726888     1.00729580 

 Au                  -1.20446374     1.13139170     1.20394166 

 Au                   0.98036924     3.03645629     0.97959279 

 Au                   1.20446374     1.13139170    -1.20394166 

 Au                   1.00603628    -0.95638911    -3.13142783 

 Au                  -3.13238437     0.95726888    -1.00729580 

 Au                  -0.98036924     3.03645629    -0.97959279 

 Au                  -1.00603628     0.95638911    -3.13142783 

 Au                  -2.93793713     3.03822207    -2.93969461 

 

  



Cartesian coordinates of Au20 in its electronic second excited state E2 relaxed at the 

DFT/B3LYP level up to the crossing point among several potential energy surfaces 

 

 Au      2.98861663     2.99055380     2.88716046 

 Au     -1.12172575    -1.12983711    -1.15306552 

 Au     -2.98861663    -2.99055380     2.88716046 

 Au     -0.98313766    -0.96962666     3.09833242 

 Au      0.98313766     0.96962666     3.09833242 

 Au     -0.95401734    -3.09367529     0.97175912 

 Au      1.24113861    -1.24518394     1.26339802 

 Au      3.08944170     0.95127916     0.97306641 

 Au      1.00892659    -3.10229763    -0.96507756 

 Au      3.09640134    -1.00208763    -0.97766803 

 Au      2.96970570    -2.97794645    -2.97437337 

 Au     -3.08944170    -0.95127916     0.97306641 

 Au     -1.24113861     1.24518394     1.26339802 

 Au      0.95401734     3.09367529     0.97175912 

 Au      1.12172575     1.12983711    -1.15306552 

 Au      0.98151904    -0.97565993    -3.12353193 

 Au     -3.09640134     1.00208763    -0.97766803 

 Au     -1.00892659     3.10229763    -0.96507756 

 Au     -0.98151904     0.97565993    -3.12353193 

 Au     -2.96970570     2.97794645    -2.97437337 

 

 

 


