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Experimental and Computational Details.

Experiment: Neutral gold clusters are produced by pulsed laser vaporization (10 Hz) in a
continuous stream of He containing 1.5 % K at a total stagnation pressure of about 10 mbar in the
source channel held at 100 K. After expansion into vacuum and passing a differential pumping
stage the clusters are ionized using 7.9 eV photons emitted from an F, laser. The ionized
distribution of bare clusters and complexes with Kr atoms is analysed by an orthogonal extraction
reflectron time-of-flight mass spectrometer. Just before ionization, the clusters can be irradiated
with the intense and tuneable IR radiation emitted from the “Free Electron Laser for Infrared
eXperiments” (FELIX) that is scanned in this study of Au clusters between 47 cm~* and 220 cm.
This range is characteristic for the vibrational modes of gold clusters. Resonant absorption of one
or multiple far-IR photons by the Kr complex of an Au cluster can induce dissociation of the
complex, which leads to an intensity reduction in the mass spectrum. Mass spectra with and
without FEL interaction are recorded alternatingly to minimize the effect of fluctuations in the
cluster signal intensity on the depletion spectra. Details on the experiment and the data evaluation

procedure have been given before.!

Computation. Quantum chemical computations are carried out using a range of density functional
(DFT)?! and wavefunction (coupled-cluster) theory'? '3 approaches. The DFT functionals
employed include the PW91,° PBE,” TPSS,® revTPSS,!! and M06%X in conjunction with the
correlation consistent cc-pVDZ-PP basis set,'* which is used together with the small-core
relativistic pseudopotential of Figgen et al.*® with 60 electrons of Au being treated as a core. All
stationary points are characterized to be true energy minima by harmonic vibrational analysis.
Albeit it is quite successful in predicting the preferred structures of small gold clusters, density
functional theory (DFT) still has several inherent shortcomings rendering the energy order of
various isomers strongly dependent on a partuclar exchange-correlation functional employed . As
for a further benchmark, calculations using the explicitly correlated local coupled cluster theory
PNO-LCCSD(T)-F12**16. 17 gre also performed for low-lying isomers using their DFT optimized
geometries. This is a recently developed approximation of the conventional CCSD(T) constructed
including two components. The former is using the local pair and domain approximations
exploiting the short-range nature of dynamical correlation. Such a local correlation is based on pair
natural orbitals and then combined with the explicit correlation F12 technique whose terms are

also correct for part of the domain errors. The performance of this method for different types of



compounds was well documented.'® *” All computations are carried out using the Gaussian 168

and Molpro 2020**?! programs.

In the PNO-LCCSD(T)-F12b wavefunctions for the doublet state of Au7, the aug-cc-pVDZ-
PP (denoted as aVDZ-PP) and aug-cc-pVTZ-PP (aVTZ-PP) basis sets are used, the core orbitals
defined above are frozen, the same active space is used for all isomers, and the restricted-open

shell reference formalism (ROHF) is used in the correlation calculations.

For ease of comparison with the experimental data, the calculated infrared stick spectra are

convoluted with a Gaussian? line-shape function with a full width at half maximum of ... cm™.
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Fig. S1. Some structural motifs previously assigned as the most stable form of Auis.

The labeling is given according to structures displayed in Figure 1 of the main text.
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Fig. S2: Star-like isomers 17_1 and 17_2 seen in different perspectives.
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Fig. S3. Isosurfaces (0.02 a.u.) of frontier orbitals in the 17_1 isomer.
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Fig. S4. An orbital correlation diagram between the Aui core (a pentaprism with two Au atoms
attached on both faces) and Auzi star cluster 17_2. The five Au atoms string is omitted as they do
not have any interaction. Shapes of the shell orbitals are given, but they are not displayed in any
energy ordering.



Table S1. Low-lying isomers of the Au7 cluster and their Cartesian coordinates (in A)
located using TPSS/cc-pVDZ-PP geometry optimizations.

Isomer Cartesian coordinates
\ 79 1.377657000 1.922706000 1.425639000
\ 79 0.000040000 -2.417089000 -2.261997000
L 79  -2.042883000 -0.772138000 -1.418461000
7 79  -1.377702000 1.922665000 -1.425621000
79 2.042896000 -0.772073000 -1.418480000
79 1.377657000 1.922706000 -1.425639000
79  -0.000038000 3.862791000  0.000000000
79  -1.453776000 -3.068487000 0.000000000
79 2.042896000 -0.772073000  1.418480000
79 3.573572000 1.044743000  0.000000000
79  -1.377702000 1.922665000 1.425621000
17 1 79  -0.000013000 0.208301000  3.098493000
h 79 -3.573612000 1.044639000 0.000000000
79  -0.000013000 0.208301000 -3.098493000
79 1.453862000 -3.068425000 0.000000000
79 0.000040000 -2.417089000 2.261997000
79 -2.042883000 -0.772138000 1.418461000
79 0.000000000  2.945366000  0.005946000
79  -2.190363000 -1.416743000 -0.727884000
79 3.613550000 0.000000000  1.193858000
79 1.362349000 1.447830000 1.911960000
79 2.190363000 1.416743000 -0.727884000
79  -1.362349000 -1.447830000 1.911960000
79  -1.362349000 1.447830000  1.911960000
79  -3.613550000 0.000000000  1.193858000
79 0.000000000  1.484610000 -2.369677000
79  -2.190363000 1.416743000 -0.727884000
79 0.000000000  0.000000000  3.842980000
79 0.000000000 -1.484610000 -2.369677000
79 0.000000000 -2.945366000  0.005946000
79 2.190363000 -1.416743000 -0.727884000
79  -2.208149000 0.000000000 -3.119768000
79 2.208149000 0.000000000 -3.119768000
79 1.362349000 -1.447830000 1.911960000
79 2.088823000  1.424793000 -0.557842000
79  -1.387613000 -2.388575000  1.911902000
79  -2.088823000 -1.424793000 -0.557842000
79 0.000000000 -1.425559000 -2.401268000
79 1.387613000 -2.388575000 1.911902000
79 2.088823000 -1.424793000 -0.557842000
79 2.324552000 0.000000000 -2.897643000
79  -2.722943000 0.000000000 1.761119000
79 1.387613000 2.388575000 1.911902000
17 3 79 2.722943000 0.000000000 1.761119000
79 0.000000000  1.425559000 -2.401268000
79 0.000000000  3.254636000 -0.357066000
79  -2.324552000 0.000000000 -2.897643000
79 0.000000000 -3.254636000 -0.357066000
79 0.000000000  0.000000000  2.373475000




79  -1.387613000 2.388575000  1.911902000
79  -2.088823000 1.424793000 -0.557842000
79  0.000000000  3.298500000  0.191288000
79  -2.354857000 -2.283310000 -0.756841000
79  3.394608000  0.000000000  0.391376000
79  1.407479000 1.406448000  1.698619000
79  2.354857000  2.283310000 -0.756841000
79  -1.407479000 -1.406448000 1.698619000
79  -1.407479000 1.406448000  1.698619000
79  -3.394608000 0.000000000  0.391376000
79  0.000000000 1.405728000 -1.957562000
79  -2.354857000 2.283310000 -0.756841000
79  0.000000000  0.000000000  3.597245000
79  0.000000000 -1.405728000 -1.957562000
79  0.000000000 -3.298500000  0.191288000
79  2.354857000 -2.283310000 -0.756841000
79  -2.342013000  0.000000000 -2.307280000
79  2.342013000 0.000000000 -2.307280000
79 1407479000 -1.406448000 1.698619000
79  -0.377517000 -1.901786000  1.439588000
79  2.339363000 -2.255494000 0.905321000
79  1.260881000 1.122667000 -1.827211000
79  0.457987000 -3.034573000 -0.926330000
79 1599954000 -0.404828000  2.807384000
79 -1.071768000 0.298035000  3.008756000
79  0.056541000 -1.088913000 -2.908363000
79  2.394296000 3.046126000 -0.217609000
79  -1.864895000 -1.633667000 -0.972946000
79  -2.032044000 1.535442000 0.683897000
79  2.555886000 -1.317069000 -1.710607000
79  -1.519436000 0.983289000 -2.040007000
79  2.830310000 0.419638000 0.433696000
79  0.618126000 1.820338000  1.482389000
79  -0.361780000  3.155530000 -0.763171000
79  -3.901032000 0.209976000 -0.880316000
79  -2.984873000 -0.954712000  1.485527000
79  1.393639000 -1.541280000  1.944435000
79  2.863019000  0.000000000 -0.009261000
79  1.393639000 1.541280000  1.944435000
79  -1.393639000 -1.541280000  1.944435000
79  -1.393639000 1.541280000  1.944435000
79  0.000000000  0.000000000  0.000000000
79 1541280000 1.393639000 -1.944435000
79  0.000000000 2.863019000  0.009261000
79  -2.863019000 0.000000000 -0.009261000
17 6 79  -1.541280000 1.393639000 -1.944435000
79 1541280000 -1.393639000 -1.944435000
79  -1.541280000 -1.393639000 -1.944435000
79  0.000000000 -2.863019000 0.009261000
79  0.000000000  3.527090000 -2.628629000
79  -3.527090000 0.000000000  2.628629000
79  0.000000000 -3.527090000 -2.628629000
79  3.527090000  0.000000000 2.628629000




79  2.483139000 -1.873888000  1.371638000
/ 79  0.058269000 -2.001809000  2.834342000
79  -2.300922000 -2.205958000  1.392675000
79  -2.300922000 -2.205958000 -1.392675000
79  0.058269000 -2.001809000 -2.834342000
79  2.483139000 -1.873888000 -1.371638000
79  0.089813000 -2.056828000  0.000000000
79 1541688000 0.382563000 2.762618000
79  2.008376000  0.520200000  0.000000000
17 7 79 1541688000 0.382563000 -2.762618000
- 79  -0.951680000 0.299113000  1.612559000
79  -3.179018000  0.090639000  0.000000000
79  -0.951680000 0.299113000 -1.612559000
79 0.752879000 2.579208000 -1.421024000
79  0.752879000 2.579208000  1.421024000
79  -1.813387000 2.431238000  0.000000000
79  -0.272531000 4.656290000 0.000000000
79  -0.049610000 -2.677579000  3.689033000
79  -0.910830000 -0.284490000  2.800108000
79  -1.423794000 -2.829953000  1.328969000
79  -1.539950000 1.991533000 1.478455000
79  -1.194598000 -0.391054000 0.000000000
79  -2.122121000 4.181612000  0.000000000
79  -1.423794000 -2.829953000 -1.328969000
79  1.170538000 -1.834517000  1.359400000
79  1.073304000 1.041393000  1.423960000
79  -1.539950000 1.991533000 -1.478455000
79  0.517139000  3.434429000 0.000000000
79  -0.910830000 -0.284490000 -2.800108000
79  1.073304000 1.041393000 -1.423960000
79  -0.049610000 -2.677579000 -3.689033000
79  1.170538000 -1.834517000 -1.359400000
79  3.057467000 2.365460000  0.000000000
79  3.102796000 -0.403221000  0.000000000
79  -0.499196000 -0.941697000 -1.855659000
79  2.179600000 -0.109778000 -1.954278000
79 1274617000 -2.541814000 -0.394261000
79  -3.095412000 -0.707419000 -0.794738000
79  -1.274612000 -2.541814000 0.394270000
79  2.008034000 1.843203000  0.138359000
79  -0.211937000  1.771931000  1.942304000
79  3.095411000 -0.707410000 0.794738000
79  0.211936000  1.771920000 -1.942306000
79 0.499197000 -0.941689000  1.855660000
79  3.833559000 -2.217065000 -1.309545000
79  -0.000003000 3.786446000 -0.000009000
79  -2.008036000  1.843199000 -0.138362000
79  -2.179599000 -0.109772000  1.954275000
79  -3.833555000 -2.217064000  1.309553000
79  -2.366950000 1.009406000 -2.758716000
79  2.366948000 1.009417000  2.758715000
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