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Supplementary Method 1

Starting materials were purchased from Sigma-Aldrich, Fluorochem, Apollo Scientific and

used as received. Commercial HPLC-grade solvents were used without further purification.

Solkane® (1,1,1,3,3- pentafluorobutane) was purchased from Solvay and filtered through a 0.2
um PTFE membrane before use. Milli-Q water was obtained by a Simplicity (Millipore)
instrument.

Analytical thin layer chromatography (TLC) was performed on precoated silica gel 60 F254
plates and visualization was done by staining with 0.2 M aqueous KMnO4.

DSC analyses were performed on a Mettler Toledo DSC823e differential scanning calorimeter,
using aluminum 40 pL sample pans and Mettler STARe software for calculation. Melting
points were also determined on a Reichert instrument, by observing the melting process
through an Olympus BH-2 optical microscope.

'H- and "F-NMR spectra were recorded on a Bruker AV400 spectrometer operating at 400
MHz for both nuclei. A coaxial capillary tube containing deuterated benzene (CsDs) was used

for the lock.
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Supplementary Figure 1. Scheme of Thiol F27SH synthesis procedure.

tert-Butyl 3-(3-hydroxy-2,2-bis(hydroxymethyl)propoxy)-propanoate (2)

Following the same procedure described by Yue,Sl compound 2 was obtained in 38% yield as

a colorless oil, eluting with CH2Cl2/CH30OH (from 98:2 to 9:1).

Ly NMR (500 MHz, CDCI3) &: 3.69 (t, 2H, J = 5.8 Hz), 3.67 (s, 6H), 3.56 (s, 2H), 2.48 (t,
2H, J = 5.8 Hz), 2.35 (brs, 3H), 1.46 (s, 9H).

tert-Butyl 3-(3-((1,1,1,3,3,3-hexafluoro-2-(trifluoromethyl)-propan-2-yl)oxy)-2,2-
bis(((1,1,1,3,3,3- hexa-fluoro-2-(trifluoromethyl)propan-2-
yhoxy)methyl)propoxy)propanoate (3)

Triphenylphosphine (30 g, 115 mmol) and 4 A molecular sieves (3.5 g) were placed in an oven-
dried 500 mL flask, under nitrogen flow. Compound 2 (6 g, 23 mmol) and anhydrous THF
(150 mL) were added and the solution was cooled to 0 °C. Diisopropylazodicarboxylate
(DIAD, 22 mL, 115 mmol) was added dropwise under stirring. The resulting foamy mixture
was warmed up to r.t. and stirred for additional 20 minutes, before adding perfluoro-fert-butyl
alcohol (16 mL, 115 mmol) in one portion. The finally clear solution was stirred at 45 °C for
65 hours. After cooling down to r.t. and removing the molecular sieves by filtration, water (100
mL) was added and stirring was continued for 10 more minutes. Dichloromethane (50 mL) was
added and the lower organic phase was separated, dried over Na,SO, and concentrated under
vacuum. Flash silica gel chromatography of the crude with hexane/ethyl acetate (98:2) gave

product 3 as a colorless solid (9.5 g, 45% yield).

m.p. 76-78 °C. TH NMR (500 MHz, CDCI3) &: 4.06 (s, 6H), 3.64 (t, 2H, J = 6.5 Hz), 3.43 (s,

2H), 2.45 (t, 2H, J = 6.5 Hz), 1.44 (s, 9H). 19F NMR (475 MHz, CDCI3) &: -71.41 (s).

3-(3-((1,1,1,3,3,3-Hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)-2,2-bis(((1,1,1,3,3,3-
hexafluoro- 2-(trifluoromethyl)-propan-2-yl)oxy)methyl)propoxy)propan-1-ol (4)

Compound 3 (3 g, 3.3 mmol) was treated with LiAlH4 (360 mg, 9.5 mmol) in anhydrous THF

(45 mL) according to the reported procedure.Sl Purification of the crude by SiO2



chromatography with hexane/ethyl acetate (8:2) afforded alcohol 4 as a colorless oil (2.3 g,
83% yield).

1f NMR (500 MHz, CDCI3) &: 4.05 (s, 6H), 3.72 (t, 2H, J = 6.2 Hz), 3.54 (t, 2H, J= 6.2 Hz),

3.40 (s, 2H), 1.82 (qui, 2H, J = 6.2 Hz). 19F NMR (475 MHz, CDCI3) &: -71.41 (s).

3-(3-((1,1,1,3,3,3-Hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)-2,2-bis(((1,1,1,3,3,3-
hexafluoro- 2-(trifluoromethyl)-propan-2-yl)oxy)methyl)propoxy)propyl

methanesulfonate (5)

Reaction of 4 (3 g, 3.5 mmol) with triethylamine (1.4 mL, 10 mmol) and methanesulfonyl
chloride (0.8 mL, 10 mmol) in a mixture of anhydrous THF (15 mL) and anhydrous DCM (30

mL) was performed as described by Yue.” Flash chromatography over silica gel with

hexane/ethyl acetate (8:2) as eluent yielded 5 as a colorless oil (3.1 g, 97% yield).

1 NMR (500 MHz, CDCI3) 6: 4.27 (t, 2H, J = 6.3 Hz), 4.06 (s, 6H), 3.53 (t, 2H, J= 6.1 Hz),
3.42 (s, 2H), 2.98 (s, 3H), 2.00 (qui, 2H, J = 6.3 Hz). 19r NMR (475 MHz, CDCIl3) &: -71.45
(s).

($)-(3-(3-((1,1,1,3,3,3-Hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)-2,2bis

(((1,1,1,3,3,3-hexafluoro-2-(trifluoromethyl)-propan-2yl)oxy)methyl)propoxy)propyl)
ethanethioate (6)

A solution of § (2.8 g, 3 mmol) in DMF (28 mL) was treated with potassium thioacetate (1.1

g, 9 mmol) at 50 °C, as reported.Sl Silica gel chromatography, eluting with hexane/ethyl acetate
(95:5), gave product 6 as a pale yellow oil (2.3 g, 85% yield).

Ly NMR (500 MHz, CDCI3) &: 4.06 (s, 6H), 3.43 (t, 2H, J = 6.1 Hz), 3.38 (s, 2H), 2.89 (t,

2H, J = 7.1 Hz), 2.32 (s, 3H), 1.83 (qui, 2H, J = 6.6 Hz). 19F NMR (475 MHz, CDCI3) §: -
71.48 (s).

3-(3-((1,1,1,3,3,3-Hexafluoro-2-(trifluoromethyl)propan-2-yl)oxy)-2,2-bis(((1,1,1,3,3,3-
hexafluoro- 2-(trifluoromethyl)-propan-2-yl)oxy)methyl)propoxy)propane-1-thiol (1)



Compound 6 (2 g, 2.2 mmol) was treated with LiAlH4 (230 mg, 6 mmol) in anhydrous THF

(25 mL), according to Yue’s procedure.Sl Flash chromatography with hexane/ethyl acetate

(98:2) afforded thiol 1 as a colorless solid (1.5 g, 81% yield).

m.p. 39-40 °C. I'H NMR (400 MHz, CDCI3) &: 4.06 (s, 6H), 3.50 (t, 2H, J = 6.1 Hz), 3.40 (s,
2H), 2.56 (dd, 2H, J= 7.2 and 15 Hz), 1.89-1.82 (m, 2H), 1.32 (t, 1H, J= 7.9 Hz). 13C NMR
(100 MHz, CDCI3) &: 120.2 (g, J = 293 Hz), 79.7 (m), 69.7, 66.2, 65.7, 46.2, 33.6, 21.2. 19F

NMR (475 MHz, CDCI3) &: - 71.57 (s). FTIR (cm™1): 1490, 1468, 1243, 1189, 1153, 1122,

1011, 969, 913, 771, 736, 725, 538, 515, 478. MS (ESI+) m/z: 887 [M+Na]. HRMS for
C20H15F2704S: calcd. 864.025994; found 864.023560.



Supplementary Method 3

To provide a comprehensive description of the interactions involved in the [Auzs(SF27)1s]°
crystal structure, we use quantum mechanical calculations to investigate the stabilization
energy and the bonding nature of fluorine-fluorine interactions, with the aim to unravel their
role in the supramolecular assembly.

In particular, in order to gain an estimate of the intermolecular energy in agreement with
previous literature data, we performed scans of intermolecular F-F separations on a CF4stable
dimer, chosen as smaller reference model of a two-points C-F----F-C interaction, here defined
as VVO following the Mahlanen’s nomenclature,>? showing a halogen-halogen intermolecular
dihedral angle of 0° in D3h symmetry.

Intermolecular energy scans were carried on with the Minnesota 2006 hybrid meta exchange-
correlation functional (M06-2X),5 suitable to reproduce intermolecular Van der Waals
interactions, in combination with aug-cc-pvtz basis set>*° on fluorine atoms and TZVP basis
set>® on carbons. Grimme’s GD3 Empirical dispersion calculations®” were used, also corrected

with the basis set superposition error (BSSE)®® by means of Gaussian16 Suite of programs.®’

Moreover, intra- and inter-Wiberg bond orders®!® BO4g, between two fluorine atoms A and B,
were calculated from the off-diagonal elements of the electron density matrix, B, calculated
from the Lowdin orthonormalized M06-2x wavefunctions of the CF4 complex, according to

the following equation:

BOyp = ZueA,vEB PuvPvu 1.

The M06-2x functional provides an estimate of the interaction energy in the VVO0 dimer of
about - 0.280 kcal/mol, in very good agreement with previous reported values, calculated at
MP2/aug(df)-6-311G* level of theoryS!! and similar to other weak noncovalent interactions.
The calculated intra (between fluorine atoms of the same CF4) and inter F-F bond orders
(between fluorine atoms belonging to two nearby CF4) are 0.32 and 0.032 arb. units,
respectively. The latter is relatively small, if compared to covalent or hydrogen bonds,

indicating a small electron delocalization between fluorine atoms.5!2



The calculated intermolecular potential energy surface on the VVO0 dimer was then fitted by
means of a modified Morse potential (Eq. 2), in the form successfully applied by Mahlanen et

al. to map intermolecular interaction in tetrahalide dimers.
E(r)=-g(1-(1-¢A)? 2.

The resulting fitted parameters, i.e., €=0.274 (curve depth), A=1.645 (slope of repulsion) and
r*=3.085 (the equilibrium distance between faced fluorine atoms) are in very good agreement
with the Mahlalen’s data. Supplementary Figure S3 shows the fitted energy curve.

In order to unambiguously quantify the intermolecular energy stabilization of C-F--F-C
interactions involved in and between nearby F27S- ligand molecules when arranged in crystal
structures, the parametrized intermolecular potential was then applied to cartesian coordinates
of C(CF3)s groups extracted from perfecta-thiols branches of F27SH and [Auzs(SF27)1s]’, and
saturated with H atoms (see Supplementary Figure S3). In particular, by distinguishing F---F
interactions as: 1) intra CF3, ii) intra-branches, iii) inter-branches, iv) inter-perfecta and v) inter-
cluster in the Au-NPs structure (see Figures la and 4a of the main text), our analysis provides
a clear and complete mapping of non-covalent interactions in the investigated crystal
structures. As Figure 1b and 4a of the main text show, despite the intra-CF3 interaction energy
(red points) results destabilizing, probably due to steric hindrance, all other F---F interactions
locally impart a not-negligible stabilization to both investigated crystal structures. In
[Au2s(SF27)18]° we can observe an increasing of destabilizing F---F contacts in both intra-CF3
(red points) and inter-branches interactions (green points), but however largely overwhelmed
by a cumulative stabilization due to the other F---F interactions. It is worth to note how, in the
Au-NPs, the inter-cluster fluorine-fluorine interactions result stabilizing at all occurring
distances.

Moreover, the calculation of inter- and intra- bond orders between all F---F couples allows us
to classify their interaction according to the degree of the electron density delocalization
occurring between perfecta arms. As Supplementary Figure 4 shows, F---F bond order
decreases as the interatomic distances increase (Supplementary Fig. 4a and b) while, its
correlation with the intermolecular energy reveals the typical behaviour of “close-contacts”

interactions, as also reported for other fluorinated compounds,S'?

i.e., an excessive
accumulation of the electron density between two fluorine atoms (higher than 0.08 arb. units)

destabilizes the interaction, unlike a typical strong shared interaction such as the C-C bond.5!*



The above presented F---F bond order analysis was also corroborated by a non-covalent
interaction (NCI) study. In particular, by applying the NCI 4 plotting program5!>51¢ on the
MO06-2X wavefunctions calculated on the perfecta-thiol branches extracted from F27SH and
[Au2s(SF27)18]° crystal structures, we provide an additional, clear visualization and
classification of non-covalent weak interactions as attractive and repulsive.

The NCI approach bases on the evaluation of the non-covalent interaction index correlated to
second eigenvalue (A2) of the electron-density Hessian (second derivative) matrix, whose sign
is directly related to the interaction type, i.e., for bonding interactions, A2 < 0, for non-bonded
interactions, such as steric repulsion, A, > 0, while for van der Waals interactions, characterized
by a negligible density overlap, A> < 0. The 2d maps presented in the main text in Figures 1d
(for two nearby thiol-molecules in F27SH structure), and 4d and 4e (for two nearby clusters in
[Au2s(SF27)15]°) show plots of the reduced electron density gradient versus the electron density
multiplied by the sign of A2, sign(A2)p, providing a direct mapping of different types of weak
interactions present in the investigated structures. The conventional color code applied uses
blue to indicate attractive (negative values of sign(A2)p) interactions, red for repulsive (positive
values of sign(A2)p) interactions and green for weak Van-der Waals interactions. The
corresponding gradient isosurfaces shown in Figures le and f of the main manuscript are

colored accordingly.
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Supplementary Figure 2. Fitted potential energy surface of VVO0 dimer calculated at M06-2x
level of theory, with aug-cc-pvtz basis set on fluorine atoms and TZVP basis set on carbons, in
combination with Grimme’s GD3 Empirical dispersion calculations and basis set superposition

error (BSSE) correction.



Supplementary Figure 3. 3D representation of hydrogen-saturated C(CF3)3 groups of super-
fluorinated branches in two nearby fluorinated-thiols as extracted from the F27SH crystal
coordinates. To assist the eye, the complete fluorinated-thiols are also shown, displayed by a

transparent representation.
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Supplementary Figure 4. Correlation between Wiberg bond order calculated at M062x/aug-
cc-pvtz level of theory with F---F internuclear distance in a) F27SH and b) [Au2s(SF27)1s]® and
with F--F intermolecular energy in ¢) F27SH and d) [Au2s(SF27)1s]°. Color code: red intra CF3,

green F---F intra-branches, blue infer-branches, and black for F-F inter-perfecta

The main electronic structures presented in the manuscript were calculated on the Cartesian
coordinates of C(CF3); groups extracted from perfecta-thiols branches of F»;SH and
[Auzs(SF27)18] in their respective crystallographic structures and saturated with H atoms. No

optimizations of the crystal structure were performed; no molecular dynamics were run.

Relaxed potential energy surface scans on the intermolecular F ¢ F distance of the two facing
fluorine atoms were carried on the CF4 dimer, with steps of = 0.1 A each. Here, we report the
initial Cartesian coordinates of the stable dimer, optimized at PBEO/aug-cc-pvtz level of
theory®!7518 by means of Gaussian16 suite of programs®!®, used to perform the energy surface

scan:
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Fluorinated gold nanoclusters were obtained by a modified Brust reaction, as previously
reported by Dass and coworkers.52° Briefly, in a round-bottomed flask, tetraoctylammonium
bromide (82 mg, 0.15 mmol, 1 eq) was dissolved in o,a,c-trifluorotoluene (30 mL).
HAuCl4-:3H20 (60 mg, 0.15 mmol, 1 eq) was separately dissolved in the minimum amount of
Milli-Q water and added under vigorous stirring to the organic solution, which turned orange
upon addition. The selected thiol was dissolved in 1 mL of a,a,a-trifluorotoluene and added

to the reaction mixture, which was then stirred for additional 10 minutes, until colorless, and



then cooled to 0 °C with an ice bath. An ice-cold solution of NaBH4 (57 mg, 1.5 mmol, 10 eq)
in Milli- Q water (4 mL) was added dropwise and the resulting mixture was vigorously stirred
at 0 °C for 3 hours. The obtained dark brown organic phase was washed with Milli-Q water
(3%x25 mL) and evaporated at reduced pressure, at room temperature. The residue was then
taken up with the minimum amount of toluene and transferred into a Falcon tube for

purification. Purification was performed by repeating the following steps:

e ultrasound treatment (59 kHz) for 10 minutes
o centrifugation for 10 minutes (8694 rcf for 1; 1717 rcf for PFDT)
o removal of the supernatant

o addition of clean toluene

After the last purification cycle, the supernatant was analyzed by 19F and 'TH NMR (20% v/v

CDCI3 added for lock) to check the absence of excess of reagents. The remaining pellet was

dried and dissolved in the minimum amount of solkane®. The resulting dark solution was
sonicated for 10 minutes, filtered through a 0.2 um PTFE filter and stored at room temperature

in screw-capped glass vials.

Supplementary Method 5

Dark prismatic crystals were grown by slow evaporation of a diluted solkane solution (two
months, room temperature). Spontaneous crystallization afforded [Auzs(SF27)1s]° clusters in

amounts ranging from 25 to 30 % yield (based on starting Au).

. Slow

crystallization

Brown solution Crystals not soluble
in solkane in solkane

=

Green solution
in perfluorooctane
(PFO)

Supplementary Figure 5: Images of crude product in solkane, crystal formation and crystal

solution in PFO.



Supplementary Method 6

UV-vis spectra of fluorinated gold nanoclusters bulk solution in solkane and of [Au2s[(SF27)1s]°

crystals redissolved in PFO at the appropriate dilution were acquired at room temperature on a

Agilent Cary 5000 UV-Vis spectrometer.
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Supplementary Figure 6: (a) UV-vis spectrum (brown line) of crude product in solkane. The

absorption spectrum is fitted to a sum of Gaussians (showed below the spectrum). The fifth

Gaussian (dotted line) is to take the general UV rise into account. The peak maximum is

denoted above each Gaussian. (b) Sum of Gaussian fitting for UV-Vis spectrum of the crude

product. (c) UV-vis spectrum (green line) of crystal in PFO. The absorption spectrum is fitted

to a sum of Gaussians (showed below the spectrum). The fifth Gaussian (dot line) is to take the

general UV rise into account. The peak maximum is denoted above each Gaussian. (d) Sum of

Gaussian fitting for UV-Vis spectrum of the crystal sample dissolved in PFO.



Supplementary Method 7

High-resolution scanning transmission electron microscopy (STEM) measurements were
carried out with a JEOL 2200FS double aberration corrected FEG TEM/STEM, operating at
200 kV. Solutions were dropped onto a TEM grid (carbon films 400 mesh Au).

— Crude product — Redissolved crystal

Supplementary Figure 7: STEM images of crude product (a-f) and redissolved crystal (g-1).

Supplementary Method 8

An Autoflex II instrument from Bruker Daltoniks (Bremen, Germany) equipped with a UV/N2-
laser (337 nm/100 1)) was used to carry out MALDI analyses. 2,3.,4,5,6-Pentafluorobenzoic
acid dissolved in solkane was used as the matrix. The crystallized fluorinated nanoclusters and
the matrix, both dissolved in solkane, were mixed in a 1:1 (v/v) ratio and applied on the
stainless steel target plate in 1 pL aliquots. The sample spot was dried in air at room
temperature. The mass spectrum (4-20 kDa) was measured in linear positive-ion mode,
typically performing 1500 scans, and Protein standard solution II (Bruker Daltonics) was used

for the external molecular mass calibration.
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Supplementary Figure 8: MALDI spectrum of Auzs(SF27)1s (crystal). The expected parent
peak (20464.9 m/z) could not be observed. A first fragment is observed at 16168 m/z, followed
by a fragmentation pattern indicating the gradual loss of 1 atom of Au and 1 thiol molecule
(1060 m/z) under the employed laser pulse. One additional fragment, not belonging to the

series, could also be observed at 15143 m/z.

Supplementary Method 9
NMR analysis has been performed on crystal samples that were previously tested on the single

crystal X-ray diffractometer. All tested crystals showed the same cell parameters.
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Supplementary Figure 10: '"F-NMR spectrum of clusters dissolved in PFO (400 MHz; lock:
CeDs; scan window: 10 ppm; offset: -72 ppm). [For comparison, '’F-NMR spectrum of PFO
and F27SH dissolved in PFO are listed herein. PFO (9, ppm): -83.5 (t, 3F, J=10.3 Hz); -123.4
(bs, 2F); -124.3 (bs, 2F); -128.0 (bs, 2F). F27SH (5, ppm): -72.3 (s)].

As reported (see ref. S28 and S30) gold atomically precise nanoclusters coated by fluorinated
ligands could show multiple peaks in the 'F NMR spectra due to the different chemical
environment experienced by ligand molecules and thus by their CF3 groups in according to
their binding site on the metal core. Similarly, for our system a broad and complex multiplet is
detected in the chemical shift range typical of F27SH ligand. Due to the different chemical
environment experienced by CF3 groups separation of single peaks was not possible and, in
addition, the complexity of the signal is even higher probably due to the interference of the

perfluorinated solvent, PFO.

Supplementary Method 10

Data collections were performed at the X-ray diffraction beamline (XRD1) of the Elettra
Synchrotron, Trieste (Italy)S?!. The crystals were dipped in NHV oil (Jena Bioscience, Jena,
Germany) and mounted on the goniometer head with kapton loops (MiTeGen, Ithaca, USA).
Complete datasets were collected at 100 K through the rotating crystal method. Data were
acquired using a monochromatic wavelength of 0.700 A, on a Pilatus 2M hybrid-pixel area
detector (DECTRIS Ltd., Baden-Daettwil, Switzerland). The diffraction data were indexed and
integrated using XDS.5?? Semi-empirical absorption correction and scaling was performed,
exploiting multiple measures of symmetry-related reflections, using SADABS program.5?* The
structures were solved by the dual space algorithm implemented in the SHELXT code.5**
Fourier analysis and refinement were performed by the full-matrix least-squares methods based
on F? implemented in SHELXL (Version 2017/1).52® The Coot program was used for
modeling.>?° Anisotropic thermal motion refinement have been used for all atoms with
occupancies greater than 50%. Hydrogen atoms were included at calculated positions with
isotropic Usactors = 1.2 Ueq (Ueq being the equivalent isotropic thermal factor of the bonded non
hydrogen atom). Restrains on bond lengths, angles and thermal motion parameters (DFIX,
DANG and SIMU) have been applied on disordered ligand fragments. Electron content of
cavities have been estimated with the SQUEEZE routine of PLATON.%® No ordered solvent

molecules could be modeled in the asymmetric unit (ASU) of Auzs(SF27)1s, therefore not



construable residual density has been squeezed (563 electrons in 8% - 1278 A3 - of the unit cell

volume). The disordered solvent has been estimated as additional three solkane solvent

molecules in the ASU (1,1,1,3,3-pentafluorobutane or 1,1,1,2,3,3,3-heptafluoropropane).

Essential crystal and refinement data are reported below (Table 1S).

Supplementary Table 1. Crystallographic data and refinement details for Auzs(SF27)1s.

Auzs(SF27)18
[Auzs(CooH14F27045)15]

Chemical Formula
Formula weight (g/mol)
Temperature (K)
Wavelength (A)
Crystal system

Space Group

Unit cell parameters

Volume (A%)

Z

Density (calculated) (g-cm™)
Absorption coefficient (mm™)
F(000)

Crystal size (mm®)

Crystal habit

Theta range for data collection
Resolution (A)

Index ranges

Reflections collected
Independent reflections

(data with [>25(1))

Data multiplicity (max resltn)
I/o(I) (max resltn)

Ruerge (Max resltn)

Data completeness

(max resltn)

Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

A/ O'max

Final R indices [[>2o(I)]“

R indices (all data)”

CssoHos2Au25F 486072515
20464.84

100(2)

0.700

Triclinic

P-1
a=26.683(5) A
b=26.879(5) A
c=28.337(6) A
a=117.14(3)°
£=91.10(3)°
y=117.54(3)°
15338(7)

1

2.216

5.945

9625
0.30x0.10x 0.10
Thick black prisms
0.83°t0 25.27°
0.82

-32<h<32
-32<k<32
-34<1<34
235248

57592 (47628)

4.04 (4.03)
11.04 (6.97)
0.0692 (0.1647)

98.5% (99.0%)

Full-matrix
least-squares on F?
57592 /3478 / 5452
1.069

0.084

Ri=0.0619,
wR,=0.1780
R:=0.0707,

wR, =0.1862



Largest diff. peak and hole (e-A°

)

R.M.S. deviation from mean

(eAY)
CCDC number

3.413 and -2.566

0.213
2045605

«R, == IFol-IFell / £ [Fol, wRy = {= [w(Fo? - Fc? )2 / = [w(Fo? )]}

Supplementary Table 2. Interatomic distance in Auxs core

Atom

Atom

Length/A

Aul 10

Au2 10!

2.7802(13)

Aul 10

Au2 10

2.7802(13)

Aul 10

Au4 10

2.795(2)

Aul 10

Au4 10!

2.795(2)

Aul 10

Au5 10!

2.7786(9)

Aul 10

Au5 10

2.7786(9)

Aul 10

Au7 10

2.7805(8)

Aul 10

Au7 10!

2.7806(8)

Aul 10

Au8 10!

2.7998(7)

Aul 10

Au8_10

2.7997(7)

Aul 10

Au9 10!

2.7851(10)

Aul 10

Au9 10

2.7851(10)

Au2 10

Au3_10

3.0263(9)

Au2 10

Au4 10!

3.0702(9)

Au2 10

Au5 10!

2.7871(16)

Au2 10

Au6_10

3.1608(18)

Au2 10

Au7 10

2.9766(9)

Au2 10

Au8_10

2.916(2)

Au2 10

Au9 10!

3.0308(8)

Au2 10

Aul0_10'

3.2690(9)

Au3 10

Au5 10!

3.0587(10)

Au3 10

Au8_10

3.2273(11)

Au4 10

Au5 10!

2.8935(15)

Au4 10

Au6 10!

3.0494(11)

Au4 10

Au7 10!

2.7975(10)

Au4 10

Au8_10

2.8915(11)

Au4 10

Au9_10

2.9548(11)

Au4 10

Aull 10

3.0509(10)

Au4 10

Aul2 10

3.2277(9)

Au5 10

Au7 10

2.9096(10)

Au5 10

Au8 10!

2.9116(7)

Au5 10

Au9_10

3.0223(14)

Au5 10

Aul0 10

3.0836(18)

Au5 10

Aull 10

3.188(2)




Atom | Atom | Length/A
Au6 _10[ Au7 10 3.218(2)
Au7 10| Au8 10 | 3.0553(15)
Au7 _10[ Au9 10 2.962(2)
Au7 10[{Aull 10| 3.0977(13)
Au7 10[Aul3 10| 3.1569(12)
Au8 10| Au9 10 | 2.7861(10)
Aug_10/Aul2 10| 3.011(2)
AuS_10[Aul3 10| 3.0764(9)
Au9_10{Aul0_10] 3.1717(11)
Au9 10[Aul2 10| 3.0585(13)
Au9_10[Aul3 10| 3.2591(9)

N-X,1-Y,1-Z

)

Supplementary Figure 11: Crystallographic representation (MercuryS?® CSD 4.2.0, ball-and-
stick model) of the asymmetric unit of Auzs(SF27)1s. Atom color code: Au: dark yellow, C:
grey; O: red; S: yellow; F: pale yellow and H: white.



Supplementary Figure 12: Crystallographic representation (Mercury CSD 4.2.0, ellipsoid
model) of: (a) the icosahedral core of Auzs(SF27)1s; (b) the asymmetric unit of the icosahedral
core of Auzs(SF27)1s where the bond Au-Au distance (in A) between the central Au atom and
the six inner Au atoms are reported.

Supplementary Figure 13: Crystallographic representation (Mercury CSD 4.2.0, ball and
stick model) of: (a) the icosahedral core of Auzs(SF27)1s8 where the 12 gold atoms are not
bonded to the central Au atom; (b) the asymmetric unit of the icosahedral core of Auzs(SF27)18
without the central Au atom where the bond Au-Au distances (in A) between the adjacent inner
Au atoms are reported.



Supplementary Figure 14: Crystallographic representation (Mercury CSD 4.2.0, ball and
stick model) of the asymmetric unit of the icosahedral core of Auzs(SF27)1s where the bond
Au-Au distances (in A) between the inner Au atoms and outer Au atoms are reported.

Supplementary Figure 15: Crystallographic representation (Mercury CSD 4.2.0, ball and
stick model) of: (a) the star shape of the 25 gold core of Auzs(SF27)1s where the central inner
atoms is colored in yellow the 12 Au atoms are colored in green and the 12 outer Au atoms are
colored in yellow; (b) the fragment AuzsS1s where the color code for Au atoms is: Aucent in
yellow, Auinn in green, Auoy in pink. The six S-Auou-S-Auouw-S staple motifs are shown and
the color code is for the sulphur atom is: S atom terminal in light blue and S atom bridged in
black.



Supplementary Figure 16: Crystallographic representation (Mercury CSD 4.2.0, capped
stick model) of Auzs5(SF27)18 where the voids are shown. Electron content of cavities have been
estimated with the SQUEEZE routine of PLATON. No ordered solvent molecules could be
modeled in the asymmetric unit (ASU) of Auzs(SF27)18, therefore not construable residual
density have been squeezed (563 electrons in 8% - 1278 A - of the unit cell volume). The
disordered solvent has been estimated as additional three solkane solvent molecules in the ASU
(1,1,1,3,3-pentafluorobutane or 1,1,1,2,3,3,3-heptafluoropropane).



Supplementary Figure 17: Crystallographic representation (Mercury CSD 4.2.0, ball and
stick model) of the asymmetric unit of Auzs(SF27)18 where the intermolecular contacts are
shown as red dotted lines.



Supplementary Figure 18: Crystallographic representation (Mercury CSD 4.2.0, ball and
stick model) of the of Auzs(SF27)18 where the intramolecular contacts (separated by > 3 bonds)
are shown as light blue dotted lines.

Supplementary Method 11

Data mining in the Cambridge Structural DatabaseS?° (CSD 2021.01) was performed to reveal
the solved crystal structures having a high number of fluorine atoms.
Search 1 The query was built using Search by Formula applying the following
parameters: F-200 and Search on: each molecule in turn.
Output 1: 1 entry,
CCDC code: GUGSINS?, Formula CsioHis3Ag112Cl6F306>, 3(C7H17CIN™).
Search 2 The query was built using Search by Formula applying the following
parameters: F-1g0. Search on: each molecule in turn.
Output 2: 2 entries,
CCDC code: GUGSIN
CCDC code: UKOCABS3!, Formula C320HosAug7ClaF192%, 3(CeHi6N) CCDC
code: UKOCEF®*! Formula Ca00Aui06F240Cli2 (UKOCEF is reported on the
published paper but not in CSD)



Search 3 The query was built using Search by Formula applying the following
parameters: Au>2 F>1g0. Search on: each molecule in turn.
Output 3: 7 entries,
CCDC code: UKOCAB and UKOCEF
CCDC code: BUWJELS* Formula Ca32Hio2Aui10F 1447, 2(CsHi6N")
CCDC code: ZIWXIP 53 and ZIWXOV3*® Formula Cis0Hs4AuasF10s-, Na* or
CasHaoP"
CCDC code: FOYCEE®S* and FOYCII®**, Formula Cis0Hs4Au24F 10sPd* or Pt>
, 2(C24H20P™), CH2Cl: but the core is not only composed but gold atoms.

Search 4 The query was built using Search by Formula applying the following
parameters F-1g0. Search on: sum of molecules.

Output 4: 23 entries, CCDC code: UKOCAB, AJESOA, DEMWIC, FOSPAG,
GIFBIG, HIDMUF, HUZZAF, IQUFIL, JORHOQ, MOFGEW, MOFGAS, MOFGIA,
MUPXAZ, OGOKUS, OQOKUC, PAHVEC, SICHUK, SICJAS, WOZWAM,
WUQROQ, YUJSED, ARABON, GUGSIN. Using the “sum of molecules” the
fluorinated units are mainly fluorinated anions such as CisAlF3604 or BFs or
C32Hi12BF24™ or PFs those are crystallized as counter ions of large charged organic or

metal-organic frameworks.

Supplementary Table 3. CSD search

CCDC Number of | Number of F Structure

code core atoms atoms




GUGSIN Agiz F306

5.7 ‘-‘n‘s‘ ' “ ‘a".t_ )
UKOCEF Auios F240 E0 3 iqp. :"‘v{.‘:sa'g

UKOCAB Aug7 Fio

BUWIJEL Auiio Fia4




ZIWXIP Auys Fios

ZIWXOV Auys Fios
FOYCEE AuysPd Fios
FOYCII AuxsPt Fios
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