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GENERAL INFORMATION

Unless specifically indicated, all other chemicals and reagents used in this study were purchased from
commercial sources and used as received. If necessary purification of products was performed using column
chromatography on silica gel (Merck Kieselgel 60, 230-400 mesh) with mixtures of chloroform/methanol. Thin-
layer chromatography (TLC) was performed on silica gel plates (Merck Kieselgel 60 F254).

All NMR spectra used for products characterization, except for titrations, were recorded on Bruker
AVANCE IIT HD 500 MHz spectrometer equipped with cryoprobe CPP BBO, at 25°C in CD3CN, using a residual
protonated solvent signal as internal standard.

The "H NMR titrations were performed on a Bruker AVANCE III HD 300 MHz spectrometer, at 25°C in
CDsCN. In each case, a 500 pL of freshly prepared ca. 3 mM solution of receptor in CD3CN was added to a Smm
NMR tube. In the case of ion pair titration receptor was firstly pretreated with one equivalent of KPFg (refers to
receptor). Then small aliquots of solution of KPFe¢ or TBA2SO4, containing receptor at constant concentration,
were added and a spectrum was acquired after each addition. The resulting titration data were analyzed using
BindFit (v0.5) package, available online at http://supramolecular.org.

High resolution mass spectra (HRMS) were measured on a Quattro LC Micromass unit using ESI
technique.

Dynamic Light Scattering analyses were performed using a Malvern Zetasizer Nano ZS (Malvern
Instruments Ltd, UK) at 25°C and a 173° angle relative to the source. The hydrodynamic diameter distributions
were obtained by volume using the software package of the apparatus. Each curve represents the average of 3
measurements (16 runs each). Prior to analysis, all solutions were filtered and degassed.
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SYNTHESIS

Preparation of Compound S1. A flask equipped with a stirring bar containing a solution of benzo-15- crown-5
(3 g, 11.18 mmol) in 75 ml of chloroform was placed in an ice-water bath at 0 °C. Concentrated nitric acid (15
ml) and 10 ml of glacial acid were added dropwise while keeping the temperature under 0 °C. The ice-water bath
was removed and stirring was continued for 24 hours at room temperature. The reaction mixture was diluted with
chloroform (50 ml) and shaken twice with ice distilled water (100 ml). The organic phases were collected and
dried over anhydrous Na>SOa. The solvent was then removed under reduced pressure to give a yellow oil which
was mixed with diethyl ether and kept in a freezer for 1 hours. The light yellow solid was isolated by filtration,
washed with diethyl ether and dried in vacuo, to give desire product (3.22 g, 10.29 mmol, yield 92 %).

HRMS (ESI): calcd for C14H19NO7Na [M+Na]*: 336.1059, found: 336.1061.

'H NMR (300 MHz, DMSO-dg) & 7.95 — 7.85 (1H, m), 7.77 — 7.70 (1H, m), 7.21— 7.09 (1H, m), 4.25 — 4.13 (4H,
m), 3.88 — 3.74 (4H, m), 3.68 — 3.58 (8H, m).

13C NMR (75 MHz, DMSO-dg) 6 154.9, 148.6, 141.1, 118.3, 112.3, 108.3, 71.0, 70.1, 70.0, 69.3, 69.2, 68.9, 69.8.
Preparation of Compound S2. A flask equipped with a stirring bar containing a solution of benzo-18- crown-6
(2 g, 6.4 mmol) in 50 ml of chloroform was placed in an ice-water bath at 0 °C. Concentrated nitric acid (10 ml)
and 5 ml of glacial acid were added dropwise while keeping the temperature under 0 °C. The ice-water bath was
removed and stirring was continued for 24 hours at room temperature. The reaction mixture was diluted with
chloroform (30 ml) and shaken twice with ice distilled water (100 ml). The organic phases were collected and
dried over anhydrous Na>SOa. The solvent was then removed under reduced pressure to give a yellow oil which
was mixed with diethyl ether and kept in a freezer for 1 hours. The light yellow solid was isolated by filtration,
washed with diethyl ether and dried in vacuo, to give desire product (2.19 g, 6.14 mmol, yield 96 %).

HRMS (ESI): calcd for C16H23NOgNa [M+Na]*: 380.1322, found: 380.1331.

'H NMR (300 MHz, DMSO-ds) & 7.93 — 7.85 (1H, m), 7.75—7.71 (1H, m), 7.22 - 7.13 (1H, m), 4.31 — 4.12 (4H,
m), 3.85—3.72 (4H, m), 3.68 — 3.45 (12H, m).

13C NMR (75 MHz, DMSO-dg) § 154.5, 148.3, 141.0, 118.1, 112.1, 107.6, 70.4, 70.3, 70.3, 70.1, 69.2, 69.0, 68.8,
68.7.

Preparation of receptor 1. To a degassed solution of 4-nitrobenzo-15-crown-5-ether S1 (940 mg, 3 mmol) in 50
ml of THF/MeOH (1:4) 25 mg of 10% Pd/C was added. The reaction mixture was kept under H> atmosphere
(balloon pressure) at room temperature overnight. The catalyst was removed by filtration through a pad of Celite
and washed with MeOH. The filtrate was concentrated under reduced pressure to give the crude product Al in
quantitative yield (856 mg). The amine was used in next step without further purification.

To the solution of amine Al (456 mg, 1.61 mmol) in MeOH (5 ml) was added compound S3 (543 mg, 1.60 mmol)
at rt. The mixture was stirred at room temperature for 2 days. The reaction mixture was filtrated and collected
solid material was washed with MeOH. The obtained white solid was dried in vacuo to give desired receptor 1
(900 mg, 1.45 mmol, 90%).

HRMS (ESI): calcd for C2sH24FsN207Na [M + Na]*: 613.1385, found: 613.1379.

'H NMR (300 MHz, DMSO-ds) & 10.22 (1H, s), 9.97 (1H, s), 8.15 — 7.95 (2H, m), 7.78 — 7.65 (1H, s), 7.31 —
7.11 (1H, m), 7.02 — 6.91 (1H, m), 6.90 — 6.81 (1H, m), 4.13 — 3.99 (4H, m), 3.85 — 3.71 (4H, m), 3.70 — 3.45
(8H, m).

13C NMR (75 MHz, DMSO-dg) & 182.8, 181.3, 166.4, 163.8, 149.1, 145.3, 140.6, 131.8, 131.3, 130.9, 130.4,
124.6,121.0, 118.2, 115.2, 114.7, 111.1, 106.2, 70.1, 70.0, 69.7, 69.5, 69.2, 68.7, 68.4, 68.4.

Preparation of receptor 2. To a degassed solution of 4-nitrobenzo-18-crown-6-ether S2 (645 mg, 1.8 mmol) in
30 ml of THF/MeOH (1:4) 25 mg of 10% Pd/C was added. The reaction mixture was kept under H> atmosphere
(balloon pressure) at room temperature overnight. The catalyst was removed by filtration through a pad of Celite
and washed with MeOH. The filtrate was concentrated under reduced pressure to give the crude product A2 in
quantitative yield (602 mg). The amine A2 was used in next step without further purification.

To the solution of amine A2 (602 mg, 1.84 mmol) in MeOH (10 ml) was added a compound S3 (680 mg, 2.0
mmol) at rt. The mixture was stirred at room temperature for 2 days in Ar atmosphere. The reaction mixture was



filtrated and collected solid material was washed with MeOH. Obtained white solid was dried in vacuo to give
desired 2 in 90 % vyield (1.05 g, 1.65 mmol).

HRMS (ESI): calcd for CasHasFsN20sK [M+ K]*: 673.1387, found: 673.1375.

'H NMR (300 MHz, DMSO-ds) & 10.20 (s, 1H), 9.96 (s, 1H), 8.09 — 8.01 (m, 2H), 7.78 — 7.69 (m, 1H), 7.24 —
7.17 (m, 1H), 6.98 — 6.90 (m, 1H), 6.86 — 6.77 (m, 1H), 4.15 - 4.00 (m, 4H), 3.82 — 3.70 (m, 4H), 3.68 — 3.46
(m, 12H).

13C NMR (75 MHz, DMSO-ds) & 183.6, 181.9, 166.8, 164.4, 149.1, 145.3, 141.2, 132.4, 132.1, 131.9, 131.5,
125.4,121.8, 119.0, 115.8, 114.2, 111.3, 105.7, 70.3, 70.3, 69.2, 69.0, 68.9, 68.5.

Preparation of compound S3. To a solution of 3,4-dimethoxy-3-cyclobutane-1,2-dione (1.5 g, 10.57 mmol) in
MeOH (15 ml) was added 3,5-bis(trifluoromethyl)aniline (1.8 ml, 11.62 mmol) was added at room temperature.
After being stirred for 3 days the reaction mixture was filtered, and the collected solid material was washed with
MeOH. The obtained light yellow solid was dried in vacuo to give product S3 (3.40 g, 10.04 mmol).

HRMS (ESI): calcd for C13H7FsNO3Na [M+ Na]*: 362.0228, found: 362.0225.

'H NMR (300 MHz, DMSO-ds) & 11.19 (s, 1H), 8.05 (m, 2H), 7.79 (m, 1H), 4.42 (s, 3H).

13C NMR (75 MHz, DMSO-ds) 5 187.4, 184.5, 179.9, 169.1, 139.9, 131.4 (g, J = 33 Hz), 131.0 (q, J = 271 Hz),
130.5, 124.9, 121.3, 119.2, 116.1, 60.9.

Preparation of receptor 3. To a solution of compound S3 (300 mg, 0.88 mmol) in MeOH (20 ml) was added
aniline (82 mg, 0.88 mmol) at room temperature. The mixture was stirred for 2 days. Then the reaction mixture
was filtered, and the collected solid material was washed with MeOH. The obtained white solid was dried in
vacuo to give the desired receptor 3 (260 mg, 0.65 mmol, 74 %).

HRMS (ESI): calcd for C13H7FsNOsNa [M+ Na]™: 362.0228, found: 362.0225.

'H NMR (300 MHz, CDsCN-ds) & 8.41 —8.19 (m, 2H), 8.04 — 7.92 (m, 2H), 7.71 — 7.61 (m, 1H), 7.48 — 7.32
(m, 4H), 7.21 — 7.12 (m, 1H).

13C NMR (75 MHz, DMSO-ds) & 182.5, 181.9, 166.5, 140.5, 137.9, 131.8, 131.3 (g, J = 32 Hz), 130.9, 130.4,
128.9, 120.9, 118.6, 118.3, 114.8.
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Scheme 1. Synthesis of receptors 1 — 3. Reagents and conditions: i) chloroform, benzo-15-crown-5 or benzo-18-crown-6,
HNO;, CH3COOH, 0 °C, 92 % (S1) and 96 % (S2); ii) H», Pd/C, MeOH/THEF, 12 h, r.t., quantitative; iii) 3,5-
Bis(trifluoromethyl)aniline, methanol, 48 h, r.t., 95 %; iv) methanol, S3, 24 h, r.t., 90 % (1) and 90 % (2); v) methanol,
aniline, 48 h, r.t., 74 %.
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NMR MEASUREMENTS (TITRATIONS)

Figure S1. Partial 'H NMR spectra and titrations curves recorded upon titration of receptor 1 in CD3CN with
KPF¢: a) and b) — aromatic proton signals, ¢) and d) — crown ether proton signals.
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Figure S2. Partial 'H NMR spectra and titrations curves recorded upon titration of receptor 1 in CD3CN with
TBA2SOs: a) and b) — aromatic protons signals, ¢) and d) — crown ether protons signals.
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Figure S3. Partial 'H NMR spectra and titrations curves recorded upon titration of receptor 1 in CD3CN with
TBA2SOs in the presence of 1 equivalent of KPFs: a), b) and c¢) — aromatic proton signals, d) — crown
ether proton signals.
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DIFFUSION ANALYSIS DATA

Analysis of the diffusion coefficient for receptor 1 was carried out by fitting the signal attenuation curves obtained
from diffusion NMR experiments. In Figures S4-S19, the horizontal axis (X) denotes the gradient strength, and
the vertical axis (Y) represents the NMR signal intensity.

Figure S4. Analysis of the diffusion coefficient for receptor 1.
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Figure S6. Analysis of the diffusion coefficient for receptor 1 with 0.25 eq. of TBA2SOa.
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Figure S7. Analysis of the diffusion coefficient for receptor 1 with 1 eq. of TBA2SOa.
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Figure S8. Analysis of the diffusion coefficient for receptor 1 with 1 eq. of KPF¢ and 0.25 eq. of TBA2SOs.
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Figure S9. Analysis of the diffusion coefficient for the second component in the solution of receptor 1 with 1
eq. of KPFs and 0.25 eq. of TBA2SOs.
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Figure S10. Analysis of the diffusion coefficient for receptor 2.
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Figure S12. Analysis of the diffusion coefficient for receptor 2 with 0.25 eq. of TBA2SOa.
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Figure S13. Analysis of the diffusion coefficient for receptor 2 with 1 eq. of TBA2SO4.
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Figure S14. Analysis of the diffusion coefficient for receptor 2 with 1 eq. of KPFs and 0.25 eq. of TBA2SOs.
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Figure S16. Analysis of the diffusion coefficient for receptor 3 with 1 eq. of KPFe.
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Figure S17. Analysis of the diffusion coefficient for receptor 3 with 0.25 eq. of TBA2SOa.
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Figure S18. Analysis of the diffusion coefficient for receptor 3 with 1 eq. of TBA2SO4.
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Figure S19. Analysis of the diffusion coefficient for receptor 3 with 1 eq. of KPFs and 0.25 eq. of TBA2SOs.
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2D NMR

Figure S20. The ROESY NMR spectrum of receptor 1 with 0.5 eq. of K™ and 0.25 eq. of SO4>: a) aromatic
protons range, b) squaramide protons range. The blue cross peaks describes the exchange peaks.
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Figure S21. The aromatic part of the HSQC NMR spectrum of receptor 1 with 0.5 eq. of K™ and 0.25 eq. of SO4* .
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EXTRACTION EXPERIMENT (SLE)

The solid-liquid extraction (SLE) experiments were carried out at 298 K in acetonitrile, using the same receptor
concentration as in the 'H NMR titrations. In a 2 mL vial, 1.0 mL of a freshly prepared ca. 3 mM solution of the
receptor in CHsCN was combined with an excess of the solid sulfate salt (Na.SOa4 or K>SO.). The suspension was
stirred for 1 h at room temperature, then the supernatant was collected and passed through a 0.20 pm PTFE syringe
filter. An aliquot (500 pL) of the filtrate was transferred to a 5 mm NMR tube and the '"H NMR spectrum was
acquired on a Bruker 300 spectrometer at 298 K.

HYDRODYNAMIC RADII

The hydrodynamic radii (Stokes radii) were calculated using the SEGWE calculator [10], based on measured
diffusion coefficients presented in Table 1 in the main text.

Table S1. Hydrodynamic radius, ry (102 m), for receptors 1-3 and their various complexes in CD3CN solutions.

1 2 3
free receptor 707 731 599
1 eq. KPFg 804 757 602
0.25 eq. TBA,SO, 817 891 702
1 eq. TBA,SO4 935 1018 811
1 eq. KPFs0.25 eq. TBA,SO,4 926 and 1029* 867 618

* Value for the second component.

16



CRYSTAL DATA
[1XKPFs]

Single crystals suitable for X-ray diffraction analysis were obtained as follows. An equimolar amount of KPFs
was added to an acetonitrile solution of the receptor. The resulting solution was stirred until complete dissolution
and equilibration. It was then filtered through a syringe filter to remove any potential insoluble impurities. The
clear filtrate was subjected to slow vapor diffusion of diethyl ether. Over time, this procedure afforded single
crystals suitable for X-ray analysis. A representative crystal was selected for structural determination.

A pale yellow, lathshaped specimen of Cs7.10Hss25F18KNs52501465P, approximate dimensions
0.047x0.072x0.36 mm?, was used for the Xray crystallographic analysis. The X-ray intensity data of SQP5_KPF6
were measured on a Bruker D8 VENTURE Bruker D8 VENTURE system equipped with an INCOATEC I\mS
micro-focus source (Cuk, radiation, A=1.54178 A) and a HELIOS multilayer optics monochromator. The
specimen was held at 130(1) K during the measurement with an Oxford Cryostream 1000 low temperature device.
A total of 6593 frames were collected with APEX3 program[1]. The total exposure time was 41.77 hours. The
frames were integrated with the SAINT V8.41 package using a narrow-frame algorithm[2]. The integration of the
data using a triclinic unit cell yielded a total of 43857 reflections to a maximum 6 angle of 66.50° (0.84 A
resolution), of which 10906 were independent (average redundancy 4.02, completeness = 98.5%, Rint =2.69%,
Rsig=1.97%) and 10323 (94.7%) were greater than 2c(F2). The final cell constants of a=11.8115(3) A,
b=14.1038(4) A, ¢ =20.1361(5) A, a = 70.0540(10)°, B = 88.1140(10)°, y = 85.5820(10)°, V' = 3143.75(14) A3,
are based upon the refinement of the XY Zcentroids of 9730 reflections above 20 o(/) with 4.67° <26 < 133.27°.
Data were corrected for absorption effects using the Multi-Scan method in SADABS 2016/2[3]. The ratio of
minimum to maximum apparent transmission yields 0.843. The calculated minimum and maximum transmission
coefficients (based on crystal size) are 0.521 and 0.908[4].

The structure was solved by Intrinsic Phasing methods with SHELXS-2013/1 and refined by fullmatrix least

squares methods against F2 using SHELXL-2018/3 in the space group PI, with Z=2 for the formula unit
Cs7.10Hs8.25F 18K N5 25014.65P corresponding to: Cs:HagFi12KN4O14" + PFs™ + 0.65xC4H ;0O + 1.25xCH3CN[5,6].
The final anisotropic full-matrix least-squares refinement on F2 with 951 variables against 10906 data points and
113 restraints converged at R1 = 5.29%, for the observed 10323 data with [/>25(/)] and wR> = 14.15% for all data.
The goodness-of-fit on F? was 1.04. The largest peak in the final difference electron density synthesis was
0.66 ¢ /A3 and the deepest hole was —0.65 ¢ /A3 with an RMS deviation of 0.062 ¢ /A>. On the basis of the final
model, the calculated density was 1.55 g/cm® and F(000), 1502 e”. Crystal data and refined structure parameters
are presented in Table S2.
Disorder description

The structure is disordered and contains all four CF3 groups disordered over alternative positions. The CF3 group
at C25 atom is disordered over two positions with fixed occupancy ratio of 0.8:0.2. The CF3 group at C26 atom
is disordered over two positions with fixed occupancy ratio of 0.6:0.4. The CF3 group at C51 atom is disordered
over three positions with fixed occupancy ratio of 0.5:0.3:0.2. The CF3 group at C52 atom is disordered over two
positions with fixed occupancy ratio of 0.8:0.2. In addition, the structure contains one full-occupancy ordered
acetonitrile molecule and non-stoichiometric amount of disordered diethyl ether and acetonitrile moieties sharing
common site with fixed occupancy ratio of 0.45:0.2:0.25 for Et2O:Et2O:CH3CN fragments respectively. To
preserve reasonable geometry of the disorder molecular fragments a number of distance and angle restraints was
used together with restraints for atomic displacement parameters.
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Structure refinement details

All ordered and main component disordered (sum occupancy >0.5) non-hydrogen atoms were refined with
anisotropic displacement parameters. All hydrogen atoms were refined isotropic on calculated positions using a
riding model with their Ui values constrained to 1.5 times the Ugq of their pivot atoms for terminal sp> carbon
atoms and 1.2 times for all other carbon atoms.

For the model building and the structure refinement the ShelXle graphical user interface was employed[7]. This
report was generated using FinalCif[8]. Molecular graphics was prepared using program Mercury 2024.3.0[9].
Thermal ellipsoids parameters are presented at 50% probability level in Figure S22, whereas packing diagrams
are displayed in Figure S23.

Table S2. Crystal data and structure refinement for 1xKPFe

Empirical formula Cs7,10H55‘25F15KN5,25014‘55P corresponding to: C52H43F12KN4014+ + PFe + 0.65xC4H100 +
1.25xCH;CN

My [g-mol™] 1464.51

T [K] 130(1)

Radiation CuK, (1 =1.54178 A)

Crystal size [mm?] 0.047x0.072%0.36

Crystal habit pale yellow lath

Crystal system triclinic

Space group (number) P1(2)

Unit cell parameters

VIAY, z
Dx[g-cm™]
# [mm™]
F(000)

20miny 20ma><
Index ranges

Reflections collected/ independent

Completeness to 26max = 133.00°
Absorption correction

Tmin, Tmax

Refinement method

Data / Restraints / Parameters
GOF on F?

Final R indexes

Apmax, AI’min

a=1181153) A  a=70.0540(10)°
b=14.1038(4) A S =88.1140(10)°
c=20.1361(5) A  y=85.5820(10)°
3143.75(14), 2

1.547

2.085

1502

4.67°, 133.00° (0.84 A resolution)
-13<h<14

-16<k<16

-23<1<23

43857 / 10906

(Rine = 0.0269, Ryjg = 0.0197)

98.5%

Multi-Scan

0.521, 0.908

full-matrix LSQ on F?

10906 / 113/ 951

1.039

10323 data

R, = 0.0529, wR, = 0.1397

all data

Ry = 0.0549, wR, = 0.1415

0.66 e/A™3, —0.65 e/A™2
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Figure S22. Thermal ellipsoid plot for 1xKPFs at the 50% probability level. Hydrogen atoms and solvent
molecules omitted. Selected atoms labelled only.

SR
b -\

Figure S23. Packing diagram for 1xKPF, view along [100] a), [010] b) and [001] ¢). Hydrogen atoms omitted.
K" complexed by crown ether moieties and PFs™ ions depicted as polyhedra.

a) b) c)

[1XKCI]

Single crystals suitable for X-ray diffraction analysis were obtained as follows. An acetonitrile solution of the
receptor was saturated with KCI under solid—liquid extraction conditions. After equilibration, the suspension was
filtered through a syringe filter to remove any undissolved solids. The resulting clear solution was then subjected
to slow vapor diffusion of diethyl ether. Over time, this procedure yielded single crystals suitable for X-ray
analysis. A representative crystal was selected for structural determination.

A clear pale-yellow, plate-shaped specimen of CssHs3CIF12KNsO1s,  approximate  dimensions
0.046x0.143x0.245 mm?, was used for the X-ray crystallographic analysis. The X-ray intensity data of 1xKCI
were measured on a Bruker D8 VENTURE Bruker D8 VENTURE system equipped with an INCOATEC I\mS
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micro-focus source (CuK, radiation, 1 =1.54178 A) and a HELIOS multilayer optics monochromator. The
specimen was held at 130(1) K during the measurement with a low temperature device.

A total of 6072 frames were collected with APEX3 program[1]. The total exposure time was 63.22 hours. The
frames were integrated with the SAINT V8.41 package using a narrow-frame algorithm[2]. The integration of the
data using a monoclinic unit cell yielded a total of 89010 reflections to a maximum # angle of 67.98° (0.83 A
resolution), of which 10521 were independent (average redundancy 8.46, completeness = 100.0%, Rint = 4.38%,
Rsig = 1.98%) and 9740 (92.6%) were greater than 20(F?). The final cell constants of a=11.6788(3) A,
b = 40.5906(10) A, ¢ =12.3583(3) A, a = 90°, 5 = 99.2020(10)°, y = 90°, V = 5783.1(2) A3, are based upon the
refinement of the XYZ-centroids of 9563 reflections above 20 o(l) with 7.57° <26 <136.39°. Data were
corrected for absorption effects using the Multi-Scan method in SADABS 2016/2[3]. The ratio of minimum to
maximum apparent transmission yields 0.768. The calculated minimum and maximum transmission coefficients
(based on crystal size) are 0.614 and 0.905[4].

The structure was solved by Intrinsic Phasing methods with SHELXT-2018/2 and refined by full-matrix
least-squares methods against F? using SHELXL-2018/3 in the space group P21/n, with Z = 4 for the formula unit
Cs4Hs3CIF12KNsO15 corresponding to: CsaHagFi12KN4O14™ + CH3CN + CI + H20[5,6]. The final anisotropic full-
matrix least-squares refinement on F? with 874 variables against 10521 data points and 45 restraints converged
at R1 = 3.40%, for the observed 9740 data with [1>25(1)] and WR2 = 8.81% for all data. The goodness-of-fit on F2
was 1.05. The largest peak in the final difference electron density synthesis was 0.32 e /A® and the deepest hole
was —0.24 e /A% with an RMS deviation of 0.040 e /A3, On the basis of the final model, the calculated density
was 1.51 g/cm? and F(000), 2704 e". Crystal data and refined structure parameters are presented in Table S3.

Disorder description

The structure is disordered and contains O-CH2-CH>-O moiety in one of the crown ethers located at two sites
with refined occupancy ratio yielding 0.879(5):0.121(5). In addition, three CF3 groups are disordered over two
positions each as well. The refined occupancy ratio for CFz moieties converged to 0.914(8):0.086(8),
0.941(3):0.059(3) and 0.919(8):0.081(8) for C26/C26B, C51/C51B and C52/C52B atoms respectively which are
common for alternative fragments. To preserve reasonable geometry of the disorder molecular fragments a
number of distance and angle restraints was used together with restraints for atomic displacement parameters.

Structured refinement details

All ordered and main component disordered (sum occupancy > 0.8) non-hydrogen atoms were refined with
anisotropic displacement parameters. All hydrogen atoms were refined with isotropic displacement parameters.
Some of their coordinates of most of the H atomoms were refined on calculated positions using a riding model
with their Uiso values constrained to 1.5 times the Ueq Of their pivot atoms for terminal sp® carbon atoms and 1.2
times for all other carbon atoms. Coordinates of H atoms of N-H and H>O moieties were refined freely together
with the Uiso parameters.

For the model building and the structure refinement the ShelXle graphical user interface was employed[7]. This
report was generated using FinalCif[8]. Molecular graphics was prepared using program Mercury 2024.3.0[9].
Thermal ellipsoids parameters are presented at 50% probability level in Figure S24, whereas packing diagrams
are displayed in Figure S25.
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Table S3. Crystal data and structure refinement for 1xKClI

Empirical formula

My [g-mol]

T [K]

Radiation

Crystal size [mm?®]
Crystal habit

Crystal system

Space group (number)
Unit cell parameters

VA, z
Dy [g-cm™]
# [mm™]
F(000)

20min, 20max
Index ranges

Reflections collected/ independent

Completeness t0 26max = 135.97°
Absorption correction

Tmin, Tmax

Refinement method

Data / Restraints / Parameters
GOF on F?

Final R indexes

Apmaxa Apmin

Figure S24. Thermal ellipsoid plot for 1XKCI at the 50% probability level. C-H Hydrogen atoms omitted.
Selected atoms labbeled only.

C54H53C|F12KN5015 corresponding to: C52H43F12KN4014+ + CH5CN + Cl+ H,O

1314.56

130(1)

CuK, (1=1.54178 A)
0.046x0.143x0.245

clear pale-yellow plate
monoclinic

P21/n (14)

a=11678(3)A a=90°
b = 40.5906(10) A 4 =99.2020(10)°
c=12.3583(3) A  y=90°
5783.1(2), 4

151

2.209

2704

4.35°, 135.97° (0.83 A resolution)
-14<h<14

—48 <k <48

-14<1<14

89010/ 10521

(Rint = 0.0438, Rqjg = 0.0198)
100.0%

Multi-Scan

0.614, 0.905

full-matrix LSQ on F?

10521 /45 /874

1.055

9740 data

R:1 =0.0340, wR, = 0.0861
all data

R1=0.0367, wR, = 0.0881
0.32 /A3 —0.24 e/A
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Figure S25. Packing diagram for 1XKCl, view along [100] a), [010] b) and [001] ¢). Hydrogen atoms omitted.
K" complexed by crown ether moieties depicted as polyhedra.

a) b)

[1xK2SO04]

Single crystals suitable for X-ray diffraction analysis were obtained as follows. An acetonitrile solution of the
receptor was saturated with K-SO4 under solid-liquid extraction conditions. After equilibration, the suspension
was filtered through a syringe filter to remove any undissolved solids. The resulting clear solution was then
subjected to slow vapor diffusion of diethyl ether. Over time, this procedure yielded single crystals suitable for
X-ray analysis. A representative crystal was selected for structural determination.

A clear colourless, block-shaped specimen of CiisosH11257F24K2N1352032S, approximate dimensions
0.16x0.194x0.542 mm?3, was used for the X-ray crystallographic analysis. The X-ray intensity data of 1xK2SOa4
were measured on a Bruker D8 VENTURE Bruker D8 VENTURE system equipped with a fine focus sealed tube
(MoK, radiation, 1 =0.71073 A) and a HELIOS multilayer optics monochromator. The specimen was held at
130(1) K during the measurement with a low temperature device.

A total of 2394 frames were collected with APEX3 program[1]. The total exposure time was 20.07 hours. The
frames were integrated with the SAINT V8.41 package using a narrow-frame algorithm[2]. The integration of the
data using a triclinic unit cell yielded a total of 243001 reflections to a maximum @ angle of 25.02° (0.84 A
resolution), of which 44708 were independent (average redundancy 5.44, completeness = 99.8%, Rint = 3.89%,
Rsig = 3.14%) and 39063 (87.4%) were greater than 20(F?). The final cell constants of a=20.0763(19) A,
b =20.094(2) A, ¢=32.699(3) A, a=87.699(4)°, S =87.562(3)°, y = 74.488(3)°, V = 12693(2) A3, are based
upon the refinement of the XY Z-centroids of 9729 reflections above 20 o(1) with 5.74° < 26 < 53.49°. Data were
corrected for absorption effects using the Multi-Scan method in SADABS 2016/2[3]. The ratio of minimum to
maximum apparent transmission yields 0.883. The calculated minimum and maximum transmission coefficients
(based on crystal size) are 0.896 and 0.968[4].
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The structure was solved by Intrinsic Phasing methods with SHELXS-2013/1 and refined by full-matrix

least-squares methods against F2 using SHELXL-2018/3 in the space group P1, with Z = 4 for the formula unit
C115.05H11257F24K2N13.52032S corresponding to: 2xCszHagF12KNsO14” + SO4* + 5.525xCH3CN[5,6]. The final
anisotropic full-matrix least-squares refinement on F? with 3678 variables against 44708 data points and 350
restraints converged at R1 = 4.36%, for the observed 39063 data with [I>25(1)] and wR2 = 11.43% for all data.
The goodness-of-fit on F2 was 1.06. The largest peak in the final difference electron density synthesis was
0.53 e /A% and the deepest hole was —0.47 e /A% with an RMS deviation of 0.054 e /A3, On the basis of the final
model, the calculated density was 1.45 g/cm?® and F(000), 5694 e~. Crystal data and refined structure parameters
are presented in Table S4.

Disorder description

The unit cell in the asymmetric part contains: four receptor pairs, each pair joined by K* ion complexed by crown
ether moieties, two SO42 anions and 11.05 acetonitrile solvent molecules. The structure is disordered and contains
Car-O-CH2-CH>-0O-CH»2-CH2-0O-CH»-CH»2-O moiety in one of the crown ethers in moiety A located at two sites
with fixed occupancy ratio of 0.8:0.2. In addition, several CF3 groups are disordered. In the moiety A CF3 group
at C25 atom is disordered over three positions with fixed occupancy ratio of 0.5:0.4:0.1, whereas CH3 group at
C26 atom is disordered over two positions with fixed occupancy ratio of 0.6:0.4. In the moiety B CF3 group at
C52 atom is disordered over two positions with fixed occupancy ratio of 0.85:0.15. In the moiety C CF3 group at
C26 atom is disordered over three positions with fixed occupancy ratio of 0.5:0.5. In the moiety D CF3 group at
C26 atom is disordered over three positions with fixed occupancy ratio of 0.5:0.3:0.2. The crystal contains also
non-stoichiometric amount of CH3CN solvent molecules some of them disordered over multiple positions. To
preserve reasonable geometry of the disorder molecular fragments a number of distance and angle restraints was
used together with restraints for atomic displacement parameters.

Structured refinement details

All ordered and main component disordered (sum occupancy >0.5) non-hydrogen atoms were refined with
anisotropic displacement parameters. All hydrogen atoms were refined with isotropic displacement parameters.
Some of their coordinates of most of the H atoms were refined on calculated positions using a riding model with
their Uiso values constrained to 1.5 times the Ueq of their pivot atoms for terminal sp® carbon atoms and 1.2 times
for all other carbon atoms. Coordinates of H atoms of N-H and H2O moieties were refined freely together with
the Uiso parameters.

For the model building and the structure refinement the ShelXle graphical user interface was employed[7]. This
report was generated using FinalCif[8]. Molecular graphics was prepared using program Mercury 2024.3.0[9].
Thermal ellipsoids parameters are presented at 50% probability level in Figures S26-S29, whereas packing
diagrams are displayed in Figure S30.

Table S4. Crystal data and structure refinement for 1xK2SO4

Empirical formula C115_05H112_57F24K2N13_520328 COrreSpOnding to: 2XC52H48F12KN4014_ + 8042- +
5.525%xCH;CN

My [g-mol™] 2762.96

T [K] 130(1)

Radiation MoK, (A =0.71073 A)

Crystal size [mm?] 0.16x0.194x0.542

Crystal habit clear colourless block

Crystal system triclinic

Space group (number) P1(2)

Unit cell parameters a=20.0763(19) A «=87.699(4)°

b =20.094(2) A S =87.562(3)°
¢ =32.699(3) A y = 74.488(3)°
VIAY], zZ 12693(2), 4
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Dy [g-cm™]

# [mm™]
F(000)

20min, 20max
Index ranges

Reflections collected/ independent

Completeness to 26max = 50.05°
Absorption correction

Tmin. Tmax

Refinement method

Data / Restraints / Parameters
GOF on F?

Final R indexes

Apmax, Apmin
Extinction coefficient

Figure S26. Thermal ellipsoid plot for molecule A in 1xK2SO4 at the 50% probability level. Hydrogen atoms and

1.446

0.207

5694

5.72°,50.05° (0.84 A resolution)
—23<h<23

—23<k<23

—-38<1<38

243001 /44708

(Rint = 0.0389, Ryjy = 0.0314)
99.8%

Multi-Scan

0.896, 0.968

full-matrix LSQ on F?
44708/ 350/ 3678

1.059

39063 data: R; = 0.0436, wR, = 0.1038

all data: R; = 0.0559, wR, = 0.1143
0.53 e/A3,-0.47 e/A3
0.00139(7)

solvent molecules omitted. Selected atoms labbeled only.

Figure S27. Thermal ellipsoid plot for molecule B in 1xK2SQ4 at the 50% probability level. Hydrogen atoms and

O4AB OSAB
US1AB

solvent molecules omitted. Selected atoms labbeled only.
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Figure S28. Thermal ellipsoid plot for molecule C in 1xK2S0O4at the 50% probability level. Hydrogen atoms and
solvent molecules omitted. Selected atoms labbeled only.

Figure S29. Thermal ellipsoid plot for molecule D in 1xK2SQ4 at the 50% probability level. Hydrogen atoms and
solvent molecules omitted. Selected atoms labbeled only.

@
81CD:

‘ C4GD
QECD
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Figure S30. Packing diagram for 1xK2SQs4, view along [100] a), [010] b) and [001] c). Hydrogen atoms omitted.
K" complexed by crown ether moieties and SO4> ions depicted as polyhedra.
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