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Section S1. Materials and instrumentation.

All reagents and solvents were obtained from commercial sources and used without further purification 
from freshly opened containers. Melting points were measured on a Stuart SMP30 apparatus in 
capillaries and are not corrected. High resolution electrospray ionization (ESI) mass-spectra were 
obtained on a Bruker maXis spectrometer equipped with an ESI source. The instrument was operated 
in positive ion mode using an m/z range 50–1200. The nebulizer gas flow was 1.0 bar and the drying 
gas flow was 4.0 L/min. The NMR spectra were recorded on a Bruker Avance 400 or Bruker Fourier 
300 at ambient temperature; the residual solvent signal was used as the internal standard. The DSC-TG 
experiments were carried out on a SDTQ 600 instrument (TA Instruments) in the temperature range 
from 30 to 500 °C under argon atmosphere (100 mL min–1) with a heating rate of 10 °C/min. Scanning 
Electron Microscopy (SEM) images were taken using FEI Quanta 200 3D scanning electron 
microscope. The scan of SEM was performed at an accelerating voltage (HV) of 20 kV. Samples were 
sputter-coated with gold before analysis to minimize electron charging effects. X-ray diffraction 
(PXRD) data were measured at room temperature using a Bruker D2 Phaser Desktop X-ray 
diffractometer equipped with a CuKα source (the data were collected in the range of 2θ = 5–32° with 
a step size of 0.02°(2θ)) or XRD-7000S (Shimadzu, Japan) with CuKα tube (40 kV, 30 mA) at the 
scanning range of 3–32 ° with a step size of 0.0143° (2θ). FTIR spectra were recorded on the Agilent 
Cary 630 spectrometer equipped by ATR accessory with 100 scans and 2 cm–1 resolution. The spectra 
were corrected using a straight baseline in the (4000–650) cm–1 spectral region. VT-Raman 
spectroscopic measurements were performed on a confocal Raman microscopy (NTEGRA 
SPECTRA) with an integrated thermal-controlled heating plate and with 633 nm laser set 0.32 μW 
with 5 scans for every measurement with acquisition time equal 15 s per scan. The laser beam was 
focused on the isolated crystal through 20X objective. Microcrystalline powder of 1a was placed on 
the heating plate and the measurements were conducted at 25, 50, 100, and 140 °С after the temperature 
equilibration for 5 min.
The surface area, pore size distribution curve, and pore volume were determined from the nitrogen 
adsorption–desorption isotherm (Quantachrome Autosorb-iQ2, Boynton Beach, FL, USA) using the 
Brunauer−Emmett−Teller (BET) and Non-Local Density Functional Theory (NLDFT) methods. 
Before the measurement, the sample (approx. 27 mg) was placed in a glass cell and degassed at 80 °C 
in vacuo (7·10–6 Torr–1) for 24 h. 
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Section S2. Synthesis of 4-(aryliodonio)benzenesulfonates and characterization of the products.

Among iodonium salts, zwitterionic species are rare and poorly studied. The reported examples 
include 3- and 4-(aryliodonio)carboxylates,1,2 4-(aryliodonio)sulfamides,3,4 and 2-
(aryliodonio)sulfonates,5 2-(aryliodonio)trifluoroborates6 and closo-borate derivatives.7 These 
zwitterions were prepared using such strong oxidant as K2S2O8 in H2SO4

1,3,4 or Selectfluor®
.
6 We 

developed an easy approach toward a series of novel zwitterionic 4-(aryliodonio)benzenesulfonates 
from the readily available 4-iodobenzenesulfonic acid.8 Owing to the presence of the electron 
withdrawing (EWG) SO3H-group, we employed Oxone® (2KHSO5·KHSO4·K2SO4) in the presence of 
sulfuric acid as an oxidant (for the relevant applications of Oxone® and K2S2O8 see refs.1,3,4,9–14). 
According to the optimized procedure, the finely ground Oxone® was mixed with 4-
iodobenzensulfonic acid in acetonitrile solution of conc. H2SO4 and the reaction was stirred for 12 h at 
RT (Scheme 1). The addition of water, once the reaction is complete, led to the isolation of 1 (74%) 
and 2 (60%). The reaction with electron poor chlorobenzene employing Oxone in conc. H2SO4

9,10 
allows for the preparation of target compound 3 in almost quantitative yields. 

Synthetic work
General procedure for the synthesis of 1–2. Sulfuric acid (240–500 L) was added dropwise to 

a mixture of 4-iodobenzenesulfonic acid (1 mmol, 284 mg) and finely crushed Oxone (1 mmol, 615 
mg) in MeCN (2 ml) at 0–5 °C. Then corresponding arene (1.1–1.5 mmol) was added, and the reaction 
mixture was stirred overnight at ambient temperature. MeCN was removed by rotary evaporation, then 
water (10 mL) and Et2O (2 mL) was poured to the reaction mixture. The formed precipitate was filtered 
off and washed with water (3×5 mL), hexane (3×5 mL). The obtained crystalline product was dried in 
the air at ambient temperature.

4-(mesityliodonio)benzenesulfonate (1). The reaction of 4-iodobenzenesulfonic acid (1 mmol, 
284 mg), mesitylene (1.1 mmol, 150 µL), Oxone (1 mmol, 615 mg) and sulfuric acid (240 L) 
accordingly to the general procedure afforded 297 mg (74%) of 1 isolated as the colorless crystalline 
solid; mp 179–181 °C. 1H NMR (400 MHz, DMSO-d6) δ 7.94 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 8.4 Hz, 
2H), 7.21 (s, 2H), 2.60 (s, 6H), 2.29 (s, 3H). 13C{1H} NMR (100 MHz, DMSO-d6) δ: 151.2, 143.1, 
141.5, 134.3, 129.8, 128.7, 122.8, 114.3, 26.3, 20.5. HRESIMS+: m/z calcd. for [M+H]+ C15H16IO3S+: 
402.9859, found 402.9833.

4-((2,5-dimethylphenyl)iodonio)benzenesulfonate (2). The reaction of 4-iodobenzenesulfonic 
acid (1 mmol, 284 mg), p-xylene (1.5 mmol, 184 µL), Oxone (1 mmol, 615 mg) and sulfuric acid (500 
L) accordingly to the general procedure afforded 236 mg (61%) of 2 isolated as the colorless 
crystalline solid; mp 217–219 °C (decomp.). 1H NMR (300 MHz, DMSO-d6) δ 8.22 (s, 1H), 8.14 (d, 
J = 8.4 Hz, 2H), 7.65 (d, J = 8.1 Hz, 2H), 7.43 (d, J = 7.8 Hz, 2H), 7.38 (d, J = 7.8 Hz, 2H), 2.55 (s, 
3H), 2.30 (s, 3H). 13C{1H} NMR (75 MHz, DMSO-d6) δ: 151.3, 139.3, 137.4, 137.1, 134.9, 133.6, 
131.2, 128.8, 121.3, 115.6, 24.6, 20.2. HRESIMS+: m/z calcd. for [M+H]+ C14H14IO3S+: 388.9708, 
found 388.9702.

General procedure for the synthesis of 3. Sulfuric acid (800 L) was added dropwise to a 
mixture of 4-iodobenzenesulfonic acid (1 mmol, 284 mg) and finely crushed Oxone (1 mmol, 615 mg) 
at 0–5 °C. Then corresponding arene (3 mmol, 304 µL) was added, and the reaction mixture was stirred 
overnight at ambient temperature. Water (10 mL) was poured to the reaction mixture and the formed 
precipitate was filtered off and washed with water (3×5 mL), hexane (3×5 mL) acetone (5 mL). The 
obtained crystalline product was dried in the air at ambient temperature. The product 3 was isolated as 
the colorless crystalline solid 386 mg (98%); mp 279–281 °C (decomp.). 1H NMR (300 MHz, DMSO-
d6) δ: 8.24 (d, J = 8.4 Hz, 2H), 8.20 (d, J = 8.4 Hz, 2H), 7.67 (d, J = 8.4 Hz, 2H), 7.61 (d, J = 8.7 Hz, 
2H). 13C{1H} NMR (75 MHz, DMSO-d6) δ: 151.6, 137.4, 137.0, 135.0, 131.8, 128.7, 116.5, 114.6. 
HRESIMS+: m/z calcd. for [M+H]+ C12H9ClIO3S+: 394.9006, found 394.9004.
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Section S3. Crystal growth and X-ray structure determinations
Crystals of 1a–b and 2 suitable for XRD (Schemes 1) were grown by dissolution of the samples 

in hot aqueous MeOH followed by crystallization upon slow evaporation at 20–25 °C. Crystals of 3 
were prepared by slow vapor diffusion of MeOH into a DMSO solution of the compound at ambient 
conditions. 

X-ray diffraction data were collected at 100 K on a SuperNova, Dual, Cu at zero, Atlas 
diffractometer using Cu Kα (λ = 1.54184 Å; 1a) or Mo Kα (λ = 0.71073 Å; 1b) radiation or on a 
SuperNova, Single source at offset/far, HyPix3000 diffractometer using Cu Kα (λ = 1.54184 Å; 2, 3). 
The structures were solved with the ShelXT15 structure solution program using Intrinsic Phasing and 
refined with the ShelXL16 refinement package incorporated in the OLEX2 program package17 using 
Least Squares minimization. The carbon-bound H atoms were placed in calculated positions. Empirical 
absorption correction was applied in CrysAlisPro18 program complex using spherical harmonics, 
implemented in SCALE3 ABSPACK scaling algorithm. The unit cells of 1a and 1b also contains 
disordered molecules of H2O (total potential solvent accessible void volume per cell is 2012 and 760 
Å3, respectively; electron count per cell is 485 and 219 electrons, correspondingly) that have been 
treated as a diffuse contribution to the overall scattering without specific atom positions using 
SQUEEZE/PLATON.19 XRD data and structural refinement parameters for 1a, 1b, 2, and 3 are 
summarized in Table S1. Supplementary crystallographic data have been deposited at Cambridge 
Crystallographic Data Centre (CCDC 2096180, 2096183, 2096184, 2096193) and can be obtained free 
of charge via www.ccdc.cam.ac.uk/data request/cif.

Figure S1. Partial representation (Mercury 4.3.1, ball and stick) of the crystal packing of 2 (top panel) 
and 3 (bottom panel) evidencing the ribbons present in the respective lattices. Hydrogen atoms are 
omitted; XB are dashed black lines. Color coding: grey, carbon; red, oxygen; ocher, sulfur; violet, 
iodine.
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Table S1. Crystal data and structure refinement for 1a, 1b, 2, and 3.
Identification code 1a 1b 2 3
CCDC number 2096180 2096183 2096184 2096193
Empirical formula C15H15IO3S C15H15IO3S C14H13O3SI C12H8ClIO3S
Formula weight 402.23 402.23 388.20 394.59
Temperature, K 100(2) 100(2) 100(2) 100(2)
Crystal system trigonal triclinic monoclinic triclinic
Space group R-3 P-1 P21/c P-1
a, Å 20.7704(4) 10.1666(2) 7.09640(10) 6.09810(10)
b, Å 20.7704(4) 14.3384(3) 23.1449(4) 8.11370(10)
c, Å 21.5736(4) 20.5652(3) 8.14500(10) 25.8853(3)
α, ° 90 84.4790(10) 90 94.9610(10)
β, ° 90 82.633(2) 97.033(2) 93.9970(10)
γ, ° 120 74.902(2) 90 91.8580(10)
Volume, Å3 8060.1(3) 2864.29(10) 1327.71(3) 1271.90(3)
Z 18 6 4 4
ρcalc, g/cm3 1.492 1.399 1.942 2.061
μ, mm–1 15.173 1.789 20.441 23.243
F(000) 3564.0 1188.0 760.0 760.0
Crystal size, mm3

0.2 × 0.11 × 0.10 0.36 × 0.13 × 0.11 0.406 × 0.229 × 
0.079

0.185 × 0.109 × 
0.048

Radiation CuKα (λ = 1.54184)MoKα (λ = 
0.71073)

Cu Kα (λ = 
1.54184)

Cu Kα (λ = 
1.54184)

2Θ range for data 
collection, ° 9.56 to 129.984 6.006 to 63.82 7.64 to 140.864 3.436 to 140.844
Index ranges –24 ≤ h ≤ 24, 

–24 ≤ k ≤ 13, 
–25 ≤ l ≤ 25

–13 ≤ h ≤ 15, 
–20 ≤ k ≤ 21, 
–29 ≤ l ≤ 29 

 –8 ≤ h ≤ 8, 
–28 ≤ k ≤ 28, 
 –9 ≤ l ≤ 7

 –7 ≤ h ≤ 7, 
 –9 ≤ k ≤ 9, 
–31 ≤ l ≤ 31

Reflections 
collected 12896 61898 7808 24149
Independent 
reflections

3034 
[Rint = 0.0399,
Rsigma = 0.0261]

17510 
[Rint = 0.0263,
Rsigma = 0.0239]

2531
[Rint = 0.0702,
Rsigma = 0.0476]

4848 
[Rint = 0.0522, 
Rsigma = 0.0317]

Data/restraints/para
meters 3034/0/184 17510/18/547 2531/0/174 4848/0/325
Goodness-of-fit on 
F2 1.058 1.017 1.033 1.083
Final R indexes 
[I≥2σ (I)]

R1 = 0.0273, 
wR2 = 0.0710

R1 = 0.0308, 
wR2 = 0.0706

R1 = 0.0498, 
wR2 = 0.1343

R1 = 0.0442, 
wR2 = 0.1211

Final R indexes [all 
data]

R1 = 0.0283, 
wR2 = 0.0718

R1 = 0.0362, 
wR2 = 0.0733

R1 = 0.0511, 
wR2 = 0.1364

R1 = 0.0462, 
wR2 = 0.1228

Largest diff. 
peak/hole, e∙Å–3 1.53/–0.67 1.65/–2.30 1.80/–2.20 1.94/–1.42
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Section S4. XRD patterns of 1b

Crystals of 1a and 1b exhibited different stabilities after their separation from the corresponding 
mother liquors. Crystalline powder of 1a was isolated in a pure form and the corresponding XRD 
pattern (Fig. S2) is in a good agreement with the simulated pattern. By contrast, the XRD pattern 1b, 
after its separation and drying, demonstrated the degradation of the pristine crystal structure.

Figure S2. The comparison between the simulated XRD patterns of 1a and 1b. The experimental 
diffraction curves were recorded after the isolation and drying.
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Section S5. Adsorption properties of 1a

Repeated adsorption–desorption of water 
Screw-necked vial with 100 mg of preliminary dried XOF 1a was put for 2 h in a desiccator with 
water placed on its bottom part, whereupon this sample was kept in air for 2 h until the constant 
weight. After a gravimetrical determination of adsorbed water, the sample was dried at 140 °С for 30 
min followed its by cooling to RT in a sealed vial. Five cycles of adsorption–desorption were 
performed for 3 samples. The amount of adsorbed water was represented as an uptake in mg/g of the 
sample.
Adsorption of D2O

Sample of 1a was dried at 140 °C for 30 min, whereupon it was placed in desiccator with D2O on its 
bottom part for 2 h and then the sample was kept in air for 2 h until constant weight. Samples of pristine 
and dried XOF were then studied by FTIR ATR spectroscopy. 

Table S2. FTIR peak and their assignment

Peak positions, cm–1 Assignment
3435 O–H inside pores

3100–3000 =C–H stretch in aromatic
2990–2820 CH3 antysym and sym stretching in mesitylene

2530 D2O stretch
1646 benzene ring stretch
1567 benzene ring stretch
1456 CH3 antisym deformation
1382 CH3 sym deformation
1303 v C–CH3 of mesytelene
1278 vC–CH3 of mesytelene
1181 S=O stretch in sulfonic acids

1108 and 1124 Aromatic C–H in plane bending vibration and 
C=S stretch in thiocarbonyl compounds

1027 SO3 sym stretch in sulfonic acids
986 ring breathing mode of carbon ring
943 vC–CH3 of mesytelene
853 C–H out of plane deformation 1,3,5-

trisubstituted benzenes
820 C–H out of plane deformation 4-SO3-

substituted benzenes
732 C–H deformation
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Figure S3. Determination of 1a:H2O ratio by NMR spectroscopy; the ratio is based on remaining water 
in DMSO-d6. Residue peak of DMSO was used as an internal standard.
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Section S6. Computational details

The calculations of the assemblies shown in Figures 6–7, SA and SB were performed at the DFT 
level of theory using PBE0 functional,20 the def2-TZVP basis set21 and the D3 dispersion correction2255 
with the help of the Gaussian-16 package.23 The topological analysis of the electron density 
distribution has been analyzed with the help of the atoms in molecules (QTAIM) method developed 
by Bader24 as well as noncovalent interaction plot (NCIPlot)25,26 by using the AIMAll program.27 The 
estimation of the individual XB energies was carried out using the QTAIM method and the V(r) 
predictor as recently proposed in the literature [E = 0.778·V(r)]28 for the PBE0 functional. The HB 
energies were estimated using the equation proposed by Espinosa et al. [E = 0.5·V(r)].29 The MEP 
surfaces were computed at the PBE0-D3/def2-TZVP level of theory by means of the Gaussian-16 
program.56 The MEP plots of Figure 5 were represented using the 0.001 au isosurface.

Figure S4. (a) Tetrameric assembly extracted from the X-ray structure of 1b; (b,c) Combined QTAIM 
(bond CP in red, ring CP in yellow and cage CP in blue) and NCIplot (isosurface 0. 45 au, gradient 
cut-off 0.04 au, color range –0.03 < sign(λ2)·ρ < 0.03) of dimer A (b) and B (c). Only intermolecular 
interactions are shown.

Figure S5. (a) Tetrameric assembly extracted from the X-ray structure of 3; (b,c) Combined QTAIM 
(bond CP in red, ring CP in yellow and cage CP in blue) and NCIplot (isosurface 0.45 au, gradient cut-
off 0.04 au, color range –0.03 < sign(λ2)·ρ < 0.03) of dimer A (b) and B (c). Only intermolecular 
interactions are shown.

In general, the interaction energies of the assemblies analyzed for compounds 1–3 are very large 
because of the zwitterionic nature of these compounds. We also calculated the energies of the 
individual XBs and HBs in these assemblies by using the QTAIM parameters and the Vr energy 
predictor. This method is convenient to evaluate the energy associated to the interactions without the 
large contribution of purely electrostatic effects (SO3

–···I+). The QTAIM parameters associated to the 
bond CPs numbered 1–3 in Figures 6–7, S4 and S5 are summarized in Table S3. For compound 1a, 
both XBs are energetically similar (6.44 and 6.11 kcal/mol for XB1 and XB2, respectively) in 
agreement with the similar experimental distances (Table 1). The energy of the H-bond resulting in 
the bond CP#3 in dimer B is very small (0.66 kcal/mol), thus revealing that its contribution is 
negligible. For the rest of compounds, the XB1 is around 2 kcal/mol stronger than XB2, also in 
agreement with the experimental distances. The XB1 energy (labelled as bond CP#1) ranges from 6.5 
kcal/mol in 1b to 9.6 kcal/mol in 3, and the XB2 energy (CP#2) ranges from 4.3 kcal/mol in 1b to 6.3 



10

kcal/mol in 3, in line with the MEP values at both σhs that increase on going from compound 1 to 3 
(Table 2). Finally, in the case of dimer B of compound 3, the HB is moderately strong (2.70 kcal/mol), 
thus also contributing to the stabilization of the dimer.

Table S3. QTAIM parameters (ρ, ∇2ρ, Vr, Gr in au) at the bond CPs labelled in Figures 6–7, S4 and 
S5, and the dissociation energies (Edis, kcal/mol) estimated using the potential energy density predictor 
for compounds 1–3.

Compound ρ ∇2ρ Vr Gr Edis
1a
CP #1 (Dimer A)
CP #2 (Dimer B)
CP #3 (Dimer B)

0.0229
0.0217
0.0044

0.0692
0.0670
0.0159

–0.0154
–0.0146
–0.0021

0.0164
0.0157
0.0030

7.5
7.1
0.7

1b
CP #1 (DIMER A)
CP #2 (DIMER B)

0.0204
0.0148

0.0639
0.0487

–0.0133
–0.0088

0.0146
0.0105

6.5
4.3

2
CP #1 (DIMER A)
CP #2 (DIMER B)
CP #3 (DIMER B)

0.0214
0.0164
0.0063

0.0644
0.0547
0.0182

–0.0138
–0.0102
–0.0023

0.0150
0.0119
0.0034

6.7
5.0
0.7

3
CP #1 (DIMER A)
CP #2 (DIMER B)
CP #3 (DIMER B)

0.0278
0.0205
0.0125

0.0789
0.0549
0.0643

–0.0197
–0.0135
–0.0086

0.0197
0.0148
0.0112

9.6
6.6
2.7
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