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Experimental Section

1. General considerations and cocrystallization

Reagents were obtained from commercial suppliers and used without further purification. Solvents were 
dried using commercial solvent purification system from Inert Technology. 1–3 were prepared as 
described in the literature.1 The solution cocrystallizations for [nido-7,8-I2C2B9H10](Hbpe+), [nido-7,8-
(SeMe)2C2B9H10](Hbipy-pip+), and 3•bipy-pip, were performed in a glass vial of 12 mm diameter. Single 
crystals of 3•bpe and 4•bpe were obtained through the co-sublimation method.2 Crystals were 
systematically obtained together with starting compounds, hindering the isolation of a bulk sample for 
elemental analysis. 

[nido-7,8-I2C2B9H10](Hbpe+). 1 (7 mg, 0.018 mmol) and 1,2-bis(4-pyridyl)ethane (bpe, 3.5 mg, 0.019 
mmol) were solubilized in a 1:1 mixed solvent (7 mL) of EtOAc and iPrOH. The glass tube was left open 
for slow evaporation on a period of 7 days. Colorless prism-shaped crystals of [nido-7,8-
I2C2B9H10](Hbpe+) suitable for single-crystal X-ray diffraction were collected from the bottom of the vial. 

[nido-7,8-(SeMe)2C2B9H10](Hbipy-pip+). 2 (5 mg, 0.016 mmol) and 1,4-di(4-pyridyl)piperazine (bipy-pip, 5 
mg, 0.021 mmol) were solubilized in a 1:1 mixed solvent (4 mL) of EtOH and Et2O. The glass tube was left 
open for slow evaporation on a period of 7 days. Colorless plate-shaped crystals of nido-7,8-
(SeMe)2C2B9H10](Hbipy-pip+) suitable for single-crystal X-ray diffraction were collected from the bottom 
of the vial.

3•bipy-pip. 3 (10 mg, 0.024 mmol) and 1,4-di(4-pyridyl)piperazine (bipy-pip, 5 mg, 0.021 mmol) were 
solubilized in EtOH (3 mL) with 3 drops of CH2Cl2. The glass tube was left open for slow evaporation on a 
period of 3 days. Colorless plate-shaped crystals of nido-7,8-(SeMe)2C2B9H10](Hbipy-pip+) suitable for 
single-crystal X-ray diffraction were collected from the bottom of the vial.

3•bpe and 4•bpe. 3 (15 mg, 0.036 mmol) and 1,2-bis(4-pyridyl)ethane (bpe, 15 mg, 0.081 mmol) were 
placed at each end of a vacuum-sealed glass tube (10–5 mbar). The temperature for each end was 
gradually increased from 40 to 85 °C over two weeks. 3•bpe was obtained as pale-yellow prism-shaped 
crystals in the middle of the tube with a minor presence of 4•bpe as colorless prism-shaped crystals.

2. Single crystal X-ray diffraction analysis
Single crystals that are suitable for X-ray analysis were coated with Paratone-N oil and mounted on a 
MicroMountsTM rod. X-ray diffraction measurements were performed on a Bruker APEX II diffractometer 
for [nido-7,8-I2C2B9H10](Hbpe+), [nido-7,8-(SeMe)2C2B9H10](Hbipy-pip+), 3•bipy-pip, and 3•bpe and on a 
Bruker D8 Venture diffractometer for 4•bpe, both operating with a Mo Kα (λ = 0.71073 Å) X-ray tube 
with a graphite monochromator. The structures were solved (SHELXT-2014) by dual space methods and 
refined (SHELXL-2014/7) by full-matrix least-squares procedures on F2.3 All non-H atoms of the donor 
molecules were refined anisotropically. The –NH Hydrogen atoms of [nido-7,8-I2C2B9H10](Hbpe+) and 
[nido-7,8-(SeMe)2C2B9H10](Hbipy-pip+) were refined, and all other hydrogen atoms were introduced at 
calculated positions (riding model), included in structure factor calculations but not refined. Thermal 
parameters were refined anisotropically for all non-hydrogen atoms. Crystallographic data and the 
details of data collection are listed in Table S1. 
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3. Theoretical Calculations

Theoretical calculations were performed on isolated molecules using the Gaussian16 software4 at the 
Density level of Theory employing the B3LYP functional and the Def2TZVPP basis set (pseudo potentials 
were used for the heavier Te & I atoms). Empirical dispersion was taken into account with the Grimme’s 
original D3 damping function.5 Frequency calculations were performed to check that true energy minima 
were obtained. Electrostatic potential (ESP) mapped on the 0.001a.u. isodensity surface were then 
computed with the AIMAll software package;6 the maximum of ESP VS,max in the region of the σ-holes 
associated with I, Se and Te atoms were located using MWFN software.7

Crystal structures of 3•(bpe) and 4•(bpe) were optimized through periodic DFT calculations using 
CASTEP 19.11 software.8 The PBE exchange and correlation functional was used, complemented by 
semi-empirical dispersion corrections.9 Ultrasoft pseudopotentials generated “on-the-fly” were used. A 
precise plane wave cut off was used, corresponding to a limit of 588 eV. The MP grid size was set to 5 3 
2. The optimization convergence criteria were fixed as follows: maximal stress tolerance at convergence 
5.10-3 GPa, energy shift 5.10-6 eV, force 25.10-3 a.u., displacement 5.10-4 Å.
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Table S1 | Crystallographic data

[nido-7,8-
I2C2B9H10](Hbpe)

[nido-7,8-
(SeMe)2C2B9H10](Hbi

py-pip)

3•bipy-pip 3•bpe 4•bpe

Empirical formula C17H31B9I2N2O C18H33B9N4Se2 C18H32B10N4Te2 C16H28B10N2Te2 C15H25B10N2Te

Formula weight, g mol-1 630.53 560.69 667.77 611.7 469.07

Crystal system Monoclinic Triclinic Monoclinic Monoclinic Triclinic
Space group P21/n P–1 P21/m P21/n P–1

Wavelength, Å 0.71073 0.71073 0.71073 0.71073 0.71073

Temperature, K 150 296 296 296 150

a, Å 11.8500(7) 9.4316(4) 8.154(1) 8.3930(9) 6.8598(4)

b, Å 12.0645(8) 11.7393(6) 22.026(3) 19.778(3) 9.2021(5)

c, Å 18.803(1) 13.1695(7) 8.351(1) 15.502(2) 17.658(1)

α, o 90 91.699(2) 90 90 91.921(2)

β, o 105.424(3) 107.070(1) 114.634(4) 98.526(5) 91.798(2)

γ, o 90 110.878(1) 90 90 95.622(2)

V, Å3 2591.4(3) 1287.6(1) 1363.4(3) 2544.8(5) 1108.0(1)

Z 4 2 2 4 2

ρcalcd, Mg m-3 1.616 1.446 1.627 1.597 1.406

μ, mm-1 2.440 2.887 2.155 2.299 1.345

Refections coll./unique 19752/3581 31649/4668 9902/1531 20226/4230 9018/4710

R(int) 0.0602 0.0284 0.1078 0.0539 0.1088
aR1 (I >2σ(I)) 0.0469 0.0353 0.0594 0.0623 0.0258

bwR2 (all) 0.1067 0.0934 0.1172 0.2116 0.0645

GoF 1.032 1.072 0.978 1.065 1.102
aR1 = Σ||F0| – |FC||/Σ|F0|, and bwR2 = [Σw(F0

2 – FC
2)2/Σw(Fo

2)2]1/2
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Figure S1 | Crystal packing structures of [nido-7,8-(SeMe)2C2B9H10]–(Hbipy-pip)+  (blue, nitrogen; dark 
gray, carbon; pink, boron; light gray, hydrogen). The contacting distances of the noncovalent bonds are 
indicated with light green and cyan dashed lines with the distances in Å. The cage–•••cage– interaction10 
distance is found to be 6.694 Å. 

Figure S2 | Crystal packing structure of [nido-7,8-I2C2B9H10]–(Hbpe)+  (blue, nitrogen; dark gray, carbon; 
pink, boron; light gray, hydrogen). The contacting distances of the noncovalent bonds are indicated with 
light green and cyan dashed lines with the distances in Å. The cage–••• interaction11 distance is found 
to be 5.052 Å. 
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Figure S3 | Structures of [nido-7,8-I2C2B9H10]–(Hbpe)+ (upper) and [nido-7,8-(SeMe)2C2B9H10]–(Hbipy-pip)+ 
(lower) with HB interactions in red dotted lines. Purple, brick, blue, black, pink, and cyan spheres 
represent I, Se, N, C, B, and H atoms, respectively. H atoms, except for those on –NH, are omitted for 
clarity.
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Figure S4 | Structure of 3•bpe with ChB interactions in red dotted lines. The –Te1Me group is 
disordered over two positions with 52(A):48(B) occupancy and only one disorder component (Te1A) is 
shown. Gold, blue, black, pink, and cyan spheres represent Te, N, C, B, and H atoms, respectively; H 
atoms on 3 are omitted for clarity.
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Figure S5 | Optimized structures of 3•(bpe) (left) and 4•(bpe) (right) obtained through the periodic DFT 
calculations

Figure S6 | ESP mapped on the 0.001 a.u. isodensity surface of 4 with the ESP range of –15.7 
(red) and +34.5 kcal/mol (blue). Note that these values can be compared with  the one of a 
prototypical organic halogen bond donor, iodopentafluorobenzene (33.0 kcal/mol), in the same 
calculation conditions.1 
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