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Details of the X-ray structural measurements.

The X-ray measurements were carried out on a Bruker AXS D8 Quest diffractometer. A Mo Ka
radiation X-ray tube (A = 0.71073 A) was used for measurements of crystals 1 and Cu Ka. radiation X-ray
tube (A = 1.54178 A) was used for the measurements of crystals 2 and 3. Reflections were indexed and
processed, and the files were scaled and corrected for absorption using APEX4 or 5." The space groups
were assigned using XPREP within the SHELXTL suite of programs, the structures were solved by dual
methods using ShelXT and refined by full-matrix least-squares against /2 with all reflections using
Shelx12019 with the graphical interface Shelxle.** Complete crystallographic data, in CIF format, have
been deposited with the Cambridge Crystallographic Data Centre. CCDC 2384417-2384419 contain the
supplementary crystallographic data for this paper. These data can be obtained free of charge via
www.ccdc.cam.ac.uk/data request/cif .

Figure S1. X-ray structure of 1 showing two non-equivalent CI...O halogen bonds.



Figure S2. X-ray structure of 2. Blue lines show short contacts between CIQN™ and CI

Figure S3. X-ray structure of 3 showing two non-equivalent CI...CI halogen bonds.



Computational details.

Geometries of the complexes were optimized without constraints via M06-2X/def2-TZVPP calculations
(with ultrafinegrid option) using the Gaussian 09 suite of programs.”” The absence of imaginary
frequencies confirmed that the optimized structures represent true minima. Calculations were done with
acetonitrile as the medium using a polarizable continuum model.® An earlier analysis demonstrated that
intermolecular associations are well-modelled using this method.>'° The def2-TZVPP basis set does not
include a diffuse function since previous analysis demonstrated that very similar results were obtained in
the modelling of noncovalent interactions involving anions with the triple-C basis sets with and without
diffuse functions."' Binding energies, AE were determined as the difference between the sums of the
electronic energy and zero-point energy (ZPE) of the optimized complex and its components. The
energies of the optimized complexes and their components are listed in Table S1. QTAIM'? and NCI"?
analyses of the solid-state associations and optimized complexes were performed using the atomic
coordinates extracted from the X-ray structures with Multiwfn and visualized using VMD programs.
(The NCI setting was: isovalue = 0.5, color-coded with sgn(A2)p in the range from —0.04 a.u. (blue,
strong attractive interaction) to 0.02 a.u. (red, strong nonbonded overlap). Characteristics of the BCPs
obtained from QTAIM analysis are listed in Table S2. Energy decomposition analyses (EDA) were
carried out using the Amsterdam density functional (ADF) of the Amsterdam Modelling Suite'®'” via
single-point calculations with the B3LYP-D3 functional (since it allowed evaluation of the dispersion
component of the interaction energy) and the TZ2P basis set available in AMS. The results of EDA are
listed in Table S3. QTAIM and EDA were performed using atomic coordinates of the associations
extracted from the X-ray structures (which are shown in Figure 4 in the text).
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Figure S4. Optimized structures of the 2:1 and 1:1 complexes of CIQN" and CI” and of the HaB dimer of
ClSac.

Table S1. Characteristics of the optimized HaB complexes and their components

Complex E, ZPE, dn-c1, dci.x, AE,
Hartree Hartree A A kcal/mol
CIQN*-CI -1249.67537 0.20134 1.801 2.641 -8.9
(CIQN),-CI -2038.97684 0.40345 1.769 2.793 -7.92
CIQN* -789.29087 0.20127 1.736
Cl -460.37029
ClSac -1407.92152 0.107484

a) Per one bond



Table S2. Characteristics of the bond critical points (in a.u.)
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1.804
2.664
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2.747
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2.747
2.868
1.786
2.791
2.920
2.867
2.784
2.619
2.847
2.573

2.753

p(r)
0.181
0.037
0.008
0.009
0.010
0.009
0.010
0.009
0.191
0.027
0.021
0.008
0.009
0.012
0.008
0.013
0.010
0.228

G(r)

0.0894
0.0259
0.0050
0.0061
0.0063
0.0061
0.0063
0.0061
0.0897
0.0205
0.0157
0.0048
0.0058
0.0083
0.0051
0.0091
0.0090
0.1179

W (r)
-0.1958
-0.0274
-0.0039
-0.0048
-0.0050
-0.0048
-0.0050
-0.0048
-0.2079
-0.0197
-0.0141
-0.0038
-0.0045
-0.0068
-0.0040
-0.0075
-0.0066
-0.3033

H(r)

-0.106
-0.0015
0.0011
0.0013
0.0013
0.0013
0.0013
0.0013
-0.118
0.0008
0.0016
0.0011
0.0012
0.0015
0.0011
0.0016
0.002
-0.185

VZp(r)
-0.068
0.098
0.024
0.030
0.031
0.030
0.031
0.030
0.114
0.085
0.069
0.024
0.028
0.039
0.025
0.043
0.046
0.270

ELF
0.776
0.169
0.030
0.035
0.036
0.035
0.036
0.035
0.805
0.108
0.079
0.029
0.033
0.044
0.030
0.047
0.019
0.811

MBO
1.00
0.19
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

1.05

0.12

0.10
<0.05
<0.05
<0.05
<0.05
<0.05

0.99
<0.05

a) Calculated using coordinates of the clusters (see below) extracted from the solid-state (X-ray)
structures. b) See the figure below.




Table S3. Interaction energies and their components (in kcal/mol) from the EDA analysis.

Complex AEpauii AE¢s AEi AEdisp Eint
CIQN*-CI 33.83 -85.89 -44.82 -1.61 -98.49
(CIQN"),-CI" 38.35 -147.35 -54.52 -2.95 -166.47
(CISIM),-CI 31.91 2131 3447 271 -26.59
(ClSac), 5.56 -4.48 -2.19 -2.25 -3.36

Figure S5. QTAIM and NCI analyses of the HaB complexes in 1 (which is characterized by a longer HaB
0f 2.950 A (left), and in complex (CLSIM),CI (coordinates are extracted from the structure CCDC
refcode WEZVUS). The bond paths and critical (3, -1) points (QTAIM) are shown as orange lines and
spheres, and blue-green areas (NCI) indicate bonding interactions.
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Figure S6. Surface electrostatic potentials (at 0.001 a.u. electron density) of CISim.
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