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Extremely short halogen bond: the nature and energy of iodine—oxygen

interactions in crystalline iodic acid

Yulia V. Nelyubina, Mikhail Yu. Antipin and Konstantin A. Lyssenko*

Figure S1 The 3D-distribution of DED in the section of the I...O interactions in a-HIO;. Isosurface of
DED equal to 0.25 eA” is shown by red; the negative isosurface (DED is —0.35 eA™) is shown by
wireframe.

Note that the bond ellipticities (€), which serve as measures of the ® component, indicate the partial
double-bond character of the 1(1)—O(1) and I(1)-O(3) bonds (¢ = 0.29 — 0.30). On the same basis, the
I(1) —O(2) bond — its oxygen atoms is involved in the hypercoordinate I...O and H-bond — was found to
be almost single one (¢ = 0.12); the latter resembles the character of the chemical bonding observed for
the chlorate anion in NaClOs [Yu. V. Nelyubina, K. A. Lyssenko, R. G. Kostyanovsky, D. A. Bakulin and
M. Yu. Antipin, Mendeleev Commun., 2008, 18, 29].



Figure S2 The sections of the DED distribution in the area of the I(1)—~O(2A) and H-bonds and I...O(1B)

interaction in o-HIO;. The contours are drawn with the interval of 0.1 eA”, the negative contours are

dashed.

Table S1 Atomic charges according to the XRD data for a-HIO3; and those obtained according to the DFT

calculations, together with the atomic energies for the isolated dimer.

Atom q, ¢ (XRD) q, e (DFT)* —E., a.u. (DFT)*

I(1) +2.20 +2.15 [+2.10] 6923.28386 [6923.31492]
O(1) —-0.95 —0.82 [-0.81] 75.22970 [75.22388]
0(2) —0.85 —-0.94 [-0.91] 75.27308 [75.25387]
0(3) -0.83 -0.97 [-0.97] 75.34572 [75.36879]
H(30) +0.43 +0.56 [+0.61] 0.38568 [0.34558]

 The values for the second A-labeled molecule of HIOs are given in brackets.

Crystallographic data: Crystals of a-HIOs; (M = 175.91) are orthorhombic, space group P2,2,2,, at
100K: a = 5.49970(10), b = 5.84600(10) and ¢ = 7.67120(11) A, V' =246.639(7) A>, Z =4 (2’ = 1), dearc =
4.737 gem ™, u(MoKo) = 126.96 cm™, F(000) = 312. Intensities of 3741 reflections were measured with a
Bruker SMART APEX2 CCD diffractometer [A(MoKa) = 0.71072 A, w-scans, 26<120°] and 3741
independent reflections (R, = 0.0160) were used in further refinement. The structures were solved by direct
method and refined by the full-matrix least-squares technique against F* in the anisotropic-isotropic

approximation. The hydrogen atom was located from the Fourier synthesis of the electron density and



refined in the isotropic approximation. The refinement converged to wR, = 0.0369 and GOF = 1.003 for all
independent reflections [R; = 0.0155 was calculated against F for 3724 observed reflections with >2o(1)].
All calculations were performed using SHELXTL PLUS 5.0.

The multipole refinement was carried out using the XD program package.' Before the refinement, the
O—H bond distance was normalised to the value of 1.00 A obtained from the neutron diffraction data® and
quantum chemical calculations (see below). The level of multipole expansion was octupole for oxygen
atoms and hexadecapole for the iodine atom. The Djo term was refined for the hydrogen atom. The
refinement was carried out against F. For 1 it converged to R = 0.0110, Rw = 0.0141 and GOF = 1.781 for
1198 merged reflections (including Friedel pairs) with />30(/). All bonded pairs of atoms satisfy the
Hirshfeld rigid-bond criteria® (the largest difference of the mean square displacement amplitude along a
bond was 10-10™ A?). The potential energy density function v(r) was evaluated through the procedure
proposed in refs. 4, 5. Accordingly, the kinetic energy density function g(r) is described as
(3/10)3 " [p()]*+(1/72)Vp((r)|/p(r)+1/6V p(r), what in conjunction with the local virial theorem
(2g(r)+v(r)=1/4V*p(r)) leads to the expression for v(r) and makes possible to estimate the electron energy
density h(r). The total electron density function for HIO; was positive everywhere; the maximum (0.38 eA”
%) and minimum (-0.42 eA”) of residual electron density were located in the vicinity of the I(1) nucleus.
Analysis of topology of the p(r) function was carried out using the WinXPRO program package.’

The DFT calculations of the isolated molecule of HIO3 and the H-bonded dimer were performed with
the Gaussian09 program package’ using the dispersion-corrected B97D functional.® Full optimization of
their geometry was carried starting from the X-ray structural data with the Sadlej’s standard polarised POL
basis set’ for the iodine atom and 6-311G+(d,p) one for all other atoms. The extremely tight threshold limits
of 2:10° and 6-10° au. were applied for the maximum force and displacement, respectively. The
optimization was followed by the evaluation of the harmonic vibration frequencies, revealing that the
geometry obtained correspond to the stationary point. The topological analysis of the computed electron

densities was performed using the AIMall program package.'’
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