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Two kinds of iodine–iodine halogen bonds are the focus of our attention in the
crystal structure of the title salt, C12H8ClINO+I3 , described by X-ray
diffraction. The ﬁrst kind is a halogen bond, reinforced by charges, between
the I atom of the heterocyclic cation and the triiodide anion. The second kind is
the rare case of a halogen bond between the terminal atoms of neighbouring
triiodide anions. The inﬂuence of relatively weakly bound iodine inside an
asymmetric triiodide anion on the thermal and Raman spectroscopic properties
has been demonstrated.

1. Introduction

# 2016 International Union of Crystallography

Acta Cryst. (2016). C72, 341–345

Halogen bonds fulﬁll a major function in the crystal structure
formation of a wide range of halogenated organic compounds
(Metrangolo et al., 2008; Gilday et al., 2015). Halogen bonding
is deﬁned as the electrostatic attraction between a nucleophilic
region of any atom and the region with increased electrostatic
potential that is formed on a halogen atom in the direction of
the extension of its covalent bond with another atom (Desiraju
et al., 2013). Heterocyclic cations containing covalently
bonded iodine have demonstrated a predisposition to halogen
bonding with oligo- or polyiodide anions in crystals (Bartashevich et al., 2014). Such iodine-saturated compounds
composed of an organic cation and a polyiodide anion with
iodine storage features can be used as iodophors for water
disinfection (Punyani et al., 2006). The practical importance of
compounds with iodine–iodine halogen bonds makes it of
interest to study the nature of such interactions in crystals.
Hence, identiﬁcation of the factors that are responsible for the
strength of iodine retention in crystals seems relevant. Iodinecontaining heterocyclic cations are usually formed during the
iodocyclization of alkenylthio(oxy)quinoline esters (Kim,
2008). We have noted earlier (Bartashevich et al., 2015) that
the presence of a Csp2—I fragment in the organic part inevitably leads to ‘reinforced-by-charges’ halogen bonding
between a heterocyclic cation and an oligoiodide anion. If the
counter-ions are triiodide ions, then the electron-donor atoms
are the terminal atoms of the triiodide anions.
The halogen–halogen noncovalent interactions are the
focus of our attention in the crystal structure of the title salt,
(3E)-8-chloro-3-iodomethylidene-2,3-dihydro-1,4-oxazino[2,3,4-ij]quinolin-4-ium triiodide, (1). The following dilemma
was of primary interest: the halogen-substituted heterocyclic
http://dx.doi.org/10.1107/S2053229616003934
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Table 1
Experimental details.
Crystal data
Chemical formula
Mr
Crystal system, space group
Temperature (K)
a, b, c (Å)
( )
V (Å3)
Z
Radiation type
 (mm 1)
Crystal size (mm)

C12H8ClINO+I3
725.24
Monoclinic, P21/n
100
7.6227 (2), 13.9464 (4), 16.0161 (4)
101.6439 (7)
1667.62 (8)
4
Synchrotron,  = 0.41328 Å
1.75
0.04  0.03  0.01

Data collection
Diffractometer
Absorption correction
Tmin, Tmax
No. of measured, independent and
observed [I > 2(I)] reﬂections
Rint
(sin /)max (Å 1)
Reﬁnement
R[F 2 > 2(F 2)], wR(F 2), S
No. of reﬂections
No. of parameters
H-atom treatment
max, min (e Å 3)

was evaporated in vacuo, giving a brown powder of 5-chloro8-(prop-2-yn-1-yloxy)quinoline (see Scheme) (yield 0.478 g,
56%).
The second step was the reaction of 5-chloro-8-(prop-2-yn1-yloxy)quinoline with iodine, giving the heterocyclization
product. 5-Chloro-8-(prop-2-yn-1-yloxy)quinoline (0.055 g,
0.25 mmol) was dissolved in dichloromethane (5 ml) and
mixed with a solution of iodine (0.191 g, 0.75 mmol) in dichloromethane (5 ml). The resulting mixture was kept in a
closed ﬂask at room temperature for 12 h and brown crystals
of the ﬁnal product were collected. The solution was decanted,
giving salt (1) (yield 0.174 g, 96%).

Bruker APEXII CCD
Multi-scan (SADABS; Bruker,
2013)
0.842, 0.955
45635, 5066, 4500
0.048
0.714
0.016, 0.035, 1.04
5066
172
H-atom parameters constrained
0.59, 0.52

Computer programs: APEX2 (Bruker, 2013), SAINT (Bruker, 2013), SHELXS97
(Sheldrick, 2008), SHELXL2013 (Sheldrick, 2015), SHELXTL (Bruker, 2013), ACD/
ChemSketch (Advanced Chemistry Development Inc., 2015) and SHELXTL (Bruker,
2013).

2.2. Data collection and refinement

cation includes both I and Cl atoms, but only iodine participates as an acceptor of electrons in halogen bonding with the
triiodide anion. The secondary question was the unusual
halogen bond between different terminal atoms of neighbouring triiodide anions, i.e. I3   I3 . We observed the rare
case of a Type II noncovalent interaction (Metrangolo &
Resnati, 2014) generated by similarly charged ions. Therefore,
we decided to use Raman spectroscopy and thermal analysis
techniques in order to study how noncovalent interactions
inﬂuence the physical properties of the studied salt.

2. Experimental
2.1. Synthesis and crystallization

The title compound was synthesized in two steps from
5-chloroquinolin-8-ol (Sigma–Aldrich). The ﬁrst step was the
routine alkylation of an aromatic phenol. Annealed potassium
carbonate (0.690 g, 5 mmol) was added to a solution of
5-chloroquinolin-8-ol (0.449 g, 2.5 mmol) in acetone (20 ml)
placed in a round-bottomed ﬂask. The mixture was heated to
323 K with stirring and a solution of allyl bromide (3.18 mmol,
1.25 equivalents) in toluene (0.35 ml, 80%) was added. The
resulting mixture was kept at 323 K for 20 h with stirring. The
precipitate was ﬁltered off and washed with acetone. The
ﬁltrate was evaporated in vacuo and the residue was dissolved
in dichloromethane and dried with anhydrous magnesium
sulfate. The resulting solution was decanted and the solvent
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The diffraction study was performed using synchrotron
radiation at the ChemMatCARS beam line (ID-15) at the
Advanced Photon Source, Argonne National Laboratory
(Argonne, IL). The data collection was carried out using a
wavelength of 0.41328 Å obtained from a diamond (111)
monochromator. The minimum exposure time of 0.3 s was not
enough to obtain all strong reﬂections without saturating the
CCD detector based on a Bruker 6000 and this led to the loss
of seven strong reﬂections.
Crystal data, data collection and structure reﬁnement
details are summarized in Table 1. The coordinates of the H
atoms were calculated and reﬁned using a riding model, with
C—H = 0.99 Å for methylene H atoms and C—H = 0.95 Å
otherwise, and with Uiso(H) = 1.2Ueq(C).
2.3. Thermal analysis and spectroscopic experiment

Thermal analysis data were recorded over the temperature
range 298–970 K using Netzsch STA F1 equipment at a
heating rate of 10 K min 1 in corundum crucibles in air.
Raman spectra were recorded on a Triplemate SPEX
spectrometer with a CCD detector (LN-1340PB) from Princeton Instruments. The 632.8 nm line of an He–Ne+ laser was
used for spectral excitation. The samples were placed in the
focal plane of a Zeiss LD Epiplan 40X/0.60 Pol objective with
a 2 mm working distance and an aperture of 0.6, which was
used for laser beam focusing and the collection of scattered
light. The diameter of the laser beam on the sample surface
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was 2 mm. The spectra were measured in a 180 backscattering
collection geometry with a Raman microscope. All measurements were performed with a spectral resolution of 2.0 cm 1.
The Raman spectra for the single crystals were analyzed with
incident light of 633 nm wavelength when the orientations of
the polarization vectors of the incident and scattered light
were collinear with the longest morphological direction of a
needle-like crystal.

3. Results and discussion
3.1. Structure analysis

In the crystal structure of (1), the interaction between the
triiodide anion and a neighboring iodine-containing dihydrooxazinoquinolinium cation is achieved through an I1  I4A
halogen bond of length 3.7386 (4) Å [Fig. 1; symmetry code:
(A) x + 12, y + 32, z + 12]. The interaction is almost linear [C12—
I1  I4A = 173.30 (6) ] between the -hole formed on extension of the C12—I1 covalent bond in the cation and the charge
concentration area in the triiodide anion.
Our special attention is drawn to the relatively rare case of
halogen bonding between the terminal atoms of neighbouring
triiodide anions, i.e. I3   I3 . The length of the I2  I4A
halogen bond between atoms belonging to similarly charged
ions is 3.7171 (4) Å, which is shorter than the I1  I4A
halogen bond, which is reinforced by opposite charges.
Note that zigzag-type chains of triiodide anions are not
uncommon (Groenewald et al., 2012) and most of them have
an angle between the subunits which is closer to a straight
angle (180 ) than to a right angle (90 ) (Miller, 2013). For
example, the I62 anion comprises two triiodide anions at an
angle of 163.0 , and the distance between the terminal I atoms
is 3.501 Å (van Megen & Reiss, 2013). The geometry of such a
mutual orientation characterizes Type I contacts (Metrangolo
& Resnati, 2014), which are not related to halogen bonds.
For the crystal structure of (1), we consider that the nature
of the I2  I4A interaction as a typical halogen bond is beyond
doubt. First, the main geometric criterion is satisﬁed, i.e. the
I3—I2  I4A angle between neighbouring triiodide anions in a
chain is 116.989 (11) . Second, the area of charge concentration on the I2 atom is directed towards the -hole, which lies
on the extension of the I3A—I4A bond of the triiodide anion.
We assume that the possibility of halogen bonding between
a pair of triiodide anions, i.e. I3   I3 , is induced by a strong
asymmetry of the bonds within the triiodide anion. Since the
I2—I3 bond length is 3.0048 (2) Å and the I3—I4 bond length
is 2.8708 (2) Å, the structure of this triiodide anion is close to
the formal structure of a diiodine molecule bound to a
monoiodide anion. Such a disproportion of the bond lengths in
the triiodide anion explains the well-known electron-donating
properties of the I2 atom and the fact that the I4 atom acts
both as an electron donor in an I1  I4A halogen bond and as
an electron acceptor in an I2  I4A halogen bond.
Note that despite the plausible participation of the Cl1 atom
in halogen bonding, this is not observed in the crystal structure
of salt (1).
Acta Cryst. (2016). C72, 341–345

Figure 1
The cation and neighbouring anions connected by halogen bonds (dashed
lines) in the crystal structure of salt (1). Displacement ellipsoids are
drawn at the 50% probability level. [Symmetry code: (A) x + 12, y + 32,
z + 12.]

The heterocyclic cations and triiodide anions form a layered
packing (Fig. 2), in which a zigzag chain of triiodide anions is
accompanied by ribbons of heterocyclic cations. This arrangement is mediated by the halogen bonds discussed above.
Within the ribbon of cations, the mirror antipodes of the dihydrooxazinoquinolinium heterocycles alternate with each
other. Their chirality is due to the planar asymmetry of the
dihydrooxazinoquinolinium cyclic system.

Figure 2
A fragment of the layered packing of (1), where the triiodide anions
accompany a chain of heterocyclic cations. [Symmetry codes: (A) x + 12,
y + 32, z + 12; (B) x 12, y + 32, z 12; (C) x 12, y + 12, z 12; (D) x + 12,
y + 12, z + 12; (E) x, y + 1, z.]
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3.2. Raman spectra

The Raman spectrum of (1) obtained from the smooth
brown single-crystal surface area shows an intense band at
149 cm 1 (Fig. 3). This band corresponds to the stretching
vibration of the I3—I4 bond in the asymmetric triiodide anion.
Such a situation is known for extremely asymmetric triiodides,
i.e. [I—I  I] (Svensson &, Kloo, 2003; Deplano et al., 1999;
Ambrosetti et al., 1991). In this case, only the band for bound
molecular iodine (I—I) appears in the Raman spectrum,
while the typical triiodide vibration bands, i.e. symmetric sym
(100–120 cm 1) and asymmetric asym (120–140 cm 1) iodine–
iodine vibrations, are not observed.
According to an empirical correlation between the observed wavenumbers and the interatomic I  I distances for
the I3—I4 bond [2.8708 (2) Å], we can expect the vibration
band to be in the range 145–150 cm 1 (Arca et al., 2006). It is
worth mentioning that the bond length in the title compound
is close to the value suggested by Arca et al. (2006), i.e.
2.86 Å, as a criterion for a the boundary between the two
types of iodine adducts, namely weak adducts of the B  I—I
type and medium–weak adducts of the B–I–I type, according
to the classiﬁcation of Deplano et al. (1999).
Some of the Raman spectra, obtained for different parts of
the single-crystal surface under similar experimental conditions, show a band at 174 cm 1 of varying intensity. This band
corresponds to the existence of a weakly bound diiodine
molecule (Svensson &, Kloo, 2003; Deplano et al., 1999;
Yushina et al., 2015). In the polarized spectrum of the single
crystal of (I), only the band at 149 cm 1 is observed, while the
band at 174 cm 1 is absent. The latter may thus be the result of
triiodide decomposition and the further appearance of the
weakly bound diiodine molecule on the surface of the
crystal.
3.3. Thermal analysis

The presence of a bound diiodine molecule usually leads to
an earlier start to the decomposition process in comparison
with corresponding triiodides (van Megen & Reiss, 2013;
Yushina et al., 2011, 2013). Such a structural feature also
causes the appearance of a separate peak for iodine loss
without decomposition of the organic cation. In our case, we
observed four stages of decomposition, according to the
derivative thermogravimetric (DTG) curve: peak I corresponds to the loss of weakly bound molecular iodine, and
peaks II, III and IV are similar to the previously observed data
for nearly symmetric triiodides with a tricyclic chalcogenazinolo(ino)quinolinium cation. Peak IV corresponds to the
oxidation of an organic cation and is highly exothermic
according to the differential scanning calorimetry (DSC)
curve.
The single crystal of (1) starts to decompose at a temperature close to the melting point of crystalline iodine; there is a
5% mass loss at 390 K. In the range 396–415 K, there is an
endothermic peak on the DSC curve (Fig. 4) coinciding with
the ﬁrst decomposition stage (peak I on the DTG curve;
Fig. 4). The temperature range of peak I is similar to the ﬁrst
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Figure 3
The low-frequency region of the Raman spectrum of salt (1).

stage of iodine loss for previously studied compounds exhibiting I3   I2 halogen bonds (Yushina et al., 2011, 2013). The
mass loss for the crystal of salt (1) at the ﬁrst stage of
decomposition is 17%, which is twice lower than the expected
value for the loss of a diiodine molecule. Thus, we can presume
either the loss of I2 from each triiodide anion or the loss of one
I atom per anion. Comparison of our results with previously
obtained data has revealed that after the loss of weakly bound
iodine there is a stability plateau between peak I and peak II
in (1) (Fig. 4), as distinct from polyiodides with an I3   I2
structure. The observed features of thermal decomposition are
in good agreement with the high asymmetry of the triiodide
anion, i.e. [I—I  I] . If we assume the loss of one I atom per
anion, then the most weakly bound I atom is I2. Note that the
band at 174 cm 1 in some Raman spectra corresponding to
weakly bound iodine can be an argument in favour of this
hypothesis.

Figure 4
The thermal decomposition of salt (1) at a heating rate of 10 K min
air.
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4. Conclusion
Analysis of the crystal structure of a new triiodide, (1), reveals
two kinds of iodine–iodine halogen bonds, namely between
the I atom of the heterocyclic cation and the triiodide anion,
which is typical for this class of compounds, and the extremely
rare case of a halogen bond between the terminal atoms of
neighbouring triiodide anions. Such nontypical halogen bonds
are due to the strong disproportion of the iodine–iodine
interactions in the triiodide anion.
A characteristic band at 149 cm 1 in the low-frequency
region of the Raman spectrum of (I) deﬁnitely shows the
existence of the asymmetric triiodide anion. Moreover, the
spectra obtained for different regions of the crystal surface
show vibrations attributed to weakly bound molecular iodine
that can be the product of decomposition processes during
sample storage.
An endothermic peak on the DSC curve in the range 396–
415 K corresponds to the ﬁrst stage of iodine loss from the
crystalline state. The thermal decomposition features of (1)
have much in common with polyiodides exhibiting I3   I2
halogen bonds due to the high asymmetry of the iodine–iodine
interactions in the triiodide anion. Raman spectroscopic data
and thermal analysis have together revealed the properties
caused by the existence of relatively weakly bound molecular
iodine. These results essentially complement the X-ray
diffraction data. Therefore, this study draws attention to
chalcogenazinolo(ino)quinolinium triiodides as stable compounds susceptible to gradual iodine release from the crystal
due to the unique partnering and combination of iodine–
iodine halogen bonds in the considered crystal structure.
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Computing details
Data collection: APEX2 (Bruker, 2013); cell refinement: SAINT (Bruker, 2013); data reduction: SAINT (Bruker, 2013);
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL2013
(Sheldrick, 2015); molecular graphics: SHELXTL (Bruker, 2013) and ACD/ChemSketch (Advanced Chemistry
Development Inc., 2015); software used to prepare material for publication: SHELXTL (Bruker, 2013).
(3E)-8-Chloro-3-iodomethylidene-2,3-dihydro-1,4-oxazino[2,3,4-ij]quinolin-4-ium triiodide
Crystal data
C12H8ClINO+·I3−
Mr = 725.24
Monoclinic, P21/n
a = 7.6227 (2) Å
b = 13.9464 (4) Å
c = 16.0161 (4) Å
β = 101.6439 (7)°
V = 1667.62 (8) Å3
Z=4

F(000) = 1296
Dx = 2.889 Mg m−3
Synchrotron radiation, λ = 0.41328 Å
Cell parameters from 9796 reflections
θ = 2.3–17.2°
µ = 1.75 mm−1
T = 100 K
Prism, brown
0.04 × 0.03 × 0.01 mm

Data collection
Bruker APEXII CCD
diffractometer
Radiation source: Advanced photon source
Diamond (111) monochromator
φ–scan
Absorption correction: multi-scan
(SADABS; Bruker, 2013)
Tmin = 0.842, Tmax = 0.955

45635 measured reflections
5066 independent reflections
4500 reflections with I > 2σ(I)
Rint = 0.048
θmax = 17.2°, θmin = 1.5°
h = −10→10
k = −19→19
l = −22→20

Refinement
Refinement on F2
Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.016
wR(F2) = 0.035
S = 1.04
5066 reflections
172 parameters
0 restraints
Primary atom site location: difference Fourier
map

Secondary atom site location: difference Fourier
map
Hydrogen site location: inferred from
neighbouring sites
H-atom parameters constrained
w = 1/[σ2(Fo2) + (0.0066P)2 + 1.3647P]
where P = (Fo2 + 2Fc2)/3
(Δ/σ)max = 0.002
Δρmax = 0.59 e Å−3
Δρmin = −0.52 e Å−3
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Special details
Experimental. The crystal was cooled to 100 (2) K using the Cryojet N2 cold stream. The data collection was performed
in φ-scan mode using steps of 0.5° and with fixed ω and χ angles.
Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry.
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)

I1
I2
I3
I4
Cl1
O1
N1
C1
H1
C2
H2
C3
H3
C4
C5
C6
H6
C7
H7
C8
C9
C10
H101
H102
C11
C12
H12

x

y

z

Uiso*/Ueq

0.66498 (2)
0.73791 (2)
0.56775 (2)
0.41517 (2)
0.31958 (7)
0.5294 (2)
0.3789 (2)
0.2998 (3)
0.2873
0.2358 (3)
0.1778
0.2567 (3)
0.2150
0.3397 (3)
0.3740 (3)
0.4558 (3)
0.4793
0.5055 (3)
0.5597
0.4766 (3)
0.3973 (3)
0.4431 (3)
0.5007
0.3154
0.4574 (3)
0.5393 (3)
0.5404

0.62361 (2)
0.93112 (2)
0.82664 (2)
0.71760 (2)
0.08762 (4)
0.31342 (10)
0.40884 (12)
0.45397 (14)
0.5217
0.40311 (15)
0.4360
0.30512 (15)
0.2705
0.25623 (14)
0.15615 (14)
0.11316 (14)
0.0462
0.16687 (14)
0.1356
0.26435 (14)
0.30951 (14)
0.40542 (14)
0.4417
0.3961
0.46079 (14)
0.54442 (14)
0.5692

0.89967 (2)
0.88024 (2)
0.72026 (2)
0.57124 (2)
0.56172 (3)
0.87713 (9)
0.72295 (11)
0.65133 (13)
0.6516
0.57665 (14)
0.5267
0.57515 (14)
0.5239
0.64956 (13)
0.65342 (13)
0.72781 (14)
0.7286
0.80322 (14)
0.8547
0.80322 (13)
0.72569 (12)
0.87812 (13)
0.9295
0.8803
0.79981 (13)
0.79424 (13)
0.7391

0.01440 (3)
0.01641 (3)
0.01462 (3)
0.01730 (4)
0.01759 (10)
0.0146 (3)
0.0122 (3)
0.0151 (4)
0.018*
0.0166 (4)
0.020*
0.0153 (4)
0.018*
0.0117 (4)
0.0138 (4)
0.0172 (4)
0.021*
0.0166 (4)
0.020*
0.0129 (4)
0.0110 (3)
0.0140 (4)
0.017*
0.017*
0.0122 (4)
0.0137 (4)
0.016*

Atomic displacement parameters (Å2)

I1
I2
I3
I4
Cl1
O1

U11

U22

U33

U12

U13

U23

0.01625 (7)
0.01699 (7)
0.01396 (6)
0.02154 (7)
0.0181 (2)
0.0193 (7)

0.01324 (6)
0.01690 (6)
0.01403 (6)
0.01424 (6)
0.0159 (2)
0.0118 (6)

0.01395 (6)
0.01509 (7)
0.01650 (7)
0.01651 (7)
0.0182 (2)
0.0118 (7)

−0.00313 (5)
0.00253 (5)
0.00317 (5)
0.00171 (5)
−0.00220 (18)
0.0022 (5)

0.00358 (5)
0.00264 (5)
0.00456 (5)
0.00477 (6)
0.00227 (19)
0.0013 (6)

−0.00033 (5)
−0.00017 (5)
0.00226 (5)
0.00024 (5)
−0.00602 (18)
0.0010 (5)
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N1
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12

0.0136 (8)
0.0169 (9)
0.0173 (10)
0.0133 (9)
0.0089 (8)
0.0131 (9)
0.0189 (10)
0.0191 (10)
0.0123 (8)
0.0102 (8)
0.0158 (9)
0.0135 (9)
0.0151 (9)

0.0117 (7)
0.0137 (8)
0.0192 (9)
0.0192 (9)
0.0133 (8)
0.0129 (8)
0.0110 (8)
0.0142 (9)
0.0126 (8)
0.0114 (8)
0.0116 (8)
0.0117 (8)
0.0128 (8)

0.0114 (8)
0.0145 (9)
0.0128 (9)
0.0135 (9)
0.0135 (9)
0.0163 (9)
0.0218 (11)
0.0161 (10)
0.0137 (9)
0.0119 (9)
0.0148 (9)
0.0112 (8)
0.0133 (9)

−0.0001 (6)
0.0020 (7)
0.0016 (8)
−0.0011 (8)
−0.0014 (7)
−0.0023 (7)
−0.0008 (7)
0.0014 (8)
−0.0008 (7)
0.0007 (7)
0.0001 (7)
0.0007 (7)
−0.0009 (7)

0.0033 (6)
0.0024 (8)
0.0017 (8)
0.0025 (8)
0.0034 (7)
0.0050 (8)
0.0040 (9)
0.0030 (8)
0.0023 (7)
0.0033 (7)
0.0040 (8)
0.0018 (7)
0.0032 (8)

0.0008 (6)
0.0026 (7)
0.0022 (8)
−0.0016 (8)
−0.0002 (7)
−0.0036 (7)
0.0012 (8)
0.0030 (7)
0.0010 (7)
0.0003 (7)
0.0000 (7)
0.0020 (7)
−0.0010 (7)

Geometric parameters (Å, º)
I1—C12
I2—I3
I3—I4
Cl1—C5
O1—C8
O1—C10
N1—C1
N1—C9
N1—C11
C1—C2
C1—H1
C2—C3
C2—H2
C3—C4

2.082 (2)
3.0048 (2)
2.8708 (2)
1.731 (2)
1.356 (2)
1.443 (2)
1.340 (3)
1.392 (2)
1.450 (3)
1.391 (3)
0.9500
1.377 (3)
0.9500
1.408 (3)

C3—H3
C4—C5
C4—C9
C5—C6
C6—C7
C6—H6
C7—C8
C7—H7
C8—C9
C10—C11
C10—H101
C10—H102
C11—C12
C12—H12

0.9500
1.419 (3)
1.420 (3)
1.367 (3)
1.407 (3)
0.9500
1.377 (3)
0.9500
1.414 (3)
1.496 (3)
0.9900
0.9900
1.334 (3)
0.9500

I4—I3—I2
C8—O1—C10
C1—N1—C9
C1—N1—C11
C9—N1—C11
N1—C1—C2
N1—C1—H1
C2—C1—H1
C3—C2—C1
C3—C2—H2
C1—C2—H2
C2—C3—C4
C2—C3—H3
C4—C3—H3
C3—C4—C5
C3—C4—C9
C5—C4—C9

176.897 (6)
113.73 (15)
121.30 (17)
121.96 (17)
116.66 (16)
121.02 (19)
119.5
119.5
119.96 (19)
120.0
120.0
119.99 (19)
120.0
120.0
124.10 (19)
118.81 (18)
117.08 (18)

C7—C6—H6
C8—C7—C6
C8—C7—H7
C6—C7—H7
O1—C8—C7
O1—C8—C9
C7—C8—C9
N1—C9—C8
N1—C9—C4
C8—C9—C4
O1—C10—C11
O1—C10—H101
C11—C10—H101
O1—C10—H102
C11—C10—H102
H101—C10—H102
C12—C11—N1

119.6
120.67 (19)
119.7
119.7
118.60 (18)
122.72 (17)
118.66 (19)
119.55 (17)
118.81 (17)
121.62 (18)
109.83 (17)
109.7
109.7
109.7
109.7
108.2
119.93 (18)
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C6—C5—C4
C6—C5—Cl1
C4—C5—Cl1
C5—C6—C7
C5—C6—H6

121.13 (19)
119.11 (16)
119.72 (16)
120.76 (19)
119.6

C12—C11—C10
N1—C11—C10
C11—C12—I1
C11—C12—H12
I1—C12—H12
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128.45 (19)
111.49 (16)
123.66 (16)
118.2
118.2
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