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ABSTRACT: Ionic liquids doped with I,, usually resulting in the
formation of polyiodide anions, are extensively used as electrolytes
and in iodination reactions. Herein, NMR spectroscopy and
single-crystal X-ray diffraction were used to rationalize the
structures of imidazolium-based polyiodide ionic liquids in the
liquid and solid states. Combined, these studies show that
extensive interactions between the imidazolium cation and the
resulting polyiodide anion are present, which have the net effect of
lengthening, polarizing, and weakening the I-I bonds in the
anion. This bond weakening rationalizes the high conductivity and
reactivity of ionic liquids doped with I,.

B INTRODUCTION

Polyiodide salts comprise a structurally diverse series of
materials,"” in which [I,]” is the simplest and most common
congener. The intrinsic weakness of the I-I bond (in elemental
iodine the bond dissociation energy is 36 kcal/mol) leads to the
facile dissociation of polyiodide species into smaller fragments,
that is, I” and I,, and, in this respect, polyiodides may be
considered as adducts of I” with various ratios of I,. Many
different polyiodides of general formula [L,,,;]” have been
reported, and to the best of our knowledge [I,0]” is the largest
polyiodide characterized to date.””

In the solid state, polyiodides are stabilized by a wide range
of structurally diverse counter-cations including metal-based, ™
ammonium, phosphonium,”” bipyridinium,® and sulfonium
cations.” However, the properties of polyiodides in the solid
state have not been systematically studied, despite polyiodides
in the liquid/solution states exhibiting interesting properties
leading to their application in electronic devices,'” batteries,' ">
optical devices,'”"* and dye-sensitized solar cells.">"°

In addition, ionic liquid—polyiodide systems have been
applied as iodination reagents/solvents in organic syn-
thesis,'’~*° with the reaction rate dependent on the nature of
the ionic liquid anion.”’ Todide-containing ionic liquids have
also been used to remove and store radioactive iodine with
interactions between iodide and the iodine believed to
contribute to the efficiency of the ionic liquid used in this
application.”” Imidazolium iodide ionic liquids with added L,
notably mixtures of 1-propyl-3-methylimidazolium iodide,
[pmim]I, with I,, have been frequently used as redox pairs in
dye-sensitized solar cells,''” and it was proposed that the
Grotthuss mechanism could be responsible for the increased
conductivity of the polyiodide species.”* A recent study
indicated that the Grotthuss mechanism is a significant
contributor to the conductivity of these types of systems and
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provided new insights into ion pairing processes and the
formation of polyiodide species.”””*

Despite these studies the nature of polyiodides/I, in ionic
liquids, with respect to structure and bonding, remains poorly
understood. A large number of solid-state structures containing
polyiodides with different cations have been reported,” but to
the best of our knowledge there is only one example involving
an imidazolium cation, namely, a 1:1 adduct of the zwitterion
1,3-bis(carboxymethyl)imidazolium with 1,3-bis-
(carboxymethyl)imidazolium triiodide.”® Gas-phase studies,
however, indicate that many different polyiodides exist, up to
[I;;]” in combination with the 1-propyl-3-methylimidazolium
cation.”™”

Herein, we describe an investigation of the effect of I,
addition to a series of imidazolium salts. The stepwise
formation of polyiodides is revealed, and the spectroscopic
signatures and solid-state structures of the resulting materials
are determined.

B RESULTS AND DISCUSSION

The ionic liquids used in this study are shown in Fi%ure 1
Initial spectroscopic studies employed [pmim]L,>"*" the
benchmark ionic liquid used as an electrolyte in solvent-free
dye-sensitized solar cells with added I, to generate the I"/I;~
redox pair.'”'® The 'H NMR spectrum of [pmim]I in
deuterated solvents has been reported previously,””*" but as
far as we are aware, NMR spectra of the this ionic liquid in pure
form, that is, not dissolved in a deuterated molecular solvent,
have not been reported. Note that NMR spectroscopy has been
extensively used to study ionic liquids;g’I however, there are
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Figure 1. Structures of the ionic liquids employed in the study. [pmim]*
1-ethyl-3-ethylimidazolium; [omim]* = 1-octyl-3-methylimidazolium; [veim]* = 1-vinyl-3-ethylimidazolium; [dmim]*

[emim]*
dimethylimidazolium.

= 1-propyl-3-methyl imidazolium; [bmim]* = 1-butyl-3-methylimidazolium;
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Figure 2. Structure of the [pmim]* cation with atom numbering scheme and '"H NMR spectra of [pmim]I with added I, in the range of —0.5—10.0

comparatively few NMR studies of neat room-temperature
ionic liquids.*>**

The 'H NMR spectrum of neat [pmim]I is significantly
different than the spectrum of [pmim]I dissolved in CDCl. For
example, in CDCl; the signal for terminal aliphatic —CHj,
group in the propyl substituent is observed at ca. 0.89—0.95
ppm,”**> whereas in the neat ionic liquid the same peak is
observed at 028 ppm.””*° As expected, the addition of
elemental I, to [pmim]I alters the "H NMR spectrum (Figure
2), presumably since the stepwise addition of I, to [pmim]I

affords polyiodide species of formula [pmim][L,,,,] (n=1,2, 3,

etc.).”>**? As the amount of added I, increases the peak
corresponding to the acidic proton in position 2 of the
imidazolium ring changes dramatically, shifting to lower
frequency, that is, from 9.19 to 6.82 ppm.

The magnitude of the shielding depends on the molar ratio
of [pmim]I/1,, which changes rapidly until reaching a ratio of
1:4 (6.94 ppm), after which further addition of elemental iodine
results in only small changes to the 'H NMR spectrum. At a
molar ratio of [pmim]I/1, of 1:10 the 2-H signal is observed at
6.82 ppm (elemental iodine crystals are also observed), and the
signals corresponding to the protons at positions 4 and 5 of the

10505 DOI: 10.1021/acs.inorgchem.5b02021

Inorg. Chem. 2015, 54, 10504—10512


http://dx.doi.org/10.1021/acs.inorgchem.5b02021

Inorganic Chemistry

2
931 A~ _°
NT+INT
4 5 Br -0.31 ppm

7.00 ppm
[pmim]Br:1,=1:4 _/\_JL—‘J\/L—N\
[pmim]Br:1,=1:3 J\_JL J\/L M
[pmim]Br:1,=1:2 J\/L J\_JL
M

[Pmim]Br:1,=1:1

9.65ppm 54 Gﬂ 7 0.42 ppm
[pmim]Br _ )2 M N J L_

100 95 90 85 80 75 70 65 60 55 50 (4.5 )4.0 35 30 25 20 15 10 05 0.0 -05
ppm

Figure 3. Structure of the [pmim]* cation with atom numbering scheme and "H NMR spectra of [pmim]Br with added I, in the range of —0.5—10.0
ppm.
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Figure 4. Structure of the [emim]* cation with atom numbering scheme and "H NMR spectra of [emim][BF,] with added I, in the range of —0.5—
10.0 ppm.
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imidazolium cation coalesce. The magnitude of the shielding of
the protons in the imidazolium ring is not unexpected and is
presumably due to H-bonding interactions between the acidic
ring protons, and the polyiodide anion—similar effects have
been observed for interactions with solvents®* ™" and the ionic
liquid anion (in neat ionic liquids).*”*"

The peaks corresponding to the aliphatic hydrogen atoms in
the side chains also move to lower frequencies as the molar
ratio of [pmim]1/1, increases. In [pmim]I the chemical shift of
the —CHj; group in the propyl chain is observed at 0.29 ppm in
the pure liquid and at —0.42 ppm in the ionic liquid saturated
with I, (Figure 2, top). This change (A = 1.3 ppm) is
considerably greater than that observed in organic solvents,
typically A < 0.05 ppm.’"’? Changes to the peaks
corresponding to the ring C atoms in the *C NMR spectra
undergo only minor changes as the [pmim]I/I, ratio changes,
and the signals corresponding to the aliphatic carbon atoms are
not observed to change (Figure S1).

1-Butyl-3-methylimidazolium iodide, [bmim]J, is also liquid
at room temperature””** and was studied similarly to [pmim]I,
with similar changes in the 'H NMR spectra observed. In a
saturated solution of elemental iodine in [bmim]I the signals
corresponding to the imidazolium ring protons are observed at
lower frequencies than those in the pure liquid, Ady = 2.08
ppm for the most acidic 2-H.

Analysis of X-ray crystal structures of salts containing
polyiodide anions reveals, in many cases, a “channel inclusion
feature”; that is, the cations are organized in channels encased
in polyiodide (1,7, I;~, or L,7) layers.” If such a structure were
to persist in the liquid phase it would account for the strong
shielding of the protons of the cation in the "H NMR spectrum.
Indeed, channel inclusion feature-type structures were estab-
lished in the solid state for some of the ionic liquids studied
herein (see below).

1-Propyl-3-methylimidazolium bromide, [pmim]Br, is also
liquid at room temperature,** and the stepwise addition of I, to
this ionic liquid led to similar spectroscopic changes to those
described above. In pure [pmim]Br the peak corresponding to
2-H of the imidazolium is observed at 9.65 ppm, and at a molar
ratio of [pmim]Br/I, of 1:4 the corresponding peak is observed
at 7.0 ppm (A = 2.65 ppm, which is greater than that observed
for [pmim]I/I, at about the same molar ratio, A = 2.25 ppm).
The peak attributable to the —CHj group in the propyl chain
changes from 042 ppm in [pmim]Br to —0.31 ppm in
[pmim]Br/L,, 1:4 ratio (Figure 3).”

The chloride-based ionic liquid 1-octyl-3-methylimidazolium
chloride, [omim]Cl, represents a rare example of an
imidazolium chloride that is liquid at room temperature,*”
albeit a highly viscous wax-like one, but nevertheless is
amenable to study by 'H NMR spectroscopy (Figure S2).
Addition of elemental I, to [omim]Cl noticeably decreases the
viscosity of the solution. In a saturated solution a shift toward
lower frequencies of the signals corresponding to the
imidazolium ring proton is observed, with Ady for the 2-H
proton being ca. 2 ppm.

Elemental I, was also added to ionic liquids composed of
nonhalide anions, that is, bis(trifluoromethylsulfonyl)imide
[TE,N]™, hexafluorophosphate [PF]~, and tetrafluoroborate
[BF,]™. L, is poorly soluble in [pmim][Tf,N] and [bmim]-
[PFy], and the frequencies at which the imidazolium ring
protons are observed in the '"H NMR spectra hardly change
(Figures S3 and S4). In contrast, I, readily dissolves in 1-ethyl-
3-methylimidazolium tetrafluoroborate, [emim][BF,], up to 2

equivalents of I,, and large changes were observed in the 'H
NMR spectra for all the protons of the imidazolium cation as
the [bmim][BF,]/I, ratio increases (Figure 4). In pure
[emim][BF,] the peak corresponding to 2-proton of the
imidazolium is observed at 8.96 ppm, and at a molar ratio of
[emim][BF,]/I, of 1:2 the corresponding peak is observed at
6.88 ppm (A = 2.08 ppm). The peak attributable to the —CH,
group in the propyl chain changes from 1.17 ppm in
[emim][BF,] to —0.01 ppm in [emim][BF,]/1,, in a 1:2 ratio.

The differences in the solubility of I, in [pmim][Tf,N] and
[bmim][PF] compared to [emim][BF,] may be attributed to
the differences in charge delocalization in the anion,**° a key
factor that governs the properties of the ionic liquids.””** The
negative charge in [BF,] is less delocalized than in [PF¢]™ and
[TE,N]™, giving rise to stronger F--I interactions. Similar
observations have been reported for BF; dissolved in
[emim][BF,].*” The [BF,]™ anion in [emim][BE,] is able to
polarize I, via the formation of F---I interactions (Scheme 1), as

Scheme 1. Proposed Interaction of I, with the BF,” Anion

- )
ByrF—i

indicated from a comparison of the '’F NMR spectra of pure
[emim][BF,] and [emim][BF,]/I, with a molar ratio of 1:1.
The "’F NMR spectrum of [emim][BF,] displays a singlet at
—150.2 ppm, whereas the spectrum of 1:1 molar ratio of
[emim][BF,]/1, contains two signals at —148.6 and —151.9
ppm, with approximately equal intensities (Figure 4), indicative
of a strong interaction between the [BF,]™ anion and iodine
(Scheme 1). At a 1:2 molar ratio of [Bmim][BF,]/I, the °F
NMR spectrum does not change much; the main difference is
that the intensity of the signal at —148.6 ppm increases relative
to the one at —151.9 ppm.

As mentioned above, ionic liquid—I, mixtures are used in
iodination reactions,'’ > and our findings help to rationalize
the high catalytic activity of these systems including the
observed anion effects, that is, ionic liquids with anions that
have a more localized charge polarize iodine, which activates it
and leads to high reactivity in iodination reactions. In addition
these anions, [BF,]”, favor iodine solubility, which is
advantageous in the removal of radioactive iodine.”

Solid-State Studies. Structural features of certain poly-
iodide systems described herein were ascertained by X-ray
diffraction analysis from crystals grown by in situ crystallization
of the ionic liquid—I, mixture at low temperature (see
Experimental).”® Crystals were obtained with the [emim]*
and 1-vinyl-3-ethylimidazolium, [veim]’,”" cations. Addition
of I, to [emim]I or [veim]I in a 1:1 molar ratio followed by
mild heating at 60 °C and slow cooling to room temperature
leads to the formation of black crystals of formula [emim][L;]
and [veim][L;], respectively (Figure S). Crystals comprising
these cations suitable for X-ray diffraction analysis could not be
obtained with higher molar ratios of I,.

Although numerous crystal structures containing polyiodide
anions have been reported”*>*” to the best of our knowledge
the structures of [emim][I;] and [veim][I;] represent the first
polyiodides with simple imidazolium cations. A 1:1 adduct of
the zwitterion 1,3-bis(carboxymethyl)imidazolium and 1,3-
bis(carboxymethyl)imidazolium triiodide is known in which
the [I;]” anion forms a linear structure (with a 180° I-I-I

DOI: 10.1021/acs.inorgchem.5b02021
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Figure S. (upper) ORTEP representation of the structure of
[emim][L;] (selected bond lengths (A) and angles (deg): N(1)—
C(1) 1.341(4), N(2)—C(1) 1.328(4), C(2)—C(3) 1.350(4), C(4)—
C(5) 1.517(4), 1(1)-1(2) 2.9208(3), 1(2)-1(3) 2.9501(3), N(2)—
C(1)-N(1) 108.6(3), 1(1)-1(2)—1(3) 177.195(9). (lower) ORTEP
representation of the structure of [veim][I;] (selected bond lengths
(A) and angles (deg): N(1)—C(1) 1.328(15), N(1)—C(4) 1.499(16),
C(2)—-C(3) 1.357(18), C(4)—C(5) 1.50(2), C(6)—C(7) 1.331(18),
I(1)-1(2) 2.8854(16), I(2)—I(3) 2.9625(16), N(1)—C(1)-N(2)
108.4(10), 1(1)—1(2)-1(3) 176.89(3).

angle) and is stabilized by the carboxyl groups (the I-1I distance
is 2.9192(6) A).”> In crystalline polyiodide species the iodide
(1], triiodide [I;], and I, represent basic units for the

construction of more complicated oligomeric polyiodide
species.” The triiodide anion can be symmetrical or unsym-
metrical and linear or bent depending the nature of the cation.

The bond parameters within the cation in [emim][];] are
similar to those observed in [emim]I,>* although the length of
the C2—C3 bond in [emim][l;] is slightly longer than the
corresponding bond in [emim]I (1.350(4) vs 1.322(7) A).>*
The triiodide anion in [emim][I;] is both unsymmetrical (11—
12 = 2.9208(3) A and 12-13 = 2.9501(3) A, (2.715(1) A for
L,)>° and slightly bent (I1-12—13 = 177.195(9)° Figure 5,
upper). The structure of the triiodide anion in [veim][L;] is
somewhat more distorted than that of [emim][I;] (I1-12 =
2.885(2), I2—13 = 2.963(2), [1-12—13 = 176.89(3)°; Figure S,
lower). The I-I bond lengths observed in [emim][I;] and
[veim][I;] are typical of those found in other structures
containing the [I;]™ anion, which in some cases can be as long
as 42 A"

In the crystal of [emim][I;] the triiodide anion form chains
through the terminal I1 and I3 atoms with I---I distances of
3.96 A (Figure 6). All three iodine atoms in the anion are
involved in hydrogen bonds with almost all the hydrogen atoms
of the cation, corroborating the NMR spectra described above
which show all the protons are effected by the polyiodide
anions. Of note, the central iodide atom, I3 forms the shortest
hydrogen bonds with the hydrogen atoms from the ring (I3"—
H3 = 3.12 A (Figure 6). The anion also forms weak I-z
interactions (I1'—z = 3.86 A), which presumably contribute to
the changes observed in the NMR spectra.

The crystal of [veim][I;] contains a hydrogen bond network
similar to the one present in [emim][I;] (Figure 7), with
hydrogen bonds between the anion and the imidazolium ring
protons ranging from 3.03 (I12°~H1) to 3.08 A (12"—H3), and
those with the hydrogen atoms in the side chain ranging from
322 A (11"-H5C) to 3.24 A (I1°~H4B). In the [veim][L,]

Figure 6. Packing network in [emim][I;] showing the C—H---I hydrogen bonding interactions. Symmetry codes: (i) 1 —x, 1 —y, 1 — z; (i) x, —1 +

¥, —1+z (iii) 2, y, —1+z (iv) x, 1 +y z
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Figure 7. Packing in the network of the [veim][I;] crystal showing the
C—H:~I hydrogen bonding and I-r interactions. Symmetry codes: (i)
L+xyz (1) —x 1 —y —z (i) 1 +x,9 1 +z (iv) —x, —y, —z.

crystal one of the terminal iodine atoms is not involved in
hydrogen bonding, and there are no I---I interactions between
the anions. The imidazolium ring forms weak I—7z interactions
with the anion (I3'-z = 3.81 A). Both hydrogen bonding and 7
interactions are extremely common in imidazolium-based ionic
liquids and have been studied in detail.***°~*

In an effort to crystallize higher polyiodide species, [dmim]I
(dmim = the 1,3—dimethylimidazolium),59’60 a solid at room
temperature, was reacted with I, in molar ratios ranging from
1:1 to 1:5. Crystals amenable to X-ray diffraction analysis were
obtained from the 1:3 system containing the higher polyiodide
[I,]™ anion.

The asymmetric unit of [dmim][I,] (Figure 8, left) contains
two types of symmetrical [I;]” anion structures each differing
only slightly. Each [I,]” anion is composed of a symmetrical
linear [I;] subunit and two [I,] subunits, and, hence, the
structure can be described as [I;]72[1,] type.”’ The I-I
distances in the [I—I—I] subunits (I1-I2 = 2.9196(10) and 13—
14 = 2.9276(9) A) are typical of symmetrical [I,]~ anions.” The

I-I distances in the [I,] subunits (I5—16 = 2.7416(11) and I7—
18 = 2.7367(11) A) are close in value to that found in elemental
iodine.>® The [I=I—I] subunits interact with the [I,] subunits
via weak I---I bonds (12—17 = 3.228 (12—17) and 14—15 = 3.214
A), forming a Z-type [I,]” structure (Figure 8, right). The
building block of the Z-type [I,]™ anion interacts with other
anions via weak I-I bonds forming extended zigzag 3-
dimensional structures with the I--I distances ranging from
4.02 to 4.29 A (Figure 9).

Figure 9. Packing of the [I,]” anion showing the I---I interactions.
Symmetry codes: (i) 1 +x,y, 1 +z; (ii) 1 +x, 1/2 — y, 1/2 + z; (iii) 1
—x 12+, 12—z ()1 —x1-—y, -z (v) 1 —x, -y, —z.

Inspection of the crystal packing in [dmim][I;] reveals that
the cations are distributed in channels inside a polyiodide
network, that is, a “channel inclusion feature,”** encasing an
imidazolium cation (Figure 10). The spacefill view shows that
the cavities are filled by the cations forming a compact

2.9196(10) A

29276(9) A
4
I-I-1 subunit IS8} subunij
3214 A
5
[L] subunit 27416(11) A——, [[1,] subunit
16

Figure 8. ORTEP representation of the structure of [dmim][I,] (left) and the two symmetrical [I,]” anion structures created by symmetry
operation (right). Selected bond lengths (A) and angles (deg): N(1)—C(1) 1.345(12), N(2)—C(1) 1.341(12), C(2)—C(3) 1.34(3), I(1)-1(2)
2.9196(10), I(3)—1(4) 2.9276(9), 1(5)—1(6) 2.7416(11), 1(7)—1(8) 2.7367(11), N(2)—C(1)—N(1) 109.8(10), 1(2)—I(1)—I(2A)#1 180.0, I(4)#2—

1(3)-1(4A) 180.0.
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Figure 10. Packing in [dmim][I,] showing the cations distributed in channels surrounded by the anionic polyiodide network (left) and a spacefill
view of the packing (right).

Table 1. Crystal Data and Structure Refinement for [emim][L;], [vmim][I;], and [dmim][I,]

compound [Emim][1;] [Vmim][1,] [Dmim][1,]
chemical formula C¢H; LN, C,H, 1N, C H,LN,
FW (g mol™) 491.87 503.88 985.44
temperature (K) 100(2) 100(2) 140(2)
wavelength (A) 0.71073 0.71073 0.71073
crystal system triclinic triclinic orthorhombic
space group PT PT Pbca

unit cell dimensions

a (&) 7.7818(8) 7.3285(14) 18.508(4)

b (A) 9.6471(6) 9.6040(13) 14.610(3)

¢ (A) 9.7496(8) 9.831(4) 13.627(3)

a (deg) 117.253(4) 99.57(2) 90

B (deg) 91.954(7) 100.46(2) 90

7 (deg) 107.325(6) 98.957(17) 90

V (A3) 608.49(9) A3 658.5(3) 3684.8(13)
V4 2 2 8

Dyea (g em®) 2.685 2.541 3.553

u (mm™) 7.660 7.081 11.770
F(000) 440 452 3392

crystal size (mm?) 0.47 X 0.44 X 025 0.405 X 0270 X 0212 036 X 028 X 025
O range for data collection (deg) 3.04 to 27.50 3.364 to 27.490 2.32 to 30.01
index ranges

h -10/10 -9/9 -25/26

k -12/12 -12/12 -19/19

1 —-12/12 —-12/12 -19/19
measd. reflns. 9205 14021 9919
independent reflns 2776 [R(int) = 0.0225] 3021 [R(int) = 0.0440] 5234 [R(int) = 0.0455]
completeness (%) 99.10 99.50 97.30

absorption correction
max. and min transmission
refinement method

data/restraints/parameters

semiempirical from equivalents
0.7456 and 0.4242

full-matrix least-squares on F*
2776/0/103

semiempirical from equivalents
1.0000 and 0.4261

full-matrix least-squares on F*
3021/0/111

semiempirical from equivalents
0.30 and 0.20

full-matrix least-squares on F*
5234/0/133

GOF? 1212 1.182 1155

RI“ [I > 20(I)] 0.0203 0.0783 0.0775
wR2Y 0.0440 0.2278 0.2101
RI1“ (all data) 0.0239 0.0892 0.0913
wR2? 0.0451 0.2379 0.2556

largest diff. peak and hole (A7)

0.683 and —0.720 e

10510

5.163 and —1.330 e

3.356 and —4.788 e

“R, = Y| = IE|l/SIF,), wR, = {3 [w(F,2 = F.2)?]/ X [w(F,2)*]}"/% *GOF = {3.[w(F,> — F2)*]/n — p}'/> where n is the number of data and p is
the number of parameters refined.
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structure. From the NMR spectroscopic studies it is not
unreasonable to assume that similar motifs, albeit less rigid,
exist in [pmim][1]/I, systems and related mixtures. In DSSCs
and iodination reactions elemental iodine is often applied in
large excess (up to a S molar ratio),"*'® where the polyiodide
anions shield the hydrogen atoms in the cation and,
simultaneously, weaken and polarize the I-I bond, facilitating
a Grotthuss bond-exchange process™”** and accounting for the
high conductivity in [pmim][I]/1, mixtures””** and enhanced
reactivities in iodination reactions.

B CONCLUDING REMARKS

Ionic liquids, typically based on imidazolium cations, doped
with I, have a wide and diverse range of applications. Herein,
we studied the systematic addition of I, to different
imidazolium-based ionic liquids by NMR spectroscopy showing
that the extent of shielding of the protons of the imidazolium
cation increases with the size of the polyiodide anion generated.
Several polyiodide salts were studied in the solid state revealing
extensive C—H:--I—I-I and 7---I-I interactions that rationalize
the changes observed in the NMR spectra of the cations.
Overall, these interactions lengthen, polarize, and apparently
weaken the I-I bonds. These features are consistent with the
significant increase in the conductivity of polyiodide systems
and the high reactivity of I,-doped (polyiodide) ionic liquids in

iodination reactions.

B EXPERIMENTAL SECTION

The ionic liquids [pmim]I, [bmim]I, [bmim][PF,], and [Emim[BF,]
were purchased from Iolitec AG, Germany, and [pmim][Tf,N],°*
[pmim]Br,** [omim]Cl** [veim]L>" and [dmim]I** were prepared
according to literature protocols. All ionic liquids were dried under
vacuum for 3 d at 100 °C prior to use. Elemental iodine was purchased
from Aldrich.

'H, *C and "F NMR Spectroscopic Studies. All ‘H (400.13
MHz) and C (100.62 MHz) NMR spectra were recorded on a
Bruker Avance II 400 spectrometer at 298 K using a sealed CyDq
capillary for locking. The '"F NMR spectra were recorded using
capillary sealed with D,O saturated with NaBF, Typically, the ionic
liquid (ca. 0.5 mL) was introduced into a dry S mm NMR tube placed
in a Schlenk tube under nitrogen at room temperature. The required
amount of elemental iodine was added. The resulting mixture was
ultrasonicated for 3 min prior to analysis.

Structure Determination in the Solid State. Single crystals of
[emim][L;], [veim][L;], and [dmim][I,] were obtained by slowly
cooling the liquid from 60 to —20 °C over a period of 24 h. Diffraction
data (except [dmim][I,]) were measured at low temperature [100(2)
K] using Mo Ka radiation on a Bruker APEX II CCD diffractometer
equipped with a k-geometry goniometer. The data sets were reduced
by EvalCCD® and then corrected for absorption.”* The data
collection of [dmim][I,] was collected at low temperature [140(2)
K] using Mo Ka radiation on a mar345dtb system in combination with
a Genix Hi-Flux small focus generator (maruX system). Data
reduction was performed using automar.’®> The solutions and
refinements were performed with SHELX.®® The crystal structures
were refined using full-matrix least-squares based on F* with all non-
hydrogen atoms anisotropically defined. Hydrogen atoms were placed
in calculated positions by means of the riding model. Details of crystal
data and structure refinement for [emim][L;], [vmim][L;], and
[dmim][I,] are provided in Table 1.
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