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The structures of three long alkyl chain imidazolium chloride salts have been determined
by X-ray diffraction; one of the salts was isolated as two polymorphs. These compounds consist
of regions containing interdigitated linear alkyl chains alternating with regions containing
imidazolium headgroups, chloride ions, and solvent. The arrangement of the cation headgroup
and the alkyl chain is strongly dependent on the thermal history of the salt and whether
the C(2) position on the imidazolium ring is methylated or protiated. Structures are found
where the headgroups within the same crystal are in different environments leading to a
double bilayer structure which collapses on heating.

Introduction

Various ionic liquids, i.e., liquids comprising exclu-
sively ions, particularly those based on imidazolium
cations such as 1-alkyl-3-methylimidazolium, [Cn-
mim]+, and 1-alkyl-2,3-dimethylimidazolium, [Cn-dmim]+,
have been extensively investigated over the last several
years. Their properties have led to the use of ionic
liquids as environmentally benign solvents for applica-
tions in “green chemistry”.1-3 Furthermore, there is
considerable interest in the structural features of ionic-
liquid-crystals,4 for example, as oriented solvents which
can impart selectivity in reactions by ordering reac-
tants,5 as templates for the synthesis of mesoporous and
zeolitic materials,6,7 and in the formation of ordered thin
films.8,9

Although both the field and phenomenon of room-
temperature ionic liquids are now well established,
much fundamental work remains to be done in fulfilling
the potential of these fluids as “designer solvents”.
Various ionic liquids have undergone extensive inves-

tigation in a myriad of settings over the last several
years,10 particularly those based on imidazolium cations
such as 1-alkyl-3-methylimidazolium,11 [Cn-mim]+, and
1-alkyl-2,3-dimethylimidazolium,12 [Cn-dmim]+, Figure
1. These liquids are typically made from imidazolium
halides and it is, therefore, somewhat surprising that
knowledge of the structural behavior of these inter-
mediates (especially for alkyl chain lengths n g 6) is
limited. Previously reported crystal structures include
only cations with shorter chain lengths, e.g. [C2-mim]X
(X ) Cl,13 Br,14 I15), [Cn-dmim]Cl16,17 (n ) 2, 3), [C3-

* To whom correspondence should be addressed. Phone: +44 28
9027 4592. Fax: +44 28 9038 2117. E-mail: c.hardacre@qub.ac.uk.

† The QUILL Centre, Queen’s University of Belfast.
‡ The School of Chemistry, Queen’s University of Belfast.
§ CCLRC Daresbury Laboratory.
| Current address: Cytec Canada Inc., P.O. Box 240, Niagara Falls,

Ontario, L2E 6T4, Canada.
(1) Holbrey, J. D.; Seddon, K. R. Clean Prod. Proc. 1999, 1, 233.
(2) Welton, T. Chem. Rev. 1999, 99, 2071.
(3) Keim, W.; Wasserscheid, P. Angew. Chem., Int. Ed. 2000, 39,

3772.
(4) Abdallah, D. J.; Robertson, A.; Hsu, H.-F.; Weiss, R. G. J. Am.

Chem. Soc. 2000, 122, 3053.
(5) Weiss, R. G. Tetrahedron 1988, 44, 3413.
(6) Jervis, H.; Raimondi, M. E.; Raja, R.; Maschmeyer, T.; Seddon,

J. M.; Bruce, D. W. J. Chem. Soc., Chem. Commun. 1999, 2031.
(7) Bradley, A. E. The Synthesis of Mesoporous Materials Using

Novel Templates; Ph.D. Thesis, The Queen’s University of Belfast,
School of Chemistry, 1999.

(8) Yollner, K.; Popovitz-Biro, R.; Lahau, M.; Milstein, D. Science
1997, 728, 2110.

(9) Carmichael, A. J.; Hardacre, C.; Holbrey, J. D.; Nieuwenhuyzen,
M.; Seddon, K. R. Mol. Phys. 2001, 99, 795.

(10) (a) Zhao, D.; Wu, M.; Kou, Y.; Min, E. Catal. Today 2002, 2654,
1. (b) Sheldon, R. J. Chem. Soc., Chem. Commun. 2001, 2399. (c)
Vygodskii, Y. S.; Lozinskaya, E. I.; Shaplov, A. S. Polym. Sci. Ser. C
2001, 34, 236. (d) Dupont, J.; Consorti, C. S.; Spencer, J. J. Braz. Chem.
Soc. 2000, 11, 337. (e) Seddon, K. R. J. Chem. Technol. Biotechnol.
1997, 68, 351.

(11) For recent examples, see (a) Huddleston, J. G.; Visser, A. E.;
Reichert, W. M.; Willauer, H. D.; Broker, G. A.; Rogers, R. D. Green
Chem. 2001, 3, 156. (b) Seddon, K. R.; Stark, A.; Torres, M.-J. Pure
Appl. Chem. 2000, 72, 2275. (c) Earle, M. J.; McCormac, P. B.; Seddon,
K. R. Green Chem. 2000, 2, 261.

(12) Ngo, H. L.; LeCompte, K.; Hargens, L.; McEwen, A. B.
Thermochim. Acta 2000, 357, 97.

(13) Dymek, C. J., Jr.; Grossie, D. A.; Fratini, A. V.; Adams, W. W.
J. Mol. Struct. 1989, 213, 25.

(14) Elaiwi, A. E. PhD. Thesis, University of Sussex, U.K., 1994.
(15) Abdul-Sada, A. K.; Greenway, A. M.; Hitchcock, P. B.; Mo-

hammed, T. J.; Seddon, K. R.; Zora, J. A. J. Chem. Soc., Chem.
Commun. 1986, 1753.

(16) Abdul-Sada, A. K.; Al-Juaı̈d, S.; Greenway, A. M.; Hitchcock,
P. B.; Howells, M. J.; Seddon, K. R.; Welton, T. Struct. Chem. 1990, 1,
391.

(17) Scordilis-Kelley, C.; Robinson, K. D.; Belmore, K. A.; Atwood,
J. L.; Carlin, R. T. J. Crystallogr. Spectrosc. Res. 1993, 23, 601.

Figure 1. General structure of the cations studied: [Cn-
mim]X (n ) 14 or 18) and [Cn-dmim]X (n ) 18).
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dmim]Br,14 and [C4-mim]Cl.14 Published structures
containing imidazolium cations with chain lengths n g
6 are limited to two hexafluorophosphate salts, [C12-
mim][PF6]18 and [C14-mim][PF6],19 and one nitrate salt
[C14-Him][NO3] (C14-Him ) tetradecylimidazolium).20

This overall paucity of information is particularly
significant in view of observed trends in melting point
with respect to alkyl chain length for [Cn-mim]Cl11b,21,22

and [Cn-dmim]Cl12,23 (n ) 2-18); minima occur around
n ) 7-8 in both cases, suggesting that the solid-state
structures of short- and long-chain salts differ signifi-
cantly.

We recently showed that in the [Cn-mim]+ (n ) 12-
18) chlorides and bromides, a peak in the SAXS data is
found at low angles (approximately 1-2° 2θ).24 The low-
angle peak is consistent with a d spacing of 50-60 Å
which was attributed to a double bilayer structure.
However, on cooling from the isotropic liquid, a peak is
observed corresponding to a d spacing of 25-31 Å. In
our original paper24 two alternative structural models
were proposed to explain the large change in periodicity,
either a double bilayer structure with interdigitated

alkyl chains or an extended bilayer in which the alkyl
chains are not interdigitated but packed end-to-end,
shown schematically in Figure 2. The double bilayer
model relies on differing conformations of the head-
groups in alternating layers. Crystal packing allows the
two conformers to be present in the unannealed form,
whereas following annealing only the lowest energy
species crystallizes resulting in a single conformation.
In these materials, the annealed salts also showed
significantly lower transition temperatures (and melting
enthalpy) compared with their respective unannealed
materials, indicating that there is significant structural
stabilization derived from hydrogen-bonding with water
in these systems.

To examine the postulated double bilayer model and
the possible structural stabilization derived from hy-
drogen bonding between the Cl- anions and water
molecule we have obtained single-crystal data on the
[C18-mim]Cl‚H2O (1), [C18-dmim]Cl‚H2O‚CHCl3 (2), and
two polymorphs of [C14-mim]Cl‚H2O (3-I) and (3-II).

Experimental Section

The preparation of 1-alkyl-3-methylimidazolium chlorides
via the reaction of methylimidazole with a slight excess of
1-chloroalkane has been described elsewhere.24 The “C(2)
protected” 1,2-dimethyl-3-alkylimidazolium chlorides, wherein
the most acidic proton of imidazolium is replaced by a methyl
group, was synthesized similarly via the reaction of 1-chloro-
alkanes with 1,2-dimethylimidazole. Crystals of [C18-mim]Cl‚
H2O suitable for study by single-crystal X-ray diffraction were
produced by dissolving the bulk material in 1,2-dichloroethane
followed by slow evaporation of the solvent at room temper-
ature. Crystals of [C18-dmim]Cl‚H2O‚CHCl3 suitable for study
by single-crystal X-ray diffraction were produced by dissolving
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Figure 2. Schematic of the melting of the double and extended bilayer structures in the crystalline phase of, for example, [C14-
mim]Cl to the mesophase and subsequent recrystallization from the melt. Reproduced with permission from ref 24. Copyright
2002 American Chemical Society.
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the bulk material in a mixture of toluene and CHCl3 and
storing the mixture at 4 °C for 30 d. Recrystallization of [C14-
mim]Cl from hot ethyl acetate provided crystals of 3-I for X-ray
diffraction studies. 3-II was crystallized from 1,2-dichoro-
ethane held at 50 °C for 48 h.

Experiment and crystal details are listed in Table 1. Data
for 1 were collected on a Bruker SMART diffractometer at the
SRS, Daresbury, U.K. on beamline 9.8.25 Data for 2 were
collected on a Siemens P4 diffractometer using the XSCANS
software with omega scans. Data for 3-I and 3-II were collected
on a Bruker SMART diffractometer using the SAINT-NT
software. For 1, 3-I, and 3-II, the crystal was mounted onto
the diffractometer at low temperature under nitrogen at ca.
153 K. For 2 the sample was mounted onto the diffractometer
at room temperature. The structures were solved using direct
methods with the SHELXTL program package. The non-
hydrogen atoms were refined with anisotropic thermal pa-
rameters. Hydrogen-atom positions were added at idealized
positions with a riding model and fixed thermal parameters
(Uij ) 1.2Ueq for the atom to which they are bonded (1.5 for
methyl)). The function minimized was Σ[w(|Fo|2 - |Fc|2)] with
reflection weights w-1 ) [σ2 |Fo|2 + (g1P)2 + (g2P)] where P )
[max |Fo|2 + 2|Fc|2]/3. Additional material available from the
Cambridge Crystallographic Data Centre contains relevant
tables of atomic coordinates, bond lengths and angles, and
thermal parameters.

Results and Discussion

The structure of [C18-mim]Cl‚H2O (1) is characterized
by three main features: (1) strong hydrogen bonding
interactions between the chloride ions and water mol-
ecules forming an O-H‚‚‚Cl chain; (2) two different
conformations of the imidazolium headgroups with
respect to the C18 alkyl chains, i.e., linear and bent;
and (3) ordered interdigitation of the bent and linear
C18 alkyl chains resulting in a double bilayer, Figure
3. The ordered interdigitation of the C18 alkyl chains
results in two separate regions of imidazolium head-
groups, chloride ions, and water molecules with different
hydrogen bonding motifs. First, the Cl- and H2O as-
sociated with the linear headgroups form a {[H2O]Cl}2

2-

square dimer. These squares are isolated from one
another and hydrogen bond to the imidazolium head-

group through C-H‚‚‚O and C-H‚‚‚Cl interactions from
the C4 and C5 carbons, respectively. The chloride ions
are also involved in C-H hydrogen bonds from both the
C2 and the methyl carbon atoms. In comparison, the
bent imidazolium headgroups are associated with dis-
ordered Cl- and H2O molecules. Although this disorder
complicates the interactions, the Cl- and H2O molecules
also form the square arrangement but now the C2, C5,
and C6 (alkyl chain) and C4 and C6 (alkyl chain)
carbons form hydrogen bonds with the Cl- and H2O
molecules, respectively. The relative inclinations of the
imidazolium rings to the chains are seen from an
examination of the C2-N1-C6-C7 torsion angles of
132.7° and -72.1° for linear and bent orientations,
respectively.

The influence of the C2-chloride interactions on the
crystal structures of the long-chain imidazolium salts
was examined by replacing the C2 hydrogen with a
methyl group, effectively blocking the possibility of
hydrogen bonding interactions. Unlike 1, the crystal
structure of [C18-dmim]Cl‚H2O‚CHCl3 (2) does not adopt
the double bilayer motif and does not contain confor-
mationally different imidazolium cations. Instead, the
structure is made up of a single bilayer with the [C18-
dmim]+ chains interdigitated and the imidazolium
headgroups on either side of the bilayer involved in π-π
interactions, as shown in Figure 4. The CHCl3 molecules
are disordered and are associated with the headgroups
and lie “within” the cationic bilayer. However, despite
these differences the water molecules and chloride ions
form the same square {[H2O]Cl}2

2- dimer. The dimers
are isolated from one another although there are close
contacts with the disordered chloroform molecules.
Furthermore, the hydrogen atoms attached to C4 and
C5 form hydrogen bonds with the chloride ions. The
methyl group on the N3 position of the imidazolium ring
also makes close contacts with the chloride ions, whereas
the C2 methyl group is involved in weak interactions
with the disordered chloroform molecules. The relative
inclination of the chains to the rings is essentially
orthogonal (C2-N1-C6-C7 torsion angle of -81.3°)
showing a similar arrangement to that found for the
bent conformation in (1). This conformation is also
observed in some short chain (n e 8) C(2) methyl-
protected imidazolium salts such as [Cn-dmim][PdCl4]

(25) Cernik, R. J.; Clegg, W.; Catlow, C. R. A.; Bushnell-Wye, G.;
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Table 1. Crystal Data for Compounds 1, 2, 3-I, and 3-II

C22H45N2ClO (1) C24H48Cl4N2O (2) C18H37N2ClO (3-I) C18H37N2ClO (3-II)

Mr 389.05 522.44 332.95 332.95
crystal color colorless colorless colorless colorless
crystal size, mm 0.30 × 0.10 × 0.02 0.40 × 0.33 × 0.22 0.31 × 0.25 0.22 0.32 × 0.20 × 0.14
temperature, K 153 (2) 298 (2) 153 (2) 153 (2)
crystal system triclinic triclinic triclinic triclinic
space group (Z) P1h (6) P1h (2) P1h (6) P1h (2)
a, Å 7.2902(15) 6.810(3) 7.2778(12) 5.317 (3)
b, Å 8.3757(17) 9.037(4) 8.4129(14) 7.694(5)
c, Å 61.789(13) 25.214(11) 52.322(8) 24.809(15)
R, ° 88.085(3) 92.057(8) 90.188(3) 92.633(10)
â ° 89.908(3) 94.654(8) 92.688(4) 94.194(11)
γ, ° 71.268(3) 108.591(7) 108.799(3) 101.821(11)
V, Å3 3570.8(13) 1462.8(11) 3028.8(8) 988.8(11)
Dcalc (g cm-3) 1.086 1.186 1.095 1.118
F(000) 1296 564 1104 368
µ(Mo KR) (mm-1) 0.173 0.422 0.194 0.198
2θ range 5-46 2-50 1.5-50 2-57
reflections measured 25771 10896 14852 9454
unique reflections 10663 5128 10096 4378
wR2 (R1) 0.1745 (0.0612) 0.2118 (0.1046) 0.2579 (0.0793) 0.1392 (0.0466)
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(n ) 5,6 and 8), [C8-dmim][PtCl4], [C4-dmim][CH6B11-
Cl6], and [C3-dmim]Cl salts.26 These observations sug-
gest that C(2) methyl-protection of the imidazolium ring
promotes a bent configuration for the alkyl chain
relative to the imidazolium ring. This may be in part
due to the fact that there are no longer any C(2)
hydrogen-anion interactions or it may be due to steric
hindrance from the methyl substituent.

Similarly to 1, the crystal structure of 3-I adopts a
double bilayer architecture wherein interdigitated linear

alkyl chain regions are bordered on either side by
conformationally different imidazolium cations. Both
regions contain {[H2O]Cl}2

2- dimeric units as the
dominant structural motif the same as that observed
in 1. The linear [C14-mim]+ cation region contains
{[H2O]Cl}2

2- square hydrogen-bonded dimers. The [C14-
mim]+ cations form hydrogen bonds via C-H‚‚‚O and
C-H‚‚‚Cl contacts utilizing the C4, C5, C2, and methyl
carbons from the surrounding cations. Thus, each cation
bridges two {[H2O]Cl}2

2- units via three ring hydrogen
atoms, while each {[H2O]Cl}2

2- unit bridges four cat-
ions. This arrangement uses all the ring hydrogen
atoms, necessitating only a slight inclination of the
linear alkyl chain relative to the plane of the imidazo-

(26) Holbrey, J. D.; Nieuwenhuyzen, M.; Johnston, S.; Seddon, K.
R. unpublished results. (b) Larsen, A. S.; Holbrey, J. D.; Tham, F. S.;
Reed, C. A. J. Am. Chem. Soc. 2000, 122, 7264. (c) Werner, P. E. Cryst.
Struct. Commun. 1976, 5, 873.

Figure 3. Two different regions in 1: top is the linear headgroup region with the ordered O-H‚‚‚Cl square dimers; bottom is the
orthogonal headgroup with the disordered O-H‚‚‚Cl square dimers. The dotted lines represent hydrogen bonds.

Figure 4. Packing diagram of 2 showing the interdigitated C18 chains and the O-H‚‚‚Cl hydrogen-bonded dimer. The disordered
CHCl3 solvent molecules have been removed for clarity. The dotted lines represent hydrogen bonds.
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lium ring with an angle of 35° between the alkyl chains
and headgroups. The hydrogen bonding observed in the
alternate regions also involves {[H2O]Cl}2

2- dimeric
units, although the disorder among the water molecules
and imidazolium headgroups makes interpretation dif-
ficult. However, the general features of the hydrogen
bonding mimic those found in 1. In this region the
imidazolium headgroup is approximately orthogonal to
the alkyl chain with an angle between the alkyl chains
and headgroups of 89° and the imidazolium carbon
atoms hydrogen bond to the {[H2O]Cl}2

2- dimers.
The differences between 3-I and 3-II of [C14-mim]Cl‚

H2O arise from the orientation of the imidazolium
headgroups and the hydrogen bonding between the
chloride ions and the water molecules resulting in the
formation of a single bilayer in 3-II rather that the
double bilayer seen in 1 and 3-I. In each case, the [C14-
mim]+ chains are interdigitated. Unlike 1 and 3-I above
there is no conformational variation between the head-
groups in 3-II and the cations all adopt a linear
configuration. The Cl- and H2O molecules hydrogen
bond with one another; however, they no longer form
the square motif seen in 1, 2, and 3-I. Instead of this,
they form an infinite O-H‚‚‚Cl hydrogen-bonded chain
in the (010) direction, Figure 5. The cations form
hydrogen bonds to these chains via C-H‚‚‚O and C-H‚
‚‚Cl interactions from the C2 and C5 carbon atoms,
respectively.

The structures described for 3-I and 3-II are consis-
tent with the SAXS data which show a periodicity of
50.7 Å for the [C14-mim]Cl‚H2O crystallized from 1,1,1
trichloroethane and 25.8 Å after cooling from the
isotropic liquid. In our original report,24 these changes
in the SAXS were postulated to be due to a hydrated
and a dehydrated phase, respectively; however, from the
structures of 3-I and 3-II reported herein, these clearly
suggest that this is not the case. These structures show
that the two crystalline phases are, in fact, monohydrate
polymorphs. These structural changes, as opposed to
dehydration, indicate the origin of the large changes
reported in the transition temperatures and enthalpies
from DSC thermograms on the first versus second
heating cycles.24 For the [C14-mim]Cl‚H2O, the transi-

tion temperature to the smectic A liquid crystalline
phase occurred at 49.1 °C with a melting enthalpy of
41.6 kJ mol-1 on the first heating cycle, whereas on the
second heating cycle the transition occurred at 19.4 °C
with an enthalpy change of only 3.6 kJ mol-1. Further-
more, on reexamining the DSC thermograms for 3-I and
3-II, the data show that similar changes in the peak
temperatures and melting enthalpy are observed ir-
respective of whether the crystal is only melted into the
mesophase without forming the isotropic liquid, i.e. to
temperatures below 80 °C which is too low for dehydra-
tion to occur, or is heated past the clearing point.
Examining the corresponding crystal structures, it is
apparent that the major difference between the two
polymorphs is the bent conformation of the double
bilayer compared with the linear configuration of the
conventional bilayer. Thus, the differences in the melt-
ing enthalpy are associated with the higher strain
inherent in the bent compared to the linear conforma-
tion.

The strong tendency of water and halide ions to form
hydrogen bonds explains why many halide-based ionic
liquids readily absorb water from the atmosphere and
often form monohydrate structures. We note, for ex-
ample, that the [C8-mim]Cl absorbs approximately 6%
(w/w) under ambient conditions over 2.5 h,11b which
roughly corresponds to a 1:1 mixture of [C8-mim]Cl and
water. Hydrogen bonding interactions between imida-
zolium ionic liquids and water have also been suggested
to play an important role in density trends for ionic
liquid mixtures.11b We also note that the architectures
of these crystal structures correlate well with the results
observed by Cammarata et al.27 for liquid imidazolium
salts that have been allowed to absorb water under
ambient conditions. They concluded that “the anions
play a major role in the solubility and miscibility of
water with room-temperature ionic liquids, while the
cations probably play a secondary role”, and that “the
preferred sites of interaction with water molecules are
the anions.”

(27) Cammarata, L.; Kazarian, S. G.; Salter, P. A.; Welton, T. Phys.
Chem. Chem. Phys. 2001, 3, 5192.

Figure 5. Packing diagram showing the interdigitated C14 chains of 3-II with the hydrogen bonded O-H‚‚‚Cl chains along the
(001) direction. The dotted lines represent hydrogen bonds.
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Only two crystal structures of a long-chain [Cn-mim]+

or [Cn-dmim]+ salt have been published, namely [C12-
mim][PF6] and [C14-mim][PF6].18,19 We have also been
able to crystallize some other long-chain imidazolium
salts in our laboratories, namely {[C12-mim]2[UO2-
(NO3)4]} and {[C16-mim]2[(UO2)2(NO3)4 (C2O2)]}‚5CH3-
CN.28 Interestingly these salts do not contain any water
within their structure and none exhibit the double
bilayer structure seen in 1 and 3-I above. This observa-
tion from the extant single-crystal data is also borne
out by the SAXS data for the [Cn-mim]+ salts of
trifluoromethanesulfonate, bis(trifluoromethanesul-
fonyl)imide, and tetrafluoroborate,24 all of which exhibit
the single bilayer behavior and also have no bound
water. From these observations it would seem that the
presence of water is a major factor in the thermal
polymorphism of the [Cn-mim]X (n ) 12-20, X ) Cl,
Br) materials.

The {[H2O]Cl}2
2- dimer is a common feature of

hydrated halide salts and is also present in [C2-dmim]-
Cl‚H2O.16 Furthermore, a comparison of the structures
1, 2, and 3-I shows that substitution of the C2 position
with a methyl group does not affect the formation of the
{[H2O]Cl}2

2- dimer motif in 2, but may promote a bent
configuration versus a linear configuration. The effect
of the CHCl3 molecules in this structure is not clear.
However, it is possible that the extra bulk of the CHCl3
solvent may reduce the conformational flexibility of the
alkyl chains relative to the headgroups. This “bulk”
effect may be a further reason that the double bilayer
motif is not observed for imidazolium salts containing
other anions or solvent molecules. For example, in [C14-
mim][PF6]19 the alkyl chains are bent near the head-
group, adopting a “spoon-shaped structure”15 in order
to accommodate the anion. The linearity of the alkyl
chains in these and similar systems (N-alkylpyridinium
salts pack in the same manner29) consistently results
from interdigitated molecular packing. The orientation
of the chains with respect to the headgroup may depend
on the anion, substitution of the imidazolium ring, and
the presence of solvent molecule in the lattice. Further-
more, a search of the CSD for quarternary-amonium,
alkylpyridinium, and bis-alkyl-benzimidazolium hy-
drated halide salts revealed 13 structures.30 All of these
structures except one (dodecyl-dimethyl-propylammo-
nium bromide hemihydrate31) contain either the square
{[H2O]Cl}2

2- dimer as in 3-I or the [H2O]Cl- chains as
in 3-II. The exception to these two motifs forms an
isolated {[H2O]Br}2

2- motif, which is probably due to

the fact that it is a hemihydrate rather that a mono-
hydrate.

Thermal polymorphism is not uncommon in long-
chain imidazolium salts. For example, crystal polymor-
phism was observed in 1-alkyl-3-methylimidazolium
tetrachloropalladate(II) salts ([Cn-mim]2[PdCl4], n )
10-18).32 Here, up to three separate crystal phases were
noted, as well as the mesophase and isotropic liquid
with the first heating cycle showing irreversible behav-
ior, as shown for the 1-alkyl-3-methylimidazolium halide
salts.24 For heating cycles thereafter, reversible behavior
was observed without the first crystal-crystal transi-
tion. However, to date, the individual crystal structures
have not been determined.

Conclusions

The thermal behavior of long-chain 1-alkyl-3-meth-
ylimidazolium salts with chloride anions has been
studied using single-crystal X-ray diffraction. This study
has shown that our initial supposition that the thermal
history dependence of the crystalline phases before and
after melting is indeed due to conformational variations
in the imidazolium headgroups.

Furthermore, the solid state architectures of these
solvated, long-chain imidazolium chlorides consist of
regions containing interdigitated linear alkyl chains,
alternating with regions containing imidazolium head-
groups, chloride ions, and solvent. The nature of these
layers, particularly the incorporation of water molecules
via complex hydrogen-bonding interactions, may help
to explain the persistent presence of water in imidazo-
lium ionic liquids. It seems likely that the strong O-H‚
‚‚Cl hydrogen bonds in these compounds may be the
reason that they are not easily dehydrated. It also seems
likely that the effect of substitution on the C(2) position
of the imidazolium ring is to inhibit the “linear” con-
formation of the alkyl chains. However, it is not clear
whether this is due to the inability of the methyl
substituent to form hydrogen bonds or the added steric
bulk associated with the methyl group in this position.
A comparison of the hydrates of the related long-chain
quarternary-amonium, alkylpyridinium, and bis-alkyl-
benzimidazolium hydrated halide salts exhibit the same
halide water hydrogen-bonding motifs as those found
for the imidazolium salts. Further investigation of the
factors affecting the behavior of these hydrated halide
salts will require the crystallographic characterization
of a wider range of long chain salts. This research is
ongoing in our laboratory.
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