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A single crystal of 1-butyl-3-methylimidazolium chloride
[bmim]Cl, a prototype ionic liquid, has successfully been pre-
pared and an X-ray crystallographic analysis has been per-
formed. It reveals the presence of a hydrogen bonding network
involving the chloride anion and the ring as well as the n-butyl
hydrogen atoms, a strong hydrophobic interaction between the
two n-butyl groups of the [bmim] cations, and a unique corru-
gated sheets structure of the imidazolium rings. Considering
the similarity of the Raman spectra of crystalline and liquid
states, we suspect that the three dimensional structure deter-
mined in the present study also exist, at least partially, in the
ionic liquid state.

Ionic liquids (ILs) have been attracting much attention of
chemists owing to their many interesting and useful character-
istics.2–4 Nevertheless, only little has so far been known for their
crystal and liquid structures.5–8 In a previous paper, we reported
on the crystal polymorphism of a prototype IL, 1-butyl-3-meth-
ylimidazolium chloride, [bmim]Cl (Scheme 1).9 Two different
types of crystals, Crystal (1) and Crystal (2), were found and
shown to have distinct X-ray powder patterns and Raman spec-
tra. In addition, it was suggested from the Raman spectra of the
crystalline as well as the liquid state that two distinct structures
of the [bmim]þ ion, one corresponding to that in Crystal (1) and
the other to that in Crystal (2), coexist in the liquid state. The
[bmim]þ ion generates a variety of ILs having distinctly differ-
ent properties when combined with different anions. Hence it is
important to know the details of the structure of the [bmim]þ

ion in the liquid state as well as in the crystalline state.

[bmim]Cl was synthesized following the general proce-
dure.10 White rectangular-shaped crystals, suitable for single
crystal X-ray crystallographic study, were obtained from dry
acetonitrile. The X-ray diffraction experiment was carried out
by using a Rigaku/MSC Mercury CCD system with graphite
monochromated Mo K� radiation (� ¼ 0:71070 �A) at 293 K.

[bmim]Cl Crystal (1) crystallizes in monoclinic space
group P21=n with a ¼ 9:982ð10Þ, b ¼ 11:590ð12Þ,
c ¼ 10:077ð11Þ �A, � ¼ 121:80ð2Þ�, V ¼ 990:8ð18Þ �A3, Z ¼ 4,
Dcalcd = 1.17 g/cm3.11 The asymmetric unit consists of one
[bmim]þ and one Cl� while the unit cell contains four of each.

The solved crystal structure has revealed several interesting
features of [bmim]Cl Crystal (1) (Figure 1). The imidazolium
ring is a planar pentagon. The average bond length of 1.32 �A
for the N1–C2 and C2–N3 bonds indicates the conjugated dou-
ble-bond nature of these two bonds. The C4–C5 bond length of
1.34 �A also indicates the same as expected. Furthermore, the
average bond length of the N1–C5 and N3–C4 bonds is
1.37 �A and is considerably shorter than that of a pure C–N sin-
gle bond (typically 1.47 �A). It seems that the p electrons are
highly delocalized in the imidazolium ring. The carbon atom
of the methyl group attached to N3 is on the plane of the imi-
dazolium ring. The C7 carbon, which is the jointing carbon of
the n-butyl group, has a little deviation (about 	1:8�) from
the imidazolium ring plane. The other carbon atoms in the n-bu-
tyl group are considerably out of plane and they all take the
trans configuration. Because of the all-trans configuration,
two cations can interact through the hydrophobic interaction be-
tween the n-butyl groups.

The chloride anion is away from the methyl group and rath-
er close to the hydrophobic region produced by the n-butyl
groups. Of the three protons of the imidazolium ring, only the
C2 proton is within the distance of hydrogen bonding with
the chloride anion. The observed H–Cl� distance is 2.52 �A
(C–H–Cl� angle 157.5�), while typical hydrogen-bonded H–
Cl� distance is less than 3.0 �A.12 This finding is in contrast to
the cases of the 1-ethyl-3-methylimidazolium salts, [emim]Cl,
in which all of the three protons of the imidazolium ring are hy-
drogen-bonded with the chloride ion.7 There are other two hy-
drogen bonds involving the chloride anion. Two C7 methylene
protons of two different cation moieties are in the distance of
hydrogen bonding (2.72 �A (168.0�) and 2.76 �A (147.6�)).
Hence, each chloride anion is hydrogen-bonded to three differ-
ent imidazolium cations and vice versa.
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Scheme 1. 1-butyl-3-methylimidazolium chloride, [bmim]Cl.
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Figure 1. A view of [bmim]Cl Crystal (1). Only one
chloride anion is shown hydrogen bonded to three
different imidazolium cations for clarity.
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The molecular arrangements in [bmim]Cl Crystal (1) is
quite interesting (Figure 2). There are two corrugated sheets
of imidazolium rings in Crystal (1) as marked differently in
Figure 2. The angle between the two imidazolium rings belong-
ing to the two different sheets is 69.49�. There is no indication
of any p–p stacking interaction among imidazolium rings, con-
trary to what was found for [emim]CF3SO3.

8 The out of plane
all trans configuration of the n-butyl group is probably the rea-
son for the large separation distance between the two imidazo-
lium rings. It is interesting to observe that two n-butyl groups
are closely associated with each other, creating a hydrophobic
region. The methyl group attached to the imidazolium ring
seems to have no dominant role in the crystal structure.

Figure 3 gives another view of the molecular arrangements,
which shows the channels in which chloride anions are accom-
modated as chains. The distance between the two chloride
anions is 4.84 �A and is too long to assume any specific interac-
tion between them.

It seems that the crystal structure of [bmim]Cl Crystal (1)
results from a delicate balance of three interactions: The elec-
trostatic interactions among the cations and the anions, the hy-
drogen-bonding interactions among the chloride anions and the
ring as well as the n-butyl hydrogens, and the hydrophobic in-
teraction between the two n-butyl groups of the [bmim] cations.
As we have already shown in a previous paper,9 the Raman

spectrum of liquid [bmim]Cl consists of two groups of Raman
bands characteristic of Crystals (1) and (2), indicating that the
imidazolium structure that we determined here for Crystal (1)
also exists in the liquid state. Furthermore, from the unusually
long equilibration time observed for liquid [bmim]Cl, we sug-
gested that some local three-dimensional structures exist in
the ionic liquid state. Combining these results, we conjecture
that the three dominant interactions that determine the crystal
structure of [bmim]Cl Crystals (1) are also effective in the liq-
uid state and that the structure determined in the present study
exists, at least partially, in the ionic liquid state. Ionic liquids
seem to be unique in that they have definite local structures de-
spite their homogeneous appearance.
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Figure 2. A view of the molecular arrangement in
[bmim]Cl Crystal (1) showing the hydrogen bonding in-
teraction between the chloride anion and [bmim]þ cation.

Figure 3. A view of molecular arrangements of [bmim]Cl
Crystal (1) showing the channels in which chloride anions
are accommodated. Hydrogen bonds are not shown for clarity.

Chemistry Letters Vol.32, No.8 (2003) 741

Published on the web (Advance View) July 21, 2003; DOI 10.1246/cl.2003.740


