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Crystallization of the ionic liquid 3,3'-dimethyl-1,1"-(1,4-
phenylenedimethylene)diimidazolium bis(tetrafluoroborate),
Cy6HN"-2BF, ", (I), from its solution in water has
permitted the first single-crystal study of an imidazolium-
based ionic liquid having a tetrafluoroborate ion as counter-
ion. Despite the expectation that the anion would not
participate in nonclassical hydrogen bonding, the ionic liquid
features C—H- - -F hydrogen bonds. The dication lies about a
center of inversion. The ionic liquid 3,3'-di-n-butyl-1,1'-(1,4-
phenylenedimethylene)diimidazolium  bis(trifluoromethane-
sulfonate), C,,H3N,*"-2CF58057, (IT), features both C—
H.--Fand C—H-: - -O hydrogen bonds.

Comment

Some ionic liquids incorporate an imidazolium group, as this
feature appears to confer limited crystallinity despite the
homogenous appearance of these ionic liquids. An under-
standing of the liquid—crystalline state of such compounds has
been provided by the crystal structure of the prototype ionic
liquid 1-butyl-3-methylimidazolium chloride. The solid-state
structure shows weak hydrogen bonding between the cations
and chloride anions (Saha et al., 2003). A better understanding
of the solid-state versus liquid-state structures is furnished by
the crystal structure of the hexafluorophosphate salt of
1-butyl-3-methylimidazolium (Dibrov & Kochi, 2006). As the
hexafluorophosphate anion does not normally participate in
nonclassical hydrogen bonding, the crystal structure probably
better represents the inter-ionic interactions of the liquid-
crystalline state.

Our interest in the 3,3’-dimethyl-1,1’-(1,4-phenylenedi-
methylene)diimidazolium dication arises from several reports
on the applications of this class of ionic liquids. For example,

1-n-butyl-3-methylimidazolium tetrafluoroborate possesses an
excellent gas-absorption property. As these studies have
suggested that the nature of the anion influences this property
(Aki et al., 2004; Anthony et al, 2005; Galan Sanchez et al.,
2007), we synthesized several 3,3’-dimethyl-1,1’-(1,4-phenyl-
enedimethylene)diimidazolium salts, viz. with the hexa-
fluorophosphate, tetrafluoroborate and trifluoromethylsul-
fonate anions, and examined their >*C NMR properties in
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various solvents (Ganesan & Alias, 2008). We expect this class
of compounds, which possess a rigid phenylenedimethylene
link between the imidazolium rings, to possess superior
physical properties as studies on other compounds have shown
the connection between chain length and physical properties
(Holbrey & Seddon, 1999).

3,3'-Dimethyl-1,1’-(1,4-phenylenedimethylene)diimidazol-
ium bis(tetrafluoroborate), (I), exists as a dication and a
monoanion (Fig. 1) that interact weakly through C—H- - -F
hydrogen bonding. The anion forms several contacts that are
less than the sum of the van der Waals radii of hydrogen
(12 A) and fluorine (1.5 A) (Table 1). Two of the three
hydrogen bonds, both from the imidazolium group, are
significantly short (2.33 and 2.37 A); moreover, these two
hydrogen bonds are almost linear (171 and 162°, respectively).
All distances between adjacent phenylene rings or between
adjacent imidazolium rings exceed 4 A. The bond dimensions
of the dication are similar to those found in the hexachloro-
platinate(IV) (Li & Liu, 2003), tetrathiocyanatocadmate(II)
(Liu et al., 2002), tetraselenocyanocadmate (Liu & Li, 2003)
and tetrachloroargentate (Wang et al., 2005) salts.

The bond dimensions of the tetrafluoroborate counter-
anions are marginally different from those found in more
flexible dications, viz. in 1,1’-methylenebis(3-methylimidazol-

Figure 1
Displacement ellipsoid plot (Barbour, 2001) of (I) at the 70% probability

level. H atoms are drawn as spheres of arbitrary radii. The dication lies on

a center of inversion at (}, 1, 1).
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Figure 2
Displacement ellipsoid plot (Barbour, 2001) of (IT) at the 70% probability
level. H atoms are drawn as spheres of arbitrary radii.

ium) dipicrate (Jin et al, 2006) and 3,3'-dimethyl-1,1’-ethyl-
enediimidazolium dibromide (Jin er al., 2007). The N—
Chethylene distance [1.470 (3) A] is lengthened compared with
those found in the dipicrate salt [1.457 (2) and 1.458 (2) A]
and the I\I‘)—Cethylene distance found in the dibromide salt
[1.461 (2) A].

3,3'-Di-n-butyl-1,1'-(1,4-phenylenedimethylene)diimidazol-
ium bis(trifluoromethanesulfonate), (II), also has the dication
interacting with the monoanions (Fig. 2) through weak
C—H--F hydrogen bonds. The imidazolium—phenylenedi-
methylene—imidazolium portion has a Z shape, with the butyl
substituents at either end. One of the butyl groups has the
usual zigzag shape, whereas the other has a U shape. The
C—H- - -Finteractions are somewhat longer and the hydrogen
bonds more bent; however, two short linear C—H---O
hydrogen bonds are present that are comparable with classical
hydrogen bonds (Table 2).

In the present study, because the two anions do not engage
in strong hydrogen bonding, the ionic liquid state then prob-
ably requires cation—anion interactions for long-range crys-
tallinity.

Experimental

The syntheses of the title compounds have been detailed in the study
by Ganesan & Alias (2008). Crystals of both (I) and (II) were grown
from solutions in water.

Compound (1)

Crystal data

Cy6HaN,>*2BF,~ V=97258 (7) A3

M, = 441.98 Z=2

Monoclinic, P2,/c Mo Ko radiation
a=49517 (2) A =014 mm™*

b =12.8674 (5) A T =100 (2) K
c=152828 (6) A 0.36 x 0.08 x 0.06 mm
B =92.806 (3)°

Table 1 .

Hydrogen-bond geometry (A, °) for (I).

D—H---A D—H H A D---A D—H---A
C2—H2---F1 0.95 2.59 3.367 (3) 140
C3—H3-- ‘FZf_ 0.95 233 3272 (3) 171
C4—H4- - -F3" 0.95 2.37 3.287 (3) 162
C4—H4. - F4t 0.95 248 3278 (3) 141

Symmetry codes: (i) —x, —y, —z + 1; (i) —x+ 1,y +1 —z + 1

Data collection

Bruker SMART APEX
diffractometer
8044 measured reflections

2231 independent reflections
1364 reflections with 7 > 20()
Rine = 0.075

Refinement

R[F? > 20(F%)] = 0.050
wR(F?) = 0.120

S =1.02

2231 reflections

137 parameters

H-atom parameters constrained
APmax =024 A3

APmin = —030e A7

Compound (II)

Crystal data

Cy,H3oN, 2 2CF580;~ y =111.970 (1)°
M, = 650.66 V =145336 (4) A’
Triclinic, P1 Z=2

Mo Ko radiation

u =027 mm™"

T =100 (2) K

0.44 x 0.22 x 0.07 mm

a=103833 (1) A
b =12.0470 (2) A
c=13.6933 (2) A
a =100.752 (1)°
B =105.194 (1)°

Data collection

Bruker SMART APEX
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Trmin = 0.878, Tiax = 0.982

18621 measured reflections
6636 independent reflections
5673 reflections with 7 > 20(1)
Rine = 0.035

Refinement

R[F? > 20(F?)] = 0.035
wR(F?) = 0.101

S =1.02

6636 reflections

379 parameters

H-atom parameters constrained
Appax = 0.61 & A3

Apmin = =053 ¢ A™?

Table 2 .

Hydrogen-bond geometry (A, °) for (II).

D—H---A D—H H---A D---A D—H---A
C4—Hd4a---03 0.99 2.50 3.397 (2) 150
C5—HS5.--02 0.95 2.46 3.243 (2) 139
C6—H6- - -F1' 0.95 2.45 3.261 (2) 143
C6—H6- --04 0.95 2.44 3.166 (2) 133
C7—H7---01" 0.95 225 3.188 (2) 168
C10—HI10. - -F3" 0.95 2.47 3.365 (2) 157
C16—H16- - -O5" 0.95 2.29 3.135 (2) 147
C18—HI18. --03" 0.95 2.46 2.956 (2) 112

Symmetry codes: (i) —x, —y +1,—z+1; (ii) —x+1, —y+1, —z+1; (iii)) x,y — 1, z;
@{iv) x,y,z+ 1.

Carbon-bound H atoms were placed in calculated positions
(C—H = 0.95-0.99 A) and included in the refinement in the riding
model approximation, with Uj(H) values set at 1.2-1.5U.4(C).
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For both compounds, data collection: APEX2 (Bruker, 2007); cell
refinement: SAINT (Bruker, 2007); data reduction: SAINT;
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008);
molecular graphics: X-SEED (Barbour, 2001); software used to
prepare material for publication: pubICIF (Westrip, 2008).

The authors thank the University of Malaya for financial
support of this study (Research University grant Nos. TA
0009/2007 A and TA 0009/2008 A).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SK3257). Services for accessing these data are
described at the back of the journal.
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