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Preliminary communication

Hydrogen-bonded ionic liquid crystals

by H. BERNHARDT, W. WEISSFLOG and H. KRESSE*

Martin-Luther-UniversitaÈ t Halle-Wittenberg, Fachbereich Chemie,
Institut fuÈ r Physikalische Chemie, MuÈ hlpforte 1, D-06108 Halle, Germany

(Received 24 November 1997; accepted 26 January 1998 )

Ionic and non-ionic building units were connected via hydrogen bonds. Stable liquid crystalline
phases were obtained by a suitable choice of the units. The ionic associates are not miscible
with the respective non-ionic associates.

Coulomb forces cause the strongest intermolecular
attraction. For this reason they are very important for
all structure forming processes in condensed matter.
Furthermore, it is known that hydrogen bonds are able
to perform complicated processes of self-organization.
The mutual in¯ uence of these interactions on the for-
mation of mesophases is the spherical subject of these
considerations.

The c̀onstruction’ of non-ionic thermotropic liquid
crystals by the combination of smaller building units via
hydrogen bonds is a scienti® c area of active interest
[1 ± 3]. On the other hand ionic compounds, for example
alkylammonium and alkylpyridinium salts, forming
thermotropic and/or lyotropic mesophases are also known
[4± 6]. There have been only few attempts to equip a
non-ionic calamitic mesogen with an ionic group. This
can be done by means of a spacer in a terminal position
[7], or the ionic group can be introduced as a part of
the aromatic core, as realized in N -ethyl-4-(5-n-decyl-
1,3-dioxan-2-yl )pyridinium bromide [8]. Liquid crystals
of the last mentioned type are of interest for the
considerations that follow, and to obtain information
on the di� erent in¯ uences of hydrogen bonds and of
ionic interaction on the formation of mesophases we

Figure 1. Phase diagram for 4-n-butyloxybenzoic acid andhave investigated hydrogen-bonded calamitic associates 1-n-heptyl-4-(4-pyridyl )pyridinium bromide.
bearing an ionic group.

Our concept is demonstrated using the binary
of the same donor and the non-ionic 4-(4-n-hexyloxy-system of 4-n-butyloxybenzoic acid as proton donor
phenyl )pyridine [9]. In this case a hydrogen-bonded 1 : 1and 1-n-heptyl-4-(4-pyridyl )pyridinium bromide as ionic
associate with the polymorphism Cr 87 SmA 133 N 138 Iproton acceptor A ( ® gure 1). There are two eutectic
is observed. It has to be pointed out that the maximumpoints indicating the formation of a solid associate.
clearing temperature in ® gure 1 is not at the equimolarFurthermore a smectic A phase with a maximum stability
ratio of donor and acceptor molecules. Furthermore oneat X(A)=0 4́ is induced. In order to separate the
can see that the nematic phase of the 4-n-butyloxybenzoicin¯ uence of the ionic group from that of the hydrogen
acid disappears with addition of small concentrationsbond, ® gure 1 can be compared with the binary system
of the ionic pyridine derivative. This indicates a strong
incompatibility between ionic and non-ionic liquid*Author for correspondence.
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crystalline phases. In order to support this ® nding, the
1 : 1 associates of both systems under discussion were
mixed. Figure 2 shows the phase diagram of this pseudo-
binary system. There is no complete miscibility. It is
noted specially that the SmA phase of the non-ionic
associate cannot be dissolved in that of the ionic one.
In the phase diagram both SmA ranges are separated
by a broad two phase range.

An interesting structural variation can be obtained
by use of partially ¯ uorinated alkyl chains situated in
the donor [9]. A phase diagram of 4-n-1H ,1H-per-
¯ uorobutyloxybenzoic acid and 1-n-heptyl-4-(4-pyridyl )-
pyridinium bromide is given in ® gure 3. Also in this case,
the smectic A modi® cation is stabilized. In contradition
to ® gure 1 the maximum of the induced SmA phase is
observed at q the equimolar relation. Probably the
exchange of the hydrogenated by the more sti� er and
more voluminous per¯ uorinated alkyl chain results in
a change of the packing of the molecules. The phase
behaviour given in ® gure 3 can be compared with that
of the associates formed by the same acid and the
non-ionic 4-(4-n-hexyloxyphenyl )pyridine. For this 1 : 1
associate the polymorphism Cr 68 SmA 166 I was

Figure 3. Phase diagram for 4-n-1H ,1H-per¯ uorobutyl-detected [9]. Comparing the results from ® gures 1 and
oxybenzoic acid and 1-n-heptyl-4-(4-pyridyl )pyridinium

3, one can see a clear increase in the stability of the bromide.
mesophase due to the per¯ uorinated group.

Hydrogen-bonded associates with ionic building units
can thus exhibit stable liquid crystalline phases. The
additional Coulomb interactions can cause an increase trends between the liquid crystalline behaviour and the

chemical structure of hydrogen-bonded ionic associates,or decrease of the mesophase stability in comparison
with the comparable non-ionic systems. To de® ne general further investigations have to be made. The transfer of

Figure 2. Binary system between the ionic and the non-ionic hydrogen-bonded 1 : 1 associates.
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