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Liquid crystalline hydrogen-bonded ionic associates

by Y. M. SAHINY, S. DIELE and H. KRESSE*

Martin-Luther-Universitat Halle-Wittenberg, Institut fiir Physikalische Chemie,
Miihlpforte 1, 06108 Halle, Germany

(Received 12 January 1998, accepted 16 February 1998)

Phase diagrams of different substituted acids with 1-heptyl-4-(4-pyridyl)pyridinium bromide
were investigated. The formation of ionic hydrogen-bonded 1:1 and 1:2 associates can be
detected in the solid state. In some cases thermodynamically stable smectic A phases are
observed. The maximum phase stability in the liquid crystalline state can differ considerably
from the expected value for the 1:1 associates. The layer thickness of the smectic layers
measured by X-ray methods is smaller than the value calculated from molecular models.
This indicates a complicated packing behaviour of the molecular building units in the

SmA layers.

1. Introduction

Self-organization and dynamics are fundamental
principles of life science. Both of them can be realized in
hydrogen-bonded associates. Because every association
is connected with a loss of entropy, the enthalpy of
association must be negative and must overcome the
term 7 *AS. For this reason a strong hydrogen-bonding
is necessary. Furthermore, model systems can be designed
in a way such that they show liquid crystalline phases.
Therefore, it is possible to study molecular and collective
processes of self-assembly [1].

First experiments in this direction were carried out
on different substituted aromatic acids [ 2]. Later, Kato
and Frechet introduced systems consisting of derivatives
of pyridine and acids showing very stable liquid crystal-
line associates [3]. This idea was further successfully
developed by different authors and now many associates
showing a range of mesophases are known [4-8].

An interesting variation of this concept is possible if
building units with a charge are introduced. In this way
thermotropic liquid crystalline hydrogen-bonded ions—
a new class of substances—can be ‘constructed’. Till
now only few examples of covalently bonded ionic
thermotropic liquid crystals have been synthesized [9],
filling the gap between thermotropic and the well known
lyotropic mesophases [10]. Preliminary investigations
of two ionic associates show the existence of a stable
liquid crystalline phase only in one system containing a
fluorinated acid [11]. The main result was that an ionic
and a non-ionic associate with comparable structures
are not miscible.

* Author for correspondence.
tPermanent address: Istanbul Technical University, Turkey.

2. Experiments

In order to detect such associates, binary systems
between 1-heptyl-4-(4-pyridyl)pyridinium bromide (Cr
127 1) as proton acceptor and different acids as donor
were investigated. The phase transition temperatures are
given in °C. Figure 1 shows the system with 4-n-octyl-
benzoic acid (Cr 99 N 111-5 I). The given temperatures
were detected by heating and cooling of a contact
preparation. Single concentrations were measured to
determine the phase transition temperatures as a
function of concentration. The SmA phase was identified
by its fan-shaped texture together with homeotropic
parts. The two eutectic points confirm the existence of
a solid associate of the 1:1 type. It must be pointed out
that the maximum temperature for the induced SmA
phase is observed at a mole fraction of the pyridine
component of 0-33. Furthermore, the 1:1 associate did
not show a thermodynamically stable mesophase. This
means that the liquid crystalline phase is formed from
both the associate and the dimer donor molecules in a
molar ratio of about 4:1. The SmA phase is separated
from the other phases by an extended two-phase range.

For the second diagram we have chosen trans-4-n-
octylcyclohexane-1-carboxylic acid (Cr 37 SmB 90 N 98 T)
as donor. The phase diagram in figure2 is similar to
that given in figure I. The difference lies only in the
smectic B phase of the acid which is also separated by
an extended two phase range from the SmA phase.
There is no stabilization of the SmB phase. It is pointed
out that the maximum stability of the SmA state occurs
at a molar fraction of the pyridine component of about
0-37, which is considerably smaller than that for the 1:1
associate. In order to confirm the classification of
the liquid crystalline phase, X-ray measurements were
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Figure 1. Phase diagram of 4-octylbenzoic acid with 1-heptyl-
4-(4-pyridyl )pyridinium bromide. The numbers in the
figure are temperatures in °C detected from the contact
preparation. The points were measured at single
concentrations.

carried out at X(pyridiney= 0-4 using a Guinier camera.
The typical X-ray patterns of the SmA phase with a
sharp inner reflection and a diffuse outer scattering were
obtained. At lower temperatures the second order of the
inner reflection was also observed. From the inner
reflection, layer distances d between 3-14 (105°C) and
3:00nm (145°C) could be calculated. The great difference
between the d-value and the estimated length of the
ionic associate (3-6 nm) and the dimeric acid (also 3-6 nm)
points to a highly flexible molecular shape of the
associate.

The next test was related to double ionic associates.
Therefore, as donor 1,12-dodecanedicarboxylic acid
(Cr 127 1) was chosen. Figure 3 shows the formation of
a solid 1:2 associate and no liquid crystalline phase.
Addition of water to the associate results in partial
solubilization, but in no microscopically observable
lyotropic phase. By addition of perfluoro-1,10-decane-
dicarboxylic acid (Cr 151-160 I) to the same acceptor,
a similar type of phase diagram was observed. In this
case decomposition of the solid associate occurred at
about 170°C.
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Figure 2. Phase transition mixtures

OO ot
Br
of trans-4-n-octylcyclohexane-1-carboxylic acid and

temperatures  of
1-heptyl-4-(4-pyridyl ) pyridinium bromide.

In a further experiment 4-n-hexylphenylacetic acid
(Cr 74 1) was added. The aim of this test was to study
the influence of changes in the rod-like shape of the
associate. As in non-ionic associates, no mesomorphic
phases were found [12].

To test steric influences on the mesophase stability,
the mixture of the same acceptor with the swallow-tailed
4-[2,2,-bis(tetradecyloxycarbonyl)ethenyl ] benzoic acid
(Cr 86 1) was investigated. As demonstrated in figure 4,
an extended SmA range could be detected. The maxi-
mum in the stability is in this case shifted to higher
concentrations of the acceptor.

In comparison with swallow-tailed compounds con-
sisting of three ring systems [13] the stability of this
hydrogen-bonded ionic mesophase is astonishingly high.
There is no indication for a high melting solid associate.
X-ray measurements have been performed at the molar
fraction 0-5. Again the SmA phase was confirmed. A
layer distance of 4-2nm was estimated from the inner
reflection. The calculated length of the associated
molecule in the trans-conformation at 4-6nm is again
smaller than the measured d-value.

In additional experiments, 4-n-pentyl-4'-cyano-
biphenyl and 4-ethoxyphenyl 4-n-butyloxybenzoate were
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Figure 3. Binary system of 1,12-dodecanedicarboxylic acid
and 1-heptyl-4-(4-pyridyl )pyridinium bromide.

added to the swallow-tailed acid in contact preparations.
The aim of this investigation was to look for induced
SmA phases, which could not however be detected.
There exists only an equilibrium between the solid phase
of the acid and the nematic phase of the added liquid
crystal component. In both cases a destabilization of
the nematic state on addition of the acid was found.
Therefore, a ‘filled’ phase [ 14 ] formed between the dimer
acid and the acceptor as the reason for the maximum in
the stability of the SmA state in figure 4 can be excluded.

3. Discussion

Contrary to preliminary investigations [ 11], thermo-
dynamically stable 1:1 ionic associates with non-
fluorinated acids were obtained. The concentration
corresponding to maximal phase stability of the SmA
state is not in all cases at the equimolar ratio between
donor and acceptor. In all given examples, neither nematic
nor other smectic phases were observed. Therefore, we
have to conclude that ionic associates are preferably
packed in layers in which the building units are not
very strongly ordered. Probably, the preference for the
SmA phase shown by ionic associates with respect to
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Figure 4. Binary system of 4-[2,2-bis(tetradecyloxycarbonyl )
ethenyl Jbenzoic acid and 1-heptyl-4-(4-pyridyl )pyridinium
bromide.

other hydrogen-bonded associates is connected with
the additional electrostatic forces. The gaps between the
‘basic’ structure of the lamellar type formed by the
ionic associates are filled by acceptor or dimeric donor
molecules which stabilize in this way the smectic A
phase. This is the reason why the maximum in the phase
stability does not always occur at the molar fraction 0-5.

The authors are grateful to the Fonds der Chemischen
Industrie and to the IASTE exchange programme
(Y.M..S.) for financial support.
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