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Binary mixtures of some terminal non-polar liquid crystals
with the two terminal polar liquid crystals 4-cyano-4'-n-
octyloxy-biphenyl (8 CBP) and 4-cyano-benzylidene-4'-n-
octyloxyaniline (CBOOR) exhibit reentrant nematic phases.
The phase diagram of the system 8 CBP/CBOOA indicates that
the pure components show this effect too. X-ray data on
layer thickness and transition enthalpies are presented.

It is generally assumed that the nematic phase is the
high-temperature phase with respect to the possible smectic
modifications of a particular liquid crystal (1). However,
recent investigations (2,3) at high pressure have shown that
some terminal polar liquid crystals exhibiting bilayer smec~
tic A phases produce a nematic phase upon cooling which is
called reentrant nematic. At normal pressure only one binary
mixture of two terminal polar liquid crystals has been re-
ported so far to be reentrant nematic (4).

In our studies of mixtures of terminal non-polar and
terminal polar liquid crystals we observed smectic A phases
with enhanced thermal stability {induced smectic phases) (5-7).
Some of these mixtures showed a nematic phase gap between the
induced sA phase and the S, phase of the pure terminal polar
component. A careful investigation of these diagrams using the
contact method revealed that even at low temperatures two
smectic regions exist. Furthermore, the nematic phase region
broadens again producing a reentrant nematic at least for the
more polar mixtures (table 1). In a few cases a reentrant
nematic was found below the induced smectic A phase as well.

+) Presented at the Seventh International Liquid Crystal
Conference, July 1-5, 1978, Bordeaux (France)
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The phase diagrams of the two systems 4-0-6/8 CBP and
§10-5/CBOOA (for compounds see table 1) were studied in de-
tail by DSC measurements (Perkin Elmer DSC-2) and with a
polarizing microscope (fig. 1 and 2). The phase diagram of
4.0-6/8 CBP (fig. 1) was earlier presented in a paper by
Oh (8) but no broadening of the nematic gap with decreasing
temperature was reported. As in the other phase diagrams the
transition temperatures to the reentrant nematic phase lie
below the ligquidus curve, so that only supercooled reentrant
nematic samples can be investigated.

The extrapolation of the phase transition temperatures
smectic-reentrant nematic to the pure 8 cBP (fig. 1) and the
pure CBOOA (fig. 2) indicates that the terminal polar com-
ponents themselves should exhibit monotropic reentrant nema-
tics. This was confirmed by the observation ¢of reentrant
nematics in mixtures of the two terminal polar liquid crystals
(fig. 3) which give a very simple phase diagram. The tempera-
tures of all mesomorphic phase transitions are linearly de-
pendent on the composition. BAn extrapolation gives 37.5 °c
and 8 C for the monotropic reentrant nematic-smectic A phase
transitions of the pure CBOOA and 8 CBP, respectively.

Despite the fact that upon cooling there should be a loss
of longe range smectic order. we found the transition enthalpies
to have the same sign as that of the normal nematic-smectic A
phase transitions (fig. 4). The enthalpy values are of the
same order of magnitude as that of the pure components which
are known to exhibit nearly second order N—SA phase transi-
tions.

For the system §30-5/CBOOA (see fig. 2) the dependence of
the smectic layer thickness on the mole fraction was obtained

from X-ray measurements on magnetically ordered samples (fig. 5).

In order to avoid strong supercooling of the samples we chose
the temperatures indicated by the dot-dash line in fig. 2.

At low concentrations the layer thickness is a linear function
of the composition of the terminal polar component CBOCA. An
extrapolation to pure CBOOA yields a value which corresponds
closely to the molecular length 1 = 2.7 nm of CBOOA. This
indicates a monolayer in the induced smectic A phase up to
equimolar composition. At higher concentrations of CBOOA the
layer thickness increases strongly towards the bilayer spacing
of CBOOA (3.5 nm).

In the nematic phase region the X-ray reflections become
slightly more diffuse but no discontinuity is observed at the
nematic-smectic phase transitions. The curve is very similar
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to those obtained on systems with non-interrupted induced
smectic phases (6,7). Obviously the size of the cybotactic
groups in the nematic phase is rather large. Hence very weak
transitions are anticipated and in fact we were not able to
detect the N-S_ phase transitions by DSC measurements for
compositions near the nematic gap. Furthermore, no temperature
dependence of the layer thickness was found for samples with
compositions corresponding to the nematic gap and to the
maximum thermal stability of the induced smectic phase.

As regards the system 8 CBP/CBCOA a sample of equimolar
composition was investigated by X-ray measurements._In
agreement with the results obtained for the system 8-0-5/CBOOA
(fig. 5) no temperature dependence of the layer thickness was
found in the entire N-S,-N temperature region of the
8 CBP/CBOOA mixture. The value obtained (3.35 nm) corresponds
to the mean layer thickness of 8 CBP (3.1 nm) and CBOOA (3.5 nm)
which shows that the smectic bilayer structure of the two
components is maintained in these mixtures.

The investigation of other compounds with a tendency to
produce reentrant nematics is in progress in order to obtain
mixtures with enantiotropic reentrant nematic phases (9).

This work was supported by the Ministerium fir Wissen-
schaft und Forschung des Landes Nordrhein-Westfalen, the
Senator fir Wirtschaft des Landes Berlin and the Deutsche
Forschungsgemeinschaft.
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