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Résumé. — Un composé discoide présente, pour la premiére fois, deux mésophases « rentrantes » a la pression
atmosphérique : une phase nématique N, et une phase en colonne D,.

Abstract. — We describe the first example of reentrant N, nematic and D, columnar mesophases at atmospheric

pressure in a pure disc-like compound.

1. Introduction. — Reentrant mesomorphism is
now a well known phenomenon. It was discovered
in the last years in rod-like liquid crystals and consists,
for example, of the reappearance, after a smectic A
phase (S,), of another nematic phase (N) by lowering
the temperature or by increasing the pressure.

P. E. Cladis observed this non-classical behaviour
first in a binary mixture at atmospheric pressure [1, 2]
and then, for a pure substance at high pressure [3, 4].
At last, it was observed by F. Hardouin et al. [5, 6]
with a pure substance at atmospheric pressure in the
case of 4-n-octyloxybenzoyloxy-4'-cyanostilbene 1
(X = —CH==CH—, R = n-CgH,,0—), which offer-
ed two reentrant phases (K[S,] NS, NI; K : crystal,
I : isotropic).

(O coo{O)x<{Oy- o

R = CHppy—, CHyp 00—, C.H,,,,CO0—

and

X=—CH=CH—, —C=C—, single bond
—CH=N—, —COO— , —OCO— , —N=N—

with

1

(*) This work has been financially supported by the french
D.R.E.T. (contrat n° 80/227).

Since this time, many other « reentrant» homo-
logous series have been synthesized ; they consist of
three phenyl ring compounds 1 with a para strong
dipolar cyano substituent [7-16].

In the case of disc-like liquid crystals, the existence
of the reentrant phenomenon was suggested in the end
of 1979 [17]. This hypothesis originated from the great
symmetry analogies between the arrangements of
rod-like and disc-like liquid crystals : the columnar
and N, nematic mesophases are respectively similar
to smectic and nematic ones.

We described the first examples of a nematic phase
observed from disc-like molecules in series of hexa-
alkoxy or hexaalkylbenzoates of triphenylene [18, 19].
We called it a N nematic phase in the « normal »
sequence KD, Np I (D, : rectangular columnar
phase) — « normal » because the fluid Ny nematic
phase was observed while increasing temperature
(168 °C at least) after a viscous columnar phase.

But, in the series of truxene hexaalkanoates [20, 21],
we obtained a N;, nematic phase at low temperature
(about 60 °C) in an inverse sequence : K Np D, D, 1
(D, : hexagonal columnar phase). The N, fluid phase
was now at lower temperature than the columnar
phases.

Despite the fact that this new sequence was not an
actual reentrant phenomenon, we thought we had
there something similar. In fact, the study of highly
purified hexaalkanoates of truxene with very long
chains provided us the required phenomenon : a
hexagonal reentrant columnar phase with the sequence
KD, N, D, D, I [22].

If it is noted that benzoates of triphenylene exhibit a
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Np nematic phase at high temperature and truxene
derivatives at low temperature, it is easy to understand
why we tried to build up benzoates of truxene with the
hope to obtain a reentrant N, nematic phase.

We present here preliminary results : 2,3,7,8,12,13-
hexa-(4-n-undecyloxybenzoyloxy) truxene 2 exhibits,
at one and the same time !, reentrant N, nematic and
D, columnar phases at atmospheric pressure
K D, Ny, D, N, I. This sequence is analogous with the
well known tetramorphism in rod-like liquid crystals
(XKS,NS,NI.

2. Results. — The compound 2 was prepared by
reaction of the 4-n-undecyloxybenzoyl chloride with
2,3,7,8,12,13-hexahydroxytruxene in anhydrous pyri-
dine [20]. The purity of the sample was checked by
elemental analysis and thin layer chromatography.
Transition temperatures were determined using a DSC
(Dupont 990). The textures were observed with polariz-
ing microscope equipped with a heating and cooling
stage (Mettler FP5).

RCOO OOCR

Wlth . R = C11H230@

2

2 offers the following sequence with the two reen-
trant mesophases D, and Nj, :

K 90 D, 137 Ny, 171 D, 284 N, 297 1.

The corresponding optical textures are given in
figures la through 1d. At high temperature (about
290 °C), we can observe the N nematic phase with a
thread-like or marbled texture. Below this N phase,
the D, columnar phase appears with a fan-shaped
texture. On further cooling, another classical thread-
like texture, with disclination lines (s : + 3 and + 1),
is observed, followed by a fan shaped phase.

The identification of these two N, nematic phases is
immediate in the isobaric phase diagram (Fig. 2)
between 2 and 2,3,6,7,10,11-hexa-(4-n-decyloxyben-
zoyloxy) triphenylene 3 [19] (K 142 D, 191 Ny, 21211).
The diagram proves the identity of the two Ny nematic
phases of 2 with the Ny, phase of 3 : an uninterrupted
domain exists. Moreover, the D, columnar phase —
at low temperature — of 2 is miscible with the D,
phase of 3.
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Fig. 1. — Optical textures of the compound 2 : a) N, nematic
phase at 290 °C ; b) D, columnar phase at 175 °C; ¢) N, reentrant
nematic phase at 145°C; d) D, reentrant columnar phase at
130 °C.
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Fig. 2. — Diagram of isobaric state for the mixture of 2 (on left)
with 3 (on right).

3. Discussion. — In the case of the « reentrant »
S, rod-like liquid crystals, it appears necessary to
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generate molecular « dimers » formed by a partial
« head to tail » molecular overlapping. So, the reen-
trant nematic phase is a consequence of a competition
between local smectic A orders which are different
at low and high temperature [23]. This behaviour-is
observed with molecules involving a strong dipolar end
group. Up to now, only para-cyano derivatives 1
exhibit reentrant mesophases [24]. B

If it is quite difficult to imagine a « head to tail »
arrangement in the case of disc-like molecules such as
2, we can suppose that, at low temperature, the
conformation of the six carboxyl crown allows the
maintenance of cohesion between the truxene cores
in « dimers » we imagine present in the crystal (cf.
dimers in esters of triphenylene, proved by X-ray
diffraction [25]).

Let us emphasize that analogous triphenylene
derivatives [17) do not exhibit this phenomenon.
This fact shows the prominent part taken by the
diameter and the shape of the central aromatic core.

4. Conclusion. — The existence of a reentrant
tetramorphism in disc-like molecules once more
shows the great analogy between rod-like and disc-
like liquid crystals. The N nematic, N} cholesteric
and six different columnar phases, and reentrant
sequences were observed with only about 70 mole-
cules [26]. This remark will surely stimulate new
synthetic work in the future.

Acknowledgment. — We thank Professor J. Jacques
for stimulating discussions and helpful suggestions.
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