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Résumé. 2014 Nous présentons les résultats d’études optiques, aux rayons X, diélectrique et haute
pression sur le 4-nonyloxyphényl-4’-nitrobenzoyloxybenzoate (DB90NO2), composé réentrant

triple qui présente la séquence suivante de transitions en refroidissant à partir de la phase isotrope à
pression atmosphérique : I2014N2014Ad2014Nre2014Ad(re)2014Nre2014A12014C2014A22014C2. Ces études révèlent bien
l’existence de la phase A2 non mentionnée jusqu’ici dans ce composé.

Abstract 2014 We present here the results of our detailed optical, X-ray, high pressure and dielectric
studies on 4-nonyloxyphenyl-4’-nitrobenzoyloxybenzoate (DB90NO2), a triply reentrant compound
which exhibits the following sequence of transitions at atmospheric pressure on cooling the isotropic
phase : I2014N2014Ad2014Nre2014Ad(re)2014Nre2014A12014C2014A22014C2. The existence of the A2 phase, not reported
so far in this compound, is clearly shown from our studies.
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1. Introduction.

The discovery of reentrant nematic behaviour [1-3] in compounds whose constituent molecules
possess a strongly polar cyano end group has led to considerable activity in the synthesis of a large
number of terminally cyano- and nitro-substituted triaromatic compounds [4]. This resulted in the
observation of a variety of polar smectic A and smectic C phases, and of several unusual sequences
of polymorphic transitions [5]. Perhaps the most remarkable sequence seen so far in a polar
mesogen is the following seen recently by the Bordeaux Group in 4-nonyloxyphenyl-4’-nitro-
benzoyloxybenzoate or DB90N02 [6] :

I-N-Ad-Nre-Ad(re)-N re-A l-è--C2. *
Since the nematic phase reenters twice and the partially bilayer Ad phase once, this compound

has been referred to as the triply reentrant mesogen. We have carried out detailed microscopic,
X-ray, high pressure and dielectric studies of this compound. These results show the existence of
an additional phase, viz. A2, between the C and C2 phases, the transition temperatures of our
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sample being : . N-’~~Ad-~~N~-~-~A~-~~N~-~-~Ai2013~~C-~~
A2 ~ C2.

2. ExperimentaL

X-ray diffraction experiments were conducted using CuKa radiation in conjunction with a crystal
monochromator and a flat photographic film. The sample contained in a sealed 0.5 mm
Lindemann glass capillary was oriented by a magnetic field. Temperatures were maintained during
any exposure (typically 15-20 min) to a constancy of 0.1 °C or better. The relative accuracy in the
determination of the temperature variation of the layer spacing is reckoned to be ± 0.1 A.
High pressure studies were conducted using an optical cell with sapphire windows, the sample

being isolated from the pressure transmitting fluid by fluran. The transition temperatures were
determined by the optical transmission technique. (For details regarding the experimental set-up
used in the pressure studies see Refs. [7] and [8]). Pressure was measured to an accuracy of ± 1 bar
and temperature to ± 25 mK.
The dielectric constants were measured using a Hewlett-Packard Impedance Analyser (4 192 A)

in the frequency range of 1 kHz to 13 MHz The sample, typically about 50 gm thick and oriented
by a magnetic field of 1.5 T, was in a nitrogen environment during all measurements. The tempe-
rature of the sample was maintained constant to ± 25 mK during the low frequency relaxation
( fR) measurements of 811.

3. Results and discussion.

3. 1 OPTICAL MICROSCOPIC STUDIES. - The sample of DB90N02 was synthesized in our labora-
tory. The purity of the material was ascertained by standard methods. All the transitions observed
by the Bordeaux Group [6] were also seen by us by optical microscopy. In addition, we found
evidence for the existence of another phase, over a temperature range of 4 °C between the C and
C2 phases. This phase has been identified to be the A2 phase as we shall see later. We shall discuss
here only those observations which pertain to the observation of the A2 phase. In figures la-c we
have shown the textures of the C, A2 and C2 phases evolved on cooling the focal conic texture of
the Ai phase. Figures Id-fshow the textures obtained in these phases on cooling the homeotro-
pically oriented domain of the At phase. The textural changes on the formation of the A2 phase
are clearly seen in both sets of photographs, the homeotropic region of A2 being particularly Jobvious. I

It must be mentioned that the existence of the A2 phase as well as the second or lower tempera-
ture Nre . phase seemed to be strongly dependent on the purity of the sample ; the impure samples
failed to show either of these phases. The same effect was seen in samples heated repeatedly to
high temperatures.

3.2 X-RAY STUDIES. 2013 Variation of the layer spacing (d) with temperature in the different
phases of DB90NO2 is shown in figure 2. These results are in good agreement with the earlier
data of Hardouin et ~/. [5]. Starting from the high temperature Ad phase d increases smoothly
from 1.24 / with decrease of temperature right through the transitions between the different N and
Ad phases. In the second reentrant nematic phase, modulations corresponding to both the par-
tially bilayer and the monolayer periodicities are observed, the former modulation vanishing on
going over to the A 1 phase. At the onset of the A2 phase the bilayer as well as the monolayer perio-
dicities corresponding to wavevectors qo and 2 qo are seen. Both these periodicities show a decrease
on going over to the C2 phase, a trend similar to that seen near the A2-C2 transition of other
compounds [9, 10]. A feature of the X-ray photographs was that the diffraction spots were quite
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Fig. 1. - Optical textures in the C, A2 and C2 phases of DB90N02 ; crossed polars, X 250. a-c : textures
obtained on cooling a focal conic region of the Al phase, (a) 103 ~C, C phase, (b) 98 °C, A2 phase, (c) 92 ~C,
C2 phase. d-f : textures evolved on cooling a homeotropic domain of the A phase, (d) 114.6 ~C, C phase,
(e) 98 oC, A2 phase, (f) 92.8 °C, C2 phase. 

’

Fig. 2. - Temperature variation of the layer spacing (d) in the different phases of DB90N02. The arrows
in this figure as well as in the following figures represent the transition temperatures.
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sharp in both the reentrant nematic phases showing thereby that strong smectic-like local order-
ing exists in these phases.

3.3 PRESSURE STUDIES. - Pressure-temperature (P-T) diagram of DB90N02 showing all the
phase boundaries (except the N-I phase boundary) is shown in figure 3. Owing to the limitations
in the maximum working temperature of the high pressure cell, we did not monitor the N-I tran-
sition temperature as a function of pressure. The following features are seen from the P-T dia-
gram :

(i) The Ad as well as the Ad(re) phases are completely bounded in the P-T plane, the phase
boundaries being elliptic in shape similar to what is seen in other reentrant nematogens [7]. The
maximum pressure of smectic stability (Pm) is 1.1 kbar for the Ad phase, and 0.29 kbar for the
Ad(re) phase. (ii) The A1-Nre phase boundary is straight throughout in contrast to the two Ad
phases. This result which is similar to those observed earlier in other systems [11, 12] indicates
that the pressure behaviour of the A phase should be related to the extent of interdigitation of the
molecules. (iii) Both C2 and A2 phases are suppressed at high pressures because of the intersec-
tion of the crystallization line with the C2-A2 and A2-C phase boundaries respectively.

Fig. 3. - Pressure-temperature (P-T) diagram of DB90N02. All transition temperatures were determined
during the cooling mode. The pressure scale marked on the right is for data points shown as A.

3.4 DIELECTRIC STUDIES. - Temperature variation of the static dielectric constants (e and s.L)
as well as of the dielectric anisotropy As is shown in figure 4. It is seen that except at the highest
temperature N-Ad transition, both E and E1 and hence Ae exhibit a smooth variation through
all the other Ad-N transitions. On approaching the A phase 8jj II decreases while gj_ increases caus-

ing thereby a pronounced decrease in Ag. Owing to difficulties in obtaining homogeneous orien-
tation in the C phases we have not made any measurements of As beyond the Al phase.

Figure 5 gives a plot of fR vs. 1 / T in all the mesophases of DB90N02. The corresponding acti-
vation energies are listed in table I. It is seen that the activation energy ( W) for the second or lower
temperature Nre phase is significantly higher than the W value of the first Nre phase which
in turn is higher than that for the normal nematic phase. Similarly the activation energy of the
reentrant Ad phase is more than that of the normal Ad phase. Amongst the four A phases that
exist for this compound, Al has the highest W while the normal Ad has the lowest value. It must
be mentioned that the Cole-Cole plots indicate the existence of a second dispersion close to
the dispersion discussed here, but at frequencies higher than the maximum frequency (13 MHz)
capability of our instrument. The two representative Cole-Cole plots given in figure 6 for two
temperatures clearly show that the second dispersion separates out more at the lower temperature
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Fig. 4. - Variation of the principal dielectric constants (811 and ~~) and the dielectric anisotropy (A8) with
temperature in the different phases ofDB90N02

Fig. 5. - Plot of frequency of relaxation ( fR) versus 1/T in the different phases of DB90N02.

Table I. - Activation energy (W) corresponding to the low frequency dispersion of ell ~~ in the diffe-
rent phases of DB90N02.

and as a consequence becomes more pronounced. Our determination of fR at higher tempe-
ratures may have been conceivably affected by the overlapping of the two dispersion regimes
at these temperatures. Attempts are underway to extend our measurements to higher frequencies
in order to probe this second dispersion of 8jj.
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Fig. 6. - Two representative Cole-Cole plots in the (a) Nre (148 oC) and (b) Ad(re) (125 °C) phases of
DB90N02.
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