This article was downloaded by: [Tomsk State University of Control Systems and
Radio]

On: 18 February 2013, At: 15:00

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

NMR Study of Molecular Order in a
Liquid Crystal with Smectic Ay and

Reentrant Nematic Mesophases. A
Comparative Study with Models for
the S,q Phase

J. L. Figueirinhas *, C. Cruzi ®, A. C. Ribeiro * & Nguyen Huu
Tinh °

& Centro de Fisica da Matéria Condensada, Av. Prof. Gama Pinto,
2, 1699, Lisboa Codex, Portugal

b centre de Recherche, Paul Pascal Domaine Universitaire,
33405, Talence, France
Version of record first published: 24 Sep 2006.

To cite this article: J. L. Figueirinhas , C. Cruzi , A. C. Ribeiro & Nguyen Huu Tinh (1992): NMR
Study of Molecular Order in a Liquid Crystal with Smectic Ay and Reentrant Nematic Mesophases.
A Comparative Study with Models for the Spq Phase, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 212:1, 263-270

To link to this article: http://dx.doi.org/10.1080/10587259208037267

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259208037267
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 15:00 18 February 2013

verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this
material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 15:00 18 February 2013

Mol. Cryst. Lig. Cryst. 1992, Vol. 212, pp. 263-270
Reprints available directly from the publisher
Photocopying permitted by license only

© 1992 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

NMR STUDY OF MOLECULAR ORDER IN A LIQUID CRYSTAL WITH
SMECTIC A AND REENTRANT NEMATIC MESOPHASES. A
COMPARATIVE STUDY WITH MODELS FOR THE S, 4 PHASE.

I L. FIGUEIRINHASY, C. crUZ¥, A. C. RIBEIRO¥, NGUYEN HUU TINH*
Centro de Fisica da Matéria Condensada

Av. Prof. Gama Pinto, 2, 1699 Lisboa Codex, Portugal

* Centre de Recherche Paul Pascal

Domaine Universitaire, 33405 Talence, France

(Received April 12, 1991)

Abstract The orientational order of a compound exhibiting nematic, S
and reentrant nematic mesophases was studied through the analysis o?
proton spectra of the molecular core and deuterium spectra of the chain.
The results are compared with the different theoretical models for the
S phase. Simulations of the proton spectra yield the molecular core
or%der parameters and rule out some of the models proposed, favoring
others. Dynamical information regarding the life times of the different
molecular aggregates proposed to exist in the S Ad phase is obtained from
the deuterium spectre of the chain.
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INTRODUCTION
In the large majority of condensed matter systems an increase in temperature
leads to states of higher disorder. However, there are several systems, in
particular some ligquid crystals, where this trend is inverted.

The phenomenon of reentrancy in liquid crystals was first observed by
P. Cladis [1] for the nematic phase in a mixture of two compounds with
molecules which have a strong terminal dipole. This phenomenon was later
observed also in the S A phase and was detected both in mixtures and pure
compounds, with molecules which have a strong terminal dipole (groups CN
and N02) [2]. Multiple reentrancy of the nematic and smectic A type
polymorphisms were also observed [2]. Smectic A phases with different layer
spacings can also be found in this type of materials, namely S Al (monolayer),
S Ad (partial bilayer), S A2 (bilayer) and the antiphase S;‘ [2]. Several models
were presented in the literature to address the phenomenon of reentrancy and
the rich polymorphism observed in Liquid Crystals with a strong polar
terminal group [3-9]. In particular these models try to describe the structure

of the S Ad phase where a layer thickness of about 1.4 | was found from
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X-ray studies. In this work the molecular orientational order in the compound
"C8D17-0-¢-C00-¢-¢-CN” is analyzed in light of the different
microscopic models proposed for the S Ad phase [3-9]. Proton spectra of the
molecular core and deuterium spectra of the chains were recorded as a
function of temperature in the high temperature nematic, the smectic A; and
the reentrant nematic phases. This compound exhibits the following transition
temperatures:
K 97°C Np, 120°C 8,4 201°C N 240°C 1|

EXPERIMENTAL RESULTS

I - Proton spectra of the molecular core

Typical proton spectra in the different mesophases are presented in figure 1.
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FIGURE 1- Proton Spectra in the NRe' S Ad and N mesophases.

The general features of the spectra are similar in the three mesophases. The
spectra are dominated by the dipolar interaction between the ortho and the
meta-protons of each benzene ring. The simulation of the proton spectra
indicates that the molecules adopt a conformation not so different from the
all-trans one, with the planes of the two neighboring benzene rings making an
angle of about 24 degrees between them.

The temperature dependence of the dipolar splitting is shown in figure 2.
From the dipolar splitting it is possible to obtain, with good approximation,
the order parameter Sz, since the most ordered molecular axis is close to the
para-axis. The dipolar splitting is given by:
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3ue Y*h
Y=t < Sid R ®

where S; j is the Saupe order tensor [10] and R; j is a conformation dependent

tensor. In the principal frame of Sij the dipolar splitting becomes:

340 VR 1
v = ‘8—7;3 P [SzzRzz + 3 (Sxx - SyylRxx - Ryyl] )
with Rzz-gcos2ﬁ -% and Rxx~Ryy-%sinzﬁ cos(2a)

where 8 is the angle between the most ordered molecular axis and the para-
axis of the benzene rings and it has a value not larger than 12 degrees. In
this situation (Sxx-SyyXRxx-Ryy) is negligible compared to SzzR;;.
Therefore S, can be obtained from the dipolar splitting. The temperature

dependence of Sz is also given in figure 2.
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FIGURE 2- Temperature dependence of the dipolar splitting and order
parameter Szz.

11 - Deuterium spectra of the molecular chain

Typical spectra obtained in the three mesophases are shown in figure 3. The
spectra are similar in every mesophase denoting only an increase of the
molecular order with the decreasing of temperature. The spectra are formed
by seven pairs of relatively sharp lines, corresponding to the eight non-
equivalent deuterated positions in the chain. Two of these positions give
similar splittings and the line intensity indicates that they correspond to line
"A”. The temperature dependence of the quadrupolar splittings is shown in
figure 4. A detailed analysis of the temperature dependence of the
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guadrupolar splittings reveals that, within experimental accuracy, they are
compatible with the existence of a Saupe order tensor for the whole molecule,
associated with an average molecular frame defined after averaging over the
internal molecular motions. This statement is demonstrated by the line
gplittings ratio plots obtained, shown in figure 5 [11]. These ratio plots are
expected if a Saupe order tensor can be associated with an average molecular
frame and the temperature dependence of the splittings comes predominantly

from the principal elements of the Saupe order tensor.
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FIGURE 3-Chain Deuterium Spectra in the NRe’ S Ad and N mesophases.

The ratio plots do not show any discontinuities or changes of slope at
the nematic-S Ad phase transition or at the S Ad-reentrant nematic one. This
means that the average molecular conformation is similar in the three phases

and the local molecular arrangement is not very different either.
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FIGURE 4- Temperature dependence of the chain quadrupolar splittings.
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FIGURE 5- Ratio plots from the chain quadrupolar splittings and core

dipolar splitting.
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IMPLICATIONS OF THE NMR DATA FOR THE DIFFERENT MODELS
PRESENTED IN THE LITERATURE FOR THE S, 4 PHASE

Relevant implications for the different models concerning the structure of
the S Ad phase can be drawn from our NMR resuits.

Leadbetter et al. [3] proposed a model where the molecular cores are side
by side with the chains alternatively disposed in opposite directions. The
increase in the layer spacing would be due to the existence of a large
fongitudinal diffusion. The increase in specific volume implied by this model
was not experimentally observed. From the NMR point of view, the enhanced
longitudinal diffusion would significantly decrease the molecular order when
compared to the monolayer S Al phases, which is not seen.

Cladis et al. [4] proposed a model where the molecules are paired with
overlapping cores and chains in opposite directions. This model has the
inconvenient of requiring a high packing density of the molecular cores. The
molecular area predicted by this model is substantially smaller than the value
found in the crystal. From the NMR point of view the overlapping molecular
cores would produce a significantly different proton spectrum, since
interactions between protons of different molecules would become important.

De Jeu aind Longa [S] introduced a model where a mixture of monomers
and dimers similar to those proposed by P. Cladis were present in the
smectic layers. From the NMR point of view the existence of such ”static”
dim ers and monomers in the S Ad phase would produce, as in the model of
Cladis, a different NMR proton spectrum. A different deuterium spectrum
would also be observable.

The models introduced by the Bordeaux group [6] can not be directly
confronted with our deta since they do not make any predictions regarding
the temperature evolution of the order parameters or the existence of special
molecular aggregates in the considered mesophases.

Guillon and Skoulios [7] introduced a model where two types of molecular
aggregates - isolated molecules and dimers of molecules paired head to head
- are present, in dynamical equilibrium, in the smectic layers. The ratio of
monomers to dimers determines the layer thickness. This model predicts a
molecular area compatible with the value found in the crystal. The NMR data
imposes a top value for the life time, 7, of the different aggregates predicted
by this model. 7 must be smaller than a few microseconds as indicated by the

presence of only one type of lines in the deuterium spectra.
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A. N. Berker and J. O. Indekeu [8] presented a statistical mechanics model
which takes into account the dipolar interaction between neighboring
molecules, repulsion forces of the excluded volume type between the
molecular chains and Van der Waals forces. This model considers correlations
between three molecules. Minimizing the energy of the system, different
possible configurations are obtained, depending on the relative strength of
the interactions. The layer spacing in the S Ad phase, as well as the simple
and multiple reentrancy experimentally observed, are well described by this
model. NMR gives some information regarding the dynamics of the
configurations considered in this model, imposing a top value of a few
microseconds for their life time.

N. V. Madhusudana et al. [9] performed a mean field calculation that
predicts the phase sequence N - S Ad” NRe' S AL for a certain range of the
model parameters, when the temperature is lowered. The temperature
evolution of the order parameters was also calculated and a decrease in order
appears in the lower part of the S Ad phase when the temperature decreases.
At the transition S Ad" NRe the order parameters are discontinuous. None of
these observations regarding the temperature evolution of the order
parameters is confirmed by our data, which show a monotonic increase in

order with the lowering of the temperature.
CONCLUSION

The existence of only a set of lines in the deuterium spectra of the chain is
compatible with the existence of more than one type of molecular aggregates
(ex. single molecules and dimers) if the life times of the different
aggregates are shorter than the NMR observation time.

The NMR results here presented favor the models of Guillon and
Skoulios {7] and Indekeu and Berker [8] but can not draw a distinction
between them. Nevertheless NMR sets a top limit of a few microseconds for
the life time of the different molecular configurations predicted in those
models.
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