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MOLECULAR DYNAMICS IN A PARTTAL BILAYER SMECTIC A PHASE
BY PROTON NMR RELAXATION

A.C. RIBEIRO
Centro de Fisica da Matéria Condensada, Av. Gama Pinto,
2, 1699 LISBOA Codex, Portugal

Abstract The dynamics of a partial bilayer smectic A
phase is studied for the p-|(p-dodecyloxybenzylidene) -
—amino| benzonitrile by the NMR technique. The proton
spin relaxation rate 1/T has been measured as a
function of the Larmor frequency between 5.6 and 84 MHz
and as a function of the temperature for the whole
domain of the smectic A phase,. The relaxation
measurements are discussed 1in terms of potential
contributions of different molecular motions, namely
translational self diffusion, rotations/reorientations
and order director fluctuations. In the high frequency
limit the relaxation is dominated by rotations/reorien-
tations while translational self diffusion is dominant
in the low frequency region. For all the frequencies of
work it seems that order director fluctuations have a
small contribution to the relaxation. This unsual
result for a 8§ phase must reflect the particular
distribution of %he polar asymmetric molecules in the
smectic layers and also the molecular structure.

1 - INTRODUCTION
Many papers concerning the study of molecular dynamics by

Nuclear Magnetic Resonance in monolayer smectic A phases of

liquid crystals are reported in literature. However the

261
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molecular dynamics in partial bilayer and bilayer smectic A
phases 1is nhot very known. In this paper we present new
results obtained with a 1liquid crystal of asymmetric
molecules with a strong polar terminal group (CN) that
exhibits a partial bilayer smectic A phasel.

Systematic measurements of the proton spin-lattice
relaxation time Tl were performed as a function of
temperature and Larmor frequency in the isotropic and
smectic A phase of p-]|(p-dodecyloxybenzylidene)-amino]
benzonitrile (hereafter abbreviated 12CN).

As it will appear below, in the smectic A phase of 12CN
the frequency dependence of the spin lattice relaxation rate
is rather peculiar in confrontation with the usual behaviour
detected in other SA phasesa—ls.

In section 2 we mention the techniques used in this
work and we present the experimental data with a brief
comment. In section 3 we analyse the experimental data
relative to the smectic A phase in terms of different
mechanisms which are expected to contribute to the
relaxation. The results we have so obtained are discussed in
section 4 where we also contrast our conclusions about the
molecular dynamics in the SA phase to those different
structural models?’_6 proposed to explain the partial bilayer
behaviour of some smectic phases.

An extension of this research work including results
obtained with other similar compounds with the same
molecular core but with a different chain length will be
presented in a forthcoming paperl8.

Preliminar results of this paperl7 were presented at I

Simposio Ibérico de Fisica da Matéria Condensada.
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2 — EXPERIMENTAL TECHNIQUES AND EXPERIMENTAL DATA
The synthesis of 12CN was described in2. Its molecular

structure is given below:

H25612—-O—©—CH=N —@—c =N

s . 3 .
After purification, the sample (0.5 cm ) used in our
NMR experiment was degassed and sealed in an evacuated glass
tube (@ = 10mm). The degassing pressure was less than 10_4

mbar. This compound shows the following sequence of phases:

62,2°C 103°C

Measurements of the spin lattice relaxation time were
performed at eight frequencies f between 5.6 and 84 MHz. For
each fveduency the temperature was varied over the whole
smectic A phase and at least up to 17°C above the clearing
point. Tl was measured by the m~-1-1/2 pulse sequence with a
Bruker SXP/4-100 MHz spectrometer, The temperature of the
sample was controlled to within :O.3°C and the experimental
error in the value of T was less than 1°C.

Figure 1 shows the experimental results of Tl as a
function of the temperature for two working frequencies. One
paramount feature of our experimental results is evident in
figure 2, where the obtained values of 1/T1 are
represented as a function of f_l/2 for two temperatures in
the SA phase, namely the strong deviation of the classical

Bf'l/2)

dominant behaviour (l/Tl z usually detected in

3
conventional smectic A phases . In fact this
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FIGURE 1. Temperature dependence of the proton spir
lattice relaxation time Tl'

representation seems to show that order fluctuations are not
the dominant mechanism of relaxation in the SA phase of

12CN; by the other hand for each working temperature the

. . 1/2 . .
representation of 1/T1 as a function of f gives with a
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FIGURE 2. Ex8751mental results of 1/T. as a function of
for two temperatures in the S, phase.
The curves are simply guides for e eye,

they have not a theoretical origin.
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FIGURE 3. E¥9Sr1mental results of 1/T. as a function of
for two temperatures in the SA phase.

reasonable approximation a straight line, as evidenced in
figure 3, and this result agrees with the possibility of a
strong contribution of self-diffusion to the relaxation7.
Figure 4 shows two possible fits of our experimental results
at T=90 °C and the contributions of different mechanisms to
the overall relaxation as described in section 3 of this

paper.

3 — ANALYSIS OF THE DATA RELATIVE TO THE SA PHASE

In the smectic A phase the experimental results were
analysed in terms of three mechanisms of relaxation namely
translational self diffusion, rotations/reorientations and
order director fluctuations.

To describe self diffusion we have used, as proposed by
Vilfan and Zumer for SA phasesll'l3, the classical corrected
Torrey's theory14 with a reduction factor of 1.411 with
TTorrey = 1, and <r ‘> = & being 1 the average time

between flights within layers (D, is the associated

diffusion coefficient), < r12> the mean squared flight
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distance within layers and d the closest approach distance
of molecules within layers. The value of SX has been imposed
for dl.

To describe order director fluctuations we have used

-1
the classical contribution9 Bf /2

taking in account the
recent results of Vilfan et al15 that confirm this behaviour
in smectic A phases for frequency domains in which our
measurements are clearly included.

The rotations of molecules around their long molecular
axes, nearly isotropic motions of aliphatic chains and
orientational fluctuations of the long molecular axes, are
described by superposition of Lorentzians, but in our
domain of frequency measurements this contribution must be
reduced to a constant term A dependent only on temperature
8,9

For each temperature the experimental results are then

fitted with:

l/T1 = (/T ), + (l/Tl)OF + (l/Tl)R =

1°8D
-1 -1
(1.a)7" . (/1)) +Br2 (1)
1" Torrey
being A and B free parameters and varing 1, » in the

Torrey's expression between values with physical meaning for
16

a smectic A phase” . As an example, the parameters

associated with two of the best fits for T = 90°C are

described in the table I. These fits and the different

contributions to the overall relaxation are represented in

. 22
figure 4 (the value of the spin density is n=5.09x10

spins/cms).
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TABLE I. Parameters associated to fits represented in

figure 4.
-1 ~3/2 -1
FIT 7, (s) D, (em’s 7) B(s 8/ ) Als ™)
_ —7
1.89x107° 3.30x10 202 1.19
———  1.54x107° 4.06x10"" 1601 1.02

Concluding the section 3 we must say that we also have
fitted the experimental results using Vilfan and Zumer
theory11 to describe self diffusion instead of Torrey's
expression. However the fits obtained by the two theories
are very similar in their behaviour and also in the values
of the obtained physical constants. Therefore we present
here only the results obtained by Torrey's theory used as a
first approximation to describe the contribution of
diffusion to the relaxation in a smectic A phase whose
structural details are not very well known; however we must
remark once again that Torrey's theory seems to describe

11,13
very well the diffusion contributions in SA phases ' .

7".1-(s") N

$,- T=90C

4

Vi x 1073 {sVa)

FIGURE 4. Fits of the e¥9§rimental results of 1/T. as a
function of f for T=90°C and contributions
of different mechanisms to the relaxation.
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4 - DISCUSSION AND CONCLUSIONS

The fit on continuous black represented in figure 4 is the
best one (minimum error) however only measurements in a very
low region of frequencies, not available in our
spectrometer, could clarify the selection between one of the
two represented fits. In any case the conclusions obtained
from the two fits are essentially the same, namely:

~ self-diffusion is the predominant contribution in the
low frequency domain (in fact for five of the eight
explored frequencies).

- the wvalue of the constant A associated with
rotations/reorientations is clearly elevated in
confrontation with other published resultsB—l3

obtained with conventional smectic A phases. Our
estimation gives for the correlation times of these

-11
motions values t_> 3.10 1 s.

}31"1/‘2 associated with order

- the contribution
fluctuations is very low and this contribution is not
predominant in any region of our explored frequency
domain.

All the conclusions presented above are very unusual in
smectic A phases but these conclusions must be
correlated with the particular structure of this partial
bilayer phase and also with the proton distribution in the
molecules. Usually in SA phases order fluctuations are the
predominant mechanism of relaxation in large frequency
domains, but our experimental results and the proposed
interpretation seem to deny that in the case of 12CN., In

15
fact, recent theoretical results by Vilfan et al confirm



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:17 19 February 2013

DYNAMICS IN A PARTIAL BILAYER SMECTIC A BY NMR 269

once again that order fluctuations in S, phases would give a
dependence of the type 1/T1 = Bf—l/2 for frequencies above
the MHz. In our case the deviation of this law takes place
at 16MHz (see figure 2) and this result and also the
representation evidenced in figure 3 would be good arguments
to understand the proposed 1low contribution of order
fluctuations to the relaxation. By the other side, this
result must also be correlated with the proton distribution
in the molecule of 12CN. In fact, we are observing molecules
with only 9 protons in the core and 25 in the chain and we
remind that the most important contribution to order
fluctuations comes from the core protons (26% of the total).

. The results presented here and the proposed

interpretation make possible to do some comments about those
models proposed to explain the structure of partial bilayer
smectic phases of asymmetric and highly polar moleculess_G,
namely:

- the strong contribution of self-diffusion to the
relaxation 1is compatible with Leadbetter model6 in
which an important longitudinal diffusion of
molecules 1is described as responsible for the
partial bilayer behaviour. Nevertheless we don't
know how to justify with this model the high value of
the term A associated to rotations/reorientations.

- the model of Cladiss, with the aromatic cores of
molecules overlapped one another in antiparallel
pairs within the layers, could probably justify the
high value of A because the motions of rotation/
/reorientation of coupled pairs would occur slower in

a theoretical confrontation with motions of isolated
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molecules.

— the model of Guillon and Skoulios3_4 with single
molecules and pairs of molecules associated polar
head to polar head within the smectic layers could
justify very well the strong contribution of self-
diffusion to the relaxation because this model
predicts the dissociation/reassociation of pairs and
also the diffusion of single molecules and pairs of
molecules within layers and between layers. From the
local motions of pairs could probably come the most

important contribution of term A.

In conclusion, our results show that the relaxation in
the smectic A phase of 12CN is interpreted in terms of
self-diffusion, rotations/reorientations and order
fluctuations.

In the high frequency limit the relaxation is dominated
by rotations/reorientations while translational self-
—diffusion is dominant in the low frequency region. For all
the frequencies of work it seems that order
fluctuations have a small contribution to the relaxation.
This wunusual result for a SA phase must reflect the
particular distribution of the polar asymmetric molecules in
the smectic layers and also the proton distribution in the

molecules.
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