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

On: 21 February 2013, At: 10:46

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

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Anisotropic Translational
Diffusion of Methane in N-(4-
n-pentyloxybenzyl dene)-4-n-
hexylaniline (50.6)

M. E. Moseley ® © & A. Loewenstein °

# Department of isotope Research, Weizmann
Institute of Science, Rehovot, 76100, Israel

b Department of Chemistry, Technion-Israel institute
of Technology, Haifa, 32000, Israel

¢ Department of Pharmaceutical Chemistry,
Univeristy of California, San Francisco, CA, 94143
Version of record first published: 20 Apr 2011.

To cite this article: M. E. Moseley & A. Loewenstein (1983): Anisotropic Translational
Diffusion of Methane in N-(4-n-pentyloxybenzyl dene)-4-n-hexylaniline (50.6),
Molecular Crystals and Liquid Crystals, 95:1-2, 51-58

To link to this article: http://dx.doi.org/10.1080/00268948308072407

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.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948308072407
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 10:46 21 February 2013

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 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 10:46 21 February 2013

Mol Cryst. Lig. Cryst., 1983, Vol. 95, pp. 51-58
0026-8941/83/9502-0051/$18.50/0

© 1983 Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

Anisotropic Translational Diffusion
of Methane in
N-(4-n-pentyloxybenzylidene)-
4-n-hexylaniline (50.6)

M.E. MOSELEY'

Department of Isotope Research, Weizmann Institute of Science, Rehovot 76100
Israel

and

A. LOEWENSTEIN

Department of Chemistry, Technion-Israel Institute of Technology, Haifa 32000
[srael

(Received October 7, 1982; in final form March 10, 1983)

The temperature dependence of the translational diffusion coefficients is reported for methane
dissolved in the thermotropic liquid crystal N-(4-n-pentyloxybenzylidene)-4-n-hexylaniline
(50.6). The general features of methane diffusion behavior in the N, S, and crystal S, phases
of 50.6 are quite similar, with respect to the magnitude of the rates and corresponding
anisotropies, to those found in the homolog 40.6. The mutual characteristics are: that consid-
erable smectic character (Dy < D) exists in the nematic phase, that Dy < D, withE, > E,
in the S, phase because of increasing layer definition and of methane expulsion from the cores
to the chains and that D, /Dy ~ 30 (with E; ~ E,) in the crystalline S; phase. Methane
behavior in the Sy phase of 50.6 is very unusual, showing a slight decrease in D, and large
increases in Dy upon decreasing temperature with D, /Dy values of from 10 to 5. This is
possibly the result of the decrease in the close-packed core thickness coupled to increase in
the disorder (loss of 3-d correlation) within the layer in the Sy phase. The diffusion behavior
in the S; phase is similar to that found in the Sz phase. The factor of three larger Dy values
in 8 over S; is thought to be the result of persistance of disordered regions remaining from
the Sr phase.

'Sir Charles Clore Postdoctoral Fellow, 1981-1982. Present address: Department of
Pharmaceutical Chemistry, Univeristy of California, San Francisco, CA 94143.
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INTRODUCTION

Of the many homologs belonging to the alkoxybenzylidene- alkylaniline
family of liquid crystalline compounds (the n0.m series),"? the homolog
50.6

CHy~CHp) sCH;0 -@- CH=N-@-CH2- (CHp)g-CHs

has been of perhaps the greatest interest®™ in that it displays a variety of

liquid crystalline phases: nematic and five smectic phases A, C, B, F and
G. Much interest has been centered on the occurance of the recently-
identified® smectic F (Sy) phase, which was found to possess a lower
2-dimensional order between two smectic phases, Sz and S; of higher
3-dimensional order.>® Although the Sy phase has been identified as such,
not much is actually known about the molecular order and distribution
within the phase.

This communication reports measurements of the translational diffusion
of methane (CH,), dissolved in 50.6, along and perpendicular to the liquid
crystal molecular director, by the pulsed magnetic field gradient spin echo
NMR technique. In previous studies,”® methane has proven to be a suitable
solute probe in liquid crystals; it is small, yet sensitive to the different
chemical environments within the phase and is essentially non-perturbing
to the phase, in that no appreciable phase transition temperature depres-
sions are observed (at typical pressures of 8—15 atmospheres). Much con-
cerning the nature of a phase can be deduced from the diffusion behavior
of a suitable probe. In the N, S, and S; phases of a close homolog, 40.6,
methane diffusion behavior was phase-dependent.” It was deduced that in
the N phase of 40.6 there was a sizeable presence of pretransitional smectic
order. The layer-like smectic order was found to greatly impede diffusion
along the director, Dy, while promoting transverse diffusion D |, to a degree
strongly dependent on the ordered arrangement of the liquid crystal mole-
cules within the lamellar layer. Typical anisotropies were of the order of
D,/Dy = 30in the Sp phase. As the ordering of the smectic layering
increases in the S, phase, methane is expelled from the close-packed polar
aromatic cores into the more flexible non-polar aliphatic chains between the
layers. Methane (CH,) proton dipolar and CH;D deuterium quadrupolar
splittings were very helpful in formulating the above model of methane
behavior in nematic and smectic phases. Similar measurements were also
used in the present study to complement the information derived from the
diffusion measurements.



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:46 21 February 2013

ANISOTROPIC TRANSLATIONAL DIFFUSION IN (50.6) 53

EXPERIMENTAL

Methane and dideuteromethane (CH,D,) were purchased from Merck. The
compound 50.6 was synthesized in a similar manner described in Ref. 9,
from the condensation of n-pentyloxybenzaldehyde and n-hexylaniline in
absolute ethanol. The crystals were washed repeatedly and recrystallized
five times from absolute ethanol. The phase transition temperatures of the
purified 50.6 were then determined from thermal microscopy mea-
surements made with the sample on a clean glass slide covered with a glass
slip in a Bausch and Lomb polarizing microscope equipped with a Mettler
FP52 microfurnace and the Mettler FP5 temperature control unit. All six
liquid crystalline phases were observed, with characteristic focal, broken
and checkered fan textures that were very similar to the texture photographs
of 50.6 in the literature.>>'® At the S-S transition, the checkered texture
was only faintly seen, which later annealed at the S; transition temperature.
The observed transition temperatures (°C) were as follows:

[_N_SA_SC—SB—SF_SG
7277 60.6 519 503 41.8 385

and are very close to previously published values.'™5!'-"?

The lineshape and diffusion measurements were made in the same man-
ner as those described earlier.” Separate samples of CH, and CH,D, (8 atm)
were prepared as before. In the lineshape studies, the proton and deuterium
spectra of CH;D, observed in the different phases of 50.6 appeared as
relatively broad doublets, without fine structure.

RESULTS AND DISCUSSION

Arrhenius plots of the translational diffusion coefficients, D; and D, of
methane in 50.6 are shown in Figure 1. Within the accuracy of the NMR
temperature controller (+1°C), the phase transition temperatures observed
in the CH,-50.6 and CH,D,-50.6 samples were identical to those obtained
from the thermal microscopy experiments.

For methane dissolved in liquid crystals’ exhibiting only nematic phases,
such as p-heptylcyanobiphenyl (7CB), p-methoxybenzylidene-p-butyl-
aniline (MBBA) and the alkyl azoxybenzene mixture (Merck Licrystal
Phase 5), it is observed that Dy > D,, in that translation of methane
through the phase is less hindered parallel to the direction of the liquid
crystalline long axes (the director) than perpendicular to it. However,
methane diffusion in the N phases of the liquid crystals 40.6 and p-
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FIGURE 1 Arrhenius plots of methane diffusion in 50.6. The diffusion coefficients parallel
and perpendicular to the director are denoted as D (squares) and D , (circles) respectively. The
phase transition temperatures are indicated by the vertical broken lines. The lines drawn
through the experimental points are only to aid the eye.

octylcyanobiphenyl (8CB), both having smectic phases below the nematic
phase, is such that Dy < D,. The conclusion drawn is that local smectic
order exists far into the nematic phase of these compounds. The methane
diffusion rates in the N phases of 50.6 and 40.6 are of the same magnitude
with a larger activation energy in 50.6. The N-S, phase transition in 50.6
has a larger effect on the diffusion rates than in 40.6 and may be related to
the 40% larger transition enthalpies and entropies in 50.6.>"'"'2 The more
energetic transition in 50.6 may explain what seems to be more sudden
methane expulsion effect in 50.6 than in 40.6. The proton dipolar and
deuterium quadrupolar splitting of CH,D, in the N and S, phases of 50.6
are shown in Figure 2 and Figure 3 respectively. The behavior is very
similar to that found in 40.6 and strengthens the conviction that methane
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FIGURE 2 Temperature dependence of the proton splittings, 'HA», of CH,D; in the N and
Sa phases of 50.6. The splitting is defined as the frequency difference in Hz between the
signals in the 1:1 doublet (see text).

is indeed being sterically expelled from the polar cores to the non-polar
chain ends. Longitudinal methane diffusion in the S, phase of 50.6 is
characteristic of that found for a variety of small probes in this phase with
large diffusional activation energies on the order of 20-30 kcal/mole." For
methane, this is probably a consequence of the increasing definition of the
layer structure with decreasing temperature and the increasing concen-
tration of methane in the chain end region where transverse diffusion is
much faster than the longitudinal diffusion.

Because the S¢ range in 50.6 is so short and the transition energies for
the nearby S-—Sj; transition are so large, it is certain that the large decrease
in Dy around 51°C is due to the onset of the Sy phase and not to the S¢ phase.
Although the broken fan texture of the S phase is clearly visible in the
microscopy measurements, no specific S¢ effects on the diffusion rates
could be attributed to the S, layer tilting but rather is masked by the
dramatic effects from the S phase. Longitudinal diffusion in the crystal'®
S5 phase of 50.6 is very slow and is most likely a permeation process; the
low diffusion rates through the aromatic core sheet are a function of the
crystal-like orientational order of the 3-dimensional molecular close-
packing within the layer of cores where the molecular centers of mass are
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FIGURE 3 Temperature dependence of the deuterium splitting, *HAv, in CH,D, in 50.6,
where the splitting is the frequency difference in Hz between the signals in the 1:1 doublet (see
text). The splitting in the Sy phase was less than the line broadening (10-15 Hz).

highly aligned. The abrupt decrease of Dy is a consequence of the strongly
first-order S,~Sp transition. This is also apparent in the collapse of the
CH,D, proton dipolar and deuterium quadrupolar splittings at the transition
(Figures 2 and 3). Any quadrupolar splittings present in the Sz phase were
less than the 10-15 Hz line broadening factor used. In the S phase then, the
methane molecules are most likely concentrated in the extreme chain end
region, experience very little orientational order and translate almost exclu-
sively between the layers, in a liquid-like environment.

As mentioned earlier, among the n0.m’s, 50.6 is unique in the formation
of a new smectic phase in between a S and S; phase. This S phase,
identified from diffraction and miscibility experiments has been described
by a lack of 3-dimensional long-range order (no correlation of molecular
arrangement within the lamellar layer), a slight layer tilt (24°) and the
presence of both considerable regions of disorder and extensive layer dis-
location.>* Although the S;—S; transition enthalpy and entropy is quite
small,?” the effect on the diffusion of methane is very pronounced and is
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indicative of a first-order transition. From Figure 1, this is seen as a
significant decrease in D, together with an abrupt doubling in the magnitude
of D). This behavior can be interpreted as a sudden “breaking-up” of the
crystalline Sp ordered layer structure in such a way that the clearly-defined
layering is changed to one which now slightly impedes transverse diffusion
with significantly faster longitudinal diffusion. The sudden reappearance of
the quadrupolar splittings in the Sy phase (Figure 3) indicates that methane
is being ordered to a similar degree as that observed in the S, phase, which
is possible only if methane is found near or within the more rigid aromatic
center of the layers. The picture of relatively fast methane diffusion through
and presence of methane among the aromatic cores is reasoned to be
due to the loss of positional correlation within the layers as the three-
dimensional crystal Sp order decays to two-dimensional order in the
Sr phase."”

Another interesting aspect of methane behavior in the S phase is the
continued increase in D with decreasing temperature, implying in view of
the above picture, an increase in the layer disorder as the phase is cooled.
A possible interpretation of the behavior in the Sr phase concerns the
reported decrease in the layer thickness from 27A to 24A at the Sg — S¢
transition.* Assuming the D process in the Sy phase is one of permeation
of methane (with a diameter of 3.5A) through “holes” in the Sg crystal lattice
of roughly 5A in diameter and 27A in length, then at the S — Sy transition
adecrease in the hole “length” coupled with randomly larger hole diameters
(as the lattice is destroyed) would tend to allow methane a faster permeation
rate and access to the more-ordered aromatic centers. Further, the layer
thickness in the Sr phase decreases slightly with decreasing temperature,*
which may help explain the increase in D; as the temperature is lowered.

The trend of increasing Dy with decreasing temperature in the Sy phase
ceases at the S — Sg transition, which is possibly a consequence of the
reappearance of 3-d order of hexagonal packing in the S; cores.>’

The fact that Dj in the S phase is considerably faster than in the S phase
and that the quadrupolar splittings in the S; phase are larger implies that,
the layer definition and molecular packing order within the smectic layers
is not as great as in the Sy phase. Strong diffuse X-ray diffraction observed
in the 50.6 S; phase indicates considerable disorder in this phase.’” The
relative loss of order in 50.6 upon going from S; to S is apparent from
simple visible inspection of the S, Sr and S;; phases as the sample is cooled
in the magnetic field. While the Sz phase is clear and glass-like to the eye,
there is a considerable amount of light-scattering and visible striations in
the S phase, which persist indefinately, if the sample is left undisturbed.
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