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Microstructures Based on Thermotropic
Liquid-Crystalline Polymers in the
Low Molar Mass Nematogenic 5CB
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Nadya P. da Silveira™!

Summary: The unique characteristics of two polyacrylates having the same side chain
chiral mesogenics groups and different spacer lengths allowed the stabilization of
ordered polymer rich-phases in solution with the nematic solvent 5CB. These
microstructures are smectic having fibrous-like and rode-like morphologies, in spite
of the mesophases of the polymers in bulk. The interactions between the mesogenic
groups in the polymer and the solvent 5CB stabilize the microstructures and leads to
birefringence at temperatures above the 5CB clearing point. Polarized optical
microscopy data are complemented by SAXS to fully describe the mesomorphic

behavior of the mixtures.

Introduction

Composite systems comprising polymers
and liquid crystal molecules are of great
interest due to their important role in
technological applications. A great number
of polymer/low molar mass nematogenics
(LMMN) composites have been already
developed,m mostly as thin films. Their
performance is highly dependent on the
structure of the polymer chain in the liquid,
which can be enhanced by applying differ-
ent polymeric architectures, as well as
different LMMN as solvent, depending
on the organization envisaged. In this
way, if the system contains a polymer liquid
crystal, different ordered arrangements
could be expected. The system known as
polymer stabilized liquid crystals can be
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obtained with a simple mixture of the
polymer in a liquid crystal solvent or by first
dissolving a small amount of the monomer
in an LMMN and then performing ther-
mally or photoinduced polymerization giv-
ing rise to a polymer network.[*
Theoretical and experimental works focus-
ing such composite systems were performed
in the past[4'10] with most papers exploring
the different phases in those systems as a
function of polymer concentration through
phase diagrams.>'%! In a polymer/LMMN
composite, it is known that polymer chains
tend to form a network that aligns the liquid
crystal.l''l There is also a tendency of the
chain to be aligned with the field of the
LMMN defining an anisotropic shape for
the polymer.!"?! The degree of anisotropy
depends on the polymer backbone flex-
ibility, molecular weight, spacer length, and
if the polymer exhibits nematic or smectic
phases. For the mixtures containing a
liquid-crystalline polymer, the average
nematic axis is defined by the director n
of the LMMN; and although the polymer

chains exhibit a distribution of orientations,
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the mesogenic groups in the polymer tend
to orient parallel to the vector director of
the liquid crystal solvent.['?!

The aim of this work is to demonstrate
the organization of microstructures formed
by two different chiral side chain liquid-
crystalline polymers (SCLCP), Py and
Pym, in 4’-n-pentyl-4-cyanobiphenyl (5CB)
by means of polarized optical microscopy
(POM). The POM technique allows a good
understanding of the system, describing the
mixtures according to the formed textures
from the classic morphologies found in neat
liquid crystals."®* Small angle X-ray
scattering (SAXS) results already obtained
are applied to complement the POM
data.™! The polymer Py contains 11
alkyl carbons as spacer group and presents
a chiral smectic A phase (SmA*), whereas
P, has 4 alkyl carbons as spacer group and
presents a chiral nematic phase (N*). At
room temperature, SCB is a nematic
solvent while P4y and Pypy; are both glassy
materials. General chemical structures are
given in Figure 1.

Experimental Part

The chiral SCLCPs were synthesized using
radical polymerization of a mesogenic
acrylate monomer in solution. Details of
the synthesis are described elsewhere. 167181
The LMMN 5CB was purchased from

Aldrich Chemical and used as received.
The mesomorphic properties of the neat
SCLCP and LMMN are given in Table 1.
They were determined using POM, differ-
ential scanning calorimetry (DSC), and
SAXS. 5CB is nematic at room temper-
ature, until 35 °C, Py presents a smectic
A phase between 60.7 and 110.3 °C, where-
as P4 is nematic between 43.8 and 81.2 °C.

The mixtures containing 2 wt.-% of
SCLCP were prepared as given else-
where.">! A known amount of each SCLCP
was mixed with the correspondent LMMN
and the samples were heated above the
LMMN clearing temperature. They were
then ultrasonicated at least 12 h to give a
homogeneous and miscible mixture in the
isotropic state of the solvent. The mixtures
were placed between glass slides, without
any previous treatment. Optical textures
were observed through a polarizing micro-
scope Olympus BX41 equipped with a
programmable Quasar MT300 heating
stage. The sample holder was heated with
a cartridge heater and the temperature was
monitored by a thermocouple. A macro-
scopic phase separation takes place for
concentrations above 5 wt.-% of polymer.

Results and Discussion

Figure 2 shows the polydomain textures of
PllM/SCB (a—d) and P4M/5CB (e—h) thin
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Figure 1.

General chemical structures of the chiral side chain LCP P,y (n = 4) and Py (n = 1) and the LMMN 5CB.
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Table 1.

Molecular weights (g - mol™") and mesomorphic
properties (°C) of the neat polymers, solvent, and
the mixtures.

My g SmA N |
Pim 25 780 . 60.7 110.3
Pam 10 570 43.8 . 81.2
5CB 236 . 21.5 . 35.0
PnM/SCB - a . 65
P4m/5CB - a . 64

g = glassy state; S,, = smectic phase; N = nematic
phase; | = isotropic phase. For the polymers, M, was
determined from size exclusion chromatography and
transition temperatures were obtained from DSC
measurements. Data for the neat 5CB were taken
from the literature. a, SmA at room temperature.

films in different temperatures and 45° to
the polarizer/analyzer axis. The bars in each
micrograph indicate the scale.

The optical texture taken at 27 °Cin the
Figure 2(a) was obtained in the cooling and
exhibits a focal conic fan-shaped texture
from a smectic arrangement in the Pyyp\y/
5CB mixture. When 5CB becomes isotro-
pic, above 37 °C, organized microstructures
can be observed. Their appearance is
showed in the micrographs taken at 43
and 55 °C [Figure 2(b) and (c), respec-
tively], obtained by heating. The black
regions in these micrographs correspond to
the 5CB isotropic phase and the fibrous-like
microstructures are the polymer-rich phase.
Close to the Ty, 1 transition of the polymer-
rich phase [59 °C, Figure 2(d)], there is a
continuous change in the shape of the
fibrous structures and the number of
ordered domains is reduced by temperature
increase. A focal conic texture [similar to
Figure 2(d)] can be observed until 65 °C
where the system becomes fully isotropic.
At this temperature, thermal agitation is
enough to destroy order.

In a recent work, McCormick et all
studied a liquid crystal monomer polymer-
ized in the presence of the 8CB smectic
solvent and observed similar optical tex-
tures. Their sample could be heated well
above the isotropic point of the 8CB with
continued birefringence. They have pro-
posed that the liquid crystal molecules

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

interact with the ordered polymer and
retain order, inducing a high degree of
birefringence at temperatures as high as
90 °C. The mixtures P;;\/5CB and Pgy/
5CB were also studied using SAXS and
the results are described elsewhere.'> The
results show that the Py maintains the
smectic arrangement already observed in
the bulk in the presence of the nematic
5CB, with a swollen smectic spacing
layers in the entire temperature range
studied.!"™! In this way, there is an interac-
tion between the mesogenic cores of the
solvent and the polymer, inducing the
formation of the polymer-rich phase micro-
structures, formed by both polymer and
solvent. The swollen layers observed in the
mixtures Py\/5CB are a strong evidence
that 5CB should be also between the layers
formed by the backbone ribbons of the
Pi1m side chain polymer. This interaction
between the dissimilar mesogens stabilizes
the microstructures until temperatures are
well above the isotropic of the solvent, as
shown in the Figure 2(c) and (d). All these
results suggest an orientational coupling
between the polymer and the nematic field
of the solvent.

Table 1 gives the temperature transitions
(obtained on heating using POM) for
the mixtures P m/5CB and Pu/5CB.
Attempts to measure these temperatures
using DSC failed due to the relatively low
concentration of the polymer. In Table 1,
whereas the Ty, transition is related to the
smectic-isotropic  phase transition of
the microstructures, the Tn.y is related to
the nematic-isotropic phase transition
of the 5CB. The Tg,,,_1 of the microstructures
was found to be 65 and 64 °C for P,/5CB
and P,\/5CB, respectively. These results
show that the interaction between the
dissimilar mesogens is strong enough to
stabilize the microstructures up to tem-
peratures as high as 64 °C, well above the
clearing point of the neat 5SCB (35 °C). The
same Tspn. temperature phase transitions
were found using SAXS.l The Tnox
related to the 5CB in both mixtures is
2 °C higher than in the neat solvent. The
increase in the Ty temperature is a
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Figure 2.

Textures evolution as a function of temperature for P;,,/5CB mixtures (a) 27 °C; (b) 43 °C; (c) 55 °C; (d) 59 °C; and
for P,w/5CB mixtures (e) 28 °C; (f) 32 °C; (g) 39 °C; (h) 48 °C.

common phenomenon after adding solutes
to an LC solvent.!*!

The appearance of microstructures is
also observed in the Py\/5CB sample.
Figure 2(e) and (f) show Schlieren textures
at 28 and 32 °C obtained on cooling. For
higher temperatures, where the solvent
becomes isotropic, microstructures like
battonets suspended in the isotropic matrix
of the solvent can be seen. They are
depicted in Figure 2(g) and (h) taken at

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

39 and 48 °C, respectively, during heating.
Structures like battonets are recognized in
the literature as characteristic of a layered
smectic phase when a liquid crystal is in the
neighborhood of the isotropic phase.[13]

A classical smectic focal conic texture
was not possible to observe in a higher
temperature range (7 > 37 °C) due to the
relatively low concentration of Py in the
mixture (2 wt.-%) if compared to another
systems, like PDLCs.!" In the temperature
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Macromol. Symp. 2005, 229, 93-98

range where the solvent is nematic
[T <37 °C, Figure 2(e) and (f)], the
microstructures could not be observed by
POM due to the Schlieren nematic texture
of the solvent, which represents 98 wt.-% of
the mixture. However, our complementary
SAXS datal™®! showed clearly that the
organized microstructures having a layered
smectic order are present in the entire
temperature range studied, even when the
solvent is nematic. The lamellar arrange-
ment in this mixture is, of course, induced
by the nematic solvent since the smectic
phase is forbidden in the bulk P4y In this
way, combined POM and SAXS results
show the coexistence of two mesophases
(nematic/smectic) in the temperature range
where 5CB is nematic.

It is thus remarkable that the interaction
between both polymers and 5CB are of the
same type in nature, leading to the forma-
tion of microstructures, which remain
suspended in the isotropic matrix of the
solvent at high temperatures. A similarity
in the interaction was expected since Py
and Py posses the same mesogenic lateral
groups. The only difference between them
is the number of carbon atoms as spacer
group. In this case, we can stand out the
influence of the spacer group size in the
neat polymers and in the mixtures with
the nematic solvent. As it is known,m] a
flexible spacer in SCLCPs decouples the
lateral mesogenic group from the backbone
and allows the development of positional
order in the backbone ribbons. For this
reason, the neat Py polymer has lamellar
arrangement (smectic) whereas in the neat
P4\, which has only four carbon atoms as
spacer, the smectic phase is prohibited. For
the mixture P;1,/5CB, the smectic phase is
maintained and the interaction between the
dissimilar mesogens leads to a swell of the
lamellae in the polymer-rich phase, forming
a fibrillar structure. The same interaction
between the SCB moieties and the lateral
mesogenic groups in the P4y induces the
formation of rod-like structures (battonets)
with an injected smectic phase. This inter-
action stabilizes the polymer-rich phase
microstructures and the smectic ordering

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

induced is retained at temperatures well
above the isotropic of the SCB solvent, as
shown in Figure 2(g) and (h).

This interesting phenomenon of induced
smectic phase from the mixtures of two
nematics components has been described

in the literature in some theoretical
works!"!1 and only a few experimental
works!72] involving mainly LCs of low

molar mass. This phenomenon is described
as a consequence of strong van der Waals
interactions!"!! between dissimilar meso-
gens. In this context, the interaction
between the mesogens in the Py and the
nematic field of the 5CB solvent is strong
enough to modify the backbone conforma-
tion of the nematic polymer and allows the
development of positional order between
the backbone ribbons, creating a smectic
phase in the polymer-rich phase.

The difference in morphology observed
in the different mixtures suggests a higher
degree of order in the P;1)/5CB mixture.
The morphology of the microstructures in
this mixture being fibrous may be due to the
presence of more flexible spacer group in
the polymer that improves the order in the
system.

Conclusion

In this paper, we have shown the texture
evolution of mixtures formed by a nematic
(Psm) and a smectic (Pyyy) side chain
liquid-crystalline polyacrylates as a func-
tion of the temperature. The polymers have
the same lateral mesogenic groups but
different spacers.

The results show that there is a strong
orientational coupling between the lateral
mesogenics groups of the polymers and the
5CB moieties. These interactions that are
similar in nature for the mixtures, result in a
change in the conformation of the back-
bone for both polymers and the formation
of polymer-rich phases (microstructures).

In the temperature range where the
solvent is nematic, the P{,/5CB mixture
presents a focal conic texture whereas the
P4m/5CB mixture shows a shilieren nematic
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texture. However, complementary SAXS
results showed that the nanoscale arrange-
ment for both mixtures is lamellar in the
entire temperature range studied.

When the solvent becomes isotropic the
microstructures can be easily observed
using POM. Both polymer-rich phases are
smectic and the morphologies are fibrous-
like for Py;m/5SCB and rod-like for Pyy/
5CB.

The microstructures in the P1,/5CB are
formed by swollen layers of the polymer. In
the same way, the microstructures in the
Psm/SCB mixture are formed with an
interesting induced smectic phase in the
backbone ribbons of the P4y The interac-
tions between dissimilar mesogens stabilize
the microstructures until temperatures well
above the clearing point of the SCB.
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