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Self-Alignment of Liquid Crystal Molecules
on Polydiacetylene Langmuir-Blodgett Films

Akira Murayama
Yasuhiro Niida
Yasuko Koshiba
Yasukiyo Ueda

Graduate School of Science and Technology, Kobe University,
Rokko, Nada, Kobe, Japan

Alignment structure and optical properties of Langmuir-Blodgett (LB) films of
urethane-substituted polydiacetylene (poly-4BCMU) was investigated. During
compression, the coil to rod transition in molecular conformation of poly-4BCMU
was induced and the polymer main chains were aligned perpendicular to the com-
pressing direction. The dichroic ratio of absorption intensity of poly-4BCMU
monolayer film was about 6. LC molecules were sandwiched with two glass plates
covered with the poly-4BCMU monolayer films. LC molecules aligned sponta-
neously along the main chain direction of poly-4BCMU in the parallel cell. On
the other hand, they formed a twisted structure of 90° in the crossed cell. The
monolayer film of poly-4BCMU had a high potential as rubbing-free alignment
layer of LC molecules.

Keywords: liquid crystal; polydiacetylene LB film; self-alignment; two-dimensional
structure

INTRODUCTION

Liquid crystal (L.C) displays are expanding in application because they
offer several advantages such as reduction in thickness, low power
consumption and so on. Polyimides are widely used as alignment
layers that play a significant role in control of alignment of liquid
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crystal molecules. Rubbing is the most conventional method for prep-
aration of polyimide alignment layers. However, rubbing method gen-
erate frequently irregular degree of alignment of the layers and static
electricity, which degrade image quality. Therefore, an alternative to
rubbing method has been strongly desired. Various methods, such as
Langmuir-Blodgett (LB) technique [1-7], subsequent thermal treat-
ment of liquid crystalline polymer [8] and photo-induced alignment
technique [9-11] have been proposed as rubbing-free technique.

LB films have uniformly well-ordered structure with controlled film
thickness at the monolayer level. They have been expected to be able
to align LC molecules on their surfaces. Since the pioneering work of
Nishikata et al. [1], polymer LB films have attracted considerable
attention as alignment layers. Many attempts have been made to
achieve alignment control of LC molecules on LB films of various poly-
mers, such as polyimide [1-3], and polymethacrylate [4].

Polydiacetylenes (PDAs) are one-dimensional conjugated polymer.
Among them, urethane-substituted PDAs such as poly[4,6-decadiyn-1,
10-diol-bis-(n-butoxycarbonyl-methyl-urethan)] (poly-3BCMU) and
polyl5,7-dodecadiyn-1,12-diol-bis-(n-butoxycarbonyl-methyl-urethan)]
(poly-4BCMU) are of great interest to LB technique because they are
soluble in chloroform and spreadable on water surface. Biegajski et al.
reported that poly-4BCMU molecule exhibits coil to rod conformational
transition at the air-water interface [12,13]. However, the details on
alignment structure of poly-4BCMU in LB film remain unclear.

In this study, the detailed structure and anisotropic absorption pro-
perty of poly-4BCMU LB film were discussed. Self-alignment behavior
of LC molecules sandwiched with poly-4BCMU monolayer films was
also investigated.

EXPERIMENTAL

Poly-4BCMU was prepared by solid-state polymerization of 4ABCMU
powder with UV-light irradiation. Unconverted monomer and oligo-
meric compound were extracted with acetone. A chloroform solution
of poly-4BCMU with the concentration of 1.0 x 10 M was spread on
a distilled water kept at 20°C. The molecules were compressed with
a moving barrier at the speed of 2.5A?/residue-min. Layers were
transferred by horizontal lifting method onto hydrophobilized glass
plates treated with hexamethyldisilazane. The absorption spectra of
the films were examined using a Shimadzu UV-2200 spectrometer
and microscope images and electron diffraction pattern were recorded
with an atomic force microscope (AFM, SPI3700, Seiko Instruments)
and a transmission electron microscope (TEM, H-7100, Hitachi).
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4-Cyano-4'-n-pentylbiphenyl (5CB) purchased from Tokyo Chemical
Industries Ltd. was used as a nematic LC material. The temperature
of phase transition of 5CB from nematic to isotropic is 35°C. LC cell
was prepared as follows. LC molecules and glass plates covered with
poly-4BCMU films were kept at 40°C. LC molecules in liquid state
were sandwiched with the two glass plates to avoid any flow-induced
memories of LC molecules. Then, the LC cell was cooled down to room
temperature. The cell gap was controlled to be 10 um. The LC cell was
set between a polarizer and an analyzer and characterized by trans-
mission measurement using a Nikon ECLIPSE E600 POL.

RESULTS AND DISCUSSION

The =-A isotherm for poly-4BCMU shows both an expanded and a con-
densed region with a well-defined transition, as shown in Figure 1.
The area at the onset of the plateau (peak-like point) was
108 A%/residue. Extrapolation of the steep rise of the curve to zero
pressure in the condensed region gave the area of 45A?/residue. It
is well known that poly-4BCMU have two polymorphs; yellow form
taking a random-coil conformation and red form taking an extended
rigid-rod one. The compression process of poly-4BCMU has been inves-
tigated in detail by Biegajski et al. [12,13]. According to their reports,
poly-4BCMU molecule in an expanded region and in a condensed
region exists in yellow form and red form, respectively. The plateau
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FIGURE 1 7-A isotherm for poly-4BCMU at the air-water interface. The
absorption spectra of poly-4BCMU monolayer films transferred at various
points of the n-A isotherm are inserted in the figure.
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represents a heterogeneous two-phase region consisting of both mole-
cules and the conformational change takes place in this region. The
conformational change during compression process is reflected on
absorption properties of the film transferred at each region. The
absorption spectra of poly-4BCMU monolayer film transferred at vari-
ous points of 7-A isotherm are inserted in the figure. The absorption
spectrum of the film transferred at the surface pressure of 3mN/m
in the expanded region showed the broad absorption peak around at
480 nm attributed to the n-n* exciton of a random-coil conformation.
In the spectrum of the film transferred at just after the onset of the
plateau, the weak broad peak appeared at 530 nm attributed to the
n-* exciton of an extended rigid-rod conformation in addition to initial
absorption peak. The absorption intensity at 530 nm increases with
the decrease of surface area in the plateau region depending on the
degree of conformational transition. The absorption spectrum at the
end of the plateau region has a characteristic of an extended rigid-
rod conformation.

Figure 2 shows the polarized absorption spectra of poly-4BCMU
monolayer film transferred at 20mN/m in the condensed region.
When the direction of polarization light is perpendicular to the com-
pressing direction, the poly-4BCMU monolayer film shows maximum
optical density at excitonic peak wavelength. In contrast, the absorp-
tion intensity is low for the light polarized parallel to the compressing
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FIGURE 2 Polarized absorption spectra of poly-4BCMU monolayer films
transferred at 20 mN/m in the condensed region. The relationship between
the dichroic ratios of absorption intensity and surface area is inserted in the
figure.
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direction. The dichroic ratio (A /A)) of the poly-4BCMU monolayer
film calculated directly from the ratio of the excitonic peak heights
at 540 nm was about 6. The relationship between the dichroic ratios
of the films and surface area is inserted in the figure. No spectral
anisotropic feature is observed in the transition region. On the other
hand, the dichroic ratio increases with the decrease of surface area
in the condensed region, indicating that polymer main chains are
gradually aligned perpendicular to the compressing direction during
compression. The red-shift of the exitonic peak position is probably
due to one-dimensional alignment structure of poly-4BCMU. It is obvi-
ous that the coil to rod conformational transition takes place prior to
the alignment of polymer backbone.

Figure 3 shows the AFM images and electron diffraction pattern of
the poly-4BCMU films transferred at 20 mN/m. The monolayer film
[Fig. 3(a)] was composed of fiber-like domains aligned perpendicular
to the compressing direction. 3-Layers film indicated similar texture
[Fig. 3(b)]. To obtain structural information on the film, TEM obser-
vation was carried out. The electron diffraction pattern of 3-layers film
shows a fiber pattern with several diffraction arcs, as shown in Figure
3(c). The interplanar spacings of arc spots on the meridian and on the

———————————————— H (IR AR T SRS SIS
() compressing direction (l_’) compressing direction
2pm 24 m

FIGURE 3 AFM images of poly-4BCMU monolayer film (a) and 3-layers film
(b) transferred at 20 mN/m, electron diffraction pattern of the 3-layers film
(c) and the molecular arrangement model of poly-4BCMU on the water surface
(d). Arrows indicate the compressing direction.
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equator are 0.244 nm and 0.461 nm, respectively. The crystal structure
of poly-4BCMU is orthorhombic with dimensions of a = 0.533 nm,
b =5.436nm, and c (fiber axis) = 0.488 nm [14]. The diffraction arc
on the meridian is in good agreement with the 002 reflection of the
bulk crystal. This indicates that polymer backbone is parallel to the
fiber direction and poly-4BCMU molecules align perpendicular to
the compressing direction. On the other hand, other diffraction arcs
can not be indexed with unit cell parameters of bulk crystal. However,
the interplanar spacing of the diffraction arc on the equator is compa-
rable to the 100 reflection of the bulk crystal. But it must be given
attention that the 100 reflection is forbidden in the bulk crystal system
[15]. It seems that poly-4BCMU in LB film crystallized into different
crystal structure. Considering the extinction rule in crystallography,
the two dimensional unit cell parameter in poly-4BCMU LB film are
determined as a = 0.922nm and b (fiber axis) = 0.488 nm. The molecu-
lar arrangement of poly-4BCMU on the water surface is proposed in
Figure 3(d). The polar groups indicated by ellipsoids are located at
the air-water interface. The polymer backbone connected hydrophilic
methylene units is separated from water surface like as a water stri-
der and aligns perpendicular to the compressing direction. This model
supports firmly the anisotropic feature of the film in absorption.

The potential ability of one-dimensionally aligned poly-4BCMU
monolayer film as alignment layer of LC molecules was investigated.
The glass plate covered with poly-4BCMU monolayer film transferred
at 20 mN/m was used as a substrate for LC cell. Two kinds of LC cells,
the parallel cell and the crossed cell, were fabricated. The main chain
directions of poly-4BCMU molecules on both covered glass plates were
parallel in the parallel cell and perpendicular in the crossed cell,
respectively. Figure 4(a) shows the experimental setup for trans-
mission measurement of the LC cell. The LC cell was set between a
polarizer and an analyzer. The main chain direction of the poly-
4BCMU molecules on the substrate of incident light side is parallel
to the polarization direction of the incident light. In this experiment,
visible light with the wavelength of 633 nm was used as incident light
and the transmission light intensity was measured as a function of the
rotation angle (0) of the analyzer. Here, 0 is the angle between the
polarization direction of incident light and that of analyzer. The trans-
mission light intensity for the parallel cell is maximum at the rotation
angle of 0° and is minimum at 0°, as shown in Figure 4(b). The ratio
of the transmission light intensity between the brightest and darkest
states is 20:1. In the case of the crossed cell, on the other
hand, maximum and minimum of the transmission light intensity
appear at the rotation angle of 90° and 0°, respectively as shown in
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FIGURE 4 Experimental setup for transmission measurement of the LC cell
(a). The changes of transmission light intensity at 633nm as a function of
rotation angle of the analyzer for the parallel cell (b) and for the crossed cell
(c). Schematic diagrams of alignment structure of LC molecules in the parallel
cell and in the crossed cell are inserted in the figures.

Figure 4(c). The intensity ratio of the transmission light is 15:1. For
both parallel and crossed cells, the transmission light intensity
changes periodically with a period of 90° of rotation angle.

These results indicate as follows:

(1) LC molecules in the parallel cell aligned spontaneously along the
main chain direction of poly-4BCMU molecules, as inserted in
Figure 4(b).

(2) LC molecules formed a twisted structure of 90° in the crossed cell,
as inserted in Figure 4(c).

(3) Poly-4BCMU monolayer film transferred at condensed area of iso-
therm has a high potential as rubbing-free alignment layer of LC
molecules.

CONCLUSION

Alignment behavior of poly-4BCMU at the air/water interface was
investigated. The coil to rod conformational transition of poly-4BCMU
took place in the plateau region. After the transition, the polymer
main chains aligned perpendicular to the compressing direction. The
dichroic ratio of absorption intensity of poly-4BCMU monolayer film
was about 6. Two kinds of LC cells were fabricated by sandwiching
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with poly-4BCMU monolayer films. LLC molecules in the parallel cell
spontaneously aligned along the main chain direction of poly-4BCMU
molecules. They formed a twisted structure of 90° in the crossed cell.
The transmission light intensity of LC cells changed periodically
depending on the rotation angle of analyzer.
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