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Introduction. Polyacetylene, as a highly conductive
conjugated polymer, has been the subject of extensive
research because of its high conductivity and simple
structure as a model compound of the one-dimensional
system. A variety of routes have been reported for the
synthesis of polyacetylene films.2=7 Until now, conduc-
tivities close to copper have been reported by Naarmann
and Theophilou2 and Tsukamoto et al.®3 The optical
spectra of these polyacetylene films showed a broad
absorption/reflection peak at about 1.9 eV. The peak
energy hardly changed among films, which suggested
that the optical spectra of these films were intrinsic to
the trans-polyacetylene.8 However, some authors in-
sisted that these spectral features came from inhomo-
geneous broadening.®1°

Recently, we succeeded in synthesizing trans-poly-
acetylene films directly without the heating process for
isomerization of as-grown cis-polyacetylene films.11.12
The reflection spectrum of directly synthesized film has
a peak at about 1.5 eV, which shifts to a lower energy
side than that of the ordinary thermoisomerized film.
This peak shift means that directly synthesized trans-
polyacetylene film has longer averaged conjugation
length than that of the ordinary films. Moreover,
electron spin resonance (ESR) spectra show that directly
synthesized films have a lower density of defects than
ordinary films.2314 The directly synthesized trans-
polyacetylene has the potential to present new intrinsic
optical properties of trans-polyacetylene.

Since trans-polyacetylene is a quasi one-dimensional
system that shows highly anisotropic transport and
optical properties, the use of oriented films is essential
to studing polyacetylene. Preparation of oriented films
by stretching of as-prepared films can induce defects and
breaks the fibrils.1> Therefore preparation of oriented
films without stretching is also important. For that
purpose, the liquid crystal polymerization method is
useful.

Liquid crystal polymerization method has enabled us
to prepare oriented polyacetylene film directly through
an anisotropic reaction field, which is produced by
macroscopically oriented nematic liquid crystals used
as the polymerization solvent for a Ziegler—Natta
catalyst.1571° Therein, the gravity flow technique or
magnetic field employed as an external force is essential
for the macroscopic orientation of liquid crystals. The
magnetic field method enabled us to obtain higher
oriented films than the gravity flow method.’® Akagi
et al. synthesized cis-rich oriented polyacetylene films
using the magnetic field liquid crystal polymerization
metod.l” The doped film showed high electrical
conductivity: 1.6 x 10* S cm~! along the oriented
direction. Moreover, Coustel et al. combined the gravi-
tation flow and a strong magnetic field.'> The electrical
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conductivity of the doped film was 2.0 x 10* S cm™!
along the oriented direction. They obtained highly
oriented films composed of fibrils longer and thicker
than those of Shirakawa-polyacetylene.! Thus the
application of a strong magnetic field leads not only to
highly oriented films but also to very long and thick
fibrils.

As mentioned above, great efforts have been done on
the synthesis of highly conductive films. Even now no
attention has been paid to synthesize oriented trans-
polyacetylene films directly, since trans-rich as-grown
films show lower electric conductivity after doping
compared with that of cis-rich as-grown polyacetylene
films.

On the other hand, preparation of oriented trans-
polyacetylene films without thermal treatment and
stretching prevents defects and breaking fibrils. There-
fore, these films are suitable for studying polyacetylene
as a model of a one-dimensional system. In this paper,
we will present direct polymerization of oriented trans-
polyacetylene films and their optical properties.

Experimental Section. To obtain the oriented
trans-polyacetylene films, we modified the liquid crystal
polymerization method®® to control the polymerization
conditions adequate for the synthesis of trans-polyacety-
lene films, i.e., initial acetylene gas pressure and an Al/
Ti ratio.?®? The catalyst consists of 0.02—0.04 mol/L
Ti(OBu)4, and the ratio of AIEt; to Ti(OBu)4 was 4.0.
An equimolar mixture of 4-(trans-4-n-propylcyclohexyl)-
ethoxybenzene and 4-(trans-4-n-propylcyclohexyl)bu-
toxybenzene supplied by Merck Japan was used as the
solvent for the catalyst. The catalyst solution was aged
for 2 h in a vacuum of 0.1 Pa at room temperature. A
drop of the catalyst that passed through a microfilter
(FUJI PHOTO FILM, FLSP 45 1.3CMD) was deposited
and spread out on quartz or KBr substrates (20 x 8 mm?
rectangular). The deposited catalyst was bulk. Polym-
erization proceeded at the liquid crystal catalyst and
the gas surface. The initial pressure of an acetylene
monomer was in the range 1.0—1.6 kPa. Polymerization
was carried out at room temperature to maintain the
solvent in nematic liquid crystal phase.’®22 The polym-
erization time was 3—7 min. A magnetic field of 1.4 T
was applied during the polymerization to align the
liquid crystal molecules unidirectionally. The film was
washed with high-purity toluene repeatedly even after
the solution became colorless.

Reflection spectra were measured using the lock-in
technique. The chopping frequency was 164 Hz. Reso-
nant Raman scattering (RRS) spectra excited at 514.5
nm (2.41 eV) were obtained using a JASCO NR-1800
laser Raman spectrometer. Infrared (IR) absorption
spectra were measured using a JIR-WINSPEC 50
spectrometer. Scanning electron micrographs (SEM)
were taken on a JEOL JSM T-220. The polyacetylene
films prepared on quartz substrates were used for the
measurements except for the IR spectra measurements.

Results and Discussion. An ordinary as-grown
polyacetylene film has two oscillatory structures in
absorption/reflection spectra. One is on the lower
energy side (1.4—2.0 eV) coming from trans-segments,
and the other is on the higher energy side (2.0—2.5 eV)
coming from cis-segments. Figure 1 shows the reflection
spectra of polyacetylene prepared by (a) ordinary ther-
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Figure 1. Reflection spectra of polyacetylene prepared by (a)
an ordinary thermoisomerized and stretched film and (b) a
directly synthesized film.
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Figure 2. Polarized resonance Raman scattering spectra of
an oriented trans-polyacetylene film excited at 514.5 nm (2.41
eV) using (a) (I, I) and (b) (O, 0O) polarization conditions.

moisomerized and stretched film and (b) directly syn-
thesized film. The structure of cis-segments can hardly
be observed in Figure 1b, which indicates that the film
contains very small or negligible amounts of cis-seg-
ments. Moreover, the peak of the trans-segments of
Figure 1b shifts to the lower energy side and shows a
narrower width in comparison with the peak of Figure
la. Nishioka et al. reported that this peak shift and
narrower peak width means that an effective conjuga-
tion length distribution of the directly synthesized trans-
polyacetylene film has a longer averaged length and
narrower width than that of the ordinary film.14
Figure 2 shows the polarized resonant Raman scat-
tering (RRS) spectra excited at 514.5 nm (2.41 eV). The
polarizations for the incident and the scattered light
were chosen as (a) (Il, Il) and (b) (O, 0), respectively, with
respect to the averaged orientation direction. The cis
C—C stretching mode at 1252 cm~* can hardly be seen
in Figure 2.2 The main Raman bands show peaks at
1105 and 1486 cm~1 in the (Il I) configuration and 1109
and 1488 cm™! in the (0, 0) configuration, which are
attributed to the trans C—C and C=C stretching modes,
respectively. The positions of the trans C—C and C=C
stretching modes of the directly synthesized film shift
to the lower Raman shift than those of the ordinary
film,2* also indicating the directly synthesized film has
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Figure 3. Polarized infrared absorption spectra of an oriented
trans-polyacetylene film. Ay and A, are absorbances perpen-
dicular and parallel to the orientation direction of the film,
respectively.

Figure 4. Scanning electron micrograph of an oriented trans-
polyacetylene film. The direction of a magnetic field is hori-
zontal.

a longer averaged conjugation length than that of the
ordinary film. The polarization anisotropy of the trans
C=C stretching mode is 4.6.

Figure 3 shows the polarized infrared absorption (IR)
spectra of an oriented trans-polyacetylene film, A; and
Ay. The cis C—H out of plane vibration band at 740 cm™!
can hardly be seen in Figure 3.25 As a measure of
optical anisotropy of the film, the IR dichroic ratio, Ag/
A, was evaluated to be 3.5 using an absorption peak
(1011 cm™1) attributable to the trans C—H out of plane
vibration, indicating a good orientation of trans-poly-
acetylene chains along the fibril alignment of the film.

Figure 4 shows the scanning electron micrograph
(SEM) of an oriented trans-polyacetylene film. A high
degree of fibril alignment is clearly observed along the
direction of the magnetic field.

In conclusion, we have shown that highly oriented
trans-polyacetylene films can be prepared directly with-
out thermal treatment and stretching. These films
polymerized in a macroscopically aligned nematic liquid
crystal phase of catalyst solution attained by a magnetic
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field. These films have a longer averaged conjugation
length than those of the ordinary thermally treated
films.
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