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The liquid crystalline properties and optical anisotropy of poly(diphenylacetylene) bearing an
n-octadecylsilane moiety in the side chain, poly(1-phenyl-2-p-{dimethyl-n-octadecylsilylphenyl}acetylene)
(C18-PDPA), were investigated in detail. C18-PDPA exhibited unexpected smectic phase liquid crystallinity
in highly concentrated aromatic organic solvents such as toluene, despite its extremely high molecular
weight of 4.18× 106 g/mol and a fairly wide polydispersity index of 2.5. This lyotropic liquid crystallinity
was derived from: a high molecular stiffness (expected from the high viscosity index ofR ≈ 1.03), a
high degree of intermolecular packing (the fractional free volume≈ 0.16), and ultrahigh molecular weight.
The two major absorption bands, located at 430 and 370 nm, are attributed to theπ-π* transition parallel
to the main chain and the localizedπ-π* transition with a charge-transfer characteristic among mesogenic
repeating units perpendicular to the main chain axis, respectively. C18-PDPA exhibited highly polarized
absorption and fluorescence bands in a sheared film. The main chain axis of the polymer was aligned
parallel to the shearing direction, whereas the long axis of the stilbene-like side group was perpendicular
to the shearing direction.

Introduction

Fluorescent conjugated polymers have attracted much
attention because of practical applications in photo- and
electroluminescence devices due to a controllable optical
band gap and good processability.1 However, their films,
obtained by traditional processing such as electrospraying
and spin-coating, inevitably emit unpolarized light due to
randomly oriented main chains. Recently, considerable
synthetic and processing efforts directed toward highly
polarized fluorescence materials, such as liquid crystalline
conjugated polymers, have been intensively performed in the
field of light-emitting device (LED) materials.2

Highly anisotropic solid films and fibers may be obtained
by carefully controlling the solid-state morphology via
molecular design and material processing. To accomplish
the uniaxial molecular alignment in a polymer film, a
promising method would be to add a liquid crystalline (LC)
nature to individual polymer chains and then apply external

forces, such as shear stress, an electric field, and magnetic
field to align the LC material.

Disubstituted acetylene polymers exhibit a very intense
fluorescence in the blue and green region due to the main
chain conjugation, whereas most monosubstituted acetylene
polymers absolutely do not.3 If LC nature could be added to
the polymers, their optical applications would be greatly
extended due to highly emissive quantum efficiencies.
Recently, Tang and colleagues have developed synthetic
routes for various fluorescence, disubstituted polyacetylenes
with LC properties.1a,1b,4Certain disubstituted polyacetylenes

* To whom correspondence should be addressed. E-mail: gkwak@knu.ac.kr
(G.K.); fujikim@ms.naist.jp (M.F.).

† Kyungpook National University.
‡ Nara Institute of Science and Technology.
§ Kyoto University.

(1) For various fluorescent conjugated polymers, see reviews: (a) Lam,
J. W.; Tang, B. Z.Acc. Chem. Res.2005, 38, 745-754. (b) Lam, J.
W. Y.; Tang, B. Z.J. Polym. Sci., Part A: Polym. Chem.2003, 41,
2607-2629. (c) Bunz, U. H.Chem. ReV. 2000, 100, 1605-1644. (d)
Mitschke, U.; Bauerle, P.J. Mater. Chem.2000, 10, 1471-1507. (e)
McQuade, D. J.; Pullen, A. E.; Swager, T. M.Chem. ReV. 2000, 100,
2357-2574. (f) Swager, T. M.Acc. Chem. Res.1998, 31, 201-207.
(g) Kraft, A.; Grimsdale, A. C.; Holmes, A. B.Angew. Chem., Int.
Ed. 1998, 37, 402-428.

(2) (a) Aldred, M.; Contoret, A. E. A.; Farrar, S.; Kelly, S. M.; Mathieson,
D.; O’Neill, M.; Tsoi, W. C.; Vlachos, P.AdV. Mater.2005, 17, 1368-
1372. (b) Molenkamp, W.; Watanabe, M.; Miyata, H.; Tolbert, S. H.
J. Am. Chem. Soc.2004, 126, 4476-4477. (c) O’Neill, M.; Kelly, S.
M. AdV. Mater.2003, 14, 1135-1146. (d) Geng, Y.; Culligan, S. W.;
Trajkovska, A.; Wallace, J. U.; Chen, S. H.Chem. Mater.2003, 15,
542-549. (e) Grell, M.; Bradley, D. D. C.AdV. Mater.1999, 11, 895-
905. (f) Grell, M.; Knoll, W.; Lupo, D.; Meisel, A.; Miteva, T.; Neher,
D.; Nothofer, H.-G.; Scherf, U.; Yasuda, A.AdV. Mater. 1999, 11,
671-675.

(3) (a) Hidayat, R.; Fujii, A.; Ozaki, M.; Teraguchi, M.; Masuda, T.;
Yoshino, K.Synth. Met.2001, 119, 597-598. (b) Fujii, A.; Hidayat,
R.; Sonoda, T.; Fujisawa, T.; Ozaki, M.; Vardeny, Z. V.; Teraguchi,
M.; Masuda, T.; Yoshino, K.Synth. Met.2001, 116, 95-99. (c) Gontia,
I.; Frolov, S. V.; Liess, M.; Vardeny, Z. V.; Ehrenfreund, E.; Tada,
K.; Kajii, H.; Hidayat, R.; Fujii, A.; Yoshino, K.; Teraguchi, M.;
Masuda, T.Synth. Met.2001, 116, 91-94. (d) Shukla, A.; Ghosh,
H.; Mazumdar, S.Synth. Met.2001, 116, 87-90. (e) Hidayat, R.;
Tatsuhara, S.; Kim, D. W.; Ozaki, M.; Yoshino, K.; Teraguchi, M.;
Masuda, T.Phys. ReV. B 2000, 61, 10167-10173.

(4) (a) Lam, J. W. Y.; Dong, Y.; Law, C. C. W.; Dong, Y.; Cheuk, K. K.
L.; Lai, L. M.; Li, Z.; Sun, J.; Chen, H.; Zheng, Q.; Kwok, H. S.;
Wang, M.; Feng, X.; Shen, J.; Tang, B. Z.Macromolecules2005, 38,
3290-3300. (b) Dong, Y.; Lam, J. W. Y.; Peng, H.; Cheuk, K. K. L.;
Kwok, H. S.; Tang, B. Z.Macromolecules2004, 37, 6408-6417.

3654 Chem. Mater.2007,19, 3654-3661

10.1021/cm070303t CCC: $37.00 © 2007 American Chemical Society
Published on Web 06/21/2007



among these showed unique optical properties due to well-
defined molecular structures as well as excellent thermal and
mechanical stabilities. Their approaches may, however, have
some synthetic difficulties when dealing with mesogenic
monomers. Group 5 transition-metal catalysts are used to
polymerize the acetylene monomers, and these LC monomers
include ester and nitrile groups in polar side chains.1b As
for the LC polyacetylenes, the optical anisotropy in the UV-
vis absorption and fluorescence spectra has not been reported
thus far.

Masuda and co-workers have long investigated the chem-
istry and potential applications of poly(diphenylacetylene)s
bearing various alkylsilyl groups from the early stage of
catalytic polymerization of disubstituted acetylene deriva-
tives.5 Compared to mesogenic monomers with ester and
nitrile groups, diphenylacetylenes with an alkylsilyl group
can be polymerized with group 5 transition-metal catalysts
due to the absence of polar groups that can poison the
catalyst. Silicon-containing diphenylacetylenes with group
5 transition metal catalysts, thus, readily afford the corre-
sponding polymers with high molecular weights up to 1.0
× 106 in high yields. The resulting poly(diphenylacetylene)s
with an alkylsilyl group are highly soluble in common

organic solvents such as chloroform and toluene, and easily
processed to make various functional films and fibers with
excellent mechanical strength and thermal stability. Yoshino
et al. pointed out that poly(diphenylacetylene)s are recog-
nized as intensely emissive polymeric materials because of
effective exciton confinement within the main chain due to
the steric hindrance and/or intramolecular electron interac-
tions of bulky aromatic substituents such as a phenyl ring.3a,3b

It is widely accepted that thermotropic LC molecule is
composed of three fundamental parts: The first is a hard
core, the second a linkage moiety, and the third a flexible
long chain. Polymer chain stiffness closely correlates to liquid
crystallinity. It is well-known that soluble rigid shape
persistent macromolecules usually exhibit a wormlike chain
conformation in solution, so they will self-assemble into an
ordered state, namely, a lyotropic liquid crystal phase when
the polymer concentration gradually raises to a critical
concentration.6 Recently, the authors synthesized a unique
poly(diphenylacetylene) with a long alkyl side chain, which
is linked to a silyl moiety, poly(1-phenyl-2-p-{dimethyl-n-
octadecylsilylphenyl}acetylene) (abbreviated C18-PDPA), as
shown in Figure 1.5b Although C18-PDPA was already
known as a useful polymer for gas-permeable membranes,
its monomer repeating structure (shown in Figure 1) com-
pletely satisfies the structural requirements for thermotropic
LC compounds, except for its inherent wide polydispersity
index. It should be noted that C18-PDPA is regarded as a
collection of stiff, planarp-substituted phenylenevinylene-
phenylene (stilbene) repeating units (hard core part) bearing
a flexible long alkyl chain and dimethylsilane linkage with
rotational freedom. The C18-PDPA has an extremely high
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Masuda, T.J. Polym. Sci., Part A: Polym. Chem.1998, 36, 2721-
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ecules 1992, 25, 5816-5820. (i) Tsuchihara, K.; Masuda, T.;
Higashimura, T.J. Am. Chem. Soc.1991, 113, 8548-8549.
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P. J.AdV. Polym. Sci.1984, 59, 1-36.

Figure 1. (a) Chemical structure and (b) schematic molecular structure of C18-PDPA required for LC crystallinity. Note that its actual structure may be
either trans-form or head-to-tail coupling because its stereo- and regio-regularity have not been determined yet. Details will be given in the main text with
Figure 10.
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molecular weight of>1.0 × 106 g/mol and its backbone is
thus expected to adopt a considerably stiff main chain struc-
ture due to bulky phenyl rings with strictly limited rotational
freedom. The high molecular weight and the inherent chain
stiffness may allow lyotropic liquid crystallinity.

In this paper, the authors demonstrate lyotropic LC
behavior and unique optical anisotropy of C18-PDPA. C18-
PDPA in sheared films shows highly polarized absorption
and fluorescence characteristics in the UV-vis region,
because C18-PDPA adopts a highly aligned rodlike poly-
meric molecule dispersed in aromatic solvents. The main
chain axis of the polymer was aligned parallel to the shearing
direction, whereas the long axis of the stilbene-like side group
was aligned perpendicular to the shearing direction.

Experimental Section

The weight-average molecular weight (Mw) and number-average
molecular weight (Mn) of C18-PDPA were evaluated using gel
permeation chromatography (GPC, Shimadzu A10 instruments,
Polymer Laboratories, PLgel Mixed-B (300 mm in length) as a
column, and HPLC-grade tetrahydrofuran as eluent at 40°C), based
on a calibration with polystyrene standards. The intrinsic viscosity-
molecular weight relationship was obtained using an in-line
configured viscometer (Viscotek T60A) and SEC instrument.

Polarizing microscopic photographs were taken with an Olympus
BX50 polarizing optical microscope equipped with an Olympus
CCD camera. All variable-temperature measurements were carried
out on a Mettler Toledo FP82HT hot stage equipped with a Mettler
Toledo FP90 central processor.

UV-vis absorption spectra were measured on a JASCO UV-
550 spectrophotometer, and photoluminescence spectra were re-
corded on a JASCO FP-6500 spectrofluorometer. Polarized UV-
vis absorption and photoluminescence spectra were obtained using
these spectrometers with the corresponding JASCO polarizer/
analyzer units, respectively.

Wide-angle X-ray diffraction (WAXD) measurements were
performed at room temperature using a MacScience (MXP18) X-ray
diffracter. A flat sample was mounted directly into the diffracter.
The experiment was carried out using CuKR radiation operating at
40 kV and 120 mA. The two-dimensional wide-angle X-ray
diffraction (2D-WAXD) pattern was taken by the Rigaku out-of-
plane system for a thin film equipped with an X-ray generator
(ultraX18/R-AXIS IV) emitting Ni-filtered Cu KR radiation (λ )
0.154 nm, 45 kV, 50 mA).

The density of each sample was determined using a Mettler
Toledo AX205 analytic balance coupled with a Mettler Toledo
density determination kit at room temperature. The density deter-
minations were performed by Archimedes’ principle and methanol
was used as an auxiliary liquid. Thermo-gravimetric analysis (TGA)
and differential scanning calorimetry (DSC) analysis were per-
formed under pure nitrogen gas using a Seiko EXSTR6200 TG-
DTA and a Seiko EXSTRA6000/DSC6200, respectively.

The fractional free volume (FFV) was defined as (Vsp - V0)/Vsp

≈ (Vsp - 1.3VW)/Vsp, whereVsp is the specific volume of the polymer
andV0 the occupied volume (or zero-point volume at 0 K) of the
polymer. The occupied volume was typically estimated to be 1.3
times of the van der Waals volume (VW) calculated from the group
contribution method.7 The factor of 1.3 was a universal packing
parameter introduced by Bondi.8

Results and Discussion

The synthesis of C18-PDPA was already reported in
previous papers.5b The polymer used in this study has a high

weight-average molecular weight (Mw) of 4.18× 106 g/mol
and a polydispersity index (PDI) Mw/Mn) of 2.5.

Figure 2 shows the TGA curve of C18-PDPA. The
polymer begins to degrade around 250°C. A conversion
point is then observed around 480°C, to leave 30 wt % to
reside as ash at 800°C. This indicates that the alkyl group
initially begins to degrade at a relatively low temperature,
and the diphenylacetylene backbone decomposes at a higher
temperature. The long alkyl chain linked by silyl may thus
significantly affect the thermal stability of C18-PDPA.

Figure 3 shows the DSC curve of C18-PDPA. The polymer
showed an endothermic signal around 5°C, due to a glass
transition, whereas any significant exothermic signals due
to melting and isotropization transitions were not seen in
the range from-50 to 200°C.

From polarizing optical microscope (POM) studies, neat
C18-PDPA forms no birefringent texture in the range of 25-
200 °C. Although this agrees with the DSC result that
indicated no thermotropic LC behavior, this polymer was
expected to exhibit a lyotropic LC in concentrated solutions,

(7) van Krevelen, D. W.Properties of Polymers: Their Correlation with
Chemical Structure; Their Numerical Estimation and Prediction from
AdditiVe Group Contributions, 3rd ed.; Elsevier Science: Amsterdam,
1990; pp 71-107.

(8) Bondi, A. Physical Properties of Molecular Crystals, Liquids, and
Glasses; John Wiley and Sons: New York, 1968; pp 25-97.

Figure 2. TG thermogram of C18-PDPA under nitrogen at a heating rate
of 10 °C/min.

Figure 3. DSC thermogram (heating and cooling runs) of C18-PDPA under
nitrogen at a scan rate of 10°C/min.
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resulting from both the comblike structure of the stiff
backbone and the flexible long alkyl chain connected through
a silane linkage.

Figure 4 shows the POM photograph of C18-PDPA in a
concentrated solution of toluene. A typical texture with
parallel striations, characteristic of a hexagonal phase, was
seen in the sheared solution. The existence of the parallel
striations may be ascribed to the defects of the curvature of
certain highly ordered aggregates lying with their long axis
parallel to the shearing direction.9 Noticeably, the LC prop-
erty of C18-PDPA significantly depends on solvent used.
Although this microscopic texture was clearly observed in
concentrated solutions of aromatic solvents, such as toluene,
benzene, ando-dichlorobenzene, the texture was scarcely
observed in alkane solvents such asn-hexane andn-decane.
This led to the idea that this liquid crystallinity may be driven
by intermolecular packing of long alkyl chains through
hydrophobic interactions with hampering theπ-π stacking
of main chains and/or weak CH/π interaction between
aromatic solvent and long alkyl chains.

Alternatively, Figure 5 shows the POM photograph of
C18-PDPA films obtained by the solvent casting technique.
The polymer solution formed textures with chevron morphol-
ogy on the surface of the cast films by simply evaporating
the solvent, regardless of the initial concentration. These optic-
al textures are characteristic of a lamellar lyotropic LC phase,
indicating that a certain highly ordered structure was sponta-
neously formed during the process of solvent evaporation.

Figure 6 shows the WAXD pattern of C18-PDPA. A broad
scattering signal is seen in a wide range of 15-30°, indicating
the isotropic liquidlike order of the polymer. On the other
hand, a signal at a small angle of 4° is clearly seen. This is

assumed to be an interlayer spacing of∼22 Å, which is
almost the same as the octadecyl length (22.5 Å), indicating
a lamellar layer structure. This indicates that the lyotropic
planar phase is either a monolayer phase, or it could be a
bilayer lamellar phase with lots of side chain interdigitation
or side chain tilt to get an effective repeat distance equivalent
to ca. 1 side chain length. Figure 7 shows the possible mono-
layer smectic structure, and highly interdigitated or tilted
bilayer lamellar lyotropic phase. As for liquid crystalline
monosubstituted polyacetylenes, Tang et al. have already
reported that longer spacer effectively promotes monolayer
arrangement rather than bilayer packing.10 For comparison
with C18-PDPA, WAXD measurement was also conducted
for C8-PDPA which has ann-octyl group in place of
n-octadecyl group. A sharp signal at the higher angle of 5.92°
was clearly seen for C8-PDPA, indicating an interlayer
spacing of 14.9 Å, which is much longer than then-octyl
length (10 Å). The C8-PDPA is thus considered to be packed
in an interdigitated bilayer and/or end-to-end bilayer mode.
The chain length ofn-octadecyl group is assumed to be long
enough to induce monolayer arrangement in the smectic
phase. From the 2D-WAXD pattern of the sheared C18-
PDPA film shown in the inset, it is evident that intense
signals at smaller angles of diffraction appear on the equator,
which is perpendicular to the shearing direction. This
indicates that the smectic layer is perpendicular to the
shearing direction.

As demonstrated previously, the present polymer seems
to self-assemble into a hierarchical structure with a smectic
phase in the concentrated solution, even though they have
extremely high molecular weights (greater than 1.0× 106)
with a relatively wide polydispersity. This result may be
contrast to the traditional idea that it was long believed that
a high-molecular-weight polymer with a wide polydispersity
hardly forms highly ordered structures like a smectic or
lamellar LC phase due to high packing entropy energy,
compared to a well-defined low molecular weight LC
compounds with no molecular weight dispersity.

(9) (a) Förster, S.; Berton, B.; Hentze, H.-P.; Ka¨rmer, E.; Antonietti, M.;
Lindner, P. Macromolecules2001, 34, 4610-4623. (b) Yang, J.;
Wegner, G.Macromolecules1992, 25, 1786-1790.

(10) Lam, W. Y. J.; Kong, X.; Dong, Y.; Cheuk, K. K. L.; Xu, K.; Tang,
B. Z. Macromolecules2000, 33, 5027-5040.

Figure 4. Polarized optical microscope (POM) photographs of a film
sheared from highly concentrated C18-PDPA solution (conc.> 5 wt % in
toluene).

Figure 5. POM photographs of films cast from C18-PDPA solutions with
different concentrations: (a) conc.) 0.05 wt %, (b) conc.) 0.5 wt % in
toluene).

Figure 6. Wide-angle X-ray diffraction (WAXD) patterns of C18-PDPA
(inset: two-dimensional (2D)-WAXD pattern of the sheared film).
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The open question is why the present polymer shows
lyotropic LC properties. According to Flory’s theory, fol-
lowing conditions should be satisfied in order to show
lyotropic liquid crystallinity.6 First, the polymer concentration
being higher than the critical concentration. Second, a high-
molecular-weight polymer being a rigid rodlike molecule.

Table 1 gives several physical properties of C18-PDPA.
The stiff nature of this polymer is evident from the high
viscosity index ofR ) 1.03 (in THF at 40°C). The value
was obtained by [η] ) KMR from the Mark-Houwink-
Sakurada plot on the basis of the universal calibration curve,
where [η] is the intrinsic viscosity andM is the absolute
molecular weight. The highR value, which is a typical for

a stiff chain, is much higher than that of random coiled
polystyrene (R ) 0.69). Thus, the lyotropic LC property of
C18-PDPA can be explained by the idea that the polymer
backbone is sufficiently stiff to act as a mesogen itself, and
that the inherent stiffness of main chain significantly lowers
the isotropic LC transition entropy energy. In particular, the
flexible long alkyl side chain may behave like solvent
molecules even in a solid state to effectively lower the
molecular entropic energy by intermolecular packing. Ac-
cordingly, the packing can minimize the amount of free
volume of C18-PDPA.

To confirm these ideas, the value of fractional free volume
(FFV), which indicates the degree of intermolecular chain
packing, was estimated from the density of C18-PDPA was
0.96 (Table 1). Indeed, the FFV value of C18-PDPA was
estimated to be 0.16, and was much lower than that of the
corresponding, no-LC-ability polymer without any long alkyl
chains, poly(1-phenyl-2-{p-trimethylsilylphenyl}acetylene)
(FFV ) 0.26).11 Thus, it is concluded that both the molecular
packing of longn-alkyl chains and the stiffness of the main
chain are responsible for the lyotropic LC nature of C18-
PDPA.

The above results led to the idea that C18-PDPA with
lyotropic LC behavior can easily be aligned into a desired
direction by applying a shear force. In this case, the polymer
backbone may be aligned with its molecular axis in the
direction parallel to the external force, and then organized
into a layered structure of smectic phase. On the other hand,
the LC mesogenic units, which are regarded as a collection
of repeat units, may be perpendicular to the polymer
backbone. Intense UV-vis absorption and fluorescence
bands due to a delocalized photoexcitede-h pair along with
the main chain should thus appear in the direction parallel
to the shearing direction rather than in the perpendicular one.

Although poly(diphenylacetylene) derivatives are already
known to exhibit two absorption bands located at ca. 370 and
430 nm, the origin of the two bands and their spectroscopic
assignment was not clarified. It remains unclear whether the
370 nm absorption band is due to the main chain or aromatic
side chain and whether the 370 nm absorption is due to the
cis-transoid structure of the main chain or helical structure.

Figure 8 shows the polarized absorption spectra of C18-
PDPA in a sheared film as a function of the polarizer angle.
It is noted that the parallel and perpendicular components
in the absorptions are significantly different from each other.
When the angle of the polarizer to the shearing direction
was changed from 0 to 90° with an interval of 10°, the 430
nm absorption band gradually decreased, whereas the 370
nm absorption band increased. For comparison, UV-vis
absorption spectra of an extremely dilute solution and a spin-
coated film of C18-PDPA were measured. Indeed, this
polymer in such isotropic states exhibited both the 370 and
430 nm absorption bands and no change in intensity and
peak wavelengths of the bands, regardless of the polarizer
angle. The 370 and 430 nm absorption bands are thus a
collection ofπ-π* transitions in mesogenic repeat units and

(11) Toy, L. G.; Nagai, K.; Freeman, B. D.; Pinnau, I.; He, Z.; Masuda, T.;
Teraguchi,M.;Yampolskii,Y.P.Macromolecules2000,33,2516-2524.

Figure 7. Possible layer structures of C18-PDPA. (a) Smectic monolayer,
(b) highly interdigitated, and (c) tilted bilayer lamellar phases.

Table 1. Properties of C18-PDPA

molecular
weight,

Mw

polydispersity
index

(Mw/Mn)

viscosity
index,

R
density,

d

fractional
free volume,

FFV

4.18× 106 2.5 1.03 0.96 0.16
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theπ-π* transition of the polymer backbone, respectively.
The polarized UV-vis absorption and the 2D-WAXD
experiments of the aligned C18-PDPA film clearly proved
that the 430 nm absorption band originates from the lowest
π-π* transition parallel to the main chain axis of poly-
(diphenylacetylene) derivatives.

The apparent dichroic ratio with absorption (Dabs) at 430
nm was evaluated to be 5.56 from the polarized absorption
spectra. The optical order parameter (S) defined asS) (Dabs

- 1)/(Dabs+ 2) is usually used to evaluate the degree of LC
alignment. If the molecular axes are ideally parallel and
perpendicular to the shearing directions, theS values will
be 1.0 and-0.5, respectively. In the present case, theSvalue
is evaluated to 0.60, which is very close to the ideal value
of 1.0 rather than-0.5, confirming that the polymer main
chain prefers to align in the direction parallel to the shearing
direction.

To confirm our idea, we carried out polarized fluorescence
and photoexcitation experiments. Polarized fluorescence
spectra gives information for relatively local photoexcited
states of various polymer chains due to photoexcited energy
migration, whereas polarized absorption spectra may give
averaged absorption bands from various polymer chains even
in highly oriented film states.

Figure 9 shows the polarized fluorescence spectra of C18-
PDPA in the sheared film when excited at 0 and 90°
excitation (ex00 and ex90) and monitored at 0 and 90°
emission (em00 and em90). The fluorescence in the parallel
direction (em00) appears yellowish green at ca. 525 nm with
a shoulder at ca. 485 nm, whereas the fluorescence in the
perpendicular direction (em90) did not clearly show the 485
nm band. Although the shoulder band is assumed to be due
to the lowest photoexcitedπ-π*(0-0) transition state
without a vibration phonon side parallel to the main-chain
axis, the intense 525 nm bands may be from a vibrational
phonon sideπ-π*(0-1) band coupled with CdC stretching
vibrations parallel to the main chain axis. This is because
the estimated energy difference between the 525 nm band
and 485 nm bands is ca. 1570 cm-1. Also, when the
monitored wavelength was varied in the range of 450-650

nm, the excitation spectrum of C18-PDPA was essentially
identical to the corresponding absorption spectrum, without
any changes in the spectral shape. From the change in
polarized fluorescence intensity of C18-PDPA in the sheared
film (Figure 9), the maximum dichroic ratio with emission
(Dem) was evaluated to be ca. 8.5, which is greater than the
Dabsvalue of 5.56, indicating the existence of highly aligned
photoluminous main-chain domains.

A long-standing question on asymmetrically substituted
poly(diarylacetylene)s may be their stereochemistry. C18-
PDPA, a model of these poly(diarylacetylene)s, may have
two types of configurations (trans-transoid and cis-transoid)
and two types of dyad structures (head-to-tail and head-to-
head), as illustrated in Figure 10. Although it is widely
accepted that monosubstituted acetylene polymer derivatives
made by some late transition-metal catalysts afford the almost
pure 100% cis-transoid polymers, it remains unclear whether
asymmetrically substituted poly(diarylacetylene)s adopt trans-
transoid or cis-transoid sequence. The C18-PDPA may prefer
to adopt a trans-transoid structure with a head-to-head (tail-
to-tail) dyad because it is less sterically bulky and less polar
at the ground state as compared to the head-to-tail structure.
C18-PDPA appears not to adopt the cis-transoid form due
to sterically overcrowded diaryl groups, even though the
head-to-head (tail-to-tail) configuration is less polar.

The two aryl side groups in the trans-transoid form are
similar to trans-stilbene like structures, whereas those in the
cis-transoid are similar to cis-stilbene like structures. The
trans-stilbene like diaryl structures perpendicular to the main
chain axis might be responsible for the 370 nm band, because
the trans-stilbene absorbs at a longer wavelength at∼ 325
nm, whereas the cis-stilbene absorbs at∼300 nm as the
shoulder.12 The difference between the 370 and 325 nm bands
could result from the charge-transfer characteristics in the

(12) Lewis, G. N.; Magel, T. T.; Lipkin, D.J. Am. Chem. Soc.1940, 62,
2973-2980.

Figure 8. Polarized UV-vis absorption spectra of the C18-PDPA sheared
film as a function of the polarizer angle against shearing direction.

Figure 9. Polarized fluorescence spectra of the C18-PDPA sheared film
with changing angles of the polarizers in the excitation and emission sides
against shearing direction. The indexes of ex00, ex90, em00, and em90
refer to the parallel excitation, perpendicular excitation, parallel emission,
and perpendicular emission, respectively.
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ground and/or excited states and come from partial band
mixing betweenπ-π* orbitals of stilbene-like moieties and
π-π* orbitals of trans-transoid polyene structure. Hypotheti-
cal cis-transoid structures incorporated in the trans-transoid
polyene structure may act as block sites of photoexcited
energy migration, leading to effective quantum confinement

along the whole main chain, due to a wider optical band
gap relative to the trans-transoid structure.

Conclusion

The present paper demonstrates the thermal degradation
and phase transition properties, liquid crystalline behavior,

Figure 10. Hypothetical stereochemistry of C18-PDPA. Top illustrates trans-transoid structures and bottom illustrates cis-transoid structures. Left refers to
head-to-tail and right refers to head-to-head (tail-to-tail). Arrow means dipole moment vector at the ground state.
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unpolarized and polarized UV-vis absorption, and polarized
fluorescence properties of high-molecular-weight C18-PDPA.
This polymer is thermally stable and exhibits hierarchical
structures with smectic phase lyotropic liquid crystallinity
in highly concentrated aromatic organic solvents such as
toluene, regardless of high molecular weight and wide
polydispersity, although there was no thermotropic liquid
crystalline property. The lyotropic liquid crystalline nature
of C18-PDPA was due to a stiff main chain structure and
intermolecular packing of flexible longn-alkyl side groups.
The C18-PDPA exhibited strongly polarized absorption in
the sheared film, reaching the maximum dichroic ratio at
430 nm of ca. 5.56. The 430 and 370 nm absorptions were
found to be ascribed to theπ-π* transition parallel to the
main chain and the localizedπ-π* transition with a charge-
transfer characteristic among mesogenic repeating units
perpendicular to the main chain axis, respectively. The C18-
PDPA in the sheared film also exhibited strongly polarized

fluorescence band at 525 nm parallel to the main chain,
showing the maximum dichroic ratio of ca. 8.5. This polymer
is thus very promising as a highly polarized fluorescence
material in liquid crystalline display and sensory device
applications in near future.
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