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ABSTRACT: A series of copolymers, poly[2-(dodecyloxy)-5-methyl-m-phenyleneethynylene] and poly[2-
(dodecyloxy)-5-methyl-m-bis(ethynyl)phenyleneoligothienylene]s, in which ethynylene units are inserted
into both of the meta positions of every phenylene for the elimination of the steric hindrance around the
meta linkages, was synthesized by a Heck type coupling reaction. The resulting polymers were
characterized by infrared and nuclear magnetic resonance spectroscopy and by elemental analysis and
gel permeation chromatography. Their optical spectra show that the absorption and emission maxima
regularly shift to lower energy with increasing number of the thiophene units between the consecutive
m-phenylene linkages. It is confirmed that the role of the m-phenylene as an interrupting block does
not come from the steric hindrance around the linkage but from the intrinsic property, e.g., the MO of
the m-phenylene moiety. The quantum yields of their emissions gradually decrease with a decrease in
concentration of the ethynylated m-phenylene units on the polymer backbone and the Stockes shifts
increase. Both of the trends indicate that a nonradiative decay of the excited states increases with an
increase in the possible configurations of thiophene rings within the repeating active block.

Introduction

Electronic and optical properties of π-conjugated
polymers originated from their delocalized π-electron
systems have been the subjects of a number of recent
papers in the field of molecular electronics.1-3 The
modification of the substitution and/or the backbone of
π-conjugated polymers endows them with unique physi-
cal properties and new functions.
The alternative substitution of donor and acceptor

substituents on the adjacent thiophene units of poly-
thienylenes results in the formation of multiple poten-
tial energy wells, by which charges formed during
doping process are confined along the conjugated chains.
As a result, the instantaneous recombination of polarons
to energetically more favorable bipolarons can be re-
tarded, which allows us to observe the various charged
states, such as polarons, π-dimers, and bipolarons
successively characterized during the electrochemical
doping of these materials.4,5 The carbon-carbon triple
bonds of poly(aryleneethynylene)s, in which aromatic
rings alternate with triple bonds, make the conjugated
backbone more rigid and thus greatly improve their
solution quantum yields compared to other families of
π-conjugated polymers.6,7 The conjugated polymers in
which π-excessive heterocycles alternate with π-defi-
cient aromatic rings possess charge-transferred struc-
tures, showing a large third-order nonlinear optical
susceptibility.8-10 The insertion of steric hindrance by
alkyl substitutions on the regularly defined positions
of the polyarene backbone results in large torsional
angles around the linkages connecting the ring units

and thus prevents formation of the extensive copolanar
conjugation, the length of which adjusts the π-π* band
gap (energy difference between HOMO and LUMO).
This approach has been successfully applied to the color
tuning of polyarene-based light-emitting diodes.11,12
The π-conjugation by resonance in oligo- and poly(m-

phenylene)s does not exist between adjacent phenylene
rings. Therefore, these polymers show wide band gaps
and are essentially semiconductors.13-15 Recently, we
synthesized a series of poly(m-phenyleneoligothien-
ylene)s (1), as shown in Chart 1. Their optoelectronic
data demonstrate that the m-phenylene units inserted
into the regularly defined positions of the thienylene
backbone act as interrupting blocks with a broad band
gap and thus can control the wavelength of the emitting
chromophores with a narrow energy gap, accordingly
providing a nice way to tune the wavelength of the
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emitting polymers.16 There would be two origins that
m-phenylene unit can play a role in, in an interrupting
block. One is the large torsional angle due to steric
hindrances around its linkages connecting adjacent
thienyl units. The other is the intrinsic property of
molecular orbitals (MO) of them-phenylene units owing
to probable existence of orthogonal degenerated or
nearly degenerated frontier molecular orbitals (FMO).
However, it is not clear which origin is reasonable. It
is known that the conjugation of polythiophene is fully
interrupted at a torsional angle beyond 40°.17,18 The
AM1 calculation showed that the steric hindrance
induced torsional angle is 27.5° at the anti-conformation
of the phenyl alkoxy group and the thienyl sulfur atom
of 1; this is not so significant as to interrupt the effective
conjugation. Nevertheless, this still remains ambigu-
ous, since for structurally analogous polymers such as
2 and 3 it has been demonstrated that the π-π* band
gap of polyarenes is controlled by a torsional angle from
steric hindrance around linkages connecting adjacent
aromatic rings.19-21

In order to clarify this ambiguity concerned with the
role of them-phenylene bridge at an experimental level,
we decided to synthesize a series of polymers such as
poly[m-phenyleneethynylene] and poly[m-bis(ethynyl)-
phenyleneoligothienylene]s, in which ethynylene spaces
rule out the possible interruption of conjugation by the
steric hindrance around the m-phenylene units, and to
investigate their optoelectronic properties. Herein, the
results are reported.

Experimental Section

Measurements. NMR spectra were collected at 400 (1H)
and 100.6 (13C) MHz on Bruker AM-400 spectrometer using
chloroform-d as solvent and tetramethylsilane as an internal
standard. IR spectra (KBr disk) were recorded on a Hitachi
270-50 spectrophotometer. Mass spectra were collected on
Kratos Analytical Profile HV-3 spectrometer. UV/visible
spectra were recorded in chloroform and n-hexane solutions
on an SLM Amonco 3000 Array spectrophotometer. Fluores-
cence spectra were obtained in chloroform and n-hexane
solutions on a Perkin-Elmer LS-50 spectrofluorometer. El-
emental analyses were performed on an Elementar Analysen-
systeme GmbH Vario EL. The GPC measurements were
performed on a Waters 150-c GPC system equipped with µ
Styragel, 102-105 Å. Tetrahydrofuran (THF) and a standard
polystyrene were used as an eluent and a reference for
calibration, respectively.
Materials. Reagent-grade toluene was distilled under

nitrogen from sodium benzophenone ketyl, and other solvents
were used as received (p.a. grade). All of the other chemicals
were purchased from the Aldrich Chemical Co. and were used
as received. 2,6-Diiodo-1-(dodecyloxy)-4-methylbenzene,22 2,5-
diiodothiophene, 2,5′-diiodobithiophene, and 2,5′′′-diiodoter-
thiophene23 were prepared according to the known procedures,
respectively.
Monomer Synthesis. 1-(Dodecyloxy)-2-(3-hydroxy-3-

methylbutynyl)-6-iodo-4-methylbenzene (4). To a mixture
of 1-dodecyl-2,6-diiodo-4-methylbenzene (21.1 g, 40 mmol), Pd-
(dppf)Cl2‚CH2Cl2 (0.33 g, 1 mol %), and CuI (0.23 g, 3 mol %)
in degassed diisopropylamine (200 mL) was added 2-methyl-
3-butyn-2-ol (3.36 g, 40 mmol). The reaction mixture was
refluxed with stirring for 5 h under nitrogen atmosphere.
After confirmation of the disappearance of the starting diiodo-
benzene by TLC, the mixture was filtered and evaporated
under reduced pressure. Distilled water was poured onto the
residue, and the product was extracted with CH2Cl2. The
extract was dried over magnesium sulfate, and the solvent was
removed under reduced pressure. The residue was chromato-
graphed on a silical gel column using mixed eluent of n-hex-
ane-ethyl acetate (10:1) to give 13.4 g (69% yield) of 4 as
colorless liquid. 1H NMR: δ 0.88 (t, J ) 8.0 Hz, 3H, CH3),

1.26-1.87 (m, 20H, (CH2)10), 2.20 (s, 3H, PhCH3), 4.02 (t, J )
6.4 Hz, 2H, OCH2), 7.13 (d, 1H, J ) 1.6 Hz, phenyl H), 7.52
(d, 1H, J ) 1.6 Hz, phenyl H) ppm. 13C NMR: δ 14.1, 20.0,
22.7, 26.2, 29.4, 29.6, 29.7, 30.3, 31.4, 31.5, 31.9, 65.5, 74.1,
78.1, 91.9, 98.4, 116.8, 134.2, 134.8, 139.9, 157.5 ppm. IR:
3420 cm-1. MS: m/z 484 (M+). Anal. Calcd for C24H37O2I:
C, 59.50; H, 7.70. Found: C, 59.87; H, 7.74.
1-(Dodecyloxy)-2-ethynyl-6-iodo-4-methylbenzene (5).

To a solution of 4 (4.84 g, 10 mmol) in a mixed solvent of
degassed toluene-methanol (1:1) (50 mL) was added KOH
(2.80 g, 50 mmol). The mixture was refluxed under nitrogen
atmosphere for 24 h. After confirmation of the disappearance
of starting 4 by TLC, the solvent was evaporated under
reduced pressure. Distilled water was poured to the residue
and extracted with CH2Cl2. The extract was washed with
saturated NH4Cl and dried over magnesium sulfate, and the
solvent was removed under reduced pressure. The residue was
chromatographed on silica gel column (n-hexane) to give 3.62
g (85% yield) of 5 as colorless liquid. 1H NMR: δ 0.88 (t, J )
7.2 Hz, 3H, CH3), 1.26-1.88 (m, 20H, (CH2)10), 2.22 (s, 3H,
PhCH3), 3.24 (s, 1H, acetylenic H), 4.05 (t, J ) 4.8 Hz, 2H,
OCH2), 7.25 (d, 1H, J ) 1.6 Hz, phenyl H), 7.57 (d, 1H, J )
1.6 Hz, phenyl H) ppm. 13C NMR: δ 14.8, 20.6, 23.4, 26.7,
30.1, 30.2, 30.29, 30.33, 30.4, 30.9, 32.6, 74.8, 80.3, 82.3, 92.7,
116.8, 135.5, 141.2, 159.0 ppm. IR: 3300 cm-1. MS: m/z 426
(M+). Anal. Calcd for C21H31OI: C, 59.15; H, 7.33. Found:
C, 59.38; H, 7.29.
1-(Dodecyloxy)-4-methyl-2,6-bis(3-hydroxy-3-methyl-

butynyl)benzene (6). The same procedure used with 4 was
performed from 1-(dodecyloxy)-2,6-diiodo-4-methylbenzene (21.1
g, 40 mmol) and 2-methyl-3-butyn-2-ol (7.40 g, 88 mmol),
affording 8.83 g (68%) of 6 as colorless liquid. 1H NMR: δ
0.88 (t, J ) 6.8 Hz, 3H, CH3), 1.25 - 1.84 (m, 20H, (CH2)10),
2.37 (s, 3H, PhCH3), 2.60 (s, 2H, OH), 4.11 (t, J ) 6.4 Hz, 2H,
OCH2), 7.12 (s, 2H, phenyl H) ppm. 13C NMR: δ 14.8, 20.9,
23.3, 26.9, 30.0, 30.3, 31.1, 32.0, 32.6, 66.2, 75.14, 78.9, 98.5,
117.5, 133.4, 134.6, 159.6 ppm. IR: 3420 cm-1. MS: m/z 440
(M+). Anal. Calcd for C29H44O3: C, 79.04; H, 10.06. Found:
C, 78.90; H, 9.81.
1-(Dodecyloxy)-2,6-bis(ethynyl)-4-methylbenzene (7).

The same procedure used with 5 was performed from 6 (4.41g,
10 mmol) and KOH (2.81 g, 50 mmol), affording 2.40 g (74%)
of 7 as colorless liquid. 1H NMR: δ 0.88 (t, J ) 6.8 Hz, 3H,
CH3), 1.26-1.83 (m, 20H, (CH2)10), 2.23 (s, 3H, PhCH3), 3.21
(s, 2H, acetylenic H), 4.16 (t, J ) 6.4 Hz, 2H, OCH2), 7.25 (s,
2H, phenyl H) ppm. 13C NMR: δ 14.8, 20.9, 23.4, 26.6, 30.0,
30.2, 30.3, 30.4, 30.9, 32.6, 75.2, 80.4, 81.9, 117.1, 133.4, 135.9,
161.1 ppm. IR: 3300 cm-1. MS: m/z 324 (M+). Anal. Calcd
for C23H32O: C, 85.13; H, 9.94. Found: C, 85.97; H, 9.97.
Polymer synthesis. Poly(2-(dodecyloxy)-5-methyl-m-

phenyleneethynylene) (8a). Monomer 5 (4.26 g, 10 mmol),
Pd(dppf)Cl2‚CH2Cl2(0.16 g, 2 mol %) and CuI (0.11 g, 6 mol
%) were combined in Et3N (10 mL) and toluene (50 mL). The
mixture was refluxed for 48 h under nitrogen atmosphere. The
reaction mixture was poured into methanol. The precipitated
material was centrifuged and dried under vacuum, giving 2.60
g of polymer 8a. The crude polymer was dissolved in dichlo-
romethane and filtered through a short path column of silica
gel to remove traces of catalyst. The resulting solution was
concentrated and precipitated in methanol. The sticky yellow
solids were collected by centrifugation and dried under vacuum.
1H NMR: δ 0.86 (t, 3H, CH3), 1.20-1.91 (m, 20H, (CH2)10),
2.31 (s, 3H, PhCH3), 4.31 (t, 2H, OCH2), 7.29 (s, 2H, phenyl
H) ppm. IR: 2210 cm-1. Anal. Calcd for C21H30O: C, 84.50;
H, 10.13. Found: C, 83.80; H, 9.80.
Poly[2-(dodecyloxy)-5-methyl-m-bis(ethynyl)phenyl-

eneethienylene] (8b). Monomer 7 (3.24 g, 10 mmol), 2,5-
diiodothiophene, Pd(dppf)Cl2‚CH2Cl2(0.16 g, 2 mol %) and CuI
(0.11 g, 6 mol %) were combined in Et3N (10 mL) and toluene
(50 mL). The mixture was refluxed for 48 h under nitrogen
atmosphere. The reaction mixture was poured into methanol.
The precipitated material was centrifuged and dried under
vacuum, giving 1.61 g of polymer 8b. The crude polymer was
dissolved in dichloromethane and filtered through a short path
column of silica gel to remove traces of catalyst. The resulting
solution was concentrated and precipitated in methanol. The
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light brown solids were collected by centrifugation and dried
under vacuum. 1H NMR: δ 0.85 (br, 3H, CH3), 1.20-1.89 (br.
m, 20H, (CH2)10), 2.29 (br, 3H, PhCH3), 4.24 (br, 2H, OCH2),
7.12-7.31 (br. m, 4H, Ar H) ppm. IR: 2200 cm-1. Anal. Calcd
for C27H32OS: C, 80.15; H, 7.97. Found: C, 78.82; H, 8.04.
Poly[2-(dodecyloxy)-5-methyl-m-bis(ethynyl)phenyl-

enebithienylene)] (8c). The same procedure as that used
for 8b was performed with 7 (3.24 g, 10 mmol) and 2,5′′-
diiodobithienylene (4.18 g, 10 mmol), affording 3.78 g of 8c as
brown solids. 1H NMR: δ 0.85 (br, 3H, CH3), 1.21-1.88 (br
m, 20H, (CH2)10), 2.29 (br, 3H, PhCH3), 4.24 (br, 2H, OCH2),
6.94-7.54 (br m, 6H, Ar H) ppm. IR: 2200 cm-1. Anal. Calcd
for C31H34OS2: C, 76.49; H, 7.04; S, 13.17. Found: C, 75.93;
H, 6.95; S, 11.41.
Poly[2-(dodecyloxy)-5-methyl-m-bis(ethynyl)phenyl-

eneterthienylene] (8d). The same procedure as that used
for 8b was performed with 7 (3.24 g, 10 mmol) and 2,5′′′-
diiodoterthienylene (5.00 g, 10 mmol), affording 3.85 g of 8d
as brown solids. 1H NMR δ 0.85 (t, 3H, CH3), 1.21-1.90 (m,
20H, (CH2)10), 2.28/2.29 (s/s, 3H, PhCH3), 4.24 (br, 2H, OCH2),
7.00-7.28 (m, 6H, Phenyl H) ppm. IR: 2200 cm-1. Anal.
Calcd for C35H36OS3: C, 73.90; H, 6.38; S, 16.90. Found: C,
74.06; H, 6.81; S, 16.26.

Results and Discussion

Monomer Synthesis. The synthetic strategy is
shown in Scheme 1. Palladium(II) catalyzed cross-
coupling of aryl halide and terminal acetylene, known
as the Heck reaction,24 was employed as the pivotal
reaction for the synthesis of m-ethynylated benzene, a
key building block of polymerization. Thus, 1-(dodecyl-
oxy)-2-ethynyl-6-iodo-4-methylbenzene (5), in which
alkoxy and alkyl groups are grafted for the purpose of
improvement of solubility, was obtained in 59% overall
yield by cross-coupling of 1-(dodecyloxy)-2,6-diiodo-4-
methylbenzene (4) with 2-methyl-3-butyn-2-ol in the
presence of a dichloromethane complex of [1,1′-bis-

(diphenylphosphino)ferrocene]dichloropalladium(II) [Pd-
(dppf)Cl2‚CH2Cl2] and CuI in diisopropylamine, followed
by hydrolysis in the mixed solvent of aqueous KOH-
toluene. 1-(Dodecyloxy)-2,6-bis(ethynyl)-4-methylben-
zene (7) was obtained in 74% yield by a procedure
similar to 5. In place of diiodobenzene 4, the employ-
ment of dibromoenzene led mainly to the production of
the monoethynylated benzene 5 and the desired dieth-
ynylated benzene 7 was obtained only in low yield
(<10%), due to the lower reactivity of the bromide than
the corresponding iodide at the sterically congested
ortho-position of the alkoxy substitution. It is known
that the reaction of terminal alkynes with aryl iodides
is more effective than that with aryl bromides.25
Synthesis and Characterization of Polymers.

Poly(2-(dodecyloxy)-5-methyl-m-phenyleneethynylene)
(8a) was synthesized by refluxing the monomer 9 in the
mixed solvent toluene-triethylamine in the presence of
pd(dppf)Cl2‚CH2Cl2 and CuI. Poly[2-(dodecyloxy)-5-
methyl-m-bis(ethynyl)phenyleneoligothienylene)]s (8b-
d) were synthesized by cross-coupling of 7 with 2,5-
diiodothiophene, 2,5′-diiodobithiophene and 2,5′′-di-
iodoterthiophene, under conditions similar to those used
for the synthesis of 8a, respectively. Polymers 8a-d
were purified by repetitive precipitation using THF and
MeOH. 8a-d are sticky yellow to brown solids. All four
polymers are soluble in CHCl3 and THF, and insoluble
in polar solvents. The synthesis and some properties
of 8a-d are shown in Scheme 1 and Table 1. The
molecular weights of 8a-d were determined to be Mn
) 3563-8399 by GPC, relative to polystyrene standards.
The molecular weight distributions for the polymers
8a-c were monomodal and that for 8d was trimodal.
The observed dispersity in 8a-d varied from 2.35 to
5.95.
Attempts to obtain 8b-d, in the presence of conven-

tional catalysts for the Heck reaction such as Pd(PPh3)4,
Pd(PPh3)2Cl2, or Pd(MeCN)2Cl2, resulted in the produc-
tion of low molecular weight oligomers (<Mn ) 2000).
The variation of solvent, reaction temperature, and base
was also unfruitful. Although the Heck coupling was
previously shown to have a great potential in po-
lymerization,26-28 the production of low-molecular weight
polymers has been often observed in the construction
of conjugated polymers by the cross-coupling of terminal
acetylenes.29 The low efficiency of this reaction in
present study can be attributed to the low reactivity of
the electron-rich diiodooligothienylene in the oxidative
addition to a Pd(0) species generated in situ from the
Pd(II) catalyst. It is known that the oxidative addition
of aryl halides to Pd(0) is generally disfavored when
electron donors reside on aromatic rings.30
After some effort, we found that the best condition to

achieve 8a-d with reasonable molecular weights was
to use Pd(dppf)2Cl2.CH2Cl2 and CuI as the catalysts.
In IR spectra of 8a-d the C-H stretching vibrations

of the terminal acetylene of monomers 5 and 7 at about
3300 cm-1 disappear and the characteristic stretching
vibrations of the C-C triple bond appear near 2200
cm-1. Figure 1 shows a representative 400 MHz 1H
NMR spectrum of 8b in order to illustrate the degree
of perfection achieved. All the aromatic resonances are

Scheme 1. Syntheses of Monomers and Polymersa

a Reagents and conditions: (i) 2-methyl-3-butyn-2-ol, Pd-
(dppf)Cl2‚CH2Cl2-CuI, diisopropylamine, reflux, 5 h; (ii) KOH,
toluene-methanol, reflux, 24 h; (iii) Pd(dppf)Cl2‚CH2Cl2-CuI,
diisopropylamine, reflux, 48 h.

Table 1. Properties of Polymer 8a-d

polymer yield (%) Mn Mw/Mn

8a 87 8399 3.82
8b 81 3563 2.35
8c 78 8362 3.29
8d 68 4662 5.95
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between 6.92 and 7.31 ppm. Resonances for methyl on
the phenylene ring and alkoxy R-methylene appeared
at 2.24-2.30 and 4.18-4.24 ppm, respectively. In the
13C NMR spectrum of 8a-d, exact assignment of each
resonance is difficult due to the interference of carbon
resonances originating from end groups (not described
here).
Optical Properties of Polymers. The absorption

and emission spectra of 8a-d obtained for diluted and
deoxygenated CHCl3 solutions are shown in Figure 2.
The absorption spectrum of 8a shows a couple of peaks
and that of 8b shows a broad main peak and a shoulder
at the low-energy (long wavelength) side. Those of 8c
and 8d show a broad main peak for each. All the
emission spectra given here were obtained under excita-

tion at the wavelength of the main absorption band,
which shows vibrational fine structures. Similar fine
structures have also been observed for other thiophene
polymers and ascribed to a greater rigidification of the
polymers in their first relaxed excited state than in the
ground state.16 The absorption maxima progressively
shift from 337 nm for 8a, to 365 nm for 8b to 388 nm
for 8c, and to 407 nm for 8d. The emission maxima
also shift from 378 nm for 8a to 410 m for 8b, to 451
nm for 8c, and to 485 nm for 8d.
Figure 3 shows the variation of the absorption and

emission maximum energies as a function of the inverse
number of thiophene rings (1/x) between consecutive
m-phenylene linkages. The data exhibit the same good
linearity as those of poly(m-phenyleneoligothienylene)s
previously reported by us and the other related poly-
meric systems.16,31,32
The variation of the torsional energy and Cphenyl-Cthienyl

bond length with rotation between the twom-thiophene
rings of the model structure 9 was investigated, employ-
ing a semiemprical PM3 method.33 While one thienyl
ringAwas conjugated and fixed planar to the phenylene
ring, the other B was rotated from 0° to 180°. Values
obtained from 180 to 360° (syn/syn) are not exhibited,
since they are not important for the present argument.
The selected data were summarized in Table 2. The
maximum barrier for rotation is ca. 4.5 kcal mol-1 at
180° torsional angle. Even though structure 9 has some
strain in rotation between two rings, the barrier is low
enough for free rotation over the range 0-180°; the
rotation should not be sterically restricted. In addition,

Figure 1. Representative 1H-NMR spectrum of 8a in deuteriochloroform.

Figure 2. Absorption spectra (top) and emission spectra
(bottom) of 8a (solid line), 8b (dotted line), 8c (dashed line),
and 8d (dot-dashed line) in chloroform at 295 K. Intensities
were normalized in order to optimally fit the graphs.

Figure 3. Variation of absorption and emission maximum
energies of 8a-8d in chloroform solution as a function of the
inverse number of thiophene rings (1/x) between consecutive
m-phenylene bridges: (b) absorption; (O) emission.
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if there is conjugation between the ring A and B, the
rotation must accompany the substantial change of the
Cphenyl-Cthienyl bond length. However, the bond length
is nearly constant throughout the rotation.

Together with our previous results,16 the data ob-
tained from present studies clearly confirm that the role
of the m-phenylene as an interrupting block does not
come from a steric hindrance around its linkage but
mainly from the intrinsic property, e.g., MO, of the
moiety itself. MO studies of the m-phenylene inserted
onto present polymers will be another subject for further
research and will be investigated in our laboratory.
m-Conjugated phenylenes are popularly applied, as
ferromagnetic coupling units, to the field of organic
molecule based ferromagnetism, a characteristic of
which is attributed to the existence of a pair of degener-
ated, orthogonal FMOs.34,35
The Stockes shifts and the quantum yields are listed

in Table 3. The Stockes shifts between the maxima of
absorption and emission are comparatively small and
in the range 0.38-0.49 eV. The shifts roughly increase
on going from 8a to 8d. The quantum yields of emission
from chloroform solutions of the polymers were calcu-
lated by using measured values of integrated emission.
The quantum yield of a sample in solution, Φs, may be
related by the following equation:

As and Ar are the respective absorbances of the sample
and the reference solutions at the excitation wavelength,
Fr and Fs are the corresponding relative integrated
emission intensities. The quantum yields are ranged
from 0.28 (for 8a) to 0.02 (for 8d) in chloroform and from
0.39 to 0.09 in n-hexane, indicating them to be higher
in n-hexane than in chloroform. It is known that

organic fluorophores show generally higher quantum
yields in nonpolar solvents than those in polar media.36
The quantum yields gradually decrease on going from
8a to 8d. Together with above variation of Stockes
shifts, this indicates that nonradiative decay of the
excited states increases with a decrease in concentration
of the ethynylated m-phenylene units (an increase of
possible configurations of thiophene rings) within the
repeating active block, the trend of which may be in
agreement with the previously asserted contribution of
triple bonds to backbone rigidification of the π-conju-
gated polymers.6 The solution quantum yield of the
polymers generally increases with the degree of rigidi-
fication of its backbone and the Stockes shift decreases.

Conclusions
A series of thiophene-based copolymers, poly[2-(do-

decyloxy)-5-methyl-m-phenyleneethynylene] and poly-
[2-(dodecyloxy)-5-methyl-m-bis(ethynyl)phenyleneoligo-
thienylene]s was synthesized by a Heck type coupling
reaction. The absorption and emission maxima of the
polymers regularly shift to lower energies with an
increase in the number of the thiophene rings between
consecutive m-phenylene linkages. These optical data
demonstrate that the role of m-phenylene as an inter-
rupting block does not come from a steric hindrance
around its linkage but from the intrinsic property. MO
studies of the m-phenylene inserted onto present
thiophene-based polymers will be further investigated.
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Chem. Phys. 1985, 83, 1323.

(19) Hilberer, A.; Brouwer, H.-J.; van der Scheer, B.-J.; Wildeman,
J.; Hadziioannou, G. Macromolecules 1995, 28, 4525.

(20) Fahlman, M.; Birgersson, J.; Kaeriyama, K.; Salaneck, W.
R. Synth. Met. 1995,75, 223.

(21) Birgerson, J.; aeriyama, K. K.; Barta, P.; Bröms, P.; Fahlman,
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