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ABSTRACT: Green-emitting poly[(2-alkoxy-5-methyl-1,3-phenylenevinylene)-alt-(1,4-phenylenevinylene)]s
(2) were synthesized via the Wittig—Horner reaction. The polymers were yellow resins with the molecular
weights as high as 54 600. On the basis of FT-IR and *H NMR spectra, the olefins in the polymers were
confirmed to be predominantly in the trans configuration. UV—vis absorption of 2 (Anax &~ 374 — 377 nm)
was about 20 nm blue-shifted from that of poly[(1,3-phenylenevinylene)-alt-(2,5-dialkoxy-1,4-phen-
ylenevinylene)]s (1), although the chromophores in the former had the same number of alkoxy substituents
as in the latter. Comparison of 2 with the model compound 7 showed that the shorter conjugation length
observed from 2 (relative to 1) was the intrinsic property of the chromophore. Polymer 2 also exhibited
a higher photoluminescence (PL) than 1 in both solution and film states, indicating the effect of the
substitution pattern on the optical properties of the polymers. The vibronic structures were assigned
with the aids of the low-temperature UV—vis and fluorescence spectroscopy. LED devices using 2 gave
green EL output (emission Amax at 496 and 520 nm) with the external quantum efficiency of 0.082%.

Introduction

Since the discovery of polymeric light-emitting diodes
(LEDs)! in 1990, 7-conjugated polymers have attracted
increasing attention over the past decade? because of
their potential applications in display technologies. The
unique combination of their structural, mechanical,
photonic, and electronic properties also renders them
attractive candidates for use as plastic lasers® and
chemical sensors* and for use in other fields.> Recent
studies® have shown that poly[(m-phenylenevinylene)-
alt-(p-phenylenevinylene)] (PmPVpPV) derivatives (1)
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are green-emitting with high PL efficiency. While the
p-phenylene and m-phenylene are alternately placed
along the polymer chain, the side chain substitutes in
1 are only present on the p-phenylene unit. It is known
that different substitution patterns” on the z-conjugated
polymers could significantly influence their luminescent
properties. It would be interesting to examine whether
the substitution on a different type of phenylene unit
will affect the luminescent properties of the PmPVpPV

10.1021/ma012178r CCC: $22.00

derivative 2, in which the substituents are only present
on the m-phenylene unit.

The molecular fragment A represents a section of
chain structure in PmPVpPV. As demonstrated in our
previous report,52 the chromophore of the polymer can
be described as p-phenylenedivynylene sandwiched
between the two adjacent m-phenylene units. A unique
feature in PmPVpPV is that the m-phenylene is shared
between the two adjacent chromophores. A substituent
“Y” placed on an m-phenylene is, therefore, expected to
influence the two adjacent chromophores simulta-
neously, while that on a p-phenylene is expected to
influence only one chromophore. In other words, sub-
stitution on a different type of the phenyl rings (m-
phenylene or p-phenylene) along the PmPVpPV back-
bone would perturb the electronic band structure of the
polymer in different fashion. The fact that the m-
phenylene occurs at the end of the chromophore may
also contribute to a different substituent effect in
comparison with the p-phenylene at the center of the
chromophore. Although previous studies® have been
focused on attachment of the substituent to the p-
phenylene unit as shown in 1, no report has been found
in the literature to put substituent on the m-phenylene
of PmPVpPV. Availability of m-phenylene-substituted
PmPVpPVs will allow one to evaluate the substitution
effect, and to establish the valuable structure—property
correlations, which are desirable for future material
development. Here we report the synthesis and char-
acterization of 2, along with its optical properties.

Results and Discussion

Polymer 2 was synthesized as shown below by using
the Wittig—Horner reaction,® which is known to produce
trans-alkenes. In the polymer 2, the p-phenylene and
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Table 1. Spectroscopic Data for Polymers 2 and the Model Compound 7

content? of emission® UV—vis absP
polymer trans-CH=CH (%) My (PDI) DP Amax (NM) Amax (NmM) o
2a 85 54600 (1.8) 104 412, 436, 464 377 0.72
2b 86 22000 (1.8) 38 412, 436, 465 377 0.71
2c 88 6820 (1.2) 16 412, 436 374 0.72
7 93 413, 436, 464 (sh) 371 0.88

a The content of trans-CH=CH was estimated from the 'H NMR spectra in CDClI; solvent. b The absorption and emission spectra were

acquired from their respective THF solutions at 25 °C.

m-phenylene units were alternated along the backbone,
thereby producing a chromophore with a uniformly
defined structure. The polymers were yellow resins with
the molecular weight as high as 54 600 (Table 1). The
number-average degrees of polymerization of 2 were
determined to be n ~ 104, 38, and 16 for 2a, 2b, and
2c, respectively. Polymer 2 exhibited good solubility in
common organic solvents such as THF, chloroform, and
toluene. It appeared that only a short alkyl side chain
on the substituted phenyl rings was necessary to keep
the polymer soluble. Uniform thin films could be cast
from the polymer solutions. To aid the polymer structure
characterization, the model compound 7 was synthe-
sized similarly by reacting 6 with benzene-1,4-dicarb-
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The high intensity of absorption at ~965 cm™! in the
IR spectrum of 2 (Figure 1) indicated that the olefin
groups in the polymer were predominantly in the trans
configuration.® The olefinic and aromatic region of the
1H NMR spectrum of 2 is shown in Figure 2, where the
resonance signals were assigned by using the same
labels as in the structures 2 to indicate the correspond-
ing aromatic and olefinic protons. The presence of the
doublet signals at about 7.13 and 7.47 ppm (marked “b”
and “c” in Figure 2) with a large coupling constant (J =
16.4 Hz) confirmed the trans stereochemistry of
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Figure 1. Infrared spectrum of 2b film on NaCl plate. The
vertical scale is transmittance in arbitrary units. The arrow

marks the absorption for olefinic C—H out-of-plane deforma-
tion (trans-CH=CH at ~965 cm™%).
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Figure 2. 'H NMR of 2b (top) and 7 (bottom) (only aromatic
and olefinic region is shown for clarity). The starred signal at
7.25 ppm is attributed to trace CHCls.
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Figure 3. UV—vis (solid line) and PL (dotted line) spectra of

polymer 2b in THF solution at +25 and —108 °C. The spectra
at —108 °C are offset from those at 25 °C for clarity.

CH—CH in the polymer.l® The assignment of the
resonance signals in the 'TH NMR spectrum of the
polymer was further supported by the observed same
coupling pattern (trans-CH=CH) from the model com-
pound 7. The relative signal intensity between the
singlet at ~7.39 ppm (proton “d”) and the doublet at
~7.13 and 7.49 ppm concluded that the majority of
olefins in the polymer was in the trans configuration.
The content of trans-CH=CH bond linkage (Table 1)
was estimated by integrating the proton resonance
signals of —OCH,— unit in the alkoxy side chains, which
were shown to be sensitive to the nearby cis-CH=CH
or trans-CH=CH configuration®? in m-phenylene-con-
taining PPVs.

Photoabsorption and Photoluminescence (PL).
The UV-—vis spectra of the polymer 2 in dilute THF
solution (Figure 3) showed one major band with absorp-
tion Amax at about 377 nm, which is quite different from
that of 1 exhibiting two absorption bands®2 at about 326
and 397 nm. It appears that the substitution patterns
do have some effect on the electronic band structure of
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the chromophores. Resulting from the m-phenylene
interruption, the conjugation length of the chromophore
in 1 and 2 would be determined by the fragments 8 and
9, respectively. While both fragments 8 and 9 contain
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the same number of alkoxy groups, the presence of two
methyl groups in the latter are expected to cause further
increase in conjugation length (additional bathochro-
matic shift).11 On the contrary, the observed conjugation
length for 2 (Amax = 377 nm) is about ~20 nm blue-
shifted from the absorption Amax of polymer 1 (~397
nm).%2 This notable difference in conjugation length
between 1 and 2 was also observed in their emission
spectra (Figure 3), where the emission Amax of the
highest energy band was at 412 and 444 nm for 2 and
1, respectively. The fluorescence quantum efficiency??
of 2 was estimated to be ¢f ~ 0.71, in comparison with
that of 1 (¢f| ~ 066)

To gain further understanding on the nature of the
electronic structure of the material, spectroscopic com-
parison was made between polymer 2 and its model
compound 7. As shown from Figures 3 and 4, solution
of 7 in THF exhibits absorption and emission profiles
very similar to those of 2. The small difference between
the Amax values of 2 and 7 (~6 nm in UV—vis absorption,
and ~1 nm in emission) (Table 1) is within the range of
the anticipated substituent effect, indicating an effective
conjugation interruption at m-phenylene. Very similar
conjugation lengths displayed from 2 and 7 strongly
suggests that the shorter conjugation length observed
from 2 (relative to 1) is the intrinsic property of the
chromophore fragment 9. Because of the different
substitution pattern, the steric interaction between the
side chains and m-conjugated polymer backbone in
polymer 2 is expected to be different from that in
polymer 1. This difference in steric interaction, however,
may not be sufficient to cause a significant change in
the conjugation length of the polymer chromophores.

Simple comparison between polymers 2 and 1 shows
that the number of alkoxy group per repeating unit in
2 is only half of that in 1. This might not be the major
reason to account for the short conjugation length of 2,
as it is in contrary to the observation that both 2b and
7 exhibit very similar conjugation length. The different
arrangement of the substituent (or substitution pat-
tern), therefore, might play an important role in the
observed shorter conjugation length from 2. As seen
from their respective chromophores, the alkoxy substit-
uents in 9 appears at the end of the chromophore in
comparison with that in 8 at the center of the chro-
mophore. Comparison of the UV—vis absorption Amax
values between the chromophore model compounds for
2 and 1 offers further support to the substitution effect,
as 7 is blue-shifted (AAmax ~ 17 nm) from 1,4-bis(2'-
phenylethenyl)-2,5-dihexyloxybenzene!? to a very simi-
lar degree. The observed blue-shift from polymers 1 to
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Figure 4. UV-vis (solid line) and PL (dotted line) spectra of
7 at +25 and —108 °C in THF, and at —198 °C in a solvent
mixture (diethyl ether, ethanol, and 2-methylbutane in a ratio
of 1:1:1). The spectra at different temperature are offset for
clarity.

2 suggests that some minor tune in the electronic band-
gap of PmPVpPV can be achieved by simply placing
substitution on m- or p-phenylene units.

Low-Temperature UV—Vis and PL. The solution
UV—vis spectrum of 2 at 25 °C (Figure 3) showed a
major peak at 377 nm, and a shoulder at ~395 nm. As
the temperature was lowered to —108 °C (still in the
liquid state), the shoulder was resolved into a pro-
nounced peak due to the reduced rotation and increased
viscosity at the low temperature. In addition, the
spectrum was slightly red-shifted (~6 nm) with the
absorption Amax values at 383 and 406 nm at the low
temperature. The fluorescence spectrum at —108 °C also
became more resolved, showing more transitions with
the emission Amax at 416, 441, and 473 nm (correspond-
ing to the wavenumber of 24 038, 22 676, and 21 142
cm™1, respectively). The vibrational energy levels of 2
in the ground state (as shown from the emission peaks)
appears to be about equally spaced with a wavenumber
separation of about 1362 cm™!, or a wavenumber
separation of about 25 nm. The energy difference
between the overlapping low-energy absorption band
(Amax = 406 nm) and the high-energy emission band
(Amax = 416 nm) is estimated to be about 593 cm™1,
which is significantly smaller than the required adjacent
vibrational energy gap of at least 1362 cm™~! for a lower
energy level in an anharmonic oscillator model.* There-
fore, it is likely that the emission bands at 416, 441,
and 473 nm in the low-temperature fluorescence spec-
trum of 2 are corresponding to 0—0, 0—1, and 0—2
transitions, respectively. The fluorescence spectra of the
polymers (Figure 3) also revealed a characteristic pat-
tern, in which the short-wavelength vibrational band
(0—0 transition) was the most intense emission, and the
intensity of the emission bands gradually decreased
with increasing wavelength. This characteristics sug-
gested that the geometry of the chromophore in the
excited state was very similar to that of its ground state,
based on the Franck—Condon principle.t®

The solution UV—vis spectrum of the model com-
pound 7 at 25 °C showed a major absorption band (Amax
= 371 nm). As the temperature was lowered to —108
°C, a new band at 400 nm became partially resolved in
addition to the major absorption band at 380 nm. To
further confirm the presence of the new band at 400
nm, the sample 7 in a solvent mixture!® of diethyl ether,
ethanol, and 2-methylbutane was cooled to —198 °C in
liguid nitrogen to form a clear transparent glass. The
absorption spectrum at —198 °C (shown in Figure 4)
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Figure 5. UV—vis absorbance of films 1b and 2b. The arrows
mark the wavelength at 332 and 397 nm, respectively.

exhibited clearly resolved bands with absorption Amax
= 366, 384, and 406 nm. The fluorescence spectrum of
7 at the low temperature also became more resolved.
By using the same reasoning for assigning the vibronic
structure of polymer 2, the emission bands at 414, 439,
and 466 nm in the spectrum of 7 at —198 °C were
assigned to 0—0, 0—1, and 0—2 transitions, respectively.
By using the 0—0 and 0—1 bands at 417 nm (23 981
cm™1) and 442 nm (22 624 cm™1) from the fluorescence
spectrum of 7 at —108 °C, the vibrational energy gap of
7 in the ground state was estimated to be ~1357 cm™1,
which is comparable to that of ~1362 cm™! for 2. The
vibronic structures of 7 revealed from the low temper-
ature absorption and emission spectra are remarkably
similar to that of 2, further confirming the assumption
that the electronic band structure of the polymer is
determined by the fragment 9. It should be pointed out
that the vibrational energy gap of 2 (~1362 cm™) is
noticeably larger than that of 1 (~1300 cm~1),” which
seems in agreement with the slightly higher PL ef-
ficiency of the former.

Thin-Film Optical Properties. To further examine
the optical properties in the solid state, polymer films
were prepared by spin-casting the polymer solution (2
mg/mL in THF) on a quartz plate at a spin rate of about
1700—1800 rpm. The films 1 and 2 thus prepared were
uniform and had very similar thickness as shown by
their similar absorbance at absorption Amax (Figure 5).
Polymer 2 exhibited one major absorption band at 383
nm, in comparison with two absorption bands at about
336 and 425 nm observed from the film 1. In addition,
the absorption profile of 2 in the solid state is quite
similar to that in solution, supporting the assumption
that the chromophore in the polymer is well-defined.
While the UV—vis spectra of both films 2 and 1 were
slightly red-shifted from their respective spectra in THF
solutions (Amax = 377 for 2, and Amax = 410 for 1), the
peak absorption difference Aimax between the film and
solution spectra is estimated to be ~6 nm for 2 and ~15
nm for 1. The observed smaller bathochromic shift from
solution to film states indicates that the chromophore
in 2 seems to be less affected by the molecular environ-
ments than that of 1.

Excitation spectra under the identical conditions
indicated that emission intensity of film 2 in general
was stronger than that of 1 (Figure 6), when the
excitation wavelength is between 275 and 420 nm.
Although the excitation spectra of 1 and 2 exhibited the
similar profile as observed in their respective absorption
spectra, the excitation Amax values are noticeably dif-
ferent from the respective absorption Amax values. The
emission spectra were acquired while the films were
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Figure 6. Curves A and B are excitation spectra for films 2b
and 1b while monitoring at 500 nm. Curve A’ and B' are
respective emission spectra while the films were excited at 397
nm. The emission peaks for 2b (in curve A') are at 490 and
518 nm and that for 1b is at 530 nm.

excited at 397 nm, where both films under study had
the same absorbance (Figure 5). The same emission
profiles were also observed when the films were excited
at 332 nm. The relative emission intensity, as deter-
mined by the ratio of integration peak area of 2 to 1,
was estimated to be about 1.8 and 1.9 when excited at
397 and 332 nm, respectively. Therefore, the substitu-
tion pattern on the polymer backbone appears to have
significant influence on the optical properties of the
materials, including the electronic band structure and
luminescent efficiency. Emission of film 2 showed two
distinctive peaks at 490 nm (20 408 cm~1) and 518 nm
(19 305 cm™1).

EL Properties. LED devices ITO/PEDOT/polymer/
Ca were fabricated to examine the EL properties. The
device from polymer 2b gave green emission at 496 and
520 nm (Figure 7) in comparison with that from 1 at
513 and 539 nm.%2 The EL spectrum of 2b matched very
well with its PL spectrum, indicating that both PL and
EL originated from the same radiative decay process of
the singlet exciton.® Turn-on voltage for the device of
2b was ~4.5 V (Figure 7). The external quantum
efficiency of the device was estimated to be 0.082% for
2b.

Experimental Section

Materials and Instrumentation. Terephthalaldehyde
(99%), triethyl phosphite P(OEt)s, 4-hydroxytoluene (Acros
Organics), potassium tert-butoxide (1.0 M in THF), and
hydrogen bromide (30 wt % solution in acetic acid) (Aldrich
Chemical Co.) were used without further purification. Solvents
were dried, distilled, and stored under nitrogen or argon.
Polymer 1b was synthesized by using the Wittig—Horner
reaction,’ and 1-alkoxy-2,6-bis(bromomethyl)-4-methylben-
zene 3 was prepared by using the procedure reported previ-
ously.'® IR spectra were recorded on a Nicolet Impact 400 FT-
IR spectrometer from films on NaCl plates. UV/vis spectra
were recorded either in distilled dry tetrahydrofuran (THF)
or from films spin-cast on quartz plates on a Hewlett-Packard
8543 diode array spectrophotometer. *H NMR spectra were
acquired on a Bruker ARX400 spectrometer. Fluorescence
spectra were recorded on a PTI steady-state fluorometer at
23 + 1 °C. Corrected fluorescence spectra of the polymer films
were recorded on quartz plates in air. The solution PL
quantum yields (¢n) were measured relative to quinine sulfate
in 0.5 M H,S0, at 25 °C, by using the same procedure®? as
described previously. Size exclusion chromatography (SEC)
was carried out on a Viscotek SEC assembly consisting of a
model P1000 pump, a model T60 dual detectors, a model LR40
laser refractometer, and three mixed bed columns (10 um).
Polymer concentrations for SEC experiments were prepared
in a concentration of about 3 mg/mL. The SEC system was
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Figure 7. EL spectrum (top) and current density—voltage-
brightness relationship (bottom) for the device ITO/PEDOT/
2b/Ca.

calibrated by using narrow and broad polystyrene standards
prior to use. The polystyrene standards were purchased from
American Polymer Standards Corp.

Synthesis of Poly[(2-hexyloxy-5-methyl-1,3-phen-
ylenevinylene)-alt-(1,4-phenylenevinylene)] (2b). A mix-
ture of 2,6-bis(bromomethyl)-1-hexyloxy-4-methylbenzene 3a
(0.567 g, 1.50 mmol) and triethyl phosphite (0.548 g, 3.30
mmol) was heated at 155—165 °C under an argon atmosphere
for 2 h. The excess triethyl phosphite and byproducts were
removed under vacuum (0.5 mmHg, 100 °C for 0.5 h). The
obtained 4-alkoxy-1-methyl-3,5-xylene tetraethyldiphospho-
nate (4)*® (a colorless liquid) was dissolved in anhydrous THF
(25 mL) with terephthaldicarboxaldehyde (5) (0.201 g, 1.50
mmol). To this solution was added dropwise potassium tert-
butoxide (1 M in THF, 3.0 mL) at room temperature via a
syringe over a period of 15 min. A red-purple color was formed
and quickly disappeared upon the addition of potassium tert-
butoxide solution. After addition, the solution was stirred for
an additional 3 h at room temperature. The resulting solution
was separated from the salt, and the polymer was precipitated
out via dropwise addition to methanol (125 mL). The yellow
precipitate was collected and washed with methanol on a
Soxhlet extractor for 48 h, and dried by vacuum to afford a
light yellow resin (0.150 g, yield 30.7%), which had the
following spectral properties. *H NMR (400 MHz, CDCl,), 6:
0.82—0.95 (br, 3H, —CH,CHg), 1.36—1.44 (br, 4H, —CH,—),
1.51—1.64 (br, 2H, —CH,—), 1.81—1.92 (m, 2H, —CH,—), 2.38
(s, 3H, Ar—CHs3), 3.83 (br, 1.68H, —OCH,— (in trans-olefin
fragment)), 3.88 (br, 0.32H, —OCH_— (in cis-olefin fragment)),
7.13 (d, J = 16.4 Hz, 2H, trans-CH=CH-), 7.40 (s, 2H, Ar—
H), 7.47 (d, J = 16.4 Hz, 2H, trans-CH=CH-), 7.45 (s, 4H,
Ar—H). IR (NaCl, thin film), vmax (cm™1): 3033 (w), 2925 (s),
2863 (s), 1513 (m), 1451 (s), 1382 (w), 1250 (w), 1212 (m), 965
(s), 865 (w). Anal. Calcd for Cy3Hz60: C, 86.75; H, 8.23.
Found: C, 86.08; H, 8.29.

Poly[(1-butoxy-4-methyl-2,5-phenylenevinylene)-alt-
(1,4-phenylenevinylene)] (2a) was synthesized in 75% yield
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by using the same procedure as for 2b. *H NMR (400 MHz,
CDCls), 0: 1.04 (br, 3H, —CHs), 1.68 (br, 2H, —CH,—), 1.89
(m, 2H, —CH;—), 2.24 (s, 0.47H, Ar—CHjs (cis-olefin fragment)),
2.43, (s, 2.53H, Ar—CHj; (trans-olefin fragment)), 3.88 (m,
1.69H, —OCH,— (trans-olefin fragment)), 3.97 (m, 0.31H,
—OCH,— (cis-olefin fragment)), 7.17 (d, J = 16.4 Hz, 2H, trans-
CH=CH-), 7.43 (s, 2H, Ar—H), 7.51 (d, J = 16.4 Hz, 2H, trans-
CH=CH-), 7.59 (s, 4H, Ar—H). IR (NaCl, thin film), vmax
(cm™1): 3033 (m), 2956 (s), 2871 (m), 1513 (m), 1459 (s), 1382
(w), 1258 (w), 1212 (s), 965 (s), 849 (m). Anal. Calcd for
Cx1H2,0: C, 86.85; H, 7.64. Found: C, 85.72; H, 7.48.

Poly[(1-octyloxy-4-methyl-2,5-phenylenevinylene)-alt-
(1,4-phenylenevinylene)] (2c) was synthesized in 30% yield
by using the same procedure as for 2b. *H NMR (CDCls;, 400
MHz), 6: 0.87 (br, 3H, —CH,CH3), 1.22—1.61 (m, 6H, —CH,—
), 1.59 (br, 4H, —CH,—), 1.85 (m, 2H, —CH,—), 2.10 (s, 0.36H,
Ar—CHjs (cis-olefin fragment)), 2.39 (s, 2.64H, Ar—CHj (trans-
olefin fragment)), 3.83 (m, 1.76H, —OCH,— (trans-olefin frag-
ment)), 3.91 (m, 0.24 H, —OCH,— (cis-olefin fragment)), 7.13
(d, 3 =16.4 Hz, 2H, trans-CH=CH-), 7.39 (s, 2H, Ar—H), 7.47
(d, J = 16.4 Hz, 2H, trans-CH=CH-), 7.55 (s, 4H, Ar—H). IR
(Nacl, thin film), vmax (cm™): 3033 (w), 2925 (s), 2856 (M),
1513 (w), 1382 (w), 1250 (m), 1212 (m), 1027 (s), 965 (s), 849
(w). Anal. Calcd for CsH300: C, 86.66; H, 8.73. Found: C,
85.97; H, 8.71.

Synthesis of 3-Bromomethyl-4-hexyloxytoluene. To a
suspension of 1-hexyloxy-4-methylbenzene (3.845 g, 20 mmol)
and paraformaldehyde (0.615 g, 20.5 mmol) in acetic acid (10
mL) was added hydrogen bromide (30 wt % in AcOH, 4.09 mL,
20.5 mmol) via syringe. After the mixture was heated at 70—
80 °C for 5 h, it was cooled to room temperature and poured
onto ice/water (100 mL). The aqueous layer was extracted with
four portions of hexanes (100 mL each). The combined organic
layer was washed with water (four times, 20 mL each), and
then dried over anhydrous MgSO,. After removing the solvent
on a rotatory evaporator, purification on column chromatog-
raphy (silica gel, eluant hexanes) afforded 3-bromomethyl-4-
hexyloxytoluene as a colorless oil (4.9 g, yield 86%). *H NMR
(400 MHz, CDClg), 6: 0.90 (t, J = 6.5 Hz, 3H, —CH,CHj),
1.30—1.39 (m, 4H, —CH,—), 1.46—1.56 (m, 2H, —CH,—), 1.76—
1.85 (m, 2H, —CH,—), 2.26 (s, 3H, Ar—CHs), 3.99 (t, J = 6.4
Hz, —OCH,—), 4.54 (s, 2H, —CH,Br), 6.75 (d, J = 8.3 Hz, 1H,
Ar—H), 7.04 (d, J = 8.3 Hz, 1H, Ar—H), 7.12 (s, 1H, Ar—H).
Anal. Calcd for C14H2:BrO: C, 58.96; H, 7.42. Found: C, 58.68;
H, 7.40.

Synthesis of Bis[2-(2-hexyloxy-5-methyl-1-phenyl)-
ethenyl]-1,4-benzene (7). A mixture of 3-bromomethyl-4-
hexyloxytoluene (0.570 g, 2 mmol) and triethyl phosphite (0.40
g, 2.4 mmol) in a 25 mL flask was heated at 155—160 °C under
an argon atmosphere for 5 h. The excess triethyl phosphite
and byproducts were removed by vacuum (0.5 mmHg) at 100
°C for 0.5 h to give diethyl 2-hexyloxy-5-methylbenzylphos-
phonate (6) as a colorless liquid, which was then dissolved in
10 mL of anhydrous THF with terephthaldicarboxaldehyde (5)
(0.154 g, 1.15 mmol). To this solution was added potassium
tert-butoxide (1 M in THF, 2.0 mL, 2 mmol) dropwise via a
syringe over a period of 15 min. After addition, the reaction
mixture was stirred for 4 h at room temperature. The clear
solution was separated from precipitates via filtration. Fol-
lowing the removal of solvent, the product was purified by
using column chromatography (silica gel, eluant: hexanes) to
give pale yellow crystals (0.372 g, yield 72.8%, mp 90—92 °C).
'H NMR (400 MHz, CDCls), 6: 0.95 (t, J = 6.6 Hz, 6H, —CHy3),
1.29-1.45 (m, 8H, —CH,—), 1.52—1.60 (m, 4H, —CH,—), 1.83—
1.92 (m, 4H, —CH;—), 2.35 (s, 6H, Ar—CH3), 3.96 (t, J = 6.5
Hz, 0.28H, —OCH,— (cis-olefin fragment)), 4.03 (t, J = 6.5 Hz,
3.72H, —OCH,—, trans-olefin fragment), 6.82 (d, J = 8.2 Hz,
2H, Ar—H), 7.04 (d, J = 8.2 Hz, 2H, Ar—H), 7.16 (d, J = 16.4
Hz, 2H, trans-CH=CH-), 7.43 (s, 2H, Ar—H), 7.50 (d, J = 16.4
Hz, 2H, trans-CH=CH-), 7.53 (s, 4 H, Ar—H). Anal. Calcd.
C, 84.66; H, 9.08. Found: C, 84.42; H, 9.27.

LED Device Fabrication and Measurement. PEDOT/
PSS (Bayer Co.) was spin-cast onto ITO glass (OFC Co.) to be
used as an anode. The polymer solutions (20 mg/mL in
chloroform) were filtered through 0.2 um Millex-FGS Filters
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(Millipore Co.), and were spin-cast onto ITO glass or dried
PEDOT/ITO substrates under a nitrogen atmosphere. The
polymer films were typically 75 nm thick. Calcium electrodes
of 400 nm thickness were evaporated onto the polymer films
at about 1077 Torr, followed by a protective coating of alumi-
num. The devices were characterized using a system con-
structed in our laboratory described elsewhere.?°
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