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ABSTRACT A new amorphous semiconducting polymer containing dodecylthiophene rings and a rigid thieno[3,2-b]thiophene ring,
poly(2,5-bis(3’-dodecyl-2,2"-bithiophen-5-yl)thieno[3,2-b]thiophene) (NAP), was synthesized via a microwave-assisted Stille coupling
reaction. The presence of the flexible unsubstituted thiophene ring units next to the rigid fused thiophene ring caused NAP to have
an amorphous structure. This structure was confirmed by XRD, AFM, and computational calculations. In particular, the out-of-plane
XRD patterns of NAP thin films exhibited no reflection peaks before or after the annealing process, indicating that the films had
amorphous microstructures. In addition, AFM images of the NAP thin films showed amorphous surface morphologies with very small
root-mean-square (rms) surface roughnesses of 0.3—0.5 nm, independent of surface treatment or heat treatment. Computational
calculations performed to investigate the preferred conformation of the polymer confirmed the amorphous characteristics of the
NAP structure. On the basis of these findings, we propose how an amorphous NAP semiconductor can maintain high carrier mobility.
A NAP-based TFT device exhibited a very high carrier mobility of 0.02 cm? V=! s~! with an on/off ratio of 1 x 10° and a very small
threshold voltage of —2.0 V. This carrier mobility is the highest yet reported for TFTs based on amorphous semiconductors. Thus, the
present findings suggest that an amorphous semiconductor layer comprised of NAP would be suitable for use in high-performance
organic TFTs fabricated via simple processes in which neither surface treatment nor heat treatment is necessary.
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INTRODUCTION
rganic thin-film transistors (OTFTs) based on semi-
conducting polymers have been the focus of much
research activity as a promising alternative to
conventional amorphous silicon thin-film transistors (TFTs)
for low-cost electronic applications such as memory devices,
smart cards, and driving circuits of large-area display de-
vices. OTFTs have various advantageous characteristics,
including solution processing (spin-coating, drop-casting,
and inkjet-printing), compatibility with plastic substrates,
structural flexibility, and electronic and optical tunability (1).
In general, semiconducting polymers with extended
planar w-conjugated and interdigitated intermolecular order-
ing exhibit high charge carrier mobilities without charge
traps in grain boundaries (1f, 2). Thus, semicrystalline
polymers such as poly(3,3”’-didodecylquaterthiophene) (PQT-
12) and poly(2,5-bis(3-alkylthiophene-2-yl)thieno[3,2-b]thio-
phene) (PBTTT) have been employed as semiconductors
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with high intrinsic mobilities in OTFTs (3). However, the TFT
mobilities of these semicrystalline polymers are often very
strongly affected by the degree to which the structure is
polycrystalline. Thus, to obtain a high mobility, it is neces-
sary to use polymer backbone and side-chain alignment
procedures such as mechanical rubbing and thermal anneal-
ing (4).

For these reasons, amorphous semiconducting materials
have recently received attention. Amorphous semiconduct-
ing materials have some merits compared with semicrys-
talline materials for the commercialization of OTFTs. Most
importantly, morphological effects are not a major consid-
eration, which is very advantageous for OTFT fabrication (5).
Specifically, TFT devices can be fabricated using amorphous
semiconducting materials via simple processes that do not
require annealing or surface treatments such as the inclusion
of a self-assembled layer on the silicon wafer.

Veres and co-workers fabricated TFTs in which the semi-
conducting layers were amorphous poly(triarylamine)s
(PTAAs) with mobilities on the order of 1072 cm? V™! 57!
(6). Recently, our group reported an air-stable amorphous
semiconducting polymer, poly[(1,2-bis-(2’-thienyl)vinyl-5’,
5”diyl)-alt-(9,9-dioctylfluorene-2,7-diyl] (PTVTE), with a car-
rier mobility of 0.02 cm? V™' s7' (4). Although several
amorphous polymers have been synthesized for other ap-
plications, only a few such polymers showing good TFT

Wwww.acsami.org

Published on Web 04/13/2010



Scheme 1. Synthetic Route for NAP
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performance have been reported because of the difficulty
of controlling the relationship between structural design and
TFT performance. However, some groups have sought to
delineate the relation between the structures of molecules
that form amorphous materials and the electronic perfor-
mance of such materials. For example, McCullough’s group
reported a highly disordered semiconducting polymer with
a very high TFT mobility of 0.21 cm? V™! s7!" and a clearly
defined preferred conformation, as determined from theo-
retical calculations of the relation between rotational energy
and dihedral angle, as well as atomic force microscopy (AFM)
and X-ray diffraction (XRD) studies (7a). However, the
mechanism of charge carrier transport in amorphous semi-
conductors remains poorly understood.

Here we report the synthesis, characterization, time-of-
flight, and charge carrier mobility of a new soluble amor-
phous semiconducting polymer, poly(2,5-bis(3’-dodecyl-2,2’-
bithiophen-5-yl)thieno[3,2-b]thiophene) (NAP). In addition,
we determined the preferred conformation of NAP via a
theoretical calculation, and on the basis of this finding
suggest a possible route for charge transport in the amor-
phous film state. The polymer exhibited amorphous char-
acteristics due to the improved flexibility imparted by the
insertion of the unsubstituted thiophene between the rigid
fused thiophene and dodecylthiophene in the main polymer
backbone. The NAP TFT device exhibited a mobility of 0.02
cm? V™! s7! the highest value ever reported for a TFT based
on an amorphous semiconducting polymer.

RESULTS AND DISCUSSION

Synthesis and Thermal Properties. The synthesis
of NAP is shown in Scheme 1. The monomer 2 was synthe-
sized in 74 % yield via a Grignard reaction of monomer 1
and 2-bromothiophene. The final monomer 3 was synthe-
sized from 2 by a general bromination method using N-
bromosuccinimide (NBS), and then purified by recrystalli-
zation using a methylene chloride/methanol solvent mixture.
The other final monomer 4 was also synthesized according
to an established method (3b). The synthesis of the polymer
was carried out via microwave-assisted Stille cross-coupling
in chlorobenzene. The crude polymer was purified by re-
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precipitation and Soxhlet extraction with methanol and
acetone to remove oligomeric materials. Its chemical struc-
ture was verified using 'H NMR and elemental analysis. NAP
was found to be moderately soluble in chloroform and highly
soluble in chlorobenzene at room temperature. The number-
average molecular weight (M,) of NAP was found to be
13 800 (polydispersity index, PDI = 1.56) using gel perme-
ation chromatography (GPC) with a polystyrene standard.

NAP was found to exhibit very good thermal stability,
losing less than 5% of its weight on heating to about 420
°C, as determined using thermogravimetric analysis (TGA)
under a nitrogen atmosphere. The thermal transitions of
the polymer were studied using differential scanning
calorimetry (DSC) under a nitrogen atmosphere (Figure
1). In contrast to the DSC patterns of semicrystalline polymer
systems, the DSC thermogram for NAP did not show any
peaks indicative of phase transitions from room temperature
to 300 °C. This finding is consistent with NAP having an
amorphous structure.

Optical Properties. The UV—vis absorption spectra of
NAP in dilute chloroform solution and in a thin film state
are shown in Figure 2. The thin film was spin-cast onto a
quartz substrate and annealed at 100 °C for 30 min. The
UV—vis absorption maximum appeared at 485 nm for NAP
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FIGURE 1. DSC thermograms of NAP.
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FIGURE 2. UV—vis absorption spectra of NAP in chloroform solution
(black line), as-cast film (red line), and annealed film at 100 °C for
30 min (green line).

in dilute chloroform solution and at 520 nm for the thin film
(annealed film: 523 nm). The red shift in the absorption on
going from solution to thin film (or when the film was
annealed) was much smaller than the shifts typically ob-
served for semicrystalline polymers with interdigitated in-
termolecular ordering, such as PQT-12 (ca. 75 nm). In
addition, no clear vibronic structures were evident in the
UV—vis absorption spectra of NAP. These results indicate
that NAP has similar conformations in the solution and solid
states and can be attributed to weak stacking and weak
electronic coupling caused by its highly disordered or amor-
phous intermolecular ordering between neighboring poly-
mer chains (7).

X-ray Diffraction Results. X-ray diffraction (XRD)
analyses of a NAP thin film were carried out to investigate
the microstructural ordering. The thin film (thickness of 60
nm) was prepared by spin-casting from chloroform solvent
onto octyltrichlorosilane (OTS)-modified Si/SiO, substrates
followed by annealing at 100 °C for 30 min. The out-of-plane
pattern did not show any reflection peaks, indicating that
the sample had an amorphous structure, and the in-plane
pattern showed a halolike broad peak at 26 = 21.0°, similar
to regio-irregular P3HT (Figure 3). Annealing did not induce
any change in the peak intensity or pattern. These results
confirm that NAP films exhibit long-range amorphous states.

Film Morphologies. Figure 4 shows tapping-mode
atomic force microscopy (AFM) images of NAP on OTS-
modified silicon wafer substrates before and after annealing
at 100 °C for 30 min. All NAP films, regardless of surface
treatment (untreated, OTS- or octadecyltrichlorosilane (ODTS)-
modified silicon substrates) or heat treatment, exhibited
amorphous film states without any crystalline domains (see
Figures S1 and S2 in the Supporting Information). In addi-
tion, all AFM images of NAP films showed very smooth and
flat surface morphologies with a low root-mean-square (rms)
surface roughness of 0.3—0.5 nm, indicative of amorphous
film states.

Theoretical Calculations. Recent theoretical studies
have indicated that polymer structures are affected by the
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FIGURE 3. XRD patterns of NAP ((a) out-of-plane and (b) in-plane)
thin films on OTS-treated SiO,/Si substrate as-cast (black line) and
after annealing at 100 °C for 30 min (red line).

FIGURE 4. AFM images of NAP: (a, b) height images; (c, d) section
analysis; (e,f) phase images of NAP thin films as-cast and annealed
at 100 °C for 30 min, respectively, on OTS-modified SiO, substrates.

interaction between alkyl-thiophene moieties and fused
aromatic rings (7a, 8). In an effort to rationalize substitution
patterns of the rotational isomers of the NAP polymer, we
performed quantum chemical calculations using the Gauss-
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FIGURE 5. Front- and top-view of the considered NAP conformers
(RR- and RL-forms).

ian 03 Program (9) by using the hybrid functional B3LYP (10)
with the 6-31G* basis set. In NAP, both sides of the unsub-
stituted thiophenes next to the rigid fused thiophene ring are
much more freely rotating than an alkyl-substituted thiophene
directly attached to the fused ring, such as in PBTTT. As
shown in Figure 5, NAP has two rotational conformers, the
RR- and RL-forms. The two unsubstituted thiophenes of the
RR-form are on opposite sides with respect to the fused core
ring, whereas those of the RL-form are on the same side. By
considering the energy as a function of the dihedral angles
around two rotating bonds (o and f3), we optimized the RR-
and RL-conformers. Model compounds of NAP and PBTTT
containing butylthiophenes instead of dodecylthiophenes,
denoted mNAP and mPBTTT, respectively, were designed
for the calculations and comparisons. The use of butyl chains
in place of dodecyl chains gives a reasonable approximation
of the molecular conformation while simplifying the calcula-
tions (8b). The optimized energy geometries of each model
compound were obtained via a full geometry optimization
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(see Figure S3 in the Supporting Information). To determine
the probabilities of the RR- and RL-conformer states, we
calculated the total energies of the optimized structures of
the rotation conformers. For mNAP and mPBTTT, the RR-
conformer was more stable than the RL-conformer by 0.03
and 1.82 KJ/mol, respectively (see Table S1 in the Supporting
Information). Because the total energies of the two mNAP
conformers were almost the same, the populations of the
two conformers were almost equal at room temperature.

In addition, to understand the rotational barriers in mNAP
and mPBTTT in more detail, relaxed potential energy surface
(PES) scans as a function of dihedral angle o were calculated
at 5° intervals with geometry optimizations. For mPBTTT,
the calculated energy barrier between the two conformers
was more than 3 KJ/mol (Figure 6a), confirming that mPBTTT
prefers the RR-conformer over the RL-conformer because
of the relatively high energy barrier between the two con-
formers. In contrast, the rotation of the mNAP model was
relatively free because its PES energy maintained an almost
constant value close to zero between 150° and —150°
(Figure 6b). As a result, the RR- and RL-conformers are
equally probable in the NAP polymer backbone chains from
an energy standpoint. The existence of two conformers in
itself may not have a significant impact on the intermolecu-
lar ordering, especially the m—m stacking, of the polymer
main backbone. However, the RL-form may be character-
ized by distortion of the alkyl-thiophenes next to the core
unit containing both fused thiophene and unsubstituted
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FIGURE 6. Relaxed PES scan of (a) mPBTTT and (b) mNAP. Relative total energies are plotted against the dihedral angle a.
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FIGURE 7. Modeled 12 units of (a) RL-form and (b) RR-form of mNAP and (c) schematic of amorphous polymer chains in a NAP film.
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FIGURE 8. Time-of-flight photocurrent transients for NAP at room
temperature for various applied voltages.

thiophenes. Such a distortion between the repeating units
of the polymers might result in bending of the polymer main
backbone.

The modeled 12 repeating units consisting exclusively of
the RL-form of NAP exhibited a helical structure (Figure 7a).
On the other hand, the system containing only the RR-form
exhibited a relatively planar, slightly bent structure (Figure
7b). Although we cannot estimate the relative ratio of two
conformers in the polymer backbone, we can infer from the
energy analysis presented above that both conformations
are likely to be present in the NAP polymer main backbone.
Figure 7c shows a schematic representation of the amor-
phous structure that we predict the polymer chains will
adopt in the film state. Relatively planar regions of the RR-
form may result in m7—sm stacking of the polymer main
backbone, which can induce intermolecular charge trans-
port. On the other hand, flexible regions of the RL-form
mainly induce amorphous states of the polymer main
backbone that can participate in intramolecular charge
transport. As a result, in the bulk phase, NAP film may
exhibit a long-range amorphous state capable of high charge
carrier transport.

Time of Flight (TOF). We investigated charge trans-
port in the amorphous NAP films under various electric fields
using a conventional time-of-flight (TOF) technique. Thick
drop-cast NAP films (~9 um) were prepared by pouring NAP
solution (3 wt % in chloroform) onto an ITO prepatterned
glass substrate and then vacuum-drying the sample at 80
°C for 1 h. The thickness and flatness of the drop-cast NAP
films were measured using an alpha-stepper. The penetra-
tion depth of the polymer films at 337 nm, the wavelength
of the N, laser used in the TOF measurements, was less than
1 um, as determined by UV—vis spectroscopy. As the top
electrode, a thin Al layer (20 nm) was deposited on the
prepared NAP films to complete the devices. TOF experi-
ments were performed in a vacuum cryogenic chamber. The
TOF photocurrent transients were obtained by illuminating
the samples with N, laser pulses of duration 6 ns and
wavelength 337 nm under a dc bias. Figure 8 shows the
current—voltage characteristics of the NAP film at various
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Table 1. Performances of NAP-Based TFTs

on/off ratio threshold (V)

mobility (cm? V™' s
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surface (as-spun/ (as-spun/

treatment as-spun annealed annealed) annealed)
none 20x 1077 1.6 x 107 1 x 1041 x 10* —1.5/—4.4
OTS 4.0x 107° 0.02 1 x 10%1 x 10° —1.9/-2.0
ODTS 52 x 107> 0.01 1 x 10%1 x 10* —2.6/1.3

bias voltages. The drift mobility of the NAP film was esti-
mated from the slope of u = d*/Vt, where d is the thickness
of the film, V is the applied dc bias voltage, and ¢ is the
measured transit time. The drift hole mobility was found to
be 3 x 107*cm? V™' s7! at a bias voltage of 150 V, which is
similar to that of the well-known semiconducting polymer,
P3HT (4). This result indicates that NAP is a good hole
transport polymer despite having an amorphous structure
in the film state.

TFT Characteristics. OTFTs based on NAP were
fabricated using solution processing. Top-contact OTFTs
were fabricated on the common gate of a highly n-doped
silicon wafer with a 300 nm thick thermally grown SiO,
dielectric layer. The surface of the substrate was modified
with OTS or ODTS. Each organic semiconducting layer was
spin-coated onto the substrate at 2000 rpm from a 0.5 wt
% chloroform solution to a thickness of 60 nm. Gold source
and drain electrodes (thickness 80 nm) were deposited on
top of the thin film surface through a shadow mask. The
channel length L was 100 um and the channel width W was
2000 um. The OTET characteristics were determined under
ambient conditions without taking precautionary measures
to protect the TFT devices from exposure to oxygen and
moisture. The NAP OTFTs were found to exhibit typical
p-channel TFT characteristics. The TFT mobilities were
calculated in the saturation regime by using the following
equation: (1) In = (W/2L) uCi(Vs — V1)?, where I is the drain-
source current in the saturated region, W and L are the
channel width and length, respectively, u is the field-effect
mobility, C; is the capacitance per unit area of the insulation
layer, and Vi and Vr are the gate and threshold voltages,
respectively.

The mobilities (calculated in the saturation regime), on/
off ratios, and threshold voltages of the OTFTs are listed in
Table 1. Without annealing, all NAP-based TFT devices
showed similar values, ranging from 2.0 x 107° to 5.2 x
107> cm? V™! 57!, After annealing, the TFT based on a NAP
film on a bare silicon wafer showed only a slight change in
TFT mobility, whereas the devices based on films on OTS-
or ODTS-modified substrates exhibited small improvements
in their TFT mobilities. This behavior, which can be at-
tributed to the amorphous structure of the NAP films, stands
in contrast to the behavior of TFT devices based on general
semicrystalline thiophene-based polymers. In general, amor-
phous polymers have great advantages over polycrystalline
films because the amorphous structure obviates the need for
annealing and surface treatments. Figure 9 shows typical
transfer and output curves of the OTFT device with NAP on
an OTS-modified substrate as the semiconducting layer. The
NAP TFT device exhibited a mobility of 0.02 cm? V™' s™! with
an on/off ratio of 1 x 10°and a very small threshold voltage
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FIGURE 9. Current—voltage characteristics of NAP on an OTS-8-
treated SiO, substrate. (a) Transfer curve at a constant source-drain
voltage of —100 V. (b) Output curves at various gate voltages.

of —2.0 V that was insensitive to heat treatment. This
mobility is the highest value reported to date for amorphous
semiconducting polymers. In addition, very good saturation
was observed in the output behaviors of the NAP-based
OTFTs and there was no noticeable contact resistance.

CONCLUSION
We successfully synthesized a new amorphous semicon-

ducting polymer, NAP, via a microwave-assisted Stille cou-
pling reaction. NAP exhibited amorphous characteristics, as
determined by XRD, AFM, and computational calculations.
In particular, the out-of-plane XRD pattern of NAP thin films
clearly exhibited an amorphous microstructure both before
and after annealing. In addition, AFM images of NAP films
showed amorphous surface morphologies with low rms
surface roughnesses of 0.3—0.5 nm. Using computational
calculations, we confirmed that NAP exhibits an amorphous
structure, and suggested how an amorphous NAP semicon-
ductor film can exhibit high carrier mobility. The NAP-based
TFT device exhibited a mobility of 0.02 cm? V™! s™! with an
on/off ratio of 1 x 10° and a very small threshold voltage of
—2.0 V. This mobility is the highest value ever reported for
an amorphous semiconducting polymer. In addition, TFET
devices based on NAP were only slightly affected by surface
treatment (bare, OTS, or ODTS treatment) or heat treatment,
in contrast to TFT devices based on semicrystalline polymer.
Thus, NAP can be considered for use as a high-performance
amorphous semiconductor.

EXPERIMENTAL SECTION

Measurements. The 'H and '°C NMR spectra were recorded
using a Bruker AVANCE 400 spectrometer, with tetramethylsi-
lane as an internal reference. Elemental analysis was performed
using an EA 1110 Fisons analyzer. Mass spectra were collected
on a MALDI TOF Voyager-DE STR. The number- and weight-
average molecular weights of polymers were determined by gel
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permeation chromatography (GPC) using a Viscotek T60A
instrument with tetrahydrofuran (THF) as the eluent and poly-
styrene as standard. Differential scanning calorimetry (DSC)
measurements were performed with a TA Q100 instrument and
operated under a nitrogen atmosphere at a heating rate of 5
°C/min. UV—vis spectra were measured using a Jasco V-530 UV/
vis spectrometer. An atomic force microscope (Multimode lla,
Digital Instruments) operating in tapping-mode was used to
image the surface morphologies of these semiconductors.
Synchrotron X-ray diffraction analyses of the polymer films
were performed at the 10C1 beamline (wavelength ~1.54 A)
of the Pohang Accelerator Laboratory (PAL). The electrical
characteristics of the TFTs were measured under ambient
conditions with Keithley 2400 and 236 source/measure units.
For all measurements, the channel length (L) was 100 um and
the channel width (W) was 2000 um. Field-effect mobilities were
extracted in the saturation regime from the slope of the source-
drain current.

Synthesis. 5,5"-Dibromo-4,4'-didodecyl-2,2’-bithiophene (1).
The compound was synthesized according to the previously
published procedure (3b). Yield: 2.73 g (86%). '"H NMR (400
MHz, CDCls, 0): 6.75 (s, 2H), 2.50 (t, 4H), 1.56 (m, 4H), 1.29
(m, 36H), 0.87 (t, 6H). '*C NMR (100 MHz, CDCl5, d): 142.9,
136.2,124.4,107.9,31.9,29.67, 29.64, 29.61, 29.5,29.4, 29.3,
29.2,22.7, 14.1. MS (MALDI-TOF) (m/z) 660 [M*]. Anal. Calcd
for C5,H5,Br,S,: C, 58.17; H, 7.93; S, 9.71. Found: C, 58.56; H,
7.65; S, 9.86.

5,5"-Dithiophene-4,4 -didodecyl-2,2 -bithiophene (2). A solu-
tion of 2-bromothiophene (2.37 g, 14.53 mmol) in 15 mL of
anhydrous tetrahydrofuran (THF) was added dropwise to mag-
nesium (0.47 g, 19.38 mmol) in anhydrous THF (10 mL), and
the mixture was refluxed for 2 h at 60 °C under nitrogen gas.
The resulting mixture was added slowly to a solution of com-
pound 1 (3.20 g, 4.84 mmol) and Pd(dppfHCl, (0.08 g, 0.097
mmol) in anhydrous THF (25 mL) at 0 °C. The mixture was
refluxed for 12 h at 60 °C, after which HCI solution (10 %) was
added. The mixture was washed with ethyl acetate, NaOH
(10%), NaHCOs5 (1 M), and water. After being dried over
anhydrous MgSOy, the solvent was evaporated. Purification on
a silica column with 1:1 hexane/ethylacetate as eluent, followed
by recrystallization from dichloromethane/methanol gave com-
pound 2. Yield: 2.37 g (74 %). 'H NMR (CDCl5, 400 MHz, d): 7.28
(d, 2H), 7.11 (d, 2H), 7.05 (t, 2H), 6.97 (s, 2H), 2.70 (t, 4H), 1.62
(m, 4H), 1.25 (m, 36H), 0.87 (t, 6H). '>*C NMR (CDCl5, 400 MHz,
0): 140.33, 135.96, 134.87, 129.52, 127.40, 126.35, 125.77,
125.28,31.91,30.52,29.67, 29.64, 29.57, 29.54, 29.53, 29.52,
29.44,29.35, 22.69, 14.12. MS (MALDI-TOF) 666 [M*]. Anal.
Calcd for C40HsS4: C, 72.01; H, 8.76; S, 19.23. Found: C, 72.15;
H, 8.87; S, 18.98.

5,5'-Dibromo(5,5 -dithiophene-4,4’-didodecyl-2,2’-
bithiophene) (3). To a stirred solution of compound 2 (2.4 g,
3.59 mmol) in chloroform-acetic acid (1:1 v/v, 38 mL), N-
bromosuccinimide (NBS) (1.31 g, 7.37 mmol) was added. The
mixture was stirred at RT for 2 h, and then poured into water
(100 mL) and extracted with ethyl acetate. The extract was
successively washed with water, 5% sodium hydrogen carbon-
ate aqueous solution, and brine. After being dried over anhy-
drous MgSO,, the solvent was evaporated. Purification on a
silica column with 1:1 hexane/ethylacetate as eluent, followed
by recrystallization from dichloromethane/methanol gave com-
pound 3 (a yellow solid). Yield: 2.10 g (71 %). 'H NMR (400 MHz,
CDCl5, 0): 6.99 (d, 2H), 6.94 (s, 2H), 6.84 (d, 2H), 2.65 (t, 4H),
1.59 (m, 4H), 1.30 (m, 36H), 0.86 (t, 6H). MS (MALDI-TOF) (m/
7) 824 [M+]. Anal. Calcd for Cy4oHseBr,S4: C, 58.24; H, 6.84; S,
15.55. Found: C, 58.11; H, 6.76; S, 14.87.

2,5-Bis(trimethylstannyl)thieno[3,2-b]Jthiophene (4). The com-
pound was synthesized according to the previously published
procedure (3b).
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Poly@,5-bisG-dodecyl-2,2-bithiophen-5-yl)thieno|3,2-b]thiophene)
(NAP). A 50 mL flask was charged with a stirrer bar, compound
3 (1.01 g, 1.22 mmol), compound 4 (0.57 g, 1.22 mmol),
tris(dibenzylideneacetone)dipalladium (0) (0.023 g, 0.025 mmol),
tri(o-tolyl)phosphine (0.030 g, 0.098 mmol), and chlorobenzene
(12 mL). The flask was placed into a microwave reactor and
heated to 200 °C. The mixture was heated with stirring at 160
°Cfor 120s, 180 °C for 120 s, and finally, 200 °C for 12 min.
The reaction mixture was cooled to about 50 °C, and then
slowly added to a vigorously stirred mixture of 230 mL of
methanol and 13 mL of 1 N aqueous HCIL. The polymer fibers
were collected by filtration and reprecipitation from methanol
and acetone. The polymer was purified further by washing for
2 days in a Soxhlet apparatus with methanol, acetone to remove
oligomers and catalyst residues, and by column chromatogra-
phy with a chloroform solution of the polymer. The reprecipi-
tation procedure in chloroform/methanol was then repeated
several times. The final product, a red polymer, was obtained
after drying in vacuo at 60 °C. '"H NMR (400 MHz, CDCls, 9):
aromatic; 7.28 (2H) 7.11 (2H), 7.05 (2H), 6.98 (2H), aliphatic;
2.72 (4H), 1.66 (4H), 1.38 (36H), 0.86 (6H); Anal. Calcd for
Cu6HeoSe: C, 68.60; H, 7.51; S, 23.89. Found: C, 68.74; H, 7.69;
S, 23.16.
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