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ABSTRACT: π-Extended nine-ring-fused linear thienoacenes
1a−c with internal thieno[3,2-b;4,5-b′]dithiophene substruc-
tures were synthesized. Their optical and electrochemical
properties were investigated. Thin-film transistor character-
istics showed all compounds displayed high device reprodu-
cibility and nearly no dependence on substrate temperatures.
The highest performance was observed for 1c-based devices
with mobility up to 1.0 cm2/Vs and current on/off ratio of 107,
whereas the maximum mobility was 0.5 cm2/Vs for 1b and 0.011 cm2/Vs for 1a.

■ INTRODUCTION
Linear acenes (such as pentacene) are excellent organic
semiconductors and usually display high thin-film transistor
(TFT) performance due to their planar conjugated struc-
tures.1−4 However, most of the linear acenes are not stable
under ambient conditions because of their high-lying HOMO
energy levels1,5 and chemical reactivity.6 The instability of linear
acenes hinders their practical applications in TFTs.7 Compared
with acenes, linear thienoacenes exhibit not only high transistor
performance but also excellent ambient stability.8−13 For
example, DNTT (chemical structure see Scheme 1) shows a

hole mobility of 2.9 cm2/Vs and is much more stable than
pentacene and hexacene.10c The high performance and good
stability of linear thienoacenes suggests their great potential
applications to TFTs. However, due to the synthesis and
purification difficulties, most of the reported linear thienoa-
cenes are four- to seven-ring fused ones.10,14−16 In order to
explore new type of high-performance linear thienoacenes and
investigate their structure−property relationships, it is
important and desirable to synthesize thienoacenes with larger
conjugation length.

Currently, the common units in thienoacenes are thiophene
and thieno[3,2-b]thiophene (TT) substructures (see Scheme
1).5,8 Thienoacenes with higher conjugated thiophene sub-
structures (such as thieno[3,2-b;4,5-b′]dithiophene (TDT) and
thieno(2″,3″:4′,5′)thieno(2′,3′-d)thieno(3,2-b)thiophene
(TTA)) are rare (for some examples, see Scheme 1).11,17 We
have reported that TDT-containing linear thienoacene DBTDT
displayed excellent mobility (0.5 cm2/Vs on thin-film
transistors and 1.8 cm2/Vs on single crystal transistors) and
stability, suggesting TDT-containing thioacenes are good
candidates for high-performance organic semiconductors.11a,b

In order to further investigate the application of TDT
contained linear thienoacenes in organic transistors and study
the influence of the conjugation length to device performance,
herein, nine-ring-fused thienoacenes, 1a−c (for chemical
structures, see Scheme 3) were designed and synthesized.
These compounds possessed two TDT substructures and were
substituted at the center phenyl ring with alkyl/alkyloxyl chains.
The substituents will (i) increase the solubility of 1a−c, which
facilitates their purifications, and (ii) be helpful toward
understanding the effect of substituents on device performance,
which is one of the key challenges for the advances of
OFETs.10a,b,d,18 Thin-film transistor characteristics showed 1a−
c displayed high peformance (mobility >1.0 cm2/Vs and
current on/off ratio >107), high device reproducibility, and
nearly no dependence on substrate temperatures. The
physicochemical properties of 1a−c were also investigated.

■ RESULTS AND DISCUSSION

The syntheses of 1a−c were first attempted by lithiating of
tetrabromo presursor 5, followed by reaction with (PhSO2)2S,
which has been successfully applied to the synthesis of DBTDT
(Scheme 2).11a However, no target product was obtained. The
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Scheme 1. Some Representative Linear Thienoacenes
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reason might be that the lithiation of four bromine atoms was
difficult and complicated due to the poor solubility and/or
instability of the lithiation intermediates. Thus, the dimethyl-
sulfinyl ring-closing method was used (Scheme 3). This
synthetic procedure includes two key steps: a Stille cross-
coupling of dimethylsulfinyl benzothiophene with the 2,6-
bis(trimethyltin)benzo[1,2-b;4,5-b′]dithiophene derivatives and
a double intramolecular ring-closing reaction of the dimethyl-
sulfinyl benzothiophene with the adjacent thiophenes. The
coupling of dimethylsulfinyl benzothiophene 10 with the
corresponding 2,6-bis(trimethyltin)benzo[1,2-b;4,5-b′]dithio-
phene derivatives 2 afforded compounds 3 in moderate isolated
yields.19,20 Because of the alkyl/alkyloxyl chains and the sulfinyl
groups, compounds 3 have good solubility in organic solvents
and could be easily purified by column chromatography.
Initially, the intramolecular ring-closing reaction of the
precursors 3 was induced by trifluoromethanesulfonic acid.21

However, very complex products were obtained, which might
be due to the strong acid property of trifluoromethanesulfonic
acid. Thus, a relatively mild acid, Eaton’s reagent (7.7 wt %
P2O5 in CH3SO3H), was used to promote the intramolecular
cyclization reaction.22 Compounds 1a−c were successfully
prepared and precipitated from the reaction mixtures. Further
purification by recrystallization from chlorobenzene solution
afforded 1a−c as yellow solids. Unfortunately, attempts to
synthesize the unsubstituted nine-ring fused thienoacene by the
dimethylsulfinyl ring-closing method failed. We believed the

reason should be ascribed to the lower nucleophilic reactivity of
nonalkyl/alkyloxyl-substituted benzo[1,2-b;4,5-b′]dithiophene.
The solubilities of 1a−c in organic solvents were much poorer
compared with that of compounds 3, which is caused by their
rigid and large conjugated planar structures. They were fully
characterized by 1H NMR, MS, and elemental analyses (due to
the low solubility, the 13C NMR of 1a−c could not be
obtained).
The electrochemical properties of 1a−c were examined by

cyclic voltammetry (CV). The CVs of 1a and 1c were carried
out in hot chlorobenzene solutions (SCE was used as reference
electrode), whereas that of 1b was conducted on thin film (Ag/
AgNO3 was used as reference electrode) owing to its poor
solubility (see the Supporting Information, Figure S1). Their
first oxidation potentials estimated from the midpoint of the
peak potentials in the forward and backward scan were 0.91 V
for 1a, 0.86 V for 1b, and 1.20 V for 1c. The corresponding
HOMO energy levels of 1a−c calculated from CV curves were
−5.22, −5.53, and −5.51 eV, respectively (the redox potential
for ferrocene was 0.49 V vs SCE in solution and 0.13 V vs Ag/
AgNO3 in film). The higher HOMO energy level of 1a is due
to the stronger electron-donating ability of the side octyloxyl
chain than that of hexyl and undecyl chains. The HOMO
energy levels suggest these compounds are suitable as air-stable
p-channel organic semiconductors.23

The absorption spectra of 1a−c in solution and on thin film
are illustrated in Figure 1. All compounds exhibited strong

Scheme 2. Lithiation of Tetrabromo Precursor Method

Scheme 3. Synthesis and Chemical Structures of 1a−c
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absorptions in the region from 330 to 450 nm. For 1a, the
maximum peaks in the thin film were red-shifted (∼10 nm)
from that of solution, while 1b exhibited a blue shift (∼ 4 nm)
and 1c showed neither red shift nor blue shift. At the same
time, new shoulder peaks at 445 nm for 1a, 435 nm for 1b and
440 nm for 1c were observed on thin film spectra. The thin film
absorption spectra suggested these compounds possessed
strong intermolecular interactions and adopted different
molecular packings in the solid state, which is further proved
by the XRD results (vide infra). The optical energy bandgaps
calculated from the onset absorptions in solution were 2.84 eV
for 1a, 2.92 eV for 1b, and 2.90 eV for 1c, indicating that the
introduction of stronger electron-donating substituents slightly
reduced the HOMO−LUMO energy gaps.
The charge-transport properties of 1a−c were investigated by

thin film transistors. The transistors were fabricated with top-
contact/bottom-gate device configurations. The thin films were
deposited in high vacuum onto octadecyltrichlorosilane (OTS)-
modified Si/SiO2 substrates. The Au source and drain
electrodes were fabricated through a shadow mask by vacuum
evaporation with a channel length of 273 μm and width of 31
μm. The mobility was extracted from the saturation regime. All
of the compounds exhibited well-defined p-channel transistor
response, and the typical output and transfer curves are given in
Figure 2.
Table 1 summarizes the transistor performances of 1a−c at

different substrate temperatures (Tsub). Compounds 1b and 1c
exhibited high transistor performance. The mobility was 0.27
cm2/Vs for 1b and 0.68 cm2/Vs for 1c when the Tsub was room
temperature (25 °C). With the increase of the Tsub, the
performance of 1b and 1c improved. For 1b, the highest
performance was observed at Tsub = 140 °C with mobility up to
0.5 cm2/Vs and a high current on/off ratio of 107. Compound
1c displayed the maximum mobility of 1.05 cm2/Vs with a
current on/off ratio of 107 at Tsub = 90 °C. The mobility of 1a
was 5 × 10−3 cm2/Vs at Tsub = 25 °C (room temperature) and
could reach 1.1 × 10−2 cm2/Vs when Tsub was 140 °C. The
performance of 1c was about 1−2 orders of magnitude lower
than that of 1b and 1c, regardless of the same surface treatment
and optimized substrate temperature during deposition. This
reveals the great effect of substituents on device performance.
In addition, the output curve of 1a showed prominent contact
resistance compared with that of 1b and 1c, although the
HOMO energy level of 1a (−5.22 eV) matches the work
function of the gold electrode better than that of 1b and 1c
(−5.53 eV and −5.51 eV). This phenomenon might be
attributed to the film disorder and/or a broader orientation
distribution of 1a, as shown in AFM and 2D-GIXD results.24

It is worth noting that most of the largely π-extended
thienoacenes showed Tsub-dependent device performance. For
example, BNTBDT (chemical structure see Scheme 1)

displayed a mobility of more than 0.1 cm2/Vs at Tsub higher
than 100 °C, whereas the mobility was 10−3 cm2/Vs at Tsub =
25 °C (room temperature).15,25 Interestingly, the performance
of 1a−c did not exhibit obvious dependence on Tsub, which is
beneficial for low-cost fabrication and flexible substrates.
Moreover, the performance of 1b and 1c displayed good

Figure 1. Absorption spectra of (a) 1a (green line in CH2Cl2 solution/blue line on film); (b) 1b (red line in CH2Cl2 solution/black line on film); (c)
1c (violet line in CH2Cl2 solution/pink line on film).

Figure 2. Typical output and transfer characteristics of 1a−c based
TFTs fabricated on OTS-treated Si/SiO2 substrates: (a, b) 1a; (c, d)
1b; (e, f) 1c.

Table 1. Electrical Characteristics of 1a−c Based Transistors
Fabricated on OTS-Treated Si/SiO2 Substrates under
Different Substrate Temperatures

compd Tsub (°C) μ/cm2/Vs Vth (V) Ion/Ioff

1a rt 4−5 × 10−3 −16 to −21 103−104

100 8−8.9 × 10−3 −23 to −31 ∼105

140 9−10 × 10−3 −13 to −17 105−106

160 10−11 × 10−3 −28 to −35 105−106

1b RT 0.25−0.27 −25 to −30 106−107

100 0.39−0.43 −17 to −23 106−107

140 0.43−0.50 −25 to −32 106−107

160 0.43−0.49 −35 to −39 106−107

1c RT 0.53−0.68 −30 to −48 106−107

90 0.8−1.05 −43 to −50 106−107

150 0.51−0.53 −58 to −60 105−106
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reproducibility at different substrate temperatures, which is
crucial for the practical applications of TFTs.
In order to understand the performance difference of 1a−c,

their thin films were investigated by atomic force microscopy
(AFM) and X-ray diffraction (XRD). AFM images showed all
compounds formed continuous and smooth films, but their
morphologies were different with the change of substituents
(Figure 3). Fiber-like features with high order orientation
existed in thin films of 1b and 1c (Figure 3e−k). Intriguingly,
this kind of long-range order is different from that of other

reported thienoacenes.10c,11a,14 This is possibly caused by the
substitution of the alkyl chains at the central phenyl ring. For
1b, with the increase of Tsub (up to 140 °C), the size and the
order of the fiber-like features were both increased. When Tsub

was further increased to 160 °C, the domain size grew smaller
and the coalescence became worse, agreeing well with the
variation of the performance. For 1c (Figure 3i−k), the domain
size and orientations were inferior to that of 1b. However, the
adjacent domains coalesced well and lamella structures were
observed in 1c films. The higher the Tsub, the better of the film

Figure 3. AFM images (a−k, 4 × 4 μm; l, 2 × 2 μm) of evaporated thin films for 1a−c at various Tsub on OTS-treated substrates. (a−d) 1a; (e−h)
1b; (i−k) 1c; (l) zoom image of (d).

Figure 4. X-ray diffraction patterns of 1a−c thin films on OTS-treated Si/SiO2 substrates: (a) 1a; (b) 1b; (c) 1c.

Figure 5. 2D-GIXD patterns for the thin films of (a) 1a film grown at Tsub = 140 °C, (b) 1b film grown at Tsub = 140 °C, (c) 1c film grown at Tsub =
90 °C.
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quality was for 1c. This was incompatible with the deteriorated
performance of 1c-based devices at Tsub = 150 °C. The reason
is still ambiguous and further detailed research is required to
figure out the problem. Compared with that of 1b and 1c, the
morphologies of 1a consisted of disordered small-sized grains
with high density grain boundaries (Figure 3a−d,l), which is in
accordance with its low mobility and the relatively prominent
contact resistance.
XRD results showed all compounds formed crystalline thin

films, and the intensity of the diffraction peaks was almost
independent of Tsub (Figure 4). The d-spacing estimated from
XRD is 18.98 Å for 1a (Figure 4a), 14.62 Å for 1b (Figure 4b),
and 18.57 Å for 1c (Figure 4c). The d-spacing of 1a and 1c is
very close to the length of conjugated backbone (18.998 Å)
obtained by theoretical calculations (see the Supporting
Information), indicating they are nearly perpendicular standing
on the substrate. The d-spacing of 1b is much shorter than the
length of conjugated backbone, suggesting it is tilted or adopts
different arrangement on the substrate. The different molecular
arrangements and film morphologies should be responsible for
the discrepancy of the device performances.
Because of the long side chains the attempt to grow single

crystals of 1a−c failed. Thin-film grazing incidence XRD
(GIXRD) were further performed to study the film structure of
1a−c. As shown in Figure 5, the rodlike (1a) and discrete (1b
and 1c) diffraction spots strongly suggested the high
crystallinity of the films. The angular spread of the spectral
peaks along qz is related to the degree of the grain alignment to
the substrate surface; a larger peak spread corresponds to a
higher disorientation. The angular spread (fwhm) of peaks was
8.5° for 1a at qz∼0.33 Å−1, 7.5° for 1b at qz∼ 0.43 Å−1 ,and 4.4°
for 1c at qz∼0.34 Å−1. It is well-known that the disorientation of
the grains plays an important role to the OTFT performance.26

Consequently, a higher mobility is expected for the 1c-based
device, consistent with the experiment results.

■ CONCLUSIONS
In summary, large π-extended thienoacenes 1a−c were
successfully synthesized and characterized. Experimental results
showed all compounds had suitable HOMO energy levels as p-
channel organic semiconductors for transistors. A high mobility
up to 1.05 cm2/Vs was observed for 1c-based devices, whereas
the mobility of 1a and 1b based transistors were 0.011 cm2/Vs
and 0.5 cm2/Vs, respectively. Unlike most of the thienoacenes,
compounds 1a−c exhibited high device reproducibility and
nearly no mobility/substrate temperature dependence, which is
crucial for the practical applications of TFTs. AFM and XRD
results suggested the different morphologies, and molecular
packings in the films should be responsible for the performance
variations of 1a−c.

■ EXPERIMENTAL SECTION
All reactions were performed under an atmosphere of nitrogen unless
stated otherwise. Tetrahydrofuran (THF) was distilled from sodium
and benzophenone. N,N-Dimethylformamide (DMF) was purified by
vacuum distillation. All chemicals were used directly without further
purification unless otherwise noted. Compounds 2 were synthesized
according to reported methods.19,20

3-Bromobenzo[b]thiophene (7). NBS (4.5 g, 25 mmol) was
added in small portions to a solution of benzo[b]thiophene (2.7 g, 20
mmol) in 40 mL of CHCl3/AcOH (1:1) under an ice−water bath.
The reaction mixture was stirred at room temperature overnight
before being poured into water. After extraction with CH2Cl2, the
organic phase was separated and dried over anhydrous MgSO4. The

residue was purified by column chromatography (silica gel, eluent:
petroleum) to obtain 7 as a colorless liquid 3.4 g (87%): 1H NMR
(300 MHz, CDCl3, ppm) δ 7.88−7.86 (m, 2H), 7.52−7.41 (m, 3H);
EI-MS m/z 214 (M+, 100), 212 (M+, 95.8).

3-Methylsulfenylbenzo[b]thiophene (8). A solution of 3-
bromobenzo[b]thiophene 7 (1.1 g, 5 mmol) in tetrahydrofuran (10
mL) was cooled to −78 °C under nitrogen, and n-butyllithium (2.5
mL, 6 mmol) was added dropwise. After being stirred for 1 h at this
temperature, the mixture was transferred via a cannula to an ice-cooled
solution of methyl disulfide (1.2 g, 12.5 mmol) in tetrahydrofuran (8
mL), and the reaction mixture was warmed to room temperature and
stirred overnight. Water was poured into the reaction mixture, and the
organic phase was separated, washed with water, and dried over
anhydrous MgSO4. The residue was purified by column chromatog-
raphy (silica gel, eluent: petroleum) to obtain 8 as a pale yellow liquid
3.9 g (77%): 1H NMR (300 MHz, CDCl3, ppm) δ 7.84 (t, 2H), 7.38
(m, 2H), 7.11 (s, 1H), 2.48 (s, 3H); EI-MS m/z 180 (M+, 100).

2-Bromo-3-methylsulfenylbenzo[b]thiophene (9). NBS (2.4
g, 13.3 mmol) was added in small portions to a solution of 3-
methylsulfinyl[b]thiophene 8 (2.0 g, 11.1 mmol) in 50 mL of AcOH
under an ice−water bath. The reaction mixture was stirred at room
temperature overnight before being poured into water. After extraction
with CH2Cl2, the organic phase was separated and dried over
anhydrous MgSO4. The residue was purified by column chromatog-
raphy (silica gel, eluent: petroleum) to obtain 9 as a pale yellow liquid
2.7 g (94%): 1H NMR (300 MHz, CDCl3, ppm) δ 7.94 (d, 1H), 7.74
(d, 1H), 7.46−7.34 (m, 2H), 2.38 (s, 3H); 13C NMR (100 MHz,
CDCl3, ppm) δ 139.5, 139.2, 129.2, 128.8, 125.1, 123.3, 122.5, 121.9,
18.2; EI-MS m/z 258 (M+, 100), 256 (M+, 98.9); HR-MS (EI-MS) m/
z 257.9177, calcd for (C9H7S2Br) 257.9173.

2-Bromo-3-methylsulfinylbenzo[b]thiophene (10). To a
solution of 2-bromo-3-methylsulfinyl[b]thiophene 9 (1.4 g, 5.4
mmol) in 20 mL of CH2Cl2 at 0 °C was added 3-chloroperbenzoic
acid (1.3 g, 5.6 mmol, 75%) portionwise. The resulting solution was
allowed to stir at room temperature overnight. The reaction mixture
was washed with aqueous Na2CO3, dried (MgSO4), and concentrated
in vacuum to give 10 as white solid 1.5 g (99%): 1H NMR (300 MHz,
CDCl3, ppm) δ 8.59 (dd, 1H), 7.79 (dd, 1H), 7.45−7.42 (m, 2H),
3.06 (s, 3H); EI-MS m/z 276 (M+, 43.8), 274 (M+, 40.8).

2,6-Bis(3-methylsulfinylbenzo[b]thiophene)-4,8-bis(hexyl)-
benzo[1,2-b;4,5-b′]dithiophene (3b). A 50 mL Schlenk tube was
charged with compound 10 (550 mg, 2 mmol), 2,6-bis (trimethyltin)-
4,8-bis(hexyl)benzo[1,2-b;4,5-b′]dithiophene (684 mg, 1.0 mmol),
and Pd(PPh3)4 (115 mg, 0.1 mmol). The mixture was degassed under
high vacuum with a nitrogen purge. DMF/TFH (1:1) (20 mL) was
successively injected into above system. The mixture was stirred
overnight at 80 °C. After being cooled to room temperature, the
mixture was poured into water and washed with ethyl acetate. The
combined organic phase was dried over MgSO4, and the residue was
purified by column chromatography (silica gel, eluent: petroleum/
tetrahydrofuran, 3/1, v/v) to afford 3b as a yellow solid 490 mg (yield
33%): 1H NMR (300 MHz, CDCl3, ppm) δ 8.73 (d, 2H), 7.88 (d,
2H), 7.74 (s, 2H), 7.48 (m, 4H), 3.19 (m, 10H), 1.85 (m, 4H), 1.52
(m, 4H), 1.38 (m, 8H), 0.92 (t, 6H); 13C NMR (100 MHz, CDCl3,
ppm) δ 139.1, 136.7, 136.5, 133.1, 132.3, 129.9, 129.8, 129.1, 126.1,
125.5, 124.5, 124.0, 122.4, 40.4, 33.2, 31.3, 29.7, 29.6, 22.7, 14.2; MS
(MALDI-TOF) m/z 769 (M + Na+, 21); HR-MS(MALDI-MS) m/z
769.1407, calcd for (C40H42O2S6Na

1+) 769.14013.
2,6-Bis(3-methylsulfinylbenzo[b]thiophene)-4,8-bis-

(undecyl)benzo[1,2-b;4,5-b′]dithiophene (3c). Compound 3c
was synthesized according to a similar procedure for compound 3b:
yield 67%; 1H NMR (300 MHz, CDCl3, ppm) δ 8.72 (d, 2H), 7.85 (d,
2H), 7.72 (d, 2H), 7.46 (m, 4H), 3.17 (m, 10H), 1.84 (m, 4H), 1.49
(m, 4H), 1.39 (m, 4H), 1.25 (m, 24H), 0.85 (t, 6H); 13C NMR (100
MHz, CDCl3, ppm) δ 139.1, 139.1, 139.0, 136.7, 136.5, 133.1, 132.3,
129.9, 126.1, 125.5, 124.5, 123.9, 122.4, 40.2, 33.3, 31.9, 29.9, 29.7,
29.7, 29.6, 29.6, 29.5, 29.4, 22.7, 13.9; MS (MALDI-TOF) m/z 887
(M+H+, 100); HR-MS(MALDI-MS) m/z 909.2983, calcd for
(C50H62O2S6Na

1+) 909.29663.
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2,6-Bis(3-methylsulfinylbenzo[b]thiophene)-4,8-bis-
(octaxyloxy)benzo[1,2-b;4,5-b′]dithiophene (3a). Compound 3a
was synthesized according to a similar procedure for compound 3b:
yield 62%; 1H NMR (300 MHz, CDCl3, ppm) δ 8.72 (m, 2H), 7.90
(m, 2H), 7.74 (s, 2H), 7.50 (m, 4H), 4.35 (t, 4H), 3.20 (s, 6H), 1.93
(m, 4H), 1.67 (m, 4H), 1.33 (m, 16H), 0.89 (t, 6H); 13C NMR (100
MHz, CDCl3, ppm) δ 144.7, 139.2, 138.6, 136.7, 133.2, 132.2, 131.1,
128.9, 126.3, 125.6, 124.1, 122.9, 122.5, 74.5, 40.4, 31.9, 30.6, 29.5,
29.4, 26.2, 22.7, 14.2; MS (MALDI-TOF) m/z 834 (M+, 100); HR-
MS (MALDI-MS) m/z 834.2030, calcd for (C44H50O4S6

1+)
834.20279.
General Procedures for the Syntheses of 1a−c. 1a.

Compound 3a (510 mg, 0.6 mmol) was stirred with Eaton’s reagent
(6 mL) at room temperature in the dark for 3 days. The mixture was
poured into ice−water, and the brown solid collected by suction−
filtration was dried in vacuum. The solid was transferred to a dry 100
mL three-neck flask, and pyridine (100 mL) was added. The mixture
was refluxed for 1 day. After the mixture was cooled to room
temperature, the precipitate was collected by suction−filtration and
washed with CH2Cl2 and acetone successively. Finally, recrystallization
from CHCl3 and chlorobenzene in succession gave 1a as a yellow solid
(150 mg, 32%): mp 226 °C; 1H NMR (400 MHz, CDCl2CDCl2 (100
°C), ppm) δ 7.83 (t, 4H), 7.38 (t, 2H), 7.30 (t, 2H), 4.41 (t, 4H), 2.05
(q, 4H), 1.62 (q, 4H), 1.44 (q, 4H), 1.29−1.38 (m, 12H), 0.85 (t,
6H); MS (MALDI-TOF) m/z 770 (M+, 100). Anal. Calcd for
C42H42O2S6: C, 65.41; H, 5.49. Found: C, 65.29; H, 5.35.
1b. Recrystallization from chlorobenzene several times gave yellow

crystals (270 mg, 40%): mp 335 °C; 1H NMR (400 MHz,
CDCl2CDCl2 (100 °C), ppm) δ 7.82 (t, 4H), 7.37 (t, 2H), 7.29 (t,
2H), 3.28 (t, 4H), 1.90 (q, 4H), 1.64 (q, 4H), 1.39 (m, 8H), 0.89 (t,
6H); MS (MALDI-TOF) m/z 682 (M+, 100). Anal. Calcd for
C38H34S6: C, 66.82; H, 5.02. Found: C, 66.77; H, 5.03.
1c. Recrystallization from chlorobenzene several times gave yellow

crystals (120 mg, 24%): mp 260 °C; 1H NMR (400 MHz,
CDCl2CDCl2 (100 °C), ppm) δ 7.77 (dd, 4H), 7.32 (t, 2H), 7.24
(t, 2H), 3.23 (t, 4H), 1.87 (q, 4H), 1.61 (q, 4H), 1.41 (q, 4H), 1.27
(m, 24H), 0.80 (t, 6H); MS (MALDI-TOF) m/z 821 (M−H+, 100);
HR-MS(MALDI-MS) m/z 822.254 calcd for (C48H54S6

1+) 822.25443.
Anal. Calcd for C48H54S6: C, 70.02; H, 6.61. Found: C, 69.77; H, 6.55.
2,6-Bis(benzo[b]thiophene)-4,8-bis(hexyl)benzo[1,2-b;4,5-

b′]dithiophene(4). A 25 mL Schlenk tube was charged with 2-
iodobenzo[b]thiophene (520 mg, 2 mmol), 2,6-bis(trimethyltin)-4,8-
bis(hexyl)benzo[1,2-b;4,5-b′]dithiophene (684 mg, 1.0 mmol), and
Pd(PPh3)4 (115 mg, 0.1 mmol). The mixture was purged under
nitrogen atmosphere, and 10 mL of DMF was injected. The mixture
was stirred overnight at 80 °C. After being cooled to room
temperature, the mixture was poured into water and extracted with
CH2Cl2. The combined organic phase was dried over MgSO4, and the
residue was purified by recrystallization from CH3Cl to obtain 4 as a
yellow solid 450 mg (yield 72%): 1H NMR (400 MHz,
CDCl2CDCl2(100 °C), ppm) δ 7.73 (dd, 4H), 7.69 (d, 2H), 7.53
(s, 2H), 7.48 (s, 2H), 7.27 (t, 4H), 3.10 (t, 4H), 1.52 (m, 4H), 1.47
(m, 4H), 1.33 (m, 8H), 0.86 (t, 6H); MS (MALDI-TOF) m/z 622
(M+, 100); HR-MS(MALDI-MS) m/z 622.1854, calcd for
(C38H38S4

1+) 622.18509.
2,6-Bis(3-bromobenzo[b]thiophene)-3,7-dibromo-4,8-bis-

(hexyl)benzo[1,2-b;4,5-b′]dithiophene (5). A 250 mL flask was
charged with compound 4 (312 mg, 0.5 mmol) and 150 mL of
CH2Cl2 under N2. Br2 (320 mg, 2 mmol) in 10 mL of CH2Cl2 was
added dropwise at 0 °C. The reaction mixture was warmed to room
temperature and stirred overnight. The mixture was treated with
saturated Na2S2O3 aqueous solution and extracted with CHCl3. The
organic phase was concentrated under vacuum evaporation, and the
precipitate was filtered and washed of acetone and CH2Cl2 successively
to obtain 5 as a yellow solid (yield, 420 mg. 89%): 1H NMR (300
MHz, CDCl3, ppm) δ 7.92 (dd, 2H), 7.85(dd, 2H), 7.50 (m, 4H), 3.60
(t, 4H), 1.87 (m, 4H), 1.55(m, 4H), 1.36 (m, 8H), 0.89 (t, 6H); 13C
NMR (100 MHz, CDCl3, ppm) δ 139.7, 139.3, 138.0, 131.3, 131.2,
130.2, 126.3, 125.4, 124.0, 122.3, 111.4, 108.9, 31.5, 31.4, 30.9, 29.6,

22.6, 14.1; MS (MALDI-TOF) m/z 938 (M+); HR-MS (MALDI-MS)
m/z 855.9158 (M-Br) calcd for (C38H35S4Br3

1+) 855.91662.
Device Fabrication. The Si/SiO2 substrates were cleaned and

modified with octadecyltrichlorosilane (OTS) according to the
reported procedure.27 Transistor devices were fabricated in the top-
contact bottom-gate device configurations. Thin films were deposited
in high vacuum under different substrate temperatures to a thickness
of 65 nm. The Au source and drain electrodes were deposited through
a shadow mask by vacuum evaporation with a channle length 273 μm
and width 31 μm.
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