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ABSTRACT: New solution processable 3,5-dithioalkyl dithienothiophene (DSDTT) based
small molecular semiconductors end functionalized with various (fused) thiophenes
including dithienothiophene (DTT), thienothiophene (TT), and thiophene (T) are
synthesized and characterized in organic field effect transistors (OFETs). The new DSDTT
core was synthesized via a one-pot [1 + 1 + 1] methodology. For comparison, non-thiolated
3,5-dialkyl dithienothiophene (DRDTT) based molecules are also prepared and
characterized. Optical, electrochemical, and computed electronic structures of these
molecules are investigated and contrasted. Single crystal data support evidence of S(alkyl)···
S(thiophene) intramolecular locks, with a very short intramolecular S−S distance of 3.17 Å,
planarizing the structure as for the equivalent extended n-thienoacenes. Via a solution-shearing semiconductor film deposition
method, these semiconductors exhibit a OFET hole mobility up to 2.6 cm2 V−1 s−1, the greatest reported to date for fused/all-
thiophene based small molecular organic semiconductors.

■ INTRODUCTION

Organic semiconductor materials have been investigated for
possible application in organic optoelectronic devices due to
their unique features enabling mechanical flexibility, light
weight, and low cost compared to traditional silicon based
technologies.1−3 Therefore, the development of novel π-
conjugated small molecule and polymeric materials have
received much attention from both academia and industry.4−14

Small molecules have the advantages of a well-defined
molecular weight, facile purification and good batch-to-batch
reproducibility compared to many polymers.15−18 Several
factors need to be considered when designing novel solution
processable small molecules to achieve good charge transport
characteristics. For example, an organic semiconductor must
contain a planar π-conjugated backbone to promote π−π
stacking through intermolecular orbital overlap, have solubiliz-
ing groups for easy processability and exhibit good environ-
mental stability.19−21 Thus, numerous strategies have been
employed for developing novel π-conjugated cores.22−24

Among them, fused thiophenes and their derivatives have
been widely explored and it was shown that they exhibit highly
planar structures, strong intermolecular S···S interactions and
extensive conjugation, therefore, they become one of the
important building blocks for organic electronics.25−27 Despite
of these advantages fused thiophenes with more than five fused
rings are difficult to synthesize, exhibits low solubility, and very
poor charge transport characteristics. For example, the
reported organic field effect transistors (OFETs) mobilities
of pentathienoacene (PTA)28,29 and hexathienoacene

(HTA)30 (Figure 1a) are only up to 0.045 and 0.06 cm2 V−1

s−1. A strategy to achieve considerable molecular planarization
yet enhanced solubility consists of employing intramolecular
S···X interactions (X = O, N, S, halogens, see examples in
Figures 1b and S1), this strategy is also able to increase
molecular orbital delocalization and improve device perform-
ances.24,31−37 For instance, for oligothiophenes having
heteroalkyl substituents in the β position possess attractive
interactions between the heteroatom and the sulfur locks and
the structure dramatically reducing the torsional angle between
aromatic rings versus conventional alkyl substituents.32,38

Recently we have reported this strategy for dithioalkylbi-
thiophene (SBT) based organic semiconductors (Figure 1c),
in which we demonstrated that the four sulfur atoms in the two
thioalkyl chains and the bithiophene in SBT unit are
completely planar and locked at a S(alkyl)···S(thiophene)
intramolecular distance of ∼3.09 Å, substantially lower that of
the van der Waals radius sum of two S atoms (∼3.6 Å). A field-
effect hole mobility of 1.7 cm2 V−1 s−1 was achieved in OFETs
for a solution-sheared film.39 Inspired by these results,
combining two dithienothiophenes40−45 with planar SBT to
improve the device performances of fused thiophenes, and
considering the very limited number of structures explored
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using intramolecular locks using S···S interactions, here we
report a new dithioalkyl substituted dithienothiophene
(DSDTT) core end-capped with different heteroarenes
including DTT, thienothiophene (TT), and thiophene (T)
(Figure 1c). Note, the new DSDTT core can be obtained in a
one-pot synthetic strategy.46 For comparison, the correspond-
ing non-thioakyl dithienothiophene (DRDTT) based mole-
cules were also synthesized (see Scheme 1). Our data suggest

that this new DSDTT-heteroarene molecular design, enabling
pseudo-fused n-thienoacene structures (Figure 1d), affords
highly soluble, yet considerably planarized, small molecular
semiconductors for optoelectronics. Charge transport measure-
ments demonstrate a hole mobility up to 2.6 cm2 V−1 s−1,
which is the highest mobility value within the fused-thiophene
OTFT family, with the previous record of 1.8 cm2 V−1 s−1

obtained for single-crystal based devices.47 Thus, this study can
further promote the use of fused thiophenes and S···S
interactions for new optimal organic semiconductors.

■ RESULTS AND DISCUSSION

In this section we first report the synthesis of the new
molecular semiconductors followed by evaluation of their
physical properties using several characterization techniques.
Next, we compare and contrast the molecular structure and
packing characteristics of thioalkyl- vs alkyl-functionalized
DSDTTs using single crystal data. We then fabricate thin-films
of all semiconductors using a shear method and evaluated the
charge transport properties by fabricating thin-film transistors.
Finally, we characterize the semiconductor film morphology
and microstructure to rationalize, in combination with the
physical and crystal data, trends in charge transport.

Synthesis. The synthetic route to all the new structures is
presented in Scheme 1 where the new central DSDTT (6) core
was prepared the first time via a one-pot reaction and DRDTT
(6R) was synthesized according to literature procedures.45 For
the one-pot reaction to prepare the DSDTT core, 3-bromo-4-
thioalkylthiophene (4) was lithiated using n-BuLi, next S8 and
then TsCl were added to form the intermediate 5. The mixture
was treated with 3-lithium-4-thioalkyl thiophene, followed by a
dilithiation with n-BuLi, and then ring closure by CuCl2, to
give the dithioalkylated DSDTT (6) in ∼30% yield. The
DSDTT core was then brominated and next end-capped with
various stannylated conjugated aryl (Ar) units, such as DTT,
TT, and T to produce the small molecules 1−3, respectively.
For comparison, the dialkyl DRDTTs (1R−3R) were also
synthesized [for details see the Supporting Information (SI)].

Physical Characterization. The thermal properties of six
new small molecules were evaluated by differential scanning
calorimetry (DSC, Figure S2) and thermogravimetric analysis
(TGA, Figure S3). DSC data show that DSDTT compounds
have slightly higher melting points (173−63 °C) compared to
the alkylated compounds (165−91 °C) except 3 and 3R. TGA
analysis reveals that all compounds have good thermal stability,
with ∼5 wt % loss occurring at >327 °C. The solution optical
absorption spectra of all compounds in dilute 1,2-dichlor-

Figure 1. Chemical structures of (a) fused-thiophene semiconductors
of PTA and HTA. (b) Polymeric building blocks containing S···X
conformational locks. (c) dithioalkylbithiophene (SBT) and 3,5-
dithioalkyl dithienothiophene (DSDTT) semiconductors examined in
this study. (μh is hole mobilities in cm2 V−1s−1.) (d) Schematic
representation of compound 1, which acting like a highly soluble and
solution processable undeca-thienoacene.

Scheme 1. Synthetic Route to the Final Compounds

Figure 2. (a) Optical spectra of DSDTTs (1−3) and DRDTTs (1R−3R) in o-dichlorobenzene solution. (b) Oxidation potential curves of all
compounds in o-dichlorobenzene. Fc+/Fc was used as the internal standard (at +0.6 V) for the determination of the electrochemical potentials.
Oxidation potential curves >1.30 V were omitted and baselines of 1R−3R are adjusted for clarity.
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obenzene (DCB) solutions are shown in Figure 2a, and the
data is summarized in Table 1. With increasing the end-capped
aromatic extension connected to the central DSDTT or
DRDTT cores, the absorption maxima [λmax, 402 → 454 nm
for 3→ 1; 374→ 416 nm for 3R→ 1R] and onsets [λonset, 440
→ 525 nm for 3 → 1; 475 → 500 nm for 3R → 1R] are
significantly red-shifted. Furthermore, the abovementioned
absorption values for the thioalkylated DSDTTs (1−3) are

significantly red shifted by ∼30 nm compared to the non-
thioalkylated DRDTTs (1R−3R), indicating enhanced π-
conjugation for the DSDTT structures by intramolecular S···
S lock (vide infra). To understand whether the intramolecular
S···S lock contribute to compound 1 planarization or not,
solution temperature-dependent UV−vis measurements were
carried out for compounds 1 and 1R. Clearly Figure S4 shows
that as the temperature increases from 25 to 85 °C (ΔT = 60

Table 1. Thermal, Electrochemical, Optical Properties, and OFET Performances of the Indicated Compounds

compound
Tm

a

(°C)
Td
b

(°C)
λmax

c

(nm)
Eox

d

(V)
Ered
(V)

HOMO
(eV)

LUMO
(eV)

Eg
(eV)

μmax (μavg)
h

(cm2 V−1 s−1) ION/IOFF Vth
h (V)

1 173 350 454 0.95 −1.66 −5.15 −2.54 2.38 2.6 (1.6 ± 0.5) × 100 104−105 −25.7 ± 15.8
2 136 344 431 1.06 −1.80 −5.27 −2.40 2.51 9.6 (5.3 ± 2.4) × 10−2 104−105 −12.3 ± 3.9
3 63 327 402 1.14 −2.00 −5.34 −2.20 2.75 2.3 (1.4 ± 0.8) × 10−5 102−103 9.2 ± 12.7
1R 165 366 416 0.98 n.de −5.18 −2.68f 2.50g 3.9 (2.6 ± 0.9) × 10−2 105−106 −21.6 ± 4.8
2R 106 374 395 1.06 n.de −5.27 −2.60f 2.67g 1.8 (1.2 ± 0.6) × 10−3 105−106 −29.2 ± 9.0
3R 91 332 374 1.12 n.de −5.36 −2.5f 2.85g n.de n.de n.de

aBy DSC. bBy TGA. cIn o-C6H4Cl2.
dBy DPV in o-DCB, Eox = oxidation potential, Ered = reduction potential. HOMO = −(4.2 + Eox); LUMO =

−(4.2 + Ered).
eNot determined. fHOMO + Eg.

gFrom onset of the optical absorption. hAverage of at least 10 devices.

Figure 3. Single crystal structure of 1 in stick (a−c) and space filling models (d−f). (a) Top view of two stacking DSDTT molecules. The
S(Thio)···S(R) intramolecular distances are ∼3.12 and 3.17 Å. (b) Front view. (c) Side view of two stacking DSDTT molecules. The interplanar
distance between the DSDTT layers. (d) Herringbone packing of DSDTT molecules in a space filling model. The alkyl chains are omitted for
clarity. (e, f) The slipping angles of the DSDTT stacks.

Figure 4. Single crystal structure of 1R. (a) Top view of two stacking DRDTT molecules. (b) Front view of two stacking DRDTT molecules. (c)
Side view of two stacking DRDTT molecules. The interplanar distance between the DRDTT layers. (d) Herringbone packing of DRDTT
molecules in space filling model. (e, f) Front, top, and side views of DRDTTs in space filling model.
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°C), the optical absorption profile and λmax of 1R do not
change. In contrast, the λmax of compound 1 substantially blue
shifted by ∼12 nm. This data indicates that the electronic
structure in solution of compound 1 is strongly affected at
higher temperatures, with a reduction of effective π-
conjugation. Thus, intramolecular S···S interactions planarizing
the DSDTT unit, as further demonstrated by the crystal
structure analyses (vide infra), become less effective of
enhanced inter-ring motions.27 In solution-sheared films,
processed similar to those used in OFET measurements
(vide infra), the absorbance spectra of all molecules are
broader and red shifted compared to the solution ones (Figure
S5). The vibronic shoulder appearing at longer wavelengths
(∼530 nm for 1) indicates the existence of ordered aggregates
and effective backbone π-stacking in the solid state. The
electrochemical properties (Table 1) were investigated using
differential pulse voltammetry (DPV) in o-C6H4Cl2 [ortho-
dichlorobenzene (o-DCB), 0.1 M Bu4NPF6, 25 °C].
Representative oxidation potential plots are displayed in Figure
2b. The oxidation peaks (Eox) of DSDTTs [+0.95 (1), +1.06
(2), +1.14 V (3)] are close to those of DRDTTs [+0.98 (1R),
+1.06 (2R), and +1.12 V (3R)]. The calculated highest
occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) energy levels of 1−3 and 1R−3R
are reported in Table 1 (see footnote for calculation details).
As expected, going from the T to the DTT end-
functionalization, the HOMO/LUMO values of 3 → 1 and
3R→ 1R are up-/down-shifted by 0.19/∼0.54 and 0.18/∼0.17
eV, respectively, due to the energy gap contracting. All the
above data are consistent with density functional theory
(DFT)-derived molecular orbital computations, as shown in
Figure S6 of the SI.
Single Crystal Structure. Single crystals of molecules 1

and 1R were achieved by slow solvent evaporation and are
shown in Figures 3, 4, S7, and S8, and the data is summarized
in Tables S1 and S2. Molecule 1 crystallizes in a monoclinic
P21/c space group with both thioalkyl chains lying on the same
side of the conjugated DSDTT backbone. The intramolecular
distances of two S(DTT)···S(R) are ∼3.12 and 3.17 Å (Figure
3a). These distances are well below the sum of the van der
Waals radii of two S atoms (∼3.6 Å), which suggests that the
two sulfur atoms are locked through intramolecular inter-
actions. The end-capping DTT units are almost coplanar to the
central DSDTT core and the core-DDT dihedral angles are
only 4.8 and 1.9°. In contrast for alkylated 1R, the alkyl side

chains forces the end-capped DTT units to rotate by 14.3 and
3.2° with respect the DRDTT core (Figure S8), and the two
DTT units are asymmetrically oriented along the DRDTT
core. Both the molecules stack in a two face-to-face columnar
fashion and crystalize in a herringbone-packing motif (Figures
S7 and S8). For 1, the shortest face-to-face intermolecular
planar distance of two DSDTT molecules is 3.60 Å (Figure
3b,c), with a herringbone angle of 89° as well as slipping angles
of 45 and 67° (Figure 3d−f). Among the two columnar stacks,
the shortest intermolecular S···S distances are 3.36−3.44 Å for
1 (Figure S7) and 3.48−3.83 Å for 1R (Figure S8). These
short packing distances of intra- and intermolecular planar
structures of DSDTT (1) crystal structures corroborate strong
intra/intermolecular π−π orbital overlap favoring charge
transport in the solid state.

Charge Transport Measurements and Thin-Film
Microstructural Characterization. The charge transport
properties of all DSDTT (1−3) and DRDTT (1R−3R)
semiconductors were investigated by fabricating OFETs with a
bottom-gate top-contact (BGTC) device architecture. The
semiconducting small molecular crystalline films were solution-
sheared onto (2-phenylethyl)trichlorosilane (PETS)-modified
SiO2/Si substrates from 4 to 5 mg mL−1 anisole or 1,2-
dichlorobenzene (DCB) solutions using shearing rates of 5−15
μm s−1 and deposition temperatures of 60−70 °C in
ambient,48−52 and subjected to post thermal-annealing at 80
°C in vacuum. Uniaxially grown micro-ribbons covering the
entire substrates (thickness of ∼50 nm) can be observed from
the polarized optical microscopy (POM) images of 1 and 1R
films under optimized conditions (see Figure 5c,f). The overall
micro-ribbon length extends up to the millimeter-level, with
the width of 1 crystals being larger. Discrete aggregates and
partially continuous elongated grains are observed for the TT-
and T-capped compound films (Figure 5a,b and d,e),
respectively. As the backbone end groups enlarge from T to
DTT, the molecular planarity and conjugation length increase,
which favor the formation of continuous crystals and thus
enhance charge transport. Au electrodes (60 nm thick) were
then deposited on the top of the semiconductor layer through
vacuum evaporation to complete the OFET devices. The
source and drain contacts of our OFET devices were deposited
perpendicularly to the solution-shearing direction, so that
charge transport occurs along the long-axes crystal growth
direction to maximize charge transport. The optimized OFET
performance parameters of 1−3 and 1R−3R, including the

Figure 5. POM and atomic force microscopy (AFM) images, respectively, of 3 (a, g), 2 (b, h), 1 (c, i), 3R (d, j), 2R (e, k) and 1R (f, l) thin film.
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maximum and average field effect mobilities (μmax and μavg),
ON/OFF current ratio (ION/IOFF) and threshold voltage (Vth)
are collected in Table 1 and representative transfer and output
curves are shown in Figures 6, S9, and S10. The mobility
distribution of the OFETs based on 1−3, 1R and 2R are
reported in Figure S11. Note we followed suggested procedure
for reporting OFET data acquisition and transport parame-
ters.53 All the devices behave as p-type FETs in both air and
nitrogen. The mobility was evaluated from the slope of the plot
of the drain current (Id)

1/2 as a function of gate voltage (Vg) in
the saturation region. Two trends in mobility are observed for
our systems: (1) For both DSDTT and DRDTT families μavg
increases dramatically when the π-conjugated unit, thus end-
capped thiophene fused ring size, increases; (2) when
comparing DSDTTs and DRDTTs with the same π-extension,
μavg increases by more than ∼100×, thus increased structural
planarity by intramolecular S···S non-covalent interactions
greatly improves the charge transport, corroborating previous
observations for intramolecularly locked molecular and
polymeric semiconductors.32 As a result, the μmax of OFETs
based on solution-sheared 1 micro-ribbon crystal remarkably
reaches a value as high as 2.6 cm2 V−1 s−1 with a Vth of −25.7 ±
15.8 V and ION/IOFF of 104−105. Moreover, a relatively high
μavg of 1.6 ± 0.5 cm2 V−1 s−1 was obtained from 10 individual
devices processed under similar conditions.
The molecular packing and microstructures in the solution-

sheared organic semiconductor films were investigated by
grazing incident X-ray diffraction (GIXRD) (Figures S12 and
S13). The diffractograms of 3 are featureless and have no
Bragg reflections (Figure S11c), indicating the absence of
structural order in the film. This result agrees with the very
weak field effect transistor behavior. In contrast, GIXRD of 1
and 2 (Figure S11b) exhibit pronounced out-of-plane (00l)
scattering signals (c direction in the unit cell) thus
corroborating the formation of ordered crystalline domains
where the molecules adopt an edge-on orientation with respect
to the substrate surface. The interlayer distance calculated from
the primary peaks of 2 is 30.7 Å (at qz of 0.20 Å−1), which is
almost twice the simulated width of the molecular backbone
with an extended thiodecyl side chain, thus suggesting a bilayer
periodicity resulting from partial intercalation of the side
chains. The thiodecyl stacking distance for 1 is significantly
shorter (23.9 Å) and several peaks assigned to higher order
(00l) reflections are detected in the out-of-plane direction,
demonstrating long-range ordering of interdigitated molecular
stacking. Diffraction features associated with π−π stacking
along the in-plane direction (h00) appear at qxy = 1.33 Å−1 for

2 and 1.57 Å −1 for 1 corresponding to a π−π stacking distance
of 4.7 and 4.0 Å, respectively. Furthermore, strong reflections
for 1 are positioned along the direction of qz at a given value of
qxy. This result indicates that 1 exhibits the strongest π−π
intermolecular interactions, which is also in agreement with
both the large red-shifted film optical absorption (Figure 2a)
and large OFET mobility. In contrast, GIXRD data of the
DRDTT films indicated that they are completely amorphous
(1R) or reveal considerably reduced texturing (2R and 3R)
and mostly randomly oriented crystallites compared with the
DSDTTs (1−3), which is observed from the ring-type
diffraction features and less long-range ordered scattering
appearing at the scattering vector for the qz direction (Figure
S13). Note, using the solution-shearing technique for thin-film
deposition can enhance crystallinity and promote out-of-plane
molecular orientation as compared to that achieved for drop-
cast films, as exemplified for 1 in Figure S14 where the latter
films exhibit an arc-shaped diffraction. Finally, AFM imaging
was utilized to analyze the surface morphologies of the OFET-
optimized DSDTT semiconducting films. Compound 3 exhibit
a long fibrous morphology comprising smaller domains with
distinct grain boundary (Figure 5g). This poor film
morphology agrees with the limited carrier mobility of 3
despite the planar and not irrelevant π structure comprising of
16 π-electrons (like tetrathiophene, 4T). For semiconductor 2
(Figure 5h) and 1 (Figure 5i) films AFM reveals the presence
of large plate like grains consisting of flat terraces closely
packed, morphological features which favor charge transport. It
can be concluded that both the utilization of the shearing
process and the achievement of stronger molecular interactions
is likely responsible for the enhanced OFET perform-
ance.45,51,54−56 On the other hand, among the DRDTT films
only that of 1R exhibit crystal features, in agreement with the
GIXRD analysis and the decent carrier mobility of this
semiconductor.

■ CONCLUSIONS

In summary, a new series of intramolecular-locked semi-
conductors comprising DSDTT end-capped with DTT, TT,
and T were designed and synthesized for solution-processed
OFETs. Intramolecular S···S interactions promote planar
structures and a more extended π-conjugation, as accessed
by single crystal analysis and other physical properties, and
enable hole mobilities as high as 2.6 cm2 V−1 s−1, which is
∼100× higher than the alkylated systems. Thus, from a
structural and solid-state packing characteristic perspective this
strategy can be seen equivalent to S-anellation/fusion of

Figure 6. (a) Output characteristics of a 1-based OFET (at Vd = −100 V). (b) Transfer characteristics of DSDTT (1−3)-based OFETs.
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thiophenes to afford n-thioacenes, however, with the advantage
to be more synthetically accessible, provide more soluble and
π-extended structures, as well as far larger charge transport
capabilities than those achieved to date by n-thioacenes.

■ EXPERIMENTAL SECTION
Materials and Synthesis. All reagents were used as received from

suppliers (Aldrich, Arco, and TCI) were used without additional
purification unless indicated. All solvents (toluene, ether, and
tetrahydrofuran) were distilled under nitrogen from Na/BPK while
halogenated solvents were distilled from CaH2. Synthetic routes to
compounds 1−3 and 1R−3R are reported in the Supporting
Information.
Characterization. 1H and 13C NMR spectra were recorded using

a Bruker 500 or 300 instruments. Elemental analyses were performed
with a Heraeus CHN-O-Rapid instrument. Mass spectrometric data
were obtained with a JMS-700 high-resolution mass spectrometry
(HRMS) instrument. Differential scanning calorimetry (DSC) was
carried out under N2 on a Mettler DSC 822 instrument (scanning rate
= 10 °C min−1). Thermogravimetric analysis (TGA) was carried out
using a PerkinElmer TGA-7 thermal analysis system using dry N2 as
the carrier gas (flow rate = 10 mL min−1; heating rate = 10 °C min−1)
and decomposition temperatures are the temperature when 5% mass
loss occurs. Differential pulse voltammetry measurements were
carried out using a three-electrode platform (a Pt disk working
electrode, an Pt auxiliary electrode, and a non-aqueous Ag reference
electrode, using a 0.1 M TBAPF6 supporting electrolyte in the
specified dry solvent) using a CHI621C Electrochemical Analyzer
(CH Instruments). All electrochemical potentials were referenced to
Fc+/Fc (at +0.6 V). Single crystal structure analyses were collected
with a Bruker Kappa Apex II charge-coupled device (CCD)
diffractometer. UV−vis absorption spectra were measured on a
JASCO V-530 spectrometer. The thickness of solution-sheared
organic semiconductor film was measured with a DEKTAK 150
Surface Profilometer (Veeco). Atomic force microscopy (AFM) data
were obtained with a Seiko SPA400 in air. NANOSENSORS Si tips
with spring constant of 42 N m−1 and resonant frequency of 330 kHz
were used for tapping mode AFM measurements. Grazing incident X-
ray diffraction (GIXRD) was collected at beamline TLS 13A1/17A1
at National Synchrotron Radiation Research Center (NSRRC) of
Taiwan.
Device Fabrication and Measurement. Charge transport

measurements were carried out on OFETs fabricated using a
bottom-gate top-contact device architecture. A highly doped silicon
wafer with 300 nm of thermally growth SiO2 [capacitance (C) of 10
nF cm−2] was used as the gate/dielectric/substrate platform, which
was successively cleaned by sonication in deionized water and
isopropanol for 5 min each, dried under nitrogen flow and then
treated with oxygen plasma (5 min, 100 W). Dielectric surface
passivation was performed by using (2-phenylethyl)trichlorosilane
(PETS) from 1 mM solution in toluene at 55 °C for 60 min. Organic
semiconductor films were deposited on PETS/SiO2/Si substrates by
solution-shearing. The organic semiconductor solution was 2−5 mg
mL−1 in anisole or 1,2-dichlorobenzene (DCB) or chlorobenzene
(CB). Solution-sheared films were deposited at a shearing rate of 5−
60 μm s−1 and a holding deposition temperature of 40−80 °C. The
substrate was transferred to a vacuum chamber at a pressure of <10−6

Torr and 70 nm thick Au, serving as source/drain contacts, was
deposited with a rate of 0.5 Å s−1 on the masked organic
semiconductors layers. The mobility (μ) of OFET devices was
extracted using the following equation(saturation region): Id = (W/
2L)Cμ(Vg − Vth)

2, where W is the channel width (1000 μm), L is the
channel length (25 μm), Vg is the gate voltage, Vth is the threshold
voltage, and Id is the drain current. Devices were measured under
nitrogen in a glovebox. Mobility values calculated from a gate voltage
range of −30 to −50 V at a drain voltage (Vd) of −100 V. The
current−voltage (I−V) characteristics of OFETs were recorded in a
nitrogen glove box or ambient atmosphere with a Keithley 4200-SCS
semiconductor parameter analyzer.

■ ASSOCIATED CONTENT
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The Supporting Information is available free of charge at
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Synthetic details of all compounds; DSC, TGA, UV thin
films of all compounds; optical absorption of com-
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HOMO and LUMO’s; Single crystal structures of 1 and
1R; POM images of solution-sheared thin film; output
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tion pattern images of solution-sheared thin film; AFM
images of thin film (Figures S1−S14 and Tables S1−S3)
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