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Considerable attention has been paid to one-dimensional (1D) Scheme 1. Synthesis of 5
nano- or microstructures of organieconjugated materials due to Br |
their potential applications in organic field-effect transistors (OFETS). ! . s, s R (HO). BAR
Arene derivatives usually form 1D nano- or microstructures by 3[}_{@_@ ﬁ»
physical vapor transport or substrate-assisted evaporgtién. Br 3 | TH(F, o, O
However, high vacuum and high temperature were required for such R R
physical vapor transport processes in which only some specific
molecules could be fabricated. For 1D inorganic nanomaterials, W
solution processes have been widely applied in devices fabrication o-~s" s
due to the convenience and low cé8uch solution processes for 4
OFET utilizing spontaneously self-assembled organic molecules
have achieved remarkable advancement very recémthywever,
during the preparation of the nano- or microwires, solvents with
high boiling point were normally involved owing to poor solubility ~and *3C NMR spectroscopy, MALDI-TOF MS, and elemental
of organic materials. As a result, thermal annealing was required @nalysis (see the Supporting Information).
to remove solvents in device fabrication which had adverse effects e large planar-conjugated structure favors highly ordered
on the performance of the organic nano- or microwire transigtors. Self-assembly byr—z stacking;® which was evidenced by the
Therefore, it is still a challenge to synthesize soluble oligoarenes concentration-dependett! NMR spectra and the absorption spectra
which could not only easily form 1D structures but also bear the of 5 in solution and in the solid state. The signal at a chemical
solution process to achieve high mobility. shift of 8.65 ppm assigned to the proton at thesebenzene ring

Among oligoacenes, pentacene with a high measured mobility significantly shifted to 8.27 ppm when the concentration of the
(1.5 cn? V-1 s71) has become a promising material for OFETs. CDCl; solution increased from 1.2 to 60 mg/mL at 85, as shown
To improve the stability of pentacene, some oligoarenes fused with in Figure 1. It was also observed that other two aryl signals exhibited
thiophene units showed remarkable high performance and stability Similar behaviors. Such shifts are a result of shielding from the
in transistor fabrication under ambient conditiéris.this contribu- ring current of neighboring aromatic molecules within a cofacial
tion, we report development of a novel planar condensed ben- stack? Figure S2 shows the absorption spectra in,Clisolution
zothiophene through a facile approach. We utilized the commer- (107> M) and in film coated with microwires. The absorption
cially available 1,4-dibromo-2,5-diiodobenzene as the starting SPectrum of5 in dilute solution exhibited three major bands with
material to produce the final produstia five steps in about 38%  absSoOrptionimac at 312, 369, and 395 nm. Aftes formed the
overall yield. This molecule with alternate benzene and thiophene Microwires, the peak at 395 nm red-shifted about 19 nm to 414
units combines the elements of oligoacenes and peripherally rich "M and became the absorption maximum, while the absorption band
sulfur atoms, which favorss—z stacking to form 1D nano- or at 369 nm also red-shifted 19 nm to 388 nm. Such absorption results
microstructures. The individual microwire transistors with carrier indicated the effective assembly bfthroughzz—x stacking:?
mobility as high as 0.01 ¢V~ s were easily fabricated utilizing Figure 2A illustrates the SEM image 6&fdirectly precipitated
this molecule by direct solution process. from 1 mM CH,CI, solution.5 showed 1D molecular assembly
Scheme 1 illustrates the approach to oligoafriwas obtained ~ Microwires with a diameter in the range of 500 nm tarb and
following the procedure described in our previous contribufion. l€ngth about 36-100 um, which correspond to an aspect ratio of

The Suzuki coupling betweeand 5-dodecylthienyl-2-boronic acid ~ @bout 66-100. Such 1D morphology strongly indicated the
afforded 4 in 88% yield. The oxidative €C bond formation dominant effect ofr—z interactions over that of van der Waals

between twog-positions of thiophene units producédin 83% attractions between the alkyl chafshe 1D self-assembly process
yield 8 in which two 1,4,9-trithiatriindene fused the same benzene €an be controlled, and some different 1D nano- or microstructures
ring to form a large planar-system. The long alkyl substituents ~ Were obtained by utilizing different solvents and substrates as shown
provided the solubility, the flexibility, and the self-assembled in Figure 2B-E. In particular, different self-assembled structures
efficiency of5.225 dissolved in common organic solvents, such as ©f 5 formed on the Si and SiOsurfaces from therdodecane

CHCl; and THF. The structure and purity were confirmed?bly solution (1 mg/10 mL) under the same process conditions. The
broom-like structures were obtained by drop-castingitdedecane

t Peking University solution of5 on the silicon wafer while the ribbons with a diameter
* South China University of Technology. of 100 nm were obtained on the Si€urface. However, the flower-
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Figure 1. Comparison ofH NMR spectra ob at different concentration.
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Figure 2. SEM images ob: (A) precipitation from CHCI, (1 mg/mL)

(B) n-dodecane solution (1 mg/10 mL) drop-cast on Si wafer; (C)
n-dodecane solution (1 mg/10 mL) drop-cast on Si®) precipitation
from THF solution (1 mg/1 mL); (E) THF solution (1 mg/1 mL) drop-cast
on Si wafer.
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Figure 3. (A) Schematic of a FET from an individual microwire. (B) The
microscope image of the individual wire OFET. (C) Transfer characteristics
of 5 microwire devices and (D) transistor output. The electrical character-
istics correspond to our best performing devices.

like structures were achieved from drop-casting the THF solution
of 5 (1 mg/1 mL) on the silicon wafer. It was also observed that
the precipitation o6 from THF solution formed uniform rods with

a diameter of 400 nm. The tunable nano- or microstructures of
from different solutions showed its potential applications in various
integrated optoelectronic devices via solution process. The sharp
X-ray diffraction peaks and the polarized optical microscopic images
(POM) showed clearly that the 1D structures were highly ordered
crystal (see the Supporting Informatidf).

The single organic microwire transistor was fabricated utilizing
the microwires precipitated from GBI, solution (1 mM). The
wires with diameter of 500 nm to Am were directly dropped on
then-octadecyltrichlorosilane (OTS)-treated 6 substrate. The
polyethylene (PE) fibers with 2@m diameter as a shadow mask
were mounted on the wafer, and a layer of 5 nm Cr followed by

100 nm gold was deposited onto the substrate by thermal evapora-

tion under pressure of 4« 104 Pa. Figure 3A illustrates the
schematic of a typical FET from a single microwHe Figure

3B shows a representative microscope image of a Cr/Au top-contact
device constructed from a single microwire ®fAll the devices
directly fabricated without annealing showed typical p-channel FET

characteristics. More than 30 devices were tested with the hole
mobility from 0.005 to 0.01 ciV ! s71, threshold from—18 to
=31V, andl,ylo about 16 under ambient conditions. Figure 3C
and D illustrate transfer characteristics and transistor output of the
microwire devices.

In summary, we have developed a facile approach to synthesize
a novel r-extended condensed benzothiophene with rich sulfur
atoms favoringz—a interaction which could easily form bulk
quantity individual microwires through self-assembly. The most
convenient solution process was employed to fabricate the single
microwire organic field-effect transistors. The organic transistors
based on these microwires with the mobility of 0.01%¢vr? s71
have been successfully achieved, which demonstrates that such
process strategy for producing air-stable, good performanee-
tended condensed benzothiophene is quite attractive. Further
optimization of these transistors is underway.
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