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School of Bio-Applications and System Engineering, Tokyo University of Agriculture and Technology,
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Abstract

We prepared one-dimensional nanofibrillar structure of poly(3-alkylthiophenes) (P3ATs) via whisker
precipitation in anisole. P3ATs self-assembled into nanofibers whose height and aspect ratio was 5 nm
and on the order of 10°, respectively. UV-Vis absorption spectra showed the relationship between the
change of absorption spectra and nanofiber formation in P3ATs solutions. X-ray diffraction
measurements showed P3AT nanofibers involve microcrystalline structures. The results indicate that
crystallization of P3ATs in a solution, which was driven by strong n-n" interaction between polymer
backbones, plays a crucial role in nanofiber formation.
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Introduction

Poly(3-alkylthiophenes) (P3ATs) are conducting polymers that provide higher carrier transport
property and better stability to air exposure than other conventional conducting polymers, and have
attracted widespread interest in scientific research and industrial application of organic electronics.
They offer high solubility in common organic solvents due to alkyl side chains, and therefore, can be
applicable to cost-effective solution-based preparation of conducting polymer nanofibers that is a
most promising nanostructured material due to their one-dimensionality [1-9]. We present here the
effective production of P3AT nanofibers by means of whisker method using anisole as a solvent.
P3ATs self-assembled into nanofibers in a solution during cooling to room temperature. We examined
the effect of alkyl chain length of P3AT on nanofiber formation and investigated their morphological
and electrical characteristics.

Experimental

Chemical structure of regio-regular P3ATs were shown in Fig. 1. A P3ATs solution in a solvent
mixture of anisole and chloroform (4:1 v/v) was gradually cooled to 20°C and further held for 12
hours, resulting in nanofiber formation in a solution.

CnH2n+1
Results and Discussions S
Figure 2 shows atomic force microscope (AFM) / \
images of P3ATs nanofibers on SiO,/Si substrates. The S \ / n
P3ATs nanofibers were uniformly distributed, showing
dense network morphology and had one-dimensional CnHans1

nanofibrillar structure with typical height and width of 5  Figurel.  Chemical  structure  of
nm and 20 nm, respectively. The length of the P3ATs regio-regular P3ATs: P3BT (n=4),
nanofibers was longer than several pm, indicating that P3HT (n=6), P30T (n=8), P3DT
their aspect ratio was on the order of 10°. Characteristic ~ (n=10).

color change of P3ATSs solutions in anisole was observed
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during cooling, and therefore, we investigated relationship between the absorption spectra of P3ATs
solution and nanofiber formation. At 70 °C, UV-Vis absorption spectra of P3ATs solutions exhibited
a single peak with An, of 445 nm,
which was the same wavelength as
that of P3ATSs solution in chloroform,
which is a good solvent for P3ATs
[10]. The result indicates the complete
dissolution of P3ATs in the solution.
On the other hand, the absorption
spectra of the solutions markedly
changed during cooling, resulting in
occurrence of vibronic structure at the
longer wavelength (500-620 nm) at
20 °C for all of the P3ATs
investigated. An isosbestic point
around 480 nm was exhibited on the
absorption spectra at temperatures
ranging 70-20 °C. The absorption
spectra show that there can be two
different states of P3ATs in the
solutions at the temperatures. The one
is an isolated single chain of P3AT
with coiled conformation that exhibits
the absorption peak at 445 nm, and the
other is a P3ATs aggregate that Figure 2. AFM images of P3ATs nanofibers spin-coated
exhibits the absorbance peaks at ona SiO,/Si substrate: (a) P3BT, (b) P3HT, (c) P30T, (d)
longer wavelength of 500-620 nm. P3DT nanofibers. (¢) Height scale bar is 30 nm.

X-ray diffraction measurements of

P3ATs nanofiber thin films showed

clear two peaks at a lower diffraction angle of 3-7° and at a higher angle of 23°. The peak at 3-7°
shifted to lower angles and the corresponding inter-layer spacing was increased with increasing alkyl
chain length. The result indicates that the peaks at lower diffraction angles correspond to the direction
along to the alkyl chain. The other peak at a higher angle was almost constant at 23° and the
corresponding inter-layer spacing was 3.8 A, independent on the alkyl chain length of P3ATs. The
result indicates that the inter-layer spacing corresponds to the stacking of polymer backbones. The
X-ray diffraction spectra were almost similar to that of thin films or powder of P3ATs in a previous
study [10], suggesting that P3AT nanofibers involve microcrystalline structure similar to that observed
in thin films or powder of P3ATs.
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