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The synthesis and electronic properties of conducting polymer Table 1. Dispersion in Various C12Es Concentrations

nanowires are the subject of intense interest in recent years due t0  sampletype C1E-/DMF (glL) dispersion state

potential applications in semiconductor nanotechnologMany S-type 26.8 large aggregation after 2 days

of these applications in nanoscale have been limited because of 58.2 stable after 3 days

the lack of a method for obtaining a single fiber. The development  R-type 58.2 large aggregation after 2 days

of effective dispersion methods is crucial for substantial applications 163.2 no visible aggregation after 3 days

of conducting polymer fibers in the same manner as was done for
single-walled carbon nanotub&sOnly the problem of transport

in a polymer fiber attracted significant attention mainly related to
polyaniline fibers®” Polyacetylene (PA) is the model conducting
polymer showing an extremely high conductivity after doginyj.
Recently, a novel helical PA was introduced by Akagi ét&ince

it has planar chiral structures, unique magnetic and optical
properties, such as molecular solenoid, were expected in this
material. Despite the helical structure of chiral bulk film, the
solenoid current without coating with any insulator layer is hardly

A small piece of helical PA film is soaked in,éE¢/DMF and
then is agitated by ultrasonication for several minutes. Well-
dispersed helical PA fibers in solution showed the deep blue color,
which is consistent with the transmission of light througéns
PA. To obtain this suspension, the proper concentration;gf{C
is important. The state of dispersion in variouskg concentrations
is described in Table 1. No large or visible aggregation of dispersed
S-PA fibers was observed in a proper concentration (58.2 g/L).

: o . Although the R-PA fibers are more tightly screwed compared with
produced because the helical bulk material is composed of tightly the S-PA fibers, the well-dispersed suspension of R-PA fiber can

entangled ropes consisting of several fibers. However, on molecular acquired after increasing the concentration gEGup to 163.2

level or nanometer scale the electric current of a doped helical PA g/L in DMF. The shape of these solutions remained the same after
single fiber might raise an induced magnetic field. To study the several days. To study the morphology of suspended helical PA
fiber properties on nanoscale, it is necessary to extract a singlepqr ith AFM, a droplet of these suspensions was deposited onto
helical PA fiber. _ the substrate and dried over 1 day under argon atmosphere. Figure
In.th|s communication, we report a new method designed 0 1 shows the AFM images of dispersed helical PA fibers. While
obtain well-dispersed helical PA single fibers. We use an organic i, aggregation of entangled fibers is observed in the case of
solution with a nonionic surfactant. Atomic force microscopy jmproper concentration (Figure 1a), the single fiber of the optimized
(AFM) imaging is performed to monitor the helical fibrillar  g,spension is well dispersed as shown in Figure 1, b and c. The
structures of extracted single fibers, and the currenttage (— vertical (horizontal) size of the cross-section is-3® nm (106~
V) characteristics of iodine-doped helical PA fibers are investigated. 5nq nm). This is much smaller than that of fiber observed from
Helical PA is synthesized using chiral nematic liquid crystals the SEM image of helical PA filmi112 The typical length of our
(LCs) as a solvent of ZieglerNatta catalyst, which is presented  freshly prepared R- and S-PA fibers is of the order ofu0. It
elsewheré! There are two types of helical films, R-helical PA (R-  \as reported that in helical PA film the screw direction of the fibers
PA) and S-helical PA (S-PA). The direction of helicity of R-PAis s the same as of the chiral nematic liquid crytal (LC)s used as a
counterclockwise and that of S-PA is clockwise in the form of solvent!?14This fact is supported by our AFM results, which show
entangled ropes as is evident from the scanning electron micro-the periodic modulation in height along the single fiber due to the
scopy*!*2Because of that it is difficult to separate one single fiber chiral structure of helical PA fiber (Figure 1d). As can be seen
from the ropes. Therefore, a strong force, which overcomes the from Figure 1c,d, the main single fiber might consist of a few
van der Waals force between the fibers, is required. To obtain a microfibers with smaller diameter (refer the Supporting Information
single fiber effectively, hexaethylene glycol monadodecyl ether for more details).
(C12E)*® was used as a nonionic surfactantNrN-dimethylfor- Using well-dispersed helical PA fibers, the conductivity of the
mamide (DMF) solution. The organic solution, DMF, enables single fiber is measured. R-PA single fiber is deposited on top of
prevention of possible aging effects in agueous solution whileC ~ a 2um spacing electrode. Pt electrodes patterned by optical

works as a stabilizing agent. lithography are used to prevent chemical reaction with the dopant.
The temperature dependencies of curreritage characteristics
ISeoul National University. are investigated with cryogenic displex-osp and Keithley 6517A.
Renmin University of China. ; I ; ;
s Russian Academny of Sciences. Iodln_e d_opmg is done in the gas phase up to the saturatlon level
Il University of Tsukuba. by monitoring the sample current. The doping was done right before
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Figure 1. AFM images: (a) Dispersion in DMF without the surfactant.
(b) Well-dispersed S-type (counterclockwise) and (c) R-type (clockwise)
helical PA fiber. (d) Enlarged image of the square box; inset shows the
scaled-down image.
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Figure 2. 1—=V characteristics of R-helical PA from 30 to 240 K. Left inset
shows in situ doping with iodine. Right inset is the temperature dependence
of resistance.
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the transport measurements to minimize the aging effect. The left
inset of Figure 2 shows the in situ doping with iodine measured at
the 50 mV excitation voltage by two-probe-method. The resistance
of helical PA fiber is decreased from several tens 6 Gown to

870 KQ after doping. The room-temperature conductance of a
doped single fiber right before cooling is8.4 x 1077 S [the
conductivity is equal to~1 S/cm with~65 nm (290 nm) of the
vertical (horizontal) cross section and«th length]. This conduc-
tance is lower than that of helical PA fild¥sbut higher than that

of conventional iodine-doped PA nanofibéralthough the cis
content of helical PA fiber is much less than that of PA nanofiber.

geometry. It indicates that, despite the importance of contact
resistance, the observed conductance is intrinsic to the quasi-one-
dimensional (1D) helical PA fiber. The right inset of Figure 2
presents the temperature dependence of the resistance at 0.5 V
excitation. The power-law behavior &(T) is well pronounced.
We found that both hopping and 3D tunneling models did not fit
our data well. This discrepancy might be related to the peculiarity
of tunneling in such quasi-1D system as single helical PA fibers.

In summary, we developed an effective dispersion method for
helical PA fibers using a nonionic surfactantyEs. From the helical
PA film we extracted single fibers through the optimized condition
of Cy:Es concentration in DMF solution. By using the AFM we
have observed the structural features of well-dispersed single fibers.
The current-voltage characteristics of helical PA single fibers are
measured at various temperatures after iodine doping.
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