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Abstract. lodide doping produces charge carriers in n-conjugated polymers. Motivated by the
SSH theoretical model of solitons in one-dimensional conjugated polymers, chemical doping
of polyacetylene film is experimentally carried out to generate solitons. An Arago-type wheel
electric generator is assembled based on the doped polyacetylene in place of a copper or
aluminium plate. This is the first report of electric generation in conducting polymers based on
solitons.

1. Introduction

n-Conjugatd polymers consist of alternation of single and double bonds. n-Electrons are delocalized
along the main-chains. Polyacetylene is a typical conjugated polymer [1]. It shows metallic refraction
because of its highly developed conjugated system, and displays quite high electrical conductivity
accompanied by insulator-metal transition by doping [2,3]. Electrical conductivity of the doped
polyacetylene is comparable to metals, such as copper. In this case, the charge species of
polyacetylene can be characterised as solitons, according to the SSH model proposed by Su, Schrieffer,
and Heeger [4].

The spinning-disk-based motor phenomenon was discovered by Arago in 1824. Later, Michael
Faraday studied this rotation-induced mechanism [5]. Nikola Tesla investigated this system in his
research on alternating current generators and motors [6]. The generator and motor have been
constructed with non-ferromagnetic metals such as copper and aluminium. The generators function
through movement of free electrons in the metal wheel. The Arago wheel has been employed for
induction type energy meter for consumers (for house hold and industrial use). In the present research,
the electricity was generated by flow of solitons in the doped polyacetylene (Figure 1). This is the first
example of polymer electric generators based on charge carriers. The generation of voltage may be
related to the magneto-resistance of solitons in the polyacetylene films [7]. Although current from the
generator was quite low, electromotive force voltage was achieved.

Figure 1. Polyacetylene
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2. Solitons in polyacetylene

Solitons in the polyacetylene can be produced by electron-acceptor doping, as shown in Figure 2. The
neutral state of the polyacetylene consists of long extended polyene having no charge carriers.
Acceptor vapour-phase doping (iodine) produces polarons in the main-chain. Further doping (heavy
doping) allows formation of bipolarons. The polarons and bipolarons behave like solitons in
polyacetylene (Figure 2) [8]. In this report, "solutions” for the charge carriers are employed for
simplification.
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Figure 2. Doping of polyacetylene and generated solitons.

3. Assembly of soliton generator

Based on consideration of polyacetylene as an electrical conductor, assemble of electric generator
using polyacetylene was carried out. An Arago disk-type generator was constructed using
polyacetylene in place of a metal wheel to demonstrate electric generation by a conducting polymer.
lodine-doped polyacetylene film is attached onto a polyacrylonitrile circular board by adhesive,
forming a conducting wheel (diameter: 10 cm). The disk is rotated by an external motor, and the film
generates voltage between its centre and edge of the disk, which can be confirmed by an electrometer
and an oscilloscope. This instrument demonstrates the possibility that conducting polymers may be
used as materials for power generation.

\Y Inside radius: r;
Outside radius: r,
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Figure 3. (a) Polyacetylene dynamo system. (b) Polyacetylene
disk prepared on a polyacrylonitrile plate (insulator plastic
plate).

If a conductive disk rotating at angular frequency o s subjected to a magnetic flux density B (Figure
3), the electromotive force induced in an infinitesimal length Ar can be described as [9]:

AE =roBAr (1)
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Integration of the formula from r; to r, is
[ E = orBdr = 120B(r’-r7). (2)
A fixed-magnetic-type generator was constructed with a neodymium magnet, drive motor, dynamo

brush (copper) and thin polyacetylene film on polyacrylonitrile circular-shaped board (insulating
plastic plate), as shown in Figure 4.
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Figure 4. Magnet fixation-type generator based on polyacetylene. (a) Illustration of the entire figure.
(b) The Fleming's right hand rule. (c) A photograph of the polyacetylene electric generator.

The magnetic field in the device influences solitons of polyacetylene as the electrically charge particle
in the disk, producing electricity perpendicular direction against the magnetic field. The surface
contact between the polyacetylene and the dynamo brush in the device is not smooth, resulting
unstable generation of electricity. Generated voltage was ca. 0.2 mV (dynamo rotation = ca.1000 rpm
measured with a laser revolution indicator). Current from the generator is very low, although the
electricity generation function of the device was confirmed. The Fleming's right hand rule can explain
direction of current flow (eddy current) across the magnetic field in the device (Figure 4(b)). The
Lorentz force from magnetic field can make generation of electricity.

4. Conclusion

An Arago-type polyacetylene dynamo was assembled. Flow of the solitions under the magnetic field
affords generation of electricity in the device. To date, electrical conduction of the organic conducting
polymers has been well studied. This is the first trial for electric generation in conducting polymers,
although practical application of the soliton generator seems to be difficult in the present stage. This
study demonstrated that plastics can make electricity.
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