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Development of conductive polymer films based on nanosegregated liquid crystals

Funahashi, Masahiro
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Ter(3,4-ethylenedioxythiophene) derivatives bearing cyclotetrasiloxane rings
at the terminal positions of the alkyl side chains were synthesized. The conductivity of the thin
film of the compound increased to 2.8x 10-13 S/cm to 8.6x 10-7 S/cm during the polymerization. On
the other hand, perylene bisimide derivatives bearing cyclotetrasiloxane rings and triethylene oxide
chain were synthesized. By dipping the thin films in reductant solution, the conductivity increased
to 10-4 S/cm from 10-10 S/cm. The anisotropy of the electrical conductivities were 100 and 10 in
the as-desposited and polymerized thin films, respectively.
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Figure 1 (a) Flexible field-effect transistor based
on liquid crystalline semiconductor (b)
Schematic illustration for a supramolecular LC
phase of an oligothiohene derivative bearing an
imidazolium moiety  (¢) Liquid crystalline
perylene bisimide derivative bearing
oligosiloxane chains
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Scheme 1 Molecular structure of LC

oligo(EDOT) derivatives
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Scheme 2 Synthetic route of ter(EDOT)
derivative bearing cyclotetrasiloxane rings
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Figure 2 Polarizing optical micrographs of
spin-coated thin films of compound 3 (1)
as-deposited and (b) after polymerization. (c) I-V
characteristics of spin-coated thin film of
compound 3
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Scheme 3 Synthetic route of perylene bisimide
derivatives bearing polar moieties

Table 1 Phase transition temperatures of
compounds 4 and 5

Phase transition temperatures (°C)

LC 4 Heating: Col,, 184 Iso;
Cooling: Iso 143 Colpg 105 Coly,

LC5 Heating: Col,, 131 Col,q 178 Iso;

Cooling: 1so 176 Col g

*The abreveviations Col,,, Col,y, Colyg, and Iso
denote columnar rectangular ordered, columnar
rectangular  disordered, columnar hexagonal
disordered and isotropic phases, respectively.
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Figure 3 Schematic illustrations of the columnar
phases of compounds (a) 4 and (b) 5. Purple area
indicates an ion-penetrating sublayer. (c) UV-VIS
absorption spectra of polymerized thin film of
compound 5 negatively biased in an electrolyte
solution.
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Figure 4 Photographs of spin-coated thin films of
compounds 4 and 5 in the initial and doped
states.
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Figure 5 Current-voltage characteristics of the (a)
as-deposited and (b) polymerized thin films of
compound 5 along the columnar axis at room
temperature. The insets show the logarithm of
current parallel and vertical to the columnar axis
as a function of the applied voltage.
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