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In order to clarify the carrier transport properties of liquid crystalline materials with fused ring
system in smectic E phase, which is one of the highest ordered liquid crystal phase, I have evaluated
the phase transition behaviors and carrier transport properties of two liquid crystalline materials in
which carbon atoms in the side chain of Phenyl- Benzothienobenzothiophene (Ph—BTBT) derivatives were
replaced with sulfur and oxygen atoms. The two liquid crystalline materials exhibit smectic E phase and
the molecules in sandwich cells are planarly aligned, which is good alignment for the evaluation carrier
transport properties by time of flight technique. In addition, it is found that the two liquid crystalline
materials do not crystallize even when they are cooled to a low temperature range of —130 °C, and show
smectic E phase in a temperature range of about 330 °C, which is suitable for clarifying the carrier
transport properties. The carrier transport properties were evaluated in a wide temperature range of
smectic E phase, and it is found that two different carrier transport properties show below and above
room temperature. In the temperature range below room temperature, hole mobility shows Poole-Frenkel-like
electric field dependence, and the carrier transport properties are dominated by the Gaussian disorder
model. In the temperature range above room temperature, hole mobility does not depend on electric field
and showed Arrhenius type temperature dependence in which the activation energy is corresponded to
reorganization energy in Marcus—theory for electron transfer. These results clarify the carrier transport
properties of smectic E phase of highly ordered liquid crystal phase close to the crystal structure in
liquid crystalline organic semiconductors with fused ring system. This is an important result for

understanding the carrier transport properties in liquid crystalline organic semiconductors
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