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What is difference of electronic conduction mechanism between high-ordered liquid crystal
and crystal ?

Akira Ohno, Hiroaki Iino and Jun-ichi Hanna

Imaging Science and Engineering Research Center, Tokyo Institute of Technology

The mechanism of charge transport in organic semiconductors exhibiting liquid crystalline has been
studied comparing with that in the same materials exhibiting crystalline phase. The structural order of
smectic E (SmE) phase is a kind of crystalline phase forming herringbone alignment of the aromatic core
moiety, while their electronic mobilities are usually lower than those in the crystalline phase. The charge
transport in crystalline semiconductor appears as if in the regime of different mechanism of charge
transport from those in liquid crystalline one. A decrease in mobility with increasing temperature is
generally explained by the band-like models, while an increase in mobility with increasing temperature is
explained by Marcus electron transfer theory. In this study, we apply the quantum CT rate proposed by
Lin et alV for our organic semiconductors. The model can explain the negative temperature dependence of
mobility without using band-like model. Using the same model for different phase, we can understand
why the charge transport of organic semiconductor in SmE phase of liquid crystal causes different
behavior of charge transport with lower mobility than that in crystal.
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Fig.l1 Temperature dependence of mobilities in
8-PNP-O4. Mobilities are obtained from phototransient
currents using Time-of-Flight (TOF) technic.
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Fig.2 Molecular structure and HOMO/LUMO of
8-PNP-0O4. Values are calculated lonization Energy (IE)
and Electron Affinity (EA), respectively.
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Table 2 Calculated values of lonization Energy (IE),
Electron Affinity (EA) and total reorganization enérgies.

IE V) EA(V) V) Z(eV)
8-PNP-0O4 6.71 0.167 0.363 0.368
PNP-O 7.15 0.197 0.328 0.395
8-PNP—4 6.99 0.222 0.302 0.378
Ph-BTBT-10 | 6.78 0.538 0.250 0.351
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Fig.3 Contribution of the individual vibrational modes to
reorganization energies for neutral (41) and cationic (1)
molecules of PNP-O
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Fig.4 Hole transfer rate for PNP-O dimer as a function of
temperature. The quantum rate (solid line) and the
classical Marcus rate (dashed line) are compared.
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Fig.5 Hole mobilities derived from eq.(9) for PNP-O
dimer as a function of temperature. The mobilities are
obtained based on the quantum rate (solid line) and on
the classical Marcus rate (dashed line).
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