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imoX & H Development of Asymmetric Thienoacene-Based Organic Semiconductor Mat
erials Utilizing Molecular Orientation Control by lodine-lodine Interaction

Organic field effect transistors (OFETS) require high molecular orientation in the active layer of th
e devices. In addition, since the OFET device fabrication using solution processing is a fundamental
technology required for printed electronics, it is necessary to develop materials with high solubility.
Against this background, asymmetric compounds are attracting attention as candidates for materials t
hat have both high solubility and molecular orientation. However, asymmetric molecules tend to ado
pt crystal structures with small overlapping orbitals, such as slip-stack or antiparallel structures, due t
o dipole moment relaxation and steric hindrance, which are disadvantageous for charge transport. Thi
s study focused on the London dispersion force and iodine-iodine interaction, which are the main int
ermolecular forces in molecular crystals, and aimed to develop solution-processable organic semicond
uctor materials by controlling these intermolecular forces.

Anthrathienothiophene (ATT), naphthothienothiophene (NTT), and their thienyl derivatives (TATT
and TNTT) were synthesized to investigate the effect of London dispersion forces. The crystallograp
hic analysis showed that NTT and ATT formed slip-stack structures, TNTT formed a mixed structur
¢ of slip-stack and full-stack structures, and TATT formed a full-stack structure. These results indicat
e that the molecular orientation suitable for charge transport properties can be obtained by tuning the

molecular symmetry and London dispersion force of asymmetric thienoacene-based materials. More
ovet, the control of molecular orientation using intermolecular iodine-iodine interactions was investiga
ted by synthesizing a monoiodine compound (I-ATT) and comparing its structure and OFET propert
ies with those of iodine-free compounds (ATT and TATT). This study revealed that I-ATT forms a

full-stack parallel orientation and exhibits a hole mobility (2.2 cm%Vs) that is two orders of magnit
ude higher than that of ATT. These results suggest that the introduction of iodine contributes to the
favorable molecular orientation and high charge transport properties.

As a further development of iodine-iodine interactions into novel organic semiconductor materials,
disubstituted asymmetric thienoacene derivatives based on dithienobenzothiophene (DTBT) were synt
hesized and their molecular structure-property relationships were investigated. This study revealed that

the localization and delocalization of the HOMO can control the y- and 6-type packing mode, as w
ell as the order and disorder of the molecules. These results indicate that iodine-iodine interactions a
nd molecular orbital distribution cooperatively contribute to the control of molecular orientation of as
ymmetric thienoacenes and are expected to provide a new approach to the design of solution-process
able organic semiconductor materials.
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