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Recently, organic light-emitting devices (OLEDs) become widespread and its efficiency and
lifetime are stringently demanded. A typical OLED comprises a multilayer structure that
includes a hole transport layer, an emission layer, and an electron transport layer. A mobility
of these layers is one of the most important factors that determine the device properties.
However, it was almost impossible to understand the relation between the mobility and the
chemical structure of the organic material from the conventional know-how of chemists. In
this thesis, the most potential ab initio approach using a multiscale simulation working on the
up-to-date high performance computer was newly taken to the actual development of the
high-mobility hole-transporter. Especially, hole-transporters were focused on because the
measurement of the mobility of hole-transporters is not affected by the carrier trap.

In order to establish the method to analyzing the mobility, existing wide-gap
hole-transporters which realized the high performance phosphorescence and/or thermally
activated delayed fluorescent OLED were researched. The mobility measured by the
time-of-flight method of dibenzofuran end-capped hexaphenylbenzene (HPB)-based
hole-transporters, 4DBFHPB, TADBFHPB, were well reproduced by the simulation. From the
analysis, the primary factors contributing to the mobility difference were suggested. There, a
kinetic Monte Carlo simulation with varied parameters was newly invented to evaluate the
contributions of the factors quantitatively. The mobility difference between robust
spirobifluorene-based hole-transporters, TDBFSBFn (n = 1,2), were also analyzed and the
primary factors and molecular designs to improve the mobility were suggested.

Furthermore, in order to predict the efficient substitution position, comprehensive mobility
simulations in HPB-based nDBFHPB (n = 1,2,3,4) were executed before the synthesis.
Among these hole-transporters, SDBFHPB was predicted to exhibit the highest mobility and
then, proceeded to the synthesis and the mobility measurement. However, this attempt of the
inverse design did not succeeded as expected. The possible causes were extensively discussed
and some solutions were proposed.

As the outcome of this research, molecular design was newly suggested for the high mobility
materials without losing the applicability to the high performance OLED. And for the first
time, the future task in the time cost and the accuracy of the simulation was clarified to realize
the inverse design.
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