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Development of the Emitting Materials and Analysis of Host Dependence of

Molecular Orientation Toward Ultra-High-Efficient Organic Light-Emitting Diode

Focusing on the molecular orientation of light-emitting materials, which can dramatically improve the
efficiency of organic electroluminescence (OLED), this thesis develops a predictive model of molecular
orientation, derives design guidelines for highly efficient thermally activated delayed fluorescence (TADF)
materials, and summarizes methods for controlling molecular orientation. The paper summarizing the above
research consists of five chapters.

In chapter 1, the importance of molecular orientation in improving the efficiency of OLEDs and examples
of previously reported research on orientation control are presented. The current status and problems are
clarified, and the importance of a better understanding of molecular orientation is discussed.

In Chapter 2, the difficulties of quantitatively identifying horizontal orientation ratio based on key factors
for molecular orientation. Molecular orientation model was attempted fo construct by regression analysis
based on reported materials. Based on the model, it was found that the orientation of neat film and mixture
film are like each other.

In Chapter 3, based on molecular orientation model constructed in Chapter 2, TADF materials were
designed for high horizontal orientation. A new molecular design guideline based on asymmetrization that
achieves high PLQY was extracted. The length of long axis and surface area of plane parts was calculated,
the geometric information of the molecular structure was visualized. The results supported the hypothesis
established in Chapter 2.

In Chapter 4, based on molecular orientation model constructed in Chapter 2, the host dependence of
molecular orientation was attempted. For the ultra-high-efficient OLED, the conditions were calculated to
maximize the light out-coupling efficiency by optimizing the film thickness and refractive index of each
layer and material. As a result, the ultra-efficient OLED device with an external quantum efficiency of over
40% was realized.

In the final chapter, Chapter 5 summarizes Chapters 1 through 4 and describes future challenges and
prospects. High efficiency of OLEDs has been developed through many repeated experiments. However, if
the predictive model of molecular orientation obtained in this study and the knowledge of device design are
followed, it is expected that research and development will be greatly accelerated and made more efficient.
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