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The development of new functional materials for organic photonics and electronics contributes to the next generation
of lightweight, flexible, and cost-effective devices. This PhD thesis comprises topics of applied and materials chemistry:
design, synthesis, and characterization of photonic materials for light-driven molecular devices and semi-conducting
materials for organic electronics.

The thesis contains four chapters. Chapter 1 describes background, motivation, and the purpose of this study. Chapter
2 represents the synthesis and characterization of photo-responsive chiral azo polymers for photonic applications.
Chapter 3 focuses on facile synthesis of 7H-dibenzo[c,g]carbazole (DBC) using 2,2’-dihydroxy-1,1’-binaphthyl (BINOL)
and characterization of DBC derivatives for organic electronics. Chapter 4 is the conclusion of this thesis, including
prospective future research directions.

Chapter 1 describes that binaphthyl derivatives are used as key compounds for the development of functional mate-
rials. The moieties have unique optical and electric properties because of their chirality and aromaticity. The binaphth-
yl moiety shows change in dihedral angle (6) between two naphthalene rings, cisoid (6 < 90°) and transoid (6 > 90°),
which provides an axial chirality. This molecular unit has received attention as a chiral ligand for asymmetric synthesis,
a pharmacological function for antitumor/antifungal, and a rotational component for molecular devices. The binaphthyl
moieties also possess aromatic units of two naphthalene rings, which generate conjugated structures. Modification of the
conjugated structure leads to control of emission color and carrier-transporting properties. Furthermore, introduction of
a functional group in the conjugated structure is essential for tuning the device performance.

In Chapter 2, a photo-responsive chiral azo polymer including the binaphtyl unit was synthesized for chiroptical
switches. The polymer was obtained by radical polymerization, and the number-average molecular weight and
polydispersity were 7,030 and 2.0, respectively. The chiral polymer exhibited the glass transition temperature at 77 °C,

with good thermal stability above 280 °C. The solution-processed amorphous films were obtained by spin-coating or



drop-casting technique. The chiral azo polymer in the film showed trans-cis photoisomerization upon irradiation at 365
nm for 180s.

The ratio of trans:cis isomers in the photostationary state was determined to be 60:40. After photo-irradiation of
visible light at 436 nm, cis-trans back isomerization clearly occurred. The cis-trans thermal back isomerization also
took place at 25 °C with a half-life of 13 h. Photoisomerization of the chiral polymer gave rise to photo-induced change
in optical rotation ([a],”). Photochemical modulation of the optical rotation, |[a]p>us - []n " .il» Was about 700°, and
this value was switched by alternating irradiation between 365 nm and 436 nm. Interestingly, the polymer displayed re-
versible changes in fluoresce intensities at 409 nm by photoisomerization. This switching behavior is a unique property
of the chiral azo polymer. Additionally, photo-control of molecular orientation of the polymer was explored in the film.
After photoirradiation of linearly polarized light at 532 nm, change in refractive index was observed owing to anisotro-
pic molecular orientation. Maximum change in a value of birefringence after irradiation was 3 x 10”. These results sug-
gested the chiral polymer is expected to be a good photo-responsive material for photonic applications.

Chapter 3 represents one-pot synthesis of DBC and investigation of DBC derivatives for organic electronics. DBCs
are used as standard reagents, and show a broad range of biological and carcinogenic activities. Recently, aromatic DBC
compounds have attracted particular interest as semiconducting materials for organic light-emitting diodes (OLEDs).
Despite the diverse applications of DBC derivatives, there are few efficient procedures for their synthesis. It was
found that simple mixing of BINOL, an aminating reagent, and an ammonia solution in an autoclave yields DBC with
a high conversion yield of 99%. After optimization of reaction conditions such as ratio of BINOL and the aminating
reagent, reaction time, and reaction temperature, the ring-closure reaction was applicable for gram-scale synthesis. The
simple synthetic method would contribute to development of DBC derivatives for practical applications. To investigate
fundamental properties of DBC derivatives for organic electronics, N-alkylated and N-arylated DBCs were synthesized.
The DBC derivatives exhibited good thermal stabilities above 320 °C. Crystallographic analyses indicated that DBCs
show an amorphous or crystalline state, depending on the substituents. Their relatively high fluorescence quantum
yields, i.e., 0.66, made them good candidates for fluorophores. Photoelectron spectroscopy showed that DBCs are
semiconductors. These results suggest that the facile synthesis of DBCs enables the development of new organic semi-
conducting materials for OLEDs and organic field-effect transistors.

Chapter 4 summarizes the achievements and conclusion of the PhD thesis as well as future research directions. The
1,1’-binaphthyl and its functional derivatives are potential candidates for photonic and electronic applications. The
chiral azo polymer is a potential photo-responsive material for light-driven molecular devices and chiroptical switches.

DBCs are promising candidates for development of optoelectronic materials for organic electronics.
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