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s 3 # H Creation of Metal-Organic Frameworks with Electrochemical Functions by

Microwave Reaction

The applicant has created and evaluated MOFs with electrochemical functions for
conversion and storage of renewable energy. By focusing on the regular pore structure and the
freedom of design due to the complexation with organic molecules, and by using microwave
(MW) irradiation to enable direct and rapid heating of ingredients, we have created new
MOFs and clarified the correlation between function and structure.

In Chapter 1, the importance of electric power storage for the realization of a decarbonized
society and the possibility of hybrid materials as ways of avoiding geopolitical risks and
component costs due to the use of rare elements are discussed.

I[n Chapter 2, we established the synthesis and structural control of Zn-TPA MOFs using
terephthalic acid (TPA) as a cross-linking ligand by MW heating. It was concluded that the
non-equilibrium local heating by MW and rapid crystal growth gave the metastable MOF
structure.In Chapter 3, we report on the preparation of electrodes and electrochemical
functions of Zn-TPA MOFs, where the reversible redox behavior of the whole MOF particles
was observed, but the stability evaluation showed the MOFs were not suitable for energy
storage due to the degradation and leaching caused by redox.

In Chapter 4, Zn-trimellitic acid (TMLA) MOFs were synthesized and evaluated, to improve
the structural stability, but the reversibility decreased due to transient changes in crystal
structure caused by the desorption of TMLA. Tt was concluded that MOFs with
benzenecarboxylic acid are unsuitable as redox materials. In Chapter 5, we evaluated the
synthesis of MOFs using viologen derivatives and a transition metal, Cu?', confirmed the
stable redox response derived from the linker. It was found that the combination of inorganic
and organic materials with high redox properties is the condition for the structural stability
due to the delocalization of electrons. In Chapter 6, the development of three-dimensional
substrates for batteries and electrolysis devices is discussed. By coating and sintering Ag
particles onto porous aramid paper, we succeeded in developing electrodes with flexibility and
the ability to mass transport from both sides. Chapter 7 summarized the results, stating that
the MW method and the choice of inorganic-organic redox-active nodes enable the creation of
MOFs with high electrochemical functions.
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