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Outline of the work:

Looking back on the advent of synthetic materials, one can realize that the development of new materials
faced a difficult path. Until 1997, it was believed that crystalline compounds with a regular porous structure
based on organic molecules were different from inorganic zeolites and they collapsed without guest filling.
Prof. Susumu Kitagawa challenged this notion and successfully synthesized robust crystalline porous
materials from organic molecules. He became the first person in the world to synthesize a porous metal
complex material, called porous coordination polymer (PCP) (or metal-organic framework (MOF) ), which
is sufficiently robust for storing gases such as carbon dioxide (CO,) and methane (CH,). This discovery
marked an epoch in material science and technology. Further, he discovered self-assemblies of metal ions,
which act as coordination centers, link various organic bridging ligands under mild conditions to yield
tailored nanoporous host materials. His major achievements are described below.

(1) Safe storage of the explosive acetylene gas

Because acetylene gas reacts explosively when pressurized to two atmospheres or higher at normal
temperature, materials or techniques that can store pure acetylene gas at two atmospheres or more were
lacking. Prof. Kitagawa demonstrated that a PCP can easily and safely store acetylene at high density. This
finding has significantly impacted researchers not only in academia but also in industries worldwide.

(2) Separation materials for exhaust gas and biogas (e.g., separation of CH,, CO,, and CO)

If a useful gas could be separated from an exhaust gas or a by-product gas and stored efficiently, the
reduction of CO,, which is a global challenge, could be resolved. Using conventional porous materials, a gas
is separated by utilizing the difference in molecular sizes. Note that the pore size plays an important role
because the composition, concentration, pressure, and scale of the components in the air and by-product gases
(e.g., exhaust gas) depend on the source. Consequently, it is difficult to selectively recover CO,. Prof.
Kitagawa developed a new concept based on soft, porous PCP materials. He developed a practical PCP that
can separate CO,, O,, acetylene, and CO with high selectivity and high efficiency without losing pore
regularity and stability of the skeleton structure.

(3) Development of proton conductive materials

From the viewpoint of improving the energy efficiency and durability of fuel cells, solid electrolytes
operating at a 0% humidity level and a temperature ranging from 100°C to 300°C are some of the most
needed materials. Prior to Prof. Kitagawa’s report on this subject, an efficient proton conductor did not exist
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for this environment. Prof. Kitagawa demonstrated that filling the pores of PCP with organic molecules (e.g.,
imidazole) creates a novel but efficient material for solid electrolytes. Unlike conventional solid polymer
proton conductors, his novel material has high proton conductivity and works steadily at mild temperatures
without humidification.

Prof. Kitagawa is a visionary who has shown exceptional creativity in the development of innovative
chemistry to create a new class of functional materials. The social contribution of Prof. Kitagawa to science
and technology is related to easy separation and storage of gases. His efforts have not only enhanced the
industrial value of PCP but also opened pathways to store and separate key gas substances that will provide
solutions for key issues in the energy, environment, natural chemical resources and health care sectors.
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