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Efficient separation and reuse of a target gas substance
Various gases are spread widely throughout nature. Porous materials such as activated carbons and 

zeolites have been utilized for their separation. However, it is difficult to isolate a single target gas from a 
mixture without a large expenditure of energy. To solve this problem, we have successfully synthesized 
Porous Coordination Polymer (PCP), a new material that can selectively and efficiently adsorb and 
separate specific gas substances from a gas mixture.

PCP is a crystalline compound (a metal complex) having a network structure in which metal ions 
and organic molecules are alternately bonded together, and containing countless uniform pores on the 
molecular level. It can achieve various kinds of gas separation and other functions by changing the 
combination of the two component substances. So far, we have successfully developed PCPs that can 
adsorb and separate specific gases such as carbon monoxide (CO) and oxygen.

Investigating technologies to separate gases useful for industry highly efficiently and easily
In the ACCEL project, we are conducting R&D to achieve highly efficient gas separation technology by 

taking advantage of the characteristics of PCPs. First, we will work on efficient gas separation, using CO 
as the target gas, which is high in demand for industrial use. Then, we will apply the findings obtained 
here to the separation of oxygen/argon, hydrogen and other gases. PCP is a revolutionary material 
with the potential to bring about a breakthrough in the chemical industry, energy conservation and other 
areas such as health care and environmental problems. Its use will lead to the development of innovative 
technologies. It also has promise as a material able to store hydrogen, methane and other gases.
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My research focuses on metal complexes, which are 
synthesized from metal ions and organic molecules. More than 
twenty years ago, I came up with the idea that nanospace 
surrounded by metal complex molecules is another functional 
entity. I then focused on porous structures of metal-ligand 
coordination frameworks, which are currently called PCP or 
MOF. In particular, I thought that these pores would be useful to 
accommodate and confine gas molecules. In the early stage of 
this research, I was faced with its weakness of being structurally 
unstable and easy to break but finally succeeded in synthesizing 
robust PCPs having stable structures.

In the ACCEL project, we have developed PCPs that exhibit 
selective carbon monoxide adsorption ability over nitrogen at 
ambient temperatures. Having a program manager (PM) who 
conducts the process for practical application, I can focus on the 
research.
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To make research and development a success, it is very 
important to form a technology group with skills in different fields. 
In this project, I am lucky to have highly skilled team members and 
am proud to have created a good team.

One of the outstanding abilities of PCPs is their ability to adsorb 
CO. A large amount of CO is produced along with CO2 and N2 
in chemical industry processes and the ironmaking process. 
Generally, CO, which is highly toxic, is burned and used as a heat 
source. When it is burned, a large amount of CO2 is produced, 
which is a global-warming gas. There is therefore a strong need 
for a low-cost separation technology.

In the ACCEL project, we perform small-scale evaluation tests 
to evaluate the durability and robustness of PCPs and collect 
the necessary data to perform tests on a larger scale. We are 
searching for an applicable business model, while keeping a close 
eye on our competitors.

We would like to develop

gas mixture separation technology,

which is considered difficult to achieve,

and are therefore taking on a

scientific challenge that could

shine a light for up to a

100 years from now.
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In science, discovery, wonder and passion are very important keywords. Sports 
and the arts have the power to move people emotionally, but even in the natural 
sciences, similar effects can be seen in reactions to revelations from mathematics 
or astronomy. It is in our power as chemists to unlock mysteries (make discoveries) 
that likewise inspire feelings of wonder and passion. We must strive to uncover 
facts that turn conventional wisdom on its head and create a new chemistry.

Technology is created by people. I strive to create an environment where people, 

coming together as one, can display their abilities, respect each other as team 

members working together, and can all enjoy doing their work together.
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Gas adsorption mechanism of a Porous Coordination Polymer

A PCP has a flexible structure, the  framework of which expands and shrinks, responding to external stimuli. 
Porous structures are produced in the framework when it expands. When a specific gas, such as CO, is bonded 
to a metal ion, the bonding serves as a trigger to open a gate for more CO inclusion. Nitrogen gas, which has a 
similar structure to CO, cannot work as a “key,” therefore separation with high purity is achieved.
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