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(1) Self-organizations of macromolecules, (2) Enhancement of the efficiencies of SPVs

My main research interests include self-organization of macromolecules, colloidal phenomena in supercritical
fluids, climate change and development of low carbon emission technology.

Self-organization of Macromolecules

Self-organization of macromolecules such as surfactants (lipids), polymers, dendrimers, DNA and proteins
forms fascinating structures. They often mimic biological structures. These structures and their functions may
be manipulated by changing ion concentrations and external parameters such as electric field, magnetic field,
pressure and temperature. It is also possible to develop intelligent soft matter (sometimes called artificial
muscle) by applying external fields. I have investigated temperature dependence of the membrane dynamics
in various water/oil/surfactant systems and measured important controlling parameters of structure formation
and shape fluctuations. We clarified the mechanism of phase transitions between lamellar and microemulsion
phases.

Climate change and the development of low carbon technology

Based various energy consumptions scenario, climate scientists have predicted that Earth’s average
temperature in 2100 might be 1 to 5°C warmer than it is today. For the survival of the humanity, we must find
sustainable technologies to stop global warming. Considering this scenario, we have been working on two
important issues. First one is developing high efficiency solar technology by reducing thermal energy loss.
And the second one is how to manage or recycle the vast amount of e-waste that we are generating every day.

World total electricity generation (2019) from all recorded sources is 27,001 TWh. In which only 3.19%
(855.70 TWh) was generated from solar energy. The sun has immense energy potential, but due to the lower
conversion efficiency of the solar cells it is difficult to generate electricity from it. We have been working on
solar photovoltaic technologies and other solar cell architectures to enhance solar cell efficiency.
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