


ecause many materials around us are crystals, it is crucial to 
control the production of crystalline materials, which 

involves growing crystals with few defects, large crystals, and 
crystals with desired shapes. However, since the formation 
mechanism of crystals involves complex factors such as the 
crystal surface state, temperature and concentration gradient, 
impurity concentration, and pH, it is necessary to understand 
crystallization mechanisms (nucleation and crystal growth). 
In-situ observation and measurement using microscopes and 
scattering instruments are essential for separating the dominant 
factor of the phenomenon. We handle a wide range of industrially 
important materials ranging from inorganic crystals to organic 
crystals, and elucidate the principles of crystallization and 
melting (dissolution) using in-situ observation methods. Based on 
our wisdom, we establish the optimal technique for synthesizing 
crystals in the most simple method possible.

Norsesite crystal BaMg (CO3)2 grown from an aqueous solution. We 
expect that the developed crystallization technique can be utilized to 
purify contaminated water.
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he key to achieving carbon neutrality is the increased use of 
renewable energy and CO2-free energy carriers. The 

essence of the conversion technology between renewable energy 
and electric energy, which is necessary for the large-scale 
introduction of renewable energy, is electrochemical reactions, in 
which catalysts play the leading role. We have conducted 
research on green synthesis of inexpensive transition metal 
oxides from aqueous solutions at room temperature and 
atmospheric pressure and their application as energy storage 
materials (aqueous secondary batteries, supercapacitors), 
development of highly active catalysts for water electrolysis, 
seawater electrolysis and ammonia splitting for hydrogen 
production, and selective recovery of rare resources and 
pollutants. For example, a thin film consisting of manganese 
dioxide intercalated with copper and nickel ions decomposed 
ammonia into hydrogen and nitrogen with high selectivity and 
high atomic efficiency. 

Ammonia decomposition catalyst electrodeposited on carbon fiber
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lectrolytes are one of the most important materials directly 
related to battery performance, such as ion transport 

properties and electrode reaction kinetics in Li-ion batteries. Our 
research focuses on the properties and structures of solution 
electrolytes based on molecular theory, which leads from the 
elucidation of ion behavior to the functional control of electrode 
reactions. In response to the trend toward carbon neutrality, it is 
essential to design electrolytes for Li-ion batteries with 
lightweight, high capacity and safety. We have focused on 
fluorinated solvents that have a combustion-suppressing effect, 
and by “structural control” of the Li-ion solvation structures, 
which dominates the electrode reaction characteristics, from a 
molecular theoretical viewpoint based on solution chemistry, we 
can develop new functional electrolyte materials that combine 
nonflammability and high battery performance. Furthermore, if 
the unique structure of the electrode/electrolyte interface, which 
is the reaction field of electrode reactions, can be elucidated 
through experimental (spectroscopy and X-ray scattering 
experiments) and computational studies (all-atoms molecular 
dynamic simulations), important design guidelines can be 
expected for the development of innovative batteries in the future.

Improvement of electrode reaction characteristics by controlling Li-ion 
solvation structures in the bulk electrolytes
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ave you ever known the term “theoretical chemistry” ? 
This refers to the field of theoretical elucidation of chemical 

phenomena based on computers and equations. Chemical 
phenomena take place in the world of molecules, and in such a 
microscopic world, Newton's equation of motion breaks down 
and the Schrödinger equation, the fundamental equation of 
quantum mechanics, dominates. In theoretical chemistry 
research, this is solved by numerical calculations using 
computers.
We are actively using supercomputers in Japan to solve 
Schrödinger equation, and develop and simulate high value-added 
reactions that produce pharmaceuticals and industrial materials 
from low-value substances. Familiar phenomena are also research 
themes. The phenomenon of “adhesion” , in which materials stick 
together, is often observed in our daily lives, but in fact the 
fundamental mechanism is not understood. Our research aims to 
provide theoretical answers to such universal phenomena.

Conceptual illustration of adhesive molecules bonding to aluminum 
surface.
Adsorption of atmospheric waters weakens the adhesive strength.
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ilamentous fungi are thought to exist in more than 1.5 
million species on Earth, and play an important role as 

degraders in the natural material cycle. Filamentous fungi secrete 
a large variety of substrate degrading enzymes to obtain nutrients 
from their hosts, and at the same time, they also secrete a large 
number of small secreted proteins (SSPs). It has been shown 
that hydrophobin interacts with enzymes that degrade barriers on 
the host surface and promote barrier degradation. We expect that 
such interactions may exist between other SSPs and enzymes, and 
will search for and analyze new SSPs and enzymes. We hope that 
this research will not only provide new insights into the molecular 
mechanisms of protein-protein interactions, but also lead to 
technological innovations in the control of plant infections with 
filamentous fungi and the efficient degradation of solid biomass 
by the combination of secreted filamentous fungal enzymes and 
SSPs.

When filamentous fungi infect and invade a host, SSPs interact with 
enzymes to efficiently degrade the host surface barrier.
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he demand for critical elements in advanced industries is 
growing every year. Technologies used to efficiently 

separate and recover critical elements from natural ores and 
urban mines are becoming increasingly important. Our research 
on the separation and recovery of critical elements is based on 
inorganic chemistry, electrochemistry and chemical 
engineering. We are developing novel molecules and 
ion-exchange materials with high affinity and selectivity for 
precious and rare earth elements. The development of new 
separation methods with efficiency for target elements and their 
application to the recovery of elements from ores, which have not 
been treated from an economic standpoint, will lead to the 
effective utilization of limited resources. In addition, the 
development of a novel separation method that can recover 
critical elements contained in secondary raw materials such as 
waste electronic equipment will contribute to the creation of a 
truly sustainable society.

Novel amide-functionalized phosphonium-based ligands can 
efficiently extract precious metal ions from hydrochloric acid 
solutions.
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