
At Interfaces, Delicate Energy and 
Environment Determine Fates of 
Molecules and Life

International Institute for Carbon-Neutral Energy Research (WPI-I2CNER)
Kyushu University

Abstract
Molecules and biological entities are influenced by the delicate environment and energy at
interfaces, particularly liquid interfaces, which determines their fate. For example,
biomolecular recognition at the air-water interface can be up to one million times stronger
than in bulk water. This is a manifestation of how the delicate environment at liquid
interfaces drastically changes intermolecular interactions. Thus, interfaces serve as an
excellent medium for the implementation of science and technology based on subtle
energies. This concept can be realized in the dynamic two-dimensional media of thin films
such as the air-water interface—specifically, Langmuir monolayers—because this medium
possesses characteristics of both bulk (large-scale) and molecular dimensions. For instance,
we have manipulated molecular machines (on the nanometer scale) at the air-water
interface, and by controlling the bulk movement (in the size range of 10–100 cm) of the
monolayer, we have achieved the “capture and release” of water-soluble guest molecules
using embedded molecular machines at the air-water interface by delicate energies. By
mechanically tuning molecular receptors, we have also succeeded in mechanical control of
chiral recognition of amino acids and discrimination of nucleosides in supramolecular
monolayers. This process can be regarded as delicate “molecular tuning.” Moreover, utilizing
a two-dimensional medium at the liquid-liquid interface, we developed a cell culture
technique and demonstrated the differentiation of human mesenchymal stem cells into
neurons within the delicate interfacial environment, without the use of expensive reagents,
thus determining detailed fate at the interface. Recently, by combining proton-coupled
electron transfer at liquid interfaces, we have also developed precise doping techniques for
organic semiconductor films. In this way, delicate processes at interfaces can control the
fate and functions of molecules, materials, and cells.
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About the Speaker
Dr. Katsuhiko Ariga is a Professor in the Department of Advanced Materials Science at the
Graduate School of Frontier Sciences, The University of Tokyo, and a Group Leader at
MANA, National Institute for Materials Science (NIMS). He received his master's degree
from Tokyo Institute of Technology in 1987 and earned a Ph.D. in Engineering in 1990. Prior
to joining The University of Tokyo in 2017, he held research and leadership positions at
Tokyo Institute of Technology, JST, NAIST, and NIMS. His research focuses on
supramolecular chemistry, molecular machines, and interfacial materials science, with
particular emphasis on developing functional materials through molecular synthesis,
assembly, and organization at interfaces.


