
Preface

The recent progress made in investigations into the physical properties of materials is strongly related to
the creation of innovations for the realization of an energy-efficient and sustainable society. It is widely
understood that the functions of such materials depend strongly on their components and crystal structures,
which in turn determine their electronic structures. Not only periodic crystal structures, but also non-
periodic local structure in crystals, surfaces and interfaces play important roles in determining electronic
structures, which then exhibit important functions. The local structures of “dopants”, “hetero-interfaces”,
and “nanomaterials”, i.e., the “active sites”, play a vital role. To date, it has been difficult to investigate such
local structures due to their non-periodic natures. Recently, however, the imaging of non-periodic local
structures has been made possible by the advent of microscopic techniques and holography. In particular,
the development of holography owes a great deal to the efforts of Japanese scientists. To support these
developments, a five-year project, entitled “3D Active-Site Science” was launched in 2014. The novel,
foundational, and innovative area into which this research falls involves a new scientific field, aiming at
breakthroughs for materials science, green science, and life science by blending various scientific theories
and introducing next-generation measurement technology that meets the needs of advanced sample-
synthesis technology and cutting-edge computer science.

The project aims at introducing a path for the creation of new devices and scientific theories through
leading-edge, measurement-based investigations into how active sites coordinate with peripheral atoms to
lead to three-dimensional functional expressions in a very wide range of samples such as catalysts, solar
cells, spintronic materials, and protein molecules. By applying multiple three-dimensional atomic-imaging
techniques to a single sample and using the latest algorithms, it is possible to obtain three-dimensional
information about the active sites from comprehensive datasets. Furthermore, while stability can be studied
using first-principles calculations, the unique electronic and optical properties, conductivity, and reactivity
expressed by local three-dimensional structures can also be clarified, leading to guidelines for designing
local three-dimensional structures with more desirable properties and functions.

In this Special Topics Section, “Advances in Local Structure Science by Three-Dimensional Atomic
Images”, we invite researchers, not only from within the project, but also those worldwide working in
related fields. The scope of the section covers methodology, material developments and theory. We believe
that this Special Topics Section presents an opportunity to inspire investigation into local structure science.
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