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[Purpose and Background of the Research]

For a long time, it has been believed that mechanical
properties especially strength of materials are inherent to
each material, that means, material constants are
determined by the composition and microstructure of
materials, and hence cannot be changed in principle.
However, we found that the intrinsic strength of materials
can be significantly altered by intentionally injecting
excess electrons/holes, i.e., anomalous electrons, that
cannot be present in nature (e.g., Fig. 1).

The purpose of this research project is to elucidate the
fundamental mechanism of how anomalous electrons
interfere with interatomic bonds and rewrite the strength
and mechanical properties of various materials, and finally
to establish a universal theory behind the exotic

phenomena.
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Figure 1 Effect of electrons on material strength

[Research Methods]

Plastic deformation and fracture are ultimately governed
by the breaking of atomic bonds. To evaluate the ideal
strength of materials that directly reflects the strength of
interatomic bonds, we develop a series of experimental
methods for nano/micromaterials without defects. In
addition, we establish techniques for controlling (injecting,
holding, and drawing) anomalous electrons in the material.
By using these techniques, we conduct various
experiments on electron-controlled specimens to elucidate
the effects of anomalous electrons on material strength.

To understand the detailed transition of the bonding state
by anomalous electrons and the accompanying change in
deformation and fracture mechanisms from the viewpoint
of quantum mechanics, we also perform first-principles
strength simulations on materials with anomalous electrons.
We systematically investigate the anomalous electron-
induced strengthening characteristics for typical materials
with covalent and ionic bonds via the development of the

original theory (quantum-mechanics electronic stress
theory) that decomposes and extracts the stress of each
electron orbital and spin.

Based on the strength characteristics obtained by both
the experiments and analyses, we elucidate the
strengthening mechanisms by anomalous electrons and
construct universal mechanical models.

[ Expected Research Achievements and

Scientific Significance]
-Elucidate the fundamental mechanism and principle of
this anomalous phenomenon in which the macroscopic
material strength can be changed by ultimately minute
particles, i.e., electrons/holes.
-Propose rewritability that freely rewrites the material
strength by controlling dynamic electrons. In other words,
it brings conceptual innovation to material strength design
from "making" materials to "drawing" functions.
-Establish the concept of basic evaluation technology for
elucidating the effect of anomalous electrons on material
strength.
-Extend the research field of anomalous electrons not only
to mechanical properties but also to electric and magnetic
properties and their multiphysics properties.

By realizing these, we will create a new scientific field
for designing and creating a wide range of material
functions.
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