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Abstract

Functionalities of materials usually originate from the spatial inhomogeneity in the associated
systems. The phenomena on the surface are, therefore, expected to induce essentially different
physical properties from ones in bulk systems. One of the most important missions of the recent
computational materials science is to create universal concepts on the functionalities of practical
materials based on the basic physical science. In this article, we review our recent theoretical
research activities on some surface and interface phenomena associated in the technologies of
“protection against metal dusting”, “molecular design of organic corrosion inhibitors”, “graphite
anodes for lithium-ion secondary batteries”, and “SiC single crystal growth”, using the atomistic-

scale computational materials science.
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Rectangular DOS in Friedel model for (a) the bulk and
surface states. (b) Schematic illustration of coordination
number reduction for the surface atoms on (001) in fcc
structure. (c) Comparison of the surface energies for the
4d metals including Rb and Sr based on the first-
principles ” and Friedel model analyses.
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(a) Example of MD corrosion on the alloy containing 23%Cr-60%Ni-1.5%AI®. (b) Concept of preventing technique against
metal dusting phenomena proposed for the alloy NSSMCTM696 . (c) Electronic density of states (DOS) for the cluster model
which mimics the adsorption of CO on bcc-Fe(100) surface® as a function of distances between CO and metal surfaces,
calculated using the DV-Xa method. (d) Calculated Fermi level as a function of valence electrons in the 3d transition metals
within the rigid band model using the DOS of non-magnetic fcc-Fe ®. Zero energy is set to the bottom of the s-state band, i.e.

the I, eigenvalue.
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(a) Molecular structures for succinic (left) and tartaric
(right) acids. (b) Cluster models adopted for the molecular
orbital calculations, which are used for the theoretical
assignments in the experimental X-ray photoelectron (XPS)
and infrared (IR) spectroscopies. (c) Final atomistic
configuration theoretically predicted for the organic
corrosion inhibitors based on the present quantum
chemistry analyses.
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Typical (a) SEM and (b) HRTEM images of the graphite powder prepared. (c) MD snap shots for the nano-terminated surface
structure (NTSS) in graphite anodes for lithium-ion secondary batteries. (d) Typical atomistic configurations in the NTSS.
Arrows show the ‘open-interstices’ between two adjacent laminar NTSSs.
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5 SiICIEZFXYvILVREFROREIT v TINF 2 JEFHDOIEREMEKRTEMN & WEEHLBIEF D&M
(a) Surface morphologies on the 4°-off Si surface (upper) and on the 4°-off C surface (lower) as a function of temperature
gradients. (b) Surface roughness (Ra, or average deviation) as a function of temperature gradients on each polar face of
4H-SiC (Si- and C-faces) deduced from the associated AFM images. (c) Computational analyses on the diffusion barriers for
the adsorbed species of Si and C on each polar face based on the Tersoff’s inter-atomic potential.
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