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Crystallographic and electronic structures of materials and their transformations are studied through direct imaging of 
atoms or molecules by high-resolution electron spectromicroscopy which realizes energy-filtered imaging and electron 
energy-loss spectroscopy as well as high resolution imaging. By combining this with scanning probe microscopy, the 
following subjects are urging: direct structure analysis, electron crystallographic analysis, epitaxial growth of molecules, 
structure formation in solutions, and fabrication of low-dimensional functional assemblies.
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Local Electronic Structure Analysis for 
Brownmillerite Ca(Sr)FeO2.5 Using Site-
resolved Energy-loss Near-edge Structures

Oxygen K-edge and Fe L2,3-edge electron energy-loss 
near-edge structures (ELNES) were measured for FeO6 
octahedra and FeO4 tetrahedra in the brownmillerite 
Ca(Sr)FeO2.5 by focusing an electron probe at individual 
Fe sites using scanning transmission electron microscopy 
(STEM) combined with electron energy-loss spectroscopy 
(EELS). The observed site-resolved oxygen K-ELNES 
showed different features reflecting the local chemical 
bonding around the FeO6 octahedra and FeO4 tetrahedra. 
A pre-peak in the O K-edge spectra, which is attributed to 
a transition to an unoccupied O 2p band hybridized with 
the Fe 3d band, shows splitting in the spectrum of the 
FeO6 octahedral site. Additionally, for the oxygen linking 
the octahedral and tetrahedral Fe sites in CaFeO2.5, charge 
transfer was found to preferentially occur toward the tetra-
hedral Fe ions. In the case of SrFeO2.5, charge transfer 
from the oxygen located in the ac plane was biased toward 
the tetrahedral Fe atoms. Based upon an analysis of the 
pre-peak intensity of the O K-ELNES, it was concluded 
that bonding between the oxygen and iron atoms at the 
tetrahedral site was more covalent in character than at the 
octahedral site. The strong covalent character of the tetra-
hedral sites would be one of the reasons for distortion in 
the FeO6 octahedra in Ca(Sr)FeO2.5, as exhibited by an 
 extension along the b-axis.

Interface Structure of Gold Particles on TiO2 
Anatase

Gold particles supported on titanium dioxide (TiO2) are 
known to activate many catalytic reactions. In this study, 
interface structure of gold on anatase was examined in the 
case on an anatase {101} surface, since the surface is the 
most important for several photocatalytic reactions. 
Anatase TiO2 nanorods having clear washboard-like 
{101} outer surfaces were synthesized by using a double 
surfactants system. From high resolution electron micros-
copy observation for gold particle on the {101} surface, 
the (113) plane of gold was found to be parallel to the 
(101) surface of TiO2. Such an epitaxy is corresponding to 
be the axial and planar orientations of [03-1] (200)Au // 
[-31-1] (113)TiO2, being originated from the smallest lat-
tice mismatching, instead of the previous cases of [01-1] 
(111)Au // [02-1] (112)TiO2 on the {110} and {112} sur-
faces of anatase TiO2.

Figure 1. Structure model of brownmillerite Ca(Sr)FeO2.5. There are 
three nonequivalent oxygen atoms (O1, O2, and O3) in the unit cell.

Figure 4. HR-TEM images of Au particles on {101} surfaces of anatase 
TiO2 nanorods.

Figure 2. HAADF image of SrFeO2.5.

Figure 3. Site resolved O K-ELNES 
of SrFeO2.5.


