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Scope of Research

Crystallographic and electronic structures of materials and their trans-
formations 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 F
analysis, epitaxial growth of molecules, structure formation in solutions, ¢

and fabrication of low-dimensional functional assemblies.
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Topics

HRTEM and ADF-STEM of Precipitates in
Aluminium Alloy

Precipitates at peak-ageing in an A356 Al-Mg-Si alloy
cast by a semi-solid process have been studied by high-
resolution transmission electron microscopy (HRTEM)
and annular dark-field scanning transmission electron
microscopy (ADF-STEM). The precipitate most frequently
found in the alloy is the B” phase (Mg;Sig) or its precursors.
Although the contrast of ADF image, especially HAADF,
an atom with a higher atomic number should show a
brighter contrast comparing to one with a lower atomic
number (Z-contrast), the precipitate shows the darker
contrast as compared to that of the Al matrix in High
Angle ADF-STEM (HAADF-STEM), and vice versa in
Low Angle ADF-STEM (LAADF-STEM). To understand
such contrast, a dynamical simulation based on the multi-
slice method was performed using different atomic stacking
models; the precipitate layer is located at the top (I),
bottom (1) or middle (II1) of the sample. Model (lI),
where the precipitate situates inside the Al matrix, suc-
cessfully explained the reverse contrast of the experimental
images of the precipitate. The origin of such a strange
contrast variation comes from the dynamical and the
channeling effects in the crystalline precipitate situated in
a crystalline matrix, of which the dynamical simulation is
indispensable in structure analysis. The LAADF-STEM is
a potential tool in atomic structure analysis of precipitates
in combination with HAADF-STEM.

Figure 1. Noise-filtered
HRTEM image of the
precipitate.

Figure 2. LAADF (a) and HAADF (b) images of the same precipitate.

Gelation Behavior by the Lanthanoid
Adsorption of the Cyanobacterial
Extracellular Polysaccharide Sacran

Cyanobacteria, which live in the rivers and sea where
industrial waste is discharged, produce and secrete poly-
saccharides with functional groups such as carboxylic
acid, sulfates, phosphates and amines that are responsible
for ionic adsorption. These extracellular polysaccharides
adsorb heavy metal ions in the water to prevent toxicity,
and protect the cells themselves. The self-organization
behavior of an extracellular polysaccharide (sacran) ex-
tracted from the cyanobacterium Aphanothece sacrum in
response to lanthanoid ion adsorption was investigated.
Cryo-TEM images revealed that sacran could be cross-
linked by trivalent metal ions, and formed a fibrous nano
structural network containing water. The network structure
of the nanoconstructs was formed to construct macroscopic
gels. The critical gelation concentrations of sacran were
very low. These findings strongly suggest that the extra-
cellular matrix of Aphanothece sacrum was gelated effi-
ciently by the sacran associating to form nanonetworks of
metal-complex fibers, which reinforced the jelly matrix.
This may represent a strategy of Aphanothece sacrum for
protecting their own cell bodies from external biological
and physical stimuli.

Figure 3. Cryo-TEM image of quick-frozen samples of a dispersed
solution of sacran into NdCl, solution.
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