
I. Using optomechanical modes to observe hot
electrons. Metal nanoparticles absorb light and
dissipate that energy as phonons or hot electrons.
We use ultrafast transient absorbance
spectroscopy to observe the photophysical
processes that occur when Ag@TiO2 nanocrystals
absorb light.1
II. Hydrogen generation using ruthenium (Ru)
nanocluster-based integrated electrodes. Our
group developed a new method to generate
monodisperse Ru nanoclusters exclusively on the
outer layer of polyaniline fiber electrodes. These
electrodes use only a few weight percent (wt%) of
Ru metal, but can perform similar to commercial
20 wt% Ru catalysts in the hydrogen evolution
reaction (HER).2
III. Creating nanoscale perovskites in
mesoporous materials. Our group developed a
new method to generate highly luminescent
perovskite nanocrystals inside mesoporous
templates. By changing the size of the template we
can tune the luminescent properties via quantum
confinement.3
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 Nanomaterials are building blocks for new classes of composite functional materials.
 Colloidal and mesoporous chemistry is used to make metal/dielectric architectures.
 Narchitectures strongly absorb light and have abundant active sites for catalysis.

 To understand how to control the nanoscale structure of metals
 To determine how the structure of metals impact optical and catalytic properties.
 To explore how these properties can be used in realistic photocatalytic and 

electrocatalytic devices.
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Nanocrystals are building blocks for a new class
of functional composite materials that can be
completely assembled from the bottom up. We
are working to understand how the nanoscale
structure of metals affects their optical,
mechanical and catalytic properties.

 We are  using optomechanical modes  as 
ultrafast sensors

 We are developing new kinds of inexpensive 
metal catalysts.

 Mesoporous films can serve as templates for 
perovskites.
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 Revealing various information by retrieving phase that could not be observed with a 
usual detector.

 Visualize inner potential, dopant distribution, magnetic field, electric field and so on.
 Developing a new analytical technique that can evaluate nanomaterials.

 Phase can be retrieved from only 3 defocus images.
 It needs no additional instruments rather than a conventional TEM.
 It can retrieve phase fast, and thus it will be applied dynamical phenomena.

 M. Mitome et al., J. Electron Microsc. 59 (2010) 33.
 M. Mitome et al., Ultramicroscopy 122 (2012) 6.
 M. Mitome et al., Cryst. Growth Design 13 (2013) 3577.

 Phase of electron wave can be retrieved 
quantitatively from 3 TEM images.

 Inner potential, magnetic and electric fields can 
be visualized from the phase information.

 1 Patent has been acquired.

 By retrieving phase faster and taka phase images 
continuously, dynamical changes of inner 
potential can be observed.

 Nano dynamics can be revealed in future.

3 TEM images taken with various defocuses

By solving a transport of 
intensity equation (upper) 
phase of electron wave can be 
visualized (right).

Phase of electron waves includes many 
information; inner potential, magnetic 
field, electric field and so on. They are 
visualized and measured quantitatively.

TEM with an in-column energy filter
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