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Characterization of the Propagation and Wavefront Shaping of Ultrashort
Optical Pulses through a Scattering Media

oKaoru Ohtal-2
! Molecular Photoscience Research Center, Kobe University, Japan
2 Department of Chemistry, Graduate School of Science, Kobe University, Japan

[ Abstract] When a coherent light propagates in a scattering media, the scattered light forms
a destructive interference pattern, which is known as “speckle”. It was considered that this
light scattering was a fundamental obstacle for molecular spectroscopy and optical
microscopy. However, it was shown that one can focus the light at a desired target even in a
scattering media by spatially shaping the wavefront of the incident light. This is based on the
fact that the scattering process is linear and deterministic. In this study, we are developing the
spatio-temporal pulse-shaping technique to control the amplitude and phase of ultrashort
pulses both in space and time. For ultrashort pulses, it is important to control not only the
wavefront of the pulse but also the spectral phase distortions caused by the transmission of the
dispersive media. We used the pulse shaper to manipulate the optical properties of ultrashort
pulses in time domain.
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Fig. 3 Transmission images of ultrashort pulses

before (left) and after (right) optimization of the
wavefront of the input pulses.

Fig. 2 Spectra of ultrashort pulses before (blue)
and after (green) optimization of the wavefront of
the input pulses. Inset shows the phase pattern of the
spatial light modulator used to generate the
optimized spectra.
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Mechanism of Kinetic Hydrate Inhibitors and
Comparison with Antifreeze Proteins
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[ Abstract ] The mechanism of a typical kinetic hydrate inhibitor (KHI),
polyvinylcaprolactam (PVCap), is investigated using molecular dynamics simulations of
crystal growth of clathrate hydrate. Water-soluble ethylene oxide is chosen as a guest species
to avoid problems associated with the presence of the gas phase in the simulation cell such as
slow crystal growth. A PVCap dodecamer adsorbs irreversibly on the hydrate surface when
the hydrophobic part of two pendant groups are trapped in open cages at the surface. The
amide hydrogen bonds make no contribution to the adsorption. PVCap can bind to various
planes of sl hydrate. This is in contrast to antifreeze proteins, each of which usually prefers a
specific plane of ice. The trapped PVCap gives rise to necessarily the concave surface of the
hydrate. The crystal growth rate decreases with increasing the surface curvature, indicating
that the inhibition by PV Cap is explained by the Gibbs-Thomson effect.
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Formation of iron complex using liquid-phase pulsed laser ablation
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[ Abstract]

Liquid-phase pulsed laser ablation has been recognized as a unique method to generate the
corresponding nanoparticle through the rapid cool-down process. However, it is still difficult to
control the precise composition. Here we report the liquid-phase pulsed laser ablation of pyrite (FeS,).
In the hexadecyltrimethylammonium bromide (CTAB) solution, iron oxides were generated, indicating
the metallic Fe particles as a primary product. In contrast, FeS; particles were detected when acetone
was used as a solvent. The result prompted us to ablate in the presence of a series of coordinating
ligand molecules to give the mixture of iron complexes. In particular, the ESI-MS analysis revealed
the formation of an iron mononuclear-glutathione complex during the ablation in glutathione solution.
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Molecular Dynamics Study on Self-Organized Lubrication Layers

Formed at Sliding Interfaces of Silicon-Based Ceramics

oYusuke Ootani!, Jingxiang Xu!, Naoki Takahashi', Koshi Adachi?, Momoji Kubo!
! Institute for Materials Research, Tohoku University, Japan
2 Department of Mechanical Systems Engineering, Graduate School of Engineering,
Tohoku University, Japan

[ Abstract] It is known that silicon-based ceramics show low friction coefficient in water.
The low friction coefficient has been ascribed to the formation of lubrication layers at sliding
interfaces; however, detailed mechanism is still unclear. Thus, we conducted reactive
molecular dynamics (MD) simulation and friction experiments. The MD simulations showed
that a double lubrication layer consisting of colloidal silica and hydrate layers was
self-organized at the sliding interface by hydrolysis reaction. The colloidal silica layer
prevents the contact of the surfaces and reduces a friction force, whereas the hydrate layer
holds the colloidal silica layer at the sliding interface. The friction experiments also showed
that the self-organized double lubrication layer enables silicon-based ceramics to show super
low friction coefficient in water.
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