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(Anomalous water dynamics near the surface of a cell membrane)

Water molecules play an important role in providing an environment for biological
reactions on cell membranes. In fact, water molecules form bridges that connect lipid
molecules and stabilize cell membranes. Using all-atom molecular dynamics
simulations, we show that translational and rotational diffusion of water molecules on
lipid membrane surfaces exhibit subdiffusion (sublinear growth of the mean square
displacement) and aging (decrease of diffusivity according to the measurement time).
Moreover, we provide an evidence that both divergent mean trapping time
(continuous-time random walk) and long-correlated noise (fractional Brownian
motion) contribute to this subdiffusion. These results suggest that the water
retardation, resulting in an enhancement of cell membrane stability and a higher
reaction efficiency, is brought by subdiffusion on cell membranes.
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(Criticality at the random close packing of spheres)

When spherical balls are thrown into a box and the box is shaken, a random packing
of spheres is obtained. While different random packings are obtained in each attempt,
surprisingly the densities are always about 64 %. This is called the random close
packing of spheres. We use molecular dynamics simulation to discuss the vibrational
and mechanical properties of densely packed spheres, showing that various
dynamical anomalies appear at the random close packing. These anomalies are
reminiscent of critical phenomena, though the critical point seems to be at zero
temperature.
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Swelling and exfoliation of layered materials into liquid crystalline colloids of
inorganic nanosheets
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Surface waves on complex liquids

Liquid surfaces are always fluctuating due to the thermal motions. The spectra of the
fluctuations can be studied experimentally by using the surface dynamic light
scattering (SDLS) technique. The spectra reflect the surface tension and viscoelastic
properties of both the surface and the underlying bulk liquid.

We studied two examples of the dynamics of thermally excited fluctuations on the
surface of complex liquids from a theoretical point of view. First, we studied the case
where the underlying bulk liquid is a non-Newtonian viscoelastic liquid. In this case,
the surface waves show complex behaviors such as crossover between the capillary
wave and the elastic wave, and the coexistence of several modes. We show that the
power spectrum is separated into surface localized modes and the bulk shear modes.
In addition, they are decomposed further into several modes using the partial fraction
expansion. We discuss evolution of the constituent peaks with liquid parameters.
Next, we studied the case where some kind of order parameter exists on the
Newtonian liquid surface. In this case, effective surface dilational elasticity € appears,
and the relaxation process of the order parameter induces the surface viscosity.
Especially, when the order parameter represents the concentration of the soluble
surfactant on the surface layer, the relaxation process mainly governed by the
exchange of the surfactant molecules between the surface and the bulk liquid. In this
case, coupling between the surface wave mode and the fluctuation of the solute
concentration in the bulk liquid plays important role. We discuss the influence of this
effect on the SDLS spectra.
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(Combined effects of macromolecular crowding and salt-addition on the
ramdom coil-globule transition of a thermoresponsive polymer)

Poly(N-isopropylacrylamide) (PNIPAM) is a thermoresponsive polymer that shows
the coil-globule transition at ~31°C. We have studied the combined effect of
macromolecular crowding and salt-addition on the coil-globule transition of PNIPAM
in aqueous solution. The transition temperature as a function of salt concentration
drastically changes with or without macromolecular crowders in solutions. The
addition of the macromolecular crowders modulates the adsorption property of salt
(SCN-) onto PNIPAM, causing the drastic change of the transition temperature.
Hence, the macromolecular crowding and salt-addition show the combined effects on
the coil-globule transition of PNIPAM in aqueous solution.



