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Polymers in Nanopores
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The state-of-art research on various behaviors of materials in
nanoscopically confined geometry is now being shifted from planar
films to other geometry such as cylindrical nanopore. While we focused
on the physical properties of polymer under curved constraint during
the recent years, we found some examples where frustration, induced
by curvature, breaks the symmetry of a structure. With diblock
copolymers, for example, when the extreme imposed curvature
comparable to molecular dimensions, coupled with commensurability
conditions, places significant packing constraints on the chains, it
induces a new morphology that cannot be observed in bulk. Crystal
structure of a crystalline polymer was also found to be controlled by
the imposed curvature in a nanoscopic cylindrical pore. In addition,
crystallization behavior in the cylindrical nanopore is drastically altered
upon tightening the degree of confinement from homogeneous to
heterogeneous nucleation mechanism. Crystalline materials such
confined geometry often offer many useful and innovative properties
that cannot be expected in bulk materials, and therefore the
understanding of confined crystallization is of supreme importance for
the designing a new type of crystalline materials that show wunique
properties. When the dimensions of a confining volume are much less
than the radius of gyration, a quantitative understanding of
perturbations to chain dynamics due to geometric constraints remains a
challenge and, with the development of nanofabrication processes, the

in

dynamics of confined polymers have significant technological
implications. In this presentation, we will describe a weak
molecular-weight dependent mobility of polymers confined within
nanoscopic cylindrical pores having diameters smaller than the

dimension of the chains in the bulk. On the basis of the chain
configuration along the pore axis, the measured mobility of polymers in
the confined geometry is much higher than the mobility of the
unconfined chain. With the emergence of nanofabrication processes
based on polymer flow, the unexpected enhancement in flow and
reduction in intermolecular entanglements are of significant importance
in the design and execution of processing strategies.
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Electorophoresis of colloids in low-dielectric medium of supercritical

A = .
carbon dioxide

Charged colloidal particles are used in various applications, such as
pharmaceuticals, electrophoretic displays, paint or slurry formulation and
in safety aspects of crude oil processing. In recent vyears, both
fundamental and practical researches have been carried out to elucidate
the nucleation and growth of electrostatically stabilized colloidal crystals
with aims not only to model atomic systems but to devise methods to
prepare composite nanoparticle supperlattices. Since the properties of
colloidal dispersions are mainly governed by the electrical charge of
particles or droplets, several methods based on electrohydrodynamics have
been developed to determine the surface charge or the zeta-potential. It is
now a common practice to measure the mobility of particles or droplets
in an electric field and use a hydrodynamic model to relate the mobility
to the zeta-potential. However, these studies of electrokinetic phenomena
have focused on aqueous or polar media. Colloids in low-dielectric
medium have received far less attention. In this study, it was
demonstrated that zeta-potentials of water droplets dispersed in
supercritical carbon dioxide (£:=1.5) could be exactly determined from an
electrokinetic model of Hfickel's limiting case where the ionic strength,
thus the inverse Debye length, is extremely small. Water-in-CO, emulsion
droplets stabilized with a low molecular weight non-ionic branched
hydrocarbon surfactant were observed to migrate to the anode in electric
fields (1~20 kV/m) indicating a negative surface charge. For 3-um water
droplets (2.7 vol.%) dispersed in supercritical carbon dioxide at 55°C 386
bar with 2 wt.% of the surfactant, the zeta-potential was measured to be
-67 mV which was equivalent to 3~4 elementary charges per square
micrometer of droplet surface. The interaction potential determined from
zeta-potential measurements were in good agreement with the Boltzmann
distribution of inter-droplet spaces as well as the sedimentation profile of
the droplet concentration that resulted from the equilibrium between
gravity and the electrostatic repulsion. Electrokinetic measurement in
nonpolar media is often subject to substantial problems including
electroosmosis, non-uniform electric fields due to space charging, Joule
heating and electrohydrodynamic instabilities. Experimental techniques to
avoid such problems will also be introduced and discussed in the
presentation.
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Dependence of Approaching Velocity on the Force-Distance Curve in
B AFM Analysis

Atomic force microscopy (AFM) has emerged as a useful tool for the
microscopic reading the surface morphology, lithographic writing of the
nanopattern onto a substrate, and spectroscopic measuring of the
conductance  between two electrodes. Among these applications,
force-distance (F-D) analysis is a fundamental tool in several fields of
research, such as surface science, materials engineering, biochemistry and
biology. In these fields, F-D curves are routinely used to determine
several kinds of measurements, such as elasticity, adhesion energy,
Hamaker constants, surface charge densities and degrees of
hydrophobicity. In previous report, Evans and others wused the
biomembrane force probe to test the adhesive strengths of attachments
between surface-bound P-selectin, and showed the loading rate is highly
dependent upon the rupture force and unbinding force5 A classical
molecular dynamics was also used to investigate the interfacial adhesion
between polyester and carbon-based particles.

The most interesting regions of F-D curves are the non-contact regions,
containing the jump-to-contact and jump-off-contact points, which provide
information about the attractive and repulsive forces both before and after
contact. In particular, the measured force at the jump-off-contact point
relates to the contact adhesive stress, from which the adhesion energy can
easily be obtained by integration of the triangular area at this point.
When the F-D curves for the mica/NSC36C (L = 130 pym and k = 0.60
N/m) system were measured using a different approaching velocity (Vz =
01, 1, and 5 um/s), they revealed different jump-off-contact forces,
resulting in a different adhesion energy in relation to the approaching
velocity. As Vz increased, the attraction energy gradually increased, and
the F-D curve showed a more negative value. It should be noted that the
approaching (or retracting) velocity had a big impact on the attraction
force in the F-D curve measurement. This feature distorted the F-D curve
between the tip and the substrate, making it difficult to obtain the exact
adhesion energy from F-D curve. However, there is less information in
the literature on the effect of the approaching/retracting wvelocity for
measuring F-D curves. Therefore, the importance of the
approaching/retracting velocity for measuring the F-D curve in AFM
analysis was investigated.
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