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Analysis of polymer melts confined between nanoscale gap

Purpose of
this study

Takeshi Aoyagi, Tatsuya Shoji, Fumio Sawa, Hiroo Fukunaga,
Jun-ichi Takimoto and Masao Doi
To clarify the mechanism of the specific behaviors of polymer melts
confined between nanoscale gap, which is observed experimentally.

System
(Material)

Poly-isoprene thin film confined between mica plate. (3nm-100nm
gap)

Program
(including
analysis)
Method
&
Some
important
input
parameters
Advance
&
Problem

COGNAC v1.0, 2.0
Trajectory analysis utility (self diffusion, normal modes etc.)
(Method)
Coarse-grained molecular dynamics with bead-spring polymer
chain model.
(Inputs)
Bead-spring model: degree of polymerization, number of molecule
interaction potential: bead-bead, bead-wall
simulation conditions: temperature, density, time step etc.
(Advance)
The thickness of the surface layer, estimated from the analysis of
the static polymer structure, is about 1.0–1.5 times the radius of
gyration Rg in the bulk, and is independent of the distance between
the walls and the wall–polymer interaction. The relaxation time of
the polymers, obtained from the autocorrelation of normal modes,
increases with increasing the strength of the wall–polymer
interaction and with decreasing the distance between the walls.
These wall effects are observed at a distance much larger than Rg.
This result is in agreement with the recent dielectric measurements
of cis-polyisoprene confined between mica surfaces.
(Problem)
The result of normal force is not consistent with the previous
literature, where repulsive force has been reported for polymer
adsorbing walls. A possible reason for this discrepancy is that we
used a structureless wall potential, which allows the adsorbed
polymers to slide freely along the surface, while real polymers are
pinned on the surface.
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Results

(Remarks)

＜Simulation results＞
The component of radius of gyration perpendicular to the wall (Fig.3(a) in ref.) and
the relaxation time τR(Fig.6 in ref.) as a function of the distance between wall Z.
τR slows down around the distance Z=30~40（1/Z=0.025~0.033）. <Rg2>1/2 of this
polymer chain model is about 3.2.

<Example of experimental results>
Y.Cho, H.Watanabe and S.Granick, J.Chem.Phys., 110, 9688 (1999)
Dielectric relaxation of polyisoprene confined between mica plate.

