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Abstract

In this thesis, using the static and dynamic Self Consistent Field (SCF) theories, we investigated the physical
properties of polymeric materials especially for diblock copolymers. To perform large scale simulations, we also
proposed a dynamic density functional theory based on the Ginzburg-Landau free energy model with the random
phase approximation (GRPA).

An order-order transition from a bicontinious double gyroid (G) structure to a hexagonally packed cylinder (C)
structure induced by an external flow is simulated using real-space dynamical SCF technique. When a shear flow in
[111] direction of the G unit cell is imposed, a nucleation of the C domains followed by a stable coexistence between
the G phase and the C phase is observed. We confirm that the generated C domains grow epitaxially, where the
1220} planes of the G structure coincide with the {10} planes of the C structure (so called epitaxial growth), while
the experimental studies suggest {211} to {10} transition. In a steady state under the shear flow, the G structure
shows different splitting and reconnection processes when the direction of the velocity gradient of the shear flow is
changed. Thus, the kinetic pathway from the initial G phase to the final C phase is determined not only by the
commensurability between the positions and the lattice constants of the initial and the final domain structures
(epitaxial condition) but also by the stability of the phase coexistence that depends on the direction of the velocity
gradient. ‘

A similar epitaxial transition is studied but an external electric field is imposed instead of the shear tlow. G to C
transition in a diblock copolymer melt under an electric field is studied by real-space dynamical SCF theory. Starting
from an equilibrium gyroid structure, we apply an electric field along [111], [1-10], [11-2] directions of the
conventional unit cell of the gyroid structure. Under sufficiently high value of the electric field, an epitaxial
transition to cylinders occurs. Contrary to the case of similar transition under the shear flow, we observe 5-fold
connections as intermediates in the transition. We found a critical behavior of the life time of the initial gyroid
structure, which can be accounted for using mean field argument. Numerically obtained scattering function explains
the unclarified intermediates experimentally observed in the thermal relaxation of a sheared gyroid.

The high-impact modified poly-styrene (HIPS) is studied. HIPS is a major polymeric materials and is known to
have a typical micro domain structures induced by the chemical reaction (polymerization of styrene monomers). The
mechanism of the domain formation is discussed on many aspects. The phase inversion and the typical morphology
named salami structure of HIPS can not be reproduced in the dynamic SCF simulation coupled with the chemical
reaction of polymerization. But the static SCF simulation can reproduce the salami-like structure by using a mixture
of a grafted polymer and a homopolymer. This result is in good agreement with experimental report.

The dynamic SCF theory and the Navier-Sokes equation are coupled and the hydro dynamics effect to the

dynamic SCF theory is studied. Diblock copolymer melts are used for this study under the condition of the
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viscosities: y = 1.0, 0.1, 0.01. The simulation results show that in the low viscosity » = 0.01 the micro domain
formation of diblick copolymers from disordered states is clealy accelerated.

A high-speed and accurate hybrid dynamic density functional theory is proposed for the simulations of the phase
separation processes of polymer melts and blends. The proposed theory is a combination of the dynamic SCF theory
and the dynamic GRPA theory. To make the accuracy of the SCF theory and the high-performance of the GRPA
theory compatible, we adjust the chemical potential of the GRPA theory by using the SCF theory every constant
time steps in the dynamic simulations. The performance of the GRPA and the hybrid theories is tested by using
several systems composed of an A/B homopolymer, an AB diblock copolymer, or an ABC triblock copolymer.
Using the hybrid theory, we succeeded in reproducing the metastable complex phase-separated domain structures of

an ABC triblock copolymer observed by experiments,
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