
SUMMARY

Microphase separation is an interesting topic in condensed matter

physics, with many industrial and biological applications. After all,

it would be di�cult to imagine a world without commercial surfac-

tants (shampoo, soap, detergents) and polymers (plastics) and it is

quite impossible to imagine life without the uid boundaries formed

by lipid bilayers or the catalytic behavior of proteins. In the last

three decades, several computational methods have been developed

for the simulation of these systems. This thesis describes the �rst

applications of the dynamic density functional method, a new com-

putational tool which describes the time-evolution of complex uids

by calculating the collective degrees of freedom: the local densities,

which determine the local composition and the local chemical po-

tentials, which determine the time-evolution. The dynamic density

functional method is capable of describing mesoscopic phenomena,

which range in length-scales from a few to a hundred nanometers

and which occur within several seconds to several days.

In the �rst chapter of this thesis, the dynamic density functional

method is introduced and it is shown how to apply existing equi-

librium density functional theory to non-equilibrium complex uids.

The resulting density functional is combined with a stochastic di�u-

sion equation, which describes the time evolution of the composition.

The method is illustrated by applications to three di�erent systems:

an uniform ideal gas, a binary mixture and a simple polymer melt.

The second chapter of this thesis describes di�erent algorithms

for the calculation of the stochastic term from the di�usion equation.

From Fokker-Planck theory, it is already known that the exact ex-

pression for the noise depends on the di�usion operator. Therefore,

several di�erent di�usion mechanism are discussed, both for com-

pressible and incompressible systems, and algorithms are derived for

each case.

Chapter three discusses representative results of simulations of

concentrated dioctadecylamine solutions, a model system for biolog-

ical membranes. This was the �rst attempt at obtaining simulation

parameters from experimental and molecular simulation data. An

important result is that the Gaussian chain intra-molecular model is
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not capable of describing the sti� carbon chains of small lipids. We

conclude that in a qualitative sense the simulations reproduce several

important aspects of aggregate formation in concentrated surfactant

solutions, i.e. the e�ect of added solvent on the aggregate structures,

and the formation of metastable states. In addition the simulations

show a strong inuence of the thermal noise. The accurate repro-

duction of crystalline like ordering of tails is in the present model

di�cult to achieve, unless we �nd an better way to include chain-

chain correlations.

In the fourth chapter, the dynamic density functional method is

demonstrated by its application to the aqueous solution of the tri-

block polymer surfactant PL64. These are the �rst 3-dimensional

computer simulations of morphology formation in speci�c polymer

solutions. The separation kinetics varies from fast spinodal demixing

to slow binodal-like nucleation. Especially the intermediate hexago-

nal and bicontinuous phases retain a rich defect structure. The �nal

phase diagram in a small 50-70% surfactant concentration interval

consists of four di�erent phases (micellar, hexagonal, bicontinuous

and lamellar), which is in good agreement with experiments.

The �fth chapter discusses several important aspects of the pa-

rameterization of the ideal free energy. First a formal relation be-

tween the ideal chemical potentials of two di�erent systems is de-

rived. Second, the parameterization of a Gaussian chain model using

a Monte Carlo generated single chain structure factor of a Pluronic

polymer surfactant will be discussed. Then, the substitution between

several Gaussian chains will be studied, and as a last topic some im-

portant numerical issues will be discussed.

It is shown that the Pluronic surfactant under investigation can be

represented by a Gaussian chain and that the �t procedure is insen-

sitive to the Gaussian chain length, and to the exact ratio's between

the polymer blocks. Therefore, we have the freedom to minimize the

computational cost of a simulation by changing the Gaussian chain

topology.

In the last chapter, the inuence of externally applied steady sim-

ple shear on the relaxation process of block copolymers is studied

for di�erent systems. First, two simulations of a model A8B8 block

copolymer melt are presented and compared with theoretical and

experimental results. In both the two dimensional and the three di-

mensional melt, the most stable equilibrium structures are observed.

Second, shear is applied to the hexagonal phase of the PL64-water

system described in chapter 4. The results are compared with very re-

cent experimental results. The experimentally observed equilibrium

structure is reproduced by the simulation.
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