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Abstract

English abstract

Polymers and block copolymers based on 2-alkyl-2-oxazoline have the ad-
vantage that their hydrophobicity can be varied by changing the length of
the alkyl side chain and that fluorescence groups can be attached to the
block ends. We have studied the aggregation behavior of 2-alkyl-2-oxazoline
based diblock, triblock and random copolymers in aqueous solutions, using
fluorescence correlation spectroscopy (FCS), where fluorescence labeled poly-
mers were used as tracers. FCS experiments in combination with PCS and
SANS were used to investigate the aggregation behavior, with focus on the
unimer-micelle transition.

(GGerman abstract

Polymere und Blockcopolymere auf der Basis von 2-Alkyl-2-Oxazolin weisen
den Vorteil auf, dass ihre Hydrophobizitit durch eine Lingeninderung
der Alkylseitenkette variiert werden kann, bzw. dass die Blockenden mit
Fluroeszenzgruppen funktionalisiert werden kénnen. In der vorliegenden Ar-
beit wird das Aggregationsverhalten von solchen Diblock-, Triblock- und
statistischen Copolymeren in wéssriger Losung beschrieben. Die Fluo-
reszenzkorrelationsspektroskopie wurde fiir Tracerdiffusionsexperimente fluo-
reszenzmarkierter Polymere durchgefiihrt. In Kombination mit Photonenko-
rrelationsspektroskopie und Neutronenkleinwinkelstreuung wurde insbeson-
dere der Ubergang von Unimeren zu Mizellen charakterisiert.
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Preface

The present report is the result of a Ph.D.-work, which was started in October
2001 at the Institute of Experimental Physics I, university of Leipzig, under
the supervision of Prof. Dr. Christine Papadakis. Polymer samples were
supplied from Thomas Komenda, Karin Liidtke and Dr. Rainer Jordan from
the Chemistry Department, TU Miinchen. Fluorescence correlation spec-
troscopy experiments were carried out at the Faculty of Biosciences, Phar-
macy and Psychology, University of Leipzig. I spent April - July 2003, as well
as December 2003 at the Institute of Macromolecular Chemistry, Academy of
Sciences of the Czech republic, Prague, where I performed photon correlation
spectroscopy measurements.

In February 2004, we moved to the Physics Department of the Technical
University of Miinchen, where the project was continued. The fluorescence
correlation spectroscopy measurements were performed at the Center for
NanoScience, Ludwig-Maximilians-Universitit, Miinchen.
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1 Introduction

The self-assembly of amphiphilic (molecules with both a hydrophilic and
hydrophobic part) is of great importance for biological systems and tech-
nical purposes [1]. In biological systems, self-assembly is observed in e.g.
membranes, where lipids form bilayers which is the structure of biological
membranes [1]. Also protein aggregation has received a lot of attention, due
to their role in various diseases, such as Alzheimer and Creutzfeldt-Jakob
disease [2, 3].

Synthetic amphiphilic block copolymers also form aggregates in solutions,
where the solvent is selective to one block. This has been used widely in
industrial applications, such as detergents, dispersion stabilization, foaming,
emulsification, lubrication and formulation of cosmetics and inks [4].

In recent years, both practical and theoretical aspects of the aggregation be-
havior of block copolymers have been investigated [5, 6, 7, 8, 9, 10, 11, 12].
Some different polymer architectures are shown in figure 1.1. The most

S000000000000000000000000000R "
00000080000 0COCIO0C0OCO0 Diblack copolymer
000000000 .. 0000 00000088® BAE tiblock capolymer

CO0COO00CSeeeeee888 0 0000 ABA tiblock copolymer
(06 60 0066 0000e 060 006 SRITTIITITI

Figure 1.1 Different architectures of polymers. Open circles and closed circles
symbolize the hydrophilic (4) and the hydrophobic groups (B), respectively.

simple structure is the homopolymer, where all the monomer units are the
same (not necessarily hydrophilic monomers as shown in figure 1.1). Diblock
copolymers consist of two blocks with different monomers. If diblock copoly-
mers are dissolved in a selective solvent that is a good solvent for one block
and a bad solvent for the other, these polymers can form micelles, if the con-
centration is above the critical micelle concentration (CMC) [4]. The CMC is
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2 Introduction

the concentration, where micelles (or aggregates) are formed and below this
concentration, the polymers are present as unimers [13], as sketched in figure
1.2. The micelles consist of a core of the insoluble block and a corona formed
by the soluble block. ABA type triblock copolymers (where A and B denotes
the soluble and insoluble block, respectively) can also form micelles in solu-
tion. For these triblock copolymers the middle block forms the core of the
micelle, whereas the end blocks forms the corona [4]. The BAB type triblock
copolymers, where the middle block is soluble, can also form aggregates, but
these are different than for the ABA triblock copolymer aggregates. There
is the possibility that the two end blocks are part of the same micelle, so
that the middle block forms a loop (a so-called flower micelle), or there is
the possibility that the end blocks are part of two different micelles whereby
larger aggregates are formed (so-called animals) [14, 15, 16]. The last poly-
mer architecture shown in figure 1.1 is the random or statistical copolymer.
For this type of copolymers, the different monomer units are not ordered in
blocks, but are distributed randomly along the polymer chain. These types
of polymers form aggregates, but they cannot form core-shell aggregates like
the block copolymers and is has been suggested that they form aggregates
with more hydrophobic domains [17].

Because of the structure of the micelles, where a part is poorly soluble in the
solvent, many investigations have focussed on applications, where otherwise
insoluble particles are dissolved in the micellar core. For e ample cleaning
of waste water, where contaminants that are poorly soluble in water will
preferential be present in the micellar core and the micelles can be removed
by e traction [1 ]. Another application is drug delivery, where the drug is








































































































































































































































































