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P. Gómez-Romero, C. Sanchez (Eds.)

Functional Hybrid Materials

2003

ISBN: 3-527-30484-3

F. Caruso (Ed.)

Colloids and Colloid Assemblies
Synthesis, Modification, Organization and Utilization of Colloid Particles

2004

ISBN: 3-527-30660-9

W. Krenkel (Ed.)

High Temperature Ceramic Matrix Composites

2001

ISBN: 3-527-30320-0

I. Manners

Synthetic Metal-containing Polymers

2003

ISBN: 3-527-29463-5



Polymer Brushes

Synthesis, Characterization, Applications

Edited by
Rigoberto C. Advincula,
William J. Brittain,
Kenneth C. Caster,
J�rgen R�he



Editors

Rigoberto C. Advincula
Department of Chemistry
University of Houston
136 Fleming Building
Houston, TX 77204
USA

William J. Brittain
Department of Polymer Science
University of Akron
Akron, OH 44325-3909
USA

Kenneth C. Caster
Center for Biologically Inspired Materials
and Material Systems
Pratt School of Engineering
Box 90303
Duke University
Durham, NC, 27708
USA

J�rgen R�he
Institute for Microsystem Technology (IMTEK)
University of Freiburg
Georges-K@hler-Allee 103
79110 Freiburg
Germany

& All books published by Wiley-VCH are carefully
produced. Nevertheless, authors, editors, and
publisher do not warrant the information contained
in these books, including this book, to be free of
errors. Readers are advised to keep in mind that
statements, data, illustrations, procedural details
or other items may inadvertently be inaccurate.

Library of Congress Card No.
applied for

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the
British Library.

Bibliographic information published
by Die Deutsche Bibliothek
Die Deutsche Bibliothek lists this publication
in the Deutsche Nationalbibliografie; detailed
bibliographic data is available in the Internet at
<http://dnb.ddb.de>.

� 2004 WILEY-VCH Verlag GmbH & Co. KGaA,
Weinheim

All rights reserved (including those of translation
into other languages). No part of this book may be
reproduced in any form – by photoprinting, micro-
film, or any other means – nor transmitted or trans-
lated into machine language without written permis-
sion from the publishers. Registered names, trade-
marks, etc. used in this book, even when not
specifically marked as such, are not to be considered
unprotected by law.

Printed in the Federal Republic of Germany.

Printed on acid-free paper.

Typesetting K+hn & Weyh, Satz und Medien,
Freiburg
Printing betz-druck GmbH, Darmstadt
Bookbinding Großbuchbinderei J. Sch4ffer GmbH &
Co. KG, Gr+nstadt

ISBN 3-527-31033-9



V

Preface XV

List of Contributors XVII

Polymer Brushes: On the Way to Tailor-Made Surfaces 1

J�rgen R�he

1 Growth of Polymer Molecules at Surfaces: Introductory Remarks 1

2 Coatings: From First Principles to High-Tech Applications 3

3 Surface-Coating Techniques 6

4 Surface-Attached Polymers 10

5 Polymer Brushes: General Features 13

6 Theory of Polymer Brushes 15

7 Synthesis of Polymer Brushes 18

8 Polymer Brushes as Functional Materials 22

9 Microstructured Polymer Brushes 24

10 Surface-Initiated Polymerization: The Overall Picture 28

Part I Synthesis 33

1 Recent Advances in Polymer Brush Synthesis 35

Anthony M. Granville and William J. Brittain

1.1 Introduction 35

1.2 “Grafting To” Synthesis Technique 37

1.3 “Grafting From” Synthesis Technique 41

2 Polymer Brushes by Atom Transfer Radical Polymerization 51

Jeffrey Pyun, Tomasz Kowalewski, and Krzysztof Matyjaszewski

2.1 Introduction 51

2.2 Polymer Brushes on Flat Surfaces 52

2.2.1 Controlled ATRP from Flat Surfaces 53

2.2.2 Block Copolymer Brushes on Flat Surfaces 54

2.2.3 Stimuli-Responsive Ultrathin Films from “Grafting To” Approach 55

Contents



VI

2.3 Polymer Brushes from Particles 57

2.3.1 Spherical Brushes from Inorganic Colloids 58

2.3.2 Multilayered Core-Shell Colloids 58

2.3.3 Imaging of Individual Spherical Brushes 61

2.3.4 Modification of Carbon Black Fillers 63

2.4 Molecular Brushes 63

2.4.1 Synthesis of Molecular Brushes from Linear Polymeric Macroinitiators 64

2.4.2 Molecular Brushes from Dendritic Macroinitiators 65

3 Polymer Brushes by Atom Transfer Radical Polymerization Initiated from
Macroinitiator Synthesized on the Surface 69

Viktor Klep, Bogdan Zdyrko, Yong Liu, and Igor Luzinov

3.1 Introduction 69

3.2 Experimental 72

3.3 Results and Discussion 73

3.3.1 Synthesis of Macroinitiator for ATRP 73

3.3.2 ATRP from Macroinitiator 77

4 Synthesis of Polypeptide Brushes 87

Henning Menzel and Peter Witte

4.1 Introduction 87

4.2 Preparation of Peptide Brushes by “Grafting To” 88

4.3 Preparation of Peptide Brushes by Grafting From Polymerization 90

4.3.1 Mechanisms of NCA Polymerization 90

4.3.2 Amine-Initiated Grafting From Polymerizations in Solution 93

4.3.3 Other Techniques for Amine-Initiated Grafting From Polymerizations 94

4.4 Preparation of Peptide Brushes by Living Grafting From
Polymerization 95

4.4.1 Copolymerization Approach 95

4.4.2 Alloc-Amide Approach 99

5 Bottle Brush Brushes: Ring-Opening Polymerization
of Lactide from Poly(hydroxyethyl methacrylate) Surfaces 105

Jong-Bum Kim, Wenxi Huang, Chun Wang, Merlin Bruening, and Gregory L. Baker

5.1 Introduction 105

5.2 Synthesis of PHEMA-g-PLA 109

5.3 Conclusions and Implications for Future Studies 114

5.4 Experimental Section 115

5.4.1 Materials 115

5.4.2 Preparation of Monomer Solution and Substrates 115

5.4.3 Ring-Opening Polymerization from PHEMA Surface 115

5.4.4 Analytical Methods 115

Contents



VII

6 Preparation of Well-Defined Organic-Inorganic Hybrid Nanostructures using
Living Cationic Surface-Initiated Polymerization from Silica Nanoparticles 119

Il-Jin Kim, Su Chen, and Rudolf Faust

6.1 Introduction 119

6.2 Experimental Section 120

6.2.1 Materials 120

6.2.2 Characterization 120

6.2.3 Synthesis of Immobilized Macroinitiators 121

6.3 Results and Discussion 122

6.3.1 Living Cationic Surface-Initiated Polymerization of IB from Silica
Nanoparticles in the Presence of Sacrificial Free Initiator 122

6.3.2 Living Cationic Surface-Initiated Polymerization of IB from Silica
Macroinitiators 125

7 Photoinitiated Polymerization from Self-Assembled Monolayers 129

Daniel J. Dyer, Jianxin Feng, Charles Fivelson, Rituparna Paul, Rolf Schmidt,

and Tongfeng Zhao

7.1 Introduction 129

7.2 Substrates 131

7.2.1 Silicon, Silica and Glass 131

7.2.2 Planar Gold 131

7.2.3 Nanoparticles 133

7.3 Photoinitiated Radical Polymerization Mechanisms 133

7.3.1 Free Radicals 133

7.3.2 Photosensitizers 134

7.3.3 Photo-Iniferters 135

7.4 Polymerization from AIBN-type SAMs 135

7.4.1 Design and Synthesis 135

7.4.2 Monolayer Characterization 137

7.4.3 Polymerization of Styrene 138

7.5 Conclusions and Future Studies 143

7.6 Experimental 144

7.6.1 Initiator Synthesis 144

7.6.2 Polymerizations 145

7.6.3 Reflection Absorption Infrared Spectroscopy (FT-RAIRS)
Measurements 146

7.6.4 Ellipsometry 146

7.6.5 X-Ray Photoelectron Spectroscopy (XPS) 146

7.6.6 Molecular Weight Measurements 147

7.6.7 Molecular Modeling 147

Contents



8 Recent Advances in the Synthesis and Rearrangement of Block Copolymer
Brushes 151

Stephen G. Boyes, Anthony M. Granville, Marina Baum, Bulent Akgun,

Brian K. Mirous, and William J. Brittain

8.1 Introduction and Background 151

8.2 Controlled/“Living” Free Radical Polymerization 153

8.2.1 Atom Transfer Radical Polymerization (ATRP) 153

8.3 Synthesis of Block Copolymer Brushes 154

8.3.1 Diblock Copolymer Brushes 154

8.3.2 Triblock Copolymer Brushes 158

8.4 Rearrangement of Block Copolymer Brushes 160

8.4.1 Rearrangement of Diblock Copolymer Brushes 160

9 Surface-Grafted Hyperbranched Polymers 167

Hideharu Mori and Axel H. E. M�ller

9.1 Introduction 167

9.2 “Grafting To” Approach 170

9.2.1 Synthesis of 2D Hybrids by “Grafting To” 170

9.2.2 Synthesis of 3D Hybrids by “Grafting To” 171

9.3 Multi-Step Grafting Approach 172

9.3.1 “Grafting To-Grafts” 172

9.3.2 “Grafting From-Grafts” 173

9.4 “Grafting From”Approach 173

9.4.1 Synthesis of 2D Hybrids by Surface-Initiated, Self-Condensing Vinyl
(Co)polymerization 175

9.4.2 Synthesis of 3D Hybrids by Surface-Initiated Self-Condensing Vinyl
(Co)polymerization 178

9.4.3 Theoretical Considerations 181

9.4.4 Other Systems 182

Part II Characterization 187

10 The Analysis and Characterization of Polymer Brushes:
From Flat Surfaces to Nanoparticles 189

Rigoberto C. Advincula

10.1 Introduction 190

10.1.1 Polymer Brushes 190

10.1.2 SIP on Flat Surfaces and Particle Substrates 192

10.2 Characterization of Ultrathin Polymer Films and Polymer Brushes 193

10.2.1 Spectroscopy and Optical Techniques 194

10.2.2 Microscopy 195

10.2.3 Other Methods 196

10.3 Investigating Polymer Brush Systems 198

10.3.1 Characterization of the Step-by-Step Procedure 198

ContentsVIII



10.3.2 Investigating the Different Regimes of Polymer Brush Conformation on
Surfaces 199

10.3.3 Investigating Phase Segregation and Formation of Patterns 200

10.3.4 Polymerization Mechanism 201

10.3.5 Patterning Using Nonlithographic Methods 204

10.4 The Importance of Characterizing Particles and Nanoparticles 204

10.5 Characterization and Analysis Methods for Polymer Brushes on
Particles 205

10.5.1 In-Situ Investigations on Particles 206

10.5.2 Degrafted Polymers from Particles 208

11 Characterization of Polymer Brushes on Nanoparticle Surfaces 213

Thomas A. P. Seery, Mark Jordi, Rosette Guino, and Dale Huber

11.1 Introduction 213

11.2 Experimental 215

11.2.1 Materials 215

11.2.2 Instrumentation 215

11.2.3 Pyrolysis GC-MS 216

11.2.4 Infrared Monitoring of Polymer Formation 216

11.2.5 Synthesis of Alkanethiol-Stabilized Gold Nanoparticles 217

11.2.6 Synthesis of Stober Silica Nanoparticles 218

11.2.7 Synthesis of NCSEOS 218

11.2.8 Synthesis of BCH, NCSEOS, and TMEOS-Coated Nanoparticles 218

11.2.9 Synthesis of TMEOS Silica-Polymer Mixture 219

11.2.10 Synthesis of Silica-Poly(norbornene) Nanocomposites 219

11.2.11 Isolation of Grafted Polymer Chains 220

11.2.12 Polymer Stability Test 220

11.3 Results and Discussion 221

12 Spherical Polyelectrolyte Brushes 231

Matthias Ballauff

12.1 Introduction 231

12.2 Synthesis and Characterization 234

12.2.1 Determination of Core Radius R, Contour Length LC, and
Grafting Density r 234

12.2.2 Titration Curve 235

12.3 Experimental Verification of Theoretical Predictions 236

12.3.1 Confinement of the Counterions 237

12.3.2 Correlation of the Counterions to the Macroion 238

12.4 Flow Behavior 240

12.5 Applications 242

12.5.1 Interaction with Charged Surfaces 242

12.5.2 Interaction with Proteins in Solution 243

Contents IX



13 Weak Polyelectrolyte Brushes: Complex Formation and Multilayer Build-up with
Oppositely Charged Polyelectrolytes 249

Rupert Konradi, Haining Zhang, Markus Biesalski, and J�rgen R�he

13.1 Introduction 249

13.2 Synthesis and Data Evaluation 251

13.2.1 Synthesis 251

13.2.2 Multiple-Angle Nulling Ellipsometry 252

13.3 Swelling Behavior of Weak Polyelectrolyte Brushes in Aqueous
Environments 253

13.3.1 The Influence of pH Value 254

13.3.2 Interaction with Monovalent Cations 254

13.3.3 Interaction with Divalent Cations 257

13.3.4 Interaction with a Trivalent Cation: Aluminum 263

13.3.5 A Classification 264

13.4 Interaction Between Polyelectrolyte Brushes and Oppositely Charged
Polyelectrolytes in Solution 265

13.4.1 The Formation of Surface-Attached PEL-PEL Complexes 265

13.4.2 The Formation of PEL Multilayer Assemblies 268

14 Structure and Properties of High-Density Polymer Brushes 273

Yoshinobu Tsujii, Muhammad Ejaz, Shinpei Yamamoto, Kohji Ohno, Kenji Urayama,

and Takeshi Fukuda

14.1 Introduction 273

14.2 Controlled Synthesis of High-Density Polymer Brush by ATRP 274

14.3 Structure and Properties of High-Density PMMA Brushes 277

14.3.1 Swollen Brushes 277

14.3.2 Dry Brushes 279

14.4 Application of High-Density Polymer Brushes 282

15 Behavior of Surface-Anchored Poly(acrylic acid) Brushes with Grafting Density
Gradients on Solid Substrates 287

Tao Wu, Jan Genzer, Peng Gong, Igal Szleifer, Petr Vlček, and Vladim6r 7ubr
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XV

Amongst others, notably industrial coatings, barriers, packaging, laminates, and
lubricants, have been associated with the modification of the surface of an object so
as to have a specific interaction or non-interaction towards an external environment.
These terms have mostly implied the use of organic polymer, surfactant, and resin
type materials. While a large body of academic and technical literature associated
with bulk films and coatings already exists, development of ultra thin coatings of the
sub-micron order has recently become of great interest, spanning a new field of sur-
face engineers in the last decade. In the area of organic and polymer thin films, one
may be familiar with the more common industrial techniques like spin-coating, dip-
coating, doctor blade coating, and roll-to-roll coating processes. At the few nm thick-
ness regimes, the application of both self-assembly and directed-assembly methods
becomes fascinating. Some of the more “nanostructured” assemblies include: Lang-
muir-Blodgett films, self-assembled monolayers (multilayers), alternate polyelectro-
lyte (sequential) deposition, and thermal and molecular beam epitaxy methods of
evaporated organic molecules. To these examples, one can now add the method of
thin films by polymer brushes.
The study of polymer brushes has long been dominated by physicists because of

their interest in investigating macromolecule phenomena in confined environ-
ments. From the theoretical standpoint, end-tethering of polymers reduces the
degrees of freedom for different macromolecule conformations such that it is possi-
ble to define a “stretch” conformation for a neutral polymer. From the experimental
side numerous innovative surface sensitive spectroscopic and microscopic methods
have been developed and applied as a result of this interest. Grafting density, surface
concentration, osmotic pressure, solvent quality, interaction parameters, etc. are
important factors to consider in experimental methods. Due to the predominance
of “physisorption” models in the formation of these confined polymers, not much
focus has been given yet on chemically grafted polymers, which are more thermody-
namically robust. For a while, chemisorption methods were popular, but very soon,
it was realized that significantly higher grafting densities are not achievable with
this method. In the area of polymer grafting, a lot of previous work can be cited on
particle modification and the use of plasma or irradiation initiated polymerizations.
With the recent advances in polymer synthetic methodologies and their adapta-

tion to surface chemistry, it has become possible for synthetic chemists to reclaim

Preface



Preface

this field. The contribution of late is evident. In a technique called “grafting from”, a
highly cited term from the first papers by R?he and Pr?cker, it is possible to associ-
ate the formation of polymer brushes as a type of surface initiated polymerization.
Contributions to this field are numerous and we have tried to include in this book
the works by Brittain, Huck, Menzel, Fukuda, Matyjaszewski, Bruening, Minko,
Stamm, M?ller, Luzinov, Dyer, Advincula, Seery, Quirk, Stamm, Tsukruk, Zauscher,
Boyes, Baker, Ballauf, Caster, Genzer, Faust, their co-authors and many others (see
list of contributors). However, this field is growing and is indeed very interdisciplin-
ary.
The book starts with an introduction and overview of the field by R?he. The sub-

sequent chapters are then grouped into three major parts: Synthesis, Characteriza-
tion, and Applications. Each division begins with a review chapter by the editors.
This is followed by individual contributions and reviews from invited authors. In
Synthesis, an overview in Chapter 1 gives the highlights of recent advances in syn-
thetic methodologies. Efforts have been made to include living free-radical polymer-
ization (Chapters 2 and 3), ring-opening polymerizations (Chapter 4 and 5), cationic
polymerization (Chapter 6), and hyper branched polymer synthesis (Chapter 9).
Other polymerization mechanisms are reviewed in Chapter 1. In Characterization,
it was helpful to outline the different methods for polymer brush analysis on both
flat film substrates and particles (Chapter 10). The characterization of particles and
flat surfaces is exemplified in Chapters 11, 12 and Chapters 13, 14, 15, 16, respec-
tively. Lastly in the application part, the review in Chapter 17 gives an excellent over-
view of the myriads of possibilities in applications of polymer brushes: from micro-
electronics to bio-applications. The contributions include patterning (Chapter 18,
19), mixed polymer brushes (Chapter 20, 21), nano-object movement (Chapter 22),
and photochemical strategies in applications (Chapter 23). More chapters could
have been included but this collection should well suffice to whet the appetite of the
readers. A number of reviews have been written but this work should be the most
comprehensive yet. It is hoped that this book will be a valuable reference and
resource to scientists, engineers, and technologists in this rapidly evolving field.

June 2004 Rigoberto C. Advincula, Houston
William J. Brittain, Akon
Kenneth C. Caster, Durham
J�rgen R�he, Freiburg
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1

Abstract

In recent years, the synthesis of polymer brushes through surface-initiated polymer-
ization reactions has received significant attention. In this overview, several different
synthetic strategies for the generation of polymer brushes are reviewed. The unique
physical properties of polymer brushes that arise from the covalent anchoring of the
polymer chains to the solid substrate are discussed and compared to the properties
of polymer layers deposited by other techniques of thin film generation. Finally,
examples are provided that highlight some recent developments aimed at strategies
for the functionalization of surfaces with polymer brushes, at ways of realizing
smart surfaces with switchable properties, and at the generation of micro- and nano-
structured polymer monolayers.

1
Growth of Polymer Molecules at Surfaces: Introductory Remarks

Thin coatings applied to the surface of materials can improve the properties of
objects dramatically as they allow control of the interaction of a material with its
environment. This has been known more or less empirically to man for several
thousand years. Lacquer generated from tree sap was used in China some 7000
years ago as a protective coating for wooden objects. Cold process coatings were also
used around 3000 bc, where Egyptian ship builders used beeswax, gelatin and clay
to produce varnishes and enamels and (later) coatings from pitch and balsam to
waterproof their ships. The early Greeks and Romans, as well as the ancient Asian
cultures in China, Japan and Korea, used lacquers and varnishes applied to homes
and ships for decoration and as protective measures against adverse environmental
conditions. In modern times, the coatings industry is a multi-billion dollar business
and – especially if the value of the protected objects is considered – a very important
contribution to the world economy. Today, however, the application range of coatings
extends much beyond the simple decoration and protection aspects, and functional
coatings have become an enabling technology in a vast variety of different high-tech
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areas. Fields in which such high-tech coatings are applied range from computer
chips [1] and hard disk manufacturing [2] to the use of special coatings in biomedi-
cal and aviation applications [3,4]. Accordingly, many different techniques have been
developed for the generation of protective coatings, and these will be discussed
further below.

Surface-initiated polymerization reactions as a new pathway for the preparation
of functional, high-tech coatings have recently received much attention [5,6]. This
technique is based on the growth of polymer molecules at the surface of a substrate
in situ from surface-bound initiators, which results in the attachment of polymer
molecules through covalent bonds to this substrate (Figure 1). Polymer layers in
which the polymer chains are irreversibly attached to the substrate are especially
attractive for a variety of applications, as such layers can have a good long-term sta-
bility, even in rather adverse environments. For example, it poses no problem to
expose surfaces with such surface-attached coatings to good solvents for the poly-
mers without being concerned that the polymer will be either dissolved or displaced,
and that the coating is more or less rapidly removed from the surface. In addition to
the issue of stability, the number of functional groups present at a surface can also
be greatly enhanced by connecting large polymer molecules with functional groups
to the surface instead of binding the functional groups directly to that surface. Such
a “skyscraper” approach allows high densities of functional groups to be obtained at
the surface of the substrate through moving from the strictly two-dimensional
arrangement of these groups present in typical surfaces to a more three-dimensional
situation. An example, which illustrates such a behavior is the attachment of DNA
probe molecules to surface-attached polymer chains, which can significantly
enhance the sensitivity of a DNA-chip (Figure 2).

Systems in which the polymer chains are attached with one end to a solid sub-
strate are very interesting, not only from a chemical but also from a physical point
of view. If the grafting density of the polymer molecules is very high, the polymer
chains adopt a rather unusual conformation wherein the individual coils overlap
[7–9]. Under these conditions, the polymer molecules are strongly stretched away

2

Figure 1 Schematic depiction of the growth of polymer mole-
cules at a surface of a solid substrate through surface-initiated
polymerization.



2 Coatings: From First Principles to High-Tech Applications

from the surface and achieve a molecular shape which is far from the typical ran-
dom coil conformation that polymer molecules assume in solution. Such surface-
attached films with strongly stretched chains are usually referred to as “polymer
brushes” [10]. Polymer brushes are very interesting systems, as the strong stretching
of the polymer chains leads to concurrent drastic changes in the physical properties
of the systems. For unstretched polymer chains, a slight molecular deformation
leads to a moderate increase of the energy stored in the system (entropy elasticity).
However, when the molecules are already strongly stretched – as is in the case of a
polymer brush – the energy penalty for the same small deformation is large.
Accordingly, in all situations where the stretching of the polymer chains is of con-
cern – for example, during the shearing of such surfaces or when the film is pene-
trated by other polymer chains from solution – very strong differences can be ob-
served to the behavior of free coils [11–13].

Whilst systems in which polymer chains have one end tethered to a substrate
appeared some years ago to be quite exotic, and significant doubts persisted that
such brushes with high grafting densities could be obtained in practice, the develop-
ment of methods where polymers are grown directly on the surface of a substrate by
using surface-initiated polymerization has led to a large number of such systems
becoming available.

However, before describing more detailed aspects of surface-initiated polymeriza-
tion, more general aspects of coatings will be briefly discussed.

2
Coatings: From First Principles to High-Tech Applications

For a large number of chemical and physical processes – both in daily life and in
technical applications – the bulk properties of a material as well as the structure
and composition of its surfaces determine the performance of the entire system. In
order to control the interaction of a material with its environment, coatings consist-
ing of thin organic films are frequently applied to the surfaces of these solids (Fig-
ure 3). In many cases, the coating serves simply as a barrier against a hostile envi-

3

Figure 2 Fluorescence image obtained from a DNA chip based
on a oligonucleotide functionalized polymer brush. The pattern
and the intensity of the spots allows for the determination of the
sequence of the unknown analyte-DNA.
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ronment and allows for protection against corrosion or other chemical or photo-
chemical degradation. Although corrosion protection is certainly the most promi-
nent aspect of surface coatings as far as market and materials volumes are con-
cerned, thin organic coatings are also applied in a large number of high-tech appli-
cations, ranging form microelectronics [1] to biomedical devices [3,4].

When considering such applications, thin organic coatings are applied to control
the interactions between the material and its environment. Examples of interface
properties which can be controlled by deposition of a thin organic film onto a sur-
face include friction [11,13–17], adhesion, adsorption of molecules from the sur-
rounding environment, or wetting with water or other liquids. In medical applica-
tions, coatings allow control of the interaction of biological cells and biomolecules
with artificial materials in order to enhance the biocompatibility of an implant, or to
avoid the nonspecific adsorption of proteins onto the active surfaces of an analytical
device [18].

It is well known that coatings, even when only a few Angstroms thick, can influ-
ence the surface properties of a material so strongly that the chemical nature of the
underlying material becomes completely hidden and the interaction of the whole
system with the surrounding environment is governed by these extremely thin coat-
ings (“stealth effect”). This is an advantageous situation for materials engineering as
it allows optimization of the bulk and surface properties of a material separately
from each other. In addition, the application of functional coatings allows the cover-
age of a surface with groups which interact with other molecules in their environ-
ment through specific molecular recognition processes. Such a strategy is, for exam-
ple, very important for the control of the adhesion of biological cells to artificial sub-
strates. In such a case, thin layers containing cell recognition peptide sequences can
induce strong adhesion of the cells to the substrate surfaces, to which they otherwise
would show only a very unfavorable adhesion behavior [19].

One example of a system where the covering of a surface with an ultrathin coat-
ing is a prerequisite for that system to function is a computer hard disk [2] (Figure
4). If the uncoated surface of a thin film magnetic disk is subjected to strong shear,
such as the sliding of a read/write head on the disk surface, then almost instanta-
neous damage can be observed. The disk shows, even upon the first contact with the
head, a strong stick-slip behavior and a high friction coefficient, while the debris

4

Figure 3 Schematic depiction of use of thin polymer coatings
to control the interaction of a material with the surrounding
environment.


