Preface

This book is a treatise on the thermodynamic and dynamic properties of thin liquid
films at solid surfaces and, in particular, their rupture instabilities. For the quantita-
tive study of these phenomena, polymer thin films haven proven to be an invaluable
experimental model system.

What is a thin liquid film? For the purpose of this book, thin films are (polymeric)
liquids at surfaces whose properties are controlled by interfacial forces—capillary
and intermolecular, like van der Waals forces. Gravity does not play a role for them.
Some researchers prefer to call such films ultrathin.

What is it that makes thin film instabilities special and interesting, warranting a
whole book? There are several answers to this. Firstly, thin polymeric films have
an important range of applications, and with the increase in the number of tech-
nologies available to produce and to study them, this range is likely to expand. An
understanding of their instabilities is therefore of practical relevance for the design
of such films.

Secondly, thin liquid films are an interdisciplinary research topic. Interdisci-
plinary research is surely not an end to itself, but in this case it leads to a fairly
heterogeneous community of theoretical and experimental physicists, engineers,
physical chemists, mathematicians and others working on the topic. It justifies at-
tempting to write a text which aims at a coherent, theoretical presentation of the field
which researchers across their specialised communities might be interested in. It is
in some sense a response to V. Senez’ question: in solid state physics the commu-
nity has much more converged to a common conceptual understanding, since people
from a common scientific background work in it. But there is more: the wetting or
soft matter field is dominated by an enormous diversity of phenomena and mostly
experimental work (and seemingly simple theoretical explanations), apart from the
theory of wetting phase transitions, which has a rigorous grounding in statistical
physics. Thin liquid films are an interesting laboratory for a theorist to confront a
well-established theory, hydrodynamics, with its limits. Liquids at surfaces take no-
tice of the surface they are placed upon, and this is reflected in their dynamics. And
the polymers, when confined to thin films, can imprint molecular properties on the
film dynamics.
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In the end, of course, we have only really learnt something about Nature when
the theories have been confronted with reality. Here, again, lies a tremendous advan-
tage in the case of thin polymeric films due to the modern experimental techniques
with which they can be made and studied. This therefore is a field in which a highly
fruitful exchange and collaboration is possible between experimentalists and theo-
rists.

The material in the book is arranged in two Parts. Part I covers the basics of
wetting and dewetting phenomena, and is of interest to researchers working in the
field also outside of polymeric systems. It can be read as a brief introduction into
the theory of wetting phase transitions. Part II delves exclusively into polymeric thin
films, their mathematical description, and the confrontation with experiment. The
exposition of this book is theoretical or mathematical in the sense that within each
chapter and each section, calculations are presented at a great level of detail, but no
proofs in any strict mathematical sense are given. For an experimental scientist, the
book should serve as a reference and guide to what is the current consensus of the
theoretical underpinnings of the field of thin film dynamics.

The field of wetting and dewetting owes a great debt to Pierre-Gilles de Gennes
and his collaborators and students who were so influential for the field of Soft Mat-
ter Physics. Their work has produced deep insights which are, at the same time,
presented in a mathematically ‘light’ and elegant fashion, often making use of scal-
ing arguments. For the untrained, this approach is not always easy to follow. There
is no point in trying to replace it with tedious technicalities, and this is not what
is intended here. The present book attempts to bridge between the ‘light’ and the
‘rigorous’, always with the ambition to enhance insight and understanding—and to
not let go the elegance of the theory.

This book owes a great deal to my collaborators and discussion partners over the
years. I hope they all will find that it also reflects what I learnt from them.

Lille Ralf Blossey
May 2012
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