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Foreword

Klaus von Klitzing

Max-Planck-Institut für Festkörperforschung, Heisenbergstraße 1, 70569
Stuttgart, Germany

Already many Cassandras have prematurely announced the end of the silicon
roadmap and yet, conventional semiconductor-based transistors have been
continuously shrinking at a pace which has brought us to nowadays cheap
and powerful microelectronics. However it is clear that the traditional scaling
laws cannot be applied if unwanted tunnel phenomena or ballistic transport
dominate the device properties. It is generally expected, that a combination
of silicon CMOS devices with molecular structure will dominate the field of
nanoelectronics in 20 years.

The visionary ideas of atomic- or molecular-scale electronics already date
back thirty years but only recently advanced nanotechnology, including e.g.
scanning tunneling methods and mechanically controllable break junctions,
have enabled to make distinct progress in this direction. On the level of fun-
damental research, state of the art techniques allow to manipulate, image and
probe charge transport through uni-molecular systems in an increasingly con-
trolled way. Hence, molecular electronics is reaching a stage of trustable and
reproducible experiments. This has lead to a variety of physical and chemical
phenomena recently observed for charge currents owing through molecular
junctions, posing new challenges to theory. As a result a still increasing num-
ber of open questions determines the future agenda in this field.

Both, related pioneering experiments and corresponding new theoretical
approaches are featured in the present volume of the Springer Series of Lec-
ture Notes in Physics. The contributions to this volume, written by many
of the international leaders in the field, span the whole range from single
molecules to molecular materials, from carbon nanotube-based devices to
organic molecular bridges and proposals for future architectures. The theo-
retical chapters cover elaborate ab initio calculations as well as novel com-
plementary model-based approaches.

The chapters of the present volume start from an introductory, tutorial
level, ideal for graduate students, but also cover many timely aspects of quan-
tum transport at the molecular scale and thereby represent the state of the art
in the field, relevant for experts and researchers attracted to this discipline.

The complementary view of authors from chemistry and physics re ects
the need for a strong transdisciplinary ert to make clear advances in molec-
ular electronics. This book constitutes a coherent and balanced account of
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this rapidly progressing field. It will serve as an important reference volume
filling the existing gap between specialized research papers and proceedings,
and closed- disciplinary research reviews. I consider this book as a valuable
addition to the Springer Series of Lecture Notes in Physics.



Preface

In recent years molecular electronics, particularly the investigation of charge
transport processes at molecular scales, has become an immensely vivid field
of cross-disciplinary blend encompassing more traditional condensed-matter,
mesoscopic, molecular and chemical physics, as well as chemistry. The aim
of this book is to provide, on the one hand, an introduction into the ma-
ture experimental and theoretical foundations, techniques, and ideas which
have been driving this subject. On the other hand, it is to present a bal-
anced overview over the state-of-the-art research in this rapidly progressing
discipline.

The present Lecture Notes in Physics volume is addressed to young scien-
tists with a basic background in condensed-matter or chemical physics, and
it may serve as an orientation for scientists who are interested in or are plan-
ning to enter the exciting field of molecular electronics. Moreover, many of
the presented results and viewpoints are certainly also new and of interest to
specialists in the field. In order to cover a broad range of both experimental
and theoretical topics the book has been written by several authors. Each
chapter of the volume is aimed at an own introduction and at a reasonably
self-contained account of the respective subtopic. A more general introduc-
tion to the contents of each chapter and survey of the field, as well as a
compilation of further related introductory and review literature, is given in
the first chapter.

This book grew out of the very stimulating international workshop Ad-
vances in Molecular Electronics: From Molecular Materials to Single-Molecule
Devices held in February 2004 in Dresden (Germany) at the Max Planck In-
stitute for the Physics of Complex Systems, which also sponsored the event.
Most of the volume contributions arose from lectures presented there. We
thank all the speakers and participants who contributed to the great success
of that meeting and particularly Katrin Lantsch for the superb organization.
We greatly thank all authors of the chapters of the present Lecture Notes
for their enthusiasm, efforts, and, finally, patience during the different stages
of this project. Furthermore, the comments by the referees and the valuable
advice from the scientific editors of the Springer Lecture Notes, which con-
tributed significantly towards the coherence and readability of the volume,
are greatly acknowledged.
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We are grateful to Max Planck Institute for the Physics of Complex Sys-
tems and the German Research Foundation through the “University Grad-
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Gaa”s who helped us to prepare the final version of this volume.

Finally we would like to thank Drs. Claus Ascheron, Angela Lahee and
Christian Caron at Springer Verlag for their valuable help and cooperation.
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