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INSTITUTE OF PHYSICS PUBLISHING JOURNAL OF PHYSICS: CONDENSED MATTER

PREFACE

Colloidal Dispersions in External Fields, Bonn-Bad
Godesberg (29 March to 1 April 2004)

This special issue reflects the scientific program of the CODEF conference (COlloidal
Dispersions in External Fields) that took place in Bonn-Bad Godesberg from 29 March to
1 April, 2004 and was held in conjunction with the German–Dutch Collaborative Research
Centre Transregio SFB TR6, with the title Physics of colloidal dispersions in external
fields. Scientists working within this network as well as international invited guest speakers
contributed to this meeting.

Colloidal dispersions are solutions of mesoscopic solid particles with a stable (i.e., non-
fluctuating) core, suspended in a molecular fluid solvent. Among the various soft matter
systems, colloidal dispersions play a prominent role, since they can be both prepared and
characterized in a controlled way. The effective interaction between the colloidal particles
can be tailored by changing, e.g., the salt concentration in the solvent. Moreover, colloidal
suspensions can be regarded as the simplest prototype of soft matter: there are only two
structural length scales in the problem, that of the microscopic solvent and that of the
mesoscopic particles and the separation between these is large, comprising many orders of
magnitude. Spherical particles without any additional structure on the mesoscopic length
scale possess the simplest and highest possible symmetry. This directly implies that a
simple theoretical modelling of the effective particle-particle interaction, without many fitting
parameters, is possible. The exciting questions that can be asked thereafter, are concerned
with collective many-body effects induced by cooperation and self-organization of many
particles. A striking advantage of colloidal dispersions lies in the fact that these questions can be
studied simultaneously by using three different complementary methods, namely experiment,
computer simulation, and theory. Experimental real-space techniques are very useful and
promising to provide direct comparison with theory and simulations, opening thereby a new
way of looking at the suspensions that is richer than the traditional scattering methods operating
in reciprocal (wavenumber) space.

A profound theoretical understanding also provides insight into the general basic principles
and mechanisms of phase transformations. In this way, colloids play a pivotal role as model
systems for condensed matter in general. Colloids play a similarly prominent role in exploring
changes of soft matter properties in external fields which can be used to control the colloidal
samples. Such external control can materialize by a shear flow or by the presence of electric
and magnetic as well as laser-optical fields and geometrical confinements [1].

The motivation to study external control via external fields arises through two main
factors. (i) First, by definition, soft matter reacts sensitively upon external perturbations and
manipulations. The occurrence of stable colloidal bulk samples is the exception rather than
the rule, i.e., one has to protect the sample carefully against shear and other perturbations in
order to achieve a stable bulk configuration. (ii) The second reason is that strong external fields
can induce qualitatively novel effects, including a modification of the effective interparticle
interaction itself.

In order to put the study of colloidal dispersions in non-equilibrium onto firm footing, the
equilibrium structure, dynamics and bulk phase behaviour have to be understood first. Even
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this is not an easy task, in particular for particles displaying active internal degrees of freedom,
e.g., for flexible, polydisperse and anisotropic particles. Hence, using rigid particles provides
the simplest non-trivial realization of soft matter under external control. Employing a suitable
external field, one can recover and systematically investigate equilibrium bulk properties.
An external magnetic field can be used to tune the interparticle interactions and to trigger
a host of new phase transitions. Furthermore, a laser-optical field can constitute a periodic
external potential posing again an inhomogeneous but nevertheless equilibrium problem. In
non-equilibrium, hydrodynamic effects, including the hydrodynamic interactions between the
colloids, pose a challenging problem for their efficient numerical implementation. Several
competing approaches to this task are discussed in this special issue.

This special issue is organized according to the type of the external fields with the first
section focusing on pure bulk problems (i.e., in the absence of any external fields). The
classification of the papers into subsections has been carried out according to the following
scheme:

• Bulk
• Shear fields
• Electric fields
• Laser-optical and magnetic fields
• Confining geometries
• Gravity and ‘thermodynamic’ driving forces

Finally, we would like to thank the CODEF sponsors (Deutsche Forschungsgemeinschaft,
Fonds der Chemischen Industrie, Land Rheinland-Pfalz) and the local universities of the SFB-
TR6 network in Düsseldorf, Mainz, Konstanz and Utrecht as well as the Max Planck Institute
for Polymer Research (MPI für Polymerforschung) in Mainz and the Institute for Solid State
Research (IFF) of the Jülich Research Center. We further thank IOP Publishing for their
willingness to publish the proceedings of this conference as a special issue.

H Löwen and C N Likos
Guest Editors
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