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Colloids are small solid particles dis-
persed in a medium, typically a fluid.
Colloidal particles have a long history of
importance in a broad range of applica-
tions in technology and materials proc-
essing, extending from the pigments used
in ancient inks to the photonic-bandgap
materials being developed today.

Particles can be made from many differ-
ent materials and suspended in a wide
variety of solvents. The typical size of col-
loidal particles ranges from nanometers to
micrometers. Because of this small size,
thermal energy induces Brownian motion
of the particles, and the resultant dynamics
can play an important role in the properties
of the suspension. The typical volume frac-
tion of solids in a colloidal suspension can
vary from a small fraction of a percent to
more than 60%. The consequences on the
suspension behavior as the volume fraction
increases are still not completely under-
stood, yet they are of great fundamental
interest and practical importance.

Colloidal suspensions have considerable
technological importance. They represent
a means of making solid or highly viscous
materials flow like low-viscosity fluids;
this is because the solid or high-viscosity

material is contained in the colloidal par-
ticles while the rheological properties are
dominated by the continuous-phase fluid
in which the particles are dispersed, which
can have a relatively low viscosity. Colloidal
suspensions are also of great scientific inter-
est, motivated not only by their technologi-
cal applications but also by their potential
use as models to investigate the collective
phase behavior of systems in which
Brownian motion produces an equilibrium
state, to explore fundamental questions of
packing and geometry, and to fabricate new
structures using the colloidal particles as
building blocks. This issue of MRS Bulletin
focuses on new developments in colloid
science that illustrate some areas of cur-
rent active interest.

One area of particular effort recently is
the use of colloidal particles as precursors
in engineering new structures; this has
been called colloid engineering and forms
a major theme in this issue. Colloidal 
particles can be made with exquisite pre-
cision in their size. Furthermore, inter-
particle interactions can be precisely
controlled through a combination of surface
treatment, solvent choice, or the addition
of other materials, such as nonadsorbing

polymers, that induce an effective inter-
particle attraction when excluded from
the gap between neighboring particles;
this is called the depletion interaction.

One of the most exciting areas of cur-
rent colloid research is the use of this high
degree of control to create new structures.
Recent work has also focused on the use of
other interactions and forces to modulate
the behavior of the particles in order to
gain further control over the nature of the
structures produced. This has led to a new
class of methods called “directed” assembly
that represents variants on the self-assembly
techniques that are so successful in colloid
engineering. Recent developments in this
field are summarized in the article by van
Blaaderen that opens this issue. The au-
thor provides an interesting overview of
the state of the field for different forms of
directed assembly. He focuses primarily
on the use of additional stresses to help
direct self-assembly; these vary from the
presence of a hard wall that restricts the
states of the colloidal suspension to the ap-
plication of relatively large forces by means
of electric and magnetic fields, surface
stresses induced by drying, order imposed
by patterned surfaces, and gravitational
effects. One is struck by the variety of
interactions and the range of effects that
can be harnessed to achieve such fine con-
trol of the structures that form.

Despite the tremendous advances in the
use of other means to influence particle
interactions and therefore the structures
that form, one feature of colloidal particles
has until very recently remained unchange-
able: their shape. The typical shape of a
colloidal particle can be qualitatively under-
stood as resulting from the surface energy
of the particle, which very strongly drives
the interface to be spherical. This places
fundamental limitations on the structures
that can be built and the nature of the prob-
lems that can be addressed with colloidal
particles. An important limitation comes in
making photonic-bandgap structures.

Photonic-bandgap structures are to
photons what semiconductors are to elec-
trons; properly designed structures would
have a band of wavelengths where pho-
tons would not propagate due to the inter-
ference effects of the ordered structure.
However, it is becoming increasingly ob-
vious that a complete photonic band will
not be achieved in the visible wavelengths
using the ordered structures that can be
created with a single set of spherical par-
ticles. Of course, one way to circumvent this
limitation is to mix particles of different
sizes and create binary alloy crystal struc-
tures. However, in their article, Manoharan
and Pine present some very elegant work
that introduces a completely new method
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of obtaining macroscopic quantities of
nonspherical particles. These particles are
formed from spherical particles whose local
packing is controlled by encapsulating
them in emulsion droplets that are then
collapsed by drying. Intriguingly, such
packings lead to well-defined and highly
reproducible structures or clusters. The
nature of such clusters is itself a challeng-
ing question, and the packing of these
clusters into larger structures with long-
range order offers an important opportu-
nity to create completely new materials.

The interactions between colloidal par-
ticles also play a critical role in determin-
ing the overall structure of the suspension.
Typically, very weak interactions are re-
quired to achieve ordered structures. This
is because thermal energy allows particles
to explore phase space and achieve the
lowest-energy structure, which is often an
ordered structure; thus, the thermalization
of the particles in response to Brownian
motion is essential to allowing them to
self-assemble. As a result, interparticle inter-
action energies must typically be around
kBT, the thermal energy, to ensure that the
particles can explore their phase space.
However, the interparticle interaction en-
ergies are often far greater than kBT. In this
case, attractive interactions will drive the
particles together to form local clusters,
and these clusters can span space to form
connected networks or colloidal gels. The
structures that result are typically kineti-
cally trapped and remain disordered indefi-
nitely. Such structures are quite commonly
encountered in technical applications of
colloidal particles when attractive interac-
tions drive the formation of extended struc-
tures. The behavior of these structures is
not well understood.

Recently, however, applications of mode
coupling theory to attractive interactions
have provided considerable insight into
this behavior, as summarized in the article
by Poon. In the absence of attraction, in-
creasing the volume fraction leads to a
kinetic arrest that constrains Brownian
motion and produces the hard-sphere col-
loidal glass transition at where

is the glass volume fraction. Intrigu-
ingly, however, a very weak attraction can
actually suppress the glass transition at
volume fractions of or slightly
higher, with a solid reemerging only at an
even stronger attraction. Poon describes
recent work investigating this behavior and
discusses attempts to rationalize the be-
havior at all volume fractions and interac-
tion energies within mode coupling theory.
This approach may help describe a wide
range of behaviors in concentrated col-
loidal suspensions.

Finally, since the control of the rheo-
logical properties of colloidal suspensions
is so critical to their technological uses, it is
also appropriate to review recent progress
in our understanding of rheology. This is
covered in the final article in the issue, by
Wagner and Bender. Although dispersions
generally flow easily at moderate solids
fractions, the viscosity at low stresses nec-
essarily diverges near transitions to the
solidlike phases discussed by Poon. Under
those conditions, simultaneous interactions
among many particles create structures—
the unit cell of a crystal or the cage of a
glass—that transmit forces in a way that
opposes large deformations. Thus, the im-
mediate response is elastic; only on longer
time scales might the structure relax 
and allow flow. Thus, one can employ a
measurement of the short-time response,

�g � 0.58

�g

�g � 0.58,

in terms of a high-frequency elastic modu-
lus, to estimate the strength and range of
the interparticle potential. If, instead of
gently shearing the dispersion, one applies
a large stress, viscous forces can overwhelm
the thermodynamic or interparticle forces
and push the particles close together. Often
this produces a reversible shear thicken-
ing, with the viscosity increasing sharply
by an order of magnitude or more as the
shear rate remains roughly constant.
Wagner and Bender attribute this to the
formation of clusters held together by vis-
cous forces and estimate the onset from a
simple balance between viscous and inter-
particle forces. Techniques that use devices
such as the surface forces apparatus, atomic
force microscopy with colloidal probes, and
laser tweezers offer complementary means
for measuring the interparticle forces
directly. An understanding of such inter-
actions is very useful in enabling full tech-
nological exploitation of concentrated
colloidal suspensions.

Colloid science is one of the oldest topics
of scientific investigation. Some historical
perspective is described in van Blaaderen’s
article, focused mostly on the early part of
the last century. However, colloid science
dates back well before that: Faraday was
studying colloidal gold in the mid-1800s.
Today, significant progress continues to be
made, and the potential applications and
uses of colloidal particles continue to grow.
Thus, this issue of MRS Bulletin should be
viewed as only a snapshot summary of
recent developments in colloid science. It
seems highly likely that progress will con-
tinue at a rapid pace comparable to that of
the last five years, clearly demonstrating
the robustness of this field. ■■
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