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Two for one in a colloidal glass
Eric R. Weeks
Department of Physics, Emory University, Atlanta, GA 30322, USA
Published August 1, 2011

Colloids containing ellipsoidal particles have two distinct glass transitions.
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It is often said that glass is a frozen liquid. In a glass,
the molecules are disordered like a liquid, but macroscop-
ically, the sample no longer flows, behaving like a solid.
While we can describe what a glass is, we still don’t fully
understand the transition to the glassy state [1]. One
way to learn about the glass transition is to study model
systems. Perhaps the simplest experimental model sys-
tem is a colloidal glass. Colloidal particles are small solid
particles, suspended in a liquid and capable of rearrang-
ing via Brownian motion. The key control parameter
is the volume fraction φ, the fraction of space occupied
by the particles. When the volume fraction is sufficiently
high, particles collide with their neighbors frequently and
find it impossible to rearrange, a state called a colloidal
glass. One advantage of using colloidal particles as a
model system for all glasses is that they are large enough
to be viewed directly with microscopy, so we can develop
a microscopic picture of how particles rearrange at the
glass transition [2, 3].

A drawback of using colloidal particles is that they are
almost always spherical, whereas molecules usually have
nontrivial shapes and directional interactions. It could be
argued that for a model system, colloidal spheres miss
some important physics. An experiment presented in
Physical Review Letters from Zhongyu Zheng and his col-
leagues at the Hong Kong University of Science and Tech-
nology dramatically improves upon previous colloidal ex-
periments by using colloidal ellipsoids with an aspect ra-
tio of six [4]. To keep their experiment simple, they con-
fine their samples between parallel glass plates so that
the particle motions are limited to two dimensions. They
then use video microscopy to follow the motion of several
thousand ellipsoids, a small portion of which is shown in
Fig. 1. By increasing the area fraction φ (the two di-
mensional counterpart to the volume fraction) occupied
by the particles, they can induce glassy behavior. Strik-
ingly, the sample undergoes not one, but two distinct
glass transitions: one where the rotational motion dras-
tically slows down, and a second corresponding to a slow

FIG. 1: Ellipsoidal colloidal particles on the move. The pic-
ture shows how the translational and rotational rearrange-
ments of the particles are related. The ellipsoids that trans-
late the most (outlined in blue) tend to be in the aligned
domains. The ellipsoids that rotate the most (red) are in
between these domains, in the disorganized regions. Those
outlined in black translate and rotate. (Ellipsoids are 3.33
microns long.) (Adapted from Z. Zheng et al.[4])

down in translational motion.
The two glass transitions that Zheng et al. observe oc-

cur at different area fractions. Samples with φ < 0.72 are
liquids, such as the sample shown in Fig. 1 (φ = 0.70). In
these samples, particles can rotate and diffuse throughout
the sample, although this motion is quite slow in samples
with densities approaching φ = 0.72. Rotational motion
becomes nearly impossible for 0.72 < φ < 0.79, while
particles are still able to diffuse translationally. This sig-
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nals a rotational glass transition, but translationally, the
colloid is still a liquid. For φ > 0.79, both translational
and rotational degrees of freedom are glassy. These two
distinct glass transitions were predicted by theory in 1997
[5], but Zheng et al.’s work is the first experimental con-
firmation.

As Fig. 1 shows, even at moderate area fractions
the ellipsoids have small domains where the particles
are aligned, similar to a liquid crystal in the nematic
phase. Between these domains, the ellipsoids are disor-
dered. Brownian motion enables the ellipsoids to either
rotate or translate (most easily along their long axis).
At higher area fractions, diffusion becomes difficult be-
cause particles become more and more constrained by
their neighbors. In order for particles to rearrange, they
must move in groups. Figure 1 shows a snapshot of this
behavior. At this instant, the particles outlined in blue
are the ones undergoing a large translational displace-
ment, the red ones are rotating the most, and the few
black particles are both translating and rotating by a
significant amount. Similar behavior, where particles re-
arrange in groups, has been seen near the glass transi-
tion before in both simulations [6] and experiments on
colloids [2, 3], but these previous observations focused
on spherical particles. In both the cases with spheres
and Zheng et al.’s experiment with ellipsoids, the size
of such regions grows sharply as the glass transition is
approached. However, the frequency with which these
rearrangements occur decreases just as sharply. Given
that such microscopic rearrangements occur less often,
this suggests a possible explanation for the macroscopic
viscosity increase, which occurs in a glass, although the
link between a microscopic picture and macroscopic mea-
surements is not yet completely clear [1].

There are a number of obvious questions to address
next. First, simulations and theory predict that the vol-
ume fraction where the glass transition occurs has a non-
monotonic dependence on aspect ratio [7–9]. The distinc-
tion between the two glass transitions should disappear
for aspect ratios closer to one [5]. Such more spherical
colloidal particles may be more relevant for understand-
ing glass transitions of molecular glasses, which do not
have two distinct glass transitions. Second, recent stud-
ies of how particles pack together show that even subtle
shape differences matter. Convex shapes such as ellip-
soids pack slightly better than concave shapes such as
dumbbells, even when they have the same aspect ratio
[10]. It is certainly possible that these details would in-
fluence the glass transition. Third, none of the shapes
studied so far are as complex as molecules; there’s plenty
of room to explore more molecularly realistic colloidal

particles [11].
A reasonable question one might ask about the experi-

mental work is how the colloidal glass differs from molec-
ular glasses. Molecules do not undergo Brownian motion
but, rather, move ballistically. Colloidal particles have
hydrodynamic interactions whereby the motion of one
particle influences the motion of neighboring particles;
such interactions are absent in a molecular glass. Zheng
et al.’s experiment is quasi-two-dimensional, while actual
molecular glasses are three dimensional. If one wishes to
use colloidal glasses as models for understanding molec-
ular glasses, then hopefully these differences are unim-
portant. Prior studies of spherical particles show strong
similarities between simulation and experiment [2, 3, 6].
Many simulations have studied both two-dimensional and
three-dimensional glass transitions, and the dimensional-
ity does not seem to be a significant distinction. Zheng et
al.’s experiment is yet another piece of evidence that, in-
deed, the differences between colloidal samples and other
glasses are not crucial. In this case, the simple colloidal
experiment agrees well with simulations [7, 9] and theory
[5, 8]. In fact, one of the most striking things about the
experiment is that such a simple system–ellipsoids con-
fined to two dimensions–is able to exhibit such interesting
behavior. Given recent advances in making colloidal par-
ticles with various shapes [11], more interesting colloidal
glass experiments from many groups are likely in the near
future.
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