Local crystalline order in a 2D colloidal glass former
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Abstract. A mixture of two types of super-paramagnetic colloidal particles with long-range dipolar inter-
action is confined by gravity to a flat interface of a hanging water droplet. The particles are observed by
video microscopy and the dipolar interaction strength is controlled by an external magnetic field. The local
structure as obtained by pair correlation functions and bond order statistics is investigated as a function of
system temperature and relative concentration. Although the system has no long-range order and exhibits
glassy dynamics, different types of stable crystallites coexist. The local order of the globally disordered
structure is explained by a small set of specific crystal structures. The statistics of crystal unit cells show a
continuous increase of local order with decreasing system temperature as well as a dependence on sample

history and local composition.

1 Introduction

Many systems show a dynamic arrest as revealed by a
drastic increase of viscosity. This phenomenon of kinetic
vitrification may take place even when a phase transition
into a long-range ordered state is possible and eventu-
ally may occur under appropriate conditions; examples
are monodisperse hard spheres [1], semicrystalline stacks
of lamellar crystals in polymers [2] or binary mixtures in
metal alloys [3].

It appears obvious that disordered structure and dy-
namics are related. One example for a close formal connec-
tion between structure and dynamics of a glass-forming
system is provided by Mode Coupling Theory (MCT),
since the only input into the MCT equations is the static
structure factor [4,5]. Nevertheless, the microscopic con-
nection between structure and dynamics is still under
strong debate [6-8], especially the question how crystal-
lization is connected to vitrification and dynamical hetero-
geneity [9,10]. Simulations [10] suggest that crystallization
plays a key role for the glass transition. The authors pro-
pose that “liquids tend to order into the equilibrium crys-
tal, but frustration ellects of locally lavored shor(-range
ordering on long-range crystalline ordering prevent crys-
tallization and help vitrification”.

It was found in experiments [11], simulations [12], and
theory [13] that glassy systems in 2D exhibit the full range
of glass phenomenology known in three-dimensional glass
formers, both in dynamics and structure. However, in ex-
periments, glassy behavior in two dimensions is only pos-
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sible by introducing polydispersity [13]. The simplest form
of polydispersity is that of a binary system, which may of
course also turn into binary crystal structures.

In experiments, colloidal glasses have the advantage
over atomic systems that, besides statistical averaged in-
formation about the local structure, “quasi-atomic” reso-
lution is provided by microscopy [6,11].

The binary colloidal 2D system investigated here con-
sists of a mixture of particles with two different magnetic
moments. It exhibits all typical phenomenological features
of a glass former, e.g. drastic increase of relaxation times
for increasing interaction strength, no long-range order,
and dynamic heterogeneities [11]. The dynamics of the
system was compared with MCT and good agreement was
found [13]. Partial clustering of small particles was ob-
served [14,15] due to the nonadditivity of the dipolar bi-
nary potential. This leads to a heterogeneous distribution
of particle composition, which results locally in a coexist-
ing variety of small areas with different underlying crystal
structures. Thus, heterogenous distribution of small parti-
cles suppresses long-range order. Extended stable crystal
structures for 2D binary dipoles were found in 7" = 0
lattice sum calculations [16,17]. Especially all locally or-
dered structures discussed in this paper were predicted to
be stable.

The idea that the disordered structure of this system is
made up from particular substructures (triangular struc-
tures) was originally discussed in [18]. However, in this
paper we suggest that the local ordered structure origi-
nates from the tendency of the binary mixture towards
crystallization.
























