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We perform Monte Carlo simulations to analyze the
equilibrium dynamics and the long-time structural re-
laxation decay of columnar liquid crystals (LCs) of disk-
like colloidal particles with diameter D and height L.
In the wake of recent studies on calamitic (rod-like)
colloidal particles in the smectic1–3 or in the columnar
mesophases4, we now focus on the diffusion of their dis-
cotic counterparts, here modeled as oblate hard sphe-
rocylinders. In spite of the substantial differences in
the equilibrium phase behavior between LCs of calamitic
and discotic particles, we find interesting similarities in
their rattling-and-jumping diffusion and two-step relax-
ation dynamics. In all these studies, it was found that
to diffuse along the broken 1D (smectic) or 2D (colum-
nar) symmetry direction, a particle must overcome a
free-energy barrier of the order of a few kBT , depend-
ing mostly on the packing of the system, but also on
the particle anisotropy and on the rotational degrees of
freedom. Due to the combined action of transient cages
and periodic free-energy barriers, this diffusion presents
a non-Gaussian behavior.

More specifically, we find that at fixed packing frac-
tion the barrier height increases with decreasing particle
thickness, resulting into a more heterogeneous and non-
Gaussian dynamics for thinner platelets, and reducing
the inter-column diffusion coefficient. We observe the
characteristic two-step relaxation decay of the structure
in the plane perpendicular to the column axis. At very
short times, the discotic particles freely diffuse in the cage
formed by their nearest neighbors. At this stage, the sys-
tem shows a Gaussian behavior with a linear mean square
displacement and a fast exponential decay of the corre-
lation functions. As soon as the particles feel the pres-
ence of their surrounding cage, the diffusion slows down
significantly, deviations from Gaussianity are observed,
and the mean square displacement develops a plateau
whose time extension increases with density and/or par-
ticle anisotropy. As time passes, an increasing number
of particles jumps from a column to another, hence con-
tributing to recover a homogeneous dynamics which re-
sults into a second diffusive regime. At the beginning
of the long-time diffusion, which indicates the end of the
cage regime, the deviations from Gaussian behavior start
to decrease and go exponentially to zero. At high densi-
ties, the plateau may extend beyond our simulation time
and no significant diffusion over the trapping cages is ob-
served.

By contrast, the in-column dynamics is similar to the
typical single-file diffusion of one-dimensional dense flu-

ids, with a relatively fast decay of the correlation func-
tions.

Figura 1. Mean square displacement (open symbols), in
units of D2, and non-Gaussian parameter (solid symbols) in
the plane perpendicular to the nematic director, for systems of
oblate hard spherocylinders with L/D = 0.1 (a), L/D = 0.2
(b), and L/D = 0.3 (c). Circles, squares, and diamonds refer
to packing fractions η = 0.575, 0.600, and 0.630, respectively.
For comparison, also the results at L/D = 0.1 and η = 0.500
are shown (triangles). Note that the vertical axes of MSDs
and NGPs are on the left and right, respectively.
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