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Abstract

Low Temperature Structural Properties of the the Dipolar Hard Sphere Fluid

We describe the self-assembly of anisotropic particles using the dipolar hard sphere (DHS)
model. Despite the simplicity of the model, the low temperature behaviour of DHS is still
unknown. From a pure theoretical point of view it is still unclear whether purely dipolar
interactions are able to sustain a gas-liquid-like phase separation. Moreover, understanding the
structures that emerge in the system is fundamental for designing new magnetic fluid-based
devices for technological and medical applications.
In this talk I will briefly discuss our work done in collaboration with Prof. Sciortino from
Sapienza University of Rome. We put forward a new method based on Monte Carlo grand-
canonical simulations to precisely calculate free energies at low densities and low temperature.
Our approach is based on the evaluation of the partition function of single clusters and allows
us reaching the part of the DHS phase diagram inaccessible before. We introduce a systematic
way of classifying inter-cluster connections according to their topology, presenting a detailed
study of the structure of defects in dipolar hard spheres.
We confirm that for low concentrations and low temperatures, the majority of magnetic
nanoparticles is aggregated in rings. We find that the relevant contribution to inter-cluster
interactions is provided by four-way junctions arising from parallel or anti-parallel locally linear
aggregate: a structure different from the one predicted by Tlusty and Safran as the responsible
of a possible topological phase transition.
In this way, for the first time we can not only analyse the free energy of DHS chains and rings,
but also shed light on the possibility of a hotly debated topological phase transition in this
system. Our results will allow us to describe the next level of hierarchical self-assembly in
magnetic nanocolloids namely, the aggregation of branched clusters into complex networks.
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