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Suitably designed coarse-grained models of particles at the nano-scale can provide a useful tool to investigate the collective behavior of a wide variety of systems, ranging from
atomic/molecular to colloidal or polymer-based systems. Theoretical and simulation studies
based of the assumption of spherically symmetric interactions between the constituent particles have led to tremendous advancements in material science. Nonetheless, the isotropy
of the interactions is an idealization that can be treated as a zero-th order point of departure for the analysis of more complicated and realistic situations. Particles interacting

FIG. 1: Coarse-grained representations of: a conventional patchy unit with three bonding sites
(left), an inverse patchy unit with two polar patches (middle), and a soft and flexible patchy unit
with four attractive entities (right).

via anisotropic, directional and possibly selective potentials can model for instance water,
silicon and carbon (at the molecular scale) as well as patchy particles (at the nano- and
micro-scale). I will focus on three different classes of systems (see Fig. 1), namely (i) conventional patchy units [1, 2] – i.e. overall repulsive particles carrying a fixed number of
attractive bonding sites in a pre-defined geometry –, (ii) inverse patchy colloids [3, 4] – i.e.
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patchy particles with charged surface regions –, and (iii) soft and flexible patchy units [5]–
i.e. patchy particles with mobile patches–, and I will relate the features of these coarsegrained models to the physical systems underneath them. Subsequently, I will show some
selected results about the equilibrium behavior of these systems, for instance the formation
of open crystalline structures, such as the diamond and the honeycomb lattice, in the bulk
as well as in two dimensions. Furthermore, I will introduce how a coarse-grained patchy
model can be designed to reproduce desired features of graphene-like structures (see Fig. 2)
and study, e.g., the behavior of defects in the honeycomb lattice.
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FIG. 2: Patchy model designed to reproduce the metastability of the Stone-Wales defect with
respect to the honeycomb structure.
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