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Self-assembly of nanoparticles (NPs) into mesoscopic ordered structures plays a crucial role in a large variety of
applications including pharmaceutical, food, drug delivery, immunology and technological. On the one hand, trying to
prevent and avoid the self-organization of nanoparticles has traditionally been the main issue for stabilizing nano-
suspensions, foams and emulsions. On the other hand, the aggregation of building-blocks into mesoscopic structures has
allowed to explore new materials with desired functionalities and properties. For example, many experiments and some
theoretical studies have shown that the chain-forming morphologies in nano-suspensions allow an enhancement of
thermal properties [1]. However, due to the challenges of controlling the multiscale phenomena occurring in nano-
suspensions, clear guidelines for their rational design are still missing. Despite a wide range of experimental
observations, there is an increasing need to establish rigorous modelling techniques, able to explore and describe the
multiscale nature of nano-suspensions [2].

In the present work a multiscale modelling approach is implemented to relate the nanoscale phenomena to the
macroscopic bulk properties of nano-suspensions. Specifically, Molecular Dynamics (MD) simulations and Brownian
Dynamics (BD) are synergistically integrated to understand the mechanisms driving the building-block interactions and
hence to predict the shapes of assembled clusters. First, the pair Potential of Mean Forces (pPMF) is computed between
atomistic modelled NPs dispersed in aqueous solutions. A sensitivity analysis is carried out by altering the hydrophilicity
of the nanoparticles, their surface charge and the salt concentration of the bulk solutions. The role of anionic (Sodium
Dodecyl Sulfate -SDS-) and cationic (Dodecyl Trimethyl Ammomium -DTAB-) surfactants is also investigated. Second,
Brownian Dynamics simulations are carried out to understand how nanoscale phenomena, like the hydration layer or
steric interactions, affect the mesoscale dynamics.

The Coarse Grained procedure here suggested offers a practical multiscale approach for guiding a robust and
optimal design of nanoparticle suspensions.
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