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Polymer-grafted nanoparticles (PGNPs) combine the optical, magnetic or elec-
tronic functionality of inorganic cores with the elasticity and responsiveness of
polymers. This hybrid character provides multiple, orthogonal design parame-
ters for controlling the structure and properties of PGNP-based materials [1-4].
In this work, we study spherical nanoparticles grafted with amphiphilic diblock
copolymers composed of two blocks with opposing solvent affinities, enabling
reversible transitions between assembly and disassembly states [5].

In the assembly state, the inner polymer blocks are solvophilic, while the outer
are solvophobic and collapse into attractive patches; in the disassembly state, the
inner blocks form a dense polymer shell surrounded by a stabilizing hydrophilic
corona. To access device-relevant time and length scales, we develop a bottom-
up coarse-grained (CG) model, in which PGNPs in the assembly state are rep-
resented as particles with flexible, spring-tethered attractive patches. By vary-
ing the grafting density, we control the number of effective patches per particle,
which strongly influences the assembly pathway and resulting structures. At low
volume fractions, systems with fewer patches predominantly form finite clusters,
whereas higher patch numbers promote the formation of percolated, gel-like net-
works.
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