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Recent experimental work has revealed interesting behavior both in the bulk and near interfaces for
polystyrene nanoparticles blended with polystyrene. We model these materials as mixtures of hard spheres
and freely jointed hard chains. In the bulk, it was found experimentally that addition of nanoparticles
causes an increase in the chain dimensions. To study this effect we apply a self-consistent version of the
polymer reference interaction site model (PRISM) theory. We calculate the dimensions of the chains
through a single-chain Monte Carlo simulation done in an effective solvation potential. We find an
increase in the average radius of gyration of the chains in the blend (over that from chains in a neat melt at
the same density) once the chains start to become confined by the nanoparticles. When the blend is near a
hard substrate, the nanoparticles segregate to the substrate. Using a fluids density functional theory, we
find that there is a first order phase transition in which the nanoparticles expel the polymer from the
substrate to form a monolayer at a certain nanoparticle concentration. The nanoparticle transition density
depends on the length of the polymer, the nanoparticle diameter, and the overall bulk density of the system.
The phase transition is due to both packing entropy effects related to size asymmetry between the
components, and to the polymer configurational entropy, justifying the so-called “entropic push” observed
in experiments.
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