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Abstract

Polymer nanocomposites consisting of highly anisotropic layered-silicate (clay) nanoparticles
are an important class of materials with tunable properties. These anisotropic nanoparticles
provide a large polymer-particle interfacial area, and therefore, show significant impact on
mechanical, structural, and barrier properties of polymer-clay nanocomposites (PCNC) even at
low loadings. A large number of material and process parameters, and non-monotonic
dependence of target properties on these parameters makes the development of PCNCs for
specific applications a challenging task. Molecular simulations provide a means to quickly
sample a large parameter space to probe dependence of nanoscale structure of the composite
material on parameters such as polymer — clay interfacial interactions and clay polarity.
However, two key issues that limit the application of atomistic simulation to this system are
long relaxation times associated with polymer dynamics and the requirement of large system
size for anisotropic particles. To this end, we have developed an accurate, self-consistent
coarsegrained (CG) model of a polymer-clay system consisting of organically modified
montmorillonite nanoclay as the nanoparticle. The CG model is developed in accordance with
the MARTINI forcefield for polymers and lipids that has been shown to accurately capture the
polar-apolar character of individual sub-units. We have used mechanical properties and
cleavage free energy of clay particle to respectively parameterize bonded and nonbonded
interaction parameters for an organically modified montmorillonite (0MMT) clay particle
where intergallery Na* ions are replaced by tetramethylammonium (TMA) ions. The
mechanical properties were determined from the slope of stress-strain curve and cleavage free
energy was determined by allowing for full surface reconstruction corresponding to a slow
equilibrium cleavage process. Individual dispersive and polar contributions to oMMT cleavage

energy were used for determination of appropriate MARTINI bead types for CG oMMT sheet.



The self-consistency of developed MARTINIFF parameters for TMA-MMT — polymer system
was verified by comparing estimates for select structural, thermodynamic, and dynamic
properties obtained in all-atomistic simulations with that obtained in coarsegrained simulations.
We have calculated all properties separately in near-clay and far-clay regions, as the former is
expected to provide a stringent check for suitability of developed CG parameters for modeling
the clay-polymer system. We have determined the influence of clay particle on properties of
three polymer melts (polyethylene, polypropylene, and polystyrene) at two temperatures to
establish transferability of the developed parameters. Overall, we have shown that developed
CG parameters give approximately 90 times speed-up in simulations and provide a good
quantitative agreement for structural, thermodynamic, and dynamic properties calculated from
the atomistic approach. We also report some interesting insights into the role of clay-polymer
interactions on structure-property relationships in polymer-clay nanocomposite systems.
Finally, we have used long timescale CG-Martini simulations to determine partitioning and
clustering of PE-b-PEO compatibilizer in a TMA-MMT - polyethylene nanocomposite. We
have also determined the effect of compatibilizer and clay exfoliation on matrix polymer’s

structural, thermodynamic, and dynamic properties.
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