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“Multiscale Modeling of Structure and
Phase Behavior in Soft Condensed Matter”

     Soft matter including polymer, biomembranes, glasses, and other materials have a variety of length scales with need to be addressed in order to characterize the system.  In recent years we have developed a variety of techniques to this end.  I will present a few examples.

     Coarse-graining, the systematic mapping from the atomistic to meso-scale has made significant progress in polymers over recent years.  I first present a general overview and then focus on building a multiscale model of Polyisoprene (PI) and Polystyrene (PS) mixtures.  For PI, twelve atoms are joined into one superatom positioned in the middle of the single carbon-carbon bond.  The superatom center for PS is at the backbone carbon connected to the side ring and represents sixteen atoms.  We apply the “Inverted Boltzmann Method” to derive numerical potentials from atomistic models where the interaction potential is iteratively optimized against the atomistic structure using potentials of mean force.  We optimize the iteration process and analyze the concentration and temperature dependencies of the evolving potential, investigating further what parameters induce the phase separation in longer chains and miscibility in shorter chains.  All the work eventually leads to a better understanding of the mechanisms governing material properties.

     Understanding lipid phase behavior in cell membranes is still a challenge due to the complexity of these systems and the requirement of measurements at biological length scales.  However, studies on synthetic lipid systems provide an alternative option.  Still, atomic level studies are very difficult to accomplish.  This suggests that computer simulations on lipid mixtures membranes are appropriate to study the mechanisms of domain and patterning formation.  We study domain formation in a two-component lipid bilayer of DLPC and DSPC by mesoscale Molecular Dynamics simulations in large time and length scale systems in order to capture lipid phase separation.  A range of concentrations of DLPC/DSPC systems at different temperatures were simulated and the characterization of the phase behavior was performed by analysis of parameters such as diffusion coefficients and rotation correlation functions.  As simulations allow studying these properties for individual lipids the dynamical heterogeneity of the systems can be elucidated as well.  The formation of gel phase apparently obeys a classical nucleation and growth mechanisms; furthermore for these two component lipid bilayers of DLPC and DSPC the phase separated systems present domains of heterogeneous lipid composition.
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