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Molecular simulation is an interesting technique for polymer science research. These
computational approaches enable predictions and provide explanations of experimentally observed
macromolecular structure, dynamics, thermodynamics, and microscopic and macroscopic material
properties. In this talk, the Monte Carlo simulation of coarse-grained polymer models is used to
study the effect of polydispersity on the surface properties of polymer nanofiber and structural
formation during an initial stage of polymer crystallization upon cooling from the melts. The
method employs the modified Flory’s rotational isomeric state (RIS) model and discretized version
of Lennard-Jones potential; respectively, for intrachain and intermolecular interaction. The RIS
chains were then coarse-grained and mapped onto the high coordination lattice.

Poly(ethylene oxide), PEO, nanofibers made up of mono- and bi-dispersed chains with
diameters ranging from 7.4 to 16.4 times the radius of gyration of PEO chains were analyzed. For
mono-disperse chains, as a result of increasing molecular weight, the bulk density increases and
the molecular size at the surface is decreased more than the nanofibers composed of shorter chain
lengths. There is a higher degree of parallel orientation of the chains and bonds at the surface and
a broader region over which this bond orientation pertains. For nanofibers with mixed molecular
weight, shorter chains tend to segregate at the surface and the density of short-chain components
is higher in this region. Compared to mono-disperse nanofibers, the properties of longer chains do
not significantly change, whereas the orientation of chains and bonds for low molecular weight
polymers become more anisotropic orientation in the presence of longer chains [1].

Next, simulations of the polyethylene (PE) model were employed to investigate the
structural formation of mono- and bidisperse PE chains upon stepwise cooling from the melts.
Simulation data suggest that the rate of structure formation and the degree of crystallinity were
decreased for the bidisperse PE mixture. In general, polymers in the mixture form a less-ordered
structure, exhibit slower crystallization rates and have lower melting temperatures. For the
monodisperse systems, the shorter chains exhibit an increase of the local bond properties including
a fraction of trans conformation, intra- and intermolecular order parameters, but show a decrease
in molecular properties such as chain orientation and chain packing. For mixed molecular weight
systems, short-chain components are perturbed by the long chains resulting in a lower fraction of
trans conformation, less dense structures, and a significant decrease in the degree of the bond
orientation. Both short and long polymers can co-crystallize initiated at the same simulation time
and finally reach the same magnitude of the chain order parameter [2].
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