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Abstract

A multiscale simulation of amorphous polymeric materials has been developed for
vinyl polymer with polar atoms i.e. polyvinylchloride, (PVC), -[CH2-CH(CI)]n melts and
binary blends with different chain tacticity (iPVC, sPVC and aPVC) at the bulk density. The
model starts from an ab initio quantum chemistry to get the statistical weights of the rotational
isomeric state (RIS) model to describe the conformational characteristics of polymer molecule.
PVCs chains were coarse-grained by grouping one monomer in one bead and then mapped onto
the second nearest neighbor diamond (Znnd) lattice. The average non-bonded interactions were
treated by the discretized Lennard-Jones (LJ) potential. The on-lattice properties can be
determined including chain dimension, intermolecular packing, conformational statistics and
molecular mobility (rotational and translational modes). Dynamics of PVC chains with
different stereochemistry were generally in the order as: iPVC > aPVC >> sPVC. For binary
mixtures composed of chains with different stereochemical sequences, sPVC melt has a
tendency for the formation of “local structure” than other types. The binary mixtures containing
sPVC experience demixing during the simulations. Fully atomistic amorphous PVC models can
be obtained by the reverse-mapping procedure to restore the missing atoms. After energy
minimization, material properties including torsional angle distribution, solubility parameter,
radial distribution function and static neutron scattering structure factor were calculated for neat
structures and blends with different tacticity.
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Fig. 2 (a) The pair correlation function (chain packing) of /PS chains in pure melt and blend mixtures.
(b) the mean-square displacement of the center-of-mass (MSD) of /PVC chains in pure melts and
PVC/sPVC, iPPVC/aPVC blends.
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Monte Carlo (MC) simulation of coarse-grained models on the high coordination
lattice was employed to investigate the effect of interchain interaction on the structural
formation of “peolyvethyiene-fike” model upon stepwise cooling from the melt states.
Polymer chains were represented by the Rotational Isomeric State model for intrachain
energetics of polyethylene (PE) whereas the Lennard-Jones potential function for the
interchain interactions (¢ = 0.44 nm, &/k = 185 K) for PE; (o > 0.44 nm, ¢’k < 185) or
(o < 0.44 nm, &'k = 185) for polymer chains more repulsion or more attraction than that
of normal PE, respectively). The evolution of the ordered structure was analyzed
regarding the fraction of 7rams state, the length of frans sequence, the orientational order
parameter at bond and molecular scale, the intermolecular pair correlation function, and
the anisotropic change of chain dimension. Simulation results indicate that the rate of
structural formation is faster and the degree of crystallinity i1s higher for normal PE
chains. Chains with too strong attractive or too repulsive interaction adopt less amount of
trans conformation and are harder to form the ordered structure upon cooling from the
melts. Our study implies that only polymers with the appropriate range of interchain
interaction can exhibit clear evidence for crystallization. [1-4].
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Figure 1 The evolution of the overall orientation correlation function for polyvethviene-
like models with different interchain interaction [ left: varied o and right: varied &/k].
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