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Fig.1 Time evolution of the shapes of a polyethylene chain with 800 CH, units at
different temperatures
a) 100K, b) 200K, c) 300K, d) 400K, e) 500K
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Fig.2 Three orthogonal perspectives of the lamellar structure formed with a
polyethylene chain of 800 CH, units, after 1500 ps ar 200K
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Fig.3 The collapse of the fully extended polyethylene chain at 1K and 500K
a) 100K, b} 500K
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Fig.4 Evolution of the value of orientation function and population of zrans- conformation versus simulation time
at 200K and 300K
a) value of crientation function, b} trgns-conformation.
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Fig.5 The evolution of three radii for x, y, z directions of the radius of gyration tensor at &) 200K, b) 300K
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Fig.6 Variation of the radius of gyration of the polyethylene chain with
simulation time at different ternperatures.
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MOLECULAR DYNAMICS SIMULATION ON CRYSTALLIZATION
OF FULLY EXTENDED SINGLE-CHAIN POLYETHYLENE

CHEN Yan, YANG Xizozhen, - XU Mao
{ Polymer Physics Laboratory, Institute of Chemistry, Chinese Academy of Sciences, Beijing  100080)

Abstract Molecular dynamics (MD) simulation has been performed on the erystallization

process of a single polyethylene chain from fully extended state in the vacuum at different
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temperatures {100~ 500K with an interval of 100K). The results indicated that each of the
simulated crystallization processes consists of three stages. The first stage is a self-cohesion
stage, in which the extended chain collapsed to a coil with a sharp decrease of energy and size
of the chain. The second stage is an ordering stage in which a lamella was formed by the
chain in the way of the adjustment of the chain segments. The last stage is an adjusting
stage, where the energy and the order keep almost constant, but the lamella shape varies to
some extent. Even though there is a big gap in the time scale between MD simulation and
laboratory experiments, the fratures of the simulated three stages were very similar to the
three stages for bulk polymers in usual crystallization (the nucleation, the crystal gtrowth
and the perfection stage). The collapse process of extended chain proceeded via a two-step
mechanism at 100K and 500K: a local collapse, forming compact domains, which
subsequently coalesce to yield a fully collapsed state. It was found that the segments in the
domains formed in local collapse step were ordered packed at 100K, while the randomly
packed at S00K. The self-cohesion rate of the chain is found intensively dependent on the
crystallization temperature. The higher temperature resulted in the faster cohesion process.
The crystallization temperature also influenced the thickness of the final lamellae. The
thicker lamella structure is likely formed at lower temperature. This is different from the
crystallization process of polyethylene bulk.

Key words Molecular dynamics, Single-chain, Polyethylene, Crystallization



