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Emergence of crystalline order from supercooled melt; a molecular dynamics simulation
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Abstract: We have been studying the molecular mechanisms of crystallization in simple polyethylene-like
polymers by molecular dynamics simulation.  Our previous simulations were limited to relatively short chains
of length 100 atoms. We here revise our polymer model to much longer chains aiming at establishing the final
molecular scenario of the chain-folded crystallization in model polymer systems. \We here report on



steady-state growth of the chain folded growth and on other important aspects of polymer crystallization.
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Fig. 3 Evolution in the growth surface of the
chain-folded lamella (a) at T.=360K and (b) at T, =370K.
Each small circle represents crystalline stem viewed
along the y-axis. The fast growing lamella at 360K has
initially a rough surface, which becomes smooth after
around 200ns.  On the other hand, the growth surface is
always flat and smooth during much slower growth at
370K. Kinetic process of chain attaching and detaching
is clearly noticed on the flat surfaces.
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Fig. 4 Statistics of the chain-folding in the
well-developed lamella at t =830ns at 360K; the folds are
extracted from the region 10<z <25 well apart from the
growth front. (a) Histogram of the number of folds vs.
the inter-stem distance |[d|. (b) Two dimensional map of
the inter-stem vectors d in the (d,, d) space, where each
dot represent a fold. The dots within red and green
circles are folds connecting the nearest neighbor stems,
and the second and the third nearest neighbor stems,
respectively. ~ The outer dash line represents the
tendency of the long fold loops to span along the x-axis
direction.

Fig.5 (a) Typical trajectories of chains crystallizing at the
growth front viewed along the x-axis and the z-axis.
chains (red, yellow, green, and blue) are selected at random
from those having crystalline stems around z =22, and their
conformational changes are monitored between t =192 ns
and t =384 ns.
chains on the growth front. The type (i) which will be a
most popular image is in fact less likely.
(ii) of fold-climb and cooperative thickening of short stems
are most frequently observed in the simulated trajectories,
(b) and both of which require least rearrangements of the tail
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(b) Typical trajectories of the crystallizing
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segments that must be reeled during the process.
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