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Introduction

Therole of conformational entropy of polymer chaing in polymer
crystallization iz investigated by moelecular modeling and theory, The
enfropy  of folded loops dominates at experimentally relewant
temperahres to dictate short equilibrivum lamellar thicknesses, which
are much smaller than the extended chain thiclness, & lso the entropic
barriers control the kinetics of polymer crystallization. These results
bazed on chain entropy are different from the classical views of how
polymer chaings crystallize.

Theory

The ordering process of topologically connected chaing into a
crystalline state iz distinetly different from that of low molar mass
subatances, One of the ey differences arizes fimdamentally from
enfropic bariers due to substantial reduction in configurational
entropy of the system during the ordering process.

Due to chain cormectivity, the crystalline phase assumes lamellar
morphologies. The anisotropy of lamellae iz due to different strengths
of barriers in the lateral and normal directions of the lamellae.
Simulations show generally that there are many barriers for growth in
the normal direction, which male the lamellar thiclneszs to be very
long-lived, While these barriers are very highy the barrier for laferal
orowth is much wealer, and the lamellae grow laterally with
measrable speeds,

Results and discussion

We [1-2] have derived a new theoretical model with the
following essential features:

{13 For a single lamella, all possible folded states (with the
corresponding thicknesses) are allowad. The fiee energy landscape for
thiz model exhibits a barrier, many metastable states (separated by
free enercy barriers), and a globally stable state. Among the
meatastable states, even the first viable state with its free energy just
below that of the melt iz long-lived, due to the barrier for thickening,
The thickness of this long-lived metastable state increases with
temperahire, in a qualitatively similar manner to the Gibbs-Thompson
law. However, if enough time iz granted for this metastable state to
evolve, then the equilibrinm thickness would be reached for each
temperahwe. The equilibrium thiclness decreases with temperahie,
until the approach of the equilibrium melting temperatire. In the
present model, the equilibrium melting temperature does not
correspond to that of extended chain dimensions.

{23 The lateral growth faces a fiee energy barrier, due to temporal
crowding of entangled chaing at the growth front, A general formula is
derived for the growth kkinetics of the growth front, The linear growth
rate 5 azaumeas the form,

G~ (DYD) exp( -1T AT) [1- exp(AH ATATT],

Where AT iz the quench depth, T, iz the melting temperahwe, AH is
the latent heat of filsion, T iz the temperanwre, Dy iz the diffiusion
coefficient inside the growth zone with the bamrier, and D is the
diffizzion coefficient away from the zone. The first two terms on the
right hand side become unimportant for small molecules and for dilute
solations of the polymer. The pradictions are compared with some
experimental data.
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