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Modeling monomer and comonomer
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Figure 1 Illustration of molecular modeling of crystallizable copoly-
mers with a sequence distribution of crystallizable monomers and
noncrystallizable comonomers [4]. (a) On thermodynamic aspect, there
assumes that the parallel packing of two bonds will not make the
potential energy down if it involves at least one comonomer, in other
words, no more change in its parallel potential £,. (b) On dynamic
aspect, there assumes that every comonomer will not be allowed to slide
into the parallel packing region of at least two crystallizable bonds, in
other words, such a trial move will be rejected (color online).
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Figure 2 [Illustration of local microrelaxation model of lattice
polymers in mimicking to the real polymers (a) [13] as well as local
intramolecular and intermolecular interaction model (b). The local
microrelaxation includes single-site jumping and sliding diffusion if
necessary. The latter will stop at the expansion of the first kink along the
chain. Local collinear connection of two bonds along the chain brings
intramolecular potential energy E, down, while local parallel packing of
neighboring bonds causes intermolecular potential energy E|, down,
both for the crystalline order of polymers (color online).
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Figure 3 Distributions of 1920 copolymer chains according to their
comonomer contents in three kinds of copolymers all holding the same
total comonomer mole fraction 0.44. The inset table lists the amount of
crystallizable bonds in three kinds of copolymers holding a series of

total comonomer mole fractions for comparison. F is the feeding ratio of
comonomer to monomer for the slightly-alternating copolymers [10].
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Figure 4 Snapshots of dynamic Monte Carlo simulations of homo-
geneous random copolymers (a) and heterogeneous copolymers (b)
holding various comonomer mole fractions as labeled above. Bulk
copolymers in cubic lattice box with the size 64 sites and the periodic
boundary conditions for 1920 chains, each holding 128 monomers. The
crystalline bonds, each holding more than ten parallel crystallizable
bonds, are drawn in yellow cylinders, while the other noncrystalline
bonds are in blue [4] (color online).
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Figure 5 Phase diagram of modeling diblock copolymers for lamellar,
cylinder and sphere nano-microdomains with three typical snapshots.
The simulation involves 7680 copolymer chains, each holding 32 units
with various contents of crystallizable monomers in the cubic lattice box
of 64 side lengths. Flory-Huggins interaction parameter y changes. Inset
snapshots are three typical nano-patterns obtained in the simulations,
with the yellow crystallizable blocks and the blue noncrystallizable
blocks [31] (color online).
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Figure 6 Snapshots of dynamic Monte Carlo simulations of 1200
diblock copolymers, each hold 16 crystallizable monomers at one end
and 112 noncrystallizable comonomers at the other end, with the
volume fraction 0.293 of solution copolymers remained unchanging in
128x64%64 cubic lattice box, for single crystal growth induced by the
template of 8x8 folded 64-mer. Under the same thermodynamic
conditions of the mixing interaction between solvent and crystallizable
monomers By /E:=0, noncrystallizable comonomers By,/E=0.02, E/
E=1, E/E=0.3 (sliding diffusion penalty in crystalline phase) and &7/
E=3.30, the crystal growth periods are at 400000 (a) and 700000 (b)
MC cycles separately. Left picture shows only the yellow crystalline
bonds, each holding more than 15 parallel crystallizable bonds; right
pictrue also shows the blue noncrystalline bonds for those copolymers
joining into the crystalline growth [40] (color online).
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Figure 7 (a) Strain evolution curves of crystallinity to demonstrate
strain-induced crystallization upon stepwise stretching of constant speed
at various denoted temperatures as observed in dynamic Monte Carlo
simulations of lattice polymers [46]. Two straight lines demonstrate the
onset strain for crystallization at each temperature as recorded at their
crossover point. The inset cartoon shows two snapshots at the initial and
the final stretching process of bulk polymers. (b) Onset strains for
crystallization versus crystallization temperatures of random copoly-
mers holding various comonomer fractions as labeled, following the
combination styles of Flory’s equations as shown in the inset equations.
The straight lines are drawn to guide the eyes. The function fle)
represents Flory’s expression of strain terms [45] (color online).
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Figure 8 Snapshots of dynamic Monte Carlo simulations of strain-
induced crystallization in the diluted case of diblock copolymers with
(B/E=0.2) and without (B/E~=0) microphase separation. The left
cartoon illustrates the concentration fluctuations of crystallizable blocks
for the local concentrated and diluted cases. The right down snapshots
show only the yellow crystalline bonds holding more than 10 parallel
crystallizable bonds, and the right up further show the blue noncrystal-
line bonds but only the half section [52] (color online).
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Molecular modeling and its applications in crystallizable copolymers

Wenbing Hu'

Department of Polymer Science and Engineering, School of Chemistry and Chemical Engineering, State Key Lab of Coordination Chemistry, Nanjing
University, Nanjing 210023, China

*Corresponding author (email: wbhu@nju.edu.cn)

Abstract: Copolymerization is an effective way to adjust the crystallization performance of polymer materials. The
mechanism of how the sequence structures of copolymer units influence copolymer crystallization behaviors is thus an
important scientific issue in the study of polymer structure-property relationships. This paper starts from an introduction
of the molecular modeling on the chemical sequences of crystallizable copolymer units and summarizes the related
development of dynamic Monte Carlo simulations in recent years to study the adjustment mechanisms of sequence
structures of random copolymers and block copolymers on their crystallization behaviors. The applications of molecular
modeling covered over two aspects: the temperature-controlled crystallization under quiescent conditions, and the strain-
induced crystallization under dynamic conditions. The applications also combined some typical practical cases such as
linear low-density polyethylene crystallization, confined crystallization in self-assembled microdomains of diblock
copolymers, and strain-induced crystallization of thermoplastic elastomers. The review aims to demonstrate that an
effective molecular modeling could facilitate our deep understanding of microscopic mechanism on adjusting copolymer
crystallization behaviors, so as for better fundamental research and exploitation of polymer materials.

Keywords: molecular simulations, crystallization, self-assembly, linear low-density polyethylene, thermoplastic
elastomers
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