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Simulations of Self-Assembled Structures in Macromolecular Systems:
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Abstract : Molecular simulation is an exceptionally useful method for predicting self—assembled struc—
tures in various macromolecular systems, enlightening the origins of many interesting molecular events
such as protein folding, polymer micellization, and ordering of molten block copolymer. The length scales
of those events ranges widely from sub—nanometer scale to micron—scale or to even larger, which is
the main obstacle to simulate all the events in an ab instio principle. In order to detour this major obstacle
in the molecular simulation approach, a molecular model can be rebuilt by sacrificing some unimportant
molecular details, based on two different perspectives with respect to the resolution of model. These two
perspectives are generally referred to as “atomistic” and “mesoscopic”. This paper reviews various simu~
lation methods for macromolecular self—assembly in both atomistic and mesoscopic perspectives.
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Figure 1. Schematics of various nonbonded interactions: (a)
bond stretching, (b) angle bending, (¢c) out—of—plane bending,
(d) bond torsion, and (e) Urey—Bradley interaction.
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Figure 2. The ribbon representation of native structure of
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Figure 3. The change of apomyoglobin structure and stretching
forces under distance restrained with time."”
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Figure 4. “Perspectives” in viewing polyethylene. (a) atomistic
perspective, (b} particle—based mesoscale perspective, and {¢)
field theory —based mesoscopic perspective.
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Figure 5. (a) Lamellar and (b) hexagonal morphologies in diblock
copolymer melt simulated by field theoretic simulation with
self—consistent mean field theory.?”
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Figure 6. Micelle formation of T—shaped graft block copolymer
consisting of solvophobic backbone and solvophilic side chain.™
(2) rigidity of backbone. k=0, (b) £=10¢ (c) k=10% and
(d) k=10%
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Figure 7. Pinned micelles and holey layers formed by polymers
grafted onto solid nonadsorbing surface.” (a) Grafting density
0=0.003, (b) 6=0.015, (©) 6=0.03, (d) 6=0.05, (&) 6=0.07,
and () 0=0.08.
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Figure 8. Dynamic evolution of block copolymer melt (a) under
shear field” and (b) under electric field. Both shear and
electric field were applied in the arrow direction.

(a)

(b

Figure 9. Dynamic evolution of block copolymer melt under
moving temperature gradient.27 Grey horizontal line represents
the heating line that moves vertically. (a) the moving speed
v=0.01 and (b) v=0.04.
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