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Table 1. Potential energy parameters used in the simulation®

Parameter Value Unit
dy 0.153 nm
0o 1.2310 rad
kq 70000 kcal/nm? mol
ko 100 kcal/rad? mol
k, 2.0 kcal/mol
P 0.1984 kcal/mol
a 0.36239 nm

2 See Ref 49.
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Figure 1. Snapshots of the final chain conformation of a

single polymer chain in vacuum (a) at T=800K, (b) at T=
500K, (c) at T=400, and (d) at T=100 K in the case of grad-
ual stepwise cooling.
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Figure 2. The global orientational order parameter P, vs.
time ¢ for a single polymer chain in vacuum (a) in the case of
gradual stepwise cooling and (b) at 7=300K in the case of
quenching. Note that, in the case of gradual stepwise cooling,
the time corresponds to the temperature, that is, the first 1 ns
corresponds to 800 K and the last 1 ns to 100 K.
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Figure 3. (a) The global orientational order parameter P; vs.
time ¢ for a single polymer chain in vacuum at 7= 3500 K in the
case of quenching. (b) The orientationally ordered structure of
a single polymer chain in vacuum at #=6.0 ns. (c) The random
chain conformation of a single polymer chain in vacuum at =
11.5 ns.
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Figure 4. Snapshots of the chain conformation of 100 short
chain molecules for T=440K at (a) t=1ps, (b) t=150ps,
(¢) t=200 ps, and (d) £=2000 ps.
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Figure 5. The global orientational order parameter P, vs.
time # for 100 short chain molecules (a) at 7=440 K and (b) at
T=380K.
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Figure 6. The center-of-mass positions of 100 short chain
molecules at 7=400 K viewed along the c-axis. Hexagons are
depicted in order to indicate the hexagonal packing of the chain
molecules. The numbers denote the shell number.
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Figure 7. Average fluctuation (a) along the g-axis Aa and
(b) along the c-axis Ac vs. shell number at various tempera-
tures for 100 short chain molecules. The horizontal solid line in
(b) corresponds to ¢/2.
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Figure 8. Snapshots of the final chain conformation of a
single polymer chain (a) in vacuum and (b) in solution at each
temperature: 7=400 K, 350 K and 300 K. Solvent molecules
are not shown in (b) for clarity.
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Figure 9. The temperature dependence of the potential ener-
gies in the cases of long stems and short stems for a single poly-
mer chain in solution: (a) the bonded potential energy E,, (b)
the bonded and LJ potential energy E,+E,,, and (c) the
bonded and LJ potential energy Ey, + Ey, + Eps.
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Figure 10. The local orientational correlation function at 7=
300K for a single polymer chain in solution. p-p: p5*(r), p-s:
py(r) and s-s: p5 (r).
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Figure 11. Snapshots of the micelles formed by amphiphilic
molecules for ed-=1.0: (a) &%=1.0 (disk micelle), (b) &=
2.0 (cylindrical micelle), and (c) &%=4.0 (spherical micelle).
Gray and black particles denote hydrophilic head portions and
hydrophobic tail portions of the molecules, respectively. In (a)
and (b), light gray shadows of the amphiphilic molecules
projected on three planes are also depicted to make the micellar
shape understandable. Note that solvent molecules are not
displayed for clarity.
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Figure 12. The total potential energy E, vs. time ¢ (a) for
(e, &) = (1.0, 4.0), (b) for (e, &) = (1.0, 1.0), and (c)
for (e, &) = (3.0, 1.0).
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Figure 13. The time evolution of (a) the fraction of various
micellar shapes of the largest micelle and (b) the number of
micelles n,, in the case of (edc, &%) = (1.0, 1.5).
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Figure 14. The time evolution of (a) the fraction of various
micellar shapes of the largest micelle and (b) the number of
micelles n,, in the case of (e, &) = (1.0, 3.0).
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Molecular Dynamics Simulations for Structure Formation of Polymers and Self-Assembly of Amphiphilic Molecules

Susumu Funiwara*!, Masato HasuiMoro*!, and Takashi Itou™!
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Molecular dynamics simulations were carried out to study the structure formation of polymers and the self-assembly of amphiphilic
molecules. In particular, the structure formation of an isolated single polymer chain, isolated short chain molecules, and a single polymer
chain in solution, and the spontaneous micelle formation in amphiphilic solution were investigated. From the detailed analyses of the struc-
ture formation processes, two characteristic features, the stepwise energy relaxation and the dynamic coexistence, are clarified as those com-
mon to the nonequilibrium dynamics in chain-like molecules and amphiphiles. We believe that these two findings will provide a key to the
research on the universality of nonequilibrium dynamics.
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