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Determination and application of the effective potentials for mesoscopic simulations

In this thesis, we have proposed schemes to determine the interaction potentials
used in the atomistic and the coarse-grained MD simulations, respectively, and
exemplified cooperation of different simulation methods. F

In chapter 1, we describe the usefulness and the difficulty in computer
simulations.  In polymer and liquid crystalline systems, this difficulty is associated
with a wide range of length and time scales. To overcome this | difficulty,
coarse-graining is essential, and accurate effective potentials are required for the
coarse-grained models.  To aid understanding of this thesis, we briefly overview the
MO method, the atomistic MD method, the coarse-grained MD method .and the
coarse-grained potenti.al. :

In chapter 2, on the basis of ab initio molecular orbital calculations, we have
derived 12-1-3 potential functions for interaction between formaldehyde, in both the
ground and the n—x singlet excited state, and one water molecule as well as the
transition dipole moment functions in the n-—x * transition of formaldehyde interacting
with a water molecule. ~ Using these functions and the hybrid scheme of quantum and
classical mechanics, we carried out simulations of vibrational structures in the n—-7c -
absorption spectrum of formaldehyde complexed with a few water molecules (n=1 to 3)
and in water solution. Formaldehyde in cluster interacts with the chain of
hydrogen-bonding water molecules, while formaldehyde in water solution is surrounded
by water molecules. ~ Water molecules around the oxygen atom of formaldehyde
Interact attractively and those around the hydrogen atoms of formaldehyde interact both
attractively and repulsively with formaldehyde. Thouéh the transition energy shift in
the HCO-3(H,0) cluster does not reach that in water solution, the bandwidth of the
simulated absorption spectrum in the HyCO-3(H,0) cluster is nearly the same as that in
water solution.

In chapter 3, we have carried out molecular dynamics simulations for 1CB
(4-methyl-4'-cyanobiphenyl) and S5CB (4-n-pentyl-4'-cyanobiphenyl) by using a
. coarse-grained model to study the effect of the alkyl tail and the terminal dipole on the




stability of the liquid crystalline phase of mesogens. In the coarse-grained model, a
5CB molecule is divided into the rigid part of 1CB moiety which is represented by an
ellipsoid, and the remaining flexible part which is represented by a chain of united

-atoms.  The nonbonded potential between coarse-grained segments is represented by
the generalized Gay-Berne (GB) potential and the potential parameters were determined
by directly comparing the GB potential with the atomistic potentials averaged over the
rotation of the mesogen around its axis.  In addition, a dipole moment is placed at one
end of the ellipsoid opposite to the flexible tail.  The ordered state obtained in the
polar 5CB model was assigne'd as the nematic phase, and the experimental static and
dynamical properties were reproduced well by using this coarse-grained model.  Both
the dipole-dipole interactions and the thermal fluctuation of the flexible tail increase the
positional disorder in the director direction, and stabilize the nematic phase.  Thus the
nematic phase in the polar 5CB is induced by a cooperative effect of the flexible tail and
the terminal dipole. |

In chapter 4, starting from the united atom model, we constructed a
coarse-grained model for a flexible polymer chain, in which three successive CIl; atoms
are combined into an effective segment.  To connect the coarse-grained model with
the atomistic model, we have proposed a scheme to obtain the effective potentials acting
between bonded and nonbonded segments from atomistic molecular dynamics
simulation for a single isolated chain.  'We assume that the total effective potential is a
sum of potential components for independent coarse-grained variables.  The effective
bonded potentials were determined by simply taking the logarithm of the corresponding
distribution functions calculated from the atomistic simulations.  On the other hand,
to consider the characteristic entropy effects of the polymer chain system, the effective
nonbonded potentials were evaluated using the canonical ensemble average for fixed
distance between the segments.  For the polymer system described by the OPLS
potential, we confirmed that the coarse-grained model using these effective potentials
can reproduce the radii of gyration and various distribution functions of the
coarse-grained variables over a wide temperature range.  We also confirmed that the
effective potentials obtained for the isolated chain system are applicable to the melt
system.

In chapter 5, we examined our coarse-graining scheme described in chapter 4 for
another polymer system described by the DREIDING potential. ~ We confirmed that
the scheme works in the temperature range at which the chain is in an amorphous state
and that the coarse-grained potentials are independent of the chain length: the potential
determined for a relatively short chain can be used for longer chains.  As the




temperature decreases, however, the segment bond length and the segment torsion angle
correlate strongly with the segment bond angle.  Such a weak effect arising from the
local bond correlations cannot be totally resolved by the present scheme.

In chapter 6, we have proposed an extension of the scheme described in chapter 4 to
obtain the effective potentials which take the local bond correlations into account.
The cross coupling terms between coarse-grained variables were determined with the
two variable distribution functions' which strongly correlate with each other. We
confirmed that the coarse-grained model with the corrclated effective potential can
reproduce the partial distribution functions which represent the specific local structures
formed in the solid state as well as the distribution functions which represent the
averaged structural features.

In this thesis, we proposed two coarse-graining schemes, and showed how to
include correlation between bonded variables, between nonbonded variables, and
between bonded and nonbonded variables in proper effective potentials.  In practice,
an iterative step or an optimization step is required to obtain the accurate cffective
potential.  Since our schemes require only one adjustable parameter, the schemes can -
be applied easily to systems containing complicated structures, and the further
applications of the schemes are under study.
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