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1. Introduction

The computer simulation is one of the important methods for providing detailed
information on the structure and dynamics of materials; thus, many methods, for
example molecutar dynamics (MD) and First Principle Molecular Dynamics
(FPMD) simulations, have been proposed and widely used. These methods,
however, strongly depend on a potential function and generally it is not easy to
determine the accurate potential functions, Moreover, it is also difficult to mode!
the medium- and long-range structure by using these methods.

On the other hand, the reverse Monte Carlo (RMC) simulation [1] is a powerful
tool for structure modelling of disordercd materials based on experimental data, and
has been widely applied to analyze the structures of liquids, glasses, amorphous
materials and disordered crystals. One of the fundamental problems in RMC is how
to constrain the configuration of atoms in complicated molecules such as large
molecular and ionic liquids. Therefore it is essential to constrain the atomic
configuration in these liquids based on molecular theory. Accordingly we developed
a new RMC code, reverse Monte Carlo modeling combined with molecular
mechanics (RMC-MM), where the molecular structure can be constrained by the
molecular mechanics (MM) technique and the intermolecular structure is modeled
by the RMC method using diffraction data.

2. Method

The basic procedure for RMC-MM is the same as that for the standard RMC
program, known as RMCA [1]. In order to constrain the molecular structure, the
RMC-MM program developed with a combination of MM and Metropolis
algorithms. The MM procedure was performed by employing the widely used
TINKER code [2]. The X-ray diffraction experiment of liquid CCls and
Octamethylcyclotetrasiloxane ([SiO(CHs;);2]4) was carried out at the SPring8. The
measurement of the neutron total scattering for liquid CCly was performed using the
GEM time-of-flight diffractometer at the 1SIS Facility. The neutron diffraction data
of AICIs-1-ethyl-3-methyl-imidazolium chloride (AICL-EMIC) melt [3] were used
for the structure modelling.

3. Result and Discussion

RMC-MM has successfully been applied to analyze the molecular liquid
structure. The intra-molecular MM force field plays an important role to constrain
the molecular structure, without severely affecting the speed of RMC simulation in
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comparison with other related simulation programs (RMCA, RMCH++).

The CCly molecule has a C-Cl length of 1.75 A, a C1-Cl length of 2.90A, giving
a ratio of CI-Cl to C-Cl distances of 1.63, and a CIl-C-Cl bond angle of 109°,
indicating that the tetrahedral structure of CCly is sufficiently constrained in the
RMC-MM simulation. The obtained molecular configuration shows that corner-edge
and edge-edge orientational correlations are dominant in liquid CCls, which is
different from the previous results of Misawa [4] and Jovari [5].

It is well known that the AICL, ion is the dominant anion in 50mol% AICI3-50
mol% EMIC melt, whereas the ALCl;” ion is dominant in 67 mol%AICI3-33 mol%
EMIC melt. The atomic configuration of the EMI" cation was maintained as an
imidazolium ring with a methyl group and an ethyl group, and the configuration of
the ethyl group is perpendicular to the imidazolium ring. The orientatinal
correlation of each anion against EMI" cation indicates that AICl, ion is distributed
much widely around EMI" cation than the case of ALCL ™ ion.

A siloxane has a branched or unbranched backbone of alternating silicon and
oxygen atoms -Si-O-Si-O- with side chains of two methyl groups attached to the
silicon atoms. The atomic configuration of the silicon was maintained as ring with
eight methyl groups. The dihedral angle distribution between siloxane rings has
clear tendency, whereas that between normal vectors of rings is extremely flat.

4. Conclusion

The reverse Monte Carlo simulation combined with a molecular mechanics
simulation, the RMC-MM code, has been developed and successfully applied to
construct three-dimensional structure models for molecular liquid. In this algorithm,
the intra-molecular MM force-field parameter plays an important role in
constraining the molecular structure, so that RMC-MM can model the structure of
disordered materials with large molecules. Therefore, the proposed method has a big
advantage to analyze the detailed structure of disordered materials with ordering
units (molecular and ions liquid systems).
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