Chapter 2

Study of the Dynamics of SCB Thin Layer
Placed on the Fullerene Wall: Computer
Simulations

Przemystaw Raczynski and Zygmunt Gburski

2.1 Introduction

The properties of liquid crystals are still not fully explored, and they are intensively
studied, also using MD technique [1-8]. These studies are motivated by the search
for the materials suitable for the new generation of displays, and our research
follows that line. In view of this, the combination of liquid crystals with a specific
carbon nanostructure is the subject of our studies. The molecule 5CB, with the
chemical formula C;gH;9N, was first synthetized from the series of
n-cyanobiphenyls, an important group of mesogens. The aim of our research was
to find a mesogen with the specific intention of using it in liquid crystal displays
(LCD).

Nanostructures, such as graphene, nanotubes, or fullerenes, exhibit interesting
physical properties [9—17], and they are still intensively studied. C60, called
buckminsterfullerene, is the most famous and very carefully examined. It is the
most common naturally occurring molecule of fullerenes’ family, which can be
found, for example, in soot.

In this work we describe the properties of the molecular system consisted of C60
and 5CB. Mesogen molecules were placed on the surface composed of two fuller-
ene layers. This system was studied for a wide range of temperatures, from 240 to
390 K, for a thorough examination of the behavior of 5CB. The properties of
mesogens placed on the surface consisted of fullerenes C60 are interesting for
scientific reasons and potential applications.
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2.2 Simulation Details

All simulations were performed using NAMD 2.8 simulation code [18] and visu-
alized in VMD [19].

The model of SCB mesogen molecule has been adopted from the CHARMM-
type united atom potential developed by Tiberio and co-workers [20]. C60 mole-
cule has been modeled using all-atom potential described elsewhere [21, 22].

Interactions between the mesogens have been described using electrostatics and
van der Waals forces modeled with coulombic and Lennard—Jones 12-6 potential,
respectively. Cutoff was equal to 12 A. Interactions between C60 and 5CB mole-
cules have been described with van der Waals interactions modeled with Lennard—
Jones 12-6 potential. Periodic boundary conditions were applied on x- and y-axes to
treat fullerene surface as an infinite. Equations of motion were integrated using
Brunger-Brooks—Karplus (BBK) scheme, implemented in NAMD, with the time
step of integration equal to 0.5 fs.

All simulations were performed in NVT ensemble, for temperatures T = 240,
270, 300, 330, 360, and 390 K. Between successive temperatures, the system was
slowly heated and, next, equilibrated for 1 ns. After that, the simulation runs when
the data were collected were performed for 10 ns. To check the reproducibility, all
runs were repeated.

We prepared “C60 surface” consisted of the two layers. Fullerenes in the layer
adjacent to the mesogen molecules were not fixed. In the second C60 layer, two of
the fullerene atoms were fixed.

2.3 Results

Figure 2.1 shows the snapshot of the instantaneous configuration of the studied
system after all performed simulations. Some of the SCB molecules tried to
penetrate C60 surface by immersing themselves between fullerene molecules.
This process is slight in the low temperatures studied, and it proceeds with the
heating of the cluster because mesogen molecules become more mobile.

The process of increasing dynamics of SCB molecules with the heating of the

cluster can be observed in the mean square displacement <|A?(t)|2> plots of the
center of mass of a single molecule. It can be also confirmed by evolution of the
diffusion coefficient D: <|A7(t)|2> ~ 6D1.

Figure 2.2 shows the <\A7(t)|2> plots of the center of mass of 5CB. For the

clarity only first 5 ns for the three different temperatures is shown. Table 2.1 shows
obtained values of the diffusion coefficient D.
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Fig. 2.1 The snapshot of the final configuration of the studied system
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Fig. 2.2 The mean square displacement of the center of mass of SCB molecule
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Fig. 2.3 The radial distribution function of the center of mass of 5CB molecule

The <|A?(t)|2> plots and related values of D show that the 5CB molecules
became more mobile with an increasing of the temperature of the system.
The plot of <|A7"(l) |2> for the lowest temperature studied is typical for the solid

state. The shape of g(r) for this temperature, shown in Fig. 2.3, confirms that 5CB
molecules are in the solid state, because first and next peaks are sharp and clearly
visible. The first peak of g(r) function corresponds to the nearest neighbor distance,
and next peaks reflect a distance to the further neighbors. Contrary to g(r) at the
lowest temperature, the next peaks at higher temperatures studied are not so much
visible. Only the first and second peaks can be observed for the higher temperatures.
The differences in g(r) plots between the lowest and the highest temperatures
indicate an occurrence of the phase transition.

To confirm this conclusion, the evolution of the Lindemann index &; is shown in
Fig. 2.4, where the “jump” between 270 and 300 K is observed. This jump indicates
the phase transition between these temperatures.

In the Fig. 2.3 one can observe small shift of the maximum of g(r) plot for the
first peak at the T=240 K, comparing to the other temperatures. It means that the
orientation at the lowest temperature differs from these at the higher. As we pointed
earlier, the SCB molecules tried to penetrate C60 surface at the higher temperatures.
The shift is caused by an attempt to penetrate the fullerene wall by mesogen
molecules, when they have higher kinetic energy. SCB molecules are not able to
destroy C60 surface because the interaction between fullerenes is strong.

We have also calculated the thermal activation of translational diffusion for the
studied system, using the Arrhenius law:
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Fig. 2.4 The evolution of Lindemann index obtained for 5CB molecules

D = Dyexp (]i—’}>7

where kg is the Boltzmann constant and E  is the activation energy. Fitting data
with the Arrhenius law allowed us to estimate the diffusion activation energy Fa,
which is equal to 1799 K.

Figure 2.5 shows the values of the second-rank order parameter P,, averaged
over all time steps. The values of P, parameter diminish almost linearly with the
heating of the cluster up to the temperature equal to 330 K. For the higher
temperatures, the declines of the value of P, are practically unnoticeable.

2.4 Conclusions

5CB molecules tried to penetrate C60 surface by immersing themselves between
fullerene molecules. This process proceeds with the heating of the system.

At the lowest temperature studied, the mesogen molecules are in the solid state.
We have found that the phase transition occurs between 7=270 and 300 K.

The orientation of SCB molecules differs in various temperatures. It is caused by
an attempt to penetrate fullerene surface by liquid crystal molecules.

The behavior of SCB molecules on the C60 surface was examined because it can
be interesting for potential applications, for example, in nanotechnology.
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Fig. 2.5 The evolution of second rank order parameter obtained over all time steps, for 5CB
molecules
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