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Rotational viscosity calculation method for liquid crystal mixture using molecular dynamics
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This paper presents the directly obtained rotational viscosity values of E7, which includes pentylcyanobiphenol, heptyl-
cyanobiphenol, 4-cyano-4’-n-octyloxy-1,1’-biphenyl, and 4-cyano-4”-n-pentyl-1,1’,1”-terphenyl, at various temperatures
using molecular dynamics computer simulation. The director mean squared displacement was achieved from the squared
displacement of the mean director using the concept of the mean director of various nematic liquid crystals. The calculated
values were compared with the experiment results that predicted a good agreement. Additional points that must be considered

for further study are also discussed.
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1. Introduction

It is well known that rotational viscosity is directly related
to the response time of a liquid crystal (LC) display. The
calculation of the rotational viscosity of LCs is one of the
most challenging works in molecular dynamics (MD) com-
puter simulation [1-9]. Sufficient time is generally highly
needed to achieve reliability in equilibrium MD simula-
tion studies, but in the test in this study, it was found
that to complete 5.0 million steps, an essential amount of
time is enough. In this study, such technique was used
to find the rotational viscosity of a mixture, E7, which
included pentylcyanobiphenol (5CB), heptylcyanobiphenol
(7CB), 4-cyano-4’-n-octyloxy-1,1’-biphenyl (80CB), and
4-cyano-4"-n-pentyl-1,1’,1”-terphenyl (5CT).

The rotational viscosity of a mixture of SCB and decyl-
cyanobiphenol (10CB) was calculated in 2009 [9—13]. It
was the first time the rotational viscosity of a mixture of
different kinds of LCs was calculated [10,13].

Since the commercial LC mixture includes 15-20 dif-
ferent kinds of LCs, it is essential to add more kinds of LCs
to the ensemble for the MD computer simulation.

In this paper, a method of directly calculating the rota-
tional viscosity of the E7 mixture of four different kinds
of LCs is presented as follows: 5CB, 7CB, 80CB, and
5CT [14].

The overall methodology comprises molecular geometry
optimization and charge calculation using the Gaussian
ab initio calculation, the MD computer simulation of an LC

mixture, and numerical analysis [10,13]. Some parameters
of the Gaussian ab initio calculation were modified. As the
current system of the simulation is more complicated than
the earlier system (5CB + 10CB), the MD time of the equi-
librium was first extended to lower the fluctuations of the
mixture system (Figure 1). The mean director vector data of
the ensemble were used to calculate the mean squared dis-
placement [10—13]. This technique made it easy to perform
numerical analysis after obtaining the data from the MD
simulation. The rotational viscosity equation was derived
from two equations: the Einstein relation and the Stokes—
Debye—Finstein equation [7,10—13]. The essential factors
of the rotational viscosity equation were the squared dis-
placement of the mean director as a function of time and
the mean volume and the mean temperature, which were
obtained from the MD computer simulation. The average
results were found, and better numerical analysis values
were obtained. Eventually, the rotational viscosity of E7
can be calculated directly from each molecular structure
and composition (Figure 2). The direct calculation method
makes it possible to predict the rotational viscosity even if
only the molecular structure and the molar ratio are known.
The research and development scientist or engineer can
rapidly find the target mixture that has a lower rotational
viscosity composition and molecular structure using this
method in this industrial area. Moreover, the authors show
their current work and discuss important points for further
study.
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2. Computation details

2.1. A sample

The sample MD computer simulation in this study consisted
of the nematic LC mixture E7 and its components (shown
in Figure 4)—5CB, 7CB, 80OCB, and 5CT. The composition

(w/w) of these four different kinds of LCs was as follows:
51% 5CB, 25% 7CB, 16% 80OCB, and 8% 5CT.

Figure 1. Chemical molecular structures of SCB and 10CB.

Figure 2. Chemical molecular structures of the E7 components.
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Figure 3. Overall MD workflow.

Figure 4. MD snapshot of the E7 mixture (the black arrow
represents the nematic ‘mean director’).

2.2.  Overall workflow

In this study, the input parameters and MD simulation time
parameters were modified. These steps were performed
mainly to attain more accurate charge density values. The
details of such studies can be seen in Refs. [11,12]. The
whole process of the MD computer simulation is as follows
(Figure 3).

As described, the modified input parameters of the
ab initio calculation were utilized. The ab initio com-
mand parameters of the Gaussian package for the geometry
optimization and the charge calculation are as follows,
respectively:

# hf/6-31g(d) opt

and

#p hf/6-31g(d) geom = connectivity iop (6/33 = 2,
6/41 = 10, 6/42 = 17) pop = mk scf = tight. (1)

For the optimization process, the keyword ‘opt’ was
required. The geometry optimization and charge calculation
were performed sequentially and separately. The molecules
of the E7 mixture were modeled using Xleap, a program
within the AMBER package. The atom type and charge dis-
tribution information was transferred from the result of the
ab initio calculation to the MD model using Antechamber,
another computer program within the AMBER package.

The generalized AMBER force field parameter, which is
applicable to general organic molecules such as LCs and to
the AMBER force field equation that follows, was assigned.

UR) = Y Ke(r —1eq)” + D Ko(6 — 0cg)’

bonds angles

Vi
+ Z 7(1 + cos[ng — y])
dihedrals

atoms A B atoms qq

ij ij i9j
— — — — 2
+ Z R<1-2 R6 + T éRij ( )
i<j 1 ] i<j
The force field for the bonded atoms consisted of bond
energy, angle energy, and dihedral energy. The force field
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Table 1. Comparison of the MD times of SCB + 10CB and E7.

Time (ns) for Time (ns)

Step Ensemble 5CB + 10CB for E7 Purpose

1 Canonical 0.1 0.15 To equilibrate
the temperature

2 Isothermal- 2 2 To raise the
isobaric density

3 Isothermal- 2 10 To equilibrate
isobaric the system

4 Isothermal- 2 2 Brownian
isobaric dynamics

for the non-bonded molecules consisted of electrostatic
energy and van der Waals energy as follows:

Ebonded = Ebond + Eangle + Edihedral (3)

and
Enonbonded = Eelectrostatic + Evan der Waals- (4)

The duration of the step that involved the equilibration
of the temperature for the canonical ensemble (NVT) was
increased slightly from before the study, from 0.1 to 0.15ns
[13]. The equilibrium MD used the isothermal-isobaric
ensemble (NPT). Once equilibrium was reached, it was
deemed better to move one step forward. Table 1 shows the
experimental modification of the equilibrium time. In the
test trial, a five-time longer equilibrium time was adopted
to confirm whether or not the system became fully equili-
brated. The time needed for the equilibrium was adjusted for
the optimization after the overall work. The sufficient equi-
librium gave the molecules enough time to have a nematic
order during their rotation and alignment, according to their
force field parameters. Although the system started from the
initial artificial alignment that was highly ordered toward
one direction, as time passed, the molecules within the sys-
tem behaved in an order similar to that in the nematic state.
Sufficient equilibrium was very important for this kind of
MD computer simulation.

The input commands in Steps 2 and 3 are exactly the
same, except for the MD run time. It was divided into
two steps to investigate the sufficient equilibrium from
the fluctuation during the MD computer simulation. Then
Brownian dynamics followed for 2 ns.

The purpose of this step was to implement the natural
state of an E7 nematic mixture composed of four different
kinds of LCs. A very weak heat bath was used, however, to
overcome the energy leakage phenomenon during the fourth
MD. Eventually, the results were acquired by averaging the
calculated figures many times to overcome numerical fluc-
tuation. It was recently realized that this problem can be
solved, and such conditions are generally being studied.
Although MD runs in a parallel environment using open-
MPI and numerical analysis written in C, the code was
optimized using openMP, and it took about 15 days to per-
form the overall computer simulation using a quad core
CPU environment [15—17].

3. Results
3.1. Mean director of the mixture of four different
kinds of LC molecules

Figure 4 shows the E7 ensemble that included 5CB, 10CB,
80CB, and 5CT. Nematic LCs have a dipole because they
have many atoms and their electronegativities are different.
Thus, they each have their own dipole moment. According
to the continuum theory, nematic LCs could align them-
selves along the long axis. Eventually, the dipole moment
could be the vector summed up over the long distance.
Such dipole moment is called the ‘mean director,” which
is used to calculate the mean squared displacement. The
mean squared displacement can be achieved only by calcu-
lating the squared displacement of the mean director vector.
It has an advantage during the numerical analysis because of
its ease and the lower numerical fluctuations over the aver-
aging processes [10—13]. Figure 5 shows the mean squared
displacement with time, which was directly obtained from
the squared displacement of the mean director. The mean
director vector was read from the trajectory file after MD
by ‘ptraj’, a program in the AMBER package.

3.2.  Rotational viscosities

The rotational viscosity equation was derived from the
Stokes—Einstein—Debye equation and the Einstein relation,
as follows:
2
L 5)
(An;(H)?)
wherein Kg is the Boltzmann constant, ‘T’ is the tempera-
ture, ‘t’ is the time, ‘V’ is the volume, bracket () is the mean
over the time, (An;(t)?)/t is the slope of the mean squared
displacement with time wherein (An;(t)?) is the director
mean squared displacement shown in the vertical direction
in Figure 5, and /t is the time (ps) shown in the horizontal
direction in the same figure.
Table 2 compares the rotational viscosities of the calcu-
lated and experimental values at various temperatures.

3.3. Recommendations for further study

The points that must be considered for further study are as
follows.

(1) The generalized AMBER force field is highly rec-
ommended for organic molecules such as LCs [18].

(2) A parallel computing environment, especially the
symmetry multi-processor type, is recommended
for low latency instead of the cluster computer
system using a 100 MB LAN.

(3) The ensemble system should be equilibrated
sufficiently in the equilibrium MD simulation work.

(4) The squared displacement of the mean director
vector is recommended to calculate the mean
squared displacement [10—13].
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Figure 5. Squared displacement of the mean director of E7.

Table 2. Comparison of the rotational viscosities of the cal-
culated and experimental values at various temperatures.

Temperature Calculated Experimental
(@) (mPases) (mPases)
10 424 422

20 243 224

30 127 126

40 72.6 74

(5) The determination coefficients of the fitted lines of
the squared displacement of the mean director with
time can be used to select better calculated rota-
tional viscosity values. Later, the selected values
should be averaged from the various lengths of the
mean squared displacement of the mean director
[10-13].

(6) The calculated values can be obtained through
longer-time computer calculation. Using openMP
or heterogeneous openCL, computing would be
helpful in the numerical calculation, because such
packages can be used with all CPU and CPU +
GPU systems, respectively [15—17].

4. Conclusion

The rotational viscosity of the E7 mixture was calculated
for temperatures that ranged from 10°C to 40°C, using a
more complicated system than that used in the authors’
previous study (5CB + 10CB) [10,13]. The investigation
was performed using the concept of the mean director of
the LC mixture, which included four different kinds of
LCs. A longer equilibrium MD time was experimentally

used to equilibrate the E7 system. The authors are currently
studying an interdisciplinary area related to this study.
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