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Mesogen Molecules Orientation on
Crystal Surfaces

A. K. DADIVANYAN, Y. M. PASHININA,
D. N. CHAUSOV, V. V. BELYAEV, AND
A. S. SOLOMATIN

Theoretical Physics Department & Education and Science Centre of
Materials and Nanosystems Physical and Chemical Investigation,
Moscow Region State University, Moscow, Russia

The goal of the work is a simulation of LC and their fragments orientation by
calculating an interaction energy between atoms of different molecules with atoms
of a substrate’s surface with regular structure (graphite, polyethylene) vs angles
which characterize their orientation towards the surface. A model of a contacting
surface is proposed to explain type of LC alignment.

Keywords Crystal; graphite; orientation; polyethylene; simulation; surface

1. Introduction

Molecules of mesogens, some anisodiametric compounds and glass-like polymers are
oriented towards the interfacial surfaces [1-6]. A lot of materials are known to align
liquid crystals (LC) [7-9]. Empirical alignment parameters like pretilt angle, polar
and azimuthal components of the LC anchoring energy have been measured for
them [8-10]. In some cases an empirical link between molecular structure of both
LC and orientant substance and alignment parameters has been found [8,9]. Only
a few papers have been published on a theory of such interaction [11,12]. In [12]
calculations of the 8CB (4-octyl-4’-cyanobiphenyl) on graphite surface is made by
using of atom-atomic potential and Monte-Carlo methods. More promising are
molecular dynamics simulations [13,14] allowing good accuracy calculations of many
physical properties of both calamitic and discotic LC.

An urgent task is to develop a theoretical model for both qualitative and quan-
titative description of probability of some LC orientation type on surfaces with dif-
ferent structure. The goal of the work is a simulation of LC and their fragments
orientation by calculating an interaction energy between atoms of different mole-
cules with atoms of a substrate’s surface with regular structure.
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2. Simulation Method

At initial modeling stage the surfaces of graphite and polyethylene with well-known
structure [15] have been chosen. Cyanobiphenyl derivatives have been chosen as the
LC molecules. Besides the interaction energy of alkanes, diphenyl, alkyldiphenyl
molecules which can be imagined as mesogenic molecules fragments with the crystal
surface has been estimated.

We have investigated the interaction of molecules of hexane (C¢H;4), decane
(CoH»»), dodecane (C,H»¢), heptadecane C,7H34, diphenyl (C¢Hs-CHs), pentyldi-
phenyl (CsHs-CsH4-CsHyp) and 8CB (CgH;;-CgHy-CsHy-CN) with the surfaces of
both graphite and polyethylene.

The molecular models have been constructed on their atoms coordinates. In cal-
culations the groups CH, CH,, CHj3 have been replaced by model atoms. Their inter-
action energy well corresponds to the interaction of these groups [5,16]. Such
replacement smoothes a dependence of the interaction energy on some parameters
defined by molecules’ mutual position and simplifies the calculation. The rotation
angle between both phenyl rings has been taken initially as zero. Then a more
realistic value equal to 30° has been taken which was confirmed by quantum chem-
istry calculation [17-18].

Model of the surface of the graphite crystal lattice is a set of the carbon atoms
situated in the vertices of equilateral hexagons at a distance of 1.42 A (Fig. 1). The
distance between planes built on the atoms centers is equal to 3.35 A.

An elementary cell of the polyethylene crystal is shown in Figure 2. The macro-
molecule’s carbon atoms form a zigzag-like chain. The C-C distance in the chain is
equal to 1.54 A. The C-C-C valent angle is equal to 109.5°. The elementary cell
dimensions are as high as a=7.40A, b=4.93 A, c=2.534 A.

The interaction energy is presented as a sum of the interaction energies between
the molecule’s atoms and the crystal surface’s atoms in accordance with an equation
(Lennard-Jones potential):

A B
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Figure 1. Graphite crystal lattice.
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Figure 2. The polyethylene elementary cell. (a) view from ac plane; (b) view from ab plane.

where 4=1.15-10""T-mole™! A'z; B=-53-10°J -mole™! A6; R; — distance
between the surface’s atom i and molecule’s atom ;.

Recently by using such method of atom-atom potential the short-range orienta-
tional order in polymer-solvent system has been investigated and good agreement of
both theoretical results and experimental data has been obtained [19].

The molecule’s orientation towards the crystal surface is defined by angles 0, ¢
and  which vary from 0 to 90° with pitch 10° (Fig. 3). The initial distance r from the
inertia center of the molecule to the plane formed by the inertia centers of the surface
carbon atoms was taken to be equal to 3 A. Then the energy was minimized on r.

3. Results

Dependences of the interaction energy for systems diphenyl — graphite surface and
diphenyl — polyethylene surface are presented in Figures 4 and 5, respectively. For
the system diphenyl — graphite surface the interaction energy depends strongly on
the angles 6, Y, and does not depend on ¢. For the system diphenyl — polyethylene
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Figure 3. Molecule (1, 2, 3) and surface (X, y, z) coordinate systems.

surface the interaction energy depends on all three angles. There is a well-expressed E
minimum (E,,;,) in a restricted range of the angles.

If the rotation angle between both phenyl rings is equal to 34° the E value
reduces, it does not depend on ¢ like for parallel rings.

For the hydrocarbons the angular dependences of the intermolecular interaction
energy of the alkanes with the crystal surfaces are similar. The absolute E,,,;, value
increases with the growing elongation of the molecular chain (Fig. 6). For the system
with polyethylene the absolute E,,;, value is 1.5-2 times lower than for another
system investigated.

We have studied the interaction of different molecules with single crystal layer as
well as two layers of both graphite and polyethylene surfaces. The second layer con-
tribution into the interaction energy is ~10% that insufficiently influences the mole-
cule’s orientation on the crystal surface. Therefore the interaction can be calculated
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Figure 4. Dependence of the interaction energy E for the system diphenyl — graphite surface vs
orientation angles 0, ¢ (a) and 0, Y (b).
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Figure 5. Dependence of the interaction energy E for the system diphenyl — polyethylene
surface vs orientation angles 0, ¢ (a) and 0, Y (b).

using only one layer on the crystal surface. The same conclusion has been obtained
earlier in [12].

Dependences of the interaction energy for systems pentyldiphenyl — graphite sur-
face and pentyldiphenyl — polyethylene surface are presented in Figures 7 and 8,
respectively. In general these dependences calculated for the systems with pentyldi-
phenyl and diphenyl are similar. The absolute E,,;, value reduces in the case of
the molecule with longer substituent — a similar effect has been obtained for both
dodecane and heptadecane (Fig. 6). The absolute E,,,, value increases at addition
of the pentyl fragment to the diphenyl core while in the case of alcanes it remains
constant at different N. Main difference of both systems with pentyldiphenyl and
diphenyl is another value of the y angle at which the energy E has its minimum.

In Table 1 the calculated values of the interaction energy minimums E,,;, are
shown for the orientation states described by the angles 0y, Yy, @o. The values of
the interaction energy maximums FE,,,. are also shown for the comparison. The
E(0, ¥, @) dependence reaches its maximum at § =90° at any ¢ and .

For the 8CB our data (E,,;,=205.8kJ/mole) correspond well to the data
obtained in [12] by using an atom-atomic potential for a single 8CB molecule on

N
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Figure 6. Dependence of the interaction energy E,,;, minimum for the systems alcane — graph-
ite surface (1) and alcane — polyethylene surface (2) on the alcane length (N — number of the
carbon atoms in the molecule).
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Figure 7. Dependence of the interaction energy E for the system pentyldiphenyl — graphite
surface vs orientation angles 0, ¢ (a) and 0, y (b).
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Figure 8. Dependence of the interaction energy E for the system pentyldiphenyl — polyethylene
surface vs orientation angles 0, ¢ (a) and 0, Y (b).

Table 1. Energy of interaction between the molecule and surface of both graphite

and polyethylene

Graphite surface

Polyethylene surface

Emin Emax Emin Emax
Substance kJ/mol 0Oy ¢¢ Yo kJ/mol kJ/mol 0Oy ¢¢ Yo kJ/mol
Hexane (C¢H4) —686 90 30 0 —195 —47.1 90 80 60 —6.6
Decan (C;oHa,) —113.8 90 30 0 -199 —-60.1 90 90 60 —6.2
Dodecan (Ci,Hog) —136.5 90 30 0 —-20.0 —69.04 80 80 60 —6.7
Diphenyl (C;,H{() —121.2 90 0 0 —-40.6 —68.2 90 90 90 —12.5
Pentyldiphenyl -174 90 0 0 -213 —88.6 90 90 70 —6.6
(CeHs—CsH4—CsHyp)
8CB —-2058 90 0 0 —28.0 —104.6 60 90 90 -7.4
(CgH7-C¢H4—CsHs—CN)
8CB —235 -5.0 [12]

(CsH7-CeHy4~CeHy~CN)
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the crystalline graphite surface (E,,;,, =235kJ/mole). A small discrepancy can be
owing to using another potential with other interaction constants [20,21].

4. Discussion

The data obtained allow a determination of the type of the molecule’s orientation
towards the interfacial surface. For this purpose the specific surface interaction
energy should be found which can be calculated by division of the interaction energy
of the molecule by the interface contact area of the single molecule ¢ = E,,;;,/S;. The
method of ¢ evaluation is illustrated in Figure 9. For the diphenyl in the case of
0=90° the molecule’s contact area is equal to S,=1-w (8.0- 107" m?) and to
Sp=w-1(2.8-107"7m?) in the case of 0=0°. In the case of random orientation of
the molecules in the plane parallel to the interface area per one molecule is equal
to mw?/4 (3.7-10" " m?).

The specific surface interaction energy of the diphenyl molecule with the graph-
ite surface is equal to —0.28J/m” in the case of planar orientation (0 =90°) and
—0.24J/m? (dense packing) or —0.18 J/m? (random packing) in the case of homeo-
tropic orientation (6 =0°). Hence the interaction energy values are rather close for
both planar and homeotropic orientation of the diphenyl on the graphite surface.
The type of the mesogen orientation can be determined by the substituents. For
the 8CB the specific surface interaction energy is equal to —0.28J /m2 in the case
of planar orientation and —0.15J/m? in the case of homeotropic orientation on
the graphite surface (Table 2). On the polyethylene surface these values are equal
to —0.14] /m2 (planar orientation) and —0.04]J /m2 (homeotropic orientation),

2

Figure 9. A model of the diphenyl molecule for an evaluation of the specific surface interac-
tion energy ¢, /, w and ¢ are respectively length, width and thickness of the model parallel-
epiped comprising the molecule. (Figure appears in color online.)

Table 2. Specific surface interaction energy

System eJ/m% 0=90° eJ/m% 0=0° &J/m?, 0=90° 0° < < 90°
Graphite — diphenyl —0.285 —0.242 —0.182
Graphite — 8CB —0.284 -0.15 —0.113

Polyethylene —8CB —0.138 —0.04 —-0.03
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respectively. Therefore the 8CB should have the planar orientation on both types
of the surfaces that corresponds well to experimental data and other calculations.
Typical surface interaction energy for mesogens is as high as 30-40mJ/ m? [7-9].

5. Conclusions

¢ A method of atom-atom potential has been used to calculate a dependence of
interaction energy of molecules of mesogens, aromatic and aliphatic hydro-
carbons with graphite and polyethylene surface vs angles of their orientation.
A calculation of the 8CB-graphite interaction energy corresponds to literature
data by V. Palermo, F. Biscarini, C. Zannoni [12].

e Absolute value of the interaction energy of alcanes molecules with both
graphite and polyethylene surfaces increases with the increase of the molecule
length in the case of planar orientation and remains constant in the case of
homeotropic orientation.

¢ A model has been proposed to evaluate the specific surface energy of a single
molecule. An evaluation made for liquid crystals molecules allows an expla-
nation of both planar and homeotropic alignment, while diphenyl and 8CB
molecules have the planar orientation towards the surface.
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