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Anchoring Energy of Liquid Crystals
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The liquid crystals anchoring theory is considered on the molecular level. Earlier cal-
culations of mesogenic molecules interaction energy with graphite and PE surface give
results being one-two orders higher than experimentally obtained values. To explain the
experimental values of anchoring energy we proposed its dependence on the interac-
tion between liquid crystal layers. In our calculations we have simulated the mesogen
molecules by virtual rod-like molecules. The molecules orientation was given by polar
and azimuthal angles towards the directors of neighboring liquid crystal layers. Ob-
tained values of polar and azimuthal anchoring energy as well as their dependences on
the order parameter are in good agreement with experimental data.

Keywords Atom-atom potentials; interaction energy; liquid crystals; mesogens; polar
and azimuthal anchoring energy

Electronic paper, LC TV sets, LC monitors and other optical LC-based devices properties
are considerably defined by both polar and azimuthal anchoring energy of liquid crys-
tals with the carrier surface. Nowadays there is no satisfactory statistic theory explaining
both the experimental dependence of these characteristics on order parameter and their
experimentally obtained values.

On the basis of atom-atom potential method we took an attempt to create such theory
by calculating the interaction energy of mesogen molecules with graphite and polyethylene
surfaces [1,2] which appeared to be one order higher than polar and two orders higher than
azimuthal anchoring energy [3]. Similar results were obtained in experimental work [4].

In this work we supposed the anchoring energy dependence not only on the mesogen
molecules interaction with a surface, but on the interaction between liquid crystal layers.
The molecules orientation was defined by polar angle 6 and azimuthal angle ¢ (Fig. 1).

In our calculations we have simulated the mesogen molecules by virtual rod-like
molecules. C atoms and CH, CH,, CHj3 groups have been replaced by the model C* atoms
[5]. The model atoms number is equal to N. The adequacy of such replacement was shown
in [5-7]. The distance between atoms was selected by such way, that the model molecule
length was equal to the length of the mesogen molecule, and the number of atoms and groups
was equal to that in the mesogen molecule. It was supposed that mesogen molecules are
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Figure 1. The molecule orientation coordinate system.

located on the cones surfaces and can move on the surface (Fig. 2). Molecules orientation
is characterized by angles 0;, 6;, ¢;, ¢;.

Polar anchoring energy (Ey) is defined by the difference of surface interaction energies
between layers at = 0°, ¢ = 0° and 6 = 90°, ¢ = 0° and azimuthal (E,) is defined by
their difference at 6 = 90°, ¢ = 90° and 6 = 90°, ¢ = 0° divided into the surface area s.

The interaction energy was calculated by atom-atom potentials method. For the cal-
culation it was necessary to know the distance between atoms for various mutual layers
orientations Rj.

Figure 2. Mutual orientation of the mesogen molecule and the surface.
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Figure 3. Dependence of the interaction energy between the mesogen molecule and the LC-layer on
the order parameter S for 6 = 90°, ¢ = 0° (1), 8 =90°, ¢ =90° (2), 0 =0°, ¢ = 0° (3).

For R;j; values in static coordinate system the next equations have been obtained:
for 6 =90°, ¢ = 0°:
Rizjl = (a + r; sin6; cos ¢; — r; sin@; cos (pj)2

+ (r; sin6; sing; — bl — r;; sin0; sin(,oj)2 + (ri cos 0; — r;j cos Qj)z

for 6 =90°, ¢ =0°:

2 : 2
R;;y = (a+ricost —rjsinb;cosy;)

+ (r; sin@; sing; — bl — r;; sin§; sin<pj)2 + (7 sin6; cos 0; — r; cost)2 (D
for 6 = 0°, ¢ =90°:
R} = (a +risin6; cos ¢; — r; sin6; cos ¢;)*

+(r; cos §; — bl — r; sin; sing;)* 4 (—r; siné; sing; — rj cos ¢;)*

Here above b is the distance between the molecules of a layer, / is a number of a
molecule in the j-th layer.

According to R;; values the energy values E have been calculated (Fig. 3).

The interaction energy E of an upper layer molecule and lower layer molecules has
been calculated by atom-atom potentials method and presented as a sum of values of the
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interaction energy between atoms of this molecule and atoms of low layer molecules Ejj;

E=> Ej. 2

ijl

A B
Eiji = — + —3, 3)
Rijl Rijl

where A = —5,31 - 103 J-mol A%, B = 11,5 - 10° J.mol~"-A'2 [5].

The average E values were calculated according to 6;, ¢;, 6;, ¢; angles, with ¢; u g;
angles considered to be equally probable.

A cos? 0; value can be presented in terms of the order parameter S by equation:

s 3 (== 7 1
= —|cos?6; — =

2 73
where k =i, j.

Energy defining equations include cos”t"6; and sin’*46; values, where k = i, j.
In this case we suggested, that cos™™" 6, sin?*7 6, = cos™ 0 cos” 0y sin? 6y sin? O;. Such
assumption is well grounded, as investigations of hydrocarbons intermolecular interaction
[8] showed that realization probabilities of the most probable states are one order higher
than probabilities of other 90% realizations, and we can propose that in practice only a
small number of states can be realized in the interval of deviations from the most probable
value (6 & 10°).

In order to calculate the anchoring energy the difference of interaction energy values
at various angles should be divided into upper molecule and lower layer anchoring area s.

The dependences of both polar and azimuthal anchoring energy on order parameter S
are presented in Figs 4 and 5. As shown in figures here above both polar and azimuthal
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Figure4. Polar anchoring energy E, dependence on the order parameter S at different model molecule
length. 1 -N =40;2-N=50;3-N=60;4-N =70, N is a C atoms number in mesogen
molecule, dots are experimental data [3].
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Figure 5. Azimuthal anchoring energy E, dependence on the order parameter S at different model
molecule length. 1 - N =20;2-N =30;3-N=40;4-N=50;5-N=60;6-N=70,NisaC
atoms number in mesogen molecule, dots are experimental data [3].

anchoring energy increase with increase of the order parameter S, and azimuthal anchoring
energy is one order less than polar. That is consistent with experimental data [2].

One order difference of polar and azimuthal anchoring energy is shown in Fig. 6, where
dependences of energy on 6 at ¢ = 0° and on ¢ at 6 = Q° at order parameter S = 1 are
given. It is shown in Fig. 6 that the absolute energy value decreases continuously with 6

. o
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0 Ll Ll T
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Figure 6. Dependence of the anchoring energy of the model molecule and the LC layer on their
mutual orientation.
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Figure 7. Dependence of the polar anchoring energy E, on the molecule length (N is a number of
atoms in the LC molecule) at different order parameter values. 1 - S =0;2-5=0.3;3 -5 =0.4;
4-S=0.5.

increasing, because of the continuous increase of interatomic distance with 6 increasing.
On the contrary with increasing of the ¢ angle value the absolute interaction energy value
decreases at first and then periodically changes because of periodic increase and decrease
of interatomic distance starting from some ¢ value.
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Figure 8. The dependence of the azimuthal anchoring energy E, on the molecule length (N is a
number of atoms in the LC molecule) at different order parameter values. 1 - S =0;2-5=0.3;3 -
§=04;4-5=0.5.
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The data obtained allowed to determine the dependence of the polar (Fig. 7) and
azimuthal (Fig. 8) anchoring energy on the molecule length at different order parameter
values. The higher is the order parameter value, the stronger is the dependence.

Thus in this work an assumption about the anchoring energy dependence on the
interaction between liquid crystal layers permits to obtain the dependences of polar and
azimuthal anchoring energy on the order parameter. Both polar and azimuthal anchoring
energy values are shown to depend on the mesogen molecule length and to increase
with increasing of the order parameter. The obtained results are in good agreement with
experimental data.
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