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MACROSCOPIC MODEL FORMULAE DESCRIBING
ANISOTROPIC ANCHORING OF NEMATIC LIQUID
CRYSTALS ON SOLID SUBSTRATES

Formulae used for description of anchoring energy of nematic
liquid crystal aligned on solid substrates are reviewed. They are based
on macroscopic approach considering the concepts of the easy axis
and of the anchoring strength parameters. Properties of the modified
formula proposed in our earlier article are illustrated by exemplary
plots which allows for comparison with other formulae. The modified
formula describes the dependence of energy on the azimuthal and
polar deviation of director from the easy axis and is valid qualitatively
for deviation of any magnitude.
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1. INTRODUCTION

Orienting influence of solid surfaces exerted on director is crucial for all
applications of liquid crystals, e.g. in liquid crystal displays. Properties of liquid
crystalline systems are usually studied in terms of continuum theory. In this
approach, the anchoring is determined by the easy axis e and by the anchoring
strength parameters. The easy axis indicates the preferable director orientation,
i.e. the orientation adopted in the absence of any external torques. The anchoring
strength parameters determine the surface energy density i.e. the anchoring energy
per unit area of the surface, gs. They represent the work necessary to deviate the
director from the easy axis. Experiments indicate that the anchoring is
anisotropic, which means that the work needed to rotate the director by an angle
o around the normal to the substrate is smaller than the work necessary to
deviate it from the surface by the same angle. The anchoring energy gives
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important contribution to the free energy of a liquid crystal system and should be
taken into account during calculations concerning elastic deformations of such
systems. For this reasons, the macroscopic models describing the anisotropic
dependence of anchoring energy on the director deviation from the easy axis are
required. The most popular are the approaches which stem from the famous
paper by Rapini and Papoular [1] in which the formula for the energy due to
director deviation from the planar orientation was proposed. Various forms of
this formula are used [2-11], for example

g, :—;WQ cos® @ (1)

where W, is the anchoring strength parameter and @ is the angle between the
director n and the easy axis lying on the surface. (The anchoring energy is
determined with accuracy to arbitrary constant. Here and in the following the
formulae predict the negative anchoring energy with maximum equal to zero.)
This formula is suitable for deformation in which the director remains in the
plane perpendicular to the surface. Analogous formula

1
95 =W, cos” ¢ (2)

corresponds to director lying in the plane of the surface and rotated around the
normal to the surface by an angle ¢ from the easy axis. Both formulae can be
written in a more general form suitable if the orientation of the easy axis is
determined by the angle &, (between the plane of the surface, xy, and the easy
axis e)

g, =~ W, cos*(0-0,) ©
or by the angle ¢ (between the axis x and the projection of e on the plane xy)

g, =W, c0s* (4~ 4s). @

The angles which describe the director orientation are defined in analogous way.
The angle @is measured between the xy plane and the director n while the angle
¢ is between the x axis and the projection of n on the plane xy.

There are situations in which the director adopts orientation determined by
6+ 6 and simultaneously by ¢# ¢. Then the anchoring energy can be expressed
by the formula

1

gs=—,Wn-ef. (5)

However, this formula does not take into account anchoring anisotropy i.e. all
the directions of deviation are equivalent.
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Anchoring anisotropy manifests itself by the difference between W, and W,
Experiments show that W, is even ten times larger than W,. In order to describe
the anisotropy, the sum of formulae (3) and (4) is often used, [12]

g, :—%Wg cosz(e—é’s)_%\m cos?(¢—4,). (©)

Formula (6) is qualitatively suitable for small deviations from planar
alignment, however it is inappropriate if the director is oriented homeotropically
(0 = #2), since it involves unreasonable dependence on the azimuthal angle ¢.
An example is shown in Fig. 1 where the energy needed for director deviation
from the planarly aligned easy axis e =[1,0,0] is plotted as a function of the
azimuthal angle ¢ for several values of the polar angle 6. The anisotropy is
determined by adoption that W, = 5W,. It is evident that for homeotropic director
orientation, 8= /2, the anchoring energy density g depends on ¢.
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Fig. 1. Anchoring energy density gs calculated by use of Eq. (6) as a function of the
azimuthal angle ¢ for several values of the angle 8 (in degrees) indicated at the curves.
Planar alignment; e = [1,0,0], W, = 107* J/m% W= 2-10"° J/m’

The formulae of Rapini-Papoular type were proposed to be replaced by
other expressions.

The elliptic sine was adopted for the case of homeotropic alignment [13].
According to the convention adopted here, the anchoring energy can be
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expressed as
1

g ==, Wysn*(0-6,,k) 7)
This function predicts a very sharp minimum of the surface anchoring for small
deviations from the easy axis. The width of the corresponding potential energy
well can be controlled by the choice of parameter k.

A generalized anchoring energy formula based on a spherical harmonic

expansion was proposed in in the form

g, =W (n-&) +W, (n-n) ®)
where versors &, n and e create an orthonormal vector triplet [14]. Its orientation
with respect to the surface determines the anisotropy of the aligning properties
of the substrate. Equation (8) implies the presence of surface-induced nematic
biaxiality. The parameter W, concerns the deviation of director from the easy

axis in the e,g plane, whereas W, describes the deviation in the e,n plane. This
formula is suitable for the homeotropic surface with in-plane anisotropy.

2. MODIFIED FORMULA FOR ANCHORING ENERGY

In order to avoid the disadvantage of Eq. (6) and to retain simultaneously
the possibility of description of arbitrary deviations, a modified macroscopic
model of anisotropic anchoring was proposed in our previous article [15]. It is
expressed by the formula

1 . 2 1

g, :E[W"’ cos’ (0 -0,)+W,sin*(6-4,) | [1—(ne) } W O
Here, the last term was added for convenience in order to obtain the range of
energy comparable with the ranges obtained by previous formulae. The proposed
model has proper qualitative features and can be used for all kinds of
deformations of director adjacent to the solid substrate, e.g. for the twisted
nematic cells. In the present paper we give examples which allow to compare it
with other formulae.

Figure 2 presents the predictions of Eq. (9) for the same planar alignment of
the easy axis, e =[1,0,0], and for the same anchoring strengths as those used in
Eg. (6) and shown in Fig. 1. For homeotropic director orientation, = /2, the
energy density gs is independent of ¢. Figures 3-5 illustrate the gs(&,¢) function
for planar, oblique and homeotropic orientations of the easy axis. In the case of
planar alignment, (Fig. 3) the stable equilibrium orientation due to global
minimum equal to —W, /2 occurs for & = 0° and ¢ = 0°. The work necessary to
rotate director by 90° around the normal to the surface is W,/2 and the work
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Fig. 2. Anchoring energy density g calculated by use of Eq. (9) as a function of
the azimuthal angle ¢ for several values of the angles & (in degrees) indicated at the
curves. Planar alignment; e = [1,0,0], W, = 10~ J/m? W, = 2.10°° J/m?
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Fig. 3. Anchoring energy density g, calculated by use of Eq. (9) as a function of the
angles @ and ¢. Planar alignment, 6, = 0°, ¢ = 0°, e =[1,0,0], Wy=10"*J/m?
W, =210 J/m?
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Fig. 4. Anchoring energy density g, calculated by use of Eq. (9) as a function of the
angles 6 and ¢. Oblique alignment, 6,=30°, @ =0°% W,=10"J/m?
W, = 2107 J/m?
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Fig. 5. Anchoring energy density g, calculated by use of Eq. (9) as a function of the

angles & and ¢ Homeotropic alignment, 6 =90° ¢ =0° e =[0,0,1],
W, =107 J/m? W, = 2.107° Jim?
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needed to deviate director by 90° from the plane xy is Wy /2. The unstable
equilibrium corresponds to the homeotropic director orientation.

In the example of oblique alignment, (Fig. 4), determined by & =30°
and ¢ = 0°, the stable equilibrium due to global minimum —W,/2 occurs. The
homeotropic orientation is not due to any equilibrium. Maximum corresponds to
orientation perpendicular to the easy axis. The work necessary to achieve the
planar orientation depends on the angle ¢.

In the case of homeotropic orientation of the easy axis, (Fig.5), only the
angle @ is of importance. Deviation by some angle from e requires the work
which does not depend on direction of deviation i.e. is independent of the
angle ¢. The planar director orientation, & = 0°, corresponds to an unstable
equilibrium.

To summarize, we considered the formula (Eq. (9)), proposed in our
previous article [15] which describes the model of anisotropic anchoring of
nematic liquid crystal on solid substrates. The formula allows to avoid the
disadvantage of Eq. (6) and yields qualitatively valid description of polar and
azimuthal anchoring. Properties of the proposed model were illustrated by plots
presented for three particular orientations of easy axis.

REFERENCES

[1] Rapini A., Papoular M. 1969. Distorsion d'une lamelle nematique sous
champ magnetique conditions d'ancrage aux parois. J. Phys. (Paris), Collog.
30 (C4): C4-54 - C4-56.

[2] Jerome B. 1998. Surface Alignment in Handbook of liquid crystals, eds.
Demus D., GoodbyJ., Gray G.W., SpiessH.-W., Vill V. 535-548.
Weinheim: Wiley-VCH.

[3] Barbero G., Evangelista L.R. 2006. Adsorption phenomena and anchoring
energy in nematic liquid crystals. Boca Raton: CRC Press.

[4] Pasechnik S.V., Chigrinov V.G., Shmeliova D.V. 2009. Liquid crystals.
Weinheim: Wiley-VCH.

[5] Vicari L. 2003. Optical applications of liquid crystals. Bristol and
Philadelphia: IOP Publishing Ltd.

[6] Ataalla R.M.S., Barbero G., Komitov L.J. 2013. Thickness dependence of
the anchoring energy of a nematic cell. Appl. Phys. 113: 1645501-1 -
1645501-4.

[7] Newton C.J.P., lovane M., Duhem O., Barberi R., Lombardo G., Spiller T.P.
Anchoring energy measurements: a Practical Approach. HP Labs Technical
Reports. http:// www.hpl.hp.com/ techreports/2000/HPL-2000-113.html



12 G. Derfel, M. Buczkowska

[8] Vilfan M., Copic M. 2003. Azimuthal and zenithal anchoring of nematic
liquid crystals. Phys. Rev. E 68: 031704 -1 - 031704-5.

[9] Lin B., Taylor P.L. 1994. Temperature-driven polar anchoring transitions in
nematic liquid crystals: computer simulations. J. Phys. 11 France 4: 825-836.
[10] Nastishin Yu.A., Polak R.D., Shiyanovskii S.V., Lavrentovich O.D. 1999.
Determination of nematic polar anchoring from retardation versus voltage

measurements. Appl. Phys. Lett. 75: 202-204.

[11] Fournier J.-B., Galatola P. 2000. Effective anchoring and scaling in nematic
liquid crystals. Eur. Phys. J. E 2: 59-65.

[12] Hirning R., Funk W., Trebin J.-R., Schmidt M., Schmiedel H. 1991.
Threshold behavior and electro-optical properties of twisted nematic layers
with weak anchoring in the tilt and twist angle. J. Appl. Phys. 70: 4211-4216.

[13] Barnik M.I., Blinov L.M., Korkishko T.V., Umanskii V.A. Chigrinov V.G.
1983. New type of boundary conditions for orientation deformations in
homeotropic layers of nematic liquid crystals. Sov. Phys. JETP. 58: 102-107.

[14] Zhao W., Wu C.-X., lwamoto M. 2000. Analysis of weak-anchoring effect
in nematic liquid crystals. Phys Rev. E 62: R1481- R1484.

[15] Derfel G., Buczkowska M. 2015. Electric field induced deformations of
twisted flexoelectric nematic layers. Lig. Cryst. 42: 1213-1220.

MAKROSKOPOWE MODELE ANIZOTROPOWEGO
KOTWICZENIA NEMATYCZNYCH CIEKLYCH
KRYSZTALOW NA POWIERZCHNIACH CIAL
STALYCH

Streszczenie

Artykul zawiera przeglad wzoréw stosowanych do opisu energii
kotwiczenia ciektych krysztalow nematycznych na powierzchniach ciat statych.
Wywodza sie one z makroskopowego podejscia wykorzystujgcego pojecie osi
tatwej 1 energetyczne parametry opisujace oddziatywanie ciektego krysztatu
Z podtozem. Opisano wlasciwos$ci zaproponowanego we wczesniejszym artykule
zmodyfikowanego wzoru, uwzgledniajacego anizotropi¢ oddziatywania
powierzchniowego, ktory ujmuje zalezno$¢ energii kotwiczenia od odchylenia
direktora od osi tatwej i jest stuszny jakosciowo dla odchylenia o dowolnej
wielko$ci. Zilustrowano go przyktadowymi wykresami pozwalajacymi na
poréwnanie z innymi wzorami.





