This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 13:08

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Microscopic Description of Anchoring
Transitions

B. Jerome ?

% FOM-Institute for Atomic and Molecular Physics, Kruislaan 407,
1098, SJ Amsterdam, The Netherlands
Version of record first published: 24 Sep 2006.

To cite this article: B. Jerome (1994): Microscopic Description of Anchoring Transitions, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
251:1, 219-229

To link to this article: http://dx.doi.org/10.1080/10587259408027205

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259408027205
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 13:08 18 February 2013

Mol. Cryst. Lig. Cryst. 1994, Vol. 251, pp. 219-229
Reprints available directly from the publisher
Photocopying permitted by license only

© 1994 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

MICROSCOPIC DESCRIPTION OF ANCHORING TRANSITIONS

B. JEROME
FOM-Institute for Atomic and Molecular Physics, Kruislaan 407,
1098 SJ Amsterdam, The Netherlands

Abstract The anchoring direction taken by a nematic liquid crystal at the surface
of a substrate can be varied, leading to anchoring transitions. Several examples of
such transitions have been observed at the surface of mica when the system is put
in presence of water and alcohol vapour. A macroscopic model, characterizing the
liquid crystal-mica interface by its energy as a function of the liquid-crystal orien-
tation, can reproduce all the observed transitions but does not give any information
about the microscopic mechanisms leading to these transitions. More insight on
these mechanisms is obtained from studies of the orientational distribution of the
liquid crystal molecules in contact with the substrate performed using optical second-
harmonic generation. These studies show that the bulk reorientation characterizing
the first-order anchoring transitions observed on mica is driven by a first-order ori-
entational transition in the surface liquid crystalline layer. More generally, these
studies provide the boundary conditions on the liquid crystalline orientational order
necessary for a microscopic description of the order close to a substrate surface.

INTRODUCTION

Nematic liquid crystals have the property of being easily oriented by surfaces, in
particular solid substrates. This phenomenon is called anchoring and refers to the
orientation of the director in a given direction with respect to the substrate surface
[1]. Anchoring is the result of complexe mechanisms taking place in the vicinity of
the surface. Generally speaking, we can distinguish several regions in a liquid crystal
in contact with a substrate (Fig. la). Far from the substrate, there is the bulk
liquid crystal, with all the molecules having the same mean orientation. Right at
the surface, the liquid-crystal molecules are in direct interaction with the substrate
and have their orientational distribution determined by this interaction. In between,
there is a transition region —or interfacial region— in which the molecular order
evolves from the one in the surface layer to the one in the bulk. Just outside this

region, the director has a given orientation which depends on the structure of the
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interfacial region; this orientation is the anchoring direction of the liquid crystral at

the surface [1].
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FIGURE 1: (a) Schematic representation of the interface between a nematic liquid
crystal and a substrate; (b) organization of the liquid crystal molecules close to the
substrate; the liquid crystal molecules are made of a cyanobipheny! core represented

by an ellips and an aliphatic chain represented by a saw-tooth line.

Interestingly anchoring transitions [1, 2], i.e. changes in anchoring directions, can
be observed. Several examples of such transitions have been reported at the surface
of cleaved mica crystals, when the system is put in the presence of water and alcohol
vapour (3, 4]. They are due to the adsorption of these volatile molecules at the
mica-liquid crystal interface. In order to understand these transitions, we nedd to

consider the properties of the interface between the liquid crystal and mica.

MACROSCOPIC DESCRIPTION

Different types of approachs have been used to describe the phenomenon of anchor-
ing. For many years, anchoring has been described with a macroscopic approach
which ignores the presence of the interfacial region existing between the substrate
surface and the bulk of the liquid crystal. This is equivalent to assume that the bulk
structure of the liquid crystal extends right up to the surface. The interface is then
characterized by the dependence of its energy v on the orientation of the director at
the surface. This surface energy is a periodic function of the azimuthal angle ¢ and

the tilt angle 0 defining the orientation of the director at the surface. Its general
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form can then be writen as a development in spherical harmonics Y, (9, ¢):
7(0,4) =D A8, 9)- (1)
Im

Using the symmetry of the surface, this development can by simplified by suppressing
all the terms which are not invariant by this symmetry. Minimizing this surface
energy leads to the anchoring diagram giving the anchoring directions induced by
the surface as a function of the coefficients Ay, appearing in the development of 7.

Knowing that the mica surface has a mirror symmetry [5] and orients the liquid
crystal parallel to the surface, the dependence of 4 on the azimuthal angle ¢ can be

written to the lowest three orders as:

Y(P) = az cos(2¢) + a4 cos(4¢) + as cos(64), (2)

¢ being measured from the mirror plane of the mica surface [6].

The anchoring diagram obtained with this form of 4 exhibits qualitatively all the
features of the experimentally obtained anchoring diagrams, with in particular all
the possible anchoring transitions. However this macroscopic description does not
give us any information about the mechanisms at the origin of these transitions. In
order to understand these mechanisms, we need to consider the behaviour of the

interfacial region which exists close to the substrate surface.

MICROSCOPIC DESCRIPTION

The true boundary condition imposed on the distribution of molecular orientations is
governed by the interaction potential of the surface molecules with the substrate. The
description of anchoring can then be separated into two parts. The first one consists
in the determination of the microscopic anchoring conditions on the molecules which
interact directly with the substrate. The second part consists in determining how
the rest of the liquid crystal adapts itself to these microscopic anchoring conditions
via the interfacial region. The way this adaptation occurs depends on the properties
of the liquid crystal and determines the macroscopic anchoring condition on the bulk

director.
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Experimental determination of microscopic anchoring conditions

In practice, instead of the interaction potential of the liquid crystal molecules with
the substrate, we can use as alternative microscopic anchoring condition the orien-
tational distribution taken by the surface molecules. This procedure has the great
advantage that this distribution is accessible experimentally by means of optical
second-harmonic generation [7]. When a surface monolayer of liquid crystal molecules
exhibiting a polar ordering (Fig. 1b) is sandwiched between two centro-symmetric
media (the substrate and the rest of the liquid crystal) in which the electric-dipole
contribution to the second-harmonic generation is forbidden, this layer is mainly
responsible for the output second-harmonic signal. This signal can be measured
as a function of the sample rotation ® about its surface normal for different input
and output polarization combinations. Fitting the measured data with theory [8]
then allows one to determine the nonlinear susceptibility tensor x(? of the mono-
layer. Measurement of ¥(?) provides information about the orientational distribution
f(8,¢) of the molecules in the monolayer.

Second-harmonic generation has been used to study a first-order transition oc-
curring at the interface between muscovite mica and 4-n-pentyloxy-4’-cyanobiphenyl
(50CB) in the presence of ethylene glycol (HOCH,CH,0OH) vapour [9]. Observa-
tions with a polarizing microscope of a macroscopic film of 50CB on muscovite mica
had shown that as the partial pressure in ethylene glycol increases, there is a critical
value p, of this pressure at which the bulk of the liquid crystal exhibits a reorien-
tation from a direction perpendicular to the mirror plane of the mica surface to a
direction parallel to this plane and to the substrate surface [4].

Second-harmonic generation measurements show that when the partial pressure
of ethylene glycol increases from zero, continuous changes in the surface orientational
distribution of 50CB molecules are observed until p, is reached, at which point a
discontinuous variation occurs. The orientational distributions obtained just before
and after this first-order transition are given in Fig. 2. These distributions exhibit
four peaks. One is close to § = 180 deg, which corresponds to molecules being

perpendicular to the substrate surface pointing with their cyanogroup away from it.
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The other peaks correspond to molecules tiited with respect to the substrate surface
and pointing with their cyanogroup towards it {10]; one of these peaks is along the
surface mirror plane o and the other two (of which only one appears on the plots
of Fig. 2) are symmetric with respect to it. At the transition, the two symmetric
peaks of the distribution jump towards the surface mirror plane o and are depleted
in favour of the peak belonging to o.

Combining the bulk and surface observations leads to the conclusion that the
surface transition observed with second-harmonic generation measurements drives
the bulk first-order anchoring transition. In order to reinforce this conclusion, we
need to reproduce the experimentally observed bulk orientation before and after
the anchoring transition using the measured surface orientational distributions as

boundary conditions for the orientational order of the liquid crystal.

Theoretical calculation of bulk orientation

A simple way of deducing the bulk orientation from the surface orientational order is
to-calculate the effective potential of interaction of a bulk molecule with the surface
layer, using a simple interaction potential between two molecules. The minimum of
this effective potential corresponds to the orientation taken by the bulk. This method
predicts correctly the azimuthal orientation of the bulk director but not always its tilt
with respect to the surface. In the case of the anchoring transition considered above,
it predicts the bulk azimuthal reorientation but after the transition the director is
found to be tilted with respect to the surface, which disagrees with the experimental
observations [9]. The main defect of this simple model is that it considers the bulk
liquid crystal to be in direct contact with the surface layer ignoring the presence of
the interfacial region. It basically assumes that the bulk takes the mean orientation
of the surface molecules, which obviously is not always true.

In order to consider the variation of the molecular order in the interfacial region,
we can describe the orientational order at a given point by the nematic order pa-
rameter tensor, whose spatial variation is given by the Landau-de Gennes formalism
[11]. This formalism has recently been used to describe several aspects of anchoring

[12)-[14].
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FIGURE 2: Left: orientational distributions f(8, ¢} obtained for a 50CB monolayer
on muscovite mica in an atmosphere containing ethylene glycol vapour (a) before
the orientational transition and (b) after this transition. § and ¢ are the spherical
coordinates defining the orientation of one molecule; ¢ = O or 180 deg refers to
the mirror plane o of the surface (see inset). For clarity, f(8, ¢) is plotted only for
¢ € [0 deg, 180 deg]. Right: position of the different peaks (excluding the one at
6 =~ 180 deg) represented by the arrows and defined by their § and ¢ coordinates,
and proportion of molecules in each of them indicated in the box at the end of each

arrow; the plane of the figure corresponds to the substrate surface.
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In order to use this formalism in combination with second-harmonic generation
measurements [14], we first need to determine the surface value of the order pa-
rameter tensor Qf; = (3£, — &8;;)/2 using the experiementally determined surface
orientational distribution f(£). This tensor can be diagonalized in a reference frame

having as first axis the mean orientation of the surface molecules represented by the

surface director n,:

Q° 0 0
R =| 0 (-Q°+ P2 0 (3)
0 0 (—-Q* = P*)/2

The coefficient @° 1s the scalar order parameter which indicates how well the molecules
are aligned along the director.

In the case of a mica surface, the reference frame in which Q° is diagonal has
always one of its axes perpendicular to the surface mirror plane (inset in Fig. 3). In
the system before the anchoring transition (Fig. 2a), the surface director is parallel
to this particular axis; after the transition (Fig. 2b), it is parallel to one of the axes
belonging to the mirror plane, making an angle a; = 48deg with respect to the
surface normal. The surface scalar order parameter @J° is respectively 0.009 and
0.005; P® equals 0.02 and 0.005.

Once we have the boundary conditions on the order parameter tensor Q, we can
determine how this tensor evolves as a function of the distance z to the surface by
minimizing the Landau-de Gennes free energy of the interface F = [dV(f, + f;)

where:

fo = L2@-gyr P (1)

f = Ly 0Qi; 0Qi; | L20Qi, 8Qi,
¢ 7 92 9z 8z 2 9z Oz

with @ ~ 0.6 [15] being the bulk value of the scalar order parameter (summation
over repeated indices is assumed). For an interface exhibiting a mirror plane and

neglecting biaxiality (P = 0), f, becomes:

fo = ;11~ [<3L1 + ZLg) + sz cos?a] <88_63)2 + Z— <L1 + %[a) <‘8£)2Q2



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:08 18 February 2013

226 B. JEROME

—§L2 sin 2a—Q—— (5)
z ° Oz

where « is the angle between the director and the z-axis perpendicular to the sur-
face (inset of Fig. 3). The last term couples the gradients of @ and « and favours
configurations in which these gradients have the same sign. On mica, @ is lower at
the surface than in the bulk, so that both ¢ and « increase as one moves away from
the surface.

Before the anchoring transition, the director does not vary spatially and remains
perpendicular to the mirror plane, which is the experimentally observed bulk orienta-
tion. After the transition, the director evolves towards the surface plane as one moves
away from the surface. Numerically solving the Euler-Lagrange equations obtained
from equations (2) and (3) for Ag/L; = 0.01 nm~? and L;/L, = 2/5 [15, 16] gives
the profile of @ and « in the interfacial region (Fig. 3). The bulk value of the angle o
is found to be 87.7 deg, which corresponds to a bulk director close to the one observed
experimentally for which « = 90 deg. The decay length £o ~ 10 nm of Q) is the thick-
ness of the interfacial region and is equal to the coherence length ¢ ~ (LQ/AQ)O'5 of
the nematic order {17}. The decay length of « is very short (= 1 nm). This is due
to the fact that variations in « are less unfavourable where the liquid crystal is little

ordered (see the second term of equation (5)), which happens close to the surface.

CONCLUSION

From the results presented lFere, we can draw several conclusions. The first one
concerns the anchoring transitions observed on mica in the presence of ethylene
glycol vapour. The second-harmonic generation measurements show that the bulk
reorientation characterizing these transitions is driven by an orientational transition
taking place in the layer of liquid crystal molecules in contact with mica.

A second conclusion concerns the orientational order of the liquid crystal in the
interfacial region. By the direct observation of a large director variation in the
interfacial region, we unambiguously confirm the fact that the director can vary in

the interfacial region because of a coupling with the degree of orientational order
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FIGURE 3: Spatial variation of the scalar order parameter ) and the angle o made
by the director with the surface normal in a nematic liquid crystal whose surface
molecules have the orientational distribution given in Fig. 2b. Inset: reference frame
(7;) in which the order parameter tensor Q is diagonal. The director respectively

coincides with 7v) and 7| before and after the anchoring transition.
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[12, 14]. However this variation can be forbidden by the symmetry of the interface:
it can only occur if the interface has no symmetry or if it has a mirror symmetry
with the director in the mirror plane.

A last conclusion concerns anchoring on flat surfaces in general. We have seen
that the Landau-de Gennes formalism allows to predict within a few degrees the
bulk orientation of the liquid crystal starting from the surface orientational order.
This means that the bulk orientation is not sensitive to the details of the surface
orientational distribution but depends essentially on the average nematic-like order

described by the order parameter tensor.
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