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Résumé. 2014 En mesurant de manière précise l’orientation des molécules d’un cristal liquide nématique au voisinage
d’un substrat, il est possible d’évaluer l’énergie d’ancrage. L’équilibre des forces superficielles et des forces élastiques
détermine la structure géométrique de la distorsion. Pour un film de SiO évaporé obliquement, on trouve une
énergie voisine de 10-3 erg/cm2.
Abstract. 2014 The anchoring energy of a nematic liquid crystal can be evaluated from measurements of the tilt angle
at the boundary of its substrate. The equilibrium between surface and elastic energies determines the geometric
structure of the distortion. For an obliquely evaporated SiO film, the energy value is about 10-3 erg/cm2.
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In previous articles [1], [2], we have shown that it is
possible to determine liquid crystal tilt angles at the
boundary of a substrate with great accuracy; we have
also suggested the possibility of evaluating the anchor-
ing energy. The purpose of this paper is to explain the
theory of this effect and to give some experimental
results.

1. Theoretical considerations. - Consider a liquid
crystal cell composed of two parallel glass plates
separated by spacers of different thickness so as to
form a small wedge (Fig. 1). With no external field,
the equilibrium state is determined only by the

elasticity of the nematic material and the anchoring
at the boundary surfaces. From the elastic continuum
theory of liquid crystals [3], [4], we can write the free
energy density :

(we assume the one-constant approximation :
K = K11 = K2 2 K3 3, where K11, K2 2 and K3 3
represent the elastic constants corresponding to splay,

(*) First reported at the 7th International Liquid Crystal Confe-
rence (Bordeaux, July 1978).

~ Fig. 1. - Liquid crystal cell forming a small wedge : (~ and ~p 2
y represent the easy axis of the molecules ; ~i and 82 are the real tilt

1 ’ angles at the boundary surfaces.

) twist and bend distortions). The Euler-Lagrange
. equation for minimization of the total bulk energy
’ 

is Laplace’s equation :

If we assume that the rotation of the director is confin-
ed to the xOz plane, integration of (2) yields :
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where a is a constant representative of the bulk distor-
tion in the nematic material (splay and bend).
The balance of forces leads to the conditions :

where i = (1 ; 2); Wsi is the energy corresponding to
the liquid crystal orientation in the vicinity of the
surface for z = zi. This energy, which is required to
move the molecules by a small angle from their equili-
brium position ~, can be expressed by the formula (5) :

where Wi is then the anchoring energy relative to the
boundary surface. The results of equation (5) may be
admissible if we assume strong anchoring and small
tilt angle variations around the equilibrium position.
We shall see later the self-consistency of these assump-
tions. Now, we can write from (4) and (5) :

or

The last expression leads to :

To evaluate a in our experiment we can write :

where d is the cell thickness.

The final result is :

2. Experimental results. - To perform our experi-
ments, a liquid crystal cell is constructed of a glass
prism of high refractive index (N ~ 1.9) and a parallel
glass plate separated by teflon spacers (Fig. 1); the
upper plate is treated with a surfactant (organosilane)
to obtain good homeotropic alignment of the nematic
material «({J2 = 90° and 02 - 90°). Such an interface
presents a strong liquid crystal orienting inter-
action [6], the anchoring energy being approximately
10-2 erg/cm2 [7]. The prism hypotenuse is coated with
a thin SiO film. We used two consecutive oblique
evaporations [8], [9] : the first SiO film is evaporated at
oblique incidence (~1 ~ 70°) and the second one at
grazing incidence (~2 - 85°), the total thickness

being about 350 A. Such a coating gives us a tilt of the
director (9 1 ~ 30°). The liquid crystal is 4-cyano-4’-n-
hexylbiphenyl (6 CB) and the measurements were

performed at constant temperature :

For the tilt angle determination, we use the experi-
mental device used in the previous experiments [1], [2]
and shown in outline in figure 2 : for a parallel polari-
zation (TM), the critical angle depends on the orien-
tation of the nematic liquid crystal, considered as a
uniaxial anisotropic medium. We have proved [2]
that this measurement involves a very thin boundary
layer at the substrate, the thickness of which is approxi-
mately the penetration depth of the evanescent wave
in the anisotropic medium (several J.1m). In our experi-
ment, the laser beam diameter is about 1 mm, and we
assume a constant nematic thickness over this dia-
meter (the wedge angle formed with spacers of diffe-
rent thickness is 18’ of arc). The measurements of the
distance x provide an evaluation of d(x) correspond-
ing to the tilt angle 91 (x). For each value of d(x) we
have measured the reflectivity Ril ii (parallel polariza-
tion) as a function of the incidence angle 6 and deduced
from it the tilt angle B 1 (x). The results are given in
figure 3. To determine the tilt angle, it is appropriate
to take the value of incidence corresponding to :

Fig. 2. - Experimental arrangement used to determine nematic liquid crystal tilt angle in the vicinity of a substrate.
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Fig. 3. - Experimental results : reflectivity RI, ~~ versus incidence

angle 6 for different cell thickness and for parallel polarization.

R 0.85. This assumption is derived from computa-
tions relative to anisotropic and inhomogeneous
media which we shall present in a forthcoming paper.
On the other hand, we note that the variation of 81
as a function of 1 /d is linear, thus confirming the
validity of our method. Another experiment perform-
ed with ({Jl = ({J2 (similar treatment on the two sur-
faces) gave no important tilt angle variation.
To obtain the anchoring energy at our substrate it is

convenient to take the two extreme measurements

01(dl) and 81(d4) corresponding to dl = 28 pm and
d4 = 58 J.1m. It is not then necessary to know the

easy axis orientation (pl. Moreover, we assume ~({J
constant, a condition which is very nearly obtained
in our experiment :

We can write :

with : A0 = ei(di) - ~1(~4).
Using the value å(} = 2.7 ± 0.6°, and

we have the final result :

These results prove the validity of our assumptions
(strong anchoring) and their self-consistency.

3. Discussion. - The anchoring properties of liquid
crystals in contact with a substrate are still unknown
and only few experiments can determine anchoring
energies. By studying the typical defects of mesophases
(Bloch walls), it is possible to estimate the anchoring
energy [12], [13]; for a substrate constituted of the
product of degradation of heated paper on glass,
Ryschenkow [14] found a low energy (10-4 erg/cm2).
Similar values have been obtained by Porte [5] with
alignment induced by short chain surfactants. More
recently, Naemura used wall effects in the Freedericks
transition and gave an evaluation of the anchoring
strength coefficients for different substrates and
surfactants [7] : he found energy values spaced between
10-2 and 10-4 erg/CM2 - Another method; used by
Sicart [15], consists in applying a magnetic field to a
twisted nematic cell : the measurement of the director
rotation allows a determination of the anchoring
energy; the results approach 10- 3 erg/cm2 for
untreated glass plates.
The method we present now is useful for measure-

ments of strong as well as weak anchoring energies ;
the results for an obliquely evaporated SiO substrate
are similar to those obtained for other substrates and

by other experiments : Wo I"Ot,; 10- 3 erg/cm2. The main -
interest of such a determination is the use of optical
detection of very slight variations of the liquid crystal
orientation not within the layer but in the vicinity
of the boundary surface, and it is not necessary to use
an external field (electric or magnetic) for the experi-
ment. The calculation of the anchoring energy require
a knowledge of the elastic constants of the liquid
crystal (constants now well known for most of the
nematic phases) and the ordinary and extraordinary
refractive indices (determined from the critical angle
measurements [1]).

In fact, we have supposed that the tilt angle varia-
tion within the layer was slow enough to assume that
the classic properties of electromagnetic waves in
total reflection are applicable ; then the liquid crystal
is considered as a uniaxial homogeneous medium
over a thickness equal to the penetration depth of the
evanescent wave in this medium. In the opposite .

case, the liquid crystal must be considered as an
inhomogeneous medium. We have undertaken compu-
tations for the latter and preliminary results show
that the earlier assumptions are reasonable.

4. Conclusion. - Many systematic studies remain
to be done and the results obtained are not exhaustive.
Other substrates could be analysed and it would be
useful to observe, for example, the influence of
different evaporation parameters for the SiO thin
films. We could also detect possible inhomogeneities,
in the substrate and the presence of impurities in the
liquid crystal. We think such experiments would
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contribute to a better understanding of the coupling
mechanism between a liquid crystal and its solid
substrate.
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