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Liquid crystals are very sensitive to surface effects. In fact, these effects are very useful in
designing eletro-optical devices. We present a review of the theoretical models that describe
the surface interactions in liquid crystals, focusing on lyotropic systems. Experimental
results will be presented and compared to theoretical predictions.
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I Introduction

Liquid crystals mesophases are present in materials
composed of interacting molecules or aggregates of
molecules with shape anisotropy. These materials can
be divided in two categories according to the relevant
parameter in the phase transitions; the thermotropic
and lyotropic liquid crystals. In thermotropics, the
building blocks are molecules, and the phase transi-
tions are driven by variations of temperature. Lyotropic
systems are obtained by the dispersion of amphiphilic
molecules in water, that assembly in anisotropic aggre-
gates called micelles. The micelles can be seen as biaxial
objects, with typical dimensions of (100x70x30)A. The
phase transitions in lyotropics occur by temperature or
concentration variations.

The mesophases are classified according to the sym-
metry they exhibit. The simplest mesophase is the ne-
matic phase, consisting of elongated molecules (or ag-
gregates) that tend to align parallel to each other, with
a long range orientational order but no long range po-
sitional order. The average molecular orientation de-
fines a vector m, called the director. More complex
mesophases can present some degree of positional or-
der such as in the smectic phase where the molecules
are organized in layers with one dimensional long range
positional order[1].

The orientation of the director can be fixed by an
external field or by the surfaces effects. The existence

of a limiting surface introduces a perturbation in the

order of the molecules imposing some preferential orien-
tation, that propagates to the bulk by means of elastic
interactions. There are experimental evidences of for-
mation of smectic layers in the nematic phase close to
the nematic-solid and nematic-air interface, exhibiting
both orientational and positional order[2, 3].This can be
related to the break of the translational invariance of
the molecules in the nematic phase in the limiting sur-
face. Molecular dynamics simulation show that a rough
surface induces a smetic layering within a few molecular
lengths in a uniaxial nematic liquid crystal. Moving to-
wards the bulk the positional order desapears, remain-
ing only the orientational order along the direction fixed
by the surface [4].

Magnetic or electric fields can be used to induce the
orientation of the director; the director tends to align
parallel to the direction of the field, if the anisotropy of
the diamagnetic (or electric) susceptibility is positive.
However, close to the boundaries there is a competi-
tion between the orientation imposed by the surface
and the orientation imposed by the field, which results
in a distorted state. When the field is removed, the
orientation imposed by the boundary surfaces propa-
gates to the bulk and the orientation of the director
is fixed by the surface. These effects are widely used
to produce eletro-optical devices, like flat panels and
displays[5]. Usually, for thermotropic liquid crystals
the interactions of the molecules with the substrate are
stronger than the others interactions, what is known as

strong anchoring. In the surface layer there are only



small distortions in the orientation of the molecules,
and when the field is removed the orientation imposed
by the substrate is dominant and propagates to the
sample. Under the action of a magnetic field H, the
switching time is 7, = n/(xoH?), where 7 is the rota-
tional viscosity and y, is the anisotropy of the diamag-
netic susceptibility[1]. For applied electric fields (E), x4
is replaced by the anisotropy of electric susceptibility,
and H is replaced by E.

IT Surface effects

The interactions of the liquid crystal with the bound-
ary surfaces are very complex and are far from being
completly understood[6]. It has been proposed that the
surface interactions can be described, in a phenomeno-
logical approach, by an anisotropic energy Fs that is
usually characterized by an anchoring strengh w and an
easy-axis ng, which corresponds to the preferential ori-
entation of the nematic phase, imposed by the bound-
ary surface, in the absence of bulk distortions. The sim-
plest expression of Fs was proposed long ago by Rapini
and Papoular [7]. According to these authors Fg is
given by Fg = —(w/2)(n.ng)?, with typical values of w
in the range of 1072 to 10~! erg/cm?, for thermotropic
liquid crystals.

The validity of this Rapini-Papoular expression has
been contested by some authors; it is argued that the
correct expression of Fs should contain terms of higher
order in the expansion, only of even-order due to sym-
metry n and —n[8, 9, 10, 11].
thors suggest that the contribution of polar interac-

However, other au-

tions at the interface should also be taken into account
[12, 13, 14], which would include odd terms in the ex-
pansion. There is also some discussion about the inter-
pretation of experimental results [15]; it was shown that
if the flexo-electric effect arising from distortion in the
bulk is taken into account, a good accordance with the
Rapini-Papoular expression is obtained. Other effects
can be present, like adsoprtion of ions at the bound-
ary surfaces, resulting in an electric field, that interacts
with the nematic in the surroundings. The difficulties
concerning the interpretation of experimental results
are due to the fact that many effects must be taken
into account, some of them related to bulk effects that

cannot be experimentally separated.

It has been recently shown that lyotropic liquid crys-
tals exhibit anchoring properties very different with re-
spect to thermotropic liquid crystals. Two orientation
processes have been observed under the action of a mag-
netic field; a fast one related to the orientation of the
director in the bulk, parallel to H, and a slow one, with
a characteristic time (7) about 10? larger than the bulk
one. This slow process has been related to the orienta-
tion of the director in the surface layer [16, 17] and it
was found that 7 is proportional to H ~2. If the surface
orientation process is completed, the final orientation
is uniform, with the director parallel to the field. In
this situation H can be removed, without any signifi-
cant change of orientation of the sample, and the final
state is stable.

A qualitative description of the structure of the sur-
face layer can be obtained in analogy to thermotropic
liquid crystals. In the surface layer, due to break
of translational symmetry, the amphiphilic molecules
would assembly in a bilayer structure, like in a lamel-
lar phase. There are experimental evidences that the
bilayer, in the lamellar phase, is not continous, but con-
sists rather of amphiphilic islands surrounded by water
[18]. Within this picture, one can imagine that reori-
entation of the surface layer, consists of the reorienta-
tion of the islands parallel to the magnetic field. Since
they are bigger than the micelles, the effective viscosity
should be larger than in the bulk, what would explain
the large response time. This reorientation process has
been known as the gliding of the surface layer.

In a recent experiment, a Freederickz transition was
used to estimate the anchoring energy of a lyotropic
system in a planar configuration, assuming that the
surface energy is described by the Rapini-Papoular ex-
pression. The anchoring strenght w, obtained from the
experiment is about 10 3erg/cm?[19], which is consis-
tent with a weak anchoring. This description is not
completly satisfactory, because according to this, there
should be a relaxation process by removing the mag-
netic field, due to the surface energy. However, it gives
some idea of the magnitude of the surface interaction.

In this paper we will review the theoretical models
proposed to explain both the dynamical behavior and
the equilibrium states. The predictions of the models
will be compared to experimental results obtained for

lyotropic samples in the uniaxial and biaxial nematic



phases.

II1 Experimental techniques

The lyotropic sample consists of a mixture of potas-
sium larurate(LK), decanol (DeOH) and water, that
presents a rich phase diagram, with uniaxial and bi-
axial nematic phases. In this paper we refer to ex-
perimental results obtained with different compositions
and sequence of phases. The characteristic of the phases
(uniaxial calamitic or discotic, or biaxial) is determined
by measuring the birefringence as a function of the
temperature[20].

The samples are encapsulated in flat microslides
(Vitrocom), 200pm thick and 4mm wide. The inner
surfaces of these microslides were examined in a inter-
ferential microscope and it was observed that surfaces
are plane, smooth, and without irregularities greater
than 0,2um. No surface treatment was applied.

The reorientation process is observed by measuring
the transmittance of the sample between crossed polar-
izers, as a function of the time, when the magnetic field
is applied. The orientation of the polarizers is chosen
to have the maximum of transmittance at ¢ = 0, when
the director is parallel to the x axis. The direction of
the magnetic field makes an angle § = 45°C with the z
axis. The experimental setup is described in detail in
ref[17].

The experimental curves of transmittance are com-
pared to calculated curves for some profile of the di-
rector. The sample is assumed as a non-homogeneous
optically anisotropic medium, that can be divided into
many thin layers, with a uniform orientation in each
layer. The propagation of the ligth through this
medium can be calculated using Jones matrix, where in
each layer there is a phase shift between the ordinary
and extraordinary rays, and a rotation of the direction
of the polarization of the light[17].

IV  Dynamic behavior of the sur-
face layer

Lyotropic liquid crystals are composed of biaxal mi-
celles, that can undergo simultaneously shape and ori-
entational variations due to variations of temperature

or concentration. In the biaxial phase one can define

three directors, which coincide wiht the symmetry axes
of the micelles. The two uniaxial nematic phases can
be explained by orientational fluctuations. One of the
particular features of lyotropic liquid crystals is the pos-
sibility of the gliding of the director in the surface layer.
Let us first analyse the factors that can influence the
surface reorientation process in both thermotropic and
lyotropic liquid crystals.

The order parameter in thermotropic liquid crys-
tal increases continuously from the bulk to the surface,
which is usually called excess surface order. In addi-
tion, the surface viscosity is higher than the viscosity
in the bulk. In this case, the surface is strictly two-
dimensional, and although the magnetic and the elas-
tic torques have the same order of magnitude, only the
elastic torque acts on the surface[1]. Then the action fo
the magnetic field on the surface is indirect, (by means
of the twist distortion in the bulk), thus 7 would be
proportional to 1/H. But in a lyotropic liquid crys-
tal this result is in contradiction with the experimental
results[17]. Strong anchoring of the micelles at the sur-
face leads to the formation of a surface layer with an
order different with respect to the order in the bulk.
Due to the anchoring, the symmetry plane of the sur-
face fixes the orientation of one of the directors, mak-
ing the order of the surface layer biaxial. One director
is always perpendicular to the susbstrate and the two
others can rotate in the plane. Therefore, there is a
surface layer, of finite thickness and two-dimensional
orientational order. Because of its finite thickness, the
surface layer can interact directly with the magnetic
field, in addition to the elastic interaction, that takes
place mainly in the boundary which separates the biax-
ial interface from the bulk. It creates an elastic torque
between the two parts of the liquid crystal with differ-
ent order, so it is much smaller than the elastic torque
in thermotropic liquid crystals. This leads to a twist of
the director in the bulk, which is much less pronounced
than it would be for a thermotropic.

In the bulk the order parameter is the three-
dimensional second rank tensor ();;. Let us call r, the
modulus of the nematic order parameter in the bulk,
Thus the

components of @Q;; are 7o = re'®?, and n_y = re”¥®

which depends only on the temperature.

where —2 < ¢ < 2 and ¢ is the angle between the
director in the bulk and the z axis[21]. The order in



the surface layer is described by the tensor q;;, with
spherical components 1y = 0 — iQey = pe?® and
77; = Quz + iqu — pefi2<I>

the nematic order parameter in the surface layer, and

, where p is the modulus of

® is the angle between the orientation of the director in
the surface layer and the x axis. This tensor has two or-
thogonal eigenvectors; e™ and e, which represent the
two directors of the biaxial surface layer, in the plane
parallel to the boundary surface.
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Figure 1: A planar nematic liquid crystal sample, homoge-
neously oriented along the z axis at ¢ = 0. The magnetic
field is applied at angle § with respect to the x-axis. In the
twisted state ¢(z) is the angle between the director n and
the z-axis. At the surface layer the orientation of the direc-
tor is given by the angle ® which does not depend on z, but
only on the time ¢.
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Let us consider a semi infinite sample, with a bound-
ary surface located at z = 0. At t = 0 the director is
oriented along the z axis and a magnetic field H is ap-
plied parallel to the boundary surface, making an angle
6 with respect to x axis (Fig. 1). The initial orientation
corresponds to n parallel to the eigenvector e, which
corresponds to the direction of the biggest dimension
of the amphiphilic aggregates. Since the reorientation
of the director in the bulk is much faster than in the
surface layer, we will consider that at ¢ = 0 the director
in the bulk is parallel to H. With the time the surface
layer will glide to a new equilibrium orientation, given
by ®(t). It is important to note that ® depends only on
the time, and does not depend on z. Near the boundary

with the surface layer the twist appears with the limit
angle ¢(z — 0) = o # 0.

The free energy of the system, consists of the free
energy of the surface layer (Fs) and the free energy of
the bulk due to the distortion introduced by the mag-
netic field (Fy). We introduce also a contribution due
to the coupling between the order of the bulk and sur-
face layer, (Fsy). Then we can write the free energy

per unit area as:

; dz + (1)

1
Fgo — §DH2p cos? & — Crpcos?(® — )

where Fgo and Fy( are the free energies of the non
perturbated state and K is the elastic constant of the
liquid crystal. The last term in eq. 1 represents the
coupling of bulk and the surface layer, involving both r
and p. The coupling constant C' can be either positive
or negative. The surface free energy is due to the direct
interaction of the surface layer with the magnetic field,
by means of a coupling constant D, positive.

The orientational dynamics of the system is de-
scribed by Landau-Khalatnikov equations, in other

terms by the balance of magnetic, elastic and viscous

torques acting on the bulk and on the interface;

d2(,0 2 .
K@ = XaH sm(0 — (,0) COS(G - 90)7 (2)
: dp
Crpsin2(pg — ®) = —K |— ) (3)
dz z—0
_7§ = %Dsz sin2® + Crpsin2 (¢ — ¢p), (4)

where v is the rotational viscosity of the surface layer.

Eq. 2 corresponds to the balance of the torques in the



bulk and eq. 3 to the balance of the torque in the
boundary of the bulk and surface layer. The last equa-
tion represents the reorientation of the director in the
surface layer, where the elastic torque and magnetic
torque are equilibrated by the viscous torque. From eq.

2, one obtains;

j_f = % [cos® (0 — poo) — cos* (8 — )] 12 . (5)
where ¢ = (K/x.)/H?, is the magnetic coherence
length and ¢, = p(z — 00). Since far from the bound-
ary surface, the director is parallel to the magnetic field,
Yoo = 0. The profile of the director in the bulk, is ob-
tained by integration eq. 5, with the proper boundary

conditions in the interface; p(z — 0) = ®. This gives;

-t umalen () (5]

In eq. 5, taking the limit for z — 0, and substituting
in eq. 3, it results that;

Crpsin2(pg — @) = —?sin(&—goo). (7)

Assuming small deformations in the surface layer and
in the boundary to the bulk, the above equation can be

linearized and solved to find o = o (H);

o — N
1-X7
where A = H/Hy and Hy = /K x./(2Crp).

The dynamical behavior of the surface layer can

(8)

Po =

then be obtained linearizing eq. 4 and with the calcu-
lated value of . This leads to the following diferential

equation:

P
_’ydd_t o+ QC’rpi, (9)

A
= |DpH? -2
p Cro1— -

which can be easily integrated to obtain the orienta-
tion of the director in the surface. Imposing the proper

boundary conditions, one can write the solution;

®(t) =0(1—e "), (10)

where 7 is the characteristic time of the reorientation of
the surface layer. The expression for 7 can be simplified

to show the dependence on H:

11 [H? H}

e 11
T 7'0|:Ht2 H - H, (11)

with 1/79 = 2Crp/v and H? = 2Cr/D. For large fields,
1/7 is proportional to H? and the contribution of the
second term in eq. 11 can be neglected. The meaning
of the Hy and H; are illustrated in Fig. 2. For C>0 and
D>0, 1/7p is positive and H; is real.

1/1

-H} H

Figure 2: Dynamics of the gliding director in the biaxial sur-
face layer. The model predicts that 1/7 is proportional to
H?, for high fields. The values of Hj and H; are related to
the phenomelogical constants of the free energy expansion,
for C >0 and D > 0.

An interesting behavior is obtained if we consider
the case when the elastic interaction with the bulk and
the magnetic torque try to orient the interface director
in different directions. This happens when C<0 and
D>0. The magnetic torque tries to orient e’ parallel
to H, while the elastic interaction with the bulk tries to
orient e~ parallel to the magnetic field. This situation
may occur in the bulk biaxial phase, where all the three
bulk directors n; are ordered.

The characteristic time of the surface reorientation
process was experimentally determined by transmit-
tance measurements in uniaxial calamitic and biaxial
nematic phases. In the analysis of the experimental
curves of transmittance it was assumed that the sample
was uniformly oriented parallel to the magnetic field,
except in the thin boundary layers of thickness £. In
this simple three layers model, the orientation of the di-
rector in the surface layers was considered to follow the
eq. 10[17]. The experimental values are shown in Fig.
3, in the nematic calamitic (a) and biaxial phases (b),
where T. is the temperature of the calamitic to biax-
ial phase transition in the bulk. The calculated values
of 1/79 and H? for different temperatures in the uni-

axial and biaxial phases cleary indicates the change of



the dynamical behavior, as is shown in Fig. 4. When
the temperature is decreased towards the biaxial phase, ok
.-
both parameters change sign. |
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Figure 4: Dependence of the parameters (a) 1/70 and (b)
. - : ) H? on the temperature.
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Figure 3: Experimental values of the characteristic time for o) = @s(l—e ) (12)
the surface reorientation process. a) Lyotropic sample in .
the calamitic and b) in the biaxial nematic phases. T, is where 0 < @y < 0 and ®; = (¢t >> 7) gives the final
the temperature of the calamitic to biaxial nematic phase. orientation of the director in the surface.
The experimental values of 7 as a function of H are
presented in Fig. 5. In a log-log plot, we notice that are
two lines, with different inclinations, changing the be-

havior for H =~ 5000G. For fields below this value, the
curves of transmittance were fitted with a continous
profile of the director, given by eq. 6 (arctan profile)
resulting in 7 proportional to H~2. For fields higher
than 5kG, the fitting was possible only with the dis-
continous profile of the director (three layers model).
In this case, it is observed that 7 is proportional to
H~3/2_ We supose that for high fields, there is a break-
ing of the elastic coupling between the surface layer

and the bulk, and the theory developed above would

A detailed investigation of the reorientation of the
surface layer in the calamitic phase in the region of very
low fields revelead a striking behavior. The simple three
layers model for the profile of the director is suitable for

high fields, but below a certain value it cannot be used
to fit the experimental curves of transmittance. Then,
the fitting was perfomed taking the profile described

by eq. 6. and allowing the gliding of the surface layer;
In the fitting it was considered the possi-

d = P(t).
bility that the final orientation of the surface could be
no more be valid.

different from the one imposed by the magnetic field.
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Figure 5: Experimental values of 7 (surface reorientation
time) as a function of H, for a nematic sample in the
calamitic nematic phase. It is noticeable the change in the
dynamical behavior for H =~ 5000G. The inclination is dif-
ferent in each branch of the line.

V  Equilibrium states

We will consider that in the equilibrium states there is
no discontinuity in the orientation in the boundary that
separates the surface layer and the bulk, this means
that the twist is continous and ¢9 — ®. However, if
the final state is distorted, it means that the elastic
torque is being equilibrate by a surface torque.

Let us consider the situation where the director in
the surface layer is oriented along the direction ng and
there is a torque , ., that tends to align the director
parallel to the magnetic field. , . is the elastic torque;
, e = K(dp/dz), with the value of dp/dz given by eq. 5.
The reorientation of the director at the surface strongly
depends on the kind of coupling originating the sur-
face orientation. If the anchoring is strong, the aver-
age orientation of the director at the surface will re-
main parallel to ng for any applied torque. However, if
the anchoring is weak, and H is larger than a critical
value, the torque applied by the field is able to reorient
the director to break the physical "bonds” between the
molecules of the liquid crystal and the substrate.

This phenomenon is similar to the dry-friction of a
body on a solid substrate, if a force is applied to the
body it starts to move when the applied force becomes
larger that a critical value[22]. This critical value de-
pends on the nature of the two bodies in contact, and
due to its statistical nature, it does not depend on the

position of the body. If the body is moving and the

applied force is removed, it will stop, without returning
to its original position. According to this picture the
reorientation of the director in the surface layer of the
lyotropic liquid crystal is similar to the dry friction phe-
nomenon. In this case, instead of a critical force, we are
dealing with a critical torque that must be applied to
break the molecular interactions between the substrate
and the liquid crystal medium. If the elastic torque is
smaller than the critical torque the orientation of the
director at the surface is ® = 0, if it is larger, then the
orientation of the director in the equilibrium will be ob-
tained from the balance of the elastic and ”dry friction

” torque (, 4), expressed as;

K
3 [cos® (6 — o) — cos® (0 — @)] =, 4. (13)
The critical condition is obtained when , .(H) =, 4,

and this occurs for a certain field, H¢, that is called the
surface critical field. For H = H%, ® = 0, and we will
assume that in the bulk the director is parallel to H;
Yoo = 0. With these assumptions in eq.13, one obtains
the threshold condition;

K
—*sin0:,d:,c, (14)
3
which defines the value of HY;
sin @
HE(0) = 22— 15
o(0) = = (15)

If the value of H} is experimentally determined, one
calculates the ”dry torque ” from the above equation.
Taking , 4 given in eq. 14, the orientation of director
in the surface is then calculated, as a function of H;

(16)

® = 0 — arcsin [w}

H

The measurement of the transmittance, as described
in the previous sections, allows the determination of 7
and ® as a function of H. The experimental results are
shown in Fig. 5 (for 7) and in Fig. 6(a), for ® as a
function of H. Each point corresponds to an average
of several measurements, with an uncertainty of 2°C' in
the value of ®. The value of ® starts to be different from
zero for H =~ 1000G, increasing fast and tending to a
saturation regime, but with a jump for H ~ 5000G.
For the same value of H there is a discontinuity in the
behavior of 7 (Fig. 5).
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Figure 6. (a) Final orientation of the director in the surface
layer for a lyotropic nematic sample in the calamitic ne-
matic phase. (b) The solid curve corresponds to the fitting
obtained from eq. 19, assuming H¢ = 1000G.

Three different states are clearly indentified; I- for
fields lower than than 1000G, where there is no reori-
entation of the surface layer. The reorientation takes
place only in the bulk and it is a reversible process.
The state II, corresponds to a critical state, where the
final orientation is uniform, with the orientation of the
director in some intermediate direction between the ini-
tial one and the one imposed by H. The reorientation
is a non reversible process. Finally the state III, corre-
sponds to a uniform orientation with the director par-
allel to H, everywhere in the sample. The reorientation
induced by the magnetic field is also a non reversible
process.

According to the dry-friction model, only one criti-
cal state was expected, the state II. However we observe
that there are two critical states. The discontinuity be-
tween the states II and III, seems to indicate that there

is no more an elastic coupling between the surface layer

and the bulk.

We will reanalyse this problem, considering that, in
addition to the dry-friction like interaction at the sur-
face, there is also an elastic interaction, given by the
Rapini-Papoular expression. Therefore, the torque in
the surface due to the surface interactions can be writ-
ten as:

5= % = 2sin(2®) +, 4, (17)
where w is the anchoring strength of the anchoring en-
ergy. The equilibrium at the surface is obtained by the

balance of the surface and elastic torques:

v d+ % sin(2®) = % sin(@ — o). (18)

When the applied torque , is equal to the critical torque

, ¢, the director in the surface is still parallel to ng, and

® = 0. It results that the critical torque is still given

by eq. 14. However the dependence of ® on H, is:
1 (w/2K)sin2® + (1/£*)sin 6 (19)
€ sin(f — ®) ’

This equation shows that for H— oo (£ — 0), leads to

® — 6. If H is removed, the final state is stable and

homogeneous, along ® (given by the above equation)

if the elastic torque in the surface is smaller than the

critical one;

%sin 20 < | . (20)

If the above condition is not fulfilled, the final state is
not homogeneous and the final orientation will be along
®' given by:

%sin 20" =, . (21)

According to this model, if H > H¢, the final state
is a critical state, and the orientation of the director
in the surface does not return to the initial orientation
if the field is removed. For H < H¢, there is no re-
orientation of the director in the surface layer, only in
the bulk. In this case if the field is removed, there is
a relaxation in the bulk, and the initial orientation is
recovered; the system behaves as if there was a strong
anchoring.

From the experimental curve, one can obtain the
surface critical field, HY, = (1000 £ 100)G, and from



the threshold condition. eq.14, one calculates the crit-

ical torque; , ¢ = 7x10 %erg/cm?

. The experimental
curve of ®(H) can be fitted, using eq. 19, taking w
as the fitting parameter. The fitted curve is presented
in Fig. 6b, for a value of w = 8x10~%erg/cm?, which
corresponds to a weak anchoring strength. However,
the saturation regime, ® = €, occurs with a jump in
®(H), and not continously, as could be expected from
the model developed above. Moreover, the saturation

would occur for very high magnetic fields.

VI Conclusions

In conclusion, the specific properties of the lyotropic lig-
uid crystals with biaxial deformable micelles can lead
to the formation of the biaxial surface layer. The model
discussed above shows that the dynamic behavior can
be explained, if we assume a direct interaction of the
surface layer with the magnetic field. It is also shown
that the magnetic field induces the reorientation of the
surface layer, leading to a critical state. This reorien-
tation process can be non reversible for magnetic fields
higher than the surface critical field H¢. The value of
H{, can be experimentally determined. To explain the
existence of the surface critical field we introduced in
the surface energy a ”dry friction-like” energy, related
to the complex molecular interactions between the lig-
uid crystal and the substrates. Despite the aproxima-
tions introduced in the calculations, there is a good
accordance with the experimental observations. The
second critical state, with n parallel to H, seems to be
related to the breaking of the elastic coupling between
the surface layer and the bulk. This problem is being in-
vestigated; the third state would exist when the torque
at the interface between the bulk and the surface layer
overcomes a critical value [24]..

Finally, for further detailed description of the re-
orientational behavior of the biaxial surface layer one
needs to determine the phenomenological constants in-
troduced in the expansion of the free energy (eq. 1).
The structure of the tail of the transmittance curve

(t >> 7) can bring a part of this information[25].
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