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Gliding anchoring of lyotropic nematic liquid crystals on amorphous glass surfaces
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The interactions of a lyotropic liquid crystal with boundary amorphous glass surfaces are inves-
tigated using optical techniques. An unusual phenomenon is observed: the gliding of the director
at the surface. A qualitative model is proposed to explain the experimental results.

The anchoring properties of thermotropic nematic
liquid crystals have been widely investigated in past
years.' % Many techniques are known for treating sur-
faces, like rubbing, oblique evaporation, or coating with
organic surfactants, resulting in an easy axis along which
the molecules align.! Models to explain the surface in-
teractions are still not completely understood. To our
knowledge, up to now, no gliding of the director on sur-
faces has been reported.

In lyotropic mixtures there is some evidence of strong
anchoring. Despite this, strong magnetic fields are ap-
plied in order to orient the director.> In this paper, we in-
vestigate the anchoring properties of lyotropic liquid crys-
tals on glass surfaces, without any treatment. The polar-
izing microscopy is used to determine the director con-
figuration.

The lyotropic sample is a mixture of potassium laurate
(28 wt. %), decanol (7 wt.%), and water (5 wt.%). The
phases sequence, determined by optical and conoscopy ob-
servations, is the following: uniaxial discotic nematic
(17°C)— biaxial nematic (19°C)— uniaxial calamitic
(40°C) — isotropic. The experiment is performed in the
nematic calamitic phase. The sample holder we used was
made of microslides 200 um thick and 4 mm wide. The
inner surfaces of these microslides were examined in the
interferential microscope. No irregularities or channels
greater than 0.1 um were observed in these microslides,
but were observed in microslides with widths smaller than
4 mm.

The laboratory-frame axes are defined with the x axis
parallel to the length of the microslides, and the z axis
normal to the biggest surfaces. Initially, the sample is
uniformly oriented by a strong magnetic field (= 17.5
kG), with the direction parallel to the x axis. Then a
magnetic field H is applied at 45° from the x axis (per-
pendicular to the z axis). This geometry is chosen instead
of the Fredericksz one because in the former, the director
can rotate either to the left or to the right to align parallel
to H. The process of orientation of the sample at 45° is
studied by measuring the extinction angle ¢ (from the x
axis), in the polarizing microscope, as a function of time.
The same measurements are made during the relaxation
process when H is switched off.

The measurement of the extinction angle ¢ gives the
mean orientation of the director in the samples. In our ex-
periments, we observe that when H is applied at 45° from
the x axis, the sample tends to align with the director
parallel to H. A small change in the orientation of the

44

sample is detected, with a short response time— about 20 s
for H=2 kG. Also observed is a slow orientation process,
with a response time of hours. The characteristic time of
this process depends on 1/H? (Fig. 1).

The relaxation process is investigated, when H is
switched off, by measuring the extinction angles for two
wavelengths, as a function of time (Fig. 2). The differ-
ence between them cannot be explained by a twist along
the thickness after such a long time (several hours). The
characteristic relaxation time for a distortion with wave
vector ¢ (=27/)) is 7.1 =7/q K, ® where y is the viscosity
and K is the elastic constant. With ¢=1/200 um,
K=10"%dyn (Ref. 7), and y=1 P (Refs. 8 and 9), for
lyotropic liquid crystals, one obtains 7= 10?%s.

After the relaxation process, the equilibrium is reached
to a final orientation at an angle ¢ (different from zero),
which depends on the time the magnetic field is applied
[Fig. 3(a)]l. This means that the director at the surface
rotated towards the direction of H, and it does not return
to its original orientation (parallel to the x axis) when the
magnetic field is switched off. This appears to be a new
phenomenon: The director glides at the surface, with a
characteristic time proportional to 1/H ? [Fig. 3(b)].

The long times observed in the orientation, gliding, and
relaxation processes, cannot be explained by the usual
models known for thermotropic liquid crystals.

For thermotropic liquid crystals it is known that in the
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FIG. 1. Orientation of the director as a function of the time.
Magnetic-field values: O, 3; +, 3.8; @, 4.5; O, 6; A, 8 kG. Inset:
the characteristic time for orientation is proportional to 1/H2
The lines are only a guide to the eyes.
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FIG. 2. Relaxation process when H is switched off. The mea-
surements are given for red light (O0) and blue light (@),
A=6328 and 4880 A, respectively, after 2 h in H=4.5 kG
(45°).

bulk the director aligns parallel to H, at 45° from the x
axis. The nematic alignment is perturbed only in a
layer near the surface, with thickness of the order
&E=(K/X,)"?/H,® where X, is the anisotropy of magnetic
susceptibility. If the director at the surface is at angle 6;,
related to the x axis, and at an angle 0 in the bulk, there is
an elastic torque coming from the bulk which is equili-
brated by the surface-anchoring torque. This is written as
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FIG. 3. (a) Final orientation of the samples as a function of
the length of time that the magnetic field is applied. The direc-
tor glides at the surface and does not return to the original
configuration when the magnetic field is switched off. The ex-
ponential curves are adjusted. (b) The characteristic time of the
gliding process is proportional to 1/H 2.

Assuming that the magnetic field can induce some gliding
of the director in a surface layer of thickness D, the sim-
plest model one can build is to suppose that at the surface
there is only the elastic torque coming from the bulk,
which is equilibrated by a viscous torque:
%[%—Os]zy()sD. @

The solution of this equation gives an exponential in-
creasing of 6, with a characteristic time proportional to
1/H. If we assume D to be equal to &, the correct depen-
dence on 1/H? is obtained, T=y/(X,H?). With the typi-
cal values of y and X, for lyotropic liquid crystals
(X, =10"%),7 one obtains 7 of the order of 102 s. To fit
the experimental values (=17 h for H=4.5 kg), one
should admit a viscosity 10 times larger.

We propose, then, an alternative model. Let us make
the hypothesis that at the surface, there is a bilayer of am-
phiphilic molecules, with defects or channels, like in a
lamellar structure.®'!""!? Initially, the micelles in the bulk
are uniformly oriented at 45° and the alignment is per-
turbed in a layer of thickness & near the surface. The de-
fects at the surface layer can be interpreted as large aniso-
tropic objects that can glide and align parallel to H if they
have surface dimensions of order £. If they are smaller,
the competition between the elastic torque coming from
the volume does not favor this gliding. Because these ob-
jects are larger (their dimensions in the x-y plane are a
few micrometers) than the micelles (dimensions of 100
A), there is an apparent larger viscosity near the surface.

These larger objects are subjected to the elastic torque
coming from the micelles in the bulk. This torque is
equilibrated by the viscous torque. To rotate an object
with dimensions of L, /, and thickness d (about the bilayer
thickness), it is necessary to exert a torque that is
T=vy6ILd. The total number of objects is aA4&/d, where
A is the surface area and a is the number of objects per
unit area. The torque per unit area is then T =y0&a. The
balance of the torque at the surface gives

; K
y05a§=?[%—9s]. (5)
The solution of this equation gives an exponential in-
creasing of 6, or the gliding process, with a characteristic

time:
=.§iﬂ 6)

T X

The dependence of 7 on 1/H? is obtained. The product
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ay can be interpreted as an apparent viscosity. If the di-
mensions of the objects are about & (£ = 20 um for H =4
kG), a can be estimated to be no more than 10 when the
objects occupy the whole surface. From our experimental
values of 7, a is estimated to be 104, which indicates that
these objects do not fill the surface.

Indeed, some kinds of defects (such as grains) were ob-
served in the textures. It was also observed that the size of
these grains depends on the magnetic field. In Fig. 4, the
typical dimensions of the defects are about 30xX80 um?,
for H=4.5 kG. The value of a can be calculated, and one
obtains a~10%, in good accordance with the estimation
from the experimental values of 7. Small dimensions of
the defects were observed with a stronger magnetic field,
which confirms the hypothesis of the dimensions of the
grains about &.

The relaxation process can be understood as a relaxa-
tion process at the surface. Different orientations of the
objects at the surface layer gives rise to an elastic torque
that is equilibrated by the viscous torque. The viscous
torque per unit area is 7 =y0la, where 0 is the angle be-
tween the objects. The equilibrium condition is written as

yabl =—§e. @)

As [ is comparable to £ and a =1 cm?/IL, one finds the
characteristic relaxation time

7, ~7v/K. 8)

With the typical values of K and 7y for lyotropic liquid
crystals, we obtain 7,~10° s. The experimental values
are about 20 h, which is 10° s. The difference observed
between the extinction angles measured for different
wavelengths can be explained by the nonuniform orienta-
tion in the surface layer.
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FIG. 4 Observation of defects in the texture seen in the polar-
izing microscope during the relaxation process after 45 min in
H =45 kG at 45° from the x axis.

With the qualitative model presented here we can ex-
plain the long times observed and the correct dependence
of 7 on 1/H?. The gliding of the director at the surface is
an interesting phenomenon that is probably related to the
particular characteristic of the lyotropic systems. It has
never been observed in thermotropic systems. In lyotropic
systems, the amphiphilic molecules at the surface prob-
ably cannot move, but in the bilayer structure the defects
on channels can be destroyed and rebuilt with a new
orientation, due to the finite lifetime of the micelles.
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FIG. 4 Observation of defects in the texture seen in the polar-
izing microscope during the relaxation process after 45 min in
H =45 kG at 45° from the x axis.



