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Anchoring properties of lyotropic liquid crystals near the nematic-isotropic transition
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In lyotropic liquid crystals the director at the boundary surfaces can be oriented by an external
magnetic field, with a time constant 7, about 10® times greater than that in the bulk. Measure-
ments of 75 are presented for a lyotropic sample of potassium laurate, decanol, and water in the
nematic calamitic phase (N.) in the vicinity of the nematic-isotropic transition. It is shown that 7,
decreases linearly in the N. phase when the temperature approaches 7. [Oliveira, Figueiredo Neto,

and Durand, Phys. Rev. A 44, 825 (1991)].

PACS number(s): 61.30.Gd, 64.70.Md, 68.45.—v

The anchoring properties of lyotropic liquid crystals
started to be investigated only in the past few years [1,2]
and a behavior different from thermotropics was then
revealed. In lyotropics, the director at the boundary sur-
faces can be aligned by an external magnetic field, with
a characteristic time longer than that in the bulk (~ 103
times greater). This means that there is a gliding process
of the director at the boundary surfaces.

Although the physics involved in this process has not
been completely understood yet, an alternative quali-
tative model has been proposed [1], based on the exis-
tence of an amphiphilic bilayer at the boundary surface
with defects or channels, like a lamellar order. Accord-
ing to this model, the defects are interpreted as large
anisotropic objects which glide and align parallel to the
magnetic field.

Lyotropic liquid crystals present very rich phase dia-
grams with both uniaxial nematic phases; discotic (Np)
and calamitic (N¢) and the biaxial nematic phase (Npx)
[3,4]. They are very interesting systems for studing phase
transitions.

The nematic to isotropic transition is satisfactorily de-
scribed by a mean-field approximation which predicts
this transition to be first order and there are many ex-
perimental data to sustain it [5,6]. The transition is al-
ways accompanied by discontinuities in density, birefrin-
gence [7], etc. However, as these discontinuities are small,
some authors prefer the denomination “weakly first or-
der” [8]. Another reason for this denomination is that
liquid crystals exhibit critical behavior on cooling to tem-
peratures close to T, (the critical temperature) what has
been termed “pretransitional behavior.” These effects
near T, are typical of second-order transitions, but in
the case of liquid crystals, this is explained by the short-
order effects that will be important at temperatures just
above T..

Saupe and collaborators performed experiments deter-
mining some response for functions such as density, sus-
ceptibility, and electric conductivity in all nematic do-
mains. There are some data with respect to nematic-
isotropic transition which follow the mean-field behavior
[9-11]. Recently, more accurate measurements [12,13]
have shown deviations from the mean-field behavior for
the nematic uniaxial-biaxial transition in the vicinity of
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T.. The critical exponents 3 and ~ derived from experi-
ments are in agreement with the theoretical values of the
XY model.

In this paper, we shall extend the study of anchoring
properties of a lyotropic liquid crystal in the vicinity of
the nematic-isotropic transition. The lyotropic mixture
is composed of potassium laurate (KL), decanol (DeOH),
and water. The advantage of using this mixture is that
many physical parameters are known for it [11,12,14].

We investigate the orientation process in the N¢ phase,
where a magnetic field is applied, measuring the trans-
mittance of the sample. In order to fit the experimental
data, we built a model of a three-layered sample with dif-
ferent orientation times for the bulk and the boundaries.
The fitting parameter is the characteristic orientation
time in the boundaries. The determination of the ori-
entation time as function of temperature and the knowl-
edge of the behavior of x, in the neighborhood of the
nematic-isotropic transition allow us to discuss how an
“effective rotational viscosity” depends on temperature.

I. EXPERIMENT

The lyotropic liquid crystal is composed of potassium
laurate (29.4 wt. %), decanol (6.6 wt. %), and water (64
wt.%). It presents a calamitic nematic phase between
two isotropic phases [3]. The transitions temperatures
are about 17°C and 50 °C. The sample is encapsulated
inside microslides (Vitro Dynamics) 200 pym thick and 4
mm wide.

The measurement of the birefringence is performed
with the sample previously aligned, in a strong magnetic
field (H ~ 18 kG). The sample is placed in a temper-
ature controlled device (accuracy 0.2°C) in a polarizing
microscope with a compensator. There is no applied field,
during the measurements.

The experimental setup used to investigate the orienta-
tion and relaxation process is illustrated in Fig. 1. A ro-
tatory stage is placed between the poles of a electromag-
net. The sample is placed in a temperature controlled
device (accuracy 0.2°C) which is attached to the rota-
tory stage. The laboratory frame axes are defined with
the z axis parallel to the magnetic field H and z perpen-
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dicular to the plane of the rotatory stage. The sample
is initially uniformily oriented by a strong magnetic field
(~ 18 kG) with the director parallel to the length of the
microslide. Therefore (with H = 0), the sample is ro-
tated from 45° in the zy plane and a magnetic field H
is applied. The orientation process is studied by measur-
ing the intensity of the transmitted light, by means of
a photodetector, which is coupled to a microcomputer.
The same measurements are made during the relaxation
process when H is switched off.
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FIG. 1. Experimental setup to study orientation and re-
laxation process. (a) L = light source, P = polarizer, RS =
rotatory stage, S = sample, M = microscope objective, A =
analyzer, D = detector. (b) Top view of experimental setup
showing the orientation of polarizer and analyzer relative to
the sample during the orientation process. At t = 0 n is
parallel to the length of the microslide and H = 0.

II. THEORY
A. Orientation process (H # 0)

The dynamics of orientation of nematic liquid crystal
films in a magnetic field was first studied by Brochard,
Pieranski, and Guyon [15,16]. They proposed a solution
to the balance of torques equation in the limit of small
distortions (H > H.) and strong anchoring at the bound-
aries ( = 0 for z = 0 and z = d). The distortion along
the thickness will be

0 = O, (t) sin —, (1)
d
where 6 is the angle between the easy axis and the di-
rector n and 6,, is the maximum distortion angle. For
large values of ¢ a stationary state is reached, with a time
constant Sy '(H) [16]
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(2)
where x, is the anisotropic magnetic susceptility and
H, = (n/d)(K/xa)"?. The thickness of the slab is d,
K is the elastic constant, and ~y; is the rotational viscos-
ity.

For large magnetic fields, the equilibrium state will
correspond to the director aligned parallel to H, in the
most of the slab, except for two thin transition regions of
thickness £ [¢ = (K/xa)*/?/H] near each boundary sur-
face. When H > > H,., the time constant is expected to
be proportional to H 2 (see also Ref. [5], p. 175). There-
fore, this orientation process is only concerned to the
bulk, provided that a strong anchoring at the boundaries
was assumed [0(0,t) = 6(d,t) = 0].

In lyotropics, the orientation of the director in the bulk
is also observed [1,11] and the results derived by Pieranski
remain valid. Typical values of S; ' for lyotropics are
about 10 s. However, besides this bulk orientation, there
is also a slower orientation at the boundaries. This can
be explained by a simple model.

We assume that the director is uniformly oriented par-
allel to H, except in the thin boundary layers of thickness
&, and that there is a bilayer of amphiphilic molecules at
the boundary surface like a lamellar structure. There
are defects in the bilayer structure like channels [17,18]
or holes. The amphililic medium behaves like islands
surrounded by water. In this picture, the amphiphilic
islands (AI) can be interpreted as large anisotropic ob-
jects, which can glide and orient parallel to an external
magnetic field. There is a competition between the initial
orientation in the thin boundary layer and the orientation
of the bulk, imposed by the magnetic field. If the surface
dimensions of the Al are comparable to £, they glide and
orient parallel to H. The dynamical equilibrium is ex-
pressed by the balance of the elastic and viscous torques.

To rotate an object with dimensions L and £ in the
z-y plane and thickness d, one must exert a torque 7 =
~v10¢Ld. The total number of objects or Al is aSE/d,
where « is the number of Al per unit area and S is the
boundary surface area. Therefore, the torque per unit
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area is T = ~v;0fa. The balance of the torque at the
surface is written as

Y166 = %om&x o), 3)

where 0,5 is the maximum angle distortion in the bulk.
The solution of this equation gives an exponential in-
creasing of @, with a time constant 7,:

Eva  ma
Ts = K = XaHz. (4)

If the dimensions of the AI are about &, and ¢ is about
20 um, for H = 4 kG, the parameter o can be estimated
to the order of 104, if the AI ocupy half of the surface.

B. Relaxation process

When the magnetic field is switched off before the re-
laxation process has been completed, the distortion in
the bulk relaxes as if there was a strong anchoring at
the boundary surfaces. The final orientation will be al-
most uniform and parallel to the orientation of the sur-
face boundary layers.

There is also a relaxation process in the boundary lay-
ers. Different orientations of the Al in these layers result
in an elastic torque. Let us call 6 the angle between the
axis of two-neighbor Al The viscous torque per unit area
will be 7 = v, 0 £ o, which is equal to the elastic torque.
The balance of torques equation is written as

yrafl = —Igﬂ. (5)

As { is comparable to £ and a =(1 cm?/ £ L), the
characteristical relaxation time will be

. =711 /K. (6)

With typical values of v; and K for lyotropic liquid crys-
tals we obtain 7, ~ 105s.

C. The transmittance of the sample

The transmittance of the sample can be calculated by
considering the nonuniform anisotropic medium as con-
sisting of many thin layers and treating each layer as
homogeneous, with uniform orientation. If one supposes
that the sample with thickness d is broken up into m
layers, the orientation of each layer will be given by 6,
relative to a reference frame axes. We also assume that
the incident light is linearly polarized and the incidence
is normal to the layer. In each layer, the incident electric
field is decomposed in two components parallel and per-
pendicular to the director and a phase difference is also
introduced. The calculations are simplified using Jones
matrix (Appendix A).

We calculate the transmittance of the sample consid-
ering two possible configurations of the director: the
first one described by a sine wave and the second one

described by the three-layered sample model presented
above.

In the first case, we assume that the distortion has a
sine-wave shape, similar to Eq. (1). However, we shall
remove the constraints at the surface. The orientation of
the director at the surface will be given by 6,:

0,(t) = O (1 — e ™). (7)

The amplitude of the sine wave is variable, and written
as
Tz

0(z,t) = (0 — 05(t))sen 7 (8)

The equilibrium corresponds to a uniform orientation
with the director parallel to the magnetic field.

In the second configuration, the sample is broken up in
only three layers. The thickness of the boundary layers
is £ and the orientation is given by 6,(t). The director
orients, in the bulk, parallel to H, with a time constant
To(H).

Making use of the experimental setup shown in Fig.
1, it is expected that the intensity of the transmitted
light is maximum for ¢ = 0, when H is turned on and
will decrease with the time (H > 0). The maximum
distortion angle ,, will be /4. Values of the viscosity
and susceptibility are reported in the literature [19-21]
and 7, is known. The values of 7, can be calculated
except for the factor a. This factor will be used as the
fitting parameter to the experimental results.

III. RESULTS AND DISCUSSION

A. Determination of T,

The anisotropic optical susceptibility % is a good
choice for the order parameter in lyotropics, which is ex-
pressed as a function of the birefringence An [7]. In the
mean-field theory, the free energy is expanded in terms
of the invariants of the order parameter. We shall be
particulary interested in the invariant o3 defined as

03 = 4e; &2 €3, (9)

where ¢; (i = 1,2,3) are the diagonal elements of the

traceless tensor €. The mean-field theory predicts that
o3 depends linearly on the temperature 7 in the nematic
phases. In this picture o3 is proportional to (An)3, which
can be experimentally determined. The results obtained
for the sample used in this investigation is shown in Fig.
2. It is seen in Fig. 2(a) that the order parameter de-
creases near the transition to the isotropic phase. The
transition temperature T is obtained from Fig. 2(b) plot-
ting o3 as a function of temperature. The solid line in
Fig. 2(b) corresponds to a linear fitting of the experimen-
tal data. When o3 = 0, we obtain T, = 50.51 °C.

B. Orientation process (H # 0)

We measure the transmittance of a initially uniform
oriented sample, when a magnetic field H is applied at
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FIG. 2. (a) Birefringence as a function of the temperature.
(b) Invariant of the order parameter o3 as a function of the
temperature.

45° from the initial orientation. Typical experimental
curves are shown in Fig. 3(a) corresponding to the trans-
mittance of the sample as a function of the time, for
different intensities of the magnetic field. There is a
comparison between the calculated transmittance of the
sample for the two configurations discussed above and the
experimental results in Fig. 3(b). The curve correspond-
ing to the sine wave configuration was obtained dividing
the sample in 50 layers. The shape of the curve does not
change with a greater number of layers. By means of this
configuration, it is not possible indeed to find a value of
« that fits well the experimental data. It is clear from
this picture that the model of three layers represents a
good approximation to the configuration of the director.

The values of o and 7, obtained are listed in Table I,
for different values of H. The value of « is almost con-
stant and the average is @ = 940. The listed values of 7
for H = 7 and 14 kG were determined by applying the
magnetic field at 5° from the initial orientation, but the
surface orientation time does not depend on this angle.
The experimental values of 7, depend on H, as it is out-
lined in a log-log plot; see Fig. 4. The exponent of H
derived from the log-log plot, is —1.96 + 0.20. The un-
certainty in 7, is about 8%. This behavior is compatible
with what is expected from Eq. (4).

C. Temperature effects in T,

The surface orientation process depends on temper-
ature, as it is shown in Table II, for H = 8 kG. We
must remark that when temperature increases, at about
4°C below T, the fitting to the experimental curves of
transmittance using the model of a three-layered sam-
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FIG. 3. (a) Intensity of the transmitted light as a function
of the time for H = (—)5 kG, (+) 8 kG, and (e) 10 kG. (b)
Calculated transmittance for the (—) sine wave and (+) three
layers model with H = 8 kG. In both cases o = 950.

ple with the boundary layers of thickness £ is very poor.
The sine-wave configuration also fails in this fitting. The
best fitting is obtained, assuming that the configuration
of the director is described by a three-layered sample of
equal thickness. A possible explanation for that would
be given if the order imposed by the boundary surface
layer propagates through a length larger than &.

We notice that 7, decreases when the temperature ap-
proaches T.. The dependence of 7, on temperature is
obtained from a log-log plot (Fig. 5). The decreasing of
7, is roughly linear with temperature; 7, = (7. — T).
Since 7, combines various parameters (7y;, a, and x.)

TABLE 1. Experimental values of 7, for different values of
the magnetic field H. The second column corresponds to the
sample temperature during the experiment. The uncertainty
in 7, is about 8%.

H (kG) Temperature (°C)| a 1037, (s)]]
3 28.3 ¥ 1100 122 |
5 27.5 800 3.2
7 28.2 900 33 |
8 27.9 900 1.5
10 28.3 950 0.9 ||
13 28.2 1000 06 |
14 28.1 924 | 05
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FIG. 4. Dependence of 75; on H in a log-log plot.

which also depend on temperature, if we know the way
Xa behaves near the nematic-isotropic transition, we are
able to evaluate the way ~y;a behaves, as well.

Saupe and Stefanov [9] measured x, for a lyotropic
sample of decylammoniun chloride, ammonium chloride,
and water. These mixtures present a lamellar, a nematic
(discotic), and an isotropic phase. They observed that
Xa decreases in the nematic range when the temperature
(T') approaches the transition to the isotropic phase. The
decreasing of x, is linear on T', within a range of 15°C
below T.. There is also a two-phase region beginning
at 2°C below T, and a discontinuity of x,, typical of a
first-order transition [9].

In our experiment, we measure 7, in the nematic phase
as a function of temperature, in a range of ~ 20 °C below
the transition to the isotropic phase. If we assume that
Xa behaves in the same way described by Saupe, we are
able to evaluate the way that the product v, behaves,
as well. We should say that 7, ~ (T. — T') (Fig. 5) and
Xa = (T. — T) (from Ref. [9] measurements). Therefore,
from Eq. (4), we obtain

na = (T.—T)% (10)

We may relate the decreasing of v;a when T ap-
proaches T, to a decreasing of the area occupied by the
amphiphilic islands at the boundary layers. Actually, we
can refer to v;a as an effective rotational viscosity at the
boundary layers.

TABLE II. Experimental values of 7, for H = 8kG at var-
ious temperatures.

|T - T. | (°C) 10° 7, (s)
1.9 133
3.0 94
4.0 250
7.2 312
9.8 422
14.7 890
16.2 1234
17.2 859
19.0 1406
22.6 1406
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FIG. 5. Dependence of the surface orientation times on
temperature.

2

D. Relaxation process (H = 0)

When the magnetic field H is switched off before the
orientation process has been completed, we are able to
observe that the transmittance of the sample decreases
very slowly.

According to the proposed model, this slow relaxation
process is related to small variations of 6, in the surface
boundary layers. The transmittance can be calculated
admitting a uniform sample oriented along 6,. When
6, is small, the transmittance is proportional to 62. If
0, decreases with a time constant 7., the transmittance
decreases with a time constant 7/ = 7, /2.

In Fig. 6 an exponential curve is fitted to typical ex-
perimental curves of transmittance in the relaxation pro-
cess. The values of 7, obtained for different values of
H are listed in Table III. Within our experimental error
we obtain 10 s< 7. < 4 x 10% s. This value is smaller
than the estimated value from Eq. (6). This estimation
was based on values of viscosity (v;) elastic constant (K)
reported in the literature for similar nematic mixtures.
However, as we are dealing with surface processes, these
values may be different, due to the order imposed by the
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FIG. 6. Relaxation process. The solid line represents a
fitting to the experimental curve of transmittance for a sample
after 80 s in H = 8 kG.
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TABLE III. Experimental values of the relaxation time, 7.
At corresponds to the time interval with H turned on.

H (kG) At (s) 1037, (s) |
4 400 8 |
8 80 44 ||
10 60 o n |
13 60 13

boundary surface. We could expect the elastic constant
to be greater in the boundary layers than in the bulk.
This could explain the results obtained.

IV. CONCLUSIONS

The orientation process of lyotropic liquid crystals are
quite different from thermotropics. The director at the
boundary surface is allowed to glide and orient parallel
to the applied magnetic field. The measurements of the
transmittance of the sample were shown to be a good
technique to study surface processes.

In order to explain the gliding phenomenon, a model is
proposed based on the existence of a bilayer at the bound-
aries, with defects, like in a lamellar structure. Within
the accuracy of our experiment we observe that the area
occupied by the amphiphilic aggregates does not depend
on H. The characteristic orientation time at the bound-
ary layer is about 10® times greater than the bulk ori-
entation time and depends on H~? as predicted by the
gliding model. It is also observed that the configuration
of the director corresponds to an almost uniform oriented
sample parallel to H, except in the thin boundary layers.

A slow relaxation process is observed, which is related
to the boundary layers. The characteristic time of this
process is about 10% s and it is due to the torques between
the amphiphilic islands with different orientations at the
boundary layers.

The experiment shows that the characteristic surface
orientation time 7, in the nematic phase decreases, when
the temperature (I') approaches the transition to the
isotropic phase. The decreasing of 7, is linear within
a range of 20°C below T.. In the nematic domain, we
also expect that x, decreases with temperature when T
approaches T., with a discontinuity at T, typical of a
first-order transition. We expect indeed that vy;« de-
creases when T approaches T., however, faster than the
decreasing of 7, and x,. The product y;a, which can
be interpreted as an effective rotational viscosity at the
boundary layers, should be proportional to (T.—T7)?. The
decreasing of y;a would be related to a decreasing of the
area occupied by the amphiphilic island at the boundary
layers, when temperature is increased to 7.

Within the accuracy of our experiment, we have not
observed any discontinuity of 7, at T.. Future experi-
ments with more precise measurements and a better res-
olution in temperature are necessary in order to elucidate
this point.
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APPENDIX A

Let us consider an anisotropic medium which will be
broken up into m thin layers with uniform orientation.
The thickness of each layer is §; and the orientation on
the director is given by (; (j = 1,..., m) measured from
the z axis [Fig. 1(a)]. The angle between the polarized
incident beam is . In the first layer the incident electric
field E is divided in two components, parallel (E;p) and
perpendicular to the director (E;r),

Eip =|E|cosa, (A1)
Eir =] E|sina,

where a = ¢ — 0.

If the birefringence of the uniform orientation layer in
An and X is the light wavelength, the phase difference
introduced by each layer is

_27r

3 (A2)

The components of the electric field incident in the sec-
ond layer, in matrix notation, is given by

E}Jl _ EIP
(%) =7 (&),

where D; is a matrix representing the phase difference
introduced by the first layer:

1 0
b-(L5)

In the second layer, there will be a rotation of the plane
of polarization, which can be represented by the matrix

_ cos 3y sin s .
Ry = ( —sin3y cos B ) ’ (A5)
where 33 = 6, — 6;.
The new components of the electric field will be

Ep, ~ R, . Eégl .
Er, ETI
Generalizing, in each layer there is a rotation of the plane

of polarization and a phase difference. The rotation op-
eration is given by the matrix R, where 3; will be

(A3)

(Ad)

(A6)

3, =0; —6; 1. (A7)

The operation of introducing the phase difference ¢; will
be effected by the matrix D;.

These operations are repeated up to the last layer, m.
Therefore, only the components of electric field parallel
to A will be transmitted. The amplitude of electric field
transmitted will be

Eps = Erp cos ﬁm+1 — Epm Sinﬁm+l* (AS)

where G401 = @ — O,
The intensity of the transmitted light is written as
[ = EpaEp,. (A9)

1)/ Imax-

The transmittance will be 0 = (Inax —
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