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An elastic model for the twisted nematic texture observed in nematic cells containing
octyloxybenzoic acid is proposed. According to the model the twisted textures are due to the
presence of cybotactic groups which are responsible for the chirality of the liquid crystal. We
show that by assuming for the density of cybotactic groups a critical temperature behaviour
close to a special temperature, the experimental data can be well interpreted by our

mechanical model.

1. Introduction

The study of 4-n-alkoxybenzoic acids by conductivity
measurements [ 1], depolarized Rayleigh scattering [2],
X-ray diffraction [ 3], DSC and impedance spectroscopy
[4] has produced evidence for a special behaviour at a
particular temperature within the nematic range. This
behaviour of 4-n-alkoxybenzoic acids especially in the
nematic range is usually related to the existence of
different states of hydrogen bonding leading to mon-
omers and different types of dimers [5] and to the
appearance of the skewed cybotactic groups [3]. The
way in which these are involved in some of the observed
phenomena is still unclear. Furthermore, in trans-
4-alkylcyclohexanecarboxylic acids, which are meso-
morphic due to the formation of dimers via hydrogen
bonds [6], chiral structures were also observed in the
nematic phase, even if the molecules have no chiral
groups. Such domains were found both in a narrow
temperature range close to the clearing point [7], and
in a large temperature range contiguous to the smectic—
nematic transition [8]. In fact the latter was found only
for acids exhibiting a hexagonal smectic B phase. The
chiral ordering was explained in the first case as being
due to the presence of open dimers [9], and in the
second case to the presence of cybotactic clusters. As a
consequence of the molecular shape, due to steric effects,
the open dimers pack themselves in chiral domains,
partially right- and partially left-handed, and for the
same reason cybotactic clusters organize chiral symmet-
ric structures.

* Author for correspondence.

For 4-n-octyloxybenzoic acid (OOBA), the appearance
of a twisted nematic structure within the nematic range
has been recently reported [ 10]. In these twisted struc-
tures the tilt angle 6 and the surface twist angle ¢ have
a specific temperature dependence.

In this paper we propose an elastic model that con-
siders the twisted structures as being related to the
cybotactic groups. Assuming the one-constant approxi-
mation and finite values for the anchoring energies, a
simple analysis is made for the homogeneously oriented
liquid crystal layers. We also obtain the temperature
dependence for the tilt and twist angles. Agreement
between the theoretical predictions and the experimental
data reported by Petrov et al. [10] is fairly good near
the particular temperature.

2. Elastic description

Let us consider a liquid crystal layer confined between
the two walls of a cell. Let z be the coordinate perpendic-
ular to the walls. Everywhere in the cell, the local
director n can be defined by the polar azimuthal angles
0 and ¢, called the tilt and twist angles, respectively. The
twist angle is measured with respect to the direction of
the grooves created by the oblique evaporation of the
SiO, as described in [ 10]. We assume that this layer has
an intrinsic twist due to the presence of cybotactic
groups. We suppose also that the director orientation
depends only on the z-coordinate.

In the one-elastic constant approximation and by
taking into account the surface contribution to the total
energy, we can write the total energy per unit area as

0267-8292/98 $12:00 © 1998 Taylor & Francis Ltd.
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df2
1
F= J 5k[9’2+ sin® 0(¢'> — 2¢¢)1dz+ G-+ G+,
—df2

(1)

where k is the elastic constant, ¢ =2n/P (P being the
pitch of the structure), G- and G+ are the surface
energies corresponding to the boundary surfaces at z=
—d/2 and z=d/2 respectively; the prime means the
derivative with respect to z. In equation (1) we have
neglected the term (1/2)kq2 since it does not contribute
to further Euler—Lagrange equations. The surface ener-
gies are assumed to have the following expressions

1 1
Gr=" w8 = 07+ ux(p)’ (2)

where w+ and u+ are the anchoring energies, o are
the easy axes of tilt and the easy twist axes are assumed
to be zero; 0> and d)si are the actual tilt and twist
surface angle. + and — means z=4d/2 and z= —d/2,
respectively. In the following, we limit our analysis to a
symmetric sample in which w+=w-=w, u+=u-=u,
© =" = 0. In this case the symmetry of the problem
suggests that 0(z) = 6(—z) and ¢(z) = — ¢(— z). In particu-
lar, for the surface angles we have 6 =6, =05 and

+ -
& =—¢ =¢s.

The usual variational approach provides the following
Euler-Lagrange equations for ¢ and 6

i[sin2 0(¢' — )1 =0, (3)
and
0" —sin(20) (¢ — 2q¢) =0, (4)
as well as the boundary conditions at z =d/2
ksin® 05(¢ — q) + ugs =0, (5)
kO + w(6s— ©)=0. (6)

Equation (3) has the solution

o' =q+ (7)

sin® 6’
where C is an integration constant. By substituting ¢’
given by equation (7) into (4) and integrating once, one
obtains

C
9’2=b—( — +q2sin29), (8)
s~ 6

where b is an integration constant. By using equations
(7) and (8), simple calculations give

c=_"= 9
__k¢5’ ()

and

2 2
u  ¢s 2.2 w 2
b=~ + () (-0
(k sin 95) ¢ sin” 0 (k) (6s— @)". (10)

The last two equations relate the integration constants
C and b with s and ¢s. Taking into account that 6(z) is
an even function and ¢(z) is an odd function of z, from
equations (7) and (8) we obtain

2¢ps=gqd+2C (11)
e J;q 0'sin’0’
and
2 =d (12)
J 6, '

where 6p=0(0) and 6'(0) =0 for symmetry. The value
of 0y is related to b by the equation
2

b= + 4% sin” 6o. (13)

sin” 6
Equations (9)—(12) give the thickness dependence of 6,
#s and 6. The actual values are the ones minimizing
the total energy per unit surface given by equation (1).

3. Temperature dependence of the tilt and twist angles

We now look for the temperature dependence of 6
and ¢. It emerges from equations (3)-(6) that if ¢ =0,
then ¢'=0 and hence 6'=0. This means that ¢ and 6
are z-independent. On the contrary, when ¢#0, then
¢'# 0 and further 0’ #0.

Let us suppose that ¢ is very small. In this case we
can expand 6 and ¢ in a power series of ¢ as follows

[11]
0(z) =0+ ¢ (=), (14)

and
(2)=qo(2), (15)

because, as follows from equation (3), ¢(z) is expected
to be linear in ¢, whereas from (4) we deduce that 0(z)
has to be quadratic in the same parameter. In equations
(14) and (15) &(z) and ¢(z) are two new functions to be
determined. By substituting equation (15) into (3), at
the first order in ¢, we obtain

[0
z2)=2"z
o) =277, (16)

where ¢s is an integration constant. In this approxi-
mation &(z) is a solution of the differential equation

1
g"(z)—;sin(2(~))((p'2—2(p')=0. (17)

The boundary conditions at z=d/2, represented by
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equations (5) and (6), become in this perturbative
approach

ksin®@(p' — 1)+ wes=0, (18)
and
ke +wes=0. (19)

By means of equation (18), the integration constant ¢s
entering in equation (16) is found to be

1
(21d) + [ul(k sin> @)1

®s (20)

The solution of equation (17), with the boundary
condition (19), even in z when ¢(z) is given by (16) and
(20) is

="+ (21)
where
1+ ud/(k sin” ©)
T T+ wdi(2k sin’ ©)12 (22)
and

= Ldz in(20 1+4l£ 23
H= 16 osin (26) dw ] (23)

When the perturbative expansion is valid, the surface
twist angle is given by

¢s = qps, (24)
and the tilt angle changes according to the law
0(z) — O=¢"¢(2). (25)

where ¢s and &(z) are defined by equations (20)—(23). It
is important to notice that ¢s is proportional to ¢; that
in turn is proportional to the density of cybotactic
groups p. By assuming [7, 8] that px(T*—T )1/2 where
T * is the temperature at which the cybotactic groups
appear, the temperature dependence of the surface twist
angle is expected to be

g (T*— 1), (26)
In the same approximation, from equation (25), we have
(0(z) — @) (T*—T), (27)

where <) means the average over the thickness of the

sample. Taking into account that ¢ depends on the

concentration of cybotactic groups which in turn
depends on the temperature in a critical manner, we can

assume p(7 >T *)=0; that implies ¢(7 >T *)=0. It
follows that

(o(z)) = o,

Then, equations (26)—(28), which are shown in figures

and ¢s=0, for T>T*. (28)

1 and 2, are in good agreement with the temperature
dependence for the surface twist angle and for the
average tilt angle as experimentally found by Petrov
et al. [ 10], where these parameters were the only ones
detectable. The trends of ¢(7) and <9(:)>, experiment-
ally detected, are reported also in figures 1 and 2.

In real cases, the concentration of cybotactic groups
is position dependent, since the monomers and dimers
usually have different adsorption energies with respect
to the substrate [12]. This implies that ¢=g¢(z).
However, since we are interested in the trend close to
T *, where ¢ passes from zero to a finite value, this effect
may be neglected. In fact, near 7 *, P=2n/q is much

30 T T

20 ¢ 1

¢ [ deg

10 n ]

0

130 132 134 136
T/°C

Figure 1. Trend of the temperature dependence of the surface

twist angle ¢s. Continuous curve: best fit of the theoretical
prediction. Squares: experimental points.
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Figure 2. Trend of the temperature dependence of the average
tilt angle <0(z)y. Continuous curve: best fit of the theoret-
ical prediction resulting from the elastic model. Squares:
experimental points.
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larger than the extrapolation length connected with the
adsorption effects.

Figures 1 and 2 show the best fits obtained for the data
relating to a homogeneous cell of thickness d =20 um,
having a SiO alignment layer deposited by evaporation
at an incidence angle of 86°. The theoretical fit has been
made, near 7 *, by means of the equations

§(T)=A(T*—T)",

and (29)
0(T)=<0(z)) =0 —B(T*—T),

deduced from equations (26) and (27). The parameters
for the best fits are 4=(169408)°C"”? B=
(3:140-25)°C™" and 7*=132°C. The value of T* is
close to the temperature at which 6 and ¢ begin to vary
during the cooling of the liquid crystal from the isotropic
state. On the other hand, 7T * is close to the special
temperature of OOBA [4]. Therefore, the type of tem-
perature dependence found in the model proposed by
us describes rather well the experimental results.

4. Conclusions

In this paper an elastic model for the twisted nematic
texture appearing in cells containing OOBA-like liquid
crystals has been proposed. The texture and the specific
temperature dependence within the nematic range
observed by Petrov er al. [10] have, according to the
model presented, a bulk origin in relationship to the
presence of cybotactic groups responsible for the chiral-
ity of the structure. The surface enters into the phenom-
enon due to the fact that ¢s(7)# 0 is connected with a
weak anchoring energy. The dependence of 6(7) is also
expected to be detectable since the optical path difference
depends on the whole 0(z)-profile. The proposed model

leads to a temperature dependence of the tilt 8 and twist
¢ angles in good agreement with the experimental data.

We thank Prof. A. Strigazzi for stimulating discussions.
This work has been partially supported by Inco-
Copernicus ERBCIC15CT960744 Novel Techniques and
Models for the Surface Treatments of Liquid Crystals
with Optical Applications.
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