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Abstract. Specific features of the anisotropic interaction between a nematic mixture and a polar surface
of a ferroelectric triglycine sulfate crystal have been studied over a wide temperature range including
the substrate’s Curie point Tc. The mixture was composed of two nematic liquid crystals, 60% of p-
methoxybenzylidene-p–n-butylaniline (MBBA) and 40% of p-ethoxybenzylidene-p–n-butylaniline (EBBA),
and doped with a small amount of a dichroic dye. The temperature dependence of the polarized components
of optical density Dj of the dye absorption band for the nematic and isotropic phases of the MBBA+EBBA
mixture has been obtained using polarization optic techniques. The temperature-induced structural changes
in the nematic layer near Tc were found to be related to the changes in the orientational part of the tensor
order parameter Qik. The experimental data have been interpreted using the model, in which the dispersive
van der Waals forces of the substrate stabilize the planar orientation of the nematic in the bulk competing
with the short-range anchoring forces in the vicinity of Tc. At the same time, the anisotropic part of the
surface energy has two terms with the orthogonal easy axes. The nature of the surface electric field and
its effect on the director alignment at the interface have been clarified. Taking into account the known
relation between anchoring strength and the nematic order parameter, the effective anchoring energy weff

for the studied system has been determined as a function of temperature.

PACS. 61.30.Gd Orientational order of liquid crystals: electric and magnetic field effects on order
– 61.30.Hn Surface phenomena: alignment, anchoring, anchoring transitions, surface-induced layering,
surface-induced ordering, wetting, prewetting transitions, and wetting transitions – 78.20.Ci Optical con-
stants (including refractive index, complex dielectric constant, absorption, reflection and transmission
coefficients, emissivity)

1 Introduction

A typical way to control macroscopic (optical, dielectric,
etc.) properties of nematic liquid crystals (LCs) is to use
external forces acting on a nematic volume and competing
with surface anchoring, which stabilizes a particular ori-
entation of mesogenic molecules [1,2]. An alternative ap-
proach to control liquid-crystal orientation involves tech-
niques, which act mostly on a LC-substrate interface [3].
Surface director reorientations caused by competition of
counteracting alignment mechanisms are of special in-
terest. These drastic changes of the director orientation
are similar to phase transition phenomena and are usu-
ally called anchoring transitions [4]. Such transitions are
often affected by temperature, which changes the bal-
ance of forces on the surface. The transition from pla-
nar to homeotropic alignment with varying temperature
has been previously observed [5], driven by the compe-
tition between dispersive van der Waals and short-range
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anchoring forces on the surface. The competition between
polar and dispersive forces of the substrate also favors
the orientational transition [6]. At the same time, the sur-
face electric field of the substrate substantially affects the
alignment of LCs because of its dielectric anisotropy and
enhances the polar effects at the confining surfaces [7].
The competing effects of dielectric, polar and dispersive
forces can be observed on the orienting surfaces of fer-
roelectrics [8–11]. The spontaneous polarization field of a
ferroelectric crystal depends on temperature and vanishes
at the transition to the nonpolar state, which occurs at
the Curie point Tc. If the mesophase range includes the
Curie point Tc, the nematic alignment can be observed
until the substrate’s electric field completely disappears.
It should be noted that using birefringence or ellipsom-
etry techniques to study structural changes in LC cells
with crystalline substrates is a challenge, since the optical
anisotropy of the substrates modifies the LC response to
polarized radiation in an unknown way. Besides, the opti-
cal indicatrix of the crystalline substrates may also change
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with temperature. This problem can be partially overcome
by means of polarization spectroscopy of solute absorp-
tion. Introducing a small concentration of a dye with large
dichroism to the LC matrix creates an absorption band
within the transparent region of the matrix without chang-
ing its main properties. This allows to observe the changes
of the director orientation and to control the alignment of
mesogenic molecules during field-induced or spontaneous
structural transformations in nematics [12,13]. Recently,
the unusual intensity changes of solute absorption have
been observed near Tc in the nematic mixture placed be-
tween two ferroelectric substrates [14]. These changes were
presumably caused by the surface orientational transi-
tion. However, due to the ambiguous temperature behav-
ior of the absorption caused by the proximity (∼ 2 ◦C)
of the nematic to isotropic and ferroelectric to nonpo-
lar state phase transitions, questions about the alignment
of nematic molecules above Tc and about the character
of the observed transformations remained unanswered. In
this paper, we applied the same polarization optic tech-
nique to study the surface properties of a nematic mixture
with a wider mesophase range. The temperature depen-
dence of the module S of the tensor order parameter Qik

of the mixture was established by using dichroism and
refractive-index measurements. We also analyzed the ef-
fect of the surface electric field on the director alignment
at the boundaries and the behavior of temperature de-
pendence of the effective anchoring energy between the
nematic mixture and the ferroelectric substrate.

2 Experimental

Amixture of two nematic LCs, 60% of MBBA (p-methoxy-
benzylidene-p–n-butylaniline) and 40% of EBBA (p-eth-
oxybenzylidene-p–n-butylaniline), has been prepared for
this study. The mixture had the following phase se-
quence Cr-12 ◦C-N -55.3 ◦C-I showing phase transitions
between the crystalline, nematic and isotropic liquid
phases. The concentration ratio of the mixture’s con-
stituents resulted in substantial increase of the mesophase
temperature range. A dichroic dye on the basis of ester
of 1, 4-diaminoanthraquinone-2-carboxylic acid (KD-10)

with the absorption band maximum at the wavelength
λ = 642 nm [15] was added to the mixture. The band’s
nondegenerate long-wave electron π → π∗ transition, fol-
lowed by the charge transfer from the amine group to the
phenyl ring, is polarized along the longitudinal molecu-
lar axis [16]. The small weight concentration (cd ∼ 0.3%)
of the dye had no noticeable effect on the clearing point

TNI = 55.3
◦C, the sample birefringence and the ordering

degree of the nematic mixture.

The cells with polar and nonpolar substrates were used
in the experiment to orient the nematic mixture. To make
the polar substrates, plates of the triglycine sulfate (TGS,
[(NH2CH2COOH)3H2SO4]) crystal with typical domain
structure corresponding to the minimum of the ferroelec-
tric’s free energy [8], were split along the cleavage plane
normal to the ferroelectric axis b. Planar mixture layers
under study were doped by dichroic dye KD-10 and placed
between two coaxial 8×5×0.5 mm TGS plates containing
the “−” domains. Since the size of the domains was about
1–3 mm, it is very unlikely that they could influence the
response of the LC (for a detailed description of the do-
main structure, see [8]). The director n of the mixture was
parallel to the crystallographic c-axes of TGS. The cell
parameters and the sample preparation technique were
the same as in [14]. The cell region exposed to probing
radiation was chosen using a diaphragm with a diame-
ter of 2 mm. The polarized components of optical density
Dj of the dye-doped mixture for the TGS cells were ob-
tained with an automated spectrometer KSVU-23 at fixed
temperature T = 23 ◦C. The temperature behavior of the
components Dj was then studied on the polarization optic
system [13] based on a He–Ne laser (λ = 633 nm). Since
the dichroic ratio N(λ) = D‖(λ)/D⊥(λ) for the above-
mentioned band is independent of λ [16], the one-beam
scheme was used. Further in text, the indices ‖,⊥, i cor-
respond to the direction parallel (‖) or perpendicular (⊥)
to the nematic director n, and to the isotropic liquid (i),
respectively. To record the components D||,⊥, the director
of the sample was oriented, respectively, parallel or per-
pendicular to the polarization direction of light passing
through the sample. The accuracy of adjusting the direc-
tion of n relative to the polarization vector of light wave
e was about ±1◦. The contribution of the background
radiation caused by light scattering from the anisotropic
substrates was excluded by subtracting the corresponding
contribution of the radiation passing through the sample
part free of the nematic mixture. This procedure was done
independently for each component of optical density in ev-
ery temperature point. The temperature uniformity over
the whole sample volume and the thermal stability within
the mesophase range was not worse than ±0.1 ◦C.

When the director field along the z-axis (normal to
the substrate) is distorted, some effective optical density
De is recorded instead of D|| [12]. Figure 1 shows the ex-
perimental dependences of De and D⊥ on the reduced
temperature ∆T = TNI − T for the TGS cell, averaged
over a series of samples. Provided for the comparison are
the temperature dependences D‖,⊥(∆T ) of the dye-doped
mixture for the cell of the same thickness with nonpolar
glass substrates. One can see that within the major por-
tion of the mesophase range the optical density De of the
TGS cell coincides with D‖. However, the two curves di-
verge sharply in the vicinity of Tc. A significant difference
between the values of De and D‖, exceeding the accu-
racy of their experimental measurements, was observed at
temperature T+ ≈ 42 ◦C. Above Tc, the optical density
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Fig. 1. The temperature curves of the polarized components
Dj of the KD-10 dye absorption band for the nematic and
isotropic phases of the MBBA+EBBA mixture: De (◦) and D⊥

(+) in the TGS cell, D‖,⊥,i (solid lines) in the glass cell; the
cell thickness d = 20µm, the dye concentration cd = 0.3 wt%.
Arrows indicate the Curie point Tc and the clearing point TNI .
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Fig. 2. The temperature dependences of the orientational or-
der parameters SMBBA, SEBBA, and Sm in the nematic phase:
MBBA (2), the NMR data from [17] and its Haller approxi-
mation [19] (dashed line); EBBA (•), the NMR data from [18]
and its Haller approximation (dotted line); the MBBA+EBBA
mixture data (solid line) calculated from equation (1).

De coincides with D⊥, and finally, above TNI , it coincides
with the density of the isotropic phase Di.
The analysis of the experimental spectra requires in-

formation about the orientational order parameter and
the dispersion of the refractive indices of the orienting ne-
matic matrix. The values of the order parameters SMBBA

(squares) and SEBBA (solid circles) as functions of tem-
perature, obtained from the published NMR data [17,18],
are given in Figure 2. The dashed line is Haller’s approxi-
mation of SMBBA(T ) calculated using S = S0(1−T/T ∗)β

with the fitting parameters S0 = S(T = 0), (T ∗ − TNI) =
0.92, and β = 0.213 [19]. The same procedure with the
values (T ∗ − TNI) = 0.6 and β = 0.181 was used to ap-
proximate the dependence of SEBBA(T ) (dotted line). The
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Fig. 3. The refractive indices n‖,⊥,i of the MBBA+EBBAmix-
ture as a function of reduced temperature at the wavelengths
λ = 589 nm (◦) and 633 nm (+). The solid circles (•) show the
values of n⊥,i measured with the refractometer (589 nm).

mixture order parameter Sm (solid line) was calculated
from equation [19]

Sm(T ) = cSMBBA(T ) + (1− c)SEBBA(T ), (1)

where c is the molar fraction of MBBA. The refractive in-
dices n‖,⊥,i of the MBBA+EBBA mixture at wavelengths
589 nm and 633 nm were obtained by the prism technique
using a goniometer [20]. Their temperature dependences
are shown in Figure 3. The refractive indices n⊥,i were
also measured with an Abbe refractometer (IRF-454B). A
good agreement between the experimental data obtained
with the goniometer and the refractometer indicated that
the prism technique was applied correctly. A precision for
the measured refractive indices was found to be about
10−3.

3 Results and discussion

It was assumed earlier [14] that the most probable ex-
planation of the unusual absorption behavior of the TGS
cell is a reorientation of LC molecules from the planar
to homeotropic texture, i.e. an orientational transition.
Indeed, the change of optical anisotropy of the ferroelec-
tric substrates with temperature is negligibly small over
the whole mesophase range of the studied mixture [21]
and, therefore, could not lead to the considerable opti-
cal density changes seen in Figure 1. On the other hand,
it is known that the orientational statistics of a uniaxial
nematic phase is described in terms of the tensor order
parameter [1]

Qik = S

(

nink −
1

3
δik

)

, i, k = x, y, z. (2)

Here, the module S = (3cos2 θ − 1)/2 is a scalar uniaxial
order parameter, the horizontal bar represents statistical
averaging over all molecules, ni,k are the components of
the macroscopic director n, and δik = 1 if i = k and 0
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if i 6= k. Any change in Qik resulting from an external
perturbation can be reduced to the changes of the module
S, the direction of n or both. Hence, it is important to
know whether the only change is in the direction of n or
the module S changes as well. For this purpose, the tem-
perature dependence of the solute order parameter S was
found using the results of two independent experiments.
In the ferroelectric region of the substrate below T+ the
parameter S was obtained from the relation [19]

S =
N1g1 − 1

N1g1 + 2
, (3)

where the dichroic ratio N1 = D||/D⊥ ≡ De/D⊥. In the

temperature range T+ < T < TNI , including Tc and the
nonpolar phase of the substrate, the parameter S was de-
termined from the relation [19]

S = 1−N2g2, (4)

where the dichroic ratio N2 = D⊥/Di. The correction
factors g1,2 take into account the anisotropy of the local
field of the light wave [19],

g1 =
n||

n⊥

(

f⊥
f||

)2

, g2 =
ρin⊥
ρni

(

fi
f⊥

)2

. (5)

Here n||,⊥,i are the background refractive indices within
the dye absorption band coinciding with those of the ma-
trix and f||,⊥,i are the background components of the
local-field tensor for solute molecules within their ab-
sorption band. The anisotropy of the local-field tensor
for MBBA was found to be negligibly small [22]. Thus,
the approximation of an isotropic local field (f⊥/f‖ ≈ 1,
fi/f⊥ ≈ 1) was accepted for the mixture of MBBA with its
ethoxy homologue. The values of the refractive indices at
wavelength λ = 633 nm used to calculate the factors g1,2

were taken from Figure 3. The densities ρ and ρi for the ne-
matic and isotropic phases of MBBA were taken from [20].
The temperature dependence of the order parameter

S of the KD-10 dye molecules in the nematic phase of the
MBBA+EBBA mixture is shown in Figure 4. The order
parameter S was calculated according to equation (3) in
the temperature range T < T+ and according to equa-
tion (4) in the temperature range T+ < T < TNI . As seen
in Figure 4, the dependence S(T ) is monotonic and not
sensitive to the transition of the ferroelectric substrate to
the nonpolar state within the experimental error. Thus,
the specific behavior of De, seen in Figure 1, is caused
by the changes of the orientational part of the tensor or-
der parameter Qik implying the purely orientational tran-
sition. The continuous form of the dependence S(T ) at
the conjunction point T+ also suggests that the isotropic
local-field approximation is valid for the studied mixture.
To find out if the director pattern is homogeneous

under conditions of the orientational transition, we used
the magnetic null method [23] to determine the tilt angle
across the sample at certain temperature points within
the T+ < T < Tc range. However, we could not detect
the position, where the optical transmission of the TGS
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Fig. 4. The orientational order parameter S of the KD-10 dye
molecules in the nematic phase of the MBBA+EBBA mixture
as a function of reduced temperature: open circles (◦) show the
values of S calculated from equation (3), crosses (+) show those
calculated from equation (4); the solid line is the interpolation.
The temperature curves S(T ) merge at the conjunction point
T+ ≈ 42 ◦C.

cell did not change upon applying the external magnetic
field. This result led us to conclude that the deformation
across the nematic layer corresponds to the nonuniform
distribution of the director.
Let us analyze contributions of the surface energy,

which could take place in the system under study. First,
we limit our analysis by the vicinity of the point T+, where
nematic director deformations are small and the Rapini-
Papoular approximation is valid [7]. It is well known that
the substrate’s electric field is induced by surface charges,
which are due to the spontaneous polarization PS of the
ferroelectric crystal. A nematic energy density in the pres-
ence of surface electric field E = E(z)l, where l is the unit
vector parallel to the z-axis, can be described as [24]

−
1

2
εaε0(E · n)2 − q

∂Ez

∂z
n2
z. (6)

Here εa = ε|| − ε⊥ is the dielectric anisotropy of the ne-
matic, ε0 is the permittivity of vacuum, q is the difference
between the longitudinal and transverse components of
the quadrupole electric moment density tensor in the ne-
matic and n is the director. The first term in equation (6)
comes from the dielectric energy contribution while the
second, quadrupolar term, takes into account the nonuni-
formity of the surface electric field. Two terms of electric
origin appearing in equation (6) are usually of the same
order of magnitude [7]. However it has been previously es-
tablished [9] that the nonuniformity of the substrate elec-
tric field has no significant influence on the nature of the
interaction between MBBA and the TGS cleavage surface.
To explain this phenomenon, the authors of reference [9]
suggest that the field of polarization charges on the TGS
cleavage is screened by the ions present in any nematic ma-
terial. Therefore, we can assume, as a first approximation,
that the corresponding energy per unit area is connected
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with the first term appearing in equation (6),

fe = −
1

2
εaε0

∞
∫

0

E2(z) cos2 θ(z)dz, (7)

where θ = cos−1(n · l). The presence of ions should in-
duce a double electric layer, similar to that of a weak elec-
trolyte, near the interface, beyond which the surface field
quickly vanishes. For a nematic LC, the density of ions
adsorbed on the confining surfaces usually does not ex-
ceed 0.8–1.5 × 10−7 C/cm2 [7,25]. At the same time, the
density of polarization charges on a fresh TGS cleavage
can be as high as 2.8 × 10−6 C/cm2 at room tempera-
ture [26]. Evidently, the nematic ions deposited on the
cleavage can only partially screen the field of polarization
charges. On the other hand, compensation of polarization
charges on the TGS surface rapidly occurs due to charge
carriers trapped at the surface states and to transfer of
carriers from the bulk of the ferroelectric substrate [27].
These processes result in complete screening of the bound
charges on the domain surface [28]. Thus, for samples in
the state of thermodynamic equilibrium, the electric field
acting on the nematic molecules is presumably due to the
density of adsorbed ions σLC of LC and can be written as

E(z) =
σLC

εε0
exp(−z/λD), (8)

where ε = (ε|| + 2ε⊥)/3 is the mean dielectric constant
of the LC and z is the distance from the substrate. The
electric field is normal to the surface and penetrates into
the LC to the depth of the Debye length λD. In terms of
the Debye-Huckel theory, this parameter has the following
form [29]:

λD =

√

εε0kBT

2qeρ0

, (9)

where qe is the proton charge, kBT is the thermal en-
ergy and ρ0 is the volume density of LC charges. For
nematic materials, ρ0 has a typical value ρ0 = 0.6 ×
10−5 C/cm3 [25]. The values of the dielectric constant
for the mixture were calculated from the published data
for MBBA and EBBA [30] using the relation ε(T ) =
cεMBBA(T ) + (1 − c)εEBBA(T ) [2], where c is the molar
fraction of MBBA. The temperature dependences of ε||,⊥
for the mixture and its components are shown in Figure 5.
These data allow us to calculate the mean value and the
anisotropy of the mixture’s dielectric constant over the
whole mesophase range. Taking ε = 4.87 at T = 23 ◦C,
we find from equation (9) that the surface electric field
penetrates into the LC to the depth λD ∼ 0.3µm. Al-
though the surface electric field E is a nonlocal quantity,
according to Barbero and Durand [7] the corresponding
orientational dielectric free energy can be considered as
quasi-local and simply renormalizes the interfacial prop-
erties of the nematic-ferroelectric system. According to
equation (7), if dθ/dz = 0, the dielectric relation between
the surface field and the nematic director contributes the
term −(1/2) ·wel cos

2 θ to the surface free energy, with the
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Fig. 5. The temperature dependences of the dielectric
constants ε‖,⊥ for MBBA (1, 1′), EBBA (2, 2′) and the
MBBA+EBBA mixture (3, 3′).

coefficient [7]

wel =
εa
2ε0

σ2
LC

ε2
λD. (10)

For εa < 0, which is the case for the MBBA+EBBA
mixture, the dielectric energy wel stabilizes nematic pla-
nar anchoring on the TGS cleavage surface. As tempera-
ture increases, the dielectric contribution decreases, van-
ishing at Tc. The van der Waals dispersion forces of the
substrate favor the planar texture, since they are respon-
sible for the different nematic alignment on the “+” and
“−” domains of TGS [24]. Thus, the contributions from
the electric field and the dispersion forces give rise to
torques within the surface plane. At the same time, the
asymmetric effect of the solid crystal - LC interface and
the nature of the interaction between the ends of molecules
and the TGS cleavage surface [31] may give rise to a
torque, which favors the homeotropic alignment. Under
the vanishing field condition, this factor makes an impor-
tant contribution to the surface free energy of the nematic,
competing with the dispersive van der Waals forces at the
boundaries. According to [32], this contribution takes the
following form: f0 = −(1/2)w0 cos

2 θ, where the coeffi-
cient w0 serves as the anchoring energy. Taking this into
consideration, the total energy per unit surface, which
plays the role of the effective anchoring energy for the
studied system, can be presented as

weff = w0 +
εa
2ε0

σ2
LC

ε2
λD. (11)

Evidently, the temperature behavior of weff will de-
pend on the two terms resulting in the orthogonal easy
axes on the ferroelectric surface. It is well known that the
temperature dependence of the first term is determined
by the squared nematic order parameter, i.e. w0(T ) ≈
a · S2

m(T ) [33,34] with some constant a. The temperature
dependence of the second term exhibits a more compli-
cated nature. The values εa, ε and σLC are functions of
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Table 1. Experimental data for the computation of the parameters a and b.

∆T (◦C) weff (J/m2) εa ε PS (C/cm2) Sm

13 0 [35] −0.35 4.74 1.71 · 10−6 [26] 0.531

32 2.1 · 10−5 [10] −0.44 4.87 2.76 · 10−6 [26] 0.632

30 20 10 0

-2

-1

0

1 TNI
T+ Tc

III III

A
n

c
h

o
ri

n
g

 e
n

e
rg

y
  

 w
e
ff
1

0
5
  (

J
/m

2
)

Reduced temperature (
o
C)

Fig. 6. The nonmonotonic temperature dependence of the ef-
fective anchoring energy weff for the MBBA+EBBA mixture
over the mesophase range including the ferroelectric and non-
polar phases of the TGS substrate: I) weff < 0, planar align-
ment (solid line); II) weff > 0, unknown nonuniform alignment
(dashed line); III) weff ≡ w0, homeotropic alignment (solid
line).

temperature. Since an ion adsorption in LC during its con-
tact with a ferroelectric substrate is induced by the spon-
taneous polarization of the ferroelectric, their temperature
behavior must be closely related. As a first approximation,
we assumed a relation σLC(T ) ≈ b ·PS(T ) with some con-
stant coefficient b. An estimation of λD from equation (9)
shows that the magnitude of this parameter remains es-
sentially constant over the temperature range below Tc.
On the other hand, the values of weff for the studied sys-
tem can be evaluated at least in two temperature points.
Previously we determined experimentally [10] that weff

has a value weff = (2.1± 0.1)× 10
−5 J/m2 at room tem-

perature (∆T = 32 ◦C). The second point (∆T = 13 ◦C)
has been ascertained, assuming that the competing terms
cancel each other (weff = 0) at the temperature-induced
anchoring transition [35]. The data required to compute
the fitting parameters a and b are presented in Table 1.
Using these data and solving the combined equations, we
found a = 4.4× 10−5 J/m2 and b = 16× 10−5. Then, us-
ing the order parameter and dielectric constant data from
Figures 2 and 5, respectively, and the published temper-
ature dependence of PS [26], equation (11) allowed us to
calculate the values of weff from room temperature up
to the point TNI . The temperature dependence of the an-
choring energy weff can be described in terms of the three
regions I–III, bordered by the critical points T+, Tc, and
TNI , and is presented in Figure 6.

In region I, the values dθ/dz = 0 and weff < 0 corre-
spond to the planar alignment of the nematic director. At
the critical point T+, separating regions I and II, weff = 0

and the uniform orientation dθ/dz = 0 must be preserved.
In region II, as we showed experimentally with the mag-
netic null method, the derivative dθ/dz 6= 0. We believe
that, in this region, a nonuniform deformation of the ne-
matic layer in the TGS cell is caused by the competition
between the dispersive and polar forces near the surface
and by the reduction of the substrate’s electric field un-
til its complete disappearance at the Curie point Tc. The
long-range dispersive van der Waals forces are known to
create volume torques, which stabilize the orientation of
the nematic molecules according to the surface symme-
try of the crystalline substrates [36]. As shown in [36],
the potential U describing the van der Waals torques, is
roughly proportional to the nematic order parameter Sm.
The comparison of the temperature dependences of the
derivatives of Sm and S

2
m with respect to T , obtained us-

ing the data from Figure 2, clearly indicates that in the
interval T+ < T < Tc the van der Waals potential U ∼ Sm

drops quite faster than the short-range anchoring forces
w0 ∼ S2

m. Presumably, due to reduction of the potential
U , the dispersive forces can no longer stabilize the planar
orientation of the LC molecules in the cell volume, and the
short-range anchoring forces begin to dominate inducing
a uniform orientation of the nematic molecules across the
sample above Tc.
In the interval T+ < T < Tc, we have a case, where the

director is not close to the easy axis, so the torque balance
equation for the nematic layer at the surface including
non-Rapini anchoring contributions can be written as

K
dθ

dz
= −

w2

2
sin 2θ0 − sin θ0

∞
∑

n=2

nw2n cos
2n−1 θ0, (12)

where K = K11 = K22 = K33 is the average Frank elastic
constant, and θ0 is the nematic director orientation at the
surface; w2 is the effective anchoring energy weff repre-
sented by equation (11) and w2n are the non-Rapini an-
choring contributions [37–39]. Presumably, the presence of
the non-Rapini terms in the surface potential results in the
continuous transition from planar to tilted to homeotropic
alignment, which was observed for the studied system ear-
lier [35]. However, the dependence weff (T ) for this region
could not be determined exactly because of the unknown
function θ(z) and the values of w2n. Therefore, we have
qualitatively presented it as a dashed curve in Figure 6.
Finally, in region III, dθ/dz = 0 and weff ≡ w0 > 0

and θ0 = 0 in agreement with equation (12), correspond-
ing to the homeotropic alignment of the nematic director.
Thus, the reorientation of the nematic director inside the
TGS cell from the planar to homeotropic texture through
the intermediate interval with a deformed nematic layer
is occurred. A model used in this study can be applied to
describe the specific features of the anisotropic interaction
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between a nematic and a polar surface of a ferroelectric
crystal. It should be noted that actual values of the angle
θ0 for the studied system can be presumably obtained by
establishing the relation between dθ/dz and the magni-
tude of the optical density De. This work is in progress
and will be presented elsewhere.

4 Conclusion

In this study, we have clarified the mechanism of the crit-
ical behavior of the nematic MBBA+EBBA mixture on
the ferroelectric TGS substrate in the vicinity of the sub-
strate’s Curie point Tc. The nematic orientation results
from the competition of the two alignment mechanisms.
The substrate’s electric field attempts to “lay” the ne-
matic molecules onto the substrate plane, while the polar
effects favor the homeotropic texture. In the temperature
range corresponding to the polar state of TGS the inter-
action between the nematic molecules and the substrate is
mainly due to the dielectric term of the surface free energy.
This term, in turn, is governed by the value of the density
of LC ions adsorbed onto the ferroelectric crystal surface.
As a result of the different temperature dependences of
the competing factors, the anchoring transition occurs at
some temperature T+. As the sample is heated even fur-
ther, this transition leads to the structural changes over
the entire nematic volume of the TGS cell. It has been
shown experimentally that the deformation across the ne-
matic layer corresponds to the nonuniform distribution of
the director. In the temperature range corresponding to
the nonpolar state of TGS an interaction between the ne-
matic and the substrate is described in terms of anchoring
energy and is changed with temperature proportionally
to the squared order parameter S2

m of the nematic mix-
ture. Thus, both the experimental data and the torque
balance analysis indicate a nontrivial temperature depen-
dence of the effective anchoring energy for the studied
system. This dependence is interpreted using the model,
in which the long-range dispersive van der Waals forces of
the crystalline substrate stabilize the planar alignment of
the nematic in the bulk competing with the short-range
anchoring forces in the vicinity of Tc. At the same time,
the anisotropic part of the surface energy has two terms
with the orthogonal easy axes. In conclusion we note, that
it would be interesting to find out if a nematic-ferroelectric
interface can facilitate an anchoring transition, whose crit-
ical behavior is different from that of the studied system.
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