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Nonlinear thermotropic and thermo-optical behaviour of planar oriented textures in nematic
liquid crystals at phase transitions
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Thermotropic, thermo-morphologic and thermo-optical properties of the planar oriented nematic liquid crys-
tals have been investigated for large temperature interval and especially for the direct nematic – isotropic liquid
and the reverse isotropic liquid – nematic phase transition regions. Temperature dependences of the optical trans-
mission, absorption coefficient and optical birefringence for both heating and cooling processes were obtained.
Nonlinear thermotropic and thermo-optical behaviour and temperature hysteresis for the optical transmission,
absorption coefficient and optical birefringence at the phase transitions has been found.
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1. INTRODUCTION

Liquid crystals have mobile structures which are very sen-
sitive to various external effects and boundary conditions.
These materials display anisotropies in the optical, electrical
and magnetic properties, exhibit unusual physical properties
and are attractive and perspective materials for application
in special liquid crystalline devices [1-4]. Oriented textures
of liquid crystals are the active elements of these devices.
Liquid crystalline devices usually work at different thermal
regimes, within various temperature intervals and in different
climatic conditions. Besides, liquid crystals are attractive for
application as reversible materials in the recording thermo-
optical systems for heating ←→ cooling processes. There-
fore studies of the thermotropic and thermo-optical proper-
ties of liquid crystals, which can be switched at mesophase–
isotropic liquid and isotropic liquid–mesophase phase transi-
tion temperatures, are important topics from both fundamen-
tal and application points of view.

In this work we are interested in the connection between
thermo-morphologic, thermotropic and thermo-optical prop-
erties of the planar oriented nematic mesophase for a large
temperature interval. Our objective was to study the char-
acter of temperature dependences of the optical transmis-
sion (OT) and the absorption coefficient (AC) in monomor-
phic nematogens for the direct nematic mesophase–isotropic
liquid and the reverse isotropic liquid–nematic mesophase
phase transitions, to determine the character of temperature
dependences of the optical birefringence (∆n) and to calcu-
late the widths of the biphasic regions of these transitions.

2. EXPERIMENTAL

The liquid crystals, used in this study, were n-(4-
methoxybenzylidene)-4’-n-butylaniline (MBBA) and
the binary mixture of n-(4-methoxybenzylidene)-4’-n-
butylaniline with n-(4-ethoxybenzylidene)-4’-n-butylaniline
(MBBA+EBBA). These materials are classic nematogens
and exhibit enantiotropic nematic mesophase in sufficiently
large temperature interval. The samples used in this work
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were the sandwich-cells. Reference surfaces of the samples
were the optical glass plates. The sandwich-cell was
constructed by two glass surfaces, spacer and glue. The
thickness of liquid crystalline layer was determined as 20µm.
The glass reference surfaces were preliminary carefully
cleaned using alcohol and acetone. Then, they were washed
in an ultrasonic bath by the bidistilled and deionized water
and dried in a drying oven at 313 K during 2 hours.

The temperature dependences of the OT have been inves-
tigated using the special thermo-optical set-up. Our set-up
consists of the light source as He-Ne laser, special heater-
thermostat, the digital temperature control system, differen-
tial Cu-Co thermocouples, polarizer, analyzer, the relative
transmission object, power supply, multimeters, photodiode
video-camera and computer. The heating and cooling rate
during the optical measurements was 0.7 Kmin–1. For inves-
tigations of the OT character, the sample with planar orien-
tation was placed between crossed polarizes that make 450
with the nematic direction and perpendicularly to the inci-
dent light. The OT values and the corresponding tempera-
tures have been registered by the video-camera and tempera-
ture control system.

Investigations of the thermotropic properties and peculiar-
ities of the biphasic regions of the nematic–isotropic liquid
(N–I) and isotropic liquid–nematic (I–N) phase transitions
have been carried out by means of the capillary temperature
wedge (CTW) method. This method allows to obtain simul-
taneously all thermal states of the liquid crystal, to study
the thermotropic properties, to determine the phase transi-
tion temperatures and to calculate the linear and temperature
widths of the biphasic regions of the transitions with an ac-
curacy not less than ±2.010–3 mm and ±10–3 K, respec-
tively [5-7].

The studies of the thermo-morphologic properties of
MBBA and MBBA+EBBA have been carried out by means
of the polarizing optical microscopy (POM) with using of the
optical filters, λ – plates and Berek compensator. Our set-up
consists of the trinocular polarizing microscope, micropho-
tographic system, special heater-thermostat and digital tem-
perature control system.

In this study the sandwich-cells with the planar orienta-
tion of liquid crystal were used. The rubbing method has
been applied for creation of the planar orientation of nematic
mesophase in MBBA and MBBA+EBBA [8-10]. Homo-
geneity of the planar orientation has been examined by the
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TABLE 3: CFeatures of the direct and reverse phase transitions for
the planar oriented and non-oriented textures of MBBA and

MBBA+EBBA.
____________________________________________________________________ 
 Type of liquid          Type of                Phase transition               Temperature widths 

    crystal                textures               temperatures, K             of biphasic regions, K 
                                                  _________________________________________ 

                                                                 N–I           I–N                      N–I          I–N 
____________________________________________________________________ 
      MBBA            Non-oriented             316.6        312.4                   0.526        0.956 
                            ______________________________________________________ 
                                    Planar                  317.6        314.7                   0.990        1.371 
____________________________________________________________________ 
MBBA+EBBA     Non-oriented             321.1        319.1                   0.669        1.030 
                            ______________________________________________________ 
                                    Planar                  324.5        321.4                   1.789        1.942 
____________________________________________________________________ 
 

POM and estimated by the optical polarization (OP) degree.
The value of the OP degree has been determined as

P =
Imax− Imin

Imax + Imin
(1)

Here Imax is maximum and Imin is minimum intensity of the
OT for the samples which were placed between crossed po-
larizers.

3. RESULTS AND DISCUSSIONS

Investigations showed that the planar oriented samples
of MBBA and MBBA+EBBA exhibit interesting thermo-
morphologic behaviour. Namely, any changes of the planar
texture have not been observed by heating of the sandwich-
cell within sufficiently large temperature interval. The value
of the OP degree within this temperature interval was sta-
ble. Then, the sharp texture transformations and destruc-
tion of the planar orientation at 317.6 K for MBBA and at
324.5 K for MBBA+EBBA have been observed. The tex-
ture transformations and destruction of the planar orientation
took place in definite and sufficiently narrow temperature in-
tervals. These intervals are the biphasic regions of the di-
rect N–I phase transition, where simultaneous coexistence of
nematic mesophase and isotropic liquid has been observed
for MBBA and MBBA+EBBA. An abrupt decrease of the
OP in these biphasic regions has been also observed. The
temperature widths of the biphasic regions of the direct N–I
phase transition were calculated by the CTW method. These
widths were as ∆ TNI (MBBA)= 0.990 K for MBBA and
∆ TNI (MBBA+EBBA) = 0.880 K for MBBA+EBBA (Ta-
ble 1). At the temperatures higher than 318.6 K for MBBA
and higher than 325.4 K for MBBA+EBBA, the samples
were in isotropic liquids states. In this states the isotropic
background was observed by means of the polarizing micro-
scope.

By cooling the sandwich-cells from isotropic liquid to ne-
matic mesophase an appearance of the biphasic regions of
the reverse I–N phase transition at 312.8 K for MBBA and
at 321.4 K for MBBA+EBBA have been observed. The tem-
perature widths of the biphasic regions of the reverse I–N
phase transition were also calculated by the CTW method.
These widths were ∆TIN (MBBA) = 1.371 K for MBBA and
∆TIN (MBBA+EBBA) = 1.770 K for MBBA+EBBA. Then,
by cooling of the sandwich-cell and at the temperatures lower

than 314.2 K for MBBA and 323.2 K for MBBA+EBBA the
planar textures were occurred again.

In this work we are also interested in temperature be-
haviour of the OT and connection between the thermo-
morphologic and thermo-optical properties in the planar ori-
ented textures of MBBA and MBBA+EBBA. Investigations
showed that MBBA and MBBA+EBBA display similar tem-
perature behaviour of the OT (Fig.1). Namely, the OT was
not generally changed by increasing temperature in defi-
nite temperature interval. This temperature interval corre-
sponds to an interval where the planar orientation of nematic
mesophase in MBBA and MBBA+EBBA is kept. Then, by
heating of the samples in narrow temperature intervals the
jump-like changes of the OT for MBBA and MBBA+EBBA
have been observed. These temperature intervals were as
0.990 K for MBBA and as 0.880 K for MBBA+EBBA (Ta-
ble 1 and Fig. 1). I.e. the jump-like changes of the OT up
to a minimum values took place in the biphasic regions of
the N–I phase transition. These temperature regions with the
minimum values of the OT in MBBA and MBBA+EBBA
correspond to isotropic liquid state. The minimum values of
the OT were kept by the following heating.

By cooling the liquid crystals from state with the min-
imum value of the OT, the jump-like changes and sharp
increase of the OT in sufficiently narrow temperature in-
terval have been observed (Fig.1). These temperature in-
tervals were as 1.371 K for MBBA and as 1.770 K for
MBBA+EBBA (Table 1 and Fig.1), i.e. these intervals cor-
respond to the biphasic region of the I–N phase transition.
Then, by further cooling the liquid crystals in definite tem-
perature regions an increase of the OT to the maximum value
has been observed. These temperature regions correspond to
nematic mesophase in the planar orientation.

In this work the temperature dependences of the AC
for the planar oriented nematic mesophase in MBBA and
MBBA+EBBA have been determined. For the planar ori-
ented samples, which have been placed between crossed po-
larizers that make 450 with the nematic direction, the inten-
sity of the incident I0 and transmitted I lights is connected
with the AC and thickness of the liquid crystalline layer as

I = I0e−αd (2)

Here a is the absorption coefficient and d is the thickness of
liquid crystalline layer.

Using Eq.(2) the temperature dependences of the α for the
heating and cooling MBBA and MBBA+EBBA have been
calculated (Fig.2). As it is seen in Fig.2, the α has minimum
value in nematic mesophase and this value keeps practically
as constant in the nematic mesophase temperature interval.
But the α has maximum value in isotropic liquid and this
value keeps practically as constant in isotropic liquid temper-
ature interval. In the biphasic regions, the jump-like changes
and abrupt increase of the α take place.

Thus, the changes of the thermo-morphologic and ther-
motropic properties of MBBA and MBBA+EBBA in the pla-
nar orientation for the N–I and I–N correspond to the be-
haviour of the thermo-optical properties for these transitions.
Besides, the nonlinear temperature behaviour of the OT and
AC takes place in the biphasic regions of these phase transi-
tions.
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As it is seen in Figs. 1,2 and Table 1, the temperatures of
the direct and the reverse phase transitions in the planar ori-
ented nematic mesophase of both MBBA and MBBA+EBBA
do not coincide to each other. Namely, the differences be-
tween temperatures of the direct and reverse phase transi-
tions were as 4.8 K for MBBA and 3.1 K for MBBA+EBBA.
Investigation showed also that temperature width of the
biphasic regions for the N–I phase transition was narrower
than this width for the I–N phase transition. These re-
sults show that for the phase transition between nematic
mesophase and isotropic liquid in planar oriented textures
the thermic hysteresis takes place. We would like to note
that nonlinear behaviour of the optical parameters and the
thermic hysteresis for these parameters at the phase transi-
tion between mesophase and isotropic liquid were also ob-
served for thermotropic mesogen in [11-13] and for polymer
liquid crystals in [14-16].

As it is known from theoretical studies [17-20], the phase
transitions between nematic mesophase and isotropic liquid
are the first order transitions. These transitions are character-
ized by an existence of the biphasic region with temperature
limits as T* and T** and also by an availability of the ther-
mic hysteresis. T* is low temperature limit and T** is high
temperature limit of the biphasic region. The ∆T = T**– T*
value determines the temperature width of the biphasic re-
gion. Such type of the thermic hysteresis and existence of
the biphasic regions for phase transitions between nematic
mesophase and isotropic liquid for various liquid crystals
were also observed by various scientists in [21-26]. Thus,
the results, obtained in this research, are in good conformity
with the theoretical studies.

We would like to note that temperatures of the direct N–
I and reverse I–N phase transitions and the widths of the
biphasic regions of these transitions for the planar oriented
nematic mesophase are different from corresponding tem-
peratures and widths of the biphasic regions for the non-
oriented nematic mesophase (Table 1). These differences in
temperatures of the phase transitions are connected with dif-
ferences in the anchoring energy between liquid crystalline
molecules and reference surfaces of the sandwich-cell for the
planar oriented and non-oriented cases. Namely, the non-
oriented textures were obtained in the sandwich-cells with
non-elaborated reference surfaces, but the planar oriented
textures were obtained in the sandwich-cell with surfaces,
which were treated by the rubbing method. The anchoring
energy between liquid crystalline molecules and the surfaces
for the case of elaborated surfaces is higher than this energy
for the case of non-elaborated surfaces. Therefore, it is clear
that an increase of the anchoring energy leads accordingly
to an increase of the thermal energy, which is necessary to
carry out the phase transition between nematic mesophase
and isotropic liquid.

We are also interested in temperature behaviour of the ∆n
in MBBA and MBBA+EBBA (Fig. 3). The ∆n have been
calculated by Eq.3:

I = I0 sin2 πd∆n
λ

(3)

Here, d is the thickness of liquid crystalline layer in the
sandwich-cell and λ is the wave length of the light source.

As it is seen in Fig.3, the ∆n values keep stable in tem-
perature interval of nematic mesophase by the heating of the
sandwich-cell. By drawing near to the N–I phase transition
a sharp decrease of the ∆n in definite temperature interval
was observed. Besides, as the calculation showed, the val-
ues of the OP also sharply decrease in this temperature in-
terval. By comparison of the thermo-morphologic properties
with the temperature behaviour of the OT and ∆n (Fig.1 with
Fig.3) it is seen that the sharp increase of the ∆n values takes
place in the biphasic region of the N–I phase transition. Be-
sides, a decrease of the ∆n values to the zero takes place in
isotropic liquid state. We would like to note that, because
of the thermic hysteresis, formation of the planar texture and
appearance of the birefringent properties by cooling of sam-
ples were observed by temperature lower than that, where a
destruction of the planar texture and disappearance of the ∆n
took place (Table 1).
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FIG. 1: Temperature dependences of the optical transmission for
MBBA (a) and MBBA+EBBA (b).
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FIG. 2: Temperature dependences of the absorption coefficient for
MBBA (a) and MBBA+EBBA (b).
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FIG. 3: Temperature dependences of the optical birefringence for
MBBA (a) and MBBA+EBBA (b).
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In conclusion we would like to note that, the character of
temperature dependences of the ∆n by the heating and cool-
ing of MBBA and MBBA+EBBA corresponds to the char-
acter of temperature transformation of the macroscopic or-
der parameter of nematic mesophase at the first order phase
transition between nematic mesophase and isotropic liquid
[9,18,20]. Besides, character of the ∆n in the planar oriented
nematic mesophase of MBBA and MBBA+EBBA for the ne-
matic←→ isotropic liquid phase transition region is in good
conformity with the theoretically predicted character of the
temperature dependences of the orientational order parame-
ter Q = Q (T) at the first order transition between nematic
mesophase and isotropic liquid [9,18,20,27].

4. SUMMARY

The results obtained in this study can be summarized as
follows:

– The temperature behaviour of the optical transmission,
absorption coefficient, optical birefringence and the temper-
ature transformations of the planar oriented textures of ne-
matic mesophase in MBBA and MBBA+EBBA were inves-
tigated.

– A complete conformity between thermotropic, thermo-
morphologic and thermo-optical properties of the planar ori-
ented nematic mesophase in MBBA and MBBA+EBBA was
found. The temperature behaviour of the optical transmis-
sion, adsorption coefficient and optical birefringence corre-
sponds to character of texture transformation in the liquid

crystals for both the heating and cooling processes.
– The nonlinear behaviour of the optical transmission

and absorption coefficient by the heating and cooling of
the planar oriented nematic mesophase in MBBA and
MBBA+EBBA for the biphasic regions of the direct N–I and
reverse I–N phase transitions have been observed. The tem-
perature hysteresis of the optical transmission and adsorption
coefficient at the direct and reverse phase transitions has been
found.

– The differences in temperatures of the phase transitions
between nematic mesophase and isotropic liquid and in tem-
perature widths of the biphasic regions of these transitions
for the planar oriented and non-oriented textures have been
found. These differences are connected with differences in
the anchoring energy between liquid crystalline molecules
and reference surfaces of the sandwich-cells for the oriented
and non-oriented textures of nematic mesophase.

– Character of the temperature dependences of the optical
birefringence in the planar oriented nematic mesophase of
MBBA and MBBA+EBBA is in good correspondence with
the theoretically predicted character of the temperature de-
pendences of the orientational order parameter Q = Q (T)
in the phase transition region at the first order transition be-
tween nematic mesophase and isotropic liquid [9,18.20,27].
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