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Abstract The thermo-optical properties of various types of
textures (the homeotropic, planar, and tilted aligned and
non-aligned textures) in liquid crystalline materials with smec-
tic A mesophase have been investigated. Investigations have
been carried out for large temperature interval and at the direct
smectic A mesophase—isotropic liquid (SmA-I) and isotropic
liqguid—smectic A mesophase (I-SmA) phase transitions that
have been carried out. Homogeneous mixtures of 4-n-octyl-
4'-cyanobiphenyl with 4-n-decyl-4'-cyanobiphenyl were the
objects of the investigations. Temperature dependences of
the optical transmission for aligned and non-aligned textures
have been measured. Temperature widths of the heterophase
regions for the SmA-I and [-SmA phase transitions have been
determined. The temperature shift in the optical transmission
dependences to low temperatures for the reverse [-SmA phase
transition temperatures and the thermal hysteresis has been
found for the aligned and non-aligned textures.

Keywords Liquid crystals - Thermo-optical properties -
Defects - Aligned textures - Non-aligned textures - Biphasic
regions

1 Introduction
Liquid crystalline materials exhibit partially ordering proper-

ties of solid crystalline materials and have rheological proper-
ties of fluids. Therefore, liquid crystals exhibit unusual
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structural and physical properties and are sensitive materials
to various external effects and boundary conditions [1-4].
These materials display anisotropy of the optical, diamagnetic,
dielectric, acoustic, viscous-elastic etc. properties and are im-
portant and perspective materials for application in special lig-
uid crystalline devices as active displays, multimatric elements,
indicators etc. [5—10]. In such devices, the aligned liquid crys-
talline textures are the active elements. Besides, the aligned
textures (homeotropic, planar, tilted, and twist aligned textures)
and non-aligned textures (specific textures for definite liquid
crystalline mesophases) are used for studies of physical aniso-
tropic properties of liquid crystalline materials.

Liquid crystalline devices, displays, and indicators usually
use within various temperature intervals, at different thermal
regimes and climatic conditions. Moreover, liquid crystals are
attractive materials for application as reversible active matrix
in various optical systems for heating—cooling and cooling—
heating processes. Therefore, investigations of the thermo-
tropic and thermo-optical properties of liquid crystals, which
can be switched at the liquid crystalline mesophase—isotropic
liquid and isotropic liquid—liquid crystalline mesophase phase
transitions, are important topics from both fundamental and
application points of view.

For large application of liquid crystalline materials in tech-
nique and technology, materials with diverse mesophases, var-
ious mesomorphic degree, different width of thermal interval,
and different types of phase transitions are necessary. Besides,
for such applications, liquid crystalline materials with definite
physical and physico-chemical properties, especially with def-
inite thermo-morphologic, thermo-optical, and thermotropic
properties, are requested. Therefore, investigations of physical
properties of liquid crystalline mixtures attract the intent atten-
tion of scientists over the past decade [11—17]. The point is that
liquid crystalline mixtures display physical and physical-chem-
ical properties, which are not displayed in individual mesogens.
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In this work, we are interested in comparative investiga-
tions of the thermo-optical properties in various types of tex-
tures of smectic A mesophase at the direct smectic A
mesophase—isotropic liquid (SmA-I) and reverse isotropic
liquid—smectic A mesophase (I-SmA) phase transitions.
Temperature dependences of the optical transmission for the
homeotropic, planar, and tilted aligned and non-aligned tex-
tures have been investigated. Temperature widths of the
heterophase regions for the SmA—I and [-SmA phase transi-
tions have been determined. Homogeneous mixtures of 4-n-
octyl-4’-cyanobiphenyl with 4-n-decyl-4’-cyanobiphenyl
have been used in our investigations.

2 Experimental
2.1 Materials

In this work, two homogeneous mixtures of 4-n-octyl-4'-
cyanobiphenyl (8CB) with 4-n-decyl-4'-cyanobiphenyl
(10CB) have been used. Compositions of these mixtures were
as 35.00 wt.%8CB + 65.00 wt.%10CB (M1) and
20.00wt.%8CB + 80.00wt.%10CB (M2). 4-N-alkyl-4'-
cyanobiphenyls were purchased from Merck and used without
further purification. The structural formula of 4-n-alkyl-4'-
cyanobiphenyls are given in Scheme 1.

4-N-alkyl-4'-cyanobiphenyl liquid crystals are mesogenic
compounds, which have uniaxial molecular symmetry and
good photo(chemical) stability, and also are thermally stable
and stable to a moisture. Molecules of 4-n-alkyl-4'-
cyanobiphenyls can be considered as rigid rods, which have
the cylindrical symmetry about the axis of maximum polariz-
ability. Besides, these liquid crystals have large dipole mo-
ment and can easily form various types of aligned textures.
Therefore, 4-n-alkyl-4’-cyanobiphenyls are important mate-
rials for scientific investigation and technical and technologi-
cal applications.

2.2 Methods and Samples

In this work, temperature dependences of the optical transmission
(OT) have been investigated, and temperature widths of the
heterophase regions of the direct SmA-I and reverse -SmA
phase transitions have been determined for M1 and M2 mixtures.
The temperature dependences of the OT have been investigated
using the special thermo-optical set-up. A sketch of the

Scheme 1 The structural formula of 4-n-alkyl-4'-cyanobiphenyls. 8CB:
n=28;10CB: n=10

experimental setup is presented in Fig. 1. The heating and
cooling rate during the optical measurements was as 0.5 K min ™.

The samples as the sandwich cells with the homeotropic,
planar, and tilted aligned textures and with non-aligned mono-
crystalline texture have been used in this research. For investi-
gations of the OT behavior, the samples with the planar align-
ment were placed between the crossed polarizers in position
with 45°, for maximum light intensity and also perpendicularly
to the incident light. The samples with non-aligned textures
were placed between crossed polarizers in arbitrary position
and perpendicularly to the incident light. The samples with
the homeotropic and tilted alignment were placed in the set-
up without polarizers and perpendicularly to the incident light.

Investigation of the thermo-morphologic properties and de-
termination of the temperature width of the heterophase re-
gions for the SmA-I and [-SmA phase transitions have been
carried out by the capillary temperature wedge (CTW) device
[18, 19]. The CTW device is based on the temperature wedge
method [20]. This device was presented in the references
[19-22] and was used for studies of the thermotropic proper-
ties and thermal states of liquid crystalline materials [22-25].
The CTW device allows to obtain simultaneously all of the
thermal states of liquid crystalline material in real-time scale
and also to calculate the temperature and linear widths of the
heterophase regions of the phase transitions with accuracy not
less as £10 2 K and +2.0 10> mm, respectively [19-22]. In
the CTW device, a homogeneous temperature gradient along
the long axis of the sample was performed. The temperature
gradient has been determined as 1.2 K mm .

The samples, which were used in this research, were the
sandwich cells as the plane capillaries. The thickness of liquid
crystal was determined as 20.0 = 0.1 pm.

3 Results and Discussion

In this work, as is noted above, the samples with the
homeotropic, planar, and tilted aligned textures and with

Fig. 1 Schematic representation of the experimental set-up. / He-Ne
laser; 2 polarizer; 3 beam splitter; 4 analyzers; 5 thermostat; 6 the
sandwich cell; 7 digital temperature control system; 8§ power supply; 9
detectors; /0 multimeters; // computers
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Fig. 2 Sketch of texture types. a
Homeotropic aligned texture. b
Planar aligned texture. ¢ Tilted
aligned texture. d Non-aligned
texture

non-aligned texture of M1 and M2 mixtures have been used.
The homeotropic aligned textures are optically isotropic for
light, falling perpendicularly to the sandwich cell (Fig. 2a). In
this texture, molecules of liquid crystal are placed perpendic-
ularly to the reference surfaces of the sandwich cell. These
textures in M1 and M2 mixtures are characterized by the
conoscopic images, which are presented in Figs. 3a and 4a,
respectively. The degree of homeotropic alignment was deter-
mined by an invariance of the center of the conoscopic image
relatively a rotation of the sandwich cell, which was placed
between crossed polarizers. In such texture, the angle between
the normal to the reference surfaces of the sandwich cell and
the director 7 is as 6 =0. The planar aligned textures are
optically anisotropic for light, falling perpendicularly on the
sandwich cell surface (Fig. 2b), and exhibit the optical bire-
fringence. In such texture, molecules of liquid crystal are
placed parallel to the reference surfaces of the sandwich cell.
Besides, in such texture, the angle between the normal to the
reference surfaces of the sandwich cell and the director 7’ is as
6 = 3. In the planar texture, by rotation of the sandwich cell,

Fig. 3 Conoscopic images of
aligned textures of M1 mixture. a
Homeotropic alignment. b Titled
alignment
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which was placed between crossed polarizers, successive
brightness and darkness for each 45° have been observed.
The tilted aligned textures are partially optically isotropic for
light, falling perpendicularly to the sandwich cell (Fig. 2c).
These textures in M1 and M2 mixtures are characterized by
the specific conoscopic images, which are presented in
Figs. 3b and 4b, respectively. In these textures, molecules of
liquid crystal are placed tilted to the reference surfaces of the
sandwich cell. In the tilted aligned texture, the angle between
the normal to the reference surfaces of the sandwich cell and
the director 77" is as 0 < 0< 7. From measurement of the shift
of the conoscopic image center from the geometric center of
the figure by the optical object micrometer, 6 angle can be
determined. These angles were determined as 14" and 22°
for M1 and M2 mixtures, accordingly. The non-aligned tex-
tures of liquid crystals cannot be characterized by definite
value of the director 72". Such textures consist of separately
aligned regions and are monocrystalline (Fig. 2d). As the non-
aligned textures, the confocal textures have been observed in
M1 and M2 mixtures (Fig. 5). As is known, the confocal
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Fig. 4 Conoscopic images of
aligned textures of M2 mixture. a
Homeotropic alignment. b Titled
alignment

formations are three-dimensional figures [1, 26-28]. The ge-
ometry of each individual confocal formation is sufficiently
complicated. In the confocal textures, the ellipse and hyper-
boles in confocal arrangement take place. A plane of elliptic
basis of the confocal formation and the hyperbole is mutually
perpendicular. Appearance of the above mentioned formations
is connected with layering structure of liquid crystalline
mesophase, as it takes place in SmA mesophase.

Investigations showed that M1 and M2 mixtures are mono-
morphic mesogens and display the crystal (Cr)-SmA
mesophase—isotropic liguid—SmA mesophase—crystal (Cr) se-
quence of the phase transitions. Investigations by the CTW
method showed also that temperatures of the direct Cr—SmA
and SmA-I phase transitions are different from temperatures
of the reverse I-SmA and SmA—Cr phase transitions. Namely,
the shift of the reverse phase transition temperatures to low
temperatures has been observed in M1 and M2 mixtures
(Table 1). Such distinction in temperatures of the direct and
reverse phase transitions indicates that in M1 and M2 mix-
tures, the thermal hysteresis takes place. Such type of the
thermal hysteresis is typical for the first-order liquid crystal-
line mesophase—isotropic liquid phase transitions and has
been also observed by different researchers for various liquid
crystalline materials [22, 29-39].

Investigations also showed that the homeotropic, planar,
and tilted aligned and non-aligned textures of M1 and M2
mixtures exhibit quite different type of dependences of the

Fig. 5 Non-aligned confocal
textures of M1 and M2 mixtures.
Crossed polarizers; magnification
x100. a M1 mixture, temperature
300.3 K. b M2 mixture,
temperature 298.6 K

OT vs temperature. In Figs. 6, 7, 8 and 9, dependences of
the OT vs temperature for M1 and M2 mixtures are given.
As seen in Fig. 6, in non-aligned textures by an increase of
temperature, weak and continuous fluctuations of the OT take
place. Investigations of texture transformations in this temper-
ature regions showed that fluctuations of the OT are connected
with weak transformations of the confocal formations and
with change of their distribution in volume of the sandwich
cell. By drawing near to a region of the SmA-I phase transi-
tion, sharp decrease of the OT has been observed for both M1
and M2 mixtures. Investigation of texture transformations
showed that sharp transformations of the confocal formations
take place in this temperature region. For these samples, the
OT values were equal 0 at the clearing point.

As seen in Fig. 7, with an increase of temperature, the OT
remains constant in definite and sufficiently large temperature
interval in the homeotropic aligned samples of M1 and M2
mixtures. The thermo-morphologic investigations showed
that in this temperature interval, any texture transformations
have not been observed and the image of the conoscopic cross
has been kept stable. This fact indicates on stability of the
homeotropic alignment in M1 and M2 mixtures. The jump
of the OT has been observed in the regions of the SmA-I
phase transitions. Then, in isotropic liquid temperature inter-
val, behavior of the OT was as this behavior in the
homeotropic aligned textures of SmA. This peculiarity of the
OT is connected with the fact that samples with the
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Table 1 Features of phase

transition temperatures in M1 and Liquid crystal Texture type Phase Transition temperatures, K
M2 mixtures
Cr-SmA SmA-1 -SmA SmA-Cr
MI mixture Homeotropic aligned 274.0 3153 3133 273.5
Planar aligned 273.7 316.1 314.0 273.0
Tilted aligned 273.1 314.8 3127 272.6
Non-aligned 272.5 314.1 311.9 272.1
M2 mixture Homeotropic aligned 274.5 312.6 310.8 2742
Planar aligned 2749 3133 312.0 273.3
Tilted aligned 274.1 312.0 310.3 273.7
Non-aligned 273.8 3114 309.7 2733

homeotropic alignment in SmA mesophase and in isotropic
liquid state are optically isotropic for the light, falling perpen-
dicularly to the sandwich cell (and, accordingly, parallel to the
director 7’ of the homeotropic aligned mesophase).

Fig. 6 Temperature dependences
of the OT for non-aligned texture
in M1 (a) and M2 (b) mixtures.
These dependences were obtained
with crossed polarizer and
analyzer

@ Springer

Samples with the planar alignment of M1 and M2 mixtures
exhibit sufficiently interesting temperature behavior of the OT.
As seen in Fig. 8, values of the OT are practically constant in
temperature interval of SmA mesophase. Then, by an increase
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Fig. 7 Temperature dependences
of the OT for the homeotropic
aligned texture in M1 (a) and M2
(b) mixtures. These dependences
were obtained with parallel
polarizer and analyzer

of temperature, the sharp decrease of the OT in definite tem-
perature interval for these mixtures has been observed (Fig. 8).
The thermo-morphologic investigations showed that such
changes of the OT take place in the heterophase regions of
the SmA-I phase transition. Temperature dependences of the
OT for the planar alignment texture, which is optically bire-
fringent (i.e., is optically anisotropic), are very similar to a
temperature dependences of the birefringence An. Such de-
pendences were observed in various liquid crystalline
mesophases by different researchers for the first-order
mesophase—isotropic liquid phase transitions [40—46]. We
would like to note that some tensorial parameters, such as the
anisotropy of dielectric, magnetic, optical, viscous-clastic etc.
properties can be used for the determination of the macroscop-
ic order parameter in liquid crystals [1, 26, 37, 47, 48]. As is
known, the OT is also tensorial parameter [1, 49-51].
Therefore, it is clear that the temperature behavior of the OT
in the planar alignment textures of liquid crystalline material
can give information about the order of phase transition.

In Fig. 9, dependences of the OT vs temperature for the tilted
aligned texture in M1 and M2 mixtures are presented. As seen
in this figure, gradual increase of the OT and some fluctuations
of this parameter with an increase of temperature take place.
The thermo-morphologic investigation of textures and observa-
tion of transformations of the conoscopic image of the tilted
aligned texture in mixtures under investigations showed that
in SmA mesophase temperature interval, texture fluctuations
and fluent changes of the conoscopic images take place.
Change of view of the conoscopic image is connected with
change of homogeneity of tilted alignment of SmA mesophase
in M1 and M2 mixtures. This fact indicates on non-stability of
the tilted alignment in these mixtures. In the region of the
SmA-I phase transitions, the jump-like change of the OT has
been observed (Fig. 9). Then, in isotropic liquid state, the OT
was stable and did not change with an increase of temperature.

Asseenin Figs. 6, 7, 8 and 9, the shift of fluctuation regions
of the OT at the reverse [-SmA phase transition to low tem-
perature takes place for all of the investigated samples. This
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Fig. 8 Temperature dependences
of the OT for the planar aligned
texture in M1 (a) and M2 (b)
mixtures. These dependences
were obtained with crossed
polarizer and analyzer

temperature shift for the reverse phase transitions, i.e., the
thermal hysteresis, is typical for the first-order transitions.
The thermal hysteresis was theoretically predicted in the ref-
erences [52—55] and was experimentally observed for such
transitions in various liquid crystals by different researchers
[22, 29-39]. Comparison of temperature behavior of the OT
with temperature transformations of textures showed that val-
ue of this temperature shift in the OT dependences to low
temperatures is in full conformity with differences in the
SmA-I and I-SmA phase transition temperatures (Table 1).
Besides, as seen from comparison of Figs. 6, 7, 8 and 9,
temperatures of the SmA-I phase transition in M1 and M2
mixtures depended on type of liquid crystalline texture. In
Table 1, temperatures of the SmA—I phase transitions in M1
and M2 mixtures are tabulated. As seen in this table, change of

@ Springer

type of liquid crystalline texture leads to change of SmA-I
phase transition temperatures in M1 and M2 mixtures.
Namely, for the direct SmA—I phase transition, the differences
in phase transition temperatures for various types of aligned
textures in comparison with temperature of non-aligned tex-
ture in M1 mixture are as 0.7 K (for the tilted aligned texture),
1.2 K (for the homeotropic aligned), and 2.0 (for the planar
aligned texture); in M2 mixture, these differences are as 0.6 K
(for the tilted aligned texture), 1.2 K (for the homeotropic
aligned), and 1.9 K (for the planar aligned texture). For the
reverse [I-SmA phase transition, the differences in phase tran-
sition temperatures for various types of aligned textures in
comparison with temperature of non-aligned texture in M1
mixture are as 0.6 K (for the tilted aligned texture), 1.2 K
(for the homeotropic aligned), and 1.9 K (for the planar
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Fig. 9 Temperature dependences
of the OT for the tilted aligned
texture in M1 (a) and M2 (b)
mixtures. These dependences
were obtained with parallel
polarizer and analyzer

aligned texture); in M2 mixture, these differences are as 0.6 K
(for the tilted aligned texture), 1.1 K (for the homeotropic
aligned), and 2.3 K (for the planar aligned texture). Thus, type
of liquid crystalline texture has sufficient effect on the temper-
ature dependences of the OT, on regions of sharp fluctuations
of'the OT and also on differences in temperatures of the direct
SmA-I and reverse [-SmA phase transition temperatures.
This effect is obviously connected with the character of the
interaction between liquid crystalline molecules and reference
surfaces of the sandwich cell, i.e., is connected with the liquid
crystalline molecule—surface anchoring energy. The non-
aligned textures of liquid crystalline mesophases are sponta-
neously forming in the sandwich cell with non-elaborated ref-
erence surfaces. But the aligned textures of these mesophases
are formed on the elaborated surfaces. By the way, to obtain
various types of aligned textures, different type of the surface
elaboration is necessary [22, 56—61]. In the case of the elabo-
rated surfaces, the anchoring energy between liquid crystalline
molecules and the surfaces of the sandwich cell is higher than

that for the non-aligned textures. Besides, as it is presented in
references [61-64], the interaction between liquid crystalline
molecules and the reference surfaces for different types of the
aligned textures is different. Therefore, it is clear that the great-
er anchoring energy leads to an increase of the thermal energy,
which is necessary for carrying out the mesophase—isotropic
liquid phase transition [26, 52, 60, 63, 64].

4 Summary

The results, obtained in this work, may be shortly summarized
as follows:

—  Behavior of temperature dependences of the OT of SmA
mesophase in M1 and M2 mixtures depends on type of
liquid crystalline texture. This peculiarity of the OT is
connected with differences in character of the interaction
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between liquid crystalline molecules and reference sur-
faces of the sandwich cell.

Temperature behavior of the OT for the homeotropic,
planar, and tilted aligned and non-aligned textures of
SmA mesophase in M1 and M2 mixtures is in full con-
formity with character of the thermo-morphologic prop-
erties of these textures.

In the region of the direct SmA-I and reverse [-SmA
phase transition, sufficiently sharp fluctuations and
changes of the OT have been observed.

The temperature shift in the OT dependences to low tem-
peratures for the reverse I-SmA phase transition temper-
atures, i.e., the thermal hysteresis, takes place in M1 and
M2 mixtures. The thermic hysteresis is typical display for
the first-order liquid crystalline mesophase—isotropic
liquid phase transition. The thermal hysteresis for the
first-order phase transitions was also observed for various
physical parameters by different researchers [22, 29-39].
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