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Phase states in sodium lauryl sulphate–water–1-decanol lyotropic liquid-crystalline system have been inves-
tigated for different temperature ranges. The dependence of triangle phase diagram types, phase boundaries,
and sequence of lyotropic mesophases vs temperature has been found. The thermomorphologic, thermotropic,
and magnetomorphologic properties of hexagonal E, lamellar D, nematic-calamitic NC, nematic-discotic ND,
and biaxial nematic Nbx mesophases have been studied in detail. Dynamics of transformations of magnetically
induced textures has been investigated. Peculiarities of typical and magnetically induced textures have been
investigated in detail. Triangle phase diagrams of sodium lauryl sulphate–water–1-decanol lyotropic liquid-
crystalline system for different temperatures and typical and magnetically induced textures of E, D, NC, ND,
and Nbx mesophases are presented.
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I. INTRODUCTION

Polymorphism and phase states of the ternary amphiphile-
water-aliphatic alcohol lyotropic liquid-crystalline systems
have been extensively studied over the past two-three de-
cades. Extensive interest to lyotropic systems was because
these systems are formed by the isometric and anisometric
structural units, i.e., spherical, rodlike, and disklike micelles,
and they exhibit various types of lyotropic phases and me-
sophases. In lyotropic systems, micelles arise due to the ten-
dency of spontaneous creation of interfaces between polar
and nonpolar groups of amphiphile molecules �1–5�. In these
systems, lyotropic isotropic phases with the isometric mi-
celles and lyotropic anisotropic mesophases with the aniso-
metric micelles have definite phase sequences and are char-
acterized by the phase diagrams.

The phase diagrams of lyotropic liquid crystals are usu-
ally very diverse and complex. Many different phases and
mesophases arise in lyotropic systems as the function of con-
centration and temperature with typical textures, specific
structures, and definite spatial symmetry �6–9�. A variety of
structural properties, types of the physical anisotropy, and
differences in spatial symmetry lead to differences in the
physical properties of lyotropic phases and mesophases.
Therefore, studies on the phase states in lyotropic systems
and also comparative investigations of the connection be-
tween the microscopic and macroscopic properties of lyotro-
pic mesophases are important topics in the physics and
physical chemistry of lyotropic systems. On the other hand,
mesophases of lyotropic systems have different types of
the optical, diamagnetic, dielectric, viscous elastic, etc.,
anisotropies and are very sensitive to various external effects
and boundary conditions �10–13�. These effects and bound-
ary conditions lead to changes of the physical peculiarities
and to the appearance of stimulated properties in lyotropic
mesophases. Therefore, investigations of the external effects
on the physical properties of lyotropic mesophases are im-

portant topics from both fundamental and application points
of view.

In this work, we are interested in the temperature depen-
dence of the phase states and in the character of the phase
diagrams of the ternary sodium lauryl sulphate �sodium
dodecylsulphate� �SLS�–water �H20�–1-decanol �DeOH� lyo-
tropic system for different temperatures. We are also inter-
ested in detailed investigations on the orientational, thermo-
morphologic, thermotropic, and magnetomorphologic
properties of hexagonal E, lamellar D, nematic-calamitic NC,
nematic-discotic ND, and biaxial nematic Nbx mesophases
taking place in this lyotropic system. Results of these inves-
tigations are presented in this work.

II. MATERIALS AND TECHNIQUES

SLS was purchased from Merck and was purified by re-
crystallization from ether or ethanol. DeOH was also pur-
chased from Merck, had a high degree of purity, and was
used without further purification. Water, which was used as
general solvent, was triple distilled and de-ionized. The
preparation process of lyotropic liquid-crystalline systems
followed known procedures. SLS and water were weighed
into glass ampoules with an accuracy of �10−4 g. After ho-
mogenization for some days at 313 K in a thermostat,
1-decanol was added in this mixture. Such lyotropic mixture
in hermetically closed ampoule was periodically mixed by a
shaker and kept in a thermostat at 313 K for one week.
Homogeneity of the obtained lyotropic mixture was exam-
ined by crossed polarizers and by studies of textures using a
polarizing optical microscope.

Microslide samples such as sandwich cells were used in
this study. The thickness of the liquid-crystalline layer in the
microslides was 120 �m. The microslides were hermetically
closed at once after filling by liquid-crystalline system.

A permanent magnet was used for the experiments carried
out to obtain magnetically induced and aligned textures of
lyotropic mesophases. The magnetic field was applied or-
thogonally to the reference surfaces of the microslides and
accordingly to a liquid-crystalline layer. Fields of 9.7 kG*Corresponding author; arifnesr@mu.edu.tr
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were available. During the magnetic field influence, the
samples were kept at a stable temperature of 297.0 K.

The polarizing optical microscopy method was used for
thermomorphologic investigations. Our setup consisted of a
trinoculer polarizing microscope with orthoscopic and/or
conoscopic observations, a microphotographic system, and a
Berek compensator from Olympus Optical Co., � plates ��
=137 �m and �=530 �m�, a heater-thermostat with digital
temperature control system, differential Cu-Co thermo-
couples, power supply, and multimeters. The thermotropic
and thermomorphologic properties of the biphasic regions of
the direct mesophase-isotropic liquid and the reverse isotro-
pic liquid-mesophase phase transitions have been studied us-
ing the capillary temperature wedge �CTW� device. This de-
vice is presented in �14,15�. The CTW allows us to obtain
simultaneously all thermal states of liquid-crystalline mate-
rial, to study the thermotropic properties of these states, and
to calculate the linear and temperature widths of the biphasic
regions of the thermotropic phase transitions with an accu-
racy of not less than �2.0�10−3 mm and �10−3 K accord-
ingly �15,16�. The optical mapping �OM� method was em-
ployed to investigate the peculiarities of typical textures and
magnetically induced textures in lyotropic liquid-crystalline
mesophases and to determine the optical signs and the dis-
clinations of strength for various singularities that take place
in the textures of these mesophases. The OM method is pre-
sented in �17,18� and was widely used in �19–22� for detailed
investigations of the peculiarities of liquid-crystalline tex-
tures.

III. RESULTS AND DISCUSSIONS

A. Mesomorphism and morphology of SLS-H2O-DeOH
lyotropic system

In this work, the phase states and the mesomorphic and
morphologic properties of SLS-H2O-DeOH lyotropic liquid-
crystalline system have been studied. Our objectives were as
follows. The phase diagrams of SLS-H2O-DeOH lyotropic
system are presented in a number of works �1,23–34�. How-
ever, the number and types of mesophases on these phase
diagrams are different. Additionally, the concentration re-
gions of the interface boundaries of lyotropic phases and
mesophases on these diagrams are also different. Namely, for
SLS-H2O-DeOH lyotropic system, �a� isotropic micellar L1
phase and hexagonal E and lamellar D mesophases in �1,26�,
�b� L1 phase and E, D, and nematic-calamitic NC mesophases
in �27�, �c� L1 phase and E, D, NC, and nematic-discotic ND
mesophases in �28,30,31,33,34�, �d� L1 phase and E, D, NC,
ND, and biaxial nematic Nbx mesophases in �32� have been
found. Besides, by zero decanol concentration for SLS-water
lyotropic system, �a� L1 and cubic phases and E and D me-
sophases in �23�, �b� L1 phase and E, complex hexagonal HC,
and D mesophases in �25�, and �c� L1 phase and E and D
mesophases in �26,29� have been found.

Because of such variety of the mesomorphic properties
and the phase states in SLS-H2O-DeOH lyotropic system we
carried out preliminary investigations on the mesomorphic
and morphologic properties and the phase states of this sys-
tem. The investigations showed that the number of lyotropic

liquid-crystalline mesophases and concentration boundaries
between these mesophases on the phase diagram of
SLS-H2O-DeOH lyotropic system depend on temperature.
The investigations showed also that five main types of
liquid-crystalline textures are observed in this system �Fig.
1�. These textures correspond to E, D, NC, ND, and Nbx me-
sophases.

E mesophase is a uniaxial optically negative mesophase,
which is formed by the rodlike micelles of quasi-infinite
lengths in hexagonal packing. This mesophase displays a fi-
brous texture �Fig. 1�a��. This texture is specific for E me-
sophase, has low birefringence, and consists of the prolonged
filamentlike formations and uniform regions with planar and
titled orientation. Such type of texture for E mesophase has
been observed in various lyotropic systems �1,35–37�.

D mesophase is a uniaxial optically positive mesophase,
which is formed by the platelike micelles �lamellas� of quasi-
infinite diameter in layered packing. This mesophase dis-
plays a texture with the oily streaks under pseudoisotropic
anchoring conditions �Fig. 1�b��. The oily streaks are the
birefringent bands which consist of small confocal forma-
tions. These bands form the net on the homeotropic back-
ground. Such type of texture for D mesophase is specific and
has been observed in various lyotropic systems �5,37–41�.
We would like to note that textures with the oily streaks have
been also observed in thermotropic cholesteric mesophase
�41–46�. However, in thermotropic cholesteric mesophase,
the oily streaks arise on the planar and optical active back-
ground but not on the pseudoisotropic background as in D
mesophase.

NC and ND mesophases are optically uniaxial. These me-
sophases display the typical schlieren textures �Figs. 1�c� and
1�d��. Textures of NC and ND mesophases consist of several
threadlike formations, singular points, and small uniform re-
gions. In the uniform regions of NC mesophase, the rodlike
micelles are oriented parallel to the reference surfaces of the
microslides. In this case, the director is oriented parallel to

FIG. 1. �Color online� Main textures of mesophases in SLS-
H2O-DeOH lyotropic system. Crossed polarizers. Magnification of
�100. Temperature of 297.0 K. �a� Hexagonal E mesophase, �b�
lamellar D mesophase, �c� nematic-calamitic NC mesophase, �d�
nematic-discotic ND mesophase, and �e� biaxial nematic Nbx

mesophase.
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the reference surfaces of the microslides and amphiphile
molecules in the rodlike micelles are oriented perpendicular
to these surfaces. In the uniform regions of ND mesophase,
the bilayer disklike micelles are oriented parallel to the ref-
erence surfaces of the microslides. In this case, the director
and amphiphile molecules in the disklike micelles are ori-
ented perpendicular to the reference surfaces of the mi-
croslides. The arrangement of the optical axis and am-
phiphile molecules is cause by the negative optical
birefringence ��n=n� −n��0� for NC mesophase and the
positive optical birefringence ��n=n� −n��0� for ND me-
sophase. Such type of textures for lyotropic nematic me-
sophases has been observed in various lyotropic systems for
NC mesophase in �37,47–50� and for ND mesophase in
�37,47,50–52�.

Nbx mesophase is optically biaxial. This mesophase is
characterized by the tensor of second rank and two macro-
scopic order parameters �53,54�. Nbx mesophase displays the
specific texture, which is presented in Fig. 1�e�. This texture
is the smooth schlieren texture and consists of the looplike
formations and uniform regions with the homeotropic and
planar alignment. The birefringence of the planar aligned
regions has been determined as �n=0.0044. These uniform
regions are characterized by different directions of the
diamagnetic susceptibility axis. For uniform regions with
minimal magnetic susceptibility, the axis is parallel to
the reference surfaces of the microslide, while for the
uniform regions with maximal magnetic susceptibility the
axis is perpendicular to the surfaces. This texture was
observed in small temperature and concentration intervals.
Such type of texture for Nbx mesophase has been observed
in various lyotropic systems �50,51�. Nbx mesophase is an
intermediate mesophase between two uniaxial NC and ND
mesophases. The conoscopic observations and investigations
of the thermo-optical properties were utilized to establish
the existence of Nbx mesophase between NC and ND me-
sophases for sodium dodecylsulphate–water–1-decanol, so-
dium dodecylsulphate–water–1-decanol, and potassium lau-
rate �KL�–water–1-decanol lyotropic systems �32,55–58�.

Textures of E, D, NC, ND, and Nbx mesophases have been
observed in strongly definite concentration and temperature
intervals and were stable and repeatable.

B. Phase states of SLS-H2O-DeOH lyotropic system

Investigations showed that the character of the triangle
phase diagram of SLS-H2O-DeOH lyotropic system depends
on temperature. Figure 2�a� presents the triangle phase dia-
gram of this system at 297.5 K. As seen in this figure, at
297.5 K L1 phase and E, D, NC, Nbx, and ND mesophases
take place. These mesophases were observed in strongly
definite concentration intervals. Between L1 phase and E, D,
NC, Nbx, and ND mesophases the lyotropic transition regions
take place. The number of lyotropic mesophases and their
sequence in diagram, presented in Fig. 2�a�, are in good
agreement with the number and sequence of the mesophases
presented in �32�. Differences in concentration intervals of
lyotropic mesophases can be connected with differences in
the purity of SLS and in the temperatures for the diagrams,

presented in this work and in �32�. Besides, in our work, the
triple distilled and de-ionized water was used as the general
solvent, whereas D2O from Sigma was used in �32�.

We found that a change in the temperature leads to a
change in the concentration intervals of the mesophases in
SLS-H2O-DeOH system and to a change in the number of
mesophases. In Figs. 2�b� and 2�c�, the triangle phase dia-
grams of this system at 303 and 311 K are presented. As it is
seen by comparison of the phase diagrams presented in Figs.
2�a�–2�c�, an increase in temperature leads to a change of
character of the triangle phase diagrams. Namely, by an in-
crease of temperature of SLS-H2O-DeOH lyotropic system,
an increase of the transition regions between NC, Nbx, and
ND mesophases, decrease of concentration intervals of these
mesophases, and disappearance of Nbx mesophase take place.
This result is obviously connected with the temperature sen-
sitivities of these mesophases, which are formed by micelles
with definite sizes, and also with the temperature depen-
dences of lyotropic phase transitions. By change of tempera-
ture, the thermotropic phase transitions and transformations
between lyotropic liquid-crystalline mesophases take place.
Such transformations lead to change of intervals of these
mesophases and their heterophase regions.

Disappearance of Nbx mesophase by an increase of tem-
perature is connected with the fact that in lyotropic
liquid-crystalline systems, this mesophase takes place not
only in the narrow concentration region but also in
the narrow temperature interval. We found that Nbx
mesophase takes place in temperature interval as 3.6 K.
This mesophase has been found in sufficiently narrow
concentration and temperature intervals also in sodium
decylsulphate �SDS�-H2O-DeOH, SDS-H2O-DeOH-sodium
sulphate, KL-H2O-DeOH, KL-D2O-DeOH, and KL-DeOH-
decylammonium chloride lyotropic systems by various sci-
entists �59–64�. On the other hand, the change of concentra-
tion boundaries of E and D mesophases by temperature
increase has not been observed for SLS-H2O-DeOH lyotro-
pic system. This fact indicates a low sensitivity and the ther-
mal and concentration stability of mesophases, which are
formed by micelles with quasi-infinite sizes.

FIG. 2. Phase diagrams of SLS-H2O-DeOH lyotropic system.
�a� 297.5 K, �b� 303.0 K, and �c� 311.0 K.
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C. Magnetomorphologic properties of E, D, NC, and ND

mesophases

In this work, the magnetomorphologic properties of E, D,
NC, Nbx, and ND mesophases of SLS-H2O-DeOH lyotropic
liquid-crystalline system have been investigated. The inves-
tigations showed that magnetic field has an influence on the
morphologic and orientational properties of these me-
sophases and is efficient for obtain of the nonequilibrium
magnetically induced textures. Additionally, when compared
to E and D mesophases, intensive texture transformations
within temperature and concentration intervals have been ob-
served for NC, Nbx, and ND mesophases.

E mesophase. The research revealed that under the effect
of the magnetic field, changes of texture types take place.
Besides, most changes of textures were observed during first
5–6 h. Figure 3 presents the magnetically induced textures of
E mesophase, which were observed for different times. As
seen in this figure, under the influence of magnetic field
transformations of the fibrous texture �Fig. 1�a�� to textures
with the loops take place. These loops are the peculiar inver-
sion walls and represent the boundaries between little sepa-
rate regions with uniform alignment. The sizes of these re-
gions were determined as 7–12 �m. The inversion walls in
the case of E mesophase are not so sharp as in the case of
lyotropic nematic mesophases �13,50,65,66�. In the course of
time, under influence of the external magnetic field, change
of shapes and displacement of the inversion walls has been
observed �Fig. 3�. Unlike the textures of lyotropic nematic
mesophases, singular points have not been observed in mag-
netically induced textures of E mesophase. This fact indi-
cates that the linear singularities, which are perpendicular to
the liquid-crystalline layer, do not emerge in E mesophase.
We would like to note that the type of texture, presented in
Fig. 3�c�, did not change for 48 h under influence of the
magnetic field.

D mesophase. The investigations showed that magnetic
field does not have sufficient influence on the morphologic
properties of D mesophase. For a long time, only a weak
change of density and displacement of the oily streaks and
also small changes of the pseudoisotropic regions were ob-
served in this mesophase �Fig. 4�. This fact is connected with

high viscosity of D mesophase and low mobility of lamellas.
After 24 h, the regions between the oily streaks were char-
acterized by the inexplicit conoscopic cross.

NC mesophase. The schlieren texture, which is character-
istic for this mesophase, is stable and reproducible �Fig.
1�c��. This texture was displayed again after the heating-
cooling processes. We would like to note that NC mesophase
exhibits more stable thermomorphologic properties than ND
and Nbx mesophases.

The investigations showed that the process of texture
transformations in NC mesophase under the effect of mag-
netic field is complicated. Certain stages and types of mag-
netically induced textures were observed for this mesophase.
The application of magnetic field after 1.5 h, the optical pic-
ture, as presented in Fig. 5�a�, was observed. As is clear from
the figure, the texture consists of a dense net of the loops and
a number of the singular points. The loops are the boundaries
between the separate uniformly oriented regions and charac-
terize the break of the optical continuity in texture. Optical
investigations showed that the singular points are the wedge
disclinations which are placed orthogonally to the reference
surfaces of the microslides. Experiments carried out using
the optical mapping technique allow determining the optical
signs of the singularities. Here, singularities with both posi-
tive and negative optical signs took place, but only with the
disclination of the strength as �S�=1.

The density of the free energy of liquid crystal near the
disclination lines in the spherical volume with radius R for
single constant approximation can be determined by

	 = 	1 + 	2 + 	12. �1�

Here, 	1 and 	2 are the energies of separate disclinations
per unit length between singularities and 	12 is the energy of

FIG. 3. �Color online� Magnetically induced textures of E me-
sophase. Crossed polarizers. Magnification of �100. Temperature
of 297.0 K. �a� After 1.5 h, �b� after 3.5 h, and �c� after 6.0 h.

FIG. 4. �Color online� Magnetically induced textures of D me-
sophase. Crossed polarizers. Magnification of �100. Temperature
of 297.0 K. �a� After 15–20 min and �b� after 3.5 h.

FIG. 5. �Color online� Magnetically induced textures of NC me-
sophase. Crossed polarizers. Magnification of �100. Temperature
of 297.0 K. �a� After 1.5 h, �b� after 3.5 h, �c� after 6.5 h, and �d�
after 24.0 h.
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interaction between these disclinations. 	12 is determined by
�67–69�

	12 = 2
KS1S2 ln
2R

r
. �2�

Here, K is the elastic constant for the single constant ap-
proximation �K=K11=K22=K33�, S1 and S2 are the disclina-
tions of strength for connected singularities, and r is the dis-
tance between singularities. In accordance with the
theoretical approach, as presented in �67–69�, the interaction
force between singularities can be determined by

F12 =
�	12

�r
=

2
KS1S2

r
. �3�

If the disclinations have the same sign, i.e., in the case of
S1S2�0, they push each other; if the disclinations have the
opposite signs, i.e., in the case of S1S2�0, they attract each
other. In the case of singularities with the same disclination
of strength, i.e., in the case of S1=S2=S the interaction force
can be determined by

F12 =
2
KS2

r
. �4�

By taking into consideration the elastic constant of lyotropic
nematic mesophase as K�10−12 N �64,65,70� and distance
between singularities presented in Fig. 5�a� as �8–20 �m,
the mean interaction force was determined as F12=0.8
�10−6–0.3�10−6 N m−1.

After 3.5 h, it was observed that the density of the loops
decreased, while the sizes of uniformly oriented regions in-
creased �Fig. 5�b��. Optical investigations showed that inver-
sion walls of the first and second orders also take place in
this texture. After 6.5 h texture presented in Fig. 5�c� has
been observed. In this texture, the sizes of uniformly oriented
regions increased in comparison to the cases presented in
Figs. 5�a� and 5�b�. The inversion walls in this texture are the
lines that unite the wedge disclinations. Unremitting texture
transformations under magnetic field continued and after 24
h, the texture, presented in Fig. 5�c�, was observed. In this
texture, large layered planar regions and separate defects
were observed. The birefringence of these regions was deter-
mined as �n=0.0043. Later, sufficient texture transforma-
tions in NC mesophase were not observed.

ND mesophase. The schlieren texture �Fig. 1�d��, which is
characteristic for this mesophase, was not stable. In time this
texture transformed to the planar texture with the inversion
walls �Fig. 6�a��. The birefringence of these regions was
�n=0.0045. The inversion walls, which are dependent on
crossed polarizers position, are nearly parallel dark or light
lines. The walls were placed perpendicularly to the liquid-
crystalline layer and were transitional regions between the
planar oriented regions. We would like to note that instability
of the schlieren textures in ND mesophase was observed also
in �71�.

As the investigations revealed, certain stages and types of
magnetically oriented textures take place for ND mesophase
as well. At times, the domain texture arises during the pro-
cess of the magnetomorphologic transformations in ND me-

sophase �Fig. 6�b��. Such type of the domain texture has also
been observed by various scientists for NC mesophase with
both positive ����0� and negative ����0� diamagnetic
anisotropies and for ND mesophase with ���0 �6,13,65,66�.
Such type of texture arises in ND mesophase sufficiently
rarely. Appearance of such type of the domain texture is
connected with the effect of reverse flow. As a result of the
flow, which takes place perpendicular to the domains, the
cylindrical lenses arise �65,72�. We would like to note that
the velocity of reverse flow in the case of NC mesophase is
bigger than in the case of ND mesophase. This fact is attrib-
uted to the differences between the Leslie coefficients for NC
and ND mesophases �6,68,73�. The flow alignment angle � is
determined as

cos 2� = −
1

2
, �5�

where 1 and 2 are the Leslie coefficients �6�. For NC me-
sophase, �→0 and 1�−2 and for ND mesophase, �
→
 /2 and 1�2 take place. The magnitude of the hydro-
dynamic term, which can lead to a back flow, is determined
for the homeotropic→planar transition by �74�

� =
2 − 1

21
�6�

and for the planar→homeotropic transition by �73�

�1 =
2 + 1

21
. �7�

Thus, Eq. �6� predicts strong back flow for the
homeotropic→planar transition in NC mesophase with the
rodlike micelles and Eq. �7� predicts weak back flow for the
planar→homeotropic transition in ND mesophase. There-
fore, the above-mentioned domains arise easier in NC me-
sophase than in ND mesophase.

After 2.5 h, the texture presented in Fig. 6�c� was ob-
served. This texture consists of a lot of singular points and

FIG. 6. �Color online� �a� Stable texture and �b�–�g� magneti-
cally induced textures of ND mesophase. Crossed polarizers. Mag-
nification of �100. Temperature of 297.0 K. �a� Without field, �b�
domain texture, �c� after 2.5 h, �d� after 6.5 h, and �e� after 24.0 h.
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loop formations. These loop formations are the tilted inver-
sion walls. Optical investigations showed that the singulari-
ties with both positive and negative optical signs take place
in this texture. In the case of singularities with positive op-
tical signs, the brushes rotate at the same rate as the crossed
polarizers. In the case of singularities with negative optical
signs, the brushes rotate at the opposite rate as the crossed
polarizers. The brushes are the regions where the director of
liquid-crystalline structure is parallel or perpendicular to a
polarization plane of the incident light. The singularities with
the disclination of strength as both S= �

1
2 and S= �1 were

found in this texture. Using Eqs. �3� and �4�, the interaction
forces per unit length between singularities with the discli-
nation of strength as �S1�= �S2�=1 and also as �S1�=1 and
�S2�= 1

2 were determined. These values were found for the
first case as F12=0.9�10−6–0.4�10−6 N m−1 and for the
second case as F12=0.5�10−6–0.3�10−6 N m−1. It was
also observed that the values of the interaction forces for NC
and ND mesophases are approximately equal. This fact indi-
cates that external magnetic field has similar deformational
effect on NC and ND mesophases. After 6.5 h, a texture with
large planar alignment regions was observed �Fig. 6�d��. Fi-
nally, after 24.0 h under influence of magnetic field, texture
presented in Fig. 6�e� has been observed. This texture con-
sists of large separate regions with planar alignment. The
birefringence of such separate regions was found to be �n
=0.0047. As revealed by a comparison of the birefringence
values for NC and ND mesophases of SLS-H2O-DeOH sys-
tem, the above-mentioned values for ND mesophase is some-
what greater than those for NC mesophase. Such correlation
between the birefringence values for mesophases was also
observed in lyotropic systems based on sodium decylsul-
phate �75�, tetradecyl trimethyl ammonium phenylsulphonate
�76�, and tetradecyldimethyl ammonium oxide �77,78�. Ob-
viously, such situation is typical for NC and ND mesophases.

As seen in Fig. 6�g�, separate regions with the planar
alignment are divided by the sharp inversion walls. Optical
investigations showed that these regions are characterized by
the different displacements of the director, which are placed
in the plane of the liquid-crystalline layer. Optical investiga-
tions also demonstrated that the inversion walls in this tex-
ture are placed perpendicularly to the liquid-crystalline layer.
Thus, as revealed by a comparison of Figs. 5 and 6, the
dynamics of the transformation of magnetically induced tex-
tures in ND mesophase is somewhat different from such dy-
namics in NC mesophase.

A comparison of the peculiarities of the magnetically in-
duced textures and character of the aligned �planar� regions
for both NC and ND mesophases indicates that in
SLS-H2O-DeOH system NC mesophase has ���0, while
ND mesophase has ���0. So in this lyotropic system NC

+

and ND
− mesophases take place. We would like to note that in

SDS-H2O-DeOH lyotropic system nematic-calamitic and
nematic-discotic mesophases take place only as NC

+ and ND
−

mesophases �32�. Yet, for example, in lyotropic systems
based on myristiltrimethyl ammonium bromide, myristiltrim-
ethyl ammonium tholuolsulphate, and potassium laurate,
nematic-calamitic and nematic-discotic mesophases take
place as NC

− and ND
+ mesophases �6,74,75�. Therefore, it can

be concluded that possibly in ternary lyotropic systems based

on sodium alkylsulphate, NC mesophase has ���0 and ND
mesophase has ���0.

Nbx mesophase. Magnetic field has an essential effect on
the morphologic properties of Nbx mesophase. Under the
magnetic field, the texture presented in Fig. 7�a� was ob-
served after 1.5 h. In this texture, the looplike formations
take place, forming the boundaries between the planar align-
ment regions. The absence of the homeotropic regions in Fig.
7�a� indicates on the reorientation of axis with the magnetic
susceptibility. After 3.5 h under the effect of magnetic field,
the singular points and the wedge disclinations arose in the
magnetically induced textures of Nbx mesophase �Fig. 7�b��.
As shown by optical investigations, in this texture optically
positive and negative singular points take place with the dis-
clination of strength as S= �

1
2 and S= �1. Texture of such

type has also been observed for Nbx mesophase in �79,80� for
KL-D2O-DeOH lyotropic system. Then, the texture pre-
sented in Fig. 7�c� was observed after 6.0 h. As clear from a
comparison of Figs. 7�c� and 7�d�, magnetic field influence
leads to a decrease in the density of the singular points and to
an increase in planar oriented regions. It is also seen in Fig.
7�c� that in this texture, complicated inversion walls and sin-
gular points with the disclination of strength as S= �

1
2 and

S= �1 are observed. After 24.0 h, the planar oriented texture
with birefringence as �n=0.0047 and rare singular points
with the disclination of strength as S= �

1
2 were observed

�Fig. 7�d��. In this texture, the singular points with the inte-
ger disclination of strength as S= �1 are absent. This fact, in
accordance with Eq. �2�, is connected with the minimization
of the energy of elastic distortions in Nbx mesophase under
influence of external magnetic field. We would like to note
that in the textures of NC and ND mesophases after 24.0 h
under influence of magnetic field, the singular points were
observed with the disclination of strength as S= �

1
2 and S

= �1. Because of such peculiarities of the magnetically in-
duced textures, Nbx mesophase can be easily identified by the
behavior of typical textures in magnetic field. We would also
like to state that, as revealed by a comparison in Figs. 1�e�
and 7, the effect of magnetic field leads to the disappearance
of separate regions with the homeotropic alignment, indicat-
ing that magnetic field leads to a reorientation of the axis
with magnetic susceptibility.

FIG. 7. �Color online� Magnetically induced textures of Nbx

mesophase. Crossed polarizers. Magnification of �100. Tempera-
ture of 297.0 K. �a� After 1.5 h, �b� after 3.5 h, �c� after 6.0 h, and
�d� after 24.0 h.

ÖZDEN, NESRULLAJEV, AND OKTIK PHYSICAL REVIEW E 82, 061701 �2010�

061701-6



IV. CONCLUSION

In this work, the mesomorphic, thermomorphologic, ther-
motropic, and magnetomorphologic properties of SLS-water-
DeOH lyotropic liquid-crystalline system have been investi-
gated. This system displays the anisotropic E, D, NC, Nbx,
and ND mesophases. These mesophases are characterized by
typical textures, taking place in strongly definite concentra-
tion and temperature intervals.

Investigations on the mesomorphic and thermotropic
properties showed that the character of the triangle phase
diagrams of SLS-water-DeOH lyotropic system, the concen-
tration regions of lyotropic mesophases, and the number of
these mesophases depend not only on the concentration ratio
between system components but also on temperature.

Investigations on the dynamics of texture transformations
demonstrated that external magnetic field affects the mor-
phologic properties of E, NC, Nbx, and ND mesophases. Mag-
netic field leads to an appearance of the loops, inversion
walls, uniformly aligned regions, and also singularities with
both positive and negative optical signs and the disclinations
of strength as S= �1 and S= �

1
2 . On the other hand, exter-

nal magnetic field did not have a sufficient effect on the
morphologic properties of D mesophase.

Character of the aligned �planar� regions and peculiarities
of the magnetically induced textures in NC and ND me-
sophases indicate that in SLS-H2O-DeOH system NC me-
sophase has ���0 and ND mesophase has ���0.

Investigations revealed that the character of texture trans-
formations in magnetic field and the morphologic properties
of magnetically induced textures �density of loop formations,

character and displacement of the inversion walls, and char-
acter and the disclination of strength of the singular points�
for NC, Nbx, and ND mesophases are quite different. This fact
dives a possibility to identify lyotropic nematic mesophases
in lyotropic systems.

In this work the phase diagram of SLS-water-DeOH sys-
tem for three different temperatures, typical stable textures.
and magnetically induced textures of E, D, NC, Nbx, and ND
mesophases are presented. Interaction forces between vari-
ous singularities in magnetically induced textures have been
determined.

Finally, it is necessary to note that the rodlike and disklike
micelles of lyotropic mesophases do not have a rigid struc-
ture and can change the shape, anisometricity. and form fac-
tor by a change of concentration and temperature �14,71,81�.
Besides, the distances between micelles are not constant.
They vary with varying temperature within interval of lyo-
tropic mesophase �6,82�. Changes of orientational fluctuation
may be taking place at the lyotropic and thermotropic phase
transitions. These factors can lead to a change of phase
boundaries between lyotropic liquid-crystalline mesophases
and regions of above-mentioned mesophases.
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