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Abstract

Lyotropic systems are bicomponent and/or multicomponent mixtures display physically isotropic and physically aniso-
tropic properties and exhibit various types of isotropic lyotropic phases and anisotropic lyotropic mesophases. Structure
units in lyotropic phases and mesophases are the nano-size three-dimensional nanoparticle supramolecular aggregates as
the isometric and anisometric micelles. In this work, comparative investigations of the optical refractive properties of
lyotropic micellar systems as mixtures of single amphiphile and mixed bicomponent amphiphiles in polar solvent have
been carried out. Lauryltrimethyl ammonium bromide (LTAB) + water, cetyltrimethyl ammonium bromide
(CTAB) + water, and (LTAB + CTAB mixture) + water lyotropic systems have been studied. Shapes of micelles in
single component amphiphilic and bicomponent amphiphilic lyotropic systems have been estimated. Temperature and
concentration dependences of the optical refractive index have been determined. Effect of the LTAB/CTAB concentration
ratio on the refractive properties of mixtures under investigations has been found. Effect of length of the hydrophobic chain

of amphiphile molecules with the same hydrophilic part on the refractive index of lyotropic systems is analysed.

Keywords Lyotropic systems - Micellar phase - Hexagonal mesophase - Isometric micelle - Anisometric micelle -
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1 Introduction

Lyotropic micellar systems are bicomponent or multi-
component mixtures of amphiphile materials, which have a
hydrophilic head and a hydrophobic tail, in polar and/or
non-polar solvents. These systems can contain co-surfac-
tant, optical active matrix, nonorganic salts, etc. Lyotropic
systems display physically isotropic and physically aniso-
tropic properties and exhibit various types of isotropic
lyotropic phases and anisotropic lyotropic mesophases.
Structure units in lyotropic phases and mesophases are the
three-dimensional nanoparticle supramolecular aggregates
as the isometric and anisometric micelles (Ekwall 1975;
Petrov 1999; Figueiredo Neto and Salinas 2005; Alfutimie
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et al. 2014; Sonin 1987). In dependence of temperature,
concentration, type, and number of components, these
formations as multimolecular aggregates have the spheri-
cal, plate (disc-like), or cylindrical (rod-like) shapes.

The isometric and anisometric micelles are character-
ized by definite spatial structure, character of packing and
point-like symmetry, and form physically isotropic phases
and physically anisotropic mesophases (Lingmann and
Wennerstrom 1980; Burducea 2004; Nesrullajev 2007;
Perez-Rodriguez et al. 1998; Guo et al. 2010). Physically,
isotropic and physically anisotropic nature of lyotropic
micellar systems makes these systems important objects for
both fundamental investigations and applications in various
fields of technique, technology, and industry.

Important peculiarity of lyotropic liquid crystalline
systems is availability of the thermotropic and lyotropic
phase transitions between isotropic phases and anisotropic
mesophases and also between various lyotropic meso-
phases. By such transitions, transformation of the space
structure of physically isotropic phases and physically
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anisotropic mesophases and also change of the order
parameters of mesophases carry out. Thermotropic phase
transitions in such systems were theoretically investigated
in (Mukherjee and Bhattacharya 2007; Mukherjee
2013a, b; Mukherjee and Rahman 2013; Mukherjee and
Lagerwall Giesselman 2005). In these works, using the
mean-field model showed that in lyotropic liquid crystals,
also as in thermotropic liquid crystals, phase transitions of
the first order and second order take place. Lyotropic phase
transitions and phase states of lyotropic isotropic phases
and anisotropic mesophases were experimentally investi-
gated by various scientists (e.g., Ekwall 1975; Figueiredo
Neto and Salinas 2005; Nesrullajev 2007, 2014; Mukherjee
2002; Hoffmann et al. 1987; Santin Fulho et al. 2000;
Amaral et al. 2015; Jolley et al. 2001; Mirandi and Schulz
2002; Hoffmann et al. 1994; Figuiredo Neto 2014).

Lyotropic phases and mesophases, which are based on
anionic, cationic, and zwitterionic surfactants, exhibit
various optical properties, i.e. the refractive properties,
birefringence, optical polarizability, etc. (Govindaiah 2016;
Vedenov 1984; Kazanci and Nesrullajev 2003; Nastishin
et al. 2005). These properties and optical parameters
exhibit high sensitivity to various external effects. Because
of large application possibility of lyotropic systems, optical
properties and optical parameters of such systems are of
great importance these days. Besides, investigations of
lyotropic systems with amphiphile mixtures are of con-
siderable interest for large technical and technological
applications, because amphiphile mixtures enhance inter-
esting performance. Such systems can exhibit new physical
and physico-chemical properties. Therefore, investigations
of physical and physico-chemical properties of lyotropic
liquid crystalline systems as mixtures of different amphi-
philic materials attract the intent attention of scientists
(Govindaiah 2016; Vedenov 1984; Kazanci and Nesrulla-
jev 2003; Nastishin et al. 2005; G6tz and Heckmann 1958;
Heckmann and Gotz 1958; Rehage 1982; Nesrullajev
1988, 1992, 2010).

In connection with above-mentioned reasons, shape of
micelles in three groups of mixtures of binary amphiphile
mixtures (LTAB + CTAB) with polar solvent and mix-
tures of single amphiphile (LTAB and CTAB) with polar
solvent have been carried out. Method of the electrical
conductivity on orientational shear flow has been used.
Maximum values of the electrical conductivity anisotropy
vs. concentration of amphiphile have been determined.
Mesomorphic and morphologic properties and comparative
investigations of the optical refractive properties of lyo-
tropic systems under investigations have been carried out.
Temperature {n = n(T)} and concentration {n = n(c)}
dependences of the refractive index have been determined
for such mixtures. Effect of the LTAB/CTAB
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concentration ratio on the refractive properties of mixtures
under investigations has been found.

2 Experimental
2.1 Materials and Samples

In this work, LTAB + water, CTAB + water, and
(LTAB + CTAB mixture) + water lyotropic systems have
been objects of our studies. Ionic amphiphiles CTAB with
molecular formula as CH;(CH,),5;N(Br)(CHs); and LTAB
with molecular formula as CH5(CH,);N(Br)(CHs); were
purchased from Sigma (cat. No.SigmaUltra H9151 of
CTAB and cat. No.SignaUltra D5047 of LTAB). CTAB
and LTAB were characterized by the critical micellar
concentration CMC value as 0.90 x 107* and
1.10 x 107* mol L™ for CTAB and LTAB, accordingly.
Molecular structure of LTAB and LTAB is presented in
Scheme 1. Water was triple distilled and deionized by
Direct-Q8 Water Purification Systems.

Process of preparation of amphiphile + water lyotropic
systems followed known procedures. Amphiphile and
water were weight by Shimadzu precision balance with an
accuracy of & 10™* g. Hermetically closed glass ampoules
with the mixtures were kept in thermostat at 305 & 0.1 K
for homogenization. For preparation of (amphiphile
1 + amphiphile 2) 4 water lyotropic systems, first of all,
mixture of amphiphiles was weight by precision balance.
Then water was added in corresponding concentration into
amphiphiles mixture. For homogenization, hermetically
closed glass ampoules with such mixtures were also kept in
thermostat at 305 £ 0.1 K. The mixtures were periodically
mixed by a shaker. Homogeneity of obtained lyotropic
systems was controlled by examination of these systems,
using the crossed polarizers. Compositions of mixtures
under investigations are presented in Table 1.

For investigation of the mesomorphic and thermo-mor-
phologic properties, samples as the sandwich cells were
used. These sandwich cells were constructed by optical
glass surfaces and special adhesive spacer with fixed
thickness. The thickness of liquid crystalline layer in the
sandwich cells was determined as 120 £ 1.0 pm. At once
after filling the sandwich cell by liquid crystalline system,
samples were hermetically closed.

2.2 Methods

Investigations of the mesomorphic and thermo-morpho-
logic properties of lyotropic systems under investigations
have been carried out by the thermo-optical setup. The
experimental setup consisted of the trinocular polarizing
conoscopic/orthoscopic microscope, Berek compensator,
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Scheme 1 Molecular structure

of LTAB (a) and CTAB (b)

Table 1 Compositions of Samples (50 wt%LTAB + 50 wt%CTAB), wt%  LTAB, wt%  CTAB, wt%  Water, wt%

lyotropic systems under

Investigations Compositions of lyotropic systems
S1 30.00 — — 70.00
S2 32.50 — — 67.50
S3 35.00 — — 65.00
S4 37.50 — — 62.50
S5 40.00 — — 60.00
S6 — 30.00 — 70.00
S7 — 32.50 — 67.50
S8 — 35.00 — 65.00
S9 — 37.50 — 62.50
S10 — 40.00 — 60.00
S11 — — 30.00 70.00
S12 — — 32.50 67.50
S13 — — 35.00 65.00
S14 — — 37.50 62.50
S15 — — 40.00 60.00

quartz wedge, optical filters, A-plates, and object-microm-
eter from Olympus Optical Co., Ltd., and also special
heater thermostat with Leybold digital temperature control
system, Keithley multimeters, and power supply. Regis-
tration of microphotographs has been carried out by digital
microphotographic system from Olympus Optical Co. and
Cannon 6D digital system. For investigations of the optical
refractive properties, the polythermic refractometry setup
with Abbe’s High-Temperature Precision Refractometer,
Digital Thermometer from Atago Co. Ltd, and recircula-
tion immersion thermostat Ultraterm 200 Selecta has been
used. Accuracy of measurement of the refractive indices
measurements was as 0.1%. Temperature of liquid crystals
under investigation was controlled by the digital tempera-
ture controller with accuracy as £0.1 K.

Estimation of the shape of micelles in lyotropic systems
under investigation has been carried out by the method of
the anisotropy of electrical conductivity in the orientational
shear flow. This classic method was described in detail in
(Gotz and Heckmann 1958; Heckmann and Go6tz 1958,
Rehage 1982). This method was modified in (Nesrullajev
1988, 1992, 2010) and allowed to measure the electrical
conductivity values simultaneously in three mutually per-
pendicular directions (i.e., in X-, Y-, and Z-directions). In
accordance with above-mentioned method, sum of the
anisotropy of electrical conductivity in the X-, Y-, and Z-

directions for both the plate (disc-like) and cylindrical (rod-
like) micelles must be equal to zero and

> =X.Y.Z %{:”" = 0 equation must be fulfilled (Nesrullajev
1988, 1992, 2010; Schwarz 1956; Frolov 1982). Connec-
tion between the anisotropy of electrical conductivity in the
X-, Y-, and Z-directions for the anisometric micelles,

accordingly, is as

ax(v) — ao _ az(v) — ag — 05 ay(v) — g (1)
() () ()

for the rod-like micelles and

O'y(v) — 09 _ Gz(V) — 09 —05 Ux(V) — 0y (2)
a0 00 )

for the disc-like micelles. Connection between the electri-
cal conductivity anisotropies in above-mentioned direction
for the spherical micelles is as

ax(v) — ag _ ay(v) — a9 _ az(v) — g _
g0 00 g0

0. (3)

Here, ox(v), ay(v), and gz(v) values are the electrical
conductivity for fully oriented lyotropic system in the X-,
Y-, and Z-directions, accordingly; oy is the electrical con-
ductivity value for completely disordered lyotropic system;
and v is the rotational viscosity. As seen from Eqs. (1) and
(2), estimation of shape of the anisometric micelles is
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sufficient to determine the electrical conductivity aniso-
tropy in two directions, e.g., in direction of the shear flow
(X-direction) and in direction perpendicularly to the shear
flow (Y-direction).

3 Results and Discussion
3.1 Mesomorphic and Morphologic Properties

First of all, the morphologic and mesomorphic properties
of lyotropic systems under investigations have been stud-
ied. Studies showed that S1-S5 samples exhibit properties
of isotropic micellar L, phase. S6-S10 samples also exhibit
properties of isotropic micellar L, phase. This phase in S1—
S10 samples is characterized by stable optically isotropic
texture. As is known, L; phase consists of isometric
spherical micelles on water environment (Ekwall 1975;
Figueiredo Neto and Salinas 2005; Lingmann and Wen-
nerstrom 1980; Burducea 2004; Nesrullajev 2007). In
Fig. 1, the schematic presentation of spherical micelles in
L, phase is given.

S11-S15 samples display anisotropic liquid crystalline
texture (Fig. 2). As shown in Fig. 2, this texture consists of
the prolonged filament-like formations and uniform regions
with the planar and tilted alignment. Optical investigations
showed that this texture has a low birefringence. Such a
type of texture has been observed by different researchers
for hexagonal micellar £ mesophase in various lyotropic
systems (Ekwall 1975; Figueiredo Neto and Salinas 2005;
Hyde 2001; September 2014; Ozden et al. 2010). Structural
units of this mesophase are the rod-like micelles of quasi-
infinite lengths (Ekwall 1975; Figueiredo Neto and Salinas
2005; Laughlin 1996; Nesrullajev et al. 2003). Such
micelles form the hexagonal structure. E mesophase is a
uniaxial optically negative mesophase, and has two-di-
mensional long-range positional order relatively of the
normal to the symmetry axis of the rod-like micelles. In
Fig. 3, the schematic presentation of the rod-like micelles
in E mesophase is given.

It is interesting that the same compositions of
LTAB + water and CTAB + water lyotropic systems
display different lyotropic states, i.e., L; phase with opti-
cally isotropic texture for S6-S10 samples and E me-
sophase with optically anisotropic texture for S11-S15
samples. Is important to note that LTAB and CTAB are
materials of the same homologous series, have the same

Fig. 1 Schematic representation
of the spherical micelles in L,
phase
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polar part of molecule, but have different lengths of the
non-polar tail. Different lengths of the non-polar tail of
amphiphile molecule of LTAB and CTAB lead to a dif-
ference in the hydrophilicity degree. Such a difference in
the above-mentioned length is cause of high CMC value
for LTAB as 1.10 x 107* mol L™! and low CMC value
for CTAB as 0.90 x 10~* mol L™'. Such a difference in
the length of the non-polar tail of molecules leads also to a
shift of the isotropic L; phase — anisotropic mesophase
and appearance of lyotropic liquid crystalline mesophase
for low concentration of CTAB. It is also interesting that
LTAB + CTAB + water lyotropic system, with the same
compositions of components as in LTAB + water and
CTAB + water lyotropic systems, displays optically iso-
tropic texture of L; phase (Table 1). That is, in
amphiphiles + water lyotropic system, which consists of
amphiphile with high hydrophilicity degree and amphiphile
with low hydrophilicity degree, amphiphile with higher
hydrophilicity degree is more effective in the mixture.
Thus, in water mixture with two amphiphiles with different
hydrophilicity, amphiphile with higher hydrophilicity
degree is more effective.

Investigations showed that in (LTAB + CTAB mix-
ture) + water, LTAB + water and CTAB + water lyo-
tropic systems’ different high concentration limits for L;
phase take place (Table 2). Namely, as shown in Table 2,
correlation between amphiphile/water concentration ratios
for the high concentration limit of L; phase in lyotropic
systems under investigations is as the
CCTAB < CLTABr+CTAB <CLTAB inequality. This result indi-
cates that using amphiphile mixtures with the same polar
part and different lengths of the non-polar part of amphi-
phile molecule is possible to regulate the mesomorphic and
morphologic properties in lyotropic systems.

3.2 Shape of Micelles

For control and confirmation of the presence of the
spherical micelles of L; phase and rod-like micelles of E
mesophase in the corresponding regions (for S1-S10
samples and S11-S15 samples, accordingly), character of
the anisotropy of electrical conductivity has been investi-
gated. Measurements showed that S1-S10 samples in
concentration region L; phase have not any electrical
conductivity anisotropy in the X- and Y-directions. As an
example, in Fig. 4 (Plate A), the dependences of the
electrical conductivity anisotropy vs. rotational frequency
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Fig. 2 Typical texture of S11-S15 samples. Magnification x 100; crossed polarizers

Fig. 3 Schematic representation

of the rod-like micelles in

E mesophase

Table 2 High concentration - - .

Jimits for L, phase of lyotropic Lyotropic system High concentration limit for L; phase

systems under investigations Amphiphile, wt% Water, wt%
(50 wt%LTAB + 50 wt%CTAB mixture) + H,O 47.50 52.50
LTAB + H,O 49.79 50.21
CTAB + H,O 21.18 78.82

for L, phase are presented. Such a character of the elec-
trical conductivity anisotropy vs. rotational frequency
indicates on the spherical shape of micelles in lyotropic
systems (Gotz and Heckmann 1958; Heckmann and Gotz
1958; Schwarz 1956; Nesrullajev 2010; Tsvetkov 1986).
Measurements showed also that the anisotropy of electrical
conductivity vs. rotational frequency for S11-S15 samples
in the X-direction is negative and in the Y-direction is
positive. As an example, in Fig. 4 (Plate B), the depen-
dences of the electrical conductivity anisotropy vs. rota-
tional frequency for E mesophase (S12 and S14 samples)
are presented. As is known, such a behavior of the aniso-
tropy electrical conductivity indicates on the rod-like shape
of micelles in lyotropic systems (Go6tz and Heckmann
1958; Heckmann and Gotz 1958; Schwarz 1956; Nesrul-
lajev 2010; Tsvetkov 1986). Thus, results of measurements
of the anisotropy of electrical conductivity vs. rotational
frequency confirm results of investigation of the meso-
morphic and morphologic properties in S1-S15 samples. In
connection with these results, we are interested in the
maximum values of the electrical conductivity anisotropy

[o’( v)— aoi|
% I'max

sophase. Such dependences are presented in Fig. 5. As seen
in this figure, an increase of CTAB concentration in
CTAB + water lyotropic system leads to an increase of the
maximum value of the electrical conductivity anisotropy in

vs. concentration of amphiphile for £ me-

E mesophase. An increase of concentration of CTAB (i.e.,
ionic amphiphile concentration) in this lyotropic system as
30.00 wt% — 32.50 wt% — 35.00 wt% — 37.50 wt% —
40.00 wt% leads to an increase of number of micelles in
volume of liquid crystalline system, to a change of packing
character of micelles and, accordingly, to a change of
interaction between micelles and the counter ions (Fig-
ueiredo Neto and Salinas 2005; Sonin 1987; Nesrullajev
2013). Besides, as it is known, by an increase of amphiphile
concentration in lyotropic systems (and accordingly by a
decrease of water concentration in such systems) leads to an
increase of the order degree of polar parts (i.e., the hydro-
philic parts) and non-polar tails (i.e., hydrophobic part) of
amphiphile molecules in micelles (Petrov 1999; Friberg
1992; Yu and Saupe 1982). All of these effects lead to a
change of the electrical conductivity value and, accordingly,
to a change of absolute maximum values of the electrical
conductivity anisotropy in lyotropic mesophases.

3.3 Optical Refractive Properties

In this work, the temperature and concentration depen-
dences of the refractive index of three groups of lyotropic
systems have been investigated. As the objects of our
investigations, water mixtures of two ionic amphiphiles
with different lengths of alkyl length, 50 wt %LTAB +
50 wt %CTAB (S1-S5 samples), and also water mixtures

@ Springer
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Fig. 4 Electrical conductivity
anisotropy vs. rotational
frequency in the X- and Y-
directions. Plate a L; phase (for
S1-S10 samples). Plate

b E mesophase for samples S12
(a) and S14 (b)

of LTAB (S6-S10 samples) and CTAB (S11-S15 samples)
have been chose. The amphiphile/water compositions in
these groups of lyotropic systems were the same (Table 1).
We would like to note that the refractive index is general
optical parameter for isotropic phases and anisotropic
mesophases in lyotropic systems. This parameter determi-
nes the optical refractive properties and optical density of
media and can change with concentration, temperature,
pressure, number, and types of components in lyotropic
liquid crystalline systems. We would like to emphasize that
the optical refracting properties and refractive index are
most important parameter for fundamental investigations
and application of lyotropic systems (Mitra et al. 1991; Pan
et al. 2004; Kumar 2013).

In Fig. 6, temperature dependences of the refractive
index {n =n(T)} for (LTAB + CTAB mixture) + water
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lyotropic system (S1-S5 samples) are presented. As seen in
this figure, monotonous decrease of the refractive index
with an increase of temperature has been observed for these
samples. Behavior of the n = n(T) dependences for S1-S5
samples can be characterized by the y = 1.3944 — 2.66 X
107* x x equation. Besides, as seen in this figure, an
increase of (LTAB 4 CTAB)/water concentration ratio
leads to an increase of the optical refractive properties of
these samples. In Fig. 7, the concentration dependences of
the refractive index {n =n(c)} for S1-S5 samples for
various temperatures are presented. Monotonous linear
behavior of the n=n(T) and n=n(c) dependences
without any fluctuations indicates on stability of the
refractive properties in (LTAB 4+ CTAB mixture) 4+ water
lyotropic system.
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values vs. concentration of amphiphile for S11-

Flg' 3 [G(‘;')_;(TO] max
S15 samples. a: X-direction; b: Y-direction

Fig. 6 Temperature dependences of the refractive index for
(LTAB + CTAB mixture) + water lyotropic system. a: S1 sample;
b: S2 sample; b: S3 sample; c: S4 sample; d: S5 sample

The n = n(T) dependences for LTAB + H,O (S6-S10
samples) and CTAB + H,O (S11-S15 samples) lyotropic
systems are presented in Figs. 8 and 9. As seen in these
figures, for these lyotropic systems, also as for (LTAB +
CTAB mixture) 4+ water lyotropic system, monotonous
linear decrease of the refractive index with an increase of
temperature takes place. Behavior of the n = n(T) depen-
dences for S6-S10 and S11-S15 samples can be charac-
terized by the n=13947-280x10"%xT and
n=13949 —2.93 x 107* x T equations, accordingly.
Such a behavior of the n=n(T) dependences in
(LTAB + CTAB mixture) + water, LTAB + water, and
CTAB + water lyotropic systems showed that character of
the refractive properties in these systems has the same
nature. As it is seen from comparison of Figs. 6, 8 and 9,

Fig. 7 Concentration dependences of the refractive index for
(LTAB + CTAB mixture) 4+ water lyotropic system. a: 313.0 K; b:
328.0 K; c: 343.0 K

Fig. 8 Temperature dependences of the refractive index for
LTAB + water lyotropic system. a: S6 sample; b: S7 sample; b: S8
sample; c: S9 sample; d: S10 sample

Fig. 9 Temperature dependences of the refractive index for
CTAB + water lyotropic system. a: S11 sample; b: S12 sample; b:
S13 sample; c: S14 sample; d: S15 sample
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correlation between the refractive indices of lyotropic
systems under investigations is as the ncrap < HrLTAB4-
ctaB < nitap inequality. This result indicates that using
amphiphile mixtures is possible to regulate the refractive
properties in lyotropic systems. Besides, as it is seen from
comparison of Figs. 6, 8, and 9, intervals of changes of the
refractive indices on in (LTAB + CTAB mixture) + wa-
ter, LTAB + water, and CTAB + water lyotropic systems
are quite different. Namely, for (LTAB + CTAB mix-
ture) + water lyotropic  system on = 0.0153, for
LTAB + water lyotropic system on = 0.0167, and for
CTAB + water lyotropic system, on = 0.0130 take place.
These results show that using mixtures of amphiphiles with
different lengths of the alkyl tail is possible to control the
interval on of changes of the refractive index in lyotropic
systems.

In Figs. 10 and 11, the concentration dependences of the
refractive index for LTAB + water and CTAB + water
lyotropic systems are presented. As seen in these figures,
an increase of amphiphile concentration in these
amphiphile + water lyotropic systems leads to an increase
of the refractive index. Such a behavior is similar to a
behavior, which is presented in Fig. 6 for (LTAB + CTAB
mixture) + water lyotropic system. That is, nature of the
concentration dependences of the refractive index in lyo-
tropic systems under investigations is the same.

As it is known, an increase of amphiphile concentration
in definite lyotropic phase leads to an increase of number of
micelles in such a phase of lyotropic system (Ekwall 1975;
Lingmann and Wennerstrom 1980; Perez-Rodriguez et al.
1998; Puvvada and Blakschtein 1992). An increase of
number of micelles leads to an increase of the optical
density of this system. The optical density of medium is a
measure of the refracting power and the refracting prop-
erties of such medium. Thus, variation of concentration of
amphiphile or concentration ratio in mixture of

Fig. 10 Concentration dependences of the refractive index for
LTAB + water lyotropic system. a: 313.0 K; b: 328.0 K; c: 343.0 K
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Fig. 11 Concentration dependences of the refractive index for
CTAB + water lyotropic system. a: 313.0 K; b: 328.0 K; c: 343.0 K

amphiphiles with different lengths of the non-polar tail
gives possibility to regulate the optical density and
refracting properties of lyotropic systems.

4 Summary

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

e Single amphiphilic (LTAB + water and CTAB + wa-
ter) and bicomponent amphiphilic {(LTAB + CTAB
mixture) + water} lyotropic systems with the same
amphiphile/water concentration ratio exhibit different
mesomorphic and morphologic properties.

e An increase of amphiphile concentration in
CTAB + water lyotropic system leads to an increase
of the maximum value of the electrical conductivity
anisotropy in the shear flow for hexagonal
E mesophase.

e In water-based lyotropic system of two amphiphiles
with high hydrophilicity degree (CTAB) and low
hydrophilicity degree (LTAB), the general degree of
hydrophilicity in (LTAB 4+ CTAB mixture) + water
lyotropic system is increased. That is, in water mixture
with two amphiphiles and different hydrophilicity
degrees, amphiphile with higher hydrophilicity degree
is more effective. This peculiarity can provide control
of the hydrophilicity degree of amphiphile—water
mixtures and is effective for the mesomorphic and
morphologic properties of lyotropic systems.

e An increase of amphiphile concentration in
amphiphile 4+ water and {(amphiphilel + am-
phiphile2 mixture) + water} lyotropic systems leads
to an increase of value of the refractive index. The
correlation between the refractive indices in
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LTAB + water, CTAB + water and (LTAB + CTAB
mixture) + water lyotropic systems is as the ngprmaB:-

< NDDTMABr+HDTMABr < DDTMAB; INequality.
e The correlation between amphiphile/water concentration

ratios for the high concentration limit of isotropic micellar
L phase in lyotropic systems under investigations is as the
CCcTAB <CLTAB+CTAB < CLTAB inequality. This result indi-
cates that using amphiphile mixtures in lyotropic systems
is possible to regulate the mesomorphic, morphologic, and
optical properties in such systems.
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