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ABSTRACT

This work reports preparation and characterization of biocompatible sodium bis(2-ethylhexyl) sulfosuccinate
(AOT) / water/ isopropyl myristate (IPM) systems. We studied their ability to form various self-organized
structures such as microemulsions and liquid crystal templates for producing nanoparticles such as drug de-
livery vehicles, which play an important role in delivery of various substances. We determined concentration and
temperature conditions that allow for forming various structures in this system and characterized the structural
phase transition from the microemulsion to liquid crystalline phase, which is important for delivery of bioactive
compounds. The parameters of the liquid crystalline phase of the water/AOT/isopropyl myristate system were
calculated for the first time in this work. The sizes of microemulsion droplets were determined. To describe
molecular motions in the studied microemulsion, self-diffusion coefficients of each component were measured.
The values of relative diffusion coefficients demonstrated that reverse microemulsions were observed at AOT
concentrations up to 60 % wt. Further increase in surfactant concentration slows down their molecular mobility
and results in formation of aggregates with a bimodal size distribution and a subsequent formation of the
hexagonal liquid crystalline phase. Geometry of the mesophase and its structure were investigated by X-ray
diffraction. The respective phase diagram was plotted and analyzed using the data of polarized light microscopy,
dynamic light scattering, and NMR self-diffusion. In this diagram, the areas corresponding to the microemulsion,
the liquid crystal phase, and the structural phase transition were identified.

The study of the structural phase transition from the microemulsion to liquid crystal will offer a predictive
power for characterizing incorporation of drugs and controlling their delivery to target cells. A deeper under-
standing of the structural changes is necessary to clearly determine the conditions of drug delivery.

1. Introduction

transitions, as well as mechanisms that influence the dimensional
characteristics and dynamics of inter-particle interactions in such sys-

Self-assembled water/surfactant/oil systems are widely used for
delivering pharmaceuticals and biologically active substances [1-8].
Microemulsions (ME) attracted much attention among the existing de-
livery systems. At the same time, knowledge of the type and structure of
a microemulsion is of great importance for understanding the behavior
of substances, which are introduced into them [9]. Another application
of microemulsions is synthesis of nanoparticles allowing to control their
shape and size [10,11]. Lyotropic liquid crystals (LCs) with cubic and
hexagonal structures are promising substances for developing new de-
livery systems [12,13]. To control the release of incorporated molecules
into the target cells, it is necessary to know the details of structural phase
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tems [14,15]. Knowledge of the structural changes during a micro-
emulsion - liquid crystal transition is need to clearly define the
conditions for the delivery of the substance.

One of the most important methods for characterizing the structure
of such systems is NMR self-diffusion, which provides information about
association processes, shapes and sizes of surfactant associates, and
molecular dynamics of soft matter [16]. This technique is predominantly
used to investigate the impact of guest molecules on dimensional char-
acteristics of ME. In work [15], for example, the authors studied local-
ization of the [Ru(bpy)g]2+ complex in a water/AOT/octane
microemulsion and reported changes in the dimensions of ME and
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duration of relaxation. The authors of [17] studied the impact of
cyclosporine on the structure of the water / AOT / Tween 85 / isopropyl
myristate system. They found that this system is represented by a
bicontinuous microemulsion.

However, substances are most often released due to structural phase
transitions in a system such as transformations from reverse micro-
emulsions to liquid crystals occurring in an aqueous medium with
dilution while entering the human body. It results in a durable effect of a
drug due to its slow diffusion in LC [18]. At the same time, the phase
diagram assumes that various structures can form and offer different
patterns of release rates [19].

There is a limited number of works that study phase transitions in a
concentration range of such components [20-22]. The work [20]
characterized the phase behavior of the ternary system represented by
unsaturated monoglycerides (UMG) pr-a-tocopheryl acetate, and water.
In excess water conditions, a progressive addition of pr-a-tocopheryl
acetate to a binary UMG mixture resulted in the following sequence of
phases: reversed bicontinuous cubic phase, reversed hexagonal (Hy)
phase, and reversed microemulsion. Petri et. all [21] studied the
mechanisms of the photoinduced phase transitions in four different
three-component systems CiE4 / alkane (i) with n = 8, 10, 12, 14;
cyclohexane / water. The paper discussed the influence of the length of
hydrocarbon chains on the transition from the microemulsion phase to
the liquid crystalline phase. Nakamura et al. [22] studied the phase
transition from the lamellar LC phase to ME initiated by decreasing the
surfactant content in the water / sucrose monododecanoate / hexanol /
decane system at the same mass content of water and decane. The data
of small-angle X-ray scattering revealed a gradual increase in the
interlayer distance in the liquid crystal phase upon addition of water and
oil as well as localization of hexanol molecules in the lamellar LC phase.

Previously, we studied structural phase transitions in the water /
lecithin / propylene glycol / vaseline oil system. According to dynamic
light scattering (DLS), small-angle X-ray diffraction, and polarization
optical microscopy (POM) data, we revealed changes both in the type of
molecular packing and the nature of the in-phase distribution of the
particles [23].

In this paper, we used NMR self-diffusion to investigate molecular
level association, self-assembly, and restructuring processes in the su-
pramolecular structure of the AOT / water / isopropyl myristate system.

2. Materials and methods
2.1. Chemicals and reagents

Sodium bis(2-ethylhexyl) sulfosuccinate (AOT, 99 %), was pur-
chased from Sigma Aldrich, isopropyl myristate (IPM, 98 %) was pur-
chased from Alfa Aesar. All the chemicals were used without further
purification. The chemical structure of AOT (HLB = 10.5) imparts a
well-balanced hydrophilic-lipophilic property. This unique feature al-
lows the formation of alcohol-free reverse microemulsions in
nonaqueous and aqueous media without any co-surfactant.

2.2. Preparation of the reverse microemulsion

For phase studies, AOT solutions in isopropyl myristate at different
concentrations were taken in several stoppered test tubes and placed
into a water bath at the constant temperature of 60 °C. A calculated
amount of distilled water was added to each sample under constant
stirring conditions.

The data for the pseudo-ternary phase diagram of the ME region
were obtained by performing slow titration of a given blend of surfactant
and oil with water. The titrated mixture was continuously stirred at
room temperature and the ME region was identified as a transparent,
low viscous and isotropic mixture. All the selected samples remained
stable over a period of several months.

Journal of Molecular Liquids 407 (2024) 125193
2.3. Self-diffusion NMR

Self-diffusion coefficients (SDCs) of the samples were measured by a
Bruker AVANCE 400 NMR—spectrometer using a pulsed magnetic field
gradient (G) of up to 0.53 T m~L. All the measurements were carried out
at 25 °C. To obtain diffusion decays, a standard diffSte pulse sequence
was used. The duration of the gradient pulse was 1 ms, the diffusion time
varied from 65 to 85 ms, the number of points along the gradient was 40,
the maximum value of the gradient was 26 T / m, the number of accu-
mulations was selected from 16 to 64, the time between accumulations
was 5 s. In complex multiphase systems, the dependence of the ampli-
tude of the stimulated echo on the experimental parameters satisfies the
following relation:

Aot @) =52 pexp(— 2~ (1~ D)D) )
1
where Ay is the initial amplitude of the NMR signal, q?>=y2g25? is the
wave vector, y is the gyromagnetic ratio for protons, g is the amplitude, &
is the duration of the gradient pulse, tp is the diffusion time, p; is the
relative fraction of diffusing particles with spin—spin times To; and spin
— lattice relaxation Tq; and the diffusion coefficient D;, T and 1, are the
time intervals between the first and second, second and third radio
frequency pulses in the stimulated echo sequence. The values of the self-
diffusion coefficients D; and the relative fractions of the diffusing par-
ticles p; were determined from the analysis of diffusion attenuation.

2.4. Particle size analysis and zeta potential measurements

Size characteristics and zeta potential of microemulsions were
determined by dynamic light scattering measurements (DLS), using
Malvern Instrument Zetasizer Nano (Worcestershire, UK). Measured
autocorrelation functions were analyzed by Malvern DTS software,
applying the second-order cumulant expansion methods. The effective
hydrodynamic radius (Ry) was calculated according to the Einstein-
Stokes equation D = kgT / 61xnRy, where D is the self-diffusion coeffi-
cient, kg is the Boltzmann constant, T is the absolute temperature, and 1
is the viscosity. The viscosity value was equal to the viscosity of iso-
propyl myristate (5.5 mPa-s). The diffusion coefficient was measured at
least three times for each sample.

2.5. Polarized optical microscopy

The synthesized systems were analyzed for transparency and ho-
mogeneity by visual observation with an Olympus BX 51 polarized light
microscope equipped with the Linkam heating system. The systems were
identified as microemulsions (non-birefringent), liquid crystals (bire-
fringent), or transition systems. This method was also used to determine
the type of the mesophase and the phase transition temperature. Phase
transition temperatures were measured with an accuracy of + 0.1 °C.
The systems were heated from 25 to 150 °C at a rate not exceeding 5 °C

min~L.

2.6. X-ray powder diffraction

The X-ray phase studies were performed on a Bruker D8 Advance
diffractometer equipped with a Vario attachment and a Vantec linear
PSD, using CuKal radiation (40 kV, 40 mA) monochromated using a
Johansson curved monochromator (1 = 1.5406 A). The room tempera-
ture data were collected in the reflection mode using a flat-plate sample.
The samples were loaded into a standard sample holder or on a glass
plate. The patterns were recorded in the 2y range between 0.8 and 501,
in 0.0081 steps, with a step interval of 0.3-1.0 s. Several diffraction
patterns were collected and summarized for a sample. The geometric
parameters of the mesophase were calculated as follows [24,25]: the
cylinder diameter in the hexagonal phase was calculated from the
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interlayer distance under the assumption that the mesophase consists of
infinitely long cylinders:

1
24 \2
— 24 =2 2
dn d(ﬂ\/§) @

where ¢ is the volume fraction of surfactant. The unit cell parameter dp
and the distance between the surfaces of the surfactant cylinders dw
were calculated as follows:

2d
d,=— 3
P \/§ ()
d, =d, —dy “4)

The molecular volume of the surfactant molecules in the hexagonal
phase was calculated using the following equation:

M-,

Vin N

)

where v; — specific volume of surfactant, M is molecular mass, N is
Avogadro constant. The cross-section area A of the surfactant molecules
in hexagonal phase was calculated as:

AV,

A B (6)

2.7. Construction of pseudo-ternary phase diagrams

In order to find out the concentration range of components corre-
sponding to the existence range of ME, a pseudo-ternary phase diagram
was constructed using water titration method at an ambient temperature
(25 °C) [26]. The construction of the phase diagram was done by
drawing 'water dilution lines’ representing an increase in water content
while decreasing surfactant and oil levels. A homogeneous mixture of
IPM and AOT at these certain weight ratios ranging from 95/5 to 5/95
was slowly titrated with aliquots of bidistilled water while performing
moderate magnetic stirring. After being equilibrated, the mixtures were
assessed visually and identified as a single phase microemulsion or two-
phase mixtures. Appearance of turbidity was considered as an indication
of the phase separation. Every sample that remained transparent and
homogenous after vigorous vortexing was considered as belonging to the
single-phase area in the phase diagram. Visually clear samples of high
viscosity were additionally checked with crossed polarizers for the
presence of a liquid crystalline phase.

2.8. Amino acid release study

The amino acid serine was introduced into the aqueous phase at the
concentration of 1 % wt. during preparation of the systems. The release
of incorporated substances by the systems was studied by equilibrium
dialysis using a Franz diffusion cell across a model membrane made of a
cellophane film, as described in [27]. Sampling was done at regular
intervals. The receiving medium was a Ringer’s solution, i.e., a multi-
component physiological solution containing 8.60 g sodium chloride,
0.30 g potassium chloride, and 0.25 g calcium chloride hexahydrate (in
the form of an anhydrous salt) per 1 L of solution prepared using water
for injection. The concentration Caa of the released amino acid (mol/L)
in the receiving medium was determined spectrophotometrically on a
PerkinElmer Lambda 35 instrument. A sample of the receiving medium
(2 cm®) was taken and transferred to the spectrophotometric cell. After
measurements, it was immediately returned to the acceptor chamber of
the Franz cell. The experimental data were used to calculate target
component concentration Caa using by the formula 7:

Amax
Ema_x

Coa = ()
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where A, is the absorbance of the amino acid solution at wavelength
Amax and Enax is the molar extinction coefficient of amino acid in water.

The amount of substance passing across the unit surface area of a
membrane in time was calculated using the Eq. (8):

_ CaV

QSO

(®

where V is the volume of the receiving medium (20 cm®) and So is the
diffusion area, which is equal to the area of the orifice of the Franz cell.

3. Results and discussion
3.1. Characterization of microemulsions

Selection of proper biodegradable components is of great importance
for developing potential delivery systems. For this reason, we proposed
AOT / water / IPM systems that are non-toxic and skin-compatible. In
addition, IPM is also a permeation enhancer [28,29]. At the same time,
microemulsions with isopropyl myristate are effective as delivery sys-
tems in the concentration range from 10 to 85 wt% [28-32]. It is
effective in microemulsions for delivering 5-Fluorouracil [30], 8-
Methoxsalen [31], Felodipine [32] and others drugs. The composition
of the studied systems is shown in Table 1. The amount of solubilized
water is expressed as the molar ratio of water to AOT (i.e. W = [H201/
[AOT]). This ratio (W) represents the number of water molecules added
per molecule of AOT in solution.

These systems remained stable for over a year. Zeta potential of
microemulsions varied in the range from -33.9 to —40 mV, which in-
dicates no tendency towards flocculation [33]. Moreover, according to
[34], negative zeta potential indicates that these systems will favor
transport of drugs due to repulsion of microemulsion particles from
similarly charged skin.

3.2. NMR self-diffusion study of microemulsion systems

To characterize mobility of molecules in the studied microemulsion,
we measured diffusion coefficients of its components by analyzing
behavior of the protons of water, isopropyl myristate, and AOT. Initial
information on self-diffusion in the NMR method was obtained by
analyzing the dependence of the diffusion damping on the parameters of
the magnetic field gradient and the diffusion time. Table 2 represents the
SDCs and droplet sizes according to the NMR and DLS data, respectively.

In the systems studied in this work, the SDC of a pure water solvent is
two orders of magnitude higher than that for water droplets in micro-
emulsion. Therefore, water will be the dispersion phase and the micro-
emulsion structure will be water-in-oil in all the systems. This is also
indicated by the values of electrical conductivity. According to [35], if
its values are lower than those of water (5 uS/cm), then the emulsion
structure is water-in-oil.

For characterizing sizes of droplets, it is possible to use the water /
AOT / octane system. The best methods for studying size characteristics
of such a system are dynamic light scattering [36,37], SAXS [38,39], and
fluorescence correlation spectroscopy [40]. The hydrodynamic radius of
particles in these systems was found to be in the range of 2.4-4.3 nm

Table 1
Composition, degree of hydration and zeta potential of the systems at 25 °C.

System Composition (wt.%) w Zeta Potential
\Y

Water AOT IPM (mV)
1 0 0 100 - -
2 10 20 70 12.4 -33.9+1.35
3 10 50 40 4.9 —37.0 £ 1.48
4 10 70 20 3.5 —40.0 £ 1.6
5 10 80 10 3.1 -
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Table 2
Self-diffusion coefficients (NMR self-diffusion) and droplet sizes (DLS) of the
samples.

System D py Daor10'® D010 Ry PDI Conductivity
10 (m%/s) (m®/s) (nm) (pS/cm)
(m?%/
s)
1 2.12 - - - - -
2 1.66 0.07 0.31 4.3+ 0.166  —
0.17 +0.01
3 0.76 0.03 0.32 2.4+ 0.18 0.7 + 0.028
0.1 +0.01
4 0.33 0.008 0.17 110.1 0.518 0.9 + 0.036
+44/  £0.02
4125
+16.5
5 0.23 0.004 0.11 - - 2.4 + 0.096
Water ~ — - 26.2 - - 5+0.2

(Table 2), which agrees with the results obtained for the systems 3 and 2.
The sizes of droplets in these systems are small. Therefore, our systems
can be efficient for transport applications. Fig. 1 shows size distributions
of droplets in these systems.

The size of the particles decreases with an increase in the content of
AOT at the constant concentration of water, which is typical for
microemulsion. An increase in AOT concentration up to 60 %-70 % wt.
changes the size distribution to bimodal, which can be attributed to
structural changes occurring in the system. Larger sizes of the particles
in sample 4 indicate changes in self-organization and the resulting
growth of the droplets. However, small particles are still present in this
system. In addition, samples 4 and 5 demonstrate a sharp decrease in
self-diffusion coefficients, which also indicates the presence of larger
particles. Also, there is in increase in conductivity of the sample 5.
Higher surfactant concentrations provide larger conductivity values if
the content of water is constant. In the W/ O microemulsion, the con-
ductivity of the aqueous phase was achieved through collisions of
droplets [41]. In our case, growth of droplets and changes in their shape
may lead to an increase in electrical conductivity.

To correlate the self-diffusion data with the microstructure of the
system, we need to calculate the relative diffusion coefficient D/Dg of
the two solvents [42,43]. These values are obtained by dividing the
diffusion coefficients of water (DH2O) and oil (D'™M) components in the
microemulsion by those in the pure water phase (D§2°) and isopropyl
myristate in the neat phase (DE™), respectively.

Fig. 2 shows the dependence of the relative diffusion coefficients of
water and oil on the AOT content (wt. %).

As shown in [42], a more than an order of magnitude difference in
the values of the relative SDCs is the evidence of discrete droplets, i.e.,

w
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Fig. 1. Hydrodynamic diameter and size distribution of particles in water/
AOT/IPM systems at 25 °C, according to DLS.
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Fig. 2. Relative diffusion coefficients (D/Dy) of water (1) and oil (2) in the AOT
/ water / IPM systems as a function of the AOT content (wt. %).

microemulsions. In our case, such conditions are achieved with up to 60
% wt. of AOT. At the same time, the relative oil diffusion coefficient is
higher than that of water. Therefore, reverse emulsions are formed at up
to 60 % wt. of AOT. Further increase in the content of AOT leads to
smaller differences in the relative SDCs of water and oil (Fig. 2) but also
decreases the values of both coefficients. Therefore, the resulting
structures are not represented by discrete droplets. We cannot confirm
the presence of classical bicontinuous structures in such systems, which
should provide high values of these coefficients. In the concentration
range above 60 % wt. of AOT, therefore, we can assume that structural
changes occur in the studied systems.

3.3. IH NMR spectra of the samples

To analyze changes in the structure and sizes of microemulsion
droplets with an increase in AOT concentration, we recorded 'H NMR
spectral data (Fig. 3) and indexed the signals to further perform inte-
gration and obtain the diffusion decays.

The results (Table 3) reveal a considerable change in chemical shifts
within spectral regions 2 and 3 with an increase in the concentration of
AOT, which corresponds to the signals of the protons around the func-
tional sulfo groups and the protons bound with the residual parts of
carboxyl groups. In other spectral regions, changes in chemical shifts
were insignificant. It indicates interactions of the microemulsion drop-
lets, which results in changing the self-assembly behavior of the system.

The analysis of the results allows for a quantitative description of
various microstructures according to the phase diagram and identifying
transitions between them. The core component of sample 2 (its
composition is shown in Table 1 and spectrum 2 in Fig. 3) is isopropyl
myristate. In this system, the isopropyl myristate molecules are both in
free state and in the state of coupling to the microemulsion droplets. The
SDC value of the water component of sample 2 is two orders of magni-
tude lower than that of free water, which provides evidence for absence
of free water in the system. Water can only be present as a hydration
shell on micellar aggregates formed by AOT and as droplets surrounded
by isopropyl myristate. Therefore, sample 2 represents a microemulsion,
which is also confirmed by the relevant droplet sizes.

In sample 3, isopropyl myristate and AOT are present in approxi-
mately equal amounts (Table 1 and spectrum 3 in Fig. 3). For this
sample, a proportional decrease in the SDCs of isopropyl myristate and
AOT are observed as compared with sample 2 (Table 2), which can be
explained by an increase in viscosity. Unlike sample 2, we observe a
decrease in the size of the droplets in this case. This fact may indicate
that a microemulsion medium emerges at this water/AOT/isopropyl
myristate ratio. This microemulsion demonstrates a narrower size dis-
tribution of molecular aggregates.

Sample 4 (spectrum 4 in Fig. 3) represents a change in the structure
of microemulsions. According to the DLS data, this system exhibits a
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Fig. 3. '"HNMR spectra of AOT/ water/ IPM samples. The composition of the samples is given in Table 1 NMR regions correspond to hydrogen protons shown in

Fig. 4 and in Table 3.

Table 3
1H NMR chemical shifts and chemical shift differences of Surfactant in the AOT/water/IPM system (samples 2-5).
Functional group 5 (ppm) Ad(ppm)
52 5 5 & 5 -5 52— 5 52—
Hb, Hb’ 4.258 4.030 4.090 4.102 0.228 0.168 0.156
Ha 3.949 3.821 3.876 3.839 0.128 0.073 0.11
Ha’ 2.943 2.948 2.972 2.953 —0.005 —0.029 —0.01

bimodal distribution and larger sizes of its droplets. It was found that
this system includes two main fractions with the hydrodynamic radii of
110.1 and 412.5 nm, respectively. POM studies of sample 4 demon-
strated certain evidences of a liquid crystalline phase, which may be
attributed to microemulsion droplets balanced with some amounts of
the liquid crystal. All the diffusion attenuations are characterized by
slow SDC (D = 0.0081-10'° m?/s), which is approximately 4 times
lower than that of sample 3. This may also indicate an increase in the
size of the aggregates.

3.4. Study of liquid crystal structure

According the texture represented in Fig. 5, sample 5 has a hexagonal
liquid crystalline structure.

The temperature range of the phase transition is 45-47 °C. The
sample demonstrated a fan-shaped liquid crystalline texture in polarized

] S0y

Fig. 4. Molecular structure and 'H NMR assignment of peaks for AOT.

light. According to [44], it allowed for identifying the arrangement of
amphiphilic molecules in the mesophase as hexagonal.

The type of the mesophase identified by POM was confirmed by X-
ray diffraction. The diffraction diagram of the system 5 is shown in
Fig. 6.

In the diffraction pattern, we observe four highly-resolved reflexes at
20 = 4.32°,7.37°, 8.56°, and 11.27°, relevant to the interlayer distances
of 20.42, 11.97, 10.32, and 7.84 A, respectively. The values of the
scattering vectors q at these angles were 1:4/3:2:1/7. According to [45],
such values provide evidence for the existence of the 2D hexagonal
liquid crystalline phase. Using the values obtained for interplanar dis-
tances, djgg, we computed the structural parameters characterizing the
hexagonal mesophase, surfactant volume fraction (¢), elementary cell
parameter (dp), cylinder diameter (dy), distance between cylinders (dy),
molecular volume of a surfactant molecule (Vy,), and sectional area of a
surfactant molecule (A) (Table 4) [24,25].

The reverse hexagonal phase formed at high surfactant concentra-
tions. Previously [46], we found that the phase transition temperature of
this system was 45-55° C. Therefore, this system maintains its structure
at the temperature of human body. We also proved this by the values of
the relative self-assembly coefficients. The reverse hexagonal phase is
suitable for transporting a wide range of bioactive molecules and hy-
drophilic and lipophilic drugs [12]. The authors of [47] showed that a
hexagonal mesophase provides a higher release rate of a drug as
compared with a cubic one. The self-diffusion coefficient of this sample
is low. According to NMR, its value is 0.0037-101° m?/s, which is
virtually 20 times lower than that of sample 2 and indicates the presence
of large particles in the sample, which form a hexagonal liquid crystal-
line structure. In [48], it was shown that the SDC value is directly pro-
portional to the transdermal flow. Hence, we can forecast the slowed
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Fig. 6. Diffractogram of the System AOT/water/IPM N5.

Table 4
Geometrical parameters of the mesophase AOT / H,O / IPM (80 / 10 / 10 (wt.
%)).

Parameter Meaning
[ 0.77
d (nm) 2.04
d, (nm) 2.35
dy, (nm) 2.17
dy (nm) 0.18
Vin (nm®) 0.54
A (nm?) 0.99

release of the active substance for system 5 that has the hexagonal
liquid-crystalline structure. This releasing mechanism can be suitable for
applications involving toxic pharmaceuticals, where absorption of sub-
stances by tissues must be gradual.

3.5. Plotting and characterizing the phase diagram

To study the differences in the self-assembly in this system and the
microemulsion — liquid crystal transitions, we built the phase diagram of
AOT / water / IPM at the constant temperature of 25 °C (Fig. 7).

In the diagram, there is large L region that corresponds to reverse

1,0 \
7777700
oo o1 02 03 04 05 06 07 08 09 10
H>O IPM
Fig. 7. Pseudo-ternary phase diagram of the AOT / water / IPM system. The
phase regions are reverse ME (Ly), liquid crystal (H), and the transition region
(L + Hy). Concentrations of the components are given in wt. %.

microemulsions. A decrease in the water content and an increase in the
amount of surfactant leads to a growth in the viscosity of the solution. In
polarized light, we can observe the structures typical for a hexagonal
phase of liquid crystals, Hp.

3.6. Amino acid release study

Amino acids are structural elements of proteins. They participate in
intermolecular interactions and represent building blocks of certain
drugs [49]. To test the resulting systems for their delivery potential with
respect to drugs and biologically active compounds, the release of the
model amino acid serine from the microemulsion system (sample 2) and
the liquid crystalline system (sample 5) was studied (Fig. 8).

The data indicate that a complete release of the amino acid from the
microemulsion occurred within 180 min, while a rapid, “burst” release is
observed. A complete release of amino acid from the liquid crystalline
system occurred within 480 min.

We demonstrated that changing the concentration of surfactant in
the system exerts a considerable impact on its self-assembly. Knowing
the structural features of the system, we can synthesize various types of
nanoparticles with tailored size and properties. Thus, changing the
surfactant-solvent concentration ratio provides an approach to control-
ling the morphology of the synthesized transport system and, therefore,
adjusting the release rate of the incorporated drug. Due to small sizes of
microemulsions droplets, they can be used for rapid delivery of
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Fig. 8. Release of the amino acid serine from the systems with various self-
organization: microemulsion (ME) (sample 2) and the liquid crystal (LC)
(sample 5).

substances. Liquid crystal systems are needed for their slow release ca-
pabilities in toxic drugs applications when a slow absorption of a sub-
stance by tissues is required.

4. Conclusions

Biocompatible water/AOT/IPM transport systems were prepared in
this work. The data obtained by the set of physicochemical methods
demonstrated that drug delivery systems with different properties can
potentially form in the studied mixture of components depending on
their concentrations. The mobility of AOT molecules was found to
considerably reduce with an increase in the surfactant concentration,
due to their interactions with sulfo and carboxyl groups of AOT in
neighboring microemulsion droplets. A hexagonal liquid crystalline
phase was found to form in the systems with the surfactant content
above 60 %. According to the experimental data, it is possible to control
the size of microemulsion droplets and the interlayer distance in the
mesophase, which makes it possible to use a wide range of substances in
such systems for delivery of biologically active components and drugs.
In addition, a possibility of a controlled transition between the phase
states allows to considerably influence the conditions of intermolecular
organization and, therefore, predict the delivery and release of target
components into target cells.
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