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This study is devoted to the investigation of the influence of micellization on structure properties of water and to
micellization-induced liquid–liquid fluctuations in sodium dodecyl sulfate aqueous solutions. The dependence of
Raman spectra of SDS aqueous solutions on surfactant concentration has been studied. Significant changes in the
dependences of water valence band characteristics at themoment ofmicellization have been observed. Precision
analysis of valence bands with the multivariate curve resolution–alternating least squares (MCR–ALS) method
has confirmed these results. The observed structural changes in water are interpreted as significant fluctuations
of the sizes of populations of LDL-rich and HDL-rich clusters of water.

© 2015 Published by Elsevier B.V.
1. Introduction

Amphiphilic substances play an important role in the processes
of life activity of biological systems, and theyfindwide practical applica-
tions in technology processes [1–4]. Micelles are widely used for
concentration and separation of metals [5], surfactants [6], and biologi-
cally active substances [7]. Overall interactions determining collective
behavior of amphiphilic molecules in solutions play an important
role in the formation of the structure of high-molecular compounds
forming living organisms: proteins, nucleic acids, polysaccharides
etc. [8,9]. Recently, the interest in micellar solutions of amphiphilic
compounds rose due to the opportunity of using micelles as reactors
for the synthesis of nanoparticles of metals and their compounds
with fundamentally new properties [10], and also the opportunity
of using micelles as components of agents for drug transport in
bionanomedicine [11].

Dissolution of amphiphilic molecules in water is accompanied by a
complex of interesting physicо-chemical phenomena [12]. At low con-
centrations, the solution behaves as a usual strong electrolyte. When
some specific concentration (critical concentration of micellization) is
reached, the system undergoes a self-organization process— formation
ofmicelles consisting of tens, hundreds or thousands ofmolecules.With
further increase of concentration of amphiphilic molecules, themicelles
undergo various transformations of their shape, sizes, and properties.
The process of self-organization of the system is not finished when the
ko).
limit of solubility of surfactants in water is reached. Above the solubility
limit the system turns anisotropic and transfers to different liquid
crystal phases [1,3].

At present there is no generally recognized theory describing the
self-organization process [3]. The models used in practice often allow
one to explain a number of properties and effects observed experimen-
tally, but they are not universal, and they are unable to cover the whole
diversity of the phenomena taking place in the system. It is considered
that the surfactant sodium dodecyl sulfate (SDS, С12H25SO4Na) is the
most studied amphiphilic substance [3]. However, even sizes and com-
position of aqueous SDS micelles are still not determined explicitly.
Different methods determine different sizes of micelles (see Table 1).
Static methods of SAXS and SANS show that micelles consist of 60–70
molecules [13], while dynamic methods of nuclear magnetic resonance
(NMR), dynamic light scattering (DLS) determine approximately 2
times less molecules [14]. While micellization of SDS is well explained
by the phenomenological theory of hydrophobic interactions [3], the ki-
netics of micelle formation has many problems with explanation of ex-
perimental results [15]. Even the thermodynamics of formation of
micellar systems is not developed completely.

It should be noted that a very important point in the investigation of
the solutions of amphiphilic compounds is the study of the influence of
micellization on the structure of the solvent. This is even more so if the
solvent is water, whose properties and structure still remain far from
being understood.With perfection of the equipment andmethods of in-
vestigation, completely new and unexpected properties of water are re-
vealed. Numerous theoretical and experimental studies of water
properties show that in the scale of ≈1 nm there are clusters of low

http://crossmark.crossref.org/dialog/?doi=10.1016/j.molliq.2015.01.021&domain=pdf
http://dx.doi.org/10.1016/j.molliq.2015.01.021
mailto:tdolenko@lid.phys.msu.ru
http://dx.doi.org/10.1016/j.molliq.2015.01.021
http://www.sciencedirect.com/science/journal/01677322
www.elsevier.com/locate/molliq


Table 1
Measured values of critical concentration of submicellization (CCSM) and critical micelle concentration (CMC) of sodium SDS in water.

Method of determination CCSM, M CMC, M

Fluorescence 7.4 · 10−3 [48], 8.0 · 10−3 [49]
Surface tension, conductance 8.0 · 10−3 [32], 7.2 · 10−3 [50]
Conductance 8 · 10−3 [48], 5.5 · 10−3 [48], 6.7 · 10−4 [51]
Benzoylacetone (BZA)-abs. 7.8 · 10−3 [48]
(BZA)-abs. 2.8 · 10−3 [48]
Resonance Rayleigh scattering 1.4 · 10−4 [32] 8.0 · 10−3 [32]
Isothermal compressibility 3.0 · 10−4 [47]
Viscosity 3.5 · 10−4 [47]
Shift of water band (5181 cm−1) 3.2 · 10−4 [47]
Activity coefficient 7.3 · 10−4 [52]
Raman spectroscopy 6.0 · 10−4, present work 6.0 · 10−3, present work

45T.A. Dolenko et al. / Journal of Molecular Liquids 204 (2015) 44–49
density liquid (LDL) and high density liquid (HDL), and phase LL-
transition (liquid–liquid transition) between them can take place in
the supercooled region [16–20]. Hypothesis of existence of the second
critical point in water is under general discussion in literature now.
Calculations show that the hypothetic “second” critical point of LL-
transition in water is located in the region of the pressure–temperature
phase diagram known as “no man's land” at temperature below the
homogeneous nucleation temperature Т b ТН = 235 K [16–20]. In
many publications, theoretical and experimental evidence of possible
existence of LL-transition in water and in aqueous solutions in
supercooled state is presented [16–18,21]. Since experimental study of
liquids in supercritical states is almost an impossible task, it is very
hard to get convincing evidence of existence of phase LL transition in
water. Nevertheless, many researchers try to obtain experimental
verification of coexistence of LDL and HDL clusters in supercooled
water and aqueous solutions. For example, the authors of [22] discov-
ered the change of ratio of LDL and HDL clusters in water in the temper-
ature range from 183 K up to 273 K by temperature dependences of half
width and of integral intensities of the components of valence and
bending bands of FTIR spectra of water. Experimentally, Mishima [23]
found polyamorphic phase separation in water/LiCl solutions: an LL-
transition of water itself induces phase separation between LDL with
less solute and HDL with more solute. This finding is also supported
by recent numerical simulations [24].

An active discussion about existence of water inhomogeneity on
the nanometer-length scale at ambient conditions was opened in
literature [25–29]. Wikfeldt et al. [25–27] have performed theoreti-
cal calculation and experimental demonstration of existence of den-
sity fluctuations in water at ambient conditions at 1 nm scale by the
method of small-angle X-ray scattering (SAXS). Basing on SAXS
data and X-ray Raman spectroscopy (using synchrotron radiation),
the authors proposed that the density fluctuations were caused by
difference between tetrahedral-bondedwatermolecules andmolecules
with broken hydrogen bonds, i.e., between low and high density water
clusters. The authors of [28,29] claim that spectroscopic (Raman, IR,
XAS, XES, etc.) data from water cannot be used to imply two-state
behavior. Such debates are evidence of the fact that this problem is far
from its solution.

In [30,31], the hypothesis that formation of micelles in aqueous
solutions is accompanied by sharp fluctuations of concentrations of
LDL and HDL clusters is set up. When amphiphiles are dissolved in
water, hydrophobic hydration of hydrocarbon groups results in forming
of a thin layer of water molecules around them, with a special near
structure. In [30], this aggregate ofwatermolecules, formed as the result
of dissolving of an amphiphile, was called a nanocluster, or a small sys-
tem. Nanoclusters are built into a continuous network of hydrogen
bonds of water. They are stabilized by the hydrocarbon part of the
molecule of amphiphile, and they have greater lifetime compared to
other water clusters. At increasing concentration of amphiphiles, a
transfer from hydrophobic hydration to hydrophobic interactions of hy-
drocarbon groups takes place. The concentration corresponding to this
transition is called either critical concentration of submicellization
(CCSM) [31] or critical premicelle concentration (CPC) [32].

The concentration, at which the ability of water network of hydro-
gen bonds to include amphiphilic molecules is exhausted, and they
formmicelles, is critical for the structure of the solution, and it is called
criticalmicellization concentration (CMC). For aqueous solutions of SDS,
the value of CMC equals (8.0 ± 0.2) · 10−3 М [32]. At CMC, abrupt
change of surface and volume properties of aqueous solutions (surface
tension, electrical conductivity, light scattering etc.) occurs [2,4,33].
Micellization is accompanied both by sudden change of enthalpy (it
characterizes first-order phase transitions) and by sudden change of
isobaric heat capacity showing manifestation of second-order phase
transition [2,4]. Thus, behavior of thermodynamic characteristics of
aqueous solutions of amphiphiles at micellization can indicate possible
significant structure changes in thin water layers around hydrocarbon
groups of amphiphiles in concentration region of their aggregation,
when their practically important properties become apparent — deter-
gent effect, wetting, foam formation etc.

At present time, investigations of aqueous solutions of amphi-
philic molecules are still topical, and they are conducted at the
highest possible experimental level, including methods of vibration-
al spectroscopy [1,34–37]. However, nearly in all studies, Raman and
IR spectroscopy are used to study the behavior of carbon tails of am-
phiphilic molecules in water, micelles, and in micelle associates by
the behavior of vibrational bands of CH-groups. So, the authors of
[34] studied the dependence of the intensity variations of both the
symmetrical and antisymmetrical vibrationmodes of CH2 groups situat-
ed in the region 2800–3000 cm−1 and of skeletal vibrations (C–C bind-
ing) in the region 1050–1150 cm−1 on concentrations of amphiphiles.
Actively studied were the changes of conformational order of the SDS
alkyl-chain at the air–solution interface and in the bulk with increasing
SDS concentrations and temperature of solutions by IR bands of СН and
СН2 [36–38], and by the behavior of СН2–CH2 and СН2–O IR bands [39].
The authors of [1] determine the state of alkyl chains of SDS in water by
the ratio of intensities of the bands of asymmetric valence vibrations of
methylene (2925 cm−1) and methyl (2960 cm−1). In [40], it has been
demonstrated that the separation between the two peaks of the most
intense band in the SDS spectrum – the SO2 asymmetric vibrational
feature (1219 and 1249 cm−1) – is an indicative of the conformational
structure of amphiphilic molecules.

In this paper, the results of studieswith laser Raman spectroscopy of
structural peculiarities of SDS solutions during micellization are
presented. The changes of the band of valence vibrations of OH– groups
in the concentration range from 1 · 10−4 М to 3.5 · 10−2 М have been
studied. Significant changes of quantitative characteristics of water
valence band at the moment of micellization have been observed. This
was confirmed by the results of using the multivariate curve resolution
method. The observed structural changes in water are interpreted
as significant fluctuations of the size of populations of LDL and HDL
clusters. A method of CCSM and CMC value estimation using concentra-
tion dependences of Raman spectra has been proposed.
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2. Experimental

To prepare solutions, sodium SDS (С12H25SO4Na) from “Sigma-
Aldrich” and bidistilled water (specific electrical conductivity 0.1 μSm/
cm, рН=5.9)were used. Sodium SDSwas re-crystallized from ethanol.
This re-crystallizationwas essential for cleaning amphiphile from possi-
blemixtures of dodecyl alcohol. Thismixture can substantially influence
the beginning of micellization. Since the presence of dodecyl alcohol
causes appearance of minimum in isotherm of surface tension, the
absence of this mixture was controlled by the absence of minimum in
the pointed curve near CMC value of 8 · 10−3 М.

The signal of Raman scattering was excited by radiation of an argon
laser (wavelength 488 nm, power about 450 mW). Elastic scattering
was suppressed by an edge filter (Semrock). Spectra were measured
in the region 200–4000 cm−1 with the resolution of 2 cm−1. The data
acquisition system consisted of a monochromator (Acton, focus length
500 mm, grating 900 mm−1) and a CCD camera (Jobin Yvon, model
Synapse BIUV). The temperature of samples was stabilized at 22.0 ±
0.2 °С. The spectra were normalized to laser power and to accumulation
time.

3. Results

3.1. Peculiarities of concentration dependencies of Raman spectra of SDS
aqueous solutions during micellization

Raman spectra of aqueous SDS solutions were measured in the
concentration range from1 · 10−4М to 3.5 · 10−2Мwith an increment
of 1 · 10−4–1.5 · 10−3 М. In Fig. 1, the high-frequency region of Raman
spectra of SDS aqueous solutions at different concentrations is present-
ed. In the region 2800–3800 cm−1, valence bands of CH– and OH–

groups can be observed. The band of vibrations of CH– groups (2800–
3000 cm−1) includes several peaks corresponding to symmetric va-
lence vibrations of CH groups in СН2 (2860 сm−1), symmetric valence
vibrations (2930 cm−1) and antisymmetric valence vibrations
(2960 cm−1) of CH groups in СН3. As SDS concentration increases, the
intensity of valence bands of CH groups increases, and their positions
remain practically unchanged.

Under increase of SDS concentration, much more considerable
changes are suffered by the band of valence vibrations of hydroxyl
groups (3000–3800 cm−1), since its shape and position are very sensi-
tive to change of intra- and inter-molecular bonds in solutions, especial-
ly to the change of the network of hydrogen bonds [41–45].
Experimental dependencies of the shift of the position of maximum
νmax(C) of the valence band of OH– groups and of the change of its
Fig. 1. High-frequency region of Raman spectra of SDS aqueous solutions at different
concentrations.
shape on SDS concentration in water were analyzed. As a parameter
characterizing quantitative changes of the valence band of OH– groups,
the parameter χ21 = I(ν2) / I(ν1) was used in this study. It equals the
ratio of intensities of high- and low-frequency regions of water valence
band [43–46]. Tomake calculations determinate, the frequencies ν1 and
ν2 were selected as extremum points of the first derivative of the
valence band: ν1 = 3260 cm−1 and ν2 = 3414 cm−1.

According to the concepts about the nature of water Raman
spectrum [42,45,46], the high-frequency region of the valence band
near 3414 cm−1 (intensity I(ν2)) is caused by vibrations of hydroxyl
groups with weak hydrogen bonds, and the low-frequency region
near 3260 сm−1 (intensity I(ν1)) by vibrations of hydroxyl groups
with strong hydrogen bonds. Therefore, the χ21 parameter characterizes
the fraction of weakly bonded OH groups in the solution, in respect to
strongly bounded OH groups. Hence, increase of parameter χ21 corre-
sponds to weakening of the network of hydrogen bonds in water, and
decrease of χ21 corresponds to strengthening of connectivity of mole-
cules. These changes of parameter χ21 can also be interpreted from the
point of view of equilibrium shift between LDL-rich and HDL-rich clus-
ters [22]: increase of χ21 corresponds to increase of the HDL-rich cluster
(loose structure) and decrease of χ21 signifies shift of equilibrium
towards LDL-rich cluster (rigid structure).

Accuracy of determination of the position of maximum of valence
band of OH– groups and accuracy of determination of parameter χ21
were evaluated statistically from a set of 18 water Raman spectra of
the same sample. It turned out that the frequency of maximum could
be determinedwith accuracy 2 cm−1, and parameter χ21—with accura-
cy 0.002.

As one can see from Fig. 2, experimental dependence of parameter
χ21 on SDS concentration has the following peculiarities. Solvation of
SDS inwater up to concentration 6 · 10−4М practically does not change
water structure. During further increase of SDS concentration from
6 · 10−4 М up to 4 · 10−3 М, the value of χ21 increases, and this indi-
cates shift of the equilibrium towards HDL-rich clusters. At SDS concen-
trations greater than 4 · 10−3 М, a stage of SDS molecule aggregation
begins — appearance of spherical micelles. This process changes the
structure of thin layer of water molecules around micelles significantly.

At a concentration range of 4 · 10−3 М–8 · 10−3 М, significant
decrease of parameter χ21 can be observed (i.e. step-wise formation
of LDL-rich clusters). At further increase of concentration up to
1.5 · 10−2 М, χ21 value significantly increases and then reaches plateau
corresponding to valueχ21 that is a little smaller than χ21 for purewater.
Such behavior of χ21 dependence corresponds to backward shift of equi-
librium — towards more loose HDL-rich cluster structure (i.e. to the
Fig. 2. Dependence of parameter χ21 on SDS concentration in water. Accuracy of determi-
nation of χ21 is 0.002. The inset shows the part of the curve in the concentration range
from 0 to 0.001 M.



Fig. 3.Dependence of the position of maximumof the valence band of OH– groups on SDS
concentration.

Fig. 4. Results of two-component MCR–ALS analysis of Raman valence bands of water in
SDS solutions: Decomposition of water valence band by the MCR–ALS method.
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equilibrium of water clusters, which takes place in ordinary water).
According to literature data [32,47–52], the concentrations of SDS,
when peculiarities in the behavior of the dependence χ21(С) (Fig. 2)
can be observed, correspond to critical concentrations for aqueous
solutions of SDS: 6 · 10−4 М — CCSМ, 6 · 10−3 М (average concentra-
tion for the range (4–8) · 10−3 М) — CMC, see Table 1.

Similar behavior can be observed for the dependence νmax(C) of
the position of maximum of valence band of OH– groups on SDS
concentration in the pointed range (Fig. 3). Reconstruction of water
structure begins from SDS concentration 6 · 10−4 М. Significant shift
of maximum towards lower frequencies under increase of concentra-
tion from 4 · 10−3 М up to 8 · 10−3 М corresponds to essential
strengthening of hydrogen bonds. Under further concentration change
from 8 · 10−3 М up to 1 · 10−2 М, hydrogen bonds significantly
weaken.

Step-wise changes of dependencies χ21(С) and νmax(C) in Figs. 2 and
3 near critical micelle concentration (CMC) of SDS can be explained by
micellization-induced significant fluctuations of sizes of populations
of LDL-rich and HDL-rich clusters in the layer of water molecules
around micelles. According to Raman spectroscopy data (Fig. 2), the
shift of equilibrium from water clusters with high density (HDL-rich
clusters with weak hydrogen bonds) to water clusters with low density
(LDL-rich clusters with strong hydrogen bonds) begins at SDS concen-
tration 6 · 10−4 М. This value is near to the average CCSM value
5.7 · 10−4 М [47], but it is greater than the corresponding value
measured by resonance Rayleigh spectroscopy (1.2 · 10−4 М) [32].
This implies that the beginning of the shift of equilibrium between
LDL-rich and HDL-rich clusters depends onmixtures or on the structure
of populations of water clusters.

3.2. Analysis of Raman spectra of SDS aqueous solutions using theMCR–ALS
method

The multivariate methods are very powerful tools to resolve multi-
component mixture systems. Multivariate curve resolution (MCR) is a
model-free or a soft-modeling chemometric method that focuses on
describing the evolution of experimental multi-component measure-
ments through their pure component contributions [53,54]. MCR–ALS
is an algorithm that solves the MCR basic bilinear model using a
constrained Alternating Least Squares algorithm.

The essence of the Multivariate Component Resolution method is
the search for a decomposition of the experimental data matrix D
(in our case, the array of Raman spectra of water solutions of SDS at
different concentrations) into a matrix product of the matrix C of pure
concentration profiles of different components and the transposed ma-
trix ST of pure spectra of different components:

D ¼ CST þ E: ð1Þ

Here E is the matrix of residuals which is minimized during the de-
composition. Selection of one of the large number of possible decompo-
sitions is performed in the ALS (alternating least squares) algorithm by
alternatingly determining one of the matrixes C and S from the other
one and matrix D, applying non-negativity constraint (in some cases
also unimodality and closure constraints [55]) for both the spectra and
concentration profiles, until the minimum of the decomposition error
is obtained. Use of only such very general and natural constraints en-
sures that the decomposition obtained does not depend on the will of
the scientist but reveals the objective properties of the studied object.

MCR is a classical and, at the same time, a fully alive data analysis
tool that is still in progress in terms of theoretical developments and
new applications. It was shown that the MCR–ALS method can be suc-
cessfully used for remote sensing hyperspectral image resolution pur-
poses [56], for understanding spectroscopic data from monitoring
chemical reactions processes [57], or for complete resolving of mea-
sured spectrophotometric data of tautomerization equilibria in aqueous
micellar solutions [58]. The MCR–ALS method has been used to study
molecular association in alcohol solutions [59–61]. Three-component
and four-component MCR–ALS analysis has been used to resolve the
Raman and IR spectra which are composed of overlapped bands, and
to identify the composition of methanol and ethanol hydrates [59–61].

In our studies, the MCR–ALS method was used for analysis of water
valence bands (3000–3700 cm−1) of Raman spectra obtained in the
concentration range from 1 · 10−4М up to 3.5 · 10−2М. The best accu-
racy was obtained by decomposition of water valence bands using
MCR–ALS in the stated range of concentrations of SDS in the solutions
into 2 components (Figs. 4, 5).

Calculation of χ21 for the resolved components demonstrated that
for component 1, χ21 = 1.44, for component 2, χ21 = 1.15. Such values
of χ21 indicate that component 1 represents the contribution to the in-
tensity of the valence band of water molecules with weak hydrogen
bonds — HDL-rich clusters, and component 2 is caused by vibrations
of strongly bound water molecules — LDL-rich clusters. In this case, it
follows from concentration profiles of these components (Fig. 6) that
under change of concentration of SDS in the solution from 4 · 10−3 М
up to 6 · 10−3 М, the concentration of LDL-rich clusters in water signif-
icantly increases, achieving its maximal value at 6 · 10−3 М, and the
concentration of HDL-rich clusters decreases sharply, achieving at
6 · 10−3 М its minimal value. When SDS concentration changes from



Fig. 5. Results of two-component MCR–ALS analysis of Raman valence bands of water in
SDS solutions: Spectra of the resolved components (normalized by maximum intensity). Fig. 7. The dependences of parameter χ21 of water Raman valence band on concentration

of different salts in water.
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6 · 10−3М up to 8 · 10−3М, the fraction of LDL-rich clusters decreases,
and the fraction of HDL-rich clusters increases. Near concentration of
0.05 М, the equilibrium between the populations of LDL-rich and
HDL-rich clusters is settled. Similar behavior of the shift of equilibrium
between LDL-rich and HDL-rich clusters was observed in the depen-
dences χ21(C) and νmax(C) of valence bands (Figs. 2, 3) at the same
SDS concentrations.

The obtained dependences of the characteristics of water valence
bands and their components on SDS concentration in solutions
(Figs. 2, 3) give quantitative evaluation of SDS CMC, equal to
6 · 10−3 М (Table 1).

4. Discussion

We explain the significant changes of characteristics of water va-
lence band in SDS solutions at CMC found in this study (Figs. 2, 3, 6)
by specific influence of micellization on the structure of the hydration
shell of a micelle.

When relatively simple salts are dissolved inwater, the properties of
the solvent, although perturbed, are still preserved. It follows from nu-
merous literature data [41,42] and from our results obtained previously
for solutions of inorganic salts [43,44]. In those papers, we studied the
dependences of the same parameters of water Raman valence band as
in the present article – of the parameter χ21 and the position of maxi-
mum of OH– groups Raman valence band – on concentration of
Fig. 6. Concentration profiles of the resolved components obtained by the MCR–ALS
method.
inorganic salts. In Fig. 7 one can see the dependences of parameter χ21
of Raman valence band of OH– groups on concentration of different
salts in water.

As one can see from the dependences presented in Fig. 7, when inor-
ganic salts are dissolved, the strength of hydrogen bonds in water
changes smoothly without essential changes. We also obtained similar
behavior of the studied parameters for water Raman valence bands in
the solutions of ethanol, methanol, acetic acid etc. [60]. Moreover, we
analyzed the concentration dependence of valence bands of OH– groups
in water–ethanol solutions by the MCR–ALS method [62]. As can
be seen in Fig. 7 from [62], concentration profiles of the resolved com-
ponents obtained by the MCR–ALS method for water are smooth
dependences on ethanol concentration, different from those for SDS so-
lutions (Fig. 6).

As for spectral characteristics of SDS water solutions, we discovered
significant changes in χ21(С) and νmax(C) dependences (Figs. 2 and 3 of
the present article) in the concentration range where micellization
takes place in the solution. Note that we talk about the micellization
process, which proceeds very fast, and which still has much to learn
about [3]. Until now, there is no detailed adequate description of phys-
ical and chemical processes taking place at themoment ofmicellization.
All experimental studies of this process show that at themoment of mi-
cellization many thermodynamical parameters significantly change
[1–3,12]. One of the possible explanations of the observed essential
changes in the specified characteristics is the hypothesis of the shift of
equilibrium between populations of HDL-rich and LDL-rich clusters.

5. Conclusions

By means of Raman spectroscopy using the MCR–ALS analysis it has
been shown that micellization of SDS in water induces significant
fluctuations of population sizes of LDL-rich and HDL-rich clusters.
Significant shift of equilibrium fromHDL-rich to LDL-rich in the popula-
tions of clusters occurs when SDS concentration changes from
4 · 10−3М to 6 · 10−3М, achievingmaximumnumber of LDL-rich clus-
ters at the concentration of 6 · 10−3М. At SDS concentration increasing
from 6 · 10−3 M to 8 · 10−3 M, LDL-rich cluster fraction decreases, and
HDL-rich cluster fraction grows. At the concentration of 0.05 M, the
equilibrium between the numbers of LDL-rich and HDL-rich clusters is
settled.

The suggested method for estimation of critical concentration of
submicellization and of critical concentration of SDS micellization in
water by concentration dependences of characteristics of water
Raman valence band gives the values of CPMC and CMC that are in
good agreement with literature data obtained with other methods.
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