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The article presents the study of using low-energy electrons to determine the positional order and features 
of the interaction between micelles and electrons passing through a colloidal solution. The transformation in the 
positional order in the arrangement of micelles with a change in the concentration of surfactants in a solution are 
associated not only with their geometric factor, but also with the intensity of intermicellar interaction. 
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В статье представлено исследование возможности использования электронов с низкой энергией 
для определения позиционного порядка и особенностей взаимодействия мицелл и электронов, проходящих 
через коллоидный раствор поверхностно-активного вещества (ПАВ) – цетилтриметиламмония броми-
стого (СТAB). Изменения позиционного порядка в расположении мицелл при изменении концентрации 
ПАВ в растворе связано не только с их геометрическим фактором, но и с интенсивностью межмицел-
лярного взаимодействия. 
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Introduction 

 
The movement of low-energy electrons through 

two-component colloidal solutions is accompanied by 
the emergence of effects that ensure the anisotropy of 
their angular distribution after leaving the liquid medi-
um. The manifestation of these effects depends on the 
features of the interaction of electrons moving along 
the “facilitated” movement channels with a medium’s 
molecular bindings, as well as with positional order of 
the colloidal solutions [1, 2]. Therefore, the state of 
molecular bindings or associates after passing the elec-
trons through a colloidal solution can be judged by 
these electrons’ angular distribution [3]. This indicator 
is noticeably affected by the concentration of mole-
cules of a substance dissolved in the liquid phase, as 
well as by external factors. Among external factors, 
we especially note the effect of weak electric or mag-
netic fields. For weak pulsed magnetic fields, such an 
effect has been studied in some detail for solids – see, 
for example, [4–6] and, in part, for liquids [7, 8], that 
are the subject of this study. 

Micellar solutions are known as promising ob-
jects for studying processes that ensure a change in the 
positional order in the arrangement of molecular asso-
ciates. They are often used as models of biological 
structures [9]. The orientational and positional orders 
of biological structures elements play a major role in 
the transport of electrons and ions. In the short-range 
order, the arrangement of these elements in micellar 
solutions leads to the formation of channels facilitated 
for the electron or ion movement. As a result, the pas-
sage of electrons or ions through the medium features 
a noticeable anisotropy of their angular distribution 
[10]. In this case, the features of the electron channel-
ing in the solution and, subsequently, the effect of 
concentration or external factors on the positional or-
der of molecular bindings or their ensembles, as well 
as the interactions between them and moving elec-
trons, can be judged by the angular distribution of 
electrons passing through the solution [11]. The paper 
contains the research of the parameters of low-energy 
electron channeling in dilute aqueous solutions of the 
cetyltrimethylammonium bromide surfactant (CTAB) 
depending on their concentration in the solution in 
order to implement this approach. 

 
Materials and methods 

 
The objects of the research were aqueous       

solutions   of   the  cetyltrimethylammonium   bromide  

surfactant, [(C16H33)N(CH3)3]Br (CTAB), in the concen-
tration range of (0.14 ÷ 54.88)  10–3 M/l. The studies 
were carried out in a pulsed electric field of a gas dis-
charge visualization (GDV) camera (electric field 
strength 4.5  106 V/m, pulse frequency 1024 Hz, pulse 
duration (3 ÷ 5)  10–6 s) [12]. A GDV-camera's block 
diagram is shown in Figure 1. 

 

 
 

Fig. 1. The block diagram of a GDV-camera: liquid  
meniscus (1), quartz electrode with conductive coating (2),  

voltage pulse generator (3), optical system (4), metal  
electrode (5) [9] 

 
The studied solution was taken into an inert 

polypropylene cylinder, made by injection modeling, 
in which there was a metal electrode emitting elec-
trons. An optically transparent electrode with a con-
ductive coating on the lens was placed 2  10–3 m 
away from a drop of meniscus formed at the end of the 
cylinder. An electrical voltage pulse from a generator 
was applied to the conductive coating with an ampli-
tude of 9 kV and a duration of 2  10–6 s. The electric 
pulses stimulated the emission of electrons from the 
metal electrode, their acceleration, and diffusion 
through the biological fluid drop. Accelerated elec-
trons, leaving the liquid, ionized the air. Gas ionization 
between the drop meniscus and the electron causes a 
sliding gas discharge. Its emission is recorded by a 
camera, converted into a digital code, and displayed 
on a screen as a set of streamers, defined by the pro-
jection of the facilitated channels of electron move-
ment inside the drop, through its surface, and onto the 
matrix of the camera lens. A parametric analysis of ten 
consecutive luminescence patterns, performed using 
«GDV Scientific Laboratory» software, shows details 
about the distribution of low-energy electrons that dis-
play stereographic projections of the channels of fa-
cilitated electron movement in the studied liquid and 
through its surface. 
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Therefore, the features of the channels of facili-
tated electron transport through solutions, as well as 
the interaction of electrons with molecular bindings, 
and their ensembles participating in the channels’ for-
mation, can be defined by the angular location of the 
emission coefficient’s maxima, their width, shape, and 
number of streamers [7, 8]. 

 
Results 

 
Figure 2, a, b, c, d shows patterns of the angular 

distribution of electrons passing through CTAB solu-
tions with different concentrations. The changes in the 
CTAB concentration in the solution affect the number 
of maxima in the angular distribution of electrons, dif-
fering in their angular position, width, shape, and in-
tensity. The analysis of the obtained dependencies 
shows that the parameters of the maxima are deter-
mined by the number of channels of facilitated move-
ment of electrons through solution drops, as well as by 
the features of the interaction of electrons with molec-

ular bindings, forming the walls of the channels, and 
the parameters of water environment. This is con-
firmed in the abstract provided in the paper [13]. In 
case of a solution with a CTAB concentration of 
1.4 mM, the picture of the angular distribution of elec-
trons shows four maxima corresponding to four direc-
tions of their movement in a liquid medium. With an 
increase of CTAB concentration in the solution to 
20 mM, the number of maxima increases to 5–6. At 
the same time, their width, area, intensity, and shape 
change. These changes are linked to the change of the 
energy of electrons passing through solution drops, the 
number and position of the facilitated movement 
channels. The table shows the average energy of elec-
trons transmitted through a drop depending in the con-
centration of CTAB in the solution and the type of 
self-orientation of molecular bindings in the corre-
sponding concentration regions [8, 9]. The concentra-
tion is a ratio of the areas and intensities of the maxi-
ma. These data were used for the interpretation of the 
results. 

 
 

Table. Average values of the electron energy (relative units) emitted by from solutions at various CTAB concentra-
tions [8] 
 

CTAB concentration, mM 1.4 2.74 5.09 27.46 54.88 

Average values of  
electron energy, rel. units 

3.6 40.7 38.9 34.2 33.7 

Type of CTAB  
self-orientation 

Spherical mi-
celles 

Spherical  
micelles 

Spherical  
micelles 

Cylindrical  
micelles 

Cylindrical  
micelles 

 
 
It is evident that the average energy of elec-

trons passing through the solution changes with an 
increase of CTAB concentration. The causes of such 
changes can be the changes in the molecular bind-
ings’ (associates) positional order, as well as the 
changes of their interaction with moving electrons. 
Based on the data on  the studied  CTAB  concentra-

tion range [8], its molecular bindings create spherical 
or cylindrical micelles with various spatial orienta-
tion. The maxima in the angular dependence of elec-
trons, channeled through a solution with a CTAB 
concentration of 2 ÷ 5 mM, have notably the same  
intensity and are located at the same distance from 
each other. 
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a  

 
b  

 
c  

 
d 

 
Fig. 2. Angular dependencies of the intensity of gas-discharge luminescence for CTAB solutions  

with different concentrations: 13.72 (a), 27.46 (b), 50.25 (c), and 54.88 mM (d).  
The calculations were done in angles with a range from 0 to 360 on the x-axis on a linear scale.  

The ordinate shows the intensity in relative units on a linear scale too 
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This is based on the data [8], showing that mi-

celles are spherical and their short-range order match-
es one of the polymorphic modifications of the cubic 
or hexagonal package. The maxima of the angular dis-
tribution of electrons expand (Fig. 2, b) as the CTAB 
concentration increases to 27 mM. Thus, their equidis-
tance is disrupted, which indicates a change in the 
structural orientation of the solution and a partial 
change in the geometry of the micelles. The observed 
pattern of the angular distribution of electrons can be 
explained by the fact that the solution contains cylin-
drical micelles. Their spatial orientation is different 
from the cubic package. There is a noticeable change 
in the shape and structural composition of the solution 
in the concentration dependence of the length of the 
contour lines (L). The lines describe the energy and 
the number of emitted electrons passing through the 
solutions (Fig. 3). 

 

 
 

Fig. 3. The ratio of the contour’s length, indicating the   
energy and number of channeled electrons, and the natural 

logarithm of CTAB concentration in the solution 
 

Discussion 
 

The process of the micelle formation is indicat-
ed by a bend in the concentration range of 0.05 wt. % 
(1.4 mM). The bend in the concentration range of 
1 wt. % (27.47 mM) can be linked to the polymorphic 
transformation of spherical micelles into cylindrical. 
These transformations correlate with a decrease in the 
average electron energy, which can be linked either to 
a change in the charge state of micellar regions. Apart 
from that, they are linked to a change in the voltage of 
the electric field created by the micellar cell and slow-
ing down the movement of electrons. Both factors can 
cause an  increase in the Coulomb  interaction between  

electrons and molecular associates that form channels. 
The vertical slopes in the emission maxima indicate 
that the energy of the Coulomb interaction between 
electrons moving near the walls of the channels is at 
maximum. Therefore, the electrons are repulsed from 
the walls. Meanwhile, the decrease in the maxima's 
width and the absence of axial electron channeling in 
the central part of the channel indicate a significant 
impact of the aqueous medium in its wide part. Hence, 
there is a significant impact on the electric field on the 
channeling process created by the micelle charges, 
justified by the presence of multiple energy minima 
for electrons in wide channels formed by cylindrical 
micelles. As a result, the increase in CTAB concentra-
tion contributes to the change on the electrostatic in-
teraction between the micelles. Consequently, it con-
tributes to the increase of the aggregation coefficient, 
i.e. increasing the number of large aggregates and 
changing their positional order. While studying the 
features of the distribution of electrons in energy, 
these processes can be clearly traced. With an increase 
of CTAB concentration in the solution, several mini-
ma can be observed in the electron distribution pattern, 
which can be associated with the impact of the posi-
tional order of the mycelial aggregates on the energy 
of moving electrons, as well as the intensity of micel-
lar interactions on them. The aqueous medium plays 
an important role in influencing the interaction be-
tween electrons and micelles. However, comparing the 
areas of the maxima of the angular distribution of elec-
trons indicates the causes of the change in the posi-
tional order of the micelle arrangement with an in-
crease in CTAB concentration in the solution. After 
increasing CTAB concentration in the solution to a 
certain level, the positional order was determined by 
the shape of the micelles. This leads to the fact that the 
prevailing factor is their volume. Further research will 
be made to clarify the role of other factors on changes 
in the energy of electrons passing through colloidal 
solutions. 

 
Conclusion 

 
The performed studies show the possibility to 

use the results of the evaluation of the low-energy 
electron (up to 10 keV) channeling’s features to de-
termine the positional order in micellar solutions. The 
differences in the angular distribution of electrons af-
ter the change of CTAB concentration in the solution 
prove that there are changes in the shape, positional 
order, and  charge  state  of  the  micelles. At  the same  
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time, the aquatic environment also plays an important 
role as it influences the interaction between channeled 
electrons and micelles. 

The reasons causing changes in the positional 
order in the arrangement of micelles with an increase 
of CTAB concentration in the solution are shown by 
comparing the emission areas' maxima. With increas-
ing CTAB concentration in the solution, the way the 
positional order changes is determined by the change 
in the size of micelles. Therefore, the prevailing factor 
is their volume. 

 
Acknowledgements 

 
This work was partially supported by the Ministry   

of Education and Science of RF (Project № 16.1037.2017/4.6), 
Russian Foundation for Basic Research (Project                
№ 19-03-00271), the Russian Foundation for Basic Re-
search and the Government of the Ivanovo Region (Project 
№ 18-43-370012) and the Russian Foundation for Basic 
Research and the Government of the Kaluga Region      
(Project № 18-41-400001). 

 
References 

 
1. Ryabov V.A. Effekt Kanalirovania. Moscow, Ener-

goatomizdat, 1994, 239 p. (in Russ.). 
2. Matyukhin S.I. Critical parameters of channeling. 

Technical Physics, 2008, 53 (12), 1578–1585.  
DOI: 10.1134/S1063784208120074. 

3. Vysotsky V.I., Karlash A.Yu. Features of selective 
transport and channeling of ions in the aquatic envi-
ronment in the channels of biological membranes.      
J. Surf. Invest.: X-ray, Synchrotron and Neutron Tech. 
2010, 12, 64–72. (in Russ.). 

4. Stepovich M.A., Shipko M.N., Korovushkin V.V., 
Kostishin V.G. Effect of Magnetic Field Pulses on the 
Structure and Properties of Magnetite. Bulletin of the 
Russian Academy of Sciences. Physics, 2017, 81 (8), 
1037–1040. DOI: 10.3103/S1062873817080299. 

5. Shipko M.N., Korovushkin V.V., Kostishin V.G., 
Isaev I.M., Stepovich M.A., Savchenko E.S. Effect of 
Magnetic Pulse Processing on the Structure and Mag-
netic Properties of Ferrites. Bulletin of the Russian 
Academy of Sciences. Physics, 2018, 82 (2), 203–207. 
DOI: 10.3103/S1062873818020235. 

6. Shipko M.N., Tikhonov A.I., Stepovich M.A., Viryus A.A., 
Kaminskaya T.P., Korovushkin V.V., Savchenko E.S., 
Eremin I.V. Effect of Magneto-Pulse Processing on 
the Microstructure and Magnetic Behavior of Amor-

phous Electrotechnical Steel. Bulletin of the Russian 
Academy of Sciences. Physics, 2018, 82, 988–992. 
DOI: 10.3103/S1062873818080373. 

7. Shipko M.N., Stepovich M.A., Sibirev A.L., Usol’tseva N.V., 
Maslennikova O.M., Smirnova A.I. Impact of magnet-
ic pulses on the structural state of surfactant solutions. 
Bulletin of the Russian Academy of Sciences. Physics, 
2018, 82 (8), 956–960.  
DOI: 10.3103/S1062873818080361. 

8. Shipko М.N., Usol’tseva N.V., Sibirev А.L., Мaslen-
nikova О.М., Smirnova А.I., Stepovich М.А., Gabdul-
sadykova G.F. Influence of pulsed electromagnetic 
fields on positional and orientational ordering in aque-
ous solutions of cetyltrimethylammonium bromide 
(CTAB). Liq. Cryst. and their Appl., 2018, 18 (1), 47–
54. (in Russ.). DOI: 10.18083/LCAppl.2018.1.47. 

9. Kleman M., Lavrentovich O.D. Soft Matter Physics: 
An Introduction. Springer-Verlag, New York, 2003, 
638 p. 

10. Brusilovsky B.A. Kineticheskaya ionno-elektronnaya 
emissiya. Moscow, Energoatomizdat, 1990, 184 p.  (in 
Russ.). 

11. Malyshevsky V.S., Rakhimov S.V. Spatial and angu-
lar distribution of the heavy ion charge under chan-
neling in crystals. Technical Physics, 2007, 52, 393–
400. DOI: 10.1134/S1063784207040019. 

12. Korotkov K.G. Principles of analysis in the GDV bio- 
electrography. St. Petersburg, 2007, 283 p. (in Russ.). 

13. Stepovich M.A., Shipko M.N., Sibirev A.L., Maslen-
nikova O.M., Usol’tseva N.V. Features of field emis-
sion of electrons through structured water solutions of 
surface-active substances after their magnetic pulse 
treatment. Scientific works of the VIII International 
Congress "Weak and superweak fields and radiations 
in biology and medicine". Symposium A. St. Peters-
burg, 2018, 8, 82. www.biophys.ru/archive/congress-
2018.pdf#page=82. 

14. Movchan T.G., Soboleva I.V., Plotnikova E.V., 
Shchekin A.K., Rusanov A.I. Dynamic light scattering 
study of cetyltrimethylammonium bromide aqueous 
solutions. Colloid Journal, 2012, 74 (2), 239–247. 
DOI: 10.1134/S1061933X1202007X. 

15. Usol’tseva N.V. Zhidkiye kristally: lyotropnyy me-
zomorfizm. Ivanovo : Ivanovo gos. universitet, 2011, 
316 p. (in Russ.). 

 
 

 
 

Поступила в редакцию 25.02.2019 г. 
Received 25 February 2019 

 


