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PLENARY LECTURES 
 

PL1  
COMMENTS ON THE CAUSE OF THE HYDROPHOBIC ATTRACTION 

 
Jan Christer Eriksson 

Division of Surface and Corrosion Science, Department of Chemistry, KTH Royal Institute of 
Technology, SE-100 44 Stockholm, Sweden  

E-mail: janchrister2003@yahoo.com 

Most of us certainly know that a fairly long-ranged, 
“hydrophobic”, attraction can arise for thin liquid films 
sandwiched between hydrophobic surfaces. Here, the 
notion “hydrophobic” refers not just to water and 
aqueous solutions as film cores. Quite a few other 
hydrogen-bonded liquids also exhibit such an attractive 
surface force, among them short-chained alcohols. B. 
V. Derjaguin,1 who was the foremost pioneer in this 
research field, preferred the terminology “structural 
component of the disjoining pressure” to cover essen-
tially the same phenomenon in thin films. However, the 
basic thermodynamic state function for a thin film is not 
the disjoining pressure but rather the film tension that 
primarily accounts for the lateral forces operating in a 
thin (planar) film, similarly as the surface tension does 
for a single interface, as appears from the treatment of 
Rusanov.2 − In order to come to grips with the molecu-

lar origin of the hydrophobic attraction, at first one may focus on the intrinsic properties of the film 
core and then consider the energetics of its contacts with the adjacent hydrophobic surfaces. Several 
other approaches have been tested as discussed in a review by Boinovich and Emelyanenko3. Early 
on, in Stockholm we developed a square-gradient approach for a laterally homogeneous water film 
between hydrophobic surfaces. Later on, however, we turned to a bridging-cluster model. In the 
latter, the ends are anchored at the solid-liquid interfaces, and the middle, straight part spans the gap 
between the hydrophobic surfaces.− The situation some years ago concerning the nature of the 
hydrophobic attraction was summarized by Israelachvili and his team4 who inferred that one can 
distinguish between three different ranges of surface separation (film thickness): short range, nm, 
where “pure” hydrophobic interaction related with structuring effects dominates, as seen for water 
in MD simulations; medium range, 1.5 - 15 nm, where a “pure” but still not well understood long-
range hydrophobic force dominates; long range, > 10 – 20 nm, where attraction forces between 
complementary charged patches, or due to bridging bubbles/cavities, dominate. – Our studies of the 
thermodynamics of hydrophobic surface forces at medium and long range (for water and water-
ethanol mixtures5, 6), show that the entropy and enthalpy film excesses are both negative. Moreover, 
they tend to increase in magnitude as the film gets thinner and by lowering the temperature. The 
concurrent changes of the film tension is about one order of magnitude smaller. Furthermore, it is 
noteworthy that the entropy component runs well above the enthalpy component of the thinned 
film. Evidently, this implies reduction of the film tension and consequent attraction between the 
film faces.− The changes of the thin film properties as recorded by surface force and AFM meas-
urements in the long range hydrophobic regime, turn out to be quite small, on the order of 10-4 kBT 
per water molecule, or even less, whereas the energy of a single hydrogen bond is typically 7 kBT, 
i.e., about a factor of 10 5 larger. − In our first attempt to model the hydrophobic attraction7 we 
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followed Marcelja and Radic8 and introduced an order parameter s(x) that was supposed to be 
directly related with the excess number of hydrogen bonds per water molecule. By using a square-
gradient assumption and the Derjaguin approximation we got the following expression for the 
surface force vs. the film thickness, h: 	 � �/2 1 		 (h	 2	nm  
where B and b are constants (strength and decay length, respectively) and R stands for the radius of 
the cylinders of the surface force measuring device. For long range this expression yields an 
exponential decay. For comparatively thin films, however, the surface force should vary inversely 
with the thickness h, as is also found experimentally.−In further modeling work, the notion of 
bridging cluster was introduced, and mixing entropy was recognized as a driving force.9 On this 
basis a film tension expression was derived for the pure water case: 	 	
	 ln 1 			     (h	 20	nm). Here  is a geometrical parameter that characteriz-

es the cross-section of a linear array (strand) of small clusters. According to Chaplin10), a small 
spherical water cluster has a radius of 1.29 nm, a cross-section area of 5.22 nm2 and it incorporates 
280 water molecules. The positive parameters α and	  account for the free energies associated with 
the end parts and the middle part of a bridging cluster. For large h-values, from this model one 
likewise predicts an exponentially decaying surface force, in agreement with a multitude of experi-
mental findings.− By employing a variety of X-ray-spectroscopic techniques, Nilsson11 et al have 
revived the century-old idea that liquid water is actually a kind of two-phase system composed of 
patches of quasi-tetrahedrally organized, low-density water clusters of nano-size dispersed in an 
environment of “entropy-rich” high-density water where van der Waals interactions are prominent. 
As to the shape issue it seems most likely that the average cluster shape is spherical, similarly as for 
micro-emulsion droplets. Interestingly, in the early war years 1939-1941, Shchukarev and Tolma-
cheva12 from this splendid city managed to carry out closely related detailed studies of the micro-
structure of water-ethanol mixtures based on determining the oxygen solubility. It is well estab-
lished that small water clusters have a tendency of aggregating, thus forming larger, composite 
aggregates. A cooperative hydrogen bonding effect is presumably responsible for this behavior, at 
least in part. This amounts to realizing that the small tetrahedral clusters have “sticky” contacts 
among them. As to the surface forces for water-ethanol mixtures,13 the most striking feature that we 
have encountered occurs for mole fractions below 0.01 where a very rapid reduction is seen of their 
magnitude when minute amounts of ethanol are added. VSFG-data indicate that in this concentra-
tion range dangling hydroxyls are being replaced by ethoxy groups.  
 
[1] B.V. Derjaguin and N.V. Churaev, Colloids and Surfaces, 1989, 41, 223. 
[2] A. I. Rusanov, Phasengleichgewichte und Grenzflächenerscheinungen, 1978, 267, Akademie-
Verlag, Berlin, DDR. 
[3] L. Boinovich and A. Emelyanenko, Colloid Stability. The role of Surface Forces – Part 1, 
Volume 1, 2007, 133, WILEY-VCH Verlag, Weinheim, Germany. 
[4] Malte U. Hammer, Travers H. Anderson, Aviel Chaimovich, M. Scott Shell and Jacob Israela-
chvili, The Royal Society of Chemistry, Faraday Discuss., 2010, 146, 399. 
[5] J. Wang, R.-H. Yoon and J. C. Eriksson, J. Colloid Interface Sci. 2011, 364, 257. 
[6] J. Wang, Z. Li, R.-H. Yoon and J. C. Eriksson, J. Colloid Interface Sci. 2012, 379, 114. 
[7] J. C. Eriksson, S. Ljunggren and P.M. Claesson, J. Chem.Soc., Faraday Trans.2, 1989, 85,163.  
[8] S. Marcelja and N. Radic, Chem. Phys. Lett., 1976, 42, 129. 
[9] J. C. Eriksson and U. Henriksson, Langmuir, 2013 29(15), 4789. 
[10] M. F. Chaplin, Biophys. Chem. 1999, 83, 211.   
[11] A. Nilsson and L.G.M. Petterson, Chemical Physics, 2011, 389, 1. 
[12] S. A. Shchukarev and T. A. Tolmacheva, Transl. from Zhurnal Strukturnoi Khimi, 1968, 9, 21. 
[13] X. Zhenbo, Thesis, Virginia Tech, Blacksburg, Virginia, U.S.A., September 2015. 

___________ 
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PL2 
DUALITY OF HYDROTROPES IN SOLUTION AND AT INTERFACE 

 
Mikhail A. Anisimov  

Department of Chemical & Biomolecular Engineering and Institute for Physical Science & Tech-
nology, University of Maryland, College Park, MD 20742,USA 

E-mail: anisimov@umd.edu 
 

Hydrotropes are substances containing small amphiphilic 
molecules, which increase solubility of nonpolar (hydro-
phobic) substances in water. Hydrotropes are used in many 
technological applications. Typical examples of nonionic 
hydrotropes with well-balanced amphiphilicity are tertiary 
butanol and 3-methyl pyridine. Hydrotropes do not form 
stable micelles in aqueous solutions, but they may form 
dynamic clusters (less or about 1 ns lifetime) with water 
molecules; such clusters can be viewed as “pre-micelles” or 
as pre-micellization fluctuations of solution structure. This 
molecular clustering causes pronounced thermodynamic 
anomalies, experimentally observed in dilute and semi-
dilute aqueous solutions of hydrotropes. Molecular dynam-
ics simulations demonstrate that the origin of the clustering 
is associated with formation of hydrogen bonds between 
the water and hydrotrope molecules. Most recently, 
experimental and simulation studies of water-hydrotrope-
oil ternary solutions have revealed remarkable duality in 
hydrotropes’ actions in the bulk and at the oil/water 
interface. At low concentrations, the hydrotrope acts as a 
surfactant, while at higher concentration after the interface 

is saturated it acts as a co-solvent toward complete mixing. Crossover between these limits is 
described by a universal function interpolating the Gibbs adsorption theory and scaling theory of 
smooth near-critical interface. In bulk, a spectacular phenomenon, “mesoscale solubilization”, 
intermediate between molecular solubility and macroscopic phase separation, is also observed.  It is 
proved that mesoscale solubilization is a nonequilibrium phenomenon, though extremely long-lived. 
Making practically stable colloids from small hydrotrope molecules has an untapped potential for 
applications in material science and medicine, in particular, in controlled drug delivery. 
 

___________ 
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PL3 
STATISTICAL THERMODYNAMICS OF WATER-IN-OIL MICROEMULSIONS 

STABILIZED BY ANIONIC SURFACTANT 

V.F. Razumov, S.A. Tovstun 
Institute of Problems of Chemical Physics of the Russian Academy of Sciences, Russia 

razumov@icp.ac.ru 

Reverse microemulsions are thermodynamically stable 
systems that form spontaneously upon mixing water and 
oil in the presence of surfactant over a wide range of 
mixing ratios. During this mixing, the continuous oil phase 
solubilizes water in the form of nanosized water droplets 
covered with a surfactant monolayer. These droplets are 
called reverse micelles (RMs). The radius R of the polar 
core of a RM is usually determined by the water-to-
surfactant molar ratio W = [water]/[oil]: 

                2H O H

0 0

3 3v v
R W

a a
  , 

where vH2O is the molecular volume of water, vH is the 
volume of the polar head of the surfactant molecule and a0 
is the surface area of the “water/oil” interface per one 
surfactant molecule. Numerous studies on the RMs of 
sodium bis(2-ethylhexyl)sulfosuccinate (AOT) showed that 
they are spherical and that the radius of their polar core can 
be calculated from the equation R ≈ (1.4W + 11) Å. 
The size distribution of RMs is usually narrow, but 

sometimes their polydispersity has to be accounted for [1]. The concentration of RMs of a certain 
composition is given by the following equation: 

       
2

0
H O S B, exp ,c i j i j i j k T       , 

where i and j are the numbers of water and surfactant molecules of a RM, μH2O and μS are the 
chemical potentials of water and surfactant, correspondingly, kB is the Boltzmann constant, T is the 
absolute temperature. This equation provides a phenomenological description of the aggregative 
equilibrium of RMs for an arbitrary function μ0(i, j), i.e. it is valid for any specific microscopic 
model. It follows from this equation that the function μ0(i, j), which is standard part of the RM 
chemical potential, determines all thermodynamic properties of RMs. By considering the function 
μ0(i, j), we were able to relate the composition fluctuations of RMs to the derivatives of the mean 
aggregation numbers and of the water chemical potential [1]. 
The study of RMs is a highly developed field. However, to date there is no clear understanding of 
the mechanism that governs the shape of RMs, because at a given W it is possible to construct 
completely different shapes, among them the simplest are the sphere, the cylinder and the lamella. 
According to the common literature views on the RMs, their shape is determined by the curvature 
dependence of the free energy of the surfactant monolayer. For this dependence, Helfrich derived 
the phenomenological expansion of the free energy of a unit area in powers of their principal 
curvatures up to the second order inclusively around the flat surface [2]. It can be derived from this 
formal expansion that the shape of RMs in most cases should be lamellar [3], but this conclusion 
contradicts the experimental observations. Therefore, it is necessary to develop a new physically 
meaningful model which could be used to calculate the free energies of RMs for all possible shapes 
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and to select among them the most thermodynamically favorable. In paper [3] we showed that for to 
correctly predict the shape of AOT RMs, it is necessary to take into account not only the curvature 
free energy but also the disjoining pressure arising primarily from the overlapping of the electrical 
double layers at the opposite sides of the water core. For these surfactants with monovalent counter-
ions, the free energy to a large extent is determined by the electrical double layer (EDL) at the 
boundary of the RMs water core. The EDL free energy is made up of the free energy of the electro-
static field and of the free energy from the nonuniform counterion distribution. An important 
property of the EDL free energy is that it is determined not only by the local surface characteristics 
(principal curvatures) but by the full three-dimensional geometry of the surface. In other words, the 
functional form of the EDL free energy is such that it cannot be reduced to the Helfrich’s equa-
tion [2]. This fact allows us to avoid the above-mentioned contradiction of the greater thermody-
namic stability of the lamellar reverse micelles as compared with the spherical reverse micelles. By 
taking into account both the EDL free energy and the purely curvature dependent free energy 
contributions it is possible to develop the consistent model of reverse micelles that can correctly 
predict their shape. The free energy functional of the RMs in this model is written as follows: 

  2
B coreln

2
G dV k T c cdV A

        , 

where ε is the dielectric permittivity of water; φ is the electrical potential; c is the concentration of 
sodium ions; core  is the interfacial tension at the boundary of the water pool OHMS; AΩ is the area 
of the water pool; integration is carried out by the volume of the water pool V. The first two terms 
in this equation describe the EDL that arises in the water pool of RMs due to dissociation of AOT. 
The last term, which takes into account the geometric structure of the surfactant monolayer, gives 
the dependence of its free energy on the average curvature. This model accounts for the EDL, the 
interfacial tension at the boundary of the polar core, the finite depth of penetration of the surfactant 
negative charges into the polar core and that the boundary of the polar core does not coincide with 
the surface of inextension. This surface is defined by the condition for the surface area per one 
surfactant molecule to be independent on the surface curvature. The model is able to predict the 
optimal shape of reverse micelles, the sequence of phase transitions with increasing the water-to-
surfactant molar ratio W, including the case of salt impurities in the surfactant. Calculations in the 
framework of our model allow to obtain all the basic thermodynamic properties of the AOT RMs: 
chemical potentials, phase diagrams, enthalpy of solubilization. 
Reverse micelles are used as nanoreactors for various chemical reactions, since thereby the reaction 
rate can be modified in a sophisticated manner by the intermicellar exchange [4]. Since 1980s 
reverse microemulsions have been widely used for the synthesis of nanoparticles [5,6]. The under-
lying idea was that reverse micelles can significantly restrict the nanoparticles growth and that this 
restriction allows to control the size of synthesized particles by varying the molar ratio W. However, 
it turned out that though the size of water droplets and the average size of the synthesized particles 
are indeed correlated, usually the latter significantly exceeds the former and the observed correla-
tion between these sizes may be caused by different mechanisms [6]. 
Acknowledgements This work was supported by the Russian Government under Project 
No 01201361848. 
 
[1] S.A. Tovstun and V.F. Razumov, J. Colloid Interface Sci, 2010, 351, 485. 
[2] W. Helfrich, Z Naturforsch C J Biosci, 1973, 28, 693. 
[3] S.A.Tovstun and V.F. Razumov,  Colloid Polym. Sci., 2015, 293, 165. 
[4] V.F. Razumov, Russ. Chem. Bull., 2012, 7, 1291. 
[5] 4. J. Eastoe, M.J. Hollamby and L. Hudson, Adv. Colloid Interface Sci, 2006, 128, 5. 
[6] S.A. Tovstun and V.F. Razumov, Russ. Chem. Rev, 2011, 80, 953. 
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PL4 
DISPERSION OF NANOPARTICLES IN GELS OF SUGAR POLYMERS 

 
Toyoko Imae 

Graduate Institute of Applied Science and Technology, National Taiwan University of Science and 
Technology, and Department of Chemical Engineering, National Taiwan University of Science and 

Technology, Taipei 10607, Taiwan 
 

It has been well known that long alkyl chain 
surfactants can form rodlike micelles and their 
solutions become viscous. However, if aromatic 
counterions are added in such surfactant solutions, 
the solutions become viscoelastic. For instance, 
when alkyltrimethylammonium halide is mixed with 
salicylate in water, the solution reveals viscoelastic 
behavior. This phenomenon occurs by the tempo-
rary network linkage between rodlike micelles on 
contact with aromatic counter ions. Thus, this type 
of viscoelasticity is easily broken up by the varia-
tion of the conditions like dilution, pH variation, 
temperature change and so on. Then, the chemically 
linked viscoelastic gels have the preference in 
industry. 
In this talk, the formation of chemically linked 
sugar polymer-based viscoelastic gel is reported. 
Cellulose nanofibers can be prepared by removal of 
wax and lignin from the sliced wood (softwood) by 

means of chemical treatment. When cellulose nanofibers are oxidized in an aqueous solution of 
2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO), TEMPO-oxidized cellulose nanofibers (TOCNF) 
are obtained. The aqueous dispersion of thus-obtained TOCNF is transparent and viscous but not 
viscoelastic. When poly(ethylene imine) (PEI) is covalently linked with TOCNF, the aqueous 
dispersion takes on the viscoelastic property. The viscoelasticity depends on the molecular weight 
of PEI and content of PEI: Low molecular weight and low concentration of PEI are preferable to 
create the homogeneous viscoelastic dispersion. Amine-terminated poly(amido amine) (PAMAM) 
dendrimer is a spherically-shaped polymer and exhibits amine functional groups. Thus, it can 
chemically bind with TOCNF as well as PEI does. The hybrid of TOCHF with dendrimer reveals 
more stable viscoelasticity at wide content region of dendrimer than the hybrid of TOCNF with PEI.   
Dendrimer has the distinguishable character different from PEI. It is an encapsulation property of 
small molecules in an interior of dendrimer. The entrapping of water, small molecules and gases has 
been confirmed, and the growth of nanoparticles in dendrimer has also been reported. Thus, the 
dendrimer-linked TOCNF can also exhibit same characters. The additional merit of dendrimer-
linked TOCNF is the molding to films and then the application should be extended after functional 
materials are embedded in dendrimer in dendrimer-linked TOCNF. Such applications are also 
introduced.                    

___________ 
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PL5 
KINETIC THEORY OF THE NUCLEATION STAGE FOR MULTICOMPONENT 

DROPLETS AND BUBBLES 

A.K. Shchekin  
Saint Petersburg State University, Russia 

a.shchekin@spbu.ru 

Finding universal features in such different 
phenomena as formation of mists and hazes in the 
Earth atmosphere, formation of pores in solids, 
degassing of gas-supersaturated liquid solutions and 
eruption of magmatic rocks always was of primary 
interest for fundamental science and required join 
efforts of specialists from colloid chemistry, 
theoretical physics, mathematics and mechanics. 
Under conditions of rapid establishment of 
metastability in a closed system, the phase 
transitions, independent of whether droplets, pores, 
crystals or gas bubbles appear as particles of new 
phase, pass through the same stages with a certain 
hierarchy of time scales. The shortest is the 
incubation stage, when first supercritical nuclei of a 
new phase (i.e., the nuclei larger than nucleus in 
unstable equilibrium with the metastable phase) 
appear with overcoming the free energy penalty of 
forming interface. The next is the nucleation stage, 

when the quasi-steady formation of new supercritical nuclei continues together with the growth of 
nuclei already formed, and accumulation of the matter in supercritical nuclei starts to deplete the 
initial supersaturation, stopping the formation of new supercritical nuclei. Much longer is the stage 
of intensive growth of large supercritical nuclei without formation of new ones until the 
supersaturation collapses. The final and longest is the stage of Ostwald ripening (the Lifshitz-Slezov 
stage) when the larger supercritical nuclei grow at the expense of small ones. It is possible under 
specially designed experiments to stop or prolong artificially any stage of phase transition. If the 
kinetic theory of a stage is known, each stage reveals specific possibilities for obtaining information 
concerning the properties of dispersed nano- and microparticles with different sizes and 
composition. which can be used for advanced technologies of production of nanostructured solid 
films, highly porous foams and solid matrices. The richest possibilities appear here in the case of 
multicomponent nucleation. 
The great contributions to the kinetic theory of multicomponent nucleation going beyond the limits 
of the classical theory of nucleation had been done in the second half of the XX century by Howard 
Reiss, Vitaly Slezov and Fedor Kuni [1-3]. However the theoretical description of the 
multicomponent nucleation is still challenging in a number of questions. It should be noted that the 
main attention in theoretical and experimental study of multicomponent nucleation was devoted to 
the incubation stage and to finding the optimal paths of overcoming the saddle point of the minimal 
work of the critical nucleus formation. Some examples of such studies can be found in [4-6]. The 
size and composition dependences of the surface tension for a critical multicomponent nucleus was 
also under discussion [7]. In this report, the problems concerning the incubation stage and the 
relations with the classical nucleation theory are not considered at all. Instead of this, only the 
recent advances in the theory of the nucleation stage are discussed.  
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Generally, there are two main approaches to the theory of the nucleation stage: the approach with 
mean-field supersaturation and the approach with excluded volume. The mean-field approach is 
known for many years and implies that nucleation and growth of supercritical particles of new 
phase in a closed system is followed by synchronous and uniform decrease in the total supersatura-
tion of the metastable matter. Accordingly, the rate of formation of new supercritical nuclei is 
reduced uniformly throughout the volume of the system. It is also assumed in the mean-field 
approach, that diffusion of metastable matter molecules to growing nuclei of new phase is station-
ary. The approach with the excluded volume is based of the self-similar solution for the non-
stationary diffusion to the growing supercritical nucleus and takes into account that nucleation of 
new particles is strongly suppressed in a non-uniform diffusion shell surrounding the growing 
nucleus due to spatial drop of supersaturation. As a consequence, a certain volume of the diffusion 
shell around each nucleus becomes excluded for nucleation, while the rate of nucleation of super-
critical particles remains in the rest of the system at the initial level. The approach with excluded 
volume was first formulated [8] for one-component nucleation of supercritical gas bubbles in a 
highly supersaturated liquid solution under assumption that the excluded volumes of individual 
bubbles in solution are thin spherical shells which do not overlap. Later, the kinetic approach of the 
excluded volume had been extended [9-11] to describe isothermal and nonisothermal nucleation of 
supercritical droplets in a supersaturated vapor with allowing a possibility of overlapping diffusion 
shells around individual droplets. In its turn, these results for nucleation of droplets were applied 
[12] to describe diffusional mixing of the solution with supersaturated gas at the end of stage of 
nucleation due to stochastic overlapping of diffusion shells around gas bubbles, to reformulate and 
solve the general kinetic equation for the excluded volume and establish a relation with the kinetic 
theory in the approximation of the uniform mean-field gas concentration. 
Note that in the case of vapor condensation on droplets far from the critical point, the vapor 
diffusion to droplets, because of the strong differences in densities of the vapor and liquid in 
droplet, is close to the stationary process, and the effects of the excluded volume for nucleation of 
droplet are not so significant as they can be for nucleation of gas bubbles. On other side, the large 
density of liquid solution with dissolved gas and corresponding high thermal conductivity of the 
solution weakens the thermal effects of bubble nucleation and allows one do not take them into 
account. 
Recently all the mentioned previous results obtained for the nucleation stage with participation of 
one component have been generalized for nucleation stage of gas bubble formation in liquid 
solutions with arbitrary number of components and any values of supersaturations and solubilities 
of the dissolved gases [13]. It has been shown that the initial composition and size dependence of 
the surface tension of a small supercritical bubble does not affect the pecularities of development of 
the nucleation stage but affect the nucleation rate at initial total supersaturation. Analysis of the 
effects of nonstationary diffusion confirmed that they may be very significant in the growth of 
multicomponent bubbles and, in particular, are responsible for a significant swelling of a 
decompressed liquid solution. Distribution of supercritical bubbles in sizes as a function of 
concentrations of solute gases and the swelling ratio at any moment of the nucleation stage have 
been found for slowly growing bubbles at the mean-field supersaturations of dissolved gases and for 
fast-growing bubbles with nonstationary diffusion shells.  
Acknowledgements The work is supported by Russian Foundation for Basic Research (grant 16-
03-01094). 
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Russia 
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It has been known for years that the strength of 
solids contacting surface-active environment often 
appears to be significantly less than that in inactive 
one. On occasion the decrease in strength turns out 
to be so strong that the fracture acquires a cata-
strophic character. Adsorption-induced reduction 
of strength of solids (AIRS) or the Rehbinder 
effect is a typical phenomenon in nature. It is 
observed for the solids of various kinds of intera-
tomic bonds and superatomic structure, but yet is 
chemically selective and sensitive with respect to 
the solid structure and test condition. The chemical 
selectivity is usually associated with the degree of 
adsorption-induced decrease in surface free energy 
of a load free solid. This is however justified under 
the certain complementary condition. In the 

general case, the strong decrease in surface energy does not necessary result in pronounced mani-
festation of AIRS. On the other hand, the insignificant decrease in surface energy does not ensure 
the absence of the effect. As of now, the manifestation or absence of AIRS in a particular solid-
environment couple cannot be predicted reasonably well. 
The Rehbinder effect “in a broad sense”, i.e. an influence of surface-active environment on mechan-
ical properties of solids is not limited to the reduction of ultimate strength. In the wake of the first 
publication on AIRS [1], Rehbinder and co-workers demonstrated a strong plasticization of near-
surface layers of solid contacting environment of high adsorption activity [2, 3]. The spontaneous 
dispersion, that is, the decomposition of solid in the appropriate environment to form a thermody-
namically stable lyophilic colloid system may occur when the surface energy is strongly decreased 
[4]. Formation of thin layers of liquid phase along grain boundaries in polycrystalline solids [5] (the 
grain boundary wetting) presents one further possible result of strong interaction between surface-
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active environment and the solid. The review is nevertheless restricted to regularities and mecha-
nisms of fracture of solids under cooperative action of applied stress and surface-active environ-
ment. The discussion of other problems is limited by their concern for nucleation and propagation 
of cracks in solids.  
Despite the great practical significance of AIRS and long-standing ambition of the researchers, 
some fundamental aspects of that phenomenon remain imperfectly understood. The main objective 
of the review is to call attention to unresolved problems, primarily, to atomic mechanisms of AIRS 
– associated fracture. We touch briefly the history and the general concept of AIRS which has been 
suggested by P.A. Rehbinder early in the development of research. Chemistry and mechanochemi-
cal aspects of AIRS are considered with special attention to unexpected manifestation of the effect. 
The common regularities and the present notion of adsorption-assisted fracture are discussed. 
 
1 P.A. Rehbinder, On the Influence of Surface Energy on Strength, Hardness and Another 

Properties of Crystals. In: “VI Congress of Russian Physicists ”. Moscow, OGIZ, 1928, 29. 
2 V.I. Likhtman, P.A. Rehbinder, G.V. Karpenko, Effects of Surface-Active Media on Defor-

mation Proctsses in Metals. USSR Acad. Sc., Moscow, 1954. 
3 V.I. Likhtman, E.D. Shchukin, P.A. Rehbinder, Physicochemical Mechanics of Metals. 

Moscow, USSR Academy of Sciences. 1962; English transl.: Israel Program for Scientific 
Translations, Jerusalem, 1964. 

4 P.A. Rehbinder, E.D. Shchukin, Surface Phenomena in Solids During Deformation and 
Fracture Processes. Progr. Surf. Sci., Pergamon, 3 (2), 1972, 97-188. 

5 B.B. Straumal, Grain Boundary Phase Transitions. Moscow, Nauka, 2003. 
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SECTION I  
 

THEORETICAL PROBLEMS OF COLLOID CHEMISTRY 
 

Keynote Lectures 
 

IK1 

ADSORPTION-INDUCED MECHANICAL STRESSES:  
EFFECTS ON THE SOLID AND ON THE FLUID    

G. Y. Gor1 
1New Jersey Institute of Technology, USA 

gor@njit.edu   
 
Nanoporous materials have high surface area and, therefore, they have multiple technological 
applications involving gas or liquid adsorption. When a fluid is adsorbed in the pores of the 
nanometer scale, many properties of the fluid deviate from the properties of the same fluid in bulk. 
Additionally, the adsorbed fluid affects the solid. In the current presentation I will discuss two 
effects caused by the mechanical stresses emerging as a result of fluid adsorption: the strains of the 
nanoporous solids, “adsorption-induced deformation” [1], and the change of the elastic properties of 
the fluid itself [2]. 
Adsorption-induced deformation has been known for decades from the pioneering experiments in 
the 1920s [3] and theoretical works of the 1960s [4]. In recent years, there has been significant 
progress in both experimental and theoretical studies of this phenomenon, driven by the develop-
ment of new materials, as well as advances experimental and modeling techniques (see review [1]). 
Also, adsorption-induced deformation has been found to manifest in numerous natural and engi-
neering processes, e.g., drying of concrete, water-actuated movement of non-living plant tissues, 
swelling of coal and shale, etc.  
Typical strains induced by fluid adsorption in nanoporous solids are seemingly small, being only of 
the order of 0.1%. However, these strains correspond to the colossal stresses of the order of 10-100 
MPa. Therefore the primary theoretical question in the study of adsorption-induced deformation is 
how to predict the stresses in the pores. Once the stresses are known, the resulting strains can be 
calculated from the basic linear elasticity [5]. I will outline the two alternative approaches for the 
stress calculation. The first one, the “solvation pressure” approach, attributes the stress resulting 
from the fluid adsorption to a normal pressure of a confined fluid on the pore wall [6]. The routes to 
calculate the solvation pressure will be discussed, and the results will be illustrated with comparison 
to experimental data. Some experiments, however, cannot be explained within the “solvation 
pressure” approach even qualitatively and require an alternative “surface stress” approach, which 
attributes the stress to the tangential forces at the solid-fluid interface. This approach will be 
illustrated within the BET model [7] and by means of ab initio molecular dynamics simulations [8]. 
Finally, I will show how the stresses that cause the deformation of the solid affect the properties of 
the fluid itself. Recent ultrasonic experiments have shown that the elastic modulus of liquid argon 
adsorbed in the pores of Vycor glass deviates from the modulus of the bulk liquid argon at the same 
pressure and temperature [9]. Elastic modulus of the fluid can be calculated from the molecular 
simulation in the grand canonical ensemble, since the fluctuation of number of molecules in the 
pore is directly related to the isothermal compressibility of the fluid. The calculations carried out 
that way agree well with the experimental data and also show that the modulus is a linear function 
of the “solvation” pressure in the pores [10]. Additionally, the relation between the elastic modulus 
of the confined fluid and the pore size revealed by molecular simulations will be discussed. 
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Figure 1. Left: Adsorption-induced strain for the water adsorption on Vycor glass at room tempera-
ture: experimental data are in good agreement with the calculations based on the surface stress 
approach [7]. Right: Isothermal elastic modulus of liquid argon in model silica pores calculated 
from the Monte Carlo molecular simulations; the modulus changes as a log function of the vapor 
pressure and linearly with the solvation pressure [10]. 
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IK2 
SOLVATION OF HYDROPHOBIC PARTICLES IN AQUEOUS SOLUTION AND 

SOLVENT-MEDIATED INTERACTIONS VARYING WITH TEMPERATURE, 
PRESSURE, AND SALT CONCENTRATION 

K. Koga 
1Okayama University, Japan. 

koga@okayama-u.ac.jp 

We investigate temperature-, pressure-, and salt concentration-induced variations in the solubility, 
the solvent-mediated interaction, and the osmotic second virial coefficient of hydrophobic particles 
in model aqueous solution. The solubility is calculated as the solvation free energy of solute species 
by the free energy calculation while the solvent-mediated interaction is obtained as the potential of 
mean force between solute particles by molecular simulation. The osmotic second virial coefficient 
is evaluated by the integral of the pair correlation function as proposed in [1].  
     
It is confirmed that the variations in the solubility and those in the solvent-induced pair attraction 
for small hydrophobic particles are well reproduced by a mean-field approximation in which the 
repulsive cores of solute particles are treated as hard spheres and the mean-field energy of a solute 
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is taken to be the average potential energy that the solute particle feels in solution. The mechanisms 
of variation in the solubility and those of variation in the solvent-induced pair potential, with 
increasing temperature, pressure, and salt concentration, are understood in the framework of mean-
field approximation of liquids [2]. Correlations between the solvation free energy and the solvent-
induced pair potential at a contact distance in temperature, pressure, and salt concentration varia-
tions are near linear in any mode of variation, but the slope of the linear relation is dependent on the 
mode of variation and is determined by a ratio of the solvation thermodynamic quantities character-
istic of each mode of variation [3]. Correlations between the solvation free energy and the osmotic 
second virial coefficient are also found to be near linear but the slopes are different from those of 
the solvation free energy vs. the solvent-induced pair potential, as shown in Figure 1. 
 
Acknowledgements This work was supported by JSPS KAKENHI Grant No. JP26287099.  
 

 

Figure 1. Correlations between the solvent-induced pair potential at a contact distance and the 
solvation free energy of methane in aqueous solution and correlations between the osmotic second 
virial coefficient and the solvation free energy. 
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IK3 
CMC FOR MULTI-CHARGED IONICS 

 
A.I. Rusanov 

St. Petersburg State University, Russia 
airusanov@mail.ru 

In practice, the CMC is known to be not a point but a narrow concentration range. However, it is 
important for theory to define the CMC as a point, i.e. as a certain concentration m.с  Among 
numerous attempts, a definition related to the mass-action-law constant K [1, 2] looks the most 
attractive in a combination of fundamentality and practicality. After generalizing to multicomponent  
systems [3], the definition is (for an ideal behavior of monomers and micelles, a more general case 
was considered too [4])  
  1/(1 )

m
nс K          (1) 

where n is the total aggregation number (the sum of aggregation numbers ).in  Considering an ionic 
with two ions, the mass action law is ( Mc is the micelle concentration, 1 refers to a surface-active 
ion, 2 to a counterion) 
  1 2

M 1 2 .n nc Kc c           (2) 
Substituting the definition expressed in Eq. (1), simplifies Eq. (2) to the form 
  1 2

M 1 2 ,  n nc c c            (3) 
where the constant is absent and the concentrations with tilde are expressed in the CMC units (the 
CMC itself is determined by the condition 1).c     
 
Besides the concentrations, the micellization degrees of ions, 1 and 2 , are defined as 
  M/ ,  1 /i i i i i in c c c c       (i = 1, 2),  (4) 
where с is the total surfactant concentration and i is the stoichiometric coefficient, so that ic is the 
total concentration of a certain ion in solution. On practice, the parameters are typically used 
  1 2 2 1 1 1 2 2 1,   / / ,z n z n n n           (5) 
with naming the surfactant micellization degree and the degree of counterion binding, respectively 
( iz is the charge number of an ion of sort i). In terms of these quantities, Eq. (2) becomes 
  1 2 1 211

1 1 2/ (1 ) (1 ) .n n n nnn Kс         (6) 
 
A micelle is formed by sequential addition of ions one at a time. There are n–1 such elementary acts 
of joining with the corresponding n–1 detail mass-action-law constants .iK  Their product makes the 
constant K in Eq. (2). The constants iK differ in their values, but, if we introduce their geometric 
mean 1 ( ),nK K K   Eq. (6) appears in the form  
  1 2 1 211

1 1 2/ (1 ) (1 ) ( ) .n n n nnn Kс          (7) 
 
Since the concentration counts from zero, the product Kc  will inevitably pass from values smaller 
than unity to values larger than unity. However, such great exponent as n–1 transforms each Kc val-
ue smaller than unity into a negligible quantity and each Kc  value larger than unity into a huge 
quantity. There is a sharp transition, which is interpreted as micellization. The CMC is defined from  
   m 1,Kc    (8) 
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which leads to Eq. (1). Putting Eq. (8) in Eq. (7) yields a relationship for the calculation of the 
critical micellization degree (CMD) m at given 1n  and β (the value of 2n  is calculated from (5)):   
  1 2 1 21

m 1 m m 1 2/ (1 ) (1 ) .n n n nn           (9) 
Setting 1 50 and 0.7,n     Eq. (9) yields m 0.083   for a 1–1-electrolyte 1 2 2( 1,  35),n      
which is a normal expected value. However, already for a 2–1-electrolyte 1( 2,   

2 21,  17.5),n    we obtain m 0.469,  which is quite unacceptable since the CMC should 
correspond to the beginning of the micellization process. This shows that the CMC definition (1) is 
not applicable to multi-charged ionics.  
 
Let us test another recent definition [4]. Returning to Eq. (7), we see, along with 1( ) ,nKс   also 1  
and 2  with high exponents. Their geometric mean can be defined as 1 21 1/( 1)

1 2( )n n n      to rear-
range Eq. (7) to the form 
  1 2 1

1/ (1 ) (1 ) ( ) .n n nn K с        (10) 
Now the CMC is defined from the condition  
  m 1K с  , 1 2 1 21 11 1/(1 )

m 1 2 m 1 2,  ( ) .n n n nn nK с с K            (11) 
Substituting (11) in (10) leads to the CMD equation  
  1 2

m 1 m m/ (1 ) (1 ) 1,n nn       (12) 
which coincides with Eq. (9) for a 1–1-electrolyte 1 2( 1)     but is applicable to a multi-charged 
ionic. According to (5), the aggregation number 2n  is sensitive to the ratio 2 1/   at given 1 and .n   
Setting 1 50 and 0.7,n     the results of numerical calculation via Eq. (12) are shown in the table. 

Table. The CMD m for ionics with multi-charged ions 
2 1/   1/4 1/3 1/2 1 2 3 4 

m  0.104 0.101 0.096 0.083 0.065 0.054 0.046 
 
All values obtained are quite reasonable in favor of the CMC definition expressed in Eq. (11). 
 
In addition, putting K from (11) in Eq. (6) yields a general equation for ionics 
  1 2 1

1/ (1 ) (1 )n n nn с        (13) 
giving explicitly the dependence of the surfactant concentration on the micellization degree. Finally, 
we can insert K from (11) into the classical mass-action-law equation (2). This rearranges the mass 
action law to the form 
  1 2 1 211

M m 1 2 1 2
n n n nnc с c c      (14) 

or                                                           
   1 2 1 21

M 1 2 1 2 .n n n nc c c        (15)  
 
Comparing (3) and (15), one can say we have spoiled an elegant formulation of the mass action law. 
However, recognizing m ic   to be the total concentration of the ion of sort i corresponding to the 
CMC, we can rewrite Eq. (14) as  

  
1 2

M 1 2 ,n nc c c      (16)  
where m/ .i i ic c c    The elegance of the mass action law has been restored. 

Acknowledgement. This work was supported by the Russian Scientific Foundation (Grant 14-13-
00112). 
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For last 15-20 years small systems became an object of the most active studying in connection with 
transition of experimental techniques to new level of the spatial permission in a range of sizes from 
one to 100 nanometers. Theoretical basis of studying of thermodynamics of small systems are the 
Kelvin's equation [1] and the fundamental work of J. W. Gibbs [2]. For the first time direct compar-
ison of results of thermodynamic constructions to the results received by modern methods of 
statistical thermodynamics which has based on Gibbs's work [3,4] is performed. 
 
The molecular theory is based on the so-called modified lattice gas model [5,6] which is a modifica-
tion for non-uniform systems of the Bogolyubov approach [7] to describe both equilibrium and 
nonequilibrium distributions of molecules. The theory provides the discrete description of distribu-
tion of molecules in a space on a scale, commensurable with the size of molecules, and the continu-
al description of molecule distributions in the cells containing a unique molecule. The given theory 
gives the general approach to three aggregate states, instead of three types of separate theories for 
the gas, liquid and solid state, actively used at the present time. An accuracy of the description of 
equilibrium characteristics and dissipative factors for bulk phases in the approach is higher than an 
accuracy of corresponding theories argued separately for each aggregative state. The theory allows 
also describing all interfaces between all aggregate states with the same accuracy as for the bulk 
phases. The modified lattice gas model allows successfully to describe the flat and spherical 
interfaces in systems of vapour - liquid phases at any temperatures. 
 
The statistical thermodynamics have answered on the most important questions about small systems 
[8]: when it is impossible to apply the thermodynamics equations. Restrictions of applications of the 
classical thermodynamics exist to following signs: 
1) on the size of area in which the account of fluctuations is important, and, in particular, what sizes 
of elementary volumes of areas dV appear in the thermodynamics equations;  
2) on degree of uniformity of volume in phases, also that such the minimum size of a phase, and 
than the small phase differs from molecular associats;  
3) on a way of the account of the factor of curvature of the interfaces, including a question on 
applicability of the Kelvin’s equation 
4) on degree of nonequilibrium deviations described by the equations of nonequilibrium thermody-
namics, and how much these deviations are small, that it was possible to consider real achievement 
of an equilibrium condition.  
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Also a concept of the Gibbs's "passive forces" and a correctness of application of thermodynamic 
approaches in chemical kinetics: use of factor of activity for the activated complex in the theory of 
absolute rate reactions, were analysed.  
 
The molecular theory pointed out three characteristic sizes of the radius of spherical drops, corre-
sponding to: 
(1) the beginning of the process of appearance of a dense phase with a surface tension σ(R0) > 0, R0 ~ 
10λ (or around 4 nm for Ar atoms), where λ is the average distance between adjacent molecules of 
the drop. The theory introduces a strict statistical definition of the ‘embryo’ of the new phase (by 
the condition σ = 0), which is a criterion distinguishing between the concepts ‘cluster/associate’ or 
‘small phase’. 
(2) the region of applicability of the thermodynamic description of the surface tension of a drop, 
when for R > Rt2 ~ 90λ the discreteness of the matter and the contributions of spontaneous fluctua-
tions can be completely neglected. When Rt1 < 41λ, density fluctuations must be taken into account. 
The region of thermodynamic description for bulk phases without an allowance for boundary 
contributions is given by analogous quantities Rt1

(V) = 17λ and Rt2
(V) = 29λ. So, dV ~ (Rt2

(V))3.  
(3) large droplet size regions, in which surface tension values are close to the bulk value, Rb ~ 102 ÷ 
103λ; at R > Rb, the size dependence of the surface tension σ(R) = σbulk can be neglected. 
For small systems density fluctuations have great value. The molecular theory has shown that 
thermodynamics can not be applied to small systems and to the calculation of the surface tension of 
any interfaces. The molecular theory has shown that besides an existence of well-known metastable 
drops the existence of equilibrium drops is possible. The equilibrium drops (which are impossible in 
thermodynamics) are exist in consent with the Yang-Lee theory of condensation [9,10]. The 
minimum size of occurrence of a new phase R0 is identical to equilibrium and metastable drops.  
 
Statistical thermodynamics clarifies and restricts various thermodynamic constructions in the field 
of non-equilibrium processes. From the standpoint of the non-equilibrium theory, the artificiality of 
the concept of ‘passive forces’ entered by Gibbs in the thermodynamics for bulk phases, which 
reflects the level of knowledge of those years with respect to the chemical kinetics and properties of 
solids, was shown. Also, the principle for deriving criteria to estimate the deviation of system states 
from the condition of local equilibrium was developed. This makes it possible to correctly relate the 
description of equilibrium and non-equilibrium processes.  
 
The principal importance of taking into account the relaxation times of various properties has been 
demonstrated. This feature is important to prove the incorrectness which existing in the Kelvin’s 
equation, the Gibbs formula for work of "embryon" formation, and so on. At their derivations 
implicitly an assumption that a relaxation time for transfer of an impulse significant more that a 
relaxation time of a transfer of mass, was used. However this assumption is in contradiction with 
experimental data [11,12]. The incorrectness of using the coefficient of activity of the activated 
complex in the theory of absolute reaction rates is noted also.  
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Recent progress in nanoscale investigations stimulated a renewed interest in the liquid surface 

layer. Several important experimental results have been obtained lately. The most exciting finding 
is surface nanobubbles [1]. Nanobubbles, with 5-50 nm heights and 100 – 500 nm diameters, were 
found to appear spontaneously on the hydrophobic or strongly heterogeneous substrates. Observa-
tions of long lived surface nanobubbles are assumed to contradict the classical theory of bubble 
stability. Their origin is, therefore, a highly debated issue (see Ref. [2] and references therein). At 
the same time, nanoscale heterogeneity of a substrate surface has been reported to have profound 
effects on many liquid – solid interfacial phenomena.  

The failure of theory to explain clear some of unusual interfacial phenomena from first princi-
ples is the impetus for the work described here.  We propose a simple macroscopic approach, which 
yields more insight into the surface phenomena at the nanoscale, and analyze a liquid surface layer 
on a heterogeneous nanostructured substrate. We show that an elastic stress develops in the liquid 
surface layer, providing the existence of surface nanobubbles and giving rise to various interfacial 
phenomena at the nanoscale. 
         To obtain suitable quantitative relations for the Irving – Kirkwood stress tensor one might 
solve the BBGKY hierarchy. Instead short-range forces can be treated from a macroscopic point of 
view. As far as continuum electrodynamics is considered to be a macroscopic theory of dispersion 
forces, we can expect continuum elasticity theory being of short-range forces one. The theory may 
be formulated within a phenomenological mean field approach. The system free energy most 
general form consistent with the BBGKY hierarchy, the microscopic stress tensor definition, and 
the strain-induced renormalization of the interfacial tension, is introduced as the Landau-Ginzburg 
expansion. The Landau-Ginzburg functional is reduced then to a more conventional form of 
elasticity theory. The reduced functional corresponds to the Hooke's law with the no vanishing 
boundary stress tensor. Other boundary conditions have to satisfy adhesion or slip [3] requirements. 

To verify the theory we examined some examples of the hydrophobic substrate heterogeneous 
surface.  We obtained that the negative pressure domains develop in the surface liquid layer at the 
hydrophobic substrate heterogeneous surface. The pressure magnitude in the case of the nanoscale 
heterogeneity being sufficiently high (nearly several hundreds kPa within the domain 10010  nm), 
we have supposed that pancake-shaped bubble with a small contact angle (for the negative pressure 
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to compensate the positive Laplace’s) could be formed on the substrate surface as a result of surface 
cavitation. The small contact angle is provided by the peculiar pattern of the shear stress so that the 
three-phase contact line is pinned. Such surface nanobubbles are known to exist [1, 2]. Their 
observation is the striking experimental evidence of the evolved thermodynamic theory validity. 
Note that no additional hypotheses are required for the offered explanation of nanobubble stability, 
which is in perfect agreement with the classical bubble theory.  

  The phenomenon of the intrinsic stress of liquids and complex fluids on heterogeneous sub-
strates gives new insights into nanoscale surface, chemical, and biological processes. The most of 
surfaces are actually heterogeneous. Taking into account the induced or strengthened substrate 
heterogeneity, one can expect the phenomenon to be ubiquitous. The interface stress not only 
disturbs liquid and substrate, but it provokes their elastic coupling with various objects at the 
nanoscale too, providing an additional type of interaction. Biomolecules, such as proteins and DNA, 
or cell membranes may be considered as having heterogeneous surface at the nanoscale. We suggest 
a possible important role of the joint elastic strain of water and biostructures in their ability to 
perform some biological functions.  

 
[1]  L. Parker, P.M. Claesson and P. Attard, J. Phys. Chem., 1994, 98, 8468.                  
[2] J.R.T. Seddon and  D. Lohse,  J. Phys.: Condens. Matter, 2011, 23, 133001. 
[3] O.I. Vinogradova et al., Phys. Rev. Lett., 2009, 102, 118302. 
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Preparation of nanocrystallites with different shape, morphology and size is an actual goal for 
crystal design. The most popular way to obtain these objects is a synthesis or crystallization in 
reverse microemulsions. Previously we developed a technique of preparation of ultrafine powders 
KNO3 and NH4NO3 using microemulsions of mixed type as Tergitol NP-4 + NaAOT [1]. NaAOT is 
used as micelle-forming agent. It is the most common anionic surfactant, which contains Na+ 
cations in the composition. Taken an example of KNO3 salt, we showed that, due to the exchange 
processes of the cation K+ and Na+ including in the surface layer of the micelle, a sodium salt is 
formed in the polar core of micelle. As a result crystallization slows down in mixed microemulsions 
Tergitol NP-4 + NaAOT and mixture of salts forms [2]. As for AOT microemulsions salt crystalli-
zation is not observed at all.  
Since the exchange of the salt cation M+ with Na+ often prevents crystallization of desired product, 
it is suggested to replace Na+ with preliminary extraction of metal cations into NaAOT micelles in 
order to improve the productivity of the method. To select the optimal extraction conditions for 
NaAOT solutions in n-decane photon-correlation spectroscopy (DLS – dynamic light scattering), 
IR-Fourier spectroscopy, flame photometry and potentiometry were used for the studies. The laws 
of limiting solubilization of NaAOT solutions by monovalent - (Li+, K+, Na+, Cs+, NH4

+), bivalent 
(Ni2+, Co2+, Zn2+, Cu2+, Cd2+, Ca2+) and trivalent (Al3+, Fe3+, La3+) nitrate salts were obtained. It is 
shown that the hydrodynamic diameter of micelles in microemulsions of injected salts does not 
depend on the type of salt, but changes only on the amount of the aqueous phase. Thus, according to 
a specially developed procedure, including the following steps: 1) extraction, 2) washing with water 
to remove the salt solution from the polar core, 3) drying to remove water, MAOT solutions were 
prepared followed by M (NO3)n (n = 1-3) salt crystallization. 
M(NO3)n salts were crystallized in MAOT microemulsions. Unlike NaAOT in these solutions 
crystallization proceeds instantly with a formation of disperse powder. MAOT systems are noted to 
be used repeatedly and with the continuous injection of M(NO3)n salt, that  increases the productivi-
ty of the technique by an order of magnitude. This technique is ease to perform and allows prepara-
tion of a large amount of pure stable product. The powders crystallized are characterized by various 
physicochemical methods.  
[1] A. Bulavchenko, M. Demidova and D. Beketova, Crystal Growth Des., 2013, 13, 485. 
[2] A. Bulavchenko, D. Beketova, M. Demidova and T. Podlipskaya, Crystal Growth Des., 
2017, 17, 5216. 
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The cell method is one among significant effective methods to investigate dense dispersion sys-
tems such as, for example, porous ion-exchange membranes. A formation of the cell model for the 
dense swarm particles may be based on replacement of real system of randomly spatially located 
particles by a periodic structure of identical spheres to be arranged in spherical cells. The influence 
of neighboring particles is taken into account by choosing boundary conditions in a special way. 
Attempts to systemize the variety of electrokinetic, electrodiffusive and diffusiokinetic processes 
were undertaken recently elsewhere using thermodynamics of irreversible processes. An advantage 
of such approach leads to measure directly in experiments all thermodynamic variables, fluxes and 
forces, involved in governing equations. 

Let us choose the following thermodynamic forces as independent variables to be given during 
experimental observation: pressure gradient  1 20 10p p p h    , electric potential gradient 

 2 20 10φ= φ φ h    and concentration gradient  3 20 10C C C h     be arisen on a porous 
charged film (membrane) with the thickness h immersed in a measuring device which is filled by 
binary electrolyte solution. As dependent experimentally determined variables we can take thermo-
dynamic fluxes: 1I  – fluid flux; 2I  – charge flux (electric current); 3I  – diffusion flux. Then the 
phenomenological transport equations may be written in the following way: 

3

1
, 1, 2,3,i ik k

k

I L i


              (1) 

where kinetic coefficients ikL  can be determined using the cell model. It is known that the matrix 
consisted of kinetic coefficients should be symmetrical one in accordance with Onsager’s theorem, 
i.e. ik kiL L . The main point of the present consideration is to calculate specific hydrodynamic 
permeability of the membrane 11L : 
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Relation (2) indicates that correct measuring of 11L  is possible only upon an absence of the cell 
diffusion and electric potential gradient under condition of constant pressure drop 1 const  . 
These boundary conditions lead to independent determination of the velocity field, concentration 
and electric potential profiles within the unique cell. We should mention here that the hydrodynam-
ic permeability 11L  in case of uncharged membrane consisting of cylindrical and spherical partly 
porous particles was calculated in our works [1, 2]. As it was mentioned above, the ion-exchange 
membrane can be assumed as a periodic array of porous charged spheres with same radius a, to be 
immersed into fluid spherical shells of radius b. The value of b has to be chosen in such a way that 
the ratio of the particle volume to that of the cell is equal to the volume fraction α  in regard to the 
dispersion system: 

 33α γ 1 εa b    ,          (3) 
where ε  is porosity. The fluid motion in an outer region  a r b   is described by Stokes’ 
equations under low Reynolds numbers (“creeping flow”) with additional electro-massive force. 
The fluid motion in an inner region  0 r a   is governed by the modified Brinkman equations 
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taken with volumetric electric force. The process is considered to be steady-state, the Nernst 
representation is used for ion fluxes, and the electric potential satisfies the Poisson equation. So, the 
problem of 11L  determination reduces to solving the boundary value problem for the unit cell. The 
corresponding boundary conditions are established for the equality of velocities, stresses, normal 
flux components for ions, and electrochemical potentials when passing through the interface 
 r a . On the outer surface of the cell, Kuwabara's condition for the absence of vorticity is used. 
The problem is solved by linearization with respect to small deviations of the required velocity 
fields, the electric potential, and the concentration of ions from their equilibrium values. Exact 
analytical expressions are obtained for the hydrodynamic permeability of the cation-exchange 
membrane and the force acting on the grain of the ionic exchanger in a homogeneous flow of binary 
electrolyte. The results are shown in Fig. 1 and 2. The force acting on the cationic grain is always 
lower in comparison with non-porous uncharged grain. It is found that hydrodynamic permeability 
increases when electrolyte concentration also increases and exchange capacity decreases.  
Acknowledgements The study was financially supported by RFBR (project no. 17-08-01287). 

 

Figure 1. Ratio   of the force acting on charged porous particle to the Stokes’ force acting on non-
porous uncharged particle of the radius as a function of reduced exchange capacity for electrolyte 
concentration 0.05 (1), 1 (2) and 10 (3) mole/L. 

 
Figure 2. Dimensionless hydrodynamic permeability of MF-4SC membrane versus reduced 
exchange capacity Vρ  for NaCl electrolyte concentration of 0.05 (1), 1 (2) and 10 (3) mole/L (μo  - 
fluid viscosity, 0F  - Faraday’s constant). 

[1] S. Deo, A. Filippov, A. Tiwari, S. Vasin and V. Starov, Adv. Colloid Interface Sci., 2011, 164, 21. 
[2] P. Yadav, A. Tiwari, S. Deo, A. Filippov and S. Vasin, Acta Mechanica, 2010, 215, 193. 
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It is well known that the strength of silicates in contact with water solutions often appears to be 
significantly less than that in inactive environment. The reason is that the siloxane bond exhibits 
high chemical affinity to water and water solutions. At a moderate temperature the reaction is 
nevertheless extremely slow. The mechanical strain dramatically accelerates the chemical interac-
tion and implies the rupture of the bond [1,2]. 
It is widely believed that the fracture of silica is realized by the autocatalytical process: 
≡Si-O-Si≡ + OH-  ≡SiOH + ≡SiO- 
≡SiO- + H2O  ≡SiOH + OH-. 
The rate of the former reaction strongly depends on the strain of the siloxane bond, while the rate of 
the latter one is almost independent of the strain. The available experimental data confirm the 
adequacy of that pathway [1]. But here another point arises, namely, how the adsorption of OH- 
affects the force and strain characteristics of the siloxane bond and whether (or not) alternative, 
lower energy pathways of the bond rupture are possible in the case of various aqueous solutions. In 
order to refine the atomic mechanism of the fracture, we performed quantum-chemical simulations. 
The simulations were carried out using the ORCA (version 4.0) code [3]. The computational 
method was DFT based wB97X-D3, with the accelerating approximation RIJCOSX being applied. 
The basis functions were the Ahlrichs def2-TZVP with the use of the def2/J approximation.  
The siloxane bond in silica was modelled using an extremely simplified cluster H3Si-O-SiH3, and 
the effect of adsorption on its strength was modelled by adding OH-, NaOH, Cl-, NaCl, H+, H3O+ or 
H2O species. The energy and structure of the undeformed initial complex “H3Si-O-SiH3 + adsorb-
ate” and equilibrium products of its decomposition were calculated first. Secondly, two sets of 
calculations at preset multiplicities were thereafter made for the initial H3Si-O-SiH3 cluster: the first 
calculation implied step-by-step expansion of the distance between the Si atoms R(Si...Si) up to the 
bond rupture, while in the second calculation, the products of decomposition were used as the 
starting point. The energy curves thus obtained were used to make tentative evaluations of activa-
tion energy of the bond rupture. Differentiation of the potential energy surfaces enabled us to 
produce the restoring force curves to evaluate embrittlement of silica in the presence of the adsorb-
ates. 
Table 1 presents the calculated values of adsorption energy (Eads) of the adsorbate species, activa-
tion energy (Ea), work of rupture (Wrupture), the distance between the Si atoms corresponding to a 
maximum of the restoring force (RFmax), and empirical formulae of the products of breaking the 
siloxane bond. The calculated activation energy of breaking the siloxane bond in vacuum appears to 
be  ̴ 536 kJ/mol and comparable to the experimental value ̴ 418 kJ/mol [1]. The overestimation can 
be explained by the fact that the surface bonds in silica, responsible for the crucial step of rupture, 
are not equivalent to each other and to those in the bulk of the material. Further, according to the 
experimental data, the presence of water vapour reduces the activation energy of rupture of silica 
to  ̴ 92 kJ/mol [1], and the calculated activation energy in the presence of the adsorbate species are:  ̴ 
113 kJ/mol for OH-, ̴ 194 kJ/mol for Cl- and ̴ 277 kJ/mol for H+. The noticeable drop of the 
calculated energetic values for NaOH and NaCl can be explained by the dissociative character of 
adsorption of these molecules.    
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Table 1. Calculated adsorption energies of the species, energetic and force parameters of rupture of 
the siloxane bond. 
Molecular 
system 

Eads., kJ/mol Ea, 
kJ/mol 

Wrupture, 
kJ/mol 

RFmax, Å Products of rupture of 
the siloxane bond 

OSi2H6 N/A 539 539 4.13 ∙SiH3 + ∙OSiH3 
OSi2H6...OH- -282 113 113 3.84 SiH3OH + OSiH3

- 
OSi2H6...NaOH -129 82 82 3.68 SiH3OH + SiH3ONa 
OSi2H6...Cl- -90 194 194 3.76 SiH3Cl + OSiH3

- 
OSi2H6...NaCl -42 139 139 3.75 SiH3Cl + SiH3ONa 
OSi2H6...H2O -12 - 28 3.94 SiH3OH + SiH3OH 
OSi2H6...H+ -787 277 277 4.17 SiH3OH + SiH3

+

OSi2H6...H3O+ -159 191 127 4.09 SiH3OH + H2O-SiH3
+ 

 
The restoring force curves of the siloxane bond rupture are shown in Figure 1 for the cases of no 
adsorbate, OH-, Cl- and H+ species. The displacement of the maximum point of the restoring force 
for OH- and Cl- relative to the case with no adsorbate towards the lower values of R(Si...Si) 
evidences an “embrittlement” of silica compared to vacuum, and the opposite displacement of the 
maximum for H+ indicates an increase in “plasticisation” of silica. 

Figure 1. The restoring force curves of the siloxane bond rupture in the absence and in the presence 
of the adsorbate species. 
 
[1] V.A. Bershtein, Mechano-hydrolytic processes and strength of solid materials, 1987, 
Chapter 4, 165. Nauka, Leningrad, USSR. 
[2] A. I. Malkin, Colloid Journal, 2012, 74, 2, 223. 
[3]  F. Neese,“The ORCA program system, version 4.0”, WIREs Comput Mol Sci 2017, e1327. 
doi: 10.1002/wcms.1327. 
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Hydrotropes are substances comprised of small amphiphilic molecules, which increase solu-
bility of hydrophobic substances in aqueous solutions. Like surfactants, small addition of a hy-
drotrope reduces the interfacial tension between water and oil phases. However, in contrast to 
surfactants, hydrotropes do not form stable micelles in aqueous solutions, only short-living non-
covalent molecular clusters [1]. Hydrotropes often have lower toxicity and higher biodegradability 
compared with surfactants. This fact determines their potential to replace surfactants in some 
applications. 

In this work, we have studied the ternary systems containing water, nonpolar organic solvent 
(“oil”) and hydrotrope. Tertiary butanol (TBA) was used as a hydrotrope; while cyclohexane, 
toluene and n-decane were used as “oils”. For these systems we obtained experimental data on 
liquid-liquid phase equilibria and interfacial tension. Phase separation boundaries and the critical 
points were determined by titration. 

The interfacial tension between the aqueous and oil phases was measured by Wilhelmy plate 
and spinning drop methods. We obtained the dependences of the interfacial tension on the fraction 
of TBA in aqueous and oil phases. At low concentrations TBA acts as a surfactant and the interfa-
cial tension decreases in accordance to the Gibbs-von Szyszkowski isotherm [2]. However, at 
higher concentration the interfacial tension approximated by this isotherm becomes negative. 
Therefore, we suggested a crossover isotherm to describe experimental data (see Figure 1) [3]. Such 
interpolation can be used for systems with various hydrocarbons and hydrotropes. It demonstrates a 
generic nature of the dual behavior of hydrotropes at the water-oil interface. 

 
Acknowledgements: This work was supported by the Ministry of Education and Science of 

the Russian Federation (Grant № 14.Z50.31.0035). 

Figure 1. Approximation of experimental data for the system of water – tert-butanol – cyclohexane 
by von Szyszkowski and crossover isotherms  

 
[1] D. Subramanian, J. B. Klauda, J. Leys, and M. A. Anisimov, Herald of St. Petersburg 
University, 2013, 4, 139. 
[2] B. von Szyszkowski, Zeitschrift für physikalische Chemie 1908, 64, 385. 
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The colloidal quantum dots of cadmium selenide (CdSe) have been the subject of active research in 
recent years. They are very promising in such applications as solar cells, light-emitting devices and 
many others. In all these applications, colloidal quantum dots can be used in a different ensembles 
of nanoparticles such as colloidal solutions, nanoclusters, or ordered solid layers [1]. When using 
these ensembles, it is important to understand what interactions occur between the nanoparticles. 
CdSe nanoparticles have a wurtzite crystal structure and therefore have a permanent dipole moment, 
which is absent in nanoparticles with a structure such as rock-salt (NaCl). Therefore, dipole-dipole 
interactions make an additional contribution to the interactions of colloidal quantum dots of CdSe. 
If we compare the dipole moments of an ideal CdSe nanocrystal and a relaxed nanoparticle of the 
same size, the dipole moment of the latter is much smaller due to relaxation and a significant 
contribution of surface effects. The nanoparticle is always surrounded by a shell of stabilizing 
ligands that bind to surface atoms and thus can change its structure and dipole moment. It is obvious 
that the effect of different ligands should be different. A ligand that weakly binds to the surface, 
(e.g. TOP [2]), has a little effect on the arrangement of atoms and the dipole moment. In the case of 
strong binding [3], a significant effect is expected. As shown in [4], the energy of dipole-dipole 
interactions depends on the fourth degree of the dipole moment, so even a small change in the latter 
can lead to significant changes in the forces of interaction. In this work, we have been studied the 
dependence of the dipole moment of the colloidal quantum dots of cadmuim selenide on their 
ligand surroundings by classical molecular dynamics technique. 
All simulations were carried out by a molecular dynamics program NAMD [5]. At the initial time, a 
nanoparticle with a diameter of 3.8 nm and a composition of Cd499Se499 was obtained by self-
assembly from individual ions as described in [6]. The potentials of the interactions in the CdSe 
nanoparticle were adopted from [7]. A total time scale of self-assembly was about 1000 ns with a 
time step of molecular dynamics simulation of 1 fs. After that, a dense shell of various ligands was 
created around the nanoparticle: (1) trioctylphosphine (TOP), (2) trioctylphosphine oxide (TOPO), 
(3) octadecylphosphonic acid in neutral form (ODPA), (4) hexadecylamine in neutral form (HDA), 
(5) a mixture of equal parts ODPA and HDA in ionic forms, in which the ligand charge is -1 and 
+1, respectively (ODPA-, HDA+). After the relaxation of the quantum dot with the shell, a molecu-
lar-dynamic experiment was performed. After a definite number of steps, the instantaneous coordi-
nates of the atoms were saved in the trajectory file. Using the coordinates of cadmium and selenium 
atoms and their point charges, we calculated the dipole moment of the colloidal quantum dot. The 
analysis showed that the presence of a ligand shell significantly increases the dipole moment of the 
quantum dot, and for ODPA- and HDA+ ligands this effect is substantially greater than for un-
charged ligands. Then the shell around each quantum dot was removed, and a new shell was built 
around the remaining CdSe core. In this case, the ligands of TOP, TOPO, ODPA and HDA were 
replaced by a mixture of ODPA- and HDA+ ligands, and the old ODPA- and HDA+ mixture was 
replaced by TOP, TOPO, ODPA and HDA separately. A new series of simulations showed that 
when the ligands are replaced, the dipole moment of the quantum dot also changes. The difference 

31



in the dipole moment of the quantum dot stabilized with a mixture of ODPA- and HDA+ ligands 
from neutral ligands was several times. This indicates a significant change in the energy of interac-
tion between colloidal quantum dots in their ensembles when the ligand environment of nanoparti-
cles is replaced. 
Acknowledgements The financial support of Russian Scientific Foundation, project no. 14-13-
01426. The research is carried out using the equipment of the shared research facilities of HPC 
computing resources at Lomonosov Moscow State University. 
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Gold nanoparticles serve as a potent substrate for surface-enhanced Raman spectroscopy 
(SERS). We have synthesized nearly spherical citrate-capped gold nanoparticles of different size 
from 20 to 120 nm by known method with modifications [1]. Nanoparticles were aggregated in 
chain-like structures due to self-coagulation after step by step evaporation on aluminum substrate. 
These aggregates enhanced the Raman signal from model analytes (rhodamine 6G and crystal 
violet) due to formation of “hot spots” – areas with high electric field intensity between the nano-
particles brought close to each other. The maximum enhancement (above 106) in SERS experiments 
with 785-nm excitation was provided by structures fabricated from 50-nm nanoparticles. In contrast 
to literature reports, such large nanoparticles demonstrated catalytic activity in oxidation of dyes 
with hydrogen peroxide. The catalyzed oxidation of dyes with hydrogen peroxide follows first-
order kinetics. Surprisingly, in SERS-controlled catalytic experiments we observed additional 
enhancement, probably due to oxidation of citrate ligands and additional adsorption of dye mole-
cules onto the vacant spots on gold surface. This additional enhancement was not observed in 
control experiments. The maximum additional enhancement was observed with 3%(v/v) hydrogen 
peroxide. Exploiting this phenomenon, we detected model analytes at concentration of 5×10-9 M, 
while it was impossible without the hydrogen peroxide addition. 

Acknowledgements: This work was supported by the Ministry of Education and Science of 
the Russian Federation (Grant No 14.Z50.31.0035). 

 

Figure 1. Raman spectrum of R6G (1) and SERS spectra of R6G with different concentration: 
2 – 5×10-8 M, 3 – 5×10-8 M with hydrogen peroxide, 4 – 5×10-9 M, 5 – 5×10-9 M with hydrogen 
peroxide (*–peak of hydrogen peroxide, O–O stretching). 
 
[1] N.G. Bastus, J. Comenge, V. Puntes, Langmuir, 2011, 27, 11098. 
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In view of the fact that crystals, thin films and methods for their growth are in great demand 
in modern industry, to date, there is a significant amount of work devoted to theoretical aspects of 
crystal growth. However, in general, growth theory is developed mainly with respect to single-
component crystals. Thus, in the classical works of Barton, Cabrera, and Frank (BCF) and related 
generalizations in numerous reviews and books [1], a theory has been proposed for describing the 
growth of single-component crystals by the terrace-kink-step mechanism, due to the diffusion of 
adatoms to the steps resulting from the output of screw dislocations to the surface of the crystal, and 
their subsequent integration into the crystalline lattice. The theory made it possible to predict the 
dependence of the crystal growth rate on various growth conditions, and to explain why the crystals 
grow even at very low supersaturations (<1%), when nucleation of islands on the surface is impos-
sible, and therefore growth by the mechanism of nucleation is suppressed. Subsequently, this theory 
was refined and modified many times, and attempts were made to apply it to multicomponent 
crystals growing due to chemical reactions, in particular, gallium nitride [2]. However, as far as we 
know, there is no generalization of the theory and its extension for multicomponent systems with 
chemical reactions, which would allow one to fully describe the growth of arbitrary multicompo-
nent crystal, in spite of the fact that multicomponent crystalline compounds are widely used in 
industry, in particular, semiconductor (thin films of AIII-BV, AII-BIV semiconductors). 

As the experiment shows, surface processes play a huge role and can in many cases deter-
mine both the speed and the growth mechanism of a multicomponent crystal. We have noticed that 
during multicomponent crystal growth the same phenomena is being observed as for monoatomic 
crystals, for example, formation of growth spirals (Fig. 1) – the key element of BCF-theory, that’s 
why we suppose that multicomponent growth can be described by the same equations and ap-
proaches as for single-component system. 

 
Figure 1. Optical image of the surface of GaN crystal, grown by HVPE process (a) [3], sur-
face profile of this crystal (b,c), and a schematic view of its growth mechanism (d). 

 
 This work is devoted to the study of the mechanisms of synthesis and ordered growth of 

crystals and thin films of various compounds in multicomponent media due to chemical reactions. 
A theoretical model of crystal growth in such systems is constructed on the basis of the classical 
Barton-Cabrera-Frank theory. Expressions are obtained for the dependence of the growth rate of a 
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crystal from a multicomponent medium due to chemical reactions on the total supersaturation of the 
system, diffusion lengths and lifetimes of the individual types of atoms of which the crystal is 
composed, presence of dislocations, and the ratio of the vapor pressures of individual components. 
 
[1] W.K. Burton, N. Cabrera and F.C. Frank, Phil. Trans. Roy. Soc., 1951, 243, 299. 
[2] R. Cadoret, Journal of Crystal Growth, 1999, 205, 123. 
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Hydrotropes are chemical substances which include a nonpolar organic group bonded to a 

polar hydrophilic group. Hydrotropes are amphiphilic, but they have short hydrophobic chains and 
thus differ from classical surfactants. They cannot form stable micelles; instead some nonionic 
hydrotropes may form dynamic non-covalent molecular clusters in aqueous solutions [1]. Hy-
drotropes demonstrate the ability to increase solubility of nonpolar hydrophobic substances in water 
[2] and reduce the interfacial tension between water and oil phases [3]. 

This work is a continuation of research of the ternary system consisting of water, tert-
butanol (TBA) and cyclohexane [3]. We present the results of experimental studies of interfacial 
tension and critical phenomena in this system in the temperature range 0 °C to 40 °C. Phase 
separation boundaries and the critical points at different temperatures were determined by titration. 
The interfacial tension between the aqueous and oil phases was measured by the spinning drop 
method. 

We obtained the dependences of the interfacial tension on temperature and density differ-
ence of coexisting liquid phases for several near-critical samples with different contents of TBA. 
All samples are characterized by minima of interfacial tension at certain temperatures. The depend-
ences of the interfacial tension on the density difference of the coexisting phases for all near-critical 
samples are close to linear. The three-dimensional phase diagram of the water – tert-butanol – 
cyclohexane system is shown in Figure 1. From the data obtained, it can be seen that as the tem-
perature increases, the critical point shifts toward the water vertex on the phase diagram. The 
position of the separation boundary changes insignificantly with the increase of temperature. 

Acknowledgements: This work is supported by the Russian Foundation for Basic Research 
(Grant No. 16-03-00895-a). 
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Figure 1. Three-dimensional phase diagram of the water – tert-butanol – cyclohexane system 
(CHX – cyclohexane, TBA – tert-butanol) in the temperature range from 0 °C to 40 °C, red crosses 
are critical points at different temperatures; colors show deviations of phase separation boundaries 

from the boundary at 20 °C. 
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[2] Subramanian, D., & Anisimov, M. A. Phase behavior and mesoscale solubilization in 
aqueous solutions of hydrotropes. Fluid Phase Equilibria, 2014, 362, 170-176. 
[3] A.A. Novikov, A.P. Semenov, V. Monje-Galvan, V.N. Kuryakov, J.B. Klauda, and M.A. 
Anisimov, Journal of Physical Chemistry C, 2017, 121, 16423. 

 
___________ 

 
 

  

36



IO10 
INFLUENCE OF AOT MICROEMULSIONS COMPOSITION ON HYDRODYNAMIC 

DIAMETER AND ELECTROPHORETIC MOBILITY OF TiO2 NANOPARTICLES 
 

Shaparenko N.O., Demidova M.G., Beketova D.I., Bulavchenko A.I. 
 

Nikolayev Institute of Inorganic Chemistry, Russian Academy of Sciences, Siberian Branch, pr. 
Academika Lavrent’eva 3, Novosibirsk, Novosibirsk State University, Pirogova, 2, Novosibirsk, 

630090 Russia 
e-mail: nikshapar@mail.ru 

 
Stable concentrated organosols of nanoparticles of oxide are promising systems for nano-

chemistry and nanotechnology [1]. In sols, nanoparticles are “free” and not bound with each other 
by coagulation and coagulation-crystallization (phase) contacts. There is nevertheless still the 
potential for the basic properties of the nanosized state of matter (e.g., size effect) to be exhibited 
[2]. Besides, it is easier to obtain films and a variety of bulk composites by using sols. 

Materials based on titanium dioxide nanoparticles are actively used in photocatalysis [3] and 
photovoltaics, and as antibacterial agents [4] and for delivery of medicine. A serious problem is the 
difficulty of obtaining stable sols with high mass concentrations of nanoparticles. Attempts are 
therefore being made to increase concentration directly at the stage of synthesis. An alternative is to 
introduce an additional concentration of diluted sols.  

A promising method of separation and concentration of nanoparticles is electrophoresis. In 
spite of the low electric conductivity, reversed microemulsions are widely used as the medium for 
separating various substances. 

In this case, the synthesis of nanoparticles was conducted in microemulsions of an inverse 
type. Microemulsions (micellar) synthesis is a very effective and widespread way of obtaining 
stable organosols of the most diverse nanoparticles. An anionic surfactant sodium di-(2-
ethylhexyl)sulfosuccinate (Aerosol OT, AOT) is often used as the micelle-forming agent and 
microemulsion stabilizer (and ultimately, as an organosol nanoparticle stabilizer). In addition to 
excellent micelle-forming and solubilization capability, AOT is well known as a charging agent [5], 
so electrophoretic concentration can be performed in the same microemulsions immediately after 
synthesis. 

The aim of this work was to obtain of TiO2 nanoparticles by micellar synthesis and to study-
ing the effect microemulsions composition has on the hydrodynamic diameter and electrophoretic 
mobility (and, respectively, ξ-potential) of TiO2 nanoparticles in an AOT microemulsions, in order 
to optimize and expand the potential of electrophoretic concentration. 

Stable organosols of TiO2 nanoparticles were prepared, using the hydrolysis of titanium 
tetraisopropoxide (TTIP) in the microemulsions of sodium di-(2-ethylhexyl)sulfosuccinate (АОТ) 
in decane by increasing the content of water pseudophase from 0.35 to 0.75 vol.%. The hydrody-
namic and electrophoretic mobility of titania nanoparticles in AOT microemulsions are studied 
depending on their water content (from 0 to 1,5 vol.%), non-ionic surfactant Tergitol NP-4 content, 
chloroform content in an n-decane – chloroform mixture (from 0 to 30 vol%) and temperature (from 
0 to 60 °C). All studies performed for dehydrated sols of TiO2 nanoparticles with average hydrody-
namic diameters of 14, 31, 57, and 140 nm.  

The greatest increase in electrophoretic mobility was observed upon increasing the organic 
solvents polarity by adding chloroform to an n-decane microemulsions (mobility grows by 2 – 3 
times). These results allowed us to reduce the time of electrophoretic concentration in an electro-
phoretic cell of capacity-type for large particles (140 nm) by more than half, and to concentrate 
small nanoparticles (14 nm).  
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Size-selective precipitation is a method for separating polydisperse nanoparticles into fractions of 
more uniform sizes. In this method, particles are first dissolved in a thermodynamically good 
solvent. Then one lowers the particle solubility in some way (e.g., by adding a nonsolvent), induc-
ing aggregation of the largest particles within the size distribution (Fig. 1). The precipitate is 
collected and used as a first fraction. Then one decreases the solubility further, thereby obtaining 
the second fraction. And so on, until the initial particle sample becomes separated into fractions 
with different mean sizes. 
Although the method just described is frequently used in practice [1,2], until recently it lacked an 
adequate theoretical description. To fill this gap, we have developed a simple theory of size-
selective precipitation [3]. It is assumed in this theory that the precipitate constitutes a random loose 
packing of spheres with a polydispersity of less than ≈30% (random loose packing should occur at 
typical precipitation rates). The interparticle interaction is considered using the Derjaguin approxi-
mation. At the core of the theory is the calculation of the free energy of aggregated particles with 
considering the statistics of the number of contacts between the particles of different sizes and 
taking into account the vibrational free energy of particles in the random-loose-packing structure. 
The theory contains only one free parameter. This parameter is related to the total particle concen-
tration in solution and can be easily estimated with an accuracy sufficient for practical purposes. 
The suggested model was used to calculate the polydispersities of the fractionated particle samples 
for various model parameters. For the case of the normal distribution, the theory predicts that the 
polydispersity of aggregated particles has a minimum as a function of the aggregation degree and 
that the polydispersity of non-aggregated particles (remaining in solution) is a monotonically 
decreasing function of the aggregation degree. The calculations show that at typical particle 
concentrations, fractionation is effective for polydispersities above 20% and ineffective for polydis-
persities below 5%. 
Acknowledgements This work was supported by the Russian Science Foundation, project no. 14-
13-01426. 

 
Figure 1. An illustration of the size-selective precipitation 
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The presentation describes an effort to build foundations of nanoparticle chromatography using 
DPD simulations. Nanoparticle chromatography is a novel experimental technique for nanoparticle 
separation, which is still in its infancy. Nanoparticles need to be separated either by size or by the 
surface chemistry. The latter, size-independent separation is very important practically but quite 
challenging: particles of similar surface chemistry should elute from a chromatographic column at 
the same time. It is suggested that size-independent separation can be achieved on columns func-
tionalized with polymer brushes that selectively interact with nanoparticle depending on their 
functionalization. Development of this novel technique, called interaction nanoparticle chromatog-
raphy (INPC), is hindered by a lack of quantitative theories and respective computational models. 
The free energies of nanoparticle adhesion to polymer brushes are explored using the ghost twee-
zers method inspired by the experimental optical tweezers technique.  

 

Figure 1. (a) Schematics of free energy calculations by the ghost tweezers method. Polymers are 
attached to a substrate to form a brush immersed in a binary solvent. NP is tied to its immobile 
‘twin ghost tweezer’ particle via harmonic bonds. The nanoparticle displacement Δz gives the force 
excerted by the polymer brush on the nanoparticle. (b) Representative snapshot of polymer brush-
nanoparticle system used for free energy simulations. Colors: white beads- polymer, yellow-
substrate, blue-ligands and green-nanoparticle. The ghost particle beads are shown as transparent 
red beads. Solvent beads are not shown for clarity. (c) Representative snapshot of NP in a polymer-
grafted channel under flow. The solvent velocity v(z) is approximated by a parabolic profile 
indicated by the arrows. 
 
The free energy landscape determines the probability of nanoparticle location at a given distance to 
the surface, positions of equilibrium adhesion states, and the Henry constant that characterizes 
adsorption equilibrium and nanoparticle partitioning between the stationary phase of PB and mobile 
phase of flowing solvent. We analyze nanoparticle transport through a polymer-grafted channel and 
calculate the mean velocity and retention time of nanoparticle depending on the nanoparticle size 

40



and solvent composition. We find that, with the increase of the bad (poor) solvent fraction and 
respective PB contraction, nanoparticle separation exhibits a transition from the hydrodynamic size 
exclusion regime with larger nanoparticles having shorter retention time to the adsorption regime 
with smaller NPs having shorter retention time. The observed reversal of the sequence of elution is 
reminiscent of the critical condition in polymer chromatography at which the retention time is 
molecular weight independent. This finding suggests the possibility of the existence of an analogous 
special regime in nanoparticle chromatography at which nanoparticle s with like surface properties 
elute together regardless of their size. The latter has important practical implications: nanoparticle s 
can be separated by surface chemistry rather than by their size employing the gradient mode of 
elution with controlled variation of solvent composition.  

 

Figure 2. Characteristic dependence of relative retention time of nanoparticles of three different 
diameters on the solvent composition (xG is the good solvent fraction) showing a transition from the 
adsorption regime (smaller particles elutes first at bad solvent conditions) to hydrodynamic regime 
(large particles elute first) at good solvent conditions 

This work was funded by the National Science Foundation grant 510993  “GOALI: Theoretical 
Foundations of Interaction Nanoparticle Chromatography” used computational resources of 
Extreme Science and Engineering Discovery Environment (XSEDE) supported by the National 
Science Foundation grant No ACI-1548562. 
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14996. DOI: 10.1021/acs.langmuir.7b02914; 
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The transition from the low-viscosity liquid to the solid glass is one of the most controversial 

problems in the physics of condensed matter. The liquid is assumed to consist of local nanoscale 
structures, in which the molecules obey cooperative dynamics and whose sizes increase when 
approaching the transition. The appearance of the nanoscale heterogeneities in the ordinary glass-
forming liquids has been reported to be sharp transition near the temperature TA higher than melting 
point Tm [1]. 

The investigations of poor glass-forming liquids such as water have revealed the controversial 
data. Water manifests transition from the Arrhenius law to the Vogel-Fulcher-Tammann behavior 
of viscosity near the temperature 273 K [2], but no excess of elastically scattered light increasing 
for the Landau-Placzek ratio has been detected over the range from 249 to 365 K, suggesting a 
homogeneous structure of liquid water [3]. To eliminate the experimental data contradictions we 
supposed that ordering of the poor glass-forming liquids in boundary layers on a strongly liophilic 
(hydrophilic) surface can stimulate the crossover from a non-glass-forming to a glass-forming 
branch.  

 We acquired the relevant data analyzing the results of the Briggs Z-tubes experiments con-
cerning the limit of liquid metastability under tension [4]. Briggs has elicited the abrupt decline of 
the cavitation limit tension of water, acetic acid and benzene near Tm, all of them were found to 
form the structured boundary layers on the strongly liophilic surfaces at the same temperature. We 
propose that cavitation nuclei are voids arising after Z-tubes nanoscale fractures opening under 
centrifugal tension and attribute the measured abrupt decline of the cavitation limit predominantly  
to essential increase of disjoining pressure near Tm of the liquid filling the fractures, in fact to the 
Rehbinder effect [5]. Figure 1 represents the disjoining pressure in the nanoscale fractures as a 
function of temperature calculated according to kinetic theory of strength and the Briggs data.  One 
can see the sharp transition to a more pressure rapid increase below 278 K. The underlying coopera-
tive liquid dynamics and theoretical models are discussed. 
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    Figure 1. The disjoining pressure in the nanoscale fractures as a function of temperature. 
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The relaxation kinetics of polydisperse cylindrical micelles with various initial conditions corre-
sponding to rapid concentration and dilution of a surfactant solution has been numerically studied. 
The kinetic description was based on the system of Smoluchowski difference equations, which 
takes into account both the capture and issue of surfactant monomers by micelles, and the fusion 
and decay of micelles. The dependences of the coalescence coefficients of cylindrical aggregates on 
aggregation numbers were constructed on the basis of the Burgers-Oseen formulas for the transla-
tional motion of spherocylindrical particles in a viscous liquid. The obtained solution of the 
generalized kinetic equations of Smoluchowski for the nonequilibrium distribution over the 
aggregation numbers of cylindrical micelles was compared with the numerical solution of the 
Becker-Döring kinetic equations for cylindrical micelles with the same initial conditions under the 
molecular aggregation mechanism through capture and emission of surfactant monomers. 

 
Figure 1 Left: Concentration nc  of aggregates as a function of the aggregation number n  at 
different times; right (top to bottom): the concentration 1c   of monomers, micelles Mc   and the 
amount of surfactants MB in them as a function of time t . 1 – solution of generalized Smoluchowski 
equations, 2 – solution of Becker-Döring equations. 
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The conditions for obtaining magnetic bentonite composites were determined by electron microsco-
py, X-ray diffractometry, IR spectroscopy and dynamic light scattering methods . It is established 
that the concentration of FeCl3/FeCl2 ratio equal to 1/l (mol) is the optimal for the synthesis of 
magnetite particles in the presence of bentonite. The occurrence of magnetite particles in the 
bentonite structure is justified by the shift of the adsorption peak at the intrinsic frequency of 1046 
cm-1 to 1107 cm-1 due to the replacement of Si-O-Si bonds by Si-O-Fe. In addition, the appearance 
of deformation vibrations of Fe-OH links in the system was registered in the frequency interval of 
1120-796 cm-1. 
Based on the results of electron microscopy, the advantage of using polyethyleneglycole (PEG) as a 
stabilizer in the synthesis of magnetite in the inter spaces of  bentonite clays compared with low-
molecular surfactants is confirmed. Magnetite nanoparticles stabilized by PEG were synthesized 
directly in the bentonite structure. In this case, the mass ratio of magnetite-bentonite was 1:3, and 
two concentrations of  PEG: 0.5. 10-3% and 2.5. 10-3% were used. 
The size of magnetic clay particles prepared in presence of 2.5 ∙ 10-3% PEG was analyzed by light 
scattering method. It is established that the particles of individual magnetite have a size of 70 nm, 
bentonite - 505 nm, and the magnetite-bentonite composite - 2150 nm. In presence of PEG, the size 
of the composite particles decreases to 1200 nm. 
X-ray phase analysis of magnetic clays was carried out as well. On the diffractogram of the bentonite, 
the highest peaks were found at 2θ = 20,7800 and 28,9800, corresponding to the silica-oxygen and 
alumino-oxygen layers of the montmorillonite as the main part of the bentonite. In the case of 
magnetite, the most intense peaks are at the 2θ values  equal to 35.2400 and 41.5720 degrees, corre-
sponding to the phase of magnetite Fe3O4 and Fe2O3. Changes were found on X-ray diffractograms of 
bentonite, which reflect the introduction of magnetite nanoparticles into the structure of bentonite. 
Stabilization of magnetite with a solution of PEG allowed us to see that in addition to magnetite a 
mineral wustite presents in the mineral structure. It is shown that the introduction of magnetite 
nanoparticles into the inter space of bentonite layers structure provides not only by the physical 
correspondence of the dimension correspondence of the magnetite particles and the interspaces 
between the clay layers, but also the chemical interactions accompanied by significant changes in 
the structure of bentonite, which lead to the appearance of new phases. 
 Adsorption of a drug – kazkaine on the surface of magnetic clays, which has a local anesthetic 
effect, has been studied. The adsorption results are treated in the framework of the Langmuir model. 
The maximum adsorption of kazkaine on the surface of bentonite and its magnetic composite is 
99.6 mg/g and 90.9 mg/g, respectively. The constant of the adsorption equilibrium is equal to 0.069 
L/mg for bentonite, and 0.012 L/mg for the composite. Adsorption is based on ion exchange over 
silicate groups and electrostatic attraction of oppositely charged ions of drug substance and nega-
tively charged groups of functional groups of solid surfaces. 
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Aqueous solutions of nonionic poly(ethylene oxide) surfactants of the CnH2n+1–(OCH2CH2)m–OH 
type (in the abbreviated form, СnЕm) have been extensively studied since 1980s. The interest in the 
diffusion coefficients of these surfactants is due to the use of this parameter in both theoretical 
investigations and the development of technological processes relevant to the transport properties of 
surfactants. In recent years, the practice has stimulated the replacement of synthetic surfactants, 
which are toxic and biologically nondegradable, by new products based on renewable resources, 
with octyl-β-D-glucopyranoside (OBG) being rather popular. However, the diffusion processes of 
these surfactants have been studied to a lesser extent.  
It should be noted that obtaining additional information on the diffusion coefficients at low concen-
trations (с) and ordinary temperatures (Т), when micelles are almost monodisperse and have a 
spherical shape, is also stimulated by the development of the micelle science. For example, a new 
method for determining the aggregation number from measured diffusion coefficients has been 
developed using C6E5 as an example [1]. 
Using the dynamic light scattering method, the diffusion coefficients of С8Е4 was measured in 
aqueous solutions (с = 0.01–0.2 М, T = 20–35ºС) to verify and supplement the available data. The 
curves of the scattered-light-intensity distribution over the measured diffusion coefficients indicate 
micelles to be monodisperse and spherical in the С8Е4 and OBG solutions. The OBG diffusion 
coefficient has a general tendency toward a reduction with an increase in the surfactant concentra-
tion, although this tendency is not as pronounced as it is for С8Е4. Heating increases the diffusion 
coefficient both as lower then 0.03 M and higher then 0.2–0.3 M surfactant concentrations. Howev-
er, for the latter, the growth rate of the diffusion coefficient is lower than at с = 0.03 М. 
On the basis of the theory [1–5], the calculations of the С8Е4 and OBG diffusion coefficients were 
performed with using data on the aggregation numbers as well as the diffusion coefficients of 
monomers and micelles. A method has been analyzed for calculating diffusion coefficients of 
surfactants as functions of their micellar solution concentrations within the framework of the quasi-
chemical variant of the mass action law.  
The methods for introducing initial calculation parameters and the computational scheme for an 
ideal mixture of monomers and micelles, as well as the correction due to influence of viscosity, 
have been considered. The viscosity was measured in VPZh viscometers with capillaries 0.34 mm 
in diameter and the constant of 0.003925 mm2/с2. The combined correction for the viscosity 
influence widens the range of agreement between the theory [1–4] and the experimental data [6]. 
This work was supported by the Russian Science Foundation, project 14–13–00112.  
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Large deposits of hydrocarbons are known to exist in low-permeability rocks, from which 
they cannot be easily extracted. One of the techniques used for enhanced oil recovery is the injec-
tion of water and water-surfactant mixtures, which can improve the mobility of confined hydrocar-
bons. In the present study we focus on the mobility of water/hydrocarbon mixtures in very narrow 
pores (on the order of several nanometers) and consider the effects of temperature, mixture compo-
sition, pore size, and presence of surfactants. 

Molecular dynamics simulations were performed to study the mobility of liquid hydrocarbon 
(n-decane) and water confined in regular nanopores of different width (Fig.1). Amorphous silica 
with partially hydroxylated surface was chosen as the adsorbent. Local densities and self-diffusion 
coefficients of the fluid components were evaluated for various temperatures and mixture composi-
tions. Molecular mobility was shown to be influenced by mixture composition via changes in the 
structure of the adsorbed fluid. On the basis of the same mechanism, surfactants are capable of 
modifying the mobility of both water and hydrocarbon. The data on molecular mobility obtained 
from computer simulations can establish a framework for efficient computational screening of 
optimal conditions for hydrocarbon recovery from low-permeability rocks. 

This work was supported by the Russian Foundation for Basic Research (project No.18-03-
01238-а). Calculations were partially performed using the facilities of the Computational Resource 
Center (Science Park, St.Petersburg State University). 
 

Figure 1. Water/n-decane mixture in 3.0 nm amorphous silica slit, T = 298.15 K, 
water content – 20% vol. Color legend: SiO2 silicon – yellow, SiO2 oxygen – red, 
water – blue, n-decane – dark grey. 
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Gas hydrates are solid clathrate compounds with gas molecules enclosed in cavities of water lattice. 
Two cubic hydrate structures (sI and sII) are the most abundant in nature. Methane and carbon 
dioxide are known to form sI hydrates with a unit cell comprised of 46 H2O and 8 gas molecules 
located in 6 large and 2 small cavities. From the practical point of view it is important to know the 
conditions under which these structures are stable. Usually their decomposition occurs near the ice 
melting point. However, hydrates can exist in nature in dispersed state (for example, in the form of 
nanoclusters) and their melting point can differ from that of the bulk phase.  
In this work the melting of the nanoclusters of gas hydrates was studied by the molecular dynamics 
simulation. Spherical particles of methane, carbon dioxide and mixed CO2/CH4 hydrates with a 
diameter of ca. 3 nm (Fig. 1) surrounded by supercooled water were considered over a wide range 
of temperatures (180-280 K) and at several pressures (1, 50, 100 bar). The local structure was 
characterized by radial distribution functions of gas and water. The melting temperature was 
determined on the basis of caloric curves and the dependence of diffusion coefficients on tempera-
ture.  
The calculated melting points were compared with that for the bulk hydrates, obtained both by 
experiment and simulation. The dependences of hydrate stability on gas composition and pressure 
were analyzed. Melting points increase with pressure; however, the magnitude of this change varies 
for different hydrate compositions. 
Acknowledgements. This work was supported by the Russian Foundation for Basic Research 
(grant no. 18-03-00654 А). 

 

Figure 1. Nanoclusters of methane (left) and carbon dioxide (right) hydrates. 
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REVERSIBLE COAGULATION OF MONODISPERSE SILICA SOL IN ENERGY MINIMA OF 

RESTRICTED DEPTH  

D.Yu. Sychev, Е.V.Golikova,  
Saint-Petersburg state university, Department of Chemistry, Saint-Petersburg, Russia, 

st034434@student.spbu.ru 
 

Brownian coagulation, in which aggregates are formed with a relatively small binding energy 
between the particles at relatively far distances from each other is characteristic of both ion-stabilized 
and partially lyophilized hydrophobic sols. In this case, the reversible coagulation rate is determined 
by the ratio of two processes: the formation of aggregates and their decomposition (breakup of 
aggregates) forced by Brownian motion. 

The aggregation kinetics of a monodisperse silica sol «Monospher 250» with an average 
particle size of 250 nm and particle number concentration n0 = 107 cm–3 is studied in the pH range 
2.0 – 6.2, and NaCl concentration 5 10-2 и 1.5 10-1М. The sol stability was investigated by the direct 
method of flow ultramicroscopy. The experimental stability ratio (Wexp), constants of coagulation (k) 
and of aggregation numbers (mt) attained at time 19-20 h, and electrokinetic potentials of the 
particlesSiO2 are given in Table. 1 

Table 1. The experimental coagulation rate constants (k) of SiO2 sol particles, values of Wexp, 
the aggregation numbers mt=(19-20)h, and electrokinetic potentials of the particles SiO2   

 
рН  СNaCl,М Wexp k1018m3/s mt=(19-20)h , mV 

2.0 

0.05 

3.20.3 1.6 1.9 4.3 

3.0 5.50.5 0.9 1.6 1.2 

4.0 6.10.7 0.8 1.3 – 7.6 

6.2 –  0 1.0 –28.0 

2.0 

0.15 

2.30.2 2.1 2.4  0.5 

3.0 4.00.4 1.3 1.6  –0.5 

4.0 3.30.4 1.6 2.0 – 4.0 

6.2 1.90.2 2.7 3.2 – 6.0 

 

The measurements were correlated with the results of the extended DLVO theory calculation 
and the Hogg-Yang and Muller’s theories of reversible coagulation [1, 2]. It was shown that the 
observed coagulation proceeds mainly by barrieless mechanism in the secondary potential minimum 
due to the prevalence of the forces of dispersion attraction over the forces of ion-electrostatic and 
structural repulsion. 

At the initial stage of coagulation (in presence a sufficiently high repulsion barrier), when 
singlets and doublets of particles are predominantly present in the disperse system, the stability of the 
system (at a constant rate of formation of doublets) depends on the parameters of the potential 
minimum on the total energy dependences of the pair interaction of the particles on the distance: its 
depth and "power" ("capacity") – Z [2, 3], directly determining the decomposition rate of aggregates.  
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The correlation between the coagulation rate constants of SiO2 sol for initial period of 
coagulation and the aggregation numbers for the observation time of 150 minutes and 19-20 hours 
and the depth of the potential minimum (Vmin), its "power" Z, and the doublet decomposition time 
( ) are shown. Part of the data is presented in Table 2. Critical values of the "power" of potential 
minimum below which SiO2sol was stable and above coagulated were determined. 

Table 2. The calculated values of Vmax and Vmin, on the total energy dependences of the pair 
interaction of the particles on the distance, which corresponded to the equality of the experimental 
Wexp and the theoretical stability factor (W2), calculated by the Hogg and Yang formula [1], values of 
Z and . The aggregation numbers (mt) attained at time 150 min. 

рН  СNaCl(М) Vmax/кТ -Vmin/кТ Z mt=150min , s 

2.0 

510-2 

160.4 0.36 6.1 1.16 7.6 

3.0 295.3 0.2 5.8 1.10 7.2 

4.0 330.4 0.2 5.7 1.12 7.0 

6.2 570 0.1 5.4 1.0 6.7 

2.0 

1.510-1 

84.7 0.6 6.3 1.21 7.8 

3.0 127.4 0.3 5.9 1.12 7.3 

4.0 172.6 0.4 6.1 1.18 7.6 

6.2 69.6 0.7 6.4 1.31 7.9 

 
 
Acknowledgements The financial support of The Russian Foundation for Basic Research 

(grant 17-03-01228). 

[1] Нogg R., Yang K.C., J. Colloid Interface Sci. 56(1976), 573 576.  
[2] Muller V.M., Colloid J. 58(1996), 598-611 
[3] Mishchuk N.A., Colloid J. 67(2005), 341–350.  
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IA1 

INTRAMOLECULAR O···CL CHALCOGEN BONDING IN BINUCLEAR 
(DIAMINOCARBENE)PD(II) COMPLEX 

A.S. Novikov1, A.S. Mikherdov1  
1Saint Petersburg State University, Russia 

a.s.novikov@spbu.ru 

The interactions involving σ-hole (hydrogen, halogen, chalcogen, pnictogen, and tetrel bonding) 
play key roles in many chemical, physical, and biochemical processes due to their ability to control 
structures and properties of associates and supramolecular systems, molecular recognition, confor-
mational control, affecting on biological and chemical activity.  
In the framework of our ongoing projects focused on metal-involving reactions of isocyanides and 
non-covalent interactions, we recently reported on the reaction between cis-[PdCl2(CNXyl)2] (Xyl = 
2,6-Me2C6H4) and various thiazol-2-amines (Route A, Scheme 1) that leads to a mixture of two 
regioisomeric binuclear diaminocarbenes [1]. The equilibrium between these species mainly 
depends on the energy difference between two different types of CB, viz. S•••Cl and S•••N.  
Being interested in extension of these reactions to other nucleophiles, we employed another 
aminoazaheterocycle, viz. oxodiazol-2-amine, and found that it’s nucleophilic addition (Route B, 
Scheme 1) to the Pd(II)-bound xylylisocyanide in cis-[PdCl2(CNXyl)2] proceeds regioselectively 
and gives only one binuclear aminocarbene complex featuring O•••Cl CB as product. In contrast to 
binuclear species with thiazol-2-amines, this binuclear aminocarbene complex featuring O•••Cl CB 
is not subject to isomerization even upon reflux at C2H4Cl2 for several days and is stable in one 
form. To confirm the hypothesis on the existence of O•••Cl CB in this binuclear aminocarbene 
complex, we carried out DFT calculations and performed topological analysis of the electron 
density distribution within the framework of Bader’s theory (QTAIM method). The QTAIM 
analysis demonstrates the presence of appropriate bond critical point (3, −1) for O•••Cl CB. The 
low magnitude of the electron density, positive value of the Laplacian, and close to zero energy 
density in this bond critical point (3, −1) are typical for non-covalent interactions. 
Acknowledgements The financial support from the Russian Foundation for Basic Research is 
gratefully acknowledged (project No. 18-33-00704). 
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Scheme 1. Reactions of cis-[PdCl2(CNXyl)2] with thiazol-2-amines and oxodiazol-2-amines. 
 

[1] A. S. Mikherdov, M. A. Kinzhalov, A. S. Novikov, V. P. Boyarskiy, I. A. Boyarskaya, D. V. 
Dar’in, G. L. Starova and V. Y. Kukushkin, J. Am. Chem. Soc., 2016, 138, 14129. 
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EFFECT OF SURFACE HYDROPHOBICITY AND PARTICLE SIZE ON THE COFFEE 
RING FORMATION 

L.J. Chen, S.Y. Lin, K.C. Yang, T.Y. Hu, K.H. Cho 
National Taiwan University, Taiwan 

ljchen@ntu.edu.tw 

When a colloidal droplet dries out on homogeneous surfaces, a ring-like deposit of particles 
develops at the edge of the droplet. This phenomenon, known as the coffee ring effect, usually 
occurs whenever drops containing nonvolatile solutes evaporate on a solid surface. The evaporation 
process of a colloidal droplet on homogeneous surfaces with different hydrophobicities generally 
comprises the constant contact radius mode, the constant contact angle mode, the mixed mode, and 
the second pinned mode in sequence [1]. The self-pinning concentration is defined as solute 
concentration when colloidal particles start to pin at the edge of the droplet. That happens to be in 
the beginning of the second pinned mode in the evaporation process. The self-pinning concentration 
is independent of initial particle concentration and increases along with the surface hydrophobicity, 
which can be identified by the receding contact angle. It is interesting to find out that the self-
pinning concentration is linearly dependent on the receding contact angle for a fixed nanoparticle 
size (silica particles of 400 nm in diameter) [1]. In addition, two more silica particles with 760 and 
1000 nm in diameter are used to prepare the colloidal solution. The self-pinning concentration 
decreases with an increase in particle size. For larger particles (such as, 760 and 1000 nm in 
diameter), the linear relationship between the self-pinning concentration and the receding contact 
angle of surfaces still remains intact but shifts downward. For bi-dispersed silica particles solution, 
the self-pinning concentration is dominated by larger particles. 
 
References 
[1] S.Y. Lin, K.C. Yang and L.J. Chen, The Journal of Physical Chemistry C 2015, 119, 3050. 
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GRAPHENE OXIDE TEMPLATES 
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31b4 Leninsky prospect, Moscow 119071, Russia. 
2N. S. Kurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences, 31 

Leninsky prospect, Moscow 119991, Russia. 
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*kalinina@phyche.ac.ru 

 
Fabricating of solid-supported porphyrin-based metal organic networks which are a new class of 
functional porous materials promising for various applications remains a challenging problem for 
supramolecular chemistry. We developed a new method for preparation of composites of graphene 
oxide (GO) and zinc tetra-substituted porphyrin SURMOFs, which are potentially useful as syner-
getic catalysts, on planar solids. The template GO monolayers were prepared through entropy-
driven self-assembly at the hexane/water interface.[1]  We studied systematically a series of the 
GO-associated SURMOFs assembled from variously substituted meso-carboxyphenyl/pyridyl 
porphyrins and zinc acetate vis layer-by-layer deposition onto the GO –decorated surfaces.[2]  The 
microscopically flat GO template can initiate the growth of macroscopically uniform SURMOF 
films exhibiting well-resolved X-ray diffraction. By applying D’yakonov method, which has been 
previously used for the extraction of self-convolution of electron density in clay minerals, to the 
analysis of the experimental diffraction patterns of SURMOFs, we determined the relation between 
the structure of porphyrin linkers and the geometry of packing motives in the films. We showed that 
the packing of the SURMOFs differs significantly from that of bulk powders of similar composition 
because of steric limitations imposed on the assembly in 2D space. The results of microscopic 
examination of the SURMOFs suggest that the type of metal-to-linker chemical bonding dictates 
the morphology of the films with roughness varied depending on the linker chemistry. By using 
BET method measurements, we demonstrated the exceptionally large surface area and adsorption 
capacity of fabricated SURMOF films.  Our results are useful for better understanding of the 
interplay between supramolecular ordering and surface-directed assembly in metal organic frame-
works formed by large and rigid aromatic building blocks. The approach we used provides a basis 
for new types of self-assembled coordination structures integrated with solids through anchoring on 
the 2D carbon templates. 
Acknowledgements The work is supported by Russian Science Foundation (grant №16-13-10512). 
 
[1] A. I. Zvyagina, E. K. Melnikova, A. A. Averin, A. E. Baranchikov, A. R. Tameev, V. V. Malov, 
A. A. Ezhov, D. A. Grishanov, J. Gun, E. V. Ermakova, V. V. Arslanov and M. A. Kalinina, 
Carbon,2018 (in press, available online) https://doi.org/10.1016/j.carbon.2018.03.075 

[2] Zvyagina, A. Shiryaev, A. Baranchikov, V. Chernyshev, Yu. Enakieva, O. Raitman, A. Ezhov, I. 
Meshkov, D. Grishanov, O. Ivanova, Yu. Gorbunova, V. Arslanov, M. Kalinina, New Journal of 
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SPREADING OF POLYMER SOLUTIONS AND EMULSIONS ON LIQUID SURFACES 

V.G.Kulichikhin and A.Ya.Malkin  
Institute of Petrochemical Synthesis RAS 

klch@ips.ac.ru 

INTRODUCTION. Wetting and spreading of liquids onto a surface of different nature are ones of 
the main phenomena studied in colloid and physical chemistry, since they are connected with 
fundamental thermodynamic characteristics as a surface, as a liquid phase. These processes are 
considered as for solid, as for liquid surfaces. In the first case an analysis of the situation is based on 
the Young law, in the second one the adsorption of surfactants weakly dissoluble in a liquid onto 
interface is discussed. Namely adsorption predetermines a scale of the surface tension of the liquid 
surface decrease under influence of the surfactant used. Spreading of a surfactant solution on a 
liquid surface is mainly driven by the interfacial tension gradient (as a consequence of the 
concentration gradient) across the liquid-air interface, which can be thermodynamically determined 
by the spreading coefficient as follows:  

 
where  being the interfacial tensions between the  and  phases in contact, and 1, 2, and 3 
represent air, water, and surfactant solution, respectively. The spreading happens if . The 
concentration gradient induces shear stresses on the surface, known as “Marangoni effect” [1], 
leading to the expansion and instability of the surfactant solution. The scaling relationships and 
boundary conditions of Marangoni-driven spreading depend on different factors such as the 
thickness of substrate, geometry of spreading, and rheological properties of the surface and injected 
liquid. As to equilibrium state of such a sandwich liquid-liquid, it was shown that the liquid droplet 
has a shape of a lens that distorts smooth surface of the liquid sub-phase and exists in equilibrium 
with a thin film covered a droplet. In this paper we intend to study spreading more complicated 
object, namely polymer solution on a surface of a solvent as the first part of research [2]. The 
second part is devoted to spreading heterogeneous liquids (emulsions). The presence of internal 
phase alters the rheological properties of the emulsion to non-Newtonian behavior with a noticeable 
elasticity originated from interfacial strain and inter-droplet interactions, and in some cases a yield 
stress due to jamming of droplets appears. In addition, the spreading process can be influenced by 
the coalescence instability of the droplets due to the drainage of the surfactant solution from the 
inter-droplets layers. The experimental results are linked to the rheological behavior of the 
emulsions to better understanding the mechanism of the emulsion spreading and its instability 
dynamics. 

EXPERIMENTAL. Two kinds of polymer solutions were used as the main objects: aqueous 
solutions of polyethyleneoxide (PEO) with molecular weights of 40, 500 and 3,000 kg/mole and 
polyacrylamide (PAA) with molecular weight of 12,000 kg/mole. Concentration of solutions was 
chosen as 0.005, 0.05 and 0.5%. The first polymer appears the surface activity, the second one – no. 
For both polymers the intrinsic viscosity and crossover point corresponding to formation in 
solutions so called entanglements network were measured. For all solutions the surface tension was 
estimated. Two kinds of emulsions were the objects under investigation: direct emulsion of the 
hexadecane in water with Tween 80 as a surfactant, and silicone oil with the kinematic viscosity of 
5 cSt (Sigma-Aldrich) as the oil phase distributed in 80 mM sodium dodecyl sulfate (Sigma-
Aldrich) solution (about 10 times higher than its CMC=8×10-3 mM) as the aqueous phase. In this 
case, the droplet size (from sub-micron to micrometer) and volume fractions (from the dilute to the 
highly-concentrated regime) were varied. The spreading behavior was analyzed by high-speed 
camera.  
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RESULTS AND DISCUSSION. For investigation of spreading the polymer solution a water 
surface in Petri cap was decorated with Al powder. In center of cap the drop of solution was placed 
from micro-syringe at maximal closing the needle to the surface to avoid a shock causing waves 
formation. Drop of both polymer solutions does not mix with water, but spreads forming a spot 
pushed apart tracers (Fig.1). As a result of spreading, the spot of finite size forms. The thickness of 
the spot is close to dimensions of macromolecular coil that indicates on phase separation with 
formation on a surface practically monolayer of macromolecules.  It is possible to suggest that 
interface has elastic properties which obstructs to penetration of macromolecules to sub-phase. As a 
result, the main portion of solvent (water) is gone to water and desolvated macromolecules form 
monolayer. In other words, the interface plays a role of poor solvent or even coagulant, causing the 
phase separation.  

    

Fig 1. Spreading stages (from left to right) of 0.05% PEO solution on water surface.  

In the case of the emulsion the first stage of spreading on a surface of disperse medium proceeds 
very fast, as explosion or bursting [3]. Then the process becomes slower and on the final stage the 
finger-like distortion on the spot periphery can be seen (Fig. 2). Mechanism of the explosion can be 
formulated as a loss by spreading drop dimensionality (3D-2D transition) that leads to the phase 
separation and transition of the disperse medium into liquid sub-phase. This process accompanied 
by high energy release responsible for inter-particular and inter-molecular interactions. Then the 
effect Marangoni starts to work accompanying by the loss of the spot stability.     

 
Fig. 2. Stages of spreading of hexadecane-water emulsion on a water surface (from left to right).  
 
Acknowledgement This work was carried out in frames of the State Program supported by FANO.   
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The property of a newly synthesized tetrazine derivative comprised of double C18-saturated 
hydrocarbon chain (C18-rTz-C18) has been studied in situ at the air−water interface. C18-rTz-C18 
or a gemini amphiphile contributes to restriction of its tetrazine moiety on the interface, which is 
expected to be used for bioimaging and analytical reagents. Herein, to understand lateral interac-
tions between Tz and biomembrane constituents, we investigated the interfacial behavior of 
Langmuir monolayers composed of C18-rTz-C18 and biomembrane lipids such as DPPC, DPPG, 
DPPE, PSM, and Cholesterol (Ch). The lateral interaction of the binary monolayers was analyzed 
with the surface pressure (π)−molecular area (A) and surface potential (ΔV)−A isotherms. These 
thermodynamic data indicate that all of the two-components are miscible with each other. In 
particular, as opposed to the others, the monolayer stability of DPPE, which is a major constituent 
of the inner surface of cell membranes, is attenuated by the small-amount addition of C18-rTz-C18. 
This specific interaction implies the membrane destruction from the inside. The phase behavior 
during monolayer compression was visualized with Brewster angle microscopy (BAM), fluores-
cence microscopy (FM), and atomic force microscopy (AFM). The obtained morphologies exhibit a 
coexistence state of two different liquid-condensed domains derived from extra phospholipids and 
phospholipids−C18-rTz-C18 monolayers.   

 Acknowledgements: This work was supported by a Grant-in-Aid for ScientificResearch 
16K08216 from the Japan Society for the Promotion of Science (JSPS).  
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During recent years, there has been growing activity in the field of developing the methods 

for creating thin hybrid nanostructures comprising organic and inorganic components on solid 
surfaces. Metal-organic frameworks (MOFs), multilayered organized assemblies with ultrathin two-
dimensional nanomaterials, first of all graphene, immobilized on the supports attract much attention 
owing to their unique and advantageous design for film nanomaterial based adsorbents, sensors, 
catalysts, energy storage devices and etc.  

To achieve high adhesion and stability of nanostructured surface coatings with reproducible 
organization at the large scale, the structure and chemistry of the growing films should complement 
those of the substrate.  The most highly developed approach to solving this problem is to use 
template layers anchoring the hybrid film to the surface. Self-assembled monolayers (SAMs) in the 
form of ordered organic molecular arrays formed spontaneously on solid surfaces, provide a labile 
platform for generating variously tailored templates for organic and organic/inorganic films. 
Although SAM-based strategy remains a most convenient and powerful tool to consolidate such 
films and solid substrates, its applications are limited due to the special chemistry of supports used 
for creating SAMs and their thermal instability. In this work, a fundamentally different type of 
templates, which do not suffer from these limitations, is considered. This is a consolidated bilayer 
comprising an adhesive monolayer with high affinity toward the substrate and a functional one 
which mediates the growth of the nanostructured film. Our approach is based on the use of gra-
phene oxide (GO), which acts as an adhesive material and plays a key role in formation of this 
multifunctional bilayer template (MBT), and in that case a functional ordered monolayer of zinc-
tetra(4-pyridyl)porphyrin (ZnTPyP). This 2D template directs further bottom-up growth of the 
organic films or metal-organic nanostructures. 

The one-step assembly of MBT proceeded spontaneously at the air/water interface comprising 
ZnTPyP monolayer and was monitored by an in-situ fiber optic absorption and fluorescence 
spectroscopy in a Langmuir trough. Dilatation surface rheology was applied to study the evolution 
of molecular organization of the monolayers upon adding the zinc ions, GO and their mixture into 
the subphase.  

The problem of obtain and interpretation of compression isotherms of nanoparticle monolay-
ers by using Langmuir-Wilhelmy surface balance is considered. This method cannot be applied for 
soluble or partially soluble monolayers due to the loss of the monolayer material upon compression. 
The solubility of GO critically depends on the lateral size of the GO sheets. Large particles of GO 
resemble to a certain degree water soluble macromolecules for which the ability to form irreversible 
monolayers is determined by several well-known mechanisms. In addition, the surface tension does 
not actually change upon compression of the monolayers of solid particles; instead, this process 
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only leads to a decrease in the free surface area of the water. We believe that the experimentally 
measured changes of surface pressure or surface tension in such monolayers are due to the mechan-
ical lateral pressure experienced by the Wilhelmy plate from the rigid monolayer of particles. The 
surface pressure isotherms obtained for these systems do not therefore correspond to the actual 
decrease of the surface tension of aqueous subphase. Nevertheless, colloidal particles can absorb at 
the oil/water and air/water interface because of the gain in free surface energy. It means that the 
monolayers of GO show best stability at the oil/water interface. Herein we suggest compensating 
the excess of surface energy gain for the monolayer of GO at the air/water interface by using a 
monolayer of poorly soluble organic material instead of an oil phase. This approach makes it 
possible to anchor the GO nanosheets in the interfacial layer with nearly the same efficiency as it 
occurs at the oil/water interface. 

The as-formed MBTs were transferred onto solid supports via Langmuir-Blodgett technique 
and then were used for the sequential growth of porphyrin-based surface metal-organic frameworks 
(SURMOFs) with two different structures.  

Our strategy exploiting stable template which is compatible with solid supports with very dif-
ferent chemistry may provide a basis for new types of solid-integrated advanced materials with 
improved stability and functional variability. 

Acknowledgements This work was supported by Russian Science Foundation, Grant 16-13-
10512. 
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Effective environmental monitoring is an actual problem of modern society. Most of the existing 
optical sensors based on chromoionophores, capable of sensitive and highly selective recognition of 
toxic analytes, and, above all, metal cations, usually work in organic solvents. Therefore, the main trend 
in the development of environmental monitoring tools is the creation of "intelligent" miniature diagnos-
tic devices operating in aqueous media. Among them, thin-film sensor systems, characterized by 
compactness, high speed response and availability for analytes are the greatest prospects. Porphyrins are 
a typical example of compounds that used for creating of sensory systems. In recent years, attention has 
been paid to the study of the properties of unsymmetrically substituted "push-pull" porphyrins, which 
combine in their structure substituents with strong electron-donor and electron-withdrawing properties. 
In the present work, the properties of new representatives of this type of porphyrins are investigated: 
meso-substituted porphyrins, functionalized with electron-donating (-OC8H17 and -OPhOC8H17) 
substituents and a diethoxyphosphoryl group, which is a strong electron acceptor. 

The aggregation properties of solutions of these compounds have been studied, both in the 
form of zinc complexes and free bases. The conditions for the formation of Langmuir monolayers are 
determined and their thermodynamic and optical properties are studied. It was found that the mono-
layers of the free bases of mesityl derivatives, like their solutions, do not exhibit selectivity for cations 
(mercury, copper, zinc and cadmium), although the times for the formation of complexes for different 
cations vary significantly. In contrast to solutions and monolayers at the air/water interface, in films of 
free base porphyrin transferred on a solid substrate (PVC) by the Langmuir-Schaefer (LS) method at 5 
mN/m, porphyrins exhibit selectivity for mercury cations. And 30 layer film allows us to fix color 
changes at binding of mercury cations from aqueous solutions, which is observed for the first time for 
porphyrin compounds. The high spectral sensitivity of the 5-layer LS films made it possible to 
determine the content of mercury cations in the aqueous solution at the level of 0.01 mM. 
Acknowledgements This work was carried out in the frame of the International Associated French–
Russian Laboratory of Macrocycle Systems and Related Materials (LAMREM) of CNRS-RAS. The 
authors thank Russian Foundation for Basic Research for financial support (project № 17-53-16018 
and № 18-33-00339). 
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Figure 1. (a) Structure of porphyrins. Absorption (b) and emission (c) spectra of 30-layred LS film 
of DMOPhOC8 recorded during immersion of film in Hg(ClO4)2 aqueous solution. 
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The efficiency of oil displacement from the reservoir with a surfactant solution is convenient to 
estimate and predict from the dependence of the residual oil saturation on the capillary number Nc 
[1], which quantitatively characterizes the contribution of mechanical and capillary forces to the 
displacement process. It has been experimentally established that the larger the capillary number, 
the higher the degree of displacement of oil and the less residual oil saturation. The capillary 
number is a dimensionless quantity, the ratio of the hydrodynamic pressure Ph causing the 
movement of droplets and oil films in the formation to the capillary pressure Pc counteracting this 
motion at the oil-water and oil-rock boundaries.: 
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where, in accordance with the Darcy equation, u is the rate of a two-phase flow of the aqueous 
phase and oil, μ is the viscosity of the aqueous phase, k is the permeability coefficient, Δp is the 
pressure drop, r is the radius of the pore channel, θ is the selective wetting range of the rock by the 
oil, which is the measure of adhesion A drop of oil to the wall of the pore filled with an aqueous 
phase. 
The graph of the dependence of the residual oil on the capillary number is called the desaturation 
curve or the capillary drainage curve. At the present time, there is no generally accepted theoretical 
model for the curves of capillary drainage. In this paper, we suggest a physicochemical adhesion 
model similar to the Langmuir adsorption model. In this model, the displacement of oil by the 
surfactant composition is represented in two stages: 
1. The rupture of the adhesion of oil to the rock by washing it or dissolving the rock beneath it, the 
formation of oil droplets in the solution. 
2. Transfer of oil droplets along the porous channel of the sinusoidal form - the drop periodically 
deforms as it passes through the constrictions. 
Both stages can coincide if during the passage through the narrowing the drop of oil has time to 
form an adhesive contact with the rock. 
Symbolic record of the model in the form of a sequence of two reactions:  
        OR = R + O, 
        Ou = Od , 
where OR is a drop or a film of oil in adhesive contact with the rock; R is an oil-free rock; Ou is an 
undeformed drop of oil in the expansion of the pore channel; Od is a deformed drop of oil in the 
narrowing of the pore channel. 
In the adhesion model, the curve of capillary drainage, that is, the dependence of the residual oil 
saturation on the capillary number, is expressed by an equation similar in form to the adsorption 
equation of Langmuir: 
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R(Nc) is the residual oil saturation, Rо(Nc) is the initial residual oil saturation, wo is the oil 
wettability parameter of the rock, it takes values from 0 for the hydrophilic rock and up to 0.2 for 
the hydrophobic rock, fl is the phase permeability parameter, different for the wetting and non-
wetting phase. 
Figure 1 shows in semilogarithmic coordinates the capillary drainage curves calculated from the 
adhesion model for the wetting Rw (Nc) (5) and nonwetting Rnw (Nc) (6) phases, respectively: 
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In one case, oil is a wetting phase with respect to the hydrophobic rock, usually carbonate. In 
another case, the oil is a non-wetting phase with respect to the hydrophilic rock, most often 
represented by sandstone. It can be seen from the figure that there is a threshold, critical value of the 
capillary number, from which the aqueous phase of the composition becomes an effective 
displacing agent, begins to reduce the residual oil saturation of the reservoir that remained after 
flooding. 

Figure 1. Curves of capillary drainage, calculated from the adhesion 
model for the wetting Rw (Nc) and non-wetting Rnw (Nc) phase. 

Thus, the adhesion model can be useful for predictive assessments of the effectiveness of oil-
displacing compositions under various displacement conditions. From the definition of the capillary 
number and the comparison of the capillary drainage curves for oil in the wetting and nonwetting 
phases, it follows that the efficiency of the oil-displacing effect of the composition increases with 
increasing its viscosity, lowering the interfacial tension and hydrophilizing the surface of the 
hydrophobic rock, as this leads to an increase in the capillary number. Formation enhancing 
compositions, in particular having the ability to dissolve and hydrophilize a hydrophobic rock under 
a film or a drop of oil, will additionally increase the oil recovery factor [2]. 
Acknowledgements The work was carried out with the financial support of the RF Ministry of 
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The layered structures of thin SURMOFs can be hardly described by a common XRD techniques, 
since they are well textured, e.g all crystallites usually have similar orientation. Due to this fact, the 
conventional diffraction pattern from this kind of structure contains only a portion of possible 
diffraction peaks. Thus, the number and relative intensities of observed signals can differ from the 
observed diffraction of a bulk crystal with the same structure, that provides difficulties towards 
characterization of SURMOFs. 
The decision of the problem can be found in the application of the technique, described previously 
in case of layered minerals, such as clays and similar substances.[1] Basal reflections (Miller 
indices 001) of the layered material are used for the calculation of the D’yakonov function. The 
function can be expressed as ∑ 2 , where li is an intensity of a basal reflection; 
z is a distance in the direction normal to the film.  
Calculation of D’yakonov function provides an information about interlayer distance, relative 
concentrations of layers even in the absence of strict periodicity. In case of highly ordered struc-
tures, like SURMOFs, maxima of the function correspond to the distribution of an electronic 
density (Fig. 1). We applied this method to the analysis of different self-assembled porphyrin-based 
SURMOFs.[2] Maxima of the electronic density distribution correspond to zinc ions between 
porphyrin linkers, that gives us information about thickness of each layer. Based on it and known 
structures of bulk crystals we described the most probable packing of synthesized SURMOFs 
(Fig. 1).  

 
Fig. 1 Electronic density distribution (a), linear dimension of the organic linker (b) and proposed 
packing of the obtained SURMOF (c) based on Zn(II) meso-tetrapyridylporphyrin and Zn(OAc)2. 

Using of D’yakonov technique for analysis of layered SURMOFs is suitable for characterization of 
highly ordered thin films that gives a new powerful tool of analytical chemistry.  
Acknowledgements The work is supported by Russian Science Foundation (grant #16-13-10512). 
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Quantitative prediction of Young contact angle in metallic systems is an interesting task from both 
theoretical and practical points of view. Significant amount of experimental data is accumulated to 
date on the subject��but it is still purely empirical. Moreover, contact angles reported for the same 
systems by various authors could differ significantly. The main reasons for data scatter are the 
sensitivity of surface energies (and, consequently, contact angles) to experimental atmosphere 
contaminations (mainly by oxygen and water vapor) and uncontrolled physico-chemical processes 
on the solid/liquid interface, such as intermetallics formation and dissolution in solid and liquid 
phases. 
Several attempts were made to systematize available experimental data and to predict contact angles 
and intensity of adhesion on the solid / liquid interface in metallic systems. The only facts that were 
reliably proved is that the increase in mutual solubility correlate with improved wettability and that 
poor wettability (obtuse contact angle) should not be observed in metallic systems [1]. In [2] it was 
suggested that cosines of contact angle is proportional to the ratio of fusion temperatures for high 
and low melting components. However the modern data on wettability in metallic systems are 
poorly described by the model. For example contact angle about 140° was predicted for Pb/W 
system, whereas experimental value is close to 60° [3]. 
In the case of metals the main difficulty arising when contact angle is derived from interfacial 
energies on the basis of Young equation is linked to dramatic decrease of solid/gas surface energy 
due to adsorption of low-melting component. This effect, called by Zisman “autophobisity”[4], was 
observed in metals about 70 years ago [5] and confirmed for many metallic systems. Taking into 
account complex structure of formed adsorption films (recently term “complexion” was suggested) 
it is difficult to estimate quantitatively the surface energy of solid substrate covered with such films. 
Starting from general idea that the energy of such “complexion” should be linked with intensity of 
heteroatomic interactions in the system we have suggested to use molar exchange energy � to 
predict wettability. This parameter could be extracted from phase diagram of corresponding binary 
system on the basis of regular solution approximation or, alternatively, calculated parameters could 
be used [6]. 
Dependence of contact angles on molar exchange energy is shown in the figure for several metallic 
systems. Own experimental results are presented together with literature data. It could be seen from 
the figure that linear correlation between cosines of contact angles and molar exchange energy exist 
when one liquid alloy on the different substrates is considered.  
We suppose that the slope of presented curves is linked to the structure and density of complexions 
on the solid/gas interface.  
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Figure 1. Cosine of contact angle vs. molar exchange energy for liquid Pb, Ag an Au on different 
metallic substrates. 
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Langmuir-Blodgett films modified by an electrochemically active compound, such as cobalt 
hexacyanoferrate [1, 2], are of interest to create water-insoluble film electrodes with a high concen-
tration of active centers and a low response time. The possibility of introducing cobalt hexacy-
anoferrate nanoparticles stabilized by sodium hexametaphosphate in octadecylamine monolayers 
with subsequent transfer them to a solid substrate by the Langmuir-Blodgett method is shown. 
Cobalt hexacyanoferrate nanoparticles were obtained by gradual mixing of an equimolar reagents 
mixture with the addition of sodium hexametaphosphate as a stabilizer. The size of nanoparticles 
were determined by the laser diffraction method, the average particle size was about 12 nm. The 
hydrosol of the nanoparticles stability was studied photometrically in the pH range 2-4. The π-A 
octadecylamine monolayers isotherms on a subphase containing cobalt hexacyanoferrate nanoparti-
cles were studied at the same pH values. 

 
Figure 1. π-A isotherms of octadecylamine monolayers in solutions: 1 - water, 2 - nanoparticles at 
pH = 2, 3 - nanoparticles at pH = 3, 4 - nanoparticles at pH = 4, 5 - pH of the prepared solution (pH 
= 5). 
 
The increasing in the area per one molecule in monolayer when nanoparticles are added to the 
solution at all pH values indicates the interaction of nanoparticles with monolayer. The decrease of 
the collapse pressure and the decrease in the slope of 2, 3, and 4 curves indicates the decrease in the 
elasticity of the monolayers. In the pressure range 25 - 30 mN/m, the reduction in elasticity is not 
significant, so this interval is optimal for the transfer of monolayers onto a solid substrate. 
According to the obtained data, optimal conditions for the monolayers transfer to a solid substrate 
by the Langmuir-Blodgett method were chosen - pH = 4 and π = 35 mN/m.  
The morphology of the resulting films was studied on the surface of solid substrates. Optical 
microscope images of the transferred monolayers indicate a successful transfer. The films is 
inhomogeneous and contains aggregates. 
The electrochemical properties of electrodes based on Langmuir-Blodgett films in various solutions 
of electrolytes were studied by using the cyclic voltammetry and potentiometry. 
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Figure 2. EMF of a galvanic cell and the Nernstian slope for various solutions of electrolytes. 

Straight-line dependences of the film potential on the activity of the ions Cs+, NH4
+, K+, and Mg2+ 

were observed with the Nernst slope values close to the theoretical ones. 
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___________ 

 
  

68



IIO7 
EFFECTS OF ADSORPTION AND LINE TENSION ON CONTACT ANGLE 

OF LIQUID RIDGES AND SESSILE DROPLETS: THERMODYNAMICS 
AND AN INTERFACE DISPLACEMENT MODEL 

 
D.V. Tatyanenko, A.K. Shchekin  

St. Petersburg State University, Russia 
d.tatyanenko@spbu.ru 

We consider a small axisymmetric sessile droplet and a narrow liquid ridge (an infinitely long 
“cylindrical droplet”) formed on top of a precursor wetting / polymolecular adsorption film on a 
planar partially wettable solid substrate. Such axisymmetric sessile droplets are actively studied 
during last few decades in various contexts including heterogeneous nucleation, wetting, hydropho-
bic properties of solid surfaces etc. Modern scanning microscopy techniques allow to measure 
profiles and contact angles of even nanosized sessile droplets [1]. Liquid ridges became popular in 
molecular dynamics simulations since they require less calculation resources (due to use of periodic 
boundary conditions) and allow reducing line tension effect on the contact angle [2, 3].  
The macroscopic contact angle in such a system is determined by equilibrium values of thermody-
namic surface tensions σ — the specific surface excesses of the grand thermodynamic potential [4] 
and is given by the well-known Young relation: 

 0 0 0 0cos       .  (1) 

Here and further, θ denotes the contact angle, Greek superscripts mark the phases, and double 
Greek superscripts mark the interfaces (see Fig. 1 for notations). The “0” subscript marks the value 
referring to the bulk liquid–vapor phase coexistence, i. e., the binodal. For small sessile droplets, the 
contact angle is affected also by the thermodynamic line tension κ — the specific line excess of the 
grand thermodynamic potential. Eq. (1) then changes to the generalized Young equation [5, 6]: 

 cos r r            . (2) 

Here the values of the thermodynamic quantities σ and  κ refer to the current thermodynamic state 
of the system, different from the one in Eq. (1). The contact line (droplet base) radius r refers to the 
equilibrium/critical droplet at this thermodynamic state. Comparing Eqs. (1) and (2), we write 

 0 0cos cos r r                 (3) 

with 0
          ,        , 0 0 0

       . The symbol “δ” denotes the differ-
ence of the following thermodynamic quantity in the current thermodynamic state and its state at 
the binodal. For the sake of simplicity, we suppose the system to be isothermal, and containing the 
only mobile component constituting the fluid (liquid and vapor) phases. 
In many cases, the difference between   and 0

  can be neglected since the curvature radius of 
the αβ interface of a sessile droplet/ridge is much larger than the Tolman length. Then Eq. (3) turns 
into an equation for correction to the [macroscopic] contact angle cosine. It clearly has three 
separate terms. With use of thermodynamic arguments, we show that    and r , the first two 
corrections on the right-hand-side of Eq. (3), are  1O r , while the third one,  2r O r     [7]. 

The correction    can be estimated as  0 0
     with Γ the adsorption (the specific surface 

excess of matter), μ the chemical potential of the [single] component of the fluid phases, and thus is 
determined by adsorption effects. The correction r   is due to an intrinsic dependence of the line 
tension on the three-phase contact line (droplet base) radius. The corrections    and r   are 

69



usually ignored, and Eq. (3) is considered with the only correction term r . Such a “simplified” 
form of the equation is widely used in contact-angle-based measurements of the line tension. 
In case of liquid ridges, the contact line is straight, Eqs. (2) and (3) then will not contain the line-
tension term, while the derivative term r   persists with r the half-width of the ridge base [5]: 

 cos r          ,  (4) 

 0 0cos cos r              .  (5) 

With use of thermodynamic arguments, we show that in this case  2r O r    , even though the 
dependences ( )r  in the two considered geometries are generally different for same physical 
system. Therefore, in the case of liquid ridges    remains the only first-order correction term.  
To illustrate our results and compare sessile droplets and ridges in the same physical system, we 
have employed a local interface displacement model, allowing calculating the profiles of the sessile 
droplets and ridges, their contact angles and all the discussed correction terms for a model system. 
The grand thermodynamic potential of the system within the model is a functional of the interface 
displacement (local liquid film thickness) profile ( )l x  and a function of the chemical potential μ:  

      2(ID) 2
0 0( ); d ( ) 1 ( ) ( )l n l l U l               x x x x x   (6) 

with n  the number density of molecules in the liquid phase. The effective interface potential 
( ) ( ) d

h
U h h h


    related to the disjoining pressure isotherm ( )h  describes a thin-film-specific 

contribution. For interface potentials typical for partial wetting, two stationary profiles for the 
functional (6) have been found: a metastable precursor wetting film of a constant thickness f: 

( )f n   , representing an equilibrium (metastable) state of the solid surface in contact with 
vapor phase, and a hump-shaped sessile droplet/ridge (depending on geometry of the system) on top 
of the above-mentioned film. At 0   , the main part of this profile has a shape of almost 
spherical segment for sessile droplets and almost right circular cylindrical segment for ridges. 
Using a model interface potential ( )U h  we find, for different values of the chemical potential μ, 
stationary interface displacement profiles ( ),l x  corresponding reference profiles (see Fig. 1) with 
values of r and θ, thickness f of the precursor film and calculate the correction terms on the right-
hand-sides of Eqs. (3) and (5). Obtained numeric results support our thermodynamic estimations. 
Acknowledgements The work was supported by the Russian Foundation for Basic Research 
(grants 16-03-01140-а and 18-53-50015 ЯФ_а). 

Figure 1. Cross-section of a liquid sessile droplet/ridge on 
the solid substrate. Dashed line shows the interface 
displacement profile ( )l x  corresponding to droplet/ridge, 
solid line shows the corresponding “macroscopic” 
reference profile ( )m x , forming a contact angle θ and the 
droplet/ridge base radius/half-width r. Circled Greek 
letters mark the phases: α is liquid, β is vapor, γ is solid. 
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Advanced dispersed systems of nano hydroxyapatites, containing Mg, Zn and Si within hydroxyap-
atite (HAP) lattice, were prepared by wet chemical precipitation method. Structural and morpholog-
ical characterization of nano powders was achieved by XRD, FTIR, Raman, BET, TEM, AFM and 
SEM. Results show a distinct change in shape and size of nanoparticles, and in crystallinity of 
lyophilized powders, non-calcined or calcined, with ionic substitutions.  
 
Innovative scaffolds were fabricated by supramolecular engineering approach from aqueous 
dispersions made of advanced HAP-Mg-Zn-Si and HAP-Mg-Zn-Sr-Si bioceramics self-assembled 
alone or with collagen type 1: COL, as thin layers/films on solid/liquid interface. 
 
Human osteoblasts response on doped HAPs was assessed by viability tests, adhesion and prolifera-
tion, and protein expression for osteoblast markers, such as collagen-1, osteopontin, osteonectin and 
osteocalcin. Results demonstrate benefits of turning discoveries into health, with uses in bone tissue 
repair and treatment of osteoporotic bone fractures. Advanced nanomaterials inherited the in vivo 
effects of substituting elements and the structure and properties of HAP. 
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Coalescence dynamics between deformable bubbles and droplets can be dramatically affect-

ed by the mobility of the liquid interfaces with fully mobile bubble-liquid interface, expected to 
accelerate the coalescence by orders of magnitudes. However, there is a lack of systematic experi-
mental investigations that quantify this effect. By using high speed camera imaging we examine the 
free rise and coalescence of small air-bubbles (100 to 1300 μm) with a liquid interface [1]. A 
perfluorocarbon liquid, PP11 is used as a model liquid to investigate coalescence dynamics between 
fully-mobile and immobile deformable interfaces. The mobility of the bubble surface was deter-
mined by measuring the terminal rise velocity of small bubbles rising at Reynolds numbers ap-
proaching zero (Re < 0.1) and the mobility of free PP11 surface by measuring the deceleration 
kinetics of the small bubble toward the interface (Figure 1). Induction or film drainage times of a 
bubble at the mobile PP11-air surface were found to be more than two orders of magnitude shorter 
compared to the case of bubble and an immobile PP11-water interface.  
 

 

Figure 1. Comparison of rise velocity vs separation experimental data (symbols) with theory 
prediction (solid lines). 

 
[1]   I.U. Vakarelski, R. Manica, E.Q. Li, E.S. Basheva, D.Y.C. Chan and S.T. Thoroddsen, 
Langmuir, 2018, 34, 2096. 
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Plasmon nanoparticles (NPs) possess well-known their ability to convert optical irradiation into the 
strong electric field near their surface. This ability relates to physical phenomena which occur due 
to the enhancement of the optical properties of organic molecules trapped within this field. Among 
those, SERS, surface-enhanced IR absorption and surface-enhanced fluorescence are well-
developed methods for chemical and biochemical analysis with high sensitivity. Plasmon enhanced 
absorption of visible light (PREA) remains much less explored because the large difference in 
magnitudes of extinction of NPs and those of molecules limits the opportunity of direct observation 
of PREA. . To measure the enhancement of electronic absorption of organic molecules by plasmon-
ics NPs at the planar interfaces, a special architecture of planar system has to be applied. 
Herein, we report a novel strategy for direct observations of the  enhancement of visible light 
absorption in thin films of organic dyes (mono- and double-decker tetra-15-crown-5-
phthalocyanines and 5-carboxytetramethylrhodamine) by using the 2D gold plasmonic antennas 
with tunable optical properties. The films of dyes were formed by a Langmuir-Blodgett technique 
that allows fabrication of tightly-packed ordered layers [1]. Gold nanostructured antennas with 
spectral characteristics tuned in a range of 520-660 nm via precise manipulating of plasmon 
coupling were deposited on the top of organic films [2]. The extinctions of as-formed hybrid 
systems can be increased by more than 500% depending on the thickness and composition of 
organic layer (Figure 1). For multiband absorption chromophores, we demonstrated the wavelength-
selective enhancement effect by appropriate shifting of the resonance maximum of the hybrid 
structure. Our method also makes it possible to convert the narrow-band spectrum of some dyes into 
the enhanced broadband optical pattern of the hybrid without changing the molecular structure of 
the dye.  
 

 
Figure 1. Absorption spectra of dye monolayer, gold nanoparticles antenna and hybrid system 
based on dye and gold NPs (left), SEM image of gold nanoparticles antenna with absorption 

maximum 650 nm (right). 
 

However, PREA-effect is sensitive to the intermolecular interactions in organic films. This sensitiv-
ity manifests itself in the systems based on the dye aggregates exhibiting collective optical behav-
ior. To assemble such hybrid coatings, we used two dyes, perylene diimide and tetrapyridyl 
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porphyrin which are both capable of formation of J-aggregates in thin films and gold nanoparticles 
antennas with appropriate structures. These systems exhibited additive optical behavior. Computer 
modeling showed that the geometry of contact between the gold nanoparticles and the dye film 
controls the propagation of the plasmon field into the organic phase and, thereby, the occurrence of 
PREA-effect at the organic-coated interface. [3] 
Our results enlightened the mechanism of plasmon enhanced absorption in the hybrid ultrathin 
surface coatings that might be important for the improvement of the efficiency of organic solar 
cells, heterogeneous photocatalysts and other organic electronics devices. 
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SECTION II 
 

WETTING, SPREADING AND THIN FILMS 
 

Poster Presentaions 
 

IIP1 
BILAYER PORPHYRIN-GRAPHENE TEMPLATES FOR SELF-ASSEMBLY OF METAL-

ORGANIC FRAMEWORKS 

E.V. Ermakova1, M.A. Kalinina1, V.V. Arslanov1 
1Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences, 

Leninsky Pr. 31, Moscow 119071, Russia 
evermakova92@gmail.com 

A new strategy of bilayer porphyrin-graphene template formation to initiate the assembly of 
various surface metal-organic frameworks on solid substrates is proposed. A simple strategy allows 
us to create for one step a complex bilayer template on the liquid surface from an organized film of 
functionalized porphyrin and an adsorption layer of graphene oxide (GO). After transferring of 
bilayer to a solid substrate by the Langmuir-Blodgett (LB) technique, it is used as a template for 
assembling of SURMOFs. An important aspect of the proposed approach is the possibility of 
realizing the known stabilization effect of the 2D graphene structure by the surface of the substrate 
on which it is applied. In the free state, graphene has a wavy surface with a lateral dimension of a 
separate inhomogeneity of up to 10 nm and a height of about 1 nm. 

We believe that to obtain extended homogeneously oriented films of porphyrin-reinforced 
GO, this approach has certain advantages over the assembly of pure GO monolayer by the 
Langmuir-Blodgett technique, or by vertical transfer from a liquid-liquid interface. 

The behavior of monolayers of tetrapyridylporphyrin [1,2] and tetracarboxyphenylporphyrin 
[2] zinc complexes on the surface of deionized water, aqueous solutions of zinc acetate, GO and GO 
in the presence of zinc acetate is studied. Using the Langmuir surface balance, in situ fiber optic UV 
reflection-absorption spectroscopy and fluorescence spectroscopy, the molecular organization of the 
porphyrin films on surface of pure water is determined and its change under the effect of zinc 
cations and/or the adsorption layer of the GO is demonstrated. 

Bilayer templates of ZnTPyP/GO/ZnAc2 and ZnTCPP/GO/ZnAc2 were transferred from air-
water interface onto the silicon wafer via LB technique. Figure 1a shows that the film based on 
ZnTPyP consists of a discontinuous openwork net with clearly discernible elements in the form of 
flat, irregularly shaped annular figures arranged on the sheets of GO. Network is formed because of 
branching of 1D elements. In the case of a ZnTCPP film obtained on the surface of an aqueous 
solution of GO and zinc acetate, the SEM micrograph (Figure 1b) demonstrates high film 
uniformity over a large area. The film consists of elements-grains, densely packed on the sheets of 
the GO. 

The deposited bilayer templates were then used for the epitaxial assembly of two different 
SURMOFS: ZnTPyP/ZnAc2 and ZnTCPP/ZnAc2 [3]. To study the structure of SURMOFs X-ray 
diffraction method was used. 

Thus, the proposed approach to assembling the templates for SURMOFs is interesting in that 
when transferring a bilayer from firmly bonded layers of porphyrin and GO onto a solid substrate, 
the effect of the latter on the change in the structure of the organic layer is screened by the GO 
layer. At the same time, thanks to the features of the GO, the bilayer is firmly fixed on a solid 
substrate. This allows us to solve immediately several pressing problems of the formation of 
SURMOFs: (1) creation of templates on a solid substrate of any nature without the use of self-
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organized monolayers in the epitaxial growth of coordination polymers, (2) exclusion of the 
influence of a solid substrate on the restructuring of the monolayer structure when it is transferred 
from the liquid surface by the Langmuir- Blodgett method, (3) prevention of the desorption of this 
monolayer when the film is enlarged by LB methods or layer-by-layer assembly. 

Acknowledgements This work was supported by Russian Science Foundation, Grant 16-13-
10512. 

Figure 1. SEM images of the GO/ZnAc2/ZnTPyP (a) and GO/ZnAc2/ZnTCPP (b) bilayers 
transferred from air-water interface onto silicon support by Langmuir-Blodgett method at 0 mN/m. 
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IIP2 

SESSILE  1-PROPАNOL-WATER MICRO-DROPLET EVAPORATION DYNAMICS AT 
DIFFERENT AMBIENT HUMIDITY 
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Experimental data on complete diffusive evaporation of a 1-propanol-water sessile droplet 
on polished hydrophobic quartz surface at ambient conditions will be discussed. Contact angle 
evolution as a function of time was studied at different initial 1-propanol concentrations and 
humidity. 

Figures 1 and 2 reflect contact angle evolution with 35% by mass initial concentration of 1-
propanol at 26% and 87% humidity, respectively. At low initial humidity (Fig.1), contact angle 
changes slowly that is similar to the behavior of a single-component drop [1─2]. As the 1-
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propanol contents is reduced, the evaporation character shifts to the next stage, a moderate 
contact angle growth until it reaches its maximum value of 960 that corresponds to the 
preferential water contents in the drop (1030 for a water droplet on the hydrophobic quartz 
surface as measured previously). 

At a higher initial humidity (87%), evaporation proceeds differently (Fig.2). A moderate 
contact angle shift during the first 60 seconds changes to its sharp growth with a peak value of 
1020 that almost equals that of a pure water droplet. 

The contact angle growth can be clearly observed at the series of droplet pictures (Fig.3 b,c). 
With the higher initial 1-propanol concentrations of 72% by mass and at low humidity (28%), 
the whole evaporation process is followed by a monotonous contact angle decrease (Fig.4). It 
must be noted that higher initial 1-propanol concentrations at a constant initial humidity inhibits 
the contact angle growth. As the initial humidity is increased, the contact angle evolution 
character becomes non-permanent. The increase humidity to 45% leads to the appearance of an 
angle-growing stage with its maximum value of 820 that corresponds to an insignificant residual 
1-propanol  contents (Fig.5). 

The evaporation of pure 1-propanol droplets at low initial humidity (23%) proceeds 
monotonously with a slight contact angle decrease (Fig.6). Increasing the initial humidity to 90% 
(Fig.8) leads the evaporation character to become similar to that for initial 1-propanol 
concentration of 72% at the 45% humidity (Fig.5). 

Thus, the initial 1-propanol concentration and the air humidity are the decisive factors 
determining the evaporation process dynamics at the evaporation of sessile drops of the 1-
propanol-water solution and of pure 1-propanol in the air atmosphere.   
             

 

Fig.1  Evolution of drop contact angle θ, vs time 
35% 1-propanol at 26% humidity 

Fig.2 Evolution of drop contact angle θ, vs 
time3 5% 1-propanol at 87% humidity 

 
 

 

    

а b c d e 
Fig.3 Evolution of drop (foto) 
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Fig.4 Evolution of drop contact angle θ, vs time 
72% 1-propanol at 28% humidity 

Fig.5 Evolution of drop contact angle θ, vs time 
72% 1-propanol at 45% humidity 

 
 

Fig.6 Evolution of drop contact angle θ, vs time 
pure 1-propanol at 23% humidity 

Fig.7 Evolution of drop contact angle θ, vs 
time pure 1-propanol at 90% humidity 
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LANGMUIR—BLODGETT FILMS CONTAINING POLYOXOMETALATE  
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One of the interesting and most developing sections of supramolecular chemistry is the self-
organization of oxoions into polyoxometallates. At the end of the last century, thanks to the work of 
the German professor A. Müller [1], various polyoxometallates containing several tens of structural 
units were obtained. They were given the name "bulky balls". These are spherical molecules, whose 
diameter can reach 3 nm. Recently, a large number of papers have been devoted to the study of 
hybrid materials, in which the properties of organic and inorganic substances are combined. Since 
bulkyballs in solutions have a negative charge, it can be assumed that they will be attracted to the 
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oppositely charged molecules of octadecylamine (ODA). Thus, the aim of the present work was to 
obtain Langmuir-Blodgett films (LBF) based on a cationic surfactant and one of the bulkyballs. 
According to the technique [1], a bulkyball was synthesized based on the molybdenum (V) and (VI) 
and vanadium (IV). There are 30 central atoms: 8 molybdenum (V) and 22 vanadium (IV) in the 
eight fragments [MoO (H2O)]3+ and twenty-two [VO(H2O)]2+, all of them are located on the 
icosahedron edges. The last connect its vertices, on which there are 12 pentagonal bipyramids 
MoO7, which are surrounded by five octahedral MoO6 each, and such structure is a part of 
fragments [Mo6O21(SO4)(H2O)3]8-. The entire icosahedron is enclosed between twenty potassium 
atoms, the huge anion is connected with 140 water molecules, external 22 potassium cations and 6 
sodium cations [1]. The structure is shown in Fig. 1. The formula of the compound is 
H412K22Mo80Na6O536S12V22. 

The obtained bulkyball is described by various methods: X-ray analysis that was provided by 
“Centre for X-ray Diffraction Studies” SPbU; X-ray fluorescence analysis that was provided 
“Centre for Innovative Technologies of Composite Nanomaterials”; visible spectroscopy of aqueous 
solutions; IR spectroscopy in the KBr tablet; potentiometric titration. All data were successfully 
correlated with the literature data [1]. 
The presence of bulkyball molecules in the solution leads to the expansion of the ODA monolayer, 
i.e, at the same pressure, the area per molecule of ODA on the solution of the bulkyballs is higher 
than on pure water. This indicates that there is an inbuilt bulkyballs from the liquid sub-phase into 
an insoluble layer. However, the absence of a vertical section on π-A isotherms makes it impossible 
to transfer monolayers onto a solid substrate in these conditions. 
In an acidic medium at pH = 4, all ODA molecules are in protonated form and, therefore, the 
molecules begin to strongly repel each other due to electrostatic interaction. But the addition of the 
bulkyballs into the subphase leads to the appearance of the vertical section on the π-A isotherm. 
This is due to the fact that the bulkyball molecules in the aqueous solution dissociate to form 28 
charge anions, which have a condensing action with respect to the positively charged ODA 
monolayer. As a result of which the electrostatic repulsion of the molecules in the layer falls and the 
monolayer stabilizes. In addition to the π-A isotherms, the interaction of the bulkyball with the 
ODA monolayer is confirmed by Brewster angle microscopy (BAM) Fig 2. 
The transfer to the substrate was carried out by the Langmuir-Blodgett method [2]. The solid 
substrate was lifted down and up through the monolayer at a surface pressure of 30 mN/m and pH = 
4. Successful transfer of ODA/bulkyball monolayers was confirmed by atomic force microscopy 
(AFM). Thus, it was possible to form a Langmuir-Blodgett films containing molecules of 
polyoxometallates on a solid silicon substrate. 

 

Figure 1. Structure of the icosahedral cluster 
anion of bulkyball H412K22Mo80Na6O536S12V22. 

Figure 2. BAM image of condensed monolayer 
of ODA containing bulkyball at pH = 4. 
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Similarly, more simple binuclear complexes K4Mo2Cl8 was investigated. π-A isotherms of ODA on 
the solutions of this complexes in the pH range 2 – 6 indicated that surface properties of monolayers 
depend symmetrically on the state of the complexes in the solution. 
[1] Müller A., Botar B., Bögge H., Kögerler P., Berkle A. Chem. Commun., 2002, vol. V, 2944–
2945. 
[2] Ivanov N. S., Kondrat’ev Iu. V., Ianklovich A. I., Sukhodolov N. G., Zhukov A. N. 
Colloidal Journal, 2015, vol. 77, no 3, 163–168. 
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EVAPORATION DYNAMICS OF A BINARY SESSILE DROPLET:  
AQUEOUS MIXTURES WITH SULFURIC ACID AND ALCOHOLS 

 
 A.A. Mikheev1,*, A.E. Kuchma1, N.E. Esipova2, A.K. Shchekin1, S.V. Itskov2 

1St. Petersburg State University, St. Petersburg, 199034 Russia 
2Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences, 

Moscow, 119071 Russia 
*e-mail: prototype3.3@mail.ru 

 
In spite of its rather long history, the study of droplet evaporation is still challenging, both from 

experimental and theoretical points. There is a lot of practical applications, in which the evaporation 
of droplets plays an important role. In particular, hydrophobic and superhydrophobic behavior in 
nanofluidic devices, formation of film coatings are closely related to the evaporation of sessile 
droplets on solid surfaces. In many cases, we should deal with binary and multicomponent droplets.  

The evaporation of sessile droplets is a more complex problem than the evaporation of free 
spherical droplets. Breaking of spherical symmetry in the case of sessile droplet reveals in 
nonuniformity of local diffusion and heat fluxes, which significantly influences the evaporation. In 
addition, we need to consider the conditions at three-phase contact line. 

It is commonly recognized that the evaporation of a millimetric sessile droplets occurs in the 
regime of stationary diffusion of a vapor. The theory of the stationary isothermal evaporation of a 
one-component droplet having the shape of a spherical segment on a solid planar substrate was 
developed in [1] using an analytical solution previously obtained in [2] for the equivalent problem 
of electrostatics. In the case of multicomponent droplet, this solution can be used for each 
component at appropriate boundary condition on the droplet surface. 

In this report, the stationary isothermal approximation is employed to solve the problem of 
evaporation of a sessile droplet consisting of two liquids miscible in any proportion. More 
specifically, we studied binary droplets placed in air with a controlled humidity and temperature. 
Unlike one-component droplet [3], the state of a binary droplet depends also on solution 
concentration which changes during evaporation. A relation between the current values of solution 
concentration and volume of the droplet has been derived in an explicit form under the ideal 
solution approximation. It has been shown that the volume of a sessile binary droplet may, as well 
as the volume of a free binary droplet, vary nonmonotonically with time. The evaporation of a 
droplet of an aqueous sulfuric-acid solution has been considered in detail taking into account the 
nonideality of the solution. Time variations in the volume, base area, and contact angle have been 
experimentally measured for the sessile droplet of an aqueous sulfuric-acid solution on a 
hydrophobized substrate. The experimental data obtained at different initial humidities of water-
vapor and droplet-solution concentrations have been analyzed [4]. The performed analysis has 
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shown that the thermal effects and the nonstationary character of diffusion in a droplet significantly 
affect the dynamics of the evaporation process due to the slow mutual diffusion of water and acid 
molecules in the droplet.  
Acknowledgements This work was supported by the Russian Foundation for Basic Research (grant 
16-03-01140) 
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IIP5 
THE COUPLED MAP LATTICE MODEL OF THIN LIQUID FILM RUPTURE 
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The stability of liquid films on solid surfaces is an issue of importance in a number of technological 
applications such as lubrication, paints, surface coatings, textile dyeing, changing the wetting 
properties of surfaces to name just a few [1]. Liquids that do not wet a surface can be forced to form 
films on the solid. However, such films are thermodynamically unstable and will transform to a 
series of isolated droplets [2] via Rayleigh instability producing non-equilibrium state frozen for 
hydrodynamic reasons [3]. Depending on the molecular properties and initial liquid layer thickness, 
these films can decompose either by nucleation events or by spinodal dewetting [4] followed by 
growth of holes and formation of  droplets. 
Experimental results involving the real time direct observation of the initial steps of the dewetting 
process are hardly available despite the sophisticated measuring techniques [5]. A major difficulty 
arises from the fact that most experiments deal with rather thin films which cannot be visualized by 
fast space-resolving optical techniques [6]. Nevertheless, it has been  found that the dewetting 
process proceeds in several stages irrespective of the system details: the breakup of the film and 
formation of holes, growth and coalescence of holes, droplet formation and ripening processes. 
These stages can be preceded both by the nucleation process caused by the impurities or surface 
heterogeneity and by amplification of surface fluctuations which governs the surface dewetting in 
the spinodal mechanism [7]. The spinodal mechanism of dewetting has been proved to lead to the 
experimentally observed satellite hole formation [4]. Despite these generalizations, the dewetting 
process still seems to be far from  fully understood even in the case of the dewetting of  the liquid 
substrate, where difficulties have been encountered in the correlation between experimental results 
and the mechanical properties of thin films [8].      
In the present work the coupled map lattice (CML) model was used to investigate the behavior of 
the thin liquid film on the solid homogenous surface. The model is very simple but includes varied 
detailed rules of cell evolution, e.g. in the model presented the thermal fluctuations of the film 
thickness are implemented along with two different ways of the hole creation and growth. The work 
is devoted to the examination of the usefulness of different modifications of the CML model to 
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produce a realistic description of the dewetting process and to predict  details of dewetting phenom-
phenomena. 
Simulations of the dewetting process were performed in the regular 2D lattice. The simulation box 
was a square built of 502 square lattice cells. All cells of the lattice have the same properties, so the 
model is addressed to the initially homogenous solid surface. The periodic boundaries were 
adopted. Prior to the dewetting simulation the surface was fully covered with a liquid: each lattice 
cell was filled with a portion of a liquid given by the Gaussian distribution with the assumed 
average and the standard deviation.  
Simulations were performed within the CML model using the von Neumann and Moore adjacencies 
of the evolving cell, the simple and proportional liquid distribution among target cells and the film 
perforation caused by nucleation and by spinodal piercing. The rules incorporated in presented 
CML models consist of following elemental manipulations of the cell content:  the elemental 
thermal fluctuation, the hole formation and the growth of holes. Fig. 1 shows some initial and final 
stages of the dewetting process.  
The mechanism of the surface dewetting process based on the analysis of evolution of CML cells 
was formulated. As a result, the dependence of the surface fraction xF covered by the liquid film on 
time was found:    
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where k1 and kG denote the rate constants of processes of the hole initialization and the hole growth, 
respectively,  xE is a dry surface fraction and “�” index refers to the final stage of the system. 
The distribution of final droplet volumes at equilibrium (equivalent to the contents of the lattice 
cells after the system evolution) is highly asymmetrical and can be well approximated by the log-
normal distribution. 

a) 

b) 
Fig. 2. Some exemplary snapshots of the simulation box in the initial and final steps of dewetting 
(Moore adjacency, spinodal piercing, proportional transfer): a) P1=0.01, P2=0.01,  b) P1=0.01, 
P2=0.1. Red lines mark schematically the mother hole and satellites formed in initial steps of film 
rupture. Visualization was created by the Surface Evolver software [9]. P1, P2 are probabilities of 
the hole formation and the other liquid translocation, respectively. 
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 Fluorinated surfactants are more efficient than hydrogenated surfactants because of the surface 
tension can be reduced by small amounts of fluorinated surfactants. Moreover, the feature of 
hydrophobicity and lipophobicity provides phase separation and self-assembly. These properties 
are useful for applications in various fields such as biomedical and industry fields [1]. The 
perfluorinated double long-chain salts with divalent counterions which have various hydrocarbon 
spacer lengths have been synthesized [2, 3]. Herein, in this study, the binary monolayer properties 
of the fluorinated compounds and dipalmitoylphosphatidylcholine (DPPC) were investigated to 
understand the spacer length effect and an aspect of biomembrane interaction on their interfacial 
behaviour.  

  
Experimental:  
The fluorinated compounds, 1,1’-(1,ω-alkanediyl)-bispyridinium perfluorotetradecane carboxy-late 
(abbreviation: CnBP(FC14)2; n = 2, 6, 10), were synthesized. DPPC was obtained from Avanti 
Polar Lipids (Alabaster, AL). Surface pressure (π)-molecular area (A) and surface potential (ΔV)-A 
isotherms were measured on 0.15 M NaCl at 298.2 K. Brewster angle microscopy (BAM), 
fluorescence microscopy (FM) and atomic force microscopy (AFM) were also employed.  
  
Discussion:  
      We have investigated that the binary Langmuir monolayers of DPPC and CnBP(FC14)2 
behaviour.  Two-dimensional phase diagrams were constructed on the basis of the 
disordered/ordered phase transition pressure and the monolayer collapse pressure versus the molar 
fraction of CnBP(FC14)2 (XCnBP(FC14)2). The transition pressures and collapse pressures 
changed against XCnBP(FC14)2. In the morphology (BAM and FM), the dispersion degree of two 
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regions (ordered and disordered) were depending on the spacer length of Gemini type perfluorinat-
perfluorinated surfactants. The miscibility is also confirmed by AFM at nanometer scales.  
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Wetting of hard surfaces with various fluids, which plays an important role in microfluidic 
applications, is very interesting for fundamental science, since it includes complex physical 
processes that occur both on macroscopic and molecular scales. The most complicated case takes 
place at wetting of an anisotropic surface by anisotropic liquids. Previously, we have studied such 
phenomena investigated by using the spreading of drops of nematic liquid crystals (NLC) along the 
anisotropic surface with micro relief [1]. 
The alternative technique, used in our experiments, is based on a rise of liquids in vertical 
capillaries [2].  The specific decay capillary flow, arising in this case, is controlled by a number of 
static parameters (surface tension coefficient, static contact angle) and by the effective shear 
viscosity, which are referred to the energy dissipation. The letter parameter depends on the 
orientation structure of a liquid crystal inside a capillary. In turn, the orientation of NLC is 
determined by action of surfaces, flow and external (magnetic or electric) fields. So, the detailed 
information on anisotropic properties of liquid crystals can be obtained by variation of the 
mentioned above factors. 
In our experiments, we used plane capillaries of a different gap with inner photosensitive surfaces, 
prepared by photoalignment technique [3]. It made possible to provide different surface orientation 
relatively to the flow direction without changing a nano relief on the wetting surfaces. So, it 
provided a study of the photo induced surface anisotropy on the dynamics of a decay capillary flow 
and static wetting parameters. Additional usage of electric field made possible to control the shear 
flow rate due to the high anisotropy of a shear viscosity coefficient. The theoretical analysis of the 
obtained results was performed in the framework of the models, previously elaborated for isotropic 
liquids with inclusion additional information about complicated phenomena, taking place in shear 
flows of liquid crystals. 
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Water molecules are adsorbed on the solid surface in a wet gas environment As a result of 
polymolecular adsorption, a thin film of water is formed. The structure and physical properties of 
adsorbed water and water in the bulk state are different. Viscosity and permittivity are the most 
sensitive properties to changes in structure of liquid. 
The analytical dispersion equations of the surface acoustic wave in the system «thin liquid layer – 
piezoelectric substrate» has been obtained. It has been demonstrated that surface acoustic waves can 
be used to study the dielectric properties of water adsorbed on the surface of a piezoelectric 
substrate. 
Based on the frequency dependence analysis of the change in the velocity of surface acoustic waves 
in the system "piezoelectric substrate – adsorption layer", the anomalous dispersion of dielectric 
permeability of adsorbed water is detected. It was found that the dipole dielectric relaxation 
frequency of adsorbed water is significantly less than that of water in the bulk state. 
The dielectric relaxation frequency in the region of orientation polarization decreases from 1010–
1011 Hz for water in the bulk state to 103–109 Hz for adsorbed water. The decrease in the relaxation 
frequency has been explains by the modification of the adsorbed water structure under the influence 
of the force field of the solid surface. 
It was shown that the structuring effect of the adsorbing surface increases with a decrease in the 
thickness of the adsorption layer, which leads to an increase in the viscosity and the time of 
dielectric relaxation of adsorbed water. The activation energy of the relaxation process E(h) 
depends on the thickness of the adsorption layer. Therefore, the temperature dependence of the 
adsorbed water relaxation time � ~ exp[E(h)/kT] is more complex than the dependence for the bulk 
water in the liquid phase.  
The influence of solid surface is manifested in the fact that the structure and physical properties of 
adsorbed water differ from the structure and corresponding properties of bulk water. Due to the 
intensive formation of hydrogen bonds, adsorbed water is structured like ice. It is natural to assume 
that the structure of adsorbed water by the degree of ordering occupies an intermediate position 
between the structure of bulk water and the structure of ice. 
Frequency dependence research of dielectric properties of water in thin adsorption layers provide 
extensive information about its molecular structure, intermolecular interactions, kinetics and 
mechanisms of molecular processes. It should be noted that the features of the dispersion of surface 
acoustic waves should be taken into account when designing acousto-electronic devices operating 
under the influence of a wet environment. The results of the study can be used to develop moisture 
sensors and sensitive adsorption sensors. 

___________ 
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Noskov1 
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The adsorption layers of two derivatives of fullerene C60 with lysine and arginine at the solution – 
air interface were investigated by the Brewster angle microscopy, capillary wave method, surface 
tensiometry, dilational surface rheology. The conjugates of C60 with lysine and arginine (C60-Lys 
and C60-Arg) unlike many other derivatives of fullerenes, are soluble in water due to the presence of 
amphiphilic amino acid residues. This gives a possibility to form self-organized films of fullerene 
derivatives at the water surface without the application of the complicated procedure of the layer 
spreading. The adsorption is irreversible, and the derivatives under investigation can form a 
dynamic network at the interface with almost zero surface pressure and high dynamic surface 
elasticity up to about 100 mN /m. It is shown that the adsorption layers of C60-Lys and C60-Arg are 
characterized by strongly different rheological properties and different morphologies. The layers of  
C60-Arg are fragile while those of C60-Lys are liquidlike. The distinctions in the properties are 
mainly caused by different amounts of amino acid residues in fullerene C60 derivatives. 
Acknowledgements The work was financially supported by the Russian Foundation of Basic 
Research and Ministry of Science and Technology of Taiwan (joint project № 16-53-
52034_MHT_a). 
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Fabricating of conductive graphene-based surface coatings on solids with different surface energy 
remains an actual problem. Herein, we report a new facile and scalable approach to form 
monolayers of 2D carbons on various solids by using self-assembly of graphene oxide at the 
oil/water interfaces. [1,2] We showed that interfacial monolayers with controlled packing density of 
graphene oxide can be deposited on the hydrophilic surfaces such as silicon wafers and quartz glass 
as well as on the hydrophobic surface of Teflon. Graphene oxide attained flat arrangements in the 
monolayers on hydrophilic surfaces and yielded the films of partially scrolled particles on the 
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surface of Teflon. The as-formed graphene oxide surface coatings underwent rapid reduction under 
microwave irradiation at 1000 W. The efficiency of reduction was dependent on the ability of the 
supporting material to absorb microwaves: silicon wafer>quartz glass>Teflon. The single layers of 
graphene oxide reduced on the surface of silicon wafers showed extraordinary low sheet resistance 
1.2 kΩ•sq−1. Our strategy is useful as a quick-and-cheap method for modifying surface 
hydrophilicity or electrical properties by the deposition of carbon-based films and for creating the 
GO templates suitable for further bottom-up assembly of various surface architectures. The 
monolayers of graphene oxide and reduced graphene oxide on various solids can be useful as 
templates for immobilization of the organic supramolecular structures. 
  
Acknowledgements The financial support of Russian Science Foundation (grant № 16-13-10512). 
 
[1] A. I. Zvyagina, A. A. Shiryaev, A. E. Baranchikov, V. V. Chernyshev, Y. Yu. Enakieva, O. 
A. Raitman, A. A. Ezhov, I. N. Meshkov, D. A. Grishanov, O. S. Ivanova, Yu. G. Gorbunova, V. V. 
Arslanov, M.A. Kalinina, NewJ.Chem., 2017, 41, 948. 
[2] A. I. Zvyagina, E. K. Melnikova, A. A. Averin, A. E. Baranchikov, A. R. Tameev, V. V. 
Malov, A. A. Ezhov, D. A. Grishanov, J. Gun, E. V. Ermakova, V. V. Arslanov, M. A. Kalinina, 
Carbon, 2018, 134, 62. 
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IIA1 
COMPARISON OF STRUCTURE OF SEDIMENTS FORMED AFTER GRAMINICIDE 

EMULSION DROPLETS EVAPORATION USING ELECTRON MICROSCOPY 
 

D.V. Dzardanov, V.V. Visotskiy, I.A. Polunina 
Frumkin Institute of Physical Chemistry and Electrochemistry RAS, Russia 

E-mail: dzardanov@list.ru 
 

Precipitates formed after the evaporation of emulsions of herbicides on the leaf surface of the one-year-old 
cereal weed of the Green foxtail (Setia viridis) differing in the composition of surface-active substances 
are investigated. 
As it known, surfactants play the role of emulsifiers when the water dilutes concentrates of emulsions of 
herbicides [1], they also significantly affect both the wetting of the leaf surface with emulsion droplets, and 
the structure of the deposits formed after evaporation of the droplets [2]. In the wetting processes, an 
important role is played by the colloidal chemical characteristics of the leaf surface, which is hydrophobic 
due to the presence of a waxy cuticle layer [3]. 
The structural form of the sediment formed after the drying of the working solution of the herbicide on the 
surface of the plant allows one to judge the bioavailability of the active compounds of the herbicide and to 
evaluate the optimality of the choice of components of the each research formulation. 
It was found that the structure of precipitation and the droplet boundaries of the investigated graminicides 
vary radically from each other (Fig. 1). The sediment of the Graminicide I distribution is uniformly and 
visually ordered, the structure is not marked, which is characteristic of the effective diffusion structure. In 
the sediment of Graminicide II, an appreciable crystallization of the active substance along the drying 
contour of the drop is observed. This takes Graminicide II into a hard-to-reach form and reduces its 
biological effectiveness in field experiments. 

Figure.1. Precipitation on the adaxial leaf surface of Green foxtail (Setia viridis): 
а - the precipitate formed after evaporation of the emulsion of the Graminicide I; 
b - the precipitate formed after evaporation of the emulsion of the Graminicide II 
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IIA2 
SURFACE FREE ENERGY OF NEW FUNCTIONAL POLYMERS 

I.F.Shaimukhametova,1  S.A.Bogdanova1, G.P.Belov2, O.N.Golodkov2, S.R.Allayarov2 
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Modern polymer materials are multicomponent heterogeneous systems. Polymer free 
surface energy is one of the most fundamental parameters due to its universality and information 
value. It is the function of many parameters – polymer structure, surface thermal oxidation and 
irradiation, the conditions of polymer surface formation, the presence of additives and surfactants. 
It helps to estimate and predict the surfactat-polymer interaction, play the significant role in 
polymer production and treatment and in the processes of adsorption, adhesion, wetting, spreading, 
surface functionalization. 

Functional polymer biocompatible materials of a new generation based on aliphatic 
polyketones and polyoximes possess high adhesive ability and biodegradability, good barrier 
characteristics, are the starting materials for the preparation of a new type of polymer. 

Polyoximes are high molecular compounds whose macromolecules contain the active oxime 
group - = N - OH. They are used as components of immunogenic synthetic vaccines and 
antibacterial agents, as sorbents for extracting heavy metals from waste water and for water 
purification. Their use in medical-cosmetic compositions and film packaging materials with 
bactericidal effect is promising. 

The purpose of this work was to determine the surface energy characteristics of polyoxime 
films with different molecular weights obtained from solvents of various types. Surface free energy  
(γs) and its acid–base (γs

ab) and dispersion (γs
d) components were determined from values of the 

contact angles of ten test liquids on the polymer surface. The contact angle was experimentally 
determined at 293 K by the sessile drop method in a cell with a water seal, using a KM-8 
cathetometer equipped with a micrometer head. Rugged coefficient was determined with the help of 
profilograms. The calculation of the free surface energy and its components were carried out for the 
contact to air side of polymer by the method of geometrical mean approximation using Fowkes 
conception and Owens – Wendt equations. As solvents, dimethylacetamide, dimethylsulfoxide and 
pyridine were used. 

Analysis of the results showed that polyoximes have high surface free energy and surface 
polarities. It was found that molecular weight and nature of the solvent affect the acid-base 
component of the surface free energy. The highest surface polarity was noted for samples obtained 
from pyridine. It was shown that as the molecular weight of polyoximes increases, the free surface 
energy decreases. 
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The acidity parameter, determined by Berger's method, indicates the predominant presence 
of proton-donating groups in the surface layer. The surface thermal oxydation, the degree of 
crystallinity, the conditions of polymer surface formation were shown to affect substantially the 
surface free energy and surface polarities of polyketones and polyoximes. 

The results obtained allow us to continue the research on the development of ways to 
functionalize the surface of polymer materials. They are useful for obtaining composites and 
coatings with an improved complex of properties. 

___________ 
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The surface elasticity characterizes a dynamic response of a monolayer to surface dilation and can 
be considered as an important characteristic parameter of pulmonary surfactant monolayers. At the 
same time, measurements of the dynamic surface elasticity in the systems with extremely low 
surface tension is a serious problem. In this work, a new approach to the analysis of nonlinear 
surface rheological properties is developed with the aim to enlarge the accessible range of surface 
pressures. 
 
It has been shown recently that the method of stress decomposition can be used for the 
determination of the dynamic surface elasticity from a non-linear response of compressed and 
expanded states of the surface layer to surface dilation [1]. In this work a modified stress 
decomposition method is proposed to estimate the surface rheological properties for a non-linear 
system. It takes into account the contribution of small deformations into the non-linear system 
response and leads to much better agreement between the results for small and large deformations. 
The application of the modified stress decomposition method for the investigation of spread 
monolayers of DPPC allowed us to determine the dynamic dilational surface elasticity at extremely 
low values of surface tension (up to 1 mN/m) [2]. Finally, the dilational surface elasticity for 
solutions of pulmonary surfactants (Curosurf) was determined using this approach. It was shown 
that the dilational surface elasticity took high values up to the collapse.On the other hand, this 
quantity strongly depended on the concentration of pulmonary surfactants in the bulk and the 
frequency of surface area oscillations. 
 
Acknowledgement: The work was financially supported by the Russian Science Foundation 
(project No. 17-73-10171). 
[1] A.G. Bykov; L. Liggieri; B.A. Noskov; P. Pandolfini; F. Ravera; G. Loglio, Adv. Colloid and 
Interface Science, 2015, 222, 110. 
[2] A.G. Bykov, G. Loglio, F. Ravera, L. Liggieri, R. Miller, B.A. Noskov, Col. Surf. A, 2018, 532, 
238. 
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IIIK2 
METHODS FOR CONTROLLING PRESSURE SOLUTION RATE 

 
Z. Skvortsova, V. Traskine, Ya. Simonov 

Moscow State University, Russia 
zskvor@yahoo.com 

Stress-enhanced dissolution of a solid may lead to supersaturation, mass transfer and reprecipitation 
at unstressed sites. Such a sequence of processes, eventually resulting in material deformation, is 
known as dissolution-precipitation, or pressure solution creep (PSC) and occurs quite frequently 
during rocks evolution in natural conditions. It is also used in some techniques of materials 
processing [1]. 
Knowing the factors governing the PSC is necessary for better understanding of diagenetic 
transformations in rocks, estimating collector properties of carbonate hydrocarbon reservoirs etc. 
There are also cases where this knowledge can be used for controlling PSC rate: protection of 
environment-sensitive materials used in monuments, enhancement of liquid phase sintering etc.  
Just like as other many-stage processes, the PSC may be limited by events localized at interface or 
by transport rate. The factors governing elementary acts of solid-liquid interactions in the absence 
of external mechanical impact are well documented, while the bibliography concerning their 
interplay under stress is rather scarce. In this paper, we recall some former results and report new 
findings linking the possible methods for controlling the PSC rate to the dominating regime of the 
process. 
The diffusion-limited kinetics is typical for the intergranular pressure solution in cases where the 
contacting surfaces form an extended area having usually an island-channel structure [2].  A 
number of additives hindering the diffusional mass transfer have been found to decrease the PSC 
rate. One of striking examples is given by urea which is widely known to change NaCl crystals 
habit, and also to form complexes (unstable) with Na+ ions in the solution bulk. We have shown 
that it reduces considerably the creep rate of NaCl in its saturated solutions; on the contrary, the 
PSC of potassium chloride which does not exhibit any noticeable affinity to urea, is not sensitive to 
its presence in solution [3].  
Another way to control the diffusion-limited PSC is purely mechanical. It was shown that loading-
unloading cyclic regime produces an increase (sometimes manifold) in creep rate of NaCl, CaCO3 
and some other materials. A model has been proposed implying unloading-inducedwidening of 
liquid interlayers, quick convectional removal of excessive solute out of the contact zones, and 
accelerated dissolution in a fresh solvent portionafter reloading [4]. The cyclic loading effect is one 
of possible mechanisms for vibration-enhancing oil recovery as a result of evolution of water-filled 
pore space in flooded carbonate reservoirs. 
A significant reduction in diffusion path may lead to transition from purely diffusional to mixed or 
interface-limited kinetics. Such a regime is typical for slow dissolving materials and for liquid-
assisted powder compaction, regardless of the dissolution rate. We have performed studies of PSC 
on some poorly soluble compounds in water solutions containing additives (typically chelating 
agents) which reportedly affect dissolution and/or precipitation rate of unstressed material. A good 
correlation has been observed to exist between the strain rate decrease and the fraction of surface 
area of solid occupied by adsorbed molecules.  
[1] A. Mortensen, ActaMaterialia, 1997, 45, 3523, 749. 
[2] D. Koehn, A. Malthe-Sørenssen and C.W. Passchier, Chemical Geology, 2006, 230, 207. 
[3] Z. Skvortsova, V. Traskine and A. Muralev, Journal of Materials Science and Engineering A, 

2008, 495, 132. 
[4] V. Traskine, Z. Skvortsova, A. Muralev and D. Zubov, Mineralogy and Petrology, 2009, 97,265. 
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The interest in properties of adsorbed and spread micro- and nanoparticles at the liquid-fluid 
interfaces is mainly caused by their ability to stabilize foams and emulsions. Soft particles 
(microgel) formed by cross-linked nonionic polymers have attracted special attention. Unlike solid 
nanoparticles, the soft particles can swell or be contracted under the impact of external conditions. 
The most of results on the behaviour of cross-linked polymers at the liquid surface have been 
obtained by the interfacial tensiometry. It was shown that the kinetic and concentration dependences 
of the interfacial tension have inflection points associated with possible phase transitions in the 
surface film. The methods of dilatational surface rheology are more informative in respect to 
conformational transitions in the layers of macromolecules. In this study the dilatational dynamic 
elasticity of cross-linked poly(N-isopropylacrylamide) microparticle films at the water/air interface 
was determined as a function of the surface concentration. Two maxima of the surface elasticity 
close to the surface pressures of about 6 mN/m and 35 mN/m were discovered on the experimental 
dependency. In the region of the second maximum this dependence is determined by the way of the 
monolayer formation. At surface pressures above 25 mN/m the compression of the film leads to the 
formation of a metastable monolayer while an equilibrium and stable layer is formed in the case of 
consecutive addition of microparticles. In the region of surface pressures corresponding to the 
second maximum of the surface elasticity the slow relaxation processes occurs in the system with a 
characteristic time considerably exceeding 10 s. The collapse of the film at surface pressures above 
35 mN/m is due to the displacement of microgel from the water surface. 

The work was financially supported by the RFBR and Ministry of Science and Technology of 
Taiwan (joint project № 16-53-52034_MHT_a). 
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IIIO2 
INVESTIGATION OF RHEOLOGICAL PROPERTIES OF CERAMIC PASTES FROM 

KOSKUDYK KAOLINITE 
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One of the most important applications of clay minerals is the manufacturing of a variety of 
building materials – building bricks [1], facing bricksandceramic tiles [2], – household item and art 
productsand etc. [3], for which a formability and workability of the ceramic massplays important 
role [4]. The workability of the ceramic mass determines by its structural-mechanical type[5], 
which establishes based on a detailed analysis of all structural-rheological properties [6]. Changing 
the structural-mechanical properties of the clay pastes canachieve by small additions of water-
soluble polymers (WSP), by surfactants and by their compositions [7]. In this aspect, Kazakhstan 
clays have not been studied enough. 
According to the theory of Academician PA Rehbinder [8] and his scientific team, qualitative 
ceramic masses should be characterized by certain criteria, for example, elasticity λ<0,5-0,6; 
plasticityП≤(6-8)∙10-5sec-1; relaxation period θ≥400-450 sec. Practically established, that the paste 
of Kosmudik kaolinite clay (KG) has deviations from the requirements: λ=0,288; П≤1,19·10-6sec-

1.Usually such ceramic masses are prone to cracking due to a long relaxation periodθ = 1133,2sec 
[8].It is also found that the water-clay paste of the Koskudyk deposit belongs to the zero structural-
mechanical type. It has been verified that the ceramic products obtained from the Koskudyk deposit 
clay has a perfect terracotta colour, but a penchant for cracks formation during drying.For this 
purpose, the effect of WSP– polyacrylamide (PAA), sodium carboxymethylcellulose (NaCMC) and 
gelatin (G) on the rheological properties of kaolinite hydro suspension has been studied. It is 
established that with increasing WSP concentration, the plastic strength increases, and is amplified 
according to a row G<NaCVC<PАА.It was found that when surfactants (ДДСNa, ЦПБ, ОП-10) 
are introduced into a suspension of the Koskudyk kaolinite observe the extreme dependence of 
plastic strength Рк1=f(C) at Csurfactants=10-2%. Based on the results of the study was accepted that it is 
not advisable to increase the concentration of the surfactants over their critical micelle 
concentration (CCM).  
Optimal ratios of components are established, corresponding to the requirements of physical-
chemical mechanics - a – КG–DDSNa–PАА (CDDSNa=10-4%,  СPАА=10-3%); b – КG–CPB–NaCMC 
(CCPB=10-5%, СNaCMC=10-4%); c – КG–ОP-10–G (CОP-10=10-3%,СG=10-4%). The presented 
composite ceramic pastes are located in the region of the second structural-mechanical type.At these 
ratios, these composite ceramic pastes show the best formability and workability, which is very 
important for the production of ceramic products.  
Electrokinetic (ζ) potential of kaolinite particles is established by macroelectrophoresis, which is 
equal to -20,7mV.And alsoare established influencesof CPB, NaCMC and NaCMC+CPB complex 
(СNaКМЦ=10-3%~const) toa charge onkaolinite particles. In the presence of NaCMC, the negative 
value of the ζ-potential of the KG–NaCMC system increases and this indicates the adsorption of 
macromolecules NaKMC on the surface of kaolinite particles.With an increase in the concentration 
of the CPB, a substantial recharge of the surface of kaolinite particles are observed.This may be due 
to the formation of a surfactant monolayer, due to the electrostatic interaction of the CPB ions with 
the oppositely charged surface of the kaolinite particles. 
To assess the possibility of practical application of the developed clay compositions on their basis 
thin slabs 0.5 cm thick were made.These samples were then dried at room temperature for 3 days 
and subjected to firing (1100 ° C) under laboratory conditions.After treatment with a complex 
solution of surfactant + WSP in the final product, defects during drying were not detected.Thus, the 
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optimum compositions of Koskudyk clay with surfactant+WSPare developed on the basis of 
structural-rheological studies, related to the second structural-mechanical type and possessing 
workability in molds. 
 
[1] E.V.Vdovina. Production of ceramic bricks based on beidellite clay and mineral wool 
waste: diss. ... cand. tech. sciences:. 05.23.05. – Samara, 2011. –P.188 [in russian] 
[2]  K.A.Verevkin.Ceramic facing brick based on high-iron clay reduction firingdiss. ... cand. 
tech. sciences:. 05.23.05. – Rostov-na-Donu, 2011. – P.113 [in russian] 
[3] Research and application properties of clay. https://school-science.ru/3/13/32892 
[4] A.M.Salakhov, G.R.Tuktarova.Features of structure formation during drying and firing of 
modified ceramic masses. http://sbcmi.ru/osobennosti-strukturoobrazovaniya-pri-sushke-i-obzhige-
modifitsirovannyh-keramicheskih-mass/[in russian] 
[5]V.P. Petrov.Investigation of rheology of ceramic pastes from ash and slag of TPP// 
http://sbcmi.ru/issledovanie-reologii-keramicheskih-past-iz-zol-i-shlakov-tes/[in russian] 
[6] Pisch I. V., Kirdyashkina N. A., Muravskaya L. V. Influence of electrolyte on rheological 
properties of clays. // Bulletin of the National Academy of Sciences of Belarus. A series of 
chemical sciences– 2002. –  №1. – P.27-29. 
[7] F.L.Glekel, R.Z.Kopp, K.S.Akhmedov. Regulation of hydration structure formation by 
surfactants. – Tashkent: FAN, 1986. – P.224.[in Russian] 
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Viscosity as a structurally sensitive characteristic of metallic melts gives an idea of the forces of 
intermolecular interaction and the mechanism of molecular transfer processes in liquids. Influence 
of structure is greatest in case of viscosity and, in fact, viscosity measurements were used in 
combination with diffraction data to determine structure of metal melts [1].  Results of research of 
single- and multiple-component metal melts show a novel physical and chemical image: 
temperature induced liquid-liquid structure transition (TI-LLST) can occur above liquidus 
temperature. Moreover, the solidification behaviors and structures out of the melts that experienced 
TI-LLST are distinct from those out of the melts before TI-LLST [2].  According to concepts of 
molar viscosity, the effects of volume changes in viscosity properties of metallic melts have been 
studied, a linear relationship between relative changes in molar flow and molar volume over a wide 
range of temperatures has been obtained [3]. 
According to the Arrhenius equation, the viscosity of metallic melts can be described [4]: ƞ , 
where ,  - Planck's constant,  – volume per unit viscous flow (atom or cluster), k - 

Boltzmann's constant, T - temperature, ε - activation energy of viscous flow. According to the 
theory of absolute reaction rates, viscosity of liquid alloys is described by equation:		ƞ ∙

√2 ∙ ∙ , where  - a volume free from fluctuations [5]. Let us use a simple relation-
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ship for cubic packing between free volume  and volume occupied by one molecule in the 
liquid. If  is the effective diameter of each molecule, then 2√ 2  is the interval in which the 
central atom is free to move along each of the axes and 2√ 2    is equal to free volume of 
liquid 8 √ . Thus, relationship between viscosity and structure of metallic melts is 
expressed through the "free volume" of liquid, i.e. the Bachinsky equation: ƞ ∙ , where 

 and  - constant. The constant   is defined as the intrinsic volume of liquid molecules and is 
identified with the Van der Waals equation constant. Difference between total volume of liquid and 
intrinsic volume of molecules is the "free volume". 
The structure of liquid metal alloys can be chemically heterogeneous. Metallic melts, whose 
components undergo eutectic and monotectic interactions, can be in a microheterogeneous state [5]. 
Microheterogeneity is hereditary; the dispersed particles have an elemental composition that differs 
from rest of melt and is due to presence of excess free energy in interfacial region. Energy impacts 
on melt, for example, overheating above the liquidus temperature to a certain temperature for each 
composition, are necessary for their destruction. After such overheating, liquid alloy irreversibly 
passes into state of true solution, which significantly changes solidification conditions of ingot. It is 
known that destruction of chemical microinhomogeneity is accompanied by anomalies in 
temperature dependences of properties of liquid alloys, in particular viscosity [2,5]. The difference 
was found in temperature dependences of melt viscosity measured with heating and subsequent 
cooling of sample. In this case, temperature corresponding to irreversible transformation, melt into a 
homogeneous state was determined by the coincidence of the temperature dependences of the 
viscosity upon heating and cooling. In this case, a microheterogeneous melt is considered to be 
composed of dispersed particles, each of which moves in a potential field generated by the adjacent 
particles. In the rheology of disperse systems, this approach is known as the Frenkel–Eyring theory 
for disperse systems undergoing limited volume-induced structuring [5]. Hence, for the effective 

viscosity of the disperse system, we obtain: ƞ ∙ ∙  , where	  is the size of the dispersed 

particle. Assuming that the size of the disperse particles is constant in both the heating and cooling 
mode, we can determine changes in the size of the structural units of a viscous flow. It was found 
that the size of the structural units of a viscous flow is an order of magnitude higher in the heating 
mode than in the cooling mode. The  value corresponds to the size of an atom, suggesting that 
a melt has undergone homogenization and its microheterogeneity has been destroyed. The   
value grows along with the number of components, i.e., along with the entropy of mixing. 
 
[1] S. Mudry, A. Korolyshyn, V. Vus, A. Yakymovych, J. Molec. Liq, 2013, 179,  94 
[2] Fang-Qiu Zu, Metals, 2015, 5, 395 
[3] E.Yu. Tyunina // Russ. J. Phys Chem. A., 2014, 88, 557 
[4]J.X. Hou,  C.W. Zhan,  X.L. Tian,  X.C. Chen,  Y.-S. Kim,  H. Choe, Metallurg. and Mater. 
Transactions A: Phys. Metall. Mater. Sci., 2012, 43, 4023 
[5] O. A. Chikova, V. S. Tsepelev, O. P. Moskovskikh, Russian Journal of Physical Chemistry A, 
2017, 91, 979 
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The presence of low-frequency (105 Hz) shear elasticity in simple liquids for the first time was 
observed by an acoustic resonance method in the works of U.B. Bazaron, B.V. Derjaguin and A.V. 
Bulgadaev [1]. 
A piezoquartz crystal oscillating at a resonance frequency contacts the interlayer of a liquid covered 
by a solid cover-plate. An increase in the resonance frequency proves the shear elasticity of liquids. 
In this paper low-frequency viscoelastic properties of a colloidal suspension of silica (SiO2) in a 
polyethylsiloxane liquid PES-2 using acoustical resonance method are investigated.The results of 
the investigation of nanoparticle suspensions by the resonance method showed a linear dependences 
of the real and imaginary shift of frequency on the inverse thickness of the liquid interlayer, that 
indicate the presence of bulk modulus of shear. It is shown, that with an increase in the 
concentration of nanoparticles in the suspension, the shear modulus decreases, and an increase with 
the nanoparticle sizes at the same concentration. Valuable information on the structure and on 
processes of its restructuring is obtained by the investigation of the viscoelastic properties of 
suspensions depending on the magnitude of the shear strain. 
Figure 1 shows the dependences of the real (1) and imaginary (2) shifts of resonance frequency on 
the shear strain angle for the SiO2/PES-2 suspension with a mass fraction of 1.25% and nanoparticle 
sizes of 100 nm. As can be seen from the figure, at small angles of deformation the frequency shifts 
are constant, then with an increase in the shift angle the real frequency shift decreases, and the 
imaginary frequency shift begins to increase. A similar dependence was obtained for the suspension 
with nanoparticle sizes of 50 nm. 
It can be assumed that the colloidal suspension has an equilibrium structure with a relatively long 
relaxation period and a finite strength. At small angles of shear deformation the structure of the 
liquid remains unchanged, and a region of linear elasticity is observed. At some critical shear stress 
Pk, the equilibrium structure begins to break down, and its mechanical properties change. The 
critical shear stress corresponds to a certain critical shear angle k, which can be determined from 
the data of Fig. 1. The characteristic critical angle for a suspension of 100 nm nanoparticles is 
k = 1o, the critical shear stress Pk = 0.45103 Pa. With a decrease in the size of nanoparticles, the 
critical angle increases, so for a second suspension with nanoparticle sizes of 50 nm, k = 3.6о, 
Pk = 1.4610 Pa. The obtainedkof suspensions exceed the corresponding critical angle for a pure 
liquid of PES-2 [2], which indicates an increase in the degree of order and strength of the structure 
of nanosuspensions with decreasing nanoparticle sizes. 
The effective viscosity of these suspensions calculated from the Maxwell rheological model as a 
function of the magnitude of the shear strain angle has an increased value at small shear strain 
angles and decreases with increasing shear strain. Thus, with an equilibrium structure, the effective 
viscosity can have an abnormally high value. Figure 2 shows the dependence of the effective 
viscosity on the shear stress for suspensions of SiO2/PES-2 nanoparticles, c= 1.25 mass.% with 
nanoparticle sizes of 100 nm. At stresses not exceeding the value of the critical stress the 
suspensions are characterized by a constant increased viscosity, with a further increase in the shear 
stress the spatial structure breaks down and the viscosity decreases to the lowest value. It is shown, 
that the effective viscosity of the investigated suspensions decreases with increasing size of 
nanoparticles. 
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It was also shown in [3] that the viscosity of a nanofluid depends on the particle size, and the 
viscosity increases with decreasing size of the nanoparticles.In [4] an effect of increasing viscosity 
in the region of ultra-low shear rates was observed. When the limiting shear stress is reached, an 
avalanche-like destruction of the suspension structure and decreasing in viscosity begin. Thus, 
nanoparticles in the base liquid are a structure-forming element, varying the concentration and size 
of which can simulate the properties of nanosuspensions. 
 

Figure 1. Dependences of the real (1) and 
imaginary (2) resonance frequency shifts on 
the shear deformation angle for suspensions 

of SiO2 / PES-2 nanoparticles, c = 1.25 
mass.%. 

Figure 2. Effective viscosity versus shear 
stress for suspensions of SiO2 / PES-2 

nanoparticles, c=1.25 mass.% with 
nanoparticle sizes of 100 nm. 

 
[1] U. Bazaron, B. Derjaguin, A. Bulgadaev, DokladyAkademiinaukUSSR, 1965, 160, 799. 
[2] B. Badmaev, T. Dembelova, B. Damdinov, D. Makarova, O. Budaev, Colloids and Surfaces A: 
Physicochemical and Engineering Aspects, 2011, 90, 383. 
[3] V. Rudyak, S. Dimov, V. Kuznetsov, Technical Physics Letters, 2013, 39, 779. 
[4] N. Ur’ev. Yu.Svistunov, A. Potapov, V. Starikov, Colloid Journal, 2008, 70,132. 
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THE STRUCTURAL APPROACH TO RHEOLOGY OF DISPERSED SYSTEMS 
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We believe that the main reason for a non-Newtonian flow is the destruction and formation of 
aggregates of particles or macromolecules during the shear flow. The aggregates of particles (or the 
groups of macromolecules) that are generated by coagulation contacts and entanglements 
additionally dissipate energy during the flow of a surrounding viscous medium around large 
aggregates. Thus, an increase in the size of the flow elements gives rise to an increase in the 
system’s viscosity. If there are no aggregates, clusters, and associates of particles or 
macromolecules in the system, then the flow is Newtonian. In addition, if the mean size of particle 
aggregates remains constant, then the viscosity does not change upon an increase in the shear rate. 
The generalized flow model [1] is a structural rheological model, since the energy dissipation 
occurs only due to the flow of a viscous dispersion medium around the population of differently 
sized aggregates and separate particles, while a decrease in the viscosity is connected with a 
decrease in the size of the aggregates upon an increase in the shear rate. The generalized flow 
equation is obtained on the basis of the Casson model and consists of two parts: 

2/1
с2/1

2/1
с2/1 
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2/1
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The first term refers to the energy loss during the motion of aggregates, the second describes energy 
losses during the movement of individual particles. The coefficient of compactness � indicates the 
tendency to form infinitely large aggregate of particles and determines the plastic or pseudoplastic 
behavior of the structured system. The aggregation coefficient 2/1

c  characterizes the degree of 

aggregation of the system and acquires the meaning of the limiting dynamic shear stress only under 
the condition  0 . In the rheological equation, the Casson viscosity coefficient is
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Here, the coefficients k1 and А*1 describe the hydrodynamic interaction of individual particles in 
the shear flow, the coefficients k2 and Α2 are related to the hydrodynamic interaction of aggregates. 
The coefficient 21

c0  is directly proportional to the root of the bonding forces between particles 2/1
sF . 

The generalized flow equation reduces to the Newton equation or to the Casson equation with zero 
value of one of the three rheological coefficients. Thus, it describes simultaneously the Newtonian 
flow; nonlinear plastic flow and pseudo-plastic flow of structured systems. The shear thinning, that 
is, the decrease in viscosity with increasing shear rate, within the framework of the presented model 
is explained only by the destruction of aggregates of particles. 
Kinetic equations, similar to the equations of the Cross model, allow us to relate the coefficients of 
the rheological equation to the characteristics of the process of destruction-recovery of aggregates 
in the process of shear flow. In this case, the number of particles in all argues N2 (per unit volume) 
is determined through the rate constant for the formation of aggregates ( 2k~ ), the rate constant for 
the spontaneous destruction of aggregates ( 0k~ ) and the rate constant ( 21

1k~  ) of destruction of the 
aggregate under the action of tensile hydrodynamic forces. Thus, the aggregation rate is 
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. Taking into account 

the previously obtained generalization of the Casson model, one can obtain the relations 10 k~/k~

,  12
2/1

c k~/k~BN , where the parameter B depends on the volume concentration Φ.  
 
Examples of approximating of experimental rheological data using the generalized flow equation 
are shown in Fig. 1. 
 

 
  a       b 

 
Figure 1. Viscosity curves in double logarithmic coordinates: a – aqueous suspension of 
monodisperse latex with particle size of 250 nm (the data are obtained from [2]) at concentrations of 
(1) 0.45, (2) 0.44, (3) 0.43, and (4) 0.41 vol %; b – suspension of poly(methyl methacrylate) in 
polyethylene glycol (PEG-200); theoretical curves are constructed by means of generalized flow 
equation (separately for low and high shear rate values); vertical lines divide flow region with two 
regimes of pseudoplastic flow and transition region of the shear thickening (the data are obtained 
from [3]. 
 
[1] Е.А. Кирсанов, В.Н. Матвеенко, Неньютоновское течение дисперсных, полимерных и 
жидкокристаллических систем. Структурный подход, 2016, 384 с. М. : Техносфера, Россия. 
[E.A. Kirsanov, V.N. Matveenko, Non-Newtonian flow of dispersed, polymer and liquid crystal 
systems. Structural approach, 2016, 384 p. Moscow : Technosphere, Russia.] 
[2] B. Damas, B.R. Morrison, N. Willenbacher, Rheol. Acta, 2001, 40, 434. 
[3] D.R. Kalman, B.A. Rosen, N.J.Wagner, Proc.XV Int. Congress on Rheology, Monterey, CA, 
2008, 1408. 
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IIIO6 
THE ROLE OF TORQUE TERMS IN CAPILLARY EQUILIBRIUM ALONG TRIPLE 

JUNCTIONS IN POLYCRYSTALLINE COPPER 

V.V. Korolev1, Ya.V. Kucherinenko1, P.V. Protsenko1 
1Lomonosov Moscow State University, Russian Federation 

korolev@colloid.chem.msu.ru 

One of the most popular methods for grain boundary (GB) energy determination involves the use of 
the Herring equation, which describes the capillary equilibrium along junction of three GBs. This 
equation includes the so-called torque terms, which are related to the variation of GB energy with 
GB plane orientation. It is often accepted that torque terms are negligible for all GBs except for 
coherent twins, which makes it possible to use the Herring equation in a simplified form [1]. 
However, this assumption has not yet been unequivocally confirmed experimentally. 
 
We have measured dihedral angles in GB grooves formed after 6 h at 1000° C under flowing H2 for 
18 GBs which forms 6 triple junctions in polycrystalline copper foil. GB energies were calculated 
under the assumption of isotropic surface energy of solid copper. Capillary equilibrium along triple 
junctions was analyzed in detail using the complete Herring equation and values of torque terms 
were estimated. Misorientation and GB plane orientation for studied GBs was determined on the 
basis of SEM and EBSD data. GB energies were calculated using the 5DOF function proposed in  
[2] and compared with experimentally obtained values. 
 
The average value of torque terms was found to be over 15% of the GB energy, despite the fact that 
most of considered GBs are of general type. Thus, the torque terms must be taken into account even 
for general-type grain boundaries in FCC metals at 0,95 Tm. Large torque term values could be 
explained by the presence of metastable configurations of GBs due to unrelaxed microscopic 
degrees of freedom. 
[1] D.M. Saylor, A. Morawiec, B.L. Adams, and G.S. Rohrer, Interface Science, 2000, 8, 131. 
[2] V.V. Bulatov, B.W. Reed, and M. Kumar, Acta Materialia, 2014, 65, 161. 
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DYNAMIC SURFACE PROPERTIES OF MYOGLOBIN AQUEOUS SOLUTIONS: 
INFLUENCE OF GUANIDINE HYDROCHLORIDE AND IONIC SURFACTANTS 

M.M. Krycki1, B.A. Noskov1, S.-Y. Lin2 
1Saint-Petersburg State University, Russia 

2Taiwan National University of Science and Technology, Taiwan 
herr-morgenstern@yandex.ru 

Influence of different denaturing agents, such as guanidine hydrochloride (GuHCl) and ionic 
surfactants, on dynamic surface properties of myoglobin aqueous solutions was determined by the 
dilatational surface rheology, ellipsometry and Brewster angle microscopy. The kinetic 
dependencies of the dynamic surface elasticity of pure protein solutions in concentration range from 
7,5·10-7 to 7,5·10-6 M proved to be similar to those of the solutions of other globular proteins and 
indicate the preservation of the myoglobin tertiary structure in the course of adsorption [1]. The 
kinetic dependencies of the surface elasticity of myoglobin/GuHCl solutions reveal at least two 
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steps of adsorption. The second step is accompanied by a dramatic increase of the dynamic surface 
elasticity reaching abnormally high values of 250-300 mN/m near equilibrium. This result differs 
significantly from the data for the mixed solutions of bovine serum albumin and β-lactoglobulin 
with GuHCl. The kinetic dependencies for these two systems are characterized by a local maximum 
of the dynamic surface elasticity [1-3]. The high values of the surface elasticity may be associated 
with myoglobin aggregation within the surface layer. The formation of aggregates is confirmed by 
the ellipsometry and Brewster angle microscopy. The addition of an ionic surfactant to protein 
solutions leads to the formation of myoglobin/surfactant complexes and the kinetic dependencies of 
the dynamic surface elasticity display local maxima indicating the multistep adsorption kinetics, 
unlike the corresponding results for mixtures of other globular proteins with ionic surfactants. 
 
Acknowledgements The work was financially supported by the Russian Foundation of Basic 
Research and the Ministry of Science and Technology of Taiwan (joint project № 16-53-52034 
MHT_a). 
[1] B.A. Noskov, A.A. Mikhailovskaya, S.-Y. Lin, G. Loglio, R. Miller, Langmuir, 2010, 26, 
17225. 
[2] B.A. Noskov, D.O. Grigoriev, A.V. Latnikova, S.-Y. Lin, G. Loglio, R. Miller, J. Phys. 
Chem. B, 2009, 113, 13398. 
[3] M.M. Tihonov, O.Y. Milyaeva, B.A. Noskov, Colloids and Surfaces B, 2015, 129, 114. 
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We propose a methodology to approximate the viscosity of multicomponent suspensions. The 
procedure consists in successive applications of expressions for the viscosity of binary mixtures, 
originally written as the product of monomodal stiffening functions. Its application to arbitrary 
mixtures requires the detailed knowledge of the geometry of the system in the form of size ratios 
and compositions. When this information is unknown the model can still be used as a fitting tool. 
With that purpose, the final expression is written in terms of an effective volume fraction that is 
further approximated by the use of a (1,2) Padé approximant. This approximation allows 
incorporating the crowding effects due to different species in a volume fraction dependent crowding 
factor that can be used as fitting parameter to match experimental or simulation data. We have 
applied the model to mixtures of particles with different sizes and tested its accuracy comparing 
with experimental results for the low-shear viscosity of bidisperse mixtures of spherical particles, 
with experimental results for the Bingham viscosity of a coal slurry, and with experimental results 
for the high-shear viscosity of polydisperse colloidal suspensions. The agreement with the 
experimental data is very good in all cases [1]. 
Acknowledgements This work was supported in part by Grant DGAPA IN-110516. 

[1] Carlos I. Mendoza, RheologicaActa, 2017, 56, 487. 
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Nanoparticles have a great potential for biological and medical applications [1,2]. When 
nanoparticles enter a human body, they immediately interact with biological fluids and become to 
be coatedby biomolecules [2]. Adsorption of biomolecules on nanoparticles changes their properties 
and influences their interaction with cells [3]. Mixtures of lysozyme and silicate nanoparticles are 
an example of such systems, in whichthe globular structure of proteins undergoes significant 
changes during adsorption on a solid charged surface. 
In this study the dynamic surface properties of aqueous mixed dispersions of silica nanoparticles 
with lysozyme were investigated by the dilatational surface rheology, atomic force microscopy, 
electron microscopy and Brewster angle microscopy.The obtained results show that the addition of 
protein leads to the appearance of surface activity of the complexes. The A strong increase of the 
dynamic surface elasticity up to 280 mN/m was observed. These values are much higher than 
thosecorresponding to globular proteins (about 80 mN/m). Probably, the observed effect is 
associated with adsorption of silicate nanoparticles-lysozyme complexes.The interaction between 
nucleus of the complexes in the surface layer leads to high values of surface elasticity at surface 
pressures exceeding the characteristic values for globular proteins. The Dependences of the 
dynamic surface elasticity on surface pressure are linear and monotonical.Using the Brewster angle 
microscopyone can observe the formation of a homogeneous adsorption film. This film could be 
easily destroyed by mechanical action. The equilibrium films obtained by transferring of the 
adsorption film to a solid substrate were studied by means of electron and atomic force microscopy. 
The obtained images showed that the films contain a large number of nanoparticles with rough 
surface forming sometimes threadlike structures. The data of Brewster angle microscopy and 
ellipsometry suggests that the formation of an adsorption film containing nanoparticles occurs even 
at the first step of adsorption when theyseparate islands and the dynamic surface properties still 
differ only a little from the properties of adsorption films of pure lysozyme. 
 
Acknowledgements The reported study was financially supportedby RFBR (research project №18-
33-00015). 
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Dawson,  J. Am. Chem. Soc., 2011, 133, 2525. 
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Stimuli-responsive soft magnetic nanocomposites (SMN) with embedded magnetic particles have 
attracted increasing attention, because their mechanic properties can be changed continuously, 
rapidly and reversibly, by applying a magnetic field. The magnetizable particles are randomly 
dispersed in the medium. When a certain magnetic field strength is imposed, the dispersed particles 
build up the chain-like structures or columns in the field direction due to an induced magnetic 
dipole–dipole interaction. 
  
Recently, a new type of tunable matrix for magnetic particles was proposed [1]. It is based on soft 
matrix of wormlike micelles (WLMs) of surfactants. The advantage of such SMNs is a linear 
viscoelasticity of the WLM network [2]. Linear viscoelastic properties of SMNs allow investigating 
the dynamic moduli of the system. Also, the WLMs are “living” objects, they can reversible break 
under stress [3] that makes them perspective as a matrix where particles can move freely enough 
even at low particles content. It shows that WLMs are perfect for the stabilization of the 
suspensions of particles, because they are able to link to the particles by their end-caps [1]. 
 
The viscoelastic properties of SMNs were examined under the action of magnetic field at different 
volume fraction of particles [4,5]. It was demonstrated that the SMNs combine features typical for 
magnetorheological fluids based on Newtonian liquid with some features of magnetorheological 
elastomers/gels. Similar to latter SMNs demonstrate a wide range of linear viscoelasticity and a 
high ratio of storage and loss moduli Gʹ/Gʺ related to viscoelastic contribution of the matrix. At the 
same time, in contrast to elastomers, the SMNs show high both moduli at rather small volume 
fraction of particles, because WLMs do not hinder the field-induced rearrangement of particles, as it 
detected in polymeric networks. Moreover, the elastic modulus and the yield stress gain high values 
comparable to magnetorheological fluids, where particles are dispersed in Newtonian liquid carrier 
and there is no restrictions of their motion driven by field. This feature is explained by "living" 
character of bonds between WLMs and magnetic particles, which does not hinder the aggregation 
of the particles. 
 
A broad region of linear viscoelasticity demonstrated by SMNs allows one to measure 
mechanical properties of the SMNs under oscillating stress thus modelling conditions of the 
practical applications of magnetoresponsive smart materials as damping and amortization 
material. Thus, transient network of entangled WLM is a promising matrix for preparation 
of SMNs with prospective mechanical properties suitable for various applications. 
 
The demonstrated specific interaction of wormlike surfactant micelles and particles is very 
promising novel route for soft stimuli-responsive nanocomposites preparation.  
 
Acknowledgments The work was financial support by Russian Science Foundation (project №17-
13-01535) 
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Aqueous clay/polymer dispersions have a large practical significance, particularly in the oil and gas 
well drilling and horizontal directional drilling. In these systems a lot of colloid-chemical 
phenomena are performed. Montmorillonite (MMT), major component of the bentonite clay 
suspension, is subjected to osmotic swelling, ionic exchange reactions and adsorption, particle 
coagulation, flocculation and structure formation. It give rise to the particular shear-thinning 
rheological behavior of drilling muds, which in turn can be widely modified in the viscoelasticity, 
thixotropy and filtration properties by addition of certain water-soluble polymers. Many types of 
water-soluble polymers are used in such bentonite compositions, like as guar gum and its 
derivatives, other biopolymers, modified starch, cellulose derivatives, polyacrylamide, and acrylate 
(co)polymers. The use of some compositions containing of the polymer additives and bentonite 
leads to essential improvement of the important colloid and technical properties of water-based 
fluids, particularly the static and dynamic yield stress, plastic and apparent dynamic viscosity, 
filtration characteristics, increased carrying capacity, maintaining wellbore stability and lubrication 
properties [1, 2]. In the presence of electrolytes, a lot of difficulties associated to stability of water 
born drilling fluids containing bentonite and drill cuttings in view of the particle coagulation and 
phase separation. Often stability of the borehole is of importance too. So, in those cases, non-clay 
fluids (e.g. W/O emulsions) or organoclay/hydrocarbon muds are useful [3] that leads to increased 
costs and environmental issues. Therefore, using the stable clay/polymer water-born systems looks 
as the best choice, but it requires a novel specialized drilling fluid, which is eco-friendly and 
effective enough under high salinity conditions. 
 
In this study, we chose the biopolymer xanthan, which, along with guar gum, is considered as the 
most promising suspending agent and thickener for a drilling mud, especially suitable for salt-
involved drilling and eco-sensitive areas, such as coastal zones and marine shelves. In the 
experiments, bentonite dispersions were used in combination with xanthan, guar gum and sodium 
chloride in diverse concentrations. Two types of commercially available natural bentonite supplied 
by Bentonite Company are used, namely: sodium/calcium bentonite from the Dashsalahli deposit 
(Gazakh, Azerbaijan) and calcium-activated magnesium bentonite from the Zyryanskoe deposit 
(Kurgan, Russia). Rheological and filtration characteristics of the model drilling fluids were 
measured using the American Petroleum Institute (API) methods. Dynamic light scattering (DLS) 
and laser diffraction are measured also in the clay suspensions. 
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Adsorption isotherms obtained show a weak interaction of the xanthan biopolymer with clay 
particles if there is no electrolyte in the disperse system, and there is moderate increasing adsorbed 
xanthan on to bentonite surface with rising NaCl concentration. DLS and laser diffraction studies 
demonstrate that polymer molecules can flocculate montmorillonite plates and inhibit the phase 
separation in the high salinity systems. Optimal amount of the biopolymer additive is required at 
different NaCl contents. Rheological and filtration fluid characteristics reach maxima at quite high 
salt contents. No synergy in thickening is found for the xanthan/guar gum/clay slurries. A possible 
mechanism of bentonite – biopolymer interaction is derived from the experimental data obtained. 
[1] S.N. Shah, P.E. Narayan, H. Shanker, C.C. Ogugbue, Future Challenges of Drilling Fluids and 

Their Rheological Measurements, AADE-10-DF-HO-41 Publ., AADE, Houston, 2010, 16 pp. 
[2] M.-C. Li, Q. Wu, K. Song, at all. Ind. Eng. Chem. Res. 2015, 55, 133−143. 
[3] O.K. Angelopulo, V.M. Podgornov, V.E. Avakov, Drilling Fluids for Complicated Conditions 

(in Rus.), Nedra Publishing, Moscow, 1988, 135 pp. 
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During the last years, hydrogels of natural polyelectrolytes draw much attention due to the 
combination of interesting rheological properties and availability of these polymers. For instance, 
polysaccharides can form hydrogels with high mechanical properties at very low polymer 
concentrations (less than 0.05-0.1%), so they are widely used as thickeners in food, oil industry etc. 
The aim of this work was to investigate the structure and mechanical properties of xanthan gels in 
the presence or in the absence of metal ions (Cr3+), which serve as cross-linkers for the polymer 
chains. Investigation of cross-linked xanthan gels is very important for their application in oil 
recovery, where they are used as the main component of fracturing fluids.  
 
The structure of xanthan networks was visualized by FF-TEM, and microphase separation was 
observed, with polymer-rich areas (network skeleton) containing aggregated xanthan double 
helices. The skeleton thickness grows upon the increase of polymer concentration or the addition of 
cross-linker, which means the increase of tendency to microphase separation due to side-by-side 
aggregation of polymer helices. This results in higher elastic modulus in the presence of cross-
linker, but its weaker dependence on polymer concentration for cross-linked networksthan for non-
cross-linked ones. This is due to the fact that skeleton thickness in the absence of cross-linker is 
small, and the main contribution to the elasticity of the gel upon deformation is made by 
compression or stretching of the skeleton fragments. In the presence of cross-linker, the skeleton is 
thicker, and only a bending deformation of its parts is possible. It is also shown that xanthan 
macromolecules within the network have sharp kinks due to the presence of short flexible segments 
probably being “melted” xanthan helices, which join rigid double helix segments together. This fact 
is supported by the small-angle X-Ray scattering (SAXS) data, which confirm the “broken rod” 
structure of macromolecules. 
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Thus, it was shown that xanthan gels without or with cross-linker are microphase-separated, and 
their rheological properties strongly depend on the microstructure of the polymer network and, in 
particular, on the thickness of the polymer skeleton. 
 
Acknowledgements. This work was financially supported by the Russian Foundation for Basic 
Research (project № 18-33-01171mol_a). 
[1] O.E. Philippova, A.V.Shibaev, D.A. Muravlev and D.Yu.Mityuk, Macromolecules, 2016, 
49, 6031. 
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Solid Polymer Electrolyte Membranes (SPEM) constitute the most important component of the Fuel 
Cell (FC) and has been the subject of investigation to improve their performance in terms of proton 
exchange, at the same time restricting the reactant pass over to cathode across the membrane. As a 
substitute for expensive perfluorinated ionomer membranes like Nafion (DuPont), the use of Anion 
Exchange Membranes (AEMs) is being studied [1-3] for application in Direct Alcohol and Alkaline 
FCs. In Anionic Polyelectrolyte Membrane, the ionic functional groups, typically a Quaternary 
Ammonium, are grafted on the skeleton of the polymer backbone, and the mobile hydroxyl ions are 
associated to each ionic functional group to maintain the membrane electro-neutrality [3]. The 
emphasis is given on the improvement of the ionic conductivity and ion-exchange capacity, the 
most important membrane properties. 
 
The authors present novel Quaternary Ammonium Epoxy Polyelectrolytes (QAEP) based on 
diglycidyl ether of bisphenol-A (DGEBA) epoxy polymer that has been prepared through amination 
route followed by neutralization. The resulting polyelectrolytes containing the quaternary 
ammonium groups in the polymer backbone, were characterised by measurements of epoxy content, 
FTIR spectroscopy, thermogravimetric analysis (TGA) showing thermal stability upto 175°C, and 
other membrane characteristics like ion exchange capacity (IEC), water uptake (WU) and ionic 
conductivity (IC). The results for QAEP-OH (hydroxide type) membrane have shown the IEC up to 
0.70 meq.g-1, WU 97.7% and Ionic Conductivity up to 1.72x10-2 S.cm-1 (Refer Fig.1) respectively 
which are quite encouraging and indicate their potential for application as Anion Exchange 
Polyelectrolyte Membrane (AEPM) for Fuel Cells (FCs). 
 
These QAEP, by virtue of their hydrophilic and ionisable character, disperse in water in acidic 
medium at a pH of 6.0 forming a stable emulsion and have been subjected to Electrophoretic 
Deposition (EPD) of the polycations onto the metal (Stainless steel) cathode under the influence of 
D.C. electric field. In this paper the authors have presented the highlights of the process control 
parameters such as voltage, current density, and bath content, and also the results of electro-
deposited (EPD) epoxy coating, as well as that of the epoxy-nanocomposites (EPD-ENC) 
containing the layered nanoclay Montmorillonite (MMT) at different nanoclay contents from 0 - 8 
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% by weight of the polymer matrix. The deposited thickness increases faster in the initial stages and 
reaches a sluggish build-up after about 20V that may be due to higher electrical resistance exerted 
by the deposited coating and therefore the growth is self-limiting. This phenomenon is also 
explained by the plots in figure 2 that show the drop in current density soon after the start of the 
EPD process. 
 
The results for EPD-ENC show a significant improvement in dielectric strength (from 18 kV/mm 
for neat epoxy to 35kV/mm respectively) and Volume Resistivity (from 4.5 x 1015 ohm.cm to 48 x 
1015 ohm.cm) at low levels of the nanoclay loading (8% by weight of the host polymer) showing 
their great potential for application as Insulation coatings in HV electrical machines. The 
advantages of this EPD process to produce polymer nanocomposites include eco-friendliness due to 
use of aqueous medium making it clean and green, simple and economical, besides overcoming the 
problem of viscosity build-up consequent to mixing of nanoparticles with viscous epoxy resin 
matrix in conventional method. 
 
In this article, the authors have attempted to highlight the dual function of the novel Epoxy 
Polyelectrolytes; the first function indicates their potential for application as Anion Exchange 
Membrane in Fuel Cells, and the second one, is their ability to disperse in water in acidic medium 
and subsequent Electro-phoretic Deposition (EPD) of Polymer Nano-composite coatings suitable 
for diverse applications. 
 
ACKNOWLEDGEMENT: Authors acknowledge the Grant received from DRDO-EMR, New 
Delhi for initial part of this research. Authors also thank the EPCET Management for permission to 
present this paper at the 5th IC-CCPCM-2018. 
 

  

              Fig.1: Ionic Conductivity vs. KOH conc.        Fig.2: Current Density vs. Dep. Time 
 

[1]. Zhao T.S., et.al., Fron. Energy Power Eng. China, 2010, 4(4), 443-458. 
[2]. Varcoe J.R., Slade RCT, Fuel Cells, 2005, 5(2) , 187-200. 
[3]. Agel E., et.al., J. Power Sources, 2001, 101(2), 267-274. 
[4]. A.K.Shukla, RMVGK Rao, et.al., Proceedings of 4th IC-CCPCM-2013Moscow, N16, 63. 
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SECTION III 
 

PHYSICOCHEMICAL MECHANICS AND RHEOLOGY OF DISPERSE 
SYSTEMS 
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Current work will present the results of a numerical solution of the problem of diffusion and 
convective transport in a multicomponent and multiphase system. On the example of a catalytic 
heterogeneous process of oxidative dehydrogenation of cyclic hydrocarbons, a numerical simulation 
of transport effects was carried out by finite-element approximation of the transport equations. The 
systems of the transport equation were based on experimental regularities describing transport 
processes. We have studied the convective-diffusive transport of a multicomponent phase in the 
catalytic dehydrogenation of cyclic hydrocarbons. 
 
An approximate solution of the transport equations is obtained around the catalyst granule for the 
convective-diffusion transport model. This allows to reduce the problem of multicomponent 
diffusion to the ordinary equation using the effective diffusion coefficient. We have compared the 
theoretical and experimental results of oxidative dehydrogenation of methylcyclopentane into 
cyclens. 
 
At the same time, the rates of heterogeneous reactions and the effect of component pressure on 
process parameters were taken into account. Approximation was carried out on the constructed 
algorithm based on the mixed finite element method. 
A numerical study of the problem of convective-diffusion transport in a catalytic reaction involving 
hydrocarbons is carried out, where the coefficients for calculating the velocity and pressure are 
taken from the experiment, as an example of the oxidative dehydrogenation of methylcyclopentane 
into cyclens. A finite-difference method for nonlinear differential equations of convective-diffusion 
transport with variable coefficients is realized. 
 
Dependences between the partial pressures (concentrations) of the dependent and key components 
on the grain radius of the oxide catalyst, and also between the temperature and the contact time of 
the components of the oxidative dehydrogenation of methylcyclopentane into cyclens are obtained. 
Based on the modified transport equation, a difference scheme is proposed and implemented. 
Approximations of the transport equation by the difference scheme in the catalytic system allow to 
significantly reduce the number of spatial nodes i.e. computational operations. 
At the same time, the computational time and the amount of initial information are reduced by 
reducing the numerical integration of parabolic-type equations to the standard procedure for 
integrating differential equations. 
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Figures 1 and 2 show the results of approximation of the transport equation in the process of 
oxidative dehydrogenation of methylcyclopentane into cyclens taking into account the experimental 
data. 
The presented results show the effective applicability of the finite-difference method of 
approximation. A numerical simulation of the problem of convective-diffusion transfer is carried 
out. The obtained coefficients for the first-order hyperbolic equation allow to describe transport 
effects in a multicomponent and multiphase hydrocarbon system. 

 
 

Figure 1. Change in partial pressures (concentration) (curves 1 and 3) and thermal profiles (curves 
2 and 4) along the radius of the grain of the oxide catalyst at contact time  �= 12 s and 

2OP = 4.6 
kPa of the process of oxidative dehydrogenation of methylcyclopentane into cyclens. 

 
 

 
Figure 2. Radial temperature profiles along the radius of the grain of the oxide catalyst for different 
contact times (1 - 0.4, 2 - 0.6, 3 - 0.8, 4 - 1.0, 5 - 1.2 s) at

2OP = 4.6 kPa of oxidative dehydrogenation 
of methylcyclopentane into cyclens. 
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When the polymers are dissolved homogeneous solutions are formed, but they also exhibit certain 
properties of colloidal systems (low diffusion rates of polymer macromolecules with an 
immobilized solvent and dispersed phase particles of colloidal systems, low values of osmotic 
pressure, etc.). The proximity of the properties is explained by the similarity of the structural and 
mechanical characteristics and the large sizes of micelles and macromolecular coils of polymer 
chains (~100·10-9 m) as compared with small molecular sizes (~1·10-9 m) of the dispersion medium 
(solvent). 

Another sign that brings colloidal particles closer to macromolecules is the ability of the first 
and the second to reduce hydrodynamic resistance (the Toms effect), which manifests itself in the 
increased velocity of the turbulent flow of the solutions in comparison with the flow velocity of the 
initial low-viscosity solvents. 

The value of the Toms effect (DR,%), which characterizes the decrease in energy costs for 
pumping fluid with an additive, is usually estimated by a relative change in the hydrodynamic 
resistance coefficient expressed in percentages: 

                                               %100,% 
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,                                                 (1) 

where λS–  the coefficient of hydrodynamic resistance of a pure solvent; λP– the coefficient of 
hydrodynamic resistance of the solution with an additive. 

The quantitative values of the λS and λP coefficients can be calculated after the experiment 

by the transformed Darcy-Weisbach formula   .         

            A decrease in the value of the hydrodynamic resistance coefficient λР under the condition 
should be accompanied by an increase in the volume flow rate of the 

solution withanadditive QР as compared with that of the liquid without the additive QS by the 
magnitude SP QQQ  . Using these experimentally determined values one can transform 
formula (1) and calculate the Toms effect (at ΔР = const) according to expression (2): 
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Examining the layered motion in a cylindrical channel of macromolecular coils stream with 
an immobilized solvent under shear stress in the form of a continuous sequence of deformations-
rotations, leading to the rolling of spherical bodies (polymer coils) of one layer over the surface of 
the other, expression (3) was obtained for calculating the increment of the volume flow rate (ΔQ) of 
the polymer solution  
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where SP QQQ   – the value of the volume flow rate increment; 
C

C





][1
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  – volume 

fraction of polymer coils in the solution depending on [η] – intrinsic viscosity and concentration of 

polymer solution (C); WW R
L

P





2
  – the shear stress on a pipe wall, which depends on the 

pressure drop (ΔP) in the cylindrical channel with length (L) and radius (RW); ρ – the solvent 

density; – elasticity of macromolecular coils. 

The presence of the elasticity (G) of macromolecular coils in the theoretically obtained 
expression (3) is of fundamental importance. It is entropic in nature and the smaller it, the greater is 
the value of the Toms effect. Unlike materials from low-molecular compounds the elasticity of 
polymer coils decreases with decreasing temperature. Therefore according to equation (3) the rate 
increment (ΔQ) of the polymer solution increases with decreasing temperature. In addition to the 
temperature (T) the elasticity of the coil also depends on its volume (Vc), the value of which is 
determined by the value of intrinsic viscosity of the solution ([η]) and the molar mass (M) of the 
polymer sample. It can be calculated using formula MRTVkTG k  ][/  ,in which k is the 
Boltzmann constant and R is the universal gas constant. 

Equation (3) implies inequality  that enables to predict the minimum value of 

the shear stress (τth.), beginning from which the Toms effect will be observed (i.e. ΔQ> 0). Equation 
(3) also adequately describes the dependence of ΔQ on the solution concentration (C) and the 
presence of the extremum (ΔQMAX) on the concentration curve y = f(C) at some "optimal" 
concentration (Сopt.) characteristic for each particular polymer sample (Fig. 1).  

 
Fig. 1.      Dependence of ΔQonСatτW = const:  
1 – polybutadiene in toluene (M = 1.21·103kg/mole 
[η] = 0.85 m3/kg;   Сopt.1 = 0.2 kg/m3); 
2 – polybutadiene in toluene (M = 0.55·103kg/mole 
[η] = 0.53 m3/kg;   Сopt.2 = 0.8 kg/m3) 

Fig. 2.     Dependenceofthe Toms effect value 
(DR) for solutions of polybutadiene (1) and 
aluminum hydroxycarboxylates (2) 
[AlOH(RCOO)2]nintolueneonadditiveconcent
rations. 

A somewhat different situation is observed in colloidal systems in which surfactants are 
dispersed (dissolved) to individual molecules of relatively small molecular weight (Mr ≈ 100 – 
500). With increasing surfactant content and after reaching the critical concentration of micelle 
formation (CCM) aggregates consisting of a large number of surfactant molecules are formed in the 
solution. They are structured into ordered associates (micelles) and are comparable in size to 
macromolecular coils (~ 100 nm). It has been experimentally established (Fig. 2) that surfactant 
solutions are capable of reducing the hydrodynamic resistance only after reaching the CCM, i.e. 
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such concentrated systems in which fairly large micelles have already formed but which have 
higher elastic modulus values than macromolecular coils. 

For this reason, unlike polymer-based anti-turbulent additives, surfactant solutions have not 
found wide practical application in the pipeline transportation of hydrocarbon liquids. It is advisable 
to use micelle solutions of surfactants in closed-loop circulating systems, in which after large shear 
loads in the pumps further flow in pipelines occurs with small shear stresses. 
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The dynamic interfacial tension, γ(t), and the interfacial viscoelastic modulus, ε*(iω) are recognized 
as qualifying observable physical properties, acting in most processes involving complex 
multiphase systems, characterized by high specific interfacial area. 
By virtue of the above-mentioned interfacial properties, mixed adsorption layers, constituted with 
different classes of surfactants (also occasionally in the presence of polymers or proteins), induce a 
specific behaviour in natural and in biological interfaces,. Moreover, in industrial operations, in 
particular in the field of enhanced oil recovery, there is an increasing interest for an efficient 
formulation of combined surfactants, producing an expected favourable effect. In mineralogy, the 
advantageous choice of the surfactant mixtures, useful for froth or foam enrichment of industrial 
ores, appears still guided by substantially empirical observations. 
The theoretical interpretation of the hydrophobic / hydrophilic interactions between molecular 
moieties, among the interfacial components, is a mandatory item for a tailored formulation of each 
targeted objective. In this concern, the present theoretical state-of-the-art suggests further 
conduction of advanced experimental investigations for a deeper understanding of the behaviour of 
mixed adsorption interfacial film. 
Benchmark experiments on the adsorption layer behaviour were executed in microgravity condition, 
within the ESA MAP project FASES (Fundamental and Applied Studies in Emulsion Stability), 
under the favourable conditions of purely radial bulk-interface matter exchange and of the absence 
of gravity-driven convection. Specifically, the interfacial properties of liquid-liquid droplets have 
been investigated in the ESA facility FASTER, by capillary-pressure tensiometry. This facility 
allows to obtain the instantaneous interfacial tension by applying the Gauss-Laplace equation for 
the capillary pressure, after measuring the  radius and the pressure difference across the interface for 
a small droplet  (diameter of the order of 1 mm), formed at the tip of a tiny capillary immersed into 
a liquid-matrix. A series of FASTER experiments concerned the study of the interfacial dilational 
viscoelasticity of adsorption layers, that is, the response of the interfacial tension to variations of the 
interfacial area [1]. 
A section of the FASTER experiments tackled the study of mixed non-ionic surfactant (tridecyl-
dimethyl-phosphine oxide, C13DMPO) and cationic surfactant (trimethyl-tetradecyl-ammonium 
bromide, TTAB) at the n-hexane/water interface. 
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The poster illustrates the observed phenomenology for a sequence of sinusoidal drop oscillations, 
imposed to the interfacial area of a droplet, I) at different mixed surfactant concentrations (2.0E-7 - 
2.2E-5 mol/dm3 for C13DMPO and 4.5E-5 - 4.5E-3 mol/dm3 for TTAB), II) at different frequencies 
(0.01 to 200 Hz), III) at different amplitudes (5%, 10%, 20%) and IV) at different temperatures (15, 
20 and 30 °C). The dilational viscoelasticity was derived from the measured response of ∆γ(t)-
amplitude and phases by means of suitable Fourier analysis. A model was developed to discriminate 
in the high-frequency range of perturbations (above 1 Hz) the capillary effects from the important 
inertial and dissipative hydrodynamics effects, providing therefore access to the values of the 
dilational viscoelasticity. 
The possible theoretical approaches are finally outlined. 
Acknowledgements. Contract no. 47702388027160000510 from the Russian Federation, European 
Space Agency projects “Fundamental and Applied Studies in Emulsion Stability - FASES”, “Soft 
Matter Dynamics”, “Particle Stabilized Emulsions -PASTA’’ (and the corresponding grants by the 
Italian Space Agency ASI n. 2013-028-R.O). 
 

 
 
Fig.1.- Example of interfacial tension response to interfacial area oscillations (with relative 
amplitude A = 20%) for mixed surfactants (C13DMPO c = 8.0x10-7 mol/dm3, TTAB c = 4.5x10-5 
mol/dm3), at the angular frequency ω = 1.005310 rad s-1 and ω = 2.010619 rad s-1, at the 
temperature T = 20 °C. Blue symbols = interfacial tension, red symbols = interfacial area. 
 

 
 
Fig.2.- Interfacial viscoelasticity for the oscillation sequence, partially illustrated in Fig.1. Blue 
circles = modulus of ε*(iω), magenta up-triangles = real part of ε*(iω), red down-triangles = 
imaginary part of ε*(iω). 
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Gels are widely used in the food, pharmaceutical and cosmetic industries. Gel-like 

detergents are used everywhere. The quality of gel-like products mostly determines their 
rheological characteristics. 

In the present work, the consideration of the rheological properties of biologically active 
disperse systems is continued [1]. The influence of composition of dispersion (the concentration of 
gelling agent, pH and various additives) on the rheological characteristics of gels based оn carbopol 
have been ivestigated. 

Carbopol 974P NF was used as the object of the study. The gels with concentrations of 0.2; 
0.4; 0.6; 0.8 and 1.0% were used in these research.The preparation of gels based on carbopol is 
carried out in two stages: 1. dispersing and swelling of carbopol in distilled water; 2. neutralization 
of the obtained colloidal dispersion by the basic substance to a certain pH level of the gel. 

To prepare the gel, the calculated carbopol sample was placed in a porcelain mill, a small 
amount of water was added, the polymer was allowed to swell and thoroughly ground to a 
homogeneous mass, then this mass was transferred to a glass beaker, distilled water was added to a 
predetermined volume, mixed until a uniform transparent gel was obtained, and the vessel was 
closed polyethylene lid. 

Triethanolamine (TEA) was used as the neutralizing agent in the dispersion (TU 2423-168-
00203335-2007). In the ready-made solutions of carbopol, small portions of TEA neutralizing agent 
were injected while mixing until a uniform transparent gel was obtained. Investigated gels 
contained 0.5; 1.0; 2.0; 3.0; 4.0; 4.5 g of TEA per 400 ml of gel. When the neutralizing agent is 
added (at pH> 6), the carboxyl groups of carbopol are ionized, a repulsion is occured  between the 
formed negative charges, the chains are unfolded, which leads to swelling of the polymer. 

The kinetics of the structure formation of gels was investigated on a Brookfield rotary 
viscometer at a temperature of 20-25 ° C [3]. A viscosimeter rotor with a radius corresponding to 
the expected gel viscosity was placed into the 400 ml investigating gels, and the meter reading was 
provide at different rotor speeds. 

Figure 1 shows the dependence of viscosity (η) on the mass fraction of carbopol in the gel. It 
can be seen that the viscosity increases nonlinearly with increasing content of the gelling agent. In 
this case, the Einstein equation where η is  the viscosity of the solution, η0 is  the 
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viscosity of the solvent, α is the coefficient depending on the shape of the particles, and φ is the 
volume fraction of the dispersed phase is not satisfied. The deviation of the curve from linearity 
indicates that the colloidal solution corresponds to a non-Newtonian, in this case a structured 
fluid.The presence of ascending and descending curves on the flow rheogram (Fig. 2) indicates that 
gels have thixotropic properties, that is, they are able to restore their structure after the system is 
destroyed. The rising curve characterizes the destruction of the system, and the descending curve 
characterizes the restoration. 

The carried out researches have shown that gels based on carbopol possess the necessary 
structural and mechanical properties - sufficient viscosity, thixotropy and can be used for 
preparation of medicinal preparations in the form of gels. 

 

 

1/s 

 
Relative shear stress, Pa·0,1 

 
Fig.1. Dependence of gel viscosity 

from the mass fraction of carbopol (ω). 
Fig.2. Rheograms 0.2% (1), 0.4% (2) and 0.6% (3) 

carbopol gels. 
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The work introduces facile synthetic route of conversion of Gd(III) complexes with hexanuclear 
cluster anions [{Re6Q8}(CN)6]4– (Q = S2−, Se2− or Te2−) into colloidal core-shell nanoparticles, 
where hard cores are the water insoluble Gdx[{Re6Q8}(CN)6]ycomplexes, hydrophilic shells are 
built from (PEO)100-(PPO)65-(PEO)100 (F-127). The comparative analysis of TEM and PXRD data for 
the dried colloids in correlation with the colloidal, luminescence and magnetic relaxation properties 
of the aqueous colloids indicates that the nature of the cluster anions [{Re6Q8}(CN)6]4– greatly 
affects the size and crystallinity of the hard cores, which in turn influences both magnetic relaxivity 
and luminescence of the corresponding aqueous colloids. The analysis of the results revealed 
hydrophilic colloids based on Gdx[{Re6S8}(CN)6]y as the best ones from the viewpoint of the 
functional properties, which along with the low cytototoxicity makes them very promising basis for 
further application as contrast agents in both MRI and luminescent imaging.  
We thank RSF (Grant No17-13-01013) for financial support. 
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INFLUENCE OF CHAOTRIPC ADDITIVES ON THE PROPERTIES OF 

POLY(VINYL ALCOHOL) CRYOGELS FORMED IN DIMETHYLSULFOXIDE MEDIA 
 

O.Yu. Kolosova1, D.A. Michurov2, V.I. Lozinsky1 

1A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, Moscow, 
Russian Federation 

2 D.I. Mendeleev University of Chemical Technology, Moscow, Russian Federation 
kolosova@ineos.ac.ru 

 
Poly(vinyl alcohol) cryogels are the noncovalent macroporous gels formed as a result of 

freeze-thaw processing of concentrated PVA solutions. PVA cryogels are widely used as 
biomedical materials due to their mechanical durability, biocompatibility and also viscoelastic 
properties similar to the soft biological tissues. PVA cryogels have been applied as functional 
materials in clinical application for dialysis membranes, wound dressing, artificial skin, 
cardiovascular devices, drug delivery and spine disc replacement. 

It is known that poly(vinyl alcohol) cryogels may be formed by “freezing-thawing” of water 
or DMSO solutions of the polymer [1]. In our work the cryogels were produced originating from 
the DMSO solutions of PVA that also contained the additives of organic chaotropes (urea, 
guanidine chlorohydrate, formamide). These substances are the agents capable of weakeningthe 
hydrogen bonding, ionic and hydrophobic interactions. In aqueous media such chaotropes break 
down the hydrogen bonding between neighboring OH-groups in PVA chain thus causing the drop 
of the gel strength and marked decrease in the heat endurance of the resultant PVA cryogels [2]. 
However, in the DMSO media the alternative effects have been found out. 

Rheological and thermal properties of the resulting cryogels have been measured and compared. 
It turned out that such properties of PVA cryogels depended on the concentration of chaotropes in a 
following manner: the increase in the additive’s concentration resulted in the growth of both the gel 
strength and heat endurance. 
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Figure 1.Dependences of E modulus and fusion temperature values of PVA cryogels on the 
concentration of urea in the feed PVA solutions (1 - formamide; 2 - urea; 3 - guanidine 
chlorohydrate).  

So, it was shown that the tested organic chaotropes in the DMSO media acted as the 
“kosmotropes” regarding the cryotropic gel-formation of poly(vinyl)alcohol. 

 
[1] V.I.Lozinsky,Russian Chemical Reviews, 1998, 67, 573. 
[2] O.Yu. Kolosova, E.A. Kondrateva, V.I. Lozinsky, J. Advances in Chemistry and Chemical 
Technology, 2013,3,73. 
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SMART NANOCOMPOSITES WITH TUNABLE ELASTOMERIC MATRIX 

A. I. Barabanova1, A. L. Kwiatkowski2, V. S. Molchanov2, O. E. Philippova2, A. R. Khokhlov3 
1Institute of Organoelement Compounds of Russian Academy of Sciences, Moscow, Russia; 

2Physics Department, Moscow State University, Moscow, Russia;3Ulm University, Ulm, Germany 
kvyatkovskij@physics.msu.ru 

Smart nanocomposites (NCs) with elastomeric epoxy matrix containing exchangeable covalent 
bonds and spherical magnetite particles were prepared. To vary the strength of interactions between 
magnetite particles and the matrix different functional groups were introduced on the surface of the 
particles: hydroxyl and phenyl groups provided non-covalent interactions (hydrogen bonding, Van-
der-Waals) interactions with matrix, whereas anhydride groups formed covalent bonds with 
polymer. 
A series of elastomeric NCs was synthesized by curing reaction of the diglycidyl ether of bisphenol 
A and a mixture of fatty dicarboxylic and tricarboxylic acids in the presence of modified magnetite 
particles and zinc acetate as a transterification catalyst. The mechanical properties of the NCs with 
different strength of interactions between magnetite particles and the epoxy matrix were 
investigated. It was shown that most pronounced effect of magnetite particles on mechanical 
properties is observed in the case of covalently bonded particles with anhydride surface groups. 
Acknowledgment. The reported study was funded by Russian Foundation for Basic Research 
according to the research project №18-53-76007. 
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MOLECULAR CHARACTERISTICS OF NANOCRYSTALLINE CHITIN SOLS AND 

HYBRIDS WITH SILICON OXIDE NANOPARTICLES 

E. Lebedeva1, I. Perevyazko1, Yu. Martakova2, I. Martakov2, M. Torlopov2, N. Tsvetkov1 
1Department of Molecular Biophysics and Physics of Polymers, SPbSU, St. Petersburg, Russia; 

2Institute of Chemistry Komi Science Center UB RAS, Syktyvkar, Russia 
elena.lebedeva@spbu.ru 

Nanoparticles based on biopolymers are widely used in various fields of science and industry. 
Hydrosols of nanocrystalline chitin (NCC) are considered as promising systems for nanoparticle 
filled materials, modifiers of rheology properties, drug delivery applications, and as a template 
media in organic and inorganic synthesis. In comparison to the nanoparticles based on other 
biocompatible polymers, the NCC particles have a variety of specific characteristics such as 
available surface functional groups, positive surface charge, high chemical and biological activity 
etc.. 
The synthesized NCC particles have a rod like shape and rather high size dispersity. Such 
anisotropic shape of the particles will have a great impact on the rheological properties of their 
dispersions, while their ability to form a three-dimensional structured system will increase with the 
aspect ratio (L/d). Besides, a system comprising of rod-like particles has a higher value of dynamic 
viscosity for the same volumetric concentration of the dispersed phase in comparison to spherical 
particles.  
In the current study the NСC dispersions (extracted from crab shells) in aqueous solutions with a 
different contents of salts were analysed by the methods of viscometry, sedimentation velocity, 
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dynamic light scattering, zeta-potential, flow birefringence, AFM and Cryo TEM. In addition, 
hybrids (the NСC sols with silicon oxide nanoparticles) were analysed by the same methods. 
Detailed information regarding hydrodynamic and optical characteristics of NCC particles was 
obtained. It was found that all studied systems are highly disperse. The values of the translational 
and rotational diffusion, intrinsic viscosity, sedimentation coefficients, density and flow 
birefringence for NCC and hybrids were evaluated. According to the collected values of the 
sedimentation and diffusion coefficients the mass of the investigated systems was calculated. 
Besides, based on the translational and rotational diffusion coefficients the in-depth analysis of size 
and shape of NCC particles was performed [1]. The electrolyte coagulation of NCC sols was 
studied in the presence of various low molecular mass electrolytes (NaCl, CaCl2, Na2SO4). The 
limits of aggregate stability in variable conditions were established. 
The optical characteristics of the NCC hydrosols and hybrids studied by flow birefringence were 
found to be determined by the contribution of large particles. The change in the hydrodynamic 
dimensions of the hybrid particles in comparison with the NCC hydrosol was detected and 
discussed. 
Acknowledgements This research was supported by a grant from the Russian Science Foundation 
(project №16-13-10148). A part of experiments were performed on the equipment at the “Center for 
diagnosis of functional materials in medicine, pharmacology and nanoelectronics of St. Petersburg 
State University”. 
[1] N.V. Tsvetkov, E.V. Lebedeva, A.A. Lezov, etc., Colloid Polym. Sci., 2017, 295(1), 13. 
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A.N. Frumkin Institute of Physical chemistry and Electrochemistry RAS 
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Internal friction spectra in films of chitosan in polycation and polybase forms are examined 
in a wide range of temperatures from -150 to 3000С. Peaks of dissipative losses correspond to 
various kinetic unitsin the structure of the material are investigated.  

Temperature-frequency relations that allow one to characterize modules of elasticity are 
presented. 

An interest to chitosan—the derivative of linear polysaccharide chitin — currently persists. 
Investigations on improvement of chitosan materials characteristics are underway: films, fibers, 
composites.  Properties of modified materials are studied by various methods. It is known [1] that 
the polymer in chitosan films freshly formed from acetic solutions exists in water-soluble salt form 
(s- form).  At the film treatment with 1 М NaOH solution, chitosan transforms to base (b-form).   
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Chitosan in salt form (s-form) Chitosan in base form (b-form) 

Spectra of internal friction and temperature-frequency relations for chitosan in salt (curve 
1.1 a) and base (curve 2.2 a) forms are depicted in Fig.1. 

For both of chitosan forms in the area of low temperatures from -100 to +30оС a pronounced 
wide intensive peak of losses is observed. These low temperature relaxation processes with 
maximum at -55оС are characteristic for all polysaccharides and are caused by existence of 
associated water in the polymer which presence leads to formation of hydrogen bonding with –OH 
and –NH2 groups, with reorientation of primary –OH groups in imperfection regions of the 
structure, and with conformation transition of pyranose rings [2]. There in the relaxation area is 
wide and asymmetric. This fact is in a good agreement with data of dielectric and IR-spectroscopy, 
obtained in the work [3]. 

Difference in situation and form of the losses peaks of chitosans investigated attracts 
attention. A pronounced wide intensive peak of losses for salt chitosan form with maximum at -
18оС is absent for base chitosan form. It is possible to suggest that origin of the peak is determined 
by presence of acetate counter-ion at NH3

+group in the salt form being absent in basic one, which is 
confirmed by spectroscopic data in the work [3]. 

In the area of positive temperature sat temperatures increase, an intensive relaxation peak 
oflosses for salt form of chitosan is observed (Fig.1 curve 1) with maximum at 95 оС, which is 
connected with segmental mobility. This fact is confirmed by a drop of damped motion frequency 
from 3.2 to 1.3 =1,9 Hz (Fig.1, curve 1а). At the following warming-uptake place stuffing of 
structure, partial crystallization caused by destruction of acetate, detaching of acid, amination. 
These processes manifest themselves as a peak marking phase transition with maximum of +175оС. 
The fact is confirmed by an increase of damped motion frequency from 1.3 to 1.7  =0.4 Hz 
(negative deficiency of modulus, Fig. 1, curve 1а). The next feeble peak at +212 оС is connected 
with devitrification of stuffed (partially crystalline) structure which is confirmed by a drop of 
oscillation frequency at this temperature from 1.7 to 1.3   = 0.4 Hz (curve 1а). The oscillations 
frequency is proportional to modulus of elasticity. 

The vitrification peak in this temperature area is not detected for the base-form of chitosan, 
but a wide peak of average intensity with maximum at 130 оС is observed. This peak is connected, 
apparently, with mobility of links of main polymer chain, which is confirmed by data of 
temperature-frequency relation (Fig.1, curve 2а) and literature data [4]. 
Values of frequency then do not change up to 220 оС when a drop of frequency occurs from 2.0 to 
1.3 Hz and relaxation peak of vitrification with maximum at 260оС arises. Then thermal 
decomposition takes place with the frequency growth from 1.3 to 1.5, which is confirmed by 
differential thermogravimetry data [5]. 
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Fig.1 Internal friction spectra of chitosan in salt form (1) and base form (2) and temperature-  
frequency relations (1а, 2а correspondingly). 

 
1. Zotkin M.A., Vikhoreva G.A., Kechekyan A.S.   Polym.Sci. 2004,46 B 1-2,39. 
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3. AfanasEvaN.V., PetrovaV.A., VlasovaE.N., GladchenkoS.V., KhayrullinA.R., 
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4. Dresvyanina E. N.; Dobrovol'skaya I. P;  Smirnov, V. E;  Popova E. N;  Vlasova, E. 

N.; Yudin V. E. Polymer Science Ser. A B.60 ,2 ,179 
5. Kuchina Yu. A., Dolgopyatova N. V., Novikov V. Yu., Konovalova I. N., Prinsteva M. 

Yu., Sagaidachny V. A. Vestnik of MSTU, 2015 , 18, 6 
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MavletovMV@ufanipi.ru 

The guar-based crosslinked polymer solutions are widely used for hydraulic fracturing –the main 
technology for low permeability oil recovery. Despite high demand there are still a lot of open 
questions for correct physical description of rheological behavior of hydraulic fracturing fluids. The 
anomalous drag reduction, rupture-recovery kinetics, shear induced phase separation, etc., are 
among them.  
 
In this paper we present experimental evidence of rheological hysteresis for the flow of hydraulic 
fracturing fluids in slot and cylindrical capillaries. The rotational viscometer measurements also 
revealed non-stationary behavior of guar-based crosslinked polymer solutions. The crosslinked gel 
has significant elastic properties. This is evidenced by the large value of the elasticity modulus . The 
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rheological behavior is not described in the framework of Maxwell-like or Kelvin-like models. 
Simple model is proposed for rupture-recovery kinetics.  

___________ 
 

IIIP11 
SEGREGATION OF RING POLYELECTROLYTES UNDER NANOCONFINEMENT 

W. Nowicki 
Faculty of Chemistry, Adam Mickiewicz University in Poznań, Poland; 

gwnow@amu.edu.pl 

Dissolved polymer molecules in confined geometry show unique dynamical properties different 
from those of free macromolecules in the bulk [1]. The geometrical confinement alters both the 
statics [2] and the dynamics of a polymer chain [3,4]. The studies of polymer conformation in such 
systems have been often addressed to DNA molecules, since one of the processes of key importance 
in biology and some nanotechnology applications is the spontaneous segregation of DNA 
macromolecules in tight environment, accompanying the cell division. Recently, it has been 
postulated that in some bacteria the process of chromosome segregation does not involve specific 
biological mechanisms but is a result of increased conformational entropy of macromolecules [5]. 
However, the explanation focused on the entropophoretic effect of neutral macromolecules does not 
take into account that chromosomes are polyelectrolytes and the presence of charged groups on 
their chains influences both inter- and intramolecular interactions, which may have a decisive effect 
on the course and result of segregation. 
The present work is focused on the investigation of the effect of conformational entropy and intra- 
and intermolecular electrostatic interactions of two ring polymer molecules, endowed with electric 
charges, on their behavior under nanoscopic confinement represented by a linear channel. The goal 
of the project is to resolve  the role of polyelectrolyte character of bacterial chromosomes on their 
entropy-driven separation and to determine the influence of some parameters like the nanopore 
width or electric charge carried by macromolecules on the segregation process. 
A behavior of two ring polyions in the confined environment, represented by a tight nanopore, has 
been investigated by means of the standard nonequilibrium Monte Carlo method (nMC) [6] based 
on the umbrella sampling [7]  applied to the lattice model of SAW ring. Eachmonomer (a polymer 
bead) was identified by the site on the lattice, so each ring is an ensemble of consecutive sites 
occupied by beads. The rings comprised two types of beads: electrically neutral and bearing 
elementary electric charge. Since the general athermal conditions were assumed, all other 
intermolecular interactions were neglected except the excluded volume effects. The simulations 
were performed for a constant electric charge of polyions determined by the constant numberof 
electrically charged species in the ring and whose positions along the ring were fixed. The bulk 
considered was a monovalent electrolyte solution of a constant ionic strength. Each simulation 
started with a polymer molecule – a ring initially equilibrated in the nanopore. Then the 
conformation was duplicated in order to begin the simulation with two overlapping rings of the 
same conformation and the same location along the nanopore. In the case of the polyion at its 
isoelectric point, both parallel and anti-parallel electric charges distribution along the ring were 
tested. In the course of simulation, the energies and entropies of system 
conformations/configurations were calculated by the statistical counting method and by the 
summation of energies of electrostatic interactions of a bead with all electrostatic charged species 
limited by the minimum image convention. The forceexerted on rings due to the entropic and 
electrostatic effects was calculated by the differentiation of components of free energywith respect 
to the distance between rings along coordinate parallel to the nanochannel. 
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Fig. 1 shows the trajectories of two ring polyions of the number of segments equal to 100, the 
single-sign charge density 0.2 and the pore diameters 5b (b is the normalization constant equal to 
the segment-segment distance). The dependence of the relative speed of the rings on the distance 
covered are shown in Fig. 2.    
The simulations were performed for the uncharged, single-sign charged polyions and the polyions at 
their isoelectric point. The obtained macromolecule trajectories, their radii of gyration, 
conformational entropies, intra- and intermolecular interaction energies indicate  that the presence 
of electric charges plays a key role in the induction time of the process and in the rate of further 
segregation.   
It was found that the distribution of time needed to separate rings to the assumed distance can be 
described by the log-normal distribution with a  well-defined average. The averaged times were 
used for computation of dependencies of the speed of separation as a function of covered distance. 
The obtained dependencies are bi-exponential demonstrating the different dynamics of the 
induction phase and following stages of segregation. We have obtained the scaling predictions for 
the speed vs. the number of beads and the nanopore diameter dependencies. The scaling exponents 
depend on the electric charge carried by rings. The energetic and entropic contributions to the 
segregation force were  established and discussed in terms of the ring thermodynamics, geometry 
and speed in the course of segregation process.  

 
Figure 1. Exemplary trajectories of segregating single-sign charged polyions (gray lines) with their 

radii of gyration (color areas). 

 
Figure 2. Relative velocities of segregating macromolecules/polyions in the nanochannel (parallel 

charge location).  
[1] A. Arnold, B. Bozorgui, D. Frenkel, B.-Y. Ha and S. Jun, J. Chem. Phys., 2007, 127, 

164903.  
[2] L. J. Guo, X. Cheng, and C. F. Chou,  Nano Lett., 2004, 4, 69. 
[3] J. Tegenfeldt, C. Prinz, H. Cao, S. Chou, W. Reisner, R. Riehn, Y. M. Wang, E. C. Cox, J. 

C. Sturm, P. Silberzan, and R. H.Austin, Proc. Natl. Acad. Sci. U.S.A, 2004, 101, 10979. 
[4] F. Brochard and P. de Gennes, J. Chem. Phys., 1977, 67, 52. 
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Problems of stabilization and destabilization of emulsion occupy a prominent place among 
colloid-chemical problems. This is due to the extensive use of the emulsion in the extraction and 
processing of oil, medicine, food, paint and varnish, light industry and other areas of the national 
economy. An important aspect of the emulsifying and stabilizing action of high molecular weight 
surfactants (HMWS) is the ratio of hydrophilic and hydrophobic fragments (HLB) in their structure. 
HMWS are able to create high-viscosity, strong adsorption layers that create a powerful structural-
mechanical barrier (according to Rebinder) at the interphase boundaries, which prevents the 
coalescence of emulsion droplets [1,2]. The compositions of the water-soluble polymer with 
surfactants form complexes whose macromolecules are "hydrophobized" by bound surfactant ions. 
These complexes, possessing an altered charge density and hydrophobicity of the polymer chains, 
behave like new HMWS. 

The emulsifying action of the NaCMC and CTAB substances was studied in a model 
technical emulsion - a direct 50% emulsion of vaseline oil in water. For the composition of NaCMC 
with CTAB, the formation of a complex is possible due to electrostatic binding of the CTAB+ 
cation with the carboxyl group of NaCMC. As a result of this reaction, a NaCMC-CTAB complex 
is formed which has a hydrophobicity and a lower charge density greater than the initial NaCMC. In 
addition, the NaCMC-CTAB composition has a high interfacial viscosity at the border of the 
vaseline oil with water and surface activity. This facilitates the formation of an interfacial 
adsorption layer with increased resistance to fracture when colliding with oil droplets protected by 
them. 

An essential factor contributing to the formation of a stronger adsorption layer of the 
NaCMC-CTAB complex is apparently the possibility of finding this complex mainly at this 
boundary. This may be due to the poor solubility of the complex in any of the contiguous phases: 
the solution of the complex in the aqueous phase is impeded by its hydrophobic groups (CTAB), 
and the dissolution of the complex in the oil phase is its hydrophilic polymer backbone. 
Thus, it can be noted that the use of the GRP composition with surfactants opens up new 
possibilities for the development of effective emulsifiers. 
[1] Holmberg K., Jönsson B., Kronberg B., Lindman B. Surface-active substances and polymers 
in aqueous solutions, 2009, 528, BINOM, Moskow, Pussia  
[2] Babak V.G. Stability of microscopic emulsion films stabilized by macromolecules. Colloid 
Journal, 1986, 48, 124-128. 
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INTERRELATION OF THE PROPERTIES OF SUSPENSIONS 

CONTAINING PARTICLES WITH DIFFERENT NATURE/POROSITY 
DISPERSED IN PVA SOLUTION AND THE CHARACTERISTICS OF 

THE CRYOGELS FORMED FROM SUCH SUSPENSIONS 
Podorozhko E.A., Vasiliev V.G., Lozinsky V.I. 

A.N.Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, 
Vavilov Street 28, 119991 Moscow, Russian Federation: epodorozhko@mail.ru 

Poly(vinyl alcohol) cryogels (PVACGs) are the macroporous physical gels of crystallization 
type that are formed as a result of a single or several cycles of freezing, holding in the frozen state 
and thawing of the polymer solutions. Owing to both the simple preparation technique and excellent 
properties of PVACGs they are of interest for the use in medicine, biotechnology, food industry, 
and construction. The imparting of new properties, in particular, rigidity and heat endurance of  
PVACGs can be reached by the introduction of disperse fillers. The aim of this study was to find 
the ways  for selecting  the fillers capable of  tailor-made changing the properties of composite  
PVA cryogels (cPVACGs). 

Disperse particles of different chemical nature (hydrophilic and hydrophobic, mineral and 
organic) and of different porosity were used in the work. Rheological experiments with respect of 
initial suspensions revealed that adhesion contacts arise between the filler particles, as well as 
discrete and continuous phases, already at the stage of suspension preparation, thus affecting the 
properties of the resultant composite cryogels. These effects were more pronounced in the case of 
the fillers with a larger pore size. Thereby, the possibility for poly(vinyl alcohol) macromolecules to 
penetrate inside the filler particles and to form there the cryogel phase, which is connected through 
the gross pores with bulk continuous cryogel phase, is the major mechanism facilitating the 
observed increase in the rigidity of such composites. 

___________ 
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Detonation nanodiamonds (NDs) can serve as a valuable filler of polymer materials due to their 
high dispersity, chemical resistance, mechanical strength of the particle core and reactivity of the 
particle shell. The filling is mainly aimed on improving the mechanical strength of the polymer 
material at a low content of the additive. The aim of our investigation is to study the effect of NDs 
concentration, surface treatment of NDs and films manufacturing procedure on modulus of 
elasticity, tensile strength and surface energy of composite films on the base of NDs and 
polyacrylonitrile (PAN). Surface oxidation of the NDs and heat treatment of the composite film 
may strengthen interactions between NDs and PAN and cause hardening of the film. Surface 
functionalization of NDs with fluorocarbon surfactant can influence on the surface concentration of 
the nanoparticles and on the surface tension of the composite films.  
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NDs from SKTB “Technolog” (Russia) were oxidized at 420oC under air condition for 2 h. Oxi-
dized NDs were characterized by IR spectroscopy, Boehm titration and DSM techniques. Disper-
sion of NDs in dimethyl sulfoxyde (DMSO), obtained under ultrasonic treatment, was added to 11 
wt.% solution of PAN in DMSO and strongly mixed. NDs/PAN thick-film composites were 
fabricated by casting NDs/PAN/DMSO dispersions onto glass plates followed by drying at 60oC for 
one day, precipitation of polymer film in water and drying again to constant weight. The films 
obtained have a thickness of 60-90 μm, NDs content was varied from 0.5 to 2 wt.%. In the second 
series of experiments, the films were additionally heated at 90oC for 8 h. In the third series of 
experiment NDs modified with perfluorononanic acid (PFNA) was used as filler. Mechanical tests 
of the films were performed in the unidirectional stretching regime. Critical surface tension of the 
films was obtained by Zisman technique. 
PAN films without filler have modulus of elasticity (53±11) MPa, tensile strength (19±2) MPa and 
critical surface tension 40 mJ/m2. Addition of oxidizes NDs results in the decrease of tensile stress 
and Young modulus. After additional heat treatment the Young modulus increases and the 
elongation at break decreases. The films become more brittle, demonstrate elastic mechanical 
behavior. Surface functionalization of NDswith adsorption layers of PFNA leads to a decrease in 
the strength of the films. Critical surface tension of the composite films is controlled by PAN and 
remains constant after NDs addition. The possible reason is PAN adsorption on the NDs, which was 
confirmed  by  IR spectroscopy and thermogravimetric analysis data. 
Acknowledgements This work was supported by Russian Foundation of Basic Research (project 
no. 16-08-00780). 
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A promising line of the creation of new energetic materials involves an employment of 
composite "aluminum-boron" powders as high-energy fillers. The heat of combustion of such 
powders can significantly exceed that of aluminum ones. The effect of their application is however 
largely determined by the kinetics of ignition and combustion. The kinetic parameters in their turn 
essentially depend on composition, grain size distribution, grains structure and morphology of the 
filler. In connection with this, the problem arises of synthesizing composite powders with controlled 
characteristics. The simple and economic process for the production of composite "aluminum-
boron" powders consists in joint milling of aluminum and boron powders. The paper is concerned 
with the evolution of structure, morphology, and grain size distribution of composite "Al-2B" 
powders in relation to the duration of processing and milling medium composition. 

We used aluminum powders and amorphous boron ASD-4 and B-99B. As the milling 
medium, pure hexane and solutions of oleic acid (2.5%), paraffin (3%) and turpentine (3%) in 
hexane were used. Processing of powder mixtures was carried out in a high-powered water cooling 
laboratory mill with loading of a mixture of 10 g, a ball charge of 100 g of balls 6 mm in diameter 
from hard alloy; the speed of drums rotation was 1061,5 revolutions/minute. 
Structural and morphological studies were carried out by electron microscopy, local X-ray spectral 
microanalysis and X-ray diffractometry. The granulometric composition was determined on a high-
resolution liquid-phase laser diffractometer. 
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The general picture of synthesis of composite powders of the "Al-2B" system is as follows. 
During processing, intensive implantation of hard submicron boron particles into the near-surface 
layers of relatively large and ductile aluminum particles occurs. At the same time, two competing 
processes are taking place - fragmentation of composite particles and aggregation due to "cold 
welding". Very early in the processing the specific surface area of the powder increases in all but 
one media (hexane) (Fig. 1). In the time interval 3 ... 9 min "cold welding" however prevails. The 
initially spherical aluminum particles become larger and acquire a strongly anisometric plate-like 
shape. The average particle size is significantly increased. With increasing duration, the aggregation 
process is sharply retarded. The shape of the particles becomes isometric with the acute-angled 
habitus, which indicates a quasi-brittle character of fracture. The relative content of boron in 
composite particles, regardless of the composition of the medium, becomes therewith stable and 
does not change thereafter. Crystalline borides and carbides are absent in composite powders as 
evidenced by the results of diffractometric studies. At the initial stage of the processing the size of 
the coherent scattering region and the lattice constant of the aluminum matrix of the composite 
particles sharply decrease. In what follows these parameters are changed nonmonotonically due to 
dynamic recrystallization of aluminum.  

 
Figure 1 - The specific surface area of powders vs duration of synthesis in different media: 1 - 
hexane; 2 - paraffin solution; 3 - turpentine solution; 4 - solution of oleic acid 
 

The statistical properties of the ensemble of composite particles are adequately described by 
superposition of two lognormal distributions corresponding to the fine and coarse fractions. With 
increasing processing time, the most probable particle sizes of the coarse and fine fractions 
approach each other. The quantitative characteristics of the distributions depend strongly on the 
composition of the medium. With a processing time of 21 minutes, the average particle size range 
from 16 μm for the powder produced in the oleic acid solution up to 45 μm for the case of pure 
hexane. The average grain size for the case of solutions of paraffin and turpentine is about 25 μm. 
The results obtained make it possible to formulate a scenario for the formation of the fractional 
composition of powders. As the processing time increase, the composite undergo embrittlement due 
to saturation by boron and strain hardening. The rates of fragmentation and aggregation processes 
therewith level off at the limiting value. As a result, stabilization of the grain size and internal 
structure of the grains occurs almost simultaneously. The strong effect of oleic acid on the average 
grain size can be explained by the joint action of two factors: a decrease in the intensity of the cold 
welding process due to the adsorption of oleic acid and an increase in the rate of fragmentation of 
composite particles due to an adsorption – induced reduction of strength. 

___________ 
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Hydroxyethylcellulose (HEC) is an ether of cellulose that contains oligomeric residues of 
polyethyleneglycol. This derivative is well-soluble in water, acidic/alkaline and salt solutions as 
well as in some organic solvents. HEC is biocompatible and nontoxic. Owing to these properties, it 
is widely used in food, pharmaceutics and cosmetics. 
Here HEC is served to fabricate films and aerogels. The former are prepared by means of casting, 
the latter, by using lyophilization of initial solutions of various concentrations. They were 
additionally heated at temperature changing between 40 and 130oC. 
HEC films thus prepared were transparent. Their transmittance reached 90% in the visible region. 
This result means that a phase separation or crystallization did not take place in the course of drying. 
The morphology of HEC films and aerogels were studied by field emission scanning electron 
microscopy. Representative images are shown in Figs. 1a and 1b, respectively. One can see that 
films have a layered (stratified) structure (Fig. 1a). Although the stratification occurred during the 
solvent evaporation, it did not deteriorate the optical transmittance. 
Aerogels were macroporous with the density of about 0.05 g/cm3. Its variation was determined by 
the concentration of HEC in initial solution. As seen in Fig. 1b, three-dimensional network 
consisted of rounded and curved film-like plates. 
Aerogels were rather mechanically strong. They shrunk upon the compression that exceeded some 
critical value. The initial state was not restored when the compression was removed. The mechanical 
properties are characterized in Fig. 2. They were performed with the same dried and wet sample. 
Young’s or elastic moduli found from the compression examination were 15 and 0.7 MPa, 
respectively. As obvious, the mechanical strength decreased 20 times after the water absorption. 
Another difference is seen from their recovery. Residual strain is practically absent in the case of 
wetted sample. There is some hysteresis but the curve for unloading follows the curve for loading 
with small gap between them. This observation suggests that the absorption of water in the course of 
recovery leads to a drastic change in the mechanical properties of aerogel, causing its transformation 
from inelastic to elastic state. This behavior is explained by the high hygroscopicity of HEC. 

 
а b 

Figure 1. Scanning electron microscope images of cross-section of film (а) and aerogel (b) 
prepared from HEC. 
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Figure 2. The stress-strain behavior for the HEC aerogel in dried (a) and wet (b) aerogel. 
___________ 
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Among environmental pollutants, solid household waste, including polymer food packaging, 
occupies a large part. The stability of polymeric materials to the effect of microorganisms and air 
oxygen, temperature and pressure changes causes their long-term storage in the environment. In this 
regard, the problem of creating biodegradable food packages is becoming particularly relevant. The 
aim of the work is to obtain non-waste food packages based on biopolymers, and to regulate their 
elastic-strength characteristics. 
The cheapest and available for obtaining degradable films is starch. However, films based on it 
have low strength and rapidly change their structural and mechanical properties. Therefore the 
conditions for obtaining films based on starch and agar are determined. 
Changing of the ratio of starch/agar from 1:9 to 5:5 showed that in this range of weight ratios of 
biopolymers, stable films which are easily separated from the solid surface are formed. The 
thickness of the films is 0.1-0.3 mm. The strength of the films in the samples with the ratio of 
starch/agar 1:9; 2:8 and 3:7 is 250 g, and a further increase in the amount of starch leads to its 
decrease. 
It was found that an increasing of the starch content also effects on the elasticity of the films. 
Elongation of films by 10 mm is observed only in mixtures with the ratio of starch/agar, equal to 
1:9 and 2:8. In mixtures with a high content of starch, the elongation is 4.3 mm-4.1 mm. Along with 
these properties, the importance for using of biofilms has air permeability. Its value for the obtained 
samples of the film is 33.5-35.6 dm3/h at a pressure of 2 atm. 
To control the strength of the films, Ca and Mg salts were used. It is shown that an increase in the 
concentration of CaCl2 and MgCl2 from 0.5% to 2.0% leads to a significant increase in strength and 
a decrease in the air permeability of the films. Used polymers - starch and agar - are 
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polysaccharides, therefore the main type of interaction of their macromolecules during the structur-
ing can be hydrogen bonds. The effect of Ca2+ and Mg2+ ions on the strength characteristics of films 
can be explained by their cross linking effect on macromolecules of polysaccharides. 
 
Acknowledgments.The financial support of the project of Kazakhstan Ministry of Science and 
education AP05132126 “Development of technology for obtaining and design of biodegradable 
food packaging”. 
[1] N. Eustathopoulos, M.G. Nicholas, B.B. Drevet. Wettability at High Temperatures, 1999, 

Pergamon 
[2] N. Eustathopoulos, D. Pique. Scr. Metall. 1980, 14, 1291. 
[3] P. Protsenko, A. Terlain, N. Eustathopoulos. J. Nucl. Mater. 2007, 360, 265. 
[4] E.F. Hare, W. a. Zisman. J. Phys. Chem. 1955, 59, 335. 
[5] G.L.J. Bailey, H.C. Watkins. Proc. Phys. Soc. Sect. 1950, B 63, 350. 
[6] A.K. Niessen, F.R. de Boer, R. Boom, P.F. de Chatel, W.C.M. Mattens, A.R. Miedema. 

CALPHAD 1983, 7, 51. 
___________ 

 

IIIP18 
SYNTHESIS, CHARACTERIZATION AND SWELLING BEHAVIOUR OF 

SUPERABSORBENT HYDROGEL FROM SODIUM ALGINATE-g-PAN 
 

J. H. Trivedi 
Post Graduate Department of Chemistry, Sardar Patel University, Vallabh Vidyanagar-388120, 

Gujarat, India 
E-mail:drjignesh2575@yahoo.co.in 

 
Polyacrylonitrile (PAN) grafted Sodium Alginate (%G = 276.55 and % GE = 99.31) was prepared 
using the established optimal reaction conditions for KPS/AA initiated graft copolymerization of 
acrylonitrile onto SA in a homogeneous medium. The graft copolymer was hydrolyzed by 0.7N 
KOH solution at 90-950C to yield the superabsorbent hydrogel. The nitrile groups of SA-g-PAN 
were completely converted into a mixture of hydrophilic carboxamide and carboxylate groups 
during alkaline hydrolysis, followed by in situ cross linking of the grafted PAN chains. The 
products were characterized spectroscopically and morphologically. The swelling behaviour of the 
unreported, novel superabsorbent hydrogel was studied by carrying out its absorbency measure-
ments in low conductivity water, 0.15M salt (NaCl, CaCl2 and AlCl3) solutions and simulated urine 
(SU) at different timings as well as in different sodium chloride solutions. The average salt sensitiv-
ity values of the superabsorbent hydrogel were also calculated and compared. The swelling behav-
iour of the hydrogel in different swelling media followed the second order kinetics. The values of 
the various swelling characteristics were reported.  
[1]. G. M. Patel, C. P. Patel  and H. C. Trivedi, European Polymer Journal, 35, 201 (1999).  
[2]. J.H. Trivedi, Journal of Applied Polymer Science, 129, 1992 (2013). 
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For a number of years, the author, under scientific guidance and with consultations of the chief of 
Laboratory of High Concentration Disperse Systems of the Institute of Physical Chemistry and 
Electrochemistry of the Russian Science Academy, member of the Russian Academy of Natural 
Sciences, Doctor of Chemistry N.B. Uriev, have been conducting research with aim of determining 
the consistent pattern of formation, stability and decomposition of structured disperse systems in 
heterogeneous chemical technological processes of making construction materials with predeter-
mined structure and predictable performance indicators while reducing resource consumption for 
their production. Since building composites may be interpreted as self-organizing systems, the 
evolution of which in space and time is accompanied by the formation of dissipative structures, it is 
advisable to add the establishment of these patterns with the accepted instrumental methods of 
research with their description from a single point of view and in a single topological scheme. 
Methodological base of research is the analysis of processes of disperse systems structure formation 
in dynamical and static conditions from the point of view of synergetics and catastrophe theory. 
As indicated in [1–3], the production of dense, strong and durable composite materials is largely 
determined by the conditions for the formation of the structure upon mixing. The overriding 
importance of mixing in comparison with other technological processes is regulated by the fact that 
the basics of the future structure are laid already in the course of the mutual distribution of the 
constituent components during shear deformation due to rotation of the machine's mixing organs. 
Description of the behavior of most disperse systems during mixing, as well as in a variety of 
chemical-technological processes carried out during forced convective diffusion of disperse phases, 
consists in constructing a complete rheological process curve. Since shear deformation occurs 
during mixing, the behavior of the disperse system in the gap between the coaxial cylinders of the 
rotational viscometer may to some extent simulate this operation. 
Such curves, obtained with the help of rotational viscometers, show the dependence of the effective 
shear viscosity η on the deformation rate gradient έ or the shear stress Рwith the obligatory realiza-
tion of the isotropy of the destruction of the system located in the measuring cell. Under such 
conditions, a shear with a given intensity extends over the entire gap («pure homogeneous shear» 
under Rebinder), which determines the isotropic character of the structure breakdown.  
It should be noted that compliance with the “pure homogeneous shear” in the general case is 
violated when a certain critical concentration of elements of microinhomogeneities in the volume 
of the system is reached and exceeded. The deformation of the systems therewith is accompanied 
by an irreversible local aperture of continuity [1–3]. As a result, the shift does not extend over the 
entire gap, but is realized in a relatively thin layer while maintaining an undisturbed or far less 
disturbed structure in zones immediately adjacent to the discontinuity surfaces. Thus, the shear 
deformation of disperse systems in the gap of coaxial cylinders leads to a significant rearrangement 
of the microstructure with the formation and development of one or several local shear zones, 
depending on the concentration of the dispersion phase in the dispersion medium. This  effect 
means a violation of the continuum in changing the linear velocity v over the cross section of the 
gap when the strain rate is exceeded. This phenomenon finds reflection in a nonstandard shape of 
rheological   S-shaped  curves. Because the catastrophe theory provides a method to simulate some 
violations of the continuous development of various processes, it was suggested [4] to interpret 
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possible forms of the manifestation of qualitative structural changes in the shear flow as catastro-
phes. It should be noted that in modeling real situations with sudden catastrophic changes of 
regimes, it is necessary to take into account [5, 6] the presence of two main directions connecting  
the geometry of catastrophes to the system being investigated (maximal delay and Maxwell 
principles). The choice of one of the principles is determined by the nature of the phenomenon 
itself. 
The analysis  of the velocity v  distribution scheme at a continuous shear deformation has shown 
that the observed effect [4] can be described fairly wellby a model of the «ruffle» type whose 
geometry obeys the Maxwell principle. In this  case, there arises a situation analogous to the 
formation of the so-called shock ware (break) characterized by sharp changes in the profile. With 
increasing velocity of shear in passing through some critical  value  of  έc  the shock ware suddenly 
kick the system into a new state. It should be noted that the profile of  velocitiesv  is interpreted in 
[4] as  «ruffle» type catastrophe  cross sections for various  έ. Here the deformation rate acts as a 
splitting parameter predetermining the possibility of a considerable change in the clearance linear  
velocity  profile. 
Extending the list of possible kinds of schematic representations of  v  profiles corresponding to 
different variants of structural changes in systems in a shear flow by using the nonlinear ware 
theory seems informative as well. Since a rigorous mathematical analysis is rather difficult, it 
makes sense to qualitatively determine the most important features of the break formation on the 
basis of an analogy with the investigations of collective phenomena in plasma, which also use [7] 
the model notion of the shock wave. The character of the structure of the latter depends on the 
viscosity of the system being investigated. If the viscosity is small enough, then the general 
qualitative profile shape corresponding to the velocity jump is a shock ware with a decaying 
oscillating structure located ahead of its front (soliton packet).  The lover the viscosity, the larger 
the number of oscillations (breaks). With increasing  viscosity an ordinary shock ware without  
oscillations with a monotonous structure takes place. Thus, ordinary aperiodic shock wares and 
soliton  packets are interpreted as various limiting situations for one and the same nonlinear 
process. As applied to disperse systems, these model notions agree with experimental results: to 
monotonous and  oscillating profiles there correspond single and multiple discontinuities.    
Thus, raptures of the continuity of the developing processes of various types may be represented in 
the form of standard catastrophes, which are consistent with the models of dissipative structures. 
This fact testifies to the stability of topological models of the «fold» and «ruffle» type, (ie, to the 
suitability for describing real systems). The identification of clearly distinguishable geometric 
structures in the experimental graphical dependencies allows for the conclusion on the general 
nature of the phenomena under consideration. In addition, an understanding of the qualitative aspect 
of the non-trivial effects found provides an important starting point for further studies of dispersion 
sin critical production situations that arise when composites are made on their basis. 
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Structural models of aggregation behavior of asphaltenes are studied. Asphaltene is a complex 
mixture comprising many components which may vary from one crude oil to the other. The exact 
composition and molecular structure of asphaltenes remain unresolved. The nature of interactions 
involved in asphaltene aggregation also remains controversial[1]. 
Besides intermolecular interactions among asphaltene molecules, their aggregation behavior also 
strongly depends on the surrounding solvent. In paraffinic solvents the forces between asphaltenes 
are dominated by van der Waals interaction. 
Asphaltene molecules can self-associate as aggregation particles due to several preceding 
interactions. Several association models which account for the experimental data have been 
analyzed to interpret the different aggregation states and mechanism of formation. 
The solubility of propane in heavy oil, in saturated and aromatic hydrocarbons, in resins, 
asphaltenes and maltenes was studied. It is established that the solubility of propane in heavy oil 
and its fractions increases with increasing pressure at a constant temperature and decreases with 
increasing temperature. The figure shows dependence of solubility of propane in heavy oil, maltene, 
saturated and aromatic hydrocarbon fractions at pressures in the range from 50 kPa to 600 kPa. 
 

 
Figure 1. Dependence of solubility of propane in heavy 
oil on pressure. 1 – 288, 2 – 294, 3 – 299, 4 – 303 K.  
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Microfluidics is a vibrant and rapidly developing technology for studying tiny volumes of liquids 
inside channels of a micrometer range. Such channels provide unique opportunities to synthesize 
polymer and surfactant nanoparticles as well as to study and control their bulk and surface 
properties using microfluidic confinement [1-3]. Polymer-surfactant associates made in microfluidic 
channels can be used as drug delivery systems, nanocontainers, and etc. Microfluidic channels are 
also promising models of blood capillaries, so the study of polymers and surfactants in microfluidic 
channels broadens knowledge of their behavior in real biological systems. 
The purpose of this study was to design and fabricate microfluidic chips which can be further used 
for polymer-surfactant association and for control of properties of polymer-surfactant complexes. 
Soft lithography method was used to fabricate microfluidic chips. UV-treated commercial Ordyl 
Alpha 350 film photoresist wasused to make templates. Cured polydimethylsiloxane (PDMS) with 
microchannels was bonded to a microscopy glass plate by corona discharge treatment. 
Fig. 1 represents designed photomasks and templates. The layout of channels provides the 
following options: firstly, several inputs are necessary to achieve simultaneous influx of polymer 
and surfactant solutions to initiate their association in horizontal channels. Secondly, these designs 
are suitable for studying individual polyelectrolyte or surfactant solutions by adding solvents or 
other components. 
The designed and fabricated chips will be further used for studying polyelectrolyte-surfactant 
association in microchannels. Modification of the properties of complexes can be by varying 
polymer-surfactant ratio, solvent composition, or adding other components using the designed 
layout of microchannels. 

 
Figure 1. Photomasks and templates for various microfluidic chips with 100-200 µm diameter of 

channels. 
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Abstract 
The purpose of the real work was studying of the mechanism of influence of acidity of rye 

semi-finished products on change of their rheological properties and quality of ready bread. 
It’s proved that an optimum indicator of titratable acidity of rye dough after the mixing is 

the value equal 6.2±0.5grad. after the fermentation – 9.0±0.5grad. Such value of dough acidity 
causes its certain rheological behavior at all stages of technological process of rye bread production 
that allows to receive a finished product with steadily quality. 

Rye sourdoughs with titratable acidity 12-14grad., using in rye bread production, determine 
special rheological behavior of the dough, as during mixing, and after developing (before handling) 
due to certain level of biochemical and microbiological processes. The titratable acidity of a semi-
finished product is a control factor for influence of rye flour carbohydrate-amylase and protein-
proteinase complexes on semi-finished product rheological behavior. 

Therefore the purpose of the real work was studying of the mechanism of influence of 
acidity of rye semi-finished products on change of their rheological properties and quality of ready 
bread. 

In all experiments for modeling of rye semi-finished product acidity it was used 40% lactic 
acid (LacA), acetic (AcA), lemon (LemA) and a mix of 40% organic acids: lactic, acetic and lemon 
(LacA+AcA+LemA) in a ratio 70:20:10 by us. Using of a ready organic acid guarantees a stable 
level of acidity during all experiment, and application of a mix of acids will provide allegedly 
formation of necessary taste and flavor of rye bread because this ratio of lactic and flying acids is 
optimum in ready bread. 

Medium rye flour with an indicator of "falling number", equal 288s, was used for the 
experiments. For better clarity, there is a dynamic of the change in this indicator, depending on the 
acidity of the substrate, modeled by the use of lactic acid and a mixture of organic acids in Figure 1. 

 
 
 
 
 
 
Figure 1 - Changing in the index of the "falling number" (FN, s) of medium rye flour (a) and 

the viscosity of the rye dough after mixing (η, kPa ∙ s) (b) in dependence on the titratable acidity of 
a semi-finished product (AN, grad.) 

 
There are three critical points "A", "B" and "C" in Figure 1 a-b. These critical points show a 

different degree of disruption of the protein and starch molecules structure, determined by 
enzymatic activity of own amylases of a rye flour (point "A") with the titratable acidity of a semi-
finished product 6.0±0.5grad or active acidity pH4.6-4.8 (see Figure 1b), changing in the 
conformation of the protein molecule in more acidic environment (point "C") and the transition 
state between these processes (point "B"). 

 

а b
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It’s fixed, that the nature of changing in the index of the "falling number" depending on the 
titratable acidity of the water-flour suspension depends on the initial properties of rye flour, as well 
as on the type of introduced organic acid. These differences can be explained by the degree of 
dissociation (dissociation constant) of the organic acid and the magnitude of the charge of the 
macromolecule in the acidic medium. 

 
In the course of this work, the effect of the rye dough acidity on the finished bread quality 

was studied. It was found that with the same rye dough acidity after mixing (6.2 grad.) the rye bread 
sample, prepared with lactic acid, had porosity and general crumb deformation on the average of 
6% and 30% more than the bread sample, prepared using mixtures of organic acids. 

 
Thus, during the researches the contribution of different types of organic acids to formation 

of physical and chemical properties of rye semi-finished products, and also taste and flavor of ready 
bread is defined. It is established that using of the mix of organic acids when carrying out model 
experiments, from the point of view of formation of taste and flavor of rye bread, is not expediently. 
Besides, it is proved that an optimum indicator of titratable acidity of rye dough after the mixing is 
the value equal 6.2±0.5grad. after the fermentation – 9.0±0.5grad. Such value of dough acidity 
causes its certain rheological behavior at all stages of technological process of rye bread production 
that allows to receive a finished product with steadily quality. 
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Electrorheological (ER) suspensions reversibly changing the rheological characteristics by orders of 
numbers under the influence of the electric field represent the suspensions of small-dispersed phase 
in dielectric dispersion medium (transformer, vacuum oils, etc.). The particles of oxides and salts of 
polyvalent metals show the ability to form rigid structures in the electric field. Among them, a 
special attention can be put on high-dispersed compounds of stoichiometric compositions, such as 
orthophosphates of polyvalent metals that differ by chemical, morphological and phase 
composition.  
Dispersed phase based on nanocrystalline dehydrated aluminum orthophosphate was obtained with 
the aim of creating ER suspensions with thermostable rheological properties.  
Aluminum orthophosphate AlPO4·2H2O having a negative solubility was crystallized in 
hydrothermal conditions (temperature range 98–100°С) from alumino-phosphorous solution. It was 
obtained by dissolving of aluminum hydroxide in orthophosphoric acid at mole ratio  
H3PO4 / Al(OH)3 = 3.0. Solution was diluted by water up to concentration of Н3РО4 in recalculation 
for Р2О5, equal to 380 g/l. Preliminary aging of alumino-phosphorous solution was carried out at 
70°С (samples 1, 4). The aging duration as well as crystallization of AlPO4·2H2O, was 12–15 hrs. 
Samples obtained had the same chemical and phase composition and were distinguished by 
dispersity – size particles of aluminum orthophosphate at aging equals to 5–10 μm, without aging – 
15–25 μm. Dispersed phase samples for ER suspensions were obtained at the following conditions: 
samples 1, 2 – thermal treatment of AlPO4·2H2O at 105°С up to constant mass with the preliminary 
aging of the solution and without the aging, correspondently; 
samples 3, 4 – thermal treatment at 720°С for 0.5 hr of AlPO4·2H2O, obtained without the aging 
and with the aging of alumino- phosphorous solution, correspondently. 
Aluminum orthophosphate samples 1 and 2 has the monoclinic structure of metavariscite, 3 and 4 – 
the structure of tridymite + quartz. 
ER-activity of dispersed phase was estimated by changing the shear stress of ER suspensions 
containing 15 wt.% of dispersed phase in transformer oil, under the influence of the external electric 
field at Т = 20°С (Figure 1).  
The determination of the shear stress (τ) and current density (j) of ER suspensions was done by an 
Anton Paar rheometer Phisica – MCR with a coaxial cell under the change of intensity in the range 
of 0 to 3.5 kV/mm and the fixed magnitude of shear rate γ = 15 s-1. Suspension viscosity (η) was 
calculated as η = τ / γ.  
In Figure 1, the biggest increase of viscosity is seen to happen for ER suspensions of dehydrated 
aluminum orthophosphate with the structure of tridymite + quartz. ER viscosity of aluminum 
orthophosphate suspensions of samples 3 and 4 is increased ~ in 40 times when the electric field 
intensity is increased up to 3.5 kV/mm. The change of viscosity for ER suspensions, containing 
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samples 1 and 4 of aluminum orthophosphate obtained with the preliminary aging of the solution 
are higher in the electric field than that of the ER suspensions containing samples 2 and 3 without 
aging, which is probably due to their difference in dispersity. 

 
■ – sample 1, ♦ – sample 2, ▲ – sample 3, ● – sample 4 

Figure 1 – The dependence of ER suspension with aluminum orthophosphate viscosity on the 
electric field intensity, Т = 20°С, ηЕ=0 = 0.3 Pa·s. 

The influence of temperature (Figure 2) is represented by the dependence of shear stress of ER 
suspension samples on temperature at the electric field intensity Е = 3 kV/mm . 

 
■ – sample 1, ♦ – sample 2, ▲ – sample 3, ● – sample 4 

Figure 2 – The dependence of the shear stress of ER suspension with samples of aluminum 
orthophosphate on the temperature under the electric field intensity Е = 3 kV/mm, γ = 15 s-1 

In Figure 2, it is seen that under the electric field intensity Е = 3 kV/mm when the temperature 
increases in the range of 20 to 100°С the shear stress of ER suspensions of dehydrated aluminum 
orthophosphate with the structure of metavariscite increases in 3 times, and the shear stress of ER 
suspensions of dehydrated aluminum orthophosphate with the structure of tridymite + quartz only 
by 10 %. Therefore the use of dehydrated aluminum orthophosphate with the structure of 
tridymite + quartz allows composing ER suspensions with more thermal stable rheological 
properties. 
  

η,
 P

a·
s

Е, kV/mm

τ,
 P

a

T, °C

139



IIIA5 
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Formation of optimal structure and properties of complex composite polidispersionpolimineral 
material on the basis of organic astringents with complex nonlinear rheological properties can not 
occur at non-optimal technological Parameters at the stage of mixing in asphalt-mixing plants, in 
the delivery of the mixture, its laying and sealing. 

On the basis of theoretical and experimental researches it is established, that asphalt mixes and 
asphalt in various technological and operational situations can be considered as highly concentrated 
disperse system, properties Which in many respects depend on physico-chemical processes 
occurring at formation of structure of a material. Evaluation of these processes should be carried out 
taking into account the basic laws of physico-chemical mechanics and the specifics of contact 
interactions. The basic laws were established in the works of academician P.A. Rebinder and his 
students on different model compositions. 

To analyze the changes in the limits of structural and mechanical properties of asphalt were used 
requirements to regulated GOST 9128 indicators of physical and mechanical properties for different 
types and types of asphalt I, II and III Stamps for all road-climatic zones of the Russian Federation. 
These are the compression strength at 50 °c and the test speeds of 3 and 50 mm/min (R50

3
, R50

50), 
the tangent of the internal friction angle (tg) and the clutch (c). 
To obtain the dependence of the shear stress limit from the tensile strength at 50 oC and the test 
speed of 50 mm/min, all the calculated values and the fiducially value of the strength limit at 50 oC 
for all grades asphalt in all road-climatic zones were processed on a computer using correlation 
regression-remotely analysis on linear, exponential, logarithmic and exponential mathematical 
dependencies. 

Analytical expressions of the obtained dependencies for different brands in different road-climatic 
zones have close regression factors and high coefficients of multiple correlation (Fig. 2) 

Implementation of the obtained dependencies allowed to formulate requirements to the limit shear 
stress at standardized in GOST 9128 temperature test. 

Of great practical interest is shown in Figure 1 prediction of the change in the tensile strength of the 
compression and the limiting shear stress in a wide range of operational and technological 
temperatures. 

The operating temperatures can range from-20 оC to + 50 oC. To technological-from + 80 оC to + 
160 оC. In Fig. 1 The exponential regression models of the compression strength limit change 
according to the test temperature are presented. The analysis of dependencies allows to formulate 
conclusions, that regression coefficients with increase of Mark asphalt (from III to I) decrease, that 
testifies to less temperature sensitivity of asphalt-concretes of mark I. 
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Figure 1.Change of shear stress limit depending on the compression strength at 50 OC 

 
Figure 2.Forecast of change of limiting shear stress in a wide range of operational and 
technological temperatures. 
The analysis of the obtained results allowed to formulate quantitative requirements to mechanical 
and structural-mechanical properties of asphalt mixes at technological stages of sealing and mixing 
The obtained values allow to develop more rationally the technological schemes of preparation of 
asphalt mixes at asphalt plants taking into account possibilities and technical parameters of asphalt 
plants taking into account their Design features and energy capabilities. To control technological 
processes it is possible to change temperature of preparation of a mix and varying duration of 
stirring in mixers of periodic action or rate of feed of raw materials – continuous 
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GLYCERIDE-CARRAGEENAN NANOSOMAL SYSTEMS FOR HYDROPHOBIC 

VITAMINS USE 
 

I.S. Mikhalovsky1, M.P. Matveyko1, V.N. Babodey2, S.E. Tomashevich2 

 
1Belarus State Economic University (The Department of Materials Physics and Chemistry), Belarus 
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Disperse systems composed of biological molecules are of great interest for creation of 
modern technologies for producing functional materials for a given purpose [1]. Dispersions are 
highly suitable for introducing hydrophobic vitamins into food with an aqueous medium. The 
research is aimed at the development of the creation principles of nanosomal colloids from 
glyceride unsaturated fatty acids and linear sulfated polysaccharides for hydrophobic vitamins 
fortification of food products. 

High dispersion systems of glycerides and carrageenan were prepared by ultrasonic treatment 
using the “Inlab” equipment (The Russian Federation). The solution of vitamins (tocopherol, 
retinol, calciferol) in oleic acid glycerides was introduced into an aqueous medium with kappa-
carrageenan on the magnetic stirrer. The obtained emulsion was exposed to 22 kHz ultrasonic 
radiation. It has been found that glycerides with carrageenan form stable structures in an aqueous 
medium. 

Size of the structures of the dispersed phase of vitamin colloids were investigated using the 
spectrofotofluorimeter CM2203 “Solar” (The Republic of Belarus). The transmission spectrum of 
the vitamin dispersion was recorded in the interval 220 nm – 1000 nm in a thermostatic quartz (1 
cm) cuvette at 20 °C; the resulting solution being intensively stirred with a magnetic stirrer. The 
dependence of the transmission T on the wavelength � was recalculated into the scattering 
spectrum according to R(%) = 100(%) – Т(%). The dependence of the intensity of the scattered 
light R on the wavelength was approximated by a curve of the form R = A/�p [2]. It is supposed 
that A is a constant. Approximation of the spectrum with p = 4 corresponds to Rayleigh scattering 
of light on spherical particles with linear dimensions of 1/10 wavelength. In the case of p less than 
4, the linear dimensions of the structures are commensurable with the wavelength. Rayleigh 
scattering of light in vitamin colloids is established in the range 400 nm – 900 nm (this radiation is 
not absorbed by dispersed molecules). It can be assumed that structures of glycerides and 
carrageenan with vitamins are characterized by linear dimensions less than 100 nm (nanosomes). 

There was researched the sustainability of the disperse phase regarding light scattering with 
the wave length of 700 nm. The optical density was analyzed from sample storage time. It was 
found out that vitamin dispersions are characterized by high stability. The optical density changes 
by no more than 10%  for the period of 1 month. 

Thus, structures of glycerides and carrageenan can be used as the basis of new disperse 
vitamin preparations for foodstaff fortification. 

 
[1] R. Pignatello, Biomaterials Science and Engineering, 2011, Chapter 1, 3-31, InTech, Rijeka, 
Croatia. 
[2] H. S. Van de Hulst, Light scattering by small particles, 1961, Chapter 20, 485, Moscow, 
Russia.  
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SURFACE TENSION OF GOAT MILK DEPENDING ON LACTATION DAY 

Milaeva I.V, Zaitsev S.Yu., Tsarkova M.S. 
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Goat milk contains surfactants in the particular composition, which influence the surface 
tension (ST). The dynamic method of the measured ST makes it possible to detect the rate of 
adsorption of the individual components of the milk [1], taking into account their mutual influence 
for the lifetime of the interface from 0.1 to 10 s and to calculate the ST at t�0 (σ1) and t�∞ (σ3). 
Samples of goat milk (Russian white breed) were studied in the first 14 days of lactation [1]. 

 
Selective tensiograms of goat milk by lactation days. 

In all samples of and goat milk and colostrums, DST decreased from 57.21 ± 0.62 mN / m 
(1th day) and 46.31 ± 0.67 (11th day) to 33.57 ± 0.34 (11th day) and 45.88 ± 1.25 (13th day). 
Experimentally obtained data show a significant decrease in ST during the first second of the 
surface existence. The presence of a large amount of surfactants in milk and colostrum contributes 
to their rapid adsorption on the free interface, which leads to a decrease in ST. The maximum 
decrease in ST at 5 mN/m during the first second is observed on the 10th and 12th day of lactation, 
in most of the samples there was a decrease in ST at 3-4 mN/m, a decrease of 1.8 mN/m was noted 
in the sample set at 8th day. 

 Indicators of DST correlate with the content of the main surfactants of milk (fat and 
protein) [2]. For samples with a high fat content (5 and 10 days) and average values for protein 
level, the maximum decrease in ST occurs with short surface times (up to 2 s). In samples with high 
protein content and low fat content (1 and 4 days), the maximum ST decrease occurs at long times 
(from 5 to 10 s). In samples with a high content of fat and protein (2 days), the maximum ST 
decrease occurs at medium (2 to 5 s) and longer times. Apparently, in goats in the initial lactation 
period, first adsorption of fat, and then protein. 

The work was supported by grant from RFBR №18-016-00207. 
 

[1] S.Yu. Zaytsev, N.A. Dovzhenko, I.I. Milyaeva. and all. Problems of the biology of productive 
animals, 2015, 2, 97-105. 
[2] Milaeva I.V, Zaitsev S.Yu., Tsarkova M.S. Veterinary science, zootechny and biotechnology, 
2017, 7, 53-57. 
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DETERMINATION OF PROTEOLYTIC ACTIVITY OF IMMOBILIZED ENZYMES 
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Qualitative analysis of feed and animal products is one of the topical issues of 
biotechnology, which includes quantitative analysis of the amino acids composition. An important 
stage in the sample preparation for amino acid analysis is the hydrolysis of their proteins to free 
amino acids. Due to the fact that the traditional hydrolysis of proteins with acid or alkali leads to the 
loss of some amino acids, a promising approach may be enzymatic hydrolysis with the help of 
proteolytic enzymes. Since proteolytic enzymes are proteins that are capable to hydrolyze 
neighboring enzyme molecules, immobilization of enzymes to the agarose surface will promote 
their hydrolytic stability. 

The aim of this work is to covalently immobilize proteolytic enzymes on agarose surface and 
determine the proteolytic activity of immobilized enzymes. 

Immobilization. 10 ml of 0.1 M potassium periodate solution and 1 ml of 37% hydrochloric 
acid were added to 1 g of crystalline agarose, stirred and held for 1 h. The resulting suspension was 
centrifuged, the supernatant fluid was discarded. The agarose was washed with distilled water until 
the neutral medium of the washing solution. 4 ml of a filtered solution of 250 mg of pancreatin in a 
0.07 M solution of sodium hydrogenphosphate (pH=8) were added to the precipitate, stirred and 
held for 1 hour at 25 ° C, the suspension was centrifuged, the supernatant was discarded and 2 ml of 
sodium borohydride solution (1,3 mg/ml) was stirred for 20 minutes until the hydrogen liberated 
completely. The suspension was washed with distilled water. Figure 1 shows the scheme of the 
immobilization. 

Hydrolysis. 2 ml of a phosphate buffer solution (pH=7.6) containing 40 mg of BSA and 
100 μl of a solution of 25 μmol norleucine in 0.1 M hydrochloric acid (as internal standard) were 
added to the washed agarose with immobilized proteolytic enzymes, mixed and incubated for 1 h at 
40 ° C and centrifuged. To 800 μl of the supernatant obtained, 200 μl of 10% sulfosalicylic acid was 
added. The precipitate formed was separated by centrifugation. To 100 μl of the supernatant, 900 μl 
of the citrate buffer solution for the amino acid analysis was added. 

 
Figure 1.Scheme of covalent immobilization of proteolytic enzymes on a fragment of agarose. 
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Amino acid analysis. Determination of the amino acid composition of the BSA hydrolyzate 
was carried out by HPLC (Shimadzu LC-20 Prominence chromatograph, Japan, with the reaction 
module for post-column derivatization with ninhydrin APM-1000 Sevko & Co, Russia, and 
equipped with an absorption detector (λabs = 440 nm, 570 nm) and column with an ion-exchange 
resin (4.6 x 150 mm)). The resulting amounts of amino acids in the hydrolyzate - amino acids: Asp 
– 15,561,Ile – 10,667, Thr – 9,429; Leu – 101,409; Ser – 2,523; Tyr – 59,974; Glu – 2,416; Phe – 
57,33; Gly – 1,729; His – 10,945; Ala – 12,025; Lys – 96,942; Val – 20,543; Arg – 74,987; Met – 
2,955. The sum of amino acids = 479,435,taking the dilution into account – 23.972 μmol. 

Calculation of the proteolytic activity of immobilized enzymes (E): 
 

E
μmol	of	amino	acids

time	 min
 

E
23,972 μmol	
60	 min

0,40	μmol/min 

Thus, a method for obtaining immobilized enzymes on agarose surface was developed and 
the activity of immobilized enzymes was determined. Comparison of the obtained data of the amino 
acid composition of the enzymatic hydrolyzate BSA obtained with the help of immobilized 
ferments with the amino acid sequence (primary structure) of BSA can clarify the specificity of the 
action of immobilized hydrolytic enzymes. This will make it possible to select additional essential 
peptidases to improve the composition of enzymes for immobilization. 
 
Acknowledgements The financial support of Fund for Promoting Innovation, contract № 11617 
ГУ/2017. 
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It is well known, that dendrimers are highly branched monodisperse macromolecules with a 
well-defined structure. The main difference between dendrimers and other nanoscale molecules is 
the ability to control their chemical composition, size, and architecture during all steps during 
synthesis. It allows designing structures with unique and necessary properties that meet the various 
applications. In recent years, peptide dendrimers based on lysine residues have attracted attention 
from researchers because ones have high biocompatibility and low toxicity in comparison with 
other classes of dendrimers. Particularly, due to their compact nanometric structures, they are 
interesting for medicinal purposes as drug carriers, synthetic vaccines, artificial protein-like 
structures, biomimetic moieties. Specific biomedical and pharmaceutical applications require the 
synthesis of complex peptide dendrimers with modified functional groups. Just like dendrimers as a 
new drug candidate must possess certain basic characteristics before they have potential to be used 
clinically. 

We study the local orientation mobility in peptide dendrimers with and without side 
fragments in the inner segments. The G =2 generation peptide dendrimers, Lys-2Lys and Lys-2Gly, 
were specially synthesized for these purposes. The samples dissolved in heavy water were studied 
by the 1H NMR spin-lattice relaxation method. We measure temperature dependences of T1H in 
range from 283 to 343 K. Hydrodynamic radii and effective densities of dendrimers under study 
were estimated by diffusion measurements. Particular attention is given to NMR active CH2-N 
groups, which have separate and highly resolved peaks for inner and terminal segments in the 
spectrum of the dendrimers. A detailed analysis of temperature dependences of 1/T1H for inner and 
terminal CH2-N groups is presented. On the one hand, the dendrimers have different hydrodynamic 
radii and, as a result, the effective densities. On the other hand, the mobilities of groups in inner 
segments of these dendrimers are practically equal. Also the orientational mobility of the groups in 
the side fragments coincides with the mobility of the terminal groups. Consequently, these 
experimental data are in a good agreement with MD simulations and analytical theory and confirm 
that T1H relaxation in semiflexibile dendrimers is not sensitive to volume effects. These data widen 
our understanding of local orientation mobility in hyperbranched peptide dendrimers and can be 
applied in further research. 
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Investigations of macromolecula-macromolecula interactions are important both from 

scientific and practical point of view. The products of these reactions are intermolecular complexes 
possessing new properties different from properties of initial components. Interrmolecular reactions 
are of interest for modeling processes in relatively simple polymer objects occur in complex 
biological systems and in their molecular and super-molecular formations. 

Reactivity of functional groups connected in chains can be differed from of the same groups 
in low molecular compounds. The nature of interactions between heterogeneous molecules in 
polymer complexes can be different: Van der Waals, electrostatic, hydrophobic interactions, 
hydrogen and co - ordinating bonds. 

In the work were used aqueous solutions polymers: poly (vinyl alcohol (PVA), poly 
(AcrylAmid) (PAA) and Na-carboxymethyl cellulose (CMC). There are large interest studing of 
polymer composites with additions of prepositions nanosize level  for produce of polymer materials 
with new  properties. In the work were used zols nanoparticles of gold and silver and nanoparticles 
of coppe [1].  

To monitor the process of interaction between the components in mixtures of aqueous 
solutions of polymers selected viscosimetric method is the most simple and quite informative. The 
effective viscosity of polymer composites were determined on a cone-plate device  The modulus of 
elasticity (E) was determined by the penetration of a spherical indentor, i.e. measuring the depth of 
its application under the load of the elastic body, which practically gives the value of the 
module. The adhesion strength of polymer composites were measured by a separation a 
perpendicular metal ring from the surface of the polymer composition. 

 
Fig. The dependence of the effective viscosity on time structuring of PC-based polyvinylalcohol - 
sodium carboxymethyl cellulose - sodium tetraborate without fillers (1) and with fillers (2 - gold 
sol, 3 - silver sol). 

Polymer composites with nanoparticles of copper investigated by different temperatures. 
The part of examples was freezing and further thawing. It is known that freezing of solutions of 
polyvinylalcohol , their keeping in freeze state and  thrawing  lead to produce anisotropic gels, 
which have microporous structure with large rigidity, good thermostable, biocompatibility and 
another characteristics useful for adopted this polymer composites at practice [2]. There are results 
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of measures of research polymer composites with nanoparticles of copper by differentt temperatures 
in tables 1 and 2. 

 
Table 1. The dependence of the effective viscosity, modulus of elasticity and the strength of 
adhesion of PC-based polyvinylalcohol - poly (AcrylAmid)  - sodium tetraborate with fillers 
nanoparticles of copper on time structuring and temperature. 
 

Time, 
days. 

 +20° С  -15° С 

Effective 
viscosity,
η, kPa·s 

Modulus 
of 

elasticity, 
Е, kPa  

Strength of 
adhesion, 
W, N/m2 

Effective 
viscosity,
η, kPa ·s 

Modulus of 
elasticity, 
Е, kPa  

 Strength of 
adhesion, 
W, N/m2 

0 3.16 5.11 167 3.16 5.11 167 
3 4.28 6.3 154 5.74 8.15 98 
5 4.65 6.87 148 6.42 8.74 86 
8 5.28 7.03 142 7.22 9.29 80 

10 5.82 7.25 138 7.68 9.32 76 
12 6.28 7.46 135 7.99 9.63 70 
15 6.32 7.62 130 8.12 10.37 67 

 
Table 2. The dependence of the effective viscosity, modulus of elasticity and the strength of 
adhesion of PC-based polyvinylalcohol - sodium carboxymethyl cellulose  - sodium tetraborate with 
fillers nanoparticles of copper on time structuring and temperature. 
 

Time, 
days. 

 +20° С -15° С 

Effective 
viscosity, 
η, kPa·s  

Modulus 
of 

elasticity, 
Е, kPa  

Strength 
of 

adhesion,, 
W, N/m2 

Effective 
viscosity,
η, kPa ·s 

Modulus 
of 

elasticity, 
Е, kPa  

Strength of 
adhesion,, 
W, N/m2 

0 3.54 5.36 100 3.54 5.36 100 
3 3.85 7.42 95 6.30 8.99 80 
5 4.28 8.23 93 6.68 10.19 72 
8 4.47 8.63 87 6.80 11.16 65 

10 4.73 8.98 83 7.12 12.30 63 
12 5.13 9.76 79 7.25 13.68 60 
15 5.32 10.19 75 7.43 14.40 57 

 
The introduction nanoparticles of silver, gold or copper increases rheological characteristics, 

the modulus of elasticity and reduces the strength of adhesion.  
Freezing  of polymer compositions lead to large strengthening of research properties of 

polymer composites. The mixture of polymer compositions are insolubility in water in contrast to 
initial polymers. 

 
1. Ostaeva G.Yu., Papisov I.M., Arbusov D.E., Papisova G.I. // Vysokomolekuljrnye 

soedinenija. 2013. Ser.B.vol.55. no.4. pp. 412–416. 
2.Lozinsky V.I., Vainerman E.S., Domotenko L.V., et al //Colloid Polymer Sci.1986.-

V.264.-P.19 
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The basis of the technology of material production is the use in the structure of asphalt binder on the 
basis of oil road bitumen additives colloid-and nanodisperse component (hydrate of calcium oxide) 
and polymer in combination with the use of specially Selected large aggregates. 
The developed technology has received the practical check, which results in the high economic 
efficiency of the new material, its stability and durability at intensive exploitation in winter and 
summer periods in complex climatic Conditions. Thus in the course of operation all set structural-
mechanical properties of a material are kept, and on a number of parameters there is an increase in 
time. 
So the application in the structure of asphalt Binder 2 -4% polymer SBS (Stirol-butadiene-styrene 
polymer) and up to 20-30% of cheap, low-dispersed calcium hydroxide in the composition of 
mineral powder almost completely excluded the aging of bitumen in the road long-term inspection 
(as opposed to conventional asphalt). The typical asphalt formation of a rut is almost completely 
excluded. An important indicator of the roughness of the coatings, ensuring the safety of transport, 
so over the years of operation increased from 0.35 to 0.55, while the usual asphalt after 4 years of 
operation, it is drastically reduced to a level of less than 0.32. 
 

 
Figure 1. Influence of time of operation on the coefficient of adhesion of wear layers from different 
SMA and ABM 
The combination of Trudnoiznashivaemogo filler igneous rocks (granite, sandy quartzite, etc.) and 
relatively less resistant to wear component in the form of limestone rubble leads to uneven wear 
during the operation of coatings, and this in The turn increases the coefficient of friction in time 
(see fig. 1) and significantly increases the safety of transport traffic. 
From all variety and complex set of factors determining conditions and regularities of formation of 
structures with different kinds of phase contacts the main attention was given to establishment of 
interrelation between structural-rheological properties and, first of all, the degree of destruction of 
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structure of dispersed systems at initial stages of formation and structural-mechanical properties of 
structures with phase contacts. 
This is explained by the fact that, as it was shown on the example of dispersed materials with 
different types of phase contacts, the physico-chemical control of formation processes in dispersed 
systems is the basis for the production of dispersed materials with Structure without major defects 
and heterogeneities. It is as a result of directional regulation of structural and rheological properties 
of dispersed systems with solid phases that it becomes possible to eliminate the main obstacle to 
obtaining high-quality (by aggregate structural-mechanical Characteristics and technical properties, 
first of all strength) of dispersed materials: the transition to the area of very large concentrations of 
high-dispersed solid phase in the dispersion environment at the same time achieving the highest 
density and Homogeneous structure. Schematically this relationship can be illustrated (Fig. 2). 
 

 
Figure 2. A scheme characterizing the relationship of the degree of destruction of structures in 
dispersed systems at the initial stages of formation (a) and the strength of the structure of dispersed 
materials depending on the concentration φ and the dispersion of the solid phase (b) after 
Completion of chemical and phase transformations 
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Ionic surfactants at low concentrations influence mainly the charge of protein globules and thereby 
the adsorption kinetics while the increase of surfactant concentration results in noticeable changes 
of the protein tertiary structure. Moreover, the protein tertiary structure can change in the course of 
adsorption. The dilational surface rheology gives a possibility to estimate the corresponding 
conformational transitions because the main characteristic features of the kinetic dependencies of 
the dynamic surface elasticity are determined by the protein tertiary structure [1]. Adsorption of 
globular and non-globular proteins, or the protein/surfactant complexes, leads to different kinetic 
dependencies of the surface elasticity [2]. In the latter case the surface elasticity has a maximum 
due to the formation of the distal region of the surface layer. If the distribution of positive and 
negative charges along the protein chain is strongly inhomogeneous, the kinetic dependencies of the 
dynamic surface elasticity can have two local maxima corresponding to the consecutive 
displacement from the proximal region of two different parts of the macromolecule. In this case 
cationic and anionic surfactants have different influence on the two peaks of the dynamic surface 
elasticity. The adsorption of the complexes of globular proteins and ionic surfactants leads to a 
maximum of the dynamic surface elasticity corresponding to the destruction of the protein tertiary 
structure, if the protein and surfactant have opposite charges.  If the both solutes are similarly 
charged, the maximum can appear only at the high solution ionic strength. The peculiarities of the 
protein – surfactant interactions influence the number of peaks, the absolute values of the dynamic 
surface elasticity and the adsorption rate.  
 
This work was supported by Ministry of Science of Taiwan and Russian Foundation for Basic 
Research (project № 16-53-52034 MHT_a).  
 
[1] B.A. Noskov, M.M. Krycki, Adv. Colloid Interface Sci. 2017, 247, 81. 
[2] B.A. Noskov, Adv. Colloid Interface Sci. 2014, 206, 222. 
  

151



IVK2 
MOLECULAR-THERMODYNAMIC MODEL FOR DESCRIBING CHEMICAL 

EQULIBRIUM AND MORPHOLOGY TRANSITIONS IN MICELAR SOLUTIONS 
K.A. Emelyanova1, A.I. Victorov1 

1St. Petersburg State University, Russia 
e-mail: noctua94@gmail.com 

 Micellar systems and gels formed by block-copolymers or surfactants are widely used as 
separation media, templating materials and as nanoreactors in micellar catalysis [1]. For example, in 
pharmaceutical industry, such systems make possible the extraction and purification of membrane 
proteins without loss of their biological activity [2]. Experiment shows that chemical reactivity of 
species in a micellar system may substantially differ from that in the bulk aqueous or organic 
solvent. In the confined environment of a micellar aggregate, the reaction kinetics and chemical 
equilibrium may both change dramatically. In this work we focus on the chemical equilibrium and 
show how to describe the effect of the aggregate shape, size and local composition on the shift of 
the reaction equilibrium in frame of a classical mean-field micellization model. 
  Rigorous description of chemical equilibrium inside a nanoscale structure requires quantum-
mechanical approach to take into account the impact of the local environment on the intramolecular 
modes of motion. Nevertheless, for many chemical substances, a change in the local environment 
has only a minor effect on the internal molecular states that determine the equilibrium constant. The 
major effect on the shift of a chemical equilibrium in a nanostructure relative to that in the bulk 
solution comes from the change in the activity of species, i.e., from the dependence of the chemical 
potential on the aggregate’s size, shape and composition, and on the selectivity of the aggregate to 
different components of solution.   
 A variety of aggregates of different morphology, including spherical and wormlike micelles, 
vesicles, perforated bilayers and bicontinuous networks, have been described with the aid of 
molecular thermodynamic models in chemically non-reactive systems of classical surfactants [3 — 
5] and block copolymers [6]. In this work we incorporate the condition of chemical equilibrium in 
our previous molecular-thermodynamic aggregation model of a mixed micelle, making it possible 
to predict how the chemical equilibrium depends on the characteristics of nanosized aggregates, 
including their shape, size and local composition. The model predicts shape transitions and shows 
how the aggregate morphology may be manipulated by changing external conditions (temperature, 
pH, solution salinity) or the chemical structure of the amphiphilic molecules. We give illustrative 
examples of the model performance, including a chemical equilibrium in a spherical micelle of a 
classical surfactant, and a shift in the dissociation equilibrium and shape transitions in aggregates of 
the diblock copolymer that includes weak polyelectrolyte subchain. We also discuss how rhodopsin, 
the membrane photoreceptor protein that plays a key role in human vision, changes its state from 
inactive to the active form in response to a change in the content of specific salt and how this 
change may be described with the aid of a molecular thermodynamic aggregation model. 
 Acknowledgements We thank Russian Foundation for Basic Research (Project # 18-03-
00698) for the financial support. 
[1] T. Kitanosono, K. Masuda, P. Xu, S. Kobayashi, Chem. Rev., 2018, 118, 679  
[2] R.M. Garavito, S. Ferguson-Miller, The Journal of Biological Chemistry, 2001, 276, 32403 
[3] P.K. Yuet, D. Blankschtein, Langmuir, 1996, 12, 3802 
[4] K. Emelyanova, I. Gotlib, A. Shishkina, M. Voznesenskiy, A. Victorov, J. Chem. Eng. Data, 
 2016, 61, 4013 
[5] K.A. Emelyanova, A.I. Victorov, Langmuir, 2017, 33, 13438 
[6]  N.V. Plotnikov, A.I. Victorov, P.-D. Hong, J. Phys. Chem., 2010, 114, 8846 
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SELF-ASSEMBLING STRATEGY FOR THE FABRICATION OF POLYFUNCTIONAL 

NANOSYSTEMS BASED ON SURFACTANTS 

L.Ya.Zakharova1,2 
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Russia; 
2Kazan National Research Technological University, Russia 

e-mail: luciaz@mail.ru 

One of the key properties of surfactants responsible for their wide application in modern 
technologies is self-assembly in solutions beyond the so-called critical micelle concentration (cmc). 
Aggregates formed in aqueous solutions, i.e. direct micelles are capable of solubilizing hydrophobic 
guests, thereby modifying their stability and physico-chemical properties. Therefore surfactant 
aggregates are widely used as nanocontainers for active molecules including spectral probes, drugs, 
food ingredients, reagents, plant protection agents, etc. In these applications surfactants should 
answer strong criteria of low concentration threshold, biocompatibility, low toxicity, morphological 
lability, stimuli responsibility, nanoscale dimension, etc.  
In our work, homological series of surfactants are explored, which allows us to reveal the structure-
activity correlations and optimize morphological behavior and the functional properties of 
nanosystems [1,2]. Much attention is paid to mono- and dicationic surfactants, with the structure of 
head group varied. Among them are amphiphiles with cyclic and bicyclic polar groups, those 
bearing natural fragments (pyrimidinic, diterpenoid, glucamine, etc.). For these amphiphiles 
aggregation behavior is systematically examined, solubilization capacity toward hydrophobic 
solutes is determined, structural transitions are identified, integration with lipid bilayer is tested.  
Additional tool for the control of morphology and functional activity of the systems is the use of 
modifiers, such as hydrotropic agents, macrocycles, and metal ions. This makes it possible to tune 
the binding/release behavior, size and stability of nanocontainers. 
Acknowledgements The financial support of the Russian Science Foundation (grant no. 14-23-
00073) is gratefully acknowledged. 
[1] L.Zakharova, T.Pashirova, R.Kashapov, D.Gabdrakhmanov, O.Sinyashin, in Nanostructure 
for drug delivery, Eds. E. Andronescu, A. Grumezescu 2017, Amsterdam, Academic Press, 986 p. 
[2] L.Ya.Zakharova, R.R.Kashapov, T.N.Pashirova, A.M.Mirgorodskaya, O.G.Sinyashin 
Zakharova L.Ya., Kashapov R.R., Pashirova T.N., Mirgorodskaya A.B., Sinyashin O.G. Mendeleev 
Commun. 2016, 26, 457. 
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NANOCARBON SURFACES AND PHYSISORPTION OF AVIDIN PROTEIN 
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University of Jyvaskyla, Nanoscience Center and Dept. of Physics,Jyvaskyla, Finland 
 
The physical adsorption (physisorption) of proteins to surfaces is an important but uncompletely 
understood factor in many biological processes, and of increasing significance in 
bionanotechnology as well [1]. Avidin is a most important protein due to the strong avidin-biotin 
binding which has numerous applications [2]. We have undertaken thorough experimentation on the 
physisorption of avidin, to chemically different flat surfaces, Si and graphite, and also to the curved 
version of the latter, on multiwalled carbon nanotubes (MWNT) of different diameter. The 
difference between the behavior of avidin on Si and graphite is drastic, in that on Si avidin deposits 
as single globular tetrameric units, while on graphite it forms irregular networks of two layers thick 
filaments. On MWNTs avidin also deposits as one dimensional formations, or stripes, but as 
opposed to their regular network appearance on graphite, the cylindrical nanometer sized curvature 
orders the stripes in a perpendicular and quasiperiodical arrangement to the MWNT axis. We also 
demonstrated the preserved functionality of the deposited avidin with respect to biotin binding. 
 
References: 
[1] Kastantin, M.; Langdon, B. B.; Schwartz, D. K. Advances in Colloid and Interface 
Science 2014, 207, 240 – 252, Special Issue: Helmuth Möhwald Honorary Issue. 
[2] Laitinen, O. H.; Nordlund, H. R.; Hytönen, V. P.; Kulomaa, M. S. Trends in Biotechnology 
2007, 25, 269 – 277. 

IVO2 
OIL-DISPLACING SYSTEMS BASED ON SURFACTANTS AND COMPLEX 

COMPOUNDS TO ENHANCE OIL RECOVERY OF HEAVY OILS 

L.K. Altunina, V.A. Kuvshinov, L.A. Stasyeva, I.V. Kuvshinov 
Institute of Petroleum Chemistry, Siberian Branch of the Russian Academy of Sciences  

(IPC SB RAS), Tomsk, Russia 
E-mail: alk@ipc.tsc.ru 

 
At present heavy, high-viscosity oils are considered as the main reserve of world oil production that 
determines the relevance of fundamental scientific research on the formation of new approaches to 
solve the problems of oil recovery. Therefore it is promising to study possible application of 
physicochemical methods intended to intensify the development and enhance oil recovery of high-
viscosity oil pools oil both in combination with thermal methods and without thermal-steam 
stimulation. 
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In Institute of Petroleum Chemistry SB RAS new type of nano-structured oil-displacing acid and 
alkaline systems, based on surfactants, coordinating solvents and complex compounds, have been 
created [1]. The systems have controlled viscosity and high oil-displacing capacity, preserve and 
self-regulate for a long time in the reservoir a complex of colloid-chemical properties, being 
optimum for heavy oil production. New physicochemical methods have been created to intensify 
the development and enhance the recovery of heavy high-viscosity oils using such systems.  
Systems based on surfactants, inorganic polybasic acids – boric and phosphoric – and coordination 
solvents – polyhydric alcohols (polyols) have been studied [2]. In systems "inorganic polyacid – 
polyol" due to the donor-acceptor interaction, complex acids are formed, much stronger than the 
original acid. Donor-acceptor interaction makes it possible to increase the acidity of oil-displacing 
compositions and increase the duration of their action in the oil reservoir by increasing the buffer 
capacity and extending the buffer range in the acidic pH range. Figure 1 shows the scheme for the 
formation of a complex acid and its dissociation into ions for example interaction of boric acid and 
glycerol. The oxygen atom of the hydroxyl group in the glycerol – donor molecule gives its 
unshared electron pair to the free orbital of the acceptor – the boron atom in the boric acid 
molecule. As a result, from one molecule of boric acid and two molecules of glycerol, a molecule of 
the coordination compound, glycerol boric acid, is formed four orders of magnitude stronger than 
boric acid. 
 
 
 
 
 
Figure 1.  

Donor-acceptor interaction of boric acid and glycerol to form complex glycerol boric acid 
The "boric acid – polyol – electrolyte – water" system is of interest as a basis for a new type of oil-
displacing liquids effective in a wide range of temperatures, including at low temperatures, at which 
conventional oil-displacing liquids are ineffective. The physico-chemical properties of this system 
are due to the donor-acceptor interaction of polyhydric alcohols with boric acid, in which the acid 
anions act as a quadrant ligand, which is a Lewis acid. As a result, various coordination complexes 
of glycerol and boronic acid anions are formed in this system, depending on the pH and nature of 
the electrolytes present. These complexes, when interacting with water-soluble non-ionic and ionic 
surfactants, form effective oil-displacing liquids with high wetting and washing capacity. 
The experimental studies of acid-base equilibria in boric acid – polyol – water systems have shown 
that the interaction of boric acid and polyols as a result of the formation of complex acids, the pH of  
1% solution of boric acid in aqueous alcohol solvents with an increase in the concentration of 
polyols in solvent decreases from 5.9 to 1.7-2.7 units pH, 5% solution – from 3.4 to 1.5-2.2 units 
pH and 10% – up to 1.3-1.8 units pH. 
When studying the effect of electrolytes on the acid-base equilibrium of solutions in the water – 
glycerol – boric acid system, it was established that chlorides: AlCl3, FeCl3, FeCl2, and MgCl2 have 
the strongest effect on acid equilibrium, Figure 2. Thus, with an increase in the concentration of 
aluminum chloride in the solution to 20% by weight pH values are reduced to minus 0.54 units pH, 
the viscosity values of the solutions increase to 17500 mPa∙s. 
Based on the studies, oil-displacing acid system of the prolonged action, based on surfactant, adduct 
of boric acid and glycerol was created. The system is compatible with mineralized formation 
waters, has a low freezing point (minus 20 ÷ minus 60 оС), low interfacial tension at the boundary 
with oil. The system is applicable for enhanced oil recovery and intensification of oil production, 
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over a wide range of temperatures, from 10 to 250 оС, it is the most effective in carbonate 
reservoirs, has a slower reaction with them.  
As a result of the interaction of the system with the carbonate collector, CO2 is formed. CO2 
dissolves in the oil and reduces its viscosity, which contributes to an increase in the recovery of oil. 
In addition, as a result of interaction with the carbonate reservoir and hydrolysis of the carbamide in 
the system, the pH of the system increases from 2.8-3.1 to 8.8-10.0, Figure 3, and it chemically 
evolves, turning into an alkaline oil-displacing system, providing effective oil displacement and 
prolonged action on the formation. After thermostating with the system and carbonate collector at a 
temperature of 70-120 оС, the viscosity of oil is reduced by 1.2-2.7 times. 

 

Figure 2. The influence of electrolytes on the 
acid equilibrium in the system "boric acid – 
glycerol – water" at 20 ° C. 

Figure 3. The pH of the system solutions 
before and after thermostating with carbonate 
rock formation at different temperatures. 

The pilot tests of the system on the Permian-Carboniferous deposit of the heavy high-viscosity oil 
in the Usinskoye field were successfully carried out. System based on surfactants, coordinating 
solvents and complex compounds showed high efficiency under field conditions and are 
recommended for industrial use. 
[1]  L. Altunina, V. Kuvshinov, I. Kuvshinov and M. Chertenkov, Oil & Gas Journal Russia, 
  2016, 1, 16. 
[2]       L. Altunina, V. Kuvshinov, I. Kuvshinov and L. Stasyeva, AIP Conference Proceedings. 
           USA, 2017, 1909, P. 020005.  
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Surfactants are important ingredients in several cosmetics, industrial and consumer formulations. In 
recent years sustainable surfactants based on renewable building blocks have become popular 
choice in several different types of application areas compared to those derived from synthetic 
petrochemicals.1 These surfactants also demonstrate better biodegradation properties and are 
considered to be environmental friendly compared to synthetic surfactants.2  
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New sustainable surfactants can be synthesized and developed from renewable building blocks such 
as fatty acids/alcohols, carbohydrates, amino acids etc., however synthetic surfactants feedstock is 
derived from fossil fuel by petrochemical processing. The ever-increasing demand for surfactants in 
different application areas requires development of several new types of sustainable surfactant 
molecules having considerable portion of renewable structure moieties.2 In the present study several 
different types of new sustainable surfactant molecules based on renewable building blocks (i.e. 
fatty acids, fatty alcohols, alkaloid, terpens, aromatic alcohol, tannic acid etc.) have been developed 
and investigated for their surface and physicochemical properties. The evaluated solution properties 
of these new surfactants are compared with commercially available synthetic surfactants.3 These 
new surfactants demonstrates superior surfactant properties compared to conventional surfactants. 
Some of these surfactants also demonstrated good antibacterial properties and ability to undergo 
biodegradation with ease. The ease of synthesis, biocompatible design combined with superior 
surface and biological properties makes these sustainable surfactants ideal for many industrial and 
consumer application areas. These new surfactants can replace majority of petrochemical based 
synthetic surfactants in many bulk application areas.  
 
Reference: 
[1] P. Foley, A. K. Pour, E. S. Beach and J. B. Zimmerman, Chem. Soc. Rev. 2012, 41, 1499–1518. 
[2] A. Bhadani, K. Iwabata, K. Sakai, S. Koura, H. Sakai and M. Abe, RSC Advances. 2017, 7, 
10433–10442. 
[3] M. Abe, A. Bhadani and M. Nagahama, 2017, Japan Patent 2017210426. 

IVO4 
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OF NAFION MEMBRANES 
 

Yu.G. Bogdanova, V.D. Dolzhikova, V.G. Sergeyev 
Lomonosov Moscow State University, Chemistry Department, Russia 

yulibogd@yandex.ru 
 

Membrane materials are widely used in various modern technologies, including the 
separation of liquids and gases, catalysis and electrocatalysis, the production of ion-selective 
membranes. From the standpoint of chemical stability proton transport properties, perfluorinated 
sulfonated membranes such as Nafion are a bench mark among the best proton conducting 
membranes. The chemical structure of Nafion provides high ionic (proton) conductivity and the 
ability to retain water, which increases the efficiency of proton transfer. 

The nature of Nafion’s morphology still remains under debate but most empirical models 
suggest the formation of aggregates of the sulfonic acid groups. In such aggregates these groups are 
located inside spherical cavities (clusters) with a diameter of ~ 4 nm. The cavities are connected by 
narrow channels with a diameter of ~ 1 nm. It has been established that cations (protons) can easily 
pass from one cavity to another, whereas the movement of anions is hindered by the repulsion of 
sulfonic acid groups. Proton conductivity strongly depends on the amount of water in membrane. At 
low water content clusters in the membrane are not connected with each other, whereas the increase 
in the water amount leads to their unification into a single channel. Various methods are used to 
improve the efficiency and selectivity for proton migration. The Nafion transport properties can be 
regulated using surfactants both at the stage of preparation and surface modification [1-3]. 

The influence of surfactants of various nature (sodium dodecyl sulfate, SDS, 
dodecylpyridinium chloride, DPC, dodecylbenzenesulfonic acid, DBSA on the water sorption of 
Nafion 117 membranes was studied using Quartz Crystal Microbalance (QCM), spectrophotometry 
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and contact angle measurements. Nafion films were prepared by casting from a 5% solution of 
polymer in a mixture of lower aliphatic alcohols and water to the surface of a microbalance sensor - 
a quartz resonator with silver electrodes. The thickness of the films was 2 μm. The films were kept 
in water or surfactant solutions for 24 hours at room temperature, then dried to constant weight. The 
amount of sorbed water or sum of water and surfactant was calculated using the Sauerbrey equation 
[4]: Δf = –Cf∙Δm, where Δf is the observed frequency change in (Hz), Δm is the change in mass per 
unit area of the sensitive electrode part (g·cm−2), Cf is the sensitivity factor for crystal (56.75 
Hz∙cm2·μg−1). The effect of surfactants on the value of Δm was evaluated by decreasing its 
concentration in an aqueous solution. Concentration of DPC or DBSA was determined by UV 
spectroscopy. Wetting method was used to control the surface state of the Nafion film after contact 
with water and surfactant solutions. The contact angles of the test liquids (water and hexadecane) 
were measured by the sessile drop method. The surface energy of films (γSV) was determined using 
Owens-Wendt-Kaelble approach, taking into account the contribution of dispersion γd

SV and non-
dispersive γp

SV components [5]. 
It has been found that SDS and DBSA are not adsorbed by the membrane and do not affect 

the water sorption of Nafion membranes. This is confirmed by the same values of Δf after soaking  
of the films in water and surfactant solution and also by ATR-FTIR spectra of the membrane. 

The cationic surfactant (DPC) reduces the water sorption of the membrane by a factor of 1.6. 
This is in agreement with the data of [2]. The water content of the membrane is characterized by the 
parameter λ, which is equal to the ratio of water molecules to the number of sulfonic acid groups. 
After keeping membrane in water or DPC solution (с = 2.5 ∙ 10-4М) the parameter λ reaches the 
value of 30 to 20 respectively. The decrease in water sorption is related to the localization of sorbed 
DPC molecules in hydrophilic clusters of Nafion blocking of the negatively charged sulfonic acid 
groups. According to our calculations, the ratio of sulfonic acid groups to surfactant molecules is 
1:2.5. 

The surface energy of the Nafion films is γSV = γd
SV + γp

SV = 22.8 + 6.7 = 29.5 (mJ·m−2). The 
advancing contact angles of water and hexadecane are 83 o and 35o, respectively. When the 
membranes are kept in water or surfactant solutions, the surface energy of the polymer increases 
due to an increase in its polar component: γSV = γd

SV + γp
SV = 27.0 + 21.2 = 48.2 (mJ·m−2). The 

contact angles of water and hexadecane are 55o and 15 o, respectively. This fact demonstrates the 
surfactant absence on membrane surface and localization of DPC in membrane channels.  

The new technique, developed in this work, gives reliable experimental results on the effect 
of various surfactants on the water sorption by Nafion membranes and opens the possibility of 
expanding of the range of studies of membrane permeability varying the conditions for their 
modification by surfactant solutions. 

Literature 
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[3] A.K. Phillips, R.B. Moor, J. Polym. Sci. B: Polym. Phys., 2006, 44, 2267. 
[4] G. Sauerbrey, Z. Phys., 1959, 155, 206. 
[5] J. Kloubek, Adv. Colloid Int. Sci., 1992, 38, 99. 
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Many various forces are related to the interaction between nanoparticles composing the dispersed 
systems such as colloidal solutions. In the systems with neutral aggregates, the special role belongs 
to the forces originating from the charged component fluctuations. The earlier primitive model 
simulations of reverse aggregates in nonpolar medium demonstrated that these forces became 
compatible with the dispersion forces in the presence of double charged ions. It is obvious that the 
neglecting of the explicit molecular contribution from the polar components of aggregates could 
strongly influence on the value of the estimating forces. The objective of the present simulation is to 
consider the contributions from all the components to the average value of the dipole moment of 
micelles. In this study, reverse and direct micelles have been simulated by the molecular dynamics.  
The reverse micelles of NaAOT with water in isooctane were investigated in a wide range of the 
radius and the charge density of the surface. The mean square values of the dipole moment <P2> of 
the whole aggregate and separately of the ions and water were calculated. The dipole moment of the 
whole micelle is much less than the component contributions which compensate each other to 
appreciable degree. The mean square of <P2> increases with an increase in the size of the reverse 
micelle faster than the square radius of the aggregate. The values of the dipole moment of the 
inverse micelle obtained in the atomistic model significantly exceed the data given earlier for 
primitive model of the reverse micelle. The contribution of the fluctuation of the dipole moment of 
the reverse micelle to the intermicellar force was estimated. The effects of the addition of NaCl and 
CaCl2 to the reverse micelle on its dipole moment and its local electrical potential were also 
discussed. 
Structure and electrostatic interaction of spherical direct micelles of nonionic (n-C6H13–
{OCH2CH2}m–OH) surfactants in pure water and in aqueous solution of sodium chloride have been 
studied. In the case of electroneutral micelles of nonionic surfactant, the electrostatic contribution is 
associated with interaction between permanent dipoles of oxyethylene fragments of the polar heads. 
The effects of structural and thermodynamic parameters (length of the polar head, aggregation 
number, temperature, composition) on this dipole-dipole inter-micellar interaction were considered. 
As in the case of the reverse aggregates, the most powerful effect is the change in the size of the 
micelle. 
Acknowledgement 
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CHARACTERISTICS OF VESICULAR BILAYER FORMED OF A TRIHEXADECYL-
CHAINED ION PAIR AMPHIPHILE WITH CHOLESTEROL 

Yu-Ching Su, Chien-Hsiang Chang 
Department of Chemical Engineering, National Cheng Kung University, Tainan, TAIWAN 
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In this study, an ion pair amphiphile with trihexadecyl-chained structure, 
dihexadecyldimethylammonium-hexadecylsulfate (DHDA-HS), was obtained as precipitate from 
mixed aqueous solutions of anionic surfactant, sodium hexadecylsulfate, and cationic surfactant, 
dihexadecyldimethylammonium bromide. Physical properties, membrane fluidity and bilayer 
structure characteristic of catanionic vesicles fabricated from DHDA-HS and cholesterol by forced 
formation approach and/or molecular dynamic simulation were then investigated. DHDA-HS 
vesicles could be fabricated in aqueous phase with an average size of 125 nm but with poor physical 
stability. In order to improve the physical stability of vesicles, cholesterol was used as an additive in 
the DHDA-HS vesicles. With the addition of cholesterol into the vesicular structures, the physical 
stability of the DHDA-HS vesicles could be improved with no significant change in the zeta 
potential. Fluorescence polarization, infrared spectroscopy, and molecular dynamic simulation 
analyses indicated that the addition of cholesterol into the DHDA-HS vesicles could have different 
effects on the vesicular membrane fluidity in different membrane regions. The phase transition 
temperature of the vesicular bilayers was increased with the addition of cholesterol at a low content 
but seemed to be reduced with the addition of cholesterol at a high content. Simulation analyses 
showed that the addition of cholesterol would affect the bending modulus of vesicular bilayer, 
which was consistent with the findings in the size of DHDA-HS vesicles. 
In summary, stable catanionic vesicles with negative charges were successfully fabricated from 
DHDA-HS with the addition of a proper amount of cholesterol. The presence of cholesterol could 
significantly improve the physical stability of the vesicular structures, and the influence the added 
cholesterol on the bilayer fluidity of the vesicular structures was identified. 
Acknowledgements: This work was supported by the Ministry of Science and Technology, Taiwan 
through GrantMOST105-2221-E-006 -252 -MY3. 
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The associates (micelles and vesicles) of conventional surfactants are of significant interest as 
templates at the sol-gel synthesis of various mesoporous materials. In particular, they are widely 
used in the synthesis of mesoporous silica nanoparticles (MSNs) that are very promising vehicles 
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for various substances (e.g., for drugs) [1]. Such templates bear only structure directing function 
and, when the synthesis of MSNs is completed, they are removed from the silica matrix by 
calcination or chemical treatment of the obtained particles. Then the targeted substance is loaded 
into the resulting nanocontainers. Recently we are proposed a new approach to encapsulation of 
surface active functional substances [2]. It is based on the using of such substances as templating 
agents at the synthesis of MSNs. As a result, it becomes possible to combine the stages of 
producing of silica nanocontainers and their loading with the targeted substance.  
Here we demonstrate the prospects and benefits of this approach using several surface active 
bactericidal drugs (including hydrolyzable ones) and an antitumoral agent.  
It is shown that the synthesized nanocontainers are characterized by an extremely high content of 
templating drug (about 1 g per 1 g of SiO2).  
The effects of the template nature and conditions of the sol-gel process on the porous structure of 
silica nanocontainers are studied and discussed. The typical TEM-images of the MSNs synthesized 
using associates of two antiseptics, myramistin micelles and decamethoxin vesicles, are shown in 
Figures 1a and 1b, respectively.  
 

 
(a) 

 
(b) 

Figure 1. TEM images of silica nanocontainers.  
 
The kinetics of the templating drug release from the MSNs is studied and some features of this 
process are analyzed. It is shown that the drug release rate can be tuned by varying the medium pH. 
The bactericidal activity of encapsulated myramistin against the Staphylococcus aureus is 
evaluated. 
We also discuss: 

� the possibility of creation of the so-called protocells by self-assembly of lipid bilayers on 
the surface of MSNs loaded with the drug; 

� the prospects of encapsulation of hydrophobic substance in silica nanocontainers by its 
solubilization in the micelles of templating drug.  

 
[1] A.F. Moreira, D.R. Dias, I.J. Correia Microporous Mesoporous Materials, 2016, 236, 141. 
[2] O.V. Dement’eva, M.M. Vinogradova, L.V. Frolova, V.A. Ogarev, Yu.I. Kuznetsov, V.M. 
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Using novel amphiphilic ammonium (fig. 1a, IA-X) and phosphonium (fig. 1b, IP-n) derivatives of 
isosteviol as building blocks supramolecular systems have been fabricated and their colloidal 
properties and biotechnological potential (capability to interact with DNA decamer 
(oligonucleotide) and lipid bilayer) were investigated.  
In the case of amphiphiles with ammonium head group the effect of counterion nature (bromide or 
tosylate) on the properties of supramolecular systems formed has been examined. Cmc values of 
IA-Br and IA-Tos determined by tensiometry are 10 mM and 8.5 mM, respectively. Using dynamic 
light scattering technique it has been revealed, that in the case of IA-Tos formation of small 
micelle-like aggregates with hydrodynamic diameter 3-5 nm is characteristic, while unusual 
micelle-vesicle-micelle morphological transition was observed for IA-Br. For both amphiphiles 
examined almost quantitative binding with DNA decamer has been exhibited at 
surfactant/oligonucleotide equimolar ratio. Various membranotropic properties (capability to 
integrate within lipid bilayer) of IA-Br and IA-Tos have been revealed by turbidimetry technique. 
In the case of IA-Br significant capacity to embed within liposomes up to surfactant/lipid molar 
ratio 0.14 was shown, after which solubilization of lipid by surfactant aggregates occurred. For IA-
Tos lack of membranotropic activity has been established.  
In the case of amphiphiles with phosphonium head group the effect of the spacer length 
(trimethylene, hexamethylene or octamethylene) on colloidal properties has been estimated. By 
tensiometry and conductometry techniques it has been revealed, that cmc values of amphiphiles 
decrease in the following range: IP-3 (7.5 mM) – IP-6 (2.7 mM) – IP-8 (0.9 mM), which is due to 
the increase of hydrophobicity of spacer fragment. It has been shown, that increase of IP-3 and IP-6 
concentrations results in a decrease of solution pH down to pH = 4. IA-8 exhibits only slight 
decrease of pH (ΔpH ≤ 1). Dynamic light scattering assay allows us to establish that in IP-3 
aqueous solutions aggregates with hydrodynamic diameter DH ≈ 50 nm are formed in the area of 
cmc value. Increase of surfactant concentration leads to the growth of aggregates up to DH = 120 
nm. For IP-6 aqueous solutions beyond cmc formation of aggregates with DH ≈ 2 nm occurs, which 
rearrange to the larger associates with amphiphile concentration (DH ≥ 100 nm). Transition to IP-8 is 
accompanied by appearance of aggregates with DH 10 nm, however tendency of enlargement of 
aggregates remains. Calculations performed on the basis of fluorescent analysis showed the 
decrease of aggregation numbers from 70 to 6 with elongation of spacer. 
Acknowledgements The financial support of Russian Science Foundation (project № 14-50-00014). 

 
 

a b 
Figure 1. Chemical structure of IA-X (X = Br, Tos) and IP-n (n = 3, 6, 8). 
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Porphyrins and related tetrapyrrolic compounds are known to be promising building blocks for the 
design of photosensitive soft matter smart materials and various supramolecular assemblies, as well 
as the most suitable photosensitizers for photodynamic therapy (PDT). Successful application of the 
hydrophobic porphyrin-based drugs requires the development of the appropriate drug delivery 
systems in order to control their aggregation state and photophysical properties in biological media. 
In this regard, the detailed studies of the mechanisms of intermolecular porphyrin-surfactant 
interactions in micellar systems which are the simplest models of membranous biological structures, 
as well as the prototype of the nanocontainers for targeted drug delivery, are of great importance.  
The influence of different types of surfactants in aqueous solutions both above and below cmc on 
the aggregation behavior, photostability, photophysical properties and photochemical activity of 
porphyrin- and chlorin-based photosensitizers is summarized in this report. Special attention is paid 
to the porphyrin-surfactant interactions during hybrid supramolecular structure formation, as well as 
to the chromophore localization within the micellar systems or premicellar aggregates. The role of 
the charge distribution and HLB of the chromophore molecule, as well as the surfactant nature and 
the surface potential of micelles during the porphyrin-surfactant interaction is discussed in details.  
Submicellar surfactant solutions are known to promote hybrid porphyrin-surfactant supramolecular 
structure formation via surfactant-assisted self-assembly resulting in a decreased surfactant cmc and 
significant shift of the chromophore pK values. Due to the amphoteric nature of the porphyrin 
macrocycle, the HLB, and hence, localization in micellar systems is pH-dependent, which has been 
demonstrated on a series of amphiphilic porphyrin derivatives with long alkyl chains. The clear 
spectral difference between the protolytic forms of such porphyrins allows them to be applied as the 
spectral probes for the local parameters of the microenvironment in microheterogeneous systems. 
The chromophore localization within the micellar system determines its photostability and strongly 
affects its photodynamic activity, particularly, singlet oxygen quantum yield, which has been 
established for a number of chlorin derivatives. Comparison of the above data suggests that the 
interplay between the ionic and hydrophobic intermolecular interactions is mostly responsible for 
the resulting solubilization site of the chromophore within the micelles, while the photophysical 
properties of both the ground and excited states of the photosensitizer are strongly influenced by the 
local parameters of the microenvironment (polarity, acidity, viscosity, dielectric constant, etc.) 
The above findings allow to perform a fine tuning of the photophysical properties of porphyrin- and 
chlorin-based photosensitizers at the supramolecular level without any covalent modifications of 
their molecules. This approach is rather promising for the development of the novel targeted drugs 
for photodynamic cancer treatment. The results obtained also provide useful information on the 
photochemical activity of tetrapyrrolic compounds in confined aqueous microheterogeneous 
systems, which is necessary for predicting their photodynamic activity within biological media. 
Acknowledgements. This work was financially supported by RFBR (Project 18-03-00539). 
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Recently, advanced engineering hydrogels that possess improved physicochemical 
performances have been fulfilled by design on the molecular scale and control over multiscale 
architecture.1 Self-healing hydrogels as promising candidates to spontaneously heal themselves 
upon mechanical damage and regain their original functionalities have been exploited on the basis 
of the concept of constitutional dynamic chemistry (CDC).2 To meet the progressive requirements 
of advanced engineering materials with superior physicochemical performances, self-healing and 
injectable hydrogels (AD hydrogels) based on agarose with pH-response were prepared through 
dynamic covalent Schiff-base linkages by simply mixing nontoxic agarose-−ethylenediamine 
conjugate (AGNH2) and dialdehyde-functionalized polyethylene glycol (DFPEG) solutions (Figure 
1a).3 

Metal-organic gels (MOGs) have emerged as a class of functional materials that show great 
potential applications in the field of catalysis, energy storage, template synthesis and environmental 
technology. The construction of functional MOGs and the control of functionality are still 
challenging due to complicated chemicals or routes involved in previous works.4 We constructed a 
series of tunable multi-functional MOGs by directly gelating between Fe3+ and simple chemicals, 
propanedioic acid, succinic acid, glutaric acid, fumaric acid in ethanol.5 The obtained MOGs exhibit 
self-healing property and good conductivity, and were used for high efficacy removal of arsenic 
(As) in water. The ease, low cost, and scalability of the assembly process combined with multi-
functionality make these MOGs be potentially applied in the fields of energy storage and sewage 
disposal (Figure 1b). 

a)  b)  

Figure 1. (a) Schematic 
illustration (A to D) and 
preparation (E) of self-
healing AD hydrogels 
incorporated Schiff -base 
linkages. (b) Variuos 
properties of MOGs at 50 
mmol/L. 

(1) Y. Zhang, A. Khademhosseini, Advances in engineering hydrogels. Science 2017, 356, 
eaaf3627. 
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Supramolecular amphiphiles (superamphiphiles) refer to a novel type of building blocks for creation 
of well-defined functional nanoscale systems [1]. The spontaneous preparation of most of these 
systems is very important, since this formulation process requires additional external supply of 
energy. One of the widely used methods of spontaneous formation of superamphiphiles is the using 
of various macrocyclic building blocks. In this regard, the present work is aimed at the creation of a 
number of superamphiphilic systems based on aminomethylated calix[4]resorcinols and surfactants. 
We studied how calix[4]resorcinols can promote the self-assembly of the single-chain surfactants 
by regulating the degree of order in the assemblies [2]. Supramolecular surfactants were able to 
self-assemble at concentrations much lower than that corresponding to pure surfactant. When 
calix[4]resorcinol is added to the surfactant micellar solution, it is observed the formation of 
vesicles [3]. All these vesicular samples are uniformly built up via a noncovalent approach that 
modifies calixarenes into amphiphiles by electrostatic interaction with surfactants. The hydrophilic 
probe encapsulation in the vesicles formed was calculated depending on the concentration of 
aggregates. 
When the macrocycle concentration is much lower with respect to surfactant, the ensembles based 
on micelles take place [4]. Herewith, molecules of calix[4]resorcinol are adhered on micelle surface 
playing the role of counterions. These surfactant-based systems exhibit more active solubilizing 
activity with respect to hydrophobic probes. Thereby, the structure of supramolecular 
calix[4]resorcinol–surfactant species is determined by relative fractions of components and, hence, 
could be selectively controlled. The found properties can be used for the design of nanocontainers 
with the controlled cavity size. 
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Wormlike surfactant micelles (WLMs) represent long cylindrical aggregates formed by 
amphiphilic molecules of the surfactants in aqueous solutions. WLMs’ length amounts several 
microns. WLMs can form transient networks of topological entanglements. Such networks exhibit 
extraordinary viscoelastic properties. Active use of wormlike micelle solutions in a broad range of 
applications demands control of their viscoelastic properties under different external conditions that 
can be achieved by using different hybrid materials such as surfactant-polymer complexes. 
Preparation and understanding of the properties of such hybrid materials remains a challenge. 

As it follows from literature, there are several methods to prepare hybrid WLMs, containing 
polymer [1-5]. In the first type polyethyleneoxide(PEO)-polypropyleneoxide (PPO)-PEO triblock 
copolymer was solubilized by cetylpyridinium salicylate WLMs [1,2]. Solubilizing of polymer 
induced the drop of viscosity by several orders of magnitude indicating that the length of micelles 
was substantially reduced, which was attributed to the stabilization of WLM end-caps by the 
polymer brush on micellar surface. 

The second type of hybrid WLMs was formed by polyelectrolyte and oppositely charged 
surfactant. Two methods of the preparation of such hybrid micelles were developed: polymerization 
of preformed WLMs of polymerizable surfactant [3,4] and direct mixing of polymer and surfactant 
solutions [5]. The first method to prepare such hybrid WLMs is self-polymerization of the 
cetyltrimethyl p-vinylbenzoate embedded into micelles. The second method is based on 
spontaneous association of sodium poly(p-vinylbenzoate) and cetyltrimethylammonium bromide 
(CTAB). But strong electrostatic interaction between the polymer and surfactant in the complexes 
lead to the limited range of phase miscibility [4]. 

Current work is aimed at the study of the new type of surfactant-polymer complexes consisting 
of anionic surfactant potassium oleate and polymer, insoluble both in water and hydrocarbons, 
poly(4-vinylpiridine) (P4VP) in the presence of inorganic salt KCl. Concentration of KCl was fixed 
at 6 wt% and pH at 11. Weight-average molecular weights (MW) of P4VP were determined by 
static light scattering (SLS) and were shown to be equal77000 and 228000 g/mol.  

To study the range of phase miscibility, phase diagram surfactant/polymer was plotted for 
solubilized polymers of both MWs. In distinction from polyelectrolyte-ionic surfactant complexes 
[4] the studied system demonstrated wide range of phase miscibility. In order to determine 
potassium oleate/P4VP ratio in the surfactant-polymer complex saturated by polymer the elemental 
analysis of the dried supernatant and precipitant was used. The MW of the saturated complexes was 
determined by SLS. From the results of elemental analysis and SLS the chemical composition of 
the P4VP-saturated complex was obtained. 

Several experimental methods were applied to investigate the inner structure of the complex. 
Nuclear magnetic resonance was used to acquire the information about the localization of 
macromolecules in WLMs. P4VP in micellar aggregates was located at the interface between 
hydrocarbon core and hydrophilic corona. By using contrast variation technique in small-angle 
neutron scattering structural parameters of wormlike micelles (radius Rc, surfactant mass per 
micelle unit length ML) and properties of the embedded polymer, such as its conformation and 
persistence length lp, were received. It was shown, that polymer-loaded WLMs keep their 
cylindrical shape with Rc equal to the radius of the surfactant hydrophobic tail. Increase of the 
amount of polymer, solubilized by WLMs led to the increase of ML. The form of polymer-loaded 
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micelles was also confirmed by cryo-TEM images. Macromolecules of P4VP associated with the 
micelles had an expanded coil-like conformation with persistence length lp 4-fold higher than that of 
a polymer chain in a good solvent. 

Viscoelastic properties of the P4VP-loaded WLMs were studied using rheology. From 
rheological data the following parameters of the transition network of P4VP-loaded WLMs were 
attained: number of the elastically active strandsν, mesh size of the network ξ, average contour 
length of WLMs L . Viscosity of the system decreased with the increase of the concentration of 
embedded P4VP, due to the polymer-induced shortening of WLMs. The drop of the viscosity 
occurs when the number of added macromolecules is approximately equal to the number of 
elastically active strands in micellar network. Value of the viscosity of the solutions containing 
WLMs saturated by polymer was close to the viscosity of a pure solvent.  
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Stable vesicular aggregate is the primary requisite to transport and deliver the biological and 
pharmaceutical standards. The serendipitous discovery of nonlipid vesicles made with the nonlipid 
building blocks, such as ionic liquid based surfactants (ILBSs) proved to be advantageous over 
others. In a quest to achieve stable, more rigid and hydrophobic vesicles from ILBSs, here we have 
investigated the lipid (cholesterol) induced unilamellar vesicle formation in the aqueous 
functionalized and non functionalized ILBSs. The vesicles show outstanding stability with time, 
temperature and dilution with water. Spectroscopic (turbidity, steady state absorbance and 
fluorescence), scattering (dynamic light scattering) and microscopic (transmission electron 
microscopy) techniques were used to characterize the vesicles. The hydration behavior and rigidity 
associated with the vesicular bilayer on transforming from micellar assembly was characterized 
through steady state absorbance and fluorescence techniques. The unilamellar vesicles derived are 
compared with the conventional surfactant, i.e. cetyltrimethyl ammonium bromide. 
  

167



IVO14 
DESIGN OF ECO-FRIENDLY FABRIC SOFTENERS CONTAINING GUAR POLYMERS: 

PHYSICOCHEMICAL PROPERTIES AND DEPOSITION ON NANO- AND 
MICROCELLULOSE FIBERS 

 

Evdokia K. Oikonomou1, Nikolay Christov2, Galder Cristobal2, Claudie Bourgaux4, Laurent Heux5 
and Jean-François Berret1 

1Laboratoire Matière et Systèmes Complexes, UMR 7057 CNRS Université Denis Diderot Paris-
VII, 75205 Paris, France 

2Solvay Singapore, Amnios, Singapore 138622 
4Institut Galien Paris-Sud - UMR CNRS 8612, Faculté de Pharmacie, Université Paris-Sud XI, 

92296 Châtenay-Malabry Cedex, France 
5Centre de Recherches sur les Macromolécules Végétales, BP 53, 38041 Grenoble cedex 9, France 

evdokia.oikonomou@univ-paris-diderot.fr 
 

There is a growing environmental consideration nowadays about the house and personal 
care products due to their high content of surfactants derived by palm oil. The excessive 
consumption of palm oil has led to the clearness of large areas of tropical forests to make room for 
vast palm plantations. It is though a great challenge the development of products with high 
performance properties but less environmental impact. Fabric softeners are formulations that 
contain more than 10 wt. % double tailed esterquat surfactants primarily synthesized by palm oil 
chemical treatment. In this work, we propose the substitution of 50 % of surfactant by natural guar 
polymers, cationic and hydroxyl propyl guar without detrimental effects on the softening and 
deposition performance.  

The surfactants was found to be assembled into uni- and multi vesicular vesicles in these 
formulations. The vesicles are broadly distributed (100 nm – 1 µm) but stable upon dilution in the 
condition of use [1]. The effect of the two guar polymers on the formulation properties was 
investigated by several physicochemical techniques such as dynamic light scattering, optical 
microscopy, small-angle X Ray scattering and rheology. It was shown that the addition of polymers, 
0.3 wt. % each, does not modify the vesicular structure at low concentration but modifies the phase 
and rheological behaviors at high concentration. In fact, the reduction of surfactant is compensated 
by the guars as far as the rheological properties are concerned. SAXS studies showed that the guar 
polymers induce a local crowding probably triggered by depletion interactions. 
 

 
Figure 1. Representative cryogenic transmission electron microscopy (cryo-TEM) images of 0.1 
wt. % surfactant aqueous dispersions a) in absence and b) in presence of 0.01 wt. % guar polymers. 
Yellow, red arrows and blue arrows indicate the unilamellar, multi-vesicular and doublet vesicular 
structures respectively. The bars are 100 nm. 
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In terms of performance, deposition studies of the vesicles either on cellulose nanocrystals 
or on cotton fabrics were studied. The association of the guar polymers and the vesicles with cotton 
was first followed in the bulk by using cellulose nanocrystals as model of cotton. Strong interaction 
was identified by light scattering and electrophoretic mobility and optical microscopy. Scanning 
electron microscopy and attenuated reflectance infrared spectroscopy confirmed the high affinity of 
the surfactant vesicles and guars with cotton fibers (Fig. 2). It was shown that guars play an 
important role regarding the surfactant deposition on cotton. Concerning the mechanism, it is 
proposed that in solution the vesicles adsorb spontaneously on cotton fibers keeping their vesicular 
form, resulting in the formation of a supported vesicular layer. Upon drying however, the vesicles 
transform into bilayers and eventually wrap the fibers, as illustrated in Fig. 3. 
 

 
 
Figure 2. Representative 2K SEM images of cotton yarn treated 1 wt. % surfactant vesicles a) in 
absence and b) in presence of guar polymers. High quantity of softener was used to enable 
deposition observation by SEM.   
 

 
Figure 3. Schematic representationof the surfactant adsorption on cellulose fibers in water or dried.  
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Aqueous solutions of nonionic surfactants are of interest for bioextraction processes, particularly as 
solubilizing agents for hydrophobic substances [1, 2]. To design such processes the data on partition 
coefficients of the solutes between micelles and their aqueous surrounding (Pmw) are of high value. 
An extended understanding of the partition behavior can be achieved from the structural 
information such as the micelle sizes and composition. 
In the present study, we have investigated (a) the mixed micellar system containing two nonionic 
surfactants, (1,1,3,3-tetramethylbutyl)phenylpolyethylene glycol (n = 9-10, Triton X-100) and 
poly(oxyethylene-23) lauryl ether (Brij 35) [3] in the presence of the solutes, benzene derivatives 
with different functional groups (e.g. vanillin, benzyl alcohol, acetophenone); (b) aqueous biphasic 
systems based on 1,1,3,3-tetramethylbutyl)phenyl-polyethylene glycol (n = 8, Triton X-114) with 
different additives (phosphates, carbohydrate, alcohol) also in the presence of the compounds of 
penicillin G acylase-mediated hydrolysis [4] i.e. penicillin G (Pen G), 6-aminopenicillinic (APA) 
acid and phenylacetic acid (PAA). All studied nonionic surfactants are practically relevant. 
Structural characteristics of the Brij 35/Triton X-100 mixed micelles (critical micelle concentration, 
Nagg, micelle composition, micellar size) were obtained by means of tensiomentry, NMR 
techniques, dynamic light scattering (DLS) and fluorimetry. The partition coefficients (Pmw) of the 
solutes have been determined experimentally based on the micellar liquid chromatography (MLC) 
data by using the Armstrong and Nome model [5]. For the Triton X-114 biphasic systems, the 
effects of pH, salt and sugar additives, and their concentrations on phase behavior, physicochemical 
properties of coexisting phases (density and viscosity) and partitioning of the solutes were under 
study. The solutes content in both liquid phases were determined by HPLC analysis. 
The data on cmcs for the mixtures of Triton X-100 and Brij 35 showed partly non-ideal behavior of 
the solutions. The compositions of mixed micelles at different molar Brij 35/Triton X-100 ratios in 
the surfactant mixture were estimated from the data on self-diffusion coefficients (obtained by 
means of NMR diffusometry) and from the calculations within the regular solution approach or 
predictions by Motomura’s model [6]. Both model predictions showed a predominance of the Brij 
35 molecules in the mixed micelles in comparison with the mole fractions (αBrij35) in the feed 
solution at low surfactant concertation (close to 1–10*cmc). The average value of the mixed 
micelles hydrodynamic radii was ∼4 nm. Whereas, the polydispersity indexes and the aggregation 
numbers increased with the Triton X-100 fraction. 
The obtained data on Pmw (see Fig. 1) showed the possibility of modulating the partition behavior of 
solutes using the mixtures of nonionic surfactants. Apart from hydrophobicity, the specific 
interactions between the surfactants (as parts of the micelle) and the solute play an important role in 
the solute partition behavior. For the systems of non-dissociated solutes and nonionic surfactants 
the formation of hydrogen bonds between the solute molecules and the hydrophilic heads of the 
surfactant is the most important. 
The aqueous biphasic systems containing Triton X-114, L-arabinose or salt buffer 
(KH2PO4/K2HPO4) were considered as reaction medium for enzymatic hydrolysis of penicillin G. 
The chemical equilibrium of this bioreaction [4] is shifted to the products in case of effective 
extraction of phenylacetic acid (PAA) into surfactant-rich phase. Liquid-liquid equilibrium (LLE) 
data, densities and viscosities of the liquid phases, and the Pmw of solutes (Pen G, PAA, APA) were 
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under investigation. The data on Pmw were obtained at 310.2 K and pH 4.3 providing the highest 
velocity of the bioreaction. The data on partition coefficients showed that L-arabinose as additive 
improve extraction of PAA to the surfactant-rich phase. The enzymatic hydrolysis of Pen G was 
successfully carried out with Triton X-114 + L-arabinose biphasic system at pH 4.3 and 310.2 K 
(based at Hamburg University of Technology). 
At the same рН and temperature, the effects of organic additives on aggregation behavior of 
Triton X-114 were studied. Moreover, the data on sizes/diffusion of aggregates in the surfactant-
rich phase were obtained by means of DLS at the presence/absence of L-arabinose. These results 
together with the data on viscosities and Pmw of the biocompouds were discussed. 
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Figure 1. Partition coefficient values of non-dissociated solutes as a function of Brij 35 mole 

fraction in the surfactant mixture. 
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IVO16 
EFFECT OF DIFFERENT SURFACTANTS ON AGGREGATION STABILITY OF 

AQUEOUS DISPERSION OF DETONATION NANODIAMONDS 
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1Moscow State University, Russia  
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Detonation nanodiamonds (NDs) have great application potentials in many fields such as 
ultrafine polishing, creation of lubricant, polymeric composite materials, pharmaceutical 
formulations etc. due to their hardness, chemical stability, biocompatibility, high adsorption 
capacity and thermal conductivity. NDs application is limited due to the nanoparticle aggregation in 
different liquids. Surface functionalization is the main way to prevent aggregation and to prepare 
fine NDs dispersions. The aim of our investigation is to study the effect of inorganic salts and 
different surfactants (cationic, anionic, non-ionic, zwitterionic) on the process of NDs aggregation 
in hydrosols. 

NDs from SKTB “Technolog” (Russia) were oxidized at 420oC under air condition for 2 h. 
Oxidized NDs were characterized by IR spectroscopy, Boehm titration techniques, zeta-potential 
versus pH measurements. Dispersion of NDs in distil water, obtained under ultrasonic treatment, 
has pH 5.3, and contains particles with the mean diameter (80±20) nm, zeta potential –(37±2) mV.  
Addition of inorganic salts (chlorides of sodium, calcium and aluminum) to the hydrosol of NDs 
results in the sharp increase of the particles size when certain salt concentrations are reached. 
Coagulation thresholds (cc) are 2.4 × 10-2, 9.0 × 10-4, 7.0 × 10-5 mol/l for NaCl, CaCl2 and AlCl3 
correspondly, cc is proportional z -5.3 (z is the charge of the cations). 

Surfactant under investigation are cationic decyl-, dodecyl- and cetylpyridinium chlorides 
(DePC, DoPC and CPC, correspondently), zwitterionic cocoamidopropyl betain (CAPB), non-ionic 
dodecyl ether poly(23)ethyleneglycol (Brij-35), tert-octylphenyl ether poly(9-10)ethyleneglycol 
(Igepal CA-630), anionic sodium dodecylsulphate (SDS).  

An addition of cationic surfactant results in NDs aggregation, coagulation thresholds for 
DePC and DoPC are 3 × 10-3 and 8 × 10-4 mol/l, correspondly. CPC adsorption at surfactant 
concentration range 10-6 – 10-4 mol/l results in surface neutralization, hydrophobization of diamond 
surface, and coagulation. At higher CPC concentration the positive value of zeta potential increases 
and ND particles disaggregate. The results obtained were compared with adsorption data of cationic 
surfactant on NDs. It was demonstrated that the adsorption increases with the length of the 
hydrocarbon chain of surfactant; it was concluded that the hydrophobic interactions and surface 
aggregation play a more important role in the adsorption of surfactants on NDs than electrostatic 
interactions between cationic pyridinium groups and the ND surface.  

Zwitterionic surfactant CAPB destabilizes NDs hydrosol at concentration more than 10-4 

mol/l. 
Non-ionic surfactants don’t influence on particle size distribution and on zeta potential value 

of NDs. Non-ionic surfactants readily adsorbed onto nanoparticles that probably result in additional 
stabilization of the hydrosol. 

The hydrosol retains its aggregate stability in the solution of SDS at a concentration of up to 
10-1 mol/l, which is above the coagulation threshold of the inorganic salt NaCl. At SDS 
concentrations above 10-3 mol/l, the negative zeta potential increases modulo; this leads to an 
increase in the electrostatic repulsion between the particles.  

Thus, anionic and nonionic surfactants stabilize the hydrosol of oxidized NDs, cationic and 
zwitterionic surfactants cause coagulation. The coagulation threshold is the lower the greater the 
surface activity of the surfactant. 
Acknowledgements This work was supported by Russian Foundation of Basic Research (project 
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IVO17 
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1Saint Petersburg State University, Russia 

nikolay.volkov@spbu.ru 

Real micellar solutions contain aggregates with different aggregation numbers [1]. These aggregates 
are very difficult to distinguish and, hence, to study separately by experimental methods such as, 
e.g., dynamic light scattering and nuclear magnetic resonance. At the same time, the methods of 
molecular modeling allow one to study transport and structural properties of separate aggregates 
with arbitrary aggregation numbers [2]. We report the results of molecular modeling of sodium 
dodecyl sulfate (SDS) aqueous solutions [3,4,5]; both salt-free solutions with different SDS 
concentrations and those containing sodium chloride and calcium chloride additives have been 
studied. The all-atom molecular dynamics simulations have been performed within CHARMM36 
force field using the MDynaMix software package. Formation of a single aggregate or several ones 
with the different aggregation numbers has been observed during the simulations. We have obtained 
the potentials of mean force for the interaction of sodium and calcium counterions with an 
aggregate [3] and for the interaction of the aggregates with each other [5]. We have found the 
dependence of the diffusivity of a premicellar aggregate with a fixed aggregation number on the 
total surfactant concentration and on the number of such aggregates in the simulation box at a fixed 
total surfactant concentration. The viscosity of the ionic micellar solution has been estimated using 
the Stokes-Einstein equation [4]. 
Acknowledgements The work is supported by Russian Science Foundation (grant 14-13-00112). 
Calculations has been performed using the resources of the Computing Center of Saint Petersburg 
State University Research park. 

 
Figure 1. Snapshot of a simulation cell containing four aggregates with aggregation number n = 32, 

128 counterions, and 12800 water molecules (water molecules are not shown in the figure) [5]. 
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Figure 2. Dimensionless mean force potential acting between premicellar aggregates with 

aggregation number n=32 in a system containing four such aggregates [5]. 
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107. 
[2] A.I. Rusanov, A.K. Shchekin and N.A. Volkov, Russ. Chem. Rev., 2017, 86, 567. 
[3] N.A. Volkov, N.V. Tuzov and A.K. Shchekin, Colloid J., 2017, 79, 124. 
[4] N.A. Volkov, A.K. Shchekin, N.V. Tuzov, T.S. Lebedeva and M.A. Kazantseva, J. Mol. 
Liq., 2017, 236, 414. 
[5] N.A. Volkov, M.V. Posysoev and A.K. Shchekin, Colloid J., 2018, 80, 248. 
  

174



SECTION IV 
 

SURFACTANTS 
(IV RUSSIAN SYMPOSIUM ON SURFACTANTS INCLUDED) 

 
Poster Presentations 

IVP1 
DEVELOPMENT THE SURFACE ACTIVE AGENT COMPOSITIONS FOR THE 

BREAKING OF WATER-IN-OIL EMULSIONS 

A.O. Adilbekova, Zh. Oteulina 
Al-Farabi National Kazakh University, Kazakhstan  

Akbota.Adilbekova@kaznu.kz 

Development the new surface-active agents used for different technologies has importance. They 
are widely applied in petroleum processing, for example during demulsification the water-in-oil 
emulsions. Non-ionic surfactants perform high demulsifying efficiency [1, 2]. There are researches 
devoted to using of non-ionic surfactants so called Tweens for breaking down the oil emulsions [3].  
Tweens refer to polymer surfactants. Hydrophilic properties of Tweens are provided with groups of 
ethylene oxide -(CH2CH2O)- and polyester of carboxylic acid, and lipophilic properties – by 
polysorbitan. These nonionic surfactants are widely used to stabilize the oil-in-water emulsions, 
therefore it has been suggested that such nonionic surfactants can be effective for breaking the 
water-in-oil emulsion, i.e. can be used for the destruction of water-in-oil (reverse) emulsions. 
Polymeric demulsifiers with rather high value of HLB can be adsorbed at the water-oil interface and 
destroy the adsorption layer of emulsifiers. 
 
Studies have shown that an increase of theHLB number is effective for demulsification. Since 
Tweens have a high HLB value, they are likely to contribute to the destruction of water emulsion in 
crude oil [3]. The use of Tweens for demulsification was interesting, since they are of natural 
origin, based on sorbitol and fatty acids from base oils: coconut oil for Tween-20, olive oil for 
Tween-80. Tweens have the property of easily decomposing in natural environments. In addition, 
they will not cause a deterioration of the quality of oilprocessed, in comparison with chemical 
reagents. 
 
At present, there is insufficient research on the demulsifying effect of Tweens for breaking of oil 
emulsions of local oilfields.In this research to study the demulsifying effect of Tweens (Tween-20 
and Tween-80 were used), 1% aqueous solutions of nonionic surfactants were introduced into the 
model emulsion with a quantity of 1 ml, the emulsion with demulsifier was mixed for 5 minutes 
with a homogenizer.The introduction of 1% aqueous solutions of Tween-20 and Tween-80 did not 
show the phase separation at 40 °C and 50 °C. Increasing the temperature to 60 °C led to the 
separation of water after 10 minutes and reached a constant amount after 120 minutes of 
observation. For model water-in oil emulsions studied the greater demulsifying effect of Tween-20 
can be explained by the difference of interfacial activity at the water-oil interface and different 
hydrophilic-lipophilic balance of their molecules. The higher the number of polysorbate, the higher 
the value of its HLB, the lower its value; the ability to create stable emulsions of o/w decreases. 
 
The demulsifying effect of the Tween compositions with the anionic surface-active substance 
sulfanol was studied. Sulfanol is a more hydrophilic surfactant than non ionic surfactant, therefore, 
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to increase the hydrophilic-lipophilic balance, the demulsifying effect of the Tween-sulfanol 
composition was investigated. In addition, sulfanol refers to a sufficiently accessible technical 
anionic surfactant. Composition Tween 20 - sulfanol was used at a ratio of 1:1 (vol.).At 50 °C, after 
10 minutes of settling, the degree of dehydration was 60% and reached 95.24% for 30-50% water-
in-oil emulsions after 100 minutes of treatment. For 60% emulsion W = 82.09%. At 60oС for 30-
50% emulsions the maximum degree of dehydration was 97.01%, and for 60% of emulsion - 
83.96%. 
 
The Tween-20-sulfanol formulation shows a greater demulsifying effect on oil emulsionsin 
comparison with individual non-surfactants. This occurs probably due to the greater interfacial 
activity of Tween-20 compared to Tween-80, and the Tween-20 -sulfanol has an additive 
demulsifying effect. 
 
Acknowledgements The financial support of was of provided by Ministry of Education and 
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IVP2 
Abstract: Synthetic hydrophobic substance - antioxidant fenozan (-� - (4-hydroxi-3, 5-di-tert-
butylfenil) propionic acid) formed the micelle suspension at aqua medium, contained salts and 
buffers (neutral pH). These suspensions were soluted to small concentrations. Fenozan and its 
derivatives were tested by DSC method with using of biological experimental on models of 
multilayer cell membranes. Suspensions influenced in concentration dependence manner to 
membranes structure. 

MICELLE SYSTEMS, CONTAINED FENOZAN OR ITS DERIVATIVES, AND ITS 
BIOLOGY ACTIVITIES 

Alekseeva O.M.1, Golochshapov A.N.1, Kim Yu.A.2 
1N.M. Emanuel Institute of Biochemical Physics of Russian Academy of Sciences, 

Moscow, Russia, +74959397409 
2Institute of Cell Biophysics of Russian Academy of Sciences, 

Pushchino, Moscow region, Russia 
e-mail olgavek@yandex.ru 

Fenozans – synthetic substances, with the strong antioxidant properties were created at 
Institute of Chemical Physics of USSR Academic of Science [1] for the successful stabilization of 
the polymer materials. One of these fenozans is the fenozan (-� - (4-hydroxi-3, 5-di-tert-butylfenil) 
propionic acid). It is the hydrophobic substance, which are solubilized at hydrophobic resins and 
polymers and saturated these materials for exploitations to much longer. Fenozan formed the 
micelle suspension at aqua medium, contained salts and buffers (neutral pH).  

It is many works, which were made at Institute of Biochemical Physics of Russian 
Academic of Science, which supported the biological active role of fenozan. Authors of work [2, 3] 
obtained the data suggested to great changes of cursory architectonics of erythrocytes membranes, 
shapes and morphology, respectively, under the impact of fenozan. After that the influences of 
fenozan to lipid structures, and to free and membrane bounded proteins were shown at work [4]. 
The investigation of effects of fenozan derivative – 4- hydroxi-3, 5-di-tert-butylcynnamic acid, on 
model of cell membranes supported the great influences in concentration dependence manner to 
membranes structure [5]. These data were corresponded with data obtained in works of Prokopov 
A.A. and coworkers [6] about metabolizing of fenozan at rabbit body to two metabolites: 2,6-di-
tert-n-benzohinon and 4- hydroxi-3, 5-di-tert-butylcynnamic acid. 

Fenozan micelle suspension at aqua medium, contained salts and buffers (neutral pH), was 
prepared at present work, that to decide, as fenozan influenced to main component of biological 
membranes – phospholipids. To fulfill this purpose we prepared the base solution of fenozan at 
ethanol. From this base solution at ethanol with fenozan concentration of 2mM we prepared micelle 
suspension with different smaller concentrations by soluted it on step by step with aqua medium, 
contained salts and buffers (neutral pH). These soluted procedures were occurred by adding of 
100mkl of micelle suspension to 900mkl of aqua medium, than this mixture was shacked 
intensively with using of Super-mixer. These suspensions with varied concentrations of fenozan we 
tested by adiabatic differential scanning micro calorimetric method DSC on models of multilayer 
cell membranes with using DASM-4 [8].. The multilayer membranes were formed as multilamellar 
liposomes [9] contained only one phospholipid dimyristoilphosphatidylcholine (DMPC). DMPC is 
synthetic phospholipid without any charges, by this fenozan easily incorporated to bilayers of these 
multilamellar liposomes and destroyed its structure as we show at [4, 5]... The more complex model 
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membranes structures, formed by natural phospholipid mixture – lecithin, were phosphatidylcholine 
primarily was contained, were change its structure so much. [7]. 

These investigations were followed by using the derivatives of fenozan [10], which were 
synthesized by Nikiforov G.A at Institute of Biochemical Physics of Russian Academic of Science. 
These substances have additional function – ability to inhibit of enzyme activity [11]. These were 
ICHFANs - hydrophobic hybrid antioxidant. Its are the substances with quaternized long chains, 
with number of carbon atoms from 8 up to 16, - alkyl halogenides alkyl-dimethyl-[β-(4-hydroxi-
3,5-di-tret-butilphenil) propionyl ethyl] ammonia halogenides. Its micelle suspension we formed by 
similar procedures as for fenozan. By DSC method we obtained data, suggested that ICHFANs can 
incorporate to DMPC membrane easily, and change its microdomain structure. And ICHFAN-16 
forms its own faze at belayer.  
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Reverse microemulsions are thermodynamically stable systems containing water pools of the 
nanometer size in an apolarsolvent. These systems are used as a medium for chemical reactions 
between reagents with different polarities, since reverse micelles (RMs) substantially increase the 
area of interface between polar and apolar liquids.[1]Computer simulations methods, especially 
molecular dynamics (MD), allows directly determining the location of the molecules of reagents 
relative to the reverse micelle and the influence of structural properties of solubilized compounds on 
it. The goal of this work is to use the MD method to describe the structure of the reverse micelles 
formed in the surfactant-water-n-decane systems and thento find out dependencies between the 
location and distribution of solubilized compounds and their structural features. 
In this work, we have considered two type of surfactant/water/n-decane systems. The one with 
theionic surfactant Aerosol-OT Na (AOTNa) and the other with the nonionic surfactant Span 80. 
Benzene and pyridine derivatives with the different number and locationof OH-groups were used as 
solubilized compounds. The selected compounds have different dipole moments and the number of 
groups capable of hydrogen bonding. A comparative analysis of their locations in the system makes 
it possible to determine the main factors affecting the solubilization of molecules in nonionic and 
ionic reverse micelles. The dependence of the distribution of molecules in the system on their 
polarity (dipole moment) and the influence of the structure of thesurfactants on solubilizationare 
also discussed. 

 
Figure 1.AOTNareverse micelle (left) and Span 80 reverse micelle (right). 

 
[1] V. R. Vasquez, B. C. Williams, and O. A. Graeve, The Journal of Physical Chemistry B, 
2011, 115, 2979  
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Template polymerization with a surfactant micelle as a template is a promising method for 
polymers with predetermined characteristics, such as molecular weight or molecular weight 
distribution of the polymer. However, it is known that the spherical surfactant micelles are small. 
Their radius and aggregation numbers are, as a rule, 2 ± 5 nm and 101 ± 102, respectively. In this 
connection, there are some questions. Will the surfactant micelles be effective as templates? Will 
this approach allow us to obtain high molecular weight polyelectrolyte? 
Thus, the aim of this work is to study the specific features of the interaction of 
cetyltrimethylammonium bromide micelles, CTAB with 2-acrylamide-2-methylpropane sulphonic 
acid molecules and dodecyltrimethylammonium bromide micelles with sodium 4-styrenesulfonate 
by capillary viscometry. 
The results of the study show that CTAB micelles grow with increasing surfactant concentration in 
solution even in salt-free media. So, if at a concentration of 100 mM, the shape of the micelles 
differs little from the spherical, as evidenced by the form factor of almost 2.5, then at a surfactant 
concentration of 400 mM, the shape factor is 8. 
At a fixed monomer / surfactant ratio, CTAB micelles increase in size with increasing surfactant 
concentration, which indicates to effective binding of monomer molecules by surfactant micelles. In 
the equimolar ratio of the components for surfactant concentrations of 150 and 200 mM, as well as 
for a double lack of monomer at a CTAB concentration of 250 mM, the maximum size of the 
formed associates is observed, the shape of the micelles becomes different from spherical. Further 
introduction of the monomer leads to structural rearrangements and a reduction in the size of the 
aggregates. 
Thus, the peculiarities of the interaction of cetyltrimethylammonium bromide micelles with 2-
acrylamide-2-methylpropane sulphonic acid molecules by capillary viscosimetry were studied, and 
the geometric characteristics of the associates formed were determined. 
For the system dodecyltrimethylammonium bromide and sodium 4-styrenesulfonate qualitatively 
similar results were obtained. 
Acknowledgements The financial support of Russia president grant МК-2017.2017.3 
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Liposomes are the spherical vesicles formed from natural and synthetic lipidsranging in size from 
20 nm to several micrometers. Due to their size and amphiphilic character, liposomesrepresentthe 
perspective systems fordelivery of the biologically active substances. There are several 
liposomalformulationson the market based on the use of individual, so-called “conventional”, 
liposomes. The use of conventional liposomes has several disadvantages such assmall internal 
volume of the container, low mechanicaland aggregative stability, etc. 
Modification of liposomes withpolyelectrolytes allows to overcome some above-mentioned 
disadvantages, but the formation of the polymer/liposome complex leads to undesirable aggregation 
in the system. In addition, adsorption of polyelectrolytes on vesicles causes a number of structural 
reorganization in the lipid membranethat can lead to a disruption of liposomalmembrane. 
Adsorption of liposomes on a surface allowsto controlthe quantity of the adsorbedliposomes, but 
the interaction of liposomes with a surface leads to the partial destruction of liposomes. 
One of the most successful approaches for concentrating of liposomes on a surface is electrostatic 
adsorption of anionic liposomes on the cationic colloidal particles(polystyrene core with grafted 
linear polycationic chains). This method allows to concentratedozens ofliposomes without the 
disruption of the liposomal structure. However, this approach assumes existence of a "soft" layer 
between a liposome and a surface, which introduces its limitations on the nature of the carrier 
surface. 
Modification of a surface of solid particles is a rather difficult task, thus the purpose of this work is 
to investigate the possibility to use a "soft" layer on a liposome to prevent the contact with the 
surfaceAnionic latex particles with a size of 350 nmwereused as a model surface. The electrostatic 
adsorption of liposomes on the latex was ensured by using the cationic (mole fraction of cationic 
lipid, ν + = 0.1) orzwitterionic liposomes (ν + = ν = 0.1). The“soft” layer was formed 
bypolyethylene glycol (PEG), thus the lipid modified with PEG was incorporated into liposomal 
membrane. The mole fraction (ν) of the PEGylated lipid in liposomes was varied from 0 to 0.1. 
We showed that the introduction of PEGylated lipid into the liposomal membrane do not change the 
basic physico-chemicalpropetries of liposomal adsorption on the latex surface. But theadsorption of 
unmodified liposomes onto the latex surface results in the disruption of liposomal structure, while 
the formation of PEGylated “soft” layerprevents the destruction of liposomes. 
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The adsorption layers of complexes between DNA and oppositely charged surfactants, 
dodecyltrimethylammonium bromide (DTAB) and cetyltrimethylammonium bromide (CTAB), at 
the solution/air interface were studied by the surface tensiometry, dilational surface rheology, 
atomic force microscopy, Brewster angle microscopy, infrared absorption−reflection spectroscopy, 
and ellipsometry. Measurements of the kinetic dependencies of the surface properties gave a 
possibility to discover the time intervals corresponding to the coexistence of two-dimensional 
phases. These observations indicate a phase transition of the first order in DNA/surfactant 
adsorption layers unlike of some transitions form homogeneous to heterogeneous adsorption films 
in mixed solutions of synthetic polyelectrolytes and surfactants. The application of a few 
experimental techniques together with the calculations of the adsorption kinetics allowed 
elucidation of the structure of coexisting surface phases and determination of four main steps of the 
adsorption layer formation in DNA/surfactant solutions. The same approach was also applied to the 
adsorption layers of the complexes between DNA and cationic polyelectrolytes. The results indicate 
strong interactions between the components in the surface layer. 
Acknowledgements This work was financially supported by the Russian Foundation of Basic 
Research and the Ministry of Science and Technology of Taiwan (joint project RFFI-MSTT no. 16-
53-52034 MHT_a). 
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Free-radical polymerization is the most common way of obtaining polymers, including 
polyelectrolytes. However, in free-radical polymerization it is difficult to control the molecular-
mass characteristics of the resulting polymers, moreover, the obtained polymers have a high 
polydispersity. Therefore, in the modern chemistry of macromolecular compounds, the 
development of new methods of controlled polymerization is becoming increasingly important. 
These methods allow to obtain polymers of a given molecular weight with a relatively narrow 
molecular weight distribution.  
A promising method for the obtaining of polymers which have high molecular weight and a low 
polydispersity coefficient is template polymerization with a surfactant micelle as a template. 
Earlier in [1, 2], the interaction of a cationic monomer with sodium dodecyl sulfate micelles was 
studied and it was shown that the monomer binds to micelles of oppositely charged surfactants and 
forms a layer of counter-ions on the surface of the micelle. On the basis of the data obtained, it was 
concluded that it is possible to carry out radical polymerization in the presence of surfactant 
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micelles and the optimal conditions of template polymerization were determined. As it was shown 
later in [3], polyelectrolytes synthesized under such conditions are characterized by lower molecular 
masses and lower polydispersity coefficients compared to polyelectrolytes obtained by free radical 
polymerization in aqueous solutions. At the same time, the general regularities of radical 
polymerization with micelles of oppositely charged surfactants as template have not been 
insufficiently studied at present. Questions related to the influence of the chemical structure of 
surfactant and monomer, monomer / surfactant concentration ratios, etc. for polymerization in the 
presence of surfactants are open, which stimulates further research in this field. 
It’s known that today there is no information about template polymerization of anionic monomers in 
micellar solutions of cationic surfactants in the literature. 
The aim of this work is studying the effect of anionic monomer (sodium 4-styrenesulfonate, SSNa), 
on the formation, structure, and local dynamics of cationic surfactant (dodecyltrimethylammonium 
bromide), over a wide range of concentrations and composition of the mixture. 
The results of the study showed that the monomer is embedded inside the surfactant micelle, and 
that can block the polymerization of SSNa. An increase in the concentration of the monomer in the 
solution leads to the formation of its associates due to the steaking interactions of the aromatic 
rings. It is assumed that at large concentrations of the monomer mixed aggregates are formed in 
which surfactant ions are adsorbed on the monomer's steaker associations due to electrostatic and 
hydrophobic interactions, shielding the double bonds of the monomer from interactions with the 
initiator. Thus, the experimental data obtained suggest that the presence of an oppositely charged 
micelle-forming surfactant in the solution will block the polymerization of the monomer. 
Acknowledgements The financial support of Russia president grant МК-2017.2017.3 
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The development of polymer composite materials modified with carbon nanotubes (CNT) is 
a prominent area of current research in material engineering and polymer science. To obtain high-
quality paint-and-varnish coatings, polymer films, plastic and rubber materials modified with CNTs, 
the nanotubes should be uniformly distributed in the volume of the polymer matrix. On the other 
hand it is well known that aggregated state of carbon nanoparticles prevents the formation of stable 
dispersions in aqueous and organic media. It makes difficult to realize a unique complex of carbon 
nanostructures properties in polymer composites. Nonionic surfactants are perspective dispersing 
agents for stable CNT dispersions preparing.  

In our previous works it was shown that the nature of the surfactants and their ethoxylating 
degree influence the quality and stabilization of dispersions obtained. Our study revealed the 
connection between polar chain contraction and the dispersing activity of nonionic surfactants. 
Ethoxylated alkylphenol was established to be the most effective dispersing agent. The optimization 
of colloid and chemical properties of CNT dispersions was carried out. The technology of polymer 
nanocomposites (epoxy materials, polyurethane foames, rubber and polyamide papers) formation 
with carbon nanotubes and nonionic surfactants had been developed. It was shown that CNTs – 
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surfactants introduction into polymer matrix leads to production nanocomposites with improved 
complex of properties [1, 2]. However, the adsorbance interaction between CNTs and nonionic 
surfactants is not well understood. The main purpose of this work is the investigation of adsorption 
interaction of nonionic surfactants with CNTs.  

The adsorption of ethoxylated (EO) isononylphenols with variable average ethoxylation 
degree on single-walled and multi-walled carbon nanotubes in aqueous solutions was studied. 
Ultrasonic treatment of carbon nanotubes in aqua media at presence of the surfactants was used. 
Adsorbance interaction between carbon nanotubes and nonionic surfactants was investigated by 
means of absorbance spectroscopy and surface tension measurements. Electrokinetic  potential 
measurements of CNT dispersions were examined by electrophoretic light scattering. 
 The character of nonionic surafactants adsorption interaction with CNT was shown to 
influence significantly by the ethoxylation degree of isononylphenols, the surface characteristics 
and the diameter of nanotubes. It has been established that the main adsorption mechanism of EO 
isononylphenols on CNTs is hydrophobic interaction of hydrocarbon radical with graphene surface 
of nanotubes. The adsorption isotherm of nonionic surfactants on CNTs according to the Gils 
classification corresponds to Langmuir type of isotherm L2, and after ultrasonic treatment it has a 
step character of type H4 (Fig. 1).  The influence of EO isononylphenols on the electrokinetic 
properties of dispersions has been revealed. It has been established that amphiphiles with the degree 
of oxyethylation of n = 8-9 substantially reduce the ζ-potential of CNT particles. It can be due to 
their adsorption on the surface of carbon nanostructures and charge shielding. The decrease in the 
value of the limiting adsorption with an increase in the degree of ethoxylation  indicates apparently 
not a horizontal orientation of nonionic surfactant molecules on CNTs, but the formation of 
nonionic surfactants hemi-micelles on the surface of nanotubes (Fig. 2).The results obtained are 
useful for the development of technology for the production of polymer nanocomposites. 

Acknowledgements. The study was supported by the Russian Foundation for Basic 
Research, project No. 17-03-00600 a. 
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Figure 1. Ethoxylated isononilphenols adsorption isotherms on carbon nanotubes 
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Figure 2. Hemi-micelles of nonionic surfactants on the surface of carbon nanotubes 
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The present work was aimed at studying of the phenosan effect on the microviscosity of microsome 
membranes of mice brain. Special attention should be paid to the change of the microviscosity of 
biological membranes when researching of the effects of antioxidants on the organism. The 
microviscosity of the lipid bilayer is closely related to the processes of oxidation, precisely with the 
physical chemical system of regulation of cell metabolism by membranes. The lipid composition 
changes take place in the process of regulation of lipid peroxidation (LPO) that in its turn leads to 
change of the membrane structure. Phenosan possessing pronounced bioantioxidant properties is of 
interest to study of the mechanism of its action on the membrane structure, as preparation with 
antioxidative activity. 
Because of phenosan is insoluble in water, it was dissolved first in alcohol, and then diluted with 
water to the proper concentration. The resulting colloidal solution of phenosan was injected 
intraperitoneally into the experimental animals. 
The change of the correlation time of the rotational diffusion (τc) of paramagnetic probes in the 
lipidic and near proteinic regions of the membranes was studied with the administration of various 
doses of phenosan. The drug reduced the microviscosity of the lipid regions of the membranes in 30 
minutes after administration. On the contrary, the changes of τc were insignificant for all doses after 
30 minutes in the near protein areas of the bilayer, and after 24 hours all doses of phenosan 
significantly increased τc (fluidity was decreased by 15-30%) compared to the control. Thus, at first 
the administration of phenosan influenced on the lipidic components of the membranes, that then 
led to the change of the microviscosity of the near protein regions of the lipid bilayer. 
It is notably that the greatest changes of the membranes fluidity are observed in the near protein 
areas, where lipid-protein interactions are most pronounced. Consequently, changes of the 
microviscosity of membranes can be associated with changes of the activity of membrane proteins. 
The experiments shown that it is necessary to take into account changes of the microviscosity of 
membranes when studying of the influence of antioxidants, with the result that can help to increase 
the effectiveness of their use at the therapy of pathologies. 
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Phthalocyanine metal complexes are known to be promising components of new photosensitizers, 
heterogeneous catalysts and sensor materials due to their high singlet oxygen generation efficiency, 
photocatalytic activity and intense absorption and emission bands, which are rather sensitive to 
coordination of the axial ligands, providing a clear spectral response towards different compounds. 
Hydrophobic nature of their tetrapyrrolic macrocycles reduces application of phthalocyanines in 
aqueous media. However, micellar solubilization allows to overcome the above limitations, as well 
as to obtain hybrid supramolecular systems with emergent properties arising from the specific 
intermolecular interactions between the surfactant assemblies and phthalocyanine molecules with 
the pronounced effects of the local parameters of the microenvironment in microheterogeneous 
systems on the photophysical properties and catalytic activity of the solubilized macrocycles [1].  
This report describes a recently observed phenomenon of extremely high dark catalytic activity of 
silicon phthalocyanine dichloride (SiCl2Pc) in oxidation of the model organic compound DPBF 
(1,3-diphenylisobenzofurane) in micellar anionic SDS solutions. DPBF itself solubilized within the 
different type surfactant micelles, including SDS, is well known to be significantly stable in dark, 
while the addition of even a small amount of SiCl2Pc solution in DMF to the micellar SDS solution 
containing DPBF results in a rapid bleaching of both DPBF absorbance and fluorescence bands. 
Micellar solutions of other surfactants tested (cationic CTAB, non-ionic TX-100, Tween-20 and 
Tween-80) demonstrated only slow photosensitized oxidation of DPBF by means of the singlet 
oxygen formation, resulting from the triplet-triplet energy transfer process from the excited 
phthalocyanine molecule to the molecular oxygen, and failed to produce any catalytic activity in 
dark. 
Moreover, other phthalocyanine metal complexes tested, such as zinc, magnesium and aluminium 
phthalocyaninates (ZnPc, MgPc and AlClPc) were also found to possess no catalytic activity both in 
DMF and in micellar aqueous solutions of different surfactants without irradiation. The oxidation 
reaction rate was found to be independent on the concentration of the catalyst and was determined 
only by the concentration of the reduced organic substrate with the signs of a typical competitive 
inhibition behavior evident from the decrease of DBPF oxidation rate in presence of another 
reducing agent, such as ascorbic acid. 
The mechanism of the oxidation processes observed is supposed to include the radical-type reactive 
species formation in air-saturated aqueous solutions containing SiCl2Pc with the axial ligands being 
crucial for the initiation stage of the chain oxidation process. The nature of the surfactant is also a 
very important factor providing a specific on-surface localization of the phthalocyanine catalyst and 
an appropriately low pH value at the anionic micellar surface, which is necessary for the formation 
of the reactive radical species. 
The above findings suggest that an appropriate choice of a solubilizing microheterogeneous system 
allows to control not only the aggregation behavior and the photophysical properties, but also the 
catalytic activity of tetrapyrrolic compounds. 
Acknowledgements. This work was financially supported by RFBR (Project 18-03-00539). 
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Linear Alkylbenzene Sulphonate (NaLAS) surfactant, used in detergent products, is often combined 
with polycarboxylate polymers that act as anti-redeposition agents and viscosity modifiers. This 
work investigates the interaction of the polymer and surfactant in an aqueous system via a NaLAS-
polyacrylate-water phase diagram at 50 ºC.  It shows the multiple effects the depletion flocculation 
phenomena has depending upon the region of the phase diagram being considered. 2H-NMR shows 
that the sizes of the multilamellar vesicle structures increase with polymer concentration. This is the 
first time that 2H-NMR has been used to probe the diffusion and anisotropy of D2O within the 
bilayers of the vesicles for such a system. 
The phase diagram, shown below, presents a micellar region at surfactant concentrations of up to 
35 wt% NaLAS and a lamellar phase plus micellar region at higher concentrations, consistent with 
previous observations by Stewart1 and Richards2. As polymer is added at low surfactant 
concentrations, between 10 and 20 wt% NaLAS, a non-birefringent phase is observed; perhaps a 
polymer rich phase resulting from depletion flocculation. At high surfactant concentrations, a 
second lamellar phase is also induced, different in bulk density from the original, again likely 
resulting from depletion flocculation of multilamellar vesicles. 2H-NMR was used to determine an 
increase in average multilamellar vesicle size as a function of polymer concentration. The 
mechanism causing this is likely a result of vesicle fusion resulting from depletion flocculation 
caused by polymer addition, as initially described by van de Pas3. 

 
Figure 1: Ternary phase diagram of the NaLAS-polycarboxylate polymer-water system at 50oC; the 
phase transitions were determined by centrifugation and cross-polarised microscopy. L1 represents 
the low density lamellar phase, L1' is the high density isotropic phase, L is the high density 
lamellar phase and L' is the low density lamellar phase. 
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N-methyl-glucamine (GAM) is a natural aminosaccharide. It is involved in various life processes 
and hence widely used in the fields of medicine and biology. In particular it is applied as a stabilizer 
of different pharmaceutical products to reduce the toxicity of gadolinium in contrast agents, as well 
as in the cosmetic industry. The creation of a metal-containing surfactant on its basis makes it 
possible to obtain a number of new advantages for this surfactant. This includes enhanced 
oxidation-reduction activity and degree of surfactant charge, increased biological activity, improved 
aggregation and adsorption characteristics. In the framework of this study, we report about novel 
highly organized systems consisting of quaternized alkylated GAM derivative. It has been 
established, that for hexadecyl homologue of GAM critical micelle concentration (CMC) value 
equals 0.7 mM corresponding to the formation of spherical micelles with the hydrodynamic 
diameter of 5 to 6 nm, while structural rearrangement occurs around the surfactant concentration of 
ca.10 mM (25 оC). We obtained for the first time the metallosurfactant complexes on the basis of 
nonquaternized alkylated N-methyl-glucamine [GAM-12(16)] and lanthanum(III) nitrate. 
Solubilization capacity of aggregates and CMC of the systems were determined by solubilization of 
a water insoluble dye Orange OT. The solubilization capacity depends on the nature of head group 
and the length of hydrophobic tail of the amphiphile (see figure 1). Hexadecyl-tailed ligand (GAM-
16) has a greater solubilizing ability than dodecyl analogue (GAM-12). For the mixture of the 
ligands with lanthanum(III) nitrate, the system properties are improved: an increase in the 
solubilization capacity and a decrease in the CMC occur. More dramatic changes in the CMC and 
solubilization capacity are observed in the case of metal complexes compared to the surfactant-salt 
mixtures. For the complex based on GAM-16, the solubilization capacity is 2 times higher than for 
traditional cationic surfactant cetyltrimethylammonium bromide (CTAB). The obtained data make 
it possible to recommend metallocomplexes with glucamine surfactants as efficient nanocontainers 
for guest molecules. 
Acknowledgements The part of work, connected with quaternized GAM, was supported by the 
Russian Science Foundation, grant number № 14-23-00073.  

 
Figure 1. Solubilization capacity of systems with respect to Orange OT, where 1- CTAB, 25 oC, 2-
GAM-12 – CTAB (1:1), 3- GAM-12 - La(NO3)3×6Н2О – CTAB (1:1:1), 4- [GAM-12×La(NO3)3] – 

CTAB (1:1), 5- GAM-16 – CTAB (1:1), 6- GAM-16 - La(NO3)3×6Н2О – CTAB (1:1:1),  
7- [GAM-16×La(NO3)3] – CTAB (1:1), 55 oC. 
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Abstract 
Gemini surfactants are a class of surface active agents having two hydrophobic chains and two head 
groups separated by a hydrocarbon linkage called spacer [1]. These surfactants are attractive due to 
higher surface activity and much lower critical micelle concentration, CMC, compared to their 
monomeric counterparts and can replace conventional surfactants in a wide range of application [2]. 
In the present study, the co-solvent effect of ethylene glycol, EG, was studied on surface and 
aggregation behavior of dodecyl betainate (s=3) and dodecyl esterquat (s=3) as gemini surfactants 
containing two main ester groups. EG was added to aqueous medium of studied surfactants at 3 
different percentages 20, 35, and 50 (v/v %) in the absence and presence of 50 mM KCl to 
investigate the electrolyte effect as well. Structural studies of aggregates were carried out through 
dynamic light scattering (DLS), zeta potential, transmission electron microscopy (TEM), and cyclic 
voltammetry (CV). Several physicochemical properties such as the critical micelle concentration 
(CMC) and interfacial properties, and morphology of aggregates were determined. The effect of 
surfactant concentration and EG on viscosity of solutions were also determined. The CMC and 
minimum area per surfactant molecule (Amin) increased with increasing % EG. The results indicated 
that all aggregations were spherical in the saline medium and different %EG. No significant effect 
of surfactant concentration was observed on the radii of aggregations in water-EG system while 
increasing %EG resulted in the formation of smaller aggregates due to the increasing the head-head 
repulsions in lower dielectric constant. For both surfactants, spherical aggregates were formed at 
water-EG system at the presence of KCl while the micellar geometry deviates from spherical, 
slightly ellipsoidal, at the absence of KCl at water-EG system. The zeta potential was decreased 
with increasing the EG ratio which is attributed to decrease of micellar hydrodynamic radii. 
Key words: Gemini surfactants, ester conaining Gemini, cosolvent effect, micellar geometry 
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Abstract 
The polysorbate 20 and polysorbate 80 are amphipathic, nonionic surfactants. The solution 
properties of nonionic surfactants are significantly diverse from those of ionic surfactants. Additives 
to nonionic surfactants solution to do change the cloud point (CP). They have very low CMC and 
are generally gentle surfactants. Colloidal behavior of polysorbates in presence of different 
additives has been studied by cloud point measurement method.  In this article, we report CP data of 
polysorbate 20 and polysorbate 80 in present of various additives.  Addition of different variant of 
salts to the solution of polysorbates decreases the CP. Further higher the valency of cation lesser is 
the depression in CP of polysorbates. Overall monovalent, divalent and mixture of divalent salts 
have large affinity to alter values of CP of polysorbates, because of their effect on water structure 
and their hydrophilicity. The effort has been made to understand the influence of various 
combinations of salts on polysorbates.  

 
Figure 1. Molecular structure of polysorbate 20 and 80. 
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Amphiphilic molecules of ionic surfactants in aqueous solutions can form elongated flexible 
aggregates known as wormlike micelles (WLMs). Topological entanglements of WLMs form 
physical network in the solution. Micelles in the network constantly break and recombine. Such 
dynamic network imparts viscoelastic properties to surfactant solutions. 

Viscoelastic solutions of WLMs are widely used as thickeners in liquids for hydro fracturing. 
Implementation of macromolecules of polymer into WLMs could improve viscoelastic properties of 
their solutions. At the same time such hybrid materials may retain their responsiveness to 
hydrocarbons that defines their application in oil industry. 

Recently, the effect of the addition of poly(4-vinylpiridine) (P4VP) on viscoelastic properties 
of the solutions of linear WLMs of potassium oleate in the presence of salt KCl was studied.1 
Solubilization of polymer by the micelles caused the drop of viscoelastic properties of the system, 
which was attributed to the polymer-induced shortening of micelles. 

Increase of salt content in the solutions of WLMs provides the transition from linear to 
branched micelles, and at high salinity formation of multiconnected network of WLMs was 
observed.2 Solubilization of the polymer macromolecules by branching points of micelles could 
result in their reinforcement and improvement of viscoelastic properties of micellar solutions. This 
effect was not previously studied in literature.  

However, solutions of hybrid WLMs with embedded polymer chains can easily phase 
separate3,4 and have limited ratio between concentrations of the components (surfactant, polymer, 
salt) for the formation of homogeneous system.1 

To investigate the effect of the variation of concentration of inorganic salt KCl on the amount 
of polymer P4VP solubilized by WLMs of the anionic surfactant potassium oleate phase diagram 
polymer-salt was plotted. Concentration of the surfactant was fixed and equaled 1.5 wt.%. 
Molecular weight of the used P4VP equaled 228000 g/mol. Concentrations of P4VP and KCl were 
varied in the ranges 0-0.5 wt.% and 1-9 wt.%, respectively. The homogeneity of the solutions was 
verified by visual inspection. 

It was shown, that the increase of the salt content provides the decrease of the concentration 
of solubilized P4VP, hence linear hybrid WLMs are able to solubilize much more polymer, than 
branched WLMs. Furthermore, the observed decrease of the amount of solubilized P4VP for 
branched WLMs was quite nonlinear. 
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3-Hydroxyquinolin-2(1H)-ones are a biologically importantclass of compounds that have attracted 
much attention inrecent years [1]. For examples, naturally occurring viridicatinand viridicatol, 
fungal metabolites isolated from penicillium species, have beenreported to inhibit the replication of 
human immunodeficiencyvirus [2]. Viridicatinalso exhibits potent selectiveactivity against 
Mycobacterium tuberculosis.Viridicatol acts as an anti-inflammatory agent by suppressing 
theexpression of pro-inflammatory mediators. Furthermore, viridicatol is a selective inhibitor of 
PTP1B, apotential drug target for the treatment of type 2 diabetes andobesity 
Although the significance of this class of compounds isobvious,they have very low solubility in the 
aqueous medium.Currently, the drug solubility enhancement techniques by formation of an 
inclusion complex are well established in the pharmaceutical industry [3–5]. In this respect, 
macrocyclic oligosaccharides, cyclodextrins (CDs), have attractive applications due to their ability 
to form inclusion complexes selectively with appropriately sized guest compounds in water with 
high affinity through supramolecular interactions like van der Waals forces, hydrophobic 
interaction, and hydrogen bonding [6–8]. 
In the present work, the solubility of viridicatin and viridicatolin aqueous solutions of three natural 
α-, β- and γ-CDs and one chemically modified 2-hydroxypropyl-β-cyclodextrin (2-HP-β-CD)was 
studied for the first time. The binding affinity of these macrocyclic receptorstowards guests was 
investigated in solution by means of UV spectroscopy and fluorescence spectroscopy. It was found 
that the increase in solubility of viridicatin and viridicatolis realized not only due to inclusive 
interactions between the guests and the hydrophobic cavity of the macrocycle, but due to the 
formation of hydrogen bonds between them.The DLS data of themixed CD–guest samples indicated 
theformation of supramolecular assemblies. 
Acknowledgements The financial support of the Russian Science Foundation (grant no. 14-23-
00073) is gratefully acknowledged. 
[1] A. Gioiello, F. Venturoni, M. Marinozzi, B.Nataliniand R.J.Pellicciari, Org. Chem., 2011, 
76, 7431 
[2] A. Heguy, P. Cai, P. Meyn, D. Houck, S. Russo, R.Michitsch, C.Pearce, B. Katz, G. 
Bringmann, D. Feineis, D.L. TaylorandA.S. Tyms,Antiviral Chem. Chemother., 1998, 9, 149. 
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The problem of drugs transport in a bioavailable form is undoubtedly relevant. Bioavaibility 
is generally determined by drugs ability to permeate through membranes and water solubility. The 
most part of drugs is poorly soluble in water, so it is important to develop new approaches to 
transfer of lipophilic drugs in water media based on effective nanoscale carriers. Such carriers may 
be micelles of surfactants, vesicles, nanosomes, nanosize Ag and Au particles [1, 2]. The efficiency 
of drugs immobilization depends on their adsorption at the surface of carries, so the monolayers of 
lipophilic drug – felodipine (F) at interfaces modeling the different surfaces of carries were 
investigated.  

The adsorption isotherms of felodipine Г(с) from heptane solutions at heptane/water 
interface and on silver surface were obtained using pendent drop method and piezoelectric 
technique [3]. The concentration range of F solutions was c = (2,13∙10−5 – 4,26∙10−4)M. Felodipine 
monolayers applied to the water surface  from heptane were investigated using Langmuir method.  

It is established that the state of F monolayers at heptane/water interface obeys Van-Laar 
equation. This fact demonstrates the absence interaction between the adsorbed molecules in 
monolayer. The area per F molecule in saturated monolayer at the interface (Sm) is 0,47 nm2. The 
standard Gibbs energy of adsorption (ΔG0) for felodipine was calculated (ΔG0 = -29,4 kJ∙mol−1).  

The felodipine was dissolved in heptane and spread on the water surface of Langmuir 
trough. The surface pressure vs area per F molecule unit (π-A) Langmuir isotherm was obtained. 
The calculation of elastic modulus ε = -A(dπ/dA) from π-A isotherm permitted to determine the 
phase transition from G-film to LE-film at π = 1,5 mN∙m−1 and A = 0,50 nm2. The A value is close 
to area per F molecule in saturated monolayer at heptane/water interface Sm. 

The formation of adsorption F layer on silver surface is a result of coordination (donor-
acceptor) interaction. The fraction (X) of modified silver surface was calculated using molecular 
theory of heterogeneous surfaces wetting and Cassie-Baxter equation [4].  At low concentration (c = 
2,13∙10−5M) the degree of coverage of a silver surface (X) is only 0,15. In the range of 
concentrations c ≥ 5,33·10−5M  the X values increase to 0,8-0,9. The free surface energy (γS) of 
modified silver surface including dispersive (γS

d) and polar (γS
p) components were calculated using 

two-liquid method and Owens-Wendt-Kaelble approach [4]. The method enables to determine the 
γS as the sum of polar γS

p and dispersive γS
d components contributions using two different (test) 

liquids. The test liquids (water and diiodomethane) were used. It is established that the γS values are 
(38-40) mJ∙m−2 and independent from F concentration in solution for c ≥ 5,33·10−5M.  

The adsorption isotherm of felodipine on silver surface was obtained using Quartz Crystal 
Microbalance (QCM) [3]. The isotherm has an inflection point at the F concentration c = 
1,07∙10−4M and the adsorption value (Г) 5,1·10−6 mol∙m−2. The area per F molecule on silver 
surface is 0,45 nm2. This value is close to the area per F molecule in saturated monolayer at 
heptane/water interface and to area A, corresponding to the phase transition in the Langmuir 
monolayer. The Гm value on silver is 8·10−6 mol∙m−2 (Sm = 0,20 nm2). The type of isotherm 
indicates formation of F bilayer on silver surface which is probably due to hydrogen bonds between 
felodipine molecules. Accounting for intrinsic size of the F molecule allows to suppose that on the 
investigated interfaces the molecules are oriented at an angle to the surface. 
[1] G.H. Sagal, M.A. Arunagirinathan, J.R.Bellare, J. Experimental Biology, 2007, 45, 135. 
[2] M. Samykano, S. Trigueros, J. Nanomedicine Research, 2016, 4, 1. 
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Fe3O4 nanopowders drew a lot of attention recently because of different unique properties they 
possess, i.e. cheapness, physical and chemical stability, biocompatibility and elocogical safety [1, 
2]. Specifically, Fe3O4 nanopowders are used as the electronic ink component in the electrophoretic 
displays. Precipitation method of the synthesis allows to obtain stabilized nanoparticles with 
descent size distribution. Main difficulties of this method are bound with the prevention of the 
aggregation of the obtained nanoparticles. Colloid particles and clusters stabilization can be reached 
with the ligand molecules, and surface-active substances (surfactants) are used for this purpose [3, 
4]. One of the most common surfactant for the Fe3O4 nanopowders production is the oleic acid [5]. 
Main aim of the present work was to study the surface properties of the Fe3O4 nanopowders 
obtained by the chemical precipitation from the solution using oleic acid as surfactant. For the 
achieving of this goal two samples of the Fe3O4 nanopowders have been synthesized: one sample 
with oleic acid as the surfactant and the second as the control one [6, 7]. 
XRD data confirmed that Fe3O4 without other mineral phases has been obtained throughout 
synthesis. IR-spectroscopy showed that modified nanopowder has characteristic absorption bands of 
the oleic acid at the specter. Also, modified nanopowder demonstrates hydrophobic properties, 
which also confirms the presence of the oleic acid at the surface. 
According to the results of the low-temperature adsorption of nitrogen, Fe3O4 nanopowder obtained 
without surfactant has specific surface area value of 153.3 m2/g. Sorbtion isotherm of this powder 
belongs to the mixed type. Absorption branch can be considered belonging to the II type, which is 
typical for the macroporous materials. Desorption branch can be considered belonging to the IV 
type. This type of isotherm is associated with the capillary condensation in mesopores. Also the 
hysteresis loop is presented at the isotherm. These conclusions are confirmed by the distribution 
curves of the pore size, which point out at the presence of the mesopores with ~ 9 nm size in the 
studied powders. Hysteresis loop form indicates that the powder havs the slit-like pores. Specific 
pore volume has the value of 0.338 cm3/g. 
Fe3O4 nanopowder modified with oleic acid has specific surface area value of 105.2 m2/g. 
Absorption curves belong to the type II, which is typical for the non-porous samples. Mild 
hysteresis loop and the distribution curves of the pore size indicate at the presence of the micro- and 
mesopores with average size of ~ 2nm. Hysteresis loop form indicates at the presence of the slit-like 
pores. Specific pore volume has the value of 0.427 cm3/g. 
Results of scanning electron microscopy (Fig. 1.) showed that the powders consisting of 
nanoparticles with size less than 10 nm were obtained. The addition of oleic acid reduces 
aggregation. 
According to the results of the work, the following conclusions can be drawn. The method of co 
precipitation from solutions allows to obtain nanopowders with particle size less than 10 nm. The 
addition of oleic acid reduces particle aggregation. Oleic acid is adsorbed on the surface of the 
obtained particles, making it hydrophobic. These properties of the nanopowders make them suitable 
for use as electronic inks for electrophoretic displays. 
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Figure 1. Microstructure of Fe3O4 nanopowders: a – without surfactant, b – with surfactant. 
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Currently, microemulsions are widely used as carriers of drugs that provide their protection from 
various types of degradation, increase bioavailability, reduce the dosage and minimize side effects. 
The correct selection of components of microemulsions is critical, since they must answer criteria 
of high efficiency of the systems, low toxicity and patient acceptability. 
In the present work, we aimed at the formation of microemulsions based on biocompatible 
components with a high content of the aqueous phase to increase the solubility of the biologically 
active substances of heterocyclic series. As the basis of microemulsions nonionic surfactants are 
used, whose application is approved in medicinal and pharmacological practice, namely, Tween 80, 
Brij 35, Pluronic F127 and Tyloxapol. Decan, scvalen and oleic acid have been chosen as oil phase. 
Optical spectroscopy is used to quantitatively characterize solubilization capacity of 
microemulsions with widely varied water-oil ratio with respect to a known anti-inflammatory drug 
indomethacin and a novel compound containing pharmacophore fragments 1-[5- (4-chlorophenyl)-
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3-phenylpyrrole-2-yl)] benzimidazole-2 (3H) -one (PBI). The properties of the microemulsions 
were compared with the behavior of micellar solutions of Twin-80.  

 
Indomethacin 

 
PBI 

Figure 1. Structural formulas of the drugs 

The quaternary oil-in-water microemulsion water/oleic acid/Tween 80/ ethanol has been obtained, 
which increases the solubility of indomethacin by more than two orders of magnitude, and the PBI 
by three orders of magnitude compared to that of water.  
Acknowledgements The financial support of the Russian Scientific Foundation (project No 14-23-
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Cationic surfactants find wide use in the solution of various practical problems and are applied in 
different areas of industry, medicine and agriculture. Innovative developments induce tasks of 
searching for new surfactants that act under mild conditions in a low concentration range, possess 
large solubilization capacity and demonstrate biological activities.  
In the present work the number of carbamate-bearing surfactants were first obtained and 
characterized. The structural formulas of  these compounds are given below.  

 

 

 

R = Bu, Et 

n = 14, 16, 18 
 

Вy means of complex of physical chemistry methods (tensiometry, conductometry, optical 
spectroscopy, dynamic light scattering) general parameters including critical micelle concentration, 
Krafft point, degree of counterion binding, aggregation numbers and size of micelles have been 
determined. It was found that the solubilization effect of carbamate-bearing surfactants toward 
hydrophobic spectral probes (dye Orange OT) and drugs (indometacine, bibenzimidazole) exceeds 
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the effect of the analogical alkyltrimethilammonium bromide by a factor 2-4. Probably surfactants 
in study are capable to initiate additional solubilization mechanisms (namely hydrogen bonds), 
which are responsible for the enhanced solubilization capacity. It have been shown that the 
introduction of the carbamate fragment into the cationic surfactant molecule provides a reduction in 
the level of toxicity, bringing it closer to the category of low-toxic substances, and guarantees high 
bacteriostatic and fungistatic activity as demonstrated in test strains of Staphylococcus aureus, 
Escherichia coli, Bacillus cereus, Trichophyton mentagrophytes var. gypseum, Candida albicans. 
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Polymerization of self-assembled monomeric amphiphilic molecules in polar media lead to obtain 
comb-shaped polymers. This polymers form macromolecular nanoobjects (polymerized micelles or 
«polysoaps») in aqueous solutions that exist in a conformation similar to micelles of low molecular 
weight surfactants. Such polymerized micelles differ from monomeric aggregates with greater 
stability when changing the parameters of the solution. In the present work such micelle-forming 
polyanions were obtained by free-radical polymerization of sodium N-acryloylaminoundecanoate. 
The obtained objects were characterized by the methods of viscosimetry, dynamic light scattering 
and size-exclusion chromatography. 
Polymerized micelles with more stable shape and size, not only in aqueous media, but also in 
organic solvents, can be obtained by chemical crosslinking in the micelle core during the 
polymerization stage. This is realized due to the copolymerization of the monomeric surfactant with 
the bifunctional comonomer (cross-linking agent) solubilized in the micelle core. 
The use of anthracene derivatives as a crosslinker allows one to control its localization and quantity 
in the composition of the macromolecular nanoobject by spectro-photometric and spectro-
fluometric methods.  
Polyanionic polymerized micelles were used as the basis for the formation of polyelectrolyte-
colloid complexes, when they interact with opposite charged substances. The most complicate case 
is the interaction «polysoaps» with amphiphilic substances due to the uncertain combination of 
hydrophobic and electrostatic forces. The preparation of such polyelectrolyte-colloid complexes 
was studied in detail by conductometry, turbidimetry and tensiometry methods. 
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Metallophthalocyanines are second-generation photosensitizers that have a structural resemblance 
to porphyrins and exhibit signicant properties such as intense brightness, high thermal and chemical 
stability, and high efficiency in electron transfer [1]. In an aqueous medium, owing to the presence 
of a large hydrophobic macrocyclic skeleton, metallophthalocyanines have a tendency to stack to 
form dimers or larger aggregates [1–3]. This aggregation of metallophthalocyanines has a direct 
effect on their photophysical properties, rendering a normally active photosensitizer inactive via 
self-quenching and hence reducing its efficacy for the application of photodynamic therapy. 
One way to circumvent the aggregation phenomenon is by incorporating the phthalocyanine into 
other self-aggregating systems such as micelles [1]. 
The development of nano- and biotechnologies requires the augmentation of the information 
database of the properties of new-generation cationic surfactants, which are widely used as 
antimicrobial agents and drug carriers due to the high affinity of their head groups for negatively 
charged biological substances, such as phosphate anions of nucleic acids, membrane surfaces, etc. 
These surfactants comprise alkyltriphenylphosphonium bromides, which contain sterically large 
triphenylphosphonium head groups.  
In the present article, the aggregation–disaggregation behaviour of octa-[(4’-benzo-15-crown-5) 
oxy]phthalocyanine magnium (MgPc) are studied in aqueous medium of аlkyl (С8-, C12-, C14- and 
C16-) triphenyl phosphonium bromides. Steady-state absorption and emission were employed. 
In the premicellar region, surfactant-induced aggregation of the probe molecules is dominant. 
Above the critical micellar concentration (CMC), MgPc fully disaggregates into monomers but the 
tendency of MgPc to undergo monomerization increases with a decline in the compactness of 
cationic micelles. This change in the photophysical properties of MgPc in cationic surfactants is 
probably because of hydrophobic and electrostatic interactions of MgPc with the surfactant, which 
affect the aggregation–disaggregation behaviour MgPc. 
Intense absorption band (ε~(2.5–3)×10-5 l/mol×cm) at 683 nm in solution of the surfactant (at 
c≥CMC) indicate presence of monomeric form of the MgPc, similar to the solutions with sodium 
dodecyl sulfate [2, 3]. Increase of optical density corresponds with the Beer–Lambert–Bouguer law 
in concentration range of the MgPc from 5.0×10-7 to 6.0×10-6 М. 
This work was supported by RFBR grant 18-03-00743-а.  
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82, 856. 

[3] Goldshleger N.F., A.S. Lobach., V.Yu. Gak, I.P. Kalashnikova, V.E. Baulin V.E., A.Yu. Tsivadze  

Fiz. Khim. Pov. i Zashch. Mat. 2014, 50, 496. 

  

198



IVP23 
EFFECT OF OLEIC ACID ON THE FORMATION OF LECITHIN-BASED 

MICROEMULSION 
E.S. Trofimova, N.M. Murashova, E.V. Yurtov  

D. Mendeleyev University of Chemical Technology of Russia, Russia 
e-mail: namur_home@mail.ru 

The development of directional drug delivery systems is one of the promising areas of application 
of nanostructured materials for medicine. Such systems can be liposomes, micelles, 
microemulsions, lyotropic liquid crystals and other nanostructures constructed from surfactant 
molecules. Because lecithin is a well-known biocompatible surfactant, lecithin-based structures are 
perspective functional nanomaterials for medicine [1]. 
Due to the presence of aqueous and organic phases, microemulsions are "universal solvents" 
capable of simultaneously including hydrophilic and hydrophobic substances. Microemulsions have 
a much larger internal volume of droplets compared to micellar systems, which provides a greater 
solubilization capacity of such systems. Lecithin-based microemulsions with biocompatible 
components can be used as carriers for drug delivery [2]. 
In the ternary lecithin-oil-water systems, i.e. in the absence of a second surfactant (co-surfactant), 
lecithin does not form a microemulsion; organogel formation takes place at small amount of water 
[3]. To form a microemulsion in lecithin-oil-water systems, the presence of a second specially 
selected surfactant is required. Formation and structure of microemulsions were investigated in the 
system lecithin - 1-propanol - water - hexadecane [4]. Presence of caprylic acid or 1-butanol causes 
an expansion of the one-phase region in the lecithin - n-hexane - water system toward higher 
concentrations of water: from Wcr=5 for the lecithin gel without cosurfactant to Wcr=30, which is 
typical for microemulsion [5]. The formation of microemulsion is explained by a decrease in the 
rigidity of the lecithin monolayer and by a change of the packing parameter of lecithin molecules in 
the presence of the cosurfactants [6]. 
The purpose of this work is to study the effect of biocompatible cosurfactant oleic acid on the 
formation of lecithin-based microemulsions. 
Effect of oleic acid on the value of upper (by water content) boundary of single-phase region (Wcr) 
in the system lecithin - oleic acid - dodecane - water was investigated at 25 °C. The Wcr 
dependence from the ratio of molar concentrations of the cosurfactant (oleic acid) and the surfactant 
(lecithin) is shown in Fig.1. 

 
Figure 1. Wcr values as a function of ratio [oleic acid]/[lecithin] for the system Lecithin+Oleic 

acid/Dodecane/Water. Initial lecithin concentration in the samples 10 wt.%.  T=25˚C. 
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We can determine three regions on the curve (Fig.1). 
1. Region of low concentrations of oleic acid, in which the ratio [oleic acid]/[lecithin] is less than 
0.1. The growth of Wcr from 3.0 to 7.0 is observed in this region. The samples are gel-like. 
2. Region of medium concentrations of oleic acid, in which the ratio [oleic acid]/[lecithin] changes 
from 0.1. to 0.6. It is a transition region between the regions 1 and 3. 
3. Region of high concentrations of oleic acid, in which the ratio [oleic acid]/[lecithin] changes 
from 0.6. to 1.2. The values of Wcr  in this region is higher than 15. The samples have low 
viscosity, which is typical for microemulsion. 
In the region 3 (Fig.1) the growth of Wcr values to 38 and the subsequent reduction to 16 takes place 
with increasing of the concentration of oleic acid. Maximum water solubilization in the 
microemulsion is found at [oleic acid]/[lecithin]=0.9, it corresponds to water concentration 8.4 wt. 
%. 
Flow curves of the samples with the equal water content (W=5.0) and different ratios [oleic 
acid]/[lecithin] are studied. All the samples are non-Newtonian fluids; their viscosity reduces with 
the increase of shear rate. At low shear rates a significant decrease of viscosity with the growth of 
the ratio [oleic acid]/[lecithin] is observed. For example, at shear rate 3.0 s-1 viscosity of the 
organogel without oleic acid is equal to 22.8 Pa•s; for the samples with [oleic acid]/[lecithin]=0.1, 
0.2 and 0.4 its value is 2.2, 1.4 and 0.53 Pa•s respectively. These flow curves demonstrate the 
gradual destruction of three-dimensional network of the organogel and the transition to droplet 
structure of the microemulsion with the growth of the concentration of oleic acid. 
Micro- and nanostructure of the samples in the system lecithin – oleic acid – dodecane – water was 
investigated by dynamic light scattering (DLS) technique. In all the samples only nanometer-sized 
aggregates were present; no micro-particles were found. According to dynamic light scattering data 
(particle size analyzer Zetasizer Nano ZS, Malvern, UK), the hydrodynamic diameter of 
microemulsion droplets at [oleic acid]/[lecithin]=0.9 at 25 ° C is approximately 5,2 ± 0,4 nm. 
So, the presence of oleic acid at low concentrations ([oleic acid]/[lecithin]≤0.1) leads to the increase 
of Wcr values and to the decrease of viscosity of lecithin organogels. The growth of the ratio of 
molar concentrations of oleic acid and lecithin causes the expansion of the single-phase region and 
the gradual transition from reverse cylindrical micelles of organogel to droplets of microemulsion. 
At [oleic acid]/[lecithin]>0.6 microemulsion with low viscosity exists in the system lecithin – oleic 
acid – dodecane – water. 
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Pluronic F127 was modified by introducing PNIPAM at both the PEO ends and the 
pentablock copolymer so prepared were characterized by GPC and NMR. The DP of NIPAM 
blocks at the two ends was 41. The solution behavior and microstructure of this copolymer in water 
and aqueous salt solution was examined by UV-Visible spectroscopy, micro differential scanning 
calorimetry (Micro-DSC), scattering techniques like Dynamic light scattering (DLS) and Small 
Angle Neutron Scattering (SANS) and compared with F127. The adsorptions of a double thermo-
sensitive pentablock terpolymer, PNIPAM41-F127-PNIPAM41 (here with PN127), on hydrophobic 
gold surfaces at various temperatures were investigated by using quartz crystal microbalance 
(QCM). Two lower critical solution temperatures (LCSTs) were observed for pentablock 
copolymer, corresponding to PPO and PNIPAM blocks, respectively. DLS studies show that with 
increase in temperature the size of micelles increases and also with increasing salt concentration. 
SANS measurements were used to find out the temperature-dependent structural evolution of 
micelles in aqueous of the pentablock copolymer.  
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The interaction of cinnamic acid (CA) and its analogues viz. p-coumaric acid (PCA) and 
caffeic acid (CFA) with core-shell micelles of a moderately hydrophobic Pluronic® P123 has been 
investigated using cloud point (CP), viscosity, dynamic light scattering (DLS), small-angle neutron 
scattering (SANS) and steady-state fluorescence measurements. These solubilizates alter micellar 
behaviour of copolymer solution dependant on their hydrophobicity. P123 micelles exhibit time-
dependent restructuring and growth processes and at different rates which is pH dependent and 
responsive to the presence of a salt. Observed results demonstrate that restructuring and growth of 
polymer micelles can be tuned with ease upto a substantial extent just by changing the 
concentration of the additives and the pH of the solution. Considering the medical applications of 
cinnamic acid and its analogues and of Pluronic® in drug delivery systems, the present study can 
provide important insight of the possible time-dependant delivery mechanism of drugs. 
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Surfactant-based nanostructures, such as microemulsions, are used in extraction and separation 
processes. The method of microemulsion leaching was proposed to extract metals from solid phase 
by using extractant-containing microemulsions, for example microemulsions of sodium bis-(2-
ethylhexyl)phosphate (NaDEHP) containing the extractant bis-(2-ethylhexyl)phosphoric acid 
(DEHPA) [1,2]. In this work the effect of DEHPA on physicochemical properties of microemulsion 
in the system NaDEHP – decane – water was studied.  
Microemulsion in the system NaDEHP – DEHPA –kerosene – water has a wide region of existence. 
The maximum solubilization capacity of water was observed at DEHPA concentration in 
DEHPA+NaDEHP mixture 6 molar %. The structure of the microemulsion was determined from 
the specific electrical conductivity data. The electrical conductivity of microemulsions increases 
with water concentration. The structural transition from reverse microemulsion with isolated 
droplets to percolated reverse microemulsion was observed at water to NaDEHP molar ratio W ≈ 8. 
It was also found that an electrical conductivity of microemulsion decreases at DEHPA 
concentrations more than 6 molar % in DEHPA+NaDEHP mixture.  
Microemulsion droplet sizes were studied by using dynamic light scattering method. It was 
observed that the hydrodynamic diameter d of droplets increases linearly with increasing the water 
content. It is varied from 6 to 10 nm in a range of values of W from 10 to 25 in the system NaDEHP 
– decane – water. It was observed that the slope of linear equation d = f(W) is dependent on DEHPA 
concentration in the microemulsion. The line d = f(W) has a kink at W ≈ 7 for microemulsions 
containing 6 molar % or more DEHPA in DEHPA+NaDEHP mixture.  
The microstructure of water in microemulsion droplets was investigated by using FT-IR 
spectroscopy. Water molecules in microemulsion droplets exist in three states: bound water that 
solvates head groups of the surfactant; trapped water located between hydrocarbon chains of the 
surfactant; bulk water in the core of microemulsion droplets [3]. It was found that the molar fraction 
of bound water in the system NaDEHP – DEHPA – decane – water decreases with increasing the 
W. It becomes equal to 46,5-47,5 molar % near the maximum solubilization capacity of water in 
microemulsion independently of the DEHPA concentration. The maximum of the molar fraction of 
bound water was observed at DEHPA concentration 6 molar % in DEHPA+NaDEHP mixture. 
On the basis of the experimental data it was concluded that DEHPA has a various effect on 
physicochemical properties of the microemulsion in the system NaDEHP – DEHPA – decane – 
water depending on its concentration. DEHPA acts as a cosurfactant at concentrations less than 6 
molar % in DEHPA+NaDEHP mixture. DEHPA molecules are embedded in a surfactant monolayer 
therefore the molar fraction of bound water in microemulsion droplets is increased, the region of 
existence of microemulsion is expanded and the slope of linear equations d = f(W) is decreased. At 
the same time DEHPA acts primarily as a cosolvent at concentrations 6 molar % or more in 
DEHPA+NaDEHP mixture. In this case a part of NaDEHP molecules transfers into a bulk organic 
phase from an interfacial boundary. This leads to decreasing the molar fraction of bound water in 
microemulsion droplets, narrowing the region of existence of microemulsion, decreasing the 
specific electrical conductivity of microemulsion and increasing the slope of equations d = f(W).  
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This work concerns with the calculation of transport coefficients for Lennard-Jones (LJ) fluid and 
sodium dodecyl sulfate (SDS) micellar solution (see Fig.1). In particular we calculated the 
viscosities of the mentioned fluids and the diffusion coefficients of various species (LJ particles, 
sodium counterions, surfactant aggregates, water molecules). The diffusion coefficients and shear 
viscosities were calculated using the Green-Kubo formulas, i.e. by integrating the velocity (see 
Fig.2) and pressure autocorrelation functions. The all-atom molecular dynamics simulations have 
been performed within CHARMM36 force field [1] using the MDynaMix software package [2]. 
The SDS system we have modeled contains 32 molecules of surfactant and 3200 water molecules. 
Simulations have been carried out in the NPT statistical ensemble at the temperature of 298 K. The 
value of the diffusion coefficient for sodium counterions obtained using the Green-Kubo formula 
has been presented in paper [3]. 
Acknowledgements The work is supported by Russian Science Foundation (grant 14-13-00112). 
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State University Research park. 

 
Figure 1. Snapshot of the simulation cell containing one aggregate with aggregation number 

n=32, 32 counterions, and 3200 water molecules (water molecules are not shown in the figure). 

 
Figure 2. Velocity autocorrelation function for sodium counterions in aqueous SDS solution. 
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Drug nanocontainers based on macrocyclic compounds and surfactants have great prospects in 
modern technologies due to simplicity of synthesis, composition uniformity, low toxicity, 
biocompatibility, and high efficiency of drug encapsulation [1]. In this study the aggregation 
behavior of dicathionic surfactant with vinylbipyridinium fragments in the head group and n-
hexadecyl tail (VBP-16) was investigated in the pure state and in admixture with the 
calix[4]resorcinol containing N-methyl-D-glucamine groups on the upper rim and sulfonate groups 
on the lower rim (GCR). 
An important feature of the VBP-16 is the ability to isomerize under the influence of UV-light. UV-
irradiation leads to transition from trans-form to cis-form, and further irradiation leads to the 
formation of an additional product of hydrolysis of VBP-16. This is proved by changing the UV 
spectra of solutions. 
The values of the critical aggregation concentration (CAC), obtained by tensiometry and 
solubilization study of the hydrophobic dye, for irradiated VBP-16 are slightly lower than for the 
trans-form. The likely cause of this decrease in CAC is the appearance of a hydroxyl group as a 
result of the hydrolysis product of a double bond of VBP [2]. The value of CAC, obtained by 
conductometry, for an irradiated solution is much higher than for an unirradiated solution. This can 
be explained by the fact that in solution after UV there is a significant amount of cis-form of 
cationic surfactant, of which the CAC is higher than that of the trans-form [3]. The method of 
dynamic light scattering (DLS) confirms the formation of micellar structures of various sizes 
depending on the content of surfactants in the aqueous medium. 
The encapsulating properties of vesicular systems based on VBP-16 and GCR were also 
investigated. A hydrophilic Rhodamine B was used as a label probe. The system based on irradiated 
VBP-16 has a capsulation capability 2 times greater than that of a system with conventional VBP-
16. The mixed 0.5mM GCR – 1mM VBP-16 system after UV irradiation have the maximum 
encapsulation efficiency equal to 92%. The DLS results for this system show spherical aggregates 
with an average diameter are 80 nm. The stability of the vesicles is confirmed by the high absolute 
value of the zeta potential (-37 mV). The encapsulation efficiency of hydrophilic molecule (92 %), 
the optimal size and stability of vesicles suggest that they can be used as drug delivery systems. 
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In the framework of this study the capability of cationic imidazolium-containing surfactants bearing 
hydroxyethyl moiety and hydrophobic tail (IC-n) with various number of carbon atoms (14, 16, 18) 
to interact with bovine serum albumin (BSA) has been investigated by different physico-chemical 
methods (tensiometry, dynamic and electrophoretic light scattering, spectrophotometry, 
fluorescence spectroscopy). All experiments were performed at a varied surfactant concentration 
and fixed concentrations of BSA (0.05% w/w). Using tensiometry the existence of two critical 
points at surface tension isotherms for surfactant/BSA binary systems has been shown. The first one 
reflects the formation of surfactant-BSA complexes, the second inflection corresponds to the CMC 
of an individual surfactant. The addition of BSA to IC-18  does not affect the critical micelle 
concentration. It has been established, that the addition of BSA leads to a pronounced synergistic 
effect resulting in the reduction of the concentration of aggregate formation by 10-15 times. 
Size and charge characteristics of IC-n/BSA binary systems are estimated by dynamic and 
electrophoretic light scattering technique. It has been shown, that the formation of surfactant-protein 
complexes occurs at lower surfactant concentrations as compared with aggregates formation in 
surfactant individual systems. The size of particles formed remains constant in all studied 
concentration range of surfactants (10-12 nm) and is mainly determined by the size of the 
polypeptide. Estimation of the zeta potential of surfactant-protein binary systems has showed, that 
electrostatic mechanism of binding occurs for these systems, which is expressed in the change of 
the zeta potential from the negative (-15 mV) to positive values (+15 mV). Using fluorescence 
spectroscopy it has been shown that amphiphile addition results not only in a quenching of 
fluorescence, but in the shift of fluorescent band to short-wave region. Luminescence decrease with 
amphiphile amount is often observed in the case of BSA/cationic amphiphiles binary systems and is 
the evidence of binding of components. Using synchronous fluorescence spectroscopy it has been 
revealed, that in all cases the binding of the components occurs predominantly through the 
tryptophan amino acid residues of the protein. The degree of binding of surfactant and BSA through 
tyrosine amino acid fragment is much lower and occurs only beyond the critical concentration of 
association.Solubilization ability of surfactants-BSA binary systems was evaluated by 
spectrophotometry with the use of hydrophobic dye Orange OT. In the binary system there is no 
dye dissolution until cmc value, after which sharp increase in Orange OT solubility occurs for all 
IC-n/BSA binary systems. It has been established, that solubilizing capacity for 
surfactant/polypeptide systems are higher, than for individual surfactant solutions in all cases. 
Calculated solubilizing power values for IC-n/BSA binary systems are 0.015, 0.018 and 0.035 
moldye/molsurfactant for IC-14, IC-16 and IC-18, respectively. 
Acknowledgements The financial support of Russian Foundation for Basic Research (project № 
18-33-00144). 

 
Figure 1. Chemical structure of imidazolium-containing surfactants IC -n (n = 14, 16, 18). 
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The mixed systems of natural and synthetic polyelectrolytes (PE) with oppositely charged micelle-
forming surfactants are complex self-assembly systems which composition and structure are 
determined by the nature and mutual influence of PE and surfactants. Herein, the influence of a 
weak polyelectrolyte of polyacrylic acid (PAA, at a low degree of ionization) on the aggregation 
capacity of amphiphile at varying concentrations of polyelectrolyte (1, 3, 5 mM) has been studied. 
The N-hexadecyl-N-hydroxyethylpyrrolidinium bromide (C16HPB) was chosen as an amphiphilic 
component (figure 1). Two breakpoints in surface tension isotherms of the C16HPB-PAA binary 
systems can be observed, one of which corresponds to critical aggregation concentration (CAC1), 
whereas the second one is related to CAC2. The second breakpoint in the concentration dependence 
of the surface tension becomes more pronounced as the concentration of PAA increases. It was 
shown that CAC1 (0.02 mM) of PAA- C16HPB systems (PAA with a molecular mass of 1800 
g/mol) is an order of magnitude lower than the critical micelle concentration of an individual 
micellar solution of C16HPB (0.42 mM) obtained by tensiometry. The greatest synergistic effect of 
the interaction of the components is observed at a minimum concentration of PAA (1 mM). 
Addition of higher concentrations of PE shifts the CAC to a higher concentration of surfactant 
(0.035 mM). The hydrodynamic diameters of both individual C16HPB and mixed C16HPB-PAA 
systems were obtained by dynamic light scattering. The hydrodynamic diameter of individual 
C16HPB aggregates ≤ 5 nm at the whole concentration range, and the PAA macromolecule is ~ 250 
nm. Before CAC1, the addition of PAA to the C16HPB solution leads to the formation of aggregates 
with a size of 94 nm and 71-77 nm near CAC region. The particle size decreases to 35 nm at the 
concentration higher CAC. The decrease of the size of C16HPB-PAA aggregates indicates that the 
surfactant causes compaction of the polyelectrolyte chain, gradually compensating for its charge as 
surfactant-DNA systems. The compensatory change in the zeta potential of the mixed system 
confirms the complexation of the components through the electrostatic mechanism, despite the low 
ionization degree of PAA. 
 

  PAA               C16HPB 

Figure 1. The structural formulas of surfactant and polyelectrolyte 
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Block Copolymers are important for researchers and implementers in the field of science and 
medicine. They play a central role in varied applications such as drug delivery, medical imaging, 
personal care, microfluidics and nanotechnology. 
Poly(ethylene oxide)-Poly(propylene oxide)-Poly(ethylene oxide) tri-block copolymers (PEO-PPO-
PEO), known as Pluronics®(BASF), have been the subject of intense research in 21st century. Many 
Pluronic® block copolymers are approved by FDA for medical applications and listed in US and 
British pharmacopoeia as pharmaceutical excipients. Pluronic® polymers because of two 
imcompatible blocks in their molecules self-assemble in selective solvents and form micro-domain 
in solid state. It show surface activity and form micelles with core consisting of hydrophobic PPO 
block surrounded by an outer shell of the hydrophilic PEO end blocks above the critical micelle 
concentration(cmc) or critical micelle temperature(cmt) in water. 

> CMT

> CMC

drug

Pluronic
molecules

PPO Core
PEO Shell

Pluronic core-shell micelle Drug loaded 
Pluronic micelle

<  10- 20 nm
<  15nm - 25 nm

 
In this talk, the solubilization and release of some model hydrophobic drugs like Curcumin, 
Lamotrigine and Quercetin in nanomicelles of Pluronics and its binary mixtures will be discussed. 
The solubilization capacity highly depends on type of Pluronic, nature of drug and their ratios. 
These nanomicelles could be useful with simple preparation methods, high stability, and high 
loading capacity. Effect of concentration, temperature, additives on drug solubilization will be 
critically highlighted. I will also discuss the role that Pluronic® copolymers may play in the 
innovative design of new nanomedicines in the near future.  
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Introduction of additives in low - and high-molecular compounds can significantly change 
properties of water solutions of the surfactants. The effect of such additives is the subject of 
intensive research, because when combining various substances, the possibilities for directional 
control of the properties. Short-chain aliphatic alcohols are of particular interest, since, depending 
on their concentration, they can act as co-surfactants or co-solvent. 
The influence of additives of short-chain aliphatic alcohols (methanol, ethanol, propanol-1, butanol-
1) on micelle formation of decyl- (DS), dodecyl- (DDS) and tetradecyl- (TDS) sodium sulfates in an 
aqueous solutions are studied by methods of probe fluorescence spectroscopy, NMR-self-diffusion 
and conductometry. The critical concentration of micelle formation (CMC), the degree of 
counterion binding, and thermodynamic parameters of micelle formation are determined. The 
quantitative characteristics of the micelles (micelle radius, aggregation number, surface area 
occupied by the head group, relative share of solvent molecules associated with the micelles) are 
calculated. 
The introduction of alcohols in aqueous solutions of sodium alkyl sulphates expands the 
concentration limits of micellar formation is established. The presence of additives of ethanol, 
propanol-1 to 15 vol. % and butanol-1 to 5% by vol. % leads to an increase in the propensity of 
alkyl sulfates to self-association, which is manifested in a decrease in CMC. The effect is due to the 
formation of mixed micelles surfactant-alcohol and the enhancement of the solvophobic effect. The 
process of formation of mixed micelles is accompanied by a decrease in aggregation numbers and 
the size of spherical aggregates. With an increase in the ethanol and propanol content above 15 vol. 
%, the values of the CMC are increasing. In the systems with additives of alcohols more than 40% 
vol. % micelle formation in the water-surfactant-alcohol system doesn’t occur due to the increase in 
solubility of nonpolar fragments of surfactant molecules in water-alcohol solvents, which destroys 
the effect of alcohol on the structure of water and the significant weakening of hydrophobic 
interactions. 
It is revealed that with the increase in the length of the hydrocarbon radical of sodium alkyl 
sulphates, their micelle–forming ability increases throughout the investigated range of mixed 
solvents water-alcohol. Changes in the quantitative characteristics of the micelles under the 
influence of alcohol are manifested to a greater extent with increasing the length of alkyl radical 
surfactant. 
Analysis of thermodynamic characteristics of micellization has allowed to establish that the micelle 
formation of sulfates of sodium in water-alcohol solutions is a spontaneous process, but with 
increasing content of ethanol and propanol the free energy of micelle formation becomes less 
negative. The predominant contribution to the change of free energy is made by the enthalpy factor. 
Transfer micelle surfactant from water to a mixture of water-alcohol becomes thermodynamically 
unprofitable when the alcohol content above 10%. 
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Imidazolium-based ionic liquids (ILs) are of interest as a type of non-molecular solvents in organic 
synthesis or separation processes [1]. In recent years, long-chain ILs have received much attention 
due to their inherent amphiphilicity and surface activity (so called surface-active ionic liquids, 
SAILs) [1]. For ILs with the long alkyl tail (in case of alkylimidazolium ILs [Cnmim]X at n ≥ 8) the 
high ion-conductivity and ability to micelle formation are in evidence. However, the imidazolium 
SAILs with halogen counterions are mostly investigated [2]. In terms of “greenness”, the SAILs of 
other structures have emerged, for instance, imidazolium-based amino acid SAILs [3]. 
The main aims of this work are: a) synthesis of amino acid ionic liquids (AAILs), namely 1-alkyl-3-
methylimidazolium leucinates [Cnmim][Leu] (n = 8, 10, 12); b) getting the data on the critical 
micelle concentrations (cmc) of [Cnmim][Leu] by conductometry and by tensiometry; c) 
comparison of the obtained data on cmcs for AAILs with these values for halide ILs, [Cnmim][Cl]; 
d) estimation of the molar partition coefficient of D-tryptophan between micelles and the aqueous 
surrounding (the solubilization capacity of the IL’ micelles is characterized by the molar partition 
coefficient of a substance dissolved in an aqueous medium). 
The structures of the synthesized AAILs were confirmed by 1H NMR and 13C NMR spectroscopies. 
The data on specific conductivities and on surface tension were obtained for the aqueous solutions 
of [Cnmim][Leu] (n = 8, 10, 12) at 298.15 K and atmosphere pressure. From the experimental data 
on the concentration dependences, several characteristics of the micellization process were 
determined for AAILs, namely, cmc, degree of counterion binding (β), and standard Gibbs energy 
of micellization (ΔG0

m). 
The effect of length of alkyl chain of AAILs on the cmc, β or ΔG0

m values were analyzed. As 
expected, the cmc values decrease in the following order: [C8mim][Leu] > [C10mim][Leu] > 
[C12mim][Leu] (Figure 1). The cmcs data obtained by different methods are in a good agreement (± 
3%). The β values increase as follows: [C8mim][Leu] < [C10mim][Leu] < [C12mim][Leu]. The 
higher molar partition coefficient is observed in case of [C12mim][Leu]. The obtained results clearly 
show that the general features of micellar aggregation of relatively long-chain 
alkylmethylimidazolium ILs with amino acidic anions in aqueous solutions are analogous to those 
for conventional ionic surfactants. 
Acknowledgements The work was financially supported by the Russian Science Foundation (grant 
16-13-10042). The NMR measurements were carried out at the Center for Magnetic Resonance, St. 
Petersburg State University. 
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Most of the compounds derived from benzimidazoles and quinoxalines have been shown to display a 
wide spectrum of biological activities. In the present work some title compounds wherein this 
pharmacophoric fragments are directly bonded in their structures namely 2-
benzimidazolylquinoxalines have been obtained. 

 
R = H (1), Me (2), Bu (3), Octyl (4), 
Dodecyl (5) 

 

Investigation of bioactivity of the compounds obtained is hampered by their low solubility in 
water, whereas this property is one of the criteria determining the bioavailability of drugs. 
Importantly, the majority of commercial drugs are hydrophobic compounds and need special 
formulations to increase their solubility. For this purpose surfactant systems are of particular 
interest. In the present work the protocols of the immobilization of the new 
benzimidazolylquinoxalines in surfactant-based systems (micellar solutions and microemulsions) 
have been developed to increase their solubility. Non-ionic surfactants approved for the medical and 
pharmacological practice (Tween 80, Tyloxapol, Brij 35) have been used. Sensitive methods of 
analytical control that allow quantifying the content of the 2-benzimidazolylquinoxalines in solution 
were involved. Solubilization capacity of the systems toward these compounds has been studied. It 
was shown that micellar solutions of Tween 80 allow us to reach the 30-fold increase in their 
concentration in water. Microemulsions Tween 80/oleic acid/ethanol/water exhibit even higher 
effect. Significant viscosity, high loading with biologically active compounds, low toxicity of 
components, nanoscale range and stability of microemulsions allow us to recommend them as 
systems for transdermal delivery of hydrophobic heterocyclic substances. 
Acknowledgement. This work is supported by Russian Science Foundation, grant no. 14-23-00073. 
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IVP35 
INFLUENCE OF SURFACTANT - POLYMER COMPLEXES ON GERMINATION OF 

SEEDS 
O.E. Yessimova, K.B. Musabekov, A.O. Adilbekova 

Al-Farabi National Kazakh University, Kazakhstan  
esimova_61@mail 

Study the physical chemical properties of surfactant - polymer complexes, regularities of interaction 
between surfactant and polymer have importance nowadays due to their wide application in 
different technologies, techniques, agriculture etc. The development and production of new 
preparations based on surfactantswith bactericidal properties are necessary for agriculture[1,2]. 
Complexes with high biological activity based on polyhexamethyleneguanidine hydrochloride 
(PHMGH) and PHMGH/surfactant were used to improve the germination of vegetable 
seeds.PHMGH is widely used as a disinfectant. The many physical and chemical characteristics of 
this product: odorless, colorless, non-corrosive and non-toxic for humans with a neutral pH make an 
innovative product in the disinfection of plants and vegetables and preservation of food products. 
The antimicrobial activity of this product was shown on many bacteria [3]. Also, PHMGH has a 
fungicidal activity on various fungal species [4]. As a surfactant, the ionic surfactant sodium 
dodecylsulfate(NaDDS)was used due to their surface properties and ability to wet the surface of 
plants (stem, leaves). In addition, polyethylene glycol (PEG) as a polymer for formulation the 
surfactant-polymer was used.  
It is necessary to study the surface properties of polyhexamethyleneguanidine hydrochloride, 
polyethylene glycol and surfactant. Generally, the surface of stem and leaves is hydrophobic. The 
wetting action of polymer-surfactant results in improving their bactericidal efficiency. In this work 
the surface tensions of aqueous solutionsPHMGH, PEG and sodium dodecylsulfatewith 
concentrations varied from 10-5 to 10-1%were measured by means of Wilhelmy method. Also, the 
wetting angles of these solutions were defined on the Teflon as a model of hydrophobic surface. 
Solutions of surfactant compositions showed a high wetting effect and a low surface activity as 
compared to the individual components. 
The bactericidal properties of PHMGH-NaDDS, PEG-NaDDS were studied in relation to the 
growth and development of seeds. Tests were carried out in Kazakh Institute of Protection and 
Quarantine of Plants, pesticide toxicology laboratory. Results showed the high efficiency of 0.01 % 
solution of PHMGH and PHMGH- PEG. For PHMGH- PEG composition the germination degree 
reached 98 %, infection number of vegetable crops was 0. 
Acknowledgements. The authors are grateful to the staff of pesticide toxicology laboratory, 
Kazakh Institute of Protection and Quarantine of Plantsfor their help in conducting the test 
researches.  
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hydrochloride.Material Science and Engineering, 2009, 29, 6, 1776-1780. 
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Risk Prevention of Fungal Contamination of Raw Cocoa Beans in Côte d Ivoire: Case of 
Polyhexamethylene Guanidine Hydrochloride (PHMGH).Food and Public Health, 2017, 7(2), 40-
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IVP36 
DOUBLEEMULSIONS WATER/OIL/WATER, STABILIZED BY NONIONIC 

SURFACTANT – TWEEN 85 

N.M. Zadymova, M.V. Poteshnova 
M.V. Lomonosov Moscow State University, Russia 

zadymova@colloid.chem.msu.ru 
A double emulsion (DE) is an emulsion in which the dispersed droplets themselves contain even 
finer droplets of a different liquid. There may exist at least two types of DE, namely oil-in-water-
in-oil (O/W/O) emulsion and water-in-oil-in-water (W/O/W) emulsion. In the case of an O/W/O 
emulsion, the water droplets have finer oil droplets dispersed within them, and the water droplets 
themselves are dispersed in a continuous oil phase. The W/O/W emulsions, on the other hand, 
consist of tiny water droplets entrapped within large oil droplets, which, in turn, are dispersed in a 
continuous water phase. DE may be used as delivery systems for controlled release of active 
compounds of different nature.Double emulsions are generally prepared using a two-step 
procedure. In the first step, the primary emulsion is prepared. For the preparation of W/O/W 
double emulsion, the primary emulsion is an ordinary water-in-oil (W/O) emulsion, which is 
prepared using water and anoil solution of surfactant with low hydrophilic-lipophilic balance 
(HLB). In the second step, the primary emulsion is reemulsified in an aqueous solution of high 
HLB surfactant. Thefirststep,thatis,the preparation of the primary emulsion, is usually carried out 
in a high shear device so as to produce very fine droplets. The second emulsification step is carried 
out in a low shear device so as to avoid the rupturing of multiple droplets.Thus, DE simultaneously 
contains both hydrophilic and lipophilic surfactants, which can compete with each other and reduce 
the aggregative stability of emulsion. 

The aim of the study was to investigate the possibility of obtaining double emulsions stabilized 
with a single emulsifier Tween 85 (Tw85), and evaluating its adsorption on various interfaces 
simulating the DE interfaces. Tween85 (polyoxyethylene (20) sorbitantrioleate) is a nonionic 
surfactant which is liquid at room temperature; its hydrophilic-lipophilic balance is 11.Dependences 
of the specific electrical conductivity on temperature were investigated for the heptane-Tw85-water 
systems. The inversion of O/W emulsions into W/O/W emulsions was observed. This 
transformation was proved by optical microscopy too. Then the factors affecting the temperature at 
which these transformations occur were analyzed and the compositions of double emulsions that 
retain their stability over a wide range of temperatures including a room temperaturewere 
determined. 

The interfacial tension (σ12) of Tw85 solutions in heptane at the boundary with waterwas measured 
by the pendant drop method in a wide concentration range (CTw85 = 0.710-8 – 2.510-5 M). On the 
base of the equilibrium interfacial tension isotherm σ12 (C), the values of the maximum adsorption 
(Гm) and the area per moleculeofTw85 in a saturated monolayer (S0) were calculated:                    
Гm = 3.010-6mole/m2, S0= 0.55nm2/molecule. The standard Gibbs energy of adsorption was 
calculated (∆G0 = -48.5 kJ/mole). The negative value of ∆G0 reflects spontaneous nature of the 
adsorption process and is associated with hydration of Tw85 polyoxyethylene chains.  

Solubility of Tw85 (STw85) in 0.01 wt. % aqueous solution of sodium azide was determined by 
precision turbidimetry (STw85 = 3.110-6 M). Sodium azide preventsbiodegradation of the nonionic 
surfactant.It was shown that when the surfactant concentration exceeds the STw85, self-dispersing 
occurs with the formation of stable nanoemulsions Tw85/water.Particle-size distributions in the 
studied nanoemulsions were determined by dynamic light scattering. The average particle diameter 
wasof 100-150 nm. 
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The surface tension (σ) values of Tw85 aqueous solution and direct nanoemulsions (Tw85/water) 
were measured at the boundary with air. The decrease in surface tension for Tw85 solutions          
(C <3.110-6 M) was insignificant (< 1.2 mN/m), which confirms very low surface activity of Tw85 
molecules.On the contrary, for nanoemulsions, a noticeable decrease of the surface tension with the 
increasing concentration of particleswas observed. 

Based on these results, a mechanism of obtaining stable W/O/W emulsions using single surfactant 
(Tw85) was proposed. In oil phase this nonionic surfactant is in a molecular form that stabilizes the 
W/O emulsions, and in the water phase it is in the form of nano-sized droplets capable to 
stabilizeO/W emulsions.In this case, direct emulsions are in many aspects similar to direct 
Pickering emulsions, whoseaggregative stability is due to the adsorption of hydrophilic solid 
particles. 

IVP37 
CATIONIC SURFACTANT WITH GLUCAMINE FRAGMENTS: AGGREGATION AND 

FUNCTIONAL ACTIVITY 

V.M.Zakharov1, S.S.Lukashenko1,2, D.R.Gabdrakhmanov1, S.V.Zakharov1, O.G.Sinyashin 
 

1Kazan National Research Technological University, Russia 
2Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS, 

Russia; e-mail zakharov_vm@mail.ru 
 

Amphiphilic compounds have received much attention as drug and gene delivery systems [1]. 
Cationic surfactants are of special interest, since they show high affinity toward negatively charged 
biospecies, such as DNA and are used as effective transfectants.Despite the fact that many cationic 
surfactants have been designed, few of them are used in practice. Therefore, there are some criteria 
that should to addressed upon the design of drug carriers, e.g. nanosized dimension, 
biocompatibility, low toxicity, high loading capacity, etc. Based on these criteria special attention is 
paid to cationic surfactants bearing natural fragments. In our work, this trend is taken into account. 
Herein, synthesis and self-assembly of novel cationic surfactant with iodide counterion bearing 
glucamine fragment (1) is studied. Sugar-based compounds including glucamine and its 
hydrophobized derivatives are in the focus of researchers interested in complexation, water 
purification, and self-assembly properties. Besides, the majority of investigated surfactants have 
bromide counterion, whilst the nature of counterions are known to markedly affect the properties of 
micelles including their critical micelle concentration (cmc), critical concentrations corresponding 
to micellar transitions, aggregation numbers, size and morphology of aggregates. Therefore we 
examine aggregation capacity and solubilization effect of micellar solution of 1 both in single 
systems and with hydrotrope additives added. As hydrotropes, aromatic acid salts were used, while 
as guests drug indomethacin and hydrophobic dyes were applied. Hydrotropic salts are 
demonstrated to decrease slightly the solubilization capacity. At the same time they provide the 
functional activity to occur within lower concentration range. 

AcknowledgementsThis work is supported by Russian Science Foundation, grant no. № 14-23-00073. 
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AGGREGATION PROPERTIES OF METALLOMICELLAR SYSTEMS  

BASED ON N-CETYL-N-METHYLGLUCAMINE 

E.P. Zhiltsova, M.R. Ibatullina, S.S. Lukashenko, L.Ya. Zakharova 

Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS, Kazan, 
Russian Federation 

e-mail: Zhiltsova@iopc.ru 
Metallosurfactants show the catalytic activity in chemical processes [1]. They are used in colloidal 
synthesis of nanoparticles, fabrication of mesoporous materials, medical tomography [2]. We 
investigated the spectral and aggregation properties of supramolecular systems based on surfactant 
containing a natural (aminosugar) fragment, i.e. alkylated N-methylglucamine (N-cetyl-N-
methylglucamine, GAM-16, Figure 1) and its complex with lanthanum nitrate [GAM-
16×La(NO3)3]. 

 
 

Figure 1. The structure of N-cetyl-N-methylglucamine (GAM-16). 

The structure of the synthesized amphiphiles is confirmed by IR and NMR 1H spectroscopy, as well 
as by elemental analysis. The spectral data of metallosurfactant in aqueous and organic (DMSO) 
media are characterized by UV-vis spectroscopy. The aggregation and adsorption properties of the 
mixture composition [GAM-16×La(NO3)3] – cetyltrimethylammonium bromide (CTAB) (mixture 
I) are investigated by tensiometry, conductometry and fluorimetry (pyrene probe). The values of 
critical micelle concentration (CMC) (water, 55 0С) and adsorption characteristics at the water-air 
interface (the surface excess (Гmax), the surface area per a molecule of surfactant (Amin), the standard 
free energy of interfacial adsorption at the air/saturated monolayer interface (Gаd), standard free 
energy of micellization (Gm)) have been determined. These parameters are compared with the 
parameters of mixtures ligand (GAM-16) – La(NO3)3 6Н2О - CTAB (1:1:1) (mixture II), ligand 
(GAM-16) – CTAB (1:1) (mixture III) and individual solutions of traditional surfactant (CTAB). It 
is shown that the presence of lanthanum nitrate in the solution of GAM-16, as well as the transfer of 
GAM-16 to the complex form (i.e., [ГАМ-16×La(NO3)3]) promotes the process of aggregation of 
alkylated N-methylglucamine. The value of the CMC changes in the series mixture I ˂ mixture II ˂ 

mixture III ˂ CTAB. The numbers of aggregation of the compositions under study and the 
hydrodynamic diameter of the aggregates formed were determined by fluorimetry and dynamic and 
electrophoretic light scattering methods. 

Acknowledgements This work was supported by the Russian Foundation for Basic Research, grant 
number № 18-03-00591_a. 
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2,6-DIALKYLPHENOL SULFONATES AS NEW COLLOIDAL SURFACTANT  
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e-mail: tchigorina@mail.ru 
 
Sterically hindered phenols (SHP) are of interest due to their application in chemistry and 
technology, and as analogs of natural compounds of practical and theoretical significance. Received 
and dissected 2,6-dialkylphenol sulfonates derivatives as a colloidal surfactant for various 
applications, to reduce the surface tension and to homogenize the colloidal systems.   
Here we would like to report about the synthesis of the novel I-A metal salts of 2,6-di-tert-
butylphenolsulphonic acid which were obtained either by alkylation of the phenolsulphonic acids 
with liquid isobutene without a catalyst or alkylation with tertiary butyl alcohol in the presence of 
perchloric acid. For example: 

 
OH

SO3H

(CH3)3COH
HClO4

OH

SO3H

Na2CO3

OH

SO3Na

+ 2
-2 H2O

 
The general formula of 2,6-dialkylphenol sulfonates is given below:  
 

 
 

where X= SO3Na; SO3Li. 
 

The synthesized derivatives of 2,6-dialkylphenole sulphonic acids were tested as electrolyte 
additives as inhibitors of active positive electrode destruction in order to improve their performance. 
Introduction of 0,01-0,1 % of an additive into an lead accumulator electrolyte (d=1,28 g/cm3) 
improved its stability and durability due to acceleration of diffusion processes. The sodium salt of 

OH

(CH3)3C C(CH3)3

X
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2,6-di-tert-butyl-4-hydroxybenzenesulphonic acid is soluble in the reaction medium and possess 
surface-active properties. 
The title derivatives of 2,6-di-tert-butylphenolsulphonic acid possess an enhanced adsorption on the 
surface of the positive lead-lead dioxide electrode thus excluding side processes. As the additive is 
acidic by itself it does not affect the concentration of the electrolyte. 
It should be concluded on the basis of chemical tests that addition of the obtained 2,6-dialkylphenol 
sulfonates to battery electrolyte allows: 
1) to reduce the dose of SHP. Due to good solubility and high melting temperature (> 250 °C), 
much less amounts of SHP are required and the loss of the substances is avoided. 
2) to increase the dispersion and density of lead sulfate, which was formed during the discharge of 
PbO2 anode – by adsorption of SHP sulfonates. 
One may suggest that desulfation activity of SHP sulfonates is based on their effect on the 
morphology of PbSO4 crystals. Perhaps, the new additive enhances the formation of more defected 

crystals of РbSO4 which are more active electrochemically. 
One of the synthesized 2,6-dialkylphenol sulfonates (sodium 2,6-di-(tert-butyl)phenolsulfonate) 
could be used as an effective additive to the acid electrolyte of a lead battery, and as a colloidal 
surfactant for various applications, to reduce the surface tension and to homogenize the colloidal 
systems. 
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Here we would like to report about the synthesis of the novel I-A metal salts of 2,6-di-tert-
butylphenolsulphonic acid which were obtained either by alkylation of the phenolsulphonic acids 
with liquid isobutene without a catalyst or alkylation with tertiary butyl alcohol in the presence of 
perchloric acid.  
The synthesized derivatives of 2,6-dialkylphenole sulphonic acids were tested as electrolyte 
additives as inhibitors of active positive electrode destruction in order to improve their performance. 
The title derivatives of 2,6-di-tert-butylphenolsulphonic acid possess an enhanced adsorption on the 
surface of the positive lead-lead dioxide electrode thus excluding side processes. As the additive is 
acidic by itself it does not affect the concentration of the electrolyte. 
One may suggest that desulfation activity of SHP sulfonates is based on their effect on the 
morphology of PbSO4 crystals. Perhaps, the new additive enhances the formation of more defected 

crystals of РbSO4 which are more active electrochemically. 
One of the synthesized 2,6-dialkylphenol sulfonates (sodium 2,6-di-(tert-butyl)phenolsulfonate) 
could be used as an effective additive to the acid electrolyte of a lead battery, and as a colloidal 
surfactant for various applications, to reduce the surface tension and to homogenize the colloidal 
systems. 
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IVA2 
BEHAVIOR OF ASCORBIC ACID AND NICOTINIC ACID ATMOSPHERIC 

OXIDATION IN THE PRESENCE OF SURFACTANTS 
L.R. Harutyunyan, R.S. Harutyunyan 

Yerevan State University, Armenia 
e-mail lusinehar@ysu.am 

Study of the antioxidant properties of ascorbic acid (AA) and nicotinic acid (NA) in the presence of 
surfactants has great interest. The activity of AA and NA strongly depends on the nature of 
environment in which the oxidation process occurs. Micellar solutions and microemulsions have the 
significant interest as microenvironment for different processes, they detected as models for 
studying the effect of heterogeneous environment on dynamics and mechanism of reaction. Thus, 
the behavior of AA and NA in micellar solutions and microemulsions systems has both scientific 
and practical importance.  
Atmospheric oxidation of ascorbic acid and nicotinic acid in the presence of anionic surfactant 
sodium dodecyl sulfate (SDS), cationic surfactant dodecyltrimethylammonium chloride (DTAC) 
and nonionic surfactant hexadecylpolyoxyethylene 20 alcohol (C16A20) is studied by UV-
spectroscopy.  
The kinetic plots of  tfA   at atmospheric oxidation of AA in the presence of different 
surfactants are presented in Fig. 1 and the A = f [surfactant] concentration dependences are 
presented in Fig. 2. The analogous plots are also observed for atmospheric oxidation of NA. 
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Fig. 1. Kinetic plots of atmospheric oxidation of 
AA in the pre-micellar region: 1.AA-Н2О; 
2.AA-SDS-Н2О; 3.AA-DTAC-Н2О; 
4.AA-C16A20-Н2О. 
[AA]=0.12·10-4 mol/l, [SDS]=2.00·10-3 mol/l; 
[DTAC]=1.00·10-2 mol/l; 
[C16A20] =0.11·10-3 mol/l; λ=265 nm. 
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Fig. 2. Plots of adsorption of AA-surfactant-water solutions vs. surfactant concentration: a) SDS;
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b) DTAC (1) and C16A20 (2). [AA] =0.12.10-4 mol/l, λ=265 nm. 
Analysis of kinetic data revealed that the kinetic plots of adsorption satisfy to first-order reaction 
equation, and the oxidized reactions of AA and NA were expressed by the following:   

3.2

Kt

xa

a
lg 


 , 

were a - initial concentration of reacting compounds, x - amount of the reacted substance at 
moment t. 
The values of rate constant do not change in the presence of surfactants practically. 
The data of initial rate of AA and NA oxidation in the absence and presence of surfactants presents 
in Table. From  AAfW0   dependence it also follows that the rate of atmospheric oxidation of AA 
depends on its concentration by first-order (Fig. 3). 
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Fig. 3. Plot of atmospheric oxidation of AA vs. 
concentration of AA. 

 
Table. Initial rate of atmospheric oxidation  0W  of AA and NA in the absence and presence of 
surfactants. 

[AA] 
.104, 
mol/l 

0W .107, 
mol/l.min 

[NA] 
.104, 
mol/l 

0W .107, 
mol/l.min 

[SDS] 
.103, 
mol/l 

0W .107, 
mol/l.min 

[DTAC].

102, 
mol/l 

0W .107, 
mol/l.min 

[C16A20] 
.103, 
mol/l 

0W .108, 
mol/l.min 

AA NA AA NA AA NA 

0.13 0.8 1.2 0.1 2.0 12 10 1.0 6 6 0.11 0.7 0.6 

0.60 3.4 2.4 1.6 4.0 28 26 2.0 13 13 0.18 1.2 1.1 

3.00 18.0 3.0 3.3 8.0 5 5 4.0 24 25 0.23 1.5 1.4 

 
From the studies it follows that 1) the rate of oxidation of AA and NA increases in the order 
SDS<DTAC<C16A20 and 2) the rate of oxidation of AA and NA increases in the pre-micellar 
region, while micelles inhibit the oxidation. In micellar system oxygen is localized in more 
hydrophobic micellar core region, while AA and NA are distribute in bulk solution. As a result, the 
concentration of oxygen in the bulk solution decreases and the rate of AA and NA atmospheric 
oxidation in micellar system decreases. 
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IVA3 
MESOPOROUS SILICA MATERIAL AS A SYSTEM OF DRUG DELIVERY 

A.R. Ibragimova, D.R. Gabdrakhmanov, A.B. Mirgorodskaya, L.Ya. Zakharova 
Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS, 

Russia e-mail address of the presenting author: alsu_i@iopc.ru 

Over the past few years, ordered mesoporous materials, such as mesoporous silica (SiO2), have 
become the subject of comprehensive research of scientists. High surface area, variable pore size 
controlled particle size impart "flexibility" to the material for various technological applications, in 
particular, adsorption, catalysis and immobilization of functional groups. Therefore, possibility of 
using of mesoporous silica in medicine drug delivery systems with controllable properties release 
exist. 

In the present work with the use of a template method a synthesis of mesoporous silica of the 
MCM-41 type was carried out.Its structural characteristics, such as sorption and sedimentation 
properties, determining the possibility of using the obtained material as drug delivery systems, are 
studied.Using scanning and transmission electron microscopy of high resolution, infrared 
spectroscopy, X-ray diffraction and thermal analyses it has been revealed, that synthesized sample 
of MCM-41 mesoporous silica is characterized by 1927 m2/g surface area, pore diameter of 2.5 nm 
and pore volume of 1.34 cm3/g. Dynamic and electrophoretic light scattering methods were used to 
establish the size and charge characteristics of MCM-41 dispersions.Using sedimentation analysis 
of the dispersion, the optimal mass ratio of MCM-41: water (1: 1700) was defined, which makes it 
possible to obtain a system that is stable for a certain time. As a model of the drug, Rhodamin В 
were used.The method of thermal analysis showed, that mesoporous silica loaded with Rhodamine 
B, as distinct from uncharged silica, is characterized by three stages of weight loss at temperatures 
of 80-900С, 6000С and 10000С. Quantitative estimation of drug sorption and desorption processes 
was performed using spectrophotometry method. Optimal protocol allowing us to maximize the 
amount of loads bound on MCM-41 was designed, with suitable silica-drug weight proportions, 
temperature mode of process, solvent and contact time selected. 
Acknowledgements We thank Russian Foundation for Basic Research (project № 18-03-00591) for 
the financial support. 
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The role of stabilizers in oil dispersions (OD) is performed by resinous compounds that are a 
structural and mechanical barrier on the surface of asphaltenes after adsorption and each diffusion 
of their components. Result of insufficient quantity of resins in OD are intermolecular interactions 
between the particles of the disperse phase leading to the appearance of structural formations in the 
form of associative combinations and, as a consequence, thermodynamic instability of OD [1, 2]. 
Thermodynamic analysis of phase formation in OD shows that the change in the size of associates 
using chemical reagents has a significant effect on their physicochemical properties, allowing to 
some extent to solve the problem of their stabilization. As chemical activators of research objects 
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cationic surfactants was chosen differed by the length of the hydrocarbon radical and the number of 
amino groups – octadeceldimethylethylammonium bromidum (ОDEАB) and the alkylpolyammine 
fatty acid of the rapeseed oil (АPFA). 

It is established that for the resinous-asphaltene substance (RAS)/АPFA system, the 
contribution of the polar component (σsolid 

p) to the value of free surface energy (σsolid) is increased 
while for the RAS/ODEAB the nature and properties of the solid surface are due, to a greater 
extent, to van der Waals interactions (σsolid

d). The lower value of the Hamaker constant (A) of the 
RAS)/АPFA system (Table 1) also shows a decrease in the contribution of van der Waals forces and 
an increase in the electrostatic repulsion factor between the contacting phases. 

Table 1. Free surface energy of the RAS at the solid-air interface 
 The objects 

 
σsolid

d, 
mN/m 

σsolid 
p, 

mN/m 
σsolid, 
mN/m 

А∙1020, J 

RAS 11,1 6,0 17,1 2,3 
RAS+ODEAB 12,2 7,4 19,6 2,5 
RAS+АPFA 9,7 8,3 18,0 1,9 

An analysis of the structural-rheological properties of heavy oil deposits modified by cationic 
surfactants showed that the use of АPFA and ODEAB leads to an increase in the values of the 
parameter χ, calculated as the ratio of the ultimate strengths Pm/Pk1, from 22 to 43-45, which 
indicates an increase in the strength of structural bonds and a change in the size of the structural 
elements associated with the adsorption of molecules of cationic surfactants on the RAS. The 
growth of the parameter χ indicates that the molecules of the АPFA form a structured layer on the 
surface of the particles of the dispersed phase that possesses greater elasticity and mechanical 
strength, the destruction of which requires large deformations. This is due to the absence of steric 
hindrance in the adsorption of АPFA compared to the ODEAB molecule, which is characterized by 
the presence of four alkyl substituents on the nitrogen atom. 

Evaluation of the aggregative stability of OD by the method of determining the beginning of 
flocculation (onset) [3] showed that modifying the surface of the CAB by ODEAB and АPFA leads 
to an increase in their stability to flocculation those decrease in the probability of asphaltene 
deposition in the oil environment, and the calculated values of peptization numbers P are in the 
series: RAS > RAS+ODEAB > RAS+АPFA and are 1.4; 1.7 and 2.1, respectively. 

The ability of the system to maintain a uniform distribution of dispersed phase particles in a 
dispersion medium during a certain time period reflects the sedimentation stability, the analysis of 
which was carried out using the method of accumulation and weighing of the RAS precipitate in 
solutions of ODEAB and АPFA. The sedimentation rates (u) of its largest particles (rmax) are 
determined and the ability to sedimentation particles is expressed through the sedimentation 
constant S. It is shown that the sedimentation of RAS in a solution of АPFA occurs more slowly 
than in a solution of the quaternary ammonium salt of ODEAB as evidenced by lower values of the 
rate and the sedimentation constant (~ 10 times) (Table 2). 

Table 2. Sedimentation characteristics of suspensions of RAS in solutions of cationic surfactants 
Cationic surfactants u, m/s S, sec 
ODEAB 1,17∙10–4 1,19∙10–5 
АPFA 3,33∙10–5 3,37∙10–6 

Increased sedimentation resistance of RAS in a solution of АPFA is associated with a decrease in 
the size of their associates and indicates a higher peptizing ability of АPFA compared with 
ODEAB.The obtained data correlate with the results of studies of the thermodynamic properties of 
the surface of the RAS, the structural-rheological properties of OD and the processes of flocculation 
of RAS in OD. 
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Thus, the modification of the RAS surface leads to a change in the thermodynamic 
properties of the solid surface, which causes an increase in the electrostatic repulsion between the 
contacting phases. АPFA application for modifying RAS more effectively slows the flocculation 
and sedimentation of OD in comparison with ODEAB which indicates its higher peptizing ability. 
[1] Z. Syunyaev, R. Syunyaev., R. Safieva Oil dispersed system, 1990, 226. Chemistry, Мoscow. 
[2] Yu. Loskutova, Colloid Journal, 2005, 67, N 5, 663–667. 
[3] Safieva J. O., Likhatsky V. V., Filatov V. M. et al., Energy&Fuels, 2010, 24, N 4,  2266–2274. 
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Obtaining self-organizing structured micro- and nanoscale systems with unique properties 
is a new direction in the creation of combined materials.  The basis for the creation of such 
complexes are interactions of a non-covalent nature.  The use of a carbon material as a sorbent 
possessing fundamentally different properties and physico-chemical nature, unlike polymeric 
high-molecular compounds, will allow expanding the arsenal of combined systems and creating 
new opportunities for their production.   

The unit area of the surface of the carbon sorbent screened by one molecule of the 
glycoside varies from values corresponding to the parallel planar orientation of the main axis of 
the molecule to a value corresponding to the normal arrangement of the hydrophilic fragments of 
the sorbate molecule on the surface of the carbon material.  It can be assumed that the basis for 
the mechanism of interaction of the saponin molecules with the carbon sorbent is the long-range 
hydrophobic forces that arise, in particular, between the micelle-forming molecules of the 
substance in solution [1].   

With the same degree of convergence of the molecules in the micelles in solution and in 
the surface associates, the area screened by the three-dimensional associate on the surface of the 
adsorbent ωass and the area of the equatorial section of the micelles ωmic in the solution are equal.  
Having established from the sorption isotherm the value of the limiting adsorption Q∞, it is 
possible to calculate the adsorbent surface ω’M (in nm2) screened by one surfactant molecule, 
which is a member of the associate.  The value of ω’M was 0.98 nm2 (9,8 ). 

 
Fig. 1. 3D - computer model of aglycon of Quillaja Saponaria saponin.   
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From Fig. 1 it can be seen that the length of the aglycon (quillic acid) molecule calculated 
by the program Cambridge Soft Chem Office Ultra 2010 v12.0 3D modeling chemical formulas 
is 9,8 Å (0,98 nm).  Thus, the results obtained suggest the orientation of the aglycon parallel to 
the sorbent plane and the fixation of saponin on the surface of activated carbon through 
hydrophobic (dispersion) interactions [2]. 

[1] N.V. Mironenko, S.O. Smuseva, T.A. Brezhneva, V.F. Selemenev, L.S. Nechaeva, 
E.V. Butyrskaya, Colloid Journal, 2017, Vol. 79, No. 2, P. 166. 

[2] Peculiarities of sorption absorption of triterpene saponin by natural enterosorbents 
under equilibrium conditions / N.V. Mironenko, S.O. Smuseva, T.V. Kotsareva, V.F. Selemenev 
// Physico-chemical bases of ion-exchange and chromatographic processes "IONITS-2017": 
materials of the 15th International Scientific and Practical Conference dedicated to the 115th 
anniversary of the discovery of chromatography and the 100th anniversary of the Voronezh State 
University and.- Voronezh, 2017. - S. 280-283. 
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The development of medicines consisting of a polymeric carrier (natural and synthetic 
origin) and immobilized in its structure of a biologically active component, is a new direction in 
the pharmaceutical industry.  One of such compounds are triterpene saponins Quillaja Saponaria 
Molina. At present, chitosan has become very popular as a polymer carrier (matrix).  An 
inseparable part of the scientific research conducted in this direction is a comprehensive study of 
the sorption mechanism of the substances under study under kinetic conditions and equilibrium 
conditions. 

The experimentally obtained absorption curves of saponin with chitosan have a step-like 
form - the amplitude and time intervals of the transitions are independent of the concentration.  
Such a shape of the curves is inherent in the sorption of individual non-associated surfactant 
molecules on the surface of the sorbent.  Considering the existence in the solution of ion-
molecular forms of the sorbent and sorbate, it can be assumed that one of the mechanisms for 
retaining saponin on chitosan is the electrostatic interactions between the positively charged 
protonated amino groups of chitosan and the carbionion of gluconic acid of saponin [1].   

With a further increase in the contact time of the solution of saponin with chitosan, the 
hydrocarbon chains that are not bound to the sorbent are gradually displaced, a two-dimensional 
association of molecules with the formation of hemimycelles, to which hemispherical associates 
are subsequently built up.  Thus, the orientation in the surface layer changes with the filling of 
the surface and is determined by the nature of the active centers, the structure of the surfactant 
molecule, the anchoring mechanism on the adsorbent. 

At low concentrations of the equilibrium solution (C = 0.02 - 0.28 mmol / dm3), the 
isotherm is linear, followed by the inflection point and its further increase.  One of the possible 
reasons for the increase in adsorption of surfactants after the formation of a monomolecular 
adsorption layer, i.e. in the region C = 0.28-0.83 mmol / dm3, there may be a reorientation of 
molecules at the interface, leading to a decrease in the area screened on the surface of chitosan 
by one molecule.   
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The greatest reduction in the screened area, according to [2-3], is achieved when 
changing from the orientation of molecules parallel to the adsorbent surface to the orientation of 
molecules normal to this surface.  Thus, with the sorption of saponin on chitosan, the 
electrostatically unconnected hydrocarbon chains from the surface of the sorbent are gradually 
displaced, the two-dimensional association of molecules with the formation of hemimycelles, to 
which hemispherical associates are subsequently built up. 

 
[1] N.V. Mironenko, S.O. Smuseva, T.A. Brezhneva, V.F. Selemenev, L.S. Nechaeva, 

E.V. Butyrskaya, Colloid Journal, 2017, Vol. 79, No. 2, S. 166. 
[2] N.V. Mironenko, S.O. Smuseva, T.A. Brezhneva, V.F. Selemenev, Journal of 

Physical Chemistry, 2016, 90, No. 12, P. 1870.  
[3] S.O. Smuseva, N.V. Mironenko, T.A. Brezhneva, V.F. Selemenev, M.V. Grechkina, 

Journal of General Chemistry, 2017, Vol. 87, no. 8, P. 1367. 
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Bentonite clays play an important role among nonmetallic minerals [1]. They are widely used in the 
national economy for the manufacture of drilling fluids, adsorbents, carriers of catalysts and 
medical application, fillers of polymeric materials, ingredients in cosmetics, etc. [1, 2]. 
In recent years, micro- and nanoclays cause a great interest to researchers due to unique properties. 
In particular, polymer nanocomposites which obtained at presence of small amount (5-7%) of 
nanoclays have improved physic-chemical and mechanical properties [3, 4]. 
In that regard, hydrophobized micro- and nanoclays also have a particular interest. This kind of 
nanoclays are produced mainly by the American company Southern Clay Products under the trade 
name Cloisite-Cloisite Na⁺-hydrophilic Na-montmorillonite, Cloisite 20A, Cloisite 30B and other 
organoclays hydrophobized with quaternary ammonium bases. 
There are rich deposits of bentonite, montmorillonite, diatomite, vermiculite, opoka, halloysite in 
Kazakhstan. 
In this work, the results of the synthesis of hydrophilic and organophilic montmorillonite based on 
the Kazakhstan bentonite are presented. 
Hydrophilic Na-montmorillonite was obtained by dissolving in water mechanically dispersed 
bentonite of the Tagan deposit in the East Kazakhstan region. Microheterogeneous particles of sand 
and clay were removed by sedimentation within 24 hours. Subsequently, the hydrosuspension was 
separated by centrifugation of Na-montmorillonite microparticle with a particle size of 3~5 μ. X-ray 
phase (XRF) thermogravimetric (TGA) analyzes, scanning electron microscopy and IR spectra 
(FTIR) were used for investigation of different clays.  
Montmorillonite in organophilic form was obtained by treatment with cationic surfactants - 
octadecylamine (ODA), cetyltrimethylammonium bromide (CTAB) and cetylpyridinium chloride 
(CPC) by traditional methods [5,6]. Adsorption of surfactants on Na-montmorillonite was carried 
out from aqueous and alcoholic media. The hydrophobization degree of clay were controlled by 
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measuring the contact angle (θ) at wetting with water. Changes in the crystalline structure of 
montmorillonite under the action of surfactants were studied by X-ray diffraction, spectroscopic and 
electron microscopic methods. The ξ potential values of montmorillonite particles are also 
measured. 
It has been established that the greatest hydrophobization effect was introduced by ODA adsorbed 
from alcoholic environment (θ~145⁰). When CTAB and CPC are adsorbed, the values of θ were 
smaller (110-115⁰). 
The process of sorption of organic cations is accompanied by a noticeable change in ξ-potential of 
montmorillonite. 
According to XRF data, the intercalation, i.e. accumulation of surfactants molecules in the 
interlayer spaces of montmorillonite is registered by the expansion of the interplanar distances 
between silicon-oxygen tetrahedra of bentonite. 
In the FTIR spectra of organoclays, the absorption band is changed from 3300 cm-1 to 3400 cm-1, 
which is connected to the sorption of organic ions replaced the inorganic iones. 

[1] R.E. Grim. Mineralogy of clays, M., 1959, 455p.  
[2]  Battalova Sh.B. Physico-chemical basis for the preparation and use of catalysts and 
adsorbents from bentonites. Alma-Ata, Ed. "Science" Kaz. SSR, 1986. p. 166. 

[3] Polymer-clay nanocomposites. ed. by T. J. Pinnavaia and G. W. Beall, John Wiley Sons, 
Ltd., 2000. 
[4] V.A. Gerasin, E.M. Antipov, V.V. Karbushev, V.G. Kulichikhin, G.P.Kazpacheva, R.V. 
Talroze, Y.V. Kudryavtsev. "New approaches to the development of hydride nanocomposites: From 
structural materials to high-tech applications" – 2013, Russian Chemical Reviews, 82, 4, 303. 
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Many works are devoted to development delivery systems to encapsulate, protect and release 
lipophilic substituents and emulsion technology is suited for the design and fabrication of 
microcapsules. But the problem of efficient encapsulation of hydrophilic drugs can be overcome by 
using the double emulsion technique [1, 2].Some review articles have been published presents a 
results on the advances in the investigation of many types of pharmaceutical and biopharmaceutical 
active components used for preparing microparticles by double emulsion technique and their 
controlled release [3-5].But the formulation and stabilization of these structures is still a challenge 
and much more difficult than for simple emulsions. The choice of suitable emulsifiers for double 
emulsions, their type, concentration, phase ratio, homogenization methods are crucial for their 
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stability and influence on property of nanocapsules such as size, encapsulation efficiency and 
loaded active agent release.  

In our work different emulsification treatments were applied to study the influence of 
homogenization methods on the physicochemical characteristics. The 
obtained double emulsions were compared in terms of stability and droplet size. It was found that 
the homogenization method influenced the physiochemical characteristics of 
the double emulsion and the most stable double emulsion with the smallest droplet size was 
obtained by high-speed homogenization method. In was found the formulation parameters such as 
type of biopolymer, type of oil and stabilizer and its concentration, volume fraction and content of 
internal aqueous phase, time, regime and amplitudeof  mixing, ratio of W1/O/W etc. 

Rheological and release properties of double nano-emulsions containing active ingredients 
prepared with polyelectrolytes such as Chitosan, Xanthan Gum were investigated in the previous 
work [2]. Some of the formulation parameters were determined in works [2] were used for some 
bioactive substances encapsulation. Determination of microcapsule formula were evaluated by 
encapsulation efficiency, loading capacity, and release profile. 

Polycomplexes of Chitosan and Alginate showed the potential for drug delivery systems. 
We investigated Chitosan solutions at various pH (2.31; 3.97; 5.01; 6.62; 11.42), and morphology 
of emulsions stabilized by Chitosan solutions, also due to its positive charges the electrostatic 
interactions with polyelectrolytes such as Xanthan Gum, Alginate were possible.  

The sizes of droplets correlate with results described in our work [2] where we determined 
NP formulations that showed low polydispersity index (PdI) ranging from 0.02 to 0.142, and size 
from 202 to 393 d.nm. This indicates the stability of the obtained emulsions. The droplet diameter 
of double emulsions was 695 - 1250 nm. 

The slow kinetics of the release of the active substances demonstrated the effectiveness of 
the chosen methodology for obtainment of double emulsions. Compositions of surfactants with 
polyelectrolytes provide more stable emulsions and good formulation parameters for 
microencapsulation of active hydrophilic drugs. 

 
Acknowledgements The financial support of participation in the V International Conference 

on Colloid Chemistry and Physicochemical Mechanics with results was implemented by the Project 
Agreement №164-24 “Scientific-practical bases of microencapsulation of bioactive substances and 
principally new stimulators of plant development with the purpose of agricultural production 
intensification”of the Ministry of Education and Sciences of the Republic of Kazakhstan. 
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Microemulsions are optically isotropic and thermodynamically stable dispersions of water, oil 
and a surfactant/co-surfactant mixture. Microemulsions have biomedical applications in such fields 
as drug encapsulation and delivery due to their thermodynamic stability, simple manufacturing 
process, protection of the drugs against an unfavorable environment and ability to incorporate a 
wide drug range [1]. In addition, the encapsulation such water-soluble drugs as peptides in water-in-
oil (W/O) microemulsions enhance their oral bioavailability because of protecting them against 
gastric enzymes and improving the intestinal absorption of peptides [2].  

The aim of the present work was to formulate W/O microemulsions based on polyglycerol 
polyricinoleate (PGPR), Tween 80 and paraffin oil to be used as carriers of water-soluble drugs.  

Measurements of interfacial tension between distilled water and PGPR solutions or mixtures 
of  PGPR and Tween 80 at the different ratios of emulsifiers in paraffin oil as a function of the 
surfactant concentration were carried out by the drop-weight method using a stalagmometer 
Harvard Apparatus 55-2222 (Harvard Apparatus, USA) at room temperature in triplicate. The 
interfacial tension was calculated on the basis of the Tate’s law. The existence of the microemulsion 
regions were identified by pseudoternary phase diagrams, which were constructed using water 
titration method of surfactant-oil mixtures. From the pseudoternary diagrams, a composition of the 
W/O microemulsion was selected for preparation of drug-loaded formulation. Methylene blue dye 
(MB) as a model of water-soluble drug was incorporated into the W/O microemulsion. A typical 
microemulsion was prepared by mixing paraffin oil with a mixture of surfactants consisting PGPR 
and Tween 80 at a chosen weight ratio followed by adding of the aqueous phase 
(an aqueous solution of methylene blue dye). To estimate in vitro drug release rate an aliquot of 
each MB solution in PBS (pH 7.4, the control sample) and the W/O microemulsion was placed in 
the dialysis bags and immersed in 50 mL of PBS (pH 7.4) in a shaking incubator. At predetermined 
intervals, the aliquots of dissolution media were withdrawn, and the concentration of MB was 
determined at 660 nm with an UV–vis spectrophotometer.   

The mixtures of PGPR and Tween 80 were more efficient in reducing 
the interfacial tension compared to the free PGPR at water/paraffin oil interface. The percent 
microemulsion area of pseudoternary phase diagrams constructed at HLB of surfactant mixture of 
5-8 was determined. Based on the results of the study, the HLB 6 was selected to prepare MB-
loaded formulation, and W/O microemulsion was composed of 18% paraffin oil, 72% PGPR/Tween 
80 mixture, and 10% aqueous phase. The content of MB in the microemulsion was 0.035% wt. The 
release of MB from the control sample reached the plateau at 6 h, and up to 70% of the dye was 
released for 48 h. Compared with the MB solution, release of MB from dye-loaded formulation was 
significantly lower and nearly 7.3% of MB content of the microemulsion was released for the same 
time. The sustained release of the dye attributed to the slow diffusion of MB through the oil phase 
of W/O microemulsion.      

Thus, the above results could potentially facilitate the development of nanoformulations based 
on microemulsions stabilized by PGPR/Tween 80 mixture to be used as effective long-term drug 
delivery systems.  
[1] M.J. Lawrence, G.D. Rees, Adv. Drug Deliv. Rev., 2012, 64,175.  
[2] J.M. Sarciaux, L. Acar, P.A. Sado, Int. J. Pharm., 1995, 120, 127. 
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SECTION V 
 

NUCLEATION AND FORMATION OF DISPERSE SYSTEMS 
 

Keynote Lectures 
 

VK1 
DENSITY FUNCTIONAL THEORY OF A CURVED LIQUID-VAPOUR INTERFACE: 

EVALUATION OF THE RIGIDITY CONSTANTS 

Edgar M. Blokhuis 
1Colloid and Interface Science, Leiden Institute of Chemsitry, 

University of Leiden, The Netherlands 

It is argued that to arrive at a quantitative description of the surface tension of a liquid drop as a 
function of its inverse radius, it is necessary to include the bending rigidity and Gaussian rigidity in 
its description. New formulas for the bending rigidity and Gaussian rigidity in the context of density 
functional theory with a non-local, integral expression for the interaction between molecules are 
presented [1]. These expressions are used to investigate the influence of the choice of Gibbs 
dividing surface and it is shown that for a one-component system, the equimolar surface has a 
special status in the sense that both rigidity constants are then the least sensitive to a change in the 
location of the dividing surface. Furthermore, the equimolar value for the bending rigidity 
corresponds to its maximum value and the equimolar value for  the Gaussian rigidity corresponds to 
its minimum value. An explicit evaluation using a short-ranged interaction potential between 
molecules, shows that the bending rigidity is negative with a value around minus 0.5-1.0 kT and 
that the Gaussian rigidity is positive with a value which is a bit more than half the magnitude of the 
bending rigidity. Finally, for dispersion forces between molecules, we show that a term proportional 
to log(R) / R^2 replaces the rigidity constants and we determine the (universal) proportionality 
constants. 
 
References: 
[1] E.M. Blokhuis and A.E. van Giessen, J. Phys.: Condens. Matter 25, 225003 (2013). 
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NUCLEATION OF SMALL BUBBLES AND DROPLETS IN CONFINED SYSTEMS 
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Nucleation is the first and crucial step that controls first order phase transitions, such as cavitation, 
condensation or crystallization.It is central in many phenomena in atmospheric science, and several 
processes in nature and industry rely on quantitative predictions of nucleation rates. Despite of 
several extensions and theoretical advances, Classical Nucleation Theory (CNT) is still the most 
widely used theoretical tool to predict nucleation rates. However, although CNT provides a 
qualitatively correct picture of the process, its quantitative predictions are often orders of magnitude 
away from experiments. 
Proper predictions of nucleation rates rely on a precise knowledge of the properties of the 
metastable phase and on an accurate evaluation of the surface tension of small droplets or bubbles. 
While equilibrium properties of fluids are experimentally available, it is a challenge to measure the 
properties of small, metastable phases. By their own labile nature, they tend to transform to a stable 
new phase via a nucleation process which is especially fastin the vicinities of the spinodal. 
However, confinement can help to defer phase transitions and to stabilize bubbles and droplets. 
In this presentation, we will discuss some of the particularities of nucleation under strong 
confinement.We will show that it is not only possible to delay these phase transitions, but to go one 
step further and completely impede nucleationin small confined systems. We shall discuss the 
conditions required for this superstabilization of fluids. At these conditions, the properties of the 
metastable fluid can be investigated in simulations and experimentally, facilitating the development 
of accurate equations of state for metastable regions, the evaluation of curvature corrections to the 
surface tension, and even a precise location of the spinodal. This phenomenon opens the door to 
improve the predictions and control nucleation of deeply metastable fluids at experimentally 
feasible conditions, having important implications in a wide variety of fields.  
Acknowledgements This work has been funded by the Spanish government through grants 
FIS2011-22603, and FIS2015-67837-P (MINECO/FEDER, UE),and by the Generalitat de 
Catalunya (AGAUR 2014-SGR-922). 
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FROM SYNTHESIS TO LARGE, ORDERED SELF-ASSEMBLED ARRAYS OF 
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The assembly of semiconducting and magnetic nanoobjects into ordered superstructures, e.g., 
mesocrystals, [1] is attractive from the scientific and technological viewpoints due to their 
symmetry and potential applications. Specifically, the synthesis and self-assembly of non-spherical 
nanoparticles has been identified as one of the major challenges, and opportunities, for tomorrow’s 
materials.  

In this talk I will present: (i) how monodisperse iron oxide nanocubes and nanospheres with 
average sizes between 5 and 27 nm can be synthesized by thermal decomposition and the synthesis 
conditions that generate nanocubes suitable for producing large ordered arrays [2], (ii) how the 
mesostructure and mesocrystal habit can be tuned through nanoparticle interactions and external 
magnetic field (as shown in Fig. 1) [3], and (iii) the self-assembly IONs followed by time-resolved 
SAXS experiments on levitating droplets where the acoustic levitator enabled substrate-free 
evaluation of reaction kinetics within a droplet and on the liquid-air interface (see Fig. 2) [4]. 
Several stages during droplet drying can be identified from transitions in the scattering behaviour 
and correlated with existing nucleation theories. 
[1] L. Bergström, E. V. Sturm (née Rosseeva), G. Salazar-Alvarez, and H. Cölfen, Acc. Chem. 

Res. 48, 1391 (2015). 
[2] E. Wetterskog, M. Agthe, A. Mayence, J. Grins, D. Wang, S. Rana, A. Ahniyaz, G. Salazar-

Alvarez, and L. Bergstr\"om*, Sci. Technol. Adv. Mater. 15, 55010 (2014). 
[3] E. Wetterskog, A. Klapper, S. Disch, E. Josten, R. P. Hermann, U. Rücker, T. Brückel, L. 

Bergström, and G. Salazar-Alvarez, Nanoscale 8, 15571 (2016). 
[4] M. Agthe, T. S. Plivelic, A. Labrador, L. Bergström, and G. Salazar-Alvarez, Nano Lett. 16, 

6838 (2016). 
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Figure 1. SEM images and GISAXS patterns of zero-field assemblies of nanocubes with 
incremental edge lengths [3]. 

 

Figure 2. Schematic representation of the experimental setup (a), the temporal evolution of the drop 
(b), and the mesocrystalline order of the dried assembly (c-f) [4]. 
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CRYSTALLIZATION OF GLASS-FORMING MELTS:  
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Classical nucleation theory (CNT) is the major tool utilized commonly for the interpretation 
of experimental data on nucleation processes in a variety of different systems. In some cases, it 
allows one not only a qualitative treatment of nucleation data but even a quantitatively correct 
description, in other cases, it may fail even dramatically. Consequently, the question arises how 
these problems can be explained and overcome, what the origin is for the high success of CNT in 
some and its failure in other cases. The answer to this question can be searched for in different 
directions as will be discussed in detail in the talk.  

One of the basic ingredients of classical nucleation theory consists in the appropriate 
specification of the work of critical cluster formation in nucleation. It determines widely the 
probability of formation of a supercritical cluster of the newly evolving phase capable to a further 
deterministic growth. In line with Gibbs’ [1] classical method of description of heterogeneous 
systems it is supposed in CNT that the bulk properties of the critical clusters are widely identical to 
the properties of the newly evolving macroscopic phases [2]. Following this basic assumption of 
CNT, in the first part of the talk general equations and analytical estimates for the dependence of 
the thermodynamic driving force of crystallization and the specific interfacial energy melt-crystal of 
critical crystal clusters on temperature and pressure are derived  directly applicable in the analysis 
of experimental data on crystal nucleation and growth. In particular, it is shown that at the 
Kauzmann temperature, corresponding to states where the specific entropies of glass-forming melt 
and crystal coincide, the thermodynamic driving force has a maximum in dependence on 
temperature. In addition, similarly to the mentioned well-known notation of a Kauzmann 
temperature, the concept of a Kauzmann pressure is introduced for crystallization induced by 
variations of pressure. It is shown that the thermodynamic driving force of crystal nucleation has 
similarly maxima also at the Kauzmann pressure [3].  

One serious problem in the application of CNT to melt crystallization consists in the 
limitations due to the fact that the specific surface energy melt-crystal cannot be determined with 
the desired accuracy. By this reason, in applications of CNT frequently the Stefan-Skapski-Turnbull 
relation is employed for its determination. In its standard so far application, it involves the 
assumption of the capillarity approximation i.e. that the surface tension of critical clusters is equal 
to the respective value of equilibrium coexistence of both phases at a planar interface. However, the 
application of the capillarity approximation leads to serious problems in CNT [4]. They can be 
overcome by introducing a curvature dependence of the surface tension as suggested already by J. 
W. Gibbs [1] and widely employed in CNT. Based on a generalization of the Stefan-Skapski-
Turnbull equation, a relation for the dependence of the surface tension on pressure and temperature 
has been derived by us [3, 5]. It can be employed, in particular, to specify the values of the Tolman 
parameter in the Tolman equation for the curvature dependence of the surface tension. Such 
estimates can be given, as will be discussed, both for crystal nucleation caused by temperature and 
pressure variations. As it turns out, in contrast to nucleation in condensation and boiling, the 
application of the Tolman equation supplies us with a sufficiently accurate tool in the interpretation 
of crystal nucleation rates, at least, for moderate deviations from thermodynamic equilibrium and 
employing an appropriate extension of Tolman’s original approach.   

Mentioned basic assumption of CNT supported by Gibbs’ theory – the assumed 
independence of the properties of critical clusters on the degree of deviation from equilibrium - is in 
a variety of cases in conflict with alternative theoretical approaches like density functional 
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computations, computer simulations, and experimental data. It has been questioned immediately 
after the formulation of CNT and attempted to be overcome inside the framework of Gibbs theory 
(Scheil, Hobstetter). This critique finally led then to the rediscovery of density functional methods 
of determination of the properties of critical clusters by methods originally developed by van der 
Waals.  As it turned out, the properties of critical clusters and the size of the critical clusters as 
determined via density functional computations first by Hillert, Cahn and Hilliard [6] are quite 
different as compared to the results obtained via the classical Gibbs method. Consequently, the 
problem arises which of the theories is correct and which one has to be abandoned. 

This problem in the theoretical description can be overcome by generalizing the classical 
Gibbs’ approach as performed by us in the last two decades. This method has been employed 
widely so far to the interpretation of nucleation and growth processes in condensation & boiling and 
of segregation in multi-components solutions. As shown the results obtained via the generalized 
Gibbs approach are in full agreement with predictions of density functional computations. In 
particular, it is shown that nucleation for segregation in solutions does not proceed via the classical 
scenario but via a scenario resembling widely spinodal decomposition processes. In addition, it has 
been shown that the classical Gibbs method involving the capillarity approximation overestimates 
the work of critical cluster formation and underestimates the values of the steady-state nucleation 
rate. In the talk it will be demonstrated further how the generalized Gibbs approach can be applied 
to the description of crystallization and some principal consequences will be analyzed in detail. In 
addition, some other new approaches will be briefly described allowing one to arrive at a 
satisfactory description of experimental data which cannot be achieved in terms of standard CNT.   

1. J. W. Gibbs, Collected Works, vol. 1, Thermodynamics (Longmans & Green, New York - 
London - Toronto, 1928). 

2. J. W. P. Schmelzer and A. S. Abyzov, J. Non-Crystalline Solids 449, 41-49 (2016). 
3. J. W. P. Schmelzer, A. S. Abyzov, and V. M. Fokin, International Journal Applied Glass 

Science 7, 474-485 (2016). 
4. A. S. Abyzov, V. M. Fokin, A. M. Rodrigues, E. D. Zanotto, and J. W. P. Schmelzer, J. Non-

Crystalline Solids 432, 325-333 (2016). 
5. J. W. P. Schmelzer and A. S. Abyzov, J. Chem. Phys. 145, 064512/1-11 (2016). 
6. J. W. Cahn, Reflections on Diffusive Interfaces and Spinodal Decomposition. In: The Selected 

Works of J. W. Cahn, Eds. W. C. Carter and W. C. Johnson (The Minerals, Metals, and 
Materials Society, 1998, pages 1-8). 
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In the last 10 years colloid magnetic nanoparticles (MNPs) have found wide application in 
different biomedical and biotechnological fields (as carriers for targeted drug delivery, 
hyperthermia, therapeutic agents, biomolecules and bacteria separation, contrast agents for 
magnetic resonance imaging (MRI)), in environmental technology for removal of organic  and 
inorganic pollutants from industrial waste waters and bioliquids, as well as in magnetic solid-phase 
extraction (MSPE) in the chemical analysis. This class of MNPs includes metallic (iron, cobalt, and 
nickel), bimetallic, different iron oxides and ferrites nanoparticles. Advantages for MNPs 
application in many fields especially in MSPE are based on their biocompatibility, 
superparamagnetic properties and on the ability of MNP after preconcentration of inorganic, 
organic or biological substances easy to be separated from liquid matrices by simple application of 
an external magnetic field. Superparamagnetic properties are exhibited by MNP whose size is 
smaller than the size of their magnetic domain. They retain no residual magnetism after the external 
field is removed and, therefore, can be re-dispersed and used several times. MSPE allow one to 
decrease several times the sample pretreatment compared to liquid-liquid extraction, 
chromatography, precipitation, centrifugation, ultracentrifugation or filtration procedures. Besides, 
in many cases the application potential of many chemical and biochemical materials in different 
technologies could be improved by their modification with MNPs leading to the formation of 
magnetically responsive materials for specific magnetization purposes. This approach is also 
applies to many nanomaterials, such as gold, silver, silica nanoparticles, as well as carbon 
nanotubes, graphene or carbon and semiconductor quantum dots. Magnetite (Fe3O4) is the most 
using magnetic nanomaterial, more rare apply maghemite (�-Fe2O3) and other oxides, for example 
manganese, cobalt, nickel, or ferrites, like MgFe2O4. Magnetic properties of MNP are determined 
by their nature, size, morphology, the nature of shell and interparticles interaction or interaction 
with matrix. 

The second part of the review is devoted to the modification of the surface of MNPs.  It is 
known that the synthesized uncoated MNPs, like other nanomaterials, are unstable in solution due 
to large surface to volume ratio and high surface energies  that leads to the formation of their 
aggregates, which have weak sorption properties. Therefore, for many applications it is crucial to 
develop protection strategies to chemically stabilize the naked magnetic nanoparticles. These 
strategies comprise coating (modification) the MNP surface with low molecular high-charged ions 
(for example citrate ions), anionic or cationic surfactants, polyethylene glycols, cationic or anionic 
polyelectrolytes, polymeric biomolecules or coating with an inorganic layer, for example silica, 
other metal oxides, quantum dots, noble metals, carbon, carbon nanotubes or graphene. The 
examples of such MNP surface modifications, their features, advantages of the different coatings 
and core/shell, core/shell/shell structures, as well as the creation of various composite magnetic 
materials will be demonstrated.  

The third part of the review is devoted to application of MNPs in biochemistry, theranostics, 
medicine, and environmental problems as well as in different methods of analysis for separation 
and preconcentration purposes. The most attention will be devoted to application of core/shell 
modified MNPs in atomic and molecular (photometric, fluorescence) spectrometric methods, mass-
spectrometry, electrochemical, immune methods of analysis, liquid chromatography, capillary 
electrophoresis, chemical sensors for preconcentration, separation and determination of inorganic, 
organic and biological compounds. The application of MNP for analysis of food, pharmaceutical, 
biological, environmental objects will be also examined. It was shown that in many cases the 
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protecting shells not only stabilize the MNPs, but can also be used for further functionalization and 
to promote the performance of the nanoparticles as recognition elements in sensing and 
(bio)chemical assays. 

The final part of the review is devoted to the results of our scientific group in the field of 
synthesis, modification and application of magnetite nanoparticles for preconcentration of some 
antibiotics, food dyes and flavonoid antioxidants. It was shown that in the synthesis by the co-
precipitation method the reaction conditions (temperature, mixing, stirring, digestion, pH, etc.) 
affect the size, morphology and properties of the resulting nanoparticles. The modification of 
magnetite nanoparticles by cationic surfactants (like CTAB, Gemini representatives), cationic 
polyelectrolytes (chitosan, polyethyleneimine), silica, and porous carbon was used for tuning the 
sorption properties of synthesized nanoparticles in relation to the representatives of 
abovementioned substances. The characterization of the form, charge, size of MNP and surface 
modification was performed with dynamic light scattering (DLS), transmittance electron 
microscopy (TEM), IR-, UV-Vis-spectroscopy, and XRD methods. The effect of various 
experimental factors on the extent of sorption and desorption of analyte, as well as preconcentration 
factor: the pH of solution, the influence of analyte concentration, the contact time and the quantity 
of the MNP sample were studied by using the batch technique. The optimal conditions for 
preconcentration of the substances were proposed. 

 
The work was supported by Russian Foundation for Basic Research, project № 18-03-01029а 
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Fig. 1.  Schematic of mechanism of formation of the mesoscopic p53 rich clusters and the 
nucleation of amyloid fibrils hosted by them 
About half of human cancers are associated with mutations of the tumor suppressor p53. Mutated 
p53 emerges as a powerful oncogene, which blocks the activity of wild-type p53 and several 
distinct anticancer pathways. The gained functions of the mutant have been related to the 
aggregation behaviors of wild-type and mutant p53. The thermodynamic and kinetic mechanisms of 
p53 aggregation are poorly understood. Here we employ time-resolved in situ optical, fluorescent, 
and scattering approaches and find that wild-type p53 forms an abnormal phase, mesoscopic 
clusters. The clusters exhibit several behaviors beyond the scope of classical phase transition 
theories: their size, ca. 100 nm, is independent of the p53 and crowder concentrations and 
decoupled from the protein mass held in the cluster phase. Thermodynamic analyses assuming a 
distinct composition of the cluster phase elucidate another unusual cluster property: the lack of 
solubility. We show that the cluster dynamics are fast and reversible, with a characteristic time of 
minutes, suggesting that the enhanced cluster formation might represent a p53 regulation pathway 
to fast storage and release. The nucleation of p53 fibrils deviates from the accepted mechanism of 
sequential association of single solute molecule. We find the mesoscopic clusters serve as a pre-
assembled precursor of high p53 concentration that facilitate fibril assembly. Fibril nucleation 
hosted by precursors represents a novel biological pathway, which awards unexplored avenues to 
suppression of protein fibrillation in aggregation diseases. 

Acknowledgments. This work as supported by grants from NASA (NNX14AD68G and NNX14AE79G), 
NSF (MCB-1518204, DMR-1710354, and DMR-1131155), and the Welch Foundation (E-1869). 
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NUCLEATION AND FORMATION OF DISPERSE SYSTEMS  
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VO1 
KINETIC ANALYSIS OF HOMOGENEOUS DROPLET NUCLEATION IN DILUTE 

SYSTEM USING LARGE SCALE MOLECULAR DYNAMICS SIMULATION 
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1Keio University, Japan; 2Riken, Kobe, Japan 
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The studies of homogeneous nucleation has been done for over 100 years using theoretical and 
experimental approaches. The classical nucleation theory (CNT) was constructed as a consequence 
and generally has been applied to understand the nucleation phenomenon at present. However, there 
is a discrepancy between CNT and experimental results of nucleation rate calculation[1]. This is 
because of assumptions in CNT that treats a microscopic cluster as though it were a macroscopic 
spherical droplet. On experiments, there is the technical difficulty associated with analyzing the 
dynamics of nano-sized clusters. In order to investigatethe dynamics of nucleationat the molecular 
level, molecular dynamics (MD) simulation is effective. 
Many studies of homogeneous droplet nucleation using MD have been performed since the study of 
Yasuoka and Matsumoto[2].However, the range of nucleation rateobtainedfrom MD is orderly 
greater than those measured from experiment. This is because the observable range is different 
between MD and experiment due to the supersaturation ratio.The experimental supersaturation 
condition is too low for typical MD to observe nucleation phenomenon within a simulation time 
scale.To solve this variance, Diemandet al. performed thebillion particles MD simulation of 
homogeneous droplet nucleation and directly compared the nucleation rate with experiment[3]. Their 
simulation systems was large enough to observe nucleation indilute system, at low supersaturation 
ratio conditions, and they obtained a nucleation rate, which was almost in the same range of those 
of experiments. However, the validation of CNT is still lacking on such a realistic dilute system and 
kinetic analysis is effective to do this. Kinetic analysis allows us to identify every cluster, and 
enables to estimate the critical cluster size and free energy barrier directly from the simulation 
results[4].  
In this study, we carried out large-scale MD simulations of homogeneous droplet nucleation using 
carrier gas thermostat. Furthermore, in addition to the nucleation rate analysis, we acquired the 
critical cluster size and free energy barrier using kinetic analysis, and compared with those from 
CNT to assess the validity of the methodology of nucleation rate calculation of CNT. 
We used the Lennard-Jones particle for argon and observed the droplet nucleation at 80 K. In order 
to observe nucleation more realistically, we used two types of molecules: target gas and carrier gas. 
This approach, carrier gas thermostat, mimics the process that actually occurs during experiments. 
The number of particles, system size, and temperature of carrier gas was constant. Figure 1 shows a 
snapshot of nucleation at low supersaturation condition. One can easily observe a cluster 
formationand the monomers are around the clusterin a dilute system. Our simulation results covered 
supersaturation ratios from 3.78 to 6.87. When we measured the nucleation rate JMD using threshold 
method[2], the results of JMD are 8 to 13 orders of magnitude larger than the theoretical nucleation 
rate prediction of CNT. If we input values obtained from MD in the theoretical equation and 
compared with JMD,  we got a resultthat matched well with JMD, within an order of magnitude. Thus, 
we found that the theoretical equation is reasonable.  

236



 

Using kinetic analysis, we found that the prediction of the critical cluster size of CNT had fair 
agreement with those estimated from MD. On the other hand, we found that the height free energy 
barrierof CNT is double that estimated from our MD. Thus we concluded that CNT may 
overestimate the free energy barrier, which could explain the 8 to 13 orders of magnitude 
differences of nucleation rate. 
 

Acknowledgements 
The supercomputer “Satsuki” in Riken (Saitama, Japan) was used for most of the calculations. 
[1] J. Wedekindet al., J. Chem. Phys. 2007, 127, 154515. 
[2] K. Yasuoka and M. Matsumoto, J. Chem. Phys., 1997, 109, 8451. 
[3] J. Diemandet al., J. Chem. Phys., 2013, 139, 074309. 
[4] H. Matsubaraet al., J. Chem. Phys., 2007, 127, 214507. 
  

Figure 1.  Snapshot of the clusters in one of the simulation. Dark colored particles are clusters 
(red), and the others are monomers (orange). Only the target molecules are visible. 
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In this talk, we will discuss some interesting effects originating from self-regulated pulsed 
nucleation in vapor-liquid-solid (VLS) III-V nanowires catalyzed by nano-sized droplets. It will be 
shown why and how the so-called nucleation antibunching in individual NWs leads to sub-
Poissonian narrowing of length distributions (LDs) in the ensembles of self-catalyzed NWs, as 
predicted theoretically in Ref. [1] (Fig. 1 (a)) and confirmed experimentally in Ref. [2] (Fig. 1 (b)). 
It has been known for a long time [3,4] that the nucleation position (in the center of the liquid-solid 
interface or at the trijunction) determines the crystal structure of III-V NWs, which can be either 
wurtzite (WZ) or zincblende (ZB). More recently, in-situ studies revealed truncated growth 
interfaces which oscillate in synchronization with the nucleation pulses [5]. The presence or 
absence of truncation depends on the contact angle of the droplet and is thought to affect the crystal 
structure. We will consider how the stopping effect [6] influences the truncated volume and why 
truncation [Fig. 1 (b)] can start from zero and return to zero in each monolayer growth cycle [7].                  

    

 
Figure 1. (a) Universal shapes of sub-Poissonian LDs of self-catalyzed NWs as versus x=n−τ, with 
n as the number of NW monolayers and τ as the number of deposited monolayers. The 
antibunching parameter ε is fixed at 0.1, different α describe difficult NW nucleation from the 
substrate; (b) Measured variances of the LDs in the ensembles of Ga-catalyzed GaAs NWs 
(symbols) and their fit showing sub-Poissonian narrowing.       
Acknowledgements The financial support of the Russian Foundation for Basic Research under 
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Relaxation processes to the state of aggregative equilibrium of micellar surfactant systems are 
described by the Becker-Dering kinetic equations for aggregate concentrations. The finding of the 
spectrum of the relaxation times with the help of these equations is possible only numerically and 
requires a large amount of computer calculations. Analytical calculations are carried out by passing 
from the system of difference Becker-Dering equations to differential equations in which the 
number of molecules in a micelle is considered as a continuous variable. In combination with the 
parabolic approximation of the micelle formation work, this allows one to find analytical 
expressions for the spectrum of relaxation times [2]. The comparison shows that there are both 
quantitative and qualitative differences of this spectrum from the numerically calculated one. In 
particular, the presence of degeneracy, which is absent in the results of numerical calculations, takes 
place. In [3] corrections to analytical eigenvalues were found with the help of perturbation theory. 
This improves the agreement with the numerical values and removes the degeneracy of the 
spectrum. However, the approach used in [3] reveals the drawbacks associated with the non-self-
adjointness of the perturbation operator, which in some cases leads to unphysical complex values of 
the relaxation times. I propose a modified version of perturbation theory in which the self-
adjointness of the perturbation operator is preserved in any order of perturbation theory, which 
guarantees the reality of the relaxation times. 

 
This work was supported by Russian Science Foundation (grant 14-13-00112). 
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Dispersion organic nanoparticles can be widely used in different areas from biomedical application 
and nanonreactors to standards for equipment calibration, and working component of optical 
devises. Therefore processes of dispersion formation, stability of formed dispersions and dispersion 
stabilization are widely investigated.  This work is devoted to investigation of dispersions formed 
from interpolyelectrolyte complexes (IPeCs). In this work several new approaches were used for 
synthesis IPeCs [1]. The first was polymerization of cationic surfactant (AUTA+,11-
(acryloyloxy)undecyltrimethylammonium) in pAMPS-AUTA complexes (pAMPS-, poly-2-
acrylamido-2-methyl-1-propanesulfonate). The second was the opposite case. The IPeCs were 
formed by polymerization of counter ions of comb-like polyelectrolyte pAUTA-AMPS. The 
pAMPS-AUTA complexes were obtained through simple mixing pAMPS-Na and AUTA-Br at 
equimolar ratio in 0.05M NaCl. It was established that polyelectrolyte pAMPS- stabilize complex 
particles. There were unimacromolecular and multimacromolecular particles in the dispersion (fig 1 
A). Zeta potential of formed IPeC particles was determined by the charge of the original 
polyelectrolyte (pAMPS- and pAUTA+, respectively). The hydrodynamic radius of IPeC particles 
derived from pAMPS-AUTA decreased with increasing a molecular weight of the original PAMPS-
Na macromolecules [2]. The IPeC particles have a cluster structure, and monomodal size 
distribution (fig. 1B). The stability against change of ionic strength of IPeC dispersions was 
increased with increasing of a molecular weight of the original polyelectrolyte. IPeC particles 
dissociate to the original polyelectrolyte and the polyelectrolyte formed by polymerization process 
at NaCl concentration equal to 1 M. Irreversible changes of IPeC particles were observed with 
increasing and decreasing of salt concentration in the stability region (fig.1C). 

 
Figure 1. A typical hydrodynamic radii distribution calculated from dynamic light scattering data: 

A -  for pAMPS-AUTA (dispersion of PeSC); B - pAMPS-pAUTA (dispersion of IPeC).  
C – The dependence of hydrodynamic radius of IPeC on NaCl concentration. The direction of the 
concentration change is indicated by arrows(■ – increase in NaCl concentration; decrease in NaCl 

concentration ○- from 0.22 M; Δ – from 0.07 M; □ – from 0.02M)      
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Thiswork is devoted to the problem of synthesis of aggregative stable disperse systems, in 
particular, the hydrosols of metal oxides, the properties of which are close to the systems named 
“lyophilic”.  
Anomalously high aggregative stability of such dispersions is explained by the presence of surface 
layers on the particles. This feature can be observed in the hydrosols of binary compounds, one of 
the components of which is an oxide with a strongly lyophilized surface, and the other hasnot such 
pronounced properties. 
As such a system, weconsider the hydrosols of binary oxides CeO2-ZrO2 that have both theoretical 
and practical interest.The future of these systems is the possibility of particles synthesis in the form 
of solid solutions, which differ significantly from individual oxidesby their characteristics (thermal 
and chemical stability, mechanical strength, lattice oxygen mobility, catalytic activity). Thanks to 
this feature, these systems become perspective precursors in the production of various functional 
materials, in particular, catalytic systems. 
Synthesis of binary oxides CeO2-ZrO2hydrosols were carried out by peptization of a precipitate 
obtained by hydrolysis of a water-soluble metal salt. 
At the first stage (stage of hydrolysis of salts) the formation of particles of sols takes place. The 
influence of the main factors (concentration of salts, their ratio, conditions of hydrolysis) on the 
possibility of obtaining single-phase particles ofCeO2-ZrO2solid solutions were established. 
The study of the peptization stage of precipitation alloweddetermining the conditions for the 
formation of gel layers on the surface of particles of binary oxides CeO2-ZrO2, which ensure high 
aggregative stability of these systems. 
The performed study of colloidal properties showed that CeO2-ZrO2hydrosols are stable to 
aggregation in the acidic pH range. The hydrosols are stable to the addition of 1 : 1 and 2 : 1 
electrolytes. The coagulation of the studied sols is induced by anions that are specifically adsorbed 
on the particle surface and are capable of removing water molecules from the internal coordination 
spheres of cations, which results in the dehydration of the particle surface and the charge 
compensation. 
The low values of electrokinetic potential (below 25 mV) and particle density (below 2.6 g/cm3) 
and the stability in the presence of indifferent electrolytes suggest that CeO2-ZrO2 sol particles have 
loosehydrated ion-permeable surface layers. The essential effect of sol particle hydration on the 
aggregation stability is supported by the redispersion of xerogels in water with formation of stable 
sols; moreover, the initial sols can be dried at rather high temperatures. It was found that, 
irrespective of the particle composition, xerogels obtained by sol drying at a temperature as high as 
210°C are completely dispersed to yield secondary sols of desired concentrations. The elevation of 
the drying temperature results in further dehydration and changes in the surface layers of particles. 
In many respects, the state of these layers determines the colloidal properties of these systems.  
 
Acknowledgements The work was supported by Mendeleev University of Chemical Technology of 
Russia. Project Number 028-2018. 
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Nanoemulsions of various n-alkanes (“paraffins”) from C19H40 to C28H58 and some of their 
mixtureswere prepared in water by ultrasonic dispersionwithout the use of surfactants. The 
emulsions were filtered through various filters from 0.1 μm to 0.45 μm. The size of paraffin 
emulsions was measured by dynamic light scattering (DLS) technique.Water-freesolid paraffins 
were examined by scanning electron microscopy and atomic force microscopy to obtain the size of 
paraffin particles and compare it to DLS results. The zeta potential of emulsion droplets wasfound 
to be about -30 mV (for all the samples) and long-term stability of the emulsions was 
experimentally studied. We confirmed that the emulsions remained stable for more than half of a 
year. 

We investigated the behavior of these samples with DLS and withstatic light scattering (SLS) 
[1], both at heating and cooling; we present the determination of the crystallization and melting 
temperaturesof paraffins in emulsions, as well as the rotational phase transitions, with a good 
reproducibility. Our results are in good agreement with the literature data. We underline that the 
melting and crystallization phase transitions are come along with bright imprints on the temperature 
dependence of the scattered light intensity associated with a change in the refractive index of the 
paraffins. We show that DLS and SLS techniques enabled us not only to measure the cluster size in 
the paraffin emulsions but also to determinate the rotational phase transitions temperatures [2], the 
task that is of the interest toa broad scientific community, such as involved in the study of phase-
change materials (PCM).Moreover, DLS and SLS are powerful experimental methods for studying 
phase transitions in emulsions, enabling one to investigate the influence of various effectson the 
phase transitions. 

Dynamic and static light scattering studies were performed using Photocor Compact (Russia) 
and Photocor Complex (Russia). 
 
[1] D.D. Ivanova, K.I. Kienskaya, V.N. Kuryakov, J. Adnvances in Chemistry and Chemical 
Technology, 2017, 31, 88.  
[2] V.P. Voronov, V.N. Kuryakov, A.R. Muratov, J. Exp. Theor. Phys., 2012, 115, 1105. 
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Cationic surfactants (Fig. 1) have the capability to condense high molecular negatively charged 
DNA in a solution with the formation of spherical nanosized particles.The disperse system with 
small DNA-surfactant particles can be used, for example, in gene delivery. The binding of cationic 
surfactants to DNA in solution is cooperative and causes the formation of micelle-like surfactant 
associates on DNA.Trans-to-cis and cis-to-trans surfactant isomerization induced by UV or visible 
light causes reversible DNA packaging. The ratio of surfactant/DNA concentration and solution 
ionic strength determine the formation of three different systems: a solution with DNA-surfactant 
complexes, DNA precipitation with the advent of large flakes and disperse system with nanosized 
particles. The molecular reasons for the formation of each system were analyzed.  
Salt (NaCl) concentration greatly influences on DNA binding with cationic surfactants in water 
solutions. DNA conformation, DNA-surfactant and surfactant-surfactant interactionsdepend onionic 
strength of solution. Indeed, the polyelectrolyte swelling of DNA disappears at NaCl concentration 
greater than 1M, and the experimentally determined DNA persistent length increases noticeably at 
NaCl concentration less than 0.005 M NaCl.Salt concentrationC(NaCl) determinessurfactant-
surfactant interaction in water solutions without DNA at concentrations C(surf) < CMC. One can 
see the prevalence of head-to-tail dimers or other associates with similar surfactant orientation at 
C(NaCl) >0.01 M (Debye screening radius rD< 3 nm),whereas such structures practicallydo not 
observe in solutions of low ionic strength. High NaCl concentration (1M) for C(surf)under study 
causes the appearance of micelles.This follows from spectral changes (hypochromism and shift of 
bands) observed for same C(surf) and different C(NaCl). Fig 2 also  demonstrates thatDNA 
interaction with surfactant depends on NaCl concentration (more precisely, on the state of the 
surfactant in solution). Low NaCl concentration promotes the formation of a complex with the 
appearance of micelle-like aggregates of surfactant on DNA, surfactants with head-to-tail 
orientation in C(NaCl) region from 0.05 to 0.5prefer to induce the formation of intermolecular 
aggregates of DNA with further precipitation. High NaCl concentration (1M) does not contribute to 
the electrostatic attraction of surfactants to the phosphate groups of DNA and formation of 
complexes. 
It was shown that surfactant-DNA complexes are not destroyed after the addition of mono-, di- and 
trivalent metal ions into solution, however, the binding of metal ions with DNA groups in a major 
groove is possible.  It should also be emphasized that the formation of DNA complexes with ions of 
two- and trivalent metals does not prevent further binding of surfactants to DNA. We can conclude 
that the binding of surfactants “heads” to DNA phosphates with the contact of hydrophobic "tails" 
ensure the stable complex, which prevents further binding of DNA phosphates with metal ions. The 
secondary structure of DNA in this case practically does not play an important role: it was shown 
that the preliminary thermal or acid denaturation of DNA does not affect its binding with 
surfactants. 
In order to test a possible localization of a surfactant in the minor groove of DNA, the luminescence 
of the DAPI (4,6-diamidino-2-phenylindole) dye was investigated upon its addition to solutions 
with DNA-surfactants complexes. The experimental data show that the association of surfactants on 
DNA prevents DAPI binding to phosphates and simultaneously inhibits dye binding in the minor 
groove of DNA. Hence, we can assume that surfactants overlap the minor groove of DNA, when 
associate with phosphates through the specific orientation of hydrophobic "tails". Nevertheless, the 
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luminescence of DAPI located in a minor groove does not change after surfactant addition into 
solution.  
The trans-to-cis isomerization of surfactant induced by UV light, and DAPI luminescence in such 
systems with different surfactant concentrations were analyzed. 
The change in the volume of a DNA molecular coil in complexes with surfactants (DNA 
packaging) was conveniently analyzed by the viscometry method. For these systems, as before 
[1,2], upon irradiation of solutions with UV light, a trans-to-cis surfactant transition induces an 
increase in solution viscosity. That indicates DNA de-packaging. At high surfactant concentration 
the formation of nanosized spherical particles was observed with AFM method.  Phase diagram for 
DNA-surfactant system was constructed and analyzed. 
 

 
Figure 1. Structure of azobensene containing surfactant 
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Figure 2. Typical spectral change for surfactant (a) and DNA-surfactant complex (b) an different 
NaCl concentrations 
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[2] Y.Zakrevskyy, A.Kopyshev, N.Lomadze, S.Santer, E.Morozova, L.Lysyakova, 
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Aerogels have inherent advantages,such asthe low density varying between 0.003-0.2 g/cm3, high 
porosity and specific surface area, very low thermal conductivity. Furthermore, aerogelsmade from 
celluloseare more flexible and less brittle than inorganic counterpart. Disadvantage of cellulose is 
strong dependence of its mechanical properties on the water absorption. As soon as its 
materialsareplacedin solutions,they become mechanically weak anddo not hold dimensional 
stability. It is known that theirtensile strength and stiffnessare increased afteran intense mechanical 
treatment [1,2]. Cellulose thus treated is called the microfibrillar cellulose and known in the 
abbreviation form as MFC. 

We have suggested to fabricatethe aerogel from MFGprepared by a procedure that included 
not only themechanical treatment, but alsothe freeze-thawing[3]. Their combination enabled us to 
shorten the number of cycles.Any chemical treatmentwas not performed. This MFG was dispersed 
in aqueous solution and freeze-dried that resulted in an aerogel. Its density variedfrom 0.02 to 0.07 
g/cm3 that was determined by the MFC concentration in an initial solution. Examination of the 
mechanical properties revealedthe strengthening of these aerogels in 10 times in comparison 
withthe cotton counterpart.  

An essential feature of the aerogels was that they were dimensionally stable even when were 
placed in solutions. The wetting led as usual to a decrease of the mechanical strength, but they were 
stiff enough to hold the shape and dimension. Observation under a scanning electron microscope 
provided an insight into the reason of their stability. As obvious from images in Fig. 1, the 
mechanical treatment combined withthe freeze-thawingbrought abouta partial disintegration of 
fibersinto micro/nanofibrils.The latter are entangled, forming a three-dimensional network that 
occurred a stabilizing effect. 

It isshown that the cellulosic aerogels, which are dimensionally stable in solutions, are very 
appropriate for various modifications by methods of wet chemistry.Their treatment provides a 
rational way for the functionalization that can be applied for development of novel materials with 
low density, high porosity and surface area.  
Acknowledgements The financial support of the Russian Science Foundation (grant No. ) is greatly 
appreciated.  

Figure 1. Scanning electron 
microscope images of initial cellulose 
(A) and MFC (B) fibers. 

[1] A.F. Turbak, F. W. Snyder and K. R. Sandberg, J. Appl. Polym. Sci. Appl. Polym. Symp., 
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[2] H. Charreau, L. Foresti and A. Vazquez, Rec. Patents Nanotechnol., 2013, 7, 56.  
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Characterization of low-concentrated water-in-crude oil emulsions with varying temperature and, as 
a consequence, the phase transitions observed in them, i.e. transition from water-in-crude oil 
emulsions to ice-in-crude oil suspensions, are very important both from the practical and the 
scientific point of view. These emulsions are formed during the transportation of crude oil. The 
study of behavior of water-in-crude oil emulsions under certain thermobaric conditions is an 
important aspect in the development of crude oil transportation technologies [1-2]. 

Isothermal and non-isothermal kinetics of crystallization of water droplets in water-in-crude 
oil emulsions in the concentration range from 5 to 20 wt % were investigated by using differential 
scanning calorimetry (DSC). The experimental data obtained from DSC were approximated using a 
mathematical kinetic model including the effect of self-acceleration. Correlation between the 
kinetics of isothermal and non-isothermal crystallization was established. The crystallization 
temperature and heat of non-isothermal crystallization at different cooling rates were determined. 
The degree of crystallinity of emulsions and heat of isothermal crystallization in the temperature 
range from -36 to -41 °C were calculated. Furthermore, kinetic model was used to describe the non-
isothermal crystallization kinetics based on the isothermal experimental data (Fig. 1). The results 
suggested that kinetic equation is successfully describing the non-isothermal crystallization of water 
droplets over a wide range of cooling rates. So, mathematical model of the crystallization process, 
which approximates the experimental data sufficiently accurately, was proposed.  This model 
describes the kinetics of crystallization as an autocatalytic process, and at lower temperatures, the 
process of droplet crystallization occurs at a higher rate. Using the proposed model, the degree of 
crystallinity of the emulsion samples can be calculated. The proposed kinetic model can be used for 
prediction of behavior of real crude oil emulsions under the cooling during the processes of deep-
sea transportation. 

Figure 1. A comparison of the 
experimental and calculated 
dependencies of the degree of 
crystallinity for the fastest and 
slowest cooling rates. 

Acknowledgements The study supported by The Russian Foundation for Basic Research (project 
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Nanoemulsions and solid lipid particles have been intensively studied recently for possible use in a 
wide range of biomedical applications. They can be used for the preparation of colloidal micro- and 
nanocapsules, bioimaging, targeted drug delivery [1]. 
Many of biologically active substances exhibit low polarity and low water solubility that requires 
the development of new kinds of carriers for their administration and delivery. Lipid-based systems 
may compromise to have the therapeutic benefit and provide a prolonged output of the drugs [2]. 
Emulsion based carriers: nanoemulsions and solid lipid particles have been investigated. 
Nanoemulsions were stabilized by nonionic surfactants Brij 30 or mixture of Tween 80 and 
Span 80, Tween 60 and Span 60. Droplet diameters varied from 15 to 80 nm (Fig. 1a). In the case 
of stabilization by liquid surfactants, nanoemulsions were unstable to droplet growth due to the 
predominant influence of Ostwald ripening [3]. Stabilization by solid surfactants Tween 60 and 
Span 60 provided long-term stabilization [4]. Droplet sizes almost did not change for a long time. 
Solid lipid particles from paraffin or stearic acid were prepared by temperature phase inversion 
method (Fig. 1b). Paraffin suspensions with Carbopol 940 had particles of 190 nm in size and were 
stable to phase separation at least 6 months. The long-term stability of paraffin particles was 
achieved by the formation of gel-like network by polyacrylate molecules in the aqueous phase of 
emulsions that prevented droplet approaching and coalescence before solidification and particle 
aggregation after solidification. 
Incorporation of lipophilic drugs such as tocopherol, hydrocortisone, nimesulide or curcumin did 
not cause changing sizes of nanoemulsion based nanocapsules. Encapsulation of drugs in paraffin 
particles led to led to a slight increase in sizes. This study provided information and additional 
approach for further understanding the preparation of nano- and microcapsules based on emulsions. 

 
Figure 1. Nanoemulsion droplets and solid lipid particles. 
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The kinetic theory of the nucleation stage of gas bubbles formation at degassing in a gas-
supersaturated liquid solution had been developed in a number of papers for last 30 years. There are 
two main approaches to kinetics of gas bubbles formation and growth under conditions when gas 
supersaturation in the liquid-gas mixture is created by instant decompression. The traditional mean-
field approach implies that nucleation and growth of supercritical bubbles is followed by 
synchronous and uniform decrease in the total dissolved gas supersaturation, and diffusion of gas 
molecules through liquid to growing bubbles is stationary. Correspondingly, the rate of formation 
of new bubbles is reduced uniformly throughout the liquid solution volume. In fact, these 
assumptions are justified for the case of modest gas supersaturations and gas solubilities in a liquid-
gas mixture [1]. In the case of large gas solubilities and supersaturations, diffusion of gas molecules 
to bubbles becomes nonstationary, and the nonuniform diffusion shells with the depleted 
concentration of the dissolved gas form around the growing bubbles. For such a situation, the 
excluded volume approach had been designed under assumption of self-similar regime of the 
supercritical bubbles growth [2].  

It should be noted that effects of the Laplace pressure on dynamics of bubble growth was not 
taken into account in all these cases. However the role of the Laplace pressure for submicron 
bubbles may be significant. This report focuses on the detailed description of this role in the 
kinetics of the nucleation stage at the degassing of a supersaturated gas-liquid solution. We show 
here that it is possible to formulate a rigorous extension of the mean-field kinetic theory of 
degassing a gas-supersaturated liquid solution when the Laplace pressure in small supercritical 
bubbles is comparable with the external pressure [3]. The extended theory completely describes the 
very important nucleation stage of formation of the distribution of supercritical bubbles in sizes 
under small and moderate gas supersaturations in liquid solution and shows how the Laplace 
pressure modifies the bubble distribution in sizes on the initial part of the nucleation stage. This 
effect decreases to the end of nucleation stage. The results can be applied to various gas-
supersaturated systems under small and modest decompression when the diffusion flux of gas 
molecules to a growing bubble can be considered stationary during the whole nucleation stage. In 
the case of deep metastability of the gas-liquid solution, when diffusion to the growing bubble 
becomes essentially nonstationary, we developed a semi-analytical description of nucleation 
kinetics on the basis of the excluded volume approach. It should be noted that to formulate the 
theory including the full effect of the Laplace forces for small supercritical bubbles, we need first of 
all an analytical treatment of the bubble growth dynamics with a sufficient accuracy. This treatment 
should be applicable in the range of bubble sizes starting from the size slightly exceeding the 
critical one and extended to the size at which the pressure in the bubble is virtually equal to the 
solution pressure, and the conditions for the regime of self-similar growth of bubbles are provided. 
In addition, an explicit analytical expression representing an actual concentration profile of the 
dissolved gas in the nonstationary diffusion shell around the growing bubble at any moment of the 
nucleation stage is required for finding the distribution of bubbles in sizes. Such an analytical 
expressions can be obtained with the help of interpolation [4] or within the approximation which is 
analogous to one used recently in [5] for the problem of nonstationary growth of a bubble in high-
viscosity liquid. 
Acknowledgments This work was supported by the Russian Foundation for Basic Research (grant 
16-03-01094) 
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We discuss preparation of the hybrid composites, in which the microphase-separated diblock 
copolymer polystyrene – poly(2-vinyl pyridine) or polystyrene – poly(4-vinyl pyridine) 
simultaneously plays the role of a stabilizer that prevents the aggregation of Au nanoparticles and 
of a matrix providing their selective arrangement in the domains of a given type. The proposed 
approach does not involve additional stabilizers being effective for both organophilic Au 
nanospheres and initially hydrophilic Au nanorods. Diblock copolymer chains are introduced into 
the shell of nanoparticles via the ligand exchange with a labile stabilizer used for their synthesis. 
The method enables the preparation of stable sols of Au nanorods (Fig. 1) or nanospheres with sizes 
of up to tens of nanometers in various organic solvents like CH2Cl2, CHCl3, benzene, toluene, and 
THF [1]. Thin films of Au nanospheres or nanorods in the diblock copolymer matrices are made by 
spin casting followed by solvent vapor annealing. The content of Au nanoparticles in the 
composites is up to 5% by weight, they are dispersed and located mainly within the vertical or 
horizontal cylindrical domains of vinyl pyridine (Fig. 2), while the nanospheres are localized near 
the domain walls and the nanorods are generally oriented perpendicularly to the cylinder axis [2]. 
These data are discussed regarding the results of the recent simulations by dissipative particle 
dynamics [3]. It appears that the diblock copolymer stabilizers are the most effective compared with 
thiol-terminated polystyrene, thiol-terminated poly(2-vinyl pyridine), and decanethiol [4]. Thus, 
stable polymer-based composites with Au nanospheres or nanorods can be prepared without the use 
of strong thiol and amine surfactants. 
Acknowledgements The study was supported by the Russian Science Foundation (Project 16-13-
10280) 

        

Figure 1. (TEM) Sol of Au nanorods dried from 
(left) water and, after the phase transfer, (right) 
chloroform. 

Figure 2. (SEM 2�2 �m) Microphase-
separated PS-P2VP films with (а) 1 and (b) 5 
wt% of Au nanoparticles 
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The gradient density functional theory (gradient DFT) has recently been successfully used for 
thermodynamic description of such strongly heterogeneous systems as small droplets formed on 
molecular- and nanosized solid foreign particles in a supersaturated vapor [1-4]. It has been shown 
how the short-range intermolecular interactions between the condensate molecules themselves and 
their molecular interactions with the solid core jointly with the effect of central electric field in the 
case of charged core affect the thermodynamics of heterogeneous nucleation on wettable particles. 
The strongest effect has been found for a smallest droplet being in a stable equilibrium [2-4] with 
the vapor phase. Such a droplet will be called below equilibrium by contrast to the critical droplet 
which is in unstable equilibrium with the same vapor. The critical droplet is larger than the 
equilibrium one except the case when the vapor supersaturation is close its threshold value at which 
the equilibrium and critical droplets  
To describe heterogeneous nucleation in the metastable vapor, it is sufficient to find the size-
dependent chemical potential for a condensate molecule in the droplet at any droplet size. We did it 
numerically with finding the density profiles as a function of the vapor chemical potential [2-4]. 
However there still stay questions concerning the choice of the appropriate intermolecular 
potentials and the electric field contribution to the grand thermodynamic potential of the system. 
The use of simple van-der-Waals or the Lennard-Jones potentials with the Carnahan-Starling model 
for the hard-sphere contribution does not allow us to include the effects of spontaneous electrical 
polarization of the nonuniform liquid film in the droplet formation. The influence of the electric 
charge of the particle has been considered under assumption of the central Coulomb potential in the 
fluid with the dielectric permittivity depending on local condensate density. Here in this report, we 
have modified the intermolecular potentials and the electric field contribution to include the 
presence of nonlinear polarization in the equilibrium droplet. The condensate density profiles, 
surface tensions and equimolecular radii for equilibrium droplets at different values of the vapor 
chemical potential have been computed in the cases of an uncharged solid core with the molecular 
potential, a charged core without molecular potential, and a core with joint action of the central 
electrical and molecular potentials. The dependence on the core size has also been studied. 
The capillary and disjoining pressures in the droplet and electrostatic contributions to the 
condensate chemical potential have been found and compared with the predictions of classical 
thermodynamics and thermodynamics of mesoscopic droplets [5,6]. With the help of the found 
dependence of the condensate chemical potential in droplet on the droplet size, the energetic 
characteristics of nucleation on uncharged and charged particles have been computed as functions 
of vapor supersaturation and core size. 
Acknowledgements.  This work was supported by the Russian Foundation for Basic Research 
(grant 18-53-50015 ЯФ_a) 
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Complexes that form through ionic crosslinking of polyelectrolytes are widely investigated. Such 
materials find application as nanocarriers for drug, gene, and food additives delivery, in the 
production of composite materials, in inorganic materials synthesis, etc. Multiple charged inorganic 
ions are typical crosslinkers used for the preparation of these complexes. Multifunctional organic 
ions may have a number of advantages in the creation of materials for medical applications, 
however only a few researchers use them as cross-agents. 
In present study the formation of water-insoluble complexes of polyacids such as polyacrylic acid 
(PAA) and poly-2-acrylamido-2-methylpropanesulfonic acid (PAMPS) was investigated. As cross-
agents we used two types of multifunctional amines. The first type is ethyleneamines with 2-6 
amino groups. The second type includes natural amino acids derivatives, namely, glycine, valine, 
betaine and lysine esters of 1,6-hexanediol and 1,10-decanediol as well as choline alkanedioates. 
The possibility of the formation of water-insoluble polyelectrolyte complexes at various 
NH2/COOH and NH2/SO3H ratios, the influence of functionality and hydrophobicity of the ionic 
crosslinker on this process and the obtained complexes characteristics were determined by 
turbidimetry, DLS, AFM, NMR and SEM. 
We have demonstrated that the polymers form water-insoluble complexes with crosslinkers having 
enough hydrophobicity; moreover, the amount and the type of amino groups in the cross-agent play 
a key role in this process. Ethylene and hexamethylene diamines do not form water-insoluble 
complexes, whereas diethylenetriamine, triethylenetetramine, tetraethylenepentamine and 
pentaethylenehexamine do form the complexes.  
As for second type crosslinkers, decamethylene diglycinate, decamethylene divalinate, and hexa- 
and decamethylene dilysinate are able to form insoluble polyelectrolyte complexes. The same result 
was obtained for dicholine dodecanoate. The products were obtained in the form of particles or 
films, depending on the synthesis conditions.  
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Dispersions of molybdenum blue are a unique object, due to the structure of the particles of the 
dispersed phase. The dispersed phase in these systems is presented by molybdenum oxide clusters 
belonging to the class of polyoxymetallate complexes. The research in the field of synthesis of 
complex molybdenum compounds [1] made possible to synthesize clusters of various shapes: 
spherical, toroidal and lemon-like. 

In this workmolybdenum blue dispersion was synthesized using organic reducing agent. The 
particles of the dispersed phase have a size 2–3 nm and toroidal form(see Fig. 1). Synthesis of 
dispersion was carried out by reduction of ammonium heptamolybdatesolution with hydroquinone 
in an acidic medium. The use of hydroquinone as a reducing agent allows obtaining stable 
dispersions, which can be used later to synthesize various materials by sol – gel method. 

It was found that in the mixture of solutions of molybdate and hydroquinone in the absence of acid, 
neither redox processes nor complexation processes occur. The addition of acid leads to a 
significant increase in the oxidation-reduction potential from 70 to 300 mV. Oxidation-reduction 
process is completed within a few hours after the introduction of acid. 

The optimal content of hydroquinone for obtaining stable colloid system was determined using the 
spectrophotometric analysis. The pH values of the dispersion at which the particles of the dispersed 
phase were formed are in the range of 1,5 – 0,5. It should be noted that the process of particle 
formation of the dispersed phase using hydroquinone as a reducing agent differs significantly from 
the formation of particles when using glucose. The main difference lays in the time of particle 
formation, in the case of hydroquinone the process proceeds more quickly.  

Acknowledgements The reported study was funded by RFBR according to the research project № 
18 – 33 – 00958. 

 

Figure 1.TEM – image of molybdenum blue dispersion 

[1] D.L. Long, E.Burkholder and L. Cronin,Chem. Soc. Rev. 2007,36,105. 
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The foam prepared from solution of a conventional foaming surfactant is temporarily stable but its 
destroying rate can be significantly slow down by various additives, such as a synergistic co-
surfactant, polymeric hydrocolloid, solid particles or combination thereof [1]. Drainage can be 
stopped if the liquid of the foam either gels or solidifies. Some of current polymeric thickeners and 
suspending agents (xanthan gum is the representative example) form in the aqueous foam a 
thixotropic structure with proper yield value that retard or completely stop the drainage in a certain 
concentration range. For the case of polymeric thickeners/stabilizers, as exemplified recently by 
acrylic copolymers, including the crosslinked and hydrophobically modified species [2], drainage 
kinetics of the foam is mainly determined by the bulk viscosity rather than the surface 
viscoelasticity. Depending on the wettability and penetration into the foam lamella, solid particles 
can destroy the foam or, contrarily, inhibit the its collapse by locating inside the foam films and 
channels or by forming a steric barrier at the interface (case of the Pickering foam). 
Commonly, an aqueous foam is subjected to collapse owing to (i) coalescence (film bursting), 
(ii) liquid drainage due to gravity, and (iii) inter-bubble gas diffusion (Ostwald ripening). 
Coarsening moderately wet polydisperse foam due to the Ostwald ripening is not easy to assess 
mainly because of experimental difficulties, which arise from overlapping the bubble coalescence 
accompanied by drainage. Creating stable liquid foams is known to be a challenging task for a 
formulator in various applications. So, the goal of this study was to find a simple and universal 
method for assessing the foam quality and ingredients, i.e. proper candidates to highly stable foams, 
and to identify dominant reasons for their (in)stability. 
The foam with expansion ratio 10.1±0.4 : 1.0 is prepared from ‘isoviscous’ polymer-containing 
surfactant solutions by the self-foaming pump, which yield reproducibly bubbles of mean radius ca. 
0.1 mm. The radius alteration is a measure of the foam decay, as controlled by the photographs for 
different lifetimes. USB microscope "eScope Pro DP-M15" (×23) is used for dispersion analysis 
and resulting photos are treated with Microsoft Visual Basic 6.0 programme. 
Aqueous 25 mM solutions of sodium lauryl sulfate (SLS) and cocamidopropyl betaine (CAPB) are 
used as basic foamers. Additives of the following polymers are used in their equi-viscous 
concentrations: nonionic polyacrylamide (PAM, Ashland), six poly(met)acrylic (PA) copolymers, 
including crosslinked and hydrophobically modified (the courtesy of Azelis, Lubrizol’s vendor, and 
Markell / Lamberti SpA), hydroxyethyl cellulose (HEC, Polycell), and xanthan gum, extracellular 
heteropolysaccharide Xanthomonas spp. (CP Kelco). Foaming solutions containing acidic polymers 
were adjusted to pH 7.5 with sodium hydroxide. Colloidal silica (Sorbosil AC39, PQ Corp.) with 
near to spherical porous particles and purified Na+-bentonite clay of the Dashsalahli deposit with 
submicron particles are the same as described before [3]. 
According to the foam-stabilizing effect, the polymers can be set to the row: xanthan gum > HEC > 
PAM > PANa > partially cross-linked, hydrophobically modified PANa. The last thickener is an 
efficient suspending agent known as HASE, the hydrophobically modified alkali-swellable/soluble 
polymer emulsion [4]. Examination of the mechanism of foam destruction is carried out by plotting 
graphs of the bubble radius cube versus the foam lifetime as revealed by the Lifshitz–Slyozov–
Wagner theory. Graphs r3 = f (t) corresponding to selected foams are shown in Figure 1.  
The wet foam with the HASE-type PANa is stable enough within the first 10 minutes, and then 
foam collapses rapidly. From the certain moment of drainage, coalescence become a dominant 
factor in this collapse. Within the time of observation, xanthan gum is the most powerful polymeric 
stabilizer as follows from: a) the linear graph (the evidence of no foam coalescence); and b) the 

253



 

small slop indicating the lower rate of Ostwald ripening. The foam with HEC in the isoviscous 
concentration is quite stable to coalescence also but it is more susceptible to Ostwald ripening and 
drainage as well.  

 
Figure 1. Change with time of the mean bubble radius in foams prepared from the 25 mM 

isoviscous SLS solutions containing different polymers. 
 
Thus, further experiments are done with the foams where xanthan gum, as the main polymeric 
stabilizer, and hydrophilic bentonite clay or sub-micron silica are involved. Preliminary results 
show the following. In the first 20-40 minutes of life, three-phase foam destroying takes place 
mainly by the Ostwald ripening, whereas the bursting of foam films is covered later on this process. 
Unlike foams with SLS, the foams stabilized by 25 mM CAPB, xanthan gum and the same particles 
maintain higher stability for a long time. The three-phase CAPB-stabilized foam may be very 
persistent to the Ostwald ripening, coalescence and drainage. Capillary and hydrostatic pressure in 
the foam is not large enough to force its drainage. Combining distinct surfactants, polymers and 
particles, especially bentonite, gives rise to the best result. Conversely, other blends of the 
ingredients serve the tunable foam stability. Mechanisms of the foam (de)stabilization are proposed. 
So, the foam coarsening can be examined in such conditions when the drainage and coalescence are 
minimized by formulation options. Linearity of the r3 = f (t) plot is a convenient indicator of the 
contribution of inter-bubble gas diffusion to the foam collapse. Otherwise, the curved plot is sign 
that coalescence of bubbles and water loss due to the drainage take place as well. 
 

[1] R.J. Pugh, Bubble and Foam Chemistry, Cambridge University Press, Cambridge, UK, 2016, 
436 pp. 

[2] A. Bureiko, A. Trybala, J. Huang, N. Kovalchuk, V. Starov, Colloids Surfaces A: Physicochem. 
Eng. Aspects, 2013, 434, 268-275. 

[3] V.S. Erasov, M.Y. Pletnev, B.V. Pokidko, Colloid J., 2015, 77, 625-633. 
[4] C. Chassenieux, T. Nicolai, L. Benyahia, Curr. Opinion Colloid Interface Sci., 2001, 16, 18-26. 
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Silica is optically transparent, mechanically strong, stable in various solvents, nonswelling and 
nonshrinkable in water. Its synthesis is performed by methods of the sol-gel chemistry at mild 
conditions. These advantages make it appropriate as a matrix for photonic materials. Here it was 
used to entrap quantum dots. CdS and ZnS were synthesized in aqueous solutions by exchange 
reactions after mixing corresponding metal salt with sodium sulfide in the presence of 
mercaptosuccinic acid, glutathione or cysteine, which serves as stabilizing ligands against merging 
[1]. Schematic drawing of quantum dot and picture of samples with various photoluminescence are 
presented in Fig. 1.  
The entrapment of quantum dots in silica matrix was made by green syntheses in their aqueous 
solutions [2,3]. Completely compatible tetrakis(2-hydroxyethyl)orthosilica with ethylene glycol 
residues was used as the precursor. Its advantage was in unrestricted water solubility and 
hydrolysis/condensation reactions in neutral solutions. Therefore, processes were performed 
without the addition of an organic solvent and acid or alkali at ambient conditions that could 
influence the stability of quantum dots. Silica thus synthesized was optically transparent with bright 
luminescence.  
It was found that the optical properties of silica nanocomposites with entrapped quantum dots 
changed under the laser lightening at λ = 405 nm. It concerned the optical absorbance coefficient 
and refractive index. Furthermore, red-shifting about 50 nm was observed for the emission maxima 
(Fig. 2). When the lightening was ceased, the initial optical state was restored that evidenced of the 
reversibility of photonic effects.  
Wide and small-angle X-ray scattering applied to study the influence of laser irradiation on the 
silica hybrids revealed structural changes in quantum dots. There was reversible restructuring of 
their crystalline lattice. A possible mechanism is considering. The sensitivity of optical properties 
of semiconductor nanoclusters on their irradiation offers a way for manipulation on the photonic 
properties.  

Acknowledgements The financial support of the Presidium of Far East Department, Russian 
Academy of Sciences (Program “Dalnii Vostok) is appreciated.  
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Figure 1. Schematic drawing of quantum dot capped with mercaptosuccinic acid and vials with 

photoluminescent samples of CdS illuminated by UV-lamp (352 nm). 

   
Figure 2. Emission spectra of CdS quantum dots before and after the laser irradiation.  

1. K. M. Sergeeva, I. V. Postnova and Y. A. Shchipunov, Colloid J., 2013, 75, 779.  
2. S. Voznesenskiy, A. Sergeev, I. V. Postnova, A. Galkina, Y. Shchipunov and Y. Kulchin, 

Opt. Express, 2015, 23, 4415.  
3. I. Postnova, S. Voznesenskiy, A. Sergeev, A. Galkina, Y. Kulchin and Y. A. Shchipunov, 

Colloid Surface Sci. A 2018, 536, 3.  
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Microemulsions (MEs) are a unique class of associated colloids, where water and oil form stable 
liquid mixtures in presence of amphiphilic surfactant molecules. The elastic bending constants of 
the interfacial surfactant monolayer, given by the elastic bending rigidity κ and the saddle-splay 
modulus ̅, play a pivotal role in governing the intricate phase behavior, topology and stability of 
MEs [1, 2, 3]. Here, we explore the influence of hydrophilic polymers (polyethylene glycol (PEG) and 
polyvinylpyrrolidone (PVP)) and alcohol molecules (ethanol and butanol) on the elastic bending 
rigidity of water based reverse microemulsions stabilized by AOT (sodium 1,4-bis(2-ethylhexoxy)-
1,4-dioxobutane-2-sulfonate) surfactant. A novel strategy by combining two state-of-the art 
experimental techniques such as Dielectric Relaxation Spectroscopy (DRS) and Small-Angle 
Neutron Scattering (SANS) are used to investigate the structure, phase behavior and elastic bending 
constants of MEs. The incorporation of PEG and PVP into the droplet core increase the percolation 
transition temperature TPand the stability of the droplet phase of microemulsions and is reflected as 
an increase in elastic bending rigidity of surfactant monolayer amounting to ~ 17%and ~ 46% 
respectively. We presume that the enhancement in elastic bending rigidity as well as the stability of 
MEs upon polymer addition is due to the strong adsorption of polymer chains at surfactant-water 
interface mediated by the ion-dipole interactions between anionic surfactant and polymer molecules 

[3]. Further, alterations in TPand κof microemulsions are noted with the addition of alcohols. The 
smaller chain alcohol (ethanol) eases percolation, whereas the higher chain alcohol (butanol) delays 
the percolation implying a reinforcement of the surfactant film. The saddle-splay modulus	 , being 
an important parameter in controlling the phase transitions and topology of microemulsions, is 
estimated from the polydispersity of ME droplets, where the droplet deformations due to thermal 
fluctuations are described using spherical harmonics[4]. Notably, the ratio  is obtained in the 

range, 0, favoring the spherical droplet phase of MEs [5, 6]. Our combined results propose 
an elegant strategy to predict and tune the stability of reverse MEs, which is of high-relevance from 
both fundamental research and application point-of-view. 
 
[1] P. M. Geethu, Indresh Yadav, S. K. Deshpande, Vinod K. Aswal and Dillip K. Satapathy, 

Macromolecules, 2017, 50, 6518. 
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[3] P. M. Geethu, Indresh Yadav, Vinod K. Aswal and Dillip K. Satapathy, AIP Conference 

Proceedings, 2018, 1942, 040012. 
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Heterogeneous nucleation on insoluble precursor particles have been studied by molecular 
dynamics (MD). The simulations were used to directly examine the vapor-to-liquid growth rate of 
water vapour on sphericaland/or cubic particles. The growth rate is defined as the number of vapor 
molecules that attach on the seed surface over time over surface area. Previous studies using argon 
have proven the existence of a shape effect, namely curvature effect by comparing the growth rate 
of spherical and cubic nanoparticles as was the case in this study[1, 2]. Water vapor is used in this 
study because solid particles in the atmosphere directly influence air quality. In soluble seed 
particles with various shapes and sizes were inserted into multiple supersaturated water vapor 
systems. The objective is to find how the shape of particles from gas emissions will affect 
heterogeneous nucleation. A constant number, volume, temperature ensemble was used. Three 
different sizes were tested for each shape. The Yasuoka-Matsumoto method was used to calculate 
how quickly condensation occurs on the particle surface. Previous studies have shown that though 
the different shapes have similar surface areas, condensation is faster for the cube by several 
factors. The result for water vapor is different, however, with monatomic vapour systems. The 
source of the discrepancy is from the different adsorption characteristics  
 The difference between vapour condensation of monatomic molecules and water was 
compared to the same type of solid seed as shown in Fig. 1. The supersaturation ratio of the ambient 
vapour was varied, but it did not have a significant effect on the condensation rate. Faster spreading 
and thus a layer-by-layer growth for monatomic vapour was seen, whereas water droplets that 
coagulated with the seed maintained its overall structure on the surface. In summary, depending on 
the vapor-vapor affinity and vapor-seed affinity, the rate of the liquid spreading on the seed surface 
changed. 
Acknowledgements The financial support of this study was in part by grant-in-aid Japan Society 
for the Promotion of Science Bilateral Program.  

Figure 1.Heterogeneous nucleation of water occurring on an insoluble seed particle. 
[1] D. Suh and K. Yasuoka, Journal of Physical Chemistry B, 2011, 115, 10631 
[2] D. Suh and K. Yasuoka, Journal of Physical Chemistry B, 2012 116 14637 
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One of the modern priorities in the field of aqueous dispersions based on polyelectrolytes is the 
study the formation of self-assembling structures such as polyelectrolyte complexes (PECs) in 
aqueous phase. PECs are formed by oppositely charged biopolymers, for example, polysaccharides 
and/or proteins. In an applied aspect, PECs are interesting as the basis for the creation of a wide 
variety of new materials used in biotechnology, medicine, pharmaceuticals, the food industry and 
other knowledge-based branches connected with the health and nutrition of humans. 
As a protein component of PECs, natural polyampholyte gelatin was used, as polyelectrolytes 
complementary to it the polysaccharides of marine origin: cationic chitosan (from shrimp shells) 
and anionic κ-carrageenan (from red algae) were used. The goal of the work was to study the details 
of the ionic polysaccharide–gelatin PECs formation in the aqueous phase within a certain range of 
biopolymers (w/w) ratio Z (g polysaccharide/g gelatin). The task was to study the general 
mechanism of complex formation at temperatures above and below the point of biopolymer’s 
coil→helix conformational transition. The experiment was carried out mainly on the basis of 
spectroscopic research methods (UV, FTIR and 1H NMR1), which make it possible to make such an 
assessment. 
A bathochromic shift of the absorption maximum in the UV spectrum for gelatin was observed 
upon addition of polysaccharides [1, 2]. This can be explained by the electrostatic interactions 
between amino groups in chitosan and Glu and Asp carboxyl groups in gelatin or between sulphuric 
acid groups in κ-carrageenan and His and Arg amino groups in gelatin. In addition, a certain 
contribution is made by hydrogen bonds involving the Tyr –OH groups in gelatin. 
The introduction of chitosan in Z area where stoichiometric chitosan–gelatin PECs are formed 
causes a shift of the Amide A (3401 cm–1) and 1165 cm–1 bands in the FTIR spectrum of gelatin to 
the low-frequency region [1]. As in the case of UV spectra, this is explained by the formation of 
hydrogen bonds between the molecules of chitosan and gelatin, and also by electrostatic 
interactions between –NH3

+ groups in chitosan and Glu and Asp –COO– groups in gelatin. 
And also, when chitosan is added, a high-frequency shift of the Amide III (1237 cm–1) band in 
gelatin spectrum is observed [1]. This may be due to a decrease in the intermolecular interactions 
between the α-chains of gelatin inside the collagen-like three-helical structure. In other words, the 
addition of chitosan causes an increase in the ratio between the amount of gelatin in the 
conformation of the random coil and in the conformation of the collagen-like structure. 
In the 1H NMR spectrum of gelatin with the introduction of κ-carrageenan, it was found that at high 
temperatures, when the biopolymer macromolecules are in the conformation of the random coil, the 
proton chemical shifts of the Val/Leu/Ile are changing to a low field [2]. This indicates the 
determining role of hydrophobic interactions, particularly between Val, Leu and Ile side chains of 
gelatin and non-polar units of κ-carrageenan. When the temperature was lowered to 14 �C (when 
the biopolymers are in a helical conformation), the change of the proton chemical shifts of the 
Val/Leu/Ile was not observed, but the change of the Lys proton signals to a low field and the Hyp 

                                                 
1 The 1H NMR studies of all systems under investigation were conducted in the Centre for Magnetic Resonance of St. 
Petersburg State University. 
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proton signals to a high field was observed (see Fig.1). This indicates the increased role of 
electrostatic interactions (for example, involving the Lys charged –NH3

+ groups) and hydrogen 
bonds (for example, with the participation of the Hyp –OH groups) in the stabilization of the κ-
carrageenan–gelatin complex in the temperature region below the gelatin’s coil→helix transition 
point. Besides, there is evidence to suggest that κ-carrageenan addition (in contrast to chitosan) 
causes an increase in the proportion of sides of triple collagen-like gelatin helices stabilized by 
interactions between the pyrrolidine rings of the Gly–Pro–Hyp triads [2, 3]. 

1 – -carrageenan 

2 – gelatin 

3 – Z = 0.03 

4 – Z = 0.17 

5 – Z = 0.33 

6 – Z = 0.50 

7 – Z = 0.75 

Val 
Leu
Ile HypLys

2.150 

2.145 

2.136 

2.128

2.123 

2.119 

2.819

2.820

2.820

2.821

2.823

2.828

(c) 

Fig. 1.1H NMR spectra for native κ-carrageenan solution (Ccar = 1.0%), 
native gelatin solution (Cgel = 2.0%) and κ-carrageenan–gelatin aqueous mixtures 

at different κ-carrageenan/gelatin (w/w) ratios Z at 14 °C [2]. 
The obtained spectroscopic data make it possible to define the molecular structure of the ionic 
polysaccharide–gelatin complexes at points above and below the conformational transition of 
biopolymers [1, 3]. It is assumed that at high temperatures the major role in the formation of the 
complexes is taken by hydrophobic interactions, as intense thermal motion of the biopolymer 
macromolecules disrupts the formation of strong hydrogen bonds and electrostatic interactions. 
Thus, the initial stage of complexes formation can be characterized as entropic.When the aqueous 
mixture of biopolymers cools, the importance of electrostatic interactions and hydrogen bonds 
increases. At a temperature below the start of the gelatin’s coil→helix conformational transition the 
electrostatic interactions become dominant. In the proposed qualitative model of PECs, a charged 
polysaccharide plays the role of lyophilizing (host) polyelectrolyte, and gelatin as a blocking (guest) 
polyelectrolyte. 
The spatial network of the hydrogel formed by the polysaccharide–gelatin complexes upon cooling 
of the aqueous phase appears to be a rather complicated structure where the disordered sites of 
gelatin α-chains are crosslinked by different types of node: triple collagen-like helices and intra-
/inter-molecular double helices of polysaccharide [3]. 
This work was supported by Russian Science Foundation (project № 16-16-00076). 
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Gold nanocatalysts represent a new generation of catalysts for the selective oxidation and reduction 
using molecular O2 and H2, showing great potentials for green chemistry. Activated carbons are one 
of the most frequently used supports in industry. However, activated carbon has been seldom used 
for gold deposition1. Here a coordination-assisted self-assembly approach is adopted for the 
intercalation of thermally reduced gold nanoparticles inside ordered mesoporous carbon 
frameworks. 
An almost complete conversion of benzyl alcohol to benzoic acid is achieved within 60 min over 
the Au/C catalyst with gold nanoparticles approximately 9.0 nm under 90 ºC and 1 MPa, using 
potassium hydroxide as a base2. A reduction of gold particle size from 9.0 to 3.4 nm in the catalyst 
leads to a high activity toward the selective oxidation of benzyl alcohol to benzyl acid and toward 
the reduction of p-nitrophenol to p-aminophenol at low temperatures such as 0 °C. The electronic 
modification of the d-orbitals of small particles is extremely important for chemisorption of O2 at 
atmosphere pressure and low temperatures3.  
Interstingly, thermally reduced Au/C nanocatalyst with gold nanoparticles approximately 2.8 nm is 
highly active and selective to convert p-chloronitrobenzene and 4-nitrophenol to corresponding 
amines using H2 as a reducing agent, reaching an initial reaction rate of 12.7 and 6.5 min-1, 
respectively4. By comparison, the commercial Au/C catalyst is inert under the same reaction 
conditions. Trapping by the SH-functionalized SBA-15 solids confirms the negligible gold leaching 
and the heterogeneous active centers for thermally reduced Au/C. Obvious changes are undetected 
for catalytic performance after five runs. These results indicate that the gold-containing mesoporous 
carbon catalyst is stable and can be reused. The simultaneous thermal reduction of gold 
nanoparticles and pyrolysis of the matrix may facilitate the involvement of gold inside the carbon 
matrix, the modification of carbon atoms on the gold surface, and the reconstruction of the surface 
induced by CO adsorption. The generation of low-coordinated gold atoms possibly reduces the H2 
dissociation barrier, and can therefore significantly improve the hydrogenation activity. 
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STUDY THE FORMATION AND BREAKING OF WATER-IN-OIL EMULSIONS  
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Al-Farabi National Kazakh University , Kazakhstan  

Akbota.Adilbekova@kaznu.kz 

Surface-active agents are widely used for oil industry as demulsifiers. Oil emulsions are formed due 
to presence in oil composition of natural stabilizers such as surface active carbon acids, naphtenic 
acids, high molecular resins, asphaltenes, mechanical impurities [1, 2].  
The purpose of this work is to investigate the stability of oil emulsions in the presence of surfactant 
mixtures. As an object of the research the crude oil from Konys oilfield of Kyzylorda region of the 
Republic of Kazakhstan was used. 
Nowadays nonionic surfactant are famous as the most effective demulsifiers of crude oil during the 
primary treatment of oil before processing. The demulsifying action of nonionic Triton X-305 and 
its mixtures with anionic sodium dodecylsulfate NaDDS was studied.  
Two oil samples from Konys were taken for research. One sample contains 1 % of water. The 
second sample contains 7 % of water. The amount of water was determined by means of Dean-
Stark distillation method. Experiments on investigating contamination of oil samples show that 
even small quantities of dispersed water and reservoir solids can significantly increase the cost of 
transportation because of pipeline corrosion and chloride salt content in aqueous phase of emulsion 
[3]. Therefore, preparation of oil for processing includes primarily dehydration and desalting of oil. 
According to dispersion of oil emulsion, they are divided on fine dispersed emulsion, average 
dispersed and coarse dispersed emulsions. By optical microscopy images of oil emulsion samples 
dispersion of water droplets varies within 1.4-11.9 µm. It indicates that oil emulsions are fine 
dispersed. Also, the polydispersion of emulsion are shown by microphotography. It is known that 
fine dispersed emulsions are not be destroyed by gravity separation due to their small size. For their 
sedimentation the water droplets have to aggregate (coalescence), consequently, their aggregative 
stability should decrease. Adsorption layer of natural stabilizers surround water droplet caused the 
aggregative stability of oil emulsions. 
The content of natural stabilizers was determined for this oil. The amount of paraffins 11,5 % 
(according to State Standard GOST11851); resins – 0,69 % (GOST11858); asphaltenes – 0,19 % 
(ASTM D 6560). 
For oil studied the density –838 kg/m3; the amount of water– 7,5 % (GOST 2477-65); the chlorides 
content – 5312mg/l (GOST21534-76); the content of mechanical impurities – 0,0042 %. The 
requrements for oil sent to oil refinery must be meet to State Standard 1347-2005. 
Surface tensions of Triton X-305 and NaDDS aqueous solutions shows the low values. According 
to P.A.Rehbinder demulsifiers have to possess by interfacial activity and replase the natural 
stabilizers from adsorption layer. For breaking down the oil emulsion of Konys oil field the 
mixtures of nonionic and anionic surfactants is more effective than the individual surfactants (W = 
93,3 %). The dewatering temperature was 60 оС.  
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The thermochemical dehydration was carried out at 60оС. The use of 40оС do not cause the 
breaking down emulsions. The increase temperature to 50оС – 60оС the dehydration degree 
increases. 
The increase of temperature till 70 оС leads to increasing of water separation. However, it is known 
that the optimal temperature for dewatering of oil during the primary preparation is 50оС – 60о.. 
The combination of thermochemical settling with centrifugation of 30% Konys oil emulsion 
showed high dewatering of the mixture Triton X-305 with anionic surfactants NaDDS and sulfanol 
at ratio of 1:1 (W =96,6 %) 
Thus, it has been shown the destruction of water-oil emulsion by thermal sedimentation in the 
presence of individual nonionic surfactants and mixtures of nonionic and anionic surfactants can be 
used to destroy the water-in-oil emulsion of light oils. 
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IN THE PRESENCE OF DNA 

Y.D. Aleksandrov, E.A. Karpushkin, V.G. Sergeyev, L.I. Lopatina 
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Gold nanoparticles (Au NPs) are widely used in biology and biomedicine as optical sensors 
and in catalysis [1]. Their physical and chemical properties are strongly size-dependent [2]. There 
are many approaches to synthesize Au NPs vie reduction of HAuCl4 by glucose, sodium citrate, 
ascorbic acid, sodium boron hydride, and other reducing agents [3]. Recently it has been shown that 
guanine can reduce HAuCl4 with the formation of particles with mean size about 6 nm [4]. Our aim 
was to investigate the ability of DNA macromolecules to reduce Au(III) in the solution and analyze 
the size distribution as well as catalytic properties of thus formed Au NPs. Reduction of 4-
nitrophenol by sodium boron hydride was chosen as the model catalytic reaction. 

The interaction of HAuCl4 with DNA was studied with different ratios of DNA and Au in 
the solution. Upon addition of HAuCl4 into DNA solution, the DNA-Au complex was formed. The 
nanoparticles were found only after 48 hours and if ratio of DNA/Au in the solution below unity. 
TEM image of Au NPs and their size distribution are shown in Fig.1. It was found that the average 
size of Au NPs was 0.9 nm, is smaller than of those obtained in presence of glucose (8 nm), 
guanine (6 nm), NaBH4 (4 nm), or ascorbic acid (16 nm) [3]. Based on this result, we can conclude 
that it is possible to obtain Au NPs in presence of DNA. Reduction of 4-nitrophenol catalyzed by 
Au NPs was monitored by measuring the mixture absorbance at λ 400 nm (the electronic absorption 
spectra are shown in Fig.2.) It is clearly seen that without AuNPs no changes in the spectra were 
observed, indicating no reaction even at 1000-fold excess NaBH4. However, the addition of Au NPs 
induced rapid color change. The plot of the natural log of the absorbance at 400 nm versus time is 
shown in Fig. 3. Thus, mixing DNA solutions with HAuCl4 resulted in the Au-DNA complex and 
Au NPs formation, the reduction of 4-nitrophenol to 4-aminophenol by sodium boron hydride was 
catalyzed by Au nanoparticles obtained in the presence of DNA. The rate constant of 4-nitrophenol 
reduction catalyzed by Au NPs prepared in the presence of DNA (9.62*10-2 s-1) was an order of 
magnitude higher in comparison with those formed in the presence of ascorbic acid (7.67*10-3 s-1) 
or glucose (6.54*10-3 s-1). The difference in the catalytic properties was likely due to the difference 
in the particles size. 
Acknowledgements The financial support of Russian Foundation for Basic Research  
(project No. 17-08-01087). 

a)  b)  

Fig. 1. a) TEM image of gold nanoparticles synthesized by reduction of HAuCl4 with DNA.  
b) Size distribution of the formed nanoparticles (200 particles). 
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Fig.2. The electronic absorption spectra of 4-nitrophenol in presence of NaBH4 and Au NPs. 

 
Fig. 3. Natural log of the absorbance at 400 nm versus time. 
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e-mail: mmyachina@muctr.ru 
 

Molybdenum blues which are non-stoichiometric oxygen-containing molybdenum compounds are 
of interest in the field of homogeneous and heterogeneous catalysis. For the synthesis of  
molybdenum blue dispersions, the dispersed phase of which is represented by molybdenum 
clusters, different in nature reducing agents are used. The choice of organic compounds as a 
reducing agent can be due to a number of reasons, among which the ability of some organic 
substances not only to reduce molybdenum compounds, but also to stabilize highly disperse 
systems. 
The aim of this work was to determine the effect of the nature of the organic reducing agent 
(hydroquinone, glucose and ascorbic acid) on the reduction of Mo (VI) compounds, which is 
necessary for the formation of molybdenum blue dispersions. Investigation of the reduction of Mo 
(VI) compounds was carried out at a molybdate concentration of 0.07 M, in the reductant : 
molybdenum (R : Mo)  molar ratio range from 1 to 7 and in the absence of an acid regulator. The 
measured values of the oxidation-reduction potential are shown in Fig. 1, a. At a ratio R : Mo> 5, 
potential values exceeding 65 mV are observed for all reducing agents.  
Despite the close values of the oxidation-reduction potential of the systems, the results of the 
interaction of molybdate with reducing agents differ, which can be seen from the 
spectrophotometric analysis (see Fig. 1, b). The introduction of hydroquinone does not lead to the 
reduction of molybdate in the absence of acid. When glucose is mixed with the molybdate solution, 
the Mo (VI) compounds are partially reduced to Mo (V) compounds with the probable formation of 
colored complexes. The formation of molybdenum blue particles occurs only in the system with 
ascorbic acid, as evidenced by a characteristic absorption maximum at 750 nm. 

 

a                                                                                     b 

Figure 1. Dependence of redox potential  on molar ratio R : Mo (a) and electronic absorption 
spectrum (b) of mixture of molybdate solution with 1 – hydroquinone, 2 – glucose, 3 – ascorbic 
acid.  
 
Acknowledgements The reported study was funded by RFBR according to the research project № 
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MODIFICATION OF LAYER-BY-LAYER TECHNIQUE FOR SYNTHESIS OF DRUG 
LOADED POLYELECTROLYTE CAPSULES 
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L.Ya. Zakharova1,2, O.G. Sinyashin1,2 

1Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center of RAS, Russia 
2Kazan National Research Technological University, Russia 

e-mail address of the presenting author: Nemezc1988@yandex.ru 

Various protocols of layer-by-layer technique for preparation of drug loaded polyelectrolyte 
capsules have been designed. Capsules consisting of three, five and seven layers have been obtained 
by two following approaches: direct coating of polyelectrolyte layers on dispersed substrate or 
preliminary solubilization of substrate by soft colloid template (micelle or liposome). As a material 
for polyelectrolyte layer synthetic (polyacrylic acid, polyethyleneimine) and natural (low molecular 
weight chitosan, λ-carrageenan) polyelectrolytes have been used. Heterocyclic biologically active 
compounds have been used as drugs:  nonsteroidal anti-inflammatory drug indomethacin and N-
pyrrolylbenzimidazolone exhibiting hypoglycemic activity. During preparation size and charge 
characteristics of capsules have been examined using dynamic and electrophoretic light scattering 
techniques; capsules sustainability under storage has been estimated as well. Using 
spectrophotometry method loading capacity of capsules fabricated and the rate of drug release to 
the bulk phase have been calculated. Application of micellar template allows us to obtain novel 
bioavailable form of indomethacin with prolonged action. Obtained formulation is aqueous 
suspension of nanosized polyacrylic acid/chitosan capsules (hydrodynamic diameter is in the range 
of 90-120 nm) containing 0.20-0.25 % of encapsulated drug. It is approximately by 40 times higher, 
than its maximum solubility in water. 
 
Acknowledgements This work is supported by Russian Science Foundation, grant no. № 14-23-
00073. 
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Colloidal quantum dots (QDs) are spherical semiconductor nanocrystals covered with a stabilizing 
organic ligand shell. QDs are a promising luminophore with interesting combination of optical 
properties: a narrow photoluminescence (PL) linewidth, high stability against photobleaching, a 
size-dependent PL peak position, a high extinction coefficient. It is important that QDs can be 
relatively easily prepared by wet chemical synthesis. In various optoelectronic devices, such as 
solar cells, light emitting diodes, and photodetectors, QDs are often used as some aggregates: films, 
monolayers. The optical properties of aggregated QDs can be most conveniently studied in liquid 
solutions. In general case, there is no grounds to assume that colloidal quantum dot aggregates are 
stable against aggregation, because the forces that lead to aggregation must also lead to 
precipitation of aggregates themselves. However, we discovered that InP/ZnS core-shell QDs with 
hexadecylamine ligands form stable nanoclusters in toluene solutions upon adding a precipitating 
solvent (acetonitrile). The hydrodynamic diameter of these clusters determined by dynamic light 
scattering was about 60 nm, while the diameter of InP cores was 2 nm and the ZnS shell thickness 
was less than 1 nm. These clusters were stable even after 100-fold dilution with a 
thermodynamically good solvent toluene, after heating to 40 °C, after evaporating the solvent and 
subsequent dissolution: their size was no changed. A possible reason of their stability may be that 
individual particles carry small charges that make too large nanoclusters unstable due to Coulomb 
forces. An analogous situation was reported for protein and polymer particles [1]. 
Acknowledgements This work was supported by the Russian Science Foundation, project no. 14-
13-01426. 
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 Due to a number of unique properties, cerium dioxide nanoparticles and composites based 
on it can be widely used in various directions: catalyst in oxidation processes, in ceramic glazesin, 
in skin care products as a sunscreen or as an antioxidant [1-2], so they have been widely 
investigated in recent year. All these applications are based on its potential redox chemistry 
between Ce3+ and Ce4+, high oxygen affinity and absorption/excitation energy bands associated 
with electronic structure.  

The main feature of cerium hydrosols among other sols is ability to be stable in both alkaline 
and acidic media. For example, hydrosols of lanthanides dissolve in acidic medium, zirconium 
dioxide hydrosols are mostly stable just in acidic medium [3]. Numerous techniques have been 
proposed to synthesize nanosized CeO2 particles with promising control of properties, such as 
hydrothermal, reverse micelles, sonochemical, pyrolysis and homogeneous precipitation. Among 
them, owing to the advantages of simple process and low cost, the precipitation technique has 
attracted the most extensive attentions. In our work, we investigated the colloidal-chemical 
properties of cerium hydrosols synthesized in acidic and alkaline media. Cerium oxide 
nanoparticles (CNP) were synthesized using cerium nitrate as precursor by a precipitation process. 

The synthesis process involved next steps. Cerium nitrate Ce(NO3)3 was dissolved into a 
certain amount of deionized water with a magnetic stirrer. The mixture solution provided at room 
temperature and the solution should be kept stirring for 1 h. Then, the hydrolysis was performed 
using an appropriate amount of ammonia solution that was totally added into the cerium precursor 
solution. The reaction quickly happened within a few seconds, and the solution color underwent 
obviously change in few minutes. The fact of color change was believed to be correlated with the 
chemical reactions. At the beginning of reaction, the color of solution turned brown and a purple 
precipitate came out in the solution in a few minutes. Presumably, the purple precipitate can be 
explained by formation of mixed dioxide Ce(III) and Ce (IV), mentioned as Ce2O3∙2CeO2 in some 
sources [3]. As the color of reaction solution turned from purple into pale yellow, the Ce3+ 
happened to be oxidized into Ce4+ by O2 under air atmosphere. At the next step, the precipitate was 
centrifuged, and followed by washing with de-ionized water for four times. As a result of further 
peptization and sonication, a cerium dioxide hydrosol was obtained. Thus two types of hydrosols 
were synthesized applying HNO3 at a ratio of [Ce3+]:[H+]=1:0,4 (sols type 1) and NH3∙H2O (sols 
type 2) at a ratio of [Се3+]:[ОН–]=1:0,6 as peptizing agents.  

Investigation of the impact of the dispersion medium showed that sols of type 1 are 
aggregatively stable in the range from 2.27 to 4.0, and sols type 2 in the range from 9,7 to 11.5. The 
pH value of the reaction solution was recorded with a pH meter (HI, HANNA). 

 The morphologies of prepared nanoparticles were observed by TEM (1200EX, JEOL). An 
appropriate amount of CeO2 hydrosols was dropped onto carbon-coated copper grids for TEM 
observation. The average particle size and particle size distribution were determined from TEM 
images by counting more than 300 particles. The structure information of cerium nanoparticles was 
confirmed by Rigaku D/MAX2400 X-ray diffractometer. The crystallite size of samples was 
estimated by applying full-width-half-maximum (FWHM) of characteristic peak (311) to the 
Scherrer equation. 

The electrophoretic mobilities (EPM) of the cerium oxide nanoparticles were measured with 
a Photocor Compact-Z. Electrophoretic mobilities were converted to ζ (zeta) potentials employing 
Smoluchowski’s theory. 

The study of the electrokinetic behavior through measurement of the zeta potential becomes 
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important for understanding the dispersion behavior of cerium nanoparticles in a liquid medium. 
The zeta potential values of hydrosols showed that ceria particles synthesized by means of nitrate 
acid have positive surface charge, ζ CeO2 (type 1) = 28 mV, against ceria particles type 2 have 
negative surface charge, ζ CeO2 (type 2) = -25 mV. 

 

Figure 1. XRD patterns of the dried CeO2 nanoparticles (CNP) prepared by different peptizing 
agents: 1–HNO3; 2– NH3∙H2O. 

The crystal structure of synthesized nanoparticles is a face-centered cubic structure, grouped 
into the calcium fluoride structural type with space group Fm3m. The XRD pattern of the dried 
ceria colloids (Fig. 1) showed a good agreement with literature data (JCPDS No. 34-0394). The 
main Bragg peaks with Miller indices (111), (200), (220), (311), and (400) could be found clearly.  

The TEM images of CeO2 nanoparticles prepared using nitrate acid and ammonia solution 
demonstrate a narrow size distribution. The predominant particle size obtained from TEM is 5,9 nm 
for sol type 1 and 3,7 nm for sol type 2. It is quite close to the crystallite size obtained from XRD 
patterns –5.6 nm for sol type 1 and 5,45 nm for sol type 2.  
1. Trovarelli A. et al. Some recent developments in the characterization of ceria-based catalysts // 

Journal of Alloys and Compounds. – 2001. – V. 323. – pp. 584-591. 
2. Dutta D. et al. Green synthesized cerium oxide nanoparticle: A prospective drug against 

oxidative harm // Colloids and Surfaces B: Biointerfaces. – 2016. – V. 147. – pp. 45-53. 
3. Назаров, В.В. Коллоидно–химические свойства гидрозолей диоксидов титана и циркония / 

В.В. Назаров, Н.Г. Медведкова // Сборник науных трудов «Ультрадисперсные порошки, 
материалы и наноструктуры». Красноярск, КГТУ, – 1996. 

4. Третьяков Ю. Д. и др. Неорганическая химия. Химия элементов: учебник для вузов. В 2-х 
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Semiconductor metal oxides are widely studied and applied. Special attention is paid to SnO2 with 
rutile type structure and wide band gap (3.6 eV). This oxide combines such properties as low 
electrical resistance and heat reflectivity so it is an excellent material for anti-corrosion coating, 
anodes for lithium-ion batteries and gas sensors. 
Sol-gel method of SnO2 nanoparticles synthesis has two stages. First step is the preparation of sol 
by hydrolysis of alcoholates or chlorides. Second step is getting the gel by aging the sol. 
However, there are some problems of varying the size and shape of the nanoparticles. To control 
these morphological parameters, the particles calcination is used. But in this case the increase of 
polydispersity is observed, particle sintering can occur, and the surface can be deactivated.  
Also, to obtain SnO2 nanoparticles of different morphologies (for example, nanospheres with 5-20 
nm diameter or nanorods with 15-30 length) hydrothermal method is applied. In this case, we 
believe that the impact on the interactions between particles in a dispersed colloidal system in a 
hydrothermal process will allow to regulate a size and shape of a target product.  
The objective of the work is the hydrothermal treatment of the previously obtained SnO2 
nanoparticles at different temperatures, durations, pH, in the presence of various self-organizing 
process agents for example carboxylic acids  
SnO2 nanoparticles were obtained by the sol-gel method and then were treated in hydrothermal 
condition in the range from 160 °C to 260 °C for 1-5 hours with pH value of 3-11. Nanoparticles 
were examined by XRD method. The specific surface area was studied by the BET method. The 
morphology was studied by scanning electron microscopy. Raman spectroscopy was used for a 
separate study of bulk material and surface composition. 
It is shown, that the duration of hydrothermal treatment more than 4 hours and temperature more 
than 220 °C significantly impact the particles size and shape. The spherical-like particles with a 
diameter of 7 nm and nanorods with a length of 57 nm and wide of 17 nm are obtained. The using 
of agents allows us to change length and width ratio and control the morphological parameters in a 
wide range. 
Acknowledgements Scientific research were performed at the research park of St. Petersburg State 
University educational resource center of chemistry: Centre for X-ray Diffraction Studies, Center 
for optical and laser materials research, Centre for Innovative Technologies of Composite 
Nanomaterials, Chemical Analysis and Materials Research Centre. 
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Nanoparticles (NPs) of metals have unique magnetic, catalytic, optical and electrical properties. In 
this regard, they are used in various industries: catalysis [1], medicine and as materials for 
recording devices, additives in oil [2]. It is known that the functional characteristics of nanoparticles 
directly depend on their morphology. Therefore, to use NPs in a particular field, it is necessary to 
develop a method of synthesis that allows controlling the size, shape and composition of the sample 
surface. 
Because of the high reactivity of metal nanoparticles, they are traditionally produced in organic 
solvents at atmospheric pressure (polyol method) or under pressure (solvothermal method). To 
prevent oxidation of the surface and to control the shape and size of particles, additional stabilizers 
are used. However, nowadays the effect of the stabilizers on the functional characteristics of the 
samples obtained has not sufficiently studied. 
In this work nickel and copper nanoparticles were obtained by polyol and solvothermal methods in 
the presence of different organic stabilizers. Samples were characterized by XRD, SEM, BET, DLS 
and IR-spectroscopy, and ζ-potential was determined. The study shows that, by varying the 
synthesis conditions, it is possible to obtain nanoparticles with different morphological parameters. 
In the case of polyol synthesis of copper nanoparticles, the use of a stabilizer leads to an increase in 
the particle size, which is due to the formation of agglomerates. Polyol synthesis of nickel 
nanoparticles, on the contrary, contributes to a twofold decrease in size of the samples, which is 
explained by the weaker interaction of stabilizers with the metal surface. It is shown that during the 
morphological properties of the samples is related to the stability constant of corresponding 
complex. As the pressure increases, the synthesis at atmospheric pressure the effect of stabilizers on 
the mechanism of interaction of the stabilizers with the surface changes. The solvothermal method 
makes it possible to obtain nickel and copper nanoparticles of smaller dimensions and with different 
crystal structures. This fact is probably connected with different mechanisms of growth of 
nanoparticles depending on the conditions of the process. The study of the catalytic activity of 
copper and nickel samples showed that the stabilizers do not block the surface of nanoparticles. In 
addition, the use of organic stabilizers in some cases improved the metal catalytic properties. 
 Acknowledgements Scientific researches were performed at the Centre of X-ray Diffraction 
Studies, Centre for Geo-Environmental Research and Modelling (GEOMODEL) and Innovate 
Technologies of Composite Nanomaterials (St. Petersburg State University). 
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The research of aggregative stability is necessary for obtaining and using polymer 
dispersions [1]. The choice of the investigation method is determined by the dispersion, the 
numerical particles concentration, the experiment conditions, the equipment availability used, the 
accuracy required. In turn, the chosen method influences the results presentation methodology  [2]. 

 Monodisperse spherical latexes with a surface modified by various groupings and in a wide 
range of particle sizes were chosen as the objects of investigation. We showed that latexes of this 
type were aggregatively stable in distilled water and coagulated in physiological solution at a 
natural pH [3]. 

 All optical investigation methods have their own peculiarities and limitations in application 
depending on the structure, particles size and shape. In this paper, we compared the results 
obtaining by the methods of flow ultramicroscopy and spectrophotometry.  

The application of the flow ultramicroscopy method is limited by the following conditions: a 
sufficiently high dilution (108-107 particles/cm3), particle size, the ratio of the refractive index of the 
dispersed phase and the dispersion medium. Therefore, particles with a diameter of at least 0.2 μm 
are studied in nonmetallic sols with an aqueous dispersion medium. Despite the high laboriousness 
of the method, the experiment results make it possible, by counting the number of particles per unit 
of time during the all observation time, to directly determine the change in the aggregation ratio (m 
= n0/n) in time. Thus, for a sample of 0.45 μm it was shown that the dispersion aggregation ratio) 
reached m = 1.5 in the physiological solution during the observation time. 

Less time-consuming is the method of spectrophotometry, which requires a different data 
interpretation. In addition, the particles concentration in the dispersed phase was usually much 
higher (1011-1014 particles/cm3) than in flow ultramicroscopy. The optical density (D) determination 
didn´t give a complete idea about aggregation ratio. In addition, for large particles with a size of 
0.45 μm, the optical density decreased during aggregation due to the sedimentation of aggregates. 
However, it is possible to recalculate the data on the aggregation ration through the calculation of 
aggregate sizes by the Geller equation [4]. On the basis of these calculations, when studying the 
coagulation of heterogeneously charged particles, the regularity of the aggregation ration changes as 
a function of the initial particle concentration is noted. 

Work with systems of higher dispersity (d <0.2 μm), is impossible by the flow 
ultramicroscopy method. In this case, the aggregation ratio can also be obtained from 
spectrophotometry data, which has been shown by the example of nanoscale dispersions.  

The possibility of calculating the size of individual particles by the Rayleigh equation has 
been previously revealed. The experiments were carried out on a spectrophotometer KFK-3KM, λ = 
340 nm. The nanoscale dispersions optical density of  various initial concentrations was 
determined. Under the experimental conditions, an equation for calculating the particle size was 
obtained: 

 

641099,0
v

D
d          (1) 

- where D - is the optical density of the system, ν - is the concentration of particles. Thus, 
the results presented in Table 1 were obtained, which show good convergence between the particle 
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size calculated from equation (1) and the same obtained by an independent method (dynamic light 
scattering *). 

This latex was used to study coagulation in saline depending on the initial concentration. 
The results were presented in the form of a relationship between both the relative optical density 
and the aggregation ration.  

Table 1 

Calculation of latex size according to spectrophotometry 

№ ν, particles /cm3 D Ddrec, nm d*, nm 

1 4·1011 0,011 54,6  

51 2 2·1012 0,051 53,9 

3 1·1013 0,195 53,6 

4 5·1013 0,823 50,2 

 

 

[1] Santillan R., Nieves E., et al. Comparative thermodynamic study of functional polymeric 
latex particles with different morphologies. Colloids and Surfaces A: Physicochem. Eng. Aspects 
444 (2014),189-208. 

[2] Shirokova I.Yu. Obtaining polymeric microspheres and studying their stability and specific 
properties // Abstract of Diss. for the degree of candidate of chemical sciences. S-Pb, 2015. 

[3] Gazizova K.D., Shirokova I.Yu., Kuchuk V.I., et al. The use of different methods for the 
study of the aggregative stability of mma. -12th International Saint-Petersburg Conference of 
Young Scientists "Modern Problems of Polymer Science". November 14-17, 2016, S-Pb, p. 101. 

[4] Klenin VI, Schegolev S.Yu., Lavrushin V.I. // Characteristic functions of light scattering of 
disperse systems. Publishing house of Saratov University. 1977,177с. 
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Drug delivery systems based on nanoparticles (NPs) stand out among multiple colloid drug forms. 
Biodegradable polylactides are among the best studied and highest-potential polymers for 
nanosomal carriers of drug substances (DS) – lactic acid homopolymers or copolymers of lactic and 
glycolic acid (PLGA) which are supplied to the pharmaceutical polymers market by quite a few 
manufacturers. One of the key factors defining therapeutic efficacy of a nanosomal drug dosage 
form is the release rate (or profile) of the DS. It is highly likely that insignificant differences in the 
properties of polymers used can substantially influence the properties of NPs: it is the molecular 
weight distribution and acid values of polymers that ultimately define the degree of DS inclusion in 
NPs, the velocity of its release from NPs and the NP degradation rate. 
The objective of this study was to compare, through an in vitro experiment, the release rates of 
doxorubicine (DOX) from nanosomal dosage forms based on NPs obtained from low-molecular-
weight carboxyl-terminated PLGA. PLGA samples with similar properties as indicated in their 
certificates by manufacturers have been selected for the experiment: viscosity (approx. 0.2 dl/g), 
lactide-glycolide mass ratio (50: 50), acid value (over 6 mg КОН/g if indicated). The following 
properties of polymer samples have been determined experimentally (samples No 1, 2, and 3): 
molecular weight (Da) 10200; 4700 and 10300; acid value (mg KOH/g) 11.1; 21.4 and 11.8, 
respectively. DOX-loaded NPs were formed under the same conditions by the double-emulsion 
technique and then described according to the following parameters: average size, polydispersity 
index, zeta potential, DOX inclusion etc.  It has been established that release profiles of DOX from 
NPs obtained from these polymers (Fig.1) are different. Low molecular weight (NP 1 sample) 
seems to be the reason behind more rapid release of DOX from NPs. 

 
Fig.1. The profiles of doxorubicin release from NPs obtained from different polymer samples. 

1,2,3 – NP samples. 
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The scope of polymeric materials is significantly expanded thanks to discovery of the 
conductive polymers. However, introduction of polyaniline (PANi) in the polymer matrix presents a 
number of technological difficulties. One of the options allowing to use PANi as a part of coatings 
obtained on the basis of water-dispersion systems is to obtain water dispersions [1-5]. But water 
dispersions of PANi have low aggregate and kinetic stability. It does not allow use them 
successfully in compositions to form polymeric coatings. 

We used mixtures of polymer carboxylic surfactant containing poly-oxyethylene fragment 
with a molecular weight of 1500 in the side chain as a stabilizer, and used mixtures with other 
compound: oxyethylated alkylphenol (OP-7), sodium alkylbenzenesulfonate (sulfonol) and 
octadecyl ether of polyethylene glycol (OS-20), hydroxyethylcellulose (HEC), polyvinyl alcohol 
(PVA), polyacrylic acid (PAA). The content of surfactant in the mixture was 40 %. 

We propose using polymeric carboxyl-containing surfactants with different length of the 
nonionic hydrophilic fragment in the side chain as a stabilizer for aqueous dispersions of PANi. The 
electrokinetic properties of the obtained dispersions were determined to estimate the optimal 
surfactant content (figure 1). It is evident that water dispersion of PANi at pH~8 is characterized 
with the highest absolute value of the electrokinetic potential, and therefore, with the highest 
stability. The content of the stabilizer also affects the magnitude of the electrokinetic potential. It 
was found that with a stabilizer content of 10 g / l, the maximum absolute value of the 
electrokinetic potential of -97 mV is reached. Figure 2 shows the results of dispersion analysis for 
products obtained with different content of the stabilizer. It can be seen that the most finely 
dispersed systems are formed with a stabilizer content of 5 g/l, but the electrokinetic potential of 
such a dispersion is below 50 mV in absolute value. It should also be noted that a change in the pH 
of the medium practically does not change the value of the electrokinetic potential. It should also be 
noted that changing the pH of the medium does not change the value of the electrokinetic potential. 
Thus, water dispersions of PANi containing 20 g/l surfactant have the highest aggregate stability, 
both in terms of the magnitude of the electrokinetic potential and the particle size of the dispersed 
phase. 

However, sedimentation stability is low. To improve the sedimentation stability of water 
dispersions of PANi, surfactant mixtures were used. The use of a mixture with low molecular 
weight and polymeric surfactants, did not significantly increase the sedimentation stability, due to 
low viscosity of the stabilizer solutions. The use of polymeric surfactants in a mixture with 
hydroxyethyl cellulose led to a reduction in the rate of sedimentation to practically 0. A similar 
result is achieved when using a mixture of polymeric surfactants and polyvinyl alcohol as a 
stabilizing system.  

However, taking into account the high pH value of water dispersions of PANi, polyvinyl 
alcohol undergoes hydrolysis reaction, which causes strong structuring of the system. This is due to 
the formation of a large number of centers of intermolecular interaction. 

Acknowledgements: The reported study was funded by RFBR according to the research 
project № 18-33-00503. 
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Stabilizer content, g/l: 1 – 5; 2 – 10; 3 – 20; 4 – 35; 5 – 50. 

 
Figure 1. The dependence of the electrokinetic potential of the pH of aqueous dispersions of PANi 

 

 
Stabilizer content, g/l: 1 – 5; 2 – 10; 3 – 20; 4 – 35; 5 – 50. 

 
Figure 2. Particle size distribution curves for aqueous dispersions of PANi 

 
[1] N. Kohut-Svelko, S.Reynaud, J.Francois, Synth. Met., 2005, 150, 107. 
[2] H.Zhang, Q.Zhao, S.Zhou, Journal of Power Sources, 2011, 196, 10484. 
[3] C.A.Amarnath, S.Palaniappan, P.Rannou et. al., Thin Solid Films, 2008, 516, 2928. 
[4] V.G.Kurbatov, N.A. Zakharova, N.V.Kochkina, E.A.Indeikin, Russian Journal of Applied 
Chemistry, 2016, 89, 200. 
[5] D.Kingshuk, K.Piyush, D.Suparna, et al., Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 2013, 436, 830. 
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The iron oxide nanoparticles have been used as fillers for creating smart nanocomposites with 
tunable elastomeric epoxy matrix due to their capability of responding to applied magnetic fields. 
The magnetic field-induced rearrangement of magnetic nanoparticles (MNPs) can be used to 
change and control the epoxy material shape and for generating a local anisotropy of mechanical 
properties in a particular area of elastomeric nanocomposites in order to increase the strength of this 
area in the predetermined direction. For such applications, MNPs must have multifunctional 
characteristics, including optimized size and modified surface.  
In this study, we evaluated MNPs with diameters from 5 nm to 300 nm, containing hydroxyl, 
phenyl and anhydride functional groups. Introduction of hydroxyl, phenyl and anhydride groups 
functionalized MNPs provide non-covalent (hydrogen bonding, Van-der-Waals interaction) and 
covalent bonds with polymer matrix, respectively.  
The modification of MNPs by the interaction of the surface -OH groups (in alkaline medium) with 
modifiers containing the reactive alkoxy groups at Si atoms was performed. Tetramethyl 
orthosilicate,  phenyltriethoxysilane and 3-(triethoxysilyl)propylsuccinic anhydride were used as 
modifiers. Elemental analysis and FTIR spectroscopy were employed to characterize MNPs before 
and after surface modification. Size distribution of nanoparticles determined by transmission 
electron microscopy and dynamic light scattering techniques show that nanoparticles preserve their 
size upon modification.  
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Nanoparticles of molybdenum blue can be referred to molybdenum oxide clusters, the size of which 
does not exceed 5 nm. The formation of molybdenum clusters occurs as a result of self-assembly in 
molybdate solutions during their reduction in an acid medium [1]. The process of particle formation 
is significantly influenced by the selected reducing agent, the pH of the dispersion medium and the 
storage time of the samples after mixing of reagents. Among the methods of nondestructive testing, 
allowing studying the process of particle formation, the method of dynamic light scattering (photon-
correlation spectroscopy) has been widely used. 
In this paper, the method of dynamic light scattering was used to analyze the formation of particles 
in dispersions of molybdenum blue synthesized with different reductants: glucose, hydroquinone 
and zinc. It has been shown that in systems obtained by reduction of molybdates with glucose, the 
formation of particles occurs only on the 2 day after mixing of reagents and in the range of pH 2.5-
2.0. When hydroquinone is used as a reducing agent, the formation of particles occurs almost 
immediately after synthesis and in the pH range of 1.8 to 0.7, as can be seen in Fig. 1. 
 

 

 Figure 1. The dependence of hydrodynamic radius of molybdenum oxide clusters  on pH value 
and storage time. 
The use of an inorganic reducing agent (zinc) leads to the formation of particles immediately after 
mixing of reagents. However, the hydrodynamic radius of such particles is 1 nm. This value 
indicates the presence on the surface of particles obtained with the use of organic reductants, an 
special layer providing stability. 
Acknowledgements The reported study was funded by RFBR according to the research project № 
18 – 33 – 00958. 
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Vanadium dioxide is a perspective multifunctional compound which properties depend on the 
particles crystal structure and morphology. There are four most widely known VO2 crystal phases: 
monoclinic VO2 (M), rutile-tetragonal VO2 (R), layered monoclinic VO2 (B) and layered tetragonal 
VO2 (A). VO2 (M) undergoes a semiconductor-to-metal phase transition (SMPT) to VO2 (R) at 
68 C (for bulk material). The SMPT is accompanied by the sharp change in electrical, magnetic and 
optical properties thereby it is used in thermosensors, thermoswitchers and smart coatings for 
windows. Layered structures are perspective as electrodes for Li-ion batteries. 
All phases can be obtained by hydrothermal method. This technology is easy scalable and eco-
friendly. However, the phase composition, cyclability and expressiveness of the functionality 
depend on the particles morphology. That is why particles growth control methods are so important. 
Nowadays, TSMPT can be varied by doping [1] and morphology control agents [2]. Products crystal 
structure can be inherited from nuclei [3]. 
This work is devoted to investigation of relations between the initial solution composition (input 
parameters) and obtained particles morphology (output parameters). Experiments with different 
synthesis temperature, time and quantity of the reductant showed that at high temperature the 
process of particles formation becomes less variable. At high reductant concentrations the particle 
morphology repeats the tendency [2] which can be explained by the excess of the reductant taking 
on the attributes of complexing agent or surfactant. The competition between the processes of 
reduction, complexing/chelating, surface activity and surface modification were explored on 
samples with addition of morphology control agents with the corresponding chemical nature. 
All initial solutions were studied by UV-Vis spectroscopy. Powders morphology was investigated 
by SEM, XRD. Specific surface area was measured by BET. The influence of the morphology 
control agents on the vanadium dioxide particles was proved by FTIR and Raman spectroscopy. 
The dependence of functionality on the particles morphology was shown by VSM and impedance 
spectroscopy. 
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Chemiluminescence (CL) is a widespread analytical tool for chemical analysis of organic 
and inorganic analytes. The phenomenon of CL is accompanied by the conversion of chemical 
energy into electromagnetic radiation due to the chemical reaction based on the direct analyte 
oxidation or reduction or its catalytical and quenching effects on the CL reaction. Luminol is one of 
the most popular CL reagents. The CL is observed while luminol reacts with oxidizing agents such 
as hydrogen peroxide, permanganate etc. Generally, metal ions, ferricyanide or some 
metallocomplexes are used as a catalyst to provide strong CL of luminol which is observed in an 
alkaline solution. In this case 3-aminophthalate is yielded in an excited electronic state and then its 
return to ground state with the production of a blue light at λ max 425 nm. 

 
It is known that the oxidation of luminol with strong CL can proceed by using Cu 

nanoparticles as catalyst. Nanoparticle synthesis can be carried out in aqueous phase via reduction 
by using NaBH4 and also by polyol method where ethylene glycol plays the role of a reaction 
medium as well as a reducing agent. However, in the first case, nanoparticles are unstable and 
easily oxidized, therefore the second finds the widest application. On the other hand, there is a 
problem connected with the production of small particles by polyol method. In this regard, we 
propose the use of core-shell nanoparticles, where nanoscale tin dioxide is used as the nucleus, 
which has a simple synthesis procedure and small particle size, and the shell formed from copper 
ions of different oxidation states. This structure allows us to increase the contact area and reduce the 
amount of material used. In addition, it becomes possible to adjust the properties of the shell due to 
the composition of the core. Also, we synthesized the same structures with the shell formed from 
nickel ions to test whether it can be used in CL.  

So, our research is devoted to the preparation of core-shell nanoparticles SnO2 with Cu2+ 
and Ni2+as the second component, as well as the study of chemiluminescence effect.  

Nanoparticles were obtained by the precipitation method at different pH values and by 
polyol synthesis method. The results of X-ray phase analysis showed that the structure of 
nanoparticles corresponds to the structure of SnO2 rutile as well as the absence of additional phase. 
According to TEM and SSA data, the nanoparticle size does not exceed 10 nm.  

It was found that all the synthesized nanoparticles can catalyze the oxidation of luminol 
providing strong CL. The highest CL signal was observed for core-shell nanoparticles with copper 
ions obtained by polyol method. Based on the catalytic effect of nanoparticles such reaction may be 
used for the determination H2O2 in hair clarifiers. 
Acknowledgements Scientific research were performed at the research park of St. Petersburg State 
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for optical and laser materials research, Centre for Innovative Technologies of Composite 
Nanomaterials, Chemical Analysis and Materials Research Centre.  
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Directional sol-gel processing was suggested to regulate the mineralization processes with such 
metal alkoxides as titania, alumina, zirconia, vanadium oxide and others. Here it served to coat 
aerogels of microfibrillated cellulose by titania (TiO2). Cellulosic microfibrils were hydrated by 
limited amount of water that allowed obviating the common precipitation of TiO2 after a precursor 
addition into aqueous or water-containing solutions. When titania precursor was admixed in 
nonaqueous media with an initially hydrated aerogel, it was involved into the instant hydrolysis and 
following condensation reactions where contacting with the hydrating water going to work as a 
reaction centre. This resulted in TiO2 formation mainly on cellulosic microfibrils. The synthesized 
titania was amorphous. To transfer TiO2 into an appropriate crystalline state, it was treated at 
various temperature They were characterized by a set of physico-chemical techniques including 
scanning and transmission electron microscopy, synchrotron based small and wide angle X-ray 
scattering, porosity measurement and spectroscopic methods to gain an insight into the morphology, 
structure and crystallinity as well as into the structure-functionality relationship. A sharp decrease 
of the temperature transition into crystalline state was found for the TiO2 on the cellulosic 
microfibrils. In that case anatase coating appeared at moderate conditions (80-100oC) at which the 
treatment did not cause yet the temperature destruction of cellulose. Crystalline titania 
demonstrated high photocatalytic activity. For some samples it was comparable with commercial 
photocatalysts. Photocatalytically active coating provided a significant self-cleaning ability for 
cellulose under the outdoor sunlight irradiation. The cellulosic substrate was also removed by the 
calcination or carbonized that resulted in novel materials with crystalline titania. 

 

  

282



 

VP17 

FLOCULATION OF DISPERSION SYSTEMS BY HYBRID NANOCOMPOSITES 
 

V.E. Proskurina1, E.S. Kashina1, Yu.G. Galyametdinov1 
1Kazan National Research Technological University, Russia 

e-mail: v_proskurina@mail.ru 
 

The development of scientific aspects of regulating the aggregative and sedimentation stability of 
multicomponent disperse systems with the participation of a new class of functional 
nanocomposites – hybrid polymer-containing flocculants is relevant for industrial processes 
associated with the intensification of the selectivity of separation of solid and liquid phases in 
flocculation, and biology, medicine, nanochemistry and nanotechnology. The use of modified 
natural polysaccharides (pectin, chitosan, starch) is promising as hybrid nanocomposites of 
polyfunctional use with a broad spectrum of action on DS. The presence of reactive groups 
(hydroxy- and amino-) in the macromolecule of the polysaccharide, high sorption and complexing 
abilities allow its chemical modification, combining with organosoluble monomers – methyl 
acrylate, styrene, acrylonitrile and apply as effective flocculants, coagulants and sorbents, 
biodegradable film, packaging materials, biocompatible polymer compositions with improved 
adsorptive and adhesive properties [1]. 
In the present work, the effectiveness of new generation flocculants – organic hybrid materials 
based on natural and modified polysaccharides and a cationic acrylamide copolymer on a 
suspension of SiO2 in aqueous and aqueous-salt media was estimated quantitatively. A suspension 
of SiO2 with an average particle size Rmean = 19∙10-6 m and ζ = -11.4 mV and a SiO2 nanosol with 
Rmean = 241∙10-9 m and ζ = -22.2 mV in studying the flocculation processes in the free settling mode 
was used. A random acrylamide copolymer with dimethylaminoethyl methacrylate hydrochloride 
(M = 3.8∙106 and β = 4.0 mol%), starch (M = 0.021∙106 and β = 20.0 mol%), pectin (M = 0.04∙106 

and β = 10.0 mol%) and chitosan (M = 0.08·106 and β = 51.2 mol%). 
The modified polysaccharide was synthesized by the interaction of pectin with the cationic 
monomer – (1,2-epoxypropyl) triethylammonium chloride in an alkaline medium in the presence of 
a Fenton reagent [2]. In all experiments, the pH for the DSs analyzed was 8.6 and with the 
introduction of micro-quantities of polymeric flocculants, the pH values ranged from 8.2 to 8.9. 
Organic hybrids were obtained by mixing aqueous solutions of the cationic acrylamide copolymer 
and natural polysaccharides - starch, pectin, modified pectins under room conditions without 
polymerization at optimal ratios of 1:3; 1:1 and 3:1, at which a change in dynamic viscosity and an 
increase in flocculation capacity were observed compared with individual samples. 
Stabilizing properties of pectin, starch, flocculating activity of modified pectins and organic hybrids 
was established. Taking into account the negative charge of SiO2 particles (ζ = -11.4 mV) and the 
same charge sign for pectins and their modified samples, the flocculation process mechanism is 
bridged. It is established that the specificity of the flocculation mechanism, manifested in the 
formation of either "bridge" or "anchor" bonds between macromolecules of natural polymers and 
SiO2 particles, explains the appreciable difference in the values of flocculating effects in the study 
samples both in aqueous and in water-salt (NaCl) environments. The natural component of the 
hybrid composite, which has a high propensity for self-organization in dilute solutions, provides the 
possibility of binding the components of the DS of inorganic and organic nature and the formation 
of stable flocculant aggregates at low concentrations. A significant decrease in the negative zeta 
potential of a pectin-based hybrid is the best condition for the flocs formation in the system. To 
assess the sedimentation process of a microheterogeneous suspension of SiO2 with the participation 
of organic hybrids, a parameter characterizing intermolecular interactions in hybrids containing 
polymer components of various nature from the results of viscometric analysis was calculated. The 
value of this parameter is less than zero, which indicates the compression of macromolecular coils 
of synthetic polymers in the presence of natural. A secondary flocculation method to estimate the 
adsorption parameters of polymer samples was used, based on the results of which the degree of 
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their adsorption on the particles of the disperse phase approaches one. The effect of the dose 
shedule of organic hybrids on the aggregation of SiO2 nanoparticles was analyzed. 
The development of new products based on polymers of natural origin is not only a promising way 
to overcome the limitations of synthetic polymers, but also a way of more rational use of renewable 
bioresources and biowaste processing. 
 
Acknowledgements The financial support of Russian Foundation for Basic Research (grant 
number 18-03-00099). 
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 The results of a new express single-stage photochemical synthesis of silver 
nanoparticles with both the geometry of decahedron (anisotropic silver nanoparticles) and 
spherical particles from silver nitrate in aqueous solutions of sodium citrate are presented. The 
main factors affecting the formation of silver  nanoparticles, their size, shape, the nature of 
intermediate clusters and their stability. 

Photochemical reduction of silver cations in aqueous solutions in the presence of sodium 
citrate was carried out in the air at room temperature in a one-centimeter quartz cuvette. The 
irradiation was carried out by the total and filtered (UV) light of the DRK 120 high-pressure 
lamp and the total light of BUV 15 lamp. The irradiation time ranged from 0 to 60 minutes. The 
formation of silver nanoparticles was studied by UV spectroscopy and electron spectroscopy. 

Confirmation of the proposed photochemical formation of silver nanoparticles (NP) was 
the staining of colorless aqueous solutions of silver nitrate and significant changes in the spectra 
of their optical absorption in the presence of sodium citrate depending on the concentration of 
the mixture components, the wavelength of the irradiated light and the exposure time. The 
observed changes in spectra made it possible to assume that the formation of nanoparticles 
proceeds in contact with the photolysis products of the studied silver nitrate mixture with 
sodium citrate and citrate ions. The first recover silver cations under the action of light directly 
in their chelate complexes absorbing 330 – 400 nm in the spectral region. Citrate ions stabilized 
positively charged silver clusters of different nuclearity, which are the predecessors of metal 
nanoparticles. It is established that the formation of the final product (silver NP) of 
photochemical reduction of silver cations proceeds with different efficiency and depends on the 
ratio of the concentrations of the irradiated mixture components, on the spectral region of the 
irradiating light, on the exposure time at this ratio of component concentrations. 

The formation of anisotropic nanoparticles with the geometry of decahedron occurs after 
4 minutes of exposure to the total light of the DRK lamp 120. The evidence was the appearance 
of an intensive asymmetric absorption band with a maximum of 405 nm, a hemispheric 90 nm 
characteristic of the averaged absorption spectrum of surface plasmons of silver nanoparticles 
with a decahedron structure when nonpolarized electromagnetic radiation enters them. The 
formation of these metallic nanoparticles indicates the end of the stage of aggregation of 
intermediate clusters [1,2]. To obtain the maximum concentration of anisotropic nanoparticles 
with the geometry of decahedron and the size of 10 nm, the concentration of the initial 
components should be in the ratio AgNO3/ Na3C6H5O7∙2H2O equal to 1/10, the lower 
concentration of silver nitrate should be at least 10 -4M, the exposure time should be 4 minutes. 
When the exposure time is more than 4 minutes, the growth of primary anisotropic silver 
nanoparticles is observed. New absorption bands appear in the long-wave region of the optical 
spectrum. The fact that the growth is confirmed by the data of the photomicrographs scanning 
microscope (size of nanoparticles increased from 10 nm to  
22 nm). The position of the maxima of the new absorption bands in the long-wave spectral 
region was determined by the duration of the exposure time at this ratio of the concentrations of 
the components of the mixture under study. When the ratio of AgNO3/ Na3C6H5O7∙2H2O is 
equal to 1/10 and the exposure time is 15 minutes in the spectrum of absorption is observed the 
appearance of bands of 480 nm, at 20 minutes the absorption band of 560 nm. About the 
anisotropic nature of the formed upon irradiation of the nanoparticles can testify to the fact that 
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the shift of the new peaks of the absorption bands of anisotropic silver nanoparticles is much 
greater than the shift of the absorption bands of spherical nanoparticles in the wavelength region 
of the spectrum in connection with the growth of the latter [2].  

It is found that anisotropic silver nanoparticles are also formed by irradiation with near 
UV light (200 – 390 nm) from various sources (filtered light of DRK lamp 120, total light of 
BUV15 lamp), but with longer exposure time (for example, 15 min instead of 4 min for DRK 
120 lamp) . This is due to the lower intensity of the irradiating filtered light. With a further 
increase in the exposure time, the absorption spectrum of anisotropic silver nanoparticles 
changes significantly, turning into single symmetric bands with one maximum. These spectra 
coincide with the spectra of the absorption characteristic of the truncated decahedrons− 
spherical nanoparticles [2]. The formation of spherical silver NP in our case, possibly due to 
oxidative processes on the surface of anisotropic silver NP formed by the products of photolysis 
of nitrate ion. It is found that the oxidation proceeds more effectively at high concentrations of 
sodium citrate. At such concentrations, low-dimensional NPs are formed, the surfaces of which 
are easier to oxidize. According to [3] the primary oxidizer, a stable surface of silver NP may be 
atomic oxygen that is formed from irradiated nitrate ion at the decay of the complex [NO2...O]– 

on components. It is established that monodisperse aquasol of spherical nanoparticles formed 
upon irradiation of filtered (UV 6) light lamp DRK 120, whereas the irradiation of filtered (UV 
1)  light lamp DRK 120 and a total light lamp BUV 15 are formed polydisperse aquasol of 
silver. In the first case, the absorption spectrum is a narrow band with a maximum of 390 nm 
and a half-width of 50 nm, in the second case, the absorption spectra are widened, the highs are 
shifted to the long-wave side.  The yield of spherical nanoparticles grows with increasing 
exposure time.  

It should be said that all silver nanoparticles obtained by the method of synthesis 
proposed in this paper are stable during storage in the dark for a month. 

With the help of the method of photochemical synthesis of silver nanoparticles proposed 
by us, anisotropic and spherical nanoparticles of the given sizes with the given optical properties 
can be obtained. The joint presence of such silver nanoparticles in new composite materials 
containing inorganic and organic luminophores will allow controlling the luminescent properties 
of the latter in the required areas of the optical spectrum. This, as previously reported by us [4], 
will be due to the presence of resonance of electronic transitions in phosphor molecules with 
plasmon oscillations of nanoparticles under the influence of electromagnetic radiation. Selecting 
the appropriate pair of luminophores and silver nanoparticles, it is possible to obtain new 
materials with unique optical properties in any spectral region (from ultraviolet to infrared). 
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These days one of the relevant ecological problems appears to be a sewage treatment including 
removal of toxic metal ions. Purification of wastewater from these ions is produced by methods of 
precipitation or sorption. In the last time special attention is paid to biocompatibility and 
nontoxicity of adsorbents. Based on these requirements, nanoparticles of hydroxylapatite (HAP) 
can be an optimal and perspective adsorbent. However, for HAP the problem of specific value of 
adsorption capacity, which decrease with increase of sorbent mass, remains unsolved. It is believed 
that it is related to agglomeration and, in order to eliminate this process, we propose to modify 
surface of HAP nanoparticles and polyethylene glycol (PEG) with different molecular weight as a 
bioinert modifier was used. 
The synthesis of unmodified nano-HAP particles and modified with PEG300 and PEG3000, was 
performed by precipitation method. Morphological characteristics were studied with XRD, TEM, 
BET method and FT-IR. For Cu2+, Co2+ and Ni2+ ions in certain amount of concentrations the 
adsorption equilibrium time and effect of the mass of nano-HAP were studied. Based on the results 
for each ion and for temperatures 25°C and 60°C the adsorption isotherms were plotted. To evaluate 
the absorption mechanism linearization were done by using Langmuir and Freundlich models. 
Based on received adsorption parameters the thermodynamical parameters were calculated and 
compared. 
As the result, it was shown that adsorption capacity of Ni2+ ions for 25°C and concentrations from 
60 to 390 μg/ml was between 40 and 70%, and for 60°C it was between 25 and 75%. These values 
are quite satisfying and perspective. The adsorption thermodynamical parameters values 
demonstrated that nano-HAP with PEG300 is more inclined to adsorption than other samples. For 
Cu2+ ions adsorption capacity was studied in concentrations from 50 to 500 μg/ml for the same 
temperatures. Nano-HAP showed high level of sorption, however, only for low concentrations. 
With rise of Cu2+ concentration sorption capability decreases. Thermodynamical parameters 
demonstrate the same trend as for Ni2+ ions, however, it also presents difference for mechanism of 
adsorption for these ions. Results of adsorption of Co2+ ions shows an extremely low level of 
adsorption capacity, which demonstrate that HAP is inappropriate adsorbent in this case.  
Acknowledgements Scientific research were performed at the research park of St. Petersburg State 
University educational resource center of chemistry: Centre for X-ray Diffraction Studies, Centre 
for Innovative Technologies of Composite Nanomaterials, Chemical Analysis and Materials 
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Compositions based on molybdenum and tungsten carbides exhibit catalytic activity in many 
transformations of hydrocarbons. The promising method for obtaining catalysts is the sol-gel 
method based on the use of stable colloidal systems. Dispersions of molybdenum-tungsten blues 
containing metal compounds with degrees of oxidation from + 5 to + 6 can be used in such a role.  
The aim of this work was to develop a method for the synthesis of molybdenum-tungsten blue 
dispersions using organic compound as a reducing agent. The formation of molybdenum-tungsten 
oxide clusters occurs as a result of the reduction of molybdates and tungstates in an acidic medium. 
In this work ascorbic acid is used as a reducing agent. The reaction was carried out at room 
temperature with constant stirring using ammonium heptamolybdate and ammonium paratungstate 
as initial salts. The molar ratio of molybdenum to tungsten was [Mo]:[W]= 0,35 : 0,65; total molar 
concentration of molybdenum and tungsten (∑Me) was 0,002 M. 
Experiments on the reduction of a mixture of molybdate and tungstate with ascorbic acid in the 
absence of a regulator of acidity showed that the molar ratio of reducing agent to metal should 
exceed 5 to reduce metal compounds. It should be noted that in the absence of an acidity regulator, 

the formation of nanoparticles did not 
occur, which is confirmed by dynamic 
light scattering data. 
To establish the effect of acid (HCl) on 
the process of the dispersion 
formation, the values of the oxidation-
reduction potential and pH were 
measured depending on the molar ratio 
[H]:[ΣMe] (Fig. 1). The acid addition 
leads to an increase in the potential 
and a decrease in the pH, but with the 
ratios [H]:[ΣMe] higher than 1 the 
value of the potential practically does 
not change and lies in the range of 190 
– 210 mV. The formation of particles 
occurs at the ratios higher than 1 and is 
accompanied by a transition of the 
color of the system from dark brown to 
dark blue. 
According to the dynamic light 
scattering data, the particles size in the 
molybdenum-tungsten blue does not 
exceed 5 nm in synthesized systems. 

Acknowledgements The reported study was funded by the Ministry of Education and Science of 
the Russian Federation under contract No. 14.583.21.0064; the unique project identifier is 
RFMEFI58317X0064. 

 

 

Figure 1. The dependence of redox potential and pH 
values on molar ratio [H] : [∑Me] (at constant molar ratio 
[R] : [∑Me]=7) 
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The polyelectrolytes, including such polycations as polylysine and chitosan, have particular 
influence on the lipase activity. In our study, it was shown that the lapse activation-inhibition 
processes depend on the concentration ratio between polycation and lipase. 
Lipase from porcine pancreas (LPP, MM 50000 Da, Sigma), ε-poly-L-polylysine (PL, MM > 
70000, Fluka) and chitosan (Chi, MM 40000 Da, SD 96%, Sigma) were used in our study. 
Immobilization of the enzyme was carried out by physical adsorption. Since adsorption depends on 
the intermolecular interactions at the interfaces, such properties of the enzyme as the charge 
distribution and polarity become extremely important. By measuring the z-potential of the LPP 
aqueous solution, we were convinced that the lipase carried some negative charge, which confirmed 
the possibility of complexation between the enzyme and the polycation. The catalytic properties of 
the enzyme were investigated by potentiometric titration using triacetin as a substrate. The relative 
activity of the enzyme-polymer complex was estimated in percent to the activity of free lipase in 
solution.  
It was found that the polycations as polylysine and chitosan have opposite effects on LPP (Figure 
1). Chitosan is a linear rigid-chain heteropolysaccharide (the value of the Wels-Van Hold ratio 
0.26-0.73 indicated that the molecule is asymmetric, Mark-Houwink-Kuhn-Sakurada exponent -
MHKS from 0.87 to 0.96 indicated a rigid-rod-type molecule) [1], whereas PL is a sufficiently 
flexible polypeptide capable of taking all conformation characteristic of the polypeptides (α-helix, 
β-folds, random coil. [2] First, the LPP activity is almost constant in the range of ratios 100:1 to 
25:1. Second, the LPP activity changes drastically in the opposite directions after the ratio of 10:1. 
Third, by the ratio of 1:1 the LPP activity is going back to the nearby values (92.9 and 79.4).   
Thus, the effect on the LPP activity depends not only on the charge of the polycation molecules, but 
also on the conformation of these molecules.  

Acknowledgements The financial support of  the Russian Foundation for Basic Research (grant 
15-29-01193). 

 
Figure 1. Dependence of the activity of lipase complexes with different polycations vs. molar ratios 

of the components.  
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Nowadays the diffusion-weighted magnetic resonance imaging is a widespread method that plays 
an important role in tumor diagnosis. The value of apparent diffusion coefficient (ADC) may be 
useful for distinguishing between benign and malignant. Accordingly, reproducibility and accuracy 
of ADC measurements play an important role in diagnosis and monitoring during treatment. Such 
parameters as low signal-to-noise ratio (SNR), eddy currents, inhomogeneity of the magnetic field 
and etc. can degrade the image quality. To enhance DWI efficiency in diagnosis of benign and 
malignant a new QA phantom was developed. 
To simulate pathological tissue with low ADC values we considered materials with larger than 
water viscosity coefficients and molecule sizes: agarose, agar-agar, polyacrylamide, 
polydimethylsiloxane and etc. Signal intensity of DWI characterizes not only diffusion rate but also 
spin-spin relaxation of molecules. For this reason, we selected organosilicon compounds with low 
ADC and high T2-relaxation time: cyclomethicone and caprylylmethicone. For the relaxation time 
measurements, a Time-Domain nuclear MR equipment -“Bruker the minispec” with a frequency of 
60 MHz was used. For each sample (0.35 ml) of cyclomethicone and caprylylmethicone we made 
two parallel measurements of T1 and T2* relaxation times. To compare the size distribution of the 
emulsion micelles we utilized dispersion analysis (Beckman Coulter LS230). Taking into account 
the dependence of signal intensity on DWI from proton density the ratio of two signals from bulk 
water (oil) and emulsion was measured using MR-spectroscopy. It was performed on 0.5 T 
Tomikon S 50 MR-scanner (Bruker), using a protocol with TR=3000 ms, TE=17,4 ms, field of 
view of 30 х30 mm2, voxel size of 10х10х10 mm3, number of averages of 16. 
Diffusion-weighted imaging signal intensity measurements were conducted on a 3Т MRI (Skyra, 
Siemens) using DWI EPI sequence with SPAIR (TR = 6700 ms, TE = 96 ms, ETL = 71, pixel 
spacing of 0.57х0.57 mm2 number of averages of 2) with fifteen b value protocol (0, 50, 100, 150, 
200, 250, 300, 350, 450,500, 600, 800, 1000,1200 and 1500 s/mm2). The tubes with w/o emulsions 
and different concentrations of emulsifier (5%, 8% and 12 %) were placed into a plastic support 
with two rectangular grids (Fig. 1-A), which was immersed in a cuboid plastic reservoir filled with 
water.  
A sufficiently strong signal from emulsions was observed on T2-weighted images (b = 0 s/mm2) 
(Fig. 1-B). The ratio of intensities of emulsions and water with salts was in the range from 0,3 (for 
caprylylmethicone and emulsifier of 12%) to 0,55 (for cyclomethicone and emulsifier of 8%) (Fig. 
2). As shown in the MR-spectra emulsifier caused the resonance due to droplets (continuous water 
phase) to be offset by about 0.25 ppm from that of the bulk water (here assigned to 0 ppm). 
The chemical shift between oil (external) phase and water was ~5.0 ppm. This indicates the 
possibility of estimating the rate of movement of only water molecules in the DWI study with fat 
saturation (Fig. 1-B, 1-C). The formation of micelles leads to slower diffusion of water in 
comparison with the pure substance. Samples of emulsions (Fig. 2) have the smaller ADC 
compared to water: from 0.17*10-3 to 0.08*10-3 and 2.00*10-3 mm2/s, respectively.  
As a result, the obtained emulsions are suitable for modelling the whole range of ADC values and 
signal intensities from normal to pathological tissue, including benign and malignant tumors. 
Moreover, efficiency of use for optimizing the parameters of DW-MRI protocols with fat 

290



 

suppression was confirmed. The developed quality assurance phantom can be used to enhance DWI 
efficiency in diagnosis of tumors. 

 
A                                         B                                      C 

Figure 1. The tubes with w/o emulsions (1), (2), (4), (5), (7), (8) with 5%, 8% and 12 % of 
emulsifier, water with salts (3), caprylylmethicone (8) and cyclomethicone (9). A – Before the 
study, B – DW image with SPAIR and b = 0 s/mm2, C - DW image with SPAIR and b = 1500 

s/mm2 

 

Figure 2. The dependency of signal intensity on DW-MRI vs b-value for samples E12, E11 and 
water. 

 

Figure 3. NMR spectra of inverse emulsions based on cyclomethicone. 
 [1] K. Sergunova, I. Karpov, A. Gromov, A. Morozov, D. Semenov. Development of a quality 
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Quantum dots (QDs) are important semiconductor nanomaterials with size dependent optical 
properties [1]. Due to these properties QDs are used in wide range of applications such as in color 
display devices, white LEDs, photovoltaic cells, bio-imaging and other biomedical related 
applications [2]. Recently, ZnS QDs attracted attention as fluorescent probes for biomedical 
applications in disease diagnosis and for discovery of new drugs. The optical properties have been 
related to the semiconductor nature of the materials. 

In this work, the experimental conditions for synthesis of ZnS in ionic liquid (IL) using 
ultrasound. IL used is N-decylpiridinium tetrafluoroborate dissolved in ethyl alcohol with mass 
concentrations 10, 20 and 30%.We used freshly prepared 0.1 M aqueous solutions of ZnSO4 and 
Na2S as reagents for synthesis of zinc sulfide nanoparticles. The ionic liquid was synthesized 
beforehand. The sizes of zinc sulfide nanoparticles in the sol were determined by the dynamic light-
scattering method (DLS), scanning probe microscopy, and UV spectroscopy. To estimate the 
average size of semiconductor nanoparticles by the shift of the fundamental absorption edge [3], we 
recorded UV absorption spectra of zinc sulfide sols. The wavelength of the absorption peak was 
graphically determined and the radius R of nanoparticles calculated by the formula: 
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where ΔE is the difference between the energy gap Ei of a nanoparticle and that of the bulk crystal 
(for ZnS Eg = 3.65 eV); ħ, reduced Planck constant (ħ = h/2π eVs); me* and mh*, effective masses 
of electrons in the conduction band and holes in the valence band (me* = 0.34m0, mh* = 0.5m0); and 
m0, rest electron mass of 9.1 × 10–31 kg. 

Figure 1 shows the absorption spectra of zinc sulfide sols synthesized in solutions of ionic 
liquid. It can be seen from the figure that the influence of ultrasonic treatment affects the 
distribution of quantum dots on size. Also, the size of a part is affected by the amount of precursors. 
Without the use of ultrasonic treatment in the absorption spectra, several maxima are observed for 
each concentration of nanoparticles in the mixture. This indicates the polydispersity of the system. 
After sonication, the particles are aligned in size. With an increase in the concentration of 
precursors, a growth in the dimensions of the nanoparticles is observed in the solution, as indicated 
by the shift of the absorption maxima to the long-wavelength region. 

In Table 1 the results of the calculation of the size of quantum dots depending on the 
position of the maximum absorption in the UV spectra are presented. Calculations are carried out 
according to the formula described above. The table shows that without the use of ultrasound at 
relatively low concentrations their growth is more than 34 nm.  The data on the size of the quantum 
dots of zinc sulfide obtained by this method are in good agreement with the data of DLS and 
electron microscopy. 
Acknowledgements The reported study was funded by RFBR according to the research project № 
18-33-00890 
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Figure 1. Absorption spectra of zinc sulfide sols synthesized in 20% solutions of ionic liquid in 
ethyl alcohol with ultrasound (a) and without (b) . 

 
Table 1. The influence of concentration of precursor and ultrasound on the size of the quantum dots 
of zinc sulfide 

См [ZnS]*103 
mol/l λmax, nm d, nm 

With ultrasound Fig.1(a) 

0,84 286 3,2 
3,31 294 3,5 
7,33 315 4,9 

12,83 331 8,4 
19,73 340 34,3 
27,97 340 34,3 

Without ultrasound Fig.1(b) 

3,31 
321; 324; 328; 
330; 333; 337; 
339 

5,7; 6,2; 7,2; 7,9; 
9,4; 13,7; 20,8 

12,83 >340 >35 
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[3] Li, Z., Wang, J., Xu, X., and Ye, X., Mater. Lett., 2008, 62, 3862. 
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The extraction, preparation and transportation of crude oil are a serious problem for oil companies. 
Transportation of oil from the field to the oil refinery can include underwater hoses, pipelines, 
tanks, tankers. At the same time, oil companies use several methods to ensure oil flow at low 
temperatures. These methods include heating, diluting with light solvents, and the most preferred 
method is the addition of depressant additives and inhibitors of paraffin deposition. 
Examples of chemical reagents used as depressant additives are copolymers of ethylene and vinyl 
acetate (EVA), copolymers of vinyl acetate and olefins, copolymers of alkyl esters of styrene and 
maleic anhydride, copolymers of alkyl esters of unsaturated carboxylic acids, polyalkyl acrylates, 
polyalkyl methacrylates and alpha-olefins [1-3]. 
Polymer depressant additives and inhibitors of paraffin deposits are gel-like materials which, at 
positive (higher than zero) temperatures, freeze and lose their fluidity. In order to inject depressant 
additives into the bottom of the well, they should generally be substantially diluted with a solvent. 
The solvent is added to the depressant additive to improve the performance of the additive, 
especially in winter conditions. 
In this work, to reduce the temperature of mobility of polymeric additives, the method of 
emulsifying additives was used to obtain products that are easily injected and have fluidity at low 
temperatures down to -300C 
Emulsification is carried out on the samples of modified depressant additives based on the copolymer of 
ethylene with vinyl acetate [3]. The starting copolymer in the dilute state at positive temperatures loses 
its mobility. To produce an emulsified form of the additive, a water-alcohol mixture was used as the 
dispersion medium. Tween-type surfactants (Aldrich) were used as emulsifiers. 
The emulsion of the depressant additive is obtained by ultrasonic dispersion of a disperse phase 
(EVA in an organic solvent) in a dispersion medium in the presence of a surfactant. The process of 
emulsification consists of the actual dispersion of macromolecules, i.e. the formation of droplets of 
the dispersed phase in the dispersion medium and their stabilization as a result of adsorption on the 
surface of the emulsifier. In this case, a direct emulsion of the oil-in-water type is formed. The 
creation of an aggregate-stable polymer emulsion is strongly influenced by the nature and content 
of the emulsifier in the system. The effectiveness of the emulsifier is characterized by a special 
hydrophilic-lipophilic balance (HLB). 
Dimensions of the dispersed particles of the polymer emulsion were determined by dynamic laser 
light scattering using a Malvern Zetasizer NanoZS90 (UK). In this case, the distribution of 
dispersed particles has a bimodal character from 5 to 100 nanometers (figure 1), which indicates the 
formation of a nanostructured polymer emulsion.  
 

 
Figure 1. Size of dispersed particles of the polymer emulsion 
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The stability of the emulsion was tested by repeated heating and cooling, the emulsion breaking was 
not observed. The temperature of mobility loss of the emulsion was observed down -300C, while for 
the original additive in the solution the loss of mobility temperature was + 120C. 
The emulsion additive is tested as a pour point depressant (PPD) for waxy oil with a pour point 
(PPD) of + 180C. The effect of the emulsion additive on pour point of oil according to ASTM D 
5853 at a dosage of 100 ppm was -30C, which indicates a high depressing activity of emulsion 
additive was developed.  
In conclusion, it should be noted that the development of nanostructured polymer additived 
emulsion types make it possible to improve the low-temperature properties of PPD and improve the 
efficiency of their action on low-temperature properties of oil, which in turn reduces operating 
costs: solvent volumes are reduced, additional heating is not required before application in winter 
for environmental security. 
Acknowledgements this work has been done under the program of № BR05236800 according to 
the contract № 208 with Science Committee of Ministry of Science and Education of Republic of 
Kazakhstan 
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SECTION V 
 

NUCLEATION AND FORMATION OF DISPERSE SYSTEMS 
 

in absentia Presentations 
 

VA1 

The influence of the molecular weight of PVA on the size of dispersed particles 
in the PVA-water system. 

P.V. Balenko1, V.D. Sobolev2, V.A Lomovskoi 2, N.A. Abaturova2, N.V. Balenko1, P.A. Semenyak1 
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Institute of fine chemical technologies named after M.V. Lomonosov , Russia 
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Investigation of the rheological characteristics of aqueous solutions of PVA of different molecular 
weight has shown that rheological flow curves form a region of non-Newtonian behavior in the 
range of shear rates from 10-2 s-1 to 101 s-1. 
 Due to the fact that this effect is possible only in disperse systems, this report deals with the 
structure formation in the PVA-water system of various molecular weights using the dynamic light 
scattering method carried out on a Zetasizer Nano ZS device in the temperature range 10 °С -70 °С, 
which corresponds to the region of metastability on the phase diagram. 
Experimental data (Fig. 1) showed that the polyvinyl alcohol-water system contains undissolved 
particles which change their size with changing temperature. And there is a definite dependence on 
the molecular weight. The higher the molecular mass the larger the particle size. It can be 
concluded that with increasing temperature the particle size increases which can be explained by the 
swelling of the macromolecule of polyvinyl alcohol and as a result an increase in the molecular coil 
size. 

 
Figure 1 - Dependence of particle size in the PVA-water system on temperature: 1- Mowiol 5-88 
4% (Mw=2,1*104) ;2-Mowiol 47-88 4% (Mw=8,1*104) 
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VA2 
FORMATION OF POWDER DISPERSE SYSTEMS CLINOPTILOLITE-

POLI(DIETILENE GLIKOL SEBACATE) BY MECHANOCHEMICAL METHOD 

 
O.N. Dabizha 1,2, Т.V. Derbeneva2, A.N. Khatkova1 

 
Transbaikal State University, Russia; Transbaikal Institute of Railway Transport, Russia 

e-mail: dabiga75@mail.ru 
 

As is known [1], the structure of disperse systems is formed by aggregates of particles, and 
its heterogeneity is identified with their sizes. Aggregates of particles can form as a result of 
mechanochemical modification of zeolites. In addition, the joint mechanoactivation of the polymer 
and filler in the planetary mill allows to control the properties of the polymer composite material 
[2]. Zeolites with nano-sized internal pores are fillers for polymeric materials. However, zeolites 
can also be a matrix filled with a polymer when creating microfilters. 

The purpose of this study was to investigate the effect of the duration of mechanochemical 
activation of clinoptilolithic rocks of the Kholinsky (KhZ) and Shivirtuy deposits (ZhZ) in the 
Transbaikal Region and poly(diethylene glycol sebacate) on the physical characteristics of the 
powder particles and the degree of filter capacity of the samples.  

The phase and chemical composition of clinoptilolite rocks has been studied earlier and 
presented by us in the work [3]. Composites were prepared by mechanosynthesis of air-dry zeolite-
containing rock and polymer in laboratory vibratory attenuator IVCh-3 at 25 ° C for 3, 5, 7 minutes, 
the mass fraction of poly(diethylene glycol sebacate) (P) was 5% of the total mass. In addition, 
samples based on these same components were studied, which were synthesized by mechanical 
abrasion in an agate mortar for 30 minutes.  

The bulk density of the samples was measured by gravimetric method, the true one by 
pycnometric (working fluid - kerosene TS-1 according to GOST 10227-86). The particle size was 
determined using a sieve analysis. The average effective radius of through-holes of zeolite and 
composite microfilters was calculated by the Hagen-Poiseuille equation using the vacuum filtration 
of water [4]. The values of density and viscosity of water at the temperature of the experiment were 
taken from the reference book. The volume of distilled water for filtration was 10 cm3, the diameter 
of the microfilter was 5.6 cm. The thickness of the microfilters was measured with a micrometer. 
Table 1 shows the values of pressure, mean time of water flow, microfilter thickness, weight 
difference between wet and dry microfilter, water permeability, volume of water per unit area and 
effective radius of through pores. 

 
Table 1. Experimental data on water filtration. 
 

Samples P, Pа t, s (average) , cm m, g D108, cm/sPа W102, cm rp, nm 
KhZ 91961 266 0.17 1.19 1.7 4.9 129 
KhZ-P5-3 91911 224 0.11 1.46 2.0 5.9 89 
KhZ-P5-5 91916 217 0.11 1.55 2.0 6.3 89 
KhZ-P5-7 91910 273 0.11 1.50 1.6 6.1 77 
khz-p5-30 92780 141 0.11 1.50 3.1 6.1 110 
ZhZ 91944 277 0.14 1.25 1.6 5.1 110 
ZhZ-P5-3 91914 225 0.11 1.48 2.0 6.0 89 
ZhZ-P5-5 91928 118 0.11 1.57 3.7 6.4 122 
ZhZ-P5-7 91938 187 0.11 1.51 2.4 6.2 95 
zhz-p5-30 92778 130 0.11 1.26 3.4 5.1 126 
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Analysis of the data of Table 1 showed that the effective radius of through-pores in modified 
samples is usually reduced. It is related to the process of filling the porous space of the zeolite 
structure with poly(diethylene glycol sebacate). Consequently, the modification of clinoptilolite 
rocks by the mechanochemical method by polymer allows to regulate the size of interaggregate 
pores. In this case, the physical characteristics of the powder particles must also vary. This is 
confirmed by the results of calculations of bulk density, specific volume, true density, voidness, 
average dispersity of aggregates of particles, calculated from the dispersity of the specific surface of 
aggregates, which are given in Table 2. 

 

Table 2. Physical and volumetric characteristics of the samples. 
 

Samples dbulk, 
g/cm3 

Vsp=1/db, 
cm3/g 

dtrue, 
g/cm3 Vvoid = (1-db/dt)100, % D, 

м-1 
Ssp, 

m2/kg 
KhZ 0.943 1.060 1.950 52 2073 13.2 
KhZ-P5-3 0.909 1.100 2.056 56 3175 21.0 
KhZ-P5-5 0.714 1.401 2.083 66 4386 36.9 
KhZ-P5-7 0.667 1.500 2.359 72 4386 39.5 
khz-p5-30 0.788 1.269 1.851 57 4386 33.4 
ZhZ 0.751 1.332 2.140 65 1587 12.3 
ZhZ-P5-3 0.800 1.250 2.157 63 4386 32.9 
ZhZ-P5-5 0.769 1.300 2.327 67 4386 34.2 
ZhZ-P5-7 0.741 1.350 2.416 69 4386 35.5 
zhz-p5-30 0.764 1.309 1.783 57 4386 34.5 
 
The data of Table 2 show that joint mechanoactivation within 3 minutes of clinoptilolitic 

rocks of the Kholinsk and Shivirtuy deposits with poly(diethylene glycol sebacate) results in an 
increase in the voidness, specific volume of particles and specific surface area of aggregates of 
particles 1.6 and 2.8 times, respectively, for these samples. As expected, an increase in the duration 
of the process leads to an increase in the indicated physical parameters of the particles. It should be 
noted that the samples based on the clinoptilolite rock of the Shivirtuy deposit have a greater 
voidness and less bulk density than the analogs of the Kholinsk deposit. The specific surface area of 
the aggregates of the samples under study is 34-39 m2/kg with a duration of mechanoactivation of 5 
and 7 minutes, that is, they have similar values, but differ in the effective radius of through pores. 
Carrying out mechanosynthesis in a vibration cleaner gives more effective results than 
mechanoactivation of a powdered disperse system of zeolite-polymer in a mortar.  

The results obtained make it possible to use the joint mechanoactivation of clinoptilolite 
rocks and poly(diethylene glycol sebacate) to create microfilters with a given structure. 

 
[1] N.B. Uriev, I.V. Kuchin // The success of chemistry, 2006, 75, 1, 40. 
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All-Russia. scientifically-praktich. conf. with elements of a scientific school, Yakutsk, November 
25-27, 2013, 299-301. 

[3] ON. Dabizha, T.V. Derbeneva, A.N. Khatkova, R.A. Filenko, T.P. Pateuk // Chemistry 
for Sustainable Development, 2016, 2, 68-76. 

[4] A.N. Khatkova, O.N. Dabizha, T.V. Derbeneva, N.N. Burnashova // GIAB, 2011, 10, 
282. 
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THE MECHANISM OF STABILIZATION OF SILVER NANOPARTICLES WITH 
AMPHIPHILIC MALEIC ACID COPOLYMERS   

 
E. A. Kurskaya, M. A. Krayukhina, A. A. Askadsky, N. A. Samoilova 

 
A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, 

Moscow 119991, Russian Federation 
kurskaya_e@mail.ru 

 
It is well known that nanoscale silver particles (NPS) are widely used in biomedical fields as 

bactericidal and antifungal agents. In this work we used as polymer-stabilizer of NPS a flexible 
amphiphilic copolymer of ethylene and maleic acid (EM) with a regular alternation of hydrophilic 
and hydrophobic groups (Mw = 25000, degree of polymerization =174, and M of repeating unit = 
144) [1]. NPS were prepared by reduction with sodium borohydride of silver cations in the 
equimolar electrostatic complexes with EM in dilute solution. By the methods of transmission 
electron microscopy and dynamic light scattering it was found that spherical NPS had a radius of 1 
nm, and the thickness of the adsorbed polymer shell was 6.4 nm (at pH 9). By the method of gel 
permeation chromatography, it was not found free EM macromolecules (not adsorbed on the 
surface of nanoparticles) in the NPS samples prepared under the used conditions.   

The morphology of the interfacial region between the nanoparticles and the adsorbed polymer 
layer is strongly dependent on the size of the nanoparticles and the relationship between this size 
and the thickness of the adsorbed layer. It is known that the radius of the coil of a macromolecule 
EM is about 5.8 nm and its volume was equal to 816.7 nm3 [2]. According to our data (taking into 
account the parameters for the silver atom), it was found that a silver nanoparticle of volume = 4.19 
nm3 contains 335 atoms of metal, and a polymer layer with a volume of about 1694 nm3 consisted 
of two EM macromolecules.  Knowing the amount of EM macromolecules in the polymer layer, 
their mass (through the Avogadro number) and the volume of the polymer layer, we determined the 
polymer density in the adsorption layer (ρ = 0.048 g/cm3). These parameters also make it possible 
to determine the volume and volume ratio of the polymer and NPS in the solution, calculate the 
expected viscosity of the system, and also reveal the specificity of the laying of the polymer chains 
on the surface of the NPS. The data obtained make it possible to state that the contact of the 2 
polymer chains with the surface of the NPS is carried out with the help of hydrophobic polymer 
fragments, and the adsorbed polymer chains extended outwardly from the surface of the NPS in 
order to decrease the density gradient [3]. Such a model provides steric and electrostatic 
stabilization of the NPS. 
[1] N. Samoilova, E. Kurskaya, M. Krayukhina, A. Askadsky, and I. Yamskov, J. Phys.Chem. B, 
2009, 113 (11), 3395-3403. 
[2] N. Samoilova, I. Blagodatskikh, E. Kurskaya, M. Krayukhina, O. Vyshivannaya, S. Abramchuk, 
A. Askadskii, and I. Yamskov, Colloid Journal, 2013, 75, 4, 409–420. (Original Russian Text 
Kolloidnyi Zhurnal, 2013, 75, 4, 455–467). 
 
[3] E. Hershkovits, A. Tannenbaum, and R. Tannenbaum, J. Phys. Chem. C Nanomater Interfaces, 
2007, 23, 111(33), 12369–12375. 
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INTERCONVERTING BETWEEN Cu AND Cu2O NANOPARTICLES  

G.Yu. Ostaeva, I.Yu. Isaeva, V.V. Grushina, and A.A. Litmanovich 
Moscow Automobile and Road Construction State Technical University (MADI), Russia 

e-mail: galinaostaeva@mail.ru 

When synthesizing copper sols by reducing Cu2+ ions in aqueous media, polymers are used as size 
regulators of the forming copper-containing nanoparticles [1, 2]. The polymers are capable of 
protecting nanoparticles from aggregation and oxidation. Reduction products may be considered to 
be nanocomposites, because sol particles represent complexes of copper nanoparticles and 
“protector” macromolecules stabilized by noncovalent cooperative interactions between the 
components [3]. 
Reversible redox cycling of Cu and Cu2O nanoparticles has been studied.  
The formation and properties of Cu and Cu2O nanoparticles have been explored by electron 
spectroscopy, TEM, TEM-STEM, HRTEM and measurements of pH. 
The reduction of Cu2+ ions with tert-butylamine borane in aqueous poly(N-vinylpyrrolidone) 
solutions has been investigated. At the beginning the sol of Cu2O with nanoparticle sizes of 3–14 
nm was formed. Cu2O nanoparticles played the role of a precursor for copper metal particles. The 
reduction of Cu2O nanoparticles with additional portion of the reducing agent generated the sol of 
Cu. The nanoparticles with smaller sizes of 2–10 nm were formed.   
Then, the oxidation of Cu nanoparticles to form Cu2O has been investigated. The introduction of an 
additional portion of Cu2+ ions into the sol of Cu led to the oxidation of copper nanoparticles with 
the formation of Cu2O particles. The particle diameters were found to be slightly larger than the 
metallic precursor nanoparticles. The Cu nanoparticles increased in average diameter from 6 to 7 
nm upon oxidation.  
Then, the Cu2O nanoparticles were reduced back to Cu0 and again Cu nanoparticles were undergo 
oxidation. This reversible redox cycling of Cu/Cu(I) colloids was successfully repeated over 9 
cycles.  
There were three types of structure in the spatial organization of the nanocomposites. At first, only 
isolated polymer-stabilized spherical particles were formed. As the number of cycles increasing, 
associates of nanoparticles with fractal structure of spherical symmetry were detected. At the last 
stages, associates of nanoparticles with toroidal symmetry were observed. 
The stable Cu and Cu2O sols with small particle sizes were obtained during all cycles. We think that 
the number of cycles can be more. 
Acknowledgements This work was supported by the Russian Foundation for Basic Research, 
project no. 16-03-00337. 
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EXTRACTION AND CHARACTERIZATION OF CARBON NANOSTRUCTURES FROM 

COAL 

D.P. Savitsky 
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Nowadays the development of practical use of such carbon nanomaterials as graphene, 

graphene oxides and graphene-like structures became an object of intensive studies. These are used 

for preparation of polymer and composite materials, solar cells, super-condensers, membranes, 

adsorbents, quantum dots (which are used in biology and medicine), fluorescent materials [1, 2]. 

Carbon nanomaterials are manufactured by mixing, dispersion and impregnation. For this purpose it 

is more convenient to use colloidal dispersion then powdered substance. Chemical methods are 

most commonly used for production of carbon nanomaterial colloidal dispersions. Advantages of 

chemical methods are large-scale production possibility and relative simplicity of product surface 

modification [3]. Appearance of new functional groups on the surface is a result of such 

modification. Main sources for production of carbon nanomaterials are graphite, saturated and 

unsaturated hydrocarbons. However, not only graphite and hydrocarbons can be used for production 

of carbon nanostructures. In this research, we offer the method for preparing a colloidal solution of 

carbon nanostructures from different ranks of coals: brown coal, bituminous coal, low-volatile 

bituminous coal, anthracite. Since the initial coals contain considerable amount of ash, gravity and 

density floatation was carried out in water solution of sodium salt of silicon-tungstic acid 

Na8[Si(W2O7)6]•nH2O (ρ = 2.3 g/cm3, рН = 7.2). To recover the carbon nanostructures from 

brown and bituminous coal, initial deashed coal powder (d ≤ 40 µm) passed through thermal 

processing (T = 120 °С, time: 2 hours) in H2SO4 (98%) and HNO3 (98%) acid mixture (1:4 ratio). 

To recover the carbon nanostructures from low-volatile bituminous coal and anthracite, modified 

Hammers method was used [4]. The structure of high carbonization coals may be destroyed only by 

using strong oxidizers. Coal (10 g) was mixed with NaNO3 (10 g) and concentrated H2SO4 (350 

ml). The resulted mixture was cooled up to 0 °С in an ice water bath. Then KMnO4 (30 g) was 

added and reaction temperature was maintained at the level of not higher than 20⁰C. The final 

solution was heated up to 35⁰C and mixed within 3 hours. The resulted mass was cooled down and 

flashed with solution of H2O2 (3%) and distilled water. X-ray phase analysis of the deashed coal 

and carbon nanostructures was carried out by X-ray diffractometer DRON-2 (СuКα-radiation, Co 

filter, λ = 1.542 nm). Nano-ZS (Malvern, UK) was used for determination of carbon nanostructures 

particle size and electrokinetic potential (ξ, mV). Morphology of carbon nanostructures was studied 

by transmission electron microscope JEM-100 CX II (JEOL, Japan). Electron diffraction patterns 

(Fig. 1) and X-ray analysis of carbon nanostructures (Fig. 2) showed that nanostructure from brown 

coal is amorphous and nanostructure from anthracite is crystalline. X-ray diffraction analysis of 

deashed coals and graphite has shown that reflection peak (002) becomes more dispersed and shifts 

towards lower diffraction angles (larger interatomic distances) from anthracite to brown coal. 

Graphite maximum intensity response is observed at 26⁰ with inter-layer distance d = 0.335 nm, 

diameter of aromatic layer La = 20 nm, layer height Lс = 58. Anthracite has shown following 

parameters: d = 0.352 nm, La= 3.3 nm, Lc = 1.3 nm. Broad peak at range of 18–32° is observed on 

the coal diffractogram. Besides, weak diffraction peak with maximum position d = 0.549 nm (so 

called γ-band) is detected. γ-band is absent on the graphite diffractogram. Appearance of γ-band on 

the coal diffractograms connected with presence of organic compounds and fragments. Carbon 

atoms of these fragments are mainly in sp
3
 hybrid state (i.e. the structure has saturated nature). 

Dynamics of coal’s  structure transformation is a subject to the thermodynamic principles. Gibbs 

energy, which is driving force of structure transformation spontaneous process, decreases and 
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reaches minimum value for graphite. All diffractograms of carbon nanostructures are characterized 

by almost full smoothing of a reflection peak (002). These explain coal destruction in thermo-

oxidative and ultrasonic influence. Carbon nanostructure from brown coal is amorphous as 

evidenced by a single broad X-ray peak at range 4.5–9.8⁰ as shown. Two broad peaks are visible on 

the diffractogram of carbon nanostructure from coal G, stronger one at 5–10° and weaker one at 18–

32°. Appearance of small-angle reflexes may be explained by uneven distribution of substance 

density in space and distortion or destruction of crystalline grid, consisting of benzene ring. X-ray 

diffractogram of carbon nanostructure from low-volatile bituminous coal has diffraction maximum 

of 5.7°. X-ray diffractogram of carbon nanostructure, recovered from anthracite has a diffraction 

peak at range from 4.5 to 9.8⁰ with maximum of 7.25⁰. Diffractograms of similar kind are typical 

for graphene oxide and represented in the paper [5]. Carbon nanostructure from anthracite has 

interlayer distance d = 0.945 nm that is more compared with original coal d = 0.352.  

 

         

Fig. 1. TEM images of carbon nanostructures from different ranks of coals: a) brown coal; b) 

anthracite. 

         

Fig. 2. X-ray diffraction patterns of coal (a) and carbon nanostructures (b): 1) brown coal; 2) , 

bituminous coal; 3) low-volatile bituminous coal; 4) anthracite; 5) graphite. 
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SECTION VI 
 

ELECTROSURFACE PHENOMENA 
 

Keynote Lectures 

VIK1 
IMPACT OF IONS NATURE/HYDRATION ON THE ELECTROPHORESIS AND 

SURFACE CONDUCTIVITY OF SOME COLLOIDS 

Sandor Barany and Maryna Manilo 
Research Institute of Applied Earth Sciences of the University of Miskolc, Hungary; the 

Transcarpathian II. Ferenc Rakoczi Hungarian Institute, Beregovo, Ukraine  
E-mail address: akmbsab@uni-miskolc.hu 

The nature/hydration of ions strongly influences the electrophoretic mobility and surface 
conductivity of colloids. In most cases ions of larger crystallographic radii show greater tendency 
towards surface binding; thus, they reduce more efficiently the electrokinetic potential and exhibit 
lower critical coagulation concentrations. For cations this sequence (corresponding to the “bare” 
radii of ions) is the following: N(CH3)4

+>Cs+>Rb+>K+>Na+>Li+>Ca2+>Mg2+. Typically, this 
“direct” lyotropic/Hofmeister series is observed for negatively charged hydrophobic surfaces. In a 
number of papers it was shown that Hofmeister series reversal can be induced by changing the sign 
of the surface charge from negative to positive, by changing the surface nature from hydrophobic to 
hydrophilic or by changing the surface charge density. No systematic data exist on the impact of 
ions with different degree of hydration on the surface conductivity of dispersed particles. 

Our paper is devoted to systematic study of the impact of electrolytes with alkali metal ions 
and containing anions without (Cl-) or with (SO4

2-) distinct de-hydration ability on the electrokinetic 
potential and surface conductivity of hydrophilic (aerosil, bentonite, laponite) and hydrophobic 
(polystyrene with surface sulphate or carboxylic groups) colloidal particles. The main findings can 
be summarized as follows: (i). the absolute value of the zeta-potential (ζ) vs. salt concentration (C) 
dependencies reveals a marked maximum, at about 10-4-10-3 M for hydrophobic and 10-3-10-2 M for 
hydrophilic particles. The phenomenon is explained by the electrical double layer (EDL) 
compression and breaking effect of induced dipoles arisen due to the polarization of the EDL in the 
electric field, operating in opposite directions; (ii). the relative position of ζ(C) curves corresponds 
to the regular lyotrophic sequence for hydrophobic particles in a wide range of electrolyte 
concentration (10-5-10-1 M) and hydrophilic particles at high electrolyte contents (>10-3-10-2 M); for 
latter particles in dilute salt solutions the reverse sequence was registered; (iii). at the same salt 
concentrations, a decrease in the ζ-potential for sulphates is much higher compared to that for 
chlorides of the same cations. This effect we connect with the dehydration effect of sulphate ions 
which results in the thinning the surface hydrate layer and shift of the shear plane toward the 
surface, i.e. a rise in the ζ-potential; (iv). a regular decrease in the surface conductivity of the 
suspensions was measured while moving from Li+ to Cs+ which is considered to be a result of 
increasing accumulation of bigger ions in the Stern-layer. 
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VIK2 
MODELING ELECTROCONDUCTIVITY AND ELECTROOSMOTIC PERMEABILITY 

OF ION-EXCHANGE MEMBRANE 

A.N. Filippov1, D.A. Petrova1, S.A. Shkirskaya2 

1Gubkin University, Moscow, Russia; 2Kuban State University, Krasnodar, Russia 
anatoly.filippov@gmail.com 

Electroosmotic permeability of ion-exchange membranes is an important factor that 
significantly limits their use, for example, in fuel cells (FCs). Excessive water loss by such 
membranes leads to their overheating and possible destruction of the fuel cell itself. Therefore, for 
efficient operation of ion-exchange membranes in the FCs, it is necessary to know how their 
electroosmotic permeability will change when the moisture content and the background electrolyte 
concentration as well as the geometric and physicochemical characteristics of the ionite grains are 
varied. The existing theories for calculations of electroosmotic permeability do not fully answer the 
abovementioned questions. So, we decided to develop a closed cell model of an ion-exchange 
membrane, taking into account the transfer of water or another solvent in the hydrated/solvate ion 
shells. Basing on the thermodynamics of non-equilibrium processes (the Onsager approach), we 
have set up and solved here the boundary value problem (BVP) for the Stokes, Brinkman, Nernst-
Planck-Poisson system of equations governing the flow of a binary non-symmetric electrolyte 
through a liquid cell in the center of which there is a porous spherical particle, having a certain 
constant density of a fixed space charge (exchange capacity). At the boundary of the liquid shell, we 
used Kuwabara's (absence of vorticity) most adequate for electrokinetic phenomena condition, and 
at the interface between the porous particle and the electrolyte solution, we used conditions for the 
continuity of the velocity and the total stress tensor. Utilizing the cell approach developed by 
Happel and Brenner, the results of the BVP solution were applied to calculate the electroosmotic 
permeability of a charged membrane as a function of the fraction of the solid conducting phase (or 
moisture content), geometric and physicochemical characteristics of an ion-exchange grain and 
concentration of electrolyte. The currently available formulas for calculating the electrical 
conductivity do not fully describe experimental results. In this connection, a cell approach was also 
applied to calculate the membrane specific electrical conductivity.  

Let us choose the following thermodynamic forces as independent variables to be given during 
experimental observation: pressure gradient  1 20 10p p p h    , electric potential gradient 

 2 20 10φ= φ φ h    and concentration gradient  3 20 10C C C h     be arisen on a porous 
charged film (membrane) with the thickness h immersed in a measuring device which is filled by 
binary electrolyte solution. As dependent experimentally determined variables we can take densities 
of thermodynamic fluxes: 1I  – fluid flux; 2I  – charge flux (electric current); 3I  – diffusion flux. 
Then the phenomenological transport equations may be written in the following way: 

3

1
, 1, 2,3,i ik k

k

I L i


              (1) 

where kinetic coefficients ikL  will be determined using the cell model. Due to Onsager’s theorem, 
the matrix of kinetic coefficients is symmetrical one, i.e. ik kiL L . The main point is to calculate 
electroosmotic permeability 

2 3
12 2 1 0, 0L I

   
    and specific electrical conductivity 

1 3
22 2 2 0, 0L I

   
    of the membrane. The fluid motion in an outer region  a r b   is 

described by Stokes’ equations (“creeping flow”) with additional electro-massive force. The fluid 
motion in an inner region  0 r a   is governed by the modified Brinkman equations taken with 
volumetric electrical force. The process is considered to be steady-state, the Nernst representation is 
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used for ion fluxes, and the electrical potential satisfies the Poisson equation. So, the problem 
reduces to solving two boundary value problems for the unit cell by linearization with respect to 
small deviations of the required velocity fields, the electric potential, and the concentration of ions 
from their equilibrium values. Exact analytical expressions are obtained for the electroosmotic 
permeability and conductivity of the cation-exchange membrane with respect to arbitrary binary 
electrolyte solution. We applied developed theory to characterization of cation-exchange MF-4SC 
membrane, modified by halloysite nanotubes (HNT) functionalized with Pt nanoparticles, and 
immersed in electrolyte (HCl) solution. The quantitative characteristic of electroosmosis is the 
electroosmotic permeability ( ID ), which is equal to the volume of liquid ( 1I ) transferred per unit 
area (S) per unit time (τ) at a current density ( 2I ) equal to unity  I 1 2τD I SI . According to the 
Onsager theory from (1) we have a simple relation I 12 22D L L . The electroosmotic permeability 
of the membrane under constant current was determined by the volumetric method in a two-
chamber cell with polarizing silver chloride electrodes. The specific electrical conductivity of the 
membrane was calculated on the basis of the measurement of its active resistance. The results of 
comparison between theoretical (curves) and experimental (symbols) data are shown in Fig. 1 and 
2. There is a good agreement between the cell model of ion-exchange membrane and experimental 
observations. Using fitting procedure we have found such physicochemical parameters of the hybrid 
nanocomposite MF-4SC+HNT+Pt as proton diffusivity 2150 μmD m s   inside membrane matrix, 
coefficient of equilibrium distribution γ 0.335m   of the HCl molecules, specific hydrodynamic 

permeability of the cationite grains – 
o

225 ADk   and macroscopic porosity 10.2% which is in 
agreement with porosity 12% independently found by method of standard contact porosimetry. 
Membrane exchange capacity was equal to 3

Vρ 1.22 mole dm . Obtained results are important in 
the study of ion-exchange membranes modified by inorganic nanotubes/nanoparticles, since in a 
number of practical importance cases there is an extreme dependence of the transport, mechanical, 
structural properties of hybrid membranes on the content of dopant. Therefore, a systemic study of 
the electroosmotic permeability of a membrane coupled with its specific electric conductivity 
fulfilled in our research will make it possible to apply the cell approach to the characterization of 
membrane materials, and hence to the possibility of their correct choice and modification. 
Acknowledgements This study was supported by RFBR (project No.17-08-01287) and the 
Ministry of Education and Science of the Russian Federation (Grant No.14.Z50.31.0035). 

Figure 1. Dependence of electrical 

conductivity 22L  of MF-4SC modified by HNT 

with Pt upon HCl concentration 0C . 

Figure 2. Dependence of electroosmotic 

permeability 12 22ID L L  of MF-4SC modified 

by HNT with Pt on HCl concentration 0C . 
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Micro-nanomachines propelled by the self-generation of chemical gradients are drawing the 
attention of the research community due to their potential appealing applications in priority areas 
such as nanomedicine to environmental remediation. Although by more than a decade a lot of 
efforts in developing increasingly sophisticated machines with multiple functionalities and tasks, 
there are many fundamental questions related to the propulsion mechanism that remain open. A 
well understanding of the complex interplay of the chemical reactions and electro-hydrodynamics 
phenomena involved in the chemomechanical actuation is very important to accomplish to improve 
the levels of control and applications of these machines and better assess perspectives and 
challenges.  
In this contribution we will focus on semiconductor/metal motors immobilized on a surface which 
can be photochemically activated. In this configuration and in contrast to the counterpart swimmers, 
the fluid moves with respect to the motor surface and can be done either by photoactivatedelectro-
osmosis or by diffusio-osmosis3,4. We show that it is possible to modulate the actuation mechanism 
control of these motors by tuning the geometrical design or fabrication characteristics3. These 
findings are very relevant and have a tremendous impact on the design and optimization of light 
activated catalytic devices and also on bimetallic and insulating-metallic motors in general. We also 
describe one of the potential applications of these active devices: the autonomous material guiding 
and self-assembly on particular locations of a sample4,5. That allows fabricating nanostructured 
surfaces in an autonomous way with potential nanotechnological impact in a wide range of fields. 
 
[1] A. AfsharFarniya, M.J. Esplandiu, D. Reguera, A. Bachtold, Phys. Rev. Lett., 2013, 

10.1103. 
[2]  M.J. Esplandiu, A. AfsharFarniya, D. Reguera, J. Chem. Phys., 2016, 144, 124702. 
[3]  K. Zhang, J. Fraxedas, B. Sepulveda, M.J. Esplandiu, ACS App. Mater. Interfaces, 2017, 

44948 – 44953. 
[4]  M.J. Esplandiu, A. AfsharFarniya, A. Bachtold, ACS Nano, 2015, 9, 11234-11240. 
[5]  A. AfsharFarniya, M.J. Esplandiu, A. Bachtold, Langmuir, 2014, 11841 - 11845. 
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It is well known that porous glasses (PGs) prepared through chemical leaching of alkali 
borosilicate glasses with two interpenetrating phases formed in the course of spinodal phase 
separation are widely used as materials for various purposes. PGs have some specific properties that 
distinguish them from other porous silicates, such as a wide range of pore sizes from 0.3 nm up to 
1000 nm and very high surface reactivity. High-silica porous glasses are promising materials for the 
chemical, medical, and optical industries, as well as the production of microfluid chips, laser 
elements, highly selective membranes, electrokinetic sensors, regenerable solid supports for 
catalysts, and solid adsorbents. Filling the pore space of the PGs with different dopants allows 
creating nanocomposites with new unique properties [1].  

In recent years, special attention is paid to nanostructured materials, including composite 
ones, which have magnetic properties: magnetic sorbents, membranes, matrixes for immobilization 
of medicinal substances, multiferroics and so on. The use of magnetic sorbents will help solve the 
problem of extracting the sorbent from the liquid phase by means of a magnetic field, without 
filtering and centrifuging the dispersions. A large number of studies have been devoted to the study 
of nanocomposite ferroelectrics containing potassium nitrate. It is known that thin layers of KNO3 
exhibit ferroelectric properties at room temperature. One of the relatively simple ways to prepare a 
nanocomposite ferroelectric is to introduce KNO3 into glass porous matrices [2]. 

Porous glasses are channel nanostructural systems that are of importance from both the 
practical and fundamental points of view. It is important for the development of fundamental 
concepts of modern colloid chemistry to use PGs as model membranes, which enable one to study 
the influence of their structure and chemical composition, as well as the composition of a liquid 
phase, on equilibrium and transport characteristics of membrane systems. 

The present work is devoted to investigations of the structural (volume porosity, structural 
resistance coefficients, mean pore radius, specific surface area) and electrosurfase characteristics 
(surface conductance, counterion transport numbers, surface charge, electrokinetic potential) of 
high-silica micro- (mean pore radii 1.5-2.5 nm – MIP) and macroporous (mean pore radii > 10 nm – 
MAP) glasses Fe-4 containing a magnetite (Fe3O4) phase in NaCl and KNO3 solutions (0.1-104 M). 
The obtained results were compared to the parameters of micro- and macroporous PGs prepared 
from basic sodium borosilicate glass 8V-NT. The structural and electrosurfase characteristics of 
MIP and MAP 8V-NT porous glasses were also studied in FeCl3 solutions (0.5-105 M). That made 
it possible to analyze the dependence of colloidal chemical characteristics of various PGs on the 
counterion type. It is known that K+ ions show specificity to the charged silica surface, in 
comparison with the indifferent Na+ ion. Taking into account the fact that the triply charged 
counterions have the maximum ability to be specifically adsorbed, it has also become of interest to 
make a comparative analysis of PGs 8V-NT in NaCl, KNO3 and FeCl3 solutions. 

A study of the PG’s pore morphology is an important problem, because their structure 
parameters, including the pore inhomogeneities, affect the sorption, capillary, diffusion, adhesive, 
optical, and other properties. The structural resistance coefficient (β), which reflects the 
contribution of the nonconducting skeleton to the electrical conductivity of the membrane, for the 
containing a magnetite phase MIP and MAP porous glasses was significantly higher than for the 
base 8V-NT PGs. It was also obtained that the mean pore radii of MIP and MAP Fe-4 PGs were 
larger than those for MIP and MAP 8V-NT PGs.  
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Measurements of the surface charge of the investigated porous glasses showed that for all 
systems only a negative surface charge (σо) region is observed. It is also shown that the introduction 
of iron oxide in the base glass leads to an increase in the |σо| values.  

The results of the study have shown that the efficiency coefficients  (equal to the ratio of 
the specific electrical conductivities of pore and free solutions) obtained for MIP glasses of both 
compositions were close both in NaCl and in KNO3 solutions. The values of  decrease with 
increasing electrolyte concentration in accordance with the decrease in the contribution of ions of 
double electric layer (DEL) to the electrical conductivity of the pore solution. It was found that the 
values of the transport numbers of sodium and potassium counterions (n+) also practically do not 
depend on the composition of the MIP PGs. As the concentration of the electrolyte increases, the 
values of n+ decrease in accordance with the decrease in the contribution of ions of DEL to 
membrane transport processes. The efficiency coefficients and counterion transport numbers of 
MAP Fe-4 were larger than those of MAP 8V-NT membranes due to the larger surface charge |σо| 
of Fe-4 porous glass. 

The values of the electrokinetic potential were found by the methods of 
microelectrophoresis and streaming potential. It has been shown that the introduction of about 5% 
of iron oxide into the base sodium borosilicate glass results in a displacement of the isoelectric point 
(IEP) of the PG to the base region – up to pHIEP = 4.1 ± 0.1 (on the background of indifferent NaCl 
solutions). A comparison of the concentration dependences of the electrokinetic potential for 
membranes shows that the chemical composition of the MIP glass practically does not affect the 
values of the – potential in the neutral pH range. It was found that with the dilution of the 
electrolyte (C < 102 M), the values of the zeta potential decreased for both types of MIP glasses. 
This can be explained by the fact that when the electrolyte is diluted, the degree of swelling of the 
secondary silica in the pore channels increases, which leads to a displacement of the slip plane from 
the solid surface to the center of the pore channel, and, consequently, to a decrease in the values of 
the zeta potential. Electrokinetic potentials of MAP glasses increased with electrolyte dilution in the 
investigated concentration range (0.1-104 M). The obtained results also indicated that || values of 
MAP Fe-4 membranes is larger than zeta potential of MAP 8V-NT membranes. 

It was found that for both types (MAP and MIP) of 8V-NT PGs there are regions of FeCl3 
concentrations in which the electrical conductivity of the free solution exceeds the electrical 
conductivity of the pore solution, which is associated with a decrease in the mobilities of 
specifically sorbed counterions in the pore channels. It was shown that high specificity of iron (III) 
ions to the surface of porous glass leads to the appearance of a positive region of the -potential due 
to the superequivalent adsorption of counterions in the Stern layer. The position of the isoelectric 
point depended on the method of determining the -potential, which is connected with the different 
structure of the DEL on the open surface of the PG particles (microelectrophoresis) and in the pore 
channels of the membranes (streaming potential).  

The equilibrium data of Fe3+ adsorption on the surface of a PG were analyzed using 
Langmuir and Freundlich isotherms. It was found that Langmuir's equation best describes the 
sorption process on the surface of PG 8V-NT in the investigated concentration range, and the 
maximum adsorption of iron ions is 3.4×1011 mol/cm2 
Acknowledgements The reported study was funded by RFBR according to the research project № 
17-03-01011. The studies were carried out using the equipment of the Resource Center of St. 
Petersburg State University "Methods of analysis of the composition of matter" and the 
Interdisciplinary Resource Center in the direction "Nanotechnology". 
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2016, 1, p. 7 – 12. 
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THE MOBILITY OF IONS IN THE "STAGNANT" LAYER 
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The electrokinetic or zeta potential is an important parameter in colloid chemistry. 
Experimental results has shown that its value correlates well with the stability of electrostatically 
stabilized colloids. However, the interpretation of the -potential in terms of composition of electric 
double layer (EDL) [1] is not fully established. Remaining questions include its relationship to other 
double layer potentials and the discrepancy between the electrokinetic charge density el and 
surface charge density 0.  The reason for this is that only the hydrodynamically mobile part of the 
double layer participates in the movement and a significant part of the countercharge is embedded 
in the layer that is hydrodynamically stagnant. 

Until now, the question of the origin of this stagnant layer, its thickness and properties have 
not been solved. The properties of the stagnant layer can probably be clarified from the results of 
measuring the -potential on well-characterized surfaces at different electrolyte concentrations, 
when a different part of the diffuse layer will be enclosed in a stagnant layer. The purpose of this 
work is to measure the -potential at high electrolyte concentrations, when the thickness of the 
diffuse layer is comparable with the thickness of the Helmholtz layer. 

The electrokinetic studies were performed using homemade capillary setup, described in [2]. 
The streaming potential was measured in quartz capillaries with radii r = 5-6 m and length l = 8-9 
sm. We performed the experiments with capillaries, for which κr > 100 (where κ is the inverse 
Debye length, r is radius of the capillary). Thus, the ζ-potential can be calculated on the basis of the 
Helmholtz-Smoluchowski equation (1): 
   

  

  

   

   
                                                                                                         (1) 

where ε and ε0 are the relative dielectric permittivity of the solution and the vacuum permittivity, 
respectively, η is the solution viscosity,  *  is the electrical conductivity, which is determined from 
the slope of the current-voltage diagram of the capillary, E is the streaming potential and P is the 
pressure drop over the capillary. 

To determine the -potential of the capillary surface, a series of experiments were carried out 
in contact with  KCl solutions with different concentrations: 10-4, 10-3, 10-2, 10-1 and 1 mol/l. For 
furthe experiments the capillaries with potential value about 90 – 100 mV in KCL 10 -4 M solution 
at pH 6.5 were chosen. In solutions with concentrations greater than 0.01 M, the flow current was 
measured initially at zero pressure, and then at various nonzero pressures. The measurement cycle 
consisted of measuring the flow current for a few minutes at the selected pressure, then the pressure 
was reduced to zero and measurements were made for several minutes at zero pressure, then 
pressure was applied again and the cycle was repeated several times at different pressures. Only 
intervals with constant pressure (non-zero and zero) were considered, and intervals with falling / 
increasing pressure were excluded from consideration. 

The measurement results for one of the capillaries are shown in Fig. 1. As can be seen from 
Fig. 1, the flow current with a fairly good accuracy depends linearly on the pressure, i.e. the 
current/pressure ratio remains constant, which indicates the constancy of the zeta potential, and 
therefore the constant position of the slip plane. 

At an electrolyte concentration of 1 M, the thickness of the diffuse layer is comparable to the 
size of the water molecule (0.3 nm), i.e. the diffuse layer is almost completely absent. The presence 
of flow current, in this case, indicates that there is ion mobility in dense layers of concentrated KCl 
solutions. This assumption was expressed theoretically in [1]. The results of the work confirm also 
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the data obtained by us earlier, which show that on the molecular smooth surface the position of the 
slip plane coincides with the Helmholtz plane [3]. 
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Fig.1. The dependence of 
the flow current on the 
applied pressure for a KCl 
solution of 1 mol/l 

We have estimated the value of the -potential. The dielectric permittivity required for this 
was calculated using the formula proposed by N. Gavish, K. Promislov [4], which describes the 
experimental data for KCl well. 
         

   

 
             (2) 

where L is the Langevin function, c is the salt concentration, 0 is the dielectric constant of pure 
water,  is the total amount of excess ion polarization, and  is the relative difference between the 
dipole moment of water and the effective dipole moment of ion pairs and their structural rigidity. 

Calculation for KCl with the adjustable parameter  = 60, which best describes the 
experimental data [5], gives c = 80.0; 78.6; 65.9 for concentrations of 0.01; 0.1 and 1.0 M, 
respectively. 

Taking these permittivity values into account, we obtain  = 21.8 mV for c = 0.1 M and  = 
7.1 mV for c = 1 M. 
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The cells of microorganisms are able to accumulate metal ions on their surface in quantities more 
than their sorption capacity. This is due to the presence on their surface of a variety of functional 
groups capable of binding metal ions. In this connection , the features of interaction of yeast cells 
Torulopsis kefir var kumis  with Cu2+, Pb2+, Fe3+ and Cr3+ ions were studied. 
The results of experiments on the removing of Cu2+, Pb2+, Fe3+ and Cr3+ ions from solutions using 
Torulopsis kefir var kumis yeast cells showed that in the initial salt concentrations of these metals 
10-5 - 10-4 mol/l the degree of removing is 71.1-98.8%. Increasing the concentration to 10-1 mol/l 
leads to a decrease in the degree of extraction of metal ions to 51.3 – 60.7 %. The difference in the 
degree of removing of metal ions due to the fact that they, depending on their nature, can be 
associated with the functional groups of the cell surface: amine, carboxyl, hydroxyl, phosphate, 
sulfide - by electrostatic, donor-acceptor interaction and ion exchange. 
The effect of the concentration of metal ions Cu2+, Pb2+, Fe3+ and Cr3+ on the electrokinetic 
potential of the cell surface was investigated. It is shown that metal ions in the concentration range 
10-5 - 10-3 mol/l detect abnormal increasing of negative surface potential of cells Torulopsis kefir 
var kumis and its subsequent decreasing at higher salt concentrations. Comparison of Fe3+ and Cr3+ 
ions effect on electrokinetic potential shows that Fe3+ ions at concentration of 10-3 mol/l lead to 
surface recharge. The presence of Cr3+ ions does not cause surface recharge even at a concentration 
of 10-1 mol/l. 
In the study of the effect of the concentration of metal ions on cell viability, it was found that in the 
presence of Cu2+ and Fe3+ ions in the concentration range 10-5 - 10-3 mol/l, the decreasing of cell 
viability was slowed down, and with a further increasing of their concentration, a sharp decrease in 
cell viability was observed. In the case of Pb2+ and Cr3+ ions, the fractures on the viability curves 
are less noticeable. This fact is probably due to the specificity of their interaction with the surface of 
yeast cells. 
The IR spectroscopy method shows that in the case of Cu2+ ions, absorption bands corresponding to 
amine groups (V=1600 cm-1) undergo a noticeable change, and in the case of Pb2+ ions, the greatest 
changes occur in absorption bands of phosphate groups of the cell surface (V=1076 cm-1). Probably 
Cu2+ ions bind to the surface of the cells by donor-acceptor interaction and Pb2+ ions interact with 
yeast cells by ion-exchange mechanism. 
 
Acknowledgments. The financial support of the project of Kazakhstan Ministry of Science and 
education “Functionalization of hard surfaces by polymers for immobilization of microorganism 
cells” within the program BR05236419  “Creation of functionalized organic substances and 
materials with a wide range of possible highly effective practical applications”. 
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The study of electrooptical properties of disperse systems is related with the determination 

of the dipole moments and polarizabilities of colloidal particles. Their nature is defined by electro-
surface phenomena. The polarizability of particles is an important characteristic that significantly 
affects the behavior of colloidal systems in an alternating electric field. Studying this behavior 
allows us to determine the electro-surface characteristics of particles. According to the theory, the 
size, shape, surface conductivity, and electrical and dielectric constants of the particles and their 
surrounding medium all influence the polarizability of the particles [1,2]. The determination of 
polarizability in electric fields of varying frequency makes it possible to investigate mechanisms 
that affect the polarization of particles in an electric field. The most significant changes in the 
polarizability are observed at frequencies in the range from several hundred Hz to several tens of 
MHz. In this region it is necessary to take into account the two main mechanisms that determine the 
dispersion of polarizability of particles in electrolytes. In the low-frequency region, this is the 
volume-diffuse mechanism of polarization of the electric double layer (EDL) of particles. It 
determines the formation of regions with an increased concentration of electrolyte in the zone where 
the counterions drift from the EDL into the solution and with its reduced concentration in the zone 
where the counterions drift from the solution into the EDL and manifests itself as the alpha 
dispersion of the polarizability of the particles. Another mechanism associated with the Maxwell-
Wagner variance of polarizability is manifested in the region of higher frequencies. It creates a 
distribution of free charges under the action of an external field at the phase boundary. The 
polarizability tensor of axisymmetric particles is determined by two distinct complex elements: 

||  
and 

 . They depend on the frequency of the field   applied to the particle and allow us to 
calculate the magnitude of its dipole moment in a given field and the phase shift between the field 
and the dipole moment. These elements can be represented by the relation [2] 
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  correspond to the boundary frequencies between the alpha and Maxwell-Wagner dispersion 

regions. The characteristic relaxation times MW  and   determine these dispersion regions and 
depend on the thickness of the double electrical layer of particles and on their size. 
The use of the theory of particle polarizability in electro-optical studies makes it possible to 
determine the electro-surface characteristics of nonspherical particles and their relationship to the 
stability of disperse systems. The value of the anisotropy of the polarizability of particles 

)Re( ||



   ,                   (2) 

as well as the distribution function )( f  in polydisperse systems, can be determined by analyzing 
the experimentally determined dependence of the magnitude of the stationary electro-optic effect A  
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on the field strength E  applied to the dispersed system. Analytically, this dependence is given by 
the integral relation [3] 

)()(),()( 22    dfEEA St ,    (3) 

which can be regarded as an equation for determining )( Stf , assuming )( 2EA  is determined 
experimentally. Here function ),( 2E  determines the degree of orientational order of the 
particles in electric field. The use of relation (3) in the study of   over a wide frequency range 
made it possible to conclude that (1) is applicable to the description of dispersion curves for the 
polarizability of particles in monovalent electrolytes. This makes it possible to study the surface 
conductivity of particles by electro-optical method. To determine particle size r  and its distribution 
function )(Re rf l  in polydisperse systems, the relaxation dependence )(tA  of the electrooptical 
effect can be used. Analytically, this dependence can be represented by an integral relation [3] 

  drrftrDtA Rtl )()(6exp)(   ,    (4) 

if the orientational order of the particles varies with time t  from full to chaotic after the field is 
turned off. Here )(rD  is the dependence of the rotational diffusion constant of particles on their 
radius. Function )(Re rf l  is determined by solving equation (4), in which the dependence )(tA  is 
experimentally determined. Functions )( Stf  and )(Re rf l  contain the electro-optic weight as a 
multiplier, which is proportional to 2r . A  is the magnitude of the dichroism induced by the field in 
the light scattering disperse systems and is measured in a wide spectral region [3]. For disperse 
systems in which the particles does not interact, function )(Re rf l  corresponds to the histograms of 
the particle size distribution determined using an electron microscope. At the same time the 
interaction of particles changes the function )(Re rf l  and this can be used to study the stability of 
disperse systems. 
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Bentonite is an important constituent of the drilling mud. Elucidation of the laws and mechanisms 
of interaction between the rock and mud components is important both for problems of 
intensification of oil recovery and environmental protection. This interaction is governed mainly by 
electrostatic forces. Therefore, the study of the structure of the electrical double layer (EDL) of 
bentonite particles and its modification by different salts or surfactants represent scientific and 
practical interest. Despite numerous studies, there is no information about the detail structure of the 
EDL formed on bentonite surface, on the impact of the counter-ions nature/hydration on the 
electrophoresis and surface conductivity of the mineral particles. Below we present our results on 
the effects of pH, the composition and concentration of added electrolytes as well as anionic and 
cationic surfactants on the  ζ -potential and electrical conductivity of bentonite suspensions. 
It has been shown that a rise in the pH gives an increase in the negative (absolute) value of ζ due to 
enhanced dissociation of surface OH- groups detected by FTIR spectroscopy. Charge reversal is 
observed at pH 2.5. The dependence of the ζ-potential of the particles on the NaCl or KCl 
concentration passes through a maximum, while addition of CaCl2 and AlCl3 causes a substantial 
reduction in ζ and surface charge reversal, respectively. For bentonite particles the classic direct 
Hofmeister series was observed, i.e. the extent of decreasing the zeta-potential in the presence 
of the same concentration of the added salt followed the order: Li+<Na+<K+<Rb+<Cs+. The 
differences between ζ-potential values were most pronounced in concentrated electrolyte 
solutions (0.1 M and 0.01 M); and these differences were levelled while the solution became 
more diluted.  
An increase in cetyltrimethylammonium bromide (CTAB) concentration in suspension gives a drop 
in the negative ζ values followed by charge reversal, with the isoelectric point of the surface 
reached at 2.0 mg CTAB/m2. The initial sections of the dependencies of the relative electrical 
conductivity of the suspensions Ks/Km (where Ks is the conductivity of suspension, Km- is that of 
the medium) on the particles volume fraction (p)were almost linear, with slopes decreasing with a 
rise in 1-1 electrolyte concentration and while moving from Li+ to Cs+ in the lyotropic series. This 
means that the contribution of the surface conductivity to the total conductivity of the suspension 
decreases with a rise in the ionic strength of the solution and increasing the counter-ion radius. It is 
also an evidence of increasing filling the Stern layer by cations in the Hofmeister series. The values 
of the „electrokinetic charge” calculated from the ζ-potential, i.e. the charge in the slip plane turned 
out to be one-two orders of magnitude lower than the surface charge density of the mineral. This 
finding suggests that the counter-ions are predominantly located in the hydrodynamically 
immobilized part of the double layer. Adsorption of sodium- dodecyl sulphate anionic surfactant 
increased the negative electrokinetic potential of bentonite particles almost twofold. This evidences 
the important role of non-electrostatic component of adsorption forces in this system, primarily 
hydrophobic interactions and H-bonding.  
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The modern directions of practical application of luminescent inorganic materials are fiber-optic 
technologies. As such, glass and glass-like materials doped with bismuth are of interest, which have 
luminescence in a wide spectral range from the visible to the IR region. These include new 
nanostructured composite materials obtained by introducing bismuth compounds into the pore space 
of nanoporous media. 

A promising medium in which it is possible to effectively control the chemical equilibrium of the 
luminescence centers in nanoscale structures is a high - silica nanoporous glass (NPG) that is a 
product of chemical etching of two-phase alkali borosilicate glasses. A progressive method of 
creation glass-like bismuth-containing materials (GBMs) is doping of NPG-matrices with bismuth 
nitrate (Bi(NO3)3) from an aqueous salt solution followed by special thermal treatment of 
impregnated matrices for the formation of bismuth active centers (BACs). 

For the directed synthesis of GBMs with controlled BACs, information is needed on the 
relationship between the structure and functional characteristics of the synthesized composites with 
the structure and colloidal-chemical state of the surface of the basic silicate nanoporous matrices. 

Such kind of research is not described in the well-known literature. In this regard, new samples of 
GBMs were synthesized and their structural parameters, electrokinetic potential were investigated.  

For the initial matrices from the high-silica micro-(MIP) and macroporous (MAP) glasses, the 
structural parameters (volume porosity, structural resistance coefficient – , which reflects the 
contribution of the no conducting skeleton to the electrical conductivity of the membrane) were 
experimentally determined in the 0.1 M HNO3 solution and the values of the tortuosity coefficients 
were calculated. To create GBMs, some part of the samples was impregnated with 0.5 M Bi(NO3)3 
solution for 24 hours, followed by heat treatment at 650 °C, during which decomposition of bismuth 
nitrate occurred, with formation  of bismuth oxides within the NPG matrix. Then, the structural 
characteristics of the bismuth-modified and unmodified membranes were again measured. For the 
production of quartz-like glasses, all the membranes were sintered (collapsing of pores) at 850 °C. 
The membranes were milled to a powdered state to measure the zeta potential values by method of 
laser Doppler electrophoresis in 10-2 M KNO3 solutions in the pH range from 1.7 to 6.3. 

The results of the study of structural properties showed that for all the samples of the bismuth-
modified and unmodified membranes the value of volume porosity slightly increased after heat 
treatment at 650 °C. The structural resistance coefficients and tortuosity coefficients decreased for 
heat-treated MAP and MIP glasses. Note that the value of  for MIP glasses decreased by about 25 
percent. A part of MIP glasses were heat treated at 750 °C before the impregnation with 0.5 M 
Bi(NO3)3. Such samples (bismuth-modified and unmodified ones) practically not changed their 
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structural characteristics. The results of measuring the electrokinetic properties of quartz-like 
glasses obtained from MIP matrices showed that the values of the electrokinetic potential are higher 
for GBM than for glasses that are not bismuth-doped. For quartzoid glasses obtained from MAP 
matrices, a more complex dependence of the values of the electrokinetic potential on the 
composition of the glass is observed. 
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Surface conductivity together with zeta-potential is an important property that helps us to study 
interface ionic composition and electric double layer of colloidal particles. According to the theory 
of electro-surface phenomena the particle polarizability value and its anisotropy can be represented 
as a function of their surface conductivity, size, shape factor and conductivity of media around the 
particle [1]. If particle polarizability is known  the particle surface conductivity can be calculated. 
Experimental measurements of particle polarisability in different dispersion media are important to 
consider when studying the influence of dispersion media characteristics on surface conductivity of 
dispersed phase.   
Here we present the results of measurements of diamond particle polarizability anisotropy  and 
surface conductivity in aqueous univalent electrolytes of KCl and NaCl. In the conducted research 
diamond particles were approximated with ellipsoids of revolution with semi-axis length of 50 – 
250 nm and semi-axis ratio of 2 – 1.5 in agreement with TEM images. Electro-optical technique 
was used to determine size and anisotropy polarizability distributions of particles in colloids. 
Particle anisotropy polarizability was experimentally determined by studying electro-optical effects 
in aqueous diamond colloids. Diamond aqueous colloidal systems under study were turbid. The 
intensity of transmitted light and transmitted light polarization was highly dependent on particle 
orientation order along the electric field applied to disperse systems. Extinction induced by the 
electric field was different and had different sign for incident light polarized along and across the 
applied electric field, which allowed us to measure conservative dichroism (CD) in the system. The 
CD study of average value of diamond particle polarizability anisotropy Δγ is presented. The 
dependence of particle polarizability anisotropy γ on KCl and NaCl electrolyte concentration were 
experimentally determined at frequency range 0.1 kHz – 3.2 MHz of the applied electric field. The 
measured dependences of γ on the frequency of the applied electric field ν are in a good agreement 
with the ones calculated in frames of theory [1].  The values of particle surface conductivity at 
different concentrations of KCl and NaCl were computed based on their polarizability anisotropy. It 
was observed that at low electrolyte concentrations it is proportional to electrolyte concentration, 
which is in line with Henry law. 
Conclusions. The theory of particle polarizability [1] used throughout these studies is applicable to 
the study of electric properties of diamond particles. The obtained diamond particle surface 
conductivity values are in good agreement with the values obtained earlier [2].  
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Graphite particles of colloidal size are quite complex structures that include nanocrystals that are 
bonded with sp2-bonds. Nanocrystals of graphite consisting of several layers with high electric 
conductivity which exhibit special magnetic properties. The electrical and magnetic properties of 
colloidal graphite particles are affected by adsorption of molecules on their surface [1]. 
The purpose of the study was to determine the effects of the electric double layer created by ions of 
different valence on the polarizability anisotropy of graphite particles. According to the theory of   
dielectric particles polarizability in electrolytes, the dispersion of particle polarizability and its 
anisotropy are significantly influenced by the mechanisms of polarization of the diffuse part of the 
particle electric double layer [2]. According to theoretical calculations, the dependence of the 
average anisotropy of graphite particle polarizability <Δγ> on the frequency of electric field is 
nonmonotonic in the frequency range 0.5 kHz – 100 kHz. Using electrooptical technique, the 
dependences of <Δγ> on the frequency ν for particles in aqueous KCl, BaCl2 , AlCl3  and Th(NO3)4  
electrolytes with different concentrations were experimentally determined. The influence of the 
field frequency on the experimentally determined values of <Δγ> for graphite particles is much 
weaker than that observed in theoretically calculated dependencies. This indicates a weak influence 
of the diffuse part of the electric double layer of graphite particles on their polarizability, which is 
not typical for colloid particles of other nature. Dependences of <Δγ> on the concentration of 
electrolytes KCl, BaCl2, AlCl3 and Th(NO3)4 are significantly different. This indicates the 
dependence of the polarizability of graphite particles on the mechanism of adsorption of polyvalent 
ions on the particle surface. For KCl and BaCl2 electrolytes, the value of <Δγ> is proportional to the 
logarithm of electrolyte concentration. For AlCl3 and Th(NO3)4 electrolytes, such a dependence is 
observed only after the isoelectric point. The obtained concentration dependences of particle 
polarizability anisotropy indicate a significant effect of the dense part of the electric double layer of 
particles on their polarizability, and point out to the similarities between the mechanism of 
adsorption of ions on the surface of graphite particles and the theory of gas adsorption on the 
surface of a solid. 
Conclusions. The conducted studies show that the electro-optical technique can be effectively used 
to study the effect of adsorption of ions on the surface of graphite particles in electrolytes. The 
results of the studies confirm the assumption that the adsorption of molecules and ions significantly 
affects the electrical properties of graphite nanoparticles. 
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Polycrystalline ceramic materials on a basis of the yttrium-aluminum garnet (YAG) find wide 
application in optics, instrument-making industry, medicine. Application of the sol-gel technology 
principles at a stage of fabrication of high-uniform low-porous composite Y2O3 – Al2O3 compacts 
(xerogels), i.e. blanks for the molded YAG-ceramics production with strictly fixed stoichiometric 
composition, with a use as precursors of stable bicomponent alumina and yttria hydrosols seems to 
be perspective. The use in the ceramics synthesis process of the sol-gel method may allow to 
produce the polycrystalline YAG-materials of various forms and sizes by sintering at relatively low 
temperatures (below than for solid-phase synthesis) and atmospheric pressure. For optimization of 
preparation conditions of composite gels, and from them xerogels with required characteristics, it is 
important to possess information on electrosurface properties of monocomponent Y2O3, Al2O3 and 
mixed Y2O3 – Al2O3 sols, substantially determining their aggregate stability. 

In this regard, in present work the investigation of electrosurface properties of bicomponent 
aqueous dispersions Y2O3 (99.9%) «Aldrich» (So= 37 m2/g, primary particle size < 50 nm) – Al2O3 
AEROXIDE Alu C (99.8%) «Degussa» (So= 95 m2/g, primary particle size 13 nm) with a molar 
ratio of oxides (Y2O3:Al2O3) 3:5 and 1:9 on the background of NaCl solutions in the wide range of 
рН has been carried out. The obtained data have been compared with the adsorption and 
electrokinetic properties of yttrium and aluminum oxides studied under the same conditions. 

It is shown that on the background of 10-1 М NaCl solution, the point of zero charge (PZC) for the 
studied mixtures of initial oxides lies between рНPZC values of Y2O3 (8.9) and Al2O3 (7.3) and is 7.7 
рН units for the mix Y2O3 : 9Al2O3 and 8.1 рН units for 3Y2O3 : 5Al2O3 system. At the same shift 
from PZC, the absolute value of surface charge for yttrium oxide is higher than that for alumina and 
is the same for the studied mixed systems. Thus, a change of the mixture component ratio 
noticeably affects only PZC position. For all studied oxide systems, refined using electrodialysis 
method, рНPZC coincides within an experimental error and is equal to 7.8±0.2 рН units. It is 
established that for both the initial and the purified oxides, an absolute value of surface charge of 
mixed systems at рН < рНPZC is higher, and at рН > рНPZC is lower than that for monocomponent. It 
is established also that on the background of 10-2 M NaCl solution at рН < 9.5, i.e. almost in all 
studied рН range, electrokinetic potential of particles of mixed sols, irrespective of a ratio of their 
components, are close to those for aluminum oxide (рНIEP = 8.8 ± 0.2 for Al2O3, рНIEP = 9.1 ± 0.2 
for mixed sols, IEP is isoelectric point), and at рН > 9.5 for yttrium oxide. 
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Stability of dispersed systems properties and, therefore, their appliance in different 
technological processes are mainly determined of their sedimentation and coagulation stability.In 
general, aggregative stability of lyophobic highly-dispersed systems with water as a dispersion 
medium is provided by electrostatic factor. Coagulation of such systems is determined by 
weakening of particle electrostatic repulsion forces as a result of changing of double-electric layer 
structure on their surface, which can be caused by addition of electrolytes into system or changing 
of pH dispersion medium. However, in hydrosols particles have lyophilic surface, and originating of 
potential energy barrier, which prevents them from aggregating in first energy minimum, is 
connected not only with electrostatic part, but also with originating of other parts of disjoining 
pressure, in particular, structural component [1]. Also its contribution into particle interaction 
energy highly depends on dispersion medium composition. 

In this research we studied hydrosols of oxygen-containing yttrium and europium 
compounds, obtained via condensation method by means of mixing of yttrium or europium nitrate 
solution with ammonium hydroxide solution. Synthetic method is described in [2]. For discovering 
stability factors turbidimetric and electrophoretic measurements at a range of dispersion medium pH 
were carried out. Electrosurface characteristics of particles were determined by Photocor   
Compact-Z. 

Figure 1 illustrates optical density dependence of yttrium oxohydroxide hydrosol on 
dispersion medium pH. It shows that the hydrosol is stable at a rather short range of pH (7,0 - 8,1) 
and at рН > 8,1 we observe its coagulation, and at рН < 7 dissolution of sol`s particles occurs. Such 
kind of D = f(pH) dependence with three parts also was observed during studying of EuOOH sol. 

Figure 2 illustrates ζ-potential dependences of yttrium and europium oxohydroxide particles 
on dispersion medium pH, which were calculated on electrophoretic measurements. It shows that 
the hydrosol particles at a studying pH range have a positive charge. It is important to note that for 
the YOOH sol particle ζ-potential values are becoming maximal at рН = 8,7 - 9,2, and at this 
interval coagulation of system occurs. It is characteristics that at a studying pH range till pH = 9,5, 
particle ζ-potential values of EuOOH are slightly changing and rather high, no lower than 30 mV. 
However, in this case, sol loses its aggregative stability at рН > 8,2. Differences of turbidimetric 
and electrophoretic measurements point that not only electrostatic factor, but also non-electrostatic 
one, determines aggregative stability of the hydrosols.  

Additional viscosimetric researches of YOOH and EuOOH hydrosols prove this conclusion, 
because they showed that diluting of the hydrosols follows sharp rising of their reduced viscosity. 
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This effect is similarly to polyelectrolyte one and points at increasing of hydrosols particle volume 
while decreasing of their concentration. Unlike with polyelectrolyte solutions, this effect in sols is 
connected with changing of thickness of hydrated layers on particle surface. Viscosity and density 
of such interface layers are significantly higher than these parameters for dispersion medium, so 
their presence on interface surface causes originating of an additional factor of the hydrosols 
stability to electrostatic one. Observed particle aggregation in the hydrosols at pH higher than 8,2 is 
probably connected with destroying of hydrated layers on interface surface because of increasing of 
ionic strength.  
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Figure 1. Optical density dependence of yttrium 
oxohydroxide (5,6 g/l) on dispersion medium pH 

value. 

Figure 2. Particle �-potential dependence of 
hydrosols on dispersion medium pH value: 
1 – YOOH, 2 –EuOOH 
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