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ABSTRACT 
In this work, the wetting ability of the VK phytopreparation and its associates with polyelectrolytes were studied. 
VK is a complex of biologically active substances (BAS) isolated from Alhagi (family - Fabacae Lindi). The 
association of a phytopreparation with Polyhexamethylene guanidine hydrochloride (PHMG) occurs due to 
hydrogen bonds stabilized by hydrophobic interactions of non-polar groups of a polyelectrolyte. Therefore, intensive 
compaction of macromolecules of the phytopreparation-PHMG complex takes place and the viscosity of the mixture 
of solutions is greatly reduced. In this case, the surface of the complex will be enriched (saturated) with polar 
groups, which causes a decrease in the contact angles of solutions of associates compared with the phytopreparation, 
as well as the fraction of the occupied surface. PHMG and phytopreparation have a weak hydrophilizing effect on 
the surface of Teflon. The composition of the reagents under consideration suggests a certain imbalance in the 
hydrophilic and lipophilic properties of macromolecules towards the polar part. The low values of the surface 
fraction and their associates show that a sufficiently rarefied adsorption layer forms on the surface of quartz and 
Teflon.  
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INTRODUCTION 
Interpolymer complexes as new surfactants have a great theoretical and practical interest. The changes in 
the surface-active properties of macromolecules during complex formation and the influence of various 
factors make it possible to purposefully control their properties and obtain substances with the necessary 
set of practically important characteristics. 
Despite the study of polymer adsorption on layers theoretically and practically, this question still attracts 
the attention of most researchers.1  The works on the topography and density of the polymer layer, the 
behavior of polyelectrolytes (PE) on charged and uncharged surfaces are the basis of modern research. In 
addition, the significant effect of surfactants on the adsorption layers of polymers, on the properties of 
systems stabilized by these PEs, and, in the end, on their practical application is estimated.2 
The approach to optimizing the composition of surfactant mixtures, based on the results of measuring 
surface tension and wetting was successfully implemented in the works of many authors.3,4 The 
relationship between the wetting effect, degree of hydroxyethylation and surface energy characteristics 
was studied in aqueous solutions of hydroxyethylated derivatives of higher fatty alcohols, imides and 
isononylphenols.5 
The surface-active properties play an important role in the practical use of the VK phytopreparation and 
its associates with metacid and DDS. This is an important factor in evaluating the wetting ability of 
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aqueous solutions of these substances. As it is well known, the wettability of a solid surface by liquids is 
determined by Young equation; the value of the contact angle (θ). 

γSV - γSL = γLVcosθ 
                                    

WEhere, γSV, γSL, γLV are the interfacial tension of solid-air, solid-liquid, and liquid-air. θ is the contact 
angle in Young equation. According to the above equation, the smaller value of γSV and γLV is revealed at 
the greater value Cos . And this value can be adjusted using a surfactant. Thus, the effectiveness of the 
phytopreparation VK and its associates as fungicidal, bactericidal and biological activity are determined 
by the wetting ability of their aqueous solutions on the hydrophobic surfaces of leaves and plant stems. In 
this regard, we studied the kinetics of reducing the surface tension of aqueous solutions of these 
substances.6 With the increase of concentration, the surfactant molecular adsorbed on the monolayer 
further arranged into bilayer structures by hydrophobic interaction, leading to the decrease of contact 
angle.7 Khan et.al studied the interaction between water-soluble polymers (polyacrylamide, partially 
hydrolyzed polyacrylamide, xanthan gum) and anionic surfactants such as Sodium dodecyl sulfate (SDS) 
and sodium dodecylbenzene sulfonate (SDBS) has been studied.8   
In the works9,10 authors synthesized a series of surfactants and investigated their wettability on surfaces. 
They found that cationic surfactant could adsorb on the quartz surface via electrostatic interaction and 
form monolayer within a certain surfactant concentration range, resulting in the increase of contact angle. 
With the increase of concentration, the surfactant molecular adsorbed on the monolayer further arranged 
into bilayer structures by hydrophobic interaction, leading to a decrease of contact angle. Joanna et. al.11 

also investigated the wettability of polymers and polymer-surfactant interactions. The wettability of 
synthetic surfactant, polymer surfactant, and composition of polymer-surfactants were studied in the 
existing researches. However, the wettability of biologically active substances and polymer composition 
has not been widely studied yet. 

EXPERIMENTAL  
Materials and Methods 
Polyhexamethylene guanidine hydrochloride (PHMG) purchased from Pokrovsky (Russian Federation), 
was used as a polyelectrolyte. Phytopreparation (VK) is a complex of biologically active substances 
(BAS), isolated from Alhagi (Fabaceae Lindi family), prepared in our laboratory [12]. Distilled water was 
used as a solvent in the experiment.  
The viscosity of the solution was determined by Ubbelohte viscosimetry.  Optical density was measured 
at 298 K by spectrophotometer LEKI SS 1103 (Finland). The contact angle was determined by contact 
angle goniometer LK-1 (Russia). Wilhelmy plate method was used to measure the interfacial tension.  

 
RESULTS AND DISCUSSION 

The wetting isotherms on the surface of quartz and Teflon with aqueous solutions of metacide, VK 
phytopreparation, and their associates are shown in Figs.-1 and 2. All reagents used have a high molecular 
weight structure and the equilibrium contact angle is determined by the kinetics of formation of the 
polymer adsorption layer at the phase boundaries. This process is determined by the rate of diffusion of 
macromolecules to the interphase boundary and the surface layer in accordance with Rebinder’s rule of 
polarity equalization.13 
It was found (Fig.-1 and Fig.-2) that the main characteristics of the interfacial layers undergo noticeable 
changes in the first 10-15 min. It requires 24-28 hours to achieve complete adsorption equilibrium 
depending on the molecular weight of the polymers and the concentration of their solutions. After 15-20 
minutes, the changes in θ values are very small, they can be neglected. In this regard, in our experiments, 
the contact angle was measured 10-15 minutes after applying the drop to a solid surface. It can be seen 
that the reagents have a relatively low hydrophobic effect on the surface of quartz and the contact angles 
increase from 5o to 20-40o. However, in comparison with synthetic polyelectrolytes, polyacrylic, 
polymethacrylic acids (θ = 2-8).14,15 hydrophobic effect in the process of wetting is much higher.16 
In contrast to these surfactants, the diphilicity of the VK phytopreparation is apparently due to the 
presence of a wide variety of functional groups: - OH, - COOH, - NH, - NH2 and hydrophobic groups. 
This should also give significant surface activity to the phytopreparation VK. This effect may be 
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associated with the adsorption of PHMG, a phytopreparation, and their associates on the surface of quartz 
as a result of the occurrence of hydrogen bonds between the functional groups of polymers (-OH, -N, H, -
COOH) and the surface of quartz (-SiOH). 
 

 
Fig.-1: Wetting Isotherms of Aqueous Solutions of PHMG (1), Phytopreparation (2) and Associates of 

PHMG/VK (3) on Quartz Surfaces 
 

 
Fig.-2: Wetting Isotherms of Aqueous Solutions of PHMG (1), Phytopreparation (2) and Associates of PHMG/VK 

(3) on Teflon Surfaces 
 

 
Fig.-3: Surface Tension Isotherm of PHMG (1)Phytopreparation (2) and their Complex (3)  
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The least wetting effect is shown by PHMG, for which, as for all polyelectrolytes, the process of 
formation of the adsorption layer at the phase boundaries flows slowly. For metacid, a slight decrease in 
surface tension is also observed (Fig.-3, curve 1). 
A stronger hydrophobizing effect of the phytopreparation is associated with the presence of low 
molecular weight amino acids in its composition. The rate and amount of adsorption of these amino acids 
are much higher in comparison with the polymer components (polysaccharides-43%) of the 
phytopreparation.17 It should be noted that the presence of a large number of – OH groups in the 
polysaccharides also promotes their adsorption on the surface of the quartz. These factors apparently 
contribute to the adsorption and subsequent differentiation in the polarity of the phytopreparation 
molecules at the water/air interface and, accordingly, a noticeable decrease in the value (Fig. 3, curve 2). 
The fraction of the estimate of the adsorption of the reagents used on the surface of solids based on the 
theory of wetting of heterogeneous surfaces, the fraction of the surface occupied by adsorbed molecules 
was calculated. The results are presented in Table-1. 
With an increase in the concentration of phytopreparation solutions (range 10-3 – 10-1 %), its activity at the 
phase boundaries noticeably increases. In this concentration range, apparently at the interface, there is a 
sufficient number of macromolecules and the degree of their differentiation in polarity plays a decisive 
role.18,19 The work of cohesion (Wc) and adhesion (Wa) to the surface of quartz (Teflon) were calculated 
from the equations:  

             Wc=2σ3 (a) 
Wа=σ3(1+cosθ) (b)      

      
The increase in the work of adhesion of the metacide and phytopreparation to the surface of the quartz 
turned out to be close to the work of their cohesion (Table-2).   
In accordance with the Dupre equation, for f = Wa - Wc, the spreading becomes unbounded. The process 
of unlimited spreading is a nonequilibrium process, it should also be taken into account that in the case of 
micromolecules, achieving equilibrium at the interphase boundaries takes a long time and is practically 
unattainable. For nonequilibrium processes, the equations of both Dupre and Young are not applicable.                         
 

Table -1: The Proportion of Surface Areas of Quartz and Teflon Occupied by Adsorbed Molecules of PHMG and 
Phytopreparation VK 

С, %  
 PHMG

VK
n   

The Proportion of Surface Areas,% 
 Phytopreparation, VK Complex  VK/PHMG 

Quartz Teflon Quartz Teflon Quartz Teflon 
10-5 0.1 1.2 5.2 4.6 4.5 1.2 3.0 
10-4 0.2 1.4 8.3 5.2 1.4 1.4 10.6 
10-3 0.4 3.0 11.3 4.5 4.6 4.6 16.9 
10-2 0.6 3.8 14.4 8.3 5.1 5.1 18.3 
10-1 0.8 4.6 8.3 10.6 5.1 5.1 21.0 

 
Table-2:  The Work of Cohesion (Wc) and Adhesion (Wа) of Phytoprepration (VK), PHMG and their Complexes 

(VK / PHMG) 
С,% 

 
n The Work of Cohesion and Adhesion, mJ/m2 

PHMG Phytoprepration VK Complex VK:PHMG 
Wc Wа Wc Wа Wc Wа 

Quartz Teflon Quartz Teflon Quartz Teflon 
10-5 0.1 138 137 52 129 125 48 133 132 48 
10-4 0.2 136 135 54 120 110 46 127 126 53 
10-3 0.4 131 129 55 113 104 42 123 119 56 
10-2 0.6 126 123 56 98 89 39 120 116 56 
10-1 0.8 114 111 46 70 63 29 102 99 50 

It has been found that the introduction of a phytopreparation VK into an aqueous solution of PHMG leads 
to a significant decrease in the reduced viscosity of the solution. This process is accompanied by a 
significant increase (in the region of n ~ 1.0 - 10-2) of the optical density of the system. 
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Fig.-4: The Dependence of the Optical Density of the Solution on the Mixture of PHMG with Phytopreparation VK.  

 
Fig.-5: Dependence of the Reduced Viscosity of the Solution on a Mixture of PHMG/VK.  

 

It should be emphasized that the same picture is observed with reverse titration (Fig.-4  and 5). All this 
indicates the formation of an association between the phytopreparation VK and PHMG. 
The association of a phytopreparation with PHMG occurs due to hydrogen bonds, which are stabilized by 
hydrophobic interaction of nonpolar groups. As a result, intensive compaction of macromolecules of the 
phytopreparation-PHMG complex occurs. This conclusion is confirmed by a significant decrease in the 
viscosity of the mixture of solutions. In this case, the surface of the coil of the complex will be enriched in 
polar groups. Therefore, the hydrophobizing effect decreases - the wetting angles and the fraction of the 
occupied surface decrease. 
PHMG and phytopreparation have a weaker hydrophilizing effect than their associates on the surface of 
Teflon. The composition of the reagents under consideration suggests a certain imbalance in the 
hydrophilic and lipophilic properties of macromolecules towards the polar part. Therefore, their 
adsorption on the surface of Teflon deteriorates with the orientation of the polar groups in the aqueous 
phase. However, the fraction of the surface occupied by adsorbed macromolecules on Teflon is higher 
than on quartz. This indicates a greater degree of the unfolding of macromolecules on hydrophobic 
surfaces than on hydrophilic ones.20-23 

In accordance with this fact, during the adsorption of macromolecules on Teflon, an increase in the area 
occupied by one macromolecule on the surface occurs. 
The work of adhesion to the Teflon surface is much smaller than the work of cohesion (Table 2). In our 
experiment, the wetting condition Wа > 0.5Wc is not fulfilled for Teflon and, therefore, a slight change Ө 
during the wetting of Teflon with aqueous solutions of the reagents is natural. 
The low values of the surface fraction and their associates show that a sufficiently rarefied adsorption 
layer forms on the surface of quartz and Teflon. 
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Thus, the obtained results indicate the possibility of hydrophobization of lyophilic surfaces with the 
studied reagents. It can be assumed that their action will appreciably increase upon preliminary adsorption 
of these substances by prolonged exposure of solid surfaces (for 6-24 hours) in their solutions. 

 
CONCLUSION 

From the surface tension isotherms, the surface activity of the PHMG, VK  and their mixture were 
calculated. As a result of studying, the surface properties of phytopreparation compositions with PHMG 
and individual components at the liquid-gas and solid-liquid interfaces, it was shown that the 
compositions have a high surface, adsorption and wetting activity compared to individual substances. The 
values of the fraction of the surface occupied by adsorbed molecules indicate the formation of a rarefied 
adsorption layer 
It was also found that the fraction of the surface occupied by adsorbed associate molecules on Teflon is 
greater than on quartz. This indicates a greater degree of the unfolding of macromolecules on a 
hydrophobic surface, which helps to improve wetting. 
The correlation between the calculated values of the work of cohesion (Wc) and adhesion (Wa) also 
confirms the good wetting properties of the associate  PHMG /VK. 
Based on the results of viscometric, spectrophotometric studies, it was found that the associates of the 
phytopreparation VK with polyhexamethylene guanidine hydrochloride (PHMG) are formed due to 
electrostatic and hydrogen bonds stabilized by hydrophobic interactions. 
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