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In this paper, the structure and physico-mechanical properties of films of polyelectrolyte complexes (PEC) based on sodium
carboxymethylcellulose (Na-CMC) with linear polyacrylamide (PAA) have been studied. Polyelectrolyte complexes were obtained by
mixing aqueous solutions of Na-CMC and PAA components in various ratios of components and pH of the medium. The structure of
the obtained products was determined using IR spectroscopy and electron microscopy. IR spectra in the range 400-4000 cm’! were
recorded on NIKOLET Magna-560 IR and Specord-75IR spectrophotometers (Carl Zeiss, GDR). The mechanical properties of films
of polyelectrolyte complexes were determined by stretching at a constant speed of movement of the lower clamp, 50 mm/min, on an
Instron-1100 automatic dynamometer (England) at room temperature. IR spectroscopic data showed that polyelectrolyte complexes
based on Na-CMC and PAA were stabilized due to the cooperative ionic bond between Na-CMC carboxylate anions (-COO") and
amine groups (-NHz) of polyacrylamide. It is shown that PEC films with an equimolar ratio of Na-CMC and PAA components have
an increased value of mechanical strength (o, = 38 MPa), elastic modulus (E = 73 MPa) and a minimum relative elongation (¢ = 0.5%).
And in excess of Na-CMC or PAA leads to a decrease in mechanical strength and elastic modulus, which is associated with a decrease
in the frequency of intermolecular bonds. It has been ascertained that water-soluble polyelectrolyte complexes based on Na-CMC and
PAA with increased strength properties can be obtained from solutions of components taken at an equimolar ratio of interacting
components. By changing the ratio of components, properties such as mechanical strength, modulus of elasticity and elongation can be
controlled. This can serve as one of the means of controlling the structure and properties of Na-CMC and PAA polyelectrolyte
complexes. The regulation of the physico-mechanical properties of PEC films opens up wide opportunities for their use as a soil
structure former in agriculture and water management and as the basis for soft drugs in pharmacy.
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INTRODUCTION

Currently, of great scientific and practical interest is the study of the ability of many water-soluble natural and synthetic
polymers to form stable products of cooperative reactions between heterogeneous polymers, called polyelectrolyte
complexes (PEC) [1-3]. PEC is a new individual substance formed due to the interaction of a polycation and a polyanion
with the formation of an ionic bond. In terms of solving this problem, the interaction products of natural polyelectrolytes that
form PECs are of the greatest interest. PECs are promising products in pharmacy and are increasingly used as thickeners and
stabilizers for suspensions, prolongers of the drugs action, and film formers for capsules and tablets, as a base for ointments
and other soft dosage forms, since they exhibit a number of unique and most valuable properties [4-11].

The possibility of independent variation of formation conditions, the ratio of reagents, and their molecular structure is
essentially the basis for controlling the process of formation and production of IPC with a given set of properties [12-16].

Very interesting and promising in this aspect are macromolecular complexes based on sodium
carboxymethylcellulose (Na-CMC) (polyanion) and linear polyacrylamide (PAA) (polycation), which form
polyelectrolyte complexes (PEC) in aqueous systems. The structure of a natural cellulose polysaccharide derivative, Na-
CMC, the presence of polar-functional groups in its macromolecules, which cause intense intermolecular interactions, the
high degree of orientation of this rigid-chain polymer, determines its ability to exhibit the properties of a matrix carrier
and a complexing agent with linear polyacrylamide.

Of great interest is the unique feature of the PEC systems structure based on Na-CMC and PAA systems, where, as
a result of self-organization of macromolecules during the formation of polycomplexes, nanostructures with controlled
nanosizes are formed [17]. This feature of polycomplex systems creates the possibility of molecular penetration of their
drug compounds at the cellular level, which allows them to be used as drug systems carriers with directed transport
properties. The consistency and normality of the structural and mechanical parameters of the bases based on IPC provides
optimal bioavailability of medicinal substances, easy, painless application of the ointment to the skin, mucous membranes,
etc. [18]. It should be noted that the constituent components of polycomplexes (PC) and PEC are large-tonnage,
accessible, and cheap polymers of local origin [19].
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In scientific terms, the interest in these objects is explained by the complexity of the complex structure of systems
of these polymers, and in practical terms, these studies are relevant due to the possibility of using them in pharmacy as
bases for ointments and soft dosage forms [20, 21].

In this regard, this paper is devoted to the study of the structure and physico-mechanical properties of PEC obtained
on the basis of Na-CMC with PAA of a linear structure with varying the ratio of the interacting components and depending
on the pH of the medium.

Of undoubted interest is the study of the physico-mechanical properties of IPC films, since these properties are
directly related to the structure of the polymer body and the possibility of their application [2, 22, 23]. Such a study is of
independent scientific value and practical importance, since the structure of the Na-CMC-PAA PEC can be varied by
changing the ratio of the interacting components, and the mechanical properties directly depend on both the structure of
the initial components and the structure of the PEC, and largely determine the areas of possible their use in the national
economy. In the literature, studies in this direction are few, and the interest in the study of the physico-mechanical
properties of Na-CMC-PAA PEC films is due to the possibility of obtaining new polymeric materials with desired
mechanical properties and their targeted use as bases for soft drugs in pharmacy [24] and as a soil structure former in
agriculture and water management [21,25].

EXPERIMENTAL PART
Materials
Sodium carboxymethylcellulose (Na-CMC) - SSt 5.588-79 and BA 6-05-386-80. Purified sodium carboxymethyl
cellulose, a product of the Namangan Chemical Plant, obtained by the method of heterogeneous solid-phase esterification of
sulfite wood cellulose with monochloroacetic acid (MCA) of the following structure was used as the main object of the
research:
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Figure 1. Chemical formula (a) and model structure of Na-CMC (b)

with a degree of substitution (DS) - 70 and a degree of polymerization (DP) - 450. It was repeatedly purified from low
molecular weight salts according to the procedure given in [26, 27].

Na-CMC is a weak polyacid, its dissociation constant depends on the C3. When the DS changes from 10 to 80, the
dissociation constant changes from 5.25-107 to 5:107. In practice, CMC is mainly used in the form of the Na salt.

Polyacrylamide (PAA). The second component of the polyelectrolyte complex is polyacrylamide, a product of the
Navoi Chemical Plant according to TSh 6.1-00203849-64:1997. Polyacrylamide is a polyelectrolyte obtained on the basis
of the polymerization of acrylamide containing the element nitrogen, which has a linearly branched structure
(Fig. 2) [28-31].

Polyacrylamide is an odorless, amorphous solid with a white-yellowish color, the molecular weight of which
is 10*-107 (depending on the conditions of preparation). The density of polyacrylamide at room temperature (295-297 K)
is about 1.302 g/cm®. The decomposition temperature is about 463 K. Polyacrylamide is a polyelectrolyte with
hygroscopic properties, harmless, and forms a soft gel when dissolved in water.

Figure 2. Chemical formula (a) and model structure of PAA (b)

Synthesis of PEC based on Na-CMC with polyacrylamide

We used solutions of Na-CMC in bidistilled water with a concentration of 0.01 to 0.4 basic mol/l. Reaction mixtures
of the required concentrations were prepared by mixing reagent solutions in the appropriate proportion at room
temperature and pH 6.0-7.2.
Obtaining films of polyelectrolyte complexes

Films from polyelectrolyte complexes were obtained by mixing aqueous solutions of Na-CMC and PAA
components in equinormal ratios at different contents of components and pH of the medium. The solutions were poured
onto an optical glass substrate and evaporated at room temperature. Solid dry films were washed with bidistilled water to
neutral pH, then dried at room temperature.
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IR spectroscopic studies

The structure of the obtained products was determined using IR spectroscopy and electron microscopy. IR spectra
in the range 4004000 cm! were recorded on “NIKOLET Magna-560 IR” and “Specord-75IR” spectrophotometers (Carl
Zeiss, GDR). Samples for IR spectroscopy were prepared in the form of pellets with KBr, films on a KRS-5 plate, and
films 8-12 pum thick. Films on a KRS-5 plate were obtained by evaporation of the solvent (water) at room temperature
(295-297 K).
Study of mechanical properties

The mechanical properties of the polyelectrolyte complexes films were determined by stretching at a constant lower
clamp speed of 50 mm/min on an Instron-1100 automatic dynamometer (England) and on a Shimadzu AGS-X universal
tensile testing machine at room temperature. The maximum measurement error was 1% [25]. Samples of the studied films
were prepared in the form of blades with a working area of 5x50 mm and a thickness of 0.07 mm. Samples were measured
in an air-dry state, pre-conditioned at a certain air humidity. Tensile stress 6, (MPa) in uniaxial tension was calculated by
the formula:

where, P- is the breaking force acting on the sample; So- is the initial cross section of the sample.
Relative elongation was calculated by the formula:

o=l

.100% @
0
where, [y and / are the lengths of the original and stretched samples, respectively.
The initial modulus of elasticity was calculated on the initial straight sections of the stretching curves using the
formula:

(o)
E,=— 3
£

Viscometric properties

The viscosity of solutions of polyelectrolyte complexes was determined on an Ubbellod viscometer (¢ = 2 mm), at
various temperatures under thermostatic conditions, and the time of solution outflow from the capillary was determined.
The technique for determining the viscosity of solutions is described in detail in the paper [32].
Electron microscopic studies

Electron microscopic studies of the surfaces and cleavages (ends) of PEC films were carried out on a “Hitachi-520”
scanning electron microscope (Japan) with a resolution of 60 A. Samples were obtained by the brittle cleavage method at
liquid nitrogen temperature [33]. The research results were recorded on electron micrographs.

RESULTS AND DISCUSSION
When mixed under certain technological conditions and at a certain temperature, and also, in principle, from
different polyelectrolytes with different structures, a new, individual substance was obtained, which differed both in
properties and in structure from the original components shown in Fig. 3.
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Figure 3. Chemical formula (a) and model structure (b) of the polyelectrolyte complex obtained on the basis of Na-CMC and PAA.
Shaded area shows the formation of ionic bond between Na-CMC and PAA

Experimental data on the study of the solutions interaction of Na-CMC and polyacrylamide in neutral and slightly
acidic media showed that when mixing solutions, a change in the pH of the polyelectrolyte complex compared to the
initial components (Fig. 4). It should be noted that the initial components of the polyelectrolyte complex have a pH in the
region of neutral values. The initial addition of polyacrylamide to the Na-CMC solution results in a slight change in the
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pH reading to an equimolar composition. A further increase in the proportion of the polyacrylamide solution leads to a
sharp increase in the pH of the solution of the polyelectrolyte complex. A sharp break in the dependence of the pH of
solutions on the ratio of components corresponds to the equimolar composition of the interacting components (Fig. 4).

6,6
6,5+
6,4 —

6.3 % 4
62 h—%

6.1 T T T T T T T T T
Na-CMC 9:1 8:2 T:3 6:4 5:5 4:6 3:7 2:8 1:9 PAA

Figure 4. The dependence of the pH value of polyelectrolyte complexes on the ratio of Na-CMC and PAA components

The above data are confirmed by data on the study of electrical conductivity and viscosity of solutions of
polyelectrolyte complexes from the ratio of Na-CMC:PAA components (table 1). A comparative change in the pH
readings, electrical conductivity and viscosity of solutions of polyelectrolyte complexes from additivity indicates the
formation of new individual substances compared to the original components.

Table 1. Physico-chemical and electrical properties of PEC based on Na-CMC and PAA

PEC Na-CMC : PAA ratio
Properties Na-KMIT 9:1 8:2 7:3 6:4 5:5 4:6 3.7 2:8 1:9 ITAA
Viscosity, n, Pa-s 0.71 0.71 0.72 1.03 1.56 2.01 2.32 2.38 2.39 2.20 2.13
Electrical 186 272 314 | 390 | 451 | 518 | 575 633 715 | 770 | 793
conductivity, 6, Cm

The structure of the resulting PEC based on Na-CMC and polyacrylamide was ascertained by IR spectroscopy and
on the basis of literature data [29, 30]. The results of the analysis of the IR spectrum of the initial product Na-KMC
showed that the IR spectrum contains such functional groups (Fig. 5) as the carboxylate anion - COO™ (1603 cm™' and
1419 cm™), the carboxyl group - COOH and the hydroxyl group is OH, as well as the presence of absorption bands in the
structure at 1650, 1550, 1400, 1250, 1020, 780 cm’!, which gives these polymers polyelectrolyte properties (Table 2,
Fig. 5). The IR spectrum of the second component contains absorption bands characteristic of a linearly branched
structure. Analysis of the IR spectrum of polyacrylamide showed that the structure has absorption bands at 3422, 3180,
1664, 1618, 1401, 1327, 1112, 618 cm™', which exhibits the characteristic properties of a polyelectrolyte (Table 2, Fig. 6).

Table 2. Absorption band of functional groups in Na-CMC and PAA macromolecules and in PEC

Na-CMC: PAA, Na-CMC: PAA, Na-CMC: PAA, Na-CMC: PAA,
Na-CMC 80:20 60:40 50:50 40:60 PAA
3443.2 3442.52 3441.83 3429.20 3429.20 3422.96
2923.09 2923.49 - 3205.15 3207.46 3180.47

- 2854.49 - - - -

- 1664.79 1668.27 1667.71 1667.42 1664.71
1603.76 1609.92 1609.46 1609.89 1612.41 1618.95
1419.79 1414.20 1452.46 1451.46 1452.41 1401.76

- - 1411.60 1407.45 1409.54
1270.80 1326.20 1325.32 1324.72 1324.85 1327.14
1114.64 1266.51 1265.71 1117.50 1112.88 1112.51
1060.75 1151.51 1150.79 1066.41 - -
1022.15 1125.71 1123.39 - - -

- 1060.57 1060.30 - - -

- 1022.79 - - - -
915.74 915.79 914.13 914.72 915.69
701.87 621.73 622.02 619.58 617.32 618.63
599.17 - - - - -
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Figure 6. IR spectra of polyacrylamide

The change in intensity and the shift of the absorption band in the area of 1667 cm!, 1609 cm™ and in the area of 1407 cm’,
1451 cm™! indicates the formation of an ionic bond between the carboxylate anions of Na-CMC and the amine groups of
polyacrylamides, which gives this polyelectrolyte complex new properties that differ from the original components (Fig. 7).
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Figure 7. IR spectra of polyelectrolyte complexes from the ratio of components Na-CMC and PAA: 1 - 60:40; 2- 50:50; 3-40:60

Thus, the results of IR spectroscopy of the polyelectrolyte complex obtained on the basis of Na-CMC and
polyacrylamide in neutral and slightly acidic media showed that water-soluble polyelectrolyte complexes are formed upon
mixing. The resulting product can be used as carriers for soft drugs.

The study of the physico-mechanical properties of polyelectrolyte complex films obtained on the basis of Na-CMC and
PAA undoubtedly confirmed the formation of a new individual substance. Since the physico-mechanical properties of such
films are related to the structure of the obtained new individual polyelectrolyte complexes, their use in engineering and
technology and for the preparation of drugs with prolonged properties, as well as in other substrates, is of great importance.
Such studies are of both scientific and practical importance; the physico-mechanical properties and structure of the
polyelectrolyte complex films will depend on the structure and properties of its constituent components [34, 35].
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The physico-mechanical characteristics of the polyelectrolyte complexes films were studied on an Instron-1100
automatic dynamometer (England) and on a Shimadzu AGS-X universal tensile testing machine at room temperature by
stretching with a constant lower clamping speed of 50 mm/min. The mechanical strength, relative elongation and modulus
of elasticity of the polyelectrolyte complexes films based on Na-CMC and PAA were determined (Fig. 8-10).
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Figure 10. Graph of the dependence of the films elastic modulus of polyelectrolyte complexes on the ratio of components
Na-CMC : PAA. Temperature T=24°C

The results of the experimental data showed that with an increase in the content of PAA in the composition of
polyelectrolyte complexes obtained on the basis of Na-CMC and PAA, the interaction between the constituent
components of the polyelectrolyte complex increases, which leads to an increase in the mechanical strength of the films
to an equimolar composition (Fig. 8). In this case, one can observe a decrease in the relative elongation of films of
polyelectrolyte complexes (Fig. 9). By increasing the frequency of crosslinking between the constituent components of
the polyelectrolyte complex, the elasticity modulus of the films increases, which can be traced from the graph of the
dependence of the elasticity modulus of the polyelectrolyte complexes films on the ratio of Na-CMC: PAA components
to the equimolar composition (Fig. 10). A further increase in PAA in the composition of polyelectrolyte complexes leads
to a decrease in the mechanical strength of the films (Fig. 8), an increase in relative elongation (Fig. 9) and a decrease in
the elastic modulus (Fig. 10).

A further increase in the content of PAA in the composition of the polyelectrolyte complex films and, therefore, one
can observe a decrease in the mechanical strength of the films due to an increase in the dispersed phase (Fig. 8), an
increase in the relative elongation of the films under tension (Fig. 9) and a decrease in the elastic modulus due to an
increase in the heterogeneous structure in films of the polyelectrolyte complex (Fig. 10). This is mainly due to the
formation of a heterogeneous structure and, as a result, a decrease in the frequency of intermolecular bonds. In addition,
a decrease in the elasticity modulus in films of polyelectrolyte complexes with an excess of Na-KMC or PAA is associated
with the formation of a heterogeneous structure, which can be observed from images obtained by scanning electron
microscopy (Fig. 11).

Thus, the resulting polyelectrolyte complex based on Na-CMC and PAA is a new, individual substance, both in
structure and in properties differing from the structure and properties of the original products. It should be noted that the pH
value for Na-CMC is pH = 6.2; for PAA - pH = 7.0, and for PEC with an equimolar composition, it has pH = 6.4. Mechanical
strength for Na-CMC - o, = 6.1 MPa; for PAA, o, = 22 MPa, and for PEC films with an equimolar composition, it has
op = 38 MPa. Relative elongation for Na-CMC - ¢ = 5.1%; for PAA — ¢ = 4.0%, and for PEC films with equimolar
composition it has €=0.5%. The modulus of elasticity of films for Na-CMC is E = 3.2 MPa; for PAA — E = 8.1 MPa, and for
PEC films with an equimolar composition is E = 73 MPa. All these changes in the properties of films of polyelectrolyte
complexes are associated with the formation of a cooperative ionic bond between the carboxylate anions of Na-CMC (COO")
and the amine groups of polyacrylamide, which was confirmed by IR spectroscopic data. The increase in mechanical strength
(op) and elastic modulus (E) and the decrease in the relative elongation of the films of polyelectrolyte complexes is associated
with an increase in the density of crosslinking between the constituent components of the polyelectrolyte complex. It should
be noted that the obtained films at an equimolar ratio of Na-CMC : PAA components have the maximum mechanical strength
(op), elastic modulus (E), and minimum relative elongation (&).

CONCLUSIONS
1. Based on the experimental data, it can be concluded that a new individual substance based on Na-CMC and PAA
has been obtained. The structure and properties of the obtained polyelectrolyte complex differ from the initial products.
2. From the data of IR spectroscopy, it was revealed that the polyelectrolyte complex based on Na-CMC and PAA
is stabilized due to the ionic bond between the carboxylate anions of Na-CMC and the amine groups of polyacrylamides.
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3. Ionic bonds largely determine the mechanical strength of the systems under study. Water-soluble polyelectrolyte
complexes based on Na-CMC and PAA with increased strength properties can be obtained from solutions of components
taken at an equimolar ratio of interacting components. By changing the ratio of components, properties such as mechanical
strength, modulus of elasticity and elongation can be controlled. This can serve as one of the means of controlling the
structure and properties of Na-CMC and PAA polyelectrolyte complexes.

2pum

Figure 11. SEM electron microscopy images of Na-CMC (a), PAA (b) and PEC
with the ratio of components Na-CMC : PAA=1:1 (c); 2:1(d); 1:2(e).

ORCID
©Sabitjan Ya. Inagamov, https://orcid.org/0000-0003-0587-7963; ©®Ummatjon Asrorov, https://orcid.org/0009-0009-6800-7392
©Erkin Xujanov, https://orcid.org/0000-0003-4725-6903

REFERENCES

[1] A.XK. Bajpai S.K. Shukla, and Smitha Bhanu, “Responsive polymers in controlled drug delivery,” Progress in Polymer Science,
33(11), 1088—1118 (2008). https://doi.org/10.1016/j.progpolymsci.2008.07.005

[2] S.Ya. Inagamov, and G.I. Mukhamedov, “Structure and physical-mechanical properties of interpolymeric complexes based on
sodium  carboxymethylcellulose,”  Journal of  Applied Polymer Science, 122(3), 1749-1757 (2011).
https://doi.org/10.1002/app.34222

[3] LI Alimdjanov, A.A. Abzalov, and G.I. Mukhamedov, “Physical and Chemical properties of polycomplex gels of carboxymethyl
cellulose with ureaformaldehyde oligomeras,” International journal of applied and fundamental research, 6, 1-2 (2018).
https://www.science-sd.com/478-25493. (in German)

[4] A.K. Bajpai, and J. Shrivastava, “Amylase induced enhanced enzymatic degradation of binary grafted polymeric blends of
crosslinked starch and gelatin,” J. Macromol. Sci. Part A: Pure Appl. Chem. 41, 949-69 (2004). https://doi.org/10.1081/MA-
120039181

[5] A.M. Lowman, B.C. Cowans, and N.A. Peppas “Investigation of interpolymer complexation in swollen polyelectrolyte networks
using solid state NMR spectroscopy,” J. Polym. Sci. Part B: Polym. 38, 2823-2831 (2000). https://doi.org/10.1002/1099-
0488(20001101)38:21%3C2823::AID-POLB110%3E3.0.CO;2-5



265

Structure and Physico-Mechanical Properties of Polyelectrolyte Complexes Based on Sodium... EEJP. 4 (2023)

[16]
[17]
(18]
[19]
[20]
(21]
[22]
(23]

(24]

[25]

[26]

(27]

(28]

V.V. Khutoryanskiy, A.V. Dubolazov, Z.S. Nurkeeva, and G.A. Mun, “pH effects in complex formation and blending of
poly(acrylic acid) with poly(ethylene oxide),” Langmuir, 20, 3785-3790 (2004). https://doi.org/10.1021/1a0498071

G.A. Mun, Z.S. Nurkeeva, V.V. Khutoryanskiy, G.S. Sarybayeva, and A.V. Dubolazov, “pH effects in the complex formation of
polymers 1. Interaction of poly(acrylic acid) with poly(acrylamide) ,” Eur. Polym. J. 39, 1687-1691 (2003).
https://doi.org/10.1016/S0014-3057(03)00065-X

K. Karayanni, and G. Staikos, “Study of lower critical solution temperature behaviour of poly(vinyl methyl ether) aqueous
solutions in the presence of poly(acrylic acid). The role of Interpolymer hydrogen bonding interaction,” Eur. Polym. J. 36,
2645-2650 (2000). https://doi.org/10.1016/S0014-3057(00)00048-3

G.A. Mun, Z.S. Nurkeeva, V.V. Khutoryanski, and A.D. Sergaziyev, “Interpolymer complexes of copolymers of vinyl ether of
diethylene glycol with poly(acrylic acid),” Colloid Polym. Sci. 280, 282—289 (2002). https://doi.org/10.1007/s00396-001-0609-4
Z.S. Nurkeeva, V.V. Khutoryanskiy, G.A. Mun, and A.B. Bitekenova, “Complexation of poly(acrylic acid) with poly(vinyl
methyl ether) in the presence of inorganic salts and lidocaine hydrochloride,” Polymer science, 45, 365-369 (2003),
https://api.semanticscholar.org/CorpusID:53701319

F. Bossard, M. Sotiropoulon, and G. Staikos, “Thickening effect in soluble hydrogen-bonding interpolymer complexes influences
of pH and molecular parameter,” Journal of Rheology, 48, 927-936 (2004). https://doi.org/10.1122/1.1763941

E. Nordmeier, and P.J. Beyer, Polym. Sci. Pol. Phys. 37(4), 335 (1999). https://doi.org/10.1002/(SICI)1099-
0488(19990215)37:4<335::AID-POLB7>3.0.CO;2-W

V.V. Khutoryanskiy, S. Ryu, and A.V. Yakimansky, “Modern Methods for Studying Polymer Complexes in Aqueous and Organic
Solutions,” Polym. Sci. Ser. A, 60(5), 553 (2018). https://doi.org/10.1134/S0965545X 18050085

V.A. Izumrudov, B K. Mussabaeva, Z.S. Kassymova, A.N. Klivenko, and L.K. Orazzhanova, “Interpolyelectrolyte complexes:
advances and prospects of application,” Russ. Chem. Rev. 88(10), 1046 (2019). https://doi.org/10.1070/RCR4877

R.I. Mustafin, “Interpolymer combinations of chemically complementary grades of Eudragit copolymers: a new direction in the
design of peroral solid dosage forms of drug delivery systems with controlled release (review),” Pharm. Chem. J. 45(5), 285-295
(2011). https://doi.org/10.1007/s11094-011-0618-7

A.V.Bukhovets, A.Y. Sitenkov, and R.I. Moustafine, “Comparative evaluation study of polycomplex carriers based on Eudragit®
EPO/S100 copolymers prepared in different media,” Polym. Adv. Technol. 32, 2761 (2021). https://doi.org/10.1002/pat.5284
A.V. Bukhovets, N. Fotaki, V.V. Khutoryanskiy, and R.I. Moustafine, “Interpolymer Complexes of Eudragit® Copolymers as
Novel Carriers for Colon-Specific Drug Delivery,” Polymers, 12(7), 1459 (2020). https://doi.org/10.3390/polym12071459

J.C. Roy, A. Ferri, S. Giraud, G. Jinping, and F. Salaiin, “Chitosan—Carboxymethylcellulose-Based Polyelectrolyte Complexation
and Microcapsule Shell Formulation,” Int. J. Mol. Sci.19, 2521 (2018). https://doi.org/10.3390/ijms19092521

M.T. Cook, S.L. Smith, and V.V. Khutoryanskiy, “Novel glycopolymer hydrogels as mucosa-mimetic materials to reduce animal
testing,” Chemical Communications, 51(77), 14447—14450 (2015). https://doi.org/10.1039/C5CC02428E

E.D.H. Mansfield, K. Sillence, P. Hole, A.C. Williams, and V.V. Khutoryanskiy, “POZylation: a new approach to enhance
nanoparticle diffusion through mucosal barriers,” Nanoscale, 7(32), 13671-13679 (2015). https://doi.org/10.1039/CSNR03178H
A.V. Bukhovets, N. Fotaki, V.V. Khutoryanskiy, and R.I. Moustafine, “Interpolymer Complexes of Eudragitfi Copolymers as
Novel Carriers for Colon-Specific Drug Delivery,” 12(7), 1459 (2020). https://doi.org/10.3390/polym12071459

A.L Chepurnaya, M.P. Karushev, E.V. Alekseeva, D.A. Lukyanov, and O V. Levin, “Redox-conducting polymers based on metal-salen
complexes for energy storage applications,” P*ure. Appl. Chem. 92(8), 1239-1258 (2020). https://doi.org/10.1515/pac-2019-1218

J. Swarbrick, Encyclopedia of Pharmaceutical Technology, vol. 6, 3 ed. (CRC Press, Boca Raton, 2013).
https://doi.org/10.1201/619309

T.M.M. Ways, S.K. Filippov, S. Maji, M. Glassner, M. Ceglowski, R. Hoogenboom, et al., “Mucus-penetrating nanoparticles
based on chitosan grafted with various non-ionic polymers: Synthesis, structural characterisation and diffusion studies,” Journal
of Colloid and Interface Science, 626, 251-264 (2022). https://dx.doi.org/10.1016%2Fj.jcis.2022.06.126

V.V. Khutoryanskiy, Z.S. Nurkeeva, G.A. Mun, A.D. Sergaziyev, Z. Ryskalieva, and J.M. Rosiak, “Polyelectrolyte complexes
of soluble poly-2-[(methacryloyloxy)ethyltrimethylammonium chloride and its hydrogels with poly(acrylic acid)],” European
Polymer Journal, 39(4), 761-766 (2003). https://doi.org/10.1016/S0014-3057(02)00293-8

G.I. Mukhamedov, M.M. Xafizov, and S.Ya. Inagamov, Interpolymer complexes: structure, properties, application, (Lambert
Academic Publishing Ru, 2018). ISBN 13: 9786138326816

D. Ren, Y.-H. Li, S.-P. Ren, T.-Y. Liu, and X.-L. Wang, “Microporous polyarylate membrane with nitrogen-containing
heterocycles to enhance separation performance for organic solvent nanofiltration,” Journal of Membrane Science, 610, 118295
(2020). https://doi.org/10.1016/j.memsci.2020.118295

X. Shan, A.C. Williams, and V.V. Khutoryanskiy, “Polymer structure and property effects on solid dispersions with haloperidol:
Poly(N-vinyl pyrrolidone) and poly(2-oxazolines) studies,” International Journal of Pharmaceutics, 590, 119884 (2020).
https://dx.doi.org/10.1016%2Fj.ijpharm.2020.119884

A. Muterko, “Selective precipitation of RNA with linear polyacrylamide,” Nucleosides, Nucleotides & Nucleic Acids, 41(1),
61-76 (2022). https://doi.org/10.1080%2F15257770.2021.2007397

A. Pulyalina, 1. Faykov, V. Nesterova, M. Goikhman, 1. Podeshvo, N. Loretsyan, A. Novikov, et al., “Novel Polyester Amide
Membranes Containing Biquinoline Units and Complex with Cu(I): Synthesis, Characterization, and Approbation for n-Heptane
Isolation from Organic Mixtures,” Polymers, 12, 645 (2020). https://doi.org/10.3390/polym12030645

E.E. Brotherton, T.J. Neal, D.B. Kaldybekov, M.J. Smallridge, V.V. Khutoryanskiy, and S.P. Armes, “Aldehyde-functional
thermoresponsive diblock copolymer worm gels exhibit strong mucoadhesion,” Chemical Science, 13(23), 6888—-6898 (2022).
https://doi.org/10.1039/D2SC02074B

L.E. Agibayeva, D.B. Kaldybekov, N.N. Porfiryeva, V.R. Garipova, R.A. Mangazbayeva, R.I. Moustafine, I.I. Semina, et al.,
“Gellan gum and its methacrylated derivatives as in situ gelling mucoadhesive formulations of pilocarpine: In vitro and in vivo
studies,” International Journal of Pharmaceutics, 577, 119093 (2020). https://doi.org/10.1016/].ijpharm.2020.119093

CH.R. Jagadish, A. Ferri, S. Giraud, J. Guan, and S. Fabien, “Chitosan—Carboxymethylcellulose-Based Polyelectrolyte
Complexation and Microcapsule Shell Formulation,” Int. J. Mol. Sci. 19, 2521 (2018). https://doi.org/10.3390/ijms 19092521



266
EEJP. 4 (2023) Sabitjian Ya. Inagamov, et al.

[34] P. Tonglairoum, R.P. Brannigan, P. Opanasopit, and V.V. Khutoryanskiy, “Maleimide-bearing nanogels as novel mucoadhesive
materials for drug delivery,” Journal of Materials Chemistry B, 4(40), 6581-6587 (2016). https://doi.org/10.1039/C6TB02124G

[35] D. Ren, Y.-H. Li, S.-P. Ren, T.-Y. Liu, and X.-L. Wang, “Microporous polyarylate membrane with nitrogen-containing
heterocycles to enhance separation performance for organic solvent nanofiltration,” Journal of Membrane Science, 610, 118295
(2020). https://doi.org/10.1016/j.memsci.2020.118295

CTPYKTYPA TA ®I3UKO-MEXAHIYHI BJIACTUBOCTI HOJIEJIEKTPOJITHUX KOMIIVIEKCIB HA OCHOBI
MOJICAXAPUAY KAPBOKCUMETUJILEJIIOJO3U HATPIIO TA IOJIAKPUJIAMIAY
CabiTkan 5. Inaramos?®, Ymmatazkon A. Acpopos®¢, Epkin b. Kcymkanos®
4 Tawkenmcewkutl hapmayesmuunuti incmumym, Mipabadcvruii paiion, Aiibexem, 45 m. 100015, Tawxenm, Y36exucman
b Hayionanvnuii ynisepcumem Ysbexucmary imeni Mipzo Vayebexa, Tawxenm, Ysbexucman
¢ Tawxenmcokuii Oepocasnuii neoazoiunuil ynieepcumem imeni Hizami, Tawxenm, Y30exucman

VY poGoTi IocmimKeHO CTPYKTypy Ta (i3MKO-MeXaHidHI BIACTHBOCTI INTBOK mojienektporitHux komiurekciB (ITEK) ma ocHoBi
Harpiiikapbokcumerminentono3n (Na-KMLI) 3 miniitnum noniakpunamigom (ITAK). ITomienekTponiTHI KOMIUIEKCH OTPHMYBAIIU
3MIITyBaHHSAM BOJHUX po3unHiB KoMmnoHeHTiB Na-KMI] i I[TAA B pi3HHX CHiBBIZHOIIECHHSX KOMIIOHEHTiB i pH cepemoswmima.
CTpyKTypy OTPUMaHHX MPOAYKTIB BU3HAYAIH 3a gornoMororo [Y-criekTpockornii Ta eneKTpoHHoi Mikpockorii. [Y-criekTpu B niana3oHi
400-4000 cm!' 3anmcysanu Ha crekrpodoromerpax NIKOLET Magna-560 IR Ta Specord-75IR (Carl Zeiss, HJIP). Mexauiuni
BJIACTHUBOCTI ILTIBOK MTOJIIENEKTPOTITHUX KOMITJICKCIB BU3HAYAIH PO3TATYBAHHM IPH MOCTiiHIN MIBUAKOCTI pyXy HIDKHBOTO 3aTHCKAYa
50 MM/XB Ha aBTOMaTHYHOMY JuHamoMeTpi Instron-1100 (AHrmis) mpu kiMHaTHIN Temnepatypi. ani I[Y-cnekrpockormii mokasainm,
10 TIOMieNeKTPOiTHI Komiuiekcn Ha ocHOBI Na-KMI i [TAA craGimizyBamucs 3a paxyHOK KOOIEPaTUBHOTO 10HHOTO 3B’SI3KY MiXK
kapOokcwiat-anionamu Na-KMI[ (-COO-) i aminammu rpynamu (-NH2) noniakpunaminy. I[lokazano, mo miiBku [TEK 3
EKBIMOJISIpHUM CITiBBiTHOIEHHAM KoMIoHeHTiB Na-KMI ta [TAA maroTs miiBHIIEHEe 3HAUEHHS MEXaHIqHOI MilTHOCTI (0p = 38 MI]a),
moxyist npyskHocti (E=73 MIla) ta miniManeHe BiHOCHE BHIOBXeHHS (€ = 0,5%). A Hagmmok Na-CMC a6o PAA npusBoanTs 10
3HIKEHHSI MEXaHIYHOi MIIHOCTI 1 MOZYyNs MpPYKHOCTI, HIO MOB'S3aHO 31 3HIDKCHHSM YaCTOTH MDKMOJCKYJSPHHX 3B'S3KiB.
BcTaHoBeHO, 1110 3 PO3YHHIB KOMIIOHEHTIB, Y3STHUX IPHU SKBIMOJSIPDHOMY CIiBBIZHOIICHHI B3a€MOJIIOYMX KOMIIOHEHTIB, MOXHa
OTPUMATH BOJIOPO3YHHHI MOJIEICKTPONITHI KOMIUIeKCH Ha ocHOBI Na-KMI] i [TAA 3 miiBUIIEHHNMH MIIIHICHUMH BJIACTHBOCTSMH.
3MiHIOIOYH CITiBBiIHOLICHHSI KOMIIOHEHTIB, MOYKHa KOHTPOJIIOBAaTH TaKi BIACTUBOCTI, SIK MEXaHi4Ha MIL[HICTh, MOLYJIb NPYXHOCTI Ta
nofosskeHHs. Lle Moxxe OyTH ogHNM i3 3ac00iB KepyBaHHS CTPYKTYPOIO Ta BIACTHBOCTSIMU ITOJTieNeKTpoiTHIX KoMmintekciB Na-KMI]
ta [TAA. PerymoBanus ¢izuko-mMexaniunux Bractuoctedl miiBok [IEK BigkpuBae mHMpOKi MOXKIHBOCTI AJIs iX BUKOPUCTAHHS SIK
IPYHTOYTBOpIOBaYa y CILCHKOMY Ta BOJHOMY I'OCIIOJJAPCTBI Ta SIK OCHOBH JUISl M’ SIKHX JIIKApCHKUX 3aco0iB y hapmariii.

KurouoBi ciaoBa: wampiiikapookcumemunyentonosa; NOMaKpuramio, NONIKOMNIEKC, [HMEPNoNiMepHULl KOMHUAEKC, MNLiKU,
CMPYKMypa,; 61acmusocmi; MexaniyHa MiYHICIMb, 8IOHOCHE UOOBICEHHS; MOOYIb NPYNCHOCTI, eJIeKMPOHHA MIKPOCKONIs





