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Composite systems based on pectins and silica materials are investigated in the paper. This can be a promising
direction in the creation of systems with high adsorption characteristics in relation to molecules of medium and large
molecular weight. In particular, the prospects of creating composites based on a mixture of hydrophobic and/or
hydrophilic silicas (AM-1 and/or A-300, respectively) with pectin are shown. It has been found that the maximum
adsorption of methylene blue occurs from the model solution at pH 5.5 on the surface of all the studied samples. The
A-300/AM-1/pectin composite system proved to be the best, regardless of the amount of pectin in the composite (5 or
10%) at different pH values (1.5 and 5.5), compared to other adsorbents.

The purpose of this work was the construction of composite systems based on pectin and silicas (hydrophobic and
hydrophilic and their mixtures), the study on their adsorption parameters in relation to the cationic dye methylene
blue, and the effect of pectin on the hydration characteristics of silica sorbents.

The peculiarities of the formation of water layers in hydrated nanocomposite systems were investigated by the
method of low-temperature 'H NMR spectroscopy. It has been shown that by changing the concentration ratio of pectin
and hydrophobic silica, the structure of the interfacial water and the energy of water interaction with the surface can
be controlled. Due to this, new types of functionalized materials can be created for use in medical composites.

1t has been shown that composite systems containing AM-1 hydrophobic silica are characterized by a decrease in
interfacial energy in a weakly polar environment, which is due to the thickening of interfacial water clusters, and the
size of surface water clusters decreases during the process of defrosting the system. It has been found that the amount
and binding energy of water in heterogeneous systems based on pectin are influenced by the processes of interparticle
interactions between heterogeneous components, which likely determine the degree of association of molecules in the
water layer.
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INTRODUCTION beet pulp, fodder watermelon, sunflower baskets,
pumpkin, i.e. food production waste [4]. Pectin
biopolymers have unique biological and
functional characteristics. They are widely used in
the food, medical and cosmetology industries [5].

A significant disadvantage of poorly water-
soluble biopolymers is their low specific surface
area. Therefore, the therapeutic dose of pectins
used as adsorbents is several tens of grams.

Pectins are polysaccharides of higher plants,
responsible for many of their physiological
functions [6]. According to their chemical
structure, they are compounds of a heterocyclic
nature. D-galactopyranosyluronic (D-galacturonic)
acid, connected by a-1,4-glycosidic bonds into a
filamentous molecule of polygalacturonic acid, is
considered the main part of the molecule of pectin
substances [7].

Silica adsorbents are widely used as medical
means to cleanse the body of toxic substances,
which are metabolic products or those that entered
the body as a result of food poisoning [1-3].
Fumed silica belongs to hydrophilic substances
and has a high affinity for protein molecules, and
also limitedly sorbs organic molecules with an
average molecular weight. However, in modern
pharmacology there is a demand for the creation
of adsorbents in which the surface is formed by
natural biopolymeric compounds, such as
polysaccharides.

Pectins are a promising natural adsorbent.
The largest amount of pectin substances is found
in plant tissues: juicy fruits and root crops. The
raw materials for the industrial production of
pectin are mostly apple and citrus pomace, sugar
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The technology for obtaining pectin is based
on the classical method of its production: the pulp
separated from the stone is homogenized and
hydrolyzed at a pH of 2.0-2.5 and a temperature
of 75-80 °C for 1.5-2 hours. The mixture is
filtered, the hydrolyzate is precipitated with
alcohol or acetone. The coagulate is separated in
a centrifuge (6000 rpm) with subsequent washing,
filtration and drying in a vacuum drying unit. The
molecular weight of pectin substances depends,
first of all, on the nature and quality of the raw
material source, the method of isolation and the
method of its preparation for production. The
average molecular weight of pectins ranges from
10 to 400 kDa, which corresponds to a degree of
polymerization from 50 to 2000. Commercial
pectin preparations have an average molecular
weight of 30 to 120 kDa depending on the type of
preparation [5, 8].

Pectins can be classified as physiologically
active substances, since they affect cellular
metabolism. In particular, there is evidence of the
anticancer activity of pectins [9-12]. Thus,
samples of citrus pectins showed a pronounced
antitumor effect on adenocarcinoma C127,
reducing the metabolic and proliferative activity
of its cells, and also demonstrating a pronounced
cytotoxic effect. The greatest effect was
demonstrated by low-esterified low-molecular
pectin. In addition, pectins serve as natural
adsorbents capable of removing toxic substances
from the body. This makes them a promising
component of nanocomposite systems for medical
purposes.

Polymeric substances, such as pectins or other
biopolymers in their natural form, are materials
with a small specific surface area. Therefore, to
increase it, it is possible to create composite
systems with synthetic adsorbents, in particular
with silicas, which have not only a high specific
surface area, but also a high affinity for polymer
molecules [1, 2, 13, 14]. Particularly noteworthy
is the prospect of using organosilicon adsorbents,
which, in addition to high adsorption
characteristics, have increased biocompatibility
[15-18]. Their disadvantage, however, is their
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hydrophobic properties, which complicate the
process of their use in aqueous environments. In
recent years, simple methods have been
developed for wetting hydrophobic powders
under mechanical load [19, 20]. It should be noted
that in the case of using combined materials
consisting of a hydrophobic carrier adsorbent
modified by a hydrophilic agent, such as pectin,
the possibility of wetting the composite with
water is significantly facilitated.

The purpose of this work was the construction
of composite systems based on pectin and silica
(hydrophobic and hydrophilic and their mixtures),
the study of their adsorption parameters in
relation to the cationic dye methylene blue, and

the effect of pectin on the hydration
characteristics of silica sorbents.
MATERIALS AND METHODS

Materials. Apple pectin (China, IMDICATE
A COMPANY), hydrophilic compacted silica
brand A-300 (Sger =295 M*/r) and hydrophobic
silica AM-1 (Sger = 175 M%/r) (Kalush, Ukraine),
as well as a mixture of A-300 with AM-1 in a ratio
of 1/1 were used in the research. To obtain
compacted silica, hydrophilic A-300 was used
according to the method described in works
[21,22]. The composite system A-300/pectin,
AM-1/pectin and A-300/AM-1/pectin  was
prepared by thoroughly grinding compacted
A-300 and/or hydrophobic AM-1 with pectin to a
homogeneous state. The amount of pectin in the
composite was 5 or 10 %. Wetting of systems
containing AM-1 was carried out by grinding with
water according to the method described in
[19, 20].

Hydrated pectin and two types of
Pectin/H,O/AM-1  composite systems with
component ratios of 1/1.25/5 and 1/2/0.5 were
used for NMR studies. Hydrated pectin was
prepared by adding the required amount of water
to dry pectin and equilibrated for 24 h.
Composites were prepared by grinding pectin and
AM-1, followed by adding the required amount of
water with which the composite was ground for
another 5-10 min. Deuterated chloroform and
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trifluoroacetic acid (TFAA) were used as organic
components for NMR studies.

Adsorption from solutions. Adsorption of
methylene blue (MB) dye (M =319.85 g/mol,
manufactured by Khimlaborreaktiv LLC) on
silica-containing media was studied under static
conditions at 7=23+25°C. For this purpose,
aqueous solutions of different concentrations
(from 15.63 to 156.32 umol/l) in a volume of
10 ml were added to the weighing of the
corresponding sample (m =100 mg) and mixed
for ~1 hour. The solutions were adjusted to the
desired pH using standard HCI or NaOH titers.
The solid phase was separated by centrifugation
for 20 min at the speed of 3000 rpm. The
concentration of MB in the solution was
determined spectrophotometrically by measuring
its absorption spectra on a spectrometer
(Specord M-40, Carl Zeiss Jena, Germany) at a
wavelength of 660 nm (/=1 cm). The amount of
dye adsorption (4.) was determined by the
difference between its initial and equilibrium
concentration in the solution before and after
contact with the sorbents.

'H NMR spectroscopy. The NMR spectra
were measured using a high-resolution NMR
spectrometer (Varian “Mercury”) with an
operating frequency of 400 MHz. Eight 60°
probing pulses with a duration of 1 pus and a
bandwidth of 20 kHz were used. The temperature
in the sensor was regulated with an accuracy of
+ 1 degree. Signal intensities were determined by
measuring the peak area using the procedure of
decomposing the signal into its components
assuming a Gaussian waveform and optimising
the zero line and phase with an accuracy of
+ 10 %. To prevent overcooling of the water in
the studied objects, the concentration of non-
freezing water was measured by heating the
samples, which were previously cooled to 210 K.
The temperature dependence of the NMR signal
intensity was carried out in an automated cycle,
when the sample was held at a constant
temperature for 9 min and the measurement time
was 1 min. NMR measurements were performed
in an air environment.

Since the water concentration in the samples
is known, the water signal intensities (/) can be
used to calculate the non-freezing water
concentration (C,,) at any temperature:
Cuww = Ir/Ir= 273 h (mg/g). The process of freezing
(melting) of interfacial water localised in a solid
porous matrix occurs in according to changes in

ISSN 2079-1704. X®TI1. 2025. T. 16. Ne 3
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the Gibbs free energy caused by the influence of
the surface [23]. They are the smaller, the farther
from the surface is the studied layer of water. At
T'=273 K, water freezes, the properties of which
do not differ from volumetric water, and when the
temperature decreases (excluding the effect of
overcooling), the layers of water close to the
surface freeze, and besides for interfacial water
the following proportion holds true:

AGice = -0,036(273.15 — T), (1)

where the numerical coefficient is a parameter
related to the temperature coefficient of variation
of the Gibbs free energy for ice. Then, in
accordance with the methodology described in
detail in [24-27], the amounts of strongly and
weakly bound water (SBW and WBW,
respectively), as well as the thermodynamic
characteristics of these layers, can be calculated.

The interfacial energy of solids or
biopolymers was defined as the modulus of the
total decrease in the free energy of sorbed water
due to the presence of an internal water-polymer
interface according to the formula:

om

7s=—K [ AG(C,,)dC,, . (2)
0

The Gibbs-Thomson formula [28, 29] could
be used to determine the geometric dimensions of
nanoscale liquid aggregates confined to a solid
surface, which relates the radius of spherical or
cylindrical pores (R) to the value of the freezing
temperature depression:

_ Zo—sle,oo

AT;n = T;n (R) - Tm,oo H
AH ,pR

3)

where Tm(R) is the melting temperature of ice
localised in pores of radius R, T is the melting
temperature of bulk ice, p is the density of the
solid phase, oy is the energy of interaction
between the solid and the liquid, and AH: is the
volume enthalpy of fusion.

The value (AG), as well as the interfacial
energy (ys), were calculated according to formulas
(2, 3). The part of the interfacial water for which
the decrease in the Gibbs free energy
AG < 0.5 kJ/mol was considered to be strongly
bound.

High resolution transmission electron
microscopy (TEM) (JEM-2100F, Japan) images
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were recorded for initial A-300 and AM-1 as
representative samples. A powder sample was
added to acetone and sonicated. Then a drop of the
suspension was deposited onto a copper grid with
a thin carbon film. After acetone evaporation,
sample particles remained on the film were studied
with TEM.

RESULTS AND DISCUSSION
Fumed silicas belong to nonporous
adsorbents, however, due to significant

interparticle interactions, primary particles with a
diameter of 10~ nm form a mesoporous structure
in which the pore volume can reach 1-1.2 cm’/g
[13,16]. TEM micrographs of particles of a

a

mixture of hydrophilic (A-300) and hydrophobic
(AM-1) silicas are shown in Fig. 1. In general, the
particles of the agglomerates are 1-20 um, in
which the mesoporous structure of the
interparticle spaces is very well observed. Unlike
“hard” porous silicas of the silica gel type, in
pyrogenic silicas the porous structure is unstable,
and the surface and total volume of pores can
change under the influence of mechanical loads,
which are used as a factor for their structural
modification [20,22]. The “soft” nature of
pyrogenic silicas also allows replacing air in the
interparticle gaps with water by using mechanical
processing in the presence of an aqueous phase
[19, 20].

1 pum

Fig. 1. TEM microphotographs of the mechanically activated mixture of hydrophobic and hydrophilic silicas

For testing most medical sorbents,
pharmacopoeial standards recommend marker
substances [30]. They include differently charged
dyes with different molecular weights. The
sorption properties of the created composite
systems were studied for their ability to bind the
cationic dye MB, which has a hydrophobic
aromatic fragment and is used to study the
adsorption of positively charged substances with
a low molecular weight on surfaces that, like
silica A-300, have a negative charge [31].

Based on the optical density data of a series
of solutions with different concentrations of MB,
a calibration curve was constructed that reflects
the linear growth of its optical density with an
increase in the concentration of the solution
(Fig. 2).

The adsorption isotherms of MB from a
model solution at pH =5.5 and a solution with
pH=1.5, which simulates the physiological
environment of the stomach are shown in Fig. 3.
The contact time (1 h) of the studied samples with
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MB corresponded to the time of silica stay in the
gastrointestinal tract and represents the duration
of its maximum effective action [32, 33]. At the
same time, measurements of MB adsorption on
the surface of individually taken AM-1 did not
reveal a change in the optical density of the
solution, which can be interpreted as the absence
of adsorption.

1,6+
1,24
O 0,8+

0,4+

0,0 T T T T T T 1
0 5 10 15 20 25 30 35
C, pmol/l

Fig. 2. Calibration curve of methylene blue
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Fig. 3. Adsorption isotherms of MB on the surface of AM-1/pectin (7), A-300/pectin (2), A-300/AM-1/pectin (3), A-300
(4) and A-300/AM-1 (5) at pH 1.5 (a, ¢) and 5.5 (b, d). Pectin content in the composite: 5 % (a, b) and 10 % (c, d)

According to the adsorption data, it was
determined that the adsorption isotherms of the
dye on the surface of all the studied samples have
the form of Langmuir isotherms (Fig. 3). They
have a fairly steep initial section and quickly
reach saturation. This form of the isotherm could

be indicated a strong interaction of the dye with
the surface [34].

Linearization of the obtained adsorption
isotherms made it possible to determine the value
of the limiting adsorption (4.) of MB for the
studied samples (Table 1).

Table 1.Parameters of methylene blue adsorption on the investigated adsorbents at different pH

contents A, ooy 0, -AG,
Adsorbent pectin, % pH pmol/g nm? % kJ/mol R
A-300/pectin 5 1.5 5.92 2.9 41.2 25.07 0.98
5.5 6.54 2.4 49.2 24.71 0.98
10 1.5 7.4 1.8 67.8 23.94 0.99
5.5 8.11 2.3 53.3 25.69 0.99
AM-1/pectin 5 1.5 2.72 8.8 13.6 21.04 0.97
5.5 4.92 2.8 43.2 23.75 0.98
10 1.5 4.38 3.8 314 24.99 0.98
5.5 5.71 2.4 50.3 23.32 0.97
A-300/AM-1/pectin 5 1.5 8.35 2.1 56.5 26.57 0.99
5.5 11.8 1.8 65.2 29.38 0.99
10 1.5 9.53 2.2 54.1 27.73 0.99
5.5 12.65 1.6 73.0 27.8 0.99
A-300 - 1.5 5.27 3.1 38.8 24.54 0.98
5.5 6.12 3.7 32.0 31.57 0.99
AM-1 -
A-300/AM-1 - 1.5 6.91 2.5 48.5 24.95 0.99
5.5 7.09 3.1 39.1 28.93 0.99
ISSN 2079-1704. X®TTI1. 2025. T. 16. Ne 3 315
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It is possible to reveal some regularities in the
influence of the composition of the composite on
the amount of cationic dye adsorption. There is a
tendency for MB adsorption to increase with a
decrease in pH from 5.5 to 1.5 (Fig. 3, Table 1).
This is usually associated with a change in the
surface charge of silica in an acidic environment
from negative to positive [34]. However, as
follows from the data in the Table 1, for most of
the studied systems the difference in the value of
A with a change in pH is quite small. That is,
electrostatic interactions of dye molecules with
the surface are not decisive. Since the MB
molecule has hydrophobic fragments, and the
surface of hydrophobic silica AM-1, which is
used for the preparation of composites, is
hydrophobic, it could be assumed that
hydrophobic (dispersion) interactions can be
dominant in adsorbent-adsorbate interactions.
However, cationic dye adsorption was not
observed on the surface of hydrophobic AM-1.
Adding pectin to AM-1 promotes dye adsorption
on such a composite due to the appearance of new
types of adsorption centers. Thus, for
AM-1/pectin with a pectin content of 5 %, the
lowest MB adsorption is observed, compared to
other studied samples. When increasing the
amount of pectin to 10 % in the AM-1/pectin
composite at an acidic pH value, MB adsorption
increases by 1.6 times, in contrast to pH 5.5.
Adsorption of MB on the surface of A-300/pectin
composite with 10 % pectin content is 7.4 and
8.1 umol/g at pH 1.5 and 5.5, respectively. This is
1.4 and 1.3 times more than on the surface of the
initial compacted A-300 without the addition of
pectin. It was noted that MB on the surface of A-
300 and A-300/pectin with 5% pectin in the
composite exhibits similar adsorption activity. At
all pH values, dye adsorption is greatest on the
surface of the A-300/AM-1/pectin composite at a
pectin content of 10 %. A decrease in the amount
of pectin in the composite to 5 % is accompanied
by a slight decrease in MB adsorption. From the
analysis of these data, it can be concluded that the
adsorption activity of nanocomposite systems to
MB, which contain hydrophobic silica, is largely
determined by the features of the formation of the
boundary layer of water that fills the interparticle
space.

Mathematical processing the adsorption
isotherms of MB made it possible to obtain
equations describing the adsorption process with
high linear correlation coefficients (R). The
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values of the correlation coefficient when
linearizing the adsorption isotherms show that its
sorption is described with maximum probability
by the Langmuir equation.

The calculated dye adsorption parameters for
each case are presented in Table 1. The values of
the change in Gibbs free energy (AG) for all the
studied samples are slightly different. This allows
us to expect that the degree of affinity of the dye
to the surface of the adsorbents will also differ.
The degree of surface coverage of MB samples
was calculated according to adsorption data,
taking into account the size of the dye molecule.
The calculations show that for 1 molecule
adsorbed from an aqueous solution, there are quite
large values of the area occupied by the molecule
in the adsorbed state (w-> 1.2 nm?). This may
indicate the planar orientation of MB molecules
during adsorption. This is confirmed by literature
data [34] and the obtained degree of surface
coverage (#) of the adsorbents by the dye,
calculated from the adsorption parameters at the
flat position of the MB.

Features of the formation of aqueous layers in
hydrated nanocomposite systems containing
AM-1 and pectin were investigated by the method
of low-temperature 'H NMR spectroscopy [24-27].
The 'H NMR spectra of water in hydrated pectin
(Fig. 4 a, b) and Pectin/AM-1/H,O composites
(c—g) obtained at different temperatures in the
presence of air (a,c,e), deuterochloroform
(b,d, /) and 5CDCI; + 1CF;COOD mixture (g)
are shown in Fig. 4. The main signal of water in
the spectra is observed in the form of a broad
signal with a chemical shift in the range of 4—6 ppm.
As the temperature decreases, the signal intensity
decreases due to partial freezing of the interfacial
water. Chemical shift values shows that almost all
water is strongly associated (SAW) [24-26], that
is, its molecules form a spatial network of
hydrogen bonds in which each water molecule is
involved in at least two hydrogen bonds. In the
environment of chloroform, and in some systems
also in air (Fig. 4 ¢), signals of weakly associated
water (WAW), which does not participate in the
formation of hydrogen bonds, appear in the
spectra.

One should especially focus on the system
containing pectin and a small amount of AM-1
(Fig. 4 e). A splitting of the water signal into two
closely spaced signals with slightly different
values of the chemical shift is observed in this
system in the spectra, and its value is somewhat
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smaller than that for the other studied systems.
This could be indicated the presence of clusters
with a partially destroyed network of hydrogen
bonds at the interface boundary.

Since the amount of water in the samples (/)
is known, based on the measurement of NMR
signal intensities at different temperatures, can be
used to calculate the temperature dependences of
the amount of non-freezing water (C..), and
according to formulas (1)—(3) to determine the
dependences of the change in Gibbs free energy
(AG) from C,, and distributions by radii of
adsorbed water clusters AC(R) (Fig. 5 a—c).
According to the method described in [24—27], the

SAW

Pectin/H,0, 1/1.25

A”O e — <
e —— | R

Pectin + 1.2 g/g H,O
270 CDCl,

thermodynamic parameters of interfacial water
layers could be calculated (Table 2), in which
C.> and C,,” are the concentrations of strongly
and weakly bound water, respectively, AG® is the
maximum change in Gibbs energy in layers of
strongly bound water, which characterize the
maximum decrease in free energy due to
adsorption interactions (or clustering), ys is the
interfacial energy, which refers to the overall
decrease in free energy due to adsorption
interactions (or clustering) applied to all
interfacial water, and ys* is interfacial energy per
unit mass (expressed in g/g) of interfacial water.

SAW
Pectin/H,0/AM-1 1.25/4/5
283 K Air
270

4 12 10 8 6 4 2 0 -2 7 6 5 4
3 (ppm) 3 (ppm)
a

Pectin//H,0/AM-1
1.25/4/5 CDCly

Pectin/H,0/AM-1 283
1/2/0.5 CDCl, 270.

Pectin/H,0/AM-1 1/2/0.5
CDCI,+TFAA

Fig. 4. '"H NMR spectra of water in hydrated pectin (a, b) and pectin/AM-1/H,O composites (c—f) measured at
different temperatures, in the presence of air (a,c,e), deuterochloroform (b,d,f) and mixtures

5CDCl; + 1CF3;COOD (g)
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Fig. 5.
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Temperature dependences of the amount of non-freezing water (Cy.) (a), dependences of the changes in the

Gibbs free energy (AG) on C,, (b) and distributions of adsorbed water cluster radii AC(R) (¢)

Table 2. Characteristics of interfacial water in hydrated pectin and its composites with hydrophobic silica AM-1 in

different environments

] h, Cw'®, Cun”, AG®, Ps/ys*

Sample Medium (mgly)  (mgly)  (mgly)  (kJ/mol) Jig)
Pectin/H,O Air 1125 350 775 -3.0 35.1/31.2
CDCls 550 575 -2.27 42.4/37.7

Pectin/H,O/AM-1 Air 670 250 420 2.3 20.7/30.9
1.25/4/5 CDCl; 200 470 23 18.2/27.2
5CDCL+1TFAA 550 120 23 35.0/52.2

Pectin/H,O/AM-1 Air 1300 430 870 -3.0 40.4/35.7
1/2/0.5 CDCl; 410 890 2.6 31.3/27.7

On the dependences AG(C..) (Fig. 5 b), the
horizontal line drawn at the Ilevel of
AG=0.5kJ/mol determines the amount of
strongly and weakly bound water. The data in
Table 2 show that for hydrated pectin, the use of
an organic weakly polar medium, in contrast to
most heterogeneous systems studied earlier
[24-27], leads to a significant increase in the
value of the interfacial energy ys and ys*. Probably,
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under the influence of the organic environment,
the restructuring of pectin polymer molecules is
carried out, aimed at reducing the total amount of
free energy, which is characterized by smaller

sizes of water clusters located in the
intermolecular (or interparticle) space of pectin
(Fig. 5¢). Composite systems containing

hydrophobic silica AM-1 are characterized by a
decrease in values ys* in a weakly polar
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environment, which is due to an increase in
interphase water clusters (Fig.5c¢). In the
presence of a strong acid in the dispersion
medium, the value of ys* increases (Table 2) due
to solvation effects. At the same time, the size of
the surface clusters of water decreases in the
process of defrosting the system.

For the composite system containing a small
amount of AM-1 additive in the air environment
the maximum value of the interphase energy is
observed (Table 2). This is due to a significant
amount of strongly bound water, which is
concentrated in small clusters (Fig. 5 ¢). That is,
the amount and energy of water binding in
heterogeneous systems based on pectin is
primarily influenced not by the amount of
hydrophobic substance forming the composite,
but by the processes of interparticle interactions
between disparate components. They probably
also determine the degree of association of
molecules in the water layer. These results also
agree with the data obtained during the study of
adsorption from the MB solution on the surface of
various composite systems. Direct adsorption
measurements did not reveal certain regularity
between the hydrophobic properties of the matrix
and the ratio of component concentrations.

CONCLUSION

The construction of composite systems
containing pectins and silica materials can serve
as a promising direction in the creation of
nanomaterials with high adsorption
characteristics in relation to molecules of medium
and large molecular weight.

In particular, it shows the prospects of
creating composites based on a mixture of
hydrophobic and/or hydrophilic silicas (AM-1
and/or A-300, respectively) with pectin. It has
been shown that the maximum adsorption of MB
occurs from the model solution at pH 5.5 on the
surface of all the studied samples. The
A-300/AM-1/pectin composite system proved to
be the best, regardless of the amount of pectin in
the composite (5 or 10 %) at different pH values,
compared to other adsorbents.

It is possible to control the structure of
interfacial water and the energy of interaction
between water and the surface by changing the
concentration ratio of pectin and hydrophobic
silica. In this way, new types of functionalized
materials can be created for use in medical
composites.

HaHokoMMnoO3uTHI cHCTeMH NEKTHH/KPEeMHe3eM i iXHi BJ1aCTHBOCTI
T.B. Kpyncska, H.FO. Kinmenko, Qiliang Wei, Jinju Zheng, Weiyou Yang, A.M. lauiok, B.B. Typos

Incmumym mikpo/nanomamepianie i npucmpois, Texnonoeiunuil ynisepcumem Hinbo,
Hinbo, 315211, Kumau
Tuemumym ximii nogepxui in. O.0. Yyuxa Hayionanvhoi akademii nayx Yxpainu
eyn. Oneza Myopaxka, 17, Kuis, 03164, Ykpaina, nklymenko@ukr.net

B pobomi 0ocniosceno komnosumi cucmemu Ha OCHO8I NeKMUHI8 Ma KpeMHe3eMHUX mamepianis. Lle mooice Oymu
NepcneKmuHUM HANPIMKOM Y CMBOPEHHI CuCmeM i3 8UCOKUMU A0COPOYTTIHUMU XAPAKMEPUCUKAMU NO 8IOHOULEHHIO
00 MONEeKyNl cepeoHboi ma 6eluKoi MONeKyIApHOi macu. 3o0Kkpema, NOKA3AHO NePpCHeKMUHICb CMEOPEHHs
KOMRO3UMI8 HA OCHOBI cymiuti 2i0pogobHo2o abo/ma 2idpoghinbrozo kpemuesemie (AM-1 abo/ma A-300, 8ionosiono)
3 nekmuHom. Buaeneno, wjo maxcumanvua adcopoyis MemuieHo8020 CUHb020 8i00YBAEMbCA 3 MOOENbHO20 POIUUHY
npu pH 5.5 na noeepxmi ecix Oocnioscenux 3paskie. Hailikpawe cebe sapexomendysana KoMno3umua cucmema
A-300/AM-1/nexmun Hezanexcho 0 Kitbkocmi nekmuny 6 komnosumi (5 abo 10%) npu piznux snavennsx pH (1.5 ma
5.5), nopienano 3 iHwumMu adcopoeHmamu.

Memoio danoi pobomu 6y10 KOHCMPYIOBAHHSA KOMNOZUMHUX CUCIEM HA OCHOGI NEKMUHY ma KpeMmHe3eMig
(2iopogobroco ma 2idpoghinbrozo i iXHIX cymiwiell), 8UBUEHHS IXHIX A0COPOYIUHUX Napamempie no 8IOHOULEHHIO 00
KAmMioOHHO20 OAPEHUKA MEMUIEHO8020 CUHbO20 MA 8NIUG NEKMUHY HA 2i0pamayitiHi XapaKxmepucmuky KpemHe3eMHUX
copbenmis.

Jlocnioxceno ocobausocmi (popmysants 600HUX WAPI8 Y 2iOPAMOBAHUX HAHOKOMNOZUMHUX CUCTEMAX MemoOoM
nuzokomemnepamypnoi ' H AMP-cnexmpockonii. [loxazano, wo 3minioiouu cniegioHouens KoHYenmpayiti nekmumy
ma 2i0pohobHO20 Kpemuesemy, MOJHCHA Kepysamu CImMpyKmypoio Midcghaznoi 600u ma enepeicio 3aemooii 600u 3

ISSN 2079-1704. X®TI1. 2025. T. 16. Ne 3 319



T.V. Krupska, N.Yu. Klymenko, Qiliang Wei et al.

nosepxuero. 3a PAaxyHoK yvb02o MOJCYMb OYmMu CMEOpeHi HOGI munu QyHKYIOHANI308AHUX Mamepianié Ol
BUKOPUCIMAHHS 8 KOMNO3UMAX MEOUUHO20 NPUSHAYUEHHS.

B pobomi nokaszarno, wo ons komnozumuux cucmem, ki micmsame 2iopogoonuii kpemuezem AM-1, xapakmepne
SHUIICEHHSL 8eIUYUH MIJDCQA3HOI eHepell Yy caOKONOIAPHOMY cepedosuuyi, Wo 00YMOBIEHO YKPYNHEHHAM KIacmepie
MidcghazHoi 600U, A po3MIp NOGEPXHEGUX KIACMEPI8 800U 8 NPOYECi POIMOPOICYSBAHHSI CUCHEMU 3MEHULYEMBCAL.
Busenerno, wo Ha xinokicmo i enepeito 36 ’513Y8aHHA 800U 8 2eMePO2eHHUX CUCIEMAaX HA OCHO8I NeKMUHY 6NAUBAIOMb
npoyecu MidCUaCMUHKOBUX 83AEMOOI MIXHC PISHOPIOHUMU CKAAO08UMU, AKI UMOGIDHO BUSHAYAIOMb CMYNIHb
acoyitiosanocmi MoaeKky1 y wapi 600u.

Kniouoei cnosa: komnosumna cucmema, nekmun, 2iopoghobmuii kpemmnesem, ' H AMP-cnexmpockonis, adcopbyis,
MemuneHo8Ull CUHI
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