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The use of hydrophobic silicas as medical adsorbents in comparison with hydroxyl silicas allows to increase the
adsorption of some toxins on their surface due to the reduction of water adsorption. The purpose of this study was to
find a co-adsorbate that, adsorbed on a hydrophobic surface, would allow the preparation of aqueous suspensions of
an enterosorbent based on methylsilica, and, once inside the body, would be easily destroyed by the enzymes of the
gastrointestinal tract, freeing its surface for the adsorption of toxins on it.

The structure of the hydrate shell and the adsorption capacity of composite materials based on methyl silica and
gelatin obtained by different methods were investigated by a set of physical and chemical methods. Low-temperature
'H NMR-spectroscopy has been used to study of water clusters bound to composite surface. It has been found that the
water in the composite on the basis of hydrophobic methyl silica and gelatin gel is present in the form of clusters with
a radius of 0.5—15 nm and is in a strongly associated state when measured in air. When a liquid hydrophobic medium
is added, the water partially passes into a weakly associated state. The bound water reacts to the presence of
chloroform by changing the radial distribution of the adsorbed water clusters. It has been shown that for the composite
system methyl silica AM-1/gelatin (5/1), the introduction of chloroform into the interfacial space leads to a significant
decrease in the interfacial energy, which indicates a partial displacement of water by the hydrophobic solvent at the
interface. At the same time, for composites made on the basis of dry powders, this effect is not observed and its
interfacial energy has an intermediate value between the interfacial energies of methyl silica and gelatin containing
the same amount of water.

Adsorption of Congo red as the medium molecular weight toxins marker from aqueous solutions on the studied
composites was studied in comparison with methylsilica. It has been found that gelatin in the composition of composites
contributes to increasing dye adsorption. The amount of adsorbed Congo red depends on the method of preparation
of the composite and the ratio of silica to gelatin.

It is concluded that AM-1/gelatin composite systems can serve as effective adsorbents for removing medium
molecular weight molecules from aqueous solutions.
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INTRODUCTION of the silica surface [16—18]. However, this raises
the problem of transferring hydrophobic
adsorbents to the aqueous medium. Previously,
for small amounts of adsorbents (up to 20 g), this
problem was solved by the procedure of
hydrocompaction under mechanical load [19-21].
Scaling this technology has proven to be not very
efficient and requires a lot of mechanical effort.
The aim of this study was to search for a co-
adsorbent that, when adsorbed on a hydrophobic
surface, facilitates the process of wetting
hydrophobic particles with water, and when
entering the body as an enterosorbent, is easily
destroyed by enzymes of the gastrointestinal tract,
freeing its surface for adsorption of toxic
substances. One of the most promising materials
is food gelatin, which is a product of collagen
denaturation. It consists of a mixture of linear
polypeptides with different molecular weights

Silica adsorbents are widely used as
enterosorbents [1-4], drug carriers [5], excipients
in pharmacology [6,7], and components of
composite systems for medical purposes [8—11].
Their high adsorption activity is due not only to
the specific surface area, but also to the presence
of a large number of hydroxyl groups, which are
influential centers of primary adsorption of water
and many types of polar organic compounds
[12-14]. As a result, a thick film of strongly
bound water forms in the inter-particle gaps and
on the surface of silica particles, which prevents
the adsorption of molecules of medium molecular
weight, such as sugar, amino acids, toxic
substances and some natural toxins on the surface
[15]. The binding of water to the surface can be
reduced by partial or complete hydrophobisation
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and is a fibrillar protein of animal connective
tissue. It is mainly formed by amino acids such as
glycine (21 %), proline + hydroxyproline (24 %),
alanine (9 %), arginine (8 %), aspartic acid (6 %),
and the content of each of the other 10 amino
acids in gelatin does not exceed 4 % [22]. Gelatin
is registered as food additive E441.

The binding of water to the surface of highly
dispersed oxides has been studied using low-
temperature 'H NMR spectroscopy [23,24],
where the value of the chemical shift of interfacial
water determines the average number of hydrogen
bonds in which each water molecule participates,
and the temperature dependence of the non-
freezing water concentration determines the
distribution of adsorbed water clusters by radii (R)
and the value of the interfacial energy (ys), which
is equal to the total decrease in the free energy of
the water/adsorbent system due to the presence of
the interface. In composite systems that differ in
composition, environment, or concentration of
components, an increase in Yys indicates an
increase in water binding, and a decrease in ys
indicates a decrease in binding energy.

EXPERIMENTAL PART MATERIALS

For the experiments, pharmacopoeial gelatin
(Belgium) containing 4 wt. % residual water,
methyl silica AM-1 (Kalush, Ukraine) and Congo
red (CR) dye (M =697 g/mol) (Reapharm) was
used. The composite systems were prepared in
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Fig. 1.

The adsorption of Congo red dye from
aqueous solution onto AM-1 methyl silica and
composites was studied under static conditions at
a temperature of 20-25°C, a weight of the
adsorbent was added to 5 ml of the dye solution
(with concentrations ranging from 0.005 to
0.05 %), pH ~ 5. Since methyl silica AM-1 and
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two ways. According to the first method, the
gelatin was ground in a porcelain mortar to form
a fine powder. It was then mixed with an equal
amount of methyl silica by weight. Then the
mixture was ground dry for 10—15 min. It was
compacted and a composite with a bulk density of
Cq =350 mg/cm® was formed. 0.428 g/g was final
containing of water in the composite and
additionally ground in a mortar for 2 min. It was
equilibrated with 24 h of water at 280 K.

In the second method, a 2 % gelatin gel was
prepared. For this purpose, 5 ml of distilled water
was added to 100 mg of dry gelatin at 360 K. The
solution was stirred for 3 min until the
opalescence disappeared. After that, it was cooled
to 280 K for 2 h. As a result, a solid gel was
formed, which was mixed with a suspension of
AM-1 and ground for 10min. A liquid
homogeneous suspension was formed. It was kept
for 2 h at 7= 280 K, which eventually turned into
a solid gel, which was then dried at 7= 293 K and
20 % relative humidity for 24 hours. After such
drying, the composite contained 4 wt. % residual
water. The water content in the composite was
increased to 428 mg/g or 1 g/g by adding distilled
water (without grinding) and holding the sample
at 285 K for 2 h. The mass ratio of AM-1 to
gelatin was 1/1 and 1/5 when preparing composite
systems by both ways.

Fig. 1 a, b shows the data for composites,
which contained 4 (a) and 30 wt/ % of H,O (b).
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Thermogravimetric studies of AM-1/gelatin composite containing 4 wt. % (a) or 30 wt. % () of water

the created composites exhibit hydrophobic
properties and are not wetted by water,
mechanical loading was used to obtain their
suspensions [19-21]. 28 mL of water was
gradually added in small portions to 0.56 g of the
composite or methyl silica AM-1 with constant
grinding in a mortar. As a result of grinding with
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a high mechanical load, air is squeezed out of the
inter-particle gaps of hydrophobic adsorbents,
which is replaced by water and concentrated
suspensions are formed. To 2.5 ml of these
suspensions were added 2.5 ml of CR solutions so
that the initial concentration of the dye was
0.005-0.05 %. After stirring for 2 h, the solutions
were centrifuged for 20 min at 3000 rpm and the
supernatant was collected. The optical properties
of the obtained solutions were studied using a
Specord M-40 spectrometer (Germany) at a
maximum absorption band of 1=498 nm in a
1 cm cuvette. The equilibrium concentration of
the CR was calculated using the previously
obtained calibration graph. The amount of
adsorption of dye 4 (mg/g) was calculated by
formula (1), and the degree of its extraction (£, %)
was calculated by formula (2):

A= (Co—Cp)Vim, (1)
E=((Co—Cp)/Cp)-100%, 2)

where Cy and C, are the initial and equilibrium
concentrations of Congo red in solution, mg/ml;
V is the volume of the test solution, /; m is the
adsorbentweight, g.

Microscopy. The morphology of samples was
analyzed using a JEOL JSM6490 scanning
electron microscope (SEM).

Thermogravimetry (TG) with differential
thermal analysis (DTA). Thermograms (TG,
differential TG (DTG), and DTA) were recorded
using a Derivatograph Q-1500 D apparatus
(MOM, Hungary) upon heating of samples
(~0.2 g) in air at a heating rate of 10 °C/min
(average errors for TG and DTA measurements
are <£0.1 %).

'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 us 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
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measured by heating the samples, which were
previously cooled to the temperature of 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 freeze-thaw water
concentration (C,,) at any temperature:
Cuww = I7/Ir=273h (mg/g). The process of freezing
(melting) of interfacial water localised in a solid
porous matrix occurs in accordance with changes
in the Gibbs free energy caused by the influence
of the surface. At T=273 K, water freezes, the
properties of which do not differ from those of
bulk water, and as the temperature decreases
(without taking into account the effect of
supercooling), water layers closer to the surface
freeze, with the same ratio for interfacial water:

AGice =—0.036(273.15-T), 3)

where the numerical coefficient is a parameter
related to the temperature coefficient of variation
of the Gibbs free energy for ice [25]. Then, in
accordance with the methodology described in
detail in [23, 24], 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:

max
Cow

}/S = _K ‘[ AG(C'uw )dcuw . (4)
0

The Gibbs-Thomson equation [26, 27] can 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
point depression:

— 2O-S1Tn’l,oo

AT;H =Tm(R)_Tm,oo >
AH ,pR

)

where T(R) is the melting point of ice localised
in pores of radius R, T« is the melting point of
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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 volumetric enthalpy of
melting.

The value (AG), as well as the interfacial
energy (ys), were calculated according to
equations (3, 4). 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.

RESULTS AND DISCUSSION

SEM micrographs of the initial methyl silica
are shown in Fig. 2. The powder consists of
agglomerates ranging in size from 1 to 15 um
(Fig. 2 a). A mesoporous structure is clearly
visible on the surface (Fig. 2 ), which is caused
by effective interactions between the primary
particles. As a result, the bulk density of AM-1 is
low and amounts to about 50 mg/cm’.

Fig. 2. SEM micrographs of the initial (uncompacted) methyl silica AM-1

The '"H NMR spectra of water in gelatin gel
and AM-1/gelatin composite systems obtained at
different temperatures are shown in Figs. 3, 4.
When the amount of water in gelatin is 30 wt. %
(428 mg/g), it is observed as a single signal
(Fig. 3 a), the chemical shift of which increases
from 6y =5 ppm at 7=283 K to dy= 8 ppm at
T=210 K. According to the classification given
in [23], such water is strongly associated water
(SAW), since each molecule participates in the
formation of several hydrogen bonds. As the
temperature drops, the intensity of the water
signal decreases due to its partial freezing. The
replacement of the air medium with
deuterochloroform helps to reduce the SAW
signal width due to a decrease in the signal
broadening associated with the sample
heterogeneity and the appearance of a weakly
intense weakly associated water (WAW) signal in
the region Jy = 1 ppm, which practically does not
participate in the formation of hydrogen bonds.
The appearance of WAW in a heterogeneous
system is due to the formation of surface-
stabilised water-chloroform hydrates [23,24].

In the dried 5/1 AM-1/gelatin composite
(4 wt. % residual water), a weakly associated
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water signal is observed in the air environment
(Fig. 3 ¢). Consequently, its partially hydrophobic
surface is capable of exerting a disordered
(chaotropic) effect on water [18,28,29]. In a
hydrophobic medium (CDCls), several signals of
weakly associated water are observed (Fig. 3 d),
and the chemical shift of the strongly associated
water signal decreases to Jy =4 ppm. There is
also an increase in the intensity of the WAW
signal due to a decrease in the intensity of the
SAW signal. The addition of
deuterotrifluoroacetic acid (TFAA) to the
chloroform medium partially eliminates this
effect (Fig. 3 ). The WAW signal decreases (but
does not disappear), and several water signals
with different associations appear in the spectra.
Signal 1 in the weakest field (du= 12 ppm)
corresponds to a concentrated water-acid solution
[30, 31], signal 2 to a more dilute acid solution,
and signals 3 and 4 to water clusters that do not
dissolve TFAA.

Previously, similar results were obtained on
samples of hydrated silica A-300 in CDCls
medium containing additives of hydrochloric or
phosphoric acids [23]. The results show that for
water adsorbed in the inter-particle gaps of
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nanostructures silica, a system of water clusters is the '"HNMR spectra are characterized by the
formed, in which the formation of strong acid presence of only strongly associated water in the
solutions is thermodynamically disadvantageous. case of measurements in air (Fig. 4 a, b, d) and
For water adsorbed in AM-l/gelatin = 1/1 SAW and WAW signals in CDCl; (c, e).

(Fig. 4 a) and 5/1 (Fig. 4 b—e) composite systems,
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Fig. 3. 'HNMR spectra of water in a gelatin gel containing 30 wt. % water (@, b) and a 5/1 AM-1/gelatin composite system
(¢, d, e) measured at different temperatures, in air (@, ¢), CDCl; (b, d) and CDCI;+TFAA (e)
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Fig. 4. 'H NMR spectra of water in AM-1/gelatin 1/1 (@) and 5/1 (b—e) composite measured at different temperatures, in
air (a, b, d), CDCl; (¢, e) containing 30 (a—) and 50 wt. % (1 g/g) of water
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Fig. 5. Dependences of the non-freezing water concentration on temperature (a) and the dependences of the Gibbs
free energy on the non-freezing water concentration (b) built on their basis
Fig.5 shows the dependence of the respectively), the maximum decrease in free

measurement of the concentration of non-freezing
water on temperature (¢) and the dependence of
the change in the Gibbs free energy on the
concentration of non-freezing water AG(C.,) (b),
built on their basis, according to formula (3), and
Table 1 shows the characteristics of the bound
water layers in the studied systems. The table also
contains data on hydrated methyl silica powder
AM-1 taken from [32]. The concentrations of
strongly and weakly bound water (C,,,* and C,.,”,

energy in the layer of strongly bound water, which
was measured by extrapolating the dependence
AG(T)(Cuw)to the ordinate axis AG), and the value
of interfacial energy calculated in accordance
with formula (4) were measured. The part of the
interfacial water for which the decrease in the
Gibbs free energy AG<0.5kJ/mol was
considered to be strongly bound [23,24]. The
radial distribution of the adsorbed water clusters
was calculated according to formula (5) (Fig. 6).

Table 1. Characteristics of non-freezing water layers in gelatin gel and AM-1/gelatin composite system with different

hydration

Adsorbent Medium h, g/g Cuv’, mg/g Cuw'", mg/g AGSkJ/mol s, J/g

Gelatin Air 0.428 290 138 26 23.6

CDCly 0.428 280 148 23 23.7

AM-T/gelatin= 1/1 Air 0.428 200 228 25 19.6

Air 0.428 275 153 3.0 2523

o CDCly 0.428 200 228 22 15.5

AM-1/gelatin= 5/1 Air ! 280 720 3.0 31.0

CDCly 1 250 750 2.0 20.1

) 0.540 80 460 2.0 9.6

AM-1 Alr ! 110 890 2.0 14.0

The data in Table 1 show that the energy of
water binding by hydrated gelatin practically does
not change when the air medium is replaced by
CDClI; (the interfacial energy is the same). It is
possible that the water is tightly bound to gelatin
and that the diffusion of chloroform to the
polymer molecules requires reorganisation of
both the hydrate shell and the polymer chains.
However, the bound water reacts to the presence
of chloroform by changing the radial distribution
of the adsorbed water clusters (Fig. 6 a). In air,
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the main maximum of the distribution is located
at R =1 nm, while in chloroform, the maximums
are recorded at R =0.8, 3 and 10 nm. For the
composite system AM-1/gelatin=5/1, the
introduction of chloroform into the inter-particle
gaps leads to a significant decrease in the value of
ys (at h=0.428 g/g from 25.3 to 15.5 J/g, and at
h=1g/g from 31 to 20.1 J/g). That is, in the
composite, chloroform molecules partially
displace the water bordering the surface. This
process is accompanied by a decrease in the
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amount of strongly bound water and an increase introduction of AM-1 into the gelatin gel) leads to
in the amount of weakly bound water (Table 1). an increase, not a decrease, in the water binding
This process is manifested in the curves of energy. This is probably due to a significant
distribution by radii of water clusters in the form restructuring of the polymer/silica system. For the
of a decrease in the amount of water included in composite obtained by preliminary grinding of
small clusters (7 =0.428 g/g, Fig.6b) or an the dry mixture of ingredients (AM-
increase in the amount of water in large clusters 1/gelatin = 1/1), this effect is not observed, and
(h=1g/g, Fig.6¢). If we compare the water the value of ys has an intermediate value between
binding of the starting materials at equal water hydrated silica AM-1 and gelatin (Table 1). In this
content, we can conclude that the addition of five case, there may be separated phases of hydrated
parts of AM-1 to one part of gelatin (the polymer and hydrated AM-1 on the micro level.
100J gelatin, 480 mg/g H,0 150480 mg/g H,0 —— m—f/ ;geell;:'unnsw : /:i\rur 3001 4000 mgig H,0

s 80: Al AM1/gelatin 5/1, CDCl, AM-1/gelatin 511

g sl coel, gmo \ g o 'é'éc,}

g 40 g \ g 100

" 20! g% ) \ 9 \/

0] b 0
0 v -
1 10 100 0.1 1 10 1 10
R (nm) R (nm) R (nm)
a b c

Fig. 6. Radius distribution of adsorbed water clusters in hydrated gelatin (a) and AM-1/gelatin composites (b, ¢)

To determine the optimal adsorption time, adsorption capacity (4, mg/g) and the degree of
5ml of CR solution with a concentration of dye removal (£, %) at the maximum value of its
0.025 mg/g was added to 50mg of the initial concentration (Cy = 0.5 mg/ml).
AM-1/gelatin composite created by the first It should be noted that the adsorption activity
method at the ratio of methylsilica of the initial methyl silica AM-1 towards the CR
AM-1/gelatin = 1/1. The optical density of the is insignificant, since the gentle increase in the
solutions was measured after 0.5, 1, 2, 3, 4 and adsorption isotherm (Fig. 7 b, curve 5) with a
24 hours. gradual reaching of the “plateau” indicates a weak

It was found that 1.56 mg/g of CR was bonding of the dye molecules with the surface,
adsorbed during the first hour (Fig. 7 @). From the mainly due to hydrophobic and Van-der-Waals
second hour of adsorption and during the day, the forces. In this case, 4 = 12.5 mg/g, and E is 12 %
adsorption was 1.41-1.47 mg/g. It is known that (Table 2). Preliminary modification of the silica
during the adsorption of dyes on various types of surface with protein increases the adsorption
adsorbents, an increase in adsorption is observed activity towards the dye. The best sorption
over time [33, 34]. However, in the case of using activity among the studied adsorbents was
adsorbents with a non-rigid structure, for example, recorded for the composite prepared by method 2,
pyrogenic silica, some internal rearrangement of at the ratio of AM-1/gelatin 1/1. For this
aggregates is possible over time, which changes adsorbent, 4 = 45.4 mg/g, and the degree of dye
the equilibrium state of the adsorbent-adsorbate removal is maximum, amounting to 90.8 %
system [32], which can lead to a decrease in (Table 2). Thus, pre-gelation promotes a change
adsorption. Thus, 2 h was taken as the optimal in the conformation of the gelatin molecule,
time for establishing the adsorption equilibrium, which increases the number of adsorption centers
since a further increase in the adsorption time did in relation to the dye. A 5-fold increase in the
not affect its value. Further, adsorption of the dye silica component of the composites leads to a
on all investigated sorbents was carried out for decrease in the adsorbed CR in the systems
2 hours. created by methods 1 and 2 by 1.9 and 1.6 times,

The adsorption isotherms of the CR on the respectively (Table 2), which indicates partial
studied composites from aqueous solution are adsorption of the dye by gelatin. The experimental
shown in Fig. 7 b. Table 2 shows the values of adsorption isotherms of the CR on the studied
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composites can be described by the Langmuir
adsorption equation (6):

where A4, is the limiting monomolecular
adsorption — the capacity of the monolayer, mg/g;

K is the adsorption equilibrium constant
A=A,KC/(1 +KC), (6) e rption - cq
characterising the affinity of the adsorbed
substance for the surface, 1/mol.
2.04 1 40, y=0046x + 19.21
2 R*=0655 5
1.8 e , o rmmetl
- ~ % o Do
=) o S e
?1‘6 A Eﬂ .3 3 20- "/. y =0.047x + 0.391
-~ - -4 = R?=007
< 14 < o y = 0.020x + 0.066 2
5 10 R = 0,089 y=0032x + 0682
1 2 - R*=0991
' e X3 y=0023x+0128
10 St S 0 =T— _R-oms
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t(h) C, (mgfl) C, (mg/)
a b c

Fig. 7. The dependence of the amount of adsorption of Congo red on the composite AM-1/gelatin from time (a);
Congo red adsorption isotherms on composite (») and congo red adsorption isotherms, represented in inverse
coordinates in accordance with the Langmuir equation(c), on composite (way 1) with a ratio of AM-1/gelatin
1/1 (1) and 5/1 (2), composite (way 2) with a ratio of AM-1/gelatin 1/1 (3) and 5/1 (4) and AM-1 (5)

Table 2. Adsorption characteristics of AM-1 and created composites relative to CR at Cp = 0.5 mg/ml

Magnitude of The degree of
No Adsorbent adsorption extraction Ax, mg/g K, /g
A, mg/g E,%

1 AM-1 12.5 25.0 21.37 2.44
Composites are created by way 1

2 AM-1/gelatin 1/1 40.8 81.7 42.19 184.58

3 AM-1/gelatin5/1 21.1 42.2 21.14 120.85
Composites are created by way 2

4 AM-1/gelatin 1/1 45.4 90.8 49.02 304.93

5 AM-1/gelatin 5/1 27.5 55.0 30.40 48.23

The Langmuir equation in linear form (7) was
used to graphically determine the values of 4. and
K:

C/A = 1/( AK) + ClAs. (7)

In the (C/A4)/Cp coordinates, the experimental
isotherms look like straight lines (Fig. 7 ¢). The
parameters of the CR isotherms calculated within
the Langmuir model are presented in Table 2. The
lowest value of the adsorption equilibrium
constant was found for the adsorption of the dye
on the initial hydrophobic silica, which indicates
a weak energy of interaction between the
adsorbent and the adsorbate (Table?2). The
modification of the AM-1 surface with protein
increases the values of the dye adsorption limit
and the adsorption equilibrium constant.
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Thus, the preliminary sorption of gelatin on
the surface of methyl silica AM-1 significantly
increases the adsorption properties of the material
in relation to the anionic dye Congo red,
especially in the case of preliminary dispersion of
dry gelatin in the presence of AM-1.

CONCLUSION

The composite systems of methyl silica AM-
1/gelatin obtained by different methods were
investigated. It has been found that the water in
the composite is present in the form of clusters
with a radius of 0.5-15 nm and is in a highly
associated state when measured in air. When a
liquid hydrophobic medium is added, the water
becomes weakly associated. The bound water
reacts to the presence of chloroform by changing
the radial distribution of the adsorbed water
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clusters. It has been shown that for the composite
system methyl silica AM-1/gelatin (5/1), the
introduction of chloroform into the inter-particle
gaps leads to a significant decrease in interfacial
energy, which indicates a partial displacement of
water by a hydrophobic solvent at the interface.
A homogeneous gel-like composite can be
created on the basis of gelatin gel and
hydrophobic methylsilica, which, after drying, is
saturated with water in direct contact. The water
in the AM-1/gelatin composite exists in the form
of clusters with a radius of 0.5-15 nm and is in a
strongly associated or weakly associated state.
The latter is stabilised by contact with a liquid
hydrophobic medium. The addition of five parts
of hydrophobic silica to the gelatin gel does not
reduce but increases water binding (interfacial
energy increases by 20 %). At the same time, for
composites made on the basis of dry powders, this

has an intermediate value between the interfacial
energies of methyl silica and gelatin containing
the same amount of water.

It has been found that gelatin in the
composition of composites contributes to
increasing dye adsorption. The amount of
adsorbed Congo red depends on the method of
preparation of the composite and the ratio of silica
to gelatin.

It is shown that the AM-1/gelatin composite
systems can serve as effective adsorbents for the
removal of medium molecular weight molecules
from aqueous solutions.
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effect is not observed and its interfacial energy

Komno3uTHi Megu4Hi cucTeMH Ha OCHOBI IiIpo()o0HOr0 KpeMHe3eMy Ta JKeJaTHHY
T.B. Kpyncska, H.B. Bitiok, H.}O. Kiimmenko, I.B. Ciopa, B.B. Typos

Tuemumym ximii nogepxui in. O.0. Yyuxa Hayionanvhoi akademii nayx Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, siora@ukr.net

Buxopucmanns 2iopogobHux KpemHesemis sk adcopbeHmie MeOuyHo20 NPUSHAYEHHs ) NOPIGHAHHI 3 2I0POKCUTLHUMU
KpemHezemamu 0038015€ Nioguuumu aocopoyiio 0esKux moKCUHI6 Ha IXHill NOBEPXHI GHACTIOOK 3HUNMCEHHS Aa0copOyii 8600uU.
Memoio danozo docnioscennss 6y8 nowyk makoeo Ko-aocopbama, sikuil, aocopOylouucs Ha 2iopoghobuiil noeepxHi,
003801UMb 20MY8aMU 800HI CYCHEH3Ii eHmepocopbenma Ha 0CHO8I MEMUIKpeMHe3eMy, d NOMPANnUsUIU 8 OP2aHi3M, 1e2KO
PVUHYBAMUMEMbCsL (hepMEHmamu WIYHKOBO-KUUKOBO20 MPAKMY, 36LIbHSIOYU 1020 NOGEpXHIO Ot a0copOyii Ha Hil
moxkcunie. Pospobneno 06a cnocobu ompumants KOMRO3UMHUX CUCTEM HA OCHO8I MEMUIKpPEMHe3eMy md Xapyo6020
orcenamury. Komniexcom Qisuxo-ximMiuHux memoois OOCHONCeHO CmpyKmypy 2iopamuoi 060oNIoHKU ma adcopoyitiy
30amuicme komnosumis. Memooom nuzbkomemnepanyproi ' H AMP-cnexmpockonii docniosceno 6006y knacmepie 600u,
38 S13aHOI 3 NOBEPXHEer0 KOMNO3umis. Bcmarnoaneno, wjo 600a 6 KOMNO3UMI Ha OCHOGI MEMUTKPEMHEZEeMY § 2€/IH0 HCENAMUHU
icuye y euensoi knacmepig padiycom 0.5—15 um i 3Haxo00umbcs 6 cunbHO- abo crabkoacoyiviosanomy cmanax. Ocmanmin
cmaobinizyempcst npu KoHmakmi 3 piokum 2iopoghodbrum cepedosuuem. Jlodasanns n’smu uacmun 2iOpoghooHo2o
KpemHe3emy 00 HCelamUH08020 2ei0 He 3MEHULYE, a 30LIbUYE 36 A3Y8aAHHA 800U (MidchasHa eHepeis 30i1bUyembCs HA
20 %). ¥V mot srce wac ona KomMnosumie, 8U2OMOGIEHUX HA OCHOBI CYXUX NOPOWIKIE MEMUIKPeMHe3eMy | Hcelamuny, yel
epexkm He cnocmepicacmvbcs I MidC(A3HA eHepeisl MAE NPOMIdCHe 3HAYEHHS MidC MidchasHumu  eHepeiimu
MemunKpemMHe3eMy Md HCeAAMUHU, W0 MICIUMb 0OHAKO8Y KiTbKiCMb 800U.

Jlocnidowceno adcopoyito KoH20 Uep8OHO20 AK CepeOHbOMONEKVIAPHO20 MApKepa MOKCUHIE i3 600HUX PO3UUMIE HA
00COAHCYBAHUX KOMNOZUMAX Y NOPIGHAHHI 3 MemuIKpemMHesemMom. Becmarnosneno, wo scenamuna y ckiadi KOMRo3umis
cnpusie niosuwyernIo aocopoyii baperuxa. Kinvkicms adcopbo8anoeo KOH20 YePEOHO20 3aNeNHCUNb 8I0 CNOCOOY OMPUMAHHSL
KOMRO3UMY Ma CHig8IOHOUEHHSI KDEMHE3EMY | HCeNaAMUHUL.

3pobneno ucrnosox, wo komnozumui cucmemu AM-1/dcenamun mosicymo cryzysamu eghekmugHuUM aocopbenmamu
07151 UOATICHHS 3 BOOHUX PO3UUHIB MOIEKY]L CePeOHbOI MONEKYIAPHOI MACU.

Kniouosi cnosa: ziopogobnuii xpemmnesem, ocenamuna, xomnosumna cucmema, 'H SAMP-cnexmpockonis,
aocopdyis
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