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The aim of the research was to study the state of water in the hydrated sucrose powder, in its
melt, and composite systems containing 3 parts of silica (A-300 or AM1) and 1 part of sucrose in
air, low-polar organic solvent-deuterochloroform and CDCl; medium with addition of strong acids
by method of low-temperature 'H NMR spectroscopy. It was demonstrated that at the joint
mechanoactivation of sucrose with nano-silica, its amorphization takes place. In this case, the
adsorption of water in such a composite is not accompanied by the dissolution process in interfacial
water of the sucrose immobilized on the SiO, surface. It was found that the effect of sucrose
solubility increasing accompanies the placement of the composite in a medium that does not dissolve
water and sucrose, an organic solvent-deuterochloroform. It was suggested that it is due to an
increase the contact area of adsorbed water clusters with the sucrose surface. The maximal
concentration of sucrose, which dissolves in interfacial water, is about 30% by weight. The
replacement of hydrophilic silica A-300 by hydrophobic silica AM1, while maintaining the
concentration ratio of components and the amount of adsorbed water, reduces the free energy of
water binding in the composite system. The obtained results can be used in development of a new
generation of enterosorbents.

Key words: low-temperature 'H NMR spectroscopy, sucrose, wetting-drying, hydrophilic and
hydrophobic silica, composite system.

High-dispersed silica (HDS aerosil,
pyrogenic silica) is used in the pharmacopoeia
of many countries as an auxiliary substance in
the manufacture of dosage forms for more than
thirty years. They have a complex of properties
that make it possible to use it widely in the
food industry, in biotechnology of agriculture,
in medicine, pharmacy and laboratory practice.
The carried out tests [1] have showed that the
HDS exhibits high adsorption properties with
respect to toxins of protein nature, can serve
as an adaptogenic and immunostimulating
agent. It has extremely low toxicity, even at
high concentrations, is a source of silicium,
which is necessary for the normal functioning
of the nervous system and has many other
useful properties. The US Food Authority has
authorized the use of aerosil as a food additive
[2]. Amorphous silicium dioxide has the
registration number of food additive E 551.

Most of the properties of silica used in
practice are due to the presence of =SiOH
groups on its surface. They determine the high
affinity of silica to many biomolecules [3—T7].
With the participation of silanol groups, silica
particles also interact with water molecules,
which form clusters at small concentrations,
the radius of which can be from one to several
tens of nanometers [8]. With a high content of
surface water, the water-silica system turns
into a gel.

In recent years, many pharmaceutical
companies produce composite systems that,
in addition to HDS, contain flavor additives,
in particular sucrose, glucose or sorbitol
[9-11]. However, depending on the method
of sugars administration, hygroscopicity
and other physic-chemical properties, such
as bulk density, specific surface area, and
temperature resistance of the preparation
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can vary within wide limits. The basis is the
phenomenon of components of the composite
system nanostructuring, which can be used to
control its parameters. So, in the transition
to a nanoscale state, water begins to dissolve
poorly many polar molecules, including
mineral acids [8, 12—14]. It can be expected
that the adsorption of water to the HDS, with
sucrose immobilized on its surface, will take
place differently than in the case of interaction
with sucrose crystals.

The purpose of this work was to study the
state of water and the possibility of forming a
water-sucrose solution in a cooled melt, high-
dispersed powder and nanostructured sucrose
immobilized on the surface of hydrophobic and
hydrophilic nanosilica, as well as the influence
of a weakly polar organic solvent and strong
acid additives on this process.

As the main method of investigation, the
low-temperature 'H NMR spectroscopy was
used [8, 15, 16], by which the presence of a
solution and its concentration can be easily
determined by the occurrence the signal of the
hydroxyl groups of sucrose in spectra, by the
magnitude of the chemical shift of bound water
to assess the degree of its association (the
number of hydrogen bonds in which each water
molecule participates), and by the temperature
dependence of the concentration of non-
freezing water (C,,) and sucrose — the size of
surface clusters calculated in accordance with
the Gibbs-Thomson equation [17, 18].

Materials and Methods

Materials. Food sucrose was studied,
previously ground by grinding in a porcelain
mortar, after which the size of its crystals
was reduced to 1-10 microns. Then it was
used for the immobilization on the surface
of hydrophilic wetting-drying nanosilica of
grade A-300 [19] with specific surface area
S = 220 m?/g and of hydrophobic nanosilica
of grade AM1 with specific surface area S =
285 m?/g (Kalush experimental plant of
Chuiko Institute of Surface Chemistry). The
gritted sucrose powder was mixed in a ratio
of 1: 3 with nanosilica and their combined
mechanoactivation was performed in a
porcelain mortar for 10 min. Then the samples
were placed in a 5 mm NMR vials and by
100 mg/g of distilled water were added
thereto.

NMR spectroscopy. NMR spectra
were recorded on a high-resolution NMR
spectrometer (Varian “Mercury”) at an
operating frequency of 400 MHz. Eight

52

60° probing impulses of 1 pus duration with
a bandwidth of 20 kHz were used. The
temperature in the sensor was controlled by the
Bruker VT-1000 thermal attachment with an
accuracy of = 1 degrees. Signal intensities were
determined by measuring the area of the peaks
using the procedure for decomposing the signal
into its components under the assumption of
a Gaussian signal format and optimizing the
zero line and phase with an accuracy that, for
well-resolved signals, was not lower than 5%,
and for overlapping signals = 10% . To prevent
the supercooling of water in the investigated
objects, measurements of the concentration of
non-freezing water were carried out upon the
application of heating the samples previously
cooled to a temperature of 210 K.

The value of the chemical shift of
protons (3y) was used as the main parameter
determining the structure of the hydrogen
bond network of water. It was assumed that
the water in which each molecule participates
in the formation of four hydrogen bonds
(two due to protons and two due to unshared
electron pairs of oxygen atoms) has a chemical
shift 6y = 7 ppm (realized for hexagonal ice),
and weakly associated water (not involved in
the formation of hydrogen bonds as a proton
donor) — chemical shift 65 =1-1.5 ppm [8, 15,
16]. To determine the geometric dimensions of
clusters of adsorbed water, the Gibbs-Thomson
equation was used that relates the radius
of spherical or cylindrical water cluster or
domain (R) to the value of the freezing point
depression [17, 18]:

26& T;n ©
AT, =Tm(R)—Tm’w=7’, 1)

AH ,pR

where T,(R) is the melting point of ice
localized in pores of radius R, T,, ., is the
melting point of bulk ice, p is the density of
the solid phase, o, is the interaction energy
of solid body with a liquid, and AH; is the
volume enthalpy of melting. For practical
use the equation (1) can be used in the form
AT,, = (k/R), in which the constant & for many
heterogeneous systems containing water is
close to 50 deg - nm [18]. The technique of NMR
measurements and methods for determining
the radii of clusters of interphase water is
described in detail in [8, 15, 16]. With that the
clusters can be considered polyassociates, whose
radius is R < 2 nm, and polyassociates of a
larger size — domains or nanodrops, since they
contain several thousand water molecules [8].
The process of freezing (defrost) of bound
water corresponds to changes in the free
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Gibbs energy, due to the effects of limited
space and the natural phases interface. The
difference from the process in the volume is
the smaller, the farther from the surface is the
layer of water. At T = 273 K water freezes, the
properties of which correspond to bulk water,
and as the temperature decreases (without
taking into account the effect of supercooling),
the layers of water that are closer to the
surface freeze. To change the free energy of
bound water (ice), the following relation holds
true:

AG,.. = —-0.036(273.15 -T), (2)

where the numerical coefficient is a parameter
related to the temperature coefficient of
variation of the free Gibbs energy for ice
[20]. Determining by the value of the signal
intensity the temperature dependence of the
concentration of non-freezing water C,,(T)
in accordance with the procedure detailed
in [8, 15, 16], the amount of strongly and
weakly bound water and the thermodynamic
characteristics of these layers can be
calculated.

The interfacial energy of water at the
boundary with solid particles or in its aqueous
solutions was determined as the modulus of
the total decrease in the free energy of water
due to the presence of a phase boundary by the
formula:

fo
7/5 =_K j AG(C‘uw )dCuw ’ (3)

0

where C™, is the total amount of non-freezing
water at T = 273 K.

Microphotography of composite systems
was carried out with a Primo Star microscope
(Zeiss, Germany) in reflected and transmitted
light, with magnification of x40 and x100.

X-ray diffraction analysis (XRD) was
carried out by powder diffractometry with
DRON-3M diffractometer (“Burevestnik”,
Russia) in the Cu Ka emission of anode line
with a nickel filter in a reflected beam and a
Bragg-Brentano survey geometry.

Results and Discussion

The results of the X-ray diffraction
analysis of fine-crystalline sucrose and a
sample of nanosilica A-300, on whose surface
33 weight % of sucrose is immobilized, are
shown in Fig. 1.

As can be seen from the data in Fig. 1, after
mechanoactivation the intensity of the peaks

corresponding to the crystalline phase of
sucrose decreases substantially. Accordingly,
most of the sucrose passes into an amorphous
state, in which the size of the crystallites is
measured in some units or tens of nanometers
(Fig. 2, a, b). It can be assumed that as a result
of mechanical loads, silica and sucrose form a
heterogeneous system in which a significant
part of the surface of silica particles is covered
with a layer of amorphized sucrose (Fig. 2, ¢).
Fig. 3, a shows the 'H NMR spectra
recorded at different temperatures from a
sample obtained by sucrose melting in the
presence of water (100 mg/g). After cooling,
such sample quickly crystallizes and is in
the form of a solid polycrystalline system.
Three wide signals are fixed in the spectra,
two of which with chemical shifts 6, = 6.5
and 4 ppm refer to the hydroxyl groups of
sucrose, and one (8 = 5-6.5 ppm) to water
that is part of sucrose crystals. Assuming [20]
that the chemical shift of tetracoordinated
water in hexagonal ice is 7 ppm, and that of
nonassociated water (gas phase or solution
in nonpolar solvents) is 1.5 ppm, it can be
concluded that water in sucrose crystals is
present in a strongly associated state. The
average number of hydrogen bonds in which
each water molecule participates increases
from 2.5 at T =285 K to 3.5 at T = 226 K.

The signals of CH and OH groups of sucrose
dissolved in adsorbed water are recorded in the
spectra only at temperatures T > 260 K, and
absorbed water at lower temperatures too.
The intensity of the water signal at T > 260 K
practically does not change. Growth in this
temperature range of the intensity of sucrose
signal indicates an increase in its concentration
in the unfrozen phase.
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Fig. 1. X-ray diffraction patterns of finely dis-
persed sucrose and sucrose immobilized on the
surface of nanosilica A-300
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Fig. 2. Microphotographs of:
crystalline sucrose (a), ground sucrose (b) and composite sucrose/SiO, system (c) taken
in reflection modes

For a frozen wet sucrose powder (Fig. 3,
b), only one broad signal is observed in the
spectra, the intensity of which decreases with
a decrease in temperature, and the chemical
shift displaces towards weak magnetic fields
(larger values of &). The width of the signal
is much larger than in the spectra in Fig. 3, a.
This makes it difficult to register the signals of
dissolved sucrose. It can be assumed that sugar
is dissolved in adsorbed on the surface water
only near T = 273 K or at higher temperatures.
Additional heating of the sample up to T =
340 K (spectrum at T = 285 K) leads to the
appearance of a weak signal of dissolved
sucrose.

For a sample of sucrose immobilized
on the surface of nanosilica (Fig. 3, c¢), its
dissolution in interphase water is not observed
in the whole temperature range accessible for
measurement. It should be noted that in this
sample, the amount of water per mass unit of
sucrose is three times higher than that of the
sample in Fig. 3, b. So, the transition of sucrose
to the amorphous state (Fig. 1) prevents the
dissolution of sucrose in adsorbed water.

It could be assumed that the medium of
an inert solvent deuterohloroform, which is
capable of dissolving only very small amounts
of water and sucrose, will not affect the process
of sucrose dissolving by water adsorbed on it.
However, it turned out that this is not the
case (Fig. 4). In sucrose powder, as well as in
sucrose/Si0O, composite system, the spectra
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record the formation of a solution over a wide
range of temperatures.

As enterosorbents are used orally, in the
stomach they are exposed to gastric juice
containing 0.1 N hydrochloric acid solution.
Therefore, in Fig. 4 ¢ there are also shown
the spectra of aqueous 36% HCI solution at
the surface of the sucrose/SiO, composite
at different temperatures. Three signals are
observed in the spectrum, one of which, with
a chemical shift 6;; = 4 ppm, can be attributed
to protons of sucrose hydroxyl groups, and
the other two to an aqueous HCI solution of
different concentrations. The second sucrose
signal, recorded in Fig. 4, a, b at 6; = 7 ppm
coincides with the intense signal of an aqueous
solution of acid and therefore is not observed
in the spectra. The appearance of two signals
of acid solution is due to the possibility of
formation in the adsorption layer of different
by structure and size water clusters that have
a different solubility in relation to strong acids
[12, 13].

To analyze the results obtained, in Fig.
5, a the temperature dependences are given
of the change in the concentration of non-
freezing water calculated from the change in
the intensity of the bound water signal, and in
Fig. 5, b, ¢ — calculated distribution of cluster
radii (nanodrops) of non-freezing water, in
accordance with Fig. 5, a, by equation of Gibbs-
Thomson.
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Fig. 3. "H NMR spectra of a sample obtained by sucrose melting in:
the presence of 100 mg/g of water (a), in finely dispersed sucrose powder (b)
and in sucrose/SiO, composite (¢) taken at different temperatures
a b
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Fig. 4.'H NMR spectra of:
sucrose wet powder (a), sucrose/SiO4 composite (b), and sucrose/SiO5 composite containing HCI solution in
the CDCl; medium instead of water
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Fig. 5. Temperature dependence of:
the concentration of non-freezing water (a) and radial distribution of adsorbed water clusters in sucrose sam-
ples (melt and disperse powder) (b) and in sucrose/SiOy composite (c)

In a cooled sucrose melt containing dissolved
water, there is a widespread radial distribution
of dissolved water clusters, in which there
are expressed maxima at R =1, 2.5 and 8 nm.
The measurements relate to the range of
temperatures in which the water dissolved in the
melt is in the form of an individual substance.
For wet sucrose powder, a significant amount
of water is included in clusters with a radius of
3 nm, but the portion of water absorbed by the
sucrose has a radius in the range of 4—20 nm.
For water adsorbed in sucrose/SiO, composite,
there are three main peaks on the distribution,
corresponding to R = 0.9, 2.5 and 9 nm. These
values probably correspond to the geometric
dimensions of the interparticle gaps in
nanostructured silica powders with immobilized
sucrose on the surface of the particles.

The deuterochloroform medium completely
changes the form of distributions (Fig. 5, b, ¢).
In a wet powder under the influence of weakly
polar medium, relatively large clusters are
stabilized, which, apparently, are formed by
the fusion of smaller ones. In sucrose/SiO,
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composite system one maximum remains at
R = 1.5 nm on the distribution. The general
property of systems in which the sucrose
dissolution in interphase water is recorded
(the appearance of sucrose signals in the NMR
spectra, Fig. 3, 4) is the presence of a region
at R > 10 nm, where the value of AC = 0 (the
change in the intensity of the water signal
does not occur, since all the water has already
passed into the liquid state, Fig. 5, a)

Possible causes of such a significant
effect of the hydrophobic medium on sucrose
dissolution may be the partial fusion of
surface water clusters and the increase of
their contact area with the sucrose surface —
water from the almost spherical nanodrops
passes into the form of hemispheres wetting
the surface. When this happens, the energy
of the transition of sucrose from crystals
(crystallites) to the dissolved state decreases.
Thus, by using inert media or co-adsorbates,
methods for controlling the solubility of
substances immobilized on the surface of
highly dispersed particles can be developed.
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The temperature dependences of sucrose
concentration in adsorbed water can be
calculated from the ratio of water and
hydroxyl groups of sucrose concentrations
(Fig. 6). As can be seen from the figure, for all
systems at T > 273 K, sucrose concentration
in interphase water is about 30% by weight
or about 6 molecules of water per 1 sucrose
molecule. As the temperature decreases, the
concentration of sucrose decreases rapidly due
to its crystallization.

Fig. 7 shows the dependences of the change
of free Gibbs energy on the concentration
of non-freezing water, calculated from
the formula (2), based on the temperature
dependences of the change in the concentration
of non- freezing water (Fig. 5, a). The
thermodynamic parameters of non-freezing
water are summarized in Table 1. It was also
assumed that the strongly bound water (C,,%)
is that part of the interphase water, which
freezes at T < 265 K (AG < —0.5) [8]. The
rest of the water can be classified as weakly
bound (C,,"). The maximum decrease in free
energy in the layer of strongly bound water
(AG®) characterizes the effectiveness of the
surface influence on the part of the water that
contacts it. Total decrease of free energy in
the entire layer of adsorbed water determined
by equation (3) determines the interfacial
energy of the surface (yg), which depends
on the amount of water, the structure of the
water clusters, the area of their contact with
the surface, the presence of soluble substances,
and the medium in which the measurements
are made.

40 ]—=— composite in CDCI,
35_‘—-—disp. crystalls in CDCI, e
30 melt in water _—

—

, wt.%
)
o

C
cax
-
[9)]
1

250 255 260 265 270 275 280 285 290
Temperature, K

Fig. 6. Temperature dependence
of sucrose concentration:
in non-freezing water for its melt,
dispersed crystals and sucrose/SiO, composite
in CDCl3 medium

The magnitude of interfacial energy is
determined by the ratio of strongly and weakly
bound water and the value of AG®. It can be
used to analyze the change in free energy
when varying the sucrose containing system.
Schematically, the changes in the state of
interphase water and the associated changes in
vs are shown in Fig. 8.

The maximum values of the interfacial
energy are recorded for a sample obtained by
sucrose melting in the presence of a certain
amount of water. When the sample is frozen,
the water in it is released in the form of
nanoscale clusters (Fig. 5), which interact most
effectively with the surrounding sucrose. Some
contribution to the measured value of yq is
made also by the partial dissolution of sucrose
in the absorbed water. The interphase energy
decreases sharply reaching its minimum value
when passing from the melt to the hydrated
powder of finely dispersed sucrose. The
probable cause is the relatively poor dissolving
power of clustered water with respect to
sucrose, in conditions of a small contact
surface area of dissimilar substances. The
difference in the value of ygq for the melt and
dispersed sucrose powder (5.3 J/g) determines
the change in the free energy of the water
cluster when it moves from the surface to the
inside of the sucrose crystal. The hydrophobic
medium makes the clustering of interphase
water (Fig. 5) and their placement along the
surface of crystals (crystallites) of sucrose
more thermodynamically advantageous. This
increases the area of water contact with the
surface of sucrose and facilitates the process of

0,0-
| wBw ///-‘,;
-0,5 =

5 -1,0-

£ 1 5‘

= -1,91

- —— sucrose!Si02 air

S‘q? -2,01 | —e— sucrose/SiO, CDCI,
) 5_} sucrose (melt)

T —— sucrose (disp.) air

-3.0- sucrose (disp.) CDCI,

0 20 40 60 80 100
C,. mg/g
Fig. 7. Dependences of the change of free Gibbs
energy on the non-freezing water concentration:

for sucrose samples and sucrose/SiO,
composite system
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Table 1. Characteristics of non-freezing water layers in sucrose samples and sucrose/SiO, composite system

Sample Medium Cuw ,mg/g Cuw ,mg/g AG?, kdJ /mol Vs J/8
Sucrose /SiOy Air 60 40 -2.5 4.7
Sucrose /SiO, CDCl; 85 15 -1.7 4.4
Sucrose melt 90 10 -3 7.8

Sucrose dispersed Air 40 60 -1.5 2.5
Sucrose dispersed CDCl; 85 15 -2.7 4.4

Sucrose/S10; Sucrosef310; Sucrose Sucrose dlSp Suerose disp.

Air CDCl,

melt

Air CDCl,

Fig. 8. Schematic changes in the state of interfacial water in sucrose containing samples
and in sucrose/Si0O, composite

partial sucrose dissolution in interfacial water.
The resulting free energy gainis 1.9 J/g.

For sucrose/SiO, composite system,
clusters of adsorbed water can contact both
the surface of silica and sucrose. However,
the contact area is not sufficient for the
essential sucrose solubility, and the small
radius of adsorbed water clusters (Fig. 5)
makes the dissolution process of sucrose
thermodynamically unprofitable. As shown
in [8], the chloroform medium is capable of
displacing water from the silica surface. In
this case, the nanoclusters of water move to
silica surface covered with sucrose, where
their enlargement takes place (Fig. 5) and the
contact area of sucrose-water increases. For
water this process turns out to be energetically
unprofitable (the value of yg decreases by
0.3 J/g), which is probably compensated by
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the energy gain due to the high affinity of
deuterochloroform to the silica surface.

By mechanochemical activation, which
provides significant mechanical loads,
sucrose can also be immobilized on the
surface of hydrophobic methyl silica. Thus,
when grinding sucrose with methyl silica of
grade AMI1 in a porcelain mortar, after only
5-10 min a significant compaction of the
material is observed (the bulk density increases
3—4 times). Bringing in close contact of sucrose
hydrophilic particles with methyl silica surface
creates the conditions for the appearance of
Van der Waals forces between them that hold
particles at atomic distances. In the process,
a composite system is formed that has a
sufficiently high affinity for adsorbed water.

Fig. 9 shows recorded at different
temperatures spectra of water adsorbed by
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sucrose/AM1 composite containing sucrose
and silica AM1 (in a ratio of 1:3) with addition
of 100 mg/g of water in air, deuterochloroform
and CDCl; medium with the addition of
15% by weight of deuterotrifluoroacetic
acid. From Fig. 9 a we see that even in the
air, spectra record the signals of protons
of CH and OH. The water signal contains a
narrow (observed at T' > 273 K) and a wide
component. It can be assumed that they
correspond to different states of interphase
water. Since there is practically no adsorption
of water on pure methyl silica [15], it is
most likely that all water corresponding to
a wide component of the 'H NMR signal can
be attributed to water adsorbed on sucrose
crystallites forming a mosaic coating on silica
aggregates. The narrow component recorded
in the spectra at T = 283 K (Fig. 9, a) can be
associated with submicron drops of water
stabilized by hydrophobic silica particles.
Due to the presence of a film of hydrophobic
powder, nanodrops on the surface, which are
not connected with the surface of sucrose,
the fusion of water particles dispersed in
the heterogeneous system do not occur. In
addition, silica particles act as a hydrophobic
medium and, similarly to chloroform, promote

HO

sucrose/AM1 1:3 283 K
+ 100 mg/g HZO 270.5

sucrose/AM1 1:3
+ 100 mg/g H.O

8 CDCI, + TFAA

the movement of adsorbed water to the surface
of sucrose crystallites. As a result, its partial
dissolution occurs in the interfacial water.

In the chloroform medium, the narrow
component of the water signal in the
spectra disappears (Fig. 9, b) and all water
concentrates on sucrose crystallites. The
solubility of sucrose in adsorbed water rises
sharply (the sucrose signal increases). The
addition of 15 weight% of trifluoroacetic
acid to the dispersion medium results in a
shift of the water signal into weak magnetic
fields due to the appearance of a contribution
from the “acidic” TFA protons (Fig. 9, ¢).
In Fig. 10 for the composite sucrose/AM1
system, the temperature dependences of non-
freezing water concentration (a), the sucrose
concentration (b), the dependence of the change
in Gibbs free energy on the concentration of
non-freezing water (c), and radial distribution
of non-freezing water clusters are given.
The thermodynamic characteristics of the
interfacial water layers are summarized in
Table 2.

From the data of the table, it follows
that, as in the case of dispersed sucrose
powder (Table 1), the medium of weakly polar
chloroform increases the amount of strongly

sucrose/AM1 1.3 282 k
+100 mg/g H,0 271

+cDCl,

Fig. 9. 'H NMR spectra of water and sucrose in composite system:
sucrose AM1 (1: 3 ratio) in air (a), CDCl3 medium (b) and CDCl3 + TFA (c)
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Table 2. Characteristics of non-freezing water layers in samples of sucrose/AM1composite system

Sample Medium c,.’, mg/g c,.,”,mg/g AGS, kJ /mol Vs J/8
Succrose/AM1 Air 45 55 -1.7 2.7
Succrose/AM1 CDCl4 65 35 -1.5 3.4

a 110, Medium b 32]
100 +—=— wide comp.  air R ]
90 4—=— narrow comp.  air i 28
gg-- e cocl, 24 ]
o 60] & 2
2 501 = 16]
5 401 2 12
o 304 © 8]
20 / .
101 N 44
0] — 0
“10 T T T T T T 1 L T T T T T T T T 1
220 230 240 250 260 270 280 290 245 250 255 260 265 270 275 280 285
Temperature, K Temperature, K
¢ 0,2, d
’ ] 501 ——air
o P 451 cpcl
-0.24 ——CDCl, WBW 40 ?
5 -041 351
£ 061 5 30
2_ -0,81 SBW m— 25_ \
9 -10] ° S 201
1923 154
A 12 s
-1,61 01
'1,8 T T 4 T 4 T ¥ T 4 T v -5- —rT ™ T ——r—r—rrT T
0 20 40 60 80 100 1 10 R,nm
C ., mg/g
uw’

Fig. 10. Temperature dependences of the concentration of:
non-freezing water (a), sucrose concentration (b), the dependence of the change in Gibbs free energy
on the concentration of non-freezing water (c), and radial distribution of non-freezing water clusters
for sucrose/AM1 composite system

bound water and the value of interfacial
energy, which is close in magnitude to that
obtained for the dispersed sucrose powder.
Consequently, the replacement of hydrophilic
silica by hydrophobic silica is accompanied by
a significant decrease in the binding of water
in the composite system, which confirms the
diagram shown in Fig. 7 of water interaction
with the components of the composite system.
Both in air and in chloroform, a significant
part of the adsorbed water is included in
clusters with a radius of 2—4 nm. The narrow
component of the signal of bound water
corresponds to clusters of water with B> 10 nm
(Fig. 10, a, d). At T = 282 K, the sucrose
concentration in interfacial water is the same
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for the sample in air and in the medium of
CDCl;. However, in air, the signal of dissolved
sucrose is absent at T < 263 K. So, chloroform
contributes to the improvement the solubility
of sucrose in water at low temperatures.

So, it is shown that sucrose amorphization
occurs during the simultaneous mechano-
activation of sucrose with nanosilica. The
adsorption of water in such a composite is
not accompanied by the dissolution process
of the sucrose immobilized on the SiO,
surface in interfacial water. The effect of
sucrose solubility increasing upon placing
the composite in a medium that does not
dissolve water and sucrose, an organic
solvent, deuterochloroform, is caused by an
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increase in the contact area of clusters of
adsorbed water with the surface of sucrose.
The maximal sucrose concentration, which
dissolves in interfacial water, is about 30%
by weight . While maintaining the ratio of
the concentrations of the components and
the amount of adsorbed water, replacing the
hydrophilic wetting-drying silica (A-300) by
hydrophobic (AM1) reduces the free binding
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OCOBJIUBOCTI T'TIPATAIIIT
KOMIIO3UTHUX CUCTEM
HA OCHOBI BUCOROJUCITEPCHOT'O
KPEMHESEMY TA CAXAPO3HU
Y PISHUX CEPEJOBHUIIIAX

B. B. Typos
T. B. KEpyncvka
A.Il.I'onosaus
M.T. Kapmeas

ImcruryT ximii moBepxHi im. 0.0. Uyiika
HAH Vxpainu, Kuis

E-mail: krupska@ukr.net

MeTor0 po6oTu O6yJI0 JOCTIAUTH CTAH BOOU B
rizpaToBaHOMY IIOPOIIKY caXaposu, il po3maaBi
Ta KOMIIOBUTHUX CHCTEeMaXxX, AKi mMicTaTs 3 ua-
crurau KpemHeszeMy (A-300 uu AM1) i 1 vacTuny
caxapo3’ B IIOBITPAHOMY CepemOBUIIi, cepemno-
BUIIi CJIa00OIOJSAPHOTO OPTAHIYHOTO PO3UYMHHU-
Ka — gmeliTepoxyiopodopmy Ta cepemopuini CDCly
3 1o6aBKaMu CUJIBHUX KUCJIOT METOJOM HU3bKO-
temneparyproi "H SIMP crexrpockomii. IToxasa-
HO, IT[0 32 CYMiCHOI MeXaHOaKTHBAIlil caxaposu 3
HaHOKPeMHe3eMOM Bi0yBaeThes ii amopdisarisa.
ITpu npomy amcopbIlid BOAM B TAKOMY KOMIIO3U-
Ti He CYIPOBOJKYETHCA IPOILECOM PO3UMHEHHSA
iMmMmob6inizoBanoi Ha moBepxHi SiO, caxaposu B
mik@asHiit Boxi. BuaBieHno edeKT migBUIeHHS
PO3BYMHHOCTI caxaposy 3a IIepeHeCeHHA KOMIIO-
3UTY B CepPeJOBUINE OPTAaHIYHOTO POBUMHHUKA —
IeliTepoxjgopodopMy, IO He POIUMHSIE BOAY i
caxaposy. BucioBieHO mpunmyImieHHsd, 10 e
e(peKT 3yMOBJIEHUH 301/IBLIITeHHAM ILJIOIi KOHTaK-
Ty KJIacTepiB afcopOboBaHOI BOAY 3 ITIOBEPXHEIO Ca-
xaposu. MakcuMaJabHa KOHIIEHTpAIlid caxaposu,
3a AKOI BOHA PO3UMHSAETHCA B MiKdasuiit Boxi,
cTaHoBuUTh 0u3bK0 30 mac.% . 3a 36eperKeHHs
CIIiBBiHOIIEHHS KOHIIEHTpPAIliil KOMIIOHEHTiB Ta
KiJbKOCTi asmcopboBaHoi BoAu 3aMiHa rigpodiab-
HOrO KpemHezeMy A-300 ma rizpodobuuit AM1
3HUIKYE BiILHY eHepTio 3B’ A3yBaHHS BOIU B KOM-
mo3UTHi cuctemi. OmepsKaHi pesyIbTaT MOXKYTh
OyTH BUKOPHCTAHI y pa3i KOHCTPYIOBAHHS HOBOTO
MOKOJIiHHSA €HTePOCOPOeHTIiB.

Knrwuwosi cnosa: 'H AMP cunekTpockormis, caxa-
posa, rizpoymriabHeHu, rizpo@iJabHu Ta rigapo-
GoOHUIT KpeMHe3eM, KOMIIOBUTHA CHUCTEMA.
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OCOBEHHOCTHU THJPATAIINN
KOMIIO3UTHBIX CUCTEM
HA OCHOBE BBICOROJHUCITEPCHOT'O
KPEMHE3SEMA U CAXAPOS3BI
B PASHBIX CPEJAX

B. B. Typos
T. B. Kpynckas
A.Il.T'onosans
H.T.Kapmeanbv

NHCTUTYT XUMUY TTIOBEPXHOCTHU
uMm. A. A. Uyiixo HAH Vkpaunsi, Kues

E-mail: krupska@ukr.net

Ienbro paboThI OBLI0 UBYUUTDH COCTOSTHUE BOJBI
B TUPAaTUPOBAHHOM IIOPOIIIKE caxaposkl, ee pac-
IJIaBe U KOMIIOBUTHBIX CHCTEMAaX, COMePIKaIIUX
3 wactu Kpemuesema (A-300 uau AM1) u 1 yacts
caxapossl B BO3IYIITHO cpefie, cpejie caabommoasap-
HOT'0 OPraHMYeCKOro PacTBOPUTEIA — HeiiTepo-
xJsopodopma u cpese CDCl; ¢ no6aBKaMu CHIBHBIX
KHUCJOT MEeTOJOM HU3KOTeMIIepaTyPHOI 'H aMP
cuekTpockonuu. [lokaszaHo, YTO IPU COBMECTHO
MeXaHOAKTHUBAIINU CaXapOo3hl C HAHOKPEMHE3eMOM
mpoucxonut ee amopdusamnus. [Ipu sTom agcopo-
1A BOABI B TAKOM KOMIIO3UTE HE COIIPOBOKIAETCS
IIPOILECCOM PaCTBOPEHUA MMMOOUJIN30BAHHOI Ha
noBepxHocTu Si0, caxapossl B MexdasHoil Boze.
Ob6mapyxeH 9()(eKT TOBLIIIIEHNUA PACTBOPUMOCTH
caxaposbl IPU TMOMeIeHNY KOMIIO3UTa B CPeIy
OpPraHWYEeCKOTO PACTBOPUTENA — AeHTepoxJio-
podopma, He PACTBOPSAIOIIYIO BOLY U Caxapoay.
BrickazaHO HpeAnoJioKeHue, UYTO 3TOT d3PGHEKT
00yCJIOBJIEH YBeJMUYEHUEM IIJIOIIagl KOHTaKTa
KJIACTEePOB aJCOPOMPOBAHHOI BOALI C IIOBEPXHO-
CTBIO caxaposbl. MakcuMaJbHAasA KOHIEHTPAI U
caxaposbl, pacTBopsiomnieiicsa B Mexk(asHOI Boje,
cocraBisgeT okoso 30 mac.% . IIpu coxpameHuu
COOTHOIIIeHU S KOHIIEHTPAIINI KOMIIOHEHTOB U KO-
JIMYeCTBa aJcOPOMPOBAHHOI BOALI 3aMeHa T'UAPO-
dunraOrOo Kpemuesema A-300 Ha ruapPodOOHBIH
AM]1 cHM:KaeT cBOOGOSHYIO SHEPTUIO CBASBLIBAHUA
BOJBLI B KOMIIO3UTHO# cucteme. IlosyueHHbIe pe-
3yJITATBI MOTYT OBITH MCIIOJIB30BAHBI IIPX Paspa-
00TKe HOBOTO IIOKOJIEHU S 9HTEPOCOPOEHTOB.

Knrwueevie cnosa: 'H SIMP chnexTpockonus,
caxaposa, TUAPOYILJIOTHEHHBIN, TUAPO(UIbHBIN
u ruApodOOHBIA KpeMHe3eM, KOMIIO3BUTHAA
cucreMa.





