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Nanocomposites based on biomolecules and highly dispersed silica are quite promising for use in many fields of
biotechnology. There are many methods of obtaining such materials, in particular, adsorption from liquid or gas
phases. Saccharides and their derivatives are present in the human body, they are involved in metabolic process,
thus it is reasonable to use them while working with biomolecules. The work considers such disaccharides as
sucrose, lactose and N-acetylneuraminic acid (NANA). Being a part of glycoproteins and glycolipids, NANA is also
considered to be a carbohydrate. The main objective of the study was to study the ways of interaction of NANA on
the disaccharide-modified silica surface. The methods of quantum chemistry have been used to find the probable
structures of three-component adsorbtion complexes at molecular level and to clarify the mutual influence of these
compounds in adsorbtion process. An analysis of the results of quantum chemical calculations shows that the
adsorption of an anion of N-acetylneuraminic acid on silica surface is less likely than in its molecular form.
Molecules of N-acetylneuraminic acid, disaccharides and silica form intermolecular complexes due to
intermolecular hydrogen bonds between polar functional (mainly —OH) groups of the analytes. The sucrose dimer is
85.4 kJ/mol stronger than the lactose one. The sucrose molecule also forms a 38.1 kJ/mol stronger intermolecular
complex with the N-acetylneuraminic acid molecule compared to a similar complex where lactose is used as a
disaccharide. The highest energy (245.2 kJ/mol) is released when a silica cluster interacts with the intermolecular
complex of N-acetylneuraminic acid and sucrose provided silica and the sucrose molecule are in a direct contact
with each other. Therefore, as studies have shown, the adsorption of N-acetylneuraminic acid is possible if silica
surface is pre-modified with disaccharides. The results of quantum chemical modeling confirm the obtained
experimental data.

Keywords: N-acetylneuraminic acid, silica surface, sucrose, lactose, adsorption, cluster approach, density
functional theory method

INTRODUCTION Calculations show that the adsorption of
monosaccharide molecules on silica surface is
possible and give their location and the sequence
of adsorption in a three-component system [4].

Biodesign at the molecular level is a
promising area of modern chemistry, including
obtaining and elucidating the properties of
nanomaterials based on silica and biomolecules. OBJECTS AND METHODS OF RESEARCH
Such composites are used in cryopreservation of
reproductive cells in veterinary medicine, and
complexes with  N-acetylneuraminic  acid
(NANA) are widely used in medicine as those
that supply infected cells with drugs and as
tumor markers [1-3].

The main objectives of this research were to
study the ways of interaction of NANA with
disaccharide-modified  silica  surface by
experimental and quantum chemical methods, to
find probable structures of three-component
adsorption complexes at the molecular level and
to elucidate the interaction of these compounds
during adsorption.

The research materials are:

— highly dispersed silica (HDS) with a
specific surface area of 300 m?%g (Kalush
Research and Experimental Plant of the Institute
of Surface Chemistry of the National Academy
of Sciences of Ukraine);

— sucrose (Reakhim, Kyiv), a non-
reducing carbohydrate that contains residues of
two monodisaccharides: a-D-glucose and
[-D-fructose.

— lactose (Sigma, USA), a disaccharide
that contains residues of two carbohydrates:
glucose and galactose.

© L.M. Ushakova, E.M. Demianenko, M.I. Terets,
V.V. Lobanov, M.T. Kartel, 2020 516



Analysis of the interaction between N-acetylneuraminic acid and disaccharides on silica surface

— N-acetylneuraminic acid (Sigma, USA) -
sialic acid, which is a part of glycoproteins and
glycolipids. It is located at the ends of their
molecules and plays an important role in
recognizing the components of the membrane
cell environment.

The sucrose model shown in Fig. 1 a [7] was
taken for the quantum chemical calculations. This
model consists of residues of D-glucopyranose and
D-fructofuranose interconnected by an oxygen
bridge, and the lactose model is a disaccharide

Fig. 1.

formed from residues of D-galacto-pyranose and
D-glucopyranose (Fig. 1 b) [8].

A cluster consisting of 18 silicon-oxygen
tetrahedra (Fig. 2 a) was used as a model of
silica surface. This model was used in our
previous work [4] where the interaction of silica
with monosaccharides and N-acetylneuraminic
acid was researched. It allowed us to compare
energy characteristics calculation results of
compounds in the present research with similar
values calculated in the previous one [4]. The
model of the molecular form of N-acetyl-
neuraminic acid is presented in Fig. 2 b.

Equilibrium spatial structure of disaccharide molecules: a — sucrose, b — lactose

Fig. 2. Models: a — silica cluster, » — molecular form of N-acetylneuraminic acid

Quantum  chemical calculations were
performed with GAMESS (US) program [9] by
density functional theory (DFT) method with
functional B3LYP [10, 11] and basis set 6-31G
(d, p). Grimm variance correction D3 was
adjusted [12,13] within the polarization
continuum model (PCM) [14, 15].

The value of the energy effect of proton
transfer from the molecule of N-acetyl-
neuraminic acid to the water molecule, i.e. the
energy effect of electrolytic dissociation (AFEgs)
of this acid in aqueous solution and on silica
surface was calculated by the formula:

)

AEdis: E(ion, compl.) — E(mol. compl.)s
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where Eion. compiy — 18 the total energy of an
intermolecular complex consisting of an
undissociated acid molecule and water
molecules, Egor comply — 18 the total energy of an
intermolecular complex consisting of a NANA
anion, a hydroxonium cation, and water
molecules.

Calculations of the adsorption energy (AE.4s)
of one molecule of disaccharide on silica surface
were performed according to formula (2):

AE . :E(ads. compl) - ((E(suljf) + E(mol))’ (2)

where E (4. compn 1S the total energy of the
intermolecular complex, Equy and Eg.oy are the
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total energies of the silica cluster and the studied The energy of formation of intermolecular
molecule, respectively. complexes of NANA with disaccharides was

The energy of intermolecular interaction calculated by formula (3), similar to the above
between two identical molecules (sucrose and described:

lactose) due to formation of dimers was

o =F. _ . .
Calculated by formula (3) AE‘mL react E(mtermolea compl) (E(NANA) E(dzsacch) ), (4)

where Eintermolec. compi) 18 the total energy of the

ALdin= Econpy = 2E o, 3) intermolecular complex, Enangy and Eisaccr) are
where Eompy 1s the total energy of the the total energies of the NANA molecules and
intermolecular complex of two identical the test disaccharide, respectively.

molecules (dimer), Esmop is the total energy of the
molecule of the test compound.

{ Disaccharide ]

Scheme 1 Scheme 2 Scheme 3 Scheme 4

Fig. 3. Possible types of interaction in a three-component system consisting of silica, NANA and disaccharides

To clarify the mutual influence on the are not capable to be adsorbed on the
adsorption of disaccharides and N-acetyl- hydroxylated surface of silica from the aqueous
neuraminic acid on silica surface, it is necessary phase. This is due to the fact that silica surface in
to consider several variants of interactions in the the studied pH range has a negative charge and
three-component system (Fig. 3): silica - NANA NANA is an anion and at the used pH value (5.0)
- disaccharide; silica - NANA - disaccharide, is also negatively charged. Therefore, a lactose
according to similar schemes given in our molecule was used to separate a like-charged
previous research [4]. The Schemes 1 and 2 HDS surface from the anion NANA in space to
depicted above describe the interaction of a reduce their electrostatic repulsion and to create
single molecule with the adsorbed complex. a three-component system with silica, lactose
Namely, the Scheme 1 involves the interaction of and NANA. Quantum chemical calculations
a disaccharide molecule with a molecule of made it possible to predict the structures of
NANA, previously adsorbed on silica surface. complexes during the adsorption of these
The Scheme 2 shows the kinds of the NANA compounds on silica surface [17].
molecule interaction with the intermolecular Nanocomposites are obtained in various
disaccharide-silica complex. ways, namely by adsorption from the liquid [5]

The Schemes 3 and 4 schemes describe the and gas [6] phases. Nanocomposites were
interaction of the intermolecular disaccharide- created on the basis of silica and disaccharides
NANA complex with a silica cluster. According using adsorption at 20-23 °C. Adsorption time:
to the Scheme 3, the intermolecular complex 2 h with constant stirring, the ratio of solution:
directly interacts with silica from the NANA sorbent is 1:10. Centrifugation at 4000 rpm was
side. In the Scheme 4, the interaction of the used to separate the solid phase, and the amount
complex with silica occurs from the of non-adsorbed sugar in the supernatant was
disaccharide, respectively. determined using molybdate-sulfur solution [19].

It has been found that sucrose from the

RESULTS AND DISCUSSIONS aqueous phase is capable to be adsorbed on silica

The results of experimental studies. The surface. Working concentration of aqueous
experiment [16] proves that unlike disaccharides solutions of sucrose is 107-10~ mol/l. The
(sucrose, lactose), monosaccharides (glucose, adsorption isotherm has an S-shape (Fig. 4). It
fructose) and N-acetylneuraminic acid (NANA) proves that the adsorbate molecules on the
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surface of the carrier can be located in a chain
(according to Parfit and Rochester) [20].
Therefore, it is assumed that silica surface
contributes to the chain arrangement of sucrose
molecules.

In Fig. 4. we can see that monomolecular
adsorption with a saturation concentration of
12x10° mg/g follows at the initial stage of
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adsorption (in the range of concentrations
0-0.8 mg/ml). It means that during adsorption
the first layer on silica surface is filled and then
polymolecular adsorption begins [21].

Adsorption of lactose on silica surface was
also performed by pH=5 adsorption method
(concentration range — 0.25-2.5 mmol/g) where
silica surface has a negative charge.
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Fig. 4. Sucrose adsorption isotherm on silica surface
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Fig. 5.
modified silica surface

Fig. 5a shows the isotherm of lactose
adsorption on silica surface and Fig. 4 b shows
the adsorption isotherm of NANA on the lactose-
modified silica surface. According to Hills'
classification, they correspond to L- and S-type,
respectively, proved by literature data [22].

The results of quantum  chemical
calculations. Since N-acetylneuraminic acid is a
rather strong acid with pK = 2.6 [23], in aqueous
solution it can interact with disaccharides and
silica in both molecular and dissociated states.
Thus, first of all it was necessary to investigate
the interaction of silica with NANA in molecular
and dissociated form, and to elucidate the effect
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Isotherms of lactose adsorption on silica surface and adsorption of N-acetylneuraminic acid on the lactose-

of surface silica on the dissociation of this acid.
For this purpose, two NANA states were
considered: the ionized state is a complex with
separated charges (Fig. 6 @), consisting of an
organic anion and a hydroxonium cation, which
are stabilized by three water molecules, and a
similar gross molecular complex consisting of a
neutral NANA molecule with four water
molecules (Fig. 6 b).

The analysis the results of of calculations
shows that the energy effect of proton transfer
from the carboxyl group of the NANA molecule
to the water molecule, calculated by formula (1),
is positive and is characterized by a fairly small
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value (+0.32 kJ/mol). This indicates a fairly
strong acidic property in comparison with silica
[24], as well as with other organic acids like
ascorbic acid [25].

To elucidate the effect of silica surface on
the electrolytic dissociation of the NANA

molecule, two complexes adsorbed on silica
surface were designed similar to those discussed
above. Fig.7 shows that these two

intermolecular complexes are bound to silica by
six hydrogen bonds.

Fig. 6. Equilibrium spatial structure of intermolecular complexes of a cluster of water molecules and
N-acetylneuraminic acid in ionized (@) and molecular (b) forms

Fig. 7. Equilibrium spatial structure of adsorption complexes of water molecules and N-acetylneuraminic acid in
molecular (a) and ionized (b) forms on silica surface cluster

The calculations prove that the energy effect
of proton transfer from the adsorbed NANA
molecule to the water molecule is +11.4 kJ/mol,
which is approximately 11 kJ/mol more than the
same value of proton transfer without the
presence of silica. Therefore, an analysis of the
results of quantum chemical calculations has
shown that the adsorption of NANA on silica

520

surface reduces the capability to electrolytic
dissociation of this molecule, and therefore
suppresses its acidic properties.

The adsorption energy for the molecular
complex (Fig. 7 a) on silica surface, calculated
by formula (2), is -176.0 kJ/mol, and for a
similar complex with separated charges, this
value is -165.3 kJ/mol. Therefore, the NANA
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anion on silica surface is adsorbed worse than
the molecule. In this regard the adsorption
complexes of the molecular form of NANA on
silica surface and disaccharides will be
considered further.

Then the energy of disaccharide dimer
formation and their interaction with NANA on
the silica surface was calculated.

Sucrose and lactose form dimers through
hydrogen bonds between the hydroxyl groups of
disaccharides (Fig. 8). In this case the results of
the calculation by formula (3) prove that the
energy effect of the formation of dimer (AEumn)
of sucrose is more than 85 kJ/mol greater in
absolute value than the same value for lactose
(Table 1) and is -255.6 kJ/mol compared to
-170.2 kJ/mol for lactose.

Fig. 8.

The values of dimer formation energy are
much lower than previously obtained ones within
the same method [4], similar values in the
formation of monosaccharide dimers, for glucose
they are -66.3 kl/mol, and for fructose dimer
-91.7 kJ/mol,  respectively. But for the
intermolecular complex of two molecules
NANA AEun it is close to the same value for
sucrose and lactose and is -188.2 kJ/mol [4].

This can be explained by the approximately
identical size of the disaccharide molecules with
NANA and the presence of more polar
functional groups in their composition, which are
capable to form hydrogen bonds, compared to
monosaccharides.

Next, it was necessary to study the energy
and geometry parameters of the interaction of
NANA with every single disaccharide. Fig. 9
presents intermolecular complexes that are
formed when intermolecular hydrogen bonds
take place. These bonds are formed due to
carboxyl and hydroxyl groups of the NANA
molecule and hydroxyl groups of disaccharides,
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Intermolecular complexes of disaccharides: @ — sucrose dimer, b — lactose dimer

as well as the glycosidic oxygen atom of the
D-fructofuranose sucrose residue.

Analysis of the results of calculating the
energy of intermolecular interaction of the
NANA molecule with disaccharides according to
formula (4) has shown (Table 1) that for the
NANA-sucrose complex AEj. ra: has a lower
value (-178.8 kJ/mol), compared to a similar
value for the NANA-lactose complex, which is
-140.7 kJ/mol. This indicates that the sucrose
molecule binds more strongly to the NANA
molecule than lactose.

In modeling the interaction of disaccharides
with  silica surface the structures of
intermolecular adsorption complexes of sucrose
and lactose with a silica cluster were set. Fig. 10
shows that they are formed, like those discussed
above, by the emergence of hydrogen bonds
between the polar functional groups of
disaccharides and a silica cluster.

The calculations of the adsorption energy
(AE.) made by formula 2 are presented in
Table 1. It shows that the adsorption energy for
the sucrose-silica complex has a lower value
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(211.7 kJ/mol) compared to the similar value for
the lactose-silica complex, where adsorption
energy is 154.9 kJ/mol. Comparison of these
values with the literary data for the adsorption of
glucose (-161.0 klJ/mol), fructose (-174.8
kJ/mol), as well as for NANA (-163.2 kJ/mol) on

silica surface [4], prove that among all four
considered carbohydrates, sucrose is the best
adsorbed on silica surface, and the value of
NANA adsorption is slightly higher (8.3 kJ/mol)
in absolute value in comparison with the similar
value for lactose.

Fig. 9. Intermolecular complexes of N-acetylneuraminic acid and disaccharides: @ — sucrose, b — lactose

Fig. 10.  Adsorption complexes of silica with disaccharides: a — sucrose, b — lactose

Table 1. Energy of intermolecular interaction of disaccharides (kJ/mol)

Types of intermolecular complexes Sucrose Lactose
Dimers -255.6 -170.2
Intermolecular complexes with NANA -178.8 -140.7
Adsorption complexes with SiO; -211.7 -154.9

ISSN 2079-1704. CPTS 2020. V. 11. N 4
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After considering the interaction of every
single disaccharide molecule with NANA
molecule, and the interaction of each studied
compound with silica surface, it’s time to
consider the three-component systems (silica-
disaccharide-NANA and silica-NANA-
disaccharide).

Like in our previous research [4], four schemes
of intermolecular interaction are considered here
for these two three-component systems.

The sucrose was used to set the structures of
two of these three-component systems shown in
Fig. 10. In the first system, the sucrose molecule
is directly bound by hydrogen bonds to the silica
cluster, and the NANA molecule has no such
bond with silica (Fig. 11 a). In the second
system, the sucrose molecule has no hydrogen
bond with silica, but is bound to the NANA
molecule, which in its turn forms hydrogen
bonds with silica surface (Fig. 11 b).

The calculation results are presented in
Table 2. It shows that the smallest interaction in
the case of sucrose is characteristic of scheme
three (-194.4 kJ/mol), and the largest is found for
scheme 4, the value of the interaction energy for
which is -245.2kJ/mol. For interaction
schemes 1 and 2, this value is a middle ones they
are -210.0 for scheme 1 and -212.2 kJ/mol for
scheme 2, respectively. This means that from the
point of view of thermodynamics interaction of
sucrose with NANA in aqueous solution is more
likely, and then the intermolecular complex on
the side of sucrose interacts with silica.

Similar to the above three-component systems
with sucrose, the structures with lactose are shown
in Fig. 12. In this case, this figure shows that the
number of hydrogen bonds between silica and
intermolecular complexes is less than that for
similar complexes in the case of sucrose.

Fig. 11.  Three-component adsorption complexes: a—silica cluster, sucrose, N-acetylneuraminic acid; b—cluster of

silica, N-acetylneuraminic acid, sucrose

Table 2. Energy of intermolecular interaction of disaccharides of NANA and silica (in kJ/mol) according to schemes 1-4

Schemes
1 3 4
Sucrose -210.0 -212.2 -194.4 -245.2
Lactose -74.5 -113.9 -96.9 -128.1
Glucose [4] -196.0 -160.9 -226.3 -188.9
Fructose [4] -179.5 -104.0 -197.7 -133.9
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Fig. 12.
cluster, N-acetylneuraminic acid, lactose

The calculation results of the interaction
energy according to the four schemes for
complexes with lactose are also presented in
Table 2. It shows that for all four schemes, the
use of lactose leads to lower absolute values for
the interaction energy compared to similar values
for sucrose. In particular, according to Scheme 1,
the interaction energy is the lowest of all the
cases considered earlier and is -74.5 kJ/mol. And
the highest energy (-128.1 kJ/mol) is released
during the interaction of the NANA-lactose
complex with the silica cluster from the lactose
side.

In addition, comparing these values with
similar literature data [4], it turns out that when
using monosaccharides glucose and fructose in
three-component  systems, the interaction
energies are higher in absolute values compared
to the presence of lactose in similar complexes.

Analyzing the data in Tables 1 and 2, and
comparing them with the literature data of
adsorption of glucose on silica surface
(-161.0 kJ/mol), fructose (-174.8 kJ/mol) and
NANA (-163.2 kJ/mol) [4] we can see that not
all carbohydrates contribute to the adsorption of
NANA on silica, in particular it refers to
fructose, and the carbohydrate that best promotes
the adsorption of NANA from those considered
is sucrose.

524

Three-component adsorption complexes: a —silica cluster, lactose, N-acetylneuraminic acid; b — silica

CONCLUSIONS

A analysis the results of quantum chemical
calculations shows that the adsorption of anion
of N-acetylneuraminic acid on silica surface is
less likely than in its molecular form. Molecules
of disaccharides, N-acetylneuraminic acid and
silica cluster form triple complexes due to
intermolecular hydrogen bonds between polar
functional (mainly —OH groups) of the
substances that are the subjects of the research.
Sucrose is better adsorbed on silica surface
(AEws =-211.7klJ/mol) compared to the
adsorption of lactose (-154.9 kJ/mol). The
sucrose dimer is 85.4 kJ/mol stronger than the
lactose dimer. Also, the sucrose molecule forms
an  intermolecular  complex  with  the
N-acetylneuraminic acid molecule wich is
38.1 kJ/mol stronger compared to a similar
complex where lactose is used as a disaccharide.
The highest energy of 245.2 kJ/mol is released
when interacting of the intermolecular complex
of N-acetylneuraminic acid and sucrose with a
silica cluster, while silica and the sucrose
molecule are in a direct contact with each other.

Thus research shows that the adsorption of
N-acetylneuraminic acid is possible if silica
surface is pre-modified with disaccharides. The
results of quantum chemical calculations confirm
the obtained experimental data.
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AHnauni3 B3aemogii N-aneTn/iHeipaMiHOBOI KHUCJIOTH i3 IMcaxapuiaMu HA OBEPXHi
KpeMHe3eMy

JI.M. YmaxkoBa, €. M. lem’ssnenko, M.1. Tepeus, B.B. Jlo6anos, M.T. Kaprteasn

Incmumym ximii nosepxui im. O.0. Yyiixa Hayionanvnoi akademii nayx Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, milushakova@gmail.com

Hanoxomnosumu na ocHosi 6ioMONEKYL Ma BUCOKOOUCNEPCHO20 KpeMHe3eMy O0CUMb NepCHeKmusHi Ol
BUKOPUCMAHHS 8 bazambox 2any3ax biomexrnonozii. Memoodie 00epoicanns makux Mmamepiaiié € Hemao, 30Kpemd, ye
aocopdyis i3 pioxoi abo i3 eazoeoi gaz. Caxapuodu i ixHi ROXIOHI NPUCYMHI 8 THIOOCLKOMY Op2aHi3mMy, GOHU Oepymb
yuacmos y Memabonizmi, momy 0as poobomu 3 0ioMONEKYIAMU OOPEUHO BUKOPUCIOBYBAMU caMe MAKI peyosunu. Y
pobomi pozenanymi ducaxapuou — caxaposa, nakmosza ma N-ayemunneupaminosa kucioma (NANA), axa €
YACTNUHOIO 2IIKONPOMeiHi8 ma 2niKoninioie, makoaic € yeneso0om. OCHOBHOW 3a0ayet0 00CTIOHCeHHS OY10 BUBYEHHS
wuisixie  63aemo0ii NANA na moougixoeany oOucaxapudamu ROGepXHIO Kpemuesemy. 3a 00nomozoio memoois
K8AHMOBOI  XiMii 6CMAHOBNEHI UMOBIDHI CIMPYKMYPU  MPUKOMNOHEHMHUX AOCOPOYIUHUX KOMNIEKCi8 Ha
MONEKYIAPHOMY DIiBHI [ 3’ACO8AHO 63AEMHUL 6NAUE YUX CHOJAYK Npu adcopoyii. Pesyremamu ananisy
K8AHMOBOXIMIUHUX PO3PAXYHKIE C8IOHamb, W0 a0copbyis Ha NOSepXHi KpemHesemy aniona N-ayemunneupaminogol
KUCTOMYU ~ MeHWl  UMOGipHA, 8 nopieHanui 3 i Mmojekyaapuoio  gopmor. Monexyru  ducaxapudis
N-ayemunnetipaminogoi Kuciomu ma KpemHesemy Ymeopiooms MidCMONEKYIAPHI KOMNIEKCU 3d PAXYHOK
MIDICMONIEKYNIAPHUX ~ BOOHEBUX 36 'A3Ki6 Midic NOAAPHUMU  QyHKYiOHanbHuMu (6 ocnoenomy —OH) epynamu
docnioxcysanux pewosut. Jumep caxaposu Ha 85.4 xlowc/monv miyniwui 3a oumep aakmosu. Taxooc monexyna
caxaposu ymeopioe Ha 38.1 koc/monb  MiyHiwull  MIDHCMONEKYIAPHULL KOMNIEKC 3 Molekyno N-ayemu-
HeUpamiHo80i KUCIomu 68 NOPIGHANHI i3 AHANIO2IYHUM KOMNJIEKCOM, 8 AKOMY AK OUCAXAPUO BUKOPUCTNAHO NAKMO3Y.
Hauibinvwa enepein sudinaemocs (245.2 kl[ic/mons) npu 63aemolii 3 Kiacmepom KpemHesemy MidHCMOAeKYIAPHO20
Komnaexca N-ayemunnetipaminogoi Kuciomu i caxaposu, npu ybomy 6e3nocepeoHbo KOHMAKMYIOmb KpemHe3em i
monekyna caxaposu. Omoce, K NOKA3AAU OOCNIONHCEHHS, aocopOyis N-ayemunHelupamino8oi KUCIomu MOHCIUsd,
SAKWO TOBEPXHIO KpeMHe3eMy NOnepedHbo MoOugixysamu oucaxapuoamu. Pesyiemamu KEaHMOBOXIMIUHOO
MOOEN08aHH s NIOMEEPIHCOVIONMb 00ePAHCAHT eKCNePUMEHMATIbHI OaHI.

Keywords: N-ayemunnetpaminosa KUCIOMA, NOGEPXHS KPEMHE3EMY, Caxaposa, aKmosa, aocopoyis, Kiacmephe
HAOUIICEHHsl, MEMOO Meopii PYHKYIOHALY 2yCmuHU

AHanu3 B3aumoeiicTBus N-aneTHIHEHPAMUHOBOM KHCJI0THI € IMCAXAPUIAMHU HA
NMOBEPXHOCTH KpeMHe3eMa

JI.H. YmakoBa, E.H. [lemsainenxo, M.U. Tepeu, B.B. JIo6anos, H.T. Kaptean

Hnemumym xumuu nosepxnocmu um. A.A. Yyiixo Hayuonanvroii akademuu Hayk Ykpaunol
ya. enepana Haymosa, 17, Kues, 03164, Yxkpauna, milushakova@gmail.com

Hanoxomnosumoer Ha ocnoge 6UOMONEKYN U KpeMHe3eMa — 9MO 04eHb NEPCNEKMUBHOE HANPAGLEHUEe 80 MHOSUX
ompacnax buomexnonozuil. Memoooe nonyuenus maKux Mamepuailo8 Hemano, 8 YaCMHOCMU A0copoyUs U3 JHCUOKOU
u 2azoobpasnou gas. Caxapudvl u ux nPoOU3BOOHbIE NPUCYMCMBYION 8 YeN08EUECKOM OP2AHUIME, OHU NPUHUMAIOM
yuacmue 8 pabome mMemadoIUIMa, UMEHHO IMUM 0OBACHAEMC S UX UCNOIb308aHUe 0I5l pabombl ¢ buomonexkyiamu. B
pabome paccmampugaemcst oucaxapuobl — caxapo3a u 1aKkmosd, a makdce N-ayemurHeupamuHosas Kucioma
(NANA), komopas s615emcst 4acmuio 2IUKOIURUOOS U 2IUKORPOMEUHO8 U MO Y2NeB800.

OcHosHou  3adaueil ucciedosanus Ovlio usyuenue ezaumooeiicmsus NANA ¢ moduguyuposannoii
Jucaxapuoamu nogepxnocmuio kpemuenzema. C nomouplo Memooo8 K6aHMOBOU XUMUU YCMAHOBNEHbl 6EPOSIMHbIE
CMPYKmMypol MpexKoMNOHEHMHbIX A0COPOYUOHHBIX KOMNIEKCO8 HA MONEKYSAPHOM YPOGHE U U3VUEHO GIUAHUE IMUX
coedunenuti npu adcopbyuu. Ananuz pe3yrbmamos KEAHMOBOXUMUUECKUX DACUEMO8 2068Opsim O MOM, YmMo
adcopbyus Ha NOBEPXHOCIU KpeMHe3eMd anuoHa N-ayemuiHeipamuto8oti KUCIombl MeHee 8epOSmHA 68 CPAGHEHUU
¢ ee monekynapHou gopmou. Morexynvl ducaxapuoos, N-ayemunnetupamunosol KUCIOmbl U KpemHezema oopasyom
MENCMONEKYNAPHBIE KOMIIEKCbL 30 CHem MENCMONEKYNAPHBIX C3etl MedCOy NONAPHbIMU (DYHKYUOHATLHBIMU (8
ocHosHom —OH) epynnamu ucciedyemvix gewgecms. umep caxaposvl na 85.4 k/[ic/mons 6onee npounslii, yem oumep

ISSN 2079-1704. CPTS 2020. V. 11. N 4 525



L.M. Ushakova, E.M. Demianenko, M.I. Terets et al.

naxkmo3swi. Taxowce monekyna obpaszyem Ha 38.1 kl]oic/mons 6onee npoOUHbIL MEHCMOAEKYIAPHLIUL KOMNIEKC C
Monexyaol  N-ayemunHeupamMuHosol KUCIOMbl NO CPABHEHHUIO C AHATIOZUYHbLIM KOMIIAEKCOM, 6 KOMOpOM
UCNONB308aHA  1aKmosa Kaxk  oucaxapud. Haubonvwas ouepeus (245.2 klloc/mons)  evidensemes  npu
83AUMOOCUCMEUU C KIACMEPOM KPEMHEe3eMad MENCMONEKYIAPHO20 Komniekca N-ayemuinedpamunogot Kuciomol u
€axaposwvl, nPu IMOM HENOCPEeOCMEEHHO KOHMAKMUPYIOM KpeMHE3eM U MOLEKYILd CAXApO3bl.

CnedosamenvbHo, Kak NOKA3aau UCCied08anus, aocopoyust N-ayemuiHeupamuHosol KUCIOmbl 603MOJICHA, eCiu
NOBEPXHOCMD KpemHeszema npeoeapumenbHo Mooupuyuposamo oucaxapuoamu. Peszyromameot
KBAHMOBOXUMUUECKO20 MOOETUPOBAHUSL NOOMBEPICOAIOM NOYHEHHbLE eKCHEPUMEHMANbHbIE OaHHbLE.

Kniouesvle cnoea: N-ayemunneipamunogas Kuclioma, NOBEPXHOCMb KpeMHeseMd, caxaposda, JaKmosa,
aocopbyus, KracmepHoe nPUbIUNCeHUe, Memoo meopull YYHKYUOHAA NIOMHOCNU
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