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COORDINATION COMPOUNDS OF 3d-METALS
5-SULFOSALICYLATES

The review is devoted to the characteristic of 3d-metal coordination compounds with
S-sulfosalicylate anions and their mixed-ligand complexes. Their preparation, structure,
properties and applications are considered.

Keywords: coordination compound, complex, 3d-metal, 5-sulfosalicylate

1. GENERAL CHARACTERISTICS OF 5-SULFOSALICYLIC ACID
AND 5-SULFOSALICYLATES

5-Sulfosalicylic acid shows biological activities such as antiulcer, antifungal, anti-
inflammatory, antitumor and antimicrobial [1]. Furthermore, its metal complexes with
Mn(1II), Fe(Il), Co(II), Ni(Il), Cu(Il), Zn(II) and VO(II) exhibit antimicrobial activity
stronger than that of the free ligand [2—4].

5-Sulfosalicylic acid molecule H,SSal has three functional groups, SO.H,
COOH, and OH. 6 forms of 5-sulfosalicylic acid may exist: (1) neutral, (2) singly
deprotonated at the sulfo group -SO,H, (3) singly deprotonated at the carboxy group
-CO,H, (4) doubly deprotonated at the sulfo -SO,H and carboxy -CO,H groups,
(5) rarely doubly deprotonated at the -SO,H and the -OH groups, and (6) triply
(completely) deprotonated [5]. Thence it possesses versatile coordination modes
(fig. 1). Simultaneously it can participate in additional bonding interactions (hydrogen
bonding or other molecular contacts) at peripheral sites. It has the ability to construct a
novel metal-organic supramolecular network through specific and directional hydrogen
bonds as well as n—m stacking due to the presence of aryl rings (fig. 1) [4]. It can form
coordination polymers with diverse architectures, such as linear or zigzag chains,
ladders, helices, honeycombs, square grids, brick walls, and interwoven diamondoids
leading to different functional properties [6].
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Fig. 1. Coordination modes of 5-sulfosalicylates.

The 5-sulfosalicylate can provide different superexchange pathways transmitting
magnetic interactions between paramagnetic metal centers owing to the diversity of
their bonding modes [7].



Coordination compounds of 3d-metals 5-sulfosalycilates

2. PREPARATION OF 5-SULFOSALICYLATE SALTS AND
COMPLEXES

Simple metal 5-sulfosalicylate salts can be prepared by the action of 5-sulfosalicylic
acid on metal oxides [8, 9], hydroxides [10] or carbonates [11-13] in water.

Hydrated Fe(IlI)(Ssal) was synthesized by adding of Na HSsal to Fe(NO,), with
subsequent action of NaOH and isopropanol [10].

The most often studied ligands in complexes with 5-sulfosalicylates were nitrogen-
containing molecules, primarily bipyridines.

The reaction of copper diacetate, sulfosalicylic acid and 2,2"-bipyridine in methanol
yields a trinuclear complex, [Cu,(SSal) (Bipy),(H,0),]4H,O, which incorporates the
sulfosalicylate entity as a completely deprotonated trianionic group. Two of the three Cu
atoms are chelated by the heterocyclic ligand [14]. However, a similar synthesis carried
out with the sodium salt of the acid instead of the acid itself and copper nitrate in water
yields the mononuclear salt-like compound [Cu(H,Ssal)(Bipy)](H,Ssal), containing
two mono-deprotonated sulfosalicylate groups. One of them is covalently bonded to
the bis-chelated Cu atom, whereas the other exists in the outer coordination sphere [15].

The reaction of zinc diacetate and sulfosalicylic acid in water and 2,2"-bipyridine in
methanol yields the polymeric compound [Zn(HSsal)(Bipy)(H,0),] [16].

The combination of synthesis strategies, solvents, reaction temperature, starting
materials, and molar ratios can largely influence the formation of final products and
enables to obtain complexes with various topologies. It has not possible to synthesize
2,2'-bipyridine copper-5-sulfosalicylate complexes using copper(Il) chloride or
copper(Il) sulfate as a reactant. The starting material used in the syntheses can be
copper acetate or copper nitrate. The higher the pH of the solution is, the easier the
deprotonation of the ligand H,Ssal is [6].

The supramolecular 4,4'-bipyridine and 4,4’-dipyridyl-N, N'-dioxide Mn complexes
with 5-sulfosalicylate dianion have been synthesized by adding to an aqueous solution
of Na,HSsal and Mn chloride a methanolic solution of ligand [17].

The 5-sulfosalicylate three functional groups provide a huge potential ability for
in situ ligand synthesis. Except the sulfosalicylate of partly or fully deprotonated,
the 5-sulfosalicylate can be decarboxylated. Decarboxylation is any chemical
reaction in which a carboxyl group is split off from a compound as carbon dioxide.
In generally, chemical decarboxylation reactions often require hydrothermal synthetic
method, extensive heating in high boiling solvents or presence of a catalyst. From
the decarboxylation of 5-sulfosalicylic acid under the hydrothermal conditions
4-hydroxybenzenesulfonate arises and its Mn and Co complexes with 4,4-bipyridine
have been synthesized [18].

The hydrothermal procedure for the synthesis of 5-sulfosalicylate Cu and Cr
complexes with 2,2’-bipyridine and 1,10-phenanthroline was carried out in water [4].

The reaction of cobalt nitrate and 5-sulfosalicylic acid mixture in water and
1,10-phenanthroline in water — methanol mixture yields the cobalt(Il) complex
[Co(phen),(H,0),](HSsal)*4H,O. Its reaction with copper acetate led to a novel complex
[Co(phen)(H,0),][Cu,(Ssal),(phen),]*5SH,O [19].

The pH value of the solutions containing titanium tetrachloride, 5-sulfosalicylic acid
and 1,10-phenanthroline have important effect on the formation of titanium coordination
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complexes. Moreover, solvent has played an important role in synthesis design for the
formation of high quality crystals [20].

[Cu,(L),(HL),(H,0),](HSsal) (H,L = Schiff base ligand 2-ethoxy-6-[(1-hydroxy-
methyl-propylimino)-methyl]-phenol) has been obtained by adding to a methanolic
solution of Et,N and H,L methanolic solution of copper perchlorate and then a mixture
of methanol—water solution of disodium sulfosalicylate [21].

A mixed-valence complex with di-2-pyridylamine (dpa) [Cu" (Ssal) (dpa),]*[Cu'
(dpa),],*2H,O has been obtained under hydrothermal conditions from copper acetate,
S-sulfosalicylic acid, di-2-pyridylamine and NaOH in water [22]. Hydrothermal
reactions of mixed ligands 5-sulfosalicylic acid and macrocyclic oxamide complex
(CuL, H,L = 2,3-diox0-5,6,14,15-dibenzo-1,4,8,12-tetraazacyclopentadeca-7,13-diene)
with Mn(ClO,), afford complexes, including Mn" and Mn"' [7].

Metal-organic framework (MOF) has been synthesized under hydrothermal conditions
from zinc acetate, 5-sulfosalicylic acid and 1,10-(1,4-butanediyl)bis(imidazole) [23].

By adding of benzohydrazide to metal 5-sulfosalicylate salts in water Cu, Ni, Co, Zn
benzohydrazide — 5-sulfosalicylate complexes have been synthesized. After dissolving
under boiling in water/ethanol (1:1) mixture Ni complex added ethanol molecules, and
Co complex contained water [5, 24]. Co, Ni and Zn complexes with phenylacethydrazide
were prepared similarly; this ligand was dissolved in methanol [25].

By reaction of thiosemicarbazide with an aqueous solution of preliminarily
prepared 3d-metal 5-sulfosalicylates were synthesized Cu, Ni and Co thiosemi-
carbazide — 5-sulfosalicylates complexes [26, 27]. We obtained two isomeric Ni(II)
complexes. Prolonged reaction of nickel(II) 5-sulfosalicylate with an equimolar amount
of thiosemicarbazide afforded green complex, whereas pink complex was rapidly
formed in the reaction of nickel(Il) 5-sulfosalicylate with 2 equiv of thiosemicarbazide
[27].

3. STRUCTURES OF 5-SULFOSALICYLATES COMPOUNDS

Complexes structure determinations reveal 5-sulfosalicylates can form structurally
diverse complexes with different coordination polyhedrons.

In simple metal S-sulfosalicylate salts [M(H,O)](H,Ssal),nH,O anions do not
coordinate to metals, but act as counter-anions. The crystal structure is composed of
alternating layers of [M(H,0),]*" cations and H, Ssal anions. The [M(H,0) ]** cations,
water molecules and H,Ssal” anions are connected through a complex pattern of
H-bonding interactions [8, 9, 11-13].

InNa[(H,0),(Ssal)Cu(IT)]-2x0.5H,0 the 5-sulfosalicylate anion, (Ssal*"), coordinates
rather unusually in the syn—syn coordination mode since it binds bidentately the Cu(II)
ion through the carboxylic and the phenolic oxygens [3].

A mixed-valence Cu"/Cu' anion-cation complex bis[1-5-sulfosalicylato(3-)]bis[(di-2-
pyridylamine)-copper(Il)]  bis[bis(di-2-pyridylamine)copper(I)] ~ dihydrat  [Cu',
(Ssal),(C, H,N,),][Cu'(C, HN,),],-2H,O consists of anionic Cu" moieties, cationic Cu'
species and uncoordinated water molecules. The anionic dimeric unit consists of one
fully deprotonated 5-sulfosalicylate anion, a di-2-pyridylamine group and a Cu" atom.
Each Cu" atom is 5-coordinate within a square-pyramidal geometry. The basal plane of
the square-pyramidal geometry of the Cu" center is occupied by two N atoms of a dpa

8
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ligand and two O atoms of the fully deprotonated Ssal® ligand, while the apical position
is taken by the phenoxo O atom of a second Ssal* ligand. Only one carboxylate O atom
from the Ssal* ligand is directly bonded to the Cu' atom, and the coordination mode of
the carboxylate moiety is obviously anti monodentate. In the cationic monomer, the Cu'
atom adopts tetrahedral geometry. The cations and anions are connected by O-H:--O and
N-H--O hydrogen bonds [22].

Two 5-sulfosalicylic acid and 1,10-phenanthroline substituted titanium-oxo-clusters,
[Ti O, (Hssal),(Phen) (H,0),]-4OH-21H,0 (TOC-1) and [Ti,O,(Hssal),(Phen),]-18H,0
“4NH, (TOC-2) have been synthesized [20]. The structure of TOC-1 is a hexanuclear
cluster containing a {Ti (p,-O),} core, where all titanium ions can be described in a
distorted octahedral geometry with both 1,10-phenanthroline and 5-sulfosalicylate
serving as chelating ligands, while TOC-2 consists of a tetranuclear {Ti,(p,-O),}
skeletons forming an approximate plane quadrilateral where both 5-sulfosalicylate and
1,10-phenanthroline ligands chelate to the titanium atom and oxygen atom bridges two
titanium atoms [20].

The Cu atom in the compound [Cu(H,Ssal)(Bipy)](H,Ssal) [15] is chelated
by the two N-heterocycles and is covalently bonded to the sulfonate O atom of the
sulfosalicylate ion in a trigonal-bipyramidal geometry. The uncoordinated sulfosalicylate
anion interacts with adjacent anions, forming a linear hydrogen-bonded chain; the
mononuclear cations are appended to the chain by hydrogen bonds. The uncoordinated
anion uses its carboxylic acid H atom to form a hydrogen bond to the sulfonate O atom
of another uncoordinated anion, resulting in a relatively strong hydrogen-bonded chain.
The mononuclear cations are appended to the chain, also through a carboxylic acid/
sulfonate hydrogen bond that is marginally weaker.

Two structurally diverse complexes, [Cu,(CH,COO),(Ssal),(2,2-bipy),(H,0),]6H,O
(1) and {[Cu(Ssal)(2,2"-bipy)][Cu,(Ssal)(2,2"-bipy),(H,0),](H,0)} (2) have been
characterized by single crystal X-ray analyses. The structure of complex 1 is a
tetranuclear species where both the carboxyl and phenoxo chelate to the copper atom
and the carboxyl also bridges two copper atoms, while complex 2 features a charge
transfer species with two cationic and anionic chains, in which both the carboxyl
and sulfonyl are coordinated to copper atoms. In (1) the geometry of the Cul atom
is completed by two nitrogen donors from one 2,2-bipy, one carboxyl oxygen atom,
and two phenoxo oxygen atoms from two Ssal* ligands The coordination environment
of the Cu2 atom consists of two nitrogen atoms of one 2,2-bipy, one carboxylate
oxygen atom of one Ssal* ligand, one oxygen atom from one water molecule, and one
oxygen atom from the acetate ligand. The Ssal®* ligand is fully deprotonated and uses
the carboxyl and phenoxo groups to coordinate three metal atoms while the sulfonyl
group is noncoordinating. The carboxylate of Ssal* acts as a bridging linker with anti-
screw mode. The phenoxo oxygen atom bridges two copper atoms. The tetramers are
stacked by face-to-face m-m interactions between 2,2-bipyridine ligands and between
2,2~ bipyridine and 5-sulfosalicylate.

In the complex 2 cation, the coordination geometry around Cul is completed by
two nitrogen atoms from one 2,2/-bipy and three oxygen atoms from one carboxyl, one
phenoxo, and one sulfonyl of two Ssal* ligands. The carboxylate of the Ssal* in the
cation bridges Cul and Cu2. The Ssal* ligand links three copper atoms and extends the
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cation into one-dimensional chain. In the anionic unit of complex 2, the square pyramidal
geometry for Cu3 is similar to the environment of Cul, but the Ssal* coordination mode
is different from that of the cation. The Ssal* ligand only links two copper atoms and
extends the anion into a one-dimensional chain [6].

The structure of metal-organic framework (MOF) [Zn(HSsal)(biim-4)],-0.5H,0
(biim-4 = 1,10-(1,4-butanediyl)bis(imidazole) contains one Zn(IT) atom, one HSsal*
anion, one biim-4 ligand, and half a lattice water molecule. The Znl atom is four-
coordinated by two oxygen atoms from one carboxylate group and one sulfonate group
and two nitrogen atoms from one biim-4 ligand in a distorted tetrahedral geometry. The
carboxylate group and sulfonate group of HSsal* anions are deprotonated. The Zn(II)
atoms are bridged by HSsal* anions to form an infinite 1D chain. The chains are further
connected by biim-4 ligands in zigzag conformations to yield a 3D framework [23].

In [Mn" Mn"(Ssal),(CuL),(OH)(H,0),] (H,L = 2,3-dioxo-5,6,14,15-dibenzo-
1,4,8,12-tetraazacyclo-pentadeca-7,13-dien, CuL is macrocyclic oxamide complex) the
Mnl has a distorted octahedral geometry with two oxygen atoms from one oxamido
ligand, one oxygen atom from a water molecule, one carboxylate oxygen atom, one
phenolato oxygen atom and one sulfonate oxygen atom from three different Ssal*
anions. The central three manganese ions are bridged by carboxylate group and hydroxyl
oxygen atoms, which form [Mn,O,] clusters. The [Mn,(Ssal),(CuL),(OH)(H,O),] units
are bridged by Ssal* creating a 1D ladderlike chain of clusters. In the 1D ladderlike
structure, the Ssal* act as a tridentate connector to bridge the manganese(IT) atoms.

Complex [Cu,(HSsal),(CuL),]-2H,O is a metallamacrocycle assembled by a pair of
bridging ligands oxamide and HSsal*. These ligands successfully link two trinuclear
copper motifs by bridging copper atoms in adjacent trinuclear units [7].

In the compound [Zn(HSsal)(Bipy)(H,0),], the Zn atom adopts an octahedral
geometry defined by two N-atom donors from one 2,2’-bipyridine ligand, two O atoms
from one sulfonyl and one carboxyl group of two Hssal* ligands and two O atoms from
two water molecules that are cis to each other. The 5-sulfonatosalicylato dianion uses the
carboxyl and the sulfonyl groups to bridge two Zn atoms, producing a chain structure.
Moreover, the water molecules and uncoordinated carboxyl O atoms are engaged in
hydrogen bonding only within each chain, while water molecules and sulfonyl O atoms
form hydrogen bonds between chains, generating a two-dimensional hydrogen-bonding
network [16].

In Cu,(OH),(Ssal),(phen),-7H,O Cul is located in a plane consisting of two nitrogen
atoms from a chelating phen molecule and two hydroxides, and the axial position
is occupied by the phenolato oxygen atom. For Cu2, the plane is composed of two
nitrogen atoms from the phen molecule, one carboxylate oxygen and one phenolato
oxygen atom, and the corresponding axial position is taken by one hydroxide ion. Each
Cu,(OH),(Ssal),(phen), molecule is linked to four neighboring tetrameric units to form
a 2D supramolecular layer of rhombic windows through hydrogen bonding between
u,-hydroxo groups and the uncoordinated sulfonate oxygen atoms. Interestingly, the
water heptamers and sulfonate anions are interconnected into a 2D supramolecular layer
with very large rhombic windows through hydrogen bonding [4].

In Cr(Ssal)(bipy)(H,0),2H,0 the Cr(Ill) center exhibits a distorted octahedral
surrounding, in which the basal plane is formed by two nitrogen atoms from a
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chelating 2,2’-bipy ligand and one carboxylate oxygen and one phenolic oxygen from a
Ssal* ligand. The most remarkable feature of this 2D layer is that there exist a
supramolecular ring consisting of four coordinated water molecules, six lattice water
molecules, three Ssal* anions and three Cr** ions, formed through covalent bonds and
hydrogen bonds [4].

In Cr(Ssal)(phen), the Cr(III) center exhibits a distorted octahedral surrounding, in
which the basal plane is formed by two nitrogen atoms from two different phen ligands
and two bidentate chelating coordination oxygen atoms from one carboxylate oxygen
and one phenolic oxygen. m—n-interactions between the aromatic rings of different
ligands stabilize the 2D puckered supramolecular layer [4].

Complex {[Mn(HCOO)(H,0),(4,4-bipy)],[Mn(4,4-bipy)(Hssal),(H,0),]}, consists
of a cation and an anion where both the Mn(II) atoms adopt an octahedral geometry. In
the anion, the coordination geometry around Mn ion is completed by two N atoms from
two 4,4-bipy ligands in the apical positions, and four O atoms from two Hssal* ligands
and two water molecules, respectively, occupying the basal plane. The Hssal* is doubly
deprotonated and monodentate to Mn(II) atom by carboxyl group. In the anionic motif
[Mn(4,4-bipy)(Hssal),(H,0),]*, hydrogen bonding O—H--O interactions among Hssal*
and coordinated water molecules lead to a two-dimensional anionic network. Moreover,
the anions and cations form hydrogen bonds among carboxylate group, sulfonate group
and coordinated water molecules, and these hydrogen bonds create a three-dimensional
architecture [18].

Complex {[Mn, (HSsal),(dpyo),(H,0),]-2(H,0)} is a rare Mn dinuclear species
realized with bridging dpyo [dpyo = 4,4-dipyridyl N,N'—dioxide] and coordinated
HSsal* ligands to form a 3D architecture through H-bonding and n-n interactions.

In complex {[Mn(4,4-bipy)(H,0),]:(HSsal):(H,0)} , Mn(H,0), fragments are
bridged by 4.,4-bipy, giving rise to a 1D chain. Its crystallographic independent unit
comprises the metal unit Mn(4,4-bipy)(H,0),, in addition to the 5-sulfosalicylate
dianion and a lattice water molecule. The manganese(II) ion presents a slightly distorted
octahedral geometry with a O6 chromophore comprising three aqua ligands, two oxygen
donors from different dpyo ligands (one mono-coordinated, the other bridging) and a
carboxylic oxygen of the 5-sulfosalicylate ligand. The 5-sulfonatosalicylate dianions
are encapsulated among the polymeric chains between the py planes to give rise to a
3D structure through an ordered H-bonded with the sulfonate oxygen and lattice water
molecule atoms and #-7 interactions. [17].

In [Cu,(Ssal),(2,2"-bipy),(H,0),]-4H,O the three copper atoms are joined together
by two carboxylate group from 5-sulfosalicylate anions in bidentate syn—anti fashion
to form an almost perfect basal plane with terminal 2,2-bipyridine ligands. The four
short bonds are to oxygens of two water molecules and two carboxylate oxygens
from different 5-sulfosalicylate anions, which form an approximate square plane that
is perpendicular to the basal plane of the trinuclear copper. The another carboxylate
oxygen atom of each 5-sulfosalicylate anion is bonded to the axial coordination sites at
slightly long distance, being in agreement with the expected distance of weakly bonded
oxygen. The apical positions are occupied by one water molecule and oxygen atom
from sulfonic group at a weak coordination length. In the trinuclear entity, the three
copper ions are arranged in a strict linear fashion. In the complex the 5-sulfosalicylate
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acid has now lost all its three protons, behaves as a bridging ligand between each of
two trimer units coordinating to one trimer through the carboxylate and the phenolato
oxygen and to other trimer through the sulfonic oxygen. Consequently, copper trimer
units are connected together through this weak coordination of sulfonic oxygens to
external Cu(ll) ions to give an infinite chain along a-axis. The oxygen atoms of the
carboxylates and the sulfonic groups further form hydrogen bond with lattice water
molecules in the structure, to give a three-dimensional network structure [14].

In [Co(phen),(H,0),](HSsal)*4H,0O cationic motif [Co(phen),(H,0),]*~ forms
hydrogen bonds with carboxylate group, sulfonate group, and lattice water molecules
through coordinated water molecules. The strong stacking interactions can be observed
among 1,10-phenanthroline and Hssal*>~ ligands.

Complex {[Co(phen)(H,0),][Cu,(phen),(Ssal),]*5SH,0 consists of
[Cu,(phen),(Ssal),]*~, [Co(phen)(H,0),]*~ and water molecules. The Ssal’~ ligand
is fully deprotonated in which the carboxyl group adopts monodentate mode and the
phenolate oxygen donor adopts bridging mode, while the sulfonate group does not
coordinate metal atom. The cationic motif of [Co(phen)(H,0),]*~ forms hydrogen
bonds with anionic motif [Cu,(phen),(Ssal),]*~ through coordinated water molecules,
carboxyl groups, and sulfonate groups, therefore cationic and anionic motifs create a
2-D network. Then the lattice water molecules hold 2-D sheets into 3-D hydrogen-
bonding architecture [19].

[Cu,(L),(HL),(H,0),](Ssal) [H,L = 2-ethoxy-6-[(1-hydroxymethyl-propylimino)-
methyl]-phenol] is tetranuclear with double open cubane core framework, and C-Hn
interactions results the formation of 1D supramolecular structure [21].

Crystals of thiosemicarbazide complex [Cu(TSC),(H,SSal),] are composed of
doubly charged [Cu(TSC),]** cations and (H,SSal)" anions monodeprotonated at the
sulfate moiety of 5-sulfosalicylic acid. The coordination polyhedron of the Cu atom is
completed to a prolate tetragonal bipyramid (4 + 2) by Cu—O bonds of the sulfate moieties
of both anions, which form together with hydrogen bonds the [Cu(TSC),(H,SSal),]
supermolecule.

The anion H,SSal* favors the formation of numerous hydrogen bonds, which can
be combined in cyclic fragments capable of strengthening of the structure due to m—n
stacking interaction.

The H,SSal” anion in [Cu(TSC),(H,SSal),] contains the sulfate and salicylate
moieties bonded through the carbon atom. Hydrogen bond closes a six-membered ring
so that the salicylate moiety transforms into two fused rings. Both rings are involved
in formation of n—m stacking ensembles. In addition, H,SSal™ anions are combined by
a centrosymmetric pair of hydrogen bonds into planar dimers, which, like bricks, form
wallslayers running through the entire crystal.

Parallel to the anionic layers in complex structure, there are layers of cationic cores
of supermolecules linked with each other also through hydrogen bonds, involving the N
atoms of the thiosemicarbazide ligand and the O in the sulfate moieties of neighboring
supermolecules [26].

The nature of the metal is the deciding factor in the formation of coordination
compounds. So, benzohydrazide — 5-sulfosalicylato compounds have compositions
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[M"(Bhz),(H,SSal),] for Cu and Zn whereas [M"(Bhz),],(HSSal), correspond to Ni and
Co [5, 24].

IR spectroscopy data can be useful to determine the nature of binding of
S-sulfosalicylate anions. The IR spectrum of free 5-sulfosalicylic acid contains the
following absorption bands (cm™): v(C=0) 1678; v(C=C__ ) 1477, 1439;v_(SO,) 1234,
1203, 1165, 1134; v (SO,) 1084, 1065, 1026; v(S-0) 663. If the v(C=0) band remains
almost unaltered this is evidence of a free carboxylic acid group. Proton abstraction
from the carboxy group should lead to disappearance of carbonyl absorption band and
appearance of two new bands at considerably lower frequencies due to antisymmetric
and symmetric vibrations of carboxylate group (COO~) where two oxygen atoms are
equivalent. The values of Av(COO") = v_(COO-) —v(COO-) equal to 130-160 cm™
indicate that the carboxylate group remains free (outer sphere) in the coordination
compound [5, 24-27]. Av 230-260 cm indicates that the carboxylate groups in
complexes are coordinated to metal ions in a monodentate mode, 160—190 cm™!' shows
chelating-bridging coordination mode [18].

The peaks about 3500-3600 cm™' may be attributed to the stretching vibrations of
O-H (H,Ssal") of a free carboxylic acid group, and if they are absent, this indicates that
both protons are deprotonated. In all cases, insignificant variations in the absorption
pattern of aromatic C=C bonds are detected.

The decrease in the number of absorption bands can arise from symmetric vibrations
of the sulfo group most likely due to the fact that it becomes more symmetric, which is
caused by deprotonation of the SO,H group [5, 24-27].

4. PROPERTIES AND APPLICATIONS OF 5-SULFOSALICYLATES
COMPOUNDS

A large number of 5-sulfosalicylato compounds are luminescent [5, 6, 17, 18, 21,
23, 25, 28-30].

An intense fluorescent emission of copper(Il) complexes with 5-sulfosalicylate
and 2,2-bipyridine about 470 nm was observed in the solid state at room temperature,
which is red-shifted about 20 nm compared to that of H,Ssal ligand (450 nm). Peaks in
complexes {[Cu,(Ssal),(2,2-bipy),(H,0),]-4H,0} and [Cu(HSsal)(2,2-bipy)(H,0),],
are stronger than those in complexes [Cu,(CH,COO),(Ssal),(2,2-bipy),(H,0),]-6H,0
and  {[Cu(Ssal)(2,2"-bipy)][Cu,(Ssal)(2,2"-bipy),(H,0),](H,0)},. Such fluorescent
feature is assigned to the ligand-to-metal charge transfer with some c-donations from
the cooperation of 2,2-bipyridine and 5-sulfosalicylate ligands. Moreover, the emissions
in complexes are stronger than that of free ligand, which is probably caused by the
enhancement of the conformational rigidity of coordinated ligands and reduces the
irradiative decay of the intra-ligand excited states. Therefore, this study suggests that
these complexes might be excellent candidates for potentially photoactive materials [6].

[Zn(HSsal)(biim-4)],-0.5H,0 [biim = 1,10-(1,4-butanediyl)bis(imidazole)] shows
blue shift relative to the free organic acid. This may be attributed to the coordination
effects of the salicylate ligands to metal atoms, which increases the ligand conformational
rigidity and reduces the nonradiative decay of the intraligand [23].

The excitation spectra of 5-sulfosalicylate — benzohydrazide complexes
[Zn(Bhz),(H,SSal),] and [Ni(Bhz),],(HSSal),7.5H,0:0.5(C,HOH) contain broad
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bands in the UV region with maxima at 220-330 nm, which correspond to n-m*
and m-* transitions of organic ligands. The excitation maxima (290, 335 nm) and
the shape of the excitation spectrum of [Zn(Bhz), (H,SSal),] correspond to those for
crystalline sodium sulfosalicylate. This means that the organic counterion in the inner
coordination sphere of the coordination compound is responsible for the emission of
this compound. This is also confirmed by the fact that coordination compounds in which
there are no aromatic anions are characterized by much lower emission intensity. The
most intense luminescence is revealed for the Zn(Il) compound, because this ion has a
filled 3d-sublevel and has no allowed d-d transitions capable of absorbing the energy
of excited state. Ni(II) compound is significantly inferior in emission intensity to Zn(II)
compound, which is explained by the quenching of inter-ligand charge transfer due to
energy transfer to excited levels of the central atom. Thus, the [Zn(Bhz),(H,SSal),] and
[Ni(Bhz),],(HSSal),7.5H,00.5(C,H,OH) can be potential luminescent materials [5].

3d-metal S5-sulfosalicylates complexes with phenylacethydrazide (L) [Co(L),]
HSSal- 3H,0, [Ni(L),]JHSSal-3H,0, and [Zn(L),]JHSSal-6H,0 are luminescent. [Zn(L),]
HSSal-6H,0 has the brightest luminescence with a maximum at 416 nm, which results
in the blue color of the radiation. In complexes [Co(L),]JHSSal-3H,0 and [Ni(L),]
HSSal-3H,0, the radiation is considerably quenched, which is related to the energy
transfer from the sulfosalicylate ion to the central metal ions [25].

Many soluble complexes with sulfosalicylates are used in quantitative analysis.

Sulfosalicylic acid forms colored compounds with iron(I1I) ions, which are very stable
chelate complexes. Therefore, it is used as an indicator in the complexometric titration
of iron(IIl) [31]. It has been known as a reagent for the colorimetric determination
of iron(IIl) [32]. Its ability of forming complexes with the metalic elements (Cu, Ni,
Co, U) can be used to mask these elements in solution [33]. An investigation on the
separation of the lanthanides from each other and from other trivalent metals by ion-
exchange displacement methods applied to their sulfosalicylato complexes has been
carried [10]. Fe(Ill)-sulfosalicylate (FeSSA) could be used as an efficient colorimetric
chemosensor to detect oxalic acid [34].

A sulfosalicylate copper—nickel electrolyte can be used for obtaining nanostructures
comprising alternate magnetic and nonmagnetic layers by a single-bath method. A
variation of compositions allows to obtain, in one solution, multilayered structures that
comprise alternating magnetic and nonmagnetic layers with a substantially different
content of the nonmagnetic component in the magnetic layer and to effect on, for
example, magnetotransport properties of such structures [35].

Fine-grained copper deposits with high adhesion to the surface can be obtained
from sulfosalicylate (pH 6.6) solution in which the electrodeposition proceeds at high
polarization due to low discharge rate constants of the anionic copper complexes [36].

Titanium-oxo-clusters [20] exhibit excellent catalytic performance in the oxidation
of sulfides to sulfoxides with H,O, as oxidant. In particular, TOC-1 is an efficient
homogeneous catalyst and very interestingly it can be recovered by filtration upon
cooling and then reused at least fourth times without losing activity, which is very rare
in the oxygenation of organic sulfide.

Some sulfosalicylate complexes exhibit anticancer activity. Several researchers
suggested that Cu(Il)-salicylato complexes are able, like SOD, to disproportionate the
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superoxide anion O, into O, and H,0,, reducing in this manner the concentration of
superoxide anion that is responsible for the metabolic activation of some carcinogens and
is a necessary component in tumor promotion. Moreover, the quick reaction of complex
Na[(H,0),(Ssal)Cu(Il)]-2x0.5H,0 with adenine suggests that a possible mechanism of
action of the Cu(Il)-salicylato complexes resides on their capability to react with the
active site of SOD re-establishing the normal copper level in SOD and thus the normal
SOD levels in neoplastic cells. Alternatively, a second hypothesis may be advanced:
since adeninato ligand is able to substitute easily the 5-sulfosalicylate anion producing
the stable Cu(Il)-adeninato complex [Cu,(Ade),(H,0),]-2H,0) (Ade—~ = adeninato
monoanion), authors of [3] suggest that a possible mechanism of the cytotoxic and anti-
tumor action of Cu(Il)—salicylato complexes should be based on their ability to form a
strong Cu(Il)—nitrogen bond with DNA nucleobases.

Various sulfosalicylic acid proton transfer salts and their novel proton transfer Cu(II)
complexes were prepared from 5-sulfosalicylic acid and 2-aminopyridine derivatives
and the inhibitory effects of these compounds on hydratases hCA I, hCA II, carbonic
anhydrases CA IX (a hypoxia-inducible protein) and CA XII (another carbonic
anhydrase isoenzyme which shows an increase in tumor cells) were examined in vitro.
Starting compounds, simple salts and proton transfer salts have no inhibition effects
on the hydratase activities of the isoenzymes. The novel compounds have remarkable
inhibition effects on CA XII isoenzyme. Such compounds may, therefore, be considered
as a new class of compounds for the development of isoform-selective inhibitors. With
more detailed structure—activity studies, more effective compounds can be developed
and these might be of potential use as drug ingredients [37].
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KOOPAUHAIIMAHI CIIOJIYKH 5-CYJIb®OCAJIIUJIATIB
3d-METAJIIB

Onmsiy  mpucBsYeHHH MeToxaM  J00yBaHHs, OyHOBiI, BIACTHBOCTSM Ta 3aCTOCYBaH-
HIO KOOpJAMHAIIWHMX CHONYK S-cynmbdocaninmiarie 3d-meraniB Ta 3MilIaHOJITaHIHUX
KOMILIEKCIB Ha iX OCHOBI.

5-CynpdocaninnioBa KHCIOTa BUSABIISE Pi3HI BUIU 01070TIYHOT aKTUBHOCTI: IPOTHBUPA3KOBY,
NPOTUrPUOKOBY, IPOTU3ANAJIBHY, IPOTHITYXJMHHY Ta IPOTUMIKpOOHY. [i MeTanoKkoMIIeKeH
3 Mn(II), Fe(Il), Co(II), Ni(II), Cu(Il), Zn(II) Ta VO(II) BUSBISIOTH CHIBHINTY aHTUMIKPOOHY
aKTHUBHICTh, HIXK BUIBHUH JIITAH]I.

Monekyna S-cynbdocaninunosoi kucnoru H,SSal mae tpu dynxiionansni rpynu: SO,H,
COOH Ta OH. MoxyTs icuyBatu 6 popm S-cynbdocanimmnosoi kucnotu: (1) HeiiTpasbHa,
(2) omHopazoBo menporoHoBana no cynbporpyni -SO,H; (3) onHOPa3oBo KEMPOTOHOBaHA 1O
kapbokcubHil rpymi -CO,H, (4) nBivi nenporonosana mo cynbpo— SO,H u kapboken -CO,H
rpymax, (5) piako /Bidi nenporonosana o -SO,H ta -OH rpynax i (6) Tpudi (moBHicTIO) Jie-
nporoHoBaHa. OTKe, BOHA 3/1aTHA JI0 Pi3HUX CMOCOOIB KOOPAMHALIIT.

Ipocri coni S-cynbdocaminunariB MeTasiB MOXKHA JOOYTH JIi€l0 S-Cynb(ocaninnioBoi Kuc-
JIOTH Ha OKCHJIH, TIIPOKCHAN ab0 KapOOHATH METAJIB y BOJI.

Haituacrinme nociiuKyBaHUMH JIiTaHAAMH Yy KOMIUIEKCax 3 S-cymbdocamimminatamu Oyau
a30TOBMICHI MOJIEKYIH, Hacammepen OimipuauH. [1o0yTo Takok 3MIIIaHOMITaHIHI KOMILIEK-
cu 3 henanTponiHOM, MHU(GHOBUMHI OCHOBAMH, IU-2-TIPUAMIAMIHOM, MOXITHIMH iMifa3oimy,
OcH3riIpa3uaoM, HeHUIAETTIAPa3HIOM, TiIOCeMIKapOa3HIOM.
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S-cynbgocaninuiaTi MOXYTh YTBOPIOBATH CTPYKTYPHO Pi3HOMAHITHI KOMIUIEKCH 3 PI3HUMHA
KOOpJMHALIITHUMY TT0JTiepaMu. Y IPOCTHX S-cyibdocaninuiaTax MeTaliB aHiOHH He KOOp-
JUHYIOTBCS 3 METalaMHU, a JAII0Th 5K IPOTHAHIOHH. S-CyibdocaniuiaT-aHioH 31aTHHH OyTH
AQHTU-MOHOJICHTATHUM, OMICHTAaTHO-XENaTHUM, MiCcTKOBUM. MoiuBe yrBopeHHs 1D, 2D,
3D cTpyKTyp, IO BKIIOYAIOThH JIAHIIOTH Ta Yy Pl BUIAIKIB KUTBLEBI CTPYKTYpH. Bemmky
POTBb Y IEOMY BiZIITParOTh BOJJHEBI 3B’ S3KH 32 YYaCTIO aHIOHIB, KO-JTIraH B Ta 3B’ s13aHOT BOJH.
MokiBHIT IPOSIB CTEKIHTOBOI B3a€MOJII.

OmnncaHo MOBENiHKY CMYr HONIMHAHHS B iH(QPAYEepPBOHUX CIIEKTPaxX HPH PI3HUX CIIOCO-
Oax 3B’s3yBaHHs S-cynbdocaninmnar-aniony. bararo komruiekciB S-cyibdocaninuiaTie €
JIOMIHECLIEHTHUMH.

5-Cynbe¢ocaminninoBa KUcI0Ta Ta i MeTaneBi HOXiHI 3aCTOCOBYIOTHCS B KITbKICHOMY aHai3i
SIK 1HIMKATOPH, B KOJIOPUMETPIi, ISt MACKyBaHHS Ta PO3IiICHHS HOHIB METAiB.
5-Cynbocaminuiuaty MOXYTh 3aCTOCOBYBAaTHCS B  IIPOLECAaX  €IEKTPOOCAIPKCHHS,
KaTaJiTHYHUX TIpoIiecax.

Jlesiki coti i KOMIUIEKCH Cyab()OCaTilUI0BOT KMCIOTH MalOTh IIPOTHPAKOBY aKTUBHICTb.

KuirouoBi cjioBa: xoopauHaiiiiHa croiayka, KoMIuieke, 3d-merai, S-cyabdocaninuiar
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3ACTOCYBAHHS CYUACHUX METOAIB AHAJII3Y .
JJIsI BASHAYEHHS 3SABPYIHEHD TA ITIEHTU®IKALII
POCJIMHHOI CUPOBHUHMU

VY crarTi MpoaHati30BaHO JOIUIBHICTh BHKOPHCTAHHS METOIIB aHAJI3Y JUIA KOHTPOIIO SKOCT1
JKapCchKOl POCIMHHOI CHPOBUHU. BH3Ha4eHO MEpCHEeKTHBHICTH 3aCTOCYBAHHS IOPTATHB-
HOTO OOJaJHAHHS ISl BU3HAYCHHsI YUCTOTH CHPOBHHHM Ta JOMINIOK BaKKUX MeraniB. [[OY
PEKOMEH/Iy€ BUKOPHCTOBYBATH XpoMarorpadivyHi METOIU aHai3y s ineHTudikarii ta mo-
nepeKeHHs hanbcudikamii JTikapchKol pOCINHHOT CHPOBHHH. Y CTATTi 3aIIPOITIOHOBAHO PO3-
DJISTHYTH NIEPCIIeKTUBH BUKOPUCTAHHS METO/IB BUCOKOS(EKTHBHOI piJMHHOT XpomaTorpadii,
ra3oBoi xpomarorpadii, BHCOKOe(eKTUBHOI TOHKOIIAPOBOi Xpomarorpadii.

KurouoBi cioBa: sikapchka pociarHHA CHPOBHHA, XpoMaTorpadivHi MeTonu, ineHTrdikaris,
KOHTPOJIb SIKOCTI.

Beryn. OCHOBHOIO METOIO 37iMCHEHHSI KOHTPOJIO SKOCTI JIHKapChKOI POCIMHHOT
CUPOBHUHHM € Halle)kHa Oe3reka Ta eeKTUBHICTh (hapMaleBTHYHOI mponykiii. Ha cho-
TOTHINIHIA C€Hb HOPMH SIKOCTI JJIS JIIKAPCHKOI POCIMHHOI CHPOBHUHH PETYIIOIOTHCS
HdepxaBHoto ¢apmakoneero YKpaiHH Ta HOPMATUBHOKO JOKYMEHTAI[IEI0 HA BHPOOHH-
urBax. He momyckaeTses 3HIKEHHSI CTAaHAAPTIB JTIKAPCHKOI POCIMHHOI CHPOBHHH Uepe3
(danpcudikamnito abo HeHaNe)KHE TOTPUMAaHHS YMOB 3aroTiBii Ta 30epiraHHs, OCKIJIbKU
e Hece Oe3nmocepeiHiii HeraTUBHUH BIUTUB Ha AKICTh (DITOTEPANIeBTUYHHX 3aC00iB Ha il
OCHOBI.

CygacHe 3aiCHEHHS (iTOXIMIYHOTO aHami3zy MO)Ke OyTH JOCHTH CKIAIHHM dYepes3
PI3HOMAaHITHICTH XIMIYHOTO CKJIaTy POCIMHHOI CHPOBHHH Ta, BiAMOBITHO, JTIKAPCHKUX
3ac00iB POCIMHHOTO TOXO/KEHHSI, Yepe3 HEBEIUKY KOHIICHTPALII0 aKTUBHUX PEUOBHH
Ha TV CYMYTHIX JOMIIIIOK, @ TAKOXK Yepe3 MOTCHIIHHY B3a€MO/III0 CIIOIYK ITPH 311 iCHEH-
Hi aHami3y. KokHa 3 rpymt 6i010Ti9HO aKTHBHHUX PEYOBHH MA€ CBOT YHIKaIbHI BITaCTHBOC-
Ti Ta MOXKE BiJirpaBaTH pojib y Oi0NOTIUHIN aKTUBHOCTI POCIMHHOTO MaTrepiay.

MeTo0 CTaTTi € oI/l HAyKOBHX JITEpaTypHUX TEPIIOHKEPEIT MO0 3AiHCHEHHS
MIEPBUHHOTO KOHTPOJIIO SIKOCTI JIIKAPCHKOI POCIMHHOI CHPOBHUHH, KU MONATAE y BCTa-
HOBJICHHI YHCTOTH Ta ieHTH(iKaIii OCHOBHHX I'pyIl 0i0JOT1YHO aKTUBHUX CIIONYK, JUIS
3ano0iranss danbcudikanii OKpeMHUX BUIIB CHPOBHHU Ta JOTPUMAHHS CTaHAApTH3AIIT
JIKapChKOI POCIMHHOI CHPOBHHH, HAIIBIPOAYKTIB Ta TOTOBUX (PITOTEPAIEBTHYHHX 3a-
co0iB Ha BCiX eTanax BUPOOHHIITBA.

3mificHeHO eNeKTPOHHMK aHaji3 MyOniKaiii OCHOBHHX HAyKOBOMETPHYHHX 0as3:
ScienceDirect, Google Scholar, Research Gate, NCBI, Willey, Web of Science, EBSCO,
Scopus, PubMed. Ilomyk nmpoBoauBCs 3 BUKOPHCTAHHSM HACTYITHUX TEPMIHIB Ta iX
KOMOIHAIIIH: «JTiKapchka POCIUHHA CUPOBUHAY, «IJCHTU(DIKAIIIN), «KOHTPOIb SKOCTI»,

DOIL: https://doi.org/10.18524/2304—-0947.2024.1(87).307858 21
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«BU3HAYCHHS YMCTOTH JIIKAPCHKOT POCIIMHHOI CHPOBUHUY, «(DITOXIMIYHUHN aHAIII3Y, «Ti-
KapchKi 3aCO0M POCITMHHOTO MOXO/HKCHHSY,.

PesyabraTru nocainxenns. CydacHui (iTOXIMIYHHE aHAITI3 — 116 KOMIUIGKCHUH ITi/I-
X1J1 JIO BUBYCHHS XIMIYHOTO CKJIQAy POCIHH, 0I10JOTIYHO aKTUBHHX CIONYK Y 1X CKIIai
Ta, BIAMOBIAHO, (papmakonorigHoro noreHmiany [1, 2].

VYCHinHicTh KOHTPOJTEO SIKOCTI JIIKAPCHKOT POCIIMHHOT CHPOBHUHH B CYYaCHUX YMOBaX
nepeadavae IHTErPOBAHUHN TiAXi, TOOTO MOEAHAHHS PI3HUX TEXHIK Ta METOIIB, SKi JI0-
3BOJISIFOTH aHAJII3yBaTH HE JIUIIE OCHOBHI KJIACH CITONTYK, TaKi K alKaIoinu, (QIaBoHOiH,
(heHONBHI KUCIIOTH, aMIHOKHMCIIOTH TOIIO, ajie i BU3HAYATH BMICT MaKpo- Ta MiKpoee-
MEHTIB Y pocIMHHUX Marepianax [3—5]. [Ipu npoMy nepeBara HaJJa€TbCss THM METOIAM,
SIK1 JIO3BOJISIFOTh TIPOBOJIMTH KiJIbKICHUM aHAI3 XIMIYHUX CHOIYK Y POCIIMHHUX Matepi-
anax, 10 € BAKJIMBUM U BU3HAYCHHS JO3YBAaHHA Ta €(DEKTHBHOCTI POCIHHHUX IIpe-
napaTtiB [6]. CydacHi METOIN JIO3BOJISIFOTH PO3POOIISTH CTAHIAPTH30BaH1 IIPOTOKOIH IS
aHaJTI3y POCIMHHUX MaTepiajiB, O € BAXJIMBUM ISl 3a0€3MEUCHHS SKOCTI, €(PEeKTHUB-
HOCTI Ta OE3MEeKH MPOAYKTIB Ha OCHOBI POCIIMH, & TAKOYK BUBYATH BILTUB PI3HOMaHITHHX
€KOJIOT1YHUX (haKTOpPIB, TAKUX SK 3a0pYIHECHHS IPYHTY, KIIIMaTHYHI 3MiHH, Ha XIMIYHAN
cKJaJT Ta O10JIOTIYHY aKTHBHICTh pociuH [2, 7, 8].

3 TOYKH 30py MIITOTOBKH JI0 aHAJIi3y, IEBHI CKJIQJIHOIII BHOCSITH CTPYKTYpa CHPOBH-
HU Ta 0COOJTMBOCTI XIMIYHOTO CKJIay. Hampukita, cimiJl BpaxoByBaTH 0COOTHUBOCTI TiJI-
TOTOBKH Pi3HHX POCITHHHUX TKAHUH (JIUCTS, cTeOa, KOPIHHS, KBITKH, KBITKOBI OpyHBKH,
siroyn, Tomio) [8]. Kpim Toro, BapiaOesibHICTh XIMIYHOTO CKJIay BHACIIJIOK JIii 30BHIIII-
HIX (paKTOpiB, HU3bKA KOHIICHTPAIlisl aKTUBHUX 1HTPEIIEHTIB, HEOAHOPITHICTh 3pa3KiB
MIEPETBOPIOE (PITOXIMIYHHUI aHAJII3 HA CKIIQIHUN Ta TPYAOMICTKUH mpouec [2, 7].

Hwxye HaBe/ieHI OCHOBHI aCMEKTH KOHTPOJIIO SIKOCTI JTIKAPCHKOi POCIIMHHOT CHPOBH-
HU Ta JIKapChbKUX 3ac00iB Ha T OCHOBI.

Busnauenns 3a0pyaHensb. [lepen mogatkoMm poOOTH 3 JKapCHKOIO POCIHHHOIO CH-
POBHHOIO 3IIHCHIOETHCS AOCIIKCHHS HA HASBHICTh BYKKUX METAJIIB, TIECTUIIUIIB, Tep-
OiMTiB, MiKpOOIOJIOTTYHUX 3a0pYyIHEHD Ta IHIIMX HEOAKAHUX PEYOBHH, IKI MOXKYTh T10-
TPAIUTH B MPOAYKT ITi] Yac BUPOOHUIITBA, 30epiraHHs ado TpaHcnopTyBaHHs. B Ykpaini
TaKOX MepeadavYeHo 3IHCHEHHS PaIioiIoriyHOr0 KOHTPOIO cupoBuaH [7, 9, 10].

Ha croromninmnii nens Jlepxxapaa hapmaxornes Ykpainu (JIDPY) periamentye Bu3Ha-
YeHHS BOXKKHX METAIIB Y JIKapChKid POCIUHHIA CHPOBHHI METOJOM aTOMHO-EMICIiHHOT
cnekrpometpii [11]. Lle#t ayTnmBuii MeTo H03BOJSIE TOCATATH MEKi BUSBICHHS B Jlia-
Ta30Hi BLX ppm 110 ppb, B 3aJISKHOCTI BIJI €JIEMEHTa, HAJIAIITYBaHHS NPTy ado M-
TOTOBKH 3pa3kiB. HanekHa miaroToBKa € KPUTUYHO BaXKIMBHM ACTIEKTOM YCITIITHOCTI
JOCTIKEHHS. BHKOPHCTOBYIOTh PO3YHMHHUKH BHCOKOTO CTYIICHIO YUCTOTH 200 iX KOM-
OiHaril (KOHIICHTPOBAHUI PO3YHMH MEPEKHUCY BOJHIO, KUCIOTH, OCHOBH, 3 HACTYITHHM
posmemntennam kucinoramu (HNO,, HCIO,, H,SO,) [12].

Ha BimMiHy Bij METOy aTOMHO-EMICIHHOT CIIEKTPOMETpii, METOI peHTIreH-(QIyopH-
MeTpii He oTpeOye MiArOTOBKH aHATITUYHOT TPOOH, JI03BOJISIE MIHIMI3yBaTH YTBOPCHHS
BIJIXOJIIB 1 MOXKE 3aCTOCOBYBATHCH JIJISl aHATI3Y CBIXKOI a00 BUCYIICHOT JIIKAPCHKOT pOC-
TUHHOT cupoBuHM [13, 14]. ¥V miTeparypHUX JpKepeiax TaKoK OMHUCAaHI MEepCICKTHBH
3aCTOCYBaHHA METONY MJISl CTaHAApTH3amii TITHOK BHUPOIIYBAHHS POCIMHHOI CHpPO-
BUHU Ta 3JIIHCHEHHS KOHTPOIIO SIKOCTI (iToTepaneBTHYHUX 3aco0iB [14, 15]. Penrtren-
GiryopuMeTpUYHHN aHai3 J03BOJISIE€ BU3HAYATH €JIEMEHTH Y Jliaa3oHi BiJ ppm 10 ppt,
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B 3QJIXKHOCTI BiJl HATAINTYBaHb PUIIAITY, TPH IIBOMY METO/I OLTBII Yy TIIMBUH 70 BaXKKUX
esieMeHTIB (Z > 20), mo 103BoJIsiE BUKOPUCTOBYBATH MOTO ISl BUSIBIICHHSI 3a0py/IHEHb
3pasKiB. AHaJIi3 OHOTO 3pa3ka 3aiimae jo 10 xBuuH [16, 17].

Hamu 3xiiicHIoBanack anpo0ailis MOpTaTHBHOTO OONATHAHHS IS PEHTEH-(PIyopH-
metpii Bruker ST TITANSOO Portable Xrf Analyzer (Bruker, CIIIA) Ha npuknami 3pas-
KiB HaJ3eMHUX YacTHH 0a3miiiky kampopHoro coptiB [lypmypuuit (Ocimum basilicum
L.) ra I'enyesbkwii (Ocimum basilicum Genovese L.) [16]. KopeHeBe cepenHrOKBaIpa-
tuuHe BiaxuieHHs (RMSE) kaniOpyBanns, Mexxa BusiiieHHs (LOD) i Mexka KiTbKicCHOTO
Busnadenns (LOQ) B ur/mut HaBeneni y tabmmii 1. Koedimient nerepminarii (R?) kox-
HOTO KaJiOpyBaHHsI cTaHOBHB He MeHIe 0,99.

Tabnuys 1
[Mapamerpu kaniopauii Bruker S1 TITAN800 Portable Xrf Analyzer
Ha npukJjaji spaskis Pb, Cd, Cr ta Ni
Table 1
Bruker S1 TITAN800 Portable Xrf Analyzer calibration parameters
on the example of Pb, Cd, Cr and Ni samples
EsiemeHnT RMSE LOQ LOD R?
Pb 0,8 2,0 0,6 0,99
Cd 1,0 1,4 0,4 0,99
Cr 1,2 1,1 0,3 0,99
Ni 0,9 1,0 0,3 0,99

AHaJi3 XiMiYHOT0 CKJIaay JikapchbKoi pOCJMHHOT CHPpOBUHHU. KOHTPOJIb SKOCTI JIi-
KapChKOi POCIMHHOI CHPOBHHHE a00 JTIKaPCHKHUX 3aCO0IB POCIMHHOTO MOXOMKCHHS 31IiHi-
CHIOIOTB 32 CIEeIU(IYHIMU CITOTyKaMH. Br3HaueHHS XIMITHOTO CKJIay POCIHH € HE00-
X1THIM €TaIoM IOIITYKOBHX JOCIIKEHb, IPUCBYCHUX BUOOPY PEUOBHH-MapKEPIB, sIKi
BIJIMOBIIAIOTH 3a TIEBHUU (hapMakoioriyauit eekt. Takoxk, BiAmoBiaHO 10 BUMOT JIDY,
3IIACHIOETHCS aHANI3 BMICTY CHUIBHOMIIOYUX O10JIOTIYHO aKTHBHUX CIIONYK, SIKi MOXKYTb
BH3HAYATH TOKCHYHI BIacTHBOCTI [0, 11].

Xpomamoepaghiuni memoou. Ha cboropHINIHIA AeHb XpoMaTorpadidHi METOIU aHa-
Ji3y aKTUBHO 3aCTOCOBYIOTHCS JUIS BH3HAUCHHS XIMIYHOTO CKJIQAY JTIKAPCHKOi POCIIHH-
HOi CHPOBHHHU Ta (ITOTEpaneBTHYHHUX 3aC00iB. B 3aieKHOCTI Bif rpynu CHONYK, IO
aHAII3yIThCS, BUKOPHCTOBYIOTh METOM Ta30Boi xpomatorpadii (GC), yacto y moen-
HaHHI 3 Mac-criekTpomerpiero (MS), piguanoi xpomatorpadii (HPLC), TorkxomapoBoi
xpomarorpadii (TLC), komoukoBoi xpomarorpadii (CC). OcTaHHIME pOKaMH ITOCTYIIO-
BO HaOyBaIOTh MOIMYJIIPHOCTI i BUKOPUCTOBYIOTHCS JIJISI aHAITI3Y XIMIYHOTO CKJIay HpH-
poxHux ¢iTonpenapariB yasrpa BucokoehekTuBHa pinunaHa xpomarorpadis (UPLC) Ta
resneBa xpomarorpadis ¢ppaknionysanus (GFC) [18-20].

[epeBaramu xpomarorpadivHUX METO/IB € BHCOKA PO3/iIbHA 31aTHICTh, MOMKIIUBOC-
Ti aHAMI3Y JIETKHUX CIOJYK, OUMIIECHHS Ta BUIIEHHS KOMIIOHEHTIB J1KapChKOi pOCIUHHOT
CHPOBUHH Ta OTPUMaHHS (PaKIiii pOCIHHHUX CIONYK, 8 TAKOXK BUSBICHHS 3a0pYIHCHD
Ta JOMIIIOK JIJIsl aHami3y Oe3rneku cupoBund [21, 22].
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OHAM 3 TOYHHX Ta YYTJIUBUX METOJIB aHATi3y XIMIYHOTO CKJIaJy POCIMH € METOJ
ra3oBoi xpomarorpadii 3 Mac-gerektopoM. Jlo mepeBar MeToy BiIHOCSITh MOXKIIMBICTD
3MidCHeHHS 1eHTH(IKaIii Ta KiTBKICHOTO BU3HAUEHHS CIIONYK 3a 0i0iioTekaMu Mac-
CIIEKTPIB, 0 He moTpedye 3acTocyBaHHs pedepeHTHUX pedoBHH. [loemHaHHS Xpoma-
torpadii 3 Mac-CrieKTPOMETPIEO JTa€ MOXKIINBICTh BUSIBICHHS HABITh MIHOPHHUX CIOJYK
y 3pa3Kax, OTPUMaTH yHIKaJIbHUI Mac-CIICKTp A KOKHOI PEYOBHHH, IO JIOIIOMArae
B iZIeHTH(IKaIlli KOHKPETHUX XIMIYHUX CIHOJYK, BU3HAUUTH KOHIICHTPAIIIIO0 XIMIYHHX
CTIOJIYK Y 3pa3Kax, a TAaKOK MPOaHaJi3yBaTH CKJIAJHI POCIMHHUX CKCTPAKTIB a00 CyMi-
e, SIKI MICTAThH 0arato pi3HUX XiMidHUX crioiyk [20, 23].

Ha npuknani 3paskiB TpaBu 0a3wiiky kam@opHoro coprtiB Ilypmypuuit (Ocimum
basilicum L.) Ta I'enye3pkuit (Ocimum basilicum Genovese L.) 3A1iiCHEHO aHAI3 Xi-
MIYHOTO CKIIaJy 3pa3KiB 3 BHKOpUCTaHHsAM Xpomarorpada Agilent Technology 6890N
3 Mac-CIIEKTPOMETPUIHNM JieTeKTopoM 5973 N Ta 6i6miorekoro criekTpiB NIST, a Takoxk
3a JIOIIOMOTOF0 TTOpTaTUBHOTO Xpomatorpada Torion T-9 Portable GC/MS (PerkinElmer,
CLIA).

Ha Bigminy Big xpomatorpada Agilent, 3acTocyBaHHS TOPTaTUBHOTO XpoMarorpada
He ToTpeOyBayio crenudivyHol MirTOTOBKH NPOOH, OCKUIBKH JIJISl aHAIli3y BUKOPHCTOBY-
BaJIM TIOIPIOHEHY Ha ITOPOIIIOK CHPOBUHY. IieHTH(DiKAIlI0 31HCHIOBAN 32 XapaKTePHH-
MU TKaM# pe(epeHTHUX PEUOBHH eBreHoy Ta eBkaiinromny [11]. [Ipote, He 3Bakaroun
Ha IIBUKICTH Ta POCTOTY aHaji3y, MIOPTATHBHI I'a30Bi XpoMarorpadu 3a3BHUail MaroTh
0OME)KECHUH aHAITHYHUI Jiarna3oH 1 MCHINY YyTJIMBICTh IMOPIBHSHO 3 JIAOOPATOPHUMU
MPUCTPOSIMH. 3aBJSKH THYYKHM HaJaITyBaHHIM [MapaMeTpiB aHali3y, IHTerpallii 3 pi3-
HUMH aHATITHYHAMHI CHCTEMaMH Ta MOYKJIMBOCTSIM BUKOPHUCTAHHS Pi3HUX PEKUMIB aHa-
i3y 1abopaTopHi XpoMaTorpapy MarTh BHIY YyTIUBICTh 1 TOYHICTH BUMIPIOBAHb IS
JIETAILHOTO 1 IOCKOHAJIOro aHamizy. Mexa BusiBiieHHs (LOD) 1 Mexa KiTbKICHOTO BU3HA-
genHs (LOQ) B MI/Kr Ha IpUKJIaIi crioiayku eBkasinTony cranoBriu 0,010 Ta 0,020, Bif-
noBigHo. Koedimient gerepminariii (R?) kamibpyBarHs craHoBuB He MeHie 0,999 [16].

Ha mouarky 90-X pokiB MUHYJIOTO CTOJIITTS OyJia Ipe/ICTaBlieHa aHATITHYHA TEXHIKa,
sIKa TIOEJIHYE METOAMKY PIIMHHOT Xpomartorpadii 3 Mac-ClIeKTPOMETPIE0 3 MOJABIHHIM
Mac-aHaiizom (MS/MS). 3 toro yacy meron rinpodiapaoi B3aemonii HILIC npuseprae
Bce Ounbie yBaru [24, 25]. Ha choroHINIHIN JeHb 11e ONTUMAJIBHUN METOJ JIsT aHaTi-
3y TOJSIPHUX Ta 10HI30BaHMX CIIONYK, SIKi 3aHAATO CHIIBHO YTPUMYIOTHCS Ha MOJSIPHAX
crarioHapHuX (pazax Ta/abo MOraHO PO3MUISIFOTBECS CTAHIAPTHUMH XpOMaTorpadidHu-
MU MeTonamu [25, 26]. HemonaBHo pi3Hi gociipkeHHs nmokasanu, mo HILIC Brirodae
CKJIaIHUH OararorapaMeTpHYHHUI MpoIIec, 0 CKIAIAEThCS 3 PO3MOALTY ab0 ancopOrii
3a JIOIIOMOTOI0 BOJHEBHUX 3B’S3KIB a00 IHIINX JHIIOIL-IUIIOIEHAX B3aEMOIINA, a TAKOXK
CJIEKTPOCTATUYHUX B3aEMOJIIN 31 3B’SI3aHUMH 10HHUMH Tpyrnamu. Pi3Hi B3aeMmoii, sKi
CHpHUAIOTH 3araibHOMy yTpuManHio HILIC, 3amexars Biji THITY KOJIOHKH, TTOJIIPHOCTI Ta
10HI3aIli] aHATITIB, & TAKOXK Bij CKIIaay pyxoMoi ¢azu. OcKiIbKH T1IpodiabHI B3aEMOIIT
€ OJIHUM 13 OCHOBHUX MEXaHI3MIB METO/ly, BA3HAYAILHUMHU ITapaMeTpaMu BUOOPY € TiJI-
POdUIBHI BIACTUBOCTI cIONyK [25, 27, 28].

Jliig aHamizy CONyK pOCITMHHOTO TIoXomkeHHs pexxum HILIC nependadae Bukopuc-
TaHHS JICKIJIPKOX BHJIIB CTalliOHApHUX (Da3. BIIBMIICTh 13 HUX € MaTepiajlaMHi Ha OCHO-
Bi KpeMHe3eMy, sIKi MOXXYTh OyTH 0€3 IMOKPHUTTS Ta JACPUBATU30BAHI PI3HUMHU BUIAMU
(yHKIIOHABHUX TPyTI [26].
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VY Jtiteparypi OMMCaHO BUKOPHUCTAHHS AlCTOHITPHUIY SK IMOJSPHOTO anpOTOHHOTO
PO3YMHHYKA Ta HAMKpAIIUi OpraHiYHUN PO3YMHHHUK JUTS PO3MUICHHS POCIMHHHUX CIO-
nyk metogom HILIC [29]. [Ipu 30inblieHHI KOHIEHTpAIIl alleTOHITPUITY BOJa CHIIb-
Hillle aJcOpOyEThCS Ha MOBEPXHI MOSIPHOT HEPYXOMOi (a3u. Sk mpaBuiio, YUM OUTBII
riipo@UTbHUMHE € aHaJITH, THM OlIbIIIe PIBHOBAra po3MoaiTy 3MIIly€eThesi B OIK miapy
ajicopOoBaHOi BOJM Ha HepyXoMiit (asi, 1 THM OuibIIe aHAITIB yTpuMyeThes [30—32].
CriupTH, Taki K METaHOJ, €TaHOJI 200 130MPOIaHON, BHKOPUCTOBYIOTHCS PiJIIIe; OTHAK
BOHH MOXYTh BUKOPHCTOBYBATHCH ISl aHAJI3Y CIIONYK, PO3MIICHHS SKUX IPYHTYETHCS
Ha CHJIbHUX BOZHEBHUX 3B’ s3Kax [30, 32].

Hamu Oyna anpoOoBaHa MeTOIMKa KUTbKICHOTO BH3HAYCHHS aMIHOKHCIIOT y 3pas-
Kax JIikapchKol pocimHHOT cupoBuHU MetonoM HILIC MS/MS 3a nonoMororo cuctemu
BEPX (Waters, Milford, CIIIA), ocHameHoi XxpomarorpadiyHoto KoloHKO SeQuant
ZICHilic (2.1x150 mm, 3.5 pum) (Merck Millipore, Darmstadt, Himeuunna). BpaxoByroun
T€, O aMIHOKHUCIIOTH BITHOCSITB JI0 CITOJIYK 3 BUCOKOFO IOJISIPHICTIO, JUIS TX pO3MiJICHHS
OyB 00OpaHuil xpomarorpadiyHuid PeKUM TiAPOPUIEHOT B3aEMOIIT, TIPH SKOMY PyXoMa
(haza 30arayeHa OpraHivYHAM pPO3YMHHHKOM [33]. meHTHdiKaIlisi aMiHOKHCIOT y poc-
JHUHHUX 3pa3Kax 3IiHCHIOBANACH IIUIIXOM HOPIBHSHHS Yacy YTPUMaHHS pe(epeHTHHX
cnoinyk Ha MRM (Multiple Reaction Monitoring) Xxpomarorpamax.

Cepen BaiIalitHUX XapakTEPUCTHK PO3POOICHOT METOUKHI CITiJT BUIUTATH Ty TIH-
BicTh (HWKHA Mexa BussieHHS 0,03 ur/mir), TouHicTs (73—117%), nmpenusiitHicTh (Ko-
edimient Bapiamii 28%). MeToarKa KOPEKTHA IO BIIHOIIECHHIO JIO BaJIJJAIIHOTO Mapa-
MeTpa «JIHIHHICTh — KamiOpyBajgbHa Mojenby [16, 33].

OHUM 3 HAHOIIBII MOMUPEHUX METO/IB Y (hapMaIleBTUYHOMY Ta, 30Kpema, (hiToxi-
MigyHoMYy aHami3i € BEPX. 3a nqomoMoror gaHoro MeToay 3MiHCHIOITH IeHTH(DIKAIII0
Ta KUIbKICHE BHU3HAYCHHS CIIOJIYK, BaJiJAIlil0 aHATITHYHUX METOIMK, TaHJIAPTH3aIlI0
JIKApChKOT POCITMHHOT CUPOBHHHU Ta (PITOTEpPAIEeBTHYHUX 3aC001B, @ TAKOXK OJCPIKYIOThH
pedepenc-pevosunn [11, 23].

AHaTI3 JIIKAPCHKOT pOCIIMHHOT cHpOBUHHU MeToioM BEPX mo4ynHaeThCst 3 OUHIIICHHS
Ta BIIOKPEMIICHHSI [IIJThOBOT CITOJYKH B1JI CTPYKTYPHO CITOPIAHEHUX 200 CynmyTHIX. Takum
YHHOM, MOYKHA OTPUMATH XapaKTEePHUH MK IS KOXKHOI OKPEMOi CIIONYKH POCIHHHO-
r0 TIOXOKeHHs. KpiM Toro, KIIOYOBHM acleKTOM € BUOIp AETEKTOpa Ta BCTAHOBICHHS
ONTUMAJIEHUX TIapaMeTpiB BUsBIICHHS. HalOiipm monynspHuMu € YD-1eTeKTopH, Ie-
PEBaXKHO 3aBISIKH IX BUCOKIH UyTIIMBOCTI Ta 3[aTHOCTI CIIOIYK POCIMHHOTO TIOXOMKEH-
Hs TIOTVIMHATH YJIBTPadiolleTOBE BUIPOMIHIOBAHHS Ha PI3HUX JIOBXKHHAX XBWIb [34, 35].
Hanpuknan, meromom BEPX 37iiicHIOBaIM BH3HAYCHHS T1IPOKCHKOPHYHUX KUCIIOT Ta
(IIaBOHOIMIB ¥ CyXHX €KCTpaKTax, OfepKaHUX 3 POCIUH POIUHU Betulaceae, B pe3yib-
TaTi 4oro OyiM i7eHTH(IKOBaHI HEOXJIOpOTreHOBa Kuciora (1), XJIOpOoreHoBa KHCIOTa
(2), xo(etrina kucnota (3), pytus (4), rinepo3ua (5) Ta KBepUTpUH (6) Ta po3paxopa-
HUH KUTBKICHUH BMICT crionTyK (pHc. 1). BUKOpHUCTOBYIOUYH OTpHMaHi eKCIIEPUMEHTATbHI
naHi, Oy pospaxosani LOD (0,74 ur/min), LOQ (2,2 ur/mir) ta R?(0,9988) [16].

Meton BEPX 3acTocoBy€eThCSl HE TUTbKH JIJISi BU3HAYCHHS CIIOJIYK POCJIMHHOIO T10-
XOJKSHHSI, aJie f U1l BCTAHOBJICHHS aHTHOKCHIAHTHOTO TIOTEHITially CHPOBHHH a00 TIpe-
napariB Ha POCIWHHIN 0CHOBI. 3 i€t MeTor Hamu Oyio oopano metox BEPX 3 ABTS
KaTIOH-PaJIMKaJIOM Ta OIIHKY MoTeHIany 3a mokasankoM TEAC. 3a onepxaHnMu Hera-
TUBHMMH IUTOIIAMH TIiKiB PYTHHY, PO3MapHHOBOI KHCJIOTH Ta XJIOPOTE€HOBOI KHCIIOTH
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Puc. 1. Xpomarorpama BUIIpoOOBYBAaHOTO PO3YMHY 3 CYXOTO €KCTPAKTy POCIUH poxuHu Betulaceae

Fig. 1. Chromatogram of the test solution from the dry extract of Betulaceae family members

OyJ10 pO3paxoBaHO AaHTHOKCHUAAHTHHUH MOTEHIIAN JUISI CyXOTO BOJHOTO €KCTPAKTY TPaBU
6asmwiiky kampopnoro copry [lypruypuwuii (Ocimum basilicum L.) [16].

Bimnocue cranmaprae Bigxunenns (RSD) y%, mexxa BusiBiernns (LOD) 1 Mexka Kib-
kicHoro BusHadeHHs (LOQ) B MKI/MJ HaBeneH1 y Tabmuii 2. KoedirieHT nerepminarii
(R?) cranoBuB He mermie 0,99.

Tabnuys 2
IMapameTpu Kaniépauii MeTOAMKH BU3HAYEHHS] AaHTHOKCUIAHTHUX BJIACTHBOCTEH
Y CYXoMYy eKCTpaKTi TpaBu 6a3uiiky kam¢popHoro
Table 2
Calibration parameters of the method of antioxidant properties determination
in the dry extract of Ocimum basilicum herb

Crnosyka RSD LOQ LOD R?
Pytun 0,64 0,16 0,05 0,99
PosmapunoBa kuciora 0,69 0,30 0,10 0,99
XJoporeHoBa KUCIIOTa 0,92 0,11 0,04 0,99

OHHAM 3 TIONIMPEHUX METOMIB 1IeHTH ]Ikl O10TOT1YHO aKTHBHHX CITOJIYK Y POC-
JIMHHIA CUPOBUHI 200 (HITOTEpaNeBTUYHHX 3aC00aX € METO/I BUCOKO €(DEKTHBHOT TOHKO-
nrapoBoi xpomarorpadii (BETHIX) [11, 36]. Ha ckorofHimHii IeHb METOIN TOHKOIIIA-
poBoi xpomatorpadii (TIIX) ta BETIIX 3anumiaroTbcs HAWOUTBIT TPUAHATHUMHA IS
ineHTr(DIKAILlT JTIKapChKOI POCIUHHOT CHPOBUHH, IO MOSICHIOETHCS YHIKATbHUM XpOMa-
TorpadigHrM podijeM KOXKHOI pOCIIMHU a00 eKCTPaKTy Ha 11 ocHOBI [37].

Metomu TIIX/BETIIX Tpamuiiitno BukopucTOBYOThCS JIDY Ta €Bpomeichkii
(hapmakoriei IS 1iIeHTH(IKAIT CUPOBHHH Ta BHUSBICHHI JOMIIIIOK METOJIOM Bi3yalbHOI
OIIHKH, & TAaKOXX JUIsl HAIIBKUTbKICHOTO BU3HAYCHHS CIIOJIYK ITPH IMOPIBHSIHHI IHTCHCHB-
HOCTI IJISIMH Y 30HI BUITPOOOBYBAHOTO PO3YHMHY 3 TUIIMaMH Y 30HaxX peepeHTHUX CIo-
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nyk [38, 39]. IIpu upomy iHcTpyMeHTanbHuI MeTon BETIIIX mae nepeBaru 3a paxyHOK
MOJKJIMBOCTI KUTbKICHOTO BH3HAYCHHS PEUOBHH, sIKi (iryopeciiroroTs B YD- abo BUIH-
MOMY CBITJI.

[Ticnst BBenenns 1o JI®Y crarti «BucokoedekTnBHA TOHKOIIAPOBA XpoMaTorpadis
(2.8.25) HaOyBae akTyaJbHOCTI HaNpsM HAyKOBUX JOCIIDKCHb, IPUCBIYCHUX OTITHMIi-
3amii onucanux paninre Metoauk TIX i po3podui HoBux MeTonuk BETIUX s inen-
TU(IKAIT TIKapChKOi POCITMHHOI CUPOBUHM a00 POCIMHHUX 3aco0iB. KpiM Toro, akrty-
AIBHAM HAIPSIMKOM € pO3po0Ka METOIUK KIJIBKICHOTO BH3HAYCHHS CIIOJIYK METOIOM
BETIIX [11].

BUCHOBKH

1. 3 ypaxyBaHHSM IIpOOIEMH HAJIC)KHOTO KOHTPOJIIO KOCTI JIIKApCHKOI POCINHHOT
CHPOBUHHU Ta (PITOTEpANeBTUYHUX 32C001B, aKTYaJIbHICTh MOIIYKY Cy4YaCHUX METOIB Ta
PO3pOOKH METOUK ieHTU(iKaLlii CHPOBUHM HE BUKIUKAE CYMHIBIB.

2. IlpoanamnizoBaHO MEPCHEKTUBU 3aCTOCYBAHHS METOJIB PEHTIeH-(pIyopuMeTpil
JUIS 371IICHEHHS BXiJTHOTO KOHTPOIO CHPOBHHHU Ha BMICT Ba)KKUX €JIEMEHTIB.

3. Ilepemaramu 3actocyBaHHs xpoMarorpagiunux Metonis (BETIIX, BEPX, I'X
MC) € migBumeHHs cienn(iYHOCTI aHaTi3y, aBTOMATH3AIlisl TIPOIIeCy, aHaJ3 Ta CUCTe-
MaTH3allis Pe3yJabTaTiB 3a JJOMOMOTOI0 IPOTPAMHOTO 3a0e3NeUeHHs, 00’ €KTUBHA OIlIHKA,
MOXJIUBICTB MapajeabHoOl ieHTH(IKaLiT cepil 3pa3KiB CHPOBUHH, ONTUMI3allisl YaCOBUX
Ta €KOHOMIYHUX BUTpAT.

4.  Po3poOka Ta BIPOBaKEHHsI Cy4YaCHUX METO/IB aHaJi3y JiKapChKOi POCINHHOT
cHpOBUHH 110 MoHorpadiit JIDY Oyne cnpusitu nonepemkeHHIo (anbcudikanii cupo-
BUHU Ta JIKapChKUX 3ac00iB Ha i1 OCHOBI, MOKPAIICHHIO AKOCTI (hapMaIleBTUYHUX PO3-
POOOK, «CKpi3HOD» cTaHAapTH3aMii JIIKapChbKOI POCIMHHOI CHPOBHHH, HAIliBIIPOAYKTIB Ta
TOTOBHX JKapChKHX 3ac00iB.
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APPLICATION OF MODERN METHODS OF ANALYSIS FOR
DETERMINATION OF POLLUTION AND IDENTIFICATION
OF PLANT RAW MATERIALS

Quality control of herbal preparations is an important component to ensure the effectiveness
and safety of their use. Phytochemical medicines are made from medicinal plant materials that
may contain unwanted chemical compounds, so careful quality control must be performed to
ensure their safety and efficacy.

The success of quality control of herbal materials requires an integrated approach, i.e. a
combination of various techniques and methods that allow analyzing the main classes of
compounds. Various methods of analysis are used to overcome these difficulties. Today, the
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main chemical methods for determining the quality of medicinal products are chromatographic,
in particular gas chromatography (GC), often combined with mass spectrometry (MS), liquid
chromatography (HPLC), thin-layer chromatography (TLC), column chromatography (CC).
Besides, HILIC is the optimal method for the analysis of polar and ionized compounds that
are too strongly retained on polar stationary phases and/or poorly separated by standard
chromatographic methods.

TLC/HPTLC methods are traditionally used by the SPhU and the European Pharmacopoeia
for identification of herbs and detection of impurities by visual assessment, as well as for
semi-quantitative determination of compounds when comparing the intensity of the spot in
the zone of the tested solution with spots in the zones of reference compounds. The mentioned
methods have still remained the most acceptable for the identification of herbs, which is
explained by the unique chromatographic profile of each plant or extract based on it. At
the same time, the instrumental method of HPLC has advantages due to the possibility of
quantitative determination of substances that fluoresce in UV or visible light.

Nowadays, the direction of scientific research devoted to the optimization of the previously
described analytical methods and the development of new ones for the identification of both
herbs and herbal materials, as well as herbal remedies, becomes relevant. In addition, the
development of methods for the quantitative determination of herbal compounds is a relevant
scientific and practical direction.

Key words: quality control, phytochemical analysis, herbal material
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JOCJIAXKEHHS B31§€MO,Z[Ii MIK ZnO TA SiO METOJOM
I CIIEKTPOCKOIIII

JHocmimxeno B3aemonito okenay Llmaky 3 MoHOOKcHAOM CHITIIIIO B iHEPTHOMY CEPETOBHILI
(ounIIeHMIA aproH) Ta Ha MOBiTPi MeToaoM [Y crieKTpocKomii MPOIyCKaHHS MPH TeMIeparypi
1273 K. TepmoxuHaMidHI pO3paxyHKH IMiATBEPIKYIOTh MOXKIHBICTE B3aemoxii ZnO i3 SiO
IIpU Till JKe TeMIeparypi 3 yTBOPEHHSM OpTocwiikary L[MHKy 3a yMOB iHEpPTHOTO cepeno-
BuIla (aproH) Ta Meracuiikary LluHKy 3a ymMoB moBiTpsi. B pe3ynbrari B3aeMopii CrieKTpu
IPpOITyCKaHHA KOMl'[OHeHTiB 3a3HAa0Th CYTTEBUX 3MiH: 3’ IBIISIETHCS CMyra BaJICHTHUX KO-
nmuBab Si—O y miamazoni 900-1100 cm!, a cmyra BaneHTHHX KonuBaub Zn—O y niama3oHi
350-500 cm™! medpopmyeThest, 0COOIUBO, TiCIIS IPOKAPIOBAHHS Ha TMOBITPI. 1{e MOsSCHIOETHCS
PI3HHIICIO Y CTPYKTYpi NPOAYKTIB peakmiii y aproHi Ta Ha moBiTpi. OTHUM 3 MOMKIMBHX
MIPOAYKTIB PEakIii B aproHi € HAHOYACTKH €JIEMEHTHOTO KPEMHII0 y MaTPHUIll OPTOCHITIKATy
Hunky, Zn,Si0,, 10 HEMPSIMUM YMHOM MiATBEP/DKYETHCS HASBHICTIO OCIMIALIN Ha 3Had-
Hux ninsHkax [U cnektpy 3paska. [IpoxxaproBaHHs Ha TOBITPI MIPU3BOIUTE JI0 1X 3HUKHEHHS
mig giero kucHio. [Ipy oMy iHTerpanbHa IHTEHCHUBHICTH CMYT, IO BiAMOBIJA€ BAJICHTHUM
KOJIMBAaHHAM 3B’s3KiB Si—O, CyTTEBO 3pocTae y cmiBBiHOMIEHH] 10 22:14. OOroBOPIOETHCS
MOXKIJIUBICTB IIPAKTUYHOTO 3aCTOCYBAHHS OAEPKAHUX HAHOCTPYKTYP.

Kawuosi cmoBa: oxcun Ilunky, monookcuy Cuiniro, TBepaodasHa B3aemomis, Y
CIEKTPOCKOIIisl IPOITYCKaHHSI.

BCTVYII

Monookcua Cuitiro [1], a6o Cuuminiit (I1) okcum — crioiyka 3 eMImipuaHO0 GopMy-
noro SiO — icHye y ra3yBaroMy (MOJEKYJISPHOMY) BUIVISIII, & TAKOXK Y TBEPAOMY CTaHi
micist rapryBansst. [[lupoko mommpenuii y BeecBiTi, yTBOPIOETHCS MUISIXOM B3a€MOJIIT
SiO, 3 Byrnenem abo enemenTHUM CHIIIIEM 32 CXEMAMU:

T
Si0, + C — Si01 + CO1, (1)
T
Si0, + Si — 2Si01. 2)

V rasyBatomy cTaHi icHye y BUDIsIi Mostekyan (SiO) , ne n = 1, 2, 3. [Ipn xonnen-
carii Ha XOJOIHI! OBEPXHi YTBOPIOETHCS CMONONOAIOHA (aMop(hHA) peuoOBHUHA TEMHO-
KOPHYHEBOTO (Maike 90pHOT0) KoIabopy. CTpykTypy TBepmoro SiO noci He 3°sICOBaHO.
3a OTHUMH JaHUMHU, TBEPIUH MOHOOKCH ] CHITIITIIO CKIIAAA€ThCS 3 TOMEHIB (IUISTHOK) Si
Ta Si0,. 32 iHIIMMHU TaHUMHU BiH Ma€ aIMa3onoiOHy CTpyKTypy CHIILI, y Kl 4acTu-
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HY TO3uIlii atomiB Si 3amimieHo Ha atomu Okcureny. [Ipu moBiIbHOMY HarpiBaHHI BiJl
400 1o 900 °C amopdHuuit MorHooken  CHITIIIIO IUCTIPONOPIIOHYE Ha HAHO- H MIKpO-
KPHMCTaJIU €JEMEHTHOIO CHIIiIIIIO0, BKpHTI 000710HK0I0 3 Si0,. Ileki crnocib 3acTocoByOTh
JUTSL OZIEPKaHHS KBAHTOBUX TOUOK JUIS TIOJAITBIIIOTO 3aCTOCYBAHHS Y CBITJIOBUIIPOMIHIO-
founx niogax (Light Emitting Diodes, LED), a Takox y JiTi€BHX XIMIYHHUX Ta TIOpUAHUX
JDKEpeNax CTpyMy.

Crig HaBecTH Jiesiki (hi3M4Hi BIACTHBOCTI MOHOOKCH Ty CHITIIIIO Y KOHJICHCOBAHOMY
craui. Moro ryctuHa ctanoButh 2.13 r/em’, T =1702 °C, T = 1880 °C, npakTu4Ho
HEPO3YMHHUHA y BOII UM Y IHIIMX PO3YMHHHKAX. 3TaTHUH IO ENEKTpU3aIlil MpH TepTi,
yepes 10 TEXHOJIOTisSE HaHeCeHHs OKpUTTA 3 SiO cnpshkeHa i3 HeOOX1THICTIO 3aCTOCY-
BaHHS BUIAPHHUKIB 0COOIMBOT OPMHU Yepe3 MOKITUBE PO3MPUCKYBAaHHS MaTepiay.

Monookcua CHITIIIO 3aCTOCOBYETHCS Y HAIIBIPOBITHUKOBIH TEXHIIl, €ICKTPOHIII
Ta iHppadepBoHid onTuii [2—7]. OTXe, BAXIMBUMH € ONTHYHI BIACTHBOCTI CIIOJNYKH,
X04a BIJIMOBI/HI aHi € BesbMu cynepewmBumMu [8—11]. Tak, ans mmpuau obnacti mpo-
3opocrti HaBomAThes Bemuuuan 0.5 (0.8) + 7.5 (8.0) MKM, 17151 TOKAa3HUKA 3aJIOMIICHHS —
3HayeHHs 1.9; 1.98; 2.15. Ie noB’s3aH0 31 3HAUHUM BIUIMBOM CTEXiOMETPIil CIIOJIYKH 32
OxcureHoM Ha 11 (pi3uKo-XiMidHI TapaMeTpu.

Tomy moxa3uuk 3amoMieHHS TOKPHUTTIB 3 SiO (1.49—-1.9) cyTTeBO 3a1eXKHUTH BiJ Iap-
IIAJTBHOTO THUCKY KUCHIO Y BaKyyMHIN Kamepi, a TaKOXX IIBUJIKOCTI BHUITAPOBYBAaHHS U
KoHJeHcanii Ha miaknaami [8—10]. ¥V miTeparypi € JOCUTH CYNEPEewWIUBi BiIOMOCTI PO
BIIacTHBOCTI MOHOOKcH Ty Crimiro. Tak, aBropu [12] moBiZOMIISIOTE (IIBUALIC 32 BCE,
MTOMHJIKOBO) TIpo Te, 110 Si0 — 11e 6e30apBHA pe4oBHHA KyOIUYHOI CTPYKTYpPH 3 TEMITepa-
Typoro tasienHs nonas 1700 °C. Y Toi xe yac y kau3i [11] cTBepaKy€eThCs, 1110 MOHO-
okcna CHITIIIIO Mae KOPHYHEBO-YOpHE 3a0apBiieHHS i poskianaetses mpu 400700 °C,
TOOTO 3a/I0BTO JI0 TeMIIepaTypH TuiaBieHHs. Lle nos’s3ane 3 Tum, mo SiO € TepMoau-
HaMIYHO CTaOUIbHOIO CIIOJYKOIO TUTBKM B ra3yBaTOMy CTaHi, y TOH 4ac sK y KOHJICH-
COBaHOMY CTaHi BiH € HecTikuM. [Ipu TOCHTH MOBLIFHOMY OXOJOIDKCHHI, HMOBIpHO,
MoHOOKcH ] CHITIITII0 3a3HAE TUCTIPOIIOPIIIOHYBaHHS 3a cxeMoro [12]:

T
2810, 7 St T8I0, 3)
ne: aMmopdH., ckil. — amopdHa i cKIIOmO1i0H1 KOMITOHEHTH.

Ha nasBuicte Si (amopdH.) y peUOBHHI BKa3zye TEMHO-KOPHUYHEBE 3a0apBICHHS
MIPONYKTY, a TAKOX PEHTTCHOAMOP(HHIA XapakTep KoHaeHcaTy. ABrop [13] Takox mo-
BiZIOMJISIE TIPO Te, M0 SiO € MOPOIKOM KOPUIHEBOTO KOJIBOPY, IKU CyONmiMy€eThCs MpH
1200 °C, a Ha oBiTpi 32 3BUYAWHUX YMOB MOBIJIbHO OKUCHIOETHCSA. OUEeBHIHO, MOBA iizie
PO PEYOBUHY, OTPUMaHy TpH KoHjaeHcalil mapu SiO 3 pi3HO MBUAKICTIO (IO MPO-
HIIa MBUJIKE 3arapTyBaHHS W MOBUIBHE OXOJOKEHHsI, BiJIOBIHO). O6IacTh Npo30-
pocri B [Y niana3oHi HOKPUTTS 13 BOTO MaTepially 0OMekeHa BaJICHTHUMHU KOJIMBaHH:I-
Mu 3B’s13kiB Si—O B obacti 0iau3bko 8 MM [14]. Lle He 3aBxk M 3a10BOJIbHSIE BUMOI'aM,
III0 BUCYBAIOTHCS JI0 OKPHUTTIB, 0COONMBO MPH KOHCTPyIoBaHHI onTHKH [Y TexHOMOTI4-
nux CO,-nazepis 3 po6o4uoro noBxKMHOK XBuI 10.6 MkM. Came TOMY MOIIYK aHaJIOriy-
HUX, ajie OUTBII «JJOBMOXBHIBOBHX» CIOJYK 1 KOMITO3UTIB Ha TXHIH OCHOBI € BaJKITHBOIO
po0JIEMOI0 HEOPTaHIuHOI XiMil i OITHYHOTO MaTepialo3HABCTRA.
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EKCIIEPUMEHTAJIBHA YACTHUHA

Sk BUXiJIHI PEYOBMHHM HAMH 3aCTOCOBaHO HacTymHi: okcup I{unky (ZnO) onep-
KyBany mpoxaproBaHHsaM mpu 1250 °C  BogHoro rigpokcokapOonary LluHKY
(2ZnCO,-3Zn(OH),'H,0) kBanidikauii oc.4., BApOOHUUTBO 3aBoAYy «KpacHuii Ximik»,
TY 6-09-01-375-79; monookcun Cuminito (SiO) kBamidikamii X.4., BUPOOHUITBO
3aBony PEAXIM (m. [Joneurk). TepmooOpoOKy 3paskiB cucremu ZnO—-SiO y Monsip-
Homy criBBigHomeHHi (1:1) npoBoaunu npu 1273 K y peakropi 3 KBapLOBOTrO CKJa,
SIKUH 3aII0BHIOBAJIM OYMIIEHUM aproHOM 1 BMIllyBaJId y TpyOYacTy TOpU30HTAIbHY i
RHTC80-450, BupobuuurBo Nabertherm, HimeuunHa B cepemoBuIli 10JaTKOBO OYH-
LIEHOTO aproHy (CUcTeMa OouuileHHs, BupoOoHuuTBo Valco Instruments Co Inc., CILIA)
Ta Ha MOBiTpi. HarpiBaHHS MIMXTHU MPOBOIMIM Y PO3POOICEHOMY PEXKHUMI 3 KIHIIEBOIO
Toukor0 1273 K 3 HACTyNHUM BUTPUMYBAHHSIM 32 Ili€] TeMIepaTypu IPOTIroM 4-X To.
OO0uBa 3pa3ku Malld TEMHHMNA KOJIip (Apyruid 3 HUX — NpOXKapeHUi Ha MOBITPi — eI
CBITJIIIINIA), OUEBUIHO 3aBISKH HASIBHOCTI MOHOOKCHAY CHITILIiTO.

3BaXkarouu Ha 3JaTHICTh PEareHTiB Ta MPOAYKTIB Peakliil 0 CKIyBaHHS, ineHTU(i-
KaIlito 3pa3kis npoBoaunnu MeroaoM IY cnexkrpockomnii nmpomyckanHs. CleKTpu 3pasKis,
3ampecoBaHux y marpuito Csl, kBamidikanii oc.4, BUpOOHHITBO [HCTUTYTYy MOHOKpUC-
taniB HAH VYkpainu (M. XapkiB) 3a CTaHAapPTHOI METOAMKOIO 31 CITiBBIHOLICHHSM
3pa30K-MaTpull gk 1:20 3HiMaM 3a 1OIOMOTOI0 CTIEKTPOMETpa i3 Pyp’ e-nepeTBOPEHHIM
Frontier, Bupobnuntso ¢ipmu Perkin-Elmer (CILA). /liama3oH BUMIpIOBaHb JIeXkKaB
y Mexax xBuiboBux unces 200—4000 e, TIpo HasIBHICTE HAHOYACTOK y MATPHIL CY/IH-
JIY 32 HAasIBHICTIO MEPIOANYHOT OCUMISALIT Ha MeBHUX AUIsHKaX [Y cnexkTpiB mpomyckaH-
Hs [15, 16]. BumipsHO TakoX 3arajbHi IUIOIII MiJl CMyraMu MOTJIMHAHHS (1IHTerpagbHy
IHTEeHCUBHICTh cMyT). BuMiproBaHHs npoBezieHo 3a nporpamoro ORIGINS. 1.

Po3paxyHok TepmoanHamiuHuX (GyHKLIH peyoBuH (mpoctux — Si, Ge, Ta CHONyK)
nposogwiy ipu T = 1273 K y nepiiomy HaOnMKeHHI 32 PIBHSIHHSAMHU:

AHp = AHjse + Cp 1 (T =298 K); (4)

St =Sies+ C, . In—

208 (5)

3HaueHHs 3MiHM (YHKI[IH TIpH peakIlisx 3a IXHbOI y4acTio, TOOTO A Hrp ta ASt
PO3paxoByBaH K ajaredpaiuny cymy (GpyHKIiH 11 okpeMux pedoud. 3miny A G 3Ha-
XOJIMJTU 32 BiJIOMHUM PiBHSHHSIM:

AGy = AH; —AS; - T/1000. (6)

BinmoBinHi 3HaUeHHS (QYHKITIH, TETUIOEMHOCTEH Ta TEPMOJAMHAMIYHI ITapaMeTpH Ha-
BeJICHO y JioBigHMKax [11, 12, 17]. Pe3ynbratu po3paxyHKiB HaBeqeHi y Ta0u. 1.

PE3VYJIBTATH TA iX OBTOBOPEHHSA

MosxnuBi peakiii MoHookeuay Cuiinito i3 okcuaom LIMHKY € HikaBUMHU y ITaHi
YTBOPCHHSI HAHOKOMITO3HTIB, 1110 CKJIAJAIOThCS 13 HAHOUACTOK Si, sIKi MOXKYTh OyTH BU-
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KOPHUCTaHI y JTIEBUX JDKEpENlaX CTPYMY, CIEKTPOHHHUX MPHUCTPOSX THITY BapUCTOPIB,
Toro [18].

Po3misiHeMO 3 TOUKH 30py TePMOIMHAMIKK MOXKIIMBICTB peakiiii mixk ZnO ta Si O.
PiBHSIHHS OKHCHO-BITHOBHHX peakiliii 3a yaactro MmoHookcuy Cuiriro (T=1273 K)
MaroTh BHIVISI:

T. Ar
27n0 + 2810(TB') — Zn,SiO, + Si, @
T. noE.
27Zn0 + 28i0 + O, — 2ZnSi0,. ®)

o
Buxonsun 3 nanux tabdm. 1, oOuaBi peakiii € MOKITUBUMH (ﬂrGT < 0). Te x cTocy-
€THCSI 1 PIBHSIHHS PEAKIIii:

27Zn0 + Si0, — Zn,SiO,. O]
HaromicTtb, peaxirisi, 1110 OMMUCYETHCSI CXEMOIO:
T
ZnO + Si0, — ZnSiO,, (10)

BUSIBIJIACS TEPMOIMHAMIYHO HEMOXKJIMBOIO 32 BUCOKHX TEMIIEparyp, Xoua 3a CTaH1apT-
HUX YMOB BOHA Ma€ BijiOyBaTHCA.

Tabmung 1
TepmonuHaMiyHi XapaKTepUCTHKHU peakuii
Table 1
Thermodynamic characteristics of reactions
298 K 1273 K
PiBHsiHHS _ . . . . .
ArHZ‘)B’ Ar8298’ ArC'Z98’ ArHTa ArSTa ArGTv
peakii
kIx/moan | Ja/moab K kx/monb K | kIx/moab | Ix/moan K | klx/Moas K
@) —67.52 8.57 —70.08 -53.11 25.66 —85.77
®) —1446.72 —284.83 —1361.84 —1494.14 -348.32 —-1050.73
) -32.50 2.70 -33.31 -38.89 —4.72 —32.88
(10) -1.20 4.40 -2.51 -38.36 —40.25 12.89

3 NI03HAYEHUX paHillle TePMOJMHAMIYHHX MO3HIIH [ 19] oliHeHO CcTyMiHb cTadimizarii
BajienTHoro crany Si(IV) y Ginapromy okcuni, SiO, Ta CKIagHOMy OKCHJIi, OPTOCHITIKa-
i Hunky Zn_SiO,.

PiBHsiHHS peakmii gectadimizamii Si(IV) 3anucyroThcst HACTYITHUM YHHOM:

A HZoe =+35.0 kJx/Moib / 2 = +17.5 kJIx/Monb;
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2810, — 28i0 + O,, (12)
ﬂ.rH;gs = +828.0 x/[xx/momb / 2 = +414.0 kJI>x/Mo0b;
Zn SiO, + Si — 2ZnO + 2Si0, (13)
AH3g = +65.0 kJlx/Monb / 2 = +32.5 kJ[K/MOJIb;
27n,Si0, — 2Zn0 + 28i0 + O,, (14)
AHos = +1006.0 x/]x/momb / 2 = +503.0 kJI>K/MOJIb.
Otxe, CTabUIBHICTE BaIEHTHOTO cTany Si(IV), HACKINIbKY MOXKHA CY/IUTH 3 BETMYHHH
A H;gg,y CKITAIHOMY OKCHII € 04iKyBaHO BUIOKO, HiX y Si0, (414.01a 503.0 k/[%/Monb,
BIJIMIOBIJTHO).
Burmie Hamu nependaueHo MOKIHBICTD B3aeMoii ZnO y cHcTeMax i3 MOHOOKCHIOM

Cunitiro (SiO). [onepeanpo 3us1T0 [Y criekTpy MpOnmyCKaHHS BUX1THUX KOMITIOHEHTIB —
ZnO Ta Si0, a Takoxk — s OpiBHAHHA — amopduoro SiO, (puc. 1, 2).

T1,0
0,9
0,8

0,7

056_ 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 3500

-1
v, CM

Puc. 1. I4 cnekrp mpomyckanus Zn O.

Fig. 1. IR transmission spectrum of Zn O.

VY cniextpi nporryckanuas ZnO (puc. 1) HalOLIbIIT BUPA3HOKO € CMyTa MOTTMHAHHS, 110
CKJIQJIA€ThCS 3 JIBOX CMYT 3 MiHiMyMamu ripu 367 ta 467 M, 110 BiAMIOBIAAIOTH BaJICHT-
HUM KOJIMBaHHSM 3B’s13kiB Zn—0. HasiBHICTh JBOX IMIKIB KOPEJIOE 13 TeKCAroHaIbHOI0
ctpykTyporo ZnO. Y Bunajaky SiO (puc. 2, kpuBa 2) Mae Miclie HasBHICTh 3-X XapakTe-
PUCTHYHHUX CMYT MTOTIMHAHHSA y miarma3oni 4501100 cm! (Tabi. 2), 3 IKUX OCTaHHS BiJ-
MOBiJla€ BaJICHTHUM, a JIpyTa, MOXIIUBO, — Ae(hOopMaIliifHIM KOIWBAaHHSAM y CHTIKaTHUX
TeTpaeapax.
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Puc. 2. IY cnexrpu npomyckanns amopduoro SiO, (1)
Ta po3reproro nopomky SiO (2).

Fig. 2. IR transmission spectra of amorphous SiO, (1) and ground SiO powder (2).

Y9 cnexrp npomyckanus amopdnoro SiO, (puc. 2, kpuBa 1), Ha nepuuii noms, pis-
KO BiJIPi3HAETHCS Bif criekTpy SiO; MpoTe MoJ0KEHHS CMYT TOITHHAHHS Ha 000X KpH-
BHUX € MPAKTUYHO OJHAKOBUM, 38 BUHATKOM cMyru nipu 623 cm!. Tle € migTBepmKeHHIM
IyMKH 11po OyzoBy SiO sk Taky, IO CKIaaeThes 3 aMOppHUX ckaanosux SiO, Ta Si.

Tabmnurs 2
Ioso:xkennst cmyr noriuHanusa y [4 niana3oni cnexkTpy 3pa3kiB
cucrem ZnO-SiO
Table 2
Positions of absorption bands in the IR range of the spectrum of samples of ZnO-SiO systems
3pa3ok, cniBBiAHOLIEHHSI g
TAa YMOBH CHHTE3Y ,em!
Zn0, 1273 K, noBiTps 1505 cn. 467 n.c. 367 n.c.

3469 c. 1200 cim. 1091 mc. 795 m.c. 623 n.c.
2 479 n.c. 382c¢.296c.

3702 cn. 1836 cm. 1615ca. 1086 m.c. 985 ci.
794 cep. 467 c.279cn. 203 cn.

1109 cep. 979 cep. 891 cep. 867 cep. 574 cm.
459 n.c. 375 cep.

1105 cep. 979 ¢. 929 ¢. 892 c. 868 c. 611 cm.
575 cep. 469 c.398 cep. 376 cn. 258 ci.

SiO

SiO

ZnO-SiO (1:1), 1273 K, Ar

ZnO-SiO (1:1), 1273 K, mositpst

Ipumimka: 1.c. — xyxe CUIbHA, C. — CUIIbHA, CEP. — CEPEIHbOI IHTEHCHBHOCTI,
ciI. — cinabka.
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1 criextp cneky ZnO-SiO, mpoxapeHoro y cepeioBHiili Ar, HaBeJIeHO Ha puc. 3. Sk
BUIUIUBAE 3 PUCYHKY, BIOYIHUCS SIKICHI H KiNbKiCHI 3MiHU NOpiBHSHO 3 Y cnekTpamu
MIPOITYCKAaHHS BUXIMHUX pedoBrH. [lo-mepie, 3MIHIOETHCS BHIVISA CMYTH MTOTIIHHAHHS
3B’s13kiB Zn—0, a caMme, 3aMiCThb PO3JBOEHOT CMYTH BUHUKA€E €JJMHA CMYTa, IPOTE 3 Be-
JIUKOIO KUTBKICTIO MiKiB. 3BUYalHO, ii IHTErpaJibHa IHTCHCUBHICTH CYTTEBO 3MCHIIY€Th-
cst. HatomicTh BUHMKa€e OBOJII BUpa3Ha CMyra MOIIMHAHHA y Jiana3oni 8671100 cm!
(Ta6m. 2). [i BUHNKHEHHS OB’ A3aHO 3 BAJTEHTHUMH KOJMBAHHAMH 3B’ 3KiB Si—O y cHITi-
KaTHUX aHIOHAX 3a paXyHOK MOXJIMBOI B3aeMoxii 3a cxemoro (7).

T10
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>
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Puc. 3. I4 cnexrp mpomyckanns cucremu ZnO-SiO (1273 K, Ar)

Fig. 3. IR transmission spectrum of the ZnO-SiO system (1273 K, Ar)

OueBuHO, YTBOPIOBAHUII 32 3a3HAYCHOIO PEAKIi€0 CHIIILiN mepebyBae y BUINIAMI
YABTPaMIKPOTUCTIEPCHUX (HAHOAMCIIEPCHUX ) YacTOK. HempsiMuM miATBEpIKEHHSM ITHO-
TO MOXKE CIyT'yBaTH HasBHICTh ocumuiAwiil Ha IY criekTpi 3paszka, 0coONMBO y Jiana3zoHi
200-2500 cm! [12, 13].

O/IHO3HAYHHUM KPUTEPIEM BIPHOCTI CXeMH B3aemoii (7) MOXKe BUCTYIAaTH BMICT CH-
JIIIABMICHUX CHOJYK ¥, OTKe, IHTEHCHBHICTh BIMOBIIHUX MIKIB MPH 00poOIIi cyMmilii
Zn0 3 SiO B OKHCHIOBaIIBHIH aTMocdepi, TOOTO Ha MOBITPi. Y I[bOMY BHITAJKy Oe3aib-
TEPHATHUBHOIO € cXema B3aeMo/Iii (8).

OckibKH KUTBKICTB 3B’s13KiB Si—O 3a cxeMoro (8) 3pocrae mopiBHIHO 3 (7), Ma€ cyT-
TEBO 3pOCTATH IHTCHCUBHICTh KOJMUBaHb 3B’ s3KiB Si—O y cuiikarax [unky. [liticHo, sk
puriuBae 3 [Y criektpy (puc. 4, Tabi. 3), BoHa 3pocTae mMaiike y 3 pasu.

Kpim toro, Ha criekTpi (puc. 4) Maiike He IPOSBIAETHCS XapaKkTepHa Il HAHOCTPYK-
TYpPYBaHHS OCITIIIAIIS Ha MEBHUX IUISHKAX CIEKTPajIbHOI KpUBOi. HaToMicTh, BUIISIA
CMYTH NOIIMHAHHSA 32 PAXyHOK BaJCHTHUX KOJIMBAHb 3B’ s13KiB Zn—O CyTTEBO 3MiHIOETb-
cst (oueBHIHO, Yepes 3aminy ionis Si03~ ma SI03~ y crpykrypi).
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Fig. 4. IR transmission spectrum of the ZnO-SiO system (1273 K, air)

CIiBBIIHOWICHHS IHTErPaJbHUX IHTCHCUBHOCTEW (Tabi. 3) CMyr NMOTIMHAHHS Ba-
JICHTHUX KOJIMBaHb 3B’s13KiB Zn—O 3aKOHOMIPHO 3MEHIIYIOTHCS MpH jJoxaBaHHi SiO 1o
Zn O. Jlemo HecroaiBaHUM BUAAETHCS TIEBHE 3POCTAHHS IHTETPaIbHOI IHTCHCHBHOCTI
CMYTH TOTIMHAHHS BAJICHTHUX KOJMBAaHb 3B’s13KiB Zn—O s 3pa3ka ZnO-SiO, mpoxa-
PEHOTO Ha TOBITPI, IOPIBHIHO 3 TAKOIO JIIS 3pa3Ka, IPOKapeHOTo B aproHi. MoXIIMBUM
TIOSICHEHHSIM MO)Ke OyTH 3MiHA CTPYKTYpH YTBOPIOBAHOI IIPH IIPOXKAPIOBAHHI CIIOTYKH —
BiJl reKcaronaibHoi s Zn,SiO, (apron) 1o pom0Oiunoi — mis ZnSiO, (mositps).

Tabmums 3
CuiBBiTHOLIEHHS iHTerpajabHUX IHTEHCHBHOCTEH CMYT MOINIMHAHHS 3Pa3KiB
cucremu ZnO-SiO

Table 3
The ratio of integral intensities of the absorption bands of samples of the ZnO-SiO system
3pazok 31 '(')ﬁ.’ S SSi-O’Sy' = S
1 1 x
ZnO 59.2 — — —
ZnO-SiO (1273 K, Ar) 43.7 9.3 4.9 14.2
ZnO-SiO (1273 K, nosiTpst) 53.0 9.8 12.2 22.0

Ilpumimxka: S| — iuTerpaabHa iHTEHCHBHICTb MUPOKOT CMYTH; S, — iHTErpaIbHa IHTEHCUBHICT
BY3bKOi CMYTH.
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AHAJOTIYHI 3MIHM IHTETpaJIbHOI 1HTEHCHUBHOCTI CMYT TODIMHAHHS BiZ0yBarOTh-
cs 1 anms cucteMu 3B s3kiB Si—O mpu 3MiHI cepenoBHINa TpokaproBaHHs (Tadm. 3).
CriocTepiraeThCsi 3HaUHE 3pOCTAHHS 1HTETPaJIbHOT IHTEHCUBHOCTI By3bKOi CMYTH TIOTJIH-
HAHHS TIPY BiIHOCHIH cTabiTbHOCTI TaKoi IS IIMPOKOT CMYTH. IXHe cymMapHe cHiBBigHO-
IICHHS CTAHOBUTH BEIIMYMHY ONMU3BKO 1.55, 1110 KOpEItoe 31 3MIHOK KiJIbKOCTI 3B’ S3KiB
Si—O mpu mepexoi BiJl aproHy JIo TIOBITPS SIK cepeloBHII TipokaproBanHs. [Ipote cra-
OUTBHICTH IHTETPAIEHOT IHTEHCHBHOCTI IIUPOKOT CMYTH € JICIIO HE3PO3yMIJIOH.

BUCHOBKMN:

TepmoarHAMIYHUME PO3paXyHKaMH BCTAHOBJICHO MPUHIIUIOBY MOXIIUBICTE B3a€MO-
nii MoHookcuy Cuitinito 3 okcuaoM LIMHKY 32 OKHCHO-BITHOBHUM MEXaHi3MOM.

VY cucremi ZnO—-SiO, 3a nanumu IY criekTpockorii MpoImycKaHHs, B3a€EMOJIisI B iHEPT-
HOMY cepeqoBuIli (Ar) BiiOyBaeTbCs 3 YTBOPEHHSIM HAHOCTPYKTYPH, IO CKIAJA€THCA
3 HAHOYACTOK CHJINiI0 y MaTpumi oprocuiikary L{unky. HatomicTs mposkaproBaHHS
B OKHCHIOBAJILHOMY CEPEJOBHII (MOBITPs) MPU3BOAUTH A0 MaikKe HITKOBUTOTO 3HHK-
HEHHSI HAHOCTPYKTYPH.
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RESEARCH OF THE INTERACTION BETWEEN ZnO
AND SiO BY THE METHOD OF IR SPECTROSCOPY

The interaction of Zinc oxide with Silicon monoxide in an inert medium (purified argon)
and in air was studied by the method of IR transmission spectroscopy at a temperature of
1273 K. Thermodynamic calculations confirm the possibility of interaction of ZnO with
SiO at the same temperature with the formation of Zinc orthosilicate under the conditions
of an inert environment (argon) and Zinc metasilicate under air conditions. As a result of the
interaction, the transmission spectra of the components undergo significant changes: a band
of Si—O valence vibrations appears in the range of 900-1100 cm’', and the band of Zn-O
valence vibrations in the range of 350-500 cm™ is deformed, especially after calcination at in
the air This is explained by the difference in the structure of reaction products in argon and
in air. One of the possible products of reactions in argon is nanoparticles of elemental silicon
in the Zinc orthosilicate matrix, Zn,SiO,, which is indirectly confirmed by the presence of
oscillations in significant areas of the IR spectrum of the sample. Calcination in air leads to
their disappearance under the influence of oxygen. At the same time, the integral intensity of
the bands, that corresponds to the valence vibrations of the Si—O bonds, increases significantly
up to the ratio of 22:14. The possibility of practical application of the obtained nanostructures
is discussed. The increase in the integral intensities of the absorption bands in the IR
transmission spectra corresponding to the valence vibrations of the Zn—O bonds compared
to those for the bonds in the ZnO-SiO (argon) system is most likely due to a change in their
structure (from hexagonal when calcined in argon to rhombic when calcined in air). Possible
ways of practical application of the ZnO-SiO system in microwave electronics and infrared
optics are discussed.

Keywords: Zinc oxide, Silicon monoxide, solid phase interaction, IR transmission
spectroscopy.
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SYNTHESIS AND STRUCTURE
OF SUPRAMOLECULAR GLUCONATOGERMANATES(1V)
WITH NITROGEN-CONTAINING ORGANIC CATIONS

Optimal methods of synthesis of germanium(IV) complexes with gluconic acid (H,Gluc) and
exo-ligands niacin (Nic), niamide (Nad) and isoniazid (Ind) in aqueous solution were developed.
The structure and stereochemistry of the presented complexes were stated by elemental
analyses, thermal analysis, IR spectroscopy and single crystal X-ray analysis. It was shown the
formation of supramolecular salts of the composition (NicH),[Ge,(OH),(u-H,Gluc),]-3H,0
(1), (NadH),[Ge,(OH),(u-H,Gluc),]-3H,0 (2), (IndH),[Ge,(OH),(u-H,Gluc),] (3).

It was established that complex 2 consists of two protonated niamide molecules and a
complex anion in which two germanium atoms are coordinated by two bridging ligands
of deprotonated gluconic acid H,Gluc*. The trigonal-bipyramidal polyhedron of Ge(IV) is
additionally formed by the coordination of the hydroxyl group. In the crystalline phase, the
complex exists as a trihydrate.

Key words: germanium, gluconic acid, coordination compounds, niacin, niamide, isoniazid,
IR spectroscopy, X-ray analysis.

Gluconic (pentahydroxyhexanoic, H,Gluc) acid occurs naturally in plants, fruits,
wine, honey, rice and other natural sources. Its physiologically active D-form, formed at
microbial oxidation of glucose, is a non-toxic organic compound that readily decomposes
in soil (98% within 2 days) [1].

The interaction of this acid with alkaline earth and 3d-metals is actively studied, as
its salts and coordination compounds exhibit pharmacological properties. Thus, calcium
gluconate normalizes the disturbed balance of potassium and sodium in the myocardium
in coronary insufficiency and exhibits an antiarrhythmic effect in heart ischemia [2], and
also has a positive effect on the activity of enzymes of the brush border of the intestines
of animals [3]. The copper(Il) complex [Cu(DPQ)(H,Gluc)]-2H,O (DPQ — pyrazino-
[2,3-f][1,10]-phenanthroline) is able to bind to DNA by intercalation and exhibits better
antitumor activity against liver cancer cells than cisplatin in vitro [4].

A number of complex compounds of gluconic acid with f-elements have been obtained
and investigated by potentiometry, mass-spectrometry, UV—Vis spectrophotometry, Raman
and 'H and *C NMR [35, 6]. It has been proved that the ligand is coordinated to Pr(IIT) and
NdA(IIT) by deprotonated carboxyl and two hydroxyl groups at C2 and C3. At the same
time, neodymium forms compounds with bi- ([Nd,(H,Gluc),]*, [Nd,(H,Gluc),(H,Gluc)]*,
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[Nd,(H,Gluc),(H,Gluc),]*) and mononuclear ([Nd(H,Gluc),(H,Gluc)]*, [Nd(H,Gluc)
(H,Gluc)]*) anions [6].

The existence of 2 to 10 forms of aluminum(I1I) complexes with D-gluconic acid in
solution has been demonstrated, and the compound [AlI(H,Gluc)(H,Gluc)]-2H,O with
tridentate coordination of ligand molecules has been characterized in the solid state [7].
Potentiometric and voltammetric measurements in the Sn **— H Gluc system have been
determined the existence of complexes of the composition [SnH Gluc]* [Sn(H,Gluc),]
and [Sn(OH)(H,Gluc)] with the highest formation constant for the first [8].

Based on the above data, it can be concluded that the advantages of gluconic acid
are not only high biological activity, low toxicity, but also its features as a polydentate
chelating ligand. The presence of many donor centers in the molecule and their spatial
organization selective for each metal ion, contribute to the formation of complexes of
various forms and structures, in particular, mono- and binuclear complexes.

However, at present, the number of investigated metalochelates with gluconic acid
is not large. There is no information about essential germanium, whose biocoordination
compounds with polyhydropolycarboxylic acids (tartaric, malic, xylaric, citric) the authors
have been engaged in for many years [9-11].

The presented work is a logical continuation of these studies, its goal is to develop
methods and obtain coordination compounds of germanium(IV) with gluconic acid and
exo-ligands, to determine their composition, structure and properties.

Materials and methods

The starting reagents for the synthesis — germanium(IV) oxide (GeO,, CAS1310-53-38,
99.99%), gluconic acid (50% aqueous solution, CAS527-07-1), niacin (nicotinic acid,
C,H.NO,, CAS59-67-6, 99%), niamide (nicotinamide, C, HN,O, CAS98-92-0, 99.5%),
isoniazid (C.H.N,O, CAS54-85-3, 99%) (all were purchased from Sigma Aldrich).

Synthesis. A portion of GeO, (6.2 mmol, 0.65 g) was dissolved in 200 ml of distilled
water (90 °C), then 2.05 ml (6.2 mmol) of a 50% aqueous solution of gluconic acid was
added, stirred and slowly evaporated at 80 °C to volume 20 ml. After cooling to 25 °C
(pH =2.5-3), an equimolar amount of Nic (Nad, Ind) was added and stirred till the reagent
was completely dissolved. Precipitates of complex compounds were formed a day after
the addition of 10 ml of ethanol, they were separated on a glass Schott filter and dried in
air at 20-25 °C. Yield: 62-70%.

Single crystals of compound 2 for X-ray analysis were grown by the method of slow
diffusion of ethanol vapors into an aqueous solution of the complex.

Elemental analysis was performed in the C, N, H-analyzer Elemental Analyzer
CE-440. Germanium content was determined inductively coupled plasma atomic emission
spectroscopy with an Optima 8000 PerkinElmer.

Calculated for C,, H, Ge N, O,, (1) (%): C —33.28, H —4.16, Ge — 16.78, N — 3.24.
Found (%): C —33.65, H — 4.24, Ge — 16.60, N —3.16.

Calculated for C,, H,.Ge N, O, (2) (%): C —33.34, H — 4.40, Ge — 16.81, N - 6.48.
Found (%): C —33.23, H — 4.34, Ge — 16.75, N — 6.33.

Calculated for C,,H,,Ge,N,O  (3) (%): C —34.31, H - 4.05, Ge — 17.30, N — 10.01.
Found (%): C —34.21, H — 4.00, Ge — 16.99, N — 9.92.

Thermoanalytical curves (DTA, DTG, TG) were obtained on the Q-1500 D derivatograph
of the Paulik-Paulik-Erdey system. Sample heating rate — 10 degrees/min, sample loading —
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150 mg, standard — calcined aluminum oxide, platinum crucible, static air atmosphere,
temperature range 20—1000°C.

The IR spectra in the range of 4000—400 cm™' were recorded as potassium bromide
pellets on a Frontier spectrometer (PerkinElmer). IR spectra were interpreted based on
literature data on the characteristic absorption bands of organic molecules and complex
compounds of germanium(IV) [9-12].

IR spectrum 1 (v, cm™): 3409 v(OH), 1689 v_(COO"), 1589 v(C-N), 1440 v (COO"),
1260 8(C-OH), 1135 §(C-0), 1080 v(C-0), 822 3(Ge-OH), 669 v(Ge-O).

IR spectrum 2 (v, cm™'): 3443 v(OH), 1687 v_(COO"), 1641 3(NH,), 1604 v(C-N),
1459 v (COO7), 1263 S(C-OH), 1132 §(C-0), 1075 v(C-O), 819 &(Ge- OH),
680 v(Ge-0).

IR spectrum 3 (v, em™): 1693 v (COO"), 1640 6(NH,), 1579 v(C-N), 1438 v (COO"),
1262 §(C-OH), 1130 &(C-0), 1078 v(C-0), 820 3(Ge-OH), 672 v(Ge- O).

X-ray structural analysis. Crystals of compound 2 (C_H Ge O *2CHNO",
3H,0) are monoclinic, at 294 K, a = 8.1501(18), b = 20.098(5), ¢ = 11.021(2) A,
£ =94.19(2)°, V=1800.4(7) A3, M =863.76,Z =2, space group P2 ,d_ =1.593 g/cm?’,
WMoKy) = 1.757 mm ', F(000) = 884. The unit cell parameters and intensity of
15440 reflections (7792 independent, R, =0.0942) were measured on an Xcalibur-3
diffractometer (graphite monochromated MoKa radiation, CCD detector, w-scanning,
20 =55°).

The structure was deciphered by the direct method using the SHELXTL complex
of programs [13]. Full-matrix least-squares refinement against F2 in anisotropic ap-
proximation was used for the non-hydrogen atoms to wR, = 0.191 to 7792 reflection
(R, = 0.074 to 6025 reflection with F>4 o(F), S = 1.061). Positions of the hydrogen
atoms were located from electron density difference maps and refined by the “riding”
model with U, =nU_ of the carrier atom (7 = 1.5 for hydroxyl groups and water mol-
ecules and n = 1.2 for other hydrogen atoms). Atomic coordinates as well as complete
tables of bond lengths and valence angles have been deposited with the Cambridge
Crystallographic Data Bank (e-mail: deposit@ccdc.cam.ac.uk) and are available under
reference number CCDC 2324990.

RESULTS AND DISCUSSION

According to the results of the elemental analysis, the molar ratio of the elements in
the compounds is Ge : N =1:1 (1), 1:2 (2), 1:3 (3), so they have the same molar ratio of
Ge : gluconate : Nic (Nad, Ind) = 1:1:1.

Thermal decomposition of compounds 1 and 2 (fig. 1a) begins with an endother-
mic effect in the temperature range of 80-150°C at which three molecules of water
of crystallization are eliminated into the gas phase (Am = 6.50%, Am = 6.24% (1),
(Am = 6.50%, Am = 6.25% (2)), the presence of which is confirmed by IR spectroscopy
data (bands v(H O) at 3409 and 3443 cm, for 1 and 2, respectively). Compound 3 (fig.
1b) is not a crystal hydrate, as evidenced by the absence of effects on thermogravigram
of the complex up to 220°C.

Subsequently, the thermal decomposition of the complexes occurs in the same way:
an endo-effect is observed in the range of 200-300°C, accompanied by the removal of
Nic, Nad, Ind molecules, which turns into a number of exo-effects corresponding to the
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oxidative thermal destruction of the organic part of the molecules of the complexes. The
final product at 1000°C is GeO (Am = 78.00%,

Am =75.83% (1), Am = 77.00%, Am = 75.77% (2), Am = 75.00%,

Am = 75.08% (3)).
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Fig. 1. Thermogravigrams of complexes 1 (a) and 3 (b)

IR spectra of compounds 1-3 are similar in the area of the bands corresponding to
bond vibrations in the germanium coordination polyhedron. The presence of v (COO™)
and v(COO™) bands, typical for carboxylate ions, indicates the deprotonation of
the COOH group of gluconic acid and its binding to Ge, which is confirmed
by the appearance of the v(Ge—O) band. The presence of bands 3(C-0O), v(C-O) of
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alcoholate type and preservation 8(C—OH) indicate the non-equivalence of hydroxyl
groups in the complexes — free and coordinated to germanium. In the compounds the
hydrolyzed form of Ge is realized, which correlates with the presence of deformation
vibrations 8(Ge—OH).aA comparative analysis of the IR spectra of complexes 1-3 and
the original nitrogen-containing molecules Nic, Nad, Ind showed that the formation
of supramolecular salts occurs due to the protonation of the nitrogen atom of
the pyridine ring. There is an increase in the frequencies of its vibrations v(CN) by
19-24 cm (1570, 1580, 1555 cm™ for Nic, Nad, Ind and 1589, 1604, 1579 cm™ for 1,
2, 3, respectively), at the same time, there are no changes in the region of the band of
deformation oscillations 5(NH,) at 1640 cm for complexes 2 and 3.

According to X-ray structural analysis, the complex (NadH),[Ge, (OH),(u-
H,Gluc),]-3H,0 (2) is a supramolecular salt with a complex anion [Ge,(OH), (u-
H,Gluc),]*"and two protonated molecules of nicotinamide NadH" as cations (fig. 2).
In the crystal, the complex exists in the form of a trihydrate.

Fig. 2. Molecular structure of the anion [Ge,(OH), (u-H,Gluc),]* (@)
and the cation NadH" () in structure 2
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In the complex anion each of the two partially deprotonated gluconic acid molecules
is coordinated to two Ge atoms. The coordination polyhedrons of Gel and Ge2 atoms
are distorted trigonal bipyramid, which formed in the equatorial position by atoms
03, 011, O15 (atom Gel) or atoms O4, 010, O16 (atom Ge2). In the axial position in
the coordination polyhedron of Gel there are atoms O1 and O12, and atoms O5 and
08 of Ge2. Thus, each Ge atom connects with two deprotonated hydroxyl groups of
one ligand and deprotonated hydroxyl and carboxyl groups of the second ligand, as
well as a hydroxo-group (fig. 2). Bond lengths Ge—O vary within 1.813(8)+1.851(8)
A and 1.911(7)+2.003(7) A for the equatorial and axial positions respectively (tab. 1).

It should be noted that the described dimeric the gluconatogermanate anion is
similar to the complex tartrate and xylaratogermanate anions were characterized earlier
[12].

Table 1
Selected bond lengths (A) in structure 2
Connection Length, A Connection Length, A
Gel—O1 2.003(7) Ge2—04 1.848(7)
Gel—O3 1.836(8) Ge2—05 1.911(7)
Gel—O11 1.822(8) Ge2—08 1.977(7)
Gel—O12 1.912(7) Ge2—O010 1.851(8)
Gel—O15 1.813(8) Ge2—O016 1.833(8)

In the crystalline phase, anions, cations, and water molecules are connected by
numerous hydrogen bonds (tab. 2) and form a three-dimensional network.

Table 2
Geometric characteristics of hydrogen bonds in structure 2 (symmetry
operations (i) -x+1, y+1/2, -z+1; (ii) -x+2, y+1/2, -z ; (iii) x-1, y, z; (iv) X, y, z-1)

D—H- A He A, A DA A D—H- A, deg
013—HI3---016' 1.98 2.800(12) 177
Ol14—H14---019" 2.14 2.870(15) 148
016—H16---02" 2.20 2.807(11) 128
019 H194:--017 2.04 2.867(18) 140
019—H19B---020 2.05 2.789(15) 143
020—H20B:--06 2.14 2.861(16) 142
021 H214---018 2.02 2.805(14) 152

N2—H24---012 1.89 2.741(12) 172
N3—H3B:--09" 2.02 2.863(13) 167
N4—H44-+-05 1.87 2.713(12) 168
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Thus, based on the results of a set of research methods, including X-ray

diffraction, it can be concluded that complexes 1-3 are supramolecular salts of the
stable complex acid H,[Ge,(OH),(u-H,Gluc),] existing in solution. This opens up the
prospects of obtaining on its basis coordination compounds with cations of various
biometals, researching their pharmacological action and determining directions of
medical application.
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13.

50

REFERENCES

Anastassiadis S., Morgunov I. Gluconic Acid Production // Recent patents on biotechnology. — 2007. — Vol. 1,
N2.—P. 167-180. https://doi.org/10.2174/187220807780809472

Mzax I'B., Xanwkos A.A. 3acTocyBaHHs KOMOIHOBaHOTO npenapary  IIIFOKOHOBOI
KHCJIOTH Pa3oM i3 aMiolapOHOM Ha BiJIHOBJICHHSI CHHYCOBOTO PUTMY TipH (GiOpuitsiii iepeacepas // YKp. kap/.
sKypHai. — 2013. — Ne 6. — C. 77-81.

Watanabe D.H.M., Doelman J., Steele M.A., Guan L.L, Seymour D.J., Metcalf J.A., Penner G.B. Effect
of feeding calcium gluconate embedded in a hydrogenated fat matrix on feed intake, gastrointestinal
fermentation and morphology, intestinal brush border enzyme activity and blood metabolites in growing
lambs // J. Anim. Sci. — 2022. — Vol. 100, N 8. — P. 205-216. https://doi.org/10.1093/jas/skac205

Cai D.-H., Liang B.-F,, Chen B.-H., Liu Q.-Y., Pan Zh.-Y, Le X.-Y, He L. A novel water-soluble Cu(II)
gluconate complex inhibits cancer cell growth by triggering apoptosis and ferroptosis related mechanisms //
J. Inorg. Biochem. — 2023. — Vol. 246. — P. 112299. https://doi.org/10.1016/j.jinorgbio.2023.112299

Giroux S., Rubini P, Henry B., Sabrina A. Complexes of praseodymium(IIl) with D-gluconic acid //
Polyhedron. — 2000. — Vol. 19. — P. 1567-1574. https://doi.org/10.1016/S0277-5387(00)00422-8

Bészorményi E., Kasa Z., Varga G., Kele Z., Kutus B., Peintler G., Palinko I, Sipos P. Formation of Mono-
and Binuclear Complexes of Nd** with D- Gluconate Ions in Hyperalkaline Solutions — Composition,
Equilibria and Structure // J. Mol. Liquids. — 2021. — Vol. 346. — P. 117047. https://doi.org/10.1016/j.
molliq.2021.117047

Karoly A., Kiss T., Bertani R. Venzo A., Di Marco V. Complexes of Al(III) with D-gluconic acid // Polyhedron.
—2008. — Vol. 27. — P. 118-124. https://doi.org/10.1016/j.poly.2007.08.035

Bretti C., Cigala R.M., Stefano C., Lando G., Sammartano S. Acid—Base and Thermodynamic Properties
of d-Gluconic Acid and Its Interaction with Sn’* and Zn>*// J. Chem. Eng. Data. — 2016. — Vol. 61, N
6. — P. 2040-2051. https://doi.org/10.1021/acs.jced.5b00993

Martsinko E., Buchko O., Chebanenko E., Seifullina I., Dyakonenko V., Shishkina S. Different structural
types of hetero-metal bis(citrato)germanates with 1,10-phenanthroline: Targeted synthesis, spectral, thermal
properties and Hirshfeld surface analysis // J. Mol. Struct. — 2021. — Vol. 1237. — P. 130297. https://doi.
org/10.1016/j.molstruc.2021.130297

Seifullina I., Martsinko E., Afanasenko E. Biocoordination compounds of Germanium (IV): formation of
supramolecular salts with tartratogermanate anions. Chapter in book: «Selected Topics in Germaniumy. — New
York: Nova Science Publishers Inc., 2022. — P. 93-126.

Gudzenko E.V., Varbanets L.D., Seifullina I.I., Chebanenko E.A., Martsinko E.E., Afanasenko E.V. The
influence of coordinative tartrate and malatogermanate compounds on the activity of o-l-rhamnosidase
preparations from penicillium tardum, eupenicillium erubescens and cryptococcus albidus // Ukr. Biochem.
J. —2020. — Vol. 92, N4. — P. 85-95. https://doi.org/10.15407/ubj92.04.085

Bellamy L.J. The Infra-red spectra of complex molecules. London: Chapman and Hall, 1975.—433 p. https:/
doi.org/10.1007/978-94-011-6017-9

Sheldrick G.M. A Short History of SHELX // Acta Crystallogr., Sect. A. — 2008.—A64.—P. 112-122. http://
dx.doi.org/10.1107/S0108767307043930

Crarts Haxiiinua o pegaxmii 12.02.2024



Synthesis and structure of supramolecular gluconatogermanates(1V)
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C. B. umkina®*!, A. M. Mopo3os'

'Oneckkuii HantioHaneHU# yHiBepeuTeT iMeHi 1.I. MeuHnkoBa, kadenpa HeopraHigHOT XiMil
Ta XiMigHOT OCBiTH, ByI. [IBopsiHChKa 2, Oneca, 65082, Vkpaina; e-mail: Iborn@ukr.net
2Bunpobysansawuii neaTp TOB «IHCIIEKTOPAT YKPATHAY, Vrinernit mposymok, 1,
Opneca, 65044, Ykpaina

SAHY HTK «Inctutyt moHokpucraniBy HAH VYkpainu, np. Hayku 60, 61001, Xapkis,
Vkpaina

“TuctutyT opraniunoi ximii HAH Vkpainu, Byn. Akagemika Kyxaps, 5, Kuis, 02660,
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CHUHTE3 TA BYJTOBA CYIIPAMOJIEKYJ/IAPHUX
INTIOKOHATOT'EPMAHATIB(1V) 3 HITPOTEHBMICHUMMHA
OPIAHIYHUMH KATIOHAMMA

Po3pobneHo onTUMalIbHI METOJMKN CHHTE3y KOMIUIeKciB repmaHito(IV) 3 TIIFOKOHOBOIO KHC-
notoro (H,Gluc) Ta exso-niranaamu HikoruHOBOIO Kuciotoo (Nic), nikorunaminom (Nad) Ta
i3oHia3noM (Ind) y BoqHOMy po3unHi. [TokazaHo, 10 yTBOPIOIOTHCS CYyNPaMOJICKYIISIPHI COJIi
cknagy (NicH),[Ge,(OH),(u-H,Gluc),]-3H,0 (1), (NadH),[Ge,(OH),(u-H,Gluc),]-3H,0 (2),
(IndH),[Ge,(OH),(u-H,Gluc),] (3).

Tepmiunuii poskian cnonyk 1 1 2 po3MOYMHAETHCA 3 CHAOTEPMIYHOTO e(eKTy B iHTepBaii
temneparyp 80-150°C, mpu sikoMy BinOyBaeTbCs elliMiHamisi B ra3oBy (aszy TpbOX MoO-
JIeKyn KpucTamizaumiiHoi Bogu. Crodyka 3 He € KpUCTaJorigpaTroM, MpO LIO CBiIYUTH
BIZICYTHICTh edekTiB Ha TepMmorpasirpami xomruiekcy o 220 °C. B mopanbemomy Tepmo-
PO3KJIa[ KOMIUIEKCIB BiOYBa€TbCs ONHOTHUITHO: CIIOCTEpIraeTbcsi eHAOCPEKT B iHTEpBasi
200-300 °C, mo cynpoBomKyeThest BuaideHHs M Moinekyn Nic, Nad, Ind, sxwmii nepexo-
JUTh B AR €K30€(EKTIB 3 OKHCHOI TEPMOJCKCTPYKIIE€I0 OPraHidHOi YaCTHHU MOJIEKYI
komIuiekciB. [Y- crmekrpu crnoimyk 1-3 ananoriuni B 0o0nacTi CMyT, IO BiJIIOBIAIOTH KOJH-
BAaHHAM 3B’A3KIB B KOOpAMHawiidHoMmy monienpi I'epmaniro. Hassnicts cmyr v, (COO") Ta
v (COO"), TnnoBux it KapOOKCHIIATHUX iOHiB, BKasye Ha jaenpotoHyBanHs COOH-rpymu
DJIFOKOHOBOI KHCJIOTH Ta ii 3B’s13yBaHHSA 3 l'epMaHieM, IO MiATBEPAKYETHCS MOSBOIO CMYTH
v(Ge-0). Ipucyrhicts cmyr §(C-0), v(C-O) anmkoromstHoro Tumy Ta 36epexenHs 6(C-OH)
CBiI4aTh PO HEPIBHOLIHHICTH T1IPOKCUIBHUX I'PYH B KOMIUIEKCAX — BUIBHUX Ta 3B S3aHUX
3 Tepmaniem. Y cnomykax peanizyerscs TrimpoiizoBana ¢opma [epmaniio, mo Kopeoe
3 HasBHiCTIO JedopmaniiHux koimBaHb O(Ge-OH). IlopiBHsnmbHuil anamiz [Y-crexrpis
KOMIUIEKCiB 1-3 Ta BHXIJHHX €K30-JIIraHAIB II0Ka3aB, N[0 YTBOPEHHS CyNPaMOJICKYISIPHHUX
coneil BinOyBa€eThCs 32 paxXyHOK MPOTOHYBAHHS aTOMy HITPOTeHY MipUAMHOBOTO KUIBIIA.

B pesyibTaTi peHTreHOCTPYKTYpPHOTO aHANi3y BCTAHOBIICHO, IO KOMIUIEKC 2 CKIIQaE€Thes 3
JIBOX IIPOTOHOBAHMX MOJICKY/I HIKOTHHAMilly Ta KOMIUIEKCHOTO aHIOHY, B SIKOMY [[Ba aTOMH
I'epmaHiro KOOPIMHOBAHI ABOMA MICTKOBHMH JIITaHAaMH JEIPOTOHOBAHOI IIIIOKOHOBOI KUCIIO-
™ H,Gluc* i rizpoxco-rpynoro. B kpucraniuniii dpasi kommexc icHye y BUNIAI TpUTiapary.

KirouoBi ciioBa: repmaniif, IIIOKOHOBA KHCIIOTa, KOOPAMHALIMHI CIONYKH, HITKOTHHOBA
KHCJIOTa, HIKOTUHAMIJI, 130Hia3u1, [U creKkTpocKoris, peHTICHOCTPYKTYPHUIT aHai3.
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CHUHTE3 HATPIIO 'ETEPOITIOJIIAEKABOJIb®PAMO-
EBPOIIATYI) I3 HIACTHHYACTOIO
MIKPOMOP®OJIOTTEIO TIOBEPXHI

BcranoBneno  ymoBu  ytBopeHHss  Eu(lll)-BmicHoro  rereporoniokcoBoibdpamary
y migkuciaenomy a0 kucnorrocti Z = v(H)/MWO,>) = 0.80 posunni cucremn Na, WO, —
HNO3 — Eu(NO3)3 — HZO. BcranoBieno, mo mig 4yac BHCOIIOBAHHS IOJaBaHHIM
OpraHiqHOTO PO3YMHHHKA (TIPOIaH-2-OHY) BiAOYBA€ThCS KpHUCTali3allis CepeaHbol coui
Na [Eu(W.O,),]-35H,0 i3 nnactTuHyactoro Mikpomopooricro nosepxni. Metomamu I4- Ta
KP-criekrpockortii BCTaHOBJICHO HaOip KONMBaHb, XapaKTEePHUH ISl TeTepoIoiiBoiabdpamar-
amiony 3i crpykTyporo Ilikoxa-Vikmi, [Eu(W,0,,),]>. Meromom ckaHyrodoi eneKTpoHHOT
MiKpOCKOTii MoKa3aHo, mo posmip 3eper nopomky Na[Eu(W.O ),]-35H,0 3Haxonuts-
¢y mexax g0 500 M. OgHO(a3HICTH COMI MIATBEPIKEHO 32 PIBHOMIPHHM KOHTPACTOM
MOBEpXHI 3pa3Ka MiJ Yac CKaHyBaHHS B PEXHMi 3BOPOTHOPO3CISTHHX EJIEKTPOHIB Ta 3a
piBHOMipHIM posnozinoMm Eu, Na, W, O mix uac ckaHyBaHHsI TIOBEpXHi B XapaKTEPUCTHYHOMY
PEHTTeHIBCHKOMY BUIIPOMiHIOBAHHI.

KurouoBi ci1oBa: nomiokcomeranar, reTeporonianion, rereponodiisoiabdpamar, €spomin(11I),
Mikpomopdomorist moBepxHi, [Y-criekrpockomist, KP-criekrpockorisi, cHHTE3.

BCTYII

ikapicte o BuBdeHHs Eu(lll)-momiokcoBonb(pamariB BUKIWKaHA B TEpITY
Yepry JIFOMIHECIICHTHUMH BIIACTUBOCTSMH TaKWX CIIONYK, sSKi OOyMOBJICHI eHepre-
THUYHHMH TIEPEXOJIaMU €JIEKTPOHIB BHYTPIMIHKOTO f-IiJPiBHSI, 3aXHUIIEHOTO BiJl 30-
BHIINIHBOTO BIUIMBY eliekTpoHamu 5s?5p° [1]. Tak, y [2] Oymo orpumano HOBY (oto-
JIFOMIHECIIEHTHY IIapyBaTy HAHOKOMIIO3UTHY ILTIBKY I0HHOTO KOMILIEKCY, YTBOPEHOTO
nosiokcoBonbppamoespormniar(Ill)-anionom [Eu(W.O .),]* i KaTioHOM rekcaJenuITpy-
metunamonito C, TA'. Cinb OTpUMaHO IUIAXOM CyNPAMOJIEKYJIIPHOTO CaMO30MpaHHs
3 Eu(NO), Ta Na,WO, y miIKHCII€HOMY allETaTHOK KHUCJIOTOK BOJHOMY PO34YMHI 32
METOJIMKOI0, 3arporoHoBaHoro [likokom Ta Yikimi [3]. V [4] orpumaHo ¥ JOCITIIKE-
Ho Na [Eu(W,0,.),]-18H,0 (Eu-POM) i pospobneno nosuii crioci6 Busienenns H,O,
(Ha piBHI ppm) Ha OCHOBI (DITYOpECICHIIIT MUISIXOM BUTOTOBJICHHS CTa01/1i30BAaHUX TOH-
KHX 1 PO30PHX JIFOMIHECIICHTHHX TUTIBOK, sK1 CKianatThes 3 Eu-POM Tta ekonoriyHo
guctoro xiro3zany (CS). Iliarorosneni miiBku Eu-POM/CS BumsgaroTh 4epBOHUMHU
i Tiero yieTpadioneroporo BunpominroBanss (A = 365 um). [Tnisku Eu-POM/CS no-
CJIIJKEHO METOJIOM (PIIyOpeCIIeHTHOI CIIEKTPOCKOITIT if BCTAHOBJICHO, 1[0 IHTEHCHUBHICTh
ix ¢uryopecrtieHilii € Habarato BUIIOO 3a (piyopeciieH it TBepoi coni Eu-POM.
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Y [5] cunresoBano kpucraniuny ciab Na[Eu(W. O ),]-32H,0 3a meToaukoro, 3a-
npononoBanoro Ilikokom i Vikni [3], 3 Bukopucranusam Na,WO,-2H,0, CH,COOH
(pH 7-7,5) ta Eu(NO,),:6H,O B po3uuni 3a 80-90 °C. Onepxany cinb Gyno BUKO-
PHUCTaHO JUIS OTPUMaHHS KPUCTAIIIYHUX COJIeH 3a peakiliero oOMiHy B po3uuHi 3 pH
6,5 Taionamu Eu*, Sm’* 1a Tb** B karionniit miarparui — Eu,[Eu(W. O ,),]-24H,0 (S1),
Sm,[Eu(W.O ,),]-23H,0 (S2) Ta Tb,[Euw(W,O ),]-25H,0 (S3). Bunizneni cosi oxapak-
TEPU30BaHO METOJaMHU peHTreHoda3oBoro anamizy, [Y-crekrpockorii, eIeMeHTHOTO
aHai3y, TePMOrPaBIMETPUYHOTO aHaJi3y, MO JO3BOJMIIO MiATBEPAUTH MPHUCYTHICTH
aniony [Eu(W,0 ), |” y ix cknani Ta ixHio i30cTpykTypHicTh. Takox nocmimkeno ¢o-
TO(I3WYHI BIIACTUBOCTI, TaKi sIK CIEKTPH (PIyOopeCIeHIIiT Ta TPUBAIICTh (PIIyOpeCIeHITi.
Oxpim xapakrepuctuunoi emicii Eu’” °Dy — 7F |, ) ansa S1 ta S2, cnonyka S3 Takox
BISIBIISIE XapakrepucTuyny emicito Tb*" (D, — F ), mo aBropn 38°13y10Tb i3 pishu-
MU MeXaHi3MaMu Tiepeadi eHeprii, To0To S2 MiAKOPSIEThCS PE30HAHCHOMY MEXaHI3My
Big Sm*" no Eu®’, a S3 — mexanizmy kpoc-penakcariii Bix Tb*" go Eu®". Omxe, pobora
[5] miaTBEep/DKYE, MO KpUCTATIYHA CTPYKTYpa Ta CKJIAJl BU3HAYAIOTh JIFOMIHECIICHTHI
MEXaHI3MH 1, B KIHIIEBOMY PaxyHKY, BIUTMBAIOTh Ha JFOMIHECIICHTHI XapaKTePUCTHKH,
10 Ma€ BEJIMKE 3HAYCHHSI I1iJ] Yac po3poOKH Ta CTBOPEHHS MaTepiajiB 1 MPHUCTPOIB i3
KOPUCHUMH ONTHYHUMH XapaKTePUCTUKaMU Ha OcHOBI HeopraHiyaux Ln(I1I)-BMicHuX
MOJTIOKCOBOJIb(hpamaris.

VY [6] 3ycwinis Oyau cripsiMOBaHi Ha pO3poOKY aKTHBHUX JIFOMIHECIICHTHUX JTaTYHKIB
Ta nepemukadis Ha ocHOBi Na [Eu(W.O .),]-32H,0 Ta araposu. byno orpumano Buco-
KOIPO30pi FHYYKI TOHKI IUTIBKH, SIKi IESMOHCTPYIOTh CHJIbHE YePBOHE BUIIPOMIHIOBAHHS
Eu(Ill), a nroMiHECHEHIlIS TAKUX TOHKUX IUTIBOK BHSIBIISIETHCS UYTJIMBOIO JIO KHUCIIOT
1 OCHOBHUX Ta3iB — JIOMIHECIICHIIIS] TAKUX TOHKHX ITIBOK MPUTHIYYeThcsi razom HCI
i BirHOBIMIOETHCA Tazom NH,. Ile MOke He TiIbKM NPUBECTH JI0 NEPCIEKTUBHOTO BH-
KOPUCTaHHS TaKMX HAaHOKOMITO3MTHHX IUTIBOK y JIFOMIHECIIEHTHHX 30H[aX, aje H 3a-
0e3meunTh MPOCTUH crocid peaizallii JJFOMIHECIICHTHOTO TIepeMHUKada 3a JIOTIOMOTO0
JIBOKOMIIOHEHTHOI T10pHIHOT IUTIBKOBOi CHCTEMH.

Y [7] Gy;no cuHTE30BaHO TOHKI OHOIIAPOBI MIiBKK Ha ocHOBi Nay[(Eu Tb Ce, )
(W,0,,),]'xH,O, sKi 31aTHi 10 JIFOMiHECIIEHTHOTO BUIIPOMiHIOBaHHS. [l OTprMaHuX
TUTIBOK XapaKTepHa KOJIbOPOBa JFOMIHECIICHITISI B IIMPOKOMY Jiara3oHi (CHHE, 3elIeHe,
4epBOHE Ta OiJie BUIIPOMIHIOBAHHS ), IO JIOCATAETHCS IUISIXOM PETYIFOBaHHS MOJIBHOTO
cnisignomenns Ce*: Tb*": Eu’* B anioni [(Eu, Tb Ce  )(W.O,.),]* 3i craructuuno
PO3TOAIICHUMH JIAHTAHOIIaMH B TTO3UIIiT TeTepoaTomMa. ABTOpH y [7] 3a3HaYaroTh, 1110
oJiepKaHi HUMH TOHKI TUTIBKH € IJI0OCKHUMH, OJJHOPIIHUMH, 3 HU3bKOI MIOPCTKICTIO 110~
BEPXHI Ta IMOTCHIIWHO MPUIATHUMH IS CTBOPSHHS ONTHYHUX (DYHKITIOHATIBHUX MaTe-
piaiB Ha OCHOBI ITOJIIOKCOMETAJIATIB 1 BAKOPUCTAHHS B TTIOBHOKOJILOPOBHX JIUCILICSIX.

VY pesyabraTi MpOBECHOT0 aHalli3y HAyKOBOI JIITepaTypH BcTaHoBIeHO, 110 Eu(11l)-
BMICHI T€TepONoiBOIb(paMaTH € MEePCIeKTUBHUMH JJIsSI 3aCTOCYBaHHS B SKOCTI JIFO-
MiHECIIEHTHUX MatepialiB. lle Moke OyTH BHKOPHCTAHO I PO3POOKH HOBUX KOM-
OiHoBanux MatepianiB jiusi OLED, a moenmHaHHS B OHIM MaTpUIll JEKUIBKOX 10HIB
JAHTAHOIIB MOXKE 3a0€3MEeUYNUTH IUPOKHUIA KOJLOPOBHH Jialia30H eKpaHiB MOHITOPIB.
Bce 11e BuCyBae BUCOKI BUMOTH 10 METOJMK CHHTE3y BHXIJIHHUX MaTpPHIlb, 10 POOUTH
JaHy poOoTy akTyaiabHOW0. TOMy 3 METOK PO3pOOKH EKCIPECHOI METOAMKH CHHTE3Y
Eu(III)-micnoi rereponomicnonyku Na[Eu(W.O ,),]-:35H,0 Gyso nmposeneno noci-
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JUKEHHS! B3aeMofii y BoqHoMy po3unHi cuctemu Eu(NO,), —Na, WO, —HNO, —~H,O 3a
Z=v(H")V(WO,”) = 0.80 Ta 3anpornoHoBaHo crnocié oTpuMaHHs 0aHO(A3HOTO 3paska
Na,[Eu(W.O ,),]-35H,0 i3 miacTuH9acTor0 MiKpOMOP()OIIOTI€r0 TIOBEPXHI, SKUH BUKO-
HYETBCS 32 IPOCTOO MPOLEAYPOO 38 KOPOTKHIA Yac.

MATEPIAJIN I METOAU JOCJIAKEHHS

Buxinni pedoBunu. Pozunn Na, WO, npurorosneno posuunennsm Na,WO,-2H,0
(4.1.a.) y muctuinboBaniit Boxi. Touny konuentpaito (C;, = 0.5230 mMoJib/i) BCTaHOB-
JIEHO TpaBimMeTpuyHO (rpasimerpuuna popma WO,, 8 = 0.8%). Po3unn HiTpaTHOi KHC-
sotu HNO, (C = 0.8701 monb/n) mpurotosneHo 3 konuentpoanoi HNO, (x.u.). Touny
KOHIICHTPAIIIF0 BCTAHOBIIEHO TUTPYBAaHHSM HAaBaXXKU HATpiro TeTpadopary (6 = 0.8%).
Jlst cranapTu3anii BUKOPUCTaHO HaBaXKK Hatpito Tetpabopary Na,B,0.-10H,0 (4.),
BMICT BOJM B SIKOMY BH3HAYCHO I'PaBIMETPHUYHO TMICIS 130T€PMIYHOTO IPOXKapIOBaH-
Ha 3a 773 K. MeTtoauku cTaHAapTH3alii po34nHiB OyJI0 3MICTOBHO BHUCBITIICHO B [§].
Posunn espomniro(Ill) nirpary (C, = 0.1325 Mosb/1) IPUTOTOBJIEHO PO3YMHEHHSIM Ha-
Baxku Eu O, (0c.4.) y HITpaTHi# KUCJIOTI 3 HACTYITHUM JIBOKPATHUM BUNIAPIOBAHHSM JIO
MOKPOTO 3aJIMIIKY ¥ PO3YMHEHHSIM Yy IUCTHIbOBaHIH Bomi. Konuenrpaio Eu** Busna-
YEHO 32 OMHUCAHOIO B [9] METOANKOIO MPSIMUM KOMIUIEKCOHOMETPUYHUM THTPYBAaHHIM
B arieraTHOMY OydepHomy po3unHi (pH = 5-06; iHIUKaTOp KCUIICHOJIOBUN OPaHKEBHI)
(6 < 1.0%).

KonupanbHa cnexkrpockonisi. [HppadepBoHUil CrieKTp MOBITPSHO-CYXOTO 3pa3Ky
com 3amucano Ha [Y-cmekrpomerpi 3 Pyp’e nmeperBopennsM FTIR Spectrum BXII
(Perkin—Elmer), obnacts ckanyBanns 4004000 cm™'. [dus peecrpaunii Y-criexTpy Bu-
KOPHCTAaHO TOHKHUI nuck i3 mepereproi HaBaxkku comi 0.0030 r 3 kpucramiunum KBr
(oc.u.). dyp’e-KP-criekTp 3anmmcano 3a KIMHATHOI TeMIepaTypH ISl IOBITPSHO-CYXOr0O
3pa3ka Ha criektpometrpi Bruker FRA-106 (po3ainbHa 3maTHICT 2 ¢M™!, KIIBKICTh CKa-
HyBanb 152, 1= 1.8 A, obnacts ckanyBauus 80—3600 cm™).

ATomMHO-20copOuiiina cmekTpockomia. Bmict Harpito(I) (6 = 2%) Bu3HaueHo
Ha aToMHO-abcopOuiiHoMy criekTpomeTpi «CarypH-3M» (anamiTuuHa miHig AM(Na) =
589.6 uM, BHcOkouyacTOoTHa Oe3enexkrpoaHa jamna BCB-2, cuna crpymy 1 = 70 MA,
MIOTTyM sl QlleTUIICH-TIOBITPSA).

MikpockoniyHuii aHagi3. EkCriepuMeHT i3 ckaHyouoi el1eKTPOHHOI MiKpOCKOMil
(CEM) mposeneHo Ha Mikpockori JSM-6490LV (JEOL). Jlns ckaHyBaHHS MOBITPSTHO-
CYXHH 3pa30K HaHeceHO Ha rpaditoBuil ckoTu. da30BHii aHATI3 BUKOHAHO Y PEKUMI
3BOpOTHO po3cissHux enekTpoHis (BEI), a mocnimkenHs MikpoMopdomorii moBepxHi —
B peKuMi BTOpUHHUX enekTpoHiB (SEI). PeHTreHocnexTpaibHUil MiKpoaHasli3 BUKO-
HaHO Ha eHeproaucrepciiinoMy peHTreHiBcbkomy crnekrpomerpi INCA PentaFETx3
(OXFORD Instruments), karox — nanrany rekcadopun (LaB,), npuckoproroua Harnpyra
10-20 xB.

MeTtoauka cuHTe3y Ta XiMiYHOro aHaJi3y coui. [y CMHTE3y COMi cTexioMeTpud-
Hy kinbkicte Eu(NO,), nonano 3a intencuBHOro nepeminrysanns g0 0.1 M posuunny
Na,WO,, mixkucnenoro no kuciornocti Z = v(HNO,)/v(Na,WO,) = 0.80 (v(HNO,) Ta
v(Na,WO,) — Buxi/iHi KiJIbKOCTI HITPATHOT KUCJIOTH Ta HATPilO BOJb(ppamary BiImoBi-
HO). Take 3HaueHHs Z 3rigHo 3 [10—11] Biamosinae yTBOPEHHIO B PO3UMHI T€TEPOIONi-
nexasonbppamoespormniar(Ill)-aniony, [Eu(W .0 ), "
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Eu* + 10 WO> + 8 H' S [Eu(W,0,)),] + 4 H,0.

Cunres Na [Eu(W.O,.),]1-35H,0 nposeneno Takum crnocobom. Jlo 63.64 mu auc-
THJIHOBaHOT BOMU JTofaHo 19.44 Mt po3unHy HaTpiro Bosbdpamary (C = 0.5144 mons/m)
Ta 110 KPAIUIAX 33 IHTEHCUBHOTO MEpeMilryBanHs goaano 9.37 mu pozunny HNO, (C =
0.8535 wmomnp/m). Ilicis mporo AyXke MOBIIBHO MO KParuisix JOAaHO 7.55 Ml po34uHy
Eu(NO,), (C = 0.1325 monb/m1) 3a peTenbHOro nepeminrysanns. Ilicis orpumManHs KiH-
[IEBOTO PO3YHMHY JI0 HhOTO jnojmaHo 100 mur mpomnan-2-oHy (4.1.a.), MITHHO 3aKPUTO Ta
PO3UHH 13 YTBOPEHUM 0CaJIOM 3aJIUIICHO 30epirarucs npotsroM 3 mi6 3a 279 K. Iicns
I[LOTO TUTACTUHYACTUH 0Ca O1I0TO KOIhOPY OYIJIO BIIOKPEMIICHO BiJl MATOYHOTO PO3YH-
HY IUISIXOM (UIBTPYBaHHS Yepe3 OJUHAPHUHN QUIBTP «CHHS CTPIYKa, IPOMHUTO XOJIOJI-
HOIO CYMIIIIITIO TUCTHIHOBAHA BOJIA: MTpomaH-2-0H (00.%: 50:50), BucymieHo Ha moBiTpi
JIo ocTiitHoi Macu. [Ticis 1boro ofiep:KaHui TIIACTHHYACTHI 0cajl 0XapaKTepU30BaHO
MeToaaMu XimiuHoro aHamizy, [U- i KP-criekrpockomii, CEM.

XiMiuHUH aHai3 OACPKAHMX IUTACTUHYACTUX KPHCTAIiB OLIOr0 KOIbOpy MpoO-
BEJICHO 32 METOJUKOI0, aHaJIOTi4yHOW0 70 onucaHoi B [8, 10—11]. Pesynprate Ximid-
HOTO aHami3y: po3paxoBaHo (Mac.%) g 06e30apBHUX IUTACTHHYACTHX KPUCTAJIB
Na,[Eu(W.O ,),]-:35H,0: Na,0 8.2; Eu,0,5.2; WO, 68.1; H,0 18.5; 3naiineno (mac.%):
Na,0 8.0; Eu,0, 5.0; WO, 67.8; H,O 18.4; Buxin 91%.

PE3YJIBTATHU TA OBIT'OBOPEHHS

Cunres, IY- t1a KP-cnexrpockoniunmii ananiz Na[Eu(W.0,) ]-35H,0.
I3 BomHoro posuuny cucremu Eu(NO,), — Na,WO, — HNO, — H,O 3a Z = 0.80
3 noJaBaHHAM nponaH-2-oHy (50 06.%) oTpumaHo Oe30apBHI MJIACTUHYACTI KPUCTAIIN
Na,[Eu(W.O ,),]:35H,0, cknaj skux BCTAHOBJIEHO 3a PE3yJILTATAMU XIMI4HOTO aHa-
T3y, a BIIHECEHHS aHIOHY JI0 CTPYKTypHOTO THIy [likoka—Yikii 3po0ieHo 3a JaHUMH
I4- i KP-cniexktpockormii.

Tak, xapaktep KonuBaHb y kapkaci Bombppam—Oxcuren B IY- i KP-cmekrpax
MOBITPSIHO-CYXOTr0 3pa3Ka BULIEHOI coui (puc. 1-2) CBIAYUTH PO HASIBHICTS Y 11 CKJIa-
i rerepononianiona 10-ro psmy 3i crpykryporo Ilikoka—Yikmi, [Eu(W,0 ) 1"

Taknii naGip xomusanb B [Y-cmextpi Buainenoi coni Na[Eu(W.O ),]:35H,0
(puc. 1) € xapakTepHuM 1Is caiiT-rpynu rerepononianiona [Ln(W.O ),1> (Ln = La—
Lu) i € inentuunum o0 [Y-cnexTpiB coneil, kpucraniuyHa OynoBa SKUX HaJilHO BCTa-
HOBJICHA METOJIOM PEHTI€HOCTPYKTYpHOTro aHamizy [10-11].

Inenrudikanio KP-cnekrpa Na [Eu(W O .),]-35H,0 (puc. 2) 3x1ilicHEHO IOPiBHSAH-
HSM i3 pe3ysbTaramu, onucanumu B [12—13]. [nrencusHi niku B odnacti 930-980 cm!
BIJTHECECHO [0 KOIMBAHb 3B’SI3KiB MK aroMamMu BonbdpaMy Ta TepMiHaIbHUMHU aTOMa-
mu Oxcureny W(W=0,), Toni sk miik 3a 893 cM™ BinHeceHo 110 komuBanb V(Ln-O-W, O—
Ln-O, O-W-0) y uenrpansuomy nosieapi rerepononianiony {EuO,} ta 38’sa3anumun
3 HuM aromamu Bombdpamy neox nakynapuux ¢parmentis Ln-O—{W.O }. Tlikn
3 makcumymamiu 3a 841 cm! ta 551 em! BigHeceno no konuBaub V(O—W-0). Ilikwu, siki
CIIOCTEPIraroThCs 3a HIKYUX eHepriit — B o6macri Bix 137 10 492 cm™!, — inenTudikosa-
Ho sik Aedopmaniiini konuBanHsa O(W=0/0-W—-O/Ln—O-W).
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Puc. 1. [Y-crexrp Na [Eu(W.O ),]-35H,0 (y KBr)

Fig. 1. FT-IR spectrum for Na [Eu(W,O,),]-35H,0 (in KBr)
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80 200 400 600 800 1000, 1200
Puc. 2. KP-cniextp Na [Eu(W,O ,),]-35H,0

Fig. 2. Raman spectrum for Na,[Eu(W,0 ,),]-35H,0

Mikpomopdoioriss  mosepxni  Na [Eu(W,0 ),]-35H,0. Cuntesosany ciib
Na,[Eu(W.O ,),]:35H,0 10CHipKeHO METOIOM CKaHY040i €IEKTPOHHOI MIKPOCKOTIII.
Pesynpratu anamisy mnokasajiu, 10 300pa’KeHHsS MOBEPXHI OAEPIKaHOI COJi B PEXKUMI
BTOpUHHUX eneKTpoHiB (SEI) Mae HediTki po3MuTi rpanuli (puc. 3). Po3mip 3epen 3pas-
Ka Micisl MepeTUpPaHHs IIACTHHYACTOrO 3pa3Ky CTaHOBHUTH 10 S00 HM. PiBHOMipHMIA
KOHTPACT MOBEPXHi B PeKUMi 3BOpOoTHOPO3CisiHuX enekTpoHiB (BEC) cBimuuTs mpo oa-
HO(a3HICTh OJIePIKAHOTO 3pa3ka (puc. 4).

Ha mikpodororpadisix moporika coii B XapakKTepUCTUYHOMY PEHTTEHIBCHKOMY BH-
MIPOMIHIOBaHHI BiJICYTHI 30HU 3 Pi3HOIO MOP(OIIOTiE€I0 MOBEPXHi, Ta CIOCTEPIra€Th-
csi piBHOMipHU# po3noain Eu, Na, W ta O 0e3 cerperaiiii i JgikBamii, 1o J0AaTKOBO
MiATBEPDKYE oAHO(Da3HICTh MPOAYKTY cUHTE3y (puc. 5). He3nauHa HEpiBHOMIPHICTb
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10kV  X20,000 1um IOAA4OSEI 10kV  X10,000 1um 0410 10 40 SEI

Puc. 3. CEM-300paskenns nosepxHi noporuxka comi Na [Eu(W,0 ),]-35H,0 y pexumi BTopuHHIX
CJICKTPOHIB: 1i60pyy — IIIACTHHYACTHH TOBITPSIHO-CyXHit 3pa3ok (x20000);
npasopyu — 3pa3ok miciist neperupanns (x10000)

Fig. 3. SEM image for Na [Eu(W,O ),]-35H,0 air-dry salt in the secondary electron mode:
on the left — plate air-dry sample (%20,000); on the right — a sample after grinding (x10,000)

20kV X50 ‘j¢500umy ‘0410 1058 BEC 20KV + X1,000 10um 0410 “1058 BEC

Puc. 4. CEM-300paxkenns nosepxHi mopommka comi Na [Eu(W,0 ),]-35H,0 y pexumi 380poTHO
PO3CISIHUX €NEeKTPOHIB: 1i60pyy — TIIACTUHYACTHI MOBITPSIHO-CYXHH 3pa3ok (x50); npasopyu — 3pazok
miciist mepetupanss (%1 000)

Fig. 4. SEM image for Na,[Eu(W,O,),]-35H,0 air-dry salt sample in the mode of backscattered
electrons: on the left — plate air-dry sample (x50); on the right — a sample after grinding (x1,000)

y KOHTPACTI, sIKa CIIOCTepiracThcst Ha 300paXKeHHI, OB’ s3aHa 3 HEOJHOPIAHICTIO pelbe-
(by moBepxHi.

PenTreHocnekTpajibHUI MiKpoaHalli3, MPOBEACHUH Yy PI3HUX OONacTAX HOBEpX-
Hi TIOPOIIKA 3 PI3HOIO IUIOLICIO MiATBEPAUB PE3yJIbTaTH KIACHYHOIO XIMIYHOIO aHa-
mizy ta cknaB st Na[Eu(W,O ),]:35H,0 monbue BinHouienus enementis Eu: Na:
W =1.0:8.8:10.1 (pozpaxoBane Eu: Na: W = 1.0:9.0:10.0).
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Puc. 5. CEM-300pasenns nosepxni nopomka Na [Eu(W,O ),]-35H,0
B XapaKTePUCTHYHOMY PEHTICHIBCHKOMY BUIIPOMiHIOBaHHI

Fig. 5. Image of the Na,[Eu(W,O ,),]-35H,0 powder surface
in the characteristic X-ray radiation

BUCHOBKHA

1. Po3po6aeHo yMOBM CHHTE3Y KPUCTAIIYHOTO HATPIKO TeTEPONoiaeKaBoibppamo-
espomiary(IIT) Na[Eu(W.O ),]-35H,0 i3 mnactua4actoro Mmikpomopooriero 1o-
BepxHi. Jlas palioHaIbHONO CUHTE3y HEOOX1JHO BUKOPUCTOBYBATH IMiJKUCIECHUH Hi-
TPaTHOK KHUCI0TOK 10 Z = 0,80 Boauuit posunn Eu(NO,), — Na,WO, — HNO, - H,0
3 BigHomeHHsM V(Eu): v(W) = 1: 10 Ta BUCOTIOBaHHSI II€10 MPONIaH-2-0OHOM.

2. Meronamu Y- ta KP-ciekTpockoriii BCTAaHOBJIEHO Ha0ip KOIMBaHb, XapaKTePHUA
st rerepononigekaBoiabppamoeBpomniar(lll)-aniony 31 crpykryporo Ilikoka—Yikmi,
[Eu(W,0 ),]".

3. MeToaoM CKaHyI4Oi eJeKTPOHHOI MIKpOCKOIMIi MOKa3aHo, IO PO3MIp 3epeH
nopouky Na[Eu(W.O .),]-35H,0 3naxonutses y mexax 1o 500 um. OnnodasHicts
COJIi MATBEPIKEHO PIBHOMIPHUM KOHTPACTOM MOBEPXHI B PEKHUMI 3BOPOTHOPO3CISTHUX
€JIEKTPOHIB Ta 3a piBHOMipHUM po3nofiioMm Eu, Na, W, O mix yac ckaHyBaHHS IOBEpX-
Hi 3pa3Ka coJjli B XapaKTePUCTUYHOMY PEHTTE€HIBCHKOMY BHIIPOMiHIOBAaHHI.

MOJISIKA

PobGoTa BUKOHaHA y BiJMOBIIHOCTI 10 MporpamMu (yHIAMEHTAIBLHUX JIOCITIKCHb
MiHicTepceTBa OCBITH 1 Haykn Ykpainu (poekT Ne 0122U000762).
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SYNTHESIS OF SODIUM HETEROPOLY
DECATUNGSTOEUROPATEII) WITH PLATE-LIKE
SURFACE MICROMORPHOLOGY

In order to develop an express procedure for the synthesis of the Eu(I1I)-containing heteropoly
compound Na[Eu(W.O ,),]-35H,0, a study of the interaction in an aqueous solution of the
Na,WO, — HNO, — Eu(NO,), — H,O system acidified to an acidity of Z = w(H")/W(WO ) =
0.80 was carried. A procedure for obtaining a single-phase sample of Na,[Eu(W. O ,),]-35H,0
is proposed, which is performed by a simple technique in a short time, which does not
exceed 5 days from the addition of reactants to obtaining the target product with a yield of
more than 90%. It was established that during salting out, the addition of an organic solvent
(propan-2-one) results in the crystallization of Na[Eu(W.O .),]-35H,0 normal salt with
plate-like surface micromorphology. The set of oscillations characteristic for the heteropoly
tungstate anion with the Peacock—Weakley type of structure, [Eu(W,O,,),]*, was established
by the methods of FT-IR spectroscopy and FT-Raman spectroscopy. By the method of FT-IR
spectroscopy the absence of organic solvent molecules (propan-2-one) in the composition of
the crystalline product was established. The revealed set of vibrations in the FT-IR and Raman
spectra of the isolated salt (the most intense valence vibrations at 710, 797, 849, and 935 cm'!
in the FT-IR spectrum; intense bands in the region of 930-980 cm™ in the Raman spectrum)
is characteristic of the site group of the heteropoly anion [Ln(W,O )]’ (Ln = La—Lu) and
is identical to the FT-IR and Raman spectra of salts, the crystal structure of which has been
reliably established by single crystal X-ray diffraction analysis. By the method of scanning
electron microscopy, it was shown that the grain size of Na [Eu(W.O ),]-35H,0 powder is up
to 500 nm. The single phase of the salt was confirmed by the uniform surface contrast in the
backscattered electron imaging (BEI) mode and by the uniform distribution of Eu, Na, W, and
O during the scanning of the surface in the characteristic X-ray radiation.

Key words: polyoxometalate, heteropoly anion, heteropoly tungstate, Europium, surface
micromorphology, FT-IR spectroscopy, Raman spectroscopy, synthesis.
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HU3BbKOTEMIIEPATYPHA AHAJIITUYHA MILHEJISAPHA
EKCTPAKIIA. TIOBIJOMJIEHHA 2:
KOHIHEHTPYBAHHS TA CIIEKTPO®OTOMETPUYHE
BU3HAYEHHSA 'EPMAHIIO(IV)

VY nawniif po60Ti BUBYCHO Ta ONITHMi30BAHO YMOBH MILIEISIPHO-EKCTPAKLIHOTO KOHIICHTPYBaH-
us1 Ge(IV) y Bumsiai komruiekcy 3 6poMizoM 6,7-auriapokcn-2-¢eHin-4-MeTniIoe 30 pHITiio
y Minensipry ¢asy neionoreanoro ITAP tpurony X-100. ITokazaHo, 010 BBEACHHS B CHCTEMY
OcHzoary amoHnito npu pH 1.0 Ta xonuentpamii Tpurony X-100 0.5 06.% npu3BOIUTH 110
IHIIIIOBaHHS YTBOPEHHS MilenspHoi ¢a3u 3a KiMHATHOI Temmeparypu. Po3pobneHo meto-
JWKy criektpodoromerpuaHoro BusHaueHHs Ge(IV) micns fioro MinenspHO-eKCTpaKIifHOTO
KOHIeHTpyBaHHs. ['paxyroBanbpHuil rpadik NiHIMHUI B iHTEepBadi KOHIEHTpauiil 4,36—472
MKT/JI, @ MEXK1 BUSIBIICHHS T2 BU3HAYCHHS BiINOBIIHO TopiBHIOOTH 1,31 Ta 4,36 MKr/i1. 3ampo-
MTOHOBaHa METO/IMKA anpoOoBaHa NP aHaJi31 MOENBEHUX PO3UYMHIB Ta 010TOTIYHO-aKTHBHOT
1100aBKH, a BITHOCHE CTaHJIapTHE BIAXMICHHS HE nepeBuIye 5,1%.

KorouoBi cioBa: wminensipHa eKCTpakmis, 1HII[IaTOpH, apoMaTH4YHI KapOOHOBI KHCIIOTH,
cnekrpoporomerpis, ['epmaniii(IV).

3acrocyBanHs MinensapHoi ekcrpakiii (CPE) ans momepenHboro KOHIICHTPYBAHHS
Ta MOJANIBIIOr0 BU3HAYCHHS PI3HOMAaHITHUX aHAIITIB B OCTAHHI POKU IIPUBEPTAE 0COO-
nmuBy yBary [1, 2]. 3maTHicTh po3miapoByBaTHCs Ha JBi (ha3d MarOTh BOJHI PO3YHHH
MOBEpXHEBO-aKTUBHUX pedoBuH ([TAP) ycix TumiB, mpoTe HAWOLIBII YacTO 3aCTOCOBY-
etbcst CPE ¢azamu HeioHorennux ITAP. BignoBinHa XiMidHa cUcTeMa iCHYE SIK TICEB-
JIOOJTHOPITHAN MINCNAPHUNA PO3YHMH MPH HU3BKHX TEMIIEpaTypax, ajie TPy HarpiBaHHI
BUIIIE TIEBHOI KPUTHYHOI TEMIEPaTypH («TOUYKH MOMYTHIHHS) CTa€ KaJJaMyTHUM 1 p0o3-
apoBY€EThCS Ha JBi (ha3u: oHA 3 HUX, 30aradeHa [1AP, — (minemnsipHa ¢aza), a iHma —
BonmHa (aza [3]. 3acTocyBaHHS MIIEISPHOT SKCTPAKIlii JO3BOJIE 3HAYHO CIPOCTHTH
MPOOOITiATOTOBKY Ta 3MEHIIUTH a00 ITOBHICTIO BUKJIIOYHTH 3aCTOCYBAHHS TOKCHIHUX
po3unHHUKIB. [TepeBaru MinesipHOT eKCTPaKIIii i1 9ac MiATOTOBKH MPO0 B IOPIBHAHHI
3 KJIACHYHOKO PIJIMHHOIO CKCTPAKIIIERO MOJIATAI0Th HE TUIBKK B MIHIATIOpPH3AIlii IPOIEeCy
Ta €KOHOMII PO3YMHHUKIB, ajic ¥ B MiIBUIIICHHI ¢()EKTHBHOCTI KOHIICHTPYBAaHHS aHaJi-
TiB. /10 TOro » MilleJIIpHa SKCTPAKIlisi OPraHivyHO MMOETHYEThCS 3 OararbmMa IHCTPYMEH-
TaJbHUMH METOJIaMH aHaIli3y: CIIEKTPO()OTOMETPIErD, ATOMHO-a0COPOIIIIHOO CIIEKTPO-
CKOITI€r0, XpoMaTorpadiero Ta iHIMMH [4].

s mocwitenns edexty posmapyBanas B CPE npornoHyroThes Takok iHIN (i3ndHi
METOJIH, TaKl K yIBTpa3ByKoBe [5] a00 MIKpOXBHIIbOBE onpoMiHeHHs [6]. Ha Bimminy
BiJl TEMITEPATYPHOTO 1HILIFOBAHHS, P SIKOMY BUAUICHHS MIlEISIpHOT (a3 TOYHHAETh-
cs yepe3 15—60 XBHIHH, YIBTPa3ByKOBE OIPOMIHCHHS JO3BOJISIE CKOPOTHTH Yac BUI-
JIeHHst MitensipHol ¢asu 10 5-30 xBuiuH (npu Temmneparypax 30—70 C). A npu Mikpo-
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XBWJIBOBOMY OINpoMiHeHHI oTyxHicTio 300—600 BT posiiapyBaHHs MOYHHAETHCS Yepe3
5-10 xBwnmH [3, 4].

[TomepeHao poOOTY OyIO MPHUCBSIUEHO OCOOJMBOCTSM 1HILIFOBAHHS MILEJISPHOT
eKCTpakKIlii 3a KIMHATHOI TeMIIepaTypH i€l apoOMaTHYHHX KapOOHOBUX KHCIIOT Ta
ixHiX comeit [7-9]. MeTorw naHOi POOOTH € BHUBYCHHS YMOB YTBOPCHHS MIICISPHOT
(hasm, excTpakilii KOMIUIEKCY OpoMiny 6,7-IuriIpoKcu-4-MeTHII-2-(heHTOCH30ITI PHITIF0
(M®IO0X) 3 I'epmaniem(IV) Ta BcTaHOBJICHHI aHATITHYHUX XapaKTEPUCTUK KOMOIHOBA-
HOT EKCTPAKIIHHO-CIIEKTPO(OTOMETPUIHOT METOIMKH HOTO BU3HAYCHHSI.

MATEPIAJIN TA METOJAU JOCJIAXKEHHSA

CrekTpH CBITJIIONONIMHAHHS B iHTepBaii JoBxHH XBHIb 300-600 HM peecTpyBaiu
3a ornomororo criekrpodortomerpy Ultrospec 3100 pro (Amersham Biosciences, USA)
B KBAPIIOBUX KIOBETAX 3 TOBIIMHOIO TOTIMHAIOYOTO mapy 1 cM. KHCIOTHICTE AOCTIKY-
BaHMX PO34YMHIB KOHTpomoBaan pH-meTpom pH-150 31 ckistHUM KOMOIHOBaHUM ENIEKT-
ponom ECK-106-03.

Pearent M®/IOX cuHTe3yBaJId aHAIOTIYHO JI0 1HIIUX MOXigHUX 4oro [10] koHaeH-
cali€lo eKBIMONPHUX KUIBKOCTEH miporayuioqy A Ta OeH30iIaneToHy B IPHUCYTHOCTI
OpoMiHOT KUCITOTH.

Buxigauii pozuna M®JOX 3 xonnentpaiiieto 1-10° MoJb/1 roTyBain po3dunHEH-
HSIM TOYHOI HAaBaXKU peareHTy B eraHousi. CranmaptHuil 1 mMr/ma po3uun Ge(IV) ro-
TyBanu po3unHeHHsM 0,1441 r okcunay (0c.4.) y po3uuHi JyTry, IKUH HEHTpanizyBaiu
XJIOPUIHOIO KHCIIOTOIO Ta PO30aBIIsIM AUCTHUILOBAHO BOj10t0 710 100 Mi. Pozuunn i3
MEHIIMMHU KOHIIGHTPALISIMUA TOTYBaJl PO3BEJCHHAM BUXIJTHUX O€3MOCEPeHbO Mepel
3acTocyBaHHAM. Po3unH amoHill 6eH3o0aty i3 koHueHTparieo 0,50-0,75 M rorysanu
PO3YMHEHHSM BIJIIOBIHOI HaBaKKH y Bofi. Pozunu Tputony X-100 i3 KOHIIEHTpAIli€0
10 00.% rotyBanu HacTynHuM dnHOM: 25 Mt Tputony X-100 (3 ryctunoto 1,001 r/mr)
BHOCWJIM B MipHY KonOy MicTkicTio 250 M Ta po30aBisuld JTUCTHIIHOBAHOIO BOJOIO.
Y po6OTi BUKOPHUCTOBYBAJIN PEAKTUBH KBami(ikariii He ripire Hix «X.4.», HeooxinHe pH
CEepEeIOBUIIA CTBOPIOBAIN PO3UMHAMH MiHEPAIbHUX KUCIIOT, HATPiil riApoKcuIy Ta yHi-
BEpCaNbHUM Oy(hepHUM PO3UHHOM.

[ onTuMizarii yMOB MiIEISIpHOT €KCTpakiii y MHOMIMPOMIJICHOBHX NpoOipKax
sminryBanu po3unad Ge(IV) ta M®OX 3 konueHrparieto B inrepsani 1-10°9+1-107°
MOJIb/JI, BapilOI0YM KHUCIOTHICTh cepepoBHiia iHTepBaii pH 1 + 9, BMicT HelioHOreH-
Hoi ITAP Tputony X-100 (0-3 006.%), KoHIEHTpawito iHiiaTopy (aMoOHiii OGeH30aTy)
B iHTepBasi koHueHTpauid 0-0,15 monp/n. s iHTeHcHdikamii BiJAIICHHS Milesp-
HOI (ha3u BUKOPUCTOBYBAJIN LIEHTPU(YTyBaHHsI, Bapitotoun yac (2—10 XB) Ta MBUAKICTH
(1000-2500 006./xB). Bonny ¢a3zy Bumansnm AeKaHTAIi€l0, a B’SI3Ky MiLEIApHY a3y
PO30aBIISIITH PO3UNHHUKOM.

Jns BusHaueHHst Ge(IV) MeTomoM ONTHKO-EMICIHHOI CHEKTPOCKOMIi 3 1HAYKTUBHO-
3B’s3aH0I0 Ta3Moro (ICP-OES) 3acrocoByBanu cniektpomerp Optima 2100DV (Perkin-
Elmer) i3 kBapIioBuM majibHUKOM. BUMIpIOBaHHS! aHATITUYHOTO CUTHATY MPOBOAMIN 32
HACTYIHHUX ONEPAIiMHIX MapaMeTpiB: NoTyxHicTs 1300 BT, BuTpary aprony (mogaga npo-
6ou — 0.8 11/xB, monomikHMIA TOTIK — 0,2 1I/XB, M1a3MOYTBOPIOKOYHH MOTIK — 15 JI/XB), aKci-
aJIbHE CIIOCTEPEKECHHS IIA3MH, IIBU/KICTh BBEICHHS aHAJII30BAHOTO PO3UMHY — 1,5 MII/XB,
Yac pO3MWICHHS JIOCIKYBAHOTO po3urHy — 45 ¢, aHanmiTuyna niHis Ge 209,426 Hm.
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Husvkomemnepamypna ananimuuna miyensapna excmparyis. Ilogioomnenns 2.

PE3VJIBTATHU TA iIX OBTOBOPEHHS

Hocnimkeno cnekrpu noruHanHs komriekcy Ge(IV) 3 MOJIOX micis MinenspHo-
EKCTPaKLiIHHOTO KOHIEHTpYBaHHS (puc. 1).

Al6

1.2

0.8

0.4

A HM

Puc. 1. Cuexrp nomuHanus komiuiekcy Ge(IV) 3 MOIIOX (1) ta pearenry MOIOX (2) micast

miressipHoi ekcrpakiii: pH 1,5, Coery =1 -107° monn/n, C, = 1-10* mons/n, [ =1 cm.

Fig. 1. Absorbance spectra of Ge(IV) complex (1) and reagent (2) after cloud point extraction: pH 1.5,
C =1-10°mol/l, C, = 1-10* mol/l, /=1 cm.

Ge(IV)

Sk BuaHoO 3 puc. 1 pearenT MOJIOX Mae 07jHy IHTEHCUBHY CMYTY IOIJIMHAHHS 3 MaK-
cuMmyMoM Tipu 430 HM, IPH YTBOPEHHI KOMILIEKCY CIIOCTEPIraeThes 0aTOXPOMHUIT 3CYB
Ha 40 aM 10 470 M.

JocnipkeHo BIUIMB HU3KHM BH3HAYAIBHHUX TapaMeTpiB Ha YTBOPEHHS MillCIISIPHOL
¢azu Tpurony X-100 Ta BuirydeHHS HEIO aHAIITUYHOT popmu (puc. 2).

S BugHO 3 puc. 2a, ontuMainbHe pH craHoBuTh 1,5, a He3HAYHMIA 3CyB y OUIbLI
KHCITy 00JIaCTh IMTOPIBHSIHO i3 BOAHUMH PO3YHMHAME MOJKHA TOSICHUTH BILTUBOM [TAP Tam
BIJIMOBIIHO 3MIHO KMCJIOTHO-OCHOBHUX BiiactuBocTeii M®JOX.

JlocmipKeHO CeIeKTHBHICTD 3aIPONIOHOBAHOTO METOy. BCTaHoBIeHO, IO 10HM TyXK-
HUX Ta Jy>KHO3eMEJIbHUX METalliB He BIUIMBaIOTh Ha Bu3HadyeHHs Ge (IV) 3a 3amporo-
HOBAHOIO METOJMKOI0. HacTymHi ioHM He BIuMBatoTh Ha BuzHaueHHs Ge(IV) 3 MOIOX
y Takux MOISpHMX cHiBBifHOMmeHHsax: 1:1200 (Mg, Cd*, Mn*, Pb**, NO,) 1:700
(SO, F, Br, CI, PO,*) 1:400 (Zn*", A" 1:100 (Ni**, Co*"). BusnaueHHIO 3aBa)aloTh
Fe*, Fe* i Cr*", sxi MokyTh OyTH 3aMackoBaHi (hTOPHUIOM HATpiro abo MONepenHbO BH-
JlaJIeHi 31 3paska.

B ontumansHuX yMOBax nMoOyJ0BaHO KaliOpyBalbHUN Ipadik s CIeKTpodoToMe-
TpuuHoro BusHadueHHs1 Ge(IV) micns #oro monepeaHbOro MileIspHO-eKCTPaKLIiHHOTO
KOHLIEHTPYBaHHA y BUDIIAA1 koMiuiekcy 3 M®OIOX, a aHamiTUYHI XapaKTePUCTUKU PO3-
POOICHOT METOMKH y3araJbHEeHO B Ta0I. 1.
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Puc. 2. Brmus pizHux (akTopiB Ha MilensipHO-eKcTpakiiiiHe koHneHTpyBanHs 200 mxr/n Ge(IV):
a) pH; 0) xonnentparis Tputona X-100; B) KOHIICHTpAIlisl O0EH30aTy aMOHIIO;
r) koHueHTparis MOJOX; /=1 cm, A =470 M.

Fig. 2. The influence of various factors on the cloud point extraction of 200 pg/l Ge(IV):

a) pH; b) concentration of Triton X-100; ¢) concentration of ammonium benzoate;
d) reagent concentration; /=1 cm, A = 470 nm. Tabnuus 1

AHAJITHYHI XAPAKTEPUCTHUKHU PO3POBJEHOI METOJJUKH

Table 1
Analytical characteristics of the developed method
PiBusinus perpecii A=1,8581 CGe(W) +0,0357
R? 0,9985
JliniiiHicTh, MK/ 4,36-472
Me:xa pusigiiennsi, LOD (30, /b), Mmxr/n 1,31
Me:xa susnadennsi, LOQ (106, /b), Mxr/i 4,36
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SAx BumHO 3 TaOm. 1, po3poOieHa MeToauKa JIiHIHA B MIMPOKOMY iHTEpBaIi KOH-
LEHTPAIlIH Ta XapaKTepU3YEThCSI HU3BKOIO Mekero BusBIeHHS — 1,31 MKr/i. Metonuky
anpoOOBaHO TPU aHaITi31 MOJICIPHOTO PO3YMHY Ta 010JI0T1YHO-aKTUBHOI JTOOABKH, a pe-
synbraty Bu3HaueHHs: Ge(IV) y3aranpHeHo B Tab. 2.

Tabnuis 2
Pesynbrarn BusHayenHs Ge(1V) y moznesibHOMY po3unHi
Ta gierudHiii no6asui (n = 3; P = 0,95)
Table 2
The results of the determination of Ge(IV) in the model solution
and dietary supplement (n = 3; P = 0.95)
s . 3HalaeHo 3HaligeHo
O06’exr ananizy TPOTIOHOBAHUM MeTO0M RSD,% ICP-OES RSD,%
MonenpHui po3uuH™ 198+10,6 Mkr/i 5,1 195+12,1 MKr/n 5,9
JlieTnuna no0aBka™* 19,8+0,98 MKr/mia 4,7 19,6+1,01 Mxr/ma 49

*MomenbHUH pozunH MicTHTh 200 Mkr/im Ge(IV); ** mictuth 20 Mxr/mn Ge(1V) y dopmi murpary.

Sk BumHO 3 Tabn. 2, pesynpraru BuzHadeHHs Ge(IV) 3 M®DAOX micns minenspHo-
eKCTPAKIiHHOTO KOHIICHTPYBAHHS Y3TOUKYIOTHCS 13 pe3ylIbTaTaMu, Oep)KaHUMU METO-
nom ICP-OES, 1o cBiquuTh mpo iX MpaBWIBHICTE, & BITHOCHA IMTOXHOKA BU3HAYCHHS 32
PO3POOICHOI0 METOIUKOIO He mepeBuInye 5,1%.

TakuM 4YWHOM, B JaHiii poOOTI BHMBUECHO YMOBH IHIIIFOBaHHS MileispHOi (a3u
Tpurony X-100, sika mpumatHa A aHaTITHYHOTO KoHUEeHTpyBaHHS Ge(IV) y dopwmi
fioro xomrmiekcy i3 pearearom M®/10X. [lokazano, mo rpanyroBanbHUI rpadik s
crekrpodporomerpuaHoro Bu3HaueHH Ge(IV) micist Horo MileIsIpHO-eKCTPaKIiiHHOTO
KOHIICHTPYBAHH JTiHIHHIIA B iHTepBaJli KOHIEHTpaUii 4,36-472 MKr/1. 3alipOIIOHOBaHY
METOJIMKY arpo0OBaHO MPH aHalli3i MOJCIEHUX PO3YHMHIB Ta 010JIOTTYHO-aKTHBHOI J10-
OaBKwu.
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LOW TEMPERATURE ANALYTICAL CLOUD POINT
EXTRACTION. 2: PRECONCENTRATION AND
SPECTROPHOTOMETRIC DETERMINATION OF Ge(1V)

Cloud point extraction is a powerful tool for the analytical preconcentration of trace amounts
of analytes. The standard cloud point extraction procedure requires prolonged heating of the
solution, which is not always appropriate in the case of thermally unstable analytes or analytical
forms and significantly limits the capabilities of the method. One of the ways to modify cloud
point extraction is to find approaches to intensifying the process of analytical concentration.
The main disadvantage of cloud point extraction is the need for thermal, ultrasonic, infrared or
any other initiation of the formation of the surfactant rich phase. It has been shown that salts of
aromatic carboxylic acids can cause instantaneous formation of a surfactant-rich phase. In this
work, the conditions of micellar extraction concentration of Ge(IV) in the form of a complex
with 6,7-dihydroxy-2-phenyl-4-methylbenzopyrylium bromide into the micellar phase of the
nonionic surfactant triton X-100 were studied and optimized. It is shown that the introduction
of ammonium benzoate into the system at a pH of 1.0 and a triton X-100 concentration of
0.5 vol.% leads to the initiation of the formation of a micellar phase at room temperature.
The method of spectrophotometric determination of Ge(IV) with 6,7-dihydroxy-2-phenyl-4-
methylbenzopyrylium bromide after its micellar-extraction concentration has been developed.
The calibration graph is linear in the concentration range of 4.36-472 pg/L, and the limits of
detection and determination are 1.31 and 4.36 pg/L, respectively. The proposed method was
tested in the analysis of model solutions and biologically active additives, and the relative
standard deviation does not exceed 5.1%.

Keywords: cloud point extraction, initiators, aromatic carboxylic acids, spectrophotometry,
Germanium(IV).
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CHUHTE3 I JOCJ/IIJ’)KEHHS HOBUX CEMUYJEHHUX
CTPYKTYP HA OCHOBI AMIHOIHAOJY

OnHUM 3 HaWBaXIMBIMINX 3aBIaHb CyYacHOI OpraHi4HOI XiMil € MOIIyK Ta po3poOKa IMmpo-
CTUX METOJIIB CHHTE3y HOBHMX OIOJOTiYHO aKTMBHHUX pPeuoBHH. B miii pobori mokazana
MOXKJIUBICTH HOBOTO MiIXOIY A0 CHHTE3Yy CEMUYJICHHUX CTPYKTYP HA OCHOBI 7-aMiHOIHIOIMY.
Po3po0ieni 1ocTyHI cXeMU CHHTE3y Ta BUBYEHI BIACTHBOCTI OTPUMAaHHX CIIoNyK. [Toka3ana
MEePCHEeKTUBHICTh BUBYCHHSI O10JIOTIYHOT aKTUBHOCTI CHHTE30BaHHX CIIOIYK 3 METOIO TTOJ1allb-
1IOT0 iX 3aCTOCYBaHHA Y MEIMYHIM MPaKTHLI.

KurwuogicaoBa: 7-aminoingou, GeHinriapason, 1,5-mipononiaseniH, 4,5-nuriapormipomno[ 1,2,3-
e,f][1,5]-6en3niazenin-6(7H)-on, peakuii Jxenna-Kininremana, peaxuii Hlminra.

B MenuuuHI 3HAaRIIUIA ITUPOKE 3aCTOCYBaHHS MOX11H] 1,4-/11a3eminy, 1o noB’ i3aHe
3 1X BUCOKOIO 0i10JIOTIYHOK aKTUBHICTIO (AaHKCIOJITUYHOI, CHOJIMHOI0, CEIaTUBHOIO
Ta 1H.) 1 Ay’XKe Maliol0 TOKCHYHicTO. Lle crnpuse po3BUTKY XiMii IHIIUX CIOpPiAHE-
HUX CHCTeM, 30Kpema Ximii 1,5-miazeminiB. Cepea CHoONyK IBOTO Kilacy 3HaWIeHi
TPaHKBIJII3aTOPH, aHAJIBICTHKH, PEYOBUHH, 10 3HMKYIOTh THCK 1 3HIMAIOTh KallleJb
Oib1r epekTUBHO, HiX KoJeiH [ 1-6]. BpaxoByrouw 11e, a TakoX TOH (akT, 110 MOXiTHI
1,5-nia3eniny BUBYEHI HOPIBHSHO Majo, HAMU OyB PO3pOOICHHUI AOCTYMHUNA METOX
CHUHTE3y HOBUX IOXiJHUX Miposio-1,5-aia3eniny Ta BUBYEHI BIACTUBOCTI CHHTE30Ba-
HUX CITONYK.

IaTepec mo Takux cucreM 0OYMOBJICHUH THM, IO Cepell HeBEIHKOI KiTbKOCTI CHH-
TE30BaHUX CIOJYK OyJIM 3HAIEHI pEYOBHHHU, IO BOJIOIIOTH IIIKABUM CIIEKTPOM 010J10-
riyHoi aii [7-11]. B miteparypi [12, 13] € 1Ba mOBiIOMJIEHHS 1010 CHHTE3Y TOAI0HOTO
pona cuctem (Cxema 1).

Buxigni ingonuan 1 y mpucyTHOCTI OCHOB alKiUTYIOTHCS aKpUJIOHITPUIIOM, yTBO-
PIOIOUM HITPUI 2, SIKUH OMMJISIETHCS B KUCIOTY 3. BHYTpIIIHbOMONEKYJIApHA LUKITi-
3aris 3 y nomidocdopiit kucnori ([IOK) npu3BoauTh 10 MIPONOXIHOMIHIB (TOYHIIIE
1,2,4,5-terpariapo-6H-mipomno[3,2,1-1,j]xiHoniH-6-0HiB) 4. OCTaHHI B yMOBax peakxiiii
[ImiTa IEpeTBOPIOIOTHCS HA CyMIlll CIIOIYK 51 6 [12].

1,2,4,5-Terparigpomipono[ 1,2,3-e,f][1,5]-6en3niazenin-6(7H)-onu 10 MoxxyTh OyTH
oTpuMaHi 1 3a iHmow cxemoro (Cxema 2):

AuunyBaHHS, HITPYBaHHS Ta MOAAIBIINN T1poi3 N-aluIiHA0MIHY 103BOJISE OTPUMY-

BaTH 3aMillleHi 7-HITPOIHIOIHHU 8, sIKi peakiliel BiJHOBJICHHS iX IMHKOM Y BOJTHOMY
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PO34HMHI iTKOTO HATPiIO MEPEeTBOPIOOTHCS B aminK 9. KoHeHcallis 0OCTaHHIX 3 aKpH-
JIOBOO KHCJIOTO jaae terpariaponoxijni 10 [13]. JeriapyBanns cnonyk 10 Ha mana-
JIEBOMY KaTai3aropi MpW HATPIBaHHI B CEPEIOBUIN BUCOKOKUIUISYAX PO3UYMHHHKIB
(XiHOIIIH, IeKaJliH) MPU3BOIUTH JI0 BiAMOBiAHUX auriapornoxigaux 11 [13] (Cxema 3).

3a3HaueHi crnocoOu MaroTh HU3KY ICTOTHUX HEJ0MiKiB. [0 OCHOBHHX CITifl BITHECTH,
repiui 3a Bce, 0aratocTaiiiHICTh, OOMEXEHI MOXITMBOCTI BBEJICHHS B 1[I0 TETEPOCHUCTE-
My 3aMICHHKIB Ta BUKOPUCTAHHS KaTajli3aTopa Ha OCHOBI KOIIITOBHOTO METaITy.

Hamu po3po0iieHo MeTo, 10 BHKIIIOYAE 1[I HEAOMIKH, 1 R1=CH3, CGHS; R2=CH3,
COOC,H;, (Cxema 4).
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BukopucraHi Sk HamiBIPOAYKTH CHUHTe3y rinpa3oHu 12-14 perko MoxyTb OyTH
oTpuMaHi abo 3 ¢peHinriapazuHiB a0 3 HITpoaHiIiHIB No peakuii Ixenna-Kiinremana.
Ixust ukoTizanis qae BigmoBiaHi 7-niTpoinonu 15-17, ki BIIHOBIIOIOTHCS] BOJHEM HaJT
gikeneM Penes B aminonoxiaai. OcTaHHI BHACHIIOK X HECTIMKOCTI HE BUAIISUINCS B Y-
CTOMY BUIJISIII, a IiJIaBaJIUCS B3a€MOJIIT i1 Situ 3 XJIOpaHT1ApuaaMHy B-XJI0pIPOnioHOBOT
abo P-xmopmacisHoi KUCIOT. BHyTpilIHbOMONIEKYIsipHE ankinyBaHHS aminiB 18-20
JAM®A B npucyTHOCTI TiApUAY HATPitO AaBaio KiHIeBi npoaykru 21-23.

Posrisin ctpyktypu cuHTe3oBanux 4,5-nurinpornipono[1,2,3-e,f][1,5]-0en3aiazenin-
6(7H)-oniB 21-23 n03BoJjsie 3pOOMTH BUCHOBOK MPO 3AATHICTh JaHHUX CIIONYK OpaTh
y4acTh y peakuisx: Tipoisy, nepeectepudikanii, aMigyBaHHs, aJKiTyBaHHS, BiTHOB-
JIEHHS, IO MOYKE CTaTH MPEIMETOM HACTYIHHX JOCIIIKEHb.
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Husky oTpuMaHUX y XOIi MOCIIJDKCHHS CHOJYK MijnaBaiv (HhapMaKoJIOTIIHOMY
CKPUHIHTY 3 METOI BHBUCHHS iX BIUTMBY Ha IICHTpasibHy HepBoBy cuctemy (L[HC).
Orinka (hapMakoJIOTiYHOI aKTUBHOCTI MPOBOAMIIACS 33 TECTAMH aHTAroHI3Ma 3 Kopa-
30J10M (ITPOTUCYJIOMHA, TPAHKBUTI3ytoUua JIisl), TIOPYIICHHS OPI€EHTOBHUX pedUIeKCiB Ta
KOOpIMHAIT pyxXiB. SIk €TaJIOHHI CITOJYKH BUKOPHCTOBYBAIHCS XJIOpAia3erokcu (-
OpiyMm, eJeHiyM) 1 Jia3zenam (CeayKCeH, BaliyM).

Bci BUBUEHI CHIONYKH MalOTh IPOTHCYJIOMHY JIit0, SIka BUpaKeHa Pi3HOK Miporo 3a-
JISKHO BiJl CTPYKTYypH (I1e MOXe OyTH TOB’S3aHO 13 IIBUIKOCTIO MPOHUKHEHHS KPi3bh
rictoreMaTruHi 6ap’€pyu Ta 3MEHIIICHHSIM KOHIICHTPAIIIT).

[TopyireHHsT OpieHTOBHUX pedrekciB Ta KoopauHarii pyxiB Oyno 3adikcoBaHO
HE JUIS BCIX PEUOBHH, HABITh MPH BBEACHHI BIJHOCHO BelMWKUX 103 (70-150 Mmr/kr).
CHHTE30BaH1 CIIOTYKH MaJI CEIICKTUBHI 0COOIMBOCTI (BIZICYTHICTb SIBUIIA MiOopeITakca-
1ii), 1o Bipi3HSE€ iX BiJI TpaHKBiI3aTOpiB Kiacy 1,4-0eHzmiasemniniB. @apMakoiIorivHi
JlaHl, OTpUMaHi IIOI0 MpPEJCTaBHUKIB kiacy mupoio[l1,2,3-e,f][1,5]0eH3mia3eninn-
6(7H)-0oHIB CBi4aTh, 110 BOHU MAIOTh MEPCIEKTUBUA OyTH TOOPHMH KaHIWUJATaMU Y
TIOIIYI[I HOBUX IICUXOTPOITHHUX TIperaparis.

MATEPIAJIN I METOAU JOCJIAKEHHS

BynoBa mpoMi>KHUX Ta KiHIEBUX NPOAYKTIB MiATBEpKyBanacs nanumu [4- ra Y-
crHeKTpockomnii, Mac-criekTpoMeTpii. [H crexTpu oTpumani Ha npuinaai Frontier FT-IR
(PerkinElmer) B intepBami xBmaboBux uucen 200-4000 cm' B Tabmerkax KBr. YO
CIIEKTPH BUBYAIIM B po3uuHi 96% etanony Ha npunaji Specord UF VIS. Mac-cniektpu
CTIOJIyK OTPHMaHi METOJIOM €JIEKTPOHHOTO yaapy Ha mac-cekrpomerpi MX-1321, io-
Hizyroda Hanpyra 70 eB, remneparypa kamepu ionizanii 220°C. Yucrota Ta iHANUBITY-
ANBHICTB CIOJIyK KOHTpOoBanacs 3a gonomororo TIIIX na mnarikax “Silufol - 254” B
cuctemi MetaHon - xiopodopm (1:10) 3 mposenenusiM YD-crektpi (A = 254 um).

2-Hitpodeninrinpazon mernieruikerony (12) orpumyiors 3 0,1 Monb o-HiTpO-
¢eninrigpazuny i 0,1 momst metunerunkerony. Buxin 19,1 r (88%). T. Tomn. 72-73°C.

2-HiTpodeHiariapa3on eTWJIOBOro ecrepy 2-keromaciasiHoi kuciaoru (13).
Harpisatots 0,11 Monb o-HiTpoaHiniHy B 54 M1 BoaH 1 12 MJI KOHIIGHTPOBAHOI KHUC-
JIOTH 70 MOBHOTO PO3YMHEHHS 1 MpPU MEpeMillyBaHHI BUIMBAIOTH B 35 MJ XOJORHOL
HCI (xonu.) IIpu temneparypi Big 0 no -3°C monmatots 0,12 Monp HiTpaTy HATpitO B
20 ma Boau mpotsiroM 30 xBuiuH. Jlo 0,11 Monb etmnaneroornroBoro ecrepy B 115
MJI eTaHony npu nepeMimnryBanHi 1 0°C nogarots 40 mi oxonomxeHoro 50% pozunHy
inkoro kamito. [lotiM po3uuH po30aBisoTh 230 M KpHkaHOi BOAM 1 IBUAKO mpH -3°C
JIONMBAIOTh PO3YHMH COJi JIIa30HIIO0 1 mepeMinyroTs e 15 xBuiuH. Buninserscsa macio
TEMHO-UYEPBOHOT0 KOJIbOPY, sIKE IIPU CTOsIHHI TBepAHE. [IponyKT peakuii mepexpucTarti-
30BYIOTh 3 eTanony. Buxin 21,8 r (75%). T. Torut. 67-69°C.

2-HiTpodeniariapazon metuaoeH3nakeToHy (14) cuHTE3yIOTh 32 METOAUKOIO Ha-
BeneHotro Buiie 3 0,05 mone 2-HiTpodeninriapazuny ta 0,05 MoJIb METHIOSH3UIIKETO-
Hy. IIpoayKT mepekpucTaizoByIOTh 3i CIUPTY 1 BUALISIOTH 8,4 T (63%) cronyku 14.
T. Tom. 97-98°C.

7-Hitpo-2,3-qnumeruaingo (15). Crnonyky 15 orpumytots 3 0,1 Monb 2-HiTpode-
HINT1Apa30Hy METHJICTUIKETOHY 12 MpH KUI'SITIHHI B KOHIIEHTPOBAHIN CONSHIN KuUC-
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70Ti 3 BuxozioM 15,2 r (80%). T. torut. 162-163°C. TY - cnekrp (KBr, cm') 3447, 3350
(Va)s 1702, 1662 (v._), 1587, 1340 (v,,), 850 (v,,)-

7-Hitpo-3-meTnii-2-kapoerokcuingoa (16). Pozuunsrors 0,05 monb 2-HiTpode-
HIITIPa30Hy €TUJIOBOTO ecTepy 2-ketomacisHoi kuciotd 13 B 10 T momidocdopHoi
kucnotu (I1OK) 1 noBinkHO HarpiBaroTh Ha BojsHIN 6aHi 10 100°C. Cymiln BUTpUMY-
I0Th Ha KUIUIAYid BojsHIN OaHi 30 XB, OXOJIOUKYIOTH 1 BUJIMBAIOTH y Boay (500 mu).
MacissHUCTHI 0caJl, 10 YTBOPUBCS, BIIOKPEMIIIOIOTH 1 MMEPEKPHUCTATI30BYIOTh 3 OCH-
3omy. Buxin 8,7 r (78%). T. Toru. 135-136°C. [4-cnektp (KBr, cm™) 3447, 3350 (v,,),
1702 (v._), 1662 (v._,), 1548 (v,), 1445, 1373, 1352 (v,), 1130, 1038.

7-Hitpo-3-penin-2-metmiinmoa (17). Cymimr 0,05 monp 2-HiTpodeHUITiApa3oHy
Metmiretwiketony 12 1 20 r ceixkonpuroronienoi [1OK HarpiBatoTh Ha MacisiHii OaHi
10 189-185°C. ButpumyroTs npu 1iiii Temreparypi 15 XB, OXOJIOIKYIOTh 1 BUITHBAIOTh
y Boxy (~500 mi). Ocan, o yTBOPUBCS, BiiiIbTPOBYIOTH 1 KPUCTANI3YIOTh 3 A10KCaHY.
OTtpumytots 6,5 T (52%) sckpaBo-xoBTorapsanx kpuctanis. T. Tor. 150-151°C. Y-
cnektp (KBr, em™) 3447, 3350 (v,), 1712 (v_,), 1682 (v._,), 1548 (v,), 1445, 1370,
1350 (vy,), 1270, 1184, 1130.

7-(B-Xnopnpomnioninamino)-2,3-mumeruiingon (18). Jo cymimi 0,025 mosns crio-
nyku 15, 5 T cBOKONPUTOTOBJICHOTO Hikeno Penes nomarore 100 mi MeraHomny i Ti-
JIPYIOTh TIPH MEPEMIlIyBaHHI JI0 TIOBHOTO MOTJIMHAHHS PO3Pax0BaHOI KiJIbKOCTI BOJIHIO
(1680 cm?). Karasizarop BiadiabTpOBYIOTh, PO3YMHHHUK YIIAPIOIOTh Y BAKYyYMi. 3aJIHIIIOK
po3unHIOTh y 150 MIT OIITOBOT KMCIIOTH, 110 KparuisiM 101ar0Ths po3duH 0,08 Mons are-
Taty Harpito B 20 MJI BOJIU TIPU OXOJIOJDKCHHI KPH)KaHOIO BOJIOK 1 niepeminryBanHi 0,04
MOJISL XJIOpaHTiApuAy B-XxioprporioHoBoi kuciotr. Cymimn nepemintytors me 30 xB
1 BWIMBAKOTh y KprkaHy Boay. Ocall BiAQUIBTPOBYIOTh, KPUCTATI3YOTh 13 €TAaHOIY.
Buxin 3,6 r (72%). T. Tomn. 175-176°C. I4-cnextp (KBr, cm™) 3326, 3417, 3120 (v,,),
1713 (v._,), 1682, 1670 (v ), 1351, 1259, 1210, 1127, 1026, 809, 749.

Cromyxu 19 Ta 20 oTpuMaroTh 3a aHanorigHor meroaukoro. Crnonyka 19 (R =CH;
R =COOC H,). Buxin 63%. T. Torn. 153-154°C. [4-cnextp (KBr, cm) 3426, 3310,
3170 (v, 1712 (v_), 1682, 1670 (v._,), 1381, 1354, 1210, 1128, 1090, 1026, 810.
Crnonyxa20 (R =C H ;R =CH,). Buxin87%. T. Torn. 201-203°C. I4-cnextp (KBr, cm™)
3467, 3348 (v,), 1722 (v._,), 1682 (v._,), 1558, 1445, 1371, 1352, 1270, 1184, 1130,
809.

1,2-Iumerun-4,5-qurigponipoJio[1,2,3-e,f][1,5]-6en3niazenin-6(7H)-on (21).
Pozumn 0,02 momnb crionmyku 18 B 50 mut cyxoro JIM®A nonatoTe KparisiMu 10 CyCIIeH-
311 0,021 mounb riapumy Hatpiro B 150 mur IM®DA. PeakiiitHy cymiln HarpiBaroTh MpH
KHITiHHI 4 TOJMHHU, OXOJIO/KYIOTh 1 BUITUBatOTh y 250 mMi1 kprkaHoi Boau. Cipo-3eneHnit
ocas, SIKUH BHIIaB, BiIOKPEMITIOIOTE 1 KPUCTAIIZYIOTh 3 eTanony. Buxin 3,7 T (87%). T.
tom. 161-163°C. I4-cnextp (KBr, cm™) 3447, 3350 (v,,), 1730 (v_), 1682 (v ),
1548, 1445, 1370, 1350, 1270, 1184, 1130. Y®-cnektp: A u™m (Ige) 203 (4,25), 248
(4,00), 330 (3,60). Mac-ciextp: m/z (I, %): 214 (100%), 186 (45%), 185 (50%), 157
(98%). Eniminysanus CH,CO rpynu miaTBEpKAEHO HABHICTIO METACTaOLILHOTO 10HY
3 m/z 138 (15%).

Cromyxu 22 Ta 23 OTpUMYIOTh 32 aHAJIOTI4HO MeToauKor. Crionmyka 22 (R =CH,;
R =COOC,H,). Buxin 65%. T. tonn. 170-171°C. I4-cnekrp (KBr, cm™) 3427, 3362 (
Vs 1710 (v_), 1675 (v._,), 1558, 1425, 1375, 1353, 1278, 1141, 1118, 812. Y-

NH) >
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cnektp: A, um (Ige) 210 (4,55), 260 (4,23), 358 ( 3,80) Mac-cnektp: m/z (I, %): 272
(100%), 225 (16%), 197 (18%), 184 (35%). Cnomyxka 23 (R =CH,; R,=CH,). Buxin
68%. T. Tom. 205-207°C. T4-cnextp (KBr, cm™) 3427, 3362 (v,,,), 1710 (v._,), 1675
(Ve_o)» 1558, 1374, 1350, 1253, 1184, 1130, 810. Y®-cnexrp: A, am (Ige) 210 (4,55),
260 (4,23), 358 (3,80). Mac-criexktp: m/z (I, %): 276 (100%), 199 (27%), 185 (32%),
156 (45%).

BucHoBxu

B pesysnbraTi npoBeneHNX AOCTKEHh OyB PO3pOOJIICHUH HOBHU METOJ CHHTE3Y
noxigaux 1,2,4,5-terparigponipoino[1,2,3-¢,f][1,5]-0er3niazemin-6(7H)-ony. 3a na-
HuMU [Y- Ta YD-crieKTpocCKoITii, Mac-CIIEKTPOMETpii MmiATBEep/KeHa OyioBa OTpUMa-
HUX cronyk. [Tokasana MOMITBHICTE MOJANBIIOTO JAOCHTIHKEHHS I[HOTO KIJIACY CITOIYK.
CHHTE30BaHi CIIOJIYKH MarOTh CEJICKTHUBHI 0COOIMBOCTI (BiICYTHICTD SIBHIIA MiOpeJlaK-
carrii), 1o BiJpi3Hsi€ IX B TpaHKBiTi3aTOPiB Kiacy 1,4-OeH3aiazeniHiB. 3po0iIeHO BU-
CHOBOK TIPO MEPCIEKTHBHICTD MOABIION0 BUBUCHHS O10JIOTIYHOT aKTHBHOCTI CHHTE-
30BaHMX CIIOJYK 3 METOIO 3aCTOCYBAHHS 1X Y MEIUYHIH MPaKTHUII.
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SYNTHESIS AND STUDY OF NEW SEVEN-MEMBERED RING
STRUCTURES BASED ON AMINOINDOLE

One of the most important tasks of modern organic chemistry is the search and development
of simple methods for the synthesis of new biologically active substances.

1,4-diazepine derivatives are widely used in medicine due to their high biological activity
(anxiolytic, hypnotic, sedative, etc.) and very low toxicity. This contributes to the develop-
ment of the chemistry of other related systems, in particular the chemistry of 1,5-diazepines.
Interest in such systems is due to the fact that substances with an interesting spectrum of
biological activity were found among a small number of synthesized compounds. There are
tranquilizers, analgesics, substances that reduce pressure and relieve cough more effectively
than codeine among the compounds of this class. Taking into account this, as well as the fact
that 1,5-diazepine derivatives have been studied relatively little, we developed an accessible
method for the synthesis of new pyrrolo-1,5-diazepine derivatives and studied the properties
of the synthesized compounds.

The information given in the literature about the synthesis of this kind of systems has sig-
nificant drawbacks (multi-stage, limited possibilities of introduction of substitutes and use
of a catalyst based on a precious metal). We have developed a method that eliminates these
drawbacks. New derivatives of 4,5-dihydropyrrolo[1,2,3-¢,f][1,5]-benzdiazepin-6(7H)-one
were synthesized according to the developed methods, and the properties of the synthesized
compounds were studied. The structure of intermediate and final products was confirmed by
the data of IR and UV spectroscopy, mass spectrometry.

It was established that the synthesized compounds have selective features (absence of myore-
laxation phenomenon), which distinguishes them from tranquilizers of the 1,4-benzdiazepines
class. All studied compounds have an anticonvulsant effect, which is expressed to varying
degrees depending on the structure. Violation of orientation reflexes and movement coordina-
tion was not recorded for all substances, even when relatively large doses were administered.
The obtained pharmacological data on representatives of the class of pyrrolo[1,2,3-¢,f][1,5]-
benzdiazepin-6(7H)-ones may indicate that they are new psychotropic drugs.

Keywords: 7-aminoindole, phenylhydrazone, 1,5-pyrrolodiazepine,4,5-dihydropyrrolo[1,2,3-
e,f][1,5]-benzodiazepin-6(7H)-one, reactions of Japp-Klingemann, the Schmidt reactions.
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IMOBEPXHEBI BJACTUBOCTI TA MIHEJIOYTBOPEHHA
AJIKIVICYJIB®ATIB HATPIIO B ITPUCYTHOCTI
HU3bKOMOJIEKYJIAPHUX CIIUPTIB

MetogamMun KOHAYKTOMETpii Ta TEH310METpii BHUBYCHO BIUIMB J00ABOK HHU3BKOMOIEKY-
JSIpHUX CcIUpTiB (mpomnaHon-1, mpomanon-2 i OyraHon-1) Ha mpouec MilleJI0yTBOPEHHS
anKincynp(atiB HaTpio (Demwni- 1 Jomenmicyiab(aT HATPil0) B BOJHHX PO3YMHAX Ta
aicopOIIit0 Ha MexXi Mmofalny (a3 po3uuH — MOBITPsA. EKCrieprMeHTaIbHO BCTAHOBJICHO, IO
Beemerns 0,5-1,0 Moms/aM® crmpTiB y pO3YMHU MOBepXHEBO-akTUBHUX pevdoBuH (ITAP)
cripusie mpouecy MinenaoyrBopenHs ACH Tta mifBuineHHIO criifikocTti MinemnspHoi ¢asw,
PO IO CBiTYUTH CHOCTEpIra€MHIl CHHEPTeTHYHHH e(EeKT MO0 KPUTHYHIA KOHICHTpAIil
minenoytBoperHs: (KKM). 3HiKkeHHsT CTyneHs 3B’S13yBaHHs NMPOTHIOHIB CYHNPOBOIKYETHCS
3MmeHIIeHHAM BennmdnHH KKM. [lpm moctiiiHii koHHIEHTpamii ankincyiabdary Harpiro Ta
3pOCTalOUiil KOHIEHTpalii CHUPTY MUTOMA EIEKTPONPOBIAHICTh NP PI3HUX KOHIEHTPAIIIsSX
ITAP (mo KKM i Bume 3a KKM) 3mennryerscs. Enepris I'i66ca minenoyrsopenns (AGY )
ACH 3i 30i1bIICHHAM OBXHHU ByIIeBOAHEBOro paaukany Bin C, g0 C,, 3pocrae 3a ad-
COJIFOTHOIO BEIHYHHOMW BiX -27,4 mo -35,4 x/[x/Monb. [lopiBHSHHS BENWYWH CTaHIAPTHOL
BinbHOT eneprii agcopbuii AG’, 1 minenoyrsopenns AG’ =~ B cucremax ACH — crmpr —
BOJIa ITOKA3aJI0, 10 aJCOPOIIis SBISETHCA HANOLIBII TEPMOANHAMIYHO BHT1IHIM MPOLIECOM B
JOCIIDKYBaHHX CHCTEMaXx.

KuiouoBi ciioBa: KOHIYKTOMETpis, TEH310METPIsl, aIKIICYIb()ATH HATPII0, MilIEJIOyTBOPEHHS,
nponanoi-1, npomnanon-2, Oyranon-1.

INoBepxueBo-akTuBHI peuoBuHHU (IIAP) y BOZHHX 1 HEBOJHHUX CEpEHOBHINAX
374aTHI 10 caMoopraHi3allii, yTBOPEHHS acouiariB, Mi>K(ha3HUX 1 IMTOBEPXHEBUX
mrapiB; i BiacTUBOCTI [IAP mmpoko BUKOPHUCTOBYIOTBHCS y MPOMHCIOBOCTI.
BisbIIicTh CUHTE30BaHUX 13 JIOBIOJIAHIIOrOBUX crnupTiB [TAP, Hanpukian ai-
KUICYbGhaTu 1 ajakiacyab(OHATH HATPIFO, MICTITH JCSIKY KUIBKICTh HE Mpope-
aropaHoro crnupty. KpiMm Toro, manst mocuiieHHs: eektuBHOCTI aii [TAP gacto
3aCTOCOBYIOTh B SIKOCTI JOTIOMIXHHUX pedoBHH Momudikatopu (co-surfactants
a6o co-ITAP), Taki sik: pi3HI KHCIIOTH, 10, ciupTh Toio |1, 2]. Bigomo, 1o
JI00ABKHU CITMPTIB 3MIHIOKOTH CTYIiHB 10HI3alli MilleJI Ta CTYMNIHb 3B’ s3yBaHHS
npotHioHiB ioHoTeHHUX [1AP [3]. Uum moBIlle BYyIJICBOAHEBHUH paJuKall MOJie-
KyJ CIIUPTY, THM BUTITHIIIE iX BKIFOUYCHHS JO 30BHINIHHOTO MIAPY MIIEIT; IPU
IIbOMY 3MEHINYEThCS CTYHIHb arperariiii, To0To KiJIbKicTh MosieKys (10HiB) TTAP,
HEOOXITHUX JIJIsl yTBOPEeHHs Minen [1].

Ha cporomHimiHif ITeHb TUCKYCIHHUM 3aJUMIAETHCS MMUTAHHS OO BILTHBY
Ha KPUTHYHY KOHIleHTpalito mirneaoytBopeHHss (KKM) ITAP no6aBok HHU3BKO-
MOJICKYJISIPHUX BOHOPO3YMHHUX CIHUPTIB [4-8]. 3 omHOTO OOKY, BOHH MOXYTH
nociabmroBatu TiapodoOHi B3aemMoii B po3unHi [TIAP, 1m0 cynpoBOIKY€ETHCS
MABUIIEHHSIM po3dnHHOCTI (poctom KKM) TTAP — i B TakoMy BHUMAJKy HH3b-
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KOMOJICKYJISIPDHI CITUPTH BUCTYNAKOTH SIK CO-PO3YMHHUKH. 3 1HIIIOTO OOKY, 3aMasia
JUOITBHICTE MOJIEKYJI CITHUPTIB (TaKUX SIK MPOTIaHOJ, OyTaHOJ) Ta CTPOTO BH-
3HaYeHa TX KOHIIEHTpaIlis y po3unHax [IAP MoxXyTh OyTH IPUYUHOIO 3HUKCHHS
KKM MinenoyTBOPIOIOUNX PEYOBHH. BIUIMB CHUPTIB 13 KOPOTKUM 1 CepeaHIM
maHmoroM Ha KKM, minensipHy Macy 1 CTyniHb 3B’s3yBaHHsI KaTioHHUX [TAP
npeacrabieHuii B poborax [8-10]. JlocmimkeHO MIleIoyTBOPEHHS JTOACIIHII-
cynbdary Harpiro (JJJICH) y BomHUX po34yMHAX HU3BKOMOJICKYJISIPHUX CITUPTIB
3aJICKHO BiJ BUJY 1 KOHIICHTpAIil CIIUPTY, TEeMIIEpaTypHy Ta iHIIHUX (PakTopiB [4,
9]. MetonoM (hyopecIiieHTHOT CIEKTPOCKOITIi IETaIbHO BUBYCHO BIUIUB OyTa-
Hoiry-1 Ha minenoytBopenHs JIJICH B Bomaux po3zumHax [11]. BcranoieHo: 3
MiJIBUIIICHHSIM BMICTY COUPTY 0 TIeBHOTO 3HadyeHHs BenmmunHa KKM TTAP 3HU-
JKY€ETBCsI, TIpu4IoMy 3a Jii Oyranony-1 B po3zunHax JIJICH ¢opmyrorhest mire-
JIM 3MINIAHOTO THITY 13 PO3MIpPOM, MEHIIIMM 3a PO3MIpH Milled 3a BiJICYTHOCTI
cnupty. bararo 3ycuith TpUKIIaASHO JJISI OIIIHKH MIIEJIOyTBOPEHHS B 3MIIIIAHUX
ITIOBEPXHEBO-aKTUBHUX CHUCTEMax, /1€ MOXKHA CIIOCTEPIraTH SIBUIIE CHHEPTi3My
abo anTaroHizMmy. Taki epeKTH NPOSBISIOTHCS B KOHIICHTPAIIHHINA 3aJIC)KHOCTI1
noBepxHeBoro Harsary i KKM, 3MiH1 po3Mipy Milleln, B’ sI3KOCTI pO34HMHY Ta 1HIII.
[11-13].

B nmaniit poOOTI HOCTIHKEHO BIJIMB HU3BKOMOJICKYJISIDHUX CITUPTIB (Mporia-
HoJI-1, iponaHoii-2, OyTaHoJ-1) Ha Taki BJIACTUBOCTI CUCTEMH aJKiJICynbdar
HaTpiro (Aenui- adbo HoJeIICYIb(daT HATPIK) — CIIUPT — BOJIA, SIK €IIEKTPOIIPO-
BIJIHICTB 1 TOBEPXHEBUHW HATAT Y IUPOKOMY iHTepBalli KoHneHTpaiii [TAP i co-
ITAP 3 MeTOrO MOMOBHUTH JaHi MPO MOJAU(DIKAII MIIESISIPHUX BIIACTHBOCTEH
a"ioHHUX [TAP Ta BUABHTH 3aKOHOMIPHOCTI 3MIiHH XapaKTEPUCTHK MIIEIIOYTBO-
peHHs Ta anxcopo6iii ACH Ha Mexi moainy ¢a3 po3duuH — MOBITPS B 3aJIEKHOCTI
BIJT MOJIOKEHHS (DYHKITIOHAILHOT TPYIH 1 JIOBKWUHHU BYTJICBOJHEBOTO PAIUKAITY B
MOJIEKYJTI pedoBHHHU-MOiu(ikaropa (co-ITAP).

MATEPIAJIN TA METOAUKA EKCIIEPUMEHTY

VY poOoTi BUKOPUCTOBYBAIM TIOMEPEIHHO OJHOPA30BO IEPEKPHUCTAIIIZ0-
BaHi neumi- ta goxeuwicynbdar marpiro (JACH - C H, OSO,Na, JJJICH -
C,,H,,OSO,Na) ¢pipmu “Pilika” mapku “4.” i3 BMICTOM OCHOBHOI PEYOBHHH
97%. Jdns npuroryBanss Buxigaux 1,0x10"" mons/am® po3zuunis JICH i1 10,0x10-
3 mone/am? posunniB JIJICH 3acrocoByBanmu OimucTHiIbOBaHY BOay. Uncrory
BOJIM KOHTPOJIIOBAJIM 32 BEJIMYMHOIO MHUTOMOI €JIEKTPOIMPOBIAHOCTI, IO CKJIa-
nama 2,010 Cm/m, a moBepxHeBuii Hatsr Boau — 72,0 = 0,5 m/[x/m?. B sikocTi
N06aBOK BHKOPUCTOBYBaJM nporanoi-1 i npomanon-2 (C,H OH), Gyranon-1
(C,H,OH), (mapxka “x.4.”). 3nauenns KKM ankincynesgaris narpiro (ACH) 3a
BiZICYyTHOCTI Ta B MPUCYTHOCTI HU3bKOMOJICKYJISIPHUX CIIUPTiB BU3HAYAIH 32 130-
TepMaMH MUTOMOI €JIEKTPOINPOBITHOCTI, IO BUMIPIOBAIHN 3a JTOIOMOTIOI0 KOH-
nykroMmerpa mapku EZODO PL — 700 ALS.

Bynu npoBeneni ABi cepii BUMipIOBaHb: EKCIIEPUMEHTH 3 TOCTIHHOIO KOHIICH-
Tpali€r CIupTy 1 3MiHHOIO KOHIIeHTpalieo ACH i eKcriepuMeHTH 3 TTOCTIHHO0
koHIeHTpanieto ACH 1 3MiHHOIO KOHLIEHTPALIEIO CITUPTY.
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PiBHOBakHE 3HAYCHHSI TTOBEPXHEBOTO HATATY BOJHHUX PO3YHHIB 1HIWUBIIY-
anpHuX [TAP Ta X BOIHO-CIUPTOBUX PO3YMHIB BU3HAYAIW NTPU KIMHATHINA TEM-
nepatypi (T = 298+2 K) no meTony Binbrenbmi (IUTaCTHHKA, SIKA BTATYETHCS) 3
tounicTio £ 0,5 m/[x/m? [14]. JocmimKyBaHi CHCTEMH TOCSATAIM CTaHy PiBHO-
Baru 3a 2,5 roJauHu.

PE3VJIBTATH JOCJIJKEHB TA IX AHAJI3

3nauennss KKM nenuncynsdary HaTpito 1 1ogenmicyiab(aTry HaTPio B iHAH-
BiyadTbHUX BOJHHUX PO3UYMHAX i B BOJHO-CHUPTOBUX PO3UMHAX OyJIM BU3HAUCHI
KOHJIYKTOMETPUYHUM 1 TEH310METPUYHUM METOAAMH 3a BiAMOBIAHUMU i30TEp-
Mamu (puc. 1 1 puc. 2) i HaBeAeHi B Tabmn. 1. 3nauenns KKM, BusHaueHi 3a ABO-
Ma MEeTOJaMH, y3roJDKYThCs 1 ctaHoBiaTh it JICH y Boxi 3,5%102 mons/am?
(35,0+ 0,03 mmombe/am?), a mist JIJICH — 8,32x107 moas/am? (8,32+ 0,03 Mmomb/
IM?), [0 He cyrepedaTrh 3HaYCHHSIM, HaBeJICHUM B pobotax [4, 6, 9-11]. B ycix
BHUIIAIKaX iCHYIOTh JIEsIKi He3HA4YHI BiAMIHHOCTI Mix 3HaueHHAMU KKM, oTpu-
MaHUMH 000Ma METOIaMH — KOHAYKTOMETPii Ta TeH31oMeTpii.

33-103, Ca/M

10 -
1
8 2
3
6 -
4
2 L
0 0.2 0.4 0.6 0.8 1.0

CacH -10, MOTB/mM 3

Puc. 1. 3aiexHicTh MUTOMO] EIEKTPONPOBITHOCTI Bix KoHIeHTpanii JICH
y BigcyTHOCTI (kpuea 1) i 3a mprcyTHOCTI mporanoiy-1 3 konnentpamiero 0,5 mous/am?® (kpusa 2)
i 1,0 moms/nm? (kpusa 3).

Fig. 1. Dependence of specific electrical conductivity on the concentration SDS
in absence (curve 1) and in the presence of propanol-1 with a concentration of 0,5 mol/dm? (curve 2)
and 1,0 mol/dm? (curve 3).

AHaJi3 130TepM MUTOMOT €JISKTPONPOBiIHOCTI BogHUX po3unHiB ACH 3a Bij-
CYTHOCTI Ta B IPUCYTHOCTI COMPTy TOKa3as, mo Bu kpusux & = f(C, ) xapak-
TEPHUH JJI CUCTEM, SIKi YTBOPIOIOTh B pO3YHMHAX arperaru. [cHye ABi JIiHiiHI 00-
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G103, TTx/n2
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Puc. 2. 3anexHicTh MOBEPXHEBOTO HATATY BiJ Jorapudmy konnentpaunii JJJJCH
y BiicyTHOCTI (kpusa I) i 3a MpUCYTHOCTI Hporanoiy-1 3 koHueHTpariero 0,5 monb/am? (kpusa 2)
i 1,0 mons/nm? (kpusa 3).

Fig. 2. Dependence of surface tension on the logarithm concentration of SDDS
in absence (curve 1) and in the presence of propanol-1 with a concentration of 0,5 mol/dm? (curve 2)
and 1,0 mol/dm® (curve 3).

JIACTi 3aJI€KHOCTI MMUTOMOI eJIeKTpOoIpoBigHOCTI Bix KoHIeHTpalii ACH — npn
HHU3BbKHX 1 TIPU BUCOKUX KOHIICHTpalisx. Touka 3MiHN HaXMIy 3aJ€KHOCTI & =
f(C,.,) Binnosinae KKM. Tunosuii npukiaa 3aj1€KHOCTI TUTOMO] €JIEKTPOITPO-
BigHOCTI cuctemu Bin koHneHTpamrii JICH, orpumanumii B mepiiiii cepii excriepu-
MEHTIB, HaBeJICHUH Ha puc. 1.

Jlo0GaBku cupPTIB y BOJAHI PO3YMHH AJKIJICYIb(}aTiB HATPIIO BILUINBAIOTH HA
rporec ix minenoyTtBopeHHs (puc. 3, tadn. 1). 3nauennss KKM ACH y BogHo-
COUPTOBUX PO3YMHAX, OJEPIKaHI JIBOMa METOJaMH, HaHeceHi Ha puc. 3. Sk i
OYiKyBaJIOCs, iICHY€ Jiesika po30DKHICTh y 3HadeHHsX KKM, orpuMaHux gBoma
MeTOJaMH, OJHaK, 3araibHi TeHaeHiii B KKM 31 30UIbIlIeHHSIM KOHIIEHTpAIIii
CITUPTY 00pe y3TOMKYyIOThCA. Tak, 3a MPUCYTHOCTI CIIUPTIB YTBOPEHHS MIIlei
ACH, JJICH noumHaeThCs MpH ACIIO MCHITNX KoHIeHTpamisax [TAP, mpu oMy
snayeHHs1 ix KKM 3i 36inbieHHsaM koHeHTparii cnupty Big 0,2 go 1,0 moss/am?
3MeHIIyThes (puc. 3), 1 Haxmi 3anexHocteid KKM = f (Cmmy) 30UTBITYE€THCS
31 3MEHIICHHSIM TTOJISIPHOCTI CIIUPTY. BBEICHHS NTEBHOT KIJIBKOCTI CIIUPTIB Y PO3-
qynaU [IAP cripusie mpouecy minenoyrBopenast ACH Ta miaBHUIIEHHIO CTIHKOCTI
MileIsIpHoi (a3u, Mpo 10 CBIAUNTH cuHepreTHaHul edext mo KKM: 3smenmen-
Hs 3Ha4eHbh KKM nenni- 1 nogenmicynbdaTry HaTpito HOPIBHSHO 31 3HAYCHHSIMH
KKM IIAP y Boni 3a BincyTHOCTI ciupTy (Tadm. 1). 3nadenns KKM 3meHnry-
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Ta6murs 1
3nauennss KKM ACH B npucyTHOCTi HU3bKOMOJIEKY/JISIPHUX CIIHPTIB,
BU3HaYeHi kongykromeTpuyHuM (I) i Tensiomerpuunum (II) meTonamu
Table 1
The value of CMC of SAS in the presence of low molecular weight alcohols
were determined by conductometric (I) and tensiometric (II) methods

Heunacyabdar narpiro — ICH

IIponanoJ-1 IIponanoJ-2 Byranou-1

C crmpn;, KKM =+ 0,03, KKM = 0,03, KKM = 0,03,
MOJIB/AM B MMOJIb/AM? B MMOJIL/AM? B MMOJIb/AM?
1 I I I 1 II

0 0,50 35,0 34,5 0,50 35,0 34,5 0,50 35,0 34,5

0,2 0,52 343 34,0 0,54 34,5 34,0 0,58 28,8 28,5

0.5 0,55 32,0 30,5 0,56 31,5 30,3 0,68 20,2 19,7
1,0 0,60 26,6 25,7 0,61 27,0 26,7 0,73 - -

Jonenmicyabgar narpio — JACH

Iponanos-1 Iponanos-2 Byranoin-1

C Cﬂl/lpT);, KKM =+ 0,03, KKM = 0,03, KKM =+ 0,03,
MOJIB/TM B MMOJIL/AM? B MMOJIL/AM? B MMOJIL/AM?
1 1I I I I I

0 0,38 8,32 7,98 0,38 8,32 7,98 0,38 8,32 7,98

0,2 0,43 7,36 7,22 0,45 7,45 7,00 0,58 5,20 5,07

0,5 0,42 7,01 6,88 0,48 6,50 6,31 0,67 4,15 4,10
1,0 0,58 6,60 6,54 0,59 6,32 6,27 0,75 - -

FOTHCS 31 30UIBIICHHSIM JTOBKHHH IKUIBHOTO PaJIUKAILy B MOJIEKYIax CIHPTIB.
[Iponanon-1 MOpPiBHSHO i3 MPOIMAHOIOM-2 NEII0 B OLIBIIOMY CTYHEHI 3HHXKYE
KKM penui- i nonenmicyibdary HaTPito.

Astopu po0irt [1, 8, 11, 15] Takox BigmMidaH, 10 BBEACHHS HU3bKOMOJICKY-
JISIPHUX CHUPTIB y BOJAHI po34nHM i0HOTeHHUX [IAP 3meHmIye 3aranbHuil 3apsn
Ha MIIEISIpHiN MOBEPXHi, CHTPOMis 3MIlIyBaHHS BHACIIIOK IPOHUKHEHHS MO-
JICKYJI CIUPTY y Minenu 3pocTae [16, 17], mo mpu3BoauTh 10 OUTBINT COPHUSATIN-
BIIIIMX YMOB MilI€JIOy TBOPCHHSI.

CrmpTtH, 10 MEHII TOJSPHI, HOK BOJA, PO3MOAUISIIOTECS MiXK 00’€MOM ce-
penosuma ta mineiaamu [1AP, i 3aBasiku MPOHUKHEHHIO iX MOJEKYN 3 MMOBEPXHI
BCEpPEINHY OPIEHTOBAHOI CTPYKTYPH Millesl, YTBOPIOIOTH 3MillaHi minenu (Ha
ocHoBIi BignosigHoro ACH i cimpty). MoykHa BBaXaTH, 1110 B iHTepBajli KOHIICH-
Tpauiii ciimpry (0,5 — 1,0) mosie/am?® BoHu BuCTynatoTh sik co-ITAP. Ciin 3a3Ha-
YUTH, IO aHAJIOTIYHE SBHUIIE CIOCTepiraiy i aBropu pooit [11, 15].
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KKM, MMois/mv?

<

0,2 0.4 0,6 0.8 1.0
Cen, MOTB/IM >
Puc. 3. 3anexnicts KKM mist smimmanux minen JJJICH-cimpr Bin C nponanony-1 (kpusi 1, 2),

oytanony-1 (kpusi 3, 4). Konnykrometpuuni 3HaueHHs (kpusi 1, 3);
TenziomeTpuuHi 3HaueHHS (Kkpusi 2, 4).

Fig. 3. Dependence of CMC for SDDS-alcohol mixed micelles on C of propanol-1 (curve 1, 2),

butanol-1 (curve 3, 4). Conductivity values (curve 1, 3);
Tensiometry values (curve 2, 4). .

&-10%, Ca/m

0 0.2 0.4 0.6 0.8 1.0

Cen, MOTIB/IIM °

Puc. 4. 3anexuicts nmuromoi enexrponposinHocti pozunny JCH (C=0,03 mons/nm?) Bin
KOHIIEHTpalii mponanony-2 (kpusa 1), 6yranony-1 (xpuea 2).

Fig. 4. Dependence of specific electrical conductivity on SDS (C=0,03 mol/dm®) on concentration of
propanol-2 (curve 1), butanol-1 (curve 2).
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Ha puc. 4 HaBeaeHU TpUKIIA] €KCISPUMEHTAIBHOT 3aJIC)KHOCTI MUTOMOT
CIICKTPOIIPOBITHOCTI CUCTEMH TIpH NocTikHIM KoHIeHTpanii JICH 1 pi3Hii KoH-
IICHTpAIIil CIIUPTY, 110 OyJIM OTPUMaH1 y ApyTii cepii BUMIpIOBaHb. 3aJIC)KHICTh
IMUTOMOT EJICKTPOIIPOBITHOCTI BiJ KOHIICHTpaIlii OyTaHoiy-1 OUIbII CKIJaJHA,
HiX Ti 3asexHicTh BiJ KoHIeHTpallil JICH. Ilpu HU3bKUX KOHIICHTPAIIISX CITUP-
Ty CIIOCTEPITAETHCS 3MiHA HAXHUITY KPUBUX, IIPH KOHIICHTPAIIISIX CITUPTY, IO BiJI-
noBigaroTh 3HaueHHsIM KKM, Bu3HaueHUM y miepiriid cepii gocmiai. Jlocmian
IMOKa3aJIv, IO IMUTOMa E€JISKTPONPOBIAHICTh MPU Pi3HUX KOHIIeHTpalisx [TAP
(mo KKM, ipu KKM 1 Butmie 3a KKM) cumbatHO 3MeHIyeThbes (puc. S5). [pu
KOHIIEHTpAIlisIX cnupty > 0,8 MOJIB/AM? TUTOMA €JIEKTPOIPOBITHICTD 3HUKYE€Th-
Csl HE3HAYHO, TOOTO MOYMHAE BUXOJIUTH Ha muiato. CIIij NpUIyCTUTH, IO Pi3Ke
3pOCTaHHS CIIUPTY B CHCTEMi MOKE MPHU3BECTH N0 TMOBEAIHKHA CHHUPTY SIK CO-
po3unaHuKa [TAP 1 Bennunna KKM ankincynbdariB HATpiro MOYHE ITiIBUIILYBa-
THUCH, JUTSI TTIATBEPHKCHHS IIHOTO (PAKTy MOTPEOYETHCS MPOBEICHHS MOTATBIINX
NOCIIIHKEHD.

EB-]OJ, Cu/M
8 L
6 - 1
+ + — 2
3
4 +
0 0.2 0.4 0.6 0.8 1,0

Cen, MOTB/IM

Puc. 5. 3anexuicts nuToMoi esekrpornposinHocti posunHy [IJICH Bix koHIEHTpanil npornaHoiy-2
npu kouuerrparii JJJICH: 0,12:102M (kpusa 1); 0,08 10*M (kpusa 2); 0,06:10°M (kpusa 3).

Fig. 5. Dependence of specific electrical conductivity solution SDDS on concentration of propanol-2
at concentration SDDS: 0,12:102 M (curve 1); 0,08:102 M (curve 2); 0,06:102M (curve 3).

OTpuMaHi eKCnepUMEHTa bHI JaHi KOHAYKTOMETpIii HO3BOJSIOTH OLIIHUTH
CcTyniHb ioH13alii minen (f) 3a metoioM Ppama: siK BiAHOLICHHS HAXUITY 3aJIeXK-
nocri & = f(C, ) Bume ta Hmwkye KKM (sx Biamivarots aBropu podoru [15]:
METOJ J1a€ JIeUI0 3aHMKEeH1 3HaYeHHs ). 3HaueHHs [3 BU3HAUa€ eJIeKTPOCTaTHY-
HY B32€MOJII0 MDX 3apsi/KEHUMHU MOBEPXHAMHU Milesd 1 npoTuioHamMu. CTyHiHb
ioH13amii Milenu 3 3MIHIOETBCS B psily ponaHoi-1 < mponaHon-2 < OytaHoi-1,
TOOTO, CIIUPT 3 JOBIIMM JIAHIIOTOM Ma€ OUIbIIY MOXKJIMBICTh IPOHUKATH B Mille-
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. HamMu BCTaHOBIICHO, 10 TIpH BBeAeHHI cniuptiB B po3unnu JICH Ta JIJICH
CTYNiHb 10HI3AIl MIIEJI TPU NOCTIMHIN JIOBXKHWHI BYIJICBOJIHEBOTO pPaJIMKaIy
TTAP momipHO 30UTBIIYETHCS 3 MiJIBUIIICHHSM BMICTY CITUPTY B PO3YHHI Ta I10-
ssitae y mexax Bin 0,50-0,73 1 0,38-0,75 BianoBigHo. Bapro 3a3HaunTy, 110 BU-
SIBJICHI B HaIlTiil poOOTI eKCTIEpUMEHTaJIbHI pe3yJIbTaTH HE Cynepeyarhb 13 JaHUMU
BIUIMBY IPOIAHOY i OyTaHOJy 3 KOHIEHTpamiero Bix 0,25 mo 2,5 mons/am® Ha
KKM nonekanoary kadiiro [1].

KislbKicHO BH3HAYUTH BIUIMB JIOJIaBaHHS CIHUPTIB y po3yuH [IAP Ha mire-
JIOYTBOPCHHSI MOKHa 32 BEJIMYMHOK CTaHJIApTHOI BUIBLHOT eHeprii ['166ca Mmi-
1enoyTBopeHHs (AG’ ), mo Moxe OyTH po3paxoBaHa 3a PiBHAHHAM, siKe OyIlo
OTPUMAaHO TIPU 3aCTOCYBaHHI MOJIeN TICeBA0(A3ZHOTO PO3JIJICHHS NMPU PIBHO-
Ba3i MOHOMeEp — Mimesa Juisi oqHO-oHOoBaieHTHUX [TAP [18]: AGOmiC:(2 —a)
RTIn N, (ne R — rasosa crana; T — tremneparypa, K; o = (1 — B) — cryminp
3B’A3yBaHHsA nMpoTHionis; N, — KKM, Bupakena monbpHor0 9actkoro (KKM/y,
Je vy = 55,5 — yncio MoJieil po34yMHHUKA B 1 KT HOTO MacH)).

3nauenHs eHeprii I'i60ca wminenoyrBopenns AG® =~ jid 3MillaHux Mi-
nen ACH — crnupt, BUBHAUCHI 3a BUIIEBKAa3aHUM PIBHSHHSIM, MPEJCTABJICHI B
Tabn. 2, HEraTHUBHI Ta HE3HAYHO 3MEHIIYIOTHCS (3a a0COJFOTHOIO BEIUYHHOKO)
31 301IBIIICHHSIM KOHIIeHTparlii cnuptiB. [Ipoliec yTBOpeHHs Miles cTae MEHIII
cnnoHTaHHUM [4]. le MO)KHa TTOSICHUTH 3MEeHINIeHHM guciia arperaiii [TAP npu
30UTBIIIEHH] KOHIICHTPAIlIT CITUPTY, IO BIUTMBAE HA TYCTHUHY 3apsIy MIIIC]IH, BU-
BUTBHEHHSI IPOTHIOHIB 3 TIOBEPXHI MIIe 1 HiIBUIIICHHS €JICKTPOCTATUYHOTO BiJI-
MITOBXyBaHHS Mix cynbdorpynamu ACH. Brumms nponanony-1 1 mpormanoiny-2
Ha 3Ha4eHHs AG’ ~ ACH He3na4yHuil i He 3a51€KUTh Bif nonoxenns OH-rpymnu.

Eneprisa I'i60ca minenoytsopenns (AG’ ) ACH 3i 30i1bLIEHHAM JH0BKUHU
BYIJIEBOAHEBOTO paaukany Bix C  no C , 30U1bu1yeThes 3a aOCOMIOTHO BEJH-
9uHOIO Bij -27,4 10 -35,4 kJI>K/MOJIb.

Mixkdaszni BractuBocTi [IAP B po3unHi MOXXYTh HaJlaTH JISSIKY 1HGOpMAITitO
PO B3a€EMO/II0 PO3UMHHHUK — PO3YNHHUK, PO3UYHHHUK — PO3UYNHEHA PEUOBHHA Ta
edexTuBHICTh Aii qudinmpHOi Moiekynu [TAP. B pesynbsrari npoBeieHuX q0CIi-
JDKEHb BCTAaHOBJICHO, IO B MPHUCYTHOCTI HU3BKOMOJICKYJISIPHUX CITUPTIB (TIpO-
naHoJi-1, mporaHoi-2 1 OyTaHol-1) piBHOBaKHUM ITOBEPXHEBUM HATST BOJIHUX
po3uuniB JICH i JIJICH 3MeHIIyeThCsl Ta HOTO 3HAYCHHS 3aJIC)KATh BiJ] JOBKUHU
ByIJieBoHEeBOTO paaukaiy [TAP, koHIleHTparltii i npupoau cnupty. Ha mincrasi
aHalli3y eKCHepUMEHTAIbHUX JIaHWX 3HAWJCHI ONTHMAalIbHI aJcopOIliiiHI mapa-
metpu [TAP B 3MillTaHUX BOJHO-CITUPTOBHUX PO3UMHAX HA MEXKI MOALTY (a3 po3-
9iH — TOBITps (Tabn. 2). B cniupriB Ha aacopOmito ACH Ha Mexi moainy
(az pinmHa — OBITPs OUTHIIIM, HIXK Ha X arperariro.

[TosepxueBuii HaTsT po3dyuHiB JJCH B IpUCYTHOCTI CIIUPTIB 3HUKYETHCS Ha
28 mIx/m?, JJACH — Ha 35 m/Inx/M?. CriocTepiraéMuii CHHEpri3M ITOBEPXHEBOTO
HaTATY CBIMUUTH Npo B3aeMoito ACH 31 cmupramM# i BKasdye Ha yTBOPSHHS 3Mi-
[IaHUX aJICOPOIIHHMX apiB Ha Mexi roaury ¢a3 po3unH [TAP — moBiTpsi.

ITo i3orepmax nmoBepxHeBoro Hatary ¢ = f (InC) Oynu po3paxoBaHi BeIu4u-

HU agcop6uii (IN), siki B po30aBICHUX PO3YHMHAX MOYKHA OI[IHUTH 3a PIBHSIHHSIM
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Ta0musa 2

Mapamerpu agcop6uii JICH, JJICH Ha mexi noainy ¢a3 po3uuH — nopitTpst
i MileJIOyTBOpPEeHHS Y IPUCYTHOCTI HU3bKOMOJIEKYJJISIPHUX CIIUPTIB

Table 2

Adsorption parameters of SDS and SDDS at the interface solution — air

and micellization in the presence of low molecular weight alcohols

Henmnacyasdar narpiro — JICH
C cnupry, T pax 109, 02 -AG?, — AG i,
MoJIb/am> MoJIB/M3 Sin, A wIlK/Mon kJla/ Mo
(CsH,OH)-1
0 4,2 39,5 33,4 27,4
0,2 4,5 36,9 32,8 27,1
0.5 5.8 28,6 31,3 26,8
1,0 6,5 25,5 30,9 26,6
(C5H70OH)-2
0 42 39,5 334 274
0,2 4.6 36,1 323 26,7
0,5 5,7 29,1 31,5 26,8
1,0 6,6 25,2 30,6 26,3
(C4HyOH)-1
0 42 39,5 33,4 27,4
0,2 5,0 332 31,9 26,6
0,5 6,3 26,3 31,0 26,7
1,0 7,0 23,7 - -
Hopeunacyabpar narpiro — JJICH
(CsH,OH)-1
0 5.8 28,6 40,3 35,4
0,2 6,5 25,5 39,2 34,8
0,5 7.8 21,3 38,2 342
1,0 8.5 19.5 38,3 34,7
(C;H,OH)-2
0 5.8 28,6 40,3 35,4
0,2 6,7 24,8 39,0 34,4
0,5 8,0 20,7 38,2 34,1
1,0 8,7 19,1 37,8 34.0
(CsHyOH)-1
0 5.8 28,6 40,3 354
0,2 7,5 22,1 39,6 35,0
0,5 8.8 18,9 38,0 34,6
1,0 10,2 16,3 - -




logepxnesi snacmusocmi ma miyenoymeopenns ACH 6 npucymmnocmi cnupmie

C
= _R;" -Z—g, (ne /- piBHOBaxkHa ajzcop6uis [TAP; Cp— koHueHtpauisi [IAP B
00’eM1 pO34YHHY; G — MOBEPXHEBUI HATAT PO3YUHIB).
Bempuunn ' ~ JICH Tta JJCH mnpu KoHueHTpaunii po3duuHiB (00-

jgacTe KoHIeHTparii posumHiB: JCH (0,2-5,0)-102% mons/am®), AACH —
(0,2-10,0)- 1073 monb/mm?), 17151 pO3paxyHKY SIKMX OYJI0 BUKOPHCTAHO PiBHSHHS

C
1 L_r (e B, — KOHCTaHTa, sAKa

oy .. C
JlenrMropa B JIIHIHHOMY BUIJISIAL: 7 —
, vr “Fm.axﬂL max Sp
OB’ s3aHa 3 KOHCTAHTOK aIcOpONiiHOi piBHOBaru K, BupasoM [19]: K, =7p, 5

(e y — umciio moneu po3umHHHUKA B 1 Kr Woro macw; Spi S, — miom, sAKi 3d-
MMaroTh Ha TTOBEPXHI BIAINOBITHO MOJIEKYJIM PEUYOBUHH, aJICOPOOBAHOI 3 PO3YH-
HY 1 MOJIEKYJIM BOAM) 31 30UIBLICHHSIM JIOBXWHU BYIJIEBOJHEBOTO paJiMKaly B
MOJIEKYJII CIIUPTY AeIIo 30UIbIIyeThes. CroCcTepeKyBaHe SIBUIIE MOSICHIOETHCS
YTBOPEHHSIM MOBEPXHEBO-aKTUBHUX TiApodoOi30BaHMX 3MIIIaHUX acoliaTiB (B
3HAYHOMY 1HTEpBaji KOHLEHTpaLlii CIUPTIB), 3JaTHUX A0 OUIBIIOL ajicopOLii Ha
Mexl1 noaury ¢a3 po3uuH — MOBITPS, HIXK 1HaAuBiAyanbHi ACH.

[nowma, sika npunanae na monexyny [IAP S =~ B nHacuueHomy ancopOuiiHo-
My LIapi Ha MeXxi Nmoaury a3 po3urH — MOBITps, po3paxoBaHa 3a (PopMynoro:
S nin “TND (me N, — uncino ABOraapo), 3MEHILYETbCS 31 301ILIICHHAM J0-

ax V. . S
BXXMHU BYTJICBOMHEBOTO paJuKaly B MOJIEKYJ CIUPTY 1 HOTO KOHLEHTpaLii.
3HaueHHs ajcopoOuiiinux napamerpisB ACH HEMOHOTOHHUM YHMHOM 3aj1eKaTh
B1J] KOHIIEHTpaIlii ciupTiB B cucremax ACH — criupt — Boma. st JICH 1 JIJICH
B OPUCYTHOCTI JOOAaBOK CIUPTIB BiAOyBa€eThCsl HE3HAYHE 30UJIBIICHHS BEJIMYH-
HU aJICOpOLii MpU OAHOYACHOMY 3HMKEHHI IUJIOIII, 110 NPUIIaJa€ Ha YaCTUHKY B
ajncop6OuiiiHomy mapi (tabia. 2), mo Bkasye Ha rigpodobizauito ITAP, Ta nocu-
neHHs ix audinpHOoCcTi. CriocTepeskyBaHe 3pOCTaHHs BeIUYMHU aacopOouii ACH
Y3TOJKYETHCA 3 TaHUMH, OTPUMaHUMH aBTOpaMu [6] Ta 3aJIeXKUTh BiJ KOHLIEH-
Tpalii CnupTy B PO3YHUHI.

AnCOpONiiiHYy 31aTHICTh 3a3BUYall 3B’SA3YIOTh 3 BEJIUYUHOK S = abo 31 3BO-
porHOrO BenmuuuHOw ' . OnHak O6uibul iH(GOPMATUBHOIO BEJIMYUHOKO € €HEP-
reTMYHa XapaKTepHCTHKA MpPOIlecy — BillbHa eHepris ajacopbuii I'i66ea (AG?, ) ),
JUTST BU3HAYEHHS SIKO1 ICHYIOTH Pi3HI PIBHSAHHS, IO BU3HAYaIOTHCS BHOOPOM
CTaHJApPTHOTO CTaHy cucTeMu. [Ipu ommcanHi agcopOuii 31 3MilIaHUX CHUCTEM
BHHHUKAIOTh TPYAHOIl Yy BU3HAYE€HHI CTyIeHs 10Hi3alli 3MIlIaHOTO MOHOIIA-
Py, TOMy CTaHIAPTHUM CTaH CUCTEMH 3pYYHO BH3HAYaTH TaKUM YHUHOM, 1100
Bupas i AG’  He 3anexas Bia npupoau ITAP. lna onucy aacop6uii ITAP
y LIHUPOKOMY IHTepBaii KoHIEHTpauiii Pozen [4] 3amporonyBaB piBHSHHS:
AG!, =RTlha-mSy,;,Ns(ne 1 = Ac — MoBepXHEBUH THCK aICOPOLIHHOrO Imapy
ITAP; a — aktuBHicTh MoJiekyn [IAP npu ¢ikcoBaHOMY 3HA4Y€HHI T), B SKOMY
akTuBHICTH MoJiekyn [TAP 3adikcoBana npu BU3HaAUEHOMY 3HAY€HHI JIBOMIPHOTO
TUCKY. BUKOpHUCTaHHS 1IbOTO PIBHSIHHS OOMEXEHO BEPXHBOIO MEXKEIO KOHIICHT-
pauii ITAP, ockinbku npu gocsirneHHi KKM BUHHKaIOTh TPpyAHOLLI OPU BU3HA-
YeHHI BEJIMYMHU I'paHU4HOI afacopOuii. B pobotax [4, 20] moka3zaHo, 110 XOPO-
UM HaONMKEHHAM 11 ollinku AGY | e piBuannsa AG’ = AG® . —n/ T (ne
T=06,-0

0 max

KKM)'
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AHani3 Hamux po3paxyHI<iB 3 BUKOPHUCTAHHSIM IIbOTO PIBHSHHS IOKa3aB,
mo 3HadeHHs AGY e 3MiHOOThCS Ut cucteM JICH — cnupt — Boa B Mexkax
Bix -30,6 k/>x/Moinb j0 -32,8 x/[/Moib 1 mist cuctem JJJICH — cniupt — Boza
Bin -37,8 xJlx/Monb 1o -39,6 kJlx/Moib. [TOpiBHSIHHSI BEJIMUUH CTaHIAPTHOT
BiJIBHOI eHeprii agcopOrii AG”a 5. 1 MILIEJIOYTBOPEHHSI AG‘;W_C B cucremax ACH —
COUPT — BOJA OKA3aJo, M0 afAcopOIlis € HAHOUIBII TEPMOJIMHAMIYHO BUT1THUM
MPOIECOM B JIOCIIDKYBaHUX CHUCTEMaX, a yIakoBKa «Mojekyin» [TAP B mitenu
MEHII TIJIbHA, HOPIBHSIHO 3 YITAKOBKOIO B 3MIIIAHOMY ancop6uiﬁHOMy mapi
Haii0inbmi 3Ha4eHHs (32 aOCOMIOTHOO BenunHOI0) AGY | 1 AG’, — cnocrepira-
oTbcsa B cucreMax ACH — ciupt — Bona nipu Heenukux (0,01 — ) ,2) moub/am?
KOHIICHTpAIlisIX CIIUPTIB.

Otxe, ofeprKaHi pe3yabpTaTH CBiTYaTh PO BIUTMB HU3BKOMOJICKYISIPHUX
CHUPTIB HA KPUTUYHY KOHIICHTPAIIIFO MIIISJIOYTBOPSHHS aJIKiICYIb(aTiB HATPiIO
1 CTPYKTYpy 3MIIIaHUX aACOpOMIMHUX MapiB, M0 (OPMYIOTHCS B pO30aBICHUX
BOJTHHX PO3YHMHAX 1 JO3BOJISIIOTH IlependadaTtd Ta KOHTPOJIOBATH ITOBEPXHEBY
aKTHBHICTbH 1 B3aeMOoJ1i10 B cucTtemax [TAP — cniupr i3 3a71aHUM X CITiBBiTHOIICH-
HSIM, 1[0 Ma€ 3HAYCHHS JJIs LIIJIOTO PAAY TEXHOJIOTTYHHUX IPOIIECiB.
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SURFACE PROPERTIES AND MICELLIZATION OF
SODIUM ALKYLSULPHATES IN THE PRESENCE OF LOW-
MOLECULAR ALCOHOLS

The process of micellization of sodium alkyl sulfates (SAS : sodium decyl- (SDS) and dodec-
ylsulfate (SDDS)) of formation in aqueous solution without or with alcohols including pro-
panol-1, propanol-2 and butanol-1 and their adsorption behavior at air-liquid interface were
investigated with both the tensiometry and the conductometry at 298 K. The effect of chain
length of alcohol on micellar and interfacial properties were discussed. Some parameters in-
cluding surface excess concentration (I'_ ), minimum area per surfactant molecule (S, ) at
air-liquid interface, degree of ionization of micelle, and standard free energy of adsorption
and micellization, cte. are estimated. It was experlmentally established that the introduction
of 0.5-1.0 mol/dm’ of alcohols into surfactant solutions contributes to the process of micellar
formation of SAS and increases the stability of the micellar phase, as evidenced by the ob-
served synergistic effect on the critical micelle concentration (CMC). The addition of different
alcohols changes the values of I' .S . CMC of SDS and SDDS and induces an increase in
degree of ionization () of micell&telative to that in pure water. When alcohols are introduced
into SDS and SDDS solutions, the degree of ionization of micelles at a constant length of the
alkyl radical of surfactant moderately increases with increasing alcohol content in the solu-
tion and ranges from 0.50-0.73 and 0.38-0.75, respectively. Also, the effect of alcohol was
discussed. The obtained thermodynamic parameters were used to confirm these behaviors of
interfacial adsorption or micellization. An increase in chain length of alcohol promotes the
micellization process. The CMC values decrease with increasing length of the alkyl radical
of alcohols. Propanol-1, compared to propanol-2, somewhat reduces the value of SDS and
SDDS CMC to a greater extent. Standard free energy of micellization AG’ | also confirms
the micellization behavior. Standard free energy of adsorption (AG’ | ) indicates that an in-
crease in the chain length of alcohol in aqueous solution is favorable {0 the adsorption of SDS
and SDDS at air-liquid interface. A comparison of the values of the standard free energy of
adsorption and micelle formation in sodium alkyl sulfates — alcohols — water systems showed
that adsorption is the most thermodynamically advantageous process in the studies systems,
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and the packing of surfactant “molecules” in micelles is less dense, compared to packing in a
mixed adsorption layer.

Key words: conductometry, tensiometry, sodium alkyl sulfates, micellization, propanol-1,
propanol-2, butanol-1
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DEVELOPMENT OF AN EFFECTIVE METHOD
FOR SYNTHESIS OF NEW DERIVATIVES

OF INDENOQUINOXALINE CARBOXYLIC ACIDS
WITH ESTERS OF a-, B-AMINO ACIDS

11-Oxoindeno[1,2-b]quinoxaline-6-carboxylic acid was obtained by the cyclization
reaction of 2,3-diaminobenzoic acid with ninhydrin. Five amide derivatives of
indenoquinoxalinecarboxylic acid were first synthesized on its basis and with the use
of esters of o- and P-amino acids. For the introduction of amino acid residues, three
methods of preliminary activation of the carboxyl group were developed: with the help
of dicyclohexylcarbodiimide, by converting it into an anhydride group, and into a mixed
anhydride group with ethyl ester of monochlorocarbonic acid. The latter method showed
significantly increased yields of target compounds and better reproducibility compared to the
other two activation methods. The synthesized compounds were identified and characterized
by the methods of chromatography-mass spectrometry and '"H NMR spectroscopy. The
pharmacological properties of the obtained compounds were predicted by computer modeling
using the PharmMapper software. Analysis of the results showed that they may have the
properties of DNA intercalators and be promising objects for high-throughput screening in
the search for new effective antiviral and anticancer drugs.

Keywords: synthesis, indenoquinoxaline, amino acids, biological activity, DNA intercalator

Viral infections and oncological diseases remain one of the most widespread health care
problems in the world, despite the great successes achieved by biomedical sciences [1].
Uncontrolled replication of genetic material is at the heart of the harmful effects of both
viruses and oncological diseases on the body. Every virus, every cancer cell, regardless
of their genome, necessarily goes through this stage. Considering that the replication of
genetic material is of fundamental importance for the existence of all living organisms, it
is reasonable to consider this process as a target for new potential antiviral and anticancer
agents, and compounds that are able to effectively inhibit the replication process will be key
objects in these studies. One of such compounds can be planar heterocyclic chromophores,
which have the ability to be embedded between the nitrogenous bases of a double helix,
that is, to perform the functions of DNA intercalators [2].

Indenoquinoxaline derivatives are important representatives of nitrogen-containing
heterocycles, which in recent years have attracted considerable attention of researchers
due to their high biological activity. They are able to suppress the reproduction of a wide
range of infectious agents, as a result of which they exhibit antiviral, antibacterial and anti-
inflammatory activity etc., which is explained by the mechanism of their intercalation in
DNA [3-6]. In this regard, the synthesis of new compounds based on indenoquinoxaline,
which could have similar properties, is expedient and relevant. The aim of this work is
to find effective methods for the synthesis of new indenoquinoxaline carboxylic acid
derivatives with amino acid ester residues to improve their bioavailability, with further
study of the possibility of their intercalation into DNA.
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MATERIALS AND RESEARCH METHODS

All reagents used were qualified “for synthesis” by Merck Millipore. Control of reactions
was carried out using thin-layer chromatography on Silufol and Silufol UV-254 plates.
'H NMR spectra were recorded in CDCI, and DMSO-d, solutions relative to TMS on a
Bruker Avance 500 spectrometer (500 MHz). High resolution mass spectra (HRMS) were
obtained on an Agilent 1260 Infinity UHPLC instrument coupled with an Agilent 6224
Accurate Mass TOF mass spectrometer. The melting points of compounds were measured
in a sealed capillary. Computer modeling and calculation of pharmacological properties
were carried out using the PharmMapper program [7-9].

11-Oxoindeno[1,2-b]quinoxaline-6-carboxylic acid (1)

The methodology given in [6] was used as a basis. A solution of 19,59 g (0,1 mol) of
ninhydrin in 30 ml of glacial acetic acid was heated to 70 °C and, with constant stirring,
added to a solution of 17,2 g (0,1 mol) of 2,3-diaminobenzoic acid heated to 70 °C in
35 ml of glacial acetic acid. The reaction mixture was stirred for 1 h, the precipitate that
formed was filtered off, washed first with 50 ml of a mixture of acetic acid and water
(1:1), then with 100 ml of hot (80 °C) water and dried in air, recrystallized from 200 ml
of ethanol. Yield 19.3 g (70%), mp 320°C. MS (TOF), m/z: 276 [M*]. 'H NMR spectrum
S, ppm, MHz: 7,76 t (1H), 7,93 m (3H), 8,12 d (1H), 8,25 d (1H), 8,35 d (1H) (J=8Hz,
arom.); 13,75 br s (1H, COOH).

General method of synthesis of 11-oxoindeno[1,2-b]quinoxaline-6-carboxylic acid
derivatives with amino acid esters.

30 ml of chloroform was added to 1 g (0,0035 mol) of 11-oxoindeno[ 1,2-b]quinoxaline-6-
carboxylic acid (1) and cooled to 0 °C. 0,97 ml (0,07 mol) of triethylamine and 0,34 ml
(0,0035 mol) of monochlorocarbonic acid ethyl ester were added to the cooled mixture.
The mixture was stirred for approximately 1 hour until the substance completely dissolved,
then 0,0035 mol of amino acid ester hydrochloride was added and stirred for 1 day at
room temperature.

Ethyl 2-[(11-oxoindeno[1,2-b]quinoxaline-6-carbonyl)amino]acetate (2).

It was synthesized from 1 g (0,0035 mol) of 11-oxoindeno[1,2-b]quinoxaline-6-
carboxylic acid (1) and 0,49 g (0,0035 mol) of glycine ethyl ester hydrochloride. After
completion of the reaction, the mixture was filtered, the filtrate was extracted with water
(3 times 50 ml each), the organic phase was evaporated to a dry residue. The residue was
dissolved in 20 ml of a mixture of chloroform-acetone, 20:1 and introduced into a column
with silica gel (25x3,5 cm), eluent chloroform-acetone, 20:1. The eluate containing the
product was evaporated to a volume of 15 ml and 40 ml of warm ethanol was added. After
cooling, the precipitated product was filtered off, washed with ethanol (25 mL) and air
dried. Yield 0,76 g (60%), mp 247-249°C. MS (TOF), m/z: 361 [M+]. 'H NMR spectrum
9, ppm, MHz: 1,4 t (3H, CH,); 4,4 m (4H, CH,); 7,68 t (1H), 7.87 q (2H), 7,97 d (1H),
8,40 d (1H), 8,51 d (1H), 8,91 d (1H) (J= 8 Hz, aroma); 11,17 br s (1H, NH).

Methyl 2-[(11-oxoindeno[1,2-b]quinoxaline-6-carbonyl)amino]acetate (3).

It was synthesized similarly to (2) from 1 g (0,0035 mol) of 11-oxoindeno[1,2-b]
quinoxaline-6-carboxylic acid (1) and 0,44 g (0,0035 mol) of glycine methyl ester
hydrochloride. The yield is 0,57 g (47%), mp 222-224°C; MS (TOF), m/z: 347 [M*]. 'H
NMR spectrum 3, ppm, MHz: 3,77 s (3H, CH,); 4,39 d (2H, CH,); 7,78 t (1H), 7,95 m
(3H), 8,38 d (1H), 8,44 d (1H), 8,64 d (1H) (J=8Hz, arom.); 10,64 br s (1H, NH).
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Methyl 3-[(11-oxoindeno[1,2-b]quinoxaline-6-carbonyl)amino]propanoate (4).

It was synthesized similarly to (2) from 1 g (0,0035 mol) of 11-oxoindeno[1,2-b]
quinoxaline-6-carboxylic acid (1) and 0,49 g (0,0035 mol) of B-alanine methyl ester
hydrochloride. Chloroform was used as eluent. The yield is 0,53 g (42%), mp 160-162 °C;
MS (TOF), m/z: 361 [M']. '"H NMR spectrum 8, ppm, MHz: 3,33 s (3H, CH,); 2,75 t,
3,75 m (4H, CH,); 7,76 t (1H), 8,24 m (3H), 8,32 t (2H), 8,55 d (1H) (J=8Hz, arom.);
10,17 br s (1H, NH).

Ethyl 2-[[2-[(11-oxoindeno[2, I-b]quinoxaline-6-carbonyl)amino]acetyl]Jamino]-
acetate (5).

It was synthesized similarly to (2) from 1 g (0,0035 mol) of 11-oxoindeno[1,2-b]
quinoxaline-6-carboxylic acid (1) and 0,69 g (0,0035 mol) of diglycine ethyl ester
hydrochloride. The product fell out of the reaction mass, it was filtered, dissolved in 1
L of boiling chloroform, passed through a layer of A1,O, (2 cm). 500 ml of chloroform
was distilled off, 300 ml of hot ethanol was added, and the solvent was distilled off to a
volume of 40 ml. The precipitated product was filtered, washed with ethanol (40 mL) and
air-dried. The yield is 0,8 g (55%), mp 264-266°C. MS (TOF), m/z: 418 [M*]. 'H NMR
spectrum 6, ppm, MHz: 1,21 t, 4,13 k (5H, CH,-CH,); 4,01 d, 4,26 d (4H, CH,-N); 7,95
brs (1H, NH); 7,75 t (1H), 7,9 m (2H), 8,33 d (1H), 8,51 d (1H), 8,63 d (1H), 8,71 d (1H)
(J=8Hz, aroma); 10,89 br s (1H, NH).

Methyl 2-[(11-oxoindeno[ 1,2-b]quinoxaline-6-carbonyl)amino]-3-phenylpropanoate (6).

It was synthesized similarly to (2) from 1 g (0,0035 mol) of 11-oxoindeno[1,2-b]
quinoxaline-6-carboxylic acid (1) and 0,75 g (0,0035 mol) of B-phenyl methyl ester
hydrochloride a-alanine. A benzene-acetone mixture (20:1) was used as eluent. The eluate
was evaporated to 10 ml and 30 ml of a warm methanol-water mixture (9:1) was added.
The precipitated product was filtered off, washed with aqueous methanol and dried in air.
The yield is 0.61 g (40%), mp 142—145°C. MS (TOF), m/z: 437 [M']. '"H NMR spectrum
9, ppm, MHz: 3,28 d (2H, Ar-CH,); 3,73 s (3H, CH,); 5,11 m (1H, CH); 7,28 m (5H),
7,69 d (1H), 7,73 t (1H), 7,84 t (1H), 7,91 d (1H), 7,97 t (1H), 8,35 d (1H), 8,61 d (1H)
(J=8Hz, arom.); 10,29 br s (1H, NH).

RESULTS AND DISCUSSION

11-Oxoindeno[ 1,2-b]quinoxaline-6-carboxylic acid (1) was synthesized by the
cyclocondensation reaction of ninhydrin with 2,3-diaminobenzoic acid, according to the
method given in [6] (Scheme 1):

Scheme 1
(¢] OH o
o N
OH HZN / \
+ — _
OH N
H,N
o)
o OH
(1)
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It follows from theoretical ideas that two isomers can be formed as a result of
condensation, which differ in the position of the carboxyl group: 11-oxoindeno[1,2-b]
quinoxaline-6-carboxylic acid (1) or 11-oxoindeno[1,2-b] quinoxaline-9-carboxylic
acid. However, in practice, the formation of only one compound was observed, which
was confirmed by the methods of chromatography-mass spectrometry and 'H NMR
spectroscopy. In work [6], the compound 6-chloro-11H-indeno[1,2-b]quinoxalin-11-one
was synthesized by a similar method — condensation of 1,2-diamino-3-chlorobenzene
with ninhydrin. Using X-ray structural analysis, the authors proved that only one isomer
is formed as a result of the reaction —a 6-substituted compound. The explanation for this
factor is not provided, although it is worth noting that the formation of the isomer in the
6-position is facilitated by a steric factor: the more distant location of the carboxyl group
(or the chlorine atom) from the carbonyl group in the indene ring, which minimizes the
repulsion between them. Based on these considerations and the results obtained by the
authors of [7], the formation of an isomer with a carboxyl group in position 6 should also
be expected in our case with high probability.

To improve the bioavailability of indenoquinoxaline acid, it is advisable to
combine it with organic substances that are related to biological objects - amino acids.

Therefore, the next stage of the work was the synthesis of
indenoquinoxaline acid derivatives containing amino acid

N
° - residues. For this, methyl and/or ethyl esters of glycine,
\ N/ B-alanine, diglycine and B-phenyl-a-alanine were used.
N>= The classic method of obtaining an amide bond is the
0
N
O

combination of a carboxyl and an amino group. In the
case of amino acids, dicyclohexylcarbodiimide is used to
activate the -COOH group. However, the main (>90%)
product of this reaction turned out to be the corresponding

@) acetylurea (compound (7), and the desired products were
isolated with very low yields - 5-10%.

At the next stage, an attempt was made to activate the carboxyl group of
indenoquinoxalic acid by converting it into chloride anhydride. Acylation of amino
acid esters with indenoquinoxalinecarboxylic acid chloride (1) also turned out to be
ineffective, because it practically did not lead to the formation of target products.
Numerous attempts to add a tertiary amine to a mixture of amino acid hydrochloride
and indenoquinoxaline carboxylic acid chloride led to tarnishing of the reaction mass,
which is probably associated with the destruction of the heterocyclic system.

Later, the activation of the carboxyl group was carried out by treating
indenoquinoxaline carboxylic acid with monochlorocarbonic acid ethyl ester, resulting
in a mixed anhydride. It mildly reacted at room temperature in the presence of
triethylamine with free bases of amino acid esters to form the desired products (2)-(6)
(Scheme 2).

All synthesized compounds are yellow crystalline powders that are poorly soluble
(except for compound 6) in most organic solvents. Their purification was carried out by
the method of preparative column chromatography. The exception was compound (5),
which was purified by recrystallization from a mixture of chloroform and ethanol (1:5).
The yields of final products after purification reached 40-60%, and the technique itself

94



Development of an effective method for synthesis

was well reproducible, which obviously indicates the effectiveness of this approach to
the synthesis of indenoquinoxaline carboxylic acids, which contain residues of esters of
the corresponding amino acids.

Scheme 2
Ry
S o HCIH,N §

N o N N\
N cw)Lo/\ A R ‘

_— _ EE— _
N/ TEA, CHCI3 N o TEA, CHCI3 N

o o)l\o/\ o "
o OoH )\

%) ®) v e,

2 - Ry=-H, Ry=-CO0-C,Hs (60%)
3 - Ry=-H, Ry=-COO-CHj (47%)

4 - Ry=-H, Ry=-CH,-COO-CHj (42%)

5 - R,=-H, R,=-CO-NH-CH,-COO-CH; (55%)
6 - R;=Ph-CH,, R,=-COO-CH,-CH, (40%)

All synthesized substances were analyzed for the possibility of binding to
potential targets using the PharmMapper database [7-9] — an integrated web server of
pharmacophores, which is based on reverse molecular docking for the identification
of potential targets of small molecules. Those involved in cell replication and division
were primarily chosen as potential targets. The program has identified about 50 potential
targets for binding. The table shows the best binding targets by normalized match score
(Z,)- This measure combines the fit score and its eigenvector in the score matrix and
normalizes them to a vector with a mean of zero and a standard deviation of one. Its
calculation is carried out according to the formula:

Z _ Fab_Fa
ab
SDgq

where F_ is the initial assessment of the suitability of ligand “a” to the pharmacophore
target “b”; F, - the average value of the indicators of the compatibility of ligand *“a” to
all targets; SD,_ - standard deviation of F_ distribution.

The analysis of the synthesized substances showed that the specified compounds can
bind to a large number of potential biological targets, which are primarily involved in the
replication and division of cells with a fairly large normalized index of correspondence,
and therefore, with a high degree of probability, can be DNA intercalators.

Thus, for the first time, amide derivatives with esters of amino acids: glycine,
B-alanine, diglycine and B-phenyl-o-alanine were obtained and identified on the basis
of 11-oxoindeno[1,2-b]quinoxaline-6-carboxylic acid. Production of amide derivatives
was carried out through the stage of activation of the carboxyl group in three ways:
using dicyclohexylcarbodiimide; due to its preliminary transformation into chloride

anhydride, as well as into a mixed anhydride with ethyl ester of monochlorocarbonic

b
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Table 1
The value of the original score (F ) and the normalized indicator (Z ) of the correspondence
of indenoquinoxaline-6-carboxylic acid amides (2)-(6) with amino acid esters to some
pharmacophore targets

iz::ltll:sls:ﬁ(e;: Biological target F, z,
) Transcription regulator, IcIR family 3,02 | 0,76
Protein 1C40, which controls cell division 3,82 0,64

Receptor tyrosine protein kinase 3,00 | 0,75

3 A component of DNA polymerase processivity 2,94 | 0,73
RNA-binding protein 293 | 0,73

4 RNA-binding protein 2,98 | 0,74
Tyrosine protein kinase 2,97 | 0,74

5 Protein 1C40, which controls cell division 3,95 0,66
6 The main DNA-binding protein 3,63 | 0,73
Tyrosyl-tRNA synthetase 3,00 | 0,75

acid. The last method turned out to be the most effective. It reproduces well and allows
obtaining the target products in acceptable yields. Computer modeling of the biological
activity of the synthesized compounds showed their ability to bind biological targets
involved in cell replication and division, which indicates their potential use as DNA
intercalators for the creation of antiviral and anticancer agents.
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PO3POBKA E®CPEKTUBHOI'O METOAY CUHTE3Y
HOBHUX HOXIJHUX ITHAEHOKCAJIITHKAPBOHOBUX
KUMCJIOT 3 ECTEPAMM o-, B-AMIHOKHNCJIOT

Peakuiero r1mkmizanii  2,3-1iaMiHOOEH30MHOT KHCJIOTH 3 HIHTiApHHOM Oyllo OTpHMa-
HO 1 oxapaktepu3oBaHO 11-okcoinneHo[1,2-b|xiHOKcamiH-6-kapOOHOBY KucioTy. Ha i
OCHOBI 13 3aCTOCYBaHHSIM METHJOBOrO Ta/ab0 eTWJIOBOTO €cCTepiB NILHUHY, [-ajaHiHy,
TUITOUHY Ta B-(eHin-o-anaHiHy Brepmie OyJIo CHHTE30BAaHO IT'SITh aMiJHUX MOXiTHHUX
iH/IeHOX1HOKcanmiHkapooHoBoi  kucymotu:  etunn  2-[(11-okcoinaeno[1,2-b]xiHokcaiH-6-
kapOoHinm)aminoJarietar; Metwn  2-[(11-okcoinneHo[ 1,2-b|xiHOKcaniH-6-KapOOHLT)aMiHO |
arerar; metui 3-[(11-okcoingeno[1,2-b]xiHokcaniH-6-kapOOHiT)aMiHO] MPOMAHOAT; €THII
2-[[2-[(11-okcoinmeHO[2,1-b|XiHOKCATIH-6-KapOOHLT)aMiHO |alleTI |aMiHO|  ameTar;  MEeTHIT
2-[(11-oxcoinaeno[ 1,2-b]xiHokcamiH-6-kapOoHiT)amMiHO |-3-(eHiamponaHoar. Cunre3oBaHi
CIIOJTYKH 1IeHTH(IKOBAHO Ta OXapaKTepPHU30BaHO METOAAMHU XpoMaToMac-criekrpomeTpii ta 'H
SIMP-cniekTpockorii.

Jlnst BBEICHHsT aMiHOKHCJIOTHHX 3aJIMIIKIB OyJI0 OHparboBaHO TPU CIOCOOU MONEPEIHBOT
akTuBanii kapOokcwibHOI rpynu. [lepumii — 3a JOMOMOro0 JUIMKIOreKCHIKapOoIiimMizy.
[Noka3aHo, 110 B IIbOMY BHUIAAKy OCHOBHHM (>90%) MpOMyKTOM NaHOI peaxmii BUSBMIACH
BI/IMOBIZHA aneTHICeyOBHHA. JIpyruil crnoci0 nmossraB y mnepeBe/ieHHi KapOOKCHIBHOT Ipy-
1y XJOPAHTIIPUIHY AaIWJIIOBAHHSAM €CTEPiB aMiHOKHCIIOT XJIOPAHTIAPHIOM iHIIEHO-
XiHOKcasliHkapOoHOBOi kucnotu. Lleit croci® Tex BUABMBCS Hee(EKTHBHUM, OCKUIBKH He
NPHUBOJMB 0 YTBOPEHHsI Oa)KaHWX MPOAYKTIB BHACITIIOK PyHHYBaHHS TeTEPOLUKIIYHOL
cucremu. TpetiMm criocoboM Oyino mepeBeieHO KapOOKCHIIbHY IPYIly Y 3MillIaHOAHTIIPHIHY
i3 3aCTOCYBaHHSM ETHJIOBOTO €CTePy MOHOXJIOPBYTiIbHOI KucioTH. OCTaHHIH MeTo[ BHS-
BUB 3Ha4He 30UIbIICHHs BUXO/IB LIILOBUX CIOJYK Ta KPally BIATBOPIOBAHICTH MOPIBHSHO
3 IHIIUMH JBOMa METOAaMHU aKTHBAIlii, TOMY MOKE BBaXKAaTHCS HaWOUTBII €(EKTUBHUM JIJISt
CHHTE3y 3a3Ha4YCHHUX PEUOBHH.

[InsixoM KOMIT'FOTEPHOTO MOJICTIOBAHHS i3 3aCTOCYBAHHSM MPOrPaMHOTO 3a0e3NeueHHs
PharmMapper [y1st OTpUMaHHUX CHOJYK OyJI0 CIPOrHO30BaHO (apMaKoJIOTiuHi BIACTHBOCTI.
AHai3 pe3ysbTaTiB IMOKa3aB, 1110 BOHU MOXYTh MaTH BIAaCTHBOCTI iHTepkansTopiB JJHK Ta
OyTH MEepCHEeKTUBHUMHU 00’ €KTaMH JUTsl BUCOKONPOIYKTHBHOTO CKPHHIHTY y TONIYKY HOBHX
e(heKTHBHUX aHTHBIPYCHHUX Ta MPOTHPAKOBUX Mpenaparis.

KirouoBi ciioBa: cuHTE3, iHAEHOXIHOJIHU, aMiHOKHMCJIOTH, Oioyoriuyda akTuBHIiCTH, JJHK
IHTEPKAIATOPH.
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EJIEKTPOXIMIYHI BJIACTUBOCTI BOAHUX PO3YHNHIB
IUTPATIB HATPIIO, MOHOETAHOJIAMOHIIO TA
NOJIETHUJIEHITIOJIIAMOHIIO

ITpoBeneno pH- Ta koHmykToMerpuuHe pociimkeHHs Boauux (0,1 + 9,0)-10° mons/n
PO3YMHIB IMTPATiB HATPil0, MOHOETAHOJIAMOHIIO Ta MONICTUICHIONIaMOHil0 mpu 293—
313 K. BusBieHO 0COOIMBOCTI €IEKTPOXIMIYHOI ITOBEAIHKM BOJHHUX PO3YMHIB aMOHI€BUX
LUTPATiB MOHOETAHOJAMIHY Ta IOJiCTHJICHIIONAMIHY y MOPIBHSAHHI i3 LUTPATOM HATPIfO.
[Nokazano, mo miaBumeHHs Temneparypu npu 293-308 K crnpuunnioe 3menmenHs pH Bo-
JHUX PO3YMHIB IMTPATy MOHOETAHOIAMOHIIO, Ha BiAMIHY BiJl PO3YMHIB I[UTPATiB HATPIiO
Ta TOJIETHICHIIONIaMOHII0, W0 CYNPOBODKYETHCS HETUIIOBHM 3MEHIIEHHSM MOJSIPHOL
€JIEKTPONPOBIAHOCTI mpu ofHOMY i Tomy * BmicTi H,Cit-3MEA. Po3paxosaHo KoMHOHeHu#H
CKJIaJI BOJIHUX PO3YHHIB IIUTPATIB HATPIiI0, MOHOETAHOIAMOHIFO Ta ONiETHIICHITOTiaMOHit0. [To-
Ka3aHa HMOBIPHICTb iCHYBaHHS Y JIBOX OCTaHHIX HEraTHMBHO 3aps/PKEHNX HOH-MOJIEKYIAPHUX
xomInTekciB. [IpoBesieHa omiHka KOHIIEHTpaLifHOT Ta TEMITEpaTypHOI 3aJIeXHOCTeH BKa3aHNUX
KOMIUIEKCiB. HeTnnoBuii HeraTMBHMII BIUIMB HArpiBaHHA Ha MOJISPHY €JIEKTPOIPOBIAHICTD
Bopaux posunHie H,Cit:3MEA noB’s3anmii 31 3MiHOKO pasiycy HOH-MONEKYISPHOTO KOM-
UIeKCy Ta ioro criiikictio. OiHeHO 3HAYEHHS IPAaHUYHOT MOJISIPHOT €JISKTPOIPOBITHOCTI BO-
JTHUX PO3YMHIB IIUTPATiB HATPil0, MOHOETAHOJIAMOHIIO Ta MOJIIETHIICHIIONIAMOHIIO, a TaKOX
riIpOLUTPATIB MOHOETAHOIAMOHIIO Ta mojieTuieHnoaiamonio npu 293-313 K. Busneno
KOpessilii MK 3HAQUCHHSMH TPAaHHYHOI ENEKTPONPOBIIHOCTI Ta KOHCTAHTAMH YTBOPCHHS
HOH-MOJIeKyIApHUX KoMILIeKciB y Boauux posunnax H,Cit-3MEA ta kH,Cit-3PEPA.

Ko11040Bi ciioBa: enekTponpoBiHiCTb, aMOHIEBI IUTPATH, BOIHI PO3YHNHH, KOMILIEKCOYTBO-
PEHHS, XeMOCOPOCHTH.

Monoetanonamia (MEA) € eceHIianbHOIO MOXXUBHOIO JIiITII0TO11I0HO0 CIIOTYKOIO,
10 MICTUTBCS Y BUIBHOMY CTaHi Ta y ckiali ¢ocdominigiB y MeMOpaHaX KHIIKOBHX
Ta OaxkTepiaJbHUX KIITHH, a TAKOX y LEHTpalbHii HepBoBii cuctemi [1-3]. MEA Ta
HOro MOXi/fHI 3aCTOCOBYIOTh MPH JOCTIKEHHI MEXaHI3MiB, sIKi 3aJ1y4eHi B MaTOTeHe-
31 3aXBOPIOBaHb, JIarHOCTHIII Ta JIKyBaHHI HU3KH MATOJOTTYHHUX MPOLIECIB TOJIOBHOTO
MO3Ky [2].

ITozakniTuHHUMA UTpAaT [4] Bigirpae BeIUKy pojib B MATPUMAaHHI 310POB’ S JTIOIMHH,
a 3Ha4YH1 3MiHU HOTO PiBHSI € IEPEABICHUKOM Pi3HUX matodizionoriyaux craHis. Llutpar
narpito (Na,Cit) BUKOPHCTOBYIOTh B aHTHKOATYJISTUBHIM Tepartii pu JIiKyBaHHI HUPKO-
BOT HEOCTATHOCTI y Jited [S]. Bydepruit posunn Ha ocHoBi tumonHoi kucaoru (H,Cit)
ta MEA (pH 7,01) BukopucToByeThCs y apMallii Ipu NpUroTyBaHHI BOAHUX PO3UHHIB
KaHaO1HOIIB cTaOUIbHUX MPU KIMHATHIN TemmepaTypi MpOTArOM TPUBAJIOTO MEPioay

DOI: https://doi.org/10.18524/2304-0947.2024.1(87).307870 99
© P. €. Xoma, T. C. benbkoBcbka, A. A. Ommapina, A. M. Kapuu, A. P. KoHoHueHko,
C. B. Boaziucekuii, C. E. CamOypcokuit, 2024



P. €. Xoma, T. C. benvroscoka, A. A. Owmapina, A. M. Kapuu, A. P. Kononuenxo ...

Jacy (nBa i O6inbure pokis) [6]. Llutparn monoeranonamoniro (H,Cit-:3MEA) Ta momi-
erwiennoniamonito (KH,Cit-3PEPA) BUKOPUCTOBYIOTECS U cTabimizanii pepMenTiB
Y CKJIaJll BOJIOPO3UMHHOI TUTIBKH [7], @ TAKOXK XeMOCOPOCHTIB KUCIHX a00/i OCHOBHUX
rasis [8, 9]. [Ipore, nanux npo Brme cribsigHomenns komnonentis (H,Cit, MEA a6o
PEPA) Ha esleKTpOXiMivHI BIACTHBOCTI X BOJHUX pO34HMHAX, OKpiM [10], B miteparypi
HE 3HaljieHo. Y 3B 53Ky 3 IIMM METOO JIaHOT pOOOTH € BCTAHOBIICHHS (haKTOpiB, 110
BITMBAIOTh Ha MOJISIPHY €JICKTPONPOBIIHICTh BOJHUX PO3YHHIB AMOHIEBHX IUTPATIB
MOHOETaHOJIAMIHY Ta IMOJICTUJICHITOIAMIHY Y TIOPIBHSHHI 13 IUTPATOM HATPIFO.

EKCIIHEPUMEHTAJIBHA YACTHUHA

YV nocnipKeHHAX BUKOPUCTOBYBan MEA, MOHOTiApaT TMMOHHOT KHCIIOTH, Na3Cit
kBamidikamii “u.g1.a.” Ta PEPA (CAS 29320-38-5) 6e3 nonepeaaboro ounieHHs. BonHi
posunnu H,Cit-3MEA Ta kH,Cit-3PEPA rorounu B3aemoniero MEA a6o PEPA y Boxi
H,Cit y monbromy criBignommensi 3,0 : 1,0. MeToauka npurotyBanHs BOIHHUX PO3-
YHHIB Ta MPOBEACHHS pH- i KOHIYKTOMETPUYHOTO JOCIIIKEHHS JCTAIbHO OMHUCaHa B
podori [11].

Jljisi BCTAaHOBJICHHS €JIEKTPOXIMIYHHMX XapaKTePUCTHUK BOAHUX po3uuHiB (1-107 +
1-10* M) Na,Cit, H,Cit-:3MEA, kH,Cit-3PEPA npu 293, 298, 303, 308 Tta 313 K Oyinu
mpoBenieHi mpsimi pH-MeTpuyHe Ta KOHAYKTOMETPHYHE AOCIIIKCHHS 3a3HaYCHHX
CUCTEM.

PE3YJIBTATHU TA iX OBTOBOPEHHS

Cucmema HOC H (COONa) ,—H,0

B cuiy oOMeskeHOCTI JTiTepaTypHUX JaHUX MIOA0 KUCIOTHO-OCHOBHOI Ta €IEKTPO-
XIMIYHOI TOBENIHKU LUTpaTy HaTpiro (Kaiito) [12] Ha mepmioMy erari J0CIiHKEHb po-
BezieHO pH- Ta KOHIYKTOMETpHYHE AOCITIHKEHH (pUc. 1) IOBENiHKA BOAHUX PO3UHHIB
(1-10* + 1-10> M) untparis Hatpito B inTepBaii temmeparyp 293 + 313 K. 3rigHo ekc-
MEePUMEHTATBHAM NaHuM (puc. 16), 3i 30umbIIeHHsIM Temmeparypu Big 293 mo 303 K
BiOyBa€ThCsl 3pOCTaHHs 3HAUYeHb pH Ta MONSIPHOI €IeKTPONPOBITHOCTI PO3YUHIB i3
Na,Cit (npu 2- 103 < Chasein < 1-102MTal-10% < Crseir ™ 8:10° M, BiIOBIIHO), TOII0-
HO pO3YMHAM i3 aMiHoMeTaHcynbdokucmororo [13], 1 N-aikiioBaHUMH TOXiTHHAMUA
[11, 14] Ta rniuuxoM [15]).

V Boanux poszuunax Na,Cit pH > 7,0 3yMOBJI€HO TiIpOi30M UMTpPaT-iOHIB (peak-
mist 1) 3 yTBOPEHHSIM TipOIMTPAT-10HIB:

HOC H,(CO0"), + H,0 ? HOC,H,(COOH)(COO"), + OH, (M
_ [HCit*"]-[OH"] )
[cit]

Maemo cuctemy piBHsHB (1oai0HO [11, 13], Ki BpaxoBYIOTh 3aK0H Jitounx mac (1)
Ta (3), MaTepianbHUI OanaHc 3a mUTpaTamu (4) 1 IPUHIUT eNIeKTPOHEHTpanbHOCTI (5).

2H,0 2 H,0" + OH- 3)
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Puc. 1. pH (a) Ta MonsApHa €NEKTPONPOBIAHICTS (6) Bomuux po3uunis Na,Cit.
Fig. 1. Na,Cit aqueous solutions pH (a) and specific electrical conductivity (b).
T (K): 293 —1;298 —2; 303 —3; 308 — 4; 313 - 5.

C., = [HOC,H,(COOH)(COO"),] + [HOC,H,(COO"),] @)

[H,0'] + [Na'] = 2[HOC,H,(COOH)(COO"),] + 3[HOC H,(COO"),] + [OH]  (5)

Ha ocnoBi nanux pH-metpii (puc. la) po3paxoBaHO 10H-MOJEKYISHUN CKIIaa BOA-
Hux po3uuHiB (C=1-107+1-102 M; T=293 + 313 K). CtyniHb ripoJi3y qurpar-ioHiB
(peaxuis 1) me nepepumye 5-10° %, [OH7] << [HOC,H,(COO"),]. Tomy i#ionna cuna
BU3HAYAETHCS PIBHSAHHSIM:

1 + -
b= 2 ((Na L (+1)? + [HOC H(COO),J-3)" ©
Tak six [Na'] =3-C_,, [HOC H,(COO"),] =C_,, Toni
1
n= 9 .(3'CCit + 9'CCit) = 6'Ccn' ™)

Bupas (7) miaTBepmkeHo pesyinbraTaMy po3paxyHKiB Ta JOOpe y3rOMKy€eThCs 13 Ji-
TepaTypHUMHU AaHumH [12].
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BuxkopucToByroun oTpuMaHi J1aHi, OyJu po3paxoBaHi KOHCTAHTH TiAPOIIi3y IUTPAT-
ioniB (piBHsHHA 1). Konuentpaniiini 3anexnocti pK = f (1) ONHCYIOThCS PIBHAHHAM
(8) 3 mocToBipHicTIO anpokcuMariii R%. 3nadcHHs KoeillieHTIB A, Ta B, 1bOTO PiBHAHHSA
HaBeneHo B Tadm. 1.

pK =A,+B-[u (8)
Tabmus 1
3nauennsi napamerpis B piBusinusx (8) i (10) ayis Bognux posuunis Na,Cit
Table 1
Parameters values in the equations (8) and (10) for Na,Cit aqueous solutions
C.. = (0,8-10,0)107 mosb-1'5 n =11
PiBusinns (8) PiBusinus (10)
TK A'(Na,Cit)
4, B; R’ OM'l-M()3J1b"-,M2 § R
293 10,830 -1,2296 0,9397 280 2951 0,9843
298 9,8830 -1,2391 0,9472 365 3827 0,9869
303 9,6112 -1,2865 0,9453 504 5242 0,9734
308 9,5130 -2,1478 0,9791 624 6832 0,9528

TakuM 9YMHOM, MOJISIPHA €TICKTPOIPOBIIHICTh BOJHUX PO3UMHIB IIUTPATy HATPIIO BH-
3HA4Ya€ThCS PIBHAHHSIM (9):

A = A%(Na*)-a(Na*) + A%(1/3Cit*)-a(Cit") (9)

Amnanoriuno [12] Oyno BUSIBICHO, 1110 KOHIEHTpaLilHI 3aJIe)KHOCTI A = f{|1) onucy-
10ThCsl piBHSIHHAM OHcarepa (10), mapameTpu sikoro HaBeseHi B Ta0. 1.

A =A(Na,Cit) - S-/u (10)

Orpumani 3nauenns A (Na,Cit) IUISIXOM €KCTPanosALii eKCIEPUMEHTAIBHUX TaHUX
3a Oncarepom (tabi. 1) mo0Ope y3romkyroTbes 3 giteparypaumu (366 Om'-moip!-M?
npu 298 K [12]). Temneparypra sanexuicts A (Na,Cit) onmucyerbes piBHsanam (11).

A°(Na,Cit) = 7470 — 2,11-10%T; R* = 0,9895 (11)
B3aemo3B’s30k mapametpiB piBHsAHHS (11) Mae cumOaTHUi XapakTep:
§=-237+11,2:A° (12)

ExcnepumenTanbHi nani (puc. 16) n1o0pe BKiIanaloThes y Kopessiuii 3a EiipiHrom
(10) (Tabn. 2) [16]. Ananoriuno [13] po3paxoBaHo eHTalbIIIO (piBHAHHSA 14) Ta €HTpO-
Mir0 aKTUBallii (piBHAHHS 15) MOJIAPHOI €JIEKTPONPOBIAHOCTI BOAHKUX po3unHiB Na,Cit
(Tabm. 2).
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Ea
A=A-eRT (13)
AH'=E —R-T, (14)
AS*=-205,8 + 19,15-1gM/T + E /T. (15)

Bin’emui 3Ha4eHHS eHTpoITii akTUBAIlil (Tabi. 2) cBiI4arh, Mo B AKTHBOBAHOMY CTa-
Hi aTOMH 1TepeOyBaroTh OUTBINI “KOMITAKTHO™, HIX Y IOYaTKOBiN cucTemi, mozaioHo [17];
MIPH YTBOPEHHI aKTHBOBAHOTO CTAHY YHCIIO 00CPTATBHUX 1 KOJIMBAILHUX CTYTICHIB CBO-
0o1M 3MeHNIyeThCsl. EHTpomiiiHA Ta eHTasbIiifHA CKIIaJI0BI €IEKTPOIIPOBIIHOCTI BOJI-
Hux po3unHiB Na,Cit B3a€MHO KOMIIEHCYIOTh OftHa OfiHy (Talbim. 2, piBHsAHHs 12), mo
BIINIOB1/Ia€ HAABHOCTI KoMNeHcariinoro edekry [17], 3 remneparyporo T,, ananoriy-
Hilf i30KiHeTHUHI Ta piBHIi 298,1 K.

AH'= -58830 + 297,9-AS" (16)

Tabmuws 2
AKTHBaIiiiHIi IapaMeTpH eJIeKTPONPOBITHOCTI BOTHUX
po3uyuHiB nuTpaTy HaTpilo 3a Eiipinrom npu 293 -303 K. n =3

Table 2
Electrical conductivity activation parameters of Na,Cit aqueous solutions
according to Eyring at 293 -303 K. n=3
C(Na,Cit)-10°, M E, In(4) AH?, xIx-M0b! AS*, lx-moap - K R?
0,1 42,7 24,39 40,2 -62 0,9950
0,2 39,8 22,67 374 =72 0,9822
0,3 36,9 21,13 344 -82 0,9896
0,4 43,0 23,29 40,5 -62 0,9225
0,5 45,7 24,21 432 -52 0,9995
0,6 46,1 24,27 43,6 -51 0,9997
0,7 47,6 24,71 45,1 -46 0,9914
0,8 50,3 25,72 47,8 -37 0,9947
0,9 51,1 26,00 48,6 -34 0,9949
1,0 51,1 25,91 48,6 -34 0,9807
2,0 45,4 23,29 43,0 -53 0,9928
3,0 43,1 22,28 40,7 -61 0,9887
4,0 42,3 22,01 39,8 -64 0,9658
5,0 39,0 20,53 36,5 -75 0,9998
6,0 34,8 18,82 324 -89 0,9999
7,0 30,4 16,99 27,9 -104 0,9624
8,0 32,1 17,67 29,6 -98 0,9516
9,0 26,5 15,37 40,2 -62 0,9460
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Cucmemu HOC H (COOH),— 3NH,CH,CH,OH — H,0 ma

kHOC H (COOH), - 3NH (CH,CH,NH) ,H — H,0

Hani momo pH- Ta penokcmerpuunoi noseninku Boguux posunnis H Cit-:3MEA ta
kH,Cit-3PEPA naBeneno nHa puc. 2 Ta 3, Bianosiano. Ha sixminy Na3Cit, min yac pos-
Bezienns po3unHiB H,Cit: SMEA B cuity riposliTHIHUX IPOLECIB CIOCTEPIracThCs 3Mi-
Ha pH Bix ciiabko KUCIIOTO 70 cllabKo Jy»Horo (puc. 3a). [ligBuIeHHs Temieparypu
(B obmacti 293 — 308 K) cnpuumHse 301IbIIEHHS] KACIOTHOCTI CEpPEIOBHINA, Ha BiJ-
miny Bin posuuHie Na,Cit (puc. la), o CynpoBOIKYETECS HETHIIOBUM 3MEHIIEHHAM
MOJIIPHOI €JIEKTPONPOBIAHOCTI NpH ofHOoMy i Tomy xk BmicTi H,Cit:3MEA.

®di3zuko-xiMiuHa Moaesb. 3rigHo garum [10, 18, 19], npu 3adikcoBaHUX 3HAYCH-
usax pH (= 6,5; puc. 2a, puc. 3a) H,Cit icHye y BUIIAI IUT1IPOLUTPAT, TMiAPOLUTPAT Ta
LUTPAT 10HIB:

HOC,H,(COOH),(COO") + H,O 2 HOC,H (COOH)(COO"), + H,0; a7
HOC,H,(COOH)(COO"), + H,O 2 HOC,H,(COO"), + H,0%; (18)
MEA Ta PEPA — y BUIIsi/11 BUIBHUX OCHOB Ta B IIPOTOHOBAHHUX (hopMax:

1/ Ka

_ VK o+
NH,CH,CH,0H + H,O* «—— NH,CH,CH,0H + H,0; 19)

1/ Ka

+ +
NH,(CH,CH,NH), H +kH,0" «—— NH,(CH,CH,NH,) H+kH,0.  (20)

IIpu MonsApHOMY CHIBBIJHOLIEHHI ?ME At G =30 1,9 ICHy€ MMOBIPHICTb YTBO-
peHHs B cabKo JTy)KHOMY CepeIOBHIII i0HHOTO KBapTeTy (piBHIHHS 21),

+ Pla

3N H;CH,CH,OH + HOC;H4(COO™); on
1

2 { N H3CH,CH,OH}; {HOC;H4(COO )3}

B cnabko kuciomy cepenoBuili, mo He € Xxapakrepuum Juis pozuunis H,Cit: SMEA
ta kH,Cit-:3PEPA ipu C_, 0,1 Ta 1,0 M [10], MOXyTb yTBOPIOBaTHChH 10H-MOJIEKYJISAPHI
xoMminekcu Ila ta Ilb.

PEla

NH,CH,CH,OH + 2N H,CH,CH,0H + HOC,H,(CO0"), = 22)
+
(NH,CH,CH,0H){ N H,CH,CH,OH}, {HOC H,(COO"),}

+ + PEIb
NH,(CH,CH,NH), H + 2N H(CH,CH,N H), H + (HOCH(CO0), = (23)
2 (NH,(CH,CH,NH)_H){N H,(CH,CH,N H,)_H} {HOC,H,(CO0"),},

INepmmii KOMIUIEKC B Pe3yabTaTi TiAPOJITHYHHUX MEPETBOPEHb MOXKE MEPEXOAUTH
B Ia:
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Fig. 2. H,Cit-:3MEA aqueous solutions pH (@) and specific electrical conductivity (b).
T (K): 293 —1;298 —2; 303 —3; 308 —4; 313 - 5.
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Fig. 3. kH,Cit-3PEPA aqueous solutions pH (a) and specific electrical conductivity (b).
T (K): 293 - 1;298 —2; 303 —3; 308 —4; 313 - 5.
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(NH,CH,CH,0OH){ N H,CH,CH,OH},{HOC H (COO"),} + H,O 2 (24)
{NH,CH,CH,OH},{HOC H (COO"),} + OH".
V nux Bunajkax marepianbHuii 6ananc 3a Cit onucyeThes piBHsIHHsIMHE (25) Ta (26)

(nns pozunnieB MEA i PEPA, BianoBigno), 3a MEA — (27), PEPA — (28), a npunHuumn
enexkTpoHeiTpanbHocTi — (29) Ta (30).

C,, = [HOC H,(COOH) (COO")] + [HOC,H,(COOH)(COO") ] +

+[HOC H,(COO"),] + C,_ +C,, 25)
C,, = [HOC,H,(COOH) (COO")] + [HOC,H,(COOH)(CO0"),] + 26)
+[HOC,H,(CO0"),] + C,,
+

C,,.,=[NH,CH,CH,OH] + [N H,CH,CH,OH] + 3C,_ +3C,, 7)
C,ppn = [NH,(CH,CH,NH),_H] + [N H,(CH,CH,NH,), H] +3C,, (28)

[H,0'] + [N H,CH,CH,OH] = [HOC,H,(COOH) (COO")] +
+2[HOC,H,(COOH)(COO"),] + 3[HOC,H,(CO0).] + C, + [OH] (29)
[H,0°] + k[N H,(CH,CH,N H,),_H] = [HOC,H,(COOH) (COO")] + (30)

+ 2[HOC,H,(COOH)(CO0"),] + 3[HOC,H,(COO"),] + kC,, + [OH]

Pimenns cucrem piBasns (1, 3, 17-19, 21, 22, 25,27,29) ta (1, 3, 17, 18, 20, 23, 26,
28, 30) 3 BuxopucTaHHIM MaHUX pH-MeTpii 103BONMMIO poO3paxyBaTH KOMIIOHEHTHHN
ckian pozunniB H,Cit-3MEA ta kH,Cit-3PEPA.

3rigHO pO3paxyHKOBHM JaHWM, B CJIa00 JIy’)KHOMY CEPEIOBHII MPAKTHIHO BCS JIN-
MonHa kuciota (110 100 %) 38’s3yerbes 3 MEA y Bursini ionnoro kBaprety la B obmac-
Ti JOCTiKEHNX TeMneparyp. KoHIleHTpyBaHHS IPU3BOANTS 10 MTEPEXoy croiyku la B
Ila; crynine 38 a3yBanns H,Cit ta MEA B ocTanHil KOMIUIEKC CHMOATHO 3MIHIOETBCS
i3 C_, i ctanosuth 16,9 + 28,2 % npu 293 K npu pH < 7,0. Inma yacTuHa TMMOHHOT
KHCIIOTH 3HAXOMUTBCA y BUNIAAL mmrtpar (43,9 — 65,7 %) Ta rigponmrpar aHiOHIB
(17,3 + 27,6 %; 3anexHicts 2), a MEA —Ha 71,8 + 82,9 B iporoHOBaHii popmi, 1o mia-
TBEPIKY€E BUINE 3p0o0JIeH] MpuITyineHHs. MoibHA YacTKa JUT1IPOLUTPAT 10HIB CTaHO-
BUTh < 1,0 %. [TigBuimenHs temmneparypu Bix 293 no 303 K npu3BoAMTE /10 BIIHOCHOTO
3menmenns kinbkocti anionis HOC,H,(COO"), 3a paxyHok peaxuiii rigpomisy (1) Ta
KOMITIIeKCOyTBOpeHHs (21). Ilpu oMy HOHHA cHjla BU3HAYAETHCS PIBHAHHAIM:

u (H,Cit:3MEA) = 1 ([H,0"]-(+1)* + [NH,CH,CH,OH]-(+1)* + [OH]-(-1)* +
+[HOC,H 4(C002’ ),]-(-3)*+ [HOC,H,(COOH)(COO"),]-(-2)* +C, (-1)?
VY pozunnax 3 PEPA mpu 293 K numoHHa KKCIOTa Ta OpraHiyHa OCHOBA 3B’si3aH1 Ha

58,1 + 61,1 % 3B’s13aHi y BUDISIAI HOH-MoeKymsipHoro komiuiekcy Ilb, moniono pos-

106



Enexmpoximiuni enacmugocmi 600HUX pO3UUHIE YyumMpamie Hampio ...

yuHaMm 3 MEA; MOJTbHI 4acTKH IIUTPAT, TIAPOIUTPAT Ta JUTIIPOIIUTPAT 10HIB CTAHOB-
aate — <1,0, 16,8 + 25,3 Ta 15,6 + 21,1 %, BiaAmOBIAHO, a MOJJICTUICHIOIIAMOHIIO —
38,7 + 41,9 % npu C_, = (1 + 9)-10° M. lonna cuna posuunis 3 PEPA omucyerbcs
PIBHSTHHSIM:

u(kH,Cit-3PEPA) = % ([H,0°](+1) + [N H,(CH,CH, N H,),_H](+k)? +
+ [OH]-(-1)* + [HOC,H,(COO"),]-(-3)* + [HOC,H,(COOH)(COO"), (-2 +  (31)
+ [HOC,H,(COOH),(COO)](-1)? + C,, (-1 ).

Po3paxoBani KOHIICHTpaLiliHi KOHCTAHTH yTBOPEHHS B Bria Ta B 10HHOTO acoriaty
Ta HOH-MOJICKYJSIPHIX KOMIUTIEKCIB. B yMOBax eKcriepuMeHTy Bifl’ €MHI AeCATKOBI JIoTa-
pU(MH KOHLEHTPAIHHUX KOHCTaHT yTBOpeHHs (pP,) < -9,0. 3anexnocri pf,, = f(u) B
po3unHax 3 MEA onucyroThes piBHSIHHAM (32), mapaMeTpH SIKOTO HaBeICHI B Ta0. 3.

pp Ma AT + BT'P’LO’S + CT.M (32)

Tabmuus3
3HayeHHs napaMeTpiB piBHAHHSA (32) 115 HOH-MOJIEKYJISIPHOTO
komiuiekcy Ila

Table 3
Parameters values in the equation (32) for ion-molecular complex Ila
C.. = (0,4 +9,0)-10° mostb-r'; n =15
T,K -A, B, -C, R
293 12,84 43,71 93,42 0,9991
298 12,81 44,43 94,12 0,9995
303 13,10 48,76 112,5 0,9989
308 12,88 45,62 96,38 0,9996
313 12,34 41,65 84,55 0,9972

Jlist pozunHiB 3 PEPA koHIeHTparliitHa 3aiexHIicTb p
HsM (33), mapaMeTpu SKOTO HaBeZIeHI B Ta0I. 4.

= f(1) OTTMCYEThCS PiBHSAH-

pp m AT + BT'“O’5 (33)

s cionyku 1Ib koHCTaHTH B piBHsAHHI (2.38) 3B’s13aH1 MK 0000 3aJICKHOCTSIMH
(34)1(35) mpu C_, (0,1+ 0,9)-10° M Ta (1,0 + 9,0)-10° M. TemneparypHi 3aj1€KHOCTi
TEPMOIMHAMIYHOI KOHCTAHTH [ T B yKa3aHUX KOHIIEHTPALIHHMX [iara3oHax OIHCy-
€ThCsl piBHAHHSAMU (36) Ta (37).

b
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Tabnuus 4
3Hauyenns napamertpiB piBusiHHA (33) A1 HOH-MoJIEKYJIsIpHOTO KoMmILiekcey I1b
Table 4
Parameters values in the equation (33) for ion-molecular complex IIb
[ (0,1 = 0,9)-10% 6 (1,0 = 9,0)-10%; 9
T, K -A, B, R -A, B, R?
293 16,63 99,55 0,9790 16,20 32,93 0,9671
298 16,54 99,71 0,9790 16,10 32,91 0,9670
303 15,75 86,32 0,9847 15,71 31,15 0,9895
308 15,03 68,15 0,9889 15,57 30,75 0,9859
313 14,62 58,93 0,9522 15,37 29,60 0,9811
B, =-240,7-20,57-4,; R*=0,9894 34)
B, =-32,74-4,066:4; R>=0,9842 35)
pB,. = 17,71 - 10120-T""; R?=0,9558 (36)
pB,," = -2,52 — 4020-T'; R*=0,9684 37)

Takum 4mHOM, MONSpHA €neKTPOnpoBiaHicTE BoaHux po3unHie H,Cit-:3MEA Ta
kH,Cit-3PEPA Bu3Ha4a€ThCs pIBHAHHAMM:
MH,Cit-:3MEA) = A°(H,0")-a(H,0") + A°(1/3Cit*)-a(Cit*) +
+ A°(1/2HCit*)-a(HCit*) + A°(Ila)-a(Ila) + A°(MEAH")-a(MEAH").
MAH,Cit-3PEPA) = L°(H,0")-a(H,0") + A%(1/3Cit*)-a(Cit™) +
+ A°(1/2HCit*)-a(HCit*) + A°(IIb)-a(1Ib) + A°(1/kPEPAH*")-a(PEPAH*).

(3%
(39

Hani 3 enexrponpoinnocti Boauux poszuunis H,Cit:3MEA, mo npuseneni B Tadi.
5, € pe3ysbTaToM KOPeJSIHHOro aHamidy 3anexHocti A (Om!-mosp'-M?) Bim 10HHOT
CWJIHM B TPhOXITapaMeTpUYHIi 3anexxHocTi 3a [namoscskum (40) [11, 17].

A=B,+Bu®+Bu (40)

Bemawuunan mocrosipHocTi ampokcumarii (R*> 0,98) cBiguars mpo 3aA0BiIbHUI
xapakrep kopeusuii 3a piBHAHHAM (40), a 3HaUE€HHS IPAHUYHOI €JIEKTPONPOBITHOCTI
(A°(H,Cit-:3MEA)), uncenbHO piBHi Koedinientam B TakuM YMHOM, OTpUMAaHI IS~
XOM eKcTpanoimii 3a HIMIoBChKIM eKClIepUMEeHTATbHI 3HAYCHHS TPAaHUIHOT MOJISp-
HOI €JIeKTPOIPOBIIHOCTI BOTHUX PO3YMHIB IIUTPATy MOHOCTAHOJIAMOHIIO 31 3pOCTaH-
HSAM TEMIIEpaTypH 3MEHIIYIOThCS, 10 3B’S3aHO 31 3MIHOKO Pajiiycy i0HY, IIO MITpye,
T0OTO 10H-MOJIEKYIIsIpHOTO KoMIutekcy Ila ta fioro crilikicTio. Ha 11e Bka3ye crioctepe-
JKyBaHa 3aJICKHICTb:

M(H,Cit-:3MEA) = -1804 — 147,3-pB,.,"; R*=0,8648 (41)

Ila ?
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Tabumus 5
3nauennst napamerpis piBusinb (40) Ta (43) nas Boanux posuunis H,Cit-:3MEA
Table 5
Parameters values in the equations (40) and (43) for H,Cit-:3MEA aqueous solutions
PiBusinusn (40) PiBusinns (43)
T,K | B, B, B, g A, A, R
C. = (0,4 +9,0)-10° Mmostb-1'; n = 15 Ci,=2+9)10*Mmonb1'; n=8
293 398 -3256,4 10328 0,9685 3,5557 147,98 0,9874
298 361 -2712,2 7607 0,9706 2,6607 161,57 0,9794
303 345 -2851.4 9299 0,9366 3,3177 116,86 0,9176
308 317 -2071,4 5152 0,9594 2,7820 128,47 0,9297
313 315 -2258,6 5889 0,9760 2,5668 134,63 0,9859

Temneparypna sanexnicts A%(H,Cit-:3MEA) = A{T) onucyeTbes piBHAHHAM (42).

A(H,Cit:3MEA) = -926 + 385423-T-';  R?=0,9401 (42)

[Mopsn 3 wum ume Ha Ainsgakax C ., = (2 +9)-10* monp-1' cocTepiraeTbes niHiiina
sanexHicTh A = f{C . %), sika onucyeTbes piBHAHHIM (43), ananoriuno [19], mapamerpu
uB. TadiI. 5.

Cit
7‘CcnO’SZ A, +4-C, (43)

Konuentpauitina 3anexuicts MAH,Cit-3PEPA) = f(u) onmucyeTsest yoTupboxmapa-
METPHUYHOIO 3anexHicTIo 3a [1Inanoscbkum (44), mapaMeTpH sIKOTO HaBEACHO B Ta0. 6.

A=B,+Bu 0’5+BZ'H+33'H1’5 (44)

ExcriepuMeHTabHI 3HAYEeHHsI TPAHUYHOI MOJISIPHOT €JEKTPOMPOBIAHOCTI BOIHHX
PO34YHHIB [IUTPATy MOJICTHIICHIOIIAMOHIIO 31 3pOCTAHHIM TEMIIepaTypy 301IbIIYOTh-
cs (Tabi. 6; piBHSHHS 45), Ha BIIMIHY BiJI IUTPATy MOHOETAHOJIAMOHIFO.

A(kH,Cit-3PEPA) = 2263 — 519755-T"";  R*=10,9189 (45)

BpaxoByroun Bumeckazane, nucoriamis crioyku Ib cynpoBomkyeTbes rigpomizoMm
LUTPaT aHioHy, mo cnpuduHioe 3poctanns A°(kH,Cit-3PEPA). Ha ne Bkasye Taka 3a-
JICKHICTB:

A(kH,Cit-3PEPA) = 2744 + 139,0-pp R>=0,9343 (46)

T.
b °
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Tabnuus 6
3nauennst napamerpis piBHsHb (43) Ta (44) 1is Boanux posuunis kH,Cit-3PEPA
Table 6
Parameters values in the equations (43) and (44) for kH,Cit-3PEPA aqueous solutions
PiBusinus (43) PiBusinus (44)
T, K C = (0,4 +9,0)-10° mostb-1'; n = 15 Cui=2+9)10* Mmonb-r'; n =8
B, | B/10* | B10% | B-10¢ R 4, 4, R
293 | 501 -2,26 3,45 -1,69 | 09817 | 4,8134 | -2761,8 | 0,9830
298 | 516 -2,36 3,61 -1,77 | 0,9812 | 5,0902 | -3136,9 | 0,9764
303 | 527 -2,37 3,59 -1,75 0,9837 | 5,1105 | -2886,6 | 0,9677
308 | 577 | -2,64 4,04 -1,98 | 0,9792 | 5,7851 | -3724,4 | 0,9687
313 | 614 -2,78 4,20 -2,04 | 0,9866 | 5,9688 | -3475,2 | 0,9464

3HaueHHs napameTpy 4, B piBHAHHI (43) 11 po3umnis i3 PEPA (Tabn. 6) xopesmo-
10Th i3 3HaueHHAMu A°(kH,Cit-3PEPA):

A,=-0,3673 + 0,0105-1°(kH,Cit-3PEPA);
Po3paxoBaHi 3HaueHHs €HEprii, CHTabIIl Ta SHTPOITIi aKTHBaIlii MOJIIPHHUX EJICeK-

TPOIPOBITHOCTEH BOJHUX PO3YHHIB IIUTPATIB MOHOCTAHOJIAMOHIIO Ta MOJICTHIICHIIOMNI-
amonito, ananoriuno Na,Cit, nonano B Tadmn. 7, 8.

R?=0,9706

(47)

Tabmuus 7
AKTHBaLiiiHi napaMeTpH eJIeKTPONPOBIAHOCTI BOAHUX
pozuunis H,Cit-:3MEA 3a Eiipinrom npu 293 -303 K. n=3
Table 7
Electrical conductivity activation parameters of H,Cit: 3SMEA aqueous
solutions according to Eyring at 293 —303 K.n=3
C(H,Cit:3MEA)-10°, M E, In(4) . nﬁiﬁm_l ASY, Il[."lé'_?“’“"' R?
0,5 -7,47 2,62 -9,9 -231 0,9647
0,6 -7,59 2,55 -10,1 -231 0,9874
0,7 -12,5 0,54 -14,9 -247 0,9991
0,8 -7,81 2,41 -10,3 -232 0,9565
0,9 -9,28 1,77 -11,8 -237 0,9427
1,0 -9,84 1,42 -12,3 -239 0,9046
2,0 -6,56 2,67 -9,0 -228 0,9778
3,0 -7,44 2,25 -9,9 -231 0,8880
4,0 -7,31 2,21 -9,8 -230 0,9550
5,0 -5,37 2,93 -7,8 -224 0,9605
6,0 -6,77 2,32 -9,3 -228 0,9708
7,0 -8,64 1,48 -11,1 -235 0,8793
8,0 -8,02 1,68 -10,5 -233 0,9785
9,0 -7,66 1,70 -10,1 -231 0,9436
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Tabuuws 8
AKTHBaLiiiHI NapaMeTpH eJIeKTPONPOBIAHOCTI BOAHUX
pozuunis kH,Cit-3PEPA 3a Eiipinrom npu 293 -303 K. n=3
Table 8
Electrical conductivity activation parameters of kH,Cit-3PEPA aqueous
solutions according to Eyring at 293 —303 K. n =3

C(kH,Cit-3PEPA)-10°, M E, In(4) | AH?, x{x-Moup! AS*, Tx-moap K1 R?
0,3 10,45 | 9,72 8,0 -171 0,9257
0,4 8,91 8,83 6,4 -176 0,9981
0,5 9,63 8,89 7,2 -173 0,9294
0,6 7,95 8,06 5,5 -179 0,9216
0,7 9,38 8,48 6,9 -174 0,8902
0,8 10,67 | 8,84 8,2 -170 0,8937
0,9 10,71 | 8,66 8,2 -170 0,8687
1,0 7,59 | 7,27 5,1 -180 0,8178

V Bunasky po3uunis i3 H,Cit: 3MEA B cuity BUIIE CKa3aHOTO €HEPTisl, EHTANIBITIS Ta
SHTPOIIiSl aKTUBAL[IT MOJISIPHOT €JIEKTPOIIPOBITHOCTI Ma€e BiJI’€MHI 3HAYCHHS (IIe Xapak-
TEPHO JIJIs1 0araToCTaIiMHUX peakilii, 30KkpeMa O10JI0T1YHMX ), Ha BIJIMIHY Bijl pO3UHHIB
i3 Na,Cit Ta kH,Cit-3PEPA (tabn. 2, 8). IIpn ubomy s posunnis i3 MEA crocrepi-
rarThCsl KOMIICHCAIIWHI e(DeKTH, 1110 ONMUCYIOThCs piBHAHHAMU (48) Ta (49), a PEPA
- (50) Ta (51).

=-1574,3 +289,8-In(4); R>=0,8434 48)
AH*=-58843 + 298,2-AS; R>=0,9997 49)
E,=-253,6 + 161,2-In(4); R? = 0,8434 (50)
AH'= 58785 +297,9-AS"; R =0,9996 51)
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SODIUM, MONOETHANOLAMMONIUM AND
POLYETHYLENE POLYAMMONIUM CITRATES AQUEOUS
SOLUTIONS ELECTROCHEMICAL PROPERTIES

pH and conductometric study of aqueous (0.1 + 9.0)-10° mol/l solutions of sodium (Na,Cit),
monoethanolammonium (H,Cit-:3MEA) and polyethylenepolyammonium (kH,Cit-3PEPA) ci-
trates was carried out. Features of the electrochemical behavior of monoethanolamine and
polyethylenepolamine ammonium citrates aqueous solutions were revealed in comparison
with Na Cit.

As the temperature increases from 293 to 303 K, the pH values and Na,Cit solutions mo-
lar electrical conductivity increase. Due to hydrolytic processes, when diluting H,Cit-:3MEA
solutions, a change in pH is observed from slightly acidic to slightly alkaline, in contrast to
Na,Cit. An increase in temperature (in the region of 293-308 K) leads to an increase in the
medium acidity, in contrast to sodium citrate solutions, which is accompanied by an atypical
decrease in molar electrical conductivity at the same H,Cit-3MEA content. It has been shown
that an increase in temperature in the range of 293-308 K leads to a decrease in H,Cit-3MEA
aqueous solutions pH, in contrast to Na,Cit and kH,Cit-3PEPA solutions, which is accompa-
nied by an atypical decrease in molar electrical conductivity at the same H,Cit-:3MEA content.
The component composition of Na,Cit, H,Cit-:3MEA and kH,Cit-3PEPA aqueous solutions
was calculated. The probability of the existence of negatively charged ion-molecular com-
plexes in H,Cit-:3MEA and kH,Cit-3PEPA aqueous solutions is shown. The concentration and
temperature dependence of citrate ions hydrolysis constant was obtained. The concentration
and temperature dependence of these complexes was assessed. The atypical negative effect of
heating on H,Cit-3MEA aqueous solutions molar electrical conductivity is associated with a
change in the radius of the ion-molecular complex and its stability. The value of the limiting
molar electrical conductivity of sodium, monoethanolammonium and polyethylenepolyam-
monium citrates aqueous solutions in the range of 293 — 313 K was estimated. Correlations
were revealed between the values of the limiting electrical conductivity and ion-molecular
complexes formation constants in H,Cit-PEPA aqueous solutions. The values of energy, en-
thalpy and entropy of activation of molar electrical conductivities of aqueous solutions were
calculated. For the solutions studied, compensation effects were noted in the activation param-
eters of molar electrical conductivity.

Keywords: electrical conductivity, ammonium citrates, aqueous solutions, complexation.
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IHOOPMAIIA AJIA ABTOPIB

1. MPO®LJIb XXYPHAJY

1.1. «Bicauk Ogpecbkoro HalioHanpHOro yHiBepcurery. Ximisf» 3pijficHioe Taki Tunm
my6mikarii:

1) HayKoBi cTarTi,

2) KOPOTKi TOBiOM/IEHH,

3) marepianu KoHpepeH1iit,

4) 6i6miorpadii,

5) perjensii,

6) Marepianu 3 icTopii HayKu.

1.2. Y meBHOMY KOHKPETHOMY BUITYCKY OAMH aBTOpP Ma€ IpaBO HAafIpyKyBaTH TiMbKU ONHY
CaMOCTIiJIHy CTATTIO.

1.3. MoBM BUJaHHA — YKpaiHCbKa, aHITIiIChKA.

1.4. lo pepaxkuii «BicHmka ...» mogaeTbcs:

1. TexcT cTarTi 3 aHOTaIi€l0 — 2 PO3IPYKOBAHNX NPUMIPHUKM (PUCYHKM Ta MiJIINCK IO HUX,
Tab/IIIi PO3MILIYBATH IO TEKCTY ITiC/IsI IEPLIOTO MOCHIAHHS Ha HUX);

2. Pesiome - 2 npumipHuKy;

3. Konmonturyn;

4. PexoMeHpanis kadenpyu abo HayKOBOI YCTAHOBM 0 APYKY;

5. BigomocTi 1po aBTOpiB;

6. Bigpenmarosannii i y3rofi>keHuii 3 peKoseri€o TeKCT CTaTTi, 3allMCaHNIi Ha IMCKY Y pelaKTopi
Word (xernp 14; BigcTani Mix psAgkamu 1,5 iHTepBau; 101 CTOPiHOK: JIiBe, BEPXHE Ta HIDKHE — He
MeHII 20 MM, TpaBe — 10 Mm).

2. MIATOTOBKA CTATTI - OBOB’AA3KOBI CKJIAJOBI

OpuriHanbHa CTaTTA Ma€ BK/IIOYATH:

2.1. Berym.

2.2. Marepianu i MeTOY JOCTi>KEHH .

2.3. PesynbraTu JOCTiKEHH .

2.4. AHaJti3 pesynbTaTiB HOCIIKeHHS (MOYXX/IVBE OE[HAHHS TPETHOTO i 4eTBEPTOTrO PO3/i/iB).
2.5. BucHoBku (y pasi HeoOXigHOCTI).

2.6. AHoTalis (MOBOIO CTATTi) Ta pesoMe (iHIIOI MOBOIO).

2.7. Knrouosi cnoa (mo mw'saTum).

2.8. KomonTtutys.

3. O®OPMUIEHHS PYKOIIUCY. OBCHI. IMOCIIAOBHICTh PO3TAIIYBAHHSA
OBOB’A3KOBUX CKJIAJOBHUX CTATTI

3.1. Tpanuunmit ob6cAr cTarTi — 12 CTOPiHOK, 6 PUCYHKIB, 4 Tabmuii, 20 mXKepen y CIMCKy
JiTepaTypy; IUCTIB B pefakiiio — 4 CTOpiHKY; ormAfiB — 20 cTopiHOK (OITIAOBI CTATTi 3aMOBLA-
I0TBCsI PEKOTIETIE).

3.2. ITocmioBHICTh APYKyBaHHA OKPEMIUX CKIaOBUX HAYKOBOI CTATTi Mae Oy TI TaKoIo:

1. YIK - 3niBa.

2. Ininjany Ta npisBuiie aBTOPiB (3rigHo 3 macmoprom) — Hipkde YK 3miBa.

3. HasBa HayKoBOI ycTaHOBU (B TOMY 4MCIIi Bififiiny, Kadeapu, fie BUKOHAHO JOCTIIKEHH).
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4. TloBHa momuIToBa afpeca (3a MbKHapogHMM cTaHfaproM), E-mail (060B’13Kk0B0), Tenedon
I1A CIIBIPALl 3 aBTOPaMM Ha OKPEMOMY apKyIi.

5. Haspa crarri. BoHa HOBMHHA TOYHO BimOMBAaTH 3MICT HOCTIIKEHHs, OYTH KOPOTKOIO,
MIiCTUTH K/IIOYOBi C/I0Ba.

6. AHOTAallis MOBOIO OPUTiHATY IPYKY€EThCA MEpes MOYaTKOM CTaTTi Iic/sA iHTepsany 20 MM Bif
JiBOrO IOJIA.

7. Ilig aHOTAIi€I0 IPYKYIOTHCA KTI0Y0Bi (OCHOBHI) ¢/I0Ba (He Oifblile IT'TH, MOBOIO OpPUTiHATY
cTaTTi).

8. Texct cTarTi i CMCoK niTepaTypu.

9. AHoTalil IpyKyIOTbCs Ha OKpeMUX apKylIax Marepy Ta BKIIOYAIOTh: Ha3By CTaTTi, Mpi3BM-
Ima Ta iHiniaay aBTOpiB, HA3By Ta afipecy HayKOBOI YCTAHOBY, e-mail, TeKcT aHOTaIil Ta K/II0Y0Bi
cnoBa. KoskHa my6rmikaljis He aHITIICHKOI MOBOIO CYNIPOBOJKYETBCA aHOTAIi€I0 aHIIICHKOI0
MOBOIO 00csiroM He MeHII K 1800 3HakiB, BK/IIOUa0uy KI040Bi coBa. Kox-Ha my6ikarisa He
YKpalHChKOI0O MOBOIO CYIPOBOMKYETHCSI AHOTAIII€I0 YKPalHCHKOI0 MOBOIO 00OCATOM He MEHII SIK
1800 3HaKiB, BK/II0YAI04M KIIOUOBIi C/I0Ba.

3.3. [Ipyruii eKk3eMIULIp CTAaTTi IOBUHEH OyTY Higmicanuii aBTopoM (abo aBTopamn).

4.MOBHE O®OPMJIEHHS TEKCTY: TEPMIHOJIOI'TA, YMOBHI CKOPOYEHHSI,

MNOCHUJIAHHA, TABJIMII, CXEMU, PUCYHKH

4.1. ABTOpM HeCyTb IIOBHY BiJINOBifjanbHiCTh 3a Ge3goraHHe MoOBHe O(OPMIICHHA TeEK-
CTy, 0COOMMBO 3a MPaBMIbHY YKPaiHCbKY HayKoBy TepMiHomorito (ii cmix sBipsATh 3a paxoBuMu
TepMiHOMIOTIYHMMM CTTOBHUKAMM).

4.2. SIK110 9acTO MOBTOPIOBAHI Y TEKCTi CTIOBOCIIONIYYEHHS aBTOP BBaXKAa€ 3a IOTPibHe CKOpo-
TUTY, TaKi abpeBiaTypu Mpy IepIIOMY BXMBAaHHI 0OYMOBIIOIOTD y Ty>KKax.

4.3. TlocwnaHHA Ha JiTepaTypy MOJAIOTHCA Y TEKCTi CTaTTi, 060B’A3KOBO y KBaJIpaTHUX IYXK-
Kax, apabcpkumu udpami. [ndpa B Ay’KKax MosHauae HoMep My6OiKalil y CIIUCKY TiTepaTypu.

4.4. IIudposnit MaTepias, 0 MOXIMBOCTI, CITifl 3BOAUTU Y TaOMuL i He XyOIIOBATH Y TEKCTI.
Tabmuili MOBMHHI OYTV KOMIIAKTHMMY, MaTH TTOPAAKOBMIT HOMeDP; Tpadu, KOTOHKM MaloTh 6yTH
TOYHO BY3HAUEHMMI JIOTIYHO i rpagiuHo.

4.5. PucyHKM IOBMHHI OyTU NpeACTaB/IeH] B IBOX iEHTUYIHNX eK3eMIUIsIpaX, BUKOHAHNX Ha
KOMIT10Tepi (Ha AmcKy - daitmm 3 posumpeHHaM tif, pcx, jpg, bmp). ITignucy Ha HUX MOBMHHI
6yTH KOPOTKVMMH, IX CIIifi TT0 MOM/IMBOCTI 3aMiHATH Ludpamu 4n O6yksamu, KoTpi posmmdpo-
BYIOTbCS B HiANNcax [0 HMX; KPUBi HyMepyloTbcs apabcbkumy umppamu. OZHOTUIHI KpuBi
HOBVMHHI OyTV BUKOHaHI B OJHAKOBOMY MacIiTabi Ha OHOMY PMCYHKY. PeKoMeHIyeTbcsA 3a-
CTOCOBYBATM JieKibKa MacIITaOHMX IIKal A1 00 €JHAHHA PiSHMX KPUBMX B OIMH PUCYHOK.
300pakeHHA Ha PUCYHKaX CTPYKTYPHUX Ta Apyrux ¢opmyn HebaxkaHo. Bci imocTparii moBuHHi
6y Ty IpOHYMepOBaHi B IIOCIiJOBHOCTI, AKa BilNOBi/jae 3TayBaHHIO iX y PyKOMICi, Ta HOMepaMu
IIpUB’sI3aHi JO MifPUCYHOUHNX IiANNCIB.

ITpu 06’eHaHHI AeKiTbKOX PUCYHKIB ui doTorpadiil B OAMH PUCYHOK PEKOMEHIYETHCA II0-
3HaYaTM KOXKEH 3 HUX IPONMCHUMM JiTepamu 3Hu3y. Hanpuxman:

Puc. Ilignuc pucysky.
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4.6. Y pospini «Pesynbprati JOCIiikeHb» (SAKIIO Ieil PO3Hin He HMOefHAHMII 3 «AHamisamn
pesynbrariB», auB. 2.4.) HeOOXifjHO BMKIACTM jnile BUsBIeHI edexTn 6e3 KOMeHTapiB — Bci
KOMEHTapi Ta MOACHEHHA IOflaloThCs B «AHanisi pesynbraTis». Ilpy Buxmazi pesynpTatis crif
YHUKATH IOBTOPEHH 3MICTy TaO/INIIb Ta PUCYHKIB, a 3BepTaTy yBary Ha HaiBax<1usiui ¢pakTy Ta
IeBHi 3aKOHOMIPHOCTI, 1110 3 HMX BUILINBAIOTb.

4.7.Y pospini «AHasni3 pe3ynbraTiB» HeOoOXi/JHO MTOKa3aTy IPUIMHHO-HACTIAKOBI 3B’ 13KM MIXK
BCTaHOBJIEHVMH edeKTaMM, IOPIiBHATY OTPUMaHy iHpopMalliio 3 JaHNMMM TiTepaTypy i HaronIoCu-
T Ha BUABJIEHNX HOBUX JJaHuX. IIpy aHanisi c/1ig mocmmaTics Ha inlocTpaTUBHMUI MaTepias CTaTTi.
Amnanis Mae 3aKkiHuyBaTyCA BiINOBiA/I0 HA NMTAHHSA, IOCTABJIEH] y BCTYIII.

5. JITEPATYPA

Crmcox miteparypu IpyKy€eTbCs MOBOIO OpUTiHAMy BifjIoBigHOI y6mikariii. Bin opopmmoerses
srigHo 3 TOCToM i moBMHEH MiCTUTM Ti/IbKM Ha3BM Ipallb, HA fAKi MOCMIAETbCA aBTOp. Haseu
IIpalp y CHMCKY JiTepaTypy pO3TALIOBYIOTHCA B HOPSAAKY 3TafyBaHHA Ta 0(OPMIIIOIOTECA 3a IIpa-
Bunamu BAKy. Crincok nitTepaTypyu IOfla€TbCs 3 3a3HAYE€HHAM iHillianiB Ta MpisBuUIL BCiX aBTOPiB
(He momycKaloTbCs 3amMCK Ta iH, U Ap., et al.). Cig npusecty DOI fist TUX BUAAHB, A/Is1 KOTPUX
BiH JOCTYIIHMIA.
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Ha caitti http://www.translit.ru/  MoxHa 6Ge3KOLITOBHO CKOPMCTATUCA IIPOTPaMOIO
TpaHciTepalii pociiicbkoro Tekcty B matuHuio. Ilporpama myske mpocra, ii 1erko BUKOPUCTOBY-

BaTU AK JI/IA TOTOBUX ITIOCU/IAHb, TaK i I/IA TPaHC/IiTepalii piSHUX YaCTUH OIMCaHb.

6. AHOTALIsA. PE3IOME. KOJTOHTHUTYJI. ABTOPCBKE PE3IOME.

6.1 AHoranis (KOpoTKa CTMCIAa XapaKTePUCTMKA 3MICTy Ipalli) ITOZAa€TbCsl MOBOK CTATTi,
MicTuTh He 6inbine 50 IOBHO3HAYHUX CJiB i mepexye (oxpeMyM ab63arioM) OCHOBHOMY TEKCTY
CTaTTi.

6.2 Pe31oMe (KOpOTKIIT BUCHOBOK 3 OCHOBHUMY IIOJIOXKEHHAMN IIpalli) MOFAI0ThCA [BOMA MO-
BaMI (BUK/IIOYAIOUM MOBY CTaTTi), KOXKHe MiCTUTD He OinbIie 50 IOBHO3HAYHMX C/IiB i APYKYETHCS
Ha OKPEMOMY apKYIIIi.

6.3 KosroHTHTYJI (KOPOTKMIT 60 CKOPOYeHNMIT 41 BUZO3MIHEHIIT 3aTOIOBOK CTATTI /IS APYKY-
BaHH 3BePXy Ha KOXKHIII CTOPIHIIi TEKCTY Ipalii) ITOAA€ThCSI MOBOIO CTATTi pa3oM i3 pi3BulIleM Ta
iHilia/TaMy aBTOpa Ha OKPEMOMY APKYIIIi.

6.4 ABropchke pestoMe (pedepar) MOJAETHCS AHIIINCHKOI MOBOIO OKpeMuM (aitiom Ta
BKJ/II0YA€: Ha3By CTATTi, NMPi3BUILA Ta iHil[ia/XM aBTOPiB, Ha3By Ta a/ipecy HAayKOBOI YCTaHOBMU,
e-mail, ctoBo «Pe3tome» a60 «Summary», TEKCT pe3ioMe Ta K/II0YO0BI C/I0Ba.

ABTOpPCBKE pesioMe € KOPOTKIM pe3toMe OiIbIIoi 3a 06¢siroM poboTy, 1[0 Ma€ HayKOBMIT Xa-
pakTep, MOXe ITyO/TiKyBaTUCA CaMOCTIITHO, OTXe Mae 6yTH 3po3yMinnM 6es 3BepHEHH: JI0 caMoi
my6ikarii. 3 aBTOPCHKOTrO pe3oMe YNTad IOBMHEH BU3HAYNTIL, YU BAPTO 3BEPTATICS [{O IOBHOTO
TEKCTY CTATTi A/ OTPYMAaHH: OIIbII JOKTaHOI iHpopManil.

ABTOpCbHKe pe3ioMe IO CTATTi € OCHOBHIUM [KepesioM iHpopMartil y BITUMSHAHNX Ta 3apyOLKHUX
iH(OpMariTHUX cucTeMax i 6a3ax faHMX, IO IHAEKCYIOTh XKy PHAIL.

ABTOpCbKE pe3loMe PO3MIIIYETbCA Ha CaliTi KypHaly [l 3arajbHOTO OITIANY B Mepexi
InTepHeT Ta iH/leKCYEThCA MEPEXKeBMMM OUIYKOBUMM CYCTEMaMM.

ABTOpCbKe pe3ioMe aHIMIICPKO MOBOKI BKJIIOUAETHCS B aHIIOMOBHUIT 670K iH(opmarii
IIPO CTAaTTIO, IKMII 3aBAHTAXKY€EThCSA Ha AaHIVIOMOBHUII BapiaHT CaiiTy >KypHasy i TOTyeTbcA A
3apybixHMX pedepaTrBHNUX 6a3 faHUX | aHAMITUYHNUX cucTeM (IHAEKCIB IUTyBaHHS).
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ABTOpCBKE pe3ioMe MOBMHHE MICTUTH iCTOTHI paKTH po6oTH, i He TIOBUHHE MepebiNbITyBaTy
abo micTuTH MaTepias, KUt BifCYTHI B OCHOBHIN 9acTHI My6/miKaryii.

PexoMeHpyeTbcA CTPYKTypa aHOTAaIli1, IO IIOBTOPIOE CTPYKTYPY CTATTI i BKIIOYAE BCTYII, METY
i 3aBJJaHHA, METOMIN, PE3Y/IbTATHU, BICHOBOK (BUCHOBKM).

OpHak ImpefMeT i TeMa JOCTi/KeHHs BKa3ylTbCA B TOMY BUIIAZIKY, AKIIIO BOHM He 3p03yMii
3 3aTOJIOBKY CTaTTi; METOZ ab0 METOJOJIOTI0 IIPOBEfEeHH POOOTH HOLIIBHO ONNCYBATU B TOMY
BUIIAJIKY, AKIIO BOHU BifIPi3HAOTHCA HOBU3HOIO ab0 IpefCcTaB/IAI0TD iHTepeC 3 TOYKY 30Py FaHOI
poboru.

Pesynbratu po6OTM IOBMHHI OMMCYBAaTUCh TOYHO i iHpopmaruBHO. HaBOZATBCSA OCHOBHI
TEOPETUYHI Ta eKCIePUMMEeHTA/IbHi pe3ynpraTy, (AaKTU4YHI [aHi, BUABIEHI B3a€MO3B'ASKM i
3aKoHoMipHOCTI. [Ipy ibomy Bifjla€ThbCA MepeBara HOBMM Pe3y/IbTaTaM i JaHUM JJOBTOCTPOKOBOTO
3HAYEHHH, BAK/IMBUM BiIKPUTTAM, BUCHOBKAM, AKi CIIPOCTOBYIOTb iCHYIOYi TeOPpii, a TaKOX Ja-
HIM, fKi, Ha [YMKY aBTOPQ, MalOTb NIPAaKTUYHE 3HAYEHHS.

BUCHOBKM MOXYTb CyIpOBOXYBaTHCA PEKOMEHJALiAMY, OLIHKaMM, IPOIO3ULiAMMY,
rinoresamu, ONMCAHVIMU B CTATTi.

BigomocrTi, 1110 MiCTATbCA B 3ar0/I0BKY CTATTi, He MOBMHHI IOBTOPIOBATICA B TEKCTi aBTOPCh-
koro pesroMe. CIifi YHMKATH 3aliBUX BCTYNHUX (pa3 (HAIPUKIIAJ, «aBTOP CTATTi PO3IIIALAE...»).
IcTopnuHi [OBifKM, AKIIO BOHM HE CTAHOB/IATb OCHOBHMII 3MICT JOKYME€HTa, OMNC paHile
oIy6/1iKoBaHUX PoOIT i 3arasbHOBITOMI IIOJIOXKEHHs B aBTOPCHKOMY pe3ioMe He HaBOJATHCA.

¥ TeKCTi aBTOPCHKOTO pe3IOMe CITifi BXMBATY CMHTAKCMYHI KOHCTPYKILii, BTaCTMBi MOBi HayKo-
BUX i TEXHIYHUX JJOKYMEHTIB, YHUKATU CK/IAJHUX IPaMaTUYHUX KOHCTPYKIIilL.

ABTOpPCbKe pe3oMe ITOBMHHE MICTUTH K/TIOYOBi C/I0Ba 3 TEKCTY CTATTi.

CKOpOYeHHs i YMOBHI ITO3Ha4YeHHs, KPiM 3arajJibHOBXIMBAHMX, 3aCTOCOBYIOTb ¥ BUHATKOBUX
BUIaKax abo JaloTh iX po3IM(POBKY Ta BUSHAUYEHH: IIPM IEPIIOMY BXVMBAaHHI B aBTOPCHKOMY
pesioMme.

TekcT aBTOPCHKOTO pesioMe MOBIMHEH Oy TH 3B'S3aHNMM 3 BUKOPUCTAHHAM CIIB «OTXKe», «OiIblr
TOTO», «HAIIPUK/IAf», «B pesynbrati » i T.A. («Consequently», «moreover», «for example», «the
benefits of this study», «as a result» etc.), po3pisHeHi II0/I0)KeHHsI OBMHHI JIOTIYHO BUIUIMBATI
onyH 3 iHmoro. Heo6xigHO BMKOPVICTOBYBAaTH aKTMBHUI, a He TIACUBHIIA 3aJIOT, T06TO «The study
tested», ane He «It was tested in this study» (qacTa moMmika pociiicbKX aHOTAIIT ).

TekCT aBTOPCHKOTO pe3ioMe MOBMHEH OYTH NTAKOHIYHNUM 1 YiTKMM, BUIBHUM Bifi APYrOpsiAHOL
inpopmanii, 3aiiBUX BCTYIIHUX CJIiB, 3aTa/IbHNX i HEe3HAYYLINX GOPMY/TIOBAHb.

B aBTOpCHKOMY pesioMe He poOIAThCA MOCHIAHHA HAa HOMep ITy06iKallii B CIIMCKY /TiTepaTypu
IO CTaTTi.

O6cAr TeKCTY aBTOPCHKOTO Pe3loMe BU3HAYAEThCS 3MicTOM Iybrikariii (06¢cAroM BimoMocTeit,
iX HayKOBOK I{iHHICTIO Ta/ab0 NPAaKTMYHMM 3HAYEHHSIM), ajle He MOBMHeH OyTm MeHme 100-
250 cmiB (1A pociiicbKOMOBHUX IyOTiKaliil peKOMEeHAYEThCs OINbIINIT 06'€M).

120



Bepcrka B.I. BitBuipka

Mingmucano no npyxy 28.06.2024 p. ®opmar 70x108/16.
Y. apyk. apk. 10,59. Tupax 50 mpum. 3am. Ne 2843.

Bupasens i BUTOTOBIIOBAY
Onecbkuii HalioHANIBHUH yHiBepcuTeT iMeHi I.I. Meunnkosa
Cainourso cy6’exra BunaBanuoi cnpasu JIK Ne 4215 Bing 22.11.2011 p.
65082, m. Ozeca, By €icaBeTHHCEKa, 12, Yipaina
Ten.: (048) 723 28 39
e-mail: druk@onu.edu.ua





