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Pedepar:

1. InceprauiiiHy po60Ty NIPUCBSIYEHO CUHTE3Y MilbBMiCHMX KOMIIO3UTIB Ha OCHOBI MajleiHaTHUX KOMILJIEKCiB Cu+,
IOCJiIKeHHIO iX 6YZ0BY, a TaKoXK (i3UKO-XiMiYHUX Ta 6aKTEPULIUIHMX BJIACTUBOCTEN. Y rlepuioMy posmimi
HaBeJIeHO aHAJIITUYHUM OIJIs] JiTepaTypHUX JKEPeEJ], B SIKUX PO3IJISAAI0ThCsl METOAM CUHTE3Y N-KoMILIeKciB Cu+ 3
HEHaCUYE€HUMU OPraHiuYHMMU JiraHIaMU, PEe3yIbTaTH AOCHIIKEHHS OY4OBU iX MOJIEKYJISIPHUX CTPYKTYP, BUSBIIEHI
BJIaCTMBOCTI Ta cpepu 3acTocyBanHs. [lokazaHo, 0 HA BiTMIiHY Bif iHIIKX NepexifHUX METaliB, 3LATHUX
YTBOPIOBATHU NM-KOMILJIEKCHU 3 (POPMaJIbHO HYJIbBAJIEHTHUM LIEHTPaJIbHUM aTOMOM, IJ1s1 MiZli € OTpUMaHUMU Ta
0XapaKTEPU30BAaHUMU TiJIbKU N-KOMILIEKCU Cu+. IcHyBaHHS M-KOMILIEKCIB aToMiB Cul, sike Mae 4iTKe TeOpETUYHE
OOIrpyHTYBaHHS, Hapa3i Ha IPaKTuUlli He MigTBepIpKeHo. Y TOH 5Ke 4ac, 3aBIsKHU IEePCIEeKTUBI BUKOPHUCTaHHS MiIHNUX
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cuHTe3y Ta crabinizanii. CriiBcTaBHMIT aHAJI3 BiZOMUX i 3aCTOCOBAHUX JOCIIIHUKAMU METOLIB CUHTE3Y T~
KomIuiekciB Cu+ (peareHTHO Ha ocHOBI ITpekypcopiB CuCl yu CuSO4, abo e1eKTpoXiMidHO Ha OCHOBI IIPEKypPCOPiB
Cu0 yu CuSO4) 103BoIMB 06pATH peareHTHUH CII0Ci0, B paMKax sIKOTO BilHOBJIEHHS ioHiB Cu2+ y IPUCYTHOCTI
OpraHiuyHUX JIraHJiB 30ilICHIOBAJIOCh METAIIYHMM LIMHKOM. Y IPYroMy POo3#iji HaBeJeHa iHdopmMalis po
BUKOPUCTaHI METOM NOCJIIIKEHHS, pEareHTH Ta YMOBH iX 3aCTOCYBaHHs. Y TPETbOMY PO31ijli IpeCcTaBieHi
Pe3yJIbTaTU NOCIIIKEHHS MOXKJIMBOCTI YTBOPEHHS Y BOOHOMY PO34YMHI MajleiHaTHUX KOMILJIEKCIB aTOMapHOi Mizi. 3
BpaxXyBaHHIM iCHYIOYMX DiBHOBAr ONTUMI30BaHi YMOBM CMHTE3Y METAJI0O0PraHiyHoi aucmepcii. BctaHoBIIEHO, 110
Ipu ii MeTaseBuM LMHKOM Ha ioHu Cu2+ B ciabokuciaux po3unHax (pH = 2) MmaneiHOBOi KUCJIOTH, YTBOPIOETHCS
IIPOIYKT, CKJIAT, SIKOTO 3aJIeXXUTh BiJj MOJILHOTO CIIiBBinHOMmeHHs peareHTiB. [Ipu o(Zn) : o(Cu2+) < 0,5 Buginserscs
Tinbku Kommekc [Cu(C404H3)(H20)], a npu o(Zn) : o(Cu2+) > 0,5 komnosutu cymii {{Cu(C404H3)(H20)] x Cu0, y
H20}. YTBOpeHHs n-komIiuiekcy aromapHoi mizi [Cu(C404H4)] He 3adikcoBane. PeHTreHoaudpakuiiiHuil aHania
3pa3KiB KOMIIO3UTY MTOKa3aB, 1[0 B HbOMY BiICYTHS (pa3a MeTajIeBOi Mifli, ajie IPUCYTHS (pa3a HOBOI pEYOBUHU —
nponykTiB B3aemozii atomiB Cu0 3 n-komiiekcamu [Cu(C404H3)(H20)]. KBanToBO-XiMiuHe MOJi€/II0BaHHS
I03BOJIMJIO BUSIBUTH [1BA TUIY TEPMOAMHAMIYHO CTiMKMX OisiIepHUX TT-KOMILJIEKCIB 3arajlbHOro CKJamy
[Cu2(C404H3)(H20)2]. Tun A xapakTepu3yeTbCs KAPKaCHOIO CTPYKTYPOIO, B sIKii i ionu Cu+ i aromn Cu0
YTBOPIOIOTH NT-3B 3KHU 3 Sp2-ri6puanzoBaHnMu atomamu Kap6oHy BiHinbHOro ¢pparmeHTta mMajeiHaT-ioHa B pamKax
OKpeMux mectTuwieHHuX HukiiB (-Cu-C-C=0-H-0-). Tun B sBsie coboro JiHiliHe 0-3'eJHaHHS ripaTOBaHOrO aToOMa
Kynpymy 3 kap6okcuiabHUM OKCUreHOM MasieiHaT-ioHa. Bau3pKiCTh 3Ha4Y€Hb €HEPriil YTBOPEHHS MOJIEKY A i B
(-114,39 x[I>x /moub i —127,84 k]I>)kK/MOJIb, BiflTIOBiIHO) BKa3ye Ha BUCOKY MOBIPHICTb iX OZJHOYaCHOTO YTBOPEHHS Y
npoueci cuHTe3y komnosuty {{Cu(C404H3)(H20)] x Cu0, y H20}. BusiBnieHo, 1110 32 paXyHOK CYTTEBO 6i1b110]
rigpodinbHOCTI PO3YNHHOI0 (POPMOIO IPU 0OPOOL KOMIIO3UTIB BOL0I0 € KoMIlieke [Cu(C404H3)(H20)]. Bin Takox
€ i OCHOBHUM 6i0aKTMBHUM KOMIIOHEHTOM, Ha IO BKa3ye 4iTKa CUHXPOHHICTb 3MiHM PO3YMHHOCTiI KOMIIO3UTIB B
inTepsasi x Big O o 1 3i 3miHOIO iX aHTHOaKTepiasnpHOI Iii Ha mTamu cTadisioKoKy. BinCcyTHICTh T-KOMILIEKCIiB
aromapHoi Migi [Cu(C404H4)(H20)] B komnosuTax 3 X > 0,5 IpU3BOJUTh 10 Pi3KOTO 3MEHIIEHHS iX
6axkrepuuuAHOCTI. Lle miaTBepKye BUCHOBOK IIPO IPUPOY 6i0aKTMBHOI pEUYOBMHY, & TAKOXK BKa3ye Ha Te, 110 B
KOHLIEHTPOBAHMX 32 aToMaMu Kyripymy KOMIo3uTax 6i0aKTHUBHOI HAHOAUCIIEPCii MeTaly HE BUHUKAE.
BcTaHOBJIEHO, 1110 ONITUMAaJIbHUM CKJIa/, MilbBMICHOTO KOMIIO3UTY Bianosinae popmyii {{Cu(C404H3)(H20)] x
0,5Cu0}. Lls peyoBMHa Ma€ NOCTAaTHbO BUCOKUI PiBEHb 6aKTEPULIUIHOCTI i, HA BiIMiHY BiJi KOMIIJIEKCiB

[Cu(C404H3)(H20)], - BUCOKY CTiliKiCTh 10 Aii aTMOC(EPHOro KUCHIO y TIOE€THAHHI 3 BOJIOTOI0

2. The dissertation is devoted to the synthesis of copper-containing composites based on maleate Cu+ complexes,
the study of their structure, as well as physicochemical and bactericidal properties. The first chapter provides an
analytical review of literary sources, which consider the methods of synthesis of n-complexes of Cu+ with
unsaturated organic ligands, the results of studying the structure of their molecular structures, the discovered
properties and areas of application. It is shown that, unlike other transition metals capable of forming n-complexes
with a formally zero-valent central atom, only n-complexes of Cu+ have been obtained and characterized for
copper. The existence of n-complexes of Cu0 atoms, which has a clear theoretical justification, has not yet been
confirmed in practice. At the same time, due to the prospect of using copper nanodispersions in medicine as, first
of all, bactericidal drugs, the problem of their synthesis and stabilization is urgent. A comparative analysis of
known and applied methods for the synthesis of n-complexes Cu+ (reactively based on CuCl or CuSO4 precursors,
or electrochemically based on Cu0 or CuSO4 precursors) made it possible to choose a reagent method in which
the reduction of Cu2+ ions in the presence of organic ligands was carried out by metallic zinc. The second chapter
provides information on the used research methods, reagents and conditions of their use. The third chapter
presents the results of research into the possibility of formation of atomic copper maleate complexes in an
aqueous solution. Taking into account the existing balances, the conditions for the synthesis of organometallic
dispersion are optimized. It was established that when metallic zinc acts on Cu2+ ions in slightly acidic solutions
(pH = 2) of maleic acid, a product is formed, the composition of which depends on the molar ratio of the reagents.
When o(Zn) : o(Cu2+) < 0.5, only the complex [Cu(C404H3)(H20)] is released, and when o(Zn) : o(Cu2+) > 0.5, composites
of the mixture {{Cu(C404H3)(H20)] x Cu0, in H20}. The formation of a n-complex of atomic copper [Cu(C404H4)]



has not been recorded. X-ray diffraction analysis of samples of the composite showed that there is no metallic
copper phase in it, but there is a phase of a new substance - products of the interaction of Cu0 atoms with n-
complexes [Cu(C404H3)(H20)]. Quantum-chemical modeling made it possible to identify two types of
thermodynamically stable binuclear n-complexes of the general composition [Cu2(C404H3)(H20)2]. Type A is
characterized by a framework structure in which both Cu+ ions and Cu0 atoms form n-bonds with sp2-hybridized
carbon atoms of the vinyl fragment of the maleate ion within separate six-membered cycles (-Cu-C-C=0-H-0O-).
Type B is a linear o-connection of a hydrated copper atom with a carboxyl oxygen of a maleate ion. The closeness of
the formation energies of molecules A and B (-114.39 kJ /mol and -127.84 kJ /mol, respectively) indicates a high
probability of their simultaneous formation during the synthesis of the composite {{Cu(C404H3)(H20)] x Cu0, in
H20}. It was found that due to significantly greater hydrophilicity, the soluble form when processing composites
with water is the [Cu(C404H3)(H20)] complex. It is also the main bioactive component, which is indicated by the
clear synchronicity of the change in the solubility of the composites in the interval x from 0 to 1 with the change in
their antibacterial effect on staphylococcus strains. The absence of n-complexes of atomic copper
[Cu(C404H4)(H20)] in composites with x > 0.5 leads to a sharp decrease in their bactericidal activity. This confirms
the conclusion about the nature of the bioactive substance, and also indicates that bioactive metal nanodispersion
does not occur in composites concentrated by copper atoms. It was established that the optimal composition of
the copper-containing composite corresponds to the formula {{Cu(C404H3)(H20)] x 0.5Cu0}. This substance has a
sufficiently high level of bactericidal activity and, unlike [Cu(C404H3)(H20)] complexes, is highly resistant to
atmospheric oxygen in combination with moisture
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Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue Ipizsume Im's I10-6aTbKOBI [Tanpynkos Biraniit Onekcanaposuy
rOJIOBH pagu

Biacue I'IpiaBnme Im'sa TTIo-6aTHLKOBI [TanpuymkoB Birtasniii OsekcaHapoBruY
rOJIOBYIOYOrO Ha 3acigaHHi

BignoBimanbHMiL 3a NiATOTOBKY Hepusscbka AnHa FOpiiBHa

00JIIKOBHX JOKYMEHTIB

Peectparop VYkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peecTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




