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1. Inceprauiiiny po60Ty IPUCBSIYEHO AOCHIIPKEHHIO €JIEKTPOHHOI Oy10BU KoMILeKciB Kynpymy 3 MmasieiHOBOIO,
(yMapoBOIO Ta aKPUJIOBOIO KUCJIOTaMU y BOJHOMY CEPEIOBUII], 3'ICYBAaHHIO MEXaHi3My €JIEKTPOXiMiYHUX Ta
XiMIYHUX NPOLECiB 3 iX y4acTio, BUBHAYEHHIO XapaKTEPUCTUK CIIOCOOIB OTPUMAaHHS CTiMIKUX JT-KOMILJIEKCIiB

Kynpymy. ¥ nepiomy po3zini cucTeMaTU30BaHi JliTepaTypHi [AKepesa, B IKUX pPO3IJsiJaloTbCsl YMOBU CUHTE3Y Ta
Pe3yJbTaTU NOCIiIKEHHS 6YLOBU N-KOMILIEKCiB KynmpyMy 3 HEeHACU4€HMMHU OPraHiYHMMMU JliraHIaMy, KBAaHTOBO-
XiMidYHE MOJIEeTIOBaHHS iX CTPYKTYP Ta MO>KJIMBUX €JIEKTPOXiMiYHMX peakuiil. Ha ocHOBI aHani3y 3i6paHoi
iHopmaltiii 3po61€HO BUCHOBOK, 1110 6iIbLIICTb T-KOMILIEKCiB Cu+ 3 HEeHaCMYeHMMHU OPTraHiYHUMU CIIOJIyKaMU
€JIEKTPOXiMIYHO ab0 NpenapaTMBHO BUAIISJIMCH 3 HEBOJHUX PO34MHiB. HE06XigHOI0 YMOBOIO 11711 YTBOPEHHS TaKUX
TI-KOMILJIEKCIB i3 PO34MHIB € HasBHICTb OAHOYACHO T-3B’13Ky (Cu+(C=C)) Ta 0-3B’13Ky ioHy Cu+ 3 aHiOHOM rajioreHiny.

JeTanpHO IOCTiAKyBasach reOMETPUYHA CTPYKTypa CHHTE30BaHMX KPUCTAIIYHUX JI-KOMILIeKciB Cu+ 3



pi3HOMaHITHUMHU 0J1€(PiHOBUMU CIIOJIyKaMU Ta NPUBEAEH]I XapaKTEPUCTUKHY iX KPUCTAJIIYHOI I'PATKU 3 3a3HAYEHHSIM
Mi’KaTOMHMX BificTaHel 3B’3KiB, ajie IIpY LIbOMY HEJIOCTATHbO BUBYEHA €(PEKTUBHICTb Ta OCOOGIUBOCTI €JIEKTPOHHOI
Oy[l0BU TaKuX 3B'13KiB. KOHCTaTy€eTbCs HasIBHICTb Kpail 0OMEXKEHOT0 KoJjia po0iT PO YTBOPEHHS M-KOMILIEeKCiB Cu+
y BOOHUX PO34MHAX, SIKi € IEPCINEKTUBHMMU JJIs1 IPAKTUYHOTO BUKOPUCTAHHS, 30KPEMa K aHTUCENTHKIB 200 iHINX
OaKkTepULUAHNX [Ipenaparis. BpaxoByiouM MeBHYy IPOOJIEMHICTb 3aCTOCYBAHHS (Pi3MYHUX METO/IiB B O3HAYEHUX
00’eKTax, OOIPyHTOBaHA HEOOXiAHICTb 3a/Iy4€HHS KBAHTOBO-XiMIYHOT'O MOZ€JIIOBAHHS,IK OGHOTO i3 Hal6ibII
[IepeloBUX Cy4YaCHUX METO/IiB NOCIiIPKeHHSs 0yJOBU Ta PeaKLiiHOi 3aTHOCTi OPraHOMEeTaliYHUX CIIOJIYK.
[TokaszaHo, 0 TEOPETUYHi MOJIeli SIBJISIIOTh COOO0I0 BasKJIMBE IiATPYHTS 171 BUSIBIIEHHS YMOB IIepeb6iry peakiiiii 3a
y4acTi n-komIiekciB Kynpymy. Y gpyromy po3zii onucaHi BUKOPUCTaHi y pob0Ti METOIM JAOCTiIKEeHHS, XiMiuHi
PEaKTHBU Ta YMOBHU IX 3aCTOCYBaHHS. Jl0 TPETHOTO PO31ily YBIAIIN PE3YJIbTATH KBAHTOBO-XIMiYHOTO
MOJEJIIOBAaHHS alluloaKBakoMIuieKkciB Kynpymy. Ha ocHOBI Bce6iYHOro aHasli3y OTPMMAaHUX JAHUX PO €JIEKTPOHHY
KOH(Irypariito Ta eHepreTuky 06’eKTiB JOCIiIPKEHHS 3p00JIEHO Psif BAXJIMBUX BUCHOBKIB. 30KpEMa, BCTAHOBJIEHO,
1110 BHYTPilIHbOCGEPHI MOJIEKYJIM BOAU CTabiNi3yI0Th alugoakBakoMiiekcy Kynpymy. lonn Cu2+ B IpyUCyTHOCTI
aHIOHIB OPraHiYHMX KUCJIOT YTPUMYIOTh 4O YOTUPbOX MOJIEKYJ BOoaH, ioHn Cu+ — 1o Tphox, atomu Cul — 10 OBOX.
Ionu Cu2+ yTBOPIOIOTB JIMIIE O-KOMIUIEKCH i siuiie 3 aHioHaMu. lonn Cu+ yTBOPIOIOTh B OCHOBHOMY TI-KOMILIEKCH (21
3 23 MO>KJIMBUX KOMILJIEKCHUX CTPYKTYp) 3 yciMma popmamu kucioT. g Cu0 o-3B's13yBaHHS He XapaKTepHe, TyT
BUSBJIEHO 15 CTIMIKMX M-KOMILJIEKCIB, 3 HAX 3 MOJIEKYJISIpHUMHU popMamu JliraHniis — 8 (nBi 3 HA ta o Tpu 3 H2M ta
H2F). JInme y Tppox koMmiuiekcax ([Cu+(H20)2(H2F)], [Cu+(H20)2(F2-] Ta [CuO(H20)2(H2F)]) B (dn-pm)-B3aemopii
6epyThb y4acTb ob6uasa atoma Kap6ony (C=C)-pparmeHTy HEeHaCU4eHOi KUCJIOTU. Y iHIINX BUIIAJIKax JI-3B'I30K 3
LIeHTpaJIbHUM aTOMOM YTBOPIO€ OiUH aToM Kap6oHy, He3Bakalouu Ha Te, o MixkaToMHi BigcTaHi (Cu+-Cl) i
(Cu+-C2) 6:113bKi Mi>K CO6010 i TPAKTUYHO 36iraloThCs 3 BiAIOBIZHUMU BEJIMYMHAMY, 3HAIEHUMU
€KCIIepUMEHTAJIbHO 1J1s1 MOAIOHUX croyK. Ha eHeprito n-38'a3Ky B komiuiekcax [Cu+(H2O0)n(L)] i [CuO(H20)n(L)]
MOJIEKYJIM BOJY IilOTh CUHEPridyHO. Y oKpeMux Bunazakax edext spocranHs Eb(Cu+-Cl) nocsrae 40 %. [1pu npomy
MOJIEKYJIM BOJY HiBEJIOIOTh Pi3HMIIIO BEJIMYMH €Heprii N-3B'13Ky, 00YMOBJIEHY KiJIbKiCTIO KADOOKCUIJIBHUX IPYTI i
reoMeTpi€elo KUCI0TU. Baaemunii BinB 0-38’43KiB (H20-Cut) y n-KOMIIJIEKCaxX Ma€e aHTarOHiCTUYHUI XapaKTep.
KoykHa HacTynHa MOJIEKYJIa BOLY 3MEHIIY€e €HEPTilo 3B'93yBaHHS NonepenHboi He MeHI HiX Ha 20 %. [TokasaHo, mo
MEXaHi3M CTaflii OTHOE€JIEKTPOHHOIO BiIHOBJIEHHS i0HIB Cu2+ y CKJIaZi alluJ0AKBAKOMILIIEKCIB 3 iOHI30BaHMMU
dopmamu KUCJIOT BKJItOYae TpaHchopmMatito intepmepiary [Cu+(H20)4(o-L)] B [Cu+(H20)3(n-L)] a6o [Cu+(H20)2(mn-
L)] B 3aneXXHOCTI Bif Ipupoam jiraHny. O4ikyBaHMM ITPOJYKTOM JBOEJIEKTPOHHOTO BilHOBJIEHHS Cu2+ € 1i-
komIuiekc [CuO(H20)(n-L)] 3 mpiopiTeTHOIO MOJIEKYISIPHOIO POPMOIO OPraHiuHOro Jliranay. Y 4eTBepToOMY pPO3aisi
HaBOJATbCS PE3YJIbTATU €KCIIEPUMEHTAJIBHUX LOCIIIIPKEHD IIPOLECIB XiMIYHOTO Ta €JIEKTPOXIMIYHOIO CUHTE3Y T~
KoMmIwieKciB Cu+ 3 masieiHOBOIO KUCIIOTOI0. [T0Ka3aHo, 110 NPy €JIEKTPOXiMIYHOMY BUIIJIEHH] OCa/liB LIJISIXOM
KaTOJHOrO BiffHOBJIeHHS ioHiB Cu2+ 3 Kucsoro po3unHy CuSO4 y npucyTHOCTI ManeiHOBOi Kucaotu GpopmyeTbCst
Ipi6HOKpHUCTAJIYHMII TOPOLIOK 3 PO3MipOM YaCTUHOK 10 1 MKM 3 BUCOKUM BMicToM MeTaity (97,9 mac. %). [lpu
BigHOBJIeHHI Cu2+-iOHiB 3 TAKOrO PO3UMHY XiMiYHMM CIIOCOOOM (BiZlHOBHUK — METAJIiUHMI LIUHK), CHHTE3YEThCS

METaJIOPraHiyHa AUCIEPCis, B SIKi BMICT MeTasly 3HUXKYeThCs 0o 39,7 mac. %.

2. The dissertation is devoted to the study of the electronic structure of copper complexes with maleic, fumaric
and acrylic acids in an aqueous medium, to the elucidation of the mechanism of electrochemical and chemical
processes with their participation, and to the determination of the characteristics of the methods of obtaining
stable copper n-complexes. In the first chapter, literary sources are systematized, in which the conditions of
synthesis and the results of research into the structure of copper n-complexes with unsaturated organic ligands,
quantum-chemical modeling of their structures and possible electrochemical reactions are considered. Based on
the analysis of the collected information, it was concluded that the majority of n-complexes of Cu+ with
unsaturated organic compounds were electrochemically or preparatively isolated from non-aqueous solutions. A
necessary condition for the formation of such n-complexes from solutions is the simultaneous presence of a -
bond (Cu+(C=C)) and a o-bond of Cu+ with the halide anion. The geometric structure of the synthesized crystalline
n-complexes of Cu+ with various olefinic compounds was studied in detail and the characteristics of their crystal
lattice were given, indicating the interatomic bond distances, but the efficiency and features of the electronic



structure of such bonds were not sufficiently studied. It is noted that there is a very limited range of works on the
formation of n-complexes of Cu+ in aqueous solutions, which are promising for practical use, in particular as
antiseptics or other bactericidal preparations. Taking into account the full difficulty of applying physical methods
in these objects, the need to involve quantum-chemical modeling as one of the most advanced modern methods of
studying the structure and reactivity of organometallic compounds is justified. The obtained theoretical models
represent an important basis for identifying the conditions for the course of reactions with the participation of
copper n-complexes. The second chapter describes the research methods, chemical reagents and conditions of
their use used in the work. The third section includes the results of quantum-chemical modeling of copper acid-
aqua complexes. Based on a comprehensive analysis of the received data on the electronic configuration and
energy of the research objects, a number of important conclusions were made. In particular, it was shown that
intraspherical water molecules stabilize copper acido-aqua complexes. Cu2+ ions in the presence of organic acid
anions hold up to four water molecules, Cu+ ions - up to three, Cu0 atoms - up to two. Cu2+ ions form only o-
complexes and only with anions. Cu+ ions mainly form n-complexes (21 out of 23 possible complex structures) with
all forms of acids. o-bonding is not typical for Cu0, 15 stable n-complexes were found here, 8 of them with
molecular forms of ligands (two with HA and three each with H2M and H2F). Only in three complexes
([Cu+(H20)2(H2F)], [Cu+(H20)2(F2-] and [Cu0(H20)2(H2F)]) both Carbon atoms participate in the (dn-pm)-
interaction (C=C)-fragment of an unsaturated acid. In other cases, the n-bond with the central atom forms one
Carbon atom, despite the fact that the interatomic distances (Cu+-C1) and (Cu+-C2) are close to each other and
practically coincide with the corresponding values found experimentally for similar compounds. Water molecules
act synergistically on the n-bond energy in [Cu+(H20)n(L)] and [CuO(H20)n(L)] complexes. In some cases, the
growth effect Eb(Cu+-C1) reaches 40%. At the same time, water molecules cancel out the difference in n-bond
energy due to the number of carboxyl groups and the geometry of the acid. The mutual influence of o-bonds
(H20-Cu+) in n-complexes has an antagonistic character. Each subsequent water molecule reduces the binding
energy of the previous one by at least 20 %. It is shown that the mechanism of the stage of one-electron reduction
of Cu2+ ions in the composition of acidoaquacomplexes with ionized forms of acids includes the transformation of
the intermediate [Cu+(H20)4(o-L)] into [Cu+(H20)3(n-L)]. The expected product of the two-electron reduction of
Cu2+ is the n-complex [CuO(H20)(n-L)] with the preferred molecular form of the organic ligand. The fourth
chapter presents the results of experimental studies of the processes of chemical and electrochemical synthesis of
n-complexes of Cu+ with maleic acid. It is shown that during the electrochemical separation of sediments by
cathodic reduction of Cu2+ ions from an acidic solution of CuSO4 in the presence of maleic acid, a fine crystalline
powder with a particle size of up to 1 um with a high metal content (97.9 wt.%) is formed. When reducing Cu2+ ions
from such a solution by a chemical method (the reducing agent is metallic zinc), an organometallic dispersion is
synthesized, in which the metal content is reduced to 39.7 wt. %.
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