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Pedepar:

1. Inceprauifiny po60Ty IPUCBSIYEHO AOCiIKEHHIO eJIeKTPOHHOI Oy10BY XJIOPUAHUX allioakBakomILIekcis Cu+ 3
HEHACUYEHUMH OPraHiuYHUMU KUCJIOTaMU Y BOGHOMY CEpPEeLOBUIL, 3'SICYBaHHIO XiMiUHUX NIPOLECIB 3a y4acTi LUX
KOMIIJIEKCiB, BUBHAUYEHHIO KOPEJISLiNHNX 3aJIe>KHOCTEN MIXK pO3PaXyHKOBUMU Ta €KCIIEPUMEHTATbHUMU
rnapameTpamu [Jisl 0-aiug0akBakoMILiekciB Cu2+ 3 OTHOOCHOBHMMM Ta TBOXOCHOBMMM KapOOHOBUMU KUCTIOTaMU. Y
IIepILIOMY PO37isi IPOBEeAEHUI aHali3 JliTepaTypHUX IKEPeJl, B Pe3yJbTaTi IKOTo 6yJI0 PO3IJIIHYTO OCOOJIMBOCTI
reOMETPUYHOI OYLOBU N-KOMILIEKCIB Kynpymy(l) 3 HEeHaCMUEHUMY OPraHiuHUMU JliraHIaMU. Y IPyroMy po3zii
OTIMCaHi BUKOPHUCTaHi y pobOTi TEOPETHYHI Ta eKCIIepUMEHTAJIbHI METOIN AOCTiIKEHHS, XiMiuHi peakTuBu Ta

YMOBH iX 3aCTOCYBaHH4. [0 TPETHOrO PO3MiNy YBIAIIIN PE3YyJIbTaTA KBAHTOBO-XIMIYHOTO MOZEJIIOBAHHS XJIOPUIHUX



T-alig0aKBAaKOMILJIEKCIB 3 MaIe{HOBOIO KUCJIOTOM. 17151 KacTepiB 3aranbHoro ckiuany [Cu+(L)(Cl-)(H20)n](H20)2-n
OyJiy IOKa3aHi 3aKOHOMIPHOCTI CyMicHOI [iii 0- Ta n-JliraHiiB Ha €JIeKTPOHHY OYZOBY i TEPMOAVHAMIUHI ITapameTpu
anupoakeaxjopokomiekcis Cu+. Byso IpogeMoHCTPOBaHoO, 10 HalKpallli eHePreTUYHi XxapakTePUCTUKU MAIOTh
0€3BOJIHI XJIOPUIHI KOMIIJIEKCU 3 MOJIEKYJIaMU HEHACUYEHUX OPTaHiYHUX KUCJIOT. B HUX JOCSTal0ThCsl MAKCUMAJIbHI
3HAYEHHS €HEePrill 3B'S13yBaHHS LIEHTPAJIbHOTO aToMa 3 Xopuz-ioHoM (150 + 1 kJI)X/M0J1b) Ta OPraHiYHUM JIiraHAOM
(130 £ 1 kI /MoJIb), sIKi MPaKTUYHO He 3ajeXaTb Bi npuponu kucaoTu. [Ipuennanns no [Cu+(L)(Cl-)] monekyn
BOJM € TEPMOJMHAMIYHO BUTiTHUM ITpouecoM (AEr = 10 - 60 k]JI)k/MoJib), IKUI CIIpUsIE TEPEXOy Bifl O-3B'SI13yBaHHS
LIEHTPaJIbHUM aTOMOM aHIOHHMX (POPM OpraHiuHUX JiraHmis, 4o n-3B’a3yBaHHs. CTabibHI T-KOMILIEKCH
[Cu+(L)(H20)(Cl-)] icHytoTh 3 ycima ¢popmamMy AOCTiIKEHUX KUCJIOT. B TpeTboMy po31isi Ha MificTaBi aHai3y
Pe3yJbTaTiB KBAHTOBO-XiMiUHOIO MOJI€/II0OBaHHSI €JIEKTPOHHOI Oy/10BM aKkBakoMILIeKCiB Cu2+, [0 MiCTSTbh aHIOHU
OPraHiYHUX KUACJIOT Ta XJIOPUJ-iOHHU, 6yJI0 BCTAHOBJIEHO, 110 JOCiIPKyBaHUIA Psifl OPraHiYHMX KUCJIOT yTBOPIOE MBi
JiHiAHI KopesninHi 3anexxHocTti pK MoHOo3aMimeHux anuaoakBakomiieke Cu2+ Bif e peKTUBHOTO 3apsiay
LleHTpaJIbHOrO aroma. OfiHa BiTHOCUTHCS IO aHiIOHIB OTHOOCHOBHUX KUCJIOT, iHIIA — 10 aHIOHIB JBOOCHOBHUX
KUCJIOT. 3 BUKOPUCTAaHHIM NapaMeTpiB BignosinHoi pK, Z*(Cu2+)-3a1e5XHOCTi Ta pe3y/IbTaTiB po3paxyHKy Z*(Cu2+)
BA3HA4Y€HO 3Ha4eHHs pK 1714 akpunaTHUX KoMIuieKciB CuZ+, mo gopiBHioe 1,778, BiTOMOCTI IIPO SKy Y JliTeparypi
BigcyTHi. [IpoBonuiack oujiHKa cTyneHs 3MiHu eeKTUBHOTrO 3apsny ioHiB Cu2+ y komriekcax [Cu2+(L)], B
Pe3yJbTaTi 4Ooro /1Jis BCix JiiraHziB 6ysa OpiBHSIHA €/1eKTPOJOHOPHICTD B PSiy: aHIOHU OpraHiyHux KucjuoT (-51,95
%) > Cl-(-47,75 %) > H20(-21,45 %). OnHak, y nojisiraHAH1X KOMILJIEKCAX 32 PAaXyHOK YTBOPEHHS 6iZleHTaTHOTrO
rigpary L. H20 aHioHM OpraHiyHMX KMCJIOT IIOCTYNAIOThCS XJI0pU-ioHaM. Byso nokasaHo, mo BeegeHHs Cl--
aHiOHIB y BHYTPIIIHIO KOOPJMHALIMHY cdepy MOHO3aMillleHNX aHiOHaMU OpPraHiYHUX KUCJIOT akBakoMILiekciB Cu2+
IIPU3BOJUTH 10 3aKOHOMIPHOTO 110cJ1a0y1eHHs 3B'93KiB Cu2+-L. [Ipyu LIbOMY CTyIiHb 3MEHILIEHHS €HEPTii 3B's13yBaHHS
(Cu2+-L)-3B's13Ky 3a/1€KUTb Bifl IPUPOAM OPraHivyHOi KUCIOTH. [lj11 HACUYEHUX CTPYKTYP Pi3HULS €Heprii
3B'SI3yBaHHS 3HaXOIUThCS B iHTepBai 2-8 KIIK/MoJib, 111 HeHacudeHuX — gocsrae 20 kI /mMoyb. CHHXPOHHO
3MiHIOETBCS | eHepreTyka peaklii 3amileHHs MOJIeKyJl BOAU B auoakBakoMIieke Cu2+ aHioHaMu XJI0py (3 —4 1o
-30 kII>)x/Mosb). Lle, a TakoX Te, 10 eHepreTUyHu edekT peakiii npuegHanus Cl- go anugoakBakomiiekcis Cu2+
3 HEHAaCMYEHVMMM aHiOHAMU € Ie 6inbIInM, nocsaraioun —62 kI /MoJb Y IPUCYTHOCTI (pymapaT-ioHiB, CTBOpIOE
CIIPUSITIIVIBI TIOYATKOBI YMOBH JJI1 CUHTE3Y 3MillIaHUX Al O0XJIOPOKOMILIEKCIB Cu2+. Y 4eTBEPTOMY PO3.isi
HaABOJSATHCS PE3yJIbTaTU eKClIepUMEHTaNbHUX (BUAUMUNA-YIIbTpadioseToBuii Aiara3oH) Ta TEOPETUIHUX
€JIEKTPOHHUX CIIEKTPiB N-KOMILIEKCiB Cu+ 3 Mae{HOBOIO KUCIIOTOM. [ToKa3aHo, ONTUMaJbHI YMOBU
€JIEKTPOXIMIYHOTIO CHHTEe3y MaJleiHaTHUX KoMIiekciB Cu+, sKi 3a6e3nedyioTs mpaktudHo 100 % Buxiz 3a cTpyMoMm
11i7IbOBOTO IIPOJYKTY. A came NOTEeHIi0CTaTUYHUI PeXXuM, noteHuian anoga 0,1 B BigHOCHO Xy10puACPi6GHOrO
€JIEKTPOJa NIOPiBHSAHHS, KOHLEHTpallisg ManeiHoBoi kucaortu 0,1 moss /11, (pH = 2), t° = 60° C.

2. The dissertation is dedicated to the investigation of the electronic structure of Cun acidoaquachlorocomplexes
with unsaturated organic acids in an aqueous medium, elucidation of chemical processes involving these
complexes, and determination of correlation dependencies between calculated and experimental parameters for o-
acidoaqua complexes of Cu2+ with monobasic and dibasic carboxylic acids. In the first chapter, a literature review
was conducted, examining the features of the geometric structure of n-complexes of copper(I) with unsaturated
organic ligands. In the second chapter, the theoretical and experimental methods used in the study, as well as the
chemical reagents and conditions of their application, are described. The third chapter presents the results of
quantum-chemical modeling of chloride n-acidoaqua complexes with maleic acid. For clusters of general
composition [Cu+(L)(Clo)(H20)n](H20)2-n, regularities of the combined action of o- and n-ligands on the electronic
structure and thermodynamic parameters of Cuno acidoaqua chloride complexes were demonstrated. It was shown
that anhydrous chloride complexes with molecules of unsaturated organic acids exhibit the best energetic
characteristics. They achieve maximum values of binding energies between the central atom and the chloride ion
(150 + 1 kJ /mol) and the organic ligand (130 + 1 kJ /mol), which practically do not depend on the nature of the acid.
The attachment of water molecules to [Cun(L)(Clo)] is a thermodynamically favorable process (AEr = 10 - 60 kJ /mol),
promoting the transition from o-bonding by the central atom to the anionic forms of organic ligands to n-bonding.
Stable n-complexes [Cun(L)(H20)(Cln)] exist with all investigated acid forms. In the third section, based on the



analysis of the results of quantum-chemical modeling of the electronic structure of Cu2+ aqua complexes
containing organic acid anions and chloride ions, it was established that the investigated series of organic acid
forms two linear correlation dependencies of pKa monosubstituted acidoaqua complexes Cu2+ on the effective
charge of the central atom. One relates to the anions of monobasic acids, and the other relates to the anions of
dibasic acids. Using the parameters of the corresponding pKa, Z*(Cu2+)-dependence, and the results of calculating
z*(Cu2+), the value of pKa for acrylic complexes Cu2+ was determined to be 1.778, for which information is absent
in the literature. An assessment was conducted to determine the extent of the effective charge change of Cu2+
ions in [Cu2+(L)] complexes, as a result of which the electron-donating ability was compared for all ligands in the
series: organic acid anions (-51.95 %) > Cl- (-47.75 %) > H20 (-21.45 %). However, in the polyligand complexes, due
to the formation of a bidentate hydrate L . H20, organic acid anions yield chloride ions. It was demonstrated that
the introduction of CI- ions into the inner coordination sphere of mono-substituted organic acid anion aqua
complexes Cu2+ leads to a systematic weakening of the Cu2+-L bonds. The degree of reduction in bond energy
(Cu2+-L) depends on the nature of the organic acid. For saturated structures, the difference in binding energy is in
the range of 2-8 kJ /mol, while for unsaturated ones, it reaches up to 20 kJ /mol. Simultaneously, there is a change
in the energy of the reaction of water molecule substitution in acidoaqua complexes Cu2+ by chloride anions (from
-4 to -30 kJ/mol). This, along with the fact that the energy effect of the reaction of Cl- attachment to Cu2+
acidoaqua complexes with unsaturated anions is even greater, reaching -62 kJ /mol in the presence of fumarate
ions, creates favorable conditions for the synthesis of mixed acidochlorocomplexes Cu2+. In the fourth chapter,
the text continues with an analysis of maleate complexes of Cun, including experimental (visible-ultraviolet range)
and theoretical electronic spectra. Optimal conditions for the electrochemical synthesis of maleate complexes of
Cun are shown, ensuring nearly 100 % yield of the target product. Specifically, a potentiostatic mode, an anode
potential of 0.1V relative to a silver chloride reference electrode, a concentration of maleic acid at 0.1 mol /L (pH =
2), and a temperature of 60 °C. The fifth chapter discusses the spectrophotometric and quantum-chemical
determination of the composition of the obtained product [Cun(H20)3(HMn)] in an aqueous solution. The difference
in absorption wavelengths for the n-bond of Cun with the sp2-hybridized carbon atom of the vinyl fragment of the
maleate ion (around 400 nm) and the o-bond of Cun with the ionized carboxyl group (around 300 nm) is chosen as
the diagnostic criterion for identifying the nature of the complex. For quantitative analysis, an A, C-dependence
measured at 360 nm is proposed.
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