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Byuxko O.B. I'omo0- Ta rerepomMeTaiyHi HMTPATOrepMAHATH(CTAHATH)
pi3Hux TuniB. CHHTE3, CTPYKTYPA i BJIacTUBOCTI. — Pykomnuc.

Jucepraliisi Ha 3100yTTS HAYKOBOTO CTymHeHs J0KTop inocodii 3a
cnemianbHicTiO 102 «Ximis». — Onechbkuit HaIloHaNbHUH yHiBepcuTeT imMeHi L1
MeunukoBa, Oneca, 2021.

B poboTi po3pobiieHO HOBHWH MiAXig MO CHHTE3Y pI3HUX THITB
KOOPJMHAIIIMHAX CYIPaMOJEKYJIAPHUX CTPYKTYp, IO KPHUCTANi3yIOThCA B
cuctemax GeO; — TMMOHHA KUCJIOTa — HITPOTEHBMICHI OpPTraHiuHI MOJIEKYJIU Ta
GeO,/SnCl; — numonna kucnora — cine 3d-metany — 1,10-¢enanrponin/2,2’-
Ooimipuaun. IlocTaniiiHOIO B3a€EMOJIIEI0 OKPEMHUX KOMIIOHEHTIB MK CO0O00
CTBOPIOIOTHCSI YMOBH I ICHYBaHHS B PO34MHI OJIOKIB, HA OCHOBI SIKHX 3a
PaxyHOK 10H-10HHUX, KOBAJICHTHUX, JOHOPHO-aKIIENTOPHUX, BOAHEBUX 3B’ SI3KIB
BIIOyBa€eThCsl  mojaibiie  (OpPMYBaHHS TOMO- Ta  TE€TEPOMETANTIYHUX
HMTpaTorepmMaHaTiB (CTaHaTIB).

CtBOpeHO oONTHUMalbHI METOJW, BIHEpIIe OJepkaHo 27 HOBHX
KOOPJMHAIIIMHUX  CIOJIYK, Cepel  SKUX  CYNpPaMoOJIeKYJspHI  coii 3
HUTpaTOrepMaHaTHUMHU aHIOHAMU Ta TMPOTOHOBAHUMH HITPOT€HBMICHUMU
OpraHIYHUMHU MOJIEKyJJaMd B SKOCTI KaTiOHIB, a TaKOX pPI3HOMETAJIbHO-
pisHomiranani  komiwiekcu repMmanito(IV)/cranymy(IV) ta 3d-merani 3
JIMMOHHOIO  KHCIOTOI0O Ta TeTEepOLMKIIYHMMH aMiHaMu. IX BcebGiuHO
OXapaKTePU30BaHO CYKYMHICTIO METOJIB: eleMeHTHui ananmi3, [Y, JIB
CHEKTPOCKOIIi, TEPMOTpaBIMETPisl, MAC-CIIEKTPOMETPIsl, PEHTT€HOCTPYKTYPHUI
aHaJ13 MOHOKPHCTAJIIB.

JloBeeHO 3MaTHICTh ICHYIOYOI Y PO3YMHI IIUTPATOrepPMaHATHOI KUCIOTH
YTBOPIOBATU CYNPAMOJIEKYJIIPHI COJII 3 MPOTOHOBAHMMHU HITPOTEHBMICHUMU
OpraHiYHUMHU MOJIEKYJIaMU: 130HIKOTMHOBAa KHCJIOTa Ta O€H3IMiZa3onl — IO
HITPOr€HY TeTePOLMKIY, TiAPa3uAN 130HIKOTUHOBOI Ta MIKOJIHOBOT KMCIOTH —

no HitporeHy NHy-rpymu, 2-(4-mipuauiMeTHIeH)riapasu  130HIKOTHHOBOT



KHUCIIOTH — OJMH I10 HITPOT€HY T'€TEPOLMKITY, APYTUA — HITPOTe€HY a30METUHOBOT
rpynu. IX cTpyKTypa BiJHOCHTBCS 10 KaTiOH-aHIOHHOTO TUITY 3 PO3TalyKEeHOIO
CUCTEMOIO BOJAHEBUX 3BA3KIB.

[IpocTexeHno BILIMB pi3HUX (akTOpiB Ha ckiad Ta OyAOBY MPOIYKTIB
KOMIUIEKCOYTBOpPEHHS B cucteMax MX, — 2,2 -6imipuaun/1,10-dhenantponin —
GeO;, — numonHa kuciora (M = Mn, Co, Ni, Zn, Cu; X = Cl, NO3;, CH3;COO;
M=Fe, X=S0,)). Qs Ni(ll), Zn He3ane:xHO Bij aHIOHY BUXIiaHOI coii 1 2,2'-
6imipuann/1,10-henanTponin ckian i 6y10Ba KOMIUIEKCIB, IO YTBOPIOIOTHCS, HE
3MiHIOeTbea. CyTTeBa pI3HUII NpocTexeHa Ha mpukiaal komiuiekcie Mn(Il),
Co(II), Cu(Il) B 3amex’HOCTI BiJl aHIOHY BHXIJHOI COJII YTBOPIOIOTBHCSI CHOIYKH
pI3HOTO THUIy — KaTlOH-aHIOHHI a0o reteposiaepHi. BusBieHa 0coOJIUBICTH
Cu(ll), sx KOMITJICKCOYTBOPIOBaYa, 110 MOB’sA3aHa 3 11 CIEKTPOHHOI OYI0BOIO
(d°) i 3pmaTHiCTIO YTBOPIOBATM KOMIUIEKCH 3 KOOPAMHALIMHMM 4uCIOM 6 i 5.
BcranoBiieHo, 1110 3aMiHa TeTepOIMKIIYHOTO aMiHa Ha TiApa3ua 130HIKOTUHOBOT
KHCIIOTH TIPU3BOJUTH 1O YTBOPEHHS TE€TEPOMETATIYHOTO KOOPIAMHAIIIHOTO
moaiMepy, B SAKOMY LUTPaT y IOBHICTIO aenporoHoBaniii ¢opmi Cit* e
MICTKOBUM MDK FeépMaHie€M Ta KyIpyMOM, a Tiapa3uj] — MICTKOBO 3B’SI3y€ JBa
aTOMM KyNpyMy: 3 OHHM — Yepe3 aTOM HITPOreHy MipUAMHOBOIO KiJbI, a 3
iHIIMM — yepe3 okcured C=0O Tta Hitporen NHy-rpyn rifpazuaHoi rpynu.

BusHayeHo, 110 BCl OfiepKaHl UUTPATOCTAHAHTH € KaTiOH-aHIOHHUMU 3
KOMIJIEKCHUM aHIOHOM, B SIKOMY KOOpPAMHAI[IMHUN TOJIEAp CTaHyMy —
BUKPUBJICHUA OKTaep, YTBOPEHUN TphOMa IMapaMy aTOMIB OKCHUTEHY JBOX
MOHONPOTOHOBAHUX ITUTPATHUX JITaHIIB, TOMIOHMH 10 ICHYHOYUX B
[UTpaTOrepMaHaTHUX KOMILIEKCaX.

BusiBieHo 37aTHICTH IUTpATOTEpMAaHATIB IMiABUITYBATH aKTUBHICTH 0-L-
pamuo3uaaz Bacillus sp. 19, C. albidus, E. erubescens ta P. Tardum, ix
MPOTUCYJOMHA AaKTHUBHICTh IO AHTArOHI3MY 3 KOPa3oJioM Ta MOIU(DIKyrOUl

BJIACTUBOCTI IPU OTPUMAaHHI MOJIMEPHUX MaTepialiB.



Kniouogi cnosa: xoopauHaiiitH1 COJyKH (KOMITJIEKCH ), TepMaHii, CTaHyM,
3d-meTanu (MaHTaH, 32130, KOOAIBT, HIKENIb, KYIIPYM, IIHHK ), IMMOHHA KHCJIOTA,
1,10-penantponin, 2,2-0lMipuadH, HITPOTEHBMICHI OpraHiyHI MOJICKYJIHU,

CHEKTpaIbHI XapaKTepUCTUKH, KpUCTATIIYHA CTPYKTYpa.



ANOTATION

Buchko O.V. Different types of homo- and heterometallic
(citrato)germanates (stannates). Synthesis, structures and properties. —
Manuscript.

The dissertation on competition of a scientific degree of the doctor of
philosophy by specialty 102 “Chemistry”. — Odessa National Mechnikov
University, Odesa, 2021.

A new approach in the synthesis of different types of coordination
supramolecular structures, that crystalize from the systems GeO, —citric acid-
nitrogen-containing organic molecules and GeO2/SnCl, — citric acid — 3d metal
salt — 1,10-phenanthroline/2,2"-bipyridine. The stepwise interaction of individual
components between each other creates conditions for existence of special blocks
that become the basis for formation of homo- and heterometallic
citratogermanates(stannates) with ion-ionic, covalent, donor-acceptor and
hydrogen bonds.

Optimal synthesis methods have been developed and allowed to obtain 27
new coordination compounds including supramolecular salts with
citratogermanate anions and protonated nitrogen-containing organic molecules as
cations and different-metal mixed-ligand complexes of Germanium(IV)/Tin(1V)
and 3d-metals with citric acid and heterocyclic amines. They have been fully
characterized with elemental analysis, IR-, Diffuse reflection spectroscopy,
thermogravimetry, mas-spectroscopy, X-Ray.

An ability of existing in the solution citratogermanate acid to form
supramolecular salts with the protonated nitrogen-containing organic molecules
was proved. Among such molecules there are isonicotinic acid and benzimidazole
that coordinate with nitrogen of heterocycle, hydrazides of isonicotinic and
picolinic acid that coordinate with nitrogen of NH,-group, hydrazide of 2-(4-

pyridylmethylene) while isonicotinic acid — with one nitrogen of heterocycle,



second — with the nitrogen of azomethine group. Their structures are of cation-
anionic type with the branched system of hydrogen bonds.

The influence of different factors on the composition and structure of the
complexation products in the systems MX;, — 2,2 -bipyridine/1,10-phenanthroline
— GeO, — citric acid (M = Mn, Co, Ni, Zn, Cu; X = CIl, NO3z, CH3COO; M=Fe,
X=S0,)) has been established. For Ni(Il) and Zn(Il) composition and structure of
complexes remain the same regardless the anion of the initial salt and influence
of 2,2"-bipyridine/1,10-phenanthroline. The significant difference in observed in
case of Mn(II), Co(II), Cu(II) that form compounds of dissimilar types — cation-
anionic or heteronuclear depending from the anion. A special property of Cu(ll)
as complexing agent connected with its electronic configuration (d®°) and ability
to form complexes with coordination numbers 6 and 5 have been revealed. It has
been also established that the replacement of heterocyclic amine for the hydrazide
of isonicotinic acid leads to the formation of heterometallic coordination polymer,
in which citrate is in the fully deprotonated form of Cit* and acts as a bridge
between copper and germanium, while hydrazide bonds with two copper atoms:
one through the nitrogen of pyridine ring, another one — through the oxygen C=0
and nitrogen of NH,-group in the hydrazide fragment.

It has been established that all citratostannates are compounds of cation-
anionic type with complex anion in which coordination polyhedron of tin is
distorted octahedron formed by three pairs of oxygen atoms of two
monoprotonated citric ligands, similar to the ones that exist in the
citratogermanate complexes.

An ability of citratogermanates to increase the activity of o-L-
rhamnosidase Bacillus sp. 19, C. albidus, E. erubescens and P. Tardum, their
anticonvulsant activity with antagonism to corazol and modifying properties in
the production of polymeric materials have been studied.

Key words: coordination compounds (complexes), germanium, tin, 3d-

metals (manganese, iron, cobalt, nickel, copper, zinc), citric acid, 1,10-



phenanthroline, 2,2 -bipirydine, nitrogen-containing organic ligands, spectral

properties, crystal structure.
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