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2. Paratungstate-anions ion pairs with Mn2+, Co2+ and Cu2+ in low acidity solution and in salts composition

Pedepar:

1. Incepraliiio NprUCBsIYEHO NOCiI)KeHHIO B3aeMO/Ii B MiJKUCIEHUX 40 HU3bKOT'O 3HAU€HHS KUCJIOTHOCTI Z = C(H+)
/ C(WO42-) < 1,60 BogHMX pO34MHaX HATPil0 OPTOBOJIb(paMary 3a NPUCYTHOCTI KaTioHiB d-meTainiB (M2+ = Mn2+,
Co2+, Cu2+). Metogom Y®-cnektpockomnii 3apikcoBaHO 6aTOXPOMHMUIA 3CYB CMYT KOJIMBAHHS 3 IEPEHOCOM 3apsify,
110 CBiTYMTH IIPO YTBOPEHHS COJIbBATHUX MOHHUX acouiaTiB. [IpoBeieHo KOHOYKTOMETpUYHe Ta pH-
IIOTEHL[JOMETPUYHE JIOCIIIKEHHSI CTaHy I10JIIOKCOMETAaT-aHioOHiB Y po3unHax cucteM M2+ - WO42- (Z = 1,00) -
H+/ OH- - H20, (M2+= Mn2+, Co2+) i Cu2+ - WO42- (Z = 1,17) - H+/ OH- - H20 3a CW = 0,01 mosb /1. MeToziOM
quasi-Newton 3a nporpamoto CLINP 2.1 3niiicCHeHO MOZI€/IIOBaHHS PIBHOBaKHUX ITPOLIECIB OJIiMepu3alii, aKi
BiZOYBalOTHCS 32 3MiHM KUMCJIOTHOCTI PO34MHY Mif| Ii€l0 IPOTOHIB Ta rifpOKCUIbHUX IpyIl. Ha OCHOBI pe3ysbTartiB
KOHJYKTOMETPUYHOTO TUTPYBaHHS, YP-CIIEKTPOCKOIIii Ta MOJEJII0BAaHHS [1I0Ka3aHO, 110 IPUCYTHICTb KaTioHiB d-
MeTasiB cTabinisye napasosbdpamar b - anionn y surmnagi ionHux nap M(OH)b(2-b)+, Ha[W12040(OH)2]10- (b = 0-

1,a=0-3; M = Mn, Co, Cu), y Takux po3urHax. Bniepie Bu3HaueHo jlorapudpmu KOHIEHTPaLiliHUX KOHCTAHT



yTBOpeHHs NoHHUX nap (IgKC), nobynosaHo fiarpaMu ix po3nofiay, BCTAHOBJIEHO B3a€MHI epexoay MiXK HUMMU.
Metonom Ilituepa (Pitzer) po3paxoBaHo jiorapu@pmy TepMOAUMHAMIYHUX KOHCTAHT YTBOPEHHS oHHUX map (1gKO0),
sIKi 03BOJIMIIM po3paxyBaTu eHeprii ['i66ca peaklliil yTBOpeHHs OHHUX [1ap 3 MOHOMEPHUX ioHiB (ArGO),
craHaapTHi eHeprii [i66ca yrBopeHHs HoHHUX nap (ArGOf, 298,15), eneprii I'i66ca yrBopeHHs iOHHUX nap 3a
peaxiiero Mix izonosiBosbpamar-aHioHamu Ta KaTioHom d-metany (AGOx). OTpuMaHi TepMOAMHAMIYHI
XapaKTEPUCTUKU YTBOPEHHS IOHHUX T1ap MOXXYTb OYTU BKJIIOUEHI 10 6a3 TaHMX TEPMOIVMHAMIYHUX BEJIUYMH,
BMKOPHCTOBYBATHUCS SIK IOBiJIKOBI JIaHi I1iJi 4ac CTBOPEHHS ONTMMAaJIbHAX YMOB CUHTe3y nlapaBosibdpamaris b ta
MOSICHEHHI MifBUIIEeHOi CTabiIbHOCTI napaBosbdpamar b - aHiOHIB 3a IPUCYTHOCTI KaTioHiB d-meTay. [lokasaHo,
110 KaTioHu d-MeTaJiiB i BUKOPUCTAHHS alleTaTHOI KUCJIOTH 71l CTBOPEHHS KUCJIOTHOCTI pO3YMHY, CTabinizye
napaBosibdpamar b - aHiOHM i IOSICHIOE YTBOPEHHS NapBojibdpamMariB d-MeTasiB B IMpoKoMy iHTepBaii pH. Bonu
OyIyTb KOPMCHUMM IIPY MOZEJIIOBAaHHI MEXaHi3MiB He TiJIbKM peaKLill oJiMepu3allii 3 yTBOPEHHSIM
I0JIIOKCOMETAIATIB, a I peakliil 3a y4acTio N-OKCUJIbHUX PAaJUKaJiB, B SIKUX i3010J1iBOJIb()paMaT-aHiOHU MOXKYTb
OyTu e(EeKTUBHUMU KaTasizaTopamu. JJOCTiIKEHHS] yMOB Peaklliil J03BOJINJIO PO3POOUTH METOJUKY CUHTE3Y
izonosiBosib(ppamaTiB y NiAKUCIEHOMY [0 IIOTPiIGHOTO 3HAYEHHS Z BOJHOMY PO34MHi HATpPil0 OPTOBOJIb(pamMaTy Mif,
4ac [0JaBaHHS PO34MHY KaTioHy d-meTtany (Mn2+, Co2+, Cu2+). Ckiag OTPMMAaHUX CIIOJIYK BU3HAYEHO 32
IIOIIOMOTOI0 METO/iB XiMiYHOTO €JIEMEHTHOTO aHaJli3y Ta PEHTT€HOCIIEKTPAJIbHOTO MiKpOaHasisy. 3a pe3yabTaTaMu
[Y-cnexTpockoriii, 5IK 3a [10JI0’KEHHSIM, TaK i 332 iIHTEHCUBHICTIO MaKCUMYMiB IIOIJIMHAHHS, i€eHTUPIKOBAHO
napaBosibpamar b - aHiOH y CKJIaJli BCiX CUHTE30BaHUX COJIel. Biepie CHHTEe30BaHO [I€B'SITh COJEN
(Na4Mn3[W12040(OH)2]-26H20, K6Mn2[W12040(OH)2]-nH20 (n = 17 a6o 24), Na4Co3[W12040(OH)2]-30H20,
Na6Cu2[W12040(OH)2]-31H20, Na2Cu4[W12040(OH)2]-22H20, Na2Cu3(CuOH)2[W12040(OH)2]o32H20,
Cu5[W12040(0OH)2]-2Cu(OH)2-30H20, Co5[W12040(0OH)2]-Co(OH)2-19H20), 3 IKUX CTPYKTYPHO OXapaKTepHU30BaHO
'sTb. 3a Z = 1,00 i3 po34nHy HaTpil0 OpTOBOIbGPaAMaTy 3a MPUCYTHOCTI KaTioHiB MaHrany(Il) Ta kasnito(I) 6ysno
BUTiZIeHO [1Bi KpUCTasiyHi coii noggifiHoro kanito-manrany(ll) mapasonsdpamary b KEMn2[W12040(OH)2]-17H20 i
K6Mn2[W12040(0OH)2]-24H20, siKki Bigpi3HSIIOTHCS Pi3HUMU MOJlieipaMy aTOMIB KaJlilo, 3 KOOPAWHALIMHUMU
yucnamu 819, ta 8, 91 10 BingnosigHo.

2. The dissertation is devoted to the study of the interaction in sodium orthotungstate aqueous solutions acidified
to a low acidity value Z = C(H+) / C(W042-) < 1,60 in the presence of d-metal cations (M2+ = Mn2+, Co2+, Cu2+).
The bathochromic shift of vibration bands with charge transfer was fixed by UV spectroscopy method, which
indicates the formation of solvate ion associates. A conductometric and pH-potentiometric study of the
polyoxometalate anions state in solutions of systems M2+ - WO42- (Z = 1,00) - H+/ OH- - H20, (M2+= Mn2+,
Co2+) and Cu2+ - WO42- (Z = 1,17) - H+/ OH- - H20 at CW = 0,01 mol /L was carried out. The modeling of
equilibrium polymerization processes that occur under the action of protons and hydroxyl groups due to changes
in the acidity of the solution was carried out using the quasi-Newton method in the CLINP 2.1 program. The results
of conductometric titration, UV spectroscopy and modeling have shown that the presence of d-metal cations
stabilizes paratungstate B - anions in the form of ion pairs M(OH)b(2-b)+, Ha[W12040(OH)2]10- (b = 0-1,a = 0-3; M
= Mn, Co, Cu) in these solutions. The logarithms of the concentration constants of ion pair formation (IgkC) were
determined, diagrams of their distribution were built, and mutual transitions between them were established for
the first time. The logarithms of the thermodynamic constants of ion pair formation (IgK0) were calculated using
the Pitzer method, which allowed to calculate Gibbs energies of reactions of ion pair formation from monomeric
ions (ArGO0), standard Gibbs energies of ion pair formation (ArGOf, 298,15), Gibbs energies of ion pair formation by
reaction between isopolytungstate anions and d-metal cation (AGOx). The obtained thermodynamic
characteristics of the ion pairs formation could be included in databases of thermodynamic quantities, used as
reference data to develop optimal synthesis conditions for paratungstates B and explained by the increased
stability of paratungstate B anions in the presence of d-metal cations. It is shown that the use of d-metals cations
and acetic acid to create the acidity of the solution stabilizes paratungstate B - anions and explains the formation
of paratungstates B of d-metals in a wide pH range. It would be useful for modeling of the mechanisms of not only
polymerization reactions with the polyoxometalates formation, but also of reactions involving N-oxyl radicals, in
which isopolytungstate anions can be effective catalysts. The study of reaction conditions has made it possible to



develop the synthesis procedures of isopolytungstates in a sodium orthotungstate aqueous solution acidified to
the exact acidity value Z with the addition of a d-metal cation (Mn2+, Co2+, Cu2+) solution have been developed.
The composition of the obtained compounds was determined by the methods of chemical elemental analysis and
energy dispersive X-ray analysis. The paratungstate B anions were identified in the composition of all synthesized
salts, according to the results of FTIR spectroscopy, both by the position and by the intensity of the absorption
maxima. Nine salts were synthesized for the first time (Na4Mn3[W12040(OH)2]-26H20,
K6Mn2[W12040(OH)2]'nH20 (n = 17 or 24), Na4Co3[W12040(OH)2]-30H20, Na6Cu2[W12040(OH)2]-31H20,
Na2Cu4[W12040(OH)2]-22H20, Na2Cu3(CuOH)2[W12040(OH)2]u32H20, Cu5[W12040(OH)2]-2Cu(OH)2-30H20,
Co5[W12040(0OH)2]-Co(OH)2-19H20), five of which were structurally characterized. Two crystal structures of
potassium-manganese(Il) paratungstate B K6Mn2[W12040(0OH)2]-17H20 and K6Mn2[W12040(OH)2]-24H20 were
isolated at acidity Z = 1,00 from a solution of sodium orthotungstate in the presence of manganese(II) and
potassium(l) cations. They are different by polyhedra of potassium atoms, with coordination numbers of 8 and 9,
and 8, 9 and 10, respectively.
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