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1. Incepraris mpucBsYeHa KOMILJIEKCHOMY [OCJIiZPKEHHIO PiBHOBAr' y BOJHUX po3unHax Boiabdpamy (VI) B
IIPUCYTHOCTI [1BO3apsiAHUX KaTioHIiB s- Ta d-MeTasiB (6apiio, CTPOHLIiIO, KaJblilo, KaJIMil0), BU3HAUEHHIO
TEPMOJVMHAMIYHUX XapaKTePUCTUK LIMX PiBHOBAr, pO3po0lli YMOB CUHTE3Y Ta BU3HAUYEHHIO Oy0BU
napasosibGpaMarTiB Kasbllilo, CTPOHLIiI0, 6apito Ta Kagmito. Y posini 1 mpoaHanisoBaHO METOIM Ta iCTOPit0
IOCTiKeHb CTaHy aHioHiB Bosbdpamy (VI) y BogHUX po3unHax, polecy noJikoHgeHcanii WO42- 3 yTBOpeHHSIM
ITIBA. Po3ryisHyTO METOJIUKY CUHTE3Y, OYZOBY i BJIACTUBOCTI BXXe BilOMHUX i3011071iBOJIb(PpamMaTiB [ BO3APSIAHUX
KaTioHiB s- Ta d-MeTasiB. Y po3ziii 2 HaBeeHO METOAMKY CTaHAAPTU3Aallil BUXiZHUX pedyoBUH, Qi3nyHi MeTogu
IOCJTIiIKeHHS CTaHy aHioHiB Bosibdpamy (VI) y po3unHi, METOLIMKY MOJIeIl0BaHHS 3a rporpamoio CLINP 2.1, meTog,
[TliTnepa, METOMKY CUHTE3Y Ta aHasi3y CKIany i O6yl0BU CHUHTE30BaHUX cosiell. Y po3aisi 3 nposeneHo pH-
IOTEHIL[iOMETPUYHI AOCIiIKEHHs ITpoLeciB nosikongeHcanii W(VI) 3 yrBopeHHsIM ioHHUX aconiarti Mk IT1BA Ta
M2+(M = Ba, Cd, Ca, Sr) y po3unHax. MeTo10M KOHIYKTOMETPUYHOTO TUTPYBAHHS BCTAHOBJIEHO YTBOPEHHS iI0HHUX

acomiariB 3i ciBBigHOmEHHAM 1:1 MiXX mapaBoabdpamar abo rekcaBoibGpamMaT aHIOHOM Ta IBO3APSIHUMU



KaTioHaMmu. 3a pesynbTaTamu pH-noteHniomeTpi merogom quasiNewton 3a nporpamoto CLINP 2.1 mpoBezneHO
MaTremMaTHU4He MOJIeJII0BaHHS PiBHOBaKHUX IIPOLIECIB MOJIIKOHAeH callii, sIKi Bii6yBaloThCsI 3i 3MiHOIO KUCJIOTHOCTI
po34nHy. Briepiue nokasaHo, 1o B IMiIKUCJIEHUX PO3YMHAX OPTOBOJIb(PAMATy 3a MPUCYTHOCTI ABO3apSIHUX
KarioHiB M2+(M = Ba, Cd, Ca, Sr) yTBOPIOIOTbCS i0HHI Iapy MiXX MMM KaTioHamu Ta IT1BA i y mupokoMy fianasoHi
KUACJIOTHOCTI (Z = 1,00 : 1,42) icHytoTb IpOTOHOBaHI (popmu napaBosbdpamat b aHioHiB. 3a 3a1IPpONOHOBAHUMU
MOZEeJISIMU PO3Pax0oBaHo jlorapudmu KOHLIEHTPaLiHUX KOHCTAaHT YTBOPEHHSI iOHHUX Iap i I0Ka3aHOo iX 3aJIeXXHICTb
Big, pH po3unHy, KOHLIEHTPAllii pe40BUH, Ta NIPUPOAU (POHOBOrO €JIeKTpoIiTy. MeTonoMm IliTiepa Bnepiue
BU3HAYEHO TEPMOJMHAMIUHI KOHCTAHTH YTBOPEHHS iI0HHUX I1ap, pO3paxoBaHo eHeprii ['i66ca peaxiiiil yTBOpeHHs
iOHHUX IIap 3 MOHOMEPHUX 10HIB Ta cTaHJAPTHI eHeprii [166ca yTBOpeHHs iOHHUX Nap, SIKi MOKYThb OyTH BKJIIOUEH]
no 6a3 TEpMOAMHAMIYHUX BEJIMYMH Ta BUKOPUCTaHI ITPYU MOJIe/II0OBaHHI iHIIKMX PiBHOBAT i MeXaHi3MiB peakiiit
NOJIIKOHJeHcalii Ta npy po3poobLi ONTHMaJIbHUX METOJUK CUHTE3Y i30101iBOIb(pamaTiB. Y po3fini 4 Ha OCHOBI
IOCJIiZIKEHHS YMOB I1epebiry peakuiil oaiKoHAeH alii Ta yTBOPeHHSsI iOHHUX acoLiaTiB 6ys10 po3p0671eHO HOBI
€KCIIPEeCHi Ta MEHIIl eHepro3aTpaTHi MeTOAUKY CHHTe3Y 6apilo, KagMilo, CTPOHIiO Ta KaJlbllilo IapaBosbdpaMaris.
3a HOBUMU MEeTOAMKaMU CUHTE30BaHO 7 HOBUX CoJiel napaBosibdpamatis: Ba5[W12040(0OH)2]-30H20,
Ba4Na2[W12040(OH)2]-25H20, Ba2Na4H2[W12040(OH)2]-28 H20, Cd2Na6[W12040(OH)2]-25H20,
Ca2Na6[W12040(OH)2]-33H20, Ca2ZNa6[W12040(OH)2]-38H20, Sr4.5Na0.5H0.5[W12040(OH)2]-30.5H20 Ta 4 BXe
Bimomux Ca5[W12040(OH)2]-30H20, Ca2Na6[W12040(OH)2]-30H20, Sr4Na2[W12040(OH)2]-30H20,
Sr4.5H[W12040(OH)2]-30H20. MonekysspHi popmMysiy BU3HAUEHO 32 I0IIOMOT0I0 METOZiB XiMiYHOTO €JIEMEHTHOTO
aHasi3y, aTOMHO-a6COPOLIiHOI CIIEKTPOCKOIIii Ta €HEProJUCIIepCiiHOI PEHTTeHIBChbKOI CIIEKTPOCKOITI].
[TapaBonbdpamat b aHionu ineHTudikoBaHo 3a IY ta PamaH cnekrpamu. MeToioM CKaHyI040i eJ1eKTPOHHOI
CIIEKTpOCKOTii JociaKkeHo MopdOoJIorilo, ONHOPINHICTb Ta 04HO0MA3HICTh [IOBEPXHI coJeil. MeTogomM
PEHTTE€HOCTPYKTYPHOTO aHali3y BIIEPILIE OXapaKTEPMU30BAHO KPUCTAJIIYHY CTPYKTYPY COJei
Cab5[W12040(0OH)2]-30H20 Ta Sr4.5Na0.5H0.5[W12040(0OH)2]-30.5H20. Pe3ynbTaTl pEHTI€HOCTPYKTYPHHUX
IOCJiIKeHb AeNOHYIOThCS AJ1s1 po3MileHHs B KemOpukcpkoMy LeHTpi kpucTanorpadiyaux nanux (CCDC).

2. The dissertation is dedicated to the comprehensive study of equilibria in aqueous solutions of tungsten (VI) in
the presence of doubly-charged cations of s- and d-metals (barium, strontium, calcium, cadmium), determination
of the thermodynamic characteristics of these equilibria, development of synthesis conditions, and determination
of the structure of calcium, strontium, barium, and cadmium paratungstates. In Chapter 1, the methods and history
of research on the state of tungsten (VI) anions in aqueous solutions, the polycondensation processes of WO42-
with the formation of IPTA are analyzed. The synthesis methods, structure, and properties of the already known
isopoly tungstates of doubly-charged cations of s- and d-metals are considered. In Chapter 2, the methods for
standardizing starting substances, physical methods for studying the state of tungsten (VI) anions in solution, the
CLINP 2.1 modeling program, the Pitzer method, and the synthesis techniques, as well as the analysis of the
composition and structure of the synthesized salts, are described. In Chapter 3, pH-potentiometric studies of the
polycondensation processes of W(VI) with the formation of ionic associates between IPTA and M2+ (M = Ba, Cd, Ca,
Sr) in solutions are conducted. The formation of ionic associates with a 1:1 ratio between paratungstate or
hexatungstate anion and doubly-charged cations is established by conductometric titration. Based on the results
of pH-potentiometry using the quasi-Newton method and the CLINP 2.1 program, mathematical modeling of
equilibrium polycondensation processes occurring with changes in the solution's acidity is carried out. For the first
time, it is shown that in acidified orthotungstate solutions in the presence of doubly-charged cations M2+ (M = Ba,
Cd, Ca, Sr), ion pairs are formed between these cations and IPTA, and protonated forms of paratungstate B anions
exist over a wide acidity range (Z = 1.00 : 1.42). The logarithms of concentration constants for ion pair formation are
calculated based on the proposed models, and their dependence on the solution's pH, substance concentration,
and the nature of the background electrolyte is shown. For the first time, thermodynamic constants for ion pair
formation are determined using the Pitzer method, Gibbs energies of ion pair formation reactions from
monomeric ions, and standard Gibbs energies of ion pair formation are calculated, which can be included in
thermodynamic databases and used in modeling other equilibria and polycondensation reaction mechanisms, as
well as in developing optimal synthesis methods for isopoly tungstates. In Chapter 4, based on the study of



polycondensation reaction conditions and ion association formation, new rapid and less energy-consuming
synthesis methods for barium, cadmium, strontium, and calcium paratungstates were developed. Seven new
paratungstate salts were synthesized using the new methods: Ba5[W12040(OH)2]-30H20,
Ba4Na2[W12040(OH)2]-25H20, Ba2Na4H2[W12040(OH)2]-28H20, Cd2Na6[W12040(OH)2]-25H20,
Ca2Na6[W12040(OH)2]-33H20, Ca2Na6[W12040(OH)2]-38H20, Sr4.5Na0.5H0.5[W12040(OH)2]-30.5H20, and four
previously known ones: Ca5[W12040(OH)2]-30H20, Ca2Na6[W12040(OH)2]-30H20,
Sr4Na2[W12040(0OH)2]-30H20, Sr4.5H[W12040(OH)2]-30H20. Molecular formulas were determined using
chemical elemental analysis methods, atomic absorption spectroscopy, and energy dispersive X-ray spectroscopy.
Paratungstate B anions were identified by IR and Raman spectra. The morphology, uniformity, and single-phase
surface of the salts were studied by scanning electron spectroscopy. For the first time, the crystal structure of the
salts Ca5[W12040(OH)2]-30H20 and Sr4.5Na0.5H0.5[W12040(OH)2]-30.5H20 was characterized by X-ray
diffraction analysis. The results of X-ray structural studies are deposited for placement in the Cambridge
Crystallographic Data Centre (CCDC).
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VIII. 3ak1104Hi BiZOMOCTI
ByacHe IlpizBume Im's ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCimaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuK Bigginy YKpIHTEI, mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisIIBHOCTI

Hlenppuk Onekcangp Mukosnanosuy

lennpuk Onexkcangp Mukonanosmny

ConobyT Onbra CepriiBHa

VKpIHTEI

[Opuenko TersiHa AHaToJiiBHA



