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1. Inceprariifina po60Ta CIipsiMOBaHa Ha BUPIMIEHHS OGHOTO i3 aKTyasIbHUX 3aBAAaHb CYy4aCHOI HAyKU Ta TEXHIKU —
PO3pO06JIEHHS HAYKOBUX 3acaji XiMIYHOIO Au3aiiHy eJIeKTPOHUX Ta eJIEKTPOJITHUX MaTepiasiB XiMiuHUX TpKepet
CTPYMY HOBOTO IIOKOJIiHHS. B pe3ysbTati HayKOBUX OOCJII)KEHD NaHOI pOOOTH BIIEpIIE BUSBJIEHO, 1[0 YaCTKOBE
3aMimenHs y ckiagHomMy ¢propuni o-PbSnF 4 , ogHOMY 3 HallKpaIyx BifOMUX Ha ChOTOIIHI YHIMOJISIPHUX aHIOHHUX
IIPOBiHUKIB, KaTiOHIB IIJIIOMOYMY KaTiOHaMU CTaHyMY SIKi MaIOTh HEIIOIiJIeHy CTePEeOaKTUBHY Iapy 5S 2 eJIeKTPOHIB,
CIIpysie 30ibIIEHHIO eJIeKTPONpoBinHOCTI. HaliBuilly NpoBinHiCT, sgKka npu 293 K maibke Ha NOPSIOK BEJIMYUHU

nepesullye NposigHicTs 0-PbSnF 4 , mae ¢asa cknany Pb 0,86 Sn 1,14 F 4 . 3amileHHs 4aCTUHU KaTiOHIB IJIIOMOYyMY



karioHamu K +, Rb +, Nd 3+, Sm 3+ y HecrexiomeTpuuHiii ¢pasi Pb 0,86 Sn 1,14 F 4 , Ha BigMmiHy Bifl CTeXiOMETPUYHO]
dropunnposinHoi ¢pasu 0-PbSnF 4 , cripusie 36ibpIIE€HHIO €/1eKTPOIIPOBIIHOCTI SIK IPU TEMIIepaTypax Jo [eperuHy
Ha IoJliTepMax MPOBiNHOCTI, TaK i micss Hporo. Haiikpaly NpoBigHICTh y NOPIBHSHHI 3 BUXiAHOWO (Pa30i0 MaloTh
¢azu Taxoro cknany: K 0,03 Pb 0,83 Sn 1,14 F 3,97 (n 373 = 0,12 Cm/cm, 0 573 = 0,37 Cm/cm), Rb 0,2 Pb 0,66 Sn 1,14 F
3,80 (0373 =7,72-10 -2 Cm/cm, 0 573 = 0,34 Cm/cm), Nd 0,17 Pb 0,69 Sn 1,14 F 4,17 (o 373 = 3,710 -2 Cm/cm, 0 573 = 0,33
Cm/cm) Ta Sm 0,10 Pb 0,76 Sn 1,14 F 4,10 (o 373 = 1,110 -2 Cm/cM, 0 573 = 0,12 Cm/cM). [30BasieHTHE 3aMillleHHS
YaCTMHY KaTiOHIB CTPOHIIiI0 KaTioHaMU ITIOMOYMY y pTopuanposigHux ¢asax Pb x Sr 1-x SnF 4 cnipusie yTBOpeHHIO
(a3 3 6i1b1I BUCOKOIO MPOBiTHICTIO y MOPiBHSHHI 3 BUXiHOIO (pa3o10. 3a1€KHICTh MPOBiTHOCTI Bifj BMICTy 3aMiCcHUKA
Mae eKCTpeMasbHUil Xapakrep. HaiiBuiy npoBigHicTs MaloTh (pasy, y SIKUX BMICT 3aMiCHUKA BiJI[IOBiae nepexony
KPUCTaIiYHOI TPaTKU i3 cTpyKTypHOro tumny SrSnF 4 y cTpykrypHuii tun o-PbSnF 4 i Bignosinae cknany Pb 0,25+0,02
Sr 0,75+0,02 SnF 4 . Heo6xiiHO0 YMOBOIO CUHTE3Y CTeXiOMETPUYHOTO CKagHoro ¢ropuny SrSnF 4 , BinbHOTrO Bif,
IOMilKoBUX a3, € CIiKaHHS iHIMBiAyalbHUX GTOPUIIB CTAHYMY Ta CTPOHLIIIO B €KBiBaJIEHTHOMY CIIiBBiIHOIIEHH]
IIpU TeMIlepaTypax BUIIUX 3a TeMIepaTypy ¢pasosoro nepexony SrSnF 4 ky6iuHoi mopudikallii y TeTparoHajbHy
(623 K). 3i 36inbLI€HHSIM TeMIIEpaTypyu TPUBaIiCTh CUHTE3Yy 3MEHIIyeThCs. [IpoBigHicTh 3paskiB SrSnF 4 , siKi MicTATh
IOMIIIKOBi a3y, BUILA 3a ITPOBiHICTh BiNBHOI Bifl ZOMINIOK BUXifHOI crionyku. dropunnposinzi ¢hasu
isoBasienTHOrO 3amimeHHs Ba x Pb 0,86-x Sn 1,14 F 4 , yTBOPIOIOTECS B YCbOMY iHTEpBaJjii KOHLIEHTpaLiit
isoBasenTHOrO 3amicHuka (0 &lt; x < 0,86), NPOBiTHICTh OTPUMaHUX 3Pa3KiB IPOXOIUTL YePe3 MAKCUMYM i 3pa3oK
cxiany Ba 0,43 Pb 0,43 Sn 1,14 F 4 xapakrepusyeTbCsl IapaMeTpaMu IIPOBiHOCTI 10 Ha NOPSI0K IEPEBUILLYIOTh
npoBigHicTs BUxigHoi ¢pasu (o 373 = 0,12 Cm/cm, AEn = 0,12 eB). Uncna nepenocy 3a aHioHamu (Topy Beix
CUHTE30BaHUX Ta JOCIiMKEeHUX GTOPUINPOBITHUX da3 6JIM3bKi O TEOPETUYHUX i ckianaTs 0,97 + 0,02 He
3aJIEXKHO Bifi CKJIa[ly, BHECOK €JIEKTPOHHOI CKJIa[I0BOI [IPOBiAHOCTI HE3HAUYHUN. PO3p06IEHO METOIUKY CUHTE3Y
dropunnposigHuX (a3 3i cTpykTypolo 0PbSnF 4 | npiopuTeT Ta HOBU3HY SKUX MiATBEPIKEHO IATEHTOM YKpaiHM Ha
KOPHCHY MOJieJib. BCcTaHOBJIEHO KOHIeHTpaLiliHi iHTepBasy icHyBaHHS GTOPUANIPOBITHUX (a3 reTepoBajIeHTHOTO
3amimenHs. OTpumaHa iHpopmalist HeobXifgHa i1 oNTUMIizallii CKIaay eJeKTPOLHUX Ta €JIEeKTPOJITHUX MaTepiasiB
®IB, a Tako>XX MOXe 6yTH BUKOPMCTaHA [1J151 CTBOPEHHS! (PYHKIIIOHAJIIbHUX MaTepiajliB eJ1eKTPOXiMiYHUX IPUCTPOIB
pizHOro nmpusHadeHHs. IHdopmallis Mpo NPOBiAHICTE CUHTE30BaHUX (a3 B 3aJI€5KHOCTI BiJl CKJIaly Ta TEMIIEpATypU

Mae€ CaMOCTiliHe IPaKTUYHe 3HaY€HHS SIK IOBIIHUKOBUI MaTepial.

2. This thesis is aimed at solving one of the urgent problems of modern science and technology - the development
of scientific principles of chemical design of electrode and electrolyte materials for new generation of chemical
current sources. For the first time it was found that partial substitution of lead cations by tin cations

(characterized by lone stereoactive pair of 5s 2 electrons) in the o-PbSnF 4 complex fluoride (one of the best known
unipolar anionic conductors) increases the electrical conductivity. The highest conductivity, which at 293 K is
almost an order of magnitude higher than the conductivity of o-PbSnF 4 , is that of the Pb 0,86 Sn 1,14 F 4 .
Substitution of a part of lead cations with K+, Rb +, Nd 3+, Sm 3+ in the Pb 0,86 Sn 1,14 F 4 non-stoichiometric
phase, in contrast to the stoichiometric fluoride-conducting phase o-PbSnF 4 , contributes to an increase in
electrical conductivity both at temperatures close to room temperature and at high temperatures. Phases of the
following composition have the best conductivity compared to the original phase: K 0,03 Pb 0,83 Sn 1,14 F 3,97 (o 373
=0,12S/cm, 0573 = 0,37 S/cm), Rb 0,2 Pb 0,66 Sn 1,14 F 3,80 (n 373 = 7,72:10 -2 S/cm, 0 573 = 0,34 S /cm), Nd 0,17 Pb
0,69 Sn 1,14 F 4,17 (n 373 = 3,710 -2 S/cm, 0 573 = 0,33 S/cm) and Sm 0,10 Pb 0,76 Sn 1,14 F 4,10 (n 373 = 1,110 -2 S/cm, 0
573 = 0,12 S/cm). Isovalent substitution of a part of strontium cations by lead cations in fluoride-conducting

phases of Pb x Sr 1-x SnF 4 promotes the formation of phases with higher conductivity compared to the initial
phase. The dependence of conductivity on the substituent content has an extreme character. The highest
conductivity is observed in the phases in which the substituent content corresponds to the transition of the crystal
lattice from the structural type of SrSnF 4 to the structural type of o-PbSnF 4 and corresponds to the Pb 0,25+0,02
Sr 0,75+0,02 SnF 4 composition. Prerequisite for the synthesis of stoichiometric SrSnF 4 complex fluoride free of
impurity phases is the sintering of individual tin and strontium fluorides in an equivalent ratio at temperatures
above the phase transition temperature of SrSnF 4 cubic modification to tetragonal (623 K). The synthesis duration
decreases with increasing temperature. The conductivity of SrSnF 4 samples containing impurity phases is higher



than the conductivity of the impurity-free starting compound. Ba x Pb 0,86-x Sn 1,14 F 4 fluoride-conducting
phases of isovalent substitution are formed in the entire concentration range of the isovalent substituent (0 &lt; x <
0,86), the conductivity values of the obtained samples passes through the maximum and the sample of Ba 0,43 Pb
0,43 Sn 1,14 F 4 composition is characterized by conductivity parameters that are an order of magnitude higher
than the conductivity of the initial phase (o 373 = 0,12 S/cm, AEn = 0,12 eV). Transfer numbers for fluorine anions of
all synthesized and studied fluoride- conducting phases are close to theoretical ones and amount to 0,97 + 0,02,
regardless of the composition, the contribution of the electronic component of conductivity is insignificant.
Methods for the synthesis of fluoride-conducting phases with the structure of o-PbSnF 4 have been developed, the
priority and novelty of which is confirmed by the patent of Ukraine. The information obtained is necessary for
optimizing the composition of electrode and electrolyte materials of FIB, and can also be used to create functional
materials for electrochemical devices for various purposes.
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