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Pedepar:

1. Incepranifina po60Ta CIIPSIMOBaHA HA BUPILIEHHS OOHOTO i3 aKTyaJIbHUX 3aBAaHb Cy4aCHOI HAyKU Ta TEXHIKU —
PO3pO6JIEHHS HAaYKOBUX 3acaf, XiMiYHOTO Ou3aiiHy €JeKTPOJHUX Ta €JIeKTPOJITHAX MaTepiasiB XiMiYHUX JKepest
CTPYMY HOBOTO I1OKOJIiHHS. B pe3ysbTati HayKOBUX OOCJiIKeHb 1aHOi poOOTH BIepllle BUSBJIEHO, IO YaCTKOBE
3aMillleHHs y ckiagHoMy propugi o0-PbSnF 4 , ogHOMY 3 HallKpaIIKX BiJOMUX Ha CbOTOJIHI YHINOJISIPHUX aHIOHHUX
IIPOBiAHUKIB, KaTiOHIB IJIIOMOYMY KaTiOHAMM CTAaHYMY $IKi MalOTh HETIOJIiJIeHy CTePEO0aKTUBHY Napy 5S 2 eJIeKTPOHIB,
cripusie 30i7bIIeHHIO eJIeKTPOIpoBinHOCTi. HaliBuiy npoBinHiCTh, ska npu 293 K Maibke Ha MOPSIIOK BEJIMYNHU
nepesullye nposinHicTs 0-PbSnF 4 , mae ¢asa cxiany Pb 0,86 Sn 1,14 F 4 . 3amilneHHs1 4aCTUHM KaTiOHIB IJIIOMOYMY
karioHamu K +, Rb +, Nd 3+, Sm 3+ y HecrexiomeTpuuHiil ¢pasi Pb 0,86 Sn 1,14 F 4 , na BigMmiHy Bifl cTexiOMEeTPpUYHO]
¢dropunnposigHoi ¢pasu 0-PbSnF 4 , cripusie 36ibLIEHHIO €JIEKTPONIPOBIIHOCTI SIK IPU TEMIIEPATYPaX L0 NEPETUHY

Ha IoJliTepMax MPOBiNHOCTI, Tax i micsis Hporo. Haiikpauy NpoBigHICTh y MOPiBHSIHHI 3 BUXiAHOIO (Pa30io MaloTh



¢dasu Takoro ckiaay: 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 =7,72110 -2 Cm/cMm, 0 573 = 0,34 Cm/cm), Nd 0,17 Pb 0,69 Sn 1,14 F 4,17 (n 373 = 3,710 -2 Cm/cMm, 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 CTPOHIIiIO KaTioHaMU ITIOMOYMY y pTopuanposigHux ¢asax Pb x Sr 1-x SnF 4 cipusie yTBOpEHHIO
a3 3 6iybII BUCOKOIO [TPOBIAHICTIO Y IOPiBHSHHI 3 BUXinHOI0 $a3010. 3a1€XKHICTb IPOBITHOCTI Bif BMICTY 3aMiCHUKA
Mae eKCTpeMasibHUi Xapaktep. HalBuuly npoBigHicTs MaloTh $asy, y SIKUX BMICT 3aMiCHUKA BiflIOBilae epexomy
KPUCTaIiYHOI TPaTKU i3 cTpyKTypHOro tumny SrSnF 4 y cTpykrypHuii tun o-PbSnF 4 i Bignosigae cknany Pb 0,25+0,02
Sr 0,75+0,02 SnF 4 . Heo6xigHO0 yMOBOIO CUHTE3Y CTEXiOMETPUYHOTO CKagHoro ¢ropuny SrSnF 4 , BibHOTO Bif,
IoMimkoBuX $as, € CIikaHHS iHOUBiAyanbHUX GTOPULIB CTaHYMY Ta CTPOHIIiIO B €KBiBaJIECHTHOMY CIIiBBiTHOIIEHHI
IIpY TeMIlepaTypax BUIIUX 3a TeMIepaTtypy ¢pazosoro nepexoay SrSnF 4 ky6iuHoi mopudikaliii y TeTparoHajbHy
(623 K). 3i 36inbLI€HHSIM TeMIIEpaTypyU TPUBAIiCTh CUHTE3Yy 3MEHINYeThCs. [IpoBigHiCTb 3pa3kiB SrSnF 4, sKi MiCTATh
IOMIIIKOBi a3y, BuILA 3a ITPOBIHICTh BiNBHOI Bifl JOMIIIOK BUXinHOI crionyku. dropunnposinzi ¢pasu
isoBaslenTHOrO 3amimeHHs Ba x Pb 0,86-x Sn 1,14 F 4 , yTBOPIOIOTECS B YCbOMY iHTEpBaJjli KOHLIEHTpaLliit
isoBasienTHOrO 3amicHuKa (0 &lt; x < 0,86), NPOBiTHICT OTPUMAHUX 3Pa3KiB IPOXOAUTL YEPE3 MAKCUMYM i 3pa3oK
cxiany Ba 0,43 Pb 0,43 Sn 1,14 F 4 xapakrepusyeTbCsl IapaMeTpaMy IIPOBiHOCTI 10 Ha NOPSIOK IEPEBUILLYIOTh
npoBizHicTh BuxigHoi dasu (o 373 = 0,12 Cm/cm, AED = 0,12 eB). Yucsa nepeHocy 3a aHioHamMu PTOpy BCiX
CUHTE30BaHUX Ta JOCIiMKeHUX GTOPUINPOBITHUX da3 6JIM3bKi O TEOPETUYHUX i ckianaoTs 0,97 + 0,02 He
3aJIEXKHO Bif CKJIa[ly, BHECOK €JIEKTPOHHOI CKJIaI0BOI IPOBiAHOCTI HE3HAYHUN. PO3P0O6IEHO METOIUKY CUHTE3Y
dropunnposinHux ¢a3 3i cTpykTypoio 0PbSnF 4 | npiopuTeT Ta HOBU3HY SKUX MiATBEPIKEHO NAaTEHTOM YKpaiHu Ha
KOPHCHY MOJieJib. BcTaHOBJIEHO KOHL@HTpaliliHi iHTepBasiy icHyBaHHS GTOPUANIPOBIAHUX (a3 reTepoBajIeHTHOTO
3amimenHs. OTpumaHa iHpopmalist HeobXxifHa 11 ONTUMIi3allii CKIaay eJeKTPOJHUX Ta €JIEKTPOJITHUX MaTepiaiB
®IB, a Tako>XX MO>Ke OyTH BUKOPHCTAaHA 7151 CTBOPEHHS (PYHKLIOHAJIbHUX MaTepiasliB e1eKTPOXiMiYHUX ITPUCTPOIB
pizHOro npusHavyeHHs. IHpopmarist po NpoBigHICTs CUHTE30BaHUX (a3 B 3aJIe5KHOCTI Bif, CKJIay Ta TEMIIepaTypu

Ma€ CaMOCTiliHE IPaKTUYHE 3HAYE€HHS SIK LOBiJHUKOBUI MaTepiail.

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,n573 = 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
0,69Sn1,14 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 (0 373 = 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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