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1. CuHTe3, CTPYKTYpa Ta BJAaCTUBOCTI OPraHO-HEOPraHiYHUX IPOTOHOOOMIHHMX MeMOPaH Ha OCHOBI a,w-

IiaJIKOKCACUJIIIBHUAX OJIiIr0€TEPBMICHUX NIPEKYPCOPIB Ta CyJIb(POKUCIOTHUX TPOTOHOOHOPIB

2. Synthesis, structure and properties of organic-inorganic proton-exchange membranes based on a,w-
dialkoxysilane olygoether-containing precursors and sulfacidic protonodonors

Pedepar:

1. Incepraliio pUCBsI4€HO PO3pOoOLi CIOCOOIB CUHTE3y HAHOCTPYKTYPOBAHUX OPTaHO-HEOPTraHiYHUX
IIPOTOHOOOMIHHMX MeMOpaH 3 6€3BOJHUM MEXaHi3MOM IIPOTOHHOI IPOBIJHOCTI 3 BAKOPUCTAHHSM 30JIb-T€JIb
METOJy, 31aTHUX PYHKIIOHYBaTH Npu Temreparypax suiie 1000C, Ta foCiIKeHHIO iX CTPYKTYPH i BIaCTUBOCTEN.
3anpornoHOBaHO HOBUI MiJIXif, 10 CUHTE3Yy OpPraHO-HEeOPraHiyHUX IPOTOHOOOMIHHMX MeMOPaH Takoro THUILY, SIKA
IIOJISITA€ B CYMIlll€HH] B IIPOLIECi 30J1b-T€JIb CUHTE3y IPOTOHOLOHOPHUX CIIOJYK, 30ATHUX 3a0€311€4YNTHA OJHOMOHHUN
MeXaHi3M IIPOTOHHOI IIPOBITHOCTI 3 N[iaJIKOKCUCUITIJIBHUMHU OJIIrOeTEPBMICHUMU ITPEKYPCOPaMH, sIKi POpMyIOTh
0JliroeTepHy NPOTOHONPOBiAHY ¢ady. OCHOBHI pe3yibTaTu poOOTH OYyJIM OflepsKaHi 3a JOIIOMOr0I0 Cy4acHUX
METO/IiB fOCiIKeHHs: [Y-CclIeKTpocKonii, MaJIOKyTOBOTO PEHTTeHOrpadiuHOro aHanisy, JudepeHLinHol
CKaHYBaJIbHOI KaJIODUMETPIii, aTOMHO-CHUJIOBOI MiKPOCKOIIii, TEPMOTIPaBiMETPUYHOIO aHAJII3Y, Ii€JIEKTPUYHOI

pesakcaniiHoi criekTpockorii. OTprMaHo psifi HOBUX CYJIb(OKUCIOTHUX IPOTOHOOHOPIB, B TOMY YMCJIi 3IaTHUX



IIO 30J1b-T€JIb IEPETBOPEHD, 3 YDETAHOBMMU Ta CE4OBUHHUMU (PparMEHTaMU B CBOEMY CKJIA, SIKi 320€311€4yI0Th
OJIHOVIOHHUU MeXaHi3M IIPOTOHHOTO MepeHOoCy B MeMOpaHax Ha iX 0CHOBi. CHHTe30BaHO HOBUI TUII OJIITOMEPHUX
a,W-JliaJIKOKCHCUJIIJIBHUX [IPEKYPCOPiB CErMEHTOBAHOI OyI0BY, SIKi 320€3I1€4yIOTh IJ1iBKOTBIpPHI BIaCTUBOCTI
MeMOpaH Ta GOPMYBaHHS OJIIrOETEPHOI IPOTOHOIPOBiAHOI (a3u. 3aIPONOHOBAHO Ta OTPMMAHO HOBUIH TUIL
0JIiIrOMEPHUX AJIKOKCUCUJIIIBHAX IPOTOHOJOHOPIB, SIKi MOEAHYIOTh B COOI I1J1iBKO TBipHIi, IPOTOHOLOHOPHI,
IIPOTOHONPOBINIHI BJIACTUBOCTI 31 3TATHICTIO O 30J1b-TeJIb [IEPETBOPEHBb. Ha OCHOBI OTpUMaHUX NPOTOHOAOHOPIB Ta
0JIiIFOMEPHUX NIPEKYPCOPIB CUHTE30BAHUX TPU TUIIM OPraHO-HEOPTraHiYHMUX IPOTOHOOOMIHHUX MEMOpaH, sIKi
BiIPi3HSIOTHCS XapAaKTEPOM 3B'513Ky IPOTOHOJOHOPHUX (PPArMEHTIB 3 OpraHO-HEOPraHiYHOIO MATPULIEIO.
CuHTe30BaHi MeMOpaHU XapaKTepU3yloThCsl 3HAaUeHHSIMU CTaTUYHOI 06MiHHOI eMHOCTi 0,31-1,65 MexB /T,
TepmocTabinpHicTio 220-3250C Ta piBHeM nposigHocTi 10-6 - 10-4 Cm/cm npu temnepatypax 100-1200C B
06€3BOJHNX YMOBaxX. 3a pe3y/bTaTaMU JOCiIKEHHS IPOTOTUII [AJIMBHOTO €JIEMEHTY i3 CUHTE30BaHOI0 MEMOPAHOIO
XapaKTepU3yETLCA HANIPYrOl0 PO3IMKHYTOrO slaHIora 0,86 B. 3anponoHoBaHWii MigXil 4O CUHTE3Y
MIPOTOHOOOMiIHHUX MEMOPAH 3aCTOCOBAHO IIPU OTPUMAaHi OPTaHO-HEOPTaHIYHUX JIiTill TPOBIAHUX TBEPHO

[I0JIiIMEPHUX €JIEKTPOJIITIB, SKi 3aCTOCOBAHO 51K €(PEeKTUBHi aKTUBHI 1apy B CEHCOPAaX BOJIOTOCTI.

2. The thesis is devoted to developing methods of synthesis of nanostructured organic-inorganic membranes with
anhydrous proton conductivity using sol-gel method which is capable of operating at temperatures above 1000C
and investigation of their structure and properties. A new approach to the synthesis of organic-inorganic proton-
exchange membrane of this type, which is combining of protondonor compounds, capable of providing the single-
ion mechanism of proton conductivity, with a,w-dialkoxysilane oligoether containig precursors that form
oligoether proton conducting phase during sol-gel synthesis, is proposed. The main results were obtained with the
use of modern methods of investigation: infrared spectroscopy, small-angle X-ray analysis, differential scanning
calorimetry, atomic force microscopy, thermogravimetric analysis, dielectric relaxation spectroscopy. A number of
new sulfonic protonodonors, including those capable of sol-gel transformations, with the urethane and urea
fragments in their structure, which provide single-ion mechanism of proton transport in membranes based on
them, is obtained. A new type of oligomeric dialkoxysilane precursors of the segmented structure that provide
film-forming ability of the membranes and the formation of protonconducting oligoether phase is synthesized. A
new type of oligomeric alkoxysilane protonodonors, which combine film-forming, protondonor, protonconducting
properties with the ability to sol-gel transformations is proposed and obtained. On the basis of obtained
protonodonors and oligomeric precursors the three types of organic-inorganic proton-exchange membranes,
which differ in nature of attachment of protonodonor fragments to the organic-inorganic host, is synthesized. The
synthesized membranes are characterized by the values of the static exchange capacity 0,31-1,65 meq/g, thermal
stability of 220-3250C and the level of conductivity 10-6 - 10-4 S/cm at temperatures of 100-120 °C under
anhydrous conditions. According to the obtained results the prototype of a fuel cell with a synthesized membrane
is characterized by open-circuit voltage of 0,86 V. The proposed approach to the synthesis of proton-exchange
membranes is used in obtaining of organic-inorganic lithium conducting polymer solid electrolytes that was used
as effective active layers in the moisture sensors.
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