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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

CuHTE3, CTPYKTYpa Ta BJIACTUBOCTI HOBUX TETPAPHUX XaJIbKOTE€HI/IIB 1711 TEPMO- Ta ONTOEJIEKTPOHIKN

Ha3sBa po6oTH aHIJIilICbKOIO:

Synthesis, structure and properties of new tetrachloric chalcogenides for thermo- and optoelectronics

PedepaT ykpaiHCbKOIO:

MeTonoM NOPOLIKOBOi PEHTIeHIBChKOI JUPPaKLii OCTiIKEHO 1Ba i30TEPMiUHI Iepepi3u CUCTEM
T12Se-CdSe-Ge(Sn)Se2 npu 570 K. Bysno niareBepmkeHo icHyBaHH4 criosnyku TI2CdSnSe4. Bnepuie nposeneHo
ycninHuit cuHTe3 MoHokpucTtania T12CdSnSe4. Bniepie BCTaHOBJIEHO YTBOPEHHSI HOBUX [I0YETBEPEHHUX CIIOJIYK
TI2CdGe3Se8 i Tpbox i3ocTpykTypHUX xanbkoreHinis TI2CdGeSe4, T12CdSiTe4, TI2HgSiTe4. Cknapn T12CdGe3Se8
ninrTeepakeHo SEM ta EDS. BuzHaueHO KpUCTalidyHy CTPYKTYpy criosyk tumy TI2BIIDIVX4. BukoHaHO KOMILIEKCHE
€KCIIEPUMEHTAJIbHE Ta TEOPETUYHE JOCIIIIKEHHS €JIEKTPOHHUX BIIACTUBOCTEN Ta ONTUYHUX KOHCTAHT. OTpHUMaHi
ekcnepuMeHTanbHi XPS-BuMipioBanHs nosepxHi kpucrana TI2CdSnSe4, TI2HgSnS4 onpomineHoi Ar+-ioHamu
CcepenHbOi eHeprii, i JaHi TeopeTUYHUX po3paxyHKiB DFT 1okasyioTs, 1110, HE3BaXXKal04M Ha IOCUTh HEOE3NEeYHi
CKJIaZIOBi XiMiYHi esleMeHTH, TaJlili i KagMill, TIOBEpXHS KPUCTaja € JOCUTh CTabinbHa i B MOeqHAHHI 3 BiAIOBiIHOIO
IIMPYHOIO 32a00POHEHOI 30HU pOOUTD AOCIIiIKyBaHUM [TI0Y€TBEPEHHUI CeJIeHi]] Ay>Ke [1epCleKTUBHUM
HaMiBIPOBiIHUKOM [1JI51 BUKOPHCTAHHSI B TOHKOILIIBKOBUX COHSIYHUX €JIEMEHTAX i ONTOEJIEKTPOHIlli, @ TAKOXK y
BUCOKOE€(PEKTUBHUX (POTOKATANITUYHUX IPUCTPOSIX. MeTogamu Pi3nKo-xiMiYHOTO aHasi3y IPOBENEHO
IOCTiIKeHHs psany KBasinorpiliHux cuctem tuly T12Se-Ga(In)2Se3-SnSe2 Ta nodynoBaHo ix i3oTepMivHi epepisu
npu 520 K B MOBHOMY KOHLIEHTpaliiiHOMY iHTepBaJi. BcTaHOBIeHO icCHyBaHHS 2 HOBUX criosyk T12Ga2SnSe6 i
T15,6InSn6,7S17,6. BcTaHOBIIEHO, IO AOCTiAKYBaHi KprucTanu € GOTOUYTIMBUMU MaTepiasamMu, O T03BOJISIE
BUKOPUCTOBYBATH JJaHi KPUCTAN 1J151 pO3POOKU POTOPE3NUCTOPIB, (POTOAIOMNIB Ta IHINX MPUIALIB
ONTOEeJIeKTPOHIKU. Bysn cunTe3oBaHi gBa HOBUX cesneHinu T12Ga2SnSe6 it TI2Ga2GeSe6. JocnimxenHs HJIO
BJIACTMBOCTE TPETHOTO MOPSIIKY MOKA3aY, 10 reHepallis TPETbOi TApMOHIKY YyTJIMBA IJ1s1 30BHIIIHBOTO
doTroinayKyodoro onpoMineHHs. TaKuM YMHOM, CIIOCTEPIraeThCs piaKicHa MOKIIMBICTh MOZYJIIOBATH
iHTeHcuBHicTb curHany I'TT, mo n03BoJIsie PO3IISATATH Lii CIIOJYKU SIK HOBUN TUII HEJIIHINHO-ONTUYHYX JIA3€PHUX

MOJYJISITOPIB.

Pedepar aHIJIiHCBKOIO:

Two isothermal cross-sections of the TI2Se-CdSe-Ge(Sn)Se2 systems at 570 K were investigated by the X-ray
powder diffraction method. The existence of the compound T12CdSnSe4 was confirmed. For the first time, a
successful synthesis of a TI2CdSnSe4 single crystal was carried out. For the first time, the formation of new
quaternary compounds TI2CdGe3Se8 and three isostructural chalcogenides TI2CdGeSe4, T12CdSiTe4, TI2HgSiTe4
was established. The composition of TI2CdGe3Se8 was confirmed by SEM and EDS. The crystal structure of
compounds of the type TI2VIIDIVX4 was determined. A comprehensive experimental and theoretical study of
electronic properties and optical constants was performed. The obtained experimental XPS measurements of the
crystal surface of TI2CdSnSe4, TI2HgSnS4 irradiated with Ar+ ions of medium energy, and the data of theoretical
DFT calculations show that, despite the rather dangerous component chemical elements, thallium and cadmium,
the crystal surface is quite stable and in combination with the corresponding width of the band gap zones makes
the studied quaternary selenide a very promising semiconductor for use in thin-film solar cells and
optoelectronics, as well as in highly efficient photocatalytic devices. A number of quasi-ternary systems of the
TI2Se-Ga(In)2Se3-SnSe2 type were studied using the methods of physical and chemical analysis, and their
isothermal sections at 520 K in the full concentration interval were constructed. The existence of 2 new
compounds TI2Ga2SnSe6 and T15,6InSn6,7S17,6 was established. It was established that the investigated crystals
are photosensitive materials, which allows the use of these crystals for the development of photoresistors,



photodiodes and other optoelectronic devices. Two new selenides T12Ga2SnSe6 and T12Ga2GeSe6 were
synthesized. Studies of NLO properties of the third order have shown that the generation of the third harmonic is
sensitive to external photoinducing irradiation. Thus, there is a rare
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: CuHTES, CTPYKTYpa Ta BIACTUBOCTI HOBMX TETPAPHUX XaJIbKOTEHIZIB 171 TEPMO- Ta

OIITOEJIEKTPOHIKNA

Hazpa HTII aHrsiicbKoO0: Synthesis, structure and properties of new tetra-chalcogenides for thermo- and

optoelectronics

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpHMaHi P€3yJabTaTH: Metoau, Teopii, MeToanYHi JOKyMEHTH
FaJIy3b 3acTOoCyBaHHSI: Ocsira, HayKa, MpOdeCiiiHi 06'eIHaHHS
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Onuc HTII: Buepiue nposeneno yenimuuit cunres moHokpucrana TI2CdSnSe4. Briepiie BCTAHOBIEHO YTBOPEHHS
HOBUX NIoueTBepeHHuUX croayk TI2CdGe3Se8 i Tppox isocTpykTypHuX xanbkoreHizis TI2CdGeSe4, T12CdSiTe4,
TI2HgSiTe4. BctaHOBIEHO iCHYBaHHS 2 HOBUX crioyyk T12Ga2SnSe6 i T15,6InSn6,7517,6. BcraHoBieHO, 1m0
IOCJiIKyBaHi KpUCTaIu € POTOUYTIUBUMHU MaTepiajaMy, 1110 JO3BOJIsIE BUKOPUCTOBYBATH IaHi KpUCTaIN IJ1s1
PpO3po6Ku POTOPE3UCTOPIB, POTOMIOIB Ta IHIINX TPUJIAJIIB ONITOENIEKTPOHIKHU. JloCainyKeHHs HeliHiHO-ONITUYHUX
BJIACTMBOCTEU TPETHOTO NOPSAKY HOBUX ceseHifiB T12Ga2SnSe6 it TI2Ga2GeSe6 nokazany, 10 reHepallisi TpeTboi
rapMOHIKY 4yTJ/IMBA JJ1s1 30BHIIIHBOTO POTOIHIYKYIOUOTO ONPOMiHEHHS. TaKnuM YMHOM, CIIOCTepiraeTsCs pigKicHa
MOJKJIMBICTb MOJIYJIIOBAaTU iHTEHCUBHICTb curHaiy ['IT, mo 103BoJise po3risgaTy Ui CIIOJIYKY K HOBUU THUII

HEJIIHIHO-ONTUYHUX JIa3€PHUX MOIYJISTOPIB.

ConjianbHO-eKOHOMIYHA cripsimoBaHicTh HTII: 3a6esneyenns mpoMucioBOCTi un HaCEIEHHS HOBUM
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