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Pedepar:

1. OTpMaHHs HOBUX MaTepiasiB 3 Hallepes 3a4aHUMU BJIaCTUBOCTAMM, LIO BiZIIOBiZAIOTh BUMOraM Cy4acHOI
TEXHIKHY, 3aJINIIAETHCS aKTyaJbHYM 3aBIAHHAM HaMiBIIPOBIAHMKOBOTO MaTePialO3HaBCTBA. Y CKIAAHEHHS
IOCTiIKYBaHUX CUCTEM i MPOMDKHUX (a3, sIKi B HUX YTBOPIOIOTHCS, CTAJIO OJHUM i3 OCHOBHUX HaIIPSMKIB TaKoro
nowmyky. Cepe, CKIaJHUX CUCTEM BaKJIMBE MiCLie 3aliIMalOTh KBA3ilOTPiNHI XaJIbKOT€HigHI CUCTEMU
TI2X-CdX-Si(Ge, Sn)X2. Y 6araTbOX aHaJIOTIYHMX CUCTEMAX BCTAHOBJIEHO iCHYBAHHS TETPAPHUX CIIOJIYK 3
Aprenrymom, Kynpymom, Tasiem, JIy>KHUMU M€TajlaMy Pi3HOTO MOJIBHOTO CIIiBBiZHOLIEHHS €JIEMEHTIB, HAITPUKJIA]],
2:1:1:4 (Cu2CdGeSe4, Ag2FeSnS4, TI2HgSi(Ge)S(Se)2, Li2CdGe(Sn)Se4), 2:1:2:6 (Na2CdGe2S(Se)6) um 2:1:3:8
(Cu2CdSn3S8, Ag2FeSn3S8, Cs2CdGe3Se8). Taki peuOBMHU € aHI30TPOIIHUMU, MAIOTh BUCOKY TEPMIUHY
CTabiNbHICTb, BOJIOAIIOTh ONTUYHUMU BJIACTUBOCTSIMU Ta MOXYTb BUKOPUCTOBYBATHUCh K CKJIQZIOBi YACTUHU [IJIS

BUT'OTOBJIEHHS CBITJIONiOB, JIa3€PHUX Ta ONITUYHUX YCTAaHOBOK, HAKOIIMYYBayiB [1aM’sITi Ta B iHIIKX 06J1aCTsIX



HEJIHIMHO-ONTUYHUX 3aCTOCYBaHb. BCTAHOBJIEHHS B3a€MO3BOS3KY MIXK CKJIa[JaMU CIIOJIYK i X BJIaCTUBOCTSIMU
II03BOJISIE 3MiMICHIOBATH LIiJIeCIIPSIMOBAHUI IIOLTYK HOBUX MaTepiasiB. [To6ynoBa fiarpaM CTaHy € BaKJIUBOIO J1JIsI
IIPaBUJIBHOTO BUOGOPY METO/IiB Ta YMOB JJ1s1 OJlep>KaHHs MaTepiasiB HeooxinHux ¢as. CucTeMaTUyHOro
nocuigxeHHs KaaMmieBmicHux cucrem T12Se-CdSe-Si(Ge, Sn)Se2 He npoBoauiocs. ToMy aKTyaJbHUM € BUBYEHHS
XapakTepy B3aeMOZii y TAKUX CUCTEMAX, KE JO3BOJIUTh BCTAHOBUTY TEMIIEPATYPHI Ta KOHLLEHTPALiIHI MeXi
iCHYBaHHS HOBUX T€TPAPHUX MPOMIKHUX CIIOJIYK Ta TBEPIUX PO3YMHIB Ha iX OCHOBI i3 IOJANBIIMM BUBUYEHHSM iX
BJIACTMBOCTE! Ta IPOrHO3YBAHHSIM IIPAKTUYHOIO 3aCTOCYBaHH:. TakuM YMHOM, KBa3ilOTPilHi CUCTEMU
TI2Se-CdSe-Si(Ge, Sn)Se2 Ta ciopifiHeHi € nepcrneKTUBHUM 06 €KTOM AOCIIiIKEHb, 1[0 JO3BOJIUTh PO3MUPUTU 633y
JAHUX IIPO HOBIi XaJILKOTEHIHI HaliBIPOBiAHUKY. [lepmnii po3ain gucepTaliii MiCTUTD AaHi IPOBEJEHOTO aHAi3y
JiTepaTypHUX mKeped. TyT IpeAcTaBjeHo JjarpaMy CTaHy GiHapHUX xasbKoreHinHux cucrem T1-X, BII-X, DIV-X, a
TakoxX KBaszibiHapHux TI12X-BIIX, BIIX-DIVX2 ta TI2X-DIVX2, Ha OCHOBI IKMX YTBOP€Hi KBa3iMOTpiliHi cuCTeMU, 110
npejcTaBiieHi xanpKoreHigamu Tasito, d-enemenris 11 rpynu (BII - Zn, Cd) ta p-enemenris IV (DIV - Si, Ge, Sn) rpyn
nepioguyHOi cuctemu esnemeHTiB. HaBeneHo iHdopMmariio npo geski KpucranoximiyHi, Gpizuko-XiMiyHi mapaMeTpu
6iHapHUX Ta TEPHAPHUX CIOJIYK, IO YTBOPIOIOTH BiJMIOBiAHI KBa3inoTpiiiHi cuctemMu. Tako>X MPUBOAUTHCS
iHpopMmaLlis po BiloMi TeTpapHi XaJbKOTeHiy y MOLi6HNX CUCTEMAX 3 OIIMCOM [I€SIKUAX BJIaCTUBOCTEN. Ha OCHOBI
aHaJli3y JiTepaTypHUX IPKEPeJl MPUBOIATHCS BUCHOBKU IPO MOJKJIMBICTh YTBOPEHHS TEPHAPHUX, TETPAPHUX CIIOJIYK
Ta TBEPAUX PO3YMHIB Ha IX OCHOBI y BUILIEBKAa3aHNX CUCTEMAX. JIpyruil po3ais MiCTUTh XapaKT€PUCTUKY BUXiTHUX
PEYOBUH, NiIiOpaHUX PEXKMUMIB Ta METOMIB CUHTE3Y, iHPOpMallilo IPO YCTAHOBKU 17151 OJEP>KAHHS Ta AOCJiI)KEHHS
CHMHTE30BaHUX 3pa3KiB JOCTYITHUMU MeTofamu Pisuko-xiMidHOro aHanisy. TperTiil po3zin micTuTh naHi 1o
mocimkeHHIo (a3oBUX piBHOBAr y KBa3inoTpiitHux cucremax TI2Se-CdSe-Si(Ge, Sn)Se2. ¥ cucremi
TI12Se-CdSe-SiSe2 Brepie BCTAaHOBJIEHO YTBOPEHHS IBOX HOBUX TeTpapHuX cnoyyk: T12CdSiSe4, mo
KpUCTani3yeTbCsl B TeTparoHasnbHiii I[1I' [-42m, Ta TI2CdSi3Se8 - B pom6iuHniii I1I" P212121. Takox BCTaHOBJIEHO
crioci6 yrBopeHHs TepHapHoi crionyku T12Si2Se5. [To6ymoBano isoTepmiunuii nepepis nanoi cucremu rpu 570 K ta
OKpEMi IOJIITEPMiYHi ITepepi3n. PO3YNHHICTh HA OCHOBI KOMIIOHEHTIB 1ji€i CCTeMHU € HEe3HayHa. Y CUCTEMI
TI12Se-CdSe-GeSe2 Bneplie BUSIBJIEHO YTBOPEHHS IBOX HOBUX TeTpapHUX cnioyyk T12CdGeSe4 (I1I' -42m) Ta
TI12CdGe3Se8 (I1I' P212121). [To6ynoBaHo i3oTepmiunuii nepepis cuctemu npu 570 K ta okpemi nositepmivxi
nepepisu. 3a pesysibTaTaMu BUBYEHHS (Pa3oBUX piBHOBAr 100YZ0BAHO MTPOEKLiI0 I0BEPXHi JiKBiAycy. PO3unHHICTh
Ha OCHOBI KOMIIOHEHTIB Iliei cucTeMU MeHIa SMoJl. %. Y 4eTBepTOMY PO3iJi HaBe[€HO Pe3YJIbTATU AOCIiIKEHHS
(pa30BUX PIBHOBAT y CIIOPiIHEHUX KBA3iMOTPIMHMAX CUCTEMAX. 30KpeMa, y cuctemi TI2S-CdS-GeS2 Bnepie
BCTaHOBJIEHO YTBOPEHHS HOBUX TeTpapHuX xasnbkoreHizniB TI2CdGe2S6 (I1I' R3) ta T12CdGe3S8 (I1I" P212121).
[TobynoBaHo i3oTepmiunuii nepepis cucremu npu 570 K. PozuunHicTs Ha ocHOBI TI2S csarae 10 moit. % CdS, Ha
OCHOBI iHIINX KOMIIOHEHTIB He3Ha4Ha. Y M'ITOMY PO3[iijli HaBeI€HO Pe3y/bTaTu po3mU(PyBaHHS KPUCTAIIYHO]
CTPYKTYPH 3HANIEHUX AECATY TETPAPHUX CITOJIYK METOAAMU MMOPOLIKY Ta MOHOKPHMCTAIY: II'ATU cKiany 2:1:1:4
{T12CdSiSe4, TI2CdGeSe4, T12CdSnSe4, T12CdSiTe4, TI2HgSiTe4 (I1T' I-42m)}, nBox cknagy 2:1:2:6 {T12CdGe2S6 (I1T'
R3) ta, TI2CdSn2S6 (TII' P63 /mmc)} i Tpbox ckiany 2:1:3:8 {T12CdGe3S8 ta T12CdSi(Ge)3Se8 (TII" P212121)}. HaBepeHo

IlaHi ITPO pO3TallyBaHHS aTOMIB CIIOJIYK B €JIEMEHTaPHIN KOMIpLi Ta iX KOOpAMHaLiliHEe OTOYEHHS.

2. Production of new materials with pre-set properties that meet the requirements of modern technology remains
a current challenge of semiconductor materials science. The complication of the investigated systems and the
intermediate phases that are formed became one of the main directions of research. Quasi-ternary chalcogenide
systems TI2X-CdX-Si(Ge, Sn)X2 occupy an important place among such complex systems. The existence of
quaternary compounds with thallium, alkali metals, and silver (copper) was established in many similar systems,
with various molar ratios of elements such as 2:1:1:4 (Cu2CdGeSe4, Ag2FeSnS4, Li2CdGe(Sn)Se4) 2:1:2:6
(Na2CdGe2Se6) and 2:1:3:8 (Cs2CdGe3Se8, Cu2CdSn3S8, Ag2FeSn3S8). Such compounds are often anisotropic,
have high thermal stability, valuable optical properties, and can be used as components for the manufacture of
LEDs, laser, optical and memory devices and in other fields of nonlinear optical applications. Establishing a
relationship between the composition of compounds and their properties allows for a purposeful search for new
materials. Section One of the thesis contains data on the analysis of literature sources. Phase diagrams of the
binary T1-X, BII-X, DIV-X, and quasi-binary T12X-BIIX, BIIX-DIVX2, and T12X----DIVX2 chalcogenide systems are



presented, which form the basis of the quasi-ternary systems represented by thallium, d-elements of Group II (BII
- Zn, Cd), and p-elements of Group IV (DIV - Si, Ge, Sn) of the Periodic System of elements. Information on some
crystal chemical and physico-chemical parameters of binary and ternary compounds that form the corresponding
quasi-ternary systems is presented. There is also data on known quaternary chalcogenides in similar systems with
a description of some properties. Based on the analysis of literature information, the conclusions about the
possibility of the formation of ternary and quaternary compounds and their solid solutions in the above systems
are made. Section Two contains the characteristics of the starting substances, selected methods and techniques of
synthesis, and information on the equipment for synthesis and investigation of the synthesized samples. Section
Three contains results of the study of phase equilibria in the quasi-ternary systems T12Se-CdSe-Si(Ge, Sn)Se2. The
formation of two new quaternary compounds was established for the first time in the TI2Se-CdSe-SiSe2 system,
TI2CdSiSe4 which crystalizes in the tetragonal symmetry (SG I-42m) and TI2CdSi3Se8 which is orthorhombic (SG
P212121). The method of formation of the ternary compound TI2Si2Se5 was also determined. The isothermal
section of this system at 570 K and several vertical sections were plotted. Solid solubility ranges of the components
of this system is negligible. Section Four presents the results of the study of phase equilibria in related quasi-
ternary systems. For instance, the formation of new quaternary chalcogenides TI2CdGe2S6 (SG R3) and
TI2CdGe3S8 (SG P212121) was established for the first time in the TI2S-CdS-GeS2 system. Isothermal section of
this system at 570 K was plotted. Solid solubility in TI2S reaches 10 mol.% CdS, and in other components is
negligible. The formation of two new quaternary compounds TI2CdSn2S6 (P63 /mmc) and TI2CdSn3S8 in the
T12S-CdS-SnS2 system was established for the first time. Isothermal section of the system at 570 K was
constructed. Solid solubility based on the components of this system is 2-3 mol. %. A new quaternary compound
TI2ZnGe3Se8 was found in the T12Se-ZnSe-GeSe2 system for the first time. Isothermal section of the system at
570 K and two vertical sections were investigated. Solid solubility in CdSe is 10 mol.%, in Tl4GeSe4 and TI2GeSe3 5
mol. %, and in other components is under 3 mol. %. A new quaternary compound T12ZnSnSe4 was found in the
TI2Se-ZnSe-SnSe2 system. Isothermal section of the system at 570 K and two vertical sections were plotted. Solid
solubility range of CdSe reaches 10 mol. %, of Tl4GeSe4 is 5 mol. %, and of other components is less than 3 mol. %.
The nature of the interaction in the TI2Te-SiTe2 system was investigated for the first time, and the formation of
four new ternary compounds TI18SiTell, Tl4SiTe4, T12SiTe3, and TI12Si2Te5 was established. The T12SiTe3
compound is a component of the quasi-ternary systems TI2SiTe3-Cd(Hg)Te where the formation of quaternary
compounds TI12CdSiTe4 and TI2HgSiTe4 was established for the first time. Each has a homogeneity region of up to
5 mol at 470 K from the side of the ternary compound. Section Five presents the results of the crystal structure
determination for the ten found quaternary compounds by X-ray powder and single crystal methods. Five of these
are the 2:1:1:4 composition (T12CdSiSe4, TI2CdGeSe4, TI2CdSnSe4, TI2CdSiTe4, TI2HgSiTe4 (SG I-42m)), two of the
2:1:2:6 composition (T12CdGe2S6 (SG R3) and T12CdSn2S6 (SG P63 /mmc)), and three are the 2:1:3:8 composition
(TI2CdGe3S8 and TI2CdSi(Ge)3Se8 (SG P212121)).
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