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2. Chalcogenides of p(Si, Ge, Sn, Pb), d(Mn, Fe, Co, Ni) and f(Ln) elements: interaction, structure, properties.

Pedepar:

1. PEQEPAT. luceprauiiiHa poboTa IIpUCBsiY€Ha BUBYEHHIO B3aeMOJii xasnbKoreHinis p(Si, Ge, Sn, Pb), d(Mn, Fe, Co,
Ni) Ta f(P3M) esnleMeHTiB, aHaJi3y KPUCTANIYHOI CTPYKTYPH CIIOJIYK Ta TBEPAUX PO3UUHIB, 110 YTBOPIOTHCS Y
crucTeMax Ha ix OCHOBI. 3a pe3yJibTaTaMu JAOCIIiIPKEHHS] BCTAHOBJIEHO XapaKTep B3a€MO/Iii KOMIIOHEHTIB y 55
KBa3iMOTPIMHUX CUCTEMAX 3a Temnepatypu 770 K. PEHTIe€HiBCbKMMU METOZaMU MOHOKPHUCTAJIA Ta IOPOLIKY
BMBYEHO KPUCTAJIIYHYy CTPYKTYpY NoHaz, 140 xanbkoreHigis. Cucremu R2S3 - MeS - Si(Ge, Sn)S2 (Me - Mn, Fe, Co,
Ni) xapakTepu3yoThCsl YTBOPEHHSIM TeTpapHux cronyk R3Me0,5Si(Ge, Sn)S7 (CT La3Mn0,5SiS7). TeTpapHi crionyku
R2PDbSi2S(Se)8 (CT La2PbSi2S8) yrBoproioTbes B cucteMax R2S(Se)3 — PbS(Se) - SiS(Se)2 npu cniBBinHOmEHH]
BUXiJHUX KOMIIOHEHTiB 1:1: 2. Cuctemu R2Se3 - PbSe — GeSe2 xapakTepusylOTbCsl yTBOPEHHSIM TeTPapHUX
cesieHiniB R1,32Pb1,68Gel,67Se7 (CT BnacHuii). Y cucremax R2S3 - PbS - SnS2 BcTaHOB/IEHO iCHYBaHHS CIIOJIYK
R2Pb3Sn3S12 (CT Y2Pb3Sn3S12; I1T" Pmc21). Baaemoais cynbdinis R2S3 (R - P3M), R'2S3 (R' - P3M), PbS i SiS2
BMBYEHA B MeXXaxX KOHILEHTPaLiliHuX TPUKYTHUKIB R4Si3S12 ~ R'4Si3S12 - Pb2SiS4, 1m0 xapakTepusyThCs



YTBOPEHHSIM HelepepBHUX psifiB Tepaux po3dnHis La(Ce, Pr)2-xR'xPbSi2S8 (x = 0 - 2,0; R' - P3M), (CT La2PbSi2S8
(TIT" R-3c¢)). Ona cuctem YLa(Pr)Se3 - SiSe2 - SiSe xapakTepHuM € yTBOpeHHs ceseHinis Y1,5La(Pr)1,5SilV 0,75SillSe7.
Mertonamu PCA Ta KBaHTOBO-XiMiYHMX PO3PaxXyHKiB PiBHOBa>XKHOI IPOCTOPOBOi OyIOBYU 3aPsl0BO-CTEXiOMETPUYHUX
MOJIeKyJIsIpHUX I Mozenel y ix CTPYKTypi OOI'PYHTOBAHO iCHYBaHHSI aTOMIB CHJIILLIO i3 BOMA BaJIEHTHUMU CTAaHAMU
(I1i1V). Ons nonan copoka P3M-BMiCHUX XaJIbKOT€HIZIiB TOCIIiI)KEHO HU3bKOTEMIIEPATyPHI MarHiTHI BIaCTUBOCTI.
Kiro4oBi cy10Ba: KBa3inoTpiliHi cucTemuy, i30TEpMIiYHi Nepepisy, TETPApHi CIIOJIYKY, CKIIAJIHi XaJIbKOTEHIIN,

KpUCTaJliYHa CTPYKTYpa, TBEPi PO3YMHHU, MarHiTHa CIIPUMHATIINBICTb, pAMaHiBCbKa CIIEKTPOCKOIIiS.

2. ABSTRACT. The thesis is devoted to the study of the interaction of chalcogenides p(Si, Ge, Sn, Pb), d(Mn, Fe, Co,
Ni) and f(Ln) elements, analysis of the crystal structure of compounds and solid solutions that form in respective
systems. The nature of the component interaction was established and isothermal sections of phase diagrams at
770 K were constructed for 55 quasi-ternary systems. The crystal structure of 143 chalcogenides in these and
related systems was studied and analyzed by Xray single crystal and powder methods. Quasi-ternary systems R2S3
- MeS - SiS2, R2S3 - MeS - GeS2 and R2S3 - MeS - SnS2 are characterized by the formation of quaternary
compounds R3Me0.5SiS7, R3Me0.5GeS7 and R3Me0.5SnS7; the crystal structure is the La3Mn0.5SiS7 structural
type (S.T.), Pearson symbol (P.S.) hP24; space group (S.G. P63). The quaternary compounds R2PbSi2S5(Se)8 (R - La,
Ce, Pr, Nd; La2PbSi2S8 structure type; S.G. R-3c; P.S. hR78) are formed in the systems R2S(Se)3 - PbS(Se) - SiS(Se)2
at 770 K with a component ratio 1:1: 2 (25 mol. % R2S(Se)3; 25 mol. % PbS(Se); 50 mol. % SiS(Se)2), enriched with
SiS2 or SiSe2 chalcogenide (P.S. 0l12; S.G. Ibam; C.N. (Si) = 4). The R2S3 - PbS - GeS2 and R2Se3 - PbSe - GeSe2
systems are characterized by the formation of quaternary selenides R1.32Pb1.68Gel.67Se7 (Y1.32Pb1.68Gel.67Se7
S.T., P.S. hP23; S.G. P63). The R1.32Pb1.68Gel.67Se7 selenides are formed in the concentration triangles R2Se3 -
PbSe - GeSe2 (16 mol. % R2Se3; 42 mol. % PbSe; 42 mol. % GeSe2) which are enriched in PbSe (P.S. cF8; S.G. Fm3-
m; C.N.(Pb) = 6) and GeSe2 selenides (P.S. mP48; S.G. P21 /c; C.N.(Ge) = 4). 38 The existence of quaternary
compounds R2Pb3Sn3S12 (R - La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, and Tm; Y2Pb3Sn3S12 S.T.; S.G. Pmc21) was
established in the R2S3 - PbS - SnS2 systems at 770 K. They form in the concentration triangles R2S3 - PbS - SnS2
(14 mol. % R2S3; 42 mol. % PbS; 42 mol. % SnS2), which are enriched in PbS (P.S. cF8; S.G. Fm3-m; C.N.(Pb) = 6) and
SnS2 sulfides (P.S. hP3; S.G. P3-m1; C.N.(Sn) = 6). The interaction of sulfides R2S3 (R - La, Ce, Pr), R2S3 (R' - Ce, Pr,
Sm, Tb, Dy, Y, Ho, Er), PbS and SiS2 was studied within the concentration triangles R4Si3S12 - R'4Si3S12 - Pb2SiS4.
Chalcogenide systems R4Si3S12 - R'4Si3S12 - Pb2SiS4 feature the formation of continuous solid solution series (a),
namely La2-xR'xPbSi2S8 (x = 0 - 2,0; R' = Ce, Pr, Sm, Tb, Dy, Y, Ho, Er), Ce2-xR'xPbSi2S8 (x = 0 - 2,0; R' = Pr, Sm,
Tb, Dy, Y, Ho, Er) and Pr2- xR'xPbSi2S8 (x = 0 - 2,0 ; R' = Sm, Tb, Dy, Y, Ho, Er). The interaction of R2S3 (R - La, Tb,
Er), PbS and SiS2 sulfides was studied within the concentration triangle La2PbSi2S8 - Tb2PbSi2S8 - Er2PbSi2S8.
The system is characterized by unlimited solid solubility of components (b). The crystal structure of solid solutions
(a) and (b) belongs to the La2PbSi2S8 S.T., P.S. hR78; S.G. R-3c. The formation of selenides Y1.5Lal.5SiIV 0.75SilISe7
and Y1.5Pr1.5SilV 0.75SilISe7 was established in the YLaSe3 - SiSe2 - SiSe (c) and YPrSe3 - SiSe2 - SiSe (d) systems
at a component ratio 6 : 3 : 4. Systems (c) and (d) represent one of the possible sections of concentration
tetrahedra Y2Se3 - La2Se3 - SiSe2 - SiSe and Y2Se3 - Pr2Se3 - SiSe2 - SiSe at 770 K. Using X-ray structural
analysis and quantum-chemical calculations of the equilibrium spatial structure of charge-stoichiometry
molecular models, the existence of silicon atoms with two valence states (II and IV) in the structure of the
Y1.5R1.5SiIV 0.75SilISe7 selenides (R - La, Pr) was substantiated. The quaternary sulfides Er2.34La(Ce,
Pr)0.66Gel.25S7 (Dy3Gel.2557 S.T.; P.S. hP23; S.G. P63) form in the Er2S3 - R2S3 - GeS2 systems (R - La, Ce, Pr) at
770 K. Their crystal structure was studied by single crystal (Er2.34La0.66Gel.25S7) and powder X-ray diffraction
(Er2.34Ce0.66Gel.25S7 and Er2.34Pr0.66Gel1.25S7). The study of phase equilibria in the quasi-ternary systems
La2S3 - R2S3 - GeS2 (R - Er, Ho, Y, Dy, Tb) at 770 K found solid solution ranges La4-4xR4xGe3S12 of considerable
length based on the ternary phase La4Ge3S12 (own structure type; P.S. hR38; S.G. R3c). The extent of the La4-
4xR4xGe3S12 solid solutions reaches 62 mol. % “Er4Ge3S12”, 60 mol. % “Ho4Ge3S12”, 75 mol. % “Y4Ge3S12”, 70 mol.
% “Dy4Ge3S12”, 72 mol. % “Tb4Ge3S512”, respectively. Low-temperature magnetic properties were investigated for
over 40 rare-earthcontaining chalcogenides. Key words: quasi-ternary systems, isothermal sections, quaternary
compounds, complex chalcogenides, crystal structure, solid solutions, magnetic susceptibility, Raman



spectroscopy.
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