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1. Cunres crnasiB cuctem Li—{B, Al}-{C, Si, Ge, Sn}, ixHiii ¢pazoBuii cknaz, cTpykTypa ¢das, BoAeHbCOPOLiliHi Ta
€JIEKTPOXiMiYHi BIaCTUBOCTI.

2. Synthesis of alloys in the Li—{B, Al}-{C, Si, Ge, Sn} system, their phase composition, phase structure, hydrogen
sorption and electrochemical properties.

Pedepar:

1. Inceprauiiiny po60Ty NPUCBSIYEHO IOCTIIPKEHHIO ONTUMI3allill METOLly CUHTE3Y CIJIaBiB CUCTEM Ha OCHOBI JIiTiIO;
BMBYEHHS B3aeMogii sitito 3 p-enementamu III (B, Al) ta IV (C, Si, Ge, Sn) rpyn; BUsHauY€HHS KPUCTAJIIYHOI CTPYKTypU
CIIOJIyK; OOUYMCJIEHHS! €JIEKTPOHHOI CTPYKTYPY OKPEMHUX CIIOJIYK; BUBUEHHSI €JIEKTPOXIMiYHUX Ta BOAEHbCOPOLITHIX
BJIACTMBOCTEN OKpeMUx ¢a3. JocigKkeHo i3oTepMidHMIi epepis aiarpamu cTany s cuctemu Li-B-C npu
temnepatypi 500 °C Ta npoBefieHO OPiBHSIHHS 3 i30TepMiuHNM nepepizom piarpamu crany rpu 400 °C, sxuii 6yB
BMBYEHHMI1 HaMU paHilue. JIj1s TPbOX HOBUX TEPHAPHUX CIIOJYK Ta ofHiei yrouneHnoi - Lil-0,98BC (CT ZrBeSi, CII
hP6, TIT' P63 /mmc, a = 2,74736(2) A, ¢ = 7,0573(3) A) xapakTepHi 06/1aCTi FOMOTEHHOCTI, 1110 3yMOBJIEH]
BKJIIOUEHHSIM-BUJTY4E€HHSIM JITi0 3 FeTEPOKAPOOHOBUX MIAPiB, a TAKOX B3a€MO3aMIllIEHHSIM MK aTOMaMu KapooHy
Ta 60py. Criosyku Li1-0,96BC3 (CIT hP6-1, TIT' P-6m2, a = 2,5397(2) A, c = 7,5969(3) A), Li1-0,94B2C2 (CIT hP18-3, I



P63/mmc, a = 2,5899(4) A, c = 22,674(3) &), Li2-1,97B1,97-2,03C1,03-0,97 (CII tP10, I1l" P-4m2, a = 4,1373(3) -
4,1402(2) A, ¢ = 7,1045(14) - 7,1060(12) A) € npencTaBHMKaMU HOBUX CTPYKTYPHUX THUIiB. YaCTKOBO JOCTIIKEHO
isorepmiynmil nepepis giarpamu crany ans cucremu Li-Al-C npu temneparypi 400 °C Ta BCTaHOBJIEHO iCHYBaHHS
I'SITU HOBUX TepHapHUX cnonayk: Li0,67-0,39A10,33-0,61C0,17-0,085 (CT NacCl, CIT cF24, III' Fm-3m, a = 4,4541(5) A);
LiAI3Cx (CT CaTiO3, I1I' Pm-3m, a = 4,003(2) A); LiAIC3 (CT CaTiO3, Il Pm-3m, a = 4,050(1) A), kpucraniuna
cTpykTypa criosnyk LiAl2C i LiAIC2 o HeBimoma, IMOBIpHO CIIOJIyKY MalOTh CTa/INM ckiaz. JocifkeHo i30TepMiuHni
nepepis giarpamu crany aJ1s cucremu Li—Al-B npu temnepatypi 400 °C Ta BCTaHOBJIEHO iCHYBaHHS TPbOX HOBUX
TepHapHUX cronyk: LiAIB (CT BaLiSi, CIT hP12, III' P-6m, a = 3,0703(2) A, ¢ = 3,2848(3) A); Li1,27A12,73B (CT F4N, CII
cP5, TIT" Pm-3m, a = 4,049(1) A); LiAI3Bx, x = 0,6 (CT CaTiO3, III' Pm-3m, a = 4,042(1) A), Takox migTBepxeHo
icuyBanHs yxe Binomoi criomyku LiAlB14 (CT BnacHuii, CIT ol164, TIT Imma, a = 5,846(1), b = 8,149(2), ¢ = 10,355(4) A).
Y cucremi Li-Si-B cuHTe30BaHO A€SIKi CIIJIaBU J1 JOCiIKEHHS MOXKJIMBOCTI (POpMyBaHHSI TEPHAPHUX CIIOJYK. B
ob61acTsx 6aratux 60poM Ta Byrielem Oyja JeTanabHo AociimkeHa cucrema B-C Ta nobynoBaHa yToYHeHa
nojBiiiHa fiarpama craHy. EslekTpoxiMidHe AesliTyBaHHs IPOBeAeHO 1J1sl 6iHapHuX croyyk cuctemu Li-Al 3pasok
Li50AI50 micTus 6inapny a3y LiAl, 3pasoxk Li60AI40 o ¢asy Li3Al2, 3pazok Li69AI31 o neodaszuumii (pasu: Li9Al4,
Li3Al2), a TaKOX CIIOJIYK Lii€i cUCTeMU JIETOBAaHOI O0POM. [17151 BUBUEHHS €JIEKTPOXIMIYHOrO AesiTyBaHHS OyIn
cuHTte3oBaHi LiAI3Cx (CT CaTiO3, nagctpykTypa fo AuCu3), Si- Ta Ge-crabinizoBaHi ¢pazu 3 KpUCTATIYHOIO
cTpykTypoto AuCu3. ®aza Lil7Sn4 sneroBaHa HaHOTPyOKaMU [IPOAEMOHCTPYBasla Kpallli eJ1eKTPOXiMiuHi B1aCTUBOCTI,
HDK 1151 cama (paza jeroBaHa 60pom. BomeHbcop61iiiHi BracTuBOCTi 6yin JOCIIIPKEH] 17151 criiaBy ckiagy Li2AlB.
J17151 HU3KM CTIOJYK NPYBEI€HA iHTepIIpeTallis XiMiuHOro 3B’13KY 3a JOIIOMOT'OI0 P€3YyJIbTaTiB PO3PAXYHKY
€JIEKTPOHHOI CTPYKTYpHU 1151 wecTu crionyk: Li9Al4, LiAl3B, psny TepHapHux crosnyk B cuctemi Li-B-C (Li2-
1,97B1,97-2,03C1,03-0,97, Li1-0,96BC3, Li1-0,98BC), LiAl3C.

2. The dissertation is dedicated to the investigation of the optimization method for synthesizing alloys in lithium-
based systems. The study includes the examination of lithium interaction with III (B, Al) and IV (C, Si, Ge, Sn) group
p-elements, determination of the crystal structure of compounds, calculation of the electronic structure of
individual compounds, and exploration of the electrochemical and hydrogen sorption properties of specific phases.
The isothermal section of the state diagram for the Li-B-C system at 500 °C is analyzed and compared with the
previously studied section at 400 °C. For three new ternary compounds and one refined compound (Li1-0.98BC,
crystal system ZrBeSi, space group hP6, P63 /mmc, a = 2.74736(2) A, ¢ = 7.0573(3) A), characteristic regions of
homogeneity are identified. These regions result from lithium inclusion-exclusion from heterocarbon layers and
mutual substitution between carbon and boron atoms. Compounds Li1-0.96BC3 (space group hP6-1, P-6m2, a =
2.5397(2) A, ¢ = 7.5969(3) A), Li1-0.94B2C2 (space group hP18-3, P63 /mmc, a = 2.5899(4) A, c = 22.674(3) A), Li2-
1.97B1.97-2.03C1.03-0.97 (space group tP10, P-4m2, a = 4.1373(3) - 4.1402(2) A, ¢ = 7.1045(14) - 7.1060(12) A) represent
new structural types. The isothermal section of the state diagram for the Li-Al-C system at 400 °C reveals the
existence of five new ternary compounds. The crystal structures of LiAl2C and LiAIC2 compounds remain
unknown, possibly having a stable composition. The isothermal section of the state diagram for the Li-Al-B system
at 400 °C identifies three new ternary compounds, confirming the existence of the known compound LiAlIB14. In
the Li-Si-B system, alloys were synthesized to investigate the possibility of forming ternary compounds. The B-C
system was extensively studied in boron- and carbon-rich regions, constructing a refined double state diagram.
Electrochemical delithiation was conducted for binary compounds in the Li-Al system. Samples Li50A150
contained the binary phase LiAl, Li60Al40 exhibited the phase Li3Al2, and Li69A131 was two-phase (phases: Li9Al4,
Li3AlI2), with boron-doped compounds. Electrochemical delithiation was also performed for LiAI3Cx (crystal
system CaTiO3, a superstructure to AuCu3), Si- and Ge-stabilized phases with the crystal structure of AuCu3. The
phase Lil7Sn4 doped with nanotubes demonstrated superior electrochemical properties compared to the boron-
doped counterpart. Hydrogen sorption properties were investigated for the alloy with the composition Li2AlB.
Interpretation of the chemical bonding is provided for six compounds Li9Al4, LiAl3B, LiAl3C and several ternary
compounds in the Li-B-C system (Li2-1,97B1,97-2,03C1,03-0,97, Li1-0,96BC3, Li1-0,98BC) based on the results of

electronic structure calculations.
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