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Pedepar:

1. CuHTE3 HOBUX CIIOJYK, JOCJiIKEHHS CTPYKTYPH Ta (Pi3NKO-XiMiUHMX XapaKTEPUCTUK iHTEPMETAIZIB €
[IPiOPUTETHUM 3aBAAHHAM [1JIs1 HAYKOBLIiB, 1110 ITPALIOIOTh y HANPSIMKY HEOPraHiyHoi XiMii Ta MaTepiaso3HaBCTBA.
OCHOBHUMH 3aBJAHHSIMU JucCepTalifiHOI pOOOTH € CUHTE3, NOCiIP)KeHHS CTPYKTYPH Ta BUBYEHHS €JIeKTPOXiMiUYHUX
BJIACTUBOCTEN IHTEPMETAJIIYHUX CIIOJIYK IIif] 4aC €JIEKTPOXiMIYHOrO TifipyBaHHs, €JIEKTPOXiMi4HOI iHTepKaaLii
JIiTiIO Ta MArHilo Ta BIJIMBY JIETYIOUMX KOMIIOHEHTIB Ha LIi Tpouecu. MoTuBalis BUOOPY iHTepMeTamiliB y
IOCJIiIKeHNX CUCTEMaX (IBOKOMIIOHEHTHI, TPUKOMIIOHEHTHI, 6araTOKOMIIOHEHTHi) — JOCTaTHI po3Mipu IyCTOT i
KaHaJliB 1J1s1 BKJIIOUEHHSI aTOMIB TiJporeHy, JIiTilo Ta MarHilo y ixHio CTpyKTypy. B nuceprauiiiHiil po6oTi Bepiue
IOCJiIKEHO B3a€MO/Iil0 KOMIIOHEHTIB y cucteMax La-Mg-Sn, Ti-Mg-Sn, Ti-Mg-Sb npu 400 °C, nobyznosasi
i3oTepMiyHi repepisu ixHix giarpaM cTaHy, pEHTT€HIBCbKMMY METOJaMM ITIOPOIIKY Ta MOHOKPUCTaJy BUSBHAYEHO Ta

YTOYHEHO KPUCTAJIYHY CTPYKTYPY HU3KM TEPHAPHUX CIIOJIYK, TBEPAMX PO3UMHiB, BCTAHOBJIEHO MEXIi ixHix objacteil



TOMOT€HHOCTI, BUKOPUCTOBYIOUM METOIY PEHTTEHIBCbKOI AU(PaKLii Ta eHEProAUCIEPCifHOI pEHTTE€HIBCbKOI
criekTpockoriii. B 6isp11ocTi BUnagKis B 0OMeXXeHUX TBEPAMX PO3UMHAX Ha OCHOBI OiHApHUX CIIOJIYK YTBOPIOETHCS
cTaTucTU4Ha cyMim (Mg, Sn) yu (Mg, Sb), 1110 IOSICHIOETHCS 6IU3BKUM 3HAUEHHSIM aTOMHUX PafliyCiB LIUX €JIEMEHTIB.
BcTaHOBJIE€HO, 10 TPU BKJIIOYEHHI aTOMIB MarHilo B OKTaeApuyHi nmyctotu 2b 6iHapHux crosyk 0-La5Sn3, Y5Sn3,
Gd5Sn3, Ti5Sn3, Zr5Sn3 3i cTpykTyporo Mn5Si3 npu rpaHUYHOMY CKJIa/li TBEPJOTO PO3UMHY YTBOPIOIOTHCS
HagcTpyktypu Tuny Hf5CuSn3. Ha ocHoBi 6iHapHux crionyk Y5Sn3 ta Gd5Sn3 yTBOPIOIOTHCS TBEP/i PO3YUHU
BKJIIOUEHHS Ta HaACTpyKTypu Y5Sn3MgO0,8 ta Gd5Sn3Mg0,8 npu ixHixX rpaHUYHUX CKIazax. [IpOTsSKHICTb TBEpAUX
po34nHiB BKIodeHHs Y5Sn3Lix, GA5Sn3Lix cMHTe30BaHUX eJ1eKTpoximiyHuM MmeTogom gocsirae 0,9 Li / d.o., a
tepmidyHuM - 1,0 Li / §.0. EnekrponHuil maTepian Ha OCHOBI Zr5Sn3 eMOHCTpye MUTOMY €MHICTb 160-140 MAeroz,
/ Ty JIiTili-ioHHOMY IPOTOTUIII XiMiYHOTO JpKepeJia eJeKTpu4Hoi eHeprii Ta 110-90 MAeron / r B MarHii-ioHHOMY.
Haii6inpimmii BIJIMB Ha KOPO3ilHY CTilKiCTh Ta €(PEKTUBHICTb €JIEKTPOXiMiYHUX IIPOLECIB 34iiCHIOTD S- (Li,Mg) un
p-enemenTH (Sb,Bi) sik neryroui nomimku. Crinas Tb2Nil5,6Li0,6Mg0,8 nemoHcTpye 95 % KyJIOHIBCbKOI
edexrtuBHOCTI poTsrom 50 uukiis, Th2Nil5,2Li0,6Mg0,6Sb0,6 nemoHCTpye KyslOHIBCbKY e(eKTUBHICTh Ha PiBHI
~83 % mnicys 100 uukiiB 3apsa-po3psay. [is iHTepriperanii 6ygosu ximiyHoro 33Ky y 5 ¢asax: LaMgSn
(ctpykrypHuii Tun TiNiSi), LaMgSn2 (BnacHUi CTPYKTYpHUII TuI), Zr5Sn3 (CTpyKTypHUi Tunl Mn58Si3), Zr5Sn3M, M
= Li, Mg (ctpykrypHuit Tun Hf5CuSn3) BUKOprCTaHO pe3ysibTaTy PO3PaxyHKy QYHKLii JoKaizalii eJleKTpOHHO]
I'yCTUHU. BCTaHOBJIEHO, 110 14 crionyku LaMgSn xapakTepHUM € yTBOPEHHs! NoJlikaTioHHuX [La]o+ Ta nosiaHioHHUX
[Mg,Sn]o- mapiB, CHpUYMHEHUX 3MillEHHSIN €JIEKTPOIHOI I'yCTUHM 10 aTOMiB Mg Ta Sn. 'ycTUHa 3acesieHoCTi
€HepreTUYHUX CTaHiB Ha piBHI OepMi BKasye Ha JOMiHYIOYMI MeTaJliuHMI TUII IPOBiAHOCTI. Y crosyui LaMgSn2
BUSIBJIEHO YaCTKY KOBAJIEHTHOTO 3B'SI3KY, 110 NPOSIBJISIETHCS B 3BMEHIIEHMX MIP)KaTOMHUX BiIJaJIsIX Mi’K aToMaMu
Sn1-Snl ra nigBumeHin BennyuHi eneprii (-iICOHP = 1,918 eB). 3aceneHicTb I'yCTUHU CTaHiB Ha piBHI Pepmi BKasdye
Ha METaJIiYHUI TUII 3B’13KY TA HE BUKJII0YA€ YACTKY KOBaJIEHTHOr0. PO3paxyHOK jloKasi3allii eJIeKTpOHHOI I'yCTUHA
Ha IPUKJIaZi TBepAuX Po3unHiB Zr5Sn3Mx, M = Li, Mg neMoHCTpye B3aeMO[Iil0 Mixk aTomamu Zr Ta Li, Mg.
BenyunHa eHeprii B3aaeMofiii Mi>k aTOMaMU JIiTit0 Ta UMPKOHIi0 cTaHoBUTb -iCOHP = 0,414 eB, nyis MixX marHiem Tta
uupkoHieM -iCOHP = 1,62 eB. Buie 3HaueHHs eHeprii B3aeMoJii MpMU3BOANTS [0 MOBIbHIIIOI NUQY3ii MarHito B

marepiaii es1eKTpoJa, 10 BIUIMBAE HA MOT0 €JIEKTPOXiMi4HI XapaKTEPUCTUKU.

2. Synthesis of new compounds, investigation of the structure, physical and chemical characteristics of
intermetallics is the main task for scientists who work in the field of inorganic chemistry and materials science.
The main tasks of the dissertation are synthesis, investigation of the structure and electrochemical properties of
intermetallic compounds during electrochemical hydrogenation, electrochemical intercalation of Li and Mg and
study of the influence of doping components on these processes. Motivation for selection of the intermetallics in
the studied systems (two-component, three-component, multi-component) is sufficient volumes of voids and
channels for the intercalation of H-, Li-and Mg-atoms into their structure. The interaction of the components in
the La-Mg-Sn, Ti-Mg-Sn, Ti-Mg-Sb systems was investigated at 400 °C for the first time, the isothermal sections
of their phase diagrams were constructed in full concentration range, the crystal structures of ternary compounds
and solid solutions were determined and refined from X-ray powder and single crystal diffraction data, the
homogeneity ranges of the compounds and solid solutions were determined using X-ray diffraction and energy-
dispersive X-ray spectroscopy. In most cases the statistical mixture (Mg, Sn) or (Mg, Sb) is formed in limited solid
solutions of substitution on the basis of binary compounds that can be described by similar values of the atomic
radii of the components. It was established that binary intermetallisc o-La5Sn3, Y5Sn3, Gd5Sn3, Ti5Sn3, Zr5Sn3
with Mn5Si3-type of structure form solid solutions of inclusion of Mg-atoms into octaherdral voids 2b with the
formation of Hf5CuSn3-superstructure at the boundary compositions of the solid solutions. Y5Sn3 and Gd5Sn3
binary compounds form solid solutions of inclusion and Y5Sn3Mg0.8 and Gd5Sn3Mg0.8 superstructures at their
boundary compositions. The extension of the solid solutions of inclusion Y5Sn3Lix, Gd5Sn3Lix synthesized by the
electrochemical method reaches 0.9 Li / f.u., by thermal method reaches 1.0 Li / f.u. The electrode material based
on Zr5Sn3 shows a capacity of 160-140 mAeh / g in the Li-ion prototype of the battery and 110-90 mA<h / g in the
Mg-ion prototype of battery. The greatest influence on the corrosion resistance and Coulomb efficiency of the
electrochemical processes have doping components s- (Li,Mg) or p- (Sb,Bi) metals. The Tb2Ni15.6Li0.6Mg0.8 alloy



exhibits 95.0 % of Coulomb efficiency after 50 cycles and Tb2Ni15.2Li0.6Mg0.6Sb0.6 alloy exhibits ~83 % of
Coulomb efficiency after 100 charge-discharge cycles. The results of the calculation of the electron localization
function for 5 phases are used to interpret the chemical bonding in them, e.g. LaMgSn (structure type TiNiSi),
LaMgSn2 (own structure type), Zr5Sn3 (structure type Mn5Si3) and Zr5Sn3M, where M = Li, Mg (structure type
Hf5CuSn3). The formation of polycation layers based on [La]o+ and polyanionic layers [Mg,Sn]o- is observed for the
LaMgSn compound as a result of displacement of electronic density to Mg- and Sn-atoms. The density of states at
the Fermi level indicates metallic type of conductivity as dominant. Partially covalent bonding was detected in the
LaMgSn2 compound and was confirmed by the reducing of interatomic distances between Sn1-Snl atoms, d =
2.948 A (-iCOHP = 1.918 eV). The density of the states at the Fermi level indicates that metallic type of bonding is
dominant but covalent interactions are also possible in the structure. The calculation of the electron localization
function of the solid solutions Zr5Sn3Mx, M = Li, Mg demonstrates the interaction between atoms of Zr and Li, Mg.
The value of the energy of interaction between the lithium and zirconium atoms is -iCOHP = 0.414 eV, between
magnesium and zirconium -iCOHP = 1.62 eV. The higher value of the energy of interaction leads to a slower
diffusion of Mg in the electrode material that affects on its electrochemical characteristics.
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