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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau remaTuyHHX PyOpHK: 31.17.15

Tema gucepranii:
1. Cucremu Al-Ga-Pd, Ga-{Sn,Sb}-Pd: ¢a30Bi piBHOBaru, KpucTaniyHi CTPYKTypHU Ta KaTaJiTU4Hi BJIaCTUBOCTI

CIIOJIYK

2. Systems Al-Ga-Pd, Ga-{Sn,Sb}-Pd: phase equilibria, crystal structures and catalytic properties of the compounds

Pedepar:

1. IHTepMeTaiyHi CIIOYKY 3 iXHBOIO 0COOJIMBOIO KOMOIHALi€I0 KPUCTAJIIYHOI Ta €JIeKTPOHHOI CTPYKTYP €
ineanpbHMMU KaHIWATaMU OJ1s1 PO3POOKM HOBUX MaTepiasliB 1J11 FETEPOTr€HHOro KaTai3y 3 NOKpallleHUMU
BJIACTUBOCTSIMU. JJoclizpkeHHS (Pa30BUX PiBHOBAr, yMOB YTBOPEHHS iHTEpMETAJIiYHUX CIOJIYK i TBEPAUX PO3UUHIB Y
cucremax Ga-M-T, ocobnrBo Ga-M-Pd, 3 akiieHTOM Ha 3aCTOCYBaHHI B KaTajisi € akTyaJlbHUM. MeTogamu
PEHTreHiBCbKOro (azoBoro Ta peHTTeHiBCbKOrO CTPYKTYPHOIO aHai3iB, CKaHyI040i eJIeKTPOHHOI MiKpocKorii Ta
JIOKQJIbHOTO PEHTTEHOCIIEKTPAJIBHOTO aHaJIi3y BIeplIe BCTAHOBJIEHO (Pa30Bi piBHOBAru Ta Noo0yA40BaHO i30TEPMidHi
nepepisu niarpam crany cucrem Al-Ga-Pd npu 600°C ta = 50 at.% Pd, Ga-Sn-Pd i Ga-Sb-Pd npu 500°C y noBHOMY
KOHILIeHTpauiiHoMy iHTepBasi. B cucremi Al-Ga-Pd BusIB/IeHO yTBOPEHHS YOTUPbOX HENEPEPBHUX PsiIiB TBEPAUX
PO34YNMHIB 3aMillleHHs MiX i30CTpyKTYypHUMU crionykamu: All-xGaxPd (ctpykrypHuii tun FeSi), (All-xGax)3Pd5
(Rh5Ge3), All-xGaxPd2 (Co2Si), (All-xGax)2Pd5 (Pd5Ga2), ne 0 < x < 1. Y cucremi Ga-Sn-Pd cuHTe30BaHO 01MH
HOBUU TepHapHuM nanaaun Ga2+x+ySn4-xPd9 (x = 0,72, y = 0,06); itoro KkpucrasiuHa CTPYKTypa BJIAaCHOTO TUILY



IIOXOJUTS Bif, CTpyKTypu TuIly Ti2Ni. 3acTOoCyBaHHSI KBaHTOBOI Teopii aTomiB y Mmojiekysax (QTAIM) no3sosnno
oniHuTH edeKTUBHI 3apsiau aToMiB y crionyni — -0,40 Tta -0,60 gy Pd, +0,70 gst Ga/Sn. 3HaineHo posnomin
ingukaropa sokanizauii enexktpoHis (ELI-D) gys Ga2+x+ySn4-xPd9, sikuil 03BOJIMB BUSIBUTU [BOLIEHTPOBI 3B's13KU
Pd-Sn i Pd-Ga, ogHak BOHM pO3INOJiNEHi i30TPOIHO, 10 MOXE NEPEMKOIKAaTU YTBOPEHHIO OKPEMUX aKTUBHUX
LIEHTPiB Ha MOBEPXHi. JI7151 CMHTe30BaHOro TBepaoro po3unHy Gal-xSnxPd2 (0 < x < 1; Co2Si) BCTaHOBJIEHO BILJIUB
€JIEKTPOHHOI CTPYKTYPU Ha KaTaJliTU4Hi BJAaCTUBOCTI B peakLii HaliBrinpyBaHHs alleTUjIeHy (MaKCUMyM
KaTaJliTHYHOI aKTMBHOCTI I1pY 3HaueHHi X = 0,28). MeTo[, HabmXeHHs KorepeHTHoro noreHuiany (CPA)
BMKOPHMCTAHO [1J151 PO3PaxyHKY €JIEKTPOHHOI CTPyKTypu Gal-xSnxPd2. 3aseXHicTb aKTUBHOCTI MaTtepiany Bif
ueHTpa Baru d-30Hu Pd nokasye piskuil MakCUMyM [17151 HAl61L/IbII aKTUBHOTO Martepiany. Y cucremi Ga-Sb-Pd
BUSIBJIEHO TPU HOBI TEPHAPHI CIOJIyKU: rekcaroHasnpHa Gal-xSbxPd2 3 x = 0,5-0,7 (Fe2P) i nBi TeTparoHasbHi -
Ga0,62(3)Sb0,38(3)Pd3 (Pt3Ga), Ga0,61(3)Sb0,39(3)Pd3 (HOBUI1 CTPYKTYPHUH THUII).

2. Intermetallic compounds with their peculiar combination of crystal and electronic structures are perfect
candidates for the development of novel catalytic materials for heterogeneous catalysis with improved properties.
Investigation of phase equilibria, conditions of the intermetallic compounds and solid solutions formation in the
system Ga-M-T, especially Ga-M-Pd, with emphasis on application in catalysis is relevant. InTepmeraniuni
CIIOJIYKU 3 IXHBOIO OCOOJIMBOIO KOMOIHALIi€I0 KPUCTAJIIYHOI Ta €JIEKTPOHHOI CTPYKTYP € ilealbHMMU KaHIUIaTaMU
17151 pO3pOOKM HOBUX MaTepiasiB AJ1s FeTePOr€HHOr0 KaTasi3y 3 IOKpalleHMMHU BIaCTUBOCTSIMU. JI0CIIiIKEHHS
($a30BUX piBHOBAr, YMOB YTBOPEHHS iHTEpMETaiYHUX CIOJIYK i TBEPAUX PO34MHIB y cuctemax Ga-M-T, oco6smuBo
Ga-M-Pd, 3 akjeHTOM Ha 3aCTOCYBaHHI B KaTaJisi € akryanbHUM. By means of X-ray diffraction, scanning electron
microscopy and energy dispersive X-ray spectroscopy, the phase equilibria in the systems Al-Ga-Pd, Ga-Sn-Pd
and Ga-Sb-Pd were determined, and isothermal sections of the phase diagrams were constructed for the first time
(Al-Ga-Pd at 600°C for = 50 at.% Pd, Ga-Sn-Pd and Ga-Sb-Pd at 500°C in the whole concentration range). In the
Al-Ga-Pd system, four continuous solid solutions between isotypic binary compounds were found: All-xGaxPd
(structure type FeSi), (All-xGax)3Pd5 (Rh5Ge3), All-xGaxPd2 (Co2Si), and (All-xGax)2Pd5 (Pd5Ga2), all with 0 < x < 1.
In the Ga-Sn-Pd system, one ternary palladide forms: Ga2+x+ySn4-xPd9 (x = 0.72, y = 0.06 from X-ray diffraction);
its crystal structure is derived from the Ti2Ni type. Application of the Quantum Theory of Atoms In Molecules
(QTAIM) allowed us to estimate the effective charges of the atoms. The charges obtained for the Pd atoms (-0.40, -
0.60) are very close to the values obtained for Pd in GaPd (-0.50), whereas the positive charges for Ga and Sn
(+0.70 and +0.85) are slightly higher than for Ga in GaPd. The distribution of the Electron Localizability Indicator
(ELI) allowed detecting two-center Pd-Sn and Pd-Ga interactions. In Ga2+x+ySn4-xPd9 these are distributed
isotropically, which may interfere with the formation of separate active sites on the surface, thereby reducing the
catalytic activity. For the solid solution Gal-xSnxPd2 (0 < x < 1; Co2Si-type structure), the influence of the
electronic structure on the catalytic properties in the reaction of acetylene semi-hydrogenation (maximum
catalytic activity at the nominal composition x = 0.28) was studied. The method of Coherent Potential
Approximation (CPA) was used to calculate the electronic structure of Gal-xSnxPd2 from X-ray photoelectron
spectroscopy for different values of x around the value for maximum catalytic activity. The dependence of the
activity on the center of gravity of the Pd d-band shows a sharp maximum. Three new ternary phases were
discovered in the Pd-rich part of the Ga-Sb-Pd system: Gal-xSbxPd2 (Fe2P-type structure) with x = 0.5-0.7 at 500
°C, and two tetragonal phases: Ga0.62(3)Sb0.38(3)Pd3 (Pt3Ga), Ga0.61(3)Sb0.39(3)Pd3 (own structure type).
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