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niariazoHi.

2. Phase-change chalcogenide compounds and diphosphides: influence of structure and composition on optical
properties in the IR range

Pedepar:

1. Y po6oTi JocnimKyeTbcs akTyanbHa MpobsemMa cy4yacHoi Qi3uKu TBEpOro Tija, sKa [10B’s13aHa i3 OCTiI>)KeHHIM
ONTUYHUX BJIACTUBOCTEN MEPCNEeKTUBHUX QYHKIIOHATBHUX MaTepiasiB — (a303MiHHUX XaJIbKOT€HiJHUX CIIOJIYK Ta
nudocdinis. B podboTi npoBeseHO KOMIIJIEKCHE, CUCTEMATUYHE Ta MOCJiTOBHE NOCHIIKEeHHS Pi3UYHUX
3aKOHOMIpHOCTE! Ta MexaHi3MiB BIUIMBY HEBIIOPSIIKYBAHHS HAa ONTHUYHI BJIACTUBOCTI (Pa303MiHHUX XaJIbKOT€HITHUX
marepiaiuiB Ta gudocdizniB LUHKY Ta KagMito. BctaHoBIeHO, o $a303MiHHI XanbKoreHigHi matepianu Ge-Sb-Te B
aMOp(pHOMY CTaHi J€MOHCTPYIOTh KOMIIO3ULiMHI 3aJI€;KHOCTI KOJIMBAJIbHUX BJIACTUBOCTEN. MeTomamMu
cnektpockorii IY Bii6rBaHHS B IMPOKOMY Jlialla30Hi TEMIIEpPaTyp BUBHAYEHO KOMIIO3ULiiIHO-3aJ1eXKHUI1 BILJIUB

CTPYKTPYHOT'O HEBIIOPSIIKYBAHHS Ha ONTHUYHI BJIACTUBOCTI (pa303MiHHUX XaJbKOT€HIIHUX MaTepiasiB



(GeTe)x(Sb2Te3)1-x B amopdHOMY CTaHi. BAXMBUM pe3ysIbTaTOM € Te, 1[0 OTPUMaHi KOMIIO3ULiiHi 3a71€5KHOCTI
IAIOTh 3MOTY IIepei6aynTy KOJIMBAJbHI BJIACTUBOCTI iHIMX crIonyK psany GeTe-Sb2Te3. ITokasaHo, 1o
KpHUCTali3allisi xajbKoreHigHux martepianis Ge-Sb-Te cylpoBOAXY€eTbCS 3MIiHOIO XiMiYHOTO 3B'S13KY 3 KOBaJIEHTHOTO
Ha PE30HAHCHUMH 3B’S130K, SIKUM € OKPEMUM BUIIAIKOM KOBAJIEHTHOTO 3B'3Ky. Lleil TUII 3B'13Ky IIPOSIBIISIETLCS Y
BEJIMKUX 3HAYEHHSIX BUCOKOYACTOTHOI Ji€JIEKTPUYHOI IIPOHUKHOCTI, 3pOCTaHHi [MIKOBOTO 3HaY€HHS YSABHOI YaCTUHU
IieJIeKTPUYHOI IPOHUKHOCTI B Jlialla30Hi Mi’K30HHUX MTEPEXO/iB €JIEKTPOHIB, a TAKOXK Yy 3MiHAaX KOJIMBAJILHUX
BJIacTMBOCTE. [IpoaHani3oBaHO BIIJIMB CTPYKTYPHOIO HEBIOPSIKYBAHHS Ha ONTHUYHI BJIACTUBOCTI (pa303MiHHUX
XaJIbKOT€HiZIB B KpUCTaiYHOMY CcTaHi. [TokasaHo, 1110 3MiHOI0 Mipy CTPYKTYPHOI'O HEBIOPALKYBAHHS MOXKHA
OTPUMYBATH Hamepe[, rependavyBaHi ONTUYHI BJIaCTUBOCTI LIUX CIIOJIYK B MIMPOKOMY CIIEKTPaJIbHOMY Jiana3oHi.
JocmimKeHo BIJINB TEPMOIHIYKOBAaHOTO HeBIIOPsiAKyBaHHS Ha [U- Ta KPC-akTuBHI GoHOHU B fudocdinax LUHKY
Ta Kagmito. OTprMaHi pe3yabTaTy IPOLEMOHCTPYBAJIU aHI30TPOIIIO BILJIMBY TEPMOIHAYKOBAHOT'O HEBIOPSAKYBAHHS
Ha KOJIMBaJIbHi BJIACTUBOCTI AudocdizniB [UHKY Ta Kagmito. Lleit epekT noscHoTbhes aedpopmauieto GpochHopHUX
JIaHLIIOTIB [IpY 3MiHi TeMIlepaTypy IIJISIXOM 3MiHU JOBXUH i KYTiB 3B's13KiB Mixk aToMamu pocdopy. JJocminkeHo
BILJIMB CTPYKTYPHOT'O HEBIIOPSAKYBAHHS HAa ONITUYHI BJACTUBOCTI fudocdiny kagmito. CTpyKTypHe
HEBIOPSIIKYBAHHSI B OCTIIKEHUX 3pa3Kax OyJI0 CIIPUYMHEHEe BBEeJIEHHSIM JOMIIKY B KaTiOHHY MiAIPATKy Ta

HAsIBHICTIO BaKaHCIli B KATIOHHIN Ta aHiIOHHIN migrpaTkax

2. The dissertation deals with an important problem of modern solid state physics, such as a study of the optical
properties of promising functional materials — phase-change chalcogenide compounds and diphosphides. A
comprehensive, systematic and consistent study of the physical regularities and mechanisms of the influence of
disorder on the optical properties of phase-change chalcogenide materials and zinc and cadmium diphosphides
was carried out. It was found that phase-change chalcogenide materials Ge-Sb-Te in the amorphous state
demonstrate compositional dependences of vibrational properties. Composition-dependent influence of structural
disorder on the optical properties of phase-change chalcogenide materials (GeTe)x(Sb2Te3)1-x in the amorphous
state was determined by IR reflectance spectroscopy in a wide temperature range. An important result is that the
obtained compositional dependences make it possible to predict the vibrational properties of other compounds of
the GeTe-Sb2Te3 line. It was shown that the crystallization of chalcogenide materials Ge-Sb-Te is accompanied by
a change in the chemical bonding from covalent to resonant bonding, which is a special case of covalent bonding.
This type of coupling is manifested in large values of the high-frequency permittivity, an increase in the peak value
of the imaginary part of the permittivity in the range of electron interband transitions, and also in changes in
vibrational properties. The influence of structural disorder on the optical properties of phase-change
chalcogenides in the crystalline state has been analyzed. It has been shown that by changing the measure of
structural disorder, it is possible to obtain tailored optical properties of these compounds in a wide spectral range.
The effect of thermally induced disorder on IR and Raman-active phonons in zinc and cadmium diphosphides has
been studied. The results have demonstrated the anisotropy of the effect of thermally induced disorder on the
vibrational properties of zinc and cadmium diphosphides. This effect is explained by the deformation of
phosphorus chains when the temperature changes by changing the lengths and angles of bonds between
phosphorus atoms. The effect of structural disorder on the optical properties of cadmium diphosphide has been
studied. The structural disorder in the studied samples was caused by the introduction of an impurity into the
cationic sublattice and the presence of vacancies in the cationic and anionic sublattices
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