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Pedepar:

1. Cnontyku notpitiHux (I-111-VI) Ta yetBepHux (I-11-1V-VI) xanbKkoreHizniB MeTasiB € NepcrneKTUBHUMHU MaTepiaaMu
17151 GOTOAETEKTOPIB Ta (GOTONOIVIMHAIOYUX MIAPiB TOHKOIIJIIBKOBUX COHSYHMX KOMIPOK HOBOTO (TPETHOTO)
IIOKOJIiHHS, (PJ1yOpOo(dOPiB Ta MATIOTOKCUYHUX JIIOMiHECLIEHTHHX MiTOK /1711 6i0MeINYHNX 3aCTOCYBaHb,
TEPMOEJIEKTPUYHUX Ta (OTOKATATITUYHUX TPUCTPOIB, CYNIEPKOHIEHCATOPIB Ta iHIIMX IIPUCTPOIB 3 IEPETBOPEHHS
Ta 30epiraHHs eHeprii. [lepeBaramu faHux CHoJyK Haj Tpaauliinumu (Si, GaAs, CdTe Ta iH.) € IemeBr3Ha
KOMIIOHEHTIB (XiMi4YHUX €JIEMEHTIB) Ta iX HETOKCUYHICTb, @ TAKOK MO>KJIMBICTb YaCTKOBOTO 3aMillleHHsI 6y1b-5IKOTO 3
€JIEMEHTIB iHIINM, SIKUH BiTHOCUTHCS O TOTO CAaMOTO I1epioAy NnepioguvyHoi TabuIi eJ1eMeHTiB, 110 103BOJISIE

MoaMiKyBaTH BJIaCTUBOCTI MaTepiajy B LIMPOKUX MeXKax. [l TaHUX MaTepiasliB xapakTepHe [T0€IHAHHS KiJIbKOX



BXJIMBUX (i3MYHUX [1APAMETPIB, TAKUX SIK BUCOKUI KOEQillieHT ONTUYHOTO NOIJIMHAHHS, CIIEKTPaJIbHE MOJIOKEHHS
Kpalo MOTJIMHAHHS B 06JIaCTi COHSIYHOTO BUITPOMIHIOBAHHS, XOPOIIIA €JIEKTPO- Ta TEPMOIPOBiIHICTh, EHEPTETUIHO
BUTiIHE TIOJIOKEHH KPaiB 30H 3 TOYKU 30PY [IEPEHOCY 3apsly Ha iHIIi KOMIIOHEHTH MPUJIAOBUX CTPYKTYP.
BuroroBsieHHS JaHUX MaTepiajiB y BUMVISAL KOI0igHUX HaHOKpuUcTailiB (HK) mae neBHi nepesaru Haj iHIIMMU
MeToaMU. 30KpeMa, (POPMYBaHHS NIEBHOI KPUCTAIIYHOI CTPYKTYPU Ta KOMIIOHEHTHOTO CKJIaly MaTepiany
3[IifICHIOETHCSI HE3aJIeXXHO Bifl Marepiany (Mai6yTHboi) ninxnanky, ii Mopdosorii Ta iH. CyMicHICTb 3 TEXHOJIOTiEI0
CTPYMEHEBOTO [IPYKY Ta iHIIMMHU TE€XHOJIOTiSIMA MaCOBOIO i [€lIeBOro BUPOOHUIITBA TOHKUX IJTiIBOK JOJA€
IEPCIEKTUBHOCTI IMPOKOTro 3acTocyBaHHs Takux HK. ®ononni cnexrpu HK cnosyk I-111-VI ta I-1I-1V-VI Ha
MOMEHT I10YaTKy JAaHOi po60TH Oy MaIOAOCTiIKEHUMH, OCKLJIBKYA KPUCTalidHa CTPYKTypa Ta KOMIIOHEHTHHU
CKJIaJ] JAHUX CIIOJIYK CYTTEBO 3aJI€XKaTh Bifi TEXHOJIOTIYHUX YMOB OTPUMAaHHS, a Cepel;, MaJlo4UCeIbHAX
JliTepaTypHUX JAHUX iCHYBaJM CyIIEpEeYHOCTI B iX iHTepnpeTalii. MeTow nucepTauiiiHoi po60TU € BCTAaHOBJIEHHS
0CO06JIMBOCTEN (POHOHHUX CIIEKTPiB HAHOKPUCTAJIIB HAMiBIPOBiAHUKOBUX crlosyK Me-In-S (Me = Cu, Ag, Hg) Ta Me-
Zn-Sn-S (Me = Cu, Ag); B3aeM03B’s13Ky POHOHHUX cIieKTpiB nux HK 3i CTPyKTypOIO KpUCTaliYHOI I'PaTKU Ta
KOMIIOHEHTHUM CKJIaZIOM; B3a€EMO/Iii MK €JIEKTPOHHOIO Ta (POHOHHOIO MiJICUCTEMaMU, 30KpeMa IIPosIBY ii B
CIIEKTpaX Pe30HAHCHOTO paMaHiBCbKOro po3cioBaHHs. [Ipy BUKOHAHHI AMCEPTaLiiHOI pO60TH Oysu Breplle
oJlep>KaHi HaCTYIHi HAyKOBi pe3ysbTaTy: 1. Biepiie nocaigkKeHo paMaHiBChKi criektpu cnosayku Hg-In-S, HK Ag-In-
S HeCcTexXiOMeTPUYHOrO CKJIaAy, HU3bKOTEMIIEPATYPHI Ta CIIEKTPU Apyroro nopsauky mas HK Ag-In-S ta Cu-In-S, HK
tuny s11po (Me-In-S) o o6os10HKa (ZnS) A5 Beix Tpbox cnonyk (Me = Hg, Ag, Cu). [loegHaHHs 1ux gaHux 6yJjo
BUPilIaIbHUM 17151 GOPMYJIIOBAaHHS BUCHOBKY LIOJ0 TOTO, sIKi KOM6iHaLlii (POHOHIB I1€pIIOro MOpsAKY MOXKYThb
YTBOPIOBATHU CIIEKTP PO3CilOBaHHS Pyroro nopsaky. 2. Bnepue orpumano cnexkrpu [Y norauHaHHS POHOHAMU [J1s1
HK Ag-In-S, Hg-In-S Ta Cu-In-S, HK tuny gxapo (Me-In-S) o o6os01Ka (ZnS) (Me = Hg, Ag, Cu), a Takoxx HK Cu-Zn-
Sn-S Ta Ag-Zn-Sn-S pi3HOT0 KOMIIOHEHTHOI'O CKJaAy. 3. Briepiie gociiiKeHo KOJIMBHI CIIEKTPU CIIONYK Ag-Zn-S Ta
Ag-Sn-S. 4. BupimeHo ofiHy 3 OCHOBHUX PO30i’KHOCTEH y JliTepaTypi [10 pamaHiBChKUX crieKTpax croyk [-11I-VI, a
came, II0OKa3aHo, 1110 paMaHiBCbKi GOHOHHI Moy y Aiana3oHi 340-350 cm-13ymoBneHi LO-mMogamu TeTparoHayabHO]
cTpykTypu Tuny MelnS2, a He OMilIKOBOI a3y WIiHeo, O NiATBEPAKYEThCs peayabTratamu XRD. 5. 3a
poriomoroo EINP nociimkeHs Briepiue eKCrepuMMEHTAaIbHO BCTAHOBJIEHO iCHYBaHH cTany CuZ+ B HK CZTS
HECTEXiOMETPUYHOIO CKJIaZy, IO MifTBEPIKYETLCS PE3yIbTaTaMM €JIEKTPUYHUX BUMIPIOBaHb. 6. BCTaHOBIJIEHO, 110
Ha BiIMiHY BiJ] IPOJE€MOHCTPOBAHOI paHillle MOXJINBOCTI oTpuMaHHsl MoHO¢asHux HK CZTS meTogom BogHOro
HU3BKOTEMIIEPAaTypPHOTO CUHTE3Y, OTpuMaHi Takum metonom HK (Cu, Ag)-Zn-Sn-S 36epiratots cTpykTypy CZTS
Jiiuie pyu Masiomy BMicTi Ag (kinbka %), a mpu 36inbueHHi BMicTy Ag Ta nepexofii 1o Ag-Zn-Sn-S, € kombiHalieo
OCHOBHO] 4eTBepHOi (AZTS abo ACZTS) Ta omimkoBoi noTpiitHoi ¢pasu Ag-Zn-S. CaMe NPUCYTHICTIO OCTaHHbO]
MOJKHA [NOSICHUTA HEMOTOHHY 3aJI€JKHICTh Kpalo ONTUYHOrO noravHaHug HK Ag-Zn-Sn-S B ieBHOMY Hiana3oHi
KOMITOHEHTHOTO CKJIaJly, 10 CIIOCTepirasiacs paHiie i B iHIINX po6oTax, ajie He 3Hax0ujia MosICHeHHS. [IpakTuyHe
3HAYEHHS OJleP>KaHUX PEe3YJIbTATIB MOJIAra€e B pO3pOOLi METOAUKHU CTPYKTYPHOI 1iarHOCTUKY 6araTOKOMIIOHEHTHUX
HK HecTexioMeTpUYHOro KOMIIOHEHTHOTO CKJIaly Ha OCHOBI aHali3y ix POHOHHMX paMaHiBCbKUX CIEKTpiB. Takox
pO3pobJieHa METOMKa peecTpallii ClIeKTPiB paMaHiBCbKOTO PO3CisIHHSA Bif BUCOKOJOMiHecieHTHUX HK msaxom
KOHTpOJIbOBaHOi ¢pyHkuioHanizanii HK cunpHuM akuentopom enekTpoHiB. s Tonkux niiBok HK Cu-Zn-Sn-S
Pi3HOro KOMIIOHEHTHOTO CKJIaZly, BCTAHOBJIEHO 3aJI€’KHICTh Mi’K yMOBaMHU YTBOPEHHS Ta TEPMiuHOI 06pOOKH I1J1iBOK

Ta ix €JIEKTPUIHUMU BJIACTUBOCTAMMU.

2. Compounds of ternary (I-I1I-VI) and quaternary (I-1I-IV-VI) metal chalcogenides are promising materials for
photodetectors and absorber layers of thin-film solar cells of the new (third) generation, fluorophores and low-
toxic fluorescent labels for biomedical applications, photocatalytic devices, supercapacitors, and other energy
conversion and storage devices. The advantages of these compounds are the cheap and non-toxic components
(chemical elements), as well as the possibility of partial substitution of any of the elements, which allows the
properties of the material to be modified in a wide range. These materials are characterized by a combination of
several important physical parameters, such as high optical absorption coefficient, the spectral position of the
absorption edge in the range of solar radiation, good electrical and thermal conductivity, advantageous position of
the band edges in terms of charge transfer to other components. The production of these materials in the form of



colloidal nanocrystals (NC) has certain advantages over other methods. In particular, the formation of a certain
crystal structure and component composition of the material is carried out independently of the material of the
(future) substrate, its morphology, etc. Compatibility with inkjet technology and other technologies of inexpensive
large-scale production of thin films is an additional benefit of application of colloidal NC. The phonon spectra of I-
I11-VI and I-1I-IV-VI NCs were little studied before this work was started, because the crystal structure and
component composition of these compounds significantly depend on the technological conditions of production.
Even among the available data, there were inconsistencies in interpretation. This thesis aims to establish the
features of the phonon spectra of small-size I-11I-VI and I-1I-IV-VI NCs; the relationship of phonon spectra with
the structure of the crystal lattice and component composition; the interaction between electron and phonon
subsystems, in particular in the resonance Raman scattering spectra. There following scientific results were
obtained in this thesis: 1. Raman spectra of Hg-In-S compound and non-stoichiometric Ag-In-S NCs, low-
temperature and second-order spectra for Ag-In-S and Cu-In-S NCs, core-shell (ZnS) NCs for all three
compounds were studied for the first time. The combination of these data was crucial for the assumption that
combinations of first-order phonons can form a second-order scattering spectrum. 2. Spectra of IR absorption by
phonon in Ag-In-S, Hg-In-S, Cu-In-S NC, core-shell (ZnS) NC based on them, as well as Cu-Zn-Sn-S and Ag-Zn-
Sn-S NCs of different component composition were studied for the first time. 3. The vibrational spectra of Ag-Zn-
S and Ag-Sn-S compounds were studied for the first time. 4. One of the main contradictions in the literature on
Raman spectra of I-I1I-VI compounds is solved, namely it is shown that Raman phonon modes in the range 340-
350 cm-1 are caused by LO modes of the tetragonal structure of MInS2 type, and not by modes of spinel impurity
phase, in agreement with XRD results. 5. With the help of EPR studies the existence of Cu2+ in non-stoichiometric
CZTS NCs is experimentally confirmed for the first time, and corroborated by the results of electrical
measurements. 6. It is established that in contrast to the previously established possibility of obtaining single-
phase CZTS NCs by the method of aqueous low-temperature synthesis, (Cu,Ag)-Zn-Sn-S NCs obtained by this
method retain the structure of CZTS only at low Ag content (several %). With increase of Ag content and transition
to Ag-Zn-Sn-S, a combination of the main quaternary (AZTS or ACZTS) and impurity ternary phase Ag-Zn-S is
formed. The presence of the latter phase can explain the non monotonous dependence of the optical absorption
edge of Ag-Cu-Zn-Sn-S NC in a certain range of Ag/Cu content, which was observed also earlier in other works
but did not find an explanation. The practical significance of the obtained results consists of the development of a
method of structural diagnostics of multicomponent NCs of nonstoichiometric component composition based on
the analysis of their phonon Raman spectra. A method for obtaining Raman scattering spectra from highly
luminescent NCs by controlled functionalization with a strong electron acceptor has also been developed. For thin
films formed from Cu-Zn-Sn-S NCs of different component compositions, the relationship between the conditions
of formation and heat treatment of films and their electrical properties is established.
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