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Pedepar:

1. ONTUYHMMHU CTIEKTPOCKOIIYHUMU METOJAMU JOCIIKEHO €(PEKTH IPOCTOPOBOrO OOMEXKEHHS Ta NIOBEPXHI B
(POHOHHUX Ta €JIEKTPOHHUX 30yPKeHHsX B HaHOKpucTtanax (HK) A2B6, chopmoBaHUX MeTOAAMU KOJIOIAHOI XiMii.
ExcriepuMeHTasbHO BCTAHOBJIEHA 3aJI€KHICTh YaCTOTU ONTUYHUX POHOHIB, GOpMU CMYT KOMOIHALIITHOTO PO3CisH-
H4 cBiTa (KPC) Ta BenMuuHu eeKTpoH-(QOHOHHOI B3aeMozii Big poamipy HK B o6siacti po3mipis 2-5 HM. TIpu
poamipax HK MmeHmux 2 HM, ix (POHOHHMI CIIEKTP 3a-3HA€ SIKICHUX 3MiH, 1[0 BKa3y€e HA CTPYKTYPHY NepebynoBy i
IiATBEpAXy€e TeOPeTUYHI NependadueHHs o0 CTPYKTYpHOI pesakcanii B HK ynbTpamanux po3mipiB, B SIKUX Mae
Miclie nepeBakaHHS TOBEPXHEBUX aTOMIB Haf, "06’eMHUMU". [I0Ka3aHO, 1110 BUKOPUCTAaHHS Pi3HUX JIiTaHiB JJ1s
cra6inizauii HK i ymoB 30ymxeHHs cniektpis KPC BryinBae Ha oTpuMaHi (POHOHHI CIIEKTPH, IIOSICHIOIOYU TaKUM
YMHOM 3HAaYHMI PO3KUJ, BilTOBiIHUX €KCIIEPUMEHTAJIbHUX JAHUX Y JliTepaTypi. Bnepie onncano oco61uBiCTb B

criektpi KPC HK, 1m0 3Hax0AuThCS BUIlle MAaKCUMAaJIbHOI YaCTOTH ONTUYHUX (DOHOHIB BiJITOBiTHOTO MACHUBHOTO



Kpucrana. JlaHa CieKTpajibHa OCOOIMBICTb 3pOCTa€ 33 iIHTEHCUBHICTIO 3i 3MeHIIeHHsIM po3mipiB HK i nosicHeHna
IIPOSIBOM I'YCTHMHY (POHOHHUX CTaHiB [TOB'A13aHUX 3 TOBEPXHEBUMHU 3B’s13kamu. [ng HK Tumny s1po-o060s10HKa
CdSe/CdS i CdSe/ZnS BcTaHOBeHO QakT iHTepAudysii Ha rerepoiHTepdeNci, 10 OXOIII0E NPUOAN3HO 3-4
MoHomapu. CUCTEeMATUYHO JOCJIIPKEHO €BOJII0-11iI0 MEXaHIYHUX HanpyXeHb B HK Tuny s1po-060710HKa SIK
(PYHKIIiIO TOBIIMHY 000JIOHKU. BCTaHOB/IEHO, 10 (OPMYyBaHHS 000JIOHKM 3yMOBJIIOE TAKOX CYTTEBi 3MiHU Y
(OHOHHOMY CIIeKTpi sipa. 30Kpema, Lie 3BykKeHHs cMyru LO-¢(oHOHa s11pa, 3yMOB-JjleHe 3MEHIIEHHSIM CTPYKTYPHOI
HEOJHOPIHOCTI Ha OBEPXHI sipa Npu (PopMyBaHHi iHTepdelicy 3 000JI0HKOI0. BusiBieHe 3MeHIIEHHS BiJHOCHO]
inTeHcuBHOCTI cmyru 2LO CcBiT4uTh Npo KapauHaabHe ocnabiaeHHs: EOB niis GpoHOHIB s1pa, 10 MOSICHIOEThCS
TYHEJIIOBaHHS B 000J10HKY. Briepiie nociigkeno ¢poHoHHI cniektpu gsomipaux HK tumny "sapo-o6osoHKa".
BusBiieHo ix sIKiCHI BiIMiHHOCTI Bif criekTpiB Takoro tumny rerepo-HK chepruunoi popmu. Otprmani
€KCIIEPUMEHTAJIbHI IaHi BKa3yloTh, 30KpeMa, Ha 1poss B cniekrpax KPC gsomMipunx HK KosMBHMX MOJ, 3MillIaHOTO
XapakTepy, 110 rnepenbdavanucs TeopeTudHo i ajs chepuunux HK, ane ekcriepyumeHTasnbHe iX MigTBEPI KEHHS
yCJIaiHIOBAJIOCS CIIEKTPAJIbHUM YIIMPEHHSIM IOB's13aHUM 3 aucnepcieto cpepuynux HK 3a poamipamu.
Bignpauposana Ha HK Tuny "agpo-o6ononka" A2B6 meToniuka CTPYKTYPHUX JOCTIIPKEHb Ha OCHOBI aHai3y
(DOHOHHUX CIIEKTPiB BIleplIe YCIIHO 3aCTOCOBAaHA 10 CUCTEM Ha OCHOBI OiJIbII CKIIAIHUX, ajle HaJ3BUYaiHO
aKTyaJIbHUX 3 IPUKJIAIHOI TOUYKH 30PY, Takux sk CulnS(e)2 /ZnS ta Zn-Cu-In-S/ZnS. BcTaHOBIEHO pe30HAaHCHUM
Xapakrep popMyBaHHS (POHOHHUX CIEKTPiB Takux rerepo-HK, npy 6€3cTpyKTypHOMY XapaKTepi iX ONTU-YHUX
cnekTpiB. Ki104oBi cj10Ba: HaNiBNPOBiAHMUKOBI HAHOKpUCTanu A2B6, GoHOHHM, KOMOiHAlliliHE pO3CilOBaHHS CBiTIa,

CTPYKTypa "41p0o-0060JI0HKA", POTOIIOMIHECLIEHIIisl, OIITUYHE [TOTJIMHAHHSIL.

2. By using optical spectroscopic methods the effects of spatial confinement and surface in phonon and electron
excitations in colloidal II-VI nanocrystals (NCs) have been investigated. Dependence of the frequency of optical
phonons and their line shape in the Raman scattering spectra, as well as the magnitude of the electron-phonon
coupling (EPC) on the NC size range of 2-5 nm was established experimentally. For NC size below 2 nm, their
phonon spectrum undergoes qualitative changes indicative of structural rearrangement and confirms the
theoretical predictions regarding the structural relaxation in ultrasmall NC, in which the predominance of surface
atoms over "bulk" ones takes place. It is shown that the use of different ligands to stabilize the NCs and the
conditions for excitation of the Raman spectra affects the resulting phonon spectra, thus explaining a significant
spread of experimental data in the literature before. For the first time, the features in the Raman spectrum of NCs,
located above the maximum frequency of optical phonons of the corresponding bulk crystal, is described. This
spectral feature get enhanced with decreasing NC size and is explained by the manifestation of the density of
phonon states associated with surface bonds. For core/shell NCs CdSe /CdS and CdSe/ZnS, the fact of interfu-
sion at the heterointerface, extending over about 3-4 monolayers, has been established. The evolution of
mechanical stresses in a core /shell NCs was systematically studied as a function of the thickness of the shell. It
has been established that the deposition of the shell also causes significant changes in the phonon spectrum of the
core. In particular, a narrowing of the LO-phonon peak of the core is attributed to improved structural
homogeneity on the core surface when the interface interface with the shell is formed. The detected decrease in
the 2LO/LO intensity ratio indicates a weakening of the EPC for the core phonons, which is explained by a
significant decrease in their overlap with the exciton partially tunneling into the shell. For the first time, the
phonon spectra of two-dimensional "core/shell" NCs, nanoplate-lets, have been investigated. Their qualitative
differences from spectra of spherical core/shell NCs are revealed. The experimental data obtained show, in
particular, that the vibrational optical modes of two-dimensional NCs are of mixed-type character, which was
predicted theoretically for spherical NCs, but their experimental confirmation was hindered by size dispersion of
spherical NCs. The methodology of structural research on the basis of the analysis of phonon spectra developed
for II-VI NCs was applied the first time for establishing the phonon spectrum of "core-shell" systems based on
more complex, but extremely relevant from the point of view of applications, systems such as CulnS(e)2 /ZnS and
Zn-Cu-In-S/ZnS. The resonant character of their phonon Raman spectra is established, despite the featureless
opti-cal spectra. Key words: semiconductor nanocrystals, phonons, combined light scattering, nucleus-shell



structure, photoluminescence, optical absorption.
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