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1. BcraHoBneHHS 3aKOHOMipHOCTEH JIoMiHecleH11ii HaHokpucTani CdS, ZnS, neroBanux nomimkamu ( Zn, Cu, Li)

Ta HAHOCTPYKTYP SIAPO-060JI0HKA, CHHTE30BAaHUX 30JIb-TeJIb METOIOM»

2. Establishment of the regularities of luminescence of CdS, ZnS nanocrystals doped with impurities (Zn, Cu, Li)
and core - shell nanostructures synthesized by the sol - gel method.

Pedepar:

1. B pucepTauii npencTrasieHi pe3yibTaTy SOCiIPKEHHS HalliBIIPOBITHUKOBUX KBaHTOBUX TOYOK (KT) cynpdiny
KagMio Mo (IKOBAaHUX 32 JOIIOMOTOIO JIETYBAaHHS JOMIIIKOBUMY MeTajlaMu, Ta HApolLlyBaHHS 000JI0HKU. [1pu
CHHTE3i 3pa3KiB BUKOPUCTOBYBABCS 30JIb — T€JIb MeTOZ,. JOCIIiIPKEeHHS ONTUYHNX BJIACTMBOCTEV BUKOHYBAJIMCS 32
IOTIOMOTOI0 BUMipIOBaHb CIIEKTPiB ONITUYHOI WIiIbHOCTI Ta ¢poTomoMineceHLii. CTPyKTYpHi Bl1aCTUBOCTI
BMBYAJIMCS 32 JOTIOMOTOI0 METOLIB NU(PaKLii peHTT€HiBCbKOTO BUIIPOMIHIOBAHHSI Ta CKaHYI040i €JIEKTPOHHO]
mikpockoriii (CEM). KBaHTOBi Touku npencTaBnsiors coboro HaHokpucTtanu (HK) chepuyunoi popmu 3 paniycamu a =
1-10 HM., BUPOLLEHi B ieJIEKTPUYHUX MATPULSIX. [HTEpeC 00 HaniBIPOBiTHUKOBUX KT BUKIIMKAaHUNA TUM, 11O
noA1i6Hi rerepodas3Hi CUCTEMU € IEPCIEKTUBHUMU [J151 CTBOPEHHS HOBUX €JIEMEHTIB HeJIiHIITHOI OITOEIeKTPOHIKU
(30Kpema, eJIEMEHTIB [1J151 KEPYBaHHS ONTUYHUMU CATHAJIaMU B ONITUYHUX KOMIT'IOTEPAX i B IKOCTi aKTUBHOI 06J1aCTi

iHXXeKLifHMX HalliBIIPOBIIHUKOBUX JIa3epiB). BakKIMBUM aclieKTOM PO3POOKU TEXHOJIOTIYHUX IIPOLECiB



BUPOOHUILITBA HAMiBIIPOBIJHMKOBUX IIPUJIA/IiB, € JOCIiIXEHHS CI0Cc06iB MOau(piKyBaHHS HaHOMarepianis. [Ipu
mopudikarii sk noBepxHi, Tak i 06csary KT 3HaYHUM YMHOM 3MiHIOIOTHCS iX BJIACTHBOCTI, BiIKPUBAIOTHCS HOBi cepu
3aCTOCYBAHHS i HOBi HaIIPSIMKU JlocCiakeHb. OnHUM 3i crioco6iB Mmoaudikallii € seryBaHHs. OHaK, MEXaHi3MH1
BIUJIMBY JIETYIOUMX JOMILIOK HA BJIACTUBOCTI HAHOCTPYKTYPU 3aJIMIIAIOTHCSI MAJIO BUBUEHUMHU. [HIIUI METO[
MoauQiKyBaHHS M0JISITae B IOKPUTTI HaNiBIIPoBigHMKOBUX KT 060JI0HKOIO 3 iHIIOrO HAMiBIPOBiAHMKA OJ1s
CTBOPEHHSI HAHOCTPYKTYP THUILY SIIPO - 000JI0HKA. [IpoTe criocobu OTpUMaHHS TaKUX CTPYKTYP JOCUTh
TEXHOJIOTIYHO CKJIaJHi, Ta IOTPeOYIOTh BIOCKOHAJIEHHS. [Ipy eKCllepMMEHTa/IbHUX JOCTIIKEHHSIX B paMKax
IycepTauiiHoi po6oTy 6yJiM OTPUMAaHi HACTYIHI pe3yIbTaTy: BCTAaHOBIEHO 3aJIEXKHICTh PO3MIPY HAHOYACTHUHOK Ta
CIIEKTPaJIbHOTO CKJIAZy JOBIOXBUJILOBOI CAMO aKTMBOBAHOI JTIOMiHecCLeHIIii HaHOKpuCTasiB cyabdiny Kaamito, Bin
KOHILIeHTpallii IpeKypcopiB, HiTpaTy KagMito Ta cyibQiny HaTpito. Briepiie 6y10 OTpMaHO HAHOCTPYKTYPY SIIPO —
000JI0HKa 32 JOIIOMOTOI0 30J1b — ['€JIb METOJly B PAMKaxX OJHOIO TEXHOJIOTIUHOTO NpoLecy 6e3 0ro nepeprBaHsb.
[IpoBeeHO BOCTiIKEHHSI PEHTT€HIBCbKUX NM(PAKTOrpam HeJlerOBaHUX HAHOKPUCTAJIB CyIbQiny KaaMilo Ta
JIeroBaHUX LJMHKOM i Miffi10, BUsIBJIEHO BiiCyTHICTb 3MiH kpucTaniyHoi ctpykrypu KT CdS npu nerysanHi. Le
IIOB'SI3aHO 3 TUM 1[0 JOMIIIKY 3aliMalOTh BaKaHTHI MiCLiS B KpUCTaJIiuHiN I'paTLi, BOYIOBYIOTbCS Y MDKBY3JIS1 HE
3MiHIOIOUU CTPYKTYpU esnemeHTapHoi komipku HK CdS. [1pu monaBaHHi IMHKY B SIKOCTI JIETYIOYOi OMIIIKU
CIiocTepirasiocst 3MilleHHs Kpalo MOTJIMHAHHS B 06J1aCTh BUCOKUX €Hepriil, BeJIMYMHA 3CYBY [IPHU IIbOMY, 3pOCTaE 3i
301/1bLIIEHHSM KOHLIEHTPALllii IIMHKY 1€ MTOSICHIOEThCST yTBOPEHHSIM NOTPilHOro 3'efHanHsa CdxZnl-xS. Y criekTpax
(doTromoMiHecLeHIIii PO3KIaZieHNX Ha eJIeMEHTAPHi rayCoBi CKJIa[I0Bi, 306€piraeTbcs CTPYKTypa Ta CIEKTPaIbHUN
CKJIaf, IT'SITU MaKCMMYyMiB BUIIPOMIHIOBaHHS Ha JOHOPHO — aKLENTOPHUX Napax. [lepeBaXkHUM CTa€ MaKCUMyM
BUINIPOMiHIOBaHHS Ha 2.36 €B, a eKCUTOHHUI MAaKCHMYM BUIIPOMIHIOBAaHHS Pa30M 3 KpA€M IOTJIMHAHHS 3MilllyeThCH
B 00J1aCTb BUCOKMX €Hepriil. BUsIBJIeHO HU3bKOEHEPreTUYHE 3MillleHHS Kpalo NIOTJIMHAHHS [IPY JIETYBaHHI Mifio,
sIK€ 3pOCTAJIO 3i 301/IbIIEHHSIM KOHLEHTpAllii JIEryl4oi JOMIIKY. Y crieKTpax (GOTONOMIHECLEHLii CTIOCTEPIiraeThCs
raciHH# JIiHii BUIIPOMiHIOBaHHS Ha JOHOPHO — aKlLEeNTOPHUX Iapax, a JiHisl eKCUTOHHOT'O BUIIPOMIHIOBaHHS
3MillyeThcs B 0671aCTh MEHIINX €HEPTill B IOPiBHSIHHI 3 EKCUTOHHOIO JIiHi€l0 HesleroBaHux HaHokpucTasis CdS. Ilpu
30i7bII€HHI KOHLIEHTPALil Mifli CrioCTepiraeTbCs 3MeHIIeHHS iHTEHCUBHOCTI 1€l MiHii, 110 MO>KHA MOSICHUTU
3aMillleHHSIM BaKaHCil KagMilo aToOMaMu Mifi B ripolieci cuHTesy. B criektpax mominecnenuii KT CdS neroBanux
aTOMaMmU JITil0 CIIOCTePIiraeTbCs MOCUJIEHHS iIHTEHCUBHOCTI BUIIPOMIHIOBAHHS B IOPiBHSHHI 3 HEJIETOBAaHUMU
KBaHTOBUMU ToukaMu CdS. BcTaHOBJIEHO 110 JIETYBAHHS JIiTiEM HE IPU3BOAUTD [0 3MiH pO3Mipy HAHOKPUCTAJY.
I[Tpu aHani3i ONTUYHUX BJIACTUBOCTEN HAHOCTPYKTYP SAOPO — 000JIOHKA 6YJI0 BUSBJIEHO 30iJIbIIEHHS pO3Mipy
HAaHOKPHCTAJIiB IIPYU HApOIyBaHHI 0060710HKU. CIIOCTepirasocs 3poCTaHHs iIHTEHCUBHOCTI (GOTONIOMiHECLeHLIi]
HaHocTpyKkTypu CdS/ZnS BigHocHo KT CdS. I[TafiHHS iHTEHCUBHOCTI BUIIPOMIHIOBAaHHS IIPY 30iJblI€HH] TOBIMHA
000JI0HKU 3 Cy/Ibdify LUMHKY BiIOYBAa€ThCS Ye€PE3 3POCTAHHS KiIbKOCTI A,e(PEKTIB BUKIMKAHUX HEY3TOIKEHICTIO MK
NOCTiIMHMMU KPUCTAJIIYHOI I'PATKU siipa Ta 000J10HKU. JlocimkeHHs onTuiHux BiaactuBocreil HK ZnS
IIPOJEMOHCTPYBAJIO BiZICYTHICTB iX BIVIUBY, IPU iX YTBOPEHHI Y KOJIOINHOMY PO34MHIi B IPOLLECi HAPOIIYBaHHS
000JIOHKH, Ha OITUYHi BIaCTUBOCTI HAaHOCTPYKTYpu CdS /ZnS. Kino4yoBi cyoBa: cynbdif Kagmito, cynbdif LAHKY,
JIeTyBaHHS, KBAHTOBA TOYKA, HAHOKPHUCTaJI, HAHOCTPYKTYPA PO — 060JI0HKA, GOTOMOMIHECIE€HIis, OITUYHE

MOTJINHAHHSL, 30J1b — T'eJIb METO/I, KOJIOIMHUI PO34YMH, KPUCTAJIiYHA I'PAaTKA

2. The dissertation presents the results of a study of semiconductor quantum dots (QDs) of cadmium sulfide
modified by alloying with impurity metals, and shell growth. The samples were synthesized using the sol - gel
method. Studies of the optical properties were carried out by measuring the optical density and
photoluminescence spectra. Structural properties were studied using X-ray diffraction and scanning electron
microscopy (SEM). Quantum dots are spherical nanocrystals (NC) with radii a = 1 - 10 nm., grown in dielectric
matrices. Interest in semiconductor QDs is due to the fact that such heterophase systems are promising for
creating new elements of nonlinear optoelectronics (in particular, elements for controlling optical signals in
optical computers and as an active region of injection semiconductor lasers). An important aspect of the
development of technological processes for the production of semiconductor devices is the study of methods for
modifying nanomaterials. When modifying both the surface and the volume of QDs, their properties change
significantly, new areas of application and new research directions open up. One of the most common



modification methods is alloying. However, many aspects and mechanisms of the influence of dopants on the
nanostructure are still not studied, which opens up many research opportunities. Another modification method
consists in covering semiconductor QDs with a shell made of another semiconductor to create nanostructures of
the core - shell type. However, the methods of obtaining such structures are quite technologically complex and
need to be improved. It was found that by changing the concentrations of precursors, cadmium nitrate and sodium
sulfide, one can influence the size of nanoparticles and the spectral composition of the long - wavelength self -
activated luminescence of cadmium sulfide nanocrystals. For the first time, a nanostructure of the core - shell was
obtained using the sol - gel method within one technological process without its interruptions. X-ray diffraction
patterns of undoped nanocrystals of cadmium sulfide and doped with zinc and copper were studied, the absence
of changes in the crystal structure of CdS QD during doping was revealed. This is due to the fact that impurities
occupy vacancies in the crystal lattice, are embedded in the internodes without changing the structure of the unit
cell NC CdS. When zinc was added as an alloying impurity, the absorption edge was shifted to the high energy
region, the amount of shear increases with increasing zinc concentration due to the formation of the triple
compound CdxZnl1-xS. In the photoluminescence spectra decomposed into elementary Gaussian components, the
structure and spectral composition of the five radiation maxima at the donoracceptor pairs are preserved. The
radiation maximum of 2.36 eV becomes predominant, and the exciton maximum of the radiation together with the
absorption edge is shifted to the high-energy region. A low - energy shift of the absorption edge was revealed
upon doping with copper, which increased with an increase in the concentration of the dopant. In the
photoluminescence spectra, quenching of emission lines on donor - acceptor pairs are observed, and the exciton
emission line is shifted to a region of lower energies compared to the exciton line of undoped CdS nanocrystals.
With an increase in the copper concentration, a decrease in the intensity of this line is observed, which can be
explained by the replacement of cadmium vacancies with copper atoms during the synthesis. In the luminescence
spectra of CdS QDs doped with lithium atoms, an increase in the radiation intensity is observed in comparison
with undoped CdS quantum dots. It was found that lithium doping does not change the size of the nanocrystal. The
analysis of the optical properties of the core - shell nanostructures revealed an increase in the size of nanocrystals
during shell expansion. An increase in the photoluminescence intensity of the CdS / ZnS nanostructure relative to
the CdS QD was observed. The decrease in the intensity of radiation with increasing thickness of the shell of zinc
sulfide is due to an increase in the number of defects caused by inconsistencies between the constants of the
crystal lattice of the core and the shell. The study of the optical properties of NC ZnS demonstrated the absence of
their effect on the optical properties of CdS / ZnS nanostructure during their formation in colloidal solution
during shell building. Keywords: cadmium sulfide, zinc sulfide, doping, quantum dot, nanocrystal, core - shell
nanostructure, photoluminescence, optical absorption, sol - gel method, colloidal solution, crystal lattice.
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