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1. CTpykTypHi, onTryHi Ta MOpQOJIOTiyHi BIaCTUBOCTI HU3bKOBUMIPHUX cIIoyyK ZnO Ta ZnS, OTpUMaHuX

CJICKTpOJIiTI/I‘{HI/IM METOOO0M

2. Structural, optical, and morphological properties of low-dimensional ZnO and ZnS compounds obtained by
electrolytic method

Pedepar:

1. lucepranifina po6oTa rnpucBssyeHa po3poobili METOIUKY OTPUMAHHS ITOPOIIKOIOIOHMX HAHOPO3MipHUX
KpucrasuiB ZnO Ta ZnS METOIOM €JIEKTPOJIITUYHOTO CMHTE3Y Ta LOCIIiIPKEHHIO iX BIACTUBOCTEN.
[IponeMOHCTPOBaHO, IO PO3POOJIEHUI METOJ, J03BOJIsIE OTPUMYBAaTH HU3bKOBUMIPHI HaMiBIIPOBiIHUKOBI
CTPYKTypH Pi3HOTO XiMiyHOTO ckiamy Ta Mop¢osorii 6€3 BUKOPUCTAaHHS CKJIaIHOTO O6JIaiHaHHS Ta JOPOTrUX
marepiaiB. B po6OTi fOCiI>)KeHO CTPYKTYPHI, ONTUYHI Ta MOp¢oJioriuHi BaacTuBocTi HaHokpucTailis (HK) ZnO Ta
ZnS npu BapiloBaHHI TEXHOJIOTIYHUX IapaMETPiB CMHTE3Y. [leTasbHO BUBYEHO BIUIMB Ha OTPUMAaHi MaTepianu
TEMIIEPATYPY CUHTE3Y IIPY BapilOBaHHI OCTAHHLOI Bif KiMHATHOI 10 1000C, KOHLIEHTpALi €JIEKTPOJIITY i I'YyCTUHU

CTPyMy B TIpoleci ix cuHTe3y. MeToaMy peHTTeHOCTPYKTYPHOTO aHajli3y BCTAHOBJIEHO CTPYKTYpy oTpruManux HK,



BI3HAYEHO iX PO3MipH, TPOBENEHO OLIHKY HasBHUX B HUX MEXaHIYHUX HaIpy>KeHb. Ha OCHOBI HOCIIiIKEHDb
cuHTe30BaHUX HK MeTonom ckaHyio4oi eseKTpoHHOI Mikpockortii (CEM) BuBYeHO ix popmMy Ta BCTAHOBJIIEHO
PO3MipH, 1110 A03BOJIMJIO IIPOBECTH IIOPIiBHSHHS 3i 3HAYE€HHSIMU, OTPUMAHUMU iHIIMMUY (HETIPSIMUMU) METOJAMU.
CEM pocigxeHHs NO3BOJIMINA BUSBUTH KOpeJIsLiio Mk Mop@oJiorieto HK Ta TexHOIOrYHMME TapamMeTpaMu
cuHTe3y. [IpoBeeHO ONTUYHI AOCIIKEHH KOJIOigHMX po3unHiB i3 HY ZnO Ta ZnS, 30KkpemMa OTpUMaHO CIIEKTPU
IIOTJIMHAHHS, HA OCHOBI SIKMX, PO3PaX0BaHO 3HaU€HHSI IMPKUH 3a60poHeHoi 308U (Eg). OTpumani poamipu HY, mo
BM3HAYAJIACS 32 BEJIMYUHOIO iX Eg, KOPEJIOIOTh 3 IaHUMU PEHTT€HOCTPYKTYPHOrO aHasi3y. BcTaHoBIeHO BILIMB
301/IbIIE€HHS KOHLIEHTPALlil KUCHIO B €71eKTpoJliTi Ha ciekTpu ®JI cunTe3oBaHux HK ZnO, 3okpema pict
inTencuBHOCTI cmyru OJI 3 makcumyMoM 0 440 HM, SIKAI TIOSICHEHO 30i/IbIIEHHSM KiJIbKOCTI Ie(PEKTiB MOB'SI3aHUX 3
OKCUT€HOM Ta YTBOPEHHSM TiIpoLMHKITy. [IpomeMoHCTpOBaHo, 10 Bignasn cuHre3osanux HK ZnO npusBonuts 10
3pOCTaHHS Ha NOPSIOK iHTeHCUBHOCTI DJI BHACTIIOK TEpMIYHOTO po3Majy rifpOLUHKITY 10 ZnO 3 pO3BUHYTOIO
[oBepXHe, npuyomy muprHa YO cmyru OJI 3MeHIyeThes Ta BinbyBaeThes ii 3MileHHS 10 XapaKTepHUX 3HAY€Hb
0751 ZnO - 392-395 uHMm. MeTtonom gudepeHLiabHO-TePMiYHOTO aHasli3y BU3HaYeHi 3MiHU (a30BOro CKIamy
OTPUMAaHOTO MaTepiajy, 3apeeCTPOBaHO PO3Kak, IiipOLMHKITY Ha ZnO, ByIyeKrcanii ra3 Ta Bogy. OTpuMaHo Ta
[IPOaHaJIi30BaHO CIIEKTpU CUHTe30BaHMX HK MeTonoM paMaHiBCLKOTO pO3CisSIHHA CBITJIa, KU MiITBEPAUB

dopmyBaHHs ZnO HK Ta ix BUCOKY KpUCTaliYHy JOCKOHAJIICTh IIiCJIsI [OAATKOBOro TepMidHOro Bifmasy rnpu 0550° C.

2. The dissertation is devoted to the development of the method of obtaining powdered nanosized ZnO and ZnS
crystals by the method of electrolytic synthesis and the study of their structural, optical, and morphological
properties. The influence of the synthesis temperature on the obtained materials from the room temperature up to
100 °C, electrolyte concentrations, and current density in the process of their synthesis was studied in detail. X-
ray diffraction study has confirmed that the developed electrolytic method produces highly dispersed
semiconductor material of ZnO, ZnS, and hydrozincite. Based on X-ray diffraction analysis (XRD), it was found that
the synthesized ZnO has a hexagonal structure of wurtzite, ZnS is in cubic structure of sphalerite and a monoclinic
structure was determined for hydrozincite. Scanning electron microscopy (SEM) analysis of ZnO nanoparticle (NP)
formed at different technological parameters confirmed the influence of synthesis parameters on NP morphology
and size. In particular, it is shown that depending on the synthesis conditions the NPs can acquire the form of
hexagonal prisms, needles, tetrapods, star-shaped (flower-like) structures. Decreasing the temperature of NP
synthesis leads to a decrease in NP size while increasing the growth temperature results in the prevalence of one
of the forms of NP, in particular hexagonal prisms. It was established by the Williamson - Hall method that tensile
mechanical stresses with an average value of ~ 3 * 108 Pa are characteristic of ZnO NPs, and compressive stresses
with an average value of ~ 3.5 * 108 Pa are characteristic of ZnS. From the absorption spectra of the colloidal
solution of the synthesized zinc sulfide NPs, the value of the optical band gap was determined to be 3.72 eV. Based
on this value the average NP size of ~ 4.6 nm was determined. The obtained value correlates with the sizes of ZnS
NPs obtained from the analysis of XRD reflexes methods of Scherrer (D ~ 1.2 nm) and Williamson - Hall (D ~ 2.1
nm). The effect of increasing the oxygen concentration in the electrolyte on the photoluminescence (PL) spectra of
ZnO NCs is established. In particular, the intensity increase for the PL band with a maximum of about 440 nm is
observed, which is explained by the increase in the number of oxygen-related defects and hydrozincite formation.
It is shown that annealing of synthesized NC ZnO at 550o0 C leads to an increase of the PL intensity by order of
magnitude, which is attributed due to thermal decomposition of hydrozincite into ZnO with a well-developed
(porous) surface, as well as to narrowing of the UV PL band and its shift to values characteristic for ZnO, ~ 392-395
nm. The method of differential thermal analysis confirmed the changes in the phase composition of the obtained
material during thermal annealing, in particular, the decomposition of hydrozincite into ZnO, carbon dioxide, and
water was registered. X-ray diffraction method showed that the use of sodium sulfide solution as an electrolyte in
the process of electrolytic synthesis leads to the formation of a mixture of sulfide and zinc oxide with average sizes
of 8.9 and 24.1 nm for ZnS and ZnO NPs, respectively. It was found that annealing of the powder with formed NPs
leads to an increase in the size of the ZnS NPs to 20.9 nm, while the size of ZnO NPs decreases to 15.3 nm. Such
changes are explained by the relaxation of mechanical compressive and tensile stresses in the initial ZnS and ZnO,
respectively. The Raman scattering spectra of synthesized NCs were analyzed, which also confirmed the formation



of ZnO NCs and their high crystalline perfection after additional thermal annealing at 550° C. As for the practical
use of the results obtained in the dissertation, we can summarize the following. It is shown that the intensity of
both UV and visible components of PL in ZnO NC can be significantly tuned by controlling the concentration of
defects associated with oxygen. For this purpose, it is necessary to vary the intensity of air (oxygen) flux through
the electrolyte in the course of synthesis. The correlations between the technological parameters of the synthesis
and the physical properties of the formed NPs have been established, which can be used by technologists in the
synthesis of materials with the required properties. A phosphor-based on ZnO NPs was obtained, the PL range of
which covers almost the entire optical range
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