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V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTHYHHUX PYOpPHK:

Tema gucepranii:
1. CTpyKTypa 1 €JIEKTPOHHI BJIaCTUBOCTI HAHOCTPYKTYP HAa OCHOBi OKCUZY LIMHKY.

2. Structure and electronic properties of zinc oxide nanostructures.

Pedepar:

1. Po6oTa mpucBsii€eHa KOMILJIEKCHOMY T€OPETUKO-€KCIIEPUMEHTAILHOMY OCTi~IPKEHHIO CTPYKTYPHUX,
€JIEKTPOHHUX, JIIOMIHECILIEHTHUX i CEHCOPHUX BJIACTUBOCTEN HAHOCTPYKTYP Ha OCHOBI ZnO (HaHOKJIACTePiB,
HAaHOTPYOOK, HAHOIIOPOLIKIB).Y MeKax Teopii QyHKIioHaIa e/1IeKTPOHHOI I'YCTUHU IIPOBEL,EHO MOJIE/IIOBAHHS
CTPYKTYpH i IapaMeTpiB €HepreTUYHOro CIEeKTPa HaHOKJIacTepiB ZnO. BcTaHOBIEHO XapaKTep B3aeMOJi
HaHOKJacTepiB ZnO i3 MoJieKylaMy Pi3HUX rasiB B yMOBax OOMiHY eJIeKTPOHAMU MiXX aficopbaTamu i IOBEPXHEIO
kiacrepis. [IpoananizoBaHo BILJIMB AOMilIOK 3d MeTasliB Ha €JIeKTPOHHY CTPYKTYPY HAaHOKJIACTEPiB i HAHOTPYOOK
ZnO. OpeprKaHi 3HaYEHHS €HePriil popmyBaHHS NeeKTiB, MIMPUHU €HEPreTUYHOI WIiJIMHY i apLiaJIbHUX T'yCTUH
CTaHiB, BCTAHOBJIEHO BILIUB I€()EKTIB HA €JIEKTPOHHUI CIIEKTP HaHOKJIAcTePiB ZnO.BuBYeHO MIOMIHECLIEHTHI

BJIACTMBOCTI HAHOMOPOIIKiB ZnO fK YUCTUX TaK i leroBaHnx atomamu 3d MeTastiB Ta BCTAHOBJIEHO BILJIUB



JIa3€pHOTO NTIOBEPXHEBOTO JIETYBAHHS aToMaMu Ag, Au, Pt Ha agcop6uiiny 3gaTHicTb ZnO. BussieHi
3aKOHOMIipHOCTI GpOpMYyBaHHS aiCOPOLIHUX IOBEPXHEBUX €JIEKTPOHHUX CTaHIB y HAHOIOPOIIKAX [IpY afcopOLii
rasis. [[poaHasi30BaHO XapaKTep 3MiHM €JIEKTPOHHUX BJIACTUBOCTEN HAHOMIOPOUIKOBUX METAJIOOKCUIIB
(amcop6uiiiHa 30aTHICTD, MBUIKOLiS, YyTIUBICTb, CEJIEKTUBHICTD) TP afCOPOLii rasis, BUOPaHO KOHCTPYKIiIO Ta
ONTHMAaJIbHI MaTepianu s NO6YL0BU PEECTPYI0YOi 6araTOKOMIIOHEHTHOI rA30CEHCOPHOI CUCTEMU.

2. The work is dedicated to the complex theoretical and experimental study of structural, electronic, luminescent
and gas-sensing properties of nanostructures based on ZnO (nanoclusters, nanotubes, nanopowders).Density
functional theory studies of structural and electronic properties of small clusters were performed. For each cluster
an optimization of structure was performed and the basic properties of the electronic structure were established.
It was determined that with the increasing of the formula unit number energetically more efficient in the small
clusters is stabilization from the ring to fulleren-like structures containing tetragonal and hexagonal faces. Among
the clusters (ZnO)12 doped with 3d transition metal atoms the most stable are clusters with Zn substitution.
HOMO-LUMO band gap of doped clusters decreases due to p-d hybridization of the impurity atom orbitals with
the orbitals of the oxygen atoms. First principles calculations of the adsorption of molecules of different gases (02,
H20, CO, NO2, NH3, CH30H, C3H60 and C2H50H) on the surface of nanoclusters Zn12012 were performed. It
was determined that the molecules of H20, CO, NO2, NH3, CH30H, C3H60 and C2H50H increase the
concentration of the main charge carriers (electrons) in sensor systems, whereas molecule O2, reduce their
concentration. Adsorption of molecules causes the reduction of the band gap of nanoclusters. The sharpest
decrease is observed for O2 molecules, and among donor molecules the greatest impact was observed with CO and
NH3 molecules. DFT studies of the structural and electronic properties of nanoclusters (ZnO)n (n = 34, 60) in
different geometric configurations were conducted. It was established that for the (Zn0O)34 nanoclusters, the most
stable are fullerene-like hollow structures that satisfy the rule of six isolated quadrangles. For the (ZnO)60
nanoclusters, different types of isomers, including hollow structures and sodalite-like structures composed from
(Zn0O)12 nanoclusters, were investigated. It was determined that the most energetically favorable structure was
sodalite-type structure composed of seven (ZnO)12 clusters.First principle investigations of native point defects in
(ZnO)n nanoclusters (n = 34, 60) based on DFT+U approach, for dinerent types of isomers, were performed. The
values for formation energy, HOMO-LUMO gap, as well as the partial density of states for each cluster were
investigated to establish the influence of the defects on the electronic properties of the (ZnO)n nanoclusters. It
was determined that the most favorable defects of the clusters structure were Zn and O vacancies.
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