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Pedepar:

1. OHMM i3 IPOBiAHMUX HANIPSIMKIB PO3BUTKY Cy4aCHOI IPUKJIAIHOI (Pi3NKM € CTBOPEHHSI HOBUX HAHOMATEPialiB Ta
KOMIIO3UTIB Ha iX OCHOBI, a TAKOX BJOCKOHAJIEHHS BJIACTUBOCTEN YK€ iCHYI0UMX MaTepiasiB HIJIAXOM iX
mopudikauii. Cepe[ KUPOKOTo pi3HOMAHITTS AOCIiKeHb BeJIMKa yBara MNpuiiseTbCs BUBYEHHIO
CBITJIOBUIIPOMiHIOBJIBHUX BJIACTUBOCTEN HAHOOO €KTIB i HAHOKOMIIO3UTIB, @ TAKOK BCTAHOBJIEHHIO B3a€MO3B'SI3KY ix
CTPYKTYPHUX Ta JIIOMIHECLIEHTHUX BJIaCTUBOCTEN. Takuil iHTepec 3yMOBJIEHAN NI€PCIEKTHBOI PO3IIMPEHHS
MOJKJIMBOCTEN KePyBaHHS XapaKTepHUCTUKaMU JIIOMiHOQOPiB, CTBOPEHUX Ha 6a3i HAaHOMAaTepialiB, TIOPIBHSHO 3
TpaguuiiHumMu JoMiHodpopaMu. OCKiIBKY B OCTaHHI JeCSITUIITTS 6yJI0 JOCITHYTO 3HAYHOTO IIporpecy B 06J1acTi
CBITJIOBUIIPOMiHIOBJIbHOI TEXHIKM Y BUAMMOMY [1ialla3oHi CBiT/Ia, TO (POKYC iHTepeCiB NOCiAHUKIB 3MiCTUBCS 10
nouyky yiromMiHo@opiB yipTpadiosneToBoi Ta KOPOTKOXBUIBOBOI BUANMOI 00J1aCTEN CIIEKTPA, 110 BUMAarae

BHMKOPHCTaHHS IIMPOKO30HHUX MaTepiasiB. [y BUpilIeHHs 33/ja4i CTBOPEHHS BUIIPOMIHIOBaUiB Y 6ibll



KOPOTKOXBUJIbOBIl CIIEKTPaJIbHill 0671aCTi 4aCTO BUKOPUCTOBYIOTb HAHOMATEPiail HA OCHOBI OKCUIiB METaJIiB.
3oKpemMa, OHUMU 3 HANMEePCIEeKTUBHIIIMX € IIMPOKO30HH] HalliBIPOBIIHUKY OKCUT, UMHKY (ZnO) Ta miokcu;,
TUTaHy B KpUcTasiuHiil ¢asi anaras (TiO2) 3 muprHamu 3a6opoHeHoi 30Hu 3.3 Ta 3.2 eB, BignosigHo [1, 2]. Ha
OCHOBI JaHUX MaTepiajiB MOKHA OTPUMYBATH BUIIPOMIHIOBAUi i3 y’Ke PiI3HMMU XapaKTe€PUCTUKAMU. [ TOTo, 106
IOCSIraTy 6a’KaHMX BUIIPOMIHIOBAJIBHUX BJIACTUBOCTEN, PO3PO06JIEHO 6araTo pisHUX METOiB. 30Kpema
XapaKTepPUCTUKU JaHUX 00'€KTiB MOKHA 3MiHIOBATH Ta KOHTPOJIIOBATH 32 PaXyHOK Moaudikalii ix moBepxHi, a
TaKOXX iIHKOPIIOPYBaHH4 B [li€JIEKTPUYHI Ta NIPOBiAHI MaTpuLi. Posb 1[MX ABOX (PAKTOPIB y BapiloBaHHI BJIaCTUBOCTEN
marepiasiB notpebye neTanbHOro BuB4eHHs. OCTaHHIM 4acoM Iie OJJHUM, UM He HAaHIepCIeKTUBHIINM,
CBiTJIOBUIIPOMIHIOBAJILHUM MaTepPiasioM [1Jist BAKOPUCTAHHS B IKOCTi KOPOTKOXBUJILOBUX JTIOMiHO(]OPIB,
BB)KAIOThCS HAHOCTPYKTYPU Ha OCHOBI Byrieno. [lepeBaroio 1ux HaHOCTPYKTYP K BUIIPOMIHIOBAUiB € Te, 10
CIIEKTPaJIbHi XapaKT€PUCTUKU JAHUX 00'€KTiB MO>KHA KOHTPOJIIOBATU B IIMPOKMX MEXax LIJISIXOM Mii60py yMOB
cuHTe3y. Ha 1aHuit MOMEHT CUHTE30BaHO 6araTto pi3HOMaHITHUX BYIJl€Ll€eBUX HAHOCTPYKTYP TAKUX SIK aMOPQHi
ByIJIelleBi HAHOYACTHMHKY, HAaHOKJacTepH, rpadeHOBi KBAaHTOBI TOUKU Ta iHLIi (Y JiTeparypi Taki CTpyKTypu
Ha3MBalOTbh OJHOTUNHO — «C-dots», To6To C-HaHOTOYKM), & TAKOXK BUBYEHO JIIOMIHECILIEHTHI BJIaCTUBOCTI LIUX
o6’exTiB. OfHAK, HA TIOYATOK JJAHOTO AMCEPTALNHOTO NOCiIKeHHS MUTaHHS 010 TIOSICHEHHS! €BOJIIOL|]
BUIIPOMIHIOBAJIbHUX BJIACTUBOCTE! BYIJIelleBUX O0'€KTIB 3aumanocs BigkpuTum. CTPyKTYpHO 61M3bKUMU 10 C-
HAaHOTOYOK € HAHOCTPYKTYPU HiTpuzy 60py, BN. Lleil mmupoko30HHMI IITYYHUI MaTepiaa OyB CIIOYaTKy
CHUHTE30BaHUI y BUIJISi KDUCTAJIB, a TENEP BKe CMHTE30BaHO Kijibka Mogudikauiii HaHo-BN. llupuna
32060pOHeHOi 30H1 06'€MHOTO HiTpuy 60py ckiazae ~ 5 eB, To6To BukopucTtaHHs BN fae NpuHIUIIOBY MOKJIMBICTh
OTPUMAaTH BUIIOMiHIOBaHHS B yybTpadioseTosiit obsacTi (gianazon C-Y®). BogHouac, 3a paxyHOK HasiBHOCTI
IedekriB BN MoXke TakoX BUIIPOMiHIOBaTU B 6;113bKill YO (nianazon A-Y®) ta Buaumin obsactsx cnekrpa. Metoro
IVCepTaLifHOi pOOOTH € BCTAHOBUTHU MEXaHi3MU NPOLECIB 30yIpKEHHS (POTOIOMIHECLIEHIIii Ta BUIIPOMiHIOBAaHHS
CBiTJIa B HAHOYACTUHKAX MMPOKO30HHUX MaTepiaiB Ta KOMIIO3UTaX Ha iX OCHOBI, @ TAKOXX BUSIBUTH OCOOJIMBOCTI
B3aeMO/lii HaHOYacTUHKAa-MaTpuls. [Ipu IpoBeeHHI AOCIiIpKEHb B paMKax IMCEePTalliiiHoi po6oTy 6yJ10 OTPUMaHO
HACTYIIHI HAyKOBi pe3ysbTaTy: 1. BusiBieHo poTomoMiHeCLIEHIIiI0 TOBEPXHEBUX CTaHIB B HAHOYACTUHKAX JiOKCUIY
TUTaHa Ta B MOAN}iIKOBaHUX (PEeHOTia3iHOM HAHOYACTUHKAX, SIKA CIIOCTEPIraeThCsl JIMLIE [TPU €HEPrisiX KBAHTIB
30ypKyI0UOro CBiTJIa, 110 3HAYHO NepeBUllyoTh Eg, i XapakTepusyeThCsl 3aI€XHICTIO [TOJIOKEHHSI MaKCUMYMY
doromomiHeclLieH1Iii Bif eHeprii KBaHTiB 30yAKyl04oro cBiTja. BctaHoBieHo, mo y TiO2, monudikoBaHOMY
¢denoriaziHoM, yMOBHU 30y IKEHHSI TaKOi POTOIOMiHECLIEHLIii TOKPALYIOThCSI 32 PaXYHOK 3alIOBHEHHSI TACTKOBUX
CTaHiB esleKTpoHamu (eHoTiaziHy. 2. 3aIpONOHOBAaHO MeXaHi3M 30yIpKeHHs (HOTOMIOMIHECLIeHIIii HAHOYaCTUHOK
ZnO B HaHokomMmno3uti ZnO /T1BII, skuii noJsisirae B nepenayi eHeprii Bif, MaTpuLli 4O HAHOYACTUHOK.
3anponoHOBaHa BiflIOBiIHA eHepreTMYHa CXeMa NepPexo/iiB, Mo 6€pyTh Y4aCTh y IIpoLecax 30y KeHHs
¢doTosmoMiHecleHILii Ta BUTPOMiHIOBAaHHS CBiTs1a HAaHOKOMNO3uUTiB ZnO /TIBII. 3. BusiBieHO e(peKT CaMOYMHHOTO
dopmyBaHHs1 C-HAaHOTOYOK IIpY TPUBAJIOMY “BU3piBaHHI” €TaHOJIOBUX pO34uKMHIB Zn(acac)n. 4. [TokazaHo, 110
(oToMOMIHECLIEHIT{IO BCiX AOCiIKEHUX TUIiB C-HAaHOTOUYOK (i CAMOYMHHO C(OOPMOBAHUX, i OTPUMAHUX B
pe3yJbTaTi BiillaliB Ha XiMiYHO OOPO6JIEHOMY KDEMHE3€EMI, i CHHTE30BaHUX METOLOM KOJIOIIHOI XiMii y maTpuni
nopucroro Si0O2) MOXXHA ONUCATU €JMHOI0 CXEMOIO €BOJIIOLii BUITPOMIHIOBAJIbHUX BJIACTUBOCTEN IIPU
TpaHcopmalisix cTpyKTypu C-HaHOTOUOK. 5. Y criekTpi poTosomMinecuieH1ii mopouky HiTpuny 60py,
CHAHTE30BaHOTO METOJIOM KapOOTEPMIiYHOTO BiTHOBJIEHHS i3 OKCUAY 60PY BUSIBJIEHO IOBIOXBUJIbOBE KPUJIO, SIKE
3YMOBJIEHE MPUCYTHICTI0O C-HAaHOTOYOK y MaTepiaii. [IpakTruyHe 3HaYeHHS OTPUMAaHUX PE3YJIbTATIB I0JIATa€ B TOMY,

110 6YJI0 3aIIPOIIOHOBAHO HETOKCUYHI TBEPIOTi/IbHI JIIOMiHO(OPU.

2. One of the leading directions of modern applied physics evolution is the creation of new nanomaterials and
nanomaterials-based composites, as well as improving the properties of existing materials by modifying them.
Among wide variety of studies, much attention is paid to the study of light-emitting properties of nanoobjects and
nanocomposites, as well as to the relationship between their structural and luminescent properties. This interest
is caused by the prospect to better control the characteristics of nanomaterials-based phosphors as compared
with traditional phosphors. Since the significant progress has been made in recent decades in the field of light
emitting technology in the visible light range, the focus of researchers' interests has shifted to the search for the



phosphors in the ultraviolet and shortwave visible regions of the spectrum, which requires the use of wide-
bandgap materials. Nanomaterials based on metal oxides are often used to solve the problem light emission in the
short-wave spectral region. In particular, one of the most promising are wide-band semiconductors zinc oxide
(ZnO) and titanium dioxide in the crystalline phase of anatase (TiO2) with a band gap of 3.3 and 3.2 eV, respectively
[1, 2]. Based on these materials, it is possible to obtain light-emitting devices with very different characteristics.
Many different methods have been developed to achieve the desired light-emitting properties. In particular, the
characteristics of these objects can be changed and controlled by modifying their surface, as well as incorporation
into dielectric and conductive matrices. The role of these two factors in varying the properties of materials
requires detailed study. Another light-emitting material for use as short-wave phosphors, are carbon-based
nanostructures. The advantage of these nanostructures as emitters is that the spectral characteristics of these
objects can be controlled in a wide range by selecting the synthesis conditions. To date, many different carbon
nanostructures have been synthesized, such as amorphous carbon nanoparticles, nanoclusters, graphene quantum
dots, and others (such structures are referred to in the literature as "C-dots"), and the luminescent properties of
these objects have been studied. However, at the beginning of this dissertation research, the question of
explanation the evolution of the light-emitting properties of carbon objects remained open. Structurally close to
C- dots are the nanostructures of boron nitride, BN. This wide-bandgap artificial material was first synthesized in
the form of crystals, and now several modifications of nano-BN are available. The band gap of bulk boron nitride is
~ 5 eV, which makes BN a probable candidate to obtain radiation in the ultraviolet region (C-UV range). At the
same time, due to the presence of defects, BN can also emit light in the near UV (A-UV range) and visible regions of
the spectrum. The aim of the dissertation is to establish the mechanisms of photoluminescence excitation and
light emission processes in nanoparticles of wide-bandgap materials and composites based on them, as well as to
identify the features of nanoparticle-matrix interaction. The following scientific results were obtained during the
dissertation research: 1. Photoluminescence of surface states in titanium dioxide nanoparticles as well as
phenothiazine-modified nanoparticles was detected. This emission is excitation -dependent and is observed only
at the excitation quanta energies exceeding Eg/ It has been shown that in TiO2 modified with phenothiazine, the
excitation conditions of this emission are improved due to the filling of trap states with phenothiazine electrons. 2.
The mechanism of photoluminescence excitation of ZnO nanoparticles in ZnO / I1BIl nanocomposite via energy
transfer from the matrix to nanoparticles is proposed. The corresponding energy scheme of transitions involved in
the processes of photoluminescence excitation and light emitting of ZnO / IIBIT nanocomposites is proposed. 3.
The spontaneous formation of C-dots during long-term “aging” of ethanol solutions Zn(acac)2 is revealed. 4. It is
shown that the photoluminescence of all types of C-dots studied (both spontaneously formed and obtained by
annealing of chemically treated silica and synthesized by colloidal chemistry method in the matrix of porous SiO2)
can be described by a unified scheme of C-dots radiative properties evolution. 5. In the photoluminescence
spectrum of boron nitride powder synthesized by the method of carbothermal reduction from boron oxide, a long-
wave wing was detected, which is due to the presence of C-dots in the material. The practical significance of the
obtained results is that a non-toxic solid-state phosphor with controlled spectral characteristics based on

ZnO /polyvinylpyrrolidone nanocomposite was proposed. The dissertation also presents a model of the device
based on C-dots synthesized directly in the matrix of porous silica.
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