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2. Physicochemical approches to hybrid semiconductive films’ synthesis for ecological photocatalysis

Pedepar:

1. Inceprarist pUCB4Y€HA CTBOPEHHIO Ta JOCIIXEHHIO (Pi3MKO-XiMiUHMX XapaKTePUCTHK IIiBOK Ha OCHOBI TiO2,
cniBMoaM}iKoBaHMX IOHAaMU MeTasiB d-Ipynu Ta a30TOM, 30KpeMa BU3HAUYEHHIO OCOOJIMBOCTEN XiMiUHO]
CTPYKTypH IOBepXHi (OTOKATANI3aTOPIB, SIKi BIVINBAIOTh HA €(PeKTHUBHICTb GPOTOKATATIITUYHUX [TIEPETBOPEHD
3a0pyIHIOBAYiB HABKOJIMIIHBOTO CEPENIOBUIIA OPTraHiuHOI Ta HEOPraHiYHOi IPUPOJH IIif Ji€lo ONIpOMiHEHHS
Ilialla30Ha COHSIYHOTO CBiTJIa. PO3p00J1€HO METOAUKY OJlepKaHHS, JOCJIIIPKEHO BILJIMB YMOB 30JIb—T€JIb CUHTE3Y i
iMITyJIbCHOTO JIa3€PHOT0O OCAIPKEHHS Ha €(PEKTUBHICTh iIHKOPIIOPYBAHHS @30Ty Ta BU3HAYEHO ONTUMAJbHi
napameTpu AJ1s1 GopMyBaHHS POTOKATANITUYHO aKTUBHUX CUCTEM. BcTaHOBIIEHO, 110 Npy cniiBMoaudikyBaHHi TiO2
METaJlaMM Ta a30TOM, B 3aJIEKHOCTI BiJ] YMOB CUHTE3Y Ta METOZY CUHTE3Y, Bil0YBalOTbCS 3MiHM B ITpOLecax
KpucTanisauii niiBok. [TokaszaHo, o Npupoja Ta BMICT IOHIB MeTasly BIUIMBAa€ Ha €(PEeKTUBHICTb iIHKOPIIOPYBaHHS

3aMilny040ro a3oty B CTpyKTypy TiO2. PopmyBaHHS aKTUBHUX LIEHTPIB Ha MOBEPXHIi IJTiBOK, 5IKi 0OYMOBJIIOIOTh



edeKxTHBHY aicOPOLil0 3a0pyIHIOBAYIB i BiirpaloTh poJib 3aXOIJIIOBAYiB (POTOr€HEPOBAHUX 3aPSIiB, € OJHUM i3
KJIIOYOBUX ITapaMeTpiB POTOKATaNITUYHUX [IEPETBOPEHD. 3aIIPOIIOHOBAHO MEXaHi3MHU TEPMOJIi3y CEYOBUHMU B
CTPYKTYpi 30J1b—T€JIb IIJIiBOK i BU3HAYE€HO TEPMOJMHAMIYHI NapaMeTpH, 110 BILJIMBAIOTh Ha NPOLeCU POPMYBaHHS
IUTIBOK METOJOM iMITyJIbCHOT'O JIA3€PHOT0 OcaipKeHHsl. KitouoBi cioBa: poToKaTaNliTUYHA aKTUBHICTb, BUAVIME
CBITJIO, HAIiBIPOBITHUKOBI IJIiBKY, AiOKCUJ TUTAHY, d-MeTasy, a30T, 30J1b—TeJIb CUHTE3, iIMITyJIbCHE JIa3epHe
OCaIPKEeHHS, XiMIYHUI CKJIaZ, I0BEPXHi, ICEBIOOPYKIT, JaHAAyiT

2. The dissertation is dedicated to to the synthesis and investigation of titania based films co-modified with
d-block metal ions and nitrogen. Chemical structure peculiarities of the photocatalysts’ surface affecting the
photocatalytic conversion efficiency of the organic and inorganic contaminants under irradiation of solar light are
determined. The scientific results of the dissertation are to determine the optimal synthesis conditions of the
photocatalytically active titania based films in the processes of antropogenic compounds’ removal and to establish
the correlation between the nature of co-doped metal ions and the efficiency of nitrogen incorporation in
semiconductive lattice. Co-modification with metal ions and nitrogen is shown to affect the crystallization
process. The transformation of the crystal lattice and the presence of the doping agents are accompanied by the
change of the optical, structural and photocatalytic properties. It is shown that the nature of co-doped metal ions
influences the chemical state of nitrogen on the sol-gel film surface, as namely the co-modification with Pt2+ or
Ru3+ ions leads to the formation of substitutional nitrogen along [-C=N-C] fragments that are also present on the
surface of metal ions undoped and doped by Zn2+ a6o Zr4+ ions titania films. The formation of common bonds
between titanium and metal ions [-Ti-O-M] affected the position of semiconductor energy levels and recognized
as the surface active sites, are strictly determined by synthesis conditions, namely the hydrolysis rate of the metal
precursors and organic components in the sols. The mixture of pseudobrookite and landauite without individual
oxide phases (titania and iron oxide) is obtained at relative low temperature (450 °C). It is shown that the
crystallization rate and thermal stability of iron titanate phases are provided by nitrogen modification. The
photoelectrochemical (band gap energy, the position of the conduction and valence bands) and XPS (the binding
energy of the elements) characteristics of iron titanate phase are determined. The nitrogen atoms in the
semiconductive structure are considered as the defective sites fixed by spectroelectrochemical methods and EPR.
The formation of the active sites on the surface of the photocatalysts, that are responsible for high adsorption,
results in the high efficiency of tetracycline hydrochloride degradation. The mechanisms of urea thermolysis
during the sol-gel film treatment are proposed. The formation of intermediates converted to the different
nitrogen-containing fragments depending on the nature of co-doping metals is suggested. The formation of the
complexes between metal ions and nitrogen atom of urea molecule is considered to be a key point for the
formation of metalonitrogen bonds. The results of the dissertation present the practical importance for the new
materials’ synthesis with the controlled properties for a number of applied aims: as photocatalysts,
electrocatalysts, sensors, self-cleaning surfaces, electronic techniques components and super hard materials. The
photocatalysts in the form of thin films allows to decrease the costs of photocatalytic processes due to manifold
application, simple and costless separation of a film from a liquid phase. The coating of different substrates
including low melting materials (thermoplastics, aluminum substrates and membranes) without structure
distortion and the relative low temperature of crystalline phase formation present important parameters for
practical application. The low amount of used precursors and the simple route of the synthesis procedure provide
the low-cost, fast and technologically available synthesis procedure. Key words: photocatalytic activity, visible
light, semiconductive films, titania, d-block metal, nitrogen, sol-gel synthesis, pulsed laser deposition, surface
chemical composition, pseudobrookite, landauite.
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