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Iuceprauiitna po6oTa MPUCBSIMEHA OJEP/KAHHIO HAHOKOMITOZUTIB HA OCHOBI THUTaHY (IV) okcupgy, OOIMOBAHOTO OKCHUIAMH

pinkicHozemenbunx mertanie (Sm3+, Er3+, Pr3+, Nd3+) Ta/abo cranymy (IV) OKCHZOM, AOCHI/PKEHHIO iX Qi3aMKo-XiMIYHUX
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cysnbdhameTokcasony mig giero WTY4HOrO COHSYHOrO CBITJIA. B po6oTi posryisanyTo BNAMB napametpie (pH, Temneparypa, tun
POSHMHHHKA, TUIl [PEKYPCOPY) PI3HUX METOLIB CHHTE3y (30JIb-Telib, TiZipOTEPMANbHUM, KOMBIHOBAHMI  30Jb-reJib-
riIpoTepMasbHuUIL, COJIbBOTEPMANbHUIT) HA (POTOKATATITHYIHY aKTUBHICTD nopowkis turany (IV) oxcuny. JocninxkeHus 3pasKiB
TMTany (IV) okcuAy, CHHTE30BaHUX pi3HUMH METOZaMHM, CBiIYaTh, WO BMKOPUCTaHI METONM [O3BOMSIOTH OTPUMYBATHU
HaHOCTpyKTypHuit TiO2, a HaiiBumy edexTuBHIiCTD y ¢dorokaraniTuyniil merpamanii uunpodokcaunny B YO-caitii (365 HM)
BUABJIAE 3DA3OK, CUHTE30BAHU TipOTEPMATbLHUM METOIOM CUHTE3Y 3 TUTaHy (IV) i30Mponokeuay 3a HU3bKOI Temneparypu (110 o)
i3 BUKOPUCTAHHSAM PO3UMHHHKA 2-nportanona. Opepkanuit 3pazok supasnse 99.5 % unrpognokcauuHy 3a 120 xBUIMH MpoLecy,
XaPaKTEPU3YETHCS BUCOKOIO [MTOMOK TMOBepxHE (315 MZ2/T) i BHMCOKOIO MOpyBaTicTio. BCTaHOBIIEHO, O MpW [OMyBaHHI
KOMEPUIMHOro (oTokarasizatopa P25 TiO2 Ta CUHTE30BAHOIO riIpOTEPMAaNbLHUM METOIOM tutany (IV) okcuay okcupamu
pinkicHozeMenbHUX MeTasie (Sm3+, Er3+, Pr3+ Nd3+) rizpoTepManbHUM MeTOIOM HaliBruly (GOTOKATANTUYHY aKTUBHICT
BUABUIIA 3pasky cknazy TiO2-Sm203. Hait6inbur epexTuBHMM y doTokarasniTiuyHiil gerpanarii UUITPOGIIOKCALMHY Y IITYYHOMY
COHSTIHOMY CBITJII € 3pa3oK cHHTe30BaHoTo TiO2, 10MoBaHOro SM203 (I mac.% Sm), sikuit Bunanse 94 % anTubiorka 3a 30 XB,ay
Minepanisauii uunpodiokcauuny - 3pasox KOMEpLiifHOro oTokaranizaropa P25 TiO2, nonosanoro Sm203 (I mac.% Sm), axu
miHeparnisye 86,5 % antuGiotnka 3a 6 rom. Obnza porokaranizatopu MPONEMOHCTPYBa/IM Kpallli pesyabTaTh 3a KOMepPLiiHMI
3paszox P25 TiO2. TlponykTy OTOKATATITUYHOrO npouecy i3 s3actocyBaHHSIM 3paskis TiO2, nonosaHux camapito (II) okcumom, He
NPONEMOHCTPYBAIM TOKCHMHICTL 1ono 6Gakrepitt E. coli ua BIIMIHY Bif KomepuUiiiHOro spaska P25 TiO2, sxuit NIPOSIBUB
TOKCHYHICTb Yepes 6 rog, npouecy. Y GoTokaTamiTHIHIl Jerpagauii i minepasizauii aHTHGiOTHKA CyJIbpaMeToKCaz0ITy HanKpauyy
AKTUBHICTb MIPOSIBMB KOMEPLUIAHUH 3pa3ok P25 TiO2, axuit 3a 1 rog Buganus 75 % aHTUGIOTHKA, a 33 3 roJ NO3BOJIMB nocsart 88 %
MiHepanizanil. Ik mpogykTh dhoTokaraniTUIHOrO MTPOUECY, TaK | BUXIIHUI MOJIESIbHUIT PO3UMH CYNbPaMETOKCA301y He BUSBUIN
TOKCHYHOCTI woz10 6akTepiit E. coli, mo moxke cpigynTy PO BXE PO3BUHYTY PE3UCTEHTHICTh 110 11bOTO AHTUGIOTHKY GakTepismu E.
coli. JloCTiKeHHSI ONTHMYHUX BAACTUBOCTEN Tany (IV) okculy, [0OMoBaHOrO OKCUAaMU PLIKICHO3EMENMbHUX METAaiB,
MATBEPIPKYE 3MEHIIEHHST MUPHHK 3a60POHEHOI 30HK 3pa3KiB Ha OCHOBI KomepuiiiHoro P25 TiO2 (Eg = 3,33 eB) na 0,06-0,09 eB,
L0 CTIpUsI€ 3POCTaHHIO POTOKATANITUYHO] AKTUBHOCTI. [Ipy uboMy 3pasok CUMHTE30BaHOTO rinporepmaneHum Metozom TiO2 Ta
AOMOBaHI 3pa3KM Ha HMOTO OCHOBI MaroOTh MEHIIy eHepriio 3a6oponeHol sonm (3,27 eB), ska He 3MiHIOETbCS MpU IOTYBaHHI.
Penrenodazosuit i PEHTICHOCTPYKTYPHMI aHania 3paskis wucroro TiO2 i TiO2, momosanoro Sm203, mokasas, 1o ofiepKaHi
Mmarepianu € HaHokpucrtamiyHumy, dGazosuii CK/ajl 3paskiB Ha ocHOBi P25 TiO2 npepcrasienuit CYMILIIIIO aHaTa3y i pyTuay 3
BEJIMKVM DO3MipOM KpucTaniTis (15-23 Hm), 3paskn Ha ocHoBi HT TiO2 cknapaioTbess 3 cymimi aHaTagzy i O6pykiTy 3 manmm
po3Mipom Kpuctanitis (4-7 um). 3acobamu CKaHYIOHOl  e/IeKTPOHHOI Mikpockorii  6yso BCTAHOBJIEHO, IO [ONYBAHHSA
PinKICHO3EMENILHUMY MeTanaMu He 3MiHIOe mopdororito TiO2. Ipu ubomy pesynsraTy €HEProAINCIepPCiNHOrO PEHTIEeHIBICLKOTO
MaIyBaHHA 1 PEHTreHiBCbKOT boTOENEKTPOHHOI CrIeKTpoCKOmi] MATBEPIKYIOTL YTBOPEHHS mapy Sm203 Ha nosepxHi TiO2,
MeTonom HHU3bKOTEMITEpaTYpHOI azcopbuii-necopbuii A30Ty BCTAHOBJIEHO, W0 3pa3KM HA OCHOBI CHHTE30BAHOLO tutany (IV)
OKCHIY MaoTh Gi/blly MUTOMY [JI0MLY nosepxHi (202-220 mM2/t), HX 3pa3KyM HA OCHOBI KOMepLinHoro 3paska Pz5 TiO2 (57-61
M2/T) i, K Hacnigok, xpaui ancopbuifai BIacTUBOCTI. dororaranizatopn cknany TiO2-SnO2, onepxaHi i3 BUKOpUCTAaHHAM
mpekypcopy SnCI2x2H20 nin wac cunTesy, MaioTb HalBUILY ePeKTUBHICTL y (hoToKaTamiTUIHii Jerpapauii aHTubioTuka
UUMPO(IIOKCALUHY B yabTpadiosneToBomy cBitii. JlomyBaHHs KOMEpLIHOro 3paska ¢ortokaranizatopa P25 TiO2 cranymy (IV)
okcuIom abo camapiro (IV) okcugom a6o oGoma OKCHIAMW OZHOYACHO HE NPHU3BOJUTE 10 3POCTAHHS ePeKTUBHOCTI MiHepavtizarii
aHTHGIOTHKA UMNPOGIIOKCAIIMHY i nicko WTYYHOrO BUIMMOTO CBIT/Ia. HaBnaku, [onyBaHHS CHHTE30BAHOTO tutany (IV) oxcuuy
camapiio (IV) okcuzom a6o cranymy (IV) okcunom Ta camapito (IV) 0KCUIOM OLHOYACHO NPUBBOAUTE J10 3pocTaHHs ePeKTUBHOCTI
MiHepaJtizarii LUMOPOMNIOKCALUHY, 0COBIUBO Yy BUIMMOMY [ianasoHi cBiTna. BeTaHOBIEHO, 1m0 epeKTUBHICTL Minepanizanii
oUnpodIokcanuHy boTokaTamizaTOpoM Ha OCHOBI CHHTE30BAHOTO TiOZ, axun mictuts 1 Mac.% Sm, Y BUOUMOMY CBITJI BUIIA Ha 5
% NOPIBHSHO 3 KOMEPUITHIIM 3paskom EVONIK AEROXIDE TiO2 P25.

Pedepar (anrur.)

The thesis is devoted to the obtaining of nanocomposites based on titanium (IV) oxide doped with oxides of rare earth metals
(Sm3+, Er3+, Pr3+, Nd3+) and/or tin (IV) oxide, the study of their physicochemical properties and efficiency in the photocatalytic
degradation and mineralization of antibiotics ciprofloxacin and sulfamethoxazole under artificial sunlight. The paper considers
the effect of parameters (pH, temperature, solvent type, precursor type) of various synthesis methods (sol-gel, hydrothermal,
combined sol-gel-hydrothermal, solvothermal) on the photocatalytic activity of titanium (IV) oxide powders. Studies of titanium
(IV) oxide samples synthesized by various methods show that the methods used allow obtaining of nanostructured TiO2, and the
highest efficiency in the photocatalytic degradation of ciprofloxacin in UV light (365 nm) is revealed by the sample synthesized
via hydrothermal method from titanium (IV) isopropoxide at a low temperature (110 o) using 2-propanol as a solvent. The obtained
sample removes 99,5 % of ciprofloxacin in 120 minutes of the process, is characterized by a high specific surface area (315 m2/g)
and high porosity. It was established that after doping commercial P25 TiO2 photocatalyst and titanium (IV) oxide synthesized by
hydrothermal method with oxides of rare earth metals (Sm3+, Er3+, Pr3+, Nd3+) via hydrothermal method, samples of TiO2-
Sm203 composition show the highest photocatalytic activity. The most effective in the photocatalytic degradation of



ciprofloxacin in artificial sunlight is the sample of synthesized TiO2 doped with Sm203 (1 wt.% Sm), which removes 94 % of the
antibiotic in 30 min, and in the mineralization of ciprofloxacin - a sample of the commercial photocatalyst P25 TiO2 doped with
Sm203 (1 wt .% Sm), which mineralizes 86,5 % of the antibiotic in 6 hours. Both photocatalysts demonstrated better results than
the commercial P25 TiO2 sample. The products of the photocatalytic process with TiO2 samples doped with samarium (III) oxide
did not show toxicity towards bacteria E. coli, in contrast to the commercial P25 TiO2 sample, which demonstrated toxicity after
6 h of the process. In the photocatalytic degradation and mineralization of the antibiotic sulfamethoxazole, commercial sample
P25 TiO2 showed the best activity, removed 75 % of the antibiotic in 1 h, and allowed reaching of 88 % mineralization in 3 hours.
Both the products of the photocatalytic process and the initial model solution of sulfamethoxazole did not show toxicity against
E. coli, which may indicate that antibacterial resistance had been already developed by E. coli. The study of optical properties of
titanium (IV) oxide doped with oxides of rare earth metals confirms a decrease in the band gap of samples based on commercial
P25 TiO2 (Eg = 3,33 eV) by 0,06-0,09 eV, which contributes to the increase in photocatalytic activity. At the same time, TiO2
sample synthesized by hydrothermal method and doped samples based on it have a smaller band gap (3,27 €V), which does not
change after doping. X-ray powder diffraction analysis of pure TiO2 and TiO2 doped with Sm203 showed that the obtained
materials were nanocrystalline. Phase composition of the samples based on P25 TiO2 is represented by a mixture of anatase and
rutile with a large crystallite size (15-23 nm), while samples based on HT TiO2 consist of a mixture of anatase and brookite with a
small crystallite size (4-7 nm). Using scanning electron microscopy, it was established that doping with rare earth metals does
not change the morphology of TiO2. At the same time, the results of energy dispersive X-ray mapping and X-ray photoelectron
spectroscopy confirm the formation of Sm203 layer on TiO2 surface. The method of low-temperature adsorption-desorption of
nitrogen made it possible to establish that samples based on synthesized titanium (IV) oxide had higher specific surface area
(202-220 m2/g) than the samples based on commercial sample P25 TiO2 (57-61 m2/g) and, as a result, better adsorption
properties. Photocatalysts of TiO2-SnO2 composition, obtained from SnCl2x2H20 precursor during synthesis, had the highest
efficiency in the photocatalytic degradation of antibiotic ciprofloxacin under ultraviolet light. Doping of a commercial P25 TiO2
photocatalyst with tin (IV) oxide or samarium (IV) oxide or both oxides at the same time did not lead to an increase in the
efficiency of mineralization of ciprofloxacin under artificial visible light. On the contrary, doping of the synthesized titanium (IV)
oxide with samarium (IV) oxide or tin (IV) oxide and samarium (IV) oxide simultaneously lead to the increase in the efficiency of
mineralization of ciprofloxacin, especially in visible light range. It was established that the efficiency of mineralization of
ciprofloxacin by a photocatalyst based on the synthesized TiO2 with 1 wt.% Sm is 5 % higher in visible light compared to the
commercial sample of EVONIK AEROXIDE TiO2 P25.
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