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Pedepar:

1. Incepraiiiina po60oTa NpUCBsSYEHA OJJeP>KaHHI0 HAHOKOMIIO3UTIB Ha OCHOBI TuTaHy (IV) okcuay, JOMOBAaHOTO
OKCHJIAMH piKiCHO3eMesbHUX MeTaliB (Sm3+, Er3+, Pr3+, Nd3+) Ta/a6o cranymy (IV) okCuaoMm, JOCHiIPKEHHIO ix
disuKo-xiMiuHUX BacTUBOCTEH i epeKTUBHOCTI y poTOKaTaNiTHUHI gerpanatii i MiHepaisanii aHTH610THKIB
Mnpo¢IoKCaLMHY i CysIb(amMeToKCas3oJy Mif, Iielo ITYYHOrO COHSTYHOTO CBiT/1a. B po6OTi po3ryIsiHyTO BIJINMB
napameTpis (pH, Temneparypa, TUIl pO3YMHHUKA, TUII IIPEKYPCOPY) Pi3HUX METO/IB CUHTE3Y (30J1b-TeJIb,
rigporepmasibHUM, KOMOIHOBaHUM 30J1b-TeJIb-TipOTEPMaIbHII, COJIbBOTEPMAJIbHUI) HA POTOKATATITUIHY
aKTUBHICTb NopouikiB TuTany (IV) okeupy. JocnimkenHs 3paskiB Tutany (IV) okcuay, CHHTe30BaHUX Pi3HUMU
MEeTOZaMH, CBiJI4aTh, 1[0 BUKOPUCTaHI METOX JO3BOJISIIOTh OTPUMYBATH HAaHOCTPYKTYpHUI TiO2, a HaiiBuILy
edexTuBHICTb y poTOKaTaNiTU4HIN gerpanauii nunpodiokcanuny B YO-cBiti (365 HM) BUSBIISE 3pa3oK,

CHHTE30BaHU rijpoTepMasbHUM METOIOM CHUHTe3y 3 TuTaHy (IV) isonponokcuny 3a Hu3bKoi Temnepartypu (110 o) i3



BUKOPUCTAHHSM PO34YMHHUKA 2-TIponaHosia. OpepskaHuil 3pa3ok Bugasse 99,5 % uunpodioxcanuny 3a 120 xBUiInH
IIPOLIECY, XapaKTePU3Y€EThCS BUCOKOIO IIMTOMOIO IToBepxHe!o (315 M2 /T) i BUCOKOIO [TOPYBATICTIO. BcTaHOBIIEHO, 110
IIpU I0IyBaHHI KoMepuiiiHoro ¢orokaraznizatopa P25 TiO2 Ta cuMHTE30BaHOrO rifpoTepMalbHUM METOOM TUTAHY
(IV) okcupy okcupamu pigKicHO3eMeIbHUX MeTailiB (Sm3+, Erd+, Pr3+, Nd3+) rigporepMasbHIM METOLIOM HalBUILY
(oToKaTaNTUYHY aKTUBHICTb BUSBUIIN 3pa3ku ckiuany TiO2-Sm203. Hait6inbi e(peKTUBHUM Y POTOKATAITUYHIN
Ierpazgauii TMIpoQoKcalyHy y ITY4YHOMY COHSIYUHOMY CBITJIi € 3pa3ok cuHTezoBaHoro TiO2, nonosanoro Sm203 (1
Mac.% Sm), sikuii Bupasnsie 94 % antubiotuxa 3a 30 XB, a y MiHepasizalii 1unpo@okcaluHy - 3pa3oK KOMepLiliHOro
¢dorokaranizatopa P25 TiO2, nonosanoro Sm203 (1 mac.% Sm), sikuii MiHepanidye 86,5 % aHTU6i0THKA 32 6 TOf.
O6upBa ¢poToKaTaIi3aToOpu MPOLEMOHCTPYBaIU Kpallli pe3yJIbTaTu 3a KoMepLiltHuii 3pa3ok P25 TiO2. ITpoxyKkTu
(doToKaTaJiTUYHOro NpoLiecy i3 3acTocyBaHHIM 3paskis TiO2, nonosanux camapito (III) okcunom, He
IIPOJ€EMOHCTPYBaJIM TOKCUYHICTb o0 6akrepiit E. coli Ha BigMmiHy Bify komepiiiiHoro 3paska P25 TiO2, axkuii
IIPOSIBUB TOKCUYHICTb 4epe3 6 rof npouecy. Y GoToKaTaniTU4HiN Aerpajauii i Minepanisauii aHTn6ioTnka
cysibpaMeToKCca30Ily HalKpallly akTHBHICTb IIPOSIBUB KoMepLiiiHuit 3pa3ok P25 TiO2, sikuii 3a 1 ron Buganus 75 %
aHTUO6I0THKA, a 3a 3 rof, JO3BOJIUB JOCAITU 88 % MiHepasizalii. SIK IpoayKTH (OTOKATaTiTUYHOTO IIPOLECY, TaK i
BUXiJJHUI MOZEJIbHUI PO34MH CyJIb(PaMETOKCAa30/Iy HE BUSIBUJIA TOKCMYHOCTI IOA0 6akrepiii E. coli, mo moxe
CBIZTUMTH ITPO BK€ PO3BMHYTY PE3UCTEHTHICTh 0 I[bOr0 aHTUOI0TUKY 6akTepismu E. coli. [JocminkeHHs ONTUYHUX
BJIaCTMBOCTe TUTaHy (IV) okcuy, IONOBaHOTO OKCUAAMU PifKiCHO3EMEJIbHUX METAaliB, i TBEPIKy€E 3MEHIIEHHS
IIMPUHU 3a60pOHEHOI 30HU 3pa3KiB Ha 0CHOBI KoMepuiitHoro P25 TiO2 (Eg = 3,33 eB) na 0,06-0,09 eB, mo cnpuse
3pOCTaHHIO (POTOKATANIITUYHOI aKTUBHOCTI. [Ipy IbOMY 3pa30K CUHTE30BaHOrO rifporepmanabHuM Mmetogom TiO2 ta
IOTIOBaHi 3pa3Ky Ha 1OT0 OCHOBi MalOTh MEHILY €Heprito 3a60poHeH0i 30HU (3,27 €B), sika He 3MiHIOEThCSI IIPU
IonyBaHHI. PeHreHo(a30Buil i peHTT€HOCTPYKTYPHUM aHasi3 3paskis uucroro TiO2 i TiO2, nonoBanoro Sm203,
[I0Ka3aB, 1[0 ofep>kaHi Marepianu € HaHOKpUcTaniyHuMu. GazoBuil ckiaz 3paskiB Ha ocHOBI P25 TiO2
IIpeJCTaBJIeHUN CyMILIIIIO aHAaTas3y i pyTriy 3 BeJIMKUM po3mipom KpuctaiiTis (15-23 HM), 3pa3ku Ha ocHOBi HT
TiO2 cknapaoThCs 3 CyMillli aHATa3y i 6PYKITY 3 MaJIUM PO3MIPOM KPUCTAJITIB (4-7 HM). 3acob6amMu CKaHY04O0i
€JIEKTPOHHOI MiKpOCKoIIii 6yJI0 BCTaHOBJIEHO, 110 AONYBaHHS PiIKiCHO3€MEJIbHUMU METajJlaMU He 3MiHIOE
mopddosorito TiO2. ITIpu oMy pe3yJIbTaTH €HeProguCIIepCiiiHOIO PEHTI€HiBiICBKOr0 MaIryBaHHs i peHTIeHiBChbKOI
(OTOENIEKTPOHHOI CIIEKTPOCKOII] NiATBEPAXKYIOTh yTBOpeHH: wapy Sm203 Ha nosepxHi TiO2. MeToznoM
HU3BbKOTEMIIEPATYPHOI aficopoOLii-necop6biiii a30Ty BCTAaHOBJIEHO, 1110 3pa3ku Ha OCHOBi CUHTE30BaHOro TUTaHY (IV)
OKCHJIy MAIOTh GiJIblily MUTOMY ILyIOLLY IOBePXHi (202-220 M2 /T), HixX 3pa3Ky Ha OCHOBI KOMEPLIMHOro 3paska P25
TiO2 (57-61 M2 /T) i, SIK HACiOK, Kpali afgcop6builiHi Bnactusocti. PoTokaTanizatTopu ckiuany TiO2-Sn02, ogepxaHi
i3 BUKopucTaHHsaM npekypcopy SnCl2x2H20 nif yac cuHTe3y, MaloTh HaliBUIly e(peKTUBHICTb y (POTOKATAIITUUHIN
Ierpagauii aHTu6ioTrka LUNPOoQPIIOKCAMHY B yIbTpadioseToBoMy CBiT/Ii. JoIyBaHHS KOMEPLIIHOIO 3pa3Ka
¢dorokaranizatopa P25 TiO2 cranymy (IV) okcugom abo camapito (IV) okcugom abo o6oma OKCUJAMU OJHOYACHO He
IIPU3BOJUTH /10 3pOCTaHHS ePEeKTUBHOCTI MiHepasizauii aHTubioTrka LMNPOQIOKCALUHY Mifl Ii€lo MTy4YHOTrO
BUJMMOTO CBiT/Ia. HaBnaku, AoNyBaHHs CUHTE30BaHOTo TUTaHY (IV) okcuny camapito (IV) okcuzmom abo cranymy (IV)
OKCHIIOM Ta camapito (IV) okcuzmoM 0JHOYaCHO NPU3BOAUTD 10 3POCTAHHS €(PEKTUBHOCTI MiHepasisauii
unpodIoKcauyuHy, 0Co6JIMBO y BUIMMOMY Tiana3oHi cBiTyia. BcTaHoBieHO, 1o epeKTUBHICTh MiHepasizalii
yunpodJokcauuHy GoToKaTani3aTOPOM Ha OCHOBI cuHTe30BaHoro TiO2, sxuil MicTuTh 1 Mac.% Sm, y BUIUMOMY

CBIiTJIi BUIIA HAa 5 % MOPiBHSIHO 3 KoMepLitHuM 3pa3kom EVONIK AEROXIDE TiO2 P25.

2. 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 1h, 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
eV), 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 SnCI2x2H20 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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