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PhOtOcatalytic activity of Ti02-based nanoconlPOSites to antibiotics in、 vater bodies

PeфepaT(yKP.)

!r.rcepraqilZua po6ora npucB.q\"reHa oAeplKaHHto H;llioKorln03rlrie Ha ocHoei ru'I'tlHy (tV) or<cuay, AorloB:lHoro oKCI'{,[aN{H

pi4xicno:euerLHr,rx Ntera.qir (Sm3+, E13+., Pr3+,5{l+) ra/a5tl c'raHyNlv (tV) oxcn4or'r, Ioc,'til>xeuHrc ix (>i:nxo-riMi'rHilr

niracrusocrer.i i ecperrunHocri y (toror<arir,riruqHiir 4erpalauii i r,rluepa,ri:aqii aHrn6ioruKie qunpoQ,roxcaut'tuv i



cynL4)aN/teroKca3ony niA ni€rc lllryqHoro cou.qqFroro cBiTJra. B poStrri pu3rnrHyro BnrtilB rrapaMerpie (pH. reMneparypa, Tr.rl

TllTaH\' (l\;) oxcrz4y, cullre:loBaHrlx pi:uttr'tu IreroAaMil, cei4uarr, ulo Br..rKopucr.aai l,rero4u .uo3Borrsrorb orpr{N.lyBaru
HallocrpvKrvpuula Ti02' a uallat{l1y e0exrueHicrt y (loror<ara.nirr.u-riil 4erpa1arlii qr.rnpor|;roxcarluHv g V4,-L-Bir,,ri (365 Hu)
BuFBne€ 3pa3oK CI{HTe3oBaIll4l'"r ri,4porep\ra.rllHHM MeronoM cr4rlTe3\r 3 Tr4raHy (lv) iaonponoKCuA\, 3a Husr,xoi reureparypr.r (110 o)

xor'tepqiauoro tforoxaraliearopa P25 Tio2 r:r crIiH'r'e3oBarroro ri4porcpManLHr.rNl N{er.oroN,r rr4r.rr\r (lv) .xcn41. oKCr.r.q:r\,1u
pilxicuoseueJlbHrlx l\lera"Iin (Sm3+' E13+, Pr3+, Ncl3+) ri4porepManbHr{A.r Irero/loN1 nar:rnuuly eoroxara:rir.l,quv axrusHicrr
BtiqBunv 3pa3Ku cKnaAv Ti02-Snl203. Har'r6i,rr,ur eQexrnrurllt y cloroxara:rirr.r.{Hir.r 4erpa4aqii qr.rnpoQ-rror<caq}rHv y rxr)^rHo^,ly
coHsYHoMy csir"Ii e 3pa3ox cllHre3oBaHoro Tio2. J{o[oBaHoro Sm2o3 (1 uac.o/o Srn), .axllri BrrAarrre g4 yo aurn6ioruKa 3i] 30 xe, a v
'rriuepa'risaqii qnnpoQ'ror<cauuH\'- 3pa3oK t<oMepuir-ruoro rpororara:riaaropa p25 Tio2, AoiloBaHofo Srn203 (1 Mac.% Srn), lxr.r.r
'rriuepa"rri:ye 86'5 % aHrr6iorrlxa sa [i ro;1 o6,rea (ror.xarari:raropn npolleNroHcrpyBanrl xparrli pe:y,rr,rarr,r 3a xor,reprlir,rH,r:i
3pa3oK P25 f io2 flpo4yxru Qoroxara-lirrlqHoro rrpouecy is grc'rocveauHr,rr spa:xin'r'iCl2,4onorarrux car,rapirc (gl) oxc-n4o,. rre
nporeMoHCrpVBa'ril{ roKCHvuicrl u1o4o 6axrepiri E. coli rra ni4rtiuy ni4 r<onrepqir:iHoro 3pa3Ka p2s Tioz, ,rKlru rlpor,nLrB
roxctt'luicru vepes 6 roA Ilpoqecy. v $oroxara:rirlt'{Hir:t 4erpa4aqii i nriHepa,ri:laqii aurrr6ioruxa cy"irrr}aueroKca3oJr}, HanKpaulv
axrltgnicrrnpo'BuBr<on'reprliuHun3pa3oKP25Ti02,qxr4Iagalro4sn4a,rreTSyoautu6iorr,rxa,asa3ro,!.qo3Bo,rrJB 

goc:xrruggoh

niqreep'qxye 3NreHuIeHH, urlllullx :a5oporreHoi :oHrr spasxiu ua oftroei xoMepqir:rHclro p25 TiO2 (Eg = 3.33 eB) ua 0,06-0,0g eB,
ulo cnPuq€ 3pocraHHlo Qororara"nirlr.lHoi aKrraarrocri. flpn r{boMV 3pa3oK crJH.r.e3oBa}lor-o ri4porep,\t1nbHilA1 l,reroAo1,r ,l,i02 ra
4ononaHi 3pa3Kx ua tioro ocnoai N{aKlrb NIeHIIIV eHe;lriro :a6oporreHoi zoatt (3,27 er3). ara uc lr*iu,oerr,c.q [pr4 4rnvaaHui.PenreuoQasoruii i peurreHocrpyKryrrHnri aua,ri:r sPa:xir rrucroro Tio2 i 'r'io2, aonor:asoro Sm2c)3, noxagaB, n1o o4epx:rui
Itarepia,rtt € HrHuKprJ('rl.ri.rrrrh,rH. ()u3rrrrilrl t.x,rl.t :rP.t.LiB Hit u\.itr,Bi p2S TiOl ll)efcrtB reHrrir t 1rrrr,uru JHJtJ3\. I p\ rrrr\ r
BeJrIlKI4Nl pollrtipou xpr'tcralirie (15-23 Hm),3Pa3Ku Ha ocHoei HT Tio2 cKrraAarorbc, s cyuiuri:rrrar:r3y i6pvxi.rv lJ Nriurr.lNlposNlipou xprtcra'ririe (1-7 HM) 3aco6ar'tr'r cxauyrc'{oi eaexrponHoi nrixpocxonii 6y,ro BCraHoB,rreHo, uro lronyBaHHqpi4xicuoaer're JrbHrlMu Nlera"laM14 se sltiutoe r'rop$o,roriro f i02. flpu rlboN.ly lle3ynbraru eHepro4r.rcnepciunoro peurreuinjclxoro
NlanyBaHH-q i peurreuiucr'xoi <foroe,rexrpoHuoi cneKrpocKonir niarrep.qxvrorr, vrBopeHH, rx.py Sm2o3 na norepxui ric)2.Merogori Hrl:JbKoreN{rleparypnoi a4cop6uii-gecop6qii a3orv BCraHoBJreHo. ulo 3pa3Krr Ha ocHoei cr.rr{re3oBarror. rrr.rauv (lV)
oKCH'qv rtarcrs 5iruulY rlllroNlv nJrouly nonepxni ('zo'2-2'20 u2/r). ui>x 3pa3KH Ha ocrrosi xo,trepuiriuoro 3pa3r{a pzl l,ii;2 (57-61

"t2/r) i' lx uac,ri4ox, r<paqi a4cop5rliuui r:-rracrueocri. Ooroxara.ris:rrollil cKJltAy TiO2_S1112, oilepNani rs enxopncraHu.a.rr
npeKypcopy SnCl2x2H2o ni4 uac cl'lHre3y, MatorL Har'reu,1y e<[rexrrrnnicrr y (roroxara,rir14.ruirir 4erpanaqii asru6r..r.r.rx:r
qnnpoQ'roxcaqrlHV B v'urpaQioaeroBoMy ceir.ni. !onlrnaHH, KoMeprlir:iHoro 3pa3r(a eoroxara-rriaaropa p25 Tio2 cranr,Mr, (lv)

qznpoQ:rorcaquHy Qoroxara'risaropora ua ocHosi cllHre3oBAHoro TiO2,.sxlrri A.ricrfirL I u.ac.voSm, v en.rrivror,iv cnrui anqa ua 5oz nopisnrHo s xouepqi,nuM 3pa3KoM EVONIK AERoxTDE Tio2 pzs.

PeQepar (anr"rr.)

The tl-resis is devoted to the obtaining ol nanocomposites basecl on titanrunr (lv) oxicle dopecl r,vith oxides of rare earth nretals
(Sm3+' Er3+' [:r3+' 5fl]+) and/or tin (lv) oxicle, the stucly of their physicochemical properties ar-rc.l efTiciency in the photocatalytic
degradation and rnineralizatiorl of antibiotics ciprofloxacin and sulfamethoxazole ur-rder artificial sunlight. The paper cor.rsiclers
the effect of paralleters (pH, temperature, solvent type. precursor tvpe) of vanous synthesis rnethocls (sol_gel. hydrotherrnal,
combined sol-gel-hydrottrermal, solvothermal) on the photocatalytic actrvity ol titaniurn (l\') oxide por,r.ders. Studies of titanlurTr

highest efTiciencf in the photc'rcatalytic degraclation of ciprofloxacin ir.r UV hght (3tj5 nm) is revealecl by the sample svnthesizetl
via hydrother.al metl-rod from [itanittrll (lv) isopropoxide at a lorv temperal..re (110 n) ,sing 2-propauol as u solvent. The ob.ai,ed
sample relroves 99'5 % of ciprofloxacin in 120 rninutes of the process, is characterizeii by a trigh specific surfhc;e area (315 m2/g)
and high porositv lt u'as establishecl that after cloping cornmercial P25 Tio2 photocatal--vst and titaniurn (lv) oxicle svnthesizecl 

'yhydrothermal method r'r'itl.r oxicles of rat-e earth nretals (Sm3+. l..rll+. pr'3+, 1y613+) via hyclr.tlrernr;rl meth.cl, sar,;ries -_.1 .I.i02-
Sm2o3 composition shor'v the higllest plrotocatal,vtic activitv. -l'he rnost elfective in the phot.ocatalvtic dr:gradatioD ol



ciprofloxacin in artificial sunlight is the sample of synthesized TiOz doped with Sm2O3 (lvrt.o/o Sm), which removes 94 % of the

antibiotie in 30 min, and in the mineralization of ciprofloxacin - a sample of the commercial photocatalyst P25 TiOz doped wit}
Sm2O3 (lwt.%Sm), which mineralizes 86,5 % of the antibiotic in 6 hours. Both photocatalysts demonstrated better results than

the commercial P25 fiOz sample. The products of the photocatalytic process with TiOZ samples doped with samarium (III) okide

did not showtoxicitytowards bacteria E. coli, in contrast to the commercial P25 TiO2 sample, which demonstrated toxicity after

6 h of the process tn the photocatalytic degradation and mineralization of the antibiotic sulfamethoxazole, commercial sample

P25 TtOz showed the best activity, removed 75 Yo of the antibiotic in t h, and allowed reaching of 88 o/o 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 conflrms a decrease in the band gap of samples based on commercial

P25 fiOz (Eg = 3,33 e9 by 0,06-0,09 eV, which contributes to the increase in photocatalytic activity. At the same time, TiO2

sarrple 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 eomposition of the samples based on P25 Ti02 is represented by a mixture of anatase and

rutile with a large crystallite size (15-23 nm), while samples based on HT TiOz consist of a mixture of anatase and brookite with a
small crystallite sl"r,e (4-7 nm). Using scanning electron microscopy, it was established that doping with rare earth metals does

not change the morphology of TiOZ. At the same time, the results of energy dispersive X-ray mapping and X-ray photoelectron

spectroscopy conflrm the formation of Sm2O3 layer on TiO2 surface. The method of low-temperature adsorption-desorption of

nitrogen made it possible to establish that samples based on sprthesized titanium (IV) oxide had higher specific surface area

QAZ-Z\O rfl/g) than the samples based on commercial sample P25 TilOZ (57-61 mz/g) and, as a result, better adsorption

properties. Photocatalysts of TiO2-Sn02 composition, obtained from SnCl2x2H2O precursor during synthesis, had the highest

efficienry in the photocatalytic degradation of antibiotic ciprofloxacin under ultraviolet light. Doping of a commercial P25 TiOz

photocatalyst with tin iIV) oxide or samarium (IV) oxide or both oxides at the same time did not lead to an increase in the

efficienry of mineralization of ciprofloxacin under arlificial visible light On the contrary, doping of the synthesized titanium (IV)

oxide with samarium (fQ oxide or tin (I$ 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 I v,rt%o Sm is 5 Yo lngher in visible light compared to the

commercial sample of EVONIKAEROXIDE TiO2?25.
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