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HACJIOB JOKTOPCKE JTUCEPTALMJE (The title of Ph.D. thesis):
"BonrameTpujcke METO/E 3aCHOBAaHE Ha NPUMEHU jEAHOCTaBHMX M CaBPEMEHUX €NIeKTpoja/ceH3opa Ha 06a3u
YIJbEHUYHUX MaTepujala 3a ogpehuBame BOJOHUK-TIEpOKCUIA y ofabpaHuM y3opuuma'

"Voltammetric methods based on the application of simple and contemporary carbonaceous materials-based
electrodes/sensors for the determination of hydrogen-peroxide in the selected samples”




NPEIJIEA JOKTOPCKE IUCEPTALUMJE (Summary of Ph.D. Thesis):

Jlokropcka jmcepranuja "BoiramerpHjcke MeToie 3acHOBaHE HA HMPHMEHH jeTHOCTABHHX M CaBPEMEHHX
eNIEKTPO/ia/CeH30pa Ha 0a3M YrJbeHHYHUX MaTepujana 3a oapehuBame BONOHHK-NIEPOKCHIA Y OmabpaHHM
y3opuuMa" je HamMcaHa Ha CpPICKOM je3HKy, JIATHHHYHUM IIMCMOM, Ca KJBYYHOM JOKYMEHTAIlHjCKOM
MH(POPMAINjOM Ha CPICKOM H SHTIeCKOM je3uky. Hamucana je na 207 crpana u canpxu 9 mornasipa: Ysox (2
crpane), Teopujcku meo (52 crpane), Excnepumentannu aeo (21 crpana), Pesynratm u auckycuja (86
crpana), 3akspydak (6 crpauna), Conclusion (6 crpana), JIuteparypa (20 crpana), Buorpaduja (2 crpane) u
Croucak Hay4HUX pamoBa (2 crpane). Jloktopcka aucepranmja cagpku 86 cimka, 17 Tabmmma u 233
JHUTEepaTypHHX ourara. Ha modYeTKy MOKTOpCKE OWCEpTalje Halla3d Ce 3axBalHMIA, Cajapxkaj M JIHCTa
ckpaheHuna.

Ph.D. thesis "Voltammetric methods based on the application of simple and contemporary carbonaceous
materials-based electrodes/sensors for the determination of hydrogen-peroxide in the selected samples” is
written on Serbian language, Latin alphabet with keywords documentation on Serbian and English language. It
is written in 207 pages and contains the 9 chapters: Introduction (2 pages), Theoretical part (52 pages),
Experimental part (21 pages), Results and Discussion (86 pages), Conclusion (in Serbian, 6 pages), Conclusion
(in English, 6 pages), References (20 pages), Biography (2 pages), and List of scientific papers (2 pages).
Thesis contains 86 pictures, 17 tables, and 233 references. At the beginning of the Ph.D. thesis is
Acknowledgement, Content, and List of abbreviations.

BPEJTHOBAILE MOJEJIMHUX JEJOBA JOKTOPCKE JUCEPTAIIMJE (Evaluation of certain
parts of thesis):

V mornaBiby YBOA yka3aHoO je Ha mpuMeHy u 3Ha4yaj H,O, y MHOrnM obiactmma, mpe cBera y TEXHOJOTHjH
3alTUTE JXUBOTHE CpeJuHE, OMOJOLIKMM IpolecMMa M MHIYCTPUjH, KAa0 M Ha IMOTpedy 3a HErOBUM
onpehuBameM y pazauuuTUM y3opuuma. Mely OpojHUM aHATUTUUKUM METOJAaMa pa3BUjeHHM 3a oipehuBame
OBOI' LIMJBHOI aHAJIUTa, MOCEOHO Cy UCTAKHYTE BOJNTAMETPUjCKE M aMIIEPOMETPHUjCKE METOIE 3ajelHO ca
BHUXOBUM IpefHocTUMa. Takohe, yka3aHO je Ha OCHOBHE KapaKTEpUCTHUKE €JIEeKTpOofa Ha 0a3u yrJbeHMKa, Ipe
CBEra eJIeKTpoJa OJl YIJbeHHYHE IacTe U INTAMIAHUX YIJbEHUYHUX €JIEKTPOJa, Ka0 U Ha MOIYhHOCT HUXOBE
MoauduKalyje pasIUIuTHM MOAU(PUKATOPUMa/Me1jaTOPUMa/KaTalu3aTopuMa paau Jo0ujama OCET/bUBUjUX
U CENIEKTUBHUJUX aHAIMTUUKUX METOJA.

VY TeopujckoMm 1eny IOKTOPCKE TUcepTalMje omucaH je muibHu aHamut H,O,, maT je mperies meroBux
OCHOBHUX (PM3MYKUX U XEMH]CKUX OCOOMHA, OIICAHA j& BEroBa ya0ra y OHONOMIKUM CUCTEMUMA, IIPUMEHA, Ca
noceOHUM ocBpTOM Ha @DeHTOHOB mporec, kao u Merone oxapehuBama H,O,. 3atmm je pasmarpana
BONTaMEeTpHja Kao IJIaBHA MepHAa TEXHUKA ca IO0CceOHMM OCBPTOM HAa LUKIMYHY BOJITaMETPHjy,
T epeHMjaiHo MMyICHY BOJITaMETPUjy M aMIEepOMeETpHjy. Y HapeIHUM IOJIOINIAaB/bUMA Cy JaTe MpUMapHe
KapaKTEepUCTUKE OCHOBUX U CIOXKEHUJUX KOHPUIypalja paJHUX eIEeKTPOia — €1eKTPOAa Off yIIbeHUUHE acTe
U WITAMIAHUX YIJbEHUYHUX €JIEKTPOJa, U OIUCAHE Cy HBUXOBe MoAubUKalMje MUKPO U HaHOYECTHIIaMa
MeJ1jaTopa KOjU MIPOy3pOKY]y 0O0JbLIAE OCET/BUBOCTH, 8 Y HEKMM CIIy4ajeBUMa U CEJIEKTUBHOCTY IIPE CBEra
BOJITAaMETPUjCKUX METOA. 3aTUM Cy OIUCAHU OMOCEH30pU IIPH YeEMY je MoceOHa Maxma nocseheHa rIyKO3HUM
OnoceHzopuMa, ¢ O03MpPOM Ja ce TIyKOo3a MOXKE OAPEAUTH WHIMPEKTHO mnpahiemeM KoHIeHTpamuje H,O,
HACTaJOr y €H3MMAaTcKoj peakuuju. JlaT je nuTepaTypHU Mperien O yr/beHMYHUM HAaHOLIEBUMA U HUXOBUM
KOMITO3UTHMA, HaBEACHU Cy HEKH O IIPHMepa eNICKTPOAHAINTHIKIX MeToaa oapehusama HyO, 1 riryko3se, kao
1 OCHOBHU IIPUHLMIIY HA KOJUMA C€ 3aCHUBA]y IapajlelIHE U YIOPEIHE MEPHE TEXHUKE NPUMEHEHE Y OKBUPY
OBE JIOKTOpPCKE JucepTrauuje (CkeHupajyha eneKTpOHCKAa MUKPOCKOIMja, TeuHa XpomaTtorpaduja u
cnexTpodoromerpuja). Ha xpajy oBor aena nedunucan je npeaMeT U Lub UCTpaxkuBamba. Kanaunatr, y okBupy
Teopujckor Jena, Aaje akTyelaH U JAeTabaH IpErse]] JIUTEpaType Ha OCHOBY Yera Ce jacHO carjefaBa
npobeMaTuKa JOKTOPCKE JUcepTalyje.

ExcnepuMeHTAIHH €0 CaApKU Operiesl NPUMEBEeHUX XeMUKaIIU]ja, IU3ajHUPaHUX eJIeKTPoia U KOpUIINeHuX
ypehaja, eKcIepUMEHTaIHUX ycloBa paja, Kao M IOCTYIKE paja yKJbydyjyhu npumpeMmy einekTpoia U
OITHMM30BaHE aHAIUTUYKE METOJIE 3aj€JHO ca IPoLieAypaMa MpUIIPEME y30paKa.

PesynraTtu M auckycuja oOyxBarajy Iperyieq U JOUCKYCHjy AOOMjeHHX pe3yirara y TOKY UCTPaKUBaba.
IMornassbe je NONEIbEHO HA HET NOAMNOIIIABIbA:

e Pa3Boj ammepomerpujcke Meroze 3a oxpehuBame H,O, mpumeHOM enexTpona o yribeHHYHE IacTe ca
MeaujatopoM ox Mukpodectuiia MnO; y y3opimMa nog3eMHe BoJe TPETUPaHUX HoMohly DEHTOHOBOT U
DEeHTOHY-CIMYHUX peareHaca 3a yKJIambame IPUPOSHUX OPraHCKUX MaTepHja;

e Opnpehuame H,O, npuMeHOM IITaMITaHE YrIbEHHYHE eIEKTPOse Moau(pHKoBaHe MUKpodecTuiama MnO,
y y30pL1Ma BoJIe IPH yKIambay aleraMunpuia npumenoM OeHToHoBor U poTo—DeHTOHOBOTr IpOoLieca;

e bp3o ammepomerpujcko oxpehuBame H,O, momohy enexTpome o YIJbeHHYHE ITaCTE ITOBPIIMHCKH
MOM(UKOBaHE KOMIIO3UTHAM MaTepHjajioM Ha 6asu Pt nanouectnua/Bynkan XC72 y ne3nH(peKunoHoM




pacTBOpPY M paCTBOPY 3a TPETUPAKLE KOHTAKTHUX COYMBA,

e Awmmepeomerpujcko oapehuBame H,O, kojum je oborahieH y3opak Mieka HPUMEHOM EJIEKTPOAE OX
YIJbEHHYHE IacTe IOBPLUIMHCKM MOAU(DUKOBAHE KOMIO3UTUMA Ha 0a3u BUILE3UIHUX YIJbEHUUHUX
HaHoIeBU ¥ HaHouyectria MnO, uiu Pt u

o Hpnr[peMa TIIYKO3HOT 6I/IOCGH30pa Ha OITaMIIaHUM YIJbCHUYHHUM CICKTpOAaMa MOZ[I/I(bI/IKOBaHI/IM
KOMIIO3UTHMA BUIIC3UIHUX YTITbCHUYHUX HAHOLCBU U HAHOYCCTHULA HA 0a3u IIaTUHE WA nanazu/lija 3a
OZ[pehl/IBaHae TJIIYKO3€ Yy MCEnay, OenoM FpO)KI’)y 1 TIIYKO3HUM TabjeramMa Ha OCHOBY MOIJICKYJICKOT'
IMpEIIO3HaBama IIryKko3e u z[eTeKque/oz[peI)HBaH,a HacTajJor' CH3UMATCKOI' MTPpOAYKTa HzOz.

VY npBOM HOANOrIaBJbY MPUKA3aHU CY PE3YIATATH BOJITAMETPUjCKE KapakTepusaluuje u onpehupama BOJIOHUK-
HEPOKCH/Ia NPUMEHOM HAaTHBHE elieKTpoae ox yribenuune macre (CPE) caummene on rpadurHor mpaxa u
napaHHCKOT yJba M OHMX MeAujaTopoM oboraheHux enekTpoja Koj Kojux cy kKao Tpeha KOMIIOHEHTa yBeJEeHE
Mukpouectuiie MnNO, ca pa3IuuUTUM MaceHHM YIEIOM OBOI 3alpeMuHcKor Momudukaropa: 5, 7,5 u 10%. 3a
aMIepOMETPHjCKy KapakTtepusanujy omsmsa H,O, y ocHoBHOM emekrpomury ¢ocdartHor mydepa pH 7,50
pasMaTpaHe Cy CBE HNPHIIPEMIbEHE €IEKTPOAE Y3 UCTOBETHE 0JabpaHe KOHCTAHTHE BPEIHOCTH HOTEHLMjana U
MEIIaHN PacTBOP, M YOUCHO je Ja eNeKTpoaa Koja cagpxku 5% memujaropa, Tj. 5%-MnO,-CPE je morogna 3a
pa3BOj aHaIUTHYKe MeToje. Pa3BujeHa MeTona je TecTMpaHa Ha y3oplLuMa IOA3EMHE BOJE U3 LIEHTPaJIHOT
Banara (AyroHomua Ilokpajuna Bojeomuna, CpGuja) Tperupane ®entonoum (Fe?* u Hy0,) u ®entony-
cmaunmm (Fe** i H,0,) peareHcHMa y by YK/Iambamba IPHPOIHAX OPraHCKHX MaTepI/Iga (IIOM) mpu uemy cy
NpOyuaBaHH M OJHOCH MOIAPHMX KOHIGHTpALMja akTHBHHX crermja reoxbha (Fe™" wm Fe*) u H,0,.
CnpoBezena cy u audepeHiunjanHo myicHa Bomatamerpujcka (DPV) npoydaBama BEIITaukd HPUNPEMIBEHHX
MOJZIeNl CUCTEMa, KOjeé caJlpXke OHE OCHOBHE CIIElMje XeMUKalauja Koja Koj BehuHe THIIOBA y30paka JUPHULY]y
FEHEepUCAhE aHAIUTUYKOr CUTHAlA U €BEHTYyalHO IPUCYTHUX UHTepdepupajyhux ox3usa. Ogabup norogHor
pansor norenuujana Ha 0,40 V y omHocy Ha 3acuheHy kanomencky enekrpony (3KE) m mukpoduarparmja
y30paka HaKOH 3yCTaBJbaka/MaKCUMAJHOI yCHOpaBamba IMOMEHYTUX Ipoleca TpeTMaHa Boja cy Mehy oHuM
KJBYYHHM €JISMCHTHMa paja KOjU CHTHA(HKAHTHO YTHYy Ha Ioys3gaHocT Mepema H,O,. Ha ocHoBy
CTPOBE/ICHHX Mepema M3BEICHH Cy M 3aK/bydlM Koju omHoc Xxemukammja Fe*' m H,O, maje Haj6osmy
e(pUKaCHOCT yKJIamama ucnutuBasor tuna [I0M-a.

VY ApyroMm HOIIIOIIIAaBJbY HPEICTABIBEHU Cy ammnepoMeTpujcku omsur H,O, nobujeHH nmpuMeHOM ITaMmaHe
YIJbEHUYHE €NIEKTPOJe 3alpPEeMUHCKU MOoAUMGMKOBaHE MUKpouecTHLaMa MeaujaTopa MnO, mpu aHanusu
y30paka pacTBopa aueramurpuga TpetupaHor PeHToHOBUM H  (OTO-DEeHTOHOBUM (Fez+, H,0, u hv)
nopolecuMa paiy yKIambamba HONYTaHTa Tj. XJIOPIUPUIMHCKOI HMHCEKTULUJIA HEOHMKOTHHOUAA M3 BOJAEHE
cpequre. DPV uctpaxuBamuMa cy pasMaTpaHd U MOJEI-CUCTEMHU Ca MPUCYTHHM XEMHKalujaMa KOju MOTY
HpOY3pOKOBaTH HHTEp(epeHnyje Ha ananuTnaku curHan HyO,. Tlorogna pH-BpeqHOCT U MEKpOGHIATpaLHja cy
noTpebHU J1a OM ce aMIepoMeTpUjcKa METoJa MOIJa pealu3oBaTu Ha ofabpaHoM noreHnujary og 0,4 V.V
ciy4ajy (oTo-DeHTOHOBOTr IIpoleca y IpoydaBaHOM cucTeMy TokoM 10 mmHyTa Tpermana H,O, ce moxe
cMaTpaTd YTPOLIEHUM, a HapajlellHa Mepera alleTaMUIIpyaa IPUMEHOM TeuHe XpoMaTorpaduje norsphyjy na
€€ OCHOBHU LIMJBbHU QHAIUT pa3lia’ke TOKOM IPBUX IET MUHYTa paga. Y ciydajy DeHTOHOBOI THIA TPETMaHa y
UCIATHBAHOM BPEMEHCKOM MHTepBaly 3aoctano je 10% H,0,, a aneraMurpus ce pa3iokuo Ha jeJHOCTAaBHUjE
jemmuke. Yrtpomrak Hy,O; je Baxkan mapamerap KoJ HCINTHBAHHX IIPOLEca jep KOHICHTPAIMja OBe XeMUKaIHje
y CUCTEMY MOXE YaK Jla AUpUryje 6p3uHy U e(pUKacHOCT pasilarama OPraHCKMX MOJIEKYJIA, a KaJKaJ yTude U
Ha KOJIMYUHE UHTEpPMEIUjepa y CUCTEMUMA.

Tpehe noanornaBbe oOyxBaTa NPUIPEMY €IEKTPOJA OJf YIJbEHUUYHE IacTe IOBPLIMHCKM MOAU(PUKOBAHE
KOMIIO3UTOM OJi HAHOYECTHULA MIJIATUHE U IpaUTU30BaHOTI yIJbeHUKA THIIA ByikaH, Kao U pa3Boj aHAIUTUYKUX
Merona 3a onpehuBame koHneHrpanuje H,O, y koMmephujaHO ROCTYIHHUM CpEICTBAMA 3a JINYHY HETY:
cpeacTBY 3a Je3uH(eKuujy M cpeAcTBy 3a uumnheme KOHTAKTHHX cO4YMBa. Meroia je TecTUpaHa U 3a
onpehuBame KOHIEHTpalWje IMBHOr aHaiWTa TOKoM pasrpagme H,O, y ciywajy cpencrsa 3a ummhieme
KOHTAKTHUX COYUBA y3 TPeTUpame oMoy KOMepLUjaIHo AoCcTyHHOr Pt kaTanu3aropa. Yo4eHO je 1a MaTpHUKC
yIuue Ha ofabup aHAJIMTUYKUX YCIOBa 3a pad. 300r KOH3epBaHCAa HATpujyM-OeH30ara y Ae3UH(EKLUOHOM
cpenctBy, H,O; ce oxpelyje y crmabo ankanHoj cpexunu npu pagHoM noreHnujary 0,20 V, a 30or npucycrsa
XJOPUAHKX JOHA y pacTBOpy 3a uuiuhier-e KOHTAKTHHX COYMBa PH-BpEIHOCT OCHOBHOI €JIEKTPOJIUTA y TOM
cay4ajy je 4,50, a ontmmamau paxmu noreHmjan je 0,50 V. CnexrpodoroMerpujcka Mepema HOTBphyjy
aMIIEpOMETPHjOM J00ujeHe pe3yinTaTre y clydajy oba TUIA y30paka, M CBE jeé TO y CarJacHOCTH U ca
nexnapucanmM caapxajeM H,O, y 00a ciryuaja. Melyytum, npu npoydaBamy ykiamarma/aekomnosumje H,0,
npuMeHoM Pt karanusatopa y ciydajy cpeacrBa 3a uumiheme KOHTAaKTHUX COUMBA aMIepoMeTpuja je
NPUMEHJbMBA Ha y30pIMMa KO CBHX pa3MaTpaHnX KOHTAaKTHHUX BPEMEHa TOKOM HpomnucaHux 6 h tpermana,
JIOK criekTpodoromerprja omoryhasa onpehuBamba camo 10 4 h KOHTaKTHOT BpeMeHa 300T IIPOMEHE CIIEKTapa.
Bonramerpuja notephyje ma mocie 6 h Tpermana 3aoctaje curHuduKaHTHO Mama kommunHa Ho,O, ox
JI03BOJBEHE.

v YCTBPTOM IIOAIIOIIaBJbY OIIMCaHa je nmpunpeMa CJICKTpoAaa OJ YIJbCHUYHE MacTe IMOBPIIMHCKH
MOZ[I/I(bI/IKOBaHe BUIIE3UJHUM  YIJb€HUYHUM HAHOLECBHMA, Kao0 H MnOZ wm Pt HaHO4YCCTHLIAaMa




MOAM(UKOBAaHUX BHUIIE3UAHNX YribeHMuHHX HaHouesn (MWOCNT). IbuxoBa ymopemna BoJdramerpujcka
KapaKTepy3aluja CIPOBEJEeHA je LUKINIHOM BOITAMETPUjOM y KUCENOj, c1abo alKalaHOj M alKalHO] PajHOoj
cpeanHN y ofabpaHNM OCHOBHHM €JIEKTPOJIMTHMA Kao ClienuM npobama u y mpucyctBy H,O,. Mennjaropcka
yiaora MWCNT ce youasa y ciayaajy MWCNT/CPE 360r mopacra pefyKIHOHHX M OCHAQLMOHHMX CHTHaa
LIUJBHOT aHAIMTA, & Y IPUCYCTBY KOMIIO3UTHUX MEAMjaTopa A0Ja3u O HAcTajarma joll HUHTEH3UBHUjUX CUTHAIIA
LIUJPHOT aHAIUTA, allk U JO CUTHU(UKAHTHUjET CMakbebha Ha/IHAIIOHA €IEKTPOXEMMU)CKE PENOKC PeaKlje Kako
Opy OKCHAALMjH, Tako u npu penykumju H,O,. Unak, 36or coje npupoxe Pt-MWCNT/CPE ce mokasana
HOTO/IHH)jOM 3a pax y aueratHoM mydepy pH 4,50 u y Tom ocHOBHOM enextponuty ce oapehyje u H,O; y
Bemrayku oboraheHom y3opky mireka rae H,O, moxe ma urpa m ymory koH3epBaHca. 300r KHcelle CpeHHE
JI0N1a34 A0 Koarylalyje Ka3euHa U y30pak ce TpeTupa puiTpupameM, IpU YEMY U3 CYPYTKE CE MOXKE OAPEIUTU
canpxaj H,O,.

Ilero nmoamornaBbe 00yXBaTa IpPUIPEMY HATUBHUX, MOBPLUIMHCKU WM 3allPEMUHCKM MOIU(DUKOBAHUX
IITAMITaHUX yribeHH4HuX enekrpoaa (SPCE) npu uemy 3a momudukauuje cy nmpumersenn MWCNT, Pt-
MWCNT u Pd-MWCNT. Umajyhu y BuIy 4HIbCHHLY Aa MEAMjaTOpUMa, IIpe CBera KOMITO3UTHHM
MEJMjaTOPCKUM HaHOMaTepHjalnuMa, MOAUGMKOBAHE INTAMIIAHE YIJbEHUUYHE EJIEKTPOAE IIOKa3yjy BHCOKY
ocewpuBoct mpema H,O, y cHTHHOHKAaHTHO MUpPOj OOJACTH ITOTCHIMJAJCKOT Ipo30pa Yy OJHOCY Ha
HEMOJU(HKOBaHY €IEKTPOLy, Aajbe CE€ OBE €IEKTPOoAe MOAUDUKYjy E€H3MMOM TIIIYKO03a-OKCHUAA30M Koja
OpejcTaBba PELENTOPCKY jENUHHUIY 3a MOJIEKYJICKO IIPENo3HaBame TIyKO3e, M HCTOBPEMEHO MU
OMOKAaTaINTUYKY jeAMHMIy Koja ca MUJBHUM aHanuToM reHepume H,O, Tj. €H3UMATCKHM NIpOIyKar 4wja je
KOHIIEHTpalMja IPONOPLMOHAIHA KOHLEHTpAaLUMju TIyKo3€ Yy HCIUTUBAHOM cucreMy. IlpunpemibeHu
OHOCEH30pH Ce YCIICNIHO IIPHMEY]y 3a ofipeluBame riryko3e Ha OCHOBY Mepema canpxkaja HoO, y :uBOTHEM
HaMHUpHUIIaMa Kao IITO cy MeA, Oeno rpoxhe u tabnere rirykose. Pesynratu noOujeHH aMIepoMeTpUjCKUM
6uoceH30pHUMa IOKa3yjy clarame ca pe3ylraTiMa Mepewma J00HMjeHUM KOMEpLUjaIHo JOCTyIHUM ypehajem 3a
MEpPEH-E IIyK03€ - [IYKOMETPUMA.

Pe3ynrtaty McTpaxuBama OMMCAHU y OKBUPY AOKTOPCKE JUcepTalyje Cy HOBU M opurkHanHu. Kanaupar je
OperyiefH0 U jacHO IpHUKa3ao pe3yirare KOjU Cy aJeKBaTHO M KPUTUUKU IPOJMCKYTOBAaHU Y CKIIaAy ca
JIOCafalIBbUM HayYHUM Ca3HAmbHMa.

VY nornaeby 3aKk/by4ak CyMUPaHU Cy JOOMj€HU Pe3ylATaTU U U3BEJIEHU CY 3aKJbydIM HA OCHOBY IPHKa3aHUX
pesyaTaTa U guckycuje. 3aKkjbydld U CyMHPaHH PE3yITaTH Cy IIPUKA3aHU U HA €HIJIECKOM jE3UKY Y MOIJIaBJbY
Conclusion.

V nornassby JIureparypa HaBejeHa je JIMTepaTypa LUTHpaHa y JOKTOpcKoj aucepraimju (233 pedepeHim).

W3abpane pedepeHlie cy MpUMepeHe TEMAaTULU KOjOM ce JOKTOpCcKa aucepranyja 6asu u 6ubmuorpaduja je
HaBol)eHa Ha oAroBapajyhu HauuH.

Ha ocnoBy HaBeneHor Komucuja 3akjbydyje a Cy OCTBapeHU IIAaHUPAHU LIUbEBU UCTPAXKUBAKA Yy OKBUPY
JIOKTOpPCKE AucepTrauyje.

In the chapter Introduction the application and importance of H,O, in many areas, primarily in environmental
technology, biological processes and industry is pointed out, as well as the need for its determination in
different samples. Among the numerous analytical methods developed for the determination of this target
analyte, voltammetric and amperometric methods are especially emphasized along with their basic advantages.
Also, the basic characteristics of carbon-based electrodes, particularly of carbon paste and screen printed
carbon electrodes were elaborated, as well as the possibility of their modification with different
modifiers/mediators/catalysts in order to obtain more sensitive and selective analytical methods.

The Theoretical part of the doctoral dissertation describes the target analyte H,O,, gives an overview of its
basic physical and chemical properties, describes its role in biological systems, as well as application with
particular reference to the Fenton process and the methods of its determination. After that, voltammetry is
described as the main measuring technique with a special emphasis on cyclic voltammetry, differential pulse
voltammetry, and amperometry. The following subsections give the basic characteristics of selected simpler
and complex working electrodes - carbon paste electrodes and screen printed carbon electrodes, and describe
their modifications with micro and nanoparticles of the mediators in order to improve the sensitivity, and in
some cases the selectivity of primary voltammetric methods. Then, biosensors are described, with special
attention to glucose biosensors, since glucose can be determined indirectly by monitoring of H,0,
concentration formed in the enzymatic reaction. A literature review of carbon nanotubes and their composites is
given, followed with some of the examples of electroanalytic methods for determination of H,O, and glucose,
as well as the basic principles of parallel and comparative measurement techniques which were used in the
framework of this doctoral dissertation (scanning electron microscopy, liquid chromatography and
spectrophotometry). At the end of this part, the object and aim of the research are defined. The candidate in the
Theoretical part provides an actual and detailed review of the literature which successfully fits into one basic




unite and based on that the problems of thesis are clearly defined.

Experimental part contains an overview of all chemicals, electrodes and devices, which are designed and used
in experimental work together with the optimized experimental work conditions and procedures.

In the chapter Results and discussion candidate gave overview and discussion of the results obtained during
the research within the framework of the Ph.D. thesis. The chapter is divided into five subchapters:

e Development of amperometric method for the determination of H,O, using MnO, microparticles-based
carbon paste electrodes in groundwater treated by Fenton and Fenton-like reagents for natural organic
matter removal;

e Determination of H,O, by MnO, microparticles modified screen printed carbon electrode during Fenton
and visible light-assisted photo-Fenton based removal of acetamiprid from water;

o Rapid amperometric determination of H,O, by a Pt nanoparticle/Vulcan XC72 composite-coated carbon
paste electrode in disinfection and contact lens solutions;

e Amperometric determination of H,O, using carbon paste electrodes coated by multiwalled carbon
nanotubes decorated with MnO, or Pt particles in spiked milk sample and

e Preparation of screen-printed enzymatic glucose biosensors based on a composite made from multiwalled
carbon nanotubes and palladium or platinum containing nanoparticles for determination of glucose in
honey, white grape, and glucose tablets via enzymatic molecular recognition of the glucose and
detection/determination of enzymatic byproduct H,O,.

The first subchapter presents the results of the voltammetric characterization and determination of hydrogen
peroxide using a native carbon paste electrode made from graphite powder and paraffin oil and its modified
forms enriched with MnO, mediator microparticles with different mass fraction in their bulks as the third
component in carbon pastes as: 5, 7.5, and 10%. All prepared electrodes were tested recording the
amperometric H,O, responses in the supporting electrolyte made from phosphate buffer pH 7.50, under
selected identical constant values of the working potentials and under constant mixing of solution. It was
observed that the electrode containing 5% of mediator, i.e. 5%-MnO,-CPE, is the appropriate one for the
development of the analytical method. The developed method was tested for the determination of H,O, in
samples of groundwater from central Banat (Autonomous Province of Vojvodina, Serbia) treated with Fenton
(Fe*" and H,0,) and Fenton-like (Fe** and H,0,) reagents in order to remove natural organic matter (NOM),
whereby the molar concentration of active iron species (Fe?" or Fe**) and H,0, were optimized. Differential
pulse voltammetric (DPV) experiments were performed by artificially composed model system, which
contained those basic chemical specimens that resulted the generation of analytical signals and possibly
interfering responses. Choosing the suitable working potential of 0.40 V vs. saturated calomel electrode (SCE)
and the microfiltration of samples after stopping/maximal slowing of the mentioned water treatment processes
are among the key elements of work that significantly influence the reliability of the determination of H,0,
target analyte. Based on the conducted measurements, conclusions were drawn about the optimal ratio of the
Fe*" and H,0, which gives the best efficiency of removal of the tested type of NOM.

In the second subsection, the amperometric responses of H,O, are recorded using a screen printed carbon
electrode, modified by the microparticles of the MnO, mediator for the analysis of samples from a water
solution of acetamiprid treated with Fenton and photo-Fenton (Fe®*, H,O,, and hv) processes to eliminate this
pollutant, a neonicotinoid chlorpyridine insecticide, from the aqueous medium. DPV studies have also been
carried out in model systems with chemicals that can cause interference to the analytical signal of the target
H,0,. The adjustment of suitable pH value and microfiltration are required for the ampreometric method to be
realized at a selected potential of 0.4 V. In the case of the photo-Fenton process in the examined system, a 10-
minute treatment resulted the H,O, concentration which can be considered as consumed, and parallel
measurements of acetamiprid using liquid chromatography are confirmed that the basic target analyte is
removed during the first five minutes of treatment. In the case of Fenton type of treatment, in the investigated
time interval, 10% of H,O, left in the system, and the acetamiprid was removed. The consumption of H,O, is
an important parameter in the tested processes because the concentration of this chemical in the system can
even drive the speed and efficiency of the decomposition of organic molecules, and whenever it affects the
guantities of intermediates in the systems.

The third subchapter encompasses the preparation of carbon paste electrodes surface modified with composite
made from platinum nanoparticles and Vulcan type graphitized carbon, as well as the development of analytical
methods for the determination of the H,O, concentration in commercially available personal care products: a
disinfectant and an agent for cleaning contact lenses. The method was also tested for the determination of the
concentration of H,0, target analyte during its decomposition by commercially available Pt catalyst in the case
of a contact lens cleaning solution. It has been observed that matrices influenced/predetermined the selection of
the optimal conditions of work. Due to the presence of sodium benzoate as preservative in the disinfectant H,O,




is determined in a slightly alkaline media at a working potential of 0.20 V, and due to the presence of chloride
ions in the contact lens cleaning solution, the pH of the supporting electrolyte was 4.50, and the optimum
working potential 0.50 V. Spectrophotometric measurements confirmed the results obtained by amperometry
in the case of both types of samples, which was in accordance with the declared H,O, content in both cases.
However, in the study of the removal/decomposition of H,O, using the Pt catalyst in the case of a contact lens
cleaning solution, the amperometry is applicable at all of the considered contact time intervals during the
prescribed 6 h of treatment, while the spectrophotometry allows determining only up to 4 h of contact time due
to the change of the spectrum in later contact times. The voltammetry confirms that after 6 h of treatment a
significantly smaller amount of H,0, was found than the allowed one.

The fourth subchapter describes the preparation of electrodes from the carbon paste and their surface-
modification with multiwalled carbon nanotubes (MWCNTS), as well as with the composites made from the
MnO, or Pt nanoparticles and MWCNTSs. Their comparative voltammetric characterization was carried out by
cyclic voltammetry in acid, slightly alkaline and alkaline supporting electrolytes in the absence and presence of
the H,O, target analyte. The mediator role of the MWCNTSs is observed in the case of MWCNT/CPE due to the
increase of electrochemical oxidation and reduction signals of the target analyte, and in the presence of
composite mediators, more intense signals of the target analyte are generated, and significant reduction in the
overvoltage of the electrochemical redox reaction was obtained for the oxidation and reduction processes as
well. However, because of its nature, Pt-MWCNT/CPE has proven to be more convenient as working electrode
in the acetate buffer pH 4.50 and on this way served for the H,O, determination in an artificially enriched
(spiked) milk sample where H,O, can play the role of the preservative. Due to acidic pH, the coagulation of the
casein occurred and the sample is treated with filtration, whereby the content of H,O, was determined from the
obtained whey.

The fifth subchapter includes the description of the preparation of native and surface or bulk modified screen
printed carbon electrodes (SPCE), with applied modificators as MWCNT, Pt-MWCNT and Pd-MWCNT.
Bearing in mind the fact that mediators, particularly the composite nanomaterial mediator containing modified
screen printed carbon electrodes exhibit high sensitivity to H,O; in a significantly larger region of the potential
window relative to unmodified electrodes, they are further modified by the glucose oxidase enzyme that
represents the receptor unit for molecular recognition of glucose, and at the same time a biocatalytic unit that
generates H,O, from the target analyte, i.e. an enzyme product whose concentration is proportional to the
concentration of glucose in the test system. The biosensors are successfully applied for the determination of
glucose, based on H,O, measurement, in foodstuffs such as honey, white grapes, and glucose tablets. The
results obtained by amperometric biosensors show the agreement with the results measured by a commercially
available glucometer.

The results of research in the Ph.D. thesis are new and original. The candidate presented the results transparent
and understandable with an adequate, vocational reasoned, discussion.

In the chapter Zaklju¢ak (Conclusion on English) the obtained results are summarized with appropriate
conclusions derived from the presented Results and discussions. The conclusions and summarizes of the results
are presented on English in chapter Conclusion.

The chapter References contain list of cited references in the thesis (233 references). Selected references are
adequate for the theme of thesis and the bibliography is guided appropriately.

Based on the above the Committee concludes that the planned objectives of the research within a Ph.D. thesis
are realized.
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VII 3AK/bYYIIX OJHOCHO PE3YJITATH HCTPAXKHUBAIbA (Conclusions i.e. the results of research)

VY 0BOj IOKTOPCKOj JUCEpTalMju [IPUKA3aH j€ Pa3BOj jeAHOCTABHUX, NOY3JaHUX U CaBPEMEHUX CEH30pa/paJHuxX
€IEKTpOJa 3aCHOBAaHUX Ha YIJbEHHMYHUM €JIeKTpojaMa M MeAujaTopuMa/(eIeKTpo)KaTalu3aTopuMa Tj.
Mukpodectriiama MnO, n Hanomarepujanma Pt-BynkauXC72, MWCNT, MnO,-MWCNT, Pt-MWCNT u Pd-
MWCNT. Ilopen Tora onTHMH30BaHE Cy IOTOJHE BONTaMeTpHjcke MeToxe 3a oapehusame H,0, y omabpanim
CIIOKEHUM MOJEN M pEaJHUM Y30pLHMa W3 OOJIACTH 3alITUTE JKUBOTHE CpeauHe/oKoinHe, onabpaHnx
JIe3UH(EKMOHNX PacTBOPa, KA0 U HEKUX XKMBOTHUX HAaMMPHMIA y CBOJCTBY OCHOBHOI LIMJbHOI aHAJIUTa WU
LIUJBHOT aHAIMTA y BUJY €H3UMAaTCKOI PEaKIMOHOr IPOAYKTA.

1. KaHZ[I/IZ[aT je HCIIUTA0 MPUMCHJBUBOCT jeZ[HOCTaBHe aMHepOMeTpI/IjCKe METOAC 3aCHOBAHC HA OA3MBY HATUBHC




enexrpoze of yribeHuuHe nacre (CPE) u 3anpemunckn moxudpukosane CPE ca pasmmanTuM MaceHUM yrenoM
MeHjaTOPCKUX MUKpo-decTHia MNO; ykipyayjyhu 5, 7,5 u 10% 3a onpehusame H,0O, 1 m3Boau 3axsbydax 1a ce
Kao HajmorogHuja enekrpona mokasana CPE ca 5% MnO,, 1j. 5%-MnO,-CPE. Ilpu pagHOM IOTEHIHMjaly OX
0,40 V y ongnocy Ha 3acuheny kanomenoBy enexrpony (3KE) y docdaraom mydpepy pH 7,50 xao momohnoM
eIEKTPOIHTY, MeToma je omoryhuma onpehusame H,0, y HuTepBany kommentpamuja ox 1,4 10 65 ug mL™ ca
penatuBHOM cTanaapaHoM aesujanujoM (PCI) mamom ox 10%. Kanunar je ycnemso npuMeHno ONTUMU30BaHY
Metony 3acHoBaHy Ha 5%-MnO,-CPE 3a ompehuBame campxaja H,O, y y3opumma momsemHe Bome H3
uentpanHor banara (Ayronomua ITokpajuna Bojsomuma, Cpbuja) tpernpane ®entonosum (Fe** u H,0,) n
®enrony-cimannm (Fe* u H,0,) pearencumMa y mwby yKIamama IPUPOIHAX opraHckux matepuja (IIOM) npu
4yeMy Cy UCIIUTaHE Pa3IUuUTe OYETHE KOHLEHTpalKje IBoxkha U pa3saIMyuTH OJHOCH MOJNApHUX KOHLIEHTpaLuja
reoxBa u H,O,. ¥V pasBujeHOM MOCTYIKY, jeAMHN KOpaK HMpHUIpeMe y30pKa je Omia MUKpo(QHITpanyja y Muby
yKIIamawba XUJIpokcuaa reoxia HacTanor TOKOM/HAKOH 3aycTaBibamba peakuuje oxcunauuje. KoHuenrpanuja
H,0, y cBUM ucnmTHBaHUM y30pHHMa je oapeljeHa MeToqoM cTaHmapaHor mogatka. Kpos cBoj pax kanamaar je
YTBPAMO Jla OKCHJALIMOHO CTame rBOXKhe (Fe2+ W Fe3+) u monapuu onHoc H,O, u jona Fe ytudy Ha crenen
notpomse/pasrpaamwe H,O, y momseMHoj Bomu ca BucokuM cagpxajeM [IOM. Takobe, y ciaydajy ©eHTOHY-
CIIMYHOr Tpoleca, 3a cBe moueTHe KoHuentpamuje Fe** um H,0,, curmnduxantha xommumsa H,0, octaje
HeuckopulltheHa, To yKa3yje Ha HUKY e(pUKacHOCT OBAaKBOI cucTeMa y nopehemy ca GEeHTOHOBUM MPOLECOM.

2. Kanmmpaar je ycrnemHo OpUMEHHO LITaMIIaHy yribeHH4HY enekrpony (SPCE) sampemunCcKM MomupuKoBaHY
MUKpo-decTuiamMa Meaujaropa MnO, ca 5% MaceHuM yaeiaoM OBOI MEIUjaTopa y YIJbeHMYHOM MAacTUILy 3a
ITaMIame 3a amiepoMerpujcko onpehuBame caapkaja H,O, y Toxy ®entonosor (Fe**, H,0,), kao u
BHUBMBOM cBeTsonthy notnomoruytor doro-dentonosor (Fe?*, H,0,, hv) npomeca pamm ykiamarma opraHckor
jemumema uHcektHunna aueramunpuaa (ACT) u3 Bopene cpeauHe. Ha OCHOBY CHpOBEJECHHX LHMKJIMYHHX
Bonramerpujckux (CV), kao u andepenimjanHo-myncHux Bosdramerpujckux (DPV) mepema kanmupar
3apydyje na ce mogudukanujom SPCE npumenom MnO, ocTrXe BICOKa OCETIBUBOCT O()OPMIBEHE SJICKTPOLe
3a oxpehuBama H,0,. Kannunar takole 3axibydyje na je mpy ONTHMH30BAHNM YCIOBHMA (pajHU IOTEHIH]jal
0,40 V y omnocy Ha 3KE, ¢ocharmn mypep pH 7,50 kao moMORHM eIEKTPONHT) eIeKTPOKATATUTHYKOT
ammepomerpujckor onpehusama H,Op NOCTHrHyTa IMHEApHOCT KanuOpalMoHe KpHBE ONTHMH30BaHE
aHAIMTHYKEe MeTojle y orcery Konuentpamumja 0,01-1,24 mmol L™ (0,34-42,2 pg mL™) ca Bpexnomhy PC/I
ucnon 4,2%. Y ucnmuTuBaHUM Yy3opuuma (HaKoH ojroBapajyher monemasama PH-BpenHoctu on 2,8 mo 7,5
HEIOCPEIHO HAKOH Y30pKOBamba paid 3ayCcTaBbarba/MakCHMAIHOT yCIOpaBama Mpolleca OKCHAALHje,
¢GwrTpHupama, 3aMp3aBamba U OIMp3aBamba HEIMOCPEeNHO Ipe Mepema) caapkaj H,O, je ompehen meromom
CTAaHJApAHOr JOJaTKa aHAIM3UpameM OAroBapajyhmx ammepomerpujckux kpusu. Ilapamemna HPLC-DAD
Mepema cy BpIleHa y by npaliera KoHneHTpamwje/ykiaamama ACT. V ciydajy ¢oro-DeHToHOBOT Hporeca
(mouetHe xoHuentpanumje 0,31; 2,0 u 3,0 mmol L? (70,0; 111,7 u 102,1 pg mL'l) 3a ACT, Fe*' u H,0,, peaom)
HakoH 10 muH H,0; je motmyHo H3pearosao, a Moxe ce cMaTpatu 1a je ACT ykiomeH HakoH 5 MuH. [IpumeHOM
Denronoor nponeca ACT je ykiromeH HakoH 20 MuH TpeTMaHa u oko 10% mouerne xonreHrpanuje H,0, je
ocTano y cucreMy Heuckopumheno. Kanaunar 3akmyudyje 1a cy y o6a ciydaja mouerse KoHuenrpauuje Fe? u
H,0, 6une oxrosapajyhe 3a yknamame ACT y BoneHoj cpequan @eHTOHOBUM U (poTo-DEHTOHOBHM IPOLECOM
Ha mMol L™ KOHIEHTPaMOHOM HHBOY (/1 HEKH JIErpajalliOHH HHTEpMeujepy Behe MOTapHOCTH MOy OCTATH
Y CUCTEMY).

3. Kagupar je npumpeMuo 1 IPUMEHHO jeIHOCTaBaH, OCET/UB M Moy3/aH censop 3a H,O, ox CPE moBpmmHCKH
MOM(UKOBaHE KOMIO3UTOM 0J HaHoudectuna Pt (< 5 nm) u rpadurusosanor yribenuka (Pt-C, 10% Pt na
Bynkany XC72) meronom HaHomema kamu. Obe enekrponme, Hemomupukosana CPE u momudpukosana (Pt-
CICPE) cy okapakrepucaune npumeroM SEM/EDS n CV mepemwa. Kanauaar 3axkspyuyje na Pt-C/CPE nokasyje
U3y3eTHE eNICKTPOKATAIUTHIKE OCOOMHE y HOINIeNy eleKTpoxeMujcke penoke peaknuje H,O, y mopehemy ca
Hemomuduxosanom CPE y docharrom mydepy (0,1 mol L' pH 7,50), a Taxohe u y aumeratHom mydepy
(0,2 mol L'; pH 4,50), mapounTo Ha motenmmjamama 6musy 0,0 V. IpumukoM ammepoMerpujckor onpeljupama
H,0, npumenom Pt-C/CPE y mozxen cucremMuma, KaHIWAar yodaBa Ja je 3agoBosbaBajyha nmHeapHOCT
aHATMTHYKE METOJIE MOCTHTHYTA y TECTHPAHOM KOHIEeHTparmonoM oncery Hx0z ox 0,15 1o 1,45 ug mL™, nox
cy BpenHocTd rpanuie oapehusama (I'O) usHocuie 0,06 g mL* (pH 7,50, paguu norenwjan 0,20 V) u 0,10
ug mL™* (pH 4,50, pamxun notentmjan 0,50 V). Kasmumar 3abydyje fa ce ONTHMH30BAHE aHATHTHUKE METOMIE
MOry MpUMEHHUTH 3a ofpehuBame caxpxaja H,O, y koMepimjaaHO JOCTYIHUM IIPOM3BOAMMA 33 JIMYHY HETY: y
pactBopy 3a aesundexunjy (pH 7,50) u y pacrBopy 3a unmheme konTakTHux counsa (pH 4,50). Pt-C/CPE je
takohe mpumerspuBa 3a mpaheme koHuentpamuje H,O, y pacTBOopy 3a KOHTakTHa CO4YNMBa y TOKY Iporeca
BErOBE HeyTpalnu3alyje/pasrpaambe. AMIEPOMETPH)jCKU 100Mj€HN PE3yITaTU Cy Y CarJlaCHOCTU ca pe3yaTaTuma
JI00MjeHUM NPUMEHOM TPaAHULHOHANHE CIHEKTpodoToMeTpujcke MeToe Oa3upaHe Ha TUTAHU)yM-Cyldary Kao
peareHcy ca oxpehernm xoHuentpanujama H,O, ox 2,91% n 2,94% 3a nesmndexnuonu pacrsop u 3,04% u
3,17% 3a pacTBOp 3a KoHTaKkTHA couuBa. PCJI je Ouna mama of 2%. Ilocturnytu pesyararu ce JoOpo ciaxy ca
JekiapucanuM canpxajeM H,O, on crpane npomssohaua (3%) y oba ncnutuBaHa y3opka. Kannunar 3akipyayje
na xoHneHrpanuja H,O, TokoM merose pasrpagme y pacTBOpPY 3a KOHTAaKTHA COYMBA je YCIEIIHO oxpeheHa
HOpEMEHOM 00€ METOJe CBe 10 KOHTaKTHOI BPEeMEHCKOr mHTepBama pactBopa H,O, m uBpcTOr Karammsaropa
usmehy 4 h u 6 h, xana ce youaBa curHuuKaHTHa HpoMeHa y OOJMKY alcOpPILMOHOr CIEKTpa INTO je




oHeMoryhunio mpuMmeHy cekTpodoroMerpujcke Merone. AMIEPOMETpHUjCKa METosa je Ouila IPUMEHTbUBA U Y
OBOM BPEMEHCKOM HHTepBaly ca Hemrro Behum BpexHoctuma PCJl. Hakon 6 h mpoueca Heyrpammsanuje,
onpehena konnentpanuja H,0; je m3Hocuna 24,68 pg mL%, mro j€ CKOpO IOJIOBHHA J103BOJbEHE KOHIIEHTpAllKje
H,O, y pactBopy 3a KoHTaKTHa counsa (u3mehy 50 u 60 ug mL™).

4. Kanmuaar je yCHEIIHO CIIPOBeO MOBpHIMHCKY Moaudukanyjy CPE BHIIE3HAHHM YIribeHUYHUM HAaHOLEGBHMA
(MWCNTS), xao u xommozuruma MnO-MWCNT wim Pt-MWCNT MeTonoM HaHOIIEa KAy paji MpUIpeMe
jEMHOCTAaBHUX, OCETJPHBUX H IOY3JaHUX BOJITAMETPHUjCKHUX CeH30pa 3a oapehusame H,O, y ogabpanoM y3opky.
Pesynratn SEM/EDS aHanu3e KOMITO3UTHHX MaTepHjajia Cy MOTBPAWIM J1a Cy Meaujaropy, yectuie MnO, u P,
HacymnuHo pacnopeljern Ha moBpumeEd MWOCNT u 3actymseHn ca oko 5% (M:M) y KOMIIO3UTY H3PaKEHO
npeko Mn, ognocro Pt. Kammumar Ha ocHoBy CV Mepema ca NIPHIPEMJBCHHM paJHHUM eJIEKTpojaMa y
aneratHoM (pH 4,50), docdarnom (pH 7,50) u GoparHom (PH 9,18) mybepy je u3Beo 3akibyuke y Be3H
enekrpoxeMujckor noHamama H,O, 1 01abpao morogHy pagHH IMOTEHIM]aT 32 aMIEePOMETPHjCKO onpehuBame
oBor mmisHOr aHammurta. Ha ocHoBy CV ozj3mBa KkaHmWJAT 3aKibydyje Ja y Ollaro aJKajlHOj CpPelUHH CBe
UCOHTHBaHEe panHe enekrpone (Hemomuduroana CPE, MWCNT/CPE, MnO,-MWCNT/CPE wu Pt-
MWCNT/CPE) cy npumensbuBe 3a oxpehuBame H,O, anm ca paznuuurom eduxacHomhy npu pasidduTHM
npuMereHuM paaauM noreHiujamuma. MWCNT/CPE naje noGossiane penykunone curaane H,O, y mopeljerny
ca CPE, napounro Ha norenuujanuma HwxuM ox -0,60 V' y oxgnocy Ha 3KE. V ciyuajy Pt-MWCNT/CPE oBgj
edekar je m3paxeH Ha -0,05 V u HmKHMM pagHEM MOTEHIWjalMMa, M OBa eJEKTpoja Jaje 3Ha4dajHe
okcupanuone curHaire H,O, m Ha norennujanmma msHax 0,10 V. P-MWCNT je npuMenssuBa 3a pajx u y
arteratHOM Iy(epy PH 4,50 kako Ipu HEraTHBHHAM TaKO M IIPY IO3UTHBHUM PaJHUM ITOTCHIUjaMa. Y CIy4ajy
MnO,-MWCNT/CPE, na noreniwmjany 0,30 V u BumiuM BpemHocTHMa, okcumanuond curHamd H,O, cy
curindukantan. Ipu pH 4,50 MnO,-MWCNT/CPE mnokasyje He3agoBosbaBajyhe moHamame 300r Beoma
Huckux nHTeH3uTera Hy,O, curnana y oncery norenmmjana ox -0,50 no 0,60 V, amm pu pH 9,18 oBa enexrpoxna
nMa npuxBaT/buBe nepdopmance. Pasmarpajyhn penpoaykrusaocr curnana H,0,, npumenom Pt-MWCNT/CPE
cy yriaBHoM pobujene Bpeauoct PCJI ucnon 2,5%, 1ok ce y ciaydajy MNnO,-MWCNT/CPE ue3anoBosbaBajyha
PENpPOAYKTUBHOCT MOXE IOOO0JbIIATH JOJATHUM €IEKTPOXEMU)CKUM IPEATPETMAHOM (KOHAUIMOHUPABEM) IIpe
aMIIePOMETPHjCKIX Meperba. Kammunar saksbyayje na cy IO anamitiukux Merona y ug mL™ o6mactu. H,0, je
onpeheH y oboraheHoOM y30pKy MileKka METOJOM CTaHAApAHOr JOJaTKa HAKOH OAroBapajyhe mpumpeMme y3opka
(monemaBame PH u ueHTpudyrupame) 1 IPUMEHOM ONTHMHU30BAHE aMIIEPOMETPHjCKe MpoLeaype (aleraTHu
nydep pH 4,50, pagun norenunjan -0,75 V) kopucrehn Pt-MWCNT/CPE kao paany enekrpony. PCJl 3a tpu
IIOHOBJbEHA MEpEmA je u3Hocuia 2,5%, 10K je npuHoc Metoae 6uo Hemro Behu o 71%.

5. Kanmupar ychemrHo IpuMemyje KOMIO3UTHE Matepujaie koju ce cacroje o MWCNT u nanouectnna Ha
6a3u Pd (Pd-MWCNT) nmu Pt (Pt-MWCNT) 3a npunpemy 3anpemuscku moaudukosannx SPCE (Pd-MWCNT-
SPCE u Pt-MWCNT-SPCE) n noBpumncku Mmogudukosane SPCE (Pd-MWCNT/SPCE). Ose enektpose, kao u
Hemomupuxosana SPCE n MWCNT-SPCE, cy okapakrepucane npumeHom CV u ammepomerpuje y pocharHoM
nydepy pH 7,50 pamu oapehusawa H,O,. Kanammar norephyje na xommosur PA-MWCNT kako y Buay
3aIPEMUHCKOr TaKO U MOBPIIMHCKOr MOAU(UKATOPA, NPEACTaBba MOrOJaH MEAUjaTop LITAMIAHE YIJbEHUYHE
enexrpozne 3a onpehusame H,0, Ha paganM notenmmjamma mmehy -0,50 u 0,50 V. Pt-MWCNT-CPE ce takofje
HokKasaja morogHom 3a oxpehusame H,O, y ucnuruBanoM orcery pagnux norexuujana ox -0,80 xo 0,70 V. Pd-
MWCNT-SPCE, Pd-MWCNT/SPCE u Pt-MWCNT-SPCE cy 3arum MomuM(uKOBaHE EH3MMOM TIIIyKO3a
okcrazoM (GOX) MeTooM HaHomeHma Kami pactBopa GOX u Nafion®-a ma muxoBy moppummy. Kawmimar
KOHCTaTyje Jla ce TIyKo3a MOXEe OAPEIUTH IPUMEHOM HOoOHMjeHHX OmoceH3opa mpeko Hacrador H,O, y
ensumarcko] peakuujn. GOX/Pd-MWCNT-SPCE je mokaszana Gosby penpoyKTHBHOCT W IPUXBATJbUBHjE
aHAIUTHYKe nepdopMmance 3a oapehuBame Tiayko3e mpu pagHuM noreHmwjanmMma mmehy -0,20 u -0,50 V y
nopehery ca GOx/Pd-MWCNT/SPCE. Kao onrumanan paguu norenumjan GOx/Pd-MWCNT-SPCE je
omabpana BpexHoct norernujama -0,40 V y omHocy Ha 3KE, ca 3amoBospaBajyhioM mmHeapHOmhy y
MCITUTHBAHOM OTICEry KOHIIEHTpammja riykose oz 0,16 10 0,97 mmol L™ (ox 29,1 no 174 ug mL™), ok je TO
usnocuta 0,14 mmol L™ (25 ug mL™). Onrtummsosana merona 3ackoBana Ha GOX/Pd-MWCNT-SPCE je
YCIIEIHO NpHUMEmEHA 3a ojpehuBame IiIyko3e y y30pKy JuBaickor mena. JoOujeHu pesynTaTd cy y 100poj
CarJIaCHOCTU €a OHUMa JJOOUjeHUM NPUMEHOM KOMEPLMjalHO JOCTYIHOI alapaTa 3a Mepeme riykose. [loronan
pajauu noreHuujai 3a GOX/Pt-MWCNT-SPCE je 6uo -0,50 V y oxnocy Ha 3KE, npu uemy je 3agoBosbaBajyha
JIMHEAPHOCT MOCTHIHYTA Y HCIIHTHBAHOM OICEry KOHIGHTpaIuja riykose ox 65,8 10 260,6 pug mL™, ca TO 35
ug mL™. Onrumu3soBana Meroa 3acHoBana Ha GOx/Pt-MWCNT-SPCE je ycrenino npuMersena 3a onpeljuparbe
IJIyKo3e y y3opKy Gesor rpoxba u y3opky tabnera (Traubenzucker-bonbons), npu demy cy nobujenu pesyararu
y 100poj cariaacHOCTH ca pe3ylaTaTuMa A00MjeHUM MPUMEHOM KOMEPLHUjalHO JOCTYIHOI MIIyKoMeTpa Tj. ACCU-
Chek amapara.

3aksbydlld HaBEeJIEHUW Y JOKTOPCKOj AUCEpTaljU Cy JIOTMYHO M3BEAEHU M3 JOOUjeHUX pe3ylTara U jacHO
oflpaxkaBajy 3Hauaj U Hay4HH JAONPUHOC CIIPOBEJECHOI UCTPAKUBaA.

In this doctoral dissertation, the development of simple, reliable and modern sensors working electrodes based on
carbon based electrodes and mediators/(electro) catalysts, i.e. micro-particles MnO, and nanomaterials Pt-
VulkanXC72, MWCNT, MnO,-MWCNT, Pt-MWCNT, and Pd-MWCNT was performed for the determination




of H,O, as a main target analyte or as the ezymatic byproduct of glucose oxidase. Optimization of voltammetric
methods were performed for the determination of the mentioned target analytes in a selected complex model and
real samples, as samples from the environment, selected disinfectant products, as well as some foodstuffs.

1. The candidate was examined the applicability of a simple amperometric method based on the response of the
native carbon paste electrode (CPE) and the bulk-modified CPE with a different mass fraction of the MnO,
mediator micro-particles including 5, 7.5, and 10% for the determination of H,O, and concluded that the most
suitable electrode was CPE with 5% MnO,, i.e. 5%-MnO,-CPE. At a potential of 0.40 V vs. saturated calomel
electrode (SCE) in phosphate buffer pH 7.50 as supporting electrolyte, the method allowed the determination of
H,0, at a concentration range from 1.4 to 65 ug mL™ with relative standard deviation (RSD) less than 10%. The
candidate successfully applied the optimized method based on 5%-MnO,-CPE for determination of H,O, content
in groundwater samples from central Banat (Autonomous Province of Vojvodina, Serbia) treated with Fenton
(Fe? * and H,0,) and Fenton-like (Fe** and H,0,) reagents in order to remove natural organic matter (NOM),
with different initial iron concentrations and different molar iron and H,O, ratios. In the developed process, the
only step in the preparation of the sample was microfiltration in order to remove the iron hydroxide formed
during/after the oxidation reaction was stopped. The concentration of H,0O, in all samples was determined by the
standard addition method. Through its work, the candidate has determined that the oxidation state of iron (Fe** or
Fe*") and the molar ratio of Fe and H,0O, influence the level of H,O, consumption/degradation in groundwater
with high containing NOM. Also, in the case of the Fenton-like process, for all the initial Fe** and H,0,
concentrations, a significant amount of H,O, remains unused, indicating a lower efficiency of such system
compared to the Fenton process.

2. The candidate successfully applied the screen printed carbon electrode (SPCE) bulk-modified with micro-
particles of the MnO, mediator, with a 5% mass fraction of this mediator in a carbon ink for printing, for the
amperometric determination of the H,O, content in Fenton (Fe®*, H,0,), and the visible light assisted photo-
Fenton (Fe*", H,0,, hv) processes for removing the organic compound, the acetamiprid (ACT) insecticide, from
an aqueous medium. On the basis of cyclic voltammetric (CV), as well as differential pulse voltammetric (DPV)
measurements, the candidate concluded that by modifying SPCE using MnO,, a high sensitive electrode was
prepared for determination of H,O,. The candidate also concluded that under optimized conditions (working
potential 0.40 V vs. SCE, phosphate buffer pH 7.50 as supporting electrolyte) of electrocatalytic amperometric
determination of H,0,, the optimized analytical method showed the linearity of the calibration curve in the
concentration range of H,0, as 0.01-1.24 mmol L™ (0.34-42.2 pg mL™) with a value of RSD below 4.2%. In the
tested samples (after the appropriate adjustment of the pH value from 2.8 to 7.5 immediately after sampling to
stop/maximum decelerate the oxidation, filtration, freezing and defrosting process immediately before
measurement), the H,O, content was determined by the standard addition method by analyzing the appropriate
amperometric curves. Parallel HPLC-DAD measurements were performed to monitor the concentration/removal
of ACT. In the case of a photo-Fenton process (initial concentrations of 0.31, 2.0, and 3.0 mmol L? (70.0, 111.7,
and 102.1 ug mLY) for ACT, Fe?*, and H,0,, respectively) after 10 min H,0, was completely reacted, and ACT
could be considered as removed after 5 min. During the Fenton process ACT was removed after 20 min of
treatment and about 10% of the initial H,O, concentration remained unused in the system. The candidate
concluded that in both cases, the initial Fe?* and H,0, concentrations were appropriate for the removal of ACT in
the aqueous medium by the Fenton and photo-Fenton process at the mmol L? concentration level (but some
degradation intermediates of higher polarity can remain in the system).

3. The candidate was prepared and applied a simple, sensitive and reliable H,O, sensor of CPE surface modified
with nanoparticles Pt (<5 nm) and graphitized carbon (Pt-C, 10% Pt on Vulcan XC72) by drop coating method.
Both electrodes, unmodified CPE and modified (Pt-C/CPE) were characterized by SEM/EDS and CV
measurements. The candidate concluded that Pt-C/CPE exhibits exceptional electrocatalytic properties of
electrochemical redox reactions of H,0, compared to unmodified CPE in phosphate buffer (0.1 mol L™; pH
7.50), and also in acetate buffer (0.1 mol L™ pH 4.50), especially at potentials close to 0.0 V. In the
amperometric determination of H,O, using Pt-C/CPE in model systems, the candidate notes that the satisfactory
linearity of analytical method was obtained in the tested concentration range of H,0, from 0.15 to 1.45 pg mL™,
while LOQ values were 0.06 ug mL™ (pH 7.50, working potential 0.20 V) and 0.10 ug mL™ (pH 4.50, working
potential 0.50 V). The candidate concluded that the optimized analytical methods can be applied for the
determination of H,O, content in commercially available personal care products: a disinfection solution (pH
7.50) and a contact lens cleaning solution (pH 4.50). Pt-C/CPE is also applicable for monitoring the H,O,
concentration in the contact lens solution during the neutralization/degradation process. The obtained
amperometric results are in agreement with the results obtained by applying a conventional spectrophotometric
method based on titanium sulfate as a reagent with the determined concentrations of 2.91% and 2.94% for a
disinfection solution and 3.04% and 3.17% for a contact lens solution. RSD was less than 2%. The achieved
results are in good agreement with the content of H,O, declared by the manufacturer (3%) in both tested
samples. The candidate concluded that the concentration of H,O, during its degradation in the contact lens
solution was successfully determined using both methods up to the contact time interval of the H,O, solution and
the solid catalyst between 4 h and 6 h, when a significant change in the form of absorption spectrum was




observed which prevented the use of the spectrophotometric method. The amperometric method was applicable
at this time interval with slightly higher values of RSD. After 6 h of the neutralization process, 24.68 pg mL™ of
H,O, was determined, which is almost half of the allowed H,O, concentration in the contact lens solution
(between 50 and 60 pg mL™).

4. The candidate successfully performed the surface modification of CPE with multiwalled carbon nanotubes
(MWCNTSs), as well as the MnO,-MWCNT or Pt-MWCNT composites by drop coating method for the
preparation of simple, sensitive and reliable voltammetric sensors for the determination of H,O, in the selected
sample. The results of the SEM/EDS analysis of composite materials have confirmed that the mediators, MnO,
and Pt particles are randomly distributed on the surface of MWCNT and are represented with close to 5% (m:m)
in the composites expressed as Mn and Pt. The candidate based on CV measurement with prepared working
electrodes in acetate (pH 4.50), phosphate (pH 7.50) and borate (pH 9.18) buffer supporting electrolytes draw
conclusions regarding the electrochemical behavior of H,O, and selected suitable working potentials for
amperometric determination of this target analyte. Based on the CV responses, the candidate concluded that in
the slightly alkaline media all the tested working electrodes (unmodified CPE, MWCNT/CPE, MnO,-
MWCNT/CPE and Pt-MWCNT/CPE) are acceptable for the determination of H,O, but with different
efficiencies at various applied work potentials. MWCNT/CPE provides improved reduction signals of H,0,
compared to CPE, especially at potentials lower than -0.60 vs. SCE. In the case of Pt-MWCNT/CPE, this effect
is expressed from -0.05 V and lower operating potentials, but this electrode gives significant oxidation signals of
H,0, at and above 0.10 V potentials. Pt-MWCNT is applicable in acetate buffer pH 4.50 for both negative and
positive operating potentials. In the case of MnO,-MWCNT/CPE, at a potential of 0.30 V and higher values, the
oxidation signals of H,O, are significant. At pH 4.50 MnO,-MWCNT/CPE shows unsatisfactory behavior due to
very low intensities of H,O, signal in the potential range of -0.50 to 0.60 V, but at pH 9.18 this electrode has
acceptable performance. Considering the reproducibility of the H,O, signals, the use of Pt-MWCNT/CPEs
generally yields a value of RSD below 2.5%, while in the case of MnO,-MWCNT/CPE, the unsatisfactory
reproducibility can be improved by additional electrochemical pre-treatment (conditioning) before amperometric
measurement. The candidate concluded that LOQs of the analytical methods are in ug mL™* concentration ranges.
H,O, was determined in a spiked milk sample by standard addition method after appropriate sample preparation
(pH adjustment and centrifugation) and using an optimized amperometric procedure (acetate buffer pH 4.50,
working potential -0.75 V) using Pt-MWCNT/CPE as a working electrode. RSD for three repeated
measurements was 2.5%, while the recovery of the method was slightly higher than 71%.

5. Candidate successfully applied the composite materials consisting of MWCNT and Pd (Pd-MWCNT) or Pt
containing particles (Pt-MWCNT) for the preparation of bulk-modified SPCEs (Pd-MWCNT-SPCE and Pt-
MWCNT-SPCE) and surface modified SPCE (Pd-MWCNT/SPCE). These electrodes, as well as unmodified
SPCE and MWCNT-SPCE, were characterized by CV and amperometry in phosphate buffer solution of pH 7.50
for the H,O, determination. The composite PA-MWCNT in both investigated forms either as surface or bulk
modifier is convenient for the determination of H,O, at working potentials from -0.50 to 0.50 V. Pt-MWCNT-
SPCE has also been shown to be suitable for determination of H,O, in the investigated range of working
potentials from -0.80 to 0.70 V. Pd-MWCNT-SPCE, Pd-MWCNT/SPCE and Pt-MWCNT-SPCE were then
modified with glucose oxidase (GOXx) by drop coating a solution of GOx and Nafion® on their surface. Glucose
can be determined by prepared biosensors via enzymatically formed H,O,. GOx/Pd-MWCNT-SPCE showed
higher reproducibility and better analytical performance for glucose determination at working potentials between
-0.20 and -0.50 V in comparison with GOx/Pd-MWCNT/SPCE. The optimal working potential for GOx/Pd-
MWCNT-SPCE was -0.40 V vs. SCE and satisfactory linearity was obtained in the investigated glucose
concentration range from 0.16 to 0.97 mmol L™ (from 29.1 to 174 ug mL™), while the LOQ was 0.14 mmol L*
(25 pg mLY). The optimized method based on GOx/Pd-MWCNT-SPCE was successfully applied to the
determination of glucose in multifloral honey sample. The obtained results are in a good agreement with those
obtained by commercially available equipment for determination of glucose. Optimal working potential for
GOx/Pt-MWCNT-SPCE was -0.50 V vs. SCE, and the satisfactory linearity was obtained in the investigated
concentration range of glucose from 65.8 to 260.6 pg mL™, with LOQ of 35 pg mL™. The optimized method
based on GOx/Pt-MWCNT-SPCE was successfully applied for determination of glucose in white grape and
glucose tablets (Traubenzucker-bonbons) samples, whereby the results were in a good agreement with the results
obtained by commercially available glucometer, i.e. Accu-Chek device.

The conclusions stated in the doctoral dissertation are logically derived from the obtained results and clearly
reflect the significance and scientific contribution of the conducted research.

VIII OHEHA HAYHUHA TIPUKA3A U TYMAYEIA PE3YJTATA HUCTPAXKHUBAIA (Evaluation of
interpretation of research results)

Komucuja cMmaTpa Ja je JOKTOpCKa JucepTalyja jacCHO CTPyKTyUpaHa U Ja je KaHAUuAaT pe3yaTaTe UCTPaKUBaba
YCHELIHO carjiela0 U CUCTEMATH30Bao, U JETabHO IUCKYTOBao. Pe3ynTaTd cy MIIyCTpOBaHM aJeKBATHUM
Tabenama u caukama. Ha ocHOBY pesyirara U JUCKyCHje U3BEIEHU CYy 3aKJby4llM KOjU /1ajy OAIOBOPE HA 3aJaTKe
U LJbEBE IIOCTABJLEHE Y IPUjaBU OBE JOKTOPCKE JUcepTaluje.




Ha OCHOBY HaBCACHOr, KOMI/ICI/Ija IIO3UTHBHO ouel{)yje Ha4MH IIpUKa3a U TymMaducba pe3yJjiTaTa UCTPpAKUBambaA.

The Doctoral Dissertation Committee considers that the Ph.D. thesis is clearly structured, and that the candidate
successfully overviewed and systematized the research results well and discussed them in details. The results are
illustrated with adequate tables and figures. Based on the results and discussions, the conclusions are formed on
the way that gave answers to the tasks and objectives set out in the report of the thesis.

Based on the above, the Committee gives positive evaluation of presentation and interpretation of the research
results.

IX KOHAYHA OLIEHA JOKTOPCKE JUCEPTAILIUJE (Final assessment of thesis):
1. Jlamm Je JicepTalyja HalucaHa y CcKnajy ca 06pa3n0>1<eH>eM HaBeseHuM y npujasu Teme (Did the thesis is
written in accordance with the reasoning set out in the report of thesis theme)

Ja, Komucuja ouemyje na je HJOKTOpCcKa Aucepralyja HalucaHa y CKIamy ca o0pa3jioKemeM HaBeIECHUM Y
IpUjaBH TEME.

Yes, the Committee estimates that the Ph.D. thesis is written in accordance with the reasoning set out in the
application form of thesis theme.

2. [Jla nu mucepranumja canapxu cee outHe exnemente (Did the thesis contains all the essential elements)

Ja, nuceprauuja caipxu cBe OUTHE eleMeHTe — JedUHUCAambe TeMe UCTpaXuBama, Hperie] mnocrojehux
UCTpa)KMBakha, jacaH U Mperie/iad [IpUKa3 pe3ylaraTa i BbUXOBY JUCKYCH]Y, CIIHCAK JIUTEPAType U 3aKJbydak.

Yes, the thesis contains all the essential elements — defining the research topics, review of the existing
researches, a clear and transparent presentation of the results and their discussion, a list of literature and
conclusion.

3. Tlo uemy je aucepraumja opuruHanan gonpuroc Hayuu (What is in thesis an original contribution to science)

Ha ocHOBY KOMIUIETHOI YBHJA Yy AOKTOPCKY IUCEPTalHjy, IOCTaB/bEHUX LIUJbEBA HCTPAXUBama, NOOUjCHUX
pe3ynTaTa UCTpaXUBama M BUXOBe Auckycuje, Komucuja cmarpa ga oBa JOKTOpPCKa AucepTalyja aaje
OpUTMHAJaH HAayyHM JOIPUHOC y OOJacTHMa IpUIpeMe/Au3ajHa U IpPUMEHE €NeKTpoia 3a aHAIUTHUKa
BOJITaMETPUjCKa UCTPAXKUBAba, KAa0 U y 001aCTU pa3Boja/yHanpehema aHaIuTHIKUX MeTona oapehuBama HyO»
WM TIIYKO3€ y CJIOKEHHM MaTpHKCUMa IPHMMEHOM ONTUMU30BaHMX BOITAMETPHUjCKUX METOAA U Pa3IMUUTUX
TUIIOBA DPAaJHUX €JIEKTPOJAa, 3aCHOBAHUX HA MUKpPO- U HaHOYeCTHLaMa MopaudukaTopa/menujaTopa/
KaTaJlu3aTopa U pasIMuUTUM YIJbeHUIHUM MaTepujamuma Gpopmupajyhu jenHocTaBHE, CABpEMEHE U MOY3/aHe
pamHe anate Kao mTo cy xemujcku MnQO,-CPE, MnO,-SPCE, MnO,-MWCNT/CPE, MWCNT/CPE, Pt-
MWCNT/CPE, CPE, Pt-VulkanXC72/CPE, Pd-MWCNT-SPCE, MWCNT-SPCE, Pt-MWCNT-SPCE u Pd-
MWCNT/SPCE, u Guoxemujcku GOX/Pt-MWCNT-SPCE u GOX/Pd-MWCNT-SPCE cenzopu. Passujene
METOZIe Cy C€ IOKas3ajle IOrofHe 3a oxpehuBame LUJBHUX aHAIMTa y ojabpaHuM y3opuuma. Y cClIydajy
JupekTHor onpehusama H,O, TakBu y3opuu cy Oumm TpeTHpaHa nojazeMHa Boja PeHToHOBUM U DEHTOHY
ciuyHUM — peareHcuMa, @DeHTOHOBUM U (oTo-DEHTOHOBUM IPOLECHMA IOTIOMOTHYTO  YKIIamake
alleTaMUIIpUJa U3 BOJEHE CPEAUHE, Ae3UH(EKIMOHU PacTBOP, PAcTBOp 3a uuIINEele KOHTAKTHUX COYUBA Yy
OCHOBHOM 00Ky ¥ Ipy pasrpaamu H,0,, kao 1 y3opak mieka konsepBucad H,O,, a y ciydajy HHAMPEKTHOT
onpehuBama IIyKo3e MpUMEHOM OuoceH3opa myreMm onpehusama H,O,, y3opuu nmBajckor mena, Oenor
rpoxha u riaykosHe tabnere. leo nodmjeHnMX pesyirara je IIyOIMKOBaH y Tpu HaydHa pama ca SCI micte y
LeTUHH, TIPBU paj kateropuje M21a, npyru M21 u tpehu M23, xao u 1Ba pana kareropuje M21a ox xojux o6a
JIENMMHYHO IIPUIAJajy OBOM JOKTOpaTy, LITO CBE YKa3yje Ha KBAJMTET U OPUIHMHAIHOCT CIPOBEAEHUX
UCTPaKHBaba.

JlokTopcka auceprauuja je y Oubmuoremm IlpupomHo-mareMaTwdkor (akyiareTa Ipolula HIpPOBEPY
marujapHoctu npumeHoMm codrsepa iThenticate, koju je mokasao na “similarity index” usnocu 7% (mpema
YIyTCTBY Ipou3Bohaua cBe BpeIHOCTH UcHoA 15% mpeacTaBibajy OpUrUHaIaH paj).

Komucyja 3akibyuyje Ja je oBa JOKTOPCKa AUCEpTaLlja OPUTUHAIHO JEJI0 U 1a He IpeCcTaBlba IUIarujar.

Based on the full access to the Ph.D. thesis, the objectives of research, the obtained results and their discussion,
the Committee considered that the Ph.D. thesis gave an original scientific contribution in the fields of
preparation/design and application of electrodes in analytical voltammetry and in the field of
development/imporovement of analytical methods for H,O, or glucose determination in complex matrices
using optimized voltammetric methods and different types of working electrodes based on the micro- and
nanoparticles of modifiers/mediators/catalyst and carbonaceous materials forming simple, advanced and
reliable tools as the chemical MnO,-CPE, MnO,-SPCE, MnO,-MWCNT/CPE, MWCNT/CPE, Pt-
MWCNT/CPE, CPE, Pt-VulcanXC72/CPE, Pd-MWCNT-SPCE, MWCNT-SPCE, Pt-MWCNT-SPCE, Pd-
MWCNT/SPCE and the biochemical GOX/Pt-MWCNT-SPCE and GOx/Pd-MWCNT-SPCE sensors. The
developed methods proved to be suitable for determining the target analytes in selected samples. In the case of
direct determination of H,0, such samples were the Fenton and Fenton-like reagents treated groundwater, the
Fenton and photo-Fenton processes assisted removal of acetamiprid from aqueous media, a disinfectant
solution, a solution for cleaning contact lens in its basic form and in the case of the H,O, degradation and by




H,0, conserved milk sample, and in the case of indirect glucose measurements by biosensor via H,O,
determination the samples of multifloral honey, white grapes and glucose tablets. Part of the obtained results
was published in three scientific papers from the SCI list as whole papers, first paper from M21a, second paper
from M21, and the third one from M23 categories, as well as two papers from category M21a, which are
partially part of this doctorate, and which all indicate the quality and originality of the research.

The Doctoral dissertation was in library of the Faculty of Sciences passed a plagiarism test using the
iThenticate software, which showed that the "similarity index" was 7% (according to the manufacturer's
instructions, all values below 15% represent original work).

The Commission concludes that this doctoral dissertation is an original work and that it is not a plagiarism.
4. Hepocramy JucepTanyje U BUXOB YTHIA] Ha pe3yirar uerpaxusama (Disadvantages of thesis and their impact
on the result of research)

Komucyja je Muibema Ja OBa JOKTOPCKA AMCEpTalldja HE CAApiKU 3HauyajHE HENOCTaTKe KOjU OM MOIJIH
YTULIATH Ha pe3yJlITaTe UCTPaKUBaba U U3BO)EHE 3aKibydaKa.

The Committee has the opinion that this Ph.D. thesis does not contain significant disadvantages which could
affect on the research results and drawing of conclusions.

X TPEJJIOT (The proposal):

Ha ocHoBy ykymnHe oneHe fucepranuje, komucuja npemiaxe (Based on the overall assessment of the thesis, the
Committee proposes):

Ha ocHoBY ykynHe oleHe HOKTopcke auceprauuje, Komucuja npennaxe HacraBHo-HayunoM Behy ITpuponHo-
maremaruukor ¢axynrera y HoBom Cany u Cenary Yuusepsurera y Hosom Cany na ce nmpuxBaTu IO3UTHBHA
olLleHa JOKTOpcKe nucepranuje JacMuHe AHOjunh mnoa HasuBoMm "Bornramerpujcke MeTone 3acHOBAHE Ha
IOPUMEHU jEJHOCTaBHUX U CaBPEMEHUX €JEKTPOJa/CeH30pa Ha 0a3u YrJbeHHMYHUX MaTepujajna 3a oxpehuBame
BOJIOHUK-TIEPOKCHUJA Yy 01a0paHuM y30pLHMa " U a ce KaHAUAaTy 0J00pu ofbpaHa.

Based on the overall assessment of the Ph.D. thesis, the Committee proposes to the Teaching-Scientific Council
of Faculty of Sciences in Novi Sad and the Senate of the University of Novi Sad to accept the positive evaluation
of the Ph.D. thesis of Jasmina Anoj¢i¢ entitled "Voltammetric methods based on the application of simple and
contemporary carbonaceous materials-based electrodes/sensors for the determination of hydrogen-peroxide in the
selected samples” and to candidate approve a defense.

[NOTIIMCU YWIAHOBA KOMUCHIE
(Signatures of Committee members)

1p busbana AGpamosuh, pent. npod., NpeaceIHUK

Ip Banepuja I'yxxBam, pen. pod., MEHTOD

np Jacmuna Ar6a0a, pen. npod., wiaH

np Zoltan Kénya, pen. npod., wian

ap Kurt Kalcher, Baup. npod., wian

HATIOMEHA: YnaH koMucHje KOjU He JKeJIM Ja MOTIUIIE U3BELITaj jep ce He ClaKe ca MUILUbekheM BehuHe ugaHoBa
KOMHCH]€, IyXaH je Ja YHece Yy U3BeITaj 00pasJIoKemhe 0JHOCHO pa3iiore 300r KOjUX HE XKeJH Jja MOTHHUIIE H3BELITa].




