YHUBEP3UTET ¥V BEOI'PALLY — XEMUJCKN ®AKVIITET HACTABHO-HAYYHOM
BERY

[Mpenmer: WU3Bemraj Komucuje 3a orieHy JOKTOPCKE AMCEpTalHje KaHAUIaTKue Jenene b.
Ocrojuh, MacTep xemu4apa.

Ha penoBnoj cemnunm HacraBHo-Hayunor Beha YHuBepsutera y beorpamy — Xemwujckor
¢bakynrera, onpkanoj 9. okroopa 2025. roaune, onpehenu cmo 3a wranose Komucuje 3a orieny
JOKTOpPCKE aucepraiuje u3 obmactu Xemuje, kanauaarkume Jenene b. Ocrojuh, mactep
XeMu4apa, pHjaBJbeHE 101 HACIIOBOM:

“Development of voltammetric methods for the detection and quantification of xanthine
alkaloids using disposable printed sensors”

»Pa3B0j BOJTAMETPHjCKHX MeETOAAa 32 JeTeKUHMjy M KBAHTHQUKALHUjy KCAHTHHCKHX
AJIKAJIOU/1A PUMEHOM jeJHOKPATHUX IITAMIIAHUX CEH30pa”

Komucuja je MOKTOPCKY aucepTalujy Mperiefaia W momHock HactaBHo-HaydHOM Behy
Xemwujckor akynrera cienehu

N3BELITAJ

A. Ilpuka3 cagp:kaja nucepranmje

JlokTopcka aucepTaiyja KanauaaTkume Jenene b. Octojuh HamucaHa je Ha €HITIECKOM je3HKY,
Ha ykynHo 126 crpana, A4 ¢popmara (pont Times New Roman Benmunne 12 pt, ca mpopeaom
1,0 u maprunama 2 cm). JlokTopcka aucepTanyja je rnojaesbeHa Ha 6 mornassba: 1. YBox (2
ctpane), 2. Ommrtu neo (33 crane), 3. Excnepumentanau aeo (6 ctpana), 4. Pesynratu u
nuckycuja (44 ctpana), 5. 3axkspyunm (3 crpane), 6. Jluteparypa (20 crtpana). Takobe,
aucepTanyja caapxku 60 cnuka, 10 Tabena, 5 MaTeMaTHUKUX jenHaunHa U 231 aurepaTtypHUX
nonaraka. [lopen HaBeneHor, odyxBaTta 1 HacioBHY cTpaHy Ha €HIJTIECKOM U CPIICKOM JE3UKY
(2 crpane), CtpaHy K0ja caap:Ku UMEHa MEHTOpa U 4iaHoBa komucHje (1 crpana), 3axBaHUILY
Ha EHIJIECKOM M CPIICKOM je3uKy (1o 1 crpana), CaxkeTak Ha EHIJIECKOM M CPIICKOM je3UKY (110
1 crpana), Jlucty ckpahenuna (1 crpana), Jlucty cum6bona (1 crpana), Caapxaj (4 crtpane),
buorpadujy kanaunatkume (2 ctpana), buobnmorpadujy kanannarkume (1 crpana), MsjaBy o
aytopctBy (1 crpana), M3jaBy o ncroBetHoctH (1 ctpana) u M3jaBy o kopumihemy (2 ctpane).

¥YBoa obOyxBara mpeAMET UCTpaKWBamba OBE JOKTOPCKE AHMCEpTalHje, Y3 OCBPT Ha 3HA4aj
pa3Boja Op3uX, MOY3JaHUX M E€KOHOMHYHHUX EJIEKTPOXEMHjCKHX METOAa Kao ajlTepHATHBE
TPaIWIIMOHATHUM aHATUTHUYKUM TeXHHKama. VcTakHyTa je BaXXHOCT JeTeKIUje U
KBaHTHU(HKAIMje KCAaHTUHCKUX ankamouaa (kodewHa, TeoOpoMuHa W TeoduianHa) 300T
BUXOBE (DU3MOJIOIIKE AKTUBHOCTH M IIUPOKE 3acCTyIUbEHOCTH Yy MpexpaMOeHuM U
dapManeyTckuM Tpou3BonuMa. HaBeneHa cy orpaHMYema KOHBEHIIMOHAIHUX METONa



oJpehuBama, Ka0 M MPETHOCTH EIEKTPOXEMHjCKUX, HAPOYUTO BOJITAMETPHUjCKUX TEXHHKA,
300T BbUXOBE jeTHOCTABHOCTH U BUCOKE OCETIHMBOCTH. IloceOHO je umcTakHyT U300p pagHuX
enexTpona. Omucanu Cy MTaMIIaHW CEH30pH Kao0 MUHUjaTypHE, jeAHOKPAaTHE U €KOHOMHYHE
iaTopme, y3 OCBPT Ha JIBa CEH30pa IPUME-EHA Y UCTpaxuBamy. [IpBH je mrammnanu ceH30p
ca OOpOM JIOMTUPAHOM JIMjaMaHTCKOM PaTHOM EIIEKTPOJIOM, KOjer KapaKTepHIle IUPOK OIcer
NOTEHIIMjasla, HUCKA TO3aJUHCKA CTPyja M M3Y3e€THA XEMHjCKa M MEXaHW4YKa CTAOMIHOCT.
Jlpyr# je mTaMinany ceH30p ca paJHOM €JICKTPOIOM O] BUILIECIOJHUX YTIbCHUYHUX HAHOICBH,
MIO3HAT 10 BHCOKOj €JIEKTPOIPOBOJBHBOCTH, €IEKTPOKATAIUTUYKO] aKTUBHOCTH, U BEJIHKO]
cnenrGUIHO] TOBPIIMHH.

OnuTH A€o0 je moAesbeH y MIeCT TeMaTCKUX IeNnHa. Y TpBOj LenuHu, bopom Odonosamu
oujamanm, OTIMCaHA je KpaTkKa HCTOpHja OTKpUha JujaMaHTa U1 OOPOM JIOTIOBAHOT JIMjaMaHTa.
OmnwcaHa je HberoBa CTpyKTypa M pacrope] aToMa y KPUCTATHO] PEMIETKH. Y OBOj LEIUHU CY
MPEJCTaBIEHE TEXHUKE NPOHM3BOIBE JAMjaMaHTa JOMUPAHOT OOpOM: METOAAa BHCOKOT
MPUTUCKA ¥ BUCOKE TEMIIEPAType, METOJIa XEMH]CKOT TaJ0XEHba U3 Nape U BbeHe MOABPCTE, U
METOJIa jOHCKEe HMMIUIeMeHTanuje. [IpencTaBibeHa je ommiTa MpUMEHa OBOI MarepHjajia a
MOCEOHO UCTAKHYTa HEroBa MPUMEHA Y €IEKTPOXEMHjH Kao MOTOJHOT MaTepujaia 3a u3pamy
enekTpoxeMujckux ceHszopa. [loceban je ocBpT Ha TaHke (puimMoBe o7 GOPOM IOMOBAHOT
JIFjaMaHTa OJ] KOT' je paaHa eJIeKTpoAa JeTHOT OJ KOPHIINCHWX CEH30pa Y OBOM paxy
cauumbeHa. Y JAPYroj UENIUHU, YemeHuune HaHOYyesu, ONMUCAHE CY YIJbCHUYHE HAHOICBH U
HBUXOBE TOABPCTE: jeTHO3UIHE YIJbCHUYHE HAHOIEBU M BHILIE3UIHE YTJHEHHYHE HAHOIICBH.
HaBenena je wuxoBa omiuta npuMeHa a IocebaH akIieHaT jeé CTaB/beH Ha MPUMEHY
BUIIIE3UTHUX YIJLEHUYHUX HAHOIIEBH Yy enekTpoxeMuju. Tpeha nenuHa caapu omucaHe CBe
METOJIe KOje cy KopuinheHe y OBOM paJy U OHE Cy MoJieJbeHe y JBa nena. [IpBu ce ogHOCH Ha
€JIEKTPOXEMHUJCKE METOJIe: LUKIMYHY BOJTAMETpHjy, IYyJICHE MeToAe (IudepeHIHjaaHy
MyJICHY BOJITAMETPH]Y U BOJTAMETPHjy KBaJpaTHOI Tajaca) U XpoHoamIiepoMeTpujy. Apyru
ce OJIHOCH Ha METO/ie KOpHIIheHe 3a CTPYKTYPHY KapaKTepu3alnjy eJIeKTPOTHIX MOBPIINHA!
ckeHupajyha enekTpoHCKa MUKpocKkomnuja U PamaHoBa cmektpockomnuja. UeTBpra LenuHa,
Cenzopu-onwmu nojmosu, OICyje U 1aje nerajbHe ne(uHUIM]e CeH30pa 1 eIEKTPOXEMHU]CKIX
CEeH30pa, ca aKI[eHTOM Ha jeJJHOKpaTHe, IITaMIIaHe CEH30pe KOjU cy KOpuIINeHH y OBOM paay
(ceH30p ca pagHOM €JIEKTPOJIOM O BUIIE3UIHUX YIJHeHUIHUX HAHOIICBH M CEH30p ca 60poM
JIOTIOBAHOM JIMjaMaHTCKOM PaTHOM €JIEKTPOJIOM). Y TIETOj HeNuHU, KCanmuncKu ankaiouou,
OIMHMCAaHU CY KCAHTHHCKU aJKaJIOUIH, lbUXOBO MPUCYCTBO Y MpeXpaMOCHUM U apMalieyTCKuM
MIPOU3BOIMMA U FUXOB YTHIIA] HA HEPBHU W KapJHOBaCKyJApHU CHUCTeM JbyaH. Takohe cy u
HaBe/IeHe TpernopydeHe U O6e30eaHe J03€ JTHEBHUX YHOCAa CBAKOT KCHATMHCKOT aJKaloHa
nonaoco0. [lopex Tora, oBa menuHa aaje JAeTajbaH JIMTEPATYpPHH TpETrJe] ceH3opa Ha 0a3u
0OpoM [IOTIOBAHOT TWjaMaHTa M BHIIE3WJIHUX YIIbeHHYHUX HaHoleBH. [locienma menuHa,
IIpeomem u yumesu ucmpasicusarba, ONMCyje MpeIMeT U UbEBE OBE JOKTOPCKE AMcCepaluje.
To ce omHOCH Ha pa3BOj HOBUX EJIEKTPOAHATUTHUKAX METOJa 3a oApehuBame KCaHTHHCKHIX
aJKalon1a MPUMEHOM KOMITAKTHHX, jEJHOKPATHUX CEH30PCKUX IIATGOPMHU 3aCHOBAHUX Ha
pagHUM eJIeKTpoJamMa oJ OOpOM JOMUPAHOT AWjaMaHTa W BHUIIECIOJHUX YTJbEHHYHUX
HaHoleBH. McTpaxuBame je o00yxBaTwio (GU3HYKY, CTPYKTYpPHY U €JICKTPOXEMHU]CKY
KapakTepu3alujy oJa0paHuX eJIeKTPoJa, Kao M Pa3B0Oj OCETIbUBUX BOJITAMETPH)CKUX METONA
3a kBaHTU(UKaIM]y KodenHa, TeoOpomuHa u TeopunuHa. [ToceOHa maxma mocBeheHa je



NPUMEHU pa3BHjEHUX TMIOCTyNMaka Ha pealHuM y3opuuma (kade, nwmha, dYokosaza,
(hapmaleyTCKuX IPOU3BO/a) M BATHIAIU]U METO/1a, YMME j& MOTBpeHa HUXOBA MOY3/1aHOCT
1 ynotpeOHa BPEAHOCT y PYTUHCKO] aHAJTU3U M KOHTPOJIU KBAJIUTETA.

V okBupy noriasiba ExcriepuMeHTAIHH /10 KaHAUIATKUba IeTaJbHO HABOIU MaTepHjaie,
peareHce U XeMHUKallije KOju Cy KOpUITNeHN TOKOM pealin3aiuje eKkcrepuMmenara. HaBenenu
CYy MHCTPYMEHTH KOjU Cy KOpHUIINEHM 32 eJEeKTPOXEMHUjCKa MEpema, Ka0 M MHCTPYMEHTH 32
aHaIM3y TOBPLIMHA PAJHUX enekTpona. Takole, OBO IMOTIaBJbe CaapKH JIe€TajbaH OIHC
MIPUIIPEME CEH30pa ca JMjaMaHTCKOM EJIEKTPOJOM JOMNOBaHOM OOpOM KOjU CE€ OJHOCH Ha
eNeKTPOXeMHUjcKo (opmupame pedepeHTHE eNeKTpoje W Ha MpEeaTpeTMaH IPHIIPEMe
MOBPIIMHE PaJIHE EIEKTPOIC Y CYMITOPHO] KHcennHu. Onucane cy IpunpeMe peaTHux y30paka
3a aHanm3y. @UHANHU €0 OBOT MOTJIaBJba CE€ OJHOCH Ha ONITUMHU3AIH]Y HHCTPYMEHTATHUX U
eKCIIEPUMEHTAIHUX TTapaMeTapa TOKOM EJIEKTPOXEMHjCKUX Mepemba.

ITornassbe Pe3ynraTu u iucKycuja caapxu aAse nenune. [IpBa nenmHa ce oqHOCH Ha ieTajbaH
MIPUKa3 Pa3Boja eIEKTPOAHATUTHYKE METO/IE 3a IETEKIIN]y KCAaHTHHCKUX aJIkajiouaa (Kopenna,
TeoOpoMHHA U TeO(PHIIMHA) TOMONY IITaMIAaHOT CeH30pa ca 60pOM JOMOBAHOM JMjaMaHTCKOM
enekTpoaoM. Ha moueTky cy mpukasaHu pe3ysiTaTH KOjH Ce OJHOCE Ha aHaJIH3y JIEKTPOIHE
NOBpIIMHE CceH30pa MoMmohy ckeHupajyhe esleKTpoHCKe Mukpockonuje u PamaHoBe
cnekrpockonuje. HakoH Tora je gar jaerasbaH NIpuUKa3 pe3yirara JOOMjEeHUX MOMEHYTUM
CEH30pPOM HAaKOH EJEKTPOXEMHjCKHX Mepema Koja 00yxBaTajy LWKINYHY BOJTaMETPH]jy
(emexTpoxemujcko TmoHamiame censopa y mnpucyctBy Ka[Fe(CN)e]; emekrpoxemujcko
MOHAIlIAKkE CEH30pa y NpPUCYCTBY KodenHa, TeoOpoMuHA U Teo(uIMHA;, yTHUla] H30o0pa
noMohHoOr elekTponauTa 1 merose pH BpeaHOCTH M Op3UMHE CKEHUpamba Ha eJIEeKTPOXEMHU]CKe
KapaKTepUCTHUKE CEH30pa) U Ju(epeHIjalHy MMyJICHY U BOJTAMETPHjy KBaJpaTHOI Tajaca
(omTuMu3anMja mapaMeTapa TEXHHMKA; UCIUTHBAKE AHAIMUTHUKUX NEepPPOPMaHCH CEH30pa).
HakoH onTuMuzainyje MHCTPYMEHTAIHUX U €KCIHEpUMEHTATHUX IapaMeTrapa, YCIEIWIU Cy
pe3yaTatu J0OHjeHN HAKOH JIETEKIIH]€ KCAHTHHCKHUX aJIKaJION/Ia Ca jeTHOKPATHIM I TaMITAaHUM
CEH30pOM Ca PaJIHOM eJIEKTPOJIOM OJ] IWjaMHTa JJOMOBAHOT OOPOM, ITPU YeMy Cy Je(UHUCAHU
€JIEKTPOAHAIUTUYKN TapaMeTpy MONYT JUHEApHOI KOHIIEHTPALMOHOr OIcera, TpaHULe
KBaHTU(UKAIMje, TPaHHIE JETEKIHje, PENPOIYKTHUBHOCTH ¥ TOHOBJBMBOCTH 3a CBaKd
ankanous noHaoco0. Mcnuran je ytunaj untepdepupajyhux cyncraHuud Ha ojapehuBame.
@duHanHM 10 OBe IeNMHE Oo0yxBaTa pe3yliTare Be3aHe 3a oJpehuBame KCAaHTHHCKHX
aJIkaJoujia y pealHuM y3opluma nomohy pazBHjeHUX MeTona: KodenHa y /Ba y30pka kade,
€HEepPreTCKOM HAaIMTKY M Fa3UpaHOM COKY; TeOOPOMHHA Yy JiBa y30pKa YOKOJa/ie; U Teo(hUIrHa
y y3opruma tabnera. Ha camom kpajy oBe nienuHe Hanasu ce Tabena koja mopenu pesyarare
J00MjeHe EeJNEeKTPOXEMUJCKUM MepemuMa ca pe3yiaTaruMa J00MjeHUM KOHBEHLMOHATHUM
Meroaama (Teuna xpomarorpaduja BUCOKUX IepOPMaHCH U CIIEKTPOPOoTOMETpH]A).

Jlpyra menuHa ce OJHOCH Ha Pa3BOj €JIEKTPOAHATMTHYKE METOJE 3a JETeKNHjy KodewmHa
noMohy HITaMITaHOT CEH30pa Ca PaTHOM EJIEKTPOJIOM OJ1 BUIIE3UAHUX YTJbeHUYHUX HAHOIICBH.
Ha modverky cy Takolhe mpuKkazaHH pe3yiaTaTd KOjH C€ OJHOCE Ha aHAIW3y EIIEKTPOIHE
MOBPIIMHE CEH30pa MmoMohy ckeHupajyhe enekTtpoHcke Mukpockonuje. Hakon Tora je mat
JeTajbaH NpUKa3 pesysiTata T0OMjeHHX HAKOH EJEKTPOXEMH]CKHX Mepema Koja o0yxBaTajy
[UKJIMYHY BOJTAMETPH]Y (EIEKTPOXEMH]jCKO ToHamame cenzopa y mpucyctsy Ka[Fe(CN)e];



CIIEKTPOXEMHUJCKO TOHAIlAkhe CeH30pa Yy NpUCYCcTBY KodewHa, yrtumaj pH BpemHoctn
MOMONHOT eNeKTposInTa U Op3UHE CKEHUPama Ha eJIEKTPOXEMH]jCKEe KapaKTEePUCTUKE CEH30pa)
1 nudepeHIjaHy myJICHY BOITaMeTpHjy (ONTUMH3AIIM]ja TTapaMeTapa TEXHUKE; HCITUTHBAbE
AQHATTUTHYKUX 1eppopMaHcH CceH3opa). HakoH ontumuzanmje WHCTPYMEHTATHUX U
eKCIIEPUMEHTATHUX I[apaMmerapa, YCICOWIH Cy pe3ylaTaTH HOOWjeHH HAKOH JCTEKIIH]e
KoerHa ca MTaMIaHUM CEH30pPOM Ca PaJHOM EJCKTPOJIOM O] BHIIEC3UIHUX YTIbEHUYHUX
HAHOIICBY, NIPU YeMy Cy IehUHUCAHHU EICKTPOAHATUTUYKU MapaMeTpy TOMyT JIHHEAPHOT
KOHIICHTPALIMOHOT ~ Olicera,  TpaHMIe  KBaHTH(UKanWje,  TpaHHWIE  JICTEKIH]e,
PENpPOYKTUBHOCTH M TOHOBJBUBOCTH 3a KodeuH. VMcnutan je ytunaj uatepdepupajyhux
cymncTanuu Ha onpehuBame kodenna. OuHaAIHU 1€0 OBE IETMHE 00yXBaTa pe3yjTare Be3aHe
3a oapehuBame KoderHa y peasHuM y3opuuma: Kade U eHepreTckoM HanmuTkKy. Ha camom
Kpajy oBe IenmHe Takohe ce Hamazm Tabema Koja Tmopeau pesynirare Jgo0ujeHe
CIIEKTPOXEMHUJCKUM MeEpeHhuMa ca pe3ysiTaTUMa JOOWjeHHMM KOHBEHIIMOHATHOM METOIOM
(Teuna xpomarorpaduja BUCOKHX IEPPOPMAHCH).

VY 3ak/bYUKY je YKpaTKO, Ha OCHOBY Iperiie[ia HCTPaKUBamka, KaHTUIATKIbA MIPEJACTaBHUIIA
HajBOXHUjE pe3yTare W 3aKJbydyke 10 KOJHX je JOIUIa TPUIUKOM H3pane IOKTOPCKE
JcepTalyje.

HaBenena Jluteparypa (231 wnwurata) oOyxBaTa Hay4yHE paJOBe/KHUIe U3 00IacTH
HCTPaXKMBama M MMOKPUBA CBE JICIIOBE TUCEPTAIIH]C.

b. KpaTaK OIIMC MOCTUTHYTHUX pe3yJiTara

VY okBHUpY OBE JOKTOPCKE AMCEPTAIMje Cy pa3BHjeHE BOJITAMETPH]CKE METOJIE 3a oapehuBame
KCAaHTHHCKHX ajiKajouj]a nmomohy JBa pa3iMyuTa jeJHOKpATHA IITaMIaHa ceH3opa. JenaH of
CeH30pa uMa OOpOM JIOTIOBaHY JIMjaMaHTCKY PagHy €JIeKTPOIy a APYTH PaTHy €IEKTPOIy O
BUIIIE3UTHUX YIJbeHUYHUX HaHomeBd. O0a ceH30pa Cy TMoKa3alna UIMPOK JHHEapHU
KOHOCHTPAIIMOHMU OIICET TOKOM KBaHTI/I(i)I/IKaIII/Ije KCaHTHUHCKHX aJIKaJlopJa, Kao H
MUJIUMOJIAPHA HUBO JUMHUTa nerekiuje. CeHzopu cy Takohe OMiIM KapakTepHUCaHH J00pOM
penpoayKTUBHOIINY, MOHOBJBUBOIINY, KA0 ¥ BUCOKOM CENEKTUBHOIINY MPUIMKOM JIETEKIIH]e
KCAaHTHHCKUX aJIKaJlon/la y MPUCYCTBY oMeTajyhux CyncTaHIu.

Tokom Banmumamyje MeToAe Tj. TOKOM oJpeluBama caapikaja KCAaHTHHCKHX alKallonja y
y3opuuMa Kade, CHepreHTCKOT HaluTKa, Ta3upaHor COoKa, YoKoyaga U (hapMareyTCKuxX
MPOM3BOJIa CEH30p ca OOpPOM JOMOBAHOM JHjaMaHTCKOM EJIEKTPOJIOM j€ IMOKa3ao BHUCOKY
CEJIEKTUBHOCT, TAYHOCT W Mpernu3HocT. CeH30p ca pajHOM eJIeKTPOIOM O]l BUIIC3UIHUX
YIJbeHUYHUX HAHOIIEBH j€ Takohe MOKa3a0 BUCOKY CENEKTUBHOCT, TAYHOCT M MPELU3HOCT
TOKOM ojpehuBama caapikaja KopenHa y y3opiuma kade 1 eHepreHTCKOT HalmnTKa.

Pesynratu no0ujeHn IpeokeHOM BOJITAMETPH]CKOM METOIOM 3a o/ipehiBamkbe KCAaHTUHCKUX
allkajouaa Cy BaJUAMpPaHU TOMOhy KOHBEHLMOHAIHHUX AHAIUTHYKUX METO/a, TEYHOM
xpomarorpadujoM BHUCOKHX MepPopMaHCH U CHEKTPO(YOTOMETPHjOM, HAKOH Yera cy
MOTBPAMJIC JIa pa3BUjE€HE EIEKTPOAHATUTHYA METO/IE TIPY>Kajy BpJIO 33/10B0JbaBajyhy TauHOCT
U IPELU3HOCT TOKOM KBaHTU(UKAIM]e KCAaHTUHCKUX aJIKaIOUa y PeaHUM y30pLHMa XpaHe,
nuha u ¢apmareyTCKux mpou3Bo/ia.



B. KomnapaTuBHa aHajiu3a pe3yJTaTa KaHAWAATA ca pe3yJTaTuMa u3 Jureparype

KcaHTHHCKH anKaIouau, MO3HATH U Kao IyPHHCKH aTKaJIOUuI1, CACTOj€ C€ O] MCTHIIKCAHTHHA
Y METWJIypUYHE KHCEIMHE M HBUXOBE CTPYKTYpE Cy 3aCHOBAHE Ha CTPYKTypaMa KCaHTHHA U
MokpahHe Kucenuse .

Kodeun (1,3,7-TpuMeTUIKCAaHTHH) je IPUPOJIHU ajKaiou] y mpeko 60 6ubaka, ykipydyjyhu
3pHa Kade, IMCTOBE Yaja 1 Kona opaxe. tberoBa koHueHTpanyja Bapupa y 3aBUCHOCTH OJ1 BPCTE
MIPOM3BO/Ia, arPOHOMCKHX (pakTopa u (hakTopa KHBOTHE CpeluHe. Y 00M4ajeHu MPOU3BOAU
KOJU cajpKe IMPOMEHJbUBE KOJIMYMHE KodeuHa YKJbydyjy Kady, 4aj, Oe3aqKkoXoyiHa, U
eHeprercka nuha. KodenH je mocrao HajpacrnpoCTpameHUjH JIGK HA CBETY W MMa MHOTO
Ba)XHUX (papMaKOJIOIIKUX edekara y Jeuermy rI1aBo0obe 1 00J1a; KOPUCTH CE Kao IUYPETHK U
¥Ma YTHIIAj Ha KapAuoBacKynapHu cucteM?. IIpeo3upame KohernHOM H3a31Ba aHKCHO3HOCT,

KrapaBuIly, TOBUILIEH KPBHH MPUTHCAK, T'yOMTAK KOIITaHE Mace M KapIuOBaCKyJIapHe 00JecTr
3

TeoOpomun (3,7-TUMETUIIKCAHTHH) j€ alKaJIOU] KOJU C€ MPHUPOIHO TOjaBJbyje y pa3HUM
npexpaMOeHuM MPOU3BOIUMA, K0 IITO Cy KaKao 3a NPaBJbEHE YOKOJAAE U MPOU3BOAU OJ1
YOKOJIaJIe KOjH Cy H>erOBM MPMMAPHU U3BOPH Yy ucxpaHu’. TeoOpoMHH Jenyje Kao JuypeTHK
pellaKkcaHT TJIATKUX MHUIIKha, CTHMYJIaHC MHOKap/ia M MPEJICTaBIba 3alITUTY MOBPIIMHE Tiiehu
3y6a. Teo6poMuH je Takohe K1acuduKoBaH U Ka0 CTUMYAHC EHTPATHOT HepBHOT cucTeMa®®,
Teodwmmun (3-dimethyl-1H-purine-2), nako uma Heka 0J1 CTUMYJIAaTUBHUX edekata KodhenHa u
JUYPETUYKHX CBOjCTaBa T€OOPOMHHA, HETOBO OPOHXOJMIIATATOPHO JI€jCTBO je 0j HajBehe
BaXHOCTH Y CaBpeMEHO] MeuluHHU. TeopHuInH omymTa riaTke MUIIuhe TucajHUX MyTeBa U
¥IMa IIPOKY HPUMEHY KOJ JIederha acTMe L,

Hujamant nonosaH Oopom (enr. boron-doped diamond, BDD) mnpencraBiba aTpakTHBaH
MaTepujaig 300r OJUIMYHUX EJNEeKTPOAHAIUTHUYKUX MepPOpMaHCH, XEeMHjCKe MU (QHU3UUKe
MHEPTHOCTH U BHCOKE CEIeKTMBHOCTH, M CMATPa CE 3eJICHUM eeKTPOXEMHjCKMM CEH30pOM .
JenHOKpaTHH, MITaMIaHU CEH30pU ca OOPOM JOMOBAHOM JIMjaMaHTCKOM E€JIEKTPOIOM Ca/IpiKe
TPOCJIEKTPOHU CUCTEM Ha je/THOj TIaTdopMH, Te Cy paJaHa ¥ ToMohHa eleKTpoia nu3pahene
OJ1 UCTOT MaTepujana - AMjaMaHTa JJoMUpaHor 0opoM, a KBazupedepeHTHa je cpedpo/cpedpo-
XJIOPU/IHA IITaMIIaHa eleKkTpoaa’. OBaKBH CEH30pH Cy M3Y3eTHHU 300T CBOje M3APKIBUBOCTH,
cabor cremeHa ajcopIlilije Ha eJIeKTPOAHO] MOBPUIMHU U CTAOMIIHUX EJIeKTPOXEMH])CKHX
CBOjCTaBa, IITO MX YMHM HJICAIHUM 32 OJpehuBame jelumemha y CIOKEHHUM CHCTEMHMA.
buxoB MmUPOK TOTEHIMjaIHM OTCET W HHUCKAa TMO3aaMHCKa CTpyja oMoryhaBajy BHCOKO
OCeTJbHBY U CTAOMIIHY JECTEKLHUjy LIMPOKOT crieKTpa aHanuTa. [lopen Tora, oBH ceH30pH Cy
JIaKO JTOCTYIHHM | JIAKO MPEHOCHBH, MTOTPeOHa je BPJIO Majla KOJMYMHA PacTBOPA 3a aHAIIN3Y Ca



BUMa, IITO UX YUHU [TOTOJIHUM 32 IPUMEHY y JeIHOKpATHUM U aHaJIM3aMa Ha JIUIy MecTa y3
MHHHMAJaH YTHIA] HA )KUBOTHY CpeuHy’.

Bumiesuane yribenuune HanoneBu (enr. multi-walled carbon nanotubes, MWCNTS)
3axBasbyjyhu CB0OjOj M3y3€THO] €JICKTPONPOBOABUBOCTH, BEIUKO] CIICIM(UIHO] TTOBPIIUHU H
xemujckoj crabmmHocth MWOCNTs ce cBe wudemhe xkopucte Kao (QyHKIMOHAIHU
HaHOMAaTepHjaau y 00JacTH eIeKTPOXEMHU]CKUX ceH3opa. Kanma ce kopucrte 3a MoguduKaiujy
enekrpona, MWCNTs omoryhaBajy moOoJplliamke MpeHoca eNeKTpOoHa, yOp3aBame peaoKC
peakiuja u moBehame CeH3UTUBHOCTHU M CEJIEKTUBHOCTH, IITO MX YMHU ITOCEOHO TOTOTHUM 32
MPUMEHY y BHCOKOOCETJBMBMM METOJaMa Kao IITO Cy BOJTaMeTpuja M aMIlepoMeTpHja.
[ItamMnaHu CEH30pH CaJip:Ke TPOCTIEKTPOTHU CUCTEM WHTETPUCAH HA jeHO]j TUIaT(HOpMH, TIC
je  pagHa  eNeKTpoJa  yIJbEHUYHA  CJeKTpoJa  MOJU(HKOBaHA  KapOOKCHII-
(GYHKIIMOHATM30BaHUM BHIICCIOjHUM YribeHHuHNM HaHoueBuniama (MWCNT-COOH),
nomMohHa eNeKTpo/a je yrJbeHU4YHa, 0K je KBazupedepeHTHa enekTpoa uzpahena ox cpedpa.
TakaB qu3ajH oMoryhaBa KOMIAKTHY U MOYy3/IaHy €JIEKTPOXEMHU)CKY KOHPHUTYPAIIH]y, TOTOIHY
3a In Situ Mepema, ca 3Ha4ajHO MOOOJBIIAHOM CEJICKTHBHOIINY M OceTJbUBOILINY Ipema
IM/baHUM aHaTUTHMAa ™,

VY caBpeMeHOj eJIeKTPOXEMH]jH, aHAJIN3a TPAroBa OMOJIONIKY aKTHBHHUX CYTICTAHIIN MTPEICTABIbA
M3a30B, HAPOYUTO KaJia c€ pajid O KOMIUIMKOBAaHMM CHCTEMHMAa Kao IITO Cy MpexXpaMOCHU
IIPOM3BO/IM U JIEKOBU. JaBiba ce moTpeba 3a pa3BojeM Op3uX, EKOHOMUYHUX U JeTHOCTaBHUX
MeToJ1a 3a opehBame NPUCYCTBA U KOHIIEHTpAI1je OMOJIOIIKY aKTUBHUX CYIICTaHIIN KOj€ ce
MOTYy TNpPUMEHUBATH Ha JIHIy MeCTa YIMOTpeOOM NpPElUU3HHX, BUCOKO CEH3UTHBHUX U
CENIEKTUBHHUX CEH30pa.

OCHOBHHU €JIEeKTPOAHAIUTHYKU MapaMeTpH, Ae(GUHUCAaHU TOKOM pa3BHjama BOJITAMETPH])CKHX
METO/a 3a JIeTEeKIIN]y KCAHTUHCKUX aJIKaJOUa ca JeJHOKPATHUM, IITAMIIaHUM CEH30puMa, Kao
IITO Cy JHMHEApHHW KOHIEHTPAIMOHH OIICET, TPaHWIAa KBAaHTU(HKAIH]je, TPAaHHUIIA JIETEKIIH]e,
PENnopoayKTUBHOCT, TOHOBJBMBOCT, TAUHOCT M MPELU3HOCT Cy ynopeheHu ca nurepaTypHUM
nojmanuma. lllTaMmaHu ceH3op ca pagHOM eIEeKTPOJOM OJf OOpOM JOMOBAaHOM JIMjaMHTa
JIETEKTY]y KCAaHTHHCKE aJIKAJIOHN 1€ Y OVIMYHOM KOHLIEHTPAL[MIOHOM OIICETY, U Y3 MIJIUMOJIapHY
TpaHMIly JeTeKIHje, Mokasyje U J100py MOHOBJBMBOCT, PENOPAYKTUBHOCT, NMPEHHU3HOCT U
Ta4HOCT, HITO j€ Yy CarJIaCHOCTH ca HaBEJACHMM IapaMeTpuma JI00HMjeHHM oJrosapajyhum
€JIEKTPOXEMH)CKUM CEH30pUMa 0] UCTOT MaTepHjaiia 3a oapehuBame KCAaHTHHCKUX aJIKalIon1a
MpHjaBJbEHUM Y nuTeparypu. [lITaMmanu ceH30p ca elneKTpoJ0M O/ BUIIIE3UTHUX YTH-EHUIHUX
HAHOLEBU MpPYXa CIUYHY PENpOAYKTUBHOCT, MOHOBJBMBOCT, TaYHOCT W MPELUMU3HOCT, H,
3a0BOoJbaBajyhe mapaMerpe MOMyT IIMPOKOT JIMHEAPHOT KOHLIEHTPAIMOHOTI OIcera u
3a/10BOJbaBajyhe rpaHuiie JeTeKInje TOKOM JeTeKInje kogenHa y mopehemy ca cenzopuma 3a
onpehuBame kodenHa oOjaBJbeHMM Yy juTepaTypu. Kaga je y mnuTamy CEIeKTUBHOCT
onpehuBama, 00a TecTHpaHa IITaMIIaHa CEH30pa Cy ITOKa3aja BHCOKY CEIIEKTUBHOCT Y
MIPUCYCTBY OMeTajyhux CylcTaHIM Koje ce Mory Hahu y pealHUM y30pliuMa TeCTUPaHe XpaHe,
nuha W rapmareyTcKux NpOW3BOJAA, IITO je Takohe y carimacHOCTH ca juTeparypom. O
aKTYEJIHOCTH NpOy4aBaHEe MpoOJIEMaTHKE U EHBEHOM IIMPEM 3HA4ajy, Ka0 U aKTYeJIHOCTH Y
CBETY, pEJIEBAHTHO TOBOpE TPH HAy4HA paja y MelyHapoJHUM yacomucuMa, Kateropuje M21



u 2 kareropuje M22, Koju Cy MyOJMKOBaHM Ha OCHOBY Pe3yJiTara MPEe3eHTOBAHHX y OBOj
JOKTOPCKO] TUCEPTALIU]H.

1) Ashihara, H.; Mizuno, K.; Yokota, T.; Crozier, A. Xanthine Alkaloids: Occurrence,
Biosynthesis, and Function in Plants; 2017; Vol. 105.

2 Group, B. M. J. P. Coffee Consumption and Health: Umbrella Review of Meta-
Analyses  of Multiple Health Outcomes. BMJ 2018, 360, k194,
https://doi.org/10.1136/bmj.k194.

3) Elvira Gonzalez de Mejia; Marco Vinicio Ramirez-Mares. Impact of Caffeine and
Coffee on Our Health. Trends Endocrinol. Amp Metab. 2014, 25 (10), 489-492.
https://doi.org/10.1016/j.tem.2014.07.003.

4) Eva Martinez Pinilla; Ainhoa Ofatibia-Astibia; Rafael Franco. The Relevance of
Theobromine for the Beneficial Effects of Cocoa Consumption. Front. Pharmacol. 2015.
https://doi.org/10.3389/fphar.2015.00030.

(5) Hendrik J. Smit.; Rachel J. Blackburn. Reinforcing Effects of Caffeine and
Theobromine as Found in Chocolate. Psychopharmacology (Berl.) 2005, 101-106.
https://doi.org/10.1007/s00213-005-2209-3.

(6) Mitsugu Yoneda; Naotoshi Sugimoto; Masanori Katakura; Kentaro Matsuzaki; Hayate
Tanigami; Akihiro Yachie; Takako Ohno-Shosaku; Osamu Shido. Theobromine Up-Regulates
Cerebral Brain-Derived Neurotrophic Factor and Facilitates Motor Learning in Mice. J. Nutr.
Biochem. 2017. https://doi.org/10.1016/j.jnutbio.2016.10.002.

@) Yasuaki Einaga. Boron-Doped Diamond Electrodes: Fundamentals for Electrochemical
Applications. Acc. Chem. Res. 2022, 55 (24), 3605-3615.
https://doi.org/10.1021/acs.accounts.2c00597.

(8) Matvieiev, O.; Selesovska, R.; Vojs, M.; Marton, M.; Michniak, P.; Hrdlicka, V.;
Hatala, M.; Janikova, L.; Chylkova, J.; Skopalova, J.; Cankat, P.; Navratil, T. Novel Screen-
Printed Sensor with Chemically Deposited Boron-Doped Diamond Electrode: Preparation,
Characterization, and Application. Biosensors 2022, 12 (4), 241.
https://doi.org/10.3390/bios12040241.

9 Kateryna Muzyka; Jianrui Sun; Tadesse Haile Fereja; Yixiang Lan; Wei Zhang;
Guobao Xu. Boron-Doped Diamond: Current Progress and Challenges in View of
Electroanalytical Applications. R. Soc. Chem. 2018, 11, 397-414.
https://doi.org/10.1039/C8AY02197..

(10) Mazloum-Ardakani, M.; Sheikh-Mohseni, M. A.; Mazloum-Ardakani, M.; Sheikh-
Mohseni, M. A. Carbon Nanotubes in Electrochemical Sensors. In Carbon Nanotubes - Growth
and Applications (Book); IntechOpen, 2011. https://doi.org/10.5772/20604.



I'. Hayunu paioBu o0jaB/beHH Yy Me)yHAPOAHUM YacONUCUMA U CAOMIITEHA €A CKYINOBa
KOjU YMHe J1e0 TOKTOPCKe JucepTanuje

PesynraTu ncnuTHBama y OKBUPY OBE IOKTOPCKE AUCEpTaIije 00jaB/beHHt ¢y y 3 HayyHa paja,
y mehynapoaaum gaconucuma (kareropuje M21 u 2 kateropuje M22).

PanoBu 06jaBmeHN Yy MehyHapOIHOM Yacommcy

Boaehu mehyuapoauu yaconuc kareropuje M21:

Ostojié, J., Savi¢, S., Manojlovié, D., Metelka, R., Stankovi¢, V., & Stankovi¢, D. (2025). A
rapid, reusable, and portable electrochemical assay for caffeine monitoring in beverage samples
based on boron doped diamond and multi walled carbon nanotubes. Diamond and Related
Materials, 156, 112450. https://doi.org/10.1016/j.diamond.2025.112450

MehyHapoaau yaconuc kareropuje M22:

Ostojié, J., Stankovié, V., Miljkovi¢, M., Ortner, A., Metelka, R., & Stankovi¢, D.M. (2025).
Fast, Accurate, and Point-of-Care Electrochemical Sensing Platform for Theobromine
Determination in Food Samples Based on Boron-Doped Diamond Printed Electrode. Journal
of The Electrochemical Society, 172, 037523 https://doi.org/10.1149/1945-7111/adc341

Ostojié, J., Stankovi¢, D., Manojlovi¢, D., Metelka, R., & Stankovi¢, V. (2025). Theophylline
electrochemical sensing in pharmaceutical drugs using disposable boron-doped diamond thin
film electrodes. Functional Diamond, 5(1). https://doi.org/10.1080/26941112.2025.2579320

/1. IIpoBepa OpUIMHAJHOCTH JOKTOPCKe JUCepTaluje

OpurnHaiHocT 1okTopcke nucepranuje Jenene Ocrojuh je mpoBepeHa ynoTpedom nporpama
iThenticate Ha HaumH nponucaH [IpaBUIHUKOM O TMOCTYNKY IPOBEPE OPUTHHATHOCTH
JTOKTOPCKUX JMcepTandja Koje ce OpaHe Ha YHuBep3urery y beorpaay (,,ImacHuk
VYuusep3utera y beorpany®, 0p.204/18). PesyntaTi ayTeHTUYHOCTH Cy MOKa3alu Ja CTENeH
noynapHoctu u3Hocu 33% u 1o 3a Tpu of 231 mu3Bopa nojeauHayHo uzHocu 7, 3 u 3%, 3a
jenan uzHocu 1%, a 3a ocrane u3Bope 3Ha4YajHO je Mamwu of 1%. Behu crenen nogyaapHocTu
on 7,3, 3 u 1% yTBpheH je ca pagoBuMa KaHIUJATKUI-E MPOUCTEKINM U3 Te3e (TpH paja u
nokropcka aucepranuje Cnahane Dyphuh) u nupextHa je mocnenuia nucama qucepTalmje Ha


https://doi.org/10.1016/j.diamond.2025.112450
https://doi.org/10.1016/j.diamond.2025.112450
https://doi.org/10.1080/26941112.2025.2579320

SHIJIECKOM je3UKy. YTBpl)eHe NOyJapHOCTH MOTY C€ OINKCAaTH Kao TOCIEIHIIa ONMUCHBAbA
EKCIIEPUMEHTATHOT JeNia paja (HayuH npurnpeme nydepa, kKopumheHux eleKTpojia, Ha3uBa
KopultheHNX Marepujajia Wik METOoJa, OIKca araparypa 3a KapaKTepHu3alujy Marepujaia u
EJIEKTPOXEMHU]CKa MEpPEHa U CIIMYHO), KopHilhema YHUBEp3aTHUX cKpaheHuia, KopuirheHnx
JTUYHUX UMEHA, TI0JIaTaKa y BE3W ca TEMOM OBE JIUCEPTAIHj€ Ka0 U MPETXOAHO MyOIMKOBAHUX
pe3yiTara UCTPaKMBamka MPOUCTEKINX M3 JUCEpTalHje, IITO je MPUXBATIFUBO Yy CKJIAIy ca
ynaHoM 9. oBor IlpaBuinuka. M3 cBera HaBeJeHOr, cMaTpaMo J1a je JOKTOpPCKa JucepTaiuja
Jenene Ocrojuh opuruHanHa, Kao M J1a Cy y MOTIIYHOCTH MCIIOIITOBaHA aKaJeMCKa IpaBmiia
UTHPabA.

E. 3akpyuak

Komucuja je Ha OCHOBY JAETaJbHOT TIperiiena JOKTOPCKE IUcCepTaldje I0j HACIOBOM
“Development of voltammetric methods for the detection and quantification of xanthine
alkaloids using disposable printed sensors” , cpricku HacjoB ,,Pa3Boj BoaTamMeTpujckux
MeTola 3a [eTeKIHjy M KBAHTH(PUKANMjY KCAHTHHCKHX AJKAJOWAa NPUMEHOM
jeTHOKPATHUX IITAMIAHMX CeH30pa” 3aKkJbyuymiia Ja je Kanauaatkuma Jeiaena b. Ocrojuh,
CaMOCTAJTHAM PaJIOM YCIIEIIHO OATOBOPHIIA HA MIOCTaBbEHE 3a/IaTKE KOjU CE OJTHOCE Ha Pa3Boj
MeTo/1a 3a oipehuBame KCAaHTUHCKUX alIKallon1a MOMONY jeTHOKPAaTHUX INTaMIIAaHUX CEH30pa
Ka0 ¥ Ha lbUXOBY IPUMEHY Y y30pIluMa XpaHe, muha u (apMareyTcKux Mpou3Bo/Ia.

ExcriepuMeHTanHu NpUCTYN KaHAUIATKUEE je€ 00yXBaTHO CBE (a3e HMCTPaKMBAYKOI paja
(kapakTepu3anyja pagHUX €JIEKTpOoAa IITAMIIAHUX CEH30pa, MpHUIpeMa pealHuX y3opaka
xpaHe, nuha u (dapmaneyTCKuX IPOU3BO/A, NPUMEHA CaBPEMEHUX EJIEKTPOXEMH])CKHX
TEXHWKA) Ka0 W CHCTEMaTHYHO W JIeTaJbHO TyMauewme pesynrata. HakoH pas3Bujama
BOJITAMETPHU]CKMX MeTOAa U JeQHUHHCAamba OCHOBHUX €JIEKTPOAHAIMTUYKHX Mapamerapa,
CEH30pH Cy YCIIENIHO TPUMEHCHU 3a oapehuBame calpkaja KCAaHTHHCKUX alKalonja y
peamHuM y3opuuma. CeH30poM ca paJHOM €JEeKTPOJIOM O] AHWjaMaHTa JIOMOBaHOI GOpoM
onpehuBan je caapxaj kopenHa y yzopuuma kade, eHepreTcKor HaluTKa U ra3upaHor COKa;
TEOOpPOMHUHA y y30pIIMMa YOKOJae; U TeoduanHa y y3opuuma tadiaera. CEeH30poM ca paHOM
€JIEKTPOZOM OJ BHUIIE3HJIHUX YIJbeHHWYHMX HAHOLIEBU oJpehuBaH je cajapikaj KopeuHa y
y3opiumMa Kae U eHepreTcKor HaIuTKa.

PesynTatu oBe JOKTOpCKE IucepTalije NpecTaBibajy 3HadajaH JONPHUHOC UCTPaKUBabUMa y
00JIaCTH aHATIUTUYKE XEMH]€ - eIEKTPOXEMHU]€, Y MOTJIey TPUMEHE JeTHOKPATHUX ITaMIIaHUX
CeH30pa y IuJby oapehrBama KCAaHTHHCKUX ajlKajona. Pe3ynratu nctpaxupama MpOUCTEKIN
U3 OBE€ JIOKTOpCKE JucepTalije NpHUKa3aHu Ccy y TpH HaydHa paja HyOnuKoBaHa Yy
Mmehynapoaaum vaconucuma (kateropuje M21 u 2 kareropuje M22) (Diamond and Related
Materials, Journal of The Electrochemical Society u Functional Diamond). Ha ocHoBy cBera
HaBEJICHOT, a y CKJaay ca 3akoHOM o YHuBep3utery y beorpagy m Craryrom Xemujckor
¢dakynrera, Komucuja cmarpa nma ce oBa JOKTOpPCKa JAHCEpTaldja yKjamna y CaBpEeMEHE
TPEH/IOBE aHAJUTHYKE XEMHje M ca 3aJ0BOJLCTBOM mpemiaxke HacraBHo-HayuyHOM Behy



Xemujckor (akynrera - YHuBep3uteTa y beorpamy ma mpuxsatu M3Bemraj o ypaheHoj
noktopckoj auceptanuju Jenene b. Ocrojuh, Mactep xemuvapa, o HaciioBoM “Development
of voltammetric methods for the detection and quantification of xanthine alkaloids using
disposable printed sensors”, cprcku HacioB ,Pa3Boj BOJTaAMeTPHjCKHMX MeToJa 3a
JAeTeKNMjy M KBAHTH(PUKANMjY KCAHTHHCKHX AJIKAJOWAa NMPHMEHOM jeTHOKPATHHX
IITAMIIAHUX CeH30pa” U 0700pH HEHY jaBHY O70paHy.

VY Bbeorpany,
21.11.2025

Komucnja:

Hp Jenena Mytuh
Penosuu npodecop,
Yuusep3utet y beorpany — Xemujcku ¢akynrer

Hp Cnahana DByphuh

JloteHT,
VYuusep3utet y beorpany — Xemujcku paxynTer

Jp Becna CrankoBuh
Bumm Hay4yHu capaJHUK,
VYuusep3utet y beorpany — MHCTUTYT 3a XeMH]jy, TEXHOJIOTH]Y U METAITYPIrUjy




