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EsrlexrpoTexunyxu dakysrer

HACTABHO-HAYUYHOM BEhY

Ipenmer: [TopobHocT Teme n xauauaara Muiuye Byoumup, macmep unicersepd eiexmpomexiuxe
U paqyinapcemed 3a u3pajy JHOKTOPCKE aucepTalmje

Omryxom 6p. 5040/15-1 on 21.3.2018. romuue, umMeHoBaHM cMO 3a wiaHoBe Komucuje 3a oueny
nogoOHOCTH TeMe M Kavamnaara Muiuye bydumup, macmep uHdcersepd enekmpomexnuxe u
pauyHapemed 3a W3pajy JIOKTOpCKe JHcepralifje M HaydHe 3acHOBAHOCTH TeMe Modugukayuja
Ve/bCHUYHUX TIAHOKOMRO3ZUMA eNeKMPOMAZHEMHUM 3Payerbem 3d OUOMEOUYUHCKY NPUMEH).
Modification of carbon nanocomposites by electromagnetic radiation for biomedical application.
Baxna mamomena: Opa JOKTOpCKa AucepTanija ce paju y capalibi  EieKTpoTeXHUYKOT
dakynrera u Yuuepzurera Jlun 1, npema Criopazymy O KOMEHTOPCTBY IIOTIHCAHOM u3melhy
Yuusepsurera y beorpagy w Ynupepsurera y Jlumy. Jlucepranmja he OuTe Hanucasa Ha

EHIJICCKOM jG?HKy.

Ha ocroBy Matepujaiia npuiioxenor y3 3axrer kaumnata, KoMucuja nojiHocy crenehn

MI3IBELHITAJ

1. Moxaum o kavpuaary

|.1. buorpadckn nojanu

Mumuna byanmup pobiena je v hynpujn 24.02.1988. rogune. Tpunaecry Oeorpancky
rUMHasH)y 3aBpiauiia je 2000. rojiMHe, a juigioMmupana je Ha BEJIEKTPOTeXHMUYKOM (paKyarery
Vuupepsutera y beorpany 2013. rogune, Ha CMepy 3a MHKPOEIEKTPOHHKY, HAHOEIEKTPOHUKY W
nacepcky TexHuky, Ojcexka 3a (U3HUYKY €TEKTPOHHKY, ca TeMOM JUIUIOMckor pajga ,,ADM
MHKPOCKOIIH]a YIJbeHHUHKX HAHOCTPYKTYpa®, 1moja pykoozcrBom mpod. ap MHejana Paxosuha.
Macrep cryadje 3aBpiimna je Ha EnexTporexuuuxkom (akynrery 2014, roguHe Ha CcMEpY
Hanoenexrponuka u  (QoTtoHuka, ca TtemMoMm ~“ADOM MHEKpockondja OakTepuja TPETHPAHUX

HanowecTHama’ .

On neuembpa 2012, rojune Bonoutupasa je Ha MuHerutyry 3a mykieapne pnayke
“Bunua”, y naboparopuju 3a pajujainony xemujy v (Quzuky, vy okBupy ['pyne 3a dusuky u
XeMH]y YIIbEHHUYHHX HAHOMaTepujaja, [IJe je W ypajulia eKCIEepUMEHTAIHH JAC0  CBOT
JuroMckor o oMactep pana. Oy mapra 2015, zanocnena je una WMucruryry z2a nykneapre
nayke “Bunuya”, y naboparopuiu 3a pajmjaiinony xemujy w (puszuky. TpenyTHo je aHraxosaHa
pa npojexty . lanku ClojeBd JeTHOCIOJHUX YITbeHHUHMX HaHoTyba W rpadeHa 3a npumeHy y
SJIEKTPOHUIM S KOjU je uHancupan oji crpade MUHUCTapeTBa 1IPOCBETE, HAYKE ¥ TEXHOJOUIKOLD

paszpoja PC.




1.2. Cteyeno Hay4YHOUCTPaXKHMBAYKO HCKYCTBO

Kannuparkumwa Munuia byauMup ymucana je JOKTOpcKe cTydje Ha EXeKTpoTeXHUIKOM
¢daxynerery YHuBepsutera y beorpamy 2015. romune Ha momyny HykiepHa, MemHiMHCKA H
€KOJIOLIKA TEXHHKA, /1€ j€ ca OAJHYHUM YCIIEXOM MOJIOKHIIA CBE UCITHTE M 3aBpIiijia cBe o0arese.

On 2016. rogune oxropanTkumbha Mumnua bynumup je crunenaucra Brnane @paniycke 3a
JNOKTOpCKE CTyIHUje y KOMEHTpoCcTBY M3mely YuuBepautera y Jluny u Yuusepsurera y beorpay.
On HoBeMmOpa 2016. romune mo maja 2017. rogune Gopasuia je Ha MHCTUTYTY 3a ENeKTpoHHKY,
MHKPOENEKTPOHUKY W HanotexHonorujy (MEMH), Vuupepsurera y Jluny, rae je crpoena jeo
CBOI' HCTPAXKMBAMKka M CTEIUIA YCIIOB 3@ YIIUC APYTe TOJMHE NOKTOPCKUX CTYHja HA Y HHBEP3UTETY
JInn 1, Hayka u texHosoruja.

HDGI‘H@I{ HOJIOXKCHHUX UCIIUTA:

P.bp. Hazus Ouena | ECIIB
bonosa
1 broduzuuke MeTojie Y HaHOMEMLHHK 10 9
2 Dusuka, TEXHOJOIH]a U KapaKkTepusaiuja buomarepujana 10 9
3 I(BanTHa nHpOpMaTHKa BHoMOIeKya 10 9
4 FEnexrpuuHe y oNTHYKE KapakTepucTHKe Marepujasia y 10 9
HAHOEJNEKTPOHUIM W (DOTOHUITH
5 MojiesioBame HaHOCTPYKTYpa 10 9
6 Eurjeckn jesux 10 6
7 Cxenupajyha MUKpOCKOIH]a Y HAHOHAYIIH ¥ HAHOTEXHOJIOTU]U 10 9
8 OnruMuzanyja ¥ HIDKUFBEPHHT HAHOCTPYKTYPHUX napaMeTapa 10 9
9 MepHe MeTosie y HYKJIeapHo], MEAUIIMHCKO] U EKOJIOIHKO] TEXHUIIH 9 9
10 | bruoMeauiMHCKI CEH30PH K HpeTRapadu 9 9

Llpernen sasprenux obasesa;

Ob6agesa ECID

bonosa
Cryaujcku uCTpaxuBadky pan Il IS5
Hayuyno crpyanu pag 3
CrymjcKkn HCTpaXxuBaukn pay | 15

Cryanjekd  MCTpaXKMBauKK pafg Kauaujgatkume Muimne byaumup npuiiaja  Haydioj
0bJ1acTH  YITbEHHUYHUX HaHoMmaTepujana. [OKOM JOKTOPCKHX CTyIaHja OaBH C€ CHHTETHCAmhEM
YIUbEHUUHUX — HAHOMArepujaia M HHXOBHX  HAHOKOMITOZHTA Ca  PasIUuuTHM  [HOJIHMEPUMA,
UCHIWTHBABEM CTYKTYPHMX OcoDMHA OBUX MaTepujaia, Kao ¥ NPOMEeHa HHXOBUX 0COOMHA 110)]

[ICjCTBOM CHCKTPOMArdCruor 3padyema, a 3aTuM 1 IbUXOBHM amn6amepmju<mvi CBOjCTBHMa.

Y cBom Jlocajaiiimem  pany Mununa  byuumup uma 14 objaBibenux  pajoBa Y
mehynapojum  yaconucuma, oJ1 uera 8 pajoBa y wacomucuma kareropuje M21, 4 pajpa vy
xareropujn M22, 2 paja y xareropuju M23.
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and Their Application in a Photodynamic Therapy. ACS Applied Materials & Interfaces
11/2015; 7(46), 25865-25874; ISSN: 1944-8252; 1F=7.14; DOI1:10.1021/acsami.5b08226
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thermal annealing of the graphite precursor. Materials Research Bulletin 05/2017; 93, 183-
193 ; ISSN: 0025-5408; 1F=2.45 ; DOI1:10.1016/j.materresbull.2017.04.052

PanoBu y meljynapoanom uaconucy M23:

1.

S. Jovanovi¢, Z. Markovi¢, M. Budimir, Z. Spitalsky, B. Vidoeski, B. Todorovic Markovic:
Effects of low gamma irradiation dose on the photoluminescence properties of graphene
quantum dots. Optical and Quantum Electronics 04/2016; 48(4); ISSN :1572-871X ; IF=1.05 ;
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JaBna yemMena 0116paHa NPEANOXEHE TeMEe JOKTOPCKE )LMCGP’I‘&IIH}@ KanInJaTKHbEe OJIpiKaHa

je 26.3.2018. ropune na Enexrporexuiakom dakynrery, npes Komucujom y cactapy:

Hp Josan Lieruh, penoBur npodecop, Ywuupepsurer y beorpany - LnexrporeXHuHky
daxynrer (ipencennuk Komucnje)

Jp bumwana Topoposuh Mapxosuh, Hayyuu caBeTHuk, YHusepsuret y beorpany — Mucturyr
3a HykJleapHe Hayke Bunua

Jp Mumina Jankosuh, fotient, Yuupep3uret y beorpany - EnekrporeXuuukn Gpakynter

KappupaTkuma je TeMy CBOje JOKTOPCKE JMCEepTaluje W3IoKKUIa y BUAY Ipe3aHTanmje, a

[TOTOM YCIEUIHO OJIFOBOPHJIA HA CBa MOCTaB/bEHA [WTama M IoKazajla OJJIMYHO Blajarbe
npo0JieMaTKOM Koja je TeMa JOKTOpPCKe JcepTaiidje, Ha OCHOBY dYera je Ha jaBHO] YCMEHO]
onbpaHn TpeIoKeHe Teme Jiobuiia OLeHy ,,3a/l0BOJbHO".

1.3. OIJ,@HEI HO,U,O6HOCTI/1 KahHaujiara 3a pajg Ha HDG,ZIHO)KGH()i TEMH

2] NPpETXOAHOT OpUKaza OCTBapeHUX pe3yiirara Aocaiallithber paxa i CTCUYCHMX HCKycTaBa

KaH i IaTkube, KoMucuja je crexiia yBU Y 1heHe criocobHOCTH 3a HaydHO-UeTpaXnBauky paj. Ha

4




OCHOBY cBera HapejeHor, craB Komucuje je jga xawauparkamwa Muimna byjpumup, macTtep
HIDKCH-ED ENIEKTPOTEXHUKE W pauyyHapCcTBa, 330BOJbAaBa CBE HOTpebHE yClIOBE Ja NPUCTYNH paiy
Ha TPEJIIOKEH0] TEMH IOKTOPCKE AUCEpTaLuje.

2. llpeameT v HJb HCTPAKHBAKA

Ipenmer MCTpaXKHBama NPEUIOKEHE JIOKTOPCKE TUCEPTALHje je HCIUTHBALE CTPYKTYPHUX
MpoOMeHa Pa3IHYUTUX YIJbeHHYHHX HAHOKOMITO3UTa (pedyKkoBaHH rpad)eH OKCHY/II0IMEeTHIEHIMHEH,
YIJbEHWYHE KBAHTHE TAUKe/TIOJHAMMETHIICHIOKCAH, YIJbEHHYHE KBAHTHE TauyKe/[TOJHypeTaH)
HaCTaIMX NPUMEHOM €JEKTPOMArHeTHOT 3pauera (JlacepcKor 3padcma y Omuckoj nHdpaupseHo)
o6JTacTH M rama 3paKa), Kao ¥ HCITHTHBAE FbUXOBHX aHTHOAKTEPH]CKUX CBOjCTaBA.

Yak u pmanac, y 21. Bexy, bakrepumjcke mudekimje cy jeran o HajBehnx 3JpaBCTBEHMX
npobnema. Pasgor 3a To cy Oakrepujcku OuodmiMoBH amm M cBe Beha orTmopmocT
MHMKpOOpranmsamMa, Koja je Hacraja yciej MpedecTe M HEOArOBOPHE ylorpebe aHTHOMOTHKA.
buoduimM 6Gakreprja ce JgeduHMIIE Kao CTPYKTYypa Koja NpeAcTaBjba JKUBY MM a0MOTHYHY
MOBPIIMHY KOjy (opMupajy MmukpobHe henuje y caMONpPOHM3BEACHO] NOITMMEPCKO] MATPHIM.
BHOQMIMOBH CYy jeJIMHCTBEHH y IPUPOJH M MOTY ce (OpMHpaTH Ha BEIMKOM OpOjy NOBpHIMHA
yxJbyuyjyhu TkuBa, MeguumHCKe ypelaje, cnaBuHe WIH y TIPHPOJHMM BOJEHMM cHcTeMuMa. 3601
TOora ce HaMeTHyJda moTpeba 3a pa3BojeM HOBHX e(UKacHHX aHTHOAKTEPH]CKUX areHaca u
AHTHUMHUKPOOHUX MOBPLIHHA.

360r W3Y3ETHHX CTPYKTYPHHUX, EJIEKTPOHCKMX, OINTHUYKHX, XEMHJCKUX M OHOJIOMKHX
0coOMHA, YIJBEHHYHU HaHoMarepjajid Cy MocTajy IMpeJiMeT HCTpaKhBama MHOTOOPOJHUX
MCTPOKMBAYKKMX TPyIa ¥ CBETY Y MOCHeMHIX HEKOIHKO Jenienurja. [Toceban akienar je cTaBiben Ha
fpoyyaBarbe aHTHOAKTEPUjCKUX MOTEHIIN]jala Pa3NuuUTHX YIJbEHIUHUX HaHOMaTepHjaa.

I'paden je IBOJUMMEH3HOHANIHA ATOTPOTNICKA MOAU(UKALA]A YIIHEHNKa, KOja Ce CacToju 0.l
aroma yribennka MeljycoOHO MoBe3aHux Sp° XHOPHAM30BAHIM BE3aMa  TIPABUIIHO pacnopelernim
y wmecroyrinose (cahacra crpykrypa). I'paden okeu ripejcraBiba jeiad ¢lioj rpagena ca BelrKHM
OpojeM KHCEOHHYHNX (PYHKIMOHAHUX rpyiia pacniopeheHix Ha MOBPLIMHY U MBHIAMa Ipa(eHCKor
cnoja. OcHoBHA peAHoCT rpadeH OKeKia je HeroBa pacTBOP/BUBOCT Y BOJAU W JIPYTHM OPraHCKiM
pacTBapaumMMa, Kao H Y pasiMuMTHM MaTpuiama 3axBasbyjyhu  rpuCyCTBY  KHCEOHHYHHX
gyuxmponannux rpyna. Melyrum, rpaden okcuJl je HEmpoBopaH W jako JiedekTaH ycien
[PUCYCTBA PA3IMUMTHX BPCTA KHCEOHUHUHUX FPyIia Ha HBEroBOj MOBPUIMHKA. Y HHIBY J1a Ce 1oBpaTh
cahacra xexcaroHajlHa CTPYKTYpa, a 3ajeIHO ¢a ThOM M €JIEKTPUYHA MPOBOJBLMBOCT, CIIPOBOAH CE
penykimja rpaden okcraa. [Tocroje OPOjHU HAYMHK [a € CUHTETHIIE PelyKoBaHK rpader OKCH L 1
TO XEMMJCKUM, TEPMaJIHAM WM €IeKTPOXEMMJCKMM MeTolama. Hexe oj 0BHUX TEXHHKA MOTY
NPOM3BECTH pelyKoBaHU rpadeH OKCHJI BEOMA BHCOKOT KBAJIMTETA KOJU j€ BPJIO CIMYAH YMCTOM
rpageny.

Vribennyne KBaHTHE Tauke Cy HOBa BPCTa YIUBEHHUHUX HaHOMaTepujana cdepHor obnmka
ca npeuynuka jgo 10 nm. tbuxosa HajBakHMja ocoOHHa je jaka (DOTONYMMHECIEHIA W Maja
LIMTOTOKCHYHOCT, Kao M HucKa lieHa curtese. Ilomnrro cnanajy y rpymy (GOTOaKTHBHUX CyNCTaHLM
MOTY ¢€ KOPUCTHTH Y (POTOIHHAMHYKO] TSPaTIHjH.

[lmb uerpakMBarba OBE JOKTOPCKE JHcepTaiyje je fa ce moMohy AOCTYNHHMX U JIETalbHO
ACIUTAHUX YITBCHUYHHUX HAaHOMAaTepHjaya (pefyKoBaHH rpa(eH OKCUJA U YIJbEHHYHE KBAHTHE
TaYKe) CHUTETHILY HOBM YIULEHWYHM HAHOMATEPHjaJId ¥ BMIY HAHOKOMITO3HMTA KOJU MOTY MMaTH
u3yseTHe anTHOaKTepujcke ocobune. CHHTETHCAHM HaHOKOMIIO3uTH he norom  OuTH
MOAM(UKOBAHH eJIeKTPOMArHeTHHM 3padereM Ja OW ce HCnuTalo y Kojoj MEpH OBe BpCTre
eJIEKTPOMArHeTHOT  3padeiba  MOTY  JONpUHETH  [oOOoJblHamy MM CMAmbemny  IbHXOBUX
auTrbaKTepujcKux ocobuna.

AnTrmMiKpobHE HaHOMaTeprjai MoTy roMohn y cripedaBamy HacTanka duodunma, ajm u
¥ pernaBay npobrieMa y3poKoBaHUX yrioTpedoM KOMBEHLIHOHAIHUX AaHTUMHKPOOHMX arenaca, Kao




[ITO ¢y 3a0¢Taia TOKCHYHOCT, KParkoTpajHa aHTHMHKPOOHA aKTHBHOCT U Pa3BoOj OTHOPHOCTH KOJ
MHKpoopranusama. McTpaxkuBama Koja ce THYy pa3Boja aHTHMHKPOOHHX HaHoMaTepHjaia
MIPeJICTaB/bajy BEMKH U3a30B 3a aKaJeMCKH CBET, alld ¥ 3a HHJIYCTPH]Y.
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Transparent and flexible ultraviolet photoconductors based on solutionprocessed graphene
quantum dots on reduced graphene oxide films. Mater.
Res. Bull. 2017, 91, 49-53.

3. [Honazue xunorese

V pajny ce monazu on cnenehux xunoreza:

O




- M3narame CHHTETHCAHOT HAHOKOMIO3WTA (peayKoBand rpadeH OKcuJ/IONHETHIEHHMUH)
3padery KOHTHHYATHOT Jlacepa y OJiHcKo] MHQpaipBeHoj o0yacTH Merma HeroBe (H3nyYKe
ocobuHe u aHTHOAKTEePHjCcKa CBOJCTBA;

- M3narame CHHTETHCAHHX HAHOKOMIIO3UTA (yr/bEHHYHE KBAHTHE TadKe/TIONUIMMETHICHIOKCAH
U yribeHAYHE KBAHTHE TauKe/TIONWypeTaH) pa3iMddTHM J03aMa rama 3paka Mema hHXOBE
¢usuuke ocobuHe U aHTHOAKTEPHjCKa CBOJCTBA, CPa3MEPHO JETIOHOBAHO] JI03H;

- OusHuKe ¥ XeMHjCKe NMPOMEHE HacTale y HAaHOKOMIO3UTHMA TOJ| I€JCTBOM €JIeKPOMAarHeTHOr
3paderba Moryhe je yCTaHOBHTH IIAHUpAaHUM MeToJaMa KapaKkTepH3allije MaTepujana;

- Tlpumemene mMeToje MogubHKaIHje MaTepHjaia 03padiBameM 1000JbIIaBajy aHTHOAKTEpHjcKa
CBOjCTBA CHHTETHCAHUX MarepHjaia, 4YUMe HUXOBa OHOMEIWIMHCKA NpPUMEHa I10CTaje

H3BECHH]A.

4. Hayune MeTo/ie HCTPAKHBAKA

Meromosoruja HCTpakuBamba Yy OKBHPY IIPEJIOKEHe JIOKTOpcke jgucepraunuje he
obyxBarutu cnenehe daze:

- CHHTCSy Hn 1<apaI<TepH3aquy PCAYKOBaBH rpaQ)eH OKCHﬂ/HOﬂHGTHHCHHMHH HaHOKOMINO3HTa

- IICH()HOB8.H36 PECAYKOBaHH rpa(peH OI(CH)I/HOHH@TVIIIﬁHHMI/IH HaHOKOMIIO3WTa Ha 3J1aTHC
HaHOqCCTI/ILIC/KaHTOH TpaKy,

WenutuBarbe  weroBux  Gororepmannux ¥ anTtubakrepujckux  ocobuHa  110J1  JI€JCTBOM
KOHTHHYaJIHOT Jiacepa;

- Cunresy xunpooOHUX KBAaHTHHX Tavaka;

- Jlonmuparbe 1ojimMepa OJIMAMMETHIICHIOKCaHa | Tojinyperasa XuApoGoOHUM KBaHTHHM
TavyKkama,;

- Monudukaiujy CHHTETHCAHOT HAHOKOMIIO3HTa I'aMa 3pauyeH-eM PazIHunTHX 1034,

- Kapakrepusanujy CHHTETHCAHUX HAHOKOMITO3UTA IIPE U 110C/1€ MOJM(PUKALM]E raMa 3payverhem;

- Hcenurusame anTrOAKTEPH]CKRX 0cODHHA JIODM]EHUX HAHOKOM103HTA;

- PamMaHcky CreKTpoCKoru]y;

- OypujeoBy urH(ppPapPBEHy CIEKTPOCKOIN]Y;

- YB-Buc crexTpockonujy;

- (POTONYMUHECHEHTHY CIIEKTPOCKOTIN]Y;

- MHKPOCKOMNH]Y aTOMCKHX CHIIA,;

- cKeHupajyhy eleKTpoOHCKY MHKPOCKOMHU]Y;

- anTubaKTepujcKe TECTOBE W TECTOBE MTOTOKCHYHOCTH 3a KapakTepH3alMjy YIUbEHHUHHUX
HAHOKOTIO3HUTA.

5. OvyexnBany HayYHU JONPUHOC

OcHOBHH ~ JIONPHHOC ~ KOJH Jlaje  oBa JIOKTOPCKA Jicepranija je  1poyvaBarbe
aHTHOAKTEPU]CKUX OCODHMHA PA3THYUTUX YIJBEHHIHHUX HAHOKOMIIOZUTA MOAO(PUKOBAHMM Ca JIBE

BPCTC CHEKTPOMAIHETHOT 3paych-a.

Y OKBUpY TPEJIJIOKEHE JOKTOPCKE JcepTanyje oueKyjy ce cnejpehu pesyiraru:



- buhe cuurerHcaH peaykoBaHu rpaden  OKCHJI/MONHETHICHAMWH, VrJb€HWYHE KBaHTHE
TagKe/TIOTHIUMETHIICHIIOKCAH, YITbEHHYHE KBAHTHE TauKe/TOJIMypeTaH HaHOKOMITO3HTA,

- CHHTETHCAaHU HAHOKOMNO3UTH he OUTH MOJTUPUKOBAHH TTOCTYIIKOM 03pavHBamba KOHTHHYATHHM
nacepoM TanacHe nyxune 980 nm 1 raMa 3paueHeM pasTHIUTHX /103a;

- 6buhe mcrmTaHe CTPYKTYpHE OCOOWHE CHHTETHCAHHX M MOJAPUKOBAHMX HAHOKOMIIO3HWTA, Ca
NOCeOHHM  HArJlaCkOM  Ha  UCIHTHBAIE  FHUXOBHX — AHTHOAKTEpH|CKHX  OcoOHHA |
HHATOTOKCHYHOCTH;

- ouekyje ce Jga he CHHTETHCAHH MaTepHjaji HAKOH NpPHUMEHBEHHUX MeTona Mmojudukanmje
03pavrBakeM UMaTH NoOoJbITIaHa aHTHOAKTEPH|CKa CBO]CTBA.

6. llnan HeTpaskuBamba U CTPYKTYpa paja

TexHonoruja pana Ha qucepranuju obyxsara cienehe dase:

- JloroBop ca kanguAATOM O TPOOIEMATHIIM 1 H-EroBa CaryiaCHOCT Jia IPUXBAaTa MPeyIOKEHY
TEMY;

- Ilpernen nurepatype 0 yrJbeHHYHHM HaHOMATEpHjaIMa | IbUXOBHM ocobHHaMa, ca rmoceOHuM
Hariackom Ha gortorepMannoM edekTy, eekTiMa ramMa 3paKa ¥ aHTHOAKTEPH]CKUM
CBOJCTBHMA OBHX MaTrepujana;

- O6yxa xanjuaTa 3a paj Ha MUKPOCKOTICKHM M CIIEKTPOCKOINCKUM ypehajuma;

- Obyxa xanauaara 3a rnucame HayYHOT Pajia;

- CuHTe3a peryKoBaHu rpadeH OKCH/TOMeTHICHUMHUH, YITheHHYHE KBAaHTHE
TauKe/ MO IMMETUIICUIIOKCAH, YIThbeHUYHE KBAHTHE TauKe/TIOJIMypeTan HaHOKOMIIO3uTa H
HBHUX0BA MOJU(PUKaAIIN}a EJIEKTPOMArHETHHM RPAuCHEM;

- Kapakrepuzaiiyja HarnpaB/beHHX CUCTEMA PA3JIHUHTUM CIEKTPOCKOTICKIM U MUKPOCKOIICKUM
MeTo/lama, aHTUOAKTEPH]CKH TECTOBU ¥ TECTOBH 1IATOTOKCUYHOCTH;

- Amnanuza pesyiitara u ofieHa MOTYRHOCTH MOAXQHKAIH]E YIILEHHTHHX HAHOKOMIIO31Ta
HPUMEHOM JIBE Pa3NIMyuUTe BPCTE €IEKTPOMarieTHor 3paderba ca liijheM yHarpehema ibMXOBUX
aHTNOAKTEPH]CKUX OCOOUHA;

- Banunaimja nonasHux xunoresa;

- llpuxaz pesysirara y nay4iiuMm 4aconucnma;

- Tlpukaz pezynrara y JOKTOPCKO] IMCEPTAIIH]H.

7. 3akibyqar u nipeanor

Ha ocHOBY npuiioeHe JOKyMEHTALM]e U YBHJA Y JOCAJAIlbH HAYHHOUCTPAXKUBAYKU PaJl
KaHJuJaTknme Munue bynuMup, Mactep HHKEmepa eleKTPOTEXHUKE 1 padyHapeTBa, Komucuja
je 3akJbyumiia Jla KaHJHJaTKUIba UCITYHhaBa CBE YCIOBE Jla IIPUCTYIIH pajly Ha MPeJUIoKeHO] TeMH
JOKTOpCKE  Jucepranuje 1ok HazuBoM ,Mojudukanuja yribeHHIHHX  HAHOKOMIIO3UTa
€JICKTPOMAarHETHUM 3padyetbeM 33 OUOMEMIMHCKY TPUMEHY .

Komucuja je Taxohe 3axibydmia J1a pejyioXkeHa reMa J0KTOPCKe JUcepTaiiuje noji Ha3HBOM
~Modurkaiuja yribeHIIHUX HAHOKOMIIO3HTA eIEKTPOMArHETHUM 3padehemM 3a OHOMEIHIHHCKY
NPUMEHY"  Calp)Kd  OpUTMHAjHE  JIONPHHOCE aKTYEJNHHM  MCTpaXkMBambHMa Yy  o0sacTu
HaHOMAaTepHjasa U BUXOBE TpUMeHe vy OuoMeuinn. MeTpaxuBarsa rnaHupasa y OKBUpY pajia na
aucepranyjn OaBuhe ce 3HAuajHMM NHTaBbMMA Be3anuM 3a MOTYAHOCT KOHTpOHcaHe HW3MeHe
ocoOuHa yIJbEHHYHMX HAHOKOMIO3MTA, YCIIE/ M3jiarama Jacepckoj CBETIIOCTH U rama 3painMa, y
HHIBY nocruzamwa 6osbux anrtubaxrepujckix ocobuna. Ipenmer xojum he ce BapuTy u ranupana
METOJ[OTOTH]a YMHE OBY JIICEPTannjy noceOHO 00yXBaTHUM MCTPAKMBAUKUM 110J1yXBATOM, jep ce
fnporexe of pyHIaMEHTATHUX HAYYHUX HCTIHTHBRAA Y IOMEHY HAayKe 0 MarepujayiimMa Jio Moryhux

TeparujCKuX [PUMEHA Y MEUIIMHCKO] PaKCH.




KoMmucrja KoHcTaTyje Ja TpejjiokeHa TeMa IIpUIaa  y)Ko] HaydHO] obJactu
buoMeMIMACKE WHXUBBepAHT ¥ Ja je DEnexrpoTexHuuxu Qaxynrer YHuepsurera y beorpamy
MaTHYHK (PaKyITeT 3a OBY HayuHy obyiact, Te Jia ce 3a MEHTOpe H3paJie HOKTOPCKe JUcepTalyje
npeuraxy aAp Munomr Byjucuh, jnouent na EnextporexHmukoMm (akyiteTy YHHBep3HTETa Y
Beorpany u ap Rabah Boukherroub, nayunu mupexrop y Institute for Electronics, Microelectronics
and Nanotechnology, Lille, France. Y3 u3BemTaj ce mpunaxe crucak pagosa jgoiu. Ap Mujoma

Byjucuha xoju ra kBamuduxyjy 3a MEHTOpa.

C 003upoM Ha 00pa3ioxerha i MO3HTHBHE OLEHe HaBeJeHe y OBOM H3BelTajy, Komucuja
npeanaxe HacraBHo-nayunom Behy Enexrporexnuukor ¢axynrera YHusepsutera y beorpany na
KagQuaTkum M ByauMup, MacTep WHXEHepy eleKTPOTEeXHHKE W padyHapcTsa, oJ00pH
u3pajsy JOKTOPCKe IUcepTanuje moJi HasuBoM ,Mojudukanuja yYrjbeHUYHHX HAHOKOMIIO3UTa
eJIEKTPOMATHETHUM 3pademheM 32 OMOMEANIIMHCKY NPHUMEHY .

VY beorpany, 11.5.2018. ronune
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University of Belgrade
School of Electrical Engineering

TO THE TEACHING AND SCIENTIFIC COUNCIL

Subject: Evaluation of the thesis subject and competence of the candidate MSc. Milica Budimir, for
the preparation of doctoral thesis

By the resolution No. 5026/11-1 dated 26 March 2018 we have been named as members of the
Commission for evaluation of the thesis subject and the suitability of the candidate Milica Budimir,
Master of electrical engineering and computer sciences, for the preparation of doctoral thesis titled:
Modification of carbon nanocomposites by electromagnetic radiation for biomedical application.

Important Note: This doctoral thesis is done in collaboration between School of Electrical
Engineering and Lille 1 University according to the signed agreement between the University of
Belgrade and the University of Lille. The thesis will be written in English.

Based on the Candidate’s request and the material that follows, the Commission submits the
following

REPORT

1. Candidate details

1.1. Biography

Milica Budimir was born on 24 February 1988 in Cuprija, Serbia. She completed the
Thirteenth Belgrade Gymnasium in 2006, and graduated at University of Belgrade, School of
Flectrical Engineering in 2013 at the Department of Microelectronics, Nanoelectronics and laser
technique. The Candidate defended her bachelor thesis titled “AFM microscopy of carbon
nanostructures” under the supervision of prof. Dr Dejan Rakovic. She completed Master studies in
the School of Electrical Engineering in 2014 at the department Nanoelectronics and Photonics, and
defended her thesis titled “AFM microscopy of bacteria treated with nanoparticles™.

From December 2012 the Candidate has been volunteering at “Vinca™ Institute of Nuclear
Sciences in the lLaboratory for Radiation Chemistry and Physics, as a member of a Carbon
Nanomaterials Group, where she completed the experimental part of her bachelor and master thesis.
Since March 2015 she is employed by the “Vinca” Institute of Nuclear Sciences in the Laboratory
for Radiation Chemistry and Physics. Currently she is engaged on the project “Thin films of
monolayer nanotubes and graphene for electronic applications”, financed by the Ministry of
education and technological development of the Republic of Serbia.




1.2. Research experience

The Candidate Milica Budimir started her PhD studies at School of Electrical Engineering,
University of Belgrade in 2015 at the department Nuclear, Medical and Ecological Engineering,
where she passed all the exams, and completed all the activities.

Since 2016 Milica Budimir is the French Government scholar, for co-tutorial PhD studies
between Belgrade University and Lille University. From November 2016 until May 2017 she was
doing part of her research at the Institute of Electronics, Microelectronics and Nanotechnology
(IEMN), at Lille University. The candidate is currently enrolled in the 2" year of PhD studies at
Lille 1 University, Science and Technology.

Exams:

No. Subject Grade | ECTS
1 | Biophysical Methods in Nanomedicine 10 9
2 | Physics, Engineering and Characterization of Biomolecules 10 9
3 | Quantum Informatics of Biomolecules 10 9
4 | Electrical and Optical Properties of Materials in Nanoelectronics and 10 9

Photinics
5 | Modeling of Nanostructures 10 9
6 | English 10 6
7 | Scanning Probe Microscopy in Nanoscience and Nanotechnology 10 9
8 | Optimization and Engineering of Nanostructural Parameters 10 9
9 | Measuring methods in Nuclear Medical and Ecological Techniques 9 9
10 | Biomedical Sensors 9 9

Research Activities:

Activity ECTS
Research work related to the topic of the thesis 11 15
A scienfific paper 3
Research work related to the topic of the thesis | 15

Research topic of the Candidate Milica Budimir belongs to scientific domain of Carbon
nanomaterials. During her PhD studies the Candidate is synthesizing carbon nanomaterials and their
nanocomposites with different polymers. She is working on the characterization of those materials.
exploring their changes under the electromagnetic irradiation and finally exploring their biomedical

application and antibacterial properties.

During her work Milica Budimir has co-authored 14 scientific papers in International
Journals,




Papers in the category M21a:
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. B. Risti¢, M. Milenkovié, I. Dakié, B. Todorovié-Markovié, M. Milosavljevi¢c, M. Budimir, V.

Paunovi¢, M. Dramiéanin, Z. Markovi¢, D. Trajkovi¢: Photodynamic antibacterial effect of
graphene quantum dots, Biomaterials 03/2014; 35(15), 4428-35 ; ISSN: 0142-9612; IF=8.57;
DOI:10.1016/j.biomaterials.2014.02.014

U. Bogdanovi¢, V. Vodnik, M. Mitrié, S. Dimitrijevic, S. gkapin, V. Zuni¢, M. Budimir, M.
Stoiljkovi¢:  Nanomaterial ~with  High  Antimicrobial  Efficacy—Copper/Polyaniline
Nanocomposite, ACS Applied Materials & Interfaces Interfaces 12/2014; 7(3), 1955-1966;
ISSN: 1944-8252; IF =6.72; DOI:10.1021/am507746m

V. Stani¢, A. Radosavljevié-Mihajlovi¢, V. Zivkovi¢-Radovanovié, B. Nastasijevié, M.
Marinovi¢-Cincovi¢, J. Markovié, M. Budimir: Synthesis, structural characterisation and
antibacterial activity of Agt+-doped fluorapatite nanomaterials prepared by neutralization
method, Applied Surface Science 02/2015; 337; 72-80; ISSN: 0169-4332; IF=3.15;
DOI:10.1016/j.apsusc.2015.02.065

S. Jovanovi¢, Z. Syrgiannis, Z. Markovi¢, A. Bonasera, D. Kepi¢, M. Budimir, D. Milivojevic,
V. Spasojevi¢, M. Dramicanin, V. Pavlovi¢, B. Todorovi¢ Markovi¢: Modification of
Structural and Luminescence Properties of Graphene Quantum Dots by Gamma Irradiation
and Their Application in a Photodynamic Therapy. ACS Applied Materials & Interfaces
11/2015; 7(46), 25865-25874; ISSN: 1944-8252; [F=7.14; DOI1:10.1021/acsami.5b08226

Papers in the category M21:
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. U. Bogdanovi¢, V. Lazi¢, V.Vodnik, M. Budimir, Z. Markovi¢, S. Dimirtrijevi¢: Copper

nanoparticles with high antimicrobial activity, Materials Letters 08/2014; 128, 75-78; ISSN :
0167-577X ; IF=2.43; DOIL:10.1016/j.matlet.2014.04.106

M. Vujkovi¢, B. Vidoeski, S. Jovanovi¢, D. Bajuk-Bogdanovi¢, M. Budimir, 7. Markovic, V.
Pavlovi¢, B. Todorovic-Markovié, I. Holclajtner-Antunovic¢: Synthesis and characterization of
electrochemically exfoliated graphene-molybdophosphate hybrid materials for charge storage
devices. Electrochimica acta 09/2016; 217, 34-46: ISSN: 1873-3859: F=479: DOL
10.1016/;.electacta.2016.09.067

D. Kepi¢, Z. Markovi¢, S. Jovanovi¢, D. Perusko, M. Budimir, I. Holclajtner Antunovié, V.
Pavlovi¢, B. Todorovic Markovié: Preparation of PEDOT:PSS thin films doped with graphene
and graphene quantum dots, Synthetic Metals 12/2014; 198, 150-154, ISSN : (0379-6779 ;
IF=2.43 ; DOL:10.1016/j.synthmet.2014.10.017

I. Vukoje, T. TomaSevié-Ili¢, A. Zarubica, S. Dimitrijevi¢, M. Budimir, M. Vranje§, Z.
Saponji¢, J. Nedeljkovi¢: Silver film on nanocrystalline TiO2 support: Photocatalytic and
antimicrobial ability. Materials Research Bulletin 12/2014; 60(1), 824-829, ISSN: 0025-5408;
[F=2.28; DOIL:10.1016/j.materresbull.2014.09.073

Papers in the category M22:

1.

Z. Markovic, M. Budimir, D. Kepic, I. Holclajtner-Antunovi¢, M. Marinovié-Cincovié, M.
Dramicanin, V. Spasojevic, D. Perusko, 7. Spitalsky, M. Micusik, V. Pavlovic, B. Todorovi¢
Markovié: Semi-transparent, conductive thin films of electrochemical exfoliated graphene.
RSC Advances 04/2016; 6(45), 39275-39283; ISSN: 2046-2069; [F=3.1;
DOI:10.1039/C6RA04250C
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2.

J. Prekodravac, Z. Markovic, S. Jovanovi¢, M. Budimir, D. Perusko, I. Holclajtner Antunovié,
V. Pavlovi¢, Z. Syrgiannis, A. Bonasera, B. Todorovi¢ Markovi¢: The effect of annealing
temperature and time on synthesis of graphene thin films by rapid thermal annealing, Synthetic
Metals 11/2015; 209:461; ISSN: 0379-6779; 1F=2.30 ; DOI:10.1016/j.synthmet.2015.08.015
D. Tosic, Z. Markovic, S. Jovanovic, J. Prekodravac, M. Budimir, D. Kepic, I. Holclajtner-
Antunovic, M. Dramicanin, B. Todorovic-Markovic: Rapid thermal annealing of nickel-
carbon nanowires for graphene nanoribbons formation. Synthetic Metals 08/2016; 218, 43-49;
ISSN: 0379-6779; IF=2.43; DOI:10.1016/j.synthmet.2016.04.016

J. Prekodravac, Z. Markovi¢, S. Jovanovié, 1. Holclajtner-Antunovi¢, D. Kepi¢, M. Budimir,
B. Todorovi¢-Markovi¢: Graphene quantum dots and fullerenol as new carbon sources for
single-layer and bi—layer graphene synthesis by rapid thermal annealing method. Materials
Research Bulletin 12/2016; 88, 114-120; ISSN: 0025-5408; [F=2.45:
DOI:10.1016/j.materresbull.2016.12.018

S. Jovanovi¢, Z. Markovi¢, 7. Syrgiannis, M. Dramicanin, F. Arcudi, V. La Parola, M.
Budimir, B. Todorovi¢ Markovié: Enhancing photoluminescence of graphene quantum dots by
thermal annealing of the graphite precursor. Materials Research Bulletin 05/2017; 93, 183-
193 ; ISSN: 0025-5408; IF=2.45 ; DOI:10.1016/j.materresbull.2017.04.052

Papers in the category M23:

l.

ot Kl

I
2.

S. Jovanovi¢, Z. Markovi¢, M. Budimir, Z. Spitalsky, B. Vidoeski, B. Todorovic Markovic:
FEffects of low gamma irradiation dose on the photoluminescence properties of graphene
quantum dots. Optical and Quantum Electronics 04/2016; 48(4); ISSN :1572-871X ; [F=1.05 ;
DOI:10.1007/s11082-016-0516-2

B. Vidoeski, S. Jovanovic, 1. Holclajtner-Antunovic, D. Bajuk-Bogdanovic, M. Budimir,
Zoran Markovic, B. Todorovic-Markovic: Raman study of interactions between HOPG and
polyoxometalates: The effects of acid concentration. Journal of the Serbian Chemical Society
01/2016; 81,7, 777-787; ISSN : 0352-5139 ; 1'=0.9; DOI1:10.2298/JSC160301055V

The public defense of the proposed title of the doctoral thesis has taken place at the School
ectrical Engineering on 26 March 2018, in the presence of the Commission members:

Dr Jovan Cvetic, Full Professor, University of Belgrade — School of Electrical Engineering
Dr Biljana Todorovic Markovic, Research Professor, University of Belgrade — “Vinca”
Institute of Nuclear Sciences

Dr Milica Jankovic, Assistant Professor, University of Belgrade — School of Electrical
Engineering

The Candidate has presented the topic of her research, and so far gained results in a form ot a

Power Point presentation, and she has successfully answered all the questions of the Commission

mem

bers. The Candidate demonstrated excellent knowledge in the field of her doctoral thesis and

she received the grade “satisfied” in the oral defense.

1.3. Evaluation of candidate’s competence to work on the proposed topic

Considering the previous Presentation of the Candidate’s work and the results she has

obtained so far, as well as the acquired experience, the Commission gained insight into the ability
and scientific research work of the Candidate. Taking into account all the above, the Commission



concludes that Candidate Milica Budimir, Master of electrical engineering and computer science,
meets all the necessary conditions to work on the topic of the proposed doctoral thesis.

2. Subject and goal of the research

The subject of research in this PhD thesis is examining structural changes in different carbon
nanocomposites  (reduced  graphene  oxide/polyethylenimine, carbon  quantum  dots/
polydimethylsiloxane and carbon quantum dots/polyurethane) under the influence of
electromagnetic irradiation (near infrared laser radiation and gamma rays), and investigation ot their
antibacterial properties.

Bacterial infections are one of the world’s biggest health problems. Traditional antibacterial
therapies are becoming less efficient, due to the formation of bacterial biofilms, but also because
frequent use of antibiotics can cause mutations in bacterial strains. Therefore, the development of
novel antibacterial materials that will effectively fight both gram-positive and gram-negative
bacteria is crucial. Microbial contamination is a very important issue that includes multiple fields:
health care, water purification systems, food storage etc. Antibacterial materials can help to prevent
biofilm formation, and to solve the problems associated with the use of conventional antimicrobial
agents, such as residual toxicity, short-term antimicrobial activity, and development of resistance in
microorganisms.

The application of carbon nanomaterials is an emerging area of nanoscience and
nanotechnology in the last few decades, because they show unique physical, chemical, electrical
and optical properties compared to their bulk material. Recently, the researchers are more focused
on their biological properties, owing to their great potential as antibacterial agents. Due to the often
opposite opinions and reports on the antibacterial potential of carbon nanomaterials, this topic
represents a major challenge for every researcher.

Graphene is an allotrope of carbon, in a form of two-dimensional, atomic-scale, hexagonal
lattice. Since its discovery in 2004, graphene has drawn tremendous attention as a promising
material due to its exceptional optical, electrical, mechanical, chemical and biological properties.
Graphene oxide is one layer of graphene with a large number of oxygen functional groups arranged
on the surface and edges of the graphene layer. Graphene oxide is usually synthesized by oxidation
of graphite powder, using modified Hummers method. One of the advantages of the graphene oxide
is its easy dispersibility in water and other organic solvents, as well as in different matrixes, due to
the presence of the oxygen functionalities. This remains as a very important property when mixing
the material with ceramic or polymer matrixes and trying to improve their electrical and mechanical
properties. On the other hand, in terms of electrical conductivity, graphene oxide is often described
as an electrical insulator, due to the disruption of its sp” bonding networks. In order to recover the
honeycomb hexagonal lattice, and with it the electrical conductivity, the reduction of the graphene
oxide has to be achieved. Reduced graphene oxide is produced by the reduction of graphene oxide,
and there are a number of ways reduction can be achieved, though they are all methods based on
chemical, thermal or electrochemical means. Some of these techniques are able to produce very
high quality reduced graphene oxide, similar to pristine graphene, but can be complex or time
consuming to carry out.

Carbon quantum dots are a class of functional nanocarbons, which have quasi spherical
shape with sizes below 10 nm. Synthesis methods for carbon quantum dots include thermal
decomposition from citric acid, or cutting graphene oxide by various methods. Their most important
feature is strong photoluminescence and low cytotoxicity, as well as a low cost of synthesis.
Because they belong to a group of photoactive substances, they have a great potential in
photodynamic therapy.

The goal of this research is to design and synthesise novel and efficient antibacterial
materials in the form of carbon nanocomposites (reduced graphene oxide and carbon quantum dots).
The synthesized nanocomposites will then be modified by electromagnetic irradiation (near infrared



laser and gamma radiation), in order to examine the extent to which these types of electromagnetic
irradiation can contribute to the improvement or deterioration of their antibacterial properties.

References relevant to the topic:

. A K. Geim, K. S. Novoselov, The rise of graphene. Nat Mater 2007, 6, 183-91.
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Grigorieva; A. A. Firsov, Electric Field Effect in Atomically Thin Carbon Films. Science

2004, 306, 666-669.

3. L. Feng, L. Wu, X. Qu, New horizons for diagnostics and therapeutic applications
of graphene and graphene oxide. Adv Mater 2013, 25, 168-86.

4. R. Y. Pelgrift; A. J. Friedman, Nanotechnology as a therapeutic tool to combat microbial
resistance. Adv. Drug Delivery Rev. 2013, 65, 1803-1815.

5. G. Reina; J. M. Gonzalez-Dominguez; A. Criado; E. Vazquez; A. Bianco; M. Prato, Promises,
facts and challenges for graphene in biomedical applications. Chem. Soc. Rev. 2017, 46, 4400-
4416.

6. 1. Armentano; C. R. Arciola; E. Fortunati; D. Ferrari; S. Mattioli; C. F. Amoroso; J. Rizzo: J.
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Polymeric Materials: A Review. Scientific World J., 2014, 2014, 410423.
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Exposing the synthesized nanocomposites (hydrophobic carbon quantum dots/polydimethyl-
siloxane and hydrophobic carbon quantum dots/polyurethane) to various doses of gamma rays
changes their physical characteristics and antibacterial properties, depending on the dose level;
Physical and chemical changes that occur in the nanocomposites exposed to electromagnetic
radiation can be observed by the planned methods of material characterization;

Applied methods of modifying materials through irradiation enhance the antibacterial properties
of the synthesized materials, improving their biomedical applicability.

4. Research methods

The research methodology within the proposed doctoral dissertation will cover the following
phases:

W

Synthesis and characterization of the reduced graphene oxide/polyethylenimine nanocomposite;

Deposition of reduced graphene oxide/polyethylenimine nanocomposite on kapton covered with
gold nanoholes;

Examining photothermal and antibacterial properties of the nanocomposite, after irradiation
with laser;

Synthesis of hydrophobic quantum dots;

Doping of the polymers polydimethylsiloxane and polyurethane with hydrophobic gquantum
dots;

Modification of the synthesized nanocomposite by various doses of gamma rays;

Analysing structural changes and antibacterial properties of the nanocomposite;

Raman spectroscopy;

Fourier transform infrared (FTIR);
UV-Vis spectroscopy;
Photoluminescent spectroscopy;
Atomic Force Microscopy (AFM);
Scanning Electron Microscopy (SEM);

Various antibacterial assays and cytotoxicity tests for the characterization of nanocomposites.

. Expected scientific contributions

The main contribution given by this doctoral dissertation is the study of the antibacterial

properties of different carbon nanocomposites which were modified by different electromagnetic
irradiation.

Expected scientific results of the doctoral thesis are:

Reduced graphene oxide/polyethyleneimine nanocomposite on kapton covered with gold
nanoholes substrate, carbon quantum dots/polydimethylsiloxane and carbon quantum
dots/polyurethane nanocomposites will be synthesized;

Synthesized nanocomposites will be modified by near infrared laser irradiation and gamma
irradiation;



- Examination of structural properties of synthesized and modified nanocomposites will be
performed, with an emphasis on their antibacterial properties and cytotoxicity;

- It is expected that the synthesized materials will have improved antibacterial properties after the
applied modification methods.

6. Research plan
The research plan consists of the following phases:

- Agreement between the candidate and supervisors on the issue of the proposed topic;

- Areview of the literature on carbon nanomaterials and their properties with an emphasis on the
photothermal effect, gamma ray effects and antibacterial properties of these nanomaterials;

- Trainings for the microscopic and spectroscopic devices;

- Training on how to write a scientific paper;

- Synthesis of the reduced graphene oxide/polyethyleneimine nanocomposite, carbon quantum
dots/polydimethylsiloxane and carbon quantum dots/polyurethane nanocomposites and their
modification by electromagnetic irradiation;

- Characterization of nanocomposites;

- Result analysis;

- Validation of the starting hypotheses;

- Publishing the results in scientific journals;

- Presenting the results in the doctoral dissertation.

7. Conclusion

Considering all the provided documentation of the Candidate and having an insight into the
current scientific research work of Milica Budimir, Master of electrical engineering and computer
sciences, the Commission concluded that the Candidate meets all the conditions to work on the
proposed topic of the doctoral dissertation “Modification of carbon nanocomposites by
electromagnetic radiation for biomedical application”,

The Commission also concluded that the proposed doctoral dissertation “Modification of
carbon nanocomposites by electromagnetic radiation for biomedical application”™ contains original
contributions to current research in the field of nanomaterials and their applications in biomedicine.
The research planned for this doctoral dissertation will address important issues related to the
possibility of controlled changes in the properties of carbon nanocomposites, due to exposure to
laser light and gamma rays, in order to achieve better antibacterial properties. The methodology that
will be applied make this dissertation a particularly comprehensive research effort, since it extends
from fundamental scientific research in the field of material science to possible therapeutic
applications in medical practice.

The Commission concludes that the proposed topic belongs to the scientific field of
Biomedical Engineering and that the School of Electrical Engineering of the University of Belgrade
is home university for this field of science. The proposed mentors of this doctoral dissertation are
Dr Milos Vujisic, Assistant Professor at School of Electrical Engineereing, University of Belgrade
and Dr Rabah Bouherroub, Scientific Director at Institute for Electronics, Microelectronics and
Nanotechnology, Lille, France. The report is accompanied by a list of papers of Dr. Milo§ Vujisic
that qualify him as a mentor.




In the light of the explanations and positive assessments in this report, the Commission
proposes to the Teaching and Scientific Council of the School of FElectrical Engineering at the
University of Belgrade to approve the preparation of a doctoral dissertation titled "Modification of

carbon nanocomposites by electromagnetic radiation for biomedical application” to Candidate
Milica Budimir, Master of electrical engineering and computer science

In Belgrade, 11 May 2018
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