HPEIVIEQ HAYYHO UCTPAXKUBAYKUX AKTUBHOCTH

Hayuno uctpaxuBauka aktuBHOCT JAp Mupjane ['pyjuh-bBpojunn Be3aHna je 3a uctpaxvBama y
obOnactn (uU3MKe YBpPCTOr CTamha HAKOH W300pa y 3Bame BUIM HaydHU capajgHuk (2009.
roJuHe) 0JiBHjaja ce y TpH (3) HCTpakMBavKa MpaBara;

e Kapakrepu3zaiuja HAHOCTPYKTYPHUX MaTepujajia - MOJEIOBambe ONTHYKHUX CIEKTapa
OKCHTHMX HaHOIIPaxoBa

e MoenoBame ONTHYKHUX U MMOPO3HUX CBOjCTaBa HAHOCTPYKTYPHUX OKCHIA 3a
(oTOKaTaTUTUIKE TPUMEHE

e ApxeoMmeTpuja - IPUMEHA METO/Ia ONITHYKE CIIEKTPOCKOIIH]€ y N3y4yaBamy U
3aIITUTH 00jeKaTa KyATypHOT Hacieha

On_mperxoxHor m3bopa y 3Bame aAp Mupjana ['pyjuh-Bpojunn o6jaBuna je 30 HaydHmMX
nyOnukanuja, ox dera 18 mehynaponnux pagosa ca ISI nucre u jenqHy Hay4uHy MOHOTpadujy
HarMoHaJHOT 3Ha4yaja (M41). Oxpkana je 3 mpenaBama 1mo no3uBy. KpaTka ananmsa pamoBa
Koje je myOJImKoBajia y OBOM MEPUOJTy J1aTa je Y HACTaBKY:

Kapakrepu3anuja HAaHOCTPYKTYPHHMX MaTepHjaja -
MO/eJI0BaKe ONTHYKHUX CIIeKTapa
OKCHIHUX HAHOIIPAX0Ba

Hp Mupjana ['pyjuh-BpojumH aKkTHBHO y4YecTByje y HCTPaXHBalky HAHOCTPYKTYpPHHX
Marepujajga, MoceOHO Yy pa3BoOjy W NPHMEHH HYMEpUYKHX Mojena 3a aHammzy HWIl wu
PamanoBux, xao u MozaenmoBamy ¢oroaymuHecteHTHUX (DJI) cnekrapa, koju omoryhaBajy
CHCTEMATCKO MPOyYaBame CTPYKTYPHHUX U CIIEKTPOHCKHX 0COOWHA BEJIMKOT Opoja pa3IHuuTHX
HaHoOMaTepHjaja, ca IUJbEM Jla ce MOTIyHHje pa3yMe Kako yCJIOBHM CHHTE3€ HaHOMaTepujaia
yTHUY Ha jKeJhbeHe KapaKTEepPUCTUKE U MOTeHIujanHy npumeny. Jp Mupjana ['pyjuh-bpojuun y
KOHTHHYHUTETY pa3BHja HyMEpUYKe MOJENE U KOJOBE, KOjU Cy JI0 caJla YCHEIIHO NPUMEHEHU
Ha IIUPOKY KJIAcy HAHOCTPYKTYpHUX MaTepHjaja (HaHONpPaxoBE, KBAaHTHE Tayke, KBAHTHE
KHIIe, TAHKE CJI0jeBe M BUIIECTIOjHE CTPYKType). On nmperxoaHor u3bopa y 3Bame, 1p Mupjana
I'pyjuh-bpojune je ycmemHo pa3Bwia W YHampeaAWiga HHA3 HYMEPHYKUX MoOJeNa |
OJIroBapajyunx COQTBEPCKUX NpOIEaypa 3a NpoydaBame UYUCTHX H jgonupanux Ti0,
HaHOCTPYKTYpa, ZnO HaHOMPaxoBa, Kao U ZnSe HaHOCJIOjeBa.

Kapakrepuzanmuja unctux u gomupanux TiO; HaHOompaxoBa CHHTETHCAHHMX COJI-
re;J METOA0OM

i M. J. Séepanovi¢, M. Gruji¢-Brojéin, Z. D. Dohéevié-Mitrovi¢, Z. V. Popovié
Characterization of Anatase TiO, Nanopowder by Variable-Temperature Raman
Spectroscopy
Science of Sintering, 41 (2009) 67-73



ii M. gc’epanovié, S. Askrabi¢, M. Gruji¢-Broj¢in, A. Golubovi¢, Z. Dohcevi¢-Mitrovic,
A. Kremenovi¢ and Z.V. Popovi¢
Low-Frequency Raman Spectroscopy of Pure and La-Doped TiO, Nanopowders
Synthesized by Sol-Gel Method
Acta Physica Polonica A 116 (1) (2009) 94-102

Kanpunatkuma je mpuMeHoM MeTone (oHOCKOr orpaHnuema (M®PO) crnposena AeTasbHY
aHaNIM3y IOHAalllaka HajuUHTeH3uBHHUjer PamaHoBor E, Moia aHatac ¢as3e y HaHOIPaXOBUMa
Ti0O,, cunteTncanuM coin-rea Merogom. Ilonamame £, MoJa nociueauia je yTunaja GoHOHCKOT
OrpaHHYeHba, ycie] HaHOMETapCKuX AuMeHs3uja kpucranurta (11-15 nm), anm u mpucycra
OpykutHe (aze y ys3opumma. OBa Meroja KapakTepuzaluje omoryhuna je enemMeHTapHy
naeHTudukanmjy ¢aza v MpoieHy BeIMYWHE HAHOKPHCTAIWTA W cajp)kaja OpykuTHE daze y
y30pIMMa Yy 3aBHCHOCTH OJ NapaMerapa CHHTe3€, YMME C€ JIOLUI0 A0 ONTHUMHU3AIHje
mapameTapa mporeca CHHTe3e, Kao mTo ¢y pH BpeaHOCT cpenuHe MpHiINKoM npeBolhema y re,
Tpajame ,,CTapema’ Tena, TeMmreparypa, Op3uHa W BpeMme KainmuHanuje. Kox mommpaHmx
y30paka yCTaHOBJbEHO j€ 1a ¢y (PEKBEHTHH IOMepaj U IHpeme £, Paman Moa mocienuna He
caMO HaHOJMMEH3Wja KpUCTajdWTa aHataca, Beh M Heypel)eHOCTH WHIYKOBAaHE IPHCYCTBOM
OpykutHe (haze m La gomanta y y3opiuma aHatac HaHONpPAaxoOBa JONMHUPAHUX JIAHTAHOBUM
jomnma (La’") y ocery ox 0 mo 6 wt.%, Takohe cmHTeTHCaHMX coni-ren meronoMm. OBO je
motBpaMI0 ga jomupame TiO, La’™ jommma mno6osbmaBa (asHy M HAHOCTPYKTYPHY
crabuiaHoct TiO; mpaxoBa Ha BUCOKUM TeMIiepaTypama, Te noBehaBa epukacHOCT KOHBEp3Hje
CBETJIOCTH, Kao W moBehame u crabumnzanujy Temmeparype (a3HOT Tpena3a aHaTac-pyTHIL.
WzBpmieno je mopeheme mozmena MPO u Mozena enacTHYHOT KOHTHHYyYMa KOjU OITUCYje
aKycTHuKe (OHOHCKE MOJOBE PETHCTPOBAHE Y HUCKO-(PEKBEHTHOM orcery (<40 cm™), koju
ce Takohe Moke KOPUCTUTH 3a ofipeluBambe BEIMUMHE HAHOYECTHIIA Y HAHOIPAaXOBHUMA.

Kapakrepu3anmja anatac HAHONPaxoBa IONUPAHUX BAHATUjyMOM

M. Séepanovi¢, S. Askrabié, M. Grujié-Brojéin, A. Golubovié, Z. Dohéevi¢-Mitrovi¢, B.
Matovi¢ and Z.V. Popovié

Raman study of vanadium-doped titania nanopowders synthesized by sol-gel method
International Journal Of Modern Physics B 24(6-7) (2010) 667-675

Hp Mupjana [D'pyjuh-bpojunn mnpoydaBana je HaHompaxoBe TiO, mpousBelneHE CON-Teln
CHUHTE30M (YUCTE U JONMpaHe BaHAJAMJYMOM) IJ€ j€ UCITUTUBAH yTHIIA] YCIOBa TeMIepaType u
Tpajama Mpoleca KajllMHAIMje Ha HBUXOBE CTpyKTypHe Bapujanuje. Ilpumenom Pamanose
CIEKTPOCKOIH]€ YCTAHOBJbEH j€ BEJIMKU yTUIA] TEMIIEpAaType U Tpajama Mpoleca KaJlluHaluje
Ha TOHAllalke HajuHTeH3uBHHjer PamaHoBor E, Moza, JAOK c€ KOJ HEJONMPAaHUX y30paKa
MOKa3aJIo Jia OBOT yTHIaja CKOPO M Jia HeMa.

IIpuMeHa cieKTPOCKONCKE eJIMNCOMETPHje Y KapaKTepU3aluju aHaTac
HAaHOMpPaxoBa

M. Scepanovi¢, M. Grujié¢-Brojéin, M. Miri¢, Z. Dohé&evi¢-Mitrovi¢ and Z.V. Popovié
Optical Characterization of Laser-Synthesized Anatase TiO2 Nanopowders by
Spectroscopic Ellipsometry and Photoluminescence Measurements

Acta Physica Polonica A 116 (4) (2009) 603-606

Kapakrepu3anuja HaHOIIPaxoBa METOJOM CIEKTPOCKOIICKE EIMIICOMETHjE, Ka0 U HyMEPHUYKO
MOJIETIOBakhe EKCIIEPUMEHTATHUX pe3ylTarta OMiIM Cy NpeIMeT HCTpaxkuBawma ap Mupjane
I'pyjuh Bpojunn. Kannunarkuma je MpUMEHOM CIEKTPOCKOIICKE eUIcoMeTpuje oapehupana



IUeNeKTpUuHy (QyHKIHjy Jacepcku cunTetncanux Ti0, HaHOMpaxoBa y €HEPreTCKOM OICEery
on 1,5 no 6 eV Ha cobHOj TeMnepaTypu. YcarjamaBamkeM JIPYyror W3Boja €KCIePUMEHTAIHO
JIOOMjeHnX CTeKTapa ca oAaroBapajyhum ananuTuakum oOnmukoM oBuX (yHKIHja, oapehene cy
SHepTHje KOje OJroBapajy pa3InuuTHM Mel)y30HCKUM eNeKTPOHCKUM TpenaznMa y anarac TiO,
HAHONPAaXOBUMa W YCTaHOBJBCHO Jla CE€ CHEpruja Koja ce MOXE MPUITUCATH HHIUPEKTHOM
npena3y u3Mmely BaJeHTHE M IPOBOHE 30He oBehaBa ca cMamemheM BEITMUNHE KPUCTAINTA.

Moaudpukanuja metoae GOHOHCKOT OrpaHUYeRHa 32 pyre CTPyKType THTAHUjyM
AUOKCHIA

A. Kremenovié¢, M. Grujic Brojcin, A.-M. Welsch, P. Colomban

Heterogeneity in iron-doped titania flower-like nanocrystalline aggregates: Detection of
brookite and anatase/rutile size-strain modeling

Journal of Applied Crystallography 46 (6) (2013) 1874-1876.

Mogen ¢oHOCKOT OrpaHHYeHha MOAU(DUKOBAH je 3a MPUMEHY KOJ HAaHOKPHCTAIHUX arperara
TiO, nommpanux rBOkheM, rae je pasmMarpaH yTHIAj JONMpPama rBoK)eM Ha 1ojaBy TpH ¢asza
TiO; y paznuumnzum y3opuuma. p ['pyjuh-bpojuun je momodukosana u npumenniaa MPO Ha
anatac u pytun (3D M®PO Ha chepre HaHodecTuile aHaraca u 2D M®PO Ha HaHOXKUIIE
pyTumiia), oKas3aBIlly Jla ce NoBe3uBameM pesynraTa Pamanose ciekrpockonuje 1 XRPD moxe
OCTBAapUTH KBAJHUTETaH YBUI Yy MOP(OJIOTHjy U XeTeporeHOCT HaHOKpucTanHux arperata TiO;
Ooratux OpyKMTOM, ca MaJUM KOJMYMHAMA aHaTaca W pyTWia, Yydja 1ojaBa je KOopesucaHa ca
KOHIIEHTpaIjomM nomnanta Fe.

l'[per.ﬂemm paaoBu u3 00J1aCTH ONITHYKE KapaKTepmaunje OKCHIHHUX
HaHOIIpaxoBa

i M. Grujié-Broj¢in, M.J. Séepanovi¢, Z.D. Dohcevié-Mitrovi¢ and Z.V. Popovié
Use of Phonon Confinement Model in Simulation of Raman Spectra of Nanostructured
Materials
Acta Physica Polonica A Vol. 116(1) (2009) 51-54

ii ~ Z.V.Popovi¢, Z. Dohéevi¢-Mitrovi¢, M. Séepanovi¢, M. Gruji¢-Brojéin and S.
Askrabic
Raman scattering on nanomaterials and nanostructures
Annalen Der Physik 523(1-2) (2011) 62-74

iii  Maja Séepanovié, Mirjana Gruji¢-Brojéin, Zorana Doh&evié-Mitrovié, and Zoran V.
Popovi¢
Investigation of vibrational and electronic properties of oxide nanopowders by

spectroscopic methods
Journal of Physics: Conference Series 253 (2010) 012015

3axBasbyjyhu nosHaBamy BETUKOr Opoja €KCIIEPUMEHTAIHUX TEXHUKAa M HyMEPUUKUX MoJelna
3a aHalM3y pe3yirata J0OUjeHMX HUXOBOM IIPUMEHOM, Kao M TEOPUJCKOM H3ydaBamy
ONTHYKUX KapaKTePUCTHKAa BETMKUOr Opoja OKCHIHWX HaHOMpaxoBa, ap Mupjana ['pyjuh-
Bpojuunn je nana 3HauajaH JOMPUHOC Y 00jeIMbaBalky Ca3Hamka O YTUIAjy METOa CHHTE3€ Ha
OINTHYKA CBOjCTBAa OKCUJHUX HAHOINPaxoBa, HOCEOHO YUCTOT U JonUpaHor aHaraca. O6jaBibeHa
cy 3 mpernenHa pana y mel)yHapoJHUM dYacomucuMa, O]l KOjUX 2 IO TIO3WBY, y KOjUMa ce
JeTaJbHO OMHCYjy paznuuuTH acrnektu npuMmeHe M®O na PamaHoBe CHEKTpe OKCHIHHX
HAHOMIPaXoBa.

MoHorpaguja HaHOHAJIHOT 3HAYaja



Z. D. Dohéevié-Mitrovié, M.J. Séepanovi¢, M. Grujié-Brojéin, Z. V. Popovié
"Opticka svojstva nanomaterijala”
Institut za fiziku, Akademska misao 2011.

Ha ocHOBY BHIIIETOIHIIHMX HCTPAXKHBAKHA ONTHYKAX CBOjCTaBAa OKCHUAHHUX HAHOIPAXOBa, Kao
U JOKTOpcKe aucepranuje ap Mupjane ['pyjuh bpojunn, Hacrana je u monorpagwuja "Onruuka
cBojcTBa HaHoMmarepHwjana", unju je koaytop u np ['pyjuh-bpojumn. ¥ oBoj monorpadwuju
Ca)keTe Cy TEXHMKE ONTHYKE KapaKTepusaluje U HyMEpUYKOI MOJENIOBama, ca JIeTajbHOM
pa3pazoM METOJI0JIOTHj€ U BeOMa eAyKaTUBHMM M WIyCTpaTUBHUM pe3yiaTatuma. PamaHoBa u
(hOTONTYMHUHECIICHTHA CIEKTPOCKONHja, WH(paIpBeHa CIEKTPOCKONHja U CHEKTPOCKOTICKA
eNMIICOMETPHja M HUXOBE NPUMEHE Y KapakTepusauuju yuctux u gonupanux TiO; u CeO,
HAaHONPAxoBa, Ka0 M MEXaHWYKW aKkTuBUpaHux ZnO HaHOMpaxoBa, pa3MaTpaHe cy Yy
KOpealuju ca pe3yiraTuMa JOoOMjeHHM IpyTruM MeToaama, kao mro cy XRD, SEM, AFM,
TEM, BET utn.

MogaesoBame ONTHYKUX U MOPO3HHUX CBOjcTaBa yucTOr U Jonupanor CeO;

Z. V. Popovi¢, M. Gruji¢-Brojcin, N. Paunovi¢, M. M. Radonji¢, V.D. Aratjo, M. 1. B.
Bernardi, M. M. de Lima, A. Cantarero

Far-infrared spectroscopic study of CeO2 nanocrystals

Journal of Nanoparticle Research 17(1) (2015) 1-7

Y oBom pany ap [I'pyjuh-bpojurH mnpuMeHuia je CBOje BHIIEXOJMIIHE HMCKYCTBO Y
MOJIENTOBaby HH(PALPBEHHUX CIIEKTapa OKCHIHUX HAaHOIIPAaxoBa METOAaMa e(eKTUBHE CpEINHE
(Brugemann-oB u reHepanmcaHun Brugemann-oB Mojen, KOjH YKJbydyje Tapamerpe
nopo3Hoctn Matepujana). Crektpu mopo3Hux HaHompaxoBa CeO; (YHCTHX W JONMUPAHHUX
0aKpoM) MOJIEIOBaHN OBHM METOJ]aMa, Kako OW ce yCTaHOBHO YTHIIA] KOHIICHTpPAIMje TOTIaHTa
Ha onTH4ke (JOHOHE M HUXOBY T'yCTHHY cTama. OBO je, KOJMKO je Hama MO3HATO, MPBU pax y
KOME Ce JIeTaJbHO M CHCTEMAaTU4HO TpeTupajy umH@panpsenu crektpu CeO, HaHOmMpaxoBa
MeTo/1aMa e(peKTUBHE CpeIHE.

Kapakrepuszanmuja ZnO nHanompaxoBa: Momu¢pukanuja MPO u pe3oHAHTHO
PamaHnoBo pacejame

i M. Séepanovi¢, M. Gruji¢-Brojéin, K. Vojisavljevié, and T. Sreé¢kovié
Defect induced variation in vibrational and optoelectronic properties of nanocrystalline
ZnO powders
Journal of Applied Physics 109 (2011) 034313

ii M. Séepanovi¢, M. Gruji¢-Brojéin, K. Vojisavljevi¢, S. Bernik and T. Sre¢kovié
Raman study of structural disorder in ZnO nanopowders
Journal of Raman Spectroscopy 41 (2010) 914-921

Hp Mupjana ['pyjuh-bpojunn je mana 3HauajaH JOMPUHOC aHATU3U aKTUBHPAHHUX MPaxoBa U
CHHTEpOBaHHUX Kepamuka ZnO, Kako OM ce MCIHTale BPCTE CONCTBEHHX JedeKraTa U mpuMeca
YBEIEHUX TOKOM TIpolieca MEXaHWYKe akTHBanuje. PaMaHOBa CIEKTPOCKOMNMja MPUMEHEHA je
3a UCTPAXKUBAKE CTPYKTYPHUX U CTEXHOMETPH]CKHX MPOMEHa KoJ akTuBupanux ZnO mpaxosa
y 3aBUCHOCTH OJl BpeMeHa aKTuBaluje W u3bopa amaparype. Ha Ha ocHoBy Hymepuukux
cumynanuja, redshift m mmpeme PamaHOoBMX MomoBa mpBOr pena EMEh g E(LO),
KapakTepucTHyHuX 3a ZnO, KoJ aKTHBHpPAHUX IIpaxoBa MpHUNUcCaHU je mnoBehaHoj
HeypeheHOCTH NMPOy3pPOKOBAHO] MEXAHUYKHM MIIEBEH-EM, IPaNeHOM CMambeHheM KopelaloHe



nayxuHe. OBaKBO TMOHAIIAKE YCIEIIHO je MPOyYeHO MpuMeHOM MoaudukoBane M®PO
(yxpyuen je edekar anusorponuje Brillouin-oBe 30me). Tako mnponemena npomeHa
KOHIIEHTpamyje nedekara y3 Mo3HaBame OJHOCA KapakrepucTHaHuX Momosa E1(LO) / EMen,
yKazajia je Ha KHCCOHHYHE BaKaHIMje¢ Kao JoMUHAHTHe Aedekte. [lomatHu Paman MonoBu Ha
~510 m 550 cm’' y crmekTpuMa aKTHBHpaHHX TIPAaxOBa NPHIMCAHH Cy BHOpaIHjaMa
MOBPIIMHCKUX ONTHYKUX (POHOHA, KOje Ce jaBJbajy Ha IpaHUIlama 3pHa u3Mely ynrpaduHux
HaHOKpucTanuta u HeypeheHe obnactu y ZnO HaHOKpucTanuTuma. KanmumaTkuma je oBe
MOJIOBE YCIIEIIHO MOJEJIOBala MpPeKo [ueseKTpuyHe (yHKIMje W IOpPO3HUX CBOjCTaBa
aKTHUBMpAHMX IIpaxoBa Yycjiel MpPUCYCTBAa BakaHIMja, IITO je YyKa3ajJo Ha mnoBehame
KOHIIEHTpaluje Jederara ca BpeMEHOM akTHBaluje y BuOpo-miuHy. [loBehame BpemeHa
aKTUBallMje y TJIAaHETaPHOM MIIMHY JIOBEJO je JI0 M3BECHE penakcaimje y npaxoBuma, rnpahene
CMameHheM KOHIICHTpAIlMje CONICTBEHUX Jieekara, ajli U 1M0jaBOM YBeJeHHX jaedekaTa ycien
KOHTaMHUHAaIK]je Y IUPKOHHU]yMCKHIM MOCy1aMa 3a MIICBEHbE.

YTumaj Heype)eHOCTM Ha ONTHYKA U CIEKTPOHCKA CBOjCTBA akTUBUpaHUX ZnO
UCIIUTUBAH j€ TNPUMEHOM (OTONYMHHECIICHTHE CIEKTPOCKONHje U  CHEKTPOCKOICKE
emuncomerpuje. IlpemanokeHa je W3MEHEHA HMHTEpPIIPETalja PE30HAHTHOT —TI0jadarsa
PamanoBor pacejama TpBOT M JApYror peaa y BucokoHeypehenmm ZnO HaHONpaxoBHMA.
JletasbHa aHanu3a pe3oHaHTHOr PamaHoBor edexra y ZnO H3a3BaHOI JIACEPCKUM 3PauyeHEM
SHEepruje Mame O]l €HepreTCKOr IMpolena jaja je 3HadajHe MH(OpMaIuje O eJIeKTPOHCKUM
CTalkbuMa yHyTap eHeprerckor mnpouena ZnO HaHOIPaxoBa. Y 0UEHO jeé CHCTEMATCKa 3aBUCHOCT
jaurHe eJIeKTPOH-POHOH ClaphBama O] KOpelalroHe JTy>)KHHE Koja 3aBUCH o] HeypeheHocTu
Kpuctanse pewerke ZnO.

Kapakrepu3auuja ZnSe HaHOC/I0jeBAa IPUMEHOM CHEKTPOCKOIICKE eJIUNCOMeTpHje

M. Scepanovi¢, M. Grujié¢-Brojéin, D. Nesheva, Z. Levi, I. Bineva and Z.V. Popovi¢
Characterization of ZnSe Nanolayers by Spectroscopic Ellipsometry
Acta Physica Polonica A 116 (4) (2009) 708-711

VY oxBUpy OBHMX HUCTpakuBama Ap Mupjana ['pyjuh-bpojunn OGaBuima ce MoJenoBameM
SIMTICOMETPH]CKHIX CreKTapa ZnSe HaHocnojeBa. [lokasanana je ma ce Moxe moctuhu 100po
Cllarame eKCIEPUMEHTATHUX M MOJEIOBAaHHMX EIMIICOMETPH]CKUX CIeKTapa kaaa ce ZnSe
HAHOCJIOjeBH TPETHUPAjy Kao MOJIMKPHCTAIHM MaTepujal MOJEIOBAH Kao CMeEIa ITOPO3HOT
kpuctaHor ZnSe u amopduor ZnSe, mpumeHoM Bruggeman-oBor mojena edexkTuBHE
cpenune. [lokazano je na CE moxe natu Beoma KopucHe HHGOpMAIje O KPUCTATUIHOCTH U
HaHOCTPYKTYPU TOJIyNPOBOJAHMYKMX TaHKUX ciojeBa. Pesynaratu no00MjeHHM HPHUMEHOM
CIIEKTPOCKOIICKE EIUIICOMETPHje YKa3aau cy Ha noBehame yzena amoppHe (ase Mpu cCMambewny
nebprae ZnSe cioja, mTO je OWiIo y 0OpOj caryiiacHOCTH ca pe33iTaTuMa JOOWjeHUM
npumenoM ADM, PamaHoBoOT pacejama U ONITUIKE TPAHCMHUCH]E.

MogesioBambe ONTHYKHMX M TOPO3HUX CBOjCTABA
HAHOCTPYKTYPHHMX OKCH/A 32 (POTOKATAJIMTHYKE PUMEHE

VY OICeXHUM UCTPAKUBAKHMMA PA3IMYUTUX OKCUIAHUX HAHONPAXOBa, CHHTETUCAHUX COJ-TEN U
XUAPOTEPMATHOM METOJOM ca LWJbEM Ja Ce BapHjallMjoM Mapamerapa CUHTe3e a00ujy
¢dotokaranuzaTopy e(dUKACHM Yy Jlerpajaluju OpraHckux 3arahuBaua (Kao ITO CYy
(dapmarieyTcka jeIMIBEHa, METONMPOJION W arjipa3oliaM, pa3Hu TECTHLUIN, XEpOUIUIAn W
oprancke 00je), KaHIUJATKUIa je y3ena ydemhe y ekcnepuMeTuma PamaHoBe U



(OTOTYMUHECIIEHTHE CIIEKTPOCKONH]jE, KA0 U HyMEPHUKOM MOJENIOBAkY E€KCIEPUMEHTATHUX
cnekrapa. IlocebHo, np Mupjana ['pyjuh-bBpojunH je pasBuna u yHampeauia MOJEIOBambE
MOPO3HMX CBOjCTaBa HAHOIPAXOBa, IITO CE IMOKA3aJl0 Ka0 ECCHIWjATHO TPH KOpEIHcamy
MOpP}OJIOMIKIX CBOjCTaBa HAaHOIPAaxBa ca BUXOBOM (OTOKATATMTHYKOM akTHBHOIIhy. Ha Taj
HA4YMH Cy BapHjalrjoM U IPaBHIHUM H300pOoM oAroBapajyhux mapamerapa CUHTe3€ 100MjeHU
HaHOIIPAXOBU YIOPEIUBU WIH 00JbU 01 KOMeplinajaTHoT (poTokaranusaropa Degussa P25.

MopenoBawe ONTHYKUX M NMOPO3HUX CBOjCTaBaA HAHOCTPYKTYPHHX OKCHIA 3a
(doroxkaTamuTHUKe MpUMeHe

i A. Golubovi¢, N. Tomi¢, N. Fincur, B. Abramovi¢, 1. Veljkovi¢, J. Zdravkovi¢, M.
Grujié-Brojéin, B. Babi¢, B. Stojadinovi¢, M. S¢epanovié
Synthesis of pure and La-doped anatase nanopowders by sol-gel and hydrothermal
methods and their efficiency in photocatalytic degradation of alprazolam
Ceramics International 40(8) (2014) 13409-13418

Ii  Gruji¢-Broj¢in, M., Armakovi¢, S., Tomi¢, N., Abramovi¢, B., Golubovi¢, A.,
Stojadinovié, B., Kremenovi¢, A., Babié, B., Doh&evié-Mitrovi¢, Z., Séepanovi¢, M.
Surface modification of sol-gel synthesized TiO, nanoparticles induced by La-doping
Materials Characterization 88 (2014) 30-41.

iti  A. Golubovi¢, B. Abramovié¢, M. géepanovic’, M. Gruji¢-Brojéin, S. Armakovié, 1.
Veljkovi¢, B. Babi¢, Z. Dohéevi¢-Mitrovic, and Z. V. Popovic¢
Improved efficiency of sol-gel synthesized mesoporous anatase nanopowders in
photocatalytic degradation of metoprolol
Materials Research Bulletin 48 (4) (2013) 1363-1371.

v M. Sc’epanovié, B. Abramovi¢, A. Golubovi¢, S. Kler, M. Gruji¢-Broj¢in, Z. Dohcevié-
Mitrovi¢, B. Babi¢, B. Matovi¢, Z. V. Popovié
"Photocatalytic degradation of metoprolol in water suspension of TiO, nanopowders
prepared using sol—gel route"
Journal of Sol-Gel Science and Technology 61 (2012) 390—402

v A. Golubovié, I. Veljkovi¢, M. Séepanovié, M. Gruji¢-Brojéin, N. Tomié, D. Mijin, B.
Babi¢
Influence of some sol-gel synthesis parameters of mesoporous TiO, on photocatalytic
degradation of pollutants
Chemical Industry and Chemical Engineering Quarterly OnLine-First Issue 00 (2015)
20-20

vi  A. Golubovi¢, B. Simovi¢, M. Sc’epanovié, D. Mijin, A. Matkovi¢, M. Gruji¢-Brojcin,
B. Babi¢
Synthesis of anatase nanopowders by sol-gel method and influence of temperatures of

calcination to their photocatalitic properties
Science of Sintering 47(1) (2015) 41-49

Jlp Mupjana ['pyjuh-bpojunn je mana 3HavajaH JONPUHOC YCIENIHO] MpUMeHH PamanoBe
CTIEKTPOCKOTIH]j€ 33 KapaKTePH3alHjy YUCTHX U JOMMPAHUX HAHOIPAXOBa THTAHH]YM JUOKCHIA
CHHTETHCAaHUX COJI-TET M XUAPOTEPMAIHOM METOJO0M, HAMEHEHHX 3a (POTOKATAIUTHUKY
pasrpaamy opraHckux 3arahusaua. 13 pesynrata mepema PamanoBor pacejama oxpehene cy
JOMUHAHTHE (pa3e y CHHTETHCAaHMM HaHOIIPaXxOBHMa, JIOK Cy JUMEH3Hje U Halpe3ama y aHaTac
HAaHOKPHCTAIUTUMA TIpoueweHe npumMeHoM M®PO nHa wm3mepene Paman cmektpe. OBu
eKCIIEPUMEHTATHM PE3yJNTaTh Cy TIoKasanu Ja cy cBU cuHTetucanun TiO; y3opumn
HAHOKPHUCTAJIHHU, Ca JIOMUHAHTHOM aHatac (a3oM M MaluM cajapkajeM Opykurta. PamanoBa
CHeKTpockonuja Takohe je kopumiheHa 3a JEeTEKTOBame U ojapehuBame crenupuIHnx
nospirHckux rpyna (CH, OH rpyne) 3nauajuux 3a npouec GoTokaTanuse, ynpkoc TOME LITO



CE Y TOM CIIEKTPAIIHOM PETHOHY jaBjha MHTEH3WBHA (hOTOIYMHUHECIICHIIM]A. 3aNaXkeHo je /a je
Mox Ha ~3700 cm™, mpumucan BHGpamMjaMa CIOGOXHMX XHAPOKCHIHHX TPYyNa aKTHBHHX Y
nporecy GpoTokaTanuse, MPUCYTaH KO YHCTUX U y30paKa JONMHPAHHUX JJAHTAHOM KOjH TTOKa3yjy
HajBehy oTokaTamUTHYKy aKTUBHOCT.

Vr1unaj nomupama Ha EHEPreTcKH IpOoLeN M eHeprje eJIeKTPOHCKUX Ipera3a JIp
Mupjana ['pyjuh-bpojunH wucnuTHBana je NOPUMEHOM CIEKTPOCKOIICKE EJIUIICOMETpH]eE.
AHanu3za pesyiraTa IHOKaszala je IOCTOjarbe JUPEKTHOT EJNEKTPOHCKOr Tpea3a y CBHM
cuHretrcanuM TiO, HaHOIpaxoBHMMa, KAa0 M Jla UIMPUHA JUPEKTHOT €HEpreTCKOr Mpolena y
IpaxoBUMa JONUPAHUM JIAaHTaHOM pacTe ca nosehameM koHueHTpauuje La nomanta y TiO;
300r mpucycTBa JaHTaHOBOI okcuaa La,Os. 3a motpebe oBe anammse ap Mupjana I'pyjuh-
BpojunH pa3Buia je opuruHaiHu cCoPTBEp.

[Tocebno 3nauajan nompuaoc ap Mupjane ['pyjuh-bpojunn npencrasspajy aHammse pesyiarara
Mepema MOpO3HOCTH HaHompaxoBa TutaHujyM auokcuaa. Ocum BET u BJH merone, koje cy
yoOuJajeHe y aHanu3u nopo3Hoct, ap ['pyjuh-bpojuun je moposHe cTpyKType CHHTETHCAHUX
npaxoBa aHamusupana npumeHom CPS (Corrugated pore structure) monena, 3a KOjH je
Kpenpasia HyMEpUYKH MOje]d M pa3Bwia onroapajyhu opurmnamau codreep. Ha ocHoBy
CPSM nponemuBa je T3B. (haktop "BujyraBoctu' (fortuosity factor), xoju aaje uabopmamje
0 IOBE3aHOCTHU IOpa, OJHOCHO ONMKCYje TPAHCHOPTHY IUHAMUKY IOPO3HE CpEeIuHE, YHUMe
nocpeaHo ojapehyje Bpeme GpoToKaTAIUTHYKE Peakilyje, BeoMa 3HauajaH rmapaMmerap y aHalu3u
(hoTOKaTANTUTUYKE aKTHBHOCTH MOPO3HUX MarepHujasia. Tpeda HAIOMEHYTH Jia ce 0Baj MOJIEN U
coTBep, KOjU Ce YCIEIIHO KOPUCTE 3a MOJENOBAamkE IMOPO3HMX CBOjCTaBa HAHOIPAXoBa
TUTAHUjyM JHOKCHU/IA, MOTY KOPHCTHUTH U 32 IpyTe MOPO3HE MaTepHjae.

Ha ocHoBy oBHX pe3ynrara, moOoJseiraHa (POTOKAaTaTIUTHYKA CBOjCTBA YHCTHX H
nonmupanux TiO, HaHONpaxoBa MpPHUIIMCAaHA Cy MamOj JAWMEH3WjH HaHOYeCTHHa, Behoj
cnenu(UIYHO] MOBPIIMHU W 3allpeMHHHM 1Opa, Kao W Behoj KOMIUIEKCHOCTH MOpPO3HE
cTpykrype. IlpucyctBo wn3omoBaHHX (CIIOOOMHMX) XHIPOKCHIIHUX Tpyna Kao H3y3eTHO
aKTHBHUX TO3WIMja y MaTepHujairy, peructpoBano je y TiO, HaHOmpaxoBUMa ca HUCKHUM
cagpkajem La, koju moka3yjy HajBehy akTHBHOCT y JAeTpajalyjd METOIPOoJioiia. Y OBOj
CTyAMjU Takole je MOoKa3aHO Jla MPUMEHOM METOJAE CIEKTPOCKOIICKE EIUIICOMETPUje MOXKe
outu oxpehena Bpcra enekTpoHckor mpenaza y TiO,. AHanu3a oBHX pe3yiTara IOKazyje
MOCTENEHN pacT EHEpPreTcKor mpolena ca JONUPameM, IITO MOXe OWTH INPHUIIHUCAHO
Moaudukanuju nospmuHe Hanouectuna TiO,, mto je n notBpheno STM-STS mepemuma.

KpakTepu3auuja HaHonmpaxoBa OPyKHTa CHHTETHCAHUX XHIPOTEPMATHOM
MeTOo/10M

i N. Tomi¢, M. Gruji¢-Brojc¢in, N. Fincur, B. Abramovi¢, B. Simovi¢, J. Krsti¢, B.
Matovié¢, M. Séepanovié
Photocatalytic degradation of alprazolam in water suspension of brookite type TiO,

nanopowders prepared using hydrothermal route
Materials Chemistry and Physics 163 (2015) 518-528

HoBa ucrtpaxuBama 3amodera cy TokoMm 2013. rogune, ca MuibeM Ja ce HaHOMpPax OpPYyKHTa,
Hajpehe W HajMame CHHTETHCAHE W WCIHUTHUBAaHE MOTU(UKAIMje TUTAHUJYM IHOKCHIA,
CHHTETHILE PETaTHBHO jeTHOCTABHOM METOJOM Kao IITO je XyapoTepMaliHa CHHTEe3a, Te J1a ce
KOHTPOJIOM M MaXXJbUBUM H300pOM IapaMmerapa cHUHTe3e A00Hjy HaHOMpaxoBW ojpeheHux
KapakTepUCTHKa, KOju OW CBOjOM e(QUKacHOIINY MOTTM Ja KOHKYPHINY APYyTUM JIBeMa
monudukanujama TiO,, kao u komepuujanaum TiO; poTokaTanuzaTopuma.



Kapakrepuzanuja TiO;/ WO3 npeBiiaka CHHTETHCAHMX IJIa3Ma
€JIeKTPOJIUTHYKOM OKCHIALHjOM

D. Maringev, M. Grujié-Brojéin, S. Stevanovié¢, M. Radovié. M. Séepanovi¢, Z.D.
Dohcevi¢-Mitrovié

The Raman spectroscopy of TiO,/WO; coatings formed by plasma electrolytic
oxidation

2nd Conference of The Serbian Ceramic Society, Programme and the book of
abstracts 2CSCS-2013. June 5-7. 2013, Belgrade Serbia

Hp I'pyjuh-bpojuns je ka0 MEHTOp AOKTOPCKHUX cTyauja Mp Jlanujene MapuHues, 3ajeHo ca
KaHIMJATKHEBOM 3amodesia NpOyYaBamke THUTAHUjyM TUOKCHAHHMX TpeBiaka TiO/WOsy
a"atac ¢a3u. Metonama PamanoBe 1 OTOTyMHHECIIEHTHE CIIEKTPOCKOIIHNjE U CIIEKTPOCKOTICKE
eJIMIICOMETPH]je, Y OKBUPY UCTPAKMBamba OKCUAHUX IIpeBJaKa 3a (OoTOKaTaTUTHUKE NMPUMEHE,
JIETaJbHO ce pa3Marpajy (POHOHCKA U €JIEKTPOHCKA CTPYKTypa OBUX NpEBJIAKa, ca [IUJbEM Ja ce
YCTAaHOBU KakaB YTHUIAj] WMMajy CTPyKTypa TMpeBiaka W ydemihe BoidpaM TPUOKCHUAA Y
(hoTOKaTATMTUYKO] JeTpaaliji opranckux 3arahjusada (rpe cpera (hapMareyTCKuX jeInmbemha
METONPOJIONA U AJIIPA30JIaMa).

IpenaBame Mo MO3UBY U3 00J1aCTH ONTHYKE KApaKTepU3aNMje OKCHIHHX
HAaHONPAaxoBa

M. Grujié-Brojéin, M. Séepanovi¢, Z.V. Popovié

Numerical Models in Analysis of Morphological Properties of Oxide Nanopowders
SFKM, The 19th Symposium on Condensed Matter Physics , November 09-11, 2015,
Belgrade, Book of Abstracts p.2

Hp T'pyjuh-bpojunn oBe roguHe je oxpkana mpeaBame MO MO3MBY Y KOME je MPEACTaBIbeH
mperse]l HyMEpUIKUX CUMYJalyja Koje Cy pa3BHjeHe U KopHIheHe 3a MOJICIIOBAakhE ONTHYKHIX
¥ TIOPO3HUX CBOjCTaBa OKCHIHMX HAHONPAXoBa, Ca aKIEHTOM Ha NMPHUMEHY OBUX METOIa Y
IM3ajHy HaHOMaTepHjaja ca CHenu(UYHAM CBOjCTBUMAa 3a TMpaKTHYHE TIPUMEHE Y
(dboTOKaTANMTUYKO] Jerpajalvju OpraHckux 3arahuBaua (dapmaneyTCKu, MECTHIHIH,
xepounman).

IIpumeHa MeTo/1a ONITHYKE CIIEKTPOCKOMUje
y 3alITUTH KYJTYPHHUX 100apa

Hp Mupjana ['pyjuh-bpojunn 3amouena je 2013 akTHBHOCTH y HOBOj HaydHO] OONacTH -
ApxeoMeTpuju. ApxeoMeTpuja je HaydyHa JUCHUIUIMHA Koja ce 0aBH HWCIHUTHBAKBEM U
TyMauemeM CBOjCcTaBa objekaTa KyATypHOr Hacleha (apXeonoKuX MaTeprjaia 1 YMETHUUKHIX
Jienia) MeToaMa M TeXHUKaMa MPUPOJTHUX U TEXHUYKUX HayKa. Y OKBHPY OBE aKTHBHOCTH, P
I'pyjuh-bpojunH npumeHuna je MeToje ONTUYKE CIEKTPOCKONHje y OOJIACTH MpoydaBama H
3allITHTE KYATypHHX JI00apa, MoceOHO mMuUrMeHata M OOjeHMX MOBPIIMHA M apXEOJIONIKHX
kepamuka. Merone PamanoBe, mHQpaupBeHe U (POTOIYMUHECHCHTHE CIEKTPOCKONHUje AP
I'pyjuh-bpojunn KopucTHiia je Y UCTUTHBAKY apXEOJIONMIKUX KEPAMUKa ca IUJbEM Jia ce 00Uy
npenu3Huje uHQopalyje o T3B. ucmopuju mamepujaia (cacTaBy M TIOPEKIY CHPOBHHE,



TEXHOJIOTHjU TIPOU3BOJHE U 00pajie, TeMIepaTypy IMeuemha U CINYHO) M Y KOpenanuju ca
pe3yiraTuMa MpUMEHe JPYyTruX MEeToJla eKcrepuMeHTanHe ¢usuke mohe no cazHama Koja cy
HEOIXO0/IHA 32 UCIPAaBHO TyMadewme apTedakaray apXeoJOUIKUM HCTPAKUBABUMA.

IIpumena PamaHoBe cieKTPOCKOMHUje 3a Mpoy4YaBame KyJATypHor Haclieha

i M. Grujié-Brojéin, M. Séepanovi¢
THE APPLICATION OF RAMAN SPECTROSCOPY IN THE ANALYSIS OF
ANCIENT CERAMICS
3CSSCS-2015, 3rd Conference of The Serbian Society for Ceramic Materials, June 15-
17,2015, Belgrade, Book of Abstracts, p. 49

ii M. Gruji¢-Brojéin, D. Rogi¢, M. Gaji¢-Kvaséev, M. Séepanovi¢
The Application of Raman Spectroscopy in Cultural Heritage: A Preliminary Study of
Blue Pigments from Fresco Painted Tomb from Sirmium
AIS3 - Italian - Serbian Bilateral Workshop on "Science for Cultural heritage”, Eds. P
Batinelli, J. Striber, November 12, 2013, Museum of Yugoslav History, Belgrade, pp.
111-116

iii M. Grujié-Brojéin, 1. Vrani¢, M. Gaji¢-Kvaigev, M. Séepanovié
Primena Ramanove spektroskopije za proucavanje kulturnog nasleda: prvi rezultati
ispitivanja keramike sa lokaliteta Kale-KrSevica
LANTERNA - Nuklearne i druge analiticke tehnike u izucavanju kulturnog nasledja -
zastita bastine izmedu prirodnih i drustvenih naucnih oblasti - 1 nacionalni skup, 3
Novembar 2014., Novi Sad, Knjiga apstrakata, p.16

Hp Mupjana I'pyjuh-bpojunn je y capaamu ca konerama u3 MHcTUTyTa 32 HyKJIeapHE Hayke
Bunua 2013. roamHe 3amodena WCIUTHBAKE IUIABHX NHTMEHaTa Cca aHTHYKHX (pecaka
npoHaheHnx y rpo6oBuma Ha jokanuteTy Cupmuym, Cpemcka Mutposuina. On 2013. rogune
KaHIUIATKHba ce Takole OaBHiIa MCTIMTHAKEM apXxeosomkux kepamuka u3 [V-III Beka m.H.e.
ca Hanasumra Kame Kpmesuna (Cpbuja) y capammu ca MHCTUTYTOM 3a HyKIIeapHE Hayke
Bunua u Hncturytom 3a apxeomornjy CAHY, ca mwmem na ce mpumeHom Pamanose
CHEKTPOCKOIH]€ YCTAaHOBH CAacTaB KEPEMHUYKHX y30paka M M3BPIIH Pa3llBajarmbe MO MOPEKITY
(JTokaHO MpOMW3Be/IeHE U UMIIOPTHE KepaMuke). Y okBUpY OunarepanHor mpojekTa "Scientific
and technological cooperation between Sapienza University of Rome and University of
Belgrade in the area of Cultural Heritage" (xoju je MucTUTyT 3a U3MKYy MOTHHCao ca
Vuusep3uterom Canuenna y Pumy 3a mepumox 2013-2015. m 2016-2018.), [Ip Mupjana
I'pyjuh-bpojunn 6aBu ce KOOpAWHAIMjOM MPOjEKTHUX AKTUBHOCTH U PYKOBOIU MPUMEHOM
PamaHOBe CHEKTPOCKOMHje y UCTIUTHUBAKY KapaKTepUCTHKA HCIaMcKke kepamuke n3 XI Beka
HOBE epe ca Haja3uIuTa KpajbeBcke manare cynraHa Ghaznavide Mas’uda III, mokamurer
Ghazni, ApranucraH, ca mubeM ojapehuBama cacTaBa KepaMHUYKHX Yy30pakKa, KOJH CYy
MPOU3BENIEHH 110 y30py Ha no3Hare “N3Huk” kepamuke.

VY okBHpY OBe 00JIaCTH, KaHAMJATKHIbA j€ OJprKajla HEKOJIHMKO MpeaBama Mo MO3UBY
00jaBJbeHUX Y U3BO/IY WU Y IEIHHU.

Takohe, 2 myOnukanuje u3 oBe obnactu mpuxpaheHe cy 3a o0jaBibuBame (01 KOjUX
jenHa y BojeheM HallMOHATHOM TEMAaTCKOM 300PHHUKY ):

i M. Gryji¢-Brojc¢in 1. Vrani¢, M. Gaji¢-Kvascev, M. Séepanovié, V. Krsti¢
Arheoloski lokalitet ,,Kale® u KrSevici: preliminarno istrazivanje porekla i tehnologije
izrade keramickog materijala primenom ramanove i XRF spektroskopije
Tematski zbornik LANTERNA 2014 (ISBN 978-86-7306-132-0, ISBN 9788683603893)
Institut za nuklearne nauke Vinca i Galerija Matice srpske, pp. P1-P15.



M. Gruji¢-Brojéin, Maja Séepanovi¢, A.C. Felici, and Maja Gaji¢-Kvaséev

The Identification of Titania Polymorphs in Different Samples of Cultural Heritage by
Raman Spectroscopy

AIS3 - Italian - Serbian Cooperation on Science, Technology and Humanities, Belgrade,
Nov 16, 2015.



EjeMeHTH 32 KBAJIMTATUBHY OLICHY HAYYHOT JTONPHUHOCA
kanauaara ap Mupjane I'pyjuh-bpojuun

1. Iloka3aTe/bu ycnexa y HAy4HOM paay

1.1. Hacpaoe u npusnara 3a Hay4Hu pao

IIpe npeTxoaHor I/I360Da Y 3BaLEC

Harpana 3a HajOosby moctep mpe3eHTanujy Ha melhyHaponHoj koHgepeHuuju European
Materials Research Society, Simposium A: Raman scattering in Materials Science, oap»xanoj
y Bapmasu 15-19 centem6pa 2008, 3a pan ,,Use of Phonon Confinement Model in Simulation
of Raman Spectra of Nanostructured Materials*, ayropa M. Gruji¢-Brojcin et al.

Pag mon nacnmoBom: Temperature-dependent Raman study of Ce0.75Nd0.2502-6
nanocrystals, Ha kome je ap ['pyjuh-bpojunn jegan ox koayTopa, myOJIMKOBaH y j€IHOM O]
HAYTUIAJHUjUX dacomuca u3 (Qu3MKe uBpCTOr crama - Applied Physics Letters 91 (2007)
203118, on crpane Amepuukor Muctutyra 3a ¢uszuky u Amepuukor ®uszunukor Jpymrsa
n3abpaH je Kao jemaH OJf TPUAECET pajoBa W3 TPAHUYHHX HCTPAKUBama y O0JacTH
HAaHOHAYyKe M HAHOTEXHOJIOTHje IyOJIMKOBaHMX Yy aMepUYKMM YacolucuMma HajBehe
MehyHapoase pernyranuje Tokom 2007. ronuse.

1.2. Yeoona npedasara na xondepenyujama u opy2a npedasarbad no nO3UEY

HaxoHn u300pa vy 3Bame

Aytop je 1 mpenaBama IO MO3MBY Ha HAIMOHAJIHOM CKYIy M KOAayTop 2 IpelaBama I0
M03MBY Ha Mel)yHapoJHUM KoH(pepeHIjama U3 00IacTH MPUMEHE CIIEKTPOCKOIICKMX METOa
y IIpoy4aBamy HaHOMaTepHjajia MyOJMKOBaHE y [ETHHU:

1 M. Gruji¢-Brojéin, M. Séepanovié, Z.V. Popovié
Numerical Models in Analysis of Morphological Properties of Oxide Nanopowders
SFKM, The 19th Symposium on Condensed Matter Physics , November 09-11, 2015,
Belgrade, Book of Abstracts p.20

2 Z.V.Popovi¢, Z. Dohcevi¢-Mitrovié, M. Sc’epanovic’, M. Gruji¢-Broj¢in and S. ASkrabié
"Raman scattering on nanomaterials and nanostructures”, "Optical and Vibrational
Spectroscopies” Simposium a tribute to Manuel Cardona, August 18-20, Queretaro Mexico

3 Maja Sc’epanovié, Mirjana Gruji¢-Broj€in, Zorana Dohcevi¢-Mitrovié, and Zoran V.
Popovié
Investigation of vibrational and electronic properties of oxide nanopowders by
spectroscopic methods
Journal of Physics: Conference Series 253 (2010) 012015

AyTop je 2 nmpeaaBama 1o o3uBY (je/HO Ha Mel)yHapOTHOM H jeJTHO Ha HAIIHOHATTHOM
CKyTy) U3 00JacT MPUMEHE METO/1a EKCIIEpUMEHTaTHe PU3UKe y MPOoydaBamy U 3alITUTH
KyJATypHOT Hacieha:



4 M. Gruji¢-Broj¢in, M. gc’epanovié
THE APPLICATION OF RAMAN SPECTROSCOPY IN THE ANALYSIS OF ANCIENT
CERAMICS
3CSSCS-2015, 3rd Conference of The Serbian Society for Ceramic Materials, June 15-17,
2015, Belgrade, Book of Abstracts, p. 49

5 M. Gruji¢-Brojéin, I. Vrani¢, M. Gaji¢-Kvaséev, M. Séepanovié
Primena Ramanove spektroskopije za proucavanje kulturnog nasleda: prvi rezultati
ispitivanja keramike sa lokaliteta Kale-Kr$evica
LANTERNA - Nuklearne i druge analiticke tehnike u izucavanju kulturnog nasledja - zastita
bastine izmedu prirodnih i drustvenih naucnih oblasti - | nacionalni skup, 3 Novembar
2014., Novi Sad, Knjiga apstrakata, p.16

[MPUJIOT: TTo3uBHa MucMa W/UITH CITUCAK MpeaBaya o Mo3uBY.

IIpe mperxomHor u3bopa y 3Bame

KoayTop je 2 muieHapHa npeaBama Ha CKynoBuUMa Mel)yHapoaHOT 3Havaja u 4 MpeiaBama 1mo
MO3UBY, O] KOjUX 2 Ha CKYIIOBUMa Mel)yHapoIHOT 3Havaja.

IIpeoasarve no nozusy ca mehynapooHoz ckyna 00jagmero y yeiunu
6 Z.V.Popovi¢, Z. Doh¢evi¢-Mitrovi¢, M. S¢epanovi¢ and M. Gruji¢-Brojéin
Nanopowders characterization using the vibrational spectroscopy methods, Proc. 1st
International Workshop on Nanoscience & Nanotechnology IWON 2005, Belgrade, Serbia
and Montenegro, pp. 88-93 (2005)

7 M. ] §éepanovié, M. Gruji¢-Brojcin, Z. Dohéevi¢-Mitrovi¢, Z. Popovi¢, Vibrational
spectroscopy methods in the characterization of nanostructured materials, 14" 1ISCMP,
Advances in physics and technology of solids and soft condensed matter, Varna (2006)

8 Z. V. Popovi¢, Z. Dohéevié-Mitrovi¢, M. Séepanovié and M. Grujié-Brojéin,
Nanopowders Characterization using the Optical spectroscopy methods,
11th International ceramic Congress-CIMTEC (2006), Acireale, Sicily, Italy

IIpeoasarve no nozusy ca mehynapooroe ckyna 00jasbeno y u3gooy
9  Z.V.Popovi¢, Z. Doh&evi¢-Mitrovié¢, M. Séepanovié and M. Gruji¢-Brojéin
Characterization of nanopowders using optical methods
6" International Conference of the Balkan Physical Union-BPU, Istanbul, Turkey, August
22-26, 2006, Book of Abstracts p.50
IIpeoasarve no no3usy ca cKkyna HAYUOHAIHO2 3HAYAja 00jasbEeHO ) YeluHu
10 Z. D. Dohgevi¢-Mitrovi¢, M. Séepanovié, 1. Hini¢, M. Grujié-Brojéin, G. Stanisi¢ and Z.
V. Popovi¢, Raman and infrared study of nanostructured materials, XV| National
Symposium on Condensed Matter Physics SFKM 2004, Sokobanja, Serbia and
Montenegro, Program and Contributed Papers, 78-85 (2004)

11 M. Séepanovi¢, Z. D. Dohéevié-Mitrovié, M. Gruji¢-Brojéin and Z. V. Popovié,
Vibrational Spectroscopy Methods as a Powerful Tool for Nanomaterials
Characterization, X1l Symposium on Condensed Matter Physics — SFKM 07, Vrsac —
Serbia, Program and Contributing Papers pp. 18-25




1.3. Ynancmea y ypehusaukum o0bopuma yaconuca, ypehusare monozcpaduja,
peueH3uje HayYHux paooead u npojexama

Haxkon nperxoanor u3bopa y 3Bame Ap Mupjana ['pyjuh-bpojunn 6una je peneH3eHT y Buiie
MelhyHapoaHux yacomnuca, mehy kojuma cy:

Journal of Optics

Processing and Application of Ceramics
Materials Science and Engineering B
physica status solidi

Materials Chemistry and Physics

[TPUJIOT: komuje enekTpoHCKEe KOMYHHUKAIM]e KOjuMa ce MoTBphyje ydenrhe y pereHzujama
MelhyHapOaHHX paioBa.

2. AHra;KoBaHOCT y Pa3Bojy ycJ10Ba 3a HAYYHH pajl, 00pa3oBamy U
(opMupamy HayYHHX KAJApOBa

2.1. Jlonpunoc paszeojy nayke y 3emou

ITocjie u3oopa v 3Bame

Hp Mupjana I'pyjuh-bpojunH je cBOjUM aKTHBHOCTMMA MU EKCHEPTHU30M 3HAYAjHO
JONPUHENAa CHUCTEeMAaTU3aIllji METO/a 3a MOJEJOBalkEe ONTHYKMX W IOPO3HHX CBOjCTaBa
HaHoOMaTepHjaja, ca UbEM YCIOCTaBJbalba OMUITUX NMPHUHLIHKIA 00paje eKCliepUMEHTATHUX
pesyaTaTa M jacHe Kopenanuje u3Mely TojeIMHMX TapaMmeTapa HyMEPHYKHX MOelna u
pearHuX KapaKTepUCTUKA HAHOCTPYKTYPHHUX CHUCTEMA.

3axBasbyjyhu oBuM akTuBHOCTHMA, Ip Mupjana ['pyjuh-bpojunn je xao koaytop
2011. ronuHe y4yecTBOBaja y U3pajy HayyHe MOHOTpaduje HallMOHATHOT 3Hayaja "OnTHuKa
cBojctBa HaHoMatepujana" (3. JoxueBuh-Murposuh, M. llThenanosuh, M. I'pyjuh-bpojuun,
3. B. IlonoBuh). OBa MoHoOrpaduja aemoM je HacTaina U3 JOKTopcke auceprauuje ap I'pyjuh-
Bbpojuun (,,OnTuyka crekTpocKonuja OKCUAHUX HaHompaxoBa“ onopamene 2008. roaune Ha
Enextporexunukom Qakynrery VYHuBep3utTera y beorpamy), u mpexactaBiba IpBY
nyOnuKanujy #3 OBEe O00JacTH Ha CPICKOM JE€3UKy, YHUME 3HA4ajHO JIONPHHOCHU
cucTeMaTH3allju Hay4yHe rpahe u3 oBe o0nacTu M 00pa3oBamy MIAJAMX HAyYHUKA y HAIIO]
3emibu. OBa MoHorpaduja maje mTperjiaea eKCIePUMEHTATHUX METO/Ja  ONTHYKE
cnekrpockonuje (PamanoBa, (¢oTomymMHHECHeHTHA, HH(QpalpBeHa CIEKTPOCKONH]a,
CTIEKTPOCKOIICKA EIUIICOMETPHja) M HHUXOBE INPUMEHE Ha pa3InuuTe HAHOCTPYKTYpHE
MaTepHjaiie (OKCHAHE HaHompaxoBe uucTHX M jgonupanux TiO, CeOy, 3aTUM MeXaHUUYKU
aktuBupane ZnO HaAHOMPAXOBE UT/I.), Ka0 U OpOjHE METOE KOjJU CE KOPUCTE 32 MOJICIIOBAKE
BUOPAIIMOHUX CIIEKTapa OBUX MaTepHjaja.

CBojuMm aHraxkoBamweM, Jlp Mupjana I['pyjuh-bpojunn Ttakohe je nana 3Havajan
nonpuHoc opmMupamy neHTpa usBpcHoctu Centre of Excellence for Optical Spectroscopy
Applications (OPSA) in Physics, Material Science and Environmental Protection, xoju je
¢unancupan on crpane EBporicke 3ajennuie y okupy @II6 nporpama (2006- 2009), mto je
JIOBEJO W 10 pu3HaBama LleHTpa 3a pusuky uBpcTOr cTama u HOBe Marepujaie, MHCTHTYTa
3a ¢u3uKy, kao HanumoHamHOT NHEHTpa H3Yy3eTHHX BpPEAHOCTH 3a OO0JIACT HAHOHAYyKE H
HAHOTEXHOJIOTH]E.



On 2013. rogune np I'pyjuh-bpojunn 6aBu ce HOBOM HMCTpazkMBaukoMm odJiamihy,
ApXEeoMeTpHjoM, U Y OKBUPY € MPUMEHOM METO/Ja ONTHYKE crekTpockonuje (PamaHoge,
¢doromymMHuHECIIEHTHE U HH(paLpBEeHEe) y MpoyyaBamy objekara KynrypHor Hacieha. Haume,
CHCTEMaTCKa IIPUMEHA OBHUX CHEKTPOCKOIICKMX METO/Ia 32 HCTPAKUBamkE 00jeKaTa KyJaTypHOT
Hacneha W HayyHa aHanu3a JO0OMjeHHX pe3yjiTara NpeACTaB/bajy HOBU KOpPAK y HAyYHUM
UCTpaXMBamUMa OBe Bpcre Konx Hac. Iloceban ¢Qokyc ucrtpakupama KaHIUIATKHE
NpeJCTaB/ba MPOyYaBambe KepaMHUUYKUX MaTepujana ca IMJbeM MpOHaJaKeHmha apXeOoJIOIIKU
pENIeBaHTHUX IapaMeTapa Ipolieca MPOU3BOAmbEe U Kiacu(uKalyje y3opaka npemMa HauuHy
MIPOU3BOJIHE U TOPEKITY.

IIpe mperxomHor u3bopa v 3Bame

VY OKBUpPY UCTpakxMBamba BE3aHUX 3a JOKTOPCKY Te3y, np Mupjana ['pyjuh-bpojunn nana je
OpHUTMHAJIAH JIOTIPUHOC Pa3BOjy M yCaBpIIaBalky HYMEPUYKHX MOJIENIa BE3aHE 3a BUOPAIIMOHY
CIEKTPOCKONH]Yy HAHOCTPYKTYpPHUX MaTepHjaja W H3paauia onarorapajyhe mporpamcke
MakeTe 3a BUXOBY NMpuUMeHy. OBa HCTpaKuBamba 00yxBaTajy Mojell (POHOHCKE JOKaTH3aIlHje
Y TeHEepaJrcaHu MoJieNl epeKTUBHE CpelnHe, KOjU NPEACTaBIbajy 0a3uvHe MOJIele MPUITHKOM
NpaBWJIHE WHTEpHperanyje PamaHOBUX ¥ WHQpANpPBEHUX CIIEKTapa HAHOCTPYKTYpPHUX
Matepujana. Mopaenu (OHOHCKE JIOKaNIM3aluje TPUMEHEHH Cy Ha MIHPOKY KiIacy
HAHOCTPYKTYPHHX MarepHjaja (HAHONpPAaxOBU, KBAaHTHE JKHUIIC, TAaHKH (WJIMOBH WTII.),
oOyxBarajyhu crnenehe edekre: (GOHOHCKY JIOKaIM3alyjy, IUCTPUOYLH]y JUMEH3Hja
HAHOYECTHUIA,  MUKPOHANPE3ame, HECTEXHMOMETPH]y W  aHXapMOHHJCKH  edekar.
I'enepanucanu mojenu edexkTuBHEe cpeauHe kopumhenu cy y anamu3u ULl cmekrapa
HaHOMaTepHjalia, ca IJbeM Ja Ce OJPeIM YTHIA] 3alpeMUHCKOr ydemha HaHOIpaxa,
BEITMYMHE M 00JMKa HAHOYECTHIIA, OJHOCHO IMOpa Yy HEMY M Takohe je MPUMEHUBAH je Ha
IIMPOKO] KJacy MOPO3HUX HaHOMpaxoBa W HaHOoKommo3uta. [p Mupjana I'pyjuh-bpojunn
takohe je paguna je Ha MojenuMma Koju omoryhaBajy pasiBajame ywemha pa3iMyUTHX
(OTOTYMUHECHIEHTHUX MEXaHu3aMma, IIOBE3aHMX ca paJujaTUBHOM pPEKOMOMHALIN]OM
MOCPENICTBOM oJpeh)eHnX JIOKaJM30BAHUX HUBOA YHyTap 3a0pameHe 30HE y OKCHUIHUM
HaHOIIPaxOBUMa, Ca IMJbEM pa3[Bajama yTHIdja e(ekaTa KapaKTePUCTUIHUX 32 OKCHIHE
HaHOIpaxoBe (HecTeXuoMeTpuja (KMCEOHMYHE BaKaHIMje), TOBPIIMHCKA CTamba U
camo03apo0JbEH EKCLIUTOHH).

VYcaBpimiaBawkbe OBUX MOJella IMpelIcTaB/ba 3HayajaH IMPAaKTUYHU Hamnpengak y
poyyaBamy CTPYKTYPHHX, ONTHYKHX M E€JIEKTPOHCKUX OCOOMHA HAHOKPHCTAIHUX
MaTepujasia. CucTeMaTu3anyja W aHalu3a eKCIEpUMEHTATHHX pe3yirara IONpHUHOCE
dbopmupamy TNOTHyHHje CIMKE O HAHOCTPYKTYPHHUM MaTepujaluMa M Jajy 3HadajaH
JIONIPUHOC pa3yMeBamy YTHIAja yCJIOBa CHHTE3€ Ha HMXOBE KEJbEHE KAPAaKTEPUCTHKE U
MOTEHIMjaJHy NpUMEHYy. Y OKBHUpPY JoMahux U MeljyHapogHHMX IpojekaTa Ha Kojuma JIp
I'pyjuh-bpojunn yuecTBoBana, 0B MoJieiH U cohTBEpH KOpULITNEHH Cy 3a aHAIMU3Y CIIeKTapa
Pa3sHOBPCHUX HAHOCTPYKTYpPHHUX MaTepujama uyuctux u jgomupanux TiO02 u  CeO;
HaHompaxoBa, ZnSe-SiOx wmyntucinojeBa, GeS,-CdSe  wmynrucinojea wuta.  OBum
UCTpaXMBabUMa U JHMYHUM 3anarameM Jp [pyjuh-Bpojumn ponpunena je OosbeM
pasyMeBamy CBOjCTaBa HAHOKPUCTATHUX MaTepHjaa.



2.2. Meumopcmeo u capaormwa npu uspaou macmep, Ma2ucmapckux U 0OKmMopCKUx

paoosa

KanaunaTkuma je yuecTBoBasla y U3pajyl jeJHe MarkucTapcke M JIBe TOKTopcke Tese. [ana je
JOTIPUHOC y pa3Bojy Mozena u  copTBepa, HYMEpUUYKO] O0O0paad © TyMaudewy
eKCIIEpUMEHTAIHUX pe3yJTara J001jeHNX IpuMeHOM PamMaHoBe CrieKTpoCKoIuje:

1

HoxTropcka Te3a np Karapune BojucaBibeBuh, mom HazuBoM "Moaudukaruja cTpykType U
CBOjCTaBa IMHK-OKCH/Ia HHIYKOBaHA MEXaHUIKOM akTuBarujoMm", onopamene 2010. rogune
Ha HCTUTYTY 3a MyJITHIUCLUUIUIMHAPHA UCTpaXkuBama YHUBep3uTeTa y beorpany. 13 ose
Te3e MPOUCTEKNA cy 3 3ajefHHM4YKa pana kareropuje M21, 1 pax M23 u 1 caonmreme
M34:

(1) K. Vojisavljevi¢ et al. J. Phys.: Condens. Matter 20 (47) (2008) 475202

(2) M. Séepanovié et al. Journal of Applied Physics 109 (2011) 034313

(3) M. Séepanovié et al. Journal of Raman Spectroscopy 41 (2010) 914

(4) M. Séepanovié et al. Acta Physica Polonica A 112 (2007) 1019

(5) K. Vojisavljevi¢ et al. 1st Conference of Serbian Ceramics Society 1CSCS 2011,
Belgrade

Hoktopcka Teza ap Come Amkpabuh mnon HasuBom "®oHOHM W nedeKTHa cTama y
OKCHJHMM HaHoMatepujanuma" oxpdpamene 2014. roamHe Ha @OuszmukoM ¢axkynTery
VYHuusep3urera y beorpany. U3 oBe Tese mpouctekna cy 3 3ajelHHYKa paja KaTeropmje
M22 u M23 u 2 caonmrema M34:

(1) Z.V. Popovic¢ et al. Annalen Der Physik 523(1-2) (2011) 62

(2) M. Séepanovié et al. Int J of Mod Physics B 24(6-7) (2010) 667

(3) M. Séepanovié et al. Acta Physica Polonica A 116 (1) (2009) 94

(4) S. Askrabi¢ et al. 1st International Conference from Nanoparticles & Nanomaterials to
Nanodevices & Nanosystems, Halkidiki Greece, 2008

(5) M. J. S¢epanovi¢ et al. 9th YUCOMAT 07, Herceg Novi, 2007

Marucrapcka Te3a ap Mapka PanoBuha, mox HazuBoMm ,,CmpykmypHa u 6ubpayuoHa
ceéojcmea Ce;,A.O,., (A=Nd, Gd, Ba) namoxpucmana®, ondpamene 2008. roauHe Ha
OdusnukoM Qakyntery YHuBep3utera y beorpany. M3 oBe capamme o0jaBibeHa Ccy 2
3ajeqHUYKA pajga u3 kareropuje M21 u M22 u jenan pax y nomahem gacomncy M52,
Kao u 4 uznarama M34:

(1) Z. D. Doh¢evi¢-Mitrovi¢ et al., Appl. Phys. Lett. 91 (2007) 203118

(2) M. Radovic¢ et al. Science of Sintering 39 (2007) 281

(3) N. Z. Lazarevi¢, Hemijska industrija 63 (3) (2009) 221

(4) Z. D. Dohéevi¢-Mitrovi¢ et al. ICSAM-2007, International conferece on structural
analysis of advanced materials 2007 Patras Greece

(5) M. Gruji¢-Brojcin et al. 6th International Conference of the Balkan Physical Union-BPU
2006, Istanbul, Turkey

(6) S. Askrabic et al. 1st International Conference from Nanoparticles & Nanomaterials to
Nanodevices & Nanosystems, Halkidiki Greece, 2008

(7) Z D. Doh¢evi¢-Mitrovié et al. 2nd INTERNATIONAL CONGRESS ON CERAMICS,
Verona 2008.

Hp I'pyjuh-bpojunn je MEHTOp TOKTOPCKUX CTyaAHja KaHIUIaTKumbe Mp Jlanujene MapuHueB
Ha @Ousnukom akynrery YHuBepsutera y beorpany, ca kojom y LlenTpy 3a ¢pu3uky uBpcror
CTama W HOBe MaTepujasia MHCTHUTyTa 3a (DM3HMKY pagyl Ha WCTPaXHBAaKy HAHOCTPYKTypa
(mpeBnaka U HaHOIIPaxoBa) Ha 0a3M OKCHJA TUTAHUjyMa U BoJihpama Ha U JI0 caja uMa jeIHy
3ajenHnYKy MyOnukanujy Ha mehyHaponnoj kondepenuuju M34 (D. Marincev, M. Grujic-
Broj¢in et al. "The Raman spectroscopy of TiO2/WO3 coatings formed by plasma electrolytic



oxidation", 2nd Conference of The Serbian Ceramic Society, Programme and the book of
abstracts 2CSCS-2013. June 5-7. 2013, Belgrade),

Kanpnnatkuma je capahuBana y HEKOJIMKO UCTpaKUBamka y KOjuMa je 3a moTpede n3ydaBarmba
pPa3NUYUTUX HAHOCTPYKTYpa JMAONpPUHENAa OPUTHHATHUM CO(TBEPOM UYHjH je ayTop U
onroapajyhum mnpunarohemrnma ¢GEeHOMEHOJNIOMIKUX Mojena U codTBepa 3a KOHKPETHE
HaHOMaTepHjasie, 3aTUM aCUCTEHIIMjOM IPU U3BOhEwY NpopadyHa, Kao U y TyMademheM Jiena
pe3ynTara Koju Cy ce ogHOCWIM Ha PamMaHOBY CHeKTpOCKONUjy HaHOMaTepujajia, a KOju cy
KacHHUje KOpHIINEHHM TOKOM H3pajie AOKTOPCKUX aucepTanuja. Jlokasum o capaamu aaTa y
MpUJIOTY BUAY 3axBajiHuna y Mmehynapoauum pagosuma ca ISI smere (M21, M22):

(1) Golubovic et al. 2009 J. Sol-Gel Sci Technol 49;

(2) Lukovic-Golic et al. 2011 Nanotechnol. 22

(3) Scepanovic et al. 2009 Acta Physica Polonica A 115

(4) Zdravkovic et al. 2015 Ceram. Int. 41.

[TPUJIOI": PeneBanTHe cTpaHHWIle Te3a Kao JOKa3 Ja je KaHIAWIATKHba yYECTBOBAJA y FHHXOBO]
peanm3anuju, moTBpAa ca Gakyirera, moTBpAe Imeda MpojeKTa; 3ajeTHUIKH PaToBU ca KaHTUAaTHMA
(mpBa crpaHa), 3axBanHHIE y pagoBuma ca ISI mmcte y kojuMa konere KaHAWAAaTH TOTBPhYjY
capammy (pBa HW TOCIENE CTpaHe); OAroBapajyhm pagoBW Yy IEIHMHH TPUIOKECHH Cy Y
oubmuorpaduju.

2.3. Mehvnapoouna capaora

IlocJie uzdoopa v 3Bame

Hp Mupjana ['pyjuh-bpojunn aktuBHO yuecTByje Y 4 npojexkta Mel)yHapoaHe capaame:

1 V ounarepansom npojexty "Scientific and technological cooperation between Sapienza
University of Rome and University of Belgrade in the area of Cultural Heritage" Ilenatpa
3a (U3UKY YBPCTOT CTama W HOBe marepujasn MHcTuTyTa 3a QU3KMKYy ¥ YHHUBEP3UTETOM
Canmenna y Pumy (koju je motnucan Hajipe 3a nepuox 2013-2015, a 3atum 2016-2018.
ronuHe), Ap Mupjana ['pyjuh-bpojuna ce Beoma akTmBHO OaBH mMpuUMeHOM PamaHoBe
CHEKTPOCKONHje y 00JacTh MpoydaBamka W 3allTHUTE KyIATYpHHUX g00apa, OJHOCHO
u3yyaBambeM OOjeHMX TMOBpIIMHA W KepaMHKa Ca aHTHYKUX W CPEIHCBEKOBHHX
HaJIa3WIlTa Ha ca Tepuropuje Penybnuke CpOuje 1 M3 MHOCTPaHCTBA.

2 On 2014. rogmHe KaHmUIOATKWIba capalyje W Ha MPOjeKTy OmaTepaliHe capaimbe
,Competition between s-wave and d-wave pairing channels and Fe -vacancy ordering in
tetragonal B-Fel+xSe* ca nemaukum nactutyrom Walther-Meissner u3 MunxeHa.

3 Kannunatknma nmaje 3HavajaH JONPHHOC KOHTHHYHMPAHO] OWiIaTepaiiHOj capambu
Llentpa 3a (U3UKy YBpCTOI CTaka W HOBe Marepujanie MHcTHTyTa 3a (QU3UKY U
WnctuTyTa 32 GU3UKy UBpCTOr cTama byrapcke akaaemuje, Koja ce TPEHYTHO peanusyje
y okBupy mpojekra: "Raman Scattering and Photoluminescence from Semiconductor
Nanoparticles".

4 Tokom 2009-2012. roavHe KaHAMJATKHIbA j€ aKTHBHO Y4YecTBOBaja Ha MPOjeKTY
ounarepanne capagme SCOPES ca Muctutyrom 3a dusuky nmomumepa ®DenepaiHor
texauukor uHcTHTyTa Iupux (ETH Zurich) us IllBajiapcke y okBupy Kor ce OaBmia
PamMaHOBOM CHEKTPOCKONHMjOM HAaHOINpaxoBa 3a (OTOKATaIMTHUYKE MpPHUMEHE H
HYMEpUYKHM CHUMYyJanujamMa PaMaHOBHX cIleKTapa M MOPO3HUX CBOjCTaBa OKCHIHHUX
HaHOIIPaxoBa.

[MPUJIOI: moTBpAe o yuemhy Ha OMIaTepaIHUM MIPOjEKTHMA.

IIpe I/I360Da Y ONPpETXOJHO 3BaAKLE




5 Tokom 1999. rogune np Mupjana ['pyjuli-bpojunn mpoBena je HEKOJUKO MECElU Ha
CTyaujckoM OopaBKy y MockBH, y MHCTUTYTy 3a aHalUTHUKy XEMHjy W TEOXEMHjY
,.BepHanckn“ Pycke Axamemmje Hayka, y Jlaboparopuju 3a CHEKTPOCKOIHjY U
MOJIEKYJIApHO MOJICIOBamke, MOl PYKOBOACTBOM akaneMuka mpod. ap Jlasa A. ['puboga.
Ha ocHoBy oBe capaame KaHauIaTKH®ba je oOjaBuina 4 paga y MehyHapoaHum u 2 y
noMahinM dvacomucuMa W OIOpaHWiIa MAarkcTapcky Te3y MoJ HacioBoM ,,Bubparmona
CIIEKTPOCKOTIMja jEMHOCIIOJHUX VIJbCHHUYHUX HaHOTy0a” Ha EIeKTpoTeXHUIKOM
daxynrery YHausepsurera y beorpany, y aBrycty 2000. ronune.

HaxoH n300pa y NpeTxoaHO0 3Bambe KaHIUIaTKNba YUECTBYj€ Y 4 eBPOICKA MPOjeKTa:

1 2006-2009. rogune ap Mupjana ['pyjuh-bpojunn yuectByje y mMehjyHapoqHOM IpPOjeKTy
Centre of Excellence for Optical Spectroscopy Applications (OPSA-
026283) in Physics, Material Science and Environmental Protection, xoju ce (hUHaHCHpa
on crpane EBporicke 3ajenuuiie y okBupy FP6 mporpama (2006-2009) u cBojum pamom
TMOTIPHHOCH YCIICIITHO] peaTn3alldji OBOra IpojeKTa;

2 NANO-ET (FP7-REGPOT-2010-1) nox nasuBom "Research potential reinforcement in
the processing of Nano-structured Oxide-Based Materials for Environmental
Technologies™

3 VuectByje vy DAFNEOX - Designing Advanced Funcionalities through controlled

NanoElement Integration in Oxide Thin Films” Marie Sklodowska Curie npojexty H2020-
MSCA-RISE-2014.

4 Koopmunatop je WHHLUjaTuBe W TpojekTHOr mnpeanora SciTeCH - European Join
Doctorate in Science and Tecnology for Cultural Heritage, u okviru Marie Sklodowska-
Curie Actions - Innovative Training Networks (ITN) (mosus H2020-MSCA-ITN-2016) y
KOMe ydecTByje 16 eBpOIICKMX YHHBEp3UTETa U HEaKaJeMCKHX MHCTHTYLHja PeJICBaHTHHX
3a 00JIacT Mpoy4aBama U KOH3epBaluje KyATypHor Hacieha y EBponu.

[MPUJIOI': moTBpAe o yuemhy Ha eBpPOIICKUM MPOjEeKTHUMA.

IIpe 1/1360pa Y OPETXOAHO 3BALEC.

5 2007-2008. ronure op I'pyjuh-bpojunH je ydectBoBana y eBporickoM mpojekty (STREP
FP6, No. 517039) pod nazivom "Controlling Mesoscopic Phase Separation — CoMePhS".

2.4. Opeanuzauuja Hay4HUxX CKYNnoed

ITocye n300pa v 3Bame

Ilp Mupjana I'pyjuh-bpojunH je kao 4/jaH OpPraHu3anMoOHOr oa00pa y4decTBOBaJa Yy
opranu3anju 3 HayuyHe KoHdepeHIHje Koje je opraHuzoBaio JlpymrTBo 3a KepaMUYKe
matepujane Cpouje, u To 2011. rogune kao HaMoHaANHHU, a 3aTuM, 2013. u 2015. rogune, kao
Mel)yHapOIHU CKYTIOBU:

1 IlpBy xoHdpepenumjy [pymra 3a xepamudke matepujane Cpouje, 17-18. mapra 2011.
roauHe y beorpany

2 The 2nd Conference of Serbian Society for Ceramic Materials, June 5-7, 2013 (Belgrade
Serbia)

3 Third Conference of Serbian Society for Ceramic Materials, June 15 — 17th, 2015
(Belgrade Serbia).

[MTPUJIOT': konnje oaroBapajyhux cTpaHuiia KBHra arncrpakara.



[Ipe n360pa y MpeTX0aHO 3BAKHE

4  JIp Mupjana ['pyjuh-bpojunn Ouna je aHrakoBaHa y OpraHu3aifioHOM oxdopy XVI
Hanmonannor cummosujyma o ¢usunu xonzaeHnzoBane matepuje COKM 2004 (20-23
centemoOap 2004, Cokobama)

5 Takohe je yuecrBoBanma y opraHuzanmju KoHpepenuuje @dusznka U TEXHOIOTH]ja
matepujata ®DUTEM 05 (Yauaxk, 31.07.-03.08. 2005.) u DUTEM 07 (Yauak, 6-8. aBrycr
2007.)

3. Opranu3anuja Hay4Hor pajaa

3.1 Pykosoherwe nomnpojexmuma u npojeKmuum 3a0auuma

VY nepuoxy 2011-2015. roaune, HakoH H300p y MPETXOJHO 3BaKE, PYKOBOIU jETHUM
MOTIPOJEKTOM U jJeAHUM MPOJEKTHUM 3a/1aTKOM:

1 PykoBoawian mnpojeKTHOr 3agaTka '"TeopHjcKM MNpopauyHH M HyMEpHUKe
cumynangje" y OKBHpY MoTipojekta "HaHOOKCHIHM MaTepHjaiu 3a IMpUMEHE y
TEXHOJIOTHjaMa 3aIlITUTEe )KUBOTHE cpeaune” mpojekra 11145018 "HanoctpykrypHu
MyATU(QYHKIMOHATHE MaTeprjaiu 1 HaHokoMno3utu" (2011-2015)

2 PyxoBoaujan nornpojekra “®dusnka HAHOOKCHJIHMX MarHETHUX MaTepHujana’” Ha
npojekty OH171032 ,,®u3nka HAHOCTPYKTYpHUX OKCHIHUX MaTepujaia U jako
Kopenucanux cucrema‘ (2011-2015)

[Tpusor: moTBpe pyKOBOAMOIIA MPOjeKTa U UCTUC U3 6a3e MUHKCTAapCTBA MPOCBETE HAYKE U

TEXHOJIOIIKOT pa3Boja.

3.2. Texnonowxu npojeKmu, Namenmu, UHO8AYUje U DEe3VImamu_NPUMerbetu )
npaxkcu.

KanaunaTkuma je HaKOH OPeTXOJHOr n30opa y 3Bamkbe aKTMBHO YYECTBOBAJIA U JIONPHUHENA
YCHEIIHO] pealn3alliju 2 HHOBAIMOHA MPOjeKTa KOjU Cy C€ OJHOCWIM Ha CHHTE3Y
OKCHJIHMX HAaHOIIPAXOBa 3a pa3In4uTe IPUMEHE:

1 2008-2009. roguHe WHOBALMOHM TpoOjeKaT ,,IIpon3Boma HAHOMPAXOBa YHCTOT U
JOTHPAHOT aHATaca BPXYHCKOT KBaJMTeTa MOMONY COJI-Tell TeXHOJIOoruje™

2 2012-2013. ronune uHoBamoHu npojekat "[IponsBoama BucokokBanuTeTHUX T10;
HaHOMpaxoBa ePUKacCHUX y (POTOKATATUTUIKO] Pa3rpa ki OpraHcKkux 3arahusaya"



4. KBaiuTeT HAyYHHUX pe3yJiTara

Kanmgnatkuma je y CBOM JiocafalliikbeM paay MmyOnukoBaia 87 HaAydHHX pajaoBa, of dera 42
panoBa y mehynapogaum gaconucuma ca ISI nucte: 17 pagoBa kareropuje M21 (BpXyHCKH
MehyHapoaHu dacomucu), 7 kareropuje M22 (Bomehum melynapomanm yacomucu) u 18
pagoBa karteropuje M23 (mehynapomnu wacomucu ca ISI mmcre). Ha mehynapogaum
CKyImoBHMMa nMa 6 TpeaBama 1o mo3uBy: 3 mybnukoBana y nenaunu (M31), 3 myOnmukoBaHa y
m3Boay (M32); 1 caonmrewme mramnano y ueauHd (M33) u 9 caonmrema mITaMIIAHUX Y
n3Boay (M34). Ha nHanmoHamHUM KOH(EpEeHIMjaMa KaHIUAATKHIba MMa 2 TMpeaaBama 1o
no3uBy nyOnukoBaHa y nenunu (M61) u 1 y uzBony (M62), kao u 7 caoniuTemha IMTaMIaHUX
y nesman (M63) u 13 y u3zBoay (M64). Koaytop je jenne moHorpaduje o1 HallMOHATHOT
3Havyaja M41, 2 pazna Ha CpICKOM je3uKy o0jaBjbeHa y qoMahuM 4acomucuMma HallMOHAIHOT
3Hayaja (M52) u 2 paga y HaMmoHaJIHUM yaconucuma M52.

Hakon mperxonHor u3bopa y 3Bame KaHIuJaTKuba je o0jaBmwia 30 mybaukanmja, oa yera
18 y mehynapognum uaconucuma ca ISI aucre: 9 pagoBa kareropmje M21 (BpXyHCKH
MehyHapoaHu yaconucu), 2 kareropuje M22 (Bonehu mel)ynaponnu yacomnucu) u 7 pagosa
kareropuje M23 (mehynapoauu wacunucu ca ISI nmucre). Ha mehynaponnum ckynoBuma
nMa 4 mpefaBama 1o Mo3uBy o0jaBibeHa y u3Boay (M32) on yera 2 kao mo3BaHU ayTop, 2
caommTema oOjaBmena y nenuHu (M33) u nBa y m3Bomy (M34). Ha wnamumonamHUM
KoH(epeHMrjama koayTop je 1 mpenaBama Mo no3uBy ImyOnukoBaHor y uzBoay (M62) u asa
caoniuTema o0jaBjbeHa 1 U3Boy. KoayTop je jenHor pajga y HaupoHaiaHoM yaconucy (MS52)
U jenHe MoHorpaduje HauuoHaJHOr 3Hayaja (M41), ka0 U jeHOT NOIJaBba y TEMATCKOM
300pHUKY (M44).

4.1. Ymuyajucm

[Tpema momanmma uHAekcHe 6aze Web of Science nHa gan 07. nenem6pa 2015. ronune pagoBu
ap Mupjane ['pyjuh bpojunn nutupanu cy 368 nyrta, ox yera 334 myra 6e3 ayrouurara, ca
h - uagexcom jemqnaxum 10.

[Tpema momamuma ca cajra Google Scholar o ucTor gaHa pajoBU KaHIHIATKULC ITUTHPAHH
cy 514 myTa ca h - uaIeKkcoM Koju u3Hocwu 13.

[eT HajuuTHpPaHUjUX paloBa KaHIUIATKUIbE TpeMa cajTy Google Scholar:
bpoj
nurara
1 Séepanovi(:, M., Gruji¢-Brojcin, M., Vojisavljevi¢, K., Bernike, S., Sre¢kovié, T.
Raman study of structural disorder in ZnO nanopowders 86
(2010) Journal of Raman Spectroscopy, 41 (9), pp. 914-921.

2 Z.D. Doh&evié-Mitrovié¢, M. J. Séepanovié, M.U. Gruji¢-Brojéin, Z.V. Popovié, S.B.
Boskovi¢, B. M. Matovi¢, M.V. Zinkevich, F. Aldinger
The size and strain effects on the Raman spectra of Cel-xNdx02-5 (0<x<0.25) 6
nanopowders, Solid State Communications 137 (2006) 387—390

3 M. Gruji¢-Brojcin, M. J. Sc’epanovic', Z. D. Dohéevi¢-Mitrovi¢, 1. Hini¢, B. Matovic,
G. StaniSi¢, and Z. V. Popovic
Infrared study of laser synthesized anatase TiO, nanopowders 54
Journal of Physics D: Applied Physics 38 (2005) 1415-1420

4 M. J. Séepanovi¢, M. Gruji¢-Brojéin, Z. D. Dohé&evi¢-Mitrovié, Z. V. Popovié

Characterization of Anatase TiO2 Nanopowder by Variable-Temperature Raman 42



Spectroscopy
Science of Sintering, 41 (2009) 67-73

5 Z.D. Dohéevié-Mitrovié¢ , M. Grujié-Brojéin , M. S¢epanovié, Z. V. Popovié, S.
Boskovi¢, B. Matovi¢, M. Zinkevich and F. Aldinger
Cel-xY(Nd)xO2-6 nanopowders: potential materials for intermediate temperature solid 39

oxide fuel cells
J. Phys.: Condens. Matter 18 (2006) S2061-S2068

4.2. lHapamempu keaiumema Yaconuca U NO3UMUBHA UUMUDAHOCM KAHOUOAMOBUX
padosa

Hakon mpetxomgHor u3bopa y 3Bame, 01 yKynHo 18 pamoBa u3 rpyne M20, kaHaIuaaTKumba y
je y kareropuju M21 sehuny panoBa o0jaBuia y BpxyHCKuUM U Boaehum vyaconucuma ca S|
JUCTE KOJU Cy peleBaHTHH y obnactuma Material Science - Multidisciplinary, Ceramics,
Characterization and  Testing wutn.  OBu  yacomucu OaBe ce  JIOMMHAHTHO
MYJITHIUCIMIDIAHAPDHOM TEMAaTHKOM HaHOMAaTepujajda W HAHOTEXHOJIOTHja, MeToJama
KapakTepu3alyje, KepaMUYKUM MaTepujajriMa M MaTepHujajuMa KOju Cy KaHAMJAaTH 3a
(dboToKaTaIUTUUKE MpUMEHE. Y Tabenu Cy MPUKa3aHu TPEHYTHU UMIAKT (GaKTOpU U MO3UIIH]je
HEKHUX 0J1 OBUX yacomnuca y oarosapanyhum obnactuma (u3sop: KOBCOH):

IF2014 Tlo3umuja yaconmca (2014)
Journal of Applied Crystallography  3.984  Crystallography (3/23)

Annalen der Physik 3.048  Physics, Multidisciplinary (12/78)

Journal of Raman Spectroscopy 2.671  Spectroscopy (11/44)

Ceramics International 2.605  Materials Science, Ceramics (4/26)

Materials Research Bulletin 2.288  Materials Science, Multidisciplinary (67/260)

Materials Chemistry and Physics 2.259  Materials Science, Multidisciplinary (69/260)
Journal of Nanoparticle Research 2.184  Materials Science, Multidisciplinary (76/260)

Journal of Applied Physics 2.183  Physics, Applied (42/144)
Materials Characterization 1845 ?ﬁlaégglals Science, Characterization & Testing

Journal of Sol-Gel Science and

1.532  Materials Science, Ceramics (7/26)
Technology

4.3. Echexkmusuu 6poj padosa u 6poj padosa HOpMUpan Ha 0CHO8y bpoja Koaymopa

VY kareropuju MmehyHapoauux paaona ca ISI nucte, o 18 pagoBa 00jaB/beHUX y KaTeropuju
M?20 mocne u36opa y MpeTXoIHO 3Bamke, 13 pagoBa uMa 7 U Mame ayTopa.

W3 kareropuje pamoBa M21 00jaB/beHMX HAKOH NMPETXOJHOT M300pa y 3Bambe CBU
paZioBU OCHUM pajJioBa HyMEpHCaHMX ca 2 U 5 0aBe ce MmpolecuMa CHHETe3e U
KapakTepHu3alje CHHTeTUCAaHUX HaHoMaTepujana (Bujetn Crucak panoBa). PamoBu 2 u 5
0aBe ce NPUMEHOM MeToJa HyMEpHYKe cuMyjanuje y HH@paupBeHo] ¥ PamaHOBOX
CIIEKTPOCKONMjH HAaHOMAaTepHjaja, peioM, U UMajy Mame of 7 aytopa. PagoBu 8 u 9 Oase ce
MoauUKAIIMjOM METOJa CHUHTE3€ M ONTHYKOM KapakTtepm3anuje ZnO HaHONpaxoBa M
HYMEpPUUYKUM MoOJleluMa 3a 00paay M TyMaueme EKCIHepUMEHTAJIHHUX pe3ysTaTa M Takohe
nMajy Mame o7 7 aytopa. CBH OBH PaJIOBH CE Y3UMajy ca ITyHOM TEKHHOM.

Panosu 1, 3, 4, 6 u 7 u3 kareropuje M21 6aBe ce CHHTE30M H KapaKTepH3allljoM
YUCTUX U JOMHPAHUX HAHONpPaxoBa TUTAHUJYM JUOKCHJIA, Ca IIUJBEM Jla C€ TECTHpa HHXOBa
e(pUKacCHOCT y (OTOKATATUTHYKO] JAErpajaluju crneunpuyHux opraHckux 3arahusada. Ilo
CBOjO] MPUPOJM OBaKBa HCTpakMBama yBEK YKJbydyjy Behu Opoj uMcTpakvBaya W3 BUIIE



MHCTUTYLIH]a, OMII0 300T CrIeU(pUUHOCTH CUHTE3€, OMII0 300T CI0KEHOCTH KapaKTepu3alyje,
Tj. HEOIIXOTHOCTH MPUMEHE Beher Opoja eKCIepUMEHTATHUX TeXHUKA KOje C€ MO MPaBHITy HE
Mory cBe HahM y jeZIHO] MHCTUTYLIMjH, 300T Yera je Ha U3paau OBHUX paZioBa yuecTBOBAO OpOj
aytopa Behu ox 7 (penom: 8, 10, 10, 9 u 9 ayropa).

Pan u3 kareropuje M22 ce y3uma y myHoj TeXuHH (4 ayTopa).

Ha 8 pagoBa u3 kareropuje M23 00jaB/beHUX HAaKOH M300pa y MPETXOTHO 3BamE
YYECTBOBAJIO je 7 W Mame ayTopa U CBH C€ y3MMajy ca IyHOM TEXHHOM, jep ce paau o
EKCIICPUMEHTAITHUM PaJiOBUMA.

Nwmajyhu y Buay ykynan Opoj pajoBa KaHAWIATKUEGE M Opoj 0omoBa M3 rpymnammja
M20, M30 u M40, HopMupame pajgoBa ca OpojeM ayTopa Behum ox 7 He OM yTHLIATIO
3HAYajHO Ha YKYITHE KBAM(UKAIH]Ee KAaHIUJATKUELE 32 300D Y 3Barkh¢ HAyYHU CaBETHUK.

4.4. Cmenen camocmaniocmu U CmeneH quwha Kanouoama V peanusauuju Hay4Hux
DGOOSG YV HAVHYHUM yeHmpuma y 3em/ou U UHOCHIPAHCMEY

CBu panoBu u3 kareropuje M21, koju cy myOJIMKOBaHM HaKOH MPETXOJHOT U300pa y 3Bame,
paheHu cy y capaimM ca JIpyruM HHCTUTYLIMjaMa Yy 3éMJbU M HOcTpaHCTBY. CaMo panoBu
M22 u panoBu Hymepucanu ca 3, 5 u 7 u3 kareropuje M23 ypaheHu cy y MOTIIYHOCTH Y
okBupy LlenTpa 3a ¢usuky uBpcTOr crama U HoBe MaTepujaie MHctutyTa 3a pusmky.

Hp Mupjana I'pyjuh Bpojunn je ox cBux M20 panoBa 00jaB/beHUX IOCIE HEHOT
n30opa y MpeTXOoAHO 3Bame 2 myTa Ouia MpBU ayTop, a 8 myTa Apyrd ayTtop. Y OBUM
pazoBUMa KaHAWJATKHIba ce OaBHUIa OpPraHU3aljOM M CIPOBONEHEM HCTPaKUBaba WIIH
IUXOBUX 3HAYajHUX JIe0Ba, OWJIO Ja Cy y MUTamky eKCIIEpUMEHTaJHa Mepema WU
HYMEpHUKe CUMYJIallije U TyMadewe 1001jeHIX pe3yraTa.

VY cBUM HaBeJeHUM pajJioBUMa U3 oubianorpaduje, KaHAUJATKUbA J€ Y BEIUKO] MEPU
yuecTBOBaja y o0paau M TyMmauelmy EKCIHepUMEHTAJIHHUX pe3yJTara, IITO je Hajuemhe
o0yXBartajo NpUMEHY HyMEPUUKHUX MOJI€JIa U OPUTHHAIIHOT COPTBEPA KOj€ j& KaHIUAATKUbA
y Ty cBpXy pa3Buia. OHa je Takohe Onna je He3aMeHJbUBA U y NUCakby U IPUIIPEMH PaJIoBa 3a
o0jaBJbUBaJbE, KA0 M KOMYHHUKAllMjU Ca PELEH3EHTHMa M HU3JaBaulMMa TOKOM IOCTYIIKa
o0jaBJbHBamA.

VY pagoBuma 1, 3, 4, 6 u 7 u3 kareropuje M21, xoju cy paheHu y capanmu ca
nomahuMm HayyHuMm ucHTuTyljama (Mactutyt Bunua, Texnonomku u Pygapcku ¢akynrer
VYuusep3utera y beorpany, Xemujcku ¢pakynrer YHuepsutera y Hosom Cany), np Mupjana
I'pyjuh bBpojuun, capahuBana je y exkcnepuMeHTaIHOM Jeny paga (PamanoBoj u
(OTOTYMHUHECIIEHTHO] CHEKTPOCKOIHUJU U CIIEKTPOCKOTICKO] ETUIICOMETPH]H) U PYKOBOAMIIA U
WJIA/CaMOCTAJIHO CITPOBOJIMIIA JIEO UCTPAXKMBaKa KOJU C€ OJTHOCH Ha KPEeHpaewe HyMEepUUKUX
Mojena, copTBEpa U HHUXOBE NPUMEHE Ha KOHKPETHE EKCIIEPUMEHTANIHE pe3ysTare W3
obmactu  PamaHoBe M (OTONlyMHHECHEHTHE  CIEKTPOCKOINH]jE,  CHEKTPOCKOIICKE
EJMTICOMETPH]je U 00JIaCTH MOJICIIOBamha MOPO3HUX CBOjcTaBa (hOTOKATAIM3ATOPA.

VY pagy M21 noxn peanum OpojeM 2, KaHAMJATKHEA j€ CAMOCTAJIHO CIIpOBEJa
Kpeupame M IMpUMEHYy HYMEpHUUKMX Mojela U KoJoBa Yy oOjacT HH(palpBeHe
CIIEKTPOCKOIHje OKCHIHHX HAaHOIpaxoBa M mopeheme pesynraTa pa3iTuuUTHX HyMEPUUKHX
cumynanuja. ¥ pagy M21 mox pemnum Opojem 5 ap I'pyjuh-bpojumn camocrtamHo je
oOpahuBana excrnepuMeHTaidHe pesynraTe PamaHoBe crekTpockonuje (MepeHe y cienehum
uHcTuTynujama: Institut fur Mineralogie, Leibniz Universitat Hannover, Germany, CNRS
and Universite” Pierre and Marie Curie, France) HyMmepuukuM MeToAama Koje je
MPUJIAroIuia UICIIUTUBAHUM MaTepHjauMa.

Y pamoBuma 8 u 9 wu3 kareropuje M21 y capammu ca LlentTpom 3a
MYJITHIUCIMIUIMHAPHE CTyAuje YHuBep3utera y beorpany, np Mupjana I'pyjuh Bpojuus je



y3 Kopumheme copTBepa YHMjH je ayTop, yUECTBOBalIa Y HYMEPUUKO] 00paau M TyMadewy
EKCIIEpUMEHTAITHUX pe3yJiTaTa, KOju Cy J1eo JoKTopcke Te3e ap Karapune BojucasspeBuh.

VY cBuM panoBuma u3 kareropuja M22 u M23 HactanuM HaKOH n300pa y IpeTXOJHO
3Bame, KaHJAUJATKHbA j€ YUECTBOBAIA Y CBUM (pa3amMa eKCIIEPUMEHTAITHOT paja, CaMOCTAITHO
pa3BHjajia HyMEepHUKe MOJIeNIe U KOJI0Be, OaBHiIa ce 00paZoM eKCIEpUMEHTATHUX pe3yJITaTa,
Ka0 W THCAakeM 3Ha4YajHOT Jiela pajoBa BE3aHOT 3a Tymauewme U Tnopeheme
EKCIIEPUMEHTAIIHUX U HYMEPUYKUX Pe3yJITaTa.

Hp Mupjana ['pyjuh-bpojunn je Ttokom 2015. rogune oapkana 3 mpeaaBama IO
MO3MBY, j€IHO Ha Me)yHApOJHOM CKYITy, U3 OOJIACTH HyMEPHUKHX CHMYJIAllHja Y ONTHYKO)]
CTIIEKTPOCKOIHjH TIOPO3HUX HAHOMATEepHjajia, U 2 U3 00JIACTH NMPUMEHE eKCIIEPHMEHTATHUX
METOZa ONTHYKE CHEKTPOCKOINHUje Yy TMpoydyaBamy KyaTypHor Haciueha (1 wa ckymy
HaIlMOHAJHOT 3Hauyaja u 1 Ha MehyHapoIHUM CKYITY).

Kanmunatkuma je Jnana BEJIWKM JONMPUHOC Kao KoayTop MoHorpaduje of
HanpoHaj HOr 3Havaja (ONTHYKa CHEKTPOCKONHWja HaHOMarepujaiga, M41) mupekTHo ce
6aBehu mormaBibMMa Koja ce oJHOCe Ha MH(palpBeHy, PamMaHOBY W (OTOTYMHUHECHEHTHY
CTIIEKTPOCKOIH]Y OKCHIHHMX HaHOIPAaxoBa, a MOCEOHO pe3ynTaruMa OpOjHUX HYMEPUYKHX
CHMYyJIalija, MPOUCTEKINX U3 IeHE JOKTOPCKE Te€3€ U KACHHJUX HUCTPAXKHUBAMA.

4.5. lonpunoc Kanouoama peanu3zauuju KOaymopcKux DCIOOGCI

Kanaunatkuma, a1p Mupjana ['pyjuh-bpojuns, je kao koayTop Aana OpurHHAJIaH JTOTIPHHOC Y
cBux 18 panoBa xateropuja M20, 06jaBJbeHIX HAKOH M300pa y MPETXOAHO 3Bame, Ipe CBera
KpO3 KpeHnpame U MOIU(PUKAIN]Yy HYMEPUYKHX MOJIe]a U OPUTHHAIHUX KOJIOBA 3a 00paay u
Tymauyewme MHOpaupBeHnX U PamMaHOBUX cHiekTapa IIMpOKE Kiace HaHOMaTepHjayia, Kao U
MoJieNia U copTBepa 3a UCIUTHBAKE CBOjCTaBa MOPO3HOCTH ME30IMOPO3HUX HAaHOIpaxoBa. Y
BeheM jeny pagoBa OaBwiia ce M eKCIepuUMeTaTHUM pajnoMm (uH(ppaunpBeHa, PamanoBa u
(GOTOTyMHHECIICHTHA Mepama, 3aTHM CIIEKTPOCKOIICKA €ITUIICOMETPH]ja), CAMOCTAITHO WJIH Y
capaJiby ca IpyruM Ko-ayTopuma. EkcriepuMeHTanHe akTUBHOCTH Y OOJIAaCTH MpOydYaBamba
KyaTypHor Hacieha oGaBiba camocTanHo, Aajyhu cBOjEM TymademeM 3HadajaH JOMPUHOC
MYJITUIUCIHUILTUAHAPHAM aKTUBHOCTHUMA M MCTPAKUBAKBUMA, KAPaKTEPUCTHUYHUM 33 00JIaCT
npoy4aBama KyJITypHOT Hacieha.

4.6. 3nauaj paoosa

p Mupjana I'pyjuh-bpojunn je kao ucTpaxkuBau U ayTop pa3Buja METOJAE 32 MOJCIOBAE
uH(ppanpBeHnx, PamaHOBUX ¥  (QOTOJYMUHECIICHTHHX CIEKTapa [IMPOKe  Kiace
HaHOMAaTepHjasia, Tpe CBera OKCHIHUX HAHOIPAaxoBa, Kao M CcO(TBEp 3a MOJCIOBAHE
MOPO3HUX CBOjCTaBa ME30IMOPO3HUX HAHOIPAXOBa, KOjU je KopuilheH y BenwkoM Opojy
My OJIMKOBaHUX UCTPAKUBAKA U HEKOJIMKO JJOKTOPCKUX JTUCEPTaIl]ja.

Kangunatkuma je pgana 3HavajaH JONPHHOC KapaKTepH3alMju M MOJETIOBamY
ONTUYKHUX CBOjCTaBa YHCTHX W JONMHPAHUX OKCHUIHUX HAHOMAaTepHjasia Ha MyTy MOBE3MBamba
yCIIOBa CHHTE3€ HAHOCTPYKTypa ca IHHXOBHM IIMJbaHUM KapaKTepHCTHKaMa 3a TOTpede
crienu(UIHUX MPUMEHA, Kao MITO je POoToKaTanu3a OpraHcKux 3araljuBaya >KHBOTHE CPEIMHE
(JlexoBa, mecTUIMAA, XepOUIIHIa).

[Mocnenmux romuHa TpENoO3HATa je Kao BEOMa aKTHBAaH HCTPaXMBad y OOJIACTH
npuMeHe uHdpanpsene, PamanoBe 1 ()OTOIyMHUHECIIEHTHE CIIEKTPOCKOIHN]jE Y MPOyYaBABHY
o0jekaTa KyaTypHOT Haclieha (00jeHUX MOBPIIMHA, AHTHYKUX M CPEIIEBEKOBHUX KEPaMHKa),
r7leé aKTUBHO YYeCTBYje y IIMPOKOj WHUIMJaTUBU W3y4YaBara W KOH3EpBAIMje KyJITYpPHOT
Hacneha Penmy6iuke CpOuje.



Cnucak pagosa ap Mupjaune I'pyjuh-bpojunn

Pan y BpxyHckom meh)ynapoanom yaconucy — M21 (17)

PanoBu 00jaB/LeHN HAKOH ITPETXOHOT M300pa vV 3Bame (9)

1  N. Tomi¢, M. Gruji¢-Broj¢in, N. Fincur, B. Abramovi¢, B. Simovi¢, J. Krsti¢, B. Matovi¢,
M. Séepanovié
Photocatalytic degradation of alprazolam in water suspension of brookite type TiO,
nanopowders prepared using hydrothermal route
Materials Chemistry and Physics 163 (2015) 518-528

2 Z.V.Popovié¢, M. Gruji¢-Broj¢in, N. Paunovié¢, M.M. Radonji¢, V.D. Araujo, M.I.B.
Bernardi, M.M. de Lima, A. Cantarero
Far-infrared spectroscopic study of CeO2 nanocrystals
Journal of Nanoparticle Research 17(1) (2015) 1-7

3 M. Gruji¢-Brojéin, S. Armakovi¢., N. Tomi¢, B. Abramovi¢., A. Golubovié, B.
Stojadinovié., A. Kremenovié, B. Babi¢, Z. Dohé&evié-Mitrovi¢, M. Séepanovic.
Surface modification of sol-gel synthesized TiO2 nanoparticles induced by La-doping
Materials Characterization 88 (2014) 30-41.

4 A Golubovi¢, N Tomi¢, N Fincur, B Abramovié, I Veljkovi¢, J Zdravkovi¢, M Grujic-
Brojcin, B Babi¢, B Stojadinovi¢, M Séepanovic’
Synthesis of pure and La-doped anatase nanopowders by sol-gel and hydrothermal methods
and their efficiency in photocatalytic degradation of alprazolam
Ceramics International 40(8) (2014) 13409-13418

5 A. Kremenovié¢, M. Grujic Brojcin, A.-M. Welsch, P. Colomban
Heterogeneity in iron-doped titania flower-like nanocrystalline aggregates: Detection of
brookite and anatase/rutile size-strain modeling
Journal of Applied Crystallography 46 (6) (2013) 1874-1876.

6 A. Golubovi¢, B. Abramovi¢, M. Séepanovié, M. Gruji¢-Brojcin, S. Armakovié, L.
Veljkovi¢, B. Babi¢, Z. Dohcevié-Mitrovi¢, and Z. V. Popovié¢
"Improved efficiency of sol-gel synthesized mesoporous anatase nanopowders in
photocatalytic degradation of metoprolol”
Materials Research Bulletin 48 (4) (2013) 1363-1371.

7 M. ééepanovié, B. Abramovi¢, A. Golubovi¢, S. Kler, M. Gruji¢-Broj¢in, Z. Doh¢evié-
Mitrovi¢, B. Babi¢, B. Matovi¢, Z. V. Popovic¢
"Photocatalytic degradation of metoprolol in water suspension of TiO2 nanopowders
prepared using sol-gel route"
Journal of Sol-Gel Science and Technology 61 (2012) 390402

8 M. S¢epanovi¢, M. Gruji¢-Brojéin, K. Vojisavljevi¢, and T. Sreékovié
"Defect induced variation in vibrational and optoelectronic properties of nanocrystalline
ZnO powders"
Journal of Applied Physics 109 (2011) 034313

9 M. Séepanovi¢, M. Gruji¢-Brojéin, K. Vojisavljevi¢, S. Bernik and T. Sre¢kovié
"Raman study of structural disorder in ZnO nanopowders"
Journal of Raman Spectroscopy 41 (2010) 914-921
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PasioBu 06jaBibEHH IIpe IPETXOAHOr N300pa v 3Bame (&)

K. Vojisavljevi¢, M. Séepanovié, T. Sre¢kovi¢, M. Grujié-Brojéin, Z. Brankovi¢ and G.
Brankovié¢

Structural characterization of mechanically milled ZnO: influence of zirconia milling media
J. Phys.: Condens. Matter 20 (47) (2008) 475202

M. J. Séepanovi¢, M. Gruji¢-Brojéin, Z. D. Doh&evié-Mitrovié, Z. V. Popovié
Temperature dependence of the lowest frequency Eg Raman mode in laser-synthesized
anatase TiO2 nanopowder

Appl. Phys. A 86 (3) (2007) 365-371

Z. D. Doh¢evié-Mitrovié, M. Radovi¢, M. géepanovié, M. Gruji¢-Brojéin, Z. V. Popovié, B.
Matovié¢ and S. Boskovié

Temperature-dependent Raman study of Ce0.75Nd0.2502— & nanocrystals
Appl. Phys. Lett. 91 (2007) 203118

1. Bineva, D. Nesheva, M. géepanovié, M. Gruji¢-Brojcin, Z.V. Popovi¢, Z. Levi
Dependence of photoluminescence from a-Si nanoparticles on the annealing time and
exciting wavelength

Journal of Luminescence 126 (2007) 7-13

Z. D. Doh¢evi¢-Mitrovi¢, M. Gruji¢-Brojéin, M. Séepanovié, Z. V. Popovi¢, S. Boskovi¢, B.
Matovi¢, M. Zinkevich and F. Aldinger

Cel-xY(Nd)xO2-6 nanopowders: potential materials for intermediate temperature solid
oxide fuel cells

J. Phys.: Condens. Matter 18 (2006) S2061-S2068

M. Gruji¢-Brojcin, M. J. Séepanovié, Z. D. Dohcevi¢-Mitrovi¢, 1. Hini¢, B. Matovic, G.
Stanisi¢, and Z. V. Popovic

Infrared study of laser synthesized anatase TiO, nanopowders,

Journal of Physics D: Applied Physics 38 (2005) 1415-1420

M. Grujié, R. Kosti¢, D. Rakovi¢, and L.A. Gribov
Calculation of Vibrational Spectra of Zig-Zag Single — Wall Nanotubes
Materials Science Forum 352 (2000) 123-128
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10



Simpozijum o fizici kondenzovane materije SFKM ’97, 29. septembar — 01. oktobar 1997,
Kladovo, Zbornik apstrakata p.140

11 R.Kosti¢, D. Rakovi¢, and M. Gruji¢
Vibracione osobine i struktura karbonskih nanotuba zasnovanih na molekulu Ce( i njegovoj
simetriji
2" Yugoslav Materials Research Society Conference YUCOMAT 97, Herceg Novi,
September 15-19, 1997, Book of Abstracts p. 49

Onopamena nokTopcka aucepranuja — M71

PasioBu 00jaBJbEHH IIpe IPETXOAHOT U300pa V 3BAKLE

1 M. I'pyjuh-bpojunn
OnTHyka CrieKpOCKOIHja OKCUIHUX HaHOIIPAaxoBa
Enextporexnuuku daxynrtet, YHuBep3uTer y beorpany, 16. okrobap 2008.

Ondpamen marucrapcku pag — M72

PasioBu 00jaBJbEHH IIpEe OIPETXOMHOr N300pa V 3BaKkE

1 M. I'pyjuh
BubparnyoHna crieKTpocKoIja jeJHOCIOJHAX YTIbeHHYHIX HAHOTy0a
Enexrporexumuku ¢axynrer, Yauepsuret y beorpany, asryct 2000.



EneMeHTH 32 KBAHTUTATUBHY OLIEHY HAYYHOT JONPUHOCA
ap Mupjane I'pyjuh-bpojunn 3a u360p y 3Bambe HAY4YHOT CABETHUKA

OcTBapeHu pe3yJITaTH HAKOH IIPETXOTHOT I/I36OD8. Y 3BamkbC

VYxynno 30 nmy6nukanuja o yera 18 y mehynaponnum yaconucuma kareropuje M20.
Jenan pan y Benehem waconucy HarmonamHor 3Havaja M51.
JenHa MoHorpaduja y kareropuju MoHorpaduje HalMoHaIHOT 3Ha4yaja M41.

Kareropuja M 6GonoBa .
pana o paty bpoj pagoBa | YkynHo M 6onoBa
M21 8 9 72
M22 5 2 10
M23 3 7* 15
M31 3 1 3
M32 1.5 2 3
M33 1 1 1
M34 0.5 2 1
M41 7 1 7
M44 2 1 2
M51 2 1 2
M62 1 1 1
M64 0.2 2 0.4
YKYIIHO 30 1174

* 4 mybonmkanuje M23, Koje cy o3HaueHe ca * y npuiioxeHoj oubiarorpaduju, a koje cy o0jaBjbeHe Kao paj ca
KoH(pepeHIHje y yaconucy ca [SI mucte, pauyHare cy ca moJoBHHOM BpexHOCTH O0o10Ba (1.5);

HopeheH)e ¢ca MUHUMAJTHUM KBAHTUTATUBHUM YCJIOBOM 3a I/1360D Y 3BalkbC HAYYHHU CAaBECTHHUK

M kareropuje Ycaos OcTBapeHu pe3yJaTaT
YKVIIHO 65 117.4
MI10+M20+M31+M32+M33+M41+M52 50 111
MI11+M12+M21+M22+M23+M24+M31+M32 | 35 103




YKYIIHH OCTBAPCHHU PE3YIITATH

VYxynno 87 my6nukanuja o yera 42 y melynapoanum yaconucuma kareropuje M20.
JIBa pama y Boaehem yaconucy HalMOHATHOT 3Ha4aja M51 Ha CpIICKOM je3uKy.
Jenna MmoHorpaduja y kareropuju MoHorpaduje HaMoHAIHOT 3Havyaja M41.

Kareropuja M GomoBa YxymnHO Yxymao M 6ox0Ba
pajaa 10 paay pazoBa
M21 8 17 136
M22 5 7 35
M23 3 18* 46.5
M31 3 3 9
M32 1.5 3 4,5
M33 1 1 1
M34 0.5 9 4.5
M4l 7 1 7
M44 2 1 2
M51 2 2 4
M52 1.5 2 3
M61 1,5 2 3
M62 1 1 1
M63 0.5 7 3.5
Mo64 0.2 13 2,6
YKYIIHO 87 262.6

* 5 mybnmkanuja M23, koje cy o3HaueHe ca * y npuioxeHoj onbianorpaduju, a koje cy o0jaBjbeHe Kao paj ca
koH(pepeHMje y yaconucy ca ISI micre, pauyHaTe cy ca nosioBUHOM BpeiHOCTH 60110Ba (1.5);
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ipbWebmail :: Invitation to talk at SFKM 2015 https://mail.ipb.ac.rs/roundcube/? task=mail& action=print& uid=130...

From Leonardo Golubovic <Leonardo.Golubovic@mail.wvu.edu>
To myramyra@ipb.ac.rs <myramyra@ipb.ac.rs>

Cc popozor@ipb.ac.rs <popozor@ipb.ac.rs>, Nenad Vukmirovic
<nenad.vukmirovic@ipb.ac.rs>, Antun Balaz <antun@ipb.ac.rs>

Date 28 Mar 2015 06:06

Subject Invitation to talk at SFKM 2015 I m webmail

Faculty of Physics University of Belgrade
Institute of Physics Belgrade

Institute for Nuclear Sciences "Vinca" Belgrade
Serbian Academy of Sciences and Arts

Dr. Mirjana Grujic-Brojcin

Institute of Physics
Belgrade

Dear Dr. Grujic-Brojcin,

On behalf of the Organizing and Program Committees and my own, it is my privilege and pleasure to offer you to give an invited talk at the 19th
Symposium on Condensed Matter Physics - SFKM 2015, to be held in Belgrade, Serbia, September 7-11, 2015.

We are hoping that you can accept the invitation and are looking forward to your response. More information about the conference can be
found posted at http://www.sfkm.ac.rs

We would be very grateful if you could reply to our invitation within next few days as this would be very helpful for our planning of the
conference.

We are looking forward to meeting you in Belgrade in September.
Sincerely yours,
SFKM 2015 Chair

Prof. Leonardo Golubovic
West Virginia University, USA

1of1 12/9/2015 11:49 AM
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Photonica 2015,
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YUCOMAT 2015,
Herceg-Novi, Montenegro,
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Invited Speakers

Marco Aprili, Université Paris-Sud 11

Fakher F. Assaad, University of Wiirzburg

Dora Balazs, Budapest University of Technology
and Economics

Stefano Baroni, Scuola Internazionale Superiore di
Studi Avanzati (SISSA)

Wolfgang Belzig, University of Konstanz

Natasa Bibi¢, Vinca Institute of Nuclear Sciences
Alexandre Bouzdine, Université de Bordeaux 1
Emil BoZin, Brookhaven National Laboratory
Ivan Bozovi¢, Brookhaven National Laboratory
Christoph Bruder, University of Basel

Harald Brune, Ecole Polytechnique Fédérale de
Lausanne

Hrvoje Buljan, University of Zagreb

Emmanuele Cappelluti, Sapienza Universita di
Roma

Milan Damnjanovi¢, Faculty of Physics Belgrade
Edib Dobardzi¢, Faculty of Physics Belgrade
Gyula Eres, Oak Ridge National Laboratory
Leonardo Golubovi¢, West Virginia University
Mirjana Gruji¢-Brojcin, Institute of Physics
Belgrade

Bjgrk Hammer, Aarhus University

Igor Herbut, Simon Fraser University

Zoran Ikoni¢, University of Leeds

Zoran 1vi¢, Vinca Institute of Nuclear Sciences
Vladimir Jurici¢, University of Utrecht

Jane Kondev, Brandeis University

Zorica Konstantinovi¢, Institute of Physics
Belgrade

Igor M. Kuli¢, Institut Charles Sadron

Nenad Lazarevi¢, Institute of Physics Belgrade
Marjana Lezai¢, Forschungszentrum Jilich
Stergios Logothetidis, Aristotle University of
Thessaloniki

Aleksandar Matkovi¢, Institute of Physics Belgrade

Announcements | SFKM Charter Winners | Conference Events | Local Information | Contact

1of1

http://www.sfkm.ac.rs/invited.html

Ivanka MiloSevi¢, Faculty of Physics Belgrade
Milorad MiloSevi¢, University of Antwerp

Milica Milovanovi¢, Institute of Physics Belgrade
Zoran Miskovi¢, University of Waterloo

Marija Mitrovi¢ Dankulov, Institute of Physics
Belgrade

Stevan Nad-Perge, California Institute of
Technology

Branislav Nikoli¢, University of Delaware
Predrag Nikoli¢, George Mason University
Cedomir Petrovi¢, Brookhaven National
Laboratory

Dragana Popovi¢, Florida State University
Velimir Radmilovi¢, Faculty of Technology and
Metallurgy Belgrade

Zoran Radovi¢, Faculty of Physics Belgrade
Milan Rajkovi¢, Vinca Institute of Nuclear Sciences
Miljko Satari¢, Faculty of Technical Sciences Novi
Sad

Rastko Sknepnek, University of Dundee

Dorde Spasojevi¢, Faculty of Physics Belgrade
Dimitrije Stepanenko, Institute of Physics
Belgrade

Zeljko Sljivancanin, Vinéa Institute of Nuclear
Sciences

Nenad §vrakic’, Institute of Physics Belgrade
Bosiljka Tadi¢, Jozef Stefan Institute

Milan Tadié¢, School of Electrical Engineering
Belgrade

Darko Tanaskovi¢, Institute of Physics Belgrade
Christian Teichert, Montan University

Mihajlo Vanevi¢, Faculty of Physics Belgrade
Ivana Vasi¢, Institute of Physics Belgrade
Vladan Vuleti¢, Massachusetts Institute of
Technology

Ilija Zeljkovi¢, Boston College

Copyight © 2014-2015 SFKM
Web Design by Richlyn Systems Ltd

12/9/2015 11:53 AM
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Download the Final Programme of Third Conference of Serbian Society for Ceramic Materials, 15th _
17th June 2015

Programme

PLENARY LECTURES:

1. Prof. Dr. Dragan Damjanovi¢, EPFL, Switzerland
“Morphotropic phase boundary systems: concept, materials and applications”

2. Prof. Dr Paula Vilarinho, University of Aveiro, Portugal
“Open questions on the role of porosity in ferroelectric thin films”

3. Prof. Dr. 1. Christian Schin, Max-Planck Institute for Solid State Research, Stuttgart, Germany
“Nanomaterials: What Do Their Energy Landscapes Tell Us?”

4. Prof. Dr. Rebholz Claus, University of Cyprus, Cyprus
“Thermal and chemical stability of hexagonal boron nitride (h-BN) nanostructures”

INVITED LECTURES:

1. Prof. Dr. Javier Garay, University of California, Riverside, USA
“Processing and performance of transparent ceramics for light emission and light manipulation”

2. Prof. Dr. Tahir Cagin, Texas A&M University, USA
“Thermo-Electro-Mechanical Coupling in Piezoelectric Materials: Molecular Theories and Atomistic Simulations”

3. Prof. Dr. Elisabetta Di Bartolomeo, University of Tor Vergata, Italy
“Infiltrated Lag.gSrg.2Gap.8Mgg.203-5 Based Fuel Cells for Biogas Feeding”

4. Dr. Slavko Bernik, 11S, Slovenia
“Stuctural and Microstructural Challenges for the Enhanced Thermoelectric Performance of Zno-Based Ceramics”

5. Prof. Dr. Enrico Traversa, KAUST, Saudi Arabia
“Cerium oxide nanoparticles for antioxidant therapy perspectives”

6. Dr. Tadej Rojac, 115, Ljubljana, Slovenia
“Processing and conductivity issues in BiFeO3-based piezoelectric ceramics”

7. Prof. Dr. Darko Makovec, 1JS, Ljubljana, Slovenia
“Synthesis of magnetic and multifunctional nanocomposites based on the colloidal processing of nanoparticles”

8. Dr. Andreja Gajovic, Institut Rudjer Boskovic, Zagreb, Croatia
“Titanate nanostructures for different applications”

9. Dr. Cristina Ciomaga, Faculty of Physics, University of Iasi, Iasi, Romania
“Ferroelectric-ferrite/CNT ceramic composites: synthesis, functional properties and modeling”

10. Prof. Dr. Ravi Kumar, Indian Institute of Technology, Madras, India
“Precursor derived ceramics for photocatalytic applications”

11. Dr. Milica Vlahovi¢, Institute of Chemistry, Technology and Metallurgy, University of Belgrade, Serbia
“Non-Destructive Evaluation of Sulfur-Polymer Composite Behavior under Induced Destruction Influence”

12. Prof. Dr. Katsumi Yoshida, Tokyo Institute of Technology, Tokyo, Japan
“Development of Porous SiC Ceramics Based on In-Situ Grain Growth”

13. Dr. Miladin Radovic, Texas A&M University, USA
"0On Anelastic and Dielectric Relaxation in Doped Ceria and Zirconia Ceramics”

14. Dr. Mirjana Gruji¢-Brojcin, Institute of Physics, University of Belgrade, Serbia
"The Application of Raman Spectroscopy in the Analysis of Ancient Ceramics"

15. Dr. Maja Gajic Kvascev, Institute of Nuclear Sciences Vinca, University of Belgrade, Serbia
"Pattern Recognition Techniques as Support for Archaeometric Study of Ceramic Artefacts”

16. Dr. Miroslav Komljenovic, Institute for Multidisciplinary Research, University of Belgrade, Serbia
“Alkali activated materials: Crucial factors affecting the strength”

17. Dr. Thomas Brauniger, Department of Chemistry, University of Munich (LMU), Germany
“Characterisation of Ceramic Systems by Solid-State NMR Spectroscopy”




Bulgarian Academy of Sciences

Institute of Solid State Physics
"George Nadjakov"

72, Tzarigradsko Chaussee Blvd. Tejlephone: (+359 2) 979/ ext.
1784 Sofia, Bulgaria http://www.issp.bas.b Director: (+359 2) 875 80 61
) oUe b -155D.025.08 Administration: (+359 2) 877 34 92

e-mail: director@issp.bas.bg Chief Accountant: (+359 2) 87550 61

To: Professor Maja Scepanovic
Center for Solid State Physics and New Materials
Institute of Physics,
Pregrevica 118, 11080 Belgrade
Serbia August 1172010

Dear Prof. Scepanovic,
On behalf of the Organizing committee of the 16th International School of Condensed Matter
Physics, the ISCMP 2010 "Progress in Solid State and Molecular Electronics, lonics and
Photonics ", which will take place in Varna, BULGARIA between 29" August and 31

September 2010, I have the pleasure to inform you that your contributions entitled:

Invited lecture: “INVESTIGATION OF VIIBRATIONAL AND ELECTRONIC STATES IN OXIDE
NANOPOWDERS BY SPECTROSCOPIC METHODS”

by M. Scepanovic, M. Grujic-Brojcin, Z. Dohcevic-Mitrovic and Z. V. Popovic

have been included in the School programme.

We kindly invite you to take part in the work of the School and will be glad to meet you
in Varna in the end of August and beginning of September.

We have booked for you a double room for the period August 28" -September 4", 2010
in the Panorama hotel in the resort St.St. Konstantin and Elena in which the School will
be held.

Sincerely yours,

W2 e

Academician Alexander G. Petrov, PhD, DSc, FBAS
Director, Institute of Solid State Physics
Chairman of 16ISCMP 2010



15. oktobar 2014. godine ' dr Mirjana Gruji¢-Broj¢in
Visi nauéni saradnik

Institut za fiziku, Univerzitet u Beogradu

Centar za fiziku &vrstog stanja i nove materijale

Pregrevica 118

11080 Zemun

POZIVNO PISMO

Postovana gospodo Gruji¢-Brojéin,

Cast mi je i zadovoljstvo da Vas, u ime Nau¢nog odbora prvog nacionalnog nau¢nog
skupa LANTERNA 2014 (nuklearne i druge analiticke tehnike u izuéavap‘ju kulturnog nasleda -
zaStita bastine izmedu prirodnih i drudtvenih nau¢nih oblasti), pozovem da u svojstvu predavaca
po pozivu odrzite predavanje pod naslovom ,,Primena Ramanove spektroskopije za proucavanje
kulturnog nasleda: prvi rezultati ispitivanja keramike sa lokaliteta Kale KrSevica™. Nau¢ni skup

¢e se odrzati u Galeriji Matice srpske u Novom Sadu, 3. novembra 2014. godine.

Nauéni skup je prilika da se kroz direktne susrete eksperata iz naucnih, tehnitko-
tehnoloskih i drustveno-humanisti¢kih oblasti istrazivanja istakne multudisciplinarni karakter

izu¢avanja predmeta kulturnog nasleda.

Radujemo se Vasem uceScu.

U ime Nautnog odbora LANTERNE 2014

ooy A b’

dr Majd Gaji¢-Kvasev

Naucéni saradnik
Institut za nuklearne nauke Vin¢a, Beograd, Srbija

LN 5
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Institut za nuklearne nauke Vinéa Galerija Matice srpske
Beograd Novi Sad



o LANTERNA 2014-I nacionalni nauéni skup-nuklearne i druge analiticke tehnike u izu¢avanju kulturnog

iy » nasleda - zastita bastine izmedu prirodnih i drustvenih nau¢nih oblasti, Galerija Matice srpske. Novi Sad,
- 03. novembar 2014,
Program skupa
9.00-9.25 Uvodna obraéanja
Gostujuéi predavaé-dott. Stefano Ridolfi, Arsmensurae, Rim, Italija (izlaganje
9.25-10.00 na engleskom)

Educational Yard, an original way to test instruments and teach physics

Sesija 1: BaStina kao drustveni resurs

predsedavajuéi: dr Dragan Bulatovic, Filozofski fakultet u Beogradu

Predavanja po pozivu

10.00-10.25

10.25-10.50

10.50-11.20

-

dr Milan Popadi¢, Filozofski fakultet u Beogradu

Kuloniza‘cija proslosti: bastina kao druStveni resurs
dr Dubravka Dukanovi¢, Institut za arhitetkturu i urbanizam Srbije, Beograd

1zazovi odrZiveg razvoja i oCuvanje bastine

Pauza za kafu

Sesija 2: Nauéni resursi za izu¢avanje kulturne bastine

predsedavajuéi: dr Maja Séepanovié, Institut za fiziku, Beograd

Predavanja po pozivu

11.20-11.45

11.45-12.10

12.10-12.35

12.35-13.00

13.00-13.25

13.25-14.30

dr Ljiljana Damjanovi¢, Fakultet za fizicku hemiju, Beograd

Primena metoda fizickohemijske analize u o¢uvanju kulturnog nasleda
dr Radmila Janc¢i¢-Heinemann, TehnoloSko-metalurski fakultet, Beograd

Uloga nauke o materijalima u prouéavanju i o¢uvanju kulturne bastine
dr Jonjaua Ranogajec, Tehnoloski fakultet u Novom Sadu

Science and Education in Cultural Heritage Protection
dr Mirjana Gruji¢-Brojéin, Institut za fiziku, Beograd
Primena Ramanove spektroskopije za prou¢avanje kulturnog nasleda:

prvi rezultati ispitivanja keramike sa lokaliteta Kale Krfevica
Velibor Andri¢, Institut za nuklearne nauke Vinca, Beograd

Savremeni trendovi u prouc¢avanju kulturnog nasleda — neinvazivnost i
nedestruktivnost

Pauza za rucak
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Invited Speakers

e

Prof. Manuel Cardona, MPI, Germany

Prof. Jack Rowe, NC State University, USA

Prof. David Snoke, University of Pittsburgh, USA

Prof. Xavier Gonze, Universite Catholique de Louvain, Belgium
Prof. Peter Yu, University of California, Berkeley, USA

Prof. Jorge Serrano, ICREA- UPC, Spain

Prof. Alfonso Muinoz, Universidad de la Laguna, Spain

Prof. Andres Cantarero, Universidad de Valencia, Spain

Prof. Ole Andersen, MPIl, Germany

Prof. R. Sooryakumar, Ohio State University, USA

Prof. Reinhard Kremer, MPIl, Germany

Prof. Karl Syassen, MPIl, Germany &5

Prof. Fernando Ponce, ASU, USA 4 o
Prof. Jose Menendez, ASU, USA

Prof. Luis Felipe Lastras, UASLPﬂVIexuco

Prof. Roberto Escudero, UNAM Mexico

Prof. Christian Thomsen, TU Berlin, Germany

Prof. Ruben Barrera, UNAM, Mexico

Prof. Ulrich Eckern, Augsburg UnivgGermany

Prof. Gerardo Contreras Puente, I Mexmo ’
Prof. Frederick Smith, City College of New York, USA

Prof. Isaac Hernandez, CINVESTAV, Mexico ‘,——-
Prof. David Lederman, West Virginia®tmv, USA
Prof. Zoran Popovic,Physics Institute, Serbia
Prof. Philip Allen, Stony Brook, USA

75th Manuel's Birthday




Ann. Phys. (Berlin) 523, No. 1 -2, 62-74 (2011) / DOI 10.1002/andp.201000094

Raman scattering on nanomaterials and nanostructures

Z. V. Popovic¢*, Z. Dohcevi¢-Mitrovic¢, M. séepanovié, M. Gruji¢-Brojc¢in, and S. ASkrabié

Institute of Physics, Center for Solid State Physics and New Materials, University of Belgrade,
Pregrevica 118, 11080 Belgrade, Serbia

Received 30 July 2010, revised and accepted 10 September 2010
Published online 11 October 2010

Key words Raman scattering, nano materials, phonon confinement effects, titania and ceria.

This article is dedicated to Manuel Cardona.

The conventional Raman scattering spectroscopy is one of the most used and powerful techniques for char-
acterization of nano-sized materials and structures. By proper analysis of optical mode shift and broadening
in nanomaterials based on phonon confinement model, it is possible to deduce about the influence of vari-
ous effects like particle size and size distribution, strain, change of phonon dispersion, substitutional effects,
defect states and nonstoichiometry, electron-phonon coupling. We have demonstrated potentials of this tech-
nique in CeO2 and TiO2 nanocrystalline systems analyzing their optical phonon properties.

(© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

1 Introduction

There are plenty of different microscopic and other techniques which are widely used to study nano-sized
materials and structures. In order to map mostly used techniques for nanomaterials characterization we
have used the ISI Web of Science data base. There are 58021 “nano” records, for the period 1996-2010
(end of July). The main correlated techniques are as listed in Fig. 1.

According to Fig. 1, the characterization of nanostructured systems is still best accomplished using elec-
tron microscopy (TEM, SEM), or by scanning probe techniques (AFM, STM), which provide information
on the electronic and morphological properties of materials with nanometer scale resolution. Unfortunately,
these techniques work ex-situ, often requiring special sample preparation, and can be destructive [1].

Structural characterization of nanomaterials and nanostructures is still run with the conventional X-ray
diffraction (XRD) technique, despite limitations existing when going to the nanoscale. This method is on
the second place among all other techniques used for nanomaterials characterization. Raman scattering
(RS) technique is also very widely used as a powerful tool for characterization of nanosized materials and
structures. Beauty and power of RS for materials characterization is:

e No sample preparation or damage

The ability to measure samples through light transparent material (easy in-sifu experiments)

e Submicron (in some cases 50 nm) spatial resolution (when coupled with AFM: TERS = tip enhanced
RS)

Very high sensitivity (when coupled with SERRS: surface enhanced resonance Raman spectroscopy)

e Easy use.

*

Corresponding author E-mail: zoran.popovic @ipb.ac.rs, Phone: +381 113161385, Fax: +381 113162 190

(© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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ipbWebmail :: Thank you from J. Opt. - JOPT/391361/PAP/124565

1of1

Subject Thank you from J. Opt. - JOPT/391361/PAP/124565
Sender <jopt@iop.org>
Recipient <myramyra@ipb.ac.rs>
Date 08 Jun 2011 17:05

Ref: JOPT/391361/PAP/124565
Dear Dr Grujic-Brojcin

TITLE: Mixing rules and optical properties of an ensemble of II-VI
semicondutor nanoshells
AUTHORS: Dr Rosa M de la Cruz et al

Thank you for your report on the above article. We very much appreciate
your help in refereeing this article for Journal of Optics, and I look
forward to working with you again soon.

Yours sincerely

Stuart Roberts
Publishing Administrator
Journal of Optics

Publishing Team

Stuart Roberts - Publishing Administrator
Gregory Smith - Publishing Editor

Claire Bedrock - Publisher

Rachael Kriefman - Production Editor

Contact Details
E-mail: jopt@iop.org
Fax: +44 (0) 117 9200658

PS Keep up to date with the latest articles published in IOP journals at
http://iopscience.org

https://roundcubemail.ipb.ac.rs/? task=mail& action=print& uid=63&...

Im webmail

This email (and attachments) are confidential and intended for the addressee(s) only. If you are not the intended
recipient please notify the sender, delete any copies and do not take action in reliance on it. Any views expressed are
the author's and do not represent those of IOP, except where specifically stated. IOP takes reasonable precautions to
protect against viruses but accepts no responsibility for loss or damage arising from virus infection. For the protection of

IOP's systems and staff emails are scanned automatically.

IOP Publishing Limited Registered in England under Registration No 467514. Registered Office: Dirac House, Temple

Back, Bristol BS1 6BE England Vat No GB 461 6000 84.
Please consider the environment before printing this e-mail

3/19/2014 5:36 PM



ipbWebmail :: Re: Review of a paper for PAC journal https://roundcubemail.ipb.ac.rs/? task=mail& action=print& uid=95&...

Sender Vladimir Srdic <srdicvv@uns.ac.rs>

Subject Re: Review of a paper for PAC journal I m we b ma | l

Recipient Mira Grujic-Brojcin <myramyra@ipb.ac.rs>
Date 14 Apr 2012 19:07

Dear Dr. Grujin Brojcin

Thank you very much for the answer and prepared review of the paper ID PAC-0256,
"Semiconducting properties of titanium oxide containing ceramics”. I am sure that your

comments and suggestions will be very helpful in preparation of revised version of the text.

Kind Regards

Vladimir V. Srdic

Processing and Application of Ceramics
Faculty of Technology

University of Novi Sad

Bul. Cara Lazara 1

21000 Novi Sad

SERBIA

Tel: +381 21 485 3665

Fax: +381 21 450 413

e-mail: srdicvv@uns.ac.rs

web-site: http://www.tf.uns.ac.rs/publikacije/PAC
web-site: http://www.tf.uns.ac.rs/sm2011

————— Original Message ----- From: "Mira Grujic-Brojcin" <myramyra@ipb.ac.rs>

To: "Vladimir Srdic" <srdicvv@uns.ac.rs>
Sent: Friday, April 13, 2012 10:38 PM
Subject: Re: Review of a paper for PAC journal

Dear Dr. Srdic

Find enclosed the review of the manuscript ID PAC-0256, entitled
"Semiconducting properties of

titanium oxide containing ceramics”. The manuscript will be acceptable
after major revision.

Sincerely

Mira Grujic-Brojchin

On 28 Mar 2012 13:01, Vladimir Srdic wrote:

Dear Dr. Grujic Brojcin,

Thank you very much for fast answer and acceptance to prepare review
of the manuscript ID PAC-0256, entitled "Semiconducting properties of
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The Raman spectroscopy of TiO,/WOQO; coatings
formed by plasma electrolytic oxidation

Danijela Marinéev', Mirjana Grujié-Broj¢in', Stevan Stojadinovié?,
Marko Radovi¢', Maja Séepanovi¢', and Zorana D. Dohéevié-Mitrovi¢'

'nstitute of Physics, University of Belgrade, Belgrade, Serbia
*Faculty of Physics, University of Belgrade, Belgrade, Serbia

The properties of pure TiO, and TiO/WOj; coatings formed by plasma electrolytic
oxidation (PEO) of titanium in 12-tungstosilicic acid water solution have been studied
by Raman spectroscopy. The Raman spectra of TiO,/WO; coatings obtained after 45, 60,
90 and 180s of PEO process, recorded at room temperature, have been compared to the
spectra of pure anatase coatings. The decrease of anatase Raman modes intensities has
been registered with the increase of PEO process duration. Also, the increasing intensity
of WO; Raman modes has been ascribed to enrichment of coatings with WO; with the
increasing time of PEO process. Moreover, the isolated regions of pure WOj; have been
detected by Raman spectroscopy in coatings obtained by 180s of PEO. The results of
Raman spectroscopy have been compared to previously obtained results of by X-ray
diffraction (XRD).
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Raman study of structural disorder in ZnO
nanopowders

M. Séepanovi¢,®* M. Gruji¢c-Brojéin,? K. Vojisavljevi¢,® S. Bernik®
and T. Sreckovic®

Raman scattering spectroscopy has been used for the characterization of zinc oxide nanoparticles obtained by mechanical
activation in a high-energy vibro-mill and planetary ball mill. Raman modes observed in spectra of nonactivated sample are
assigned to Raman spectra of the ZnO monocrystal, while the spectra of mechanically activated samples point out to the
structural and stoichiometric changes, depending on the milling time and the choice of equipment. Observed redshift and
peak broadening of the E;"9" and E, (LO) first-order Raman modes are attributed to increased disorder induced by mechanical
milling, followed by the effects of phonon confinement due to correlation length decrease. The additional modes identified in
Raman spectra of activated ZnO samples are related to the surface optical phonon modes, due to the intrinsic surface defects

and presence of ZrO,as extrinsic defects introduced by milling in zirconia vials. Copyright (€) 2009 John Wiley & Sons, Ltd.
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Introduction

The processing of powder particles in high-energy mills, also
known as mechanical activation, is a very efficient and relatively
inexpensive method for preparation of nanocrystalline ZnO
powder, as one of the most promising materials in the family of
wide-gap semiconductor nanomaterials.'2 Mechanical activation
introduces lattice disorder and extended defects into wurtzite
ZnO structure, and the understanding of these changes is of
both practical and theoretical interest. Raman scattering can
give important information about the nature of the solid on a
scale of a few lattice constants.?! Therefore, Raman spectroscopy
techniques can be used to study the microscopic nature of
structural and/or morphological disorder, which are strongly
correlated with optical phonons in nanostructures.! In polar
semiconductors, such as ZnO, in addition to optical and acoustic
phonons, new optical features may appear in Raman spectra at
different length dimensions L of nanostructure, compared to the
excitation wavelength 1 and Bohr exciton radius ag.’! In the case
ofag ~ L « A (L < 10 nm), the quantum size and confinement
effects become important, the bandgap grows, and the optical
and electronic properties of nanomaterial differ significantly from
its bulk counterpart. On the other side, when ag < L < A (10 nm
< L < 100 nm), the confinement effect is not so relevant, but light
scattering is widely influenced by large inner surface, and surface
phonon modes appear in Raman spectra between the transversal
optical (TO) and longitudinal optical (LO) modes.P!

The phonon confinement model (PCM) has been applied for
estimation of ZnO nanocrystal'®”! and quantum dot®! dimensions,
as well as the correlation length in ZnO thin films®® and ZnO
nanoparticles with Zn substituted by Mnl'® or Co.I'"! The effect of
phonon confinement due to nanometric correlation length!'? on
shift and asymmetric broadening of the E,'°", 711 ,highl6-101 5
E1(LO)®! Raman modes in ZnO has also been studied. The PCM has
been usually applied in Campbell and Fauchet form.'3! Besides,
the PCM with particle size distribution has been used to explain

the great asymmetric broadening of the £,"9" Raman mode in
ZnO quantum dots.®] However, significant disagreement among
the published results obtained by PCM brings into question the
choice of the relevant parameters, which must be supported by
the experimental results.

The appearance of surface optical phonon modes in Raman
spectra of ZnO nanostructures has been predicted theoretically!'¥
and detected experimentally.*'>~17] The surface optical mode
(SOP) in metal-semiconductor Zn/ZnO core-shell structured
nanoparticles, as dominant in the Raman spectrum in the range of
545-565 cm™~', was registered by Xu et al.,!"! as well as by Zeng
et al'® The appearance of this Raman forbidden mode was related
to loss of long-range order and symmetry breakdown in ZnO shell.
A prominent surface optical phonon mode has also been observed
between 549 and 560 cm™" in the Raman spectra of Zn embedded
ZnO nanostructure.l'”? A broad shoulder at ~550 cm~", observed
in the Raman spectra of As™ implanted ZnO single crystals, has
also been ascribed to the Fréhlich optical phonon mode.”*! The
wavenumber of this Frohlich mode, originating from the damaged
layer, has been calculated by taking into account the plasmon
contribution to the dielectric functions of ZnO.” Besides, some
Raman features outside the mentioned wavenumber range have
also been ascribed to the surface optical phonon modes in Zn0O.!"]

* Correspondence to: M. S¢epanovi¢, Center for Solid State Physics and New
Materials, Institute of Physics, Pregrevica 118, 11080 Belgrade, Serbia.
E-mail: maja@ipb.ac.rs

a Center for Solid State Physics and New Materials, Institute of Physics, Pregrevica
118, 11080 Belgrade, Serbia

b Institute of Multidisciplinary Research, Kneza Viseslava 1, 11030 Belgrade,
Serbia

c Department for Nanostructural Materials, JoZef Stefan Institute, Jamova 39,
1000 Ljubljana, Slovenia
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Copyright (©) 2009 John Wiley & Sons, Ltd.
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Structural disorder of ZnO nanopowders with mean crystallite size down to 15 nm, produced by
mechanical activation in high energy mills, has been analyzed by x-ray diffraction and Raman
spectroscopy. The influence of such disorder on optical and electronic properties of activated ZnO
nanopowders has been investigated using photoluminescence spectroscopy and spectroscopic
ellipsometry. A revised interpretation of the resonant enhancement of the first and second order
Raman scattering by the E,(LO) phonons in highly disorder ZnO nanopowders has been proposed.
Detailed analysis of resonant Raman effects in ZnO powders under sub band gap excitation has
given valuable information about defect induced electronic states in the band gap of ZnO.
Systematic trend in the electron—phonon coupling strength, with the correlation length which
depends on lattice disorder in ZnO, has been also demonstrated. © 2011 American Institute of

Physics. [doi:10.1063/1.3525987]

I. INTRODUCTION

Nanocrystalline materials are attracting a wide attention,
due to their unique physical properties and potential applica-
tions. Among these, nanoscaled ZnO has extraordinary im-
portance as a semiconductor material with wide direct band
gap and large exciton binding energy at room temperature.l
The application of ZnO ranges from photocatalysis, via gas
sensing to ultraviolet (UV)-light emitters, varistors, solar
cells, transparent high-power electronics, electroluminescent
devices, surface acoustic wave devices, and piezoelectric
transducers.”” It is well known that the structural, optical,
and electronic properties of ZnO nanoparticles depend not
only on the particular crystal structure, composition, and
morphology of the oxide particles, but also on their defect
structure.” Thus, controlling of defects, as a part of materials
properties management, becomes one of the most important
goals of contemporary nanotechnology. However, defect
structure of nanocrystalline ZnO and the influence of particu-
lar intrinsic and extrinsic defects on its properties, is not yet
fully understood, in spite of the considerable number of pa-
pers published in this field.

In our previous investigationss’(’ we have shown that
highly defective nanocrystalline ZnO powder can be pre-
pared by mechanical activation in high energy mills. The
influence of microstructural changes induced by ball milling
on optical properties of ZnO nanoparticles were investigated
by Giri et al.” but several questions related to the role of
defects were left open. The defects are known to have a
significant impact on the structural, optical, and electronic
properties of ZnO, and reliable analysis of ZnO defect struc-
ture always requires a combination of several analytical tech-
niques. In this paper we applied x-ray diffraction (XRD)

“Electronic mail: maja@ipb.ac.ts.

0021-8979/2011/109(3)/034313/8/$30.00
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analysis and Raman scattering measurement for structural
characterization of defect induced changes in mechanically
activated ZnO powders, whereas their optical and electronic
properties have been determined by spectroscopic ellipsom-
etry (SE) and photoluminescence (PL) spectroscopy. These
techniques allowed us to correlate the structural changes due
to the presence of defects and impurities with the changes in
vibrational and PL properties and variation in band gap en-
ergy in nanocrystalline ZnO. Special attention has been dedi-
cated to the resonant enhancement of Raman scattering, in-
duced by the intrinsic and extrinsic defects in ZnO powders.
It has been shown that detailed analysis of resonant Raman
effects in ZnO powders under subband gap excitation can
give information about defect induced electronic states in the
band gap. This investigation also has clearly established the
relationship between the electron—phonon coupling (EPC)
strength and the correlation length determined by the con-
centration of mechanically introduced intrinsic defect in ZnO
crystal lattice.

Il. EXPERIMENTAL

The commercial zinc oxide powder (ZnO, Kemika,
99.96% purity) with particle size between 100 and 500 nm,
labeled as ZnO-0, was the starting material in this study. This
powder was mechanically activated in a vibromill with steel
rings (type MN 954/3, KHD Humboldt Wedag AG) and in a
planetary ball-mill (Fritsch Pulverisette 5) with zirconia ves-
sels and balls. The milling was performed in a continual
regime in air. The disk rotation speed of 400 rpm and ball-
to-powder mass ratio 40:1 have been applied in planetary
mill. The powders activated in vibromill for 30 and 300 min
of milling time are labeled as ZnO-v-30 and ZnO-v-300,
whereas powders activated in planetary mill are assigned as
Zn0O-p-30 and ZnO-p-300.

© 2011 American Institute of Physics
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Abstract

Zinc oxide nanoparticles were obtained by milling in a planetary ball mill with a zirconia
milling assembly for up to 5 h in air. The samples were characterized by scanning electron
microscopy, x-ray diffraction (XRD) and Raman spectroscopy methods. The deviation of the
lattice parameters from single crystal values was related to defect creation and increase of strain
inside the hexagonal lattice of milled ZnO nanoparticles. The observed redshift and peak
broadening of the major first-order Raman modes were ascribed to the formation of intrinsic
defects by mechanical milling combined with the effects of phonon confinement in nanosized
powders. To investigate the type of intrinsic defects and impurities introduced during milling, it
was necessary to analyze both milled and thermally treated ZnO. After thermal treatment, the
intensity of the Raman spectra increased and the peak positions reverted to values similar to
those in unmilled ZnO powder, pointing to defect annihilation. XRD patterns of sintered
samples confirmed the existence of zirconia impurities and the Rietveld analysis revealed a
small amount of zirconium introduced in the ZnO crystal lattice on the Zn sites or interstitial
sites. The large influence of those impurities on the micro-Raman spectra of thermally treated

samples was observed in this study.

1. Introduction

Zinc oxide (ZnO) is a versatile, multifunctional material
and one of the most promising materials in the family of
wide-gap semiconductors [1]. Due to its unique properties,
such as optical transparency, high piezoelectric properties,
chemical, radiation and thermal resistance, it has been
extensively used in lot of industrial products (ceramics,
rubber additives, pigments) and medical applications [2-5].
Recently, the discovery of the piezoelectric, and photocatalysis
properties of ZnO nanostructures has triggered several new
applications [6-8]. Various physical and chemical routes have
been used to prepare a wide range of ZnO nanostructures,
including novel ZnO nanoarchitectures [9]. ZnO has an
extremely large exciton binding energy of 60 meV, which
allows an efficient excitonic lasing mechanism to operate at
room temperature. Therefore, zinc oxide in the form of

0953-8984/08/475202+09$30.00

pressed powders and polycrystalline films deposited on various
substrates attracts a great deal of attention [10].

Milling in high-energy mills is one of the methods for
preparation of nanocrystalline powders and, in particular, ZnO
powder [11-15]. Different terms are commonly used in the
literature to denote the processing of powder particles in high-
energy mills, but most frequent are mechanical activation,
mechanical milling and mechanical alloying [16]. Mechanical
milling is the method most often used in powder obtaining
technology, as it is a very efficient and relatively inexpensive
method in contrast to chemical (wet and dry) technologies. If
the milling assembly is carefully selected, including the milling
media and parameters, it is possible to obtain large amounts of
powder, with accurate control of particle and crystallite size,
amount and types of defects and impurities [16, 17].

Prolonged milling in high-energy mills is necessary for
obtaining nanoparticles, but it leads to contamination of

© 2008 IOP Publishing Ltd  Printed in the UK
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The Effects of Nonstoichiometry on
Optical Properties of Oxide Nanopowders

M. SEEPANOVIG®, M. GRUJIG-BROJCIN®*,
7. DoHCEVIC-MITROVIC?, K. VOJISAVLIEVICY,
T. SRECKOVIC? AND Z.V. Porovié®

?Center for Solid State Physics and New Materials
Institute of Physics, Belgrade, Serbia
bCenter for Multidisciplinary Studies of the Belgrade University
Belgrade, Serbia

In this paper we illustrate the change of optical properties of mechan-
ically activated wurtzite ZnO powder and laser synthesized anatase TiO»
nanopowder due to the nonstoichiometry caused by mechanical activation
and/or laser irradiation in vacuum. Both of the investigated materials are
widely used in optoelectronics and the examination of their optical prop-
erties under different preparation and environmental conditions is of great
practical interest.

PACS numbers:

1. Introduction

The high surface-to-volume ratio of nanocrystals suggests that the surface
properties have significant effects on their structural and optical properties. This
could be related to the presence of gap surface states arising from surface nonsto-
ichiometry, unsaturated bonds, etc. [1]. Therefore the investigation and control
of the surface processes is an important step toward understanding the optical
properties of oxide nanocrystals.

Optical properties of as prepared and laser irradiated mechanically activated
ZnO powder and laser synthesized anatase TiOy nanopowder were investigated
by photoluminescence (PL) and Raman spectroscopy. The spectra excited by
different lines of Art and He-Cd lasers at room temperatures in air and vacuum
are compared.

2. Experiment

A commercial ZnO powder (Kemika, p.a. 99.96%) was mechanically ac-
tivated by grinding in a vibro-mill with steel rings. The grinding time was 30

*corresponding author; e-mail: myramyra@phy.bg.ac.yu
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VARIATION IN OPTICAL AND ELECTRONIC
PROPERTIES OF ZnO INDUCED BY MECHANICAL
MILLING AND THERMAL TREATMENT

% b 2 . v o ) ot R v 3 4
Katarina Vojisavljevi¢', Maja Séepanovi¢”, Mirjana Gruji¢-Brojéin®, Slavica
Savi¢', Jovana Cirkovi¢', Tatjana Srec¢kovi¢'

'Institute of Multidisciplinary Research, University of Belgrade, Serbia
’Center for Solid State Physics and New Materials, Institute of Physics,
University of Belgrade, Serbia

Zine oxide ceramics have been prepared from ZnO powders obtained by mechanical
milling for 300 min in air in different high-energy mills. Structural disorder induced in
ZnO powder by mechanical activation (MA) and partial structural ordering observed
after proposed thermal treatment (TT) in ZnO ceramic has been characterized by XRD
and Raman spectroscopy. The influence of defect creating during MA and TT on optical
and electronic properties of ZnO has been analyzed using spectroscopic ellipsometry and
photoluminescence spectroscopy. It was found the strong influence of intrinsic and
extrinsic defects on band-gap widening and change in PL spectra shape and intensity.
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This article is dedicated to Manuel Cardona.

The conventional Raman scattering spectroscopy is one of the most used and powerful techniques for char-
acterization of nano-sized materials and structures. By proper analysis of optical mode shift and broadening
in nanomaterials based on phonon confinement model, it is possible to deduce about the influence of vari-
ous effects like particle size and size distribution, strain, change of phonon dispersion, substitutional effects,
defect states and nonstoichiometry, electron-phonon coupling. We have demonstrated potentials of this tech-
nique in CeO2 and TiO2 nanocrystalline systems analyzing their optical phonon properties.

(© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

1 Introduction

There are plenty of different microscopic and other techniques which are widely used to study nano-sized
materials and structures. In order to map mostly used techniques for nanomaterials characterization we
have used the ISI Web of Science data base. There are 58021 “nano” records, for the period 1996-2010
(end of July). The main correlated techniques are as listed in Fig. 1.

According to Fig. 1, the characterization of nanostructured systems is still best accomplished using elec-
tron microscopy (TEM, SEM), or by scanning probe techniques (AFM, STM), which provide information
on the electronic and morphological properties of materials with nanometer scale resolution. Unfortunately,
these techniques work ex-situ, often requiring special sample preparation, and can be destructive [1].

Structural characterization of nanomaterials and nanostructures is still run with the conventional X-ray
diffraction (XRD) technique, despite limitations existing when going to the nanoscale. This method is on
the second place among all other techniques used for nanomaterials characterization. Raman scattering
(RS) technique is also very widely used as a powerful tool for characterization of nanosized materials and
structures. Beauty and power of RS for materials characterization is:

e No sample preparation or damage

The ability to measure samples through light transparent material (easy in-sifu experiments)

e Submicron (in some cases 50 nm) spatial resolution (when coupled with AFM: TERS = tip enhanced
RS)

Very high sensitivity (when coupled with SERRS: surface enhanced resonance Raman spectroscopy)

e Easy use.

*

Corresponding author E-mail: zoran.popovic @ipb.ac.rs, Phone: +381 113161385, Fax: +381 113162 190
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TiO, Nanopowders Synthesized by Sol-Gel Method

M. SGEPANOVIC®*, S. ASKRABIC?, M. GRUJIC-BROJCIN®, A. GOLUBOVICY,

Z. DOHCEVIC-MITROVIC?, A. KREMENOVIC? AND Z.V. Porovi¢®
¢Center for Solid State Physics and New Materials, Institute of Physics, Belgrade, Serbia
*Faculty of Mining and Geology, Laboratory for Crystallography, University of Belgrade, Serbia

Pure and La-doped titania (TiO2) nanopowders are synthesized by sol-gel technology. The crystallite
sizes determined by X-ray diffraction measurements range from 10 to 15 nm. Dependence of structural and
morphological characteristics of nanopowders on synthesis conditions and La®" content is investigated by the
Raman spectroscopy. Very intensive modes observed in the Raman spectra of all nanopowder samples are assigned
to anatase phase of TiO2. Additional Raman modes of extremely low intensity can be related to the presence of
a small amount of brookite amorphous phase in nanopowders, which is in accordance with the results of X-ray
diffraction analysis. The particle size distribution in TiO2 nanopowders was estimated from the low frequency
Raman spectra, using the fact that the phonon modes in nanosized TiO2 observed in the low frequency region
(w < 40 cm™') can be well described by the elastic continuum model, assuming that nanoparticles are of perfect
spherical shape and isotropic. The nanosized particle distribution obtained by this method is used for the calcula-
tion of the frequency and shape of the most intensive £, Raman mode in anatase TiO3 by the phonon confinement
model. The calculated broadening of this mode, associated with the particle size distribution, coincides well with
the characteristics of E; mode observed in measured Raman spectra of TiO2 nanopowders. This confirms the
Raman spectroscopy method as a powerful tool for determination of particle size distribution in nanosized materials.

Low-Frequency Raman Spectroscopy of Pure and La-Doped

PACS numbers: 81.20.Fw, 81.07.Wx, 78.30.—j, 63.22.—m

1. Introduction

Titanium dioxide (TiO2) has three polymorphic modi-
fications: rutile (tetragonal, P42/mnm), anatase (tetrag-
onal, 741/amd), and brookite (orthorhombic, Pbca). All
of them have numerous applications as important indus-
trial materials. In recent years, nanosized TiOs, espe-
cially anatase TiO9, has attracted much attention as
key material for photocatalysts [1], dye-sensitized solar
cells [2], gas sensors [3] and electrochromic devices [4].
The applications of nanosized anatase TiOy are primar-
ily determined by its physicochemical properties such as
crystalline structure, particle size, surface area, poros-
ity and thermal stability. The aim of this study is to
investigate the variations in anatase structure induced
by doping of nanopowders with lanthanum. In our pre-
vious paper [5] it was shown that La-doping improves
thermal stability of sol-gel synthesized TiOy nanopow-
ders. The Raman spectroscopy method is primarily used
here to correlate the amount of brookite phase, as well as
the particle size and particle size distribution in anatase
phase, with the content of La-dopant.

* corresponding author; e-mail: maja@phy.bg.ac.yu

2. Experimental details

TiCly was used as the precursor in the synthesis. The
Ti(OH)4 hydrogel was obtained by hydrolysis of TiCly
at 0°C with controlled addition of 2.5 wt.% aqueous am-
monia into the aqueous solution of TiCly (0.3 mol/1) and
careful control of the pH value of the solution. After
aging in the mother liquor for 5 h, filtering and wash-
ing out with deionized water, obtained Ti(OH)4 hydro-
gel was converted to its ethanol-gel by repeated exchange
with anhydrous ethanol for several times. The obtained
alcogel was placed in a vessel, dried at 280°C and cal-
cined at temperature of 550°C, and after that converted
to the nanoparticles. In the case of La-doped TiOa,
LaCl3-7THoO was used.

Powder X-ray diffraction (XRD) was used for the iden-
tification of crystalline phases, quantitative phase anal-
ysis and estimation of crystallite size and strain. The
XRD patterns were collected on a Philips diffractometer
(PW1710) employing Cu Ky, , radiation.

Raman measurements were performed using 514 nm
laser line of an Ar™/Kr™ laser and Jobin Yvon T64000
triple spectrometer system, equipped with confocal mi-
croscope and a nitrogen-cooled CCD detector. Low-
-frequency Raman measurements were performed in the
backscattering geometry using the 442 nm line of a
He—Cd laser as an excitation source, a Jobin Yvon U1000
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Pure titania (TiO,) nanopowders and TiO, doped with 10 mol % of vanadium ions (V**) are
synthesized by sol-gel method. The dependence of structural characteristics of nanopowders on
synthesis conditions is investigated by X-ray diffraction and Raman spectroscopy. Very intensive
modes observed in Raman spectra of all nanopowders are assigned to anatase phase of TiO,.
Additional Raman modes of extremely low intensity which can be related to the presence of small

667



P.S.A4.19.
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Z. Doh¢evi¢-Mitrovié', B. Matovié®, Z.V. Popovi¢'
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“Institute of Nuclear Sciences “Vinca'’, Belgrade, Serbia

Pure titania (Ti0,) nanopowders and TiO, doped with 10 mol % of vanadium ions (V')
are synthesized by sol-gel technology. The dependence of structural characteristics of
nanopowders on synthesis conditions is investigated by X-ray diffraction and Raman
spectroscopy. Very intensive modes observed in Raman spectra of all nanopowders are assigned
to anatase phase of TiO,. Additional Raman modes of extremely low intensity which can be
related to the presence of small amount of brookite amorphous phase are observed in pure TiO,
nanopowders. In V-doped nanopowders anatase was the only TiO, phase detected. The
variations in duration and rate of calcination almost do not influence the Raman spectra of pure
Ti0,, but has great impact on Raman modes of anatase, as well as the additional Raman modes
related to the presence of vanadium oxides in V-doped samples. In order to estimate the
dependence of nanocrystallite size on synthesis conditions and correlate it with the XRD results,
the shift and asymmetrical broadening of the most intensive anatase Raman mode (Ey1)) are
analyzed by phonon confinement model.

P.§5.A4.20.
HOW TO CHANGE PROPERTIES OF FUNCTIONAL FILMS
BY SOL-GEL TECHNIQUE

N. Korobova', S. Timoshenkov?, O. Jharkova®
'Kazakh National University, Almaty, Kazakhstan, "Moscow Institute of Electronic Technique,
Moscow, Russia, *Lab. of Innovation technologies of microelectronics, Moscow, Russia

The development of new improved type of functional films on the conception of
multiphase structure has been carried out in this paper. Metal alkoxide solutions were used for
application of thin films by electrophoretic deposition technique. We succeeded in preparation
of amorphous, crystalline and composite films. Specific features of the preparation technique
were considered. Microstructure of the films was examined as well as their physical properties.
TEM analyses reveals that films deposited from aging sols and heat-treated at temperatures 300
- 400°C contain small whiskers and nanocrystallites. The alteration in crystallization behavior of
ALO; whiskers was discussed in terms of aging starting sols before electrophoretic deposition
for dielectric films. Superconducting (YBCO and BSCCO) and piezoelectric (BaTiO;) ultra-fine
uniform film preparation has been discussed.
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RAMAN STUDY OF OXYGEN VACANCY BEHAVIOR IN CERIA |
- NANOPOWDERS DOPED WITH Nd, Y AND Gd |

S. Askrabi¢', Z. Doh&evié- Mltrov1él , M. Radovi¢', M. S¢epanovi¢’, \

M. Grujué-BrOJém B. Matqvnc and Z. V. Popovxél \‘

! Institute of Physxcs Centre for Solid State Physics and new Materials, Belgrade, Serbia
: 2 Institute of Nuclear Sciences Vinca’, Belgrade, Serbia

Nanopowders of ceria doped with Nd, Y and Gd at various doping fractions were prepared “
by self propagating room temperature method. These solid solutions maintain the fluorite |
crystal structure of pure CeO2. Creation and behavior of oxygen vacancies, at high \
temperatures up to 600°C, have been studied by Raman spectroscopy. Beside the F2g |
mode, two additional modes appear in the Raman spectra of these nanopowders at the |
frequencies between 550 cm-1 and 600 cm-1. These modes are correlated with the presence |
of extrinsic (intrinsic) oxygen vacancies. Temperature treatment led to the increased |
mobility of the vacancies which is best observed in the ceria doped with Gd. While the \

|

|

\

ceria doped with Nd and Y retain stability after temperature treatment, in the case of Gd
cma the phase separation took place Different Ar+ laser lines ( A= 488 nm, 514.5

surface layer of the samples contains

igher concentration of vacancies and dbbéﬁts ’
compared to the bulk shell.




Yuusep3uret y beorpany
®usznyku haKyaTeT

Marucrapcku paj

CtpykTypHa M BUOpaIoHa CBOJCTBa
CeixAxO,y (A=Nd, Gd, Ba) nanokpucrana

Mapxko PanoBuh

beorpan, 2008.



3axBajiHATIA
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Temperature-dependent Raman study of Ce( ;5Ndg250,_5 hanocrystals
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(Received 20 June 2007; accepted 31 October 2007; published online 16 November 2007)

Raman spectra of Nd doped ceria nanocrystals were measured by gradual heating and cooling over
the temperature range of 293—1073 K and analyzed using the phonon confinement model that
incorporates inhomogeneous strain and anharmonic effects. We have demonstrated that in
nanograins, four-phonon anharmonic processes are more dominant at higher temperatures than size
effects. After the heat treatment, Nd doped ceria nanocrystals remain of nanometric range
(~20 nm) while the concentration of oxygen vacancies is still high in ceria lattice, making this
material convenient for solid oxide fuel cells application. © 2007 American Institute of Physics.

[DOL: 10.1063/1.2815928]

Cerium dioxide (CeQ,) attracts a lot of interest because
of its applications in three-way Catalysis,1 gas sensor
devices,2 and as electrolyte material in solid oxide fuel
cells.”* Nanosized CeO, doped with rare earth elements is a
promising solid electrolyte with excellent ionic conductivity
at low temperature because of the high oxygen vacancy
concentration.”

Although in recent years numerous investigations have
been performed on the structural ™ and transport properties
of doped ceria,”® we are not aware of any other Raman work
aimed to the examination of temperature-induced changes on
the vibrational properties in these materials. In the present
study, we investigated the temperature dependence of the
Raman spectra of Ce75Nd(,50,_s nanocrystals. The pres-
ence of oxygen vacancy Raman modes after heat treatment
implies that Nd doped ceria can be a useful electrolyte ma-
terial for fuel cells. High-temperature x-ray diffraction
(HTXRD) measurements were performed in order to inves-
tigate the stability of this system and to estimate the particle
size.

The Ce(75Nd(,50,_s nanocrystals were synthesized us-
ing self-propagating room temperature synthesis. The de-
tailed powder preparation procedure has been described
previously.lO HTXRD measurements were carried out on
Philips X’pert Pro XRD unit equipped with Anton Paar HTK
attachment, in static air, using Co K3 radiation.

Raman experiments were performed in the backscatter-
ing configuration using Jobin Yvon T64000 spectrometer and
TS1500 Linkam microscope heating stage. The Raman spec-
tra were measured with the 514.5 nm Ar" laser line.

In Fig. | are displayed Raman spectra of the
Ce(75Ndg »50,_s sample at room temperature (RT), during
the heating (circles) and after gradual cooling (dashed lines)
down to room temperature.

In CeO, nanocrystals, F,, Raman mode'" at 464 cm™!
shifts to lower frequencies with pronounced asymmetrical
broadening depending on the particle size.'” In
Ce(75Nd(»50,_s sample, this mode, at RT, is positioned at
about 450 cm™'. With temperature increase the F,, mode

“Electronic mail: zordoh@phy.bg.ac.yu

0003-6951/2007/91(20)/203118/3/$23.00

91, 203118-1

shifts to lower frequencies and becomes less asymmetric
while the linewidth continuously increases. Such a behavior
is attributed to the presence of anharmonicity in the vibra-
tional potential energy due to the decay of the optical phonon
to two or three acoustic phonons.lz’13 The temperature de-
pendence of the Raman mode frequency and linewidth, in-
cluding three- and four-phonon anharmonic processes is"?

(T) = +C{1+ 2 }+D[l+ 3 +L]
GA=® e -1 =1 (eV-1)

= wy+Aw(T), (1)

2 3 3
F(T)=F1+A{1+ex_1}+B[1+ey_1+m}

=T, + AT, (2)

Intensity (arb. units)

,!TF‘ I RT

2g b — - "'i e
500 600
Raman shift (cm™)

e,

700

FIG. 1. Raman spectra of Ce;5Ndj,50,_s sample obtained upon heating
(circles) and cooling (dashed lines). The solid lines are calculated spectra
using PCM model.

© 2007 American Institute of Physics
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Abstract:

A series of Ce;Ba,0,., (5=x=<0.20) nanometric powders were synthesized by self-
propagating room temperature synthesis. XRD and Raman scattering measurements were
used to characterize the samples at room temperature. All the samples are solid solutions
with fluorite type structure with an average crystallite size about 5 nm. The redshift and
asymmetric broadening of the Raman F>, mode can be well explained with combined
confinement and strain effects because of the nanocrystalline powders nature. The
appearance of the additional peaks at ~560 cm™ and ~ 600 cm™, are attributed to extrinsic
and intrinsic O” vacancies in ceria lattice. Raman spectra of temperature treated
Ceg soBay 00,5 sample revealed the instability of this system.
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1. Introduction

Cerium dioxide is of interest because of its multiple applications such as catalysis in
vehicle emissions-control systems [1], high storage capacitors [2], for high Tc
superconducting structures [3], and for optical devices [4]. Recently, ceria based solid
solutions have gained an increasing amount of attention due to their potential use as
electrolyte material in solid oxide fuel cells [S] (SOFCs). Optimization of SOFCs, to operate
at reduced temperatures can be performed with use of electrolyte materials, which have high
ionic conductivity at moderate temperatures.

Monodisperse cerium nanoparticles have higher ionic conductivities than bulk
material, due to the properties related to their nanostructured nature. Nanosized ceria doped
with oxides of di- or trivalent metals exhibits high ionic conductivity at intermediate
temperatures (400-700 °C) and is a promising candidate for electrolyte SOFCs materials.
Whenever the Ce*" ions are replaced with di- or trivalent rare earth ions large density of
oxygen vacancies are formed in ceria lattice enhancing the ionic conductivity of these
materials [6,7]. The ionic conductivity significantly depends on the ionic radius and the
concentration of the dopant too [8,9].

In the present work we described briefly the SPRT method as a possible method for
preparing Ba-doped ceria nanopowders. To the best of our knowledge this method is for the
first time used to synthesize the Ce;.BasO,., (5<x<0.20) solid solutions. The influence of
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Poslednjih godina cerijum-dioksid se sve vise pro-
ucava teorijski i eksperimentalno zbog veoma Siroke
primene u industriji i medicini. Posebno se isti¢e pri-
mena ovog materijala kao elektrolita u ¢vrstim gorivnim
¢elijama, zbog dobre jonske provodnosti na nizim tem-
peraturama (400-800 °C), te je od velikog znacaja pro-
ucavanje ponasanja kiseoni¢nih vakancija na radnoj tem-
peraturi ¢vrstih gorivnih éelija [1,2]. U katalizatorskoj
primeni koristi se osobina oksida cerijuma da otpusta
kiseonik i formira kiseoni¢ne vakancije u kiseonikom
siromas$nim sredinama (redukcija) i da skladiste kiseo-
nik popunjavanjem vakancija (oksidacija) u sredinama
bogatim kiseonikom ¢ime se reguliSe odnos kiseonik-
-gorivo. Ovaj efekat je posledica medusobne transfor-
macije dva cerijumova oksida, CeO, i Ce,Os, u zavis-
nosti od spoljasnje koncentracije kiseonika [3,4]. Trans-
formacija oksida je dominantana u povrSinskom sloju
nanokristala te je od posebnog znacaja proucavanje na-
no-Cestica kod kojih je odnos povrSinskog i zapremin-
skog dela veliki. Dodatno se uvodenjem dopanta, trova-
lentnih jona teSkih zemalja, i formiranjem uvedenih va-
kancija moze izvrSiti kontrola oksido-redukcionih pro-
cesa u gorivnim celijama i povecati jonska provodnost.

U ovom radu smo ispitivali ponaSanje svojstvenih i
uvedenih vakancija kod nanokristala cerijum-dioksida
dopiranog sa 15% Nd (CessNd 150,-5) 1 15% Gd
(Cep85Gdy,150,_5) tokom procesa grejanja od sobne tem-
perature do 800 °C i tokom procesa postepenog hladenja
do sobne temperature, koriste¢i metod Raman spektroskopije.

EKSPERIMENTALNI DEO

Nanokristalni uzorci Ce()yg5Nd()!1502ﬁ,)‘ i C60585Gd(),15024;
pripremljeni su samo-propagiraju¢om metodom na sob-
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DEFEKTNA STANJA U NANOKRISTALIMA
Ceo,85Nd(Gd)o,1502_5 PROUCAVANA METODOM
RAMAN SPEKTROSKOPIJE*

Metodom Raman spektroskopije proucavane su defektne strukture vezane za svojs-
tvene i uvedene vakancije u nanokristalima CegsNd(Gd)y, 150, s pri temperaturnom
tretmanu. Ustanovljeno je da efekat aglomeracije ima veoma veliku ulogu na stehio-
metriju CessNd(Gd), 10,5, odnosno da se pri promeni povrsinskog i voluminoznog
sloja nanokristala menja koncentracija kao i tip defektnih struktura. Proucavanje ovih
struktura je veoma vazno sa aspekta primene dopiranog cerijum dioksida kao elektro-
lita u ¢vrstim gorivnim Celijama.

noj temperaturi (self~propagating room temperature syn-
thesis) [5]. Raman merenja su izvr$ena na mikro-Raman
sistemu Jobin Yvon 64000 koriste¢i Ar’ laser talasne
duzine 514,5 nm u vazduhu. Raman merenja na povi-
Senim tepmperaturama (od sobne temperature do 800 °C)
obavljena su uz pomocu sistema Linkam HTGS 600 i
TS 1500. Temperaturna merenja su vrSena sa korakom
od 100 K. Povrsina uzorka Ce55Gdy 150, 5 snimljena je
mikroskopom atomskih sila Omicron B002645 SPM
Probe VT AFM 25 u bezkontaktnom modu (NC-AFM).
Sva merenja su izvr$ena u visokom vakuumu (10 mbar).

PRIKAZ REZULTATA I DISKUSIJA

Stehiometrijski CeO, je kubicne fluoritne strukture
sa Cetiri atoma cerijuma i osam atoma kiseonika po ele-
mentarnoj ¢eliji. U njemu cerijum formalno ima valencu
+4. Kao prvi element u periodnom sistemu sa delimi¢no
popunjenom f-orbitalom (4s’5d'4f"), cerijum ima spo-
sobnost da lokalizuje jedan 4f elektron i prede u stanje
sa valencom +3 uz odredenu energetsku dobit. Sam pro-
ces nastanka kiseoni¢ne vakancije odgovara kvantnom
efektu lokalizacije 4f elektrona cerijuma. Kada atom ki-
seonika napusti resetku u p traci kiseonika ostaju dva
suvi$na elektrona koja prelaze u najnize nepopunjeno
stanje, a to je 4f traka cerijuma [3,4]. U praksi je usta-
ljeno da se za raunanje polozaja Raman modova kiseo-
ni¢nih vakancija koriste strukture prikazane na slici 1.

Struktura M4Oy podrazumeva da su najblizi susedi
vakancija metalni joni, dok su u strukturi MsOy najblizi
susedi kiseoni¢ni joni [6]. Zbog ocuvanja elektro neu-
tralnosti, a imaju¢i u vidu sposobnost cerijuma da prila-
godi strukturu lokalnom okruzenju, jasno je da ¢e kod
dva jona cerijuma doci do lokalizacje 4f elektrona te ¢e
se nadi u stanju +3. Izbor ova dva jona je sa simetrijskog
aspekta potpuno proizvoljan. Sluzeci se analogijom do-
lazi se do sli¢nih struktura i u slu¢aju vakancija izaz-
vanih uvodenjem trovalentnih dopanata retkih zemalja,
a pod pretpostavkom da u okviru elementarne éelije ne
dolazi do naruSenja fluoritne strukture ve¢ samo do za-
mene jona cerijuma dopantima.
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ABSTRACT

Among the electrolyte materials that have been widely employed in the fuel cells ultrafine ceria (CeO,)
powder represents an important material due to the cerium’s ability to change valence states and
intrinsic oxygen vacancies can be produced in CeQ, lattice. Ceria doped with rare earth oxides is a
promising candidate for SOFC because it exhibits higher ionic conductivity at lower temperatures [1].
Nanometric Ceg35Gdg, 50, powder was synthesized by self propagating room temperature synthesis
(SPRT) [2]. The crystal phase of fluorite type was identified using X-ray diffraction. The properties
and phase transformation of doped ceria nanopowders as a function of temperature were examined by
Raman spectroscopy over the temperature range 293-1100 K (Fig. 1). The contribution of three- and
four-phonon anharmonic processes to the frequency and bandwidth was investigated (Fig. 2). After
annealing the Raman mode became narrow but asymmetrical. By deconvolution using Lorentz-line
profile technique we have found that this mode consists of two modes with frequencies of 464 cm™ and
487 cm™ (Fig. 3). This result confirms that phase separation took place i. . CeO, and Gd,O; phases
were formed [3].
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A series of nanometric ceria powders doped with Ba (Ce;BasO,.y, 0<x<0.20) were
synthesized by room temperature reaction between metallic nitrates and sodium
hydroxide. XRD and Raman scattering measurements were used to characterize the
samples at room temperature. XRD measurements showed that single-phase fluorite type
structure of CeQ, were formed in all investigated ranges. The average crystallite size,
calculated from Scherrer formula was approximately 4 nm. The variation of the lattice
parameter was studied and correlated with the amount of Ba dopant. The strong shift (to
lower energies) and asymmetric broadening of the Raman F,; mode could be well
explained with a combination of size and strain effect due to the nanocrystalline powders
nature. The additional changes in the Raman spectra, i.e. the appearance of the extra-
peak at ~ 600 cm’, is attributed to O™ vacancies introduced into ceria lattice when ce¥
ions are substituted by divalent Ba®* ions.
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RAMAN STUDY OF OXYGEN VACANCY BEHAVIOR IN CERIA ||
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Nanopowders of ceria doped with Nd, Y and Gd at various doping fractions were prepared |
by self propagating room temperature method. These solid solutions maintain the fluorite
crystal structure of pure CeO2. Creation and behavior of oxygen vacancies, at high '
temperatures up to 600°C, have been studied by Raman spectroscopy. Beside the F2g '
mode, two additional modes appear in the Raman spectra of these nanopowders at the
frequencies between 550 cm-1 and 600 cm-1. These modes are correlated with the presence |
of extrinsic (intrinsic) oxygen vacancies. Temperature treatment led to the increased |
mobility of the vacancies which is best observed in the ceria doped with Gd. While the '|

! cena doped with Nd and Y retain stability after temperature treatment, in the case of Gd i’

- d ia the phase separation took place. Different Ar+ laser lines ( A= 488 nm, 514.5

an excitation source, to study the structure of the surface and ‘

\ : ’ = h. '-_ -&;‘;‘ .': “H"—::‘
surface Iayer of the samples contams higher concentration of vacancies and dopants l
compared to the bulk shell. _
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Abstract TiO, nanopowders were produced by sol-gel
technique under different synthesis conditions. XRD
results have shown that obtained nanopowders are in ana-
tase phase, with the presence of a small amount of highly
disordered brookite phase, whereas nanocrystallite size and
amount of brookite slightly depend on sol-gel synthesis
conditions. Raman measurements confirm these results.
The analyses of the shift and width of the most intensive
anatase E, Raman mode by phonon confinement model
suggest that anatase crystallite size should be in the range
between 11 and 15 nm, what is in excellent correlation
with XRD results. Obtained results have shown that Raman
spectroscopy is a highly sensitive method for the estima-
tion of anatase crystallite size as well as brookite content in
TiO, nanopowders synthesized by variable sol-gel syn-
thesis conditions.

Keywords Nanostructures - Sol-gel synthesis -
X-ray diffraction - Raman spectroscopy

Abbreviation

XRD X-ray diffraction

PCM Phonon confinement model

JCPDS Joint committee on powder diffraction standards

A. Golubovié¢ (<) - M. éc’epanovié - S. Askrabi¢ - V. Berec -
Z. Dohcevi¢-Mitrovi¢ - Z. V. Popovic¢
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1 Introduction

Titanium dioxide (TiO5,) is an important industrial material
as a main component of paints, pigments, a variety of glass
products, biomedical implants and in cosmetics [1, 2]. It
has been also used for optical coatings, beam splitters and
anti-reflection coatings because of its high dielectric con-
stant and refractive index. Pure TiO, has three polymorphs:
rutile (tetragonal, P4,/mnm), anatase (tetragonal, I4,/amd),
and brookite (orthorhombic, Pbca). Recently, nanosized
anatase TiO, has attracted much attention for its numerous
applications as key material for photocatalysts [3],
dye-sensitized solar cells [4], gas sensors [5] and electro-
chromic devices [6]. Furthermore, TiO, nanocrystals are
non-toxic compounds and can be candidate for the bio-
logical applications [7]. The applications of nanosized
anatase TiO, are primarily determined by its physico-
chemical properties such as crystalline structure, particle
size, surface area, porosity and thermal stability. Proper
control of these properties, especially crystalline structure
depending on the preparation conditions of nanosized
TiO,, represents some of the key issues in this area.
Sol-gel process is a relatively novel technique for the
preparation of nanocrystalline TiO,. It has been demon-
strated that using the sol—gel process, the physicochemical
and electrochemical properties of TiO, can be modified in
order to improve its application [8]. This technique provides
a simple and easy means of synthesizing nanoparticles at
ambient temperature under atmospheric pressure. Since
this process occurs in a solution, it has all the advantages
over other preparation techniques regarding the purity,
homogeneity, possibility of introducing large concentration
of dopants, stoichiometry control, simplicity of processing
and composition control. Through the sol-gel process, the
growth of TiO, colloids in submicrometer range can be
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Finally, the comparison of the obtained values for
brookite to anatase ratio (Igz)/Ia1g)) With the behaviour
of intrinsic linewidth (I'y) of E4;) Raman mode in different
samples suggests very interesting conclusion: larger
amount of brookite in a sample induces larger values of I'.
This can be a consequence of the structural disorder of
anatase due to the presence of brookite phase, but we also
must have in mind that the most intensive Raman mode of
brookite is at ~150 cm™! [38] and its presence can
influence the width of the E,;, Raman mode at
~143 cm™! (ascribed to anatase).

Although XRD diffraction can give good quantitative
results relating to structural and microstructural properties
of TiO, nanopowders, the collecting of the high resolution
XRD patterns and their interpretation as well, are usually
time-consuming process. The results presented in this
section confirm great potential of Raman spectroscopy in
determination of structural properties of TiO, nanopowders
and the ability of this method to verify a very small vari-
ation in these properties as well.

3.5 Correlation between the results

Correlating the parameters of the sol-gel synthesis process
with the resulting properties of nanostructured systems is
necessary for the systematic control of the material prop-
erties. This section describes the influence of the variation
of some synthesis parameters on the change in structural
properties of obtained anatase nanoparticles, examined by
XRD and Raman spectroscopy. Both XRD and Raman
spectroscopy could enable more precise determination of
the average particle size, compared to AFM measurements.
Namely, from the obtained AFM images it wasn’t possible
to detect subtle variations in the particle size, of the order
of few nanometres.

The influence of calcination temperature on anatase
nanoparticles size was investigated earlier by several
authors [9, 42]. The tendency of particle size to increase
with increasing calcination temperature demonstrated in
their papers was confirmed by our results shown in Fig. 6.
When all other synthesis parameters are fixed higher cal-
cination temperature leads to the formation of larger
nanoparticles, although the results presented in Fig. 9
imply that calcination temperature doesn’t affect the Igx)/
IA(Blg) ratio.

The pH value of the hydrothermal solution can influence
significantly polymorphous structure of TiO, nanopowders.
Low and neutral pH values result in production of titania
powders containing brookite and sometimes rutile. The
alkalic solution with high pH values leads to the formation
of anatase powders with high stability during calcination
[43]. In our experiments pH values were set to 9.3 and
10.3, what was convenient for obtaining pure anatase

@ Springer

powders, but in both XRD and Raman spectra the small
content of amorphous brookite phase was observed. The
same results were found in the literature (XRD peak at
20 = 30.8) [44-46], but without any comments about
brookite phase. Our results presented in Figs. 6 and 9,
confirm the decreasing tendency of brookite content (and
increasing particles size) with increasing pH value from 9.3
to 10.3 for relatively low heating rate of calcination process
Try = 60 °C/h. However, the samples A6 and A7 produced
with high heating rate Tr, = 135 °C/h show anomalous
behaviour. They have almost the same ratio of brookite to
anatase contents although they were prepared using dif-
ferent pH values of the hydrothermal solution. It seems that
alkalic pH value is not high enough to avoid formation of
brookite from TiCl, precursor although the literature sug-
gests that brookite phase was observed only in acidic
solutions [47].

Presented results show that properties of TiO, nano-
powders depend not only on one parameter of sol-gel
synthesis process. The nanoparticles size and content of
brookite in produced nanopowders are the result of subtle
interplay between many synthesis parameters such as the
type of precursor, temperature and heating rate of calci-
nation process and pH value of the hydrothermal solution.

4 Conclusion

A detailed Raman study of anatase TiO, nanopowders
synthesized by sol-gel method with crystallite size varying
between 11 and 15 nm was presented in this paper. It was
demonstrated that the frequency shift and broadening of the
most intensive anatase Ey(;y Raman mode are the conse-
quence of both confinement effect due to the nanosized
nature of anatase crystallites and the presence of brookite
phase in the samples. This enables not only basic phase
identification but also the estimation of the nanoparticle
size and brookite content in TiO, nanopowders following
the subtle changes in the Raman spectra.

This study allows us to investigate the structural varia-
tions of nanosized TiO, arisen from the change in the sol-
gel synthesis conditions. It was shown that nanostructured
characteristics of the produced TiO, powders are the result
of subtle interplay of several synthesis parameters: tem-
perature and heating rate of calcination process and pH
value of the hydrothermal solution. Presented results imply
that the TiCl, as precursor may be responsible for the
presence of small amount of disordered brookite phase in
all samples despite of the alkalic solution used in the
process of hydrolysis.
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Titanium dioxide (TiO2) nanopowders doped with 0.65, 1, 2, 3 and 4 wt.% of lanthanum ions (La") were
synthesized by sol-gel technology. Dependence of structural and morphological characteristics of nanopowders on
La®" content and synthesis conditions is investigated by the Raman spectroscopy. Very intensive modes observed
in the Raman spectra of all nanopowder samples are assigned to anatase phase of TiOs. Additional Raman modes
of extremely low intensity can be related to the presence of certain amount of highly disordered brookite phase in
nanopowders. Dependence of the intensity ratio of the Raman modes which originate from anatase and brookite
on doping conditions is specially analyzed. In order to estimate the variation of nanocrystallite size with dopant
content, shift and asymmetrical broadening of the most intensive F; Raman mode of anatase are analyzed by
phonon confinement model. The obtained results are compared with the results of X-ray diffraction spectroscopy.
Special attention is dedicated to the changes in the Raman spectra of pure and La-doped TiO2 nanopowders

observed after high temperature treatment.

PACS numbers: 81.20.Fw, 81.07.Wx, 78.30.—j, 07.05.Tp

1. Introduction

Titanium dioxide has three polymorphs: rutile (tetra-
gonal, P42/mnm), anatase (tetragonal, 741/amd), and
brookite (orthorhombic, Pbca). All of them have numer-
ous applications as important industrial materials. In
recent years, nanosized TiOs, especially anatase TiOo,
has attracted much attention as key material for pho-
tocatalysts [1], dye-sensitized solar cells [2], gas sensors
[3] and electrochromic devices [4]. The applications of
nanosized anatase TiO9 are primarily determined by its
physicochemical properties such as crystalline structure,
particle size, surface area, porosity and thermal stability.
The aim of this paper is to investigate the variations in
structure of anatase nanopowders, synthesized by sol-gel
method, induced by doping with lanthanum. Structural
properties, such as: existence of mixed phases (anatase
in combination with considerable amount of rutile or
brookite phase), particle size and particle size distribu-
tion, as well as value and type of the strain (compressed
or tensile) determined by the Raman spectroscopy are
correlated to the content of La-dopant.

2. Experimental details

TiCly was used as the precursor in the synthesis
process. The Ti(OH)s hydrogel was obtained by hy-
drolysis of TiCly, at 0°C with controlled addition of

* corresponding author; e-mail: maja@phy.bg.ac.yu

2.5 wt.% aqueous ammonia into the aqueous solution of
TiCly (0.3 mol/l) and careful control of the pH value
of the solution (9.3). TiCly is soluble in water but it
experiences rigorous reaction at 20°C which can be very
important to perform this reaction at lower temperature.
After aging in the mother liquor for 5 h, the as-prepared
hydrogel was filtered and washed out with deionized wa-
ter until complete removal of chlorine ions. The obtained
Ti(OH)4 hydrogel was converted to its ethanol-gel by
repeated exchange with anhydrous ethanol for several
times (by repeated introduction of anhydrous ethanol).
The obtained alcogel represents the starting point for
production of TiOs nanoparticles. Alcogel was placed
in a vessel, dried at 280°C and calcined at temperature
of 550°C, after which it was converted to the nanopar-
ticles. In the case of La-doped TiOs, LaCl3-7TH>O was
used. All chemicals used in this experiment were analyt-
ical grades (Merck Chemicals) and were used as received.

Powder X-ray diffraction (XRD) was used for the iden-
tification of crystalline phases, quantitative phase anal-
ysis and estimation of crystallite size and strain. The
XRD patterns were collected on a Philips diffractometer
(PW1710) employing Cu Ky, , radiation. Step scanning
was performed with 20 ranging from 10 to 135°, step size
of 0.06° and the fixed counting time of 41 s/step. The
XRD patterns were used to refine crystallographic struc-
ture and microstructural parameters using the procedure
explained elsewhere [5, 6]. The Fullprof computer pro-
gram was used [5].
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Fig. 5. Raman spectra of pure TiO2 and TiO2 doped
with 3 wt.% of La at room temperature before and after
heating to 800°C. w is the mode frequency and w is the
linewidth of Eg;y Raman mode before (bh) and after
(ah) heating. R denotes rutile modes.

plies anatase crystallite growth. Also, the appearance
of the new Raman modes assigned to rutile phase was
registered. After the same heating treatment of the La-
-doped sample neither such drastic changes of E; Raman
mode nor the appearance of peaks in the spectrum, be-
longing to rutile phase, were registered. This allowed us
to conclude that La doping stabilized TiOs nanostruc-
ture at high temperatures and shifted the temperature
of anatase-rutile phase transition to values higher than
800°C.

4. Conclusion

A detailed Raman study of sol-gel synthesized anatase
TiO, nanopowders doped with lanthanum ions (La®*) in
the range from 0 to 4 wt.% was presented in this paper. It
was demonstrated that the frequency shift and broaden-
ing of the most intensive anatase Ey(;) Raman mode are
the consequences of both confinement effect due to the
nanosize dimensions of anatase crystallites and the dis-
order induced by the presence of brookite phase and La
dopant in the samples. This enables not only basic phase
identification but also the estimation of the nanoparticles
size and brookite contents in TiO5 nanopowders with dif-
ferent La content.

This study allows us to investigate the structural varia-
tions of nanosized TiO4 arisen from the change in doping
conditions and it confirms that doping of TiO5 by La3*
ions significantly improves phase and nanostructure sta-
bility of TiOs powders at high temperatures.
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Abstract

Zinc oxide nanopowders were synthesized by the sol-gel method from an ethanol solution of
zinc acetate dihydrate. Detailed structural and microstructural investigations were carried out
using x-ray diffraction, Raman spectroscopy, thermogravimetric and differential thermal
analyses, as well as high-resolution transmission electron microscopy (TEM) and field-emission
scanning electron microscopy. The intermediate compound of the reaction was layered zinc
hydroxide acetate that further transforms into hexagonally shaped ZnO crystalline nanoplates
(d,, = 4 nm), which aggregate into larger spherical particles. According to the TEM analysis
the ZnO nanoparticles were self-assembled into larger particles with the same orientation,

i.e. aligned lattice planes of the particles. A further solvothermal treatment resulted in

hexagonal, prismatic ZnO mesocrystals.

Online supplementary data available from stacks.iop.org/Nano/22/395603/mmedia

1. Introduction

Zinc oxide is a wide-bandgap II-VI semiconductor with
a direct band gap of 3.37 eV and a large exciton
binding energy of 60 meV. ZnO has numerous important
applications, including varistors, light-emitting diodes, UV
lasers, transparent conductive oxides, field-emission displays,
photocatalysts, solar-energy conversion, gas sensors, pigments
in the pharmaceutical and cosmetic industries, and as an
industrial additive [1-10]. In the form of nanostructures,
ZnO exhibits new properties that are especially interesting
for optical and electronic devices [4, 5]. ZnO nanoparticles
can be prepared by different methods (solution methods,

0957-4484/11/395603+09$33.00

chemical vapor deposition, physical vapor deposition, metal—
organic vapor phase epitaxy), but the sol—gel method has some
advantages, such as simplicity, reproducibility, and the low cost
of the chemicals. The crystallite size and the morphology of
the ZnO powders strongly depend on the synthesis method.
They have a crucial influence on the properties of ZnO powder
and, furthermore, determine the scale of applications of this
material.

In our work ZnO nanoparticles were prepared by the
sol-gel method starting from zinc acetate dihydrate. The
structural and chemical properties of ZnO powders prepared
from this precursor strongly depend on the temperature and
the nature of the catalyst used in the hydrolysis [11]. It is

© 2011 IOP Publishing Ltd  Printed in the UK & the USA
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100 nm

Figure 7. FESEM image of product C containing pure ZnO.

that the obtained particles are uniform in shape (figure 8).
The whole particle is in the same crystal orientation. The
particles are mostly thicker on the edges and with smaller
constituent particles clearly visible on their surface. Difference
in size of crystallites, obtained by XRD and TEM, confirmed
the internal structure of hexagonal prismatic particles and its
mesocrystalline nature, i.e. the existence of smaller constituent

particles and grain boundaries. The SAED pattern confirmed
the crystalline nature of the particles. The particles tend to
assemble further in chains, preserving the same orientation (as
confirmed by the SAED pattern). Some larger particles are
hollow in the center. The presence of smaller particles and
pores inside the larger hexagonal plates and the single-crystal
diffraction pattern suggest the mesocrystalline nature of the
particles. There are numerous examples of ZnO mesocrystals
in the literature [19, 50]. In these articles it was shown that
the presence of organic additives could promote or suppress
the growth of ZnO mesocrystals along the (001) direction,
which is the normal growth direction of ZnO. For example,
similar morphologies to those in our study, i.e. sheet-like
ZnO mesocrystals composed of hexagonal nanoplatelets, were
obtained owing to the introduction of cetyltrimethylammonium
bromide (CTAB) [51]. Zinc hydroxide double salt (abbreviated
in [51] as Zn-HDS) nanoparticles appeared as an intermediate,
whereas CTAB has a key role in the self-assembly of Zn-HDS
nanoparticles to Zn-HDS mesocrystals. The transformation of
Zn-HDS to ZnO and the inhibition of the crystal growth along
the (001) direction due to the adsorption of the CTAB led to
the creation of ZnO mesocrystals. Similar microstructures are
reported by some other authors [52-54] but in the presence of
different organic surface-protecting molecules which disable
the growth in the (001) direction.

(e)

crystal A

crystal B

Figure 8. (a) High-resolution transmission electron micrograph (HRTEM) of the product C; (b), (c) magnified HRTEM image of the same
powder; (d) corresponding electron diffraction pattern; (e) boundary facet between two adjacent hexagonal mesocrystals, oriented along

(001).
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Abstract

The effects of common precursors used in the synthesis of CeO, nanopowders were investigated, and the structural and spectral properties of
the resulting products were compared. Two cerium (III) salts, i.e., Ce(NO3)3-6H,0 and CeCl;-7H,0, and two cerium (IV) salts, i.e., Ce
(SO4), - 4H,0 and (NH,4),Ce(NO3)s were applied. The proposed procedures for the CeO, preparations were realized using the same hydrothermal
treatment conditions. The products were characterized using X-ray powder diffraction (XRD) and thermogravimetric (TG) analysis, and the
morphology was determined using scanning (SEM) and transmission electron microscopy (TEM). The spectral properties of the obtained
nanopowders were characterized by FT-IR, Raman scattering and UV—-vis spectroscopy. The results revealed the influence of the precursors on
the crystallinity, crystallite size, band gap energy, morphology and purity of the synthesized samples.

© 2014 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

Keywords: A. Powders: chemical preparation; B. Spectroscopy; C. Optical properties; D. CeO,

1. Introduction

Cerium dioxide or ceria, CeO,, is currently a subject of great
interest due to its wide range of applications, e.g., as a supporting
materials for three-way catalysis [1,2], oxygen sensors, solid
electrolytes in solid oxide fuel cells that utilize the oxygen
storage capacity [3,4], absorbents for fluoride ions or arsenic-
based compounds, and as a substance to filter out ultraviolet
radiation [5,6]. Materials based on CeO, are versatile and have a
broad scope of potential application, resulting in the development
of various synthetic techniques for its production: the numerous
published procedures for the preparation of CeO, nanoparticles
include room temperature precipitation from solutions [7],
sonochemical synthesis [5], microemulsion-based preparation
[8], electrode deposition [9], mechanochemical processing [10],

*Corresponding author. Tel.: 4381 11 3713 047; fax: +381 11 3160 531.
E-mail address: golubovic@ipb.ac.rs (A. Golubovic).

http://dx.doi.org/10.1016/j.ceramint.2014.08.122
0272-8842/© 2014 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

thermal decomposition [11], spray pyrolysis [12], thermal
hydrolysis [13], solvo- [14] and hydrothermal synthesis [15],
and sol-gel methods [16].

The main issues with ceria-based materials are that these
materials are generally synthesized at high pressures, at salt—
solvent mediated high temperatures, or with surface capping
agents. Hence, the sizes of the prepared ceria particles are
relatively large. Nano- and micro-structured CeO, are well
known to have higher surface-to-volume ratios with respect to
the bulk material, which results in better redox, transport [17]
and catalytic properties [18]. Optimal properties of CeO,
generally appear at small grains sizes, smaller than 10 nm.
For this reason, developing low-cost methods for obtaining
monodisperse particles with a low degree of agglomeration is
still desirable. In our study, two cerium (III) and two cerium
(IV) salts were used as precursors. The proposed hydrothermal
treatment procedure was chosen as the synthesis strategy
due to advantages that include low temperatures and easily
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by low temperature hydrothermal treatment. Crystallites of
similar morphology resembling monoclinic plates were
obtained in all cases. Both cerium (III) and cerium (IV)
compounds were equally suitable for the preparation of ceria
nanoparticles, and the addition of an oxidant such as H,O, was
unnecessary. The choice of the precursor yielded relatively
different results in terms of crystallinity and crystallite size.
With the exception of CeCl;-7H,0 as a precursor, rather
uniform crystallite size distributions (10-20 nm) were obtained.
Nevertheless, the smallest crystallites (approximately 10 nm)
with negligible microstrain were obtained starting from Ce (III)
or Ce (IV) salts containing nitrate ions. The application of
surfactants, especially polyethylene glycol, was directly related
to small crystallite sizes, and for this reason, using surfactants is
recommended in future studies.

Nano-sized CeO, obtained from Ce(SO,), - 4H,O contained
a significant amounts of adsorbed SO3~ ions, causing the
highest degree of particle agglomeration, as well as the
presence of defects and microstrain. Thus, the presence of
SOZ~ ions in the reaction mixture should be avoided. This
observation was contrary to the conclusion of Xu and co-
workers [22], who found cerium (IV) sulfate was more suitable
for the production of CeO, nanoparticles than, for example,
cerium (III) nitrate.
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Call : FP7-REGPOT-2010-1

Funding scheme :

Proposal number : 264052
Proposal acronym : NANO-ET
Proposal title : Research potential reinforcement in the processing of
Nano-structured Oxide-Based Materials for Environmental Technologies
Duration (month) : 36
N. Proposer name Country Type Total cost (€) % Grant
requested (€)
1 INSTITUT ZA FIZIKU RS 4,671,243.00 100.00 3,054,345.00 100.00
Total : 4,671,243.00 100.00 3,054,345.00 100.00
Abstract :

The NANO-ET project seeks to reinforce the Centre of Excellence for Nanoscience and nanotechnology at the Institute of Physics Belgrade
(CEN-IPB), strengthening its innovative approach for development of new environmental technologies for air and water anti-pollution treatment
based on nano-structured materials. The reinforcement will be realized through establishment of strategic partnerships with complementary
European R&D centres, recruitment of experienced researchers, upgrade of S&T equipment, and enhancement of CEN-IPB visibility. Through
the NANO-ET project, CEN-IPB will reach its full potential for research and technological innovation and emerge as an internationally
competitive centre of excellence fully integrated in ERA, and a provider of environmental technology expertise at national and regional levels.

ESR- Evaluation Summary Report
d support action (Supporting)

IMPORTANT

We believe this proposal is relevant ("in scope") because it addresses, fully or partially, a topic
that is open in the call. It conforms to any special conditions set out for this topic in the relevant
work programme, and it corresponds to an eligible funding scheme:

IF YES. Please complete the IER, entering your scores and comments for all criteria

IF NO. Please enter your reasons below and notify the Commission.

Yes

SCORING

Scores must be in the range 0-5. Half marks may be given.

Interpretation of the scores:

0- The proposal fails to address the criterion under examination or cannot be judged due to
missing or incomplete information.

1- Poor. The criterion is addressed in an inadequate manner, or there are serious inherent
weaknesses.

2- Fair. While the proposal broadly addresses the criterion, there are significant weaknesses.

3- Good. The proposal addresses the criterion well, although improvements would be necessary.
4— Very good. The proposal addresses the criterion very well, although certain improvements are
still possible.

5- Excellent. The proposal successfully addresses all relevant aspects of the criterion in question.
Any shortcomings are minor.

1. Scientific and/or technological excellence (relevant to the topics addressed by the call) (Threshold 3.00/5.00)
Mark: 4.00
The NANO-ET proposal concept is clearly stated and is relevant for this call. The proposal’s work plan is Weight: 1.00

composed of 6 WPs that are all well defined and detailed. The SWOT analysis has been carried out and is
outlined in the proposal. However little if any convincing justification is given as to how the different results
have been arrived at in the SWOT analysis especially those concerning inadequate high performance
computing resources; It is not clear what benchmark was used in the SWOT analysis to assess the current
state of equipment.

Note: when a proposal only partially addresses the topics, this condition will be reflected in the scoring of
this criterion.

- Soundness of concept, and quality of objectives

- Quality and effectiveness of the support action mechanisms, and associated work plan

2. Quality and efficiency of the implementation and the management (1) (Threshold 3.00/5.00)
Mark: 3.00
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The proposed management structure of NANO-ET builds upon established best practices and is Weight: 1.00

appropriate to a project of its scale. Some risk management and contingency plans are also outlined.
However, other procedures such as those concerning decision making and the selection of research staff
are not provided, this making the transparency of these activities difficult to judge.

The quality and experience of the individual participants with respect to the research field is of of high
quality, as it is shown by their h-factor.

The coordinating entity has experience in the management of EU funded projects.

The budget is justified. However, the break down of the budget includes expenses that are not eligible or
not convincing:

*The cost of funding consumables of the EC host institutions for the training of researchers are high and not
Justified and it is not eligible under REGPOT program.

«The cost of patent protection (WP6) is not eligible .

*Secondments of two month duration are not clearly justified; information is missing concerning names of
host institutions, level of researcher to be seconded and type of activity to be performed at the host
institutions.

Due to the above comments, the resources to be committed to the proposal are not fully justified. Without
further detailed explanations the budget seems overestimated.

- Appropriateness of the management structure and procedures

- Quality and relevant experience of the individual participants

- Appropriateness of the allocation and justification of the resources to be committed (budget, staff,
equipment)

(1) For the purposes of any subsequent negotiation, an above-threshold score for this criterion is regarded
as an indication that the consortium has the operational capacity to carry out the work.

3. Potential impact through the development, dissemination and use of project results (Threshold 3.00/5.00)
Mark: 4.50

At the local level, the proposal would have an impact on the formulation of environmental policies and also Weight: 1.00
boost confidence in eco-technologies. NANO-ET will also contribute to Serbia’s National Supercomputing

Initiative through R&D effort in high performance computing on the fields of complex systems and

nanotechnology.

The upgrading of the research equipment infrastructure, the recruitment of experienced researchers and the
training of staff/researchers involved in the proposal will strengthen CEN-IPB’s excellence making it more
credible at the European level.

Consequently, these impacts would themselfs help in the reintegration of experts, although the actual
effectiveness of this taking place is debatable.

To achieve the goal of Nano-ET proposal an exhaustive number of dissemination mechanisms are planned.
However, some dissemination activities and items are not justified (e.g. logo, calendars, book and patents)
for a support action.

- Contribution, at the European and/or international level, to the expected impacts listed in the work
programme under the relevant topic/activity

Note: Refer to the applicable list of impacts specified in the work programme.

- Appropriateness of measures for spreading excellence, exploiting results, and disseminating knowledge,
through engagement with stakeholders, and the public at large.

TOTAL (Threshold 10.00/15.00)
Total: 11.50
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Proposal acronym : NANO-ET
Proposal title : Research potential reinforcement in the processing of
Nano-structured Oxide-Based Materials for Environmental Technologies
Duration (month) : 36

Any other remarks

e.g. recommendations for negotiation, only if the proposal is above threshold

Does this proposal raise ethical issues?
(If so please complete an ethical issues report form (EIR)

No
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CONFIRMATION

of the participation on SCOPES project

This letter is to certify that the scientists from the Institute of Physics, Belgrade, Serbia, listed below, are
participating with their activities in the project N° 1Z73Z0_1 28169 under the SCOPES programme
(Scientific co-operation between Eastern Europe and Switzerland), titled “Nano-crystalline porous anatase
TiO, for environmental applications: Synthesis process and transport characteristics”, which has started in
December 2009.

Dr Zorana Dohéevi¢-Mitrovi¢ is the coordinator of the Serbian part of the project, and the participants
are:

Prof. Dr Zoran V. Popovi¢
Dr Aleksandar Golubovié

Dr Maja Séepanovié

Dr Mirjana Gruji¢ Broj¢in
MSc Sonja Askrabié

Belgrade, 8" July 2010

The Coordinator of the SCO project, Serbian partner
2

0wy -
Dr Zorana Dohéevi¢-Mitrovié
e-mail: zordoh@ipb.ac.rs



CPIICKA AKAJIEMHMJA HAYKA
M YMETHOCTH

IMOTNPEACEAHHK
A . q .
C'|'." 11! , 1 29. jyn 2010,

HucTUTYT 3a QU3HKY

LlenTap 3a (M3KMKy 4YBPCTOT CTaka W HOBE MaTepujae
Jlorcnu unan 3opas [Tonosuh

Jlp Maja IlIhenanosuh

IMperpesuua 118

11080 3emyH

ITpeamer: Capajba ca byrapckoM akaaemMnjoM Hayka

V okeupy Criopasyma 0 Hay4HOj capasu Cpricke akajemuje HayKa M yMETHOCTH U
Byrapcke akajemuje Hayka, y mnepuoay on 2007-2009. ocTBapuBaHa je capaima Ha
3ajeqHuukoM npojekty HaHOCTPYKTYpPHH TaHKOCIOJHHM MOJYNPOBOAHHIHK TNOrOAHH 32
ceH30pcKe H MeMOpHjcKe alIHKauuje.

Hocuoun npojekTa ca Haute crpae 6unn cy MuctutyT 3a Qusuky, Llenrap 3a dusuxy
YBPCTOr CTawa M HOBE MaTepHjane (PYKOBOAMOLM: JOM. uiaH 30paH [Tonosuh u ap Maja
Iilhenanosuh), a ca OGyrapcke ctpane MHcTuTyT 3a (usuky uspcror crama BAH
(pykosoaunai: npod.ap Jinaua Hemepa-Cnagoga).

Capajnuuy Ha mpojekty Gumm cy: npog. ap 3opana JloxueBuh-Murposuh, mp
Mupjana I'pyjuh-Bpojuns n Anekcanpa MunytnHosuh.

YV nepuoay 2010-2012. capamwa he ce onpujath Ha npojekry OntHuka H
$oTOoCNEKTPHYHA KAPAKTEPH3ANMja TAHKHX GHIMOBA H HAHOCTPYKTYPHHX cjojeBa Ha
oasu ZnSe.

PyKoBOJMOLM MPOjEKTA ca Hallle CTpaHe Cy AOM. 4iaH 30paH [Tonoeuh u ap Maja
IlIhenanosuh, a capauuum cy: ap 3opana JloxueBnh-Mutpoeuh n ap Mupjata I'pyjuh-
bBpojunH.
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The Serbian Ceramic Society
Vin¢a Institute of Nuclear Sciences, University of Belgrade
Institute for Multidisciplinary Research, University of Belgrade
Institute of Physics, University of Belgrade

PROGRAM AND THE BOOK OF
ABSTRACTS

Ist Conference of the Serbian Ceramic Society
' March 17-18. 2011.
Belgrade, Serbia
1CSCS-2011

Edited by:
Snezana Boskovi¢
Zorica Brankovi¢
Jasmina Grbovi¢ Novakovié
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ORGANIZING BOARD

Biljana Babi¢

Vinéa Institute of Nuclear Sciences, University of Belgrade
Zeljka Cveji¢

Faculty of Technology, University of Novi Sad

Mirjana Gruji¢-Brojc¢in

Institute of Physics, University of Belgrade

Sandra Kurko

Vinca Institute of Nuclear Sciences, University of Belgrade
Milica Po¢uéa-Nesi¢

Institute for Multidisciplinary Research, University of Belgrade
Zeljka Raskovié

Vinéa Institute of Nuclear Sciences, University of Belgrade
Maja Séepanovié

Institute of Physics, University of Belgrade

Mirjana Vijatovié

Institute for Multidisciplinary Research, University of Belgrade
Milan Zunié

Institute for Multidisciplinary Research, University of Belgrade
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The Academy of Engineering Sciences of Serbia
Institute for Multidisciplinary Research - University of Belgrade
Institute of Physics - University of Belgrade
Vinéa Institute of Nuclear Sciences - University of Belgrade
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Edited by:
SneZana Boskovic
Vladimir V. Srdic¢
Zorica Brankovic
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0.
10.
11.

Prof. Slavko Bernik, Institute “Jozef Stefan*, Ljubljana, Slovenia

Prof. Lidija Curkovi¢, University of Zagreb, Croatia

Dr. Viktor Fruit, Institute of Physical Chemistry ,, llieMurgulescu”,
Romanian Academy, Romania

Prof. Vladimir Krsti¢, Queens University, Kingston, Canada

Prof. Ravi Kumar, /ndian Institute of Technology — Madras, Chennai, India
Prof.Cristina Leonelli, Faculty of Engineering, University of Modena and
Reggio Emilia, ltaly

Prof. Miladin Radovi¢, Texas A&M University, TX, USA

Prof. Sandro Santucci, University of L ’Aquila, L ’Aquila, Italy

Prof. Yano Toyohiko, Tokyo Institute of Technology, Japan

Prof. EnikoVolceanov, University Politechnica of Bucharest, Romania
Dr. Vladimir Urbanovich, Centre of Science and Practice of Materials,
Belarus Academy of Sciences, Minsk, Belarus

Prof. Katsumi Yoshida, Tokyo Institute of Technology, Japan

Organizing Committee
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10.
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12,

Dr. DuSan Bucevac, Institute of Nuclear Sciences “Vinca", Belgrade,
Serbia

Dr. Mirjana Coci¢, Technical Faculty, Bor, Serbia

Dr. Mirjana Gruji¢-Brojéin, Institute of Physics, Zemun, Serbia

Prof. Radmila Jan¢i¢c-Heinemann, Faculty of Technology and Metallurey,
University of, Belgrade, Serbia

Dr Marija Milanovi¢, Faculty of Technology, University of Novi Sad, Serbia
Dr. Zorica Marinkovié¢-Stanojevié, Institute for Multidisciplinary Research,
Belgrade, Serbia

Dr. Sanja Martinovic, ITNMS Belgrade, Serbia

Dr. SneZana Nenadovié, Institute of Nuclear Sciences “Vinca”, Belgrade,
Serbia

Dr. Marijan Randjelovi¢, Faculty of Sciences and Mathematics, University
of Nis, Serbia

Dr. Ivan Stjepovi¢, Faculty of Technology, University of Novi Sad, Serbia
Dr. Mirjana Vijatovic-Petrovi¢, Institute for Multidisciplinary Research,
Belgrade, Serbia

Dr. Milica Vlahovic, ITNMS Belgrade, Serbia
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The Serbian Society for Ceramic Materials
The Academy of Engineering Sciences of Serbia
Institute for Multidisciplinary Research - University of Belgrade
Institute of Physics - University of Belgrade
Vinca Institute of Nuclear Sciences - University of Belgrade
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Edited by:
Branko Matovi¢
Zorica Brankovic¢
Dusan Bucéevac
Vladimir V. Srdi¢
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Prof. Dr. Tatjana Volkov-Husovié, Faculty of T echnology and Metallurgy,
University of Belgrade, Serbia

Dr. Miroslav Komljenovi¢, Institute for Mudtidisciplinary Research-
University of Belgrade, Serbia

Dr. Maja Séepanovic, Institute of Physics, University of Belgrade, Serbia
Dr. Tatjana Sreckovié, Institute for Multidisciplinary Research - University
of Belgrade, Serbia

Dr. Dejan Zagorac, INN Vinca, University of Belgrade, Serbia

Organizing Committee
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Dr. Bratislav Todorovi¢, Faculty of Technology, Leskovac, Serbia

Dr. Mirjana Coci¢, Technical Faculty, Bor, Serbia

Dr. Mirjana Gruji¢-Brojéin, Institute of Physics, Zemun, Serbia

Prof. Radmila Jan¢i¢-Heinemann, Faculty of Technology and Metallirgy,
University of, Belgrade, Serbia

Dr Marija Milanovié, Faculty of Technology, University of Novi Sad, Serbia
Dr. Zorica Marinkovi¢-Stanojevié, Institute for Multidisciplinary Research,
Belgrade, Serbia

Dr. Sanja Martinovi¢, IHTM Belgrade, Serbia

Dr. Marija Prekajski, Institute of Nuclear Sciences “Vinca”, Belgrade,
Serbia

Dr. Marijan Randjelovi¢, PMF, University of Ni§, Serbia

Dr. Ivan Stjepovi¢, Faculty of Technology, University of Novi Sad, Serbia
Dr. Mirjana Vijatovi¢-Petrovi¢, Institute for Multidisciplinary Research,
Belgrade, Serbia

Dr. Milica Vlahovi¢, IHTM Belgrade, Serbia

Dr. Jelena Purenovic, Faculty of Technical Science, Cacak, Serbia

Dr. Aleksandar Savi¢, Institute for Multidisciplinary Research, Belgrade,
Serbia
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INSTITUT ZA FIZIKU

Centar za fiziku ¢vrstog stanja i nove materijale

P.0.Box 68 tel: (+38111) 3713 190
Pregrevica 118, Zemun fax: (+381 11) 3160531
11080 Beograd http://www.ipb.ac.rs/~solid/mainframe.htm

Beorpag, 9. neuembap 2015. roguHe

MNOTBPAA O PYKOBOBEHY MNPOJEKTHUM 3AAALIMMA

OsuM noTephyjeMm aa BUWKM HayyHW capagHuk aAp MwupjaHa [pyjuh-BpojumnH, 3a kojy ce
nokpehe 136op y 3Barbe Hay4yHu CaBEeTHUK, Y OKBMPY LieHTpa 33 Pu13uKy YUBPCTOr CTarba M
HoBe MaTepujane, OAHOCHO Yy OkBMpy npojekta II145018  "HaHOCTPYKTYpHMU
MyNTUDYHKUMOHANHK MaTepujanM M HaHOKOMNO3UTKU" pyKoBOAMNA NPOJEKTHWUM 3afaumMa
BE3aHWM 3a (asy "TeopujckM NpopayvyyHUn U HyMepuudke cumynaumje" Ha noTnpojexkTy

"HaHookcuaHW MaTtepujany 3a NpUMEHe y TeXHONOrMjaMa 3aliTuTe XXMBOTHE cpeavHe".

AKaggm KM

Pykosogdunay npojekta 11145018



Penybnuka Cpbuja

MWHNCTaApPCTBO 3a HayKy N TEXHOMOLLIKMA pa3Boj

KoHkypc 3a npeanarake npojekata y okBupy MNporpaMa 0CHOBHUX UCTpaXkmBaksa

3a nepwuog 2011 — 2014.

[MPOIrPAM |OCHOBHA NCTPAXXUBAHA

OBJIACT du3suka

Hasus @u3uka HaHOCMPYKMYyPHUX OKCUOHUX Mamepujana U jako KopenucaHux
rnpojekma cucmema

EesudeHuyuoHu 6poj 171032

Beorpap, jyn 2010. roanHe
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Raman study of structural disorder in ZnO nanopowders
M Séepanovié, M Grujié-Brojéin, K Vojisavljevié, S Bernik, T Sre¢kovié 86 2010
Journal of Raman Spectroscopy 41 (9), 914-921

The size and strain effects on the Raman spectra of Ce 1- x Nd x O 2- & (0<
x< 0.25) nanopowders

ZD Doh¢evié-Mitrovic¢, MJ ééepanovié, MU Gruji¢-Brojcin, ZV Popovig, ...

Solid state communications 137 (7), 387-390

76 2006

Infrared study of laser synthesized anatase TiO2 nanopowders
M Gruijic-Brojcin, MJ Scepanovic, ZD Dohcevic-Mitrovic, | Hinic, B Matovic, ... 54 2005
JOURNAL OF PHYSICS-LONDON-D APPLIED PHYSICS 38 (9), 1415

Characterization of anatase TiO2 nanopowder by variable-temperature
Raman spectroscopy

. 42 2009
MJ Scepanovié, M Gruji¢-Broj¢in, ZD Dohé&evi¢-Mitrovic, ZV Popovic
Science of Sintering 41 (1), 67-73
Ce1- xY (Nd) xO2- & nanopowders: potential materials for intermediate
temperature solid oxide fuel cells 39 2006

ZD Dohg&evié-Mitrovi¢, M Grujié-Brojéin, M Séepanovié, ZV Popovig, ...
Journal of Physics: Condensed Matter 18 (33), S2061

Temperature dependence of the lowest frequency E g Raman mode in laser-
synthesized anatase TiO2 nanopowder 29
MJ Séepanovi¢, M Gruji¢-Brojc€in, ZD Dohc&evié-Mitrovi¢, ZV Popovi¢

Applied Physics A 86 (3), 365-371

2007

Effects of confinement, strain and nonstoichiometry on Raman spectra of

anatase TiO2 nanopowders 18 2006
M Séepanovié¢, M Grujié-Brojgin, Z Dohé&evié-Mitrovié, ZV Popovié
Materials science forum 518, 101-106

Raman scattering on nanomaterials and nanostructures
ZV Popovié, Z Dohg&evié-Mitrovié, M Séepanovié, M Grujié-Brojéin, ... 17 201
Annalen der Physik 523 (1-2), 62-74

Photocatalytic degradation of metoprolol in water suspension of TiO2
nanopowders prepared using sol-gel route

N 16 2012
M Scepanovi¢, B Abramovi¢, A Golubovi¢, S Kler, M Gruji¢-Brojcin, ...
Journal of sol-gel science and technology 61 (2), 390-402
Defect induced variation in vibrational and optoelectronic properties of 16 2011

nanocrystalline ZnO powders
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M Séepanovié¢, M Grujié-Brojéin, K Vojisavljevi¢, T Sreékovié
Journal of Applied Physics 109 (3), 034313

Photoluminescence of laser-synthesized anatase titanium dioxide
nanopowders 16

o 2005
M Scepanovi¢, Z Doh&evic-Mitrovi¢, | Hini¢, M Gruji¢-Broj¢in, G Stanisic, ...
Materials Science Forum 494, 265-270
Structural characterization of mechanically milled ZnO: influence of zirconia
milling media | | o | 14 2008
K Vojisavljevi¢, M Séepanovi¢, T Sreckovi¢, M Gruji¢-Broj€in, Z Brankovic, ...
Journal of Physics: Condensed Matter 20 (47), 475202
Surface modification of sol-gel synthesized TiO 2 nanoparticles induced by
La-doping | | | | 13 2014
M Gruiji¢-Brojcin, S Armakovi¢, N Tomi¢, B Abramovi¢, A Golubovié, ...
Materials Characterization 88, 30-41
Use of Phonon Conffnement Model in Simulation of Raman Spectra of
Nanostructured Materials 13 2009

ZVP M. Grujié-Brojgin, M.J. Séepanovié, Z.D. Dohcevié-Mitrovié
Acta Physica Polonica A 116 (1), 51-54

Infrared study of nonstoichiometric anatase TiO2 nanopowders
M Gruji¢-Brojéin, M Séepanovié, Z Doh&evié-Mitrovié, ZV Popovié 10 2006
Science of Sintering 38 (2), 183-189

Temperature-dependent Raman study of Ce 0.75 Nd 0.25 O 2- nanocrystals
ZD Dohg&evi¢-Mitrovié, M Radovi¢, M Séepanovi¢, M Gruijié-Brojéin, ... 9 2007
Applied Physics Letters 91, 203118

Raman study of Ba-doped ceria nanopowders
M Radovié, Z Doh&evié-Mitrovié, M Séepanovié, M Gruiji¢-Brojéin, ... 8 2007
Science of Sintering 39 (3), 281-286

Improved efficiency of sol-gel synthesized mesoporous anatase
nanopowders in photocatalytic degradation of metoprolol

A Golubovi¢, B Abramovié, M Séepanovié, M Gruji¢-Brojgin, S Armakovié, ...
Materials Research Bulletin 48 (4), 1363-1371

7 2013

Investigation of vibrational and electronic properties of oxide nanopowders

by spectroscopic methods 6
M Scepanovi¢, M Gruiji¢-Brojcin, Z Doh¢evi¢-Mitrovic¢, ZV Popovié¢

Journal of Physics: Conference Series 253 (1), 012015

2010

Cd1-xMnxS nanoparticles: Far-infrared phonon spectroscopy
NZ Roméevi¢, R Kostié, MJ Romé&evi¢, M Grujié-Brojéin, Ml Comor, .. 5 2005
Materials Science Forum 480, 237-242

Raman study of ZnSe/SiOx multilayers

MJ Séepanovié, M Gruiji¢-Brojgin, | Bineva, D Nesheva, Z Aneva, Z Levi, ... 4 2007
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Characterization of ZnSe Nanolayers by Spectroscopic Ellipsometry
M Séepanovié, M Gruji¢-Brojéin, D Nesheva, Z Levi, | Bineva, ZV Popovié¢
Acta Physica Polonica A 116 (4), 708-711

Dependence of photoluminescence from a-Si nanoparticles on the annealing
time and exciting wavelength

| Bineva, D Nesheva, M Sé¢epanovié, M Gruji¢-Broj&in, ZV Popovié, Z Levi

Journal of luminescence 126 (1), 7-13

Optical characterization of laser-synthesized anatase TiO2 nanopowders by
spectroscopic ellipsometry and photoluminescence measurements

M Séepanovié, M Grujié-Broj&in, M Miri¢, Z Dohé&evié-Mitrovié, ZV Popovié

Acta Phys Pol A 116, 603-606

Far-infrared phonon spectroscopy of Cd1-xMnxS quantum dots
R Kosti¢, NZ Romé&evié, Ml Comor, MJ Rom&evi¢, M Grujié-Brojéin, ...
Materials Science Forum 453, 293-298

Photocatalytic degradation of alprazolam in water suspension of brookite
type TiO 2 nanopowders prepared using hydrothermal route

N Tomi¢, M Gruji¢-Brojc¢in, N Fincur, B Abramovi¢, B Simovi¢, J Krstic, ...

Materials Chemistry and Physics 163, 518-528

Synthesis of pure and La-doped anatase nanopowders by sol-gel and
hydrothermal methods and their efficiency in photocatalytic degradation of
alprazolam

A Golubovi¢, N Tomié, N Fincur, B Abramovi¢, | Veljkovi¢, J Zdravkovic, ...
Ceramics International 40 (8), 13409-13418

Vibrational spectroscopy methods in the characterization of nanostructured
materials

MJ Séepanovié, M Gruji¢-Brojéin, Z Doh&evié-Mitrovi¢, ZV Popovié

Journal of optoelectronics and advanced materials 9 (1), 30-36

Nanopowders characterization using the optical spectroscopy methods
ZV Popovié, Z Dohgevié-Mitrovié, M Séepanovié, M Gruji¢-Brojéin
Advances in Science and Technology 45, 327-336

Raman and infrared study of nanostructured materials
ZD Dohgevi¢-Mitrovié, M Séepanovié, | Hinié, M Gruiji¢-Brojgin, G Stanisic, ...
XVI National Symposium on Condensed Matter Physics, Sokobanja, 78

Vibrational Properties of Single-Wall Nanotubes Based on the Structure of
the Molecule C60

R Kosti¢, D Rakovi¢, M Gruji¢-Brojcin

Solid State Phenomena 61, 313-316
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Influence of some sol-gel synthesis parameters of mesoporous TiO2 on
photocatalytic degradation of pollutants

A Golubovié, | Veljkovié, M Séepanovié, M Gruji¢-Brojéin, N Tomi¢, D Mijin, ...
Chemical Industry and Chemical Engineering Quarterly, 20-20

2015

Far-infrared spectroscopic study of CeO2 nanocrystals
ZV Popovi¢, M Gruji¢-Broj¢in, N Paunovi¢, MM Radoniji¢, VD Aradijo, ... 2015
Journal of Nanoparticle Research 17 (1), 1-7

Synthesis of anatase nanopowders by sol-gel method and influence of

temperatures of calcination to their photocatalitic properties 2015
A Golubovi¢, B Simovié, M Séepanovié¢, D Mijin, A Matkovié, ...
Science of Sintering 47 (1), 41-49

Heterogeneity in iron-doped titania flower-like nanocrystalline aggregates:
detection of brookite and anatase/rutile size-strain modeling

2013
PC A. Kremenovic, M. Grujic-Brojcin, A.-M. Welsch
Journal of Applied Crystallography 46, 1874-1876
Raman Study of Vanadium-Doped Titania Nanopowders Synthesized by

M SCEPANOVIC, S ASKRABIC, M GRUJIC-BROJCIN, A GOLUBOVIC, ...
International Journal of Modern Physics B 24 (06n07), 667-675

Defect states in Ce0. 85Nd (Gd) 0.15 O2-0 nano-crystals investigated by

Rgman spectroscopy ) 2009
NZ Lazarevi¢, ZD Doh¢&evié-Mitrovié, MU Gruji¢-Brojcin, MJ Séepanovic, ...

Hemijska industrija 63 (3), 221-226

Defektna stanja u nanokristalima Ce0. 85Nd (Gd) 0.15 O2-6 prou¢avana

metodom Raman spektroskopije ) 2009
N Lazarevi¢, Z Dohgevi¢-Mitrovi¢ D, M Gruiji¢-Brojcin, M S¢epanovit, ...

Hemijska industrija 63 (3), 221-226

Infrared and Photoluminescence Study of Rapidly Thermally Annealed SiOx
Thin Films

A Milutinovi¢, Z Dohg&evié-Mitrovié¢, D Nesheva, M Séepanovié, ...

Materials science forum 555, 309-314

2007

Infrared and Photoluminescence Study of Rapidly Thermally Annealed SiOx

Thin Films A. Milutinovi¢, Z. Dohcevi¢-Mitrovi¢, D. Nesheva 2, c, M.

Séepanovié¢ 2007
M Gruiji¢-Broj€in, ZV Popovic

Materials Science Forum 555, 309-314

Vibrational calculation of single-wall armchair carbon nanotubes of small
diameter

M Gruiji¢-Brojc€in, R Kosti¢, D Rakovi¢

Materials Science Forum 413, 45-48

2002
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Efikasnost brukitnih TiO
NL Fin&ur, NZ Tomié, MU Gruijié-Brojéin, MJ Séepanovi¢, BF Abramovig, ...

UTICAJ ZAGREVANJA NA FOTOLUMINESCENTNE | RAMAN SPEKTRE

ANATAZE TiO2 NANOPRAHOVA
M SCEPANOVIC, M GRUJIC-BROJCIN, Z DOHCEVIC-MITROVIC, I HINIC, ...

Vibrational Spectroscopy Methods as a Powerful Tool for Nanomaterials

Characterization
M Séepanovié, Z Dohg&evié-Mitrovié, M Grujié-Brojé&in, ZV Popovié

Use of Phonon Confinement Model in Simulation of Raman Spectra of

Nanostructured Materials
M Grujié-Brojcin, MJ Séepanovié, ZD Dohcevié-Mitrovié, ZV Popovié

The Effective Medium Theories in Modeling of Infrared Reflectivity in

Inhomogeneous Nanomixtures
M Gruji¢-Broj&in, M Séepanovié, Z Doh&evié-Mitrovié, | Hini¢, G Stanisig, ...

PRIMENA BRUGEMANOVE FENOMENOLOSKE TEORIJE EFEKTIVNE
SREDINE U MODELOVANJU INFRACRVENIH SPEKTARA TIO2
NANOPRAHA

M GRUJIC-BROJCIN, M SCEPANOVIC, Z DOHCEVIC-MITROVIC, | HINIC, ...
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Komucuja 3a cruname HAy9HHX 3Baba Peaj ] Gno ¥y Mg;pa | ‘pHnor
bpoj:660-01-00042/410 1 o
25.02.2015. rouune ofor | B35

Beorpan

Ha ocnomy unana 22. craBa 2. wiana 70. cra 6. u unana 86. ctaB 1. u 2. 3akoHa o
HayuHoucTpaxkuBaukoj nenarHoctd ("Cnyx6enn rmacuuk PenyOsmuke CpOuje"., 6poj 110/05 u
50/06 — ucrtipaka u 18/10), unana 2. craga 1. u 2. Tauke 1 —4.(npuno3n), unana 31. crae 1., wiana
37. m 38. IlpaBuiHHKa O TOCTYNKY M Ha4WHY BpeHOBamba M KBAHTHTATHBHOM HCKa3HBaiby
HAYYHOUCTpaXXUBauKuX pe3ynTara uctpaxusada ("CayxOenu rinacHuk Pemybmuke Cpbuje", 6poj
38/08) u 3axTeBa KOjH je MOIHEO '

Hucuuinyiu 3a cusuxy y beozpaoy

KomucHja 3a cTHLIamke HAy9HHX 3Bamba Ha CeAHUIH oapxano] 25.02.2015. ronune, noHena je

OLIYKY
O CTULIAKY HAYYHOT 3BAHbA

Ap Mupjana I'pyjuh Bpoj4uun
CTHYC HAYYHO 3BamkC
Buwu nayunu capaonux
Peusz6op

y obacti MPUPORHO-MaTeMAaTHYKHX HayKa - (hH3HUKa

OB PA3JOXETHE
Huciawiayw 3a gpuzuxy y beozpaoy

yTBpaKo je npemor 6poj 948/1 ox 15.07.2014. ronune Ha cequuuu HaygHor Beha MHCcTHTYTA M
nmoaHeo 3axteB KoMmMucHjH 3a cTHUame HayuyHuX 3Bama Opoj 986/1 ox 23.07.2014. romune 3a
JIOHOILEHE OJUIYKE O HCIYHEHOCTH ycioBa 3a peu3bop y HayuHo 3Batbe Buwu nayunu
capaonux.

KomucHja 3a cTHlalkbe HaydHHX 3Bamba je M0 MPeTXOAHO NpubaB/beHOM IO3HTHBHOM
MHILIUBeY Marudnor HaydHor onbopa 3a (M3HMKY Ha cemHMIH oapxanoj 25.02.2015. roaune
pasmarpalia 3axTeB M yTBpIW/IA Ja HMEHOBaHA HCIIyHaBa yciuose u3 wiaHa 70. ctas 6. 1 uiana 86.
craB 1. 3akona o HaydHOHMCTpaxuBauko] nenatHocTH ("CuyxOenn rnacHuk Penybmuxe CpOuje',
6poj 110/05 u 50/06 — ucnpapka u 18/10), unana 2. crasa 1. u 2. Tauke 1 — 4.(npuno3n), unaxa 31.
cras 1., 37. u 38. [IpaBunHuKa O NOCTYNKY M HAYWHY BpEAHOBamka H KBAHTHTAaTHBHOM
HCKa3MBalby HAyYHOHCTPAXKHBAYKHX pesyntara uctpaxkusada ("CryxOenu riacHuk Pemybumke
Cpb6uje", 6poj 38/08) 3a penzbop y Hay4dHO 3Bamkbe Buwu nay4nu capaonux, na je oaiydnnia Kao
y M3peLy OBe OJUTYKe.
~ JloHomIeH 4t OBE OJUTyKe MMEHOBAaHA CTHYE CBA IIPaBa KOi&i0j HA OCHOBY Ibe 110 3aKOHY
TIPHIIAJIA]Y. :
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Peny6auka CpGuja
MHWHHUCTAPCTBO 3A HAVKY U
TEXHOJIOIIKHA PA3BOJ
Komucuja 3a cTuname nayannx 3ssama

Bpoj:06-00-69/923
14.10.2009. rogune
Beorpanp

Ha ocnoBy unana 22. crapa 2. umana 70. ctae 6. 3akona o HaYYHOHCTPaKHBAYKO]
aenathocTH ("CryxGenn riachuk Peny6auke Cpéuje”, 6poj 110/05 1 50/06 - ucnpapka), yiana 2.
craBa 1. u 2. Tauke 1 — 4.(npuno3u) u uiana 38. IIpasunuuka o noctynky u Haumny BpEHOBaHha
H KBaHTUTATMBHOM MCKa3HBakhy HAYYHOMCTPaKMBAYKHX pesynrata ucrtpaxupava ("Cnyxbenu
riacHuk Pemy6iuke Cpbuje”, 6poj 38/08) u saxtera KOJH je MmojiHeo

Huciuuinyi 3a usuxy y Beozpady

Kowmucwja 3a ctuuame Hayunux 3sama Ha ceqHUIM oapxaHoj 14.10.2009. roauue, aouena je

OLIIYKY
O CTHIABY HAYYHOT 3BAIbA

Ap Mupjana I'pyjuhi-Bpojuun
CTHYC HAYYHO 3BaH-€
Buwu nay4nu capadnux

y 061acTi IPHPOIHO-MaTeMaTHYKHX Hayka - (pu3mka

OB P A3J OJXZETHBE
Hnciuuwiayia 3a gusuxy y Beoipady

YTBpAHKO je npeanor 6poj 1071/1 ox 14.07.2009. roauue na ceqHuLH HayyHor Beha MucTturyTra
W noaxeo 3axteB KomucHju 3a cTHIae HayuyHHX 3Bamba Opoj 1088/1 ox 17.07.2009. roauue 3a
AAOHOLICHE OMIYKE O MCMYHEHOCTH YCIOBa 3a CTHUAKe HAy4yHOr 3Bama Bumwu Hay4Hu
capaonux.

Komucuja 3a cruuame Hayunux 3pama HHMJ€ TPUXBATHIA HEraTHBHO MHILbEHE
Maruusor HayyHor on6opa 3a (UBHKY M Ha ceaHMLM oapskaHoj 14.10.2009. romume pasmaTpasa
Je 3axTeB M YTBpAMIA 12 MMEHOBaHa HCnymwasa yciaoBe M3 4wiaHa 70. crae 6. 3akoHa o
HayuHoMCTpaXkuBaukoj nenathoctu ("CiyxkOenn riacuuk PenyGiuke Cpouje", 6poj 110/05 u
50/06 - ucnpaska), unana 2. crasa 1. u 2. Tauke | — 4.(npunosu) u wiana 38. [paBuiHnka o
MOCTYNKY M Ha4MHY BPEJHOBAabA M KBAHTHTATHBHOM HCKa3HBalby HAY4YHOUCTPaKMUBAUKHX
pesynrata uctpaxusada ("CuyxGenn rnacuuk Pemy6nuke Cpouje”, Opoj 38/08) 3a crTHuame
HayqHor 3pat-a Buwu nay«nu capadnux, na je onnyuuna xao Y MU3peLU OBE OJUTYKE.

HoHomemem oBe olUTyKe HMEHOBAHA CTHYE CBA NIpaBa KOja joj Ha OCHOBY b€ M0 3aKOHY
npunazajy.

OnnyKy n0CTaBHTH MOJHOCHOLY 3aXTeBa, HMEHOBAHO] H apxuBu MuHucrapeTea 3a
HayKy M TEXHOJIOIIKH pa3Boj y beorpany.

IPEACETHUAK KOMHCHJE T KT MHAHHACTAP
Ay ) BYHY g 3

1
Al
e
e

Ap Cranucnapa Cromunh-I'pyjnanh,

HAYYHH CABETHHK

O =2-TTL.



PEITYBJIMKA CPBUJA

YHUBEP3UTET ¥ BEOI' PAIY
EJIEKTPOTEXHUYKHU ®AKVIITET

TUTJIOMA

O CTEUEHOM HAYYHOM CTEIIEHY
JIOKTOPA HAVKA

I'PYJUh-BPOJYUH (Ypomr) MUPJAHA

POBEHA 9. MAJA 1970. TOAUHE ¥V KPAT'YJEBILY, PEITYBJIUKA CPBUIJA,
HTAHA 28.JVJIA 2000. TOOAUHE CTEKJIA JE AKAAEMCKHU HA3UB
MATHUCTPA EJIEKTPOTEXHUYKNUX HAVKA, A 16. OKTOBPA 2008. TOAWUHE
OABPAHMIIA JE JOKTOPCKY IMCEPTALIUJY HA EJIEKTPOTEXHHUYKOM
OPAKVITETY IO HA3UBOM ,,OIITUYKA CIIEKTPOCKOITHUJA
OKCHJIHUX HAHOIIPAXOBA™.

HA OCHOBY TOT'A U3IAJE JOJ CE OBA JUIIJIOMA O CTEYEHOM HAYYHOM
CTEIIEHY

JOKTOPA EJIEKTPOTEXHHWYKHNX HAVKA

Penuu 6poj u3 esunenmmje o u3naTuM aumuiomama 14829

Y beorpany, 14. anpuna 2014. roqune

(M. I1.)
JEKAH PEKTOP
—

./ }
A /Z\/ - :
6/11{_) Bpanko Kopauepsih Ap Brgiimmup Bymbaumpensuh
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