PEIOEH3UA

M0 KOHKYPC 32 3aeMaHe Ha aKaJeMUYHATA AJIbKHOCT “‘npodecop”, o6siBer or UGTT-FAH B
JIB Op. 78 ot 04.10.2019 r. B mpodecuonanto Hampasinerue 4.1. ,,duznyeckn Hayku*, HaygyHa
cnieruaaHocT ,,du3nKa Ha KOHACH3WpaHaTa MaTepus

Kaunauaar: [letsp Meroaues Padaunos, noxrop, nouent 8 UOTT-BAH

Peunen3zent: /[nanka JlumutpoBa Hemesa-CiaBoBa, ndn, npodecop B UGTT-BAH

1. Obwa xapakmepucmuka Ha npeocMageHume mamepuaiu
(LlutupanuTe MO-10Jy MOKA3aTeIn U KBapTHiIK ca Aedunupanu B [IpaBuiiHrKa 3a MpujiaraHe Ha
3PAC PBb, [Ipodecnonanno vanpasienwne 4.1, Tabnumm 1 u 2)

o n-p Ilersp Metoauer Padannor e emnHCTBEH KaHAUIAT U 33 YYaCTHE B KOHKypCa €
MpPeICTaBMJI BCUUKHM M3UCKBaHU MaTepuanu. CIUCHIUTE HA MyOIHKAIIUUTE, C KOUTO TOM ydacTBa
B KOHKypca 3a ,,ipodecop” ca BKIIOUEHH B ABTOpckara cmpaBka. JloOpe Ou Omino ga uma
OTJIeJICH CITUCHK Ha MyOJIUKaMUTe, KakTo ce u3nckna B nmpasuiara Ha UOTT xsm 3PAC Pb.

Jlou. PadanunoB momydaBa cpeqHoTo cu oOpazoBanne B Hemckara e3mkoBa rMMHA3us B
Codus, a mpez 1994 r. 3aBppmBa Bucuie oOpazoBanue 1no Pumsmka B CY "Cp. Kinumenr
Oxpuackn" cbe cnenraiHoCT "@u3nKa Ha AIPOTO U eneMeHTapHuTe yactTuiu'. Ciaeasa nepuo
Ha JOKTOpaHTypa M ycnemHa 3amurta npe3 2000 r. Ha gucepranus 3a ,,JJOKTOP® Ha Tema
"PamanoBa crnekTpockonusi Ha ¢ynepeHu, (yrepeHO-IPOU3BOIHI ChEIUHEHUS U BBIJICPOJHU
Hanotyou" (noxazamen Al). Ilpe3 1999 r. non. a-p Ilerbp MetoaueB Padanio e Ha3HAYCH KAaTO
,,0m3uk” B UDTT, kbaeTo mocsaeaoBaTeHO 3aeMa JabkHocTuTe Gusuk (mo 2002r.), w.c. II cT.
(2002 -2005 r.), H.c. I cT. (2005 -2007 r.) u ot 2007 r. TO¥t € ,,mouieHT” B UDTT. B mepuona
2000-2005 r. Toit € Ha cAeANOKTOPCKA crenuanu3anus B TexHnueckus: Y HUBEpCUTET B bepiuH.
Brnagee cBOOOTHO HEMCKH U aHTIIUHCKHU €3UK.

Hayunute Tpynose, nmpeacraBenu ot noi. Padawmios B nmokazaren B4 — xaOuauTarmoHeH
Tpyn ca 10 6post (Homepupanu Al-A10; 3 Op. - B kBapTui Q1, 4 6p. - B Q2, 1 6p. - B Q4 u 2 Op. -
B u3nanue cbe SJIR 6e3 IF; B 8 myOnukanuu € mbpBU WM KOPECTIOHIUPAILl aBTOP) U OCUTYPSIBAT
187 touku npu muH. 100. Te ca uzne3nu B nepuoaa 2001-2019 r. Becuuku HayyHu TpyAOBe,
00110 26 (Homepupanu B1-B26), npencraBenu B moka3zaren /7, ca myOJuKyBaHH CJIE]T 3alllUTaTa
Ha JHcepTamusTa 3a ,,JIOKTOp” M KOHKypca 3a ,,JJOIEHT W He ca BKIIOUYEHHU B 0a3ara JaHHU HA
HAIIN/I, 3a mokpuBaHe Ha MUHHMMAJIHUTE HAMOHAJIHM HM3UCKBaHUA 3a 3aeMaHaTa OT I-p
Padaunos akamemudHa AIBXKHOCT ,,JoueHT . Te ca: B kBaptun Q1- 6 6p., Q2- 7 6p., Q3- 2 6p.,
Q4- 36p., m3aanue cve SIR 6e3 IF — 8 6p. u ocurypssat 436 Touku nipu MuH. 220 T. B 9 oT Te3n
MyOIMKAIMU KaHAUIATHT € BTOPU aBTOP, B 8-TPETH, B OCTAHATIUTE - HA 4-TO M MO-33IHO MSCTO.
[Ipencraen e cnuchk ¢ 349 HeszaBucumu nutupanus Ha 40 myOnukamuu (698 T. mo J11 nipu
muH. 200 T.). C BUCOKa IUTHPYEMOCT ca paborute ¢ Homepa 9 (58 mbtH), 11 (53 meTH), 5 (39
o) ¥ 2 (33 mbTH) B CIMCHhKA ¢ NUTUpaHus. TpsOBa 1a ce OTOEICKH CHIIO IUTHPAHETO ,,IT0
CBIIECTBO* Ha pe3yaTaTuTe AOKiIaaBaHu B pabotu Al, A2, A6. Jlon. Padaumnos e Oun 3am.
pBKOBOIUTEN Ha paboTeH mMakeT 3 B rojsiMoMamaOHus MHPPACTpyKTypeH mpoekT Ha MDTT
HNHEPA (2013-2017 r.) mo 7-ma pamkoBa nporpama Ha EK. Mima noka3zarencTsa 3a ydacTtue B 6
HAyYHH MPOEKTa ¢ MEKIYHAPOIAHO U cMeceHo ¢uHancupane, 1 ot kouro ¢ NATO Reintegration
Grant, xakto u 3a yyactue B 16 mpoekta, ¢unancupanu ot Ponp ,Hayunu wnscnenBanus’”.
CnuChKBT C TOKJIATU HAa KOH(GEPEHITMY BKIIFOYBA 28 JOKIaa, OT KOUTO 4 — IIJICHApPHM.

Hou. PadawmnoB e cwaBrop Ha moBede oT 80 myOmmkamuu ¢ Hax 540 3abenszaHu
HE3aBUCHUMH IuTHpaHus u Xupi uajaekc 12. B mepuona 2013 — 2016 1. Toit € pbKOBOAUTEN Ha
Jlaboparopus ,,[3pacTBane Ha KpucTanu™ u HampasieHue ,,Ous3nka Ha marepuanure, a ot 2016 r.



e ppkoBoauTeN Ha Jlaboparopus ,,du3nka Ha MaTepuannuTe U HUCKUTE Temnepatypu B UDTT. Unen
€ Ha OPTaHU3allMOHHN KOMUTETH Ha TP HAy4YHHU Gopyma.

Hon. Padanno uma u 3HaunTenHa nenarorndyeckara aeiHoct. T4 e rmasuo B TY bepnun
1 BKJIIOYBA BOJCHE Ha YIPaXHEHUs Ha CTYJIECHTH B PaMKHUTE Ha JIEKIMOHEH KypcC ,,.BbBeneHue
BbB (pm3mKara 3a MHXKEHEepU™, Ha JIaDopaTOpPHO yHpakHeHHEe 1o PamaHOBa CHEKTPOCKOMUS B
pamkute Ha ,llpakTukyM 3a HampegHanu W MOArNOTOBKA HA JBaMa YCIENIHO 3alldTHIIN
muuiomanT. B UOTT-BAH, 3aenno ¢ mpod. M. ['ocmoguHOB, TOI € KOHCYATAaHT Ha €AWH
YCHENTHO 3alIUTHII JOKTOpaHT. ToukuTe 1o nmokaszaten E ca o6mro 275 1. mpu muH. 150 T.

AxtuBute Ha gou. II. PadaunmoB MHOro HaABHINIABAT MUHUMAIHHUTE HAIMOHATHH
n3uckBanus B [IpaBunnuka kbM 3PAC Pb u usuckBanusara B [lpasuwiaunure Ha BAH nu UOTT.
Te ro mpencTaBsAT Karo y4eH, KOMTO pabOTH aKTHUBHO, MMa CEPHO3HM HAYYHU MPUHOCU U
MeJarornyecky OMUT U MOCTHKEHUATA My ca JoOpe MO3HATU U U3IMOI3BaHU OT MEXKIyHapo HaTa
Hay4YHa OOIIHOCT.

2. Obwa xapakxmepucmuka HA4 HAYYHAMA U HAYYHO-NPUNONCHAMA OEUHOCm HaA
Kanouoama

B®B Bcnuku npeacraBenu B B4 HayyHu Tpyznose Ha jou. 1-p [lersp Padawmios kimodosa
pois urpae PamaHoBaTa CHEKTPOCKOIUS, KOSATO € ChYeTaHa C APYrd ChbBPEMEHHU METOIU 3a
XapakTepusupane (rJ1aBHO peHTreHOBa AU(PaKIUs, HO U MarHUTHU MU3MEpBaHUs, HHPpauepBEHO
IpoNycKaHe, Au(epeHIHanHa CKaHHpalla KaJOpUMETpHUs, CHEKTPOCKOIICKA EUIICOMETpHS,
SEM, AFM). ToBa e o0iacTTa, B KOSTO TOH € CIEIHAINCT U MMa Bojelia posisi. PamanoBarta
CIIEKTPOCKOIUSI UIpae ChIIECTBEHA pOJs U B MyONMKAlMUTE W3BBH XaOWIMTALMOHHUS TPYX
(mokazaren /7). U3cnenBanute oOSKTH ca C pa3jiMyHa CTPYKTYpa U pPasMEPHOCT (CHUIICHHUTHHU
KPHUCTaJIH, IEPOBCKUTH, TEUHU KPUCTAIH, CTHKJIA U CTBKIOKEPAMHUKH, BBIVIEPOAHU MATEPUAIIH C
HUCKa Pa3MEPHOCT H JIp.), C Pa3JIMUCH ChCTaB M JIETHPaHe (OT TPOMHU J1a MHOTO CIIOKHH OKCHJIH,
BBIJICPOJIHU MaTepuany, MarHe3ueB OUOOpUA, XaJIKOT€HMOU U Jp.) M pasIMYHU CBOWCTBA
(CBpBXNPOBOJHUIM, TONOJOTMYHM H30JaTOPH, MArHUTHU MaTepuanu U T.H.). llenute Ha
U3CIEBAaHUATA IPU pa3IMYHUTE MaTepuald ca pa3jIMyHU - YTOYHSBAHE Ha KpHUCTalHaTa
CTPYKTYypa, U3ydaBaHe Ha MPOMEHHU IPHU JIETUPAHE U IPOMSHA Ha TEMIlepaTypara, U3y4yaBaHe Ha
€JIEKTPOH-(DOHOHHOTO ~ B3auMoelcTBUe, HH(opManus 3a pa3Mepa Ha KPUCTAIUTHUTE,
npocieasiBaHe Ha (ha30BU MPEXOAH M T.H. Te3H Lenu ce MOCTUraT ¢ M3MOJI3BaHe Ha pa3iIMyHU
yCIOBMsSI Ha €KCIIEpUMEHTa, B TOBAa 4YHMCIO U3I0J3BaHE Ha mojspusupaHa PamaHoBa
cinektpockonust (Al, A2, AS,), u3MmepBaHus TpH pa3uyHu Temmeparypu (A2), in-Cito
u3MepBanus (A4), QokycupaHe Ha TIETHOTO Ha TOBBPXHOCTa Ha obOpasema (A7, ASR).
OOenuHSABALIOTO B TE3W M3CIIEABAHUA € TOBa, 4e Jou. Padansos, mo3HaBaiiku pazHOOOpa3HUTE
Bb3MOKHOCTU Ha PamaHOBaTa CIEKTPOCKONMS, M3MOI3BA MOAXOAIL 3@ LEJIUTE HA KOHKPETHO
u3cieBaHe MOAXO0J 3a MoJyyaBaHe Ha ThpceHaTa HHGOpMaLKs U YCIIEUTHO 5 HHTEPIIPETUpA.

3. OcHo6HU HAYUHU U HAYYHO-RPUTOHCHU HPUHOCU

[IpuHocuTe Ha KaHauAaTta CcbhbM OOEAMHMWIIA IO TPYMU H3CIEABAHU MaTepualu, KaTo B
HAYaJI0TO BHUMAHUETO € HACOYCHO INIABHO KbM MPUHOCHTE B unOukamop B4 ,,XaOunuranuoHeH
Tpya-Hay4HH nyOnukanuu . [Ipu moBeueTo NpUHOCH aKIEHTHT € MOCTAaBEH BbpPXY PE3yNITAaTUTE,
noJyiydeHu ¢ PamanoBa criekTpockormnus, 3a KOuTo Ao1l. PadaninoB nma Bomeria pods.

¢ 3a cepvxnposoonuxa MgB, ¢ ycTaHoBeHO e, 4e Ha0JIt01aBaHUuAT BUOpAIMoHeH Mo pu 600
cmtHe e CBBbp3aH ¢ npuMecHa (asa, a € Exg-MonbT Ha unctus MgB, . IloTBbpaeHO €, ue Toi
€ CbC CHJIHA aHXapPMOHHUYHOCT M CHUJIHO B3aMMOJEICTBA C €JIEKTpPOHHATa CUCTeMa U €
YCTaHOBEHO, Y€ IIOKa3Ba 3HAYUTENIHA TeMIIepaTypHa 3aBUCUMOCT. HamnpaBeHo € 3akitoueHue,
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Y€ BHUCOKUAT (bOH oA Tasu JIMHUA € CBbP3aH I'NIaBHO C JIYMHUHCCHCHIUA, @ HC C CICKTPOHHO
PamanoBo pasceiiBane. (Al, A2) Te3u pesynrat ca NPUBICKIM HHTEpeca Ha peauIia
qyXXIECTPAHHU YYECHHU.

Hanopaszmepen evenepoo

Ot in-cito usmepeno PamaHoBO pa3ceiiBaHe OT pabOTEH €IEKTPOJ, U3TPajicH OT CHOMOBE OT
€IHOCTEHHH BBITICPOJHH HAHOTPHOWUYKH, KOMTO € moToreH BbB BojaeH pa3tBop Ha KCI B
SJIEKTPOXUMHUYHA KJIETKA € HAIPaBEHO 3aKJIFOUEHUE, Y€ MPH JOCTATHYHO BUCOKH MPUIIOKCHH
Hanpexxenuss (> 1 V) mpoTrua MHTEpKaNAIMs HA XJIOPHIHH PaayKald B MPOCTPAHCTBATa
MEXJy HAHOTPHOMYKHTE B CHOIOBETE U eJeKTpoxuMHuHa (yHKIHoHanmu3anus. C ToBa
u3CcJeBaHe € MOKa3aHo, 4e upe3 PamMaHoBa CIIEeKTPOCKOMHSI, CIIe/] IOIXOASII0 KaaruOprpaHe,
Morart Jia ObaT HaONI0AaBaHU M JOPH KOHTPOJIHMPAHU HAYATHUTE €Tali Ha WHTEpKallalusaTa
(A4)

Upe3 XUMHYHO OTJIaraHe oT ra3oBa (aza BbPXY MeAHO (OO0, TOBBPXHOCTTA HA KOETO €
MpeBapuTesIHO 00paboTeHa MpU BUCOKA TEMIEpaTypa B cpeia, ChAbpiKalla KUCIOPOJ C LeT
HaMaJsIBAaHE HA IIEHTPOBETE HA 3apoJuIooOpa3yBaHe, YCIEHIHO € IMOJIYYeH EIHOCIOCH
rpadeH ¢ mob6pa XOMOTeHOCT M Maiko nedextu. JlaHHUTE 3a eICKTPUYHUTE MY CBOWCTBA
MOKa3BaT, Y€ € TMOJAXOANl 3a MPUJIOKEHHE KaTo IpOo3padyeH NPOBOJHHK B XUOPUAHU
ONTOETEKTPOHHU CTPYKTYpH. (A7, A8) Pesynratute oT PamanoBa crieKTpoCKOMNUs MOKa3Bar,
4e ¢ MOAXOMAIIN TPOMEHH Ha YCIIOBHTA Ha OTJIaraHEe MOXe J]a ce CTUMYJIupa o0Opa3yBaHe Ha
KauecTBEH JBYCIIOCH IpaeH ¢ pa3auvHU BIJIM HA PAa3OpHUEHTAlUs U KOHTPOJI Ha Opos Ha
cioesete. (A10)

Hanoxomnozumu ‘meuen kpucman — HaHo8venepoo’

[Ipu cepus HaHOKOMIO3UTH OT MaTpHUla OT TeuHus Kpuctan 7OBA ¢ BrpajgeHn €THOCTEHHU
BbraepoaHu HaHoTpbOUuku (ECBHT) ¢ pasnnyna KoHIEHTpanus ca HabI0JaBaH! HAKOJIKO
HOBHM, HETHIHMYHU 3a TO3M TEUeH Kpuctan @a3ud, KOUTO ca C HOBH ONTHUYHH U
€JIEKTPOONITUYHM CcBoicTBa. Hamepenu ca nHaii-noaxonsaumre koHueHrpauuu Ha ECBHT B
MaTpHUllaTa, KOUTO OCUTYpsSBAaT HeoOXoauMaTa ChbBMECTUMOCT MEXKIY JABaTa MaTepuasa U ca
MOJYYeHH [JaHHM 3a B3aMMOJCUCTBHETO Ha Marepuanute. (A6, Bl4, B18) Ilpu
HAaHOKOMITO3UTH ‘axupasieH TedeH Kpuctan 8OBA - dyakunonamusupanu ECBHT’,
HIMYMETO Ha HAaHOTPHOMUYKHUTE BOAU O 0OEMHO MOAPEKIAHE U MPOLEC Ha XUPaTH3aLHSL.
Ocsen ToBa mpu gobassHe Ha ECBHT wmu rpadenoBu nanomoctnu kbM 7OBA/8OBA
TEYHO-KpUCTalIHA MaTpHlla € HabmofaBaHa mosiBa Ha (epoenekrpuuna ¢aza. (B14, B16,
B21, B24)

[Tony4yena e nHpopManus 3a BIUSHUETO HA JIETUPAHETO HA HEMAaTUYHUs TeueH Kpuctan E7 ¢
€IHOCTECHHH BBIJICPOJAHM HAHOTPHOMUKM WM TpadeHOBHM HAHOYACTHLIM B Pa3IMYHU
KoHILIeHTpauuu. JlokazaHo e, ue JBWXeHHeTo Ha Bbryiepoanure HT HamansBa
HEXOMOTE€HHOCTTA Ha €JIEKTPUYHOTO MOJI€, MOBBPXHOCTHATA MOJISpU3alns HaMallsiBa, KOraTo
BBIVIEPOJTHUTE HAHOTPHOMYKH [TOCTHTHAT IO €JNEKTPOIUTE, a J00aBSIHETO Ha TpadeHOBU
HaHOYaCTHIM KbM E7 BiHsic Ha OpUEHTAITMOHHUS TOPSIBK B TeuHMsI KpucTail. (B4 u B26)

Obemnu oKCUOHU KpUCMA, CMbKIA U KepAMUKU

ITomy4yenu ca JaHHM 3a BIMSHUETO HA JETUPAHETO BbPXY CTPYKTYpHHUTE Je(eKTH U OanaHca
MEXy OJM3KOJCHCTBAIINTE U JAlICKOICHCTBALINTE B3aUMOICHCTBUS B CHIICHUTHU KPUCTAIN
or Bi12SiOy, nmermpanm ¢ Ru, Os um kpucramu ot BipTiOgy, germpanun ¢ Ru u Rh.
YcraHoBeHO e, 4e e()eKThT Ha PYTeHUS IPU CHIIMKATa U TUTaHATa € MIPOTHUBOIIOIOKEH U TOBA
€ CBBpP3aHO C PA3JIUYHO pa3Npe/ieleHue Ha PYTEHUS 10 BB3MOKHUTE OKCUIALMOHHU
CbCTOSIHUS B JBaTa Tuma Kpuctanu. (A3, A9). YcraHoBeHO € olle, 4e JIETUPAHETO Ha



Bi1,Si05 cbe cesieH ¢ BUCOKA KOHIIEHTpaIust Boau 10 nedopmupane Ha Si-O4 Terpaeapute
Y 3HAYUTEIIHO YBEJIMUYCHHE Ha Jb/oKMHaTa Ha Bi-O Bpb3kuTe, IBIDKAIIO ce HAa BKIIOYBAaHE HA
KENSA30 OT CTOMWIKaTa. YTOYHEHO €, Y€ CTPYKTypara Ha HOBOCHHTE3HPAHO ChEIUHEHUE
BizsMgP,060-5 € KyOu4Ha, THII CHJICHUT M Y€ WHTCH3UBHHUTE JHHUH B PaMaHOBHUSAT CIIEKTHP
Ha ChCIMHEHHMETO CE JB/DKAT Ha TpenTeHus Ha Bi-O monuenpute, a mo-cinabuTe JIMHUK TTPU
BHCOKOUYECTOTHUTE TpenTeHus - Ha MO4 Tetpaenpute. (B1, B5, B6)

- 3a nBa Buga Oopatau kpucranu, BaBiBO, u CaBi;B,07, nepcrekTuBHYU 3a MPHIOKEHHS B
HEJIMHEHATa ONTHKA, € HalpaBeH ITBJIEH TPYIMOBO-TEOPETHYCH aHalU3, HM3MEPEHH ca
MOJIIPU3AIMOHHN PaMaHOBHM CHEKTPU M upe3 CpaBHEHHE C WH(PAYCPBEHU CIEKTPHU Ha
MPOIYCKaHe ca ONpeesieH CHMETPUUTE Ha TojisiMa 4acT OT (J)OHOHHTE B IIEHTHpA Ha 30HATa
Ha BpuiyeH. YCTaHOBEHO €, Y€ B HHUCKOUYECTOTHATA YaCT HAa BUOPAIIMOHHHUTE CIICKTPU CE
Ha0mroaBaT npeauMHO BuOpamuu Ha Bi-O monuweapu, a BbB BHCOKOYECTOTHATa 4YacT -
BuOpanuu Ha [BO3]* ionnu rpymu. (A5)

- 3a mppBH TBHT YCIENIHO ca W3pacTHaTH MyinTudeponunn kpucraau ot La,CoMnOg,
JICTUPAHU C PA3JIMYHUA KOHIICHTPAI[MM Ha OJIOBO, IUIATMHA HJIM KOMOWHAIIUS OT JBaTa
nmpuMeca W Bb3 OCHOBa Ha PaMaHOBHTE CIIEKTpH ca HANpaBHH 3aKIIOYCHHS 3a TSIXHATA
CTpYKTypa. 3a dYacT OT JerupaHute ¢ Pb Kkpucranwm € TpennoyiokeHo, 4ye € CMeC OT
opropoMOuyHa ¢aza (0e3 moapexaane Ha Co m Mn) u MoHOKIMHHA ¢aza (C IaJeyHO
Co®/Mn*" mompexane), a B Apyra 49acT ¢ YCTAaHOBEHa IMPEOONANABAIIO IOAPEHCHA
Co?/Mn*" crpykrypa cbe craTHcTHUECKH paBHOMEPHO 3amectBaHe Ha Co* fionute ¢ Mn®.
IIpu nBOMHOJIETUPAHU KPUCTAIM MPUIIATaHETO Ha MOJspu3upaHa PamaHoBa crieKTpocKoONus
MOTBBHPIK/IaBa 3aKIIOUYEHUETO 3a HAJIMYUE MPEIMMHO Ha MOHOKJIWHHA CTpykTypa. (B2, BS,
B10)

- Tlonmyuenw ca maHHH 3a JOKaJHATa CTPYKTypa Ha CThkiIa oT cucremure M-Bi-B-O (M=Sr,
Ca), kouTo ca oOeIaBaly MaTepUaIn 32 HEJIMHCHHATA ONTHKA M OMXa MOTJIHU J1a 3aMECTST
OJIOBHUTE CTHKJIA. YCTAaHOBEHO €, Y€ TpPU MaJKH ChIbpXKAaHUA Ha OOp B CTHKIATa
npeobnanasat [BO3] cTpykTypHH rpynu, npu oborateHn Ha O0Op CTHKIIA MMpeodiaiaBaiiy ca
[BO,4] rpynute, HO chotHOmeHneTo [BO3]/[BO4] He 3aBucu ot anmkanozemuus mertai. (B3)
[lpu noGaesine Ha Eu B Ba-Bi-B-O crpkia e HaOmromaBaHo oOpa3yBaHE Ha CMECEHU
kpuctanutu oT Bi-EU-O, kouTo ca ¢ kyOn4yHa CTpyKTypa MpH MO-MaJIKUTE KOHIICHTPAIMH Ha
Eu u ¢ pomboeapuuna — npu no-rosiemute. (B7)

- CuHTe3upaHa € HOBAa KOMITO3UTHA CTHKJIOKEpPaMHUKa, CBCTOSAINIA CE OT HEMarHUTHA
CTBKJIOO0pa3Ha MaTpuila ¥ aHU30TPOITHA KpucTaiHa (asa ot BiFeO3; ¢ marHuTHUM CBOMCTBA,
mo00HM Ha Te3u Ha MynThudeponynute HaHodactuim oT BiFeOs. (B12) Cunresupana ¢ u
cepusi OT TBBPJAU pa3TBOPH OT cuctemara Bi-Fe-Ga-Sb-O, kouto mpeacraBinsBaT HHTEpEC 3a
MPUJIOKEHNE BBB (OTOKATANM3aTa, EJIEKTPOONITHKATA, MPOsBIBAT Gepo- u (pepuMarHeTn3bm
U T.H. B3 ocHOBa Ha PaMaHOBUTE CIEKTPH € HAIIPABEHO 3aKJIIOUYCHHUE 33 TOJISIM CTPYKTYPEH
0e3mopsIbK TBEPANTE pa3TBopH. (B22)

- 3a mbpBH BT UPE3 KOMOMHHMPAHE HA MOJSIpU3MpaHa PamMaHoBa CIIEKTPOCKOIHS M BbPTCHE Ha
o0pa3nuTe Mo pa3jIMyHU KPUCTAITHU OCH Ca ONPEACICHH YECTOTHTE Ha HAKOJIKO HANPEYHU
ontuyHU PoHOHA HA MOHOKpHUcTanu oT CuB,04, W3BeCTHU IOTOraBa caMoO OT W3CJICABAHUS
Ha wuHppauepBeno mormsinane (B15). Waentudunupanun ca PamvanoBu (OHOHH B
MoHokpuctanu ot LUVO, ¢ OJIM3KK YeCTOTH, HO Pa3JINYHA CUMETPHH U TOJEMH Pa3JIuKH B
CCUCHHETO Ha pa3ceiiBaHe. 3a IeiTa € MPHUJIOKEH HOB TOJXOJ, M3IOJI3BAIl M3MEpBaHE Ha
PamaHOBHM CHIEKTpH TP pa3IuvHa OPUCHTAIIMS HA 3aBbPTaHE Ha KPUCTAJIMTE B PaBHUHATA HA
noJisipu3anus Ha Be30yx mamnus jgasep. (B19, B20).

% YcmeurHo ca u3pacTHaTu TPoWHU Kpuctanu ¢ 3D mononoeuunu usonamopnu CBOWCTBA -
Bi,(SexTe1x)s3, a KpUCTaaM OT OMHApHHMS TOMoOJOrHueH u3onarop Bi,Ses ca nerupanu ¢ Cu,



Ca, Co u Mn 3a momoOpsiBaHe Ha cBoicTBata My. Kpucrtamute ca emHodasHu, ClocTu ¢
poMOoepiuYHa CTPYKTypa M ca MHTEPECHU 3a HU3CIEIBAHETO M pa3pabOTBAHETO Ha HOBU
YCTpOICTBa, OCHOBABAILY CE HA TOMOJIOTMYHUTE UM cBolcTBa. (BY)

ITo moe MHeHme HayuHHTEe mpuHOCH Ha jaoi. [1. Padaunos ce BkirouBaT B Kareropuure: (a)
AOKa3BaHC € HOBU CPCACTBAa Ha CBIICCTBCHU HOBU CTPAHU Ha BCYC CHINCCTBYBAIIM HAYYHU
obmnactu, mpobnemu, Teopuu; (0) ch3gaBaHe HA HOBHM METOIM HA M3MEPBAHE M HOBU TEXHOJIOTHH
3a HalpaBa Ha Pa3JIYHU MaTepHaiy; (B) MOJIy4aBaHEe U JOKa3BaHE HAa HOBU (DAKTHU U MOJIydyaBaHe
Ha MOTBBPAUTEIHU PaKTH.

4. Benexcku u npenopvKu no npeocmaseHume mpyooee
Hsimam chbliecTBeHNM KpUTHUHHU OENeXKH KbM MyOsmkanuute, ¢ kouto jaoi. I1. Padaunnos
ydacTBa B KOHKYypca.

5. 3axknwuenue

Bb3 ocHOBa Ha HampaBeHHs aHAW3 HA HAy4YHATa MPOIYKIUS HA KaHIUIATa, IUTUPAHUSITA,
JOKJIaAM Ha MEXIyHapoaHu ¢opymu, paboTa B 4UyxkOWHa, ydacTHE B HAyYHU IPOCKTH H
nejarornyecka JeidHoct, cuutaM, de gou. aA-p Ilersp PacdaunnorB 3HauuTenHo HaaBHIIABA
MuHUManHuTe u3nckBanusa B lIpaBunnnka kbM 3PAC Pb, 3PAC-BAH u M3uckBanusita Ha
NOTT, BAH 3a ycnoBusiTa M pega Ha 3aeMaHe Ha akaJeMHYHATa JIBKHOCT ,,Tpodecop”.
[IpencraBenuTe Marepuanu 1O KOHKypca, GOpMyJIUpaHUTE TMPUHOCH U JUYHUTE MH
BIieyatiieHus ot aon. PadaunoB mu maBat ocHoBaHue Oe3 KojeOaHue a U3pa3s MOJ0KUTETHO
CTAHOBHINE U Ja MOAKpeNs KaHAuJIaTypara My 3a 3aeMaHE Ha akKaJeMU4HaTa JUIbXKHOCT
,podecop” B MHCTUTYT 1o (u3mka Ha TBBPAOTO TsIo akax. ,,I'. HamkakoB” kpM Bbwarapcka
akameMusi Ha HaykuTe, mnpodecronanHo Hampapienue 4.1. , dusmvecku Hayku', Hay4IHA
cnienuanHocT ,,du3nKa Ha KOHACH3UpaHaTa MaTepus .

10.02.2020 r. ITonammc:

/mpo¢. ndu J. Hemena-CnaBoa/



REVIEW

on a procedure for the occupation of the academic position "Professor” in the professional field
4.1. "Physical Sciences", specialty "Condensed Matter Physics", according to the announcement
of the Institute of Solid State Physics, Bulgarian Academy of Sciences in the State Gazette, issue
78/04.10.2019

Candidate: Petar Metodiev Rafailov, Ph.D., Assoc. Professor at ISSP-BAS

Reviewer: Dianka Dimitrova Nesheva-Slavova, Dr.Sci., Professor at ISSP-BAS

1. General characteristics of the submitted materials (the groups of indicators and quartiles
cited below are defined in the Implementing Regulations of the Law on Development of the
Academic Staff in the Republic of Bulgaria (ZRAS RB), Professional field 4.1, Tables 1 and 2)

Assoc. prof. Petar Metodiev Rafailov is the only candidate and has submitted all the
required materials for participation in the competition. Lists of publications with which he
participates in the competition for "professor” are included in the Author's information file. It
would be good to have a separate list of publications, as required by the ISSP R&D Rules.

Assoc.prof. Rafailov received his secondary education at the German Language High
School in Sofia, and in 1994 he completed his higher education in Physics at Sofia University
"St. Kliment Ohridski™ with specialty in "Physics of the nucleus and elementary particles”. In
2000 he successfully defended a doctoral thesis entitled "Raman spectroscopy of fullerenes,
fullerene derivatives, and carbon nanotubes" and received PhD diploma. (indicator Al). In 1999
Dr. Petar Metodiev Rafailov was appointed as a "physicist™ at the ISSP, where he consistently
held the positions of physicist (until 2002); n.s. 11 (2002 -2005), n.s. I (2005-2007) and since
2007 he is "assoc.prof." in the ISSP. From 2000 to 2005 he completed his postdoctoral
specialization at the Technical University of Berlin. Fluent in German and English.

The research articles presented by assoc. prof. Rafailov in indicator B4 - habilitation work
are 10 (numbered A1-A10; 3 - in quartile Q1,4 -in Q2, 1 - in Q4 and 2 - in journals with SJR
without IF; in 8 publications it is first or correspondent author) and provide 187 points at
required min. of 100 points. They were published in the period 2001-2019. All scientific papers,
totaling 26 (numbered B1-B26), presented in indicator G7, were published after the defense of
the dissertation for "doctor™" and the competition for “associate professor” and were not included
in the NACID database to cover the minimum national requirements for the academic position of
assoc.prof. Dr. Rafailov. They are in quartile: Q1-6, Q2-7, Q3-2, Q4-3, in journals with SJIR
without IF — 8, and provide 436 points at a min. of 220 points. In 9 of these publications the
candidate is the second author, in 8 - the third author, in the rest - in the 4th and back place. A
list of 349 independent citations to 40 publications was presented (698 points in D11 at min. 200
points). Most frequently cited are articles with numbers 9 (58 times), 11 (53 times), 5 (39 times)
and 2 (33 times) in the citation list. It should also be noted the "substantial” citations of the
results reported in articles A1, A2, A6. Assoc.prof. Rafailov was Deputy. head of Work Package
3 in the large scale ISSP INERA Infrastructure Project (2013-2017) under the 7" EC Framework
Program. There are evidences of his participation in 6 internationally and mixed funded research
projects, 1 of which is a NATO Reintegration Grant, as well as participation in 16 projects



funded by the National Research Fund. The list of conference reports includes 28 presentations,
4 of which are plenary talks.

Assoc.prof. Rafailov is co-author of more than 80 publications with over 540 noted
independent citations and Hirsch index 12. From 2013 to 2016 he was the head of the Laboratory
“Crystal Growth” and the Division “Materials Physics” at the ISSP, since 2016 he is Head of the
Laboratory “Materials and Low Temperature Physics”. He was a member of the Organizing
Committees of three scientific forums.

Assoc.prof. Rafailov also has considerable pedagogical activity. It is mainly at the TU
Berlin and includes conducting student exercises in the course “Introduction in Physics for
Engineers”, Raman Spectroscopy lab exercises within an “Advanced Practicum”, and advisor in
the preparation of two successfully defended diploma works of graduates. At ISSP-BAS,
together with Prof. M. Gospodinov, he was a consultant to a successfully defended thesis of a
PhD student. In total the points in the group of indicators E are 275 at a minimum of 150 points.

The achievements of assoc.prof. P. Rafailov far exceed the minimum national requirements
in the ZRAB RB and the requirements in the Regulations of BAS and ISSP. They present him as
a scientist who works actively, has serious scientific contributions and pedagogical experience
and his research results are well known and used by the international scientific community.

2. General characteristics of the applicant’s scientific and applied activities

In all the scientific papers presented in B4 by assoc.prof. Dr. Petar Rafailov the Raman
spectroscopy plays a key role and this is the area where he is a specialist and has a leading role.
Of course the Raman spectroscopy is applied in combination with other modern methods of
characterization (mainly X-ray diffraction, but also magnetic measurements, infrared
transmission, differential scanning calorimetry, spectroscopic ellipsometry, SEM, AFM). Raman
spectroscopy also plays a significant role in publications outside of the habilitation work
(indicator G7). The objects under study are of various structures and dimensions (silenite
crystals, perovskites, liquid crystals, glasses and glass ceramics, low-dimensional carbon
materials, etc.), with different compositions and doping (from triple to very complex oxides,
carbon materials, magnesium diboride, chalcogenides, etc.) and different properties
(superconductors, magnetic materials, topological insulators, etc.). The objectives of the studies
on different materials are different - determination of the crystal structure, study of doping and
temperature induced changes, study of electron-phonon interaction, information on the size of
crystallites, tracing of phase transitions, etc. These goals are achieved by using various
experimental conditions, including the use of polarized Raman spectroscopy (Al, A2, A5,),
measurements at different temperatures (A2), in-cyto measurements (A4), spot focusing on the
sample surface (A7, A8). The unifying element of these studies is that assoc.prof. Rafailov,
knows well the great variety of resources of the Raman spectroscopy and uses them to arrange
measurements suitable for the purpose of a particular study, and successfully interprets the
information obtained.

3. Basic scientific and applied scientific contributions
Below the applicant's contributions are combined into groups of researched materials, with
the focus primarily on the contributions to indicator B4 "Rehabilitation Work-Scientific



Publications”. Most formulated contributions focus on the results obtained by Raman
spectroscopy, for which assoc.prof. Rafailov has a leading role.

¢ It is concluded for the superconductor MgB, that the observed vibrational mode at 600
cm™ is not related to any impurity phase, but it is the E2y mode of pure MgB,. It is confirmed
that this mode is highly anharmonic and strongly interacts with the electronic system, as well as
it is found that it exhibits significant temperature dependence. (Al, A2) These results have
attracted the interest of a number of foreign scientists.

% Nanosized carbon

- In-cito Raman scattering is carried out on a working electrode made up of single-wall
carbon nanotube bundles immersed in an aqueous KCI solution in an electrochemical cell It is
concluded that intercalation of chloride radicals occurs at sufficiently high applied voltages (> 1
V) in the spaces between the nanotubes in the bundles and electrochemical functionalization
takes place. This study shows that, at appropriate calibration, the initial stages of intercalation
can be observed and even controlled by Raman spectroscopy. (A4)

- By chemical vapor deposition onto a copper foil, the surface of which was pretreated at
high temperature in an oxygen-containing medium to reduce the nucleation centers, a single-
layer graphene with good homogeneity and few defects is successfully obtained. Data about its
electrical properties indicate that it is suitable for use as a transparent conductor in hybrid
optoelectronic structures. (A7, A8) Raman spectroscopy results show that, with appropriate
variations in the deposition conditions, formation of high-quality two-layer graphene with
different angles of misorientation and control of the number of layers can be stimulated. (A10)

% ‘Liquid Crystal — Carbon’ Nanocomposites

- Several new liquid crystal phases, with new optical and electro-optical properties are
observed in a series of nanocomposites ‘7OVA liquid crystal matrix - single-wall carbon
nanotubes (SWCNT) with different concentrations’. The most appropriate concentrations of
SWCNT in the matrix are found to provide good compatibility between the two materials and
data on the interaction of the materials are obtained. (A6, B14, B18) In nanocomposites ‘achiral
liquid Irystal BOVA - functionalized SWCNT’ the presence of nanotubes leads to bulk ordering
and chiralization process. In addition, the appearance of a ferroelectric phase is observed upon
the addition of SWCNT or graphene nanosheets to the 7OBA / 80OBA liquid crystal matrix.
(B14, B16, B21, B24)

- Information is obtained on the effect of doping of nematic liquid crystal E7 with single
carbon nanotubes or graphene nanoparticles at different concentrations. The movement of carbon
NTs is shown to decrease the inhomogeneity of the electric field, the surface polarization
decreases when the carbon nanotubes reach the electrodes, and the addition of graphene
nanoparticles to E7 affects the orientation order in the liquid crystal. (B4 and B26)

«  Bulk oxide crystals, glasses and ceramics

- Data on the effect of doping on structural defects and the balance between short-range and
long-range interactions in Ru, Os doped sillenite Bi»SiOy crystals and Ru and Rh doped
sillenite Bi;, TiOy crystals are obtained. The ruthenium doping of silicate and titanate is found to
have the opposite effect in the two types of crystals which is related to the different distribution



of ruthenium by the possible oxidation states. (A3, A9). It is also found that doping of Bi;»,SiO2
with high concentration selenium leads to deformation of Si-O, tetrahedra and a significant
increase in the length of Bi-O bonds due to the incorporation of iron from the melt. It is proven
that the structure of the newly synthesized BiszsMgP,0Og0_s compound is cubic, sillenite type, and
that the intense lines in the Raman spectrum of the compound are due to oscillations of Bi-O
polyhedra and the weaker lines at high frequency oscillations are related to MO, tetrahedra. (B1,
B5, B6)

- For two types of borate crystals, BaBiBO, and CaBi,B,0-, with promising applications in
nonlinear optics, a complete group-theoretical analysis is made, polarization Raman spectra are
measured and symmetries of most phonons at the center of the Brillouin zone are determined by
comparison with infrared transmission spectra. It is found that vibrations of Bi-O polyhedra are
mainly observed in the low-frequency part of the vibration spectra, and vibrations of [BO3]* ion
groups appear in the high-frequency part. (A5)

- La,CoMnOg multiferroic crystals are successfully grown for the first time, doped with
different concentrations of lead, platinum, or a combination of the two impurities, and
conclusions about their structure are drawn based on the Raman spectra. It is assumed for a part
of the Pb-doped crystals that they are mixture of orthorhombic phase (without Co and Mn
alignment) and monoclinic phase (with far Co*/Mn*" alignment). In the other part a
predominantly ordered Co®* / Mn** structure is established with statistically uniform replacement
of Co?* ions with Mn**. For double-doped crystals, the application of polarized Raman
spectroscopy confirms the conclusion about a predominantly monoclinic structure. (B2, B8, B10)

- Data are obtained on the local structure of glasses from M-Bi-B-O (M = Sr, Ca) systems,
which are promising materials for nonlinear optics and could replace lead glasses. It is found that
[BO3s] structural groups predominate at low boron content in the glasses, while in boron-rich
glasses the [BO4] groups predominate, but the ratio [BO3] / [BO4] is independent of alkaline
earth metal. (B3) Formation of mixed crystallites of Bi-Eu-O is observed with the addition of Eu
in Ba-Bi-B-O glasses. The crystallites have a cubic structure at lower concentrations of Eu and
rhombohedral structure at larger ones. (B7)

- A new composite glass ceramics is synthesized which consists of a non-magnetic glassy
matrix and an anisotropic crystalline phase of BiFeO3; with magnetic properties that are similar
to the properties of multiferroic BiFeO3 nanoparticles. (B12) A series of solid solutions from the
Bi-Fe-Ga-Sb-O system are also synthesized, which are of interest for use in photocatalysis,
electro-optics, exhibit ferro- and ferrimagnetism, etc. Based on the Raman spectra, a great
structural disorder of the solid solutions is concluded. (B22)

- By original combination of polarized Raman spectroscopy and rotation of samples along
different crystal axes the frequencies of several transverse optical phonons of CuB,0, single
crystals are determined which were known only from infrared absorption studies (B15). Raman
phonons in LuVOy, single crystals with similar frequencies but different symmetries and large
differences in scattering cross section are identified. For this purpose, a new approach is applied,
using Raman spectra measurement with different orientation of crystal rotation in the plane of
polarization of the laser excitation. (B19, B20).

« Triple crystals with 3D topological insulating properties - Bi(SexTeix)s are
successfully grown, and crystals from the binary topological insulator Bi,Sez are doped with Cu,



Ca, Co and Mn to improve its properties. The crystals are single-phase, rhombohedral and are of
interest in the study and development of new devices based on their topological properties. (B9)

To my opinion, the scientific contributions of assoc. prof. P. Rafailov are included in the
categories: (a) proving with new means of significant new sides of already existing scientific
fields, problems, theories; (b) the creation of new measurement methods and new technologies
for making different materials; (c) obtaining and proving new facts and obtaining confirmatory
facts.

4. Notes and recommendations on submitted papers
I have no significant critical comments on the publications with which Prof. P. Rafailov
participated in the competition.

5. Conclusion

Based on the analysis of the applicant's scientific publications, citations, reports at
international forums, research work abroad, participation in scientific projects and teaching
activities, | think that assoc. prof. Dr. Petar Rafailov significantly exceeds the minimum
requirements in the Regulations to ZRAS RB, ZRAS-BAS and the Requirements of the ITTT,
BAS for the conditions and order of occupation of the academic position "Professor”. The
presented materials on the competition, the formulated contributions and my personal
impressions of assoc. prof. Rafailov give me a reason to express a positive opinion and to
strongly support his application for the academic position of "Professor” at the Institute of Solid
State Physics at the Bulgarian Academy of Sciences, professional field 4.1. "Physical Sciences",
scientific specialty "Physics of Condensed Matter".

12.02.2020 Signature:
[Prof. D.Sc. Diana Nesheva-
Slavova/



