PELHEH3USA
BBPXY JUCEPTALMOHEH TPY/ 3a I0J1y4aBaHE HAa HayyHaTa CTEIIEH "JOKTOp Ha HayKuTe"
npu [Ipupongo-matemaruunus ¢akynrer Ha FOrozanagnus ynusepcurer ,,Heopur
Puncku‘‘-rp. bnaroesrpaz,
ABTOp Ha IMCEPTALMOHHHS TPYA: Ipod. HHK. 1-p Mapuo Mopranos Mutos
Tema Ha qucepTaunoHHUs TPy "ENEKTPOXMMUYHHI U3TOUYHHUIM HA €KOJOTMYHO YHUCTA
eHeprus'
Hayuna o6nacrt 4. [Ipupoanu Hayku, MaTeMaTHKa U HHPOpMATHKA
Hayuno nanpanenue 4.2. XuMHU4eCKH HAyKH

Peuenszent: npod. nta Benko Hukonaes bemikos

l. KPATKHA BUOTPA®OUYHU JTAHHU 3A KAHIAUJATA
[Tpod. unx. 1-p Mapuo Mopaano Muros e poaen Ha 2 mapt 1963 r. Bucuero

cu 00pa3oBaHME KAaTO WMHXEHEp-XMMMK 3aBbpliBa npe3 1985 r. mno cnenumanHocTTa
»EinekrpoxuMuyau npousBoacTBa BbB BXTU-Codus (cera XTMYVY). 3ammurasa
JcepTalus 3a Hay4qHara crerneH ,,joktop“ B FO3Y mpe3 2000 r. 3a nepuoga 1987-2007
I. TOH e acucTeHT M riaaBeH acucTeHT B FO3VY; or 2007 mo 2012 — noueHT B ChIIUSI
yauBepcuteT. [Ipe3 2012 r. Toii e u3bpan 3a npodecop B FO3V.

[IpenogaBarenckara My IEMHOCT C€ € M3pa3siBajia BbB BOJICHE HAa YNPAKHEHUS,
YyeTeHe Ha JIEKIIMM U PbKOBOJICTBO HA JAUIUIOMAHTU U JOKTOPAHTHU IO MpeIMEeTUTe 00I1a
U HEOpraHWYHA XUMUs, (PU3MKOXUMUS, ETCKTPOXUMHUSL.

[Tpod. M. MuToB e yuacTBai B 18 m3cinenoBaTelCcKu MPOEKTa, OT KOUTO IET ca
(¢uHaHCUpaHU OT €BpoONeicKu mporpaMu. B nmecer oT T4X TOW € Wiu pbKOBOJAWTEN Ha
€KHUII WM PBKOBOJUTEIN HA CAMHUS ITPOEKT.

[Tpod. M. MutoB e aBTOp (B ChaBTOPCTBO) Ha 112 HayuyHu CHOOLIEHUS, OT
KouTo 61 ca B criMcaHusi ¢ UMIIAKT-PaKTop, TPUHAJECET — B peeprupaHy CucaHus 6e3
UMINakT-hakTop M JBajJeceT M IIeCT — B Marepuasu oT KoHgpepenuuu. [lo Tsax ca

3abensa3anu 398 murara, ChIIIaCHO MPUIIOKEHATA CIIpaBKa OT SCOPUS.
I INPELHEHKA HA IYBJIUKAIMUTE IO JUCEPTAIIMOHHUSA TPY [

JlucepTanmOHHUAT TPYJT CE€ OCHOBaBa Ha 42 HaydHU TPyJa, OT KOUTO JIBAJIECET

U cesieM ca B criucanus ¢ ummnakt-(akrop (Bulgarian Chemical Communications, IF =



0.25). OcrananuTe ca OTIEYaTaHU B APYTH MEKIYHAPOJHU M HAIIMOHAIHH CITHCAHHS B
qykOMHa U B MaTepUaIM Ha HAyYHH (OPYMHU Yy HAC U B uykOwHa. /[uceprarinOHHUSIT
TPYA CbIbp’Ka HAN-UHTEPECHUTE pE3yATaTH C HaydHa CTOMHOCT, H3JIO0XKEHH B
myOJUKaIuuTE.

3abemnsizanu ca o6mo okono 400 murara BEpXY MyOJUKAalMUTE HA aBTOpa, a
caMo BBPXY TPYIOBETE, BKIIOYCHH B quceprarmsita — 178.

HaykoMmeTpuuHuTE JaHHM HAITBIHO 33JI0BOJISIBAT M3MCKBaHMATA B [IpaBumHuka
Ha O3V u [lpaBunnuka 3a npunarane Ha 3PACPD 3a npucexkiganata HayyHa CTENeH
“IOKTOp Ha HAyKUTE .
M. OCHOBHU ITPUHOCHU B HAYYHATA, HAYYHO-ITPUJIOKHATA 1
MPENIOJABATEJICKA JEMHOCT HA KAHJAUJIATA

AKTYaJIHOCT HAa pa3padoTBaHus Npod.JiemM

Pa3paboTBaHeTo Ha HOBH €KOJOTMYHO YHCTH M BH30OHOBSEMHU CHEPTHITHH
W3TOYHUIIM M TIPOLIECH € OCHOBEH MPHUOPUTET B HMKOHOMHUYECKATa IIOJIUTHKA U
M3CIIEIOBATEICKO-TIPUIIOKHUATE  JEHHOCTH B pa3BUTUTE CTpaHU. Temara Ha
pELEH3UPAHUS] TUCEPTALMOHEH TPY HATbJIHO ChOTBETCTBA HA TO3U MPUOpPUTET. B Hero
ca pasrjielaHd HOBU B3MOXKHOCTH 3a JIOOMBA Ha €HEPTrusl B TOPUBHU KJIETKH C HOBOCTH
BBB BOJIOpPOJHATA €HEpreTHKa, 3aMsiHaTa Ha BOJOPOJa ChC CEPOBOJOPO, MPHIIAraHETO
Ha MUKPOOHU TOPUBHH KJIETKU C PA3JIUYHU MPHUIOKEHUS, PACTUTEITHU TOPUBHU KIETKH
¢ (doTocuHTE3a, MUKPOOHHU EJIEKTPOJNMU3HH Tporecu. BbIpekn ye HIKOM OT Te3H
IpOLECH 3acera MMaT camMoO II03HABaTEJHO 3HAUYE€HHWE M HayuyeH HHTEpec, Te ca
ofemlaBalid Ja CTaHAaT TPAKTUYECKW 3HAYMMU B HeJaJeyHo Opjemie. 3aToBa

TEMaTHUKara, pa3pa60TBaHa B UCCpTalUsiATa € aKTyaJIHa BbB BUCOKA CTCIICH.

2.I1o3HaBa JIM AMCEPTAHTHT CHCTOSIHMETO HA MPo0/eMa U OlleHSBA JIU TBOPYECKH
JIMTepaTypHUusi Marepuaa?

JucepranTsT paboTH B 001acTTa HA ENEKTPOXUMHUSTA U MPOLIECUTE B TOPUBHUTE
KJIETKH TmoBede OoT 25 ronunu. [IpernensT Ha myONUKalMUTE MYy 3a TO3HM IEPHOJ
MIOKa3BaT pPa3BUTUE M IIOCIEJOBATEIHOCT B IIOCTABSIHUTE LENM, W3IOJI3BaHaTa
METOAOJIOTUs U amaparypa. LIsulocTHOTO BreuaT/IeHHE OT NPEACTaBEHHs TEKCT €, 4e
JAUCEPTAHTHT BJIAACC OTIMYHO JUTCPATYpHHA MaTCpHajl, CKCICPUMCHTAIHUTE METOAU

Ha U3CJICABAaHC N U3BCXKIA y6CI[I/ITeJ'IHO pa6OTHI/I XHUIIOTE3HU 3a Ha6J'IIOI[aBaHI/ITC SBJICHUA .



N36panaTa MeTOIMKA MOsKe JIM [1a 1a/le OTTOBOP HA MOCTaBeHATA LeJl U 3aa4i HA
AUCePTAUOHHMSA TPYA?

B nyOnukanuure 1o JAuMCepTalMOHHMS TpyJ ca NpUIaraHd pasjinyHu
o0IIoNpueT METOOU B EJNEKTPOXMMHUYHUTE M3CIECIBAaHUS W Hal-HOBM METOAM 3a
oXapakTepusupaHe Ha Mmarepuanu. Hapen ¢ rajaBaHOCTaTUYHMTE H3CIIEIBaHUS Ha
NOJIIPU3ALMOHHUTE MPOLIECH, LUKINYHATA BOJT-AMIIEPOMETPHUS U €IEKTPOXMMHUYHATA
UMIIeIaHC-CIIEKTPOCKOIUS ca U3I10JI3BaHU CbBPEMEHHHU METOAU 3a
OXapaKkTepU3UPaHETO Ha NMPUTOTBEHUTE HOBU KaTalM3aTOpU U €JIEKTPOIu (PEHTTeHO-
ctpyktypeH  aHanu3-XRD, aromHo-cunoBa  mukpockonus-AFM,  ckanupaina
enekTpoHHa MuKpockonusa-SEM, EDS-ananu3). BbB Bpb3ka ¢ u3cienBaHeTo Ha
MHUKPOOHUTE MPOLIECH Ca NPUIOKEHU METOHU 332 €H3UMEH aHaJIU3 U MUKPOOHOJIOTMYHU
U MOJIEKYJISIPHO-OMOJIOTUYHM METOAM 3a OXapaKTepu3MpaHe W WAECHTH(ULUpaHE Ha
KYJITUBUPAHUTE MUKpOOpraHu3Mu. ChueTaBaHETO Ha BCUYKHU TE3U METOAM € 3aJIoT 3a
YCIIEIIHOTO M3BBPIIBAHE HA €KCIIEPUMEHTHTE U 3a (OpMYJIHpaHe Ha MPaBIONOJ00HH
XMUIIOTE3H 3a €CTECTBOTO HA MPOLIECUTE, TPOTHYAIIN B MUKPOOHUTE TOPUBHU KIIETKH.

B kakBo ce 3aK/JIH04YaBaT HAay4YHUTe W HAYYHO-NPUJIOKHUTE IPHHOCH Ha
AUCEePTALMOHHMS TPyA?

Pasrnexxnanute TemMu B AucepTanusATa Cce€ pasnpelesT MEXAY HAKOJIKO
o0nacTH:

1. ['opuBHU KJIeTKH, W3mon3Bauy Oopoxuapuanu aHuoHu (BHg), upes
KOUTO CTaBa IPEHOC Ha BOAOPOJA U Bb3MOXKHOCT 3a HETOBOTO CKJIaJIMpaHe U BTOpPUYHA
ynotpeda B TpaJUIIMOHEH BOJIOPOJECH TOPUBEH €lIeMEHT. ToBa € MOKa3aHO MpPH BOJIT-
amrepoMeTpuuyHuTe u3cnenBaHus. OObpHATO € BHUMAaHHE Ha KOHKYPHpAIIUTE cCe
XUJIPOJIM3HU PEAKLMU B aHOJIUTA, IIPH KOUTO Craja JOOMBBT MO TOK MOPATX HEM'BJIHO
NPOTUYAHE Ha eJNEeKTPOJHATa peaklus Ha OKUCICHHE Ha OOpOXUAPUIHMS HOH.
W3cnenBann ca pa3inudHA BOJMOPOI-3aabpikamy (paObpudHu crutaBu (03HAYEHH KaTo
ABs) kKaTto MeTal-XUAPUIHHM eNEeKTPOAM 3a ILEJIUTEe Ha AaHOJHOTO OKHUCIIEHHE Ha
OOpOXHUIPUIHM aHMOHM B TopuBeH eineMmeHT. Crnen cHemane Ha XRD-cnektpu Ha
€JIEKTPOAUTE CE€ OKa3Ba, Y€ BOJOPOIBT C€ BKJIKOYBA B KpHCTaJHATa pelleTka Ha
KaTajan3aTopa U MOXe Jia CIy)KM KaTo M3TOYHUK Ha BOJOPOJ 3a BTOpUYHA ynoTpeda B

TOpUBCH CJICMCHT. HpeIIBapI/ITCJIHOTO TPETUpPAHEC HaA CICKTPOAUTE C HATPHUCB



Oopoxuapus TOA00pSABAT EIEKTPOXUMUYHHUTE XapaKTCPUCTUKU: TMOTCHIMATBT HaA
OTBOpPEHATa BEpUTa C€ IMPEMEeCTBA KbM TIO-OTPUIATEIIHU CTOWHOCTH, a CBPBX-
HaIpeXKeHUETo Ha aHogHus npeHoc. [Ipu pabora B cunmHo ankanHa cpena (6 M KOH) ce
MUHUMU3UpAT Mapa3uTHUTE XHUJIPOJIM3HU MPOLECH BBHB BOJHATA Cpela 3a CMETKa Ha
EJIIEKTPOJHUTE TIPOIIECH.

Ilpunocume na oucepmayuama ¢ maszu yacm onpeodensim Kamo ,,00Ka3eane ¢
HO8U CpedOcmeéa HA CHLULECMEEHU CHMPAHU HA 6eue CHULEeCMmeEyeauju HAaAyYHU
npoonemu“.
2. WM3crmexmBaHa € BB3MOXKHOCTTA 3a H3IMOJN3BaHETO Ha CEpoBOAOpOA (WK
XuApocynpuIHA HOHHM) KAaToO PEAyKTOp B TOPHBHA KJIETKA IMPHU M3IOJI3BAHETO Ha
HUTPATHU aHHOHU KaTo OKUcCiWTen. Miesta e mpumamiiiBa OT TIJIeJHA TOYKa Ha
€HOBPEMEHHOTO MpeMaxBaHe Ha J(BaTa 3aMbpCUTENsS, ChYETAaHO C J0OMBa Ha
eNeKTpocHeprusi. Makap M CKpPOMHH KaTto JOOMB W IUTBTHOCT HAa MOIIHOCTTA
pe3yaTaTuTe TOKa3BaT, Y€ TO3M TMOAXOJ 3acily)kaBa BHHMaHHe, IIOHE 3a
o0e3BpexaaHeTo Ha 3ambpcuTenuTe. Kakrto ce BMKAa MO-HATATHK, M3IOJI3BAHETO Ha
npotoH-oOMenHa MemOpana (Nafion) e 3a mpeamounTane mpea CONEBUS MOCT, MPH
KOHTO BBTPEITHOTO CHIIPOTHUBIICHUE HA TOPUBHATA KJIETKA € HEJAOIMYCTUMO BUCOKO.

Ilpunocume na oucepmayuama ¢ mazu yacm onpeoeNim Kamo ,,N0Ka3eane ¢
HO8U cpeOcmea HA CHLUIECMEEHU CMPAHU HA 6ede CbHULeCmeysauju HayyHu
npooaemu.
3. OcHOBHaTa TEXECT Ha U3CICABAHMSITA TaJa BbPXY MUKPOOHUTE TOPUBHH KIIETKU (C
U3IIOJI3BAHETO Ha JPOKIH). M3creaBaHusITa ca IPOBECHN KAaKTO ¢ MHTAKTHU JAPOXKICHU
KIETKHA, Taka M C EH3MMHHU MHUTOXOHJPHAIHU (PAKIUU OT POKACHUTE KIIETKH.
ChTpyOHHYECTBOTO Ha EINEKTPOXUMHUIIM C MHUKpPOOMOJIIO3W € JIOMPUHECIO 3a
MIPOBEXIAHETO HA M3CIICIBAHUATA HA MHOTO BUCOKO HAyYHO HUBO H 32 (POPMYTUPAHETO
Ha MMPaBONOJ00HH XHMITOTE3U 3a MPOIECHUTE, MPOTUYAIIN B KUBUTE MUKPOOHH KJICTKH,
IIpH eKCTpalleNlyllapeH MPEeHOC Ha eIEKTPOHU U €IEKTPOIHU PEAKIIHH.

VYcranoseno e ¢ EMC, e enekTpoOXUMUYHHUTE XapaKTePUCTUKU HA JIPOKIUTE CE
MIPOMEHSAT BBB pa3imuHuTe (Pa3u Ha pacTek Ha Kynrypara. To3u U3BOJ € HHTEPECEH, a

HE € OUCBUJICH.



OcobeHO  BHUMaHUE  MPEJCTABISABAT  M3CIEABAHUATA C  M3KYCTBEHU
eKCTpaleNyJapHd MEAMAaTOPU-TIPEHOCUTENN Ha eNeKTPOHH (CIeuanHO 3a IienTa
CUHTE3UpaHu Oarpuia), CPaBHEHU C MOBEACHHETO HAa MHUKPOOHUTE TOPUBHU €JIEMEHTH
npu ecrectsern (NAD*/NADH). Onpezenen cepro3eH NPUHOC € 3aKIFOUEHUETO, Y€ B
MPUCHCTBUE HA WHXUOUTOPH HSIKOU OT M3KYCTBEHHTE MEAHATOPH (METHUICHOBO CHHBO,
DANSQI, D3, cernacHo o3HaueHUsITA HA aBTOpA) 3aMEHST €CTECTBEHUTE, OJOKUpaHU
OT MHXHOUTOpa M CIOCOOCTBAT 3a MPOTUYAHETO HAa PEIOKC-TIPOIECUTE B TOPUBHUS
eneMeHT. Jlpyr BakeH H3BOJ €, Y€ HIKOM Oarpuja ce BKJIIOYBAT B MpEHOca Ha
€JIeKTPOHH (KAaTO EJIEKTPOH-aKIENTOpH) 3aeAHO ¢ ectecTBeHus Ko-paktop NADH.
HanpaBenn ca ycmemHm onuTH 3a HaHacsiHe Ha Oarpwmara (Hamp. D3)  Bepxy
€JIEKTPOAUTE HA TOPUBHHUS €JIEMEHT.

C noMorira Ha HUKIXYHA BOJIT-aMIIEPOMETPHS U €JIEKTPOXUMHYHA UMIIEJAHCHA
CIIEKTPOCKOIUSI € H3CiIe[BaHa OHOKaTaauTU4HATa (CH3MMHATa) AaKTHBHOCT Ha
JPOKICHH KJIETKU MPH TpU cyOcTpaTa: ameraT, GpyKTo3a U alerar/manar. Y CTaHOBSIBa
ce oOpa3yBaHEeTO Ha BTOPUYHU BBITIEXHUIPATH U MOBHILIABaHE HA MalaTHATa aKTUBHOCT.
[IpennoxeHa e pazyMHa XHMIIOT€3a 33 CHHTE3MpPAHETO HAa MOIUMUIIMPAHU E€HIOTEHHU
MEIMaTOpH B 3aBHCHMOCT OT cyOcTpara ¢ TpearoyiaraeéM OHOXUMHYEH MEXaHU3bM.
0061110 B3€TO, OMOEIEKTPOXUMUYHHUTE U3CIICBAHUS B YCIOBUATA HA MUKPOOHU TOPUBHU
KJIETKA C€ OKa3BaT MHOTO J0OpO CpEelCTBO 3a YCTaHOBSBAHETO HA META0OIUTHHUTE
I'BTHILA TPU U3CTIEABAHUTE MUKPOOPTaHU3MHU.

Ilpunocume na oucepmayuama ¢ masu yacm onpeoensim Kamo ,,A0KA36aHe ¢
HO6U CpeOcmea HAa CLULECMEEHU CMPAHU HA 6e4e CHUeCmeEysauii HayYHu
npoonemu‘ u ,nonyyaeane u 00Kazeane Ha Hoeu axmu “.

4. N3crnenBaHu ca T.Hap. CEIMMEHTHU TOPUBHH KJIETKH, MPU KOUTO CTaBa FeHEpUpaHEe
Ha EJEKTPOJBMXKeIlla CHJia 3a CMETKa Ha OMOJIOTMYHAaTa aKTUBHOCT HAa MHUKPOOHU
ChOOIIECTBa B TIPUCHCTBHE HA BBITICPOJHU M3TOYHHIM (HAH-UECTO - 3aMBPCUTEITH Ha
npupoaHud Boau). ONUTHTE ca W3BBPIIEHH B TOPUBHU €JIEMEHTH 0€3 pa3ielsiin
MeMOpaHu B €CTECTBEHHU ycIIOBUsS. IHTepec MpeAcTaBisBaT OMUTHTE 3a MyJICAI[HOHHO
BOJICHE HA EJIEKTPOXMMHUYHHUS TPOIEC, NMPH KOETO MHUKPOOHWTE KIETKH MpPOSBSIBAT
KalalMTHBHU CBOWCTBA, a MOTCHIIMAIBT Ha OTBOPEHATa BEpHUTra HapacTBa 3HAYUTEITHO.

O6C’LI[CHI/I Ca Bb3MOXHOCTUTC 3a HU3NOJ3BAHC HA CCAUMCHTHUTC T'OPHUBHU CIICMCHTHU 34



NoJIbpKaHe Ha MOHUTOpPMHTA HA OKOJHATa Cpelia B MpHUpoAaTa B aBTOHOMEH PEXHM.
[Tokazan e u edexTa Ha OCBETSIBaHE Ha MUKpOOHAaTa KyJlTypa, IPU KOETO C€ MOCTUTA
pabora B 1muKIM4YeH pexuM. [lomoxurenHuar edexkT ce cBbp3Ba (0TUaCTH) C
TeHepUpaHUsl KUCIOPOA B KaTOAHOTO MPOCTPAHCTBO BCIIEICTBUE (POTOCUHTE3A.

Ha 6a3ata Ha coOCTBEHU HM3CIICABAHUS € MPEIJIOKEH U METOJI 32 OTCTPAHIBAHE
Ha OHU Ha TeKKH MeTanu ( MeJl, )Kels30, MaHTaH, KaJAMHA, XpOM, KOOANIT U TIp.), YUUTO
pa3TBOpU c€ MOJaBaT B AHOAHOTO MPOCTPAHCTBO Ha TOPUBHUS €JIEMEHT M TaM ce
penymnupar.

Ilpunocume na oucepmayusama ¢ mazu yacm onpeoenam kamo ,,Cv3oasane
Ha HO6U Memoou“ u ,,nojiyuasane u 00Ka3eane Ha Hoeu paxkmu*,
5. Pasrinenanu ca BB3MOXKHOCTUTE 3a PAaCTUTEIIHM TOPUBHU €JIEMEHTH Ha 0Oa3ara Ha
dortocunTesa. JleMoHCTpUpaHH ca Bh3MOXHOCTUTE Ha BOJHM pacTeHus (Lemna minuta,
Lemna valdiviana) 3a Owokarain3aTopu, Karo € yCTAaHOBEHO, Y€ MOIIHOCTTAa Ha
TOPUBHUS €JIEMEHT (Makap U CKPOMHA) ce BiMse OT ocBeTsiBaHeTo. MHTepecHO e, ue
Hall-noObp edexT uma dYepBeHaTa cBeTiuMHA. HesceH € TepMUHBT ,,OJIPU3MpaHA
ceemyinHA®. ENBa M cTaBa Ayma 3a MOJSIpU3alysi B CMUCHJIA HA ONTHYHATA aKTUBHOCT
HAa OPTaHUYHUTE ChEJIMHCHUS.

C nomomra Ha EVIC e noka3aHo, 4ye MpeHOChT Ha 3apsAja CTaBa M0 pa3inyuyeH
MEXaHHU3bM IMPHU PA3TUYHO OOTbYBAHE.

Ilpunocume na oucepmayuama ¢ mazu yacm onpeoenam kamo ,,Cvzoaeane
Ha HO6U Memoou“ u ,,nojiyuasane u 00Ka3eane Ha HO8u akmu*,
6. Hakpatko ca pasrieqaHd BB3MOKHOCTHUTE 3a €JEKTPONM3a C IOMOINTa Ha
MUKpPOOUATHU €NEeKTPONU3HU KIETKH. Ilonoxcumennomo 6 ciyuasn e, ue paziazanemo
Ha e6o00ama ¢ noAyYaeaHe HaA 6000pO0 CMABA NPU NO-HUCKO NPUTIOIHCEHO
Hanpecenue, OMKOJIKOMO npu adbuomuunu ycioeus. Karo enekTpoan ca u3nojia3BaHu
W ca W3CJIeIBaHU HOBOCHMHTE3MPAHW HAHO-KOMITIO3WTHH MaTEpHalld, MPECTaBIISBAIIN
CIUTaBH Ha HUKeNa, KoOanTa W Kels30TO ¢ MpuMecu Ha Oop, Boidpam u dopdop u
JTOTHUpaHU ¢ Manaauii u 31aro. HabmromaBa ce moHMKEHHE HA CBPBHX-HAMPEKEHUETO Ha
KaTo/1a B CPaBHEHHE C HE-TOTUPAHU CIUIABH.

Ilpunocume na oucepmavyuama é¢ masu uacm onpeoenim Kamo ,,Cb30a6aHe

Ha HO6U Memoou“ u ,,noyuasane u 00Ka3eane Ha Hoeu axmu*,



ABTOpe(l)epaT'bT HamnpaBeH JU € CbIVIACHO U3BMCKBAHUSNATA, IIPABUJIHO JIU 0TPpa3siBa

OCHOBHHUTE IMOJIOKEHUSI 1 OCHOBHUTE IIPUHOCH HA NUCEPTANNUOHHUSA pr)l?

ABTOpedepaThT MPaBUIIHO OTPa3siBa ChABPKAHUETO HA AUCEPTALMOHHUS TPYA.
B Hero numcBa chnuchbK Ha IUTaTUTE Ha MyOJMKAIMUTE, BBPXY KOUTO C€ Tpaau

JIUCEPTALIMOHHUS TPYI.
V. KPUTUYHU 3ABEJIEXKKU U ITPENNIOPBKHU

JlMcepTaunoHHUAT TPyl € HalMCaH B MOHOTpa(UYeH CTHUI M 3aTOBA IOHSKOTa €
TPYIHO J1a ce pa3rpaHuy¥aT MPHUHOCUTE Ha aBTOpa OT M3BECTHOTO B JIUTEpAaTypara.
OcBeH TOBa, J00pe Oum OWIO Aa uMMa MPWIOKEH CHUCHK CbC CHKpALICHUITA U

abpeBUaTypuTe 3a YIECCHEHUE HA YUTATEIS.

V. 3AK/IIOYEHUE

KadecTBOTO Ha U3N'BJIIHEHHE HA 3a/la4MTe, IOCTABEHU B JUCEPTALIMOHHUSA TPY/L,
YCTAaHOBEHUTE 3aBUCUMOCTHU, M3CIIEBAHETO Ha HAOIIOJABaHUTE SIBJICHUS, Pa3BUTUTE
HACOKH 3a ObJEIU NPUJIOKEHUS Ha TOPUBHUTE KIETKU (MUKPOOHHU, PACTUTEIHH) MU
No3BoJIsiBa yOeAeHO Ja MpernopbyaM Ha MOYMTAEMOTO XXYpPH Ja NPUCHAM HaydHaTa

cTereH "nokTop Ha HaykuTe" Ha npod. A-p uHK. Mapuo Mopnanos Mutos.

Codwus, 20 aBryct, 2019 . PEIHEH3EHT:

(mpo¢. ntH Benko H. benkos)
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I. SUMMARY OF CANDIDATE BIOGRAPHICAL DATA

Prof. Dr. Mario Yordanov Mitov was born on March 2, 1963. He completed his
higher education as a chemical engineer in 1985 in the specialty "Electrochemical
Productions" at Higher Institute of Chemical Technology - Sofia (how CTMU). He
defended his dissertation for the doctorate degree at SWU in 2000. For the period
1987-2007 he was an assistant and chief assistant at SWU; from 2007 to 2012 -
Associate Professor at the same university. In 2012, he was elected as professor
at SWU.

His teaching activity consisted of conducting exercises, lecturing and directing
graduate and doctoral students in the subjects of general and inorganic chemistry,
physicochemistry, electrochemistry.

Prof. M. Mitov has participated in 18 research projects, five of which are funded
by European programs. In ten of them, he is either the team leader or the project
manager.

Prof. M. Mitov has authored (co-authored) 112 scientific papers, 61 of which are
in Impact Factor journals, thirteen - in Non-Impact Factor refereed journals and
twenty-six - in conference proceedings. 398 citations were noticed, according to

the attached Scopus report.



Il. ASSESSMENT OF PUBLICATIONS INCLUDED IN THE
DISSERTATION

The dissertation is based on 42 scientific papers, twenty-seven of which are in
Impact Factors (Bulgarian Chemical Communications, IF = 0.25). The rest are
published in other international and national journals abroad and in materials in
scientific forums in Bulgaria and abroad. The dissertation contains the most
interesting results of scientific value set out in the publications.

A total of about 400 citations were noted on the author's publications, and only on
the works included in the thesis - 178.

Scientometric data completely satisfy the requirements in the Regulations of the
South-West University and the Regulations for the implementation of the Law for
the Development of Academic Staff in the Republic of Bulgaria for the awarded

scientific degree “Doctor of Sciences”.

I1l. MAJOR CONTRIBUTIONS TO THE CANDIDATE SCIENTIFIC,
APPLIED AND TEACHING ACTIVITIES

The relevance of the problem being developed

The development of new clean and renewable energy sources and processes is a
major priority in economic policy and research and development activities in
developed countries. The topic of the dissertation reviewed corresponds entirely
to this priority. It discusses new possibilities for energy production in fuel cells
with innovations in hydrogen energy, replacement of hydrogen with hydrogen
sulphide, application of microbial fuel cells with various applications, plant fuel
cells with photosynthesis, microbial electrolysis processes. Although some of
these processes are only of cognitive and scientific interest so far, they are
promising to become practically significant in the near future. Therefore, the

topics developed in the dissertation are highly relevant.



Does the candidate know the state of the problem and evaluate the literature
material creatively?

The candidate has been working in the field of electrochemistry and processes in
fuel cells for over 25 years. A review of his publications during this period shows
the development and consistency of the goals set, the methodology and apparatus
used. The overall impression of the presented text is that the candidate is fluent in
literary material, experimental methods of research and convincingly working
hypotheses about the phenomena observed.

Can the chosen methodology answer the set goal and tasks of the
dissertation?

Various generally accepted methods in electrochemical research and the latest
methods for characterization of materials have been applied in the dissertation
publications. In addition to galvanostatic studies of polarization processes, cyclic
voltametry and electrochemical impedance spectroscopy, modern methods have
been used to characterize the prepared new catalysts and electrodes (X-ray
structural analysis-XRD, atomic-force microscopy, AF-microscopy, EDS
analysis). In connection with the study of microbial processes, methods for
enzymatic analysis and microbiological and molecular biological methods have
been applied to characterize and identify the cultured microorganisms. The
combination of all these methods is the key to the successful completion of the
experiments and the formulation of plausible hypotheses about the nature of the
processes occurring in the microbial fuel cells.

What are the scientific and applied contributions of the dissertation?

The topics covered in the dissertation are divided into several areas:

1. Fuel cells using borohydride anions (BH4), through which hydrogen transfer
and the possibility of its storage and secondary use in a traditional hydrogen fuel
cell are possible. This is shown in volt-amperometric studies. Attention is paid to
competing hydrolysis reactions in the anolyte, in which the current yield decreases

due to the incomplete electrode reaction of oxidation of the borohydride ion.



Various hydrogen-containing alloys (referred to as ABs) as metal hydride
electrodes have been investigated for the purpose of anodic oxidation of
borohydride anions in a fuel cell. After the XRD spectra of the electrodes are
taken, it turns out that hydrogen is incorporated into the crystal lattice of the
catalyst and can serve as a source of hydrogen for secondary use in the fuel cell.
Pre-treatment of the sodium borohydride electrodes improves the electrochemical
characteristics: the open circuit potential is shifted to more negative values and
the anode overpotential decreases. When working in a highly alkaline medium (6
M KOH), the parasitic hydrolysis processes in the aqueous medium are minimized
at the expense of the electrode process.

| define the contributions of the dissertation in this section as ""proving with
new means on the essential sides of already existing scientific problems*".

2. The possibility of using hydrogen sulphide (or hydrosulfide ions) as a reducer
in a fuel cell using nitrate anions as an oxidizing agent has been investigated. The
idea is tempting in terms of the simultaneous elimination of both pollutants,
combined with power generation. Although modest in yield and power density,
the results show that this approach is worthy of consideration, at least for the
disposal of pollutants. As can be seen further, the use of a proton exchange
membrane (Nafion) is preferable to a salt bridge where the internal resistance of
the fuel cell is unacceptably high.

| define the contributions of the dissertation in this section as "'proving with
new means on the essential sides of already existing scientific problems".

3. The main focus of the studies is on microbial fuel cells (using yeast). Both intact
yeast cells and enzyme mitochondrial fractions from birth cells were explored.
The collaboration of electrochemists with microbiologists has contributed to
conducting research at a very high scientific level and formulating plausible
hypotheses about the processes occurring in living microbial cells during

extracellular electron transfer and electrode reactions.



It has been established with the EIS that the electrochemical characteristics of
yeast change at different stages of growth. This conclusion is interesting, not
obvious.

Particular attention is paid to studies with artificial extracellular electron
mediators (especially synthesized dyes) compared to the behavior of microbial
fuel cells in natural (NAD +/ NADH). A significant contribution is the conclusion
that in the presence of inhibitors, some of the artificial mediators (methylene blue,
DANSQI, D3, according to the author's designation) replace the natural ones
blocked by the inhibitor and facilitate redox processes in the fuel cell. Another
Important conclusion is that some dyes are involved in the electron transfer (such
as electron acceptors) together with the natural co-factor NADH. Successful
attempts have been made to deposit dyes (e.g. D3) on the electrodes of the fuel
cell.

Cyclic voltametry and electrochemical impedance spectroscopy have been used
to investigate the biocatalytic (enzyme) activity of yeast cells on three substrates:
acetate, fructose, and acetate /malate. Formation of secondary carbohydrates and
increased malate activity have been identified. A reasonable hypothesis has been
proposed for the synthesis of modified endogenous mediators depending on the
substrate with a putative biochemical mechanism. In general, bioelectrochemical
studies under microbial fuel cell conditions have proven to be a very good means
of establishing the metabolic pathways of the microorganisms under study.

| define the contributions of the dissertation in this section as "*proving by new
means the essential aspects of already existing scientific problems™ and
""obtaining and proving new facts"".

4. The so-called sediment fuel cells that generate electromotive force at the
expense of the biological activity of microbial communities in the presence of
carbon sources (most often, pollutants of natural waters) have been explored. The
experiments were performed in fuel cells without separating membranes in vivo.

Of interest are the attempts at pulsating control of the electrochemical process, in



which the microbial fuel cells exhibit capacitive properties and the open circuit
voltage is increasing significantly. Possibilities for using sediment fuel cells to
maintain environmental monitoring in nature offline are discussed. The effect of
illuminating the microbial culture is also shown, whereby cyclic operation is
achieved. The positive effect is related (in part) to the oxygen generated in the
cathode space due to photosynthesis.

Based on own research, a method for the removal of heavy metal ions (copper,
iron, manganese, cadmium, chromium, cobalt, etc.) has been proposed, the
solutions of which are fed into the anode space of the fuel cell.

| define the contributions of the thesis in this section as *"Creating New
Methods" and **Obtaining and Proving New Facts"'.

5. The possibilities of plant fuel cells based on photosynthesis are considered. The
potential of aquatic plants (Lemna minuta, Lemna valdiviana) for biocatalysts has
been demonstrated, and it has been found that the power of the fuel cell (though
modest) is influenced by illumination. Interestingly, the red light has the best
effect. The term "polarized light" is unclear. It is hardly a matter of polarization
in the sense of the optical activity of organic compounds.

With the help of the EIS it has been shown that the charge transfer occurs by a
different mechanism under different irradiation.

| define the contributions of the thesis in this section as *"Creating New
Methods" and **Obtaining and Proving New Facts"'.

6. The possibilities of electrolysis using microbial electrolysis cells are briefly
discussed. The good thing about this case is that the decomposition of water to
produce hydrogen occurs at a lower applied voltage than under abiotic conditions.
Newly-synthesized nano-composite materials representing nickel, cobalt and iron
alloys with additions of boron, tungsten and phosphourous and doped with
palladium and gold were used as electrodes. A decrease in the cathode overvoltage

Is observed compared to non-doped alloys.



| define the contributions of the dissertation in this section as *‘creating new

methods' and **obtaining and proving new facts"'.

Is the abstract made in accordance with the requirements, does it correctly
reflect the basic principles and main contributions of the dissertation?
The abstract correctly reflects the content of the dissertation. It lacks a list of

citations of the publications on which the dissertation is based.

IV. CRITICAL NOTES AND RECOMMENDATIONS

The dissertation is written in a monographic style, so it is sometimes difficult to
distinguish the author's contributions from what is known in the literature. In
addition, it would be good to have a list of abbreviations attached to facilitate the

reader.

V. CONCLUSION

The quality of the tasks accomplished in the dissertation, the established
dependencies, the study of the observed phenomena, the developed directions for
the future applications of the fuel cells (microbial, plant) allow me to strongly
recommend to the honored jury to award the scientific degree "Doctor of Science™

to Prof. Dr. Eng. Mario Yordanov Mitov.

Sofia, August 20, 2019

Reviewer:

(Prof. DSc Venko N. Beschkov)



