IIpo¢. nxu I'eopru Baiicuios

Kparka cnpaBka 3a Hay4YHHTe IPHUHOCH

[IpeBpblIaHe HA KBAHTOBOXUMUYHOTO MO/IeJIUPAHE B MPAKTHYECKH HHCTPYMEHT 3a
u3cjeiBaHe HA KATATUTUYHH CUCTEMHU U MaTepHaIu

OcHoBHaTa 4acT OT HAYYHHTE MM HM3CJIECIBAHUS ca B 00JacTTa HA KBAHTOBOXUMHUYHO
MoOJeJMpPaHe HA KATAJIUTHYHHM CHCTEeMH M MaTepHaJld — HalpaBlieHHE, KOETO MosATa
u3cieloBaTescKa Ipyna ycrnemHo pa3BuBa Haja 20 roluHu B CUHXPOH C Pa3BUTHETO HA
u3cienBanusita B EBpoma m cBeta. B Kpak cbC CBETOBHUTE TEHICHIMH, HAIINTE
U3CIeIBaHUS HE Ca M30JMPAHU U OFPAaHUYEHU B PAMKHUTE HA TEOPHSTA, a Ca JMPEKTHO
CBbP3aHM C Ba)XKHU EKCIePHMEHAJHH NpodjeMH, KOUTO He MOratr ga Obaar
€IHO3HAYHO pellleHH CaMO Ha OCHOBaTa Ha €KCIIepUMEHTAJIHU u3ciensBanus. Ilo To3u
HA4YWH, a3 ¥ MOUTE ChTPYAHHUIIA MOMOTHAXMe KBAHTOBOXMMHYHOTO MOJIeJIMPaHe Ja ce
NpeBbpPHeE B MPAKTHYECKH HHCTPYMEHT B H3CJI€IBAHETO HA KATAJIM3aTOPH U MOJT00HI
Ha TAX MaTepuajM. [loaxoasT, KOMTO MOCTENEHHO pa3BUXME, LU Pe3yITaTUTe OT
TEOPETUYHOTO MOJIEIMpaHe Jja ObJaT peaaHu U CPAaBHUMHU C €KCIIEPUMEHTAIIHUTE CUCTEMHU
U YCIIOBUS, Ha OCHOBaTa Ha OallaHC MEXAYy pEeaTMCTUYHU HW3YUCIUTEIIHU MOJEIH,
KOPEKTHH KBAaHTOBOXMMWYHH METOJM W HAJTMYHU M3YMCIUTEIHH pecypcu. M3mon3Baiiku
YHUKQJIHUTE BB3MOKHOCTH Ha KBAaHTOBOXMMHUYHOTO MOJIENHMpaHe, HUE CUMYJUpaMe He
caMo CUCTEMH, ChOTBETCTBAIIIM Ha MTpeijlaraHuTe Npear HHTEPIPETALMH, HO pa3riiekKaaMe
MHOXXECTBO HOBU  QITEpPHATUBHU  OOSCHEHWS, KOWUTO HE MPOTHUBOpEYaT Ha
EKCIIEpUMEHTANTHUTE pe3yaTaTd. OcCOoOEHOCT Ha HW3CIENOBATENICKMS HU TMOAXOA €
CHEIMAJTHOTO BHUMAaHUE KbM BB3MOXKHU J€(PEKTH U BIMSAHUS HAa HOCUTENS WU cpeaara
BbPXY AaKTHBHUTE IIEHTPOBE, 3a pa3jMKa OT 3HAYMUTENHA YacT OT HM3YUCIUTEITHHUTE
U3CJE/IBaHUs, KOUTO BCE OILE CE CUMYJIMpaT MAeanu3upaHu mojaenu. To3u moaxon HU
JIOBE/IE [0 Ppeauua ycHmexu 3a Ppa3iuvyHH KaTAJIUTHYHH CHCTEMH, NPH KOHWTO
00SICHUXMEe eKCIIePHMMEHTAJIHO HA0JI0IaBaHUTEe CTPYKTYPHH WM CHEKTPAJIHH
ocobeHoctu. Oule moBeye, 3a HAKOJIKO OT MOJEIMpPAHUTE NPOOJIEMU U CUCTEMHU
JOCTUTHAXME JI0 W3BOJa, Y€ MyOJMKYBAHHUTE MbPBOHAYAJIHH WHTEPNpPETANMH HA
eKCIIePUMEHTAJHUTE Pe3y/JTATHTE He €A KOPEeKTHH M CJeJl aHaJlu3 U MOJENIMpaHe Ha
MHOYXECTBO aJNTepHATHBH, MPEAI0KMXMe U 000CHOBaAXMe HOBA HMHTEpINpeTalusl Ha
eKCIePUMEHTA, KOSITO TO OOsICHSABA MO-TBJHO. [Ipn BCcHYKM TakuBa Cilydad, HamiaTa
HHTepnpeTanus Oelle J0Ka3aHAa OT eKCNEPUMEHTAJHU IPYNH OT CTpaHaTa WIH OT
gy:)xOuna - [epmanms, CAIL, Yexus, HOxna Kopes, u ap. UscneaBanuara mu ca
nyOnukyBanu B 162 Hayunu myOnukamuu, oT Kouto 150 ¢ umnaxt ¢akrop. [TyOnukamunre
MU ca IUTHpaHu 5659 mbTH B nuTeparypara (0e3 aBTOIMTATH Ha BCUYKU aBTOPH).



I.  3anepuona mo 2019 r.

KpaTtko 06001meHe Ha NIPUHOCUTE M HOBUTE HHTEPNPETAIIMU HA eKCIIEPUMEHTATHHI
Ha0J0aeHus 3a nepuoaa a0 2019 r.

- Kopurupane Ha oTHACSHETO Ha EKCIIEPUMEHTAIIHO HaOfo1aBana nBnia B U cnekTbp
HA poJeB MOHOKAPOOHWJI B 3€0JINT;

- VYcraHoBsBaHEe Ha MMpeHoca Ha MPOTOHU OT HOCUTEJISA (360.]'II/IT) KBbM MeETaJTHUA
KJIBCTEP IIPU KIIBCTCPHU HA IMPEXOJHU METAJIN B 3COJIMTH U OTXBBPJIIHE HA IIPCAUIITHATA
CKCIICPUMCHTAJIHA UHTCPIIPETALHA, YC KIITbCTCPUTC Ca UUCTHU,

- Jloka3BaHe Ha MpeHOCAa HAa KHCJIOPOA OT HocuTedass (LepueB JHOKCHI) KbM
MeTAJIHUS KJIbCTEP MMPHU IUIATUHOB KIBCTEP BHPXY LIEPUEB TUOKCH KOTaTO HOCUTEIS
¢ HaHOpa3MepeH U JI0Ka3BaHE, Y€ MpPEAUIIIHATa WUHTEPIIPETAIrs, Y€ TO3U IPOIEC €
SHEPreTUYHO HEU3TOJCH € BApHA CaMO 3a FOJIEMH YaCTHUIIM OT HOCUTEJIS;

- Jloka3BaHe, 4e MpUYMHATA 3a [10sIBaTa Ha crielMpuyHa uBMLa B ciekTbpa Ha CO B Men-
chabprkamia meran-oprannyHa pemretka (MOF) e nedekT, mpuYHHEH OT JUIICBAII
JIMTAH/ B CTPYKTYpaTa, a He IPUMECH B MaTepHaa;

- WM3scHsBaHe Ha peajHATa CTPYKTYpPa Ha cepusi OT MOBHPXHOCTHHM KapOOHATH,
XUApPOreHKapooHaTu, ¢opMuaTH, HUTPUTH M HUTPATH BBHPXY OKCHIHHU
MOBBPXHOCTH M OINpeJeisHe Ha XapaKTepHUTE 3a BCEKH THIT KOOPIUHAIUS
BUOPAIMOHHU YECTOTH,

- YcTaHOBsSIBaHE Ha CTPYKTypaTa ¥ pa3NoJIO)KCHUETO HA IBA HOBH THIIA YACTUIIM BHPXY
HepueB JUOKCH/I — a3U]IU U NO?, HaOm01aBaHH C nH(ppauepBeHa CIIEKTPOCKOMHS;

- H3sAcHsBaHe Ha THIIA M OKHMCJIUTEJIHOTO ChCTOSIHHE HA najgaameBu, NMNJIaTUHOBH,
POAMEBH M AP. METAJIHH HEHTPOBE B 3€0JIMTHU, YHACTBAIIX B IMTPOLCCUTC HA COp6III/I$I

M KOBCPCHUA HA a30THU OKCHU/IH.

OcHoBHUTe IpUHOCH 32 epuoaa a0 2019 r.

[IpuHOCTHTE Ca OMMCAaHU 3a OTAEITHUTE TUIIOBE MOJEIMPAHU CUCTEMHU - 3€0JIUTH, LIEPUEB
JTMOKCHJI, METATHU HAHOYACTUIIM, OMOOpraHWYHU cucTeMu. [IpuHOCUTE 3a TOCIIEIHUTE

IET rOAWHU Ca OMMUCAHH OTACITHO, MOAPEACHU B CHINUTC YCTUPHU I'PYIIN.

|.1. Mooenupane na 3eonumu
Memannu knvcmepu 6 3eorumu

3a mbpBH MBT 0OOCHOBaXME U MOTBBPIAUXME ChC CHbBPEMEHHUTE METOIH 33 TEOPETUYHO
MOJIEJIMpPAHE MPOLECa HA MPEHOC HA NMPOTOHH OT MOBBPXHOCTTA HOCHTEsSI (3€0JIMT)
KbM OTJIO’KEHH BbPXY HEIro MeTaJIHM KJIbCTEPH (T.Hap. 00paTeH CINJIOBBP). XUIOTE3U
3a TakbB MIpoleC UMa B juTeparyparta npe3 80-te roguHu Ha 20-TH BEK, HO HAIIUTE



U3CIeBaHUs I10Ka3axa OCOOEHOCTUTE Ha Mpoleca W MOTBbpAMXA (CIE] CpaBHEHHE C
HAJIMYHU €KCIIEPUMEHTAJIHU JJaHHH), Y€ TOM MPOTHYa CIIOHTAaHHO 3a KI'IbCTEPU HA MHOI'O
OT NIPEXOJHUTE METAJIX B 3€0JIUTU. TO3M nmpouec e oT KJINY0BO 3HAYCHHE 32 PeaJTHUTe
OM(PYHKIMOHATHN KaTaJIu3aTOpPH, M3MOJ3BAHU B NMPAKTHUKATA, Thi KaTO MPOMEHS
JPACTUYHO XMMUYHUTE CBOICTBA Ha aKTUBHUTE LIEHTPOBE Ha KaTanu3aTopa. Heobxoaumo
e na ce oTOesexH, ye €AHO OT MAJIKOTO HU3KJIIOUEHHS OT HPABHJIOTO ca 3JATHHUTE
KJIbCTEPH, KOUTO HE IIPHUEMAaT IPOTOHU OT HOCUTENS, @ OCTaBaT YUCTHU. 3a J1a JOOIMKUM
pe3yJITaTUTE OT KBAHTOBOXMMUYHHUTE M3CIEABAHUSA /10 NMPAKTUYECKOTO MM H3MOJI3BAHE,
HUE M3I0JI3BaXME CTOMHOCTUTE HAa OCHOBHUTE TEPMOAMHAMHYHU BEJIMYMHM 3a JaJI€HA
KaTaJJUTUYHA CHUCTEMA, IIOJyYEeHH TEOPETUYHO, 3a KOHCTPYMpaHE Ha JuarpaMu 3a
NOKPUTHETO Ha KI'bCTEPUTE C BOJOPOJ IPH 33JaJ€HHU yCIOBUS B M3CIEABaHATa CUCTEMA
(TemriepaTypa U HaJAraHe Ha Bojopoja). M3non3Baiiku Ta3u quarpaMa, CbCTOSSHMETO HA
MeTAJIHHUA KJIbCTEP M HAa aJcopdaTuTe BbLPXY Hero Morart jJa ce KOHTPOJMpaT upe3
LIEJICHACOYEHa IpOMsHAa Ha €KCIIEpUMEHAlIHM ycioBud. Hampumep, nokaszaxme, 4e
CTENIEHTA Ha IOKPUTHE HAa METAIHUSI KIIBCTEP C BOJIOPOJ, BIMSE CHIIECTBEHO BbPXY HAUMHA
Ha aJcopOIMs HAa peareHTH (HarmpuMep €TeH) BbPXY 4acTHULaTa U Ype3 MUKPOKUHETUIHO
MOJIETTUPAHE CUMYJIMpaXMe KHHETUUHUTE TapaMeTpH Ha Mpolieca.

Te3n HammM wu3ciaeABaHUsl Cb31a/0Xa OCHOBATA Ha HOBa NapagurMa B
pa3dupaHeTo0 HAa peaJlHATA CTPYKTypa M CBOMCTBA Ha OMQPYHKIHOHAJIHHU
KATAJIU3aTOPH, ChAbPXKAIIU METaIHU KiIbcTepu. Clieq] HacC B TEOPETUYHOTO MOJIETIUpaHe
Ha TE3U MPOLECH ce BKJIKWYMXa Bojaemu rpynu ot Opannus, Asctpus, Pycus, Utanus,
Nunus, v ap. a peauna eKCnepuMEHTAJIHM TPy B Ta3u 00J1aCT U3MOJBAT HAIIUTE
KOHIIEMIMHU 32 aHAIN3 U 00SICHEHUE Ha HAOJIOJJaBaHUTE PE3yJITaTH.

Hzacuseane Ha PA3NON0HCEHUEMO U ceolicmeama HA MemaiHu UOHU 6 KaHaaume Ha
3eoaumu

CwBMecTHO ¢ rpynata Ha npod. Promr ot TexHudeckus yHuBepcuTeT B MIOHXEH, OAXMe
IbPBUTE, KOUTO CUMYJIUPAXa C A[IeKBATHH MOJeJIM He CaMO METAJHHM KJIbCTePU B
3€0JINTH, HO W PAa3MO0JIOKEHHETO HA METAJHM HOHU B 3€0JIMT U 00pa3yBaHeTO Ha
KOMILJIEKCH ¢ TAXHO yuyactue. Cnej aHanu3 Ha pe3yiTaTd OT MOJEIUPAHETO HA TaKKUBa
CTPYKTYpPU M KOMILUICKCH HHE JOKa3axXMe HSAKOM CIelu(PUIHN CBONWCTBA HA T€3U CUCTEMHU
— KaTo TIOBHUIIIEHA KHCEIMHHOCT Ha cMeceHuTe ¢GopMH Ha 3€0luTHTE (OOMEHEHU
ennoBpeMeHHo ¢ H" u Na* unu Ca?* iionn), 1 npeaioKuxMe METOAH 32 KOJIMYeCTBEeHa
OII€HKA HA CBOMCTBATA HA KUCJIOPOAHHU LIEHTPOBE B 3€0JIUTHUTE CTPYKTYPH.

W3cnenBanusita MM Ha POJUEBH IUKApOOHWIM MO BpeMe Ha XyMOoiToBaTa
CTHIIEHM, 0s1Xa Cpel MbpBHUTE, NMPH KOUTO CTPYKTypaTa Ha KOMIUIEKCH B KyXWHHU Ha
3€0JIUT € 0Ka3aHa €IHO3HAYHO 4Ype3 CPAaBHEHUE HA PE3YJITATUTE OT KBAHTOBOXUMUYHU
METOJIM C EKCIEepUMEHTaJHU AaHHM OT MH(]pauyepBeHa crnekTpockonus u EXAFS. Ha



OCHOBa Ha  CIEABAIlO  MOJEIHO  M3CJIEIBAHE  KOPUIMpaxMe  MpeIuIIHA
eKCIIeEPHUMEHTAJHN XHUINOTe3W 33 XapaKTepHUTE BUOpAIMOHHM YECTOTH Ha POJUEBU
MOHOKapOOHMJIIM M IpeIBUIUXME TsIXHaTa KOopekTHa uectora. Hamero mpeaBmxnane
Oemle JOKa3aHO EKCIHEPHMMEHTAJTHO TPHM TOJAMHM NO-KbCHO. Ta3su Tematuka Oele
IPOJBJDKEHA U pa3lIupeHa B chTpyAHHYecTBO ¢ HaydHHu rpynu B CAILLl u Cunramyp c
U3ACHSBaHE HAa KaTaJUTUYHUTE CBOICTBA Ha POAMEBM KaTaiuzaropu. Pesynrature ot
U3CJIe/BaHUS Ha POAMEBH KOMIUIEKCH C PA3JIMYHHU JIMTAHOU B KYXUMHHMTE HA 3€0JIUT
[0Ka3axa, 4e MpUYMHATAa 33 TEXHUTE CIEUU(PUUHU CBOWCTBA ca MPSKO CBBbP3aHU C
€JIEKTPOHHATa CTPYKTypa M CIMHOBATa MYJTHUIUIETHOCT Ha KOMIUIEKCA W Ype3 THUMa Ha
JUraH/a Morar /1a ceé KOHTPOJIUPAT KaTATUTUYHUTE CBOMCTBA HAa KOMIUIeKkcuTe. Taka, upes
KBAHTOBOXMMHMYHO MOJIEJIMpAaHE WU aHAJIW3 Ha €JEKTPOHHATa CTPYKTypa OOsICHHXMe
KayeCTBEHUTE Pa3iu4yusi B IMOBeJleHHETO Ha JAMKAPOOHWIHHM M JMHHUTPO3HJIHHU
POIMEeBH KOMILIEKCH, KOETO JOKJIaJBaXMe€ ChbBMECTHO C €KCIIEPUMEHTAIHUTE PE3yJITaTH
Ha kosern or CAILl. B cienBamo cbBMECTHO H3CiEBaHE, OOSCHUXME MEXaHH3Ma, IO
KONTO IPOTHYA HOB KATAJMTHYEH Npouec — IMPEeKTHA AUMepu3anus Ha eTeH 10 1,3-
OyraaueH npe3 ¢popMuUpaHe NeT-YJieHEeH HUKBbJ ¢ y4acTHe Ha POMeBHUs HOH.

Cepro3eH IpUHOC 3a U3SICHSBAHE HA KAaTaJUTUYHUTE MPOLECH, MPOTUYAILIH BHPXY
[IUHK-CHABPKAIIN 3€0JIUTH, O€Ille YCTAaHOBSIBAHETO HAa HAal-CTAOMITHUTE IMHK-ChIAbPIKAIN
WOHU B 3aBHCHMOCT OT Pa3MOJIOKEHHETO HA aTyMUHHEBHUTE LEHTPOBE B PEIIECTKATA.
MogenvpaneTo Ha MEXaHU3Ma Ha peakLMsITa Ha JIEXUIPOICHUPAHE HA €TaH BBPXY TE3U
3€0JINTH, IIPU KOETO OTYETOXME KAaKTO Ha NPOMSHATA Ha CHTAJIIMATA, Taka M Ha
EHTPONUATA, T0KA3a, Y€ pEeAKLHATa MPOTHYA MO JBa KOHKYpeHTHU nbTA. Hue nokazaxme,
Y€ HE3aBUCHMO OT PEAKIIMOHHUS BT, OT KJIKY0B0 3HAYEHH e 32 TPOTUYAHETO HA MpoLeca
€ HAJMYMETO HA JBAa AJTYMHHHEBH LEHTbpPa 0JIM30 10 HMHKOBUTE WOHHU, Thil KaTO B
MPOTUBEH CITy4yail peaKIIMOHHUAT HEHTHP ce OJIOKKpa OT PEaKIMOHEH UHTEePMEInaT.

M3nomn3Baiiky onuTa U MO3HAHMUATA CH 32 METAJIHUTE MOHU B 3€0JIUTH, HA OCHOBAaTa
Ha TEPUOJAVMYHU KBAHTOBOXMMHMYHM TIPECMATAHMS, HHUE TIOKa3aXMe€ KOU 3€OJIUTH,
OOMEHEHU C TPEXOJHW METalHW HOHHU, ca MOAXOASIIIH 32 IbJAOOKO 0YHCTBAHE HA
Boaopoa oT CO u Ipyru OHEUHCTBAHUS 32 Ja MOXE J1a ObJie U3MOJI3BaH KaTo TOPHBO 3a
TOPUBHU KJIETKH.

Ot 2017 r. akTHBHO paboTHM C eKkcriepuMeHTanHa rpymna ot Pasific Northwestern
National Laboratory, CAILl, 3a uzsicHsiBaHE JIOKaIN3alUsATa, OKUCIUTEITHOTO ChCTOSHUE,
aJICOPOIIMOHHUTE W KATAJIUTUYHH CBOWCTBA Ha TalaJMEeBUM HOHM B 3COIUTH. Te3u
U3CIIC/IBAaHUS Ca ChC CHIIECTBEHO 3HAYEHHE 32 €KOJOTMYHHS KaTajJlu3 BBB Bpb3Ka C
MPIIOKEHUETO HAa TAKMBA KATAIM3aTOPHU B IIPOIECUTE HA OYMCTBAHE OT A30THH OKCHU/IU.



leleHKa HA KUCEIUHHO-OCHOBHUME CBOUCMBA HA 3€0AUMU

TBi KaTo TOJIAIMA YAaCT OT MHAYCTPUATHUTE MPUJIOKEHUS HA 3€OJIUTUTE Ca CBBP3aHU C
TEXHUTE KUCEITMHHO-OCHOBHH CBOMCTBA, U3CeBaxMe PaKTOPH, KOUTO BIUSIST BbPXY T€3U
cBoiicTBa. C KBAaHTOBOXMMUYHO MOJIEJIMPAHE YCTAaHOBUXME, Y€ HAJTUYHETO HA METAJTHU
HOHU B cbceacTBo ¢ mMocroBata OH rpyma Ha 3eoimTa, KOATO HMIpae pojisi Ha
bpboHCTEIOB KUCENMHEH LEHTHP, NMOBHIIABAT HEMHATAa KHUCEJIMHHOCT. To3u edekT
0o0siICHUXME uYpe3 CcTA0WIn3alus Ha [enpoToHUpaHaTa ¢opmMa Ha 3e0JUTHHS
(pparMeHT OT MeTaJHHSI KATHOH, KOWTO OJarojapeHue Ha rojsiMata cM MOOHWIHOCT,
JIECHO C€ IMPEMECTBA, 3a Ja KOMIIEHCHpa OTPUILIATEIIHMs 3aps] Ha pelierkara W Ipu
KUCJIOPOJHUSI LEHThP Ha ACHPOTOHUPAHATA XUAPOKCUIIHA Trpyna. YCTaHOBUXME, Y€
WOHHHUTE PaJUyCH M PA3IMOJI0KEHUETO Ha KaJlIUEBUTE W HATPUEBUTE WOHM Ca Hau-
MOAXOASAIIN 3a ONTUMAJIHO KOMIIEHCHMpAaHE Ha OTPULIATENHMS 3apsi] Ha KUCIOPOJIHU
LEHTPOBE OT IIECTUJICHHHU 3€0JIUTHU NMPBCTEHU. Te3U pe3ylITaTu oKa3BaT, Ue CMeCeHHUTe
¢popmMu Ha 3eosUTHTE, CHIBPKAIIM EIHOBPEMEHHO NPOTOHM W METATHU HOHU 3a
KOMIICHCAIMSI HA 3apsAja, UMAT IMO-BHMCOKA KHCEJIUHHOCT B CPABHEHHE C YHMCTHUTE
nporoHHu ¢popmu. Hamero o0sicHeHHe CTUMYJIHPA APYTU M3CJIAEA0BATEJICKHA IPyNH
ot bpasuaus, 'epmanus, CAILl nu Yexusi 3a u3sicHiBaHe HA BJHMSHUETO HA APYIH
U3BbHpPEIIeThbYHH HOHU BbPXY KHCEJIUHHOCTTA HA 3€0JIMTHUTE.

3a OCHOBHUTE LIECHTPOBE B 3€OJUTUTE — KUCIIOPOJHUTE LIEHTPOBE OKOJIO AITyMUHUS
B CTPYKTypaTa Ha 3€0JIMTa, aHAIN3UPAXME Pa3JIMYHU HAYMHHU 32 OLICHKAa HA OCHOBHOCTTA
uM. CpaBHSIBalKM U3YHCICHUTE CTOMHOCTH Ha NMPOTOHHUTE a()MHUTETH 32 MHOXKECTBO
VWHJVBHIyaJIHU KHUCIOPOJHU LIEHTPOBE B PA3JIMYHU H3CIICABAHU 3€OJUTHU IIPBCTEHU C
€JIEKTPOHHM XapaKTEPUCTUKHU Ha TE€3H LIECHTPOBE, HAMEPUXME MHOI0 100pa KopeJanus ¢
HU3YHMCJICHUTE OTHOCHTEJHHM €HEPrMM Ha BbTPEUIHHTE €EJEeKTPOHHH HHBA HAa
KHMCJIOPOAHHMTE LeHTpoBe. Ta3u Kopenanus MO3BOJsBA €KCIEPUMEHTATIHO M3MEPEHUTE
CTOMHOCTH 3a €HEeprusiTa Ha BbTPEIIHUTE €JIEKTPOHHU HUBA JIa Ce M3IOJI3BAT KaTo oI
OLICHKA 3a OCHOBHOCTTa Ha CBOTBETHHUS 3€OJIMT, Makap 4Ye IIOpaju Xapakrepa Ha
U3IOJI3BaHUA CIIEKTpajieH METO/I, AaBa ocpeaHeHa nHpopmanus 3a Bcuuku O LIEHTpOBeE B
3eonuTHUS oOpasell. To3u npobiieM Geltie MPeo0sH ChC CIISABAILUS METO/T 38 U3MEPBaHe
HAa OCHOBHOCT, KOWTO mpemnoxkuxme. M3cnmenaBaiiku ancopOiusi Ha METaHON BBPXY
alKaHU (QOpMHU Ha 3€O0JUTH, HHE YCTaHOBHUXME, Y€ MOJEeKylaTra ce ajacopOupa c
KOOpPJMHAIIMOHHA Bph3Ka KbM aJKaJIHUs HOH U 00pazyBa BOJOPO/IHA BpPbh3Ka ChC ChCEICH
KHMCJIOPOJICH LICHTBP OT 3€0JIMTHATA PEIIeTKa. B ciiecTBre Ha Ta3u Bpb3Ka Ce IOHMXKaBa
4yecToTa Ha BaJeHTHOTO TpenteHe Ha OH rpymara u ce moBuIaBa yectoTaTa HEHHOTO
nedopMallMOHHO TpenTeHe. Thil KaTo U JABeTe NMPOMEHHM KOpeJupaTr ¢ NPOTOHHUS
auHUTET HA KHCJIOPOJHUSI LEHTbP OT 3€0JUTHUS (parMeHT, KOWTO ydacTBa BbBB
BOJIOpOAHATa BPBb3Ka C METAHOJIA, HUE NIPEUI0KUXME Ta3U KOPEJIalys Jja Ce U3II0JI3BA KaTo
METOJ 32 eKCIIEPUMEHTAIHO U3MEPBaHe Ha OCHOBHOCT Ha 3e0HTH. BaxkHa ocoOeHocT Ha



METO/a €, Y€ TOH OlleHAABA NMPOTOHHHUS A(PUHUTET 32 HAW-OCHOBHUTE KUCJIOPOJHUTE
HEHTPOBE, KOUTO ca ONpeaesiini 3a aACOPOMOHHNTE U KaTATUTHYHUTE CBOMCTBA
HA 3€0JIUTA.

380]1141’)’114, C”bd’prfCCqu MEeMAIHU UOHU 8 Kpucmanainama cu peuitenmka

CpliecTBEH NPUHOC KbM U3CIEABAHUATA U IPAKTUYECKOTO MPUIIOKEHNE HA eKOJIOTHYHHI
KATAJM3ATOPH 324 CeJeKTMBHO OKHCJEHHMEe Ha Da3JIMuYMHU OPraHWYHU ChEIUHEHUS,
OCHOBaHU Ha TS-1 THTaAH-CHABPKAIIM 3€0JIUTH, UMAIIIE MOST aHATUTHYEH U KPUTUYCH
0030p 3a cTpyKTypaTa U GU3MKOXUMUYHUTE CBOMCTBA HA T€3W HOBH (TOTaBa) MaTepHAIIU.
Makap, ye 0030pbT Oemie nmyOnukyBaH npeau noede oT 20 r., 0000IIEHUsATA B HETO
IPOJBJIKABAT Ja CE€ LUTUPAT PETYJSIPHO OT TPYHH OT 151 CBAT. TO € BKIIIOYEHO U KaTo
pedepennust 3a uHbopmanus B craTusa Ha Wikipedia Ha HAKo0JKO e3HKa.
MogenupaHeTo Ha poleca Ha €MOKCUIUPaHe Ha €TE€H C BOJOPO/ICH MTEPOKCU]T BbPXY TE€3U
3€0JIMTH, KOETO OCBIIECTBUX IO BpEME Ha KpaTka crienuanu3auus npu npod. Ban CanteH
or TexHuueckus yHHUBEpCUTET B AMNHIXOBEH, IOCTaBU OCHOBUTE Ha pa3OHUpaHETO Ha
MEXaHMW3Ma Ha AKTHBHPAaHe HA OKHUCJIUTEJS OT TUTAHOBHMTE LEeHTpoBe. 3Boaure ot
HEero 0sixa eKCIePUMEHTATHO TMOTBBPJCHU MO-KbCHO B MyOJMKAIUs B aBTOPUTETHOTO
ciucanue Proc. Natl. Acad. Sci. (PNAS).

Jlpyru HETMIIMYHU METAJHU LEHTPOBE B KPUCTAJIHATA PEIIETKa Ha 3€OJUTHUTE ca
BosippamMoBr HoHHU. bwarapcku yuenu, paboreun BbB DpaHuus cuHTE3Mpaxa
HAaHOpPA3MEpPHU 3€O0JIUTH, ChAbPKAILIK BOJI(YPaMOBHU LIEHTPOBE B CTPYKTypaTa CH, KOUTO
NoKa3axa 3HAYUTEITHO MO-MaJIKO Ae(PEeKTH OT TEXHU HAHOPa3MEPHU aHAJ03U B OTCHCTBHE
Ha Boi(ppam. C momomTa Ha KBAaHTOBOXMMHMYHO MOJEIUpPAaHE HUE YCTaHOBUXME
Pa3MoNOKEHUETO, CTPYKTypaTa W aJcOpOLUMOHHHUTE CcBOiicTBa Ha BoJ(pamoBuTe
LHEHTPOBe U OOSICHUXMe JuIcata Ha JedeKTH C MO-3ApaBUTE BPB3KU BoJIPpam-
KHUCJIOPOA-CHIMIIMKA OT pEryJsipHUTE BPB3KM B CHIMIMEBaTa (popMa Ha 3COIUTHTE.
W3cneasaneTo, myOnMKyBaHO B mpecTkHOTO crnucanue Nature Materials, Oemre
IIPOJIBIKEHO C PA3JIMYHU HOBM IPWIOXKEHNS HA HOBOCUHTE3UPAHUTE MATEpUAIN HA KAaToO
CeJICKTMBHU CEH30PH 32 BBIJIEPOACH JUOKCH/ M a30TeH AuoKcu . Hamero monenupane
1oKasa, 4e B Te3H ciy4au ce (OpMUpPAT CbOTBETHO MOBBPXHOCTHU KapOOHATH U HUTPATH,
a azicopOuusTa Ha CbOTBETHUTE MOHOOKCHUM € 3HAUUTEIHO Mo-ciada.

["onsima 4acT OT IMPOKOINOPECTUTE 3€0JIUTH € Pa3IMYHA CTPYKTYpa CE CUHTE3UpaT
KaTo TepMAHOCWIMKATH - C TepMaHUEBM MHOHM B 3€0JIMTHATA CTPYKTypa. 3a
MPAKTUYECKOTO UM NMPHJI0:KeHHe B HedTonpepadoTBAIIATA MHAYCTPHUSA 32 KPEKUHT Ha
NOJUSIIPEHH apOMAaTHU CBHEIWHEHUS] U JAPYTU CHhEIAWHEHHUs ¢ OOEMHH MOJEKYyIu €
HEOOXOMMO TakKMBa CTPYKTYpHM [Ja C€ IOoJdydaT KaTo aJlyMUHOCWIMKaTH. Ype3
M3YUCIIUTEITHO MOJICIUpaHE HUE J0KAa3aXMe, Ye TAKMBA MaTepHaJIu ca cTa0WJIHU U 0e3

FepMaHI/lﬁ B penieTrkara, T.€. KaT0 CWINKATH WIN AJIYMUHOCHJINKATH. IToxazaxme u,



Ye HAJIMYMETO Ha aJyMUHUH cTaOuiau3upa CTPYKTypara, a OCBEH TOBa YJIECHSBA
3amecTBaHeTo Ha Ge cbC Si upe3 popMUpaHe Ha BaKaHIMH B 3€0JMTHATA PELIeTKa, KOETO
€ BaXHO 3a NOTEHIHAJHUTE NPAKTUYECKH HPUJIOKEHHs Ha TaKuMBa LIMPOKOIOPECTH
KaTaJu3aToOpH.

CpBMecCTHO ¢ Kojieru oT TalnaHa mpoBeI0XMe U3CIIeIBaHEe Ha PA3TUYHU 3€0JIUTHH
o0Opa3uu, ChAbpXKAIIM Keysg30. EKcIepuMEHTanHUTE W3CIEIBAHUS, IMPOBEAECHU ChC
ChBPEMEHHHM HAYYHU METOJU OT KOJIETUTE, MOKa3a CJIOXKHA KapTHHA, KOSITO HE MOXeE Ja
ObJle M3SICHEHAa EIUHCTBEHO HA OCHOBAa HA EKCIIepUMEHTAIHWUTE JAaHHU. Hamero
MOJIETTUpaHEe HAa MHOKECTBO TMPEJIoJiaraeMu CTPYKTYpU IOKa3za pPa3IMYHUTE KEJs30-
ChAbPIKAILM KOMIIOHEHTH M J1aJle Bb3MOXKHOCT Jia MPEABUIUM TAXHATa TeMIepaTypHaTa
EBOJIIOLIMS, KOSITO Oelle MOTBbPACHA 4Ype3 JOMBIHUTENIHO H3CIEABAaHE, MPOBEIEHO C
EXAFS cnekrpockomnusi.

Cw30asane nHa HOB XUOPUOeH MemOo0 3a MOOeIUpPaHe Ha 3e0IUMU U KOBANEMHU OKCUOU

[Topamu nurncara Ha moaxosny xudpuaen QM/MM Merox 3a MoJenupaHe Ha 3€0JIUTH,
pa3padoTuxme (B ChbaBTOPCTBO ¢ rpymnute Ha npod. Promn, Mronxen, u npod. Hacny3os,
Kpacnosipck) HoB xudpuaen QM/MM metoa 3a Moje/iipaHe HA KOBAJEHTHH TBbPIH
Teqa (3eoiuTH M cuiauMkaTth), HapeueH covEPE (covalent Elastic Polarizable
Environment). To3u mMeTon OT4YMTa €IHOBPEMEHHO MEXAHUYHUTE U EJIEKTPOCTATHYHU
B3aUMOJCHCTBUS MEXKy YaCTUTE Ha CUCTEMaTa MOJCIUPAHU HA KBAHTOBOXHMHYHO M Ha
MOJIEKYJTHO-MEXaHMYHO HUBO. Upe3 crerualHo KOHCTpyHpaHa IpaHuYHa 00J1acT MEXy
QM u MM uactute, metoasT cOVEPE npeonosisiBa mpodsemurte Ha Apyrure XuOpuanu
METO/IM, CBbP3aHH C HAJINYNETO HA “M3KYCTBEHH’ CBBP3BalllH aTOMM, U MOHMKABa
rpemkara ot cymnepnosunusata Ha OasucHutre ¢(ysHkiuu (BSSE) npu nHamuume Ha
agcopbatu. MeroabT € UMIUIEMEHTHpPAH KaTO MOJAYJ] B KBAHTOBOXMMHMYHATA Mporpama
ParaGauss.

1.2. Iepues ouokcuo

bugynkyuonannu xamanumuunu HAHOCMPYKMYPU, OCHOBAHU HA MEMAIHU KIbCmepu
8bPXY pedyyupyemu oKcuou

Monenpanero Ha OMGYHKUMOHAJIHM KaTadu3aTOpH, BKIIIOUBAIM IEPUEB JAUOKCH]
OCBILIECTBUXME B CHTPYIHUUYECTBO C IpyIlaTa [0 U3UNCIUTEIHA XUMUS B Y HUBEPCUTETA B
bapcenona u ekcnepuMeHnTanHu rpynu ot Epnanren, [1para, Tpuect u or MOHX npu BAH
(Cousa). To3m Tum cHCTEeMH ca HU3KJIKYUTENHO BAaKHU KATO KOMIIOHEHTH Ha
aBTOMOOM/IHMTE KaTaJIU3aTOPH, HHAYCTPHAJIHH KATAJIM3aTOPH 32 IIOJyYaBaHE WIIHU
IIpeYrCcTBaHE HAa BoAOpoA U Ap. [IpuunHara 3a BKIItOUBaHE Ha HIKOJIKO M3CJIEI0BATEIICKU
ITpynu B U3CIEABaHUATA Oelle KOMIUIEKCHOCTTa Ha CHCTeMHTe W TMPOLecure,



OpOTHYAIld B TSIX B KaTalUTHUYHU YycioBusA. [lo-cnenuaiHo, KBaHTOBOXMMHMYHOTO
MOJIETTUpaHE Ha LEpPUEB AMOKCHI € OCOOCHO MpEeAM3BUKATENIHO MOpaJd HaJUYMETO Ha
enMHUYHU f eJNeKTpoHM B dYacT OT IepueBUTe HoOHU. W3mon3Bailku ChBpEeMEHHU
W3YUCIUTEIIHU METOAM M KOMOMHHUpAWKM NOJYyYEHUTE pe3ydATaTH CbC ChBPEMEHHU
EKCIIEPUMEHTAJIHN M3CJIE/IBAHMS, HMe YCTAHOBHXMe HOB THI Mpolec, KOWTO MpoThya
py B3aUMOJIEHCTBUE Ha OJaropoHN MeTaiu (KaTo IJIaTHHA) ¢ HAHOPAa3MEPHU YaCTUIU
OT L[EPUEB TUOKCHU] — MPEHOC HA KHUCJIOPOJ OT OKCHAAa KbM MeTajlHMs KJIbcTep. B
ChBMECTHATA MyOJMKalKs B aBTOpUTeTHOTO cniucanme Nature Materials (B kosiTo cbM
NbPBH AaBTOP) HUE JIOKAa3axMe, Y€ TO3M IMpoLeC U3IUI0 € OO0YyCIOBEH OT
HAHOPA3MEPHOCTTa Ha HOCUTENS, JOKAaTO BBPXY MOBBPXHOCT HA TOJEMH YacCTHUIU OT
OKCHJIa TOW M3HEHA/BAIIO HE C€ OCBIIECTBsIBA. B cepus u3cienBanus HUE MPEATIOKUXME
o0sicHeHHe Ha HaO/0AaBaHUA e(eKT C NPOMSHATA HA JIOKAJIHUSA EJIEKTPOCTATUYCH
NOTEHIIMAJ BbPXY LIEPUEBUTE LIEHTPOBE NMPU HaHo4acTuuute. [lomyyeHusT pesynrat uma
roJisiMa NMPaKTHYecKa CTOWHOCT, Thil KaTO /1aBa Bb3MOXKHOCT MPOLECHTe B TAKHBA
KATAJUTHUYHHN CUCTEMH J1a ce KOHPOJIUPAT Ype3 pa3zMepa Ha YaCTUIIUTE HAa HOCUTEIS.

N3cnenBaiiku B3aMMOJECHCTBUETO HA KATAJIUTUYHATA CUCTEMA C PEAareHTH Karo
BBIVIEPOJIEH OKCHUJ, BBIVIEPOJAEH AUOKCHJ, BOJA, HUE YCTAHOBUXME PAa3JIMYHUTE TUIIOBE
a7copOLIMOHHM KOMIUIEKCH, TSXHaTa OTHOCUTENIHa CTAa0WJIHOCT M  CIEKTpaJHU
xapakTepucTuky. CrHenualHo 3a MOBBPXHOCTHUTE KapOOHATH, XUAPOTreH KapOOHAaTH U
¢dopmHuaTH, Ha OCHOBA Ha 3HAUYUTENHHUS OpOH CTPYKTYpPH IMOJYyUYEHU OT MOJEIHPAHETO,
U3BEJ0XMEe HOBA €JHO3HAYHA KJIAacCH(PUKAUMsA HA Te3H MOBBPXHOCTHH CTPYKTYPH U
NpeIoKHMEe HOB HAYMH 32 O3HAYABAaHETO HA OTAEJHHTE KoMILUIekcH. Te3m
pe3yJITaTH 3albJHHUXA ChIIECTBEHA MPA3HUHA B MHTEPIPETALMATA HA CTPYKTYpHUTE
HA NMOBBPXHOCTHM KapOOHATH HE caMO BBXPY LIEPUEB TUOKCUI, HO U BBPXY JpPYrd
METaJTHU OKCHUH, KaKTO MOXeE J]a C€ ChJU 110 3HAUYUTEIHUS Opoil UTATU Clie]] HEHHOTO
nyonukyBane. Te3u u3cienBaHusita 0dXxa IPOBEACHU CBBMECTHO C H3CIEA0BATEIICKA
rpyna or MOHX-BAH, ¢ xosAT0 pazmupuxme CbTPYIHUYECTBOTO CH KbM M3y4aBaHE Ha
pPa3IMYHU TUIIOBE ITOBBPXHOCTHU KOMIUIEKCH BBPXY LIEPUEB AUOKCHUJ, MOJYYECHH CIIE[
azicopOLuMs Ha a30T€H OKCUJ] —HUTPUTH, XUTIOHUTPUTH, a3uu U Ap. Te3n uscaenBanus
€a 0CO0CHO BAKHU KATO OCHOBEH €JIEMEHT OT €KOJIOTHYHMS KATAJIU3, Thil KATO TaKUBa
NOBBPXHOCTHM YaCTULIM MOTaT Aa OBbAAT MOIY4YeHH B MPOLIECUTE HA OYUCTBAHE Ha

TOKCHUYHHU I'a30B€.

C Meron, OCHOBaH Ha TeOpHsATa Ha (PyHKIMOHAJAa HAa IUTBTHOCTTA, JAETAIIIHO
u3cieBaXMe BIMSHUETO Ha JIOKAJHOTO OOKPBKeHHE HA IVIATHHOBH LIEHTPOBE BHPXY
BUOpAllMOHHATa YecToTa Ha ajacopOupaH BbIIEpoaeH okcuia. Hue mnokaszaxme, ue
4yecToTara, HM3MepeHa upe3 HH(payepBeHa CHEKTPOCKONMsS, He € JocTaThbyHa 3a
€IHO3HAYHO oNpe/e/IAHe HA TUIIA HA IVIATUHOBUTE HEHTPOBE, KOETO € OT ChIIECTBEHO
NPAKTHYEeCKO 3HAYE€HWe, ThH KaTO TO3M MOIXOJ C€ H3I0JI3BA 3a EKCIIEPUMEHTAIHO



uaeHTH()UIMpaHe Ha MJIaTHHA B PA3IUYHU KaTaTuTHIHKM cucteMu. Cien myOInKyBaHeTo
Ha TOBa M3CIEABaHE, TO O€llle IUTUPAHO OT BOAEIIM B CBETA HAYYHH IPYITH B IIYOIUKAIMH
BBB BOJICIM Hay4yHu crucanus - Nature Mater., Nature Commun., Angew. Chem. Int. Ed.,
JACS, Nanoscale, u np.

qp63 ChIIUA U3CICAOBATCIICKH MCTO/ ITIOKA3aXMC, 4C IIPpU HAJIUYIUC HA BBITICPOJACH
OKCHJ B pCaKIIMOHHATA Cpcaa MpoTnia THHAMHUYCH IMPOLEC Ha pasniaJaHe - arperupane
Ha IUVIATHHOBH KJILCTEPHU, HAHECEHM BDLPXY HDEPUEB THOKCHUIA, 10 H3O0JIUPAHU
KOMIIJIICKCH. HpOHCC’bT I[IPpOTH4YAa KAaKTO BBPXY HAHOYACTHIIM OT HCPUCB AUOKCHUI, TdKa U
BbPXY IIOBBPXHOCT, M € OT KIIIOYOBO 3HAYCHUC 3a MH3JACHABAHC Ha HA4YWMHA Ha

(YyHKIMOHMpPAHE HA T€3U OM(PYHKIIMOHAHU KaTaIUTHUYHU CUCTEMHU.

CpBMECTHO ¢ KOJIETH OT yHUBepcuTeTa B bapcenona u ot MHcTuTyTa 10 KaTtanus
npu bAH n3cnenBaxme npuMecH 0T HTPUIl MM HUPKOHUH B HAHOYACTHIU OT LiepHeB
AUOKCHUA W TIXHOTO BIIMSHUE BBPXY OCHOBHOCTTa M OKHCIUTEIHO-PEIyKIIMOHHHTE
CBOICTBA Ha JOTUPAHUS OKCH.

|.3. Memannu nanouacmuuu

Jpyr chllleCTBEH NIPUHOC € CPAaBHUTEIHO M3CIEABAHE Ha CEpPUsl METaIu OT IJIaTUHOBATa
rpyna 1o OTHOILIEHUE Ha XUIPOT€HUPAaHe Ha €TeH, KOETO O0SCHSBA ChIIECTBEHATA PO Ha
MOJMOBBPXHOCTHHSI BOJOPOJI 1 HAHOPAa3MEPHOCTTA HA METAJTHUTE YACTHUIIH 32 3HAYUTEITHO
MOBUIIABAHE HA KaTaJUTUYHATAa aKTUBHOCT Ha MajaJueBU U IJATUHOBU KaTaJM3aTOPH.
W3zcnensanero, myosmkyBano B Angew. Chem. Int. Ed., moka3a, ue akTMBHOCTTa Ha
NAJAAUeBH KATAJIU3ATOPH o GopMaTa HA HAHOYACTHUIIM HAPACTBA ChC 7 MOPSAbKA
Ip¥ HaJM4YMe HA NOANOBBPXHOCTEH BOJOPOJ B CpaBHEHUE C 4YKCTaTa MajajueBa
noBbpXHOCT. [To TO3u HaunH Os1Xa 00SCHEHH €KCEPUMEHTAIIHH PE3yJITaTH, MOJy4eHU BbB
@Oputi-Xabep Muacturyta B bepnun. EQexkTsT Ha MOANOBBPXHOCTHUST BOAOPOJ MPHU
HUKEJIOBH U pOIMEBH HAHOUYACTUIM, 00aue, € 00paTeH nopaau No-CUITHO U3pa3eHus HoHeH
xapakTtep Ha Bpb3kata Rh-H u Ni-H, otkosikoro mpu Pd u Pt.

HnTepecen edekT ycTaHOBUXME MPU MOJENMpaHe Ha aacopOuusaTa Ha BOJIOPOL]
BBPXY 3apeleHH UpHAHEBH KibcTepH. [Ipm MakcuMaaHO IMOKPUTHE HA KI'BCTEPA C
BOJOPOJ,, BOAOAOPOABT HIpae PpoJisi Ha ,eJeKTpoHeH Oydep”, T.e. 3apAabpT Ha
MeTaJlHaTa ChpPLIEBHHA MOYTH HE 3aBUCH OT OOLIMS 3apsij Ha KI'bCTepa.

|.4. Buoopzanuunu cucmemu
Mooenupane na cunmesa na nenmuoHa 6pb3KaA 8 pubo3omMama

B cepus pabotu uscneaBaxme KaTaIMTUYHUS e€(EeKT HAa BUIMHAIHA XUAPOKCUIHA Tpyma
Ipyv CUHTE3a Ha MENTHJIHA Bpb3Ka B pubo3zomara. Upe3 mMojenupaHe Ha MeXaHHW3Ma Ha

peakids Ha aMHHOJIHM3a BOJCIIAa J0 CHHTE3a Ha MEeNTHJHA Bpb3Ka B pubo3oMara,



cpBMecTHO ¢ Koiern or MOXII® npu BAH, HamepuxMe HOB peaknMOHEH NBbT 32
aMOHOJIN3a Ha (POPMUIIUPAHU JUOJIH, KaTaIM3UpaHa OT BULIMHAIHATA XUIPOKCUIIHA TPYTIa.
Ts moxmomara 3HAYUTENIHO IPEHOCA Ha IPOTOH B PEAKLIMOHHHUS LICHTHP Ipe3 6-eHTPOBH
NPeX0JHU CTPYKTYPHM Ype3 TaKa HapeueHUs: MEXaHU3bM Ha ,,IpOTOHHa coBaika”. Ilpu
HOBHSl PEaKLMOHEH N'bT C€HEPreTUYHUAT Oapuep Ha Ipoleca € MOHUKEH 3HA4YUTEIHO,
KOETO BOAM A0 YCKOpsiBaHe HA Ipoueca ¢ OKOJI0 7 mNOpsABbKa, B CbhIJacue
eKCIIePUMEHTH 32 CHHTEe3 Ha IMeNTHJIHA BPb3Ka, AHAJONMYeH C MpolecuTe
nporu4yamy B pudo3omara. M3cnenBaHus Ha €aHa OT BOJACIIUTE EKCIEPUMEHTAIHU
rpynu B CBETa, MyOJMKYBAaHM rojnHa Mo-KbcHO B Nature, mocturHaxa 10 3aKJIIOUEHHUS,
HAIIBJIHO CHOTBETCTBAINM Ha NPENJ0KEHHS OT HAC MEXaHH3bM IIPU PEATHOTO
(pyHKumoHupaHe Ha pubdo3omMara.

3a Ja HaMepUM HauWHU 32 BIMSHHME BBPXY IIPOIECa HA CUHTE3 HA MPOTEUHH, HUE
u3cieBaxMe NOTEHLUHAJHOTO BIUSHUE HAa CbCEJHU IPOTOHO-JOHOPHU U IPOTOHO-
aKLEeNTOpHU Ipynu Bbpxy BuimHanHata OH rpyma. BeBexaailku HOB NPaKTHYECKH
MOAXO0/ — KATAJTUTHYHHU KapTH, I0Ka3axMe, 4€ ChbCEIHUA MPOTOHO-JOHOPHU I'PYIIN BOJAT
€IMHCTBEHO 10 cJab0 MOHMKEHUE Ha CHEepreTU4YHHst Oapuep, ako ca MOIXOASINO
opueHtupanu. OT apyra cTpaHa, OJIOKHpaHe Ha Mpolieca Ha MPOTEUHOB CUHTE3 MOXKE J1a
C€ OCBIIECTBH YpE3 HIKOM IMPOTOH-aKUENTOPHU TPYyNH — €T€pH, aMUHU U anudaTHU
¢byopuu, pa3noiaoKeH! B ChCEACTBO C BULMHAIHATA XUAPOKCUIIHA TPYyIIa.

3a pBU IBT MPOBEAOXME JACTANIHN CPABHUTEIIHU CUMYJIAIIMN HA TTIOBEJICHUETO Ha
HATPMEBH M MarHe3ueBu HOHU 0Kk0JI0 ckesjera HA PHK ¢ MeroauTe Ha a0 mHMUIMO
MOJIEKYJIHATA MEeXaHUKA, U3MO0i3Bailku mozaenu oT okojo 400 atoma. Cumynanuure
MoKa3axa MPUHILMIIHO Pa3JIMYHOTO MOBEJCHHE HA TE3W JIBa HOHA KAaTO KOMIIEHCHpaIU
3apsina Ha ckenera Ha PHK. Pesynrarure ot mu3cienaBanero Osixa BKJIIOYEHH W B HaIllla
0030pHa pabora (Critical Review), kosaTo Oeliie npejcTaBeHa Ha KOpUllaTa Ha CIUCAHUETO
Metalomics.

H3zsacHaesane na PEAKYUOHHA cnocobnocm Ha KymapuHosu in/lS’GOOHu

CBBMECTHO € KOJIETH OT KaTepaTa, B KOSITO padoTsl, U3M0JI3BaXMe KBAHTOBOXUMHYHOTO
MOJeJMpPaHe 32 U3SICHABAHE NMPOTHYAHETO HA OPraHMYHU PEaKUUM € y4acTHe Ha
KYMapHHOBHY NPOU3BOAHHM MM TeXHHU (ocdop-cbabp:RamM aHaao3u. [1o To3u HaunH
aHaJIM3MpaxMe IPUYMHHUTE 32 CEJIEKTUBHOCTTA IIPM JIUMEpU3alus Ha pearcHTUTe,
BJIUSHUETO HAa METaJHU HOHM BBPXY MPOTHYAHETO Ha peakIUUTe, 0O0pa3yBaHETO Ha
KOMIUIEKCH ¢ OOpHM cCheluHeHus M Ap. Te3nm wuscneaBaHusi Osxa JOMBIHEHH C
KOMILIEKCHO M3C/Ie[iBAaHEe HA Bb3MOKHU €KCIIEPUMEHTAJIHH U TEOPEeTHYHH HHICKCH
HA peaKIMOHHA CIIOCOOHOCT Ha Pa3INYHUTE LIEHTPOBE CEPHsI KyMapUHOBU MTPOU3BOJIHH,
B KOETO y4dacTBaxa M KOJIETH OT UHCTUTYTH Ha bAH.
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Mooenupane na cucmemu 3a KOHMPOIUPAHO OOCMABAHE HA IeKAPCMEA

CoBMectHO ¢ konern or MOXII® u Uuctutyra mo noaumepu Ha BAH, xakto u ot
Menuumnackus yauBepcuteT B Codusi, MpoBETOXME Cepusl U3CIEBAHUS HA CUCTEMH 3a
KOHTPOJIMpaHa J0CTaBKa Ha JIEKapCcTBa 4Ype3 M3I0JI3BAHE HAa ME30IMOPECTH CHUIIMKATHU
MaTepuaiy, TPETUpPaHW IO pa3IuYHU HauuHU. Ype3 HalmeT0 KBAaHTOBOXHMHYHO
MOJIETTUpaHe 0fiXa YCTAHOBEHH MpeANoOYeTeHUTe aACOPOLMOHHUM KOMILUIEKCH Ha
JIEKAPCTBEHN MOJIEKYJHU (KypKYMHUH, TaMOKCU(EH, KBapLETHUH U JAP.) C MOBbPXHOCTHU
IIEHTPOBE B ME30I0pecTH MaTepuaiu. Upe3 moaenu, GyHKIMOHAIM3UPAHU C Pa3IUYHU
MOBBbPXHOCTHU TPyIH, Oelle U3CIeABAHO U BIUSHUETO Ha KUCEIIMHHOCTTa M OCHOBHOCTTA
Ha HOCUTEJS BBPXY aJCOPOLMOHHATA E€HEPIHs, KOETO € CBBbP3aHO C BBH3MOXKHOCTTA 3a
3aIbp’KaHe U CEJIEKTUBHO OCBOOOK/1aBaHE HA JIEKAPCTBEHOTO BEIIECTBO MPH MPOMSHA Ha
pH nHa cpenata. CumynupaHuTe OT HaC BUOPAIIMOHHU YECTOTH /1a/10Xa Bb3MOKHOCT J1a ce
OmpeieNI HAYMHA Ha KOOPAMHUPAHE HAa OPraHUYHUTE MOJIEKYJIN BbPXY MOBBPXHOCTTA HA

HOCHUTCIIA.

Il. 3amociaenHure nmetr roxuHMU

[Tpe3 nocienuute et roaunu, ot 2019 r. mocera, CbM ChaBTOp Ha 42 HAyYHH Ty OJIUKAIINN
BCUYKHU B CIIMCAHUsA ¢ UMIAKT (akTop, cpea kouto Angew. Chem. Int. Ed. (2), JASC (2),
Nature Commun. (1), Chem. Sci. (1), xakTo u crielMau3upaHy CIIUCaHKs B 00JaCTUTE Ha
karanuza u Matepuanurte - ACS Catal. (3), J. Mater. Chem. A (1), J. Catal. (1), Chem.
Mater. (1), u npyru. OOmmsaT UMNaKT (HaKTOp Ha CIHCAHUATA, B KOUTO ca MyOJIMKyBaHU
uscneaBanusaTa Mu 3a to3u nepuona ¢ 302. Ot 2019 r. gocera uma 2554 nutupaHus Ha
BCUUKH IMyOJIMKAIMU, a caMO Ha paboTuTte, MyOJWKyBaHU Ipe3 To3u nepuoa umam 499
[UTUPAHUS. 3HAYUTEJIHA YacT OT M3CJeBAHMATA MH TNpe3 TO3M MNepuoa 0sxa
HACOYEHH KBbM Pa3IHYHHU €KOJOTMYHHU NPOoOa1eMH — COPOCHTH 3a BBIVIEPOJICH JUOKCH/I,

KOHBCPCHA HAa a30THU OKCHUJIU U BBITICPOACH OKCH A, OUMCTBAHC OT TOKCHUYHHU IIPCIIapaTH.

KpaTtko 000011eHHe Ha IPUHOCTH 32 MOCJIEAHUTE MeT FTOANHHI

- Iloxazaxme yBenn4aBaHETO Ha 00€Ma Ha KPUCTAJIHA PEIETKA HA 3€0JIUT B IPUCHCTBUE
Ha CO2 u npu HarpsiBaHe, KOETO OOSCHUXME C IIPEMECTBAHE HA U3BBHPEIIETHYHUTE

IE3UEBUTE HOHMU.

- U3Begoxme TOYHHM KOpeNaluu MEXIy HHppauepBeHATa YECTOTa HA XUIAPOKCHUITHA
rpyna B 3€0JIMT U XUMUYHOTO OTMECTBAHE HA MPOTOHA OT Hes B SIMP cnexkrbpa u 1
CBBP3aXM€ ChC CTPYKTYPHU XapaKTEPUCTUKH HAa 0Opa3yBaHUTE BOJOPOJHH BPB3KHU.
Kopenanusita e npuinoxumMa 1 3a XUAPOKCUIHU T'PYIU B IPYTH OKCHIHU CUCTEMU U HE

MO3e J1a ObJie U3BEJIeHA Ype3 EKCIIEPUMEHTATTHH METO/IH.
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- 3a mbpBU IOBT ONPENEIUXME KOJUYECTBEHH CTOMHOCTU 3a CUjaTa Ha KHCEJIMHHUTE
LICHTPOBE B 3€O0JMTU Ype3 TAXHATA EHTAJIIHUS Ha JENPOTOHUpPaHE U IOKa3axMme, ye
BproHCTE10BUTE KHUCEIMHHU LIEHTPOBE B 3€0JIMTUTE MOMAgaT B 00JIACTTa OT CHUJIHU
KHCEJIMHU 10 CYIEPKHCEINHY B ra3oBa (asa.

- Jlokazaxme, ue wuH(}ppauepBeHuTe u SIMP crnekTpure Ha HHAUBUIYATHHUTE
XUAPOKCWIHH TPYIU HE KOPEIUPAT C TAXHATAa KUCETUHHOCT U O0SICHUXME MPUYNHUTE

34 JIMIICAaTa Ha TaKaBa KOpCraus.

- Jlokazaxme, 4e CHIIAHOJIHM IPYIH, KOUTO IPUCHCTBAT KATO 1€(PEKTH B CTPYKTyparTa Ha
3€0JINT, y4acTBaT B IIpoleca Ha IPOTOHUPAHE HAa OOEMHH MOJIEKYIH OT
bpboHCTEIOBUTE KHUCEIMHHM LEHTPOBE HAa 3€0JUTa 4Ype3 IIOCJIECN0BATEIHO
peMecTBaHe Ha MMPOTOHUTE, T.HAP. MEXaHW3bM Ha MPOTOHHA coBajika. OOsSCHEHHETO
MOJKE J1a C€ pa3lINpU U KbM MHAYCTPHUATIHUTE MIPOLIECH HA KPEKUHT HA IbITOBEPHUKHU

AJIKaHU B ChIIUA TUII 3€COJIUTH.

- UzsacHuxme cepust OT CIOKHHU PEAKIIMOHHUW MEXaHW3MH, Ha BaXKHU WHIYCTPHAIHHU U
CKOJIOTHYHH KATAJTUTHUYHU TPOLECH: I) Ha OKHCICHHE Ha BBIVIEPOJACH OKCHJ OT
HUTPATU B KYXHHUTE HA MPOTOHHA (opMa Ha 3e0]UT Oe3 ydacTHe Ha MeTaju; ii) Ha
€/IHa OT KJIACHYECKHUTE PEaKIIMU B €KOJOTUYHUSI KaTaIu3 — PEAYKIIHS Ha a30TE€H OKCHU]T
C aMOHSK B 11a0a3uT B MPUCHCTBME HA MEIHU MOHU 111) HA OKUCJICHUE HA BBIIIEPOJICH
OKCHUJI BbPXY TUTATUHOBHU KJIIbCTEPH, U30JIMPAHU TUIATUHOBH IIEHTPOBE UIN PyTCHUEBU
HOHU, HAHECCHU BBHPXY IICPUECB AMOKCHI, V) OKHUCICHHE HA BBHIJICPOACH OKCHU WU

MCTAaH BBPXY INAJaAUCBY HAHOYACTHUIIH

- YcraHoBUXME CTPYKTypaTa Ha pas3JIM4HU THUIIOBE IOBBPXHOCTHU HUTpPATH,
onpeneanxMe TAXHATa OTHOCHTENTHA CTAaOMJIHOCT, M OTHECOXME HaOII0/1aBaHUTE
BUOPALIMOHHU YECTOTH KbM CHOTBETHHUS TUIl CTPYKTYPH.

- HOKaBaXMe, qc TGMHHeﬁTHTe, H3II0JI3BAHU IIPU CHHTC3a Ha 3COJIUTH, BIHAAT BHPXY
PasnpeaciIiCHUCTO Ha TCTpACAPUIHUTC aTOMH B PCIICTKATa HAa 3€0JIMTA, a TO HEC CC
omnpeacisa caMo OT TCpMOAVMHAMHWYHATA CcTaOMITHOCT Ha YUCTaTa 3C€0JIUTHA pemecTKa.

- YcraHoBuxMme, 4e B cUCTEMaTa 3a J0CTaBKa Ha JJOKCOPYOULIMH C aJiTUHAT, MOJIEKYJIUTE
HAa AHTHUOMOTHKA HE Ca PAaBHOMEPHO pa3mpelesieHM B ajrMHaTa KaTro CIWHUYHH

MOJICKYJIH, a Ca KIIbCTCPUPAHU B CTCKOBC, KOUTO Ca 06rpaz[eH1/1 OT aJirMHaTHA OOBHMBKA.

OnucaHue HA NPUHOCHTE MpPe3 NMOCJIeTHUTE MeT TOANHU
11.1. Mooenupane na 3eonumu
Ilpunosicenue na 3eonumu Kamo eKoN02UYHY COPOeHmU U Kamaau3amopu

B chTpynHuUecTBO ¢ eKCepUMEeHTaIHH rpynu oT MHcTuTyTa 1o obma u HeopraHM4Ha
xumusg Ha BAH u ot JlaGoparopusita mo karanu3 u crnekrpoxumus B Kaen, ®panmms,
MPOBEIOXME CepUsi MOJIETHH H3CIEABAaHUS 3a COpOLMsS HAa BBIJIEPOJIEH TUOKCUI BbPXY
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3eonutu Tin FAU (Y unu X), oOMeHeHu ¢ HaTpueBU U KainuueBH onu, u tun RHO, c
HAaTPUEBU U 11€3UEBU WOHU. B MbpBUS THM 3€0JIMT HAIIETO MOJEIHpaHe MOoKa3a, 4¢ KbM
eIVH KaJIMeB WOH MoraT Ja ce KOOpAuHHpat g0 Tpu mojekyau COz, KOETO BOIU JI0
3HAUUTENICH aJCOpPOIMOHEH KamaluTeT Ha 3€0JIMTa, Hali-Beue B 3€0JUT TUMN X, KbJETO
KOHIIGHTpallUsiTa Ha KajllMeBHM HOHU € Hal-Bucoka. 3a 3eonuta tun RHO, OGeme
YCTAaHOBEHO, Y€ KpHCTaJlHaTa My pelleTka ce MPOMEHs KaTo yBeluvaBa oOeMa CH B
npuckcTBrUe Ha CO2 U TIpH HarpsBaHe, KOeTo € XxapakTepHo 3a MO®D, HO HE € TUTTUYHO 3a
3eonmutd. C wW3N0NA3BaHe Ha a0 MHHUIMO MOJIEKyJIHAa JMHAMUKA HHE YCTaHOBHXME
MpUYMHaTa 3a YBEJIMYAaBaHETO HAa oOema - MPOMsSHA BBB (opMaTa Ha OCEMUJICHHUTE
3€0JUTHU TIPBCTCHU TIOpaayd TpEeMECTBaHE Ha II€3MEBUTE WOHM B TMPUCHCTBHE Ha
BBIVIEPOJICH JUOKCHJI. ¥YBEIMYaBaHETO Ha oOema Ha eJeMEHTapHaTa KJIeTKa, CbOTBETHO
BOJIU U JIO TIO-TOJISIMO KordecTBo ajgcopoupan COx.

B cerpynanuectBo ¢ kosneru ot TexHonornunusa yHuBepcuter Cypunapu B Hakon
Pauacuma, Talinana, Ha KOWTO CbM MOYeTeH mpodecop, U3cieaBaxMe OYUCTBAHETO Ha
BOJIM OT XepOuIuaa napaksat. Toil € U3MOI3BaH MHUPOKO B TPOMUYECKUTE IBPKaBHU, HO €
TOKCHYEH 3a YOBEKA U XKUBOTHUTE M NPHUYMHIBA €KOJOTHYHO 3aMbpcsiBaHe. Hamwmre
MOJICJIHM M3CII€JIBaHMs [0KAa3axa HAauyMHA HAa CBBbP3BAHE HAa IapakBaTa B KyXUHUTE Ha
3€0JIUT Y, KBJIETO T€ U3MECTBAT HATPUEBUTE KAaTUOHU. ONpeneanxMe U MaKCUMaTHOTO
KOJIMYECTBO MapakBaT 3a €JHa eJIeMEeHTapHa kieTka. [lopaau mpakTuyecku HHTEpeEcC,
cTaTusTa Oelie mocpeniHara ¢ MHTepec OT KOJerusTa.

H3zsacHaesane na CNEeEKMpaInu xapakmepucmuku U KUCeIuUHHoCm

W3non3Baiik 0COOCHOCTUTE HAa U3YUCITUTEITHUTE METO/IH, IO3BOJISBAIIH J1a CE ONPEICIIST
pa3IUYHU CTPYKTYPHU U CIIEKTPAJIHU XapaKTEPUCTUKU HA KOHKPETHA XUIPOKCHIIHA rpyTia
B CHCTEMAa C MHOTO XHUJIPOKCWJIHU TPYIH, HUE H3BEIOXME TOYHU KOpPEIAUU MEXKIY
uH(ppadyepBeHaTa YeCTOTa Ha rpynara U XMMHYHOTO OTMECTBAaHE Ha MPOTOHA OT Hes B
SAMP cnekThpa U TM CBBp3aXM€ ChC CTPYKTYpPHU XapaKTEPUCTHKH Ha OOpa3yBaHHUTE
BOJIOPOJIHM BPB3KH 32 CEpUs MOJEIIM Ha 3€0JUTHU HaHOYACTUIIM. TakaBa Kopenamus He
MOXKe Ja Oble H3BeleHA OT EKCIePUMEHTaJHU CIEeKTpU, ThU KaTro T€ BKIIOYBAT
€JHOBPEMEHHO BCHYKH XHUJIPOKCWIHM TIpynu. YUpe3 H3BEAECHUTE 3aBUCUMOCTH, OT
yectorata Ha OH B uwH(padyepBeHUs CHEKTHP MOXKE Ja C€ ONpeaeTd XUMHUYECKOTO
OTMECTBAaHE Ha ChOTBETHHUS MPOTOH, KAKTO U Ja C€ OLIEHU JIbKMHATA HA BOJOPOJHATA
Bpb3Ka. M34YuCIEHHUTE CHEKTPAIIHH XapaKTEPUCTUKU CHOTBETCTBAT HA CTOMHOCTHUTE,

IIOJIyYEHU EKCIIEPUMEHTAIIHO.

3a IIbPBU IIBT ONPCACTIUXME KOJINICCTBCHU CTOMHOCTH 3a cHjaTa Ha KMCEIUHHUTE
OCHTPOBC B 3COJUTHU UYPE3 TAXHATA CHTAJIIHNA Ha ACTIPOTOHHPAHC. CpaBHeHI/IeTO C
QHAJIOTMYHU CTOMHOCTH Ha MOJICKYJIHH KHCCIWMHM B Ta30Ba (1)3321 II0Ka3a, Y€

BpI)OHCTGJIOBI/ITe KHCCIIMHHHU LOCHTPOBC B 3COJIMTHTC IIOIagaT B 00JacTTa OT CHJIHM
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KHACENMHNHU 10 cynepkucenunu. [lokazaxme u, ue napadepenute u IMP cnextpute Ha
WHAVBUAYATHUTE XUAPOKCUIHU I'PYIIH HE KOPEIUPAT C EHTAINMUTE Ha IEIPOTOHUPAHE U
00siCHUXME TNPUYMHUTE 3a JIMIcAaTa Ha KOpenauus C pasInyHuTe (PaKTOpH, OT KOUTO
3aBUCAT KUCIMHHOCTTA U CIIEKTPAIIHUTE XapAKTEPHUCTHUKHU.

Yemanossasane na mexanuzmu Ha KamanumuyHu npoyecu

[Ipe3 mepuona NpOABIKUXME MOJEIMPAHETO Ha NE€(PEKTH B 3E€OJIUTHHUTE CTPYKTYPH.
Hayuyna rpyna or JlaGopatopusTta mo crnekTpoxumus u katanu3 B Kaen, ®panuus,
YCTaHOBH IPOTOHHUPAHE HAa MOJIEKYJIM Ha OOEMHHM OpPraHWYHM OCHOBU OT KHMCEIMHHU
LEHTPOBE B JealyMUHUPaAH Y 3€0JIUT, KOUTO Ca HEJOCTBHIIHU JOPHU 332 MAJIKU MOJIEKYJIH
karo CO. Cnen ceprst KBAaHTOBOXMMHUYHH ITPECMITAHUS C Pa3JIMYHU MOJIETIN, HUE YCISIXME
Jla O0SICHUM €KCIEpUMEHTA C y4acTHe Ha ChCEIHU CHIIAHOJIHU I'PYNH, KOUTO MPUCHCTBAT
KaTo Ae(eKTH, HO U J1aBaT Bb3MOXKHOCT 3a OCBILECTBSIBAHE Ha Ipolleca Ha MIPOTOHHUPAHE
Ha MOCJIEJIOBATENIHM CTHIKHU Ype3 T.HAap. MEXaHW3bM Ha MPOTOHHA COBaJiKa. Makap u B
pasInyHa CUCTEMA, MPOLECHT € aHAIOTUYEH Ha TO3U, KOUTO YCTAHOBUXME MPEAH OKOJIO
15 ronuHu npu MojenupaHe Ha MENTHIEH CUHTe3 B pubo3omara. Hammre uscnenBanus
Jlazioxa OCHOBAaHUE Ja Ce MPENIOoJIOKU M, Y€ CHIIMAT TUIl NMPOTOHEH TpaHcdep mpes
CUJIAHOJIHH TPYIIU BEPOSATHO CE OCHILETBSIBA U NPU UHAYCTPUATHUTE MPOLIECH Ha KPEKUHT

Ha JBJTOBCPHIKHU aJIKAHU B CHIINA TUII 3COJINTH.

CrnokeH pEeakIMOHEH MEXaHHW3bM YCTAaHOBUXME M TIPU MOJEIUPAHETO Ha
OKHCIICHUETO Ha BBIJIEPOJICH OKCHJ OT HUTPATH B KyXHHUTE Ha MPOTOHHA (opma Ha
3e0auT. Upe3 aKTUBHOTO y4YacTHE Ha 3€0JIUTAa KaTO U3TOYHUK HA MPOTOHU U HA OCHOBHU
KHUCJIOPOJIHU LEHTPOBE, AKTUBHMPAIUTE €HEPTHMM Ha OTJAEIHUTE €Taly Ha Mpoleca ce
MOHUKABaT CHIIECTBEHO. 3a Jia mpoTede mpoieca ¢ Heooxoaumo CO na ce amacopOupa
BbPXY MOCTOBa XHUJPOKCUJIHA Tpyla B 3€0JUTa, MOPaad KOETO peakIusiTa MOXe 1a
npoTedye camMo MpH HHCKa Temmeparypa, B uHrepBana -140 go -100°C, kakto Oere
YCTAHOBEHO OT MapTHbOPUTE HU B H3cieqBaHETO OT TuxookeaHckata CeBepo3arajaHa
HanoHanHa aboparopus Ha CAILl. B nutepartypara ca gokiaiBaHu U IPYTH MPOLIECH HA
okucinenne Ha CO npu Temneparypu nox 0°C, HO BUHAru B MPUCHCTBUE HA OJIAropojieH
MeTaJ, 3aTOBa, OCOOCHO BAXKHO €, Y€ B HOBHUS XUMHUYEH MPOIEC, YCTAHOBEH OT HAC, HE
y4acTBaT METaJH.

N3cnenaxme W MexaHW3Ma Ha €HA OT KJIIACUYECKUTE PEaKIUU B E€KOJOTUIHUS
KaTaJlu3 — PeAYKIUS Ha a30TEH OKCHUJ] C aMOHSK B 11a0a3UT B MPUCHCTBUE HA METHHU HOHHU.
Karto ki1t040B peaklMOHEH WHTEpMEAMAT B TO3W mporiec Oecire uacHTuduimpan NO,
KaKTO OT €KCIEPUMEHTHO WH(pavYepBEHO HU3CJEHaHe, Taka U OT HAIETO MOJETUpPAHE.
Penykimsita Ha NO®™ ¢ aMOHSK 10 a30T MpoTHYa Npe3 HUCKK Oapuepu, 0e3 ma ¢
HEO0OXOAMMO yyacTHe Ha MEJHUTE HOHM, a cCaMO Ha 3€0JIMTHAaTa penieTka. MenHuTe HoHH,
obaue, ca HeoOxoauMH 3a reHepupane Ha NO*.
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Pasnpeodenenue na mempaedpuunu yenmpoge 6 3e0qUMHA peulemKka U 6IUsHUEe Hd
memnJielm 6bpxy moea pasnpeoenenue

HoBa Ttemaruka, KOATO 3amOYyHaxXMe Mpe3 MOCIEIHUTE 3 TOAMHHM, € HacoyeHa KbM
U3CJIeIBAHE HA BIMSAHUETO HA TEMIUICHTUTE, U3M0JI3BAaHU MPU CUHTE3a HA 3€0JIUTH, BEPXY
pasmnpezeNieHneTo Ha TeTpaeIpUYHUTEe aTOMU B perieTkara. O0eKT Ha u3cieaBaHusTa 6sxa
JIBa THWIA TE€PMAHOCWIMKATH. Te3u WH3CIEABaHUs BKIIOYBaXa KaKTO TI'€OMETpUYHA
ONTUMM3AIUS HA CEpHUsl OT CTPYKTYPH C Pas3IMYHO pa3NpeleiieHUE Ha TepMaHUEBUTE
LEHTPOBE W PA3IMYHA OPUEHTALMsl HAa MOJIEKYJIMTE Ha TEeMIUIEWTa, Taka U a0 MHUINO
MOJIEKYJIHA JUHAMHKA 32 ONpEIEsHE IPEANOYETEHOTO PA3MOI0KEHUE Ha TEMILJICHTHUTE.
YcraHoBHXME, Ue PU €IHATA OT 3€0JIMTHUTE CTPYKTYPH HE3ABUCUMO JIaJIU IPUCHCTBA WU
OTChCTBA TEMIUIEHTa, NPEINOYETEHO T'€pMAaHUEBUTE LIEHTPOBE CE€ TPynUpar B T.HAp.
JBOITHY YETUPUUICHHH MIPBCTEHHU, I0KATO MPH JApyraTa 3€0JIMTHA CTPYKTypa HAIUYETO Ha
TEMIUIEUT BIUsiE ChIIECTBEHO BHPXY PA3NpPEICICHUETO U Hall-CTAaOMIIHU ca CTPYKTYPHUTE C
pPaBHOMEPHO pa3MNpeie]ICHN TepMaHuEeBU LIeHTpoBe. ToBa € 0co0eHO Ba)XKHO MPH MPOLIECH
Ha MOAM(UIMpPAHE HA TE3H T'€pPMAHOCHIIMKATH, IPU KOUTO MPEANOUYUTAHO C€ MU3BJIMYAT

r€pMaHUEBUTE MOHH.

NscnenBane 3a pasmpeneieHUETO Ha TETPaeApPUYHHUTE IIETPOBE MPOBEIOXME U 3a
aTyMUHOCWINKaTHa cTpykTrypa ZEO-1, KosSTO € cpen Hal-IINPOKONOPECTUTE 3€0JIUTHU
CTPYKTYpH ChC cuctema oT 16-, 12- u 10-unennu kananu. Ta3u cTpykTypa € pasriexaaHa
KaTo oco0eHo oberaBaila 3a KpeKUHT Ha 00EMHH BBIUIEBOJIOPOIM B 16-uiieHHUTE KaHAIIH.
Hamure wuscnenBanus, obaue, mMokazaxa, 4e aJyMHUHHEBUTE IIEHTPOBE M CHOTBETHHU
MOCTOBU XUJPOKCHUJIHU TPYIH, KOUTO UTPAST POJISITA HA KaTaIMTUYHU IICHTPOBE, HE ca B
TE€3W KaHalii, a B mo-mMankute 12- m 10-wieHHn kaHanu. ToBa Oelre MOTBBPACHO H
EKCIIEPUMEHTAITHO Ype3 aHAJIOTUYHA KaTaIMTUYHA aKTHBHOCT Ha oOpasiute ot ZEO-1 ¢
Ta3u Ha 3€0JIUTH ¢ 12- 1 10-uneHHN KaHAJIH.

11.2. I]epues ouoxcuo

TBH KaTO OKUCIEHUETO Ha BBIVIEPOACH OKCUJ BBPXY ILJIaTHHA, HAHECEHA BBPXY LICPUEB
JUOKCHI, € BaKEH NHyCTPUAJICH IIPOLEC, HUE ITPOBEAOXME JETAlIHO KBAHTOBOXUMHUYHO
u3cIeIBaHe 3a Ja JOMPUHECEM 3a M3SCHSBAHE Ha ABJITOTOJUIIHMS Ae0aT 1ajau MpouechT
NpOTHYa BbPXY IUIATUHOBU KIIbCTEPH WJIM BbPXY M30JIMPAHU MJIATUHOBH HOoHW/aTomMu. B
auTepaTtypara uMa HaJ 80 eKCreprMEHTaIHU U3CIEABaHMs, B 4acT OT KOUTO CE 3aCThIIBA
€/1Ha, a B OCTaHAJIUTE — Apyrara xunore3a. Hamero nscnensane, BkiaouBao 12 MoienHu
cucreMd 1 Haj 50 peakMOHHM CTBIIKH, [0Ka3a, Y€ MPOLEChT MPOTHYA C JOCTATHYHO
HUCKM €HEpreTHMYHU Oapuepu U MpH JBaTa TUNA CTPYKTYPH, KIIbCTEPH WIM MOHHU, KaToO
BBbPXY HOHUTE €HEPreTUUYHUTE OapuepH ca MaJko Mo-HUCKH. Jloka3zaxme, ye KioyoBara

poOJisi Ha IUIaTUHAaTa € CBbp3aHa € BB3MOXKHOCTTA 3a IPOMIAHA B OKHUCIIMUTCIHOTO 4
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CbCTOAHHC, JOKATO CICMCHTAPHHU CTBIIKHM, KOUTO M3HUCKBAT NPOMIHA HA OKHCIUTCIIHOTO
CBbCTOAHHNC HAa HCPUCBUTC WOHHM OT HOCHTCJIA, Ca CbC 3HAYUTCIIHO I1I0-BHCOKH 6apI/IepI/I.

Karto antepnaTtuBa Ha IUIATUHOBUTE W POJAMEBUTE KaTAIM3aTOPU BBHPXY LEPUEB
JTUOKCHUJI, HACKOPO TMPOBEJOXME KBAaHTOXMMUYHO MOJEIMpaHE Ha PYTEHUH, OTIOXKEH
BBPXY ChIIMS HocutTel. M3cneaBaHusTa HU, BKIIOYEHH B 001a MyOIUKAIIMK C KOJIETH OT
CAIll, namoxa BB3MOXHOCT Jla OMpEIeTUM MpeAroUeTeHaTa MO3UINS Ha PyTCHUEBUTE
HOHU U peakI[MOHHATa UM CIIOCOOHOCT KbM IPOLIECUTE HAa OKUCIICHHUE Ha a30TE€H OKCUJ U
peayKIusaTa My C BBIJIEpOACH OKCHA. MojaenupaHeTo IMoKa3a, U Y€ OTMECTBAaHETO Ha
BuOpanronHata uBuna Ha CO BBpPXy pPYTEHHEBHUTE HOHM KbM IO-HUCKAa YECTOTA,
YCTAaHOBEHO €KCIEPUMEHTAIHO, CE IBJKU Ha 00pa3yBaHETO HA KUCIOPOJIHA BaKaHIIUS B
CBCEACTBO C pyTeHHs. [IpomechT € OT ChIIECTBEHO MPAKTUYECKO 3HAYCHHE, Th KaTo
PYTEHUSAT € HSAKOJKO IbTH MO-€BTUH OT POJMS U IUIATUHATA U KaTaJu3aTOphT € aKTUBEH
IPYU MHOT'O MaJIKO KostmuecTBO pyTeHuid (0.1 TEryIoBeH MPOLIEHT).

[Ipe3 mocnenuus NEeTrouIIeH Nepuo MyOIuKyBaXMe U ChbBMECTHUTE U3CIEABAHUS
¢ xonerun ot MOHX-BAH 3a o0pa3yBaHe Ha MOBBPXHOCTHM HHUTPATH BBPXY LiepUeB
JTUOKCH]I, KOUTO ca KJaw4oBu npu mnpouecure Ha deNOX B aBTOMOOWIHMTE M
HHAYCTPHAJTHUTE KaTaau3aTopu. Ype3 KBAaHTOBOAXMMHMYHO MOJEIHpPAHE HHUE
YCTAaHOBUXME CTPYKTypaTa Ha pa3jM4HU TUIIOBE MOBBPXHOCTHU HUTpATH, 00pazyBaHU
BbpPXY IOBBPXHOCT WJIM BBPXY HAHOYACTHIA, OIPEAEIMXME TIXHATa OTHOCHUTEIHA
CTaOMJIHOCT, M TOKa3axMe KOM THUIIOBE MOBBPXHOCTHU CTPYKTYpHU CBHOTBETCTBAT Ha
BUOpPALIMOHHUTE Y€CTOTH, HaOII0AaBaHu upe3 nHdpavyepseHa cnekrpockonus. Kakro npu
NOBBPXHOCTHUTE KapOOHATH, MPEATOKUXME HOBA CHCTEMA 32 O3HaYaBaHE Ha OTJ/IEITHUTE

THUIIOBC ITOBBPXHOCTHU HUTPATH.

11.3. Memannu nanouacmuuu

TBI KaTo B KATAIUTUYHUTE MPOLECH MOTaT Ja y4acTBAT HE CaMO METAIIHA KI'BCTEPH WU
HOHM, OTJOXEHU BBPXY HOCHUTEN, HO M IO-TOJEMH HAHOYACTUIM, HUE MOJEIINpaxMe
TaKMBa HAHOYACTULM U CHOTBETHUTE MOBBPXHOCTU HA CEpUs OT IMPEXOJHU METaIu C
AKIIEHT BbpPXY B3aUMOJCHCTBHETO MM C BBIVIEPOA. Y CTAaHOBUXME, Y€ BBIVIEPOACH aTOM
MOX€E J]a C€ CBBPKE€ BbpPXY BCHUKHM H3CII€IBaHU 27 MeTana, JOpH M BbpPXy 3j1ato. B
3aBUCUMOCT OT THIIA HA METaja, BbIVIEPOABT 3a€Ma TOBbPXHOCTHA UJIX ITOAIIOBBPXHOCTHA
NO3HIIMS KaTO ONPEIeINXME U CHePreTHIHUTE OapuepH 3a Mpexo1a MeKIy T€3H MO3HUIIHH.
Tbil kaTo Mopaau rojeMusi Opoil MeTaau U pa3IMdyHUTE MOJIEIM 3a TAX HM3CJIEIBAHETO
BKItOuBalie Hajx 320 eHepreTuyHu Gapuepu, CbBMECTHO C KOJETUTE OT YHHUBEPCUTETA B
Bbapcenona npuinoxuxme noaxos, 6a3upaH Ha MAaIIMHHO 0OyYEHHUE 3a aHAIN3 HA TaHHUTE.
AHamM3bT I1I0Ka3a, Y€ M3YUCICHUTE CTOMHOCTHM 34 CHEPrUMTE Ha CBBpP3BaHE W
CHEepreTUYHUTE Oapuepu He KOpeaupar ¢ €/lHa XapaKTepUCTHKa Ha MeTalla, U3I0JI3BaHa
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KaTo JACCKPUIITOP, a 3a IIO-TOYHO OIMMCAHUC € HGO6XOI[I/IMO Ja 6’blle H3I10JI3BaHa
KOM6I/IHaI_II/I}I OT CJIICKTPOHHH, CTPYKTYPHH U CHCPICTHYHH XaPaKTCPUCTUKHU.

B npyru nBe my6nukanuu, cbBMeCTHO ¢ ekcriepumenTannu rpynu oT CALL u FOxna
Kopesi, u3cnenBaxme peakIMOHHaTa CIOCOOHOCT Ha MalaJueBU KaTalu3aTopu B
IPOLIECUTE Ha OKKCIIEHUE Ha BBIVIEPOACH OKCU U Ha MeTaH. OOGMKHOBEHO ce Ipuema, ue
KAaTaJUTUYHUTE NPOLECH BBPXY HAHOYACTHIM MPOTHYAT HPEUMYLIECTBEHO BBPXY
pbOOBeTE WM BILIAUTE UM MOpPagd KOOPJAMHAIMOHHATA MM HEHACHUTEHOCT, HO 3a
okucienuero Ha CO BbpXy HajaZiieéB HaHOYACTHIIM, HUE JI0Ka3axMe, 4ye KUHETUYHO U
TEPMOJMHAMUYHO Hal-U3rOJIeH € IMPOLEChT BbPXY INIAJKUTE TepacH. AHAJIU3BT Ha
EKCIIEPUMEHTAIHUTE UH(PpadepBEHH CIEKTPHU NOTBBPAN TO3U MU3BOJ. 3a Jla aHaJUu3Upame
U OOSICHUM EKCIEPUMEHTAHUTE pe3yiTaTH 3a OKUCJIEHHE Ha METaH BbpXY NaJlaueBU
HAaHOYACTUIM, B JIPYro CHBMECTHO H3CJEJBaHE, OCBEH MeTajlHa HAaHOYaCcTUIa, HUE
MoOJIeIUpaxMe U TaKaBa C OKHUCJIEH MOBBPXHOCTEH CIION 4pe3 aJcopOuMs Ha KUCIOPO.
[Tokazaxme, ye KaTaIUTUYHUAT IPOLEC MPOTHYAa UMEHHO BbPXY OKHCJIEHATa OBBPXHOCT,

a HC BbPXY 4YHCTa MCTAaJIHA HAHOYACTHIIA.

11.4. Buoopzanuunu cucmemu

B cepust oT uscnenBaHus NpoabKUXME ChTPYJHHUECTBOTO CU C U3CIIEA0BATENICKU TPYIH
ot uHctuTyTH Ha BAH 3a cucremu 3a 1octaBka Ha JIEKApCTBEHU BEILIECTBA C M3IOJI3BaHE
Ha 3€0JIUTU WK NOJJOOHU MOPECTH MaTepUaIl 3a HOCUTENU. Pazmmpuxme uzcineaBaHusTa
B Ta3M MOCOKA M C M3M0JI3BaHE HA METOJUTE Ha KjacuuecKaTa MOJIEKYJIHAa MEXaHUKa KaTo
CUMYJIHpaxMe 00pa3yBaHETO Ha arperaTv OT JOKCOPYOHUIIMH M aJrMHAT KaTO KOMIIOHEHT
Ha aJITepHaTMBHA CHUCTEMa 3a JIOCTaBKa Ha JIEKapCTBa, IOJIydeHa OT KOJETH OT
®dapmanesTuunus paxynrer Ha MY-Codust. Cumynanuure nokasaxa, 4e MOJIEKyJUTE Ha
aHTHOMOTHKA HE Ca paBHOMEPHO pa3Npe/IesIeHH B aIrMHATa KaTO €AMHUYHU MOJIEKYJIH, a
ca KJIbCTEPHPAHH B CTEKOBE, CBbP3aHH Ype3 MU-TIH B3AUMOECTBHS, KOMTO OT CBOSI
CTpaHa ca 00rpajieH OT AJITHHATHA 00BHBKA.

Onucanure No-rope HAy4YHH NPUHOCH, IOKA3BAT, Y€ TEOPETUYHHUTE MU U3CIeABAHNS,
OCBEH, Ye UMAT QyHIAMEHTAJIeH Hay4YeH MPHUHOC 32 U3SICHABAHE HA CTPYKTypaTra u
CBOICTBATA HA M3CJIEIBAHUTE MATEPHAJIN U KATAJTUTHYHU CHCTEMH, U YCTAHOBSIBaHE
HA MEXaHM3MHUTE HA XUMHYHUTE MPOLECH, JONPHUHACAT U 32 PelIaBaAHETO HA BAKHHU
HHIYCTPHAJHHU U €KOJIOTHYHHU NMPOOJIeMHU.
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