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Cucurbiturils (CBs), the pumpkin-shaped macrocycles, are suitable hosts for an array of
neutral and cationic species. A plethora of host—guest complexes between CBs and a variety
of guest molecules has been studied. However, much remains unknown, even in the
complexation of very simple guests such as metal cations. In the computational study herein,
DFT molecular modeling has been employed to investigate the interactions of a series of
trivalent metal cations (AI®*, Ga®*, In®*, La®*, Lu®*") to cucurbit[n]urils and to evaluate the
main factors controlling the host—guest complexation. The thermodynamic descriptors
(Gibbs energies in the gas phase and in a water environment) of the corresponding
complexation reactions have been estimated. This research is a logical continuation of an
earlier study on the interaction between CB[n]s and a series of biologically essential mono-

and divalent metal cations (Na*/K* and Mg?*/Ca?", respectively).

Kykypourypunure (CBs), Makporukiau ¢ ¢opma Ha THKBA, ca HMOAXOMAIIM TOMAKHHU 32
peaMua HeyTpalHM W KAaTHOHHM dYacTHIM. M3cineaBaHuM ca MHOXKECTBO KOMIUIEKCH
NOMaknH-rocT Mexay CBs m paznmuyHu roct MosekyiId. Bwpopekn ToBa, MHOTO OCTaBa
HEU3BECTHO, JIOPU 32 KOMILIEKCOOpa3yBaHETO C YACTHUIIM C MHOTO IIPOCTa CTPYKTYpa, KaTo
METaJIHH KaTHMOHU. B HaAcTOAMOTO HM3YMCIMTENHO wu3cienBaHe € wusnon3BaHo DFT
MOJIEKYJIHO MOJEJIMPAHE 3a U3y4YaBaHE Ha B3aUMOJECIHCTBUATA HA CEpUs OT TPUBAJIEHTHU
meranau Katuonu (A%, Ga®*, In®*, La®*, Lu®") ¢ kykypOur[n]ypumu u 3a orenka Ha
OCHOBHUTE (DaKTOPH, KOHTPOJIMpAIK KOMILIEKCOOOpa3yBaHETO NJOMaKUH-ToCcT. OleHeHn
ca TepMOJAMHAMHUYHUTE XapakTepucTuku (I'mbcoBu eHepruu B rasosa ¢a3za U BbB BOJHA
cpena) Ha ChOTBETHUTE PEaKLMU Ha KOMIUIEKcooOpa3zyBaHe. ToBa m3cienBaHe € JIOTHYHO
IPOABIDKEHUE HA MMPEAXOHO 3a B3auMozelcTBueto Mexay CB[n]s u cepust oT 6M07I0ru4HO

Ba)XHH MOHO- ¥ JIByBAJICHTHH METaTHN KaTnoHH (chotBeTHO Na'/K+ 1 Mg?*/Ca?").
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Valtchev, and G. N. Vayssilov, Defect Formation, T-Atom Substitution and Adsorption
of Guest Molecules in MSE-Type Zeolite Framework — DFT Modeling Molecules, 2021,
26, 7296. https://doi.org/10.3390/molecules26237296

We used computational modeling, based on Density Functional Theory, to help understand
the preference for the formation of silanol nests and the substitution of Si by Ti or Al in
different crystallographic positions of the MSE-type framework. All these processes were
found to be energetically favorable by more than 100 kJ/mol. We suggested an approach for
experimental identification of the T atom position in Ti-MCM-68 zeolite via simulation of
infrared spectra of pyridine and acetonitrile adsorption at Ti. The modeling of adsorption of
hydrogen peroxide at Ti center in the framework has shown that the molecular adsorption
was preferred over the dissociative adsorption by 20 to 40 kJ/mol in the presence or absence

of neighboring T-atom vacancy, respectively.

W3non3Baxme M3YUCIUTETHO MOJeNupaHe, 0a3supaHo Ha TeopusATa Ha (YHKIMOHAJIA Ha
IUTBTHOCTTA, 3a Jla U3y4UM HPEANOYMTAaHHETO 3a oOpa3yBaHE Ha CHJIAHOJHM THE3la U
3amectBaHeTo Ha Si ¢ Ti unu Al B pasnuunu Kpucranorpadckv MO3UIUU Ha 3€0JMTHA
pemerka ot Tun MSE. YcraHoBeHO Oe, ue BCUUKH TE€3U MPOLIECH Ca EHEPreTUYHO U3TOJHU
c Hax 100 kJ/mol. Ilpemnoxxuxme MOAXOJ 3a EKCIIEPUMEHTATHO YCTaHOBSBaHE Ha
no3unuara Ha T arom B Ti-MCM-68 3eonuT ype3 u3uMcisiBaHe Ha WH(ppadepBEHHUTE
CIIEKTPU Ha aJCOpOMpaHM MOJICKYJIH MUPUAMH W AUSTOHUTPWI TPU 1 LEHTHP.
Mopenupanero Ha ajcopOIusATa Ha BOAOPOJIEH MEpoKcHa B Ti IIEHTHP B 3€0JUTHATA
peleTka mokasa, ye MOJIEKyJHaTa aJacopOuus € MpeanoyuTaHa Mpe] AMCOLMaTUBHATA
ancop6ius ¢ 20 o 40 kJ/mol cbOTBETHO B MPUCHCTBUE WM OTCHCTBUE Ha BakaHIWs Ha T-

aTOM B ChCEIICTBO Ha T1 IICHTHP.

3. M. Popova, N. Koseva, I. Trendafilova, H. Lazarova, V. Mitova, J. Mihdly, D.
Momekova, S. Konstantinov, I. Z. Koleva; P. St. Petkov; G. N. Vayssilov, H. A.
Aleksandrov, A. Szegedi, Design of PEG-modified magnetic nanoporous silica based
miltefosine delivery system: Experimental and theoretical approaches, Microporous and
Mesoporous Mat., 310, 2021, 110664. https://doi.org/10.1016/j.micromes0.2020.110664

Silica nanoparticles incorporating magnetic iron oxides (MS) with sizes around 20 nm were
developed. The MS material was modified with NH2-groups and then grafted by PEG

chains. The anticancer drug miltefosine was loaded into the NH>-modified and PEGylated
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MS nanoparticles by impregnation procedure resulting in 11-28% of drug content. PEG
chains were also conjugated to the miltefosine loaded MS-NH2 nanocarrier. The amount of
loaded drug and the release properties depend on whether PEGylation of the nanoparticles
was performed before or after the drug loading step. The parent and drug loaded samples
were characterized by XRD, N2 physisorption, thermal gravimetric analysis, magnetic
measurements, XPS and ATR FT-IR spectroscopy. ATR FT-IR spectroscopic data and DFT
calculations supported the interaction between the mesoporous silica surface and
miltefosine molecules. The in vitro release profile at pH = 7.0 showed sustained drug release
and dependence on the experimental design. Free and formulated miltefosine samples were
further investigated for antiproliferative activity against malignant HUT-78 cell line.
Formulated miltefosine showed superior cytotoxic effect on the tested cells as compared to
the free drug. In addition, the MTT assay of the cytotoxic potential of non-loaded silica

nanocomposites showed no intrinsic cytotoxicity associated with the carriers.

CuHTe3upaHH ca CWJIMLKEBO AUOKCHJIHM HAaHOYACTHUIIM, BKJIIOYBAIIM MATHUTHH >KEJIE3HU
okcuu (MS) ¢ pazmepu okoso 20 nm. MS marepuanst 6emie Moguduippan ¢ NHz-rpynu
U ciuen ToBa KbM Hero Osixa cBbp3aHu PEG Bepuru. IIpoTHBOpakoBOTO JeKapcTBO
muntedo3nH ce HaroBapa B NHo-momudpunmpanure u PEG-unupann MS nHanouactuiu,
ype3 HUMIIperHupaHe, Koeto Boau g0 11-28% nekapcTBEHOTO ChHIBPKAHUE B
HaHovactuiure. PEG Bepuru 0sixa KOOpAMHHMpAHM M KbM HaToOBapeHaTa ¢ MHITE(PO3UH
MS-NH: Hanouactuna. KonauuecTBOTO 3apefeHO JIEKapcTBO UM CBOMCTBaTa Ha
ocBOOOKIaBaHe 3aBUCAT OT ToBa Janu PEG-uinpaneTo Ha HAHOYACTULIUTE € U3BBPIICHO
Ipenyd WIM Ccjejl eTana Ha HaToBapBaHE C JieKapcTBOTO. M3XonHWTE U 3apelieHUTE C
JeKapcTBO Mpobu ca oxapakrepuszupanu ¢ XRD, N2 puszncopbuums, TepMorpaBuMeTpudeH
aHanmu3, MmarHuTHH u3MepBaHus, XPS um ATR FTIR cnekrpockonuu. ATR FTIR
crektpanHuTe AaHHU W DFT u3uncieHusaTra MOTBBPKAABAT B3aUMOIEHCTBUETO MEKIY
Me30MopecTaTa MOBbPXHOCT Ha CUJTMIIUEB JUOKCH]T U MosieKyuTe Muiitedo3ut. [Ipodpunst
Ha in-vitro ocBoOoxmaBane npu pH = 7.0 moka3Ba yIbIKEeHO OCBOOOXKJaBaHE Ha
JIEKapCTBOTO M 3aBUCHMOCT OT €KCIIEpUMEHTAIIHUSA qu3aiiH. VI3X0IHNUTE N HATOBAPEHUTE C
MIIITE(O3UH MPOOH 0s1Xa TOMBIHUTEIHO U3CIEIBAHU 32 AHTUIIPOJIM(EepaTUBHA AKTUBHOCT
cpenty pakoBu kiaeTbunu JuHIE HUT-78. YacTumure HaToBapeHH ¢ MUITS(PO3UH ITOKA3BAT
MPEBB3XOJCH LHUTOTOKCHYEH €¢eKT BBbPXYy TECTBAHUTE KIETKH B CpaBHEHHE ChC

cB00OAHOTO NeKkapcTBo. B nombinenne, MTT aHanmM3bT HA MUTOTOKCHUYHUS TTOTCHIIUAT HA



HCHATOBApPCHUTEC CHIIMIUECBH HAHOKOMIIO3UMTH HE IIOKa3Ba IIPUCHINA HUTOTOKCHUYHOCT,

CBbp3aHa C HOCUTCIIUTC.

4. 1. Z. Koleva, H. A. Aleksandrov, K. M. Neyman, G. N. Vayssilov, Preferential location
of zirconium dopants in cerium dioxide nanoparticles and the effects of doping on their
reducibility: a DFT study PCCP, 2020, 22, 26568-26582.
https://doi.org/10.1039/DOCP0O5456A

Structural properties and reducibility of zirconium-doped cerium dioxide systems were
studied using periodic plane-wave calculations based on density functional theory. A
systematic analysis of the results for nanoparticles of two sizes, Ces-nZrmOso ~ 1.5 nm large
and Ce140-nZrnO2g80 ~ 2.4 nm large, in comparison with slab model data for Ce1-xZrx02(111)
surface has been performed focusing on specific nanoscale effects. Several loadings of Zr
dopants ranging from 0.7 to 50 atomic metal percent have been considered. Subsurface
cationic sites of ceria are calculated to be energetically most favourable for doping Zr** ions
in all models. The system stability with several zirconium ions is defined by the relative
stability of the occupied individual Zr** positions when only one zirconium ion is present.
Data for the Ce70Zr7002s0 nanoparticle with an equal number of Ce** and Zr** cations reveal
that atomic orderings of neither separated oxide (Janus-type) particles nor randomly
intermixed ones are more stable than the distribution of Zr atoms occupying all cationic
positions inside the nanoparticle to minimize the presence of surface zirconium. The basicity
of surface oxygen centers in nanoparticles is predicted to be decreased when Zr dopants are
located in surface positions. The presence of Zr** dopants in CeO, systems can notably
lower the oxygen vacancy formation energy and shows interesting peculiarities at higher Zr
loadings. Among them is the higher stability of inner oxygen vacancies in Zr-containing
nanoparticles and enhanced oxygen mobility beneficial for application in catalysis and as a
solid electrolyte with oxygen ions as charge carriers. Similar to pure ceria, Zr-doped ceria

nanoparticles exhibit notably higher reducibility than the corresponding extended systems.

CTpyKTypHUTE CBOMCTBA M pEAyLIMPYEMOCTTa Ha JOTHPAHM C LUPKOHUN LEPUEBO
JUOKCHJIHU CUCTEMU 05iXa M3CJIeIBaHU C ITOMOIITAa HAa NEPUOANYHU U3UUCIICHUS C TUIOCKU
BBJIHM, Oa3upaHW Ha TeopusATa Ha (yHKUIMOHANA Ha IUTbTHOCTTA. V3BbpiieH Oe
CHCTEMaTUYeH aHAIM3 Ha Pe3yNTaTUTe 32 HAHOYACTHUIM ¢ JBa pa3mepa, Ces0-nZMmOgo ~ 1,5
nm 1 Ce140-nZrmO280 ~ 2,4 NM, 1 6e HarIpaBeHO CpaBHEHHE C JTaHHH 32 MOJIEJ HA TOBBPXHOCT

Ce1xZrx02(111), karo ce dokycupa Bbpxy crnenupuunu edekrn B HaHomamiab. bsxa
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pasriielanu HAKOJIKO HaToBapBaHMs ¢ ZI KaTHOHH, Bapupamu oT 0.7 mo 50 aTomHH
NPOLIEHTA. Y CTaHOBEHO Oe, 4e 32 BCHUKU MOJICITU MOIIIOBbPXHOCTHUTE KATHOHHU TTO3ULIUU
B CeO, ca eHepreTMyHo Haii-cTabwinu 3a jgotupane ¢ Zr** jiomn. CrabumnocTTa Ha
cucTeMaTa ¢ HAKOJIKO IMPKOHHEBU HOHA CE OINpeZessl OT OTHOCHUTEIHATa CTa0MIIHOCT Ha
3aeTUTe MHAMBHAYyanHH Zr*" MO3MIMH, KOraTo NPUCHCTBA CAMO €IWH IMPKOHHEB HOH.
Jlanuute 3a Hanoyacturu Ce7Zr700280 ¢ pasen Opoit Ce** u Zr** xarmonu paskpusar, ue
HUTO YaCTHIIUTE, B KOUTO JiBaTa OKCHJA ca pas3jesieHu (Tl SIHyC), HUTO 4YacTUIIMTE C
MIPOM3BOJIHO CMECBAaHE HA OKCHJIUTE Ca MO-CTAa0MJIHM OT pa3mpeieieHUeTo mpu Koero Zr
aTOMH 3aeMaT BCUYKH KATHOHHH ITO3UIIMU BHTPE B 00eMa Ha HAHOYACTHUIIATa, 32 J1a CE CBE/C
0 MUHHMYM TIPUCHCTBHETO HA LUPKOHMH Ha mMOBBpxHOCTTa. [lpeamonara ce, ue
0a3MYHOCTTA HA MOBBPXHOCTHUTE KUCIOPOHH LICHTPOBE B HAHOYACTHUIIMTE CE MIOHMKABA,
KOraTo Zr KaTHOHH ca PaslojIOKEHH B IOBBPXHOCTHH Io3uuud. Hamuuwero ma Zr*
nonanti B CeO2 cHCTeMHM MOKE 3HAUMTENHO Ja MOHIDKM SHeprusira Ha oOpasyBaHe Ha
KHCJIOPOJHA BaKaHIMS M MTOKa3Ba HHTEPECHH OCOOEHOCTH IPH MO-BHCOKO HATOBApBaHE C
Zr. Cpen TsX € MO-BHCOKATa CTAOMIHOCT Ha BHTPEIIHUTE KHUCIOPOIHH BaKaHIUH B Zr-
ChIAbpKAIlM HAHOYACTHLM M TOBHUIIEHATAa KHCIOpOJHA MOOWIHOCT, TOJEe3Ha 3a
NPUIOKEHHE B KaTajlu3a KaTo TBBPJ €INEKTPOIHUT C KHCIOPOIHN HOHM KaTO HOCHUTENH Ha
3apsia. [logoOHO Ha YMCTHS LEpUEB JMOKCHJ, HAHOYACTHIIUTE OT LEPHUEB IHOKCH,
JerupaHu ¢ Zr, TOKa3BaT 3HAYUTEIHO I0-BHCOKA PEIyIHPYEMOCT B CPaBHEHHE ChHC

CbOTBCTHHUTC ITOBBPXHOCTHU.

5. M. Popova, N. Koseva, I. Trendafilova, H. Lazarova, V. Mitova, J. Mihdly, D.
Momekova, G. Momekov, I. Z. Koleva, H. A. Aleksandrov, G. N. Vayssilov and A.
Szegedi, Tamoxifen Delivery System Based on PEGylated Magnetic MCM-41 Silica,
Molecules, 25, 2020, 5129. https://doi.org/10.3390/molecules25215129

Magnetic iron oxide containing MCM-41 silica (MM) with ~300 nm particle size was
developed. The MM material before or after template removal was modified with NH»- or
COOH-groups and then grafted with PEG chains. The anticancer drug tamoxifen was loaded
into the organic groups’ modified and PEGylated nanoparticles by an incipient wetness
impregnation procedure. The amount of loaded drug and the release properties depend on
whether modification of the nanoparticles was performed before or after the template
removal step. The parent and drug-loaded samples were characterized by XRD, N2

physisorption, thermal gravimetric analysis, and ATR FT-IR spectroscopy. ATR FT-IR
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spectroscopic data and density functional theory (DFT) calculations supported the
interaction between the mesoporous silica surface and tamoxifen molecules and pointed out
that the drug molecule interacts more strongly with the silicate surface terminated by silanol
groups than with the surface modified with carboxyl groups. A sustained tamoxifen release
profile was obtained by an in vitro experiment at pH = 7.0 for the PEGylated formulation
modified by COOH groups after the template removal. Free drug and formulated tamoxifen
samples were further investigated for antiproliferative activity against MCF-7 cells.

Pa3zpaboten e MmarHUTEH Xene3eH okcul, chabpxkan MCM-41 cunuiueB quokeus (MM) ¢
~300 nm pa3mep Ha yactunure. MM MarepuanbT Npeaud WU CleJ OTCTpaHsSBaHE Ha
mabnona ce momupumupa ¢ NHo- mmu COOH-rpymu u ce cBvp3Ba ¢ PEG Bepurm.
[IpoTrBOpaKoBOTO JIeKapcTBO TaMoKcudeH Oe HaToBapeHO B Moauduiupanute u PEG-
WIMPAaHU HAHOYACTULM 4Ype3 KalWJsIpHO HMIIperHupaHe. KoianuecTBOTO HaToOBapeHO
JIEKapCTBO M CBOICTBaTa Ha OCBOOOKJaBaHE 3aBUCAT OT TOBA M MOAU(UIMPAHETO HA
HAHOYACTHUINTE € M3BBPIICHO MpEeIu WIK CJell CThIIKAaTa 32 OTCTPaHsABAaHE Ha MIA0JIOHA.
W3xoHKUTE 1 HATOBAPEHUTE C JIEKAPCTBO MPpoOU ca oxapakTepusupanu ¢ XRD, N2 ¢puznyna
abcop6buus, TepmuueH rpasuMerpuder aHanu3 1 ATR FT-IR cnekrpockonus. ATR FT-IR
CHEKTPOCKOIICKUTE JaHHU U U3YUCICHUATA C TEOPUSITa Ha (PyHKIMOHAJIA HA IUTBTHOCTTA
(DFT) notBbpxknaBaT B3aMMOJCHCTBHETO MEXIy IOBbPXHOCTTa Ha ME30MOPECTHUS
CHJIMIIMEB JTMOKCHJI M MOJIEKYJIMTE€ Ha TaMOKCHU(EeHa M IOKa3BaT, uye MOJeKyjaTa Ha
JIEKapCTBOTO B3aMMOJEICTBA [TO-CUITHO ChC CHIIMKAJINTHATA IOBBPXHOCT, 3aBBbPILBAIIA CbC
CHJIAHOJIHU TPYIH, OTKOJKOTO C MOBBPXHOCTTA, MOAu(ULMpaHa ¢ KapOOKCHIHU TPYIH.
[IpodpunbT Ha yABIKEHO OCBOOOXkJaBaHe HAa TaMOKcu(eH Oe MoiydeH upe3 in vitro
exciepumenT npu pH = 7,0 3a PEGunupanara ¢popmynuposka, moguduuupana ¢ COOH
Ipynu cjell OTCTpaHsBaHETO Ha Imabiona. [Ipobure cbC CBOOOJHO JIEKapCTBO U
dbopmynupanu TamokcudeH Osxa JOMBIHUTEIHO HW3CJIEABAaHU 3a aHTUIpoJMdepaTuBHA

aktuBHOCT cpenty MCF-7 knetku.

6. 1. Z. Koleva, H. Aleksandrov, G. Vayssilov, Influence of the adsorption of CO on the
electronic structure of platinum clusters and nanowires deposited on CeO2(111) and v-
Al>03(001) surfaces, Catal. Today 357, 2020, 442-452.
https://doi.org/10.1016/j.cattod.2019.07.053

Using periodic density functional calculations we clarified the variations of the electronic

structure of platinum clusters and nanowires upon their deposition on reducible and on non-
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reducible oxide as well as upon adsorption of carbon monoxide. Three models of platinum
clusters and nanowires deposited on ceria surface and one on gamma-alumina surface were
studied. At high CO coverage, when the metal cluster or nanowire is completely covered by
CO, there is clear depletion of the occupied Pt 5d-projected states close to the Fermi level
and appearance of a new state at lower energies, in the region around —1.5 eV below the
Fermi level. Thus, in total the 5d states are stabilised and the d-band center in all systems
shifts to lower energies, which is an indication that the reactivity of the platinum clusters
decreases upon adsorption of carbon monoxide. According to the calculated d-band center
value, the metal cluster on gamma-alumina is the most reactive (in terms of electrondonating
properties) as its d-band center is located at higher energy compared to platinum on ceria.
For most of the models the most stable adsorption position of CO is linear to a platinum
atom from the upper part of the platinum moiety, while for the largest model the most stable

position is bridging between two platinum atoms.

W3non3Baiiku NEpUOJMYHM HM3YMCIEHUS OCHOBAaHM Ha TeopusAra Ha (PyHKIHMOHala
IUTBTHOCTTA, U3CHUXME MPOMSHATA Ha €JIEKTPOHHATAa CTPYKTypa Ha IJIATUHOBH KIILCTEPU
Y HAaHOXKUIIY IIPH OTJIAraHETO UM BBPXY PEAYLIUPYEM U HEPEAYLIUPYEM OKCHUJL, KAKTO U IIPH
azicopOLMs Ha BBIIIEpo/ieH okcul. M3cnensanu ca Tpu Mozesa Ha MJIATUHOBU KIbCTEPU U
HAHOKULH, OTJIOXKEHHU BbPXY LIEPUEBO JUOKCH/IHA TOBBPXHOCT U €IMH BHPXY MOBBPXHOCT
Ha rama-guanrymMuHueB Tpuokcun. IIpm Bucoko mokputue Ha CO, KOrato METaJIHMST
KI'bCTEP MJIM HAHOXKUIATA Ca HAITBJIHO IOKPUTH C BBITIEPOACH OKCHJI, UMa SICHO U3Pa3eHO
HamassiBaHe Ha 3aetute Sd cberosiHus Ha Pt 61130 10 HEUBOTO Ha @epMu U MOsIBAa HA HOBU
CbCTOSIHUS [TPU TIO-HUCKU €HEpruu, B obnactTa okoio -1,5 eV nox Husoto Ha ®epmu. Ilo
TO3M HauuH o0mo 5d HUBara ce cTaOWIM3MPAT U BHB BCHYKU CHCTEMHU LEHTHPHT Ha d-
UBHLIATA C€ OTMECTBA KbM IIO-HHCKM €HEPrMM, KOETO € HHIUKalus, 4e
PEaKTUBOCIOCOOHOCTTa Ha IUIATUHOBUTE KI'BCTEPU C€ IMOHWXkKaBa IMpH aicopOuus Ha
BbIIIeposieH okcua. Criopes u34rcieHaTa CTOMHOCT Ha IIEHThpa Ha d-MBHIIATa, METATHHST
KI'bCTEP BbPXY raMa-IuaTyMHUHHEB TPHOKCH]] € Hall-peakTUBOCIIOCOOEH (110 OTHOLICHHUE Ha
eNEKTPOJJOHOPHUTE CBOMCTBA), ThI KaTO HETOBHAT LEHTHD Ha O-MBHIaTa € pa3NoOkKeH
IIpY NI0-BHCOKA €HEPIUs B CPaBHEHHME C TO3U Ha IUIATUHATA BBPXY LIEPUEB IUOKCUI. 3a
MOBEYETO OT MOJIEINTE Hall-cTa0uIHaTa no3uuus 3a ajgcopouust Ha CO e nuHeHa crpsmMo
IUTATUHOB aTOM OT TOPHUS CJIOM Ha IJIATHHOBATA YaCTHIA, JOKATO 3@ Hal-rojeMust MoJel

Hali-cTabmiIHaTa no3unusA €, Korato € CBbp3aH KbM JIBa INIATUHOBU aTOMa.



7. K. Khivantsev, N. Jaegers, 1. Z. Koleva, H. A. Aleksandrov, E. L. Kovarik, G. Mark,
Y.W. Feng, G. Vayssilov, J. Szanyi, Stabilization of Super Electrophilic Pd*? Cations in
Small-Pore  SSZ-13  Zeolite, J. Phys. Chem. C, 124, 2020, 3009.
https://doi.org/10.1021/acs.jpcc.9b06760

We provide the first observation and characterization of super electrophilic metal cations on
a solid support. For Pd/SSZ-13, the results of our combined experimental (Fourier transform
infrared spectroscopy, X-ray photoelectron spectroscopy, high-angle annular dark-field
scanning transmission electron microscopy) and density functional theory study reveal that
Pd ions in zeolites, previously identified as Pd*® and Pd*4, are, in fact, present as super
electrophilic Pd*? species (charge-transfer complex/ion pair with the negatively charged
framework oxygens). In this contribution, we reassign the spectroscopic signatures of these
species, discuss the unusual coordination environment of “naked” (ligand-free) super
electrophilic Pd*2in SSZ-13, and their complexes with CO and NO. With CO, nonclassical,
highly positive [Pd(CO)2]?" ions are formed with the zeolite framework acting as a weakly
coordinating anion (ion pairs). Nonclassical carbonyl complexes also form with Pt*2 and
Ag* in SSZ-13. The Pd*?(CO), complex is remarkably stable in zeolite cages even in the
presence of water. Dicarbonyl and nitrosyl Pd*? complexes, in turn, serve as precursors to
the synthesis of previously inaccessible Pd*?>—carbonyl—olefin [Pd(CO)(C2H4)] and Pd**—
nitrosyl-olefin [Pd(NO)(C2H.)] complexes. Overall, we show that the zeolite framework
can stabilize super electrophilic metal (Pd) cations and show the new chemistry of the

Pd/SSZ-13 system with implications for adsorption and catalysis.

[IpencraBsMe mBPBOTO HAOIMIOACHWE W OXapaKTepH3MpaHEe Ha Cymep eleKTPOQUIHU
METaJIHU KAaTHOHU BBpPXY TBBpHA Hocuted. 3a Pd/SSZ-13 pesynratute OT HameTo
KOMOMHUPAaHO  eKCIepUMEHTalHO  (MH(ppauepBeHa  crmekTpockonuss ¢ Dypue
TpaHchopMmanus,  pEeHTreHOBa  (DOTOENEKTPOHHA  CIEKTPOCKOMUS,  CKaHHMpalla
TPAaHCMHCHOHHA CICKTPOHHA MUKPOCKOIIHA C BUCOKOBI'BJIHO IPHCTCHOBUAHO TBbMHO none)
U ¢ Teopus Ha (DyHKIIMOHAJA HAa TUTPTHOCTTA U3CIeBaHe pa3kpuBa, ue Pd fionu B 3eonutu,
npenu ToBa HaeHTHhuIUpanu kato Pd™® m Pd™, BcwhmmocT mpuchcTBaT Kato cymep
enexktpoduian Pd*? kaTmoHu (koMmIlekc 3a NpeHacsiHe Ha 3apsaj/HoHHA JBoika ¢
OTPHIIATEIIHO 3apeIeHUTE KUCIOPOJHM €JIEMEHTH Ha pamkara). B Ttasu cratus Hue
npepasriekiaMe CHEKTPOCKONCKUTE XapaKTepUCTUKM Ha TE3M 4YacTHULM, OOChKIame
HeoOMUaifHaTa KOOPAMHAIIMOHHA Cpesia Ha ,,ron (6e3 urans) cymep enektpoduneH Pd*?

B SSZ-13 u nerou kommiekcu ¢ CO u NO. C CO ce obpa3zyBaT HEKJIAaCHYECKH, CUITHO
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nonoxurenan ionu [Pd(CO)2]%*, kaTo 3eonWTHAaTa pelieTka IeHCTBa KaTo cliabo
KOOpIUHUpAIl] aHuOH (HoHHU nBOMKH). HekitacnyeckuTe KapOOHUITHA KOMIUIEKCH ChIIO Ce
obpasysar ¢ Pt u Ag* B SSZ-13. Kommuekcst Pd™?(CO); e 3abenexuTeHO CTaOUICH B
3€0JIMTHU PELIETKU JOPH B NPUCHCTBHETO HA BOAA. J{MKapOOHMIHATE ¥ HUTPO3MwiIHN Pd*?
KOMIUIEKCH OT CBOsI CTpaHa CIIyKaT KaTo MPEKyPCOpH 3a CHHTE3a HA HEJAOCTBITHH MO-PaHO
Pd*?—xap6onnn—onedpun [Pd(CO)(CzHs)] u Pd**—murposun—onepun [Pd(NO)(C2Ha)]
KOMILIEKCH. B 000011eH#e, moKa3axme, 4e 3eOIMTHATA PelIeTKa MOXKE Ja CTabuinm3nupa
cynep enektpodwann Metaanu (Pd) xaTHoHM W MOKa3Ba HOBAaTa XMMHs Ha CHCTEMaTa

Pd/SSZ-13 cbc 3HaucHME 3a ancopOLMATa M KaTaln3a.

C. Keawkumay, W. Rongchapo, N. Sosa, S. Suthirakun, 1. Z. Koleva, H. A. Aleksandrov,
G. N. Vayssilov, J. Wittayakun, Paraquat adsorption on NaY zeolite at various Si/Al ratios:
A combined experimental and computational study, Mater. Chem. and Phys. 238, 2019,
121824, https://doi.org/10.1016/j.matchemphys.2019.121824

NaY samples in the crystalline form with Si/Al ratios from 2.15 to 2.40 were synthesized as
adsorbents for paraquat. Their surface areas, particle size, concentration of basic sites
decreased with an increase of Al content in the synthesis gel. The interaction between
paraquat molecule and NaY zeolite was investigated by periodic DFT calculations to
understand the adsorption behavior. Paraquat adsorption by all samples fit with Langmuir
model. The capacity of the adsorbents was in the range of 210-240 mg/g-adsorbent, higher
than NaY in the previous reports. After paraquat adsorption, the surface areas of the samples
decreased from around 800 to 30m?/g indicating that paraquat adsorbed inside the zeolite
pores. FAU samples with the highest Si/Al ratio (2.4) had the highest adsorption capacity
in line with the results from the DFT calculations. The paraguat molecules located close to
the negatively charged fragments of the zeolite framework, due to the electrostatic

interaction with the positively charged ammonia groups of the organic molecule.

bsaxa cunrezupann NaY oOpasuu B kpucraiHa gopma cbe choTHomenus Si/Al ot 2.15 no
2.40 xaro amcopOeHTH 3a TapakBaT. TsxHaTa MOBBPXHOCT, Pa3MepbT Ha YACTHUIIHTE,
KOHIICHTpANUsATa Ha Oa3MYHATE IICHTPOBE HAMAIISIBAT C YBEIIMYaBaHE HA ChIIBPKAHUETO HA
Al B u3non3BaHus 3a cuHTE3aTa reil. B3anMoneiicTBHET0 MEXIy MOJIEKYyJIaTa Ha MapakBaT
u NaY 3eonura Oemre HM3CIEABAHO Ype3 MEPHUOJMYHU KBAHTOBOXUMHYHHM H3YHCICHHSA,

O0asupaHu Ha TeopusATa Ha (yHKUMOHANA Ha IUTBTHOCTTA, C I€J1 M3SICHSBAaHE Ha


https://doi.org/10.1016/j.matchemphys.2019.121824

a71copOILIMOHHOTO MOBEICHNE Ha MapakBara. AcopOuusaTa Ha apakBaT BbB BCHUKHU poOu
CHhOTBETCTBA Ha Mojiea Ha Langmuir. berrie ycraHOBEHO, Ye KaMaluTeThT HA aICOPOCHTHTE
e 210-240 mg/g-ancopOenT, mo-Bucok oT NaY oOpasiuTe, JAOKIaJBaHH B MPEIUIIHU
uzcneaBanus. Cnen amcopOuusita Ha MapakBaT, HAJIMYHATA MOBBPXHOCT Ha oOpasuuTe
HamansBa oT okono 800 1o 30 m?/g, KoeTo NMOKa3Ba, ye IMapakBaThT ce abcopbupa B
seonutHuTe opu. FAU o0pasiute ¢ Haii-roisiMmo chotHomeHue Si/Al (2.4) umar Haii-
BHCOK aJICOPOIIMOHEH KAMalUTET B ChOTBETCTBHUE C PE3YIATATUTE OT KBAHTOBO-XUMUYHHUTE
HU M34HCleHus. MoOJeKyluTe Ha MapakBaTa ceé HaMuparT B OJIM30CT /0 OTPHUIATEITHO
3apeaeHuTe (parMeHTH OT 3€O0JUTHATa CTPYKTypa, MOpPaAH eIeKTPOCTaTUYHOTO

B3aHUMOJICHCTBHE C ITOJIOKUTEITHO 3apCACHUTC aMOHHCBU I'PYIIM HA OpTraHUYHAaTa MOJICKYJIA.

9. N. Senamart, S. Buttha, W. Pantupho, I. Z. Koleva, S. Loiha, H. A. Aleksandrov, J.
Wittayakun, G. N. Vayssilov, Characterization and temperature evolution of iron-
containing species in HZSM-5 zeolite prepared from different iron sources, J. Porous
Mat. 26, 2019, 1227-1240. https://doi.org/10.1007/s10934-019-00718-w

Iron-containing HZSM-5 zeolites are materials with important industrial applications as
catalysts. Their characterization is difficult due to the various possible Fe-containing species
which can exist in the pores of HZSM-5 zeolites and their dependence on the preparation
technique. Three Fe-HZSM-5 samples were prepared by ion-exchange technique using
different iron precursors: containing only Fe?* or Fe3* ions, and containing equimolar
mixture of Fe?* and Fe®" ions. The samples were characterized by various experimental
techniques (XRD, FTIR, UV—Vis spectroscopy and XANES/EXAFS) in order to clarify the
type of the Fe-containing species existing in the samples. Periodic density functional
calculations were also performed to help in elucidation of the obtained structural
information with the EXAFS data and in clarification of the relative stability of the various
Fe-containing species in the pores of the HZSM-5 zeolites. In the samples prepared with
only Fe?* or Fe* ions dominate isolated iron species but binuclear FeOFe?* species and
small iron oxide clusters are also present. In the third sample, prepared from a precursor
containing iron ions in both oxidation states, most of the iron is included in the iron oxide
clusters or small nanoparticles. The time-resolved XAS for the sample containing equimolar
Fe?* and Fe®" ions revealed existence of two types of dominant iron oxide species—small
oligonuclear clusters in the temperature region 100-300 °C and larger more oxidized

moieties (nanoparticles) after heating the sample up to 400 and 500 °C.
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Kenszocwabpxkammure HZSM-5 3eonuTu ca marepuaid ¢ BaXKHM  MHIYCTPUATHHU
IIPWIOXKEHNS KaTO KaTajau3aTopu. TSAXHOTO OXapakTEepU3UpaHe € TPYAHO MHopaau
pa3IMYHUTE Bb3MOXKHU Fe-chabppikaly yacTulid, KOUTO MOTraT Jja ChIIECTBYBAT B IIOPUTE
Ha HZSM-5 3eonutuTe U TAXHATa 3aBUCUMOCT OT METOJa Ha IMojdydaBaHe. Tpu pazindyHu
obpasim Fe—-HZSM-5 06sxa mpurorBeHu upe3 HOHEH OOMEH, KaTto Osixa H3I0I3BaHH
Pa3IMYHK KeJIE3HH MPeKypcopu: chabpxkamm camo Fe?" wmm Fe*' fomu n cpabpxkamu
exBumMonapna cMec ot Fe?* u Fe3* #ionn. O6pasiure 651xa 0XapakTepU3UpaHK ¢ Pa3IuYHK
excriepuMmenTannu TexHukn (XRD, FTIR, UV-Vis cnektpockonus 1 XANES/EXAFS), 3a
Ja ce Uu3ACHU Tuma Ha Fe-chabpikalluTe YacTUIM, CBHINECTBYBAIlM B OOpa3IUTE.
[leprognuHy KBaHTOBOXUMUYHU U3YHCIIEHUS ChIIO OsXa IPOBEJIEHH, 32 J1a CE TIOJIIIOMOTHE
M3ACHSBAHETO Ha mosydeHara ctpyktypHa uHpopmanms ot EXAFS nannute u 3a na ce
YCTaHOBU OTHOCHTENTHATa CTAOMITHOCT Ha pazNu4HUTe Fe-chabpiKalu 4acTULA B TIOPUTE
na HZSM-5 3eonuture. B 06pasuure, npurorsenn camo ¢ Fe?" wmm Fe®* iionn, nomuanpar
M30JIMPAaHH KeNIA30-ChIbPIKAIIY HOHH, HO ChIIECTBYBAT U AByaaApenu FeOFe?" fionu, kakto
M MaJIKH KITbCTEPU OT JKEJIe3eH OKCUiA. B Tperata mpoOa, MpUTOTBEHAa OT HpPEKypcop,
ChJbpPIKalll JKEJIE3HU HOHU B JIBETE OKUCIUTEIHO-PEAYKIIMOHHU ChCTOSHUSA, MO-TOJIsIMATa
YacT OT JKeNA30TO € moj (opMaTa Ha KIIBCTEPH MM MAJKM HAHOYACTHUIM OT XKEJIE3HU
okxcuan. XAS eKkcriepuMeHTHTE 3a 06pa3elia, ChIbPIKaIl eKBUMONIAPHU KonmmuecTBa Fe?" n
Fe®" {ionn, moka3axa HaIM4YMETO HA [BA BHAA IOMHHHPAIIN YACTHIM Kele3eH OKCHIL -
MaJIKU OJINTOSIIPEHM KIbcTepu B TemreparypHus uHTepBan 100-300 °C u mo-ronemwu

OKHCJIEHU YacTUlM (HaHo4acTuIm) ciea Harpssane 10 400 u 500 °C.

10. O. Piqué, 1. Z. Koleva, F. Vidies, H. A. Aleksandrov, G. N. Vayssilov, F. Illas,
Subsurface Carbon: A General Feature of Noble Metals, Angew. Chem. Int. Ed. 58, 2019,
1744-1748. https://doi.org/10.1002/anie.201813037

Carbon moieties on late transition metals are regarded as poisoning agents in heterogeneous
catalysis. Recent studies show the promoting catalytic role of subsurface C atoms in Pd
surfaces and their existence in Ni and Pt surfaces. Here energetic and Kkinetic evidence
obtained by accurate simulations on surface and nanoparticle models shows that such
subsurface C species are a general issue to consider even in coinage noble-metal systems.
Subsurface C is the most stable situation in densely packed (111) surfaces of Cu and Ag,
with sinking barriers low enough to be overcome at catalytic working temperatures. Low-
coordinated sites at nanoparticle edges and corners further stabilize them, even in Au, with

negligible subsurface sinking barriers. The malleability of low-coordinated sites is key in
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the subsurface C accommodation. The incorporation of C species decreases the electron

density of the surrounding metal atoms, thus affecting their chemical and catalytic activity.

B xereporeHHus karajan3 BbIJIEPOJHUTE YACTULIM, HAHECEHU BbPXY IPEXOJHU METAIIH Ce
pasriexaar Karo OTpoBa 3a Te3u Karanu3aropu. CKOpOIIHM H3CleIBaHUs IOKa3axa
OnmarompusiTHaTa KaTaIUTUYHA poOJs HA MOANOBbpXHOCTHHUTE C aToMu BBPXY
noBbpXHOCTTa Ha Pd, kakToO M TAXHOTO chinecTByBaHe B Ni u Pt wactunu. B Hactosmero
W3CIIE/IBAHE, CHEPIeTUYHUTE U KUHETUYHHU PE3YITATH, NOJIYyYEHH YPe3 KBAHTOBOXUMUYHU
W3YMCIICHUS Ha MOJENIU Ha MEPUOJUYHHM MOBBPXHOCTH M HAHOYACTHYHH, [OKa3axa, 4ye €
CBIIECTBEHO J1a ObJaT pa3riiexKIaH! TAKKBA MTOATIOBBPXHOCTHU C aTOMH TOPH M 32 CHCTEMHU
ot 6naropoguu Metanu. [lognosbpxHocTHUAT C € Hali-cTaOuIHaTa Bb3MOXKHA TO3ULIMS B
w1bTHO onakoBanu (111) moBepxHocT Ha Cu u Ag, ¢ 6Gapuepu Ha MPOHUKBaHE, KOUTO ca
JOCTaThbUYHO HHCKH, 3a Ja ObJAaT MNPeoJoNieHH Npu pabOTHUTE TeMIeparypu Ha
KaranuzaropuTe. HHUCKO KOOpAWHUpAHUTE MO3MIMU 10 pPBHOOBETE W BBPXOBETE Ha
HAHOYACTHUIUTE JOI'BJIHUTEIHO CTaOMIM3UpaT noanoBbpxHoctHuTe C aToMu, 10pu B Au,
Karo OapuepuTe 3a NMPOHUKBAHE Ca MPEHEOPEKUMO MajaKu. MOOMIHOCTTa Ha HHUCKO
KOOPAMHUPAHUTE aTOMH € KJIH0YOB (DaKTOp 3a OCUTYpsIBAHE Ha IOBEYE NMPOCTPAHCTBO B
MOJANOBBPXHOCTHUTE MO3ULIMK, Taka uye C aToMM Morar jaa T'M 3aemar I[0-JIECHO.
BxmrouBanero Ha C aToMH B MOANOBBPXHOCTHHUS CJIOM MTOHMKaBa €JIEKTPOHHATA IUTHTHOCT
Ha OKOJHUTE METaJHU aTOMH, KaTO MO TO3M HAYMH BIUSAE BbPXY TAXHATA XUMHYHA U

KaTaJIuMTH4YHAa aKTHUBHOCT.

11. A. Szegedia, P. Shestakova, 1. Trendafilova, J. Mihayia, I. Tsacheva, V. Mitova, M.
Kyulavska, N. Koseva, D. Momekova, S. Konstantinov, H. A. Aleksandrov, P. St
Petkov, I. Z. Koleva, G. N.Vayssilov, M. Popova, Modified mesoporous silica
nanoparticles coated by polymer complex as novel curcumin delivery carriers, J. Drug
Deliv. Sci. Technol. 49, 2019, 700-712. https://doi.org/10.1016/j.jddst.2018.12.016

The synthesis of mesoporous KIL-2 and KIT-6 nanoparticles (40 and 60 nm, respectively)
was performed. Post synthesis procedure was applied for the modification of the initial
mesoporous silicas with amino groups. Incipient wetness impregnation or solid state
reaction were used for curcumin loading in the parent and aminomodified nanoporous
supports. Polymer coating of alternating polymer layers with complementary functionality
(k-carrageenan and chitosan) was formed. The parent and drug loaded formulations were
characterized by XRD, N2 physisorption, thermal analysis, TEM, AFM, ATR-FT-IR and
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solid state NMR spectroscopy. Loading of curcumin in the nanocarriers followed by
polymer coating made the sustained delivery of curcumin possible. A comparative study on
anti-proliferative effect of curcumin loaded into NH2-modified KIT-6 and KIL-2 carriers
vs.free drug was performed on a panel of three human cell lines. The most stable complexes
of curcumin with protonated amino group ((CH2)sNHz") are formed when the ammonia
group interacts with an O center from the carbonyl group irrespectively of the form of
curcumin, while curcumin (in both enol and keto forms) interacts most strongly with the
neutral amino group ((CH2)sNH.) via phenolic -OH group. On the basis of the obtained
results it can be concluded that modified silica particles are promising carriers for controlled

delivery of curcumin.

bsixa cunresupanu mezonopectu HanodacTuiy KIL-2 u KIT-6 (ceotBeTHO 40 1 60 nm).
[TocT-cunTeTHYHA mpoueaypa Oelle W3MOJI3BaHA 32 MOAU(UIIMpPaHE HA MbPBOHAYATHUTE
ME30TIOPECTH CUIIMKATH C aMUHO rpynu. ViMIperaupane wim peakuus B TBbpAa (aza Osixa
M3IIOJI3BAHM 3a HATOBapBaHE HA KypPKYMHWHA B CHJIMKATHUTE M aMUHOMOIM(UIMPAHUTE
HAHOIMOpEeCTH HOCcHUTENH. [loNMMEepHO MOKpUTHE C PeayBalld Ce MOJMMEPHH CIIOEBE C
J0M'bJIBAIA ce (PYHKIIMOHATHOCT (K-KapareHaH U XuTo3aH) Oeme oOpazyBaHo. M3xoaHure
U JIEKApCTBEHO HATOBapeHUTE oOpa3lu Osxa OXapaKTEepU3UpPaHU C PEHTTEHOCTPYKTYPEH
ananu3 (XRD), usucopOuus ¢ N2, repmuuen ananus, TEM, aToMHOCHIIOBA MUKPOCKOTIHS,
MY cnexrpockonus u tBbpaoTenHa AMP cnekrpockonusa. HaroBapBaHeTo Ha KypKyMHUH B
HAaHOHOCUTENIUTE, TOCIEBAaHO OT 0Opa3yBaHETO Ha IOJIMMEPHO IOKPUTHE, IpPaBU
BB3MOKHO JOCTAaBSIHETO Ha KYPKYMUH MPOABIDKUTEIHO BBB BpEMETO. BhpXy Tpu yoBemku
KJIETHhYHH JIMHUK Oelie MPOBEJICHO CPAaBHUTEIHO MPOYYBaHE HA aHTUIPONU(EpaTUBHUSL
eeKT Ha KypKyMHH, HeHaToBapeH U HatoBapeH B NHz-momudunupanu KIT-6 u KIL-2
HocuTenu. Hail-crabunHuTe KOMIUIEKCM Ha KYpPKYMUH C TNPOTOHHMpaHa aMHUHO Tpymna
((CH2)3sNH3") ce obOpasysar, koraro amonueBara rpymna Bzaumozeictsa ¢ O LEHTBD OT
KapOOHMITHATa Tpyma, He3aBUCHMO OT (hopMaTa Ha KypKyMHHA, JIOKAaTO KypKyYMHHBT (B
€HOJIHa W KeTo (opma) B3auMoOJIEHiCTBa Hal-CHJIHO C HEyTpajHaTa aMHHO TIpyma
((CH2)3sNH2) upe3 dpenonna -OH rpyna. Bb3 ocHOBa Ha OTy4eHHTE PE3YJITATH MOXKE Ja Ce
3aKJII0YH, Y€ MOJU(PHUIMPAHUTE YACTUIM OT CHIIMIIUEB JUOKCHJ ca OOelaBaly HOCUTEIN

3a KOHTPOJIMpaHa JI0CTaBKa Ha KypKyMUH.
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12. K. Khivantsev, N. R. Jaegers, L. Kovarik, J. C. Hanson, F. Tao, Y. Tang, X. Zhang, I. Z.
Koleva, H. A. Aleksandrov, G. N. Vayssilov, Y. Wang, F. Gao, J. Szanyi, Achieving
Atomic Dispersion of Highly Loaded Transition Metals in Small-Pore Zeolite SSZ-13:
High-Capacity and High-Efficiency Low-Temperature CO and Passive NOx Adsorbers,
Angew. Chem. Int. Ed. 57, 2018, 16672-16677. https://doi.org/10.1002/anie.201809343

The majority of harmful atmospheric CO and NOx emissions are from vehicle exhausts.
Although there has been success addressing NOx emissions at temperatures above 250 °C
with selective catalytic reduction technology, emissions during vehicle cold start (when the
temperature is below 150 °C), are a major challenge. Herein, we show we can completely
eliminate both CO and NOy emissions simultaneously under realistic exhaust flow, using a
highly loaded (2 wt%) atomically dispersed palladium in the extra-framework positions of
the small-pore chabazite material as a CO and passive NOx adsorber. Until now, atomically
dispersed highly loaded (>0.3 wt%) transition-metal/SSZ-13 materials have not been
known. We devised a general, simple, and scalable route to prepare such materials for Ptll
and PdlIl. Through spectroscopy and materials testing we show that both CO and NOx can
be simultaneously completely abated with 100% efficiency by the formation of mixed

carbonyl-nitrosyl palladium complex in chabazite micropore.

ITo-ronsmara gact ot Bpeanute atmocepHu emucur Ha CO u NOx ca oT u3ropenure
ra3oBe, OTJEISHU OT NPEBO3HUTE CPEACTBA. BBIIPEKU Ue C TEXHOJIOTMUTE HA CEJIEKTUBHA
KaTaJUTHUYHA PENYKIMs € MOCTUTHAT 3HAa4YuTeNeH ycnex B OopOaTa ¢ HamalsiBaHETO Ha
emucunte or NOx npu Temnepatypu Hag 250 °C, e1eMUHUpPAHETO Ha BPEIHUTE EMUCHUU 110
BpeMe Ha T. Hap. CTYAEH cTapT Ha MPEBO3HUTE CPEACTBa (KOrato Temreparypara € MoJ
150 °C) ocraBa royisiMo MpeAM3BUKATENCTBO. B HACTOAIIOTO M3cle/BaHe MOKa3axMme, ue
MO’KEM HaI'bJIHO J1a eIMMUHUpame, kakTo emucunte ot CO, Taka u oT NOx B peanuctudex
MIOTOK Ha OTPabOTEHUTE ra30Be, KaTO M3I0JI3BaMe 3€0JIMTHA CTPYKTYpa C MaJIKU MOPH THUIT
11aba3uT HaTOBApPEHA ChC 3HAUYUTEITHO KOIUYECTBO (2 Wt%) aTOMHO UCeprupaH najaaui
karo CO u macuBeH NOx azacop6Oarop. ocera He 0sixa u3BectHu SSZ-13 martepuanu
HaToBapeHu c rosemMu KomuuectBa (>0.3 Tern.%) aToMHO IUCHEPTUPAHU MPEXOIHU
Metanu. Pa3zpaboTuxMe MpocT W yHUBEpCaJleH METOJ 3a CHMHTe3a Ha TaKMBa MaTepUalH
coappkamy PtII u PdIl xkatmonu. Upes MY cnekrpockonus mokazaxme, ye CO u NOx

€IHOBPEMEHHO Morar Ja ObJaT HambiHO mnpemaxHatd cbc 100% eekTHBHOCT upes
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13.

o6pa3yBaHe Ha CMECCH Kap6OHI/IJ'I-HI/ITpOSI/IJ'IeH najaaucB KOMIIJIEKC B MUKPOIIOPHUTE Ha

ma0a3ur.

H. A. Aleksandrov, I. Z. Koleva, K. M. Neyman, T. T. Tabakova, G. N. Vayssilov,
Structure and reducibility of yttrium-doped cerium dioxide nanoparticles and (111) surface,
RSC Adv., 8, 2018, 33728-33741. https://doi.org/10.1039/C8RA07014H

Using periodic density functional calculations, we studied the local structure and preferred
locations of yttrium cations and oxygen vacancies in Y-doped cerium dioxide. We employed
three kinds of models — a slab of the CeO>(111) surface and two ceria nanoparticles of
different sizes and shapes. In the slab models, which represent the (111) surface of ceria and
the corresponding extended terraces on the facets of its nanoparticles, Y3* cation dopants
were calculated to be preferentially located close to each other. They tend to surround a
subsurface oxygen vacancy that forms to maintain the charge balance. Such general
behavior was not found for the nanoparticle models, in which structural flexibility and the
presence of various low-coordinated surface centers seem to be crucial and suppress most
of the trends. Configurations with four Y3* cations were calculated to be particularly stable
when they combined two of the most stable configurations with two Y3* cations. However,
no clear trend was found regarding the preferential spatial distribution of the Y3* pairs —
they can be stable both in isolation and close to each other. In general, doping by yttrium
does not notably change the reducibility of ceria systems but selectively facilitates the
formation of oxygen vacancies at the ceria surface in comparison with pristine ceria.
Yttrium cations also slightly increase the basicity of the nearby oxygen centers with respect

to a stoichiometric ceria surface.

W3non3Baiiku neproAWYHN KBAaHTOBOXMMHUYHHM W3YUCIEHHUS, Oa3upaHU Ha TEopusTa Ha
(GyHKIMOHANMA Ha IUTBTHOCTTA, M3CJIEIBAaXMe JIOKaHATa CTPYKTypa W IMPEeINOYUTAHUTE
MO3ULMH 32 UTPUEBUTE KATUOHU U KMCIOPOJIHUTE BaKaHIIMU B Y -JOTHPaH LIEPUEB TUOKCHUL.
N3nonzeaxme Tpu tuna moaenu — Ha CeO2(111) moBbpXHOCT U JBE 1IEpUEBO TUOKCUIAHU
HAHOYACTHIIM C pa3INdHu pa3MepH U popmu. 3a moaenute Ha (111) moBbpxXHOCT Ha 1IepueB
JUOKCHJI, KOUTO MOraT Ja c€ pasriefar Karo IpeJCTaBUTENHU 3a BbTpemHuTe Y U O
nenTpose B (111) dacernte Ha romemm uactunu ot CeOp, Geme u3umciaeno, ye Y3*
KAaTUOHUTE MPEANOUYUTAT Aa ObJAaT pa3noaokKeHn O0Ja130 eqHu 10 Apyru. Te ca CKIOHHU na

00rpa1aT MOIMOBBPHOCTHA KUCIIOPOIHA BaKaHIIMS, KOSTO ce 00pa3ysa, 3a Jia ce 3amasu
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14.

OanmaHca Ha 3apsaa. TakaBa o0ma TeHAeHLUs He Oemle HaMepeHa 3a MOJENIHUTE Ha
HaHOYAaCTHULIM, IIPpU KOHUTO CTPYKTypHATa I'bBKAaBOCT U HAJIMYUCTO HA PA3JIMYHU HUCKO
KOOpAUHHPAHU HCHTPOBC HA NTOBBPXHOCTTA Ca BOACIIUTE e(i)eKTI/I U IIOTHUCKAT IIOBCYCTO OT
3+
tenaeHnuure. Koudurypanuure ¢ yetupu Y°' KaTHOHA ca 0COOEHO CTaOMIIHU, KOTaToO Ce
(V) 3+
KOMOMHHpAT JIB€ OT Hali-CTaOUIHUTE KOHGUTYypaluu ¢ 18a Y° KaTuoHa. Bbrrnpeku ToBa, He
€ YCTaHOBCHaA sCHAa TCHACHLUSA IO OTHOIICHHUC Ha MNPCANOYCTCHOTO HNPOCTPAHCTBCHO
pasnpeienienue Ha BoiikuTe Y — Te Morar 1a 6b1aT CTaOMIHN, KAKTO H30IMPaHH, TaKa 1
B Onm3oct enHa A0 apyra. Haii-oOmio, JoTUpaHETO ¢ UTPHUM HE MPOMEHS ChIIECTBEHO
peayuupyeMocTTa Ha CUCTEMUTE OT LEPUEB JTUOKCHUJ, HO CEJIIEKTUBHO YIIECHSBA
O6pa3YBaH€TO Ha KUCJIOPOJHU BaKAaHIIWKU HA ITIOBBPXHOCTTA HA JOTHPAHUA LHEPHUECB TUOKCU
B CpaBHCHHEC C HCIOTHUpPAHUA. CT)HIO TaKa, HUTPHUCBUTC KATHOHH JICKO YBCJIMYaBaT
0a3UYHOCTTA HA OJU3KHUTE KUCIOPOIHU IIECHTPOBE CIIPSIMO CTEXUOMETPUYHATA TOBBPXHOCT

OT LIEpUEB TUOKCHU/I.

K.-H. Tan, H. Awala, R. R. Mukti, K.-L. Wong, B. Rigaud, T. C. Ling, H. A. Aleksandrov,
I. Z. Koleva, G. N. Vayssilov, S. Mintova, E.-P.Ng, Inhibition of Palm Oil Oxidation by
Zeolite Nanocrystals, J. Agric. Food Chem. 63, 2015, 4655-4663.
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The efficiency of zeolite X nanocrystals (FAU-type framework structure) containing
different extra-framework cations (Li*, Na*, K*, and Ca?*) in slowing the thermal oxidation
of palm oil is reported. The oxidation study of palm oil is conducted in the presence of
zeolite nanocrystals (0.5 wt %) at 150 °C. Several characterization techniques such as visual
analysis, colorimetry, rheometry, total acid number (TAN), FT-IR spectroscopy, *H NMR
spectroscopy, and Karl Fischer analyses are applied to follow the oxidative evolution of the
oil. It was found that zeolite nanocrystals decelerate the oxidation of palm oil through
stabilization of hydroperoxides, which are the primary oxidation product, and concurrently
via adsorption of the secondary oxidation products (alcohols, aldehydes, ketones, carboxylic
acids, and esters). In addition to the experimental results, periodic density functional theory
(DFT) calculations are performed to elucidate further the oxidation process of the palm oil
in the presence of zeolite nanocrystals. The DFT calculations show that the metal complexes
formed with peroxides are more stable than the complexes with alkenes with the same ions.
The peroxides captured in the zeolite X nanocrystals consequently decelerate further

oxidation toward formation of acids. Unlike the monovalent alkali metal cations in the
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zeolite X nanocrystals (K*, Na*, and Li*), Ca®* reduced the acidity of the oil by neutralizing

the acidic carboxylate compounds to COO~(Ca?*)1/, species.

JloknanBaHa e edeKkTUBHOCTTa Ha HaHOKpucTanu oT 3eonmuT X (FAU tunm 3eonutHa
peleTKa), ChIbpPIKAIIA pa3IMyHu n3BbHpemerbunn katuonn (Li*, Na*, K* u Ca?") npu
3a0aBsiHEe HA TEPMUYHOTO OKHCIICHHE HA TAJIMOBO Maciio. M3cieBaHeTo Ha OKHCICHUETO
Ha [aJIMOBOTO MacJio € mposeeHo npu 150°C B IpUCHCTBUETO HA HAHOKPUCTAIIN OT 3€0JIUT
(0.5 Tern. %). Hskonko TEeXHUKH 3a OXapaKTepuU3UpaHE KaTo BU3yaJleH aHaJu3,
KOJIOPHMETPUS, peoMeTpHs, oomio kucenuuHo uucio (TAN), MY cnektpockonus, *H SIMP
cnektpockonus u Kapn @uiep aHanmsu ca NpuiaokKeH! 3a MPOoCIeIsiBaHe Ha OKUCIICHUETO
Ha MacjoTO BbB BpeMeTo. berie ycTaHOBEHO, Y€ HAHOKPUCTAIMTE OT 3€0JuTa 3a0aBsT
OKHCJICHHETO Ha MajJIMOBOTO MAacJIO Ype3 CTabuIu3upaHe Ha XUAPONEPOKCUANTE, KOUTO ca
II'BPBUYEH MPOJYKT HA OKUCIICHHE, KAKTO U Ype3 aacopOIHs Ha BTOPUYHHUTE MPOAYKTH Ha
OKHCJICHUETO (AJIKOXOJIM, alJeXUIU, KETOHU, KapOOKCWUIIHU KHCEIMHU U ecTtepu). B
JOMBJIHEHUE KbM EKCIEPUMEHTAIHUTE pPE3ylTaTH Osxa TMpPOBEACHU MEPUOJAUYHU
KBaHTOBOXMMHYHU HU3YHUCIIEHUs Oa3upaHW TeopusTa Ha (PyHKIHMOHAla Ha TUTBTHOCTTA
(DFT), 3a n1a ce W3sACHHU OOMBIHHUTEIHO IMpoIleca Ha OKUCICHHE Ha MajIMOBOTO MAacjo B
MPUCHCTBUETO HA HAHOKpHUCTANIU OT 3eosuta. DFT u3uncnenusita mokaszaxa, ue METaTHUTE
KOMIUIEKCH 00pa3yBaHU C MEPOKCHAM Ca MO-CTAOUIIHU OT KOMIUIEKCHUTE Ha aJKeHU ChC
cbluuTe HoHM. [lepokcuauTe ce ynaBaT B HAHOKPUCTAIUTE OT 3€0JIUT X U MO0 TO3W HAaYUH
ce 3a0aBsi MO-HATATHIIHOTO UM OKHCJIEHHE 10 oOpa3yBaHe Ha KHUCEIHWHU. 3a pa3liuKa OT
eIHOBAJIEHTHNTE aNKAIHU KaTHOHH B HaHOKpucTanute ot 3eomut X (K, Na* u Li*), Ca?*
HaMaJsiBa KUCEITMHHOCTTA Ha MacJoTO Ype3 HEYyTpaIu3upaHe Ha KUCEIUTe KapOOKCHUIaTHU

ceeaunenns 10 COO(Ca?*) .
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