Pe3romeTa Ha peneH3upaHuTe MyOJIMKAIHMU HA A0L. A-p XPHCTHSH
AJlekcaHAPOB AJIEKCAHIPOB HA OBJTapCcKH e3UK H HA eJMH OT e3HLHTe,
KOHUTO TPAJAHMIHOHHO ce NMOJI3BAT B ChOTBETHATA Hay4YHa 00J1acT

(aHrIMiCKY e3HK)

1. ,Adsorbed and Subsurface Absorbed Hydrogen AtomBare and MgO(100)-Supported
Pd and Pt Nanoparticles”

Sergey M. Kozlov, Hristivan A. Aleksandrpand Konstantin M. Neyman

The Journal of Physical Chemistry 2014, 118(28), 15242-15250

Heterogeneous catalysts customarily contain actietal nanoparticles (NPs) deposited on
oxides. It is often difficult to understand in détae influence of supports on NP properties
based solely on experimental data. Here, we stugymieans of electronic structure
calculations the effect of a rather chemically indefect-free support MgO(100) on
adsorption and absorption properties of 1.6 nmeld?d,7 and Pi,; NPs representative of
bigger species. We show that metal nanostructwiyg slightly affects adsorption of single
hydrogen atoms on terrace sites. At the same singgtural flexibility of the NPs increases
thermodynamic stability of subsurface H in Pt NRd aeems to kinetically assist absorption
of H in both Pd and Pt. For H bound to Pd, NPsugtiice of the support is only noticeable
near the metal—-oxide interface, while for Pt NPatbims more distant from the interface are
also affected. Overall, the support is found tongiegathe binding energies of H to;Rdand
Ptio7 NPs by less than 0.1 eV. Quantitative estimatethefdifferences between adsorption
and absorption properties of bare and MgOsuppantale metal NPs are important for

modeling of catalytic systems not featuring stromgtal—-support interactions.

XeTeporeHHUTE KaTalin3aTopu OOMKHOBEHO ChIbpIKAT aKTUBHH MeTaimHu Hanovactui (HY),
OTJIO’)KEHU BBPXY OKCHIM. MHOro 4ecTo € TpyJaHO Ja ce pa3depe B JeTalliu BIMSHHETO Ha
HOCHTENSl BbpXY cBoiicTBara Ha HY, 6a3upaliku ce eIMHCTBEHO Ha €KCIIEPUMEHTAIIHU JaHHH.
B Hacrosimero m3cienBaHe 4pe3 KBAaHTOBO-XMMHYHU W3YHUCIICHUS U3cleaBaxMe edekra Ha
xuMmudeckn wuHepreH Hocuten MQO(100) 6e3 nmedextd BBPXY aJCOPOLUOHHUTE W
abcoponmonnuTe cBoiictBa Ha Pdio7 u Ptz HY ¢ romemuna ot 1.6 HM, KOMTO Morar ja ce
pasriieIaT KaTto mpeacTBaBUTeNHA U 3a mo-rojemu HY. [Tokazaxme, 4ye HAaHOCTPYKTypaTa Ha

MeTana cji1abo BIIHSIE BBPXY a,ucop6u1/1ﬂTa Ha BOAOPOACH aTOM, PAa3NoOJIOKCH B CpeJaTa Ha



¢aceture. B chIoTO BpeMme, CTpyKTypHaTa I'bBKaBocT Ha HY yBennuaBa TepMoiHaAMHYHATA
crabmiHocT Ha noAanoBbpxHocTeH H atom B PtHY 1 u3rnexnaa, 4ye 1 KHHETUYHO MOAIIOMAra
abcop6mmsra Ha H n B neere Pdu PtHY. 3a H arom, cBbp3an ¢ Pd,BrusiHIETO HA HOCHTEIS
Bbpxy HY e 3abenexxuMo camo B OJIM30CT 10 METAJIO-OKCHIHATA CUCTeMa, JokaTo 3a PtHY ca
3acerHaty U H aromu, KOWTO ca pa3moJIOKEHHW W To-najged oT HocuTens. Karto 1suto
YCTaHOBHXME, Ye HAJIMYMETO Ha HOCUTEI IPOMEHS EHEpruuTe Ha CBhp3Bane Ha H kbM Pdio7u
Pti;7 HU ¢ mo-mamko ot 0.1 eV. KomuuecTBeHHWTE OICHKM Ha pa3INKUTE MEXIY
a7ICOpOITMOHHUTE U aOCOPOITMOHHUTE CBOMCTBA HA W30JUpaHU U OTIOXKeHH BHpxy MgO HY
OT OJIarOpOJIHM METAJId Ca BaXKHU 3a MOJICTUPAHETO HA KAaTAIMUTHYHHU CHUCTEMH, KOMTO HE Ce

XapaxkTepusnpar ¢bC CUIHU B3aMMOJCHUCTBUS HA METAI-HOCHUTEII.

2. “New method for preparation of delivery systenfigpoorly soluble drugs on the basis of
functionalized mesoporous MCM-41 nanoparticles”
M. Popova, A. Szegedi, K. Yoncheva, S. KonstantjiievP. Petrova, H. A. Aleksandrd@.

N. Vayssilov, P. Shestakova
Microporous and Mesoporous Materia2014, 198 247-255

MCM-41 silica with spherical morphology and smadirficle sizes (100 nm) was synthesized
and modified by post-synthesis method with amind/@ncarboxylic groups. Solid state
reaction was applied for the first time for loadio§y poorly soluble drug mesalazine (5-
aminosalicylic acid — 5-ASA). The non-loaded andigdtoaded mesoporous silicas were
characterized by XRD, TEM, Nphysisorption, elemental analysis, thermal angJySi-IR
and solid state NMR spectroscopy. Quantum-chentaklulations were used to predict the
interactions between the drug molecule and the tiomal groups of the carrier. The
nanoparticles were post-coated with sodium algirzaie the coating modified the rate of
mesalazine release from MCM-41phiHand MCM-41NHCOOH particles. Cytotoxic
evaluation on colon adenocarcinoma cell line rexgdahat the alginate coating reduced
cytotoxicity of mesalazine loaded in the post-cdatearticles compared to the pure
mesalazine. The functionalized, polymer coated mp&sms systems are suitable oral drug

delivery systems providing an opportunity to modifug release.

MCM-41 cunmukamut cbe chepudna Moposorus 1 Maiku pasmepu Ha yactunute (100 nm)
Oeme cuHTe3WpaH W MOAMGUIUpPAH dYpe3 MOCT-CHHTETHYEH MeTOJ C aMHHO H/Wim

KapOokcmHY Tpynu. TBeprodaszHa peakius Oere MpriIoskeHa 3a ITbPBU BT 32 HATOBApBAHE



Ha c7a00 pa3TBOPMMOTO JIEKapcTBO MecanasuH (S-aMuHOcanumuioBa KuceanHa — 5-ASA).
HenatoBapeHuTe W HaTOBapeHUTE C JIEKAPCTBO ME30MOPECTH CHIUKAIUTH  Osixa
oxapaktepusupanu ¢ XRD, TEM, N, ¢usucopOius, eneMeHTeH aHAIN3, TEPMUYCH aHATIN3,
FT-IR u TtBBpmorenrna AMP cnektpockonus. KBaHTOBO-XMMHYHHM W3UHCIEHUS Osxa
U3MOJI3BAaHU 3a TpeJCKa3BaHe Ha B3aWMOJEWCTBUATA MEXIY JI€KapcTBeHAaTa MOJEKyla U
(GYHKIIMOHATTHUTE TPpyNH Ha Hocutels. HaHodacTuimre 0sXxa MOKPHUTH C HATPHEB alTMHAT,
KaTo MOKPUTHUETO MOJIU(UIIIpA CKOPOCTTa Ha OCBOOOXK/IaBaHE HA Mecalla3WH OT YACTHIINTE
MCM-41NH, 1 MCM-41NH,COOH. [lutoToKkCcnyHaTa OIlcHKa Ha KJCThYHATA JMHUS Ha
aJIeHOKapIMHOM Ha Je0eloTo 4YepBO I0Ka3a, 4Ye aJIrMHATHOTO IOKpUTHE HaMalsiBa
[MUTOTOKCUYHOCTTA Ha Mecalla3WH, HATOBapeH B YACTHIIMTE C alTMHATHO MOKPHUTHE B
CpaBHEHHE C YUCTHS Mecana3uH. OYHKIMOHATIH3UPAHUTE, IOKPUTH C MOJTUMEP ME30MOPeCcTH
CUCTEeMHM ca TMOJXOJSINM 3a OpaJieH INpUeM JIEKaApCTBO-OCTABSIIU CHCTEMH, KOHUTO

MPEIOCTABAT BH3MOXKHOCT 332 MOJU(HUIIIPAHE HAa OCBOOOK/IABAaHETO HA JIEKAPCTBOTO.

3. “DFT studies of oxygen dissociation on the 1lidiva platinum truncated octahedron
particle”

Paul C. Jennings, Hristiyan A. Aleksandr#ionstantin M. Neyman and Roy L. Johnston
Physical Chemistry Chemical Physi2614, 16, 26539-26545.

Density functional theory calculations are perfodrie investigate oxygen dissociation on
116-atom truncated octahedron platinum particléss Wwork builds on results presented
previously [Jennings et al., Nanoscale, 2014, &3],1where it was shown that shell
flexibility played an important role in facilitatinfast oxygen dissociation. In this study,
through investigation of the larger particle sidds shown that oxygen dissociation on the
(111) facet of pure platinum species is still aidbgdshell flexibility at larger sizes. Only the
hollow sites close to the edges of the (111) fametliate oxygen dissociation; oxygen is
bound too weakly at other hollow sites for disstiorato occur. Further studies are performed
on the (100) facet, which is larger for tha;Pparticle than for either the &gtor Ptg ones.
Much higher dissociation barriers are found on (tt@0) facet compared to the (111) facet,

where the bridge sites are favourable for oxygesatiiation.

KBaHTOBO-XMMUYHY W3UUCIICHUS Oa3upaHu Ha TeopusTa Ha (YyHKI[MOHAJA HA TUTLTHOCTTA ca
MPOBEICHM, 3a Jla C€ M3CJIe/IBa JUCOIUANMITA HAa KHUCIOPOJ BHPXY IJIATHHOBU YACTHIU C

(dbopMa Ha TIpecedeH OKTaeabp, chabpkarmm 116aroma. Ta3u pabora ce Oa3mpa Ha pe3ynTary,



mpeacTaBeHu mo-pano [Jennings et al., Nanoscale, 2014, 6, 11b8}eTo Geriie mokasaHo, e
'bBKaBOCTTa Ha MOBBPXHOCTTA Ha dYacTHIIAaTa HWrpac BakHA pOJIST B YCKOPSBAHETO Ha
JCOIIHAIMSTA Ha KACIOpo . B ToBa m3cieBane, upe3 MoJIeIUpaHe Ha MO-TojsiMa 0 pa3Mep
yacTuia, Oerre MoKa3aHo, 4Ye JUCOoIuaIusaTa Ha Kuciaopoa BbpXy (111) dacera Ha umcTH
IUIATHHOBH YaCTHIIM BCE OIIE CE MOJoMara OT I'bBKaBOCTTa Ha MOBBPXHOCTTA, JOPU U MPH
o-ToJieMH pa3Mepu Ha dactunara. Camo mosummute, B kouto Oy B3aUMOJAEHCTBA C TPHU
Metamau  1ieHtbpa (hollow) B Ommsoct g0 pwOoBere Mexay ase (111) dacern,
OJIAroNpUSATCTBAT JUCONHUAIMAATA HA KUCIOPOJa; KHCIOPOIbT C€ CBbp3a TBBPAE cIab0 KbM
apyrute hollow mosunuu u porechsT Ha AUCOIMAIIUSA He MOKe mportede. [IpoBenenn Osxa u
KBaHTOBO-XHMHYHH H34YMCIeHUs Ha quconuanusata Ha O, Bepxy (100) dpacera, kosiTo € mo-
rosisiMa tipu Pli1g gacTuiiaTa, OTKOJIKOTO TpH yacTunute Phg win Pt MHOro mo-Bucoku
JqUconranuonan Oapuepu Osixa Hamepenu BbpXy (100) ¢acerara B cpaBuenme ¢ (111)
dacerara, KbJIETO MOCTOBUTE MO3MIMH 10 pbOa Ha (daceruTe OIATONPHITCTBAT

Jquconuanuiara Ha KUCIIOPOA.

4. “Effect of Si/Al Ratio on the Nature and Reaitivof HY Zeolite-Supported Rhodium
Dicarbonyl Complexes”

Artem Vityuk, Hristiyan A. AleksandrgvGeorgi N. Vayssilov, Shuguo Ma, Oleg S. Alexeev,
and Michael D. Amiridis

The Journal of Physical Chemistry 2014, 118 (46), 26772—-26788.

Fourier transform infrared (FTIR), extended Xrayaiption fine structure (EXAFS), X-ray
photoelectron spectroscopy (XPS) measurements, @ calculations were used to
characterize the species formed following react@na Rh(COj)(acac) precursor with
dealuminated HY zeolites with different Si/Al ragidl he results indicate the formation of two
types of Rh(CQ) species with characteristi¢o bands at 2117/2053 and 2110/2043 tm
Both species are attached to the zeolite framevamik have similar structural properties.
However, their thermal stabilities are differenthdathe fraction of each species formed
strongly depends on the Si/Al ratio of the zeolitee carbonyl ligands in both types of these
zeolite-bound Rh(CQ)complexes can react with gas-phasgiLto form Rh(CO)(GH,)
species. However, the reaction rate is substantedjher for the Rh(CQ)complex with the
veo bands at 2117/2053 éfsuggesting that the electronic properties oRhesite affect the
reactivity of the carbonyl ligands. The resultstiier indicate that the two types of Rh(GO)

species are not associated with unreacted or hanteacted Rh(CQJacac) complexes or



with the formation of a hydrated Rh(C{H.O)-type species. Instead, the results of the DFT
calculations suggest that the differences obsepsgd be attributed to differences in the
structure of the binding sites in the dealumindéegasites framework.

dypue npeobpazysana uappauepsena cnekrpockomnus (FTIR), extended Xray absorption fine
structure (EXAFS), pentrenoBa QotoesekTponHa crekrpockonus (XPS) u kBaHTOBO-
XMMHUYHU H3YUCIICHHs, Oa3upaHu Ha TeopHsra Ha ¢ykimoHana Ha mibtHocTTa (DFT) Gsixa
U3M0J3BAHA 33 Jla Ce OXapaKTepU3upaT KOMIUICKCHTE MOJyYeHH TIPH peakiusiTa Ha
Rh(CO)(acac)upexypcop ¢ aeanymunupanu HY 3eonutu ¢ pasauunu chotHomenus Si/Al.
Pesynrature mokaszaxa oOpasyBaneTo Ha jBa Bujga Rh(CO) kommiekcu ¢ XxapakTepuCTHYHH
Vvco uBumm npu 2117/2053u 2110/2043 cnt. U IBaTa KOMILIEKCA ca 3axBaHaTH KbM
3€0JIUTHATA PEIIeTKAa U UMAT CXOJIHHU CTPYKTYPHHU CBOMCTBA. TsxHaTa TepMHUYHA CTAOMIIHOCT,
obaue e pa3uyHa U KOJMYECTBOTO HA BCEKH KOMILICKC 3aBHCH CHIIHO OT ChOTHOIICHHETO
Si/Al B 3eonuta. KapOonunuurte nuranau B Te3u jaBa Rh(CO) komruiekca, cBbp3aHH KbM
3eosiuta Morart ja pearupat ¢ CoHy 1o o6pasyBane nHa Rh(CO)(GHj) xommuieke. Borpeku
TOBa, CKOPOCTTa Ha peakmusaTa € 3HauuTenHo 1mo-Bucoka 3a Rh(CO) xommiekca
XapakTepu3upall ce ¢ Vco uBuiy mnpu 2117/2053 CAY, KoeTo Mpejmnosiara, ue eJIeKTPOHHUTE
CBOMCTBa Ha MO3UIMATAa Ha RN BIMSAT Ha peaKTHBOCITOCOOHOCTTA HAa KapOOHHMITHUTE JIUTAH TH.
B nombiHeHue, pesynaratuTe HH mokasmar, ue jaBata thuma Rh(CO) xomriuiekcu He morar
ObaaT 0OSICHEHH KaTo Hepearupanu win yactudano pearupaan Rh(CO)(acac)kommiekcu niu
¢ obpasyBanero Ha xuapateH Rh(CO}(H,0)-tunm komrmieke. Bmecto ToBa, pesyirature ot
KBaHTOBO-XUMHYHHTE M3YUCICHHUs, Oasupanu Ha DFT nmokassar, e HaOJIFOJaBaHUTE Pa3IHKA
MOTaT Jia ce IbJDKAT Ha pa3iIMuusATa B CTPYKTypaTa Ha MecTara 3a CBbp3BaHE B 3€OJUTHATA

pelneTKa Ha JIeaTlyMIHHPAHUTE 3€0JTUTH THIT (Py)KacuT.

5. “How Absorbed Hydrogen Affects the Catalytic Adly of Transition Metals”
Hristivan A. AleksandroyvSergey M. Kozlov, Swetlana Schauermann, GeorgV&yssilov

and Konstantin M. Neyman
Angewandte Chemie International Editj@914, 53, 13371-13375.

Abstract: Heterogeneous catalysis is commonly gmebiby surface active sites. Yet, areas
just below the surface can also influence catalgtitvity, for instance, when fragmentation
products of catalytic feeds penetrate into catalylst particular, H absorbed below the surface

is required for certain hydrogenation reactionsnugtals. Herein, we show that a sufficient



concentration of subsurface hydrogeri*®Hmay either significantly increase or decrease the
bond energy and the reactivity of the adsorbed doyein, HY depending on the metal. We
predict a representative reaction, ethyl hydrogenato speed up on Pd and Pt, but to slow
down on Ni and Rh in the presence St'"Hespecially on metal nanoparticles. The identified
effects of subsurface H on surface reactivity adksipensable for an atomistic understanding
of hydrogenation processes on transition metalsiatedactions of hydrogen with metals in
general.

Pestome: XeTeporeHHMsT KaTajiu3 OOMKHOBEHO C€ OIpeZenss OT HaJIMYUEeTO Ha aKTHBHU
KaTaJM4HU LIEHTPOBE HA IMOBBPXHOCTTA HA KaTaju3aropa. Belnpeku ToBa, 00JaCTUTE TOYHO
10/l TMOBBPXHOCTTA Ha KaTajlM3aropa MoraT ChIIO Ja BIUSAAT BbpPXY KaTaIUTUYHATA MY
aKTUBHOCT, HAlpUMep, KOraro HpOAYKTHTE OT KaTaJu4HaTa peakUuss IPOHUKHAT B
Karanu3aropa. [lo-cnenuanHo, 3a HSKOM peakIMM Ha XUJPOTeHHpaHe BBPXY METAIH €
HEeoOXOMMO HaIM4yueTo Ha abcopOupaHu mnoAmoBbpXHOCTHO H aromu. B Hactosmero
u3cle/BaHe II0Ka3axMe, Y€ B 3aBUCUMOCT OT MeTala JOCTaTbYHA KOHIEHTpalus Ha
TOJITOBBPXHOCTEH Boxopos, H'Y, Moxke 3HAUMTENHO [a YBETHUM WM HAMATH CHEPrUsTa Ha
CBBP3BAaHE M PEAKTUBOCIIOCOOHOCTTa Ha aJCOpOMpaHHs HAa IOBBPXHOCTTA BOJOPO.
[Tokazaxme, ye XHIPOTSHUPAHETO HA €TUII ce ycKopsiBa BbpXy Pdu Pt,Ho ce 3a6aBs Bbpxy Ni
1 Rh B npucsersrero vHa H™®, ocobeno Bbpxy Merannu HamodacTHid. Hamepenute edexrn
Ha ToAnoBbpxHOCTHUS H BBpXYy peakTuBocnocoOHocTTa Ha H aTtomMm Hamwupamu ce Ha
IIOBBPXHOCTTA €a CHIIECTBEHU 3a pa30MpaHETO Ha IPOLECUTE HAa XHUJIPOTEHUPAHE BBPXY

MMpEXOJHU METAJIM HAa ATOMHO HUBO U Ha B3aMOJCUCTBUS HA BOAOPO € METAJIA KATO IAJIO.

6. “Energetic Stability of Absorbed H in Pd and Ranoparticles in a More Realistic
Environment”

Sergey M. Kozlov, Hristivan A. Aleksandrpand Konstantin M. Neyman

The Journal of Physical Chemistry 2015, 119(9), 5180-5186.

Absorbed hydrogen can dramatically increase hydragen activity of Pd nanoparticles and
was predicted to do so also for Pt. This callsifimestigations of the energetic stability of
absorbed H in Pd and Pt using nanoparticle modetsalistic as possible, i.e., (i) sufficiently
large, (ii) supported, and (iii) precovered by logkn. Herein, hydrogen absorption is studied
in MgO(100)-supported 1.6 nm large Pd and Pt namiopes with surfaces saturated by
hydrogen. The effect of surface H on the stabditabsorbed H is found to be significant and



to exceed the effect of the support. H absorptsocaiculated to be endothermic in Pt, energy
neutral in Pd(111) and bare Pd nanoparticles, anthermic in H-covered Pd nanoparticles.
Hence, we identify the abundance of surface H archainostructuring of Pd as prerequisites

for facile absorption of hydrogen in Pd and for to@comitantly altered catalytic activity.

AGcopOupaH BOJOpPOJ MOXKE JPACTUYHO Ja YBEIWYHM KaTaJuTHYHATa akTuBHOCT Ha Pd
HAHOYACTHUIM B peaKIM{ Ha XHUJIPOTeHUpaHe U Oele mpeckazaHo, ye Ptcobiio uma momodHO
KaTAIATAYHO TOBeJeHWe. 1oBa Hajara W3cielBaHe Ha EHepreTWYHara CTaOWIIHOCT Ha
abcopompan H B Pd um Pt, m3momsBaiiku BB3MOKHO Hal-pealldCTHYHH MOJIETH OT
HaHovacTuiy, T.e.. (I) mocrarbuHo rosiemu, (ii) orioxenu BBpXy Hocutena u (i) ¢
MakcuMaliHO MokpuTa oT H aTomu noBbpxHOCT. B HacTosmoro uscneaBane Oerre u3cieBaHa
abcopOIusaTa Ha BOJIOPOJ B MOBBPXHOCTHO HACHUTEHHU C BOJOPOJ U OTIOXKEHH Bbpxy MgO
nanovactui ot Pdu Ptc pasmep or 1.6 nm.beme ycrarnoseno, ye edpexkrsT Ha H aTtomu,
Pa3noJI0XKEeH! Ha TOBBPXHOCTTA HAa HAHOYACTHIIATa BhPXY CTaOMIHOCTTA Ha abcopOupanust H
aTOM € 3HA4YMTeJIeH W € MHOTO IMO-BakeH oT edekTa Ha HocuTenss. KBaHTOBO-XUMUYHHUTE HU
M3YHCIICHUS TOKa3axa, 4e abcopOrusara H e ennorepmudna B Pt, eHepreTnuno HeyTpaiHa B
Pd(111)u ynctu Pduanovactumm u ex3otepmuuna B PdHanogactuim ¢ nokpura or H atomu
noBBbpXHOCT. OTTYyK, yCTaHOBUXME, ue Haluuyuero Ha H aromMum Ha MOBBPXHOCTTA U
HAHOCTPYKTypaTa Ha Pdca ocHOBHUTE MpeanOCTaBKU 3a YJECHsIBaHE Ha NMPOHUKBAHETO Ha
BOJIOPO/Ia B MOJAMOBHPXHOCTHUTE ciioeBe Ha Pdu 3a mocnenBaia nmpoMsiHa B KaTaTUTHYHA

aktuBHOCT Ha Pd.

7. “O, Dissociation on M@Pt Core—Shell Particles for4dl, and 5d Transition Metals”
Paul C. Jennings, Hristiyan A. Aleksandr#ionstantin M. Neyman and Roy L. Johnston
The Journal of Physical Chemistry 2015, 119 (20) 11031-11041.

Density functional theory calculations are perfodne investigate oxygen dissociation on 38-
atom truncated octahedron platinum-based partigleis. study progresses our previous work
(Jennings et al. Nanoscale, 2014, 6, 1153), whexas shown that flexibility of the outer Pt

shell played a crucial role in facilitating fastygen dissociation. In this study, the effect of
forming M@Pt (M core, Pt shell) particles for a ganof metal cores (M = 3d, 4d, and 5d
transition metals) is considered, with respect tod@sociation on the Pt(111) facets. We
show that forming M@Pt particles with late trarsitimetal cores results in favorable shell

flexibility for very low O, dissociation barriers. Conversely, alloying withrlg transition



metals results in a more rigid Pt shell becausagoofinant M—Pt interactions, which prevent

lowering of the dissociation barriers.

KBaHTOBO-XUMHYHH W3YUCIICHHS, Oa3upaHH HA TEOpUsATa Ha (PYHKIMOHAA HA TUIBTHOCTTA
Osixa TIPOBEJICHH, 3a JIa Ce M3CJIeBa TUCOIMAIUATA HA KUCIOPO BhpXY 38-ATOMHH IIaTHHA-
ChIBpXKAIlM YacTUIM C (opMara Ha MPECeUeH OKTaeabp. 10Ba H3CieBaHE JOpa3BHBA
npeaunHaTa HE padota (Jennings et al. Nanoscale, 2014, 6, 11b8jeTo Oeme mokazaHo,
4e I'bBKAaBOCTTA HA MOBBPXHOCTTA HA HAHOYACTUIIUTE, ChCTaBeHa OT Plurpae pemmasaria poJist
IOpU YCKOPSIBAHETO Ha IMpoIlleca Ha JUCOIMAIMS Ha KHUCIOpoJ. B ToBa wm3cienBaHe ce
pasriexia epekra ot popmupane Ha dactui Tun M@Pt (M -cbprieBuna, Pt -moBbpxHOCT),
KaTo ¢ BapHpaH METaIbT B ChplieBHHaTa Ha yactunara (M = 3d, 4du 5d npexonnu MeTain)
110 OTHOINIEHKe Ha auconuarusaTa Ha O, Bepxy Pt (111)daceru. [Tokaszsame, ue 0Opa3yBaHeTO
Ha vactuin M@Pt cbe chprieBHHA OT TMPEXOJCH METal C M3MSI0 WA TOYTH H3IBUIO
3amblIHEHU C elleKTpoHun d-opOuTamu Boau 10 OJaronmpusiTCTBaHE Ha I'bBKABOCTTa Ha
MOBBPXHOCTTA HAa YACTHIIUTE W OTTaM JI0 MHOTO HHUCKH Oapuepu Ha aucormanus Ha Op.
O06patHO, 00pa3yBaHETO Ha CIIABH C MPEXOJHU METAIH C IMO-MajiKo OT 5 eaekTpoHa Ha d-
opOuTanmuTe Boau 10 (opMHpaHeTO Ha MO-TBBpAa Pt MOBBPXHOCT, MOpaad JOMHUHHUPAIIUTE

M-Pt B3aUMOJECUCTBUS, KOETO BBIIPCIATCTBA IOHNKABAHETO HA TUCOLTUAITUOHHUTC 6apI/IepI/1.

8. “Formation of N during interaction of NO with reduced ceria”

Mihail Y. Mihaylov, Elena Z. Ivanova, Hristiyan Aleksandroy Petko St. Petkov, Georgi

N. Vayssilov and Konstantin I. Hadjiivanov
Chemical Communication2015, 51, 5668-5671.

We show that the first stages of interaction betwB) and reduced ceria comprise the
formation of azides, N with simultaneous oxidation of &eto Cé*. This finding imposes
revision on some current views of catalytic NO cension and may contribute to design of

new deNOx materials and processes.

[Tokazaxme, ye mbpBUTE eTanmu Ha B3aumojeicTBueTo Mexay NO u pexaynupan nepueB
- +
JIMOKCHJ BKITIOUBAT 00pa3yBaHeTo Ha asumd, N3 ¢ exHOBpeMeHHO okucienne Ha C€' 110
4+
Ce". To3u pesynraT Hajlara npepasriex/jaHe Ha HSIKOW OT KOHIICTIIMHUTE 3a KaTaJuTHYHATa

kouBepcust Ha NO 1 Moke J1a onpuHece 3a au3aiina Ha HoBu deNQ MaTepuai U MPOIECH.



9. “FTIR and density functional study of NO intetiao with reduced ceria: Identification of
N5 and NG~ as new intermediates in NO conversion”
Mihail Y. Mihaylov, Elena Z. Ilvanova, Hristiyan Aleksandroy Petko St. Petkov, Georgi

N. Vayssilov and Konstantin I. Hadjiivanov
Applied Catalysis B: Environmen{&015, 176—177 107-119.

To design new deNQOmaterials and processes we need to know in dekelsnechanism of
NO interaction with solid surfaces. ManyON conversion catalysts contain ceria as a
component and cerium changes its oxidation statedarcourse of redox catalytic processes.
Here we show that the interaction between NO addaed ceria leads to formation of azides
(Ns~, 2044-2042 cnit) and nitric oxide dianion (N®, 1010-980 crl) with the
simultaneous oxidation of &e These species are established for the first tfter NO
adsorption on solid surfaces and their relativeceotrations strongly depend on the sample
morphology. At ambient temperaturg Ndoes not interact with NO or,Glone but easily
disappears in the co-presence of the two gases démonstrating reactivity similar to that of
isocyanates. In contrast, KOaccepts one NO molecule and is converted into iyt
(bands in the 1030970 chregion). At further stages of interaction,ON N,, nitrites and
nitrates are formed. The present findings enrich durrent opinions of catalytic NO

conversion and impose some revisions.

3a nga HanpaBuM jau3aiiH Ha HOBH deNQ marepwanu u mpoliecd, TpsAOBa Ja Mo3HaBaMe B
JeTaiiim  MexaHu3Mma Ha B3aumojelictBuero Ha NO ¢ TBbpAM MOBBPXHOCTH. MHOrO
karanm3atopu 3a kouBepcus Ha NOy chIbpKaT KaTO KOMIOHEHT IepUeB JUOKCHI, a IEPHST
MPOMEHST OKHCIUTEIIHOTO CH CBhCTOSHHE B XOJla Ha pPEJOKC-KaTAIUTHYHHTE TporecH. B
HACTOSIIETO M3CJIe/IBaHe MTOKazaxMme, ye B3aumorericteueto Mexxay NO u pexymnupan nepueB
JIMOKCHT BOJTH J10 oOpa3yBane Ha azunu (N3, 2044—2042 Cfﬁ) U a30T€H OKCHUJI aHHOH (NO2 ,
1010-980 crif), koeto e chmpoBoeHO ¢ okucienne Ha CE. Te3n YaCTHIM ca yCTAHOBEHH 3a
nspBH BT ciien afacoponuaTra Ha NO BBpXy TBBPAM MOBHPXHOCTH W TEXHUTE OTHOCHUTEITHU
KOHIIEHTPAIIUN 3aBHCST CHIIHO OT Mopgosiorusta Ha odpa3sena. [Ipu craifna Temmneparypa N3
He B3aumozeiictBa camo ¢ NO wmmu ¢ Oz, HO JlecHO MOXe Jaa ObJe NpeMaxHaT Mpu
€HOBPEMEHHO TpeTHpaHe C JBaTa Tra3a, KaTo MO TO3W HA4YWH JEMOHCTpUpa MoJ00Ha
PEaKTHBOCIIOCOOHOCT Ha Tasu Ha m3ommanatute. Touno oGparroto, NO*~ B3ammMozeiicTa ¢
montekyna NO u ce mpeBpbina B XumoHuTpuT (WBumnm B obiactra 1030-970 Cr'I]l). Ha

cienBammte eranu ce oOpaszyBar NyO, N, mHutpute m mHutTpatu. [lomydeHuTte pesynraTu



oboraTsaBar IIpoabJDKaBaliaTa B JIUTEpaTypaTra JUCKYCHSA OTHOCHO KaTaluTHYHAaTa KOHBEPCUA

Ha NO u Hanarat IpepasriICiKIaHe Ha HAKOU OT ChbIICCTBYBAIIUTC KOHIICIIITUH.

10. “Inhibition of Palm Oil Oxidation by Zeolite Macrystals*

Kok-Hou Tan, Hussein Awala, Rino R. Mukti, Ka-Lunowy, Baptiste Rigaud, Tau Chuan
Ling, Hristiyan A. Aleksandroyviskra Z. Koleva, Georgi N. Vayssilov, Svetlanankdva, and
Eng-Poh Ng

Journal of Agricultural and Food Chemisrg015, 63 (18), pp 4655—-4663.

The efficiency of zeolite X nanocrystals (FAU-tyframework structure) containing different
extra-framework cations (LiNa', K*, and C&") in slowing the thermal oxidation of palm oil
is reported. The oxidation study of palm oil is dooted in the presence of zeolite
nanocrystals (0.5 wt %) at 150 °C. Several charaetigon techniques such as visual analysis,
colorimetry, rheometry, total acid number (TAN),-FR spectroscopy'H NMR spectroscopy,
and Karl Fischer analyses are applied to followdkielative evolution of the oil. It was found
that zeolite nanocrystals decelerate the oxidawbnpalm oil through stabilization of
hydroperoxides, which are the primary oxidationdquat, and concurrently via adsorption of
the secondary oxidation products (alcohols, aldehy#letones, carboxylic acids, and esters).
In addition to the experimental results, periodemsity functional theory (DFT) calculations
are performed to elucidate further the oxidatioacpss of the palm oil in the presence of
zeolite nanocrystals. The DFT calculations showt tihe metal complexes formed with
peroxides are more stable than the complexes W#nes with the same ions. The peroxides
captured in the zeolite X nanocrystals consequedégelerate further oxidation toward
formation of acids. Unlike the monovalent alkalitalecations in the zeolite X nanocrystals
(K*, Na', and Li"), C&" reduced the acidity of the oil by neutralizing teidic carboxylate
compounds to COQC& ")y, species.

JloknanBana ¢ eeKTHBHOCTTA Ha HaHOKpHcTand oT 3eosuT X (FAU Tum 3eonuTHa perrerka),
chabpKaIa pasmaHy ussbHpemersuny karnonu (LiT, Na, K u C&") npu 3aGassue na
TEPMUYHOTO OKHCIICHHE Ha MaJIMOBO Macio. M3cienBaHeTo Ha OKHCICHHETO Ha MAJIMOBOTO
MacJio € TPOBEJICHO B MPUCHCTBUETO HAa HaHOKpucTanu ot 3eoaut (0.5 Tern. %) npu 150C.
HskoJiko TeXHUKH 3a oXapaKTepU3MpaHe KaTo BU3YaJleH aHalIu3, KOJIOPUMETPHUS, PEOMETPHS,
obmo kucenmuuHo uwciao (TAN), MY cmexkrpockomus, 'H saMP criektpockonus u Kapn

q)I/IIHep AHAJIM3U Ca MPHUJIOXKCHHU 3a ITPOCIICAIBAaHC HAa OKUCIICHUCTO Ha MAaCJIOTO BBB BPEMCETO.
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beme ycraHoBeHO, ye HAHOKPHUCTAIMTE OT 3€0JIATA 3a0aBSAT OKHUCICHHETO Ha MaIMOBOTO
Macjao 4Ype3 cTaOWIU3MpaHe Ha XUJPOMEPOKCUIUTE, KOUTO Ca IBbPBUYEH MPOIYKT HAa
OKHCJICHHE, KaKTO M 4pe3 aJcopOIusl Ha BTOPUYHHUTE MPOYKTH HA OKHCICHUETO (aJIKOXOJIH,
QNJICXUIW, KETOHHM, KapOOKCHIIHM KHCEJIMHH U eCTepH). B  [IOMBJIHEHHE KbM
EeKCTICpUMEHTATHUTE  pe3yJaTaTH Osfxa TMPOBEACHH TNEPHOJUYHH KBAHTOBO-XUMUYHU
U34KCleHus O0a3upaHu TeopusaTa Ha (QyHKIMoHana Ha wrbTHOCTTA (TDII), 3a na ce u3sicHU
JIONBJIHUTENIHO Tpolleca Ha OKHCIEHHE Ha NaJMOBOTO Macjio B NPUCHCTBUETO Ha
HaHOKpucTamu oT 3eonuTa. TOIl wm3uucieHuwsita mokazaxa, 4e€ METATHHUTE KOMIUIEKCH
00pa3yBaHM C MEPOKCHUIU Ca TMO-CTAaOMIHM OT KOMILIEKCHTE Ha aJKeHH ChC CHINUTE HOHHU.
[lepokcuauTe ce ynaBAT B HAHOKPUCTAIUTE OT 3€0JUT X U Taka ce 3a0aBs MO-HATATHIIHOTO
UM OKHUCJIEHUE /0 OoOpa3yBaHE€ Ha KHUCEIMHU. 3a pa3jiuka OT €JHOBAJICHTHHUTE aJKallHU
kartnonu B HaHokpuctamure ot 3eomut X (K¥, Na' u Li*), Ca®* namanssa xucennsHOCTTa Ha

MacJIoTO Upe3 HeyTpalu3upaHe Ha KuceuTe kapOokcunaTtHu cheauHenus 10 COO (Ca2+)1/2.

11. “The structure and stability of reduced anddtead mononuclear platinum species on
nanostructured ceria from density functional maugli

Hristivan A. AleksandrovKonstantin M. Neyman, and Georgi N. Vayssilov

Physical Chemistry Chemical Physi2815, 17, 14551-14560.

We report our results for the structure and retastability of mononuclear platinum species
on a ceria nanoparticle €60,, depending on reduction or oxidation of the syst€he most
stable platinum species is’Pat small {100} facets, where the ion is coordimbie a square-
planar complex with four oxygen anions as ligarRistial reduction of the system does not
affect the state of platinum in this position batuses reduction of cerium ions. Atomic
platinum species in all other modeled positionstloa surface of the ceria nanoparticle are
found to be in the oxidation state 0. Based oncdleulated thermodynamic quantities we
analyzed the formation of a preferable type ofiplah species depending on the temperature
and Q pressure. Our thermodynamic model shows that th& stable species under standard
conditions is PtO, while at the partial pressur®gbelow 100 Pa the stoichiometric complex
Pt—Ce;0u, is formed. In both structures there i$'Rocated in a square-planar complex. The
characteristics of these two structures fit web #vailable EXAFS and XPS data. These
structures are energetically stable with respecsitdering, while the agglomeration to

platinum clusters is exothermic for the neutral mmurclear Pt species located at {111} facets.
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B nacrosmoro n3cneaBaHe JOKJIaBaXMe pe3yITaTd OTHOCHO CTPYKTypaTa U OTHOCHUTEIHATa
CcTaOUITHOCT HAa MOHOSJIPEHH IJIATHHOBU YACTHUIM BBbPXY HAHOYACTUIIA OT IIEpUEB JTHOKCH/
Ce1042 B ycoBusTa Ha peAyKIIHs WIH OKHCIIEHUE Ha cucTemara. Haii-ctabunnaTa matuHa-
ChIBpIKaIlAa YacTHIlA € P kaTHOHBT pasnosnoxen Bepxy mankara {100} dacera, kbaeTo
HOHBT ce KoopauHHpa mox (opmara Ha KBaJpaTHO-TUIAHAPEH KOMIUIEKC KBM YETHPH
KHCIIOPOJIHA aHHMOHA KaTro Juranau. YacTUyHata peayKiusi Ha CUCTeMaTa He BIUsE Ha
OKHUCJIUTETHO-PEYKIIMOHHOTO ChCTOSIHUE Ha TJIATWHATA B Ta3W aJCOpPOIMOHHA TO3HIIHS, HO
BOAM JI0 peAyKIMsI Ha LEpHUEeBH HOHU. YCTAaHOBUXME CBINO, Y€ MOHOSJIPEHH ILIATHHOBU
YaCTHUIIM BB BCUUKU OCTAHAIU MOJEIMpPAHU MO3UIMU HA MOBBPXHOCTTA HA HAaHOYACTHIIATA
OT IepHeB JHOKCUJ ca B OKHCIUTEITHO-peAyKIHoHHO chcrossHue 0. Ha Oaszara Ha
W3UYUCIICHUTE TePMOJMHAMUYHH BEJIMYMHU aHATU3upaxMe (GOpMUpAHETO Ha Hail-W3TOJHHUTE
IJIATUHA-CHABPIKAIN YaCTUIM B 3aBUCUMOCT OT TeMIlepaTrypara U MaprualHOTO HaJsraHe Ha
O2. Hamusit TepMoAMHaMUYeH MOJIEN 10Ka3a, 4e Hal-CTaOMIIHUTE YaCTHUIM NPH CTaHIAApTHU
ycrnoBust ca PtO, mokaro mpu maprumannoto Hanmsrane Ha O, mox 100 Pace obpasysa
crexuomerprieH Kommieke Pt—Ce104,. 1 B mBete cTpykrypu uMa P kaTroH, pasmomoxen
B KBaJIpaTHO-TUIAHAPEH KOMILJIEKC. XapaKTepUCTUKUTE Ha TE3H JIBE CTPYKTYpH ca B J0OpO
crotBeTcTBUE ¢ HamumyauTe EXAFS m XPS nmannm. Te3um cTpykTypm ca eHEpPreTHYHO
cTaOWITHU COPSIMO CHHTEpPOBaHEe, JOKATO arjioMepanusTa B IUIATUHOBUTE KIBCTEPU €
€K30TepMHUYCH MPOIeC 3a HEyTpalHUTe MOHOsApeHu Pt wactuim, pasmonoxenu Ha {111}

dacetwure.

12. “Effect of Si/Al Ratio and Rh Precursor Usedtba Synthesis of HY Zeolite-Supported
Rhodium Carbonyl Hydride Complexes”
Konstantin Khivantsev, Artem Vityuk, Hristiyan Aléksandroy Georgi N. Vayssilov, Oleg

S. Alexeev, and Michael D. Amiridis
The Journal of Physical Chemistry 2015, 119 (30) 17166-17181.

Rh(CO) complexes anchored on various dealuminated HYitesolvere used as precursors
for the surfacemediated synthesis of Rh(CO)($pecies. The carbonyl ligands of the initial
Rh(CO)} complexes react with gas-phaseHg to form Rh(CO)(GH,) species and
subsequently well-defined Rh(CO)Homplexes when the former are exposedtatHoom
temperature. Zeolite-supported Rbls), and Rh(NO) can also be used as precursors, but
both complexes must be converted into Rh(Ci®3t to allow the formation of Rh(CO)(kl)
species. The Rh(CO)(K¥pecies thus formed are characterized by a setlbidefinedvco
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and vgpy bands in their Fourier transfrom infrared specti®ensity fuctional theory
calculations provide strong evidence for the foromatof a family of Rh(CO)(H),
Rh(CO)(H}, and Rh(CO)(H) complexes, all of which are attachdferently to the zeolite
framework. The fraction of each individual compleatrmed varies significantly with the
Si/Al ratio of the zeolite and the nature of theqursor used and therefore has an effect on

the number and intensity of infrared bands obseexgerimentally.

Rh(CO) xowmrmiekcu, CBBp3BaHH KbM pa3ndad jgeanymunupanu HY 3eomutn Osxa
M3I0JI3BaHU KaTo mpekypcopu 3a cuHTe3ata Ha Rh(CO)(H) xommmexcu. KapGouumnute
nmuranau Ha HavanHuTe Rh(CO) kommutekcu pearmpat mbppBo ¢ CoHy ot rasosa dasa mo
oopazyBane Ha Rh(CO)(GH4) xommiekcu u BrocnenctBue ce obpasyBar Rh(CO)(H)
KOMILIEKCH, KOTaTo MbpBUTE B3aumojeiictBar ¢ Hy npu craitna temneparypa. Rh(GHy), u
Rh(NO), copbupanu B 3€0JIMT, CHIO MOTaT Ja Ce M3IOJ3BaT KaTo MPEKypcopH, HO U JBara
KOMITJIeKca TbpBO TpsioBa ja Obaar npesbpaatd B Rh(CO) komriekcH, 3a 1a € Bb3MOKHO
obpaszyBanero Ha Rh(CO)(H) xommuekcu. Taka o6pasyBanute Rh(CO)(H) xommuekcu ce
xapakTepusupar B texaute U criektpu ¢ Habop oT 100pe MepuHUPaHU Vco M VRhH MBHITH,
noiyueHu ¢ Dypue npeoOpasyBaHa WH(PpauepBeHa CHEKTPOCKONUs. KBaHTOBO-XMMUYHHUTE
U3YKCIIeHHs], OasMpaHd Ha TEOpUATa Ha (DYHKIMOHANA Ha IUIBTHOCTTA JaBaT yOeIUTETHH
JokazareicTBa 3a oOpasyBaneto Ha cmec ot Rh(CO)(H), Rh(CO)(H) u Rh(CO)(H)
KOMIUJIGKCH, KaTO BCHYKHM Ca CBBbpP3aHH 10 pa3lidiueH HAYMH KBbM 3€0JIMTHATA peIIeTKa.
KonnyecTBOTO Ha BCEKH OT/AEICH KOMILIEKC BapUpa 3HAYMTEIHO Che choTHOMIeHHeTo Si/Al B
3€0JIMTa U MPHUPOIaTa Ha U3MOI3BAHUS IPEKYPCOP U CIEI0BATEIHO OKa3Ba eeKT BHPXY Opost

W UHTCH3UTCTA Ha I/IH(I)pa‘lepBeHI/ITC HWBUIIH, Ha6J'IIO,[[aBaHI/I CKCIICPUMCHTAJIHO.

13. “Relative stability and reducibility of Ce@nd Rh/Ce@species on the surface and in the
cavities ofy-Al,Os: a periodic DFT study”
Iskra Z. Koleva, Hristiyan A. Aleksandrp@eorgi N. Vayssilov, Renata Duarte and Jeroen

A. van Bokhoven
Physical Chemistry Chemical Physi2815, 17, 22389-22401.

We report the structure and stability of ceria sirdeposited on the surface wAI,O3; or
incorporated in its cavities, as determined byqubd density functional calculations. Ceria
species are modeled as Ge® CeO, moieties or as a small nanoparticle,;0gs, on the
(100) and (001) surfaces ofyaAl .03 slab. Among the studied structures the incorponabif
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Cée" ions in cavities ofy-Al,Os is favored with respect to the ions on the surfaehy in
subsurface cavities of the (100) surface. The tatioms also suggested that formation of a
surface layer of ceria on the (100) alumina surfézepreferable compared to three-
dimensional moieties. The deposition of a smalliaceranoparticle on (100) and (001)
surfaces ofy-Al,O3; reduces the energy for oxygen vacancy formatiorarioessentially
spontaneous process on the (100) surface, whichbeahe reason for the experimentally
detected large fraction of &eions in the Ce@y-Al,O; systems. The deposition of a single
rhodium atom or RhO unit in some of the structusgth a CeQ unit and Cg0, showed
that spontaneous electron transfer from rhodiuntddum ion occurs, which results in
reduction of C& to Cé" and the oxidation of rhodium. Only in the presenteleposited

rhodium atoms, the incorporated cerium ions caretaced to CE.

B HactosmmoTro wu3cieqBaHe MpeICTaBUXME CTPYKTypara W CTaOMJIHOCTTA Ha YACTUIH OT
[ICpPUEB JUOKCH]], HAHECEHH BBPXY MOBBbpXHOCTTa Ha y-Al,O3 WK BKIIOUYCHH B HEHHUTE
KyXUHH, OIpEeJeIeHd dYpe3 IMEePUOJUYHH KBAHTOBO-XMMUYHH H3YUCIICHHS, Oa3upaHd Ha
TeopusATa Ha (PyHKIMOHANA HA TUIBTHOCTTA. YacTHIIMTE OT IEPUEB THOKCH] Ca MOJCIHPAHU
karo CeQ mwmn Ce0, KirbcTepr WM KaTo Maiika HaHodactuia, Ce 30y, oTmokern Ha (100)
1 (001) moBspxHOCTH Ha Y-Al,O3. Cpel W3CIeIBaHHTE CTPYKTYPH BKIO4YBaHeto Ha CE'F
fionn B kyxuHHTe Ha Y-Al,03 € U3roHo crpsAMo ajcopOnusaTa Ha HOHUTE HA TIOBBPXHOCTTA
caMo B TOANMOBHPXHOCTHUTE KyxXuHHM Ha moBbpxHOCTTa (100). KBaHTOBO-XUMHUYHHTE HH
U3YHCIICHUSTA ChINO Taka I0Ka3axa, 4e 00pa3yBaHETO Ha MOBBPXHOCTEH CJOH OT IIlepHeB
quokens Bpxy (100) moBbpxHocT OT AlyO3 € eHepreTWdYHO IO-M3rOJHO B CPaBHEHHE C
obpa3zyBaHeTo Ha Tpuu3MepHH dacTuim oT CeQ. OtiaraHeTo Ha Majka HAHOYACTHIIA OT
nepueB quokcus Bepxy (100) m (001) moBwpxHOCTH Ha Y-Al,O3 HamansBa eHeprusra 3a
oOpa3yBaHe Ha KHUCIOPOJHA BaKAHIUS JI0 HAIPAKTHKA CIIOHTAHEH IpOIeC Ha MOBBPXHOCTTA
(100), xoeTo MOXKe Ja € MpUYMHATA 3a €KCIIEPUMEHTAIHO HabOJoaBaHaTa rojisma Qppakius
or C€" jtorn B cucremure CeQy/y-Al,Os. [Ipu oTaraHeTo Ha eIMHAYCH POIHUEB ATOM MK
RhO uvactuna B Hsixou ot ctpykrypute ¢ dactuiia CeQ u Ce 3026 HaHOUACTHIIA CE TIOTYUH
CIIOHTAHEH EJICKTPOHEH TpaHC(ep OT POAUs KbM IEPHEB HOH, KOSTO JOBE/E J0 PEAYKIIHS Ha
Cée"" itona no C€" u oxucnenue Ha poausi. CaMoO B IPUCHCTBUETO HA aJICOPOUpPAHU POIUEBU

aToMH, BKJTIOYeHHTe B 00eMa Ha y-Al 03 riepreBr ifoHn MoraT 1a 651aT peaynupans 10 Ce.
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14. “Experimental and theoretical study of quercetmplexes formed on pure silica and Zn-
modified mesoporous MCM-41 and SBA-16 materials”

Margarita Popova, Ivalina Trendafilova, Agnes Sziegéudith Mihaly, Peter Nemeth, Sylvia
G. Marinova, Hristiyan A. AleksandroGeorgi N. Vayssilov

Microporous and Mesoporous Materia2016, 228 256-265.

SBA-16 and MCM-41 silica materials were synthesizsdl modified by post-synthesis
method with different amounts of Zn (2 and 4 wt.@Quercetin, a flavonol compound, was
loaded by incipient wetness impregnation methodtlo® pure silica and Zn-modified
mesoporous MCM-41 and SBA-16 supports. The panedtdaug loaded formulations were
characterized by powder XRDhysisorption, thermal analysis, TEM, UV Vis ant-IR
spectroscopies. The formation of Zn:quercetin cexplas studied by FT-IR spectroscopy
and quantum-chemical calculations. Loading of qgeancon mesoporous carriers made the
sustained delivery of the bioactive compound pdesib a buffer with pH = 5.5, typical of
dermal formulations. The results from the releaggeaments are in good accordance with
the interaction energy between the bioactive mdéeend non-modified and Zn-modified
mesoporous materials, predicted by the quantum-ida¢malculations. For the first time the
formation of the most stable Zn quercetin compleleesded on the mesoporous silica
materials were determined. The obtained mesopodelisery systems with Zn-quercetin

complex are promising as dermal formulations.

SBA-16u MCM-41 marepuanu OT CHIMIUEB TUOKCU OsIXa CHHTE3UpPaHU M MOJU(PHUIIMPAHU
Yype3 MOCT-CHHTETUYEH METOJ ¢ pa3imyHu KoimwmdectBa ZN (2 m 4% rern.). Ksepuerun,
(TaBOHOJIOBO CheTMHEHUE, Oelle HaTOBAPEH Ype3 UMITPETHHPAHE B CHJIMIIAEBOIMNOKCHTHITE
u  Zn-momudurmpanute Mesomnopectn Hocutemun MCM-41 m SBA-16. Usxomaute un
HATOBApPEHUTE C JIEKAPCTBEHO 00pasnu Osxa oXapaKTepU3UpaHH C MPaXOB PEHTTEHOB (a3oB
anamu3 (XRD), pusucopOius Ha N, Tepmuuen ananmus, TEM, UV Visu Y ciekTpockonui.
OO6pa3yBaneTo Ha KOMIUIEKC ZNKBepueTwH € wu3ciaeaBaHo upe3 MY cmekTpockomust u
KBaHTOBO-XUMUYHM H34McleHUs. HaToBapBaHETO Ha KBEpLETHH B ME30MOPECTH HOCUTENN
MPaBH BB3MOXKHO MPOIBIDKATETHOTO IOCTAaBsSHE HA OMOAKTUBHOTO chenuHeHue B Oydep ¢ pH
= 5.5, TMnuuYHO 3a JepMalHUTE JieKapcTBa. PesyiaratuTe OT eKCIEpHUMEHTHTE 3a
0CBOOOYKJaBaHE ca B ChOTBETCTBHUE C €HEPIUUTE HA B3aUMOJCHCTBHE MEXy OMOAaKTHBHATA
MolleKyla W Hemoaudumupanute u ZN-MOAU(UIIUPAHUTE ME30MOPECTH MaTepHally,

Ipe/icKa3aHu uype3 KBaHTOBO-XMMHUYHUTE U3UHUCICHHS. 3a MbPBU MbT Os1Xa ONpesesieH! Haii-
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CTAa0MIHHUTE KOMILIEKCH Zn'KBepI_[eTI/IH, HaTOBAap€HU B MC3O0IIOPUCTUTEC CHIIMIIUCBU
Marepualiu. HonyquHTe MEC30IIOPECTHU CUCTCMU 3a JJOCTABAHEC Ha JICKAPECTBA C KOMIIJICKC Zn-

KBEPIECTHUH Ca oOeIaBaly KaTo JACpMaliHu JICKapCTBa.

15. “Can the state of platinum species be unambigiyaletermined by the stretching
frequency of an adsorbed CO probe molecule?”
Hristivan A. AleksandrovKonstantin M. Neyman, Konstantin |. HadjiivanawaGeorgi N.

Vayssilov
Physical Chemistry Chemical Physi2816, 18, 22108-22121.

The paper addresses possible ambiguities in tlerdigtation of the state of platinum species
by the stretching frequency of a CO probe, which @mmon technique for characterization
of platinum-containing catalytic systems. We présgrcomprehensive comparison of the
available experimental data with our theoreticaldelmg (density functional) results of
pertinent systems — platinum surfaces, nanopastialed clusters as well as reduced or
oxidized platinum moieties on a ceria support. @sults for CO adsorbed on-top on metallic
Pt0, with C—O vibrational frequencies in the regfi18—2077 cit, suggest that a decrease
of the coordination number of the platinum atomwtach CO is bound, by one lowers the
CO frequency by about 7 ¢h This trend corroborates the Kappers—van der Magslation
derived from the analysis of the experimental shielgy frequency of CO adsorbed on
platinum-containing samples on different suppdife also analyzed the effect of the charge
of platinum species on the CO frequency. Basedhercéalculated vibrational frequencies of
CO in various model systems, we concluded thattheal state of the platinum species may
be mistaken based only on the measured value ofC#@ vibrational frequency due to
overlapping regions of frequencies correspondinglifterent types of species. In order to
identify the actual state of platinum species oag to combine this powerful technique with
other approaches.

B HacrosimaTa cTaTths cM TOCTaBHXME 3a IeJT M3SICHSIBAHETO HA CHCTOSHHETO Ha IJIaTHHA-
chabprkany dactuiy ype3 C-O Bubpanmonnara yectora Ha CO, U3no3BaHa KaTo MOJIEKyJia-
COHJIa, KOETO € YeCTO M3I0JI3BaHa TEXHMKA 3a OXapaKTepH3UpaHEe Ha IJIaTHHA-ChIbPIKalld
KaTaTuTH4HU  cucteMu. [IpeacraBuxme  [SJIOCTHO — CpaBHEHWE  HA  HAJUYHHTE
eKCIIepUMEHTAJIHY JIaHHU C T€3U OT HAIIeTO TEOPETHYHO Mojeupane (ba3upaHo Ha TeOpHUsITa

Ha CI)YHKI_[I/IOHEU'I& Ha l'IJ'I"bTHOCTTa) Ha noaxoadamu CHCTEMHU - IUIATUHOBU ITOBBPXHOCTH,
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HAHOYACTUIIM W KIBCTEPH, KAKTO M pPEIYIUPaHW WM OKUCICHH IIATHHOBH YaCTHUIIH
OTJIOKEHU BBPXY HOCHTEN OT LepreB auokcui. Hammure pesdyntaru 3a aacopoupan CO kM
emnn meranen PC arom, ¢ C—O BuGparmonnn wectorn B permona 2018-2077 cnf,
MoKa3Baxa, 4e HaMaJIIBaHETO Ha KOOPIMHAIMOHHOTO YUCIIO HA IJIATHHOBHS aTOM, KBM KOWTO
CO e cBbp3aH, C eMHUIA BOAM JI0 MTOHMWXKeHUE Ha yectotata Ha CO ¢ okomo 7 cm®. Tasu
TeHJICHIIMSI € B CHOTBETCTBHE C Kopenamusra Ha Kappers — van der MaaspaydeHa mpu
aHaJlM3a Ha eKcrepuMeHTanHu u3cneaBanus Ha C-O BHOpaIMOHHUTE YECTOTH, MMOTYYeHU MIPU
ancop6rus Ha CO BBpXY IUTAaTHHA-CHIBPKAIIKA 00pa3iy, OTJIIOKEHN Ha Pa3IndHU HOCHTEIIH.
Ananm3upaxme ¥ edekTa Ha 3apsja Ha IUIATHHOBHTE YacTuid BHpxy CO BuOparmoHHaTa
yecrorata. Ha 6a3ata Ha uzuucnenute C-O BUOpAllMOHHU YECTOTH B M3CIEIBaHUTE OT HAC
pa3IMYHA MOJIEIHA CHUCTEMH, CTHUTHAaXMe J0 3aKIIOYeHHeTO, Y€ THUIIbT Ha IUIaTHHA-
CBhIbpXKAIMUTE YaCTUIIM MOXe Ja OBJe OmpeleNeH IOTPEITHO, B3eMalKH IPeIBU]T
eIMHCTBeHO wm3MepeHaTa croiHocT Ha C—O BUOpammoHHaTa dYecToTa, ThH KaTo HuMa
MIPUIIOKPUBAIIH Ce 00JIACTH OT YECTOTH, CHOTBETCTBAINM HA pa3IMdHu TUNOBEe Ptchabpxammu
YacTUIU. 3a Ja ce HJISHTU(UIMpa €IHO3HAYHO CHCTOSHUETO Ha IUIaTHHA-ChIBbPXKAIIUTE
YaCTHUITH, pe3yJITaTUTE OT Ta3W BakHA EKCIIEPIMEHTAIHA TEXHHUKA TPsIOBa j1a ce KOMOMHUPAT C

pe3yJsiTaTUTe OT APYTH MOIXOTH.

16. “Stabilization of Small Platinum Nanoparticlas Pt-CeQ Thin Film Electrocatalysts
During Methanol Oxidation”

Olaf Brummel, Fabian Waidhas, Firas Faisal, RomataFMykhailo Vorokhta, lvan
Khalakhan, Martin Dubau, Alberto Figueroba, Gabow#cs, Hristiyan A. Aleksandrov

Georgi N. Vayssilov, Sergey M. Kozlov, Konstantin Neyman, Vladimir Matolin, and Joérg
Libuda
The Journal of Physical Chemistry 2016, 120(35), 19723-19736. Pt-doped G&Bin film

electrocatalysts have recently been shown to exhigh activity and stability at the anode of

proton exchange membrane fuel cells (PEM-FC). EBatifly the role of the Pt dopant and the

origin of the high stability of Pt—-CeOfilms, we applied electrochemical in situ IR

spectroscopy on Pt—-CgQmodel thin film catalysts during methanol (1 M imatol)

oxidation. The model catalysts were prepared bynagign cosputtering of Pt (9-21 atom %)

and CeQ onto clean and carbon-coated Au supports. All sesnpvere characterized by

scanning electron microscopy (SEM), energy-disper¥{-ray spectroscopy (EDX), and X-
ray photoelectron spectroscopy (XPS) before aret affaction. At pH 1 (0.1 M HCI) the

Pt-CeQ dissolves patrtially during potential cycling, whas the films are largely stable at
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pH 6 (0.1 M phosphate buffer). Electrochemical fetroscopy of the adsorbed CO shows
that metallic Pt is formed on all Pt—-Cg8amples during methanol oxidation. In comparison
to Pt(111), Pt aggregates on Pt—-Gesow a CO on-top signal, which is red shifted by a
least 25 crit and suppression of the bridging CO signals. Wisetba Pt particles on

Pt—CeQ films with high Pt concentration (>20 atom %) urgierapid sintering during the

potential cycling, small metallic Pt aggregates steble under the same conditions on films
with low Pt concentration (<15 atom % Pt). By meafslensity functional theory (DFT)

calculations we analyzed the spectral shifts obduksd CO as a function of nanoparticle size
both on free and ceria-supported Pt particles. Goispn with the experiment suggests the
formation of “subnano”-particles, i.e., particleglwup to 30 atoms (<1 nm particle diameter),
which do not expose regular (111) facet sites.uffigently low Pt loading, these subnano-Pt
particles are efficiently stabilized by the interao with the ceria support under conditions of

the dynamically changing electrode potential.

B mackopo myOnmkyBaHu pe3ynaTtaru Oeme mokaszano, ue Ptmotupanu CeQ TeHKH QuiMH,
M3IIOJI3BaHU KATO €JIeKTPOKATAIH3aTOPH MPOSBSIBAT BUCOKA aKTUBHOCT M CTAOMITHOCT B aHOZA
Ha TOPUBHHUTE KJICTKH C IIPOTOHHO-0OMeHeHa MemOpana (PEM-FC).3a na usscaum possrta Ha
Pt u mpuumnara 3a Bucokara cTabWIHOCT Ha ThHKHTEe Quimu or Pt-CeQ, uznomsBaxme
enexTpoxuMuyHa in Situ MUY cnextpockonuss Ha ThHKM ¢Guimu oT moxennu Pt-CeQ
KaTaJM3aTopd IO BpeMe Ha OKucieHnero Ha MertaHod (1 M wmeranon). MonenHute
KaTajn3atopu Osxa MPUTOTBEHH Ype3 MarHEeTPOHHO pasmpariBane Ha Pt (9-21laromun %) u
CeQ BBpXy 4YMCTH U TOKpUTH ¢ BbINepoad AU Hocutenu. Beuuku obpasmu Osixa
OXapakTepU3UpaHU TPEeAd M CleJ peakiusTa 4pe3 CKaHupala eJIeKTpOHHAa MHUKPOCKOIHS
(SEM), enepruitHo-mucnepcronsa pentreHoBa crektpockornus (EDX) wu  penrtrenosa
¢doroenekrporna cuekrpockomnus (XPS).Ilpu pH 1 (0.1 M HCIO,) Pt-CeQ ce pastBaps
YaCTUYHO IO BpeME Ha MOTEHIUATHUS LUKBJI, JOKATo (UIMUTE ca /0 ToJsIMa CTeleH
crabunau ipu pH 6 (0.1M docdaren Oydep). Enexrpoxumuunara MY ciiekrpockonus Ha
ancopoupanust CO mokasa, e ce oopa3yBa metanHa PtBepxy Bcnuku Pt-CeQ o6pasiu mo
BpeMe Ha OKHCJIEHHeTO Ha meraHoi. B cpaBaenme ¢ Pt(111), Ptarperatu na Pt-CeQ ce
xapakrepusupar ¢ C-Ouswniia, choTBeTCTBaIIa Ha KoopauHarus Ha CO kpM equH PtiieHTsp,
KOSITO € YepBEHO OTMECTeHa ¢ IToHe 25 CNi' 1 HaMaJIsBaHe HA MBHIATA 33 MOCTOBO CBHP3BAHH
CO monexymu. Ptuactumu B Pt-CeQ ¢unmvute ¢ Bucoka konnentpaius Ha Pt (> 20aromuan
%) nperhpusiBaT OBP30 CHHTEPOBAHE MO BpPeMe Ha MOTCHIMATHUS UK, JIOKATO MAJKHTE

MetamHu Pt arperatm ca craOWiaHM TpU CHIIHTE YCIOBHS BBPXYy (QWIMH C HHCKa
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koHmenTpanus Ha Pt (< 15aromun % Pt).Upe3 KBaHTOBO-XMMHUYHM H3YHCICHUS, Oa3upaHu
Ha TeopusiTa Ha (yHKIMOHANAa Ha IUTBTHOCTTA, aHaJIM3MpaxMe 3aBUCHMOCTTa Ha
CIIEKTpaJIHUTE OTMeCTBaHUs Ha afcopoupanust CO oT pazMepa Ha HAHOYACTHIIUTE, KAKTO MPU
W30JIMpaHy, Taka U MpH OTJIOKEHU BHPXY LiepueB auokcu] Ptuactumm. [Ipu cpaBHeHueTO €
eKCIIEpUMEHTAITHUTE pe3yiTaTu Oelle HamnpaBeH H3BOJA, Y€ Hal-BEpOsSITHO ce o0paszyBar
"cyOHaHO"-yactuiy, T.e. yactui| ¢ 10 30 atoma (muamerhp Ha yacTunute <1 NM), KouTto
HaMarT 700pe wm3pazenn (111) c¢acetm Ha moBBpXHOCTTA. llpm JocTaTPYHO HHUCKA
KoHIeTpanuu Ha Pt Te3m cyOHaHo-Plt wactunm ce crabwim3upar mpu YCJIOBHSTA Ha
JTUHAMUYHO TIPOMEHSI C€ €JIEKTPOJIEH IMOTEHIMal 4Ype3 B3auMOJECUCTBUETO C HOCHUTEIS

(epueBUs TUOKCH).

17. “Decomposition behavior of platinum clusterpmarted on ceria angalumina in the
presence of carbon monoxide”

Iskra Z. Koleva, Hristiyan A. Aleksandrand Georgi N. Vayssilov

Catalysis Science & Technolq@017, 7, 734-742.

Since the catalytic behavior of supported platingpecies strongly depends on their
nuclearity under the reaction conditions, in thisdg we addressed the stability of platinum
species in the presence of CO. We applied densitgtional modeling to clarify the effect of
the CO coverage on the structure and stability moélk platinum clusters deposited on
Ce((111) andy-Al,03(001) surfaces and on a ceria nanopatrticle. Thmlisgavas evaluated
with respect to decomposition of the clusters toF®(CO) and/or Pf(CO), species. The
results suggest that decomposition of pristinemiat clusters to Patoms is endothermic on
all considered supports. On the other hand, thendton of PY{CO) monocarbonyls is
essentially energy-neutral when the platinum cludeposited on the ceria nanoparticle or
ceria (111) surface is fully covered by CO molesulEormation of Bt{(CO), species can
occur only when the support is a small ceria nartab& which ensures low-coordinated O
centers and easily reducible Céons. On they-Al,05(001) surface, the platinum cluster
remains stable with respect to decomposition evhanwit is fully covered by CO but the
interaction of the cluster with the alumina surféeetrongly weakened. Thus, based on the
results, one may suppose that under CO pressutsynta clusters behave differently
depending on the support — decomposition to neatcadocarbonyls on the ceria surface and
to cationic complexes on the ceria nanoparticleijleMbn alumina the carbonylated cluster

remains intact but is almost detached from theaserf
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Toii KaTo KaTATUTUYHOTO TOBEIECHUE Ha OTJIOKEHUTE BBHPXY HOCUTEN IJIATHHOBU YaCTHUIU
CHJTHO 3aBHCH OT TEXHHUS pa3Mep B yCIOBHSATA Ha KOHKpETHATa peakilusi, B TOBa M3CJIeJIBAHE
pasriegaxMe cTabmiIHOCTTa Ha pa3audyan Ptyactunm B nmpuckctBruero Ha CO. M3non3Baxme
KBaHTOBO-XUMHUYHU M3UUCIICHNs, Oa3upaHn Ha TeopusTa Ha (PyHKI[MOHANA HA TUIPTHOCTTA 32
Ja u3siciuM edpexta Ha KoHIeTparusata Ha CO BbpXy CTPYKTypaTa U CTAOMIIHOCTTA Ha MAJIKH
IUTATHHOBHU KIIBCTEPH, HAaHECEHU BbhpXY MoBbpxHOCTH Ha CeQy(111)u y-A1,03(001), kakTo u
BBpPXY HAaHOYACTHIIA OT mepueB nuokcua. CtaOuiaHOCTTa Oerne OIeHeHa MO OTHOINCHHWE Ha
pasnarasero Ha Kibcrepure go Pt, PY(CO) wwm P (CO), wactumm. Pesynrarure Hu
IoKa3axa, ue pasaraHeTo Ha YHCTHTE IUIAaTHHOBH Kiberep 1o PL atomu e emmorepmmuen
Tpolec BHPXY BCHUKH pasriefaHd Hocutenn. OT apyra crpaHa, oopasysanero Ha PE(CO)
MOHOKapOOHMJI € HalpaKTHKa E€HEePreTHYHO HEYTPaHO, KOTaTo IIATHHOBHST KIBCTEP,
HaHeceH BbpXy HaHovacTuia wiK (111)MOBBPXHOCT OT IEpUEB TUOKCH]I € HAIIBIIHO TIOKPHUT C
CO wmonexymu. PEY(CO), koMmiekcn Morat ga ce oGpasyBaT caMo, KOraTo HOCHTETST e
MajKa HaHOYacTHIAa OT IEpUEB AHOKCHJ, KOSITO OCUTYpsiBa HHUCKO Koopaunupanu O
HeHTpoBe M JecHO pexyuupyemu C€' iiomn. Ha mnosspxmocrra Ha y-Al,03(001)
TUTATHHOBHUSAT KIIBCTEP OCTaBa CTAOWMJICH CIPSMO pasJiarane, JOPH KOTaTo € HAI'bJIHO TOKPUT
ot CO, HO B3aUMO/ICCTBUETO Ha KIbCTEpa C MOBBPXHOCTTA HA ATYMUHHUEBHUS OKCHUJ € CHUITHO
orcinabeno. Ilo To3m HaumH, Ha Oa3aTa Ha TMOJyuYeHHUTE pe3ylNTaTUTe, MOXe Ja ce
npenoioxu, 4e npu Hammurero Ha CO B ra3opara ¢asa, IIIATHHOBUTE KIBCTEPH IIe UMAT
pa3IMYHO TIOBEJICHHE B 3aBHCHMOCT OT HOCHUTEJIS - pa3jiarane J10 HeyTpaTHi MOHOKapOOHWITH
Ha TIOBBPXHOCTTA OT IIEPUEBUS JUOKCHI M 10 KATHOHHU KOMIUIEKCH BbPXY HAHOYACTHUIIUTE OT
[[EPUEB JUOKCHU]], JOKATO BHPXY ATyMHHHEBHS OKCHUI KapOOHIIHUAT KIILCTEp OCTaBa IIsUI, HO

€ IIOYTHU OTKBCHAT OT ITIOBBPXHOCTTA.

18. “Synthesis, Modeling, and Catalytic ProperaéslY Zeolite-Supported Rhodium
Dinitrosyl Complexes”

Konstantin Khivantsev, Artem Vityuk, Hristiyan Aléksandroy Georgi N. Vayssilov,

Douglas Blom, Oleg S. Alexeev, and Michael D. Andiisi
ACS Catalysis2017, 7, 5965-5982.

HY zeolite-supported Rh(C@xomplexes were used as precursors for the suni@ckated
synthesis of Rh(NQ) species. The results of FTIR, EXAFS, and mass tspeetry

measurements, as well as DFT calculations, shotthieareplacement of the CO ligands in
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the Rh(CO) complexes by NO is a facile substitution processcivis not affected by the
Si/Al ratio of the zeolite support used. The Rh(Bl@)mplexes thus formed are site-isolated
14-electron species with a Rh—N bond distance ®f &, a N-Rh-N angle of ~104°, and NO
ligands significantly deviating from a linear capiration (Rh—N-O angle ~148°). These
species exhibit a characteristic set of well-defingo bands at 1855 and 1779 ¢nin their
FTIR spectra and have an additional empty d orlatathe rhodium center allowing for
coordination of a third electron-donating ligandhefefore, the Rh(NQ)species react with
C,H4 to form 16-electron Rh(NQ(C,H,4) species which are stable in the presence of gas-
phase GH, and can be further converted into Rh(NG)Hs) complexes by addition of H
The Rh(NO)/HY30 material catalyzed both,8, hydrogenation and dimerization reactions
at room temperature with TOFs of 0.01 and 6.7 ¥ 40 at steady state, respectively. During
these processes, the Rh sites remain monodispeksethverse kinetic isotope effect was
observed for both reactions, thus underlining ihelarities of the catalytic properties of the
supported Rh(NQ)species examined and molecular organometallicdRiiptexes in solution.
This is a notable example demonstrating that Ritrdsyl complexes anchored on a solid

support can catalyze hydrocarbon reactions.

Rh(CO) xommiekcu copoupanu B HY 3eonurt, 0siXa HW3MOJI3BAHM KaTo MPEKYpPCOpH 3a
cuare3a Ha RN(NO) kommnekcu. Pesynratute ot FTIR, EXAFS, u mMaccnekrpoMeTpuyHn
n3MmepBanus, kakto U DFT wm3umcnenus, mokassat, ye 3amectBaneTo Ha CO nuranaurte B
Rh(CO)» xommiekcu ¢ NO ¢ seceH mpormec Ha 3aMecTBaHe, KOMTO HE Ce BIHSC OT
cpoTHoIeHneTo Si/Al B usnonsBanus 3eosmt. Taka oopasyBanute Rh(NO) xommiekcu ca
14-enexTpoHHH, ¢ IbkuHA Ha Bpb3kuTe Rh-N ot 1.77 A, N-Rh-Nsrex or ~104°u NO
JIMTAH/IA, 3HAYMTEHO OTKJIOHsBalM ce oT jmHelHa koHpurypamus (Rh—N-O sreast e
~148°).Te3n KOMILIEKCH Ce XapaKTepU3upar ¢ Habop oT a00pe JAehUHUPAHH Vo UBHIH TIPU
1855 u 1779 cm® B FTIR CHEKTPUTE CHU M HMMAT JONBJIHUTENIHA IIpa3Ha opOuTala Ipu
pOAMEBUS IIEHTHP, MO3BOJISBAIA KOOPAWHAIIMS Ha TPETH €JIEKTPOHOJOHOpEH Jmrana. Eto
3amo, Rh(NO)} xommuekcure pearupar ¢ CoHs karo oOpasyBar 16-cimeKTpoHHH
Rh(NO)(C,H4) xommiekcn, KouTo ca ctabuianu B mpuchcTBreto Ha CoHy B razoBara daza u
moratr jga Obmatr mpeBbpHatH B Rh(NO)(C,Hs) kommiekcum mnpu mo6aBsHe Ha Ho.
Rh(NO)L/HY30 karanu3upa, kakTo peakiusita Ha xujaporenupane Ha CyHy Taka u Ha
JMMepH3aIis Ipu craifa Temmeparypa ¢ TOFscroterro 0.01u 6.7%10° ™. TTo Bpeme Ha
te3u mporecu Rh nertpoBe ocraBar monoaucnepcHu. HabmromaBa ce oOpaTeH KHHETHUYCH

HU30TOIICH e(i)eKT n 3a ABCETC pCaKIWH, KOCTO IToadCpTaBa HNPUIHUKHUTE B KaTaAIUTUYHUTC
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cBoiictBa Ha m3cienBanute Rh(NO) xomiiekcn copOupaHu B 3€0JIUTH M MOJICKYTHHTE
opranometanau Rh kommiekcu B pastBop. ToBa e 3abesexxurtesieH MpuMep, MOKa3Balll, de
JTHHATPO3HIHATE KOMIUTeKcH Ha Rh, HaHeceHH BHPXY TBBP/ HOCUTEN, MOTAT JIa KaTaau3hpar

TpaHcpOopManuy Ha BBIIIEBOJIOPOIH.

19. “Approaching complexity of alkyl hydrogenation Pd via density-functional modelling”
Hristiyan A. AleksandroyvSergey M. Kozlov, Georgi N. Vayssilov and Konstia.

Neyman
Physical Chemistry Chemical Physi2817, 19, 21514- 21521.

Pd is widely used to catalyse hydrogenation and/dielgenation reactions. One of them is
the hydrogenation of ethylene, which includes tlamgtformation of ethyl species to ethane.
Herein, by means of density-functional calculatioms address several still insufficiently
understood factors affecting the latter procesgdrticular, we shed light on the following

aspects of hydrogenation of alkyls on Pd: (i) thechanistic details of how subsurface H
accelerates the reaction on a (111) surface;h@)rble of nanoparticle edges; and (iii) the
influence of a common spectator ethylidyrC—CH;. These factors are identified as
significant for the height of the ethyl hydrogepatibarrier on Pd. Moreover, we show that
butyl hydrogenation on Pd is also governed by \&@milar interactions, which suggests a
broader applicability of our conclusions. This stukighlights the complexity of alkyl

hydrogenation and analyses the factors that nebé taken into account for a more realistic

description of the hydrogenation processes on rsetéhces.

Pd ce wu3monsBa IMPOKO KaTo KaTaluW3aTop B pEaKIMUTe Ha XHUJIPOTCHHpPAHE |
JexuaporeHupane. EnHa OT Te3W peakiMy € XHIPOTCHUPAHETO Ha eTUJICH, KOETO BKIIIOYBA
XHAAPOTeHUPAHETO Ha €THJ JI0 €TaH. B HACTOSIIETO M3C/ie/BaHE C MOMOIITA HAa KBAaHTOBO-
XAMHYHU M3YUCIICHHs, Oa3upaHu Ha TeopHsTa Ha (GYHKIIMOHANA HA ITBTHOCTTA U3CIIeIBAXME
HSIKOJIKO BCE OIe HEJOCTAThYHO M3YYEHH (PaKTOpa, KOUTO BIMSAT HA CIIOMEHATHS TO-TOpe
nporiec. [To-crenuanno, U3sSCHUXME CJICHUTE acleKTH Ha XHUIPOTCHHPAHETO Ha aKHJIOBH
yactui BepXy Pd: (i) moapobHOCTH 3a TOBa Kak MOAMOBBPXHOCTHUS H ycKopsiBa peaknusra,
nporuyama Bepxy Pd(111)mospxHocT; (ii) ponsta Ha pbrOoBeTe Mexay IBe (aceTh Ha
HaHouactuiure; U (i) BIMSHUETO HA HATMYHETO HA CTPAHMYHHU 33 PEaKIMsITa YACTUIIA KATO
etmumuH, =C—CHs. berre mokasano, 4e Te3u GpakTopy ca 3HAYMMH 3a IMPOMSIHAaTa Ha Oapuepa

Ha XujporeHupane Ha et BbpXy Pd. Herio mosede, mokaszaxme, ue XHUAPOTCHUPAHETO HA
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Oyt BbpXy PdchIno ce Bive OT MHOTO CXOJHH B3aMMOJICHCTBHSI, KOSTO IpeJoiara mo-
IIUpPOKa MNPUJIOKMUMOCT Ha HampaBEHUTE OT HAc HW3BOAM. 10Ba HM3CIE[BaHE MOAYEpTaBa
KOMIIJIEKCHOCTTA Ha XUJPOTEHUPAHETO Ha alKWI M aHamu3upa (GakTopuTe, KOUTO TPpsAOBa Ja
ObJaT B3eTH MPEBUJ 32 MO-PEATUCTUYHO OIMCAHNE HA MPOIIECUTE HA XUAPOTEHUPAHE BHPXY

MCTAJIHU IIOBBPXHOCTH.

20. “One-pot synthesis of silanol-free nanosized kHolite”
Julien Grand, Siddulu Naidu Talapaneni, Aurélie e¥ite, Christian Fernandez, Eddy Dib,
Hristivan A. Aleksandroy Georgi N. Vayssilov, Richard Retoux, Philippe Bay, Jean-

Pierre Gilson, Valentin Valtchev, and Svetlana Mua
Nature Materials2017, 16, 1010-1015.

The synthesis of nanostructured zeolites enabledifitation of catalytically relevant
properties such as effective surface area andstffupath length. Nanostructured zeolites
may be synthesized either in alkaline media, andcsntain significant numbers of
hydrophilic silanol groups, or in expensive andnhfat fluoride-containing media. Here,we
report and characterize, using a combination okesrpental and theoretical techniques, the
one-pot synthesis of silanol-free nanosized MFEtygeolites by introducing atomically
dispersed tungsten; this prevents silanol groupurence by forming flexible W—-O-Si
bridges. These W—O-Si bonds are more stable tha®@-Sii in the all-silica MFI zeolite.
Tungsten incorporation in nanosized MFI crystalsoamodifies other properties such as
structural features, hydrophobicity and Lewis agidi he effect of these is illustrated on the
catalytic epoxidation of styrene and separatiofc@ and NQ. Silanol-free nanosized W-

MFI zeolites open new perspectives for catalytid s@paration applications.

CuHTe3aTra Ha HAHOpPA3MEPHU 3€OJUTH MO3BOJISIBA MOIU(UIIMPAHEe Ha CBOWCTBA CBBP3aHU C
KaTaTUTHYHOTO MM TPUIOKEHUE, Karo e(eKTHBHA IUIOII MOBBPXHOCTTA W JIBDKMHA Ha
JTUQY3MOHHHSI BT HA COPOMPAHU MOJIEKYJH. 3€OMUTHTE ¢ HAaHOpa3MepHa CTPYKTypa MoraT
JMa ObJaT CHHTE3WpAaHW WM B ajlKallHa Ccpella, W Taka Ja ChIbp)KaT 3HAYMTEIeH Opoit
XUAPOOUITHA CWJIAHOIHHU TPYIH, WM BBB (QIIyOpPHI-ChIBpXKAINA cpena, KOETO IIpaBh
CHHTEe3aTa CKbIIa M Bpe/lHa 3a OKOJHATa cpefa. B HacTOSAIOTO u3cienBaHe, W3MOJI3BAMKH
KOMOWHAIMsI OT  eKCIEPUMEHTATHH ¢  TEOPEeTUYHH TEeXHUKU  JOKJIaJgBaxme U
oXapakTepu3upaxMe €IHOCTaJuiiHa CHHTe3a Ha HaHopa3MepHH 3eoiuTu Tun MF| upe3

BHACSIHETO Ha aTOMHO JUCIeprupad BoyipaM B peakIMOHHATA CMEC; TOBa IMPEIOTBpaTsIBa
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osiBaTa Ha CHJIAHOJIHU TPYIH upe3 oOpaszyBane Ha rbBkaBu W—O—-Simoctose. Tesn W—O—-Si
BpB3KH ca mo-ctabmiHu oT Si—O—SiBpb3kuTe B 3eonmuTuTe HM3rpajgeHu u3isuio ot SiOp.
BxurouBanero Ha Bosippam B HaHopa3zMepHUTe Kpuctanu Ha MFI Monudumupa cbino u apyru
CBOWCTBA KaTO CTPYKTYpHH XapaKTEpUCTHKH, XHAPOPoOHOCT m JltomcoBa KHUCETUHHOCT.
EQexThT oT TAX € WIIoCTpUpaH ¢ MpUMEpH Ha KaTaJUTHYHO ETOKCHIMpAHEe Ha CTHpPEH |
cenektuBHa aacopouus Ha CO, m NO,. Hanopasmepuute W-MFI| 3eonutu 6e3 cunanomHu
IPyIU OTBAPST HOBU NEPCHEKTHBH 3a M3MOJ3BAHETO Ha TE3M MaTepualld 3a KaTaIUTUYHU

IMPUIIOKCHUS, KaAKTO U 3a CCIICKTHUBHA az[cop6u1/1}1 " pasaciIsIHE Ha ra3oBc.

21. “Elucidation of the higher coking resistancesofall versus large nickel nanoparticles in
methane dry reforming via computational modeling”

Hristivan A. AleksandroyNikolaos Pegios, Regina Palkovits, Kalin Simeoaad Georgi N.

Vayssilov
Catalysis Science & Technolqgd¥17, 7, 3339-3347.

Dry reforming of methane (DRM) is a promising wétion process of greenhouse gases,
namely CQ and CH. Nickel-based catalysts are the most popular éme®RM, because
they are inexpensive and relatively active but teat® rapidly mainly due to carbon
formation. Carbon gasification by either partialommplete oxidation is considered to be the
main route for carbon-free catalysis. To clarifg ttompetition between carbon deposition
and carbon gasification in this computational siwdy modeled the formation of C—C and C-
O bonds on large and small Ni-nanoparticles (~1.nvg found that C prefers to penetrate
into the subsurface, whereas O prefers to adsotheosurface of both large and small nickel
particles. The formation of CO at low concentrasios significantly more exothermic than C
formation but the € moiety is formed faster than CO. At low carbon acamtrations, the
formation of the C—-C bond is not favorable withpest to the two C species located in the
subsurface region. However, at high C concentratioon the large metal particles,
multicarbon G species are formed; those species are potengalwors of carbon deposits
such as graphene or coke. On the other hand, d¢hibiflty of the small nickel nanoparticles
allows separation of monoatomic C to remain stallsubsurface species. Thug,species,
considered to be precursors of carbon depositsnigad catalyst deactivation, are found to

preferably form on large rather than on small Nnayzarticles.
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Peakiusita Ha pedopmuur ma wMetan ¢ CO, (DRM) e o6emaBam mporec 3a
OTOT30TBOpsiBaHETO Ha JBa mapHukoBu raza: CO, m CH,. Karammzaropute nHa Ga3ara Ha
HUKEJT ca Hali-TIOMYJIIPHUTE 3a TO3H MPOIIEC, Thil KaTO ca EBTHHHU U OTHOCUTEITHO aKTUBHH, HO
OBp30 ce J[e3aKTUBUpAT TJAaBHO TOpagu oOpa3yBaHETO Ha BBIVIEPOJ HA MeTalHaTa
MOBBPXHOCT. ['a3ndukanmsara Ha BbIJIEpoJa Ype3 YaCTHYHO WA IBIIHOTO My OKHCIICHHUE Ce
CUMTa 3a OCHOBEH HAYMH 3a IPEMaxXBaHETO MYy OT KaTalu3aTOpUTE. 3a Ja ce W3SICHH
KOHKYPCHIIMATA MEXKIy OTJaraHeTo Ha BBIVIEPOJ M Ta3u(uKainusTa Ha BBIVIEPOJA B
HACTOSIIETO TEOPETUYHO H3Cie/BaHe, Mojaenupaxme oopasyBaHeTo Ha C—Cu C—O Bpb3ku
Bbpxy roisemu u Majkd Ni-Hanouactumm (~1 nm). Hamepuxme, ue C mpeamounta aa
NPOHUKHE B TMOAMOBBPXHOCTHUS CJIOH, Jgokaro O mpenmounTa Ja ce ajacopOupa Ha
MOBBPXHOCTTA, KAKTO Ha TOJIEMH, TaKa U Ha MAJIKU HUKeJIOBU yactulid. O6pa3yBanero Ha CO
IIPA HUCKU KOHIICHTPAIH € 3HAYMTETHO T0-eK30TePMHUYEH IpoIriec OoT oopazyBaHeTo Ha Co
gactunm, HO Cy dacturute ce dopmupar mo-06p30 or CO. Ilpu HUCKHM KOHIICHTpAIUH Ha
BBIJIEPOJI, 00pa3yBaHeTo Ha Bpbh3ka C—C He € €HepreTHYHO M3TOJIHO CIPSIMO CHCTEMara OT
nBa C atoma, pasloJIOKEHH B TMOANMOBBPXHOCTHHUS cloi Ha Mertayna. OOaue, MpU BHCOKHU
KOHIeHTpanuu Ha C, BBPXY TOJIEMUTE METATHH YaCTHIIA C€ 00pa3yBaT YacTHIIH ChIbpIKAIIH
HSIKOJIKO BBIVIEpOJHU atoMa - C, 4acTHIM; Te3W YAaCTHUIM ca MOTEHITMATHH IPEKypCOpH 3a
BBIJICPOJIHU OTJIaraHus, karo rpadeH wiu kokc. OT apyra cTpaHa, I'bBKABOCTTa HA MaJKUTE
HAHOYACTHUIM OT HUKEJ IM03BOJIIBa MOHOATOMHHUTe C YacTHIM Ja OCTaHAT CTAOWMJIHHM Karo
MOJINOBBPXHOCTHN dacThli. [lo To3n HaumH yctaHoBuxMe, de C, yacTHIUTE, KOHUTO Ce
CUMTaT 3a MPEKYpCOpH Ha BBIJICPOJHH OTJAraHWs, BOJACIIM IO Je3aKTUBHpPAHETO Ha
Karajm3aropa, ce 00pa3yBar MO-CKOPO BbPXY TOJIEMH, OTKOJIKOTO BbPXY MaJIKA HAaHOYACTHUIIH

ot Ni.

22. “Structural transformations and adsorption props of PtNi nanoalloy thin film
electrocatalysts prepared by magnetron co-spudferin

Olaf Brummel, Fabian Waidhas, Ivan Khalakhan, Mykh&orokhta, Martin Dubau, Gabor
Kovacs, Hristiyan A. AleksandroWonstantin M. Neyman, Vladimir Matolin, J6rg Litha
Electrochimica Acta2017, 251, 427-441.

PtNi thin film catalysts provide higher activity cairenhanced Pt efficiency in the oxygen
reduction reaction (ORR) in comparison to pure &lysts. We explored the structural
transformations and degradation mechanisms in $ilis by cyclic voltammetry (CV),

electrochemical atomic force microscopy (EC-AFM)dealectrochemical infrared reflection
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absorption spectroscopy (EC-IRRAS) using CO as @er The model catalysts were
prepared by magnetron sputtering, and the res@tse wompared to reference experiments on
Pt(111). Freshly prepared catalysts show two clratic IR bands in the on-top CO region.
The signal at lower wavenumbers is assigned tatsdlCO on Pt sites. Based on density
functional theory (DFT) calculations, we suggesttanother blue-shifted CO band can be
attributed to dicarbonyls on low-coordinated Ptteesy generated by the leaching of surface
Ni. This band vanishes upon cycling to 1.1 V verhsreversible hydrogen electrodex(¥)

and the catalyst shows a weak decrease in granrsiaFM. A dramatic change of the film
structure is observed upon potential cycling to\Mg2e. CV indicates the formation of [110]
and [100] steps and AFM points to a strong decréagmrticle size. Simultaneously, EC-
IRRAS shows the appearance of a new, strongly hédted CO band. Based on DFT, we
assign these changes to a transient enrichmenitioftNe (sub) surface region. Upon cycling
to higher potential, Ni is completely leached frim surface region, and large Pt particles are

formed.

Karamuzaropure ot PtNi ThHKHM (GHIMH WMarT MO-BUCOKA KaTaJIWTHYHA AKTHBHOCT W
noBuieHa eekTuBHOCT HA PtB peakiusTa Ha penykius Ha kuciopoa (ORR)B cpaBHeHHE ¢
grctute Ptkarammsatopu. M3cienBaxme cTpyKTypHHTE TpaHCchoOpMalnu U MEXaHU3MHUTE Ha
pasrpaxjane B TakuBa GuiMu dpe3 rukimyaa Bositametrpus (CV), enekTpoXuMudHa aTOMHO-
cmoBa Mukpockonuss (EC-AFM) wu enexktpoxumuuna uHpadepBeHa pediekTopHa
abcopoumonna crekrpockonus (EC-IRRAS), usmomspaiiku CO KaTto MoOJeKyja-COH/a.
MonenauTe KaTaau3aTopy 0siXxa MPUTOTBEHU Ype3 MArHETPOHHO pa3lpaliBaHe U pe3yaTaTuTe
Osixa cpaBHeHH ¢ ekcriepuMeHTH Bbpxy Pt(111).IIpsicHo mpuroTBeHUTE KaTaau3aTOpH MMat
nBe xapaktepuctTuaan MY uBumm B obmactra Ha C-O BUOpaIlMOHHUTE TPENTEHUS, TbIKAIIH
ce Ha CO cBbp3ad KbM euH Ptatom ot yactumara. CUTHATBT MPHU NMO-HUCKHA BBIHOBH YHCIIA
e oTHeceH 3a m3osmpanu CO Monekynu B3aumojerictBamu ¢ Pt nentpoe. Ha Ga3ara na
KBaHTOBO-XUMUYHH H3YHCIEHUS, 0a3upaHud Ha TeopusaTa Ha (YHKIMOHANIA HAa IUTBTHOCTTA
(DFT) mpeanomoxuxme, 4e apyrata cuabo-otMectena C-O uBuiia Moxe 1a ObJie OTHECEHA 3a
JTUKapOOHWIIHA KOMIUIEKCH, (OpMUpaHU BBPXY HHCKO KoopamHupanu Pt meHTpose,
reHepupanu Tpu u3naperuero Ha Ni oT moBbpxHOCTTa. Ta3m wWBHIlA W3Ye3Ba IpH
CKCIIEpUMEHTHUTE C IUKINYHA BotameTpust (o 1.1 Vgryp) ¥ KaTaau3aTopbT MOKa3Ba ciabo
HaMaJleHHe Ha pa3Mepa Ha dactuiure B AFM. HabOmonmaBa ce ngpamartnyHa mnpomsiHa B
CTpyKTypara Ha ¢uiaMa mpu noteHnuaieH mukeil g0 1.2 VRHE. CV naBa wnawkamuu 3a

obpasysaneto Ha [110] u [100] creiku, a AFM moka3Ba CHIIHO HaMmajsiBaHe Ha pa3Mepa Ha
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gactunute. EqnoBpemento ¢ toBa EC-IRRAS moka3Ba mosiBaTa Ha HOBa, CHIJIHO YEPBEHO
m3mecreHa CO wuBuna. Upes DFT usuucnenusra o0sicHUXME Te3W MPOMEHHU C MPEXOIHO
HatpynBane Ha Ni B/Ha (mox)moBbpxHOCTHUS peruoH. [Ipu CV no mo-Bucok notennuan, Ni

ce u3napsiBa M3IsJ10 OT MOBBPXHOCTTA U ce 00pa3yBar rojemu Ptuactury.

23. “Species formed during NO adsorption and N@¢®adsorption on ceria: A combined
FTIR and DFT study”
Mihail Y. Mihaylov, Elena Z. Ivanova, Hristiyan AAleksandroy Petko St. Petkov, Georgi

N. Vayssilov, Konstantin |. Hadjiivanov
Molecular Catalysis2018, 451, 114-124.

Adsorption of NO and co-adsorption of NO and @ ceria have been re-investigated by
FTIR spectroscopy. To provide unambiguous assigtsnefithe IR bands, adsorption of
1>NO and co-adsorption dfNO + °NO isotopic mixtures have also been studied and DFT
calculations performed. At the initial adsorptiotages mainly symmetric nitrite species
(2472, 1304, ca. 1160 and 822 nand trans-hyponitrites (BD,]>~, ca. 1100 cit) are
simultaneously produced as a result of NO dispitopuation. At further stages non-
symmetric NQ~ species (1393 and 1014 ¢ N,O (2240, 1252 cit) and small amount of
nitrates are formed. Nitrates are the only surfacelucts of the thermal decomposition of the
nitrites and hyponitrites. In the presence of smalbunts of oxygen, the hyponitrites are very
easily oxidized. In contrast, all nitrites increage concentration after addition of small
amount of Q to the NO/Ce® system but are gradually oxidized in the preseasfckigher
amount of oxygen giving rise to different surfaceates.

Ancop6rusra Ha NO u ko-aacop6iusata Ha NO u O, BbpXy 1epreB JUOKCH]] OsXxa TOBTOPHO
n3cneasBanu upe3 FTIR cnexrpockonus. 3a 1a ce OCUTypsT €JHO3HAYHU MHTEPIIpETAllMK Ha
MY uBuimTe ca u3ciaeIBaHu aicopOIus Ha >NO, KO-a/1copO1usl Ha U30TOITHUTE CMECH “NO
+ NO u ca M3BBPIICHN KBAaHTOBO-XMMHUYHHM HM3YUCIICHUS, Oa3WpaHW Ha TeopHsITa Ha
¢yHKIMOHANA HA IUTBTHOCTTA. B HavyamHWTEe eramu Ha aicopOImsl ce ToTyvaBar
€JIHOBPEMEHHO OCHOBHO CHMETPHYHM HUTpUTHH dacTuiy (2472, 1304oxomo 1160u 822 cm
Y u rtpamc-xumommtputu  ([N2O5]%,, okomo 1100 cnt) Kkato pesyarar  or
nmuctponopiimonupaneto Ha NO. Ha cnexpamure etanu ce obpazyBat HecumeTpudau NO,
gactumm (1393 1 1014 cnt), NoO (2240, 1252 cff) ¥ MaiKo KOJIMYECTBO HHTPATH.

Hutpature ca eguHCTBEHHTE MPOAYKTH OT TEPMHUYHOTO pa3laZaHe Ha HUTPUTUTE U
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XUMOHUTPUTHTE. [Ipy HaIMYHETO HAa MallKM KOJIMYECTBA KHCIIOPOJ, XHUIOHUTPUTHTE CE
OKHCJISIBAT MHOTO JiecHO. OOpaTHO, BCHYKH HUTPUTH YBEIMYaBAT KOHIICHTpAIUSATa CH Ha
MOBBPXHOCTTA cliea Jo0aBsHe Ha Mayiko kommdectBo O, kbM cuctemata NO/CeQ, HO
MIOCTEIICHHO C€ OKUCIIABAT B IPUCHCTBUETO HA MO-TOJISIMO KOJIMYECTBO KHUCIIOPOI, KOETO BOIH

J0 IIOJIY4aBaHETO HaA pa3sjInYHU IIOBBPXHOCTHU HUTPATH.

24. “Amino-modified KIT-6 mesoporous silica/polymeomposites for quercetin delivery:
Experimental and theoretical approaches”

Margarita Popova, Ivalina Trendafilova, Ivelina @kava, Violeta Mitova, Mariya
Kyulavska, Neli Koseva, Judith Mihaly, Denitsa Mdtoea, Georgi Momekov, Hristiyan A.
Aleksandroy Sylvia G. Marinova, Petko St. Petkov, Georgi Mwy¥silov, Agnes Szegedi
Microporous and Mesoporous Material2018, 270, 40-47.

The composite system comprising mesoporous sibkceparticle KIT-6 with 13ad symmetry
and polyelectrolyte complexk{carrageenan/chitosantarrageenan) was utilized as a
promising carrier for the effective delivery of goetin. KIT-6 silica hanoparticles with sizes
around 45 nm were synthesized and modified withnangiroups by post-synthesis method.
Quercetin was successfully loaded into the amindifieal KIT-6 silica by incipient wetness
impregnation or by solid state method. The quendethided KIT-6NH particles were coated
by a twolayer polymer complex of oppositely chargetiysaccharides. All the materials were
characterized by XRD, Nphysisorption, thermal gravimetric analysis, AFNIAATR FT-IR
spectroscopy. In-vitro release profile of quercdtaded formulations was studied in a
phosphate buffer with pH=6.8. Polymer coated KITFbNformulations prepared by both
methods showed slower quercetin release comparbatdom the uncoated ones. ATR-FT-
IR spectroscopic data suggested weak interactioquefcetin with the NHKIT-6. Density
functional modeling revealed some aspects of qtiarbending to the functionalized carrier
at molecular level. The binding of quercetin to f®tonated amino-functionalized silica
carrier via the carbonyl group of the drug is mtiven twice weaker than the binding to the
neutral carrier, which allows to be released easdlycould be observed experimentally. The
cytotoxicity potential of the mesoporous carriersvaudied in three human cell lines (HEK-
293, HL-60 and HUT-78). A comparative evaluationtbé cytotoxic effect of quercetin
loaded system vs. free drug was investigated in H8Tell line.
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Komno3uTHaTa cucrema, BKIIIOUBaIlla Me30IOpecTa HaHOvYacTuIa ot cuuiuen auokeu KiT-
6 ¢ 13ad cumerpust ¥ TOJIHEICKTPOIUTEH KOMIUIeKe (K-KapareHaH/XWTO3aH/K-KaparcHaH)
Oerre U3MOI3BaHa KaTo oOelaBal] HoCUTeN 3a eeKTUBHOTO JocTaBsHe Ha kBepreThH. KIT-6
CHIMIINCBH HAHOYACTHIM C pa3MepH OKojo 45 NMmosixa CHHTE3WpaHu W MOJU(HIHPaHHU C
aMUHO TpYIHU 4Ype3 IOCT-CUHTeTHYeH Meroi. KBepuerun Oerne ycCHemiHO HaTOBAapeH B
amuHoMouunupanus cunukar KIT-6 upe3 umnperHupane Wi TBbpAO(daA3eH METO/I.
Yactumute ot KIT-6NH; HaToBapeHu ¢ KBepleTHH 0sixa MOKPUTH C JABYCJIOCH MOJIMMEpPEH
KOMIUIEKC OT IPOTHUBOIIOJIOKHO 3apelieHd Mojm3axapuau. Bceuuku wMarepuanu 0Osxa
oxapakTepu3upaHu ¢ mpaxoB peHTreHoB (azoB aHamu3 (XRD), N, ¢usmcopbums, tepmo-
rpaBuMeTprueH ananmu3, AFM u MY cnexrpockonus. [Ipodunbt Ha in Vitro ocBobok1aBane
Ha oOpa3luTe, HATOBApEeHU C KBEpLETHH, € u3cienBaH BbB (ocdarten Oydpep ¢ pH = 6.8.
JlexapctBara ¢ momumepHo nokputute KIT-6NH», momydenu mo nBara MeTo/ia, mokas3Bar 1mo-
0aBHO OCBOOO’KJIaBaHE€ Ha KBEPIIETUH B CpaBHEHUE C Te3W 0Oe3 TOJUMEpPHO IMOKPUTHUTE.
Janaute ot MY cnekxrpockonusTa mpeamnoarar ciado B3auMOJEHCTBUE Ha KBEPIETHHA C
NH,-KIT-6. KBanTOBO-XMMUYHUTE M3YMCIICHHS Oa3upaHu Ha TeopusTa Ha (yHKIIMOHATIA HA
IUTBTHOCTTA Pa3KpHxa HAKOU aclleKTH Ha CBhP3BAHETO HA KBEPIETHH ¢ PYHKIIMOHATH3UPAHIS
HOCHUTEJI Ha MOJIEKYJTHO HMBO. CBHP3BaHETO HA KBEPIETHH 4pe3 KapOOHWIIHATA CU rpyna C
IPOTOHUPAHUST aMUHO-(YHKIIMOHATIM3UPAH CUJIMKATEH HOCHTEJ € IOBeYe OT JIBa IbTH IIO0-
c1abo OT CBBP3BAHETO C HEYTPAJIHHUS HOCHTE], KOETO II03BOJISIBA JIECHOTO MY
0CBOOOKJaBaHe, KAaKTO MOXeE Ja ce HaliiofaBa eKCIepUMEHTANHO. [IUTOTOKCHYHHUST
MOTEHIIMAIT HA ME30IOPECTHSI HOCHTEI € M3CJeIBaH B TPU YOBEIIKA KieThyHu auHuu (HEK-
293, HL-60u HUT-78). HampaBeHo Oelie U CpaBHUTETHO W3CIIEBaHE HA ITUTOTOKCHYHUS

e(l)eKT Ha CUCTEMara, HaTOBapC€Ha C KBCPUCTUH CIIPAMO CaMUsl KBCPUCTUH B KJICTbYHA JIMHUSA

HUT-78.

25. “Band Gap Modulation of Graphene on SiC”
Stefan Kolev, Victor Atanasov, Hristiyan Aleksandrand Teodor Milenov
The European Physical Journa) 8018, 91:272 (1-7).

A recipe on how to engineer a band gap in the gngpgctrum for the carriers in graphene is

conveyed. It is supported by a series of numestallations inspired by an analytical result
based on the opening of a band gap in periodicaliyugated graphene, e.g. the buffer layer
grown on SiC at high temperatures.
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[Ipemtoxkena e crparerusi 3a TOBa Kak J1a ce MOJenupa 3a0paHeHa 30Ha B €HEPreTHUHHSI
ciekTbp Ha rpadeH. Ts e moakperneHa OT cepus OT KBAaHTOBO-XMMHUYHU HW3YHUCIICHHS,
MOTHBHpAHH OT aHAIUTHYHHUS pe3yJTaT 3a OTBapsHEe Ha 3a0paHeHa 30HA B TEPUOJUYHO

HarbHAT rpadeH, Harpumep Oy(DepHUST CIoi, oydeH BbpXy SiC pu BUCOKH TEMIIEPATYPH.

26. “Structure and reducibility of doped by yttriuzerium dioxide nanoparticles and (111)
surface”

Hristivan A. AleksandroyiIskra Z. Koleva, Konstantin M. Neyman, TatyanaTBbakova,

and Georgi N. Vayssilov
RSC Advanceg018, 8, 33728-33741

Using periodic density functional calculations, stedied the local structure and preferred
locations of yttrium cations and oxygen vacancie¥4doped cerium dioxide. We employed
three kinds of models — a slab of the GEQ@1) surface and two ceria nanoparticles of
different sizes and shapes. In the slab models;iwt@present the (111) surface of ceria and
the corresponding extended terraces on the fatéssmanoparticles, ¥ cation dopants were
calculated to be preferentially located close tcheather. They tend to surround a subsurface
oxygen vacancy that forms to maintain the chardanoa. Such general behavior was not
found for the nanoparticle models, in which struatdlexibility and the presence of various
low-coordinated surface centers seem to be cruamml suppress most of the trends.
Configurations with four ¥ cations were calculated to be particularly stablen they
combined two of the most stable configurations witb Y** cations. However, no clear trend
was found regarding the preferential spatial distibn of the ¥* pairs — they can be stable
both in isolation and close to each other. In galnetoping by yttrium does not notably
change the reducibility of ceria systems but selelt facilitates the formation of oxygen
vacancies at the ceria surface in comparison wisttipe ceria. Yttrium cations also slightly
increase the basicity of the nearby oxygen centetls respect to a stoichiometric ceria

surface.

W3momsBaiiki TEpHOJMYHA KBAaHTOBO-XMMHUYHU W3YHCIICHUS, Oa3WpaHW Ha Teophsara Ha
GyHKIIMOHANa Ha IUTBTHOCTTA, W3CJIE/BaXMe JIOKAJIHATa CTPYKTypa H MPEeAnOYUTaHUTE
MO3UIMH 32 UTPUEBUTE KATUOHHU U KUCIOPOJHUTE BaKaHIIUU B Y-JIOTHpPAH IIEPUEB TUOKCHUI.
WznomsBaxme Tpu Tma mojgenn — Ha CeQy(111) moBBPXHOCT M HA JBE HAHOYACTHIIA OT

[IEpUEB JTUOKCHJ C pa3inydu pasmepu u (opmu. 3a moxaeiute Ha (111) moBBpXHOCT Ha
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IIepUeB JTMOKCH]], KOUTO MOTaT Jia ce pas3rieNaT KaTo MpeICTaBUTeTHH 3a BhTpemHuTe Y 1 O
nieHTpoBe B (111) pacerute Ha rosemu dactuim ot CeQ, Oele mpecMeTHATO, Ye KaTHOHUTE
Y** npexmountar qa 6bIaT Pa3MOTOKEHH 6130 eauH 10 Apyr. Te ca CKIOHHH 1a 0GrpakiaT
MOJINOBBPHOCTHA KHUCIIOPOJHA BaKaHIWsS, KOSATO € (opMHUpaHa, 3a Ja ce 3ama3u OanxaHca Ha
3apsina. TakaBa oOma TeHIeHIUs He Oelne HaMepeHa 3a MOJENUTe Ha HAaHOYACTHUIH, NPH
KOUTO CTPYKTYpHATa I'bBKABOCT M HAJIMYMETO HA PA3TMYHU HUCKO KOOPAWHUPAHU IIEHTPOBE
Ha TMOBBPXHOCTTA ca BojAemuTe e(eKTH U TOTUCKAT IMOBEYEeTO OT TEHJCHITUUTE.
Kongwurypanuure ¢ getupu Y3* karnona ca 0coGeHO CTaGHIIHH, KOTaTo ce KOMOWHHpAT JBE
OT Haii-cTabuHATe KoHUryparuu ¢ 8a Y katrnona. BeIpeKH TOBa, HE € YCTAHOBEHA SCHA
TEHJCHIIUS TI0 OTHOIIEHHWE Ha TpedepeHIMaTHOTO MPOCTPAHCTBEHO paslpeseliecHue Ha
nBoiikute Y3* - Te Morar ga 6baaT cTAGHIHM, KAKTO M30IMPAHH, TAKa U B GIH30CT €IHA JO
npyra. Karo msiio, MOTHpaHeTO ¢ WUTpUH HE TPOMEHsS CHIIECTBEHO PeayIUpyeMOCTTa Ha
CHUCTEMHUTE OT IIEpHEB IHOKCHJ, HO CEJICKTHBHO YJECHSBAa OOpa3yBaHETO Ha KHCIOPOTHH
BaKaHIIMM HA TIOBBPXHOCTTA HA JIOTHPAHUS IEpUEB JUOKCHU]l B CpPAaBHEHHUE C HEIOTHUPAHHUS.
CepIo Taka, UTPUEBUTE KATHOHU JIEKO YyBeIMYaBaT 0a3MYHOCTTA HA OJMM3KHUTE KUCIOPOTHU

LEHTPOBE CIPSIMO CTEXUOMETPUYHATA TOBBPXHOCT OT IIEPUEB TUOKCHI.

27. *Achieving Atomic Dispersion of Highly Loadeddnsition Metals in Small-Pore Zeolite
SSZ-13: High-Capacity and High-Efficiency Low-Temgkire CO and Passive NO
Adsorbers”

Konstantin Khivantsev, Nicholas R. Jaegers, Libav#rik, Jonathan C. Hanson, Franklin

(Feng) Tao, Yu Tang, Xiaoyan Zhang, Iskra Z. Kolgdastiyan A. AleksandrovGeorgi N.

Vayssilov, Yong Wang, Feng Gao, and Janos Szanyi
Angewandte Chemie International Editj@918, 130, 16914-16919.

The majority of harmful atmospheric CO and Némissions are from vehicle exhausts.
Although there has been success addressingeN@ssions at temperatures above Z50vith
selective catalytic reduction technology, emissiahging vehicle cold start (when the
temperature is below 15{C), are a major challenge. Herein, we show we canptetely
eliminate both CO and NQemissions simultaneously under realistic exhalast,fusing a
highly loaded (2 wt%) atomically dispersed palladiin the extra-framework positions of the
small-pore chabazite material as a CO and passiWg adsorber. Until now, atomically
dispersed highly loaded (>0.3 wt%) transition-m&38kZ-13 materials have not been known.

We devised a general, simple, and scalable roupgepare such materials for'Rind Pd.
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Through spectroscopy and materials testing we skiwat both CO and NQcan be
simultaneously completely abated with 100% effickeby the formation of mixed carbonyl-

nitrosyl palladium complex in chabazite micropore.

[To-ronmsmata wact ot Bpeaaute arMmoceprn emucuu Ha COu NOy ca oT m3ropenure ra3ose,
OTJIENSIHM OT TIPEBO3HUTE CpeACTBAa. BbOpekn dYe ¢ TEXHOJOTHUTE Ha CEIeKTHBHA
KaTaTUTHYHA PENyKIUs € IMOCTUTHAT 3HAUUTeNIeH ycmeX B OopOara ¢ HamMalsBaHETO Ha
emucunte or NOy mpu temmnepatypu wHan 250 °C,eneMuHHpaHeTO HA BPEIHUTE EMHUCHU TI0
BpeMe Ha T. Hap. CTyJEH CTapT Ha MPEBO3HMTE cpejacTBa (korato temmeparypara ¢ moa 150
°C) ocraBa TOJISIMO TPEIM3BUKATEIICTBO. B HACTOSIIOTO HM3CIe/IBaHE MOKa3aXMe, Y€ MOXKEM
HaI'BJIHO Ja enuMuHupame, kakto emucunute oT CO, Taka u o1 NOy B peallucTUYEH MOTOK Ha
0oTpabOTEeHUTE Tra30Be, KaTo HM3MOJI3BAME 3€0JIMTHA CTPYKTYpa C MaJKH IOPU THIT I1ada3uT
HATOBapeHa ChC 3HAUYUTEIIHO KOMUUecTBO (2 Wt%)aromuo aucrneprupan nanaauii kato COu
nacuBeH NOy aacopbarop. Jlocera He Osixa m3BecTHH SSZ-13MaTepuanu HATOBApPEHH C
rosiemMu kojmuectBa (>0.3 Teri.%) aTOMHO JucCHeprupaHy IpexoaHu Metand. PaspaboTuxme
MPOCT W yHHBEPCAJICH METOJ 3a CHHTE3a Ha TakuBa Martepuainn cpabpxamu Pt u Pd
katronu. Upe3 Y cnextpockonust nmokazaxme, ue CO u NOy enHOBpeMeHHO MoraT aa Obaat
HanbIHO TmpemaxHaTd c¢be 100% edexTuBHOCT upe3 oOpa3dyBaHe Ha CMECEH KapOOHWII-

HUTPO3UJICH MAIIaIUCB KOMIIJICKC B MUKPOTIOPUTC Ha mada3uT.

28. “Room-Temperature Ethene Hydrogenation Actividf Transition-Metal-Free HY
Zeolites”
Artem Vityuk, Konstantin Khivantsev, Hristiyan A.léksandroy Georgi N. Vayssilov, Oleg

S. Alexeev, and Michael D. Amiridis
ACS Catalysis2019, 9, 839-847.

The conversion of §H, in the absence and presence efwds examined over dealuminated
HY30, HY15, and HY2.6 zeolites with different Sil ratios under ambient conditions (1 atm,
25 °C). Only in the presence ot ldid these materials catalyze the conversion #f,Gnto
C.,Hs with measurable rates and no sign gHE dimerization. The @H, hydrogenation
activity of these materials increases with the Bwétio, implying that in this case, the
strength of Brgnsted acid sites (i.e., Si—-OH-Alarsimportant factor for the hydrogenation
process. The adsorption of bothHz and H over Brgnsted acid sites was calculated to be

exothermic without activating the ;Hnolecule, while the conversion of;ld; into ethoxy
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species is slightly endothermic. Heterolytic disaton of H is strongly unfavorable over
Al/O or Si/O sites of the zeolite framework, buidtexothermic over the extraframework Al
species, indicating that cooperation of Brgnstad sites with extraframework Al species is

indeed required for transition-metal-free zeoltegxhibit hydrogenation properties.

KonBepcusita Ha CoHs B orcheTBHE UM mpucheTBHe Ha Hp Oeie wu3cienBaHa BbPXY
neaxymuaupann HY30, HY15 u HY2.6 3conmutu ¢ pasnmuunu cboTHomeHus: Si/Al mpu
crangaptau ycrmoust (1 atm, 25 °C).Camo B mpuchcTBHeTo Ha Hy Te3w marepuaiu
Katanm3upat npespbimanero Ha CoHy B CoHg ¢ m3Mepumu ckopocTH, KaTo He ce HaOIroaBaT
npu3Haiy Ha qumepusanus Ha CoHy. KatanuTidnata akTHBHOCT Ha Te€3W MaTepUald CIPSIMO
xunaporenupane Ha CoHs ce yBenwuaBa ¢ yBenuuaBaHe Ha choTHOomeHHeTo Si/Al, xoero
O3HauaBa, Y€ B TO3M CJIydYail, CHiiaTa Ha BphOHCTEIOBUTE KUCETUHHM IIeHTpoBe (T.e., Si-OH-
Al) e BaxkeH ¢axTop 3a mporieca Ha XHAPOreHUpaHe. Pe3yaratute oT MpoBeIcHUTE KBAHTOBO-
XUMUYHU M3YHCIIEHUs TokKazaxa, de aacopOrusrta Ha CpyHs m Hy manm bproHcTemoBute
KHCEeTMHHU IIEHTPOBE € eK3oTepMHuuHa, 0e3 ma ce aktuBupa Hy MojexynaTta, JoKato
npeBpbimanetro Ha CoHs B erokem wactuia e ciiabo €HJAOTEPMUYHO. XeTepOoJUTHYHATA
qucormanus Ha Hp e cumno HeGnaronpustHa BepXy Al/O mimu Si/O mosuiuu B 3e0JUTHATA
CTPYKTYypa, HO € €K30TepMHUYHA BHPXY H3BBH-peieThuHu Al-chabpikariy 4yacTuIiy, KOETOo
MoKa3Ba, 4e KOMOMHAIUATA OT BpbOHCTEI0BU KHCEIMHHU IIEHTPOBE C U3BBH-pereThunu Al-
CBIABPIKAII YaCTHUIIM € CHINECTBEHA 3a TPOIECUTE Ha XHUJOTeHHWpaHe 0e3 HaJIM4YHeTo Ha

KaTHOHH Ha IIPEXOJHU MCTAJIX B 3€0JIATA.

29. “Modified mesoporous silica nanoparticles cddig polymer complex as novel curcumin
delivery carriers”

Agnes Szegedi, Pavletta Shestakova, Ivalina Trédodaf Judith Mihayi, Ivelina Tsacheva,
Violeta Mitova, Mariya Kyulavska, Neli Koseva, D&a Momekova, Spiro Konstantinov,
Hristiyan A. AleksandroyPetko St. Petkov, Iskra Z. Koleva, Georgi N. \&lpw, Margarita

Popova
Journal of Drug Delivery Science and Technold49, 49, 700-712.

The synthesis of mesoporous KIL-2 and KIT-6 nantgas (40 and 60 nm, respectively)
was performed. Post synthesis procedure was apfiiedhe modification of the initial
mesoporous silicas with amino groups. Incipientn@ss impregnation or solid state reaction

were used for curcumin loading in the parent andnamodified nanoporous supports.
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Polymer coating of alternating polymer layers witomplementary functionality (k-
carrageenan and chitosan) was formed. The parehtdamg loaded formulations were
characterized by XRD, Nohysisorption, thermal analysis, TEM, AFM, ATR-f-and solid
state NMR spectroscopy. Loading of curcumin in tl@nocarriers followed by polymer
coating made the sustained delivery of curcuminsips. A comparative study on anti-
proliferative effect of curcumin loaded into Mhodified KIT-6 and KIL-2 carriervsfree
drug was performed on a panel of three human cedsl The most stable complexes of
curcumin with protonated amino group ((§NHs") are formed when the ammonia group
interacts with an O center from the carbonyl grawupspectively of the form of curcumin,
while curcumin (in both enol and keto forms) int#samost strongly with the neutral amino
group ((CH)3NH,) via phenolic -OH group. On the basis of the obtainetlilte it can be
concluded that modified silica particles are prangscarriers for controlled delivery of

curcumin.

[TpoBenen Gemre cunTe3 Ha Me3onopectr HanowacTuiy KIL-2 u KIT-6 (crorBeTHO 40 M1 60
nm). [TocT-cunTeTHYHA TpoIieypa Oellie u3Mo3BaHa 3a MOJu(UIIMpaHe Ha TbPBOHAYATHHTE
ME30TIOPECTH CHIIMKATH C aMHHO Ipynd. VIMIperHupaHe Wi peakinus B TBbpAa (aza Osxa
U3IIOJI3BAaHM 3a HATOBapBaHE HA KYpPKYMUH B CHJIMKaTHUTE M aMUHOMOAM(UIIMpaHUTE
HaHomopecTd Hocutenu. [lomuMepHO MOKpUTHE C peIyBalld ce IOJUMEPHHU CJIOeBe C
JombiBaia ce GpyHKIMOHATHOCT (K-KapareHaH W XuTo3aH) Oerne oOpaszyBaHo. M3xomuure u
JIEKapCTBEHO HATOBapeHUTE 00pasly 0sixa oxXapaKTepH3WpaHH C PEHTTeHOB (pa3oB aHaW3
(XRD), ¢wusucopouus ¢ Ny, tepmuyen anamms3, TEM, atomHO-cuiioBa mukpockomus, MY
cnekTpockonusi u TBbpAoTenHa IMP cnextpockonus. HatoBapBaHeTo Ha KypKyMUH B HAHO
HOCHUTEJIUTE, MOCJIEBaHO OT 00pa3yBaHETO Ha IMOJIMMEPHO IMOKPUTHE, HAMPaBU BB3MOXKHO
JIOCTAaBSIHETO Ha KYPKYMHH IPOJIBJKUTEIIHO BbB BpeMeTo. BbpXy TpH UHOBEIMIKH KJIETHYHH
JAUHUU Oelle TMPOBEIEHO CpPaBHHUTEIHO IMpOydBaHE Ha aHTUIponudepaTuBHUS edekT Ha
KypKyMHH, HeHaTtoBapeH U HatoBapeH B NHy-momudunupanu KIT-6 u KIL-2 HOCHTEnH.
Haii-cTabMTHATE KOMILUIEKCH Ha KypKYMHH ¢ mpoToHHpaHa amuHO rpyma ((CHp)sNHs) ce
oOpa3yBar, Koraro aMoHHeBaTa rpyna B3aumojaeicTBa ¢ O IeHThP OT KapOOHWIIHATA TPYIIa,
He3aBHCUMO OT (hopMmara Ha KypKyMHHA, OKATO KYPKYMHUHBT (B €HOJIHA W KeTO (PopMH)
B3auMoJieiicTBa Haii-cuiiHo ¢ HeyTrpanHata amuHO rpyma ((CHp)sNH2) upes ¢enonna -OH
rpyna. Be3 ocHOBa Ha MOIydeHUTE pe3yJTaTH MOXeE Ja ce 3aKiIoud, 4e MoAuduuupanute
YaCTUIIM OT CUJIMIMEB IUOKCH] ca OOellaBallyd HOCUTENIH 3a KOHTPOJMpaHa JIOCTaBKa Ha

KYpPKYMUH.
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30. “Study of active surface centers of Pt/Gefatalysts prepared using radio-frequency
plasma sputtering technique”

Andrey I. Stadnichenko, Valerii V. Muravev, Sergéy Koscheev, Vladimir I. Zaikovskii,
Hristivan A. AleksandroyKonstantin M. Neyman, Andrei I. Boronin

Surface Scien¢@019, 679 273-283.

RF-plasma deposition of Pt on a nanosized ceriadpowupport has been performed directly
in photoelectron spectrometer chambers to prepadehtatalysts. The plasma deposition in
an oxidizing environment results in the formatidrhaghly dispersed oxide nanoparticles up
to 2 nm large, which contain platinum solely a8" Rins revealed by §iPf4f;,)=74.6 eV.
Thus prepared model catalyst samples arranged uls-n{enolayer) films of Pt©
nanoparticles on the surface of Ge@re characterized by an increased thermal stabilit
compared with Pt@nanopatrticles deposited on more inert supportes@hPtQlCeG model
catalysts show a high activity in the CO oxidatiewen at room temperature. A detailed
analysis of the Ol1s spectra obtained during thatith by CO of Pt@CeQ, films strongly
suggests that the reactive oxygen species are es#alf with 01s)=530.8 eV and 532.9
eV. The latter core level energies are attributdxygen in the platinum dioxide and to
peroxide-like oxygen, presumably located at therfate between PtCand CeQ patrticles.
Results of our density-functional calculations oade that the peroxide-like species can be

energetically stabilized at the R&ZeQ interfaces.

RFaima3mMenoro otnarane Ha Pt BbpXy HaHOpa3MepeH HOCHTEN OT IpaxooOpa3eH ILEepueB
JIMOKCH]] C€ M3BBHPINBA JUPEKTHO B (POTOCIEKTPOHHU CIIEKTPOMETPUYHH KaMepH, 3a Jia ce
MoJIydaT MOJENHHU KaTanuzaropu. OTiaraHero Ha Iuia3MaTa B OKHCIUTENHA cpela BOAU JI0
o0pa3yBaHETO Ha BHUCOKO JWCIIEPTHPAHU OKCHUIHU HAHOYACTHUIMM C pa3Mep 0 2 NM, KOUTO
ChIBPKAT IJIATHHA CaMO Karo Pt iionn, nerektupana upe3 Ep(Pfaf;,) = 74.6 eV.Taka
HOJIy4eHHTe 00pa3iy Ha MOJICIHU KaTalu3aTopH, popmupainu (Cy0-MOHOCIOWHHU) GUaMu OT
Hanovactuim PtO, Ha moBspxHOcTTa Ha Ce(Q} ce xapakTepu3upaTr ¢ MOBHUINEHA TEPMHUYHA
cTabUITHOCT B CpaBHEeHME ¢ HaHodacTuuute PtQp, HaHeceHW BbpXY MO-MHEPTHU HOCUTEIH.
Tesu PtG,/Ce(Q, MojielHu KaTaiu3aTopu MOKa3BaT BHCOKA aKTUBHOCT IIPU OKHUCICHHETO Ha
CO nopu mipu craitna Temmeparypa. [logpoben ananmu3z Ha O1S cnexTpute, MOJy4eHHU IO
BpeMe Ha tutpyBaHeto ¢ CO nHa PtQ/Ce(Qy ¢ummute, mokaspa, de peaKTHBOCIOCOOHHUTE

KHCJIOPOIHHU IeHTpoBe ce xapaktepusupar ¢ Ep(O1ls) = 530.8 eVi 532.9 eV.Te3u enepruu

35



Ha BBTPEITHUTE HUBA ce MpunucBar Ha kuciopoa B PtO, m Ha mepokcuaHO-1og00eH
KHCIIOPOJI, BEpOSITHO pa3MoJIOKeH Ha TpaHumara wmexnay dactuiute PO, u CeQ.
Pesynrarure oT HammMTe KBAaHTOBO-XMMUYHHM W3YHCIEHUS, Oa3upaHW Ha Teopusra Ha
(GyHKIIMOHAIA TNIBTHOCTTA ITOKa3BaT, Y€ MEPOKCHIHO-IIOJ00HUTE YaCTHIIM MOraT Jia ObaaT

eHepreTHyHo cTabmimm3upann Ha rpanunara PtQ—CeQ.

31. “Subsurface Carbon: A General Feature of Nd#éals”

Oriol Piqué, Iskra Z. Koleva, Francesc Vifes, Hyamt A. AleksandroyGeorgi N. Vayssilov,
Francesc lllas
Angewandte Chemie International Editj@919, 58, 1744-1748.

Carbon moieties on late transition metals are deghias poisoning agents in heterogeneous
catalysis. Recent studies show the promoting datatple of subsurface C atoms in Pd
surfaces and their existence in Ni and Pt surfakkse energetic and kinetic evidence
obtained by accurate simulations on surface andpwaticle models shows that such
subsurface C species are a general issue to coresida in coinage noble-metal systems.
Subsurface C is the most stable situation in dgnsatked (111) surfaces of Cu and Ag, with
sinking barriers low enough to be overcome at gatalworking temperatures. Low-
coordinated sites at nanoparticle edges and cofodfser stabilize them, even in Au, with
negligible subsurface sinking barriers. The malilgtof low-coordinated sites is key in the
subsurface C accommodation. The incorporation spécies decreases the electron density

of the surrounding metal atoms, thus affectingrtbleémical and catalytic activity.

B xereporeHHust karaiu3 BBIVIEPOJHUTE YACTHIHU, ACMO3UPAHU BbPXY IPEXOJHU METAIH Ce
pasriaexxaar KaTo OTpoBa 3a Te3d Karainu3aropu. CKOpOIIHM H3CIIE[BaHMs IIOoKa3axa
OJlaronpusiTHaTa KaTaIMTUYHA POJIL HA NOANOBBpXHOCTHUTE C aToMM BbpPXY HOBBPXHOCTTA
Ha Pd, xakto m TaxHOTO chmectByBaHe B Ni m Pt wactumu. B Hactosimero wm3cnenBane,
€HEpreTUYHU M KUHETHYHM DPEe3yJITaTH, IMOJIy4YE€HHU 4Ype3 KBaHTOBO-XUMHYHHU W3UYMCICHUS Ha
MOJIeIM Ha NEPUOJUYHU IMOBBPXHOCTH M HAHOYACTHYHH, IIOKa3axa, 4e € ChIIECTBEHO Ja
ObJaT pasriieflaHd TaKWBa MOANOBBPXHOCTHU C aToOMM JOpU U 3a CHUCTEMH OT OJaropoJHH
Metand. [lognosspxHocTHUAT C € Hali-cTaOuiIHAaTa Bb3MOXKHA ITO3UIHS B ITBTHO OIIAKOBaHU
(111) noBwpxnocti Ha Cum Ag, ¢ Gapuepu Ha MPOHUKBAaHE, KOUTO ca JOCTAThYHO HHUCKH, 32
Ja ObmaT mpeojosieHM Ipu pabOTHHTE TeMmIepaTypu Ha Kartanusaropure. Hucko

KOOPAUHHUPAHUTE IIO3HUIHH I10 p"b6OBeTe U BBPXOBETC HA HAHOYACTHUIUTE OIIBJIHUTCIIHO
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crabmim3upat noanoBbpxHocTHUTE C aromu, mopu B AU, KaTo OapuepuTe 3a MPOHUKBAHE ca
MpeHeOpeKuMO Mallku. MOOHITHOCTTa HA HUCKO KOOPJAMHHUPAHUTE aTOMU € KIFOYOB (pakTop
3a OCUTYpsIBaHE Ha TIOBEYE MPOCTPAHCTBO B MOAMOBLPXHOCTHHUTE MO3UIINHU, Taka e C aToMu
MoraT Ja TH 3aeMaT To-liecHo. BkmouBanero Ha C aTroMd B TOATIOBBPXHOCTHHS CJIOH
HaMaJIsiBa eJIeKTPOHHATA TUIFTHOCT HAa OKOJIHUTE METAHA aTOMHM, KaTo 10 TO3W HAYWH BITHSE

BBpPXY TAXHATa XUMHWYHA U KaTaJIUTUIHA aKTUBHOCT.

32. “Characterization and temperature evolutiomaf-containing species in HZSM-5 zeolite
prepared from different iron sources”

Nichapha Senamart, Siriphorn Buttha, Waenkaew Pantuskra Z. Koleva, Sirinuch Loiha,
Hristiyan A. AleksandroyJatuporn Wittayakun, Georgi N. Vayssilov

Journal of Porous Material]2019, 26(4), 1227-1240.

Iron-containing HZSM-5 zeolites are materials withportant industrial applications as
catalysts. Their characterization is difficult dwethe various possible Fe-containing species
which can exist in the pores of HZSM-5 zeolites dneir dependence on the preparation
technique. Three Fe-HZSM-5 samples were preparedoimexchange technique using
different iron precursors: containing only’er F€* ions, and containing equimolar mixture
of FE" and F&" ions. The samples were characterized by variopgrérental techniques
(XRD, FTIR, UV-Vis spectroscopy and XANES/EXAFS) ander to clarify the type of the
Fe-containing species existing in the samples.oBeridensity functional calculations were
also performed to help in elucidation of the oladirstructural information with the EXAFS
data and in clarification of the relative stabily the various Fe-containing species in the
pores of the HZSM-5 zeolites. In the samples pegpavith only F& or F€* ions dominate
isolated iron species but binuclear Fe&Fspecies and small iron oxide clusters are also
present. In the third sample, prepared from a psecicontaining iron ions in both oxidation
states, most of the iron is included in the iromdexclusters or small nanoparticles. The time-
resolved XAS for the sample containing equimolat Bed F&" ions revealed existence of
two types of dominant iron oxide species—small atigclear clusters in the temperature
region 100-300 °C and larger more oxidized moigtesoparticles) after heating the sample
up to 400 and 500 °C.

Kenszocbaspxamure HZSM-53eo01mTi ca MmaTepuaiy ¢ BaXHU WHIYCTPUATHU TPUITIOKEHUS

KaTro KaTanu3aropu. TSXHOTO oxapakTepu3upaHe € TPYJHO MOpaadl pa3IUYHUTE BBH3MOKHU
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Fe-cbappkamy 4acTuIid, KOUTO MOTAT Jia ChIeCTBYBAT B nopute Ha HZSM-5 3eonmuture n
TAXHATA 3aBUCUMOCT OT MeToja Ha moiy4yaBaHe. Tpu paznmunu obpasuu Fe—HZSM-56sxa
MPUTOTBEHW Ype3 HoHeH oOMeH, KaTo Osxa W3MOJI3BaHU Pa3IUYHU JKEJIE3HU IMPEKypCOpH:
chappKaiy camo FE wm FE™ fionn u cpaspixaru exsumonapHa cMec ot FE u FE™ iionn.
O0pasiuTe Osxa oxapakTepuU3MpaHu ¢ pa3audHu excrepumeHTanan TexHukd (XRD, FTIR,
UV-Vis cnekrpockornuss 1 XANES/EXAFS), 3a n1a ce w3sichu Tumna Ha Fe<pabpkamute
YaCTHUIIM, CHINECTBYBAIH B oOpaszuute. [leproanunu KBaHTOBO-XUMUYHU WU3YUCICHHUS CHITO
Osixa MpoBelleHW, 3a Ja ce IOAINOMOTHE U3SICHSIBAHETO Ha IOJy4YeHaTa CTPYyKTypHa
napopmanus or EXAFS maHHWTE W 3a Ja ce YCTAaHOBH OTHOCHTEIHATAa CTAOMIIHOCT Ha
paznuuHuTe Fecpappxkamm yactunu B mopute Ha HZSM-5 3eomutute. B obpasmute,
npuroTBern camo ¢ FE* wm FE™ joHu, TOMUHAPAT H30IMPAHH JKeJS30-ChIbPIKAIIH HOHH,
HO CBINIECTBYBAT U ABysapenu FeO FE&" ifoHM, KaKTO U MaJIKH KJIBCTEPH OT JKeJIe3eH OKcua. B
TpeTrara mpoba, IPUroTBEHA OT MPEKYPCOp, ChAbPIKAIIl KeIe3HH HOHHU B IBETE OKUCIUTETHO-
PEAYKIIMOHHU CHCTOSIHHMSI, TTO-TOJIIMATa YacT OT JKeNSA30To € Mo ¢opMara Ha KIILCTEPU WIH
MaJKd HAHOYACTHIIM OT JKeJe3HU okcuau. XAS ekcrepuMeHTHTe 3a oOpazena, ChIbpiKall
eKBUMOJIApHH KoymdecTBa FE" i1 FE jionn, mokasaxa HaTM4METO Ha JBa BUA JOMUHHpPALIHA
YACTHIIM JKeJI€3€H OKCHJI - MAJIKU OJIMTOSIIPEHH KIIbCTEPU B TeMIiieparypHust uarepsan 100—

300 T u nmo-ronemMu okucieHn yacTuiy (Hanodactuiwm) cien Harpssane 10 400u 500 T.

33. ,Hydrophobic Tungsten-Containing MFI-Type Zé®lFilms for Exhaust Gas Detection”
Julien Grand, Siddulu Naidu Talapaneni, Hristiyan Adeksandroy Georgi N. Vayssilov,

Svetlana Mintova
ACS Applied Materials & Interface2019, 11 (13), pp 12914-12919

The assembly of highly hydrophobic nanosized twgsbntaining MFI-type zeolite
nanocrystals (W-MFI) in films and further use oétlims for selective exhaust gas (CO, CO
NO, and NQ) detection were investigated by operando IR spectpy. Because of the
hydrophobic nature and presence of tungsten inframeework, the W-MFI films showed
excellent sorption capacity toward all analytes;amparison to the pure silica (Si-MFI) film.
The high sensitivity of the W-MFI film toward lonwoacentration of C@and NQ (1-3 ppm)
was demonstrated. In addition, the interactionsveeh the analytes and zeolite films have
been studied by quantum chemical calculation modedf the W centers based on the density

functional theory method.
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[TomyyaBaneTo OT BHCOKOXHAPO(GOOHW HaHOpa3MEpHH BOJI(PaM-CHIbPIKAIMA 3E€OJTATHH
Hanokpuctamm (W-MFI) Ha ¢uiMu ¥ MO-HATATHUIHOTO H3MOJ3BaHE Ha (QHUIMHTE 3a
CEJIEKTUBHO jeTekTupane Ha oTpabotenu razoBe (CO, CQ, NO u NO,) Osxa uscienBaHu
ugpe3 omepanno MY cmekrpockonus. [lopamu xuapodoOHaTa mpupoja W HAIMYHETO HA
Bosippam B pemrerkara, W-MFI| ¢pummuTe mokasBaT OTIMYEeH COPOIMOHEH KamalWTeT KbM
BCHUYKM aHAJM3UPAaHU T'a30Be, B CpaBHEHHUE ¢ (uiMa OT YucT cuiuimeB auokcun (Si-MFI).
bemme pgemoncTpupana Bucokara uyBcTBHTeIHOCT Ha W-MFI ¢unmma kM HEcka
konmentpanus Ha CO, u NO, (1-3 ppm).B nombiiHeHue, B3anMoIeiCTBASTA MEK/IY Ta30BETe
n W-chappikaly 1meHTPOBE B 3€OIMTHUTE (QHIMHU ca WU3CIEIBaHU 4Ype3 KBAHTOBO-XMMHYHH

HU3YHCIICHHUA, 6a31/1paH1/1 Ha TeOopuATa Ha (1)YHKL[I/IOH8,JI8, Ha ITBTHOCTTA.

34. “Interaction of Graphene with Out-of-Plane Aatim Hydrocarbons”
S. K. Kolev, H. A. AleksandrgW. A. Atanasov, V. N. Popov, and T. I. Milenov
The Journal of Physical Chemistry 2019, in press, DOI: 10.1021/acs.jpcc.9b03550

In the present article, graphene complexes withobyiane organic substances such as a
triphenylmethyl radical, anion, and cation are sddComparison is made with the similar
closed-shell molecule (cyclohexa-2,5-dien-1-ylidee¢hylene)dibenzene. The nearest
contact in the complexes is realized between adggir atom of the organic molecule and a
carbon atom of graphene. The geometry of the octganolecules does not change
significantly, but changes in graphene’s electrodansity of states make possible the
identification of the formea—= complex. This effect represents an extension @fidiea that
graphene is capable of single-molecule detectiogréphene being capable of adsorption

complex detection and, more importantly, identifica.

B mHacrosmarta craTusi ca M3CNeBaHM KOMIUIEKCH Ha rpadeH ¢ HeIUlaHApHW OpraHWYHH
ChEeIMHEHUS KaTo TPH(PEHUIMETHIIOB paJKall, aHHOH W KaTHOH. belre HarpaBeHO cpaBHEHHE
¢ mnomobHa  MoOJIeKyJa  CbhC  3aTBOpeHa  OOBHBKa (uksioxekca-2,5-uen-1-
WINHJICHIEMEeTHICH) nOeH3eH. Haii-OJIM3KUAT KOHTAaKT B KOMILUICKCHTE C€ OChINECTBIBA
MEXJly BOJOPOJEH aTOM Ha OpraHWYHaTa MOJIeKyJa W BBIJIEpOJIeH aToM OT rpadeHa.
['eomeTpusiTa Ha OPraHUYHHATE MOJIEKYJIH HE CE€ MPOMEHS CHINECTBEHO, HO MPOMEHHTE B
IUTBTHOCTTA Ha €JICKTPOHHUTE CHhCTOSIHUS HA TpadeHa MpaBsIT Bb3MOXKHO HIACHTHPHUIIMPAHETO

Ha 06paBYBaHI/IH T — m KoMIuiekc. To3m e(beKT OpeACTaBIsIBa pa3lIUpsABAHC HA HACATA, Y€
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rpageHbT € CIOCOOCH J1a NIETeKTHpa eIMHUYHA MOJIEKYJa B TpaQeHbT MOXKE Jla JeTeKTHpa

a/IcOpOLIMOHEH KOMILJIEKC U MO-BaXKHOTO - J]a F'0 UACHTU(HUIIHPA.

35. “Paraquat adsorption on NaY zeolite at vari8u#l ratios: A combined experimental
and computational study”

Chalermpan Keawkumay, Wina Rongchapo, NarongritaS&uwit Suthirakun, Iskra Z.
Koleva, Hristiyan A. AleksandrgvGeorgi N. Vayssilov, Jatuporn Wittayakun

Materials Chemistry and Physic2019, 238 121824 (1-8)

NaY samples in the crystalline form with Si/Al @ifrom 2.15 to 2.40 were synthesized as
adsorbents for paraquat. Their surface areas,clgarsize, concentration of basic sites
decreased with an increase of Al content in thethggis gel. The interaction between
paraquat molecule and NaY zeolite was investigdigdperiodic DFT calculations to
understand the adsorption behavior. Paraquat atsorpy all samples fit with Langmuir
model. The capacity of the adsorbents was in thgeaf 210-240 mg/g-adsorbent, higher
than NaY in the previous reports. After paraquatoaption, the surface areas of the samples
decreased from around 800 to 3fgnindicating that paraquat adsorbed inside thditeeo
pores. FAU samples with the highest Si/Al raticdfzhad the highest adsorption capacity in
line with the results from the DFT calculations.eTparaguat molecules located close to the
negatively charged fragments of the zeolite framé&wdue to the electrostatic interaction

with the positively charged ammonia groups of thgaaic molecule.

NaY oOpasimu B kpuctamHa ¢(opma cbc cwoTHOmeHus SI/Al or 2.15 mo 2.40 Osxa
CHHTE3UpaHH KaTo aJcopOeHTH 3a mapakBar. TsXHaTa MOBBPXHOCT, pa3MepbT HA YACTHUIINTE,
KOHIICHTpANUATa Ha Oa3MYHKUTE IICHTPOBE HAMAJISIBAT C yBeJIMUYaBaHe Ha ChIbp)kaHHeTo Ha Al
B M3IMOJI3BAHUS 3a CHUHTe3aTa reil. B3aumojeicTBHETO MeXIy MOJIEKyJaTa Ha IapakBaT W
NaY 3econmura Oeie W3CIEABAHO Ype3 MEPHOJAWYHH KBAHTOBO-XUMHUYHU HW3UYHUCIICHUS,
0a3upaHn Ha Teopusata Ha (YHKIMOHAJA HA IUTBTHOCTTA, C el H3SICHSABAaHE Ha
a7ICOpOITMOHHOTO TIOBEJACHUE Ha MapakBara. AJcopOIusaTa Ha mapakBaT BbB BCHUYKH MPOOH
CHhOTBETCTBA Ha Mojiesia Ha Langmuir.beme ycraHOBEHO, Ye KamauTeThT Ha aJCOPOCHTUTE €
210-240 mg/gncopbent, mo-Bucok ot NaY oOpasuurte, JOKIaJBAHH B IPEAUIIHA
usciensanus. Cien ajacopOnusTa Ha TapakBaT, HaJMYHATA ITOBBPXHOCT Ha OOpasluTe
HamaisBa or okoio 800 mo 30 rr‘F/g, KOETO TIOKa3Ba, 4e MapakBaThT ce abcopOupa B

3eonutHHUTE opu. FAU obpasiure ¢ Haii-rosMo choTHOIenue Si/Al (2.4) umar Haii-BUCOK
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aﬂC0p6HI/IOH€H KarmaguTeT B CBOTBETCTBHUEC C PE3YJIITAaTUTE OT KBAHTOBO-XUMHUYHHUTC HHU
HU3YHCIICHHUA. MOJIeKyJ'[I/ITe Ha I11apakBaTa C€ HaMUpPaT B Oau30CT A0 OTPUIATCIIHO 3apCACHUTC
(I)par MCHTU OT 3€0JIMTHATa CTPYKTypa, Hopaau CJICKTPOCTATUYHOTO B3aUMOJECUCTBUE C

IMOJIOKUTECIIHO 3apCACHUTEC aMOHUCBHU I'PYIIN HA OpraHUYHaTa MOJICKYJIA.

36. ,Verapamil delivery systems on the basis of apesous ZSM-5/KIT-6 and ZSM-5/SBA-
15 polymer nanocomposites as a potential tool examme MDR in cancer cells”

Margarita Popova, Rositsa Mihaylova, Georgi Momek®enitsa Momekova, Hristina
Lazarova, lIvalina Trendafilova, Violeta Mitova, NdKoseva, Judith Mihalyi, Pavletta

Shestakova, Petko St. Petkov, Hristiyan A. Aleksawnd Georgi N. Vayssilov, Spiro

Konstantinov, Agnes Szegedi

European Journal of Pharmaceutics and Biopharmacs2019, 142, 460-472.

ZSM-5/KIT-6 and ZSM-5/SBA-15 nanoparticles were thasized and further modified by a
post-synthesis method with —(@EBO;H and —(CH)sNHCO(CH,).COOH groups to
optimize their drug loading and release kineticfifgs. The verapamil cargo drug was loaded
by incipient wetness impregnation both on the paem modified nanoporous supports.
Nanocarriers were then coated with a three-laydynperic shell composed of chitosan-k-
carrageenan-chitosan with grafted polysulfobetathains. The parent and drug loaded
formulations were characterized by powder XRD,dWysisorption, thermal analysis, AFM,
DLS, TEM, ATR-FT-IR and solid state NMR spectrosesp Loading of verapamil on such
nanoporous carriers and their subsequent polymatingpresulted in a prolonged in vitro
release of the drug molecules. Quantum-chemicalizlons were performed to investigate
the strength of the interaction between the spefiiictional groups of the drug molecule and
—(CH,)3SOsH and —(CH)sNHCO(CH,).COOH groups of the drug carrier. Furthermore, the
ability of the developed nanocomposites to podiivenodulate the intracellular
internalization and thereby augment the antitumotividy of the p-gp substrate drug
doxorubicin was investigated in a comparative manrge free drug in a panel of MDR
positive (HL-60/Dox, HT-29) and MDR negative (HL)6Buman cancer cell lines using the
Chou-Talalay method.

ZSM-5/KIT-6 u ZSM-5/SBA-15 nanouacTuim OsiXxa CHHTE3UpaHH W JONBIHUTEITHO
Moauuipanu ype3 moct-cuareTrHueH MeTof ¢ -(CH,)3SOsH u -(CH,)sNHCO(CH,),COOH

TpyIH, 3a Ja Ce ONTUMH3UPAT JEKAPCTBEHOTO MM HATOBapBaHE W KUHETUYHUTE UM MPOQUIH
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Ha ocBoOoxnaBaHe. JlekapcTBEHOTO CpeACTBO BepamaMui Oellle HAaTOBAapeHO upe3
UMIIpErHUpaHe, KakKTo B HayalHWs, Taka U B Moauduuupanus HaHomopecT Hocuten. Cien
TOBAa HAHOYACTHLIMTE OsXa IIOKPUTH C TPUCIOHHA IOJIMMEpHAa OOBMBKA, CHCTABEHA OT
XUTO3aH-K-KapareHaH-XUTo3aH ¢ J00aBeHW BEpUTH OT moimcyiapoderanH. M3xomHute u
JIEKapCTBEHO-HATOBApEHUTE 00pa3y 0sXa oXapaKTepHU3UpPaHHU Ce C MPaxoB PEHTIeHOB (a30B
anamu3 (XRD), N, ¢usucopOius, TepMUYCH aHAIU3, aTOMHO-CHJIOBa MUKpockomus, DLS,
TEM, NY cnekrpockomuss u TBBpRoTenHa SMP cnekrpockonus. HaroBapBaneTo Ha
BeparaMuil B TaKWBa HAHOMOPECTH HOCHUTENIU M TOCJE/IBAlOTO MM MOKpPUBaHE C IOJUMEP
BOJIAT JIO YIBJDKEHO IN Vitro ocBoOoKaaBaHe Ha JieKapCcTBEHUTE MoJieKyH. [IpoBenenn Osixa
KBaHTOBO-XMMUYHM W3YMCIICHMS, 3a Jla C€ M3CJE/Ba CUjaTa Ha B3aUMOJEHCTBHETO MEXKIY
cnenuduunnTe (QYHKIIMOHAIHU TPymu Ha JekapcTBeHara mojiekyida U -(CHp)3SOsH u -

(CH2)sNHCO(CH,),COOH rpymuTe Ha JeKapCTBEHUS HOCHTE.
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