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PE®EPAT

ITonaxosa Kapuna /IMutpueBHa
Junnomuas pabota, 46 c.,9 puc.,2 Tabi., 67 HCTOYHUKOB.

CpaBHuUTEIBHOE HCCIIEI0BAaHUE TOMO-U OusiepHbIX kinaTepoB Cu,Ag u Au B
nporecce pparmentaruu NO.

KmoueBbie cnoBa: T[T'OMOSAJEPHBIE KJIACTEPBI, BUAJIEPHBIE
KIIACTEPBI, ME/Ib, CEPEGEPO, 30JIOTO, ®PAI'MEHTALMA NO, DFT,
OJIEKTPOHHOE CTPOEHUE, KATAJIMTUYECKAA AKTUBHOCTD.

OO0bexT uccnenoBanus: ['omo- u ousigepusie kiactepsl Meau (Cu), cepedpa
(Ag) u 3o50Ta (Au).

[lens pabGoTel: M3ydeHne KaTaIMTHYECKOW aKTHBHOCTH TOMO- M OUSIEPHBIX
KJIACTEPOB MeEJIM, cepedpa U 30J0Ta B peakiuu ¢parMeHTanuu Moiexkysibsl NO
METO/I0M KBaHTOBO-XMMHUYECKOT'O MOJEIUPOBAHUS.

Meroasl uccienoBanus: KBaHTOBO-XMMHUYECKOE MOJAEIHPOBAHUE, TEOPUS
dbynkuuonana tiotHoctd (DFT), mporpammusiii naker Gaussian 09, ananu3
MOJEKYJISIpHBIX opOutaneir (3Heprus B3MO), ananmus pacrnpeziencHus 3apsjioB
(meton NBO), cpaBHUTENIbHBIH aHAIU3 TEOMETPUUECKHX U DICKTPOHHBIX
XapaKTEPUCTHUK KJIACTEPOB.

B Teopetnueckoil yacTu paccMOTpEHBI (PyHIAMEHTAIbHBIE CBOMCTBA OKCHIA
azota (NO) u ero posp B XuMudeckux nporeccax. [lpoeaén 0630p coBpeMeHHbIX
noaxonoB K  (parmentanuu  NO, BKIIOYas MEXaHU3Mbl  CEJIIEKTUBHOTO
KaTaJIMTUYECKOTO BOCCTaHOBIEHUs. ONMMUCaHbl CTPYKTYpPHBIE 0COOEHHOCTH TOMO- U
OMsIIEpHBIX KJIacTepoB nepexoanbix MetaiioB (Cu, Ag, Au).

DKClepuMeHTalbHAas 4acTh BKJIIOYAET KBaHTOBO-XUMHUYECKOE
MOJEIUpoBaHuEe B3aumonecTBus kiactepoB Cu, Ag u Au ¢ monekynoin NO
METO0M (YHKUIMOHANA TJIOTHOCTH C MCHOJIb30BAaHUEM MPOTPAMMHOIO IMaKeTa
Gaussian 09. J{ns kaXa0T0 HCCIIETyeMOro KiacTtepa mpoBeIéH aHaIU3 TEOMETPHH,
sHeprun B3MO wu pacnpenenenust 3apsanoB (meromom NBO). Paccunrtano
yaauHeHue cBsizu N=0O B pe3ynbTare aacopOUMKd HAa METAUIMYECKUE LEHTPBHI.
ConocTaBiieHbl KaTATMTUYECKHE CBOMCTBA TOMO- U OHSIZICPHBIX KJIaCTEPOB.

IToka3amno, YTO HanOOJIbIIIECH KaTaJIMTUYECKON aKTUBHOCTBIO
XapaKTepU3yIOTCs OUsiIepHBIE KIacTephl cepedpO-30J10TO U MEb-30JI0TO, IPOSBIISS
IIPY STOM BBICOKW CHHEpreTudecKnuii 2 heKT. BhIsIBICHB yMEPEHHBIC KOPPEISAIUU
JUIMHBI CBSI3M ¢ 3apsaoM u sHepruedl B3MO. YcraHOBIEHO, YTO 3TH MapameTpsl
BAJKHBI, HO HEJJOCTATOYHBI JJIsl TOJIHOW OLEHKU KaTAIUTHYECKOM aKTUBHOCTH.

PesynbraTel pabotbl: Pa3paboTaH mnoaxol K TEOPETHYECKOM OLIEHKE
KaTaIUTUYECKOM akTUBHOCTH kiacTtepoB Cu, Ag u Au. OmnpeneneHsl HamboJsiee
aKTUBHBIE CTPYKTYpHI. [loaTBepkaeHa pois 3apsana u suepru B3MO B akTuBanuu
ces3u NO.



OO6macTh TpPUMEHEHHWs: TPU pPa3padOTKE KaTaau3aTOpPOB [JISI OUYUCTKH
BbIOpOocoB NO, B 3HEpreTuke, CEHCOPUKE U OMOMETUIINHE.



PODEPAT

[TanskoBa Kapsina JI3MiTpeieyHa
Jlprmumomuas pabota, 46 c.,9 man., 2 Tabma., 67 KpeIHIIA.

[TapayHanbHae nacienaBaHHE TOMOSI3EPHBIX 1 Oissi3epHBIX KiacTapay Cu,
Ag 1 Auy npaipce gparmentansii NO.

KmouaBeis cnoBer: [TAMASJIBEPHBISA KIIACTAPBI, BISAJI3EPHBIA
KIIACTAPBI, ME/I3b, CAPOBPA, 30JIATA, ®PAI'MEHTALIBIA NO, DFT,
SJIEKTPOHHAS BYJIOBA, KATAJIITBIYHAS AKTBIYHACIIb.

AG’exT macinenaBaHHs: ['omMos3epHbIs 1 Oissa3epHBIS KiacTIpbl Measi (Cu),
csipa0pa (Ag) 1 3anata (Au).

Mbta paboThl: BeIByusHHE KaranmizaTapHail aKTBIYHACLl TOMOSI3EpPHBIX 1
OlsAI3EpHBIX KJAacTIpay MeAsi, capadpa 1 3anata ¥ poiakibll (pparMeHTallsii
Mmasekysnbsl NO MerajjaM KBaHTaBa-XiMidHara MaJdisiBaHHs.

Metonst  gacnmemaBaHHs: KBaHTaBa-XiMiuHae  MaJdNsIBAHHE, TIOPBIA
dbynkupisinana mabuibHaci (DFT), nparpamusl maker Gaussian 09, ananis
MaJeKyJsipHbIX apoiTanay (3Heprist B3MO), anaini3 pazmepkaBaHHs 3apaaay (MeTaj
NBO), napayHanbHbl aHalll3 CTPYKTYPHBIX 1 OJJIEKTPOHHBIX XapaKTapbICTHIK
KJIaCTIpay.

VY ToeapaThlyHail 4YacTubl pasrienkaHbl (yHAAMEHTANbHBIA YJIacIiBacli
akcingy azory (NO) 1 gro poiis ¥ XiMiuHBIX mpardcax. [IpaBea3eHsl arisig Cy4acHBIX
nageixonay pga dparmentanbii NO, yKITIOUaOUbl MEXaHI3Mbl CEJIEKThIYHara
KaTaJlITblYHAra ajHayJeHHsA. ATIicaHbl CTPYKTYpHbIS acalmjiBacui rama- 1
O1sA3epHBIX KiacTapay nepaxoansix metanay (Cu, Ag, Au).

OKcneppIMEHTaIbHAs YacTKa YKiIIouae KBaHTaBa-XiMiuHae MadJIsiBaHHE
y3aemamzesHus knactapay Cu, Ag 1 Au 3 manekynaii NO metagam (QyHKIbISTHATY
IIYBUIHHACI 3 BBIKAPBICTAHHEM TparpamHara nakera Gaussian 09. Jlns xokHara
JacienaBaHara Kjacrapa MpaBel3eHbl aHali3 reameTpbll, sHeprii B3MA 1
pasMmepkaBaHHs 3apanay (Meragam NBO). Pazniuana nagayxonue cyBsa3i N=0O y
BBIHIKY ajcapOubli Ha MeTamiyHblx I[PHTpax. CynacrayneHsl KaTajdiThIYHbISA
VnaciiBacii rama- 1 61s13epHbIX KjlacTtapay.

[Takazana, mTO HAWOOJBIIIAN KaTaITEIYHANW aKTHIYHACITIO XapaKTapbI3YIOIIa
O1sI3epHBIA KJlacTapbl cpaOpa-3o0jiata 1 MeA3b-30J1aTa, MPASYJISAIOYbl MPbI TITHIM
BBICOKI CIHAPIiuHbI 3¢eKT. Bolsaynensl yMepaHblis KapdJsaibll JayKbIHI CyBs31 3
3apagam 1 sHeprisii B3MA. YcraHoyneHa, mTo raThid MapaMeTpbl BaXKHBIS, ajie
HEJIACTATKOBBIS JUIsl TOYHAM al[PHKI KaTaliThIYHAN aKThIYHACIIL. .

Bemaiki pabGotel:  PacmpamaBaHbl TajbpIxo[ Ja TIApITHIYHAN — aldHKI
KaTaJiThluHal akThiyHacli kiactapay Cu, Ag 1 Au. Bpi3HauaHbl HaWOOJIbII
aKTBIYHBIS CTPYKTYpHI. [lanBepmkana pons 3apany i sHeprii BSMA ¥ akTeiBaisi
cyBs3i NO.



["anina mpbeIMSIHEHHS: TIPBI paCHpaLloy 1kl KaTanizaTapay AJs a4bICTKI BRIKiAAY
NO, y 3HEpreThIIbl, COHCOPBIIBI 1 O1sI-MebIIIBIHE.



ABSTRACT

Polyakova Karina Dmitrievna
Graduate work, 46 pag.,9 pics., 2 tabl., 67 ref.

Comparative study of homo- and bimetallic clusters of Cu, Ag, and Au in the
process of NO fragmentation.

Keywords: HOMOMETALLIC CLUSTERS, BIMETALLIC CLUSTERS,
COPPER, SILVER, GOLD, NO FRAGMENTATION, DFT CALCULATIONS,
GAUSSIAN 09W, HOMO ENERGY, CHARGE ANALYSIS, CATALYTIC
ACTIVITY.

Research object: Homo- and bimetallic clusters of copper (Cu), silver (Ag),
and gold (Au).

Purpose of work: Study of catalytic activity of homo- and bi-nuclear clusters
of copper, silver and gold in the fragmentation reaction of NO molecule by quantum-
chemical modeling

Research methods: Quantum-chemical modeling, density functional theory
(DFT), Gaussian 09 software package, molecular orbitals analysis (VZMO energy),
charge distribution analysis (NBO method), comparative analysis of geometrical and
electronic characteristics of clusters.

In the theoretical part the fundamental properties of nitric oxide (NO) and its
role in chemical processes are considered. Modern approaches to NO fragmentation,
including mechanisms of selective catalytic reduction, are reviewed. Structural
features of homo- and binuclear clusters of transition metals (Cu, Ag, Au) are
described.

The experimental part includes quantum-chemical modeling of the interaction
of Cu, Ag and Au clusters with NO molecule by density functional method using
Gaussian 09 software package. For each studied cluster, the geometry, VZMO
energy and charge distribution were analyzed (by NBO method). The elongation of
the N=O bond as a result of adsorption onto metal centers was calculated. The
catalytic properties of homo- and binuclear clusters were compared.

It is shown that silver-gold and copper-gold binuclear clusters are
characterized by the highest catalytic activity, showing high synergistic effect.
Moderate correlations of the bond length with the charge and energy of the VZMO
were revealed. It was found that these parameters are important but insufficient for
a complete evaluation of the catalytic activity.

Results of the work: An approach to the theoretical evaluation of catalytic
activity of Cu, Ag and Au clusters has been developed. The most active structures
were determined. The role of charge and energy of VZMO in activation of NO bond
was confirmed.



Application area: development of catalysts for NO emission purification,
energy, sensing, and biomedicine.






