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PLENARY LECTURES 





PL-1 
APPLICATIONS OF DENSITY FUNCTIONAL THEORY FOR THE 

IDENTIFICATION OF REACTION PATHWAYS OF CATALYZED PROCESSES 

IlPDMEHEHHE TEOPHII Cl> YHKI(HOHAJIA IlJI OTHOCTH ,l(JUI OilPE,l(EJIEHIDI 
IlYTEHKATAJIHTlfllECKOHPEAKQHII 

,Bell A.T. 

Department of Chemical Engineering · 
University of California 

Berkeley, CA 94720-1462, USA 
E-mail: bell@.cc hem. berkeley .edu 

Catalysts influence the progress of chemical reactions by altering the potential 

hypersurface on which the reaction occurs. Insights into the inanner in which catalyst 

composition and structure affect the activity: and selectivity of~ catalyst can be obtained by 

analysis of the energetics along the reaction pathway. Several ill~stration~ will be presented . 

to show how density functional theory (DFf) can b~ used to id~ntify critical features of the 
,. • • I . l 

processes involved in N20 decomposition, N20 oxidation of benzene to phenol, oxidative 

catbonylation of methanol to dimethyl c·arbonate, and meth.anoi oxidation to formaldehyde. 

Wherever possible, . detailed comparisons· with experimental , observations . will be made to 

su·pport the results of theoretical analysis. A newly developed . method ·tor identifying 

transition states and reaction pathways will also be presented and discussed. The strength of 

this method is that it can be used to determine pathways for systems in which a large number 

of degrees of freedom are involved. The only inputs required are the structure of the active 

site and the structure of the reactants. In addition to identifying the preferred reaction 

pathway, the algorithm calculates the rate coefficient as a function of temperature. Several 

illustrations of the application of this method to system of interest for catalysis will be 

presented. 
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PL-2 
KAT AJIIB rlf'APOIIEPOKCII)J:HOro OKHCJIEHIDI: MOJIEKY JIHPHl>IE IIYTH 

CATALYSIS OF OXIDATION WITH HYDROPEROXIDES: 
MOLECULAR PATHWAYS 

rexMaH A.E. 
Gekhman A.E. 

IIHcnuyr o6meif H HeopraHnciecKoif XHMHH HM. H.C.KypHaKoBa PAH, MocKBa, Poccm1 

E-mail: gekhman@igic.ras.ru 

O6c)')K,naeTC51 rrpHpo,na HHTepMe,nHaT0B B rH,nporrep0KCH,nH0M 0KHCJieHHH. I1MeIOrn:HeC51 

,naHI:Ihie YKa3hIBaIOT Ha crroco6HOCTh rrep0KC0K0MIIJieKC0B rrepexo,nHhIX MeTaJIJI0B K 

I . 6 
rrepe,naqe ,nHKHCJIOpo,na B COCT051HHH ~g Ha MOJieKyJiy HeHaChIIUeHHOro cy . CTpaTa . 

. IloMHMO 3TOro Maprnpyra Bhl51BJieHhl peaKD;HH, B KOTOphIX aKTHBHpOBaHHa51 

rrepoKcorpyrrrra BhICTyrraeT B KaqecTBe o,nHO-, ,nByx- If TpeX3JieKTpOHHOro OKHCJIHTeJI51. TaK, 

C ~KaHaMH rrep0KC0K0MIIJieKChl BaHa,nH51(V) pearHpyroT' rrepeH0C51 Ha cy6cTPaT CHHrJieTHhIH 

a TOM KHCrropo,na (,nB)?(3JieKTpOHHOe OKHCJieHHe) JIH6o KaTH0H-pa,nHKaJI ~rncrropo,na 

(TpeX3JI~~TpOHHOe OKHCJieHHe). IlepeHOC o,nHoro 3JieKTpoHa OT arrKaHa Ha rrepOKCOKOMIIJieKC 

rrpHB0,nHT K He06hJqHoMy pacmerrJieHHIO o,nHHapHOH HeaKTHBHpOBaHHOH CB513H C-C. _ 

PeaKD;H51 rrepOKCOKOMIIJieKCOB BaHa,nH51(V) C MOJieKyJI51pHhIM a30TOM rrpHBO,nHT K 

o6pa30BaHHIO 0KCH,na a30Ta(I). 
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COBPEMEHHhIE IIPE)J;CTABJIEHIDI O MEXAHH3ME )J;EHCTBiffl 
KAT AJIH3ATOPOB B IIPO:QECCAX IIPEBP AIIJ;EH~ 

PACTHTEJihHhIX IIOJIHMEPOB 

MODERN VIEWS ON MECHANISM OF CATALYST ACTION 
IN CONVERSIONS OF PLANT POLYMERS 

KyJHen;oB li.H. 
Kuznetsov B.N. 

lIHCTHTyr XHMHH n xnMw1ecKoii TexHoJiornn CO P AH · 
K. MapKca, 42, KpacHoHpcK 660049, PoccnH 

KpacHoHpcKHii rocy,napcrneHHbIM )'HHBepcnTeT, KpacHoHpcK, Poccm1 

<PaKc: (3912)439342; E-mail: bnk@icct.ru 

PL-3 

Mechanisms of catalytic transformation of plant polymers to organic and carbon products 

are discussed. Some data are presented concerning the features of catalyst action in the next 
reactions: plant carbohydrates depolymerization to organic compounds at mild conditions 

with high selectivity; plant lignin depolymerization to low molecular weight compounds by 

ecologically pure reagents; plant polymers carbonization to carbon products with demanded 

properties. 

Tpa,nmJ;HOHHbIMH rrpOMbIIIIJieHHbIMH rrpo:u:eccaMH n1,npOJIH3a, ,z:i;eJIHrHmpHKa:U:HH H IIHpo

JIH3a e)Kero,nHO B MHpe rrepepa6aTbIBaIOTC5I COTHH MHJIJIHOHOB TOHH paCTHTeJibHOro Cblpb5I 

( rrpeHMymecrneHHO ,z:i:peBeCHHbI). ,ll;rrH IIOBbIIIIeHH5I 3cpcpeKTHBHOCTH cymecTBYIOIUHX rrpo:u:ec

COB H paCIIIHpeHH5I accopTHMeHTa rrpO.D:YKTOB, IIOJiyqaeMbIX H3 paCTHTeJibHbIX IIOJIHMepoB, 

IIIHpOKO HCIIOJib3YIOTC5I KaTaJIH3aTOpbI KHCJIOTHO-OCHOBHOro H OKHCJIHTeJibHO

BOCCTaHOBHTeJibHOro THIIOB. 

B ,noKJia,z:i:e paccMoTpeHbI cymecrnyrom:He rrpe,ncrnBrreHHH o MexaHH3Me ,neiicrnm:1 roMo

reHHbIX H reTeporeHHbIX KaTaJIH3aTopoB B rrpo:u:eccax rrpeBpam:eHH5I paCTHTeJibHbIX IIOJIHMe

poB, a TaK)Ke B peaK:U:H5IX HeKOTOpbIX HH.D:HBH.D:YaJibHbIX opraHHT-IeCKHX coe,nHHeHHM, Mo,ne

JIIIpyromnx cpparMeHTbI CTPYKTYPbI JIHrHHHa. lf3yqeHHe KaTaJIHTHqecKHX rrpeBpam:eHHH .. 

rnep,nbIX cy6cTpaTOB, K KOTOpbIM OTHOC5ITC5I paCTHTeJibHbie IIOJIHMepbI, rrpe,ncTaBJIHeT co6oii 

,[(OCTaToqHo CJIO)KHyro 3KcrrepHMeHTaJibHYIO 3a,z:i;aqy_ ,ll;JIH TaKHX CHCTeM IIOJiytIHTb OLl:H03Haq

Hbie ,noKa3aTerrbcrna o MexaHH3Me rrpoTeKaromnx rrpeBpam:eHHM ropa3,z:i;o · Tpy,z:i;Hee, qeM B 

cJiyqae THIIHqHbIX KaTaJIHTHqecKHX ra3ocpa3HbIX H )KH.D:KOg_)a3HbIX rrpo:u:eccoB. 

K HaCT05ImeMy BpeMeHH HaKOIIJieHO ,nocTaToqHo MHOro 3KCrrepHMeHTaJibHbIX ,naHHbIX 0 

KaTaJIHTHqecKHX rrpeBpam:eHH5IX paCTHTeJibHbIX IIOJIHMepoB H rrpe,nJIO)KeHbI pa3H006pa3Hbie 

crroco6bI rrpHMeHeHH5I KaTarrH3aTopoB .D:JI5I HHTeHCHg_)HKaU:HH rrpo:u:eccoB HX KOHBepCHH B 

:u;eHHbie opraHnqecKne coe,nHHeHHH H yrrrepo,nHhie MaTepnaJibI. 
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PL-3 
B ,U0KJia,n:e paCCM0TpeHbl C0BpeMeHHbie rrpe,UCTaBJiemrn: 0 MexaHII3Me cne,n:yromIIx KaTa

JIIITIIqecKIIX peaKnIIH: ,uerr0JIIIMepII3anIIII paCTIITeJibHbIX Kap6orII,upaTOB B opraHIIqecKIIe 

coe,UIIHeHII51 B M51I'KIIX ycJI0BII51X C BbICOKOH ceneKTIIBH0CTbIO; ,ueII0JIIIMepII3anIIII JIIII'HIIHa 

paCTIITeJibHOH 6IIOMaCCbl 3K0JI0rIIqecKII qIICTbIMII peareHTaMII C rronyqeHIIeM neJIJIIOJI03bl II 

HII3K0M0JieKyJI51pHbIX coe,UIIHeHIIH II3 JIIII'HIIHa; Kap60HII3aIJ;IIII paCTIITeJibHbIX II0JIIIMepoB B 

yrnepo,UHbie MaTepIIaJibl c Tpe6yeMbIM K0MIIJieKC0M CBOHCTB. 

B Kaqecrne rrepBIIqHbIX rrp0JJ:YKTOB rn,uponll3a paCTIITeJibHbIX Kap6orn,upaTOB o6pa3y

IOTC51 M0Hocaxapa, K0T0pbie Moryr II0,UBepraTbC51 ,UaJibHeHillIIM rrpeBpameHII51M. IlyreM II0,U-

6opa ycJIOBIIH ocymecrnneHII51 rrpou;ecca rII,Up0JIII3a II II0,UX0,U51Iu;IIX KaTaJIII3aT0p0B y,uaeTC51 

II0BbICIITb BbIX0,U Tpe6yeMbIX u;eneBbIX rrp0,UYKT0B (neByJIIIHOBOH KIICJI0TbI, rII,npoKCIIMe

TIImpypcpypona, JieB0rJIIOK03eH0Ha, cpypcpypona II IIX rrpOII3BO,UHbIX). 

Pa3pa6aTbmaeMbie 3KonorIIqecKII 6e3orracHbie rrponecchl rronyqeHII51 nennIOJI03bI II3 

,upeBeCIIHbl 0CH0BaHbl Ha IICII0Jib30BaHIIII KaTaJIII3aTopoB ,uenIIrHIIq>IIKaJ:~IIII II 3K0JI0rIIqecKII 

qIICTbIX peareHT0B (HarrpIIMep, KIICJI0po,ua II rrep0KCII,Ua BO,Uopo,ua). Orrpe,n:eneHHbIH rrpo

rpecc B II0HIIMaHIIII MexaHII3Ma rrpoTeKaIOmIIx rrpeBpameHIIH ,U0CTIII'HYT rrpII II3yqeHIIII peaK

IJ;IIH opraHIIqecKHX coe,UIIHeHIIH, M0,UeJIIIpyromIIx 0T,UeJibHbie cpparMeHTbl CTPYKTYPbl JIIII'HIIHa. 

Kap6oHII3anII51 paCTIITeJibHbIX II0JIIIMepoB IICII0Jib3yeTC51 ,UJI51 rronyqeHII51 yrnep0,UHbIX 

MaTepIIaJI0B C pa3H006pa3HbIMII CBOHCTBaMII. MexaHII3M ,ueHCTBII51 KIICJI0THbIX KaTaJIII3aTo

poB 3aKJIIOqaeTC51 B ycKopeHIIII peaKnIIH ,uerII,uparnnIIII. O6pa3yromIIeC51 rrpII 3T0M coe,UIIHe

HII51 C aJib,UerII,UHbIMII rpyrrrraMII K0H,UeHCIIPYJOTC51 B BbIC0K0M0JieKyJI51pHbie BemecTBa, qTo, 

B K0HeqHoM cqeTe, rrpIIB0,UIIT K II0BbIIlleHH0MY BbIXo,uy Kap6oHII30BaHHOro rrp0,UYKTa. I1II

p0JIII30M paCTIITeJibH0ro II0JIIIMepa C HaHeceHHbIMII coe,UIIHeHII51MII MeTaJIJia M0)KH0 rrony

qaTb MeTaJIJI03aMemeHHbie rropIICTbie yrnepo,UHbie MaTepIIaJibI, K0T0pbie Moryr rrpIIMeH51TbC51 

B KaqecTBe KaTaJIII3aTopoB IIJIII MO,UIIq>IIIJ;IIpOBaHHbIX yrnepo,UHbIX cop6eHTOB II HOCIITeJieH. 

OcymecTBJieHIIe TepMIIqecKIIX rrpeBpameHIIH II3MeJibqeHHbIX paCTIITeJibHbIX II0JIIIMepoB 

B rrceB,U00)KII)KeHH0M cnoe KaTaJIII3aTopa 0KIICJieHII51 0TKpbmaeT H0Bbie B03M0)KH0CTII 

yrrpaBJieHII51 rrponecC0M IIIIp0JIII3a II B perynIIpoBaHIIII TeKCTypbl yrnepo,uHoro rrp0,UYKTa. 

ABTOp Bbipa)KaeT 6naro,napHOCTb 3a q>IIHaHCOBYJO rro,u,uep)KKY B paMKax rrporpaMMbl 

«HHKO-KOIIEPHHKYC» (rpaHT ERBIC 15 CT98 0804) II «YHIIBepcIITeTbI PoccIIII» 

(rpaHT YP.05.01.021). 
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HOBblE PEAKQIIII OKIICJIEHIDI B OPr AHJiqECKOM CIIHTE3E 

NEW OXIDATION REACTIONS IN ORGANIC SYNTHESIS 

IlaHOB r .II. 
Panov G.I. 

11HCTHTyr KaTaJIH3a HM. r .K. EopecKoBa CO P AH, 

rrpocrr. AKa,n:. JlaBpeHTbeBa, 5, HoBocH6HpcK 630090, Poccmr 

Fax: (+7-3832) 34 30 56; E-mail: Panov@catalysis.nsk.su 

PL-4 

The active oxygen-containing compounds (e.g., higher oxides of transition metals, 

organic and inorganic peroxides, etc.) have long been in use as selective oxygen donors in 

organic synthesis. The talk is devoted to new trends in this field concerning the use of 

unconventional oxidants, in particular, nitrous oxide. A review of the gas-phase reactions 

involving N20 will be accompanied by demonstration of possible application of nitrous oxide 

in the liquid-phase oxidation, which opens a new way for synthesis of various oxygenated 

organic products. 

OKHCJIHTeJibHbie rrpeBpameHH5I yrneBo,n:opo,n:oB rrpe,n:cTaBJI5IIOT co6oiI O)J;HH H3 caMbIX 

Ba)KHbIX KJiaCCOB opraHHqecKHX peaKIJ;HH. B )KHBOH rrpHpo,n:e, 6rraro,n:ap5I TOHKOMY ,n:eHCTBHIO 

<pepMeHTOB, OKHCJIHTeJibHbie peaKD;HH rrpoTeKaIOT rrpH ycrrOBH5IX OKp)')KaIOmeiI cpe,IJ;bl C 

yqacTHeM caMoro 06b1qHoro II )J;OCTyrrHoro OKHCJIHTeJI5I - M0JieKyJI5IpHoro KHCJIOpo,n:a. Hanrn 

IICKYCCTBeHHbie KaTaJIII3aTOpbI ,IJ;aJieK0 He TaK COBeprneHHhl, KaK <pepMeHTbl. Il03TOMY 

Hepe,n:KO, qTo6bI rrpoBeCTH rrpocTyro peaKIJ;HIO, K0Topyro rrpHpo,n:a ocyw:ecTBJI5IeT B O~IIH mar, 

HaM rrpHX0)J;HTC5I rrpH6eraTb K HeCK0JibKIIM CTa,IJ;H5IM, rrpoTeKaIOIIJ;HM rrpH BbICOKIIX 

TeMrrepaTypax II ~aBJieHH5IX. 

3Ta TPY.D:H0CTb BbI3BaHa rrpo6neMoiI rro,n:6opa cerreKTHBHoro KaTaJIII3aTopa. TaKoiI 

KaTaJIH3aTop )J;OJI)KeH rrp05IBJI5ITb ~Ba Ba)KHbIX CBOHCTBa: C O~HOH CTOp0Hbl, aKTIIBHpoBaTb 

KHCJiopo,n: II, c ,n:pyroiI, aKTHBHpOBaTb opraHHqecKyro M0JieKyrry TaK, qTo6bI HarrpaBHTb ee 

B3aHMO,IJ;eHCTBHe C KHCJiopo,n:oM no orrpe,n:erreHHOH XHMHqecKOH CB5I3ll. OcHOBHOH II)'Tb 

rro,n:6opa KaTaJIH3aTOpOB, ocyw:ecTBJI5IeMbIH qepe3 ll3MeHeHHe IIX XIIMIIqecKoro COCTaBa, 

rrpHB0)J;HT K O,IJ;HOBpeMeHHOMY H3MeHeHHIO aKTHBaD;HH o60HX K0MIIOHeHTOB II He II03BOJI5IeT 

rrpoBeCTH He3aBHCIIMyIO OIITHMH3aIJ;HIO 3THX rrapaMeTpOB. 

HoByro B03M0)KH0CTb B yrrpaBJieHHH peaKu;HeH 0TKpbrnaeT H3MeHeHHe XHMIIqecKOH 

rrpHp0,IJ;bl OKHCJIHTeJI5I, B KaqecTBe KOTOporo MO)KeT rrpHMeH5ITbC5I He TOJibKO CB060,IJ;HbIH 

(MoJieKyJI5IpHbIH), HO II CB5I3aHHbIH KIICJIOpo,n: B BH,IJ;e pa3JillqHblX KHCJIOpo,n:co,n:ep)KaIUIIX 

M0JieKyn. 3To, B rrepByro oqepe,n:b, rrpHBO)J;HT K H3MeHeHHIO COCT05IHH5I IIOBepXHOCTHoro 
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PL-4 
KHCnopo,na, Tor,na KaK xapaKTep aKTHBaUHH OKHCmreMbIX MOJJeKyn OCTaeTC5I HeH3MeHHbIM 

HJ1H 3aTparHBaeTC5I B MeHbIIIeH CTerreHH. 

AKTHBHbie KHCnopo,nco,[(ep)KaII."(He coe,n:HHeHH5I (BbICIIIHe OKCH,ll;bl rrepeXO,[(HbIX 

MeTaJJJJOB, opraHHqecKHe H HeopraHHqecKHe rrepOKCH,ll;bI H T.,n.) ,naBHO HCIIOJ1b3YJOTC5I KaK 

ceneKTHBHbie ,ll;OHOpbI KHCnopo,na B peaKUH5IX opraHHqecKoro CHHTe3a. B ,naHHOM ,ll;OKJ1a,[(e 

6y,n:YT paccMOTpeHbl HOBbie TeH,neHUHH B 3TOH o6naCTH, CB5I3aHHbie C rrpHMeHeHHeM 

HeTpa,D;HUHOHHbIX OKHCJ1HTenen, cpe,n:H KOTOpbIX oco6oe MeCTO 6y,neT y,neneHO 3aKHCH a30Ta, 

N20. B rrocne,n:HHe I'O,[(bl 3Ta MOJJeKyna rrpHBJJeKaeT 60J1bIIIOe BHHMaHHe XHMHKOB KaK 

KaH,D;H,D;aT B <m,neanbHbie» ,ll;OHOpbI MOHOaTOMHOro KHCJJopo,na, 06pa3y51 B KaqecTBe 

rro6oqHoro rrpO,D;YKTa J1Hlllb 6e3Bpe,D;HbIH MOJ1eKyn5IpHbIH a30T, nerno OT,[(eJJHMbIH OT 

rrpO,D;YKTOB peaKUHH. 

HapH,ny C ofoopoM ra30<pa3HbIX peaKUHH C yqaCTHeM N 20' r,ne HaH6onee 5IpKHM 

rrpHMepoM 5IBJ15IIOTC5I peaKUHH ceneKTHBHOro rH,npOKCHJJHpOBaHH5I apoMaTHqecKHX 

coe,n:HHeHHH, 6y,neT IIOKa3aHa B03MO)KHOCTb rrpHMeHeHH5I 3aKHCH a30Ta B peaKUH5IX 

)KlI,ll;KO<pa3HOro OKHCJ1eHH5I, KOTOpbie OTKpbIBaIOT HOBbIH IIYTb ,ll;J15I CHHTe3a pa3H006pa3HbIX 

KHcnopo,nco,nep)KamHx opraHHqecKHX coe,n:HHeHHH. 
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PL-7 
MECHANISM OF NITROGEN OXIDES SELECTIVE REDUCTION BY 

HYDROCARBONS IN THE EXCESS OF OXYGEN: INTERMEDIATES, THEIR 
REACTIVITY AND ROUTES OF TRANSFORMATION 

MEXAHU:3M PEAKI(U:H CEJIEKTU:BHOro BOCCTAHOBJIEHIDI OKCH)I;OB 
A3OTA YrJIEBO,lI;OPO,lI;AMU: B U:31ibITKE KU:CJIOPO,ll;A: U:HTEPME,lI;U:ATbI, 

U:X PEAKI(U:OHHMI CIIOCOliHOCTb U: MAPIIIPYTbI TP AHC<I>OPMAI(U:U: 

Sadykov V.A., Lunin V.V.* and Ross J.R.H.** 
CallhIKOB B.A., JlyHHH B.B* H Pocc ,n:~.P.X** 

Boreskov Institute of Catalysis SB RAS, Prosp. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 
Fax: ( + 7-3832) 34 25 13; E-mail: sadykov@catalysis.nsk.su 

*Chemical Department of Lomonosov Moscow State University, Vorobyevy Gory, Moscow, Russia 
**University of Limerick, Plassey Technological Park, Limerick, Ireland 

Main features of the mechanism of NOx selective reduction by hydrocarbons (methane, 
propane, propylene) in the excess of oxygen catalyzed by systems containing transition metal 
cations are considered. Stationary and unsteady-state kinetic experiments combined with 
in situ FfIRS and TPD allowed to prove that in the realistic operation temperature range, 
surface nitrate complexes are key intermediates. The factors determining their structure, 
bonding strength, reactivity and routes of reductive transformation under the action of 
hydrocarbons were assessed. The routes of hydrocarbons activation for the systems of interest 
were considered as well. Schemes of the reaction mechanism for basic types of reducing 
agents and catalysts were suggested. 

Selective catalytic reduction of nitrogen oxides by hydrocarbons (HC-SCR) is now one of 
the most intensively studied catalytic reactions in the world. However, the mechanism of this 
reaction is still the subject of controversy, which hinders development of efficient catalysts for 
this application. Main drawback of the predominant part of studies aimed at elucidating the 
mechanistic details is the lack of reliable estimation of the rates of proposed intermediates 
transformation in realistic conditions close to those in real exhausts. Moreover, mechanistic 
studies are usually not supported by detailed characterization of the nature of surface sites 
stabilizing reactive intermediates. This presentation considers results of research aimed at 
determining the key features of the mechanism of NOx HC-SCR using such reductants as 
methane, propane and propylene [1-7]. As catalysts, copper and cobalt-exchanged ZSM-5 
zeolites, copper supported on alumina and zirconia, bulk samples of monoclinic or partially 
stabilized zirconia, and copper/copper + Pt loaded zirconia pillared clays were used. The distinct 
feature of these studies is systematic comparison of the steady-state rates of catalytic reactions 
with the rates of transformation/accumulation of the possible intermediates estimated by using 
pulse/flow kinetic methods and in situ Fourier-transform IR studies. Structure, bonding strength, 
reactivity and routes of those surface species transformations were analyzed taking into account 
the nature and local coordination of the sites of their stabilization. 

For all systems studied, strongly bound surface nitrates were reliably shown to be key 
intermediates, their transformation under the action of reductant + oxygen being the rate
determining stage. Organic nitrocompounds (nitromethane, nitropropane etc) are generated in 
this stage. The route and rate of their subsequent transformation critically depend upon the 
chemical nature of surface coordinatively unsaturated cations, type of their coordination and 
presence of oxygen and NOx in the gas phase. FfIRS studies combined with nitrogen and 
oxygen isotope substitution both in the course of unsteady-state SCR reaction and in special 
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experiments on thermal transformation/oxidation of possible C, N-containing intermediates 
allowed to elucidate the nature of a number of intermediates including nitriles, aldehydes, 
ketene, acrolein, acrylic acid, isocyanates, melamine, ammonia etc. For some stages of the latter 
intermediates transformation, acid sites were shown to be of importance. In general, the rates of 
the interaction with oxygen or NO + oxygen mixtures for surface species generated due to 
nitrocompounds transformation exceed the rates of steady-state catalytic reactions, which imply 
that they could not be rate-limiting. For some systems, generation of NO and/or NO2 was shown 
to be the consequence of nitrocompounds oxidation by oxygen. Selectivity towards N2 and 
nitrous oxide during nitrocompounds transformation strongly depends upon the catalyst nature 
and content of oxygen as well. 

Primary activation of hydrocarbons was shown to proceed either with direct participation of 
ad-NOx species (the case of tetrahedrally coordinated cobalt cations), or independently on 
coordinatively unsaturated surface cations (the case of square-planar coordinated copper cations). 
In all cases, clustering of transition metal cation leading to decrease of the bonding strength of 
adsorbed oxygen facilitates hydrocarbons activation. For supported oxide systems promoted by 
precious metals (Ag, Pt), enhanced rates of hydrocarbons activation help to increase the rate of the 
surface nitrates transformation and, as the result, increases the steady-state rate of catalytic reaction. 

Schemes of NOx HC -SCR reaction mechanism were suggested and discussed for basic 
types of catalytic systems and reductants. 

This work was in part supported by RFBR grants 95-03-09675, 95-03-09622, and INT AS 
grant 97-11720. 
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KOMIIJIEKChl IIAJIJIA)J;IDI( II, I, 0) B KATAJIIITIIqECKHX PEAKU:IDIX 

OKIICJIIITEJihHOrOKAPnOHIIJIIIPOBAHIDI 

PALLADIUM( II, I, 0) COMPLEXES IN CATALYTIC OXIDATIVE 
CARBONYLATION REACTIONS 
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The role of Pd c·omplexes in the oxidative carbonylation of alcohols and alkynes and 
mechanistic features of unusual oscillating oxidative carbonylation are discussed. New 
Pd(0)-p-benzoquinone complexes are synthesized and versatile role of p-benzoquinone in 
oxidative reactions is discussed. 

Cyrri;eCTBeHHbIH BKJia,n: B pa3BHTHe roMoreHHOro opraHnqecKoro KaTaJIH3a KOMIIJieKCaMH 

Pd(II, I, 0) BHecJIH nccJie,n:oBaHHH IO. CMn,n:Ta, M. MonceeBa, TI. M3HTJIHca, TI. reHpn, 

p. XeKa, ,[(3. I(y,n:3n H MHOrHX ,n:pyrnx XHMHKOB. Pa60TbI IIOCJie,n:HHX 20 JieT IIOKa3aJIH, qTo 

KOMIIJieKCbI Pd(I) HBJIHIOTCH HCTHHHbIMH KaTaJIH3aTopaMH MHOrHX peaKUHH. Cero,n:HH 

pa3BHTa oqeHb 6oraTaH KOop,n:HHaUHOHHaH XHMHH Pd(I) [1], oco6eHHO B o6JiaCTH 

Kap6oHHJibHbIX KOMIIJieKCOB [ 1, 2]. 

B 3TOH JieK~HH paccMaTpHBaeTCH MHoroo6pa3He 3THX KJiaCTepOB. He,n:aBHO HaM y,n:aJIOCb 

IIOJiyqHTb MOHOKpHCTaJIJI H ycTaHOBHTb CTPYKTYPY rrepBoro qJieHa ceMeHCTBa 

Kap6oHHJibHhIX KOMIIJieKcoB (N~h[Pd2(CO)2Cl4] [3], CHHTe3npoBaHHoro B 1942 r. 

A.,[(. reJibMaH n E. MeiIJiax, a TaK)Ke HHTepecHoro KOMIIJieKca cocrnBa (PPNh[Pd2(CO)3Br3]. 

B JieKUHH o6c~,n:aIOTCH MexaHH3MbI OKHCJIHTeJibHOro Kap60HHJIHpOBaHHH crmpTOB H 

aJIKHH0B B pacrnopax KOMIIJieKCOB Pd(II) n Pd(I), a TaK)Ke 6y,n:yr rrpe,n:cTaBJieHbI HOBbie 

KaTaJIHTlfqecKHe CHCTeMbI L(JIH ceJieKTHBHbIX CHHTe3OB HHTapHoro H MaJieHHOBOro 

aHrn,n:pn,n:oB H3 aueTHJieHa [4]. B cncTeMe Pdh-KI-MeOH o6Hap~eH KOJie6aTenbHbIH 

pe)KHM rrpoTeKaHHH OKHCJIHTeJibHOro Kap6oHHJIHpoBaHHH aJIKHHOB ,n:o ,n:1nqmpoB 

3aMemeHHbIX MaJieHHOBbIX KHCJIOT. Ey,n:yr rrpe,n:cTaBneHbI OCHOBHbie qepTbI MexaHH3Ma 3TOH 

HeofarqHoH peaKUHH [5, 6]. 

He,n:aBHHe nccne,n:oBaHHH rryren cpopMHpoBaHHH KaTaJIH3aTopa B CHCTeMe 

Pd(OAch-PPh3- n-6eH30XHHOH-MeOH B peaKUHH OKHCJIHTenbHOro Kap6oHnnnpoBaHHH 

=C-H CBH3H B cpeHmrauenrneHe rro3Bonnnn rrpe,n:JIO)KHTb HOBbIH MexaHH3M, BKJiroqaromnn 

CTa,n:HIO OKHCJIHTeJibHOro rrpHcoe,n:HHeHHH =C-H CBH3H a-aJIKHHa K KOMIIJieKcy 
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Pd(0) - L2PdQ, r,ne L - PPh3, Q - n-6eH30XHHOH, c rroc11e,nyioruuM BHe,npeHueM oKcu,na 

yr11epo,na ll 0KllCJIHTeJibH0-B0CCTaH0BHTeJibHbIM pacrra,noM auurrbH0ro cr-MOC B pe3yJibTaTe 

HYKJieOq:>llJibHOM aTaKll MeTaH0Jia C o6pa30BaHHeM MeTHJI0B0ro 3q:>Hpa q:>eHHJIIIpOIIllOJIOBOM 

KllCJI0Tbl (1 ). fu,npll,D;Hble JillraH,nbl 0KllCJI5.lIOTC5.l XllH0H0M BHYTPHM0JieKyrrHpH0 C 

o6pa30BaHHeM ru,np0XllH0Ha [7] 

PhC=CH + CO + MeOH + Q ---+ PhC=CCOOMe + H 2Q (1) 

CHHTe3HpoBaHbl ll myqeHbl MeTO,n0M PCA [7] ,nBa H0BbIX aKTllBHbIX B KaTaJill3e 

KoMrrrreKca Pd(0) c Q - [Pd(rt2-Q)(PPh3hh(H2Q)·MeOH, Pd2(µ-11
2,ll2-Qh(PPh3h)·MeOH. 

B rreKU:llll o6c)')K.naeTC5.l MHOroo6pa3Ha5.l porrb XllH0H0B B 0KllCJIHTeJibHbIX 

KaTaJillTll1:IeCKllX peaKUllHX. 

B uccrre,noBaHll5.lX MexaHll3Ma KaTaJillTll1:IeCKllX peaKUllM, BbIIIOJIHeHHbIX B rrocrre,nHHe 

ro,D;bl, aBTOpbl 3q:>q:>eKTllBHO llCIIOJib3)'IOT CTpaTermo, CB513aHH)'IO C q:>OpMaJill30BaHHbIM 

Bbl,D;Bll)KeHHeM rHIIOTe3 0 MexaHll3Me ll rrocrre,nyiorueii llX ,D;llCKpllMHHauueii ( cerreKuueii) Ha 

0CH0Be uerreHarrpaBJieHHbIX 3KCrrepuMeHTOB [8-1 0]. 

Pa6orn BbIII0JIHeHa rrpu q:>HHaHCOBOM rro,n,nep)KKe P<I><I>I1 (rpaHTbl 00-03-32037, 

01-03-32883). 
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In classic works on ion-coordinated polymerization of unsaturated compounds for 

organic derivative of nontransition metal of II-III groups the accessorial role is determined: 

alkylating, reducing and stabilizing agent. It is considered, that cocatalyst participates only in 

active centers (AC) formation and doesn't influence on their functioning, that is on their 

reaction ability (propagation reaction rate constant, kp) and stereospecificity of action. 

In our investigations of the titanium-aluminum (TiHal4-AlR3) and vanadium-aluminum 

(VOCb-AlR3) catalytic systems (CS) it was shown that the change of organic radical R nature 

(length, isomerism, presence of double bonds and heteroatoms) in aluminum trialkyls 

influenced on CS activity in diene polymerization by variation in the concentration of AC, but 

didn't alter their stereospecificity of action and reaction ability [1]. And if we substitute the 

hydrocarbon radical - R in tryalkylaluminum by the group of another nature, for example, H, 

Cl or OR, not only CS activity, but also reaction ability and stereospecificity of AC action 

will change. Thus, linear dependence between 1,4-cis-units content in polyisoprene and 

propagation reaction rate constant under polymerization of this monomer may be realized 

[2,3]. In the case of lanthanide-aluminum CS (LnCb-3L-AlR3, where L - tributilphosphate or 

diamylsulfoxide) variation of the organic radical structure influences not only on CS activity 

but also on kp, and on the forming polydienes microstructure, both under homo- and 

copolymerization of dienes [4]. 

Variation of nature of nontransition metal itself (for example, substitution of aluminum 

by magnesium, germanium or gallium) in its organic derivatives noticeably affects the 

reaction ability and stereospecificity of action of AC. So, for instance, if we use 

organomagnesium compound instead of trialkylaluminum in lanthanide containing syste:p1s 

we observe complete inversion of stereospecificity of their action [5]. It is interesting to note 

that the nontransition metal organic compound concentration (CS component ratio) influences 

on the AC reaction ability and stereospecificity of action [6]. 
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All these data allow to consider that the organic compound of nontransition metal plays 

an important role both in AC formation and functioning, and sometimes it plays exactly the 

same determinative role as transition metal compound (catalyst), that testifies to AC structure, 

containing both metals (transition and nontransition) in its composition. 

One of the reasons of such influence of nontransition metal nature and its ligand 

environment on CS parameters may be the participation in dienes' ion-coordinated 

polymerization of AC of different structure (multiplicity), differing, for example, both by the 

degree of alkylation of transition metal and by the state of bridge bond between transition and 

nontransition metals in bimetallic AC. These are those parameters of near ligand environment 

(electronic characteristics) of cr-bond transition metal-carbon via the insertion of coordinated 

diene occurs. The type of active centers and their ratio for one and the same initial transition 

metal compound in CS (consequently, AC reaction ability and stereospecificity of action) 

may depend from nature and concentration of used nontransition metal organic compound. 

References 

[1] S.R. Rafikov, Yu.B. Monakov, G.A. Tolstikov, N.G. Marina, N.Kh. Minchenkova and 
I.G. Savel'eva. J. Polym. Sci., Chem. Edition, 34(11) (1983) 732. 

[2] Z.M. Sabirov, N.Kh. Minchenkova, Yu.B. Monakov. Vysokomol. Soed. (Polymer Science), 
33(B)(2) (1991) 83. 

[3] Yu.B. Monakov, S.R. Rafikov, N.Kh. Minchenkova, LR. Mullagaliev, K.S. Minsker. Doklady 
AS USSR (Chemistry), 258(4) (1981) 892. 

[4] Yu.B. Monakov, G.A. Tolstikov, Catalytic Polymerization of Dienes-1,3. M.: Nauka, 21lp. (1990) 
(in Russian). 

[5] Yu.B. Monakov, N.G. Marina, N.V. Duvakina, Z.M. Sabirov, V.S. Glukhovskoi, 
Yu.A. Litvin. Vysokomol. Soed. (Polymer Science), 39(1) (1997) 163. 

[6] N.V. Duvakina, Yu.B. Monakov, Doklady Chemistry (in print). 

18 



PL-10 
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MECHANISM AND KINETICS OF C1-MOLECULES TRANSFORMATIONS 
OVER Cu-BASED CATALYSTS 
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B ,ll;OKJia,ne paCCMOTpeHbI oco6eHHOCTM MexaHM3Ma M KMHeTMKM pa3JIMqHbIX peaKI(MH 

O,ll;HOyrJiepo,nHhIX MOJieKyJI rrpeMMymecTBeHHO Ha Me,nhco,nep)Kall(MX KaTaJIM3aTopax Ha 

OCHOBe co6CTBeHHbIX M JIMTepaTypHbIX ,naHHbIX. Cpe,nM HIIX: CMHTe3 MeTaHOJia; CMHTe3 

<I>mnepa-Tporrrna, CHHTe3 ,ll;MMeTMJIOBOro 3qmpa, CHHTe3 MeTMJiq>OpMMaTa, peaKI(MM 

BO,ll;JIHOro ra3a, pa3JIO)KeHHe MeTaHOJia C IIOJiy-qeHMeM Bo,nopo,nco,nep)Kall(MX CMeCeH. 

bOJibIIIMHCTBO rrepeqMCJieHHbIX peaKI(MH rrpoTeKaeT C o6pa30BaHMeM CTa6MJibHbIX 

IIOBepXHOCTHbIX HHTepMe,nMaTOB, rrpoqHo CBJI3aHHbIX C aKTMBHbIMM u;eHTpaMM, qTo 

o6ycJiaBJIMBaeT crreu;Mq>M1-IeCKMe KHHeTMqecKMe 3aKOHOMepHOCTM rrpoueccoB. 

B 3aKJIIOqMTeJihHOH qacTM ,ll;OKJia,na paCCMOTpeHa o6maJI cxeMa rrepepa6oTKM 

rrpHpo,nHoro ra3a B MOTOpHbie TOIIJIMBa, HOBbie pa3pa60TKM ,ll;JIJI OT,neJibHbIX rrpou;eccoB. 
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THE MECHANISM OF FISCHER-TROPSCH SYNTHESIS 
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Mechanistically, Fischer-Tropsch synthesis features alike an "Organism of Reactions, 
Sites and Intermediates" of high dynamic complexity, basically ruled by few principles. It 
appears that FT- synthesis with cobalt (or Ni and Ru) is different as compared with FT on 
lfOn. 

For Fischer-Tropsch synthesis with cobalt we have recently observed that the 

FT-regime is initially poorly existing. It develops with time under the influence of CO and 

hydrogen. This is now related to a cobalt metal surface segregation and thereby 

disproportionation of crystal On-Plane-Sites into On-Top-Sites of low coordination, 

capable for chain propagation and In-Hole-Sites of low coordination, active for 

CO-dissociation (the obtained C1-species is hydrogenated to the mobile CH2-monomer). The 

remaining On-Plane-Sites are much frustrated in their activity, but still own some activity for 

olefin reactions and methane formation. With this new concept findings around FT-synthesis 

can be excellently explained. 

As "the" monomer for chain growth, the CH2-species has been proposed early by 

Fischer and also by Eidus. This has been substantiated by results of our experiments with 
14C-labelled olefins, showing the reversibility of CHraddition, as in relation to carbene 

complex chemistry. Surface CH2-species had earlier been noticed e.g. by Bell when finding a 

CH2-addition to the double bond of cyclohexene. CO-addition for chain growth has been 

proposed by Wender, Roginski, Pichler and others and is today identified as an alternative 

reaction of chain growth. It is regarded also to perform on On-Top-Sites and seen as a chain 

termination reaction, because the oxygen will not be split from the species and the oxygen 

containing "ligand" not be capable of chain prolongation as in analogy to the 

hydroformylation mechanism. 14C-labelling of hydrocarbon product molecules during 

hydropolymerization (conversion of mixtures of ethylene, 14CO and H2; Zelinski, Eidus) can 

now be understood: Preferred chain start with (ample, stable) CH3 from CO and chain 

termination with CO (chain prolongation being possible with ethylene). See also our 

experiments with labelled ethylene in the syngas. 
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Alkyl chains, attached to the On-Top-Sites of the segregated cobalt surface, forming an 

"alkyl grove" (with distinct features of its own) are concluded to be the species which grow. 

Methyls on the surface of deactivated hydrogenation catalysts have been found as very stable 

- even deactivating - species (Albers et al.). In analogy, alkyls should be stable as well. 

Paraffins and alpha-olefins, both are the main primary products of FT-synthesis, as formed 

from the alkyls via H-addition or H-abstraction (Schulz). It follows frustration of these 

desorption reactions in the Fischer-Tropsch regime, as they have to be considerably slower 

than addition of a monomer. Frustration of the alkyl desorption reactions (also of CH3 to 

form C~) then appears to be the most important principle of Fischer-Tropsch synthesis, valid 

for all FT-catalysts, for Co, Ni, Ru and Fe as well. 

Secondary olefin reactions are important with cobalt, as there are: Alpha-olefin 

readsorption for linear chain growth on On-Top-Sites; olefin adsorption on On-Plane-Sites for 

double bond shift and double bond hydrogenation. 

Remarkably, it can be learnt from the selectivity changes during selforganization of the 

FT-regime how spatial constraints on the active sites are an important principle (time 

dependence of e.g. branching- and growth probability). 

With iron as the FT-catalyst, fundamental differences are observed. The common 

FT-principle for both sorts of catalysts is: Frustration of the desorption reactions, of 

particularly paraffins but also of olefins. The active sites of iron catalysts are not well 

identified, in spite of an enormous volume of related literature. Whereas with cobalt (Ni, Ru) 

the metals themselves exhibit FT-activity, the well reduced iron is not active and only 

develops activity through reaction of the iron with carbon from CO dissociation (Schulz) 

under formation of several carbide phases and graphitic carbon. Good iron catalysts are 

promoted with alkali, which spreads on the catalyst surface and specifically favors carbon 

formation from CO. Visualizing the FT-monomer with iron to be the CH2-species is much 

supported from evidence and respectively a CH2-with-alkyl-reaction is very probable for 

chain prolongation. 

As compared with cobalt, most of the "extra-reactions" are missing with iron (or are at least 

slow). With iron the mechanistic picture appears simpler with regard to intermediates and basic 

reactions, however, much more complicated regarding catalyst composition and structure. The 

FT-regime with alkalized iron is remarkable stable. Selectivity changes are merely observed 

over wide ranges of partial pressures and even during the in situ catalyst formation. 

The above pictured mechanism of FT-synthesis shall be discussed in more detail in the 

lecture, mainly on the basis of our recently gained data and insight. 
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CHARACTERIZATION OF ACTIVE SITES OF Fe- AND Ti-SILICALITE 

CATALYSTS RESPONSIBLE FOR THEIR OXIDIZING PROPERTIES 

XAPAKTEPII3AQIDI AKTIIBHbIX QEHTPOB )KEJIE3O- II TlITAH
CO,IJ:EP)KArn;HX CIIJIIIKAJIIITOB, OIIPE,IJ:EJIHIOIQIIX 

OKIICJIIITEJibHbIE CBOU:CTBA KATAJIII3ATOPOB 

Zecchina A. 

Dipartimento di Chimca Inorganica, University of Turin, via P. Giuria, Turin 7 I-10125, Italy 

Ti and Fe are both examples of transition elements which can substitute silicon atoms in 

the framework positions of zeolitic materials with MFI structure. The resulting solids are TS 1 

and Fe-silicalite. However while Ti does not show high propensity into extraframework 

positions the same does hold for Fe. For this reason the catalytic properties in partial 

oxidation reactions of Ti-silicalite are mainly associated with the properties of framework Ti 

centres while the properties of Fe-silicalite are better explained in terms of extraframework 

species. It will be shown that the coordination state of Ti increases from four to five and six 

upon contact with adsorbates like water and ammonia and that this transformation is 

reversible. The interaction with hydrogen peroxide (the oxidizing agent) is more complex and 

it will be discussed in great detail. The coordination state of extraframework Fe(II) and Fe(ill) 

species generated by controlled migration of iron from framework to extraframework 

positions can be lower than four (the coordination state of iron in the original framework 

position). It will be shown that extraframework Fe(II) centres can increase their coordination 

sphere up to six upon NO interaction with formation of trinitrosyl species. The chemical 

nature of adsorbed oxygen and its relations with oxygen species found in iron-based enzymes 

will also be discussed. Another problem that will be considered is the role of framework Al in 

influencing the catalitic activity of Ti- and Fe-silicalites. 

KEYNOTE SECTIONAL LECTURE 

(Abstract recieved 27.08.2002) 
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SOL V ATION OF PROTONS AS A MAIN FACTOR WHICH DETERMINES THE 

STRENGTH OF SUPERACIDS. THE ROLE OF SOLV ATION IN THE ACID 
CATALYZED TRANSFORMATIONS OF OLEFINS 

COJihBATAQIDI IlPOTOHOB KAK OCHOBHOH <l>AKTOP, OilPE,IJ;EJUIIOIIJ;IIIl 
CIIJIY CBEPXKIICJIOT. POJih COJihBATAQIIII B KIICJIOTHO

KATAJIIITIIqECKIIX IlPEBPAIIJ;EHIDIX OJIE<l>IIHOB 

Kazansky V.B. 
KaJaHCKHii B.li. 

Zelinsky Institute of Organic Chemistry, RAS, Leninsky Prospect 47, Moscow 117913, Russia 
E-mail: vbk@ioc.ac.ru 

Analysis of literature indicates that the strength of superacids is mainly determined by the 

unusual chemical properties of weakly solvated protons, while the degree of dissociation of 

superacids is rather low and is of less importance. Therefore, the high chemical activity of 

protons in such superacids as 100% H2S04 or the anhydrous liquid HF arises from weaker 

solvation of these species by molecules of superacids in comparison with solvation with the 

more basic water molecules. In contrast, solvation by superacids of the negatively charged 

basic anions is stronger than in water solution. Thus, for appearance of superacidic properties, 

the following conditions should be satisfied for a strong acid: 

1. To have the strongest superacid, the energy of proton solvation should be minimal. 

11. In contrast, the solvation energy of the negatively charged anions should be maximal. 

First of these conditions results in a high chemical potential of solvated protons, whereas 

the second one makes the energetic of heterolytic dissociation of superacids still reasonably 

favorable. 

These conclusions were illustrated by results of the ab initio quantum chemical 

calculations performed for solvation of protons and of the negatively charged anions in 100% 

sulfuric or in the liquefied anhydrous hydrofluoric acids which are presented in Table 1 (See 

also Ref. [1]). The obtained solvation heats are in a good agreement with experimental heats 

of autoprotolysis of these acids. On the other hand, they confirm a considerably weaker 

salvation by the anhydrous superacids of protons and in contrast the stronger salvation of the 

basic negatively charged anions in comparison with solvation in water solution. 
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Table 1. 

The acid 
~H of proton solvation, ~H of anion solvation, 

kcal/mol kcal/mol 
Water solution 100% acid Water solution 100% acid 

H2SO4 261 240 72 70 

HF 261 225 109 145 

These results indicate that depending on the concentration of the strong acids the 

chemical properties of solvated protons can change in a very broad range. 

The similar conclusion concerning important role of solvation is also true for solvation by 

the strong liquid acids or by superacids of carbenium ions resulting from protonation of 

olefins. Therefore, catalytic transformations of olefins in anhydrous superacids and in the 

moderately concentrated strong acids involve different active intermediates. For instance, due 

to the weaker solvation of protonated species by 95 % sulfuric acid, the "conjunct 

oligomerization" of olefins or isoparaffin-olefin alkylation are the real carbenium ion 

reactions [2,4]. In contrast, due to the stronger solvation of protonated species by water, than 

by anhydrous superacids, the cationic polymerization of olefins in the moderately 

concentrated sulfuric or hydrofluoric acid involves oxonium ions instead of carbenium ions 

[3]. This results in different reaction products rather than in transformations of olefin~ in 

superacids. 

These conclusions are supported both by ab initio quantum chemical calculations and by 

the in situ 13C NMR study of protonated active species involved in sulfuric acid catalyzed 

transformations of olefins or in isoparaffin-olefin alkylation. The obtained results also allowed 

proposing a new alternative mechanism of isoparaffin-olefin alkylation catalyzed by 95% 

H2SO4 or anhydrous HF. 

[l] V.B. Kazansky, Topics in Catalysis, 11/12, 2000, 55. 
[2] V.B. Kazansky, RA. van Santen, Catal. Lett., 38, 1996, 115. 
[3] V.B. Kazansky, Appl. Cat. A: General, 188, 1999, 121. 
[4]V.B. Kazansky, H.C.L. Abbenhuis, RA. van Santen, M.L.V. Vorstenbosch, Catal. Lett. , 2000, 

v.69, 38. 
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MEXAHII3M KATAJIIITJiqEcKoro ,ll;EHCTBIDI IJ;EOJIIITOB CEMEHCTBA 

IIEHT ACIIJIA B IIPEBP AIIJ;EHIDIX HII3KOMOJIEKY JI.HPHhIX 
Yr JIEBO,ll;OPO,ll;OB 

THE MECHANISM OF THE CATALYTIC ACTION OF PENTASIL TYPE 
ZEOLITES IN THE TRANSFORMATION OF LOW-MOLECULAR WEIGHT 

HYDROCARBONS 

Jla1rnuyc A.JI., )];epraqeB A.A. H MHuaqeB X.M. t 
Lapidus A.L., Dergachev A.A. and Minachev Kh.M. t 

HHCTIITyr opraHw1ecKott XIIMIIII IIM. H.,[(.3eJIIIHCKoro P AH 
JleHIIHCKIIH npocneKT, 47, MocKBa 119991, Poccm1 

TeJieqJaKc: (8-095) 135-53-28; E-mail: SEKRETARY@ioc.ac.ru 

Transformations of low-molecular weight olefines and paraffins over pentasil type 
zeolites of different composition are studied. The reasons for the high activity and selectivity 
of modified pentasils appear to lie in their specific acidic properties, localization of promoter 
atoms in the zeolite structure, their strength and electronic state of the modifier metals. On the 
basis of the data obtained suggestions are made concerning the mechanism of the catalytic 
action of pentasils and the rules for designing selective catalysts are outlined. 

AKTYaJibHa51 3a,naqa KBaJIIIq>IIUIIpoBaHHOll nepepa6oTKII ra3oo6pa3HbIX yrneBo,nopo,noB B 

:ueHHbie XIIMJfqecKIIe npO.D:YKTbl CTIIMYJIIIpOBaJia ITOIICK HOBbIX 3q>q>eKTIIBHbIX 

KaTaJIII3aTopoB, cpe,z:i:II KOTOpbIX HaII60Jiee aKTIIBHbIMII II ceJieKTIIBHblMII CIICTeMaMII 

OKa3aJIIICb :ueoJIIITbl ceMettcTBa neHTaCIIJia [ 1-3]. B )J;OKJia,ne o6o6meHbl pe3yJibTaTbl 

IICCJie,noBaHII51 3aKOHOMepHOCTeH KaTaJIIITIIqecKoro ,neHCTBII51 ,neKaTIIOHIIpoBaHHbIX II 

MeTaJIJICO,nep)KamIIx neHTaCIIJIOB B npeBpameHII51X HII3KOMOJieKyJI51pHbIX OJieqmHOB II 

napaq>IIHOB. 

Ha OCHOBaHIIII II3yqeHII51 npeBpameHIIll OJieq>IIHOB C3-C4 B npIICYfCTBIIII neHTaCIIJIOB 

c,neJiaH Bhrno.n o TOM, qTo o6pa3oBaHIIIO apoMaTIIqecKIIX yrJieBo,nopo,noB npe,nrnecrnyeT 

CTa)J;II51 OJillrOMepII3a:UIIII IICXO)J;HbIX aJIKeHOB C yqaCTIIeM rrpoTOHHblX KHCJIOTHbIX :ueHTpOB 

:ueoJIIITOB. ,[(aJibHeHillIIe rrpeBpameHII51 OJIIIroMepoB Moryr npOIICXO,UIITb no .D:BYM 

HanpaBJieHII51M. IlepBoe - IlOCJie,noBaTeJibHOe oTmenJieHIIe BO,Uopo,na OT MOJieKyJI 

OJIIIroMepoB II TepMIIqecKa51 UIIKJIII3a:UII51 o6pa3YJOmIIXC51 ITOJIIIHeHaCbimeHHbIX CTPYKTyp. 

BTopoe - qacTIIqHblll KpeKMHr OJIIIroMepoB C o6pa30BaHIIeM BeCbMa peaK:UIIOHHOCITOC06HbIX 

aJIJIIIJibHbIX IIOHOB Kap6eHII51, KOTOpbie JierKO npeBpamaIOTC51 B )];II- II TpIIeHIIJibHbie KaTIIOHbI 

II ,naJiee B apoMaTIIqecKIIe yrJieBo,nopo,nbr. 

Onpe,neJieHbI OCHOBHbie cpaKTOpbI, BJIII51IOIUIIe Ha aKTIIBHOCTb II ceJieKTIIBHOCTb 

MeTaJIJICO,nep)KaIUIIX neHTaCIIJIOB B apoMaTII3aUIIII HII3KOMOJieKyJI51pHbIX napaQ)IIHOB: 

COOTHOilleHIIe KOHUeHTpao;IIH KapKaCHbIX aTOMOB, npIIpo,na 3JieMeHTa-MO)J;IIq>IIKaTopa, ero 
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KOHIJ;eHTpa:u1u1 ll JIOKaJIH3au;m1 B 3JieMeHTaX CTp)'KTypbI n;eOJill'~HOH MaTpHD;bl, crroco6 

BBe,[(eHHJI MO,[(m}mu;ttpyiomeii ,n:o6aBKll, ycJIOBllJI rrpoBe,[(eHHJI peaKIJ;llll tt rrpe,n:BapttTeJibHOH 

o6pa6oTKll KaTaJIH3aTopoB. C rrpttMeHeHtteM KOMIIJieKca COBpeMeHHblX Q)ll3llKO-XllMll1IeCKllX 

MeTO,[(OB IIOJiyqeHbl HOBbie ,[(aHHbie O rrpttpo.ne aKTllBHbIX n;eHTpOB rreHTaCHJIOB, MexaHH3Me 

MX cpopMttpoBaHHJI, COCTaBe KOop,n:ttHaIJ;HOHHOH ccpepbI, a TaK)Ke O cm1e ll TepMOCTa6HJib

HOCTll rrpOTOHHbIX ll arrpOTOHHbIX KllCJIOTHbIX u;eHTp0B. 

CpaBHeHtte ,[(HHaMHKll o6pa30BaHHJI rrpO,[()'KTOB rrpeBpameHHJI rrapacpttHOB C2-Cs Ha 

MeTaJIJICO,[(ep)KaIIJ;HX rreHTaCttJiax IIOKa3aJIO, qTo apoMaTtt3aIJ;HJI aJIKaHOB rrpe,ncTaBJIJieT co6oii 

COBOKyrrHOCTb IIOCJie,[(OBaTeJibHbIX ll rrapanJieJibHbIX peaKIJ;llH, rrepBaJI ll3 KOTOpbIX -

o6pa30BaHtte HeHaCbIIIJ;eHHbIX yrneBO,[(OpO,[(OB. OcHOBOH MexaHH3Ma KaTaJillTllqecKoro 

,[(eHCTBllJI MO,[(llQ)llD;llpOBaHHbIX rreHTaCHJIOB B apoMaTtt3an;mI Hll3KOMOJieKyJIJipHbIX 

rrapacpttHOB JIBJIJieTCJI yqacTHe CllJibHbIX arrpOTOHHblX KllCJIOTHblX n;eHTpOB, BKJIIoqaromttx 

aTOMbl MeTaJIJIOB, B .nertt,npttpoBaHllll HaCbIIIJ;eHHbIX MOJieKyJI. KpoMe Toro, arrpoTOHHble 

KllCJIOTHbie n;eHTpbI yqacrnyioT B CTa,[(llll OTpbIBa rtt,nptt,[(-llOH0B OT HeHaCbIIIJ;eHHbIX MOJieKyJI 

C o6pa30BaHHeM BbICOKOpeaKIJ;llOHHbIX aJIJillJibHbIX llHTepMe,n:ttaTOB. B CBOIO oqepe,[(b 

yrneBO,[(OpO,n:bI Moryr 6bITb IIOJI)'1IeHbl rrocpe,[(CTBOM 

IIOCJie,[(OBaTeJibHOrO OTPbIBa rtt,nptt,n:-HOHOB OT MOJieKyJI OJie<pllHOB C qllCJIOM yrnepO,[(HbIX 

aTOMOB He MeHee IIIeCTll, TaK ll B pe3yJibTaTe rrpJIMOro B3allMO,[(eHCTBllJI ,[(Byx aJIJillJibHbIX 

KaTHOHOB C O,[(HOBpeMeHHbIM OTmerrJieHtteM BO,[(Opo,na. 

B pe3yJibTaTe rrpoBe,[(eHHbIX llCCJie,[(OBaHHH ccpopMyJittpoBaI:IbI rrpttHIJ;llIIbl rro,n6opa 

3cpcpeKTllBHbIX u;eoJIHTHbIX KaTaJIH3aTopoB, 06ecrreq1rnaromttx rrpeBpameHHe OJie<pllHOB C2-C4 

B BbICOKOOKTaHOBOe MOTOpHoe TOIIJIHBO C ceJieKTllBHOCTbIO ,[(O 95% ll apoMaTH3aIJ;HIO 

rrapacpttHOB C2-Cs C ceJieKTllBHOCTbIO 65-70%. 

[l] M.S. Scurrell, Appl. Catal., 32 (1987) 1. 
[2] X.M. M1rnaqeB, A.A. ,[(epraqeB, YcnexH XHMHH, 59 (1990) 1522. 
[3] Kh.M. Minachev, A.L. Lapidus, A.A. Dergachev, Proc. DGMK-Conference «Creating Value from 

Light Olefines - Production and Conversion», Hamburg, (2001) 189. 
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Chemistry of alcohols has played a key role in the development of catalysis since 
the times of Butlerov, Berthelot and Sabatier. Reactions of alcohols like etherification 
and esterification, dehydrogenation and oxidation, dehydration to alkenes, 
dehydration and condensation to form dienes after Lebedev are widely exploited on 
both bench and large scales. 

This paper will be focused on reductive dehydration reactions. In such a reaction 
an alcohol molecule undergoes dehydration and condensation giving rise to a 
hydrocarbon. The number of C atoms in the product molecule is at least doubled in 
comparison to the starting alcohol. Thus, cyclopentanol reacts in the presence of fused 
iron to give rise to dicyclopentyl (L.S.Glebov, G.A.Kliger et al., 1986): 

zO--OH+H2 --•- 0--0 + 2H20 

Analogously, benzaldehyde was found (L.S.Glebov, G.A.Kliger et al., 1988) to 
undergo reduction to form 1,2-diphenylethane presumably via intermediate benzyl 
alcohol formation: 

,.0 
2 Ph-C: + 2H2 

H 

A composite catalyst compnsmg intermetallic compound of compos1t10n 
TiFe0,95Zr0,03Mo0,02 , Pd/SiO2, and A}iO3 was found to catalyze formation of mixture 
of hydrocarbons from ethanol while treated with CO2/H2 mixture (M.V.Tsodikov, 
V.Ya.Kugel, E.V.Slivinskii et al., 1998): 

n;;::4 

Mechanistic aspects of the above mentioned and related reactions are discussed. 
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APPLYING A MIXTURE OF 0 2 AND H2 GASES FOR OXIDATION OF 
HYDROCARBONS 

IICIIOJib30BAHIIE CMECII r A30B H2 II 02 ~JIJI OKIICJIEHIIJI 
YrJIEBO~OPO~OB 

Likholobov V.A. 

JI11xoJI060B B.A. 

Boreskov Institute of Catalysis SB RAS, Omsk Department, Omsk, Russia 
E-mail: Val@incat.okno.ru 

An OiH2 oxidant is considered as very promising alternative for dioxygen in reactions of 

hydrocarbons oxidation. It gains advantages over dioxygen, those are lower temperature of 

performances and resulting selective conversion of hydrocarbons into oxygenated compounds 

with minimal complete oxidation. 

Chemistry of the oxidant is rather diverse being in dependence on the catalyst 

composition, hydrocarbon substrate and conditions. The catalytic systems for O2/H2 oxidation 

are typically based on metals of VIII Group of the Periodic Table, preferably, Pt and Pd. In 

addition, the catalysts include some components, which stabilize an appropriate oxidation 

state of the Pt (Pd) and, in some cases, participate in reactions of dioxygen, thus affecting a 

nature of active intermediates. Varying composition of the system, its specific reactivity with 

respect to desired transformation of substrate can be attained. 

A group of catalytic systems consisted of Pt or Pd and different heteropoly compounds 

(HPC's), including transition metal containing HPC's, was studied in oxygenation of alkanes, 

cyclohexane, benzenes and alkenes. The liquid-phase versions of the systems were composed 

of (1) water soluble complexes of Pd(II) ions with heteropoly anions, (2) solid Pt catalysts and 

HPC solution and (3) supported or bulky solids of the same composition. Relative reactivity 

of the hydrocarbons and composition of the oxygenated products suggested radical nature of 

the active intermediate species responsible for oxygenation in the presence of redox-active 

HPC's. 

The silica supported Pt-HPC and Pd-HPC samples were used in vapor-phase oxidation of 

hydrocarbons providing selective conversion of alkanes and benzenes into oxygenated 

compounds. 
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MECHANISMS OF ALKANES OXIDATION IN ENZYMATIC AND BIOMIMETIC 
SYSTEMS 

lliHJIOB A.E. H KapaceBH'-1 E.11. 
Shilov A.E. and Karasevich E.I. 

I1HCTHTyr 6HOXHMwrecKoii <pH3HKH HM. H.M. 3MaHy3JUI P AH, 

KocbirnHa, 4, 119991 MocKBa, Poccmr 
E-mail: elka@sky.chph.ras.ru 

Different mechanisms of biological and biomimetic oxidation of alkanes are discussed. 
Convincing arguments in favour of a two-step mechanism of saturated hydrocarbon oxidation 
catalysed by methane monooxygenase (MMO) or by cytochrome P450 are presented. Data on 
partially deuterated camphor, norbomane, ethylbenzene isomerisation in the course of 
hydroxylation in enzymatic and biomimetic systems, and data on kinetic isotope effects in 
methane oxidation catalysed by MMO are analysed in terms of the new mechanism via an 
intermediate complex containing pentacoordinated carbon. A self-consistent pattern of the 
reaction dynamics in the terms of the mechanism proposed was presented in contrast to the 
commonly accepted oxygen-rebound mechanism. 

OcHOBHOH rryrb <p)'HKI.J;HOHaJIH3aI.J;HH aJIKaHOB - OKllCJieHHe. B )KIIBOH rrpHpO,[.(e rrpo6JieMa 

OKHCJieHHH yrJieBo,n:opo.ri;oB ycrreurno pernaeTcH .IJ;BYMH crroco6aMH - a3po6HbIM H 

aHa3p06HbIM. ,[(JI5I a3po6Horo OKllCJieHH5I rrpHpo.ri;a C03L(aJia crreu;HaJIH3HpOBaHHbie 

KaTaJill3aTOpbI - MOHO- II ,[.(llOKCHreHa3bI. <!>epMeHTbI, OTHOC5IIUlleC5I K KJiaccy MOHOOKCHreHa3, 

KaTaJill3HpyroT OKHCJieHne aJIKaHOB MOJieKyJIHpHbIM KHCJIOpOL(OM B COOTBeTCTBHll C 

ypaBHeHHeM: 

RH+ 02 + 2e- + 2H+ ~ ROH+ H2O. 

Cpe.ri;n 3THX cpepMeHTOB HaH60Jiee ll3)'1-leHHbIMH 5IBJI5IIOTC5I U:HTOXpOM P450 II 

MeTaHMOHOOKCHreHa3a (MMO). B aKTHBHbIH u;eHTp U:HTOxpoMa P450 BXOL(HT 

)KeJie3orropcpnpnHoBbIH KOMIIJieKc, B aKTHBHbIH u;eHTp MMO - 6HH.ri;epHbIH KOMIIJieKc 

)KeJie3a. PeaKI.J;llOHHbIH I.J;llKJI 3TllX cpepMeHTOB COCTOHT H3 L(Byx OCHOBHbIX rrpou;eccoB: 

aKTHBaIJ;Hll KHCJIOpo,n:a H OKHCJieHll5I yrneBOL(OpOL(HOro cy6cTparn. HecMOTp5I Ha HeKOTOpbie 

OTJIH1-IH5I MexaHH3MOB aKTHBaIJ;HH KHCJIOpo.ri;a, MeXaHH3M rHL(pOKCHJIHpOBaHH5I C-H CB5I3H B 

3TllX cpepMeHTHbIX CHCTeMax, O1:leBHL(HO, HMeeT 3Ha1:IHTeJibHOe CXO,[.(CTBO. MHOrllMH 

llCCJieL(OBaTeJI5IMH rrpHHHMaeTC5I CKpbITO-paL(HKaJibHbIH MexaHll3M 3Toro rrpou;ecca, B 

aHrnOH3bI1:IHOH JIHTepaType Ha3I>rnaeMbIH "oxygen rebound mechanism". O.ri;HaKo 

BHHMaTeJibH0e pacCMOTpeHHe )KCIIepHMeHTaJibHbIX .ri;aHHbIX no OKHCJieHHIO yrJieB0,[.(OpOL(OB 

I.J;HT0XpOMOM P450 ll ero XHMH1:leCKHMll MOL(eJI5IMll IIOKa3aJIO, 1:ITO CKpbITO-pa,[.(HKaJibHbIH 

MexaHH3M He BbI,[.(ep)KHBaeT KOJIH1:leCTBeHHOH rrpoBepKll. 3TOT MexaHH3M TaK)Ke He 

cornacyeTC5I C pe3yJibTaTaMll HCCJieL(OBaHllH OKllCJieHH5I MMO .ri;eiiTep03aMeIUeHHOro 

MernHa. 3Ha1:1eHHe KHHeTI11:1ecKoro H30TOIIHOro 3<p<peKTa (KI13) B rrepec1:1eTe Ha o.ri;Hy C-H 
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CBH3b cyrn,ecTBeHHO nOBbIIIIaeTCH C )'BeJHP-IeHHeM qncna aTOMOB .n;eifrepHH B MOJieKyne 

MeTaHa (CH3D, CH2D 2, CHD3). 3TOT HeTpHBHaJibHbIH pe3yJibTaT HBHO YKa3brnaeT, qrn 

MexaHH3M peaKD;llll OTJinqaeTCH OT npoCToro B3aHMO)];eHCTBHH aKTHBHOro u;eHTpa MMO C 

O)];HHM aTOMOM H (HJIH D) cy6cTpaTa OKHCJieHHH. 

AHaJill3 JIHTepaTypHbIX .n;aHHbIX, CBH)];eTeJibCTB)'IOIUHX B nOJib3Y o6pa30BaHHH 

KOMnJieKCOB yrneBo.n;opo.n;oB KaK C MeTaJIJIOD;eHTpaMH, TaK ll C .n;pyrHMll :meKTpOq>llJibHbIMll 

lJaCTHD;aMH, n03BOJIHJI npe.n;nmKHTb opnrnHaJibHbIH MexaHH3M nepeHOCa KllCJIOpo.n;a npn 

rn.n;poKCHJIHpOBaHHll aJIKaHOB BbICOKOBaJieHTHbIMll KOMnJieKCaMH MeTaJIJIOB B XHMHlJeCKHX ll 

6HOJIOI'HlfeCKHX CllCTeMax. 3TOT MexaHH3M HBJIHeTCH MO)];ll(pHKaunerr MexaHH3Ma C 

CllHXpOHHbIM BHe.n;peHHeM aTOMa KllCJIOpo.n;a B CBH3b C-H. HOBbIM HBJIHeTCH IIOJIO)KeHne 0 

npe.n;BapnTeJibHOM o6pa30BaHHll npoMe)KYTOlfHOro KOMnJieKca aKTHBHoro u;eHTpa C 

MoneKynorr yrneBo.n;opo.n;a. Ilpe.n;nonaraeTcH, qTo 3TOT KOMnneKc co.n;ep)KHT 

5-Koop.n;HHHpOBaHHbIH yrnepo.n;. Cnoco6HOCTb yrneBo.n;opo.n;oB o6pa30BbIBaTb no.n;o6Hbie 

KOMnJieKCbI OCHOBaHa Ha B03M0)KH0CTH )'BeJIHlJeHHH Koop.n;nHaUHOHHbIX lJHCeJI y aTOMOB C ll 

H .no 5 n 2 COOTBeTCTBeHHO. 

B paMKax npe.n;JIO)KeHHOro MexaHH3Ma npoBe.n;eH aHaJill3 3KCnepnMeHTaJibHbIX .n;aHHbIX 

no K03 oKncneHHH .n;errTep03aMern:eHHhIX MoneKyn MeTaHa (CHD3, CH2D 2, CH3D) n no 

pacnpe.n;eneHHIO npo.nYKTOB oKncneHHH xnpanbHOro 3TaHa (R- n S-MeCHDT) n 

.n;errTep03aMeIUeHHbIX aJIKaHOB (KaMq>OpbI, Hop6opHaHa, xnpaJibHOro 3THJI6eH30Jia) npn 

KaTaJIH3e MMO, ll;llTOXpOMOM P45O ll HX XHMHlJeCKHMll MO)];eJIHMll. PacCMOTpeHbI BapnaHTbI 

Hepa.n;HKaJibHOro MexaHH3Ma OKHCJieHHH yrneBo.n;opo.n;oB C yqaCTHeM O)];HOBpeMeHHO .n;Byx 

llJill .na)Ke Tpex aTOMOB Bo.n;opo.n;a B peaKD;llll B3aHMO)];eHCTBHH C aKTHBHbIM llHTepMe.n;naTOM. 

PaclJeT nOKa3aJI, lJTO Ka3aBmeecH He06bHCHHMbIM nOBbIIIIeHne Kl13 npn )'BeJIHlJeHHll lfllCJia 

aTOMOB D B MOJieKyne MeTaHa ll He06bllJHOe pacnpe.n;eneHne npo.n;yKTOB peaKD;llll 

rn.n;poKCHJIHpOBaHHH xnpaJibHbIX MOJieKyJI HaXO)];HTCH B xopomeM cornacnn C 

Hepa.n;HKaJibHbIM MexaHH3MOM. l130Mepn3aUHH (paueMH3au;nH) o6bHCHHeTCH o6MeHOM 

MeCTaMH ll30TOnOB BO.n;opo.n;a B MeTHJieHOBOM 3BeHe npoMe)KYTOqHoro KOMnJieKca, 

co.n;ep)Kamero 5-Koop.n;HHIIpOBaHHbIH yrnepo.n;. PacclJHTaHHbie B paMKaX HOBOro MexaHH3Ma 

KHHeTnqecKHe napaMeTpbI n03BOJIHJill nonyqHTb HenpOTHBOpel!HBYIO KapTHHY )];HHaMHKll 

npouecca 6e3 npHBJieqeHHH MaJIOBepOHTHbIX npe.n;noJIO)KeHHH )];JI}! Bcex paCCMOTpeHHbIX 

npnMepoB. Ilpo.n;eMOHCTpnpoBaHa BO3MO)KHOCTb o6oHCHeHHH 3KCnepnMeHTaJibHbIX 

na6nro.n;eHnrr, nonyqeHHbIX B nccne.n;oBaHHHX OKncneHHH pa3JIH1IHbIX cy6cTpaToB MMO n 

ll;llTOXpOMOM P45O (n HX XHMnqecKHMll MO)];eJIHMH), B paMKax e.n;nHoro MexaHH3Ma 1Iepe3 

npoMe)KYTOlfHOe o6pa30BaHne KOMnJieKca C 5-Koop.n;HHHpOBaHHbIM yrnepo.n;oM. 

Pa6oTa BbIIIOJIHeHa npn (pHHaHCOBOH no.n;.n;ep)KKe PoccnrrcKoro 

<l>YH.naMeHTaJihHbIX nccne.n;oBaHnrr (npoeKT N2 OO-O3-32316a). 
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3JIEKTPO<I> II3IIqECKIIE 5.lBJIEHIDI HA rP AHII:QE P A3,I(EJIA <I> A3 
«rA3 -TBEP,IJ:hIH KATAJIII3ATOP» II IIX POJih B MEXAHII3ME 

KAT AJIIITIIqECKoro IlPO:QECCA 

ELECTOPHYSICAL PHENOMENA ON THE PHASE INTERFACE "GAS - SOLID 
CATALYSTS" AND THEIR ROLE FOR THE MECHANISM OF CATALYTIC 

PROCESS 

TOMHlliKO M.M. H IlyTHJIOB A.B. 
Tomishko M.M. and Putilov A.V. 

,[J:errapTaMeHT pa3BHTIUI TeXHOJIOrHH, 

MHHHCTepcrno Hay1m H TexHorrorHii PoccHiicKoii <I>e,nepa:u;HH, MocKBa, Pocc1u1 

E-mail: science@user.cdromclub.ru 

B :UHKJie Hanmx pa6oT no ll3ytreHHIO B3aHMO,[(eHCTBll5I ra30BOH ll KOH,1:(eHCHpoBaHHOH 

q>a3 rrpH KaTanHTHqecKOM rrpeBpameHHH pa3JillqHbIX BemecTB 3KCrrepHMeHTanbHO 

ycTaHOBJieHO, qTo 6oJibIIIOe K0JIHqecTB0 KaTanHTHqecKHX peaK:UHH corrpoBO)K,[(aeTCH 

pa3H006pa3HbIMll 3JieKTpO<pll3llqecKHMll 5IBJieHH5IMll. B rrpo:u;ecce peaK:UlllI pe3KO 

y-BeJillqllBaeTCH 3JieKTporrpoBO,nHOCTb ra30BOll q>a3bl B6JIH3ll IlOBepXHOCTll pa6oTaromero 

KaTantt3aTopa, Ha6mo,n;aeTC5I 3MllCCll5I 3ap5I)KeHHbIX qacTH:U OT ITOBepXHOCTll KaTan1naTopa B 

o6oeM ra3a, o6pa3yeTC5I y-HllI10JI5IpHa5I I1Jia3Ma B 30He KaTantt3a. IloHBJIHeTCH pa3HOCTb 

ITOTeH:u;ttanOB Me)K,[(y BXO,nHbIM ll BbIXO,[(HbIM ceqeHHHMll KaTanllTllqecKoro cnoH. Ha 

, IlOBepXHOCTll KaTanH3aTopa B03HHKaeT 3apH,n;, rrpH BHeCeHllll KaTanH3aTopa BO BHyrpeHHee 

rrpocTpaHCTBO 51qeifKll <I>apa,n;eH B ycrroBHHX peaKI(llll perttcTpttpyeTCH o6'beMHblH 3ap5I.[(. 

B :uerroM MO)KHO CKa3aTb, qTo B3allMO,[(eHCTBlle cpa3 B pH,n;e KaTanllTllqecKHX 

OKllCJIHTeJibHbIX rrpo:u;eccoB rrpttBO,[(llT K rrepepacrrpe,n;erreHHIO 3ap5I.[(OB Me)K,[(y ra30BOll ll 

KOH,[(eHCHpOBaHHOll q>a3aMH ll BO3HllKHOBeHHIO ,[(BOHHOro 3JieKTpttqecKoro CJIOH 

«KaTantt3aTop ITOBepxHOCTHaH ra3OBa5I q>a3a», BHy-Tpll KOToporo rrpOHCXO,[(llT 

KaTanttTttqecKoe rrpeBpameHtte. 

3rreKTpO<pll3HqecKHe 5IBJieHH5I Ha6rrro,n;anHCb HaMH B peaK:UllHX 0KllCJieHHH ,[(llOKCH,[(a 

cepbl Ha BaHa,[(HeB0M, rranrra,n;HeBOM, Cr2O3, Fe2O3 KaTantt3aTopax; 0-KCllJIOJia Ha 

BaHa,[(HeBbIX KaTanH3aTopax; 3THJieHa Ha cepe6pe; 3TaHOJia Ha BaHa,n;HeBOM, rrrraTHHOBOM, 

rranrra,n;HeBOM ll xpOMOBOM KaTantt3aTopax, aMMllaKa Ha rrrraTHHOBOM KaTanH3aTope, 

pa3JIO)KeHllll MeTaHa Ha HHKerreBOM KaTantt3aTope, B peaK:Ullll rtt,n;pttpoBaHHH 6eH30Jia B 

:UllKJIOreKcaH Ha HHKeJib-XpOMOBOM KaTanH3aTope. 

AHanll3ttpyH BOrrpoc O rrpHqHHe BO3HllKHOBeHH5I 3apH,n;a rrptt rrpoBe,neHllll 

KaTanllTllqecKHX peaKI(llll, OCHOBbIBaHCb Ha 3KCrrepttMeHTaITbHbIX HCCJie,[(OBaHHHX, Mbl 

rrpHIIIJill K BblBO.[(y, qTo 3apH)KeHHbie qacTHI(bl He rrpOCTO corrpoBO)K,[(aIOT KaTanllTHqecKHH 

rrpo:uecc, HO BO3HHKaIOT Herrocpe,n;CTBeHHO B HeM caMOM. MexaHH3M BO3HllKHOBeHH5I 

3ap5I)KeHHbIX qaCTlll( rro,n;po6Ho paccMOTpeH HaMH ,[(JIH KaTanllTllqecKHX peaKI(llH OKHCJieHHH 

,nHOKCH,[(a cepbl ll pa3JIO)KeHH5I MeTaHa. CoBoKyrrHOCTb 3KCrrepttMeHTaITl>HblX ll 

TeopeTttqecKHX ,n;aHHbIX, pa3BHBaeMbIX B Hanmx pa6oTax, MO)KeT ,[(OITOJIHHTb cymeCTBYIOIUHe 

rrpe,n;cTaBrreHH5I o rrpttpo,n;e KaTanttTttqecKoro rrpeBpameHHH. 
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MECHANISMS OF ASYMMETRIC HETEROGENEOUS CATALYSIS 

MEXAHII3M ACIIMMETPllqEcKoro rETEPOrEHHOro KATAJIII3A 

Murzin D.Yu., Maki-Arvela P. and Salmi T. 

Myp3HH 11.IO., Mmrn-ApBeJia II. H CaJIMH T. 

Laboratory of industrial chemistry, A.bo Akademi University, Biskopsgatan 8, Turku, Finland 
Fax: +358-2 215 4479; E-mail: dmurzin@abo.fi 

Asymmetric synthesis using modified heterogeneous catalyst has a vast potential in the 

increasing production of optically pure chemicals in the areas of pharmaceutical, flavonoids, 

fragrances, agrochemicals, etc. The topic has been intensively investigated both in the 

industry and in the academic world. Currently the main focus of research is in the 

understanding of the enantiodifferentiation mechanism, which would allow the concept to be 

applied for industrially more interesting reactions. 

The compexity of asymmetric heterogeneous catalysis is associated with the transfer of 

the chiral information to the prochiral substrate molecule. 

Such transfer could be arranged by creating enantioselective catalytic surfaces: 

a) attaching a catalyst to a chiral matrix, b) creating a chiral arrangement of active sites on the 

surface; c) attaching a chiral molecule (modifier) onto catalyst surface. 

In the lecture these possibilities will be addressed with the focus on recently studied 

hydrogenation reactions systems with alkaloid modified VIII Group metal catalysts. Influence 

of the substrate and modifier structure, catalyst and solvent properties on reaction kinetics and 

enantioselectivity will be discussed. 
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OKHCJIHTEJibHAfl KOH)];EHCAI(IDI METAHA: /.l;B~I(ATb JIET CIIYCTR 

OXIDATIVE COUPLING OF METHANE: TWENTY YEARS AFTER 

CuHee M.IO. 
Sinev M.Yu. 

11HCTHTyr XHMHtiecKoii q:>H3HKH HM. H.H. CeMeHoBa P AH, MocKBa, Poccmr 
E-mail: sinev@center.chph.ras.ru 

Twenty years have passed after the appearance of first publications dealing with 
Oxidative Coupling of Methane (OCM) into higher hydrocarbons. During this period, the 
development of efficient catalysts and overall process design, as well as the extensive 
mechanistic studies have taken place. The results obtained in the framework of the approach, 
which combines experimental studies of OCM catalysts, mainly their thermochemistry and 
reactivity, and modeling of complex heterogeneous-homogeneous reaction network are 
discussed. It is shown that the further spreading of such approach leads to promising results in 
oxidative transformations of C2-C4 alkanes, particularly in their selective oxidation into 
oxygenates. 

Ilponrno 20 JieT C MOMeHTa Bhixona nepBblX ny6JIHKa:UHH [1, 2], nOCB51IUeHHhIX 

OKHCJIHTeJibHOH KOHneHCaUHH MeTaHa (OKM) - npeBpa1ueHHIO ero B BhICIIrne yrneBo,n:oponhI, 

B nepBYJO oqepenh 3TaH H 3THJieH. 3a 3TH ronhI, B OCHOBHOM non neiiCTBHeM 

K0H'bIOHKTypHbIX q:>aKTOpOB, HCCJienoBaHHJI npouecca OKM npornmI CTa,[(HH 6ypHoro 

pa3BHTHJI H naBHHoo6pa:rnoro poem qHcna ny6nHKau;Hii H noqTH nonHoro yracamrn 

HHTepeca. Ceiiqac 3TOT HHTepec BHOBh pacTeT non BJIH5IHHeM nonroBpeMeHHOH TeH,neHUHH -

Heo6xonHMOCTH BOBJieqeHH51 nerKoro yrneBonoponHoro Cblpb51 B npOH3BO,[(CTBO 

HeqHeXHMHqecKoii nponYKUHH. 

CnenyeT OTMeTHTh, qTo pe3yJihTaTOM 3THX nBanu;anI JieT 5IBHJIOCh He TOJihKO CO3naHHe 

p5Ina nocTaToqHo 3<p<peKTHBHhIX KaTaJIH3aTopoB H opHrHHaJihHhIX TeXHOJIOrHqecKHX 

perneHHH (cM., HanpHMep, ofoop B [3]), C03naIOIIJ;HX xopornHe nepcneKTHBhl npaKTHqecKOH 

peaJIH3aUHH npouecca OKM. IIpoBeneHHhie HccnenoBaHH51 cnoco6cTBOBaJIH B03HHKH0BeHHIO 

H pa3BHTHIO H0B0ro HayqHoro HanpaBJieHHJI - reTeporeHHOH XHMHH CB06onHhIX pa,aHKaJIOB 

(CP). Y)Ke Ha paHHHX 3Tanax HccnenoBaHH51 MexaHH3Ma OKM 6brno BhICKa3aHo 

npennoJI0)KeHHe [1, 4], BCKope nonrnep)KneHH0e 3KcnepHMeHTaJihH0 [5, 6], 0 TOM, qTo 

nepBHqHhIM nponYKTOM OKM 5IBJIJieTC51 3TaH, o6pa3YJOIUHHCJI npH peKoM6HHaUHH 

MeTHJihHhIX pa,nHKaJIOB CH3 *' K0TOpble B CBOIO oqepenh o6pa3YJOTC51 npH B3aHMO,aeiiCTBHH 

MeTaHa C OKHCJIHTeJibHhIMH u;eHTpaMH noBepXHOCTH OKCHnHhIX KaTaJIH3aTopoB [O]s: 

[O]s + CH4 ➔ [OH]s + CH3 * 

IIocKOJihKY, C onHoii CT0pOHhl, 3KCnepHMeHTaJihH0 6blJIO ycTaH0BJieHo, qTo 

KOHUeHTpaUHH CP B ycJIOBH5IX OKM Ha HeCKOJibKO nop5InKOB npeBhIIllaIOT paBHOBeCHble, a, 

C npyroii CTOpOHhl, qHCJI0 noBepXHOCTHhIX u;eHTp0B KaTaJIH3aTopa B enHHHIJ;e 061>eMa 

peaKUHOHHOH 30Hhl, KaK npaBHJIO, 60Jibille qHcJia qacTHU B ra30BOH <pa3e, oqeBHnHo, qTo 
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CKOpOCTb peaKIJJUI H COCTaB rrpO,U)'KTOB B 3HaqHTeJibHOH Mepe orrpe,uemIIOTC5.I KHHeTHKOH H 

CTeXHOMeTpHeH B3aHMO,UeHCTBH5.I aKTHBHbIX qacTHI.I; ( B rrepByro oqepe,ub CP) C aKTHBHbIMH 

ueHTpaMH ITOBepXHOCTH. Ilo 3TOH rrpHqHHe Mbl cocpe,uoToqHJIH CBOe BHHMaHHe Ha 

cne,uyronmx B3aHMOCB5.I3aHHbIX HarrpaBJieHH5.IX H3yqeHH5.I MeXaHH3Ma rrpouecca OKM: 

- HCCJie,UoBaHHe rrpHp0,UbI H peaKI.I;HOHHOH crroco6HOCTH aKTHBHbIX ueHTp0B 0KCH,UHbIX 

KaTaJIH3aTOpOB OKM, B OCHOBHOM C HCI10Jib30BaHHeM MeTO,ua ,umpcpepeHUHaJibHOH 

cKaHHpyromeH KanopHMeTpHH (,[(CK) in situ [7]; 

- pa3BHTHe rrpe,UCTaBJieHHH O 3aKOHOMepHOCT5.IX reTeporeHHbIX peaKUHH CP Ha OCHOBe 

coqeTaHH5.I 3KCrrepHMeHTaJibHbIX HCCJie,UOBaHHH OKHCJieHH5.I MeTaHa H MO,UenHpoBaHH5.I. 

Pe3yJibTaTOM 3THX HCCJie,UOBaHHH 5.IBHJI0Cb C03,UaHHe KHHeTHqecKOH M0,UeJIH [8], 

OCHOBaHHOH Ha rrpe,ucTaBJieHHH O reTeporeHHO-roMoreHHOM rrpm.i;ecce, KOTOpbIH 

HeB03MO)KH0 cpopMaJibHO pa3,UeJIHTb Ha XHMHqecKHe MaKpOCTa,UHH, rrpoTeKaIOmHe Ha 

IT0BepXH0CTH H B o6beMe ra30BOH q:>a3bl. B M0,UeJIH paccMaTpHBaIOTC5.I 3JieMeHTapHbie 

peaKUHH B3aHMo,ueHCTBHJI qacTHU ra30BOH cpa3bI, BKnroqaJI CP, c aKTHBHbIMH ueHTpaMH 

IT0BepXH0CTH, cymecTByromHMH B OKHCJieHHOH [O]s, BOCCTaHOBJieHHOH [OH]s H 

,uern,upoKCHJIHpOBaHHOH (KHCJIOpO,UHaJI BaKaHCH5.I) [ ]s cpopMax. MeTO,UHKa oueHKH K0HCTaHT 

CKOpOCTeH 3THX peaKUHH OCHOBaHa Ha aHanOrHH Me)K,uy OCHOBHbIMH THITaMH reTeporeHHblX 

pa,UHKaJibHbIX peaKUHH (rrepeHOC aTOM0B H H 0, peKOMfornaUH5.I) H aHanorn:qHbIMH 

rrpoueccaMH B ra30BOH cpa3e, KoppenJIUH0HH0M cooTH0IIIeHHH IlonJIHH-CeMeHoBa H Ha 

3KCrrepHMeHTaJibHbIX ,uaHHbIX O TepMOXHMHH aKTHBHbIX ueHTpOB KaTaJIH3aTopoB OKM. 

Ilpe,UJIO)KeHHaJI M0,UeJib I103B0JIHJia o6b5.ICHHTb p5.I,U 3g:>g:>eKTOB, Ha6nro,uaromHXC5.I rrpH 

KaTaJIHTHqecK0M 0KHCJieHHH MeTaHa ( CJI0)KH0e BJIH5.IHHe rrpoM0THp0BaHH5.I rrepoKCH,UaMH, 

BJIH5.IHHe ,uaBJieHH5.I H rrpHp0,Ubl HHepTH0ro ra3a, "rrepeKJIIOqeHHe" HarrpaBJieHH5.I rrpm.i;ecca C 

OKM Ha rrapUHaJibH0e 0KHCJieHHe H o6pa30BaHHe CHHTe3-ra3a rrpH BapbHp0BaHHH ycnOBHH). 

Pa3BHTHeM H3JIO)KeHHbIX rrpe,ucTaBJieHHH 5.IBHJiaCb KOHI.I;eITI.I;H5.I rrpoBe,UeHH5.I rrpoueccoB B 

KOM6HHHpOBaHHbIX KaTaJIIITHqecKHX CJI0JIX, I10Ka3aBIIIa5.I CB0IO rrepcrreKTHBH0CTb B peaKI.I;H5.IX 

rrapuHanbH0ro 0KHcneHHJI rrapaq:>HHOB C 2-C4. 

JluTepaTypa 
[l]T. Fang, C. Yeh. J. Catal., 69 (1981) 227. 
[2] G. E. Keller, M. M. Bhasin. J. Catal., 73 (1982) 9. 
[3] 0. B. KphrnoB, B. C. ApynottoB. OKIICJnITeJibHbie rrpeBpa~emui MeTaHa. M.: HayKa, 1998. 
[4]T. Ito, J. H. Lunsford. Nature (London), 314 (1985) 721. 
[5]D. J. Driscoll, W. Martir, J.-X. Wang, J. H. Lunsford. J. Am. Chem. Soc., 107 (1985) 58. 
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(1988) 1105. 
[7] M. IO. CIItteB, B. IO. Eb1qK0B. KIIHeT. KaTan., 40 (1999) 906. 
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CIIHTE3, XAP AKTEPII3AQIDI II KAT AJIIITJiqECKIIE CBOHCTBA 

HAHOKJIACTEPOB METAJIJIOB VIII rPYIIIIhI 

SYNTHESIS, CHARACTERIZATION AND CATALYTIC PROPERTIES OF 
NANOCLUSTERS OF THE VIII GROUP METALS 

Bapra4>TIIK M.H. 

Vargaftic M.N. 

11HcTHTyr o6meii: H HeopTaHHqecKott XHMHH HM. H.C. KypHaKoBa PAH, MocKBa, Poccm1 

E-mail: mvar@igic.ras.ru 

PaccMOTpeHbI COBpeMeHHbie MeTO,[(bI CHHTe3a, CTp)'KTypa H XHMHqecKHe CBOHCTBa 

KaTaJIHTHqecKH aKTHBHbIX HaHOKJiacTepoB MeTaJIJIOB vm rpymibI - rranna,n:mI, rrnaTHHbI, 

HHKemI H Ko6anbTa. 

l.fOJIJIOH,[(OII0,[(06Hhle rHraHTCKHe KJiacTepbI rranna,n:m1 H rrnaTHHbl, 

CTa6HJIH3HpOBaHHbie 1, 10-<peHaTpOJIHHOBbIMH HJIH 2,2' -,[(HIIHpH,[(HJibHbIMH JIHraH,[(aMH, 

CHHTe3HpoBaHbI BOCCTaHOBJieHHeM a:u;eTaTO-KOMIIJieKCOB COOTBeTCTBYJOIUHX ,[(ByxBaneHTHbIX 

MeTaJIJIOB ITO,[( ,n:eHCTBHeM H2 B YKCYCHOH KHCJIOTe. XHMHqecKa5I rrpttpo,n;a H OCHOBHbie 

CTPYKTYPHbie xapaKTepHCTHKH 3THX HaHOKJiaCTepoB ycTaHOBJieHbI C IIOMOIUblO 3JieKTpOHHOH 

MHKpOCKOIIHH BbICOKOro pa3perneHH5I (HREM), CKaHHpyiomeii: TyttHeJibHOH MHKpOCKOIIHH 

(STM), EXAFS H rnep,n:oTeJibHOH 
1 
H .5IMP, c rrpHBneqeHHeM ,n;aHHhIX 3neMeHTHoro H 

TepMorpaBHMeTpHqecKoro aHaJIH30B H H3MepeHH5I MarHHTHOH BOCIIpHHMqHBOCTH. 

2. BoccrnHoBneHHeM rronHH,n:epHbIX IIHBanaTO-KOMrrneKCOB Nin, Con, Pdn H Ptn rro,n: 

,[(eHCTBHeM 6yrHJIITHTH5I, TpH3THJI- H TpH6yrHJiaJIIOMHHH5I CHHTe3HpoBaHbl He06bPIHbie 

HaHOKnacTepbI, xoporno pacTBOpHMbie B arrpOTOHHbIX MaJIOIIOIT5IpHbIX cpe,n:ax (Tr<I>, 6eH30JI, 

rnnyon). Ilo ,n:aHHhIM HREM H EXAFS, rronyqeHHbie HaHoKnacTephI HMeIOT rrnocKHH 

,n:HcKoo6pa3HhIH MeTannoocToB ,n:HaMeTpoM 50-100 AH TOJIIUHHOH 15-20 A. 

3. IIonyqeHHbie HaHOKJiaCTepbI rrp05IBIT5IIOT BbICOKYJO KaTaJIHTHqecKyio aKTHBHOCTb B 

peaKD;H5IX OKHCneHH5I one<pHHOB H CIIHpTOB, rH,n:pHpoBaHH5I HHTpHJIOB H one<pHHOB, 

rH,n:po,n:exnopHpOBaHHH xnopapoMaTHqecKHX coe,[(HHeHHH, a:u;eTaJIH3aD;HH Kap6oHHJibHbIX 

coe,[(HHeHHH H ,n;p. J13yqeHbI KHHeTHKa H MexaHH3M HeKOTOpbIX H3 3THX KaTaJIHTifqecKHX 

peaKD;HH. 
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TBEP)];bIE CYIIEPKHCJIOTbI :n RX KATAJIHT:nqECKHE CBOHCTBA B 

IIPEBPAIIt;EHIDIX Yr JIEBO)];OPO)];OB :n PEAKQIDIX OPr AH:nqECKOro 
CHHTE3A 

SOLID SUPERACIDS AND THEIR CATALYTIC PROPERTIES IN 
HYDROCARBON PROCESSING AND REACTIONS OF ORGANIC SYNTHESIS 

KycToB JI.M. 

Kustov L.M. 

I1Hcnnyr opram:rqecKoii XI:IMIHI HM. H.,n:. 3eJII:IHCKoro P AH, MocKBa 119991, Poccm1 

E-mail: LMK@ioc.ac.ru 

TBep,n:bie cyrrepKI:ICJIOTbl Ha OCHOBe OKCI:I,n:OB MeTaJIJIOB, npoMOTI:IpOBaHHblX aHI:IOHHblMI:I 

,n:o6aBKaMI:I, nrnpoKO I:ICnOJib3YJOTC51 B nocJie,n:HI:Ie ro,n:bI KaK aKTI:IBHbie KaTaJII:I3aTOpbI 

pa3JII:IqHbIX npoueccoB Heq>TeXI:IMHH, opraHJ:IqecKoii XI:IMI:II:I H TOHKoro opraHJ:IqecKoro 

Cl:IHTe3a. HaH60Jibllll:IH l:IHTepec cpe,n:H cyrrepKI:ICJIOT TaKoro TI:Ina Bbl3bIBaIOT CHCTeMbl, 

npe,n:CTaBJI5IIOI.QI:Ie co6oii OKCI:I.D:bl r:t;HpKOHI:I51 l:IJII:I TI:ITaHa, MO,n:mpHUHPOBaHHbie cyJibq>aT- l:IJII:I 

BOJibq>paMaT-HOHaMI:I, a TaK)Ke MaCCI:IBHbie H HaHeceHHbie reTeponoJII:IKI:ICJIOTbl. 3TH 

KaTaJII:I'.JaTOpbI BbirO,n:Ho OTJIJ:IqaJOTC51 OT Tpa,n:I:IUI:IOHHbIX u;eoJII:ITHbIX l:IJII:I OKCI:I.D:HblX 

KaTaJII:I3aropoB 6oJiee BblCOKOH aKTI:IBHOCTblO npH Hl:I3Kl:IX TeMnepaTypax peaKUI:II:I, 

cnoco6HOCTbIO aKTI:IBI:IpOBaTb Hl:I3IIII:Ie napaq>I:IHbl, a TaK)Ke llII:IpOKI:IMI:I B03MO)KHOCT5IMI:I 

BapbI:IpOBaHH51 CBOHCTB 3Tl:IX Cl:ICTeM KaK no Kl:ICJIOTHOCTI:I, TaK If no xapaKTepI:ICTI:IKaM 

nopHCTOH CTPYKTYPhL KpoMe Toro, HeK0TOpb1e H3 3TI:IX cI:IcTeM 06Jia,n:a10T BbICOKOH 

TepMI:IqecKOH CTa6I:IJibHOCTblO. 

B JieKUI:IH 6y,n:yr paCCMOTpeHbl q>I:I3l:IKO-Xl:IMifqecKI:Ie If KaTaJII:ITJ:IqecKHe CBOHCTBa 

OCHOBHblX cyrrepKI:ICJIOTHblX Cl:ICTeM, npoBe,n:eHO l:IX cpaBHeHI:Ie C u;eOJII:ITaMI:I H )Klf.D:KI:IMI:I 

cyrrepKI:ICJIOTaMH. Cpe,n:H KaTaJII:ITJ:IqecKI:IX peaKUHH, KOTOpbie 6y,n:yr paCCMOTpeHbl B 

,n:OKJia,n:e, - 3HaqJ:ITeJibHOe MeCTO 3aHI:IMaIOT peaKUI:II:I, CB513aHHbie C npeBpameHI:I5IMI:I 

yrneBo,n:opo,n:oB: 

• lfaoMepI:I3aUI:I51 HH3llIHX H BbICllIHX napaq>I:IHOB C4-C16 

• AJIKI:IJIHpoBaHI:Ie apoMaTJ:IqecKHX yrrreBo,n:opo,n:oB orreq>HHaMI:I 

• OJIHrOMepI:I3aUI:I51 3TI:IJieHa 

• HHTpoBaHHe 6eH30Jia H ToJiyorra B napoBoii q>a3e 

8 KaqecTBe npI:IMepoB peaK[.J;l:IH opraHJ:IqecKoro Cl:IHTe3a, B KOTOpbIX I:ICnOJib3YJOTC51 

rnep,n:bie cyrrepKI:ICJIOTbl, 6y,n:yr o6Cy')K,UeHbl peaKUI:Il:I aUI:IJII:IpOBaHI:I51, KOH,n:eHCaUI:II:I q>eHOJia 

If aueTOHa, aJIKI:IJII:IpoBaHI:I51 q>eHOJia MeTaHOJIOM If ,n:pyrHe. 

Oco6oe BHI:IMaHI:Ie 6y,n:eT y,n:erreHO l:ICCJie,n:oBaHI:IIO npI:Ipo,n:bl . aKTI:IBHbIX ueHTpOB 

cyrrepKI:ICJIOTHbIX Cl:ICTeM MeTO,n:OM HK-<Dypbe-cneKTpOCKOnl:II:I ,n:I:Iq>q>y3HOro pacce5IHI:I51 C 

I:ICnOJib30BaHI:IeM llII:IpOKOro Kpyra MOJieKyJI-30H,UOB If TeCTOBbIX peaKUI:IH. O6cy')K,n:aIOTC51 

MexaHI:I3Mbl KaTaJII:ITJ:IqecKI:IX peaKUIIH, B qacTHOCTI:I, l:I3OMepI:I3aUI:Il:I napaq>I:IHOB Ha 

cyrrepKI:ICJIOTHbIX KaTaJII:I3aTopax. 

Pa6oTa 6bma no,n:,n:ep)KaHa HHTAC, rpaHT 99-1044. 
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MECHANISTIC INVESTIGATION FOR NEW CATALYTIC CONCEPTS. CASE 

STUDY : NON STEADY-ST A TE PRODUCTION OF HYDROGEN FROM NATURAL 
GAS AND TRANSIENT INVESTIGATIONS ON OXYGEN CONDUCTING 

CATALYTIC MEMBRANES 

MEXAHHCTINECKOE HCCJIE,ll;OBAHHE HOBhIX KATAJIHTINECKHX 
KOHQEIIQHH. HECTAQHOHAPHOE IIOJiyqEHHE BO,ll;OPO,ll;A 113 

IIPHPO,ll;HOro r A3A II HCCJIE,ll;OBAHHE IIEPEXO,ll;HhIX IIPOQECCOB HA 
KHCJIOPO,ll;IIPOBO,l(l[Ilt;HX KAT AJIHTHqECKHX MEMliPAHAX 

Mirodatos C., Odier E., Rebeillau M., Vanveen A. and Schuurman Y. 

Institut de Recherches sur la Catalyse, 
2 avenue Albert Einstein, F- 69626, Villeurbanne Cedex, France 

E-mail: mirodato@catal yse. uni v-1 yon 1. fr 

Several new catalytic lab-scale concepts are being developed today, based on the availability 

of new materials and technology. In order to scale-up and validate them, it is required to 

understand the involved mechanisms and to formulate advanced models. Two case studies 

based on in house development will illustrate this trend in modem catalysis. 

1/ Non steady-state production of hydrogen from natural gas. Within the renewed 

research area of hydrogen production for PEM fuel cell application, the non-stationary 

catalytic decomposition of methane into CO free hydrogen via a cyclic two-step process 

appears as a promising alternative to the stationary reforming. Following the transient 

concentration of gaseous and adsorbed carbon containing species during the cycle by in situ 

DRIFT spectroscopy lead to a quantitative description of the main steps which control the 

various sequences of the process. A process model based on this mechanism of C storage 

assisted by support is presented. 

2/ Oxygen interactions and catalytic properties of oxygen conducting dense membranes. 

New generation of oxygen conducting membranes such as BIMEVOX materials allows to 

operate alkane activation by using air on one side and reaching high selectivity and yield into 

valuable products on the other side of the membrane reactor. An advanced knowledge of the 

oxygen interaction with the membrane material is required to optimise the operating 

conditions. A study of the oxygen uptake of BIMEVOX materials is reported, as a function of 

physico-chemical parameters ( e.g. dopant nature and concentration) and operating conditions. 

A mechanism and a model of oxygen activation and permeation is discussed. 
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HJyqEHHE TIPHPO~hl A)(COPliHPOBAHHhIX qACTHQ 

KAK MOCT MEJK~Y SURFACE SCIENCE H KATAJIH3OM. 
PACCMOTPEHHE TIPOliJIEM "P A3PhIBA ~ABJIEHHH II MATEPHAJIOB" 

STUDY OF THE NATURE OF ADSORBED SPECIES 
AS A BRIDGE BETWEEN SURFACE SCIENCE AND CATALYSIS. 

CONSIDERATION OF THE PRESSURE AND MATERIAL GAP PROBLEMS 

liyXTHHpOB B.II. 

Bukhtiyarov V .I. 

lfHcnnyr KaTanll3a HM. r.K. EopecKoBa CO PAH, 

npocn.JlaBpeHTbeBa5,HoBOCH6HpCK,63OO9O,PoccHH 

E-mail: vib@catalysis.nsk.su 

AHanH3 IlHTepaTypbI H co6crneHHhIH OnhIT nocne,[(HHX ,lJ;eCHTH neT pa60TbI B o6nacTH 

Surface Science nO3BOilHilH npe.[(IlO)KHTh aBTopy MOileKynHpHbIH no,n:XO,[( K HCcne,n:oBaHHIO 

KaninHTlfl:IeCKOro ,n:eiiCTBHH MeTannoB H pa3pa6oTKe HOBbIX MeTanillfl:IeCKHX KaTanH3aTopoB, 

opHrHHailbHOH oco6eHHOCTbIO KOTOporo HBilHeTCH HCCile,[(OBaHHe npHpO.[(bI H peaKU:HOHHOH 

cnoco6HOCTH a,n:cop6HpOBaHHhIX qacTHI( npH O.D:HOBpeMeHHOM paCCMOTpeHHH npo6neM 

pa3pbrna ,[(aBneHHii H MaTepHanoB. 3To npe,[(nonaraeT no:nanHbIH nepexo,[( OT 

MOHOKpHCTaililOB K MO,[(eilbHbIM o6pa3QaM, co,n:ep)KamHM MeTannHqecKHe HaHOKnacTepbI, H 

,n:anee K peanbHbIM HaHeceHHbIM KaTanH3aTopaM, H OT HCCile,[(OBaHHH B CBepXBbICOKOM 

BaKY)'Me (CBB) K in-situ Hccne,n:oBaHHHM npH BbICOKHX ,n:aBneHHHX, B H,[(eane 

npH6JIH)KaIOmHXCH K aTMOC<pepHOMy. 3cpcpeKTHBHOCTb ,[(aHHOro no,n:xo,n:a MO)KeT 6bJTb 

npo,n:eMOHCTpHpOBaHa IlHTepaTypHbIMH ,[(aHHhIMH no HCCile,[(OBaHHIO pa3MepHoro 3<p<peKTa 

peaKQHH OKHCJieHHH co Ha nnaTHHOBbIX MeTannax npH YMeHbIIIeHHH pa3MepoB HaHeCeHHOro 

MeTanrra. lfayqeHHe peaKQHOHHOH cnoco6HOCTH HaHeceHHbIX KJiaCTepoB no OTHOIIIeHHIO K 

co no3BOilHilO o6'bHCHHTh nOJIO)KHTeilbHbIH pa3MepHbIH 3<p<peKT ,n:nH nanrra,[(HH, 

OTPHUaTem~HhIH - .D:JIH nrraTHHbI H OTCyrCTBHe pa3MepHoro 3<p<peKTa B crryqae po,n:HH. 

,l];pyroii HilJIIOCTpauHeii ,n:aHHOro no,n:xo,n:a HBJIHIOTCH pe3yilhTaThI co6CTBeHHhIX 

HCCJie,[(OBaHHH MexaHH3Ma peaKI(HH 3nOKCH.[(HpOBaHHH 3THileHa Ha cepe6pHHbIX 

KaTanH3aTopax, npHqeM OCHOBHOe BHHMaHHe 6bIJIO y.[(eneHO paCCMOTpeHHIO npo6neM 

pa3pbIBa ,n:aBneHHH H MaTepHanOB. 

1. llpo6JleMa "pressure gap". I1cnOilh30BaHHe BbICOKHX ,n:aBrreHHH npH B3aHMO,[(eHCTBHH 

o6pa31.(0B MaCCHBHOro cepe6pa (MOHOKpHCTailJihI pa3JIHqHOH opHeHTaQHH, 

norrHKpHCTaJIJIHqecKHe q>OilbrH) C peaKI(HOHHhIMH CMeCHMH H nOCT-peaKQHOHHhIH aHanH3 

COCTaBa a,n:cop6HpOBaHHbIX crroeB MeTo,n:aMH P<D3C H TIT,l]; no3BOJIHil nOKa3aTb, qTo 

aKTHBal(HH qlfCTOH noBepXHOCTH conpOBO)K,[(aeTCH nOHBileHHeM ,n:Byx cpopM 

a,[(cop6HpOBaHHOro KHCnopo.[(a, Ha3BaHHbIX HYKileO<pHJibHhIM H 3JieKTpO<pHJihHhIM 

COCTOHHHHMH. IlepBoe COCTOHHHe, HBilHIOmeecH e,[(HHCTBeHHhIM npH a,n:cop6QHH 02 Ha 
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qffCTbIX II0BepXH0CT5IX B CBB ycn0BH5IX, 6brnO H3yqeH0 ,neTanbH0 paHee H 6blJI c,nenaH 

BblB0)J; 06 OKCH.[l;HOH rrpHpo,ne :noro aT0MapH0 a,ncop6HpOBaHHOro KHcnopo,na. Brnpoe 

C0CT05IHHe, K0Topoe, KaK 6brno rrpo,neM0HCTpHp0BaH0 C II0M0IUbIO TIIP aHanH3a H30T0IIH0-

MeqeHblX cnoeB, aKTHBH0 B MapIIIpYTe 3II0KCH,1J;Hp0BaHH5I, 6brnO H3yqeH0 C0BMeCTHbIM 

rrpHMeHeHHeM MeTo.z:i;oB P<I>3C H XANES B pe)KHMe in-situ. Hcrronb30BaHHe MeTO,na XANES 

1103B0JIHJI0 HeorrpoBep)KHM0 ,1J;0Ka3aTb aTOMapHyro rrpHpo,ny 3JieKTpO<pHJibHOro KHCJiopo,na. 

bbinO TaK)Ke II0Ka3aH0, qTo T0JibK0 3TH )];Ba C0CT05IHH5I rrpHCYTCTBYIOT Ha II0BepxH0CTH Ag B 

peaKUH0HHblX ycnoBH5IX rrpH ,naBneHH5IX ,no 10 M6ap. 

2. Ilpo6neMa "material gap" . .Il:n5I H3yqeHH5I a,ncop6HpoBaHHbIX cpopM KHcnopo,na Ha 

HaHeCeHHbIX KJiaCTepax cepe6pa MeTO,naMH P<I>3C H TII,n: 6brna HCII0Jib30BaHa CifCTeMa -

cepe6po Ha rpa<pHTe, rrpHqeM KaK MaCCHBHbie o6pa3Ubl rpa<pHTa, TaK H HaHeceHHbie Ha 

BOJib<ppaM rpa<pHTOBhie CJI0H 6brnH HCII0Jib30BaHbl B KaqecTBe H0CHTeJI5I. bbinO ycTaH0BJieH0, 

qTo 0TH0CHTeJibH0e 3aII0JIHeHHe II0BepxH0CTH HYKJieO<pHJibHbIM H 3JieKTpOq_JHJibHbIM 

C0CT05IHHeM 3aBHCHT OT pa3Mepa cepe6p5IHbIX 1:IaCTHU, rrpHqeM rrepBoe C0CT05IHHe 

II05IBJI5IeTC5I B If3Mep5IeMbIX K0HUeHTPaUH5IX rrpH pa3Mepax 6onb111e, qeM 300-500 A. 3TOT 

pe3yJibTaT ofo,5ICH5IeT He06b1qaHHO 60JibIIIHe pa3Mepb1 cepe6p5IHbIX 1:IaCTHU, rrpH K0T0pbIX 

Ha6nro,naeTc5I pa3MepHbIH 3<p<peKT B peaKUHif 3II0KCH,n;HpoBaHH5I KaTanH3aTopoB Ha Ag/ AhO3 

KaTanH3aTOpax. ,n:ecop6UH5I 3JieKTpOq_JHJibHOro KHcnopo,na rrpoHCX0)];HT rrpH T=450 K, qTQ 

,1J;0Ka3bIBaeT TepM0.[l;HHaMHqecKyro B03M0)KH0CTb ero yqacTH5I B CTa.[l;HH o6pa30BaHH5I 

3THJieH0KCH,na. ,n:n5I Toro, qT06b1 II0H51Tb rrpH1:IHHbl TaKoro II0Be,neHH5I a,ncop6HpOBaHHbIX 

qacTHU, 6bIJIO HCCJie,noBaH0 BapbHp0BaHHe 3JieKTp0HHbIX If reoMeTpHqecKHX CBOHCTB 

HaHeceHH0ro cepe6pa B 3aBHCHM0CTH OT pa3Mepa 1:1aCTHU. C 3TOH uenbIO 6bIJI rrpoBe,neH 

aHanH3 crreKTp0B Ag3ds12 H O 1 s, C00TBeTCTBeHH0. B rrocne,n;HeM cnyqae a,ncop6HpoBaHHbie 

M0JieKyJibl 02 HCII0Jib30BanHCb KaK TeCT-M0JieKyJibl Ha rna,n;KHe yqacTKH II0BepXH0CTH. 

y CTaH0BJieHHbie oco6eHHOCTH MexaHH3Ma peaKUHH 3II0KCH.[l;Hp0BaHH5I 1103B0JIHJIH 

rrpe,n;JI0)KHTb opHrHHaJibHbie cepe6p51Hble o6pa3Ubl (ynbTpa,n;HcrrepCHbie rropoIIIKH; cepe6po, 

HaHeceHH0e Ha CH6YHI1T ), rrp05IBJI5IIOIUHe aH0MMbH0 BbIC0KHe 3Ha1:IeHH5I ( CBbIIIIe 90%) 

ceneKTHBH0CTif 110 3THJieH0KCif,1J;y. 

liJiaro,a:apHOCTh. 3a q_)IfHaHCOByIO 110,n.z:i;ep)KKY ,naHHOH pa60Tbl aBT0p 6naro,napHT P<I><I>H, 

rpaHTS M~ 96-03- H 00-15-99335, 11 <I>oH,n co,neHCTBH5I OTeqecTBeHHOH HaYKe, rrporpaMMa 

II0,1J;,1J;ep)KKH M0JI0)J;blX )];0KTOp0B. 
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SELF-SUSTAINED OSCILLATIONS AS THE METHOD TO REVEAL THE 

MECHANISM OF HETEROGENEOUS CATALYTIC REACTIONS 

qTQ MOlKET MTb H3yqEHHE ABTOKOJIEliATEJihHbIX PElKHMOB ,Il;JLH 
IlOHHMAHIDI MEXAHH3MA rETEPOrEHHbIX KATAJIHTttqECKHX PEAKQHH 

Slinko M.M. 

CmrnLKO M.M. 

Semenov Institute of Chemical Physics, RAS, Kosygina Str. 4, Moscow 117334, Russia 
E-mail: slinko@polymer.chph.msk.ru 

The recent results, concerning the study of self sustained reaction rate oscillations in 
heterogeneous catalytic systems are presented. Various examples devoted to the study of 
kinetic oscillations on single crystal surfaces under low pressure and over supported catalysts 
under normal pressure conditions are analysed. It will be demonstrated, what kind of the 
information about the reaction mechanism can be obtained from the study of period, 
waveform of oscillations and the analysis of the phase shift between oscillations of the 
production rates of different reaction products. 

Heterogeneous catalytic reactions are highly nonlinear systems usu.ally operated under 

conditions far from thermodynamic equilibrium where temporal and spatiotemporal 

organisation become possible. Self-sustained oscillations are the most vivid example of the 

temporal self-organisation. This phenomenon has been observed in more than 

30 heterogeneous catalytic reactions over various types of catalysts including single crystal 

surfaces, polycrystalline metallic surfaces, supporte~ and zeolite catalysts [1]. The discovery 

of self-sustained oscillations in heterogeneous catalytic systems allows establishing the deep 

analogy and connections of this field with such areas of science as electrochemistry, 

combustion, polymer science and biology. 

The goal of the present work is to submit the recent results of the field of the study of 

self-sustained kinetic oscillations in heterogeneous catalytic systems. Special attention is paid 

to the analysis of the information about the mechanism of heterogeneous catalytic reactions, 

which can be revealed from the analysis of the properties of kinetic self-sustained oscillations. 

The first example is the study of NO+H2 reaction over Pt(l00), Rh(l 11) and Ir(l 10) 

single crystal surfaces, for which kinetic oscillations were found under low pressure 

conditions at temperatures between 400 and 550 K. Over Pt(l00) single crystal surface the 

reaction products N2 and NH3 oscillate practically in phase, while over Rh(l 11) and Ir(ll0) 

single crystal surfaces the same reaction products N2 and NH3 oscillate in an anti phase 

relationship [2] . The analysis of the properties of reaction rate oscillations (the phase shift, the 
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period of oscillations) allows revealing the difference in the NO+H2 reaction mechanism over 

various catalysts. 

The second example is devoted to the kinetic oscillations during N20+H2 reaction over 

the Ir( 110) single crystal surface. It will be demonstrated how the mathematical modelling 

and the analysis of the phase shift between reaction products N2 and H20 let it possible to 

reveal the character of the lateral interactions in the adsorbed layer [3]. 

The third example is the study of CO oxidation over Pd zeolite catalysts. The properties 

of kinetic reaction rate self-sustained oscillations have been studied in dependence of the 

amount of the active component and preliminary pretreatment. It allowed to estimate the 

connection of an amplitude, a period and a waveform of oscillations with the degree of the 

oxidation of Pd particles embedded into the zeolite matrix [ 4]. The special attention will be 

paid to the particle size effect upon the activity and the properties of self-sustained 

oscillations. It will be shown, that due to the presence of internal fluctuations oscillatory 

behavior over a 4 nm size particle is more irregular than for a 10 nm size particle [5]. 

The last part of the presentation is devoted to the analysis of the information about the 

mechanism of a heterogeneous catalytic reaction, which can be obtained from the study of 

chaotic oscillations. The estimation of the embedding dimension of the strange attractor 

reconstructed from experimental time series, produces the information about the minimum 

number of variables which are necessary for· the description of the dynamic behaviour of the 

system. The identification of the route from regular to chaotic oscillations can be used for the 

discrimination of possible reaction mechanisms. 
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E-mail: richard.joyner@ntu.ac.uk 

· Small pore solids such as zeolites and the MCMs can serve as hosts for nanoclusters, 

resulting in materials whose catalytic potential is enormous, but arguably as yet not fully 

exploited. The purpose of this paper is to present a brief survey of these materials and to 

describe a new variety of sulfur-containing nanoclusters. Alkali metal clusters in zeolites may 

have been the first to spark interest, followed by catalysts hoped to have petroleum processing 

potential, such as Pt-ZSM-5 and Pt-L. The platinum nanoclusters formed may be confined 

within the pores of the matrix, or may stretch or fracture it. The extent to which the electronic 

properties of the metallic clusters is modified by the matrix remains a matter of some 

controversy. 

The greatest boost to interest in nanoclusters in zeolites undoubtedly came from the 

discovery about ten years ago, by Iwamoto and others, of the success of Cu-ZSM-5 materials 

as decomposition catalysts for NOx, and for the selective catalytic reduction of NOx in the 

presence of excess oxygen (SCR). Much subsequent academic study has shown that the most 

active site for both of these reactions is probably a copper oxo-dimer. Turnover number 

studies by Moretti suggest that isolated copper ions may be wholly inactive for NOx 

decomposition, while work in our laboratory shows that dimers and other oxo-clusters are 

more active in the SCR reaction than isolated ions. 

More recently, iron containing zeolites have attracted interest, mainly due to their 

significant stability in the SCR reaction, and their ability to activate N2O. We have shown 

that when Fe-ZSM-5 is prepared by impregnation from aqueous solution, the result is small 

nanoclusters such as Fe4O4• We now report that these materials can be almost fully converted 

to their sulfur analogues by exposure to H2S. We have also shown that the sulfided Fe-ZSM-5 

materials can act as catalysts for the hydration of acetonitrile to acrylamide, a reaction which 

is also catalysed by iron-sulfur containing enzymes. 

If time permits, the prospects for nanoclusters containing electronegative elements other 

than oxygen and sulfur will be examined. 
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"PARADOX OF HETEROGENEOUS CATALYSIS": PARADOX OR 
REGULARITY? 
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Ostrovskii V.E. 
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O6c)')K,[(aeTc5I rrpHpo,na "rrapa,noKca reTeporeHHoro KaTaJIH3a" (M. By.nap, 1956). 
HcIIOJib30BaHhl ,naHHbie O ,nil<p<pepeHIJ;HaJibHblX TeIIJIOTaX a,ncop6UHII I'a30B Ha 
KaTaJIH3aTopax, rrorryqeHHbie B rrocrre,nmie ,necHTHrrenrn, pe3yrrbTaTbI aHaJIH3a KHHeTH-ciecKHX 
ypaBHeHHM MHOI'IIX KaTaJIIITH'CJeCKIIX rrpouecCOB II pe3yJibTaThl TeopeTH'lleCKOrO OilHCaHH5I 

H30TepM a,ncop6UHH MOJieKyrr Ha HeCKOJibKIIX n;eHrpax B H,neaJibHOM a,ncop6HpOBaHHOM cnoe. 

"The paradox of heterogeneous catalysis" that is "the paradox of kinetics of catalytic 

reactions" had been pointed out by M. Boudart in 1956. Under these names, it was multiply 

discussed, for example, by Weller, Kiperman, and others. The paradox lies in the following. 

On frequent occasions, kinetic equations significantly differing in their forms describe 

specified sets of kinetic data with a similar accuracy. As this takes place, the kinetics of a 

number of processes can be described by equations deduced on the basis of the concepts of 

"ideal adsorbed layers" formulated by Langmuir-Hinshelwood and Hougen-Watson. It 

ignores the opinion of some authors that, in a range of middle coverages, the differential heats 

of adsorption decrease significantly as the coverage increases and this effect determines the 

rates of catalytic reactions. 

Meanwhile, numerous calorimetric and other studies performed since 1956 show that 

earlier measurements of the differential heats of gas adsorption not all were sufficiently 

perfect. In a number of earlier works, the heat measurements were influenced by weaknesses 

of adsorption techniques, namely, deficient freeing the adsorbents from such elements as 

hydrogen, oxygen, and carbon absorbed in the course of the sample preparation and diffusing 

to the surface in the course of the experiments, ignoring the adsorbate diffusion into the 

sample bodies and the grease-vapor effect on the results of adsorption measurements, too high 

pressure of residual gases in the vacuum apparatuses, etc. In this report, we present numerous 

available data showing that the differential heat effects for adsorption of different gases at 

different catalysts in a range of middle coverages are constant or nearly constant. These data 

are obtained since 1956 for the following systems: H2 - Fe, H2 - Ni, H2 - Pt (black), 
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H2 - Pt/Si02, H2 - (Pt + W)/ Si02, H2 - ZnO, 02 - Nb, 02 - W, 02 - Mn, 02 - Ni, 0 2 

- Co, 02 - Fe, 02 - Mo, 02 - Ta, 02 - Ti, 02 - (Pt + W)/ Si 02, 02 - W /Si 02, 02 - Cu, 

0 2 - Ag, N2 - Ni, N2 - Fe/(Ah03 + K20), CO - Ni, CO - Dy, acrylic acid - V /Mo, 

V /Mo/Cu, V /Mo/P, or V /Mo/Cs, acetylene - Pt, methylacetylene - Pt, allene - Pt, H 2 

- Pt, H2 - Ce, H2 - Dy, H 2 - Lu, H2 - Er, H2 - Tm, H2 - Yb. 

It will be shown that the kinetic equations 

r = k+82PN2 - k_8zN2 = k+K2
112 

PN2PH2
312 I PNm - k_ PNH3 I K3K2

112 PH2312
; 

r = k+82Ps02 - k_8zs02 = k+K/
12

Ps02Po2
114 

/ Psm 
112 

- k_ Psm 
112 

/ K2K3
112

P02
114; 

r = k+Pco0zo- k_0zoco= k+K/
12

PcoPH20
112 I PH2

112
- LP82

112
Pc02 / K2K/

12
PH20

112
; 

r = k+ PH20z - L0zH2 = k+ K/
14

PH2Pco
114 

/ PcH3oH
114 

- k_ PcH3oH
114 

/ K3K2
114

Pco
11

\ 

r = k+Pco
18 

0zo- k_0zoco
18 

= k+K/
12

Pco
18

Pco2
112

/ Pco
112

- LPco
18

oPco
112

/ K2K3
112 

Pco2
112 

(1) 

(2) 

(3) 

(4) 

(5) 

(r is the reaction rate) for the reactions of NH3 synthesis at the promoted Fe-catalyst (1), S03 

synthesis at Pt (2), H2 and CO2 formation from CO and H20 at Fe203 (3), CH30H synthesis at 

ZnO-Cr203 (:4), and C0180 and co formation from C018 and CO2 (0-exchange) at Fe203 (5) 

can be deduced on the basis of the notion of the "ideal adsorbed layers". Earlier, the same 

equations were deduced on the assumption that the surfaces are heterogeneous relative to the 

heats of adsorption and it was shown that the rates of the stationary processes are described by 

these equations. 

It is shown that the applicability of the so-called logarithmic isotherm, which is usually 

associated with the surface heterogeneity relative to the heats of adsorption, for describing 

any adsorption equilibrium does not prove that the surface is heterogeneous. For the "ideal 

adsorbed layers", the equilibrium of adsorption of gas molecules at several surface centers can 

be described by a curve similar to the logarithmic isotherm. 

The above-mentioned sets of experimental and theoretical results are used for a 

discussion on the nature of "the paradox" under consideration, taking into account two aspects 

of the problem. First, sometimes, kinetic equations of the same form can be deduced on the 

basis of principally different notions on the mechanism of the process under study. Second, 

sometimes, kinetic equations of different forms describe with the same accuracy the process 

proceeding within a specified range of variables. 
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BJIIUIHIIE ,LJ;OliABOK KOliAJibTA HA AKTIIBHOCTb KATAJIII3ATOPOB 
rH,n:POOliECCEPIIBAH:IDI TIIIlA MoSJAhO3, IlQJiyqEHHbIX METO,LJ;OM 

3KC<l>OJIIIAQIIII 

COBALT EFFECT ON THE ACTIVITY OF THE HYDRODESULFURIZATION 
CATALYSTS MoSJ AhO3 TYPE OBTAINED VIA EXFOLIA TION 

Koqy6eii 11.H., Poron B.A. H lia6eHKO B.Il. 

Kochubey D.I., Rogov V.A. and Babenko V.P. 

Boreskov Institute of Catalysis SB RAS, 630090 Novosibirsk, Russia 
Tel.: + 7 3832 344 769; Fax: - + 7 3832 343 056 

E-mail: kochubey@catalysis.nsk.su 

MoSi/ AhO3 catalysts were obtained via MoS2 exfoliation. It was suggested that MoS2 

basal planes could have catalytically active centers resulted from the distortion of the MoS2 

structure. 

Supported 7%MoSi/ AhO3 catalysts of hydrodesulfurization were obtained via exfoliation 

of MoS2 synthesized from elements. Catalysts were characterized by EXAFS, TEM, XRD. 

Active part of the catalysts consists of one slab of MoS2 with 200 A diameter and 4 A 
thickness. It was obtained from XANES data that MoS2 did not have 2H symmetry as bulk 

sulfide. 

Catalytic activity of these catalysts were tested in the thiophene hydrodesulfurization 

reaction. It was obtained that catalytic activity of these catalysts were similar to the activity of 

standard catalysts MoS2/AhO3 with the slabs of 20 A diameter. 

Cobalt was supported on that catalysts from CoCh with the different ratio Co/Mo. 

Catalysts were sulfided in H2S + H2 flow and tested in the similar reaction. Catalytic activity 

of these catalysts was compared with the catalytic activity of the standard catalyst GO-70. It 

was found that cobalt injection produces synergetic effect even for the slabs with 200 A 
diameter. The amount of that synergetic effect is a function of Co/Mo relation. 

It was concluded from obtained data that distorted basal plane has centers on which 

thiophene has been adsorbed and activated without sulphur vacancy generation. 
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Table. Activity of MoSi/ AlzO3 catalysts in the tiophene hydrodesulphurization reaction 

catalyst 
MoS2 9 W · lg mol/s·g MoS2 

(% g) 

5KB 6.3% 1150 

21 KB 7.6% 2800 

32KB 5.3% 1020 

Standard 12.0% 1050 
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TOTAL OXIDATION OF PROPENE AND TOLUENE ON Cu I YTTRIUM DOPED 
ZIRCONIA 

IIOJIHOE OKHCJIEHHE IIPOIIHJIEHA H TOJIYOJIA HA Cu/HTTPHH 
IIPOMOTHPOBAHHOM OKCH)];E IJ;HPKOHIDI 
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This work investigates the influence of copper and yttrium on the activity and selectivity 
of zirconia for propene and toluene total oxidation. The anionic vacancies should induce the 
better activity of the zr02,..5 mol. % Y 20 3 catalyst with or without copper. A reaction 
mechanism evolving the anionic vacancies is presented. 

Volatile organic compounds (VOCs) are emitted in dilute concentrations from many 

industrial processes but also from internal combustion engines. During the last decade, many 

works are done for automobile exhaust but the attention has been rather applied to CO, NOx 

and soot elimination [1]. However, the reduction of VOC coming from automobile have to 

achieve 24% in Europe from 1993 till 2010 [2]. Propene and toluene, VOCs emitted by 

gasoline and diesel engine, are chosen as probe molecules for oxidation using Cu/yttrium 

stabilized zirconia. The introduction of yttrium into the zirconia induces the formation of 

anionic vacancies [3], which increase the ability of the solid to accumulate oxygen and 

improve an oxygen exchange at low temperature [ 4]. Moreover, it is well known that the 

presence of copper in catalysts increases the activity of oxidation reactions [3, 5]. 

Pure ZrO2, pure Y2O3 , ZrO2 doped with 1, 5 and 10 mol.% Y20 3 (respectively ZrlY, 

Zr5Y and Zrl0Y) were synthesized by precipitation or coprecipitation of their respective 

hydroxides followed by a calcination under air flow at 600°C for 4 hours. Raman 

spectroscopy and EPR measurements have shown the tetragonalisation of monoclinic zirconia 

even by addition of 1 % of Y 20 3. Moreover, BET measurements of the samples have shown an 

increase in surface area from monoclinic to tetragonal phase (70 to 95 m2/g). For the both 

VOCs oxidation catalytic tests, the optimum amount of Y2O3 in the zirconia was obtained for 5 

mol %. Indeed, the anionic vacancies should induce the better activity of the ZrO2-5 mol. % 

Y2O3 catalyst which presents the higher number of Zr3
+ species (EPR measurements). The 

oxidation mechanism should imply the intervention of chemisorbed activated oxygen. On 
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zITcoma, the formation of amomc oxygen species (O2-acts) could be explained by the 

intervention of Zr3
+ species and anionic vacancies. 

Fig. 1. Total oxidation of 

toluene on the copper 

catalysts. 
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Wet impregnation of copper (0.5, 1 and 5 wt%) was achieved on these oxides. Whatever 

the support, copper has a promotional effect on the activity and leads to an inhibition of CO 

formation in favour of CO2. The promotional effect of copper could be observed on Fig. 1 for 

total conversion of toluene on the different copper supported catalysts. The activity is 

emphasised since the curves are shifted to lower minimal temperatures with increasing the 

copper content from 0.5 to 5 wt%. For a same amount of loaded copper, the following activity 

order (for the both oxidation reactions) was rather: Cu/Y2O3 < Cu/ZrO2 < Cu/ZrO2-Y2O3. This 

result could be partly explained by a better dispersion of copper on higher specific surfaces. 

Nevertheless, among the copper on mixed oxides, Cu/Zr5Y gave the better activity again. The 

higher number of anionic vacancies on Zr5Y support could explain this result. Moreover, this 

catalyst presents also the more reduced copper particles and the higher surface quantity of 

copper (XPS measurements). 
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The elimination of diesel carbonaceous particulate has been investigated by the use of 
oxidation catalysts which could be impregnated on a porous ceramic filter. The study of 
different K-Cu/oxide (oxide = TiO2 or ZrO2) catalysts revealed the interesting properties of 
such systems. High catalytic activities could be correlated to the presence of small CuO 
crystallites and Cu (II) species interacting with K+ ions. A promoting effect of potassium was 
markedly evidenced regarding oxidation rate of carbon. 

During the last decade, the awareness of the environmental harmful effects caused by 

diesel particulate emission has lead to several works in catalysis research. Among the 

solutions to reduce diesel carbonaceous particulate, one consists in the impregnation with an 

oxidation catalyst of a porous ceramic filter placed through the exhaust stream. An up to date 

overview of literature showed that oxides as CuO, Fe2O3, V 20 5, Mn 0 2, CeO2 are active 

systems in this reaction [1-2]. As the contact between the catalyst and soot was revealed to be 

a determinant parameter towards the oxidation reaction [2], different research groups [3-5] 

proposed catalysts as Cu-K-Mo-Cl or Cu-V-K systems with a mobile active phase through the 

formation of low eutectics, which improve the contact with the diesel particulate and hence 

the catalyst activity. However it was also reported that degradation of such catalysts occurred 

by loss of active components as vapours. 

In this context, a study of different stables oxides A}zO3, ZrO2, TiO2 and CeO2 pure and 

supported either by copper or potassium phases has been undertaken. Low amounts of 

additives (2 wt% CuO or 2 wt% K2O) were considered in order to keep stabilising influence 

of the oxide support surface. TiO2 and ZrO2 supported by both K+ and Cu2+ ions systems were 

also studied to reveal an eventual combination of the own properties of copper and potassium 

elements. The purpose of this work is to evaluate the potential of these catalysts in the 

combustion of carbonaceous particulate and to get understanding information on the 

parameters involved in this catalytic oxidation in order to contribute to the elaboration of a 

reaction mechanism. 
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The catalytic tests towards the combustion of carbon black CB N330 (Degussa) were 

performed by simultaneous TG-DSC analysis (NETZSCH STA 409). For these tests, mixtures 

of carbon black (20 wt%) and catalyst (80 wt%) were made in a ball miller for 5 min or 40 min, to 

obtain loose or tight contact conditions respectively. The selectivity from CO/(CO+CO2) 

molar ratio was obtained from chromatographic analysis (VARIAN 3600) of the combustion 

products. A physicochemical characterisation of catalysts was investigated by EPR, XPS 

techniques and TPR experiments. 

In the case of pure support oxides, the reactivity and CO2 selectivity could be classified as 

follows CeO2>ZrO2> TiO2>AhO3. Tight contact conditions increased interactions between 

carbon and the catalyst surface, which favoured the carbon oxidation. The use of copper and 

potassium ions additives allowed to provide interesting reactivity even in loose contact 

condition, indicating contact promoter effects of these elements. The presence of copper 

affected the reactivity of all oxide systems. Particularly, the reactivity of TiO2-based catalyst 

promoted with Cu2+ ions was significantly increased, which could be correlated to the 

presence of CuO crystallites in solids. Cu2+ species were involved in the catalytic reaction via 

a redox mechanism. The presence of potassium ions in all oxides allowed significant increase 

of oxidation rates of carbon. From surface potential measurements, it appeared that K+ ions on 

oxide surface favour the dissociative adsorption of oxygen and allowed the formation of 

surface oxygen species at lower temperature than in the case of pure oxides. 

In the study of K-Cu/oxides, interesting performances were obtained with K-Cu/ZrO2 in 

loose contact condition and with K-Cu/TiO2 in tight contact condition. For K-Cu/TiO2, this 

observation remained correlated to the presence of CuO crystallites and Cu(II) aggregates 

interacting with K+ ions on the TiO2 surface, leading to a redox mechanism. For K-Cu/ZrO2, a 

high dispersion and stabilisation of Cu2+ ions by the ZrO2 surface hindered a high contribution 

of Cu2+ species towards the reactivity. On K-Cu/oxides, potassium properties regarding an 

increase in oxidation rates of carbon were markedly conserved and total CO2 selectivity was 

obtained. 
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INTRODUCTION 
Oxidation of n-pentane to maleic (MA) and phthalic (PhA) anhydrides arises 

considerable interest because of the possibility of replacing olefins and aromatic 
hydrocarbons by a cheap paraffin as the raw material [1, 2]. The mechanism of this reaction at 
the surface of a vanadyl pyrophosphate catalyst has been discussed and a reaction scheme has 
been proposed [1, 3-5], consisting of dehydrogenation of n-pentane to pentadiene, its 
cyclization to cyclopentadiene, dimerization to a cyclic template and oxidation of the latter to 
phthalic anhydride. However, several questions may be raised concerning such mechanism: 

- In oxidation of 1-pentene, pentadiene or cyclopentadiene no PhA has been found in the 
products [2, 5, 6]; 

- TAP experiments showed that in n-pentane oxidation unsaturated CS hydrocarbons or 
their cyclic analogues do not appear [5, 6]; 

- The surf ace of vanadyl pyrophosphate 
catalyst exposes isolated sites composed of 
two edge-linked VO5 square pyramids of 
approximately lx0.5 nm size. The dimerized 
cyclopentadiene molecule would be much 
larger to be accommodated at the active site. 

It seemed thus of interest to readdress 
the question of the mechanism of pentane 
oxidation. 

EXPERIMENTAL 
The VPO and VPBiO catalysts were 

studied. The VPO was synthesized from 
V 2Os and H3PO4 in butanol. Oxidation of n
C5H12 was studied in a specially constructed 
stainless steel flow type two reactors system 
with 0.5 ml catalyst loading and the gas 
mixture flow of 26-54 ml/min. Two reactors 
system worked on line; n-C5H12 or n-C4H10 
were oxidized in the first one, and then C4H6 

could be added to the reacting mixture at the 
inlet of the second reactor (Figure 1). 
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PROPOSED MECHANISM OF THE OXIDATION OF n-PENTANE 

Let us assume that n-pentane is activated by abstraction of protons from C1 and C4 atoms, 
followed by binding of the resulted hydrocarbon fragment with the catalyst surface through 
these carbon atoms. If strong acidic centers are present on the catalyst surface, isomerization 
of the fragment can be expected, consisting in the C5H3 methyl group transfer to C2 

( or CJ) 
carbon atoms and hydrogen migration from C2 (or CJ) to C4 atom. The isomer may undergo 
oxidation to citraconic (methylmaleic) anhydride. Indeed, it has been found that the selectivity 
towards citraconic anhydride is increasing with the increase of the contribution of strong 
acidic centers. 

The hydrocarbon fragment can lose methyl group and form the corresponding radical 
structures. It is known that such radicals can be easily transformed into olefins or oxidized 
into COx. Methyl radicals can be also oxidized to carbon oxides, mainly to CO2. Thus, 
contrary to n-butane oxidation, in this process an excess of CO2 over CO should be observed. 

Oxidation of C4 olefin-like structures can lead to maleic anhydride formation by the 
known mechanism through the stage of diolefins formation. It is known for the VPO catalysts, 
that selectivity to maleic anhydride obtained from butenes is lower than that from n-butane. 
Therefore the proposed mechanism of maleic anhydride formation from n-pentane can explain 
why in n-pentane oxidation the selectivity towards MA and the products sum MA+PhA is 
lower than in the case of n-butane oxidation, for which a different MA formation route 
operates. 

In order to confirm the hypothesis that phthalic anhydride is formed by Diels-Alder 
reaction between butadiene and maleic anhydride formed as consecutive product in the course 
of pentane oxidation, an experiment was invented in which two reactors on-line were used 
(Figure 1). The results reveal that n-butane oxidation leads to only maleic anhydride 
formation in first and second reactor. When 1,3-C4H6 is added to second reactor, to which n
butane oxidation products enter from the first reactor, appearance of large quantities of 
phthalic anhydride in outlet of the reactors system is observed. In these conditions in the 
second reactor the condensation of 1,3-C4H6 with maleic anhydride takes place, leading to 
phthalic anhydride formation. 

This study clearly shows that the basic route of the PhA formation in n-pentane oxidation 
on VPMeO catalysts is the Diels-Alder reaction between diolefin C4 and MA. Formation of 
olefins during the oxidation of n-pentane distinguishes this process from the reaction of 
n-butane oxidation, proceeding without dehydrogenation of paraffin. In case of C5H 12, the 
paraffin activation at the second and fourth carbon atoms leads to abstraction of methyl-group 
and formation of unstable radical C4 *, capable to form olefins and diolefins. The presence of 
the later enables the Diels-Alder reaction and the PhA formation. 
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Molybdate catalytic systems were investigated at isobutylene oxidation to 

methylacrolein. Samples of catalysts of general formula MoaCobFecBidSbmKnOx have been 

synthesized and tested by XRD to determine their phase structure. It has been shown, that the 

catalytic structure is formed by molybdates of Bi, Co, and Fe, mono- and dioxides, and 

potassium nitrite. It was revealed that oxygen transfer rate through catalyst lattice is a 

determinative factor of catalytic activity and its selectivity. The mechanism for isobutylene 

oxidation has been suggested. The general scheme for oxidative conversion of isobutylene has 

been constructed from results of impulse experiments. 

CerreKTHBHOe OKHCJieHHe HH3IIIHX orreq:>HHOB, B qacTHOCTH, H3o6yrHrreHa H ITPOITHJieHa B 

ueHHbie oKcHreHaTbI 5.rnm1eTC51 Ba)Irnoii: HayqHoii: H TexHorrorHqecKoii: 3a,naqeii:. IlorryqeHHe Ha 

OCHOBe HH3IIIHX orreqmHOB HeITpe,neJibHbIX Kap6oHOBbIX KHCJIOT H 3<lmpoB 

TeXHOJIOrHqecKHll ITpouecc, KOTOpblll Mor 6bI 3aMeHHTb HbIHe cymecTB)'IOIUHe CITOC06bI RX 

ITpOMblIIIJieHHOro ITorryqeHH51. 

KaTaJIH3aTOpbI, OCH0BH)'IO qaCTb CTPYKTYPbl K0TOpbIX COCTaBJI51IOT MOJIH6,n;aTbI Fe, Co, 

Bi, MO,IJ;H<pHUHPOBaHHbie .n;o6aBKaMH cypbMbl H Kamm, 51BJI51IOTC51 ITepcITeKTHBHblMH 

KaTaJIHTHqecKHMH CHCTeMaMH ITapUHaJibHOro OKHCJieHH51 H3o6yrHrreHa H ITPOITHJieHa. 

Ha ITpHMepe peaKUHH OKHCJieHH51 mo6yrHrreHa KHCrropo,n;oM B a-MeTHJiaKporreHH (MA) 
6bIJIH paCCMOTpeHbl oco6eHHOCTH OKHCJieHH51 HH3IIIHX orreqmHOB B COOTBeTCTB)'IOIUHe 

aJib,n;erH,nbI Ha KaTaJIHTHqecKHX CHCTeMax MOJIH6,n;aTHOro THITa. 

B xo.n;e HCCrre,noBaHHll 6bIJIH CHHTe3HpOBaHbl o6pa3Ubl KaTaJIH3aTopoB C pa3JIHqHblM 

co.n;ep)KaHHeM <pa3 MOJIH6,naTOB ( 06ma51 cpopMyrra KaTarrmaTOpoB MoaCo~ecBidSbmKnOx, 
ITpHqeM 6bIJIH TaK)Ke CHHTe3HpOBaHbl o6pa3Ubl, B KOTOpbIX O,IJ;Ha H3 <pa3 MOJIH6,n;aTOB 

ITOJIHOCTblO OTCyrCTBOBarra) H 6brna OITpe.n;erreHa 3aBHCHM0CTb RX aKTHBHOCTH H 

cerreKTHBHOCTH ITO o6pa30BaHHIO MA OT <pa30BOro COCTaBa KaTarrH3aTopa B MO,IJ;eJibHOll 

peaKUHH OKHCJieHH:51 H3o6yrHrreHa. OKa3aJIOCb, qTo coqeTaHHe <pa3 MOJIH:6,n;aTOB )KeJie3a H 

K06aJibTa 06ecITeqHBaeT BbICOKHH ypoBeHb aKTHBHOCTH KaTaJIH3aTopa H ITOBbIIIIeHHe BbIXO,na 

MA. PeHTreHo-cpa30BbIH aHarrm ITOKa3arr ( CM. Ta6rr.), qTO CTPYKTYPa CHHTe3HpoBaHHbIX 

KaTaJIH3aTopoB o6pa30BaHa <pa3aMH MOJIH6,naTOB Bi, Co H Fe, ITpOCTbIMH H CJ10)KHbIMH 

OKCH,IJ;aMH 3J1eMeHTOB 6pyrro-cpopMyJibl H HHTPHTOM KaJIH:51. IlpH HCCJie,IJ;OBaHHH aKTHBHOCTH 

KaTaJIH3aTOpOB IT0Ka3aH0, qTo CTPYKT)'PHO H,IJ;eHTHqHblll MOJIH6,n;azy )KeJie3a (II) MOJ1H6,n;aT 

Ko6arrbTa (II) cIToco6crnyeT ITpoueccy o6paTHMOH TPaHccpopMaUHH BH,n;a FeMoO4¢:::>Fe2(MoO4)3 

Ha 6a3e 3apo,n;b1IIIeBbIX KpHCTarrrrttTOB CoMoO4, orneTcTBeHHOMY 3a ITpouecc cop6umf H 

TPaHcIToprn KHcnopo,n:a ITO KpHCTarrnHqecKoii peIIIeTKe KaTarrmarnpa K aKTHBHOMY ueHTPY· 

11ccne,n;oBaHH51 KHHeTHKH xeMocop6UHH mo6yrHJieHa Ha o6pa3uax KaTaJIH3aTopoB 

pa3nHqHoro <pa3oBoro cocTaBa BbrnBHno, qTo HaJIHqHe B CTPYKTYPe KaTarrH3aTopa MorrH6,n;aTa 
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BIICMyra 06ecrreq1rnaeT cop6u:mo ll306yr1rneHa Il0BepXH0CTbIO KaTaJIII3aTopa, qTo rrpIIB0)]JIT 

K pocTy aKTIIBH0CTII. 

B XO,[(e OilbITOB 51BHO BbrnBJieHo, qTo IlOBbIIIIeHIIe CKOpOCTII TpaHcrropTa KIICJIOpO,[(a ITO 

KpIICTaJIJIIIqecKOll peIIIeTKe KaTaJIII3aTopa 0,[(H03HaqHo rrpIIBO,[(IIT K CHII)KeHIIIO 

ceneKTIIBH0CTII KaTaJIIITIIqecKoro ,[(eHCTBII51. O,[(HaKO, CK0p0CTb TpaHcrropTa KIICJI0p0,[(a 

orrpe,[(eJIHeT TaK)Ke II aKTIIBH0CTb KaTaJIII3aTopa B uerroM. Porrb MOJIII6,[(aTa BIICMyra B 

KaTaJIII3aTopax Ha 0CH0Be MOJIII6,[(aTOB rrepeX0,[(HbIX MeTaJIJI0B B '.HOM crryqae 51BJI51eTC51 

,[(B05IKOH: IT0MIIM0 o6ecrreqeHII51 cop6:u;IIII orreqmHa <pa3a MOJIII6,[(aTa BIICMyra BH0CIIT 

3aTpy,[(HeHII51 B TpaHcrropT KIICJI0p0,[(a, He HaCT0JibK0 3HaqIITeJibHbie, qT06bI cymecTBeHH0 

CHII3IITb aKTIIBH0CTb KaTaJIII3aTopoB, 0,[(HaK0 ,[(0CTaToqHbie, qTo6bI He ,[(0ITYCTIITb rrpo:uecc 

6orree rrry6oKoro 0KIIcrreHIIH cop6IIpoBaHHoro orre<pIIHa c o6pa3oBaHIIeM COx, ,[(0 M0MeHTa 

,[(ecop6:u;IIII rronyqeHH0ro KIICJI0p0,[(C0,n:ep)Kamero coe,[(IIHeHII51 C Il0BepXH0CTII KaTaJill3aTOpa. 

lfMITYJibCHbIMII IICCJie,[(0BaHII51MII 6bIJIO l10Ka3aHo, qTo OCHOBHOH rrpIIqIIHOll 

He,[(OCTaToqHOll cerreKTIIBH0CTII MOJIII6,[(aTHbIX CIICTeM 51BJI51eTC51 rrpoTeKaHIIe B X0,[(e 

KaTaJIII3a ITOCJie,[(OBaTeJibHbIX II rraparrneJibHbIX peaKUIIH C IlOCTerreHHbIM COKpameHIIeM 

,[(JIIIHbI yrrrepO,[(HOll uerrII o6pa3yIOIUIIXC51 coe,[(IIHeHIIll. IlpIIqeM Ka)K,[(blll :nan B 3T0M 

rrpo:uecce corrpoB0)K,[(aeTc51 rrII6o BHe,[(peHIIeM B o6pa3yIOIUyIOCH M0JieKyrry aToMa 

KIICJI0p0,[(a, JIII6o 0TmerrJieHIIeM 0,[(H0ro aT0Ma yrrrepo,[(a C o6pa30BaHIIeM ero 0KCII,[(0B. 

Ta6Jiuua. <l>aJOBLIH cocTan o6pa3:QOB KaTaJIHJaTopon. 

<l>aJa ~ ~ 
N - ..,. - \C ..,. ..,. ..,. 0 0 0 0 ~ ~ 

0 
~ 0 0 - ..,. N 

0 0 0 0 0 0 N ,.Q 0 0 
~ ~ ~ 0 N 0 N = 

,.Q r.,:;_ N z 
~ = u ~ ,.Q 

r.,:;_ ,.Q 
~ '-' 0 '-' ~ 0 ~ r.,:;_ 

N u N r.,:;_ u ~ 

= 
~ 

CoCTae ~ '-' 

Mo12Co6Fe3Bi2Sbo.sKo.JOz + + + + + + + 

Mo9Co6Fe3Sbo.sKo.JOz + + + + + + + + 

Mo6BhFe3Sbo.sKo.JOz + + + + + 

Mo9Co6BhSbo.sKo.JOz + + + + + 

Mo1Co1B i2Fe3Sbo.sKo.JOx + + + + 

Mo9_sC06B i2Feo.sSbo.sKo.JOx + + + + + + + + 

Mo3BhOx + 

Mo1Co10x + + + 

Mo3Fe20x + + + 
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FLUORINE MODIFICATION OF LANTHANUM MANGANITE: EFFECT ON 
OXYGEN MOBILITY AND CATALYTIC ACTIVITY IN PARTIAL OXIDATION 

MO,l(H<l>UQHPOBAHHE MAHrAHHTA JIAHTAHA <l>TOPOM: BJIIDIHHE 
IIO,l(BHiKHOCTH KHCJIOPO,l(A HA KATAJIHTHqECKYIO AKTHBHOCTI:, B 

IIAPI(HAJII:,HOM OKHCJIEHHH 

Kemnitz E., Sadykov V.A.*, Kuznetsova T.G.*, Simakov A.V.*, Sazonova N.N.*, 
Bulgakov N.N.*, Burgina E.B.*, Moroz E.M.*, Zaikovskii V.I.*, Paukshtis E.A.*, 

Ivanov V.P.*, Trukhan S.N.*, Lunin V.V.** and Abouka1s A.*** 

Institute for Chemistry, Humboldt-University, Berlin, Germany 
E-mail: erhard.kemnitz@chemie.hu-berlin.de 

*Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
**Chemical Department of Lomonosov Moscow State University, Moscow, Russia 

***Lab. de Catalyse et Environnement MREID, 
University du Littoral- Cote d'Opale, Dunkerque, France 

Anion modification of perovskite-like systems by chlorine and fluorine was recently 
shown to be promising for increasing their selectivity in the reactions of alkanes oxidation 
into alkenes. However, the effects of these promoters on the bulk and surface oxygen mobility 
and reactivity has not yet been properly assessed, which is the aim of this work. 

Dispersed pure and F (F + Ca) modified samples of lanthanum manganite were 
synthesized by addition of mixed salts to the citric acid-ethylene glycol solution followed by 
its polymerization at slow heating, then burning and calcination of residue at 800 °C. In some 
cases, calcium-modified samples were fluorinated by heating with ammonium fluoride. 

Incorporation of fluorine into the lattice eliminates a small TPD peak at ~450 °C 
corresponding to oxygen desorption from the surface defect centers. Main TPD peak due to 
desorption of terminal oxygen forms ( desorption heats ~ 50-70 kcal/mole) bound with Mn and 
La cations in the regular positions was shifted from ~650 to ~ 700 °C. In F-modified sample, 
the amount of oxygen desorbed in this peak exceeds 2 monolayers, which indicates a high 
mobility of the lattice oxygen independently confirmed in the isothermal CO reduction 
experiments. Addition of Ca to fluorine-modified sample decreases the amount of desorbed 
oxygen to~ 0.5 monolayer, increases its bonding strength (a shoulder at 800 °C appears in the 
TPD peak), and decreases the bulk oxygen mobility, which correlates with the decrease of the 
oxygen polyhedra dist01tion as evidenced by the X-ray diffraction and FTIRS of lattice 
modes. Excessive fluorination of calcium -modified sample by heating with NRtF results in 
further strengthening of the surface oxygen while the bulk oxygen diffusion was suppressed. 

Variation of the surface oxygen bonding strength and mobility due to anion modification 
of lanthanum manganite samples is reflected in their catalytic properties. For pure and 
calcium-modified lanthanum manganite, only deep oxidation of propane is observed. 
Incorporation of fluorine into the lattice strengthening the surface oxygen forms is 
accompanied by appearance of propylene in the reaction products. In the reducing reaction 
media, removal of a part of the bulk/surface oxygen for F-containing samples leads to 
increase of propylene selectivity up to 10-20 %. The most selective was Ca-containing sample 
subjected to the excessive fluorination, which contains only strongly bonded terminal oxygen 
forms desorbing at 800 °C while the bulk oxygen diffusion is suppressed. 

This work is in part supported by RFBR -INT AS grant No IR-97-402 
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HCCJIE,I(OBAHHE MEXAHH3MA PEAKQHH OKHCJIEHIDI AMMHAKA B 

3AKHCb A3OTA HA Mn-Bi-O/a-AhO3 KATAJIH3ATOPE 

STUDIES OF THE MECHANISM OF AMMONIA OXIDATION INTO NITROUS 
OXIDE OVER Mn-Bi-O/a-AhO3 CATALYST 

CJiaBHHCKaH E.M., BeHLHMHHOB C.A., HnaHona A.C., IIoJiyxuHa II.A. H HocKOB A.C. 
Slavinskaya E.M., Veniaminov S.A., Ivanova A.S., Polukhina I.A. and Noskov A.S. 

llHCTHTyr KaTarrma HM. r .K. EopecKoBa CO P AH 
Ilp. AKa,n;. JlaBpeHTheBa, 5, HoBocH6HpcK 630090, Poccm1 

Fax: ( + 7-3832) 34 18 78; E-mail: lesla@catalysis.nsk.su 

The pulse method at feeding ammonia and the reaction mixture containing NH3 and 160 2 
(180 2), methods of temperature-programmed surface reaction (TPSR) of ammonia and XPS 
were used for characterization of the manganese-bismuth oxide catalyst. The reaction of 
ammonia oxidation was demonstrated to proceed via alternating reduction and reoxidation of 
the catalyst surface. Participation of the oxygen constituent of the catalyst in the reaction was 
confirmed. It was shown that the reduction rate decreased due to the presence of oxygen 
species with different bond energies. Elimination of the weakly bonded oxygen resulted in 
more abrupt decrease in the rate of ammonia oxidation into N2O in comparison with the rate 
of ammonia oxidation into N2. Symbasis of the selectivity for N2O and the proportion of 
manganese in the oxidized state were established. The reaction scheme based on the stage 
mechanism was proposed. 

H:ccne,n;oBaHHe MexaHH3Ma OKHCJieHHH aMMHaKa paHee rrpoBO,D;HJIOCh Ha MeTarrnax, 

0KCH,n;ax H Kap6H,n;ax MeTaJIJIOB, xapaKTepH3)'IOIUHXC5I Hll3KOH ceneKTllBH0CThIO B 

OTHOIIIeHHll N 20 [ 1]. U:eJihIO HaCTOHru;eii pa60TbI 5IBJ15IJ10Ch llCCJie,D;OBaHHe MexaHH3Ma 

peaKIJ;llll 0KHCJieHHH aMMHaKa Ha Mn-Bi-O/a-A}zO3 KaTaJIH3aTope C ceneKTHBH0CTbIO no 

N2O 88-90%. ,I(JIH 3TOro rrpOBO,D;llJI0Cb H3yqeHHe B3aHMO,[(eHCTBll5I OT,D;eJibHbIX KOMII0HeHTOB 

peaKIJ;llOHHOH CMeCH (aMMHaKa ll KllCJIOpo,n;a) C KaTaJIH3aTopoM llMIIYJibCHbIM MeTO,[(OM ll 

MeTO,D;0M TeMrrepaTypHo-rrporpaMMHpoBaHHOH IIOBepXHOCTHOH peaKIJ;llH aMMHaKa (TIIIIP). 

3KcrrepHMeHThl rrp0B0,D;llJillCb Ha ycTaH0BKe C Macc-crreKTp0MeTpWieCKHM aHaJill30M 

rrpH rro,n;at.J:e llMIIYJibC0B aMMHaKa mrn peaKIJ;llOHHOH CMeCH, CO,[(ep)Kameii NH3 ll 1602(1802). 

BoccTaHOBJieHHe KaTaJIH3aTopa aMMHaK0M rrpHBO,D;llT K o6pa30BaHHIO rrp0,D;YKT0B peaKIJ;HH: 

N2O, N2 H NO. B xo,n;e BoccTaHOBJieHHH m KaTaJIH3aTopa BMecTe c rrpo,n;YKTaMH peaKU:HH 

y,n;arrHeTCH rrpHMepH0 II0JI0BHHa Bcero KllCJiopo,n;a, l.J:T0 r0B0pHT O ,D;0CTaT0l.J:HO BbICOKOH 

II0,D;Bll)KH0CTll o6'beMHOro KllCJiopo,n;a. IlOKa3aHO, l.J:T0 CKOpOCTb BOCCTaH0BJieHP.:51 CHH)KaeTCH 

C YBeJIHl.J:eHHeM CTerreHH BOCCTaHOBJieHHH IIOBepXHOCTll. IlpH 3TOM CKOpOCTb OKHCJieHHH 

aMMHaKa B N2O CHH)KaeTCH 6onee pe3Ko, t.J:eM B N2, l.J:TO oTpa)KaeTcH B YBeJittl.J:eHHH 

ceneKTHBH0CTll o6pa30BaHH5I N 2· 

H:ccne,n;oBaHHe KaTaJIH3aTopoB MeT0,D;0M TIIIIP II0Ka3aJI0 HaJilll.J:He cpopM KllCJI0po,n;a C 

pa3Jilll.J:HOH 3Heprtteii CB5I3ll. IloKa3aHO, l.J:TO cna60CB5I3aHHbIH KllCJiopo,n; OTBeTCTBeHeH 3a 
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o6pa30Bam:1e 3aK1:1c1:1 a3OTa. Y ,na.rreH1:1e cna6ocBH3aHHoro KMcnopo,na rrp1:1Bo,n1:1T K 

)'MeHI,IIIeHI:IIO IIOJIHOH CKOpOCTI:I BOCCTaHOBJieHI:15! I:I 6onee pe3KOMY CHI:l)KeHI:IIO CKOpOCTI:I 

OKI:ICJieHI:15! B N20 B cpaBHeHI:II:I co CKOpOCTblO OKI:ICJieHI:15! B N2. KaK CJie,LJ;CTBI:le 

ceneKTI:IBHOCTb B o6pa30BaH1:11:1 N 2 YBeJII:11:JMBaeTcH. C YBeJI1:11:JeH1:1eM TeMrrepaTypbI 

rrpOKa.JII:IBaHI:15! KaTa.JII:13aTopa Ha CTa,D;I:II:I rrp1:1roTOBJieHI:1JI COCTOJIHI:le IIOBepXHOCTI:I 

I:13MeHJieTC5I. IlocKOJibKY :meprmI CB5I3I:I MapraHeTI;-KI:ICJIOpo,n HI:l)Ke ,L(JIJI OKI:ICJieHHOro 

COCTOJIHI:15! MapraHu:a [ 4], TO YBeJII:11:JeHI:le ,D;OJII:I u;eHTpOB C 6onee HI:13KOH :meprneii CB5!3I:I 

O3Hat:JaeT YBeJII:11:Jem1e OTHOIIIeHI:15! OKI:ICJieHHOro COCTOJIHI:15! MapraHu:a K BOCCTaHOBJieHHOMy. 

3TOT BbIBO,n IIO,D;TBep)K,naeTCJI ,naHHbIMI:I MeTo,na P<l>3C, IIOKa3bIBaIOID;I:IMI:I, l:JTO COOTHOIIIeHI:le 

3+ (2-'--3)+ Mn /Mn . YBeJII:ll:JI:IBaeTCJI C pOCTOM TeMrrepaTypbI rrpoKa.JII:IBaHI:15! KaTaJII:13aTopa. 

l13MeHeHI:le ceJieKTI:IBHOCTI:I no N20 CI:IM6aTHO C l:13MeHeHI:leM 3TOrO COOTHOIIIeHI:15!. ,r(pyroii 

rrpl:11II:IHOH CHI:l)KeHI:15! CKOpOCTH BOCCTaHOBJieHI:15! JIBJIJieTCJI 6JIOKI:1pOBKa aKTI:IBHOH 

IIOBepXHOCTI:I rrpO1IHO CBJI3aHHbIMI:I cpopMaMI:I aMMl:laKa, TeMrrepaTypa y,na.rreHl:15! KOTOpbIX 

BbIIIIe TeMrrepaTypbI peaKU:I:II:I. 

fIOKa3aHo, l:JTO B xo,ne BOCCTaHOBJieHl:15! 1:1 KaTa.JII:ITI:11:JeCKOH peaKTI;l:11:1 BbI,QeJIJIIOTCJI 

o,n1:1HaKOBbie rrpo,nYKTbI: N20, N2 1:1 NO. Ilp1:1 3TOM cKopocTb BoccTaHOBJieHHJI KaTa.rr1:13arnpa 

aMMI:laKOM paBHa CKOpOCTI:I KaTa.JII:ITl:ll:JeCKOH peaKU:l:II:I rrpl:I O,D;l:IHaKOBOH CTerreHl:I 

BOCCTaHOBJieHl:15! IlOBepXHOCTl:I . CorroCTaBJieHl:le o6mero pacxo,na Kl:ICJIOpo,na Ha o6pa30BaHI:le 

rrpO,D;YKTOB peaKTI;l:11:1 C pacxo,noM KI:ICJIOpo,na Ha o6pa30BaHI:le rrpO,D;YKTOB 1:13 ra30BOH q>a3bI 

rro,nrnep)K,L(aeT y-qacTI:le B KaTa.JII:ITI:11:JeCKOM U:l:IKJie KI:ICJIOpo,na KaTa.Jil:13aTopa. 3TOT BbIBO,n 

~ ~ 160 1s0 B 
IIO,D;TBep)K,naeTCJI ,naHHbIMI:I 3KCIIepI:1MeHTa C 3aMeHOl:I B peaKUl:IOHHOI:I CMeCl:I 2 Ha 2· 

xo,ne 3KCrrep1:1MeHTa BMeCTe C rrpO,D;YKTaMI:I I:13 KaTaJil:13aTopa y,na.rrHeTCJI 6onee 2 MOHOCJIOeB 

1602, l:JTO COCTaBJIJieT 1/3 qaCTb BCero KI:ICJIOpo,n;a KaTa.Jil:13aTopa. TaKaJI CTerreHb y-qaCTl:15! 

Kl:ICJiopo,na KaTaJil:13aTopa IlO,[(TBep)K,[(aeT BbICOKYJO IlO,L(BI:l)KHOCTb o6oeMHOro Kl:ICJIOpo,na. 

CoBOKyrrHOCTb rrony-qeHHbIX pe3yJibTaTOB ,naeT OCHOBaHMe 3aKJIIOl:Jl:ITb, qTo B OKl:ICJieHl:II:I 

aMMI:laKa pea.rr1:13yeTrn cTa,n1:1iiHbIH MexaHl:13M peaKu:1:11:1. Ha ocHOBaH1:11:1 rrony-qeHHbIX 

pe3yJibTaTOB I:I Jil:ITepaTypHbIX ,naHHbIX O BO3MO)KHbIX rrpoMe)KYTOl:JHbIX coe,n1:1HeHl:IJIX, 

o6pa3YJOll1;MXCJI B oK1:1cneH1:11:1 aMMI:laKa [2, 3], rrpe,n;Jio)KeHa cxeMa peaKu:1:11:1. 

JI11TepaTypa 

[1] BnaceHKO B.M., CaMqeHKO H.TI., ATpoI.U;eHKO B.11., 11 )].p., C6. KaTanm B a30THOH 
rrpoMbmrneHH0CT11, K11eB, HayKoBa )].yMKa, 1983r., c. 113-161. 

[2] H.H. I1.rJbqeHKo, r.H. rono)].eu;, 11.M. ABMJioBa, Teoper. 113KcrrepMM. XHMIDI, 1975, 11, Bbm. 1, c. 56-
63. 

[3] Griffiths D.W.L., Hallam H.E., Thomas W.J., J.Catal., 17, 1970, p.18 
[ 4] M.X. KaparreTb.HHIJ;, M.JI. KaparreTb.HHIJ;, OcHOBHbie TepMo,1J.1rnaM11qecK11e K0HCTaHTbI 

HeopraH11qecK11x 11 opraH11qecK11x BeII.J;eCTB, «X11M11.H», M., 1968. 
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IIPOME)KYTQqHbIE KOMIIJIEKCbl U: MEXAHU:3M PEAKQU:U: 
CEJIEKTU:BHOrO BOCCTAHOBJIEHIDI NOx IIPOIIAHOM HA 

IIPOMbllliJIEHHbIX OKCII,[J;HblX KATAJIU:3ATOPAX U: U:X 
MEXAHU:qECKOM CMECU: 

INTERMEDIATE COMPLEXES AND REACTION MECHANISM OF NOx 
SELECTIVE REDUCTION IN THE PRESENCE OF EXCESS OXYGEN OVER 
COMMERCIAL OXIDE CATALYSTS AND THEIR MECHANICAL MIXTURE 

Jiyp,l1;eii:HaH T.H., TpeTLHKOB B.<I>. H MaT1>1maK B.A. * 
Burdeinaya T.N., Tretyakov V.F. and V.A.Matyshak* 

I1HCTHTyr HeqnexHMIP-IecKoro CHHTe3a HM. A.B. Tor11meBa P AH 
JleHHHCKHH rrp., 29, MocKBa 119991, Poccm1 

Fax: + (095) 230 2224, E-mail: tretjakov@ips.ac.ru 
* I1HCTHTyr XHMHqecKon qm3HKH HM H.H. CeMeHoBa P AH 

yn. KocbirHHa, 4, MocKBa 117334, Poccm1 
Fax: + (095) 938 2156, E-mail: matyshak @ polymer.chph.ras.ru 

The process of selective catalytic reduction of nitrogen oxides by propane in the presence 
of 0 2 was studied over series of commercial oxide catalysts used in petrochemical processes. 
The synergistic effect in the reaction of NO reduction by propane over mechanically mixed 
oxide catalysts Cu-Zn-Al (catalyst I) + Fe-Cr (catalyst II) was investigated using 
IR-spectroscopy in situ. It was concluded that observed synergistic effect could be explained 
by partial propane oxidation over Cr-containing component (II) and NO reduction by this 
product over Cu-containing component (I) of the binary catalytic system. 

J13yqeHbl KHHeTIIKa II MexaHH3M OKHCJIIITeJibHO-BOCCTaHOBHTeJibHbIX peaKIJ;llll, 

rrpoTeKaIOmHx rrpH ceJieKTHBHOM KaTaJIHTHqecKOM BOCCTaHOBJieHHll (CKB) NO rrporraHOM B 

rrpncyrCTBllll ll36bITKa 02 Ha rrpOMbIIIIJieHHbIX OKCll,UHbIX KaTaJIH3aTOpax CTK (Fe-Cr 

co,nep)KameM) n HTK-10-1 (Cu-Zn-Al co,nep)KameM), a TaK)Ke nx MexaHnqecKott cMecn, II 

OTKpbITOro Ha HHX 3cpcpeKTa CHHeprH3Ma Ha OCHOBe 3KCIIepnMeHTaJibHbIX llCCJie,noBaHHll 

COCTOHHHH IIOBepXHOCTll KaTaJIH3aTopa ll o6pa3YJOmHXCH rrpoMe)KyroqHbIX coe,nnHeHHll C 

llCIIOJib3OBaHHeM MeTO,UOB TII,l(, I1K-crreKTpOKOIIllll in situ, a TaK)Ke Macc-crreKTpoMeTpHH. 

Ha OCHOBaHHll IIOJiyqeHHbIX 3KCIIepnMeHTaJibHbIX ,naHHbIX, yqHTbIBaH pa3HHU:Y B 

crreKTpaJibHbIX II a,ncop6unoHHbIX cBoncrnax KaTaJIH3arnpoB CTK II HTK-10-1, npe,nJIO)KeH 

cne.nyromnn MexaHmM peaKUHH CKB n Ha6nro,naeMoro 3cpcpeKTa CHHeprH3Ma. 

IloKa3aHo, qTo rrpnqnHott cnHeprn3Ma HBJIHeTCH B3anMo,nencrnHe C3H8 n 0 2 c 

o6pa3oBaHneM rrpO.UYKTa HerronHoro OKHCJieHHH Ha o,n:Hott cocTaBJIHromen (CTK) 6nHapHon 

MexaHnqecKOll CMecn KaTaJill3aTOpOB ll rrepeHOC 3a cqeT Me)Kcpa3HOll ,nncpcpy3Hll [ 1] 3TOro 

rrpO.UYKTa - 3cpcpeKTHBHOro BOCCTaHaBJIHBaIOmero peareHTa - Ha ,npyryro COCTaBJIHIOmyro 

(HTK-10-1), IIOBepXHOCTb KOTopon 3aIIOJIHeHa aKTHBHpoBaHHbIMll MOJieKyJiaMH NO. 
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KpoMe rrepe1.mcneHHbIX peaKll;IIH, B II3yiaeMOH CIICTeMe rrpoTeKaeT TaK)Ke ,n00KIIcneHIIe 

rrp0,n)'KTa rrapu;IIanbH0ro 0KIICneHII5I rrporraHa KIIcnopo,noM Ha o6eIIX C0CTaBll5IIOIIJ;IIX 

6IIHapHoH KaTanIITIIqecKoH CIICTeMbI II CTK, II HTK-10-1. HanIIqIIe CIIHeprn3Ma 

orrpe,nen5IeTC5I C00TH0llleHIIeM CKOpOCTeH ,n00KIIcneHII5I rrpo,n)'KTa HerronHoro 0KIIcneHII5I 

rrporraHa Ha CTK II HTK-10-1, Me)Kg_)a3HOH ,nIIcpcpy3IIII II B3aIIMo,neHCTBII5I o6pa3oBaBllleroc5I 

rrpo,n)'KTa c NOa,uc. Ha HTK-10-1. 

Ba)KHyIO ponb B rrpo5IBneHIIII CIIHeprn3Ma IIrpaeT K0HIJ;eHTpau;II5I C3H 8. KoHBepcII5I NO II 

CTerreHb B0CCTaH0BneHII5I II0BepXH0CTII YBenIIqIIBaIOTC5I rrpII YBenIIqeHIIII K0Hll;eHrpau;IIII 

C3Hs B peaKIJ;IIOHHOM IIOTOKe. YBenIIqeHIIe CTerreHII BOCCTaHOBneHII5I IIOBepxHOCTII 

06pa3u;oB CTK II MexaHIIqecKoH cMeCII CTK + HTK-10-1 corrpoBo~aeTC5I YBeJmqeHIIeM 

aKTIIBH0CTII, K0T0poe, II0-BII,L(IIM0MY, CB5I3aH0 C TeM, qTo Ha B0CCTaH0BneHH0M o6pa3u;e CTK 

B ornJiqJie OT 0KIIcneHHoro YBenJiqJIBaeTcR a,ncop6u;II5I NO. )];aHHbie TII)]; c Macc

crreKTpanhHbIM aHanII30M rrpo,n)'KTOB peaKu;IIII IIOKa3bIBaIOT, qTo Ha BOCCTaHOBneHHOM 

06pa31,e a,ncop6IIpyeTc5I ropa3,no 6onbllle NO, qeM Ha 0KIIcneHH0M. IlpII 3TOM B rrpo,n)'KTaX 

,necop6u;IIII II05IBll5IeTC5I a30T. 

IIonyieHHbie pe3ynhTaTbI rro3B0n5IIOT rrpe,nrron0)KJITh cne,nyromyro cxeMy rrpou;ecca Ha 

BoccraHoBneHH0M o6pa3u;e. IlpII B3aIIMo,neHcTBIIII C 3H 8 c rroBepxH0CThIO rrpoIIcxo,nIIT ee 

BOCCTaHOBneHIIe. Ha MeTannJiqecKIIX qacTIIu;ax BOCCTaHOBneHHOH IIOBepXHOCTII 3cpq>eKTIIBHO 

rrpoIICX0,L(IIT a,ncop6u;II5I II ,nIICC0ll;IIau;mI NO C rrocne,nyromIIM o6pa.30BaHIIeM 

MOneKyn5IpHoro a30Ta B ra30BOH cpa3e. IlpII 3TOM aTOM KIIcnopo,na yiacrnyeT B peaKIJ;llll 

0KIIcneHII5I rrporraHa c o6pa3oBaHIIeM CO2 B ra3oBoH cpa3e. TaKIIM o6pa30M, Ha 

B0CCTaH0BneHHblX o6pa3u;ax 3Ta cxeMa M0)KeT 6bITb peanII30BaHa Ha o6eIIX C0CTaBn5IIOIIJ;IIX 

CMelllaHHoro KaTanII3aTopa. B paMKax rrpe,nno)KeHHOH cxeMbl B03MO)KH0 ofrh5ICHeHIIe 

BbICOKOH aKTIIBH0CTII B0CCTaH0BneHHbIX o6pa3IJ;OB II 0TCYTCTBII5I CIIHeprII3Ma. 

Pa6orn BhITIOJIHeHa rrpn qacmqttoii q:nrnaHCOBOM IIO)JJi;ep)l(Ke P<I><I>I1. IIpoeKT N~ 02-03-33161. 

[1] KpbrnOB O.B. // Ycnex11 x11M1111. 1991. T.60. Bhm.9. C.1841. 
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POJib IIOBEPXHOCTHbIX HHTPATOB B MEXAHH3ME CKB NOx 

Yr JIEBO,l(OPO,l(AMH 

ROLE OF SURFACE NITRATES IN THE MECHANISM OF NOx SCR BY 
HYDROCARBONS 

Kouuu r.A., HJILHl.fee A.H., MaTLimaK B.A. H KopqaK B.H. 

Konin G.A., Il'ichev A.N., Matyshak V.A. and Korchak V.N. 

HHCTHTyr XHMHqecKoii q:>H3HKH HM. H.H. CeMeHoBa P AH 
yn. KocbirHHa, ,z:i;.4, MocKBa 119991, Poccmr 

<l>aKc: (095) 939-7189; E-mail: konin@polymer.chph.ras.ru 

Comparative analysis of activity of thirty six zirconia based catalysts and reactivity of 
NO3-, formed on their surfaces, has been carried out in order to determine the influence of 
NO3 - on the NOx SCR by hydrocarbons in an excess of 0 2. The mechanism of NOx SCR by 
C3H6 for pure ZrO2 was studied in detail. Formation of N-containing organic compounds has 
been observed by ESR and FfIRS in situ during the interaction of catalysts with the reaction 
mixes. Nitrates are considered to be the intermediates of NOx SCR by hydrocarbons. Thermal 
activation of N-O bonds in NO3- was found to be the limiting step ofNOx SCR by hydrocarbons 
in an excess of 0 2. The novel two layer catalytic system (Ni/Zr02+Pt,Cu/Zr-PILC), which allows 
to reduce NOx at 200-600°C temperature range, has been created on the base of the obtained 
results. 

YqacTHe 110BepxH0CTHblX mupaT0B (NO3-) B ceJieKTHBH0M KaTaJIHTHqecK0M 

B0CCTaH0BJieHHH (CKB) NOx yrneBo,z:i;opo,naMH B 11pHcyrcTBHH H36bITKa 02 He0,[(H0KpaTH0 

o6Cy')K,[(aJIOCb B JIHTepaType. B pH,z:i;e pa6oT, Ha11pHMep [ 1 ], YKa3bIBaeTCH, qTQ HHTpaTbl 

HBJIHIOTCH HHTepMe,nHaTaMH CKB NOx. B TO )Ke BpeMH cymecrnyeT MHeHHe, Ha11pHMep [2], 

qTQ NO3- - 3T0 1106oqHblM 11p0,I1;YKT, 6JIOKHpyIOIUHM 110BepXH0CTb KaTaJIH3aTopa H 

rrperrHTCTByIOIUHM BOCCTaHOBJieHHIO OKCH,[(OB a30Ta. 

B HaCTonueii pa6oTe 6bIJI rrpoBe,[(eH cpaBHHTeJibHblM aHaJIH3 peaKI.J;HOHHOH Cl10C06HOCTH 

NO3 - H aKTHBH0CTH KaTanmaTopoB Ha ocH0Be ZrO2 B 11pou;ecce CKB NOx 11porrHJieHoM, 

rrporraH0M. bblJI HCI10Jib30BaH Ha6op q:>H3HKO-XHMHqecKHX MeT0,[(0B HCCJie,[(0BaHHH: P<l>A B 

coqeTaHHH co crreKTpocKorrHeii KP, 3IIP, <l>ypbe HK c11eKTpocKorrHH in situ, TeM11epaTypHo 

11porpaMMHpyeMaH ,necop6u;HH (TII,ll;). 

O6Hap)')KeHO, qTo ,nmr Bcex TpH,nu;aTH IIIeCTH HCCJie,[(0BaBIIIHXCH o6pa3UOB TeMrrepaTypa 

Haqana 11pOTeKaHmr CKB NOx KoppenHpyeT c TeM11epaTypoiI Haqana pa3JI0)KeHHH NO3 -. 

TaK)Ke 6bIJIO o6Hap)')KeHO, qTo ,[(JIH 0,[(H0THilHblX KaTaJIH3aTopoB, 6JIH3KHX 110 C0CTaBy H 

11onyqeHHbIX 110 0,[(HOH MeTO,[(HKe, CKOpOCTb BOCCTaHOBJieHHH NOx KOppenHpyeT C 

KOHI.J;eHTpau;HeH NO3 -, o6pa3yIOIUHXCH Ha HX Il0BepxH0CTH. 

HaH6onee 110,npo6Ho MexaHH3M CKB NOx 6brn Hccne,noBaH ,[(JIH ZrO2 rrpH 

HCI10Jlb30BaHHH B KaqecTBe B0CCTaH0BHTemr C3H6. bbIJIO ycTaH0BJieHo, qTo CK0p0CTb H 
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::rnepnu1 aKTIIBaI.VUI CKB NOx rrpomrneH0M (W=0,7±0,2•1015 c-1-M-2 rrpII 400°C; 

Ea= 160±20 K,l()I(/MOJib) coBrra,naIOT co cKopocTbIO H Ea B3aHMo,n;eiicrnm1 NO3 - c C3H 6. B TO 

)KC BpeM5.l CK0p0CTb H Ea pa3JI0)KCHH5.l NO3 - B aHaJI0rH"lJHbIX ycJI0BH5.lX C0CTaBJI5.lIOT 

0,3±0,1•1015 c-1•M-2 H 190±10 K,l()I(/MOJib). 3TO II03B0JI5.leT rrpe,nrr0JI0)KHTb, "lJT0 Ha 

rroBepxH0CTH ZrO2 B3aHMo,neiicrnHe NO3 - c C3H 6 5.lBJI5.leTC5.l JIIIMHTHpyrorn:eii crn,nHeii CKB 

NOx rrpOIIHJICHOM, T.e. HHTpaTbl 5.lBJI5.lIOTC5.l HHTepMe,ZJ;HaTaMH BOCCTaHOBJICHH5.l NOx L(O N2. 

HaJIH"LJHe B C0CTaBe KaTaJIH3aTOp0B IIJiaTHHbl HJIH cepe6pa, HJIII 3d-3JieMeHTOB crroco6crnycr 

KaK CHII)KCHHIO TeMIIepaTYPbI pa3JI0)KCHII5.l, T.e. aKTHBaIJ:HH HlITpaT0B, TaK H YBCJIH"lJCHHIO CTerreHH 

rrpeBparn:eHII5.l NOx. IlpH 3TOM CKB NOx yrneBo,nopo,n;aMH Ha"LJHHaeT rrpoTeKaTh JIH6o 

0L(H0BpeMeHH0 C rrpoueccoM pa3JI0)KCHII5.l NO3-, JIH6o rrpH 6onee HH3KIIX TeMIIepaTYPax. 

lhy-qeHHe MexaHH3Ma o6pa3oBaHH5.l H pa3JI0)KeHH5.l NO3 - rroKa3aJI0, "LJT0 B ycJI0BH5.lX CKB 

NOx HHTpaTbl 5.lBJI5.lIOTC5.l HCT0"lJHHK0M NO2. B CB0IO 0"llepe,n;b NO2 5.lBJI5.lCTC5.l 6onee 

peaKUHOHHO-CIIOC06HbIM "lJCM NO H JierK0 BCTyrraeT BO B3aHMO,[J;CHCTBHe C yrneBo,nopo,naMH. 

Mern,naMH 311P H HKC 6brno rroKa3aHo, "LJT0 rrpo,nYKTaMH B3aHMo,neifcTBH5.l NO2 c C3H 6 

5.lBJI5.lIOTC5.l rrapaMarHHTHbie H ,[J;HaMarHHTHbie N-co,nep)Karn:He opraHH"lJCCKHe coe,ZJ;HHCHl15.l, 

HHTepMe,nHaTbI GKB NOx. 

TaKHM o6pa30M, 3KCIIepHMCHTaJibHbie ,naHHbie II0Ka3bIBaIOT, "lJT0, C OL(HOH CT0p0Hbl, 

NO3 - 5.lBJI5.lIOTC5.l HHTepMe,nHaTaMH CKB NOx yrneBo,nopo,naMH, a c ,npyroif crnpoHbI MX 

TepMoaKTHBaUH5.l orrpe,neJI5.leT TeMrrepaTypy Ha"LJaJia rrpoTeKamrn 3Toro rrpouecca. 3To 

II03B0JI5.leT c,neJiaTb BbIB0L(, "LJT0 L(JI5.[ 3<p<peKTHBHOro B0CCTaH0BJICHH5.l NOx yrJieBo,nopo,naMH B 

rrpHCYTCTBHH H36bITKa 02 Heo6XOL(HMbl KaTaJIH3aT0pbI, Ha II0BepXH0CTH K0T0pbIX M0)KeT 

o6pa30BbIBaTbC5.l 60JibII.10e K0JIH"lJCCTB0 NO3 - ' xapaKTepH3YIOIIl:HXC5.l HH3KHM 3Ha"LJeHHeM Ea 

MX TepMOaKTHBau1rn. 

Ha ocHoBaHHH rroJiy-qeHHbIX ,naHHbIX 06 y-qacTHH NO3 - B CKB NOx yrneBo,nopo,naMH 

rrpe,nJI0)KeHa ,nByxcTyrreH"llaTa5.l KaTaJIHTH"LJecKa5.l CHCTeMa (Ni/ZrO2 + Pt,Cu/Zr-PILC), 

KOTopa5.l II03BOJI5.leT 3<p<peKTHBHO BOCCTaHaBJIHBaTb NOx yrneBo,nopo,naMH B rrpHCYTCTBIIH 

H36bITKa 02 rrpH T = 200-600°C. 

Pa6orn BbIII0JIHeHa rrpH <pHHaHCOBOH rro,n,nep)KKe INT AS, rpaHT N2 97-11720. O,nHH H3 
aBrnpoB (r.A.KoHHH) 6Jiaro,napHT <pHpMy "Haldor Topsoe A/S" 3a <pHHaHcoByro rro,n,nep)KKY 
o6y-qeHH51 B acrrHpaHType HX <I> P AH. · 

References 
[1] M. Haneda, N. Bion, M. Daturi et al.// J.Catalysis, 2002, v.206, p.114. 
[2] S.Kameoka, Y.Ukisu, T.Miyadera // Phys.Chem.Chem.Phys., 2000, v.2, p.367. 
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ELUCIDATION OF THE SURPRISING ROLE OF NO ON THE N2O CONVERSION 

OVER Fe-CATALYSTS: MECHANISTIC AND KINETIC ASPECTS 

_BbfflCHEHHE HEOiKH,ll;AHHOH POJIH NO IIPH N2O IIPEBPAW:EHIDIX HA 
Fe-KATAJIH3ATOPAX: MEXAHHCTHqECKHE II KHHETHqECKHE 

ACIIEKThI 

Perez-Ramirez J., Kapteijn F.* and Moulijn J.A.* 

Norsk Hydro, Research Centre, Hydrocarbon Processes and Catalysis, 
P.O. Box 2560, N-3907, Porsgrunn, Norway 

Fax: +47 35 92 47 38; E-mail: javier.perez.ramirez@hydro.com. 
*Reactor & Catalysis Engineering, DelftChemTech, Delft University of Technology, 

Julianalaan 136, 2628 BL, Delft, The Netherlands 

The decomposition of N20 is strongly promoted by NO over Fe-catalysts supported on 
zeolites and other conventional supports in a wide temperature range (550-900 K). The 
mechanism of this promotion has been elucidated by means of steady-state activity and in situ 
transient Multitrack and FT-IR/MS studies, and a rational micro-kinetic model has been 
derived. The role of NO as oxygen transfer agent facilitates the desorption of oxygen from the 
catalyst surface in low-temperature zeolitic systems, accelerating the N20 decomposition rate. 
Our findings provide fundamental understanding of the different catalytic processes involving 
N20 (e.g. selective oxidation and reduction involving hydrocarbons) and other reactions 
where transfer of atomic oxygen is important. 

Fe-based zeolite catalysts are currently extensively studied, because of high activity in 

numerous processes, covering the abatement and utilization of environmental pollutants to the 

production of valuable chemicals. We have recently reported an extraordinary performance of a 

specific FeZSM-5 catalysts prepared via an ex-framework method in the N20 decomposition 

reaction [l, 2]. This catalyst (on a per Fe basis) shows a significantly higher activity than 

catalysts prepared via other procedures, such as ion exchange or sublimation. Also the stability 

of this particular catalyst in simulated tail-gas mixtures from nitric acid plants and fluidized-bed 

combustors is excellent. The ex-framework method comprises isomorphous substitution of Fe in 

the zeolite framework, followed by calcination and steam treatment. The nature of the iron 

species in the zeolite has been extensively characterized [3, 4]. 

An intriguing feature of FeZSM-5 catalysts in N20 decomposition is that NO 

significantly enhances the activity, while the opposite is usually observed for other catalytic 

systems, e.g. based on noble metals or transition metal oxides. This peculiar behaviour of 

FeZSM-5 makes it very attractive to use in applications where both N20 and NO are present, 

such as in tail-gas of nitric acid plants. The positive effect of NO on the N20 conversion over 

FeZSM-5 was first reported by some of us in 1996 [5], and observed by several authors later, 

but mechanistic aspects of this reaction were not investigated. 
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In this presentation the role of NO on the N2O decomposition over ex-framework 

FeZSM-5 is elucidated. It will be shown that the NO promotion is not a special feature of 

FeZSM-5 catalysts, but a general phenomenon occurring over many Fe-containing zeolitic 

(beta, USY) and non-zeolitic (AhO3, SiO2) catalysts. Based on flow and pulse experiments, in 

combination with in situ FT-IR/MS, steady-state (kinetics) and transient phenomena 

regarding the chemistry of N2O, NO, and NO2 over Fe-catalysts are investigated, and, 

possible catalytic cycles in the NO-assisted N2O decomposition are proposed. 

NO pulse 
with NO pulses 

without NO pulses 

0.0 0.4 0.8 1.2 1.6 2.0 
tis 

Fig. 1. 02 profiles measured by Multitrack during 
catalytic N2O decomposition over ex-FeZSM-5 with and 
without NO pulses at 773 K. 

It has been found that addition of 

small amounts of NO dramatically 

accelerates the desorption of atomic 

oxygen species (from N20, Fig. 1), 

acting as an atomic oxygen transport 

facilitator [6, 7]. These findings 

provide valuable information, not 

only in a practical sense, but 

especially m the fundamental 

understanding of the different 

catalytic processes involving N2O 

and other reactions where transfer of 

atomic oxygen is important. The promotion effect is not a general aspect in all N2O-related 

processes. NO inhibits N2O conversion in the presence of hydrocarbons, e.g. in the selective 

catalyst reduction of N2O with C3H8 or in the selective oxidation of benzene to phenol with 

N2O. This can be explained by the effect of NO in the reaction pathway of the hydrocarbon 

and the different nature of the active species in the catalyst. 
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KINETICS AND MECHANISM OF PHOTOCATAL YTIC REDUCTION OF NITRIC 

OXIDES BY CARBON MONOXIDE 

KlIHETHKA H MEXAHH3M <l>OTOKATAJIHTHqEcKoro 
BOCCT AHOBJIEHIDI OKCIIj(OB A30T A MOHOOKCIIj(OM Yr JIEPO,IJ;A 

Shelimov B.N., Subbotina I.R., Che M. * and Coluccia S. ** 
IlleJIHMOB Ji.H., Cy66oTHHa H.P., Ille M. * H Komoqqua C. ** 

Zelinsky Institute of Organic Chemistry, RAS, Moscow 119991, Russia 
Fax: (7-095) 135 53 07; E-mail: bns@ioc.ac.ru 

*Laboratoire de Reactivite de Surface, UMR 7609, CNRS, Universite Pierre et Marie Curie, 
4, Place Jussieu, 75252 Paris Cedex 05, France 

**Dipartimento di Chimica Inorganica, Chimica Fisica e Chimica dei Materiali, 
Universita di Torino, Via Pietro Giuria 7, 10125 Torino, Italy 

In order to contribute to the problem of environmental protection, selective catalytic 

reduction of NO and N2O by carbon monoxide to nontoxic products under UV-irradiation has 

been investigated using silica-supported molybdenum oxide (MoOJ/SiO2) as a photocatalyst. 

At 20°C, photocatalytic reduction of NO by carbon monoxide readily occurs, N2, N2O and 

CO2 being the reaction products. The N2/N2O ratio depends on the irradiation time. The 

photoreaction is a true photocatalytic process (TON>> 1). 

A cycle redox mechanism is proposed on the basis of kinetic data obtained. It consists of 

the formation of Mo4+ and CO2 via a short-lived excited state (Mos+ -0-)* followed by 

reoxidation of the Mo4+ by NO through an intermediate paramagnetic complex Mo4+ ... NO 

which was detected by EPR. The formation of N2 proceeds via N2O decomposition on Mo4+. 

The reaction mechanism (without account for N2O decomposition on Mo4+) is quantitatively 

described by a set of differential equations. The concentration dependences of the reactants 

and products on irradiation time are found from the integrated forms of these equations. A 

good agreement between the experimental kinetic data and the calculations has been obtained 

for different compositions of NO - CO mixtures thus proving the proposed scheme. 

The quenching effect of NO, CO, 0 2, and N2O on the photoluminescence of MoOJ/SiO2 

has been studied at 20°C as a function of gas pressure. Nonlinear dependences of the relative 

photoluminescence intensity on the gas pressure indicate that only adsorbed molecules play a 

role of efficient quenchers of the (Mos+ -0-)* excited state. The fraction of adsorbed 

quenching molecules can be determined from Langmuir sorption isotherm. The ratio of 

quenching rate constants kQ(NO)/kQ(CO) found in the photoluminescence experiments is in 

qualitative agreement with that deduced from the kinetic data. 

Acknowledgement. This work was supported by INT AS under Grant 96-1408. 
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PHOTOCATAL YTIC REDUCTION OF NITRIC OXIDE BY CARBON MONOXIDE 
AT LOW PRESSURES ON SILICA-SUPPORTED MOLYBDENUM OXIDE 

CATALYSTS: MASS-SPECTROSCOPIC AND TDS STUDY 
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Lisachenko A.A., Chikhachev K.S., Zakharov M.N., Basov L.L., Shelimov B.N.*, 
Subbotina I.R. *, Che M. ** and Coluccia S. *** 
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Institute of Physics, St-Petersburg State University, St-Petersburg 198504, Russia 
Fax: (+7-812) 428 72 40; E-mail: lisachen@photonics.phys.spbu.ru 

*Zelinsky Institute of Organic Chemistry, RAS, Moscow 117913, Russia 
**Laboratoire de Reactivite de Surface, UMR 7609, CNRS, 
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***Dipartimento di Chimica Inorganica, Chimica Fisica e Chimica dei Materiali, 

Universita di Torino, Via Pierro Giuria 7, 10125 Torino, Italy 

As an extension of our earlier studies [ 1, 2], characteristic features of the kinetics of NO 

photocatalytic reduction by CO over MoOJ/SiO2 (2.5 wt % Mo6+) were investigat~d in the 

range of "low" pressures (10-2 
- 2 Torr), where the number of reactant molecules in the gas 

and adsorbed phases is comparable. The CO:NO ratios were varied from 0.3 to 3.0. Mass

spectrometric method in static and "flow-through" regimes was used to follow the reaction 

kinetics. The compositions of intermediates and labile species were analyzed by means of 

thermodesorption spectroscopy (TDS). 1sN-labeled NO and 13C-labeled CO allowed us to 

distinguish 13CO (m/e = 29) and 15N2 (m/e = 30) as well as 13CO2 (m/e = 45) and isN2O 

(m/e = 46) by their parent peaks in mass-spectra. 

The multi-step scheme of the photocatalytic reaction proposed in [l, 2] has been refined. 

The primary act of the photoreaction is the formation of a charge-transfer excited state 

(Mos+_O-)* generated by UV-light with A < 360 nm. The scheme of multi-step process has 

been analyzed in which the quenching of [Mo5+-ff]* by NO and CO molecules and the 

competition of NO with CO for Mo4+ were considered in addition to CO + [Mo6+o=J + hv 

reaction. The excited state is deactivated by radiation and radiationless decay with total rate 

constant Kct and quenched by NO molecules with rate constant Kq. In addition, (Mos+ -0-)* 

interacts with CO to yield Mo4+ and CO2 with rate constant Kr. By comparing the kinetics of 

CO consumption in CO alone and in CO-NO mixtures, the following ratios of the rate 
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constants were obtained: Kctf Kr = 0.068 Torr and Kql Kr = 2.8. It is concluded from these 

values that the main path for deactivation of (Mo5
+ -0-)* is its interaction with CO and NO 

and that NO is much more effective quencher than CO. 

The number of CO molecules adsorbed on Mo4
+ and the values of activation energy of 

CO desorption from Mo4
+ have been determined by means of TDS. 

The photocatalytic process can be conditionally subdivided into two stages. In the first 

stage no N2 is formed, and N2O partial pressure grows and reaches a maximum, whose 

position depends on the ratio of initial CO and NO pressures. N2O pass½s through the 

maximum at a time when nearly all NO has already been consumed by the reaction. Thus, the 

first stage can be described as photocatalytic reaction CO + 2 NO ➔ CO2 + N2O. 

In the second stage N2O and CO concentrations gradually decrease, and simultaneously 

N2 evolves into the gas phase. This stage corresponds to N2O decomposition by reaction 

CO + N2O ➔ CO2 + N2. As follows from this two-stage consecutive reaction scheme, N2 

production can occur only if the P0(CO)/P0(NO) ratio exceeds 0.5. For CO-NO mixtures with 

P 0(CO)/P0(NO) ~ 0.5, the only reaction products are N2O and CO2 even after prolonged 

UV-irradiation. It should be noted that similar results for higher initial CO and NO pressures 

(5-10 Torr), were obtained earlier in [2]. 

The temperature dependence of the kinetic parameters was measured in the temperature 

range 293-453 K. It is assumed that a decrease in the photocatalytic activity at higher 

temperatures is due to enhanced thermoactivated decay of the excited state, as well as due to a 

decrease in the concentration of adsorbed species. The analysis of adsorbed species (CO, NO, 

N2O and CO2) was carried out at different stages of the photoreaction, and the values of 

binding energy were estimated from the TDS data. 
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HYDROGENOLYSIS OF ORGANOHALOGEN COMPOUNDS OVER BIMETALLIC 
SUPPORTED CATALYSTS 
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Catalytic hydrodechlorination is one of the most promising methods for detoxification 
over a variety of catalytic systems, although bimetallic catalysts are the best because of their 
optimal catalytic properties [1, 2]. 

Catalytic hydrodechlorination of chlorinated benzenes and CC14 on bimetallic catalysts 
was carried out in both the liquid and gas-phase. Bimetallic catalysts consisting of nickel, 
iron, copper or platinum associated to palladium, supported on a high surface area carbon 
"Sibunit" were prepared. The catalysts were characterized by chemical analysis, X-ray 
diffraction, electron microscopy. 

It is followed from obtained results that mechanism of metal poisoning by chlorinated 
compounds involves strong chemisorption of HCl on the metal followed by formation of 
stable and inactive Me-Cl species on the catalyst surface. It was shown that blocking of these 
sites by hydrogen halide could be avoided, for example, by using an additive such as NaOH 
or/and phase-transfer agents. 

The study of the catalytic activity of carbon supported Pd-Ni catalysts for the 
hydrodechlorination of hexachlorobenzene was carried out in the liquid phase. The degree of 
dechlorination of hexachlorobenzene on Pd-Ni/C catalysts was found to be proportional to the 
surface Pd concentration, which is enhanced by the segregation of this element at the surface 
of the bimetallic particles. It is also shown that isolated Pd atoms located at the surface of Ni 
rich bimetallic particles are more active than those lying in larger ensembles. Finally 
bimetallic Pd-Ni catalysts containing Pd atom only in the range 20-50 %, although less active 
than pure Pd, lead to formation of 75% of useful compounds, i.e. benzene, mono and 
dichlorobenzene. 

[1] [1] F.J. Urbano, J.M. Marinas, J. Mal.Cat. A, 173, (2001), 329. 
[2] [2] RM. Navarro, B. Pawelec, J.M. Trejo, R. Mariscal, J.L.G. Fierro, J. Catal., 189 (2000), 184. 
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OCOliEHHOCTII MEXAHII3MA ,IJ;EMCTBIDI HIIKEJIEBblX KAT AJIII3ATOPOB 
rH,II;PHPOBAHH}l,MO,IJ;II$1IQHPOBAHHbIXrETEPOilOJIHCOE,Il;IIHEHIDIMII 

PECULIARITIES OF THE MECHANISM OF ACTION OF NICKEL CATALYSTS 
OF HYDROGENATION MODIFIED BY HETEROPOL YCOMPOUNDS 

HaeaJIHXHHa M.,11;. H KphIJIOB O.B. * 

Navalikhina M.D. and Krylov O.V.* 
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Supported Ni catalysts modified by heteropolycompounds (HPC) of W series are very 

active and stable in hydrogenation of olefins and aromatics. Magnetic, electron microscopy 

and adsorption data show that these catalysts represent three-layer system Ni/HPC/AhO3. 

Ni does not contact with AhO3, does not form inactive NiAhO4 and forms nanoparticles 

which take part in the electron exchange with HPC and in H spillover. 

Ilpe,z::i;JIO)KeHHbie paHee [1, 2] HllKerreBbie KaTaJIH3aTOpbI C Hll3KllM co,z::i;ep)I<aHlleM MeTarrrra 

(2-6 % Mace.), MO,[(ll(pll:UllPOBaHHbie reTeponorrttcoe,z::i;ttHeHll5IMll (rIIC) BOJibcppaMOBOro 

p5I,z::i;a, Ha HOCHTeJI5IX (y-AhO3, C) BbICOKO aKTllBHbl II cerreKTllBHbl B peaK~ll5IX rtt,n;pttpoBaHH5I 

orrecpttHOB, apoMaTttqecKHX yrrreBo,n;opo,z::i;oB, rtt,z::i;pott3OMeptt3a:Ullll H-aJIKaHOB. Ilo 3TllM 

napaMeTpaM OHM npeBOCXO,[(5IT KaK npOMbIIIIJieHHbIH Ni-Cr-KaTarrll3aTop, TaK II 

KaTarrtt3aTopbI, BKmoqaromtte Pt M Pd. Ba)KHOH ttx oco6eHHOCTbIO 5IBJI5IeTC5I B03MO)KHOCTb 

peryrrttpoBaHll5I aKTllBHOCTll 3a cqeT ll3MeHeHll5I co,z::i;ep)KaHll5I MeTarrrra ( OT 2 ,z::i;o 6 % ), 
COOTHOIIIeHll5I MeTarrrr/MO,[J;ll(pllKaTOp, BO3MO)KHOCTb BapbttpoBaHll5I nopHCTOH CTPYKTYPbl 

llJill npttpO,[J;bl HOCHTeJI5I, npttpO,[J;bl MO,[J;ll(pllKaTopoB. 

HaMll npe,z::i;npHH5ITa nonbITKa o6'b5ICHllTb llCKJIJOqllTeJibHO BbICOKYJO aKTllBHOCTb tt 

CTa6llJibHOCTb Ni-KaTaJill3aTOpOB, MO,[J;ll(pll~llpOBaHHbIX rIIC, BO3MO)KHOCTb ee rtt6Koro 

peryrrttpoBaHll5I, a TaK)Ke yrryqIIIeHHbie 3KCnrryaTa:UHOHHbie CBOHCTBa HOBbIX KaTaJill3aTopoB, 

nyreM aHaJill3a oco6eHHOCTeH cpopMttpoBaHll5I aKTllBHOH noBepXHOCTll II MexaHll3Ma 

,z::i;eHCTBll5I. )];rr5I 3TOro 6bIJI npHBJieqeH p5I,z::i; (pll3llKO-XllMllqecKHX MeTO,[J;OB llCCJie,[J;OBaHH5I: 

3JieKTpOHHa5I MHKpOCKOnll5I, CTaTttqecKtte MarHHTHbie MeTO,ZJ;bl, cpeppoMarHHTHbIH pe3OHaHC, 

nopoMeTpll5I, )];TA, a,z::i;cop6:UHOHHbie llCCrre,z::i;oBaHll5I tt ,z::i;p. 

bbIJIO ycTaHOBJieHO, qTo Ha KaTaJill3aTopax HOBOro Tttna C co,z::i;ep)KaHtteM MeTarrrra 2-4 %, 
KpllCTaJIJibl Ni CTa6llJill31IpOBaHbl Ha noBepXHOCTll rIIC II He KOHTaKTllpYJOT 

Henocpe,z::i;crneHHO c y-AhO3. Hx pa3Mep 3HaqttTeJibHO Htt)Ke 06b1qHoro HaHeceHHoro Ni. 

O6pa3YJOTC5I HaHopa3MepHbie (pa3MepoM 2-4 HM) qacTH:Ubl Ni, paBHOMepHO pacnpe,z::i;erreHHbie 

no noBepXHOCTll MO,[J;ll(pll:UllPOBaHHOro KaTaJIII3aTopa. Ilptt 3TOM B OTCyrCTBlle MeTarrrra He 

Ha6JIIO,[J;aeTC5I BOCCTaHOBJieHll5I rIIC, HaJillqlle )Ke Ni Bbl3bIBaeT BOCCTaHOBJieHtte rIIC. 

Ilocrre,ZJ;Hllll nptto6peTaeT CBOHCTBa, o6ecneqttBaIOUJ:He no,z::i;BO,[J; aTOMOB H K qacTH:UaM 3a cqeT 

5IBJieHll5I CnllJIJIOBepa BO,z::i;opo,z::i;a Me)K,z::i;y rITC II Ni. 

Ilptt 60JibIIIllX co,z::i;ep)KaHll5IX rTIC qacTb Ni-qacTHU 3KpaHttpoBaHa. Ilptt 3TOM 

Ka)KymttHC5I pa1Mep Ni-qacTtt:U, onpe,z::i;erreHHbIH no a,n;cop6:utttt H 2, MeHbIIIe pa3Mepa, 

onpe,z::i;erreHHOro no MarHHTHbIM ,z::i;aHHbIM II no ,z::i;aHHbIM 3JieKTpOHHOH MllKpOCKOnllll. 3To 

5IBJieHtte aHarrorttqHo 3cpcpeKTY CBMH ( cttrrhHoe B3attMo,n;eiicrntte MeTarrJI-HOCHTerrb ). 
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KaTaJIIITIPieCKa5I aKTIIBHOCTb rrpoxo,r:i;IIT qepe3 MaKCIIM)'M rrpII )'MeHbIIIeHIIII co,r:i;ep)KaHII5I 

rIIC ,r:J;O orrpe,r:i;eJieHHOro COOTHOIIIeHII5I Ni/MO,r:J;IIQJIIKaTOp Ha y-AlzO3. AHaJIII3 CIIeKTpOB 

c)JeppoMarHIITHOro pe30HaHca II03BOmieT o6n5ICHIITb '.HOT q>aKT )'MeHhIIIeHIIeM 

3KpaHIIpOBaHII5I aKTIIBHOH Ni IIOBepxHOCTII MO,r:J;IIQJIIKaTOpOM. MaKCIIM)'M aKTIIBH0CTII rrpII 

2 % Ni II y,neJibHOH IIOBepXHOCTII y-AlzO3 270-310 M
2/r COOTBeTcTByeT rrpIIMepHO 

MOHOCJIOHHOMY IIOKpbITIIIO AlzO3 aHIIOHaMII KerrIIHa, qTo II0,[l;TBep)K,[l;aeTC51 II ,naHHbIMII 

3JieKTpOHHOH MIIKpOCKOIIIIII. IlpII TaKOM IIOKpbITIIII Ni He corrpIIKacaeTC5I C AlzO3 II 

II03TOMY He MO)KeT o6pa30BaTb IIIIIIIHeJib NiAlzO4, CHII)KaIOIQYIO KaTaJIIITHqecKyro 

aKTIIBHOCTh. TaKIIM o6pa3oM, o6pa3yeTc51 TpexcrroiiHhlH KaTaJIII3aTOp Ni/rIIC/ AhO3. 

CooTHOIIIeHIIe Ni/rITC/ AhO3 B HeM ,r:i;OJI)KHO 6MTh TaKIIM, qrnfa1, c o,r:i;Hoii cTOpOHhI, Ni He 

corrppKaCaJIC5I C AlzO3, a C ,r:i;pyroii CTOpOHhl, He 6brn 3aKpbIT MO,r:J;IIQJIIKaTOpOM. 

IlOKa3aHo, qTQ .D:JI5I Ka)K,[l;oro BII,r:i;a MO,r:J;IIQJIIKaTOpa (rIIC) CYIQecrnyeT OIITIIMaJibHOe 

COOTHOIIIeHIIe Ni/MO,r:J;IIQJIIKaTop, Kor,r:i;a MeTaJIJI BOCCTaHaBJIIIBaeTC51 IIOJIHOCTbIO. 3To 

II03BOJIIIJIO BrrepBbie IIOJIY"lfIITb BbICOKOaKTIIBHbIH o6pa3eu;, co,r:i;ep)KaIQIIH TOJibKO 2 % Ni, co 

CTerreHbIO BOCCTaHOBJieHII51 Ni 100%, y,r:i;errhHOH IIOBepXHOCTbIO Ni ,no 300 M
2
/r II 

aKTIIBHOCTbIO, rrpII6JIII)KaIOIQeHC5I K rrrraTIIHOBbIM KaTaJIII3aTopaM. 

JlIITepaTypa 

[1] M.,n.HaBa1u1xHtta, O.B.KpbIJIOB. YcnexH XHMHH. 67 (1998) 656 
[2] M.,n.HaBaJIHXHHa, A.M.IIpocKypttHH, O.B.KphIJIOB. KaTaJIH3 B npoMhmrneHH0CTH. NQ 1 (2001) 39 
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)];BA MEXAHH3MA KATAJIHTIIl.JECKOro rll)];PHPOBAHIDI HEHAChIIIJ;EHHbIX 

YrJIEBO)];OPO)];OB HA rll)(Pll)(AX HHTEPMETAJIJIH)];OB MArHIDI 

TWO MECHANISM OF CATALYTIC HYDROGENATION OF UNSATURATED 
HYDROCARBONS ON MAGNESIUM INTERMETALIDE HYDRIDES 

MoJiqaHoB B.B., rou:,z1;irn B.B. H liysrnos P.A. 

Molchanov V.V., Goidin V.V. and Buyanov R.A. 

llHcnnyr KaTamna MM. r .K. EopecKoBa CO P AH 

Ilp. AKa,n;eMMKa JlaBpeHTbeBa, 5, HoBocM6MpcK 630090, Poccm1 

E-mail: molchanov@catalysis.nsk.su 

The existence of two temperature regions of a catalytic hydrogenation is shown, in which 
the different mechanisms are implemented. In low-temperature region the stage mechanism of 
a hydrogenation with participation of hydrogen of hydrides of intermetallides of magnesium 
is implemented. In the region of high temperatures the heterogeneous-homogeneous 
mechanism of a hydrogenation is implemented. Thus on a surface of the catalysts the radicals 
are formed. Then the radicals are desorbed in a gas phase and their further transformations 
proceed in a gas phase. 

)];m1 peaKUMH OKHCJieHM51 BO,n;opo,n;a, co M yrJieBo,n;opo,n;oB noKa3aHO, l:J:TO peaKUMH 

npoTeKaIOT no CTa,ZJ;HHHOMY MexaHH3MY [1], Kor,n;a KMCJiopo,n; KaTaJIM3aTopa npMCOe,ZJ;MH51eTC51 

K OKMCJI51eMOMY peareHTY, a 3aTeM npOMCXO,ZJ;MT pereHepaUM51 aKTMBHOro ueHTpa KMCJIOpo,n;oM 

ra30BOH <pa3bl. IlpH BbICOKMX TeMnepaTypax OKHCJieHMe npOTeKaeT no roMoreHHO

reTeporeHHOMY MexaHM3MY, KOTOpblli BKJIIOt:J:aeT CTa,ZJ;MM ,n;ecop6UMM pa,n;HKaJIOB C 

noBepXHOCTM KaTaJIM3aTOpa M ,ZJ;aJibHe:ilrneMy MX npeBpameHHIO B ra30BOH <pa3e [ 1]. HaMH 

6bIJIO BbICKa3aHO npe,n;nOJIO)KeHMe, l:J:TO ,ZJ;JI51 peaKUMH rM,n;pHpOBaHM51 TaK)Ke ,ZJ;OJI)KeH 

peaJIM3OBbIBaTbC51 CTa,ZJ;MHHblli MexaHH3M [2]. B HaCTOHIUeH pa60Te nOJIYt:J:eHbI 

3KCnepMMeHTaJibHbie ,ZJ;OKa3aTeJibCTBa 3TOMy. 

IlpH M3Yt:J:eHMH KaTaJIMTHt:J:eCKOH aKTHBHOCTM rM,n;pM,ZJ;OB MHTepMeTaJIJIM,ZJ;OB MarHM51 C 

MeTaJIJiaMM no,n;rpyrrnbl )KeJie3a B peaKUMHX rM,n;pHpOBaHM51 OJieq>IIHOB, a TaK)Ke aueTMJieHa II 

6yTa,n;MeHa Ha KpMBOH TeMnepaTypHOH 3aBMCMMOCTM y,n;eJibHOH CKOpOCTM Ha6JIIO,ZJ;aIOTC51 ,ZJ;Be 

o6JiaCTH (pMc. 1 ), xapaKTepmYIQmMeC51 pa3JIM11HbIMM 3HeprM51MM aKTMBaUMM. 

B HM3KOTeMnepaTypHOH o6JiaCTM peaJIM3yeTC51 CTa,ZJ;MHHblli MexaHM3M KaTaJIHTHt:J:eCKOro 

rM,n;pHpOBaHM51. ,[(oKa3aTeJibCTBa 6bIJIM nOJiyt:J:eHbI no aHaJIOrMM C peaKUMHMH OKMCJieHM51 Ha 

OCHOBaHMM COBna,n;eHH51 CKOpOCTeH KaTaJIMTMt:J:eCKOro rM,n;pHpoBaHM51 M BOCCTaHOBJieHH51 

Henpe,n;eJibHbIX CB513eH BO,n;opo,n;oM rM,n;pM,n;a (rn6JI.). 3Heprn51 aKTMBaUMM peaKUMH 

rn,n;pHpOBaHM51 B 3TOH o6JiaCTM OT 35 ,no 150 K,IJ>1dMOJib, B 3aBMCMMOCTM OT npHpO,n;bI 

rM,n;pM,n;a HHTepMeTaJIJIH,n;a MarHMH M Henpe,n;eJibHoro yrJieBo,n;opo,n;a. B o6JiaCTH 6oJiee 

BbICOKMX TeMnepaTyp Ha6JIIO,ZJ;aIOTC51 HM3KHe 3Hat:J:eHH51 3HeprMM aKTMBaUMM nopH,n;Ka 
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4-6 K,lJ;)l(/MOJih. TaKoe H3MeHem1e HBJIHeTCH C)'I.ll;eCTBeHHhIM rrpH3HaKOM rrepexo.na K 

pa.[(HKaJibHhIM H pa.[(HKaJihHO-u;errHhIM peaKIJ;HHM. 
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PHc. l .3aBHCHMOCTb CKOpOCTH rH,n:pHpOBaHH51 OT PHc.2. 3aBHCHMOCTh KOHBepCHH OT 3ailOJIHeHH51 
TeMnepaiyphI Mg2Ni~ (1), MgifeRt, (2), peaKTopa KaTaJIH3arnpoM 
Mg2C0Hs (3) 

Ta6JIHIJ;a. CKopOCTH KaTaJIHTU9:eCKOro rH.[(pHpoBaHHH H BOCCTaHOBJieHHH rH.[(pH.[(aMH 

fH.[(pH.[( T,K CKopocTh, MOJib C 4H 8/ML c CKopocTh, MOJib C 4H 8/ML c 

C4Hs + H2 C4Hs +Mg2MHx 

Mg2Ni~ 373 1,67•10-5 1,83•10-5 

Mg2FeH6 473 6,07•10-6 5,96•10"6 

Mg2CoH5 473 2,23•10-6 2,09•10"6 

KpoMe HH3KHX 3HaqeHHH 3HeprHH aKTHBaIJ;HH rrpH3HaKaMH rrpoTeKaHHH reTeporeHHO

roMoreHHbIX peaKIJ;HH rH.[(pHpoBaHHH HBJIHIOTCH: COBIIa,[(eHHe TeMrrepaTyp rrepenoMa Ha 

pHC)'IIKe C TeMrrepaTypaMH Haqana BhI.[(eJieHHH BO.[(Opo.na H3 rH.[(pH.[(OB; IIOHBJieHHe B 

. rrpO.[()'KTaX peaKIJ;HH MeTaHa, qTo Mhl 060.HCHHeM pacrra,[(OM ,[(JIHHHbIX pa.[(HKaJIOB ,[(0 6oJiee 

CTa6HJibHbIX MeTHJibHbIX; 3aBHCHMOCTh CTerreHH rrpeBpameHHH yrneBO.[(OpO.[(OB OT ,[(OJIH 

KaTaJIH3aTopa B 061>eMe peaKTopa C BbIXO,[(OM Ha IIJiaTO (pHC. 2), qTo xapaKTepHO rrpH 

reHepau;HH B ra30B)'IO q>a3y CBepxpaBHOBeCHOro KOJIHqecTBa pa.[(HKaJIOB [3]. 

ABTOpbI Bbipa)KaJOT 6Jiaro.napHOCTb P<l><l>H 3a q>HHaHCOB)'IO IIO.[(.[(ep)KK)', 

rpaHT 00-15-97440. 
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MECHANISM OF HYDROCARBON PYROLYSIS OF NONBRANCHED RADICAL

CHAIN REACTIONS INVOLVING HETEROGENEOUS CATALYSTS 
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KATAJIII3ATOPOB 

Vasilieva N.A. and Buyanov R.A. 
BacHJiheBa H.A. H liyHHOB P.A. 
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Pr. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 
Fax: + 7(3832)343056; E-mail: nel@catalysis.nsk.su 

The mechanism of nonbranched radical-chain reactions involving heterogeneous catalysts 
is considered for hydrocarbon pyrolysis. Surface active sites S participate in chain 
propagation along with hydrocarbon radicals R from gas phase. The reaction accelerates due 
to the acceleration of either the heterogeneous or homogeneous component of the overall rate 
of the process. In the latter case, the catalyst ensures the generation of additional radicals for 
the gas phase, which result in the formation of catalysis sphere. The catalysis sphere is 
defined, the radical distribution in it is presented, and its properties are discussed. 

Thermal pyrolysis of hydrocarbon proceeds by nonbranched radical-chain mechanism. 

The surface has long been considered to exhibit no effect on chain propagation. In the past 

20 years many researches have observed the catalytic action of the surface, however, they 

only reported facts and did not consider the mechanism for the surface action on nonbranched 

radical-chain process. In our previous studies we have determined that the surface active sites 

are involved in chain propagation and the heterogeneous chain propagation takes place along 

with the homogeneous one. It is impossible to separate the homogeneous and heterogeneous 

components because the chain can propagate via random pathways including both 

homogeneous and heterogeneous reactions. The aim of this paper is to discuss the mechanism 

of catalytic radical-chain processes and to consider the "catalysis sphere", which is one of the 

most interesting phenomena in nonbranched radical-chain processes involving catalysts. 

Four types of effects of a surface have been established: inhibiting, neutral, accelerating 

either the heterogeneous or homogeneous component of the process. It's depended on the 

value of the homogeneous active site (radical R) and heterogeneous active site (S) bond 

energy Es-R- The existence of four types of surface effects on radical-chain processes is 

experimentally confirmed. The acceleration of the heterogeneous component is observed 

when the steady-state concentration of hydrocarbon radicals in the presence of a catalyst is 

below the "equilibrium" value RT (radical concentration under thermal condition). The 
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process rate 1s determined by heterogeneous propagation. For such catalysts the main 

regularities of heterogeneous catalysis are valid. 

The fours type of the catalyst effect is observed when the catalyst favours the formation 

of the overequilibrium concentration of radicals in the gas phase. The catalytic contribution is 

due to homogeneous reactions in the gas phase. If active sites S is considered as a point, then 

a sphere containing overequilibrium radicals in the gas phase surrounds it. If the active site is 

located on the surface, a hemisphere containing overequilibrium radicals is formed over it. 

The space over the surface active site of a catalyst of a radical-chain process containing 

overequilibrium concentration of radicals (as compared to the thermal pyrolysis under similar 

conditions) is referred to as the catalysis sphere. This term reflects the mechanism of the 

catalytic contribution of the sphere to overall rate of the process and indicates that ordinary 

thermal pyrolysis occurs beyond this sphere. The catalyst surface contains a certain number of 

active sites S each generating a catalysis sphere. These catalysis spheres on and above the 

surface merge and form a continuous gas-phase zone. The topography of merged spheres 

reflects the location of active sites on the surface. The radical catalysis occurs precisely within 

this zone paced with the spheres. The catalysis sphere has a definite size and a complex 

structure. The size of the catalysis sphere, normal to the plane surface of a catalyst, 

determines the size of action of radical catalysis. The calculated radical distribution in sphere 

is presented. 

The size of the catalysis sphere should be taken into account in the technological design 

of a radical-chain process to ensure the best ratio of the catalyst surface to the free volume, 

within which the sphere is formed. 

This work was supported by the Russian Foundation for Basic Research ("School" 

project No. 00-15-97440). 
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KATAJIHTHqECKHE IIO,IJ;JIO)KKH HA OCHOBE AHTPAQHTA 

CATALYTIC SUPPORTS ON THE BASE OF ANTHRACITE 

THXOHOBa JI.II., Jlro6qm~ C.li. * «l>oHecKa II., lierau <I>.*** H roHqapHK B.II. 

Tikhonova L., Lyubchik S.*, Fonseca I.**, Beguin F.*** and Honcharik V. 

llHCTIITyr rrpIIKJia,[(HbIX npo6JieM (plI3IIKII II 6IIO(plI3IIKII, HAH y KpaIIHbI, y KpaIIHa 

*llHCTIITyr (plI3IIKO-opraHJiqecKOll XIIMIIII II yrneXIIMIIII HM. J1.M. J1IITBIIHeHKO, 

HAH YKpaIIHbI, YKpaIIHa 

E-mail: tikh@svitonline.com 
**<DaKyJibTeT Hay1rn II TexHonorIIII, J1Hcca6oHcKIIH HoBbIH YHIIBepcIITeT, IlopTyranmr 

* * * J1a6opaTopmr ,[(IICrrepCHbIX MaTepIIaJI0B, 

HayqHO-IICCJie,[(OBaTeJibCKIIll u;eHTp y HIIBepCIITeTa OpneaHa, <Dpami:mr 

llccJie,[(OBaHa BO3MO)I(HOCTb nonyqeHII.5! HaHeceHHbIX KaTaJIII3aTopoB Ha OCHOBe 

3JieMeHTOB rpyrrnbI nJiaTIIHbl nyreM IIX cop6u;IIII aHTpau;IITaMII II ,[(pyrIIMII yrnepO,[(HbIMII 

MaTepIIaJiaMII pa3JIJiqHOll npIIpO,[(bl II3 BO,[(HbIX pacrnopoB pa3JIJiqHoii CJIO)I(HOCTII, B TOM 

qJicJie BbICOKOMIIHepaJIII3OBaHHbIX II TeXHOJIOrJiqecKIIX. Hatt,[(eHa BbICOKa.5! ceneKTIIBHOCTb 

Ha6opa 6onee 30 yrnepO,[(HbIX cop6eHTOB no OTHOIIIeHIIIO K II3BJieqeHIIIO coe,[(IIHeHIIll 

naJIJia,[(II.5!, nJiaTIIHbl II pO,[(II.5!: nJiaTIIHOBbie MeTaJIJibl OT,[(eJI5IIOTC5I OT 50 - 500-KpaTHoro 

II36bITKa o6brqHo conyrcTBYJOiu;IIX MeTaJIJIOB, npII 3TOM cop6u;IIOHHa5I eMKOCTb no 

OTHOIIIeHIIIO K nJiaTIIHOBOMY MeTaJIJIY He MeH5IeTC5I npII rrepexo,[(e OT O,[(HOKOMnOHeHTHbIX no 

nJiaTIIHOBOMY MeTaJIJIY paCTBOpOB K MHOrOKOMIIOHeHTHbIM. 3TO CB.5I3bIBaeTC.5I C xapaKTepHOH 

,[(JI.5! 6naropO,[(HblX MeTaJIJIOB oco6eHHOCTbIO MexaHII3Ma cop6u;IIOHHOro npou;ecca: cpe,[(II 

,[(pyrIIx BO3MO)I(HbIX npII KOHTaKTe yrnepO,[(HOro MaTepIIana C IIOHaMII MeTaJIJIOB IIJiaTIIHOBOH 

rpyrrnbl B3aIIMO,[(ettCTBIIll - (plI3JiqecKa5I cop6u;II5I, IIOHHblll o6MeH, KOMnJieKcoo6pa30BaHIIe C 

(p)'HKUIIOHaJibHbIMII rpyrrnaMII, - HaII60Jiee xapaKTepHO cneu;HcpIIqecKoe B3aIIMO,[(eHCTBIIe 

Henocpe,[(CTBeHHO C n- CIICTeMaMII yrnepO,[(HOll MaTpIIIJ;bl C qacTJiqHbIM ( C o6pa30BaHIIeM 

noBepXHOCTHbIX KOMnJieKCOB) IIJIII noJIHbIM (BOCCTaHOBJieHIIe) nepeHOCOM 3JieKTpOHOB C 

yrJI.5! Ha cop6HpyeMblll HOH. B nepBOM cnyqae yrnepO,[(HYJO MaTpm.i;y MO)I(HO paccMaTpIIBaTb 

KaK COCTaBHYJO qaCTb miraH,[(HOro OKp)')I(eHII.5! IIOHa nJiaTIIH0BOro MeTaJIJia. 

IlOKa3aHO, qTo coe,[(IIHeHII.5! nJiaTIIHbl II naJIJia,[(II.5! np05IBJI5IIOT MaKCIIMaJibHYJO 

cop6UIIOHHYJO eMKOCTb Ha yrnepO,[(HbIX MaTepIIanax, He CO,[(ep)I(aIIJ;MX noBepXHOCTHbIX 

(p)'HKUIIOHaJibHbIX rpyrrrr. TaK, cop6u;IIOHHa5I eMKOCTb Ha aKTIIBIIpoBaHHbIX aHTpau;IITax, 

TIIIIJiqHbIX n-aKu;enTopax C 60JibIIIeii ,[(OCT)'IIHOCTbIO yrnepO,[(HOll MaTpIIUbI, B TPII pa3a 

BbIIIIe, qeM Ha OKIICJieHHbIX aKTIIBIIpOBaHHbIX aHTpau;IITaX, B KOTOpbIX yrnepO,[(Ha.5! MaTpIIu;a 

qacTJiqHo 3KpaHIIpOBaHa. Hatt,[(eHO, qTo cop6u;IIOHHbie CBOHCTBa aKTIIBIIpOBaHHbIX 
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aHTpaUHTOB orrpe,nemIIOTCJI TaK)Ke o6rueu rrrrorua,nbIO IlOBepXHOCTH 11 o6oeMOM MHKporrop, 

qTQ MO)KeT peryrr11poBaTbCJI crroco6aMH XHMHqecKOll MO,UHQmKa1(HI1 yrrreu; BO3MO)KHOCTb 

OT,nerreHHJI rrrraTHHOBblX MeTaJIJIOB OT H36bITKa corryrcTBYIOIUHX coe,nHHeHHll He 3aBHCHT OT 

I13MeHeHH51 OCHOBHbIX ycrroBHll HX I13BJieqeHH51 I13 paCTBOpOB - KOH1(eHTpaUHI1 rrrranrnOH,UOB, 

pH pacrnopoB I1 ,up. - rrpH rrpoBe,neHHH cop6u1rn KaK B CTaTHqecKHX, TaK I1 B ,UHHaMHqecKHX 

ycrromrnx. IIoKa3aHo, qTo cop6u110HHaJI eMKOCTb no rrrraTHHe H rrarrrra,nHIO Ha 1-2 rropJI,nKa 

BbIIIIe, qeM ,UJIJI pO,UHJI, qTo CBJI3aHO C pa3JII1qHJIMI1 B COCTOJIHHH KOMIIJieKCHbIX coe,n;HHeHHll 

MeTaJIJIOB I1 CKOpOCTH ycTaHOBJieHHJI paBHOBeCHll B pacrnopax. 

EJ1a2odapHocmb 

ABTOpbI Bbipa)KaIOT 6rraro,napHOCTb rrporpaMMe INT AS 3a qmHaHCHpoBaHHe pa6oT B 

paMKax rrpoeKTa INT AS 00-7 50 
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KOH:QEPTHbIE MEXAHII3Mbl B rETEPOrEHHOM KATAJIII3E 

. CY Jlb<I> ll,I(AMII MET AJIJI OB 

CONCERTED MECHANISMS IN HETEROGENEOUS CATALYSIS BY MET AL 
SULFIDES 

CTapu:en A.H. 

Startsev A.N. 

HHcTHTyr KaTaJIH3a HM. r .K. EopecKoBa CO PAH, HoBocH6HpcK 630090, Poccmr 

E-mail: startsev@catalysis.nsk.su 

The paper summarizes some new evidences of the concerted mechanisms m the 

heterogeneous catalysis by metal sulfides. 

H3yqeHHe MexaHH3MOB reTeporeHHblX KaTaJIHTW-IeCKHX peaKIJ;Hll corrp5DKeHO C 

6om,IIIHMH 3KCIIepHMeHTaJihHhIMH TPYLJ:HOCT5IMH H3-3a OTCyrCTBH5I IIp5IMhIX cpH3HKO

XHMHqecKHX MeTO,UOB HCCJie,UOBaHH5I in situ rrpHpO,UhI rrpoMe)KyroqHoro XHMHqecKoro 

B3aHMO,UeHCTBH5I pearHpYJOII(HX BeII(eCTB C aKTHBHhIMH u;eHTpaMH rnep,z::i:oro KaTaJIH3aTopa. 

KpoMe Toro, B 60JihIIIHHCTBe cnyqaeB IIOBepxHOCTh peaJihHhIX KaTaJIH3aTopoB rrpe,z::i:cTaBJI5IeT 

co6oH CJIO)KHYJO KOMII03HUHIO HeH3BeCTHOro CTpoeHH5I II COCTaBa, II03TOMY HaJIHqHe ,z::i:Byx II 

6onee THIIOB IIOBepxHOCTHhIX coe,z::i:HHeHHll crroco6cTBYeT rrpoTeKaHHIO ,naHHoro 

XHMHqecKoro rrpeBpameHH5I no pa3JIHqHhIM MapIIIpyraM II MexaHH3MaM. II03TOMY ,UJI5I 

IIOHHMaHH5I rrpHpO,UhI reTeporeHHoro KaTaJIH3a BO rJiaBy yrna CJie,z::i:yeT IIOCTaBHTh BOIIpoc 0 

C03,UaHHH BhICOKOCeJieKTHBHhIX KaTaJIH3aTopoB C O,UHopo,z::i:HhIM II H3BeCTHhIM CTpOeHHeM 

aKTHBHoro KOMIIOHeHTa. 

MO)I<HO, IIO-BH,UHMOMY, yrBep)K,UaTh, qTo B HaCT05III(ee BpeM5I reoMeTpHqecKa5I 

CTPYKTypa aKTHBHOro KOMIIOHeHTa cyJihq>H,UHhIX KaTaJIH3aTopoB rH,z::i:porrepepa6oTKH 

HecprnHhIX cppaKIJ;Hll ,UOCTaTOqHo Ha,Ue)KHO ycTaHOBJieHa [1, 2]. OH rrpe,z::i:cTaBJI5IeT co6oH 

cynhcpH,z::i:Hoe 6HMeTaJIJIHqecKoe coe,z::i:HHeHHe (CEMC), KpHCTaJIJIH3yroII(eec5I B CTPYKTYPHOM 

THrre MOJIH6,z::i:eHHTa MoS2. Heo6xo,z::i:HMhIM II ,z::i:ocTaToqHhIM 3JieMeHTOM CTPYKTYPhI 5IBJI5IeTc5I 

o,z::i:HHoqHhIH rraKeT MoS2 (WS2), B 6oKOBOH rpaHH KOToporo JIOKaJIH30BaHhI aTOMhI Ni (Co) 

(pHC. 1 ). O,z::i:HaKO, HeCMOTp5I Ha o6mee rrpH3HaHHe CTPYKTYPhI aKTHBHOro KOMIIOHeHTa, 

MexaHH3MhI peaKUHH c yqacTHeM CEMC eme ,z::i:aneKH OT rroHHMaHH5I. HaH6onee 

IIOIIYII5IpHhIMH 5IBJI5IIOTC5I MeXaHH3MhI C yqacTHeM aHHOHHhIX BaKaHCHH aKTHBHOro 

KOMIIOHeHTa [ 1]. 

B I1HCTHTyre KaTaJIH3a HM. r.K. EopeCKOBa 6hrna BhI,UBHHyra aJihTepHaTHBHa5I rHIIOTe3a 

o KOHu;epTHOM MexaHH3Me peaKU:HH rn,z::i:poreHOJIH3a THocpeHa Ha 6oKOBOH rpaHH CEMC [2]. 

B 3TOM cnyqae aKTHBHhIMH u;eHTpaMH 
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= s 
0= Mo, W, Re, N 

e = Ni, Co, Cu 

iv = H 

0 = C 

P0c. 1. KoHI.i:epTHhIM MexaHH3M r0.n:p0poBaHm1 6eH3ona 
Ha 60MeTaJIJI0qecKHX cynoqrn,n:HhIX KaTaJIH3aTopax 
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HBJHIIOTCH aTOMbI Ni(IV) IIJIII Co(ill) c d6 
- 3JieKT})OHHOH Komfmrypan:IIeii, KOTOpb1e 

cTa6IIJIII3IIpoBaHbI B 6oKoBoii rpaHII o,nIIHoqHoro rraKeTa CEMC. Heo6xo,nIIMM ,nrrH 

a,ncop6n:IIII II KaTarrma :meKT})OHHa5I KOHqmrypa:U:II5I Ni (Co) C03,naeTC5I B pe3yJihTaTe 

OKIICJIIITeJibHOro rrpIIcoe,nIIHeHII5I Bo,nopo,na K aTOMaM 3TIIX MeTaJIJIOB, no,nopo,n 

OKKJIIO,D;IIpOBaH B MaTpIIu;y aKTIIBHOro KOMIIOHeHTa II HaXO,lJ;IITC5I B n:eHT})e «rrycTOH» 

T})III'OHaJibHOll rrpII3Mhl II3 rneCTII aTOMOB cepbI. 8 3TOM crryqae aTOMbI Ni (Co) 5IBJI5IIOTC5I 

CIIJibHbIMII JiblOIICOBCKIIMII KIICJIOTHbIMII :u:eHTpaMII, Ha KOTOpbIX rrpOIICXO,lJ;IIT aKTIIBa:U:II5I 

peampYIQmIIx MOJieKyrr. ,[(IICCO:U:IIaTIIBHa5I a,ncop6D;II5I II aKTIIBa:U:II5I BO,nopo,na rrpOIICXO,lJ;IIT 

Ha 60KOBbIX aTOMax cepbl, KOTOpbie paccMaTpIIBaIOTC5I KaK JiblOIICOBCKIIe OCHOBHbie u;eHT})hI. 

AHarrorIIqHbIH MexaHH3M rrpe,nrrmKeH ,lJ;JI5I peaKIJ;IIII m,npIIpoBaHII5I 6eH30Jia (pIIC. 1 ). 

Pa6orn 6brna rro,n,nep)KaHa P<t><t>II, rpaHT N2 01-03-32417 II lIHTAC, rpaHT 00-413 

JluTepaTypa 
[1] H. Topsoe, B.S. Clausen, F.E. Massoth. Hydrotreating catalysis. Science and technology. 

Springer. Berlin a.o. 1996. 
[2] A.N. Startsev. Catal. Rev.-Sci. Eng., 37 (1995) 353 
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Schuit Institute of Catalysis, Eindhoven University of Technology, 
P. 0. Box 513, 5600 MB Eindhoven, The Netherlands 
Fax: +31-40-2455054; E-mail: e.j.m.hensen@tue.nl 

In the oil refining industry the removal of heteroatoms from feedstock is one of the key 

operations to produce clean transportation fuels. In addition to the necessity to process ever 

more heavy feeds and the concomitant higher HDS activity required, environmental 

awareness has led to more stringent legislation. This has spurred fundamental research with a 

view to obtain molecular level insight into the activity of CoMo and NiMo sulfide catalysts, 

but also to alternative catalytic systems. These systems include transition metal sulfides 

(TMS) that generally show a Volcano-type behavior. Recently, we have shown that a kinetic 

study on the thiophene HDS model reaction yields valuable information [ 1, 2]. 

We have performed kinetic · measurements of the atmospheric thiophene HDS reaction 

over a set of 4d transition metal sulfides (Mo, Ru, Rh and Pd) including the Co-promoted 

MoS2 catalyst. Reaction orders (thiophene, H2S and H2), activation energies and pre

exponential factors were determined. In addition to this, we used the H2-D2 equilibration 

reaction to obtain insights in the degree of coordinative unsaturation of these catalysts. 

Previously, we have shown that this reaction provides essential insights into the active phase 

of commercially important CoMo catalysts [3]. The thiophene HDS kinetic results show that 

the highest HDS activity (CoMo and Rh) is linked to the strongest transition metal-sulfur 

bond energy. As , such, the observed trends are counter to commonly held correlations 

(Sabatier's principle [4] and Bond Energy Model [5]). Alternatively, we propose that the 

sulfur bond strength at the TMS surface relevant to HDS catalysis strongly depends on the 

sulfur coordination number of the surface metal atoms. This is exemplified in Fig. 1. 
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full sulfur 

PdS c ordination 

sulfur coordination 

Fig. 1. Hypothetical curve based on kinetic measurements representing the sulfur addition energy as a 
function of the sulfur coordination for the various transition metals 

At the left-hand side of the periodic table (e.g., Mo) stable sulfides are formed with a low 

sulfur addition energy, while the decreased TMS stability going to the right results in higher 

coordinative unsaturation, a strong metal sulfur bond energy and increased activity. At the 

right-hand side of the periodic table (e.g., Pd) the activity decreases again due to weak metal

sulfur interactions. This leads to a maximum in sulfur bond energy to be related to a 

maximum in activity. The results of equilibration experiments corroborate with large 

differences in coordinative unsaturation between the various sulfides. The kinetic parameters 

for the highly active CoMo are consistent with the proposed model. 

References 
[1] E.J.M. Hensen, M.J. Vissenberg, V.H.J. de Beer, J.A.R. van Veen and R.A. van Santen, J. Catal. 

163 (1996) 429. 
[2] E.J.M. Hensen, H.J.A. Brans, G.M.H.J. Lardinois, V.H.J. de Beer, J.A.R. van Veen and 

R.A. van Santen, J. Catal. 192 (2000) 98. 
[3] E.J.M. Hensen, G.M.H.J. Lardinois, V.H.J. de Beer, J.A.R. van Veen and R.A. van Santen, 

J. Catal. 187 (1999) 95. 
[4] P. Raybaud, J. Hafner, G. Kresse and H. Toulhoat, J. Phys., 9 (1997) 11107. 
[5] J.K. N¢rskov, B.S. Clausen and H. Tops¢e, Catal. Lett. 13 (1992) 1. 
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O2'H2 OXIDATION OF CYCLIC ALKENES IN THE PRESENCE OF 

BICOMPONENT Pt CONTAINING CATALYSTS 

O2/H2 OKIICJIEHIIE :QIIKJIIIqECKIIX AJIKEHOB B IIPIICYTCTBIIII 
IilIKOMIIOHEHTHbIX Pt-CO,ll;EP)KAW:IIX KAT AJIII3ATOPOB 

Kuznetsova N.I., Kuznetsova L.I., Kirillova N.V., Ancel J.-E.* and Likholobov V.A. 

KyJHeuoea H.II., Ky1Heuoea JI.II., KHpmmoea H.B., AHceJI ,LJ;m:.-E. *, H JlHxoJio6oe B.A. 

Boreskov Institute of Catalysis SB RAS 
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E-mail: kuznina@catalysis.nsk.su 
*CRIT Rhone-Poulenc Industrialisation, 24 Avenue Jean Jaures, 69153 DECINES 

CHARPIEU Cedex, France 

Conversion of cyclohexene and a-pinene under the action of an O2/H2 mixture was 

studied at the temperature of 25°C and lower in bi-component catalytic systems consisting of 

(i) silica or carbon supported Pt and chloride and (ii) Pt/SiO2 with heteropoly compound. 

Composition of oxygenated products varied in dependence on specific composition of the 
catalytic system and conditions. In particular, it concerned a ratio of verbenol, verbenone and 
epoxide in oxidation of a-pinene. The latter one was detected in the systems containing 
heteropoly compounds in the form of tetrabutylammonium salts or tetrahexylammonium 
chloride. On the contrary, heteropoly acids brought about secondary reactions resulted in 
producing the products of epoxide conversion. 

As it follows from the data obtained, radical mechanism depicted in the scheme operates 

in the systems under study. 

RH H 0 
[Pt] \_. .. .f 0 

H2+ ~---+[~ ~--. bH ~ R ~ 
I II III IV 

R 
R~ 

ROb V 

':Y! 
RH 

V__!!--. RO + 6 H 

ROOH -lf:!1 
H

2 
alcohol+ H20 

VIII 

epoxide + RO 

lRH 
alcohol+ ~ 

Partial reduction of dioxygen (I) generates peroxide oxygen and subsequently reactive 

peroxide radicals (II) which initiate oxidation (Ill). The following stages responsible for the 

oxygenated products formation (IV, V, VI, VII) are analogous to typical auto-oxidation. 

Owing to the readily realized initiation (111), oxidation proceeds at the lower temperature than 

auto-oxidation does. As a positive feature of the O2/H2 oxidation, the presence of H2 provides 

additional way of hydroperoxide conversion through its reduction (VIII) predominantly to the 

alcohol. 
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E-mail: aaivanov@catalysis.nsk.su 

The kinetics of benzene to phenol oxidation has been studied in benzene excess with 
respect to N2O. A kinetic model, assuming the sorption equilibrium of benzene and phenol 
with the zeolite micropore volume, has been suggested. The a-site concentration, the sorption 
properties of parent reagents and products determine rate and selectivity of benzene oxidation. 

The reaction of benzene to phenol oxidation C6~ + N2O = C6H5OH + N2 is of practical 

importance as an potential alternative to the cumene method of phenol production. The 

finding of ZSM-5 type zeolite as a catalyst for this reaction stimulated further studies in this 

direction [l]. Iron complexes bonded to the zeolite structure and called the a-sites were 

found to be responsible for the reaction occurrence. Virtually, in the literature there are no 

studies on the kinetics of this reaction on FeZSM-5 catalyst. 

This work was aimed at studying the kinetic regularities in benzene excess with respect to 

N2O on FeZSM-5. The study was performed in the temperature range of 375-425°C, with the 

inlet concentrations of benzene being 30-80% and those of N2O 1.5-5%. A high phenol 

selectivity is observed in this range of conditions. To study the phenol effect on the reaction 

rate, in the experiments phenol was fed in the inlet mixture. Hydroquinone and pyrocatechol 

is found among diphenols. Benzoquinone seems to form via the oxidation of a fraction of 

hydroquinone. These products total selectivity did not exceed 1 %. Low amounts of carbon 

oxides were observed, with their selectivity also not exceeding 1 %. In the conditions range 

under consideration, the first order on N2O and retardation of the reaction by benzene and 

phenol were observed. 

Previously [2], the redox mechanism of the reaction has been revealed. The first order on 

N2O may be explained by the fact that the limiting step is the N2O interaction with a-sites due 

to a great benzene excess with respect to N2O. Retardation of the reaction by benzene and 

phenol may be caused by changing concentration of N2O in the zeolite structure due to 
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considerable sorption of benzene and phenol in zeolite micropores. Under the assumption of 

equilibrium sorption of benzene and phenol, the kinetic relation for the plug flow operation 

may be written as 

(1) 

where k = k * · BN20 · N ; p and B are the partial pressures and sorption coefficients of the 

components; N is the limiting sorption capacity of the zeolite; and k* is the true rate constant 

of interaction between N2O in the sorbed state and a-sites. 

The steps of benzene and phenol interaction with oxidized a-sites are the fast ones [2]. 

These steps, similar to the reactions in the liquid phase, may be defined as diffusion

controllable steps, i.e., chemical interaction depends on the collision rate of benzene or phenol 

molecules with a-sites. By applying the quasistationary conditions, 

equation for the phenol (Ph) and diphenols (Di) formation rates ratio: 

one may obtain the 

dpPh = b. PB -1 b = kPhBPh 
dpDi PPh kBBB ' 

(2) 

where k8 and kph are the rate constants of interaction between sorbed molecules of benzene 

and phenol and oxidized a-sites. 

Parameters of equations 1 and 2 were determined at 400°C: k = 0.74 s-1; BB = 1.7 atm-1; 

BPh = 18.9 atm; and b = 1.7. Activation energy of the reaction was ca. 25 kcal/mol. The 

parameter BB is close to the value 1.3 atm-1 determined from the data of benzene sorption 

experiments [3]. The ratio of specific rates of phenol and di phenols formation b was found to 

be temperature-independent. The figure illustrates a satisfactory agreement between the 

experiment and the calculations. 
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Fig. The outlet concentrations of phenol (PPh-out) and diphenols (prn) vs. the inlet concentrations of 
benzene (PB-in) and phenol (Prh-in); points denote the experiment, curves are the calculations according 
to equations 1 and 2. 

[1] G.I. Panov, A.S. Kharitonov, V.I. Sobolev, Appl. Catal. A98 (1993) 1. 
[2] V.I. Sobolev, A.S. Kharitonov, Ye.A. Paukshtis, G.I. Panov, J. Malec. Catal., 84 (1993) 117. 
[3] V.R. Choudhary, K.R. Srinavasan, Chem. Eng. Sci., 42 (1987) 382. 
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THE STUDY OF ANILINE AND PHENOL LIQUIDE PHASE OXIDATION IN THE 
PRESENCE OF SOLID CATALYSTS 

HCCJIE,I(OBAHHE )KH,lI;KO<l>A3HOro OKHCJIEHIDI AHHJIHHA H <l>EHOJIA B 
IIPHCYTCTBHH TBEP,I(bIX KATAJIH3ATOPOB 

Dobrynkin N.M., Pestunova O.P., Batygina M.V., Noskov A.S. and Parmon V.N. 

,I(o6pLIHKHH H.M., IlecTyHoBa 0.11., liaTLirHHa M.B., HocKoB A.C. H B.H. IlapMOH 

Boreskov Institute of Catalysis SB RAS 
Pr. Lavrentieva, 5, Novosibirsk 630090, Russia 

Fax: + 7 3832 34-32-69; E-mail: oxanap@catalysis.nsk.su 

The work describs the design of highly effective solid catalysts and study of the 
mechanism of catalyst performance in wastewater purification process from dissolved aniline 
and phenol by oxidation with oxygen or hydrogen peroxide. Different catalysts based on Ru-, 
Pt-, Pd-graphite-like carbon and different types of graphite-like carbon were used. The 
unexpected activity and selectivity with respect to the CO2 evolution was found for the pure 
graphite-like material Sibunit. The mechanism of the reactions of the aniline and phenol 
oxidation by oxygen and hydrogen peroxide is proposed. 

The growing interest to environmental protection makes more topical the development of 
environmentally benign technologies for the industrial wastewater treatment. Wet catalytic 
oxidation (CWO) employing oxygen (CW AO) or hydrogen peroxide (CWPO) is considered 
now as one of the most efficient and resources-economy methods for these purposes. The use 
of catalysts makes it possible to reduce the operating condition, and avoids also the formation 
of harmful products by complete oxidation of contaminates to harmless products [ 1, 2]. 

This work is dedicated to the design of highly effective solid catalysts and study of the 
mechanism of catalyst performance in wastewater purification process from dissolved aniline 
and phenol by oxidation with oxygen or hydrogen peroxide. 

The experiments with oxygen were performed in a perfectly mixed batch autoclave 
reactor (V=200 ml) at T=160-200°C and P=l.0-2.SMPa. Different catalysts based on Ru-, Pt-, 
Pd-graphite-like carbon and different types of graphite-like carbon were used. Model 
solutions of phenol and aniline as typical contaminates were used. The phenol oxidation with 
H2O2 was carried out in batch reactor with a reflux condenser at atmospheric pressure and 
T=95°C. The concentration of phenol and H2O2 was 0.01 and 0.1 mol/l, respectively. 

The analysis of gases (02, CO2, CO, N2, N2O, NO, NH3) and organic compounds was 
carried out with a gas chromatography. The analysis of intermediates formed in the liquid
phase was performed by chromato-mass-spectrometry and HPLC. The analysis of NO3-, NO2-, 

and CO3 
2

- was carried out with a HPLC. IR spectroscopy was applied to determine the 
character and quantity of functional groups on the Sibunit surface. The concentration of H2O2 

was determined by UV-Vis spectroscopy via its reaction with Ti. 
The oxidation of phenol over tested catalysts resulted in the formation of a number of 

intermediate species, detected in the liquid phase (hydroquinone, pyrocatechol, malonic and 
acetic acids), and CO2 as a final product. The oxidation of aniline leads to the formation of 
N2, CO2 and intermediate compounds like as mentioned above for the phenol oxidation. 

Unexpected and very important result of this work is a discovery of a high catalytic 
activity of pure graphite-like carbon material Sibunit, which is known as an excellent 
adsorbent for various substances dissolved in water [3, 4]. The data listed in Table 1 allow to 
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compare the catalytic activities of the Sibunit-based catalysts in aniline and phenol CW AO 
process. 

Table 1. 

Catalyst Temperature, °C Reaction time, h Conversion, % Selectivity of CO2, % 
Phenol oxidation - Air 
4% Pd/Sibunit (IK-3-23) 160 3 93 <l 
5% Ru/ Sibunit-4 160 3 97.5 1 
Sibunit-4 {activated} 160 3 99 8 
Aniline oxidation - Air Selectivity of N2, % 
4% Pd/Sibunit (IK-3-23) 200 3 100 1.8 
Sibunit-4 200 3 40 100 
5% Ru/Sibunit-4 200 3 71 90.5 
Sibunit-4 {activated} 160 3 56 90 

In the Table 2 results of a blank experiment and of testing Sibunit and 2%Fe/a-AhO3 in 
the reaction of phenol oxidation by H2O2 are compared. In this case, the activity of Sibunit in 
the phenol oxidation appears to be lower than that of 2%Fe/a-AhO3, but the selectivity with 
respect to the CO2 evolution is noticeably higher. Moreover, the final solution appeared to be 
colored in brown when oxidation proceeds without a catalyst or with 2%Fe/a-AhO3• More 
complete oxidation occurs when Sibunit is used as a catalyst. The solutions are colorless in 
this case. The rate of the H2O2 decomposition in the presence of phenol is essentially lower 
than without phenol. 

No. Catalyst 

1 none 
2 Sibunit-4 
3 2%Fe/a-AhO3 

Table 2. 

Phenol conversion, % H202 conversion, % 
0.5 h 3 h 0.5 h 3 h 
5 44 15 33 
50 86 21 76 
46 100 15 100 

Selectivity of CO2, % 
3h 
10 
40 
26 

The kinetic data and the nature of the detected intermediates, allow to propose 
mechanism of the reactions of the aniline and phenol oxidation by oxygen and hydrogen 
peroxide. We assume the presence of some common stages of the formation of active species, 
which play the key role in the processes of the complete oxidation of complex organic 
molecules in the presence of carbon catalysts in water phase. The mentioned features are 
conditioned by the unique surface features of the used graphite-like carbon material. 

The study is resulted in the creation of high-effective and stable catalysts supported on 
graphite-like carbon as well as the finding of the mechanism of tested reactions. 

Acknowledgement - to the ISTC (grant 00-129) for financial support. 
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THE HETEROGENEOUS-HOMOGENEOUS RADICAL MECHANISM OF 
OXIDATION OFALCOHOLES AND AMINES OVER SOLID CATALYSTS 

rETEPOrEHHO-rOMOrEHHblH PA)];IIKAJILHLIH MEXAHH3M 
OKHCJIEHHH CIIHPTOB H AMHHOB HA TBEP)J;LIX KATAJIH3ATOPAX 

Ismagilov Z.R. 

HcMarHJIOB 3.P. 

Boreskov Institute of Catalysis SB RAS, Novosibirsk 630090, Russia 
Fax:+ 7-3832-397352; E-mail: ZRI@catalysis.nsk.su 

There are numerous evidences of formation of free radicals on the surface of 
heterogeneous catalysts and their role in entire reaction mechanism. The reaction of high 
temperature catalytic oxidation (combustion) of organic compounds, the reactions of methane 
catalytic partial oxidation and coupling may proceed via heterogeneous-homogeneous 
mechanism when surface generated free radicals desorb to the gas phase and take part in gas 
phase reactions. 

In this lecture we will present results of our studies on mechanism of oxidation of a series 
of alcohols (methanol, ethanol, linear C3 - C6 alcoholes, tert-butanol, cyclo-hexanol) and 
amines (tertbutilamine, dibutilamine, cyclohexilamine ). The transition metal oxides (Ti 0 2, 

V 20 5, Cr2O3, Mn 0 2, Fe2O3, Co3O4, Ni 0, Cu 0, ZnO) and typical total oxidation catalysts: 
CuCr2OJy-A}zO3 and Pt supported on y-AhO3 have been used in experiments. 

The kinetic measurements of surf ace generated radicals were performed at low pressure 
(<14Pa) using a modification of the matrix isolation ESR technique. The alkylperoxide 
radicals are actually collected radicals from the reaction mixture, and for identification of 
their structure we used photolys of frozen substances. 

Dependence of radical formation on reaction time at different temperatures is linear for 
most of catalysts but there are also cases of deviation from linearity. 

The dependencies of radical formation on concentration of oxygen and alcohol or amine 
have been studied in detail. 

A special series of experiments were devoted to kinetics of decay of formed radicals. 
On the results with y-, 8- and a-aluminas we reach very important conclusion that 

formation of radicals mostly proceed on the outer surface of catalyst granules. 

Acknowledgements: 
Dr. V. Ermolaev t developed modification of matrix isolated ESR method and performed all 
ESR spectra calculations and interpretation. 
Dr. S Pak and Dr. L. Krishtopa performed experimental work in frame of their PhD thesis's 
This work was supported by INT AS grant 99-1044. 
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POJih KIICJIOTHhIX U:EHTPOB IIOBEPXHOCTII CEPEliPHHhIX 
KATAJIII3ATOPOB B IIAPU:IIAJlhHOM OKIICJIEHIIII 3TIIJIEHrJIIIKOJIH 

THE FUNCTION OF ACID Ag SURFACE SPECIES IN THE ETHYLENE GLYCOL 
OXIDATION 

BopOHOBa r.A., BOJJ:.SIHKHHa O.B. * H KypHHa JI.H. * 

Voronova G.A., Vodyankina O.V.*and Kurina L.N.* 

ToMCKHH rroJIHTeXHHqecKHH )'HHBepc1ITeT, rrp.Jiemrna, 30, ToMcK 634034, Poccm1 
<PaKc: (382-2) 415865; E-mail: voronovag@mail2000.ru. 

*ToMCKHH rocy,n;apcTBeHHbIH )'HHBepcHTeT, rrp. JleHHHa, 36ToMcK 634034, Poccm1 
<PaKc (3822)426195, E-mail: vodyankina_o@mail.ru 

The acid-base properties of the bulk . and supported Ag catalysts for ethylene glycol 
oxidation have been studied. The correlation between the catalytic activity and the 
concentration of the acid Ag surface species has been established. The role of acid Ag surface 
species in the ethylene glycol oxidation mechanism has been suggested. 

B JIHTepaType [ 1] rrpHB0,Z:VITCH CBe,n;eHHH 0 K0ppeJI.sIIJ;HH KHCJI0TH0CTH II0BepXH0CTH Ag 

KaTaJIH3aTopoB C KaTaJIHTHqecKOll aKTHBHOCTblO B rrpoueccax rrapUHaJibHOfO OKHCJieHHH 

OJ:(HOaTOMHbIX CIIHpTOB. bJIH30CTb MexaHH3MOB OKHCJieHHH OJ:(HO- M ,n;ByxaTOMHbIX CIIHpTOB 

1103B0JIHeT rrpe,D;II0JI0)KHTb HaJilfqlfe rro,n;o6HOH B3aHM0CB513H M B CJiyqae rrapUHaJibH0f0 

0KHCJieHHH 3THJieHfJIHK0JI51 (3r) ,l.(0 fJIH0KCaJIH. O,n;HaKO ,z:i;o HaCTO.sII:u;ero BpeMeHH He 

rrpe,D;JIO)KeH MexaHH3M rrpouecca OKHCJieHHH O,D;HOaTOMHbIX CIIHpTOB M 3THJieHrJIHKOJI51 C 

yqacTHeM KHCJIOTHbIX :u;eHTpOB (KQ) IIOBepXHOCTH Ag KaTaJIH3aTOpOB. 

,B rrpe,n;CTaBJieHHOll pa6oTe orrpe,n;eJieHa K0HIJ;eHTpa:u;HH KQ II0BepxH0CTH 

CBe)KeIIpHr0T0BJieHHbIX tt o6pa6oTaHHbIX peaKUHOHHOH cpe,n;oii MaCCHBH0f0 tt HaHeceHHbIX 

Ha pa3JI1fqHbie HOCHTeJIH Ag KaTaJIH3aTopoB MeTOJ:(OM HeBO,D;HOfO IIOTeHIJ;HOMeTpHqecKoro 

THTPOBaHHH UOBepXHOCTH HCCJie,ri:yeMbIX CHCTeM 3THJiaTOM KaJIHH. CorrocTaBJieHHe 

II0JiyqeHHbIX ,n;aHHbIX c KaTaJIHTHqecKOH aKTHBH0CTblO II0Ka3aJIO, qTo HaH6oJiee aKTHBHbie B 

ceJieKTHBH0M 0KHCJieHHH 3r KaTaJIH3aT0pbI xapaKTepH3YJOTC51 BbICOKOll KOHIJ;eHTpa:u;tte.ii 

II0BepXH0CTHbIX KQ. y CTaH0BJieH0 BJIHHHHe peaKUHOHHOH cpe,D;bl Ha K0HIJ;eHTpa:u;HIO KQ 

IIOBepXHOCTH Ag KaTaJIH3aTopoB. AHaJIH3 ,n;aHHbIX 110 B3aHMO,D;eHCTBHIO KHCJIOpo,z:i;a C 

II0BepXH0CTblO Ag KaTaJIH3aTopoB [2] II0Ka3aJI B3aHM0CB513b Me)K,l];y K0JIHqecTB0M 

a,z:i;cop6HpOBaHHbIX cpopM KHCJI0po,z:i;a M xapaKTepoM H3MeHeHH51 KHCJI0THbIX CBOHCTB 

II0BepXH0CTH HCCJie,D;0BaHHbIX CHCTeM. 

IloJiyqeHHbie ,n;aHHbie 1103B0JI5IIOT rrpe,n;rr0JI0)KHTb rrpHCYTCTBHe Ha II0BepXH0CTH cepe6pa 

corrp»)KeHHOll KHCJIOTHO-OCHOBHOH rrapbl THIIa J1bIOHca: AgS+-... Ag-08-. CeJieKTHBHOe 

rrpeBpameHHe CIIHPT<?B C yqacTHeM ,ri:aHHbIX ueHTp0B M0)KH0 cxeMaTHqecKH rrpe,n;cTaBHTb 

CJie,D;YJOI:u;HM o6pa30M: 
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r,ne HaqaJibHhIH :nan (1) CB513aH C peaKI.VIeii JibIOHCOBCKOro OCHOBaHH51 (MOJieKyJibI CIIHpTa) C 

JibIOHCOBCKHM KHCJIOTHbIM u;eHTpOM IIOBepXHOCTH (Ag
8+). B pe3yJibTaTe, Ha IIOBepxHOCTH 

KaTaJIH3aTOpa HapH,ny C OH(a) o6pa3yeTC51 )J;OJiro)l(HBymee rrpoMe)l(YTOqHoe coe,n;HHeHHe 

GJlKOKCU-muna, cymecTBOBaHHe KOTOporo .[(OKa3aHO B pa6oTe [3] C HCIIOJib30BaHHeM MeTo,na 

EELS. 

Ha BTOpOM 3Tarre (2) peaJIH3yeTC51 ceJieKTHBHOe OKHCJieHHe rrpoMe)l(yroqHoro 

coe,n;HHeHH51 C o6pa30BaHHeM aJib,nerH,na H a,ncop6HpoBaHHOH MOJieKyJibl BO.[(bl Ha 

IlOBepXHOCTH KOHTaKTa. 

(2) 

Ill 

Ag8+ Ag8+ 

B crryqae ,nByxOCHOBHOro crmpra ( 3THJieHrJIHKOJI51), Kor,na rrpOHCXO)];HT ,nByxn;eHTPOBaH 

a,ncop6:u;H5I peareHTa Ha IIOBepXHOCTH Ag KaTaJIH3aTOpa [2], MO)l(HO rrpe,n;IIOJIO)l(HTb, qTo 

rrapl(HaJibHOe OKHCJieHHe 3THJieHrJIHKOJI51 ,no rJIHOKCaJI51 rrpoHCXO)J;HT aHaJIOrHqHo cxeMaM 

(1) H (2) Ha ,n;Byx coce,n;HHX JibIOHCOBCKHX KHCJIOTHbIX u;eHTPaX IIOBepXHOCTH cepe6p51HOro 

KaTaJIH3aTopa. 

TaKHM o6pa30M, porrb KHCJIOTHbIX u;eHTpOB IIOBepxHOCTH cepe6p51HbIX KaTaJIH3aTopoB 

3aKJIIOqaeTC51 B aKTHBal(HH MOJieKyJibI CIIHpTa Ha OKHCJieHHOH IIOBepxHOCTH cepe6pa C 

rrocrre,nyromeii peaJIH3al(Heii OKHCJIHTeJibHOro MapIIIpYTa o6pa3oBaHH51 Kap60HHJibHbIX 

coe,nHHeHHH. 

Pa6ora BhIIIOJIHeHa rrpH rro,n,nep)l(Ke C!>e,nepanhHOH u;erreBoii HayqHoii rrporpaMMbI 

«cI>ytt,naMeHTaJihHbie HCCJie,noBaHH51 BbICIIIeii IIIKOJibI B o6rraCTH ecTeCTBeHHbIX H 

rYMaHHTapHbIX HaYK. YHHBEPCHTETbl POCCHH» (rpaHT N2 015.05.01.008) H rpaHTa 

qrnpMbI Haldor Topsoe A/S (,lJ;aHHH). 

JlHTepaTypa 
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[3] Capote A.J., Madix R.J. // J. Amer. Chem. Soc. 1989. V.111. P.3570-3577. 
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:UCCJIE,l];GBAHIIE MEXAHII3MA KAT AJIIITII1IECKOro ,ll;EHCTBIDI 

ME30IIOPIICTbIX TIITAH-CIIJIIIKATOB B PEAKI(IIII OKIICJIEHIDI 
2,3,6-TPIIMETIIJI<l>EHOJIA IIEPOKCII,ll;OM BO,ll;OPO,ll;A 

A MECHANISTIC STUDY OF CATALYTIC ACTION OF MESOPOROUS 
TITANIUM-SILICATES IN 2,3,6-TRIMETHYLPHENOL OXIDATION WITH H2O2 

XoJI11eeBa O.A., TpyxaH H.H., PoMaHHH~OB B.H. t, IlayKmTHC E.A., illMaKoB A.H., 
liyxTHHpoB B.II. H BaHHHa M.11. 

Kholdeeva O.A., Trukhan N.N., Romannikov V.N.t, Paukshtis E.A., Shmakov A.N., 
Bukhtiyarov V.I. and Vanina M.P. 

M 
IIHcnnyr KaTaml3a HM. r.K. EopecKoBa CO PAH 
rrp. JlaBpeHTbeBa 5, HoBOCH6HpCK 630090, PoccmI 
<l>aI<i_c: 3832343056; Email: khold@catalysis.nsk.su 

The present work is devoted to the study of catalytic action mechanism of various 
mesoporous titanium-silicate materials, both well-organized mesophase titanium-silicates of 
MCM-41 and SBA-15 type and amorphous Ti,Si-mixed oxides, in oxidation of 
2,3,6-trimethylphenol (TMP) with aqueous H 20 2 . All the materials studied operate as truly 
heterogeneous catalysts, no titanium leaching being observed. The catalytic activity fall in the 
order Ti,Si-aerogel > Ti-MCM-41 > Ti,Si-xerogel > Ti-SBA-15 and is determined by 
titanium dispersion and its accessibility. The product distribution, spectroscopic and kinetics 
studies support a homolytic, non chain radical mechanism of the TMP oxidation. 

Ba)l<HOH 3a,ri;aqeii COBpeMeHHOro )l(lI,lJ;KOq:>a3HOro OKHCJIHTeJibHOro KaTaJIH3a HBJIHeTCH 

C03,U:aHHe . KaTaJIHTHqecKHX CHCTeM, coqeTaIOIUHX rrpeHMymeCTBa roMoreHHOro H 

reTeporeHHOro KaTaJIH3a. O,ri;HH H3 B03MO)l(HbIX rryreii perneHHH 3TOH 3a,naq1f - BBe,ri;eHHe 

KaTaJIHTlfqecKHX n:eHTpOB B Me30IIOpHCTbie o6'beMHO-IIpOHH:U:aeMbie MaTpH:U:bI, B KOTOpbIX 
peaJIH3yeTCH H30JIHpoBaHHOe COCTOHHHe aKTHBHblX n:eHTpOB H HX roMoreHHOe 

pacrrpe,neJieHHe [ 1]. C HCIIOJib30BaHHeM TaKOro rro,ri;xo,na HaMH pa3pa6oTaH HOBblli 
3KOJIOrHqecKH qHCTblli MeTO,ri; IIOJiyqeHHH 2,3 ,5-TpHMeTHJI- l ,4-6eH30XHHOHa (TMEX, 
rrorryrrpo,ri;YKTa CHHTe3a BHTaMHHa E) rryreM OKHcrreHHH 2,3,6-TPHMeTHJiq:>eHorra (TM<I>) 
BO,lJ;HbIM rrepOKCH,IJ;OM BO,ri;opo,ri;a B rrpHcyrcTBHH Me30IIOpHCTOro THTaH-CHJIHKaTHOro 

KaTaJIH3aTopa [2]. B OIITHMaJibHbIX ycrrOBHHX cerreKTHBHOCTb ITO TMEX ,D:OCTHraeT 96-98% 
rrpH 100% KOHBepcHH TM <I> [3]. 

B ,ri;aHHOH pa6oTe rrpe,nrrpHHHTa IIOIIbITKa ycTaHOBHTb B3aHMOCBH3H Me)l(,ri;y 
CTPYKTYPHbIMH, TeKCTypHbIMH If KaTaJIHTlfqecKHMH CBOHCTBaMH Me30IIOpHCTblX THTaH
CHJIHKaTHbIX MaTepHaJIOB pa3HOH rrpHpO,ri;bl - yrropH,ri;oqeHHbIX Me30q:>a3HbIX THTaH-CHJIHKaTOB 
Ti-MCM-41 H Ti-SBA-15 H aMopq:>HbIX Ti,Si-aeporerreii H Kceporerreii. KaTaJIH3aTOpbI 
oxapaKTepH30BaHbl 3JieMeHTHbIM aHaJIH30M, HK-, KP-, peHTreHOBCKOH q:>OT03JieKTpOHHOH 

crreKTpOCKOIIHeii, OIITlfqecKOH crreKTpOCKOIIHeii ,IJ;Hq:>q:>y3HOro OTpa)l(eHHH, P<I> A If 

a,ri;cop6:u:Heii N 2· y CTaHOBJieHo, qTo Bee H3yqeHHbie MaTepHaJibl pa60TalOT KaK reTeporeHHbie 
KaTaJIH3aTOpbI If BbIMbIBaHHH aKTHBHOro KOMIIOHeHTa H3 CHJIHKaTHOH MaTpH:U:bI B rrpo:u:ecce 

OKHCJieHHH He rrpOHCXO,lJ;HT. KaTaJIHTlfqecKaH aKTHBHOCTb ,D:JIH o6pa3:U:OB c O,lJ;HHaKOBbIM 
co,nep)l(aHHeM THTaHa rra,ri;aeT B pH,ri;y Ti,Si-aeporeJib > Ti-MCM-41 > Ti,Si-Kceporerrh > 
Ti-SBA-15 H orrpe,ri;errHeTCH crre,ri;yrorn:HMH cpaKTOpaMH: 1) CTerreHblO ,lJ;HCIIeprnpoBaHHH 
THTaHa, KOTOpaH 3aBHCHT OT co,ri;ep)l(aHmI Ti If crroco6a rrpHr0TOBJieHHH KaTaJIH3aTopa, If 

2) ,IJ;OCTyrrHOCTblO aKTHBHbIX THTaHOBbIX n:eHTPOB ,IJ;JIH peareHTOB, KOTOpaH B CBOIO oqepe,ri;b 
orrpe,ri;eJIHeTCH KaK pa3MepoM rrop, TaK H TOJIIUHHOH CHJIHKaTHOH CTeHKH. CTa6HJibHOCTb 
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Ti-SBA-15 B ycrroB1u1x OKilcrremrn: BO.IJ:HOH H 20 2 HaMHoro npeBbIIIIaeT cra6HJihHOCTh 
Ti-MCM-41 II cMeIIIaHHhIX OKCII.L(OB. 

1'13)'1-leHa KHHeTHKa peaKQHII OKHcrreHH51 TM<I> 30%-HoH H 20 2 B npHcyrcTBIIII 
HaI16orree aKTHBHoro KaTarrI13aropa - Ti,Si-a3porerr51. XapaKTep no6011HbIX npO.IJ:YKTOB 
OKIICJieHH51 TM <P, a TaK)Ke npO.L(YKTOB, nOJI)'1-leHHbIX npII KOHKypeHTHOM OKHCJieHHH TM <P II 
2,6-,nHMeTHJI<peHOJia YK83bIBaeT Ha TO, 1ITO peaKQI151 npoTeKaeT no roMOJIIITH1IeCKOMY 
MexaHH3MY, a He no MexaHil3MY 3JieKTpO<pIIJibHOro rI1,npoKCHJII1poBaHil51. Ha OCHOBaHIIII 

KHHeTI11IeCKIIX ll cneKTpOCKOnI11IeCKIIX ,naHHbIX MO)KHO npe.n;nOJIO)KllTb, 1ITO JIHMHTHpyrorn:eH 
CTa,nHeH npou;ecca 51BJI51eTC51 nepeHOC 3JieKTpOHa C aKTIIBHOro rH.n;ponepOKCOKOMITJieKca 

THTaHa Ha KOOp.L(IIHHpoBaHHYJO MOJieKyrry TM <I>' Be,nyrn:HH K o6p830BaHHIO cpeHOKCHJibHOro 
pa,nIIKaJia. ,lJ;arrbHeHIIIee B3aHMO,L(eHCTBile 3TOro pa,nHKarra C KaTaJII13aTopoM npHBO,L(IIT K 

o6p830BaHHIO TMEX, B TO BpeM51 KaK peKOM6HHaQH51 pa.n;IIKaJIOB ,naeT OCHOBHOH no601IHbIH 
npo,nYKT - 2,2' ,3,3' ,6,6' -reKCaMeTHJI-4,4' -6I1cpeHOJI. He3aBHCIIMOCTb CKOpOCTII OKHCJieHH51 
TM <I> OT npHcyrCTBH51 HJIH OTCYTCTBil51 KllCJIOpo,na, a TaK)Ke OT ,no6aBOK HHrH6HTOpOB 
u;enHbIX PMIIKaJlbHblX npou;ecCOB YK83bIBaeT ~a He u;enHOH MexaHil3M peaKQllll. 

ABTOpbI 6rraro,nap51T J. Mrowiec-Bialon H A.B. Jarz~bski 3a CHHTe3 o6p83QOB 
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SELECTIVE OXIDATION OF GLUCOSE TO GLUCONIC ACID OVER 

Pd-Bi CATALYSTS 
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KATAJIH3ATOPE 
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Gluconic acid and its salts are non-toxic substances widely used in the chemical and 

pharmaceutical industry. Sodium gluconate is applied as a chelating and passiving agent m 

cleaning or derusting fluids. 

The production of gluconic acid can be carried out usmg four oxidation methods: 

fermentative with fungi [1] or bacteria [1, 2], enzymatic with immobilized enzymes [3-5], 

electrochemical with bromides [6, 7], catalytic with oxygen or air in the presence of a 

supported noble metal catalysts [8-16]. In the last few years catalytic oxidation on bimetallic 

Pd- Bi catalysts has received increasing attention [17-19]. 

The influence of bismuth addition on activity and selectivity of palladium catalysts 

supported on activated carbon and SiO2 in the oxidation of glucose to gluconic acid was 

studied. The reaction was conducted at 333 K with oxygen as an oxidation agent at pH= 9. 

The catalysts modified with Bi show much better selectivity and activity than 

monometallic systems. Catalysts containing 5%Pd-5%Bi/SiO2 and 5%Pd-5%Bi/C show a 

particularly high selectivity exceeding 90%. 

The XRD studies of sample catalysts 5%Pd-5%Bi/SiO2 after reduction at 533 K prove the 

presence of intermetallic compounds. At low content of bismuth, compounds of BiPd type 

appear while for higher content of bismuth compounds containing Bi2Pd are formed. 

It proves that for Pd-Bi the ligands effect plays a dominant role. As a result intermetallic 

compounds of defined stoichiometry BiPd and BhPd are formed. They may be responsible for 

the high selectivity of the catalysts studied in oxidation of glucose to gluconic acid. 

The temperature-programmed oxidation (TPO) studies prove that the presence of bismuth 

can, to the same extent, prevent the surface oxidation of palladium and prolong the catalysts 

life at the same time. 

It was found (ICP - AES analysis) that bismuth dissolves from Pd-Bi/SiO2 and Pd-Bi/C 

catalysts during the oxidation of glucose. Unlike bismuth, palladium does not dissolve. 
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KINETICS AND MECHANISM OF METHANOL STEAM REFORMING 
OVER A COPPER-BASED CATALYST 
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Lin G.I., Kipnis M.A., Zavalishin I.N., Yashina O.V., Grafova G.M. and Rozovskii A.Ya. 
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Kinetics of methanol steam reforming over a Cu-containing catalyst is studied in a flow 
reactor under 0.6 and 2.1 MPa in temperature range 240-300°C at methanol/water ratios 1: 1,3 
and 1:2. Mechanism scheme and theoretical kinetic model of the process are proposed. 
Computer modeling has shown that obtained experimental data are satisfactorily described by 
the model including kinetic equations of methanol steam reforming itself (CH30H + H 20 = 
CO2+ 3H2) and reverse water-gas shift reaction (CO2+ H2 = CO + H20). 

IlapoBOH pmpopMHHf MeTaHOJia npe.[(CTaBmieT IIHTepec B CB513ll C nepcneKTHBOH 

HCITOJib30BaHH5I TOITJIIIBHbIX 51qeeK ,[(ml aBTOM06HJibHOro rpaHcnoprn. Co6CTBeHHO napOBOH 

pmpopMHHr MeTaHona CH30H + H 20 =CO2 + 3H2 (1) 06b1qHo conpoBo)l()];aeTC5I o6paTHOH 

peaKQHeii B0.[(5IHOro raJa CO2+ H 2 = CO + H20 (2). 

K1rneTHKY napoBoro pmpopMHHra MeTaHOJia Ha Me,[(bCO.[(ep)KameM KaTaJIH3aTOpe 

H3yqanH B npoToqHbIX peaKTOpax npH 0,6 MIIa II 2,1 MIIa, B HHTepBane TeMnepaTyp 240-

3000C npH COOTHOIIIeHH5IX MeTaHOJI - BO,[(a 1: 1,3 II 1 :2. 

~JI5I IIHTepnpeTa:U:Hll nonyqeHHbIX ,[(aHHbIX 6brna IICITOJib30BaHa paHee ycTaHOBJieHHa5I 

cxeMa MexaHH3Ma CHHTe3a MeTaHona [1, 2], · BKmoqa101:u;a51 npeBpameHH5I npoqHo 

a.ncop6HpoBaHHbIX qacTHU:. Ha OCHOBe '.HOH cxeMbl 6hrna IlOCTpoeHa cxeMa MexaHH3Ma 

o6paTHOH peaKU:HH - napoBoro pmpopMHHra MeTaHona II Haii.neHa ee TeopeTHqecKa5I 

KHHeTHqecKa5I MO,[(eJib. Cne:o;HaJibHbIH 3KCnepHMeHT no HCCJie,[(OBaHHIO HeCTa:U:HOHapHbIX 

npeBpameHHH IlOBepXHOCTHbIX coe,[(HHeHHH C aHaJIIl3OM npOAYKTOB peaKU:llll npH ITOMOIUH 

BpeM5InponeTHOro Macc-cneKTpoMeTpa MCX-6 ITO,[(TBep.[(HJI, qTo B paccMaTpHBaeMOH 

CHCTeMe ,[(eHCTBHTeJibHO npoTeKaeT peaKI(ll5I 3aMemeHH5I a.ncop6HpOBaHHblX co II MeTaHOJia 

BO,[(OH ll3 fa30BOH <pa3bl. 

IlpoBe,[(eHHOe KOMilbIOTepHoe MO,[(enHpOBaHHe napoBoro pH<pOpMHHra MeTaHona Ha 6a3e 

YKaJaHHOH BbIIIIe TeopeTHqecKoii KHHeTHqecKoii Mo.nenH noKaJano, qTo nonyqeHHbie 

3KCnepHMeHTaJibHbie ,[(aHHbie BO BCeM H3yqeHHOM IIHTepBane ycnOBIIH xopoIIIO 

OITIICbIBaIOTC5I MO,[(eJibIO, BKJIIOqaromeii KHHeTHqecKHe ypaBHeHH5I peaKU:HH (1) II (2). 
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Pttc. 1. 3aBHCHMOCTh CTerreHH rrpeBpam:eHH.SI MeTaHOJia OT BpeMeHH KOHTaKTa rrpH 275°c lI 

COOTHOIIIeHHH MeTaHoJI/Bo)],a=l/1,3. TeMHhie TOqKH - 3KCIIepHMeHT, CBeTJihie - pacqeT 

,[(Jrn HJIJIIOCTparum rrpHMeHHMOCTH KHHeTH1IeCKOll Mo,neJIH Ha pHCj'HKe 1 rrpHBe,neHa 

3aBHCHMOCTb CTerrem1 rrpeBpameHH51 MeTaHOJia OT BpeMeHH KOHTaKTa. KaK BH,nHO H3 

pHCj'HKa, pacqeTHhie H 3KCrrepHMeHTaJibHbie ToqKH cornaC)'IOTC51 Me)l()];y co6on, T.e. 

KHHeTHqecKa51 MO,neJib a,neKBaTHO OTJ)a)l(aeT 3aKOHOMepHOCTH rrapoBoro pmpopMHHra 

MeTaHOJia. 

PeaK[(H51 (2) rrpoTeKaeT B ycJIOBH5IX 3KCIIepHMeHTa rrpaKTHqecKH ,no paBHOBeCH51. 

O,nHaKO, rrpH HeKOT0pbIX 3KCIIepHMeHTaJibHbIX ycJIOBH5IX rrpH IIOBbIIIIeHHOM ,naBJieHHH 

Ha6n10,nanacb «CBepxpaBHOBeCHa51» no OTHOIIIeHHIO K peaK[(HH (2) KOH[(eHTpau;H5I CO, qTQ 

o6ycnoBneHo rrpoTeKaHHeM rro6oqHon peaK[(HH CH3OH = CO + 2H2. 

Pa6orn BhIIIOJIHeHa rrpH IIO)],)],ep)KKe P<l><l>I1 (rpaHT 02-03-32202) tt TiporpaMMhl IIO)],)],ep)KKH HayqHhIX 
IIIKOJI (rpaHT 00-15-97389). 
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PA3JIO)KEHHE 3TAHOJIA HA HAHECEHHbIX METAJIJilfqECKHX 

KATAJIH3ATOPAX B IIPHCYTCTBIIII BO)];bl 

ETHANOL DECOMPOSITION OVER MET AL-BASED CATALYSTS IN STEAM 
PRESENCE 

raJILBHTa B.B., <l>pyMHH A.B., JiemieB B.,IJ;., CeMHH r .JI. H Co6HHHH B.A. 

Galvita V.V., Frumin A.V., Belyaev V.D., Semin G.L. and Sobyanin V.A. 

I1HcTIITyr Karnnma HM. r.K. EopecKoBa CO PAH, HoBocII6IIpcK, Poccm1 
Fax: ( + 7-3832) 343056; E-mail: sobyanin@catalysis.nsk.su 

B HaCTOHII(ee BpeMH y,uenHeTCH 6oJibI.lIOe BHIIMaHIIe ITonycrnHIIIO o6orameHHbIX ITO 

BO,UOpo,uy ra30BbIX CMeceii ITapOBOH KOHBepcIIeH :naHona [ 1-4]. 3TO CBH3alto C TeM, qTQ 

3TaHOJI ITpe,ucTaBnHeT co6oii nerKO ,UOCTynHoe, B0306HOBJIHeMoe II 3KOJIOrIIqecKII qifCTOe 

Cblpbe, TeXHOJIOrIIII ITpOII3BO,UCTBa KOTOporo II3 6IIOMaCCbl )')Ke pa3pa6oTaHbl. 

Ilpol(ecc ITapOBOH KOHBepCIIII 3TaHOJia B o6orameHHYIO ITO BO,Uopo,uy ra30BYIO CMeCb 

06b1qHo ITpOBO,UHT Ha HaHeceHHbIX MeTaJIJIIfqecKIIX KaTaJIII3aTopax B O,UHy CTa,UIIIO. 

HaII6onee aKTIIBHbIMII B ,uaHHOH peaKI(IIII OKa3aJIIICb HaHeceHHbie po,n;IIeBbie [1], 

K06aJibTOBbie [1, 2] II HIIKeJib-Me,D;Hbie KaTaJIII3aTOpbI [3, 4]. O,uHaKO ITPII TaKOM 

O,UHOCTa,D;IIHHOM CITOC06e ITpOBe,UeHIIH peaKI(IIII Ha6nIO,UaJIOCb 3ayrnepmKIIBaHIIe 

KaTaJIII3aTopa II o6pa30BaHIIe He)l(eJiaTeJibHbIX ITpO,U)'KTOB, TaKIIX KaK MeTaH, al(eTaJib,UerII,U, 

,D;II3TIIJIOBbIH 3qrnp II T.,U., B 3HaqIITeJibHbIX KOJIIfqecrnax. Ilpeo,uoneTb 3TH rrpo6neMbl 

y,uanocb rryreM rrpoBe,ueHIIH peaKI(IIII rrapOBOH KOHBepCIIII 3TaHona B peaKTOpe C ,UBy-M}I 

HeIIO,UBII)l(HbIMII CJIOHMII KaTaJIII3aTopoB [3]. CnoII co,uep)l(aT pa3Hble KaTaJIII3aTOpb1 II 

pa6oTaIOT rrpII pa3HblX TeMrrepaTypax. Ha rrepBOM, Pd-co,uep)l(ameM KaTaJIII3aTope, 3TaHOJI 

rrpeBpamaeTCH B cMecb CH4, CO II H 2: 

C2HsOH =CO+ CH4 + H2 (1) 

3aTeM Ha BTOpOM, Ni- co,uep)l(ameM KaTaJIII3aTope, CH4 rrpeBpamaeTCH B CIIHTe3-ra3: 

CH4 + H2O =CO+ 3H2 

CO+ H2O =CO2+ H2 

(2) 

(3) 

B ,uaHHOH pa66Te II3yqaJICH MexaHII3M pa3JIO)l(eHIIH 3TaHOJia B rrpIIcyrcTBIIII ITapoB BO,Ubl 

Ha MeTaJIJIIIqecKIIX (Pd, Pt, Ru) KaTaJIII3aTOpax. 11oKa3aHo, qrn peaKI(IIH ( 1) rrpoTeKaeT qepe3 

CTa,UIIIO ,uerII,upIIpoBaHIIH 3TaHona ,uo al(eTaJib,UerII,ua 

C2HsOH = CH3CHO + H2 

c rrocne.uYIQmIIM pa3JIO)l(eHIIeM al(eTanb,uerII,ua ,uo CH4 II CO 

CH3CHO =CH4 + CO, 

(4) 

(5) 

rrpnqeM ,uerII,upIIpoBaHIIe 3TaHona HBnHeTCH nIIMIITIIPYIOmeii cTa,uIIeii, Tor,ua KaK 

pa3JI0)l(eHIIe al(eTaJib,UerII,ua rrpoIICX0,UIIT 6blcTpO. 

IlonyqeHHbie ,uaHHbie ITO MexaHII3MY ITp0TeKaHIIH peaKI(IIII ( 1) IT03B0JIHIOT C03,UaTb 

6onee aKTIIBHbie II ceneKTIIBHbie 6IIMeTaJIJIIfqecKIIe KaTaJIII3aTOpbI, Ha ITepB0M K0MII0HeHTe 
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K0T0pbIX rrpoTeKaeT ,z:i:erH,ri:pHpoBamie JTaH0Jia ,z:i:o aueTaJib,nerH,na, a Ha BT0p0M -

pa3JI0)KeHHe aueTaJib,ri:erH,z:i:a Ha 0KeH,z:i: yrnepo,z:i:a H MeTaH. IloeKOJibKY peaKIJ;H51 ( 4) 

3cpcpeKTHBHO rrpoTeKaeT Ha MeTaJIJiax I B rpyrrIIbl [6], TO B Kaqeerne rrepBoro K0MII0HeHTa 

6brna HeII0Jib30BaHa Me,ll;b. B Kaqeerne BT0poro K0MII0HeHTa 6bIJIH HeII0Jib30BaHbI Pd, Pt, 

Ru JIH6o HX eoe,ri:HHeHH51. 

Ha pHe. 1 B Kaqeerne rrpHMepa eorroeTaBJieHbl TeMrrepaTYPHbie 3aBHCHM0CTH K0HBepeHH 

JTaH0Jia rrpH ero pa3JI0)KeHim Ha MeXaHH1IeeKOH eMeCH, eo,z:i:ep)Kall(eH HaHeeeHHbie Me,ll;Hblli H 

IIaJIJia,ri:HeBbIH KaTaJIH3aTOpbI (KpHBM 1 ), H HH,ll;HBH.ll:YaJibH0M IIaJIJia,ri:HeB0M KaTaJIH3aTOpe 

(KpHBM 2). 
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PHe. 1. TeMrrepaTypHaH 
3aBHeHMOeTb KOHBepeHH JTaHOJia 

rrpH ero pa3JI0)KeHHH Ha eMeeH, 
eo,z:i:ep)Kameii 1 Bee. % 
Pd/CH6)'HHT H 15 Bee.% Cu/SiO2 
(KpHBa51 1 ), H KaTaJIH3aTOpe, 
eo,z:i:ep)KameM 1 Bee.% 
Pd/CH6y1rnT (KpHBaH 2). 
Y eJIOBH51 JKerrepHMeHTa: 

H2O/C2HsOH = 11.2; 
o6oeMHbie eKopoeTH: 
15000 eM3/q,r (KpHBa51 1); H 

5000 eM3 /q-r (KpHBa51 2) 

BH,ri:HO, 1IT0 Ha rrepB0M KaTaJIH3aTope rrpH TeMrrepaType 320°C ,noeTHraeTe51 II0JIHa51 

K0HBepeH51 JTaH0Jia, Tor,z:i:a KaK Ha BT0p0M KaTaJIH3aTope rrpH JTOH TeMrrepaType 0Ha HH)Ke 

80%. CJie,z:i:yeT 0TMeTHTb, 1IT0 K0JIH1IeCTB0 Pd-eo,z:i:ep)Kamero KaTaJIH3aTopa B rrepB0M eJiyqae 

6bIJIO B ,ri:Ba pa3a MeHbIIIe, qeM BO BT0p0M, a o6oeMHa51 eKopoeTb rro,z:i:aqH peareHT0B B TPH 

pa3a BbIIIIe. 
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DYNAMIC OF MECHANISM OF CARBON MONOXIDE HYDROGENATION 
REACTION IN METHANOL SYNTHESIS 
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The basic aspects of catalytic CO hydrogenation as a dynamic system conditioned by 

the state of CO and H2 molecules activation and synthesis procedure are presented. The 

analysis of low-temperature methanol synthesis, Zn-Cu-Al catalyst activity and selectivity 

changes were carried out on the basis of the developed methodology. Kinetic model of 

methanol synthesis takes into account the process selectivity changing under the catalyst 

deactivation. 

MexaHH3M peaKUHH rn,n;pHpOBaHHH co ccpopMyrr11poBaH HCXO,lJ;H 113 o6ruerrpH3HaHHOH 

ceii:qac ToqKH 3peHHH O rrry6oKOH XHMHqecKon ·cyruHOCTH KaTaJIH3a rrpH paccMOTpeHHH 

B3aHMO,ZJ;eHCTBHH co H H2 C aKTHBHbIMH ueHTpaMH KaTaJIH3aTopa [ 1]. IlOKa3aHo, qTo 

OCHOBHbIM cpaKTOpOM, orrpe,n;eJIHIOIUHM cerreKTHBHOCTb peaKQHH r11,n;p11poBaHHH co, 
HBJIHeTCH cpopMa aKTHBaUHH MOJieKyrr co H H2, orrpe,n;errHeMaH rrpHpo,n;oii: H CTerreHbIO 

BOCCTaHOBJieHHH aToMa MeTarrrra - KaTaJIH3aTopa, CTPYKTypoii: aKTHBHoro ueHTpa 11 

xapaKTepoM B3aHMO,n;eii:CTBHH C rrpOMOTOpaMH, a TaIOKe BHeIIIHHMH ycrrOBHHMH CHHTe3a, B 

rrepByIO oqepe,n;b TeMrrepaTypoii: H ,n;aBJieHHeM B CHCTeMe. 

B crryqae BOCCTaHOBJieHHOH IIOBepxHOCTH rrpH HaJIHqHH y ueHTpaJibHOro aTOMa 

MeTarrrra-KaTaJIH3aTopa HeKOMIIeHCHpOBaHHbIX d-:rneKTpOHOB rrpH a,n;cop6u1111 co 
06ecrreq11BaeTCH o6pa30BaHHe IIOBepxHOCTHbIX Kap60HHJibHbIX CTPYKTYP C 3cpcpeKTHBHbIM 

OTPHUaTeJibHbIM 3apH,l1;0M H pa3pbIXJieHHOH CBH3bl0 C-0, r11,n;p11poBaHHe KOTOpoii: rrpHBO,lJ;HT B 

KOHeqHoM HTOre K o6pa30BaHHIO yrneBo,n;opo,n;HbIX CTPYKTYP - rrpoTeKaHHIO CHHTe3a 

<DHIIIepa-TpoIIIIIa. 

IlpH YMeHbIIIeHHH CTerreHH BOCCTaHOBJieHHH OKCH,lJ;HbIX KaTaJIH3aTopoB aKTHBaUHH co 
rrpOHCXO,lJ;HT C yrrpoqeHHeM C-0 CBH3H H o6pa30BaHHeM ,lJ;HIIOJIH C 3cpcpeKTHBHbIM 

IIOJIO)KHTeJibHbIM 3apH,l1;0M. IlpH Harr11q1111 B 3TOM crryqae KHHeT11qecKH o6oCHOBaHHOH 

JIHMHTHpyIOrueii: CTa,n;HH - aKTHBaUHH BO,n;opo,n;a B rrpHIIOBepXHOCTHOM crroe KaTaJIH3aTopa, 
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rn,n:pnpoBaHIIe M0)KH0 rrpe,n:cTaBHTb KaK HaCblllleHHe aKTHBHbIM B0,n:opo,n:oM HM3KOYJaCTOTHOH 

CB5!3M Me-CO c rrocrre,n:yromeii ,n:ecop6u;Meii rrpo,n:y1<Ta CHHTe3a - MeTaH0Jia. 

O,n:Ha HX HaM6orree rrpaKTMYJeCKM Ba)KHbIX peaKIJ;HH rM,n:pnpoBaHHSI co 
HH3KOTeMrrepaTypHbIH CHHTe3 MeTaH0Jia - peaJIH30BaH ceiiqac B rrp0MbllllJieHH0CTM B 

0CH0BH0M B KpyrrH0TOHHa)KHbIX arperaTax THIIa M-300 H M-750 C HCII0Jib30BaHHeM Zn-Cu-

Al-KaTaJIM3arnpoB [2]. IIpH 3TOM, O,UHaKO, Me,UM crroco6crnyeT 

rrepeBOCCTaHOBJieHMIO KOHTaKTa C II05IBJieHHeM MeTaJIJIHYJeCKHX u;eHTpOB ,UOHOpHoro THIIa, 

K0T0pbie a,n:cop6HpyIOT co C o6pa30BaHMeM II0BepxH0CTHbIX Kap60HMJibHbIX CTPYKTYP M, 

CJie,n:oBaTeJibH0, peaJIH3yIOT, Hap»,n:y C OCHOBHOH - o6pa30BaHMeM MeTaH0Jia, rro6otJHyIO 

peaKIJ;MIO - CHHTe3 <DMillepa-Tporrllla. 

IIpe.n:JiaraeMa» aBTopaMH cxeMa MexaHH3Ma coBMeCTHoro o6pa3oBaHM» MeTaHorra M 

,n:JIHHH0IJ;erroqeqHbIX yrneBo,n:opo,n:oB [3] 6a3MpyeTC5I Ha crre,n:yrom;Mx 0CH0BHbIX II0JI0)KeHH5IX: 

□ 

□ 

□ 

IIpHHIJ;HIIMaJibHbIM 5IBmieTC5I cpopMa a,n:cop6u;HH M0H00KCM,[(a yrnepo.n:a. Ha 

0KCH,UH0M Zn-Cu-Al KaTaJIM3aTope B CMHTe3e MeTaH0Jia M0JieKyJia a,n:cop6npyeTc» B 

th [CO]&+ 6 th [CO]8- Ha 4'0pMe , o,n:HaK0 B03M0)KHa M a,n:cop IJ;H5I . B. 4'opMe 

rrepeB0CCTaH0BJieHHbIX u;eHTpax KaTaJIM3aTopa, JIH6o Ha BKJIJOqeHHbIX d-3JieMeHTax; 

b0Jlbllla5I rpyrrrra opraHnqecKMX BemecTB o6pa3yeTC5I rryreM BT0pHqHbIX 

rrpeBpameHHH M0JieKyJihl MeTaH0Jia; 

PocT yrneBo,n:opo,n:Hoii u;errn ocymecrn1rneTc» BHe.n:peHHeM M0JieKyJihI CO no 

CB5!3HMeTaJIJI-yrnepo,n:. 

IIpoBe,n:eHa ou;eHKa K0HCTaHT CKOpOCTeii peaKI.J;HH o6pa30BaHM5I yrJieB0,[(0po,n:oB H 

KMCJIOpo,n:co,n:ep)Kamnx coe,n:HHeHHH Ha KaTaJIH3aTope CHHTe3a MeTaHOJia pa3JIHqHQH CTerreHH 

,[(e3aKTirna:u;ttll. Ha 0CH0Be ccpopMHpOBaHHOH Mo,n:enH CHHTe3a MeTaHona C yqeT0M rro6oqHbIX 

peaK:UHH M paccqnTaHHbIX 3HaqeHHH KOHCTaHT CKOpOCTeH 3JieMeHTapHbIX CTa,UMH c,n:enaH 

rrporH03 ,n:e3aKnrna:u;MH KaTaJIH3aTopa rrpOMbllllJieHHOro CHHTe3a H M3MeHeHM5I ero 

ceneKTllBH0CTll. 

Jl11Teparypa 

[l] A.B.KpaBIJ,OB. C6. "BorrpochI K.HHeT.HKll II KaTanlI3a", IIBaHoBo: I-iBaHOBCK.HM XllM.HK0-
rnxHonornqecK.HM .HHcrnryT, l 980.c.33-40. 

[2] A.B.KpaBIJ,OB, A.A.HoB.HKOB, TI.H.KoBanh. KoMrrhIOTepHhIM aHaJill3 TexHonor11qecK11x 
rrpoueccoB. HoBoc11611pcK: HayKa. C116. rrpe,nrrpIDirne PAH, l 998.-2 l 6c. 

[3] A.A.HoB.HKOB Tip11KIIa,nHa.H K.HHeT.HKa rrpoueccoB Ha ocHoBe c.HHTe3-ra3a. ToMcK: I-h,n. ToMcKoro 
yH11Bepcmern, 2001.-156c. 
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OP-1-31 
PACITPE,IJ;EJIEHIIE no PA3MEPAM qACTIIU: KOliAJihTA B KATAJIII3ATOPAX 

CIIHTE3A <I> IIIIIEP A-TPOilillA 

COBALT PARTICLES SIZE DISTRIBUTIONS IN THE FISCHER-TROPSCH 
CATALYSIS 

qepHanc1rnii IT.A., IlaHKHHa r.B., JiepMOHTon A.C. H JlyHHH B.B. 

Chernavskii P.A., Pankina G.V., Lermontov A.S. and Lunin V.V. 

XHMH1:1ecKHii cpaKyJihTeT, MocKoBcKHii rocy,n;apcrneHHhIH yttHBepcHTeT HM. M.B. floMoHocoBa, 
fleHHHCKHe rop1,1, MocKBa 119899, Poccm1 
Fax: 932-88-46; E-mail: chem@kge.msu.ru 

Our recent studies in the field of magnetic characterisation of Co-based Fischer-Tropsch 
catalysts confirm that the combined standard and magnetic TPO techniques are the powerful 
tool for fast analysis of metal nanoparticles size distribution. This method was validated using 
the magnetic isothermal oxidation studies and standard magnetisation-field dependence based 
metal particle size distribution analysis. It was clearly demonstrated that during the TPR of 
Co30 4-Ah03 precursor small cobalt particles start to reduce at higher temperatures than the 
larger ones. Investigation of Co/ Ah03 TPO process shows that small Co particles oxidation 
happens at lower temperature than the oxidation of larger Co particles. 

Ha rrpHMepe peaKnHii OKHCJieHHH H BOCCTaHOBJieHHH HaH01:laCTHI( Co (pa3MepoM 6 -10 HM) 

B Co-HaHeCeHHhIX KaTaJIH3aTopax CHHTe3a <l>mrrepa-Tporrrna HCCJie,ZJ;OBaHo BJIHHHHe 

pacrrpe,n;eJieHHH 1:1aCTHI( MeTaJIJia no pa3MepaM Ha KHHeTHKY rrpol(ecca. MeTO,ZJ;OM H3MepeHHH 

K03pl(HTHBHOH CHJII,I H OCTaT01:IHOH HaMarHH1:leHHOCTH B BH6pal(HOHHOM MarHHT0MeTpe Ha 

pa3JIH1:IHhIX CTa,ZJ;HHX 0KHCJieHHH HJIH BOCCTaH0BJieHHH orrpe,n;eJieH cpe,n;HHH pa3Mep 1:laCTHI( 

Co. Y CTaHOBJieHO, 1:ITO rrpH OKHCJieHHH Co Ha6mo,n;aeTCH YBeJIH1:leHHe cpe,n;Hero pa3Mepa 

1:laCTHI( (pocT ,ZJ;OJIH HecyrreprrapaMarHHTHhIX qacTHI( pa3MepoM 6oJiee 6,5 HM) (pHC. 1 ), a rrpH 

BOCCTaHOBJieHHH - YMeHbIIIeHHe cpe,nHero pa3Mepa (pHC. 2). 
~ 
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OP-1-31 

ITorryqeHHble pe3yJibTaTbI CBH,D;eTeJibCTB)'IOT B nOJib3Y cymecTBOBaHH51 «pa3MepHbIX 

3aBHCHMOCTeii» B TOnOXHMHl-IeCKHX npeBpameHH5IX HaH01:IaCTHI(. 

IToKa3aHo TaIOKe, 1:ITO cneKTpbI TeMnepaTypHo-nporpaMMHpyeMoro OKHcrreHH51 (TITO) 

co,aep)l(aT HH<popMan:mo o xapaKTepe pacnpe,aerreHH51 1:1acTHU: HaHeceHHoro MeTarrrra no 

pa3MepaM. 

11cnorrb30BaHHe MarHHTOMeTpa B Ka1:1ecrne ,aeTeKTopa cymecrneHHO yrrpomaeT BH.U 

cneKTpa TITO, a B crryqae TaKHX MeTarrrroB KaK HHKerrh H Ko6arrbT no3BOJI5IeT c,aerraTb 

BbIBO,UbI O xapaKTepe pacnpe,uerreHH51 1:IaCTHI( MeTarrrra no pa3MepaM. ITpHCYTCTBHe Ha 

3aBHCHMOCTH CKOpOCTH H3MeHeHH51 HaMarHH1:IeHHOCTH OT TeMnepaTypbI B cneKTpe TITO 

6orree 1:IeM O,[J;HOro nHKa CBH,D;eTeJibCTByeT 0 Ha.JIH1:IHH He O,[J;H0-MO,[J;aJibH0ro pacnpe,uerreHH51 

1:1acnrn: MeTarrrra no pa3MepaM. 

Pa6orn BbIIIOJIHeHa B paMKax PocCHHCKOro q_)OH,aa cpytt,naMeHTaJibHbIX HCCJie,UOBaHHH 

N2 02-03-32556. 

103 



OP-1-32 
MEXAHll3M PEAKQIIII Pll<l>OPMHHrA METAHA )l;IIOKCll):(OM YrJIEPO)l;A 

HA lillMETAJIJillqECKIIX Co-CO)l;EP)KAII(IIX 
HAHECEHHhIX KATAJill3ATOPAX 

MECHANISM OF CARBON DIOXIDE REFORMING OF METHANE 
OVER BIMETALLIC Co-CONTAINING SUPPORTED CATALYSTS 

lln~yJioea III.C. H 3aKyM6aeea r.,n:. 

Itkulova Sh.S. and Zakumbaeva G.D. 

HHCTHTyr opraHnqecKoro KaTaJIH3a ll 3IleKTpOXllMllll llM. ,l(.B. CoKOilbCKoro; 

yn. KYHaeBa 142, r. AnMaThl, Pecrry6nnKa Ka3axcTaH 
Fax: (007) 3272 915722; e-mail: orgcat@nursat.kz 

The mechanism of CO2 reforming of methane over bimetallic Co-containing catalysts 

supported on alumina has been suggested. It is supposed that this process consists of two 
parallel reactions: decomposition of methane and decomposition of carbon dioxide. Each 

reaction is promoted by intermediate products formed in the second parallel reaction. 

B pa6oTe myqeH rrpon;ecc pmpopMnHra MeTaHa ,z:i;noKcn,z:i;oM yrnepo,z:i;a Ha 5% 

6nMeTaJIIlllqecKHX K06aJihT-CO,IJ;ep)Kamnx KaTaJIH3aTopax HaHeCeHHbIX Ha OKCll.[I; aJIIOMllHll51. 

B Kaqecrne BTOporo MeTanna llCIIOilb30BaJillCb ,z:i;o6aBKll MeTaJIIlOB rrnaTHHOBOH rpyrrrrnI. )l;n5I 

Bbl5ICHeHH51 MexaHH3Ma rrpon;ecca rrpOBO,lJ;llllll peaKD;llll pa3IlO)KeHH51 KaK MeTaHa, TaK ll 

,lJ;llOKCll,IJ;a yrnepo,z:i;a, a TaK)Ke B3allMO,IJ;eHCTBll51 MeTaHa C OKCll,IJ;OM yrnepo,z:i;a ll ,lJ;HOKCll,IJ;a 

yrnepo,z:i;a C BO,z:i;opo,z:i;oM. Ilo OKOHqaHllll peaKD;llll rrpoBO,lJ;llllll TepMorrporpaMMllpOBaHHOe 

BOCCTaHOBneHHe KaTaJIH3aTopa Bo,z:i;opo,z:i;oM. CocTaB rrpO,IJ;YKTOB peaKD;llll orrpe,z:i;en51Illl 

xpoMaTOrpaqmqecKHM MeTO,IJ;OM, COCT051Hlle a,z:i;cop6npoBaHHblX MoneKyn myqa.JIH MeTO.[l;OM 

HK-crreKTpOCKOIIllll, a COCTaB IIOBepxHOCTll KaTaJIH3aTopa - MeTO,IJ;aMH 3IleKTpOHHOH 

MHKpOCKOIIllll ll TepMo-rpaBHMeTpllll. 

Ilpon;ecc pmpopMHHra MeTaHa ,lJ;llOKCll,lJ;OM yrnepo,z:i;a (nnn HHaqe yrneKHCilOTHOH 

KOHBepcnn MeTaHa) MO)KHO rrpe,z:i;cTaBHTb ypaBHeHHeM 1. 

(1) 

Ha ocHoBaHnn rrpoBe,z:i;eHHoro nccne,z:i;oBaHH51 rrpe,z:i;naraeTC51 MexaHH3M rrpon;ecca, 

BKnroqaromnn ,z:i;Be rrapaJinennHO rrpoTeKaromne cra,[(nn: pa3no)KeHne MeTaHa (ypaBHeHne 2) 

n pa3IlO)KeHHe ,[(llOKCH,IJ;a yrnepo,z:i;a (ypaBHeHne 3): 

CH4 ~ CHx ads + H ads 

CO2 ~ CO ads+ Oads 

(2) 

(3) 

Pa3IlO)KeHne MeTaHa rrpoMOTHpyeTC51 KHCnopo,z:i;oM (ypaBHeHne 4 ), o6pa3yromnMC51 B 

peaKIJ;Im (3). B CBOIO oqepe,z:i;h, pa3IlO)KeHne .[l;llOKCll.[l;a yrnepo,z:i;a rrpOMOTHpyeTC51 Bo,z:i;opo,z:i;oM 

(ypaBHeHne 5), 06pa3yromnMC51 no rrapannenhHOH peaKn;nn (2): 
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CH4 + 0 ads➔ CHx ads + OH ads 

CO2 + H ads ➔ COx ads + OH ads 

OH ads ➔ H2O + 0 ads 

OP-1-32 , 

(4) 

(5) 

(6) 

Ilp1rne,ri;eHHbIH MeXaHH3M cornacyeTC51 C MexaHH3MOM, rrpe,ri;JIO)l(eHHbIM aBTOpaMH [ 1] ,IJ;JI51 

Pd-co,ri;ep)l(arn:Hx KaTaJIH3arnpoB. 

y CTaHOBJieHO, ~TO B rrpouecce yrneKHCJIOTHOro pmpopMHHra MeTaHa rrpOHCXO,IJ;HT 

o6pa30BaHHe yrnepo,na (ypaBHeHHe 7-9). B 3aBHCHMOCTH OT rrpHpO,ZJ;bl BToporo MeTaJIJia 

yrnepo,ri; Ha IIOBepXHOCTH KaTaJIH3aTOpa rrpHCYTCTByeT B TOH mm HHOH <popMe. IlepBa51 H3 

HHX - TaK Ha3bIBaeMa51 «aKTHBHam> <popMa yrnepo,ri;a, rrpe,ri;CTaBJI5110ll(a51 co6oii aMopq:>HblH 

yrnepo,n, crroco6HbIH K ,IJ;aJibHeHIIIHM rrpeBpameHH51M C IIOJI~eHHeM BbICIIIHX yrneBo,ri;opo,noB 

H KHCJiopo,ri;co,ri;ep)l(all(HX coe,IJ;HHeHHH. 3Ta <popMa nerKO y,ri;an51eTC51 C IIOBepXHOCTH rrpH 

rrocne,ri;yromeM ero BOCCTaHOBJieHHH. Brnpa51 <popMa yrnepo,ri;a 51BJI51eTC51 rpaq:>HTOM, KOTOpa51 

rrpHBO,IJ;HT K ,ri;e3aKTHBaUHH KaTaJIH3aTopa B pe3yJibTaTe YMeHbIIIeHH51 ero aKTHBHOH 

IIOBepXHOCTH. 

References 

CO ads ➔ C ads + 0 ads 

CHx ads ➔ Cads + H ads 

2CO ads ➔ CO2 + C graphite 

[l] Erdoehely, J. Cserenyi, E. Papp and F. Solymosi, Appl.Cata!., 108A (1994) 205. 
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OP-1-33 
BJIIDIHIIE IIPIIPO,lJ;I,I METAJIJIA HA B3AIIMO,l(E:UCTBIIE CO2 II H2 B 

IIPIICYTCTBIIII KAT AJIII3ATOPOB METAJIJI - Yr JIEPO,l(Hhl:U HOCIITEJih 

INFLUENCE OF METALL NATURE ON CO2 AND H2 INTERACTION IN THE 
PRESENCE OF MET AL - CARBON FIBER SUPPORT CATALYSTS 

JianH}];yc A.JI., KphIJIOBa A.IO., ,l(ypaH}];HHa H.B. H THmKoBa JI.A. 

Lapidus A.L., Krylova A.Yu., Durandina Ya.V. and Tishkova L.A. 

lIHCTHTY'f opraHwieCKOH XHMHH HM. H.,[(. 3errHHCKoro P AH 

JieHH:tiCKHH rrpocrreKT, 47, MocKBa 119991, Poccmr 

Terreq>aKc: (8-095) 135-53-28; E-mail: SEKRETAR Y @ ioc.ac.ru 

CO2 hydrogenation _over metals (such as Co, Ni, Fe or Cu) supported on carbon fiber has 

been studied. The mechanism of CO2 and H 2 interaction on Ni-catalyst was proposed. 

Formation of methane was suggested to proceed in two stages through CO formation. 

BoBrreqeHHe CTa6HJibHOH MOJieKyrrhl ,I(HOKCH,I(a yrrrepo,na B XHMHqeCKHe rrpeBpameHH5I 

rrpe,I(CTaBmieT 6orrnIIIOH TeopeTHqecKHH H rrpaKTHqecKHH HHTepec. B 3aBHCHMOCTH OT 

rrpHpo,nhl Kararrmarnpa H ycrroBHH rrpoBe,neHH5I rrpouecca B3aHMo,neii:crnHe CO2 H H 2 

rrpHB0,I(HT K o6pa3oBaHHIO yrrreBo,nopo,noB H KHcrropo,nco,nep)KamHx coe,nHHeHHH [ 1, 2]. 

HecMOTp5I Ha 3HaqHTeJibHOe KOJIHqecTBO pa6oT B o6rraCTH rH,npHpOBaHH5I ,I(HOKCH,I(a 

yrrrepo,na, e,I(HHOro MHeHH5I O MexaHH3Me ,I(aHHOH peaKUHH He cymecrnyeT [3]. 

IIpeBpameHHe CMeCH CO2 H H2 B MeTaH B 3aBHCHMOCTH OT rrpHpO,I(bl aKTHBHOro KOMIIOHeHTa 

MO)KeT rrpOHCXO,I(HTb JIH6o ,I(BycTa,I(HHHO - qepe3 CTa,I(HIO o6pa30BaHH5I M0HOOKCH,I(a 

yrrrepo,na, JIH6o B 0,I(HY CTa,I(HIO. 

HaMH H3yqeHo rrpeBpa:meHHe cMeCH CO2 H H 2 B rrpHcyrcTBHH KaTarrH3aTOpoB M/ AHM 

(M=Co, Ni, Fe, Cu; AHM - aKTHBHpOBaHHbIH HeTKaHnIH yrrrepo,nHo-BorroKHHCTblH 

MaTepHarr)* . 

. CHHTe3 rrpOBO,I(HJIH B rrpoToqHoH KaTaJIHTHqecKOH ycTaHOBKe C HeIIO,I(BH)l(HbIM crroeM 

KaTaJIH3aTopa rrpH aTMOC<pepHOM ,naBITeHHH. O6pa3UbI rrpe,nBapHTeJibHO BOCCTaHaBJIHBaJIH 

Bo,nopo,noM. 

Ha Co- H Ni- KaTarrll3aTOpax e,nHHCTBeHHhIM yrrrepo,nco,nep)Ka:mHM rrpo,nYKTOM 5IBJI5IJIC5I 

CH4. B rrpHCYTCTBHH )KeJie3HblX H Me,I(HblX o6pa31(0B ,I(HOKCH,I( yrrrepo,na cerreKTHBHO 

BOCCTaHaBJIHBaJIC5I ,I(O M0HOOKCH,I(a yrrrepo,na. Ha o60HX KaTaJIH3aTopax TaK)Ke Ha6JIIO,I(aJIOCb 

o6pa30BaHHe B0,I(bl. 

* IIpe,nocraBrreH rrpocp. KpH)KeBnIM IO.r. 
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,l1;1u1 060J.ICHemu1 pa3JIJ1qHoro rroBe,neHHJ.I KaTaJII13aTopoB M/ AHM B rrpeapamemrn 

cMec11 CO2 11 H2 11ccJie,noBaHa TITLJ: CO2 o6pa3UOB. I1oKa3aHo, qTo Bee myqeHHhie c11cTeM1,1 

aKTHBHo xeMocop611poBaJII1 CO2. Hcxo,nJ.I 113 crreKrpoB TITLJ: CO2 ,[(JIJ.I Co- 11 Ni- o6pa3l(OB, 

6brno rrpe,nrronmKeHo, qrn rrepBbIH c11rHaJI B crreKTpe TITLJ: CO2 rrpH TeMrrepaType 0K0JI0 

300°C xapaKTepI130BaJI aKTHBHble ueHrphI, yqacrnyromHe B o6pa3oBaHHH Merana. ,l];JIJ.I Fe- H 

Cu- KaTaJIH3arnpoB cHrHaJihI B crreKTpax TITLJ: CO2 6brnH cMemeHbl B 

BbIC0K0TeMrrepaTypHyro o6naCTb. LJ:n5.1 3TI1X o6pa3l(OB B B0CCTaH0BJieHHH CO2, B03M0)KH0, 

yqacTB0BaJIH aKTHBHhie ueHTpbl c T MaKc.~430-500 °C. 

Ha 0CH0BaHHH KHHeTHqecKHX ,naHHbIX rrpe,nJI0)KeH MexaHH3M B3aHMO,[(eHCTBI15.I CO2 H H2 

B rrpHcyrcTBHH HHKeneBoro KaTaJIH3aTopa, cornacHo K0TopoMy o6pa3oBaHHe MeTaHa 

rrp0HCX0,[(HT ,[(BYCTa.l(HMHO qepe3 o6pa30BaHHe M0H00KCH.l(a yrnepo.n;a. 

JlnTepaTypa 

[1] Jlaru1,ll;yc A.JI., .5IH lOH bHH. Ycnex11 XHMHH, 50 (1981) 111. 
[2] Weatherbee G.D., Bartholomew C.H. J. Catal., 87- 2 (1984) 352. 
[3] I16paeBa 3.A., HeKpacoB H.B., fy)];KOB B.C. 11 ,ll;p. Teop. 11 3Kcnep. XHM., 26- 5 (1990) 620. 
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PHYSICO-CHEMICAL PROPERTIES AND CATALYTIC ACTIVITY OF THE 

Co/SiO2 CATALYSTS IN CARBON DIOXIDE METHANATION 

<l>H31IKO-XIIMIIqECKIIE CBOMCTBA II KATAJIIITIIqECKAH AKTIIBHOCTb 
Co/SiO2 KAT AJIII3ATOPOB B PEAKI(IIII MET AHIIPOBAHIUI ,l(IIOKCII):(A 

YrJIEPO,l(A 

.Jozwiak W .K., Szubiakiewicz E., Goralski J ., Klonkowski A.* and Paryjczak T. 

Institute of General and Ecological Chemistry, Technical University of Lodz, 
ul. Zwirki 36, 90-924 Lodz, Poland 

Fax: 48 42 6313126; E-mail: wjozwiak@ck-sg.p.lodz.pl 
*Faculty of Chemistry, University of Gdansk, ul. J. Sobieskiego 18, 80-925 Gdansk, Poland 

Cobalt is a common component of a number of supported catalysts, especially those used 

for hydrogen transfer reactions. Cobalt catalysts have been widely used for the Fischer

Tropsch synthesis. They are active and have a good selectivity to linear hydrocarbons (short 

and long chains of paraffin or olefins), and for the reductive amination of alcohols using 

ammonia. The selectivity and activity depend on the support, extent of cobalt reduction, the 

reaction conditions, the oxide promoter (TiO2, rare earth oxides etc.) and the metal promoter 

(Cu, Ru etc.). This paper is focused on the physico-chemical properties and catalytic activity 

of cobalt catalysts supported on silica in carbon dioxide methanation. 

The cobalt catalysts (0.5, 3 wt%) were obtained by two different methods: sol-gel and 

incipient wetness impregnation of silica in water or toluene solution of suitable salts. In the 

case of sol-gel procedure the cobalt was introduced both in the bulk and on the surface of 

aminated silica xerogels. As a complexation agent NH2(CH2) 3SiO312 was used The sol-gel 

method of preparation leads to metal/support catalyst precursor with a homogenous 

distribution of metal ions into bulk silica network or on its surface. The experimental methods 

of catalysts characterization were: BET, TPRH2, TG-DTA-MS, TPDec and XRD. The 

catalysts were tested in the reaction of carbon dioxide methanation. The catalytic reaction (in 

temperature range 300-800°C) was carried out under atmospheric pressure in a flow system. 

The molar ratio of the reactant gases was HiCO2 = 5: 1 and the flow rate of gas mixture was 

50 ccm/min. 

The investigations of the thermal decomposition of sol-gel cobalt/support catalyst 

precursors in inert and oxidative atmosphere indicated complex mechanism of decomposition. 

The decomposition processes take place in temperature range 100-950°C and it could be 

divided in two stages up to and above 300°C. The low temperature decomposition was 

assigned to the region of cobalt ion coordination sphere and it can be expressed as: 
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Co2
+ + 2NO3- +4 [NHr] ➔ CoO + xNO + y/2N2O + (3-x/2-y/4)N2 + (5-x-y/2)H2O. 

It involves the mutual reaction between the oxidative NO3- and reductive [-NH2] groups 

located in the first coordination environment of Cr ion located on silica surface. Second step 

was assigned to the reductive decomposition of aminated hydrocarbon chains not complexed 

with metal ions. 

The processes of Co/SiO2 catalysts reduction in hydrogen takes place in wide temperature 

range from 200 up to 1100°C. The reducibility of the supported metal oxide phases strongly 

depends on the method of preparation and the oxidation temperature. The TPR measurements 

show that the gradual increase of the oxidation temperature (500-900°C) leads to the decrease 

of the low-temperature hydrogen reduction effects on behalf of the increase of the high 

temperature effects. The considerable decrease of reduction effects after oxidation at 900°C 

strongly suggests that a significant part of cobalt oxide phase does not participate in redox 

cycling forming non reducible cobalt silicate 2CoO + SiO2 ➔ Co2SiO4. The low-temperature 

hydrogen reduction effects are assigned to two step of reduction of weakly bonded with silica 

Co3O4 to Co0 via CoO. The high temperature effects (above 600°C) would be characteristic 

for the reduction of strongly interacting CoOx - SiO2 species. For the cobalt catalysts 

prepared by sol-gel process the major part of cobalt oxide phase is reduced in temperature 

range above 600°C and it is attributed to strongly interacting with silica surface CoOx-SiO2 

phase (600-800°C) or it forms cobalt silicate phase reducible in temperature range 800-

10000C. 

In the XRD studies, depending on the pretreatment conditions sharp diffraction 

reflections characteristic of crystalline CoO, Co3O4, Co2SiO4 and Co metal phases are 

observed. 

The strong influence of Co/SiO2 catalyst precursor on the methanation activity was 

observed. The order of Co/SiO2 catalyst methanation reactivity is: 

Co "impregnated"> Co (sol-gel, surface)> Co (sol-gel, bulk) 

and seems to reflect the reducibility of these catalysts. The low methanation activity for 

3 wt %Co/SiO2 catalyst prepared by sol-gel in bulk method and cobalt surface complexation 

is caused by favorable formation of cobalt silicate phase which is not active in this reaction. 

Acnowledgement: This work was supported by Polish State Committee for Science 
Research (Grant PBZ/KBN/018/T09/99/1C). 
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HCCJIE,I(OBAHHE MEXAHH3MA Yr JIEKHCJIOTHO:U KOHBEPCHH MET AHA 

STUDY OF THE MECHANISM OF METHANE DRY REFORMING 

Ji1,.rqK0B B.IO., TroJieHHH IO.II., KphIJIOB O.B. H KopqaK B.H. 

Bychkov V.Yu., Tyulenin Yu.P., Krylov O.V. and Korchak V.N. 

liHcnnyr XHMJiqecKoii Q)ll3HKH HM. H.H. CeMeHoBa P AH, MocKBa, Poccm1 
E-mail: bychkov@polymer.chph.ras.ru 

Interaction of Ni/ and Co/a-AhO3 with C!Li, CO2 and their mixture was studied in pulse 
regime using setup including differential scanning calorimeter DSC-111 and GC. One-step 
reaction of CO2 with surface carbon was found to be the main route of CO2 activation during 
methane reforming. Heat of formation of surface carbon were calculated using measured 
specific reaction heats. It was shown, that the state of surface carbon varies during ~30 min 
after methane decomposition. 

YrneKIICJIOTHa5I KOHBepCll5I MeTaHa (YKM) llHTeHCllBHO myqanacb IIOCJieL(Hlle 10-15 

JieT. HaiiL(eHbl 3qJqJeKTllBHbie KaTaJill3aTOpbl 3Toro rrpou;ecca, orrpeL(eJieHbl OIITllMaJibHbie 

ycJIOBll5I ero rrpoBe,I(eHll5I. Y CTaHOBJieHO ,nOBOJibHO MHOro O MexaHll3Me '.HOR peaKIJ;llll. B TO 

)Ke BpeM5I HeKOTOpbie cymecTBeHHbie ,neTaJill MexaHH3Ma OCTaIOTC5I ,ll;llCKYCCllOHHbIMll, B TOM 

qncne: 

1) Maprnpyr aKTHBaIJ;llll CO2. Herrocpe,ncrneHHOe B3allMO,neiiCTBlle C IIOBepXHOCTHbIM 

yrnepo,noM 

CO2 + Me-C ➔ 2 CO + Me 

llJill 2-x CTa,ll;llHHbIR rrpou;ecc OKllCJieHll5I MeTaJIJia n peaKIJ;ll5I KllCJiopo,na c yrnepo,noM 

Me+ CO2 ➔ Me-O + CO 

Me-O + Me-C ➔ 2 Me+ CO 

(1) 

(2) 

(3) 

2) CocT05IHHe yrnepo,na. Ilpe,nrronararoTC5I aMopc)JHbIR, Kap6n,nHbIR, rpac)JIITHbIR, HaHo

HHTH H Tpy6Kll. 

3) BJill5IHlle peaKIJ;llOHHOCIIOC06Horo IIOBepXHOCTHOro ll perneToqHoro KllCJIOpo,na Ha 

MexaHH3M H cKopocTb YKM. 

B pa6oTe ll3yqaJIIICb KaTaJill3aTOpbI 6%Ni/a-AhO3 n 4%Co/a-AhO3, rronyqeHHbie 

MeTO,ll;OM rrpOIIllTKll. MeTO,ll; llCCJie,D;OBaHII5I - ll3yqeHHe B3allMO,D;eRCTBll5I KaTaJIII3aTopoB C 

oT,neJibHbIMH KOMIIOHeHTaMH (CH4, CO2, 0 2, H2, CO) H MX cMeC5IMH (CH4-CO2, CO2-CO) B 

llMIIYJibCHOM llJill rrpoToqHoM pe)KHMe C O,ll;HOBpeMeHHbIM ll3MepeHHeM TeIIJIOBoro IIOTOKa II 

COCTaBa I'a30BOR CMeCII. Y CTaHOBKa BKJIIOqaJia L(llqJqJepeHIJ;llaJibHbIR CKaHHpyIOIIJ;llR 

KanopnMeTp DSC-111 II ,z:i;Ba ra30BbIX xpoMarnrpac)Ja. 

O6pa60TKa Bo,nopo,noM llCXO,ll;HbIX OKllCJieHHbIX o6pa3IJ;OB rrpll 700° rrpIIB0,ll;llT K 

qacTHqHoMy B0CCTaH0BJieHHIO OKCll,ll;OB HllKeJI5I ll K06aJibTa ,no MeTaJIJI0B. B 

B0CCTaH0BJieHH0M COCT05IHllll o6pa3IJ;bl rrpo5IBJI5IIOT BbIC0KyIO KaTaJillTllqecKyro aKTllBH0CTb B 

rrpou;ecce YKM," a TaK)Ke crroco6HbI pearnpoBaTb c CH4, CO2, 0 2. B xo,ne peaKIJ;IIII Ni/ AhO3 
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C HMITYJibCaMH CMeCH 49%CH4-49%COi-2%N2 ITPH 700°C KOHBepCHH CH4 H CO2 

cocTaBJI5IJIH 65 H 85, coorneTcTBeHHO. IlpH peaKUHH c HMITyrrncaMH 100%CH4 B 

aHarrorHqHbIX ycrrOBH5IX KOHBepCH5I CH4 6nrna 50 % B ITepBOM HMITYJibCe H ITOCTeITeHHO 

CHH)KaJiaCb H3-3a OTJIO)KeHH5I KOKCa Ha MeTaJIJIHqecKOH ITOBepxHOCTH. 

C~ ➔ C+H2 (4) 

HaITpOTHB, ITPH peaKI(HH BOCCTaHOBrreHHoro Ni/ AhO3 c HMITyrrncaMH 100%C02 (peaKUH5I 2) 

KOHBepCH5I CO2 6nrna ~2%. CITeIJ;HaJibHbie OITbITbl (a) C HCITOJib30BaHHeM B Kaqecrne 

peareHTOB CMeCH CO-CO2 H (6) C H3MepeHHeM 3aBHCHMOCTH CKOpOCTH peaKUHH (2) OT 

CTeITeHH peOKHCJieHH0CTH o6pa3u;a IT0Ka3aJili, qTQ MaJia5I K0HBepCH5I CO2 B peaKUHH (2) He 

5IBJI5IeTC5I crre~CTBlieM ~OCTH)KeHH5I paBHOBeCHOro COCTO5IHli5I liJili orpaHHqeHHhlM qlfCJIOM 

ueHTpOB MeTaJIJIHqecKoro HHKeJI5I Ha IT0BepXH0CTH. 3To IT03BOJIHJIO 3aKJIIOqlfTb, qTo peaKUH5I 

(2) He 5IBJI5IeTC5I OCHOBHbIM MaprnpyTOM o6pa3oBaHH5I co B ITpouecce YKM. 

B To )Ke BpeMH, CO2 6b1cTpo pearnpyeT c yrrrepo~oM, o6pa3yroru;HMC5I B pe3yrrnTaTe 

xeMocop6uttn MeTaHa ITO peaKUHH (1 ). KoHBepctt5I CO2 ITPH :noM Ha ITOp5I~OK 6orrnrne, qeM 

ITPH peaKUHH (2) co cBe)Ke BoccTaHoBrreHHhlM Ni/ AhO3, T.e. cKopocTb 3TOH peaKUHH 

COITOCTaBHMa co CK0pOCTblO KaTaJiliTHqecKoro ITPOUeCCa. TaKHM o6pa30M, OCH0BHhlM 

MaprnpyrnM yrrreKncrroTHoii KOHBepcHH MeTaHa Ha 6%Ni/a-AhO3 }IBJI5IeTC5I 

~HCCOUHaTHBHa5I a~cop6UH5I CH4 ( 4) C o6pa30BaHHeM ITOBepXH0CTHOro yrrrepo~a H 

B3aHMo~e0:crnHe 3TOro yrrrepo~a c CO2 c o6pa3oBaHHeM CO ITO peaKUHH ( 1 ). 

CocT05IHHe yrrrepo~a, o6pa3oBaBrnerocH ITPH pa3JIO)KeHHH MeTaHa, H3Mem1eTC5I BO 

BpeMeHH BCJie~CTBHe ero ~mpq_)Y3HH. 3TO crre~yeT H3 Toro, qTo YMeHbIIIeHHe BhlXO~a H2 B 

cepHH HMITYJibCOB 100%CH4 ITPH 700°C ITponcxo~HT 6b1cTpee ITPH YMeHbIIIeHHH HHTepBarra 

BpeMeHH Me)K~y HMITYJibCaMH. IlpHMeH5IeMoe o6opy~oBaHHe IT03BOJIHJIO BbI~eJIHTb TPH 

BpeMeHHbIX HHTepBarra: a) 20 ceK ITOCJie peaKUHH Co/ AhO3 c CH4; ITPO~YKThl pa3JIO)KeHH5I 

MeTaHa paBH0MepHO ITOKpbIBaIOT ITOBepXHOCTb MeTarrrra H 6rroKHpyroT ,UaJibHeiirnee 

pa3JIO)KeHHe MeTaHa ( cpopMa A); 6) 10 MHH ITOCJie peaKUHH; arrroMepaUH5I yrrrepo~a c 

qacTHqHOH pereHepau;Heii MeTaJIJIHqecKOH ITOBepxHOCTH ( q_)OpMa E); B) 30 MHH ITOCJie 

peaKUHH; ~arrbHeiirnaH arrroMepau;H5I yrrrepo~a H ITpaKTHqecKH ITOJIHa5I pereHepau;H5I 

MeTaJIJIHqecKOH ITOBepXHOCTH ( q_)OpMa B). 

CocT05IHHe yrrrepo~a B cpopMax E H B 6brno oxapaKTepH30BaHo ITYTeM H3Mepemrn TeITJIOT 

Qc02 HX B3aHMO,UeHCTBH5I C CO2 ITO peaKUHH (1 ). 3Ha5I BeJIJiqHHY Qc02, MO)KHO BbPIHCJIHTb 

3HTaJibITHIO o6pa30BaHH5I ~aHHOH cpopMbl yrrrepo~a (~He\ IlorryqeHHbie 3HaqeHH5I COCTaBIIJIH 

57 li 31 K,[()K/MOJib C0OTBeTCTBeHHO ~rr.q cpopM E li B, T.e BeJIHq11Ha ~Hfc YMeHbIIIaeTC5I C 

YBeJIHqeHHeM "BpeMeHH )KH3Hll" ITOBepXHOCTHOro yrrrepo~a. Berr11qHHbl ~ OTJIHqaIOTC5I OT 

HYJIH (yrrrepo~ B BH~e rpacp11Ta), H coITOCTaBHMbI c ~Hfc ~rr5I Co3C (44.4 K,[()K/Morrn). O~HaKo 

HaKOITJieHHOe B OITbITe KOJIHqecrno yrrrepo~a B cpopMe B B ~ 10 pa3 ITpeBhlIIIaJIO co~ep)KaHHe 

Ko6arrbTa B o6pa3u;e, T.e. Kap6H~ He M0)KeT 6b1Tb ITpeo6rra~aromeii <l_)opMoii yrrrepo~a. Ilo-
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Bll,l]JIMOMY, B HaIIIeM crryqae Ha6mo,naeTC51 rrpeBpamemie IIOBepXHOCTHOro aMopqmoro 

yrrrepo,na ( cpopMbI A H E) B yrropH,noqeHHYJO cpopMy THIIa HHTen HJIH HaHo-rpy6oK ( cpopMa B). 

IlpH B3aHMo,nencTBHH HMrryrrhCOB H 2 c BOCCTaHoBrreHHhIM Ni/ AhO3 Ha6mo,narrH 

6b1cTpblll 3K30TepMHqecKHll 3<p<peKT C rrocrre,nyroII(HM paCT5IHYTbIM (,no 1000 ceK) 

3H,IJ;OTepMHqecKHM 3<p<peKTOM, orneqaIOII(llM pa3JIO)KeHHIO IIOBepXHOCTHOro BO,nopo,n

co,nep)KaII(ero coe,nHHeHHH. OrrhITbI c rrorrepeMeHHhIMH HMrryrrhcaMH H 2 H CO2 IIOKa3aJIH, 

qrn ,naHHaH cpopMa CB513aHHOro Bo,nopo,na He ycKopHeT aKTHBao;HIO CO2 c o6pa3oBaHHeM CO. 

Pe3KOe YBeJIHqeHHe BbIXO,IJ;a co Ha6JIIO,IJ;aJIH TOJibKO B ycrroBH51X rrepeKpbrnamrn HMIIYJibCOB 

H2 ll CO2. 

BocCTaHOBJieHHblll BO,D;OpO,D;OM o6pa3eu; co,nep)KHT HeKOTOpoe KOJIHqecrno 

peaKU:HOHHOCIIOC06Horo KHCrropo,na, pearHpyromero C IIOBepXHOCTHbIM yrrrepo,D;OM C 

o6pa30BaHHeM CO. KHHeTHKa BbI,IJ;eJieHH51 co CBH,IJ;eTeJibCTByeT, qTo peaKU:H51 CHJibHO 

3aTpy,nHeHa ,IJ;ll<p<py3Hell. )J;aHHblll rrpou:ecc He ,naeT cymecTBeHHOro BKJia,na B CKOpOCTb 

YKM, Ho MO)KeT c,nep)KHBaTh KOKcoo6pa3oBaHHe. HarrpoTHB, rroBepxHOCTHhIH KHcrropo,n, 

o6pa3YJOII(llllC51 rrpH qacTHqHoM peOKHCJieHHH MeTaJIJIHqecKoro Ni (Co), 6b1cTpo pearnpyeT C 

IIOBepXHOCTHbIM yrrrepo,noM. 3To rrpHBO,IJ;HT K HeKOTOpoMy ycKopeHHIO pa3JIO)KeHH51 MeTaHa 

ll 3aMe,nrreHHIO peaKI(llll ( 1) ll3-3a CHH)KeHH51 KOJIHqecrna IIOBepxHOCTHOro yrrrepo,na, qTo 

rrpHBO,IJ;HT K YMeHbIIIeHHIO CKOpOCTH rrpou:ecca YKM ( OTpaBJieHHe KaTarrll3aTOpa 

KHCJIOpO,D;OM). 
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MEXAHH3M CEJIEKTHBHOro OKHCJIEHIDI co B ATMOC<l>EPE BO,ll;OPO,l(A 
HA IIJIATHHOBl>IX KATAJIH3ATOPAX 

MECHANISM OF SELECTIVE CO OXIDATION OVER PLATINUM CATALYST 
IN HYDROGEN -RICH GAS STREAM 

CHbITHHKOB 11.B., JieJIHeB B.,l(., Ko~ees C.B. H Co6.HHHH B.A. 

Snytnikov P.V., Belyaev V.D., Koscheev V.S. and Sobyanin V.A. 

llHcTttTyr KaTaJIH3a HM. r.K. BopecKoBa CO PAH, HoBoctt6ttpcK 630090, Poccm1 
Fax: ( + 7-3832) 343056; E-mail: pvsnyt@catalysis.nsk.su 

The selective CO oxidation over Pt-loaded catalysts in hydrogen-rich gas was 
investigated in situ by using FfIR and ESCA measurements. It was shown that Pt surface was 
covered predominantly with adsorbed CO. At low temperatures CO oxidation reaction 
occurred without oxidation of hydrogen, so selectivity was close to 100%. But increasing 
temperature led to decreasing CO coverage and increasing rate of hydrogen oxidation. The 
mechanism of preferential CO oxidation over noble metals is suggested. The data obtained by 
computer modeling of this reaction were in a good agreement with experiments. 

llcrrorrh30BaHHe Bo,n:opo,n:co,n:ep)Kameii CMeCH, rronyqaeMoii KOHBepctteii 

yrrreBo,n:opo,n:HbIX TOIIJIHB, ,n:mr IIHTaHll51 Hll3KOTeMrrepaTypHbIX TOIIJillBHhIX 3JieMeHTOB 

B03M0)KH0, eCJill co,n:ep)KaHHe co B Heii He rrpeBbIIllaeT 10 ppm. ,[(JIH o6ecrreqeHH51 CTOJih 

TOHKOH oqllCTKll BO,n;opo.n;co,n:ep)Kameii CMeCH OT co rrpttMeHHeTC51 KaTaJillTllqecKaH peaKUll51 

ceJieKTllBHOro OKllCJieHll51 co B rrpttcyrCTBllll BO,n:opo,n:a. B OTHOilleHllll 3TOH peaKUllll 

HaHeceHHhie 6rraropo,n:Hhie MeTaJIJibI 51BJI5IJOTC51 aKTllBHhIMll ll ceJieKTllBHbIMll 

KaTaJIH3aTopaMll. 

B HaCTOHIUeii pa6oTe ll3)'1IeHhI KllHeTHqecKHe 3aK0H0MepH0CTll rrpoTeKaHll51 peaKUllll 

ceJieKTllBHOI'O OKllCJieHll51 co B rrpttcyrcTBllll BO,n:opo.n;a Ha HaHeCeHHhIX Ha yrnepo,n;Hhle 

MaTepttaIIhI rrrraTHHOBbIX KaTaJill3aTOpax (Pt/C). Ilpll IIOMOIUll MeTOL"(OB llK-cpypbe 

crreKTp0CK0IIllll ll P<I>3C in situ oxapaKTepH30BaH0 C0CT051Hlle II0BepXH0CTll pa6oTaJOIUllX 

KaTaJIH3aTopoB. 

O6Hap~eHO, qTo Pt/C KaTaJill3aT0pbI o6na,n:aJOT BhICOKOH aKTllBH0CTblO ll 

ceneKTllBHOCTbJO B OTHOilleHllll peaKUllll cerreKTllBHOI'O OKllCJieHll51 co B rrpttcyrcTBllll 

B0,n:opo,n:a tt crroco6Hbl B Illllp0K0M llHTepBaIIe ycrrOBllH CHll)KaTh co,n:ep)KaHHe co B 

Bo,n:opo,n:co,n:ep)KameM ra3e OT 0.6-1.0 06. % ,no MeHee qeM 10-4 06. % (10 ppm); B ycnoBHHX 

rrpoTeKaHll51 peaKUllll 3aII0JIHeHHe II0BepxH0CTll co 6JIH3KO K rrpe,n:eJihH0My. 

IlorryqeHHbie pe3yJibTaTbI liHTeprrpeTttpoBaHbI B rrpe,n;IIOJIO)KeHllll, qTo rrpll ceneKTllBHOM 

OKllCJieHllll co B rrpttcyrcTBllll BO,n:opo,n:a 0,[(HOBpeMeHHO rrpoTeKaJOT peaKUllll OKHCJieHH51 

co ll H2 no MexaHll3MaM: 
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OKMcnem1e CO 

k2 
02(r)~ 20(a) 

k3 
CO(a) + O(a)~ C02(r) 

k4 
H2(r), 2H(a) 

k-4 
k2 

O2(r)~ 2O(a) 

ks 
H(a) + O(a) ~ OH(a) 

k6 
H(a) + OH(a)-----=-► H2O(r) 

r,z:i;e IIH,IJ;eKCbI (r) M (a) o603HaqaroT qacTM[(bI B ra30BOH <pa3e II Ha ITOBepxHOCTII 

KaTanM3aTopa. 

IlpoBe,n;eHHbie pacqeTbI B paMKax rrpe,z:i;nmKeHHOH KIIHeTMqecKOH MO,n;enM C <pll3IlqecKII 

o6ocHOBaHHbIMII KOHCTaHTaMII CKOpocTeii CTa,L(Mll II03BOilllilll y,z:i;oBneTBOpHTenbHO OIIMCaTb 

3KCrrepHMeHTanbHbie KIIHeTMqecKMe 3aBMCMMOCTM OKMcneHIIH co B rrpHCYTCTBMM Bo,z:i;opo,z:i;a. 

B KaqecTBe rrpHMepa, Ha pHc.1 COIIOCTaBneHbI 3KCIIepHMeHTanbHa5I M paccqMTaHHaH 

3aBIICIIMOCTb OTHOllleHM51 BXO,Il;HbIX KOH[(eHTpau;Mii O2/CO, Heo6xo,n;MMOro ,Il;il51 ,Il;O)I<MraHM51 

co B rrpHCYfCTBMII BO,n;opo,z:i;a ,z:i;o ypOBHH 10 ppm OT BXO,IJ;HOH KOH[(eHTpa[(MM co. Bil,L(HO, qTQ 

pacqeT xopollIO BOCIIpOH3BO,Il;IIT 3KCIIepHMeHT. OTMeTMM, qTo OTHOllleHMe O2/CO HBnHeTC51 

KnroqeBbIM rrapaMeTpOM, xapaKTepI13yroIUMM 3<p<peKTIIBHOCTb OKIICneHIIH co B rrpHCYTCTBMM 

BO,n;opo,z:i;a. 1IeM HM)Ke 3HaqeHMe OTHOllleHM51 O2/CO, TeM 3<p<peKTMBHeii oqMCTKa 

Bo.zwpo,z:i;co,z:i;ep)Kameii cMecM OT CO. Ha6nro,z:i;aeMbie BenMqMHbI OTHOllleHMH O 2/CO ,z:i;nH Pt/C 

(pHC. 1) 6blnll nM6o Hil)Ke, nI160 COBrra,z:i;anM co 3HaqeHil5IMM OTHOllleHM51 ,z:i;nH Pt 

KaTanM3aTopoB, M3BeCTHbIX B ilIITepaType. 

1,5 

0 1,3 
~ 
0 

1,1 

0,9 

0,5 

■ 

0,7 0,9 1,1 
KOHa.,.eHTpaa.,.1,1.s:1 co, 06. % 

P11c. 1. 3aBMCMMOCTb 0TH0IIIeIDUI BX0.D:HbIX KOHU;eHTpau;ui:i: Oz/CO, tteo6xo,n:MMoro .[(JUI cIDDKeHIDI 
co,nep)KaIDUJ co B B0,ll,0po,ne .no 10 ppm, OT BXO.D:HOH K0HIJ;ettTpar.urn: co Ha KaTaJIM3aTOpe Pt/C. 
YcnoBIDI 3KcrrepMMeHTa: [H2] =97.5 - 98.8 06. %, [02] = 0.6 - 1.5 06. %, [CO]= 0.6 - 1 06. %; 
T = 135-160 °C; CK0p0CTb Il0T0Ka 0.3 r· c/cM3

. ToLJKM - 3KCnepMMeHT, JIMHIDI - pacqeT. 

ABTOpbI 6naro,z:i;apHbI CRDF (rpaHT REC-008) II MEH<I> MM. K. 11. 3aMapaeBa 3a 

rro,n;,z:i;ep)KKY 3Toii pa6oTbI. 
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CIIHEPrIIqECKIIE HBJIEHIDI B KAT AJIII3E: BHYTPEHHIIE 
II BHEIIIHIIE IIPIIqlIHbI 

SYNERGISTIC PHENOMENA IN CATALYSIS: INTERNAL 
AND EXTERNAL CAUSES 

roJIO.LJ;OB B.A. 

Golodov V.A. 

OP-11-1 

IiHCTllT)'T opraHttqecKoro KaTa.Jill3a ll :meKTPOXllMllll llM. ,n;.B. CoKOJihCKOro, 
yn.Ky1rneBa, 142, AJIMaThI148O1OO, KaJaxcTaH 
Fax: (3272)915722; E-mail: orgcat@nursat.kz 

Internal and external factors of chemical and/or physical nature could be the reasons of 
synergistic phenomena in chemistry and catalysis, in particular, according to the classification 
of these phenomena. Revelation of the reasons of synergistic phenomena leads to uncovering 
of the mechanism of the catalytic processes. Examples of synergistic phenomena in catalysis 
because of internal chemical and physical factors and external physical actions, providing 
over-additive increase of activity or stability of catalytic systems are given in the report. 

5IBJieHHH Hea;n;;n;HTllBHOCTll KaTa.JillTllqecKHX CBOMCTB ll.Jill CHHeprH3Ma IllllpOKO 

pacrrpocTpaHeHhl B KaTa.Jill3e. CornaCHO KJiaccmpttKaUllll CllHeprttqecKHX 3<p<peKTOB (C3) B 

XllMllll [1] ll B KaTa.Jill3e [2] rrpttqHHaMll 3TllX HBJieHHM Moryr 6bITh BHyrpeHHlle ll BHelliHlle 

cpaKTOphI XllMllqecKOM tt/ll.Jill <pll3llqecKOM rrpttpo;n;hI. 

BHyrpeHHlle ll.Jill co6cTBeHHhie C3 orrpe;n;e.JIHIOTCH (reHepttpYIQTCH) yqacnrnKaMH ll.JIH 

rrapTHepaMll CHHeprttqecKOM rrapbl, B T.q. KaTa.JIH3aTOpaMH K1 ll K2 (B CJiyqae 2-x 

yqaCTHllKOB) ll.JIH .n;pyrttMll KOMIIOHeHTaMH KaTa.JillTllqecKOM CllCTeMhI: peareHTaMH, 

HOCHTe.JIHMll, pacTBOpHTe.JIHMll ll ;n;p. BHeCTeXHOMeTpttqecKHMll coe,n;HHeHHHMll. Ilptt 3TOM 

ll3MeHHIOTCH CTPYKTYPHhie [3] ll.Jill ;n;ttHaMttqecKtte xapaKTepHCTllKll rrpe;n;rnecTBeHHllKOB 

(KOMIIOHeHTOB ), BIIJIOTh .n;o o6pa30BaHHH HOBhIX coe;n;HHeHHM C IIOJill<pYHKQllOHa.JihHhIMll 

CBOMCTBaMH ll.Jill rrpOTeKaHHH rrpouecca no HOBhIM MaprnpyraM. 

BHelliHlle ll.Jill HaBe;n;eHHbie C3 BO3HHKaIOT rrpll KOM6HHllpOBaHHOM B03;D;eMCTBllll 

BHelliHllX <pH3llqecKHX HIH.JIH XllMllqecKHX cpaKTOpOB ( TeIIJIOBOe, CBeTOBOe, pa;n;ttaUHOHHOe, 

3.JieKTpOMarHHTHOe, YJihTpa3BYKOBOe, 3.JieKTpOXllMllqecKoe ll .n;p.), qTo rrpHBO;n;llT K 

Hea;n;,n;HTllBHOMY ll3MeHeHHIO rrepBHqHbIX xapaKTepHCTllK KaTa.JillTllqecKOM CHCTeMhl, 

IIOHBJieHHIO HOBbIX MaprnpyroB peaKQHM, ntt6o K B036)')K.;n;eHHIO MOJieKyn cy6cTPaTOB, 

KaTa.Jill3aTopa tt/ll.Jill .n;pyrttx KOMIIOHeHTOB. 

B ;n;OKJia;n;e rrpHBO;n;HTCH rrpHMepbI C3 B KaTa.JIH3e, o6yc.JIOBJieHHhie BHyrpeHHllMll ll.Jill 

BHelliHllMll rrpttqHHaMH IIOHBJieHHH IIOJIO)KllTe.JibHOM Hea.n;,n;HTllBHOCTll. 

JluTepaTypa 

[1] V.A.Golodov, Eurasian ChemTech J., 2 (2000) 29. 
[2] B.A.fono~oB, Pocc. XHM. )IC, 44 (2000) 45. 
[3] B.A.fono~oB, B c6. Tipo6neMoI Karnnma XXI BeKa. AnMaTo1: 110K3, 2001, c.8. 
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KHCJIOTHbl:U KATAJIH3 B PA,IJ;HKAJibHbIX PEAKQIDIX OKHCJIEHIDI 

KHCJIOPO~OM 

ACID CATALYSIS OF FREE RADICALS REACTIONS OF OXIDATION BY 
OXYGEN 

IleTpoB JI.B. H CoJIHHHKOB B.M. 

Petrov L.V. and Solianikov V.M. 

HHcnuyr rrpo6rreM XHMHqecKoH <pll3HKH P AH, 
qepHOroJIOBKa, MoCKOBCKaJl o6rraCTb 142432, PoCCHJl 

Fax: 096-515-54-20. E-mail: petrov@ icp.ac.ru 

Acid catalysis of radical oxidation is widespread phenomenon in chemistry. Acids are 
catalysts of free radicals generation from hydroperoxides and hypochlorite. It was studied 
recently the effect of strong mineral acids on the rate of initiated chain-radical oxidation of 
isopropanole containing Cu, Fe, Co or Mn salts, so called negative catalysts. It was found that 
inhibition effect of Co2+ and Mn2+ ions disappears in the presence of acids, but inhibitive 
ability of Cu2+ and Fe3+ doesn't depend on the acids presence. 

If3yqeHHe KHCJIOTHOro KaTarrll3a rrpoueccoB OKllCJieHHJl Haqarrocb B 1967 r. C 

o6Hapy')KeHll5l o6pa30BaHll5l CB060,[(HbIX pa,[(llKaJIOB ll3 rrepoKCll,[(a BO,[(OpO,[(a ll 

rH,[(porrepOKCll,[(OB rro.n ,[(eHCTBlleM CllJibHbIX H-KllCJIOT, 3aTeM ll L-KllCJIOT B IIOJI5lpHbIX 

pacTBopax CIIllpTa ll aueTOHHTpHrra [ 1, 2]. CBo60,[(Hbie pa,[(llKaJibl o6pa3)'IOTC5l rrpll 

B3aJIMO,[(eHCTBHH KOMITJieKca nepoKCll,[( - KllCJIOTa C HeHTparrbHOH MOJieKyrroH rrepOKCll,[(a, B 

crryqae rrepOKCll,[(a BO,[(Opo,[(a ll MHHeparrbHbIX H-KllCJIOT peaKUllJl rrpe,[(CTaBJIJleTCJl TaK: 

H30/ + H202 ➔ Ho• + H02 • + H30+. 

bbIJIO ycraHOBJieHO (1993 r.), qTQ CllJibHbie KllCJIOTbI KaTaJill3llp)'IOT aTaKy 

Tper.6yrHrrrnrroxrropHTa Ha MOJieKyrry KYMOJia C o6pa30BaHHeM CB06o,.a;HbIX pa,[(llKaJIOB [3]: 

RO+. HCI + H-C(CH3)2-0 ➔ H20 + R+ + ci- + c·ccH3)2-0 . 

HHTepeCHbIH crryqai1: KHCJIOTHOro KaTarrll3a OKllCJieHHJl o6Hapy')KeH rrpH ll3yqeHllll 

BJill5lHll5l CllJibHbIX MllHeparrbHbIX KllCJIOT ( cepHOH, xrropHOH) Ha 3aTOpMO)KeHHOe COJIJlMll Cu, 

Fe, Mn, Co, TaK Ha3bIBaeMbIMll orpm1;aTeJibHbIMll KaTaJIH3aTopaMll [4], llHllIJ:HllpOBaHHOe 

pa,[(HKaJibHOe OKllCJieHHe ll30IIporraHorra. 0Ka3aJIOCb, qro npll BBe,[(eHllll KllCJIOTbl B 

KOHUeHTpaUHll ~ 2.10-3 MOJib/JI IIOJIHOCTblO Hcqe3aeT TOpMO)KeHHe OKllCJieHHJl COJIJlMll Mn2+ 

ll Co
2

+, HO rrpaKTllqecKll He MeH5leTC5l 3<p<peKTllBHOCTb TOpMO)KeHll5l COJI5lMll Cu
2

+ ll Fe
2

+. 

IloH5lTb TaK)'IO pa3HHUY Me)K,[(y ,[(BYM5l rpynrraMll MeTaJIJIOB MO)KHO, rrpe,[(ITOJIO)KllB, qTo Co ll 

Mn TOpM035lT OKllCJieHHe, o6pa3y5l rrpoMe)KyroqHbie KOMIIJieKCbI C OKCHIIepOKCll,[(HbIMH 

pa,[(HKaJiaMH ITO paBHOBeCHOH peaKUllll Tllrra: 
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o-. 
I . 

Co + > C(OH)Oo• <=> H+ + > C(OO.) .... Co 

KoMnneKCbI MeTann ... R02- • ' npe.nnonO)KHTellbHO o6pbIBaIOT uenH no peaK[(HH co 

BTOpbIM OKCHnepoKCH,l],HbIM pa,nHKMOM. B npttcyrcTBHH CHilbHbIX KHCilOT paBHOBecHe (I) 

C)],BHHyro BneBO H TOpMO)KeHHe Hcqe3aeT. 8 npOTHBOITOilO)KHOCTb 3TOMY MexaHH3MY, 

TOpMO)KeHHe COil5IMH Cu, Fe, Bepo5ITHO ocyru:ecTBil5IeTC51 npH B3aHMOJJ,eHCTBHH HOHOB 

MeTa'nnoB Henocpe,nCTBeHHO C OKCHnepOKCH,l],HbIMH pa,nHKanaMH. 

JlI1TepaTypa 
[1] B.M. Comrn11KOB, E.T. ,[(eHHCOB. ,[(AH CCCP, T. 175, .N2 5 (1967), c. 1106. 
[2] Jl.B. TieTpoB, B.M. Comrn11KOB. lfaB. AH CCCP. Cep. XHM., .N2 7 (1980), c. 1535. 
[3] Jl.B. TieTpos, B.M. Comrn11KOB. K11HemKa 11 KaTaJil13, T. 34, .N2 6 (1993), c. 1032. 
[4] A.JI. AneKcaH,n:poB, E.T. ,[(eHHCOB. I13B. AH CCCP. Cep. x11M., .N2 8 (1969), c. 1652. 

117 



OP-11-3 
MOJIEKYJI.HPHO-PN(IIKAJibHbIU: KATAJIII3 U:EIIHOU: PEAKIJ:IIII 

XIIHOHIIMIIHA C rll):t:POXIIHOHOM 110,IJ; ,IJ;EU:CTBIIEM 
APOMATIIqECKIIX AMIIHOB 

MOLCULAR-RADICAL CATALYSIS OF THE CHAIN REACTION BETWEEN 
QUINONEIMINE AND HYDROQYINONE UNDER THE INFLUENCE OF 

AROMATIC AMINES 

BapJiaMoB B.T. 

Varlamov V.T. 

llHcT11Tyr rrpo6neM x11M11'1ecKoii q_J11311Kl1 P AH 
llHcT11TyrcK11ii rrpocrr., 14, qepHoronoBKa MocKOBCKOM 06nacT11 142432, Poccm1 

<PaKc: (+7-096) 515 54 20; E-mail: Varlamov@icp.ac.ru 

It has been established, that the chain reaction of N-phenyl-1,4-benzoquinonemonoimine 
(QMI) with 2,5-di-tert-butylhydroquinone-1,4 (Ar(OHh) can be catalytically accelerated (or 
retarded) in the presence of secondary aromatic . amines (AmH) owing to conjugation of the 
chain and catalytic cyclic processes on each stage of the chain reaction. 

y CTaHOBJieHo, l'.JTO u;errHaJI peaKIJ;l15I N-¢eH11JI- l ,4-6eH30Xl1HOHMOHOl1Ml1Ha (QMI) C 

2,5-.n11-TpeT.6yr11nr11.npox11HoHoM-l,4 (Ar(OHh) MO)l(eT 6bnb Karnn11T11'1ecK11 ycKopeHa (11n11 

3aTOpMO)l(eHa) B rrp11cyrcrn1111 BTOp11'1HbIX apoMaTl1'1eCKl1X aMl1HOB ( AmH) BCJie,ncrn11e 

corrpH)l(eH11JI u;errHoro 11 KaTan11T11'1ecKoro u;11KJI11'lecK11x rrpou;eccoB, rrpo11cxo,n:Hm11x Ha Bcex 

CTaJ];l15IX u;errHOM peaKIJ;l111 O,[J;HOBpeMeHHO. 

B xnop6eH3one B OTC)'TCTB11e AmH peaKU:115! QMI c Ar(OH)2 rrpoTeKaeT u;errHbIM rryreM 

11 xapaKTep113yeTC5I Ol'.JeHb ,nJil1HHbIMl1 u;err5IMl1 ( ~ 103 3BeHbeB rrp11 KOMHaTHOM TeMrrepaType): 

QMI + Ar(OH)z ➔ + Q 

M~xaHl13M peaKIJ;l111 OIIl1CbIBaeTC5I cne.nyromeii Kl1HeT11'1eCKOM cxeMoii: 

QMI + Ar(OHh ➔ HQMI• + Ar(OH)o• 3apo)l(,neH11e uerr11 

QMI + Ar(OH)o• ➔ HQMt + Q rrpo,non)l(eH11e 

HQMt + Ar(OHh ➔ H2QMI + Ar(OH)o• u:err11 

HQMt + HQMt ➔ H2QMI + QMI o6pbIB 

HQMt + Ar(OH)o• ➔ H2QMI + Q (QMI + Ar(OHh) u;err11 

B rrp11cyrcrn1111 aMl1HOB u;errHOM MexaHl13M peaKIJ;l111 coxpaHHeTCJI, HO rrpOTeKaeT pH,n 

.norroJIHl1TeJibHbIX CTa,[J;l1M C y-qacT11eM AmH. Ha He60Jibllll1X rny611Hax rrpeBpameHl15I 

Ha116onee Cl1JibHOe BJil15IHl1e Ha CYMMapHYJO CKOpOCTb peaKU:1111 (pacxo,noBaH11e QMI) 
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QMI + AmH ➔ HQMt + Am• 3apo)K,nem1e uerm - 2 

Am• + Ar(OH)2 <==⇒ AmH + Ar(OH)o· pa,[(HKaJibHbill 

HQMt + AmH ➔ H2QMI + Am• o6MeH 

HQMt + Am• ➔ H2QMI + AmH o6pbrn 

Ar(OH)o• + Am• ➔ Q + AmH uerrn - 2 

CornaCHO rrpe,[(CTaBJieHHOMY MexaHH3MY, KaTaJIH3aTop BJimieT Ha CKOpOCTb Bcex 

3JieMeHTapHbIX CTa,[(Hll u;errHOll peaKUHH, rrpHqeM qacTb CTa,[(Hll MO)KeT 3aMeHSITbC5I Ha HOBbie 

peaKUHH c yqacTHeM AmH M Am•. KaTaJIHTHqecKoe ,[(eiicrnHe AmH o6ycnoBJieHo 

HeCKOJibKHMH rrpHqHHaMH. Bo-rrepBbIX, B rrpHCYTCTBllll AmH YBeJIHqHBaeTC5I CKOpOCTb 

reHepHpOBaHH5I pa,nHKaJIOB B CHCTeMe. B TO )Ke BpeMR BCJie,[(CTBHe 6bICTpo rrpoTeKaIOII(HX 

peaKUHll pa,nHKaJibHOro o6MeHa rrpOHCXO,[(HT ll3MeHeHHe a6comoTHbIX ll OTHQCHTeJibHbIX 

KOHUeHTpaunii pa):(HKaJIOB HQMt M Ar(OH)o•, yqacTByIOII(HX B aKrnx rrpo):(OJI)KeHHR M 

o6pbIBa uerreii. KaK CJie,[(CTBHe TaKOro CJIO)KHOro MexaHH3Ma, B rrpHCYTCTBllll AmH MO)KeT 

Ha6JIIO,[(aTbC5I YBeJIHqeHHe HJIH YMeHbIIIeHHe ll3Mep5IeMOll Ha OIIhITe CKOpOCTH peaKIJ;llll QMI 

c Ar(OHh, rrpHqeM 3<p<peKT ,[(eiicTBHR ,no6aBKH aMHHa orrpe,nenReTCR cooTHOIIIeHHeM 

KOHUeHrpauHii peareHTOB (QMI M Ar(OHh) M AmH. Ilpe):(JIO)KeHHbIH MexaHH3M KaTaJIH3a 

cornacyeTC5I C 3KCIIepHMeHTOM ll OIIHCbIBaeT KaK MOHOTOHHOe YBeJIHqeHHe HJIH YMeHbIIIeHHe 

CKOpOCTH peaKUllll c pocTOM KOHUeHrpaUHH AmH, TaK M Ha6mo,naeMyIO B HeKOTOpbIX 

cnyqaRX CJIO)KHyIO 3KcrpeMaJibHyIO 3aBHCHMOCTb CKOpOCTH peaKUHH OT KOHUeHrpaUHH 

KaTaJIH3aTopa. 

JlHTepaTypa 

[1] B.T. BapnaMOB, ,[(oKJI. AH CCCP, 332 (1993) 457. 
[2] B.T. BapnaMoB, ,[(oKJI. AH CCCP, 345 (1995) 339. 
[3] B.T. BapnaMOB, Kirnern.Ka H KaTaJIH3, 42 (2001) 836. 
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KIICJIOTHhIU: KATAJIII3 B PEAKQIIII 030HA C XJIOPII)];-IIOHAMII 

ACID CATALYSIS IN THE REACTION OF OZONE WITH CHLORIDE-ION 

JienaHOB A.B., KycKOB H.B., 3ocHMOB A.B., AHTHneHKO 3.E. H JlyHHH B.B. 

Levanov A.V., Kuskov I.V., Zosimov A.V., Antipenko E.E. and Lunin V.V. 

MocKOBCKHll rocy.napcrneHHblli ymrnepcmer HM. M.B. JioMOHOCOBa, XHMJ:IqecKHtt cpaKyJihTer 

JieHHHCKHe ropbI, ,n.1, CTp.3, fCil-2, MoCKBa 119992, PoccmI 
<l>aKc: (095) 939 4575; E-mail: levanov@kge.msu.ru 

Reaction of aqueous ozone with chloride ion results in Ch emission into the gas phase. 
The reaction is accelerated by H+ but shows saturation effect as [H+] increases. The kinetics 

indicates that the reaction proceeds via two parallel pathways, one of them being catalyzed by 
H+ .. A mechanism for the reaction is proposed, including formation of HO3Cl as a quasi
equilibrium intermediate in the pathway accelerated by H+. Kinetic parameters for the two 

pathways are determined from the experimentally measured reaction rates. 

11ccne,noBaHIIe B3aHMO,UettCTBH51 030Ha C XJIOPH.U-HOHOM B BO,UHbIX pacTBopax 

rrpe,nCTaBJIHeT HHTepe.c B CB513H C rrpo6JieMOll H3MeHeHH51 KOm~eHTpau:mI 030Ha B aTMOC<pepe, 

a TaK)Ke, )J;JI51 rrpou:eccoB BO,UOIIO,UI'OTOBKH. PeaKUHH c1- + 03 cqHTaeTCH Me,UJieHHOH, If .no 

HaCTOHmero BpeMeHH H3BeCTHbI TOJibKO rrpH6JIH)KeHHbie ou:eHKH ee KOHCTaHTbI CKOpOCTH 

npH KOMHaTHOH TeMrrepaType [ 1]. 

MbI myqanH KHHeTHKY BhI,neneHHH Ch rrpH B3aHMo,neifcTBHH 030Ha c pacrnopaMH 

XJIOPH.UOB B 6ap60Ta)KHOM peaKTope rrpH KOMHaTHOH TeMnepaType. O6Hap~eHo, qTo npH 

YMeHbIIIeHHH pH pacrnopa CKOp0CTb BbI,UeJieHHH xnopa YBeJIIfqHBaeTCH, rrpHqeM npOHCXO)l;HT 

3TO He TOJibKO 3a cqfa CMemeHJ:151 paBHOBeCHe Me)K,ny rHnoxnopHT-HOHOM, XJIOpHOBaTHCTOH 

KHCJIOTOtt H Ch no.n ,neifcrnHeM HOH0B H+, Ho H noToMy, qTo npH YBeJIHqeHHH [H+] 

B03pacTaeT 3HaqeHHe K0HCTaHTbI CKOpOCTH peaKU:HH c1- + 03. TaKHM o6pa30M, peaKU:HH 

Me)K.uy XJIOPH.U-HOHOM If O3OHOM KaTaJIH3HpyeTC51 HOHaMH H+. 

MbI onpe,ueJIHJIH, qTo peaKU:HH c1- + 03 HMeeT nepBblll nopH,UOK no paCTBOpeHHOMY 

030HY If rrpH6JIH3HTeJibHO nepBblll rropH.UOK no XJIOpH,n-HOHy. 3cp<peKTHBHYJO K0HCTaHTY 

CKOpOCTH peaKUHH BblqifCJIHJIH C II0M0ia:bIO COOTHOIIIeHHH VC02=V )Kk3cpcp[Cr][O3], r,ue V -

o6beMHa51 CKOpOCTb IIOTOKa ra30B qepe3 peaKTOp, Cc12 - KOHU:eHTpaa;HH Ch B BbIXO)l;Hia:HX 

ra3ax, V )K - o6beM pacrnopa B peaKTOpe. XapaKTep 3aBHCHMOCTH 3cp<peKTHBHOll KOHCTaHTbl 

k 3q>cf> OT [H+] (pHc.1) YKa3hIBaeT Ha TO, qrn peaKU:H.H rrpoTeKaeT no .UBYM rrapanneJibHhIM 

IIYTHM, H O,UHH H3 HHX KaTaJIH3HpyeTC51 HOHaMH H+. 
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Ha OCHOBe rrpirne,z:i;eHHhIX KHHenPieCKHX ,z:i;aHHhIX 6hrn rrpe,D;JIO)KeH MexaHH3M 

B3aHMo,z:i;eiicTBH51 c1- + 03 B BO,D;HhIX pacrnopax, BKmoqaromHii o6pa3oBaHHe qacTHilhI H03Cl 

B KaqecTBe HHTepMe,z:i;HaTa, Haxo.nmuerOC5I B paBHOBeCHH C H+, 03 If er. 
c1- + 03 ➔ c10- + 02 (1) 

H+ + 03 + Cl-= H03Cl (2) 

H03Cl ➔ HOCl + 02 (3) 

Clo-+ er+ 2H+ =Ch+ H20 mm HOCl + c1- + w =Ch+ H20 (fihICTpo) (4) 

B COOTBeTCTBiflf C rrpHBe,z:i;eHHhIM MexaHH3MOM 3cpcpeKTHBHa5I KOHCTaHTa CKOpOCTif peaKI(Iflf 

k + k K [H+] 
er+ 03 .naeTC5I Bbipa)KeHHeM k3cpcp = 1 3 2 

' r.ne k1 If k3 - KOHCTaHThl CKOpOCTif 
1 + K 2 [H+ ][Cl-] 

cra,z:i;Hii (1) H (3) coorneTcTBeHHo, K2 - KOHCTaHTa paBHOBeCH.51 cra,z:i;HH (2). Bhl,neJieHHe Ch B 

I'a30BYIO cpa3y rrpOHCXO,D;MT B pe3yJihTaTe 6h1cTpO ycraHaBJIHBaIOIUHXC.51 paBHOBeCHH ( 4). 

EhrnH orrpe,z:i;eJieHhI qifcJieHHhie 3HaqeHHH KOHCTaHT k1, K2 H k3. 

[1] J. Hoigne, H. Bader, W.R. Haag, J. Staehelin // Water Res. 1985. V.19. NQ8. P. 993 - 1004. 
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n-OCT ANE DEHYDROCYCLISA TION ON Cr203'La20:vZr02 CATALYSTS 

ELUCIDATED BYD-TRACER EXPERIMENTS 

BJIIUIHIIE MEXAHII3MA n-OKTAHA HA Cr203'La20:vZr02 KAT AJIII3ATOPE 
B 3KCilEPIIMEHTAX C )];EHTEPIIEM 

Ehwald H., Bartoszek M. and Lieske H. 

Institute of Applied Chemistry, Berlin-Adlershof, Germany 
E-mail: ehwald@aca-berlin.de 

The straight run gasoline reforming and, especially, the C6+ paraffin dehydrocyclisation 
(DHC) are important sources of hydrocarbons and of hydrogen, too. 

While the hydrocarbon pathway of these reactions was investigated very intensively [1], 
less attention has been paid to the hydrogen side of these processes. 

The easiest way to obtain information about the dynamics of hydrogen formation and 
consumption in such complicated reaction networks, as DHC, is tracering of dihydrogen by 
di deuterium. 

Recently we studied the D-tracer distribution between the hydrogen containing 
components - dihydrogen and hydrocarbons - during n-octane dehydrocyclisation (DHC) on 
Cr2OJ/La2OJ/ZrO2 catalysts, developed in our laboratory [2]. 

During our experiments the gas phase hydrogen in the feed stream is marked by D2 and 
the product stream is analysed by on line mass-spectrometry (dihydrogen), by on line GC and 
by off line GCMS (hydrocarbons). 

Within such experiments one obtains not only the values of n-octane conversion and 
product selectivities. Additionally, it is possible 

- to measure in situ the homomolecular H-D-exchange of molecular hydrogen and, thus, 
the rate of dihydrogen dissociation/recombination [3] during DHC; 

. _ - to measure the amount of hydrogen transmitted by the DHC reaction from the 
hydrocarbons to the molecular hydrogen of the gas phase (tracer dilution effect) with the high 
time resolution of on line MS; 

- to measure the D-tracer content of the product hydrocarbons to estimate the 
reversibility of the dehydrogenqtion steps of the reaction. 

The rate of dihydrogen dissociation exceeds the DHC rate (dissociative paraffin 
adsorption [1] being rate limiting) for 3 orders of magnitude. The relative activity loss with 
time on stream is the same for the DHC rate and the dihydrogen dissociation rate. Hence the 
deactivation must be caused by direct coke blocking of the active sites, which was assumed 
already from ESR measurement [4]. 

The tracer dilution effect more than twice exceeds the values, which could be expected 
from the hydrogen amount being produced by dehydrogenation. This means, at least, that 
some of the dehydrogenation steps between paraffin and aromatics must be reversible [5] as 
shown in the following scheme. 
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The catalyst surface contains adsorption centres Z for the dissociative adsorption of 
dihydrogen and hydrocarbons. The adsorbed one-atomic surface hydrogen (ZR-species) is in 
equilibrium with gas phase dihydrogen. The homomolecular R-D-exchange of dihydrogen 
proceeds via these ZR-species. Their deuterium content is the same as in the D-tracered 
dihydrogen. 

The deuterium content of the hydrocarbons and the distribution of their isotopic 
molecules depend on their place in the reaction chain. 

The distribution of the isotopic molecules shown in the picture below for n-octane, 
octenes and C8-aromatics corresponds with our reaction scheme. 

N-octane results from three sources: 

1. 75 %: break-through of untracered 
feed molecules (no D-atoms), 

2. 15 %: back-reacting ,,fresh" Z CsH17 
( 1-2 D-atoms), 

3. 10 %: back-reacting Z C8H17 resulting 
from olefins hydrogenation (broad 
distribution maximum at 10 D-atoms ). 

Octenes are resulting 

1. from the paraffin dehydrogenation 
( distribution maximum at 3 D-atoms) and 

2. from the diolefin hydrogenation 
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Only the aromatics show an equilibrium isotopic molecules distribution (binominal 
distribution) with a maximum at 7-8 D-atoms (in good agreement with the D-content of about 
90% in the dihydrogen part of the product stream). 

On platinum containing catalysts such tracer exchange between dihydrogen and 
intermediates/products proceeds only at elevated hydrogen pressure [6]. This means that on 
metal catalysts the dehydrogenation steps proceed less reversible than on oxides, probably 
because the unsaturated intermediates of DRC are stronger adsorbed (better stabilised) on 
metal catalysts than on our oxidic catalysts. 
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0 MEXAHU:3ME KU:CJIOTHO-KATAJIU:TU:qEcKoro IIPEBPAlQEHIUl 

Yr JIEBO,l(OB B 5-rH,Lt:POKCU:METU:JI<l>YP<l>YPOJI 

ABOUT THE MECHANISM OF ACID-CATALYZED TRANSFORMATION OF 
CARBOHYDRATES INTO 5-HYDROXYMETHYLFURFURAL 

qepmm: M.IO. H Tapa6aHhKO B.E. 

Chernyak M.Yu. and Tarabanko V.E. 

llHCTHTyr XHMHH H XHMHqecKoii TexHorrorHH CO P AH, 

AKa,z::i:eMropo,z::i:oK, KpacHo51pCK 660036, PoccH51 

E-mail: veta@krsk.infotel.ru, chemyak77@inbox.ru 

The kinetics of the levulinic acid accumulation in the process of saccharide dehydration 
at 98°C by hydrochloric acid as the catalyst has been studied. The structural features of the 
substrates and 5-hydroxymethylfurfural, the intermediate of the process, explain the 
observed difference in the rates of fructose and glucose conversion. The glucose conversion 
into HMF has been shown to proceed through rearrangement of aldose into ketose, and 
fructose - by the direct dehydration of furanose. 

IlpH HarpeBaHHH B KHCJIOH cpe,z::i:e yrrreBO.l1:bl rrepexo,z::i:51T B coe,z::i:HHeHH51 <pypaHOBOro p5I,z::i:a 

H ,z::i:arree - B rreByJIHHOByIO KHCJIOTy. B ofoope <!>mepa [ 1] ,ri;eTaJibHO o6C)')l(,JJ;aIOTC5.l ,z::i:Ba 

B03MO)l(HbIX Maprnpyra o6pa30BaHH51 5-rn,z::i:poKCHMeTHJI<pyp<pyporra (5-fM<!>) H3 <pp)'KT03bI: 

rrp51Ma51 KHCJIOTHO-KaTaJIHTHqecKa51 ,z::i:ern,z::i:parnu;H5I <pp)'KTO<pypaH03bI (I)➔(II) H ee 

rreperpyrrrrHpOBKa rryreM pacKpbITH51 U:HKrra H o6pa3oBaHHe eH,z::i:HorroB (I)➔(IV)➔(II). 

Bo3MO)l(Hbl H ,z::i:Ba Maprnpyra o6pa30BaHH51 5-fM<!> H3 rJIIOK03bI: qepe3 eH,n:HOJI 

(III)➔(IV)➔(II) H qepe3 rrpoMe)l(yroqHoe o6pa3oBaHHe <pp)'KTO<pypaH03bI 

(III)➔(IV)➔(I)➔(II). B HacT051IIJ;ee BpeM51 B ofoopHoii JIHTepaType ,z::i:oMHHHpyeT rHrroTe3a 

06 o6pa30BaHHH 5-fM<!> H3 eH,n:HOJIOB (IV) [2, 3], xorn y6e,ri;HTeJibHbie ee .l1:0Ka3aTeJibCTBa 

OTCyrCTB)'IOT. 

HC-OH 
Me,n:neHHO II 
--'---'----♦- C - 0 H 

k(III) I 

(Ill) / 

HOH2CD CHO 

0 

(II) 

(IV) 

6hICTQO 

k(I) 

(V) 

(I) 

B HaCT051IIJ;eH pa6oTe COIIOCTaBJieHbI JIHTepaTypHbie ,z::i:aHHbie H co6cTBeHHbie pe3yJibTaTbI 

IIO KHHeTHKe H TepMO.l1:HHaMHKe B3aHMOIIpeBpameHHH rJIIOK03bI H <pp)'KT03bl H HX KHCJIOTHO-
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KaTaJU1T114eCKOH KOHBepc1rn B 5-fM<D 11 JieByJI11HoBy1-o Kl1CJIOTY C ueJibl-0 IIO)],TBep)l(,ll,eHl15I 

B03MO)l(HOCTJI np5IMOH .nern.nparnu1111 cppy'I(TOcpypaH03bl B 5-fM<D. 

CKopocTb HaKonneHH5I JIK B rrpHCYTCTBHl1 3,9 M COJI5IHOH Kl1CJIOTbI MaKCHMarrhHa )],JI51 

¢PYKT03bI 11 caxapo3bI; rnI-OK03a rrpeBpamaeTc5I B 30 pa3 MenneHHee. CTpy1nypHb1e 

oco6eHHOCT11 cy6cTparnB 11 5-rM<D - o6menpH3HaHHoro 11HTepMe.nuarn npouecca 

.nern.nparnumr MOI'YT CJI)')l(IITb np11qIIHOH pa3JIIIqJIH B CKOpocrnx TpaHccpopMaUJIII cppy'KT03bl 

M rJII-OKO3hI. <Dpy'KTOcpypaH03a (I), KOHUeHTpaUJI5I KOTOpoii B paBHOBeCHOM pacrnope 

cppy'KT03bl B03pacTaeT C TeMnepaTypoii JI npH 100°C )],OCTMraeT 56 % [4], II 5-f'M<D (II) 

MMeI-OT M)],eHTlfqHblH yrnepO,ll,HhIH CKeJieT M0JieKyJI lI CKOpOCTh MX npeBpameHII5I MO)l(eT 

onpe.neJI5IThC5I T0JibK0 rrpoueccaMM .nertt.npaTaUMII, KOTOpbie B KMCJiblX cpe.nax rrpoTeKaI-OT 

)],OCTaTOqHo 6bICTpo. 

CKopocTM rrpeBpameHM5I rJII-OK03bl BO cppy'KT03Y M B JIK [5] JIMeI-OT 6JIM3KIIe 3HaqeHM5I, M 

C 3TOH . T0
1
1IKII 3peHII5I nepexo.n rJII-OK03bl BO cppy'KT03Y MO)l(eT JIMMMTHpOBaTb o6pa30BaHMe 

5-fM<D M JIK M3 (III). Apr)'MeHThI rrpoTMB qacrn UMTttpyeMoro MapIIIpYTa (I)➔(IV)➔(II) 

.naeT COilOCTaBJieHMe M3BeCTHbIX .naHHbIX no TepMO)],MHaMMKe B3aMMonpeBpameHMH 

cppy'KT03bl M rJII-OK03bl II KMHeTMKe o6pa30BaHM5I 5-fM<D M3 HMX. KoHCTaHTa paBHOBeCM5I 

peaKUMM (III) H (I) MMeeT 3HaqeHHe K = 0,67 [6]. OHa paBHa OTHOIIIeHMIO CKOpOCTeH 

np5IMOH M o6paTHOH peaKUMH, T.e. Me)],JieHHbIX CTa)],MH eHOJIM3aUMM yrneB0)],0B B eH)],IIOJI 

(IV). B paMKax MexaHII3M0B (I) ➔ (IV) ➔ (II) M (III) ➔ (IV) ➔ (II) 3Ta BeJIIIqMHa 

COOTBeTCTByeT OTH0IIIeHMIO CKOpOCTeii o6pa30BaHII5I JieByJIMHOBOH KMCJIOTbl II3 rJIIOK03bl M 

cppy'KT03bl. B COOTBeTCTBMM C 3KCIIepMMeHTaJibHbIMM pe3yJihTaTaMM 3TO OTHOIIIeHJie IIMeeT 

Ha nop5I,ll,0K MeHbIII)'IO BeJIMqMHY km/ k1 = 0,03 - 0,02. 

TaKMM o6pa30M, C0II0CTaBJieHHe paccM0TpeHHblX )],aHHbIX y'Ka3bIBaeT Ha MeXaHM3M 

np5IMOH KMCJIOTHO-KaTaJIIITlfqecKOH .nerII.npaTaUMM <ppy'KTO<pypaH03bl B rII,ll,pOKCHMeTIIJI-

cpypcpypoJI lI K0HBepCHI-0 rJII-OK03bl qepe3 o6pa30BaHMe <ppy'KT03hl. 

Pa6orn BbITT0JIHeHa npu IIo.n.nep)l(Ke rpaHTa 11 F 133M KpacHo5IpcKoro KpaeBoro <DoH.na 

Hay'KH. 
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141 Lichtcnthaler F.W. Carbohydrate Research, 313 (1998) 69. 
151 Tarabanko V.E., Chernyak M.Yu., Aralova S.V., Kuznetsov B.N. React. Kinet. Cata!. Lett.. 75 (2002) 117. 
1()1 D.W. Harris, M.S Feather, J. Am. Chem. Soc., 97 (1975) 178. 
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IICCJIE,L(OBAHIIE MEXAHII3MA ,L(ErH,II;PATAI(IIII a-<l>EHIIJI3TAHOJIA HA 

IlOBEPXHOCTII OKCH,II;A AJIIOMIIHIDI 

THE INVESTIGATION OF MECHANISM OF DEHYDRATATION OF 
a-PHENYLETHANOL ON THE SURFACE OF ALUMINUM OXIDE 

JlaM6epoB A.A., PoMaHOBa P.r. H lliMeJieB u:.r. 
Lamberov A.A., Romanova R.G. and Shmelev I.G. 

Ka3aHCKIIH rocy.napcrneHHhIH TeXHOJiorwiecKIIH YHIIBepcIITeT, 
K. MapKca, 68, Ka3aHb 420015, Poccm1 

E-mail: rrg@kstu.ru 

Acidic-basic properties of industrial and experimental standards of aluminum oxides are 
studied. It was shown, that power and quantity of Lewis acidic and basic centers depend on 
technology of obtaining and on modification of aluminum oxide. It was established, that 
conversion of alcohol and yield of styrene on the catalyst at the dehydratation of 
a-phenylethanol depend on common concentration of L-centers. 

~erII.nparaumr a-cpeHIIJI3TaHOJia - O,[(IIH II3 rrpOMbllllJieHHbIX rrpoueccoB IlOJiyqeHIIH 

OJiecpIIHOB, rrpoTeKaIOII(IIll Ha KIICJIOTHO-OCHOBHbIX KaTaJIII3aTopax, rrpeIIMymeCTBeHHO Ha 

OKCII,[(ax aJIIOMIIHIIH. MexaHII3M rrpoTeKaHIIH peaKI(IIII .nerII,npaTal(IIII 3aBIICIIT KaK OT 

CTPYKTYPHbIX rrapaMeTpOB KaTaJIII3aTopa, TaK II OT xapaKTepIICTIIK .nerII.npaTIIpyeMoro 

Bemecrna. CymecrnyeT ,[(Ba OCHOBHbIX MexaHII3Ma .nerII.npaTal(IIII CI1IIpTOB: CIIHXpOHHblll, 

corJiaCHO KOTOpOMY peaKI(IIH rrpoTeKaeT C O,[(HOBpeMeHHbIM yqaCTIIeM JibIOIICOBCKIIX 

KIICJIOTHOI'O II OCHOBHOro I(eHTpoB; Kap60HIIH-IIOHHblll MexaHII3M C yqaCTIIeM 

6peHCTe,[(OBCKIIX KIICJIOTHbIX [(eHrpOB [1-3]. HaII60Jiee IlOJIHO II3Y1JeHa .nern.npaTal(IIH 

HOpMaJibHbIX CI1IIpTOB. IIccJie,noBaHIIH I1OKa3aJIII, qTo rrpoTeKaHIIe rrpouecca .nerII.npaTa[(IIII 

H-crmpTOB Ha OKCII,[(e aJIIOMIIHIIH CBH3aHO C JibIOIICOBCKIIMII KIICJIOTHbIMII [(eHrpaMII [ 1-4]. 

MexaHII3M rrpoTeKaHIIH .nerII.npaTal(IIII a-cpeHIIJI3TaHOJia Ha OKCII,[(e aJIIOMIIHIIH B HaCTOHII(ee 

BpeMH II3yqeH He,[(OCTaToqHo IlOJIHO. 

IJ;eJib Halllero IICCJie,[(OBaHIIH 3aKJIIOqaJiaCb B BbIHCHeHJ,llf MexaHII3Ma rrpoTeKaHIIH 

peaKI(IIII .nerII.npaTal(IIII a-cpeHIIJI3TaHOJia rryreM orrpe.neJieHIIH BJIIIHHIIH xapaKTepa II CIIJibl 

KIICJIOTHO-OCHOBHbIX [(eHTpOB IlOBepxHOCTII KaTaJIII3aTopa Ha ero aKTIIBHOCTb II 

ceJieKTIIBHOCTb B rrpouecce o6pa30BaHIIH CTIIpOJia. 

~JIH IICCJie,[(OBaHIIll B3HTbl rrpOMbllllJieHHhie II OilbITHbie o6pa31(bl OKCII,[(OB aJIIOMIIHIIH, 

IlOJiyqeHHbIX no pa3JIIIqHbIM TeXHOJIOI'IIHM (aJIIOMIIHaTHOH II 3JieKTpOXIIMIIqecKOH) [5]. 

lI3MeHeHIIH KIICJIOTHO-OCHOBHbIX ueHTpOB IlOBepXHOCTII rrpOBO,[(IIJIII rryreM o6pa60TKII 

pacTBopaMII HeopraHIIqeCKIIX II cipraHIIqecKIIX KIICJIOT II IIX COJieH, a TaK)Ke BBe,[(eHIIeM 

MO,[(II(pIII(IIp)'IOIQIIX .no6aBOK B KaTaJIII3aTOp Ha CTa,[(IIII cpopMOBKII. IIcrrbITaHIIH 

KaTaJIIITIIqecKOH aKTIIBHOCTII rroJiyqeHHbIX KaTaJIII3aTopoB rrpOBO,[(IIJIII B rrpoToqHOM 

peaKTOp~ rrpII TeMrrepaTypax 220-260°C. IIccJie,[(OBaHIIe KIICJIOTHO-OCHOBHbIX CBOHCTB 

IlOBepXHOCTII OKCII,[(OB aJIIOMIIHIIH rrpOBO,[(IIJIII MeTO,[(OM IIK-crreKTpOCKOilIIII. 
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B HK-cneKTpax Ilccrre;::i;oBaHHbIX o6pa.3U:OB no rrorrromeHIIIO B o6rracTII 3660-3793 CM-I 

o6Hap)')KeHbl IIHTb TIIIIOB OH-rpyrrrr, KOTOpbie HaXO)J;HTCH npII aTOMax aJIIOMIIHIIH C 

pa.3rrilqHoM Koop;::i;I1Hau;I1eM II xapaKTepI13YJOTCH 3HaqeHIIHMII PA OT 1390 ;::i;o 1590 K,[J;)K/Morrb. 

,[J;rrH MO)J;mpm:t;IlpOBaHHblX o6pa.3UOB o6Hap)')KeHbl CIIJibHbie 6peHCTe)J;OBCKile ueHTpbI, 

xapaKTepI13YJOIUileCH noHBJieHileM norr0Cbl B o6rraCTII 3300 CM-I. Crre;::i;yeT OTMeTIITb, 1:ITO 

KOHiieHTpau;IIH IIX HeBeJIIIKa ( 4-7 MKMOJib!r). flbIOIICOBCKaH KIICJIOTHOCTb IICCJie)J;OBaHHbIX 

o6pa.3U:OB xapaKTepI13yeTC5I TpeMH TilnaMII KIICJIOTHbIX ueHTpOB pa.3JIIlqHOM CIIJibl C ::meprileM 

a;::i;cop6U:IIII MOHOOKCil)J;a yrrrepo;::i;a 30, 34 II 42 K):t:)1(/MOJib. O6mee qIICJIO JibIOIICOBCKIIX 

ueHTpOB Il3MeHHJIOCb B )J;Ilana.3oHe OT 300 )J;O 800 MKMOJib/r B 3aBIICIIMOCTII OT TeXHOJIOI'IIII 

norryqeHIIH OKCil)J;a aJIIOMIIHIIH II rrpI1pO.]];bl MO)J;mpIIUIIPYJOIUIIX areHTOB. Ilo crreKTpaM 

norrromeHIIH KOMnrreKCOB ;::i;eMTepIIOXJIOpocpopMa C OKCil)J;OM aJIIOMIIHIIH 6bIJIO BbIJ];eJieHO 

3 Tilna OCHOBHbIX ueHTpOB, CYMMapHoe qIICJIO KOTOpbIX COCTaBIIJIO OT 525 ;::i;o 726 MKMOJib/r. 

CooTHOilleHile Me)K;::i;y CIIJibHbIMII, crra6bIMII II ueHTpaMII cpe;::i;HeM CIIJibl TaK)Ke HaXO)J;IIJIOCb B 

3aBIICIIMOCTII OT npI1pO.]];bl KaTaJIIl3aTopa. 

CorrocTaBIIB ;::i;aHHbie no KIICJIOTHO-OCHOBHbIM CBOMCTBaM KaTaJIIl3aTopoB C IIX 

KaTaJIIITilqecKOM aKTIIBHOCTbIO B peaKU:IIII ;::i;erI1;::i;paTaIJ;I1II a-cpeHIIJI3TaHOJia MO)KHO c;::i;erraTb 

npe;::i;BapI1TeJibHbie BbIBO)J;bl, 1:ITO KOHBepCIIH CIIIlpTa ll BbIXO)J; CTilporra Ha KaTaJIIl3aTope 

3aBIICIIT OT o6mett KOHIJ;eHTpaIJ;IIII KaK JibIOIICOBCKIIX, TaK II 6peHCTe)J;OBCKIIX KIICJIOTHbIX 

ueHTpOB. 

H3yqeHI:,I KIICJIOTHO-OCHOBHbie CBOMCTBa npOMbIIIIJieHHbIX II OIIbITHbIX o6pa.3IJ;OB 

OKCil)J;OB aJIIOMIIHIIH. IloKa.3aHO, qTo CIIJia II KOJII11:IeCTBO JibIOIICOBCKIIX KIICJIOTHbIX II 

OCHOBHbIX ueHTpOB 3aBIICIIT OT TeXHOJIOI'IIII norryqeHIIH II M0.]];I14)IIUIIPOBaHil5I OKCil)J;a 

aJIIOMIIHIIH. Y CTaHOBJieHO, qTo npII ;::i;eril;::i;paTaIJ;IIII a-cpeHIIJI3TaHOJia KOHBepCI15I cnilpTa II 

BbIXO)J; CTilporra Ha KaTarrll3aTope 3aBIICIIT OT o6mett KOHIJ;eHTpaIJ;IIII n-ueHTpOB. 

Ta6rrmi;a 1. AKTIIBHOCTb pH;::i;a KaTarrll3aTopoB B KOpOTKIIX IICnbITaHIIHX. 

CocTaB 
KoHBep- CeJieK-

Karn1nnaTop 
KaTaJIH3aTa, % 

CIDI, TIIBHOCTh, 

% % 
JierKHe BO.[(a 3E CTHPOJI Au;<!> M<l>K Ul)KeJihie 

aKilIBHbrn: OKCl1,Zl; arnoMHHIDI 0,049 1,357 0,175 43,678 16,243 36,034 2,464 56,31 94,30 
,n:ooaBITeHO 50% HM 

aKilIBHbIH OKCl1,Zl; arnoMHHIDI 0,902 - - 54,046 18,541 23,964 2,546 71,49 89,90 
.[(OOaBITeHO 5% reta-u;eomrr 

aKilIBHbIH OKCl1,Zl; arnoMHHIDI 1,649 - - 44,486 17,252 34,504 2,11 58,95 89,80 
,n:o6aBITeHo 5% I--IIJ;E3M 

aKilIBHbrn: oKcl1,Zl; arnoMHHIDI 0,191 0,923 0,013 48,634 14,454 33,925 1,859 59,65 96,99 
,n:o6aBITeHo 5% HM 

aKilIBHbIH OKCl1,Zl; arnoMHHIDI 0,084 - - 28,509 15,273 54,048 2,085 35,71 94,97 
,n:o6aBITeHO 5% HY 

aKilIBHbrn: OKCH.n arnoMHHIDI 0,214 1,429 0,020 37,374 17,018 42,137 1,808 49,88 89,14 
,n:o6aBITeHo 5% NaY 

A-1 o::(Henpo.[(3ep)KHHCK) 0,100 1,341 0,013 49,375 17,373 29,608 2,190 64,78 90,67 
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Ta6mm;a 2. TI0J1o)l(em1e nonoc nornomemrn. 11 HHTeHCHBHOCTb OH rpyrm. 

KarnJJ H3aTop -I n, cm KOHBepcm1, 

3660 3676 3731 3772 3793 % 

HHTeHCHBHOCTb, HOpMHpOBaHHa51 Ha Bee. 0TH. eJJ,. 

AKTHBHbIH OKCHJJ, aJJlOMHHH51 4,5 9,8 11,4 7,5 2,1 88,4 

CoJJ,ep)KHT 5% HM (HosoKyi16b1weBcK) 

AKTHBHblH OKCHJJ, aJJlOMHHH51 2 22,9 19,2 8,7 2,3 98,24 

L(o6aBneHo 5% HM 

AKTl1BHblH OKCHJJ, aJJlOMHHH51 2,5 25,1 20,3 10,1 1,7 81,22 

L(o6asneHo 5% H3 

A-1 (L(Henpomep)KHHCK) 3,3 19,7 26 12,6 2,4 97,54 

B rn6mu.xe 2 rrp1rne,neHhI ,naHHbie no OH rpyrrrraM pH,na o6pa3IXOB c pa3nwrnoii 

aKTllBHOCTblO. 

Pa6orn BbIITOJJHeHa rrpn q_)HHaHCOBOH rro,n,nep)l(Ke PoccniicKoro q_)OH,na 

Q?YH.naMeHTaJJbHbIX nccne,noBaHnii (rrpoeKT N~ 01-03-32857). 

Jllneparypa 
[1] IlayKlIITl1C E.A. HHCppaKpacHaSI cneKTp0CKomrn B reTeporeHH0M KHCJI0TH0-0CH0BH0M KaTaJIH3e. 

Hosoc11611pcK: HayKa. C116. OTJJ,eJiett11e, 1992.-C.255. 
[2] H. Knozinger. Angew. Chem. I SO. Jahrg. 1968 / Nr. 19. 
[3] KonapettKO H.C., lliMaqKosa B.11., MacTHXHH B.M. // K11tteT11Ka 11 KaTaJIH3. - 1998.- T.39. -NQ4. -

C. 575-582. 
[4] JlaM6epos, A.A., PoMaHoBa P.f., JI11aKyMos11q A.f..// K11tteT11Ka 11 KaTaJIH3, 1999. T.40, NQ3. 

C.472-479. 
[5] IlaTeHT NQ2083722, P<l>, 1994. JlaM6epos A.A. 11 JJ.p. 
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MEXAHH3M rETEPOrEHHbIX KATAJIHTU:qECKHX PEAKQH:U IIP.HMOro 

CHHTE3A KPEMHH:UOPr AHU:qECKHX MOHOMEPOB -
OPr AHOXJIOP- H AJIKOKCHCHJIAHOB 

MECHANISM OF HETEROGENEOUS CATALITIC DIRECT SYNTHESIS 
REACTIONS OF ORGANOSILICON MONOMERS - ORGANOCHLOR- AND 

ALKOXYSILANES 

rop6yHOB A.H. H ropmKOB A.C. 

Gorbunov A.I. and Gorshkov A.S. 

fHU: P<l> focy,napcrneHHbIH Hllll XIIMIIII II TexHonornII 3JieMeHToopraHIIqecKHx coe,nirneHIIH 
rnocce 3HTY3IIaCTOB, 38, MocKBa 111123, Poccmi: 
Fax (095) 273-13-23; E-mail eos@eos.incotrade.ru 

The present day view on direct synthesis of organosilicon monomers organochloro- and 
alkoxysilanes is presented by reaction: 

RX + Si ➔ RnSiX4-n, where n=0+4, RX - organic reagent (R - CH3, C2H5 and others, 
X - Cl, OH). There is a common feature in the process under consideration: 

a) role of copper and its compounds (Cu2Ch) upon weakening of =Si-Si= bond in 
surface layers of solid silicon reagent 

b) formation of intermediate compound :SiCh as transmitter of reactive silicon ion in 
alkoxysilane synthesis. Such a mechanism explains the high selectivity of triethoxysilane 
preparation process. 

PeaK[(IIII rrpHMOro CIIHTe3a KpeMHIIHopraHIIqecKIIX MOHOMepoB opraHOXJIOp- II 
aJIKOKCHCIIJiaH0B RnSiX4-n OCHOBaHbI Ha B3aIIMo,neiicTBIIII xnopanKIIJIOB RX II crrIIpTOB (r,ne 
R - CH3, C2Hs II ,np., X - Cl, OH) c KpeMHe-Me,nHbIMII KOHTaKTHbIMII MaccaMII, 
co,nep)Kal[(IIMII KaTaJill3aTOp II rrpOMOTIIpyiomIIe ,no6aBKII: 

RX + Si ➔ RnSiX4-n, r,ne n=0+4. 
IIpo[(ecc HBJIHeTCH CJIO)KHbIM reTepo<pa3HbIM, B cnyqae peareHTa RCl - 6onee 

II3yqeHHbIM, a C ROH - IIHTeHCIIBHO IICCJie,nyeTC5I JIIIIllb B HaCT05II[(IIe ro,nbI. )];aeTC5I 
COBpeMeHHaH TpaKT0BKa MexaHII3Ma o6pa30BaHII5I rII,npII,n-, opraHOXJIOpCIIJiaHOB II pOJIII 
Me,nII II ee coe,nIIHeHHH, rrpe,nnaraeTCH B03MO)l(Ha5I cxeMa rrpoTeKaHIIH peaK[(IIII o6pa3oBaHIIH 
aJIKOKCIICIIJiaHOB Ha rrpIIMepe B3aIIMo,neHCTBII5I KOHTaKTHbIX Mace KpeMHII5I C 3TaHOJIOM. 

OTMeqaeTcH o6mee B YKa3aHHbIX rrpo[(eccax - ponb KaTanll3aTopa - Me,nII II ee coe,nIIHeHIIH 
(Cu2Ch II ,np.) rrpII ocna6neHIIII CBH3II =Si-Si= B rrpIIrroBepxHOCTHbIX cnoHx II o6pa3oBaHIIII 

rroBepxHOCTHoro coe,nIIHeHIIH :SiCh, IIrparomero KmoqeByio ponb B rrpo[(eccax CIIHTe3a 

aJIKOKCIICIIJiaHOB II rII,npII,nopraHoxnopcIIJiaHoB. B rrepBoM cnyqae :SiCh HBJIHeTCH 
rrepeHocqIIKOM peaK[(IIOHHO crroco6Horo IIOHa KpeMHII5I rrpII BbICOKOH ceneKTHBH0CTII 
o6pa30BaHH5I TpHaJIKOKCHCHJiaHa. 
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KATAJIU:TU:qECKU:Il CU:HTE3 IIEPOKCIJJ(A BO)J;OPO)J;A U:3 3JIEMEHTOB 

HYDROGEN PEROXIDE SYNTHESIS FROM ELEMENTS 

U:nnoJIHTOB E.r., ApTeMOB A.B. H TpnrroJILCKa.H T.A. 

Ippolitov E.G., Artemov A.V. and Tripolskaya T.A. 

llHcnnyr o6meiI II HeopraHIIqecKoiI XIIMIIII IIM.H.C.KypHaKoBa P AH, 
JleHIIHCKIIH rrp. ,[(.31, rcrr-1, MocKBa 119991, Poccmr 

Ten.: (095)236-3522; <l>aKc: (095)9541279; E-mail: ippolitov @ igic.ras.ru 

A review of existing procedures for catalytic synthesis of hydrogen peroxide from 
elements is given. A history concerning the development of the process is described, and the 
catalysts used are characterized. The main variants of technological realization of the process, 
types of reactors used, and values of process parameters (temperature, pressure, gas phase 
composition, etc.) are considered. Necessity is emphasized to use hydrogen peroxide 
stabilizers. Today, a problem of development and construction of little self-sufficient plants to 
produce hydrogen peroxide straight at the point of use is of a certain interest. An analysis of 
chemical companies taking an active part in development and realization of the given process 
at the world market is given. 

IIepOKCII,[( BO,aopo,aa - O,[(IIH II3 KpyrrHOTOHHa)l(HbIX rrpO,[()'KTOB COBpeMeHHOH 

rrpOMbIIIIJieHHOH XIIMIIII. Crrpoc Ha Hero pacTeT c TeMIIaMII OKOJIO 10% B ro,a rrpII TeKymIIx 

MIIpOBbIX MOI1.(HOCT5IX 2,4 MJIH.T. IIepOKCII,[( BO,aopo,aa 5IBJI5IeTC5I O,lJ;HIIM II3 COBpeMeHHbIX 

3KOJIOrIIqecKII 6e3orraCHbIX 3q:>q:>eKTIIBHbIX OKIICJI5IIOI1.(IIX areHTOB, KOTOpbIH Bee 6onee 

IICIIOJib3yeTC5I ,[(JI5I oqIICTKII CTOqHbIX BO,[(, HO rnaBHbIM o6pa30M B MIIpOBOH rrpaKTIIKe (65%) 

B ueJIJIIOJI03H0-6YMa)I(H0H rrpOMbIIIIJieHHOCTII (B OTJIIIqIIe OT PocCIIII, r,ae OT6eJIKY 

uennrono3H0-6YMa)l(HOH MaCCbl rrpoBO,lJ;5IT' B OCHOBHOM, C IICIIOJib3OBaHIIeM 

xnopco,aep)l(alI(IIX peareHTOB ). 

AJibTepHaTIIBOH HaII6onee pacrrpocTpaHeHHOMY B rrpOMbllliJieHHOCTII aHTpaXIIHOHHOMY 

MeTO,lJ;y rronyqeHII5I 5IBJI5IeTC5I rrpHMOH CIIHTe3 rrepOKCII,[(a BO,[(Opo,aa II3 3JieMeHTOB, 

rrpoTeKaIOlI(IIH B )l(II,[(KOH q:>a3e ( rrpeIIMymecTBeHHO - B KIICJiblX BO,[(HbIX pacrnopax) B 

rrpIIcyrcTBIIII, KaK rrpaBIIJIO, IlaJIJia,[(IIeBblX KaTaJIII3aTopoB: 

HecMOTp5I Ha TO, qTo rrpouecc rronyqeHII5I rrepOKCII,[(a BO,[(Opo,aa II3 3JieMeHTOB II3BeCTeH 

,[(OCTaToqHo ,aaBHO, B IIOCJie,[(Hee BpeMH IIHTepec K HeMy BHOBb BO3poc. BHIIMaHIIe 

IICCJie,[(OBaTeJieH K 3TOMY MeTo,ay rrpIIBJieKaeT, rrpe)l(,[(e Bcero, BO3MO)l(HOCTb ocymecTBJieHII5I 

CIIHTe3a B O,7J;HY CTa,[(IIIO, qTo 3HaqIITeJibHO yrrpoCTIIT II y,aemeBIIT rrpou:ecc, c,aenaeT ero 

6onee TeXHOJIOrIIqHbIM II 3KOJIOrIIqHbIM ITO cpaBHeHIIIO C Tpa,aIIUIIOHHbIMII MeTO,[(aMII 

rronyqeHII5I - 3JieKTpOXIIMIIqecKIIM, aHTpaxIIHOHHblM II II3OIIpOIIIIJIOBbIM. 

B ,[(OKJia,ae rrpIIBe,[(eH ofoop cymeCTBYJOlI(IIX MeTO,[(OB KaTaJIIITIIqecKoro CIIHTe3a 
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rrepoKcI1,n:a Bo,n:opo,n;a Il3 :meMeHT0B. OcBerueHa I1CTopm1 pa3pa6oTKII rrpouecca, ,n;aHa 

xapaKTepIICTIIKa IICIIOJib3YeMblM KaTaJIIl3aTopaM. PaccMOTpeHbl OCHOBHbie BapilaHTbl 

TeXHOJIOrilqecKOH pearrmal(IIII rrpouecca, TIIIIbl rrpI1Mem1eMbIX peaKT0p0B II 

TeXHOJiornqecKile rrapaMeTpbI (TeMrrepaTypa, ,n;aBJieHile, COCTaB I'a30BOH q>a3bl II ,n;p.). 

Ilo,n;qepKHYTa Heo6xo,n;IIMOCTb IICII0Jib30BaHil5I CTa6I1JII13aTopoB rrepoKCil,D;a B0,n;opo,n;a. 

OTMeqeHo, qTo B HacT0JII.Uee BpeM5I orrpe,n;erreHHbIH IIHTepec rrpe,n;cTaBJI5IeT rrpo6rreMa 

pa3pa6oTKII II CTp0IITeJibCTBa He60JiblIIIIX aBT0H0MHbIX ycTaH0B0K rrorryqeHil5I rrepoKCil,n;a 

Bo,n;opo,n;a Herrocpe,n;CTBeHH0 B MeCTax IIOTpe6rreHil5I. ,[(aH aHaJIIl3 ,n;eJITeJibH0CTII XIIMilqecKIIX 

KOMIIaHIIH, aKTHBH0 yqaCTBYJOI.UIIX B pa3pa60TKe II pearrI13al(IIII ,n;aHH0ro rrpouecca Ha 

MilpOBOM pbIHKe. 

IlpIIBe,n;eHbl pe3yJibTaTbl IICCJie,n;oBaHilll KaTaJIIITilqecKOH aKTIIBHOCTII II KIIHen-rqecKile 

3aKOHOMepHOCTII rrp5IMOro CHHTe3a rrepoKCil,D;a BO,n;opo,n;a Il3 3JieMeHTOB B IIpIICYTCTBIIII 

pa3JIHqHbIX roMoreHHbIX II reTeporeHHbIX rrarrrra,n;HeBbIX KaTaJIIl3aTopoB. ,[(rr5I o6'b5ICHeHil5I 

rrorryqeHHbIX 3aKOHOMepHOCTeii rrpe,n;JIO)KeH MexaHH3M rrpouecca, B COOTBeTCTBIIII C 

K0T0pbIM rrpouecc I1,n;eT qepe3 crn,n;mo o6pa3oBaHil5I rrpoMe)KYT0qHoro K0MrrrreKca Bo,n;opo,n;

KaTarrH3aTOp IIYTeM a,n;cop6UI1I1 Bo,n;opo,n;a Ha aKTIIBH0M ueHTpe [Pdh c rrocrre,n;yiorueii 

,D;IICCOI(Ilal(Ilell M0JieKyJibl B0,n:opo,n;a Ha aT0MbI: 

[Pd ... Pd] + H2 = [H ... Pd ... Pd ... H], 

KIICJI0po,n; B3aHMO,n;eiicrnyeT C ,D;IICC0I(IIIlp0BaHHblMH aT0MaMII Bo,n;opo,n;a C o6pa30BaHI1eM 

a,n;cop6I1pOBaHHOro pa,n;HKaJia HO2: 

[H ... Pd ... Pd ... H] + 02 = [H ... Pd ... Pd ... H02] 

C rrocrre,n;yioruHM o6pa30BaHileM M0JieKyJibl rrep0KCil,D;a B0,n:opo,n;a II BbIX0,D;0M ee B o6neM 

)Kil,D;KOH cpa3bI: 

[H ... Pd ... Pd ... H02] = [Pd ... Pd] + H202 

Pa6oTa BbIII0JIHeHa rrpII rro,n;,n;ep)KKe rpaHT0M «Be,n;yrn:Ile HayqHbie IIIK0Jibl P<l>» 

M~ 00-15-27-285. 
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HOBbIE XIIPAJibHbIE A)OTCO,l(EP)KAil{UE <l>OC<l>IITbI B 

ACIIMMETPIIqECKOM KAT AJIII3E 

NEW CHIRAL P,N-BIDENTATE PHOSPHITES IN ASYMMETRIC CATALYSIS 

IlapeB B.H., bOH)];apeB o.r ., raspHJIOB K.H. *' ,l(aBaHKOB B.A., illHpHeB A.A.*' 
Kai:.HJibHHKOB H.E. *, )KerJIOB C.B. *, CacI>poHoB A.C. *, lieHe:U:KHii 3.li. * H Ky.[(HHOB B.B. * 

Tsarev V.N., Bondarev O.G., Gavrilov K.N. *, Davankov V.A., Shiryaev A.A.*, 
Kadilnikov N.E.*, Zheglov S.V.*, Safronov A.S.*, Benetskiy E.B.* and Kudinov V.V.* 

I1HcTHTyr 3JieMeHToopraHH1IecKHX coe,n1rneHIIH IIM. A.H. HecMeHHOBa P AH 
yJI. BaBIIJIOBa, 28, MocKBa 119991, PoccIIH 

<l>aKc: 1356471; E-mail: davank@ineos.ac.ru 
*PH3aHCKIIH rocy,napcrneHHbIH rre,narorIIqecKIIH YHIIBepcHTeT HM. C.A. EceHIIHa 

yJI. CB060,nb1, 46, PH3aHb 390000, PoccHH 
E-mail: chem@ttc.ryazan.ru 

New chiral P,N-hybride phosphites were obtained. Using the new P,N-ligands, up to 96% 
enantioselectivity was achieved in the Pd-catalyzed allylic sulfonylation of 
1,3-diphenylallyl acetate with sodium p-toluenesulfinate and up to 50% ee in the 
Rh-catalyzed hydrosilylation of acetophenone by diphenylsilane. The series of neutral 
complexes [Rh(CO)Cl(P"N)] were synthesized in order to establish a degree of the electronic 
non-symmetry of donating centers. 

IloJiyqeHbI HOBbie XIIpaJibHbie <pocqrnTHbie JIIIraH,[(bI, 

rrpoTeCTHpOBaHHbie 3aTeM B peaKU:IIHX aCIIMMeTpIIqecKoro MeTaJIJIOKOMIIJieKCHoro KaTaJIII3a. 

B peaKU:IIH Rh-KaTaJIH3IIpyeMoro rn,np0CIIJIIIJIIIp0BaHII5I au:erncpeHoHa 6bIJIO ,[(0CTIIrHyro 

,no 50% ee. 5.IMP crreKrpaJibHbIH K0HTP0Jib pacrnopa KaTaJIHTIIqecKon CIICTeMbI 

[Rh(Cod)Clh/L BbrnBIIJI cpopMIIpoBaHIIe rrpeKaTaJIII3arnpa cJie,nyiomero cTpoeHIIH. 

I1crroJib30BaHHe )Ke [Rh(Cod)(THFhtBF4- rrpIIB0,[(IIT K rroJiyqeHHIO He3cp<peKTIIBHoro 

rrpeKaTaJIII3aTopa. 

CND~+ • }ih'l_ 
Ha 0CH0Be H0BbIX XIIpaJibHbIX a30TC0,nep)KaIIJ;IIX <pOC<pIITOB TaK)Ke 6bIJIII II0JiyqeHbI II 

oxapaKTepH30BaHbI IIaJIJia,nIIeBbie KOMIIJieKCbI [Pd(allyl)(r/-P"N)rx- (X-=Cl-, BF4-), 

II03BOJIIIBIIme ,[(OCTHqb B Pd-KaTaJIH3IIpyeMOM aJIJIIIJibH0M CYJib<pOHIIJIIIpOBaHHH 
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1,3-.u:mpemrnamnrn a:u:erara p-rnJiyoJicyJIMp1rnaToM HaT})mI 91-96% ee. O6Hap)')KeHa 

3aBHCHMOCTb BeJIH'IllHbl OIITH'IeCKOro BbIXO.Ua OT rrpHpO,nbI rrpOTHBOHOHa. 

C YlJeTOM JIHTepaTypHbIX .uaHHbIX [ 1] 0 3aBHCHMOCTll BeJIH'IllHbl OIITH'1eCKOro Bl:,JXO,na OT 

CTeIIeHH 3JieKT})OHOHeCHMMeT})H'IHOCTll p ,N-6H,neHTaTHbIX JIHraH,nOB HaMH rrpe,n:JIO)KeHa 

KOJIH'IeCTBeHHa51 xapaKTepHCTHKa 3TOro rrapaMeT})a [2] - 3HalJeHHe KOJie6aTeJibHOH 'IaCTOTbl 

v(CO) B HK crreKTpax xeJiaTHhIX KOMIIJieKCOB [Rh(CO)Cl(fl
2-P"N)]. IloKa3aHo, 'ITO 

o6Jia.uaromHe 6oJibIIIeii (no cpaBHeHHIO C aMHHOcpocqmTaMH) 3JieKTl)OHHOH HeCHMMeT})Heii 

llMHHOcpoccpHTbl rrpo5IBJI5IIOT ll IIYlJIIIyIO 3HaHTHOCeJieKTHBHOCTb B rrpo:u:eccax 

aJIJIHJ1llpOBaHH51. 

Pa6ora BhIIIOJIHeHa rrpH 'IaCTH'IHoii rro.u.uep)l(Ke cpHpMbI Haldor Tops~e A/S, a TaK)Ke 

rpaHTa Ilpe3H.UeHTa P<l> N 00-15-99341 H rpaHTa P<l><l>H 00-15-97427. 

[1] A. Schnyder, A. Togni, V. Weisli, Organometallics, 1997, 16, 255. 
[2] K.H. faBpHJIOB, A.11. IIonocyxnH, Koop,u. XHM0J1, 2000, 26, NQ 9, 695. 
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OCOliEHHOCTH IlPOU:ECCOB KAT AJIHTllqEcKoro OKHCJIEHIDI 

MAJibIX MOJIEKYJI B rA30BOH <l>A3E B IlPHCYTCTBllll 
HMM01illJIH30BAHHbIX KOMilJIEKCOB IlJIATHHbI ll IlAJIJIA)J;IDI C 

. · JIHr A~AMH PA3HOH XHMllqECKOH IlPHPO,l(bI 

PECULIARITIES OF CATALYTIC OXIDATION PROCESSES IN GAS PHASE 
FOR SMALL MOLECULES AT PRESENCE OF IMMOBILIZED PLATINUM . 

AND PALLADIUM COMPLEXES WITH LIGANDS OF DIFFERENT CHEMICAL 
NATURE . 

.HunMnpcKHH B.K. n lioJI,zi;LipeBa O.IO. 

Yatsimirsky V.K. and Boldyreva O.Yu 

KHeBCKHH Ha:UHOHaJibHbIH )'HHBepcHTeT HM. T. llleBqeHKO, 
yrr. Brra,[(HMHpcKa5I 64, KHeB 01033, YKpaH_Ha 

Novel surface complexes of Pt and Pd as oxidative catalysts are proposed and tested in 
model gas-phase reactions (H2+O2 and CO+O2). Catalysts containing heterogenized on silica 
surface ligands: n-allyl-n-propylthiouria and ~-acetylacetone were prepared by surface 
assembling. The surface complexes have been synthesized by direct interaction of chemically 
modified silica with metals chloride solution. Kinetics of oxidation, effect of surface memory 
to earlier executed reaction, hysteresis loops in reaction rate vs. T dependencies, nature of 
catalyst multistationary states were examined. The catalytic reaction mechanism is proposed. 
Combined XPS and FTIR studies were used for characterization of the metal valent state 
changing in immobilized complexes and ligands transformation during both reactions. A 
special view on interaction of coordination compounds with reaction mixture is intended. It 
has been established that ~-acetylacetone complexes are characterized by high heat stability in 
studied regime, and posses higher activity then supported metal Pt(Pd)/SiO2. Thermal 
recombination of n-allyl-n-propylthiouria at studied reactions resulted in fourfold 
N-coordinate catalytic active complex formation. 

KaTaJIH3aTOpbI, co.n:ep)Karrt;He MeTaJIJibI rrnaTHHOBOH rpyrrIIbI, HaXO,[(5IT nmpOKOe 

rrpHMeHeHHe B rrpaKTHKe, B qacTH0CTH, B KaqecTBe BbIC0K0CerreKTHBHbIX ceHcopoB ,[(JI5I 

orrpe,[(eJieHH5I MaJibIX KOH:UeHTpa:UHH TOKCHqHbIX H rrerKO-BOCIIJiaMemIIOrrt;HXC5I ra3OB. HaMH 

H3yqeHbI rrpHBllTbie Ha IIOBepXHOCTH rra.rrrra,[(HeBbie H rrrraTHHOBbie KOMIIJieKCbI ML2, r,[(e 

M- Pd, Pt, a L = ~-aueTHrraueToH (acac) HJIH N-a.rrrrHrr-N' -rrporrHJITHoMoqeBHHa (AIITM). 

JlllraH,[(bI CHHTe3HpoBaHbI MeTO,[(0M IIOBepXHOCTHOH c6opKH, KOMIIJieKCbI rrorryqeHbI 

IIYTeM B3aHMO,[(eHCTBH5I 3aKperrrreHHbIX Ha II0BepXHOCTH KpeMHe3eMa JIHraH,[(OB C 

paCTB0paMH xrropH.D:0B rrrraTHHbI ll rra.rrrra,[(H5I. IIorryqeHHbie KaTaJillTHqecKHe CHCTeMbI 

myqa.rrHCb B M0,[(eJibHbIX KaTaJIHTHqecKHX peaKUH5IX 0KllCJieHH5I B I'a30BOH cpa3e: H2+O2 (I) H 

CO+O2 (II). IloKa3aHO, qTo B myqeHHbIX peaKUH5IX MeTaJIJIOKOMIIJieKCHbie KaTaJIH3aTOpbI 

rrp05IBJI5IIOT 6orree BbICOKyIO aKTHBHOCTb no cpaBHeHHIO C Tpa,[(HUHOHHbIMH HaHeceHHhIMH 

KaTaJIH3aTopaMH rrpH 0,[(HHaKOB0M C0,[(ep)KaHHH MeTa.rrrra B o6pa3:ue. 
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,l(Jrn reTeporemnnpoBaHHbIX auenrna:ueToHaToB rrrraTHHbI H rrarrrra,n;m1 xapaKTepHbI 

HeBbICOKHe TeMrrepaTypbI IIOJIHOro rrpeBpameHH51 KaK B peaKUllll (I), TaK II B (II). 

y CTaHOBJieHO, llMM06HJill30BaHHbie KOMIIJieKCbl rrrraTHHbl ll rrarrrra,n;n51 

Pt(Pd)( acac )2 { rroBepx} rrpo5IBJI5IIOT 3<p<peKT rraM5ITH K rrpoBe,n;eHHOM paHee peaKUHH B 

3aBHCHMOCT5IX CKOpOCTll peaKUllll OT TeMrrepaTypbI ll KOHUeHTpaunn peareHTOB. llpe,n;rro)KeH 

MexaHH3M ll3yi-IeHHbIX KaTaJIHTUCieCKHX peaKUHM, ycTaHOBJieHO Harrucrne HecTaUHOHapHblX 

COCT05IHHM B TeMrrepaTypHbIX 3aBHCHMOCT5IX CKOpOCTll peaK:Ullll OKHCJieHH51. llpHBHTbie 

aueTnrrauernHaTbl BbICOKOaKTHBHbl B peaKUH5IX (I) ll (II) 6e3 rrpe,n;BapHTeJibHOM o6pa60TKH 

peaKUHOHHOM CMeCbIO. TeMrrepaTypbI IIOJIHOro rrpeBpameHH51 ,D;JI51 KOMIIJieKCOB C pa3Jill1IHbIM 

co,n;ep)KaHHeM MeTarrrra Haxo,n;5ITC51 B rrpe,n;errax 273-363 K ,n;rr51 peaK:UHH (I) n 413-433 K ,n;rr51 

(II), COOTBeTCTBeHHO. 

llo ,n;aHHbIM P<l>3C B HCXO,D;HOM aueTnrraueTOHaTHOM KOMIIJieKce rrrraTHHa HaXO,D;llTC51 B 

cTerreHH OKHcrreHH51 6rrn3KOM K HyrreBoii (Eca = 71,0 3B ,n;rr51 ypoBH51 Pt 4f712). llocrre 

rrpoBe,n;eHH51 peaKUllll OKHCJieHH51 Bo,n;opo,n;a B crreKTpax o6pa3UOB Ha6rrIO,n;aIOTC51 JIHHllll C 

Eca = 71,8 3B, 1ITO 0TBe1IaeT rrrraTHHe co CTerreHbIO OKMCJieHH51 ( + 1 ), ll C Eca = 73, 7 3B, 1ITO 

COOTBeTcTByeT Pt ( + 2), T.e. rrpoHCXO,D;llT OKHCJieHHe rrrraTHHbl. Bep05ITHO, B 

KO0p,D;HHaUH0HHyIO ccpepy K0MIIJieKca, CB513aHHOro C II0BepXH0CTbIO ,D;B)'M51 6n,n;eHTaHTHbIMH 

3aKperrrreHHbIMH JIHraH,n;aMH, BXO,D;HT rn,n;poKCHJibHa51 rpyrrrra. llocrre rrpoBe,n;eHH51 peaKUHH 

0KHCJieHH51 M0H00KCH,n;a yrrrepo,n;a B P<l>3-crreKTpe o6pa3UOB rrpHCYTCTByeT IIHK B o6rracTH 

71,2 3B, cTerreHb oKncrreHH51 rrrraTHHbI ocrneTc51 HyrreBoii. Bo FTIR-crreKTpe 

aueTHrraueTOHaTa IIJiaTHHbl rrocrre peaK:Ullll OKHCJieHH51 co rrpHCYTCTByeT <l>ypbe 

TpaHc<popMaHTa IIOJIOCbl VasCCO) B o6rraCTH 2187cM-1, COOTBeTCTByIOmaH Korre6aHH5IM co 

rpyrrIIbl, 1ITO CBH,D;eTeJibCTByeT O BXO)K,D;eHHH MOJieKyJibl MOHOOKCH,n;a yrrrepo,n;a B 

K00p,D;HHaUHOHHyIO ccpepy KOMIIJieKca, B corrraCHH c ,n;aHHbIMH P<l>3C. 

B o6pa3:ue Pt (AllTM)2 (ncxo,n;HbIM KOMrrrreKc) rrrraTHHa Haxo,n;IiTC51 B cocT05IHHH c 

3Heprneii CB513ll 72, 8 3B ( CTerreHb OKHCJieHH51 6JIH3Ka K + 2). llocrre rrpoBe,n;eHH51 peaKUHM 

OKHCJieHH51 H2 JI co 3HeprHH CB513ll rrpaKTH1IeCKH He MeH5IIOTC51, T.e. 3ap51,D;OBOe COCTO51Hlle 

rrrraTHHbI ocrneTC51 HeH3MeHHbIM. KoMrrrreKc Pt(AllTM)2 rrpo5IBJI5IeT BbIC0KyIO 

KaTaJIHTH1IeCKyIO aKTHBHOCTb JIHIIlb rrocrre 1IaCTH1IHOro TepMH1IeCKOro pa3JIO)KeHH51 

( TepMo,n;eCTPYKUHH) JIHraH,n;a. B xo,n;e peaKUHH rrpOHCX0,D;HT o6pa30BaHJie BbICOKOaKTHBHbIX B 

peaKUH5IX OKHCJieHH51 IIOBepXHOCTHbIX KOMIIJieKCOB rrrraTHHbl C KOOp,D;HHauneii MeTarrrra qepe3 

a30T rrnraH,n;a. 

,l(aHHa51 pa6orn BbIIIOrrHeHa rrpn <pnHacoBoii rro,n;,n;ep)l(Ke rrporpaMMbI HHT AC 
rpaHT N2 00291. 
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NOVEL HYBRID LIGANDS WITH A 

1,5-DIAZA-3,7-DIPHOSHACYCLOOCTANE RING 

HOBbIE rllliPH)];HbIE Jillr AH,[(bl C 1,5-,[(IIA3A-3,7-
,[(ll<l>OC<l>AU:IIKJIOOKTAHOBblM KOJibQOM 

Karasik A.A., Naumov R.N., Balueva A.S., Kuznetsov R.M., Sinyashin O.G., Belov 
G.P.**, Novikova H.V.**, Cherkasov V.K.** and Hey-Hawkins E.* 

KapacHK A.A., HayMOB P.H., liaJiyena A.C., Ky3He.QOB P.M., CHH.HIIIHH o.r., 
lieJioB r.II.**, HoBHKOBa E.B.**, qepKacon B.K.*** H Xaii-XaBKHHc E.* 

Arbuzov Institute of Organic and Physical Chemistry, RAS, Kazan Scientific Centre 
Arbuzov str. 8, Kazan 420088, Russia 

*Institut flir Anorganische Chemie der Universitat Leipzig, 
Johannisallee 29, D-04103 Leipzig, Germany 

**Institut of Problems of Chemical Physics, RAS, 
Chemogolovka, Moscow Region 142432, Russia 

***Razuvaev Institute of Organometallic Chemistry, RAS, Nizhny Novgorod, Russia 

Mannich-type reactions of various phosphines, formaldehyde and amines were 

demonstrated to be a powerful method of constructing air-stable heterocyclic 

aminomethylphosphines - a promising basis for the design of transition metal complexes and 

homogeneous catalysts. 1,5-Diaza-3,7-diphosphacyclooctanes are the most interesting 

ligands, because of their stability and the well-known catalytic activity of chelating 

diphosphine ligands. Chiral diphosphine 1, a number of water-soluble derivatives of 

5-aminoisophthalic acid 2-5, including sterically hindered 4 and metal-containing phosphine 

5, and unusual "cage" molecules 6-8 have been obtained with good yields (70-90%) by 

Mannich-type condensations. 

It was shown that 1,5-diaza-3,7-diphosphacyclooctanes 1-5 readily form chiral 

(from 1), water-soluble (from 2-4) and water-soluble trinuclear (from 5) chelate P,P 

complexes of transition metals (Pdn, Pt11
, Re1, Cu1, Mo°). ESR investigation of semiquinone 

Cu1 complexes showed that the "cage" structure of 6-9 does not allow chelate ring closure and 

orily the monodentate coordination mode is possible. 

Preliminary data on catalytic activity in co-polymerisation of CO and olefins have 

been obtained. 
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1 

2-4 

R = H, Me, i-Pr; 
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6-9 

R = Ph, CH:?h, Mes 
R' = CH2, S 
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MET AJIJIOKOMilJIEKCHhl:U KATAJIH3 B OPr AHHqECKOM II 

METAJIJIOOPr AHHqECKOM CHHTE3E - HOBhIE ,Il;OCTH)KEHIDI 

METAL COMPLEX CATALYSIS IN ORGANIC AND ORAGANOMETALLIC 
SYNTHESIS - NEW ACHIEVEMENTS 

,n;~eMHJieB Y.M. 

Dzhemilev U.M. 

lIHCTHTyr Heq>TeXHMHH H KaTaJIH3a AH PE M YHIJ; P AH 

450075 Yq>a, rrpocrr. OKrn6pH, 141. 

<l>aKc: (+7-3472) 31 27 50. E-mail: ink@anrb.ru 

The new achievements in organic and organometallic synthesis as well as the novel 
reactions, original methods and highly effective reagents for a synthesis of practically 
important compounds with the use of metal complex catalysts are discussed. 

B ,ll;OKJia,n;e IIJiaHHpyeTC51 rrpe,n;CTaBHTb HOBbie ,lJ;OCTH)KeHH51 B o6JiaCTH 

MeTaJIJIOOpraHHqecKoro CHHTe3a, a TaK)Ke HCIIOJib3OBaHH51 HOBbIX peaKU:HH, opHrHHaJibHbIX 

MeTO,D;OB H 3q>q>eKTHBHbIX peareHTOB B CHHTe3e rrpaKTHqecKH Ba)KHbIX coe,n;HHeHHH, B TOM 

qHcJie rrpHpO,D;HbIX, C yqaCTHeM MeTaJIJIOKOMIIJieKCHbIX KaTaJIH3aTopoB. 

B coo6meHHH 60JibllIOe BHHMaHHe 6y,n;eT y,n;eJieHO paccMOTPeHHIO HOBOH MeTO,nOJIOrHH 

"o,n;HopeaKTOpHoro" opraHHqecKoro H MeTaJirroopraHHqecKoro CHHTe3a, ocHoBaHHO:ii Ha 

rrpHMeHeHHH OTKpbITOH aBTOpaMH peaKU:HH KaTaJIHTHqecKoro U:HKJIOMeTaJIJIHpOBaHH51 

OJieq>HHOB, ,n;HeHOB, au:eTHJieHOB H aJIJieH0B C IIOMOID;bIO rrpocTeHllIHX aJIKHJibHbIX 

rrpoH3B0,D;HbIX Mg H Al rro,n ,n;e:iicrnHeM KOMIIJieKCOB Zr H Ti. 

C rrpHMeHeHHeM MeTo,na ,ll;HHaMifqecKOH 
13C .5IMP-crreKTPOCKOIIHH H3yqeH MeXaHH3M 

U:HKJIOaJIIOMHHHpoBaHH51 OJieq>HHOB aJIKHJiaJiaHaMH B Tpex, II5ITH- H MaKpOU:HKJIIfqecKHe 

aJIIOMHHH:iiopraHHqecKHe coe,n;HHeHHH B rrpHcyrcTBHH KaTaJIH3aTopa Cp2ZrC}i. 

Y cTaH0BJieHa CTPYKTYPa K0MIIJieKCHbIX HHTepMe,nHaT0B, yqacTByIOID;HX B 

q>OpMHpoBaHHH MeTaJIJIOU:HKJIOB, IIOJiyqeHbI qHCJieHHbie 3HaqeHH51 KOHCTaHT CKOpOCTe:ii 

OCHOBHbIX CTa,D;HH peaKU:Hll H Ha OCHOBaHHH 3KCIIepHMeHTaJibHbIX H pacqeTHbIX ,n;aHHbIX 

IIOCTpoeHa KHHeTHqecKa51 MO,D;eJib peaKU:HH IJ;HKJIOaJIIOMHHHpoBaHH51. 

IlpHBe,n;eHbI rrepcrreKTHBHbie ,D;JI51 rrpaKTHqecKOH peaJIH3au:m1 MeTO,ll;bI CHHTe3a 

Ba)KHeHlllllX MOHOMepoB If rrpHpO,D;HbIX BHTaMHHOB. 

Pa6oTa BbIIIOJIHeHa rrpH rro,n,n;ep)KKe rpaHTa HHT AC-991-1541. 

138 



OP-11-14 
HYDROGEN PEROXIDE, DIBENZYL ETHER AND ITS HYDROPEROXIDE 

ACTIVATION BY POL YNUCLEAR COMPLEXES OF 3d METALS 

AKTIIBAIJ;IDI IIEPOKC~A BO,l(OPO,l(A, ,l(IIJiEH311JIOBOro 3<1>11PA II Ero 
rll,l(POIIEPOKCll,l(A IIOJIIDI,l(EPHhIMII KOMIIJIEKCAMll 3d METAJIJIOB 

Kamalov G.L., Chikhichin D.G., Levchenko O.A. and Kotseruba V.A. 

KaMaJioB r.JI., qHxHqHH ,n;.r., JleBqeHKo O.A. H Kou;epy6a B.A. 

A.V. Bogatsky Physico-Chemical Institute, National Academy of Sciences of Ukraine, 
86, Lustdorfskaya Doroga, Odessa 65080, Ukraine 

Fax:+38 (0482) 65304; E-mail: gerbert_kamalov@ukr.net.ua. 

The catalytic properties of 3d metals homo- and heterometalic polynuclear (up to 

12 metal atoms in core) carboxylates in the H2O2 decomposition and dibenzyl ether (DBE) 

liquid-phase oxidation are reviewed. Special attention is paid to catalytic systems formation 

depending on a nature of reaction system and parent complex. In the presence of investigated 

complexes the factors of benzyl a-CH-bond activation both in DBE and the hydroperoxide 

(HP) are equal and the substrates activation proceeds on the same catalytic centre. HP 

catalytic decomposition in DBE oxidates noticeably differs in the presence and absence of 

oxygen and limiting stage of the process is the HP•Cat complex formation. 

The catalytic properties of 3d metals (VO, Cr, Fe, Mn, Co, Ni, Cu) homo- and 

heterometalic polynuclear (up to 12 metal atoms in core) carboxylates (more than 

30 complexes of I-IV types, identified by X-ray structure analysis) in the H2O2 decomposition 

and dibenzyl ether (DBE) liquid-phase oxidation are reviewed. 

The influence of these complexes composition (nature of metals, their ratio and oxidation 

states, structure of bridging and terminal ligands) and nuclearity on kinetics of H20 2 
decomposition (298-318K) and activation parameters of this reaction is discussed. Catalytic 

properties of mentioned carboxylates and complexes of di- and triethanolamines 

(deprotonated ligands L) with a general formula Cu0 ComLq (where (n+m) = 2 -:- 5) and cores 

. of V and VI types were compared. 
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In the presence of investigated complexes the hydroperoxide (HP), benzaldehyde (BA) 

and benzoic acid (BAc) are the main products (323-343K) of the DBE oxidation: 

PhCH20CH2Ph Oi .., PhCH(OOH)OCH2Ph - Hi~ 2 PhCHO ~ 2 PhCOOH 

DBE HP BA BAc 
(1) 

The factors of benzyl a-CH-bond activation both in DBE and HP are equal in the case of 

given catalytic systems and the substrates activation proceeds on the same catalytic centre. 

It has been shown that HP catalytic decomposition in DBE oxidates noticeably differs 

both to reaction products and their formation rates in the presence and absence of oxygen. 

For example, benzyl benzoate (BB) may be a product of hemi-acetal (HA) oxidation by HP 

which, in tum, transforms to HA: 

HP HA HA BB 
(2) 

HA 
or HP ---- BB+ H20 

In conformity with (2) the coordinated HA may perform as a reductant (cocatalyst), 

which is regenerable upon all other stages of the HP transformation to BB catalytic cycle. 

Within the bounds of this interpretation a possibility of transition states (TS) - tees 

«build-up» into metal complex coordination core is not excluded. 

Such type of TS (where Ln are bridging bidentate carboxylate ligands) may promote 

hydride migration from HA to HP peroxy-group in the reaction limiting stage. 

The kinetic model of HP decomposition m the presence of studied 

µ3-oxotrimetalhexacarboxylates (type II) is suggested taking into account a catalyst (Cat) 

decontamination by reaction products. According to this model limiting stage of the process is 

the HP•Cat complex formation. 

Special attention is paid to catalytic systems formation depending on a nature of reaction 

system (medium) and parent (initial) complex. 

This work was supported in part by INT AS Foundation (Project 00-0172) and Ukrainian 
Fundamental Researches Foundation (Project F7/463-2001). 
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<l>OPMIIPOBAHHE Il IIPHPO,l(A AKTHBHOCTH HAHOP A3MEPHhIX 

KATAJIH3ATOPOB HA OCHOBE <l>OC<l>IlHOBbIX KOMIIJIEKCOB IIAJIJIA,l(RH 

FORMATION AND THE ACTIVITY NATURE OF THE NANOSCALE CATALYSTS 
BASED ON PALLADIUM PHOSPHINE COMPLEXES 

lieJihIX JI.Ii., ropeMhIKa T.B. H filMHllT <1>.K. 

Belykh L.B., Goremyka T.V. and Schmidt F.K. 

HpKyrcKHH rocy.z:i;apcrneHHhIH YHHBepcHTeT 
yn. K. MapKca, 1, HpKyrcK 664003, Poccm1 

E-mail: aschmidt@chem.isu.ru 

Problems of the formation of nanoscale hydrogenation catalysts in the systems based on 
palladium(II) complexes and phosphorous(III) compounds (PPh3, HPPh2, NaPPh2, Li2PPh) by 
the action of hydrogen and sodium hypophosphite and the nature of active palladium forms 
are considered. The main processes controlling the catalysts composition and structure were 
established. They are reactions of the palladium complexes reduction to Pd(0) and its 
oxidation through organophosphorous _ligands oxidative addition. Depending on the nature of 
the reducer two models for the nanoscale hydrogenation catalysts were proposed. 

lf3yqeH MexaHll3M cpopMHpoBaHllJI KaTaJill3aTopoB rH,z:i;pHpoBaHllJI Ha OCHOBe 

Pd(CsH1O2)2, MO.[l;ll(pll[(llpOBaHHOro rpeTll1IHhIMll cpoccpHHaMll. BocCTaHOBJieHHe KOMIIJieKca 

Pd(Acac )2PPh3 Bo.z:i;opo,z:i;oM rrpHBO.[l;HT K cpopMHpoBaHHJO HaHopa3MepHoro KaTanmarnpa 

rH,z:i;pHpOBaHllJI (3 HM), .z:i;mc KOTOporo rrpe.z:i;nmKeHa cne.z:i;yromaJI MO.[l;eJih: 51.z:i;po, COCTOJil[(ee ll3 

rroJIHJI,z:i;epHhIX KOMIIJieKcoB rranna,z:i;HJI c MOCTHKOBhIMll PPh2- H PPh- JIHraH,r:i;aMH, Ha 

IIOBepXHOCTll KOTOporo llMM06llJill30BaHhl KJiacTephI Pd(0). YMeHhIIIeHHe COOTHOIIIeHllJI 

Me)K,[(y Pd(Acac)i H PPh3 rrpHBO.[l;HT K 6onee rny6oKoi1 ,neCTPYK[(Hll cpoccpopopraHHqecKHX 

JIHraH,z:i;OB. Y CTaHOBJieHo, qrn rrpH cooTHOIIIeHHH PPh3 /Pd(Acac h ~ 0.5 B CHCTeMe 

o6pa3YJOTCJI TaIOKe cpoccpH,z:i;hI rranna,z:i;HJI cocrnBa Pd4,8P, P{¼jP, a rrpH PPh3/Pd(Acach = 0.25 -

rrpeHMymecrneHHO cpoccpH,z:i; rranna,z:i;HJI Pd3P H KpHCTaJIJIHqecKHH rranna,z:i;Hii [ 1]. 

B pe3yJihTaTe B3aHMo,z:i;eiicTBHJI Pd(Acac )2PPh3 c rHrrocpoccpHTOM HaTpHJI B 1rnepTHoii 

aTMOCcpepe cpopMHpyeTCJI KaTaJill3aTOp rn,npHpOBaHHJI, llMeJOl[(llH llHYJO rrpHpo.z:i;y. OH 

COCTOllT ll3 HaHOpa3MepHhIX qacTll[( Pd(0) (rrpeHMymecTBeHHO 5 HM), CTa6HJill3llpOBaHHhIX 

JIHraH,z:i;aMH PPh3. B pacrnope rrpHcyrcrnyroT TaK)Ke rranna,z:i;HiicpoccpopopraHHqecKHe 

OJillroMephI, KOTOpbie rrpe,z:i;cTaBJIJIIOT co6oii acCO[(llaThl IIOJillJI.[J;epHhIX KOMIIJieKCOB IlaJIJia.[l;llJI 

c JIHraH,z:i;aMH PPh2. ,[(oJIJI Pd(0) B CHCTeMe cocTaBJIJieT 40%. O6HapY*eH 3cpcpeKT aKTHBa[(Hll 

KaTanll3arnpa Pd(Acac)2PPh3 + NaH2PO2 rrpH rH,z:i;pHpoBaHHH a-a[(eTHJieHOBhIX coe,nHHeHHH 

H paCCMOTpeHhl ero rrpllqllHhl. [2]. Y CTaHOBJieHO, qTQ rro.z:i; .z:i;eiiCTBlleM Bo,z:i;opo.z:i;a ll B 

rrpo:u:ecce rH,npHpoBaHHJI HeHaChil[(eHHhIX yrneBo,nopo,z:i;oB rrpoTeKaeT 6onee rny6oKaJI 
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.uecTp)'KIUUI <poccpopopraHIP-IeCKHX JJHraH,[(0B, rrpHB0,[(.SIII(a5I K )'MeHbIIIeHHIO ,I(OJJH Pd(0) H 

pa3MepoB BbIC0K0K0HTpaCTHbIX qacTHI( ,[(0 2.5-3 HM. 

Ilpe,[(JIO)KeH HOBbIM crroco6 cpopMHpOBaHH5I KaTaJIH3aTOp0B rryreM B0CCTaH0BJieHH.sI 

coe,[(HHeHHM Pd(II) B0,[(0p0,[(0M B rrpttcyrcTBHH II0JIH5I,[(epHbIX K0MIIJieKC0B IIaJIJia,I(H5I C 

JIHraH,[(aMH PPh2. I1oJIH5I,[(epHbie K0MIIJieKCbI IIaJIJia,[(H5I C ,[(H<peHHJI<pOC<pH,[(HbIMH JIHraH,[(aMH 

Tttrra [Pd3(PPh2) 4PPh2-PPhiC6H 6], [ {Pd(PPh2) 3 }n°-nNa+] HeaKTHBHbI B rn.nporeHH3al(H0HH0M 

KaTaJIH3e H He II0,[(BepraIOTC5I .necpeHHJIHpOBaHHIO II0,[( ,[(eMCTBHeM B0,[(0po.z:i:a. IlpH BBe,[(eHHH 

B cttcTeMy Pd(OAc ) 2 o6Hap~eH 3<p<peKT CHHeprmMa - II0BbIIIIeHHe rtt,r:i:pttpyroIUeiI 

aKTHBH0CTH. IloCTa,[(HMHO H3YlJeH rrpol(ecc cpopMHpOBaHH5I KaTaJIH3aTOp0B rn.z:i:pttpoBaHH5I Ha 

ocHoBe Tpex1>H.nepHoro KJiacTepa IIaJIJia,[(H.sI [Pd3(PPh2)4PPh2-PPh2·C6H6] H auernrn 

IIaJIJia,[(H5I. B pe3yJibTaTe peaK[(HH C cy6cTpaTOM (Herrpe.neJibHbIM yrneB0,[(0po,r:i:, Bo,r:i:opo.z:i:) 

IIp0HCX0,[(HT K0MIIJieKC0B IIaJIJia,[(H5I C .nmpeHHJI- H 

cpeHHJI<pOC<pHHH,[(eHOBhIMH JIHraH,[(aMH C o6pa30BaHHeM qacTH[( B0CCTaH0BJieHH0ro 

IIaJIJia,[(H5I. IlOKa3aHa B3aHM0CB5I3b Me~y KaTaJIHTHl!eCKOM aKTHBH0CTbIO H HaJIHl!HeM 

qacTH[( Pd(O). OrneTCTBeHHbIMH 3a KaTaJIHTHl!eCK)'IO aKTHBH0CTb B paccMaTpHBaeMbIX 

MHKporeTeporeHHbIX KaTaJIH3aTopax 5IBJI5IIOTC5I aHCaM6JIH aT0M0B IIaJIJia,[(H5I (HJIH I'H,[(pH,[(0B 

IIaJIJia,[(HH), HMM06HJIH30BaHHbIX Ha II0JIHH,nepHbIX K0MIIJieKcax IIaJIJia,[(HH c PPh2, PPh-

IlpHB0,[(5ITC5I o6Il(He cxeMbI cpopMHpoBaHH5I MHKporeTeporeHHbIX IIaJIJia,[(HeBbIX 

KaTaJIHTHl!eCKHX CHCTeM rH,[(pHpoBaHH5I. 

Pa6orn BbIII0JIHeHa IIpH <pHHaHCOBOM rro.z:i:.nep)l(Ke PoccttiicKoro 

<pytt,[(aMeHTaJibHbIX HCCJie,[(OBaHHM ( rpaHT .N2 01-03-3 2126) Ji MHHHCTepcrna o6pa30BaHH5I 

P<I> (rpaHT .N2 E05-00-03). 

[1] lliMHJJ:T <l>.K., EenhIX JI.E., qepeHKOBa T.B. // K11HernKa 11 KaTaJil13. - 2001. - T. 42, NQ 2. - C. 
182-194. 

[2] lliMHJJ:T <l>.K., EenhIX JI.E., fopeMhIKa T.B. // Koop.zi:. x11M11~. - 2002. - T. 28, NQ 2. - C. 98-110. 
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MEXAHH3M ,ll;EHCTBIU[ KATAJIHTHqECKHX CHCTEM HA OCHOBE 
KOMIIJIEKCOB PO,ll;lll[ II COKATAJIII3ATOPOB B OKIICJIHTEJibHOH 

<l>YHKQIIOHAJIH3AQIIII MET AHA 

REACTION MECHANISM OF CATALYTIC SYSTEMS BASED ON RHODIUM 
COMPLEXES AND COCATALYSTS IN OXIDATIVE FUNCTIONALISATION OF 

METHANE 

qerraiiKHH E.r ., Jie3pyqeHKo A.II. H Jle.m;esa A.A. 

Chepaikin E.G., Bezruchenko A.P. and Leshcheva A.A. 

l1HCTHT)'T CTp)'KTypHOH MaKp0KHHeTHKH H rrpo6neM MaTepHaJI0Be,[(eHH5I P AH, 
qepHorononKa, MocKoBcKa5I o6n. 142432, PoccH5I 

Fax: ( + 7-095) 962 80 40; E-mail: echep@ism.ac.ru, grig@ism.ac.ru 

The aim of this work is the development and investigation of reaction mechanism of 
catalytic systems for methane functionalisation. Methane, dioxygen and carbon monoxide 
react in the presence of RhCb (Rh2(CO)4Ch, Rh(CO)acac etc.), cocatalysts (iodine-, Cu- and 
Fe-containing compounds) and chloride ions in aqueous trifluoroacetic acid. The reaction rate 
and yield of products (CF3COOCH3, CH3OH, CH3COOH, HCOOH) depend on mole fraction 
of water in the solution, carbon monoxide pressure, concentration of chloride ions and other 
factors. The dependence of yield of products versus water concentration pass through the 
maximum in the presence of iodine cocatalysts. Hypoiodic acid or hydrogen peroxide seems 
to be an intermediate oxidants in iodine systems and Cu- and Fe- containing ones, 
accordingly. The reaction does not proceed in the absence of carbon monoxide or cocatalysts. 
Possible reaction mechanisms are considered. 

AKTHBaUH5I C-H CB5I3eii fl!JKaHoB, B oco6eHHOCTH MeTaHa KaK ocH0BHoro KOMII0HeHTa 

rrpHpO,[(HOro ra3a, H BOBJie1IeHHe HX B KaTaJIHTH1IeCKHe peaKIJ;HH 5IBJI5IeTC5I O,[(HOH H3 

Ba)I<HeHnrnx 3a,[(a1I COBpeMeHHOH XHMHH [ 1]. 

CH4, 02 H CO B3aHMO,[(eHCTB)'IOT B KaTaJIHTH11ecKOH CHCTeMe RhCb-KI-NaCl (A). 

HaH60JibIIla5I aKTHBH0CTb Ha6nro,[(aeTC5I B BO,[(HOH CF3COOH [2]. B ycnoBH5IX, 6JIH3KHX K 

orrTHMaJibHbIM (95 °C, P (Mila): CH4 = 6.00, 0 2 = 0.56, _CO = 1.84, [H2O] = 1.5 M), 

Ha1IaJibHa5I CK0p0CTb HaK0IIJieHH5I Bcex rrp0,[()'KT0B peaKIJ;HH (MeTmrrpmpTopau;eTaT, MeTaH0JI, 

)'KCycHa5I H MypaBbHHa5I KHCJIOTbI) ,[(0CTHraeT 50 MOJib!MOJib Rh-11ac B cpe,[(e D2O-CF3COOD 

H 95 Monb!MOJib Rh·11ac B cpe,[(e H2O-CF3COOH. Eme 6onee 3<p<peKTHBHoi-i ~ 150 M0Jib 

ncex rrpO,[()'KTOBIMonb Rh-11ac B Tex )Ke ycnoBH5IX 0Ka3anacb po,[(HH-Me,[(b()KeJie3o )

xnopH,[(Ha5I CHCTeMa (Ji) [3]. I10601IHOH peaKu;HeH 5IBJI5IeTC5I HHTeHCHBHOe 0KHCJieHHe co ,[(0 

CO2, 0,[(HaK0 B 0TC)'TCTBHe co KaK B0CCTaH0BHTeJI5I peaKIJ;H5I He H,[(eT. 3TO c6nm1<aeT 

HaH,[(eHHbie CHCTeMbI c 6HonorH1IeCKHMH. 

IlonyqeHHbie ,[(aHHbie H JIHTepaTypHbie CBe,[(eHH5I IIO3BOJI5IIOT C1IHTaTb, 1ITO B CHCTeMe A 

HCTHHHbIM 0KHCJIHTeneM 5IBJI5IeTC5I H0,[(H0BaTHCTa5I KHCJI0Ta, a B CHCTeMe Ji - rrep0KCH,[( 
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no,z:i;opo,z:i;a mm ero 3KBirna.rreHT, HanpnMep, CuOOH+. PoJib coKaTaJIH3aTopoB H 3aKmo1:1aeTC5I 

B reHepnpoBaHHH OKHCJIHTeJieH: 

2HI+O2 ___. H2O2+I2 

HI + H2O2 ___. HOI+ H2O 

2 Cu++ 02 + H+ ___. Cu2+ + Cu-OOH+ 

Cu-OOH+ + W ___. Cu2+ + H2O2 

PereHepaU:H5I BOCCTaHOBJieHHbIX cpopM COKaTaJIH3aTopoB npOHCXO,Il;HT no,z:i; ,z:i;eHCTBHeM 

co npH KaTaJIH3e KOMITJieKCaMH po,D;H5I: 

h + CO + H2O ___. 2 HI + CO2 

2 Cu2+ +CO+ H2O ___. 2 Cu++ CO2+ 2 H+ 

,Il;JI5I HCCJie,z:i;yeMOH peaK[(HH B03MO)KHbl ,D;Ba MexaHH3Ma. IlepBbIH 3aKJII01:IaeTC5I B 

o6pa30BaHHH OKCOKOMITJieKca BbICOKOBaJieHTHOro po,D;H5I, Ha OKCOKHCJiopo,ne KOToporo 

npOHCXO,Il;HT aKTHBaU:H5I MeTaHa. AJibTepHaTHBHbIH MexaHH3M 3aKJII01:IaeTC5I B o6pa30BaHHH 

cna6oro accou:naTa MeTaHa C KOOp,D;HHaU:HOHHO-HeHaCbII.IJ;eHHbIM KOMITJieKCOM p0,D;H5I (I) H 

nepeHoc 3JieKTpOHOB OT C-H CB5I3H H Rh (I) Ha ,z:i;ne MOJieKynbI Cu (II) rn,z:i;ponepoKcn,z:i;a, 

CB5I3aHHble C po,z:i;HeM XJIOpH,D;HbIMH MOCTHKaMH. 

MexaHH3M 1 Bep05ITeH rrpH YMepeHHblX KOHBepCH5IX 02 H rro,n,z:i;ep)KHBaeTC5I OIIbITaMH C 

ncnoJib30BaHHeM 
180 2, H/8O H CF3C16O 18OH. BKna,z:i; MexaHH3Ma 2 3Ha1:IHTeneH rrpn Ma.JIOM 

,naBJieHHH 02 H HaXO,Il;HT rro,z:i;rnep)K,D;eHHe B HHrH6HpoBaHHH rrpou:ecca rrpH yneJIH1:IeHHH 

,z:i;aBJieHH5I co H KOHU:eHrpau:nH HO,Il;H,D;a H xnopn,na CBbIIIIe OIITHMaJibHbIX. 

Pa6orn BbIIIOJIHeHa npn no,z:i;,nep)KKe P<l><l>H, rrpoeKTbI N2N2 99-03-32381, 02-03-33153. 
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REDOX PROPERTIES OF POLYMER FILMS CONTAINING 
HETEROPOLYACIDS OF THE 12-th ROW 

OKIICJIIITEJihHO-BOCCTAHOBIITEJihHhIE CBOU:CTBA IIOJIIIMEPHhIX 
IIJIEHOK, CO~EP)KAIIJ;IIX rrrK 12-ro PMA 
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The goal of the project is to develop a novel type of large area Plastic Solar Cells for 
photovoltaic energy conversion based on polymer semiconductor matrices modified with 
inorganic electron acceptors: hetero- and homopolyoxometalates of different crystal structure. 
An important step of the work was determination of the redox properties of polyoxometalates 
after incorporation into a polymer matrix. 

During the last several years interest m Plastic Solar Cells (PS Cs) has grown 

continuously [1] because of their cheapness, flexibility and promising characteristics. 

However, efficiency of sunlight conversion of typical PSCs does not exceed 1 %, although 

quantum efficiency of some polymeric semiconductors approaches 95-100%. In order to 

achieve more efficient spatial charge separation the insertion of electron acceptors particles 

into a matrix of the semiconducting polymer has been proposed. Highly effective large area 

PSCs made from thin film composites of a soluble alkoxy polyphenylene-polyvinylene 

blended with C60 fullerenes were introduced recently [2,3] with an active area of 150 cm2 and 

a monochromatic power efficiency up to 3 %. C60 molecules in semiconductor polymer 

matrix form conjugated superstructure which allows highly-effective spatial photocharge 

separation. The main disadvantages of such polymer/fullerene PSCs are their high cost and 

low stability of fullerene dopant under long-term illumination. 

For further improving of PSCs we used inorganic electron acceptors - polyoxometalates 

(POMs) which are known as stable and effective redox compounds [4,5] in catalysis and 

photocatalysis, as well as electron exchangers [6]. There are also data that inclusion of POMs 

into polyaniline promoted the acid-base and redox properties of this well-known electron

conducting and catalytically active polymer [7]. 

In our work, such PO Ms as H3PM012O40, H3PM011V1O40 and ~SiW 12O40, were 

immobilized by the ion exchange, according to [6], in water-permeable polymer films 

prepared from partially linked poly-4-vinylpyridine (P4VP) or from polyethylene films, 

modified with poly-4-vinylpyridine of ca. 0.1 mm thickness. Ascorbic acid, hydroquinone, 
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methylviologen and hydrazine-sulphate were used as reductants, and quinone, persulphate-

anion, FeCb and KBrO3 were used as oxidants. Concentrations of the appropriate 

intermediates were measured and kinetics was studied by UV-Vis spectroscopy and EPR

technique. 

It has been shown that processes of the reversible reduction and re-oxidation of the 

immobilized, as well as of the dissolved in homogeneous solution, POMs were carried out by 

the same stepped mechanism via one-electron-transfer stages. The reaction rates for the redox 

processes were found to be ~ 3-4 times lower in the case of the immobilized PO Ms. This could 

be explained either by existing of steric hindrances for the reagent's diffusion in a polymeric 

film matrix, or by changes in a POM's activity caused on its support in the film. The 

efficiency of the studied reductants has been changed as: ascorbic acid > hydroquinone > 

hydrazine-sulphate. Oxidation of the reduced forms of POMs by quinone, FeCb and BrO3 -

occurred faster than 15 sec, so, in our concentration conditions we could not compare the 

activity of the oxidants used. 

The stabilization of partially reduced forms of POMs adsorbed in polymers, in contrast to 

homogeneous solutions, has been shown. A possible reason for such effect is most likely the 

distortion of the POM' s framework as a result of its Coulomb interaction with charges of the 

polymer functional groups. This fact has been confirmed by EPR: the anisotropic spectrum of 

one-electron-reduced POM-anion in a glazed homogeneous solution became a narrow 

isotropic single line after POM' s adsorption in the polymeric film. 

The authors are grateful to the INTAS (Grant No. 00-0506) for financial support. We are 
thankful to Dr. V.V. Blagutina for the assistance in some experiments. 

References 

[1] Handbook of Organic Conductive Molecules and Polymers, vol. 1, 2 (Ed.: H.S. Nalva), John 
Wiley & Sons, 1997. 

[2] CJ. Brabec, V. Dyakonov, N.S. Sariciftci, et al., J. Chem. Phys., 109 (1998) 1185. 
[3] C.J. Brabec, F. Padinger, N.S. Sariciftci and J.C. Hummelen, J. Appl. Phys., 85 (1999) 6866. 
[4] Photocatalytic Conversion of Solar Energy. K.I. Zamaraev and V.N. Parmon Eds. Nauka, 

Novosibirsk, 1991 (in Russian). 
[5] CJ. Brabec, N.S. Sariciftci and J.C. Hummelen, Adv. Functional Mater., 11 (2001) 15. 
[6] V.V. Blagutina, A.I. Kokorin and V.N. Parmon. The electron-exchange material. Patent of the 

USSR No. 1443386 (1988). 
[7] M. Hasil, A. Pron, J. Pozniczek, A. Bielanski, Z. Piwowarska, K. Kruczala and R. Dziembaj, 

J. Chem. Soc., Faraday Trans., 90 (1994) 2099. 

146 



COBPEMEHHhIE IIPE,l(CTABJIEHIDI O MEXAHH3ME 
PEAK~HHrH,l(POCHJIHJIHPOBAHIDI 

THE MODERN CONCEPT OF THE MECHANISM OF 
HYDROSIL YLATION REACTION 

C1rnopuon H.K., PeJHHKOB A.H. H ,u;e BeKKH ,l(.A. 

Skvortsov N.K., Reznikov A.N. and de Vekki D.A. 

CaHKT-I1eTep6yprcKMH rocy,z::i:apcrneHHhIH TexHonorMqecKMH MHCTMTYT 
MocKOBCKMH rrp., ,z::i:. 26, CI16, CaHKT-I1eTep6ypr 198013, Poccm1 

E-mail: devekki@yandex.ru 

OP-11-18 

The hydrosilylation reaction mechanisms in the presence of platinum, palladium, 
rhodium and nickel complexes were considered. The kinetic parameters of the reactions, 
transformations of complexes in the reaction media and structures of silicon-containing 
intermediates were studied by GLC, NMR and polarimetry methods. Different ways of the 
Si-H bond activation are proposed for catalysts on the base of Pt, Pd, Rh, and Ni complexes. 
Relationship between the complex structure and their catalytic properties was determined. 

PeaKUM51 KaTaJIMTMqecKoro rH,z::i:poCMJIMJIHpoBaHMH Jie)l<MT B OCHOBe )'HMBepcanbHOro 

rrperrapaTMBHoro M rrpOMhIIIIJieHHOro MeTo,z::i:a CMHTe3a MHOrMX KpeMHMHOpraHMqecKMX 

coe,z::i:MHeHMH. 

B OCHOBe COBpeMeHHhIX rrpe.[(CTaBJieHMH O MexaHM3Me peaKUMM KaTaJIMTMqecKoro 

rH,z::i:poCMJIMJIHpOBaHM51 Jie)KMT HeCKOJihKO cxeM: 

1. KnaccMqecKa51 cxeMa qoKa-Xeppo,z::i:a rrpe,z::i:rronaraeT o6paTMM)'IO Koop,z::i:HHaumo anKeHa, 

OKMCJIMTeJihHOe rrpHCOe,[(MHeHMe Si-H K aToMy IIJiaTMHhl, BHe,z::i:peHMe 

KOOp,[(HHHpoBaHHOro aJIKeHa no CB5I3M MeTaJIJI-BO,z::i:opo,z::i: C IIOCJie,[()'IOIUMM 

BOCCTaHOBMTeJihHhIM 3JIMMMHHpOBaHMeM aJIKMJihHOro M CHJIMJihHOro JIMraH,[(OB. 

2. Mo,z::i:m)muHpoBaHHa51 cxeMa, rrpe,z::i:no)KeHHaH ,z::i:nH 061>51CHeHM51 rro6oqHoii peaKI(MM 

,z::i:erH,z::i:poreHaTMBHOro rH,z::i:poCMJIMJIHpOBaHMH, rrpe,z::i:rronaraeT, qTo BHe,z::i:peHMe rrpOHCXO,[(MT 

B CB513h MeTaJIJI-KpeMHMH, a 3aTeM cne,z::i:yeT 3JIMMMHHpOBaHMe CMJIMJihHOro M 

rH,z::i:pH,z::i:Horo JIMraH,[(OB. 

3. TpeTbH cxeMa 6a3HpyeTC5I Ha rrpe,z::i:IIOJIO)KeHMM 06 aKTMBaUMM rH,[(pOCMJiaHOB IIYTeM 

11 2-KOOp.[(HHal(MM CB5I3M Si-H, C rrocne,z::i:yiomeii aTaKOH Ha Hee HeKoop,z::i:HHHpOBaHHhIX 

( KOOpLJ:MHHpOBaHHhIX) Herrpe,z::i:eJihHhIX cy6cTpaTOB. 

Ha OCHOBaHMM aHaJIM3a rrpoBe,z::i:eHHhIX HaMM CMCTeMaTMqecKMX MCCJie,[(OBaHMH KHHeTMKM 

peaKI(MM rH,z::i:poCMJIMJIHpoBaHMH pa3JIMqHhIX cy6cTpaTOB ( oneqmHOB, aueTMJieHOB, ,[(MeHOB, 

BMHMJICMJIOKCaHOB, KeTOHOB) pa3JIMqHhIMM rH,z::i:poCMJiaHaMM M rH,z::i:poCMJIOKCaHaMM B 
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rrpHcyrcTBHH KOMITJieKCOB rrrraTHHhI, po,.a;mI, rrarrrra,.a;mr H HHKemI, C yqeTOM JIHTepaTypHbIX 

,.a;aHHhIX, ycTaHOBJieHO, l.J:TO B 3aBHCHMOCTH OT rrpHpO,z:J;hI MeTaJIJIOKOMITJieKca, CTerreHH 

OKHCJieHHH MeTarrrra, JIHraH,.a;Horo OKp)')KeHmI, rrpHpO,z:J;hI caMHX cy6cTpaTOB pearrH3YJOTCH 

pa3Hbie cxeMbI MeXaHH3Ma . C H3MeHeHHeM JIHMHTHpyroru;eii CKOpOCTh CTa,z:J;HH B 

KaTaJIHTHl.J:eCKOM rrpou;ecce H crroco6a aKTHBaD;HH CBH3H Si-H H Herrpe,.a;eJihHOro coe,.a;HHeHHH. 

)J;rrH BhrnCHeHH51 MexaHH3Ma KaTaJIHTHl.J:eCKOro rH,.a;pOCHJIHJIHpOBaHHH HaMH 

HCITOJih30BaHhl crreKTpOCKOITHH 5.IMP (1 H, 13C H 
31 P) H HK, a ,z:J;JIH XHparrbHbIX 

cyrrnq>OKCH,.a;co,.a;ep)l(aIU;HX KOMITJieKCOB B TOM l.J:HCJie MeTO,.a; IlOJIHpHMeTpHH [ 1,2]. 

I10Ka3aHa B03M0)1(H0CTh JIHraH,.a;Horo KOHTpOJIH aKTHBHOCTH H cerreKTHBHOCTH ,.a;eiicTBHH 

KaTarrmarnpoB Ha ocHoBe rrrrocKO-KBa,.a;paTHhIX KOMrrrreKCOB [ML2X2], M=Ni, Pd, Pt. [3]. 

IIpe,.a;JIO)l(eHbl <<IIIKaJihI JIHraH,z:J;OB», Il03BOJIHIOIU;He rrporH03HpOBaTh KaTaJIHTHl.J:eCKHe 

CBOHCTBa KOMITJieKCOB HCXO,z:J;H H3 (J-,z:J;OHOpHbIX H n-aKu;errTOpHbIX CBOHCTB JIHraH,.a;OB B 

KOMITJieKcax. 

Pa6oTa BhIITOJIHeHa rrpH q>HHaHCOBOH rro,.a;,.a;ep)l(Ke MHH06pa30BaHHH H P<I><I> H. 
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MEXAHII3M KATAJIHTHqEcKoro I(HKJIOAJIIOMHHHPOBAHIDI 

OJIE<l>HHOB IIPH yqACTIIH Cp2ZrCh 

MECHANISM OF CATALYTIC OLEFIN CYCLOALUMINATION WITH THE 
Cp2ZrCh AS A CATALYST 
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Khalilov L.M., Ibragimov A.G., Parfenova L.V., Rusakov S.V., Yuldashbaev A.T., and 
Dzhemilev U.M. 

lIHCTHTyr Heq)TeXHMHH H KaTaJIH3a AH PE H YHQ P AH 

Ilp. OKrn6pSI, 141, Yq>a 450075, PoccHSI 
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The mechanism of olefin cyclometallation by triethylaluminium in the presence of 
Cp2ZrCh has been established by means of dynamic NMR spectroscopy and semiempiric 

quantum chemistry methods. 

OTKpbITaSI B 19 8 9 r. [ 1] peaK[(HSI KaTaJIHTHqecKoro [(HKJIOMeTaJIJIHpOBaHHSI oneq>HHOB H 

a[(eTHJieHOB C yqacTHeM KOMIIJieKCOB Zr- H Ti- IIO3BOJISieT rronyqaTb TPeX-, IISITH- H 

MaKpO[(HKJIHqecKHe MeTaJIJIOOpraHHqecKHe coe~HHeHHSI 3a,naHHoro CTPOeHHSI Ha OCHOBe 

coe,nHHeHHH Herrepexo,nHhIX MeTannoB (Mg, Zn, Al, Ga H In). 

Mern,naMH ,lJ;HHaMHqecKOH JlMP-crreKTpOCKOIIHH [2] H KBaHTOB0-XHMHqecKHX pacqeTOB 

[3] HaMH myqeH MexaHH3M :QHKJI0MeTaJIJIHp0BaHHSI a-orreq>HHOB C IIOMOI[(bIO AlEt3 rro.n 

,neHCTBHeM KOMIIJieKCOB Zr C rrorryqeHHeM B o,z::i;Hy CTa,lJ;HIO IISITHqJieHHbIX 

aJIIOMHHHHOpraHHqecKHX coe,nHHeHHH (AOC) - aJIIOMa[(HKJIOIIeHTaH0B. y CTaH0BJieH0, qTo 

KJIIOqeBhIMH HHTepMe,nHaTaMH B ,naHHOH peaK[(HH SIBJISIIOTCSI IISITH- H ceMHqrreHHbie 

6HMeTaJIJIHqecKHe Al-Zr-KOMIIJieKCbI ( cxeMa 1 ), yqacrnyromHe B q>opMHpoBaHHH 

[(HKJIHqecKHX AOC. 

Pa6orn BhIII0JIHeHa rrpH rro,n,nep)KKe P<I><I>M (I'paHT ,NQ00-15-97312). 
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JIIOMIIHECIJ;EHTHbIH MOHIITOPIIHr JIAHT AHII)];HbIX KATAJIII3ATOPOB 
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LUMINESCENT MONITORYNG OF LANTHANIDE CATALYSTS OF DIENE 
POLYMERIZATION 
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The new luminescent approach to study the mechanism of the synthesis of lanthanide 
catalysts and the mechanism of catalytic diene polymerization are discussed. 

Ha rrpHMepe KaTaJimarnpoB LnCh3TE<t> - (i-Bu)3Al 11 LnCh3TE<t> - (i-Bu2Al)2O 

(Ln=Tb, Ce; TE<t> = (BuO)3PO) IIOKa3aHo, qrn H3MepeHtte moMHHecl(eHTHbIX xapaKTepttcTHK 

JiaHTaHH,nOB (JIX-Ln) IIO3BOJI.sieT rrpocne,nHTb 3a BCeMH ll3MeHeHH.sIMll Koop,nHHal(IIOHHOro 

OKp)')KeHH.sI HOHa Ln3
+ H IIOJiyqIITb l(eHHbie CBe,neHH.sI O MexaHH3Me o6pa30BaHH.sI H ,neiicTBH.sI 

KaTaJIH3aTopoB. B Kaqecrne JIX-Ln ll3Mep.sIJIHCb crreKTpbI xeMH-, q>OTOJIIOMHHeCI(eHI(llll 

(<t>JI) H B036)')K,neHH.sI <t>JI, BpeM.sI )KH3HH Ln3+* ('r). Haii,neHo, qTo JIX-Ln 3aBHC.sIT OT 

rrpHpO,UbI aJIIOMHHHiiopraHHqecKHX coe,nHHeHHii (AOC) H OTHOIIIeHtt.sI Ln/ AOC. 

Ilptt ,no6aBneHHH AOC K pacrnopy LnCh3 TE<t> B rnnyone Ha6n10,na10Tc.s1 CJIO)KHbie 

H3MeHeHH.sI JIX-Ln. B o6nacTH MaJiblX OTHOIIIeHHH AOC/ Ln HHTeHCHBHOCTb <t>JI naHTaHH,ua 

pacTeT 6e3 H3MeHeHH.sI IIOJIO)KeHH.sI MaKCHMYMOB B crreKTpax <t>JI (AMaK = 350 HM ,nn.s1 Ce H 

AMaK.= 490, 545 HM ,nn.s1 Tb). BenHqHHa -r rrpH :noM He MeH.sieTC.sI H ocTaeTC.sI paBHOii Bem1q11He 

-r KOMIIJieKca LnCh3TE<t> (2800 MKC ,nn.s1 Tb3+*). Ilptt :noM a6coJIIOTHbie 3HaqeHH.sI 

HHTepBaJIOB OTHOIIIeHHH AOC/Ln 3aBHC.sIT OT rrpHpo,nbI AOC. TaK, ,un.s1 (i-Bu2AlhO OH IIIttpe 

(0-6)/1, qeM ,nn.s1 (i-Bu)3Al (0-3)/1. YKa3aHHbie H3MeHeHH.sI JIX-Ln CB.sI3aHbI c o6pa30BaHtteM 

KOMIIJieKCOB BH,na [LnCh3TE<t>]"nS·(AOC)m (r.ne S-rnnyon). Ilptt :noM BbITecHeHtte TE<t> H3 

KOOp,nttHal(HOHHOH cq>epbl Ln3
+ He rrpottcxo,nHT. O6pa30BaHHe KOMIIJieKCOB rro,nrnep)K,UaeTC.sI 

crreKTpaMH 5IMP 13C, B KOTOpbIX IIO.sIBJI.sIIOTC.sI ,nBa THIIa CllrHaJIOB CH2O rpyrrrr JIHraH,ua 

TE<t>. KoMrrneKc [LnCh3TE<t>]"nS·(AOC)m, o6pa3YIQII(HHC.sI B ocHOBHOM :mepreTttqecKoM 

COCTO.sIHHH, rrptt q>OTOB036)')K,neHHll pacrra,naeTC.sI, a Ha6n10,naeMa.sI <t>JI Bbl3BaHa H3JiyqeHHeM 

11cxo,nHoii cpopMbI naHTaHH,na, T.e LnCh3TE<t>]"nS. 
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Ilptt YJ3emrc-1eHHH OTHorneHHH AOC/Ln (3-4/1 ,nnH (i-Bu)3Al H 3-8/1 ,nnH (i-Bu2AlhO) 

6 3+* Ha mo,naeTCH rra,neHHe HHTeHCHBHOCTH cDJI tt BeJIHqHHbl T HOHa Ln . IlpH '.HOM ,[(JIH 6onee 

3KpaHHpOBaHHOH f-f moMHHecu;eH[(HH Tb3
+* IlOJIO)l(eHHe MaKCHM)'Ma B crreKTpe cDJI 

coxpaHHeTCH. ,[(nH 6onee l-J:)'BCTBHTeJibHOH f-d JIIOMHHecu;eH[(HH Ce3
+*, HarrpOTHB, HMeeT 

MeCTO 6arnxpoMHbIH C,[(BHr MaKCHM)'Ma crreKTpa cDJI OT 350 ,no 380 HM. 3TOT C,[(BHr 

OTpa)l(aeT rrpouecc BbITeCHeHHH 0,[(HOH MOJieKyJibl TBcD H3 KOOp,nHHaUHOHHOH ccpepbl Ln C 

o6pa3oBaHHeM KOMrrneKca [LnCh2TBcD]'nS·(AOC)m. BbITecHeHHaH MoneKyna TBcD 

CBH3bIBaeTCH B K0MrrneKc c AOC, l-J:TO Haxo,nHT cBoe oTpa)l(eHHe B H3MeHeHHH cttrHanoB TBcD 

H AOC B crreKTpax 5IMP 13
C. lfa HaKnoHa rnTepH-<pOJibMepoBcKoif 3aBHCHMOCTH 

3<p<peKTHBHOCTH TyrneHHH Ln3
+* rronyqeHbl K0HCTaHTbl CK0pOCTH o6pa30BaHHH KOMIIJieKC0B 

[LnCh2TBcD]'nS'(AOC)m (k1 = 4. 1 · 103 n·MoJib-1.c-1 ,nnH (i-Bu)3Al H k2 = 1. 1 · 103 n·MoJib-1.c-1 

,nnH (i-Bu2Al)2O) ). 

Ilptt 6onee BbICOKHX OTHorneHHHX AOC/Ln (> 4/1 ,nnH (i-Bu)3Al H > 8/1 ,nnH 

(i-Bu2Al)2O) B pacrnope BbIIIa,naIOT oca,[(KH, o6na,naIOIUHe KaTaJIHTHqecKOH aKTHBHOCTbIO B 

IIOJIHMepH3a1(HH ,nHeHOB. IlpH 3TOM rrpOHCXO,[(HT ,[(aJibHeHIIJHH crra,n HHTeHCHBHOCTH cDJI, 

rrpttqeM, IIOJIO)l(eHHe MaKCHM)'MOB B crreKTpax cDJI MeHHeTCH. ,[(nH cna6o 

cpnyopecuttpyIOIUero oca,nKa B cnyqae u;epmr AMaK. = 420 HM, a - Tep6HH AMaK = 4 70 H 525 HM; 

300 K). TaKOH CHJibHbIH C,[(BHr IIOJIO)l(eHHH MaKCHM)'MOB cDJI Tep6HH H0CHT aHOMaJibHbIH 

(,nnH f-f cDJI) xapaKTep H CBH3aH C CHJibHbIM BJIHHHHeM aJIKHJibHOro cpparMeHTa KaTaJIH3aTOpa 

Ha 3JieKTpOHHyIO CTPYKTYPY H3nyqaIOiuero H0Ha Ln
3

+*. CBe,neHHH o cDJI TaKHX 

KaTaJIHTHl-J:eCKH aKTHBHbIX oca,nKOB B JIHTepaType OTCYTCTByIOT. Oca,nKH co,nep)l(aT, no 

KpaifHeH Mepe, ,[(Be JIIOMHHecu;HpyIOIUHe cpopMbl JiaHTaHH,[(OB. TaK, rrpH 77 K crreKTp cDJI 

oca,nKa B cnyqae Tep6HH rrpe,nCTaBJieH ,ll;BYMH THIIaMH rronoc: 470, 525 HM tt 490, 545, 585 HM. 

Ilocne,nHHe TPH rronocbI Tpa,nH[(H0HHbI ,nnH cDJI coe,nHHeHHH Tb. ,[(o6aBneHHe ,nHeHa 

(rrHIIHpeneH, 6yra,nHeH, H30IIpeH) TYIIJHT cDJI rrpH 490, 545, 570 HM H, Hao6opoT, ycHJIHBaeT 

HHTeHCHBH0CTb ITOJI0C rrpH 4 70, 525 HM. BBe,neHHe 02 Be,neT K HCl-J:e3HOBeHHIO IIOJIOC 

470, 525 HM B pe3yJibTaTe OKHCJieHHH CBH3H Ln-aJIKHJI H ycttJieHHIO IT0JIOC 490, 545, 570 HM 3a 

cqeT o6pa30BaHHH CBH3H Ln-aJIKOKCH. cDJI oca,nKa rrpH 4 70, 525 HM OTHeceHa K H3JiyqeHHIO, 

3+* 
HOHa Ln , BXO,[(HJUero B COCTaB KaTaJIHTHl-J:eCKH aKTHBHOro ueHrpa I1OJIHMepH3aUHH. IlpH 

,neHCTBHH 02 Ha 3TH KaTaJIH3aTOpbl B03HHKaeT xeMHJIIOMHHecueH[(HH (XJI). KoppeAA[(HH 

HpKOCTH 3TOH XJI H BbIXO,na IIOJIHITHITepttneHa I1OKa3bIBaeT, l-J:TO aKTHBHbIM 3BeHOM 

KaTaJIHTHl-J:eCKH aKTHBHOro ueHrpa IIOJIHMepH3a1(HH HBJIHeTCH HMeHHO CBH3b Ln-aJIKHJI. 
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ETHYLENE POLYMERIZATION CATALYSIS USING BIS-IMINE AND 
BIS(IMINO)PYRIDINE DERIVATIVES 

KATAJIU:3 Il0JIIIMEPU:3AI(IIU: 3TIIJIEHA IIPOU:3B0)1;HblMII liU:C-U:MU:HOB 
U: Jill C(IIMU:HO)IIU:PH)];U:HO B 

I vanchev S.S. 

IIBaH1-1eB C.C. 

St-Petersburg Department of the Boreskov Institute of Catalysis SB RAS, St-Petersburg, Russia 
E-mail: ivanchev@SM2270.spb.edu 

Upon the analysis of the research publications and patents on postmetallocene catalysts 

based on various substituted bis-imino- and bis(imino )pyridine halide complexes of Fe, Co, 

Ni, Pd a considerable drop in their activity is noticed under homogeneous conditions at 

temperatures above 60°C. 

In order to find systems retaining activity at commercial process temperatures (60-80°C) 

kinetic features of ethylene polymerization and possibility for its copolymerization with 

1-octene and 4-methyl-1-pentene are studied using four novel methylalumoxane activated 

2,6-bis(imino )pyridine iron complexes with bulky substituents in the ortho-position of aryl 

ring (R
2 

- cyclopentyl; R3 
- H, Me, cyclopentyl; R4 

- H, Me). The activity of the obtained 

complexes is determined at 50-80°C and pressure 0.1-0.55 MPa. Thermal properties of the 

synthesized polyethylene (PE) samples are studied by DSC to estimate their molecular 

characteristics. A high thermal stability of the catalytic complex bearing two cyclopentyl 

substituents in the ortho-position of the aryl ring is shown. The prepared polymer samples are 

featured with high densities (965-972 kg/m3
) indicating the absence of branches in the 

macromolecules. The developed catalysts turned out to be inactive towards ethylene 

copolymerization with 1-octene and 4-methyl-1-pentene. 

The kinetic features of ethylene polymerization using four MAO-activated novel 

(-diimine complexes of NiBr2 (1,2-bis(2-cyclopentylphenylimino )-acenaphtene-nickel

dibromide) with bulky cyclic substituents in the ortho-position of the aryl ring are studied. 

The activity of the prepared complexes is determined in the temperature range 4-70°C and 

pressure 0.3 MPa, the structures and thermal properties of the obtained PE samples are also 

characterized. The polymerization rate grows with the temperature up to the maximum which 

value depends on the substituents and polymerization temperature. A possibility to control the 

short chain branching density and number as well as the resulting PE molecular weight is 

shown. 

The mechanism of macromolecule formation in the course of polymerization is 

considered. 
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A OFT QUANTUM CHEMICAL STUDY OF ION PAIRS FORMATION FOR THE 

CATALYST Cp2ZrMei/MAO IN OLEFIN POLYMERIZATION 

KBAHTOBO-XIIMIIqECKOE IICCJIE)l;OBAHIIE <l>OPMIIPOBAHIUI IIOHHbIX 
llAP )];JUI Cp2ZrMe2/MAO KATAJIII3ATOPA B 110JIIIMEPII3AI(IIII 

OJIE<l>HHOB 

Zakharov I.I. and Zakharov V .A. 

3axapoB II.II. 11 3axapoB B.A. 

Boreskov Institute of Catalysis, Novosibirsk 630090, Russia 
E-mail: ivan@catalysis.nsk.su 

Recently [1] we offered a molecular model MAO, which most close corresponds to 

known experimental data ("true"-MAO is characterized by a ratio Al:Me:O=1:1.5:0.75). The 

formation of " true "-MAO can be presented as an association between t1imethylaluminium 

and "classic"-MAO of the cage-structure (AlOMe)n. "Classic" MAO and "true" MAO 

contain the reactive centers of different types. In "classic" MAO the reactive centers are 

represented by highly reactive bonds Al-O in the inner layer. The reactive centers in "true" 

MAO are the tri-coordinated aluminum atoms in groups O-AlMe2 [1]. 

We have studied the process of ion pairs formation in the system Cp2ZrMeiMAO (the 

DFT/6-3 lG** calculations). It is shown that an interaction of Cp2ZrMe2 with "true" MAO of 

the composition (Al8Me12O6) proceeds with tri-coordinated aluminium atom in the active site 

(O-AlMe2) and yields the strongly polarized molecular complex or the µ-Me bridged contact 

10n patr: [ Cp2(Me )Zr(µMe )Al=MAO] with the distances 

r(Zr-µMe)=2.38 A and r(Al-µMe)=2.28 A. The following interaction of µ-Me contact ion pair 

with trimethylaluminium (TMA) results in a formation of the TMA-separated ion pair 

[Cp2Zr(µMe)2AlMe2t---[MeMAOr with r[Zr--(MeMAO)] equal to 4.58 A (Fig. la). The 

calculated composition and structure of the TMA-separated ion pair (a) is consistent well with 

the 13C-NMR data for the species detected in Cp2ZrMeiMAO system [2] and may be 

considered as a precursor of active centers for olefin polymerization. 

An interaction of the TMA-separated ion pair (a) with ethylene results in a substitution of 

A1Me3 by C2H4 in a cationic part of the ion pair (a) and the following ethylene insertion into 

the Zr-Me bond. This reaction leads to formation of ion pair of the composition 

[Cp2ZrCH2CH2CH3t--[Me-MAOr named as the propyl-separated ion pair (Fig. lb). Ion pair 

(b) exhibits distance r[Zr--(MeMAO)]=3.88 A and strong Cy-agostic interaction of propyl 

group with the Zr atom. We suppose this propyl-separated ion pair (b) to be an active center 

for olefin polymerization. 

154 



OP-11-22 

Acknowledgments This work was supported by a grant INT AS 00-00841. 

(b) 

}--t~ 
y \ 
\ c....:-

r2 \._\_ .JI a 

j,Zr ,,"··--~'M 
\Lr\ 
/ "\ 

TMA-separated ion-pair 

r1(Al -Me)=2.04 A 
r2(Zr -MeMAO)=4.58 A 
r3(Zr -µMe) = 2.37 A 
r4(Al -µMe)= 2.32 A 

Propyl-separated ion-pair 

r1(Al -Me)=2.04 A 
r2(Zr -MeMAO)=3.88 A 
r(Zr - Ca) = 2.22 A 
r( Ca - C13) = 1.56 A 
r(C13 - Cy) = 1.57 A 
r(Zr - Cy)= 2.58 A 

Fig. 1. Calculated at the DFT/6-310 level the structure (Cs-symmetry) of the propyl-separated 
ion pair (b) as a result of the reaction between the TMA-separated ion pair (a) and ethylene in 
catalytic system Cp2ZrMe2 + "true" MAO (Al8Me120 6). 

[1] I.I. Zakharov, V.A. Zakharov, Macromol.Theory Simul., 2001, 10, 108. 
[2] D.E. Babushkin, N.V. Semikolenova, V.A. Zakharov, E.P. Talsi, Macromol. Chem. Phys., 2000, 201, 558. 
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OCOEEHHOCTII II30CIIKQII<l>MqECKOU: IIOJIIIMEPII3AQIIII 
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II Me10- II30MEPOB 

THE PARTICULARITIES OF ISOSPECIFIC POLYPROPYLENE SYNTHESIS IN 
BULK WITH ansa-METALLOCENES TO BE A MIXTURE OF rac- AND meso

ISOMERS 
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The particularities of propylene polymerization with rac- and meso- type ansa

bisindenylzirconocenes catalysts differing by nature of substituents in bridge and ligands are 

discussed. The influence of the route of catalytic system generation and PP synthesis 

conditions in liquid propylene on catalyst activity during polymerization, microstructure and 

molecular-weight characteristics of the polymers produced was studied. 

OTKpbITHe roMoreHHbIX KaTaJIH3aTOpOB ,n:mr CTepeocneu;HcpHqecKOH IlOJIHMepH3aD;HH 

a-one<pHHOB Ha OCHOBe CTepJiqecKH 3aTPY.ll:HeHHbIX aHca-MeTaJIJIOIJ;eHOB (MIi:) II 

IlOJIHMeTHJiaJIIOMOKCaHa (MAO) 5IBIDieTC5I 0.ll:HHM H3 caMbIX 3HaqJITeJihHbIX co6bITHH B o6JiaCTH 

MeTaJIJIOKOMITJieKCHOro KaTaJIH3a [1,2]. AKTHBHOCTb Ml(, a TaIOKe CBOHCTBa CHHTe3HpoBaHHbIX 

IlOJIHMepoB 3aBHC5IT, B nepBYIQ oqepe,n:b, OT CTPOeHIDI KaTaJIH3aTopa II, B OTJIJiqHe OT 

reTeporeHHbIX Ti/Mg KaTaJIH3aTopoB, OHH 6onee qyBCTBHTeJihHbI K ycJIOBIDIM ITOJIHMepH3aD;HH. 

B HaCT05IIIJ;eii pa6oTe HCCJie,n:oBaHa ITOJIHMepH3aD;H5I nponHJieHa B npHCYTCTBHH pH,n:a 

6HCHH,n:eHHJibHbIX npOH3BO.ll:HbIX D;HpKOHH5I, OTJIJiqaJOIIJ;HXC5I 3aMeCTHTeJI5IMH B MOCTHKe II 

JIHraH,n:ax, npe,n:cTaBJI5IIOIIJ;HX co6oii CMeCb paLf- II Me3o- H30MepoB, aKTHBHpoBaHHhIX MAO, 

II HCITOJib30BaHHbIX B npou;ecce 6e3 BbI,n:eneHH5I qJICTOH pal,/ cpopMbI. )];JI5I cpaBHeHH5I TaK)Ke 

HCITOJib30BaHhI Ml(, npe,n:CTaBJI5IIOIIJ;He co6oii qJICTbie paLf cpopMbI. 

I1o,n:po6Ho npoBe,n:eHO HCCJie,n:oBaHHe BJIH5IHH5I pa3JIJiqHbIX ITYTeH cpopMHpOBaHH5I 

KaTaJIHTH1:IeCKHX CHCTeM Ha ocHoBe pal{-Me2Silnd2ZrCh Ha aKTHBHOCTh II cBoiicrna 

nonHnponHneHa (I1I1), nonyqeHHoro npH noJIHMepH3aIJ;HH B Macce. I1oKa3aHo, qTo CHCTeMa, 

nonyqeHHa5I ITYTeM npe,n:BapHTeJihHOro pacTBopeHH5I Ml( B TonyonhHOM pacTBope MAO, B 

3 pa3a 6onee aKTHBHa, qeM CHCTeMa, npHrOTOBJieHHa5I ITYTeM npe,n:BapHTeJibHOro 

pacTBopeHH5I Ml( B TOJiyone. y CJIOBH5I cpopMHpOBaHH5I KaTaJIHTJiqecKOH CHCTeMbI BJIH5IIOT 

He TOJihKO Ha aKTHBHOCTb, HO II Ha BeJIJiqJIHY MM noJIHMepa. 
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llccJie,UOBaHa IIOJIHMepll3aI.JJUI rrpormJieHa C HCIIOJlb30BaHHeM p5I,Ua 6HCHH,UeHHJI 

UHpKOHOUeHOB, rrpe,nCTaBJI5IIOIUHX co6oil CMeCb pa4- H Me30- cpopM B COOTHOllleHHH 1:1, 

OTJIHqaJOIUHXC5I rrpHpo,uoil 3aMeCTHTeJieH B KpeMHHeBOM MOCTHKe. IloKa3aHo, qTo 

HCIIOJib30BaHHe MU: C o6'beMHbIM 3aMeCTHTeJieM B MOCTHKe rrpHBO,UHT K HeKOTOpOMY 

YMeHbllleHHIO aKTHBHOCTH KaTaJIHTHqecKOH CHCTeMbl. IloJIHMepbI, IIOJiyqeHHbie Ha CMeCH 

pa4 H Me30 H30MepoB, o6rra,uaIOT ,UOCTaTOqHo BbICOKHMH cpaKTOpaMH CTepeopery1rnpHOCTH 

(HarrpHMep HH,UeKC MaKpOTaKTHqHQCTH COCTaBJI5IeT OKOJIO 80% ), qTo y-Ka3bIBaeT Ha oqeHb 

Hll3KHH BKJia,U Me30 ll30Mepa B rrpouecc IIOJIHMepH3aUHH rrpOIIHJieHa. 

AKTHBHOCTb CHCTeMbl Ha OCHOBe Me30- ll30Mepa B 50 pa3 Hll)Ke, qeM rrpH 

HCIIOJib30BaHHH COOTBeTCTBYJOIUero pa4- H30Mepa, rrpH 3TOM o6pa3yeTC5I aTaKTHqecKHH Illl 

c oqem, HH3KOH MM. 

l13BeCTHO, qTo BBe,r:i;eHHe aJIKHJibHbIX 3aMeCTHTeJieH B IIOJIO)KeHHe 2 H apHJibHbIX B 

IIOJIO)KeHHe 4 llH.L(eHHJibHOro JIHraH,ua, rrpHBO.L(HT K pe3KOMY YBeJIHqeHHIO aKTHBHOCTH 

cHcTeMbI H MM rroJIHMepa [3, 4]. C HCIIOJib30BaHHeM aHca-uHpKoHoueHa Me2Si(4-Ph-2-Et

IndhZrCh (pa11r: Me30=1:2), HCCJie,uoBaHo BJIH5IHHe cooTHOllleHH5I Al/Zr Ha cTa,UHH 

rrpeaKTHBaUHH H KOHUeHTpaUHH UHPKOHH5I B peaKTOpe Ha aKTHBHOCTb H CBOHCTBa Illl. 

IloKa3aHo, qTo YBeJIHqeHHe COOTHOllleHH5I Al/Zr Ha CTa,UHH rrpeaKTHBaUHH rrpHBO,UHT K 

3HaqHTeJibHOMY YBeJIHqeHHIO aKTHBHOCTH H HH,UeKca H30TaKTHqHocTH Illl. C,neJiaH BbIBO.U 06 

H3MeHeHHH ~mcJia H30CrreuHcpHqecKHX aKTHBHbIX ueHTpOB, rrpHBO,U5IIUHX K YBeJIHqeHHIO 

aKTHBHOCTH ll napaMeTpOB peryJI5IpHOCTH CHHTe3upyeMoro Illl. 

Ilpu HCIIOJib30BaHHH MU: C 3aMerueHHbIMH 6HCHH,UeHHJibHbIMH JIHraH,naMH, IIOJiyqeH 

BbICOKOMOJieKyJIHpHbiii ll30TaKTHqecKuii Illl c MM oKoJio 700000 r!MOJib H Trrrr 

161-165°C. AKTHBHOCTb CHCTeMbl Ha OCHOBe Me2Si(4-Ph-2-Et-IndhZrCh (pal{:Me30=1:2), 

C<pOpMHpOBaHHOH B OIITllMaJibHbIX ycJIOBH5IX, ,UOCTHraeT 900 Kr/MMOJib Zr qac ll MaJIO 

ornHqaeTc5I OT aKTHBHOCTH cHcTeMbI Ha ocHoBe pa11r-Me2Si(4-Ph-2-Me-IndhZrCh. 

TaKHM o6pa30M, llCIIOJib3Y5I MU:, rrpe,ncTaBJI5IIOIUlle co6oii CMeCb pa4 H Me30 cpopM, ,UJI5I 

KOTOpbIX HCKJIJOqeHa CTa,UH5I BbI,UeJieHH5I qucToro paU-ll30Mepa, MO)KHO C oqeHb BbICOKllMll 

CKOpOCT5IMH H peryJI5IpHOCTblO IIOJiyqllTb ll30TaKTHqecKHH Illl. 
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HETEROGENIZA TION OF MET ALLOCENE CATALYSTS 

rETEPOrEHH3AIJJUI MET AJIJIOI(EHOBbIX KAT AJIII3ATOPOB 

Novokshonova L.A.*, Kovaleva N. Yu., Meshkova I.N., Ushakova T .M., Krasheninnikov V.G., 
Ladygina T .A., Leipunskii 1.0. *, Zhigach A.N * and M.L. Kuskov* 

HonoKIIIoHona JI.A.*, Kona.Jiena H.IO., MernKona H.H., Yma1mna T.M., KpameHHHHHKOB B.r., 
Jla,a;hffHHa T.A., JieiirryHcKHii H.O. *, lKHraq A.H.* H KycKOB M.JI. * 

Semenov Institute of Chemical Physics RAS 
Kosygin St.,4, Moscow 119991, Russia 
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The supported metallocene catalysts on zeolite and montmorillonite were prepared 
through synthesis of MAO by a reaction of mobil internal water of these supports with A1Me3 

(ZSM5-H2O/A1Me3 and MM-H2O/A1Me3) followed by addition of zirconocene Cp2ZrCh or 
Et[Ind]zZrC}z. Such supported catalysts are active in the olefin polymerization without 
addition of external MAO or another Al-alkyl. The structure of MAO in 
MM-H2O/A1Me3 and in SiOz/MAO (MAO supported on dehydrated SiO2) was compared 
with the commercial MAO by TPD-MS method. 

The usual way of metallocene catalyst heterogenization is the treatment of dehydrated 

support by methylaluminoxane (MAO) followed by addition of metallocene. However those 

systems are inactive in olefin polymerization and addition of external MAO or other 

aluminumalkyl into reaction zone is needed to activate a catalyst. 

We have developed the method of the preparation of supported metalloorganic catalysts 

on the surface of inorganic hydrated supports through the synthesis of alkylaluminoxanes by a 

reaction of partial hydrolysis of aluminumalkyl with the internal mobil water of support 

followed by addition of transition metal compound [1]. By this method, MAO was 

synthesized on the surface of zeolite (ZSM5-H2O/ A1Me3) and montmorillonite 

(MM-H2O/ A1Me3) using the reaction of the internal water of these supports with A1Me3. The 

catalysts, obtained by the treatment of ZSM5-H2O/A1Me3 and MM-H2O/A1Me3 with 

Cp2ZrCh or Et[Ind]zZrCh, show high activity in the ethylene and propylene polymerization 

as well as in the copolymerization of ethylene with octene-1 and hexene-1 without addition of 

external MAO or other Al-alkyl [2,3]. 

To clear out why the commercial MAO supported on dehydrated SiO2 from toluene 

solution (SiO2/MAO) does not activate the metallocene catalysts whereas MAO synthesized 

directly on a support (MM-H2O/ A1Me3) is an active cocatalyst for metallocenes, both of them 

as well as the commercial MAO in solid state were investigated by TPD-MS method [4]. The 

method consists in mass spectrometric analysis of the products of temperature programmed 
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desorption from the sample surface at linear heating of sample in vacuum from room 

temperature to 500°C [5]. 

The composition of desorbed products arising upon thermal destruction of 

aluminumorganic component is largely identical in all three cases. According to the mass

spectra, a number of the fragments of oligomer MAO molecule such as Al(Me h, OAl(Me ), 

OA1Me2, O2A1Me, AbO3, OAhO3 is present in thermodestruction products. These fragments 

correspond to the MAO structure suggested in literature. Mass-spectra registered also show an 

intensive methane generation associated with CH3 group detachment. 

The TPD spectra obtained allow to conclude that MAO synthesized on a support by a 

reaction of internal water with A1Me3 is similar to a large extent to commercial MAO. At the 

same time both of them somewhat differ from SiO2/MAO. So for SiOi/MAO, on TPD curve 

for mass 16 associated with the CH3-group detachment there is no maximum in the region of 

about 100°C, whereas in the cases of solid commercial MAO and MM-H2O/ A1Me3 this 

maximum presents along with high temperature ones. On the TPD curves for mass of 70, 

associated with the evolution of Al-O-Al fragments from MAO molecule, the maximum in 

the region of 300-350°C is observed for all tested samples, but in the case of SiOi/MAO there 

is also an intensive peak at lower temperature of 160°C. The similar distinctions are observed 

also on the TPD curves for other fragments arising by the thermal destruction of MAO 

molecule in the investigated samples. 

The obtained data show that, contrary to MAO in MM-H2O/ A1Me3, when fixing MAO 

on the dehydrated support surface by an interaction with OH- groups (SiO2/MAO) a loss of a 

part of methyl groups (evidently the most reactive) takes place. Besides the easier processes 

of destruction of MAO molecule in SiO2/MAO testifies that the three-dimensional MAO 

structure becomes in this case more strained. 
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KATIIOHHbIE KOMIIJIEKCbl O,I(HOBAJIEHTHOro HIIKEJI.H -AKTIIBHbIE 

qACTH:Qbl Hll3KOMOJIEKYJI.HPHOH OJIHrOMEPII3A:Qllll OJIE<l>IIHOB 

THE CATIONIC MONOVALENT NICKEL COMPLEXES ARE AN ACTIVE 
PARTICLES FOR LOW MOLECULAR WEIGHT OLEFINE OLIGOMERIZATION 
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The reactions of the individual cationic complex [(PPh3) 3Ni]BF4 with unsaturated 
hydrocarbons (ethene, propene, and styrene) were studied using EPR, UV, and NMR 
spectroscopy. It was found that stable dimeric carbocationic a-alkyl Ni(l) complexes are 
intermediates in the reactions of unsaturated hydrocarbons with cationic Ni(l) complexes. A 
mononuclear Ni(l) complex (PPh3)2Ni-CH(COOC2Hsh with a Ni-C a-bond was synthesized 
in situ and characterized using EPR. An organonickel(I) complex with n- and a-bonded 
carbon atoms was identified using EPR method. The transformations of unsaturated 
hydrocarbons on cationic Ni(l) complexes were explained in terms of an experimentally 
justified ionic coordination mechanism. 

KaTaJIIITHqecKHe CHCTeMbl Ha OCHOBe cpoccpHHOBbIX K0MITJieKCOB Ni(0) B coqeTaHHH C 

KHCJIOTaMH JinIOHCa rrp05IBJI5IIOT BblCOKYJO aKTHBHOCTb B peaKU:IIH HH3KOMOJieKyrr.HpHOll 

onHroMepII3a1(IIII HeHac1,1meHHblX yrrreBo,r:i:opo,r:i:oB. B rrpou:ecce cpopMHpoBaHH.H 

KaTaJIH3aTopa rrpOIICXO,r:i:HT KOJIWieCTBeHHOe 0KHCJieHIIe Ni(O) ,z::i:o o,r:i:HOBaJieHTHOro 

COCT05IHH5I, 3JIHMHHHpOBaHHe au;II,r:i:0JIHraH,r:i:OB II cpoccpHHOBblX JIIIraH,r:i:OB H3 

Koop,r:i:HHa[(HOHHOll ccpepbl Ni(I) C o6pa30BaHIIeM KOOp,nHHaU:HOHHO-HeHac1,1meHHblX 

KaTHOHHblX KOMITJieKCOB Ni (I) [ 1-3]. 

B ,r:i:aHHOH pa6oTe rrpe,z::i:crnBrreHbl pe3yrrnTaTbl IIccrre,r:i:oBaHH.H MeTo,r:i:aMH 3TIP-, Y<l>- II 

JIMP-crreKTpocKorrHH B3aIIMo,r:i:encTBII.H KaTHOHHoro K0MITJieKca 

Bbl,r:i:erreHHoro H3 KaTarrHTHqecKon CIICTeMbl (PPh3) 4Ni + BF3 ·OEt2, c HeHac1,1meHHhIMH 

yrneBo,r:i:opo,r:i:aMH (3THJieH, rrporrHrreH, CTHpon, 6YTa,nIIeH). 

IloKa3aHo, qrn rrpH B3aHMo,r:i:encrnHH KaTHOHHoro KOMrrrreKca [(PPh3) 3Ni]BF4 co 

CTHpOJI0M IIJIH 6YTa,r:i:IIeHOM rrpOHCXO,r:i:HT 3aMemeHIIe TpHcpeHHJI(pOC(pHHOBOro JIHraH,r:i:a Ha 

MOJieKyny cy6cTparn II rrepeHOC 3ap.H,r:i:a Ha KOOp,r:i:HHHpOBaHHblll onecpIIH C o6pa30BaHHeM 

Kap6KaTIIOHHOro a-arrKHJibHOro KOMITJieKCa Ni(I) C0CTaBa 

(PPh3) 2Ni-CH2-C+HR, KOTop1,1n Haxo,r:i:HTC.H B pacrnope rnrryona B ,r:i:HMepHoM cocTO.HHHH. 

Ilo,z::i: ,r:i:eHCTBHeM KaTaJIHTHqecKoro 51,z::i:a - TpH3TIIJI(pOC(pIITa rrpoHCXO,r:i:HT o6paTHblll rrpou:ecc: 
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3aMememre Koop,r.nimrpoBaHHoro orreqnrna Ha TpH3THrrcpoccpHT c o6pa3oBaHHeM 

MOH05I,l..(epHoro KoMrrneKca Ni(I) cocrnBa ((PPh3)zNi(P(OEt)3)z]BF4. 

MeHee aKTHBHhI B KOMIIJieKcoo6pa30BaHHH 3THJieH H npormrreH. IlpH HCITOJil>30BaHHH 

3THX yrrreBo,l..(opo,l..(oB rrpou;ecc 3aMemeHH5I TpHcpeHHrrcpoccpHHOBoro rrHraH,l..(a H nocrre.[(yiomee 

o6pa30BaHHe Kap6KaTHOHHhIX (j-aJIKHJihHhIX KOMITJieKCOB Ni(I) npoHCXO,l..(HT TOilhKO npH 

H36hITKe KHCJIOThI JlbIOHCa. O6Hap)')KeHa nponopl(HOHaJibHa5I 3aBHCHM0CTh Me)l(,[(y 

KOHIJ;eHTpau;HeH Kap6KaTHOHHOI'O (j-aJIKHJihH0I'O KOMITJieKca Ni(I) H CKOpOCThIO 

OJIHroMepII3al(HH 3THJieHa, KOTopa5I COCTaBHJia 20000 MOJih C2H4 / r.aTOM Ni-qac. 

B OTJIHqHe OT Kap6KaTHOHHhIX KOMIIJieKCOB 3JieKTpOHeHTpaJibHbie MeTarrrropraHHqecKHe 

KOMrrrreKchr Ni(I) cocrnBa ((PPh3)zNi-R)2, r,ue R = CH3, C 3H 5, 5IBJI5IIOTC5I Kpa:ii:He 

Heycrn:ii:qHBhIMH H 6hrcTpo pacna,uaIOTC5I C BOCCTaHOBJieHHeM Ni(I) ,l.(O HYJihBa.JieHTHOro 

COCTO5IHH5I. 

CttHTe3HpOBaH zn situ B pacrnope rnrryorra H H,UeHTHq>Hl(HpOBaH MeTO,UOM 311P 

cpaBHHTeJibHO ycrn:ii:qHBhIH MarroHaTHhIH KOMITJieKC Ni(I) COCTaBa 

(PPh3) 2Ni-CH(COOC2H 5)2, KOTOphIH, Bcrre,ucrntte yqacTH5I au;HrrhHOro KHcrropo,ua B 

KOMIIJieKcoo6pa30BaHHH, cymecrnyeT B pacrnope B MOHOMepHOM BH,Ue. llccne,uoBaHO 

B3aHMO,UeHCTBHe MaJIOHaTHOI'O KOMIIJieKca Ni(I), KaK MO,UeJill KaTaJIHTHqecKH aKTHBHoro 

KOMIIJieKca, C 3TllJieHOM. ll,ueHTHq>Hl(HpoBaH MeTO,UOM 311P npoMe)l(YTOqHhIH KOMIIJieKC 

Ni(I) cocrnBa (PPh3)(C2~)Ni-CH(COOC2H 5)2, co,uep)l(amtt:ii: o,n;HoBpeMeHHo n- H 

(j-CB5I3aHHhle yrrrepO,UHbie JIHraH,UhI. 

Ilpe,urrO)l(eHa cxeMa npeBpameHH5I HeHaCbIII(eHHhIX yrrreBo,uopo,n;OB Ha HHKerreBbIX 

KaTaJIHTllqecKHX CHCTeMax, B OCHOBe KOTOpo:ii: Jie)l(HT KOOp,UHHal(HOHHO-HOHHhIH MeXaHH3M 

aKTHBal(llll cy6cTparn: KOOp,UHHal(H5I orrecpHHa K KaTHOHHOMY KOMITJieKcy Ni(I); nepeHOC 

IIOJIO)l(llTeJibHOro 3ap5I,n;a Ha KOOp,UHHHpOBaHHhIH orrecpHH H rc-cr-neperpynnupoBKa C 

o6pa30BaHlleM KHHeTHqecKH ycTo:ii:qllBOH CB5I3H Ni-C; KO0p,UHHal(H5I ll BHe,upeHHe orrecpHHa 

no CB5I3ll Ni-C; (j-TC-neperpynrrHpOBKa, o6paTHhIH nepeHOC 3ap5I,n;a Ha u:eHTpaJibHhIH aTOM H 

3JillMllHllpOBaHHe npO,UYKTOB OJIHroMepH3aIJ;HH. 
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ORGANONICKEL a -COMPLEXES -KEY INTERMEDIATES 

OF CATALYTIC CYCLES 

HHKEJihOPrAHHqECKHE CHrMA-KOMIIJIEKChl - KJIIOqEBhIE 
HHTEPME)];HAThl KATAJIHTHqECKHX QHKJIOB 
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.SlxnapoB 11.r., liy,uHHKOBa IO.r. n CHHSlll.IHH o.r. 

Arbuzov Institute of Organic and Physical Chemistry of RAS 
Arbuzov str., 8, Kazan 420088, Russia 

Fax: (8432) 752253; E-mail: yakhvar@iopc.knc.ru 

The use of ortho-substituted aromatic bromides as model compounds has allowed to fix, 
synthesize and allocate the key intermediates of electrocatalytical processes of homo- and 
cross-coupling of organic halides and element phosphorus under the action of Ni(0)bpy 
complexes. The mechanisms of catalytic cycles of dehalogenation of halogenorganic 
compounds in electrocatalytical conditions by nickel-2,2'-bpy complexes are offered. 

High significance of processes, catalyzed by complexes of transitional metals in low 

degrees of oxidation, requires development of theoretical bases, more deep understanding of 

mechanisms of these processes with the purpose of a conscious choice of catalysts, 

conditions, prediction of outcomes and possibility of process control [1]. At the present 

moment development of researches of our scientific group are realized in three rather 

independent directions, common for which is electrochemical generation "in situ" of highly 

reactive Ni(0)bpy complexes. 
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The aim of the present work is study of mechanisms of electrochemically induced 

catalytic processes with participation of various organic, elementoorganic and inorganic 

substrates under the action of nickel-2,2'-bpy complexes. 

Combination of preparative electrolysis and cyclic voltammetry measurements has 

allowed electrochemically synthesize and allocate a series of cr-organonickel complexes - key 

intermediates of catalytical cycle [2]: 

MesNiBrbpy - product of oxidative addition of RX to Ni(O)bpy complex 

Tol2NiBrbpy - one of the basic intermediates of catalytical cycle 

Mes2Nibpy - last intermediate on a way to the products of organic halides coupling. 

The mechanism of catalytic dehalogenation process is offered, where all intermediates 

were extracted and described. 

The obtained theoretical representations about mechanisms of catalytic cycles with 

participation of organic halides were spreaded to other substrates containing ordinary bonds, 

including white phosphorus. It is established that under the action of electrochemically 

generated catalysts - complexes Ni(0)bpy in the presence of organic halides it is possible to 

convert white phosphorus into compounds with P-C bonds - phosphines and phosphinooxides 

[3]. A key stage of this process is the stage of interaction of nickelorganic a-complex 

ArNi(II)Xbipy, which electrochemically is generated in a reaction medium by reaction of 

Ni(0)bpy complex with RX, with white phosphorus. 

The results of preparative syntheses have shown, that the nature of the soluble anode 

essentially influences the nature and yields of electrolysis products [4]. It is established, that 

the anodically-generated cations of metals appear as electrophilic reagents of the system, 

stabilizing phosphid-anions formed at the decomposition of P-P bonds in tetrahedron of white 

phosphorus. In these conditions the sequential opening of P-P bonds in phosphoric oligomers 

reduce the formation of aryl(alkyl)phosphines as the final products of transformation. 

This work is carried out at financial support of the Russian Foundation for Basic 

Research (RFBR M~ 01-03-33210 and 01-15-99353), complex program of Russian Academy 

of Sciences "New principles and methods of creation and directed synthesis of substances 

with the given properties", and also INT AS 00-00018. 
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CO2 CONVERSIONS CATALYZED BY HYDROGEN-ACCUMULATED SYSTEMS 

IlPEBPAIIJ;EHim CO2, KATAJIII31IPYEMbIE BO,IJ;OPO,IJ;-AKKYMYJIIIPYIOIIJ;HMH 
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Carbon dioxide conversion into CO and methane at 20°C and 15 atm over hydride formed 

from intermetallic compound [TiFeo,95Zro,03Moo,02]Hx (HFIC) is low. Conversion of CO2 

reaches 50-60% at more hard conditions (T=350 - 430°C and P= 10-60 atm) of the reduction. 

CO ~CO+H 0 2 350 C 2 

where Hs - surface hydrogen bonded with the structure of intermetallic compound. 

The industrial Pt/AbO3; Mg0,59Al0,39Zr0,o2 and Cu impregnated on the intermetallic 

surface were used as co-catalysts combined with HFIC in the catalytic compositions. 

The way of hydrogen loading as well as the kind of the co-catalysts used influences the 

reduction rate and selectivity of CO2 hydrogenation. 

At the CO2 hydrogenation by structural hydrogen, 90-99% of CO; 0,5-8% of hydrocarbon 

C1-C5 and up to 1 % of formaldehyde are formed in the gas products. 

The CO2 reduction conjugated with cyclohexane dehydrogenation m the presence of 

catalytic composition consist of HFIC combined with 0,1 wt.p. of Pt/AhO3 lead to 20% 

carbon dioxide and 50% cyclohexane conversions. 

0 430CC, 15 atm SCO O + SH o 
3CO2+ - +l..8) 2 

CO2 conversion combined with iC3 - iC5 alcohols used as co-reagents lead to oxygen

content organic compounds formation. Some of them are depicted on the schemes: 
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On the base of the study of HFIC structure with the use of X-Ray, EXAFS and XANES 

methods it is assumed that surface hydrogen atoms strongly bounded with titanium and 

having partially negative charge are active centers of CO2 activation. 
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THE MECHANISM OF SELECTIVE HYDROGENATION OF ACETYLENE 
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The mechanisms of the selective hydrogenation of acetylene alcohols on homogeneous and 
heterogeneous Pd-containing catalysts have been suggested. Pd nanoparticles in amphiphilic 
block copolymers (polystyrene-poly-4-vinylpyridine, polyethylene oxide-poly-4-vinylpyridine) 
micelles nuclei have been studied as homogeneous catalysts. Heterogeneous catalysts are Pd 
nanoparticles stabilized in hyper-cross-linked polystyrene pores as well as in amphiphilic block 
copolymers micelles nuclei supported on y-AhO3. Pd-containing metal-polymer systems have 
been studied in selective hydrogenation of acetylene alcohol triple-bond (C5, C 10, C20) using 
methods of H-NMA- (in situ), FTIR-, X-ray photoelectron spectroscopy, transmission electron 
microscopy (TEM). The kinetics has been investigated and mathematical models of acetylene 
alcohols hydrogenation for all the catalysts have been designed. 

In the preceding investigations [1, 2] the mechanisms of the selective hydrogenation of 

acetylene alcohols of compound structure on heterogeneous catalysts - Pd/y-AhO3 (0,5% Pd) 

modified by zinc, pyridine, alkali; Pd-containing phtalocyanine complexes immobilized in 

polystyrene polybutadiene matrix have been studied. The kinetic investigations and physico

chemical analysis of catalytic systems and substrates have revealed that interaction between 

the catalyst active component, solvent, support, modifier and substrate takes place. The 

selective hydrogenation was proved to run through a multi-ligand reaction complex. The 

substrate activation occurs though electron density transfer from the catalyst active 

component. 

Theoretical and experimental data accumulated allowed us to design nanostructured 

metal polymer catalysts and to study the mechanism of selective hydrogenation of acetylene 

alcohols triple-bond on these catalysts. Palladium mono-(Pd) and bimetallic (Pd-Au, Pd-Pt, 

Pd-Zn) nanoparticles in amphiphilic block copolymers (polystyrene-poly-4-vinylpyridine, 

polyethylene oxide-poly-4-vinylpyridine) micelles nuclei have been studied as homogeneous 

catalysts. Heterogeneous catalysts are Pd nanoparticles stabilized in hyper-cross-linked 
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polystyrene pores as well as in amphiphilic block copolymers micelles nuclei supported on 

y-AhO3. Pd-containing metal-polymer systems and substrates have been investigated in 

selective hydrogenation of acetylene alcohol triple-bond (CS, ClO, C20) using methods of 

H-NMA- (in situ), FTIR-, X-ray photoelectron spectroscopy, TEM. H-NMA spectra data 

(in situ) show that dehydride complexes "the catalyst molecule - hydrogen" do not form, i.e., 

hydrogen oxidizing addition does not take place and so called "non-classical dehydrides" -

dehydride complexes are formed. So, acetylene alcohol hydrogenation reaction study using 

NMA-spectroscopy has shown "unsaturated" way of hydrogen activation and pair transfer of 

its atoms to "substrate - catalyst" complex, resulting in cis-addition of hydrogenating agent. 

TEM data have revealed the presence of stabilized nanoparticles of 1-2 nm size (Fig. 1) in 

catalytic systems. According to FTIR on CO adsorption and XP-spectroscopy it was 

determined that "shell-core" structure is characteristic of Pd-Au colloids while Pd-Pt and 

Pd-Zn form "claster in claster" structure. Pd-Au particles have only one type of active sites 

(linear CO adsorption) while on the surface of Pd, Pd-Pt and Pd-Zn particle there are at least 

2 types of active sites (terminal CO adsorption) [3]. 

On the basis of the experimental data on the reaction kinetics study and the results of 

physico-chemical investigation of catalytic systems mathematical models of the 

hydrogenation for all the catalysts have been designed and the hypotheses concerning the 

mechanism of triple-bond hydrogenation on the catalysts have been suggested. 

a b 

Fig. 1. TEM micro graphs a) hypercrosslinked polystyrene b) micelles of 
poly( ethyleneoxide )-block-poly(2-vinylpyridine) with Pt nanoparticles 

We sincerely thank NATO Science for Peace Programme (grant SfP - 974173) and 
Russian Foundation for Basic Research (grant 01-03-32937) for financial support. 
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CHHEPrH3M AKTHBHOCTH CMEIIIAHHhIX OJIHrOAJIJIEHOBhIX 

KOMITJIEKCOB IlAJIJIA)]JUI II HEliJIArOPO,Il;HhIX METAJIJIOB VIII rPYilIIhI 
B rII,n;PHPOBAHHH ,IJ;HEHOB B AJIKEHhI 

ACTIVITY SYNERGISM OF MIXED OLIGOALLENE COMPLEXES OF 
PALLADIUM AND NON-NOBLE VIII GROUP METALS 

IN HYDROGENATION OF DIENES INTO ALKENES 

<l>poJioB B.M., Xap1>K0Ba E.M., PoJami:ena JI.3. 11 lioH,ri:apeHKo r .H. 

Frolov V.M., Khar'kova E.M., Rozantseva L.E. and Bondarenko G.N. 

HHCTllT)'T HeqJTex11M11qecKoro CllHTe3a 11M.A.B.Torrq11eBa PAH 
JieHllHCKllH rrpocrreKT, 29, ITII-1 MocKBa199911, Poccm1 

<l>aKc: (095) 230-2224; E-mail: frolov@ips.ac.ru 

Oligoallene complexes of palladium synthesized by interaction of palladium 
acetylacetonate with tri-iso-butylaluminum in the presence of allene or 1,1-dimethylallene are 
exclusively active catalysts for selective liquid-phase hydrogenation of conjugated dienes into 
alkenes. The most interesting result is the synergistic effect displayed by mixed complexes 
containing Pd and one of the non-noble metals of Group Vill (Fe, Co, and Ni). A maximum 
activity corresponding to approximately equimolar composition of the binary system is 
2.5-3-fold greater than that of the Pd complex. Complexes of non-noble metals are inactive. 
The possible mechanism of the synergism based on IR spectroscopy data is discussed. 

O1rnroam1eHOBb1e KOMIIJieKCbl IIaJIJia.L(ll.51, IIOJiyqaeMbie B3a11Mo.n:ei1:cTBlleM 

611c-a:o;eTmrn:o;eTOHaTa IIaJIJia.L(mI C Tp1111306)'TllJiaJIIOMllHlleM B rrpllC)'TCTBllll aJIJieHa llJill 

1, 1-.L(llMeTllJiaJIJieHa B TOJIYOJie, rrpo.5IBJI.5IIOT llCKJIIOqlJTeJibHO BbICOKYIO aKTllBHOCTb B 

peaK:0:1111 r11.n:p11poBaHl15I COIIp.5I)KeHHbIX .L(lleHOB B aJIKeHbl, 11cq11cJI.5IeMYIO .n:ec.5ITKaMll TbIC.5Iq 

KaTaJillTlJqecKllX aKTOB Ha O.L(llH aTOM rrepeXO.L(HOro MeTaJIJia B qac, rrp11 ceneKTllBHOCTll, 

6nmKoH K 100% [ 1-3]. Oco6oe BH11MaH11e rrp11BJieKaeT Heofa1qHbIH .L(JI.51 

MeTaJIJIOKOMIIJieKCHoro KaTaJill3a 3cpcpeKT Cl1Hepr113Ma aKTllBHOCTll rrp11 llCIIOJib3OBaHllll 

611MeTaJIJI11qecK11x c11cTeM, co.n:ep)Kam11x, KpoMe Pd, He6naropo.D;HbIH MeTaJIJI VIII rpyrrrrhI. 

IlepBOHaqaJibHO 3TOT 3cp<peKT 6bIJI o6Hap~eH .L(JI.51 CMeIIIaHHOro OJillI'OaJIJieHOBOro 

KOMIIJieKca rraJIJia.L(ll.51 11 HllKeJI.51 [ 1 ], IIOJiyqaeMoro rrp11 .n:eHCTBllll Tp1111306yrnnaJIIOMllHll.5I Ha 

CMeCb a:o;eTlJJia:o;eTOHaTOB 3TllX MeTaJIJIOB B rrpllC)'TCTBllll aJIJieHa. B .L(aJibHeHIIIeM 6bIJIO 

IIOKa3aHO, qTo B KaqecTBe He6Jiaropo.n;Horo MeTaJIJia MOI')'T 6bITb llCIIOJib30BaHbl )KeJie30 11 

K06aJibT. 

B HaCT0.5Imei1: pa6oTe CllCTeMaT11qecK11 llCCJie.L(OBaHbl 3aBllCllMOCTll aKTllBHOCTll Tpex 

rrepeq11cneHHblX 611HapHbIX CllCTeM OT llX COCTaBa rrp11 IIOCT0.5IHHOH CYMMe KOH:o;eHTpa:o;11i1: 

06011x MeTaJIJIOB 11 OT CYMMapHOH KOH:o;eHTpa:0:1111 MeTaJIJIOB .L(JI.51 3KBllMOJI5IpHoro COCTaBa, 

xapaKTep113YIQmeroc5I MaKCllMaJibHOH aKTllBHOCTbIO, B JiyqIIIeM CJiyqae B 2.5-3 pa3a 
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rrpeBbIIIIaIOmeiI TaK0BYIO .[(JUI llH,l];IfBIIL(yaJibH0ro 0JillfOaJIJieH0B0r0 K0MIIJieKca IIaJIJia.[(IIH 

rrpII II0JIH0M 0TCYTCTBllll aKTIIBH0CTII y K0MIIJieKC0B He6JiaropOL(HbIX MeTaJIJI0B. B KaqecTBe 

MOL(eJibHOH peaKUllll ll3yqaJIOCb rll.[(pIIpoBaHHe ll30IIpeHa B ll30IIeHTeHbl. 

HK-crreKTpocKorrHqecKoe ll3yqeHIIe HHL(llBHL(YaJibHbIX K0MIIJieKC0B Pd, Ni H 

C00TBeTCTBy'IOIUllX CMeIIIaHHbIX K0MIIJieKC0B II0Ka3aJI0, qTo 1) ,nmI K0MITJieKca HllKeJIH 

xapaKTepH0 HaJIIfqIIe 7t-aJIKeHIIJibH0r0 corrpH)KeHHH, 0TCYTCTBy'IOIUero B CJiyqae K0MITJieKca 

naJIJia,nIIH, 2) xapaKTepHbie L(JIH K0MITJieKca IlaJIJia.[(llH IT0JI0Cbl npII 820, 1068 ll 1136 CM-I B 

6HMeTaJIJillqecKOM K0MIIJieKce CMemeHbl ll Ha6JIIOL(aIOTCH npll 815, 1065 ll 1120 CM-I. 

MO)KHO II0JiaraTb, qTo o6pa30BaHIIe 6IIMeTaJIJIIIqecKoro K0MITJieKca, np0HBJUIIOIUero 

CllHeprII3M aKTllBHOCTll, npoHCXOL(llT B pe3yJibTaTe B3allMOL(eHCTBIIH in situ 7t-aJIKeHHJihHOro 

K0MIIJieKca HllKeJIH C 0JIIII'0L(lleHllJibHbIM coe.[(IIHeHHeM IlaJIJia.[(llH. CJie,nyeT 0TMeTIITh, qyo 

npII llCIT0Jib30BaHllll CMeCll 0TL(eJibH0 npllr0T0BJieHHhIX K0MITJieKC0B Ni II Pd YBeJIIIqeHIIe 

aKTIIBH0CTll B rIIL(pIIpoBaHllll ll30npeHa He Ha6JIIOL(aJIOCb. O.[(HOH II3 Bep0HTHbIX npllqlfH 

rrp0HBJieHHH CllHeprIIqecKoro 3cpcpeKTa HBJIHeTCH B03M0)KH0CTb peaJIII3aUHII 6HueHYpOBOfO 

MexaHll3Ma npII HaJIIfqlfII B aKTllBH0M ueHTpe KaTaJill3aTopa C00TBeTCTBy'IOIUllM o6pa30M 

pacn0JI0)KeHHbIX aT0M0B Pd II Ni. CxeMa rIIL(pllp0BaHIIH ,nIIeHa B npHCYTCTBllII 

6HMeTaJIJilfqecKoro Pd-Ni-KOMITJieKca M0)KeT 6bITb npe.[(CTaBJieHa CJie.[(y'IOIUIIM o6pa30M: 

B0L(0po,n K00pL(IIHHpyeTCH Ha IlaJIJia.[(IIII, K00p.[(HHal(llH .ll aKTHBaUIIH L(IIeHa np0IICX0L(llT Ha 

aTOMe HllKeJie. IlepeXOL( aKTllBIIp0BaHH0ro B0L(0p0L(a K cy6crpaTy npIIB0,L(IIT K o6pa30BaHIIIO 

np0L(YKTa peaKI(llll. HHTepecHO 0TMeTIITb, qm aHaJIOrlfqHbIH 3cpcpeKT CIIHeprII3Ma Ha6JIIOL(aJICH 

L(JIH nJieHoK ll3 cnJiaBa Pd-Ni B ra3ocpa3HOH peaKI(HII rn,z:i;pIIpoBaHIIH 3TIIJieHa [4]. 
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KINETICS OF ONE-STAGE WACKER-TYPE OXIDATION OF Ci-C4 OLEFINS 

CATALYSED BY AN AQUEOUS PdCh - HETEROPOL Y ANION SYSTEM 

KIIHETIIKA O,l.(HOCTA,l.(IIMHOro BAKEP-OKIICJIEHUJ.I. C2-C4 OJIE<l>IIHOB 
KATAJIII31IPYEMOro BO,l.(HOM PdCh-rETEPOilOJIIIAHIIOHHOM 

CIICTEMOM 

Lambert A., Derouane E.G. and Kozhevnikov I.V. 

The Leverhulme Centre for Innovative Catalysis, Department of Chemistry, 
University of Liverpool, Liverpool, L69 7ZD, UK 

Fax: +44-151-794-3589; E-mail: kozhev@liverpool.ac.uk 

The steady-state kinetics of the one-stage Wacker oxidation of ethene, propene and 
I-butene by oxygen to form respectively acetaldehyde, acetone and methyl ethyl ketone in 
aqueous solution using a catalytic system involving Pd(II) chloride and Keggin-type 
heteropoly anions [PMo9 V 30 40]6- has been studied in a semi-continuous reactor. 

The steady-state kinetics of the one-stage Wacker oxidation of gaseous olefins such as 

ethene, propene and I-butene by oxygen catalysed by the Pd(II)/HPA-3 redox system to form 

respectively acetaldehyde, acetone and methyl ethyl ketone in aqueous solution has been 

studied in a semi-continuous reactor by reacting a stoichiometric 1 :2 mixture of 0 2 and olefin 

at 20-50°C. The catalyst composition chosen matches Catalytica's system [1] and involves 

Pd(II) chloride (0.05 - 2 mM Pd(II), [Pd(II)]/[Cr] _= 1 :50) and Keggin-type heteropoly anions 

[PMo9 V30 40]
6

- (50 mM) at pH 1.3. Under these conditions in a steady state, the reactivity of 

olefins increases in the order: ethene ~ I-butene < propene, but the total range is only a factor 

of 3. The oxidation of ethene and propene occurs without any complication. The oxidation of 

I-butene is accompanied by the double bond migration to form 2-butene, apparently 

proceeding through relatively stable n-allyl Pd(II) complexes. This complicates the kinetics of 

I-butene oxidation. Some overoxidation of reaction products takes place in the semi

continuous reactor. Use of a flow reactor with continuous removal of the products from the 

catalyst solution could reduce their overoxidation. 

[1] Grate, J.H., Hamm, D.R., and Mahajan, S., in "Catalysis of Organic Reactions" (J.R. Kosak and 
T.A. Johnson, Eds.) Dekker, New York, 1994, p. 213. 
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PROTON-INDUCED cr-Pd-C BOND HETEROL YSIS AS A KEY STEP OF 
1,2-ADDITION PRODUCTS FORMATION IN PALLADIUM(Il)/NITRA TE 

CATALYZED a-OLEFINS OXIDATION IN ACETIC ACID 

rETEPOJill3 cr-Pd-C CB.R311 rro,z:i: B03,Il;EHCTBHEM IIPOTOHOB -
KJIIQqEBAJI CT NJ:11.R MEXAHll3MA OliP A30BAHIIH IIPO,Il;YKTOB 

1,2-IIPIICOE,Il;llHEHIIH IIPII OKHCJIEHllll a-OJIE<l>IIHOB B YKCYCHOH 
KHCJIOTE, KATAJill311PYEMOM CHCTEMOH IIAJIJIA,Il;IIH(Il)/HIITP AT 

Beck I.E., Konevetz D.A.*, Golovin A.V., Fedotov M.A. and Lik~olobov V.A. 

IieKK 11.3., KoHeeeu; ,IJ;.A. *, ronoeHH A.B., <l>e.r:i;oToe M.A. H JIHxono6oe B.A . 

. Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 
Fax: (3832)-345076; E-mail: beck@catalysis.nsk.su 

*Institute of Bioorganic Chemistry SB RAS, Novosibirsk, Russia 

Palladium(II) catalyzed a-olefins oxidation by molecular oxygen in acetic acid results in 

selective 1,2-glycol esters formation in the presence of only a few Pd(0) reoxidants such as 

anions of oxygenous acids as well as some transition metal chlorides. All reoxidants proved 

suitable for this purpose were shown to be able to form complexes with Pd(II) ion being in 

tum a good olefins activator. Formed during the induction period complexes «reoxidant -

palladium(II) :--- olefin» were suggested to be catalytically active species, determining the 

composition of reaction products. 

Glycol esters results from a non-typical in palladium(II) chemistry reaction mechanism -

cr-Pd-C bond heterolysis in intermediate oxypalladation products in contrast to ordinary 

~-hydride shift or elimination in the same intermediate, leading to carbonyl compounds or 

unsaturated esters. Factors responsible for cr-Pd-C bond heterolysis could be determined in the 

study of olefins transformation by pre-synthesized model complex of Pd(II) and oxygen

transferring ligand(s). Nitro and nitrate palladium (II) complexes Pd(NOn)mX2-mL2 (X=Cl, 

OAc; n=2,3; m=l,2; L=CH3CN) were chosen as models for catalytically active species 

supposed for the well known PdX2/NO3 -/O2/HOAc catalytic system of olefins oxidation. In 

the presence of oxygen ethylene and propylene oxidation by Pd(NO0 )mCh-mL2 complexes in 

acetic acid was found to result in the same selectivity in glycol esters independently on the 

complex composition. If even trace amounts of oxygen were eliminated from reaction 

mixture, the difference in the reaction activity of the complexes depending on ligands nature 

became obvious: Pd(NO2)ClL2 did not give any glycol esters while the same selectivity in 

glycol esters was observed in the case of Pd(NO3)XL2 independently of other ligands in the 

complex as well as oxygen presence, complex Pd(NO2)zL2 was a boundary case giving some 

glycol esters but in smaller amounts than in 0 2 presence. At the same time olefins oxidation 

by the same complexes in aprotic solvents did not show such drastic differences resulting in 
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carbonyl compounds or its derivatives mainly without any 1,2 addition products formation 

observed. 

To understand the cause of this distinction we studied by IRS and NMR the influence of 

acetic acid on the state of model complexes in CHCh solution. The appearance of nitrato and 

nitrosyl ligands a.b. along with expected nitroligands a.b. in CHCh solution of Pd(NO2hL2 

suggests the intraspheric redox reaction could be responsible for glycol esters formation in 

HOAc. Addition of 1-2% HOAc into the CHCh solution of complexes under study gives rise 

to a few new a.b. in the IR spectra attributed to 2 new species - a strong a.b. of coordinated 

acetate (1566-1570 cm-1, did not contain any 15N or 180 arising from initial enriched NO2 or 

NO3 ligand, was observed in the CHCh spectra of [Pd(NOu)(OAc )Lh complexes, grows 

rapidly in the case of Pd(NO2hL2 and Pd(NO3)ClL2 reaching rather more intensity in the last 

case, and very slowly in the case of Pd(NO2)ClL2) along with a number of gradually growing 

a.b. at 1676, 1602, 1305 cm-1 attributed to free nitric acid (the other a.b. of this species are 

probably hidden under strong a.b. of initial complexes and acetic acid added). The signal of 

nitric acid appeared also in the 14N and 170 NMR spectra of all complexes under study in 

CHCb/HOAc solutions in the oxygen presence suggesting the oxidation of a part of 

nitroligand (most probably in the form of O-bonded nitrito isomer) into nitrate ligand by 0 2. 

It should be n~ted that the selectivity of glycol esters formation directly correlates with 

the acetic acid percentage in chloroform up to 100% suggesting the HOAc not in itself but the 

low concentrated products of its dissociation namely acetate ion or proton being responsible 

for s-Pd-C bond heterolysis. The mostly representative experiments were carried out in 

10%HOAc/CHCb solutions where the yield of 1,1- and 1,2-addition products was 

comparable. Addition of acetate including the presence of pre-coordinated acetate does not 

affect glycol esters selectivity. Therefore the yield of 1,2-addition products was affected only 

with the steady-state protons concentration grows with the nitric acid one. The nitric acid 

itself free or coordinated along with coordinate acetate results from the substitution of weak 

nitrate ligand by acetic acid. Ethylene oxidation by Pd(NO2)(ClO4)L2 resulted in rather higher 

glycol esters selectivity probably due to more strong HC1O4 acid formation. Addition of small 

amounts of rather strong CF3COOH to 10%HOAc/CHCb solution also leads to higher 

selectivity of olefin oxidation by all complexes under study into glycol esters independently 

on the 0 2 presence. 

Financial support from the RFBR (Grant N2 00-15-97447) is gratefully acknowledged. 
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ROLE OF LEAD CO-CATALYST IN PALLADIUM CATALYZED DIRECT 
OXIDATIVE CARBONYLATION OF PHENOL 

POJih CBIIHU:A KAK CO-KATAJIII3ATOPA B Pd-KATAJIII31IPYEMOM 
IIPHMOM OKIICJIHTEJihHOM KAPliOHIIJIIIPOBAHIIII <l>EHOJIA 

Soloveichik Grigorii L. and Patel Ben P. 

General Electric Global Research Center, One Research Circle, Niskayuna, NY 12309, USA; 
Fax: + 1 (518) 387-6662; E-mail: soloveichik@crd.ge.com 

Diphenyl carbonate (DPC), a key monomer in solventless polycarbonate manufacturing, 

is prepared commercially by a two-step process involving intermediate synthesis of dimethyl 

carbonate. The direct oxidative carbonylation of phenol, discovered by Chalk [1] at GE, is a 

simpler alternative non-phosgene route to DPC: 

An effective catalyst composition for the oxidative carbonylation of phenol is composed 

of a mixture of a palladium(II) salt, lead(II) oxide and a quaternary ammonium bromide salt 

[2]. The initial rate of DPC formation has first order on oxygen and [Pb], but the role of lead 

and bromide remains unclear [3]. We have found that catalytic activity is effected by the order 

in which these three catalyst components are charged into the reaction. Furthermore, we have 

found that when PbO is first dissolved in molten PhOH along with an excess of NEt4NBr 

(TEAB), a pale yellow PbBr2 readily precipitates in greater than 90 % yield. When the PbBr2 

is filtered from the phenolic solution, the resulting filtrate containing dissolved lead species 

instantly reduces a Pd(II) salt to Pd(0), once added to the solution. However, addition of the 

Pd(II) salt to solution of pure PbBr2 in phenol does not result in the reduction of Pd(II). 

Dissolution of PbO in molten PhOH gives Pb(OPhh, which can be isolated as a hydrate. 

We have found that less than stoichiometric amount of a bromide salt added to solution of 

PbO m PhOH or mixed solvent promotes formation of polynuclear lead 

oxo(bromo )phenoxide species containing up to 8 wt. % Br depending on the PbO:TEAB 

ratio, solvent and reaction conditions [4]. Use of these compounds in DPC synthesis instead 

PbO yields higher Pd turnover numbers and selectivity [4]. Structure of these species and 

their role in catalytic oxidative carbonylation of phenol to DPC will be discussed 
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IIHTEPME,L(IIATbl IIPO:QECCOB ACIIMMETPlfqEcKoro OKIICJIEHIDI, 

KAT AJIII31IPYEMbIX KOMIIJIEKCAMII BAHA,L(IDl(V) 

THE INTERMEDIATES OF VANADIUM(V) CATALYZED ASYMMETRIC 
OXIDATIONS 

lipLIJUIKOB K.II. H TaJIJH E.II. 

Bryliakov K.P. and Talsi E.P. 

I1HcnITyr KaTa.Jm3a MM. f .K. EopecKoBa CO PAH 
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Fax: + 7 3832 343766; E-mail: bryliako@catalysis.nsk.su 

The detailed coordination chemistry was examined by multinuclear (13C, siy, 170) NMR 
spectroscopy in 3 practical catalytic systems: 1) [YO(OAlkyl)3]/chiral Schiff base 
ligand/H20 2 for enantioselective oxidation of sulfides, 2) [YO(OAlkyl)3]/chiral terpenoid 
ligand/TBHP for stereoselective epoxidation of allylic alcohols and 3) YO(OAlkyl)]iplanar
chiral hydroxamic acid/TBHP for stereoselective epoxidation of allylic alcohols. Structure 
and reactivity of the reactive intermediates was investigated. 

MeTO,z:i:aMM 5IMP Ha pa3HbIX H,z:i:pax (13C, Sly, 
170) M3yqeHbI KaTaJIMTlfl-IeCKMe CMCTeMbI 

acMMMeTpHqecKoro OKMCJieHMH cynbq>MJJ:OB [YO(OAlkyl)3]/ocHoBaHMH llIMq>q>a TMrra 1/H20 2 

[1], acMMMeTpHqecKoro 3ITOKCMJJ:HpoBaHMH ammnoBbIX crrHpTOB: [YO(OAlkyl)3]/xHpanbHbIH 

TeprreHOBbIH JIMraH,z:i: 2/TBHP [2] M YO(OAlkyl)]irn,z:i:poKcaMoBa.sI KMCJIOTa 3/TBHP [3]. 

3aperMCTpHpOBaHbI KmoqeBbie lfHTepMe,z:i:MaTbI ,z:i:aHHbIX CMCTeM - KOMITJieKCbI BaHaJJ:H.s!(Y), -

M3yqeHO MX CTpoeHMe lf ou;eHeHa peaKIJ;MOHHaH crroco6HOCTb. 
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IIoKa3aHO, qTo B rrepBOH lf3 paCCMOTpeHHbIX CMCTeM lfHTepMe,z:i:MaTaMM 5IBJI5IIOTC5I JJ:Ba 

rrepoKCOKOMrrJieKca BaHaJJ:H.sI(Y) A M B, pa3JilfqaIOII(MXC.sI crroco6oM Koop,z:i:HHaUMM 

XHpaJibHOro JIMraH,z:i:a 1, 6M- M TpH,z:i:eHTaTHO (KOHCTaHTa paBHOBeCMH OKOJIO 1 JJ:JIH pa3HbIX R): 

A B 
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Bo BTOpOH CllCTeMe oxapaKTeptt30BaH rrpe,IJJn;ecTBeHHllK aKTllBHOro llHTepMe,[(HaTa -

XllpaJibHbIH KOMIIJieKC BaHa,nmi(V), K KOTopoMy BHenrneccpepHO KOOp,D;llHHpyeT MOJieKyna 

TpeT-6YTHJII'll,[(porrepeKllCll: 

N~O 
1'1/ 

.-cw"/1~ o 

n-BuOH 

■ TBHP 

B TpeTbeH CllCTeMe B paBHOBeCllll HaXO,IJ;.HTC.H ,IJ;Ba aKTllBHbIX llHTepMe,[(HaTa -

aJIKllJIIIepOKCOKOMIIJieKCbI BaHamrn(V) I ll II ( COOTHOIIIeHne ;::::; 3: 1 ). Bo3MO)KH0, llMeHHO 

cyruecTBOBaHne ,[(Byx ,nnacTepeoMepHbIX llHTepMe,nnaTOB ycTaHaBJIHBaeT rrpHHUllIIHaJibHbie 

orpaHll1leHll.H Ha ,IJ;OCTllraeMbIH ypoBeHb aCHMMeTpWieCKOH llH,IJ;YKUllll (~ 71 % ee). 

R R 

" 0 " N-o II N-OL 

~ '-o ~ \l-o 
~ ,,-V._ I 

Ph _/r-- I Phi o' I ·o, 1 0 o, 
L tBu tBu 

0 

I II 

ABTOpbI Bbipa)KalOT 6naro,napHOCTb PoCCllHCKOMY 

llCCJie,IJ;OBaHHH 3a (pllHaHCOByIO rro,n,nep)KKY 

K.IT. EpbIJI.HKOB 6naro,[(apnT I1HTAC (rpaHT YSF-006). 

JinTepaTypa 

L = 

Phl = 

q_)OH,IJ;Y 

(rpaHT 

[1] C. Bolm, F. Bienewald, Angew. Chem. Int. Ed. Engl. 34 (1995) 2640. 

n-BuOH 

cBJ 
Q)YH,D;aMeHTaJibHbIX 

00-03-32438). 

[2] CTeH,nOBhIH ,noKJia.n Ha 13 Me)KJ(yttapo,n;HOM CHMII0311)'Me no roMoreHHOMY Karnn113y ISHC 13, 
Tarragona, Spain, 2002. 

[3] C. Bolm, T. Klihn., Synlett, 6 (2000) 899. 
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MEXAHH3M KATAJIH3HPYEMOro KOMIIJIEKCAMH HHKEJIH II IlAJIJIN(HH 

HETPN(H~HOHHOro AJIJIHJIHPOBAHHH HOPliOPHN(HEHA 

THE MECHANISM OF NON-TRADITIONAL ALLYLATION OF 
NORBORNADIENE CATALYSED BY NICKEL AND PALLADIUM COMPLEXES 

EBCTHrHeeBa E.M. H <l>JIH)]; B.P. 

Evstigneeva E.M. and Flid V.R. 

MocKOBCKa51 rocy,napcTBeHHa51 aKa,neMII51 TOHKOH XIIMIIqecKOH TexHononm 
HM. M.B. JloMoHocoBa 

rrp. BepHa,ncKoro 86, MocKBa 117 571, Pocc1rn 
· <l>aKc: (095) 434-87-11; E-mail: evst@postman.ru 

Mechanism of non-traditional allylation of norbomadiene (NBD) by esters in the 
presence of Ni-phosphite and Pd-phosphine catalytic systems was investigated. Details of 
catalyst formation were studied in situ and using the model systems. It has been shown that 
nickel and palladium complexes with different number of organophosphorous ligands are 
responsible for formation of particular regio- and stereoisomers. Both common and individual 
features of catalytic action of these metals were revealed. 

HeTpa,nm:i;IIOHHOe KaTaJIIITIIqecKoe aJIJIIIJIIIpOBaHIIe Hop6opHa,[(HeHa (HE)];) II ero 

rrpOII3BO,[(HblX - rrepcrreKTIIBHbIH MeTO,[( rronyqeHII51 )'HIIKaJibHbIX no CTPYKTYPe 

HeHaChIIIJ;eHHbIX coe,[(IIHeHIIH. ,D;o He,[(aBHero BpeMeHII e,[(IIHCTBeHHblMII KaTaJIII3aTopaMII 

3TOH peaKIJ;IIII CJI)')KIIJIII cpocqmTHhle KOMIIJieKCbl HIIKeJI51 [ 1-3]. 

jP]i ~ tS V ',, .NlPn 
OAc / ' 

\ l ~ n=I 
AcONi,f + o.::J - : ~ 

I J .,NiPn 
Pn V\ 

OAc ! . 

PnN~ 

!) 
I 

OAc! 

6< 

' n=7 OAc 

K-~" n=3 yf Lm 

!n~:c"' ~j 
OAc 

u:~ ! 
',oAc ~: _ ,.J-~ 

\ ~ ~ 'k:z OAc NiPn+AcOH 

NiPn+AcOH NiPn+AcOH 

,ll;eTaJibHOe II3yqeHIIe MexaHII3Ma, rrpoBe,neHHOe rrpII IIOMOIIJ;II 5IMP 31 P- crreKTpOCKOIIIIII 

in situ C IICIIOJib3OBaHIIeM KIIHeTIIqecKIIX II II3OTOIIHbIX MeTO,[(OB, IIOKa3aJIO, qTo o6pa30BaHIIe 
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HH.ZUIBH~Ya.JibHbIX perHO- H CTepeOH30MepHbIX rrpO,U)'KTOB rrpoHCXO,[(HT C yqacTHeM HHKeJib

cpocqmTHbIX KOMIIJieKCOB, co,uep)l<alil;HX pa3JIIfqHoe KOJmqecrno JIHraH,[(OB. 

KmoqeBoii crn,uHeii rrpol(ecca 51BJI51eTc51 ~-rn:,upH,UHbIH rrepeHoc, ocyru;ecrnm1eMbIH H3 

a.JIJIHJibHOro cpparMeHTa HJIH Hop6opHeHOBOro KOJibl(a. 

AcOH 

+ AcOD 
i-OAc 

,ZJ;m1: MO,[(eJibHbIX a.JIJIHJIHIIKerreBbIX CIICTeM MeTO,[(OM peHTreH03JieKTPOHHOH 

crreKTpOCKOIIIIII ycTaHOBJieH ,[(IlaIIa30H 3HaqeHIIH 3cpcpeKTIIBHOro 3ap51~0BOro COCT051Hil51 

aToMa HIIKerrH, Heo6xo~IIMbIH ,urrH ocyru;ecrnJieHII51 HeTPa.UIIl(IIOHHoro a.JIJIIIrrIIpoBaHII51 HE,ZJ;. 

AHa.rrOrllqHbie IICCJie,[(OBaHil51, rrpoBe,UeHHbie C nmpOKIIM KpyroM a.JIJIIIJibHbIX KOMIIJieKCOB 

rra.rrrra,[(Il51, II03BOJIIIJIII BbDiBIITb KOppeJI511(IIII, CB513aHHbie C BJIIl51HileM CTpoeHil51 H COCTaBa 

JIIlraH~OB Ha 3cpcpeKTIIBHbIH 3ap51,U aTOMa rra.rrrra~Il51. 

l(erreHarrpaBrreHHbIH IIOIICK II03BOJIIIJI pa3pa60TaTb rra.rrrra,UIIH-<Poc<PIIHOBbIM KaTa.JIIl3aTop 

,urrH HeTPa,UIIl(IIOHHoro a.JIJIIIJIIIpoBaHII51 HE,ZJ;. B ,uoKrra,ue o6cyA<,ZJ;eHbI o6ru;He qepTbI II 

IIH,[(IIBil,[(Ya.JibHbie oco6eHHOCTII MeXaHil3MOB peaKl(IIH B rrpIICYTCTBIIII pa3JIIlqHbIX MeTa.JIJIOB. 

Pa6orn BbmorrHeHa rrpII rro~,uep)l(Ke P<l><l>H (rpaHT 02-03-32361). 

J11ueparypa 
[1] Catellani M., Chiusoli G.P., Dradi E., Salemo G. J.Organomet. Chem., 1979, 177, C29. 
[2] j:vKeMMJieB Y.M., XyceyT~MHOB P.H., raneeB ,D;.K., ToncTMKOB r.A. H3B. AH CCCP, cep.xHM., 

1987, 154. 
[3] <!>JIM~ B.P., MattyJIMK O.C., rp1-1ropheB A.A., EenoB A.II. MeTaJIJioopram1qecKaH XMMMH, · 1991, 

27,864. 
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CTEPEOCEJIEKTIIBHblE KATAJIIITIIqECKIIE CIIHTE3bl C yqACTIIEM 

HOPliOPHA,n:IIEHA. OCOliEHHOCTII MEXAHII3MA 

STEREOSELECTIVE CATALITIC SYNTHESIS WITH NORBORNADIENE 
PARTICIPATION. PECULIARITIES OF THE MECHANISM OF THE REACTION 

lIMHTpHeB 11.B., CH6HpHKOBa E.IO., MaHyJIHK O.C. H <l>JIHJJ: B.P. 

Dmitriev D.V., Sibiryakova E.U., Manulic O.S. and V.R. Flid 

MocKOBCKa5I rocy,[(apCTBeHHa51: aKa,[(eMH5I TOHKOH XllMWieCKOH TeXH0JI0I'llll 
HM. M.B. JloMoHocoBa, rrpocrreKT BepHa,[(cKoro 86, MocKBa 117571, Pocc1rn 

TeJI.: 434-8711; E-mail: vflid@cityline.ru 

Cycloaddition reactions of norbomadiene with acrylic acid esters, methylvinylketone in 
the presence of Ni(0) catalyst have been studied. The dienophil substituent, phosphine ligands 
and solvent type affected exo/endo selectivity of the reaction. Affecting on the key stage of 
the mechanism allows to control stereoselectivity of the reaction. -

l13BeCTHO, 1:ITO KOMIIJieKCbI HHKeJI5I KaTaJill3HpyroT MHOI'O1:lllCJieHHl:,le peaK[(llll 

UllKJIOIIpllCOe,[(HHeHll5I c Y1:IaCTlleM Hop6opHa,[(HeHa (HE,ll:) [ 1-3]. Oco6eHHOCTll CTpoeHH5I 

HE,[( ll ero rrpOH3BO,[(Hl:,IX rrpe,[(orrpe,[(eJI5IIOT BO3MO)KHOCTb . rrpO5IBJieHH51: ll3OMepllll 

pa3Jill1:IH0ro yp0BH5I. HmpopMa[(ll5I O MexaHH3Me II03B0JI5IeT pernaTb rrpo6JieMy perH0- ll 

CTepeoceJieKTllBHOCTll B 3TOH rpyrrrre peaKI.J;llH. 

B3allMO,[(eHCTBlle HE,[( C 3qmpaMH aKpllJIOBOH KllCJIOTbl ll Herrpe,[(eJibHblMll KeTOHaMH 

rrpHBO,[(llT K CMeCH CTepeOH3OMepoB: 

Ni(O) 
+ 

exo 

A=COMe, COt-Bu, COOMe, COOt-Bu 

endo 

Ha CTepeoceJieKTllBH0CTI:, peaKI.J;llll BJill5IIOT rrpnpo,[(a cpocqmHOBOro JillraH,[(a, ero 

COOTHOIIIeHHe C HHKeJieM, TeMrrepaTypa ll rrpnpo,[(a paCTBOpHTeJI5I. Bap1:,npoBaHne 3TllX 

rrapaMeTpOB IIO3BOJI5IeT IIOJIY1IaTb llH,[(llBll,[(YaJibHbie CTepeOll3OMep1:,1 C BbIXO,[(aMH, 

rrpeBbIIIIaIOII(llMll 90-95%. 

B X0,[(e peaKI.J;llll C 3<pllpaMH aKpllJIOBOH KllCJI0Tbl o6pa3yroTC5I TaK)Ke ,[(llMep1:,1 HE,[( I ll 

II, rrpe,[(CTaBJI5IIOII(lle caMOCT05ITeJibHbIH llHTepec ,[(JI51: IIOHHMaHH5I MexaHH3Ma 

UllKJI0IIpllC0e,[(HHeHH5I. H36l>ITOK HE,[( crroco6crnyeT o6pa30BaHHIO ,[(HMepa I, B 

6oJibllillHCTBe OCTaJibHbIX CJIY1IaeB rrpeo6Jia,[(aeT ,[(llMep II. B peaKI.J;llll c 

MeTHJIBHHHJIKeT0H0M (MBK) ,[(HMep1:,1 HE,[( He 06Hap~eH1:,1, O,[(HaKo 06pa1yroTcH rrp0.[(YKTbI 

,[(HMepH3a[(HH MBK (III): 
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0 

0 
II 

11-0C-, C Me 
Me/ 

I II III 

MexaHM3M peaKUMM, M3ycieHHhIH in situ MeTo,r:i;oM 5IMP 1 
H, 

13C M 
31 P, BKmo-qaeT 

CTa,[(MM Koop,r:i;MHau;Irn HE)]; M orreq:mHa K aTOMY Ni, cpopMMpOBaHM.sI HOpTpMIJ;MKJIMJihHOro 

cpparMeHTa M HMKeJiaIJ;MKJI06YTaHa, BHe,r:i;peHM.sI aJIKeHa IIO CB.sl3M Ni-C, BOCCTaHOBMTeJibHOro 

3JIMMMHMpOBaHM.sI HMKeJiaIJ;MKJIOreKCaHa C o6pa30BaHMeM rrpo,ZJyKTOB: 

Ni-Lri 

~ 
A 

Kmo~eBhIM MHTepMe,r:i;MaToM .si:Brr.si:erc.si: KOMrrrreKc IV, CTPOeHMe KOToporo 3aBMCMT OT 

rrpMpo,r:i;hI L M 3aMeCTMTerr.si: B arrKeHe. HarrpaBrreHHoe B03,r:i;eiicTBMe Ha ero CTPYKTYPY 

II03BOJI.sieT yrrpaBJI.sITh CTepeocerreKTMBHOCThIO peaKIJ;Mll UMKJIOIIpMCOe,[(MHeHM.sI C yqacTMeM 

HE)];. 

Pa6orn BhIIIOJIHeHa rrpM rro.r:i;.r:i;ep)I(Ke P<l><l>ll (rpaHT .M~ 02-03-32361). 

Jlmeparypa 
[1] Lautens M., Edwards L.G., Tam W., Lough A. J. J.Am. Chem. Soc. 1995, 117, 10276. 
[2] Noyori R., Umeda I., Kawauchi H., Takaya H. J.Am. Chem. Soc. 1975, 97, 812. 
[3] C!>1rn.n B.P., Ky3HeU:OB B.E., fpnropbeB A.A., EenoB A.II KMHernKa M KaTaJIM3, 2000, 41, 666 
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IICCJIEJJ:OBAHIIE IIYTEH <l>OPMIIPOBAHIDI II JJ:EHCTBIDI rOMOrEHHLIX 

KPEMHIIHCOJJ:EP)KAIIJ;IIX KATAJIIITllqECKIIX CIICTEM METATE3IICA 
OJIE<l>IIHOB 

THE STUDY OF THE ROUTES FOR THE FORMATION AND ACTION IN 
HOMOGENEOUS SILICON -CONTAINING CATALYTIC SYSTEMS FOR THE 

OLEFIN METATHESIS REACTION 

liecnaJiosa H.li. H illysaJioBa O.B. 

Bespalova N.B. and Shuvalova O.V. 

lfHcnnyr HeqnexHMH1:1ecKoro CHHTe3a HM. A.B.TorrqHeBa PAH, 
JleHHHCKHM rrpocrr., 29, MocKBa 119991, Poccm1 
<l>aKc: 7 (095) 230 2224; E-mail: bnb@ ips.ac.ru 

The olefin metathesis reaction is the interchange of carbon atoms between of the pair of 
double bonds with the formation of new unsaturated products. Recently the olefin metathesis 
reactions are widely used in organic synthesis due to the appearance of new well-defined 
metal-carbene of Ru and Mo (Grubbs and Schrock catalysts). The catalysts are tolerant to the 
functional groups of the substrates. Other catalysts, which can be apply to the functionalized 
olefins metathesis, are the systems WC16(or WOCl4) - Me2Si<>SiMe2 and WC16 [or W(CO)6] 
- H2SiPh2. The routes for the active species formation via metal-silylene intermediates are 
under discussion. 

KaTaJIHTHqecKHe peaKUHH MeTaTe3HCa oneqmHOB, cyrh KOTOphIX COCTOHT B 

rrepepacrrpeneneHHH aJIKHJIH,rJ;eHOBhIX q>parMeHTOB B MOJieKynax OJieq>HHOB C o6pa30BaHHeM 

HOBhIX HerrpeneJihHhIX coe,rJ;HHeHHM, rrpe,ncTaBJIHIOT KaK TeopeTHqecKHM, TaK H rrpaKTlfl:leCKHM 

HHTepec H HaXO,D;HT rrpHMeHeHHe B pH,ne XHMHqeCKHX rrpOH3BO,Ll;CTB ,Ll;JIH CO3,D;aHH51 HOBhIX 

BemecTB H MaTepHaJIOB. 

R1CH CHR3 

II + 11 

R2CH CHR4 

Kamanu3amop 

B IIOCJie,rJ;HHe ro,D;hl peaKUHH MeTaTe3HCa OJieq>HHOB nmpoKO HCIIOJih3yeTC51 B TOHKOM 

opraHHqecKOM CHHTe3e KaK O,rJ;Ha H3 CTa,D;HM ,Ll;JIH C03,D;aHH51 CJIO)KHhIX crpyI<Typ. 3TO BO 

MHOroM o6ycJIOBJieHO IIOHBJieHHeM 3q>q>eKTHBHhIX KaTaJIH3aTopoB HOBOro IIOKOJieHHH -

OTHOCHTeJihHO CTa6HJihHhIX Kap6eHOBhIX KOMIIJieKCOB MOJIH6,rJ;eHa H pyreHHH, TOJiepaHTHhIX K 

q>y'HKUHOHaJihHhIM rpyrrrraM cy6cTpaTa. O6hrcrno 

rrpeBhIIIIaeT 5-10 MOJihHhIX rrpoueHTOB, HO B pH,Ll;e cnyqaeB ,Ll;OCTHraeT 25-50 %, qTo ,nenaeT 

HCIIOJih3OBaHHe 3THX KaTaJIH3aTopoB orpaHHqeHHhIM H3-3a HX BhICOKOM ueHhl. 

11crr0Jih30BaHHe 6one nocTyrrHhIX KaTaJIHTHqecKHX CHCTeM MeTaTe3HCa OJieq>HHOB, B 

KOTOphIX aKTHBHhie MeTaJIJI-Kap6eHOBhie HHTepMe,n;HaThl o6pa3yIOTC51 m situ rrpH 

B3aHMO,D;eMCTBHH KOMIIOHeHT KaTaJIHTHqecKHX CHCTeM, rrpencTaBJrneT 3HaqHTeJihHhIM 
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HHTepec )];JUI opraHH1IeCK0ro CHHTe3a. O,nHaKO, 60JihIIIHHCTBO KaTaJIH3aTopoB MeTaTe3HCa He 

aKTHBHhI ,nmI peaKI.J;HM oneqrnHOB, co,nep)Kall:(HX <pyttKI.J;HOHaJihHhle rpyrrrrhI. HaMH 

pa3pa6oTaHhI KaTaJIHTHqecKHe CHCTeMhI MeTaTe3HCa <pyttKI.J;HOHaJihHhIX rrp0H3B0.D:HhIX 

one<pHHOB, 0CH0BaHHhie Ha xnopH,nax BOJin<ppaMa B coqeTaHHH C KpeMHHHopraHHqecKHMH 

coe,nHHeHH5IMH. KpeMHHHOpraHHqecKHe COKaTaJIH3aTOphI 5IBJ15IIOTC5I HH3KOTOKCHqHhIMH, 

ycToMqHBhIMH Ha B03,nyxe ,noCTyrrHhIMH coe,nHHeHH5IMH, a KaTaJIH3aTOphI rrp05IBJ15IIOT 

BhICOKyIO aKTHBHOCTh B MeTaTe3HCe aJIKeHOB, co,nep)KaII(HX <pyttKI.J;HOHaJihHhie rpyrrrrnI 

(-COOR, -CN, -SiR3 , AlhN- ,np.). TaKHe KaTaJIH3aTOphI aKTHBHhI ,nnJI pH,na peaKu;Hn: roMo

H co-MeTaTe3HCa JIHHeMHhIX cy6cTpaTOB, BHYTPHM0JieKyJI5IpHoro MeTaTe3HCa ,nHeH0BhIX 

rrp0H3B0.D:HhIX, peaKI.J;HM C pacKpnITHeM K0JlhI.J;a B I.J;HKJIOOJie<pHHax. 

IfayqeHhI IIYTH o6pa30BaHH5I aKTHBHhIX u;eHTp0B H3 MeTaJIJI00praHHqecKHX 

rrpe,nIIIecrneHHHK0B ,nnJI KaTaJIHTHqecKHX cHcTeM: WCI6 (WOCl4) - Me2Si<>SiMe2 H 

W(CO)6 (HJIH WCI6) - H 2SiPh2. Ha ocHoBaHHH pe3yn1>TaT0B, rronyqeHHhIX rrpH 

HCCJie,noBaHHH M0,neJihHhIX peaKI.J;HM K0MII0HeHT KaTaJIHTHqeCKHX CHCTeM, paccMaTpHBaeTC5I 

B03M0)KH0CTh cpopMHpoBaHH5I aKTHBHhIX u;eHTpOB MeTaTe3HCa qepe3 MeTaJIJI-CHJIHJieHOBhie 

HHTepMe,nHaThI - aHanorH Kap6eHOBhIX K0MIIJieKC0B rrepexo,nHhIX MeTaJIJI0B. 
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BO3MO)KHOCTII IIK-CIIEKTPOCKOIIIIII IN SITU B IICCJIE,IJ;OBAHIIII 

MEXAHII3MA rETEPOrEHHO-KATAJIIITlfqECKIIX PEAKII;IIH 

THE POSSIBILITIES OF INFRARED SPECTROSCOPY IN SITU TO STUDY THE 
HETEROGENEOUS CATALYTIC REACTION MECHANISM 

MaThIIIIaK B.A. 

Matyshak V.A. 

llHCTHT)'T XHMWieCKOM <pll3HKH HM H.H.CeMeHoBa PAH 
yrr. KocbirHHa, 4, MocKBa 117334, Poccm1 

Tel.: 007 095 939 71 89; Email matyshak @ polymer.chph. ras. Ru 

The possibilities of IR-spectroscopy are inspected for the in situ quantitative 
measurements. The problems of measuring both extinction coefficients and transformation 
rate constant for surface complexes by IR spectroscopy are discussed. Equality between the 
surface complex transformation rate and the reaction product formation is suggested as a 
criterion significant indicatory that the complex observed is a reaction intermediate. On the 
basis of the above approach, reaction mechanism of ammonia oxidation on the transition 
metal oxide catalysts, CO and NO interaction on supported noble metal catalysts, NOx 
reduction by hydrocarbons in excess of oxygen and hydrocarbons oxidation on various 
catalysts are analyzed. 

KaTaJIH3aTop, ero o6'beM ll IIOBepxHOCTb xapaKTepn3yeTC51 60JibllillM KOJIWieCTBOM 

rrapaMeTpOB. Cpe.un HllX <pa30Bblll COCTaB, Me)K<pa3Hble rpaHHUbI, Harrwme llOHOB B pa3HOM 

BarreHTHOM ll KOOp.[(HHaUHOHHOM COCTO51Hllll, .uecpeKTHOCTb IIOBepxHOCTll ll T . .[(. Bee 

rrepeqncrreHHbie rrapaMeTpbI, llX KOJIHqecTBO ll KaqecTBO, COOTHOIIIeHHe :u;eHTpOB pa3Horo 

THIIa 3aBHC5IT Hell3BeCTHbIM HaM o6pa30M OT B03.[(eMCTBll51 peaKUHOHHOll cpe,nbI, 

TeMrrepaTypbI. ll3MepeHHe rrepe1:IHCJieHHbIX BbIIIIe xapaKTepHCTllK KaTaJIH3aTopa B ycrrOBll5IX 

peaKUllll He06XO.[(llMO .[(JI51 ycTaHOBJieHH51 MexaHH3Ma KaTaJIH3a, O.[(HaKO, rrpaKTnqecKH :na 

3a.uaqa TPY.UHOpa3peIIIHMa. 

BMeCTe C TeM; mo6oe ll3MeHeHHe CBOMCTB IIOBepxHOCTll ll o6'beMa KaTaJIH3aTopa 

OTpa3HTC51 Ha COCTaBe ll CBOMCTBax IIOBepxHOCTHblX KOMIIJieKCOB. B IIK crreKTpe rrpn 3TOM 

MO)KeT ll3MeH51TbC51 IIOJIO)KeHHe, llHTeHCllBHOCTb, cpopMa IIOJIOC rrorrromeHH51, a TaK)Ke 

CKOpOCTb o6pa30BaHH51 ll paCXO.[(OBaHH51 IIOBepxHOCTHbIX KOMIIJieKCOB. Bee 3TH rrapaMeTpbI, 

aKKYMYITHpyromne B ce6e ll3MeHeHHe CBOMCTB IIOBepXHOCTll ll o6'beMa KaTaJIH3aTopa, Moryr 

6bITb ll3MepeHbl Herrocpe,ncTBeHHO B ycrrOBll5IX peaKUllll C IIOMOIUbIO crreKTpOKHHeTH1:IeCKOro 

MeTO.[(a. Cyrb MeTO.[(a COCTOHT B O.[(HOBpeMeHHOM ll3MepeHllll crreKTPa IIOBepXHOCTHbIX 

coe.[(HHeHllll C IIOMOI:u;bIO IIK crreKTpOCKOIIllll in situ ll CKOpOCTll o6pa3oBaHH51 rrpO.UYKTa 

peaK:u;Irn. PaBeHCTBO CKOpOCTett 03Ha1:1aeT, qTo Ha6JIIO.[(aeMblll IIOBepXHOCTHblll KOMIIJieKC 

51BmieTc51 rrpoMe)KyroqHbIM_ B n3yqaeMott peaKU:HH. IlocKorrbKY crreKTpoKHHeTnqecKHtt 
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MeTOL( rrpeL(IIOJiaraeT rrpoBeL(eHIIe crreKTparrbHbIX H3MepeHHll Ha KOJiuqecTBeHHOM ypOBHe, B 

pa6oTe aHaJIH3HpyIOTC51 rrpo6rreMbl, B03HHKa10IIIHe rrpH ll3MepeHHH K03<p<pHI:(HeHTOB 

3KCTHHKl:(HH KOrre6aHHll H KOHCTaHT CKOpOCTell rrpeBpaIIIeHH51 IIOBepXHOCTHbIX KOMIIJieKCOB. 

O6Hap)')KeHo, B qacTHOCTH, qTo HHTepBarr H3MeHeHH51 BeJIJiqJIH K03<p<pHl:(HeHTOB 3KCTHHKl:(HH 

L(JI51 pa3HbIX KOJie6aHHll B aL(cop61:(HOHHbIX KOMIIJieKcax HeBeJIHK (MeHbIIIe OL(HOro IIOp5.IL(Ka), 

T.e., Bep05.ITHOCTb o6Hap)')KeHH51 pa3HbIX IIOBepXHOCTHbIX KOMIIJieKCOB L(OBOJibHO 6JIH3Ka. 

3TOT BblBOL( Ba)KeH rrpH rrpaKTJiqecKOM HCIIOJib30BaHHH MOJieKyrrHpHOll crreKTpOCKOIIHH L(JI51 

HCCJieL(OBaHH51 KaTaJIHTJilieCKHX rrpol:(eCCOB Ha IIOBepXHOCTH. 

Ha OCHOBe TaKOro IIOL(XOL(a B pa6oTe paccMaTpHBa10TC51 MexaHH3Mbl peaKl:(HH OKHCJieHH51 

aMMHaKa Ha OKCHL(aX rrepeXOL(HbIX MeTaJIJIOB, B3aHMOL(eHCTBHe co H NO Ha HaHeceHHbIX 

MeTarrrrax rrrraTHHOBOll rpyrrrrhI, BOCCTaHOBJieHHe . OKCHL(OB a30Ta yrrreBOL(OpOL(aMH, 

OKHCJieHHe yrrreBOL(OpOL(OB Ha pa3JIJiqHbIX OKCHL(HbIX CHCTeMax. 

AHaJIH3 co6CTBeHHbIX H JIHTepaTypHbIX L(aHHbIX IIOKa3bIBaeT, qTo Ha IIOBepxHOCTH 

pa3JIJiqHblX KaTaJIH3aTOpOB B ycrrOBH5.IX OL(HOH H TOH )Ke peaKl:(HH Ha6rr10L(a10TC51, KaK 

rrpaBHJIO, pa3JIJiqHbie HHTepMeL(HaTbl. 3TO pa3H006pa3He TpaL(Hl:(HOHHO TpaKTyeTC51 KaK 

CBHL(eTeJibCTBO Toro, qTo peaKl:(H51 Ha pa3HbIX KaTaJIH3aTopax rrpoTeKaeT qepe3 pa3Hble 

MexaHH3Mbl. OL(HaKO 3TO o6CT051TeJibCTBO MO)KHO 0605.ICHHTb L(pyrHM crroco6oM: 

IIOBepXHOCTHbie KOMIIJieKCbl, Ha6rr10L(a10II1Hec51 Ha pa3HbIX KaTaJIH3aTopax, 5.IBJI5110TC51 

HHTepMeL(HaTaMH B 06II1ell IIOCJieL(OBaTeJibHOCTH rrorryqeHH51 rrpOL(YKTOB L(aHHOll peaKl:(HH. 

JIHMHTHpyroIIIa51 CTaL(H51 3TOll 06II1ell IIOCJieL(OBaTeJibHOCTH MeH5.IeTC51 rrpH rrepexo,ne OT 

KaTaJIH3aTopa K KaTaJIH3aTopy H, crre,noBaTeJibHO, pa3JIJiqHbie HHTepMeL(HaTbl 

o6Hap)')KHBa10TC51 3KCIIepHMeHTaJibHO. IlpeL(rraraeTC51 KpHTepHH L(JI51 orrpeL(eJieHH51 rpyrrIIbl 

KaTaJIH3aTopoB, Ha KOTOpbIX peaKl:(H51 rrpoTeKaeT no OL(HOMY H TOMY )Ke MexaHH3My. 

KpHTepHH cpopMyrrHpyeTC51 crreL(yroIIIHM o6pa30M: Ha HeKOTOpOM MHO)KeCTBe KaTaJIH3aTOpOB 

MexaHH3M L(aHHOll peaKl:(HH coxpaH5.IeTC51, eCJIH HCXOL(Hble a,n;cop61:(HOHHbie cpopMbl 

peareHTOB Ha HHX OL(HHaKOBbl. PaccMaTpHBa10TC51 3KCrrepHMeHTaJibHbie CBHL(eTeJibCTBa, 

IIOL(TBep)KL(a10IIIHe 3TOT KpHTepHH. 
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IN SITU PHOTOEMISSION SPECTROSCOPY INVESTIGATION OF THE 

METHANOL OXIDATION OVER COPPER 

IICCJIE,I(OBAHIIE OKIICJIEHIDI METAHOJIA HA ME,I(II IN SITU C 
IIOMOillJ>IO <l>OTO3MIICCIIOHHOU: CIIEKTPOCKOIIIIH 

Bluhm H., Havecker M., Knop-Gericke A., Bukhtiyarov V.I.**, Ogletree D.F.*, 
Salmeron M. * and Schlogl R. 

Fritz-Haber-Institut der MPG, Dept. Inorganic Chemistry, Faradayweg 4-6, D-14195 Berlin, 
Germany 

Fax: +49-30-84134401; E-mail: knop@fbi-berlin.mpg.de 
*Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, 

CA 94720, USA 
**Boreskov Institute of Catalysis, prosp. Akad. Lavrentieva, 5, Novosib1isk 630090, Russia 

Photoelectron spectroscopy has been a powerful tool in surface science for decades. It has 
been extensively used for the ex-situ characterization of catalysts' surfaces. Due to the short 
mean free path of electrons in a gas phase electron spectroscopies generally must operate in 
high vacuum. Traditional electron spectrometers are therefore not suited for the much needed 
characterization of catalysts' surface under reaction conditions. To overcome these 
limitations, we have developed a new high-pressure electron spectrometer. Our setup utilizes 
a differentially pumped electrostatic lens system that refocuses the photoelectrons that are 
emitted from the sample (which is in a gaseous atmosphere of up to several torr) into the focal 
plane of a standard electron energy analyzer situated downstream, in the high vacuum region. 

Using this instrument we have investigated the methanol oxidation over a polycrystalline 
copper catalyst, where two main reaction paths are known: the total oxidation of methanol to 
carbon dioxide and water, and the partial oxidation of methanol to formaldehyde and water. 
The experiments were performed at a methanol to oxygen flow ratio of 3: 1 (total pressure 
0.4 torr) in the temperature range from 300 K to 750 K. The correlation of in-situ XPS spectra 
of the copper surface and the simultaneously obtained mass spectrometer data (which show 
the catalytic activity) allow us to draw conclusions about the electronic state of the catalyst 
under reaction conditions. Valence band and Oxygen ls spectra show that after the onset of 
the catalytic reaction at T>550 K the copper surface has a metallic character. During the 
partial oxidation the Oxygen ls spectra show the presence of chemisorbed oxygen at the 
surface. In addition, there is also a strong photoemission peak at 531.6 eV. This peak could 
be caused by either surface hydroxyls or sub-surface oxygen. The amount of formaldehyde 
that is produced in the catalytic reaction is proportional to the integrated intensity of the Ols 
peak of chemisorbed oxygen. In Fig. 1 the O ls spectra of a Cu-foil are shown under reaction 
conditions at different temperatures. 
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Fig. 1. Oxygen ls spectra of a 
polycrystalline Cu catalyst at 
different temperatures. The gas 
feed consists of methanol and 
oxygen in the ratio 3: 1 at a 
pressure of 0.4 torr. 

In situ XAS spectra in the soft energy range have shown already the metallic character of 
the active Cu surface in the selective oxidation of methanol [l]. In situ O K-edge spectra 
show an unknown oxygen species under working conditions caused by the formation of a 
suboxide or the adsorption of OH-groups. Since the suppression of the gas phase works much 
more better in the in situ photoemission set up compared to the in situ XAS measurements, 
the stoichiometry can be estimated. The active surface shows an oxygen/copper stoichiometry 
of 1:2. 

The Carbon ls spectra show methoxy on the catalyst surface for temperature below 
200°C. Furthermore a graphitic carbon species is observed on the surface below 350°C. At 
higher temperatures this species is oxidized to CO2. 

In summary it will be shown that in situ photoemission spectroscopy is a very powerful 
tool to investigate the electronic structure of a working catalyst surface. 

[1] A. Knop-Gericke, M. Havecker, T. Schedel-Niedrig, R. Schlogl; Topics in Catalysis 15 (2001) 27 
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IN-SITU IICCJIE,I(OBAHIIE CEJIEKTIIBHOro OKIICJIEHIDI METAHOJIA B 

<l>O PMAJib,I(ErII,I( HA ME,I(II 

IN-SITU STUDY OF SELECTIVE OXIDATION OF METHANOL TO 
FORMALDEHYDE OVER COPPER 

IlpocBHpHH II.II., TnxoMnpoB E.11., CopoKHH A.M. H liyxTHHpoB B.H. 

Prosvirin I.P., Sorokin A.M. and Bukhtiyarov V.I. 

11Hcnnyr Karnm.13a HM. r .K. EopecKoBa CO P AH 

rrp. JlaBpeHTbeBa, 5, HoBOCH6HpCK 630090, PoccmI 

E-mail: prsv@catalysis.nsk.su 

Combined application of in-situ XPS and mass-spectrometry to study selective oxidation 

of methanol to formaldehyde over copper allowed us to show that active surface represents 

metallic copper with sub-oxide oxygen, its concentration being correlated with the rate of 

formaldehyde production. 

CerreKTHBHOMY OKHCITeHHIO MeTaHorra B cpopMarrnnerH,n; Ha MenH IIOCB5IIUeHO 60J1bIIIOe 

1.rncrro pa6oT, B KOTOpbIX rronpo6Ho HccrrenoBarrC5I MexaHH3M naHHOM peaKUHH <PH3HqecKHMH 

MeTonaMH HCCrrenoBaHH5I B CBepXBbICOKOBaKYYMHbIX ycrrOBH5IX [1-3]. OnHaKo, ecrrH 

aKTHBHOe COCTO5IHHe IIOBepXHOCTH, cyruecTByeT TOJ1bKO B ycrrOBH5IX rrpoTeKaHH5I peaKUHH, 

ero HneHTH<t>HKaUH5I B 3HaqHTeJ1bHOM CTerreHH 3aTpy,n;HeHa MITH na)Ke HeBO3MO)KHa. 

PerneHHeM naHHOM rrpo6rreMbI Morrro 6bl 6bITb HCIIOJ1b30BaHHe MeTonoB, II03BOJ15IIOIUHX 

xapaKTepH30BaTb COCTaB IIOBepxHOCTH o6pa3ua HerrocpencTBeHHO B peaKUHOHHbIX 

ycrrOBH5IX, H ycTaHOBITeHHe Kopperr5IUHH KOHUeHTpaUHH IIOBepXHOCTHbIX qacTHU C 

KaTaITHTHqecKOM aKTHBHOCTbIO. B naHHOM pa6oTe rrpencTaBrreHbI rrepBbie pe3yITbTaTbl TaKoro 

in-situ HccrrenoBaHH5I. 

Bee 3KcrrepHMeHTbI 6brnH BbIIIOrrHeHbI Ha ¢orn3rreKTpOHHOM crreKTpoMeTpe ESCALAB 

HP, crreuHarrbHO pa3pa6oTaHHOM KOMrraHHeii Vacuum Generators (BerrHKo6pHTaHH5I) nrr5I 

3aIIHCH ¢oT03J1eKTpOHHbIX crreKTpOB B pe)KHMe in-situ [ 4]. CrreuHaJ1bHa5I 51qeiiKa BbICOKOro 

naBrreHH5I BCTpaHBarracb B KaMepy aHaJ1H3aTopa crreKTpOMeTpa, qTo IIO3BOJ15IJ1O 3aIIHCbIBaTb 

¢oT03J1eKTpOHHbie crreKTpbI rrpH naBrreHHH peaKUHOHHOM CMeCH no 0.2 M6ap. CocTaB 

ra30BOM cpa3bI B 511.JeiiKe KOHTporrHpOBarrc5I C IIOMOIUbIO KBa,n;pyrrorrbHOro Macc-crreKTpoMeTpa 

Q7B, pacrrOJ10)KeHHOro B KaMepe rronroTOBKH. 

B Kal.JeCTBe o6'beKTa HCCrrenoBaHH5I HCIIOJ1b30Barracb IIOITHKpHCTaITJ1Hl.JeCKa5I Me,n;Ha51: 

cporrbra (99,99%). IIocrre rrpoue,n;ypbI Ol.JHCTKH o6pa3ua OT rrpHMeceii, 6brna rrpoBeneHa ero 

aKTHBal(H5I, KOTopa5I 3aKJ1IOl.Jarracb B rrocrrenoBaTeITbHOM o6pa60TKe cporrbrH B KHCrropo,n;e H 

MeTaHorre [5]. IIocrre aKTHBaUHH 06pa3eu rrepeMemarrc5I B 511.JeiiKy BbICOKoro naBrreHH51:, rue 

C03naBaJ1C5I IIOCT05IHHbIM IIOTOK peaKUHOHHOM CMeCH. 3aTeM Hal.JHHaITC5I HarpeB o6pa3Ua OT 

420 K no 670 K c onHoBpeMeHHOM 3aIII1CblO cporn:rneKTpOHHbIX crreKTpOB O 1 s 11 CHrnarroB OT 

Macc-crreKTpoMeTpa. 
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,I(eTaJibHblH aHaJilI3 cneKTpOB O 1 s IIOKa3aJI HaJiwme B HeM ,r:i;Byx JilIHlIH C 3HeprmIMlI 

CB5I3lI 530.1 lI 531.2 3B, lIHTeHClIBHOCTb KOTOpbIX 3aBHCeJia OT TeMrrepaTypbI o6pa3u;a. 

OTHeceHlie 3TlIX JilIHlIH K noBepXHOCTHblM 1IaCT1IIJ;aM 6w10 c,r:i;eJiaHO Ha OCHOBaHlilI 

JilITepaTypHbIX ,n:aHHbIX [3,6]. KlICJiopo,n: a,n:cop61IpOBaHHbIH Ha noBepXHOCTlI MeTaJIJI1I1IeCKOH 

Me,n:lI lIMeeT 3Ha1IeH1Ie 3Hepr1IlI CB5I3lI 529.7 3B. ATOMbI KlICJIOpo,n:a B COCTaBe OKClI,D;OB Me,[J;lI 

HMeIOT 6JIH3KHe 3Ha1IeH1I5I 3HeprnH CB5!3lI - 529.8 3B )J;JI5I CuO lI 530.3 3B wrn Cu2O. 

3HeprlI5I CB5I3lI noBepXHOCTHOro OKCH,n:a Me,[J;lI COCTaBJI5IeT 530.2 ± 0.2 3B. O6pa30BaH1Ie 

MeTOKClI- (CH3Oa,uc) lI cpopMHaT- (HCOOa,uc.) rpyrrn MO)KeT 6b1Tb H,r:i;eHTliq>lIU:lIPOBaHHO no 

JilIHlI5IM Ols c Ec8 = 530.4 3B lI 531.3 3B [3]. TaKlIM o6pa30M, JilIHlI5I Ols c Ec8 = 530.1 3B 

MO)KeT 6bITb OTHeceHa KaK K OKClI,[J;HOMY KlICJIOpo,z:i:y, TaK lI K MeTOKClI-rpyrrnaM. O,r:i;HaKO 

nonoJIHHTeJibHbIH aHaJIH3 JilIHlilI C 1 s lI O)Ke-JilIHlIH CuL VV, KoTopa5I 1IYBCTBHTeJibHa K 

XHMWiecKoMy cocT05IHHIO Me,n:tt, II03BOJilIJI HaM OTHeCTH JIHHHIO Ols c Ec8=530.1 3B HMeHHO 

K MeTOKCH-rpyrrnaM. 

H,uemttcpttKau;H5I O 1 s JIHHHH c Ec8 = 531.2 3B 6oJiee 3aTPy.n:HeHa, nocKOJibKY 6Jitt3KOe 

3Ha1IeHHe 3Heprllll CB5!3ll 6bIJIO o6Hap~eHO TOJibKO WUI cpopMHaTHbIX rpyrrn, O,Ll;HaKO lIX 

npHCYTCBlie Ha noBepXHOCTll o6pa3ua rrptt TeMIIepaTYPaX BbIIIIe 520 K MaJIOBep05ITHO. ECJilI 

npHH5ITb BO BHlIMaHHe pe3yJibTaTbI pa60TbI KHona lI coaBTOpOB [5], lICCJie,n:oBaBIIIlIX ,r:i;aHHYIO 

cttcTeMY B pe)KllMe in-situ B noxo)KlIX ycJIOBll5IX MeTo,n:oM XANES, lI noKa3aBIIIlIX, 1:ITO aKTHBHOH 

B peaKUHll 5IBJI5IeTC5I MeTaJIJill1:IeCKa5I Me,n:b, co,z:i:ep)KaUJ;a5I TOJibKO cy6oKCH,z:i:HOe COCTO5IHHe 

KlICJIOpo,n:a, JIOrll1IHO OTHeCTll JIHHHIO O 1 s C EcB = 531.2 3B K cy60KCll)];HOMY KlICJiopo,zzy. 

KoppeJI5IUll5I lIHTeHClIBHOCTlI o6Hap~eHHbIX O 1 s CllI'HaJIOB co CKOpOCTbIO o6pa30BaHH5I 

cpopMaJib,n:ertt,z:i:a, lI3MepeHHOro Macc-crreKTpOMeTpH1IeCKlI, B 3aBHCllMOCTll OT TeMrrepaTypbI 

noKa3bIBaeT, 1:ITO noBepXHOCTb Me,n:H, noKpbITa5I MeTOKClI-rpyrrnaMlI HeaKTllBHa B peaKIJ;llll. 

Hx y,n:aJieHlie C noBepXHOCTlI o6pa3ua 3a ClJeT .n;ecop6Ullll B xo,n:e HarpeBa noBepxHOCTll 

rrplIBOJJ:llT K o6pa30BaHHIO aKTllBHOH noBepXHOCTll. AKTllBHa5I noBepXHOCTb npe,n:cTaBJI5IeT 

co6ott MeTaJIJillqecKyro Me,[J;b conep)KamYIO cy6oKClI,[J;HOe COCT05IHlle KllCJIOpona, KOTOpoe 

xapaKTepH3yeTC5I nOBbIIIIeHHbIM 3Ha1:IeHlieM 3Heprttll CB5I3lI ypoBH5I O 1 s no cpaBHeHHIO co 

BCeMH lI3BeCTHbIMlI COCTO5IHlI5IMll KllCJiopo,n:a Ha Me)];ll. 

IiJiaro)J;apHOCTb. ABTOpbI Bbipa)KaIOT 6Jiaro,r:i;apHOCTb PocCHHCKOMY <DoH,r:i;y 

<DYff,n:aMeHTaJibHbIX HccJie,r:i;oBaHlIH 3a q>lIHaHCHpoBaHlie ,n:aHHOH pa60TbI, rpaHTbI 

N2 00-15-99335 H 01-03-32853. KpoMe rnro, B.H.E. 6Jiaro,r:i;apttT <DoH,r:i; Co,L1;eHCTBH5I 

OTe1:IeCTBeHHOH HaYKH, rpaHT JJ:JI5I MOJIO,[J;bIX ,[J;OKTOpOB. 
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IN SITU CHARACTERISATION OF VANADIUM-PHOSPHORUS-OXIDE (VPO) 

CATALYSTS FOR n-BUTANE OXIDATION BY APPL YING X-RAY ABSORPTION 
SPECTROSCOPY 

IN SITU IICCJIE,[(OBAHIIE V-P-OKCII,[(HhIX KATAJIII3ATOPOB OKIICJIEHIDI 
N-liYTAHA C ITPIIMEHEHIIEM PEHTrEHOBCKOH AliCOPliIJ;IIOHHOH 

CIIEKTPOCKOITIIII 

Havecker M., Knop-Gericke A., Mayer R.W., Fait M., Bluhm H., and Schlogl R. 

Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany 
Tel.: +49 8413 4422; Fax: +49 8413 4621; E-mail: mh@fhi-berlin.mpg.de 

Vanadium phosphorus oxides (VPO) are well known to be efficient catalysts in the 
selective oxidation of n-butane to maleic anhydride [1, 2]. The material undergoes strong 
structural rearrangements during the activation process from the precursor to the equilibrated 
catalyst. The preparation conditions have a strong influence on the performance of the 
catalyst. These observations highlight the importance of dynamic processes which occur in 
the case of the oxidation of n-butane on VPO. Vanadium phosphorus oxides can be 
considered as reference materials for mild oxidation of light alkanes and the basis for the 
development of a new catalytic formulation for the mild oxidation within the chemical 
industry of other alkanes than n-butane. 

We used high-pressure X-ray absorption spectroscopy (XAS) in the soft energy range 

[3, 4] to study the electronic structure of VPO catalysts. In combination with online mass 

spectrometry this method allows to obtain spectroscopic information from the catalyst"s 

surface and to measure the conversion of the gas phase by the catalytic reaction 

simultaneously. In our experiments we analysed the near edge X-ray absorption fine structure 

(NEXAFS), i. e. the strong variations of the absorption coefficient just at the absorption edge. 

Additionally, first results obtained by applying in situ photoelectron spectroscopy (XPS) will 
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be reported. Spectra were taken ex situ 

under high vacuum as well as under 

reaction conditions (butane ox) in a 

stream of 1.2 vol. % n-butane, 20 vol. % 

oxygen and 78.8. vol. % helium at 

temperatures from 300 K up to 673 K at 

a total pressure of 2 mbar. 

Fig. 1 shows the V L3-NEXAFS of 

the VPO catalyst. For comparison the 

spectrum of the reference compound 

V 20 5 which possesses a similar local 

Fig. 1. V L3-NEXAFS of V 20 5 and VPO 
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geometric structure is also shown. The overall peak position at the V L3-absorption edge is 

determined by the formal oxidation state of the absorbing vanadium atom. Details of the 

absorption fine structure are influenced by the geomettic structure of the compound. 

Empirically, we found a linear relationship between the energy position of several absorption 

resonances and the V-0 bond length of the participating atoms [5]. This allows to identify the 

contribution of specific V-0 bon_ds to the V L3-near edge X-ray absorption fine structure. Our 

analysis points to a deviation of the geometric surface structure of the VPO catalyst from the 

crystalline bulk structure of (V0)2P20 7. This deviation could be caused by disorder or an 

amorphous layer at the catalyst''s surface, an interpretation which is supported by HRTEM. 
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Fig.2: The change of spectral weight of resonance V/ and V/(compare to Fig. 1) while changing 
temperature from 300 K to 673 K (heating) and back from 673 K to 
300 K (cooling) under different conditions (butane ox: stream of n-butane, oxygen and 
helium; 0 2 : stream of oxygen) is displayed as a bargraph. The value at the beginning of the 
temperature cycle is taken as 1.00. 

A detailed analysis of the V L3-absorption edge by a least square fit showed defined 

partially reversible changes depending on the reaction conditions. An example for the 

observed dynamic behaviour of the VPO surface is shown in Fig. 2. The spectral weight of 

particular resonances (V /, V /) is significantly changing when applying different reaction 

conditions. The catalytic activity of the sample under butane oxidation conditions (butane ox) 

could be proven by using simultaneously online mass spectrometry. 

In summary our study shows a significant difference of the electronic structure of the catalyst 

surface under reaction conditions and its ability to react dynamically on the applied conditions. 
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MECHANISM OF ANILINE METHYLATION ON ZEOLITE CATALYSTS 

STUDIED BY IN SITU MAS NMR 

MEXAHH3M METHJIHPOBAHIDI AHHJIHHA HA _QEOJIHTHblX 
KATAJIH3ATOPAX no )];AHHbIM HMP CIIEKTPOCKOIIHH/N SITU 

Ivanova I.I., Pomakhina E.B., Rebrov A.I.*, Wang W.*, Hunger M.** and 
Weitkamp J.** 

IIBaHoBa II.II., IloMaXHHa E.li., Pe6poB A.H.*, BaHr B. **, XyHrep M. ** H 
Beii:nrnMn E. ** 

Moscow Lomonosov State University, Department of Chemistry, 
Leninskie Gory, Moscow 119899, Russia 

Fax: + 7(095)9328846; E-mail: iiivanova@phys.chem.msu.ru 
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In situ 13C MAS NMR was applied to study the mechanisms of N- and C-alkylation of 
aniline with methanol over Y type zeolite catalysts (HY, CsOH/CsNa Y, V 2O5/DealY). On 
acidic catalysts, the reaction proceeds via methanol dehydration leading to dimethyl ether or 
methoxy surface groups, which further react with aniline to give N-methyalaniline, 
N,N-dimethylaniline and trimethylanilinium cation. At elevated temperatures, methylanilines 
convert to toluidines via a secondary isomerization or disproportionation reactions. On basic 
and redox catalysts, the reaction pathway includes methanol dehydrogenation leading to 
formaldehyde species, alkylation of aniline with formaldehyde to give N-methyleneaniline 
and hydrogenation of N-methyleneaniline to N-methylaniline. 

Methylation of aniline is an industrially important process aiming at the synthesis of 

N-methylaniline (NMA), N,N-dimethylaniline (NNDMA) and toluidines, which are useful 

raw materials for organic syntheses as well as important intermediates in the dye-stuff 

production and in the pharmaceutical and agrochemical industries. This study was aimed at 

the investigation of the mechanism of aniline methylation over acidic, basic and redox 

zeolites. 

Acidic, basic and redox catalysts were prepared by ion exchange of Na Y with NH4NO3 

(HY), ion exchange of Na Y with CsCl and subsequent impregnation with CsOH 

(CsOH/CsNa Y), and by deposition of vanadium oxide on the dealuminated Y (DealY/V 20 5). 

The reaction mechanism was investigated using in situ 13C MAS NMR techniques both in 

batch (BC) and continuous-flow (CF) conditions. A detailed description of the in situ BC and 

CF experiments is given in Refs. [1, 2] and [3, 4], respectively. 

The results have demonstrated that on acidic zeolite, the first reaction step is the methanol 

(MeOH) dehydration [ 1, 4]. At low methanol surface coverages, the main products of 

dehydration are methoxy groups. These species are shown to react rapidly with aniline 
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leading to N-methylanilinium cations, which can further give NMA upon deprotonation. In 

contrast, at high methanol coverages, dimethyl ether (DME) is the major product of 

dehydration. DME is further involved in methylation along with methanol and small amounts 

of methoxy groups also formed under these conditions. Alkylation leads to a consecutive and 

reversible formation of N-methylanilinium, N,N-dimethylanilinium and N,N,N

trimethylanilinium cations. The products of N-alkylation, i.e., NMA and NNDMA, are further 

formed via deprotonation. C-alkylated products are formed via transformation of 

methylanilinium cations at temperatures higher than 498 K. On basic and redox zeolites, the 

first reaction step is methanol dehydrogenation leading to the formation of very reactive 

formaldehyde species, which can either disproportionate into methanol and formate species 

on base sites or alkylate aniline to give N-methyleneaniline [2, 3]. The former is the major 

reaction pathway at low surface coverages, while the second is preferred at high coverages. It 

should be mentioned that formaldehyde species are neither observed under batch nor under 

continuous-flow conditions due to their high reactivity. However, the reaction pathway is 

evidenced by the observation of formate species and N-methyleneaniline intermediates [3]. 

The latter is further hydrogenated to NMA with H2 generated during methanol 

dehydrogenation. 
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IN SITU SOLID ST A TE NMR STUDY OF THE MECHANISMS OF 
HYDROCARBON CONVERSION ON SOLID ACID CATALYSTS 

IICCJIE,II;OBAHIIE MEXAHII3MOB IIPEBPArn;EHIIU: Yr JIEBO,II;OPO,II;OB HA 
TBEP,II;bIX KIICJIOTHbIX KATAJIII3ATOPAX METO,II;OM HMP 

CIIEKTPOCKOIIIIII TBEP,II;Oro TEJIA IN SITU 

Stepanov A.G.,Luzgin M.V., Ernst H.* and Freude D.* 
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In this paper we describe the approaches for performance of in situ NMR measurements 
and methodology for the study of the reaction mechanisms by NMR spectroscopy, comprising 
in situ analysis of hydrocarbon products and intermediates as well as monitoring the kinetics 
of hydrocarbon conversion. Particular examples for establisment of the nature of the reaction 
intermediates and mechanisms of the reactions on acidic zeolites and sulfated zirconia are 
given. 

Solid state NMR spectroscopy represents nowadays a powerful technique for monitoring 

the chemical reaction on the surface of the solid catalysts. It provides both in situ monitoring 

the kinetics of the reaction and analysis of hydrocarbon products and intermediates. Through 

the particular examples of monitoring the reaction kinetics, redistribution of the selective 2H 

and 13C labels in the reactants and the reaction products we demonstrate how the conclusions 

on mechanisms of some reactions on solid acidic catalysts can be made. 

The following particular examples for the studies of the mechanisms of reactions on 

acidic zeolites and sulfated zirconia are considered. 

1. Protium-deuterium exchange between acidic OH groups of zeoilte H-ZSM-5 and 

alkanes (propane, iso-butane ); between acidic OH groups of zeolite H-FERR and olefins 

(n-butene ). We demonstrate that the HID exchange for methyl and methylene groups in 

propane occurs independently from each other, most probably via pentavalent transition 

state [1]. tert-Butyl cation is involved in the exchange in i~o-butane [2]; sec-butyl cation 

seems to be the intermediate (or transition state) in the case of n-butene on H-FERR. 

2. Monitoring the Ritter reaction on zeolite H-ZSM-5. It is shown how the nature and the 

structure of key intermediate - N-alkylnitrilium cation in the reaction of interaction between 

olefins (alcohols) and alkylnitriles to form N-alkylamides has been established [3]. 
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3. Mechanism of n-butene-1 isomerization into iso-butene on zeolite H-FERR. We 

demonstrate that monitoring the selective 13C-label redisribution over hydrocabon 

skeleton of linear n-butene-2, as well as the absence of desirable product of isomerization 

under conditions of the selective label scrambling in linear n-butene-2 favor bimolecular 

mechanism of isomerization [ 4]. 

4. Isomerization of n-butane and n-pentane on sulfated zirconia. By following the 

redistribution of the selective 13C labels in reactants and the reaction products, and the 

monitoring of the reaction kinetics as well as by the observation of the suppression effect 

of carbon monoxide on these reactions we show that isomerization of n-pentane occurs 

through two parallel pathways, monomolecular isomerization and conjunct 

polymerization [5]. Having combined in situ NMR and ex situ GC-MS it is shown that the 

scrambling of the selective 13C-label in n-butane occurs monomolecularly, whereas 

isomerization of n-butane seems to proceed via the steps of alkane dimerization, 

isomerization of the dimer and its cracking into the isomerized product, iso-butane 

(bimolecular mechanism). The nature of deposits deactivating the catalysts has been also 

established. 
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RADIOISOTOPIC IN SITU STUDY OF THE ACTIVE SITES OF SULFIDE 

CoMo CATALYSTS AND THE MECHANISM OF THIOPHENE HDS 

PA)J;HOH3OTOIIHOE IN SITU HCCJIE,l(OBAHHE AKTHBHhIX I(EHTPOB 
CYJih<l>H,l(HhIX CoMo KATAJIH3ATOPOB H MEXAHH3MA 

rH,n:POOEECCEPHBAHIDITHO<l>EHA 

Kogan V.M. 

KoraH B.M. 

Zelinsky Institute of Organic Chemistry RAS 
4 7, Lenin sky prospect, Moscow 117913, Russia 

E.mail: vmk@ioc.ac.ru 

Using radioactive isotopes 35S and 3H the mechanism of thiophene HDS over 
hydrotreating catalysts as well as the effects of catalyst composition and the nature of the feed 
on the number, distribution and functioning of the active sites of these catalysts have been 
studied. It has been shown that CoMo catalyst activity is conditioned by both active site 
productivities and the number of vacancies for thiophene adsorption. On the basis of the 
obtained data, conditions of the formation and functioning of active sites due to the nature of 
crude have been formulated in general and criteria to evaluate the efficiency of catalyst 
functioning have been developed. 

To determine the selection criteria for developing commercial catalysts and to forecast 

catalytic properties of newly designed systems, it is necessary to study not only structural 

but also dynamic properties of the catalysts depending on catalyst composition, reaction 

conditions and the nature of crude. In view of these demands an application of the 

radioisotope testing technique developed for the last two decades for HDS catalysts is very 

informative. 

It was shown [1-3] that in the course of the thiophene HDS reaction over a CoMo sulfide 

catalyst labelled by 35S some part of sulfur of the catalyst (mobile sulfur, equal to surface SH 

groups) is replaced by thiophene sulfur. Thus, surface sulfur of the catalyst participates in H2S 

formation. The amount of mobile sulfur in sulfide catalysts depends on the composition of the 

catalyst. Two types of HDS active sites containing mobile sulfur have been found - "rapid" 

and "slow". 

In the course of a systematic radioisotopic testing of wide range of sulfided-(35S) CoMo 

catalysts in the reaction of thiophene HDS the effects of the catalyst composition and reaction 

temperature on the number, type, distribution and functioning of the active sites have been 

investigated. A method to estimate the ratio between surface SH groups, coordinatively 

unsaturated sites (CUS) and functioning vacancies (V) in the catalyst active phase has been 

put forward. 
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The effect of the reaction temperature on the functioning of active sites of Mo catalysts 

reveals itself in Mo-SH bond activation in the whole temperature span 300-400°C. For the 

CoMo catalysts up to 340-350°C catalytic activity is also determined by the activation of a 

Me-SH bond, but at higher temperatures - by the amount of molecular hydrogen adsorbed on 

the catalyst surface. 

The role of the molecular hydrogen in the HDS reaction was investigated using 3H. It has 

been found that C4 hydrocarbon formation proceeds with the participation of reversibly and 

dissociatively adsorbed hydrogen and H2S formation - with the participation of molecular 

hydrogen and accompanied by a noticeable isotopic effect. 

According to the suggested mechanism, a thiophene molecule is adsorbed on the catalyst 

surface that is characterized by a definite ratio between the numbers of vacancies and SH 

groups. C-S bond breaking takes place at the expense of dissociatively adsorbed hydrogen. 

The break-up of a thiophene molecule results in the formation of a new SH group, and the 

ratio between the numbers of vacancies and SH groups changes in favour of the latter. Hence, 

the catalyst falls into a so-called "metastable" state which it can escape by forcing out any of 

the SH groups located on the catalyst surface as the result of its interaction with the gas phase 

hydrogen. The result of this step is the formation of a new vacancy. So, the ratio of the 

vacancies to SH groups is crucial for catalyst activity. 

The comparison of the data of radioisotopic monitoring of the active sites and the results 

of pilot plant tests shows the relationship between catalyst activity in the HDS of the crude of 

various compositions and the density of the vacancies of corresponding type. In particular, if 

it is necessary to hydrodesulfurize light molecules, then catalysts with the highest activity of 

the "rapid" sites should be preferred and in this case the catalyst composition would be 

determined by the highest density of the vacancies related to the "rapid" sites. If heavy oils 

are subjected to HDS, the catalysts with the most favourable conditions for the sites of the 

"slow" type would be most efficient, and the number of these sites should be as high as 

possible. 

The approaches described above were applied to select commercial catalysts of optimal 

composition for HDS of various types of crude. The results of pilot plant tests of ten 

commercial CoMo catalysts for I-IDS have confirmed the developed criteria. 
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HHTEPIIPETAQIUI H30TOIIHbIX ,IJ;AHHbIX «liE3 BPEMEHH»: 
HEH30TEPMHqECKHH OliMEH ,IJ;HKHCJIOPO,IJ;A C OKCH,II;AMII 

TREATMENT OF ISOTOPIC DATA''WITHOUT TIME'': 
NONISOTHERMAL EXCHANGE OF DIOXYGEN WITH OXIDES 
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Kinetic equations of · the isotope exchange ("isotopic-kinetic equations") were 
transformed into time-independent general relation between the isotope composition 
variables. This allows to derive from the experimental data (including those obtained in the 
non-isothermal experiments) parameters of the exchange mechanism characterizing the type 
of the atoms rearrangement irrespective of the reaction rate variation. Analysis of the results 
of the dynamic-thermal isotope exchange in systems Oi-YBa2Cu30y and 0 2-Pt/Ce-Zr-O by 
using suggested approach demonstrated that experimental data are excellently described by 
the theoretical equation derived in the present work. 

IIpH 6ecKOHeqHoM MHOroo6pa3HH MbICJIHMblX MexaHH3MOB peaKLI;Hll B KaKOll-JIH6o 

XHMHqecKOll CHCTeMe cymecrnyeT orpaHHqeHHblll H CTporo orrpe,nerreHHblll Ha6op 

rreperpyrrrrHpOBOK aTOMOB (THIIOB MexaHH3MOB), rropO)l()];aeMblll KOHeqHblM MHO)l(eCTBOM 

B03MO)l(HbIX BapHaHTOB cpparMeHTal(HH MOJieKyrr [ 1]. KorrHqecrno BapHaHTOB 3aBHCHT OT 

aTOMHOCTH MOJieKyrr 11 qHcrra KOMIIOHeHTOB. ,I(mr ,nByxaTOMHOll MOJieKyJibl A2 B KOHTaKTe C 

,npyrHM KOMIIOHeHTOM (rrapTHepoM), co,nep)l(all(HM Te )Ke aTOMbl, BO3MO)1(Hbl TPH BapHaHTa 

cpparMeHTal(HH B 3aBHCHMOCTH OT BXO)1(,.[J;eHH5I aTOMOB B COCTaB rrapTHepa (A) HJIH B COCTaB 

rrpoMe)l(yroqHI:,IX qacTHI( ZA ( CM. BTOpOH CTOJI6eu Ta6JIHI(bl) [2, 3]. 

Tun BapHaHT PeaKI(H5I IIapaMeTp1:,1 

j cpparMeHTal(HH H30TOIIHOro o6MeHa a1(j) a2(j) 

1 A2 + 2 Z 0 2 ZA X2+ Y2 0 2XY 0 0 
2 A2 + Z + () 0 ZA + (A) X2 + (Y) 0 XY + (X) 0,5 0 
3 A2 + 2 () 0 2 (A) X2 + 2 (Y) 0 Y 2 + 2 (X) 1 1 

EcrrH aTOMbl A rrpe,ncTaBJieHbl )];BYM5I H30TOIIaMH (X H Y), TO B ,nByxKOMIIOHeHTHOll CHCTeMe 

Xi-(Y) TPH BapHaHTa <pparMeHTal(HH MOJieKyrr A2 rrpHBO,lJ;5IT K TpeM He3aBHCHMbIM peaKI(H5IM 
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113OTOIIHOro o6MeHa ( CM. TpeTlIH CTOJI6eu Ta6JII1IJ;bl) [2-4]. Ilepepacrrpe,ueneH11e 113OTOIIOB B 

TaKOH ClICTeMe OII11CbIBaeTC5I CTpOrl1Ml1 113OTOIIHO-Kl1HeT11qecKl1Ml1 ypaBHeH115IM11 [2-4]: 

1) (N/R)(daldt) = - a1 a 11 2) (NIR)(dz/dt) = - z + a2 a2
, r,ue a1(2) = L Kj a1(2)(i), 

3,uecb N - Kon11qecTBO MoneKyn A2, a - ,uoJI5I 113OTorra X B A2, z = x2 - a2
, x2 - ,uoJI5I 

113OTOIIHblX MOJieKyJI X2, t - BpeM5I, R - CKOpOCTb o6MeHa (MOJieKyJI B e,Ul1Hl1UY BpeMeH11), 

a1(2)(j) - rrapaMeTpbI MexaH113Ma 11 KJ = R/R - BKna,u o6MeHaj-ro T11rra; rrp11 3TOM R = L R1 

11 L Kj = 1 (j = 1, 2, 3). 

IlpHHUHIIHaJibHOH oco6eHHOCTbIO 113OTOIIHO-Kl1HeTHqecK11X ypaBHeHlIH 5IBJI5IeTC5I TO, qTo 

B q11cno Kl1HeT11qeCKHX KOHCTaHT BXO,U5IT (Hap51,uy co CKOpOCTbIO o6MeHa R) rrapaMeTpbI 

MexaHH3Ma (a1 11 a2), KOTOpbie rrpHH11MaIOT CTporo orrpe,ueJieHHbie q11cneHHbie 3HaqeHH5I ,UJI5I 

Ka)K,UOro THIIa MexaHH3Ma ( CM. Ta6nm.i;y), a B o6meM cnyqae 5IBJI5IIOTC5I JIHHeHHbIMH 

KOM6HHaUH5IMH 3THX 3HaqeHHH C K03<pq:>11UHeHTaMH, paBHblMH BKJia,uaM THIIOB o6MeHa (Kj)-

YpaBHeHH5I (1) 11 (2) nmpOKO HCIIOJib3yIOTC5I (c Tex rrop, KaK OH11 BIIepBbie 6brn11 

rronyqeHbl [ 4]) rrpH H3OTOIIHbIX 11CCJie,UOBaHH5IX aTOMHO-MOJieKyJI5IpHbIX MexaHH3MOB 

aKTHBau:1111 ,uByxaTOMHbIX (no 06MeH11BaeM0My 3JieMeHTY) MOJieKyn - 0 2, H2, N2, CO2 11 ,up. 

QqeBH,UHbIM ycJIOBlieM HX tipHMeHlIMOCTH 5IBJI5IeTC5I rronyqeHHe ,uaHHbIX O 3aBHCHMOCTH 

113OTOIIHbIX rrepeMeHHbIX a 11 z OT BpeMeH11 rrp11 IIOCTO5IHHbIX 3HaqeHH5IX R H N. 3TO ycJIOBlie 

co6JIIO,UaeTC5I rrp11 rrpoBe,UeHHH 113OTepM11qecK11x 3KCrrepHMeHTOB B 3aKpbITOH XlIMHqecKH 

paBHOBeCHOH (11JI11 CTaUHOHapHOH) ClICTeMe. 

YKa3aHHOe ycJIOBlie He BCer,ua y,uaeTC5I BbIIIOJIHHTb, a Hepe,UKO OHO crreu11aJibHO 

HapyrnaeTC5I caMOH IIOCTaHOBKOH 3KCIIep11MeHTOB. IIocne,uHee, B qacTHOCTH, OTHOCHTC5I K 

HeCTau11OHapHbIM lIMIIYJibCHbIM MeTO,UaM, a TaK)Ke K ,UOBOJibHO pacrrpocTpaHeHHbIM 

crroco6aM rrpoBe,UeHH5I KHHeT11qecK11X HCCJie,UOBaHHH C rrporpaMM11pOBaHHbIM 113MeHeHHeM 

TeMrrepaTypbI (cM., HarrpHMep, [5]). B 3Tl1X cnyqa5IX HeT orrpe,ueneHHOro 3HaqeH115I CKOpOCT11 

o6MeHa, H OTHeCeHHe 113OTOIIHblX rrepeMeHHbIX K orrpe,ueJieHHbIM MOMeHTaM BpeMeHH He 

MO)KeT 6bITb 11CIIOJib3OBaHO ,UJI5I o6pa6oTKH 3KCrrep11MeHTaJibHbIX ,uaHHbIX. 

"Il0Tep51" BpeMeH11 11 CKOpOCT11 He lICKJIIOqaeT, O,UHaKO, B03MO)KH0CT11 orrpe,ueJieH115I 

Tl1IIOB o6MeHa. Ecn11 Tl1II o6MeHa B xo,ue rrpouecca He 113MeH5IeTC5I, TO OCTaIOTC5I 
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Il0CT051HHbIMll rrapaMeTpbI MexaHII3Ma a1 ll a2. ,ll;eneHne BT0poro ypaBHeHII51 Ha rrepBoe ll 

rrocnenyromee llHTerpnpoBaHne rrpHB0,LJ;llT K C00TH0llieHIIIO Me)Kny ll30T0IIHbIMll 

rrepeMeHHbIMll C0CTaBa, K0T0poe He conep)KllT BpeMeHII ll HeorrpenenHeMbIX BeJilfqlfH R ll N, 

3) ln[(v + b)/(v0 + b)] = - a ln(a/cx0
), rne a = (2a1 - 1 )/a1 u b = az/(2a1 - 1), 

3,LJ;ecb pann yno6cTBa BBe,LJ;eHa H0BaH H30T0rrHa51 rrepeMeHHaH: v= z/cx2 (cx0 
n v° - ucxo,LJ;Hbie 

3HaqeHll51 rrepeMeHHbIX). 3To ypaBHeHne I103B0JI51eT ll3 3KCrrepnMeHTaJibH0 Ha:tt,LJ;eHHOll 

3aBHCllMOCTll O,l.J;HOH ll30TOI1HOH rrepeMeHHOll OT npyroii orrpenenHTb rrapaMeTpbI MeXaHII3Ma 

ll paccqnTaTb BKJia,LJ;bI TllIT0B o6MeHa. qaCTHblll BapuaHT 3T0ro ypaBHeHll51 6brn rronyqeH ll 

llCI10Jib30BaH paHee B pa6oTe [3]. 

Ilpe,LJ;JIO)KeHHblll MeTO,LJ; rrpHMeHeH ,LJ;JI51 llHTeprrpernunn 3KCrrepnMeHTaJibHbIX ~aHHbIX 

rrpn nccnenoBaHnH H30TOrrHoro o6MeHa ,LJ;IIKHCJiopona c oKcnnaMn YBa2Cu3Oy n Pt/Ce-Zr-O 

,LJ;IIHaMHKO-TepMHqecKIIM MeTO,LJ;OM ( orrncaHue ycTaHOBKll ll MeTO,LJ;llKll 3KCrrepnMeHTa MO)KHO 

HaHTH B pa6oTe [5]). 

(/) 180 
2,0 <1> 1 0 2 a I ----------- 160 1,8 

'~ 2 
(1) , 1,6 § 0,8 ' \ ;/ 1,4 

:a 1,2 
-~ 0,6 \// + 1,0 Q. 02: 
0 > 0,8 0 0,4 -I~ ...... :a 

0,6 -~ + 
0 0,2 

I ,, > 0,4 
~~ C 0,2 (/) ,/__... a!. C 0,0 :§ 0,0 

__ , 160180 
-0,2 

& 0 100 200 300 400 500 600 700 
0,0 0,5 1,0 1,5 2,0 

temperature~C 
-ln(a/a0

) 

Ha neBOM pIICYHKe rrpencTaBneHbI pe3yJibTaTbI O,LJ;HOro ll3 OilbITOB - ll3MeHeHne 

ll30TOI1H0ro C0CTaBa ,l.J;llKllCJI0pona (IICXO,LJ;HOe ~aBJieHne 52 Ila) B CllCTeMe 02-YBa2Cu3Oy 

rrpn Il0BbillieHllll TeMrrepaTypbI (10 KIMIIH). KaK Bll,LJ;H0 ll3 rrpaBoro pIICYHKa, 3TH naHHbie 

rrpeB0CX0,LJ;H0 0illlCbIBaIOTC51 ypaBHeHHeM 3. lh HaH,LJ;eHHbIX 3HaqeHllll rrapaMeTp0B a ll b 

orrpeneneHbI BKJia,LJ;bI Tllil0B o6MeHa: KJ = 0, K2 = 0,2 ll K3 = 0,8. 

CB513b TllII0B o6MeHa C B03M0)KHbIMll MexaHII3MaMll rrpouecca (rrpnpona CTa,LJ;llll ll 

C00TH0llieHne llX CKOpOCTeii) paCCM0TpeHa B pa6ornx [2, 3]. 
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IIPIIMEHEHIIE HII3KOTEMIIEPATYPHOH CIIEKTPOCKOIIIIII )];JUI 
IICCJIE)];OBAHIDI CTPOEHIDI, )];IIHAMIIKII II AKTIIBHOCTII 

KATAJIIITIIqECKIIXKOMIIJIEKCOB 

APPLICATION OF LOW TEMPERATURE SPECTROSCOPY FOR STUDIES OF 
STRUCTURE, DYNAMICS AND ACTIVITY OF CATALYTIC COMPLEXES 

illHJIHHa M.11., CMHpHon B.B. H liaxapen P .B. 

Shilina M.I., Smirnov V.V. and Baharev R.V. 

Chemistry Department, Moscow Lomonosov State University, 
Lenynskie Gory, Moscow 119899, Russia 
E-mail: mish@kinet.chem.msu.ru 

This work demonstrates the possibilities of low temperature spectroscopy (IR, UV-) to 
study catalyst complexes with reagents, catalytic intermediates, their dynamics and reaction 
mechanisms in the solid state taking aluminium halide complexes as an example of high 
active catalysts. Direct observation of catalytic species unstable in solutions becomes possible 
by solid state studies at low temperatures because of a limited molecular mobility and special 
features of the solid state. The structure and properties of different aluminum chloride 
complexes with a number of organic and inorganic compounds (nitroalkanes, benzene, 
methanol, water, metal halide) were investigated. The dissimilar role of monomer and dimer 
aluminium chloride complexes with different compounds in catalytic low temperature 
activation of alkanes was shown. 

B pa6oTe IIOKa3aHbl B03MO)KHOCTH If rrpeHMyrr(eCTBa MeTO)J;OB KpHOXHMHl!eCKOro 
CHHTe3a If Hll3KOTeMrrepaTypHOll crreKTpOCKOIIllll (HK , Y<D) .[(JUI C03.[(aHH5I ll llCCJie,n;oBaHH5I 

na6HJibHbIX KaTaJIHTHl!eCKllX KOMIIJieKCOB ll rrpoMe)KyrOl!HbIX COCT05IHllll B 
peaKI(llOHHOCIIOC06HbIX CllCTeMax. OrpaHH1IeHHa5I IIO.[(Bll)KH0CTb MOJieKyJI B TBep.[(Oll cpa3e 
rrpn Hll3KllX TeMrrepaTypax II03BOJI5IeT CTa6HJIH3HpOBaTb He ycTOllllllBbie B .[(pyrnx ycJIOBll5IX 
KaTaJillTlll!eCKll aKTllBHbie CTPYKTYPbI, ycTpaHHTb paBHOBeCHe Me)K.[(y pa3JIH1IHbIMll 

accou:naTaMH II cpaBHllTb llX KaTaJillTHl!eCKYJO aKTllBHOCTb B Hll3KOTeMrrepaTypHblX 

rrpou:eccax. HccJie.[(OBaHH5I rrpoBe.[(eHbI Ha rrpnMepe B3anMo,n;eiicTBnii xnopn,n;a aJIIOMHHH5I c 
p5I.[(0M opraHifqecKHX (HHTpOaJIKaHbl, CIIHpTbl, apoMaTnqecKHe yrneBO.[(OpO.[(bl) ll 
HeopraHHl!eCKllX (Bo,n;a, ranoreHH.[(bl rrepeXO)J;HblX MeTaJIJIOB) coe.[(HHeHllll. B coqeTaHllll 
MeTO.[(OB Hll3KOTeMrrepaTypHOll crreKTpOCKOIIllll C TeXHllKOll MaTpnqHOll ll3OJI5Il(llll If 

KBaHTOBO-XllMifqecKHMll pacqeTaMH 3aperncTpHpoBaHbl II H.[(eHTll(pllU:HpOBaHbl He 

ll3BeCTHbie paHee Jia6HJibHbie KOMIIJieKCbl peareHT0B pa3Horo COCTaBa; ycTaHOBJieHbl llX 
CTPYKTYPbI II orrpe.[(eJieHbI rpaHHI(bI TepMnqecKott cra6HJibHOCTH. Ha rrpnMepe 
Hll3KOTeMrrepaTypHbIX rrpoueccoB KOHBepCHll yrneBO.[(OpO.[(OB IIOKa3aHa pa3JillqHa5I pOJib 

KOMIIJieKCOB MOHOMepoB ll .[(HMepoB raJioreHH.[(OB aJIIOMllHll5I B MexaHH3Me KaTaJIHTWieCKOll 

aKTHBaU:Hll aJIKaHOB. 
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APPLICATION OF NMR MICROIMAGING IN CATALYSIS TO STUDY 

THE INTERPLAY OF MASS TRANSPORT AND CHEMICAL REACTION 

IIPHMEHEHHE .HMP TOMOrPA<l>HH B KATAJIH3E ,I(JI.H HCCJIE,I(OBAHH.H 
B3AHMO,I(E:UCTBH.H MACCOIIEPEHOCA H XHMHqECKO:U PEAKQHH 

Koptyug I.V., Lysova A.A., Matveev A.V., Sagdeev R.Z. and Parmon V.N.* 

Korrnor H.B., Jlhlcona A.A., MaTneen A.B., Car~een P.3. 11 IlapMOH B.H.* 

International Tomography Center, Institutskaya St. 3A, Novosibirsk 630090, Russia 
E-mail: koptyug@tomo.nsc.ru, matveev@tomo.nsc.ru, lysova@tomo.nsc.ru 

*Boreskov Institute of Catalysis SB RAS, Pr. Akad. Lavrentieva, 5, Novosibirsk 630090, Russia 
E-mail:parmon@catalysis.nsk.su; fax+ 7 3832 331399, + 7 3832 343056 

NMR microimaging is applied to study flow and hydrodynamic dispersion of liquids and 
gases in various geometries including porous media, mass transport in the course of drying, 
adsorption and impregnation processes, and to the in situ studies of the interplay of mass 
transport and catalytic reactions in porous media, such as hydrogen peroxide decomposition, 
catalytic hydrogenation and Belousov-Zhabotinsky chemical oscillator. 

Mass transport processes such as molecular diffusion, flow and hydrodynamic dispersion 

exert a pronounced influence on the progress of many chemical reactions. For decades, NMR 

spectroscopy is applied successfully to study chemical reactions owing to its ability to 

distinguish various molecular species in multicomponent and multiphase mixtures. Pulsed 

field gradient (PFG) NMR is an established technique for studying diffusive displacements of 

molecules. In recent years this list has been appended with PFG NMR studies of liquid flow 

and dispersion, including flow in porous media. The combination of these techniques with the 

ability of NMR microimaging (MRM) to provide spatial resolution of the spectroscopic and 

transport properties literally promotes the technique into a new dimension. The possibility of 

performing real time MRM studies of chemical reactions attracts much attention worldwide. 

Yet, the MRM of catalytic reactions in real time is still in its infancy. 

Our efforts have resulted in a very first detection of spatial velocity maps of gases 

(propane, butane) flowing in various geometries including the transport channels of 

monolithic catalysts. The results demonstrate the ability of MRM to characterize the non

uniform spatial distribution of shear rates. Furthermore, we have pioneered the PFG NMR 

studies of gas flow in porous media. Such experiments provide the distribution of axial and 

transverse gas flow velocities and dispersion coefficients important for modeling and 

optimization of packed bed reactor performance. We also report the first application of PFG 

NMR to study the gravity driven flow of fine granular material through a packed bed of larger 

beads. The experiments yield the disttibution of particle velocities and can form a basis for 
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the implementation of granular flow to enhance heat exchange in catalytic reactors. Other 

studies of transport in porous media include the real time imaging of Pt/y-AhO3 and 

Pd/y-AhO3 supported catalyst preparation, and drying and adsorption processes. 

The MRM studies were then taken to the next stage where mass transport is coupled to a 

chemical transformation. At present, the only catalytic reaction studied systematically by 

MRM is the Belousov-Zhabotinsky (BZ) chemical oscillator. The periodic change of the 

oxidative state of a catalyst (Mn, Ce, etc) alters the nuclear spin relaxation times (T1, T2) of 

the solvent thereby making the oscillations and propagating waves observable by MRM. The 

system exhibits a fascinating behavior owing to the inherent coupling of molecular diffusion 

and the chemical reaction. The MRM studies performed so far have been carried out either in 

solution or in a gel. We have extended these studies by applying MRM to investigate a BZ 

reaction in the model or synthetic porous media. It is found that the behavior is changed 

drastically as compared to the homogeneous media due to the restrictions imposed by the 

porous space on molecular diffusion. 

Despite the availability of a broad range of modem techniques, in many cases little is 

known about the distribution of reactants, intermediates and products as well as transport 

processes and phase transitions within a catalytic reactor and/or a catalyst grain under reactive 

conditions. The non-invasive and non-destructive nature of the MRM technique in 

combination with the wealth of information provided by NMR spectroscopy makes this 

tandem a unique tool which can be utilized to address such problems. We report a very first 

successful application of MRM to an in situ study of a heterogeneous catalytic reaction. The 

catalytic hydrogenation of a-methylstyrene (AMS) on a Pt/y-AhO3 pellet was carried out 

inside the NMR probe. Large gradients of the liquid phase within the catalyst pellet are shown 

to exist under conditions of AMS evaporation and its vapor-phase hydrogenation (pellet 

temperature up to 185 °C). Chemical shift imaging is employed to obtain separate 

distributions of AMS and the hydrogenation product cumene. The distribution of the liquid 

phase within Pt/y-AhO3 and composite pellets is also studied in the course of catalytic 

hydrogen peroxide decomposition. 

This work was supported by the grants from the Russian Foundation for Basic Research 

(02-03-32770, 02-03-06070, 00-15-97450) & Siberian Branch of the Russian Academy of 

Sciences (Integration project # 46). A.A. Lysova gratefully acknowledges a scholarship 

awarded by the Zamaraev International Charitable Scientific Foundation. 
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IICCJIE,l(OBAHIIE MEXAHII3MA IIPEBPAI.QEHIIU: KATAJIII3ATOPA BHE 

KAT AJIIITMqEcKoro :QIIKJIA. )];BA TMIIA B3AIIMO,ll;EU:CTBIDI IIPO:QECCOB 
B KAT AJIIITIIqECKIIX CMCTEMAX 

INVESTIGATION OF THE CATALYST TRANSFORMATION MECHANISM 
WITHOUT CATALYTIC CYCLE. TWO TYPES OF PROCESSES INTERACTION 

IN CATALYTIC SYSTEMS 

lliMH,[J;T A.<I>. 

Schmidt A.F. 

HpKyrcKIIH rocy,z:i:apcrneHHbIH yttIIBepCIITeT, XIIMWieCKIIH cpaKyrr1TeT 

yrr. K.MapKca, 1, HpKyrcK 664003, Poccmi 

E-mail: aschmidt@chem.isu.ru 

Classification of the types of the processes interaction in catalytic systems is suggested. 
The possibility of determination of the type of interaction between the catalytic cycle and the 
rest catalyst transformations is proved. 

B rro,n:aBJI.sIIOI.U;eM 60JibllIIIHCTBe crryrneB IICX0,[(Ha.sI cpopMa KaTaJIII3aTopa (KaK B 

roMoreHH0M, TaK II B reTeporeHHOM KaTaJIII3e) 5IBJI.sieTC5I JIIIlllb rrpe,z:i:llleCTBeHHIIKOM 

IICTIIHHbIX KaTaJIIITIIqecKII aKTIIBHbIX qacTUQ. He MeHee oqeBII,[(HO II TO, qTo 

cpyttKI(IIOHIIpoBaHIIe KaTarrmaTopa Bcer,z:i:a corrpoB0)K,n:aeTC.sI rrpou;eccaMII ero ,n:e3aKTIIBaIJ;IIII, 

a 3a~rncTyro II caMopereHepau;IIII. TaKIIM o6pa30M, paccMaTpIIBa.sI rrro6yro KaTaJIIITIIqecKyro 

CIICTeMy, MO)KHO BbI,z:i:eJIIITb rrpou;ecCbl (B [ 1] IICIIOJib3yeTC5I TepMIIH "IIOL(CIICTeMbI"), 

BbIIIOJIH.sIIOll(He B Reif rrpIIHIJ;IIIIIIaJibHO pa3JIIIqHbie cpyttKI(IIII. 3To IIO,[(CIICTeMbI 

cpopMIIpOBaHII.sI, ,ne3aKTIIBaIJ;IIII, pereHepau;IIII KaTaJIIITIIqecKII aKTIIBHbIX qacTIII( II OCHOBHOro 

KaTaJIIITIIqecKoro l(IIKJia, IICIIOJib3yIOll(ero 3TH qacTIII(bl. 

,ll;rr.sI KJiaCCIIq>IIKal(IIII BII,n:a B3aIIMO,[(eHCTBII5I rrpou;eccoB, rrpoTeKaIOll(IIX B 

KaTaJIIITIIqeCKIIX CIICTeMax, ,n:aBH0 II IIJIO,[(OTB0pH0 IICIIOJib3yIOTC5I IIOH5ITII5I IIOJIO)KIITeJibHOH 

II OTpIIu;aTeJibHOH o6paTHOH CB5I3II, 3aIIMCTB0BaHHbie II3 KII6epHeTIIKII. O,n:HaKO, OHM He 

xapaKTepII3yIOT caM MexaHII3M B3aIIMO,[(eHCTBII5I rrpou;eccoB, o6ycrraBJIIIBaIOll(IIH TOT IIJIII 

IIHOH BIIL( o6paTHOH CB5I3II. Ilo3TOMY B ,[(0Krra,z:i:e rrpe,z:i:rraraeTC.sI KOHIJ;eIII(II.sI TpIIBIIaJibHbIX II 

HeTpIIBIIaJibHbIX B3aIIMO,[(eHCTBIIH rrpoTeKaIOll(IIX B KaTaJIIITIIqecKOH CIICTeMe rrpou;eccoB. 

TiepBbIH TIIII B3aIIMO,[(eHCTBII5I rrpou;eccOB pearrmyeTC.sI, ecrrII ,[(JI.5! ,n:Byx IIO,[(CIICTeM A II E, 

BKrrroqaromIIx Ha6op KOMrroHeHTOB Ci ( i == l, ... , n ) II orrIIc1rnaromIIxc.sI cIIcTeMaMII 

ypaBHeHIIH (1) II (2): 

dC- A( ) __ z = J; C1,C2, ... ,Cn 
dt 

(1), 

dC- E( ) __ z = J; C1, C2, ... Cn 
dt 

(2), 
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o6pa3yeMa5I HMM COBOKyrrna5I CHCTeMa 6y,neT OIIHCbIBaTbC5I ypaBHeHH5IMH: 

(3) 

YpaBHeHH5I (3) COCT05IT TOJibKO H3 crraraeMbIX, co,nep)KaBllIHXC5I B ypaBHeHH5IX 

IIO,[(CHCTeM ( 1 ), (2). IlpH3HaKOM B03HHKHOBeHH5I HeTpHBHaJibHbIX B3aHMO,[(eHCTBIIH Me)K)];y 

rrpou:eccaMH B A H E 5IBJI5IeTc5I KaqecTBeHHoe H3MeHeHHe rrpaBhIX qacTeii 

,nmpcpepeHUHaJibHbIX ypaBHeHHH rrpH rrepexo,ne OT IIO,[(CHCTeM K COBOKyrrHOH CHCTeMe, a rrpH 

IIO5IBJieHHH B HeH HOBbIX KOMIIOHeHTOB H YBeJmqeHHe qJ,ICJia ,nHcpcpepeHU:HaJibHbIX 

ypaBHeHHH. B 3TOM crryqae rrpH COBMeCTHOM <pYHKU:HOHHpoBaHHH CHCTeM (1) H (2) B 

,nrrcpcpepeHU:HaJibHbIX ypaBHeHH5IX KOMIIOHeHTOB Ci , rrpe,ncTaBJieHHbIX B 3THX CHCTeMax, 

II05IBJI5IIOTC5I HOBhie crraraeMbie ( 4), a CHCTeMa ,nHcpcpepeHn:HaJibHbIX ypaBHeHHH MO)KeT 6hITb 

,[(OIIOJIHeHa ypaBHeHH5IMII ( 5) ,[(JI5I B03HHKaIOII(HX B COBOKyrrHOH CHCTeMe HOBbIX BemecTB 

C
11
+ / j = l, ... ,m ). 

d Ci A ( ) E ( ) A E( ) --=ft C1,C2, ... Cn+ft C1,C2, ... Cn+ft C1,C2, ... Cn+m 
dt 

(4) 

dCn+j - -rAE (c C C ) 
~ - J n+j 1' 2 ,... n+m 

(5) 

IloIDITHo, qro HaxO)K,[(eHHe Ha,D;e)KHbIX KpHTepHeB o6Hap)')KeHH5I HerpHBHaJibHbIX 

B3aHMo,neiiCTBHii Me)K)];y rro,ncHCTeMaMH cpopMHpOBaHH5I, ,ne3aKTHBauHH, pereHepauHH KararnnaTopa 

H OCHOBHOro KaTilJilI1WieCKOro UHKJia B COBOKYIIHOH KaTilJilITIIlleCKOH CHCTeMe 5IBJI5IeIC5I 

qpe3BbJqaHHO Ba)I(HbIM ,l])I5I rrpou:e.nypbl Bbr,nBH)KeHH5I H ,[J;HCKpHMHHauHH rHIIOTe3 MeXaHH3Ma. 

B ,[(OKJia,ne o60CHOBbIBaeTC5I B03MO)KHOCTb rrorryqeHH5I 0,[(H03HaqHoro KpHTepH5I ,[(JI5I 

orrpe,nerreHH5I THIIa B3aHMO,[J;eHCTBH5I OCHOBHOro KaTaJIHTHqecKoro UHKJia (HJIH [(HKJIOB) C 

OCTaJibHbIMH rrpeBparueHH5IMH KaTaJIH3aTopa H rrpe,nrraraeTC5I cpopMarrH30BaHHa5I rrpou:e.nypa 

rrrram1poBaHH5I 3KcrrepHMeHTa ,nrr51 pemeHH5I 3TOH 3a,naqrr. IloKa3aHo, qTo rrpe,nnaraeMhIH 

rro,nxo,n B 3aBHCHMOCTH OT MexaHH3Ma peaKU:HH qacTO IIO3BOJI5IeT rrorryqHTb Ba)KHyIO 

HHcpopMaUHIO o cTerreHH BJIH5IHH5I rrpoueccoB rrpeBpamemrn KaTarrH3aTopa Ha 

KaTaJIHTHqecKHH U:HKJI H Hao6opoT (BH,[( o6paTHOH CB5I3H), a TaK)Ke BbI5ICHHTb ,neTaJibHbIH 

MexaHH3M COIIp5I)KeHH5I 3THX rrpou:eccoB. 

Pa6ora BbIIIOJIHeHa rrpH rro,n,nep)KKe PocCHHCKOro cpoH,na ¢YH.naMeHTaJibHbIX 

HCCJie,noBaHHH (rpaHT N 02-03-32446a) H rrporpaMMbI "cf>YH,naMeHTaJibHbie HCCJie,noBaHH5I 

Bhrcmeii llIKOJihI B o6rracTH ecTeCTBeHHhIX H rYMaHHTapHhIX HaYK. YHHBepcHTeThI PoccHH" 

(rpaHT N YP.05.01.046). 

Jlineparypa 

[l] XaKeH r. «C1-rnepremKa», MocKBa: Mttp, 1980.- 404 c. 
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0 POJIH CTPYKTYPHbIX ,IJ;E<l>EKTOB B 

P A,n;HAI(HOHHOCTHMY JIHPOBAHHOM KAT AJIH3E 

ABOUT THE ROLE OF STRUCTURAL DEFECTS IN CATALYSIS STIMULATED 
BY RADIATION 

KamiaH A.M., KyJHen:oBa H.H. *, JlyHHH B.B. * H qeKyHaeB H.H. 

Kaplan A.M., Kuznetsova N.N.*, Lunin V.V.* and Chekunaev N.I. 

llHCTttTyr xuMw-iecKoiI cpmttKll HM. H.H. CeMeHoBa, P AH 
yrr. KocnirttHa, .[(.4, MocKBa 117977, Poccmr 

<l>aKc: (095)-137-83-18; E-mail: vadnik@chph.ras.ru 

*MocKOBCKttiI rocy.[(apcrneHHbIM YHHBepcttTeT HM. M.B. JioMOHOCOBa 

XttM<paK MfY, JieHttHCKtte ropn1, MocKBa 119899, Poccmr 

E-mail: knn@kge.msu.ru 

IIpe.[(JIO)KeHbI ll rrpoaHaJill3llpOBaHbI KllHeTuqeCKlle MO,[(eJill, IIO3BOJillBIIIlle ofo,5ICHllTb 

ycKopeHtte pa,z:urnI.J;IIOHHOCTllMYJillpOBaHHbIX KaTaJillTllqecKllX rrpo:u;eccoB BJill5IHlleM 

CTPYKTYPHbIX MllKpo- ll MaKpO.[(e<peKTOB, llMeIOmHXC5I B rnep.[(bIX KaTarrll3aTopax. 

IlOKa3aHO, qTo KaTaJill3llpyIOmllMll areHTaMH TBep.[(O<pa3HbIX OKllCJillTeJibHO-

BOCCTaHOBllTeJibHbIX peaKI.I;llM C rrepeHOCOM 3JieKTpOHa Moryr CJI~llTb IIO.[(Bll)KHbie 

MllKpO.[(e<peKTbI: BaKaHCllll mm rrpHMeCHbie MOJieKyJinI, o6rra.[(aIOmtte Heo6xo,z:i:ttMbIM 

cpo.[(CTBOM K 3JieKTpoHy. Porrb TaKOro po.[(a KaTaJIH3a .[(eMOHCTpttpyeTC5I rrpoBe,[(eHHbIM 

aBTOpaMll aHaJill3OM 3KCIIepttMeHTaJibHbIX pe3yJinTaTOB [ 1] llCCJie,[(OBaHll5I 3BOJIIOI.J;llll BO 

BpeMeHll (t) q:>YHK:U:llll pacrrpe.[(eJieHll5I f(E,t) TepMaJill3OBaHHbIX ll 3aXBaqeHHbIX 

3JieKTpOHHbIMll JIOByrnKaMll pa.[(ttaUllOHHO-llHllI.J;llllpOBaHHbIX 3JieKTpOHOB e·tr ITO JIOByrnKaM 

pa3JillqHoiI rrry6HHbI (E=2-2,6 3B) B CTeKrroo6pa3HOM 9,5 MOJibHOM BO.[(HOM pacrnope LiCl 

rrocrre rrpeKpameHH5I B03.[(eMCTBll5I Ha 06pa3e:u; KOpOTKOro (.[(eC5ITll HaHOCeKYH.[(HOro) 

llMIIYJibCa 3JieKTpOHOB BbICOKOM 3Heprttll (U=4M3B ). bbIJIO IlOKa3aHo, qTo 

y.[(OBJieTBopttTeJibHOe corrracue C 3KCrrepttMeHTaJibHbIMll .[(aHHbIMll [ 1] y.[(aeTC5I rrorryqttTb 

Jllllllb rrptt llCITOJib3OBaHllll rrpe.[(JIO)KeHHOM HaMll MO,[(eJill nepeMemeHll5I 3JieKTpOHOB B 

pa.[(Ha:QllOHHO-llHllI.J;llllpOBaHHOM .[(ll3JieKTpttKe, npe.[(ycMaTpttBaIOmeiI 3 3JieMeHTapHbie 

CTa,[(ttll: TYHHeJibHbIM nepeHOC e·tr C 3axBaTllBIIIeiI 3TOT 3JieKTpOH MaJIOIIO.[(Bll)KHOM JIOBYJllKll 

Ha IIO.[(Bll)KHbIM MllKpO.[(e<peKT; cpaBHllTeJibHO 6bICTpoe .[(ll<p<py3ttOHHOe c6Jitt)KeHHe 

3ap5I)KeHHoro MllKpO.[(e<peKTa C aKuerrTopoM 3JieKTpOHOB ll, HaKOHe:u;, TYHHeJibHbIM rrepeHOC 

3JieKTpOHa C YKa3aHHOro .[(e<peKTa Ha aKuerrTop. Ka)K.[(bIM TaKOM .[(e<peKT MO)KeT MHOroKpaTHO 

yqacTBOBaTb B IIO.[(,[I;ep)KaHllll OKllCJillTeJibHO-BOCCTaHOBllTeJibHOrO npouecca. 

):(aHHbie O IlOBbIIIIeHllll CKOpOCTeM reTeporeHHbIX KaTaJillTJiqeCKllX peaKUllM npu 

B03,[(eMCTBll5IX, npttBO.[(5IIUllX K pa3pbIXJieHlllO IlOBepXHOCTHbIX crroeB llCCJie.[(yeMbIX 

KaTarrll3aTOpOB ( CM., HarrpttMep, [2]), 5IBllJillCb OCHOBaHtteM .[(J15I Bbl.[(BllHyroro aBTopaMH 

rrpe.[(IIOJIO)KeHH5I O IlOBbIIIIeHHOM XllMllqecKOM aKTllBHOCTll CBOeo6pa3HbIX rra6ttJibHbIX 

aKTllBHbIX ueHTpOB (JIAL() - KOMIIJieKCOB .[(llCCOUllllpOBaHHbIX cpparMeHTOB O.[(HOro ll3 
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a~cop6HpOBaHHbIX peareHTOB co CTpy:KTypHI,IMM MHKpo~ecpeKTaMM KaT<UIM3aTopa. 

IlpHBJiel.JeHMe K KMHeTMl.JeCKOMY aHaJIM3Y pa~MaU:MOHHOCTMMYJIHpOBaHHbIX XMMMl.JeCKMX 

rrpo:u;eccoB KOHo;erro;MM nAQ IIO3BOJIMJIO ycrrenrno o6o5ICHMTb 3KCIIepHMeHTaJibHO 

ycTaHOBJieHHbie paHee [3] OCHOBHbie KMHeTM1IeCKMe oco6eHHOCTM pereHepao;MM 

KaTaJIM3aTOpOB rrpou:ecca KJiayca B B03~ynIHOH cpe~e B rryqKe ycKopeHHhIX 3JieKTpOHOB 

(U= 1,2 M3B ): 1) cymecTBeHHOe, ITO cpaBHeHMIO C Tpa~M:UMOHHOH TepMHl.JeCKOH 

pereHepa:u;MeH KaTaJIM3aTOpOB, y-MeHbIIIeHMe (B 4 pa3a) 3<p<peKTMBHOH 3HeprnH aKTMBaQMM 

~ecop6:u;MM yrnepo~a C IIOBepXHOCTM 3aKOKCOBaHHbIX KaTaJIM3aTopoB rrpH MCITOJib3OBaHMM MX 

pa~MaIJ;MOHHO-TepMHl.JeCKOH o6pa60TKM; 2) CMJibHYJO 3aBMCMMOCTb CKOpOCTM pereHepao;MM 

OTpaBJieHHbIX KaTaJIM3aTopoB OT MHTeHCMBHOCTM MX pa~MaIJ;MOHHOro o6JiyqeHM5I. Ilocne~HMH 

3<p<peKT o6ycJIOBJieH 3aBMCMMOCTbIO OT MHTeHCMBHOCTM o6JiyqeHM5I KOHU:eHTpao;MM 

ITO~BM)l(HbIX MHKpo~e<peKTOB TMIIa BaKaHCMH M, KaK CJie~CTBMe 3TOro, KOHI.J;eHTpao;MM nAL(. 

IlpoBe~eHhI pac1IeTbI IIOBbIIIIeHM5I CKOpOCTeH reTeporeHHbIX KaTaJIMTMl.JeCKMX peaKU:MH 

no~ BJIM5IHMeM MMeIOID:MXC5I . B pa~MaIJ;MOHH006JiyqeHHbIX KaTaJIM3aTOpax MaKpo~ecpeKTOB

MHKpOTpemMH. lI3BecTeH 3<p<peKT IIOHM)l(eHM5I 3HeprHM aKTMBaU:MM (E) 3JieMeHTapHbIX 

XMMMl.JeCKMX peaKU:MH, rrpoTeKaIOmMX B TBep~bIX TeJiax, ITO~BeprHyrhIX pacTmKeHifIO MJIM 

C~BMry MexaHMl.JeCKMMM Harrp5I)l(eHM5IMM O', Ha BeJIM1IMHY LiE=f.cr-Li V (Li V - o6oeM BaKaHCMM, 

f ~1 K03<pq>MU:MeHT rrepeHaIIp5I)KeHmI). BnICOKMe TepMoyrrpyrne Mexam11IeCKMe 

HaIIp5I)l(eHM5I ( cr>200 MIIa) Moryr BO3HMKaTb B MHTeHCMBHO o6JiyqaeMbIX 3JieKTpOHaMM 

BbICOKMX 3HeprHH KaTaJIM3aTopax B pe3yJioTaTe HeO~Hopo~HOCTM JIOKaJibHbIX pa3orpeBOB 

pa3JIM1IHbIX CJIOeB TaKMX KaTaJIM3aTopoB. B6JIM3M )Ke YCTbeB TpemMH B o6JiyqaeMbIX 

KaTaJIM3aTopax MMeIOTC5I He6oJibIIIMe rrpocTpaHCTBeHHbie o6JiaCTM («rop5I1IMe 30HbI») C eme 

6oJiee BbICOKMMM JIOKaJibHbIMM HaIIp5I)l(eHM5IMM cr noK=f·O' ( c f > 10), o6ycJiaBJIMBaIOmMMM 

cymecrneHHoe y-MeHoIIIeHMe (6oJiee, 1.JeM Ha 50 K,D>KIMoJih) 3Heprnii aKnrnao;MM 

3JieMeHTapHbIX peaKIJ;MH KaTaJIMTM1IeCKOro rrpo:u;ecca. 

Jl11Teparypa 

[1] G.V.Baxton, Kemsley. J.Chem. Soc. Farad. Trans. I. 1975. Vol. 717. P. 568 
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STUDIES OF THE EXCITED STATES OF ADSORBED MOLECULES BY IR 

SPECTROSCOPY 

IICCJIE~OBAHIDI BO31iYiK~EHHhIX COCTOHHIIH NJ:COPliIIPOBAHHhIX 
MOJIEKYJI C IICIIOJlh3OBAHIIEM IIK-CIIEKTPOCKOIIIIII 

Tsyganenko A.A. 

:QLiraHeHKO A.A. 

Fock Institute of Physics, St. Petersburg State University, St.Petersburg 198504, Russia 
E-mail: tsyg@photonics.phys.spbu.ru 

Overwhelming majority of spectral studies of surface species, including those carried out 

in the condition of catalytic reaction, deal with the adsorbed species or intermediate products 

in their ground state. For catalysis, however, the excited states are of a great interest. Three 

kinds of excitation can be distinguished: vibrational, electronic and "steric" excitations. 

The most common are vibrationally excited states, which could be thermally populated 

and manifest themselves in the appearance of "hot bands" or in temperature dependence of 

the positions or shapes of IR bands. In recent works laser excitation of OH groups or of 

adsorbed molecules was used to study energy relaxation or IR-induced desorption processes. 

Thermal excitation of electronic states for moderate temperatures is only possible if the 

energy of electronic excitation is extremely low. As far as we know, spectral studies of this 

phenomenon were not reported so far. To achieve electronic excitation either irradiation of 

adsorbed molecules is used to study their photochemical reactions or special experiments 

with the adsorption of preliminary excited molecules are carried out. 

The expression "steric excitation 11 is used here to denote the states where the molecule 

forms surface complex with not the most favorable geometry. Spectral and chemical 

properties of such complexes could be quite different from those exhibited by usually 

adsorbed molecules, while the excess of energy could be used to overcome activation barriers 

of catalytic reactions. Such complexes could be excited thermally and exist in thermodynamic 

equilibrium with usual adsorption. 

As a simplest and the best studied example of steric excitation we have to consider CO 

interaction with alkali cations of zeolites. As it was recently shown [l], this molecule can 

form with cations in alkali-exchanged zeolites not only C-bonded, but also O-bonded species. 

The former account for usual high-frequency (HF) band, that moves from 2157 to 2188 cm-1 

for different alkali cations from Cs to Li and reaches 2218 cm- 1 for MgY. The O-bonded CO 

species manifest themselves in a weak band shifted to lower wavenumbers with respect to the 
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frequency of CO in the gas (LF band). The higher is the frequency of HF band, the lower 

occurs the maximum of LF band, that for MgY can be seen at 2090 cm- 1
• 

The LF band intensity is negligible at 77 K, and for some systems its observation needs 

heating the sample above 300 K. Spectral studies at variable temperatures have demonstrated 

that these species are in a temperature-dependent equilibrium with the inter-conversion 

energy depending on the cation and zeolite lattice type. It could be over 15 kJ mor1 (MgY), 

that is comparable with activation energy values for some catalytic reactions. 

CO ability to form both C-bonded and O-bonded adducts has been established also for 

molecules that form H-bond with acidic OH groups of zeolites or silanol groups of silica. For 

metal oxides O-bonded CO complexes were not observed yet, apparently, because of surface 

heterogeneity that complicates the spectra. 

CO is not unique in its amphipatic behaviour in adsorbed state, the same effect should be 

typical of more complex molecules with several functional groups or heteroatoms. So, our 

recent data show that two kinds of thiophene complexes, H-bonded either via sulphur atom or 

via n-electrons of the ring co-exist on silica surface in thermodynamic equilibrium. 

[ 1] A.A. Tsyganenko, E. Escalona Platero, C. Otero Arean, E. Garrone and A. Zecchina. Catalysis 
Letters. 1999, 61, No 3-4, 187-192. 
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IIPIIPO,l(A 3JIEKTPO<l>IIJibHOM II HYKJIEO<l>IIJibHOM <l>OPM 

A,l(COPlilIPOBAHHOro HA CEPEliPE KIICJIOPO,l(A 

THE NATURE OF ELECTROPHILIC AND NUCLEOPHILIC 
OXYGEN SPECIES ADSORBED ON SIL VER 

liyxTHHpoB B.II., KanqeB B.B., XaBeKep M.*, KHorr-repnKe A.*, Maii:ep P.B. * 
H lliJierJI P. * 

Bukhtiyarov V.I., Kaichev V.V, Havecker M.*, Knop-Gericke A.*, Mayer R.W.* and 
Schlogl R.* 

HHCTMTyr KaTaJIM3a MM. f .K. EopeCKOBa co p AH 
rrp. JlaBpeHTbeBa, 5, HoBOCM6HpCK 630090, PoccmI, 

E-mail: VIB@catalysis.nsk.su 
*HHCTMTyr <DpHTu;a-Xa6epa, EeprrHH, fepMaHMH 

Two oxygen species, which are constituents of the active centers for ethylene epoxidation 
over silyer, have been characterized by a number of physical methods sensitive to adsorbate 
electronic structure such as XPS, UPS, Auger and XANES spectroscopy. One of the species 
denoted as nucleophilic oxygen due to its activity in total oxidation only exhibits 
spectroscopic characteristics close to those of bulk Ag20. This allows us to describe this 
species as atomically adsorbed oxygen in the structure of surface silver (I) oxide. 
Considerable extent of the covalency in bonding of this oxide-like oxygen with silver surface 
due to hybridization of O2p levels with Ag4d and Ag5sp orbitals should be also emphasized. 
Contrary to this only 5sp orbitals of silver hybridize with 2p orbitals of oxygen as the other 
oxygen species forms. As consequence, this species being also atomic oxygen is characterized 
by a lower oxygen-silver bonding interaction and lower charge on the oxygen. The latter 
causes the activity of this electrophilic species in epoxidation. 

CorrraCHO rrpHH5ITOH B HaCTOmuee BpeM5I KOHUeIIUMM, aKTMBHbIMM ueHTpaMM, 

OTBeTCTBeHHhlMM 3a rrpoTeKaHMe peaKUMM rrapu;HaITbHOro OKMCJ1eHM5I 3TMJ1eHa Ha 

cepe6p5IHbIX KaTaITM3aTopax, 5IBJ15IIOTC5I HYKITeO<plIJ1bHa5I II 3J1eKTpO<plIJ1bHa5I cpopMbI 

aucop6HpOBaHHOro KMcrropoua [1,2]. HecMOTp5I Ha CBOIO aKTMBHOCTb B HYKITeO<plIITbHOM 

B3aMMOUeHCTBMM c C-H CB5I3bIO 3TMrreHa II rrocrreuyromeM ero OKMcrreHMM uo CO2 II H2O, 

KMCrropou B rrepBOM COCT05IHMM Heo6xo)];MM )];J15I C03)];aHM5I ueHTpOB aucop6UMM 3TMJ1eHa. 

KMcrropou BO BTOpOM COCTO5IHMM ~aCTByeT B 3J1eKTpO<plIJ1bHOH aTaKe 7t-CB5I3M 3TMJieHa C 

o6pa30BaHMeM 3IIOKCM)];HOro UMKrra. B UOKrraue rrpHBe)];eHbI pe3yITbTaTbI cpaBHMTeITbHOro 

crreKTpOCKOIIlfqecKoro lICCrreuoBaHM5I HYKITeO<plIITbHOH II 3J1eKTpO<plIJ1bHOH cpopM 

aucop6HpoBaHHOro KMCrropoua Ha IIOBepxHOCTM cepe6p5IHOH <pOITbrM. bbIITM rrouo6paHbI 

ycrrOBM5I lIH)];lIBMLJ:YaITbHOro cpopMHpOBaHM5I lICCrreuyeMbIX cpopM KMCrropoua. Ilorr~eHHbie 

cocT05IHM5I oxapaKTepH30BaHbI MernuaMM TITL(, P<D3C, Y <D3C, XANES II 

O)Ke-crreKTpocKOIIMM. 

MeTO)];aMM peHTreHOBCKOro rrorrromeHM5I II yrrbTpacpMorreTOBOH <pOT03J1eKTpOHHOH 

crreKTpOCKOIIMM, a TaK)Ke IIOJ1HbIM lI30TOIIHbIM rrepeMenmBaHMeM OUH03HaqHo UOKa3aHO, qTo 

210 



OP-111-15 

::rneKTpO<pHJibHOe COCT05IHIIe a,[(cop6IIpOBaHHOI'O Ha IIOBepxHOCTII cepe6pa KifCJIOpo,na 

5IBJ15IeTC5I aTOMapHbIM. Ha 0CH0BaHIIII ,[(aHHbIX <pOT03JieKTpOHHOH crreKTp0CK0IIIIII orrpe,[(eJieH 

BKJia,[( 3<p<peKTOB Ha'1aJibHOro ( ~0.8 3B) II KOHe'1HOro COCT05IHIIH ( ~ 1.3 3B) B Ha6mo,[(aeMbie 

3Ha'1eHII5I 3HeprIIII CB513II 3JieKTpOHOB Ha · o ls ypOBHe a,[(cop6IIpOBaHHOI'O KIICJIOpO,[(a B 

Hy1rneo<pIIJibHOH (528.4 3B) II 3JieKTpO<pIIJibHOH (530.5 3B) cpopMax, '1TO CBII,[(eTeJibCTByeT 0 

pa3JIII'1H0M 3ap5I,[(0B0M C0CT05IHIIII aT0Ma KIICJI0p0,[(a. IforrOJib30BaHIIe II3BeCTHOH 

K0ppeJI5IUIIII BeJIII'1IIHbI pacmerrJieHII5I O)Ke-JIIIHIIH KIICJI0p0,[(a C BeJIII'1IIHOH 3ap5I,[(a (no 

IloJIIIHry) Ha aTOMe KIICJIOpO,[(a [3] IIOKa3aJIO cymecTBeHH)'IO pa3HIIUY ( ~1 e,[(. 3ap5I,[(a 

3JieKTpOHa) rrepeHOCa 3ap5I,[(a C MeTaJIJia Ha a TOM KIICJIOpO,[(a rrpII a,[(cop6l(IIII B 

H)7KJieO<pIIJibH)'IO (02
-) II 3JieKTpO<pIIJihH)'IO (01

-) cpopMbI. IIpIIMeHeHIIe crreKTpOCKOIIIfII 

TOHKOH CTPYKTYPhI Kpa5I rrornomeHII5I peHTreHOBCKIIX JI)7'1eH K IICCJie,[(OBaHIIIO 

a,[(cop6IIpOBaHHbIX MOHOaTOMHbIX CJIOeB KIICJIOpO,[(a ,[(aJIO B03M0)KH0CTb IIOJI)7'1IITb 

Ka'1eCTBeHH0 H0B)'IO IIH<pOpMal(IIIO 0 rrpIIp0,[(e aKTIIBHbIX ueHTp0B B peaKI(IIII 

3IIOKCH,[(IIpoBaHII5I 3TIIJieHa. B CJI)7'1ae H)7KJieO<pIIJibHOro KIICJIOpO,[(a Ha6JIIO,[(aeTC5I ,[(Ba IIIIKa 

IIOI'JIOII(eHII5I ( ~ 531 II ~ 539 3B). CrreKTp 3JieKTpO<pIIJibHOI'O KIICJIOpO,[(a CO,[(ep)KIIT 0,[(IIH 

nrnpOKIIH IIIIK B paiioHe 541 3B. B COOTBeTCTBIIII C JIIITepaTypHbIMII ,[(aHHbIMII [ 4 ], HaJIII'1Ife 

CIIrHaJia B6JIII3II Kpa5I ( ~ 531 3B) CBII,[(eTeJihCTByeT O B3aIIMO,[(eHCTBIIII 4d 3JieKTpOHOB 

cepe6pa C 2p 3JieKTpOHaMII KIICJIOpo,[(a, B TO BpeM5I KaK CIII'HaJI B paiioHe 3HeprIIH 5-15 3B 3a 

KpaeM IIOI'JIOII(eHII5I rrpe,[(IIOJiaraeT rII6pII,[(H3aUIIIO 2p 3JieKTpOHOB KIICJIOpO,[(a C 5sp 

3JieKTpOHaMII MeTaJIJia. 

IIpe,[(JIO)KeHa MO,[(eJib 3JieKTpOHHOro CTpOeHII5I cpopM aTOMapHO a,[(cop6IIpOBaHHOro 

KIICJI0p0,[(a, B KOTOpOH H)7KJieO<pIIJibHa5I cpopMa 0 2
- xapaKTepII3yeTC5I BeJIII'1IIHOH BaJieHTH0ro 

yrJia CB513II Ag-0-Ag 6JIII3KOH K 180°, II, COOTBeTCTBeHHO, 3Ha'1IITeJibHbIM rrepeKpbIBaHIIeM 

4d- II 5sp-op6IITaJieH cepe6pa C 2p-op6IITaJI5IMII KIICJIOpO,[(a, a 3JieKTpO<pIIJibHa5I cpopMa 0 1
- -

TOJibKO cymecTBeHHbIM rrepeKpbIBaHIIeM 5sp-op6IITaJieH cepe6pa c 2p-op6HTaJI5IMII 

KIICJI0p0,[(a. 

Pa6ora 6hrna IIO,[(,[(ep)KaHa PocCIIHCKIIM q>OH,[(OM <py7H,[(aMeHTaJibHbIX IICCJie,[(OBaHHH, 

rpaHT N2. 00-15-99335. B.II.E. TaK)Ke 6Jiaro,[(apIIT 3a <pHHaHCOB)'IO IIO,[(,[(ep)KKY <l>OH,[( 

CO,[(eHCTBH5I OTeqecTBeHHOH Ha)7KII, rpaHT ,[(JI5I MOJIO,[(hIX ,[(OKTOpOB. 

JlJITeparypa 
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OXYGEN SPECIES AND MOLECULAR MECHANISM OF ETHYLENE 

EPOXIDATION ON OXIDIZED DEFECT SILVER SURFACE 

<l>OPMhI KIICJIOPOM ll MOJIEKY JUIPHhIH MEXAHH3M 3IIOKCH)UIPOBAIIHJI 
3THJIEHA HA OKHCJIEHHOH IIOBEPXHOCTH CEPEliP A 

A vdeev V.I., Boronin A.I. and Zhidomirov G.M. 

AB11eeB B.H., liopOHHH A.H. H )KH,LJ;OMHpOB r .M. 

Boreskov Institute of Catalysis SB RAS, Novosibirsk 630090, Russia 
Fax: + 7 3832-343056; E-mail: via@catalysis.nsk.su 

A new concept of the oxygen species epoxidizing ethylene on silver is presented. The 

epoxidizing oxygen is formed on the defects of the partially oxidized metal silver surface. As 

the defect surface is saturated with oxygen, oxygen atoms are stimulated to associate into 

stable quasimolecular species Ag-O-O-O-Ag. The latter are similar to metal ozonides and 

contain electrophilic oxygen atom. 

We discuss the experimental XPS, UPS, IR, and Raman spectroscopy providing evidence 

in favor of stabilization of the quasi-molecular oxygen forms on the reactive silver surface. 

Fig. 1 shows O 1 s and UPS spectra taken after the oxygen action at elevated pressure. 

530.7 

525 530 535 540 0 5 10 15 
Binding Energy (eV) 

Fig. 1. Ols (a) and UPS (b) spectra obtained from the electrolytic silver surface after treatment in 0 2 

at 1000 Pa and 420 K. Curve 1 is obtained after surface cleaning; curve 2- after oxygen 
treatment; curve 2-1 is the difference spectrum between curves 2 and 1. 

The component with a low value of Eb(Ols) ~ 529 eV characterizes the ion type of 

oxygen bond with silver, that is the nucleophilic state and it belongs to oxide Ag2O. The 

components with Eb(Ols) > 530 eV correspond to the uncharged oxygen atoms or quasi

molecular species adsorbed on the defect surface. 

Analysis of spectra O 1 s and UPS data shows that the adsorbed oxygen species observed on 

the defect surface of electrolytic silver is a quasi-molecular one containing three non-equivalent 
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oxygen atoms. One oxygen atom with Eb(Ols) ~ 529 eV characterizes most probably the 

localization of oxygen atoms in the subsurface region near the surface structural defect. The peaks 

with Eb(Ols) >531 eV characterize the oxygen atoms belonging the quasi-molecular form. 

Based on the experimental analysis and calculation results, we present scheme of 

formation of the active sites (AS) on the silver surface [l, 2, 3]. As oxygen is dissolved into 

the volume at high temperature (T ~ 500 K) and pressure of the reaction mixture, the surface 

is reconstructed to give rise to formation of defects as cation vacancy V and intergrain 

boundaries. Two new types of AS stabilize in the neighborhood of defects. The first type ASv 

includes vacancy V on the surface Ag(l 11) and the adjoining subsurface oxygen atoms. This 

site contains oxide oxygen O0 x solely. As the vacancy captures an additional oxygen ASv + 0 

➔ ASct-O, the second site ASct-O forms and is associated with the subsurface oxygen atoms 

Oss into ozonide type structures such as -Ag-O55-Oep-O55-Ag-, which contains electrophilic 

oxygen Oep· Analyzing the theoretical IR spectrum for these two AS, and comparing it with 

the experimental data, we suggest that the bands at 600 and 1000 cm-1 are the indicators, 

showing associative oxygen species to form. 

The interaction between ethylene and site ASct-O results in a number of stable 

intermediates INTi and transition states TSi. According to the calculations there are three 

intermediates in reaction, which are associated with three transition states, as shown on Fig. 2: 
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Fig. 2. Energy profiles for the mechanism of quasi-molecular oxygen epoxidation on site Ag-O-O-O-Ag. 

Transition from one intennediate to another is an activated process. The energy of 

activation is determined from the energies of transition states. Adsorbed ethylene oxide 

C2H4O-ASv is the last intermediate on the reaction path. At the final stage, the ethylene oxide 

desorption restores cation vacancy (site ASv ), and the following oxygen adsorption, occurring 
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on this site, regenerates electrophilic oxygen. The stages of ethylene oxide desorption and 

formation of site ASct-O are conjugated. As a result, reaction 2C2~ + 0 2 ~ 2C2HiO is 

perfotmed with high efficiency and selectivity. 

Thus, the essence of the offered new concept of the ethylene epoxidizing oxygen species 

on silver is reduced to the following. High temperature and pressure of mixture C2HJO2 

increases the concentration of subsurface oxygen. Under these conditions, high mobility of 

the surface silver atoms inevitably produces many surface defects such as steps, craters, and 

cationic vacancies. Only nucleophilic oxygen species are formed on the regular surface. The 

oxygen adsorption on the defect site transforms atomic oxygen species into associated 

electrophilic oxygen one. The suggested concept of the oxygen species epoxidizing ethylene 

on silver allows to explain experimental data consistently from common positions. 

This study was supported by the Russian Foundation for Basic Research (RFBR), 

grants 99-03-32419a and 00-15-97441. 

References 

[l] A.I. Boronin, V.I. Avdeev, S.V. Koshcheev, K.T Murzakhmetov, S. F. Ruzankin, 
G.M. Zhidomirov, Kinet. Catal. 40 (1999) 653, (in English). 

[2] V.I. Avdeev, A.I. Boronin, S.V. Koscheev, G.M. Zhidomirov, J. Mol. Catalysis A: Chem. 154 (2000) 257. 
[3] V.I. Avdeev, G.M. Zhidomirov, Surf. Sci. 492 (2001) 137. 

214 



OP-111-17 

U:CCJIE)J:OBAHHE METO)J:AMII P<l>3C Il TIIP B3AlIMO)J:EHCTBIDI 3TIIJIEHA 
Il MET AHA C IIOBEPXHOCTblO MOHOKPHCTAJIJIA Pt (111) 

XPS AND TPR INVESTIGATION OF ETHYLENE AND METHANE INTERACTION 
WITH Pt(lll) SURF ACE 

IIa,KeTHOB E.M., KomeeB C.B. H IiopoHHH A.H. 

Pazhetnov E.M., Koscheev S. V. and Boronin A. I. 

11HcTHTyr KaTaJIH3a HM. r .K. EopecKoBa CO P AH, 

rrp. AK. JiaBpeHTheBa, 5, HoBOCH6HpcK 630090, Poccm1 

<DaKc: (3832) 343056; E-mail: boronin@catalysis.nsk.su 

KaTaJIHTHqecKoe pa3JIO)KeHHe yrneBo;:i:opo,noB Ha aJIIOMOIIJiaTHHOBbIX KaTaJIH3aTopax C 

o6pa30BaHHeM IIJIOTHbIX yrnepO,[(HbIX OTJIO)KeHHH Ha aKTHBHOM KOMIIOHeHTe 51BmieTC51 

rro6oqHhIM rrpoueccoM p51;:i:a rrpoMbIIIlJieHHhIX peaKI(IIH rrepepa6oTKH yrneBo;:i:opo;:i:Horo 

Cblpb51. Y CTaHOBJieHHe MexaHII3MOB ;:i:e3aKTHBal(IIII aKTHBHOro KOMIIOHeHTa yrnepO,[(HbIMII 

OTJIO)KCHH5IMH rrpe;:i:cTaBJI5IeT O.D:HY H3 Q?YH.D:aMeHTaJibHbIX rrpo6neM reTeporeHHoro KaTaJIH3a 

[1]. 
B ;:i:aHHOH pa6oTe Mern;:i:aMH P<D3C II TITP Hccne;:i:oBaHbI rrpol(eccbI B3aHMo,nettcTBH51 

MCTaHa H 3THJieHa C IIOBepXHOCTbIO MOHOKpIICTaJIJia Pt(l 11) II cpopMbI yrnepO,[(HbIX 

OTJIO)KeHHH Ha ee IIOBepXHOCTH. Pe3yJibTaTbl COIIOCTaBJICHbl C paHee rr,onyqeHHbIMH ,aaHHbIMII 

no B3aIIMo;:i:ettcTBHIO 3THJieHa c rroBepxHocn10 Pt(l00) II Pt(l 10) KOTOpbie, B ornHqHe OT 

Pt( 111 ), rro;:i:Bep)KeHhI peKOHCTPYKI(HII [2, 3]. 

bbIJIO ycTaHOBJICHO, qTo: 

1) B3aHMO,[(eHCTBIIe KaK 3THJieHa, TaK H MCTaHa rrpH T>900 K rrpHBO,[(HT K 

rpa<pIITOII0,[(06HbIM OTJIO)KCHH5IM Ha IIOBepxHOCTH Pt(l 11 ). 06 3TOM 

CBH,[(eTeJihCTByIOT pe3yJihTaTbI aHaJIII3a JIHHIIH Cls II C-KLL H HX corrocTaBneHHe c 

3TaJIOHHbIMH crreKTpaMH CTPYKTYPHO oxapaKTepII3OBaHHbIX yrnepO,[(HbIX MaTepHaJIOB. 

O;:i:HaKo, aHaJIII3 TOHKOH CTPYKTYPhI «O)Ke»- JIIIHIIH II pa3JIO)KeHHe crreKTpa C 1 s Ha 

KOMIIOHCHTbI IIOKa3bmaeT, qTo yrnepO,[(Hbie OTJIO)KCHH51, rronyqeHHhie rrpH pa3JIHqHbIX 

TeMrrepaTypax II ,[(aBJICHII5IX peareHTOB HMCIOT p51,[( CIICKTpaJibHbIX oco6eHHOCTeH, qTo 

YKa3hmaeT Ha HX pa31rnqHyro CTPYKTYPY-

2) J13yqeHIIe peaKI(IIOHHOH CIIOC06HOCTII a;:i:cop6I(HOHHbIX CJIOeB yrnepo.n:a B 

OTHOIIlCHHH OKHCJICHII5l MOJieKy1rnpHbIM KIICJIOpO,[(OM CBII,[(CTCJibCTByeT O pa3JIHqHoH 

CKOpOCTII BhiropaHII51 a;:i:cop6aTOB, rronyqeHHbIX B pa3JIHqHbIX ycJIOBII5IX. 3TO 

YKa3hmaeT Ha pa3JrnqHyro Mopcponornro cpopMIIpyromIIxc51 CTPYKTYP. XapaKTepHo, 

qTo TOJibKO IIpII B3aMMO,[(CHCTBIIH MeTaHa IIpII aTMOC<pepHOM ,[(aBJieHHH H T>900 K 

B03MO)KH0 cpopMHpOBaHHe a;:i:cop6I(IIOHHOro CJI051, o6na;:i:aromero IIOJIHOH 

IIHepTH0CTbIO IIO OTH0lllCHIIIO K KIICJI0po;:i:y. 

215 



OP-111-17 
Ha OCHOBaHHH IlOJiytieHHblX ,z::i;aHHbIX y,z::i;aJIOCb BbI,lJ;eJIHTb TPH THrra rpaqnnorro,z::i;o6HbIX 

a,z::i;cop6aTOB Ha IlOBepXHOCTH Pt(l 11 ). Hx CTp)'KTypa H MexaHH3M o6pa30BaHH5I o6cy')K):(aIOTC5I 

B pa6oTe. 
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EXPERIMENTAL STUDY OF NON LINEAR PROCESSES DURING OXIDATIVE 

REACTIONS OVER PLATINUM GROUP METALS: SPILLOVER AND CHEMICAL 
WAVES ON THE ATOMIC LEVEL 
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Gorodetskii V.V. 

ropo)];en:1mii B.B. 

Boreskov Institute of Catalysis SB RAS, Pr. Ak. Lavrentieva 5, Novosibirsk 630090, Russia 
Fax: + 7-3832-343056; E-mail: gorodetsk@ catalysis.nsk.su 

Great interest in self-oscillatory phenomena in catalytic reaction over metal surfaces is 

for a large part caused by the possibility to perform more effectively the catalytic processes 

using the unsteady-state operation. The CO and H2 oxidation on a metal (Pt, Pd) is a non

linear system, in which temporal and spatial organisation become possible [1,2]. In the 

oscillating regime, the reaction mixture periodically affects the properties of metal surfaces. 

Mechanisms of these oscillations are connected with the surface reconstruction (Pt(lO0): hex 

<=> lxl) or associated with subsurface oxygen formation (Pd(l 10): Oads ~ Osub)- On the other 

hand, the metal modifying effect on the active centres properties in the supported metal 

catalysts is known to be realized by: (i) strong metal support interaction (SMSI); 

(ii) orientation of metal crystallites surface structure; (iii) defects formation on metal and 

support; (iv) metal H support spillover phenomena. As a rule, the stoichiometric oxide 

surface (TiO2) is supposed to be catalytically inactive, whereas the supported metals (Pt, Pd) 

present a highly active part of the catalytic system. 

In this work, the role of defects (Ti3+) in the adsorption centres formation, their 

stabilization by the palladium particles and then defects participation in H2 + 0 2 reaction have 

been studied on TiO2 surface. The adsorption of 0 2 and the reaction of molecular 0 2 iS-ads state 

as well as an atomic Oads state with H2 have been studied on the defects of Ti3+_ o/TiO2 and 

Pd/Ti3+_ dTiO2 types with XPS, UPS, TDS, mass-spectrometry and preadsorbed oxygen 

photodesorption techniques. The mechanism for the surface waves generation in the H2 + 0 2 

reaction has been studied on Pd and Pt tips by Field Electron and Field Ion Microscopy. 

The thin oxide layer (TiOxfTi, ~ 300 A) containing defects Ti3 +_ 0 ( 0 is an oxygen 

vacancy), has been found to be characterized by the impurity level in the forbidden region 

being 0.8 e V below the Fermi level. Two molecular y- and a- states of the adsorbed oxygen 

with Tdcs ~ 140 and~ 240 K have been found on such surface by TDS. The room temperature 

oxygen adsorption on the thin oxide layers has appeared to be accompanied by electron-donor 
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defect (Ti3+) oxidation. The deposition of Pd particles with the size ~ 20 A on the TiOx 

surface leads to: (i) stabilization of surface defects Ti3+ (SMSI) with respect to oxidation; 

(ii) increase of the thermal stability of the a-O2 
8-acts state up to T des ~ 550 K. The interaction of 

molecular layer a-O2 
8-acts with hydrogen over Pd/Ti3+/TiO2 surfaces in the temperature 

interval 150-195 K is characterized by an activation energy being close to zero. This reaction 

seems to involve the "protonate" hydrogen atoms (H+/TiOx) as a result of spillover effect: -

diffusion of Hacts atoms from Pd particles on a TiOx surface. On the clean TiOx surface the 

a-o}-acts state appears to be non-reactive due to the absence of the centres required for 

dissociative hydrogen adsorption. 

The results for H2 + Oacts reaction over Pd (110) single crystal surface has been studied. 

The contribution of spillover effect (Hact/Pd ---) O2act/Ti3+/TiO2) to the overall rate of H2 

oxidation has been studied as well. A series of activity sets: Ti3+/TiO2 << Pd ~ Pd/Ti3+/Ti02 

have been determined. 

Present experimental work shows that the field electron microscope (FEM) can also serve 

as an in situ catalytic flow reac;tor. Palladium tip surface exposes the different nanoplanes 

with the well-defined crystallographic orientatio11-s. J,sothermal, non-linear dynamic processes 

of the H2+O2 reaction on Pd and Pt tips have· been stUdied simultaneously with the formation 

of face-specific adsorption islands and the mobility of reaction/diffusion fronts. The initiating 

role of Pd { 110} nanoplanes has_ bee~ proved for a generation of local waves on the Pd tip 

surface. Analysis of Pd surface with a local resolutlon of~ 20 A has shown the availability of 

a sharp boundary between the mobile Hacts and Oacts fronts. · 

The mechanism of H2 + 0 2 /Pd/Ti3+/TiO2 reaction with participation of spillover effect 

H2 oxidation on Pd crystallites Spillover effect in H2 oxidation on Ti3+/TiO2 

1. O2gas + 2* ➔ 2 Oads 6. Hads (Pd) spillover ➔ Rads (TiO2) + (Pd) 

2. R2gas + 2* ➔ 2 Rads 7. Rads (TiO2) protonation ➔ R+ (TiO2) + e- (Pd) 

3. Rads + Oads ➔ ORads + * 8. O2gas + (Ti3+) ➔ O/ads (Ti3+) 

4. Rads + ORads ➔ R2Oads + * 9. 2R+(TiO2) + O/ads (Ti3+) ➔ [R2O2]*ads ➔ 

5. R2Oads ➔ R2Ogas + * ➔ ORads (TiO2) + ORads (Ti3+) 

10. R+ (TiO2) + ORads (TiO2) ➔ R2Ogas + 2(TiO2) 

11. R+ (TiO2) + ORads (Ti3+) ➔ R2Ogas + (Ti3+) + (TiO2) 

This work is supported in part by RFBR Grant# 02-03-32568 and INT AS Grant# 99-01882 
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MECHANISMS OF OSCILLATORY AND A UTOW A VE BEHAVIOR DURING 

CO OXIDATION OVER Pt AND Pd: STATISTICAL LATTICE MODELS 
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The complex dynamic behavior in oxidation reaction over platinum metals (bistability, 

oscillations, surf ace autowaves, etc.) can be directed by the structure of the detailed reaction 

mechanism, specifically by the laws of physicochemical processes in the «reaction medium -

catalyst» system. The types and properties of mathematical models describing the critical 

effects are naturally dependent on those physicochemical prerequisites that these models are 

often based on. The most popular factors used to interpret the critical effects are the following 

ones: i) phase transformations on the catalyst surface, including the formation and 

decomposition of surface and subsurface oxides during the reaction, ii) structural 

transformations of the catalyst surface and its reconstruction as a result of the reaction. 

The aim of this contribution is to compare the specific features of the statistical lattice 

models (based on the Monte-Carlo technique) for imitating the oscillatory and autowave 

dynamics in the adsorbed layer during carbon ~on oxide oxidation over Pt( 100) and Pd( 110) 

monocrystals differing by the structural properties of catalytic surfaces. It is well-known that 

Pt(I00) undergoes the reversible adsorbate-induced surface structure transformation (Pt(IO0): 

hex H lxl). The lifting of the hex reconstruction is accompanied by an increase in the 

oxygen sticking coefficient from;,:::; 0.001 (hex) to;,:::; 0.3 (lxl) thus inducing a transition from a 

catalytic inactive state into an active state with high sticking coefficient for oxygen. The 

competition of the 0 2 and CO adsorption in combination with the processes of the surface 

structure transition hex H lxl is a driving force for self-oscillations. Contrary to Pt(I00) the 

surface of Pd(l 10) monocrystal does not reconstruct in the course of reaction. In this case the 

oscillatory behavior of the CO + 0 2 reaction can be attributed to the periodic formation and 

decomposition of subsurface oxygen (Pd(ll0): Oact ~ 0 55). The subsurface oxygen modifies 

the catalytic properties of the surface, e.g., the heat of CO adsorption on the modified surface 

is less than that on the initial one. The Oss layer blocks the oxygen adsorption simultaneously 

with the growth of COacts layer and the surface reaction is poisoned (low rate of CO2 
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f01mation). The slow COacts reaction with Oss removes the subsurface oxygen and 0 2 

adsorption is again possible (high rate of CO2 formation). The subsurface oxygen layer is 

fotmed again and the cycle repeats. In both cases oscillations exist only in the quite narrow 

range of the reaction parameters. 

The model catalyst surface was represented in simulations by the square lattice NxN. The 

states of the cells are determined according to the rules prescribed by the detailed reaction 

mechanisms used in the cases under study. So-called Monte Carlo step (MCS) consisting 

from NxN elementary actions was used as a time unit. By elementary action it is meant a trial 

to change a state of the randomly chosen center in such a manner, as it will with the 

substances taking part in the elementary processes (steps) constitute the detailed reaction 

mechanism. After each of NxN trial to carry out one of the elementary action the inner cycle 

of COads diffusion is arranged. The probability of the particular process wi is determined by a 

ratio between the rate coefficients, therewith the rate coefficients for the adsorption processes 

are multiplied by the relevant partial pressures. The rate coefficients of the elementary 

processes were partially taken from the available literature. 

In both cases the synchronous oscillations of the reaction rate and surface coverages are 

exhibited within the range of the suggested model parameters under the conditions very close 

to the experimental observations [1, 2]. These oscillations are accompanied by the autowave 

behavior of surface phases and adsorbates coverages. The intensity of CO2 formation in the 

COads layer is low, inside oxygen island it is intermediate and the highest intensity of CO2 

formation is related to a narrow zone between the growing Dads island and surrounding COads 

layer («reaction zone»). The presence of the narrow reaction zone was found experimentally 

by means of the field ion probe-hole microscopy technique with 5 A resolution [3]. The 

boundaries of oscillatory behavior and hysteresis effects have been revealed. The possibility 

for the appearance of the turbulent patterns, spiral and elliptic waves on the surface in the 

cases under study has been shown. 

The computer and experimental movies will complement the presentation. 

This work was supported by RFBR Grant# 02-03-32568 and INT AS Grant# 99-01882. 
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Catalytic oxidation of propane on nickel is first shown to occur in a self-oscillating mode. 
The role of both homogeneous and heterogeneous processes in the overall reaction 
mechanism is discussed. 

Catalytic oxidation of propane with oxygen attracts a considerable attention due to both 
practical and theoretical importance. In our experiments, this reaction was studied in a 
temperature range 650-750 °C and at a pressure I Pa. It was shown that this reaction can 
operate in a self-oscillating mode [I]. After an induction period, the oscillations in the 
reaction rate appeared in the excess of propane and in the presence of nickel as a catalyst. The 
main products of the reaction were CO and H2 with CO2 and H2O formed in minor amounts. 
The addition of H2O into the feed was found to increase the oscillating output of hydrogen. 

Resistive heating of the catalyst, independent of the gas phase, has shown that the 
oscillation patterns are strongly influenced by temperatures of both the catalyst and the gas 
phase. Experiments on direct mass-spectrometric detection of free radicals in this reaction 
show that the concentration of CH3, C2H5, C3H7, and HO2 radicals is constant and does not 
exceed 1013cm-3

. The chemical conversions during the reaction are concluded to take place 
only on the surface of nickel, whereas the role of the gas phase is restricted to a thermal 
synchronization. 

The heterogeneous reactions were tested in XPS experiments and in experiments with the 
isotope 180 2• The experiments showed that the reaction induces the formation of NiO on the 
nickel surface. Furthermore, despite the reducing atmosphere in the gas phase, the oxide 
formation was found to be more intense than that in the atmosphere of pure oxygen. 

The analysis of the isotopic composition of the products revealed that the reaction 
proceeds through the atomic species adsorbed on the nickel surface. The involvement of 
various oxygen species into the oscillation mechanism is discussed. 

The reaction was found to be accompanied with the significant oscillations of the catalyst 
temperature. The experimental aspects of correct measuring the temperature of the active 
catalyst surface are discussed as well. 

Possible models explaining the formation of the self-sustained oscillations are suggested. 

This work was sponsored in terms of integral program of SB RAS, grant No. 54. V.I.B. 
acknowledges also financial support from the Russian Science Support Foundation, grant for 
talented young researchers. 
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MATEMATHqECKOE MO):(EJIHPOBAHHE IIPOCTP AHCTBEHHO

BPEMEHHhIX CTPYKTYP B PEAKQHH NO+CO/Pt(lO0) 

MATHEMATICAL MODELING OF SPATIAL TEMPORAL PATTERN 
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B HaCT05IIIIeii pa6ore rrp0B0J];IITC5I M0,uerrIIp0BaHIIe rrpocrpaHCTBeHH0- BpeMeHHbIX 

CTPYKTYP B Bm1rneiirneiI peaKIIIIII 3KorrorwiecKoro KaTarrlI3a NO+CO Ha rpaHII 

M0H0KpIIcrnrrrra rrrraTIIHbI. Hap5IJJ:Y c rrpaKTWiecKoiI Ba)KH0CTbIO, peaKIIII5I NO+CO 

,ueM0HCTpIIpyeT CJI0)KH0e JJ:IIHaMifl-IeCK0e II0BeJJ;eHIIe . O6Hap~eHHbie paHee aBTOKOJie6aHII5I, 

MHO)KeCTBeHHOCTb CTaIIIIOHapHbIX COCT05IHIIH II B3pbIBHOll xapaKTep peaKIJIIII J];OIIOJIHIIJIIICb 

HeJ];aBHO HOBbIMII 3KCrrepIIMeHTaJibHbIMII ,uaHHbIMII O cpopMIIpoBaHIIII B XOJ];e peaKIIIIII 

pa3rruqHoro BIIJ];a B0JIH Ha II0BepXH0CTII KaTarrlI3aTopa [ 1-3]. C Il0M0IIJblO <pOT03JieKrpOHHOro 

3MIICCII0HH0ro MIIKp0CK0na 6bIJIII IlOJJ:p06HO IICCJie,U0BaHbI CBOHCTBa 6erymIIx, CITIIparrbHbIX 

II JJ;pyrIIx B0JIH, Bbl5ICHeHbI o6rraCTII IIX cymecTB0BaHII5I. bbIJIII TaK)Ke HattJ];eHbI CJI0)KHbie 

Heperyrr5IpHbie B0JIH0Bbie CTPYKTYPbI. 

HeTpIIBIIaJibHOCTb 3KCnepIIMeHTaJibHbIX ,uaHHbIX IlOKa3bIBaeT, qro J];JI5I IIX xopornero 

MaTeMaTIIqecKoro 0ilIICaHII5I o6bJqHbIX ypaBHeHIIll IIJ];eaJibHOH KIIHeTIIKII He,U0CTa_T0qHo . 

IloKa3aHo, qro rraTeparrbHbie B3aIIMOJJ;eiicTBII5I B crroe a,ucop6aTa Moryr 6bITb npIIqIIHoii, 

OTBeqaromeiI 3a CJI0)KHyIO JJ:IIHaMIIKY CIICTeMbI. Pa3pa6oTaHa H0Ba5I MaKp0CK0nIIqecKa5I 
l 

M0J];eJib peaKIJIIII, npeJJ;CTaBJI5IIOIIJa5I co6oiI CIICTeMy qeTb1pex O,[(Y. MoJJ;eJib yqIITbIBaeT 

rraTeparrbHbie B3aIIMOJ];eHCTBII5I II 0CH0BbIBaeTC5I Ha KIIHeTifqecKOll cxeMe, COCT05IIIJeii II3 9 

3JieMeHTapHbIX CTaJ];IIll. 3HaqeHII5I npeJJ;3KCil0HeHT II 3HeprIIH aKTIIBaIJIIII 3JieMeHTapHbIX 

CTaJ];IIll corrracyroTC5I C JIIITepaTypHbIMII ,uaHHbIMII. JlaTeparrbHbie B3aIIMO,UeHCTBII5I BBO,U5ITC5I C 

IlOMOIIJblO ,UOilOJIHIITeJibHbIX 3HepreTIIqecKIIX napaMerpoB. IlapaMerpbI B3aIIMO,UeHCTBII5I 

IlOJJ;06paHbI TaK, qTo6bI HaIIrryqIIIIIM o6pa30M 0ilIICaTb 3KCnepIIMeHTaJibHbie ,uaHHbie. 

IlpoBe,ueHHblll 6IIcpypKaIJIIOHHblll aHaJIII3 Il0Ka3arr, qTo H0Ba5I M0,UeJib 0illICbIBaeT 

aBTOKOJie6aHII5I, MH0)KeCTBeHH0CTb CTaIIII0HapHbIX COCT05IHIIH, B3pbIBHOH xapaKTep 

CKOpOCTII peaKIIIIII, 3aBIICIIMOCTb nepIIOJJ;a OT BHeIIIHIIX napaMeTpOB II JJ:p. aa xoporneM 

KaqecrneHH0M II K0JIIfqecTBeHH0M ypoBHe [ 4]. 

Ha 0CH0Be HOBOH roqeqHQH M0,UeJIII CTp0IITC5I pacnpe,uerreHHa5I M0J];eJib, yqIITbIBaIOIIJa5I 

JJ:IIQ)Q)Y3IIIO aJJ;cop6IIpOBaHHbIX qacTIIII no Il0BepXH0CTII KaTaJIII3aTopa. B M0,UeJIII HaiiJJ;eHbI II 

II3yqeHbI o6rraCTII cymecTB0BaHII5I J];IICCIIITaTIIBHbIX CTPYKTYP, 6erymIIx II CTQ5Iqlfx B0JIH II B0JIH 

nepeKJIJOqeHII5I. B M0,UeJIII TaK)Ke o6Hap~eHbI II IICCJieJ];0BaHbI TaKIIe IIHTepeCHbie 5IBJieHII5I 
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caMoopramI3au;1-rn:, KaK JIOKaJIH30Ba~rnbie C'fPYKTYPhl, ye,r:i;1meHHbie 6erymHe HMIIYJibCbl H 

rrpoc-rpaHCTBeHHO-BpeMeHHOH xaoc, KOTOpbie rrepeX0,[(5IT ,r:i;pyr B ,r:i;pyra rrpH H3MeHeHHH 

BHeIIIHHX rrapaMeTpoB (,r:i;aBJieHHH NO, CO H TeMrrepaTypbI). OHM Ha6mo,r:i;aIOTC5I B TaK 

Ha3bIBaeMOH B036y,r:i;HMOH cpe,r:i;e, K0T0pa5I xapaKTepH3yeTC5I oco6oi1: KOHq>Hrypau;HeH rnaBHbIX 

H30KJIHH rnqeqHoH CHCTeMbl B <pa30BOM rrpoc-rpaHCTBe. 3BOJIIOUH5I JI0KaJIH30BaHHhIX C'fPYKTYP, 

ye,r:i;HHeHHbIX 6erymHx B0JIH H cppOHTOB, a TaK)Ke cueHapHH rrepexo,r:i;a K xaocy HCCJie,nyroTC5I B 

paMKax aBTOMO,[(eJibHOH 3a,r:i;aqH, 

B pa6oTe Hai1:,r:i;eHhl H myqeHhl ,r:i;Ba cu;eHapH5I rrepexo,na K xaocy. O,r:i;HH H3 HMX 

Ha6JIIO,[(aeTC5I B o6JiaCTH MH0)KeCTBeHH0CTM rrpocTpaHCTBeHH0-0,[(H0p0,r:i;HbIX CTaUH0HapoB. B 

TQqKe 6HcpypKaUHH 6eryru:HH HMITYJibC CTaJIKMBaeTC5I c Heycrni1:qMBbIM CTaIJ;M0HapoM, 

06pa3y51 B cpa30BOM rrpocTpaHCTBe cerrapaTpMCHbIH K0HTyp. IIocJie rrp0X0)K,D;eHM5I 

rrapaMeTp0M 6mpypKaIJ;HOHHOro 3HaqeHH5I B CHCTeMe pearrmyeTC5I CJI0)KH0e 

rrpocTpaHCTBeHH0-BpeMeHH0e Il0Be,r:i;eHHe, K0Topoe M0)KH0 orrpe,r:i;eJIMTb KaK xaoc [ 5]. 

,l(pyroi1: cu;eHapHH rrepexo,r:i;a K xaocy HMeeT MecTo B o6JiaCTM cyru:ecrnoBaHM5I 

e,r:i;HHCTBeHHOro ycToHqHBOro 0,[(HOpo,r:i;Horo CTaUMOHapa. ABTOMO,[(eJibHOe perneHMe THrra 

ye,r:i;HHeHH0ro 6eryru:ero MMITYJibCa rrpM HeK0TOp0M 3HaqeHHH rrapaMeTpa Tep5IeT 

ycTonqMBOCTb B pe3yJin Ta Te 6HcpypKaUHH Xompa. B03HMKaeT KOJie6JIIOIUHHC5I C Il0CT05IHHbIM 

rrepMo,r:i;oM H aMrrJIHTy,r:i;oi1: 6eryru:Hi1: HMITYJihC. IlpH YMeHbIIIeHMH ,naBJieHH5I NO 3T0 perneHMe 

HCilbITbIBaeT cepHIO 6HcpypKaUHH y,r:i;BoeHM5I rrepMo,r:i;a, B pe3yJinTaTe KOTOpOH Il05IBJI5IeTC5I 

xaoTMqecKH KOJie6JIIOIUMHC5I 6eryru:HH HMITYJibC, rrpe,r:i;CTaBJI5IIOJUHH co6oi1: JI0KaJIM30BaHHYIO 

,r:i;HccMrraTMBHYIO CTPYKTYPY· IlpH ,r:i;arr1:>Hei1:rneM H3MeHeHMH rrapaMeTpa TaKa5I 

JIOKaJIH30BaHHa5I CTp)'KTypa HaqHHaeT CilOHTaHHO ,r:i;eJIHTbC5I, B CHCTeMe pa3BMBaeTC5I 

)1,HHaMHKa. 6HcpypKaUMOHHa5I ,r:i;HarpaMMa, HarJI5!)1,H0 

,r:i;eMoHcTpHpyroma5I cu;eHapHH <I>ei1:reH6aYMa rrepexo,r:i;a K xaocy. 

OcHOBHa5I qacTb pe3yJinTaT0B M0,[(eJIHp0BaHH5I xoporno corJiacyeTC5I C 3KCrrepMMeHT0M. 

,l(pyryro qaCTb M0)KH0 HCil0Jib30BaTb ,[(JI5I u;eJieHarrpaBJieHH0ro Il0HCKa. 

Pa6orn BhIIT0JIHeHa rrpH qmHaHcoBon rro,r:i;,r:i;ep)KKe P<I><I>ll (Ko,r:i; rrpoeKTa 00-01-00587) 
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3. Veser G., Imbihl R. // J. Chem. Phys. V. 100.M~11. P. 8483-8491. 1994. 
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MATHEMATICAL MODELLING OF "REACTION-DIFFUSION" PROCESSES IN 

ZEOLITE SUPPORTED CATALYSTS 

MATEMATlfqECKOE MO)J:EJIHPOBAHHE IIPOQECCA 
"PEAKQIUl-)J:H<l><l>Y31UI" B QEOJIHTHOM KATAJIH3ATOPE 

Peskov N.V., Slinko M.M.* and Jaeger N.I.** 

IIecKOB H.B., CJIHHhKO M.M. * H .s.Irep H.H. ** 

Department of Computational Mathematics & Cybernetics, 
Lomonosov Moscow State University, 119899 Moscow, Russia 

E-mail: peskov@cs.msu.su 
*Semenov Institute of Chemical Physics, RAS, Kosygina Str. 4, Moscow 117334, Russia 

E-mail: slinko@polymer.chph.msk.ru 
**Institut fiir Angewandte und Physikalische Chemie, FB 2, Universitat Bremen, 

PF 330440, 28334 Bremen, Germany 
E-mail: jse@uni-bremen.de 

A new model for the description of the complicated oscillatory dynamics during CO 
oxidation over a zeolite supported Pd catalyst is developed. It considers the microporous 
structure of a zeolite host, the mutual diffusion of gas phase species, the size of Pd particles 
and the distance between Pd particles. 

One of the most intensely investigated oscillatory systems is the CO oxidation on Pd, 
which has been studied under UHV conditions over single crystal surfaces [1] and at 
atmospheric pressure over zeolite supported Pd catalysts [2]. The microporous structure of a 
zeolite host allows the preparation of various metal dispersions with narrow particle size 
distributions within the matrix and recently the dependence of the dynamic behaviour of the 
catalytic CO oxidation upon the size of Pd particles has been reported [2]. It was 
demonstrated, that for a catalyst with 4 nm Pd particles the activity is higher, the region of 
oscillations more extended and the amplitudes larger compared to a catalyst loaded with 
10 nm Pd particles. A faujasite matrix allows the preparation of metal particles exceeding the 
size of the supercage by far within the host structure that remain fully accessible to reacting 
molecules. 

To simulate the observed complex dynamic behaviour we propose the new model of reaction 

and diffusion in a zeolite-supported catalyst. In comparison with previous models the description 

of diffusion of a gas mixture will take into account the structure of a zeolite. The supercage of a 

zeolite can be simulated as a spherical cave of about 2 nm diameter connected with neighbouring 

supercages by windows with a diameter < 1 nm. Due to this complicated structure the diffusion of 

the gas molecules in a zeolite should be considered as jumping diffusion like in the lattice gas 

theory. In addition, the model should involve the mutual diffusion of different gas components in 

the reactant mixture. To satisfy these requirements the Maxwell-Stephan theory can be applied in 

the form of the following relation between the relative diffusion flows Di = N/E>i* of the i-th 

component and its relative concentrations 0-i = EJ/EJ/, where Bi is the average number and Bi* is 

the limit number of i-th molecules in supercage: 
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n 

L,D,t(ejni -0in)+Di~1ni = -pr(O)VO. (1) 
jcti 

Here Dij are the coefficients of the mutual diffusion, p is the number of supercages per unit 

volume and r(O) is the nxn matrix expressing the jump features of the diffusion process [3]. 

The CO oxidation reaction on the surface of Pd particles will be simulated with a 

mathematical model developed in ref. [4]. The model is based on the well-known model 

published by Sales, Turner and Maple [5], which is modified to consider slow processes of 

bulk Pd oxidation and its reduction as well as the effects of the bulk oxidation upon the 

catalyst activity: 

.x = 8c0 k1 (1- x - y)-k_1x -k3(1- w) 2 .xy -k5xz, 

y = 8 02kz(l- x- y)2(l-w-z) 2 -k3 (1-w)2 .xy-k4 y(l-w- z), (2) 

Z = k 4 y (l - W - Z) - k5XZ, 

where x, y are the surface coverages of CO and 0, z is the concentration of subsurface oxygen, 

and ki are the rate constants. The parameter w reflects the degree of Pd oxidization and its 

influence on the reaction rate. The slow evolution of w can be described by the linear equation: 

w = 8 02k6 (1- w)- 8c0 k_6sw, (3) 

wheres is the ratio of the number of surface atoms to the total number of atoms in the Pd particle. 

The addition of equation (3) allows the simulation of the observed particle size effect [4]. 

The new model of CO oxidation reaction in a zeolite catalyst represents a ID discrete 

reaction-diffusion model consisting of a chain of M cubic boxes with the Pd particle located 

in the centre of each cell. Palladium particle sizes of 10 nm or larger will be used in the 

simulation since only in this case the transition from regular to complex oscillations could be 

observed in the experiments. The size of the cube is determined by Pd loading and is equal to 

the average distance between particles, which is about 507150 nm The magnitude of diffusion 

coefficients of CO, 0 2, CO2 is of the order of 10-4 cm2/s. Therefore the gas molecules in the 

cube can be considered as well mixed (on the time scale of reaction rate oscillations), and one 

can consider only the diffusion flows between cubes, which can be computed with equation 

(1). The boundary conditions at the edges of the chain are of the third type (the elastic 

conditions). The variations of the gas phase concentrations in each cube due to the reaction 

are simulated with the model (2). 

The results of the simulations represent the dynamic behaviour of a reaction catalysed by 

a chain of particles in dependence upon the number of particles M and the average distance 

between Pd particles. 

References 
[l] M. R. Basset and R. lmbihl, J. Chem. Phys., 93 (1990) 811. 
[2] M. M. Slin'ko, A. A. Ukharskii, N. V. Peskov and N. I. Jaeger, Cat. Today, 70 (2001) 341. 
[3] 3 .. R. Krishna, Chem. Phys. Lett., 326 (2000) 477. 
[4] N.V. Peskov, M.M. Slinko and N.I. Jaeger, PCCP to be published. 
[5] B. C. Sales, J.E. Turner and M. B. Maple, Surf. Sci., 114 (1982) 381. 
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HCCJIE)l;OBAHIIE PEAKI(HH OKHCJIEHIUI CO HA Pt, Rh, HX CIIJIABE H 

rETEPO<l>A3HOU: liHMETAJIJIHqECKOU: IIOBEPXHOCTH Pt/Rh 

STUDY OF CO OXIDATION OVER Pt, Rh, THEIR ALLOY AND HETEROPHASE 
BIMETALLIC SURFACE Pt/Rh 

KaJIHHKHH A.B., Ilamuc A.B., liyxTHSipoB B.H. 

Kalinkin A.V., Pashis A.V. and Bukhtiyarov V.I. 

llHCTHTyr Karnnn3a HM. r.K. EopecKoBa CO P AH, HoBocn6npcK, Poccm1 
E-mail: profcom@catalysis.nsk.su 

The reaction of CO oxidation over thin films of platinum, rhodium, their alloy, and Pt-Rh 
heterophase surface, which represents platinum particles (10-20 nm) on rhodium films 
(Pt/Rh), has been investigated at low pressures of the reagents (P < 2x10-5 mbar). It has been 
shown, that at T < 200°C activity in CO oxidation decreases in a row Rh>Pt!Rh>alloy>Pt. In 
high temperature range the reaction rate on the Pt/Rh surface is higher than sum of the rates 
on individual metals. The reasons of the synergetic effect in this system are discussed. 

B IIOCJie.L(Hlle ro,nbI Ha6mo,naeTC51 6bICTpoe )'BeJinqeHHe qncJia pa6oT, aBTOpbI KOTOpbIX 

ll3)'1IaIOT IIOBe,neHne 6ttMeTaJIJIJfqecKHX CllCTeM B KaqecTBe reTeporeHHbIX KaTaJill3aTopoB 

( CM. HarrpttMep ofoop [ 1 ]). 3TOT cpaKT o6n5ICH51eTC51 o6Hapy')KeHHeM .L(JI51 p51,na CllCTeM 

CllHepreTJfqecKHX 3<p<peKTOB, KOr,na aKTllBHOCTb 6ttMeTaJIJIJfqecKoro KaTaJill3aTopa 

rrpeBbIIIIaeT, ll 3aqaCTYJO BeCbMa 3HaqnTeJibHO, CYMMapHYJO aKTllBHOCTb llH.L(llBll.L(YaJibHbIX 

MeTaJIJIOB. BMeCTe C TeM, rrpaKTJfqecKoe llCIIOJib3OBaHHe CHHepren1qecKHX 3<p<peKTOB B 

peaJibHbIX KaTaJillTJfqecKHX rrpou:eccax HeB03M0)KH0 6e3 ycTaHOBJieHll51 rrpttqllH RX 

B03HllKHOBeHH5I. B HaIIIeii pa6oTe rrpoBe,neHO cpaBHHTeJibHOe llCCJie,noBaHne peaKU:llll 

OKllCJieHH5I co Ha qncTbIX IIOBepXHOCT5IX IIJiaTHHbl n po,nll5I n ,nByx Tllrrax 6nMeTaJIJIHqecKHX 

IIOBepXHOCTeii: i) Pt-Rh CIIJiaBe - B ycJIOBll5IX CTaTHCTJfqecKoro rrepeMeIIIHBaHH5I ,nByx 

MeTaJIJIOB Ha aTOMapHOM ypOBHe; ii) Pt/Rh reTepo<pa3HOll IIOBepxHOCTll, ccpopMttpoBaHHOH B 

pe3yJibTaTe CMeIIIeHll5I MeTaJIJIOB Ha ypoBHe MllKpoqacTHU:. B1>16op ,naHHOll CllCTeMbI 

orrpe,neJI5IJIC5I cymecrnoBaHneM cnHepreTnqecKoro 3<p<peKTa, qTo 6brno ,noJIO)KeHo eme B 

1986 ro,ny B rrnoHepcKoii pa6orn Oxa n KaprreHTepa [2]. O,nHaKo, MexaHH3M ero 

BO3HllKHOBeHll5I .no CMX rrop OCTaeTC5I rrpe,nMeTOM L(llCKYCCllll. 

HccJie,noBaHHe peaKU:llll rrpOBO.L(llJIOCb Ha 6a3e Q)OT03JieKTpOHHOro crreKTpOMeTpa 

VG ESCA-3, o,nHa H3 KaMep KOToporo 61>rna ncrroJib30BaHa B Kaqecrne .nncpcpepemi;ttaJibHoro 

peaKTopa. I13MepeHHe CKOpOCTll peaKU:llll ocymeCTBJI5IJIOCb C IIOMOIUblO Macc-crreKTpoMeTpa 

ANA V AC. O6pa3U:bI KaTaJIH3aTopoB rrpe,ncTaBJI5IJIH crrJIOIIIHbie rrJieHKH MeTaJIJIOB, 

HaHeCeHHbie BaKYYMHbIM HaIIbIJieHHeM Ha llHepTHYJO IIO.L(JIO)I(Ky. ,[(JI5I rrpttrOTOBJieHH5I 

reTepo<pa3HOll IIOBepXHOCTll llCIIOJib30BaJiaCb MeTO.L(llKa, orry6JIHKOBaHHa5I paHee [3]. Bee 

llCCJie,noBaHHbie o6pa3U:bl llMeJill 0.L(llHaKOBYJO reoMeTpttqecKYJO IIOBepXHOCTb ll 6bIJill 

oxapaKTepH30BaHbI MeTO.L(OM P<D3C, a reTepocpa3Ha5I IIOBepXHOCTb .L(OIIOJIHHTeJibHO MeTOL(OM 

CTM [3]. bbIJIO IIOKa3aHO, qTo Bee IIOBepxHOCTll 5IBJI5IIOTC5I aTOMapHO qJfCTbIMll, 
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Il0BepXH0CTI, crmaBa co,n;ep)KaJia 56 aT.% llJiaTHHI,I H 44 aT.% po,n;mI, B TO BpeMg KaK 

reTepocpa3Hag noBepxHoCTb npe,n;cTaBngna co6oi:i rrom:tKpHcTaJIJIHt.IecKyro rmeHKY po,nHg, 

ll0KpbITyro t.IaCTHIJ;aMH mraTHHI,I pa3MepoM 10-20 HM. 

AKTHBHOCTH npl-:tr0T0BJieHHl,IX IIOBepXHOCTeH B peaKIJ;HH 0KHCJieHHj! co rrpH 

C00TH0illeHHH peareHT0B 6JIH3KOMY K e,n;HHHn;e, rrpe,n;CTaBJieHHI,Ie B BH,ZJ;e TeMrrepaTypHbIX 

3aBHCHMOCTeH rrapn;HaJII,HOro ,n;aBJieHHj! CO2, H3MepeHHOro Macc-crreKTpOMeTpHt.IeCI<H, 

cpaBHHBaIOTCj! Ha pHc.1. BH,n;Ho, t.IT0 aKTHBH0CTb po,n;11g 3Hat.IHTeJibH0 Bblllle rrnaTHHbl. 

HarrpHMep, pa3HHI.J;a B TeMrrepaTypax 3a)KHfaHHj! peaKIJ;HH COCTaBHJia 80°C. AKTHBHOCTb 

cnnaBa, 3aHHMag rrpoMe)KyroqHoe nono)KeHHe, npH HH3KHX TeMrrepTypax 6nH)Ke K 

aKTHBH0CTH po,n;m1, a npH BbIC0KHX - K aKTHBH0CTH rrnaTHHbl. OTMeqeHHhle oco6eHHOCTH 

Moryr 6hITb o6MICHeHbI pa3nHqHeM B CK0p0CT.SIX a,n;cop6:u;HH KHCnopo,n;a Ha Il0BepxH0CTHX 

po,n;mr (So~ 1) H nnaTHHbI (So~ 0.2). 
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P11c. 1. TeMneparypHbie 3aBMCMMOCTM 
cKopocTM o6pa3oBaHMR CO2 np11 
Pco=P02= 10-6 M6ap Ha Pt, Rh, Pt-Rh 
cnnaBe, Pt-Rh reTepo<pa3HOll 
IIOBepxHOCTM M pacqeTHa.H 
3aBMCMMOCTb .ll:J1.8 reTepo<pa3HOll 
IIOBepXHOCTM (cM.TeKCT) 

CpaBHeHIIe 3KCnepHMeHTaJibHOH 3aBHCHM0CTH CK0p0CTH peaK:QHH Ha reTepo<pa3HOH 

II0BepxH0CTH C Teopenil.JeCKOH 3aBIICHM0CTbIO (IlYJIKTHpHa.H KpHBa.H), paCCl.JHTaHHOH B 

rrpe,nnoJI0)KeHHH He3aBHCHMoro Il0Be,neHII.H yrncTK0B Pt H Rh C yqeT0M ,U0JIH IT0BepXH0CTII, 

3aH.HTOH Ka)K,UbIM MeTanJI0M, Il03B0JI5.leT BbI,UeJIIITb ,UBe TeMnepaTypHbie o6naCTH. IlpH 

T < 200°C 3TH 3aBHCHM0CTII C0Bna,naIOT, a rrpH 6onee BbIC0KIIX TeMrrepaTypax aKTHBH0CTb 

reTepo<pa3HOH IIOBepXHOCTH 3Hal.JHTeJibHO BbIIlle C)'MMapHOH aKTIIBHOCTII ,nByx MeTanJIOB, 

T.e. Ha6nIO,naeTC51 CHHepreTHl.JeCKHH 3<p<peKT. IlonyqeHHbIH pe3yJibTaT M0)KeT 6bITb 061>.HCHeH 

oco6eHHOCT.SIMH CTp0eHII5.I a,ncop6:u;HOHHOro CJ105.I B xo,ne peaKI.J;HH npH T > 200°C: 

rroBepxH0CTb 11acTHU nnaTHHbI noKpbITa cnoeM COa.uc, po,nII.H - Oa.uc• IloBbIIlleHHa.H 

aKTHBH0CTb reTepo<pa3HOH Il0BepXH0CTH o6ecnel.JHBaeTC51 T0r,na 3a Cl.JeT B3aHMO,UeHCTBH5.I 

COa,uc + Oa,uc no rpaHH:QaM ,nByx MeTanJI0B. 

B.H.E. 6naro,napHT 3a cp:1maHcOBYIO no,n,nep)KKY <l>oH,n co,nei1:crnHH 0Te11ecrneHHOH 

HaYKII, rpaHT )];J15.I M0JI0,UbIX ,U0KT0p0B. 

[1] C.T.Campbell, "Bimetallic Model Catalysts" in Handbook of Heterogeneous Catalysis, Eds. 
G.Ertl, H.Knozinger, }.Weitkamp, VCH Germany, 2, 814 (1997). 

[2] S.H.Oh, J.E.Carpenter: J. Catal., 98, 178 (1986). 
[3] A.V.Kalinkin, A.V.Pashis, R.I.Kvon: React.Kinet.Catal.Lett., 72, 163 (2001). 
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COMPARATIVE XPS STUDIES OF AhO3 AND CeO2 SULFATION IN SO2, SO2+O2, 

SO2+H2O AND SO2+O2+H2O 

CPABHIITEJibHOE IICCJIE,II;OBAHIIE CYJib<l>ATA~IIII AJiO3 H CeO2 n SO2, 
SO2+O2, SO2+H2O, SO2+O2+H2O METO,II;OM P<I>C 

Smirnov M.Yu., Kalinkin A.V., Pashis A.V., Sorokin A.V., Noskov A.S., 
Bukhtiyarov V.I., Kharas K.C.* and Rodkin M.A.* 

CMHpHon M.IO., KaJIHHKHH A.B., Ilanmc A.B., CopoKHH A.M., HocKoB A.C., 
liyxTHHpon B.11., Xapac K.C. * H Po;:i;KHH M.A.* 

Boreskov Institute of Catalysis SB RAS, Novosibirsk 630090, Russia 
E-mail: smimov@catalysis.nsk.su 

*Delphi Automotive Systems, Tulsa, OK 74158-0970, USA 

Interaction of CeO2 and AhO3 thin films with SO2 as well as with SO2+O2, SO2+H2O and 
SO2+O2+H2O mixtures was studied by XPS at total pressures of 2-8 Torr in the temperature 
interval of 300-673 K. Sulfate species were identified for both oxides when reactions 
proceeded at T > 473 K. In any conditions, CeO2 was found to be sulfated more readily than 
AhO3. The sulfation of CeO2 was accompanied by reduction of Ce(IV) into Ce(III). 

Sulfur dioxide is one of the pollutants released to the atmosphere as a result of fuel 

combustion in automobile engines and in other practically important processes. Although 

AhO3 and CeO2 are key components of three-way catalysts used for purification of 

automotive exhaust gases, the details of the mechanism of SO2 interaction with both oxides 

are still under discussion. In the present work, the interaction of AhO3 and CeO2 with SO2 as 

well as with SO2+O2, SO2+H2O and SO2+O2+H2O mixtures was studied by XPS at total 

pressures of 2-8 Torr and temperature range of 300-673 Kin order to get information about 

surface sulfate formation on these oxides. 

Samples of AhO3 and CeO2 were prepared as thin films supported on a tantalum foil. A 

thin film of AhO3 was deposited on a clean surface of the Ta foil via evaporation of metallic 

aluminum in the atmosphere of oxygen. A thin film of CeO2 was obtained through layer-by

layer evaporation of metallic cerium over the AhO3 film with subsequent oxidation of each 

layer in 0 2. The treatments in SO2 as well as in SO2+O2, SO2+H2O, and SO2+O2+H2O 

mixtures were performed at 300, 373, 473, 573 and 673 K for 20 min at each temperature 

with partial pressures being equal to 2 Torr for SO2 and 0 2 and 4 Torr for H2O. Ex-situ XPS 

spectra were recorded using a VG ESCA 3 spectrometer with Al Ka X-ray irradiation. 

The S2p core-level spectra monitored after the reaction with SO2 and SO2+H2O reveal 

similar behavior for both oxides. When the reaction temperature is below than 4 73 K, the 

S2p312 feature appears with BE of 167.5-167.8 eV that corresponds to sulfite species. The 

interaction at higher temperature (> 473 K) gives rise to the S2p312 feature at 169.2 eV 

testifying the formation of sulfate-like species. When AhO3 or CeO2 interacts with the 
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SO2+O2 and SO2+O2+H2O mixtures, the main sulfur-containing product is the sulfate-like 

species throughout the temperature interval of 300-673 K. 

S2p/Al2p, S2p/Ce3d, a.u. S2p/Al2p, S2p/Ce3d, a.u. 
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Diagrams above compare the amounts of the sulfates produced during the reactions of the 

AbO3 and CeO2 with four different SO2-containing mixtures at 573 (A) and 673 K (B). The 

diagrams are plotted taking into account atomic sensitivity factors of S2p, Al2p and Ce3d 

lines, in order to have a possibility to compare quantitatively the abilities of two oxides 

towards sulfation. It is seen that in every case the sulfate yield is much higher for the CeO2 
than for the AhO3. Sulfating abilities of different SO2-containing mixtures vary for the AhO3 

and CeO2 in the following orders: 

Ah03: SO2+O2 > SO2 > SO2+O2+H2O > SO2+H2O 

Ce02: SO2+O2+H2O > SO2+O2 > SO2 > SO2+H2O 

For CeO2, the amount of the sulfate species increases with reaction temperature for all 

SOrcontaining mixtures. In the case of AhO3, the extent of sulfation becomes stronger with 

temperature only when AhO3 reacts with SO2 or SO2 + 0 2. 

Analysis of the Ce3d region shows that CeO2 is reduced during the reaction with SO2, 

and the extent of the reduction increases with temperature. Oxygen added to SO2 enhances 

significantly the extent of reduction when temperature is 573 K or above, coincidentally with 

the formation of the sulfate species. The reduction of ceria proceeds even more effectively in 

the triple mixture of SO2, 0 2 and H2O. 

The mechanism of sulfate-like species formation on CeO2 and AhO3 surfaces and effects 

of oxygen and water vapor on the sulfating process are discussed. 

V.I.B . acknowledges financial support from the Russian Science Support Foundation, 
grant for talented young researchers. 
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THEORETICAL MODEL OF TRANSITION METAL CATALYSIS: 

METHODOLOGY AND APPLICATIONS 

TEOPETHqECKAH MO,ll;EJlh KATAJIH3A IIEPEXO,ll;HhIMH METAJIJIAMH: 
METO,l];OJIOr:ruI H IIPHMEHEHHE 

Tokmachev A.M., Tchougreeff A.L. and Misurkin I.A. 

ToKMaqee A.M., qyrpeee A.JI. H MHcypKHH H.A. 

Karpov Institute of Physical Chemistry 
10, Vorontsovo pole, Moscow, 105064, Russia 

Fax: + 7-(095)-9752450; E-mail: andrei@cc.nifhi.ac.ru 

Theoretical model for consideration of catalytic complexes formed by transition metal 
catalysts is formulated, elaborated, implemented, and applied to a series of catalytic processes 
with special attention to reactions of oxygenation. 

Transition metal compounds are well known catalysts of numerous processes including 

change of the electronic state of the reactants in the course of reaction. Despite the importance 

of these processes the detailed understanding of the mechanisms, prediction of catalytic 

activity, and, therefore, theoretically motivated design of such catalysts are now quite 

problematic. Standard quantum chemical methods based on the mean field approximation do 

not prove a proper basis for such considerations since they totally ignore electron correlations 

which are of particular importance for both the reactants and the d-shell of transition metal 

atom. The methods allowing for proper account of electron correlation can not be used for the 

systems of real size due to enormous computational costs. 

To overcome these difficulties we propose the special hybrid scheme [1, 2] based on 

divide- and-conquer methodology, where different parts of the whole system are treated by 

methods of different accuracy and different costs. We divide system on "reactive" part 

including d-shell and some catalytically "active" electronic variables of ligan4s and relatively 

inert rest (environment). The reactive part is treated with maximal accuracy (within given 

basis set) by full configuration interaction method while the environment is calculated in the 

framework of the self consistent field approximation. The interface between two subsystems 

is sequentially derived using effective electronic Hamiltonian technique. The method 

proposed is implemented in the computational package CATALYST. It should be mentioned 

that this approach allows also the consideration of solid-state catalysts in the framework of the 

cluster approach and due to construction the size of cluster can be taken quite large. 

The method has obvious applications. We considered some characteristic examples. The 

first one is the isomerisation process of norbomadiene to quadricyclane on the transition 
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metal -porphyrins. The "active" electronic variables here are molecular orbitals of b1 and b2 

symmetry intersecting in the course of isomerisation. It allowed to account for the difference 

in catalytic activity of Co-tetraphenylporphyrin and Mn-phtalocyanin. Next we studied the 

states of the atomic and molecular oxygen (singlet, triplet, charged) on different homogeneous 

(transition metal porphyrins) and heterogeneous (transition metal oxides) catalysts as a 

function of some geometry parameters characterizing coordination and the corresponding spin 

maps are constructed. The "active" electronic variables here are atomic (molecular) orbitals 

occupied by unpaired electron. The influence of details of the electronic structure of transition 

metal catalysts on the reaction of oxygenation of hydrocarbons is analyzed. The specific role 

of substituents (defects) in transition metal catalysts is elucidated. The states of nitrogen 

oxides adsorbed on transition metal catalysts are also characterized and discussed. 

One of us (A.M.T.) acknowledges financial support from the Haldor Topsoe A/S. 

[I] A.M. Tokmachev, A.L. Tchougriieff, I.A. Misurkin, Russ. J. Phys. Chem., 74 (2000) 58. 
[2] A.M. Tokmachev, A.L. Tchougriieff, I.A. Misurkin, Int. J. Quantum Chem., 84 (2001) 39. 
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TEOPETU:qECKOE H 3KCIIEPU:MEHTAJibHOE HJyqEHU:E 

K,ATAJIU:TU:qECKOH AKTU:BHOCTU: CHCTEM V2O5ffiO2 

THEORETICAL AND EXPERIMENTAL STUDIES ON THE CATALYTIC 
ACTIVITY OF V2O5ffiO2 SYSTEM 

JioponKon B.10., )Kn,zi;oMnpon r .M. * H JlannHa O.B. * 
Borovkov V.Yu., Zhidomirov G.M.* and Lapina O.B.* 

llHCTHTyr opraHHqecKoii XHMHH HM. H.,[(. 3eJIHHCKoro P AH, JleHHHCKHH rrpocrreKT, 

4 7, MocKBa 117913, Poccm1, 
<l>aKc (095) 135-53-28; E-mail: borovkov@ioc.ac.ru 

*llHCTHTyr Karnnll3a HM. r .K. EopecKoBa CO P AH, HoBocH6HpcK, Poccm1 

Model and real vanadia-titania catalysts were studied using physico-chemical techniques 
(5 1

V-NMR, TEM, DRIFT, XPS), kinetic measurements and quantum-chemical calculations. It 
is shown that selective NO reduction with ammonia over all catalysts proceed on 
mononuclear vanadyl sites and the rate determining step is ammonia dissociation with 

formation of V-O-NH2 groups. The higher activity of real catalysts is explained by the 
existence of mixed subsurface V-Ti oxide phase containing highly mobile oxygen atoms 
capable to reoxidize V 4

+ cations formed upon NH3 dissociation. 

BaHa.[(Hll-THTaHOBbie KaTaJIH3aT0pbI o6na.[(aIOT BbICOKOll aKTHBH0CTbIO B ceneKTHBH0M 

B0CCTaH0BJieHHH 0KCH.[(0B a30Ta aMMHaK0M. HecMOTp5I Ha TO, qTo HX qrn3HKO-XHMHqecKOMY 

HCCJie.[(OBaHHIO COBpeMeHHbIMH MeTO.[(aMH l10CB5IIU:eHO 3HaqHTeJibHOe KOJIHqecTBO 

rry6nHKaUHH, .[(0 CHX rrop B JIHTepaType 0TcyrcrnyeT e.[(HH0e MI{eHHe 0 CTPYKType aKTHBHbIX 

ueHTp0B KaTaJIH3aT0p0B H rrpHp0.[(e aKTHBHbIX rrpoMe)KyroqHbIX rrp0.[(YKT0B peaKUHH. 

HaMH rrpe.[(rrpHH5ITa Il0ilbITKa rrpo5ICHHTb 3TOT B0rrpoc. C 3TOH ueJibIO 6bIJIO rrpoBe.[(eH0 

KOMITJieKCHOe HCCJie.[(OBaHHe MO,[(eJibHbIX H peanbHbIX BaHa.[(Hll-THTaHOBbIX KaTaJIH3aTopoB C 

HCl10Jib30BaHHeM pa3JIHqHI,IX (pH3HKO-XHMHqecKHX MeTO.[(OB (5 1
V-5.IMP B caMbIX 

COBpeMeHHbIX ero MO.[(HqrnKaUH5IX, 3JieKTpOHHa5I MHKpOCKOl1H5I BbICOKOro pa3peII1eHH5I, 

<l>ypbe HKC .[(H<pcpy3Horo oTpa)KeHH5I, P<l>3C H .[(p.), KHHeTHqecKHX H3MepeHHii H KBaHTOB0-

XHMHqecKHX pacqeT0B. 

Mo.[(eJibHbie KaTaJIH3aTOpbI I'OTOBHJIH rrpHBHBKOll VQC l 3 K IlOBepXHOCTH aHaTa3a, 

rrpHroT0BJieHH0ro rH.[(p0JIH30M TiC 14 JIH6o no cynbCpaTHOll TeXH0JI0I'HH. PeaJibHbie 

KaTaJIH3aT0pbI rronyqanH CYII1KOH B pacrrbIJIHTeJibHOll CYII1HJIKe cycrreH3HH TiO2 H pacrnopa 

0KCaJiaTa BaHa.[(H5I C IlOCJie.[(yrorn:eii TepMoo6pa60TKOll rrop0illK0B B T0Ke B03.[(yxa. l136bITOK 

V 20 5 B o6pa3uax y.[(an5IJIH OTMbIBKoii B0.[(HbIM pacrnopoM HNO3• 

CornacHo .[(aHHbIM P<l>3C B MO.[(eJibHbIX KaTaJIH3aTopax BaHa.[(HH Haxo.[(HTC5I T0JibK0 Ha 

IlOBepxHOCTH HOCHTeJI5I B COCT05IHHH y 5
+_ B crreKTpax 

51
V-5.IMP TaKHX KaTaJIH3aTopoB rrpH 

Bparn:eHHH o6pa3UOB ITO.[( MarnqecKHM yrnoM c qacTOTOll 3 5 Kru y.[(aeTC5I Ha6JIIO.[(aTb OT 6 .[(0 9 

He3KBHBaJieHTHbIX BaHa.[(HeBbIX ueHTp0B. HaH6onee CHJibH0 CB5I3aHHbie C H0CHTeJieM 

BaHa.[(HeBhie ueHTPhI, xapaKTepH3yIOIU:Hecn HaH60JibII1en BeJIHqHHOH H30TP0ITH0ro XHMHqecKoro 
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c,umrra 8iso=-610 - -660 M,L(.' B3aIIMO,UeMCTByIOT C aMMilaKOM npII KOMHaTHOM TeMneparype. 

B3aI1Mo,uencTBI1e )Ke cna6o CBH3aHHbIX u;eHTPOB, .UM KOTOpbIX 8iso=-515 - -530 M,n., c NH3 

Ha6mo,uaeTC5I TOJibKO npII nOBbIIIIeHHbIX TeMnepaTypax. B xo,z:i:e npoTeKaHIIH peaKI.J;IIII 

BOCCTaHOBJieHIIH NO aMMilaKOM CIIJibHO CB5I3aHHbie u;eHTpbI 3a ClJeT I'I1,UpOKCIIJIMpOBaHil5I 

nepexo,uHT B cna6ocBH3aHHbie. 

O6pa30BaHile Ha noBepxHOCTII MO,UeJibHbIX KaTaJIIl3aTopoB HeCKOJibKIIX TilnOB 

BaHa,UIIJibHbIX CTPYKTYP, np05IBJI5IIOII.J;IIX JibIOIICOBCKile KIICJIOTHbie CBOMCTBa, no,UTBep)K.lJ:eHO 

TaK)Ke Mern,uoM HKC ):(0 no BJIIIHHIIIO a,ucop6I.1;I1I1 NH3 Ha cneKTp o6eprnHa BaJieHTHbIX 

Kone6aHIIM V=O CBH3eM. AMMilaK CIIJibHO B3aIIMo,uencrnyeT c BaHa,UIIJibHbIMII rpyrrnaMII, 

B03MymeHile CB5I3eM V=O nOJIHOCTbIO IIC1Ie3aeT TOITbKO nocne y,uaneHIIH a,ucop6I1pOBaHHOro 

NH3 OTKa1IKOM npn 400°C. IlpII :noM qacTb HaHeceHHoro y 5
+ BOCCTaHaBJIIIBaeTcH ,uo 

COCT05IHil5I V
4

+, cnoco6Horo o6pa30BbIBaTb ,UIIHI1Tp03IIJibHbie KOMnJieKCbl C 

a,ucop6I1pOBaHHbIM NO. Ilp01IHO a,ucop6I1pOBaHHblli Ha JibIOIICOBCKIIX KIICJIOTHbIX neHTpax 

NH3 npII 300°C B OTCYTCTBIIII Kilcnopo,ua yqacrnyeT B BOCCTaHOBJieHIIII NO. 

TenJIOTbl xeMocop6nI1I1 NH3 Ha KJiaCTepax, MO,UeJIIlpyIOiu;IIX a,ucop6I.J:IIOHHbie 

BaHa,uIIeBbie neHTpbI IIOBepxHOCTll V2O5 II KaTaJII13aTopoB VOxfTiO2, paCClJMTaHbl C 

IICnOJib3OBaHileM TeopIIII q:>YHKI.J:IIOHaJia nJIOTHOCTII. IloKa3aHo, 1ITO HOCIITeJib cpaBHIITeJibHO 

cna6o BJIIIHeT Ha KMCJIOTHOCTb V-OH rpyrrn, cnoco6HbIX npoTOHilpOBaTb NH3, HO 3aMeTHO 

BJIIIHeT Ha JibIOIICOBCKYIO KIICJIOTHOCTb BaHa,UileBbIX u;eHTpOB. ):(nccou;I1aTI1BHaH a,ucop6UI15I 

NH3 c o6pa3oBaHileM V-O-NH2 rpyrrn II BOCCTaHOBJieHI1eM BaHa,UIIH ,uo y 4
+ Ha MOHOH,n:epHbIX 

BaHa,uI1eBn1x ueHTpax VOxfTiO2 Ha ~30 KKaJIIMOJib 6onee Bb1ro,uHa, 1IeM Ha 6I1H,uepHbIX. Ha 

OCHOBe conocTaBJieHIIH paCClJIITaHHbIX lf 3KCnepMMeHTaJibHO lf3MepeHHbIX BeJIIllJIIH 

KOHCTaHT CKOpOCTeM peaKUMM BOCCTaHOBJieHMH NO aMMMaKOM c,uenaHO 3aKJII01JeHMe, 1ITO 

3TOT npouecc npoTeKaeT IIMeHHO Ha MOHOH,UepHbIX BaHa,UMJibHbIX neHTpax lf ero 

JIMMIITilpyIOmen CTa,n:MeM 5IBJI5IeTC5I ,UIICCOUilaUIIH MOJieKyJI NH3. 

B peaJibHbIX KaTaJIM3aTopax BaHa,UMM HaXO,UIITCH KaK Ha noBepXHOCTII, TaK lf B o6'beMe. 

Ha noBepXHOCTM o6pa3yeTC5I KOrepeHTHaH Me)Kq:>a3Ha5I rpaHIIUa Me)K_uy TiO2 lf V 205, 

CTPYKTYPHOe ycTpOHCTBO KOTOpon ,ueTaJibHO MCCJie,UOBaHO MeTO,UOM 3JieKTpOHHOM 

MIIKpocKonMM. ATOMbI V, npI1Ha,uJie)KamI1e 3TOM rpaHMUe, o6na,uaIOT 3KCTPeMaJibHO 

BbICOKOM KOHCTaHTOM KBa,n:pyrrOJibHOro B3aMMO,UeMCTBM5I (14-16 Mru), KOMIIOHeHTbl )Ke 

TeH30pa XMMI11IeCKoro C.lJ:BMra 6JIM3Klf K BeJIMlJIIHaM, xapaKTepHbIM ,UJIH V 205. Ilo ,uaHHbIM 

P<I>3C B TaKIIX o6pa3uax BaHa,UMM pacnpe,ueneH B npilnOBepXHOCTHOM CJIOe TOJIII.J;MHOM He 

MeHee 4 HM, KOTOpbIM npe,UCTaBJIHeT co6on CMeIIIaHHyIO V-Ti OKCil.lJ:HyIO cpa3y, He 

co,uep)Kamyro V=O rpyrrn. ATOMbI Kilcnopo,ua B 3TOM OKCM.UHOM cpa3e o6na,uaroT BbICOKon 

nO,UBil)KHOCTbIO II crroco6Hbl peOKMCJIHTb noBepxHOCTHbie lfOHhl y 4
+' o6pa3yIOII.J;MeCH B xo,z:i:e 

BOCCTaHOBJieHIIH NO aMMMaKOM. I1MeHHO 3TIIM 5IBJieHMeM o6'b5ICHeHa 3Ha1IMTeJibHO 60Jihllla5I 

(B 5 pa3) aKTMBHOCTh peanbHbIX KaTaJIIl3aTopoB no cpaBHeHMIO C MO,UeJibHblMM. 

Pa6oTa BbIIIOJIHeHa npM q:>MHaHcoBOM no,u,uep)KKe INT AS, rpaHT - OPEN -97-10059. 
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HOBbIE BO3MOlKHOCTH HCIIOJib3OBAHIDI OIITH"CJECKOH 

CIIEKTPOCKOIIHH ,IJ;JUI HCCJIE,IJ;OBAHIDI IIPOMbllliJIEHHbIX H 
JIAliOPATOPHblX KATAJIH3ATOPOB 

MODERN POSSIBILITIES OF FTIR AND UV-Vis SPECTROSCOPY FOR A 
RESEARCH OF INDUSTRIAL AND LABO RA TORY CATALYSTS 

lliTaiiHxo<J><I> Ii. H IlayKmTHC E.A. * 
Steinhoff B. and Paukshtis E.A. * 

Shimadzu GMBH, Duisburg, Germany 
*Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia 

E-mail: vera@catalysis.nsk.su 

The experience of three-years use of spectrometers Shimadzu FTIR-83OO and UV-Vis-
45O1 for research and characterization of catalysts is represented. 

The obtained experience demonstrates high efficiency and reliability of both 
spectrometers. The construction of apparatus allows easily measurement of transmittance and 
reflectance spectra with the help of standard attachments. The transfer of a measurement 
mode (from a transmittance to a reflectance) takes no more than 2-3 minutes (time on an entry 
of a new base line). This feature of spectrometers allows to carry out parallel experiments on 
each spectrometer. 

The obtained results can be divided in two groups. First group includes results of catalyst 
characterization. The second group includes data of a research of mechanisms of catalytic 
reactions. 

Catalysts characterization. For three years we have studied a surface properties of 
several hundreds of different oxide catalysts: alumina, oxides of other metals, synthetic and 
natural zeolites, heteropolyacids, fiberglass catalysts. 

Research on mechanisms of catalytic reactions ( ex situ and in situ). Very interesting 
data with the use of the attachment of a diffuse reflection (Shimadzu DRS-8OOO) were 
obtained during selective oxidation of methane and benzene (to methanol and phenol 
correspondingly) by N 20. The other examples of catalytic reaction mechanisms studies are 
presented .too. 

Thus, the universality and reliability of Shimadzu spectrometers allow to carry out 
practically all-possible researches of laboratory and industrial catalysts. The costs of purchase 
of the indicated spectrometers completely were paid back less than for 3 years of work. 

B ,noKrra,ne rrpe,ncraBrreH orrhIT TpexrreTHero HCIIOJih3OBamrn crreKTpoMeTpoB Shimadzu 
FTIR-83OO H UV-Vis-45O1 ,nrr51 Hccrre,noBaHH51 H oxapaKTepH3OBaHH51 KaTarrmarnpoB. 

IIorryqeHHbIH OIIbIT ,neMOHCTpHpyeT BbICOK)'IO rrpOH3BO,l(HTeJibHOCTb H Ha_ne)KHOCTb 

OOOHX crreKTpOMeTpOB. KoHCTPYKUH51 rrpH6opoB IIO3BOJI51eT rrerKO rrpoBO,l(HTb H3MepeHH51 
cpeKTpOB OTpa)KeHH51 H crreKTpOB rrporrycKaHH51 C IIOMOJUbIO CTaH,napTHbIX rrpHCTaBOK. 

IIepeBo,n pe)KHMa CbeMKH H3 rrporrycKaHH51 B OTpa)KeHHe 3aHHMaeT He 6orree 2-3 MHHYT 
(BpeM51 Ha 3aIIIICb HOBOH Oa30BOH JIHHHH). 3Ta oco6eHHOCTb rrpH6opoB IIO3BOJI51eT Ha 
Ka)K,l(OM crreKTpOMeTpe rrpoBO,l(HTb rraparrrrerrbHO HeCKOJibKO 3KCrrepHMeHTOB. 

IIorryqeHHbie pe3yJibTaTbI Moryr ObITb pa3OHTbI Ha ,nBe rpyrrIIbI. B rrepByIO rpyrrrry 
BXO,l(51T ,naHHbie no oxapaKTepH3OBaHHIO KaTaJIH3aTopoB. Bo BTopyro rpyrrrry - pe3yJibTaTbI 
HCCrre,noBaHH51 MexaHH3MOB KaTaJIHTHqecKHX peaKUHH. 

OxapaKTepH30BaHH~ KaTaJIH3aTopoB. 3a TPH ro,na 6hrno rrpoBe,neHo 
oxapaKTepH3OBaHHe CBOHCTB IIOBepxHOCTH HeCKOJibKHX COT pa3HbIX OKCH,l(HbIX 
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KaTaJIH3aTopoB: 1IHCTblX OKCH,[(OB aJIIOMHHH51, OKCH,[(OB aJIIOMHHH51 C HaHeceHHbIMH 

MeTarrJiaMH, OKCH,[(OB ,npyrHx MCTaJIJIOB, CHHTCTH1ICCKHX H rrpHpO,[(HbIX u;eoJIHTOB, 

CHJIHKaaJIIOMocpoccpaTOB, reTepoIIOJIHCOC,[(HHCHHH. B Ka1Iecrne 3OH,[(OBbIX MOJieKyJI 

HCIIOJib3OBaHbl OKCH,[( yrnepo,na, ,[(Ha3OT, aMMHaK, IIHpH,[(HH, ,neii:TepoxnopocpopM. 

Oco6oe MCCTO B 3THX HCCJie,[(OBaHH51X 3aH51JIO oxapaKTepH30BaHHe KaTaJIH3aTopoB Ha 

OCHOBe CTCKJIOTKaHeH. bblJIO IIOKa3aHo, 1ITO B CTCKJIOBOJIOKHax IIOCJie BbIIUCJia1IHBaHH51 

co,nep)KHTC51 6oJibllIOe KOJIH1ICCTBO rH,npoKCHJibHbIX rpyrrrr. Ha OCHOBaHHH aHaJIH3a 

,necpopMaD;HOHHbIX KOJie6aHHH MOJICKYJIHpHOH BO,[(bl, a TaK)Ke o6epTOHHOH o6JiaCTH 

( 4 200-6000 CM- l) ,[(JI51 o6pa3D;OB CTCKJIOTKaHeH IIO,[(BeprHYBllIHXC51 pa3JIH1IHbIM 

TepMorrapOBbIM o6pa60TKaM y,narrocb IIOKa3aTb, 1ITO ,no TeMrrepaTypbl 500°C BO,na H 

rn,n:poKCHJibHbie rpyrrIIbl B BOJIOKHax HaX0,[(5ITC51 B paBHOBCCHH C ra30BOH (pa30H. IlpH 6onee 

BbICOKHX TeMrrepaTypax 1IaCTb 061>eMa CTCKJIOBOJIOKOH ,nerH,npaTHpyeTC51 Heo6paTHMO, HO 

paBHOBCCHe C I'a30BOH (pa30H 1IaCTH1IHO coxpaH51CTC51. 

llccJie,a:oBaHHe MexaHH3MOB KaTaJIHTH'leCKHX peaKU.HH (,a:aHHbie ex situ). B ,naHHbIH 

pa3,neJI BKJII01ICHbl pe3yJibTaTbl HCCJIC,[(OBaHH51 KaTaJIH3aTopoB rrpollIC,[(llIHX KaTaJIHTH1ICCKHe 

HCIIbITaHH51. B Ka1IeCTBe rrpHMepa rrpHBO,[(51TC51 pe3yJibTaTbl H3Y1JCHH51 ,ne3aKTHBHpOBaHHbIX B 

rrpouecce aJIKHJIHpoBaHH51 H3o6yraHa 6yrHJICHOM cynbcpaTHpOBaHHbIX OKCH,[(OB UHpKOHH51. 

,[(nH ,ne3aKTHBHpoBaHHbIX o6pa3UOB 6bmH H3YlJCHbI MKC H Yct>-BH,n crreKTpbI, rrpoBe,neH 

crreKTpaJibHbIH aHaJIH3 rrpo,nYKTOB 3KCTpaKUHH C IIOBepXHOCTH KaTaJIH3aTopoB. 

,[(JIH CTCKJIOBOJIOKHHCTbIX KaTaJIH3aTopoB 6blJIO o6Hap~eHo, 1ITO IIpH a,n:cop6UHH CMCCH 

NO H 02 B 061>eMe CTCKJIOBOJIOKOH o6pa3)7IOTC51 HHTpaTbl H a30THa51 KHCJIOTa. A30THa51 

KHCJIOTa nerKo OKHCJI51CT rrporraH rrpH HH3KHX TeMrrepaTypax. 

O11eHb 3cpcpeKTHbie ,naHHble y,narrOCb IIOJIYlJHTb ,[(JI51 peaKUHH ceneKTHBHOro OKHCJICHH51 

3aKHCbIO a30Ta MeTaHa ,no MeTaHOJia H 6eH30Jia ,no cpeHOJia C HCIIOJib30BaHHeM rrpHCTaBKH 

,nHcpcpy3Horo oTpa)KeHHH Shimadzu DRS-8000. 

llccJie,a:oBaHHe MexaHH3MOB KaTaJIHTH'leCKHX peaKU.Hii (,a:aHHbie in situ). 
,[(aHHbie HCCJIC,[(OBaHH51 rrpoBe,neHbl COBMCCTHO co MHOI'HMH ,npyrHMH rro,npa3,n:eJieHH51MH 

llHCTHTyra KaTaJIH3a. 3,necb ,neMOHCTpHp)'IOTC51 TOJibKO HCKOTOpbIC H3 HHX. 

ll3yqeHHe MexaHH3Ma cop6UHH CO2 Ha ceJieKTHBHbIX KOMII03HTHbIX a,n:cop6eHTaX, 

rrpHroTOBJICHHbIX Ha 6a3e KHCO3. ,[(JIH 3THX HCCJIC,[(OBaHHH 6bIJia H3I'OTOBJieHa CIICQHaJibHaH 

rrpoT01IHa51 BbICOKOTeMrrepaTypHa51 KIOBeTa C I'a30BbIM 3a30pOM OKOJIO 0.2 MM. 

ll3Y1JCHHe BOCCTaHOBJICHH51 aueTOHa Bo,n:opo,noM Ha HHKeJieBbIX KaTaJIH3aTope;tx B 

TeMrrepaTypHoM HHTepBarre 25-250°C B CTaTH11ecKoii: MK KIOBeTe. 

llccne,n:oBaHHe IIOBepxHOCTHbIX coe,nHHCHHH H HX rrpeBpameHH51 B OKHCJICHHH MeTaHOJia 

Ha IIJiaTHHe, HaHeceHHOH Ha OKCH,[(bl aJIIOMHHH51 H KpeMHH51. 

TaKHM o6pa3oM, YHHBepcarrbHOCTb H Ha,ne)KHOCTb crreKTpoMeTpoB cpHpMbI Shimadzu 

IIO3BOJI51CT 3cpcpeKTHBHO rrpOBO,[(HTb rrpaKTH1ICCKH Bee BO3MO)KHbie HCCJie,[(OBaHH51 

na6opaTopHbIX H rrpOMblllIJieHHbIX KaTaJIH3aTopoB. 3aTpaTbl Ha rrpHo6peTeHHe YKa3aHHbIX 

crreKTpOMeTpOB IIOJIHOCTbIO OKyrrHJIHCb MeHee 1ICM 3a 3 ro,na pa60Tbl. 
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3JIEKTPOHHl>IE B3AIIMO,l(EHCTBIDI B CIICTEMAX METAJIJI-110,l(JIO)KKA II 

OKCII,l(-OKCII,l( B .HBJIEHIDIX IIPOMOTIIPOBAHIDI II CIIHEPrII3MA B 
KATAJIII3E 

ELECNRONIC , INTERACTIONS IN METALL-SUPPORT AND COMPOSITE 
OXIDE CATALYSTS IN THE PROMOTION AND SYNERGETIC PHENOMENA 

KpLIJIOBa H.B. 

Krylova I.V. 

XHMHqecKHH cpaKyrrhTeT, MocKOBCKHH rocy,napcrneHHbIH yttHBepcHTeT 
HM. M.B. JloMoHocoBa 

JleHHHCKHe ropbl ,n.1 CTp.3, fCil -2, MoCKBa 119992, PoccmI 

<l>aKc: 932-88-46; E-mail: krylova@kge.msu.ru 

A brief review of the present state of the art in the investigation of interactions metal
support and oxide-oxide in the promotion and synergetic effects in supported and composite 
oxides catalysts is presented. The phenomena of electron density shift and other properties of 
these systems are considered on the basis of data of conventional methods (IR, ESR, XPS
spectroscopy, TPD, TPR). Because of the lack of the results of direct measurement of 
electronic properties of catalysts the method of low-temperature exoemission of electrons (20-
4000 °C) and ions for studying promotion (ZnS-Ag, ZnS-Cu) and synergetic (CuO-CeO2 

composite oxides) effects have been used by the author. Catalytic activity correlates with the 
sum of emitted negative charges of all investigated catalysts. The model of electronic 
transitions in the CuO-CeO2 catalysts is proposed. 

BrrmrnHe Ha KaTarrHTHqecKyro aKTHBHOCTb rrpoueccoB 3rrei<TpOHHoro rrepeHoca Me)K_ny 
aKTHBHoii cpa3oii H rro,nrrO)KKOH o6c~,n;arrocb llIBa6oM H coaBT. B 50-x rr. XX cTorreTmI. 
Ilocrre aKTHBHbIX HCCJie.[(OBaHHH B 3TOM HarrpaBJieHHH (Xaycpcpe, BOJibKeHIIITeHH II ,np.) B 
60-x-70-x rr. BBH,ny OTCYTCTBH5I COOTBeTCTBHH Me)K_ny KaTaJIHTHqecKOH aKTHBHOCTblO (KA) H 
3JieKTpOHHbIMH CBOHCTBaMH KaTaJIH3aTopoB pa60Tbl B 3TOM HarrpaBJieHHH 6bIJIH 
rrpeKpameHbl. B HaCTO5IIUee BpeM5I HCCJie.[(OBaHH5I 3JieKTpOHHbIX CBOHCTB KaTaJIH3aTopoB 

rrpaKTHqecKH OTCYTCTBYJOT. 
ABTOpOM rrpe,nJIO)KeH HOBbIH 3K303MHCCHOHHbIH (33) MeTO,n; HCCJie.[(OBaHHH 

3JieKTpOHHblX 5IBJieHHH B KaTaJIH3e, B TOM qHcrre 3cpcpeKTOB rrpOMOTHpoBaHH5I H CHHeprH3Ma. 

Y CTaHOBJieHa rrp5IMa5I CB5I3b Me)K,n;y KA H qucrroM 3MHTHpOBaHHbIX 3ap5I,D;OB . B peaKIJ;HH 

OKHCJieHHH co Ha KaTaJIH3aTopax - IIII1HHeJI5IX H rrepOBCKHTax. lIMeeTC5I rrp5IMa5I CB5I3b Me)K_ny 

KA rrpH pa3JIO)KeHHH MernHorra H 33 ,nrr5I o6pa3UOB ZnS, rrpoMOTHpoBaHHbIX Ag H Cu 
(10-7-10-1r/r). O6Hap~eHbl 5IBJieHH5I CHHeprH3Ma B 5IBJiemrnx 33 H KaTarrH3a B peaKIJ;Hll 
OKHcrreHHH CO Ha CJIO)l(HbIX Cu-Ce-O -oKcn,nax. Haii,neHbI Kopperr5IUHH Me)K,ny KA H 33 ,nrrH 
o6pa3UOB C pa3HbIM co,nep)KaHHeM Cu. L(rr5I o6b5ICHeHH5I Haii,neHHbIX 3aKOHOMepHOCTett 
llCI1OJlb3OBaHa MO.[(eJib 3JieKTpOHHbIX rrepeXO.[(OB rrpH KOHTaKTe rrorryrrpoBO,IJ;HllKOB n- ll 

p-THrra rrpOBO.[(llMOCTll. IIpe,nJIO)KeHHblH MexaHH3M pa3,nerreHH5I 3ap5I.[(OB Ha rpaHHIJ;e OKCH.[(OB 
I10.[(TBep)K.[(aeTC5I o6Hap~eHHbIM 5IBJieHHeM 3JieKTpnqecKoro rrpo6o5I B BaKYYMHOM 
rrpoMe)KyrKe KaTarrmarnp - ,neTeKTOp 33. 
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B3AHMOCBJ.I3h 3APJ.I)];OBoro COCTOJ.IHHJ.I H KATAJIHqEcKoro 

IIOBE,l::t;EHHJ.I HAHOqACTHD; ME,l::t;H B IIPEBPAIIJ;EHIDIX 
rAJIOrEHYrJIEBO,l::t;OPO,l::t;OB 

RELATION BETWEEN CHARGE ST ATE AND CATALYTIC BEHAVIOUR OF 
COPPER NANOPARTICLES IN CHLOROHYDROCARBON CONVERSIONS 

CMHpHoB B.B., PocToBm;HKosa T .H., Ko'1\:eBHH B.M. , J.IscHH ,l::t;.A. * H rypesHq C.A. * 
Smirnov V.V., Rostovshchikova T.N., Kozhevin V.M.*, Yavsin D.A.* and Gurevich S.A.* 

MocKOBCKHH rocy,napcrneHHhIH YHHBepcHTeT HMeHH M.B. floMoHocoBa, 
XHMHqecKHH cpaKyJibTeT, MocKBa, Poccm1 

Fax: (7-095)9328846; E-mail:smimov@kinet.chem.msu.ru 
<DmHKO-TeXHHqecKHH HHCTHTYT HMeHH A.<D. Hocpcpe PAH, CaHKT-IleTep6ypr, Poccm1 

A new method of laser electrodispersion based on laser ablation of metal target with 
subsequent cascade fission of liquid metal droplets was used for controllable fabrication of 
supported Cu granuls (d::::5 nm). These nanoparticles possess extremely high catalytic activity 
(> 104 product mol/Cu atom·h) in chloroolefin isomerization and tetrachloromethane addition 
to olefins, which can not be attributed to only small granule sizes and can be explained by 
specific charge state of the granulated structure appearing due to electron tunneling between 
neighboring granules in densely packed agglomerates. To examine this idea the solvents with 
different dielectric permittivity were used as a medium for chlorohydrocarbon reactions and 
the charge state of granulated nanostructure was analyzed by using Monte-Carlo model. The 
reaction mechanism determined by the presence of charged granules is discussed. 

HaHoqacTHIJJ,I Me,[(H, HaHeceHHhle Ha KpeMHHH C HCIIOJib3OBaHHeM MeTo,n:a Jia3epHOH 

::meKTpO,r:i;HcrrepcmI, B KOTOpOM KaIIJIH MeTaJIJia orrpe,neJieHHOro pa3Mepa ((d::::5HM) 

cpopMHpyIOTC5I B IIJia3Me Jia3epHoro cpaKeJia, o6Jia,naIOT qpe3BbJqanHO BbICOKOH 

KaTaJIHTHqecKOH aKTHBHOCTbIO B H3OMepH3aUHH XJIOpOJie<pHHOB H rrpHcoe,n:HHeHHH 

qeTbipeXXJIOpHCTOro yrJiepo,na K OJie<pHHaM. ,l];JI5I IIJieHOK C OCTPOBKaMH rpaHyJI 3HaqeHHe 

aKTHBHOCTH rrpeBbllllaJIO 104 MOJib rrpO,ll;YKTalaTOM CU-q, qTo MO)KeT 6bITb CB5I3aHo C 

IIO5IBJieHHeM rrpH IIOBbIIIIeHHH IIJIOTHOCTH yrraKOBKH qacTHU 3<p<peKTHBHbIX B KaTaJIH3e 

3ap5I)KeHHbIX arperaTOB. KaTaJIHTHqecKa5I crroco6HOCTb TaKHX IIJieHOK OKa3aJiaCb 

q)'BCTBHTeJibHOH K pocTy IIOJI5IpHoCTH B p5I,ny pacrnopHTeJieii CCl4, CHCb, C2l¼Ch 

HcrroJib30BaHHe MeTo,na MoHTe-KapJio ,n:JI5I pacqeTa pacrrpe,neJieHH5I 3JieKTpocTaTHqecKoro 

ITOTeHUHaJia qacTHU C yqeTOM KYJIOHOBCKOro B3aHMO,[(eHCTBH5I rpaHyJI ITOKa3aJIO, qTo 

BepO5ITHOCTb B3aHMO3ap5I)KeHH5I qacTH[( 3a cqeT rrpoueccoB TpaHCIIOpTa 3JieKTpOHOB Me)K,ny 

6JIH3KO pacrrOJIO)KeHHbIMH arperaTaMH pe3KO B03paCTaeT rrpH IIOBbIIIIeHHH TeMrrepaTypbl ,no 

400K H pocTe ,[(H3JieKTpHqecKOH rrpoHHuaeMOCTH cpe,ll;bl BbIIIIe 5. Pe3yJibTaTbl MO,[(eJibHOro 

pacqeTa corJiaCyIOTC5I C 3KCIIepHMeHTaJibHbIMH ,naHHbIMH B rrpe,nIIOJIO)l(eHHH BbICOKOH 

3<p<peKTHBHOCTH 3ap5I)l(eHHbIX qacTHU B KJIIoqeBOH CTa,[(HH KaTaJIH3a, BKmoqa10mei,i rrepeHOC 

3JieKTpoHa C MeTaJIJIHqecKOH rpaHyJibl Ha MOJieKyJiy XJiopyrJieBo,nopo,na. 

Pa6orn BbIIIOJIHeHa rrpH rro,n,nep)l(Ke P<D<DH (N2 01-02-17827, 02-03-32609). 
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GENESIS AND CATALYTIC PERFORMANCE OF HIGHLY DISPERSED NOBLE 

MET AL CATALYSTS SUPPORTED ON MODIFIED CARBON 

MEXAHII3M <l>OPMIIPOBAHIDI II KATAJIIITIIqECKIIE CBO:UCTBA 
BhICOKO,L(IICIIEPCHhIX KATAJIH3ATOPOB HA OCHOBE 

MO,L(II<l>H:QIIPOBAHHhIX Yr JIEPO,L(HhIX HOCIITEJIE:U, CO,L(EP)KAIIJ;IIX 
liJIArOPO,L(HhIE MET AJIJlhI 

Stakheev A.Yu., Telegina N.S., Baeva G.N., Astakhov A.A., 
Kapustin G.I. and Kustov L.M. 

CTaxeeB A.IO., TeJierHHa H.C., liaena r.H., AcTaxoB A.A., 
· KarrycTHH r .II. H KycToB JI.M. 

Zelinsky Institute of Organic Chemistry, 119991, Leninsky Pr. 47, Moscow, Russia 
E-mail: st@ioc.ac.ru 

INTRODUCTION 

Carbon-supported catalysts are widely used in a number of chemical and petrochemical 

processes. One of the principal advantages of high surface area carbon support is their unique 

chemical inertness. Unlike conventional AhO3, SiO2, or TiO2 supports, carbon based catalyst 

can be used in acidic or basic environment without destruction of the support material. New 

generation of graphite-like materials (e.g. Sibunit) expands further the application of carbon 

supports. 

However, the chemical inertness of the carbon supports makes it difficult to prepare 

highly dispersed metal-supported catalysts, since it is difficult to achieve molecular-like 

distribution of the metal precursor on the catalyst surface. Molecular-like distribution of the 

metal precursor is conventionally attained by introduction of the precursor by ion exchange. 

However, the ion-exchange capacity of graphitized carbon supports is usually rather low. 

Therefore the principal goals of this research were the following: 

1. Development of the method for increasing ion-exchange capacity of carbon support; 

2. Systematic study of the adsorption of noble metal complex cations on the modified 
carbon support; 

3. Exploring the process of the formation of metal phase in the course of the catalyst 
reduction; 

4. Evaluation of the catalytic performance of the catalysts thus prepared in the model 
reaction of benzene hydrogenation. 

RESULTS AND DISCUSSION 

It was found that gentle oxidation of carbon surface by HNO3 or KMnO4+H2O2 treatment 

allowed us to enhance significantly the surface concentration of carboxylic group on the 

carbon surface, thus increasing the ion exchange capacity of the support. 
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Ion-exchange of Pt, Pd, Rh, and Ir ammine complexes with surface carboxylic group was 

studied. Ion-exchange capacity of pre-oxidized carbon was found to be a function of the 

stability constant of the corresponding ammine complex and varied in the range 0.58-0.060 

mmol/g. Affinity of the noble metal complex toward adsorption on pre-oxidized carbon 

decreases in the sequence: 

Reduction of the Pd/C and Pt/C catalysts was studied by TPR and XPS. It was found that 

the reduction of ion-exchanged samples requires higher temperature compared to impregnated 

samples. Thus, the reduction of ion-exchanged ·Pd/C and Pt/C catalysts proceed at 150-200 

and 300-400°C, respectively. Despite to relatively high reduction temperature, metal particles 

remain highly dispersed. The reduction of the supported metal is accompanied by intensive 

reduction and elimination of surface oxygen-containing groups (carboxylic, carbonyl, etc.), 

presumably, by a spillover of atomic hydrogen activated on the reduced metal clusters. 

The resulted Pd/C demonstrated high activity in benzene hydrogenation. However, the 

activity was found to depend strongly on the reduction temperature. Overheating of the 

catalyst above 350-400°C results in a decrease in the activity by a factor of 3-4.· It is found 

that the observed decrease in the catalytic activity appears not to be a result of the metal 

sintering and the decrease in the metal surf ace area. 

Detailed XPS study of the catalyst reduction indicated that the overheating of the catalyst 

leads to the dramatic change of the electronic state of the supported metal cluster. Suppression 

of the catalytic activity appears to be caused by a pronounced decrease in the local density of 

d-state at the Fermi level of the metal particles. Since the structure of d-band is the crucial 

factor determining the reactivity of metal surface, this rearrangement of the electron density 

results in the pronounced decrease in the catalytic activity. The change in the electronic 

structure of the metal cluster can be resulted from the chemical interaction between metal and 

support (formation of non- stoichiometric PdxCy) or a change of the electron donor-acceptor 

properties of the support surface caused by elimination of carboxylic groups (see above). 

This work was supported by the INTAS, grant 99 1044. 
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TPR AND XPS STUDIES OF ALUMINA-SUPPORTED MOLYBDENUM CARBIDE 

CATALYSTS FOR METHANE REFORMING 

TPR H XPS HCCJIE,IJ;OBAHHE HAHECEHHhIX HA OKHCh AJIIOMHHIDI 
KAPliH,n:OB MOJIHli,ll;EHA B PEAKU:HH PE<l>OPMHHrA METAHA 

Katsuhiko Oshikawa, Masatoshi Nagai and Shinzo Omi 

Graduate School of Bio-Applications and Systems Engineering, 
Tokyo University of Agriculture and Technology, Koganei, Tokyo 184-8588, Japan 

Fax: +81-42-3887060; E-mail: mnagai@cc.tuat.ac.jp 

The activities of carbided 11.6 wt% MoOJIAhO3 catalysts were studied for methane 
reforming. The 973 K-nitriding/973 K-carbiding (N9C9) procedure produced the catalyst with 
the highest activity for methane decomposition based on turnover frequency. The amount of 
11-Mo3C2 on the catalyst surface as determined by TPR showed a linear relationship with the 
activity. XPS analysis revealed that Mo8

+ (8 = 0 and 3) showed a linear relationship with 
turnover frequency for methane reforming. 

Recent studies have shown that molybdenum carbide catalysts have high activity towards 

methane reforming. However, there is no study about relationship between the activity of the 

catalyst and the surface molybdenum carbide species and the Mo oxidation state. For 

determination of the surface molybdenum carbide species, temperature-programmed 

reduction in hydrogen is an effective method of analysis. XPS has been used to contrast the 

differences in oxidation states of molybdenum before and after reaction. In this study, we 

focus on the transformation of molybdenum carbide species for supported catalysts during the 

methane reforming reaction using molybdena-alumina catalysts. XPS is used to determine 

the relationship between the Mo oxidation states and the activities of the catalysts for methane 

reforming. 

The molybdena-alumina catalysts with various molybdenum loadings were prepared by 

impregnation of y-AhO3 with aqueous solutions of ammonium heptamolybdate. A 0.2 g of the 

sample was prepared in the temperature-programmed reaction in a stream of 20% CHJH2 

after nitriding or and directly carbiding in the CHJH2 mixture. The pretreated catalysts were 

used without exposure to air for the activity measurement, CO adsorption, and temperature

programmed reaction in methane and in hydrogen. The reaction experiments were carried out 

in situ in a flow-system reactor at 973 K with a flow rate of CH4 at 0.9 1 h-1
. The products 

were detected by a quadrupole mass spectrometer connected online. XPS measurements were 

made using a Shimadzu ESCA3200 spectrometer. No argon etching was procured to obtain 

the oxidation state distribution of the surface of the catalysts. 

The activity of 11.6 wt% Mo/ AhO3 catalysts carbided or nitrided/carbided by various 

methods was studied. The N9C 11 showed the highest activity on a TOF basis at the initial 

stage of the methane reforming reaction at 973 K with 0.79 s-1
. The reaction rate declined 

rapidly within the first two hours of the reaction. At steady state, the activity of N9Cll 
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lowered slightly to 0.74 s-1
, while the activity of the N9C9 catalyst doubled to 0.68 s-1 and the 

C9 catalyst retained the same activity at 0.61 s-1
. The increase in the activity for the N9C9 

catalyst suggests a change in the catalytic species ( from B-Mo2C to 11-Mo3C2), as was 

observed for bulk molybdenum carbides [5]. The TPR experiments were carried out to 

determine the carbide species on the surface of the 11.6 wt % Mo/ AhO3 catalysts. For the 

N9Cll pretreatment, the catalyst surface was predominantly 11-Mo3C2, as indicated by the 

peak at 1077 K. For the 973 K-carbided catalysts, the largest desorption peak was from the 

decomposition of pyrolytic carbon followed by the peak at 872 K, attributed to the 

decomposition of B-Mo2C. For the N9C9 catalyst, the amount of a-MoC1_x, B-Mo2C, and 11-

Mo3C2 increased as the reaction proceeded. Most notably, the amount of B-Mo2C increased 

from 5 to 56 µmol t1, while 11-Mo3C2 was formed indicating an increase change in the 

molybdenum carbide species on the surface. The increase in TOF is also related to this 

transformation, as the activity approaches the value for 11-Mo3C2 at steady state. For the C9 

catalyst, a significant increase was observed for the amount of graphitic carbon after reaction. 

The active molybdenum carbide species for this catalyst was the same, unlike the N9C9 

catalyst, which changes drastically during the reaction. The TOF increased as the amount of 

11-Mo3C2 on the catalyst surface increased, indicating the importance of this type of 

molybdenum carbide for methane conversion. B-Mo2C exhibited methane decomposition 

activity but the increase in activity was more gradual compared to 11-Mo3C2. 

XPS analysis of the 11.6 wt% Mo/ AhO3 revealed that the distribution of Mo oxidation 

state varied with different pretreatment methods. The N9Cl 1 catalyst exhibited relatively 

even the distributions of Mo2+, Mo4+, Mos+, and Mo6+, with little concentration of Mo3+ and 

Mo0
. In contrast, the N9C9 catalyst was dominantly Mo4+ and Mos+, with little formation of 

Mo2+. The amount of Mo3+ was the largest while the amount of Mo6+ was smallest among the 

three carbide species. A relationship could not be found with the distribution of a single 

oxidation state, but the sum of Mo0
, Mo2+, and Mo3+ was correlated with the TOF. The 

considering that the increase in 11-Mo3C2 is related to increased activity, the sum of ,Mo0 to 

Mo3+ probably represents the oxidation states of Mo2C and 11-Mo3C2. For the alumina

supported molybdenum carbide catalysts, molybdenum atoms on the surface catalyst 

contained various molybdenum valences due to an interaction between molybdenum atoms of 

molybdenum carbides and alumina. As a result, the molybdenum atoms could not be fully 

reduced to Mo0
, compared to the unsupported B-Mo2C and 11-Mo3C2. [4]. 
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~OPMhlCOPnHPOBAHHOrOBO~OPO~A 

H HX BJIIDIHHE HA PEAKIJ;HIO OKHCJIEHIDI CO HA Pd u Ta 

STATES OF SORBED HYDROGEN AND ITS INFLUENCE ON CO OXIDATION 
OVER Pd AND Ta 
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The forms of sorbed hydrogen on Pd membrane and thin films has been analyzed by 
measurement of work function, thermodesorption and electroconductivity. Different charge of 

' ' 

adsorbed hydrogen with different bond energy were obtained. The effect of hydrogen 
introduction on kinetics of oxygen adsorption and its reaction with CO on Pd has been 
studied. Sorption of hydrogen on Ta thin foil was investigated also. 

<l>opMbI cop6HpoBaHHoro Bo,nopo,na Ha c})onbre H rrneHKax Pd crrnonrnoro H 

rpaHynHpOBaHHOro CTpOeHHJl 6brnH H3yqeHbl q_)OT03neKTpH1:IeCKHM, KOH,L()'KTOMeTpwreCKHM H 

TepMo,necop6uHoHHbIM MeTO,naMH. O,nHOBpeMeHHO C H3MepeHHeM CKOpOCTH rrepeHoca 

BO,nopo,n:a qepe3 MeM6paHy perHCTpHpOBanH H3MeHeHHe IIilOTHOCTH q_)OTOTOKa H pa60Tbl 

BbIXO,na :meKTpOHa <I> BbIXO,L(HOH IIOBepXHOCTH Pd-MeM6paHbl. no H3MeHeHHIO <I> ycTaHOBneHO 

KOnJiqecTBeHHOe COOTHOIIIeHHe Me)l{,[(y q_)OpMaMH H+8 H H-8 H IIOKa3aHo, qTQ ilHMHTHpyromeii 

CTa,L(H~H rrepeHOCa BO,nopo,na JlBJrneTCJl peKOM6HHaQHOHHaJl ,necop6UHJl H-8. O6pa3oBaHHe 

pa3nJiqHo rronHpH3OBaHHbIX q_)OpM BO,nopo,na 3aBHCHT OT TeMIIepaTypbl (Hccne,n:oBaHHblH 

HHTepBan 373-600K) H ,naBneHHJl BO,n:opo,na (0,5-10 MM pT.CT.). TpH q_)OpMhl Bo,n:opo,na c 

:meprmIMH CBJl3H 3 3' 84 H 11 7 K,ll;)K/MOilb xapaKTepHbl ,L(ilJl rranna,nm1 B BH,ne rrneHOK, rrpHqeM 

KOnJiqecTBO cna60CBJl3aHHOH q_)OpMbl )'BenHqJIBaeTCJl C pOCTOM ,naBneHHJl H2 H CHH)KeHHeM 

TeMrrepaTypbl HaCblIUeHHH Pd BO,nopo,noM. 

Macc-crreKTpoMeTpHqecKHM MeTO,nOM myqeHa peaKQHJl CO+O2 H peaKQHJl CO+O0nc. Ha 

rranna,n:HH, He co,nep)KameM H co,nep)KameM cop6HpoBaHHbIH Bo,nopo,n H rrpo,n)'KTbI rrHponH3a 

3THneHa. bbinO orrpe,n:eneHO TaK)Ke BilHJlHHe BO,nopo,na H 3THneHa Ha CKOpOCTb a,ncop6u;HH 

KHcnopo,n:a. Cop6HpOBaHHbIH Bo,nopo,n: BilHJleT Ha xapaKTepHCTHKH a,ncop6UHH 02 H peaKQHH 

CO+Oa,uc, - 3HeprHH aKTHBaU:HH cop6UHH KHCnopo,na H peaKQHH )'BenJiqHBaIOTCJl. 3TOT 

3q_)q_)eKT ofo,JlCHeH H3MeHeHHeM MexaHH3MOB a,n:cop6UHH KHCnopo,na H ero B3aHMO,n:eiiCTBHJl C 

ra3oo6pa3HbIM MOHOOKCH,L(OM yrnepo,na. Oco6eHHOCTJlMH KHHeTHKH 3TOH peaKU:HH JlBITJleTCJl 
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mumq11e IIH,[(y'KIJJIOHHOro rrep1Io,na II crra6a5I 3aBIICIIMOCTb CKOpOCTII peaKIJ;IIII OT 

TeMrrepaTypbI, o,nHaKo B rrp1Icyrcrn1m cop61IpoBaHHoro Bo,nopo,na 3Toro He Ha6mo,naeTC5I. 

AHaJIII3 TeMrrepaTypHbIX 3aBIICIIMOCTeii CKOpOCTII OKIICJieHII5I co rrpose,neH C 

IICIIOJib30BaHIIeM 4-x CTa,nlIHHOro MeXaHII3Ma, II3 KOTOporo crre,nyeT, qTo 3Hepr1I5I aKTIIBaU:IIII 

peaKUIIII orrpe,nerrHeTC5I 3Heprneii CB5I31I co C IlOBepXHOCTbIO. 

3HaqlITeJibHbIH IIHTepec rrpe,nCTaBJI5IeT CIICTeMa TaHTaJI-BO,nopo,n. B pa6oTe rrorryqeHbI 

xapaKTeplICTIIKII cop6IJ;IIII II ,necop6UIIII Bo,nopo,na c Ta <pOJibrH TOJIII(IIHOH 2 MKM. 

Y CTaHOBJieHO, qTo 3Hepr1III aKTIIBaIJ;IIII TepMo,necop6ri;IIII Bo,nopo,na C <pOJibI'II Ta COCTaBJI5IIOT 

60 II 146 K,[()K/MOJib II yserr1Iq1IBaIOTC5I B 2 pa3a B rrp1IcyrcTBIIII xeMocop61IpOBaHHOro co. 

8 rrp1IcyrcTBIIII XeMOCOp61IpOBaHHbIX CQ II KIICJIOpo,na Ha IlOBepXHOCTII Ta cop6UII5I H2 

pe3KO YMeHbIIJaeTCH, HO B03M0)1(Ha pereHepaIJ;II5I IlOBepXHOCTII rrocne crreIJ;IIaJibHOH 

BOCCTaHOBIITeJibHOH TepMoo6pa60TKII (TO). Ha1I60Jiblliee CHII)l(eHIIe cop6UIIOHHOH 

crroco6HocTII Ha6rr10,n;aeTcH rrocrre xeMocop6UIIII KIIcnopo,na. 

1 2 3 4 5 6 
Ta CO/Ta TOBH2 02/ Ta TOBH2 Tro B H2 

Kx10-1s 2,4 0.6 1,8 0.2 0,6 1,9 · 

B Ta6JIIIIJ;e rrplIBe,neHbI 3HaqeHII5I KOHCTaHTbI CKOpOCTII cop6IJ;IIII BO,nopo,n;a (MOJieKyn/~mH.) 

rrplI TeMrrepaType 643 K Ha IICXO,nHOH IlOBepXHOCTII (1), rrocne xeMocop6UIIII co II 02 (2,4) 

II rrocrre TepMoo6pa6oTOK B Bo,nopo.z:i;e. Ha1I60JibIIIee CH1I)l(eH1Ie cop6UIIII Bo,n;opo,na 

Ta-reTTepa Ha6n10,naeTcH rrocne o6pa6oTKII B KIIcrropo.n;e, rrp1IqeM o6bJqHaH 

BOCCTaHOBIITeJibHaH TepMoo6pa6oTKa ( 5) He rrplIBO,nlIT K pereHepaIJ;IIII IlOBepXH0CTII. 

CrreIJ;IIaJibHaH TepMoo6pa60TKa B H2 C pe3KIIM H3MeHeHIIeM TeMrrepaTypbI o6pa3Ua 

( TepMorpa,nlieHTHa5I o6pa6oTKa Tro) rrpaKTIIqecKII BOCCTaHaBJIIIBaeT rrepBOHaqaJibHYIO 

cop6IJ;IIOHHYJO CITOC06HOCTb TaHTaJia. Ilocne TaKOM o6pa60TKII 3Heprn5I aKTIIBaIJ;IIII cop6IJ;IIII 

Bo,nopo,na YMeHbIIIaeTrn B ,nBa pa3a. Cne,noBaTeJibHO, B ycrroBIIHX TeMrrepaTypHoro cKaqKa 

rrpOIICXO,nlIT 3<p<peKTIIBHa5I pereHepaIJ;II5I ,ne3aKTIIB1IpOBaHHOH IlOBepXHOCTII TaHTarra. 
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HOBhIH MEXAHII3M OliPA3OBAHIDI AMMIIAKA 

HA KATAJIII3ATOPAX (Cs+Ru)/C 

THE NEW MECHANISM OF AMMONIA FORMATION 
ON (Cs+Ru)/C CATALYSTS 

TpyxaH C.H., HsaHoB B.11., Ko1-1y6e:u ,l(.II., Il)>IPYJILHHKOB 11.r., 
,l(o6pLIHKHH H.M. u HocKoB A.C. 

Trukhan S.N., Ivanov V.P., Kochubey D.I., Tsyrul'nikov P.G., 
Dobrynkin N.M. and Noskov A.S. 

HHcTHTyr KaTa.rrH3a HM. r .K. EopecKoaa CO P AH 

np. AKa,n. naapeHTbeaa, 5, HoaocH6HpcK 630090, Poccm1 

E-mail: *trukhan@catalysis.nsk.su 

The new mechanism of ammonia formation is found on (Cs+Ru)/C catalysts. Reaction 

proceeds at temperatures 550-800 K through interaction of adsorbed nitrogen with hydrogen 

diffusing from the volume of cesium-ruthenim particles. 

B03pOCIIIHH B nocne,nHee apeWI HHTepec K npo6JieMe CHHTe3a aMMHaKa H3 a30Ta H 

ao.n;opo.n;a Ha pyreHHeBbIX KaTaJIH3aTopax cmI3aH, npe)KJ(e acero, c TeM, qTo pyreHHeBbie 

KaTaJIH3aTOpbI Moryr 6bITb ropa3,n:O 6onee 3Q_)Q_)eKTHBHbl, no cpaBHeHHIO C o6bJqHO 

HCnOJib3yeMbIMH KaTaJIH3aTopaMH Ha OCHOBe )l(eJie3a [1,2]. O,nHaKO, HeCM01J)H Ha yaeJIHqeHHe 

qJfcJia pa6oT, n0CBHIIJ;eHHbIX npoueccy CHHTe3a aMMHaKa Ha pyreHHH, noKa HMeeTCH TOJibKO 

CaMOe o6mee npe,n:CTaBJieHHe O MexaHH3Me 3TOH pea~HH. HaMH 6bm o6Hap)')KeH HOBblli 

MexaHH3M o6pa30BaHHH aMMHaKa npH TeMneparypax 550-800 KB pe3ynhTaTe B3aHMO)J;eHCTBHH 

xeMocop6HpoaaHHoro a30Ta c pacrnopeHHbIM Bo,n:opo,n:oM. 

Hccne,noBaHHH npoBO,D;HJIH B TepMo,n:ecop6uHoHHOll BaKYYMHOH ycTaHOBKe ( OCTaTOqHoe 

,naBneHHe 10-5 Ila), o6opy,n:oBaHHOH M0HOn0JibHbIM Macc-cneK1J)OMe1J)OM MX-7304. 

3KcnepHMeHTMbHaH ycTaHOBKa no.n;po6Ho onHCaHa a [3]. B pa60Te 6bmO npoBe,n:eHo 

HCCJie,n:oBaHHe ,D;Byx THn0B o6pa3UOB, HMeIOIUHX 0)];HH H TOT )Ke COCTaB 

(4% - Ru, 13,6% - Cs, 82,4% - C), HO npHroTOBneHHhIX no pa3nlfqHbIM MeTO)];HKaM. O,nHH H3 

o6pa3UOB o6na.n;anH BbICOKOH aKTHBHOCTbIO B peaKUHH CHHTe3a aMMHaKa, aKTHBHOCTb .n;pyrux 

6bma cymecTBeHHO MeHbIIIeH. 

T)::(-cneK1J)bl BO,D;Opo,na H aMMHaKa )];llil aKTHBH0ro H HeaKTHBHOro KaranH3aTopoB 

npHBe,n:eHbI Ha pHC. 1 H 2. ,[J:ecop6[(HH aMMHaKa C HeaKTHBHOro KaTanH3aTOpa o6Hap)')KeHO He 

6bill0. 
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B T):(-crreKipe Bo,uopo,ua aKTIIBHoro 

KaTaJIII3aTopa Ha6mo,uaeTC5I ,UBa COCT05IHII5I: 

O,UHO C TMaKc 760 K II 

HII3KOTeMrreparypHbIM 11XBOCTOM 11 ,uo 600 K, 

,upyroe rrp05IBIDieTC5I, 

900 K. 

C 

Ko;rnqecTBO TeMrreparypbI 

Bo,uopo,ua, ,uecop6II-pyromeroc5I C 

. 6 
~ 
(l) 

~4 

2 
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= 0.2 Kie • 
------ AKTIIBHbIH 
--0- HeaKTHBHbIH 

HeaKTIIBHOro KaTaJIII3aTOpa B o6rraCTII 300 400 500 600 700 800 900 1000 
T,K 

TeMrrepaTyp ,uo 900 K, rrpIIMepHo Ha rropMOK p·uc. 1. TepMo,11;ecop6u;uouubie cneinpLI 

MeHbIIIe. lfa JIIITeparypHbIX ,uaHHbIX xopoIIIO 

II3BeCTHO, qTo xeMocop6IIpoBaHHblll Ha 

PYTeHIIII Bo,uopo,u ,uecop6IIpyeTc5I rrpII 

ropa3,uo 6orree HII3KIIX TeMrreparypax: Harrp. 

c Ru(l 1-21) ,uo 400 K [4]. Ilo:noMY nornqffo 

rrpe,UIIOJIO)KIITb, qTo Ha6rrro,uaeMbie HaMII 

COCT05IHII5I Bo,uopo,ua o6ycnOBJieHbI ero 

BbmeneHIIeM II3 rrpIIIIOBepXHOCTHOll o6naCTII 

II m o6oeMa :ue3IIH-pYTeHIIeBbIX qacTmi;. B 

IIOJib3Y ,uaHHOro TaIOKe 

roBopIIT o6Hapy')KeHHOe COBCeM He,UaBHO 

15 

5 

eo,11;0po,11;a ,/J;JUI aKTHBHOro H 
ueaKTneuoro KaTaJinJaTopoe 
Cs+Ru/C 

• / • 
NH3/ 

i-• * * 
• Hij\ I 

I ---* ~ '*'---* ~~*-*-* ~- - -0+-~.:.;;;....:.;,;.-.:.,.:..._,..;.. ________ ....,.;::~....,.i.:.-.~ 

300 400 500 600 700 800 900 1000 
T,K 

o6pa30BaHIIe rrpII IIOBbIIIIeHHbIX ,uaBrreHII5IX Puc. 2. TepMo,11;ecop6u;uouub1e cneKTpbI 

rn,upII,ua Cs3_sRuH7-8 [5]. 

KaK BII,uHO m pIIC. 2, ,uecop6:UII5I 

aMMHaKa u eo,11;opo,11;a ,IJ;JIH aKTneuoro 
KaTaJiuJaTopa Cs+ Ru/C 

aMMIIaKa C aKTIIBHOro KaTaJIII3aTopa Ha6rrro,uaeTC5I rrpIIMepHO B TOM )Ke TeMrreparypHOM 

,uIIarra3oHe, qro II Bo,uopo,ua (MO)KHO pa3rrIIqIITb ,uBa cocT05IHII5I c T MaKc = 625 II 750 K). PaHee 

,uecop6r.I;IIIO NH3 C IIOBepXHOCTII qIIcTOro pyreHII5I Ha6JIIO,Ua.JIII JIIIIIIb rrpH TeMrreparypax HII)Ke 

350 K, rrpII 6orree BhICOKIIx TeMrrepaTypax rrpoIIcxo,uIIT pa3JIO)Kem1e NH3 c ,uecop6:uHeiI 

Bo,uopo,ua ,uo 500 K, a 3aTeM a30Ta rrpII 600-900 K [ 6]. IlpoMOTIIpoBaHIIe rroBepxHOCTII PYTeHII5I 

I.J;e3IIeM, KaK II3BeCTHO, eme 6onee ocrra6IDieT ::meprIIIO CB5I3II aMMIIaKa C PYTeHIIeM [7]. B CB5I3II 

C 3TIIM, Ha6rrro,uaeMyro HaMII ,uecop6:UIIIO aMMIIaKa rrpII CTOJib BbICOKIIX TeMIIepaTypax, MO)KHO 

o6'b5ICHHTb TOJibKO B3aHMO,UeHCTBHeM a,ucop6HpOBaHHOro Ha IIOBepXHOCTH a30Ta C 

,umpq:>YH,UHpyror.u;HM m o6'beMa BO,UOpO,UOM: 

Hsubswf -+ Hads 
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O6Hapy')KeHHblli HaMH HOBblli MexaHH3M MO)KeT HrpaTb cyruecTBeHHYJO pom, B peaKIJ;HH 

CHHTe3a aMMHaKa, rrpH BbICOKHX )];aBneHHID<., IIO KpaiiHeii Mepe, Ha KaTanH3aTOpe (Cs+Ru)/C. 

KpoMe Toro, Heo6XOJJ;HMO yqHTblBaTb BillliIHHe pacrnopeHHOro B rrpHIIOBepXHOCTHOH o6naCTH 

BO,nopoJJ;a Ha CTPYKTYPHbie H 3IleKrpOHHble CBOHCTBa IIOBepXHOCTH, OT KOTOpbIX 3aBHC.HT 

KHHeTHqecIGie rrapaMerpbI OCTailbHblX CTa)];HH. 
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SINGLE-WALL CARBON NANOTUBES FORMATION MECHANISM: 
THERMODYNAMIC CONSIDERATION AND PHASE DIAGRAM APPROACH 

MEXAHII3M <l>OPMIIPOBAHIDI O,ll;HOCTEHHhIX Yr JIEPO,ll;HhIX 
HAHOTPYliOK: TEPMO,ll;IIHAMifqECKOE PACCMOTPEHIIE II <l>A30BhIE 

,ll;IIArP AMMhI 

Kuznetsov V.L., Usoltseva A.N. and Bonard J.-M. * 

KyJueuoB B.JI., Y coJILI(eBa A.H., liouap,l1; )1(.-M. * 

Boreskov Institute of Catalysis SB RAS, Pr. Akad. Lavrentieva 5, Novosibirsk 630090, Russia 
E-mail: kuznet@catalysis.nsk.su; E-mail: ann@catalysis.nsk.su 

*Institut de Physique Experimentale, EPFL,CH1015 Lausanne, Switzerland 

Carbon deposition from metal-carbon mixtures is a key step for many important 

processes, namely, catalyst deactivation, carbon filament and nanotubes formation. For any 

type of carbon deposits their formation occurs via the common steps including metal-carbon 

particles formation and carbon nucleation. An understanding of the formation mechanisms of 

the carbon deposit is very crucial for the development of controlled production of pure 

nanocarbon materials. Here we perform a thermodynamic analysis of the carbon nucleation on 

metal surfaces to estimate the influence of reaction parameters on the nucleation step, which 

is a crucial stage for the formation of different carbon deposits. We consider the change in the 

Gibbs free energy using the simplest model of carbon deposit nucleation, where a flat round 

carbon nucleus with radius r and height h is bonded to the metal surface through its edges. In 

this case the variation in Gibbs free energy may be written as [1]: 

__ nr
2
h. ~ 2 _ • 11HM-c -fiHc-c -~ (1) 

11G - R 71n + nr ( a nucleus-gas + a 11ucle11l-SUrjace a surface-gas)+ 2nr -----+ 2nr 
VM x0 2NA · 'c-c 4.5h 

In this equation the first term presents the free energy change when graphitic carbon 

precipitates from the metal-carbon solution and V M is the molar volume of graphite, T is the 

reaction temperature, :x/x0 is the carbon saturation coefficient of the metal-carbon solution. The 

second term is the free energy change caused by the interaction of the carbon nucleus with the 

catalyst surface, where O"i is the corresponding specific surface energies. The third term estimates the 

energy of chemical bonding between a border atom of the nucleus and the metal surface, and Ml are 

the enthalpies of formation of M-C and C-C bonds, re-c is the distance between two neighbouring 

carbon atoms in the zigzag edge of a graphite sheet. The fourth term reflects the strain energy due to 

the bending of the graphitic layer of the nucleus during its bonding with the metal surface, where Q 

is a constant of continuum elasticity formalism. 

Following the above considerations we obtain a functional dependence between the 

critical radius (rcrit) of the carbon nucleus and reaction parameters such as reaction 

temperature, carbon supersaturation degree, and parameters which characterize the metal 

catalyst (metal-carbon bond strength, work of adhesion): 
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( J [ ~
-I 

!iH M-c - liHc-c Q RT h x 
rcrit = . . + ·-- · --In-+ (u,;;d -2a graphite) 

2NA · lc-c 4.5h V M x 0 

(2). 

Fig. IA presents the rcrit as a function of reaction temperature for pure Ni and Fe catalysts 

along with minimum values of observed nanotubes radii extracted from literature. We also 

analyzed [2] the dependence between rcrit and other thermodynamic parameters from 

equation (2). This analysis allow us to formulate the requirement for the optimal conditions of 

single-wall nanotubes (SWNT) growth: a) an increase of the temperature leads to the 

formation of smaller nuclei and to the formation of SWNTs, b) SWNT growth occurs 

preferentially with the participation of liquid metal particles; c) for SWNT synthesis on the 

solid catalyst particles the high degree of supersaturation of metal particles by carbon is 

required; d) the use of metals characterised by a higher metal-carbon energy bond yields 

nanotubes with smaller diameters. Figure IB illustrates our conclusions. The optimal 

conditions required for SWNT growth correspond to line a'-b'-c'-d'. In this case carbon 

nucleation on the liquid catalyst particles begins after reaction temperature decrease below the 

point b'. These conditions can be realised with using of arc discharge and laser ablation 

techniques. For SWNT growth in the case of isothermal decomposition of hydrocarbon or CO 

on the surface of solid metal particles (line a" -b" -c") high degree of supersaturation by carbon 

1s necessary. 
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Figure 1. A) Dependence of rcrit on the reaction temperature for Ni and Fe catalysts, along with values 
extracted from the literature for Ni and Fe catalysts, marked by circles and triangles, 
respectively; B) schematic metal-carbon phase diagram (for transition metals such as Fe, Ni, 
Co, Mn). 
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B03,IJ:EHCTB:UE PEAKQ:UOHHOH CMEC:U HA COCTOHH:UE IIOBEPXHOCT:U 
CEPEliPHHOro KATAJI:U3ATOPA OK:UCJIEHHH 3T:UJIEHr JI:UKOJIH 

INFLUENCE OF REACTION MIXTURE ON THE STATE OF SILVER CATALYST 
SURFACE IN THE ETHYLELNE GLYCOL OXIDATION 

KHH3eB A.C., JiopoHHH A.H.*, BonHHKHHa O.B. ** H KypHHa JI.H. ** 
Knyazev A.S., Boronin A.I.*, Vodyankina O.V.** and Kurina L.N.** 

I1HCTHTyr XHMHH HeqJTH CO PAH, rrp. AKa,neMH1IeCKHH, 3, ToMcK 634021, Poccm1 

<DaKc: (3822) 258457 

*I1HCTHTyr Karn.mna HM. r.K. EopeCKOBa co P AH, rrp. AK. JlaBpeHTbeBa, 5, HoBOCH6HpCK 
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**ToMCKHH rocy,napcrneHHbIH YHHBepcHTeT, rrp. JleHHHa, 36, ToMCK 634050, Poccm1 

<DaKc: (3822)426195; E-mail: vodyankina_o@mail.ru 

The surface state of the massive polycrystal Ag catalyst before and after action of 
oxygen-content reaction mixture has been investigated in dependence on both temperature 

and treatment time. Existence of a several forms of oxygen and carbon which are stable in the 
examined temperature interval has been shown. Comparison of the catalyst activity and states 

of oxygen and carbon-content surface compounds has been carried out. 

r JIHOKCaJib - rrpocTeiinrnii ,nHaJib,nerH,n, IIOJIYlJaIOT B OCHOBHOM OKHCJieHHeM 

3THJieHrJIHKOJI5I Ha cepe6pHHbIX KaTaJIH3aTOpax B ,nHaIIa30He TeMrrepaTyp 500-650°C B 

a,nHa6aTH1IeCKOM pe)KHMe. lllIIpoKHH crreKTp o6pa3YJOIUHXCH rro601IHbIX Bemecrn (CO2, CO, 

HCOH, HOOC-COOH, HOCH2-CH2O II ,np.) roBopHT o CJIO)KHOCTH rrpo:u;ecca. 

,[(eTaJIII3a1(HIO MexaHH3Ma OCJIO)KH5IeT HHTeHCHBHOe o6pa3oBaHHe 

yrnepo,nco,nep)KamHx coe,nHHeHHH Ha IIOBepXHOCTH KaTaJIII3aTOpa [ 1]. 

B ,naHHOH pa6oTe MeTO,nOM peHTreHOBCKOH QJOT03JieKTpOHHOH crreKTpOCKOIIHH (P<D3C) 

HCCJie,noBaHO COCT051HHe KHCJiopo,na II yrnepo,na Ha IIOBepXHOCTH MaCCHBHoro cepe6p51HOro 

KaTaJIH3aTopa CHHTe3a rJIHOKCaJI51. IlOJIYlJeHHbie pe3yJihTaTbl COIIOCTaBJieHbl C ,naHHbIMH no 

ceneKTHBHOCTH Ag KaTaJIH3aTopa B rrpo[(ecce OKHCJieHH51 3THJieHrJIHKOJI51 B rJIHOKCaJib B 

3aBHCHMOCTH OT TeMrrepaTypbI peaK[(HH. 

y CTaHOBJieHO, qTo OKHCJiemrn 3THJieHrJIHKOJI51 Ha cepe6pe rrpoTeKaeT TOJibKO Ha 

KHCJIOpo,nco,nep)KamHx 1(eHrpax IIOBepXHOCTII [2]. O,nHaKO, KOJIH1IeCTBeHHbIH aHaJIH3 

,naHHbIX P<D3C YKa3bIBaeT Ha BeCbMa BbICOKOe co,nep)KaHHe He TOJibKO KHCJIOpo,na, HO H 

yrnepo,na Ha IIOBepXHOCTH cepe6pa. TaK, aTOMHOe COOTHOllleHHe Ag/O/C ,il;JI51 HCXO,nHoro 

KaTaJIH3aTOpa paBHO 1,0/1,6/2,0, a ,nn51 cepe6pa, o6pa6ornHHoro peaKJJ;HOHHOH cpe,noii H 

IIOKa3bIBaIOmero xopolllyro aKTHBHOCTb H ceJieKTHBHOCTb, ,naHHOe COOTHOllleHHe COCTaBJI51eT 

1,0/0,8/4,0. CrreKTpbI Cls CBH,neTeJibCTBYJOT o CHJihHOH CTPYKTYPHOH H XHMH1IecKoii 

Heo,nHopo,nHOCTH yrnepo,na, 1IaCTb KOTOporo Haxo,nHTC51 B BH,ne 3JieMeHTapHbIX c}JopM, a 1IaCTb 
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yrnepo,z:i:a CB5I3aHa Herrocpe,z:i:cTBeHH0 C KHCnopo,z:i:oM. 3TH ,z:i:aHHhie II03B0IT5IIOT c,z:i:enaTb 

rrpe,z:i:rrono)KeHHe 06 aKTHBHOH ponH yrnepo,z:i:a B cpopMHpOBaI-IMH MITH CTa6HITH3aU:HH 

aKTHBHOro u;eHTpa rrpeBpaI.QeHH5I 3THITeHrnHKOITb B rnHOKCaITb. 

Pa3ITO)KeHHe crreKTp0B O 1 s II C 1 s Ha K0MII0HeHTbI II03B0ITHIT0 ycrnH0BHTb, l.JT0 Ha 

II0BepxH0CTH KaTaITH3aTOpa co,z:i:ep)KaTC5I 4 cpopMbI KHcnopo,z:i:a II 3 cpopMbI yrnepo,z:i:a. 

CocT05IHHe KHCnopo,ri:HhIX II yrnepo,ri:HbIX cpopM cymecrneHH0 H3MCH5IeTC5I rrocne o6pa60TKH 

KarnnmaTopa peaKUHOHHOH CMeCblO. ll3MeHeHHe TeMrrepaTypbI B ,ri:Harra30He 400-650°C, a 

TaK)Ke BpeMeHH o6pa6oTKH, 0,5-4,0 l.J., He3Hal.JHTeIThH0 BITH5IeT Ha C00TH0IIJCHHe cpopM 

KHCnopo,z:i:a II yrnepo,z:i:a. 3To CBH,[(eTeITbCTByeT 06 y'HHBepcanbH0CTH aKTHBHbIX u;eHTp0B, 

cpopMHPYJOI.QHXC5I Ha II0BepXH0CTH cepe6pa B ycn0BH5IX KaTaITHTHl.JeCK0ro rrpouecca; a HX 

CTa6HITbHOCTb, CK0pee Bcero, CB5I3aHa co 3Hal.JHTeITbHbIM co,z:i:ep)KaHHeM yrnepo,z:i:a, 

crroco6Horo 3aKperrHTh Ha rroBepxH0CTH aKTHBHYJO CTPYKTYPY AgxOyCz, TeM caMbIM 

IIOBbIIIIa5I BpeM5I )KH3HH II aKTHBHOCTb KaTaITH3aTopa. 

Pa6orn BbIII0ITHeHa rrpH rro,z:i:,z:i:ep)KKe <l>e,z:i:epanbHOll ueneBOll HaYl.JHOH rrporpaMMbI 

«<l>y'H,ri:aMeHTaITbHbie HCcne,z:i:oBaHH5I BbICIIIeH IIJK0ITbI B o6nacnI ecTeCTBeHHbIX II 

ry'MaHHTapHbIX Hay'K. YHllBEPCllTETbl POCCllll» (rpaHT J\fo 015.05.01.008). 

[l] Vodyankina O.V., Kurina L.N., Boronin A.I., Salanov A.N. // Stud. Surf. Sci. Catal. - 2000. -
V.130B. - P.1775 - 1781. 

[2] BopottoBa f.A., Bo,n51HKHHa O.B., Kypirna JI.H. JI ,np. // )I{<l>X. 2001. T.75 . N2l. C.75-78. 
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IN SITU CHARACTERIZATION AND CATALYTIC PROPERTIES OF BULK AND 
SUPPORTED MoO2(Hx)ac ON TiO2 FOR THE ISOMERIZATION OF LIGHT 

ALKANES 

HCCJIE,I(OBAHHE IN SITU fl KAT AJIHTflqECKHE CBOHCTBA MACCHBHoro 
lI HAHECEHHOrO HA TiO2 MoOi{Hx)ac B PEAKI(HH H3OMEPH3AI(HH 

JIErKHX AJIKAHOB 

Katrib A., Benadda A. and Maire G. 

LMSPC-UMR 7515 du CNRS-ECPM. University Louis Pasteur-25, 
rue Becquerel-67087 Strasbourg-France 

Fax: +33-3-90 27 27 61; E-mail: katrib@chimie.u-strasbg.fr 

In situ XPS measurements of the reduction by hydrogen of an equivalent 5 layers of 
MoO3 deposited on TiO2 in function of time and temperature enabled to identify the presence 
of Mo2O5 and MoO2• Most of the deposited MoO3 is reduced to MoO2 at 673 K. The MoO2 

has been identified on the basis of the Mo (3d) binding energies as well as the presence of a 
density of states at the Fermi level characteristic of the metallic properties of this phase. A 
catalytically active MO2(Hx)ac•Phase is formed on the sample surface as a result of hydrogen 
bonding to surface oxygen atoms. The presence of the Bronsted Mo-OH acidic groups beside 
the metallic function inherits the bifunctional catalytic character of MO2(Hx)ac· in similar way 
to the Pt deposited on acidic alumina catalysts. 

Catalytic reactions were studied for nH, 2MP, 3MP and n-pentane at temperatures s,673 K. 
A selectivity of more than 90% in isomerization products was obtained at reaction 
temperatures s,600 K. 

Isomerization of light alkanes has taken importance in recent years in order to increase 

the gazoline octane number and to obtain clean fuels. Supported platinum on chlorinated 

alumina or zeolites catalysts are widely used in oil industry for the isomerization of light 

naphta. The catalytic action of these system has been interpreted in terms of a bifunctional 

mechanism, in which the dehydrogenation/hydrogenation take place on the metallic platinum 

particles, while the isomerization of the olefin occurs on the acidic function in terms of the 

carbenium ion mechanism [l]. 

The possible replacement of platinum based catalysts for the isomerization of alkanes 

becomes an urgent need due to certain economic and scientific problems associated with the 

use of these systems [2-4]. In this respect, transition metals such as Wand Mo carbides [2] or 

oxicarbides [5] were proposed. 

Research work on Mo and W based catalysts enabled us to identify molybdenum and 

tungsten dioxides as the responsible species for the isomerization reactions of alkanes [6-10]. 

The catalytic activities of these dioxide systems is interpreted in terms of a bifunctional 

mechanism m similar way to Pt deposited on chlorinated alumina. The 
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dehydrogenation/hydrogenation processes take place on the delocalized re electrons of the Mo 

or W atoms placed along the C-axis of the deformed rutile structure of MO2 (M= Mo, W) and 

observed as a density of states at the Fermi level in XPS-UPS. The acidic function required 

for the isomerization of the produced olefin is assured by the Bronsted M-OH acidic functions 

formed on the dioxide surface as ·a result of hydrogen atoms bonding to the surface oxygens, 

thus forming a bifunctional MoO2(Hx)ac• active phase in which (Hx)ac• designates the surface 

acidic groups. The presence of these Bronsted acidic functions is based on ammonia 

adsorption (11], isomerization reactions of olefins at relatively low temperatures as well as the 

dehydration of isopropanol. 

A relatively high selectivity of more than 90% is obtained at the reaction temperatures 

between 500-600 K for n-hexane, 2-methyl and 3-methyl pentanes reactants using supported 

MoO2(Hx)ac-On TiO2. This catalytic phase is active at 400 K for the isomerization of hexenes 

with 100% in selectivity of isomerization products. These results clearly demonstrate that the 

dehydrogenation process is the limiting step for the catalytic conversion of hexanes and the 

effect of the acidic function for the isomerization of olefins at relatively low reaction 

temperatures. The activation energy of n-hexane has been determined at 117 kJ/mol, typical 

of a bifunctional mechanism. It is important to note that the stability of this catalytic phase 

has been tested under the experimental conditions for several hours without any observed 

change in neither the activity nor the selectivity. 

Similar catalytic results were obtained for the isomerization of n-pentane with a 

conversion of 30% and a selectivity of 90% to isopentane was obtained at 600 K reaction 

temperature. 

In situ characterization by XPS-UPS and the catalytic properties will be presented. 
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AKa,LJ;eMHK BJia,LJ;HMHp MnxaiiJioBnq rpH3HOB 

(17.07.1922 - 19.05.2001) 

Academician Vladimir M. Gryaznov 

Bna,ZUIMHp MttxaiiJIOBHq r p513HOB - BbI,D;aIOru;HHC51 yqeHbIH B o6JiaCTH <pH3HqecKOH 

XHMHH H KaTaJIH3a, ,[(OKTOP XHMHqecKHX Hay:r<, rrpocpeccop, aKa,neMHK PoccHHCKOH AKa,neMHH 

Hay:r<, rroqeTHbIH qJieH Me)K,r:i;y1rnpo,r:i;Hoii AKa,r:i;eMHH Hay:r< BbICilleii IllKOJibI. 

HayqHbie HCCJie,noBaHH51 B.M. fp513HOBa B o6JiaCTH reTeporeHHOro KaTaJIH3a HMeIOT KaK 

o6meTeopeTHqecKoe, TaK H rrpaKTHqecKoe 3HaqeHHe. HM Bbl5ICHeH MexaHH3M cpopMHpOBaHH51 

aKTHBHblX [(eHTpOB MeTaJIJIHqecKHX KaTaJIH3aTopoB rrpH TepMoo6pa60TKe, ycTaHOBJieHa 

IIOCJie,r:i;oBaTeJibHOCTb CTa,D;HH KaTaJIHTHqecKoro rrepepacrrpe,r:i;eJieHH51 BO,r:i;opo,na B 

UHKJIOaJIKeHax, OTKpbITO 51BJieHHe COIIp51)KeHH51 peaKUHH Ha H36HpaTeJibHO rrpom1uaeMbIX 

MeM6paHax. B.M. fp513HOB CO3,[(aJI HOBOe HarrpaBJieHHe B reTeporeHHOM KaTaJIH3e -

MeM6paHHbIH KaTaJIH3, H pa3pa6oTaJI ueJiblH p51,D; BbICOK03cpcpeKTHBHbIX MeM6paHHbIX 

KaTaJIH3aTopoB H KOHCTP)'KUHH KaTaJIHTHqecKHX MeM6paHHbIX peaKTOpOB. 

B.M. fp513HOB - TaJiaHTJIHBbIH opraHmarnp Hay:r<H. HM 6bma opraHH3OBaHa Kaq>e,npa 

<pH3HqecKOH H KOJIJIOH,D;HOH XHMHH YHHBepCHTeTa np)')K6bl Hapo,r:i;oB HM. Ilarpttca Jl)'M)'M6bl 

(HbIHe PocCHHCKHH )'HHBepCHTeT np)')K6bl Hapo,r:i;oB ), na6oparnpH51 KaTaJIH3a Ha MeM6paHax B 

HHCTHTyre HecpTeXHMHqecKoro CHHTe3a HM. A.B. Torrq11eBa PAH, KOTopyro OH BO3rJiaBJIJIJI 

no rrocne,r:i;Hero ,[(H51 )KH3HH. Ilon ero py:r<OBO,[(CTBOM rronroTOBJieHO HeCKOJibKO COT XHMHKOB 

H 3aru;Hru;eHO OKOJIO 40 KaH,D;H,D;aTCKHX H ,[(OKTOpCKHX ,[(HCcepTaUHH B o6JiaCTH qJH3IfqecKOH 

XHMHH. 
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B.M. fpR3HOB aBTOp 6onee 600 HayqHbIX rry6m1:KaI.JJIH, B TOM qMcJie MOHorpaqmM: 

"KaTaJIH3 6naropo,n:HblMM MeTaJIJiaMM. ,L(HHaMMqecKMe oco6eHHOCTH" M 6onee 70 aBTOpCKMX 

CBM,neTeJibCTB M rraTeHTOB. 

3a 3acnyrM rrepe,n: oTeqecTBeHHOH HaYKOH, rre,narornqecKyro, HayqHo-opraHH3aI.J;HOHHYJO 

H o6mecTBeHHYJO ,[(e51TeJibH0CTb aKa,[(eMMK B.M. fp513HOB Harpa)K,[(eH Op,n:eHOM neHMHa, 

Op,n:eHOM OKrn6pbCKOH peBOJIIO[(MH, Me,[(aJiblO "3a o6opoHy MocKBbI", eMy rrpMCBOeHo 

3BaHMe 3aCJI)')KeHHOro ,[(e51TeJI51 HaYKM H TeXHHKM P<I>. 3a ycrrexM B C03,[(aHMH MaTepMaJIOB 

,[(JI51 MeM6paH B 1995 r. OH B COCTaBe aBTOpCKOro KOJIJieKTMBa IIOJI)'1IMJI rrpeMMIO 

IlpaBMTeJibCTBa P<I> B o6nacTH HaYKM H TeXHHKH. B 1998 r. Ilpe3M.[(MYM PAH rrpHcy,n;ttn 

B.M. fp513HOBY rrpeMHIO MM. A.A. EanaH,n:HHa 3a nyqrnyro pa6oTy B o6nacTH KaTaJIH3a. 

Bna,[(HMHp MHxaHJIOBifq 6bIJI rrpMHI.J;MIIMaJibHbIM yqeHbIM, CKpOMHblM tt BHHMaTeJibHbIM 

K JIIO,ll;RM qeJIOBCKOM, ero OTJIIfqaJia orpOMHa51 pa6oTOCIIOC06HOCTb M caMO,[(HCI.J;HIIJIMHa. OH 

6blJI IIOJIOH H,[(e51MH M TBopqecKMMM IIJiaHaMH, BOIIJiomaTb KOTOpbie rrpe,n;CTOMT ero yqeHMKaM 

M rrocne,n:oBaTeJI51M. 
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PL-5 

V .M. Gryaznov has established the mechanism of hydrogen disproportionation in 
cyclogexene. He has observed the catalytic activity of two-dimensional metallic vapour, and 
has discovered membrane catalysis, which is the special form of conjugated reactions. 

Ilpocpeccop B.M. rp513HOB (1922-2001) po,n;m1c51 B r. MocKBe, 0K0Hqm1 XHMHqecKHii 

cpaKyrroTeT MrY HM. floMoHocoBa, pa6ornrr B MrY, B PoccHiicKoM YHHBepcHTeTe ,n;p)')l(601 

Hapo,n;oB, B 11HCTIITYTe HecpTeXHMHqecKoro CHHTe3a PAH HM. A.B. TorrqHeBa. B 1990 r. 6brn 

m6paH ,n;eiicTBHTeJII>HbIM qrr-eHoM PoccHiicKoii AKa,n;eMHH HaYK. 

Ero HayqHa51 ,n;e51TeJibHOCTb Haqarracb B 1942 r. rro,n; PYKOBO,[(CTBOM A.B. <l>pocrn. 

C 1952 r. rrocrre KoHqHHbI A.B. <l>pocrn Brra,n;HMHp MHxaiirroBHq B03rrraBJI51eT pa:mIIqHbie 

KOJIJieKTHBbl COTpy,n;HIIKOB, acrrIIpaHTOB II CTy,n;eHTOB. 

OcHOBHbie HayqHbie ,[(OCTIDKeHII51 B.M. rp513HOBa: 

1. y CTaHOBJieH MexaHII3M peaKUIIII Heo6paTHMOro KaTaJIII3a H.,[(. 3eJIIIHCKOro. 

IloKa3aHo, qTo rrepepacrrpe,n;erreHIIe Bo,n;opo,n;a B UIIKrroreKceHe ( II UHKrroreKca,n;IIeHe ) Ha Pd 

II Pt rrpoTeKaeT B BH,n;e rrocrre,n;oBaTeJibHo-rraparrrrerrI>Horo rrpouecca, cocToHmero H3 

He3aBHCHMbIX peaKUHM ,n;erH,n;pHpOBaHH51 II rII,n;pHpoBaHH51. 

2. O6Hap)')l(eHa KaTaJIHTHqecKa51 aKTHBHOCTb ,[(BYMepHoro rrapa MeTarrrra, KOTOpbIM 

HaXO,[(HTCH B paBHOBeCHH c KpHCTaJIJIOM (,[(HIIJIOM Ha OTKpbITHe 1984 r., rrpHopHTeT OT 

1961 r.). ODimr II 3aKarrKa OT TeMIIepaTypbI TaMMaHa (1/3 OT TeMrrepaTyppl rrrraBJieHH51 

MeTarrrra) II03BOJIHJIH peryrrHpOBaTb KaTaJIHTHqecKyro aKTHBHOCTb rrarrrra,n;HH II ero crrnaBOB B 

peaKUHHX rrpeBpameHH51 yrrreBo,n;opo,n;oB. 

3. MeM6paHHbIM KaTaJIH3: corrpH)KeHHe peaKUHM, rrpOTeKaIOIUHX no pa3Hbie CTOpOHbl OT 

rroBepxHOCTH MeM6paHbI H3 rrarrrra,n;HH II ero crrrraBOB HJIH cepe6pa II ero crrrraBOB 3a cqeT 

rrepeHOCa BO,n;opo,n;a HJIH KIICJIOpo,n;a. O6Hap)')l(eHbl yrryqrneHHbie xapaKTepHCTHKH TaKIIX 

peaKUHM (,[(HIIJIOM Ha OTKpbITHe 1971 r., rrpHopHTeT OT 1964 r.) C03,n;aHbl CJIO)KHbie 

KOMII03HTHbie MeM6paHbl, rrpHrO,[(Hbie ,[(JI51 HCIIOJib30BaHH51 B rrpOMbIIIIJieHHblX rrpoueccax, B 

TOM qHcrre II ,[(JI51 peaKr:t;HM, rrpe,n;CTaBJIHIOIUHX HHTepec ,[(JI51 3KOJIOI'HH. 3TH pa60Tbl rrorryqHJIH 

MHpOBOe rrpH3HaHHe H IIIHpOKOe pa3BHTHe B ,n;pyrHx CTpaHax. 

B.M. rp513HOB Harpa)K,[(eH MHOI'HMH rrpaBHTeJibCTBeHHbIMH II aKa,n;eMHqecKHMH Harpa,n;aMH. 
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MEMBRANE REACTORS IN INTEGRATED MEMBRANE OPERATIONS 

MEMliPAHHhIE PEAKTOPA B HHTErPHPOBAHHhIX MEMliPAHHhIX 
IIPO:QECCAX 

Drioli E., Giorno L., Curcio E. and Barbieri G. 

Research Institute on Membrane Technology - ITM-CNR (former IRMERC-CNR) 
Via P: Bucci, Cubo 17 /C, c/o University of Calabria, 87030 Rende (CS), Italy 

E-mail: e.drioli@irmerc.cs.cnr.it 

Membrane reactors have attracted considerable attention in the recent years for their 

potentialities in realizing innovative chemical transformations well consistent with the process 

i~tensification strategy and miniaturization opportunities. 

From the first, Academician Gryaznov worked in this area suggesting the use of 

palladium for controlled H2 supply or removal in various hydrogenation or dehydrogenation 

reactions, to the new high temperature ion-conducting membranes for syngas production, to 

the biocatalytic membranes for stereospecific reactions and separations, significant scientific 

and industrial progresses have been made. 

Membrane reactors are today under investigation m a large variety of chemical 

transformations, in fine chemistry, biotechnology, basic chemical processes, etc. The design 

of integrated membrane operations based on membrane molecular separations and catalytic 

membrane reactors for reducing energy consumption and environmental impact, increasing 

productivity and products quality is an important opportunity in product and process 

engmeenng. 
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OKHCJIHTEJibHAH KOHBEPC:IDI MET AHAB 3JIEKTPOXHMHqECKOM 
PEAKTOPE C TBEP,l(hIM KHCJIOPO,l(IIPOBO,LVImHM 3JIEKTPOJIHTOM 

OXIDATIVE CONVERSION OF METHANE IN A SOLID OXIDE FUEL CELL 
REACTOR 

Co6RHHH B.A. 

Sobyanin V .A. 

HHCTRTyr KaTaJIR3a RM. f .K. EopeCKOBa co p AH 

rrp . AKa,neMRKa JianpeHTbeBa, 5, 630090 HonocRfo.1pcK, Poccm1 

E-mail: sobyanin@catallysis.nsk.su 

AHaJIR3 TeKym:eii JIRTepaTypbI IlOKa3bIBaeT, qTo I'a30<pa3Hblli 3JieKTpOKaTaJIR3 C 

rrpRMeHeHReM TBep,nbIX KRCJiopo,nrrpoBO,ZJ;51I.I.J:RX 3JieKTpOJIRTOB (TK3) JIBJIJieTCH 6blcrpo 

pa3BRBaIOru;eHC51 o6JiaCTbIO HaYKR, po,nRBIIIeHCJI Ha CTbIKe KaTaJIR3a R 3JieKrp0XHMHR. 

Oco6bIH RHTepec B 3TOH o6JiaCTR rrpe,ncTaBJIJIIOT RCCJie,noBaHRJI OKRCJIRTeJibHOH KOHBepcm1 

MeTaHa B CRHTe3-ra3 · R C2-yrneno,nopo,nbI B 3JieKTpOXRMRqecKOM peaKTOpe 

( 3JieKTpoxRMRqecKoii 51qeiiKe) c TK3. Ha PRc. 1 rrpRne,neHa cxeMa R rrpRHURII pa6oTbl 

TaKOro peaKTOpa. Ha 3JieKrpo,n-KaTaJIR3aTop ( aHo,n) rro,n:aeTCJI ITOT0K MeTaHa, He 

co,nep)l<aI.I.J:RH KRCJIOpo,n. KRcJiopo,n: B 30HY peaKURR rro,naeTCH B BR,ne ROH0B 0 2
-' 

o6pa3)'IOI.I.J:RXC51 Ha B03,ZJ;YIIIHOM 3JieKTpo,ne (KaTO,ne) rrpR rrporrycKaHRR 3JieKrpRqecKoro TO Ka 

qepe3 peaKTOp: 0,502 + 2e ➔ 0 2
-. 3TR ROHbl 3aTeM rrepeHOC51TC51 qepe3 TK3 K 3JieKrpo,n:y

KaTaJIR3aTopy, r,n:e OHR pa3p51)KaIOTC51, 06pa3y51 02, JIR6o OKRCJIJIIOT MeTaH: 

0
2
-➔ o,5O2 + 2e 

CH4 + 0 2
-➔ rrpO,ll;YKTbl + 2e 

OqeBR,lJ;HO, qTo 3JieKTpOXRMRqecKHH crroco6 KOHBepc1rn MeTaHa B CRHTe3-ra3 R 

C2-yrneno,nopo,nbl B 3JieKTpOXRMRqecKOM peaKTOpe C TK3 o6Jia,naeT p51,ll;OM B03MO)KHOCTeH, 

KOTOpbie HeJib351 peanmoBaTb rrpR ocym:ecTBJieHRR 3TRX peaKURM 06b1qHblM 

KaTaJIRTRqecKRM rryreM. TaK, rrpR 3JieKTpOXRMRqecKOH KOHBepc1rn MeTaHa MO)KHO II0JiyqaTb 

He TOJibKO CRHTe3-ra3 R Cz-yrJieBo,nopo,nbl, HO R 3JieKrp03HeprRIO, T.e. peaKTOp M0)KeT 

pa6oTaTb B pe)KRMe TOITJIRBHOro 3JieMeHrn; YMeHbIIIaeTCJI Bep051THOCTb B3pbIBa peaKUROHHOH 

CMeCR, IlOCKOJibKY MeTaH R B03,nyx pa3,neJieHbl 3JieKTpOJIRTOM, a KOJIRqecTBO KRCJIOpo,n:a, 

rro,n:anaeMoro qepe3 3JieKrpOJIRT B 30HY peaKURR, KOHTPOJIRpyeTCJI TOKOM, rrpoTeKaIOru;HM 

qepe3 peaKTop; rrpR HCITOJib30BaHRR B KaqecTBe OKRCJIRTeJIJI B03,nyxa He B03HRKaeT rrpo6JieM, 

CB513aHHbIX C OT)];eJieHReM rrpO,ll;YKTOB peaKURR OT a30Ta, T .K. OT,neJieHRe KRCJiopo,na OT 

,npyrRx KOMITOHeHTOB B03,nyxa ocym:eCTBJIJieTCJI ~e Ha CTa,lJ;RR ero rro,naqR B 30HY peaKUHH. 
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JJieKTpo.u
KaTa.rrmaTop 
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TBep}].bltt 

3JieKTpOJIHT 

~:~::e-02
• 

803.UYIIIHbltt 

JJieKTPO.U 

PHc. 1. CxeMa H rrpHHUHII pa6on,I peaKTOpa c 

rnep,n;bIM KllCJIOpo,z:i;rrpoBO,lJ;5IIUHM 3JieKTpOJIHTOM 

B. HaCT05IJUeM ,lJ;OKJia,z:i;e Ha OCHOBaHHll co6cTBeHHbIX ll JIHTeparypHbIX ,z:i;aHHbIX 6y,z:i;yr 

paccMOTpeHbI OCHOBHbie 3aKOHOMepHOCTll ll MexaHH3M rrpoTeKaHH5I peaKUllll OKHCJIHTeJibHOll 

KOHBepcHH MetaHa B CllHTe3-ra3 ll C2-yrneno,z:i;opo,z:i;bl B 3JieKTpOXHMHqecKOM peaKTOpe C 

tBep,n;bIM KllCJIOpo,z:i;rrpoBO,lJ;5IJUHM 3JieKTpOITHTOM. 
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MEMBRANE REACTORS FOR METHANE REFORMING WITH CARBON 

DIOXIDE 

MEMliPAHHbIE PEAKTOPA ));JUI PE<l>OPMMHr A MET AHA C )l;IIOKCH)l;OM 
YrJIEPO)l;A 

Basile A., Paturzo L. and Calabro G. 

Research Institute on Membranes and Modelling of Chemical Reactors, IRMERC-CNR, c/o 
University of Calabria, via P. Bucci, cubo 17/C, 1-87030 Rende (CS) Italy 

Tel.: (+39) 0984 492011; Fax: (+39) 0984 402103 
E-mail: basile@irmerc.cs.cnr.it 

The reaction of dry reforming of methane to produce syngas was carried out at first in a 
traditional reactor, and subsequently in a membrane one. A dense Pd-Ag tubular membrane 
has been used for this purpose. Both reactors have been compared in terms of experimental 
results regarding methane and carbon dioxide conversions, and carbon monoxide and 
hydrogen selectivities. A comparison with literature data is also presented. 

Natural gas production increased in recent years so, in the future, it will be used both as 

energetic vector and as valuable raw material for several industrial productions, including 

synthesis gas manufacturing and its exploitation (e.g. ammonia/urea production and methanol 

synthesis). After purging hydrogen from carbon monoxide, it shows potential applications for 

example in fuel cells. 

A useful approach for syngas production is the dry reforming of methane, which is an 

endothermic reaction producing a gaseous mixture with a low H2/CO molar ratio: 

C!Li + CO2 = 2 CO + 2 H2 Afl0 29s K = +247 kJ/mol 

This reaction became more interesting in the last years: different kinds of catalyst were 

used, such as Ni, Ru, Rh, Pd, and Pt based ones. [ 1-6]. 

One important limitation for making the dry reforming of methane· reaction a 

commercially viable reaction is due to its thermodynamic constraints, which limit reactants 

conversion. 

A membrane reactor is able to overcome the thermodynamic limitations giving the 

possibility to achieve either higher conversions than a traditional process at a fixed 

temperature, or the same conversions but at lower temperature. 

In the present work, an experimental plant has been set to perform the reaction of dry 

reforming of methane to produce syngas. This reaction was carried out at first in a traditional 

reactor, and subsequently in a membrane one. A dense Pd-Ag tubular membrane has been 

used for this purpose. Both reactors have been compared in terms of experimental results 
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regarding methane and carbon dioxide convers10ns, and carbon monoxide and hydrogen 

selectivities. A comparison with literature data is also presented. 

More in details, this work focuses on the effect of a dense tubular Pd-Ag membrane 

packed with a conventional Ni-based catalyst on the reaction performance. 

The main variables of investigation are the temperature and the time, since the greatest 

problem is the carbon deposition, which negatively influences both the reactants conversion 

and the products selectivity of the reaction during the time. 
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DEVELOPMENT OF ENERGY SAVING AND COST-EFFECTIVE 
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IN CATALYTIC MEMBRANE REACTORS 

lieJioycos B.B. u Illron~e M. 

Belousov V. V. and Schutze M. 

OT,I:i;en MaTepttaJIOB, Haj'1:IHO-MCCJie.[(OBaTeJibCKMH MHCTMTyr CTaJIM M 
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CBeTnoii rraMHTH: aKa,n:eM11Ka B.M. rpH3HOBa rrocBHrn;aeTCH 

High-plasticity ceramic membranes have been developed with liquid channel grain 

boundary structure; the membranes feature high oxygen permeability and selectivity. The 

mechanism of liquid channel grain boundary structure formation in oxide ceramics has been 

investigated. The membranes transport characteristics have been measured. The potentials of 

application of such membranes for syngas production have been analysed. 

CttHTe3-ra3 rrpOI13BO.[(.sIT no :meproeMKOH TeXHOJIOI'MM napOBOH KOHBepCMll MeTaHa npH 

900 °C, qTQ Tpe6yeT .n:opornx )KapoCTOHKMX MaTepHaJIOB .[(JI.sI KOHBeprnpoB M 60JibllIMX 

pacxo.n:oB MernHa KaK TonnttBa. Bredesen II Sogge [ 1] noKa3aJIM, qrn npHMeHeHHe 

KaTaJIMTMqecKMX MeM6paHHbIX peaKTOpOB .[(JI.sI npOI13BO.[(CTBa CMHTe3-ra3a II03BOJIIIT 

cymecTBeHHO YMeHbllIMTb 3aTpaTbI :meprHM M HeBOCnOJIHMMOro yrneBo,r:i:opo.n:Horo Cblpb.sI. · 

KaTaJIMTllqecKHH MeM6paHHbIH peaKTOp CO,D;ep)KllT JIH6o KaTaJIMTllqecKyio MeM6paHy, JIU6o 

MeM6paHy B coqeTaHMM c nopoIIIKOBbIM KaTaJIM3aTopoM. IlpHMeHeHHe B peaKTOpax 

3JieKTpOXMMllqecKHX MeM6paH co CMeIIIaHHOH KMCJIOpo.n:HoHHOH M 3JieKTPOHHOH 
npoBO.[(llMOCTbIO OTKpbrnaeT nepcneKTllBbI npMHIJ;MnllaJibHOro ynyqIIIeHM.sI TeXHOJIOI'MM 

nepepa60TKll B CllHTe3-ra3 MeTaHa II .n:pyrHx yrneBO.D:OPO.D:HbIX ra30B. Ilo3TOMY :u;eJib .n:aHHOH 
pa60TbI COCTOMT B pa3pa60TKe TaKMX MeM6paH II peaKTOpOB .[(JI.sI npOI13BO.[(CTBa CllHTe3-ra3a. 

IlonyqeHbI nJiaCTMqHbie KepaMHqecKMe MeM6paHbI C )Kll.[(KOKaHaJibHOH 3epHorpaHMqHoH 

CTPYKTYPOH [2-5], 06na.n:a10mtte BbICOKOH npoHMI(aeMOCTbIO II ceneKTllBHOCTbIO no 
KllCJIOpo.n:y. 113MepeHbI TpaHcnopTHbie xapaKTepMCTllKll MeM6paH. TaK KllCJIOPOJJ:llOHHa.sI M 

1 . -1 -1 1 02 -1 -1 
3JieKTpOHHa.sI npoBO,[(llMOCTM COCTaBJI.sIIOT ~ OM ·CM M ~ OM ·cM , COOTBeTCTBeHHO. 

3cpcpeKTMBHbIH K03q>q>Ml(lleHT .D:llq>q>Y3llll ~ 10-6cM
2·c-1

. IlpOHMI(aeMOCTb KllCJIOpo,r:i:a 6onee 
1 CM

3 
/cM

2
·MMH. 

Pa6orn BbIITOJIH.sieTC.sI B paMKax COBMeCTHOro PocCMHCKO-fepMaHCKOro npoeKTa 

R US 0 1/220, cpttHaHcttpyeMoro BMBF / DLR. 

[ 1] Bredesen R., Sogge J. A technical and economic assessment of membrane reactors for hydrogen 
and syngas production, Cetraro, Italy, May 1-4, 1996. 

[2]EenoycoB B.B. 3JleKmpoxUMuR, 31 (1995) 1343. 
[3] Belousov V.V. J. Am. Ceram. Soc., 79 (1996) 1703. 
[4]EenoycoB B.B. Ycnexu xUMuu, 67 (1998) 631. 
[5] Belousov V.V. J. Am. Ceram. Soc., 82 (1999) 1342. 
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CJIOJKHbIE <l>OC<l>AThl l(U:PKOHIDI C PA3JIU:qHhIMU: KATU:OHAMU:

IlPE):(IDECTBEHHU:KH HOBhIX ME30IlOPU:CTbIX MEMliPAHHhIX 
KATAJIU:3ATOPOB 

COMPLEX ZIRCONIUM PHOSPHATES WITH VARIOUS CATIONS AS THE NEW 
MESOPOROUS MEMBRANE CATALYST PRECURSORS 

rpH3HOB B.M.t, ryJILHHOBa c.rt., EpMHJIOBa M.M., Opexosa H.B., OpJIOBa A.H.* H 

IleThKOB B.U:. * 
Gryaznov V.M.t, Gul'yanova S.G.t, Ermilova M.M., Orekhova N.V., Orlova A.I.* and 

Pet'kov V.I. * 

Topchiev Institute of Petrochemical Synthesis RAS 
29, Leninsky prosp., 117912, Moscow, Russia 

Fax: (+7-095) 230 22 24; E-mail: ermilova@ips.ac.ru 

*Lobachevskii Nizhegorodskii State University, 
23, prosp. Gagarina, 603950, Nizhnii Novgorod, Russia 

Fax: ( + 7 8312) 65 85 92; E-mail: oai@uic.nnov.ru 

Crystal complex zirconium phosphates Na1-2xCuxZr2(PO4)3 and Na1+yFey Zr2-y(PO4)3 were 
synthesized and their structure was investigated by XRD, IR- and EPR- spectroscopy. The 
crystal structure of phosphates is shown to be of type NASICON with Cu-cations, replacing 
Na-ions in cavities of crystal structure, and Fe -ions - both in cavities and in lattice skeleton. 
Catalytic activity of phosphates was tested in relation of methane or aliphatic C3 - C4 alcohols 
transformations in oxygen. The influence of replacing ions on the catalysts activity and 
selectivity was studied. The quantitative formaldehyde yield was achieved during methane 
oxidation at the presence of hydrogen, diffused through the Pd membrane. The mechanism of 
catalytic reactions on the complex zirconium phosphates and promising perspectives of their 
use as mesoporous membrane catalysts combining selective permeable structure and catalytic 
activity are discussed. 

KpHCTaJinHqecKHe <poc<paTbl, o6pa3)'IOIIJ;He 6onbIIIOe ceMeHCTBO KpHCTarrnorpa<pHqecKH 

po,ncrneHHbIX coe.n;irneHHH co cTpyKTypoii N aZr2(PO4)3 [ 1], rrpe.n;crnBnHIOT co6oii aHHOHHbIH 

KapKaC [Zr2(PO4)3r' COCT051IUHH ll3 ZrO6 - OKTa.3,D;pOB ll PO4 - TeTpa.3.n;poB, o6ne,nHHeHHbIX 

KHCnopo,D;HblMH BepIIIHHaMH. OTpm.i;aTenbHblH 3ap51,D; KapKaca K0MIIeHCHp)'l()T KaTHOHbl 

HaTPH51. 1laCTHqHoe 3aMemeHHe KaTHOHOB D;HpKOHH51 B OKTa.3,D;pax Ha KaTHOHbl .n;pyroii 

CTerreHH OKHCneHH51 rrpHBO,D;HT K H3MeHeHHIO 3ap51,D;a KapKaca, KOMIIeHcau;H5I KOTOporo 

ocymecrnnHeTc51 3a cqeT pa3Hoo6pa3HbIX BapHaHT0B 3aceneHH51 rronocTeii KapKaca 

KaTHOHaMH pa3nHqHblX MeTarrnoB. TpexMepHa51 CHCTeMa KaHaJIOB rrepeMeHHOH IIIHpHHbl, 

rrpoHH3bIBaIOIUHX CTP)'KTYPY, o6ecrreqHBaeT B03MO)KHOCTb rrepeMemeHH51 KaTHOHOB. 

U:eneHarrpaBneHHOe ll3MeHeHHe aTOMH0ro COCTaBa KapKaca ll BHeKapKaCHblX IIOilOCTeii 

IIO3BOil51eT CO3,D;aBaTb B rrpou;ecce CHHTe3a CTP)'KTypbI C perynHpyeMbIMH CBOHCTBaMH. 
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B HaCTO.HII(eii pa6oTe 6oIJHf CHHTe3Hp0BaHbl ,n:Ba THIIa CJI0)l(HbIX {pOC(paTOB I(HpK0HH.sI 

Na1-2xCuxZr2(PO4)3, r,n:e x = 0 + 0,4, If Na1+yFey Zr2-y(PO4)3, r.n;e y = 0,4+ 1,8, B BH,n:e 

II0JIHKpHCTamrnqecKHX rrop0IIIK0B 110 MeTO,L(HKe, OIIHCaHHOH B [2]. Hccne,n:oBaHHe 

II0JiycieHHblX COe.[(HHeHHH MeTO.[(aMH peHTreHorpa(pHH, HK-crreKipOCKOIIlflf n 3IIP II0Ka3aJI0, 

qrn OHM 0THoc.si:Tc.si K Knaccy oprn4)oc4)aTOB co crpyi<Typoii Tnrra NASICON. KanrnHbI Me,n:n 

pacrr0JI0)KeHbl B II0JI0CT.sIX KapKaca, a KaTH0Hbl )KeJie3a Kp0Me BX0)K.[(eHH.sI B 1103HUHH KapKaca 

0.[(H0BpeMeHH0 yqaCTByIOT H B 3aceneHHlf IIOJIOCTeii. 

KaTaJIHTlfqecKHe CBOHCTBa CJI0)l(HbIX {pOC(paTOB UHPK0HH.sI 6bIJIH HCCJie,n:oBaHbl B 

rrpeBpameHn.six MeTaHa If C 3 - C4 -ann(paTnqecKHX crrnpTOB. <l>oc(paTbI Na1_2xCuxZr2(P04h If 

Na1+yFeyZr2-y(PO4)3 Be.n;yr .n;ern.n;parnu;mo n ,n:ern.n;pnpoBaHne crrnpT0B, rrpnqeM 

ceneKTHBH0CTb rrponecca 3aBHCHT OT BH,n:a CIIHpTa, a TaK)Ke THIIa If KOHUeHrpaI(Hlf 

3aMemaromero H0Ha-K0MIIeHcaTopa. OcHOBHblMlf rrp0.[()'KTaMlf rrapI(HaJibH0ro OKHCJieHH.sI 

MeTaHa Ha KaTanmarnpe Na1+yFeyZr2_y(PO4) 3 6bmn 4)0pManb,n:ern.n: If 0KCH.L(hI yrnepo,n:a. 

KonnqecTBeHHbie BhIX0,L(bl <popMaJib.[(ern.n;a If BhIC0Ka.sI ceneKTHBH0CTh ero o6pa30BaHH.sI 

.[(0CTHraIOTC.sI rrpH 0KHCJieHHlf MeTaHa B rrpncyrcTBHlf B0,n:opo.n;a, .L(lf {p{pYH.n:Hpyromero qepe3 

IlaJIJia.[(HHCO.[(ep)KalI(yro MeM6paHy. 3TOT 34)4)eKT CB.sI3aH C yqacTHeM aT0M0B B0,n:opo,n:a, 

BB0.[(HMbIX Ha II0BepXH0CTb KaTaJIH3aTOpa, B o6pa30BaHHH 4)0pM a,n:cop6npoBaHHOro 

KHCJiopo.n;a, 0TBeTCTBeHHbIX 3a rrpeBpameHHe MeTaHa B 4)0pMaJih.[(ern,n:. 

O6c~aeTC.sI MexaHH3M KaTaJIHTlfqecKoro .n;eiiCTBlf.sI CJI0)l(HblX {pOC(paTOB I(HpK0Hlf.sI n 

rrepcrreKTHBbl lfCII0Jib30BaHH.sI HX B KaqecTBe Me30II0pHCTbIX MeM6paHHbIX KaTaJIH3aTopoB, 

coqeTaIOII(HX m6npaTeJibHO rrp0HHI(aeMyro CTPYKTYPY c KaTaJIHTlfqecKOH aKTHBH0CTbIO. 

[1] I1eThKOB B.H., OpnoBa A.H., ErophKOBa O.B. )Kypn. cmpyKmyp.xUMuu. 1996. T.37. NQ6. C.1104. 
[2] I1eThKOB B.H., OpnoBa A.H., ,lJ;opoxoBa r.H., <l>e,AoTOBa JI.B. Kpucma.nJ102paqnm. 2000. T.45. 

N~d. C.36. 

Pa6orn BhIII0J1HeHa npH qrnttaHCOBOH no,z::mep)l(Ke nporpaMMhI P<l><l>H " Be.zzyll.(He ttayqHhie 

llIK0J1hl 11
, rpaHT NQ 00-15-97423. 
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KOMII0311THhIE BO~OPO,l];GIIPOHHU:AEMhIE MEMliPAHhl II 

MEMliPAHHhIE KATAJIII3ATOPhl HA IIOPIICTOM METAJIJIIIqECKOM II 
KEPAMIIqECKOM HOCIITEJIE 

COMPOSITE HYDROGEN-PENETRABLE MEMBRANES AND MEMBRANE 
CATALYSTS OVER POROUS METAL AND CERAMIC SUPPORT 

CepoB IO.M. II rpH3HOB B.M. t. 

Serov Yu.M. and Gryaznov V .M. t 

Poccttii:cKHH yirnnepcttTeT ,n;p)')K6bI Hapo,n;on, MocKBa, Poccm1 

E-mail: jserov@sci.pfu.edu.ru 

Ba)KHbIM )'CJIOBlleM II03BOJI5IIOIUHM ynenttqllTb rrpOH3BO,lI;llTeJibHOCTb 

BO,n;opo,n;orrpoHHI(aeMbIX MeM6paH ll MeM6paHHbIX KaTaJill3aTopoB Ha OCHOBe rranna,ntteBbIX 

CIIJiaBOB 5IBJI5ICTC5I CHll)KCHlle TOJIIUllHbI BO,n;opo,n;orrpoHHI(aeMoro CJIOH. Pa3pa6oTaHHbie n 

PY ,[(H crroco6bI rronyqeHll5I KOMIIO3llTHbIX MeM6paH ll MeM6paHHbIX KaTaJIH3aTopoB 

MCTO,D;OM MarHeTpOHHOro paCIIbIJICHll5I rranna,n;tteBbIX CIIJiaBOB Ha rropHCTbie MeTaJIJillqecKHe 

ll KepaMttqecKtte HOCHTeJIH II03BOJillJill rronyqttTb CllCTeMbI C rrpOHlll(aeMOH TOJibKO ,D;JI5I 

BO,n;opo,n;a IIJieHKOH TOJIIUHHOH 3-5 MKM. IlttMllTHpyromeii: CTa,D;tteii: rrepeHoca Bo,nopo,n;a y 

TaKllX CllCTeM CTaHOBllTC5I He ,n;mpq>)'3ll5I BO,n;opo,n;a B o6neMe rranna,n;HH, a rrpol(eCCbI 

rrpoTeKaIOIUlle Ha ero IIOBepXHOCTll, qTo rrpHBO,D;llT K 3HaqHTeJibHOMY B03pacTaHHIO IIOTOKa 

BO,D;Opo,n;a qepe3 MeM6paHy. Ha IIOBepXHOCTll- CIIJiaBOB, crroco6HbIX pacrnopHTb Bo,nopo,n;, 

cymeCTB)'IOT )];Be a,n;cop6ttpOBaHHbie q>OpMbI, O,D;Ha ll3 KOTOpbIX (H1) CB5I3aHa TOJibKO C O,lI;HllM 

aTOMOM MeTanna, a ,npyraH (Hu) C HeCKOJibKllMll. CooTHOIIIeHHe Me)K,D;)' 3TllMll q>OpMaMll 

orrpe,n;enHeTcH crroco6oM rro,n;aqtt Bo,n;opo,n;a qepe3 MeM6paHy. B To )Ke npeMH HarrpanneHtte 

peaKI(llH pH,n;a rrpol(eCCOB rtt,n;poreHH3aIJ;llll 3aBHCllT OT rrpettMymecTBeHHOH KOHI(eHTpal(llll 

Ha IIOBepxHOCTll TOH llJill llHOH q>OpMbI a,n;cop6ttpoBaHHOro Bo,n;opo,n;a. TaK, rrptt 

rn,n;poreHH3al(llll MOHOOKCH,na yrnepo,n;a BO,n;opo,n;OM, .D;llq>q>)'H.D;llpyIOIUllM qepe3 

MeM6paHHbIH KaTaJIH3aTop, BCJie,D;CTBIIe ynenttqeHll5I Ha IIOBepXHOCTll rrocne,n;Hero Bo,n;opo,n;a 

B q>OpMe (Hu), pe3KO CHll)KaeTC5I CKOpOCTb peaKI(llll ,D;llCIIporropu;HOHIIpoBaHH5I co ll 

o6pa30BaHll5I CO2 no cpaBHeHHIO no,n;aqeii: K noBepxHOCTll KaTaJill3aTopa CMCCll peaKTaHTOB, 

a nptt rtt.n;poreHtt3al(ttll .n;ttoKcII,n;a yrnepo,n;a TaKoii: cnoco6 no,n;aqtt no,n;opo,n;a no3BOJIHeT 

npaKTIIqecKll noJIHOCTbIO no,n;aBIITb peaKI(llIO o6pa30BaHll5I MOHOOKCH,D;a yrnepo,n;a. 

Ilpe,n;nonaraeTcH, qTo, B peaKI(HHX rtt,n;poreHtt3au;tttt OKCH.D;OB yrnepo,n;a, o6pa3oBaHIIe 

yrneBo,n;opo,n;OB tt,neT qepe3 CTa,D;llIO o6pa30BaHll5I aKTllBHOro yrnepo,na, o,nHaKO 

ceneKTllBHOCTb npol(ecca, BepOHTHO, 3aBHCllT OT COOTHOIIIeHH5I KOHIJ;CHTpau;IIH Hn : H1 Ha 

IIOBepXHOCTll. nbICTpoe npoTeKaHHe npol(eCCOB a,n;cop6l(llll, pacrnopeHll5I n o6neMe 

rranna.n;tteBbIX cnnaBOB ll ,neco6l(llll Bo,n;opo,n:a ll3 HllX o6oramaeT IIOBepxHOCTb Bo,nopo,noM B 

q>opMe H 1, a no,n;aqa no,n;opo,n;a .n;ttq>q>)'3IIeii: qepe3 MeM6paHy ynenttqttnaeT KOHI(eHTpal(ttIO 

BO,n;opo,n;a B q>OpMe Hu, B pe3)'JibTaTe qero ceneKTllBHOCTb no oneq>HHaM BO3pacTaeT B 5-10 
pa3. 
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<l>HpMa SHIMADZU npH1uauub1ii MHpoBoii 

JIH,ll,ep, BXO,ll,HID;HH B DHTepKy Be,ll,yID;HX 

npoH3BO,ll,HTeJieii auaJIHTHqecKoro H 

Me,ll,H~HHCKOro o6opy,ll,OB3HHH. 

SHIMADZU ocHoBaHa B 1875 ro,n;y. Ha 
rrponDKeHI-[0 BCeH CBOeH MCTOpHH qmpMa 

pa3pa6aTbIBaeT M rrpOH3B0,[(MT rrpH60pbI M 060-
py ,n;oBaHMe BbICIIIeH KaTeropHH KaqecTBa M 
HayKoeMKOCTM. B 1909 ro,n;y SHIMADZU BbIIIYCTMJia 
rrepByIO peHTreHOBCKYIO ycTaHOBKy. B 1934 
rrepBbIH crreKTporpacp, II03)l(e 3JieKTpOHHhIH 
MHKpOCKOII, 3MMCCMOHHbIH crreKTpOMeTp, ra30BbIH 

xpoMaTorpacp M MHO)l(eCTBO ,n;pyrMX rrpH6opoB. 

SHIMADZU IlOCTaBJUieT B CTpaHbl EBpODbl H CHr 

cJie,ll,ywmee auaJIHTHqec1rne o6opy,ll,oBanHe: 

• - CrreKrpOq>OTOMe'rpbl B Y<l>-BH,IU1MOM ,Z:J;lfaIIa30He, 

HHq>par<paCHhle crreKTPOq>OTOMeTPhI C rrpeo6pa30BaHlliIMH 

<l>ypbe, aTOMHO-a6cop6u;:aoHHhie crreKTPOq>OTOMeTPhI, 

crreKTPOq>OTOMe'rpbl C HH,eyKTHBHO-CB513aHHOH IIJia3MOH, 

crreKTPOq>JiyopHMe'rpbI, TOHKOCJIOHHbie CKaHepbI, 

KJIHH:aqecme na6opaTopHhie crreKrpOMe'fPhI, orrT:aqecme 

3MHCCHOHHhie crreKTPOMeTPhI 

• fa30Bhie xpoMaTorpaq>hI, )Kfi,[(KOCTHhie xpoMaTorpaq>hI 

BbICOKoro pa3perneHH51, xpoMaTOMacc-crreKTpOMeTpbI, 

)Kfi,[(KOCTHbie xpoMaTOMacc-crreKTpOMeTpbI, aHaJIH3aTOpbI 

o6mero opraH:aqecKoro yrnepo,[(a :a a30Ta 

• ,I(:aq>q>epeHUHaJibHbie TepMOaHaJIHTHqecKHe CHCTeMhI, 

,[(Hq>q>epeHUHaJibHbie CKaH:apyrom:ae KaJIOpHMeTp:aqecKHe 

CHCTeMhI, TepMorpaBHMeTp:aqecKHe CHCTeMhI, 

TepMOMeXaH:aqeCKHe aHaJIHTHqecKHe CHCTeMbl 

• PeHTreHOBCKHe ,[(Hq>paKTOMerpbI, CKaHHp)'IOII(He 

3JieKTPOHHhie MHKpOCKOIIhI, ra30Bbie aHaJIH3aTOpbI BbICOKOH 

TOqttOCTH, Jia3epHbie aHaJIH3aTOpbI pa3Mepa qacTHU, 

3JieKTPOHHbie BeChI pa3JIHqffbIX KJiaCCOB TOqttOCTH 

• y HHBepCaJibHhie HCilbITaTeJibHhie ycTaHOBKH 

• Y CTaHOBKH ,[(Jl51 HCIIbITaHHH Ha C)KaTHe H pa3pbIB, 

H3MepHTeJIH rnep,[(OCTH H MHKpornep,[(OCTH 

~ SHIMADZU 
. ~ofutlon~ f O't ~C!lence 

since 1875 

,-
• 



SHIMADZU nponJBO,ll;HT u nocTaBJUieT Me,u;uu;uHcKue 
CHCTCMbl u o6opy,u;oBaHue: 

• y CTaHOBKH MarHHTHO-pe30HaHCHOro mo6pa)KeHJUI 
• PeHTreHOBCKHe TOMOrpaq>bI 
• ,[(HarHOCTHqecKruI peHTreHOBCKruI arrrrapaTypa 
• AHTHOrpaq>HqecKHe CHCTeMbI 
• 51,nepHO-q>H3HqecKruI Me,nHnHHCKruI arrrrapaTypa 
• y nbTpa3BYKOBbie ,nHarHOCTHqecKHe rrpH60pbI 
• )];pyroe Me,nHnHHCKOe o6opy,nOBaHHe 

SHIMADZU - KpyrrHruI MHpOBruI Koprropanm1, B KoTopoii 
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Novel Alumina-Based Carrier Materials with Tailored 
Cristallinity and Surface Acidity 
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S/RAL ® - Silica Doped Aluminas 
Available Range of SIRAL and Surface Acidity 
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Silica-aluminas are available with different 
contents of SiO2 reaching from 1% up to 100%. A 
maximum of Bronstedt acidity is found at an 
amount of 40%, whereas Lewis acidity remains 
constant over the whole range.111 

The figure illustrates the maximum of surface 
acidity at a silica content of about 40%. At this 
silica content the highest concentration of 
Bronstedt centers (alumina-silica mixed oxide) is 
located on the surface. 
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Influence of Silica Content on the Physical Properties 

~ ••• ~------------~ 1.2 Doping with silica does not only influence the chemical 
~ ... +------------7"'---+ 11 properties like surface acidity, but also physical 
L .. t-,,.,,,om;;rrn.r.:,:;c=-=,c,;r,....------+ · .. properties like specific surface area and pore volume. 
i ~ The figure shows the surface area and the pore volume 
i •00 +-------,,,<---------+ •·• !from SIRAL 1,5 to SIRAL 40. The specific surface area 
: ••• +-----------------+•.• I increases continuously the more silica is added to the 
~ +-~,<.._ ____ -::::,>'~ =----r--+ !alumina, whereas the pore volume is only slightly 
: ••• "·'-increasing. Calcination of these materials leads to the 
~ 2

•• +----::::,...-=-----------+ corresponding oxides that are available under the trade 
~ 200+--~-~--~-~-~---+ mark SIRALOX. 
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Sasors PURAL MG magnesia doped aluminas 
can be synthesized over a wide range, starting at 
1,0% up to a 100% MgO material. The figure on 
the right shows the calcination behavior of some 
typical PURAL MG materials. Up to a magnesia 
content of 30% the thermal behavior does not 
differ from the pure alumina. The differing thermal 
behavior of PURAL MG 50 and 70 is due to the 
hydrotalcite structure that differs significantly from 
the boehmite. Compared to alumina hydrates, 
hydrotalcites are even more alkaline by nature. 
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Basicity is adjustable by increasing the 
Mg/Al ratio and/or incorporating anions 
other than OH-. As shown in the figure on 
the left, hydrotalcites have a double-layered 
metal hydroxide structure consisting of 
magnesium and aluminum hydroxide 
octahedrons interconnected via the edges. 
Additional interstitial anions between the 
layers compensate the charge of the crystal 
and determine the size of the interlayer 
distance (basal spacing). 

- Pure Alumina 
- PURALMG 30 
- PURALMG50 
-PURALMG 70 

####~##,#.._#~~,§> 
Calcination Temperature •c 



Crystallite Size, Surface Area and Pore Volume 
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- Available range of PURAL• and CATAPAL"' aluminas 

PURAL boehmite aluminas are tunable in crystallite size. The 
available sizes reach from 45 to 400 A and even crystals as large as 
1000 A have already been synthesized. The crystal size has a strong 
influence on surface area and pore size as shown in the figure. For the 
smallest crystallites the surface area can reach 350 m2/g but the 
resulting pore radius of the material is very low. The bigger the 
crystallites the bigger the pores: for PURAL 200 the crystals have a 
size of 400 A and the pore radius reaches almost 200 A, but therefore 
the surface area decreases to 100 m2/g 

Surface Area of Materials with 
Different Acidity and Crystalline Sizes 
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Disperal S (100 A) 

Pural MG 10 (50 A) 

Pural MG 10 (100 A) 
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*after Activation for 3 h at 550"C 

PURAL ® - Boehmite Aluminas 
Crystal Shape and Morphology 

Apart from the crystallite size the crystal shape can be tailored as 
well. The figure below shows the normal hexagonal morphology of 
a PURAL SB crystal. By growing the crystals in the 120 direction, 
even larger, plate-like crystals can be obtained (PURAL 200). In 
addition, by manipulating crystal growth in other directions needle
like or even blocky crystals can be grown. The crystal morphology 
has a strong influence on the physical properties of the resulting 
material. Aluminas consisting of blocky crystals do not only show a 
larger pore volume, but also a very sharp pore size distribution. 
Other properties like dispersibility and temperature behavior are 
strongly influenced by crystal size and shape, too. 
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PURAL SB PURAL 200 

Applications in Heterogenous Catalysts 

as Derived from the Literature 

SIRAL 

PURAL 

PURALMG 

Acidic Carrier Materials 
Mild Hydrocracking 
lsomerization 

Neutral Carrier Materials 
Oil Refining 
Hydrodesulfurization 
Hydrodenitrogenation 
Exhaust Gas Clean-Up 
Washcoat 

Basic Carrier Materials 
Polymer Additives 

[1] W. Daniell , U. Schubert, R. Glocl<ler, A. Meyer, K. Noweck, H. Knozinger, Appl. Cata/., 2000, A196, 247-260. 

Influence of Crystal Shape on Phase Transition 
and Surface Area after Calcination 
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Calcination of materials with different crystal morphologies {whether block 
or plate character) leads to activated aluminas as shown in the figure 
above. Modification of the crystallite shape from plate-like to blocky and 
subsequent calcination leads to materials with a high pore volume without 
changes in surface area. The phase transition between the different 
phases of activated alumina is influenced by the crystal morphology, too. 
Materials consisting of blocky crystals need higher temperatures to 
undergo phase transition, resulting in a lower surface area for the same 
crystal phase. The two curves shown in the figure represent the range of 
materials that can be tailored. 

Phase Transition Temperature to a-Alumina 
of Materials with Different Acidity 
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COBPEMEHHblE 
BblCOK03Cl><l>EKTHBHblE 

KAT AJ\H3ATOPbl 
nPOH3BOACTBA 

CEPHOLil KfllCJ\OTbl H 
CEPbl 

3AO "MeTXMMnpoM" - 3KCKJ\103MBHblM roproBblM npeACTaBMTeJ\b 
3AO "YpaArexHoreHMer" 1,1 3AO "W.eAKOBCKMM KaTaJ\M3aropHblM 3aBoA" -
npeAJ\araeT WMPOKMM Ha6op KaTaJ\M3aTopoB AM npoM3BOACTBa cepHOM 
KMCJ\OTbl 1,1 cepbl. 

3AO "YpaJ\TexHoreHMer" npov13BOAv1T saHaAv1esb1e KaTa/\v13aropb1 s 
Te4eHv1e MHOrv1X /\eT, Ha4v1HaS1 C 1942 roAa. npeAnpv1S1Tv1e SlB/\SleTCSl 
npeeMHv1KOM npov13BOACTBa BaHaAv1eBblX KaTa/\v13aTopos Ha 
Kv1posorpaACKOM MeAen/\aBv1/\bHOM KOM6v1HaTe. 

3AO "W.eAKOBCKMM KaTaJ\M3aropHblM 3aBoA" cneuv1aAv13v1posaH Ha 
BblnycKe Cv1/\vtKare/\eBoro KaTa/\v13aTopa v1KA- 1-6, KOTOpbl~ 
npeAAaraercS1 s Ka4ecrne aHa/\ora v13secrHoro KaTa/\v13aropa v1K- l -6, a 
TaK)Ke Ha npov13B0ACTBe KaTa/\v13aTopos Ha 0CH0Be aKTv1Bv1posaHHoro 

0Kcv1Aa a/\K)Mv1Hv1Sl A/\Sl 06eccepv1saHv1S1 npv1poAHoro ra3a s npoueccax 
KAayca v1 Cy/\btj)peH. Kara/\v13aropb1 cepoo4v1crKv1 ycnewHo 
3KCn/\yarv1pyK)TCS1 Ha 000 "OpeH6yprra3npOM

11

• 

3AO "YpaArexHoreHMer" 1,1 3AO "W.eAKOBCKMM KaTaJ\M3aropHblM 3aBoA" 
BblnYCKaK)T Wv1p0Kv1~ accopTv1MeHT cepoHaCblll.leHHblX BaHaAv1eBblX 

Kara/\v13aropos (npv1/\o)KeHv1e N2 l), 06ecne4v1saK)T norpe6v1re/\S1M 
cepsv1c npv1 3KCn/\yarauv1v1 KaTa/\v13aropos, npov13BOAS1T npv1eM v1 
nepepa60TKY orpa6oraHHblX KaTa/\v13aTopos. 

B nepe4eHb BblnYCKaeM0~ HaWv1Mv1 npeAnpv1S1Tv1SIMv1 np0AYKUv1v1 

BXOASlT TaK)Ke ce/\eKTv1BHbl~ aACOp6eHT X/\Opa, cop6eHT-ocywv1Te/\b, 
xeMocop6eHT-nor /\0Tv1Te/\b v1 KaTa/\v13aTOpbl A/\Sl C)Kv1raHv1Sl 
yr /\eBOAOPOAHOro TOn/\v1Ba. 



npVIMeHeHVle HaWVIX BblCOKO- VI HVl3KOTeMneparypHblX KaTa/\Vl3aTopoB 

MapoK CBA(KA), CBHT, CBA(K-A,K) (we3VlltlCOAep)Ka~Vlltl KaTa/\Vl3aTop), 

VlKA-1-6 pa3/\VllfHblX reoMeTpVILfecKVIX cpopM: WVI/\VIHAPVILfecKasi rpaHyAa, 

pe6pV1cTasi rpaHy/\a, Tpy6Ka (KO/\bWOL pe6pV1cTasi rpy6Ka no3BO/\SIK)T 

nO/\HOCTbK) VI OnTVIMa/\bHO CKOMn/\eKTOBaTb /\K)6yK) KOHTaKTHYK) 

ycTaHOBKy. 

BblCOKVle TeXHO/\OrVILfeCKVle noKa3aTe/\VI npoweccos VI 

npOV13BOACTBeHHaSI weHHOCTb KaTa/\V13aTopoB onpeAeAsieTcsi 

COBOKynHOCTbK) 3KCn/\yaTaWVIOHHblX CBOltlCTB: 

nOBblWeHHOltl KaTa/\VITVILfeCKOltl aKTVIBHOCTbK), MexaHVILfeCKOltl 

npOLfHOCTbK), CTa6V1/\bHOCTbK), HeBblCOKVIM rVIApaB/\111LfeCKVIM 

conpOTVIB/\eHVleM, nOHVl)KeHHOltl LfYBCTBVITe/\bHOCTbK) K 

KaTa/\VITVILfeCKVIM SIAaM, npOA0/\)Kl/1Te/\bHblM cpOKOM C/\y)K6bl. 

MHoroY111c/\eHHb1e OT3bIBbl OT npeAnpV1S1TV1ltl-noTpe6V1Te/\eltl - I AK 
11

TV1.TaH", YKpaV1Ha, OAO 
11

AMMocpoc", r. Yepenosew, OAO "YcpaHecpTeXVIM", 

OAO "51cVIHOBCKVlltl KX3", YKpa111Ha, AOOT 
11

MV1HYA06peHV1si," 

r. 6eAopelfeHcK", OAO "KpV1sopo)KCKvH1 KOKCOXVIMV1LfeCKV1ltl KOM6V1HaT", 

YKpaVIHa, OAO "AsAeeBCKVlltl KOKcox111MV1LfeCKV1ltl KOM6V1HaT", YKpaV1Ha VI 

APYrVIX - nOA TBep)KAaK)T 3KCn/\yaTaWVIOHHYK) HaAe)KHOCTb KaTa/\Vl3aTopos. 

Pa60lfVle CBOltlCTBa KaTa/\V13aropos onTVIMVl3VlpOBaHbl A/\SI pa3/\VllfHblX 

yc/\OBVlltl 3KcnAyaTaWV1V1 VI He ycTynaK)T 3apy6e)KHblM 06pa3waM 

(npV1/\0)KeHV1e 2). KaTa/\V13aropb1 MapoK CBA VI coorneTcTByK)~Vle 

3apy6e)f(Hble aHa/\OrVI VIAeHTVILfHbl no XVIMVILfeCKOMY COCTasy, 

TepMocTa6V1AbHOCTV1. no aKTVIBHOCTVI KaTa/\V13aropbI MapoK CBA(K-A,K), 

CBHT, VlKA-1-6 npesocxOASIT Vl3BeCTHble KaTa/\V13aTopbI 3apy6e)KHblX 

npOV13BOAVITe/\eltl. npolfHOCTHble noKa3aTe/\VI AVlaTOMVITOBblX 

KaTa/\V13aTopos BbIwe 3apy6e)f(Hb1x aHa/\oros. 

no oweHKe noTpe6V1TeAeltl KaTa/\V13aTopbI MapoK CBA 6e3 pe3Koro 

CHVl)KeHVISI CTeneHVI KOHBepCVIVI MOryT HaAe)KHO pa6oTaTb: 

- s YC/\OBVISIX 1 -ro C/\OSI - He MeHee 5 /\eT; 

- B HVl)KHl/1X C/\OSIX - 8- 10 /\eT. 

BblCOKYK) npOAO/\)KVITe/\bHOCTb cpoKa C/\y)K6bl KaTa/\Vl3aTOpOB 

06ecnelfv1BaeT MHOrOKpaTHblltl WVIK/\ 111X VICnO/\b30BaHVISI C coxpaHeHVleM 

BblCOKOltl CTeneHVI OlfVICTKVI ra30B, LfTO rapaHTVlpyeT 6/\arono/\ylfHYK) 

3KO/\OrVILfeCKYK) CVITyawVIK) Ha npoMn/\O~aAKe VI np111AeraK)~eltl 

TeppVITOpVIVI. 

y CTOltllfVIBOe coxpaHeHVle aKTVIBHOCTVI, BblCOKaSI MexaHVILfeCKaSI 

npOLfHOCTb VI xopowee conpOTVIB/\eHVle VICTVlpaHVIK) nO3BO/\SIK)T 

VICnO/\b3OBaTb KaTa/\V13aTOpbl nOBTOPHO noc/\e MHOrOKpaTHblX 

npoceV1BaHV1ltl. npVIMeHeHVle BblCOKO3cpcpeKTVIBH blX KaTa/\V13aTopos, HVl3KaSI 

TeMnepaTypa 3a)KV1raHV1S1 VI WVIPOKVlltl AVlana3oH TeMnepaTyp 3KcnAyaTaWV1V1 

cy~ecrneHHO yBe/\VllfVIBaK)T CTeneHb Olfll1CTKVI OT AVIOKCVIAa cepbl, C/\O)KHblX 

no cocTasy OTXOASl~VIX ra30B npeAnpVISITVlltl wseTHOltl MeraAAypr111V1. 



npaBll1/\bHbllll noA60p MapoK Haw111x KaTa/\1113aTopoB o6ecne4111BaeT 

np111 CTaHAapTHOl!i 3arpy3Ke BblCOKYIO KOHe4HYIO creneHb KOHBepc111111: A/\<;J 

Cll1CTeM c OA111HapHblM KOHTaKTll1pOBaHll1eM - 98,5-99,5 %; np111 ABOlllHOM 

KOHTaKTll1pOBaHll1111 - 99,6-99,9 %, 4TO yMeHbWaeT Bbl6pocbl OKCll1Aa cepbl B 

OKpy>KalO~YIO cpeAy 111 yse/\1114111BaeT npOll13BOA111Te/\bHOCTb 

cepHOKll1C/\OTHblX ycraHOBOK. 

r1116K111e weHbl Ha KaTa/\1113aTOpbl Haw111x npeAnp111<;1Tll1ll1, KOTOpble Hll1>Ke 

weHbl KOHKypeHTOB, OTCpO4Kll1 no n/\aTe>KaM CO3AalOT AOnO/\Hll1Te/\bHYIO 

pblHO4HYIO np111B/\eKaTe/\bHOCTb BblnycKaeMOl!i npOAYKW111111. 

3AO "YpaArexHoreHMer" 1,1 3AO "W.eAKOBCK"1M Kara/\M3aropHblM 
3aBOA

11 

111MelOT weHTpbl TeXHll14eCKoro 06c/\y>K111BaH111<;1, YKOMn/\eKTOBaHHble 

KBa/\111Q)111W111POBaHHblMll1 Hay4HblMll1 111 111H>KeHepHblMll1 KaApaMll1. Ha 060111x 

3aBOAaX np111MeH<;JIOTC<;J HOBel!1Wll1e TeXHO/\Or111111 111 Cll1CTeMbl CTan14ecKoro 

KOHTPO/\SI npowecca npOll13BOACTBa, npoBOA111TCSI nocTOSIHHOe 

nepeocHa~eH111e o6opyAOBaHll1SI, 4TO rapaHTll1pyeT BblCOKOe Ka4eCTBO 

npOAYKW111111. 

3AO "YpaArexHoreHMer", 3AO "W.eAKOBCK"1M KaraAM3aropHblM 
,, -3aBOA OKa3blBalOT nO/\Hblll1 naKeT 111H>Kll1Hll1pll1HrOBblX ycAyr, BK/\I04al0~111X 

npaKTll14eCKYIO noMO~b B KOMn/\eKraw111111 KaTa/\1113aTopaMll1 /\I06blX 

ycTaHOBOK npOll13BOACTBa cepHOl/1 Kll1C/\OTbl 111 cepbl, v13y4eHv1e 

TeXHll14eCKOro COCTOSIHll1SI 3aBOAOB, ycrpaHeH111e He111cnpaBHOCTe111 

ycraHOBOK, KOHCa/\Tll1HrOBble ycAyr111. 

KpoMe Toro, Mbl npv1Hll1MaeM Ha YTv1/\1113aW111IO orpa6oraHHble 

KaTa/\1113aTOpbl, TeM caMblM nO/\HOCTblO CHll1MaeM 3KO/\Orv14eCKv1e 

npo6/\eMbl, CBSl3aHHble C 111X CK/\aA111POBaHll1eM 111 3axopoHeHv1eM y 

npeAnpv1sir111111-norpe6111re/\el!i. 

Mbl rapaHTMpyeM HaA8)1(HYIO pa6ory nocraB/\S18MblX HaMl,1 
Kara/\1,13aropoe. 

npeACeAaTe/\b CoseTa A1t1peKTOpOB 
B.r. Kyrn~es 

KoHTaKTHble Te/\e(pOHbl 1,1 aApeca: 

3AO "MeTXMMnpoM", 
npocneKT M111pa, 13 
129090, r. MocKsa 
Ten/cpaKc: (095) 974-75-84, 974-75-41 
E-mail: mchi@tlms.ru 

3AO "Ypa11TexHoreHMeT" 
yn. 3Hrenbca, 19 
624140, r. K111posrpa.o. Csep.o.noscK0111 o6n. 
Ten/cpaKc: (34357) 4-09-60, 4-04-92 
E-mail: utm@utm.ru 

3AO "1.Ue11KOBCKM&11 KaTallM3aTopHbllll 3aBOA" 
yn. 3aBOACK851, 2 
141100, r. ~eflK0B0 MOCKOBCKOVI o6n. 
Ten/cpaKc: (095) 745-05-52, 745-05-53 
E-mail: catalyst@flex.ru 





IIpm10,KeHHe 1 

BAHA,ll;IIEBhIE KATAJIH3ATOPhl 

HauMeuoBauue 
CB~(K)Q CBHT CB~ (K-~,K) HKA-1-6 

DOKa3aTeJIH 

TeMnepaTypa 
380 360 330 340 

aKTHBaD;HH, OC 

MaKcnMaJILHaH 
TeMnepaTypa, °C: 

- 3KcnJiyaTau;uu 420-640 390-620 360-620 380-620 

- KpaTK0BpeMeHH0 650 640 650 650 

KouBepcuH, % 

- npu 420°C ue uopM. 35-45 50-55 52-55 

- npu 485°C 83-85 83-85 85 84 

Mexauu'lecKaH 
DpO'IHOCTh, 

Mila, ue Meuee 1,0 1,0 1,0 0,8 

AJIIOMOOKCH,ll;HhIE KATAJIH3ATOPhl 

HauMenoBauue noKalaTeJIH Ilpou;ecc KJiayca 
Ilpou;ecc 

CyJILcl,peu 

Buenrnuii BH.IJ: ccJ,epu'leCKHii rpauyJia 

~HaMeTp, MM 2,8-8,0 2,0-5,0 

HachIDHaH DJIOTHOCTh, r/cM
3 0,65-0,75 0,65-0,90 

MaccoeaH ;::J;0JIH noTepb npu npoKaJiueauuu, 
%, ue 6oJiee 8,0 7,0 

y ;::i;eJibHaH D0BepxuocTh, 
M2/r, ue Meuee 250 300 

Mexauu'leCKa.H npo'IH0CTh npu pa1;::i;aeJiueauuu, 
Mna, ue Meliee 6,0 6,0 

O6ID;uii o6'beM nop, 
cM3/r, ue Meuee 0,5 0,5 

KoucTanTa cKopocTu peaKu;uu KJiayca, 
10-4 M0Jih (r/ceK aT), ue Meuee 26,0 ue uopMupyeTC.H 

KoucTaHTa CKOpOCTH peaKD;HH ru;::i;pOJIH3a 

cepoyr Jiepo;::i;a, 
10·4 M0Jih (r/ceK aT), ue Meuee 2,0 ue uopMupyeTc.H 



Ilpmm'.IKeHne .N!! 2 

CpaBHHTeJILHa.H xapa1nepHCTHKa cepH0KHCJI0THhIX KaTaJIH3aTopoB 
3AO «YpaJITexHoreHMen>, 3AO «IIJ;eJIKOBCKHii KaTaJIH3aTopHhlii 3aB0)]:» H 3apy6e)lmhlx npoH3BO)]:HTeJieii 

Tnrr KaTaJIHJaTopa :UKA-1-6 CB,lJ;(K-~, K) 
3apy6e'.IKHLiii Ou;em~a, pe3IOMe 

aHaJior 
1 2 3 4 5 

AKTHBHblli K0MIIJieKc: AKTHBHblli KOMTTJieKC: Ilo BH,Izy HOCHTem1 H aKTHBHOMY KOMfIOHeHry 

XapaKTepHCTHKH aKTHBH0ro 
IleHTaoKClf.LI: BaHa,i:u,rn:, fleHTaOKCHA BaHaAIDI C A06aaKaMH PHAa KaTaJIH3aTOpbl COOTBeTCTBYIOlll,HX MapoK CB,[( H 

npoMOTHpOBaHHbIM. cyJihCparaMH npOMOTOpOB, BKJII01-IaH KaJIHH, HaTpHtt, 3apy6e)l(HOro aHaJI0ra HAeHTWIHhI 
KOMITOHeHTa 11 HOCHTeJIH 

lll,eJioqHbIX MeTaJIJI0B u;e311ii.. 
HocineJib: c11J111KareJ1b HocHTeJih: npttpOAHbIH AI-t:aT0MHT 

X11MWiecK11M cocrna KaTaJimaTophI · aHaJIOfWIHbl no XHMWieCKOMY 

MaCC0BaH A0JIH, % C0CTaBY 

V20s 6,5-8,0 He <8,0 5,0 
K2S04 16,0-28,0 15,64 12,3 
Na2S04 1,5±0,5 1,44 1,35 
Cs2S04 - 6,42 8,00 

AKTHBHOCTb, o/o KaTaJIH3aTophI MapoK CB,[(, HKA-1-6 HMeIOT 

Ilp11 t 420°C 52,0-55,0 50,0-55,0 47,0 IT0BbillleHHYJO aKTHBHOCTb B cpaBHeHHH C aHaJI0illlll-lbIMH 

Ilptt t 485°C 84,0 85,0 82,5 KaTaJil13aTopaMH 3apy6e)l(HblX rrpOH3BOAHTeJieM. 

TeMrreparypa aKTHBau:1m, 0c 340 330 330 

Pa6oqaH TeMneparypa, 0c 380-620 360-620 370-450 

MaKCHMaJibHaH TeMrreparypa 
650 650 650 CB,[((K-,[(,K) c 6oJiee BhIC0KHM pa6oqHM AHana30H0M 

KpaTKOBpeMeHHaH, OC 

Mexa~ecKaH npoqHoCTh, (Mrra) He< 0 ,8 He< 1,0 0,7 CB,[((K-,[(, K) Bhrrne, qeM y 3apy6e)l(HbIX aHaJioroa 
IlpH peKOMeH,Ll;areIIhHOM COBMeCTHOM B )KeCTKliX ycJIOBIDIX 1-ro )],OCTOBepHbIX 

3arpy3Ke C ,[{HaTOMITTOBbIMH CJIOH (KOHTaKTHbie Hllbl, naHHblX HeT 

KaraJimaropaMH B )KeCTKliX TyMaH cepHOM KMCJIOTbl, 

Y CTOttqHBOCTb K ycJIOBIDIX 1-ro CJIOH (KOHTaKTHbie BJiara, ITOBbillleHHOe 
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