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Selective oxidation

Alkane activation

Byproduct and waste minimization

Selective synthesis, such as stereo and regioselective synthesis
Alkylation

Olefin polymerization
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e Alternative and renewable feedstocks

e New catalyst design through combined experimental, mechanistic understanding, and improved computa-

tional modeling of catalytic processes.

e Development of techniques for high throughput synthesis of catalysts and clever new assays for rapid test-
ing of small quantities of catalysts on diverse processes, and reduction of analytical cycle time by parallel

operation and automation.

e Better techniques for catalyst characterization under actual operating conditions, particularly at high tem-

perature and pressure (>1 atm).

¢ New methods to synthesize stable, high productivity catalysts with control of active-site architecture.

Bananaun: «Kamanusz - 6o30eticmsue eeuiecmea Ha peaxyuio, U30UpameibHO U3MeHsI0o-
uiee ee KUHEMUKY, HO COXpaHsiioujee ee CmexuomMempuro U mepmMoOuHAMu4ecKue yciosus. Imo
8030elicmeaue coOCmounm 6 3amMeHe 0OHUX IIEMEHMAPHLIX NPOYECCO8 OPYeUMU, YUKTULECKUMU, 8
KOMOpbIX yuacmeyem go3oelicmayroujee sewecmso. Kamanuzamop 6 npedene ne uzmensemcs 8
pe3yibmame peakyuu u He cmewaem paghogecusi». He MpUHATO CYUTATh KATATU30M BIUSHUE
PACTBOPHUTEIIS: ITOAPA3YMEBACTCS, YTO KOJTMYECTBO KaTAIN3aTOPa JOHKHO OBITH MHOTO MEHBIIIC
KOJIMYECTB peareHToB. Ho B HEKOTOPBIX CITyYasX paCTBOPHUTETh HEOOXOIUM T (DOPMHPOBAHUS
cobctBenHo karanuzaropa. Tak RhCI(PPhs); cTaHOBUTCS aKTUBHBIM B THAPUPOBAHUU TOJIBKO
10CJIE 3aMEIIeHUs OJHOTO (peHnIIpochrHA MOJIEKYIJION pacTBOpUTENs — OEH301a.

« Kamanuzamop 6 npedene ne usmensemcs 6 pesyiomame peaxyuu». Ho oH Bce-Taku
MOJKET MEHATHCS B pe3yiIbTaTe (PU3MUSCKUX MPOIIECCOB, COMPOBOMIAOIINX PEAKIIHIO.

I[To ¢azoBOMY MpHU3HAKY PA3IUYAIOT:
TOMOTE€HHBIH KaTallu3 — peaklliy B Ta3aX U pacTBOPaAX;
TeTePOTreHHBIN KaTaau3 — PEaKkiliy Ha TpaHUIle pa3jaena ¢a3 (TBepaoe Teo — ra3), MPUHITUITH-
aIbHOE OTJIMYHE: aJCOPOINs, a CBOWCTBA IIECHTPOB 3aBUCAT OT CBOMCTB MIOBEPXHOCTH;
U MUKPOTETEPOTCHHBIN — KaTain3 pepMEHTaMHU B KOJJIOUAMHU.

AKTHBHOCTB KaTaJIu3aTOPOB YaCTO ONPEIEIIAIOT YUCIOM 000poToB 71y =1y / Cj — CcKo-

POCTh p€aKIIMKU, OTHECCHHAA K KOHICHTPAUH KaTajJanu3aTopa, a Jjid T€TCPOIrCHHBIX — K YUCITY

LOCHTPOB Ha CAMHUIC MTOBEPXHOCTHU (I/IJ'II/I IpoCTO K CAUHULIC HOBerHOCTI/I) KaTaJii3aropa. B ro-
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MOT'€HHOM KaTaJIM3€ 3HauUeHue 7 ~ 1 u MCHBIIC, B KOMIIJICKCHOM U I'€TCPOICHHOM - IO 10 ,a

5
¢depmentatuBHOM — 110 10°.
CKOpPOCTh peaknuu B MPUCYTCTBHU KaTaJM3aTOpa paBHA CyMMe CKOPOCTEH KaTaJIUTUIECKOI 1 HeKaTaJH-

THYECKOMU CTaHHﬁ. Ho CKOPOCThb HOCJICI[Hefl 00BIYHO CYHIECTBEHHO MCHBIIEC, [IO3TOMY €€ HEC YUHUTBIBAIOT.

[Moyemy ke KaTAIM3ATOP YCKOPsieT MpeBpaienne?



BBUTO BRICKa3aHO MHOTO Pa3HBIX MPEANOIOKCHHI: (Pa30BbIe IPEBPAIICHUS U YTUIOTHE-
HUE PEarcHTOB y MMOBEPXHOCTH KAaTaIU3aTOPOB; Iepeaada YHEPIUK OT KaTaJIn3aTopa; NU3MEHEHHE
MaKCBeJI-00JIbIIMAHOBCKOTO PACIIPEAEIICHHS 110 SHEPTHU. DTH (PaKTOphl MOTYT UTPaTh POJIb, HO
He Bceraa. CoBpeMEHHBIX MPEJCTABICHUS: 00pa306anie 8 X00e Npespawyetis H08020 npome-
JACYMOUHO20 COCOUHEHUs, 0TI NOTLYYEHUs KOMOPO20 Mpebyemcs MeHbule SHEP2UU.

YBenuueHne KOHICHTPAuU: B TOMOTE€HHBIX MPOLIECCAX YBEIUYECHHUE ¥ CBA3AHO C YBEIIU-
yeHueM k. B rereporeHHOM U MUKpOTeTEepOreHHOM KaTajIu3e peakiys MPOXOAUT B aJIcopoupo-
BAHHOM CJIOC, B KOTOPOM IMOBCPXHOCTHBIC KOHIICHTPAIUU PCAI'CHTOB U dKTUBHBIX HCHTPOB KaTa-
JIM3aTOpa COMOCTABUMBI. 3a CUET aJcOpOLMY MOBEPXHOCTHAS KOHIIEHTPAIUs MOXKET BO3PaCTH B
COTHH U THICSYHM Pa3 (OKHCICHHE OKCHJIOB a30Ta HA CUJIMKAresie CBA3aHO UMEHHO C yBEJINYEHUEM
KOHIIEHTpPALUN peareHTOB Ha MOBEPXHOCTH). B karanuse koMIiekcaMu Py MHOKECTBEHHOM
CBA3BIBAHUHN PCArCHTOB HAa aTOMC MCTAJIJIa BO3MOXKHO JIOKAJIbHOC YBCIIMYCHHUC KOHIICHTPALIUH.

Ho ocHoBHOM 3 eKT neiicTBrs KaTaau3aTopa COCTOUT B UI3MEHEHUU CBOOOIHOM SHEp-

ruu ['u66ca (AG®) npu 06pasoBaHub MPOMEKYTOTHOTO COCTUHECHHS C KATATH3aTOPOM.

+
£ R NepeHoMHCe COCTOAHHE

_’5' PrarnEA bez KaTanuza

PEarld C FKATATI=AT

ceob OOHAA 3IHEDPIHA

B o RHHETS (e Al HE

T [-AG} T AS*/R _AH"
Ilo TAK: £, =X%exp AG%T : AG#:AH#—TAS;T, k, zkaeAS”/Re AHT/RT.

Ecnu npu 00pa3zoBaHnU MPOMEKYTOYHOTO COSAMHEHHSI POUCXOIUT YBEITMYCHHUE YHTPO-
1917071 (AS?, )> 0, To k Taxoke Oynet yBenmumuBaThes. [Ipumep: runpupoBanue oaeUHOB Ha MeTaJ-

Jax: 3a CYET CUJIBHOT'O B3aUMOJEICTBUS € KaTAIM3aTOPOM B IIPOMEKYTOUHOM COETMHEHHUH JIJTU-
HBI CBSI3€H CYIIECTBEHHO OOJIBIIIE, YeM HCXOJHOM OJe(uHe, U N3MEHEHHUE SHTPOIUH — MOJIOKHU-
TeNbHAs BEIMYMHA. B pacTBopax yBennueHHe SHTPONUU Ipy 00pa30BaHUH MPOMEKYTOYHOIO
COEIMHEHUS] MOXKET OBbITh PE3yJIbTaTOM Pa3INyuus B CTPOSHUH COIbBATHON 000JIOUKH peareHTOB
Y IPOMEKYTOUYHOT'O COCTOSIHUS.

YBenuueHne S3HTPONUH BO3MOXKHO U B MPOILIECCAX C YBEIMUEHUEM YHCIIAa MOJIEKYJI B CUC-

teme: A+K > AK - K+ P u A— P .Ecnu 6o1ee MeUICHHOH B KaTAIUTUYECKOM IIPOLIecce
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Oynet cragus oopasoBanus AK, TO 1O CPaBHEHUIO C HEKATATUTUICCKON PEaKIei OyIeT NMETh
MECTO CYIIIECTBEHHOE yMeHbIeHue S. Ho ecnu nmumutupyromeit oyaer craaus pacnana AK, To S
YBEJIMYUBACTCS: 4acTO B (JepMEHTATUBHOM KaTalu3e.

3a cyeTt yero npu 00pa30BaHUM MPOMEKYTOYHOTO COCTUHEHUSI YMEHBIIACTCSI SHEPTeTH -
yeckuit 0aprep npeppaienusa? [locTpouM nmoTeHuaaIbHbIe KPUBbIE B3aMMOICHCTBHSI aTOMOB B
H, u CO. Passepuem kpusyio CO na 180° u coBmectM ee ¢ kpusbiMu Hj Ha miockoctu. Pac-
CTOSTHUE MEXAY MOJIEKYJIAMH COOTBETCTBYET PACCTOSHHIO, HA KOTOPOM OHHU MOTYT B3aUMOJEH-

CTBOBATh.

40 - E, kkan/monb

20

-20 4

40 -

-60 4

-80 4

-100 -

-120 -

ITon BnusHueM karanusatopa B Hy MOTYyT MeHATBCA 7, CUIIOBas IIOCTOsIHHASA U D,,. £
IPUMEPHO COOTBETCTBYET Pa3HHULIE IHEPIHM TOUKH NEPECEUEHUs] KPUBBIX U J1HA IMbl. Bo30yx-
nenue H, katanuszatopom nienaeT KpuByIo 0oJiee moyIoroi U £ CTaHOBUTCSI MEHBIIIE.

KaranuzaTop cHuXaer sHepreTuyeckuil 6apbep U B 0OpaTHOM peakiyH, T.e. yCKOpseT
00e peakIy U TeM CaMbIM HE CMEILIAeT PAaBHOBECHSI, YCKOPSIET JOCTIKEHHE paBHOBecHs. Tak,
npucoenuaenrne HBr k mponmiieHy npoTekaeTr ObICTpO ¢ 00pa3oBaHKUEM MPOYKTOB, COIEPIKa-
umx 99 % Bry C, u 1 % C,. Ho paBHOBeCHasi cMeCh COCTOUT U3 n30MepoB ¢ 25% Bry C, u 75
% y C,. Takoii coctaB ObICTPO AOCTUraeTCs P MCTONIb30BaHUU AlBr3.

OpHuM U3 cinencTBUil 00pa30BaHUs IPOMEKYTOUHOTO COEJMHEHUS C KaTalu3aToOpoOM
MOXET OBITh CMEHa MexaHu3Ma. Hanpumep, roMOIMTHUECKUI TEPMUUIECKHI KPEKUHT YTIIEBOIO-
POJIOB B Ta30BO# (hase, MPOTEKAIOIHIA 10 paIuKaTbHOMY MEXaHH3MY, Ha aTFOMOCHIIMKATaxX 3a-
MeHseTcs 0osiee OBICTPBIM TETEPOTUTHIECKUM Yepe3 oOpa3oBaHne KapOKaTHOHOB.

Yro ges1aeT BeIECTBO KATAJIN3aTOPOM.

Tpy OCHOBHBIX THIIA KaTajln3a: KUCIOTHO-OCHOBHOM, OKUCIIUTEIBHO-BOCCTAHOBUTEIIb-

HBII ¥ TOHOPHO-aKLIENTOPHBINA. B KUCIOTHO-OCHOBHBIX MPOLECCaX KAaTaIU3aTop KUCIOTa NN

ocHoBanue. Kucnora mo bpencreny (HCI, H,SO4, ROH, NH", ) - BEIIEeCTBO CITOCOOHOE OT/IaTh
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npoToH, a ocHoBanue (OH', NHs, RO") — npunsts. Kucnora no Jlstoucy (BF;, AICl;3) — Bemect-
BO, CIIOCOOHOE MPUHATH Mapy JIEKTPOHOB, a ocHoBaHue (NHs) — otnats. [lo Mexanusmy ku-
CJIOTHO-OCHOBHOTO KaTain3a MPOTEKAIOT MHOTHE PEaKIuu THAPATALUU U IeTHApaTalliu, THIPO-
JM3a, H30MEPU3aLlNH, ATKIINPOBAHUS, KPEKUHTA, dTepUDUKAIIMH U TTOTUMEP3AITHH.

B oxuCIUTENEHO-BOCCTAHOBUTENBHBIX MPOIECCAX MPOUCXOAUT B3aUMOICHCTBHE MEKIY
IpeBpaliaronieiics MOJIEKyJI0ol U IIEHTPOM KaTaliu3aropa (mepexoaHble U 0JaropoaHble MeTa-
JIbI, OKCHUJIBI-TIOTYITPOBOAHHKH ), CIOCOOHBIM MPUHATH WM OTAATh AJIEKTPOH. Tak mpOXOoasaT
MPOIECCHI OKUCIICHUS, THIPUPOBAHUS, TOJIMMEPHU3AIIMU C YIACTUEM HOHOB U PaTUKaJIOB.

B 10HOpHO-aKIENTOPHBIX PEaKIUsIX MPOUCXOIUT KOOPAUHAIIHS peareHTa Ha aKTHBHOM
neHTpe. Yaie Bcero 3To MOH MEPEXOAHOT0 METallla B COCTaBe KOMILIEKCa WK (pepMeHTa.

YckopeHne MOKeT JOCTUTAThCS U 33 CUET U3MEHEHUS CBOMCTB cpeibl (KHUCIOThI, HAMPH-
Mep, U3MEHSIOT KOd(h(PHUIIMEHTHI AKTUBHOCTH ), BIUSIONINX HA XapaKTep B3aMMOJICHCTBUS IICHTPa
¥ MOJICKYJIBI, @ TAK)KE Ha CTAOMIIM3alnI0 aKTUBHON (OPMBI (B ITpEeBpaIlleHNH KETOHOB OoJiee aK-
THBHA €HOJbHAs (DOopMa, CYIIECTBYIOMIAS B KUCIION CPEIe).

BbriokupoBka IEHTPOB UM U3MEHEHHE UX MPUPOJIBI 32 CUET MIPUMECEH UIIH MPOTEeKaro-
HIMX TPOIECCOB MPUBOIUT K MAICHUI0 aKTUBHOCTH KaTaJIM3aToOPA.

I'omorenHbIil kKaTaans.

Penxo ncnonp3yeMbIM B IPOMBIIITICHHOCTH, HO BaKHBIM JJ1s1 TOHUMAHHUSI aHTPOIIOT€HHO-
ro Bo3JeicTBUS Ha Ouocdepy siBisieTcs ra3oBblid kKatanu3. Kak mpaBuiio, 3To LEMHbIE pEaKIuy.
[Tomyuenue u pazpyuienust O3 B armocdepe. B ctparocdepe O3 o6paszyercs o AelicTBUEM
COJIHEYHOT0 cBeTa. Ho B MPUCYTCTBHM OKCHJIOB a30Ta WM XJIOP(PTOPIPOU3BOIHBIX YTIEBOAO-
POJIOB, 030H KaTAJIMTHYECKH pa3iaraercs (mpodiieMa 030HOBOH JBIPHI).

Eme B xon1e 18 Beka oOHApYKHUIIH, YTO MHOTHE PEAKIIMH B PACTBOPAX YCKOPSIOTCS B
MPUCYTCTBUM MUHEPAIBHBIX KHCIOT. [lo3Hee n3ydueHrne Takux peakiuii MPUBEIO K BBEICHUIO
NOHSTUS pH ¥ YCTAaHOBIEHUIO TIPOMOPIIMOHATFHOCTH CKOPOCTH PEAKIIUU ITON BETHUUHE.

Karanus ¢ yuactnem HOHOB: JIeT4e OCYIIECTBIISICTCS OJHOSJICKTPOHHBIN MEPEHOC.

2Ce™ + TI" — 2Ce™ + TI’" maer memrenno (mepenoc 2-x e), T.k. Het mona TI*". Vekopser Mn:
Ce*" + Mn*" - Ce*" + Mn*",
Ce* +Mn*" - Ce*" + Mn*" 1
Mn** + TI' - Mn®>" + T,
TpynHOCTH POBEIEHHSI MHOTO3JIEKTPOHHOTO MIEPEHOCA OIpeIeNIIeT HEOOX0JUMOCTh UCIIOB30-
BaHUI BRICOKHX JIABJICHUH M TEMIIEpaTyp MpU CHHTE3€ aMMHaKa Ha TeTEPOTeHHBIX KaTaln3aTo-
pax.

Karaau3 kommjiekcaMu MeTaJIOB.

KommiekcHble coeiMHEeHUs TEPEXOTHBIX U OJIaropoIHBIX METAJIJIOB B PaCTBOPax MpOsIB-
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JSIFOT OOJIBIITYTO aKTUBHOCTB M CEJIEKTHBHOCTS (B psize ciaydaeB 10 100% 1eneBoro mpoayKkra)
[0 CPaBHEHUIO C KaTaJIM30M HOHAMHU TEX K€ METaUIoB. IHTepecHO OTMETUTD, UTO a)Ke HHEPT-
HOE 30JI0TO B COCTaBE KOMILIEKCAa MOKET OBITh KaTanu3atopoM. Tak HelaBHO ObLIO MOKa3aHo,
YTO KOMIUIEKCHI Au ¢ auranaamu (pocdun, ¢pochat, apcuH) aKTUBHBI B ANKHIUPOBAHUN alleTH-
JICHOBBIX YTJIEBOJOPOJOB CIIUPTAMH.

CpaBuaum nBe nporiecca: pasnoxenune H,O,, yckopsiemoe comnbio unu komruiekcom Cu. C noHom:
Cu*" + H,0, » Cu’ +H'" +HOO',

HOO" + H,0, - H,0 + O, + OH* u

OH* + H,O — OH + O, + OH*.

DTO pauKaIbHBINA ETTHON MPOIIECC, KOTOPBIA TOPMO3HUTCS O€H30JI0M. Peakiinio mpoBOIAT B KH-
CJIOH cpene, T.K. B IIENOYHOM OyIeT BhIaaaTh 0CaoK ruApokcuaa meau. [Ipu ucnoiab3oBaHuu B
KayecTBE KaTaJlM3aTopa aMMUaKkaTa MeJH B IIEIOYHON cpefie (KOMITIEKC CTaOuIeH) MEPOKCH]T

naet uoH HO, , pearupyromuii ¢ KaTaau3aTOpOM 110 CXEME:

Hy M HyM-. P

3 - - O---=-i0H
+ — o T 2t

H3N\:\‘:Cu2+ ZHO, — gl -

H3N7 < H3N,»:,a e Gt OH

Ha M Hy M-

C TAJIbHEHIIINM Pa3IoKEHUEM IIEPEXOTHOT0 COeqUHEHus ¢ oopa3oBanueM O, nonoB OH u pe-
reHepanuei katanuzaropa. £ OJU3KH, HO B KaTaJu3e KOMIUIEKCOM UMEEM YBEJIMUEHUE S TpU
pacnaje KOMIUIEKca KaTajlu3aTop — PEeareHT, 3a CUYET Yero peakius IpoTeKaeT MHOro ObICTpee.
OTMETHM CYLIECTBEHHYIO PA3HUILY B MEXaHU3MaxX: BO BTOPOM CIIy4ae MPOUCXOAUT ABYXIJIEK-
TPOHHBII nepeHoc. IMeHHO crmocOOHOCTh KOMIUIEKCHBIX KaTalu3aToOpOB OCYIIECTBISTh MHOTO-
AJIEKTPOHHBIN MEPEHOC MMO3BOJISIET TPOBOAUTH CBsI3bIBaHUE Ny B BOJIOPOIHBIE COEAMHEHUS B pac-
TBOpe B MsATKUX ycioBusx (IIumoB u Bonsnun).

OcobeHHOCTH IIpu O6D8.30B3HI/II/I KOMIIJICKCA.

[Ipu Bxoxnenuu L B cepy HEHTPATHHOTO aTOMa MTPOUCXOIUT OPUEHTAIUS JIMTAH/Aa U
M3MEHEHHE 3apsiIoB Ha atoMax. Tak, mist komiiexca [V(IV)O(H,0)s]*” yeranoBneno cuemyto-
miee pacnpenenenue: V + 0,97, O — 0,60 u + 1,63 na H,O.

Bxopsiuit B KOMIIIEKC peareHT MOXKET MOJSPU30BaThCs, U3MEHSATh CTPYKTYypy. [Ipu
runpopopmmupoBannu (H - M...CO + C;Hy) pearent CO npuHUMaeT 31eKTPOoH 0T M U CBA3b
3HAYUTENBbHO oclabeBaeT: yactoTa Konebanns CO B rase cocrasisier 2143 cM |, a B KOMILIEKCE
nanaet go 1800 em Hmuna cBsizu C=C sTriieHa paBHa 1,34A, a B kommuiekcax ¢ Pt u Ir ona
paBHa 1,49 u 1,51A, uro 6mmxe k muHe C-C cBSI3M, M IPOIIECC CTAHOBUTCS JIETYe.

3a cyeT BO3MOXKHOCTH YBEIIMYCHHSI KOOPIMHAIMOHHOTO YHCIIa KOMILIEKC MOKET CBS3bI-
BaTh HECKOJIbKO MoJieKyIl. Tak, Ni cBsi3biBaet 3 - 4 monekynsl C;H, - BO3MOKHOCTB peakiuu ¢

ydacTreM 3 u 6oJiee MOJIEKYII, @ TAK)KE OCYIIECTBIISITH MHOTOAJIEKTPOHHBIN TIEPEHOC.
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[Ipupona L Bnusier Ha CBOMCTBA, Kak [[A, Tak U Apyrux L, U Ha MPEBPaIIarONIyOCs MO-
nekyJy. 3ameHa NHs; B komruiekce ¢ Cu*" ma CN™ YMEHbBIIAET aKTUBHOCTH B paznoxenun H,O,:
onnouMenHrsle CN 1 HO, oTtTrankmBarorcs, a Cu* - CN™ MPOYHAast U KOMIUIEKC CTaOWJIeH.

Oco0eHHOCTHIO KaTalln3a KOMIUIEKCAMHU SIBIISIETCS CHSATHE 3alpeTa Mo CHMMETPHH, T.K.
HEHTPAIBHBIA aTOM UTPAET POJIb NIEPEAATUYNKA DJIEKTPOHOB (MIOJTUMEPHU3ALIUS ITUIICHA).

@®epMeHTATUBHBIN KaTAJIH3.

®epmenTsl (E): KUCIIOTHBIE M OCHOBHBIE IIEHTPHI aMUHOKHUCIIOTAX, a TAK)XKE U JOHOPHO-
AKIIETITOPHBIEC LIEHTPHI — KATHOHBI METAIIJIOB, U IPOCTPAHCTBEHHAS! OPraHU3AIIHS aICOPOIIOH-
HBIX ¥ KaTaJIMTUYECKUX HEHTPOB. E 00beANHSIOT CBONCTBA APYTUX TUIIOB KaTaTIH3aTOPOB.

Ocobennoctu aeicreui (E).

3HaYUTENBHO OOJBIINE BEIMYMHEI A: B TUAPOIN3E MOYEBHHBI B IPUCYTCTBUH YPEasbl
npu 25°C k=5.10°M'c¢ ™, a B kuciom pacreope mpu 62°C Toisko 7,4. 107 M ¢

BrIcoKas CeNneKTHBHOCTD IPOLECCOB: ypeasa COBEPILEHHO HE aKTUBHA B THAPOJIU3E IPY-
I'UX aMUJIOB, HE OTIMYAONIMXCS OT MOYEBHHBI PEAKIIMOHHOM CIIOCOOHOCTBIO.

IIprYnHEI YCKOPEHHUS.

KonuenTtpuposanue (agcopOuusi, a Npu MHOXKECTBEHHOM CBSA3BIBAHUU — JIOKAJIbHOE
KOHIICHTPUPOBAHKUE) M OPUEHTAITUS K ONpeiesIeHHOMY y4uacTKy E: yckopenue 10*. Bo3amoskHO
MPENATCTBUE BpallleHHI0 (PParMeHTOB peareHTa, 4YTo YBeJIUIHBACT K.

Custue 3amnperta no 3apsay: SSO; + CN npoTekaer 1miaoxo, T.K. IPOUCXOJUT OTTAIKH-
BaHMe ogHoMMeHHEIX yactull. A E + SSO;” — ES + SO327 u ES + CN™ — P —OsicTpee, T.K. HET
OTTAJIKMUBAHUS: TIepeHOC S B TpaHcepasze. Bo3MOXKHO Takke CHATHE 3alpeTa [0 CUMMETPHH.

osspu3awust cy6CTpara i CTabUIM3aLis ero aKTHBHOM (hopMbIl: yekoperwue 10°.

N3menenune cBOMCTB cpepl (BIUSHUE HA KUCIOTHO-OCHOBHBIE CBOMCTBA, H3MEHEHHE KO-
s durmenta akTuBHOCTH). Tak, 3HAUCHHUE € PACTBOPUTEIIST BOJIU3H LIEHTPA OL-XUMOTPHUIICHHA
Mmenb1e 10, a B Bozxe 80. MoxxeT yMEHbIIATHCS NOJIAPHOCTD CPEIBI OKOJIO S U PACTH OKOJIO LIEH-
Tpa. PacTeT MEKPOBSI3KOCTh B OGIACTH LEHTPOB. Y CKOPEHHUS MOXKET JOCTUraTh 3HaueHus 10°.

[loTepst sHTpONMM HaA CTaaNUU CBA3BIBAHUS CyOCTparTa, a IpeBpalleHrue B IPOAYKTHI yiKe
MOJKET POTEKaTh C BHIUTPHINIEM. Tak mpu rTuapoiu3e aieHo3uHTpUdochopHO KUCIOTHI
(AT®) otrourenue k ¢ hepmenTom mMuosnsom wii H;O', cocrasmsier 10, B To Bpemst kak E
84,0 u 84,8 xJl>/Momb. Bonbiiast akTUBHOCTB OINPENENIAETCS SHTPOIMMUHBIM (PaKTOPOM.

[MonmudyHKIIMOHAIEHOCTH: COBMECTHOE JeHCTBUE HAa S ABYX IEHTPOB: KUCIOTHBIN (OH)
unu ocHoBHOHM (NH;) ieHTpbI 1 HOH MeTaa.

N3meHenne cBONCTB aMUHOKHCIIOTH E 1 KoomepatuBHOCTB: S, ancopOupoBaHHbIN Ha CO-
CEIHEM LIEHTpPE, YCUIIUBAET JIeUCTBUE caMoro 1eHTpa - ASP akTuBupyeT HHEepTHBIH Ser, mocie

4C€ro OoH 06paayeT KOBAJICHTHYIO CB3b. Tak OCYHICCTBIISACTCA THAPOJIN3 MENTUAHOMN CBSI3U B
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MJac CUMTAIOT 3TO OCHOBHOM IMPUYIUHOHN BBICOKON AKTUBHOCTHU

v

amuHOKHciorax. Ce

3a cyeT NoABMXKHOCTH aToMoB B E, sHeprusi, BbAenstomascs npu aacopOLuy U B peak-

uuu, 3anacaetcs Ha E, a 3atem nepenaercs S.

CHeI_II/I(I)I/I‘IHOCTL E xmrou — 3aMoOK. HpI/I 9TOM CYHIECTBECHHO MHOKXCCTBCHHOC CBA3bIBa-
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[Ipu pa3znuuHON ynakoBKE aTOMOB Ha MOBEPXHOCTU PACCTOSTHUS MEXKIY HUMH M SHEPTHS CBS3H
WX C peareHTOM pa3HbIe, YTO U MIPUBOAUT K PA3HBIM MPOIYKTaM.

BpIro1HO HAHOCUTH HEOOJIBIINE KOJIMYECTBA METAJIJIa Ha TTIOBEPXHOCTh HOCHUTEIS, 00J1a-
JAIoIero OOJBIION MOBEPXHOCTHIO: OOJbIIAs YacTh aTOMOB KaTalnu3aTopa JOCTyITHA peareHTaM.
Taxk, cepa paguycom 1 HM u3 aromoB d = 0,2 HM coaepkuT Toabko 20 % aToMOB B 0ObeMe.

CHauana moJiarajiu, YTO HAHECEHHBIM Ha HOCUTEIh METAJLI JJIEKTPOHEUTPAJICH U HE
B3aUMO/JICUCTBYET ¢ HOcuTesleM. Ho ycTaHOBIIEHO, UTO 3a CUET B3AMMOAECHCTBUS aTOMa MeTalIa
C HOCHTEJIEM MPOUCXOIUT TIepepacipeiefieHne € U MeTasul mpuoodperaet 3apsa. Tak aTom Oia-
TOPOJIHOTO METaJlla, HAHECEHHBII Ha HEKUCIIOTHBIN CUITMKarellb, MEHEe aKTHUBEH B OKUCIUTEIb-
HO-BOCCTAHOBHTEJIbHBIX PEAKIIUAX, UEM TOT K€ METAJLI U B TOM K€ KOJIMYECTBE, HAHECEHHBIN HA
KHUCTIBIN ATFOMOCUITHKAT: CUIbHOEe 83aumooeticmaue memail — Hocumeins. HemocTaTok: ObICTPO
TEPSIOT aKTUBHOCTH TIPH BBICOKHX T, T.K. MaJIble YaCTHIIbI CJIUBAIOTCS.

Karanu3 kiaacrepamu.

KaranuzaTtopsl, B KOTOPBIX Ha TTOBEPXHOCTH HOCHUTEIISI CHHTE3UPYIOT TIOCTATOYHO YCTOM-

YUBBIE KJIACTEPHI U3 HECKOJIBKUX aTOMOB METajljla, UX CBOMCTBA OT CBOMCTB, Kak MeTaJljia, TaK U

oTnenbHbIX aToMoB. Hampumep, p atoma Fe cocraBnser 3,18 ug (Maraeron bopa), 2,98 Ha mo-

BepxHOCTH U 2,20 B 00beMe. DTO SBIACTCS CISJACTBUEM PA3IMIUI JIEKTPOHHBIX CBOWCTB .

b

10



mepa kinacrepa: y Nb u Co B auccounanyu H, Habmogaercst Manasi akTHBHOCTD KJIaCTEPOB, CO-
JepIKaIuX J0 3 aTOMOB, BBICOKasi — OT 3 10 7, a 3areM najaenue (8,9) u poct ot 10 - Hagamo 00-
paszoBaHus ¢dazpl MeTasIa.

bumeramnnueckrne KOMIO3UIMK YacTO O0Jiee aKTUBHBI M CETICKTUBHBI, HAITPUMED,
PdsRue/tieonut B 06pazoBaHuu H - 0JePHUHOB, YeM HAaHECEHHBIE KIacTEPbl HHIANBHY aJTbHBIX
meTauioB, Pde nim Rug Ha eonmte. CHHTE3UPYIOT HE TOIBKO KIACTEPhI, COCTOSIIIIUE U3 aTOMOB
MeTasuia, Ho 6osee ciioxHbIe 1o coctaBy. Hanmpumep, kimactepsl [Rhe(CO)j6] u [Irg(CO)16] Ha
wienkax MgO u Al,O3; BecbMa akKTUBHBI B THIPUPOBAHUN APOMATHUECKUX COETUHEHUH. Y cnexu
CHUHTETHYECKOM XMMHHU TO3BOJISIIOT MOJyYaTh OUYEHb CIOXKHBIE CTPYKTYPBI, HAIIPUMEP
Gayy[Si(SiMes)s s, Tie Me — MeTwI, Wiid, TIOKaTyi, HAaHOOJIBIITNI Ha JAaHHBIH MOMEHT M TI0XO0-
KU Ha (yJuIepeHbl KiacTep KeruiepaT (Ha3BaH B 4eCTh BEJIMKOTO acTpoHoma Keriepa):

[MO72FC300252(CH3COO)12 {MOz O7(H20)}2 {Hz MOzOg(HzO)} (H20)91].~. 1 50H20

OCOOEeHHOCTh TaKMX KaTalM3aTOPOB COCTOUT B TOM, YTO B3aUMOJICHCTBUE aTOMOB MeTajlia C JIH-
raHJaMu ¥ TTIOBEPXHOCTHIO HOCUTENSI U3MEHSIET CBOMCTBA aKTUBHOTO IIEHTPA U MTO3BOJISIET yIPaB-
JSATh UX aKTUBHOCTHIO. [ToMuMO Gosbliei cTaOMIbHOCTH MPEUMYIIIECTBO TAKUX KaTaJIN3aTOPOB
COCTOHT U B TOM, YTO B OTJIMYHE OT MaJbIX YACTHUI] METAJIa B KOMIUIEKCaxX OOJbIIIasi 4acTh aTo-

MOB JOCTYyITHA p€arcHTaM.
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—| M |—| METAH |

—l Lo/ a H CMECE CIHMpTOE |

] Fe/Co/al,0, H-JTIEE0N0p 0HEL
CO+H, Cu/Znidl, 0, METAHOI

| ThO, H20-YTJIEE0 0P Ok

—| KoMIImercH Ru |—| O - cOpEpEATITE |

_| KonIIneRCE Rh |_| STHIEHT JIHKOJE |

Hay4Hoe o60cHOBaHME MOJOOHBIX SIBJICHUI B HACTOSIIIEE BPEMs HE BCET/1a BO3MOXKHO, YTO CBS-
3aHO CO CJIOHOCTBIO SIBIICHUH, TPYTHOCTBIO CO3JIaHUSI TEOPETUUECKUX OCHOB KaTanu3a. Ho co-
BpeMeHHbIE (yHITaMEHTAIIbHBIE HCCIIEI0OBAHUS TTO3BOJISIOT MOJIHEE U IITy0)Ke MOHNMATh XapaK-

Tep B3aMMOJICUCTBHS «KATAIH3aTOP — PEareHT».
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