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Beenenne

buoneoprannyeckasi XMMHUST — WHTEHCWUBHO pa3BH-
BaeMasl IVCIIUITINHA B COBpPeMEHHOI XMMHMYECKON HayKe.
WccenenoBanus B »Toli 00JacTU CBs3aHbl C TPEMSI OCHOB-
HbIMM HaNpaBA€HUSIMU: MEIULIMHCKOM XUMMEM, OHoMHu-
METUKOI 1 OMOMOJIEKYIISIPHON XUMWET.

3amaud meduyunckol Xumuu — CWHTE3 KOMIIJICKCOB
META/UIOB U METALIOOPraHUYeCKUX COedMHEeHUU, obia-
Jaolyx papMakoJoruyeckoi akTMBHOCTbIO, U YCTAHOB-
JIeHWe 3aKOHOMEPHOCTEH  «CTpyKTypa—OmonornyecKas
AKTUBHOCTD».

buomumemuueckas xumus coszgaeT M MU3y4yaeT CTPYK-
TypHbl€ aHAJIOIM AKTUMBHBLIX LIEHTPOB MeTaL10epMEHTOB
W OCYIIECTBIISIET POJACTBEHHBIE (110 3amayaM U OOBEKTaM)
WcceJOBaHNS B oOJacTh OMOHEOpTraHMYeCKOM 3H3WMO-
JIOTUU.

buomonexyrapnaa xumusa 1noApas’yMeBaeT U3yUYEHHE
OMOXMMUYECKNX (DYHKINI METaJIoB ¢ TOUKHM 3peHUS WX
XUMITYECKOM peaKIIMOHHON CITOCOOHOCTH, WCCAeAOBaHIe
MOJENTBHBIX OMOXMMWYECKUX PeaKIMi ¢ yJyacTMeM MeTajl-
JIOB U HMX COCIMHEHWIHI 1 YCTAaHOBJEHUE MEXaHU3MOB
B3aMMOICHCTBUSI MOHOB META/VIOB, META/I00PraHM4eCcKuX
W KOOPAWHAIIMOHHBIX COCOMHEHWI ¢ OMOJIOTMYeCcKUMI
cyocrparamn. OcHOBHOE BHMUMaHHME WccilemoBaTesleil Ha-
OpaBieHO Ha YCTAHOBJIEHME MEXaHM3MOB 00Opa3zoBaHUs U
paspblBa CBs3€li MOHA MeTallla ¢ KOOPAMHMPOBAHHBIMU
TPYTITIAMHA OUOJIOTHYSCKIX CYOCTPaTOB.

Penokc-npespaimennsi KOMILUIEKCOB METAJLIOB
B OMOXHMHYECKHX Npoueccax

3HauyuTeIbHOE YMCIO padoT B 3TOM ob6jaacTu OHOHEeop-
TAaHUYECKOW XWUMWM  TIOCBAIIEHO OKHMCIUTENIbHO-BOC-
CTAaHOBUTENIBHBIM TIpOIleccaM W3-3a IIHPOKOTO PacIipo-
CTpaHeHHUs1 OMOXMMMUECKUX PEIOKC-peaKluii METAIIOB U
HUX KoMILIeKcoB. [1py 3TOM B OOJIBIIMHCTBE CIy4aeB KO-
yeBasi pPojib OTBOAMTCS WOHY MeTajia, MEHSIOIMEeMY cTe-
MeHb OKWCJICHUST B pe3ysbTaTe TiepeHoca OTHOTO MWW He-
CKOJIbKMX 9JIGKTPOHOB WIM Y4yacTUs B OKMCJIWTENbHbIX
npoueccax. OAHAKO He MeHee BaXKHbIM IIPEeACTaBISETCS
MapuipyT peakiiuy, 3aTparuBalIi opraHuYecKoe JIv-
TaHAHOE OKPY:XKEHWE W BKIIOYAIONIWI 0OOpa3oBaHWE WH-
TEPMENMaToOB paauKaibHOM Npupoabl. 1 mepBoil craauu
TaKuX MPOLECCOB XapakTepHO 0Opa3oBaHUe 3apsSKEHHBIX
WM HEWTPAJTbHBIX TIApAaMarHUTHBIX YAacTHI[ ¢ HecTapeH-
HBIM 3JIEKTPOHOM, JIOKAJIM30BAHHBIM B OPTaHWYECKOM
YyacTU MOoJeKyJbl. JlanbHelllee XUMUYECKOe COObITUE MPU
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GYHKITMOHUPOBAHUN OUOJIOTUYECKUX PEIOKC-CUCTEM —
BHYTPUMOJIEKYJISIpHBIN  TiepeHoc snekTtpoHa (BIIB) to
BHYTpUCGHEPHOMY MEXaHU3MY, MPUBOASIIIUMA K H3MEHe-
HUIO CTeNEeHU OKMCIEHUS] MOHA MeTala.

Boripoc o BITID B npupogaHbIx myuroxpoMax oocyxna-
cst J1. JlonbhrHBIM ellie B ceMUAECSAThIX Tofax TIpu U3yve-
HMM CHHTETUYECKUX MoaeabHbiX mopdupuHoB [1]. Ilpu
5TOM YTBEPXKIAIOCh, YTO M3MEHEHUE CTEMEeHU OKHCIAESHHs
MOHA Xese3a, MPOCTPAHCTBEHHO HEAOCTYITHOIO AJsl Hemo-
CPEICTBEHHON aTaKW peloKc-peareHTa, MOXKET OCYIIEeCTB-
JIITCS TOJBKO TIO BHYTPUMOJICKYISIPHOMY MEXaHU3MY C
BOBJIEUEHMEM Ha MEPBOM CTaAUM OPraHUYECKOro JMraHia.

ytot @Fe2h) O (cnorEe) ()
A b

(Cyt o)(Fe2+) [

Crpyktyphl A U B spBisiiorcss He pe3oHacHbIMU (Gop-
MaMH, a He3aBUCHUMbIMM M302J1€KTPOHHBIMU CHCTEMaMM,
SHEepreTHUeCKNit Gapbep B3aWMHOTO TIepeXoda KOTOPBIX
oripenesnsieTcsl KOHGOPMAIIMOHHBIMU W3MEHEHUSAMU  JTN-
raHaa, Jubo 3JeKTPOHHbIMU M3MEHEHUSIMU B KOOpAMHA-
LIMOHHOM Y3JI€.

B HacTostiiee BpeMst BHYTPUMOJIEKYASIPHBIN TPaHCTTOPT
5JIEKTPOHA TOAPOOHO WM3YYeH JUISI MHOTOKOMITOHEHTHBIX
OMoJIOrMYeCKUX CTPYKTYyp [2—4]. MexMoaeKkyasapHOMY
(BHelIHEC(hepHOMY) M BHYTPUMOJIEKYJISAPHOMY (BHYTPU-
cepHOMY) TpPaHCIOPTY JIEKTPOHA B KOMILIEKCAax METal-
JIOB TakXKe yaensieTcsi Bce Oonbllie BHUMaHuWA [5, 6]. B
3HAYNTEJILHOM CTETIeHW 3TO CBA3aHO C Pa3BUTHEM OWOHe-
OpraHUYeCKOM M OMOMOJIEKYJISAPHOM XMMMM, B KOTOPbIX
TakKue IPOoLeCChl MCIONb3YIOTCS 111 MOJEKY/ISIPHOIO KOH-
CTPYVpOBaHUs MoJiesieil OMOJTIOTUUECKUX CUCTEM.

C sTolt TOYKM 3peHWS] WHTepec TIPEACTABIIIOT COCIH-
HEHUsI ¢ AByMsl U Oojiee peaoKC-aKTMBHBIMM LIEHTpaMH,
MeXAYy KOTOPbIMM BO3MOXKHO 3(MGhEKTUBHOE JIEKTPOHHOE
B3aMOJIEiCTBHE B cHUcTeMe JMuraHa—MeTann. g vccrne-
TMOBAHUS TaKUX OMOMOJIEKYISIPHBIX Mojeneil B YCIOBUSX
pealbHbIX XMMMUYECKUX MPOLECCOB BaKHbl CHUCTEMbI, KO-
TOpble MOXHO HCIOJb30BaThb B BUIE TEPMOAMHAMMUUYECKHU
YCTOMUMBBIX B OOBIYHBIX YCJOBUSIX peareHTOB WM Kara-
JIN3aTOPOB, TOJABEPTralOIINXcd OOpaTMON XUMHUUYECKO
TpaHcdopMauuu ¢ oOpazoBaHMEM paAMKalbHbIX HHTEp-
MeauaToB. Pe3ysibTaT Takux IpeBpallleHuii — BHYTPUMO-
JIEKyAIpHas TiepecTpoiika 3JeKTPOHHOW CUCTEMBI KOM-
iekcoB (puc. 1). Tlpu sToM byHKIMOHANIBHAS TpPyTITIA,
pacrionoXeHHasi Ha Tiepudeprud OpraHWYECcKOTo JUTaH/a
U MPOCTPAHCTBEHHO NOCTYIIHAs 1l aTakyd peareHTa, yda-
CTBYET B MEPBOM aKkTe IlepeHOoca JEKTPOHA, B Pe3yjibTaTe
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Puc. 1. DOyHKuMOHMpPOBaHHE PEIOKC-CHCTEMbI

MeTaLia

yero obpasyroTcss MOH-PaauKaIbHbIe YACTHIIBI C TIPENMY-
IIECTBEHHOM JNoKaau3alnell HeclmapeHHOTo 3JIEKTpOHa B
MOJIEKY/ISIpHOM (parMeHTe 3TOW IpyIlbl. 3aTeM MO CUC-
TeMe CBsA3ed (YHKLMOHAAbHOM TIpPyHIbl ¢ OavKailliym
JINTAHIHBIM OKPYXXEHWEM 3JIEKTPOH TIEPEHOCUTCS Ha Op-
raHU4ecKnit ¢hparMeHT KOOpAWHAIIMOHHOTO y3na (M B
obpaTHOM HampapjieHuuM). B pesyabrare ocyllecTBiasercsa
TPaHCHOPT JAEKTPOHA HAa MOH MeTaia. [lomoOHble OMo-
XUMHWUYECKHE TIPOIIECChl, KaK TMPaBUJIO, COMPOBOXKIAIOTCS
Takke TPAHCIOPTOM aToMa BOJAOpPOAA, TIPOTOHA WU TH/I-
pua-voHa [2].
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KOMIUIEKCA ~MeTauia, mpu
KOTOPOii 00pa3yloTcs MOH-PAIMKAJbHbIE WM PaJuKajbHbie (DOPMBI JHMraHga, a 3a-
TeM OCYHIECTBJISIETCS BHYTPUMOJIEKYJISIPHbIA mnepeHoc 3jekrpona (BIID) na wuon

Heiitpanbubie  pagukanabl  (QeHOK-
cunmbHOTO THMa (cxema 1) oOpasytores,
HampuMep, W3 ocTaTka TUPO3WHA B TIPO-
lecce IBYXJIEKTPOHHOIO BOCCTAHOBIIE-
HHUS TIepOKCHAA BOAOPOJA C Y4YacTUEM
MeTreMoryioouHa [7].

MeTtacrabunbHbie MPOTEVH-1IEHT-
pUpOBaHHbIE paaMKajibl BO3HUKAIOT TaK-
K€ TIpU OKMCJIEHMHM OCTaTKOB TpumnToda-
Ha W TIWCTeWHa B OCTKOBOM YacTH MeT-
reMoryoouHa [8§].

B marnHOM 00630pe TIipUBOASTCS MTAHHbBIC,
MNojiyyeHHble HAMM IIpU  MCCIENOBaHUHU
MOJIE/IbHBIX PENOKC-Peakliii KOMILIEKCOB
METaJJIOB, B KOTOPBIX 0OPa3yroTCs OTHOCH-
TEJIbHO CTAOMIIbHBIC TIapaMarHUTHBIE TTPO-
IYKThl (cxema 2).

Hnsg cTpyKTypHOTO KOHCTPYWPOBAaHUS
MOJAEbHbIX COEAMHEHMIl BbIOpaHbl CHH-
Te3WpOBaHHBIC B HAIIMX paHHWUX paboTax
KOMTIJIEKCHI ~ METaJIOB,  cozepxKarie
2,6-puankuinderonsl (obGpasyiolye IpU
OKMCJIEHUM CTaOuibHble (DEHOKCUIbHbIE
panMKaibl) B KadecTBe crneLu@uuecKux
TPYTIT, BBEIEHHBIX B JINTAHIHOE OKpYXke-
HUe MeTtasa [9, 10].

B psny MeraioopraHM4eckKUX M KOOPAMHALIMOHHBIX
COENMHEHUI ¢ (EeHOMbHbIMU IPyNNaMyU HAWOOIbLIMA MH-
Tepec TIPEACTABISIOT KOMIUIEKCHI ¢ MaKpOUWKIUNISCKUMU
JIUTaHAaMW —  CTPYKTYpPHBIMW  aHaJloTaMW  peaoKc-
AKTUBHBIX OMOJOIMYECKUX CUCTeM. B cBsI3u ¢ oTUM ucC-
cleloBaHbl MOMe/NbHble peakliMy A1 CepUU COeldMHEHUI
— KOMIIJIEKCOB METANIOB HAa OCHOBE CATUITUIANBIUMIHA-
ToB (SalM), mmoxkcmmaroB (DM), dramonmanHOB
(PcM), a taxxke nop- noppupuHos (PM), comepxkaiimx

Cxema 1
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R4PM; M = Zn, Co, Fe, Ni, Pd, Pt

R4PcM; M = Zn, Co, Fe, Ni, Pd, Pt

R = 3,5-mu-mpem-oytun-4-rugpoxcud e Hun

Cxema 3

3aMmenieHHble deHunbHble Tpynmbl R: R,SalM, R,DM,
R4PcM, R4PM, rne R = 3,5-au-mpem-0yTmn-4-ruapok-
cudenunn (cxema 3).

WUsyuenne OMOXUMHYECKMX (DYHKLIMWI KOMIUIEKCOB
METAIJIOB C TOUKU 3PEHUS] UX XUMWUYECKON peaKIIMOHHOM
CHOCOOHOCTY OCHOBAaHO B OOJBLIIMHCTBE PadOT HAa IpPHUH-
LuMnax KOOPAMHALIMOHHOM XWMHUM, IIPUMEHSEMbIX s
HWCCIeIOBAaHNiT B OMOHEOPTaHWUYESCKOM XUMWH, U Ha OIflpe-
nmensiomieit pom Metayuta. OOCyXaaloTCs CIeAyIONTe Xa-
PAKTEePUCTUKM M CBOMCTBA MOHA MeTala KaK KOOpAUHa-
LIMOHHOIO LIEHTpA: CIIOCOOHOCTb K KOOpPAMHALIMU, I€o-
MeTpMsl, CTelleHb OKHuceHus (peaokc-¢opma), peaokc-
MOTEHIIMAIBI, MArHUTHBIC CBOWCTBA, CTAOWMIHLHOCTbL WH-
TepMEINATOB.

PaccMorpeHnio GUOMOJIEKYJISIPHBIX MOJAE/Iel ¢ IpUMe-
HEHUM IPUHIIMIIOB OPraHMYECKON XUMHUM ISl KCCaeno-
BaHWIT B OMOHEOPTaHWYECKON XUMWUM YACTSETCS CYyIIecT-
BEHHO MeHbIIe BHUMaHMA. OmHaKo IS OLIEHKU pOJIN
OpPraHMYeCcKOro JMraHjia MU BO3MOXHOCTU €ro yyacTusl B
OKUC/IUTENbHO-BOCCTAHOBUTE/IbHbIX MPEeBPALlEHUSIX KOM-
TJIEKCOB METAJIJIOB ClIeyeT aHaJU3MpoBaTh Te Xe caMble
XapaKTEePUCTUKH.

Takoii nmoaxoa Mbl OPUMEHWIM B MCCIEAOBAHUSIX U
HOJIOXWIM B OCHOBY HacTosllero o0oOliaioliero odsopa
MOJTYYEHHBIX TaHHBIX.
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THnbl OMOXMMHYECKHX PeaKImii,
KATAJM3HPYEMbIX OKCHIOPEIYKTAZAMH

T'naBHasgt yHKIIMA KOMTIJIEKCOB METAJIJIOB B KWBOW
KJeTKe — IOIJIOLEeHUE, HAKOIUIEHUE M TPAHCIOPT DjeK-
TPOHOB U KucJopoaa. MeTanibl MOIYT BXOAUTb B COCTaB
aKTUBHBIX LIEHTpOB (GepMeHTOB WM KodakropoB. Dep-
MEHTBI, KaTalU3WpYIOIIAe OKWCIUTETbHO-BOCCTAHOBH-
TeAbHBIC peaKIuH, OTHOCATCS K KITacCy OKCHIOPEIyKTa3
[12]. OkucineHuve cyOGCTpaToB MOXKET IIPOUCXOAUTL C ydya-
ctueM O;, B 9TOM cllyyae aTOMbl KUCJIOPOIA BHEAPSIOTCA
B MOJNeEKyNy cybcTpara TIpW ACHCTBUM MOHOOKCHUTEHa3 W
JMOKCHTeHAa3, MO0 He BHEAPSIOTCS B cyOCTpaTt Mpu neii-
cTBUM oKcuaas. OKuciaeHrue cydbcTpaToB MOXKET MPOXOAUTh
u 6e3 yuactusi O,, B 9TOM cilydae MAYT peaklUU TUApHU-
pOBAaHWUS W JCTWAPUPOBAHUST TIpW JEHCTBUWM pEAyKTas W
JeTHAPOTEHa3 COOTBETCTBEHHO, WJIM OCYINECTBIISICTCS TIe-
pEHOC 2JIeKTPOHA IpU AeicTBUU HuToxpoMoB [13]. Ho B
Kax/IOM cllyuyae KaTaau3aTop WM MEePEeHOCUT JIEKTPOHDI,
00pasysd Ha TepBON CTaAUN COOTBETCTBYIOIINE TIPOMEXKY-
TOYHBIE peAOKC-(GOPMBI, MW aKTUBUPYET KUCITOPOLL.

YyacTue MOJIEKYJSPHOrO Kuclopoaa B OHOXHMMYE-
CKUX MpoLeccaXx B YCIOBUSIX adpoOHOro Meraboauama
COTIPOBOXKIACTCI, ONHAKO, TEHEepUPOBAaHWEM aKTHBHBIX
Mmertabonautos Kucnopoaa (O, °, O27 7, 0,1, O,, OH",
H,0,, HO, "), xoTopbie B GOMBIITMHCTBE CAYYACB SIBISIOT-
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Cs aKTUBHBIMU PaJMKaJIbHbIMU YaCTULIAMH U MHAYLIMPYIOT
OKMCITUTENbHBIN cTpecc opranmama [14, 15]. Tlpu atom
BOXKHYIO POJb UTPACT aHTUOKWCIUTETbHAS 3alllUTHAS CHC-
TeMa, COCTOsLLIAsA U3 HU3KOMOJEKYISPHBIX aHTHOKCUIAH-
TOB (HaATipuMep, ackopOWHOBasl KWCIOTa, O-TOKOdepor,
[IyTaTuoH, KodepmeHT Q) U (PepMEHTHBLIX CUCTEM, OCY-
LLIECTBASIOIMX TpaHCHOPMALIMIO ITUX peaKUHOHHOCIO-
COOHBIX YacTHWIl B McHee aKTUBHBIC (HampuMep, CYMepoK-
CHJl JWicMyTasa, KaTajasa, TJyTaTHOHpeayKTaza W [p.)
[15, 16]. HeiicTBue Tex WIM MHBIX YYACTHUKOB 3aLIUTHOMI
CHCTEMbl BKJIIOUaeT 0Opa3oBaHUe PaJUKAIbHbIX MHTEPME-
mnatoB [17].

VYyactne KOMIUIEKCOB METANJIOB, COAEpXKallluX JIETKO
okucjsaloluecss GeHoNbHble IPyIMbl (cxeMa 3), B pas-
JIMYHBIX OKUCJIUTEIbHO-BOCCTAHOBUTEIbHBIX MPOLECCaX
W3yYau ¢ YIeTOM TIEPEUMCIIEHHBIX BbIIIIE OCHOBHBIX TH-
MOB peakInii, Karaju3upyeMbIXx MeTatopepMeHTaMu.
Kpome Toro, ObLia paccMOTpeHa MX POJib B OKMCIMTENb-
HOI AeCTPYKLIMY JIMNUAOB IPU OKUCIHUTENbHOM CTpecce.

YuacTie KOMILUIEKCOB METAJLIOB ¢ (DEHOIbHBLIMH TPYNNAMHU
B OKHCJINTEJIbHO-BOCCTAHOBHTEBLHBIX MPOLECCAX

Kommiekesl Merammos obmieit dopmyasr R(L)M, co-
nepxaiuue — rpynnbl  2,6-au-mpem-0yTuideHona  Kak
dbparMeHTbl JIMIraHIOB, MMEIOT B CBOMX MOJEKYyJaX He-
CKOJIbKO PEaKLMOHHbIX LEHTPOB: (eHONbHYI0 rpynmy R,
ocHoBHOW smmrana L w von Mmertamna M. [deranpHoe uc-
cienoBaHNe nx OKWCTUTETbHO-BOCCTAHOBUTETBHBIX
CBOMCTB I10Ka3ajo, 4YTO HalpaBleHUe aTakh pPeAoKC-
peareHTa M MapllpyT peakluM, BKIIOYalolleid OIHODJIEK-
TPOHHOE OKWCJIEHUE WJIM BOCCTAHOBJICHUE, OTIPEACISIIOTCS
HECKOJIbKNMU hakTopamMu: 1) TIpUposiol MoHa MeTajia,
2) TUIIOM CBSI3UM MeTa/UI—JMraHia; 3) NpUpoaoil peareHra;
4) cpenoii  [9—11]. PeryaupoBaHue mpolecca TpebyeT
noadopa pasTUYHbBIX YCJIOBUHM TIPUBOIUT JIMOO K M3MEHe-
HWIO CTEeTICHW OKHWCJIeHUsI MmeTtanna M, nmnbo K obpasosa-
HHUIO MOH-paAuKaibHbIX (OpM auranga L mav K reHepu-
poBaHMIO (PEHOKCWIbHbIX PaJAUKaloB Ha mepudepuu op-
raHndeckoro juranaa R° (ypaBHenus 2—4).

R(LM = e - R(L)[M*!] )
R(L)M % e - R[(L)*'IM 3)
R(L)M — e — H* - [R*(L)M (4)

B momasnsmiomieM OoNBIIMHCTBE cllydaeB Bce obOpa-
3ylolMecs: penoKc-(QopMbl CTa0WUIbHbL U PErUCTPUPYIOTCS
GU3MKO-XMMHUYeCKMMU MeTogaMu. BaxHblii ¢dakTop cy-
IIECTBEHHOTO TIOBBIIMICHNST YCTOMYMBOCTH PagUKATLHEIX
YaCTUI] OpPraHWYECKON TIPUPOABI — WX KOOPAWHAIIMUSI C
MOHOM MeTajuia.

B3zaumooeticmeue ¢ moaexyaapusim Kuciopooom

Ha npumepe ¢ranounanuna xkobansra (Ry4PcColl)
MOKa3aHO, YTO MOJIEKY/ISIPHbI KUCI0POd MOXET ObITh
OKHMCJTUTEJIEM TIO OTHOIIIEHWI0 K (DEeHONBHOMY 3aMECTUTE-
JII0, MAaKpoKOJbIly dTajollMaHMHAa W WOHY MeTaia
[18, 19]. Mapilupytr peakuuu onpeaensercs cpenoi. B
LIEJIOYHON cpene oKuciasgeTcs nepudepuiiHblii (peHob-
HBITT (parMeHT ¢ oOpa3oBaHMEM COOTBETCTBYIOIIETO he-
HoKcwibHOTO pagnkana R°, cniektp BIIP kotoporo npen-
craBisier coOoil Tpurvier ¢ g-dakropom paBHbiM 2,005
(ypaBHeHuUe 5).

O
R,PcCol! 5> [R'JR3PcColl 5)

B xucnoii u HeliTpalbHOl cpelax B HEKOOPAMHUPYIO-
meM pactBoputene O, BBICTYMAET KaK OMHOSJIEKTPOHHBIN
OKHUCIVTENh TI0 OTHOMICHWIO K MaKpOITMKINYECKOMY JTH-
ranay. B pesynbrare obpasyercs ero KaTMOH-paguKaibHast
dopma L (ypaBHeHue 6), 11 KOTOpOM XapakTepeH ci1abo
paspenieHHBIN cuHTIeT B criekrpe OIIP ¢ g-dakropowm,
pasHBIM 2,003.

R4PcColl —5= Ry[Pc T]Coll (6)

(H )
B mpucyrerBum ocHoBanmst B oGpasyercs cymepokco-
KOMILUIEKC C aHM30TPONHLIM cUrHaioM B crekTpe OIIP
(gn = 1,983, g, = 1,973, B = Py). B stom Kommnekce pea-
JM3yercs nepeHoc 3apsiaa Ha Op u BHS (ypaBHeHuUe 7):

B~ RyPcColB %2, R,PcCollB(O,)-

R4PcColl ——

—5 = RyPcColll{O, ) — == Ry[Pc" T]Col! @)

Okcuzenuposanue u eUOpoKCUAUPOSARUE cCyOCmMpamos
(oxucaenue)

Croco0HOCTb KOMILIEKCOB METa/IOB aKTHUBUPOBATb
MOJIEKYJISIPHBIA KMCJIOPOA [aeT BO3MOXHOCTb OKHCIISAThb
OpraHMUYecKHUe CyOCTpaThl TI0 MEXaHWU3MY ITPUCOCIUHEHIS
aToMa KWCITopoaa, HarmpuMmep, Mo aBoitHoit C=C cBs3mn
(okcurenupoBaHue) (ypaBHeHue 8) WM BHEAPEHUS I1O
cBszu C—H (ruapoxcuavpoBaHue) (ypaBHeHue 9):

o v (8)

O

llll,,,

Rll Rll

&Ill RI"

Ha puMepe OKCUTCHUPOBAHUS cTrposna
(PhCH=CH,) B mnpucyrctBuu drajounanuHoB R4PcM
(M = Fe, Co, Cu) B ycl10BUSIX I'OMOI€HHOIO KaTajlu3a
(ypaBHenwme 10) mokazaHo [20], 4To 3HaYEHUS HAYaTbHBIX
CKOPOCTE 3TTOKCUINPOBAHUS cyOCTpaTa 3aBUCAT OT TIPU-
poabl Metaiia B R4PcM.

Ph
— = \/ o
C o}

R4PCM 120
CBH5Br

B omiuuue oT KoMIuieKCcoB xene3a u kobaabra drano-
LIMAHUH Meau IIPOSIBAsSieT CBOMCTBA MHIUOMTOpa uU3-3a
aKTUBHOCTH (heHOMbHEBIX Tpymm. OJHAKoO TIpWU aKTWBAIIUH
peakIi TIepOKCHUITbHBIMY  pafiKajiaMy, obecTieunBaro-
1IMMHA OBICTPO€ OKHCIeHUE (heHOIbHBbIX (ParMeHTOB, KU-
HETUYECKHe TapaMeTpbl MEHSIOTCS, U HadajlbHble CKOPO-
cti peakuun Wy« 104 (Monb* !+ ¢~1) Bospacraror B pa-
oy: 1,8 (Cu); 4,2 (Co); 4,2 (Fe). Takum ob6pazom, de-
HOJIBHBIE TPYTITIBI OCYIIECTBIISIOT 3alIUTHYIO (DYHKIINIO B
KaTIUTUYECKONW CHUCTEME I10 OTHOLICHWIO K IIPUCYTCT-
BYIOLIMM B Cpelie peaKlMOHHOCIIOCOOHBIM YaCTULIAM.

AxtuBaniug C—H-cBaseit Tpu THAPOKCUIMPOBAHUM
kymona [PhCH(CHj),], stunbensona (PhCH,CHj) wu
uukinorekcaa (CgHp,) MonekynsipubiM O, B IpUCYTCTBUM
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R4PcFe xapakrtepusyeTcss pe3kum IaJeHUEM 3HAYCHUIA
HavaJdbHBIX CKOPOCTel peakmuu Afs psAga JaHHBIX cyO-
crpatoB: Wy - 104, monb !+ ¢! cocrapnsaror 1,3 (Cu);
0,01 (Co); 0,007 (Fe), coorBeTcTBeHHO [21].

[IpucyrcTBUEe B peakLIMOHHOM cpele AaKTUMBHBIX all-
KWJIBHBIX, aJKOKCWIBHBIX M TIEPOKCUIBHBIX PaTUKaIOB
OTIpe/ieIIeT OTPhIB aToMa BOJOPOAA OT (heHONBHBIX TPYITI
U TeHepupoBaHue GEeHOKCUIbHbIX PAlvKaJoB Ha mepude-
pUM MaKpOKOJblla KOMILIEKCOB. M3BecTHO, uTO 0Opaso-
BaHWe, HATpUMep, COOTBETCTBYIOIINX THUPO3WHY (HEeHOK-
CUJIbHBIX PATVKAJIOB B OEKOBOW YacTW MHMOTIOOWHA MO-
JKET COTPOBOXIATLCS BHYTPHUMOJIEKYJISIDHOM TIepecTpoti-
KOU D3JEKTPOHHOW CUCTEMBI, INPUBOIALIEN K KATUOH-
paavkany nopdupuHoporo xoabua [22]. CiaeactBueM Ta-
KX TpaHchopManii apasgeTcss WHAYIIMPOBAaHHOE MHUOTJIO-
OWHOM JanbHelIIee TTOBpeXaecHUe OeKa.

ConocraBneHue akTUBHOCTU KomiuiekcoB RyPcM
(M = Fe, Co, Cu) mp1 OKMCJIEHUU KyMoOJia, IPUBOAIILEM
K 2-dbeHunmnpornanony-2 (ypaBHeHue 11), TakKe TIOATBep-
KIAeT CYIIECTBEHHBIM BKJIaA PAaJWKATbHBIX PEakmyid TI0
nepucepuiHbIM 3aMECTUTENSIM B MaKPOKOJIbLIE.

Ph
5,
H ——>»

OH (11)
R,PcM, 25°C

80 %

KoHcTaHThl HayalbHBIX CKOPOCTEil OKMCIEHHUS KyMoJja
W+ 103, monb - 171 -¢c7! ymenswarorca B pany 2,3 (Fe);
1,3 (Co); 0,17 (Cu). s xomriiekca MeOW XapaKTepeH
OTPBIB aToMa Bo/opoJa OT (heHONBHBIX TPYIM, UTO 00y-
CJIOBJIMBaeT Ipeobiaaaioliiee UHIMOMpYIolllee ASIUCTBUE U,
cleJ0BaTebHO, CHMXKEHME KaTaluThdeckoro addexTa
MPUOIN3UTENTEHO Ha TTIOPSIIOK.

Peakiins mpoxoanuT Kak TIETTHOW pPamvKadbHBIN TIpO-
necc okucnenns cyocrpara R'H. TIpn sToM M3 cooTBeTcT-
BYIOLIMX MEPOKCHIbHBIX PAlWKaJOB 0OpasyloTcs TMApO-
nepokcunbl kymmna R'OOH, m pons katanutmdeckoit
CHUCTEMbl COCTOMT TaKXe B KaTalUTUUECKOM pacraie -
ponepokcuaoB. CreliMagbHOe MCCleA0BaHUE B3aMMOAEH-
CTBHUSI CBOOOJHBIX PAIVKANOB ¢ (PTalorMaHuHOM KoOaibTa
(R4PcCo) B mipoliecce KaTaMTHUUECKOTO pacrana THApoTie-
pokcuaa kymuna merogoM DI1P nokaszano [23], uTo B 3aBu-
cumoctn oT cooTHoteHns: R'OOH : R4PcCo B peakimion-
HOH cpele BO3HUKAIOT pa3jiMuHble WHTepMenuarthl. Tax,
npyu cooTHolleHWHW 1 : 1 perucrpupyercs crekTp eHok-
cunpHoro  pagukanma (R*)R3PcCo (g = 2,005
ag = 0,2 MTn); npu cooTHolieHnn 4 : 1 — aHW30TpoOM-
Helil curHan kommiekca [(R'OO " )CoPcRy] (gn = 2,017;
g1 = 2,001); mpn BBICOKOI KOHUEHTPAMK TEPOKCHUILHOTO
paavkana (coorHouieHue 100 : 1) npu 77 K BozHukaer
aHn30TporHbIA curHan R'O0 " (gn = 2,011; g = 2,0036).

Ilepoxcuonoe oxucaenue (oxcuzenHuposanue aunudos)

TlepokcrHoe OKWCIEHWE OWONOTUYECKUX CyOCTpaToB
TpEeNCTAaBIsIeT coOOW KacKaym TICTTHBIX PaMKANbHBIX peak-
LIMii, KOTOpble HAUMHAIOTCS € TOMOJMTUYECKOro pa3pbiBa
C—H-cBazeli 1 npuBOAAT K 0O0Opa3oBaHUIO THMAPONEPOKCU-
noB [24]. TlocnenHne TipeTeprieBalOT OKUCIUTETBHOE pacliie-
njeHre, BKovatoliiee U pa3pbiB C—C-cBsizeit, KOHEUHBIMU
MPOAYKTAMM KOTOPOIO SABJSIIOTCS CIIMPThl U KapOOHUJIbHbIE
coeauHenus [25]. [maBHble MUILIeHU AEHCTBUS KUCJI0poaa
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Lp

Lp, Lp' — dparmenTs 1unuma

Cxema 4

TIpU OKUCITUTENBHON NeTpanallii — HaChIICHHbIE W HEeHa-
ChILIEHHbIE >KUpPHbIE KUCIOTHL aunuaoB (cxema 4) [26]. Ha-
npuMmep, B IIpouecce OuoTpaHChOpMalMK apaXUIOHOBOM
KWCJIOTHI, TIPOXO/ISIIICH TIPH YIacTUW JINTTOKCUTEHA3bl, oOpa-
3YIOTCS BasKHBIC METHATOPLI — SHWKO3aHOWARI [27].

TlepokcunHoe OKWCICHWE JNUTINIOB — HOPMATBHBIH
MeTaboAMYecKUil Ipoliecc, IaTOJOTMYeCKHUM OH CTaHO-
BUTCSl NPU 3HAUMTEIbHOM BO3PACTaHUU €r0 YPOBHS, UTO
BBI3BIBACT OKUCIIUTENBHBIN cTpecc opraHusma [28].

MeTtauibl U MX COEAMHEHUs MIPAIOT KPUTUUYECKYIO POJIb
B TIpoliecce TIEPOKCUIHOTO OKHWC/ICHUS JIMTTHAOB. XOPOITIO
M3BECTHO, UTO WOHBI TiepexomHbix MetaioB (Fe, Co n np.)
SBAOTC 9(PGEKTUBHBIMY MHMIIMATOPAMK LIEOHbIX pPaau-
KaJIbHBIX TPOLIECCOB OKUCJIEHUST KUPHBIX KUCIOT JMUIMIOB
[29]. B mocnemHve ToABI TIOMYYEHBI TAHHBIE O TOM, UYTO aK-
KYMYJISIIIUST B OpPTaHU3ME COCIMHEHWH HETIepeXOMHbIX 3Jie-
MEHTOB — TsKesbix MeTawioB (Pb, Sn u Hg), npuomur K
CHIXXEHHUIO ColepXKaHWs OOLLMX JMIIMIOB B OpraHax M TKa-
Hax. Tak, ciencTBMeM HaKOIUIEHWS OKCHAa TpUOYTHIIONOBA
OPTaHU3MOM SIBJISIETCSI PEe3KOe CHWXKEHWE YPOBHSI HEHACHI-
LIIEHHbIX XUpHbIX KuciaoT [30]. B nukie wuccnesoBaHuii
OMOMOJIEKY/ISIPHbIX MEXaHM3MOB AEHCTBUS METALI00OPraHU-
YecKMX COeMMHEHMiIT ObIJIo J0Ka3aHo, YTO JUTIOhUITHHBIC
opraHnYecKre TPonu3BoaHEBIe Sn 1 Hg TpoMoTHpyIOT MepoK-
CUIHOE OKWCJIEHWE JIMTTMIOB HE TOMBKO 3a CYeT JCHCTBUS
MeTalla, HO W BCAEACTBUE M'OMOJMTUYECKOTO pa3pblBa CBSI3U
C—M u obpazoBaHMsl MHULKATOPOB — CBOOOMHBIX OpraHu-
YyecKkrx paaukanos [31].

B psay KOMIUIEKCOB METaIOB OCOOYIO POJib UIPalOT
nopdupuHbl (PM), nefictBre KOTOpBIX Ha JIUTIMIHBIN
OmcIoit KJIeTOYHBIX MeMOpaH HeomHo3HauHo. C omHOI
cropoHbl, PM 1nposiBiasaioT cBolicTBa 3¢ (GEeKTUBHBIX KaTa-
JIM3aTOPOB OKucaeHus [32], ¢ Apyroil cropoHbl, nophu-
PVHBI BXOISAT B COCTaB OMOCHCTEM aHTHOKCUIAHTHOM 3a-
mmThl [33—35], u, HaKoHell, OHW SIBJIIOTCSI TIPOOKCUAAH -
TaMM B MHAYLIMPOBAHHOM MOHAMMU Xeje3a NepOKCUIHOM
okucieHun nunuaoB [36]. JlaHHble KIMHUYECKUX DKCIIe-
PVMEHTOB CBHMICTELCTBYIOT TaKKe O BO3MOXHOCTH TIpH-
MeHEeHNST TIOpMUPUHOB B KauecTBe (apMaKOIOTHUECKUX
npenapaToB B JieueHUM 3a00JeBaHMIi, CBSI3aHHBLIX C pa3-
BUTUEM OKHCIUTEIBLHOIO CTpecca, MHAYLMPOBAHHOIO Ha-
KOIJICHWEM aKTUBHBIX MeTabomuToB Kuciopona [37].
Vyactne mmornmoouna [FelllMb] B mpomeccax okucieHust
OpTaHWYECKUX CYOCTPAaTOB TIEPOKCUAOM BOMOPOAA COTPO-
BOKIAETCSl TEHEPUPOBAHUEM OKMCIEHHOM (POpMbI KaTalu-
satopa [ MbFelV=0] ¢ nokanuszoBaHHOM Ha JIUraHAE
HecITapeHHBIM 3JIeKTpoHOM [38].

AktuBHocte PM Hampsmylo 3aBUCUT OT IIpUPOAbLL
WOHA MeTa/ia M TpyNT Ha niepudeput Makpoiuradaa. Uc-
CICMIOBAHUST  BIWSIHUSI  CAIMITMIAIBAMMUHATOB  R,SalM
u nopbupuHoB MetaioB R4PM Ha niepokcuaHoe okucie-



Poc. xum. xc. (K. Poc. xum. o6-ea um. JI.H. Mendeaeesa), 2004, m. XLVIIL, No 4

Tabauua 1

KoncTaHThl HAYANBHBIX CKOPOCTEH HAKOILIEHHSI TMAPONEPOKCHIIOB
0JIeMHOBOI KUCJIOTHI (k;) MPA OKHUCJIEHNH OJIENHOBOMH KHCJIOTHI
KHCJIOPOAOM B NPUCYTCTBAH NOPGhHUPHHOB.

R = 3,5-nu-mpem-0ytun-4-rugpokcudeHun;
65 °C, koHueHTpauus 106aBok 1 MM

Coenunenne k104! ki/ky
6e3 106aBoK 2,74 + 0,04 1
2,6-1u-mpem-6yTindeHoa 2,29 + 0,01 0,83
2,6-1u-mpem-6ytundenon”” 1,38 + 0,03 0,50
R,PH, 1,37 + 0,01 0,49
R4PCo 3,13 + 0,01 1,14
R4PNi 1,19 + 0,04 0,43
R,PCu 1,17 0,05 0,42
R,PPt 1,21 + 0,04 0,44
R,PFe™ 0,84 + 0,07 0,31
PhyPH, 2,81 £ 0,02 1,03
Ph,PCo 3,80 + 0,02 1,39
Ph,PNi 2.58 + 0,02 0,97
Ph,PCu 2,65 + 0,07 0,97
Ph,PPt 2,61 + 0,01 0,95
PhyPFe*™* 3,91 £ 0,82 1,43

* ki/k, — OTHOLIEHME KOHCTAHTBI CKOpPOCTU HakomieHuss R'OOH
B TIPUCYTCTBUU HAHHOTO COCAMHEHMsSI K KOHCTAHTE CKOPOCTH B
OTCYTCTBHE [00aBOK; Tipu ki/k, > 1 mobaBKa WHWUIIMMPYET OKUC-
Jienue, nipu ki/k, < 1 BelllecTBO SIBISIETCSI aHTUOKCUIAHTOM;

ek seskeok
KOHIIEHTpauust 1o6aBku 4 MM; HavyaJIbHbIE 5 4

HUE CTPYKTYpHbIX (GparMeHTOB JUNUIOB [(£)-9-okTane-
1ieHoBo, 18:1(A9) (onemHOBOIT) KMCTOTHI| MoKasano, 4yto B
3aBUCMMOCTU OT MPUPOIbl METa/Ula aKTUBHOCTb KOMILIEKCOB
MEeHsIeTcsl OT WHUIIMUPYIOIEH (TPOOKCHUAAHTHI) IO WHTHOW-
pytonieit (aHTMOKcHIaHThI). B Tabnmuiie 1 mpuBesieHB! cpag-
HUTEIBHBIC TaHHBIE, TIOMYUSHHBIC /1S cepur TIOPGHUPUHOB C
(eHonbHbiMU rpynniamMu R4PM 1 aHanoruyHbIX KOMILIEKCOB
terpadeHunnopcbupuHoB PhyPM, ripu HakorvieHuu rugpo-
nepokcuaoB R'OOH B mpoliecce OKMCAEHUS OJEMHOBOM
KWCJIOTBI  MOJIEKYJISIPHBIM ~ KHUCJTO-
porom [39].

OuyeBUIHO, 4YTO CBOOOIHOE
ocHoBaHue mnopdupuHa c de-
HOJNIBHBIMU  TPYTIMIaMU ~ IBJIETCS
3¢h(HEKTHBHBIM  aHTHOKCUIAHTOM,
B TO BpeMsl Kak TeTpadeHuInop-
GupuH nNpakTUUeCKU He BJuUseT
Ha npouecc. [deficTBUTENbHO, MPU
okucieHnn TmiopduprHa R4PH»,
cofiepKariero 4etbipe heHONbHbIC
Ipynmbl, 00pa3yeTcss OTHOCUTEb-
HO CTaOWIbHLIA Oupanukan [40],
KOTOPBIN TpeBpaliaeTcs B TTPOH3-
BomHOEe  TOphOANMETeHANXITHO-
MeTuaa, JajibHeilllee OKHUCIeHUE
KOTOPOro MpUBOAUT K 0Opa3oBa-
HUIO KOHEYHOTO TIpOAyKTa —
me3zo-rerpakuc(3,5-nu-mpem-0y-
TWI-4-XUHOMETHUA)oppUpu-
HoreHa (cxema 5). Cramuu OKuc-

JleHus1 oOpaTuMbl W MPOM3BOAHbIE NMOPGHOAUMETEHINXU-
HOMeTHIAa W TIopdUpPHUHOTEHA JIETKO BOCCTAHOBIMBAIOTCS
JIO VICXOMTHOTO TophrpuHa.

Kunernueckne kpuBbie HakoruieHnss R'OOH B mipm-
cyrerBuu terpadenunmioppuprHoB Ni, Cu n Pt cBume-
TEAbCTBYIOT O TOM, YTO JaHHblE COEIMHEHWSI HE OKa3bl-
BAlOT CYIIECTBEHHOTO BAMSHUS HA OKUCAEHMUE OJeMHOBOM
kucnotel. OMHAaKO HEKOTOpoe YMEHbBIIIeHUEe KOHIIEHTpa-
uun R'OOH nocie 5 4 npoBeneHUs peakliMd MOXET ObIThb
OOBSICHEHO paspyIICHUEM THAPOTIEPOKCHIOB TIOA eiCT-
BMEM HMOHA MeTajla B Makpolukie. C Apyroil cCTOpOHBI,
denonconepxaune noppupunbl Ni, Cu u Pt gpiasiorcs
AHTHOKCUAAHTAMH, 3(pheKT ACHCTBUS KOTOPHIX TIPEBHITIA-
eT TakoBoOW mis 2,6-au-mpem-6yTrndeHona m ¢heHoIco-
IJepKalllero CBOOOAHOIO OCHOBaHUS IopdupuHa. Takoi
pe3yJibTaT MOXET ObITh CBSI3aH CO CTaOMAM3alMell cucTe-
Mbl nopbupuHa U NOPHOIUXMHOMETEHA B IPUCYTCTBUU
aroMa MeTaija B YCJIOBMSIX OKWCIIeHWS. BBeneHue pe-
JIOKC-aKTUBHOTO MOHA METaJijla B MaKpOKOJBIIO TTPHUBOIUT
K M3MeHeHHI0 dddeKkTa AaHHbIX COSAMHEHMIl MpU OKHC-
JICHUM OJICMHOBOM KMUCJAOTbI Ha MHULMMPYIOLIMHA, 4TO
TIPOSIBISIETCSl B PEe3KOM YBEJIMUSHUU KOHIEHTPAIlUU THI-
ponepokcuaoB R'OOH no cpaBHeHMIO ¢ KOHTPOJbHBLIM
SKCTIEpUMEHTOM B TIpUCYTCTBUW  TopdupnHoB  Co
(tabn. 1).

HeoObluHbIi pe3ynbTaT IOAYyYEH IPU U3YYEHHUM aK-
TUBHOCTA TIopdupuHOB Xkene3a (puc. 2) [41]. Terpade-
HunnophupuH xeneza PhyPFe mpossnasier cpolictBa TH-
TTMYHOTO WHWIMaropa. OddekT meiictBust mopduprHa
R4PFe, conepxaiiero ¢beHo/bHbIE TPYIINbl, OKa3blBAETCS
JIBOICTBEHHbIM. B mepBble yachl BblAEPXKUBAHUSI peaKliv-
OHHOI CMecH JaHHOe COeMWHEHWE BBICTYTAeT KaK aHTH-
OKCUAAHT (puc. 2a), 4TO CBHUJETEIBCTBYET 00 y4acTUW B
npoLecce aHTUOKCUIATHOM YacTH MOJEKylbl — 2,6-au-
mpem-0yTUI(PEHOAbHBIX TPy U 00 KX OKHUCAEHHUMU [0
XWHOUIHBIX (opM. OmHaKo TIpW UTUTETHHOM BbIICPXKH-
BaHWMM cMmecu (puc. 26) R4PFe yckopsier mpotiece, 4to
CBUAETEILCTBYeT 00 yyactuu nopdupuHa Fe, kak akTuB-
HOro LieHTpa B oOpaszoBaBuieMcsl mopdoaumereHe. [lpu
5TOM KWHETWYeCcKHWe JaHHBIC TTOKA3bIBAIOT, YTO JACHCTBHEC
PhyPFe u R4PFe nmpakTuuecku coBnagaer.

Bosblioii uMHTepec IpPeaCTABIAOT areHTbl, CoAepxKa-
1IMe B COCTaBe MOJIEKYJ] OMOJOTMYECKU aKTMBHbIE IPYII-
mel. K TakuM coeMHEHWSAM OTHOCATCA, B YACTHOCTH,

R = 3,5-nu-mpem-6ytun-4-rugpoxcudeHun

Cxema 5
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Puc. 2. Konnenrpanymu R'OOH npu okuciieHnn 0jieMHOBO# KUCI0TH O, B MPUCYTCTBHM 3aMenieHHbIX nopdupunos (65 °C):

I — 6e3 no6aBok; 2 — B mpucyrctBuu PhyPFe; 3 — B mpucyrctBuun R4PFe; ¢ — nHavanpHbiil nepvog (@ — 14, O — 5 u);
0 — BblIEpXaHHasi BO BpeMeHU peaklMoHHasi cmecb (A — (24 + 1)y, 0 — (24 + 5) u

CaIMUMNQIbAMMUHATEL. DT COEAMHEHMS] 00JaaloT Ju-
MOGUABHBIMI CBOMCTBAMU, cojiepskaT (GYHKIIMOHATbHEIS
OpTaHWYECKWE TPYIIIBI, «POACTBEHHBIC» OPTaHNU3MY, MOTYT
y4acTBOBaTb B MeTa0OJMYECKHX IIPEBPAILLEHUSIX W BbIBO-
JIUTbCSL M3 OpraHu3Ma. AKTMBHOCTb CAIMLWIAIbAMMHUHA-
ToB IMHKA R,SalZn n kobansta R,SalCo, a Takxke mcxon-
Horo mmraHga RSalH, conepxkammx 2,6-au-mpem-6y-
TUADEHOIbHBIA (PparMeHT MOAYMHAETCA TOM Xe 3aKOHO-
mepHocTu (puc. 3) [41].

Kak BuaHo wu3 pwuc. 3, B npucyrctBuu R,SalH,,
(ki-10%c™! = 0,37 + 0,07; k/k, 0,14) u R,SalZn
(ki-10%c™! = 0,31 + 0.03; k/k, = 0,11) nabmopaercs
3aMETHOE CHIKEHWE CKOPOCTH HAKOTUIEHWST THAPOTIEPOK-
CUIOB, W 3TH COCAMHEHMS BedyT cebs KaK aHTMOKCUAaH-
Thl, 9P (eKT AeHCTBUSI KOTOPbIX IPEBBIIIAECT MHIHOUPYIO-
wuii opdekr 2,6-au-mpem-oytundenona (ki 104! =
2,29 £+ 0,09; k/k, = 0,83). D10 CBsI3aHO C TOBBIIICHUEM
YCTOMUMBOCTH 00OpasyolMXcs: GeHOKCUIbHBIX PaquKaaoB
3a CYET YyJYacTWS CTWHOBOW TUIOTHOCTH HecTapeHHOTo
37IEKTpOHA B OOIIEH COMPSKEHHON crcTeMe MOJIEKYITH.

E B 8

R'CCH, MM
8

S

4.5

P

a

400 800 1200
Bpewms, ¢

o

16000 20000

Puc. 3. Kunernyeckue kpusbie Hakomwreanss R'"OOH npn okuc-
JICHAH 0JICMHOBOI KHCJIOTBI KACJIOPOJIOM:

1 — 6e3 mob6aBok; B npucyrctBun: 2 — R,SalCo; 3 — 2,6-am-
mpem-0ytuiiderona; 4 — RSalZn; 5 — R,SalZn (65 °C, KoH-
neHTpanus no6asok 1+ 1073 momb - 171)
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WMHas kaptuHa HaOmwopaercss B ciaydyae R,SalCo
(ki- 104c™! = 3,80 + 0,24; k/k, = 1,39). JoGaBka KoM-
TUIeKca KobaibTa MPUBOAUT Ha HAYAJIbHOM 3Tarie OKWciie-
HUS OJIECMHOBOW KUCIOTHI K YBEJTWYEHUIO CKOPOCTH peak-
min. OnHako pu 6ojiee TIIYOOKOM TIpOTEKaHWM TTpoliecca
ckopocTh obpazopanusa ROOH craHoBUTCS comocTaBu-
MOIi CO CKOPOCTbIO MX pachnajaa, M Kpupas npuobperaer S-
o0pasHbIil xapakrep. M3 TIoMydeHHBIX JaHHBIX CJEAyeT,
YTO JJAHHBIH KOMTIJIEKC TIPOSIBIISIET CBOWCTBA TTPOOKCHAAH-
Ta M IPUBOAUT K YBEJUUYEHUIO CKOPOCTH peakuuu. B
JAaHHOM cjlyyae HabJ0JaeTcs KOHKYPEHLIMSI MeXIy BIus-
HHAEM aHTHOKCUIAHTHOTO (parMenTa M moHa Coll, namm-
YHe KOTOPOTO, KaK M3BECTHO, TIPUBOANT K akTuparnmm O,
Wid cyOcTpaTa M MOPUBOAMT K YCKOPEHHIO IIpolecca
okuciaeHus [42]. DTy maHHbIE MOIYT ObITb MCIIOJb30BaHLI
TIpH TIPOTHOBMPOBAHWHM BO3MOXHOTO 3(heKkTa AcHCTBAS
JAHHBIX COSOWHEHWH Ha TIpollecc TIEpPOKCHIHOTO OKMCITe-
HUS JIMTIMI0B B OMOMeMOpaHax KJIETOK.

Tudpuposanue cy6cmpamoe (6occmanoeaenue)

InaporeHasHas peakiids O3HA4aeT MEPEHOC BOAOPOAA B
BUIE INPOTOHA Ha CyOCTpaT MpW KaTaIUTUYECKOM CONEeMCT-
BUM (hepMeHTa Kak akiientopa (A) (ypaBHeHue 12) [2]:

H, + A — 2H* + AQ2¢) (12)

Pepoxc-nepexomb A o6paTUMBI, TTO3TOMY (haKTHUUECKI
AKLENTOp 2JEKTPOHOB WUIPAeT poJib ME1uMaTropa, NepeHo-
CSLIEro 2JIEKTPOHbl Ha cyOctpar. Kilaccuueckum npume-
POM  KaTaIMTUYECKOU TI'MAPOreHU3alUM OpPraHuveckux
cyOCcTpaToB SIBNISIETCSI BOCCTAHOBJICHWE HUTpOapoMaTHye-
CKWX COEIMHEHUI BOIOPOIOM:

[H]
R'_NOZ — R'_NHZ

CrieKkTpajibHblE MU KMHETUYECKUE UCCIEN0BAHUSI TOMO-
reHHoi kataqutuyeckon cucrembl R4PcM (M = Co, Ni,
Pd, Pt), scddexkTnBHOCTL KOTOpOI OTpesensieTcsl crere-
HBI0 KOHBEPCUU CyOCTpaTa M COOTHOIIEHWEM 00pa3oBaB-
1IMXCsl MPOAYKTOB BOCCTAHOBJEHUS CyOCTpaToB, MoKasaiu
[43, 44], uTo MexaHM3M [CHCTBUSl KaTaau3aTopa 3aKJouya-
€Tcs B IePEHOCE DJIEKTPOHA JUMOO TOJbKO HA MaKpPOKOJib-
o quradga (M = Ni, Pd, Pt) nub6o Ha woH Merannma u
Makpokonbito guranga (M = Co) (tabn. 2). B ycinoBusx
NpOBEIEeHUs peakuyMu ydyacTue B Ipouecce (EeHOJbHbIX
rpynn (obpazoBaHue (HEHOKCUIbHbIX PaAMKANIOB) IIpei-
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Tabauua 2

KouBepcusi cyGcTPaToOB ¥ BBHIXOAbI MPOJYKTOB IPH KATAIATAYECKOM IMIPAPOBAHAM HUTPOAPOMATHIECKHX COEIMHEHHI
NaBH, B npucyrcTenu RyPcNi u Rg4PcCo.

Oranon-TI'® (1:1), 50 °C, cooTHOLIEHHE KaTaau3aTop : cyocrpaT cocrapisieT 1 : 50; Bpemst peakuuu 5 4

Cyobcrpar R4PcM, M Konsepcus, % Brixoasl npoaykTos, %"
R'CeHsNO,, R AHAJIMH 230CoeIMAEHNE A30KCHCOEMHEnNe
H Ni 80,4 21,3 49 4.8
Co 58.3 41 7.0 33.4
n-Cl Ni 73,4 12,5 9,9 62,5
Co 97,3 27,9 20,0 34,3
n-Cl Ni 99,4 49,8 25,5 19,9
Co 99,0 21,2 22,6 28,3
n-CHj Ni 70,1 26,7 4,5 33,9
Co 88.4 49,2 7.2 19,2
n-CyHs Ni 52,6 35,2 7.0 21.8
Co 73.7 60,9 5,7 12,5
n-CgH-1MKI0 Ni 76,0 48,0 16,5 12,2
Co 88.0 58.2 13.8 16.8

* BbIXoAbl IPUBOASATCS MO AaHHBIM aHAIM3a PEaKLMOHHbIX cMeceil metogoM [2KX

CTaBJISIETCS MAaJIOBEPOSITHOI MO0 HEKOHTPOJIUPYEMOH,
MOCKOJIbKY B INPUCYTCTBMM BOCCTAHOBUTENSI CKOPOCTb 00-
paTHoOM peakuuu (oOpazoBaHue DEHOJOB U3 padrKaJbHbIX
MPOIYKTOB) OyaeT KpaifHe BbicoKa. B 3Toii cBsSI3M BO3-
HUKHOBEHME DPA3TAYHBIX TTPOMEXYTOUHBIX (HOpM Karajmi-
3aTOPOB (a C/1eJoBaTebHO, U IIPOMEKYTOYHbIX (HOpM CyO-
CTPaTOB) JEHCTBUTE]bLHO OTPAHMUYMBAETCSl BOBJIEYEHHEM
(ramorimaHMHOBOTO MaKpoKoJiblla M WOHA MeTalja B pe-
JTIOKC-TIpoliecc.

O0ulasg cxeMa KaTaJIUTUYECKOrO IIPOLEcca MOXET
ObITb OmucaHa B paMKax BHelIHecHepHOro TpaHCIopTa
9JIEKTPOHA OT IIpelBapUTe/lbHO BOCCTAHOBJAEHHOIO Karta-
Jm3aropa K cybcTpaTy, BOCCTaHOBJIEHHas! hopMa KOTOpO-
ro (AaHWOH-PaJWKal WM TVWAaHWOH) B CBOIO Ouepesb TOM-
Bepraercss TMAPUPOBAHMIO, M CTelleHb BOCCTAHOBJIECHHS
cyOcTpaTa HAXOAUTCS B MPSIMOI 3aBMCMMOCTM OT CTENEHU
BOCCTAHOBJICHUS KaTaJn3aropa.

Memuaupoeanue (C; nepenoc)

KoppHOBBITT KOMTIJIEKC KoOambTa BXOAWT B
cocTtaB KodepMeHTa KobajaMuMHa — BUTaMUHA
By, [12]. Ero mMeTuibHOE NPOU3BOJHOE SIBISIETCS
AIKWIMPYIOLIMM areHTOM II0 OTHOLLEHMIO K HO-
HaM MeTajyioB, ocyimecTisis TiepeHoc CHs-
rpynnbl (C; mepeHoc) B peakiMsax OUoxuMuye-
cKkoro ankunupoBaHust [45] (cxema 6). Bra peax-
LUl MPOXOAUT KakK peloKc-Ipoliece, B KOTOPOM
HWOH Ko0anbhTa MEHAET CTETIEHb OKUCITCHUST.

B xauectBe Momeneil amga W3yYeHUS JaHHBIX
peaklMii MCIIOJNb3YIOTCS AMOKCHMATHbIE KOM-

Kunernueckre wcciaenoBanysi, TIPOBENEHHBIE C WC-
MO0Jb30BaHUEM CIIEKTPODOTOMETPUUECKOro MeToAa, MoKa-
314, YTO U1l AMaMarHMTHBIX 3aMeLIEHHbIX KOMILIEKCOB C
TUPUANHOM B KayecTBe aKCUANBbHOTO JIUTAHAA peaKins
TIOMUWHSIETCST OOIIMM 3aKOHOMEPHOCTSIM W WMeeT TIepBhIi
MopsAIOK 10 MeTUIKoOaloKeuMy. Bpems mpouecca aesai-
KWJIMPOBaHUs ompeaesisaercs 3JeKTPOHOAOHOPHBIM Xapak-
TEPOM 3aMeCTHTENICH B 9KBATOPWATbHOM JINTAHAEC W YOBI-
BaeT B psAY:

Rl = R2= CH; >
>R! = 3,5-nu-mpem-6ytun-4-ruapokcudernun, R?2 = CHsz >
>Rl = R2 = C6H5

B oTMuue oT BpeMeHU camopacmnaia
R,;DCo(CHj3)(Py) (HeckonbKo CyTOK) U BPEMEHM ACaTKH-
JTUPOBAHUS 3aMEIICHHBIX KOMTIJIEKCOB B TIPUCYTCTBUM
UOHOB MeTa1oB 110 cxeme 7 (or 5—20 MuH mo 10—30 u)
(Taba. 3), mpouecc AealKWIMPOBAaHUSI I1apaMATHUTHOIO
metuakobanokcuma (R )RGlyCo(CH3)(Py) npu noGasne-

CH;

+ (CHM™D*

IUIeKChl KOOaabTa — MeETWIKOOATOKCHMMbI [46]. N

BeeneHne ¢deHonbHOTO (parMeHTa B AMOKCHMAT-

HbIlt Kommieke RyDCo(CH3) mosBonsieT reHepH- §

poBaTb Ha IMEpBOIl cTamuMm peloKc-mpoLecca [B1]Co-H,0
(deHOKCWIBHBIN paaukal B JUraHie, odbecreyunsas [B12]Co-CHg L z

aKTUBAIIAIO METAIJIOOPTAaHUYECKOTO 1IeHTpa B
komruiekce [47].

Cxema 6
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Tabauya 3
Bpems neankuanposanns mernwikodanokcumos RR'DCo(CHj3) B npucyTcTBMM HOHOB METAJLIOB.
H,O/CH3;0H 25:1, 20 °C, pH 7,2
RR!DCo(CH3) \ 4 %
R R! Pb Sn Hg" Cd Pb Hg™*
CeHs CeHs 2 MUH 6 MUH 12 vun 14 mMuH 17 MuH 25 muH
3,5-nu-mpem-6yTu- CHj 13 MuH 25 MuH 2y 39 354 44
4-runpokcudeHun
CHj; CHj; 40 MuH 354 18 u 20 4 324 40 4
* Xnopun prytu; ** camuumiaT pryTi
B M R o R
—_
R —[CHg «RY R
Cxema 7

HHUU COJIM MeTajlla IpoTeKaeT NPaKTUYeCK MITHOBEHHO.

TlonyuyeHHBIE AaHHBIC TO3BOJSAIOT CHEIaTh 3aKITIOYE-
HYe, 4YTO BO3HWKAIOIIWN Ha Tepudepun HecrmapeHHBI
9JIEKTPOH 110 CHUCTEME COIPSDKEHHbIX CBsI3eil JauraHia
OKa3blBaeT BIAMSIHME HAa MOH MeTa/ula, YCUIUBas AOHOP-
HbIe CBOWCTBA SKBATOPWAJILHOTO JIMTAHAA W objierdyasi TeM
camMbiM pa3pbiB Co—C-cBsI3M, YTO COOTBETCTBYET 3(hdeK-
Ty BHYTPUMOJIEKYJISIPHOI akTuBauuu (cxema 7).

Buedpenue uona memaaaa

B oxucauTenbHoll cpene Ha mepudepuyd Kojblla Iop-
¢dupunos RyPH, oOpasylorca cBoGoaHOpaauKaibHbIe
(beHOKCHUITBHBIC TPYIITBI B COOTBETCTBUM CO CXEMOW 5.
Takne Tiepexoapl MOIEAUPYIOT pedOKC-TIpeBpalleHUs
T-paJNKaIoB OKCOMIOPUHOB, OOPa3ymIIMXcs TP OKHC-
JleHun TugpokcutniopdupuHoB [48].  AKTWBaLIMOHHBIH
Oapbep 00pa3zoBaHUs KOMILIEKCOB HNOPGQUPUHOB IPU KO-
OpAMHALIMM MOHA MeTala ¢ HOpMUPUHOBLIM KOJbLIOM
CYIIECTBEHHO TTIOHWKACTCST TIPW TIepeBOic MCXOMHBIX (he-
HoJicofiepKallux MophUpPUHOB B MapaMarHUTHOE COCTOSI-
Hue (ypaBHeHue 13) [9].

R'PH, + Pb2t _ R'PPb (13)

[Ipu >ToM mapamMarHUTU3M JIMraHAa coxpaHsercs (g =
2,004, ag(2H) = 0,18 MTn), a criekTp TOTJIOIIEHUS, Ha-
npuMep, Komriekca Pbll, otHocnTes kx cnexkrpam tumep-
nopOUPUHOB p-TUIA U CBUAETEIbCTBYET O HaIUMUMU AO-
MOJHUTENbHBIX I10JIOC pa3pellieHHbIX MepexoioB B obac-
™ 450 HM, 4YTO OTBEYAET CIEKTPAJbHbIM XapaKTepPUCTH-
KaM mojeneli nurtoxpoma Pys.

OTW IaHHBIE, a TaKXKe VCCeOBAHUS aKTUBHOCTH CBO-
0oaHbIX ocHOoBaHuiA nopdupuHoB R4PH, xak aHTuOKCU-
JJAHTOB B MPOLECCE IMEPOKCUAHOTO OKHMCIACHHUs JUMUAOB
MO3BOJIMIN BBICKA3aTh TIPEIATIONOXKEHNE O BO3MOXHOCTH
WCTIONTb30BAHWUS 3THUX COEMHEHWI KaK aHTHUOKWCIUTEIb-
HbIX joBywek [49]. JeicTBUTENbHO, B TO BpeMsl KaK XJIO-
pUI 0J10Ba OKa3blBaeT MHHULIMpYIOLlee ACHCTBUE HA OKUC-
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JleHMe oJeuHoBoi kucinorel [50], mobaska R4PH, He
TOJIBKO CHUXXAET YPOBEHb MEPOKCUAHOTO OKMCICHMSI KaK
WHTAOUTOp paJiMKaJlbHOTO TIpoliecca B MPUCYTCTBUM
R'OO", HO ¥ TpakTUYeCcKH MOJHOCTBbIO HVBEINPYET Jeii-
ctBue SnCl, 3a cyer obpaszoBaHusl Komruiekca R4PSn
(cxema 8) [51]. Ilpu »TOM KoopauHaliys HMOHA MeTajlila C
MakKpOKOJIbLIOM COIPOBOXKIAETCSl CTabWIM3allueil cBoOOI-
HOpaJWKaTbHON (OpMBI JIMTAHIA, OTBETCTBEHHOW 3a Me-
XaHW3M aHTHOKCHIAHTHOTO JCCTBHSI.

ot
R‘OO.W Bu! BU' rR'oo'
o )~
B BU'
Bul BU'
oo (bo
Bu BU'
Cxema 8

Ilopdbupun R4PH, saBnsiercs aHTMOKUCAMTENbHOK
JIOBYIIIKOW ¥ TIO OTHOIIEHWIO K METAIJIOOPTaHUYECKOMY
coemnnennio CH3HglI (puc. 4) [52].

ITockosbKy BOBAeYEHHE METWIMEPKYPUOIUIA B OKMCIH-
TeJbHbIA MPOLIECC COMPOBOXIAETCS PEAKLIMAMU PAIUKATb-
HOTO 3aMEIIIeHWsT Y aToMa PTYTH W BBIXOIOM B PEaKIIMOHHYIO
cpely aKTWBHOTO METWbHOTO pamvikana [53], mopdupuH c
(EHONbHLIMU TPYIIaMM ITIPOARISAET ABOKMHON >¢¢ekT —
MHIMOMTOpA W JIMraHAa, CBA3biBAlOLIEro nonsl Hg2*,
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Puc. 4. Kunernueckne kpumBbie Hakomiennss R'OOH npn
OKHCJIEHHH OJIEMHOBOI KNCJIOThI KHCJIOPOOM:

[ — 6e3 mob6aBok; B nmpucytcteun: 2 — R4yPHy; 3 — skBu-
mojsipHoit cmecu R4PH, u CH3Hgl (65 °C, koHueHTpa-
uust 106asok 1+ 1073 moab - a1 1)

3akmoueHne

[Ipeanaraemblii NOAX0A K CO3AAHUIO KOMILIEKCOB Me-
TAJJIOB PAa3JIMYHOIO TUIIA C JIETKO OKHC/SAIOIIMMHUCS Opra-
HUYECKVMW TPYNTIaMW B JIMTAHIEe ¢ MCTIOTB30BAHUEM pe-
CYPCOB MOJIEKYISIPHOW XWMWW TIO3BONSIET, TaKNMM o0pa-
30M, JeTajJbHO MCCIeA0BaTh OKHCIMTEIbHO-BOCCTAHOBU-
TeJbHble Ipoliecchl OuomeTamomonekya. C apyroii cro-
POHBI, BOCMNpPOM3BedeHUEe (QYHKLUHOHAIBLHBIX OCOOEHHO-
CTeH CITOXKHBIX OMOXUMHWUYECKUX CHCTEM, B KOTOPBIX OKMC-
JUTENbHBIE W PaZMKaTbHBIX TIPOTIECCHl 3aTparuBaioT Gel-
KOBO€ OKpYXeHHE MeTal10hePMEHTOB UK KOGEPMEHTOB,
MOXET MOCIYXUTb pealbHOl OCHOBOI HCIIOJb30BAHHUS
CUHTETYECKUX OGHOMOJICKYNIAPHBIX MOJeNell B KadecTBe
GUONTOTMYECKHM aKTUBHEBIX aTeHTOB B XKWBOM KITETKE.

PaGora BwuIMONHEeHa TIpM (UHAHCOBON TTOMIEPXKKE
POODMU (rpant Ne 03-03-32938).
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