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O6mast xapaKTepucTHKA paGoThi

AKTYyaJabHOCTh NpodJembl. [3yuerue mporeccoB NepeHoca 3apina
ABAAETCA ONHUM H3 aKTyalbHBIX HalpaBleHud QUIHYECKOR XUMHH,
HENOCPEACTBEHHO CBA3aHHBIM C pEelIeHHeM BaKHEHIINX TEOPETHUECKHX H
IpaKTHYECKHX 3aa4 XMMHYECKOH TepMONUHAMHUKY, KUHETHKY U KaTanusa,
TEOpPHH pPAacTBOPOB M 3MEKTPOXUMUM. [Ipu HCCIENOBaHMM TOMOTEHHBIX
OKHCIIUTENEHO-BOCCTAHOBUTENIBHEIX [POLECCOB MEXAy HOHaMH Oputo
0BHAPYKEHO, YTO UX CKOPOCTh B 3HAUMTEIBHOM Mepe 3aBHCHT OT PUPOIBL
M KOHIIEHTpaLU¥ (DOHOBBIX TEKTPOIUTOB. B HamGonbmedt cTemeHH 3TO
OpOABIAAETCA B AHHOH-aHMOHHBIX CHCTEMAX, TIe COOTBETCTBYIOIEE ABJICHHE
[ONTy4YH/I0 HaspaHue "kaThoHHbIH Katanus”. [Ipupona ycxopeHHs aHHOH-
AHMOHHBIX DPEaKUWH IPU BBEICHHH B PAacTBOPBI (OHOBEIX JIEKTPOIUTOB
cTaga NpeaMeTOM MCCIENOBAaHMS MHOTMX yueHbIX. OOHaKko A0 CHX 1Op B
IUTepaType OTCYTCTBYET HamexHoe oObsICHeHHe 3Toro (QeHOMEHa.
CornacHo [OpeAcTaBICHHMAM Teopud Mapkyca, B3aHMOACHCTBHE MEXIY
HOHaMM BKIIIOHaeT TPH [OCHENOBATENbHBIX CTaluy: OpicTpoe obpasopaHue
MOHHOH mnapkl, anvabaTHYecKuil NEPeHOC OSJIEKTPOHA MEXAY HOHOM-
JOHOPOM W HOHOM-aKIENnTopoM, OBICTPBIA pacmax oOpa3oBaBLIETOCH
npoaykra. s ciaydas B3AMMOJEHCTBA AHMOHOB MONENbHAs CXeMa
JO/DKHA BKJIFOHYaTh CTaAWIO 00pa3soBaHHUs MPEKypcopa, COCTOSAMErO U3 ABYX
ONHOUMEHHO 3apsKEHHBIX HOHOB. Jlonroe Bpems CBOHCTBa MOXOOHBIX
acCOLMAaTOB  ObLIM  HEM3BECTHBI, YTO  CYIIECTBEHHO  3aTPYAHSIO
HHTEPIPETAlMIO SKCIEPHMEHTAILHEIX [aHHBIX. IloiydeHHble B pabote
pe3y;IbTaThl  [O3BOAAKT  [POSCHUTh  NPUPOLY  BHEMmHechepHOTo
B3aUMOMEHCTBES ONHOWMEHHO 3apKEHHBIX HOHOB W MOTYT OBITH
HCIIO/Ib30BAHbl AN KOJMYECTBEHHBIX OLIEHOK KOHCTaHT CKOPOCTH IO

CHEKTPaJIbHBIM JAaHHBIM. I/Imioopmaum 06 aHMOH-aHMOHHON acCOLUAIUU
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MOXeT OBITh [ONI€3HAa U B APYTHX OOJACTAX XMMMH, B HYacCTHOCTH MpH
M3Y4eHHH CTPYKTYpbl KOHLEHTPHPOBAHHBIX pacTBOpOB. HeoObruHbie
aHMOHHBIE ACCOLHATH], HabjlrofaeMble B KOHIIEHTPHPOBAaHHBIX pacTBOpaXx,
MOYXHO pacCMaTpHBAThH KaK IIPOMEXYTOUHOE 3BEHO B ANy HOH - HOHHAas
mapa - ... - 3apOMBIII KPHCTAIITA - KPHCTAN, YTO IETaeT UX MCCAEI0BAHHE
Ba)XHBIM [IArOM K [MO3HAHUIO MUKPOCKOMHYECKOTO CTPOEHMs PacTBOPOB
3MEeKTPONUTOB ¥ obecreudBaeT BO3MOXHOCTH HANPaBIEHHOIO CHHTE3a
HOBBIX TBEDHBIX (a3 ¢ OCOOBIMM CBOMCTBAMH. 3HAYMTENBHBIM HHTEpeC
IpPEOCTaBiseT TakKKe CONOCTABICHHE KHHETHYECKMX  HaHHBIX [T
POMOT€HHBIX peaKuuit MeXIy OIHOUMEHHO 3apsKEHHBIMH HOHAMA U
FeTepOTeHHEBIX NPOLECCOB, MPOUCKOMAIINX Ha 3apAXEHHBIX MeX(pasHbIX
rpanunax. [JomydesHble  pe3ynbTaThl  MO3BONAIOT, B 9aCTHOCTH,
[ETAIM3UPOBATE [IPEACTABIEHUS O KHHETHKE BOCCTAHOBJIEHUs aHHWOHOB Ha
OTPHUATENBHO 3apsDKEHHOH [TOBEPKHOCTH 3/1€KTPOAA.

IMenr paGorbi. [lucceprallMOHHOE UCCIEIOBAHME HAINPABIEHO Ha
MOMCK CHCTEM, B KOTOPBIX aCCOLUHAUMsi aHHOHOB COINPOBOKIALTCA
NOABICHUEM IIONOC [epeHoca 3apsAfa B  OJIEKTPOHHBIX  CHEKTPax
HOTIIOMIEH U, H3yUEHHE CBOMCTB 3THX HEOOBIUHBIX aCCOLMATOB, BhIIBICHNE
KOJIMYECTBEHHBIX 3aKOHOMEPHOCTEH mpoliecca acCOLMalU¥ aHHOHOB H
IIPOBEPKy HPAMEHMMOCTH Teopuu Mapkyca-Xama A0d ONHCaHHA
MPOLIECCOB BHEIIHeC(HEPHOro HEepeHoca ONEKTPOHA MEXIY ONHOUMEHHO
3apsHKEHHBIME peareHTaMy.

- Hay4Has HOBHU3HA U HpaKTHYecKas HEeHHOCTh. B pabore 06o0ueHs!
pe3ynbTaThl CHCTEMATHYECKOTO HCCIIENOBAHMA CBOHMCTB CHCTEM, B KOTOPBIX
accolMallds aHHMOHOB CONPOBOKAAETCA MOABICHHEM [IOJOC MepeHoca
3apsga B AJIEKTPOHHBIX CIEKTpax HOIMIOIieHUsA. Briepsrlie 3aUKCHPOBAHO

CIEKTpalbHOe TNpPOSIBICHHE BHEIIHECHEPHOrO I[IEpEHOCA 3apAfa MEKIY



aHHOHAMH B HEKOMIUIEMEHTApHBIX  CHCTeMax.  Haligeo
CHEKTPO(DOTOMETPHUYECKH O0XapaKTEPH30BAHO OKONO NATHAAUATH TaKHX
cucTeM. OKCUEPUMEHTANBHO IIOOTBEPKACHO OXUAAEMOE YBENHUEHHE
CBETOMOCJIOILEHAS. pacTBOpaMu TpH Jo0aBieHHH B HHX (OHOBBIX
3JIEKTPONUTOB. [Ipd 3TOM MOKAa3aHO, YTO BIHAHHE (OHOBBIX STEKTPONUTOB
Ha CIEKTpaJbHBIE CBOWCTBA B psi€ CIyYaeB He OrpaHuYHBaeTCs
3aBUCUMOCTBIO KOHCT@HT YCTOMYMBOCTH AacCOLMAaTOB OT HOHHOU CHIIBL
pactBopa. OrmpeneneHsl KOHUSHTPALMOHHBIE M TEPMOIHHAMUYECKHE
KOHCTaHTBl ~ YCTOHYMBOCTH  AHMOHHBIX  AaCCOLMAaTOB ¥  IIOKa3aHa
MPUMEHUMOCTs  ypaBHeHHS Dyocca, YUYHTBIBAIOWIETO KOOIEPaTHBHOE
B3aUMOJEHACTBUE HOHOB, WIS OMMCAHHUS HEKOTOPHIX M3 TaKUX CHCTEM HPH
KOHLEHTpaunsX (DOHOBBIX 7A€KTPONHTOB 10 4 moms 1. ITokasago, 91O
CIeKTpa/IbHble CBOHCTBA aHMOHHBIX AaCCOLMATOB ONU3KM K CBOHCTBaM
HOHHBIX nap. IlpeanoxeHo COOTHOLIEHHE, NO3BOMIOMES [IPEACKA3bIBATE C
TOYHOCTBIO 10 1000 cv”™ MoTOKeHHe MAKCAMYMOB OJIOC nepeHoca 3apina

AHMOHHBIX  aCCOLUMATOB ®  OOBIYHBIX  HMOHHBIX nmap Ha OCHOBC ‘

SHEPrdH CPOACTBA K 3IEKTPOHY UOHOB B BOIHBIX PACTBOPAX M BBIYACHATH
BETTHYHHB! BEPTHKAILHEIX MOTEHIHANOB HOHM3ALWH, JHEPrHH CPOACTBA K
3EKTPOHY HOHOB M JHEPrUM DPEOPraHU3alliid HOHOB 10 cnélc’rpéjibﬁBIM
JAHHBIM.

B pamxax Teopuu Mapkyca-Xama [pemnokeHO ypaBHEHHE,
CBSI3BIBAIOLIEE CKOPOCTE OMMONEKYIIPHOMH aK THBAIIHOHHO-KOHTPOIUPYEMOH
OKMCITUTEIBHO-BOCCTAHOBHTEIBHON peakIyu ¢ rapameTpaMH,
HEMOCPEACTBEHHO ONpPENeAeMbIMY H3 JJIEKTPOHHOTO CIEKTpa [OrTIOMEeHH S,
pasHHIIEd CTaHIapTHRIX [MOTEHLHAIOB I[1ap MHOHOB X KOHTAKTHAIM

pacCTOIHUEM MEXIY UOHAMHM. TTokazana OPAMEHHMOCTS ITOI'O YpaBHEHHUS



IUIA  KONMYECTBEHHOW OLEHKM KOHCTAaHT CKOPOCTH aKTHBAaLMOHHO
KOHTPOIUPYEMBIX PEAKUHH Ha [IPUMEPE CHCTEM [Fe(CN)6]3'/[Fe(CN)6]4' u
[Fe(CN)]’/NO, u nus ONpENeNeHns THIa TpoLecca (aKTHBALMOHHO
KOHTPONHPYEMBIH HIH TEPMOAMHAMHYECKH KOHTDOJMPYEMBIH) A psiia
Apyrux crcteM. IlokazaHo, ¥TO BO3AEHCTBHA HA CHCTEMY, NPHBOLIIME K
U3MEHEHHIO CKOPOCTH IIEPEHOCA D/1EKTPOHA, OJHOBPEMEHHO CKa3bIBAKOTCA U
Ha €€ CNEKTPAIbHAIX XapaKTePUCTHKAX.

Hano oOBACHEHHE ONUMCAHHBIM B JINTEPATYPE HEOGBIYHBIM
3aBUCHMOCTAM CKODOCTH DpEaKLHH [IEPeHOCAa JJIEKTPOHa B CUCTEME
[Fe(CN)s]*/[Fe(CN)s]* ot NPUPOJBl ¥  KOHUEHTPaMH  (OHOBBIX
3JIEKTPOTATOB.

[peanoxeno 0OBsCHEHNE CHEKTpaﬂBHOI‘O. IPOSBIICHHUS
BHEIIHECPEePHOro B3aUMONEHCTBUA aHUOHOB, OCHOBAHHOE Ha CTa0HITM3aALMH
AHHMOHHbIX aCCOLHATOR 32 CUET KOONEPaTUBHOIO B3aUMONEHCTBHSA HOHOB. B
CUCTeMax THIa [Fe(CN)s]S'/[Fe(CN)é]“' KaTHOHB! DPACTIONATralOTC MEXIY
asyoHamu. B cuctemax tuma [Co edta]/I” kartsoHsl pacronararotes BOIU3M
OTPHUATENBHO 3aPAKEHHBIX (PAarMeHTOB JHUIIONEHBIX KOMITIEKCHBIX HOHOB.
IIpoBeneHo MONENHPOBAHUE AHHOHHBIX ACCOLMATOB H HX 3JEKTPOHHBIX
CTEKTPOB NOTNOIUEHHUS ¢ HCTIOIb30BaHueM MeTonoB ZINDO/1 u ZINDO/S.

[ToxaszaHo, YTO BeHYHHBI KOHTAKTHBIX PACCTOSHUH MEXIY aHHOHAMH
CYUIECTBEHHO MEHBIIIE, YeM IIPEAIIONIaraioch paHee B IUTEPATYPe, U ONU3KH
K  pacCcTOSHMAM  MEXAy HOHaMM B  HOHHBIX  [apax ® K
KpHCTauTorpabuyeckum PaCCTOSHUIM MEXaY aHHOHAMHU 8
COOTBETCTBYIOLIHX TBEPAIX COMAX.

Brepssie 3aUKCHPOBAHO CIEKTpalTsHOe [POSBIEHME
BHEIIHEC(HEPHOrO B3aMMOMEHCTBHA AHMOHOB B TBEPHBIX pACTBOPAX,

comepXamMX OHHOBpeMeHHO uoHBI [Fe(CN)s]” u [Fe(CN)s]". Dru



BEUIECTBA OXApaKTepH30BaHbl MeTomamMu P®@A, TepMOrpaBUMETDHY,
MeccGayapoBckoit ciexTpoMeTpus, MK-CIeXTPOCKONUK 1 CIIeKTPOCKONHE
IHGOY3HOTO OTPaXKEHUS.

[IpoBeneHo iccaenoBaHne QOTOXUMHYECKOTO [TOBENCHUS aHMOHHBIX
accouuaros. [TokasaHo, 4TO AT CHCTEM, B KOTOPBIX CKOPOCTH TEMHOBBIX
OKHCIHTEIbHO-BOCCTAHOBUTEIBHBIX peaxuuit KOHTPOIHUPYETCS
TepMOAMHAMHUKON npotecca, ocie GoTonepeHoca NekTpoHa Hab o gaeTcs
GbicTpas pexoMOWHALMS OPOAYKTOB GOTONM3a, a /IS aKTHBAUHOHHO
KOHTPOJIMPYEMBIX TEMHOBBIX DEaKUUd [ocie (OTomepeHoca 3SIEKTPOHE
BO3MOIKHO HOSBIIEHHE GOTONPOLYKTOB.

[TpoBENEHO CpaBHEHHE CIEKTPaIbHBIX XapaKTepHCTHK AHHOHHBIX
accouuaTos K ¢1abo CBA3AHHBIX A TyKTOB U3 ABYX arnoHoB. [ToxasaHo, 4To
MEXKIY YKa3aHHBIMM THIAMH NPOLYKTOB B3aUMOICHCTBHS aHMOHOB €CTh
OTAMYHS B IIOJOKEHUH, HHTEHCHBHOCTHA W [ONYIUMPUHE IIOIOC MEPEHOCA
3apsza, CBA3AHHBIE C PA3TMYHON CTENEHBIO MEKTPOHHOTO EPEHOCa MEXIY
aHWOHAMH B OCHOBHOM cocTOsgHMH. [Ioka3aHo, 4TO ci1ab0 CBA3aHHBIE
aqAyKThl U3 ABYX aHHOHOB MOLYT CITY>KHUTb [IPEKYPCOpaMH¥ HpH [ICTYYEHUH
31eKTPONPOBOIAIIKX INIEHOK, IT0J0OHBIX MIeHKaM OEPIHHCKOM Ha3ypH.

VHUBEPCATEHOCTh IPEIANOXEHHBIX TPaKTOBOK MONTBEPXKIEHA HX
MPUMEHUMOCTBIO K KaTHOH-aHHOHHBIM CHCTeMaM, e IIPOSBIEHHE [0JI0C
MepeHoca 3apsiga B BUAUMOM 00J1acTH 31€KTPOHHOTO CHEKTPa MOIIOMEHHUS
[103BOJISIET NOJIYUYaTh PE3yNbTathl ¢ GOMbIIEH TOYHOCTBIO IO CPABHEHHIO C
AQHHOH-aHHMOHHBIMH CHCTeMaMH. I[IpoBefeHO HCCNedOBaHHE —BIMAHMA
[IPUPOIBl ¥ KOHUEHTpauuH QOHOBBIX JIEKTPOIHTOB HA HMONGKESHUE [10J10C
mepeHoca 3apsna B JJEKTPOHHBIX  CHEKTpax [OIVIOMIEHHA CHCTEM
N, N qusrui-4,4 unupaaunai -katuon (EVZ') [Fe(CN)e]". Brinenens! u

oxapakrepu3soBabst MeTogaMu PCA, MK-crieKTpoCcKOnUH ¥ CIEKTPOCKOIHH



(6]

nucddy3HorO  OTpaKeHHS  TBEpAblE  POAYKTBl  B3aHMOICHCTBHA.
YcTaHOBNEHO, HYTO TOMOXKEHHE MAaKCHMyma [IONIOCHl [OMIOLUEHHS B
SMIEKTPOHHBIX CIIEKTPAaX KOPPENUpPYyeT ¢ HOPMAIbHBIM OTEHLUHATIOM [aphl
[Fe(CN)s]/[Fe(CN)s]*, uro cBszaHO ¢ HaxoXmeHHeM rexaurasodeppar-
HOHOB B pacTBOpaX B BHIE MOHHBIX Map C KaTHOHAMH (HOHOBBIX
snexTponuToB.  IlokazaHo, uTO  chekTpanpHO — Habmogaemble B
KOHI{EHTPHPOBAHHSIX pacTBOpax "mommeie maphl’ EVZ,[Fe(CN)*"
HpeCTaBIAIOT co0O¥ accolMaThl, COCTOSUIME W3 TpexX ¥ Oojee HOHOB.
O6HapyXeHHEIH 3¢dEeKT MTO3BONSET [EJEHANPABIECHHO MEHATE TOMOXEHUE
nojgoc nornomenus B OCII myreM BBefeHHS B pacTBOp (OHOBBIX
3EKTPOIHUTOB.
Ha 3amuTy BhIHOCATCS:

1. Ilpencrasnenns o6 06pa3oBaHHMU aHWOH-AHWOHHBIX AaCCOUXATOB B
BOIHBIX  pacTBOpax  OJJIEKTPOJIMTOB KaKk  MHTEPMEIHATOB B
OKHMC/IHTENBHO-BOCCTAHOBUTENIBHEBIX IPOLIECCAX MEXIY AHHOHAMH.

2. DOKCIEpUMEHTANbHBIE [OKAa3aTelbCTBA  CYIIECTBOBAHUS  AHMOH-
AHHOHHBIX aCCOLIMATOB Ha OCHOBE CHCTEMATHYECKOrO HCCIeJ0BaHUS
XapaKTEPUCTHYECKHX II0JI0OC B JIEKTPOHHbIX CIEKTPaX MOIIOIIEHHT

3. Mogeny CTPOEHHS aHUOH-aHHOHHBIX A4CCOLMATOB, OCHOBaHHbBIE HA
y4YeTe KOONEPaTUBHOrO B3aUMOACHCTBUS HOHOB.

4. CpaBHUTEIBHBI AHAIU3 CBOWCTB U CTPOEHUS aHWOH-aHHOHHBIX
acCOUMATOB ¥ KIaCCHYECKUX KAaTHOH-aHWOHHBIX [ap.

5. Tlomxoo K CaMOCOITIACOBAaHHOMY KOMHYECTBEHHOMY OIMHCAHHIO
CNEKTPa/IbHEIX CBOMCTB HMOHHBIX aCCOMMATOB M KHHETHKH [epeHoca
3apAfa MEeXIy HOHaMH.

Anpo6auus padorst. OcHOBHEIE pézynma’rm paboThl TOKIaABIBATHCE

Ha VII Medzeneesckoil THCKYCCHH MO XUMHU pacTBOpoB (JleHuHrpar,



1986 r.), HayuHo# koHdepeniuu "Jlomonocosckue urenus' (Mockza,

1995 r.), 3" Kananckoi KOGepeHIUH 10 KOMIIBIOTEPHOH XMMHHK

(Kanama, 1997 r.), 1* Bceepoccuiickoit koHbepeHun" MorexynspHoe

mopennposanne”’ (Mocksa, 1998 r.), 2" mayuso#t ceccuu Yue6HO-

Hay4HOTO LeHTpa no xumuu (Cauxt-IleTepGypr, 1998 r.) 49 ™, 50" u

51" exeronerx Cosermanusx MexIyHapOIHOr0 JNEKTPOXHMMHUIECKOrO .

obmectBa (Srnonus, 1998 r., Uramus, 1999 r. u [Tonsuma, 2000 r.),

Pabodem cosemanun HATO 1o 2IeKTpOXHMHH 3SNEKTPOAKTHBHBIX -

nonuMepHeIX mireHok (ITomsura, 2000), Beepoccuiickom cemMuHape IO

xuMuu  pactBopoB (Mocksa, 2000 r.), XVII MeSK,uyHapogHoM

YepHAEBCKOM COBEIIAHWH IO XUMHM, TEXHOJIOTHH H aHAIu3y

mIatuHOBEIX MeTannoB (Mocksa, 2001 r.), a Takke Ha KOHKypcax

HayuHslx pador MOHX PAH (1997 u 2000 r.r.)

HOy6anxamuu. PesynpTaThl wuccneqoBaHWs IIpefcTaBlneHbl B 38
myONMMKAUUIX B OTEYECTBEHHBIX U 3apyOeHBIX XKypHaNax ¥ COOpHHAKAX
HaYYHBIX KOH(EpeHLHH.

Crpyxrypa u ofrem paborsl. Jluccepralusi COCTOUT U3 BBeAeHAS, 3
I71aB, METOIMKH IKCIIEPUMEHTA, 3aKIIFOUEH s, BEIBOLOB i Oubnuorpaduu
(128 ccommok). Marepuan usnoxen ua 201 crpasuie, Bkmodaer 36

PUCYHKOB 4 23 Tabauubl.
OcnoBHoe conepsxaHHe paGoThbl.

Bo BBenennn 060CHOBaHA aKTyaIbHOCTH PabOTHI, CHOPMYTHPOBAHEL

OCHOBHBIC 3aJa49H UCCICNIOBaHUA U BEIHECCHHBIC Ha samprry [OJIOXECHUA.



T'naga 1.

B nmepBoit InaBe pacCMOTPEHBI OCHOBHBIE TEODPETHHECKHE
npencTaBieHus Teopur Mapkyca-Xarma 1 0COOEHHOCTH MX UCIONb30BAHUS
IUI4 ONHCAaHHA BHEIUHECOEPHBIX  OKHUCIUTENBHO-BOCCTAHOBHTEIBHBIX
peakuuf. JlaH aHaIH3 KOONEPATHBHOIO B3aHMOAEHCTBHMA HOHOB Kak
(akTopa, [O3BONSAIONIETO AaHHOHAM  HAXOAMTBCA HAa  KOHTaKTHOM

paccToAHMUH.

1.1.TeopeTuyeckoe onucaHHe KHHETHKH BHellIHecepHbIX
OKHCJIHTeIbHO-BOCCTAHOBHTEIbHBIX PEAKLHH.

s HccrenoBaHus MeXaHU3Ma IIEPEHOCa 3/IeKTPOHA H ONpedesle HUA
$axTOpOB, BAHAIOMWIMX HA CKOPOCTH 3TOTO Mpoiiecca, HaHOOIBIIHH HHTEPEC
MPeNCTAaBAfIOT AKTHBALMOHHO-KOHTPOJIHpyeMble peakuuu. CKOpoCTs
BUMOJIEKY IAPHOH AKTHBAHOHHO-KOHTPOJIUPYEMOH OKUCTUTEIBHO-
BOCCT@HOBHTENBHON DEAaKUHH MexTy HoHamH (V) B ycmosuax, Koraa
KOHLIEHTPalMss OJHOIO M3 HOHOB 3aMETHO [PEBOCXORUT KOHIEHTPALIMIO
apyroro (Cp<<C), MOXeT ObITh IIpeACTABICHA CIAENYIOUIUM 00pa3oM:

V' = Kipk, CCy/(1+KpC) (D
[lpy  dcciegoBaHMM  peakuMi  MeKIy  HOHAMH ¢ 3apAnaMu
TPOTHBOIIONOXKHOIO 3HAaKa U3 3aBUCHMMOCTH ¥ oT C yHaeTcsd ONpEeAeIuTh
KOHCTaHTy yCTOWYHMBOCTH HOHHOH mapsl (K;p) M KOHCTAHTY I[epeHoca
3JIEKTpOHA B MOHHOH mape (k,,), Onaromaps 3HauuTensHON Bemuuune KpC.
OmnperenseMble 3HaueHHS K XOpOWO COMNACYIOTCA € NOMYyYEHHBIMH
HEe3aBHCHMO (B 4aCTHOCTH, cliekTpodoTomeTpuuecks). [Ipy uccienosannn
peakuui MeXAy ONHOMMEHHO 3apsUKeHHBIMH — MOHAMHM, HaIlpHMED,
aHWOHAMH, NMOJOGHOE pa3fesneHue 3aTPYIHEHO. JTO 00yCIOBAEHO MasioH

CTETIEHBIO acouHaliyi aHHOHOB, BCJIEACTBHUE HETO BEIHYMHA IPOMU3BEACHUSA



KeC cTaHOBHTCS COMOCTaBUMOH C ENMHULIEH TONBKO [pPH BBICOKHX
3gaqgenusix C, To €CTh B KOHUECHTPHPOBAHHBIX PAcTBOPAX 3JIEKTPONUTOB. B
3THX YCJIOBHAX IyTeM BBeIEHUS (GOHOBBIX 3JIEKTPOIUTOBR HE YHAeTcs
MOJEPXKUBATh COCTaB CpeAbl NPaKTHYECKH HEeW3MeHHbIM. M3MeHeHue
€OCTaBa pacTBOpAa OTPAXKAETCS Ha 3HAUEHUSAX k., KOTOPBIE YXKe He SBIISIOTCS
[OCTOAHHBIMH. JIIf COMOCTaBIEHUS OSKCIEPUMEHTANIBHBIX MHaHHBIX C
pacHeTHBIMH KOHCTAHTBl YCTOWYHMBOCTH HOHHBIX Hap OOBIYHO OLEHHBAIOT
no ypaBHeHuro @Dyocca (Bce BeSHYHHBI B KOTOPOM HMEIOT pa3MEpHOCTh

cuctemst CI'C):

Kip = 47Nd’ exp[-U(d)/kt]/3000 (2)
Uld) = z,z:¢*/Did(1+Kd) ; (3)
K = (82N I/1000D,kT)"> (4)

3nech: V - yucii0 ABOTaapo, z; U z; - 3apsibl HOHOB, e - 3aps] JJIeKTpoHa, I
- abCONIOTHAS TEMIIEPaTypa, k - KoHCTaHTa bonsimana.
KoHneHTpauOHHbIE [PAHUIBI [PUMEHHMOCTH 3TOrO YpaBHEHHS [pH
ONMCAHHY aHUOH-aHHUOHHOIO B3aUMOMEHCTBUS HEU3BECTHEI.

KoHCTaHTYy CKOPOCTH 3I€KTPOHHOrO I[€peHoCa HAaXONST COITIaCHO

[IPOCTERLINM ypaBHEHHIM Teopuu Mapkyca-Xauia:

Ko =200 *Hyo' exp [-[Eop lAYRT] /(A 7xRT)" (3)
Hya=2.06 107 (Ve max Vi) "/ (6)
B =8G" + Up- U + g = ACoe + ¥ (N

3pecs: A - moctosHHas [lnanka, R - yHuBepcanbHas rasosas DOCTOSHHAS,
46" - ctaHgapTtHas osHeprus [u66ca peaxuwuu, AGe,. - OHa Xe,
CKOppEKTHPOBaHHass Ha paboTy cOMMKEHUS HOHOB [JIg MPOAYKTAa H

ucxomHsIX pearedtoB (U, u U,), y - moAHas SHEPTHS DPEOpPTraHU3aLMH
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CHCTEMBI, Vings, CM ' - TONONEHHE MAKCAMYMa TIONOCHT IEPEHOCA 3apSIa, £,y
- OTBEvAlONIA €My OHEPIHS ONTHYECKOTO Iepexona, Vi, oM -
MOMYIIHPUHA IONOCH [OIVIOMIEHUS, &nu 1 MONS ' CM' - MONADHBIH
KO3 bHITHEHT MOTTONIEHHS B MAKCHMYMe MOJIOCHI IepeHoca 3apsia, d, A -
PacCTOSHUE NEKTPOHHOIO MEPEHOCA.

Ha npakTtuxe ncrnonbp3oBanue ypaBHeHn# (5-7) Teopun Mapkyca-Xala
OIPaHMYEHO HEONIPENeICHHOCTHIO 3HAUSHU I CTATHUECKOM AUBNEKTPHUIECKON
[OCTOSHHOM, TpedyemblX i ompenesenus U, u U, B CIOKHBIX
MHOTOKOMIIOHEHTHBIX ~ KOHIIEHTPHPOBAHHBIX  COJIEBBIX  pacTBOpax,
HeU30eKHBIMY NIPUOMIKEHISIMH TIPH BHIUUCICHUH 3HAYCHUH HOHHOM CHITBI
pacTBopa B KOHLEHTPUPOBaHHBIX Pae¢TBOPaX W TPYIHOCTAMH Pa3fenbHOrO
onpeneneHust Kip U gy ITHX OCIOXKHEHUH MOXHO H30€XKaTh, €CIK BBECTH
B pacyeT ONTHYECKYIO INIOTHOCTH HOHHOH Maphl B MAaKCHMyMe ITOMTIOIeHUS.
CoOTHOMIEHHE MEKAY OUTHYCCKOH IUIOTHOCTBO (A,q) HMOHHBIX Iap H#
KOHIEHTpaUMAMH HOHOB [UIS PacTBOPOB C MOCTOSHHOW HOHHOH CHIIOH
MOJXeT OBITh 3aIIMCAHO B BUNEC BBIPAYKEHHUA!

Apmax = Emaxd KipCCY(1+KpC) ®)
3meck: [ - TOMIHHA KFOBETBL, CM.

[MprsauMas BO BHUMaHKe, 4To ypasHeHus (1) u (8) cipaBe s IuBBI IPH OJHOM
U ToM ke yenosuu (Cp<<C), 3anuurem:

V= 1,69 10° A Vinax Viiz €Xp [[Eop /AZRTII/E 1 T)™?) 9)

TakpMm o00pa3zom, a1 pacyeTa B [EPBOM MPHOMMKEHUH CKOPOCTH
OUMOJIEKYJIAPHBIX aKTHBAUMOHHO-KOHTPOIHPYEMBIX DEAaKUIHH TOCTaTOUHO
3HaTh XAPAKTePHUCTUKM [OJIOCHl [IepeHoca 3apsaa, ONpenensgeMble
HETIOCPENCTBEHHO U3 €NUHHYHOIO 3MIEKTPOHHOrO CIEKTPa IOTIOLIEHHS, &

TaKXe€ pPacCTOfHHUE IMEPEHOCA 3JICKTPOHA MEXIAY HOHAMM H PA3HOCTH



CTaHAAPTHBIX PENOKC-IOTEHIMANOB HOHOB, CKOPPEKTUPOBAHHYIO Ha paboTy
ux cOnumxenus. B Oomee TOYHBIX pacyeTax MOIYT OBITE YUTEHB
CIHHOPOUTANBHOE B3aHMOJCHCTBHIE U JaCTHYHAS aquabaTuIHOCTD [IpoIecca
nepeHoca d1eKTpoHa. s CHMMETPUYHON CHCTEMBl ypaBHERHE (9) MOXKHO
HEMHOTO YIPOCTUTD U 3aIlHCaTh B BUIE:

V = 1,69 10® Apax Vimax > Vir2 €Xp [-/ARTI/(@1(T)"?) (10)
OBBIYHO [0 IKCOEPUMEHTANBHON KOHCTAaHTON GHMONEKYIAPHON peaKuuy
(koxp) MOHUMAFOT BESTUUMHHY, ONPEILIAEMYIO COIIACHO YPABHEHHUIO:

V = kespyCCy (11)
[osToMYy [Tl CPAaBHEHUS SKCIEPUMEHTAIBHBIX U PACUETHEIX BETMYMH HMEET
CMBICT HAXOOWTh pACYETHOE 3HAYEHWE KOHCTAHTBI CKOPOCTH (k) TI0

aHANOTHYHOMY YDPaBHEHHUIO!

V= kca(cccl) (12)

1.2. Pacyer cKOpOCTH [epeHOCAa 3JeKTpoHa B cHcreme 4,4~
AU THAGHIHPUAMIUH-KATHOH / rekcaunanodeppat(Il)-anuon.

B paszeie paccMOTpeH aIrOpUpM BbIYMCIECHHA CKOPOCTH IEpeHoca
37eKTPOHA [10 ypaBHeHH!O () Ha IprUMepe ONHOH U3 Haubonee ynoOHBIX [
CHEKTPOGHOMETPHIECKOTO HCCIEIOBAHUA MOICIBHBIX CHCTEM. Maxcumym
[OJIOCK! BHELIHEC(HEPHOro NepeHoca 3apsiaa B 3TONH CHCTEME MPOSBIAETCS B
BUAMMOM  OOJacTH, The [PaKTHYeCKH OTCYTCTBYET  COOCTBEHHOE
MOVIOLIEHME HOHOB. DTO IO3BOSET HE TOMBKO C BBICOKOM TOYHOCTBEO
OlipeenTh ClIeKTPaIbHBIE XapaKTePUCTUKY WOHHDIX 11ap, HO ¥ IPOCIEIHTS
BAUSHWE HA HUX TNPHUPOIBI W KOHIEHTPALHH (OHOBEIX 3JIEKTPOJIHUTOB.
[TpoBeIeHHOE CIEKTPATIbHOE U3YUEHHE [I0Ka3ano, YTO P OQHOBPEMEHHOM
NpHCYTCTBMM B  CHCTeMe rekcauuaHodeppara Kaqusg H  HOAMIA

2THJIBHO/IOTEHA HabIr0gaeTCs UHTECHCHBHOE oyp nypno-cbuonero BOEC
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OKpalIWBaHKe BOJHOIO PacTBOpa, 00YCIOBICHHOE IPOLECCOM 0OPa30BaHHs
MOHHBIX TIap ¥ (POTONIEPEHOCOM 3/IEKTPOHA B HUX!

[Fe(CN)]* + EV¥ = EV¥, [Fe(CN)s 1" (13)

EV®, [Fe(CN)s]* + hv—> EV", [Fe(CN)s ™ (14)
s usyuaeMo# CHCTEMBI ObINY NOTYYeHbI ClIeKTpaTbHbIE XapaKTePHCTHKY,
[10Ka3aHa HEOJHO3HAYHOCTb OIpe[eleHds KOHCTaHT YCTOHYMBOCTH H
MOJIAPHBIX KO3(D(QUIMEHTOB IIOMIOMICHNS HOHHBIX Tap N0 TPanUHHMOHHOH
METOAMKE U OOHAPYIKEHO BIHSHHE IIPHPOABI U KOHLUEHTpauuu (OHOBOIO
JJISKTPOIATAa Ha [IOJNIOXEHHE MAaKCUMyMa IIOJIOChl mHomiowmenus. [ma
ONpeleIeHHs KOHCTAHThl yCTOHYMBOCTH HOHHOMN TIapbl | ee ko3 duinesTa
MOJIAPHOFO MOIMOMEHHsS H3YHeHa 3aBHCHMOCTh ONTHYECKOH IIOTHOCTH
HOHHOH Iapel B  MAaKCHMyMe [OINIOLICHHA OT  KOHIEHTPALHH
rexcannaso(eppar-uoHOB [PY NOCTOSHHOM KOHLEHTPAIIHY HOHOB KaTHs.
OTOT cilydalf COOTBETCTBYET MNPOBEIECHWIO H3MEPEHMI NP [NOCTOSHHOM
HOHHOH cuiie pacfaopa, PACCYMTAHHOMN [0 yPaBHEHHIO:
I=1122C 1z (15)
Hcnons3oBarue ypasHerus beHeun-Xunbaebpanma:
Col/Amax=1/(EnaKip) * 1/C+1/E s (16)
[103BOJIAET [1OJTY YUTh 3HAUEHHE KOHCTAHTEI yCTOHYMBOCTH HOHHOM mapst 6,4
7 MOb | M KOIbGUITAEHT MOMAPHOrO MOTMOMIEHHA B MAKCHMYME TONOCHI
160 1 moms™'em™. Tns CepUH U3MEPEHHMH MpH NMOCTOSHHOA HOHHOW CHIIE
pacTBOpA,  PACCYMTAHHOM  COITAaCHO  KITACCHUECKOMY — YPaBHEHUIO,
mony4yeHHoe mpu  rpaduyeckod  00padoTke  JaHHBIX  3HAUCHHE
KO3 (HUIHEHTa MOMIPHOr0 MOIVIOWEHUS OTPULATENBHO, YTO JHIICHO
Gu3I9ecKOro CMbICIA W WUTFOCTPUPYET HENPHUrOIHOCTH KIACCHYECKOro

YPABHEHHS I7id pacyeTra HOHHOU CHIIBI B KOHUEHTPHPOBAHHBIX pacTBOpax.
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Hodapsienne x7Jopupa Kadusd HIM XJIOpHAA HATpHs K  PacTBOpY
rexcauMasgopeppara Kajius W HOAWAA STUIBHONOTEHA HPHUBOAUT K CHBHLY
MaKCHMyMa [OIJIOWEHHMA B BBICOKOHACTOTHYIO OONAacTh CHEKTpa H
YMEHBIIEHHMIO HHTEHCUBHOCTU nostockl (puc.l). IIpu BBeneHUU B cucTeMy
xjiopuia TeTpaMeTH/aMMOHUA  HaOmromaercs oOpaTHOEe  CMeNIeHUe
makcumyma mogocel.  dus  ofpsacHeHust Habmiomaemoro  sIBIEHHA
paccMOTpeNnd (aKTOphbl, BIUMIOLIME Ha [IOJIOKEHHE IOAOCH IepeHoca
3apsfa W B paMKax KjaccHdeckoi Teopuu Mapkyca-Xama [UI1 SHEPIHH
ONTHYECKOTO NMepexoaa yCTaHOBHMIIH, YTO, OCHOBHO BKJIaZ B U3MEHEHHE Ly,
procut wimenenne AE’.  TlomydeHHBIH pe3yinbTaT HE  [I03BOJSET
paccMaTpuBarh NPOAYKT MEXHOHHOrO B3aMMOIEHCTBHSA KaK HOHHYHO napy U

ABJIACTCA CBUACTEIBCTBOM HAJIMUYUA B COCTABE MOHHOIO

20000

13500{ S

18000 ¥ T T T T T i T T 1
3.3 0.5 1.0 1.6 2.0 25

C.mol dm

Puc.l 3aBHCHMOCTE IONOXEHUS MaKCHMyMa IOJOCH MOTIOMEHNA HOHHOTO
J4 - -
accounata EV*",nM",[Fe(CN)s ]* B BomaoM pacTBOpe OT KOHLIEHTpalluu

tonoseIx 3aexTponuToB. I- KCl, 2-NaCl, 3- (CH;),NCI
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accolyaTa KaTHOHOB (HOHOBOTO 3iexTponuTa. CHeTaHHBIH BBIBOJ
coriacyercs ¢ H3BECTHBIM W3 RUTeparypbl (aKkTOM 3aMeTHOH
accolpalyi TreKcalHaHOdeppaT-HOHOB ¢ KaTWOHAMH  LIENOYHBIX
METa/UIOB M MAHHBIMH  DEHTIeHOCTPYKTYPHOI'O — HCCIEJOBaHHUS
KPUCTAJUIMYECKOr0 TeKcaiuanogeppara STUNBHONOreHa Kamud. B
kpuctauueckoft ctpykrype EV sK[Fe(CN)¢] 12.5H,O «kaTHOHBI
STUIIBHONOTEHA 0OpasyrOT CTEHKH KaHAJIOB, B KOTOPHIX NONEPEMEHHO
PacION0XeHBl MOJIEKYIBl BOMBI, CBA3aHHBIE BOOOPOAHBIMH CBA3AMH, U
tparmentsr  K(H,O);[Fe(CN)¢] (puc.2). CtpykTypa ¢parMeHTa
K(H,0);[Fe(CN)s] momobHa CTpyKType KOHTAKTHOX HOHHOH Mapsl
K"[Fe(CN)s]*. C oatuM cormacyercs O6nM30CTs Kpardaifmiero
paccTOSHMA MeXTy HoHaMH Bo ¢parmente 4,07 A u Bemuum,
OONYUYEHHBIX M3 TEPMOAMHAMHUYECKOH KOHCTAaHTBl YCTOMYHMBOCTH
worHOM mapsr. Mo [Fe(CN)s]"” B KpuCTanme OKpYKeH MIECTBIO
KaTHOHAMH STHJBHONOreHa. Kparyaiinine pacCTOfHHA OT aToMa

OEPEXOTHOr0 METaJlIa 10 aTOMa a30Ta MUPAIAHOBOrO KOJIbLla PaBHbI

N(2B!
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Puc.2 llemouku wuonueix map K(H,O);[Fe(CN)] B crpyKkType

EV,sK[Fe(CN)g] 12.5H,0
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Puc. 3 ®parmenT xpuctammnyeckoit ctpykTypsl EV, sK[Fe(CN)¢] 12.5H,0

5,05 u 5,40 A. PaccrosHua OT aToma NEPEXOAHOrO METANIA O LEHTpa
MHPUAMHOBOIO KObUa paBHbI 5,96 u 5,62 A. Ilepsbie Lmdpsl ofﬂdéﬁTcx
MpH 3TOM K TPeM JI€BbIM, @ BTOpble UU(PE K TpeM MpaBbiM KaTHOHAM
stunsronoreda #a puc.3. [logydeHHsie KpHCTA/UIOTpadhUueCKe PACCTOAHHIA
CYIIECTBEHHO MEHBLIE HCIONB3YEMBIX B IUTEPATYPE OLECHOUHBIX 3HAUCHHH
paccTOfHKUH MexX Iy HOHaMH B HOHHOH mape MV?* [Fe(CN)]*, ocHoBauHbIX
Ha HCIIONb30BAHHN 3HAYEHHUH QOpManbHOTO pampyca rekcaquarnodeppar-
HOHa [0 OCH YETBEPTOrO MOpANKA OKTadAPUYECKOro xommiekca 4,5 A .
Vcrioas3ys CHeKTpaibHbIe JAaHHEIE [T CHCTEMBI, BEIMUMHY KpaTyaiinero
paccTosuus Mexay uoHamu [Fe(CN)]" u EV® B kpucTamie # BETHYHHY
sueprun ['ub6ca, CKOpPpeKTHpOBaHHYHO Ha paboTy COMMKEHHA HOHOB,
pacCYUTANH KOHCTAHTY CKOPOCTH aKTHBALIHOHHO KOHTPOIKPYEMOH peakiny
MEXKIy HOHAMH [Fe(CN)]" u EV* mo ypasmemmam (9) u (12). Dta
BemuuuHa coctasuwia 0,55 1 moms™” ¢’ [Tockonbky KOHCTaHTa CKOPOCTH
TepMOIMHAMUIECKH KOHTPOMUPYEMOR peaKii MEXAy HOHAMH [Fe(CN)6]4'

72
u EV" Gomee wem Ha [1Ba TMOpSOKAa MEHbIIE KOHCTAaHThI CKOPOCTH
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AKTHBallHOHHO KOHTpOJII/Ip)’CMOfI peaKuyy, chejlaH BbBIBOA O TOM, 4TO

B3aumoneiicTere uoroB [Fe(CN)]* u EV? ssisercs TEPMOANHAMHHYECKH

KOHTPOJIUDPYEMBIM.

1.3. KoonepaTusHoe B3anmMoneficTBHE HOHOB

B PacCMOTPEHHON BBILIE KPUCTAIHYECKON CTPYKTYpe
EV,sK[Fe(CN)s] 12.5H,O «kparuaiimiee pacCTOAHHE MEXIY aTOMaMmH
MEPEXONHOro MeTayuia coctasset 8,81 A. [Ipuumroil cOMMKEHNST aHHOHOB
Ha KOpPOTKME pAacCTOSHMS B KPUCTAUIaX SABISETCS KOOIEPATUBHOE
B3aMMOMEHCTBHE  HOHOB. [Jo  HamleMy  MHEHHIO, HMEHHO  5TO
B3aHMOIEHUCTBUE MPUBONUT K COJEDKEHUIO AaHHOHOB HA KOHTAKTHBIE
paccTOsHHA B  pacTBOpax. JIng JokaszaTerdscTBA  STOM  TUIIOTE3bI
IPOMOJIENMPOBaHO 0O0pa3sOBaHKE HOHHBIX ACCOLMATOB H3 ChepUuecKmx
PaBHOMEPHO 3apsXXEHHBIX HOHOB.

[lpr B3aUMOAEHCTBMM JBYX WOHHBIX nap MOXeT 00pa30BaThCs
accomuar, B IIPOTHBOINOMOXHBIX BEpIIMHAX KOTOPOr0  HAXOLSTCA
OTHOMMEHHO 3apAKeHHbIe HOHBI (puc 4). Takoi accouuar B fambHeHueM
MBIl Ha3plBaGM AaHHOHHBIM. PacCTOfHMA H yIIbl MEXIYy LeHTpamu
3apSOKEHHBIX YaCTHI B 3TOM acCOLMAaTe B CYLIECTBEHHOH Mepe 3aBUCAT OT
3apszfa HOHOB. AHAJIM3 3HAKOB PaBHOAECHCTBYIOIIHX CHII IOKa3bIBAET, YTO B
OIPENENEHHBIX YCIOBUAX aHHUOHBI U KaTHOHBI 3P GHEKTUBHO PUTATHBAIOT K
cefe OJHOHMMEHHO 3apsKEHHBIE HOHBL [l CHCTEMBI, COIepKallell 1Ba
HETBIPEX3aPANHBIX aHHOHA M [1Ba OJHO3aPsAAHBIX KaTHOHA, [IPU PACCTOSHHHK
MEXIy pa3sHOMMEHHO 3apsukeHHBIMH woHamu 4,07 A, oTeewarmowem
PACCTOSIHUIO MEXIY rexcaunaﬂomeTannaT-H0>Ha1.vm i HOHAMH Kalus B

ctpyktype EV sK[Fe(CN)] 12,5H,0, paccuuTagHOE ONTUMATBHOE
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. Puc. 4. Mopnens aHHOHHOIO aCCOLMATE, CTAOMIU3HPOBAHHOIO KaTHOHAMH.

PACCTOSHUE MEXIy aHHOHAMM B aHMOHHOM accommare coctaBut 7,32 A.
Taxkum 00pa3om, 3a CYeT KOONEPaTHBHOIO B3aUMOIESHCTBHSA HOHOB [Ba
OJHO3apAOHBIX KaTHOHAZ B COCTOAHHU YHEPXWBATh B KOHTAKTE MBa
MHOrO03aps/HbIX AHHOHA HA PACCTOSAHHMH, OMH3KOM Kk 7 A, BHE 3aBHCHMOCTH
OT npUpOMbl pacTBoputeisi. [TomydeH sl BBIBOI MOXKHO PaCIPOCTPAHUTE U
Ha WOHBI, 00/afalolIke peaNbHOH CTPYKTYPOH, 4TO -OBLIO MOATBEPXICHO
pesynpTaramMy  ONTHMHM3ALXM  [EOMETPHMM  MOIENbHOH  CHUCTEMEI
ONH, 2[RhCl]” mo wmeromy ZINDO/1 (puc.S). [lpu moGapnenuu B
MOZIETBHYIO CACTEMY ABYX WM 4eTsipex nonos NH, ™ cTpykTypa ¢pparmenta
INH,"2[RhCl,}” He mpeTepnepaeT M3MeHEHHH, YTO [O3BOMAET CUHTATH
Halp4Ke ABYX ONHO3apsAHBIX KAaTHOHOB JOCTATOYHBIM VI 0Opa3oBaHHA
YCTOHYMBOrO aHMOHHOIO accolpaTa. 3aKJIFoUeHKHe O CTabHMM3HPYIOMEM
NeHCTBHM  KOONEPaTHBHOIO  B3aWMONEHWCTBHS HOHOB B pacTBOpE
NOATBEPKAAETCA U TEM, YTO PACCUATAHHBIE PACCTOAHMA MEXIY aHUOHAMH B
accolparax. COCTOALIMX M3 YETBIpeX HOHOB, OIHM3KH K ~KpaTdadiium
PacCTOSHHUAM MEXIY aHHOHAMM B KPHCTALIAX COOTBETCTBYFOIIUX CONEH.

HPI/I OTOM CJICIVET VUUTBIBATL, YTO HpOCTeﬁIHaH MOJ€EJIb aHUOHHOI'O
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Puc. S PesysnbTar ontumu3amuy reomerpun cuctembl 2NH, ,2[RhClg]™

merory ZINDO/1.

accogpara HE IIO3BOJIACT OTPasuTh CHGLII/ICI)H'-IECKOB BIIHAHHUE PACTBOPHUTEIIA

M MOHHOH aTMocdeps! Ha CBOUCTBa accouuara.

I'naBa 2. BHewHecdepHbIH mepeHOC 31eKTPOHA B CHMMETPHYHbBIX

CHACTEMAX.

2.1. dakropspl, BAHAKOIHE HA KHHETHKY CHMMETPUYHbIX
OKHC/IHTENbHO-BOCCTAHOBHTE/bHbIX PeaKLHi.

PaccMOTpeHBI CHMMeETpUYHBlEe (KOMIUTUMEHTApHbIE) aHHWOHHBIE
CHCTEMbl, MpPH H3YyYCHHH KOTOPHIX paHee HAOMIOJAIM TNPOSBIEHUE
"xaTroHoro xatanusa". OOGO0OIIeHB! pPe3yNbTaThl BIHSAHUSL NPHPOABI U
KOHIEHTPalMH  (GOHOBBIX  3JEKTPOJIUTOB, [PUPOLBI  PaCTBOPHTENS,
TeMIIEPaTyPhl W NaBlIE€HHA Ha CKOPOCTh peakuu# mepeHoca aaekTpoHa. Ha
OCHOBaHUY TUTEPATYPHEIX 3HAYCHUH JHEPTHH aKTYBALMM TAKUX [IPOHECCOB
CHleJIaH BBIBOA O TOM, YTO IIOJOCH! [IEPEHOCA 3apsia IS CHMMETPUYHBIX
CHCTEM MO/DKHBI [POABNAThCS Ha rpaHuue Bumumod u HK-obnactu

SJIEKTPOHHOI'O CIEKTPA MOTJIOMCHUS.




2.2. CnexTpa/jbHO€ NPosiBJeHNe BHelIHec(hepHOTo MepeHoca 31eKTPOHa
B CUMMETPHYHLIX CHCTEeMAX.

B pasmene ofoweHBl M KPUTHYECKH  [POAHAIH3MPOBAHBL
JWTEPATYpHBIE NaHHBIE IO CHEKTPaJbHOMY MPOSBICHHIO IEpeHOCA
snextpona B cucteme [Fe(CN)g]*/[Fe(CN)s]*. ITokasano, 9o BO3zeHcTRHA
Ha CHCTeMY, NPHBOJALIME K M3MEHEHHIO CKOPOCTH IIEPEHOCA 3ITEKTIPOHA,
OJHOBPEMEHHO CKa3bIBAIOTCSA ¥ Ha €€ CIIEeKTPANBHBIX XapaKTepHCTHKAX, B
[EPBYIO Ouepedb Ha [OJIOXKEHHMH MONOCh rornomernyd. Kcxons us
BEMHYMHBEl KOHCTAHTHl YCTOHYMBOCTH aHHOHHOI'O aCCOLHAaTa pPacCUUTaHO
KOHTaKTHOE paccTosHMe Mexay uoHamu [Fe(CN)]™ m [Fe(CN)¢]*.
[onygensas sennyuna 6,9 A 6ruska K nomycyMMe KpUCTALIOrpadudecKux
pacCTOSiHMI MEKDy rekcaupaHodeppaT-dHOHaMH B COOTBETCTBYIOLMX
KaIKMEBhIX COMAX M CYUIECTBEHHO MEHbINIE HCIIONB3YEMbIX B JIHTEPaType
BEJTMYMH KOHTAaKTHBIX DACCTOSHUM MEXIY rexcaluHaHodeppaT-HOHAME B
pacteope (8,6-9,4 A). PaccyMTaHHBIE NO CIIEKTPANBHBIM [AHHEIM 1O
ypasHeHusM (10) u (13) KOHCTaHTBI CKOPOCTH OHMONEKYApHOH DeaKUuy
MepeHoca  371eKTPOHA MKy HOHaMH {Fe(CN)(,]S' %4 [Fe(CN)6]4'
npeAcTaBiens B Tabm. 1. [Ind mpHBeAeHHBIX CHMMETPHYHBIX CHCTEM IIpH
y4eTe CHOMH-OPOMTANBHOrO B3auMOIeHcTBUA (BENMYMHBL [IPUBEICHB B
ckofKax) OKCIEpHMEHTaNbHBlE X pacueTHble 3HAYEHHS [IPAKTHICCKH
COBNAJAOT, YTO CBHIAETEIBCTBYET O HPUMEHHMMOCTH ypaBHerus (10) ans
NpeACKa3aHust KOHCTaHT CKOPOCTH  aKTUBALMOHHO-KOHTPOMHUDPYEMBIX
peaKunfi W KOPPEKTHOCTH CHENAaHHOH HaMH OLEHKH KOHTaKTHOro
paccToAHus MexAy uHoHamH. [locmensss ocHoBaHa Ha BBISBICHHOM B
pasgene 1.1. oNHO3HAYHOM COOTBETCTBHH KOHCTAHT YCTOHYMBOCTH HOHHBIX

nap ¥ PacCTOAHMH MEXIy 00pasyUUMI HX aHHOHAME



Tabauma 1. PacuuTaHHble H IKCIICPUMEHTATIBHBLIE 3HAYCHMUA KOHCTAHT

CKOPOCTH peakIHy 0OMeHa 3/1eKTPOHA B CHCTEME [Fe(CN)s]S'/ [Fe(CN)ﬁ]J'

Venoeusa Lgkey, Igkeat 0,12 I
K™ (1=2,5),H,0, 299 K 4,98 3,05 (4,98) ;
K’ (I=2,5), D0, 299 K 4,70 4,82 (4,75)
K" (1=2,5), D0, 348 K 557 5,61

2.3. CoekTpanbHOe NposiBjieHde BHeHecdepHOro mnepeHoca MexKIy
AHMOHAMH B TBEPAOM rekcanHaHodeppare.

Bau30cTh KOHTAKTHBIX pACCTOSHUH IIpH  JIEKTPOHHOM [EpeHoce B
pacTBOpax K DACCTOSHHMAM MEXKIy aTOMaMHM JKefes3a B KPUCTAIIHYECKHX
rexcaunaaocpeppaTax‘ MO3BOMAET  OXHAATH TOSBACHUST  [1OJOC
BHELIHeCchepHOro nepeHoca 3apsaa TakXkKe B CIIEKTPax TBEP/bIX PACTBOPOB,
comepkamux rexcanumaHodeppart-uoHsl. [Ipy DEHCTBHM XIIOpHUAA Le3us Ha
pacTBOp, COAepKamIUi onHoBpemeHHO cynsdat marnus, Ks[Fe(CN) u
K,[Fe(CN)4], BbLAEIEHO OKpaIlleHHOE HEPacTBOPHUMOE B BOIE COEIMHEHHE
camatoBoro IBera. CrexTp OM(OY3HOLO OTPaXKEHHS 3TOr0 TBEPAOTrO
pacTBOpa Ha OCHOBE rexcaudanodeppaTa Le3Hs Maraus (puc.6) HMEeT
mornomenye B obmacta 11000 cM', KOTOpoe MOXeT GbITh OTHECEHO K
BHemHecQEpHOMY [IepeHOCY 3apina MeXAy HOHaMHU [Fe(CN)g]* u
[Fe(CN)ﬁ]s'. Wz cTpYKTYpEl BBIIENEHHOrO COEOHHEHMS CJIeAYeT, uTO Ha
KpaTdaimeM pacctogHud (7,33 /&) OT UEHTpa HOHA [Fe(CN)s™ wmoryT
HAXOMUTHCA 0 BOChMH HOHOB [Fe(CN)s]". O6CymeHB! IBa BO3MOKHBIX
dakTopa, CrOCOGCTBYIOUIME MOABNCHHIO OKPAaCKM OCANKa BbIACICHHOID
coenvueHus. [lepBbifi  cBf3aH C  B3aUMHOH  DPaCTBOPUMOCTHIO

rekcanranogeppaTos. BTopo# cBs3aH ¢ pacrnoyioKEHHEM HOHOB B TBEPLOM
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pacTBope. ['excaunanodeppar-HOHbl HAXOAATCS Ha OCSIX BTOPOTO NOPAAKA
[0 OTHOWEHWIO APYr K Apyry. IIpM TaKoM B3aMMHOM paCMONONEHHH
KOMIUIEKCHBIX ~ HOHOB  [epeKphIBaHHE  MEXLY  t~opOHTamimy,
OTBETCTBEHHBIMH 3a JIEKTPOHHBIM [EPEHOC MEXHY HOHAMM OKa3hIBAETCA
MaKCHMAaJIBHBIM, YTO HECOMHEHHO OJaroNnpHUATCTBYET YBEIHYEHHIO
HHTEHCHBHOCTH [10/10C Teperoca 3apsaa. JOmoMHUTeNbHOE TOATBEPIKICHIE
MPaBATBHOCTH  CHENAHHBIX BBIBOJOB [ONYyYEHO U3 CONOCTABICHHS
3JIEKTPOHHBIX CIIEKTPOB [OTNIOMEHHS U3YUEHHON CHCTEMBI H TPEXAOEPHBIX
KOMIIJIEKCHBIX HOHOB me-[X(NH;MRu“-NC-M”(bpy)g-CN-Rum(NI-I;)4Y]5+
(3mecs X u Y= NH; unu py, M= Ru, Os).
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| PHC.6 DNeKTPOHHBLH CIEKTP NOIIOMEH)s TBEPLOrO PACTBOPA HA OCHOBE
| Cs,Mg[Fe(CN)s], conepwamero [Fe(CN)g]” , H3MepeHHbIN OTHOCHTENBHO

l TBEpIOro pacTBOPA, He comepkamero [Fe(CN)g]*
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I'naBa 3. BHemHecdepHBlil mepeHOC 31EKTPOHA B HECHMMETPHYHBIX

CHCTeMax.

3.1. ®akTopsl, BJUAIIME HA KHHETHKY HeCHMMETPHYHBIX
BHelHeCePHBIX OKHCJIHTENbHO-BOCCTAHOBUTEAbLHBIX PEAKIHH.
PaccMOTpeHbI HECUMMETPUYHEIE aHUOHHEBIE CUCTEMBI, [IPY U3YUEHUH
KOTOpBIX HAOMIONATH NPOABJeHHe "KaTHOHHOrO kaTtanusa'. Ha ocHosanuu
COMOCTABNEHMA JIUTEPATYPHBIX 3HAUEHUH KOHCTAHT CKOPOCTH peIoKC
[POLECCOB CHENaH BBIBOL O TOM, YTO M/l HECHUMMETDUYHBIX CHUCTEM
BO3MOXHO CYIIECTBOBaHHE [BYX THUIIOB aHMOHHBIX acCOLMaTOB. [lepBbIi
aHanorvueH HaOmogaeMoMy IS CUMMETPHYHBIX cHCTeM. Bo BTOpoM
KaTHOHBl HAXOMATCS Ha mepudepuy KUMOIBHOIO KOMIUIEKCHOTO aHWOHE, a
B3aMMOJEHCTBAE MEXIy aHAOHAMH  OCYIIECTBIAeTCA B  00nacTu
(pparMeHTOB, HECYWUIMX I[IOMOXUTEIbHb 3apsa. M3medenue CTPYKTYphI
[ONIOXKUTENBHO 3aPHKEHHOTO (parMeHTa KOMIUIEKCHONO aHHoHa [0
PazHOMY OTPaXaeTcs Ha CKOPOCTSAX ero peakuui ¢ KaTHOHAMY ¥ aHHOHAMH.
Hnst cucrem BTOPOTO THITA BIUSHEE NPUPOIBI HOHA UIEJOYHOrO MeTajlia Ha

CKOPOCTE PEAOKC IpoLecca HUBESIUPOBAHO.

3.2. CnexrpasjbHoe XposiB/eHNe BHeIHecPePHOro nepenoca 3/1eKTpoHa
B HECHMMETPH4YHBIX CHCTeMaX.

O6o6Imens! HaHHBIE [O CIEKTPaIBHOMY I[IPOSBJIEHHIO AHUOHHOU
accolMaly¥i B HECHMMETPUYHBIX CHCTEMAxX, MOSBUBUIMECK B TUTEpaType
rociae onyGaMKOBaHUS HAmMX paboT IO 3TOH TeMe, W CHOpMyIUpOBaHbI

K/THOYEBEIE HpO6II€MI:I NpY KCCIICNOBAaHUH aHHMOHHBIX aCCOLIHATOB.



3.3. Ilouck cucTem, B KOTOPBIX aCCOLMAINS AHHOHOB COIPOBOXKAAETCS
nosiBJIeHHEeM [0JI0C epeHoca 3apsaa.

[lpr 0ZHOBPEMEHHOM MPHCYTCTBHMA B BOZHOM pacTBOpE HHEPTHBIX
KOMIUIEKCHBIX ~ AHHOHOB-OKHCIHMTeNdeH, cnabo  NOrNoWarmux B
yaeTpabnonetosoit obnactu OCIT u aunoros-HyKneodunos [Fe(CN)g]", I,
Br, CI, SCN', NO,, C,0," unu $,05” (IpH BBICOKAX KOHLEHTPALHAX
[OCNenHuX), B YIbTpadHONETOBOH OONACTH DJIEKTPOHHOIO CIIEKTPa
HOITIOMEHH PACTBOPOB MOABIAETCS JOTOJIHHTEIBHOE IOTIIOMeH e (pUC.6).
3HaYeHHWI MAaKCHMyMOB MJMHHOBONHOBBIX IIOJIOC IOMJIOMIEHHS B
IuddepeHUNANBHEIX CNEKTpaX M  BENIWYMHBI IIONYIIMPHHBL  IMOJOC
npuseaetbl B 1ab.2. TIpu notyveHHH XapaKTepPUCTHK M0J10C NOrIOMEHH S
yalle BCEr0  HCHOMB3YIOT  pa3felleHde CIOeKTPOB Ha  rayCcCOBBI
cocTaBafromde. Be3ycnoBHO, TOYHOCTh  ONpEeNeHHs]  IONOKEeHHA
MaKCHMYMOB 10710 IOA00HBIM 00pa3oM He BeflxKa, U 0OHapy>KUTh TOHKHUE
3 deKTH BAUAHYA KOHIEHTPAUWH U MPUPOABI QOHOBBIX 3JIEKTPONUTOB Ha
MOJIOXKEHHE MaKCHMyMOB [IOJIOC [OTVIOWIEHMs TpyaHo. OnrHdeckas
[UTOTHOCTH B AMQOEPEHUUANBHBIX CIIEKTPaX H3YHYEHHBIX CHCTEM JIHHEHHO
3aBHCHT OT KOHIUEHTPALUH KOMIUIEKCHBIX HOHOB NIpH H30BITKE aHMOHOB-
HYKITCO(HIIOB ¥ OT KOHIEHTPAHH aHUOHOB-HYKJIe0hHIOB IPH TOCTOSHHON
MOHHOH cuile pacTBOpa M MAaOH CTeNeH¥ ACCOLMALMH aHuoHOB (pHC.7).
3aMEHa KaTHOHOB Kaidsg Ha KaTHOHBI APYTHX INEJOYHBIX METaIoB
OTHOCHTE/MLHO MaJI0 CKashlBAaeTCsl Ha [MONOXKEHHH MAaKCHMYMOB IIOJIOC
[OTJIOMIEHAS ¥ MHTEHCHBHOCTM [OIVIOIIEHHS B JJIEKTPOHHOM CIIEKTpE
nornomexus. To, 4TO HHTEHCUBHOCTD [10JOC TOITIOIEHHA THHEHHO 3aBUCHT
OT KOHUEHTPAlHWH KOMIUIEKCHBIX AHHOHOB ¥ AHMOHOB-HYKJICO(HUIOB H
c/1a00 3aBHMCHT OT IPHPOLBI IPOTHBOHOHOB, a TAKXKE OTCYTCTBHE H3MEHEHHH

B COOCTBEHHOM ITOTVIOWICHUH KOMILUIEKCHBIX HOHOB B BHIUMOMR 9acTH
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Tabnuua 2. XapakTepHCTHKHM MNHHHOBOSHOBBIX IIOJIOC MOIJIOMIEHHS,

MOy YeHHBIE U3 THPDEPEHIHATIBHBIX CIIEKTPOB IIOT0MEHMS

AHHOHHBIN aCCONUMAT | Vppy, CM'| Vyz,eM!
[FeNO(CN)s]*, I 31000 7500
[FeNO(CN)s]*,SCN" | 33100 8000
[Co edta] I 33100 6700
[Co edta] ,SCN’ 34500 7200
[Coedta], S0 | 32400 7500
[Co cdta]’, $,05™ 31700 8000
[Co cdta], I’ 32400, -
[Co hmta]’,S,0;™ 32100 8100
Tpanc-[Co ida,], I | 34000 -
LTuc-[Co ida,]’, S,05” | 33000 8600
Luc-[Co ida,], T >34000 -
[Fe(CN)s]™, NO, ~ 21900 6200
A, [Fe(CN)]™ 26100 4700
[OsNOF;] CI 36700 4800

- | . D i ~
3necs cdta®, hmta* | ida® u A" - anmoHs! ITUIIEHIHAMUHTETPAYKCYCHOM,
reKCaMeTUIEH IMaMHUHTETPAYKCYCHOM HMHHOAUYKCYCHOM 1 2-N-IHpPUIHH,

1,4-6yTaHIMOBOM KHCIIOT, COOTBETCTBEHHO.

DJIEKTPOHHOI'O CIIEKTpa IMOrNOWICHUs, [Oal0 OCHOBAHHME CYHUTATh, YTO
[IOABJICHHE HOBBIX [OJOC IIOTJIOWIEHUS CBSI3aHO C O6paBOBaHI/I6M HOHHBIX

accouMaToB, BKIIFOYAOIKUX IBa aHUOHA:



[FeNO(CN)5]2'+ SCN = [FeNO(CN)s]z', SCN’ a7n
[FeNO(CN);}Z', SCN'+ hv — [FeNO(CN);s]>, SCN- (18)
s 00o3Ha4eHUsA 3TUX aCCOLUATOB MBI YIIOTpeOJIieM YCIOBHbIE TEPMUHEL:
"voHHas mapa", ¥ "aHWOHHBIM accoumar’, dYTO IMO3BONSET HaM
aKLEHTHPOBATh BHUMAHHE HA aHHOHHOM COCTaBe accouuara, He obcyxmas
Oe3 HEeOOXOAMMOCTH €ro KaTHOHHYIO HacThb H ero CHeuuduuecKoe

B3aMMOJIEHCTBHUE C PACTBOPUTENEM.

B psine cmywaeB HOBOE MOMIOUIEHHE NPU COBMeCTHOM [IPUCYTCTBUU
OBYX QaHHMOHOB Yy[aeTcs JuIub 3apuxcrposaTs. KomrdecTBeHHOMY
OMUCAHUIO [OZOOHBIX CHCTEM IIPENIATCTBYET HAXOXKICHHE MaKCHMyMa
monocsl B OGNACTH, [AE CHIBHO IIOTMOMIAET OJMH W3 HOHOB. Taxymwo
CATYalMIO MBI Habmoganu npu wu3yuenuu cucreM [Fe(CN)¢]*/Br,
[FeNO(CN)s]Z' /Br’, [RuNOCIs)* /I (cero 7 cucrem). B crcTemax Tuna
[Fe(CN)ﬁ]S'/’I' u [Co nta H,0 OHJ /I" (3mech nta” - aHWOH
HUTPUNTPUYKCYCHOM KHCJOTBI, BCErO 4 CHCTEMBl) B HaYaNbHBIH MOMEHT
BpeMEHH II0CA€ CJIMBaHHA pacTBOpoB  Habmomamu oOpaszoBaHue
OKpAIleHHOrO accolldaTa B OONacTH, AOCTYNHOH JUIA HCCIEOOBAHHA.
OpHako H3YYeHUIO ITHX CHCTEM B WHPOKOM HHTEpBaje COCTABOB MENIAeT
IpoTeKaHue OBICTPBIX OKHCIHTENbHO-BOCCTAHOBUTEBHBIX MpOIeccoB. B 7
MOTEHUHANbHO MPUTOAHBIX IS UCCIESIOBAaHU CHCTEMaX JOIOIHUTEIBHOE
norsomesye He ObLio 0OHapykeHO, B 11 HaOmIOZEHMIO NPOLECCOB
AHMOHHOW acCOUMalUM MEMaeT NpoTeKaHue OBICTPBIX OKUCIUTENBHO-
BOCCTAHOBHTEIbHBIX HJM THIPONMTUYCCKUX DEaKIuil H, Hakosen, B §
AHMOH-aHWOHHBIX CHCTeMax Habmofanu o0pa3oBaHHE MOCTHKOBEIX
BHVTPHC(EPHBIX KOMILIEKCOB.

CornacHO NONYYEHHBIM pe3ylbTaTaM, OCHOBHBIE YCJIOBHS IS

HaONIONEHHUS [10J10C BHeLHHeCCbCpHOFO [I€peHOCa JJIEKTPOHA CIEOYIOMHE.
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Puc.7. 3aBHCAMOCTh ONTHYECKOH UIOTHOCTH AHHOHHOrO accougaTa B
cucteme Nay[FeNO(CN)s] — KSCN npu 1=27000 cv' 0T koHIeHTpamuy ;
pomanuza xamua (Cp= 2 10 mons ﬂ"). 1 - KOHUEHTpalus POJAHHI-
HOHOB OIpefesAeT WOHHYIO CHJIY pacTBopa. 2 - [PH H3MEHEHHH
KOHIEHTpAaLHUH POAAHMUI-HOHOB HOHHYIO CHIY PacTBOpa MOAAEpKUBAIA

PaBHOH 3 BBENCHUEM XJIOPHAA KaJHS.

e OnuH W3 HOHOB ABIAETCS CraObIM OKHCIHTENEM, APYToA - cnabeM
BOCCTaHOBUTENEeM. [IpH 3TOM He IPOUCXOOHUT 3aMETHBIX H3MEHEHHH B
3CII 3a cueT NpoTeKaHus TEMHOBBIX OKHCIIUTENIBHO-BOCCTAHOBUTEIIBHBIX
peakuyll ¥ peakuHi 3aMelleHus,

e O0a yona cnabo nornomaroT B o0nacty DCII, rae oxunaeTcs NOSBIEHHE
HOBBIX IIOJTOC,

e ()6a uvoHAa  JBIAIOTCS  JOCTATOYHO  MHEPTHBIMM  YaCTHUAMHY,

SJIEKTPOCTAaTUYCCKA B3aHMOHeﬁCTBy}OHIﬂMH Opyr ¢ Apyrom.
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3HaueHMs SHEPIUi NOJIOC MOrTONEH S aHHOHHBIX aCCOIMATOB 3aBUCAT
OT pa3Mepa KOMILIEKCHOTO HOHA, YMEHbINAsCh [pPH IOSBICHUH B €ro
cocTase gononHATensHbX rpynn CH,. Takoe noBeneHne XapakTepHO # A7
HOHHBIX [ap, 00pa3oBaHHBIX KaTMOHHBIMUA Komrutekcamu kobamera (III).
Habnromaemplii  [HICOXPOMHBIA  CHBHAI IIpd  YBENWYEHHH pasMepa
KOMILIEKCHOTO aHHOHA COITIACYETCS C COOTBETCTBYIOUIUM yBEIMYEHHEM
SHEPrHM  PEOPraHW3allMd  PAacTBOPHUTENsS, PACCYMTAHHOH  COITIACHO

ypaBHEHHAM Teopuy Mapkyca.

3.4. UzyyeHue cieKTPA/JIbHBIX CBOHCTB H YCTOHYHMBOCTH AHHOH-
AHUOHHBIX 2CCOLMATOB.

[MockonbKy 3HEprus, OTBeHaromas MakCUMyMaM II0JIoC IIepeHoca
3apsana, KOppenupyeT ¢ MOHM3aUMOHHEIMHU T0TEHIUANAMY HOHOB-JOHODOB,
MBI HOMYCTHIIH, YTO AJIS BOXHBIX PaCTBOPOB £,, MOXHO ONPEASTHTL ABYMS
napaMeTpaMy, SBISFOUIMMMCS HHAHUBHIYaIbHBIMU AIA JOHopa (I7) H
akuenropa (/)

Eope = I, (19)
[TpemmoxeHHas npocTas MOJENb MO3BOJAET XOPOIIO NPeJcKa3bIBaTh
SHEPruy ONUTHYECKUX [EePEXOAOB, YTO OBLIO NPOJEMOHCTPUpPOBaHO Mg 99
MOHHBIX [ap, BKMOYas & aHWOHHBIX map. B Tabn.3 npencraBneHsbl
BBIpaXKEHHBLIE B 3JICKTPOHBOJBTAX HapaMeTpsl 34 u3 50 HccnemoBaHHEBIX
woHoB. CpenHee OTKIOHEHHE BEIYMCICHHBIX 3HA4eHHH £,, OT
IKCIIEPUMEHTAIBHBIX cocTaBiser 0,06 3B mmm 500 oM, BesycnosHo,
noGaBIeHHE HOBBIX IKCIIEPUMEHTATBHBIX HAHHBIX MOXET NPHUBORUIL K

HeGOMBUIOMY WH3MEHEHHIO MapamMeTpoB. Ilapamerps! [j M [; aHHOHOB,

o6pasyroumx AHHOHHBIC aCCOLIMATERI, T10CJIE€ BHECEHHA BCEX ONOJTHEHHI I
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Tabsmua 3. /7 WoHa-gOHOpa, [, MOHA-aKUENTOpA ¥ [ONHBIE JHEPIHH

peoprany3alyy HOHOB B BOAHBIX pacTBopax rpu 298 K.

Hou-nonop Id /7, B Hon-akuentop Ig/y 9B
[W(CN)g]™ 5.64/0.69 [Ru en;]” 4.48/0.23
[Fe(CN)s]" 5.69/0.78 [Ru(NH;)spy]”" 4.32/0.48
[Mo(CN)g]™ 5.86/0.52 [Fe(CN)s]” 4.16/0.70
[Os(CN)e]™ 6.18/0.74 [Ru(NH;)e] > 4.02/0.58
[Ru(CN)e]* 6.30/0.78 [Ru(NH;)sCI]™ 3.80/0.66
NO, ' 6.97/1.43 [Co phens]™” 3.78/1.11
N5 7.02/1.19 | [Eu @2.2.17" 3.41/0.91
SeCN 7.05/1.28 [Fe(CN)sNOJ™ 3.31/1.12
8kl ™ 7.0%1.22 [Rh bpy;]> 3.08/0.92 |
r 7.21/1.38 [Co sep)”” 3.04/1.16 |
SO;” 7.21/2.08 [Co edta] 2.99/1.88
SCN 7.35/1.22 [Os(NH;)sCI]* 2.94/0.71 |
iy~ 7.60 [Coen;]™ 2.74/1.55
OCN 7.62/0.46 [Co(NH;)s] 2.67/1.94
Br 7.81/1.39 [Pt(NH;);CI}”™ 2.66
8O~ 8.19/1.26 [Cuem ] 2.42/1.70
cr . 8.33/1.42 [Crens]™ | 2.06/1.78

[pumeuanue: en - 1,2-g1uamuHOdTaH, phen- 1,10-denanrposus, bpy - 2,2°-
Ounupuang, sep -1,3,6,8,10,13,16,19-okraazabunuxno[6.6.6]3ixo3aH,

@2.2.1 -4,7,13,16,2 1 -nenraokco-1,10-auazabuuxmno[8.8.3]-rpuko3an



Tabnuua 4. /7 noHa-a0HOpa U [/, HOHA-aKLENTOPa B BOJHBIX PacTBOPAX IPH

2098 K.

VoH-noHOp 1g 1000 eM HoH-akuenTop I,, 1000 oM
[W(CN)]™ 45.5+0.1 [Fe(CN)sI™ )| 33.7+03
[Fe(CN)s]"™ 45.940.5 [OsNOF;] (1) 30.5
[Mo(CN)g]™ 473404 | [Fe(CN);NOJ” )| 26.7£0.5
[Os(CN)s]" 49.8+0.2 | [Cocdta] (2)| 25.5+0.2
NO;” 56.2+0.4 | [Co hmta] () 24.9
Sl ~ 57.0£0.5 [Co edta] (3)[ 24.8+%02
r 58.1£0.5 Tpanc-[Co ida,]’ (1) 24.1
SCN 593+0.4 | Luc-[Co ida,] (1) 24.1
Br 63.0£0.5 Luc-[Co(NH3)2(C204)2] (1) 23.3
el 67.2£0.70 A €Y} 19.8

le’IMC‘{aHHEZ B CKOOKax YKa3aHO KOJMHYECTBO HMCIIOJB30BAHHBIX [OJIA

pacyeTa aHMOHHLIX fap ¢ Y4YaCTHEM JaHHOro uoHa

npencraBiessl B Tadn.4. Uepes paccyuTaHHbIE BENUYMHBl /7 H [; MOTYT

OBITH OLIEHEHb! 3HAYCHUS BEPTUKATBHOIO IMOTCHIHAJIE HOHHU3AllUW HOHa-

moHOpa [Py, J M BEPTUKAIBHOTO CPONCTBA K EKTPOHY HOHA-aKIENTOpa
E4y 4 B BOmHOM pacTBOpe. Flcmomne3ys BeNWYMHBI CTaHOAPTHBIX

BOCCTAaHOBUTEIbHAIX IOTCHUHAIOB JOHOPA Ed U aKIenropa Ea, |3
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ONTy4EeHHEIX 3HaueHult [Py 44 EAy 5 MOXKHO ONpENeNuTh [IOMHBIE SHEPTHU
PEOpraHu3alMK VA MOHOB [OHOpAa (}J) ¥ AaKUENTopa (y) B BOLHOM
pactBope (rabn.3) .

Hapsiny c oHeprue#f BHeIIHec(hepHOro NepeHoca 3apsia eiie OAHOH
BAXKHOH XapaKTepI/ICTHKOﬁ OUTUYECKOU IONOCE! ABASIETCS ee MonyuHpuHa.
B anuonssIx mapax oHa coctasiser 4000-10000 e, WTO ykassiBaeT Ha
3HAUUTENBHYIO IIEPECTPOMKY CHCTEMBI IIPH JJIEKTPOHHOM IIEPEXOLE.
[Tomo6HO KaTHOH-aHHOHHBIM IapaM, aHWOHHEBIE AaCCOLMATBl HMEIOT
BENTMUMHBI [TOJYLIMPHHBI BBIIIE TEOPETHUECKUK 3HAYSHMH, OLICHEHHBIX U3
Teopun Mapkyca-Xama, 4ro 00ycsioBReHO 3(PdeKTOM HETOMOTEHHOTO
YIIMPEHUS OTIOC, a TaKXke HanwmeM-y JOHODA WIX aKIeNTopa HECKOMbKUX
ONMM3KO IEeXAUMX BO30YKACHHBIX JIEKTPOHHBIX COCTOSHUMN, B KOTODBIE
BO3MOXEH [epeHoc 3JeKTpOHa (Hampumep, Ipd  Tiepexoge  oT
OKTa3[pUHECKOM CHUMMETpPHH K OoJice HHU3KOH) M CHOMH-OPOUATANBHBIM
B3auMOAeHCTBHIEM.

VBTeHCHBHOCTD MEPEXOA0B B aHMOHHEIX aCCOUMaTax IIEPBOTO THIIA,
colepKalliix TONBKO KOMIUIEKCHBIE MOHBI, HocTaTodHo Mana (& =10-30
Momp” cM™') BBHLY GOMBIIONG PACCTOSAHHS MEKIY AOHOPOM H aKUENTOPOM.
Jng  aHWOHHBIX  acCOLMATOB  BTOPOTO  TUNA, COAEPKAIUX  OIUH
KOMIUIEKCHBIH HOH, HHTEHCHBHOCTb BHeIIHeC(HEpHOTO NMEPeXOfa Ha O[UH-
JBa MOpsAKa BBIIE, YTO MOXKHO OOBACHWTL MEHBIIHMH DacCTOSHUAMH
JOHOp-aKUENTOp W OONee CHIBHBIM OpOUTATBHBIM NEPEKPLIBAHHEM.
BenuuiHel KOHCTAHT OOPa3sOBaHUA AHHOHHBIX fap mpu [ = 3 Moib 7' 4
MONAPHBIE KO3 OHUIHUEHTEI | HONIOMeHAS COOTBETCTBYIOLIMX  [OI0C

[OTNOWEHWA, paCCYUTAHHBIE [10 YPABHEHUIO (1 6) U3 3KCIEPHUMEHTAIBHBIX



Tabnuua 5. KOHCTAaHTBI yCTOHYHMBOCTH H MOJIAPHBIE KO3 HLHEHTH

MIOTJIOLUEHHS MOHHBIX Nap 0pu / = 3 MoJib !

AHUOHHBIHN accouuar | Kp, 11 MOIE | Kip, TMONE " | &pe, 1
({=const KI+KCl) | (fconst,KI) | moms cm™

[FeNO(CN)s]™,I 0.10 0.11 1500

[FeNO(CN)s]",SCN" {0,096 - -

[Co cydta],I’ 0.19 - _ 900

[Co edta] I 0.20 0.21 2000

[uc-[Co idas], T’ 0.28 0.30 2500

Tpanc-[Co ida,], I |- 0.26 1500

A7 [Fe(CN)]™ 0.36 (/=2.34 momb 1 ,K,CO3) 115

AAQHHBIX O PacTBOPOB € NOCTOSSHHOM H HepeMeHHOﬁ HOHHOK CHIIOK

npencTasieHsl B Tabi.S.

3.5. OnpenejieHNe KOHTAKTHLIX PACCTOSHUH MeXIY HOHAMH B aHHOH-
AHHOHHBIX ACCOUMATAX M HAXOXKIeHHe TPAHHL NPHMEHHMOCTH
ypaBHeHus @yocca 118 onucasud aHHOH-AHHOHHOTO B3aHMOAEHCTBHS.

Kak # chnegoBajio OXUAaTh, ONTHYEcKasl [UIOTHOCTh B M3YYEHHBIX
CHCTeMaX 3aBUCUT OT HOHHOM CHIIBI PacTBOpa, IPHYEM yBENHICHHE HOHHOH
CHJIBI IPUBOIUT K YBEIHUYECHHIO ONTHYECKOH IUTOTHOCTH (prc.7). 3HadeHus
TepMOIMHAMUYIECKUX KOHCTAHT yCTOHUMBOCTH HOHHBIX [ap [FeNO(CN)s]*,
SCN’, [FeNO(CN);]*,I' u [Co edta],I’, onpenesesnsle 1is PacTBOPOB ¢
MOCTOSIHHOM M MepeMeHHOE woHHOM cwiol (Tabm.5.), 4@ HampiMyro
pacyuTaHHBlE [0 ypaBHeHHIO Dyocca, JIydIle BCEIO COIVIACYIOTCA MEXIY

coBOH mNpH BeTHUYKMHAX MEXHOHHBIX paccrosiHuA 4,5, 4,6 u 5,0 A,



COOTBETCTBEHHO. CaMK TEPMONHHAMUYECKUE KOHCTAHThI MPU ITOM UMEIOT
snagenus 0.010, 0.011 u 0.076 1 mois ™', cootBercTaenHO. CieaveT 0c060
OTMETUTB, 4TO ypaBHeHMe Qyocca, BEIBEIECHHOE 4TSt CiTydast pa3basieRHbIX
pacTBOPOB ¥ He [PHHUMAMOLIEE BO BHUMAHUE DAa3NUYHBIE BUIBI
HEKYJIOHOBCKOIO B3aMMOMEHCTBUS HOHOB, [IO3BOJISET B aHHOM Clydae
[IONy4aTh HENPOTHBOPEYMBBIE DE3YNbTATHI I PAacTBOPOB C BBICOKHMHU
KOHIEHTPALUAMY aHHOHOB-HYKIICODHIOB NpY HCIOIB30BAHUU B KAUECTBE
(OHOBOrO INMEKTPONUTA XIOpHAa Kamus. [Ipu oueHkKe KOHHGHTpaH‘HOHHOﬁ
TPaHHUBl BO3MOXXHOCTH HCIIONB30BaBMs ypaBHeHHs dyocca uzmepeHneMm
onmqeckéﬁ‘momocm B cicTeme [FeNO(CN)s]*- SCN 0BHapy:KeHO , 4TO
[0 KOHLEHTPAUHH PONAHUAA Kamus 4 Momb I HabmoNaeTcs COBMAIEHHME
pesyanaTda 3KCIEPUMEHTA U pacyera. [IpeBrIlICHNE IKCIEPUMEHTATLHBIX
BENMYMH  ONTHYECKOH  IUIOTHOCTH  HaJ  pacyeTHBIMH B Oojiee
KOHIEHTPUPOBAHHBIX PACTBOPaX MBI CBA3BIBAEM C  BO3MOKHOCTBHEO
CYLIECTBOBAHHUS arperaToB, BKIIOYAIONIUX HAPALY C KaTHOHAMH HECKOJIBKO
AHHOHOB, HAXOISUINXCA B TECHOM KOHTAKTE.

3ameHa XJIOpHZA Kalusi Ha (DOHOBBIE DIEKTPOMUTEHL, COAEpKAINe
Ipyrde  KaTHOHBI, [pPaKTHYEeCKH HE CKa3bIBAe€TCS Ha  XapakTepe
33BMCHMOCTEH ONTHYECKOM IJIOTHOCTA OT KOHLEHTPAWMH (HOHOBOIO
EKTPONKTA. 3aMeHa XJIOpHIa Kadusi Ha (OHOBBIE 3IIEKTPOIUTEI,
COIepXalli¥e JAPYTHE QaHMOHBI, [PUBOOMT K H3MEHEHHIO XapakTepa
3aBUCHMOCTEH ONTHYECKOH MIOTHOCTH [TOIVIOMAMOLINX CBET aHHOHHBIX Nap
OT HOHHOH CHIBI pactBopa. B ciayvae dropuma kanus Habmozanu
yBEITIYEH e [IOTIOIEeH s aHUOKHBIX AP IO CPABHEHHIO C XJIOPUIOM KaHd,
a 11 OpOMHMIIOB ¥ NEPXJIOPATOB WIETOYHBIX METAIOB - Er0 YMEHBIUEHHUE.
ObpaoTka IKCHEPHMEHTATBHBIX [JAHHBIX B Koopuﬁﬁarax ypaBHEHUS

BCHCLHH~XHHB,EKC6paH,‘Ia IMO3BOJIMIIA CeiaTh cnéﬂy}oume 3AKITFOYEeHHUA.
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o Haubonee OnuskMe napameTpsl ypaBHeHHsi beneww-Xunsaebpanna
OTHOCATCsSL K CHCTeMaMm 0e3 BBEJEHMs IOIOJHHTENHHOrO0 (OHOBOIO
3EKTPONUTA U CUCTEMAM, TTI€ AOMOIHATENBHBIM JIEKTPOJIATOM ABJISUICSA
XT0pHA Kafdus. 2To genaeT ypaBHeHune Dyocca B KIACCHYECKOM BHAE
IPUEMIUMBIM 11 ONMCAHHS aHWOHHBIX Map B MOAOOHBIX CHCTEMAax
TOMBKO MPH KCIOAB30BAHWM B Ka4ecTBE (DOHOBBIX 3JIEKTPOJUTOB

XTOPHOOB METAILIIOB.

A
0.301 //o 1
1 P
0.281 /0/
Fd
0.26 P v 2
//’<> //
0.24 o = e 3
/ A/ e S
0.224 P, it
/./
% /.
0.201
-
546 I, Monp 1
T T T T < T
2.0 2.5 3.0 3.5 4.0

Puc.8. 3aBUCHMOCTb MOTVIOLIEHHsS aHMOHHOro accoumara [FeNO(CN)s]™, I’
" pit 370 HM OT BETMUMHBI MOHHOM crst pactBopa (Cp =2 107 moas ' ; Cyy
=2 mons 1'). MoHHyO cHy pacTBoOpa MoAepXuBaiy Beeaesuem: | - KF; 2

- KCl; 3 = KBr; 4 - NaClOy; 5 - KI (nepecuutaHo U3 IKCIEpUMEHTAIBHBIX

i ~ o -1
: 3naveHuid ¢ nepemerHoll Cy, Ha Cy; =2 MOJTB 1)
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o Pan F" < CI' < Br < I < ClO4, B KOTOPOM aHHOHBEI PACIIONOKEHb! B
COOTBETCTBHH C BENMYMHOH MPOSBISIEMOrO BTOPUYHOIO COJIEBOrO
a¢dexTa Py KOHKYPEHTHOM 06PA30BAHKE AHMOHEEIX AP KOMIUIEKCHSIH
AHWOH - aHHOH-HYKIE€ObII, aHANOrHYeH PALy U3MEHEHHs [IAPHHATBHBIX

MOJBHBIX 006BEMOB 3THX aHAOHOB.

3.6. PacuerT KOHCTAHT CKOPOCTH MEPEHOCA >IeKTPOHA B AHHOHHBIX
accouHaTax.

Jist HeCHMMETPHUHBIX CHCTEM TOYHOCTH OIEHKH KOHCTAaHT CKOPOCTH
AKTHBAllMUOHHO KOHTPONHMPYEMBIX peaknui mno ypasHemusMm (9,12) B
OCHOBHOM OyHeT OompedenaTscs BbIGOPOM Da3HOCTH pENOKC-TOTEHIHANIOB
B3aMMOACACTBYIOMMX HOHOB, IIOCKONBLKY MHOIME HeoOXOmUMBIE /A
pacyeToB KOHCTAHT CKOPOCTH AHHOH-aHUOHHBIX PEaKIWi [OTeHUHAILl
ONPEAEICHEl ¢ HEBLICOKOH TOYHOCTBIO. PacCUMTaHHOE MO CIEKTPASLHBIM
AaHHBIM C YYeTOM BENHYMHBI DACCTOSHWA MEPEHOCa JIEKTPOHa 35,6 A
3HAYEHHE LECATHYHOTO JIorapudMa KOHCTaHTBI CKOPOCTH CHMOMEKYISPHOMR
aKTHBAIMOHHO KOHTPOJMPYEMOH peakuun Mexay uoHamu [Fe(CN)s]* u
NO;" cocrasmier -3,1£0,3. Dto 3HaueHne 6M3KO K 3HadeHHIO -3,520,8,
TOXY4eHHOMY M3 3KCIE€PHMEHTAJIBHOIO 3HAaYeHUS KOHCTAHTBI CKOPOCTH
06paTHOM peakiMy ¥ PasHOCTH MOTEHIHAIOB [1ap HOHOB.

Conocrapnenne BENHYMH, HAMMEHHBIX IO ypaBHeHusm (9,12), ¢
BETMYHHAMH KOHCTAHT CKOPOCTH TEPMOOMHAMHYECKH KOHTPOJHPYEMBIX
PeaKiui, paCuYUTaHHEIME U3 PA3HOCTH OTEHIMATIOB 1ap HOHOB ¥ KOHCTAHT
CKOpOCTH M¥$PY3NOHHO KOHTPOMUPYEMBIX ODPATHBIX PEAKLUH, TO3BOJIAET
TPECKa3blBaATh THII OUMONIEKYNAPHON OKHCIUTENLHO-BOCCTAHOBUTEILHON

peakuyu. Facuer KOHCTAHT CKOPOCTH IE€PEHOCa 3IEKTPOHA IS CHCTEM



[Ru(NH;)s)** /T, [FeNO(CN)s)* /T" 1 [Co edta] /I" IPHBOAMT K BeIMIHHAM
OeCSTHYHBIX norapudpmos: -85, -11,0 um -8,2 COOTBETCTBEHHO.
Beraucnennpie 3Hau€HHA gk, TEPMONMHAMHYECKH KOHTPOIMPYEMBIX
MIPOLIECCOB B ITHX CuUCTEMax paBHBI -12,3, -12,6 1 -5,5, COOTBETCTBEHHO.
CormocraBiieHne IPUBEICHHBIX BBILIE BENWYUH CBHAETEIBCTBYET O TOM, YTO
Toneko B cucreme [Co edta]” /I” B3aumomecTBHE KOMILIEKCHOTO HOHA C
HOJOHUI-HOHOM ABJISIETCS AKTHBALMOHHO KOHTpONHpyeMbiM. [lomyueHHble
JaHHbIE  COINACYIOTCS C  OKCIEPHMEHTOM,  COTJIACHO  KOTOPOMY
B3aumogeticteue [Co edta] ¢ wHomMO-HOHAMH TMPOUCXOMHUT TOPA3NoO
Me/IIeHHee, YeM aHAIOrnuHoe B3amMoneiicteue [Fe(CN)g]™, mecmotps Ha
Oonpmui OTPHLATENBHBIA 3apsn IOCIENHEro M MeHbllee 3HAYSHUE
CTaHIApTHOrO BOCCTAHOBHTENBHOrO [MOTeHUMasd. Hwuskas CKOpOCTh
peakuuy B ciydae HoHoB [Co edta] (mpumepHo Ha [Ba OpAOKA MEIEHHEE
10 CPaBHEHHIO C TEPMOIMHAMUYECKH KOHTPOMHPYEMBIMH DeakLHsIMH) H
IO3BOJISET HaO/IONAThH IHONOCHI NOITIOLICHHs BHEMIHEC(OEpPHOro mnepeHoca

3apsia MeXITY aHHOHAMHU.

3.7. ®oToXMMHMHYECKOE HOBEXEHUE AHHOHHBIX TAP.

B xauectBe oOBeKTa I H3y4eHHS (DOTOXMUMHYECKOH AKTHBHOCTH
aHHOHHBIX Nap ObLIH BBIOPAaHBI CHUCTEMBI, CONEpIKAIIHE HHTPOIPYCCHI-
nonbl. OOmydeHue BOOHBIX PACTBOPOB HUTPONPYCCHIa HaTpusd B 0GiacTH
OIJIONIEHHS aHHOHHbIX aCCOLMATOB IIPUBOAHUT K BHIAENEHHUIO OKCHIA a30Ta
W HUTPUT-HOHOB H 00pa3OBAHMIO KOMIUTEKCHBIX MOoHOB [FeH,0(CN)s]* u
[FeH,O(CN)s]”. B NpUCYTCTBHH aHWOHOB-HYKneoQwioB (6pomu-,
pOfaHuA-, UOOWA- U THOCYIb()AT-HOHOB) aKBaKOMIUIEKCB OPETEPIIEBAFOT
BTOpPHYHbIE TEMHOBbIE IPEBPAICHIMs. 3HAYEHUS] HHTETPaTbHOrO KBEHTOBOTO

BbIXOOa OKCHAa as0Ta BO BCEX HU3YYCHHBIX CHCTEMax HE 3aBHCAT OT
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OpUPOAbl K HHTEHCHBHOCTH TONTOLIEHNs AHHOHHBIX accouuaTos. [Ipu aTom
ONOCHl IIOMVIOUIEHKS AHMOHHBIX [ap BBICTYMAOT B KadecTBE CEPOro
dunsTpa (He TPOABAAIOT BHAMMOM (DOTOXHMHHECKOH aKTHUBHOCTH), 4TO
MOXHO OOBACHHTH [POTEKaHHeM OBICTPOH peaKUuKn peKOMOWHALUH
MEPBUYHBIX PaIMKAIBHBIX MPOLYKTOB HOpoiecca (HOTOBOCCTAHOBICHUS
HHTPO30KOMILIEKCA HYKICOQUIIBHBIM peareHToM. ['opa3no bonee BHICOKY0

> QEKTUBHOCTE (POTOBOCCTAHOBISHHS KOMIUIEKCHOO HOHA TIPH 00TyHeHHH

aHMoHHBIX accoumaroB [Co edta],I’ mo cpaBHEHHIO C AHMOHHBIMHU
accoumarami  [FeNO(CN)s]".I' ycTaHOBNeHHYIO B JIMTepaType, MBI
CBA3bIBAEM C TEM, YTO peaKLus [FeNO(CN)s]E' ¢ | nporekaer ¢
AuQOY3HOHHBIM KOHTPOJEM, a BlauMojedcTBHe Mexay [Co edta]” u [
UMeeT  aKTHBALFIOHHO  KOHTPOJHMPYEMBIH  XapakTep W [pPOTeKaeT
CYIECTBEHHO  MejjeHHee, oOecrevnBas BO3MOXKHOCTE  MPOAYKTam

doTonpotiecca BCTYIATh BO BTOPUYHbIE TEMHOBBIE DEAKLIUH.

3.8. HccaenoBanue COCTOAHMA HOHOB B accounaTax metomom SIMP 2o

C Uesbio TMONTBEPXKIACHHA CTPOSHHS aHHOHHBIX aCCOLMATOB METOA0M
SMP *Co MCCIeI0BaHa MOHHA aCCOLMAlys B PACTBOPAX, OHOBPEMEHHO
CONEPIKAIINX KATHOHbI IIeN0YHbIX MeTann0B, akoHbl [Co edta] 1 aHHOHEI

pr e
“ umu SO,7). C ucrmonp30BaHHEM

doHoBeIX 3nmexTponutoB (Cl, I, S,0;
TOMYYEHHBIX KOHCTAHT YCTOHYHBOCTH HOHHBIX aCCOLMATOB NOKA3aHO, YTO
06pasoBaHue  aHWOHHBIX  ACCOUMATOB  XapakTepHO 11  00/1acTH
KOHIEHTpa#i, B KOTOPOH KOMIUIEKCHBIE AHHOHBI [PEUMYLIECTBEHHO
CBA3AHBI B MOJOKUTEALHO 3apskeHHBIH accoumat, Harpumep 2Na',[Co
edta]. TlomydeHHble BBIBOABI  MPOHNIIOCTPUPOBAHbl  pe3yIbTaTaMy
onm;wnsa_;mn reometpuu cTpykTypsl 2NH,"[Co edta],CI" mo wmeromy

ZINDO/1 (pue.9)
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. Puc. 9 PesynsTar onTHMH3aLHM [EOMETPUM CHCTEMBI 2NH,",[Co edta],CI

o vetoay ZINDO/1.

3.9. MoaeanpoBaHue 31eKTPOHHbIX MEPeX0J0B B HOHHbIX Mapax
Hast nposepkn npumerumocTy Metona ZINDO/S u ero napameTpos K

OINUCAHHUIO NMEKTPOHHBIX IEPEXOA0B B AMMHUHOKOMITIEKCAX KODAIbTA

NpOBENeH pacyeT 3JIeKTpPOHHOTO crektpa #oHoB [Co(NH;)]*™ u

2
[Co(NH;)sCl]™. [Ing MomennpoBasus 3MeKTPOHHBIX MEPEXONOB B CHCTEME

[Co(NH;)s]™- CI” mpenmokeHo BKIOYEHHE HECKOIBKHX aHHOHOB Cl° B
cocta accounarta. Taxum oOpa3soM MOIENHPYETCS 3NEKTPOCTATHYECKas
CTAOWIM3ALMs  HOHOB, [MOJOOHAas CyWeCTByIOWed B  KpPHUCTAIE.

PaccunTaHeie 37EKTPOHHbBIE CNEKTPBI MOMJIOMIEHHS HMOHHBIX AaCCOLMATOB
[Co(NH;)]™",4Cl" (noust Xxaopa pacnonokessl Ha ocsix Cp;, C; u Cy

okTasapa [Co(NH;)s]™" Ha paccrosmmu 4.4 A o snpa ko6ansTa) mokasan,

YTO Jj191 MOHHEBIX acCoUMaToB C MOHAMH XJI0pa, pacIIoMOXEHHBIMH I10 OCIM
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BTOPOTO U TPETBETO MOpANKA, HHTEHCHBHOCTH SJIEKTPOHHOMO |mepexona
: 1

3p(ClN) — 3d(eg)([Co(NH3)6]’T) Ha [JBa MOPsIKa MEHbIIE, YeM AL HOHHOIo
1
|

accoguara C HOHaMH XJIOpa, pPacHOJOKEHHBIMH [0 OCAM ‘{éTBepTOI‘O

[opsiaKa. PaccunranHkie SJIEKTPOHHBIE CIEKTPHI HOHHBIX acCoUHaToB

[Co(NH;)]*,6Cl" (MoHBI X7T0pa pacmoNOXKEHbl MO OCAM C%MMeTpHH
4eTBEPTOro MOPSANKA KOMIUIEKCHOrO HOHa) DIM3KH K CHEKTPY ﬂnfbc’pymoro
orpaxenus kpuctaa [Co(NH;)s]Cl; u comepixaT, TOMUMO 3alpeleHHbIX
o cammerpun d-d-nepexonos uona [Co(NH;)]*", Takxke u paspeinensbiit

mepexoa ¢ B3MO-t;, Ha HCMO-eg - OJIOCY TepeHoca 3apafa ¢ XJop-
JIOHOB Ha KOMIUTEKCHBIA KaTHOH. DHEPrus [0JOCH DepeHoca 3apsiia U ee
CHJIa OCLUJIATOPA YMEHBIIAIOTCH C YBETUUEHIEM MEKSIIEPHOrO PacCcTOTHYUS
koGanbT-x10p. TaKkKe yMEHBIIAIOTCS ¥ COOTBETCTBYIOIIME HHTErPAIb
nepexpbIBaHUS. TakK, (SpZ(Ci)i is(H)) paen 0.12 u 0.08, a (}3pZ(C‘L)§
2p,(N)) pasen 0.11 u 0.06 mpu R= 4.4 u 4.7 A, coorBercTBeHHO.
[TepexpbiBaHye MEXIY BAICHTHBIMU OpOUTAIMH HOHOB KOOAIbTA H XJI0pa
NPaKTHYECKM pPaBHO HYMO. PacCuuTaHHBIE JHEPLHMH  SIEKTPOHHBIX
MEPEXON0B W CHJIBI OCUHIATOPOB OYeHb C;1ab0 3aBUCAT OT 3HAYEHHS

PE30HAHCHOro  [apamMerpa {Ss’p(Cl), 4TO  OTpakaeT  OTCYTCTBHE

KOBAJIEHTHOI'0 CBS3BIBAHMS MEXIY [CO(NH})G]B‘ u CI°” B WOHHBIX
accoumnarax. [Ipy 5TOM OCHOBHEIMU (haKTOpaMu, ONpPeIeISIOUME SHEPrHH
TIOJIOC HepeHoca 3apsasia, ABNSITCA OPOUTATBHEIE MEKTPOOTPHIATENbHOCTH
3d(Co) u 3p(Cl) 1 KyTOHOBCKOE B3aUMOMEHCTBUE.

JInsg  uHETepIpeTanuy OSKCIEPUMEHTATBHOTO CHOEKTpa aHHOHHOIO
accoumara, Habmomaemoro B cucteme pwc-[Co(NH;)2(Cy04),] 80

AHANOrHYHBIM  00pa3soM OBIMM  pACUMTAHBL IEKTPOHHBIE  CIIEKTPBI
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HOMJIOMWEHHs  Clemyromux Komrnexcos: uuc-[Co(NH;),(C04),], nuc-
[Co(NH3)5(C204),],Cl,F,4NH,™ 1t rc-[Co(NH;)2(C,04)2]", 820:% F,4NH,".
PesynpTaThl pacyeToOB KOMIUICKCOB IIO3BONSIOT OTHECTH HMEIOLIYIOCH B
IKCIIEPAMEHTATEHOM CrIeKTpe HOIJIOIEHUS KOMIUIEKCa  LIHC-
[CO(NH;)»(C504),] momocy npu 18700 cm' k d-d nepexomam B
xomiuiekcHoM Home. [lonoca, Habmrogaemas npu 27000 em’!, umeer, mo-
BUAMMOMY, Goslee ClOXHBIM xapakrep: nomumo d-d mepexomos oHa
BKJIIOYAeT BHYTPUIMIAHAHBIE [EPeXONBl B OKCAJIATHBIX JIHTaHIaX.
HurencusHble nepexoms! B ofmacti mexee 40000 cm’' duxcupyiores B
pacveTax TOJBKO 1A CHCTEM, COAEPKALIHX AHHOHBI-HYKIEoGwIsl. ITH
nosocs! exat npH 39600 cm (Cl) w 32200 em™ (S,05), nputeM sHeprus
repexofa [UIf MOCIeNHeH# MPaKTHYECKH COBIALAET C IKCIEPUMEHTAIbHBIM
3Hauennem 33700 cvm’'. Pasuuua smepruit mepexomos ans cuctem ¢ Cl u
$;0;” XOpOMIO COTTacyeTcs ¢ pasHHUEH CTAaHIAPTHBIX JJEKTPOIHBIX
MOTEHIMAIOB aHHOHOB-HYK/1e0(unoB. CocTas opbuTanelf, y4acTByIOMIHUX B
Haubosee HHTEeHCHBHBIX IEPEX0IaX, [TO3BOJIAET CAEIaTh BEIBOA O TOM, YTO B
gpolecce  ONTHYECKHX  [IEPeXOHOB ¢  AHHUOHOB-HYKIeOGHIOB  Ha
KOMIIJIEKCHBIH aHMOH MepeHocuTcs 3apsan, paBee 0.9-0.95 3apana
3JIEKTPOHA, ¥ OJHO3Ha4yHO OTHectd Habmromaemy:o B DCII cuCTeMBI LiHC-
[Co(NH;),(C204)2] /8,05” momocy morfomeHus mpr 33700 oM x
BHEIIHEC(PEPHOMY MepeHoCy 3apsina. IIpoBeeHHblE pacueTsl MOKa3bIBAIOT,
YTO, HECMOTPS Ha [IPOCTOTY MPEAIOKEHHON MOJEIH aHHOHHOIO acCoLuaTra,
OHa M03BO/MAET aJEKBATHO OMHUCHIBATH €r0 CHEKTPAIbHBIE CBOMCTBA LaXe

0e3 y4eTa COjIbBATHOIO OKPYKEHUA HOHOB.



3.10. Orsinums B cBolicTBaX BHemHec(epHBIX ¥ BHYTPUchepHbIX

AHHOHHBIX TEap.

[TpoBeneHO COIIOCTABNIEHME CIIEKTPATBHBIX CBOHCTB aHMOHHBIX
acCcollMaToB W  aHHOH-aHHOHHBIX CHCTEM, B KOTODBIX BO3HHKAET
crenududeckoe BlaUMOLeHcTBre. BEBISBIEHB! ClEIyIOMHE OTIXYUS B
CBONCTBAax BHELIHECHEPHBIX W BHYTPHCGHEPHBIX aHHMOHHBIX acCOUMATOB U
GUsIEePHBIX KOMIIIEKCOB C IPOYHBIMY MOCTHKOBEIMU CBSI3AMMU.

e BuyrpuchepHble aHHOHHBIE Napsl UMEIOT HEHYNEBOH BKIIAL JHEPIUH
KOB&JIEHTHOTO CBSA3BIBAHYSA MEXIY HMOHAMH-KOMIUIEKCOOOpa3oBaTenIMu
B 3HaYeHHe CBOOOAHON sHepruu ['m66ca. DTO MPUBOAUT K YBETHYEHHIO
3HAYEHWH KOHCTAHT YCTOHYHBOCTH BHYTPHC(EPHBIX HMOHHEIX Map N0
CPaBHEHHIO C BHEMIHeC(EPHbIMH HA HECKObKO mopaaxoB. OnHako kak
IUI4 BHeUIHEeC(HEPHBIX, TaK U U BHYTPUCHEDPHBIX HOHHBIX [Ap MOKET
fBITE 9PKO BBIDKEHA 3aBHCHMOCTh KOHCTAHTBl YCTOHYMBOCTH OT
HOHHOM CHJIBI PacTBOpA, HECYIIECTBEHHAA IS KOMIIIEKCOB ¢ IPOYHBIMU
MOCTHKOBBIMY CBS3AMH.

e Ilonockl mepeHoca 3apsfa T BHYTPHCOEPHBIX aHHOHHBIX Map yXe H
TIOABIIOTCS B obnacTy Gojlee HH3KHX 4aCTOT, YeM A aHAJOTHYHBIX
BHewHecdepHbIX. B cimydae cnaboro KOBaNEHTHOIO B3aMMOJEHCTBHA
MeXTy WOHaMH, HE€HTPH KOTOPBIX HAXOLATCA Ha GONBIIOM PacCTOAHMY
OpYT OT Opyra, HIf BHYTPHC(EPHBIX HOHHEIX ITap MOXeT HabmomaTeCs
KOPPENALMS SHEPTUH, COOTBETCTBYIOLIEH MaKCHMyMy MOJIOCHL [IEPEeHoca
3apsna, C HOHM3AUMOHHBIMH MOTeHUManaMu (SHEPrusMHd CpPOACTBA K
3NEKTPOHY), I0X00HAA CYINECTBYIOEH I/ BHEIIHECHEPHBIX AHHOHHBIX
accouyaToB. Koppensuus odHepruu, COOTBETCTBYIOWIEH MAKCHMYyMY
IONIOCHl  TTepeHoca 3apsfd, C HOHM3ALMOHHBIMHM NOTEHUMAANAMH 1A

KOMIUIEKCOB C [TPOYHBIMYU MOCTHUKOBBIMU CBA3AMU CYLIECTBEHHO HHXE.
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HOHHBIX [Oap TMPOWINIOCTHPOBAHA Ha IIpUMEPE pE3YJIbTaTOB pacyeTa

HUTpo3ocyIbGuTHOro Komiutekca [RuN(0)SO;(NH;)s] ™
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BoiBoasbl.

Ha ocHOBaHUE 3KCHEPUMEHTAIBHOTO HccloeqoBaHus Gosmee 50 cucTeM,
BKIIOYAIOWMX  aHHOHb—akmenTopsl  ([FeNO(CN)sT*,  [Fe(CN)l™,
[OsNOF;]" , psan aMHMHOKapOOKCHIATHBIX Komruiekcoe xobamsra (IIT),
AHUOHHBIX TETEPONONUCOSINHEHHH U OpraHWuecKux OeTauHOB) U
AHHOHBI—IOHOPSI IMEKTPOHOB (TeKCalllaHOMeTalIaT-UOHbl, TaJIOTeHH -
vousr, SCN', NO; u S,05%) chOpMYTMpOBaHB! KPHTEDHH [OHCKA
AHHOHHBIX ~accouuaTtoB. Bnepssle 3aQUKCHPOBAHO CHEKTPaIbHOE
MpOSBAEHHE  BHEMIHEC(HEPHOro  B3aUMOASHCTBHS  4HMOHOB B
HeKOMILTEMEHTAPHBIX CUCTEMAX.

Meromamu 2CII u SMP wa npumepe aunonos [Co edta] u
[FeNO(CN)s]?" MOKA3aHO, YTO B BOMHBIX pPacTBOpax JJIEKTPOIUTOB C
KOHLeHTpauuei Gonee 0,3 MO 11 ' KOMIIIEKCHbIE aHHOHBI CBSI3aHBI C
OIIHUM WM HECKOJIBKHMH KaTHOHAMH LIENOYHBIX MeTALIOB. C MOMOLIBI0
MOJETbHBIX PACYETOB YCTAHOBJCHO, YTO B STUX YCIOBUIX aHHOHBI MOTYT
CBA3BIBATHCS B aHUOHHBIE ACCOUMATHI Ofarofaps KOOIIEpaTHBHOMY
B3aMMOEHCTBHIO HOHOB.

[Toka3aHo, YTO NO CBOHM CIEKTPAIBHBIM CBOHCTBaM (IIOJIOKEHHE U
[OAYyWIHPHHA  [ONOCB,  MOMAPHBIH  KO3QQUINUEHT  MOTJIOIEHMS)
AHWHOHHBIE  ACCOUMAThl  OMM3KM K  KaTHOH-aHWOHHBIM  HapaMm.
[TpeanoxeHsl COOTHOILIEHHS, TI03BOJISIEOLIME IpeaCKa3blBaTh

CHEKTpalibHbIC CBOHCTBA aHMOHHBIX aCCOUMATOB. BBIABIICHEI pasiiivud B



CIIEKTPAALHBIX XAPAaKTePHCTHKaX aHWOHHBIX acCoUMaToB #  ciado
CBf3aHHBIX afAYKTOB U3 ABYX aHHOHOB.

AHUOHHBIE accouuaTel oONafafoT MeHbIIEH YCTOHYHBOCTBIO, YeM
HOHHBIE [apsl. B psiie CcHCTeM I ONHMCAHUS TePMOAHHAMEKH
00pa3zoBaHuA AHHOHHBIX ACCOLMATOB B BOJAHAIX PACTBOPAX 3IEKTPOIUTOB
¢ xoHuenTpanyeii ot 0,3 10 4 Mors 17 MpUMeHUMO ypapHenne Dyocca.
[Toxazaro, d9To B OONee KOHIEHTPHPOBAHHBIX pacTBOpax [IpH
acconmalyy aHUOHOB OOpPa’yIOTCs arperarsl, BKIOYAOWHE B CBOH
cocTaB Gofiee IBYX aHHOHOB.

OueneHbl BeNWYWHBI KOHTAKTHBIX DACCTOSHMM MEXIy aHMOHAMH H
[IOKA3aHO, YTO OHM ONU3KH K pacCTOSHWAM MEXKIY HMOHAMM B KaTHOH-
aHWOHHBIX Iapax M K KpUCTAUIOrpapuu¥ecKUM pPacCTOSHHAM MEKIY
AHHOHAMHW B  COOTBETCTBYIOLIMX  TBEpABIX  COMIX.  Brepssle
3aMKCUPOBAHO  COEKTPATLHOE  NpOSBIEHHE  BHEMHECHEPHOTO
B3aMMOAeHCTBHA aHUOHOB B TRePJOH (ase.

B pamxax teopur Mapkyca-Xama OpPeNOXKEHO COOTHOLIEHHE,
CBA3LIBAOLIES CKOpOCTB OUMOJIEKYIAPHON AKTHBAIMOHHO-
KOHTPOIHPYESMOH  OKHCIHTEIBbHO-BOCCTAHOBUTENBHOH  peaxumu ¢
HapameTpamu,  HemoCpeAcTBeHHo  ompemensemsiMu  u3  OCIL
YcTaHoBIeHa TPUMEHMMOCTb 3TOT0 ypPaBHEHHs A7 ONpPENENeHHs TUIIA
npouecea’ (aKTHBAIMOHHO KOHTPOIMPYEMBIH HIM TEPMOIMHAMHYECKH
KOHTPOJMPYEMbIH) M KONHHYECTBEHHOH OLEHKH KOHCTAHT CKOPOCTH
peakury. Ha ripumepe cuctemst [Fe(CN)(,]S'/[Fe(CN)s]‘" OKa3aHo, 4TO
BO3AEHCTBUA Ha CHCTEMYy, NPHUBOAAIIME K M3MEHEHHIO CKOPOCTH
MepeHoca  3MeKTPOHA, OJHOBPEMEHHO CKashiBalOTCH ©W  Ha  e¢

CIIEKTPEVIBHEBIX XapaKTEPUCTHKAX.
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7. Ha ocHOBe SKCHEPUMEHTANIEHOI0 HCCIEeN0BaHUA qJOTOXI/IMI/I‘{eCKOFO

J* u

[OBEJIEHHSA AaHUOHHBIX accomuatoB ¢ yuactueM [FeNO(CN)s
SIUTepaTypHBIX JaHHBIX A accouyara [Co edta]”, I' mokasano, 9To mis
CHCTEM, B KOTOPHIX TEMHOBBIE OKHCIHTENbHO-BOCCTAHOBUTENLHbIE
peaKUHMH  KOHTPONHPYIOTCA TEPMONMHAMEKON  IIpolecca, MocCie
doronepeHoca 2eKTpoHa HabmonmaeTcs OvicTpas peKoMOWHALIUS
IpOIyKTOB QOTONH3A, a I aKTHBALHMOHHO KOHTPOIHPYEMBIX TEMHOBEIX
peakuuii mocie ¢oTomepeHoca IMIEKTPOHA BO3MOXKHO HOSABICHHE
(bOTONIPOLYKTOB.

8. Tlokasana NPUHUUNWAIBHAS BOSMOXKHOCT KBAaHTOBOXHMUYECKOTO
MOJEINPOBAHUS 3IeKTPOHHBEIX II€PEXOJ0OB B AaHHMOHHBIX accouuarax.
IMpennosxeHsl MOAXOABI K MOJENHUPOBAHUIO CHCTEM C HE3HAYHTENIBHBIM

NEPEHOCOM 3apszia B OCHOBHOM JJIEKTPOHHOM COCTOSHHH.
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