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SAEKTPOXMMHMIECKOE MCCAEAOBAHME BO3AYIIHBIX
SAEKTPOAOB HA OCHOBE METAAAOITOPOMPMHOB

MeTofoM LUKJINYECKON BOJBTAMIIEPOMETPUM HU3YYEHO OKUCJIUTEJIHLHO-BOCCTA-
HOBUTEJbHOEe moBexeHue  95,10,15,20-terpa-(4-meTokcudenui)-nopdupuna,
5,10,15,20-rerpa-(3,5-au-TpeTdoyTuadeHusa)-mopdupruHa U UX KOMILIEKCOB C
Co(II) B cocTaBe BO3AYIITHOTO ra3oAud@y3MOHHOTO 3JIEKTPOJa B IMEJOUYHOM pac-
TBOpe. VccienoBaHbl pecypCHbBIE BOBMOKHOCTU JIEKTPOLOB B YCIOBUAX I[UKJIU-
YEeCKO! HarpysKH.

KiroueBnie ciioBa: BO3AYINHBIN 3JIEKTPOX, METAIIONOPGUPUHBI, UKJINYECKAT
BOJIBTaAMIIEPOMETPHA.

O mMupoKOro MPUMEHEeHWs Pas3HBIX HCTOUHUKOB YHEPruu HE0O0XO0IMMO
paciupeHre CHeKTpa 9JIeKTPOKATAIN3aTOPOB, KOTOPhIe HE COIepsKaT [o-
porue u ngedbunUTHBIE Marepuaibl. McciemoBaHus MTOKAas3aiu, UYTO OJHUM
"3 TePCIeKTUBHBIX HANPABJIEHUI SBJASETCSA WCIOJIb30BaHNE B KauecTBe
3JIEKTPOKATAJN3aTOPOB METAJLJIO0OPTAHUYECKUX KOMILJIEKCOB, B TOM 4YHWCJIE U
meTasaonopdupuaoB [1-4]. BodaMoKHOCTE TPUMEHEHUS OPraHUYECKUX KOMII-
JIEKCOB METAJIJIOB HA OCHOBe MOp(GUPHHA W €ro aHAJIOTOB O0YyCJOBJIEHA TPEMs
OCHOBHBIMU q)aKTOpaMI/IZ BBICOKOII AKTHUBHOCTBLIO B Pa3JIMYHBIX T'€TE€POTr€HHBIX
OKHMCJINTEJIbHO-BOCCTAHOBUTEJIBHBIX PEaKIINAX, HAJUUYNEM IIOJTYIIPOBOAHUKOBBIX
CBOICTB, BHICOKOM XMMMNUYECKOH U TePMUUECKON yCTONUYUBOCTHIO.

Ilenvio HacTosIeil pPAOOTHI SBJASETCS WU3YUYEHUE IJIEKTPOXUMUUECKUX U
SJIEKTPOKATAIUTUUECKUX CBOICTB 5,10,15,20-TeTpa-(4-MmeTokcudernn)-nmophu-
puna (mamee TM®PII); 5,10,15,20-Terpa-(3,5-gu-TpeTdyTHIADEHNI)-TOPHUPUHA
(mamee TTB) u ux wommiaexcoB ¢ Co(Il) (mamee CoTM®PII u CoTTB, coorsert-
CTBEHHO) B COCTaBe BO3AYIIMHOTO rasdofu(dy3moHHOTO 3JEKTPOZA B IEJIOUHOM
pactBope. Ha mpumepe KHUCJIOPOJHOM PeaKIy HAMHU MU3yUeHbl (HUBUKO-XUMU-
YecKue W 9JIeKTPOKATAIUTUUYECKUE CBOMCTBA MOPMOUPUHOB U UX KOMILJIEKCOB C
Co(II) mnsa ompeneneHUs BO3MOYKHOCTH WX IIPUMEHEHUSA B KauecTBe KATOMHBIX
MaTepruasioB Ui XUMUYECKUX MCTOYHUKOB TOKA PA3HOTO Ha3HAUEHUS.

IJIeKTPOXUMHUUYECKNE HCCIENOBAHUSA BO3AYIIHBIX 3JIEKTPOJOB C AKTUBHBIM
CJIOEM, COZEPsKaIllUM A0 2 MI/CM? MCCIeLyeMOTO BeIlleCTBa, IPOBOAUIN B 7 H
pacTBope rufpokcuza Kanua npu temmeparype 30 ‘C Ha Bosmyxe, B IOJydJIe-
MeHTe C HUKeJeBbIM MPOTUBOAJIEKTpomoM. Tak Kak uccaeqyeMble COeIMHEHUs
WMeIOT HUBKYIO BeJUUYNHY IPOBOJUMOCTH, KAaTaJIN3aTOP MOJyUas METOI0M Ha-
HEeCeHUs JIUTaHJO0B M X KOMILJIEKCOB M3 HEBOJHOTO pacTBopa (aumeruadopma-
MUJ) Ha BBICOKOAVCIIEDPCHBIM HOCUTENb (alleTUJIEeHOBAas Cayka) B COOTHOIIEHUU
1:9. Bosaymasble razoauddy3noHHbIE SJIEKTPOABI OBIIN M3TOTOBJIEHBI IIPECCOBA-
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HUEeM aKTHBHOTO U 3aIllOPHOTO CJI0EB C HUKEJIEBHIM TOKOBBIM KOJLJIEKTOpOM. B
KauecTBe ruapodobusaTopa MCIOJb30Baau (proporiact mapku P-411B (15 %,
macc.). IIpeumyIiecTBOM IOPUCTHIX Ta30auGGY3UOHHBIX 3JEKTPOIOB IBJA-
eTcs BO3MOYKHOCTH MAKCUMAJbHOT'O PA3BUTHUS 30HBI JJIEKTPOXMMUUECKOH pe-
aKIUU TyTeM ONTHMUBAIUU IMMOPUCTON CTPYKTYPHI WM PACIPEeSeHUs YaCTHUI]
3JeKTPOKaTaJIn3aTopa, ajekTpoauTra u rasa. llo ganaeiMm guddepeHEaIbLHOTO
TepMmuyeckoro ananusa ([TA) ycranoBieHO, UYTO Ha BO3yXe IIPU TEMIIEPAType
<3850 °C musi nuraugoB u ux KomiiekcoB ¢ Co(II) mpoTekaroT MpoIleccsl OKUC-
JIEHUS U JeCTPYKIIUU OPraHUYeCKOM COCTABJIAIOINIEH, KOTOPbIe HEe HAOII0Iat0TCs
B nHepTHOI atMochepe 10 400—500 °C. ITosToMy MOCIEAYIOIIYIO0 TEPMUUYECKYIO
00paboTKy »seKkTpomoB mposoxuau mpu 350 ‘C (Temmeparypa cmeKaHusa (ro-
pomynacra) B TeueHue 50 MUH B TOKe mMHepTHOro rasa (asor). Ilukamueckue
I-E-KpuBble CHUMAJU C MOMOIIbI0 moTeHrmocrara I1M-50-1,1 u mporpamMmarTo-
pa ITP-8. B kauecTBe 5JeKTpOJa CPaBHEHUSA HUCIIOJb30BAJIN OKMCHO-PTYTHBINA
aJieKTpoj. B TeKcTe 1 TabuIle MOTEHIIUAJBI TPUBEIeHBl OTHOCUTEJHHO JaHHOTO
asneKTpoga. IuKimyecKkre BOJIbTaMIIEPOTPAMMEBI CHUMAaJ B mHTepBase —0,4 +
+0,7 B u crkopoctu ckanupoBanusa 20 mB/c 1o mocroarHOro xona I-E KpUBBIX.
IJIEKTPOXUMUUECKYI0 aKTUBHOCTE 3JIEKTPOZOB Ha OCHOBE 00PA3I[0B AKTUBHBIX
Macc IJIA IPOIECCOB BJIEKTPOBOCCTAHOBJIEHUA U 9JIEKTPOOKUCIEHUS KUCJIOPOA
OIlEHUBAJIU 110 BeJINUYNHE MeHEePUPYEeMOro TOKA B MPOIECCe MCIBITAHUI MPU II0-
reunuaiaax —0,4 u 0,7 B, cooTBeTCTBEHHO.

PegynbpraTer fuddepeHIuaIbHOIO TEPMUYECKOTO aHAJIN3a OPTaHUUECKUX CO-
eI[HHeHHﬁ, KaTOOHBIX MacCC M 3JIEKTPOXMMHUUYECKUX I/ICCJIe,/IOBaHI/IfI BO3OYIIHBIX
3JIEKTPOJOB HA WX OCHOBE MPUBEIEHBI B TAOIUIIE.

Tabauma

Pesyapratsr [ITA U 3JIeKTPOXUMHUYECKHX HCCJIETOBAHUI
00pas31oB KaTajaus3aTopa, akTUBHBIX Macc (AM) u 3JIeKTPOIOB HAa MX OCHOBE

pasn.? DJIeKTPOXUMUYECKIE UCCIeSOBAHNA BO3AYIIIHBIX 3JIEKT-
l POIOB
O0BeKT Wnausun. AM , ’
HACCIERO0B. B-BO j¢:,0,4 B? j¢:0,7 B? Q/Q, n, ¢ »’ ¢ )
MA/em? |MA/em? | % | numka. | MB/muka | MB/muka
N, |Boan| Boax
Camxa — | 617 | 489 0,6 0,3 60 — — —
TTB 454 | 341 | 343 54 9 94 — — —
CoTTB 438 | 230 | 283 83 17 7 100 -0,3 0,6
TM®II 497 | 320 | 323 117 31 93 40 —4,6 2,9
CoTM®II | 500 | 227 | 295 180 65 9 100 -1,5 1,6

Corsnacuo mauubiX ITA n1a Bcex o0pasIioB KaTaans3aTopa BHISBIEHO 3HAUU-
TEeJILHYI0 TEPMUUYECKYIO YCTONUUBOCTL B aTMoc(epe asora. B orimuume ot asora,
B armMocdepe KOTOPOro IPOTEKAaeT JINIIh TepMUUYecKas NeCTPYKIUA, B IPUCYT-
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CBUU KUCJI0POAa HAbII0AaeTcs TadbHelIee OKNCAeHNe TPOAYKTOB JeCTPYKIIUHU.
BcenenmerBue aToro TeMmepaTyphl Hauaja PasjOKeHUS MCCIAEeAYyeMbIX COemuHe-
HUHM ¥ aKTWBHBIX MacC Ha WX OCHOBe B BO3IYIITHOMW aTmocdepe 0ojee HU3KUE.
BBemenue 'Ke B cocTaB JUTAHIOB METAJJIA CHUKAET TeMIIePATypPy PasJIOKeHUs
KOMILJIEKCOB Ha BO3AyXe II0 CpaBHEHUIo ¢ juraugamu B 1,4—1,5 pasa (cpaBHUTH
320 m 227, 341 u 230, COOTBETCTBEHHO), UTO CBUAETEILCTBYET 00 MX BBICOKOM
KaTaJIUTUUYECKON aKTUBHOCTH B OKMCJIUTEIHLHO-BOCCTAHOBUTEIHLHOM IIpOIlEcCe.
Bouiee BrIcOKasa TepMuyecKkasd yCcToNUnBOCTH HA Bo3ayxe T'TB u akTHBHOM Macchl
Ha ero OCHOBe CBA3aHAa, OUEBUIHO, C SKPAaHUPOBAHUEM TOP(GUPUHOBOTO KOJbIIA
00beMHBIMU TPETOYTUI(DEHMIBHBIMU 3aMecTuTeAMu. HaneceHue jTurasnjoB Ha
5JIeKTPOMIPOBOAHLIN HOCUTEJh W BBeleHMe ruapodoOm3aTopa MPaKTHUUECKH He
BJIUAET HA TEPMUUYECKYIO ycToumBOCTh Ha Bo3ayxe TTB m TM®PII, a nna ux
rKommmexcoB ¢ Co(I) — maske mOBBINIIAETCS.

AHanus pe3ysbTAaTOB SJIEKTPOXMMUUYECKUX MCCIAEeIOBAHUN MOKA3aj, YTO Ha-
OJifolaeTCA POCT BJIEKTPOKATATIUTUUYECKON aKTHBHOCTY KaK B IOJIOYKUTEJIBHOI,
Tak U OTPUIATEJIBbHOI obJsiacTu B ciaenyioiieMm pany: caxka < TTB < CoTTB
< TM®II < CoTM®II. Karainurnueckas aKTHBHOCTL COESUHEHHII HA OCHOBE
TM®II B 2,1-2,2 (s1exkTpoBOCCTaHOBJeHUE) U 3,5—3,8 (dJIEKTPOOKUCIEHNE)
pasa Boimie, ueM TTDB u ero Kommiaexca. 9TO CBA3aHO, OUEBUIHO, C TEM, UTO
o0bemMHBIE 3amecTuTesu B coctraBe TTDB 3aTpyaHSIOT JOCTaBKY KHCJIOPOAA K
IeHTPaM reHepaluy TOKA.

ITo mexaHMBMY MPOTEKAHUA PEAKIIUU 3JIEKTPOBOCCTAHOBJIEHUA KUCJIOPOIA
uccjaeayeMble KaTaJan3aTOPhl MOMKHO Pa3eJuTh HA ABE TPYIIbI: KaTaanu3aToOPhI
Ha ocHOBe T'TB, TM®II, n1a KOTOPBHIX PeaKIA IPOTEKAET II0 ABYX3JEKTPOHHO-
My MeXaHu3My ¢ o0pasoBaHueM Ipomexxkyrounoro npogykra HO,”, u — CoTTB,
CoTM®II, ana KOTOPBIX HAOJIOZAETCS TPEUMMYIIeCTBEHHO YeTHIPeXdJIeKTPOH-
HBITT MexaHuU3M ¢ obpasoBanueM OH™. O6 sToM CBUIETENLCTYIOT BBICOKME 3HA-
YeHUS COOTHOIIEHUS eMKOCTeH ITPOIIeCCOB 3JIEKTPOOKUCICHUSA MEPOKCHUI-MOHA
W 9JIEKTPOBOCCTAHOBJEHUSA KUCJIOpPOAa AJA JUTAHAOB, W HHU3KHE — IJII UX
KoMImekcoB. OueBUIHO, JUTAHABI 00JIaZAIOT HUBKOU KATAJIUTUYECKON aKTUB-
HOCTBIO B peaknuu pasnoxkenunsa HO,”, KoTopasa HaKalIWBaeTcsa B IOPOBOM IIPO-
crpaucTBe 3neKTpoza. B oramume or TTB m TM®II mx xommuercsr ¢ Co(II)
ABJAIOTCA KaTaJM3aTOPaAMM pPeakIluU SJIeKTPOOKUCIEeHUsd MepoKcua-moHa. Ilo-
5TOMY OTHOIIIeHVe QF/Q 3HAUUTENHLHO YMeHbIITaeTcsA, BCIEACTBUE Uero BO3pac-
TaeT 9pPeKTUBHOCTD MCIIOJb30BaHUA KUcJopoga — B 1,54 pasa mo cpaBHEHUIO
C JUTAHAAMU.

3HaUUTEeIbHOE KOJUYECTBO IIEPOKCHUI-MOHA, OOpa3yIoIlerocsa IIPU KaTom-
HOU TOJIAPUBAINU, HMU3KAsd KOHCTAHTA CKOPOCTH €ro XMMHUUYECKOTO pasJoike-
HUS OTPUIATEHFHO CKAa3bIBAIOTCS HA PECYPCHBIX BO3MOMKHOCTAX 3JIEKTPOAOB HA
ocuoBe nophupunos. Ob6pasosanme HO,” HexenraTeNbHO, TAK KAaK COIPOBOXKIA-
eTcsA TOHMMKEHUEeM IOTeHITHaJia KaTola, MOHMKAeTCA 3PPeKTUBHOCTDh MCIIOJb-
30BaHUA KUCJIOPOJA U CO3MAIOTCA YCJIOBUS MJsI OKMCIUTEIHLHOTO pacmaza Kara-
ausaTtopa. Ha CKOpPOCTh MOJSAPUIAIIUU BJIEKTPOAOB IIPU ITUKJINPOBAHUU BIUAET
OKMCJIEHUE TIEPOKCUI-MOHOM ITOBEPXHOCTH aKTHUBHOTO CJIOS Ha OCHOBE YIJIEPOJ-
HOI'O HOCUTeJd, MOI[I/I(I)I/IIII/IpOBaHHOI‘O HOp(I)I/IpI/IHaMI/I njaIn nxX KOMILJIEKCaMu C
Co (IT). Kak caencTBue Bo3pacTaeT CKOPOCTDH IPOCAUYNBAHUA SJIEKTPOJIUTA Uepes
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KaTaJIUTUYECKW aKTUBHBIA CJION [0 IPAHUIIBI ¢ TUApPo3amnopHbIM. Ilocae mocTu-
JKEHUS 9JeKTPOJUTOM TPAHUIBI B MPOIECC 3JIEKTPOBOCCTAHOBJIEHUI KUCIOPOIA
BKJIIOUAETCS U ca’ka TMAPO3alIOPHOTO CJIOA, Ha KOTOPOU mpoTeKaeT oOpasoBaHme
MePOKCUA-NOHA, BCIEACTBHE UeTO BO3PACTAET CKOPOCTDH IMOJSAPU3AIIUU BJIEKTPO-
ma. ITocie sToro HabGIOAETCS TPOIECC 3AaTOIJIEHUA T'a30BBIX IIOP, UTO IIPUBO-
IUT K CHU)KEHUIO JJIeKTPOXUMHUUECKUX XapaKTepUCTUK dJjeKTpona. IlosTomy,
4yeM BBIIIE YCTOMYMBOCTH KAaTalIM3aTopa K JedCTBUIO MOHa-oxucaurens HO, .,
KOTOPBIZT oOpasyeTcs TPU 3JIEKTPOBOCCTAHOBJIEHUM KUCJIOPOAA, TEM MEHBIITe
cxropocTh nosapusanuu. Tax, naa CoTM®II 51eKTPOIUT TaK:Ke TPOCAUNBAETCA
[0 TPAHUIIBI ABYX CJIOEB, HO 00Jee MeIJIeHHO.

IIpoBemenHbie uCCIEAOBAHUS KUCJIOPOIHBIX 3JEKTPOMOB IJs METaJlI-BO3-
IYIIHBIX MCTOUHUKOB TOKA Ha OCHOBe mOphupuwHOB m mx KomiiekcoB ¢ Co(II)
OKAa3aJyu IMePCHeKTUBHOCTh MX WCIIOJb30BAHUSA KaK KaTaJIM3aTOPOB PeaKIIuu
5JI€KTPOBOCCTAHOBJIEHUSI KUCJIOPOAA, KOTOphIe HE COAEep:KaT Joporue u medu-
IUTHBIE MaTepUaabl. BLIABIEHO, YTO Ha MeXaHU3M PeaKIIu’ 3JIeKTPOBOCCTAHOB-
JIeHUST KUCJOpOJa M JJIEKTPOXMMHUUECKYI0 aKTHBHOCTH KaTaJlm3aTopa BJIUSAET
Tun Jauraga. Hambosee BBICOKYI0O aKTUBHOCTH IOJYUEHO IJid dJeKTpoma Ha
ocaoBe COTM®II, assa KOTOPOTO peakIiusA IMIPOTEKAeT MPEeUMYIIeCTBeHHO II0 Ue-
TBIPEX9JIEKTPOHHOMY MEeXaHUu3MYy.

PesyabTaThl uccaemoBaHUS ITOKAa3ay MIPAKTUUYECKYIO BO3BMOYKHOCTE OIpene-
JIeHUS BJIEKTPOXMMHUUECKUX XapaKTePUCTUK OPraHUYECKUX COeIUHEHUU U WX
KOMILJIEKCOB B COCTaBe BO3AYIITHBIX ras3onu(@y3UOHHBIX 3JIEKTPOIOB, KOTOPHIE
MOIyT 6BITB HCIIOJIB3OBAHBI IIPU CO3JAaHUN XMMUUYECKUX NCTOYHUKOB TOKaA C BO-
S3AYIITHBIM WA KUCJIOPOIHBIM 3JIEKTPOJIOM, CEHCOPOB.
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EJIEKTPOXIMIYHE JOCJIIOMAREHHSA IIOBITPSIHUX EJEKTPO/IIB
HA OCHOBI METAJIOIIOP®IPUHIB

Pesrome

Merogom  1mukJiuHOI  BOoJIbTaMIIepOMeTpPil  BUBUEHO  OKUCJIOBAJILHO-BiTHOBHY
noBeniuky 5,10,15,20-terpa-(4-meTokcidenin)-nopdipury, 5,10,15,20-rerpa-(3,5-
nu-tTpeToyTuaderin)-mophpipuny ta ix xKommiaekciB 3 Co(II) y ckioaai moBiTpaHOTO
raszoqudysifHOro eIeKTPoAa B JIYKHOMY po3unHi. [locaifgkeHo pecypcHi MOYKINBOCTI
€JIEKTPOJIB B YMOBaX IIMKJIUYHOTO HAaBAaHTAKEHHA.

KarouoBi croBa: MoBiTPAHUN eJIeKTPO/, MeTaJIonopGipuHM, MUKJIiYHA BOJIBTAMIIEPO-
MeTpisd.
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THE ELECTROCHEMICAL RESEARCH OF AIR ELECTRODES ON THE
BASIS METAL-PORPHYRINES

Summary

The oxidation-reduction behavior of 5,10,15,20-tetra-(4-methoxyphenyl)-porphyrin,
5,10,15,20-tetra-(3,5-di-tretbutylphenyl)- porphyrin and them complexes with Co
(IT) forming part of air gas-diffusion electrode in alkaline solution has been studied
with cyclic voltammometry. Power resources of electrodes under cyclic loading
have been researched.

Key words: air electrode, metal-porphyrines, cyclic voltammometry.
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