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IJIEKTPONEPEKJIIOYAEMOE CBSI3bIBAHUE
n-CYJIb®@OHATO-TUAKAJIUKC[4APEHOM MOHOB JKEJIE3A(I 1)
U KOBAJIBTA(I 1)

ITpu cmemmBanuu n-cynbponarornakamikc[4]apena (TCAS) ¢ comsimu  [Co(dipy)s](ClO,); u FeCl; no-
OT/IENIBHOCTH M COBMECTHO B BOJHOM OydepHoMm pactBope mpu pH = 2.5 obpasyrorcs nBOWHBIC
[Co(dipy)s]* T CAS, TCASFe* u tpoiinoit [Co(dipy)s]* T CASHFe* kommaekcsl, coorBercTBeHHO. CBsi-
3pIBaHMe HOHOB F€” mpomcxomut Memmenno. OIHOIIEKTPOHHOE BOCCTAHOBICHHE HOHOB METAIUIOB B
KOMILIEKCaX MPOUCXOIUT TPYyJHEE, YeM B CBOOOTHOM cocCTOsHMH. Habmromaercs sBICHHE pelOKc-
TIEPEKITIOYaeMOro CBsi3bIBanms. OBOpaTHMbIl epeHoc ogHoro smektpona Ha [Co(dipy)s]®" mpusomut
CHYKEHHIO CBOOOHOMN SHEpruu ero ceassiBanms Ha 3.9 kJ[k/MoiIb, a BocCTaHOB/IeHHE HoHA FE™ compo-
BOYKJIACTCSI MOJTHBIM OBICTPBIM Pacla oM KOMIUIEKCA.

At mixing of p-sulfonatotiacalix[4]arene (TCAS) with salts [Co(dipy)s](ClO,4); and FeCl; separately and
in common in a water buffer solution at pH = 2.5 are formed double [Co(dipy)s]*" TCAS, TCAS Fe** and
threefold [Co(dipy)s]*" -TCAS Fe** complexes, accordingly. The linkage of ions Fe** occurs slowly. The
single electron reduction of metal ions in complexes occurs more difficultly, than in a free condition. The
phenomenon of redox-switched linkage is observed. The reversible single electron transfer on
[Co(dipy)s]** results in decrease of free energy of its binding on 3.9 k¥mol and the reduction of an ion
Fe** is accompanied by complete fast dissociation of a complex.

DNEKTPOXUMHUYECKOE OKUCICHUE MM BOCCTAHOBJICHUE KOMIIOHCHTOB CYIpa-
MOJICKYJISIPHBIX CUCTEM MOXKET OKa3bIBaTh CYIIECTBEHHOE BIHMSIHHUE HA UX (QUUKO-
xumuieckue cpoiictsa [1, 2]. Eciau penokc-npouecchl U HabmoaaeMbie 3G GEKThI
SIBIISIFOTCS. OOPAaTUMBIMH, TAKHE CUCTEMbI U IPOUCXOIAIINE B HUX TPOIIECChI HA3bI-
BaIOT peOKC-TIepeKTIouaeMbIMu (3s1ekTponepekiodaembivu) [1, 2]. C Touku 3pe-
HUSI CO3/IaHUSI CHCTEM MOJICKYJIIPHOTO PACIO3HABAHUS, CEIICKTUBHBIX CCHCOPOB U
OKCTPAreHTOB, MOJICKYJSPHBIX YCTPONCTB M MAIIHMH, U JP. BIIOJHE OTYCTIUBBIN
UHTEPEC BBI3BIBACT PEOKC-TIEPEKITI0YaeMOE CBSI3bIBAHUE MOJICKYJIAMU PELIEIITOPOB
(xo3s1eB) cydcTpaToB (rocTeii).

Panee [3, 4] Obuto mokaszano, uto n-cynbhonatotuakaaukc[4]apen (TCAS),
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BBICTYTAs B POJIM XO3MHA, MOXKET TI0 THITY TOCTh-XO3S/MH OJJHOBPEMEHHO WJIH TIO-
OTIEIEHOCTH CBSI3BIBATH [0 BEPXHEMY U HIDKHEMY 0001y pa3IUYHbIC KaTHOHBI.

C 1enpi0 yCTaHOBIIEHUS BO3MOYKHOCTU PEAOKC-TIEPEKII0YAEMOTr0 CBA3bIBAHUS
MOHOB M KOMIUIEKCOB METAJJIOB KAJIMKCApeHaMHW HAMHU METOJOM LUKIUYEeCKOU
BosbTammepomeTpuu (IIBA) uccienoBaHO 3JIEKTPOXMMHUYECKOE BOCCTAHOBIICHHE
neoitabix [Co(dipy)s]* TCAS, TCASHFe* u tpoitnoro [Co(dipy)s]* T CASFe*
KOMIUIEKCOB, KOTOpbIe OOpa3yloTcsi MpU CMEIIMBAHUU K-CyNb(OHAT-OTHAKA-
nukc[4]apena ¢ comsamu [Co(dipy)s](ClO4)3 u FeCls B BognoM O0ydhepHOM pacTBo-
pe npu pH = 2.50 (0.1 M pactBOp ruapoxiopuaa Tpuc (IrUIpOKCUMETHI) aMHHO-

MeTaHa).
SOs3Na
S
H
NaO3 OH H SOsNa
OH
S
SOs3Na
TCAS4Na'

Jlnst xommekca [Co(dipy)s]®** T CAS na LIBA-KpHBBIX HAGIIOZACTCS OHO-
ayIeKTpoHHbIN oOpaTuMbiii Uk BocctanoBiaeHuss CO(IIl) B Co(ll), caBunyThIii Ha
40 MB B CTOpOHY OTpHMIIATENIbHBIX 3HAYEHUU (EpreoI = 0.0 B, E;* = + 0.06 B
otH.AQg/AQCI, 0.1 M KCI) oTHOCHTENbHO MHKAa BOCCTAHOBICHHUS CBOOOJHOTO
[Co(dipy)s]®". Tok mmka BoccTaHOBIGHHS — KOHTpOIHpyercs auddysuel, Ho
B ~ 1.6 pasa mmke, uem cBoGoxuoro [Co(dipy)s]®*. Cmeur moreHimama muka
oGycioier nydmmM cesispiBarneM TCAS [Co(dipy)s]® mexenn [Co(dipy)s]”*
(DGo = — 3.9 kJ[x/monb). Jlis kommiekca TCASHFe™ mabmonaercs oxHOMIEK-
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tpouublii Mk BocctanosineHust Fe(l11) B Fe(ll) (puc.l). IToTeHiuan nuka CaABUHYT
OTHOCHTEJIBHO IHKA BOCCTAHOBIICHWS CBOOGOIHBIX HOHOB F€>* B 06nacTh MeHee
MOJIOKUTENIbHBIX 3HaueHud. C yBETMYEHHEM CKOPOCTH Pa3BEpPTKU MOTEHIMaga U
ot 10 1o 200 mB/c casur Bo3pactaer co 170 no 220 mB. Takas 3aBUCHMOCTD TO-
TEHIMaja MUKa OT CKOPOCTU pa3BEepPTKU MOTEHLMANa XapakTepHa JUIsl MPOLIECCOB
00paTUMOro TepeHoca JIEKTPOHA ¢ MOCISAYIOIIEH XUMUIecKoi peakiueit [5]. B
TO e BPEMSI ITHK Pe-OKUCICHHS HIEKTPOXHMMHUYECKH TeHEPHPOBAHHEIX HOHOB Fe™*
bukcupyercss mpakTHYecku mpu ToM ke notennuane (+0.49 | +0.51 B), uro u B
orcyrctBue TCAS. OTOT (hakT CBUAECTENHCTBYET O MOJTHOM OBICTPON HeOOpaTUMOM
JUCCOLIMAIIMK KOMIUIEKCa MOCe OAHOAIEKTPOHHOIO BOCCTaHOBIeHUs. Ha moBTop-
Hoil LIBA-kpuBoii, 3amucaHHOW HempepbIiBHO mocie nepBoit, mpu U = 100 u
200 mMB/c mosiBnsiercst cnaOOMHTEHCUBHBINA MUK BOCCTAHOBJICHUS CBOOOHBIX HO-
HoB Fe®* (EprereoI =+ 0.43 B), 6ojiee OTYECTIMBO BhIPAKCHHBINA IMPH 00JIee BHICOKOMH
ckopoctu 200 MB/c (puc. 1). [Ipu sTom Ha BTOpO# [IBA-KpUBOI HECKOIBKO CHH-
’KAETCS U TOK MHUKA BOCCTAHOBJICHUS CBA3AHHBIX B KOMIIJIEKC MOHOB, IOCKOJIBKY
qacTh HOHOB F€>* yxe BOCCTAHOBHIACH B
cBOOOHOM BuJe. DUKCHUpPOBAHUE MHKA

|:{J-,2. M A 3+
BOCCTAHOBJICHHS HECBA3aHHBIX HOHOB F€

[
TOBOPHUT O MEIJICHHOCTH CTaJ MU CBSI3bIBA-
3+ .
Hus TCAS nona F€~ Bo BpeMeHHOM miKa-
ne 3anucu [{BA-kpuBbIX (CEKyH[IBI), T.€. O

MaJIOd BEIWYMHE KOHCTAHTHI CKOpPOCTH

TOK

CBS3bIBAaHUS.
Ha [IBA-kpuBBIX TpPOMHOIO KOM-
miekca  [Co(dipy)s]* TCASFe™  mpu
i MOTEHIMAJIaX BOCCTAHOBJIEHHUS CBSI3aHHO-
ro Fe" (E,® = +0.24 B) mabmonaercs

JINIIB c1a0o BBIpa)KeHHBIﬁ IIMK, a OCHOB-
/

HOW WHTCHCUBHBIA MUK BOCCTAHOBJICHUS

\/ (Ep1 = 0.00 B) ¢uxcupyercss nmpu MnoTeH-

e 040 uuanax  BoccraHoBienus  [Co(dipy)s]®*
HMotenuuad, B orn. Ag/AgCl (puc. 2). Tok »3TOro mHKa KOHTPOJIU-

CTCA CKOPOCTBHIO MacCCOIICPCHOCA.
Puc. 1. LIBA-kpussie 1.540° M Fe** (a) by P P

1 TCAS¥Fe* (6, B) Ha Pt anexrpose B

OydepHOM pacTBOpe. : 0t
pH = 2.50. u, mB/c: 100 (a, 6), 200 ().  OKHcIeHus cessannoro [Co(dipy)s]™ u on

Ha oOpatHoii BeTtBu LIBA mpu ckopoctsax

u =10, 50 MBx™ orcyrcrByer muk pe-
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HE3HAYUTEILHOW WHTCHCUBHOCTU TOSIBIISCT-
cst TobKO pH U = 100 1 200 MBx™ (puc. 2).
Ho mpu Bcex CKOpOCTSAX pa3sBEpTKU TOTECH-
uana (GUKCUPYETCs WHTCHCUBHBIA MUK pe-
OKHCIIeHHsT cBOOOxHOTO e, IIpu noBTOP-
Hoit 3armcu LIBA mpu u = 100 — 200 mBx™

IIOABIIACTCA IIOHOJIHHTCJIBHBIﬁ cJ1a0OMHTEH-

a .III CUBHBIM NHMK BOCCTAaHOBJICHHS CBO6OIIHOFO
3+
Fe™ u cHmwkaeTcs MHTEHCUBHOCTH OCHOBHO-
T'O ITMKa BOCCTAaHOBJICHU .

COBOKYHHOCTB IMOJTYYCHHBIX PC3YyJIbTa-

TOB IMPHUBOJAT K CIICAYIOIIUM BBIBOIAM. Ho-

0.8 0.4 0 b1 [Co(dipy)s]®* B TpoiiHOM KOMIUTEKCE BOC-

Noteaunat, B orn, AufApCl
: CTAaHABJIMBAIOTCA IIPH TCX JKC IIOTCHIMAJIAX,

Prc. 2. [[BA-kpusbie 1.5 40° M YTO U B JBOMHOM KoMmijekce. MoHBI Fe** B

xomzexca [Co(dipy)s]* TCASFe*

Ha Pt anmexktpone B OydpepHom
pactBope: 1 nuki (a) u 2 nukna (6).  HHaTax BOCCTaHOBJICHHS JBOMHOTO KOM-

pH =250, u =100 miekca TCASEE®. Ux konaumuecTBEeHHOE

BOCCTAHOBJICHUC ITPOUCXOOUT IIPpHU 0oiee oT-

TPOWHOM KOMIUIEKCE JIMIIb B HEOONBIION

CTCIICHHU BOCCTAHABJIMBAIOTCA IIPpU IIOTCH-

PHMIIATENIBHBIX IIOTEHIMAIAX, 4 UMEHHO IPH MOTEHI[HAlIaX BOCCTAHOBIICHHUS CBS-
3anHbIXx HoHOB [CO(dipy)s]®. CiemoBaTenbHO, IpU STHX MOTCHIHANAX CyMMApPHO
Ha KOMILJIEKC MIEPEHOCUTCS [Ba 3JIEKTPOHA C IIEPEBOJIOM HOHOB 000X METAJIOB B
meHee okucienHoe cocrosare M(Il). OrcyrcTtBue mHMKa —pe-OKHCICHHS
[Co(dipy)s])®* mpu MambIx U B CYLIECTBEHHOE €r0 CHIIKCHHE IPU OOJBIINX CKOPO-
CTSX Pa3BEPTKH O3HAYAIOT HAJIMYHE B TPOMHOM KOMILIEKCE BHYTPH- H/HIH MEK-
MOJICKYIIIPHOTO IIepeHoca anektpora ot [Co(dipy)s]®” ma Fe**, T.e. B TpoiiHoM
KOMIUIGKCE ~ NPOMCXOAMT  MEMATOpHOe  BoccraHoBnenme Feo'.  Ilocie
OJHODJIEKTPOHHOTO ~ BOCCTaHOBICHHs Fe gmo Fe™  TpoifiHOH  KOMILIEKC
[Co(dipy)s])** T CASFE®* GricTpo pacnanaercs ¢ 06pasoBanHreM cBoGoHOTO Fe* 1
nBoiiroro xommiekca [Co(dipy)s]” ST CAS. OHOIIEKTPOHHOE OKHCICHHE CBO-
Goxsoro Fe** mpuBomut k cBOGOmHOMY F€®*, KOTOpBIl MEICHHO CBS3BIBACTCS
[Co(dipy)s])** T CAS B TpoiiHOil KOMILIEKC.
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IJEKTPOOCAXKIAEHUE CJIIOUCTBIX HAHOCTPYKTYP HA
OCHOBE HUKEJISA U3 MOHO-BAHH

Hageneno 3akoHOMipHOCTI GOpMYBaHHS i PO3ZYMHEHHS [IapiB MOKPUTTIB 3 Mijli, HIKENIO, IMHKY W CIuIa-
BIB HIKEJIIO 3 MIJUTIO ¥ iiHKOM. [1imiOpaHi jiranau, ski 3a0€3Me4YyloTh 3B'13yBaHHS 10HIB €IEKTPOIO3UTH-
BHUX METaJiB y OUTBII MIllHI KOMIUIEKCH , 3aBJSKUA YOMY 30UIbIIY€ETHCS YTPYAHCHHS PO3UNHEHHS ENEKT-

pOHEraTUBHHX IIapiB B 00IACTI MOTEHITiaiB OCaKEHHS OUTBII eIeKTPONO3UTHBHHX IIAPiB.

The mechanisms of formation and dissolution of coating layers of copper, nicke, zinc and alloys of
nickel with copper and zinc are presented. The ligands providing linkage of e ectropositive metalsionsin
stronger complexes are offered. They increase dissolution difficulties of electronegative layers in the re-
gion of electrodeposition potentials of more electropositive layers.

Berymienue. B nociennne rosl BO3pOC HHTEPEC K TalbBAHUYCCKUM TOKPBI-
THSM, COCTOSIIMUM M3 YEePEAYIOUIMXCS TOHKMX METaUIMYSCKUX CjIoeB. Takue mmo-
KPBITUS B PSJIC CIIyYacB MPEBOCXOAAT TPAJAUIIMOHHBIC TaIbBaHHUECKHE MOKPBITHS
10 MPOYHOCTH, TBEPAOCTH, DJIEKTPOIPOBOIHOCTH U M3HOCOCTOMKOCTH, 00JIaal0T
0osiee BBICOKMMH 3allUTHBIMH cBoricTBamu [1]. Ilomyuenue kpucramorpaduue-
CKH CIEIUICHHBIX CJIIOMCTBIX CTPYKTYp MPHBEIIO K pa3paboTKe HOBOIO Kiacca Ma-
TEPHUAJIOB, Ha3BaHHBIX «MYJIBTHCIOWHAs cyreppemieTka» [2]. Kak mpaBuio, Mak-
POCJIOWHBIC MOKPBITUSA OCAKIAIOT HA MOCTOSHHOM TOKE M3 HECKOJBKHX DJIEKTPO-
JUTOB, @ MHKPOCJIOUCTBIC HAHOCTPYKTYPBI, COCTOSIINE U3 META/UIOB U UX CILIABOB
— M3 OJTHOTO JJICKTPOJIMTA C UCIIOJIb30BAHUEM ITPOIrPAMMHOIO PEKHUMa UMITYJIbCHO-
ro Toka [3, 4].

OnHMM W3 TEPCIEKTHBHBIX HANPABICHUN YBEIMUYCHUS KOPPO3UOHHOW CTOM-

KOCTH NMHKOBBIX HOKpBITHﬁ, X aare3numn K IOoAJIO0XKKE, CIIOCOOHOCTH K CBapkKke, Co-
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