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«QJEKTPOXUMHNYECKHUE ITPOLHECCHI»

Bomnpocsl Kk 3aHsITHIO.

DJIEKTPOA U DJICKTPOIHBINA MOTECHIUAI.

Crtpoenue ABOMHOrO 3JIEKTPUUYECKOrO CI0sl Ha TPaHUlle PacTBOP-METasll.

VYpaBuenue HepHcra.

["asnibBaHMYECKUE DIEMEHTBI U UX DJIEKTPOABUKYIINE CUITBL.

DnekTpoasl 1-ro poaa.

DIEeKTpoAbl 2-T0 poja.

OKHCTUTENIbHO-BOCCTAHOBUTEIBHBIE CHUCTEMBl M HMX THUIBL. MexaHu3M BO3HHUKHOBEHUS

OKHCITUTEIHHO-BOCCTAHOBUTENBLHOTO (PEIOKC) MOTEHIMAIA.

8. VYpaBuenue Hepncra — Ilerepca W MOHATHE O CTAaHIAPTHOM  OKHUCIUTEIIBHO-
BOCCTAaHOBUTEIHLHOM MOTEHIIHUAIE.

9. JInddy3uoHHbIN TOTEHIIMAN, MEMOPAHHBINA ITOTEHITHA.

NoUnhA PN —

§1. DyekTpOA M 3JIEKTPOAHBII MOTEHIHAJI.

DJIEKTPOIOM HA3BIBAKT 3JIEKTPOHONPOBOAAIYI0 (a3y (MeTa/Ll WM NOJYNPOBOJAHHK),
KOHTAKTHPYIOUIMH C 3JIEKTPOJIHUTOM.

[Ipu norpyxeHuu MeTamia B BOAY MPOUCXOJIUT OTPbIB MOHOB OT KPHUCTAIIMYECKOM
peuIeTKn MeTaia MoJl BIUSHUEM MOJSPHBIX MOJIEKYJ pacTBopuTels. B pesynbrare mepexoaa
KaTHOHOB B PacTBOpP METaJUIMYeCcKas IUIACTUHKA MPUOOpETaeT OTPHUIATEeIbHBINA 3apsij 3a cueT
OCTaBIIUXCSI MICKTPOHOB, a OJIM3IICKAIIUN CIIOW BOJBI — MOJIOKHUTENbHBIA. Ha rpanuine pasaena
METaJlJI-BOJia BO3HUKAET JBOWHOW siexTpuueckuil cioit (pucynok 8.1). Ilpu ompeneneHHOM
3apsiie  MeTajllla yCTaHABJIMBAETCS PAaBHOBECHE, KOTOPOE XapaKTEpU3yeTCs pPABEHCTBOM
CKOPOCTEH MPSMOT0 U 00paTHOTO MPONeccoB Vv o <> VHo-M.

Pucynok 8.1
Bo3HukHOBEHME cKauKa MOTEHIMAIA Ha TPAHUIIE pa3/iesia MeTalI-Bojia
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VYcTaHOBUBIIASACS PA3HOCTh MOTEHIIMAIOB B JBOMHOM JJIEKTPUUECKOM CJIO€ 3aBHCHT OT
MPUPOJbI METAJLJIA, PACTBOPUTEINS U TEMIIEPATYPHI.

Ecnu e metat norpykeH B pacTBOp COOCTBEHHOM COJIH, TO IIEPEX0ly HOHOB MeTajlia B
pacTBop OyAyT NpPOTHBOJEHCTBOBATh YK€ HMMEIOIIMECS B PAcTBOpPE TaKHe >K€ HOHBIL. ITO
MIPOTHUBOJICUCTBHUE BBIPAKACTCS B CTPEMJICHHH HOHOB METaJIa U3 PacTBOpa COOCTBEHHOM COJIH,
TO TEPEX0/J0B MOHOB MeETajula B PacTBOp OYIyT MEPEXOJUTh B KPHUCTALTUYECKYIO PEIIETKY
MeTasa.

Ecan B HauanbHBIE MOMEHT CKOPOCTH DVM—]P > UPp—M, TO METAUI O OTHOUIEHUIO K
pacTBOpy 3apsikaeTcs oTpuiarenbHo (pucyHok 8.2a). IIpu 3TOM MO Mepe mepexojia HOHOB B




pacTBOp UM—]P YMEHBIIAETCSA, a VP—M Bo3pacraer. [Ipu ompeneneHHOM 3HAYEHHM CKAYKOB
MOTEHLIMAJAa B CUCTEME YCTaHABIMBACTCS PABHOBECUE VM—P = VP—M.

Hamnpasnenue caMonpou3BosIbHOTO nepexona moHoB M—P umu P—M u paBHOBecHOE
COOTHOILIEHUE CKOpPOCTEH Iepexofa MOHOB UVM—P U LP—M Ompeneistorcs sHepruei ['udoca
9THX IIPOLECCOB.

Pucynok 8.2
Bo3HUKHOBEHME CKayKa NOTEHLMAIA HA TPAHUIIE pa3/iesia METaJlII-pacTBOP €ro COJIu
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Ckavek MOTeHIHAJA, BOSHUKAKNIMI HA TPaHHWIE pa3esia MeTAJNJI — PACTBOP €ro CoJin
HA3bIBAETCS JIEKTPOTHBIM.

§2. CTpoeHue I1BOHHOIO 3JIEKTPUYECKOTr0 CJ1051 HA TPAHMIIE PACTBOP-MeTAaJLI.

JBoitnoit snektpuyeckuit cioir  (ADC) co3maeTcss DIIEKTPUUECKUMHU  3apsiamu,
HAXOJSAIIMMHUCA HA MeTajsle, ¥ WOHAMH IPOTHUBOMOJOKHOTO 3HAKa, OPHUEHTUPOBAHHBIMHU B
pacTBOpe y MOBEPXHOCTH JIEKTPOIA.

B ¢opmupoBanuu mnonHoi obkmagku JIOC mpuHUMAIOT ydacThe SIEKTPOCTaTHYECKUe
CWJIBI ¥ CWJIBl TEIUIOBOTO JIBIDKEHUS. 3a CYET 3JIEKTPOCTATUYCCKHX CHJI HOHBI TOIXOIAT K
MOBEPXHOCTU METaJljIa, a 3a CUET MOJIEKYJISIPHOTO, T.€. TEIIOBOro aABrkeHus, JI9C npuodperaer
pa3mbITOE CTpoeHue (pUcyHoK 8.3).

Pucynok 8.3
JIBOMHOM JIEKTPUYECKUN CIION
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Crpoenue JIDC 3aBucutr oT 00mie KoHIeHTparuu pactBopa. C e€ pocToM TONIHUHA
Tudy3HO yacTH yMeHbIIAETCs 3a cueT ocinabieHuss AUQQy3ud HOHOB OT MOBEPXHOCTH
MeTajia B pacTBOp.

B xoHLIEHTpUpPOBaHHBIX pacTBopax Iu¢dy3Has 4acTh NpakTHUeCKu oTcyTcTBYeT u JIDC
NoJ00eH TUIOCKOMY KOHAEHCATOPY, YTO COOTBETCTBYET MOJENU | eNbMrosibpia, BIIEpPBBIC
MpeasIoKUBIIEro Teoputo crpoeHus 1IC.



§3. YpaBuenue Hepucra

3aBUCUMOCTD AJIEKTPOJAHOTO MOTEHIIMaNa OT IPUPOJIbI METaJIa, aKTUBHOCTH €r0 HOHOB B
pacTBOpe W TeMIIEpaTypbl KOJWYECTBEHHO BBIPAXKAETCS YPaBHEHUEM, BBIBEJICHHBIM HEMELKUM
¢uszukom B.Hepucrom:

o =0+ Ll agu™)
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TOE @y — IEKTPOAHBIN NOTEHUHA, B;

¢’y — CTAaHJIAPTHBIN JICKTPOAHBIN MOTEHIHAIL. B;

T — abcomoTHas Temmeparypa, K;

R — razoBas nocrosinnasi, paBHas 8,314 Jlx/(mons K);

F — nocrosinnas ®@apanes, pasuas 96500 Kin/mounb

a(M”") — aKTHBHOCTB MOHOB METAJIa B PACTBOPE, MOJIB/II,
7. — 3aps MoHa.

CraHgapTHBIM D3JIEKTPOJHBIM TOTEHIIMAIIOM (°M Ha3bIBalOT CKAdyoOK IOTEHIMala Ha
TpaHUILE pa3lesla METAUI — PacTBOP €ro COJM C AKTUBHOCTHIO HOHOB M, paBHOU 1, mpu
CTaHJAPTHBIX YCIOBUSX.

it pa30aBIeHHBIX PACTBOPOB MOXKHO HCIIOJIb30BATh KOHIICHTPAIMIO. Y PAaBHCHHE
B.HepHcTa B 3TOM cityyae uMeeT BUA:
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§4. l'anpBaHM4YeCKHe 3JIEMEHThI H HX 3JIEKTPOABUKY LN E CHIIbI

["anpbBaHMYECKHI DIIEMEHT — 3TO YCTPOHCTBO, B KOTOPOM JHEPIUsi XUMUYECKOW PeaKiuu
mpeBpamiaeTcs B EKTpUYeckyro. OH COCTOMT W3 JIBYX TOJY3JIEMEHTOB, 2 HMCHHO U3 JBYX
pacTBOPOB, COMPHUKACAIOIIUXCS JIPYr C JAPYroM, B KOTOPBIE TOTPYKEHBl METAUINYCCKHE
BJIGKTPOI[I)I, COCIIMHCHHBIC BHCIIIHUM HpOBOIIHI/IKOM.

B rampBaHMuYecKOM 3JieMEHTE caMU 1O ce0e pPaBHOBECHBIC AJICKTPOIbI O00Pa3yIOT
HEPABHOBECHYIO CHCTEMY, JAIONIYI0 JJICKTPHUSCKHA TOK. Ecim cuia Toka B CUCTeME Maja |
CUCTEeMa MPAKTUYECKH HAXOJUTCS B COCTOSIHUH PAaBHOBECHSI, SJIEMEHT ATOT paboTaeT o0paTumo.
MakcumManbHas pa3HOCTh MMOTCHIIMAJIOB, IOCTHTaeMasi Ipu 00paTUMOI paboTe raTbBaHUIECKOTO
AIIEMEHTA, Ha3bIBAETCS €0 DIIEKTPOIBIIKYIIEH CUITOM.

B xagectBe 00paTHMOro TadhbBaHUYECKOTO JJIEMEHTa YAOOHO pPacCMOTPETh JJICMEHT
SAxobu — JlaHuens, KOTOPBI COCTOMT M3 METHOTO M IIMHKOBOTO 3JIEKTPOJOB, MOTPYKEHHBIX
cootBeTcTBeHHO B pactBopel ZnSO4 m CuSO4. CxeMaTHyHO 3TOT AJIEMEHT H300pakaeTcs
crenyromumM o0pa3om (pUCYHOK 8.4):

Zn|ZnS0O4 ||CuS0O4 ||Cu

Pucynok 8.4

lanpBaHmYeckmii anemeHT SIkoou — JlaHus:s.
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PaBOMKHYTBIﬁ OJIECMCHT HAXOJUTCA B 3aTOPMOXKXCHHOM HCEPABHOBCCHOM COCTOAHHUH U
MOXCT HpGGBIBaTB B O9TOM COCTOAHHHU KAK YIrOJHO OOJITO.

IIpn 3aMblKaHUM 3JEKTPOJOB METAIMYECKMM IPOBOAHMKOM HAOMIOJACTCSl HHAas
KapTHHA: 3JEKTPOHBI [10 HEMY MEPEXOJAT OT LIMHKOBOI'O JIEKTPOAA K MEJHOMY. DTOT IPOLECC
COIIPOBOKIAETCS MEPEXOIOM MOHOB LIMHKA C 3JIEKTPOJAA B PACTBOP U OCAXKACHUEM MOHOB MEIU
U3 PacTBOpA Ha 3JIEKTPOJ.

O6a OTH IIponecca sABJIAIOTCA PE3YyJIbTATOM OKHUCJINTEIbHO-BOCCTAHOBUTEIbHOU pEeaKnu.
Ha IMHUHKOBOM 3JICKTPOAC IMMPOTCKACT pCaK sl OKUCIICHUS:
Zn(T) < Zn* (p) + 28;
Ha MCJHOM — ITOJIypCaKI A BOCCTAHOBJICHHA:
Cu®" (p) +2& < Cu(T);

CrnenoBarenbHO, JJEKTPHUECKHI TOK OOYCIIOBIEH CYMMapHOW  OKHCIUTEIBHO-
BOCCTAHOBUTEIbHOM pPEAKLIUECH:

Cu?'(p) + Zn(t) < Cu(r) + Zn* (p); AG® = - 212 kJIx

PacTBOp B MpuUAIIEKTPOIHOM MPOCTPAHCTBE IIMHKOBOTO AJIEKTPOIa 00O0TaIaeTcss HOHAMU
[IMHKA, a METHOTO AJIEKTpoAa o0eaHseTcs noHaMu Meau. BenenctBue 3toro cynbdar — MOHBI
NepeMenIaroTCs Yepe3 MOPUCTYIO MEPErOPOAKY U3 pacTBOpa cyib(hara MeAu B pacTBOp Cyib(dara
[IMHKA, YBEIMYWBas €ro KOHIeHTpanuio. Katwmonel muHKa MudOyHIHPYIOT B 0OpaTHOM
HaIpaBJIEHUY, 3aMelllas Nepelle/ e Ha MEeAHbIN AIEKTPOl KaTUOHBI Meau. B pe3ynbTare 3T0oro
pacTBop cyibdara MeaIn MOCTETIEHHO MTPEBPAIIAETCS B CyIb(aT HUHKA.

lNanpBannyeckuil 35eMeHT Oyzner padoTaTrh 0 TE€X IOp, MOKAa BECh LIMHKOBBIN 3JIEKTPOJ
He pacTBOopuThes. Ilocie 3Toro aneKkTpudecknii TOK MPEeKpaTUThCS.

§5. DiekTpoabl NepBOro poaa

K omektpomaMm mepBOro pojaa OTHOCAT METAJUTMYECKHE JIIEKTPOABI, 00paTUMbIe
OTHOCHUTEJBHO KaTHOHOB, U METAJUIOMIHBIE, 00paTUMble OTHOCHTEIEHO aHUOHOB. OOpaTUMOCTh
AIIEKTPOAA OTHOCHUTEIBHO TEX WM JPYT'MX HOHOB O3HAYAaeT 3aBUCHMOCTH €ro MOTEHIHaNa OT
KOHIIEHTPAIMH JTAHHEIX HOHOB. [IpuMepaMu MeTamTHuecKuX 3MeKTpoIoB THa M/M” seastorcs
Zn°/Zn*", Cu®/Cu?" u np.

DJIEKTPOIHBIN TIOTSHIIUAT UX ONPEICISICTCS] YPABHCHUEM:
. RT
p=¢p +—Ina_ .
7F M™)
U 3aBUCUT TOJIbKO OT KOHIIGHTPAlluM (aKTUBHOCTH) OJHOTO BHJa WOHOB. [lJis 3JIEeKTpPOJOB,
00paTHMBIX OTHOCUTEIHHO aHHOHOB, TPUMEHUMO ypaBHEHHE:

, RT
p=¢p ———Ina
F (A7)
V4
[TpumMepoM METaJUIOMIHOTO 3JIEKTPOZd, OOPAaTHMMOTO OTHOCHUTEIHHO AaHHOHA, MOXET
o 2—
CIIY’)KUTh CEJICHOBBIN 31IeKTpoa Se/Se” .
K snexrpomam mepBoro pojaa OTHOCAT TaK)Ke Ta30BbIE IEKTPOABI, KOTOPbIE MOT'YT OBITh
o0paTuMbl O OTHOLICHMIO K KaTHOHY WM aHuoHy. WX co3maoT mo cxeme (MeTann),



ra3[pacTBop. MeTamn B ra3oBBIX 3JIEKTPOJaX HEOOXOIUM KaK MEPEHOCUYUK AIICKTPOHOB U MJIs
CO3JIaHUs TIOBEPXHOCTH, HA KOTOPOH MPOTEKAeT peakius. MeTaml TOHKeH ObITh HHEPTHBIM T10
OTHOIICHHIO K BEIIECTBAM, HAXOISAIMIMMCS B pacTBOpe. THUIMHYHBIM TPUMEPOM Ta30BOTO
3JICKTPO/Ia ABJISIETCS] BOOPOIHBIN AekTpo:(Pt), H2[H+

Boaopoansblii 3j1eKTpoa
Bomoponnsiii anektpon (pucyHok 8.5) mpeactaBiseT coOO0W MOKPHITYIO IUIATHHOBOM
YEpHBIO MJIATHHOBYIO TUIACTHHKY, HACKHIIIEHHYIO Ta3000pa3HBIM BOJIOPOJIOM, KOTOpasi OMyIIeHa
B BOJIHBIN pacTBOP KUCIIOTHI.
Pucynok 8.5
Bonopoanslii a5ekTpoa

1,3 — cTexnsiHHbIE TPYOKH;
2 — natpy0oK AJ1s BBOJIa BOJOPO/IA;
4 — IUIaTUHUPOBAHHBIN MJIATUHOBBIHN 3JIEKTPO/;
5 —cocyn ¢ HcCaenyeMBIM PACTBOPOM.

BOI[OpO,Z[, paCTBOpeHHHﬁ B INIATUHEC, YaCTUYHO JUCCOUHUUPYCET HA MIPOTOHBI U 3JICKTPOHBI:
H, < 2H" + 28

B PE3YIbTATC TaKad INIATUHOBAA IIJIACTHUHKA ano6peTaeT CHOCO6HOCTB 06MeHI/IBaTLC$I C

pacTBOpPOM MOHAMHU BOAOPOJa:
H'(Pt) + H,O < H30"(Pt)

BO3HI/IK3IOHII/II>1 HpI/I 3TOM IIOTCHOHWAJI 3aBUCUT OT AKTHUBHOCTH HWOHOB Boz[opoz[a B

pacTBOPC 1 HOHOB BOAOPOAA B INIATUHC
H;0(p) + 2& <> Ha(Pt) + 2H,0

AKTHUBHOCTh MOHOB BOAOpPOJa B INIATHUHC NPONOPHHUOHAJIbHA HABJICHUIO ra3006pa3Hor0

BOoJI0poia. KomuecTBEHHO 3Ta 3aBUCUMOCTD BbIpaxkaeTcs ypaBHeHneM HepHcera:
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rie p(Hz) — naBnenue razoo0pasHoro Bogopona, I1a.

CTraHgapTHBIM BOAOPOAHBIM JIEKTPOAOM ((°Hz) HA3BIBAKT 3JIEKTPOA, B KOTOPOM
AaBJIeHHe ra3oo0pa3Horo Boaopoaa mnoaaepxkuBaercsi paBHbiM 101kIla, a akTuBHOCTH
HOHOB BO/IOPO/1a B pacTBope paBHa 1.

[ToTeHnman cTangapTHOTO BOJOPOJHOIO 3JIEKTPO/IA YCIOBHO IPUHAT 3a HyJb: (¢°Hy = 0B.
[Tpu Bcex Opyrux aKTUBHOCTSIX MOHOB Bojopoja mpH ycioBud, 4to p(Hz)=101kIla ypaBHeHue
Hepncra 114 BogopoJHOTro 31€KTpoaa NpUHUMAET BUJ
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WM C ydeToM, uTo — g a(u') = pH

RT
(DHZ = —2,3?pH

CTaH,Z[apTHBIﬁ BOI[OpO,Z[HBIfI QJICKTPOA HCIOJB3YETCA KaK OSJICKTPOA, OTHOCHUTCIBHO
KOTOPOIro U3SMEPCHBI MOTCHIUAJIBI BCCX OCTAJIbHBIX CTAHAAPTHBIX 3JICKTPOAOB.

HonoceieKTUBHBIE 3JIEKTPO/BI

HoHOCENEeKTHBHBIE DIIEKTPOJIBI — 3TO JIEKTPOJIbI, KOTOPHIE COCTOAT U3 IBYX (a3: NOHHUTA
U pacTBOpa, a MOTCHIMAN Ha TpaHule pasfena (a3 BO3HHKAET 3a CYET HMOHOOOMEHHOTO
nporecca, B pe3yjibTare KOTOPOTO IMOBEPXHOCTh HMOHUTA W PacTBOpa MNpUOOpETaroT
QIIEKTPUYECKUE 3apsibl MPOTHBOIOIIOKHOTO 3HaKa. VOHWTHI 00Iaa0T TOBBIICHHON
U30MpaTeTbHON CIOCOOHOCTHIO MO0 OTHOIICHHUIO K ONPECIICHHOMY By HOHOB, HAXOJISAIIMXCS B
pacTBope, MO3TOMY TaKHE AJIEKTPOABI M HA3BIBAIOT HOHOCEICKTUBHBIMH.

Bce MOHOCENEKTUBHBIC JIEKTPOIBI B 3aBUCUMOCTH OT arperaTHOrO COCTOSTHHSI MOHUTA
(MeMOpaHbl) MOAPA3ISISIFOTCS Ha AICKTPOIBI C )KUIKAMHU U TBEPIBIMA MEMOpaHAMHU.

B kadectBe xuAKUX MEMOpaH UCIOJB3YIOT OPraHHUYECKUE JKUIKOCTHU: XJIOp — OCH30I,
TONYyOJI, KOTOphIE HE CMEIIMBAIOTCA C BOJOW, HE pPACTBOPSIOT HOHOTCHHOE  BEIIECTBO,
croco0HOe K 0OMEHY ¢ MOHAMH JIaHHOTO BUJIa B UCCIICYEMOM PacTBOpE.

K TBepapiM MeMOpaHaM OTHOCSITCS CTEKJISIHHBIC, KPHCTAUIMYCCKUE: MOHOKPHCTAJLIBI
WX TIPECCOBAaHHbBIC IUIACTHHKH TPYIHOPACTBOPUMOTO COCTUHECHHUS U JIP.

CTekJIsIHHBIN 2JIEKTPOJL

CreKkJIiHHBIE JIEKTPO/bl M3rOTaBIMBAIOT W3 CTEKJAa ONpENeleHHOro cocraBa. CTEKio
Yaiie BCero IMpeacTaBiseT co0oi coeMHEeHNEe AUOKCHIa KPEMHUS C MIETOYHBIMHA U IIEI0YHO—
3eMENbHBIMU OKcHJaMu. B pesynbrare ruaponusa CHUIMKaTOB Ha IIOBEPXHOCTH CTEKIIa
oOpa3dyercs  TOHKas  IJIEHKa  Teisd  I[OJMKPEMHHUEBOM  KHUCIIOTBI,  HE3HAYUTEIBHO
JIUCCOLIMMPOBAHHOW HA HOHBI.

R—O—lSl:i—OH R—O—ﬁi—of + H*
O @)
AHUOHBI ONMUKpeMHUEBOM KuCIoThl R—OS10,~ coobuiaroT oTpuLaTenbHbIN 3apsil TOBEPXHOCTH
CTeKJIa.

Honsl Bogopoaa 3apspKaroT MOJNIOKUTENBHO MPUIIETAIONINN K TOBEPXHOCTH CTEKJIA CIIOU
pactBopa. CTeneHp IUCCONMALNY MOTMKPEMHUEBON KUCIIOTHI 3aBUCUT OT KOHIIEHTPAI[M HOHOB
BOJIOPOJia B pacTBOpE.

OpHOl M3 pacHpOCTPaHEHHBIX (OPM CTEKISIHHOTO 3JIEKTpoAa SBISETCS CTEKJISHHas
TpyOKa, 3akaHuuBaromascs mapukoMm (pucyHok 8.6). Illapuk 3amomnen pactBopom HCI, B
KOTOpBIM TOTPYKEH BCIIOMOTaTENbHBIN XJIop-cepeOpsiHbil 3nekTpos. [llapuk morpyxkaror B
HCCJIEyEMBII pacTBOP U C MOMOILBIO MOCTHKA CTEKJISTHHBIN JJIEKTPOJ COEAMHSIOT C BHEIIHUM
ANMEeKTposioM cpaBHeHUs. CoOpaHHYIO TakuM O0pa3oM IIeMb MOXXHO 3alucaTh CIEIYIOIUM

obpazom:

Ag,AgCl | HCl(p )| crexuo | uccnenyemsiii pactsop || KCl(p) || KCl(p) | AgCl, Ag
BHYTPEHHUH 3JIEKTPOJL BHEIIHUH 3JIEKTPOJT
CpaBHEHUS CpaBHEHUS

OJ1C 710l 1enu onpenensieTcss CyMMou: @ + @2 + @3 + Q4.

Pucynok 8.6
CTEeKJIAHHBIN 3JIEKTPO.



1 — mapuk u3 crekassHHON MeMOpansl; 2 — pactBop HCI; 3 — BHyTpeHHMIA cepeOpOXIOpUIHbIHI
3JIEKTPOT; 4 — UCCIIEAYEMBIN pacTBOp; S — arapHbIil MOCTHK; 6 — pacTBOp XJIOpUJia Kainus; 7 —
BHEUIHUI cepeOpOXIOPUIHBII 3JIEKTPOLI.

Ckayky MOTEHLHAIIOB @, (2 U (P4 MIOCTOSTHHBI, ciieoBaTenbHo, J/C 1enu n3MeHsercs B
3aBHCHMOCTH OT MOTEHIMAaa (3, 3aBUcALIei oT pH uccienyemoro pactsopa.

DNeKTpoaHas peakius CBOAUTCA K OOMEHY MOHAMU BOAOpPOJAa MEXIy OByMs (azamu —
pacTBOPOM U CTEKJIOM. B peakiuio oOMeHa BOBIEKAIOTCS W HOHBI IIEIOYHBIX METaJUIOB.
TTOTEeHIHAN CTEKITHHOTO 31eKTPoa (¢) MOKET GBITh BBIPAXKEH CIICAYIOMIEi 3aBUCHMOCTBIO:

P = O+ Ly )
zF

aH*(eo‘)
§6. DyekTpoOaABI BTOPOIO poaa

DNEeKTPOIBI BTOPOTO pOJia COCTOST U3 METaliia, TPYJHOPACTBOPUMOMN COJIM ATOTO MeTaja
U BTOPOTO COCIUHCHHUsS, XOPOIIO PACTBOPHMOTO M C TEM JK€ aHHOHOM, 4YTO W IEPBOE
coeuHEHHE. YcCJIOoBHOE o00o3HaueHue Takux anekTpogoB MIMAIA™. IlpencraBurensimu
AJIEKTPOJIOB BTOPOTO POJIA SBISIFOTCS XJIOPCEPEOPSHBIN M KaJIOMEIBHBIH JIEKTPOIBI.
Xnopcepeopsiabiit anexktpon Ag | Ag Cl, KCl1
XnopcepeOpsaHbIil  37eKTpoJ (PUCYHOK 8.7) TmpeacTaBisieT coOoi  cepeOpsHyIo
IIPOBOJIOKY, TOKPBITYIO CJIOEM XJIOpHAa cepedpa W OIYIICHHYI0 B COCY[, HAIOJTHEHHBIN
HACBHIILIEHHBIM pacTBOpoM xjopuaa kKamus. Cocya HUMeeT MHKpOILeNb JJisi KOHTakTa ¢
UCCIIETyEMBIM PacTBOPOM.
Pucynok 8.7
XnopcepeOpsHHBIHN 3JIEKTPOJT



1 - kopmyc, 2 - acOecToBasi HUTh, 3 - PaCTBOP XJIOPHJIA Kalus, 4 - OTBEPCTHE /TS 3aJIMBA
pacTBopa XJOpHUaa Kanus, 5 - pe3uHoBasi npooOka, 6 - cepeOpsiHas MPOBOJIOKA, 7 - XJIOPH]
cepebpa, 8 - acoecToBbIN DUTHIT.

OCHOBHOM XMMHUYECKHUH MTPOIECC:

Agl+5 o AQ
ConpoBoK1aeTcs peakiuel pacTBopeHus wiu ocaxaenus comu AgCl:
AgCl+> Ag" +CI”

B npucyrcTBuM xjiopuaa Kanus, COAEpIKalero OAHOMMEHHBIN C XJIOpUIOM cepedpa MOH
XJIOpa, pacCTBOPUMOCTH XJopuaa cepedpa cHuxaercs. [Ipu mocrosuubix koHueHTpauun KCI u
TeMIepaType KOHIEHTpaIusi MOHOB Ag' TIOCTOSHHA, YeM H OOBACHAETCS HeoOXOoauMast
YCTOHYMBOCTh MOTEHIIMANA IEKTPOA.

[ToTenunan xnopcepeOpsHOro MEKTPOIa BO3SHUKAET HA MOBEPXHOCTH CONPUKOCHOBEHUS
METaJUINYECKOT0 cepedpa C pacTBOPOM €ro MOHOB M MOXET ObIThb BBIPAXKEH CJEIYHOIUM
ypaBHEHUEM:

. RT1
ot = Pag +E na,.

Xnopua cepebpa TpyaHoO pacTBopuM B Boje. Ero mpousseaenue pactBopumoctu [P =
a(Ag")-a(CI"), u3 xoroporo ciexyer uro a(Ag') = ITP/a(CI"). TToacrasnss a(Ag') B ypaBHeHHE
JUTSI TIOTEHIIMANA XJIOPCEPEOPSHOTO INEKTPO/IA, TTOTYIHM:

RT, . RT
i = gogg +—Inl b-—1Ina_
zF zF
OOBenuHAsA MOCTOSHHBIE NIPU JTAHHOW TemImeparype BeluduHbl ¢°x, U RT/zF-In(I1P) B
OJIHYy BEJIMYMHY U 0003Hayasg e€ uepe3 (°XC, MOJYy4aloT YpaBHEHHE [UId MOTEHIMana

XJIOPCEPEOPSHOTO MEKTPOIa:

RT
0
O = Py — _ZF Ina o

on

Takum oOpa3om, MOTEHLHUAN XJIOPCEPEOPSHOro 3JIEKTPOoJa B KOHEYHOM HUTOTE 3aBHUCUT OT
KOHI[EHTPAIlUU (aKTUBHOCTH) HOHOB XJIOpA.

§7. OxucaureibHO-BOCCTAaHOBUTEIbHBbIE (OB) cucTeMbl U OKMCINTEIBHO-
BOCCTAHOBUTEC/IBbHBIC 3JICKTPOAbI



B 3aBuUCHMOCTH OT MexaHW3Ma OKHCIEHUS — BOCCTAHOBJICHHs pa3zHooOpazHble OB-cucTeMbl
MO>KHO pa3JIeJInTh Ha JIBa THUMA:

1-p1it THI: OB — cucTteMbl, B KOTOPBIX OKUCIUTEILHO — BOCCTAHOBUTENBHBIN MPOLIECC CBSI3aH
¢ Tepe/jaueii TOIBKO IEKTPOHOB, Hanpumep: Fe3™ +& «» Fe?'

2-oii THn: OB — cucTeMbl, B KOTOPBIX OKUCIUTEIBHO — BOCCTAHOBUTEIbHBIN IPOLIECC CBSI3aH
HE TOJIBKO C Iepeavyei 3JeKTPOHOB, HO U IPOTOHOB, HAIIPUMED:

C¢H40, + 2H" 428 <> C¢Hy(OH),
XUHOH TUAPOXUHOH
MnO, + 8H' + 58 <> Mn*' + 4H,0

HNueptHbIii MeTaua B coderanuu ¢ OB — cucremMoil Ha3bIBalOT OKUCIHUTENbHO —
BOCCTAHOBHMTEJIBHBIM HMJIH PEAOKC — 3JEKTPOJOM, a BOZHHKAKIIMI Ha 3TOM JJeKTpole
MOTEHUMAJ HA3bIBAIOT OKMCJIUTEJIbHO — BOCCTAaHOBHTEIbHbIM (OB) wmiam penokc —
NOTEeHIHAJIOM.

WHepTHBI MeTa/ll IPUHUMAET JIHUIIb KOCBEHHOE Y4acTHE B MOTEHUUAIONPEAEIISIONIEH
peaknuu, SBISAACH IOCPEJHHKOM B Tiepeiade >JIEKTPOHOB OT BOCCTAHOBICHHOH (HOpMBI
BenlectBa Red k okuciennoi OX.

[Ipu morpyxeHuH MHEPTHOTO METajla B PAacTBOP, COJACPIKALIMA M30BITOK OKHUCIICHHOMN
dbopMBbI >Kene3a, MeTaUIMYecKasl TUIACTUHKA 3apsKaeTcs MONOXKUTeNnbHO (pucyHok 8.8a). [Ipu
U30BITKE BOCCTAHOBIICHHON (DOPMBI jKejie3a TOBEPXHOCTh IIATHHBI 3apsDKACTCsl OTPUIATEIHHO
(pucyHok 8.80).



Pucynok 8.8
Bo3uuknoBenue OB noreHnmana.

Pt Pt
Ve

c(Fe3*) >>c (Fe?*), | e (Fedty << o (Fe )
al 6)

Ilepenaya >7I€KTPOHOB C OJHOTO HMOHAa Ha JpYyroil uepe3 MeTalll IPUBOJIUT K
o6pazoBanuio Ha moBepxHocTH Metamna JIDC. TIpu paBeHcTBe akTMBHOCTEl HMOHOB Fe?' n Fed'
IUTATUHOBAS TUIACTHHA 3apsKAETCs TOJI0XKHUTENBHO, T.K. JIEKTPOHO — aKIENTOPHAs CIIOCOOHOCTD
noHoB Fe*” Goublie 4eM 31eKTPOHO — JJOHOPHas ClocoOHOCTh Fe?'.

§8. YpaBuennue Ilerepca

KonnyectBennast 3aBucumocts OB-motenumana ot npupoasl OB-cuctemsr  (9°r),
COOTHOILLIEHUS! AKTUBHOCTEH OKHUCICHHOW M BOCCTAHOBJIEHHOW (OpM, TeMIEparypbl, U OT
AaKTHBHOCTH MOHOB BOJOpOJIa yCTaHaBIMBacTcs ypaBHeHueM Ilerepca.

RT, a

1-b1ii THIC @, = @ + ——In—2
aRed

mRT ao -a_

2-0ii THIE: Q. = @, + In—1
zF Apeq

rie ¢; — OB-noreniuan, B;

©°; — cranaaptaeiii OB-norennuan, B;

Z — YHCII0 3JIEKTPOHOB, ydacTByroumx B OB-nporuecce;

a (OxX) — akTUBHOCTb OKHCJIEHHON ()OPMBI, MOJIb/JI;

a (Red) — akTuBHOCTH BOCCTAaHOBUTEIHHON (POPMBI, MOJIB/IT;
m — YUCJIO POTOHOB;

a(H") — akTHBHOCTH HOHOB BOJIOPOJIA, MOJIB/II.

CranpaptueiM  OB-noTeHUHA0M HA3bIBAKOT TMOTEHNHMAJ, BO3HMKAIOIIUNA Ha
rpaHuue pa3jejia MHEPTHBIH MeTall — PacTBOP, B KOTOPOM AKTHBHOCTH OKHCJIEHHO
(¢opMbI paBHA AKTHMBHOCTH BOCCTAHOBJIEHHOW (pOpMBI, a JAJIsl CHCTeMbl BTOPOro THMA,
KpoMe TOro, aAKTHBHOCTh HOHOB BOJIOPO/ia PABHA eIUHMIIE.

§9. In¢pdy3nonnblii noTeHnan, MeMOPAHHBIA OTEHIN A,

JAupPy3HoHHBIA  NOTEHIHMAJ - pPa3HOCTh IOTEHLMAIIOB HAa TpPaHUILE JABYX
COIIPUKACAIOLINXCS PACTBOPOB 3JIEKTposnToB. OOyCIOBIEH TEM, 4YTO CKOPOCTH IepeHoca
KaTHOHOB W aHUOHOB 4YE€pe3 TpaHUIly, BBI3BAHHOIO pA3IM4YMEM HX JICKTPOXUMHUECKUX
MOTEHLIMAJIOB B pacTBopax 1 u 2, pasnuuHbl. Hanmuume naud@y3uoHHBIN MOTEHIMAT MOKET
BBI3BIBATh MOTPEIIHOCT IPU U3MEPEHUSIX IEKTPOJHOI0 MOTEHIMAA, TOITOMY TU(GY3HOHHBIN
MOTEHIMAI CTPEMATCA PACCUMTATh WM YCTPAHUTh. TOYHBIM pacyeT HEBO3MOXKEH H3-3a
HEOMPeaeTUMOCTH KO03()(HUIIMEHTOB aKTUBHOCTH HOHOB, a TaK)Ke OTCYTCTBHUS CBEIEHHH O
pacupeneNeHny KOHILIEHTPAWi HMOHOB B IIOTPAHMYHOM 30HE MEXKIY CONPUKACAFOLIMMUCS
pacTtBopamu. EciM B KOHTakTe HAaXOASATCSA PAcTBOPBI OZHOIO W TOTO K€ Z - 3apsAHOrO
AIIEKTPOJINTA (Z - YUCIIO KATUOHOB, PABHOE YHCIy AHMOHOB) Pa3IMYHON KOHIIEHTPAIUI U MOKHO



CUMTaTh, YTO YHUCJIA TEPEHOCA AHMOHOB M KATHOHOB, COOTB. t; M t , HE 3aBHCIAT OT HX
aKTHBHOCTH, a KO (PHUIIMEHTOB aKTUBHOCTH AaHMOHOB M KATHOHOB PaBHBI MEXAYy cCO00M B 000MX
p-pax, To 1 y3HOHHBIN MOTEHIAAT

RT a,
Eﬂ = —{f* - f_)]n i

zF a,

I7Ie a; U a » -CPEeIHME aKTUBHOCTH MOHOB B pacTBopax 1 u 2,
T - aGcontoTHast Temmeparypa,
R - razoBas nmocrosiHHas,
F - nocrossunas ®@apanes.

MemOpaHHbIH MOTEHIUA, PA3HOCT JECKTPHUSCKUX MOTCHIIMATIOB MEXKY PacTBOPAMU
DJIEKTPOJIIMTOB @ W b, pa3JelieHHBIX NpOHUIaeMoii MemOpaHoil .B wactHOM ciywae, korja
MeMOpaHa IpOHHMIAEMa TOJILKO IS OIpeIeIeHHOro nona B“s (zg - 3apsaaoBoe 4mciio), oomero
JUIE PAacTBOPOB JJICKTPOJIWTOB a W b, MeMOpaHHBIA TOTEHIMAaN (MHOTA €ro Ha3bIBAaIOT
noteHmagoM HepHcTa) pacCUUTHIBAIOT 1O (popmyIie:

RT ﬂ'E
2o = A2 + In —
pe W zgF ug’

rae F-uucno @apanes,
R-razoBas moctossHHA,
T-aGcomoTHas TemIeparypa,
ag’, ag® - aKTMBHOCTH HOHOB.

B oOmem ciywyae s MeMOpaH, MPOHHIIAEMBIX Ui OJHUX COPTOB HOHOB U HE
MPOHUIAEMBIX IS JPYTHUX, TPU pacueTe MeMOpaHHBIM IOTCHIMA TpeOyeTcs BBEICHUE
OTPEICTCHHBIX MPUOIMKCHUN B 3aBUCMOCTH OT TOJIIIIUHBI MEMOpPAHbI, €€ COCTaBa U CTPOCHUS,
a TaKkKe OT MeXaHu3Ma mepeHoca. B cimydyae MemMOpaH MakpOCKOIMHUYECKOrOo pa3Mepa IMOJTHBIN
MEMOpaHHBIM MOTEHIIMA] CJaraeTcs M3 TPeX KOMIIOHEHTOB: JBYX T'PAaHUYHBIX MOTEHIUAJOB,
JIOKQJIM30BAHHBIX B JIBOWHBIX OJJIGKTPUYECKHX CJIOSX Ha TpaHUIe MeMmOpaHa-pacTBOp
9IEKTPOJIUTOB, U BHYTPUMEMOPAHHOIO, JIOKAIM30BAHHOTO B AJIEKTPOHEUTpPAIbHOM 00beMe
MeMOpansbl. Kpome TOro, npu mponycKkaHuu 3JIEKTPUUECKOT0 TOKa Yepe3 MeMOpaHy BHYTPH HeEe
BO3HUKAET MajieHre HampsokeHus. OObBIYHO CUMTAETCs, YTO TMEepexo]] HOHOB uyepe3 Mex(dasHyro
TPaHUIy MPOUCXOTUT OBICTPO, TaK YTO WX paCHpe/elIeHUE PABHOBECHO; 3aTPYIHEH TOJIBKO
MEPEHOC HOHOB uepe3 00heM MEMOPAHBI.
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