PABHOBECHDbIE
AJIEKTPOXUMUYHECKUE

CUCTEMDI




MexxdyHapoOHast koHeeHUus1 06 3/]C
U 3J71eKMPOOHbIX MomeHyuasax

1953 r. — MexayHapoaHbiM CO3 MO YMCTOU U NPUKNagHou

XNMNH NPUHAT KOHBEHUUAIO O 3HaKaXx ANIEKTPOAHbIX
NOTEHLUMANOB U 3arncn COCTaBHbIX YacTeun ANNEKTPOXUMUNYECKUNX
CUCTEM:.

[1paBKNNO 3anncu ANekTPOXMMmNYeCKON CUCTEMBI:
Cu|Pt|H,|HCI |} CuSO,|Cu.

ANeKTpoAHbIN noteHunan — 310 JC anekTpoOXMMnU4eCKou

CUCTEMBbI, B KOTOPOU CnpaBa pacronoXeH AaHHbIW 3f1EKTPOL,

a crneBa — CTaHOAPTHbIN BOAOPOAHbLIA 3NEKTPOA, MNO3TOMY
3anuck otaenbHoro anektpoda:  Cu®*|Cu; H*|H, | Pt.

PeaKLI,I/IVI Ha OTAeJIbHOM 3]'IeKTpOLl,e 3aliMCbiBakOT TaAk.:
Ox + ze = Red.

OLC cuctembl — pas3HOCTb ABYX 3MNEKTPOAHbIX NOTEHUMANoB
E = E_ - E , NMpu4yemM npaBbIn 3nNekTpon Oonee

np neB

NONOXUTENbHbLIU, a NTEBbLIN — OTPULLIATESbHbIW.



BO3HUKHOBEeHUe Hanpsi>KeHusi
8 3JIeKmpoxumMu4yecKkou uenu

E= Eavt T EvmaT Emzr2T EpopaT EpavnT Emits

NHOekcbl 0003Ha4YaloT:

M1 B — Bakyym, M — metann, P — pacTtsop.
£B|\/|1 = E:MlB, .
M1 M2 €0,p; — ANPPY3NOHHBLIV NOTEHUMAn

MOXeT ObITb JoBedeH OO0 NpeHebpeXxnumo
Manoro 3Ha4YeHusi, B 3NEeKTPOXMMUYECKNX

cncremax ¢ ogH1nMmM NpoBoaHNUKOM BTOPOIO

P1 = poga  (anekTpormuTtoM) OH  BOOOLLE

OTCyTCTBYET. Toraa ypaBHeHue E cBogmTcs
K BUAy:

Ckayok noteHumana €, - KOHEaﬁﬁ:mg:'pﬁwpd’r@mmeHumana
Mexay ABYMS MeTannaMu — paBeH pasHOCTM paboT BbIxoaa
aNEeKTPOoHa B BakyyM 13 060MX MeTarnnos:

€= (W,/F) - (w, /F)



OOC npaBUnbHO Pa3OMKHYTOM 3MEKTPOXUMUYECKOW LENUN He
3aBUCUT OT KOSiM4YecTBa NPOBOAHMKOB MNEepPBOro poaa B Lenu:

E = €05 * Eyama™ Emama * Emzpz tepopr
- M3 T £P1M1+ £M1M3+ EMse
Evze = Cemsz s Epapi”T =0.
Evrama= (W,/F) - (W, /F),
ML M2 Enranto= (W,/F) - (W_/F),
€= (W, /F) - (W, /F),
P1 P2 [ToactaBnasi Bce 3TM 0D0O3HA4YeHUsa B
doopmyny ona E, nonydum:
E =€\p, - Epaprt Envama

O0C npaBuUnNbHO pPas3OMKHYTOMN 3fIEKTPOXMMUYECKON LEenu
COCTOMUT M3 3 MOTEHUManoB: ABa Ha rpaHuue MeTann-pacTBop U
OJWH KOHTaKTHbIWN.

Hanps)xeHne npaBuUnbHO pasoMKHYTOM CUCTEMbI, COCTaBIEHHOU
TOJTbKO U3 NPOBOAHMKOB NEPBOro poaa, BCeraa paBHO HYIHO.



MexaHu3m yCmaHOB8JIeHUs1 Pa8HOBECHO2O0

nomeHuuasna
Ha ”p”“"epe %'@ﬁﬁ'ﬁﬂ%{@%‘%ﬁ@@@na &)
— e = + e =
(OchneHme U1 NoHU3aums) (BOCCTaHOBJ'IeHI/Ie Unm

paspsag).
[lpenmMyLLecTBEHHbLIN Mepexod WOHOB HayMHaeTcd 3a cyeTt
pas3nNnynga aNekTpoXMMmn4ecKknx NoTeHLUnanos NOHOB B pacTBOpeE U B

MeTarnne: W, # My,

LeouHou anekmpu4yeckuu crou  (3C) — 3apsaxeHHasd
NOBEPXHOCTb MeTanna v npunerawwmm K HeMm NpPOTUBOMOSOXHO
3apsKEHHbIN CIIOWN SNeKTponuTa.

CKkopoCTb peakuunm oOMeHa WOoHaMW MeXOy MeTansiom u
SNIeKTPONUTOM [MPU__PaABHOBECUW, BbIPaXXEHHaAA B eauHuLax
MNOTHOCTU 3NeKTpuyeckoro Toka (Hanpumep, A/M?, MA/cm?),
Ha3bIBAETCA [M/IOMHOCMbIO Moka obmeHa urnu rnpocmo MoOKOM
obmeHa.

3Ha4YeHne ckayka NnoTeHuManoB Mexay MeTannom n pacTBOpoM

Npu HacTynneHun paBHoBecCKUd (| =i =1 °) Ha3bIBaeTCs paBHOBECHbIM
(1111 obhamiimsIin) nompHuuan()M 9n9Kmn()(33







OOpaTumMble anekTpoAdbl MO XapakTepy WAYLIMX Ha HUX
peakuMin 1 3aBUCUMOCTU MOTEHLMana anekTpoaa oT cocTtaBa
pacTBopa OenATCs Ha HECKONbKO TUMOB.

Anrekmpod | poda - npencrasnser cobon metann (Mnu

MeTannoug), Haxoaawunnca B pacTtBope, coaepKallemM MOHDI
9TOro Metanna (unu metannouaa):

M=/ M; Me*/ Me
[TloTeHUunanonpenenswLme peakuum:
M +ze & M Me + ze & Me”.

AKTUBHOCTb 4YMUCTOW TBEpPOOW asbl paBHA eauHuLe,
NO3TOMY YpaBHEHUA A4 NoTeHuuana anektpoaos | poaa:

RT
E=E" +£ln a, ,z: E=E'-""In ay -

ﬂpmmepbléﬁeKTponoa | poga: Cu** | Cu; ‘Kg* |Ag;  Se*
Se. MeTannouaHble anekTPoAb! Ha NPaKTVKe peako
peanu3yloTcs, MeTannmyeckne anekTpoabl UMeoT 6onbLLoe

pacnpocTpaHeHue.



Ecnn mMeTtannuyecknn anektpod OnyweH B pacTBop
KOMMJSIEKCHOW COMn 3TOro MeTarnmna, To peakuuns Ha anekTpoae
N paBHOBECHLIN NOTEHLKMAaI ero Bbipasnum ypaBHEHUSMN:

ML )" | M RT . M.
(ML )| o6 s ML,
(ML )*"+ze & M +nL’ zl [L ]ﬂ

[nccounauns KomnnekcHoro coegnHeHngML )*"=M* + n L
N
o b,]

NRIG

13 KOHCTaHTbI yCTOIZQMBOCTM KOMIMJIEKCHOIO coeanHeHuns

BblPpa3nM OTHOLLUEHWNE:
p [MLH] — Kycm ’[MZ+]
Al
RT RT
E=E'+~—InK,_ +——1In|M*]
zF g zF
RT RT
E)=E'+—InK E)=E)———InK

cm
zF ZF



Annekmpod Il poda npencrasnser cobow meran,
NOKPbITLIN €ro TPYAHOPacTBOPUMbLIM COEAMHEHMEM (COnb,
OKCWA, TMAPOKCUA) N HAaXOASALMINCS B pacTBOpe, coaepKallem
aHVIOHbI TPYAHOPACTBOPMMOTO coeamHerns: A | MA| M.

[MoTeHumanonpegensowaa peakums: MA +ze & M + A~
YpaBHeHMe Ang noteHuuana:

E=E°+RT I — s E=E° —Elna

zF ay -a . ZF A

anekTpoasbl Il poaa obpaTtnMbl OTHOCUTENBHO aHUOHOB.
[Tpnmepsl aneKTronos Il popa:

CI'| Hg,Cl, | Hg S0,*| Hg,sO, | Hg
S0,>| PbSO, | Pb OH| HgO | Hg
OH| Sb,0, | Sb Cl| AgCl| Ag

[NoTeHumnanbl aNeKTPoaoB Il poaa Nerko yctaHaBnNMBalOTCS
N BOCMPOU3BOOATCH, MO3TOMY WX 4acTO WCMONb3ylT B
Ka4yecTBe aNeKTpoaoB CpaBHEHUS.



1 — nnaTtuHa Ansa KOHTakTa; 2 — PTyTh; 3 —

CTEKNnsAHHas  Tpybka, 4 - nacTa

Kanomenu; 5 — pactBop KCI; 6 —

SNEKTPONUTUYECKNN KITtod; 7 — BoKoBast

Tpybka;, 8 — MegHasi nMpoBoOsioka AriS
_J NOAKIOYeHMs aNeKTpoaa B Lierb

Pt

&~

—— ~Hg,Cl(nacTa
1 ‘\‘1: \‘;\F
et —Bara + KCl




H/H Cue
A BHYTPeHHHiA
-/ ANEKTPONUTUYECKHK
KNIoY
4
/
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alle| N PaGouee BewecTso
7 noteHuuanoobpasyowero
- Y, nonyanemMexTa
= PAr+ApCL
N\g BHewHMit
ANEKTPONUTHYECKUM

Koy
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CypbMSAHbIN aneKkTpoa OTHOCUTCH K rpynne
MeTanMoKCUAHbLIX 3fIEKTPOAO0B, U3rOTOBMIEH U3 JIUTON CYPbMbI,
NOBEPXHOCTb KOTOPOM Ha BO34yXE MOKPLIBAETCA OKCuaamwm.
Ecnn Takon anekTpog NOMeCTUTb B PacTBOp, CoAepaliumn
MOHbI rMapokcmuga (MM MOHblI BoAopoda), TO Ha arnekTtpoae
yCTaHaBIMBAETCA paBHOBECWE MNOTeHUMan onpenensoLwen
peakuunm:

Sb,O, +3H,0 + 6e ¢ 2Sb + 60H-.

OneKTpoa 3anncbiBaeTcsd crneayowmm obpasom: OH'| Sb.O,
| sb.

PaBHOBECHbIN noTteHunan CYPbMSHOIO anekTpoaa
nogymnHAeTCcHa ypaBHeHUO HepHcTa 2cgn}ngarleKTpoma Il poaa:

E=E’ " lga

OH /Sh,Oy/Sh F OH~

Wcnonb3ya noHHoe npoussedeHue Boabl K = a, - a

_ w
BElpasmm 23RT 23RT . 23RT
" NERCTEBIM B yPaBHelME NoteHimena = £ - =

OH,

pH



CocTosiHMe CcypbMbl — MNnNaBrfieHas, 3MNeKTPONUTUYECKN
ocaxdeHad, nonMpoBaHHaaA W COCTaB oOKcuaa CypbMbl
OKa3blBalOT BMAHWE Ha NoBedeHMe anekTpoaa U TOYHOCTb
onpegeneHna pH. ToyHoCcTb M3MepeHuMa pH C nomoLbio
CYPbMAHOINo 3rfeKkTpoda 3Ha4YUTEeNbHO MOBLILLAETCA NyTEM
TLWATENbLHOrO KannbpoBaHUsl ero B CeEpuUM CTaHOapPTHbLIX
bydepHbIX pacTBOPOB.

onektpoa |l poga MOXHO paccmaTpuBaTb Kak MeTansi,
HaxoOdwuncsa B pacTBope, coAdepXawemM MWOHbl 3TOoro
METanna, Ho X KOHLEHTpaLms orpejeneHa npousseseHnem

PacTBOPMMOCTU TPyQHOPACTBOPMMAYD CQeANHEHUS:
. RT g RT
E=E'+~—lna_. E=E'+—InIIP+——Ina .
zF M zF zF 4

ConocTaBnss ¢ ypaBHEHUEM ANA NoTeHUMana anekTpoaa
Il poga MOXHO 3anucarhb: o7

E)=E’+——InIIP
zF



Anekmpod Il poda - npepnctasngeT coboit metann,
NOKPbITbIN  ABYMA TPYyOHO pPacTBOPUMBLIMU CONAMU, U3
KOTOPbIX nepBasi UMeET o0WmKM KaTUoH C MeTasnsiomMm, a
BTOpass — oOOWMM aHMOH C NEepBOW COMblO, MNPUYEM
PACTBOPMMOCTb MEPBOU COMM MEHbLUe, YeM BTOPOMN.
OneKkTpoa HaxoauTcsa B pacTBOpPE, COAEpPXaLLem KaTuoHbI,

obLme co BTOpon, bonee paICTBO[TAMO COnbIO:
“1IMA M

[TloTeHUmanonpenensowasa peakyms:
MA + M1”+ze < M+ MlA.

YpaBHeHMe Ang noteHunana:
Aprpg Ay RT
KLy M7 E=E° +"lna,, -
zF ayr-ayr g zk 1

OnekTpoabl Il poga obpaTMbl OTHOCUTENBHO MOHOB MeTanna,
Haxoasleroca B pacTBOpe, a He OTHOCUTENbHO WOHOB
mMaTepuana anekTpoaa.




Hanpumep: Ca?*|caC,0,| PbC0,| Pb.
[ToTeHUmanonpeaensatowasa peakuus:

PbC,0, + Ca®* +2e & Pb + CaC,0,.
YpaBHeHUe ans noteHuymnana:

o RT
E—EM +Fln (ICG--

OTOT cnyyvyan npencraBnaeTr O60nbLIOW UHTEPEC, T.K. OaeT
BO3MOXXHOCTb MOSTy4YNTb 3NeKTpoa, obpaTuMbIn OTHOCUTESBHO
MOHOB KanbUWA, NOCKOSMbLKY TakoW afiekTpon | poaa B BOOHbIX
pacTBopax OCYyLLEeCTBUTb HEBO3MOXHO.



