JuleKTpUYeCKasi IPOBOAMMOCTb PACTBOPOB 3JIEKTPOJIUTOB

DIJIEKTPOXUMHUSI HU3y4aeT CBOMCTBA CHCTEM, COJECpPKAIIMX TIOJBUKHBIC HOHBI
(pacTBOpPOB, pacCIIaBOB, TBEPJIbIX DJJIEKTPOJUTOB) M SIBJICHUS, BO3HHKAIOIIUE Ha
rpa”uile pasnaena ¢as3 BCIEACTBUE MEpeHoca 3apsKeHHBIX dvacTuil. OpHol u3
BOKHEHIINX 3a/lad JJICKTPOXUMHUM SIBISIETCS M3YYEHUE ABWKCHUS 3apsiKECHHBIX
YaCTHUI] B TAKUX CUCTEMAX IOJI BIUSHUEM SJIECKTPUUYECKOTO nojs. [pyroil, He MeHee
BAXXHOM 3a7ayeil SIBISETCS HUCCIEAOBAHHME AJIEKTPUUYECKUX SIBICHUM, BO3HUKAIOIIUX
Ha rpaHulle pazzdena (a3 mpu MepeMerieHuu 4Yepe3 Hee 3apsHKEHHBIX YacTHUll WIH
MPOTEKAHUU OKUCIUTEIIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUH.

B cooTBeTcTBHM € TEOpHEN JJIEKTPOTUTUUECKON AUCCOLMAIMU MPU HAJIOKECHUU
BHEIITHETO MTOCTOSIHHOTO JICKTPUUECKOTO TOJIsl B pACTBOPE BO3HUKAET HAMPABICHHOE
JBH)KEHHE MOHOB K COOTBETCTBYIOIIUM IOJIOCAM: TTOJIOKUTEIBHO 3aPSKEHHBIE HOHBI
(KaTHMOHBI) JBIKYTCS K OTPHUIATEIBHO 3apsHKCHHOMY 3JIEKTPOAY - KaTody, a
OTPHIIATEIBHO 3apsUKEHHBIE HOHBI (AHHMOHBI) - K TOJOXHTEIBHO 3apsHKEHHOMY
AJIEKTPOY - AHOAY.

ITonBUKHOCTHL HOHOB

CxopocTh mnepeMelnieHusi MOHA V TIOJ JACHCTBHEM DJIECKTPUUYECKOTO IMOJS B
HaIpaBJICHUH COOTBETCTBYIOIIETO AJEKTPOJAa 3aBUCUT OT JCHCTBYIOLIEW Ha HEro
CWJIBI, T.C. HANMPSI)KEHHOCTH 3JIeKTPUYECKOro MoJsi F, U OT CIIOCOOHOCTH HOHA
peoa0JIeBaTh  CONPOTUBICHUE  CPEAbl, KOTOpas  XapakTepU3yeTcs  €ro
MOJABHKHOCTHIO U:

v= ukE
rje V - CKOPOCTh JABMIKCHHSI MOHA, M/C; E - HaNpsHKEHHOCTh JICKTPUUYSCKOTO TIOJIS,
B/M; U - mOBHKHOCTb HoHa, M%/(B-c).

CKOpOCTh HAmpaBJICHHOTO TMEPEMEIICHUS HOHOB 3aBUCHUT OT Pa3IWYHbBIX
(GakTOpOB, B YACTHOCTH, OT MPHUPOABI HOHOB M PACTBOPUTEIS, TEMIICPATYPHI
pacTBOpa, KOHIIEHTPAIlMM WOHOB JAHHOIO BHJA W MOCTOPOHHUX HOHOB. B o4YeHb
pa30aBICHHBIX pacTBOpax IOJABHKHOCTH JIOOOT0 BHJAa HOHOB JOCTHUTACT
MaKCUMaJIbHOTO 3HAYCHUS, KOTOPOE HA3bIBACTCS MpeaeJbHOM MOABUKHOCTHIO. Ee

BCIIMYMHA MCIIOJIB3YCTCA OJIA CpaBHHTCHBHOﬁ OLOCHKHN CKOpPOCTH IICPCMCIICHUA



pPa3TUYHBIX HOHOB.

Ilpedenvnoit noosusrxicnocmvto uorna U° HA3b186aeMCsl CPEOHSST CKOPOCMb €20
HANpAaeieHHo20 O08UNCEHUs. 8 OEeCKOHeUHO pa30asleHHOM pacmeope 8 0OHOPOOHOM
anexmpuyeckom noie Hanpaxcennocmuvio 1 B/m. Ona usmepsercs B M%/(B-c).

Yem Oompiie 3apsiy MOHA M YEM MEHBIIE €ro pajauyc, TeM CHJIbHEE OH
THAPATUPOBAH; IMPU OTOM YBEIWYUBACTCS pa3Mep €ro THAPATHON O0O0O0JOYKH U
CHW)XKAETCsl TIOJBIKHOCTh. Hanpumep, B psay OIHO3aPSAIHBIX KATHOHOB IICIIOYHBIX
METaJUIOB TpeiebHas MOABMXHOCTh B BOJHBIX pacTBOpax yBenmduBaercs ot Li™ k
Cs*(tabmuna 1).

B BoJIHBIX pacTBOpax OOJBITUHCTBO HOHOB UMEIOT OJIM3KHE 3HAYCHUS TTPEICITbHOM
MOJBMKHOCTH, HaxoAsIuecs B npeaenax (3+8)-108 m?%/(B-c). CymecTtseHHo Goublie
TOJpKO ToaBMkHOCTH HWoHOB HY (H30") m OH', cocraBisioine COOTBETCTBEHHO
3,63:107 u 2,06-107 mM?%(B-c). Bbicokas NMOABMKHOCTb ITHX HOHOB OOBICHIETCS
0COOBIM «3cTaeTHBIM» MeXaHU3MOM IICPEMEIICHUS 3aps/ia.
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JileKTpUYecKas MPOBOAMMOCTb PACTBOPOB

JIist  KOMMYECTBEHHOM  OIICHKH  CIOCOOHOCTH ~ PAacTBOPOB  MPOBOAHTH
AJEKTPUYECKUN TOK HCIIOJIb3YETCsl BEIMYMHA JJIEKTPUYECKON NPOBOAMMOCTH
(3J1IEKTPONPOBOHOCTH).

Inexkmpuyueckoii  nPoBOOUMOCHbIO PACMEOPA (0  HA3LIBACMCS  BENUYUHA,
00pPAMHASL SEKMPULECKOM)Y CONPOMUBIEHUIO!

o= 1/R
CornacHo 3akoHy OMa, 3JIEKTPUYECKOE CONPOTUBICHUE MPOBOJHUKA MPIMO

IPONOPIIMOHATLHO ero JiuuHe | w  o0paTHO TPONOPIMOHAIBHO  IUTOIIAN



MONEPEYHOTO CEYEHUS S:
R=p-I/S
IA€ p - YIAEIBHOE COIPOTHUBJIIEHHE, XapaKTEPU3YIOLIEEe NPHUPOAY IPOBOJHHUKA U
BbIpakaeMoe B OM M.
[Mostomy w = L/ R=S/p- |
Enununeit anexktpuueckoit npoBoaumoctu B cucteme CHU cayxut Cumenc (Cm). 1
Cm=10m%
Benuuuna, obpamnas yoenbHoMy CORPOMUBNIEHUIO p, HA3LIBAEMCS YOeaAbHOU
INEKMPUUECKOU NPOEOOUMOCHIbIO PACHE0PA IJIEKMPONUMA )
x= 1lp
Yoenvnaa snekmpuueckaa npoeooumocms pacmeopa nekmporuma pasHa
KOU4ecmsy 31eKmpuiecmed, Komopoe NepeHOCUMC UOHAMU, COOePHCAUWUMUCS 8

2 6 00HOPOOHOM

HeM, uepe3 nonepeyHoe cedeHue pacmeopa niowaovio I m
INEeKMPUYecKoM noje HanpscenHocmoto 1 B/m 3a 1 cexynoy.

VY nenbHas anekTpuueckas mpoBoauMocTh B cucteMe CU usmepsiercss B Cm/cm. [lo
cBOeMYy (DU3UYECKOMY CMBICIY YIAeNbHas 3JEeKTpUYecKas MIPOBOIUMOCTh, paBHA
nposoauMoctd 1 cm® pacTBopa, cofepikamerocs Mexay SIeKTPoJaMy MIOMaabio 1
cM? KaIblii, KOTOpBIE PACIIOI0KEHEI HA PACCTOSHUM 1 ¢M IpyT OT Apyra.

VY enbHas 3JIEKTpUUYECKas IPOBOAUMOCTD 3aBUCHUT OT IIPUPOABI JIEKTPOIUTA, €TO
KOHLEHTpAallMM W TeMmeparypel. UeMm IOJIHEE AUCCOIMAalus DJIEKTPOJIUTA, TEM
OOJbIIIE B pACTBOPE YACTUII, MEPEHOCSIIHNX IIEKTPUUECKUE 3aPS/Ibl, U TEM BBIIIE €r0
MPOBOAUMOCTh. Hambomblneir mpoBOAMMOCTBIO O0O0JAJAIOT CHIIBHBIE KHCJIOTHI H
OCHOBaHHS BBHY BBICOKOHU moaBmxHOCTH HoHOB H™ 1 OH™. C poctom TeMmiepaTypsl
MPOBOJUMOCTh YBEIIMYMBACTCS, 4YTO OOBSCHACTCS BO3pACTAaHWEM IMOJBUKHOCTU
HMOHOB M cTeneHu auccoruanuu. C pocTOM KOHIEHTpalUU yAelbHAs 3JIEKTpUUecKas
MMPOBOAMMOCTh IMPOXOJUT 4YE€PE3 MAKCUMYM, OTUETIMBO BBIPAXXECHHBIM y CHUJIBHBIX
AIEKTPOJIUTOB, U MOJIOTUN Y ClHa0BIX ANEKTPOJUTOB. CHUKEHHE MPOBOJUMOCTH IPU
MOBBIIIEHHBIX KOHIIEHTPAIUAX OOBSACHIETCS BO3PACTAIOLIUMHU MEKMOHHBIMU

B321PIMOI[CI>1CTBH$IMH Y CHIBHBIX  OJJCKTPOJIMTOB MW  YMCHBIHICHHCM  CTCIICHH

aucconuanuu y cI1a0BIX QJICKTPOJIUTOB.



[TockonbKy 3J€KTpUYECKas MPOBOJAUMOCTb PACTBOPOB OOYCJIOBJIEHA CBOMCTBAMH
PAaCTBOPEHHOI'O BEWLIECTBA, YACTO HCIIOIB3YIOT BEIWYUHY, HA3bIBAEMYI0 MOJISPHOM
3JIEKTPUYECKOI MPOBOINMOCTHIO A.

Monapnaa nekmpuueckas npoeoOUMOCHIb INEKMPOIUMA L PAGHA YOelbHOU
DNEKMPUUECKOU NPOBOOUMOCIU €20 pacmeopa ¢ Kowyewmpayuet 1 moav/m® u

2
BbIpaxkaercs B CM*M“/MOJIb.
3HAYEHUSI MOJIAPHOM U YACJIBHOM DIIEKTPOMPOBOJHOCTEN CBS3aHBI 4YEpPE3

KOHOCHTPAIOHUIO JJICKTPOJINTA:

X
A=
1000C
rae A - MonspHas dleKTpudeckas IMpoBOAMMOCTb, CM-M2/Monb; y - yjelbHas
AJICKTpHUYECKass MPOBOAUMOCTh, Cm/M; C-MosIpHas KOHIIEHTPAIUS PAaCTBOPESHHOTO
BEIIECTBA, MOJIB/JI;

NN

ecu A usmepserca B CM-cM?/Moiib, a y - B CM/cM.

Ilpedenvnoit monapHuoii IneKmpuuecKkoiu npoeoOUMOCHmbI0 J1eKmpoiuma /°
Hazvleaemcs 3HadeHue MOJAPHOU INeKMPUYECKOL NPOBOOUMOCIU e20 OeCKOHEeYHO
pasbasieHno020 pacmeopa.

Y CHIBHBIX 3JIEKTPOJHWTOB TpPH YMEHBIICHUU KOHLEHTPALIMM CHUXKACTCS
MEXXMOHHOE B3aUMOJCUCTBUE, IOABM)KHOCTH HMOHOB JIOCTUTAE€T IPEIEIIbHOU
BETMYMHBI U°, TIOPTOMY MOJSPHAs JJIEKTpUYECKas MPOBOAUMOCTh A° Takke
CTAHOBMTCS MOCTOSIHHOM BEIMYMHOM yKe Ipu KoHueHTpanusax 10°-10* mons/1. Dto
MO3BOJISIET OKCINEPUMEHTAIBHO OMpeneauTh ee¢ Benunuuny. OtHomeHue MA° y
CUJIBHBIX 3JIEKTPOJUTOB XapaKTEPU3YeT MEKHOHHBbIE B3aUMOJEHCTBHSI B PAacTBOPE,
KOTOPBIE COMPOBOXKIAOTCA ACCOLMALIMEN HMOHOB, W HA3bIBACTCA KO3 duumeHTOM

iekTpuueckoii mposoaumoctu f,, = MA°. Ilpu OeckoHeyHoMm pazbasicHuu f,,

4



cTpeMuTcs K 1.

Y caalbIX 3J1eKTPOJHUTOB CHIDKCHUE KOHIICHTPAIIMU COMPOBOXKIAETCS POCTOM
CTEMEHU JIUCCOLMAIMU; TMPU OSTOM YBEIUUYMBACTCS YHUCIO HOHOB-TIEPEHOCUMKOB
3apsiIOB U COOTBETCTBEHHO MOJISIpHAs AJICKTpUYECKass MPOBOJUMOCTb PaCTBOPA.
Jlaxke npu ouyeHb OOJBIIOM pa30aBICHUH TOJHOM JUCCOLMALMM  cl1aboro
ANIEKTPOJIUTA HE MPOUCXOJUT, MOATOMY IKCICPUMEHTAIBHO BEJIUYUHY IPEACIIbHOM
MOJISIPHOM 3JEKTPUUYECKON MPOBOJAMMOCTH OINPEEIUTh HE YIAeTCs; OHA HaXOJIUTCS
pacueTHbiIMU MeToAamu (puc.2). OtHomeHue A/A° y caabbIX AIIEKTPOIUTOB
XapaKTEePU3yeT €ro cTeNneHb JUCCOMUAIUM 0, TIPU JAaHHON KOHIIEHTPAIIMK pacTBOpA:

o= AMA°

[IpenenbHYI0 MOJIIPHYIO AIEKTPUUYECKYIO MPOBOAUMOCTh HOHA MOYKHO PacCUUTATh
o ¢opmyse:

A%w) = U ZF
rae A% - IpeleibHas HPOBOAMMOCTE MOHa, CM-M%/Monb, U%: - mHpenenbHas
MOJBMKHOCTL MOHA, M%/(B-c), Z - 3apan woHa, F- umucno ®apazes, paBHoe 96500
Kin/momb.

3HaueHus NPeeTbHBIX MOJSPHBIX MPOBOAMMOCTEN PAa3IMYHBIX MOHOB B BOJHBIX
pacTBopax Haxonarcs B uHTepBane 30+160 CM-cm?/mMonb (Tabmuna 1). JIuimb HOHBI
H" u OH" o6magaror Ooyiee BBICOKMMH 3HAYCHHUSAMH IPEACIbHON MPOBOAMMOCTH:
349,8 1 199,2 CM*cM?/MOJIb COOTBETCTBEHHO.

3axon Konvpaywa: npedenvbHas MONAPHAS 2IeKMPU4ecKas Nnpo8ooUMOCHb
OAHHO20 INEKMPOIUMA PABHA CYyMME NPedelbHbIX MOJAPHBIX NPOBOOUMOCHEL UOHO8,
BX005UUX 8 €20 COCAB.

Ecau snextponut KtnAnm AuccouuupyeT o ypaBHEHHUIO

Kt,Anyp — nKt™ + mAn™
TO corjacHo 3akoHy Konbpaymia
2° (KthAnm) = nA°(Kt™) + mA°(An™)
DKCIEpUMEHTAIIBHOE OIPEJIEICHUE BEIMYUHBI MOJISIPHON TPOBOJIMMOCTH pacTBOpa

IMO3BOJIACT PAaCCUUTATh:

@?C  (°YC



KOHCTAHTY JUCCOLIMAINU K = =

l-a 1-A/°

Konaykromerpus

3aBUCHMOCTh DJIEKTPUYECKOH MPOBOAMMOCTH OT NPUPOJABI W KOHIICHTPAIHH
AIIEKTPOJIUTA MOXKHO HCIOJB30BaTh JJS1 KOJMYECTBEHHOTO OMpEACICHUS MHOTHX
BELIECTB. Memoo aHnanusa, OCHOBAHHVIL HA ONpedeleHUU  INeKMPUIecKoul
NPOBOOUMOCIU  HCUOKUX Cped, Ha3bléaemcsi KOHOyKmomempuen. Pa3nndaior
PSAMYIO KOHIYKTOMETPHUIO U KOHAYKTOMETPUIECKOE TUTPOBAHUE.

Ilpy npsAMoOl KOHAYKTOMETPHHM TIPOBOJAT HU3MEPEHHUE DJICKTPUUICCKON
POBOJIMMOCTH aHAIM3UPYEMOTO PacTBOPa U C MOMOIIBIO KAITMOPOBOYHOTO rpaduka
(3aBUCUMOCTH  TIPOBOJMMOCTH OT KOHIICHTpAI[MH) OMNPEACISAIOT COJIepKAHHE
PacTBOPEHHOTO BEIIECTBA.

Ipn KOHAYKTOMETPHYECKOM THTPOBAHHUM W3MEPECHHUE  DIEKTPHYECKOMN
IPOBOJIMMOCTH HCIIOJIB3YIOT JUISI ONPEIEICHUS TOYKH SKBUBAJICHTHOCTH B XOJ€
peakiuy MEXy aHaJTU3UPYEMbIM BEIIECTBOM U TUTPAHTOM.

KonaykTomMeTpuueckoe THUTPOBAHUE TIO3BOJISIET OINPENENATh KOHIIEHTpAIUU

HCCKOJIBKHUX PACTBOPCHHBIX BCHICCTB IIPU UX COBMCCTHOM IIPUCYTCTBHUHU B PaCTBOPC.

A

L)) ]
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T.3 | Ita. 213 31A |5
a) 0)
Puc.3. Kpusvie konoyxmomempuueckoeco mumpo8anus.a) CONaHoU KUCI0Mbl

pacmsopom eudpoxcuoa nampusi, 6) cmecu HCl, CH3COOH u NH4Cl pacmeopom
NaOH



JJIeKTpU4YecKHe sIBJIeHUs Ha TPaHuLe pa3jena ¢ga3
['panunet paznena das, coaepKammx 3apsSKEHHbIE YaCTUIIbI (MOHBI, JJIEKTPOHBI),
OTIMYAIOTCA MO CBOEMY COCTaBy M cBoWcTBaM OT oObeMa ¢asbl. Ilpu
CONPUKOCHOBEHUHU JIBYX pa3IuYHbIX (a3 BCIENCTBUE CTPEMJICHUS CHUCTEMBI K
MaKCUMYMY SHTPOIUHU 3apsDKEHHbIEC YACTUIbI HAUMHAIOT ABUTAThCS U3 OJTHOM (ha3bl B

apyryto. Croycts HEKOTOpoe Bpems B

I'panuuz cromEREHUA

npoiiecce oOMeHa 3apsHKEHHBIMU YacCTUIIAMHU
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P, HAaCTYyIIacT paBHOBCCHUC. Ha rpaHuIC pasaciia

(1)33 BO3HHUKAIOT JABa MMPOTUBOIIOJIOKHO

PR R bR ey

Ps 3aps’KCHHBIX CJI104 qaCTHII, KOTOPLIC
YACPKUBAKOTCA CUIIaAMH SJICKTPOCTATUUCCKOI'O

<
IMPUTSAXKCHUA. Taxoe ynopﬂdoqelmoe

ple
pacnpedeﬂeHue npomueonoil0MHCHO
S 4 A x> 3APAHCEHHbIX yacmuy Ha M€M¢03HOL7

epanuye Hasvleaemcs 080UHbIM daekmpuueckum cinoem (I3C).

Cucmema, cocmoswjas u3 KOHMAKMUPYIOWUX HPOBOOHUKO8 NEepeo20 pood
(Memann) u 6mopozo pooa (pacmeop 3IeKmpoiuma), Ha MedxNchasHolu epaHuye
KOMOpbIX 803HUKAEM OB0UHOU 3JIeKMPULECKULl CIOU, HA3bl8AEMCsl INEKMPOOOM.

B 3aBucumocTH OT TpHUpPOABI CoNpUKacarommxcs (a3 pasiuyaroT Cleayrolne
BU/JIbI JIEKTPUYECKHUX MTOTEHIIMAJIOB:

- JJIEKTPOAHBIA MOTEHIHAJ, BO3HUKAIOUIMA HA TPaAHULE Memall - pacmeop B
pe3ynbTaTe MPOTEKaHUs Ha MEK(a3HOUM rpaHUIE OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaKkinii, CBA3aHHbBIX C IIEPEXOJIOM Yepe3 Hee KATUOHOB METAIA;

- OKHMCJIMTEJbHO-BOCCTAHOBHUTEIbHBIN MOTEHIHAJ, BO3HUKAIOIIUNA HA T'PAHUILIE
UHEepMHbLU INeKMPUUECKUll NPOBOOHUK - pacmeop B pe3yJbTaTe MPOTEKaHHS Ha
Mex(ha3HOW TpaHUIE OKHCIUTEIbHO-BOCCTAHOBHUTEIBHBIX PEAKIMA, CBSI3aHHBIX C
MIEPEXO/IOM YEPE3 HEE DIIEKTPOHOB;

- ¢ dy3MoHHbIH NOTEHIHAJ, BO3HUKAIONIMNA Ha TpaHUlle pazdera O08yX

pasiudrslx pacnmeopos BCICACTBHUC HAIIPABJIICHHOTI'O IICPEX0ada HOHOB YCPE3 HEC,



- MeMOpaHHBIH NOTEHIHAJ, BO3HUKAIONIEH Ha MemOpawe ¢ U3OUpPAmMenbHOu
NPOHUYAEMOCMbIO,  PA3NCIBIIONIEH  JBa  Pa3siMYHBIX  pacTBOpa,  BCIEIACTBHE
HaIlPaBJICHHOI'O MEPEX0/ia HOHOB Yepe3 MeMOpaHy.

JJIeKTPOAHBIN MOTEHIIMAJ

[Ipu morpyxeHun MeTamia B BOAY WIM B BOAHBIA PacTBOpP COJM 3TOr0 MeTajlia
MEXIy KATHOHAMU METaJIa, HAXOAAINMUCS B TOBEPXHOCTHOM CJI0€ METAIUIMYECKOU
KPUCTAJUIMYECKON PEIIETKH, U JUNOJSIMH BOJbl BO3HUKAIOT CHUJIBI TMPUTSIKEHHUS,
CIOCOOCTBYIOIIME TOMY, YTO KATHOHBI OTPHIBAIOTCS OT MOBEPXHOCTH MeTauia
NEepexXoasIT B PaCTBOP B THAPATUPOBAHHOM BuAE. OAHOBPEMEHHO MPOUCXOIUT U
oOpaTHBI MpoIlecc - MEepexo] KAaTHOHOB MeTaljla U3 PacTBOpa Ha IMOBEPXHOCTH
PEILIETKHU.

OKUcjeHue

Me + nH,0 < > [Me(H20)J* + z&°

80cCmaHos8IeHUe

Yepe3 HekoTOpoe BpeMsi B cucTeMe cQopMUpYyeTCs pPaBHOBECHBIM JIBOWHOM
ANIEKTPUYECKUN  CJIOH, KOTOpPBIA ONpenensieT BO3HHUKHOBEHHE 3JIEKTPOJHOTO
noternuana @(Me*/Me). Ero BenuyuMHa 3aBUCHUT OT TPUPOJABI MeTallia,
¢ (PEeKTUBHON KOHIIEHTpAllMU (AaKTUBHOCTH) MOTEHIMAIONPEACIAIONINX HOHOB B
pacTBOpE U TEMIEPATYPHI.

Ilomenyuan, o3HuKarOWull HaA epaHuye Memail - pacmeop Npu AKMuUEHOCMmuU
NnOMeHYuaionpeoenaiowux UoHos 6 pacmeope 1 monv/n u memnepamype 298 K,
HAa3b18aemcsi CIAHOAPMHBIM IJ1IEKMPOOHBIM nomeHyuaiom. Ero 3HaueHrne 3aBUCUT
TOJIBKO OT MPUPOABI METAILIA.

AOCONMIOTHOE  3HAYEeHHWE CTAaHJAPTHOTO  DJIEKTPOIHOTO
NOTeHI[Majda HEBO3MOXXHO HHM HM3MEpPUTh, HU paccuuTaTth. Ero
MOKHO ONPEAENIUTh TOJIbKO MO OTHOUIEHHIO K KaKOMY-JTHOO
ANEKTPONlY, BBIOPAHHOMY B KayecTBe JTajlioHa. Takum

ATAJIOHOM CIY)KUT CMAHOAPMHbIL B000POOHBLU  ITIeKMPOO,

3HAYCHUC IIOTCHOHAIa KOTOPOIro YCIIOBHO IIPUHATO pPAaBHBIM

HYJIIO.



CraHaapTHbId BOJOPOAHBIH 3JIEKTPOA IMPEACTABIAECT COOON IUIACTUHKY U3
IJIATUHBI, TOKPBITYIO TUIATUHOBOW YEPHBIO U OMYIIEHHYI0 B PAcCTBOP KHUCJOTHI C
aKTUBHOCTBIO MOHOB BOJOpoAa 1 MOnb/JI; MJACTUHKA OO0AYyBaeTcsa MOTOKOM
ra3o000pa3Horo Bojaopojaa moj gasicaueM 1 atv (101325 I1a) (puc.1).

Ha BoopoiHOM 371eKTpoae MpOoTeKaeT 00paTUMBINA MPOIECC:

H +e = VaHo
Puc.1. Cmanoapmmusiii 6000pooHbLI 31€KMPOO.

CranmapTHbIE DJIEKTPOJHBIE MOTEHIIMATIBl HEKOTOPHIX METAIOB MPEACTaBJICHBI B
OPUJIOXKEHUH TadauIe 2.

Yem ompuyamenvhee 3HaueHue CcmMAHOAPMHO20 IEKMPOOHO20 HNOMEHYUaLd
Memania, memM  8vlule €20  BOCCMAHOBUMENbHYIO  CHOCOOHOCMb U HUMCE
OKUCTUMENbHAsL CNOCOOHOCMb €20 KAMUOHOS.

PaBHOBecHOE 3HAUE€HME JJIEKTPOJHOIO MOTEHIIMAla, BO3HUKAIOLIETO HAa TPAHUIIE
pazzelia MeTaJll - PacCTBOP, MOYKHO paccUuTaTh o ypaBHeHHI0 HepHera:

RT

p(Me**/Me) = p(Me*/Me) + —— In a(Me*)

ZF
rae ¢° - CTaHAApTHBIA DJJIEKTPOJAHBIM MOTeHHHMaT, R - yHHBepcaidbHas ra3oBas
noctostHHas, paBHasg 8,31 Ix/(monb-K); T - abcomoTHas temneparypa, K; z - 3apsin
HOTEHI[HATONPEACIIIIOMNUX HOHOB MeTaiia; F - yucimo ®apanes = 96500 Kir; a(Me*")
- aKTUBHOCTbH IMOTEHIIMAJIONIPECIISIIONINX HOHOB METAJIJIa B PACTBOPE, MOJIb/II.

Ypasuenue Heprcra 11t Bogopoanoro anekrpoaa: ¢ HY/Hp=-0.059-pH.
Kaaccupukanus 31eKTpOA0B

ITo TUILY MTOTEHIIUATIONPEACIISIOIIEH peakuuu (OKUCIUTENBHO-

BOCCTAHOBUTEILHOTO  JJIEKTPOJHOrO  Mpollecca)  AJNEKTPOAbl  JAENSIT  Ha

AIEKTPO/Ibl IEPBOTO  POJia, BTOPOrO  pojia (3JEKTPOABl €  DIEKTPOXUMHUYECKOM

peakiueil) 1 HOHOCEJIEKTUBHBIE (0€3 NEKTPOXUMHUYECKON PeaKIun).


https://chemistry.ru/course/content/chapter7/section/paragraph3/subparagraph1.html
https://chemistry.ru/course/content/chapter7/section/paragraph3/subparagraph2.html
https://chemistry.ru/course/content/chapter7/section/paragraph3/subparagraph3.html

PaenopecHie (obpaTHMEE) SIEKTHOIE
[

L] ¥

SIMEKTP O EL SIEETpOgEL

C BMEXTROXHIMHMECK OH Bes AMEKTHOXHMIY eCKoOH
PEAKITHEH PEAK I HH
Db paTHMEIR OBpATHMEE OTHOCHTENLHG
OTHOCHTEIEL HO HOHOE KaTHOHA H aHHOHA
pacTEopa (MEPEOTO poIa) TPYOHOPACTEOPHMOH COTH
| (BEToOpOTo poga)

y ¥ !

(M MC THTEIE HO-
ECCCTAHOBHTENIE HELE

IdeTannmueck e TazopmE

OKHNCIUTEIBHO-BOCCTAHOBUTEIbHBIN (PeI0KC) MOTEHIIHA
OKucaumenvbHo-60CCMAHOBUmMEIb  NOMEHUUAIOM  HA3bIBAEMCS  NOMEHYUdl,
BO3HUKAIOWULL 8 cucmeme, COCMosuel U3 UHEPMHO20 NPOBOOHUKA Nep8o2o pooa U
pacmeopa, cooeparcauieco CoONPAHCEHHYI0 OKUCIUMEbHO-80CCIAHOBUMETILHYIO NAp) .
OKUCIUTENbHO-BOCCTAHOBUTENIBHBIN ~ MOTEHIMA  3aBUCUT  OT  MOPUPOJIbI
OKUCJIMTETLHO-BOCCTAHOBUTEIBHOM peaxkuuu, COOTHOIIICHUS AKTUBHOCTEMN
OKHCJIEHHOW W BOCCTAHOBJICHHOHW (OpM B pacTBOpe M TemIiepaTypbl. PaBHOBecHOE
3HAYEHUE OKHUCIUTEIbHO-BOCCTAHOBUTEIHHOIO TMOTEHI[MAIa MOXHO PACCUUTATh IO

ypaBHenur Hepucra-Ilerepca:

2 1 3 RT a-OKMC]l

@ oxucn/socer = ¢00KI/ICJ]/BOCCT + Ig
ZF a@occm

TAE @ “oxucn/socer = CMAHOAPMHBIL OKUCIUMENbHO-80CCMAHOBUMETIbHBIUL NOMEHYUAIL,
T.€. TOTCHUHAT OKHUCIUTEIbHO-BOCCTAHOBUTEIBLHOTO 3JIEKTPOJA MPU TEMIIEpaType
298 K, maBnenunm 101,325 klla m akTUBHOCTSX OKHCJICHHOM M BOCCTaHOBJICHHOM
dbopmM, paBHBIX 1 MOJB/I; Z - YKHCIIO 3JICKTPOHOB, YYACTBYIONIUX B OKHCIHTEIHHO-
BOCCTAHOBHUTEIBHOM TIPOLIECCE; doxuen M dpocer - AKTUBHOCTH OKHCICHHOW U
BOCCTAHOBIICHHOUW ()OpM B pacTBOpE.

B pasz0aBneHHBIX pacTBOpax BMECTO AaKTUBHOCTEM MOXXHO HCIIOIb30BaTh

KOHIIEHTPAIIMU OKUCJICHHOW U BOCCTAHOBJICHHOU (hOpPM:

10



2.10%T  Coxuen

— o
@oxuci/Bocer — @Y oxucn/sBocer + Ig

Z CBOCCWZ
OOparute BHUMaHKE HA TO, YTO, €CJIM B peakiiu y4acTByroT Housl H i OH, To
OKHCIIUTEIbHO-BOCCTAHOBUTENBHBIM  MMOTEHIHAJ 3aBUCUT OT HX AaKTUBHOCTH

(xoHUIEHTpaluK) B pacTBope. Hanpumep, nmst npoTeKaroieil Ha IiaTUHE PeaKiuu
MnOy4 + 8H* + 5" = Mn?* + 4H,0
ypaBHeHnue HepHcta-IleTtepca mpuoOperaer BuA:
2.104T  C(MnOs)-C8(H)
p(MnO4/MN?) = p(MnO4/Mn?*) + Ig
5 C(Mn?)

He yuuteiBaercs B ypaBHenuum HepHcra-IleTepca KoHIEHTpalusi BOJBI, €CIIU
peakIusl mpoTeKaeT B pa30aBICHHOM BOJHOM PacTBOpE, MOCKOIBKY BOJa HAXOJUTCS
B M30BITKE U €€ KOJIMYECTBO BCIIEJICTBHE peaKIMu u3Mensercs maino. Ecinu B peakiuun
y4acTBYIOT TBEPJAbIE BEUIECTBA, UX KOHLIEHTpAlMU NMPUHHMAIOTCS PaBHBIMH | U B
ypaBHeHnu HepHcTa-IleTepca Tak:ke HE yUUTBIBAKOTCSI.

Jughpyzuonnvim nomenyuanom Hasvlieaemcsi NOMEHYUAN, BO3ZHUKAIOWUU HA
epaHuye pazoena 08YX pacmeopos, COO0epHCAWUX OOUH U MOM dHce INeKMPOIUm 6
PAa3HoU KOHYenmpayuu, Uiy 08yx pacmeopos pa3HblX INeKMPOIUMO8, COOEPHCAUUX
UOHBL C PA3IUYHOU NOOBUINCHOCIBIO.

Memopannvim nOmMeHUUAIOM HA3bIBAEMCS NOMEHYUAN, BO3HUKAIOWUL MeHCO)
CMOPOHAMU MeMOPAaHbl C U3DUPAMENbHOU — NPOHUYAEMOCbIO, pasdensaouiell 08d
pacmeopa pasiuuHo20 cOCmasa.

B ortnuume ot mud@y3moHHOTO MOTEHIMAa, BEJIMYMHA KOTOPOTO TOCTEIIEHHO
CHW)KAeTCsl W3-32 BBIPABHUBAHWSA  KOHIIGHTpAIlMi, 3HAYeHHWE MEMOpPaHHOTO
MOTEHIMalla CTA0UIIbHO BO BPEMEHU M MOXeT nocturath 1 B u Oonee.

MeMOpaHHBIl TTOTEHIIMAT OMOJIOTHYECKUX KIIETOK CIIY)KUT MUCTOYHHKOM SHEPTHH
JUIsl BCEX BUJIOB PabOT, XapaKTepHBIX AJid *KUBbIX cucteM. Ero BenuunHa sIBIsS€TCS
BOKHEUIIIEH XapaKTepUCTUKON padOThl cep/ilia, MO3ra, MBIIIL U UCIOJIB3YEeTCS MpU

JAHUArHOCTHUKC PAa3JIMYHbIX 3a00JIeBaHUH. 9H€KTpI/I‘-IeCKI/IC IIOTCHIO MAJIbl, BO3HUKAIOIIIHEC
11



npu paboTe cepjilla, PErUCTPUPYIOT Ha BJIEKTPOKApIUOrpaMme, OHMOIEKTPUUECKUE
MOTEHIMAJbI MO3Ta - Ha AJIEKTpo3HIledamorpaMmme, 1 T.1.
BriBox ypaBHenust Hepucra
Nmeem snektpog M | M, Ha KOTOPOM MPOTEKAET peAKIUsA
M*+zee2M (1)
[Ipy mocTOSHHOM AaBIEHUM W TeMIiepaTtype yObulb sHepruu ['mb66ca naHHOM
peaKIuu COOTBETCTBYET AJIEKTPUUECKOM paboTe:
- AG =zF¢
.(2)
IJI€ Z- YUCIIO DJIEKTPOHOB, YYaCTBYIOIIUX B JICKTPOIHON PEaKIUU;
F- uucno ®dapanes;
¢ . BJICKTPOJAHBIA TOTCHIIAAI.

N3 tepmoaunamuku wu3BectHO, uro AG paBHO anreOpanyeckoit cymme
XUMHYECKUX TOTeHIMaOB Mi yyactHukoB peakruu (1), IlycTh XuMuUecKHid
NOTEHITMAI HOHOB B pacTBope M1, a xuMuyeckuii moTeHnuaa MOHOB B MeTtayie M2,
Torna (2) MOXXHO TIPEICTaBUTH
ZF¢ =p; - 12 (3)

B cBoro ouepens:

] =M(1) +RTInay .+ (4)
no =l-l-g +RTlnaM’ (421)

0 0 _
rae M1y M2 - craHgapTHBIE XUMHYECKHe MoTeHIrans! (pu 4i =1),
IloacraBus (4) u (4a) B (3), noyyum

zF ¢ =p‘1] - R'I‘lnaM“ - p2 - RTInap,

Otkyna

0 0
Vi THp  RT, dype

¢ zF zF ay (5)

ny -y
HpoOb  zF ecTh (QyHKUUS TeMIepaTypbl, a Tak Kak T=const, To u JpoOb

(0]
BEJIMYMHA ITIOCTOSHHAs, 0003HauuM ee ¢ . Torma

12



+ElnaM“

.0
¢ =0 zF ay ,(6)

0 9 )
roe ¢ - CTaHAAPTHBIN 3JICKTPOAHBIM INOTCHIMAJ — 3TO IMOTCHIOHUAII 3JICKTpOAa IPH
AKTUBHOCTAX IMOTCHUOHUAJTOIPCACIIAIOIMNX NOHOB, paBHBIX CANMHUIIC.

Wnu B o01iem ciryyae MOKHO 3aIucaTh

o _¢0 + 20 Aokucn

TJI€ Aoxuea— AKTUBHOCTH OKUCIICHHON (DOPMBI TOTEHIIUATIOTIPEACIISIIOIUX HOHOB,
@gocer — TOXKE JJI1 BOCCTAHOBICHHOU (DOPMBI.

YPaBHeHI/Ie (6) MOXHO HAIIUCATb B APYromM BHIC. Tak kak aKTHBHOCTb CaMOI'O

MeTajuia paBHa equHune IM =1, To

_.0_ RT
¢ =0 "'EIHGMH

. (8)

[loncraBuB B ypaBHeHue (8) uuciennbie 3HadeHus: R=8,314 J[x/monb K, F=96500
Kn/monp u, 3aMeHUB HaTypalbHbIN JIOTApUPM AECATUUHBIM, noxydum st T=298 K
(25 °C)

0,059l a
z SM™ ()

VYpaBuenus (6)-(9) HaswbiBaroTcs ypasnenusmu Hepucma o0ns 3nekmpoonozo

o =" +

nomenyuana.
lanbBaHMYecKHeE 3J1€eMEHTBI

Jnst  u3MepeHus  dIEKTPOJHOTO  WJIM  OKUCIUTEIHbHO-BOCCTAHOBUTEIHLHOTO
MIOTEHIIMAJIOB COCTABISIIOT 2A/1b8AHUYECKYIO UYenb (31emMenm) U3 JABYX JJIEKTPOJIOB:
UCCIIEyEMOTO B3JIEKTpOoJa M AJIEKTpoJa CpPAaBHEHUS C 3apaHee HU3BECTHBIM
MOTEHIMAJIOM (HalpuMep, CTAHAAPTHOTO BOJOPOIHOIO 3JIEKTPOAA).

B ranbpBaHuMuecKoi 1ENu pazivyaroT aHoO U Kamood. AHOOOM 6 31eKmpoXumuu
HA3bl8aemcs I1eKmpoo, Ha KOMOpOM NpomeKaem peaxyus OKUCIeHus, m.e. omoayda
anekmponos. Kamoodom 6 snekmpoxumuu Ha3wleaom 31eKmpoo, HA KOmMOpoM
npomekaem peaxkyus 60CCMAHOBNEHUA, Mm.e. NpucoeouHeHue 31eKmpoHos. B
rajbBaHUYECKOM »JJIEMEHTE aHOJ| 3apsKeH OTPULATENbHO (OT HEro 3JIEKTPOHBI

MOCTYNAalOT BO BHEUIHIOK 1I€Tb); KaTOJ 3apsbKeH MOJIOKUTEIbHO (OH MOJydaeT

13



AJIEKTPOHBI U3 BHEIIHEW Lenu). B ranpBaHruecKol enu NpOUCXOJUT NpeBpalIeHUue
XUMHUYECKOU DHEPIUM IPOLIECCOB OKUCIECHUS U BOCCTAHOBIICHUS B JJIECKTPUUYECKYIO
sHepruro. Ilpy 3aMbIKaHMM TakOM LENM HAYMHACTCS HANPABICHHOE [BIKCHUE
JIEKTPOHOB OT 3JIEKTPOAA, HA KOTOPOM NPOUCXOJUT PEaKLys OKUCIEHUS (aHOI) 1O
METAJUIMYECKOMY IIPOBOJHUKY K 3JIEKTPOLY, ITOJIYYaAIOIEMY 3JIEKTPOHBI I peakluu
BOCCTaHOBJIEHHSI (KaTOM), YTO IMO3BOJISIET MCMOJIb30BaTh I'AJIbBAHUUECKHUE AJIIEMEHTHI
KaK XUMUYECKUE NCTOYHUKH TOKA.

CrnenyeT NOMHHMTb, YTO MPHU DJJIEKTPOJIM3E, KOIJAA DJJIEKTpUYECKas DSHEPrus
VCTOYHHKA TOKA MPEBPALLACTCSA B XUMUYECKYIO, XapaKTep MIPOLECCOB, IPOTEKAIOIINX
Ha aHOJE U KaTOJEe, COXPAHSACTCS, HO MX 3HAKU MEHSAIOTCS Ha MPOTHUBOIOJIOKHBIE:
IIPU DJIEKTPOJIN3E KATO OTPULIATEIIEH, a AHOJ - ITOJIOKUTEIICH.

AHOJ 3anIMCBIBAETCs CJIEBA, a KaToj cupasa. 'paHnna pasnena Mexay JIEKTPOJOM
U pacTBOPOM, B KOTOPBIH OH MOTPYXEH, 0003HAYaeTCs BEPTHKAIBHOM YEpTOH, a
ANEKTPOIUTHYECKUN MOCTUK, COCOUHSIONIMNA pacTBOpPbI, O00O03HAYAETCS JBYMS
BEPTUKAJIBHBIMU 4YepTaMu. Harmpumep, menp, COCTOAILLYI0 U3 LIUHKOBOM IUIACTUHKH,
OIYILIEHHOM B pacTBOpP COJM LMHKA C aKTUBHOCTBIO MOHOB ILMHKa 1 Mosb/1, U
CTaHJAPTHOIO BOJOPOJHOIO JJIEKTPOJA, PA3ACICHHBIX COJIEBBIM MOCTHKOM, MOYHO

YCJIIOBHO 0003HAYUTh CIICTYIONIUM 00pPa30M:

© Zn|Zn?*(a=1 mons/n)l H*(a=1 mons/n)|H2(p=1at™m),Pt &

JIns  XapakTepUCTHMKHA  TaJbBAHUYECKOW  LIEMM  HCHOJB3YEeTCS  MOHSTHE
anekmpoosudxcyweu cunvt (31C). I C 2anveanuueckoit yenu npedcmasisem coooll
PA3HOCMb NOMEHYUANL08 Kamooa u anooa: E = ¢, - @,.

B camonpou3BosibHO paboTaromield TaJlbBaHMYECKOW I€NMU MOTEHIMAI aHoJa
BCErJa MEHbIIE MOTeHIHala Katona, a ee JJC sBisercd MOJ0KUTEIbHOU
senuunHol (E > 0). Tak, ans onucanHoii Beie nenu £ = o (H%2Hy) - ¢ (Zn?*/Zn) =
0,76 B. Tak kak p(H'/%2H,) = 0 B, 0 ¢(Zn**/Zn) = ¢ (H*/Y2H,) - E =0 - 0,76 = -
0,76 B.

Takum 00pazom, 1o s3kcnepuMenTanbHoi BeauunHe DJ[C erko HalTH MOTEeHIHAT
HCCIIEIYEMOT0 3JIEKTPOIA:

Pxaroma — E + Qanona
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(ﬂaHO/:[a - (ﬂKaTo;[a - E

[IprMepoM MOXKET CIy>KUTh rajbBaHUYECKUM 351eMeHT [lanuans — SAxoou:

© Zn|ZnSO4l CuSO4|Cu &

Ha oTpHIaTENbHOM 2JIEKTPOJE MPOTEKAET peakuus ZN — 26° — Zn?*, BCIIenCTBHE
4Yero BO BHEIIHIOK IIENb MIOCTYNAOT 3JIEKTPOHbI. Ha MOI0KNUTENBHOM 3IIEKTpOJE 3a
CYET NPUXOANINX U3 BHEIIHEH LIENH SJIEKTPOHOB NPOUCXOAUT peakuus Cu?* + 2e” —
Cu.

SJIC 6uMeTaInYecKOro 3MIEKTPOAA PACCUNTBIBAETCS KaK Pa3HOCTb AJIEKTPOIHBIX
NOTEHIIUATIOB MOJIOKUTEIBHOTO U OTPULIATEIBLHOTO 3JIEKTPOJIOB:

E = p(Cu?*/Cu) — p(Zn?*/Zn) =

2-10T 2-10%T
=[¢°(Cu?*/Cu)+ ——— Ig C(Cu?")] - [¢°(Zn**/Zn)+ ——— g C(Zn*")]
Z1 Z3
I'annpBannueckue JJICMECHTHI KHaCCI/I(bI/IHI/Ip}II'OT 1o

xapakmepy CyMMApHO20 Npoyecca, ieicaue2o 8 0CHoge 0elicCmaus 2aib8aAHUYECKO20
anemenma. TO WIW XUMHUYECKash peaklus, WIM TMPOLeCcC BbIpaBHUBAHUSA
KOHIICHTPALMI ABYX paCTBOPOB OJTHOTO U TOT'O K€ DJICKTPOJIUTA.
KoHueHTpannoHHble 1enu

Konyenmpayuonnwvie snekmpoxumuveckue yenu COCTOST U3 DJIEKTPOJIOB C
OJIMHAKOBBIMHU MOTEHIUATIONPEACIAIONUMEU peakiusiMu. Ouzndeckre 1 XuMHUYECKUE
CBOWMCTBa MaTepuajia »dJCKTPOJOB OJMHAKOBBI, HO AaKTHUBHOCTH OJHOTO (WU
HECKOJIBKHUX) YUaCTHUKOB PEAKIIUM HA KaXOM U3 AJIEKTPOJOB PA3TUYHBI.

[IprMepoM KOHIEHTPALIMOHHOM LIEMU MOXKET CIIYKUTh CJIECAYIOMIUN
raabBaHUYCCKUM DJIEMEHT:

- Ag|AgNO,(a,)|AgNO,(a,)| Ag +
a <a,

O/1C uenwm onpenensercs CAeAyIOMNUM 00pa3oM:

E ZEIH@
Foo(q)
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B ypaBuenue Hepuera qis O/[C nenu He BXOAAT CTaHIAPTHBIE DIIEKTPOIHBIC
MOTEHIIMANbI, TaK KaKk OHM OJAWHAaKoBbL. [lo pesynbraTam uzmepenuit DJC Takou
LENU U U3BECTHOM aKTUBHOCTU KOMIIOHEHTA B OJTHOM DJIEKTPOJE MOKHO PacCUUTATh
AKTUBHOCTb KOMIIOHEHTA B IPYI'OM JIEKTPOLE.

XuMuyeckue nemnu

Xumuueckue yenu COCTOAT U3 DIIEKTPOAOB,  IOTCHIUAJIONPEACIIAIOLINE
pEaKIMu KOTOPBIX Pa3jiW4Hbl. ODJEKTPOJAbl B TAaKMX CUCTEMAX OTIMYAKOTCS WU IO
($u3MUECKUM, U 10 XUMHUYECKUM CBOMCTBaM.

DneKTpuyYecKasl YHEPTHUSI BO3HUKAET 3a CUET DHEPTUM CYMMAapHON XHUMHUYECKOU
peakuud. XMMHYECKHE LENMU pa3HOOOpa3Hbl MO MPUPOJE U CBOWCTBAM 3JIEKTPOJOB,
U3 KOTOPBIX OHU cOCTOAT. [IpuMepom Takoil IIemM MOXKET CIyXHUTh CepeOpsHO-

IIUHKOBBIN DJIEMEHT:

(- )Zn‘ Zn*

Ag’

Ag(+)
YPaBHeHI/I}I MOTCHOUAIOIIPCACILAOIINX SJICKTPOAHBIX peaKHHﬁ:

Zn< Zn* +2e  2Ag +2e © 2Ag.

CymMmapHas peakius B Lienu

Zn+2Ag" < In* +2Ag

O/1C anemenTa no ypaBHeHuto HepHcra paBHa

E =E -E_ ..
Ag%ﬁ.g Zn'/Z“

RT
EAgy :EO\ 'FE].HG2
Ag .

g

E'=E"  -E’.
AgAg Zn'én.

BaxHbIM 4acTHBIM Cly4acM XHMMHUYCCKHX ueneﬁ ABJIAIOTCA OCIIM, B KOTOPBIX

XOTA OBl OIHH us3 QJICKTPOJOB ABIJICTCA OKUCIumeabHo—

80CCMAHOBUMETIbHBIM. 9J'I€KTpI/I‘—IeCKI/Iﬁ TOK B TaKHMX ICIIAX BO3HHUKACT 3a CYUCT
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peaKUuUil OKHCIICHUS M BOCCTAHOBJIEHUS, MPOTEKAKOIMX B pactBope. [Ipumepom
TAaKOW LIENU ABJISIETCS LIETb, COCTABIEHHAs U3 CTAHAAPTHOIO BOJOPOJHOTO AIEKTPOAA
1 JKEJIE3HOT0 OKHCIUTEIbHO—BOCCTAHOBUTEIBLHOTO (PEOKC) 3JIEKTPOAA:

- Pt,H, | H"||Fe™, Fe™

Pt +

IHorenuuomerpus

M3mepenne OJIC ranbBaHUYECKOrO HJIEMEHTA MOXHO HCMOJb30BAaTh A
oIpeJieNieHHs] aKTUBHOCTU (KOHLIEHTpallui) HOHOB B pacTBope. Ha mpakTuke mupoko
OpUMEHSETCS METOJ aHaiu3a, OCHOBaHHBIM Ha wu3Mepenun JC, KoTopbIi
Ha3bIBAETCS NOMEHYUOMempuetl.

IHomenyuomempusa - @Gu3UKO-XUMUYECKULI MeMOO aHAaIUu3d, OCHOBAHHbIU HA
usmepernuu I/]C canb8anuyecko2o nemeHma, COCMosauLe2o U3 31eKmpood CpaeHeHUs.
U 971eKmMpooa onpeoesienusl, NOZPYHCEHHbIX 8 UCCIe0yeMblil pAcmeop.

dnekmpooom cpaseHeHus HA3LIBAEMCS  INEKMPOO, NOMEHYUal KOMmMOopo2o
NPAKmMu4ecKu NOCMOSAHEH, JlecKO B0CNPOU3BOOUM U He 3d8UCUm Om NpOMeKaAHUs

nobouHvlx peakyuti. B KadyecTBe »dJEKTpoIa CpaBHEHUS
MOKHO HCIIOJIb30BaTh CTAHAAPTHBIA BOJAOPOIHBIN 3JIEKTPO,
N MOTEHIIMANl KOTOPOro TPHHAT 3a HOJIb MNOpu JiI0OOH
temreparype. OIHaKO 3TOT JEKTpoA HeynoOeH B pabote,

[ "17------ Ag|AeCl]
MO3TOMY 4Yallle HCIONB3YIOT XJIOPCEPEOPSIHBIN 3JIEKTPO

7 pactBop KCl1 (puc.2).

XopcepeOpsHBIA  AJIEKTPOJT MPEACTaBIACT COOOM

5 cepeOpsHyIo MIPOBOJIOKY, MTOKPBITYIO CJI0eM
““““““ COJIEBOH

MOCTHK

. ManopacTtBopuMoro xjopuaa cepedpa AGCl u onymieHHYIO
Puc.2. Xnopcepebpsinwiii

NEKMPOO CPUBHEHUS B HachlmeHHbI pacTBop xiopuna kamus KCIl. Konrakr
BHYTPEHHETO pPAacTBOpa C HCCIEAYyEMBIM OOECTIeYMBACTCS

COJIEBBIM MOCTHKOM. Ha Mexxda3Hol TpaHulle yCTaHABIMBACTCS PABHOBECHE:
AQCl + ¢ = Ag + CI

CornacHo ypaBHeHHi0 HepHcTa B JaHHOM cilydae IMOTEHIIMAT ONPEIEISIETCA

TOJBKO aKTUBHOCTBIO XJIOPHUA-HNOHOB!
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2,3RT a(AgCl) 2,3RT

9=+ g = ¢°———Iga(Cl)
F a(Ag) - a(Cl") F

IIpu  temmepatrype  25°C  paBHOBECHBI  IOTEHUHAT  HACBIILIEHHOTO
XJIOpCEPEOPSTHOTO AIEKTpoia cpaBHeHUs coctapisieT +0,197 B.

dnekmpooom onpeoeneHus HA3bIBACMCA IAEKMPOO, NOMEHYUAl KOmopozo
3asucum mobKo om aKmueHOCmMu (KOHYeHmpayuu) anaiuzupyemuix UOHOB.

DIEeKTpOJaMH ONPEIEIICHHs], KaK MPABUIIO, CIY’XKAaT HOHOCEIEKTUBHBIE 3JIEKTPOIbI.
HaubGonee wyacTto WUCHONB3yeMbIM HOHOCEIEKTUBHBIM  DJIEKTPOJAOM  SIBJISIETCS
cmekaauHvitl  anekmpoo  (puc.3). OH  mpexacraBiger  coboil  TpyOKy,
3aKaHYMBAIOLIYIOCS TOHKOCTEHHOW CTEKJISIHHOM MeMOpaHoW B BHUAE IIapHKa.
MeMOpaHa 4yyBCTBUTEIbHA K OIPEACICHHOMY BHAY HOHOB.
BuyTpu TpyOKHM HaXOAMTCS PACTBOp, COAEP AIIMK TaHHBINA
milm BUJI MOHOB, B KOTOPBII MOTPYXEH BHYTPEHHUH 3IEKTPO]
CpPaBHEHHUS.

|
,_]I!_. PE[CTEI-DP Pa3noctsn IMOTCHOHUAJIIOB Ha ITOBCPXHOCTAX M€M6paHBI

EHCIOTEL 3aBHCHUT OT aKTUBHOCTH MOHOB H' B mcciemyemMom pactBope,
. IIOCKOJIbKY ~BHYTPEHHHMH DPAacTBOpP MMEET ITOCTOSHHYO
'l Ag+AgCl y BHYTp pacTeop y
Crepmauuaas  AKTUBHOCTH ATHX HOHOB. DJIC raabBaHMYECKOIrO 3JIEMEHTA,
Membpana
Puc.3. Konempyryus COCTaBJICHHOT'O H3 CTEKJSIHHOIO DJJIEKTpPOJa U JJIEKTPOJa
CMEKNAHHO20 CpaBHEHUS, TaKkxke siBsieTcs: Gpynknueit pH:
- - -4
anekmpooa E= Qsn.cpasn. = Perexnan. — const + 2-10™T- pH

onst usmeperust pH
HOTeHHI/IOMeTqueCKOC TUTPOBAHUE

Iomenyuomempuueckoe mumposanue - mMemoo
00beMH020 AHANU3A, 8 KOMOPOM MOYKA IKEUBALEHMHOCMU ONpeoeisiemcs no
usmenenuio 6 xode mumposanus JI/[C eanveanuueckou yenu, 6KIOUArOWEl

aHanuzupyemulii pacmeop (puc.4).
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Puc.4 I'pagpuueckoe onpedenenue mouxku 5K6USAIEHMHOCNU
a) Kpusasi mumpoganusi; 6) ougpgepenyuanvuas Kpusas no nepeoti
npou3800HOU, 8) OughghepenyuanvbHas Kpueas no 6Mopoi NPou3800HOU;
2) 6 cucmeme koopournam AVIAE — V.

Onpenenenue pH. Bogoponneim  mokazarenem  (pH) — HaswiBaeTcs
OTPULIATENIBHBIM JIECITUYHBIA JOTapu(™M aKTUBHOCTH HMOHOB Bojiopona. M3mepenue
pH 3akmiouaercs B CcpaBHEHHMHM TIOTEHIMANa HWHIWKATOPHOTO  AJEKTPOa,
MOTPY)KEHHOTO B HCIIBITYEMBI pPacTBOp, C TMOTCHIIMAJIOM TOTO K€ D3JIeKTpoJa B
cTaHaapTHOM OydepHOM pacTBOpe ¢ U3BECTHHIM 3HaueHueM pH.

[Torenunomerpuueckoe omnpeaenenue pH 3akmouaerca B uzmepenun JOJC
AJIEMEHTA, COCTOSIIIETO U3 JBYX DJIEKTPOJIOB: UHOUKAMOPHO20, TIOTEHIIUAT KOTOPOTO
3aBUCUT OT aKTUBHOCTH MOHOB BOJOPOJIA, M 31€KMPOOd CPABHEHUs - CTaHAPTHOTO
3JIEKTPOJA C U3BECTHOM BEIIMYMHON MOTECHIIHAA.

B kadecTBe MHIMKATOPHBIX SJEKTPOAOB M u3MepeHus pH Ha mnpakTuke
OPUMEHSAIOT CTEKJISSHHBIM M XUHTUAPOHHBIA AJEKTPOAbl. B OTAENBbHBIX Clydasx B
KaueCTBE MHIUKATOPHOIO 3JIEKTPOJa MOKHO UCIOJIb30BATH BOJOPOIHBINA SJIEKTPOS.

s u3amepenuss pH npUMEHSIOT BBICOKOOMHBIE MOTEHIIHOMETPHI Pa3IuYHbIX
cucteM unu pH-meTpsl, mKama KOTOPBIX TpagyupoBaHa B MUWIJIMBOJIBTAX WIH
HernocpeacTBeHHo B enuaniax pH. Kambposka u mpoBepka pH-meTpoB mpoBoauTtcs
[0 CTaHJAPTHBIM Oy(EepHBIM pacTBOpaM.

[Ipn m3mepennn pH KOHTpoOIMpyeMBIX pacTBOPOB OTCUET BenuuyuHbI pH 1o
mKaje npudopa MNPOU3BOAST IMOCJIE TOro, Kak IOKa3zaHusi npubopa MNpUMYT
YCTAHOBUBIIIEECST 3HAYeHUE. Bpemsi yCTaHOBIEHUS T[OKa3aHUM ompeneseTcs
OydepHbIMH CBOMCTBAMU U TeMIepaTypol pactBopa (0ObIYHO BpeMsl YCTAHOBJICHUS

MOKa3aHUI HE MPEBBIIIAET 2 MUH).
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Omnpenenenue pH npoBoast nipu 25+2° C, B IpOTUBHOM CiIydae HEOOXOIUMO
CIENaTh COOTBETCTBYIOLINE ITONPABKH.

[Ipn m3mepenun pH CWIBHO KHCHBIX M CWJIBHO IIEJIOYHBIX PACTBOPOB IIPHU
temneparypax Onuskux k 0° C, win npu usmepenun pH pacTBopoB ¢ oueHb Manon
Oy(hepHOIl eMKOCTBIO (HampuMep, ITUCTUILUIMPOBAHHOM BOJIbI) BpPEMsI YCTAaHOBJIECHHS
MTOKA3aHUI MOYKET JOCTUTaTh HECKOJIBKUX MUHYT.

[Ipn m3mepenun pH B HEBOAHBIX M CMEIIAHHBIX PACTBOPUTENAX, a TAKKE B
HEKOTOPBIX KOJUIOMAHBIX CHCTEMAax CJEAyeT HMETb B BHUJAY, YTO IIOJYYEHHbIC

3HA4YCHUA pH SABJIAKOTCA YCJIOBHBIMU.
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