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OT ABTOPOB

B HacTosimefl KHHre H3JIOXKEHbl OCHOBHI 3JEKTPOXHMHUYECKOH Hay-
KH, QyHIaMeHT KOTOPOH COCTaBJSIIOT TEOPHsS 3JeKTPOJHTOB, 3JI€KTPO-
XHMHUUECKass TepMOJAHHaMHKa H KuHeTHKa. [locobue HamHCcaHO B COOT-
BETCTBHM C IporpaMMoii pasfiejia 3JIeKTPOXHMHH B ofblleM Kypce Q-
3HYECKOH XHMMH [Jisi YHMBEPCUTETOB Ha OCHOBe JIGKIHH, KOTOpHE
YHTAKOTC HA XMMHYeCKOM (akyabreTe MOCKOBCKOrO TOCYyAapCTBEH-
Horo yHuBepcHuteTra um. M. B. JlomoHocoBa.

MBI cTpeMHJIHCh OTPa3HThb B KHHFe TO IIPEACTaBJeHHe 06 3JeKTPo-
XHMHH, NYTAX ee Pa3BUTHSA, npobieMax M NPAKTHYECKOM NPHMEHEHHH,
KoTopoe ObLIO BBICKa3aHo axalemHkoM A. H. ®pymkuHBIM B ero
6aectameM «CioBe 0 Tnosb3e 3JeKTPOXHMHH» Ha X1 MenzeseeBCKOM
cpe3ge (Anma-Ara, 1975). Chaenyer OTMeTHTb, YTO pa3BHTHE 3J€K-
TPOXHMHH 3a TOABl, npoulefmide nocie XI MeHAeneeBckoro cbesna,
TIOJIHOCTbI0 MOATBEPAMJIO NMPOTHO3bI, BhicKasaHHble A. H. ®pyMKHHBIM.

[ToMrMO TPaAHIHOHHBIX Pa3JefioB TEOPETHUYECKOH 3JIEKTPOXUMHUH,
paccMOTpeHbl HOBble NMpo6JeMH, HMelliHe 60JbIIOe TEOPEeTHYECKOe H
OpHKJaJHOe 3HAaueHHe, KOTOPhle BHIKPHCTAJJHM30BAJHCh B IOCJeLHHE
roJs W npuobpenn 4epTh (PpyHAAMEHTAJbHOCTH. B 3TOM IaHe MOXHO
OTMETHTh CTPOEHHE U CBOHCTBA PacTBOPOB NOJH3JEKTPOJUTOB, KHHe-
THKY HOHHBIX peaKUHH B pacTBOPe, 3JeKTPOXHMHUYeCKHe CBOHCTBa pac-
TJ1aBOB M TBEPAHX 3JIEKTPOJUTOB, OCOGEHHO CO CBEPXBBICOKOH IPOBO-
AMMOCTBIO (TaK Ha3bIBaeMbiX CYNIepHOHHKOB), IpeJCTaBJeHHs O IOHOD-
HO-aKUENTOPHEX B3aHMOAEHCTBHAX NPH COJAbBaTaliH HOHOB, BONPOCH
OHO3NEKTPOXHMHH, 3JEKTPOKaTalu3a, COBPEMeHHble IIpeACTaBJIeHHS
o6 3JIeMEeHTApHOM aKTe MOHHHIX H 3JeKTPOXHMHUECKHX peaklu#, HC-
TIOJTb30BaHHE MOJYNIPOBOJHHKOBHIX 3JIEKTPOXOB AJsl (JOTO3NEKTPOXHUMH-
Yeckoro mpeoGpa3oBaHHSI COJHEYHOH IHEPTHH, ONTHUECKHE METOJH
HCCJeJOBAHHS T'PAHHIH 3JEKTPOJ—pPacTBOP B KHHETHKH 3JEKTPOLHBIX
fpoueccoB, npobieMH 3JIeKTPOXHMHUYECKOH 3IHEepPreTHKH, 3JeKTPOXH-
MHYECKOH OYHCTKH CTOYHHIX BOJA H OXPaHB! OKPyXKawowieH cpein H PAX
ApYrux. MH crapaJ/iich NMOKa3aTh TEHAEHUHH Pa3BUTHS TEOPETHYECKOH
3JIEKTPOXHMHH, BO3MOXKHOCTH DPa3JHYHBIX 3JeKTPOXUMHYECKHX METO-
HOB, TOJUEPKHYTb POJib 3JEKTPOXHMHH B PELIeHHH 3alad YCKOPEHHSA
HayYHO-TeXHHYECKOro Nporpecca: B CO3JAaHHH NPHHUHIHAJBHO HOBHIX
BHJOB TEXHOJOTHM M HOBHX HCTOYHHKOB 3JICKTPHYECKOH 3HEprHH,
Gopbbe ¢ KOppo3HeH, B COXPaHEHHH 310POBbs UY€JOBEKAa, NOJYYEeHHH
CBEPXYHCTHIX MaTepHalOB M AP.

B knure oOpailleHo rJ1aBHOe BHHMAaHHe Ha H3JIOXKEHHE OCHOB Teo-
perHueckol 3JeKTPOXHMHH, €€ (QyHAaMEeHTaNbHHX MOHATHH H Npeld-
CTaBJjeHud, TPYAHHX HJS NMOHHMAHHA, C HCIOJb30BaHHEM NOAXOMOB,
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KOTOpLIe HaM KaXyTcs: Kax Haubojlee MeTOAWYECKH ONpaBAaHHBIMH,
TaK ¥ JOCTATOYHO CTPOrHMH. TaK, MEXaHH3M YCTAHOBJEHHS 3JEKTPOA-
HOro moTeHuuana obcyxAaercsl JeTaJbHO Ha OCHOBE KOHIIEIHH 3JIeK-
TPOHHOIG DABHOBECHSl Ha rpaHuIle. Meraji—pacTeop. IIpuBoAATCH
NpUMeEpPH, MOKa3HIBAIONIHE BO3MOZKHOCTb BEIUHCJEHHS AGCOMOTHHIX
CKa4yKOB IIOTeHIHaJa C HCIO0Jb30BAHHEM MOJEJbHEIX IPEACTABJICHHH,
yTO AQIKHO cnoco6eTBoBaTh Gosiee ryOOKOMY NOHHMAHHIO TPYILHOH
npoGJieMbl  aBCOJIOTHOrO NOTEHHMasa. BHIBOA OCHOBHOrO ypaBHEHHH
TEOPHH 3aMe/JIeHHOro paspsijia NpoBelleH.MOCJefoBaTeNbHO Ha Oase
TeOpHH aGCOJIOTHBIX CKOPOCTEH peakiuil.

IIpn H3J0MKeHHH MaTepuaja HaMH HCIOJb30BaHa cucrema CH, a
TaKKe B OCHOBHOM 0O0O3HAaUeHHsT MW TEPMHHOJOTHs, MNpPeNJokKeHHHE
Komuccuelt no 2Je®TpoxuMur MexAYHAPOAHOrO €OI03a IO uHCTOH H
npHKAanHoH xuMHH. OJHAKO MBI CYHTAJIH 1eJ1eCO06Pa3HEIM COXPAHHTD
TepDMHH <3KBHBAJEHTHAas 3JEKTPONMPOBOJHOCTb», 0003HayeHHe [ AA%
IJOTHOCTH TOKa U 3HAaK*°<«-F» AJs KAaTOLHOrO TOKa, KOTOPhe YKODEHH-
JHCh B OTEUeCTBEHHOH 3JIEKTPOXHMHUECKOH JHTepaType.

Bripaxkaem HCKPEHHIOIO IPH3HATENBHOCTb KOJJIEraM, BhICKa3aB-
LIMM CBOH 3aMedyaHUs U NoXKeJaHHus K KHHre, H oco6eHHO mpogeccopy
B. Y. Kpapuosy, clelaBiieMy DsA LEHHHX TNPeLJIOKEeHHH H 3ameya-
HAl N0 PYKOIHCH, KOTOPHIe OBIIH HaMH y4TEHHL.
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e

L
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TepMHMH «3J1eXKTPOXHMHs» O6beiHHsIeT JBa BHAA SIBJEHHM:
3JIEKTPHYECKHe K XHMHUecKHe. OAHAKO JM060H XHMHUECKHH IIpolecc
CBfI3aH C MePerpynmupPOBKOH 3apsKeHHBIX YAaCTHL — aTOMHBIX SIep H
3JIEKTPOHOB, a TNOTOMY XMMHUECKHME W 3JIEKTPHYECKHE SIBJCHHUS, CTPOro
ropopsi, Hepasfenumbl. CIE€ROBATENbHO, NOHATHE 3JEKTPOXHMHH Kak
ONlHOTO M3 PaslesoB XHUMHUECKOl HAayKH YyXKe, YeM 3TO BHITEKaeT M3
camoro TepMHHa. UTOOH YyCTaHOBHTb KpYI SiBJIEHHH, KOTOpPEIE PACCMAT-
PHBAIOTCA 3JEKTPOXHMHeH, HeOGXOAMMO OCTAHOBUTbCS HA PAa3/IHYHH
MeXKAYy XHMHYEeCKOH M 3JIeKTPOXUMHYECKOH peakKUsIMH.

JI106y10 OKHCJIHTENbHO-BOCCTAHOBHTEJbHYI0 XHMHYECKYIO PeakLHio
MOXKHO paccMaTpuBaTh C TOUKH 3PEHHS CONPSIKEHHBIX IIPOIECCOB
OKHCJIeHHs] B BoccTaHoBJeHHs. Hanpumep, B peakuum ob6pasoBanus
BOJbI i

2H2+02—->2H20 (A)

aTOMBl KHCJIOPOJa BOCCTaHaBJMBAIOTCA (IPHHHMAIOT 3JEKTPOHH), a
aTOMBI BOJIOPOAA OKHCJASATCA (OTAAKOT 3JeKTPOoHH). Ecau cauthb pac-

TBOPHl COJIeH [(ByXBa/JeHTHOTO eJie3a H YETHPEXBAaJEHTHOIO LEpHS,
TO B XUMHYECKOH peakuuu

Fe (I1) 4 Ce (1V)—>Fe(III) +Ce(I1I) (B)
poab oxkncauTenas urpaet uwoH Ce(IV), a poab BoccTaHOBHTENSt ~— HOH
Fe(Il). ¥YcinoBueM npoTeKkaHHsi XHMHUYECKOH PeaKUWH B NPHBEAECHHBIX
npUMepax fBJsIeTCs] CTOJKHOBEHHE DEarHPYIOIIHX 9acTHI, a ee (H3H-
YeCKOH OCHOBOH — IepexoJ, 3JIEKTPOHA OT BOCCTAaHOBHTEJS K OKHCJIH-
TeJI0 Ha JOCTAaTOYHO MaJjiOM PACCTOSIHHH MEX/JYy HUMH.

Peaknun (A) u (B) MOXHO OCYLIECTBHTb H 3JIEKTPOXHMHUECKHUM
nyteM, Jlng 3TOro OKMC/HTENb W BOCCTAHOBHTENb AOJIKHB GHITH MpPO-
CTPAHCTBEHHO pa3feieHH, a Nepefaya 3JEKTPOHOB IOJKHA OCYIleCT-
BJATBCA DY NMOMOUIHA MeTaJlJIHYeCKHX HpoBoxHHKOB (puc. B.1). Ilnac-
THHKa M3 IJIaTHHH, ONYyINeHHas B pacTBop c¢ nonamu Fe(Il), apnsercs
3JIEKTPOAOM, KOTOPHIH NPHHAMAET 3JEKTPOHH:

Fe (11) +-Pt—>Fe (111) +-e- (Pt)

DTOT 3JIeKTPOJ Ha3HBalOT aHOJXOM. DJEKTPOHH 10 BHEIUHeH Ienu
nepexoJAT C aHOXA Ha JPYroi NJIaTHHOBHIH 3JEKTPOJ, NOTPYXKEHHHH
B pactBop ¢ noHamu Ce(IV). Ha stom snekrpose (KaTole) mpoHC-
XOJHUT peakiHsa BOCCTAHOBJEHHS:

Ce(1V) e~ (Pt)—Ce(I11) 4Pt



Takum oGpasom, B pe3yinTaTe HPOLECCOB Ha KaToje M aHOdEe OCY-
wectsisercs peakuuss (B). Anamornuneim o6pasom, mogsoAs KHCJIO-
POA M BOLOPOX K ABYM IIaTHHOBHIM 3JIEKTPOAaM, NMOrPykKeHHHM B
PacTBOP KHCJIOTH, MOXHO OCYILECTBHTb H peakuuio (A):

Ha aHojle

Hy+2H,0+Pt—>2H,;0++ 2~ (Pt)
Ha Kartonae '

1/50,4-2H;0+4-2¢- (Pt)—3H,0-Pt

(dusnyeckue SIBJAEHHS, CONPOBOXKIAAIOIIHE 3JEKTPOXHMHUECKHE pe-
aKIHH, CYHIECTBEHHO OTJHYAIOTCS OT SIBJIEHHH, CONPOBOXKIAIOUIHX
YUCTO XHMHYeCKHe npouecchl. Tak, AJas
3JICKTPOXHMHUYECKUX  peaKiHH  OYeHb
BaXHYI0 pOJib MrpaeT CTpOeHHe TIpaHH-
bl pasjiesia MexAy- 3JeKTPoJOM H pac-
tBopoM. CylecTBeHHOe 3HAaUeHHE HMeEET
HanpaB/eHHOCTh TNOTOKOB OKHMCJHTEJS H
BOCCTAHOBHUTENS] K TIOBEPXHOCTSIM 3JI€K-
TPOIOB, a IPOAYKTOB peaKIHH — OT
3J1eKTpOAOB B o6beM pactBopa. Bax-
Prc. B.l. Cxema sAeKTpOXHMH-  yyy cjieicTBHEM 3THX PasiuuMil sBIseT-
:gfe!;opuealxi;l:::f ?eﬁ%ﬁ?%ﬁ(?@?ﬁ ¢ TO, 4To OGOJBbILIAsi Y4acTh XHMHUYECKOH
==Fe (III) 4 Ce(III). SHEPrHH NpPH 3JEKTPOXHMHUYECKOM CIO-

cobe mpoBeJeHHs peaKLUHu NpeBpallaer-

cf B 3JEKTPHUYECKYI0 3SHepPrHio, TOria
KaK B YCJOBHSIX NOCTOSIHHOrO o6beMa BCSl 3HePrusi OOBIYHOH XMMHUe-
CKOH peaKuHH BHIEJsieTcs B BHAE TelJIOTH. BeaencTshe xapakTepHBIX
ocobeHHOCTEeH! 3JEeKTPOXHMHUYECKHX MPOUECCOB 3JEKTPOXMMHS BbHIAE-
AsieTCsl B OTHEJbHBIA pa3fien HH3HUeCKOH XMMHHM. XHMHUeCKas TepMo-
IHHAMHK& M XUMHUecKas KMHETHKa H3y4aloT KOJHYeCTBEHHble Xapak-
TEePHCTHKH XMMHUECKHX peaKUui, a 3JeKTPOXHMHS — XapaKTePHCTHKH
3JIEKTPOXHMHUECKHX peaknui.

Kak BuaHo u3 puc. B.1, s oCyllecTBJEHHS] 3JeKTPOXHMHUECKOH
peakuu# HeoOXOAMMa HEKOTOpAss CHCTeMAa-—3JE€KTPOXHMHUe-
ckafi nenb. OCHOBHbIE 3J€MEHTHl T4aKOH Uend — MeTa/JIHYecKHe
(MM MONYyNpPOBOAHHKOBEIE) 2JeKTPOAH, NPOBOAHHK BTOPOro poja
(pacTBOp 3JIeKTPOJIUTA, €O pPacmjaB MJAH TBEPAbIH 3JEKTPOJIMT) H
rpaHuubl pasfena (as: Mexay MeTalJOM H 3JEeKTPOJHTOM, MEXAy
ABYMsl Da3jJIHYHBIMH MeTaJjaMH H MeXAY ABYMsl PasjIMYHBIMH 3JIeK-
TPONUTAMH. 3aKOHOMEPHOCTH NPOTEKAHHA TOKAa B 3JEKTPOXHMHYECKOH
UerH, a TaKKe 32KOHOMEPHOCTH 3JIEKTPOXHMHUECKOTO pAaBHOBECHS OI-
peleNIAIOTC CBOMCTBAMH BCeX 3THX 3ieMeHTOB. CTpOeHHe MeTaJljIoB
M TOJYIPOBOAHHKOB, @ TaKXKe MX 3JeKTPOIPOBOIHOCTb fABJISIOTCA 06b-
€KTOM H3yueHHs (PH3MKH, a He XHMHH. DJIEKTPOXHMHSA H3y4aeT HOHHBE
cucteMbl (MPOBOAHHKH BTOPOrO POAA) H rpaHHUM pasjaena ¢as ¢ Tou-
KH 3pEeHHfl HX CTPYKTYPH H MeXaHH3Ma MepeHoCa 3apsiXKeHHBIX 9aCTHIL
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®yH1aMeHTaJbHOe 3HAUEHHE B JIEKTPOXHMHHM HMEIOT I'PAHHLb pa3-
Jesa MexXAy INPOBOJAHHKAMH IEPBOTO M BTOPOr0 pPona, MHOCKOJbKY
HMEHHO 3[eCb H3MEHSETCS! XapaKTep 3JIeKTPHYeCKOH NPOBOAMMOCTH:
9JIEKTPOHHAS IPOBOJHMOCTH METaJlJla WJH NOJYNPOBOJHHKA CMEHSETCS
HOHHOW NPOBOAHMOCTbIO PAaCTBOPa, paciyiaBa HJH TBEPIAOro 3JEKTPo-
auta. [Ipy npoTrekaHHH NOCTOSTHHOrO TOKa TaKas CMeHa Xapakrepa
9JIGKTPHYECKOH NPOBOAMMOCTH HEH36€XKHO CONPOBOXKIAETCS 3JEKTPO-
XHMHYECKHMH NpEBPalleHHSIMH TeX WJIH HHBIX BEIUECTB; HX 3JIEeKTPO-
BOCCTaHOBJIEHHEM C NPHCOEJHHEHHEeM 3JIeKTPOHOB HJIH 3JEeKTPOOKHCe-
HHEM C OTIIENJEeHUEM 3JIEKTPOHOB.

Hnst 3/IeKTPOXMMHYECKHX IIPOLECCOB, MPOTEKAIOMHX Ha TpaHHle
NPOBOJHHKOB IIEPBOTO U BTOPOro POMA, €CTECTBEHHO, NPHMEHHUMH! 3a-
KOHBl COXPaHeHHsl BellleCTBAa H SHePrHH. 3aKOH COXPaHEHHs BellecTBa
[PHMEHHTEJNBHO K 3JEeKTPOXHMHYECKHM NpEeBpPalleHUsiM Ha 3JIEKTpPO-
Jllax npHHHMaeT GopMy JABYX XOpOLIO M3BECTHHIX 3akOHOB Papanes:

1) KonmwecTBO BeliecTBa, NPOpearMpoOBaBLIETO HA 3JEKTPOAE MPH
NPONYCKaHHH HOCTOSIHHOTO  3JIEKTPHYECKOTO TOKA, NPONOPIHOHAMLHO
CHJIE TOKa H BPeMeHH 3JIEKTPOJIN3a;

2) npH NOCTOSIHHOM KOJIHYeCTBE MNpPONYHIEHHOrQ 4Yepe3 3JeKTpon
3JleKTPHYeCTBa Macca BBIAEJHBLIETOCS BeElleCTBA INPONOPUHOHAJbLHA
XHMHUYECKOMY 3KBHBAJEHTY 3TOr0 BEHIECTBA.

O6a 3Ty 3aKOHa MOXHO OOBELHHHTb CaIeRyIomAM l'IpOCTbIM BHIPd-
JKeHHeM:

n=Q/F,

rfie 17— YHCJO I'PaMM-9KBHBAJIEHTOB BeLIECTBAa, BCTYNHBIIEro B 3JeK-
TPOXMMHUYECHYIO PeakllHio IIPH NIPONYCKaHHH Yepe3 TPaHUIly pasjiea
$ha3s Q KyJoHOB SJIEKTPHYECTB; F=96485 Ka/r-3kB— uncao Pa-
panes. :

Uro Ke Kacaercsl 3aKOHA COXPaHEHHS JHEPTHH IIPH 3JEKTPOXHMH-
4eCKHX NpeBpallleHHAX, TO AJIsi ero KOHKpeTH3auuu tpebyercss yray6-
JIEHHOE HCCJeloOBaHHe KaK pAaBHOBECHBIX, TaK H HePaBHOBECHHIX
CBOHCTB 3JIEKTPOXHMHUYECKHX CHCTEM.

Hrak, s/MeKTPOXHMHS — 3TO pasfie]l XMMHYECKOH HayKH, B KOTO-
pOM H3y4alTc (PH3UKO-XHMHUYECKHe CBOHCTBA MOHHBIX CHCTEM, a TakK-
JKe Tpollecchl H SBJEHHS] Ha IrpaHHLax pasjiesa ¢as ¢ yyacTHeM 3aps-
JKEHHBIX HaCTHI (3JE€KTPOHOB HJH HOHOB). DJEKTPOXHMHs, TaKUM 00-
pasomMm, oxBaTbiBaeT Bce GHOPMBI B3aUMOJEHCTBHA MEXAY MOABHKHBLIMH
3apsKEHHBIMH YacTHIAMH B KOHIEHCHPOBaHHHX (pasax Kak B COCTO-
SSIHHH PaBHOBECHs, TaK H NPH NPOTEKaHHH peakiliii Ha rpaHHue pasie-
Jaa 4 B o6beme ¢as. .

OauH W3 pa3/ie/loB TEOPETHUECKOH 3JEeKTPOXHMHH — TEOPHS 3JIeK-
TPOJHUTOB — 3aHUMaeTcsl H3yyeHHeM KaK paBHOBECHHX, TaK H Hepas-
HOBECHBIX CBOHCTB OJHO(Aa3HbIX CHCTeM — 3JeKTpoautoB. Jlpyroii
pasjies — JEKTPOXUMHYECKass TEPMOAHHAMHMKa H KHHETHKa — H3y4a-
eT o0LiHe YCJOBHS DaBHOBECHS Ha 3apsiKeHHbIX TpaHHLax pasjeJa
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¢as, cTPOeHHe 3THX PAHHUN, MEXaHH3M M KHHEeTHUecKHe 3aKOHOMep-
HOCTH Hepexofa 3apsKeHHHX YacTHL depe3 mexK(asubie IPaHHIBL.
Bo3HHKHOBeHHE 3J/IeKTPOXUMHH, M3yuaiomieli CBOHCTBA H 3aKOHO-
MEPHOCTH 3JIEKTPOXHMHUCCKHX IleMefl, CBA3aHO C NOCTpOeHHeM NEPBOH
takoil wemnu. B 1791 r. uranpsiHCKHE ecrectBouchuiTatesab JI. I'anbBa-
HH, H3yyas (H3HOJOrHYECKHe CBOHCTBA IperapUpOBAaHHOH JIATYIIKH,
CyYadHO peasin30BaJ CBOCOOPA3HYI0 3JEKTPOXHMHYECKYIO Iellb, CO-
CTOSIIYI0 M3 MBIIIIB JSATYIWIKH H JABYX pa3/iMYHBIX MeTajuioB. B

1800 r. apyroi uraapsHCKHH ydeHblH A. BosbTa CKOHCTPyHpOBaJ Iep- .

BBI XMMHYECKHH HCTOUHHK TOK2 — «BOJIbTOB CTOJIO», KOTOPHIA COCTO-
A7 H3 cepeOpPAHBIX ¥ ONOBAHHHIX 3JeKTPOAOB, Pasjie/i€HHLIX NOPHCTH-
MH DpPOKJAaAKkaMH, CMOUEHHBIMH pacTBopoMm coad. Ilocie storo cobbi-
THS HeoObluHBle CBOHCTBA 3JEKTPOXHMHYECKHX MLieneil CTajgd IpefMe:
TOM H3YYEHHS HOBOH HAyKH — 3JIEKTPOXHMMUH.

DieKTpoxuMHUeckasi uenb (cM. puc. B.1) paGoraer kKak X H M H-
YECKHH HCTOYHHK TOKa: B Helf 3JeKTPHYECKHI TOK BO3HHMKAET B
pesysnpTaTe CcaMONPOM3BOAbLHO Iporekaiomefl peakuuu (B). [Ipn mo-
MOIM 2JIeKTPOXMMHYECKOH IienM M BHEIMHEr0 MCTOUHMKA TOKa MOXKHO
QCYHIECTBJAATh PasJjIHYHble XHMHUeCKHe NpeBpallleHHs B pacTBOpe HJIH
pacniiaBe aJieKTpoaura. Takast 3/eKTPOXMMHYecKasi uemb paboraer
Kak sJeKTpoausep. [Ipoerefiiuii nmpuMep 3JEKTPOJH3a — PasJio-
JKeHHe BOJAH Ha KHCJOPOA H BojopoA. M pa6ora XMMHUYECKHX HCTOY-
HHKOB TOKa, H IIPONECCH 3JEKTPOJH3a HMeloT 00Jblloe NpaKTHYECKoe
3Hauenue. TeopeTHueckas 3JeKTPOXHMHS Ha OCHOBe 3aKOHOB, KOTODHIM
NOJUMHSAETCSH IOBeJeHHe 3JeKTPOXMMHYeCKHX leneH, mo3sojder cle-
JaTh palHoOHaJbHEA BHIOOD CHCTEMBl H YCTAaHOBHTH ,HauboJjee ONTH-
MaJIbHBIH PeXHM PaGoTHL HCTOUHHKA TOKa HJIH 3JeKTpoJusepa. Kpome
TOro, 3JIEKTPOXHUMHUS HMeeT GyHAAMEHTAJbHOe obmereopeTHIECKoe
3HaYeHHe, NMOCKOJBKY PaccMaTPHBaeT 3aKOHOMEPHOCTH Ilepexoja 3JeK-
TPOHOB IIPH MPOTEKAHHH XHMHYECKHX H 3JEKTPOXHMHYECKHX peaKIHH.

Ilepexonst K H3J0¥<EHHIO OCHOB TEOPETHUECKOH 3JIEKTPOXHMHH, IOA-
YepKHEM, YTO B JaHHO! KHHIe He paccMaTpHBaloTcs oOllHe CBOHCTB3
PACTBOPOB H MeTOAb! onpelesieHHsT KO3Q(HIHEHTOB akTHBHOCTH, a H3-
JaraloTcad TOJAbKO T€ O0COOEHHOCTH PAcTBOPOB 3JIEKTPOJIHTOB, KOTOPBIE
ofycsioBlieHE TIPHCYTCTBHEM 3apsiKeHHHX dgactHl. Hanee, ycaosus
3JeKTPOXHMHUYECKOr0 paBHOBeCHs BBIBOASATCS 000OHIEHHEM COOTHOLIEe-
HHMil XUMHYECKOH TEepMOAHHAMHKH Ha CHCTEMHM, B KOTOPBIX, IIOMHMO
HPOYMX HHTEHCHBHBIX (AaKTOPOB, HYKHO LONOJIHHTEJIbHO YUHTHIBAThb
ajieKTpuyeckoe noje. Hakowen, B KauecTBe OCHOBB KHHETHYECKHX 3a-
KOHOMEPHOCTEel NpoLecca NepeHoca 3apsKEeHHBIX YacTHI[ yepe3 rpa-
HHIY pasjena (a3 HCIOJb3YIOTCA H3BECTHHE YPABHEHHS TEOPHH AKTH-
BHPOBAHHOTO KOMILTEKCAa, B KOTOPHX aHAJMH3HUPYeTCs (Pu3NYECKHH
CMBIC/ 3HEPTHH aKTHBAIMH H KOHUEHTPAUMH DPearHpyiomHX BEIeCTB
B creln(PHUECKHX YCJIOBHAX 3JIEKTPOAHON PEaKIHH.

SNSESS

e

P

Nepebii
AEN KHMIYM NOCESIULEH CBONCT-

pas-

Bam cucreMm, obnajalowmux
MOHHOM npoBOAMMOCTLIO. K
TaKMM CHCTEMAM orTHOCHTCH
BOAHLIE pPacTBOPLI 3NEKTPO-
NMTOB, PacTBOPLI Ha OCHOBe
TaK Ha3bLIBAaeMbiX ANPOTOHHBIX
pacrsopnteneH, obnagaomme
HeoGbIuHBIMK CROMCTBAMM
pacrBopnl ¢BoGofgHLIX 3nek-
TPONKWTOB B MMAKMX cpegax,
PAcTBOPBL NONUINEKTPONMTOR,
PacnnaBEbLl  3NEKTPONUTOR —
HONHBIE MMAKOCTH, TBEppLle
SNEKTPONMTL, B TOM uMC-
ne YAMBMTENbHblE TEEpAble
AMEKTPONMTBL CO CREPXBLICO-
KOH  NPOBOAMMOCTLIO — CY~-
nepMoHmkM. 3afjlavya TeopHM
COCTOMY B TOM, 4TOGbI HOMM-
YeCTBEHHO ONMCaTh CBOMCTBa
BCEX ITHX CHCTEM KaK B co-
CTORHWM pPaBHOBECHS, Tak M
npM NPOXOXKACHMM INEKTPM-
4YeCKOro TOKa M NpH RNpore-
HaHKWM  OKMCIIMTENLHO-BOCCTa-
HOBMTENBLHLIX, KMCNOTHO-OC-
HOBHBIX M APYrMX RPOLECCOB
B X o6beme.

TEOPHS 3JIEKTPOJIMTOB |

FJAABA I. KJACCHYECKASl TEOPUS
SJNEKTPOJHTHYECKON JHCCOLHALHU

I.1. dkcnepumenTanpHbIe
CYLWECTBOBAHMSI HOHOB
B PAacTBOPAX 3JIEKTPOJHTOB

A0Ka3areabCTBa

IlpencraBaenne 0 ToM, UYTO B pacTBOpax
3JIEKTPOJHTOB CYUIECTBYIOT CBOGOJAHBIE 3a-
PSUKEHHBIE YacTHUB — HOHBI, He cCpasy
yTBepAHJioch B djekTpoxuMuH. Ha nepsom
jTane CBOETO Pa3BUTHA 3IJEKTPOXHMHYeC-
Kasg HaykKa oOxomusnach 0e3 3TOro Ipex-
craBJeHHsA. TeM He MeHee Yxe ¢ Hayanaa
XIX B. cranu NoABNSATLCS TEOPETHUECKHE
MoJe/JH, OOBACHSBIIHE SIBJEHHE 3JIEKTPO-
NPOBOJAHOCTH B NPOBOAHHKAX 2-ro poja.
[leppas Takas Momesp OblIa NpeNJOXKeHa
JUTOBCKHM  yueHmM T. Tporrycom B
1805 r. mpuMeHHTeJbHO K NPOLECCY 3JeK-
TPOXHMHYECKOTO Pa3JjIoXKeHHs BOAH Ha BO-
Iopol n Kucjaopon. IlpeacrtaBuB MO/IEKYIH
BoAn B BuAe AunoJseii, T. 'porryc pacmo-
Jaraj HX LeNouYKkoi MexJAy KaTOZAOM H aHo-
doM 3gaekrpoausepa (puc. 1.1). Ilajee o
npejnoJaras, YTO NPH 3JEKTPOJH3E IIOJNO0-
JKUTeJbHBIH KOHeH, JMIIONSA BOAbL, 00palleH-
HBIH K KaToAy, OTUIENNSeTCd H H3 HEro
o6pasyercss BOZOpPOL. AHAJOTHUHHM 06-
pasoM MNPOHCXOJHT OTUICHJIEHHE OTPHILA-
TEeJBLHOI'O KOHIIA AUMOJSA, O6pPamleHHOro K
anony, ¢ obpasosanueM kucjaopoga. Ilocae
3TOr0 NPOMCXOAUT [eperpyniHpoBKa MOJO-
JKHTENbHHX ‘¥ OTPUIATEAbHHX KOHLOB IH-
noJefl B LleNH. KaK 3TO IOKA3aHO HYHKTH-
pom Ha puc. I.1. ITosyuawiascsa nOpu 3ToM
HOBad lLlenb AMNOoJed, OKa3hBAeTCsl OpPHEH-
THPOBAHHOR NMPOTHB BHEILIHEro 3JeKTPHUEeC-
KOro NOJIsi, @ NIOTOMY JAHMIIOJNH NepeopHeHTH-
pyiorca.  Ilocsie monosHeHHs YHCAR [IHIO-
Jefl 3a cuerT MOJEKyJd BOAW H3 ob0beMa
pacTBOpa, He 3aKJIOYEHHOIO MeXAy 35JeK-
TPOAAMH, BOCCTAHABJIHBALTCS NepBOHAYAJb~
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Has Lelb H Ipoilecc noBTopseTcs. XoT#, KaK BBHIACHAJIOCH BMOCJEACT-
BHH, TAKOH «3CTadeTHbI» MeXaHH3M 3/1eKTPONPOBOXHOCTH HMEET MHO-
ro o6llero ¢ MexaHH3MOM NepeHoca Toka moHamu HaOt+ u OH-, nas
GOJIbHIKHCTBA 3JIGKTPOJHTOB OH 0Ka3ajicss HelPHMEHMMBIM.
CymecTBeHHH Iiar K COBPeMEHHOMY NpPEJACTABJCHHIO O CTPOEHHH
pacTBOpPOB  3JIEKTPOMHTOB OBl cienan M. dapajeem B 30-x roxax
XIXB. ®apalell ONMH U3 HNEPBHIX yKasalJ Ha BO3MOXKHOCTb JHCCOLHA-
MK 3JeKTPOJHTa Ha HoHbl. OXHaKo, o MHeHH0 Papajes, 3TO IB/ICHHE
IPOMCXOAUT TOJBKO IOA BJHSIHAEM 3JEKTPHUECKOro noasa. Orciona u
GYKBaNbHBIA CMBICJ TEPMHHA «3JIEKTPOJIHT», IPEAIOKEHHOrO dapane-
eM, KOTOpH# B IlepeBoje C rpe-
4eCKOTO 03HAUaeT «pa3JjiaraeMsiil
sJeKkTpuyecTBoM>». BO3HHKIINE B
pesyJbTaTe TaKOrO PasjoXeHHd
HOHHI (B OYKBAQJbHOM CMBIC/IE
«CKHTAJbIb» UIH «CTPAHHHKU»),
ycTpeMJIsisich K 3JI€KTpojaM MOJ
Puc. 1.1. MexaHn3M 3JIEKTPONpPOBOLHOCTH  AEHCTBHEM 3JIEKTPOCTATHIECKOTO
o Tporrycy B3aHMO/IEHCTBHS, TEPEHOCAT TOK
. yepes pactsop. B JHajbHeAIeM
dapazes 06 06pa3oBaHHN HOHOB
onpaBABIBAIOTC B PacTBOpax

0Ka3aJochb, 4TO HpeIlCTaBJIeHPIH

oA IleHCTBHEM BJIeKTpPI‘IecKOI‘O noJist
caabblX 3JEeKTPOJHTOB npu od4eHb 60JbIIHX HaHpﬂ)KEHHOCTﬂX TNoJasA.

Tax, HanpEMep, NPH HANPSKEHHOCTH N0/ X~50 MB/M nucconHanus
ciab0ro 3JEKTPOJHTA CTAHOBUTCH MPAKTHUECKH noJqHoi. OnHako yac-
THYHO WM TOJHOCTBIO IHCCOUHMAILMS 3JIEKTPONHTA B pacTBope NpoOHC-
XONHT ¥ 6e3 BCSKOro HaJOXeHUs IOJA. 06 3TOM CBHAETENbCTBYIOT
Ccie/yiOLHe TPYINIBl ABJECHHH, 06HApYXeHHBIe Pa3THYHBIMHA HCCIENO0:
BaTelsMH [PH H3YYeHHH PacTBOPOB 3JEKTPOIHTOB.
1 Ocmoruueckoe dasienue. Kak cilefyer H3 TCOpUH pacTBOpOB,
B JOCTATOYHO pa3baBJieHHHX pacTBOpax OCMOTHYECKOE JlaBJIeHHE Tt
CBA32HO ¢ MOJISPHOM KOHUEHTpalHeH ¢ ypaBHEHHEM
. a=cRT, (I.1)
rie R —rasoBasi TOCTOSHHAS; T — abconioTHass TeMneparypa. Oas
PAacTBOPOB HE3JIEKTPONHTOB, HANPHMED JUIS pacTBOpa caxapa B BOIE,
ypasnenne (l.1) xopouio corJjiacyercsi ¢ 3KCIepHMEHTAJbHBIMH JaH-
HpiMH. JIJ1 pacTBOPOB 3JIEKTPOJHTOB, panpumep NaCl, sKcnepuMen-
rajbHOe 3HAUEHHE 7 OKa3biBaeTcs CyUleCTBEHHO GoJbllle pPacCuHTaH-
poro no ypasuennio (L.1). s ¢opmajbHOro yuera 3TOTO ABJIEHUA
6Lt BBedeH H30TOHMUECKHI KO3(dHUUIHEHT Bant-Todda i u COOTHO-
[IeHHe A OCMOTHYECKOro HABJIEHHA B pacTBOpax 3JEKTPOJIHTOB 3a-

[MCHIBAJH CJeLYIOIHM 00pa3oM: ‘
n=icRT, (1.2)

rae i>1. ComocrasJjenne dopmyn (1.1) m (1.2) HaraikuBano Ha
‘MBICJIb, UTO OOIlee YHCJO 4aCTHIL B pacTBOPax 3JEKTPOJIUTOB Goablie,
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yeM B pacTBOPax He3JEeKTPOJIHTOB TOH K€ MOJSPHOH KOHIEHTPalHUH.

2. llasaenue napa Had pacreopom. PacTBOpeHHOe BEILECTBO CHH-
J)KaeT JlaBJieHHe 11apoB KHAKOCTH Hal PacTBOPOM IO CPaBHEHHIO C YMC-
ThIM pacTBopHTeseM (Ap). B jpocrarouso pas3baBieHHOM paCTBopé
Ap MOXHO pPacCyHTaThb 110 QopMyJe

_ PeMy .

Ap = 000 (1.3)

TAe po— AaBJeHHEe Napa Haji YHCTBIM pacTBoputesneM; Mo— Mosexy-
JsipHasi Macca pacTBOpHTEJ,

Kak u B onHTax No OCMOTHUECKOMY [AaBJIeHHIO, 3KCIIepHMEHTallb-
Hble 3HauyeHHst Ap B pacTBOpax 3JeKTPOJHTOB 3aMeTHO MpEeBHIIAIOT
paccuutaHHee no ¢opmydae (1.3), BToBpeMs kak AJs pAacTBOPOB He-
3JIeKTPOJHTOB Halglofaercs XOpollee cOrJjacue TEODHH H  OmNbITa
[Ipeanonoxenne o OospllleM YHCJAe YacTHU B pacTBope SHEKTpOJIHTa'
T. e. BBeAenue B ¢opmyay (1.3) xospduunenra i>1, nosoauio YCT:
PaHUTb 3TO NIPOTHBOPEYHE.

3. Kpuockonuueckue u 36yasuockonuueckue usmeperus. Jlobasne-
HHEe PAacTBOPEHHOrO BellleCTBa BHI3BIBAET NOHHMKEHHe TeMIlepaTyphHl 3a-
mep3anusd (ATsay) M TOBHILeHWe TemiepaTypsl KuneHHs (ATxun)
pacTBOopa IO CPaBHEHHIO C YHCTHIM pacTBopurejgeM. B mocrarouxo
pa36aBiaeHHRX pacTBopax BeMHUYHHB ATsaw M ATgun MOMKHO CBA3aTh
C YHCJIOM PACTBOPEHHBIX YaCTHIL:

RT2 M
AT :"—‘"0_
W T 000AH,, O (1.4)
RT? m
AT frame —“u C, (1.5)

M 1000A Hyap

rie. Tny U Tyun — TEeMIepaTypH IJIABJAEHHS ¥ KHIIEHHS DacTBOPHTENS,
AHnz v AHpap — CKPHITHE TEIJIOTH €ro IJaBJeHHs W napoobpasoBa-
Husl. ViaMepeHusi TeMIepaTyph 3aMep3aHHs H TeMIlepaTyphl KHICHHSA
PacTBOPOB 3JIEKTPOJHTOB NOKa3aJH, 4TO ATsam B AT gun 3aMeTHO 1pe-
BHIIAIOT paccykTaHHble 1o ¢opMynam (1.4) u (I.5), a Takxke 3kcne-
pHMeHTaJbHble JaHHbIE [JIA PACTBOPOB HE3JEKTPOJHTOB TeX Ke MO-
JISPHBIX KOHIEHTPauHH.

4. Termogsoﬁ agppexr peaxyuu Hedrparusayuu. Tennosod sddexr
peakuuu HeATpaJM3alHH CHJIbHOH KHCJOTH CHJIbHHIM OCHOBaHHEM B
pa36aBJieHHHX PacTBOpaX MNPAKTHYECKH He 3aBHCHT OT XHMHYECKOH
NPUPOAB KHCJOT M OocHOBaHHi. Hanmpumep, Aas ABYyX peakuui

HCI4+NaOH->NaCl+H,;0+AH, (A)
HNO3;+KOH—KNO3;+4+H.0+AH, (B)
H3MeHeHHS SHTaJdbluH oAMHaKOBH: AH,=AH;=-—57,3 k[x/Moab

(npu 20 °C), xorsi npHpoAa PearHpylolHX BeHIeCTB H IPOAYKTOB pe-
aKIHM COBEPIIEHHO Pa3JHyHA (32 HCKJIOYeHHeM IoJydamouleficss B
pesyabrare o6eHx peakuuii Boael). B To xe BpeMs mpeicraBlieHHe
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0 AHCCOUHAIMH KHCJOT H OCHOBAHHH MO3BOJIKJO OB CBECTH peakUHHu
(A) u (b) x oxHOMY M TOMY e IIpoueccy .

H++OH-—-H,0

KOTOPHIH CONPOBOXKJAAETCS BIOJIHE ONpeJeseHHHIM TeNJoBHM 3bhdex-
TOM.

5. Ilapaarsenrusm mexcoy xKarasuTuyeckum OelcTéuem KUCAOT U UX
24€KTPONPOBOOHOCTb!0. HeM GoJbllle  3/IEKTPONPOBOXHOCTb  KHCJIOTH
NpH NaHHOH KOHIeHTpamuH, TeM OoJiee CHIBHBIA KAaTaJHTHUECKUA 3(-
(eKT oHa OKa3blBaeT Ha IIPOLECC THAPOJH3a CJOXKHBIX 3GHPOB. ITOT
napajjesu3M Hesap3sl OHJIO OGBACHHTH C TOYKH 3peHHs Teopun Da-
pajesi, MOCKOJBKY, COFJIACHO 3TOH TEOPHH, 3J€KTPONPOBOLHOCTL CBsA3a-
Ha ¢ BO3HHKHOBEHHEM HOHOB NOJA JeHCTBHEM 3JICKTDPHUECKOTO IOJS,
TOTAa KaK THAPOJH3 3)HPOB HccaelyeTcs B OTCyTcTBHe moJs. C Apy-
ro#l CTOpPOHH, NPH AOIYIREHHH O CaMONPOH3BOJIbHOH JHCCOUHAHHH KUC-
JIOT ¥ 3JIeKTPONPOBOAHOCTL PACTBOPA KHCJOTH, K €€ KarajHTHUecKoe
AelicTBHE MOXKHO CBfA3aTh C OJHUM OOIIHM (PakKTOPOM — KOHUEHTpalH-
eli HOHOB BOJOpOJA. 3

PaccMOTpeHHble 3KCEePHMEHTAaJbHbie (aKTHl HOCAY:KHJH OCHOBOH
IJIS1 TeODHH 3JIEKTPOJHTHUYECKOH AHCCOLHAalMH, KoTopas Oblia cdop-
myaupoBaHa B 1887 r. C. AppennycoMm.

1.2. OcHOBHBIE MOJIOXKEHHSI TEOPHU AppeHHyca

Teopus AppeHHyca BKJIOYaeT CHeIyIOLIHe OCHOBHBIE IOJIOKEHHS.

1. IIpn pacTBOPEHHH MOJEKYJb HEOPraHHYeCKHX H OPTaHHYECKHX
KHCJIOT, OCHOBAHHil M COJIefl AMCCOUMHPYIOT Ha HOHBl. Hampumep:

HCl2H+* 4 Cl—; NaOH=&Na+-}OH~
NaCl2 Na+ +4Cl—; CF,COOH 2 CF,COO~+H+
K, SO, 2 2K+ 4SOy~

Honnl npeicraBiasiioT co60f 3apsKeHHbIE YaCTHIB, KOTOpHE CO-
CTOSIT MJH M3 OTAeJbHBIX aTOMOB, WJIH H3 TpynIel atoMmos. [Ipeamosa-
rajoch, 4YTO HOHBl B pacTBope BeAyT ceGs MOAOGHO MoJieKysaaM Hie-
aJpHOTO ra3a, T. €. He B3aMMOJEHCTBYIOT ApPYyr ¢ ApyroM. Pusude-
CKHe INIPHYHHBl, KOTOpPHE IPHBOAAT K MHCCOUHALHH 3JEKTPOJHTOB,
B Teopud AppeHHyca He paccmarpuBajiuch. He obcyxpancsi Takxke
H BONPOC O TOM, IOUeMYy 3ap#iKeHHbIe YACTHIL, HA KOTOPHE HOJK-
Hel ObLIH Obl pACIpPOCTPAHSTBCS 3aKOHB! JIEKTPOCTATHAKH, He B3aH-
MOeiCTBYIOT APYT C JAPYroM B pacTBOpUX. i

2. Juccolpanns MOJEKYJ Ha HOHBl sIBAIsieTcst HelOJIHOH, T. e. He
BCe MOJIEKYJH 3JIEKTPOJHTA, a JIHIIb HEKOTOpas HX JoJid a, Has3BaH-
Has CTeNeHb0 NJUCCOIHKANHUH, paclajaerci Ha HOHBI, JOJA
MoJieKys, pasHas (l—a), ocraercs HelHCCOUHHPOBaHHOH. Takum 06-
pa3oM, €CJH OPH AHCCONHALHH ONHOH MOJEKYJAH 3JeKTposura obpa-
3yeTcsi ¥ HOHOB, TO KOHLIEHTDalUMs HOHOB B DAacTBOpPe OKa3hiBaercs
paBHOM vaC, a KOHUEHTpPaUus HEeIHCCOUMHPOBAHHEIX MOJEKYJ —
12

| Cootromwennst (1.7) — (1.9)

(1—a)c. CaemoBaresibHO, 06mlas MOJISIpHAsT KOHIEHTPALHs YaCTHIL
B pacrtBope cocraBuT (l—a)c4vac=c[l4a(v—1)]. Beipaxkenue
[14a(v—1)] mnokasnBaeT, BO CKOIBKO pas yBeJuuunBaeTcs oOmas
MOJISIPHAA KOHLEHTpAalHs YacTHI B DAacTBOpe 3a CYET HHCCOUMALHH
JEKTPOJIMTA, T. €. IKBHBAJEHTHO 1O CBOeMY (H3HYECKOMY CMBEICIY
H3otonuyeckoMy koapduumenty Banr-T'odpda. I[loaTomy mo reopuu
Appennyca .
i=14a(v—1). (1.6)

[Mockonpky v>1, a >0, To i>1 u ypaeueuue (1.6) nosgo-
JseT AaThb pasyMHOe OObACHEHHe 3KCIEPHMEHTAJbHEIM JaHHEIM IO
OCMOTHYECKOMY JABJICHHIO, II0 H3MEHEHHIO AaBJeHHS Napa Haj pa-
CTBOPaMH, a TaKXe [0 CHHXKEHHIO TeMIepaTyphl 3aMep3aHHs M IO
[OBHILEHHIO TeMIepaTypsl KHIEHHS B PacTBOPax 3JeKTPOJIHTOB.

3. K nponeccy 31eKTpPOJHTHYECKOH AHCCOUMALMH IPHMEHHM 3aKOH
Jefictylomnx Macc. Tak, eciM B pesysbTate IHCCOUHAUHMH MoJe-
KYyJbl 3/1eKTpoaHTa MA noayvaercsi OXHH KaTHOH H ONHMH aHHOH MA=
==M+4+A-, 10

[MA]=c(1—a); [M+]=[A-]=ac
¥ 1211 KOHCTAHTH 3JIEKTPOJNHTHYECKOHR AMcconuanyn K mo teopuu Ap-
penuyca nojyuyaeMm ClaeAyIOLIee BbIpaKeHHe:

 IM*J[AT]  efc
T MA] T 1—a (1.7)

TTockonbKy o6paTHast BeIHYMHA MOJSIPHOH KOHLEHTpamuu Y=1/c
Ha3blBaeTCs pa3BeldeHHeM, To ypaBHeHne (L7) wuam anasoruuHoe
ypaBHeHHe c 3aMeHOH c¢==1/V HasbiBaeTcs 3aKOHOM pasBeje-
A OctBaabpa.

ITo teopun Appenuyca koncranta K siBasietcsi IOCTOSIHHOH JJisi
JAaHHOTO 3jeKTposiuTa. IlosToMy no ypaeuenuio (I.7) moxHo pac-
CUHTATh CTENeHb JAHCCOUHALHM B 3aBHCHMOCTH OT KOHILEHTPALHH 3JeK-

.Tponuta. Peliasi KBaJpaTHOe ypaBHeHHMe H Y4HTHIBaf, 94To a>>0, mo-
JyyaeMm

| a = (VK F4Ke — K)/2c. (1.8)
Kak caenyer us ypasuenus (1.8), mpm ycaosun K>>4c a—l, T. e.
SJIEKTPOIAT CTAHOBHTCS IIOJIHOCTBHIO JHCCONMHpOBaHHHIM. C  apy-

TOfl CTOPOHEI, IPH MaJbiX KOHCTAHTAX JHCCOHMAIHH H IIPH He OYeHb
HH3KHX KOHHEHTpauHusx, korna K< 4c,

a~VKjc. (1.9)
IPHMEHHMBl TOJIBKO IJISi PACTBOPOB CHM-
METPHUHLIX OHHAPHBIX 3JICKTPOJIHTOB, KOrZZ OXHA MOJEKYJa 3JeKT-
PoaxTa NaeT ONHH KAaTHOH H OJHH AHHOH. FEcJaH Xe 3JIeKTPOJHT
HMEET HECHMMETDHYHHIH BAJIGHTHHIH THI HJH HMEETCS CMeCh 3JIeKT-
"POJIHTOB, TO MaTeMaTHYeCKHe COOTHOINEHHSI, ONHCHBAIOUIHE 3aKOH

AGHCTBYIOIHX MacC, COMIACHO TeODHH AppEeHHyCa, M BHTEKaIOIHe
‘U3 HHX CNIeJICTBHSl YCJIOXKHSIOTCS.
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Teopuss AppeHnyca NO3BOJIHJIA TPAKTOBaTb JI0Obie siBjIeHHS, CBsl-
3aHHble ¢ HOHHBIMH DaBHOBECHSIMH, H Jerja, TakMM o6pa3oM, B OCHO-
BY KaueCTBEHHOIO ¥ KOJIHYECTBEHHOTO aHaJIHn3a.

1.3. UoHHBIe paBHOBECHS B PacTBOPAX 3/]1€KTPOJHUTOR

Ha ocuoBe Teoprn Appenuyca Obia chopMyiupoBaHa I[CpBas
TCOPHSI KHCJIOT W OCHOBaHHH, COTJIacHO KoTopo# KHcaoroi (HA) saB-
JsieTCs COefMHEHHe, NHCCOLMHpYIOllee Ha HOHBl BOAOPOAA M KHCJOT-
HOTO OCTaTKa:

HA=H+4A-

a ocHoBanueM (MOH) — coenunenne, nuccounupyiollee Ha KaTHO-
HBl MeTaJl1a H aHHOHbI THAPOKCHJA!

MOH=M++4-OH~ '

TakuM o6pa3oM, peakiHsi HeHTpajH3allHH CBOAWTCSA BCeria K B3aH-
Mmozeiicteuio HoHoB H+ u OH~ n B pas3baBieHHbX pacTBOpax CHJib-
HBIX KHCJIOT H OCHOBaHHH JOJXKHA XapaKTepPH3NBATLCS NOCTOSHCTBOM
TenaoBoro 3¢¢ekTa HE3aBHCUMO OT NPHPOAB KHCJOTH M IIEJIOYH.
Teopust AppeHunyca Oblja LIHPOKO NpPHMEHeHa K TPAKTOBKe Da3siHy-
HbIX KHCJOTHO-OCHOBHBIX ‘paBHOBecHi. [l TpOLECCOB AMCCONHALHH
kucjotel HA u ocHoBanus MOH 3akon passenennsi OcTBajbia MOX-
Ho 3anucath B BHIe (1.7), rie K oGo3Hayaer Tak Ha3bIBAeMyi0 Ka-
KYILYIOCS KOHCTAHTY IHCCOUHALHH COOTBETCTBEHHO KHCJIOTH (Ka)
Hu ocHoBaHus (Kg):

H+1[A— 2

Kp = [1]{[:]] ===, (1.10)

K :[MN}][OH—.] — GZC ) (I.ll)
[MOH] l—a

Tak kak [H*]=ac u [OH-]=ac, To, ucnonssys ypasHewue (I.8),
nMeeM

K2 + 4K c— :
[H+] = Vi~ QK"C M, (1.12)

V'K + 4Kge —Ky

[OH-] = y : (1.13)

Mpu Kak4c unn Kp<k4c, 1. e. upn maabix Ko ¥ Kp # He CJOHUIKOM
MaJblX ¢,

[H*] ~ V Kac, (1.14)
[OH™] ~ V' Kge. (1.15)
Jlorapudm KOHUEHTPALME HOHOB BOZOPOLA, B3ATH C OOPATHHIM
3HakoM, Ha3piBaeTcst pH pacrBopa (C. CépeHcen):
pH=—Ig [H*]. (1.16)
14 .

CooTBeTCTBEHHO 3TOMY OblJIH BBejJleHbl N0Ka3aTeJH AHCCOUHAIlHH KHC-

JIOTHl ¥ OCHOBAHHS:
pKa=—I1gKa, (1.17)

pKe=—1gKs. (1.18)

INpumeHeHne TeOpHH AppeHHyca K BOJe, KOTOpas OTHOCHTCS
K yuCJdy O4eHb CJIabblX 3JeKTPOJHTOB H AHCCOLHHPYET IO yPaBHEHHIO
H,O=H*++4-OH-, nosBoasier 3anucarth
K,:[H*‘][OH_] %k
[H.O] l—a
Tak xak aas Boasl a1 um [H,O] npakTHueckH HOCTOSIHHA, TO IO-
JayvaeM

(1.19)

Ko=[H+][OH"] =K'[H.0]=¢a?, (1.20)

rle K, — KOHCTaHTa, 3aBHCAlllas OT TeMNepaTyphi, HA3nBAeTCA HOH-
HBIM TpoH3BeleHHeM BOAb. HHXe mNpHBeleHb BeJHYHHH PKy =
= —1g Kw NpH pa3nHYHEIX TeMOeparypax: :

°C... 0 10 20 25 30. 40 40 60
g Kyge.o 14,943, 14,534, 14,166, 13,996, 13,833, 13,534, 13,261, 13,017,

IIpn 20—25°C B nepsom npuOAHIKEHHH npnﬁnmaloT pKw=14. Us
TeMnepaTypHO# 3aBHCHMOCTH PKw, BOCNOJBL30BABIINCL YyDaBHSHHEM
HM30X0PH DPeaklHH, MOXKHO BBLIYHCJAHTE TeIIOBOH 3ddexkT AHCCOLHA-
uun Boan. Ilpn 20°C on paBen 57,3 kJx/M0OJb, 4TO HpPaKTHYECKH
CcoBNazaeT Mo abCOMIOTHOH BeJIHYHHE C 3SKCIIePHMEHTaJIbHO HaRJeH-
HOH TenJOTOH HeHTpaJH3aHHH CUJIBHOH KHCJIOTH CHJbHEIM OCHOBa-
fHeM B BOJHBIX PacTBOPAX, NOCKOJBKY NpOTEKalolasi NpH 3TOM pe-
aknug obpaTHa mpoleccy AHCCOLMALHH BOJHL.

Coan, o6pasoBaHHBe cJabbIMH KHCJIOTaMH AW (#) caaGeiMH OC-
HOBAHHSAMH, MOJBEPralTCsi B BOAHBIX pPacTBoOpax ruppoausy. Has co-
JM ¢1abo# KHMCJAOTH U CHJIBHOTO OCHOBAaHHS peakl#s THApPOJH3a Ipo-
TekaeT mo ypaBheHHio A~+H,O==HA-+OH- n xapakrepusyercs
KOHCTaHTOH THIPOJIH3A :

_ [HAJ[OH~)

Ky = 1.21)

. ockobky [H;O]==consi. HUcnonssys ypasuenus (I.10), (1.20) wu

(I.21), moxHO 3amKcaTh

Kn=Kuw/Kas. (1.22)
Ypaerenne (1.22) nokasmiBaer, YTO KOHCT2HTA THAPOJH32 TeM 6OJb-
we, yeM cjaabee KHcaora. EcaH Qom0 HOHOB, MOABEPrHYBIIMXCS THA-
poau3y, 0603HAuMThL uepes v (cremeHb THApoaHsa), To [A~] =

=c(1—v); [OH-]=[HA]=cv u
- Kn=v2c/(1—v). : (1.23)
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i Taxum o6pasom,

— 214 — V K2 4&W
(OH) = oy = Rt VG M0 it A (1.24)

[Ipu oueHb HH3KON KOHUEHTPAUMH cojH, Koria K> Kac,

—e 2K
VR aoKae ~ Ko (14 22°) n [OH ]~ e,

T. €. THAPOJIH3 OKAa3hIBaeTcs NMONHBIM. [10/06HBE COOTHOUICHHS MOXK-
HO NOJYYHTb H IJIsi THAPOJH3A COJNH CHJALHON KHCJIOTH H cJaGoro
ocHoBanusi. HanpuMep, ypaBHeHHe THAPOJIH3a HMEET BHI

M+4-H,0=MOH-+H+
a KOﬁCTaHTa FHHPOJIHS&

Kh:

[MOH][H+] _ Ky

mM+] T K’ (1-25)

BeaencTBrHe CHNBHOH 3aBHCHMOCTH Ky OT TemnepaTypsl C pOCTOM HO-
clefHeH 3aMeTHO BO3PacTalT KOHCTaHTa ¥ CTelleHb THAPOJH3A.

Ilo Teopum AppeHuyca MOryT OBITb pacCUMTaHB KpHUBHE HEHTpa-
JH3allH, XapakTepH3yloliHe H3MeHeHHe pH pacr¥Bopa mpu HeiiTpa-
JHU3alHH KHCJAOTH WJIH OCHOBaHHA. PaccMoTpHM KpHBHE HeHTpasu-
3auMd Aja OydepHoro pacTBopa, cocTosilliero M3 caaboiéi KHCAOTH
HA u ee coau ¢ CHIBHBIM OCHOBaHHEM. Dy¢epHocTh Takoro pacrBo-
pa obycjoBneHa TeM, uTO J00aBiseMble HOHB BOAODOLA CBSI3HIBA-
I0TCSl aHMOHAMHM COJIH, a.06aBisieMble HOHBI THIPDOKCHIA YAa/lS0TCS
3a cuyeT HeHTPaNH3allHH HEAMCCOLUHHMPOBAHHLIX MOJEKYJ KHCJOTH
OH-+HA=H;0+A-. B pesyabTate npH HeKOTOPOM COOTHOLICHHB
KOHLIECHTPAIHU coNu ¥ KHUCAOTH pH cucrembl npu noGaBieHHH KHC-
JAOTHI HJIH 11eJIOYH H3MEHSETCs] He3HAUHTEIbHO.

By¢epHbllt pacTBOp MOXHO TNPUrOTOBHTHL AOGAaBIEHHEM LIEJOYH
MOH x pacteopy canaboii kucaorst HA. TlyeTs HexonHast KOHUEHTPaA-
uus HA paBHa a, no6aBieHHOe B pPacTBOP KOJHYECTBO IIEJIOYN
MOH — b. O6pa3yioma;[c;1 npu 3ToM cosab MA nncconumpoBaHa noJ-
HOCTBIO, ¥ BCerja BHIIOJHSETCS PaBEeHCTBO

a=[HA]+[A-]. (1.26)
Ho ycnosuio snekTpoReRTpaNbHOCTH pacTsopa .
[M+]+ [H+]=[A-] 4+ [OH"]
HJIH
b+ [H]=[A-]+[OH-]. (1.27)
Tak KaK KOHCTAaHTa HMCCOUMALHU KHCJOTH
| Ka=[H+][A]/[HA], (1.28y
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to, moacrasass B (1.28) soipaxenne pas [HA} ns (1.26), noay-

yaem
[A-]=aKa/ (Kat-[H]). (1.29)

M3 ypasmenuit  (1.29), (1.27) u pasencrsa [OH-]=K,/[H*]
caenyer

dKA Kw ‘

b-——m—[Hﬂ‘F H+] (1‘30)

Hcnoassyst onpenenenne pH=—Ilg[H+], n3 ypaBuenna (1.30) na-
XOHM

aKy [Ht] K ]

= =2,303{ —— e H+ 2
d(pH) (Ka +HF)Z +H ]+ I
rae B — Gydepnas eMkocTb cHcreMbl. OHa NOKa3bBaeT, Kakoe KOJHU-
YeCTBO CHJILHOIO OCHOBaHHS Heo6XoaMMO J00aBHTb, YTOOH H3MEHHTbH
pH pacrBopa Ha eamnuny. B obGnacru mauGonee addexTuBHOro Oy-

'LD

(131

(GepHOTO JAeficTBHA CIpaBelJHBo Oosee NMPOCTOe yYpPaBHEHHE:

aKp [H+]
(Kp +[H*D? ,
H3 KOTOporo cieayer, yTo 6ydepHas eMKOCTb HPONOPHHOHAAbLHA 001Iel
KOHLeHTpanuu pactBopa. 3HayeHHe pH, mpu xoropom GydeprHas em-
KOCTb MaKCHMaJbHa, MOXKHO HaHTH, nponu¢ddepeHnpoBaB ypaBHEHHe:
(1.31) no pH u npupaBHSB pe3yJabTaT HYJIO:

e 2 e | 2[HTP HY
d(pH)2 - (2,303) aKA-l(KA+[H+])3—' (KA+[H+])2 I——O.

Orciona BHAHO, YTO OydepHas €MKOCTh MaKcHManabHa npu Ka =
=[H*] uau pKa=pH. IIpu stom

2,308
B =200

PagencrBo pH=pK, HOCTHraercsi NpH OLHHAKOBOM KOJHYECTBE KHC-
JIOTH H COJIH B PacTBOpE.

5= 2,303 (L.32y

(1.33)

(1.34)

Ha ocnose Teopun Appenuyca 6u10 cHOPMYAHPOBAHO NOHSTHE:

(o} HpOHSBe}IeHHH PacTBOpHMOCTH L nns TPYAHOPACTBOPHUMEIX LOQlIH*

Henuii Tuma M, A, :

L= [M ]+ [A*]- (1.35)

H OODSCHEHO yMeHblleHHe pacTBOPHMOCTH NpH A06aBleHHH B pa-
CTBOP BelLeCTB, uMelomnx obuwui won ¢ M, A, . Hrorna ato npa-

BHJIO Hapyliaercsda BCJIEACTBUHE 06p33033HHH KOMIIJIEKCHBIX CO€JHHe-

mufi. Tak, pacTBopuMocTb HHaHHna cepe6pa AgCN mnopnmaercs

B NPHCYTCTBHH H30LITKa LMAaHHAA KaJHs, TaK Kak HpH 3ToM o6pa-

syercs noH [Ag(CN)q]~ u ycraHnasiuBaercsi paBHOBeCHe:
[Ag(CN).]-==Ag+-+2CN-

25283 17
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B cjiyyae OJAHOrO BHAA JHraHIOB peaKLHIO KOMHJIEKCOO6pa3OBaHHﬂ
’MO}{&'{O NpeACTaBUTL B BUAC '

gM*+ - r AV-2 M AT

+ry_

+ry__
31 BBeCTH KOHCTAHTY YCTOHYHBOCTH Kommiekca M Aq *

a9z +ry
[Mq Ar -]

‘ IM*+ ATy
Yacro KOMHJIeKCOOﬁpaSOBaHPIe HPOTEKAeT CTYII€HYaTo:
MZ++AEI__:MAZ++y_
MAZ+*9—4-A¥" MAS-*%— u 1. 1.,

fIpHYeM KaxJaas H3 TAKHX CTAajHH MoXeT OHThL OXapaKTepH30BaHa
KOHCTAHTOH YCTOHYHBOCTH.

CywmecTByer rpynna coeiHHeHHH, B MOJeEKyJAaX KOTOPHIX codep-
JKATCs KHCJAOTHHE M OCHOBHBle rpynnil. TakHe coeJuHeHHUS Ha3bIBa-
10T aM(QOTEPHBIMH 3JIEKTPOJIMTAMH HAH am@osuramu. KiaaccHueckHit
npuMep aMQOJHTOB — aMHHOKHCJAOTH XHpHOoro psxa NH,RCOOH.
B BomHOM pacTBOpe aMHHOKHCJOT B pe3yJbTaTe BHYTPEeHHEH HOHH-
3annu 06pasyioTCs UBHTTEP-HOHBL ([BOfHblEe HJH OGHIOJSPHBIE HOHHI,
aMdH-HOHHI) :

NH,RCOOH=+NH;RCOO-
Tlpu no6GaBieHHH CHABHOH KHCJOTH B PacTBOP aMHHOKHCJOTHL IIPO-
HCXOJHT peakLHs .

+NH;RCOO-+H+=NH;RCOOH
a npH n00aBJeHHH CHJBHOH 11eJOYH — peaKlHs
+NH3RCOO—+OH‘—<—_~NH2RCO~O‘—i—HzO

Taxum oOpa3oM, OCHOBHBIE CBOHCTBA aMMHOKHCJOTHI
rpynnoit —COO-, a KHcIoTHHEe — rpynnoit —NH3™ .
O6o3naunM améu-uon uyepe3 RH=*; kaTHOH, 06pasyiomHHcs B KHC-
noM pacTtsope,—uyepes RHy', a anuoH, 06pa3yiomuiics B HI2JOYHOM
pactBope, — uepe3 R—. HoHHble paBHOBecHsi B pacTBOpax aMdoJIHTOB
yao6HO paccMaTpHBATh C TOYKH 3pEHHS MOCJAeI0BATEJNBHOH ZIHCCO-

1IHAIHA mexocnoaﬂon kucaotel RH, :
RH," =H+4+RH=; RH*=H+4R~-

H oxapaKTepnsoBaTb 5TH JiB€ CTaJHH COOTBeTCTBleIIII/IMH KOHCTaHTa-

MH JHCCOLHALINH:

__ [H¥][RHE)

__[H*R™]
[RH] K

Kl 2T
(RH*]

(1.37)
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06yCIOBJIEHL

TIo yCc/IOBHIO 3J1eKTPOHEHTPAJLHOCTH
[H+] 4+ [RH*]=[R-]+[OH"] (1.38)

(vousi OH~ Bceria NpHCYTCTBYIOT B PacTBOpE Hapaiy C HOHaMH
H+). Toacrasus [RH.'] u [R | u3 ypapmennii (1.37) B ypaBHeHHe
(1.38), noayuum

(1.39)

i R R,
K, +[RH%*] °

Ecan [RH:+]=[R-], T0 amM(poaHT HaXORHTCA B H302JEKTPHUECKOH
touke. IIpu atom coraacuo (1.37) ,

[H=K,K,, nm [H*] :VI—(:K’

T. e. pH pactBOpa B H303JEeKTPHUYECKOH TOUKE MOXKHO BBHIUHCIHTH MO
YpaBHEHHIO

(1.40)

pH=—pK, +—pK.. (1.41)

1.4. HepocTaTku KAacCHYECKOH TEOPHH
JIEKTPOJUTHYECKOR AHCCONHALMH

Hapsizy ¢ pacCMOTpPeHHBIMH IOJIOXKHTEJNbLHRIMY CTOPOHAMH TEOPHST
AppeHnryca HMeeT Ba CyllecTBeHHHIX HepocraTtka. [lepBulii Hepocra-
TOK CBfI3aH C TE€M, YTO JAaHHAs TEOPHS HIHODHDYeT B3aHMOJEHCTBHE
HOHOB C [HNOJSIMH BOABl HJIH JAPYroro pacTBODUTE]S, T. €. HOH-JH-
noJibHOe B3aMMOJeHCTBHe. A HMeHHO 3TO B3aHMOJeHCTBHe, KaK IOKa-
3aHO JaJjee, fBAsleTcs (H3HYeCKOH OCHOBOH 06pPa3oBaHMA  HOHOB:
B pPacTBOpe NPH PacCTBOPEHHMH 3JeKTpoJuTa. TakuM o6pasoM, Oe3 yde-
Ta WOH-IUNOJbHOTO B3aHMOJEHCTBHS HeJb3s OLIIO OOBACHHTL IIPO-
necc o6pa3oBaHHs HOHOB H yCTOHYHBOCTL HOHHBIX cucTeM. M Teopus
Appenuyca OCTaBjsiJia OTKPBITBIM BONPOC O NMPHYHHAX 3JEKTPOJIUTH-
YeCKOH JHCCOLHAaLMH.

Bropoit HexocTaTOoK TeopHH AppeHHyca CBSI3aH ¢ HTHODHPOBaHHEM
HOH-HOHHOrO B3auMojelicTBHsl. MIOHBI paccMaTpHBaJHCh KaK YacCTHIHI
HAeaJbHOrO rasa, a CJeLOBaTeNbHO, He YYHTHIBAJIOCH 06YCJORJIEHHOE
KYJIOHOBCKHMH CHJIaMH NDHTSIXKEHHe KAaTHOHOB H aHHOHOB H OTTAJIKH-
BaHHe OJHOHMEHHO 3apsi’KeHHBIX HOHOB. [IpeHe6pekeHHe HOH-HOHHBIM
B3aUMOJefICTBHEM, COBePIIEHHO HEMOHATHOEe ¢ (U3HUECKOHA TOUKH 3pe- .
HHS, NPHBOAMJO K HapYyIIEHHI0O KOJHUECTBEHHBIX COOTHOLIEHHH Teo-
pun Appennyca. Tak, HanpuMep, cTporast npoBepka ypasHeHus (I1.7)
T0Ka3blBa/la, YTO KOHCTAHTa AHCCONHANMH K He OCTaeTcsl MOCTOSIHHOM,
a4 M3MeHSeTCSl ¢ KOHIEHTpallMed 3nekTpodaHnta. HauboJsee oTyernmBo-
3TOT 3¢ (¢eKT NPOABJIAETCS B PAaCTBOPAX CHJIBHBHIX 3JIEKTPOJHTOB, HC-
THHHasl CTeleHb IHCCOUHAUMH KOTOPHX « G6JH3Ka K elAWHHLUe (TaK
HasbiBaeMasi «aHOMaJisi CHJbHBIX 3JeKTposnToB»). Ho naxe B pa-
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CTBOPax cJabofl YKCYCHOH KMCJIOTHI 3aBHCHMOCTb K OT KOHIEHTPaLHH
CH3;COOH 3nauuTe/IbHO NPEBOCXOAHT BO3MOXKHBIE OIIHGKH H3Mepe-
Huil. H¥Xe npHBeleHB KOHCTaHTHl Auccounauud K 1is BOAHHEIX pa-
crBopoB KCl u CH;COOH mnpu 25°C:

g MOMB/M. . . . . .. .. .. ... ... 0,000 10,001 0,01 0.1
Kgcp MOAb[a . . ... ... ... ..., 0,013 0,046 0,151 0,535
€CH,COOH » MOMB[A. . . . . . . .. . ... . 0.001 0,02 0,1 0,2
)KCHSCOOH-loﬁ, MOAB[A J . . .. . ... ... 1,751 1,740 1,700 1,653

, Hapymenne koJHYeCTBEHHBIX COOTHOLIEHHH Teopum AppeHuyca
H3-32 InpeHeOpeXeHHS MHOH-HOHHBIM B3aMMOJAEHCTBHEM IMpPOSABJISETCH
TaKXe B TOM, YTO Da3/HYHble METOJBl ONpejelieHUs CTeleHH AMCCO-
JMHaOHH o AA0T HecoBNajamolllHe pe3yibpTaThl. Tak, ¢ MOXKHO pac-
cyHTaTh N0 ypasHeHHio ([.6), 3Has H30TOHHYeCKHH KO3(p(PHIHEHT
Bant-T'opda. anee, nMOCKOIbKY 2JEKTPOINPOBOJHOCTL pacTBOpa 3a-
BHCHT OT KOHIIEHTPaHHHM CBOGOAHBIX HOHOB H, CJIeJOBAaTeJbLHO, OT CTe-
fIGHH JHCCOLHALHH, TO ¢ MOXHO OHpPeJesHTh II0 H3MEPEHHIO 3JIeKTPO-
NpOBOAHOCTH. HaKoHel, Kak clelyeT H3 3JeKTPOXHMHUECKOH TepMo-
JUHAMHKH DAa3HOCTb IOTEHIHAJIOB HA KOHIAX PABHOBECHOH 3J€KTpO-
XHMHUECKOH ILlellH CBf3aHAa C KOHIEHTpanHell HWOHOB, YYacCTBYIOLIMX
B YCTAHOBJIEHHH 3JeKTPOXHMHUECKOrO paBHOBecHs. [losromy wuuoraa
CTeNeHb JAHMCCOIMALMH o MOXKHO PACCYHTATH [0 H3MEPEHHI0 Pa3HOCTH
JOTeHIHAJIOB COOTBETCTBYIOIIeH Ienu. PacxoXJeHHs B BeJHUYHHAX q,
PAacCCUNTaHHBIX TpPeMsi YKa3aHHBIMH MeTOJaMH, GKa3bIBalOTCH BechbMa
CYUICCTBEHHBIMH, OCOGEHHO [JIsi DPAcTBOPOB CHJBHEIX 3JEKTPOJIHTOB.
Jln5 KOHHEHTPHPOBAHHHIX PACTBOPOB CHJBHLIX 3JIEKTPOJIHTOB IOCJE]-
HHA MeTOJ, HHOTZa IPHBOAHT K He HMeIOMMM (H3HUECKOTO CMBIC]A
3HaYeHHsIM q>>1. '

HrnopupoBanne B3aHMOAeHCTBHS UYaCTHI DACTBOPEHHOTO BellecT-
Ba MexXZAy co0of M C MOJeEKyJaMH pAacTBODHTENsS SIBJASJIOCH OCHOB-
HEIM OOBEKTOM KDHTHKH TeopHH Appenuyca. B wacTHoCcTH, B mpoTH-
sonosioxnocte C. Appennycy u §I. Baut-Fodoy, KoTopele paccmar-
PHBaJIM DACTBOPH KaK MEXaHHYECKYI0 CMeCh MOJEKYJ BOJL C MoOJe-
KyJaM# H HOHaMM 3jekTpoauta, . M. Menaesnces roBopua o XHMH-
“YECKOM B3aMMOAEHCTBHHM MeXKJy PAacTBODEHHBIM BELIECTBOM H pacT-
BOpHTeJIEM, 3a CYET KOTOPOro o6pasyloTcsl «KUAKHE HeNpOYHBle CO-
€IUHEHHSI B COCTOSHHMH JHccOIManyuu». [IONMBITKH KOJIHY4ECTBEHHO
Yy4ecTb HOH-AHIIOJbHOE U HOH-VOHHOEe B3aMMOJASHCTBHs IPUBENH K GOp-
MHDPOBAHHIO COBPEMEHHHIX TEOPHH DPacTBOPOB 3JEKTPOJHTOB.

Ecan B pacTBop BBeCTH GOJIbLIONH H3GHITOK NOCTOPOHHETO 3JEKTPO-
JIMTa (TaK Ha3HBaeMoro (oHa), KOTODHE He YYaCTBYeT HeNOCPeCT-
BeHHO B HOHHBIX DABHOBECHSX, TO B 3THX YCJOBHSIX OCHOBHLIE COOT-
HOIIEHHs TeOpHH AppeHHyca BHIONHSIOTCS C OUeHb XOpOIIell CTe-
MeHbl0 TNpHOIHKeHUs. MeTon BBeleHHs H36HITKAa HHAHGbdEpeHTHOro
3JIEKTPOJINTA GBI _IpenIokKeH S1. BpéHcreoM W moAyYHnm Ha3BaHHe
MeTOZAa MOCTOSHHONA HOHHOM Cpefhl.
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rJABA H. HOH-JUIIOJILHOE B3AUMOJENCTBUE
B PACTBOPAX 3JIEKTPOJIUTOB

II.1. MexaHu3Mbt 0Opa3oBaHus PACTBOPOB AJEKTPOJIHTOB

TepMHH <«3JIEKTPOJHTHUECKAS JHCCOLHALHI» TOAPA3YMEBAET 06-
pasoBaHHe HOHOB B pacTBOpe NPH pacnaje HEHTPAJbHBIX MOJIEKYH
pactBopsieMoro BelilectBa. OJHaKO 4acTO HOHH CYIIECTBYIOT YyxKe 10
pacTBopenus: *. Tak, Hanmpumep, TBepAbll XJOPHJL HATpHsi NpPeACTaB-
Jsier cobofi Kpucrami, nocrpoensbii w3 HoHoB Nat m Cl—. Ilpu pa-
creopenun NaCl NpoHCXOAHT paspylleHHe KPHCTa/ula 3a CUeT B3aH-
MOIEfICTBHS HOHOB C JMIIOJSMH pacTBopHTess. UroObl 10Ka3aTb 3TO,
HYXHO DACCYHTATb SHEPTHIO, HEOOXOAHMYIO JJIsl PA3PYLICHHAST KPHCTA-
JIHYEeCKOH pelIeTKH, H CONOCTABHTb ee C SHEpruef CoJbBaTalMH, T. €.
C BHIMTpHILEM 3HEPrHH 3a CYeT B3aMMOJEHCTBHS HOHOB C PacTBOpH-
TeseM. ECOH 5TH 3HEPrUH OKaXKYTCS OJHOIO INOPSAKA, TO BBHIBOX
O paspylUeHHH KPHCTaJ/UIMYeCKO!l PelIeTKH COJIH 32 CYeT MOH-JIMIOJb-
HOTO B3aUMOJERCTBUS MOXKHO CUMTATH IIPABHJbHEIM.

B psge cayuaeB pacTBOp 3JeKTPOJHTA NCHCTBHTENBHO IOJyYaeT-
s IpH PACTBOPEHHU BelleCTBAa, COCTOSAIErO H3 HEHTPaJbHBIX MoJe-
Kyn**. Tak, HanpuMep, NpH PacTBOPeHHH B BOJe ra3006pasHOTO XJIo-
PHCTOrO BOJOPOAA NOJydaeTcs PAacTBOP CHJIBHOTO 3JIEKTPOJIATA — CO-
JAsiHOH KucjoTH. OJHAKO M 371eCh AeJO CBOAUTCA He K AMCCOUHALHH
Monekya HCl, a K ux XHMHYeCKOMY B3aKMOJEHCTBHIO C MOJIEKYJaMH
BOJHI

HCl4+H,0—-H,0t+Cl-,

NpH KOTOPOM HPOTOH nepexoaut ot Mosekysisl HCl k mMoaekyae HoO ¢
06pasoBaHHeM HOHA THIPOKCOHHsS. KpoMe T0ro, 06pa3oBaBIIHeCs HOHH
H;0+ u Cl- BcTynawt B HOH-AUNOJNBHOE B3aHMOJeHCTBHE C H30hi-
TOUHBIMY MOJEKyJaMH BOAH. Takum obpasom, npH o6pa3oBaHHMH pa-
CTBOpA COJISHOM KHCJOTH 2HEprus, HeoOxoAuMasi HJs Pa3phiBa XH-
muueckod cssiam H—Cl (ona cocraeasier 432 kJlx/MOJb), KOMIeH-
CHpyeTCsl 3Hepruefi CBSI3H IPOTOHA C MOJIEKYJOH BOALI B HOHEe THA-
POKCOHHS H 3Hepruell rugpartanuu vosos H;O*r u Cl—. ‘

TakoBH 'JBa OCHOBHBIX MeXaHH3Ma o6pasoBaHHS PAacTBODPOB 3JeK-
TPOJIUTOB.

11.2. DHeprus KpHCTANJHYECKOHR PEHIETKM

DHeprus KPHCTANJIHUYECKON pelleTKH OpeactaBiaseT coboil pabo-
TY, KOTOPYIO HYXHO 3aTpPaTHTb AJS pa3pylUeHHs DPEWCTKH, T. €. g
pasBeleHHs] COCTaBMASIONINX €e HOHOB Ha OeckoHeyHo 6oJblioe pac-
CTOSIHME B BaKyyMe. DHepPrui0 KPHUCTAJJIHYECKOH PpeIIeTKH pacCUHTHI-
BAaIOT HAa MOJb HCCJefyeMoro BemiectBa. Jis oleHKH 3TOH 3SHEPrHH
-BOCNOJIb3YEMCH MOJENbHBIM METONOM, KOTOPHI Obll  NpeAsoxeH

* Bemecma, ConepxKalne HOHb B HCXOXHOM COCTOSIHHH, HHOTIA Ha3HRAOT
#oHobopaMH,

b Bemec'ma, oépasyloume HOHH JNHIUIb IMPH PACTBOPEHHH, HA3HWBAIOT HOHOTE€HaMH.
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M. BopuoM. PaccMOTpHM 1Ba NpPOTHBONOJOXKHO 3apsizKeHHBIX HOHA
COCTABJSIIOLMX [aHHYIO KPHUCTAJIHYECKYIO PeIleTKY, KOTOphie Hmeror
abCcoNOTHbIE 3apflbl 2189 H 2280 M HAXOAATCA npy"r OT Jpyra Ha
paccrosinuu r. CHJy 3JIeKTPOCTATHUECKOTO B3aHMOJEHCTBHS (NPHTH-

) 11

— 2320607
Faﬂ_—m, (II.1)
}*&e €0 — AM3JIEKTDHYeCKas INOCTOosHHAs, paBHas 0,88542.10-1! ®O/m

OKHO MPEANOJAOXKHTD, YTO IepPBHIA HOH 3aKpeIJieH B NMOJOXKEHHH r=—
=0, a cuna F,, JdeficTByer Ha BTOpOii
FOH B HallpaBJIeHHH IePBOro HOHa (pHC.
11.1}. TTockoabKy HampaB/eHHe CHABL Fay
HPOTHBONOJIOXKHO HAMPABJEHHIO OCH T,
T0 Fsn<<0. OZHOBpeMeHHO Ha HOHH Aeii-
AU CTBYET CHJa OTTaJKuBaHus Forr, 00y-
CJIOBJIeHHAsl B3aHMOAEHCTBHEM 3JIeKTPOH-
y HBIX 000Ji0YeK H. He - MO3BOJSIOHIAA
g Iy r HOHaM OecKOHeyHO OJH3KO NOZOHTH APYr
K Ipyry.

[lpeanonoxknuM, yto cHjia Forr TAKXKe
NpHJOXKEHA KO BTOPOMY HOHY (pHC.
I1.1). Tlockoapky HampaBjeHHe 3TOR
CHJIBl COBIIAfAeT C HalpaBJeHHeM OCH 7, T0 For:>0. Cuay Forr MOK-
HO HPeACTaBHThH B BHIE

Z,Eg Zzéb FbTT
[ e — e
Ul \far

{
1
I
1
1
{
1
1

Puc. IL1. K pacdery sHepran
B3aHMOJefiCTBHA ABYX HOHOB

B
o Fom=—r (I1.2)

rn+1

rae B u n — KOHCTAaHTH, npHyeM n>>1. Takum 06pasom, cyMMapHas
CHJIa B3aHMOJEHCTBHS HOHOB

Fant Fom= — 2200 (11.3)

ITo onpenenennto, F=—dU/dr, rae U — noteHuuanviasi sHeprus

cucreMul. [TostoMy, uHTErpHpys BeanuynHy F oT paBHOBECHOro pac-

cTOsHUS (r9) MeXJAy HOHAMH B KPHCTAJIHYECKOM peuleTKe A0 F=

=00, HAXOJAHM H3MeHeHHe NOTeHUHaJbHOH 3Hepruu AU, cooTBeTCTBY-

I0lllee yAajeHHI0 1BYX paccMaTPHBAaeMHIX HOHOB Ha GeCKOHEeYHO GOJb-
woe paccrosiiue (puc. 11.1):

o0
AU:——S(——&&‘E_ B )drzzlzzeoz _ B (114)

2 n
dmeor riwtl dnzyrg nry

Koncrauty B MoxHO paccuHtath no ypasHenuwo (II.3), Ttak kak
B pPaBHOBECHOM COCTOSIHMH, Korpa r=ro, F=0. CaeaoBatennuo
»

B=2z1z2e0%r¢""! /4neo
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g ypasueHue (I1.4) MOXHO mepenucarb B BUAE

AU = B ( — -‘—). (I.5)

4regry n

®opmyaa (I1.5) moayuena Ajs ofHo#l mapu HOHOB. UroOwl mepei-
TH K JHEPTHH KDHCTAJIHYECKOH DPelieTKH, paccyHThIBAEMOH Ha MOJb
BelllecTBa, HeOOXOJMMO YMHOXHTD AU Ha uucao Asorapao Na H
yuecTb B3aHMOJIeHiCTBHE MeXJy BCEMH HOHAMH, KOTOpO€E ONpene/sieT-
CSi MX B3aHMHBIM PaclojioxkeHHeM B oGbeMe DeIlCTKH. Tlocnenusig no-
npaBka SKBHBAJICHTHA BBEJCHHIO €llle OJHOro muoxureass A — KoH-
cranTe MajenayHra, KoTopasi pPacCYUTHIBAeTCH, Kak CyMMa psia, H
3aBHCHT OT THNA KPHCTAJIMuecKoil peuleTkH. Hanpumep, Ajs XJO-
pHuja HaTpHUs

12 8 6 24
A=6—— + = ——= - ... = 1,7476.
V2 V3 Vi + V5
TakuM o6pasoM, Moieab DopHa, CBA3bIBAIOULAsA cBo6oAHYyIO 3HEp-
THIO KPUCTAJM/IHYECKON pelleTKH C [OTeHIHaJbHON 3HepPrHed B3aHMO-
JleficTBAS 06pa3yoIHX ee HOHOB, IPHBOAMT K dopmyae
2,2,€0% I\

AG.:NAA-————(I————). (I1.6)

4rmegry n

peH;II‘eHOCprKTyprIﬁ aHaJH3 I03BOJsIeT YCTaHOBHUTH reoMeTpHIO
KPHCTaJNJIOB H onpejesiuTh MapaMeTpel A u ro. Koncradra n 0OBIYHO
paccyuTHBaeTCs H3 JAaHHBIX IO CXKHMAaeMOCTH KPHCTAJJIOB IO top-

MyJie
n=1+18fo4/ﬁA€o2, i (IIT)

rae P — K03hUIKEHT CHHMAEMOCTH. HOas NaCl n==75; aas Apy-
rux cojiell 3HayeHHe n Kojebaercs OT 5 10O 12.
Pacuer mo ¢popmyie (I1.6) moxasbiBaer, 9T0 MI% XJIOpHAA HaTpHA

3Heprus Kpncrannnqecxoﬁ pelleTKH COCTaBJAET
6,022.1028-1,7476(1,6022-10—1%)2 (1__1_)_
4.3,14.0,88542.10—11(0,95 4 1,81) - 10710 7.5

AGNag =

—7.624.10° J1x/moib =762 I x/Monb.

Cronb 3e 3HAUHTENbHBIE BEJHUHHBI NMOJYYaloTcd H AJd ApYyrux co-
Jet.

Il7isi OLeHKH TOYHOCTH (POPMYJIbl (11.6) mpescTaBJsieT HHTEpeC CO-
moctapaTb AGNact C H3MeHEHHEM SHTaJbIIHK B X0A€ Da3pyLICHU:A KpH-
CTaJIMYeCKON PpelIeTKH XJOpHAa HaTpHA AHnacl. Bennunay AHwac
MOXKHO OIPeJeJUTh NpPH MOMOILH CJEAYIOUIEro TepMOAHHAMHUECKOrO

HHKJa:
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3navenne AH, B nepBoM NPHOJIMKEHHH MOKHO IIPHPABHATH NOTEH-
[HaJy HOHH3AaLUHH HATPHs, B3SATOMY C OOGPATHHIM 3HakOM. H3aMeHeHme:

AH ey
NaCl(zp) ———————> Na

+ -
az) T Cliay)

+e AH1 ~e'lAH2
¥
Na(ryy) Cl(ras)
AH5 lAHf& lAH4

Nagy +  12CL

SHTANbOHH AH, Takxe TNPHOIHKEHHO ONpeneNsieTCss CPOACTBOM
K 9JEKTPOHy atoMa xyopa. Beamuuna AH3 cooTBerctByer TemnosoMmy
3¢dekTy Npu KOHIAeHcamuH rasoobpasHoro Hatpus, a AH, — Temmo-
BoMy 3(dekTy mpH DeKOMOGHHAIMH aToMOB xjiopa. Haxomen, AH
PaBHO TemaoBOMY 3(GeKTy NPH CXXHFaHHH MeTaJJAHYeCKOro HaTpHS
B aTMocepe razoo0pa3HOro x/aopa. DKCHEPHMEeHTAJbHO OBLIO Haf-
AeHo, 4o AH,=—496; AH,==365; AH;=—109: AH,=-—121 &
AHs=—411 xJx/moab. TTockombKy B 3aMKHYTOM TepMOAHHAMHUe-

CKOM HHKJIe N0 3akoHy [ecca ZAH,- =0, T0
i

AHN.a=— (AH4+AH+-AH3+AH --AH35) =772 k1% /Modb.
YuuTbiBasi JaHHBIE 10 TENJIOEMKOCTH XJOPHAA HATPHS, MOXKHO Olle-
HUTb mpousBelenne TAS, xotopoe mpu 25°C cocTaisieT NpHOIH3H-
TeabHO 15 kIIxk/Moab. TakuM 06pasoM, Ajis SHEPrHH KpHCTAJJIHUe-
ckoit pewerkn NaCl noaysaem AGnaci=757 Kx/MOJIb, 4TO X0po-
o corsacyercs C BeJHYHHOH, paccuuTanHoi mo ¢opmyae (I1.6).
B rta6a. IL.1 npencraBiens naHHBE N0 H3MEHEHHIO SHTANbIHH npn
PaspyuleHHH KDHCTA/JIHYCCKHX DpeINeTOK pfla rajJoreHMJOB UIesioy-
HEIX MeTa/lJoB.

Urak, o6pasoBanne HOHOB NPH Pa3pyUIEHHH KPHCTAJIAYECKOR pe-
WETKH TpeGyeT 3aTpaThl oueHb Gosbuiof sHepruu. Ecam 6:  3Ta
SHEPTHSI He KOMIIEHCHDOBaJnach 3Hepruedl CoJbBATAlHH, TO CTENEHb
JAUCCOLMALMY NPAKTHYECKH paBHsJach Gu Hymio. KoHcramTa aucco-
unanuy NaCl B BogHOM pacTBOpe NMpH 3TOM cocTaBHAa OBl

AGy ( . —131,4
K :CH’OeXP (_ W@L) :N;I(l)%) eX.D 1— 8%3?_.;88,2)% 10 MOJIb/JI.
U, clenoBaTesbHO, coraacHo ¢opmyde {(1.9) crenmen» aucconmammm

aas 0,01M pacreopa a = ) KJc= V 10754 100 A 107547,

STOT pPE3yJbTAT NIOKA3bIBaeT, YTO BO3paxkeHHsl MPOTUBHHKOB TEOPHHA
AppeHHyca, HFHODHPOBaBUIeH HOH-IHIOJALHOE B3aUMOJeACTBHe, OHAn
BIOJIHe 060CHOBaHHBIMH.
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TaGanua II.1. AH KpHCTaMIM4EeCKHX DelleTOK raJOreHHuAoB
IeJIOYHHX MeTaa®oB npu 25° C

AH, xJx/monb
Karuon ;
F- I Ci- Br- 1-
Na+t 911 772 741 —
K+ - 810 702 678 637
Rb+ 80 | — 658 621
Cs+ 744 —_ e 604

11.3. 3ueprus cosibBaTAMH

DHeprus coJbBaTalliH MpeAcTaBsiaseT coO0H BLIMIPHII B 3HEPrHH,
KOTODEIH +TIOJIYIaeTCsl TP IepeHeCeHUH MOJIS ‘HECaelyeMBIX HOHOB H3
BakKyyMa B JaHHBIH pacTBOpHTeJb. [Ipn aToM npeamojaraercs, 4To
TAKOH RBIMIDHIII SHEPrHH He BKJIIOUAET 3JIeKTPOCTATHYECKOTO B32HMO-
JeHCTBHSI HOHOB, KOTOpOe HeH30eXHO cKasajoch OH yXe IpH BBe-
JeHHH B DaCTBOPHUTENb BTOPOrO H KaXKJAOTO MNOCJAELYIOUIEro HOHA.
Yrobbi H36eXKaTb 3TOTO0 OCJHOXKHEHHS, PACTBOP HYKHO TOAACPKUBATL
9JIEKTPOHCATPAILHLIM, T. €. BBOJAHTh B HEro COOTBETCTBYIOlIee KOJIH-
YeCTBO HOHOB IIPOTHBONOJIOKHOIO 3HAaKa, a NPHTSAraTesbHOe B3aHMO-
JelicTBHe MeXAy KaTHOHaMH M aHHOHAMH 3JIMMHHHPOBATbL AOCTATOY-
HbIM (TeopeTHYecKH OeCKOHeYHBIM) pas6aBJ/icHHeM pacTBOpa.

Haun6osee npocras Mofenb sl OLEHKH
SHEPrHH COJbBAaTAlHK OblJIa IpeAsoxKeHa W,

M. Bopaom. CoryiacHO 2TOH MOLEJNH HOH

paccmaTpHBaeTcs KakK 3apsiXKeHHBIl IapHk . W,=0
pajuyca r; a pPacTBOPHTENb — KaK CIJIOLI-
Hasi OLHOPOAHAS cpelja C AM3JeKTPHUSCKON
noctosiHHoA e. [lpouecc mnepeHoca 3apsd-
JKEeHHOr0 ILIapHKa H3 BaKyyMa B Cpeny
pasbuBaercsi Ha Tpw 3Tana: -1) paspsja-
pHKa B BakKyyMe; 2) mepeHoc He3apsaXKeHHO- , ‘
ro mapHKa H3 BaKyyMa B . pAacTBOPHUTeNb; Puc. I1.2. Cxema naa pacue-
3) sapsxeHue mapuka B cpege (puc. I1.2). T2 sHepraM  coJbBATauuH
Ilpu >TOM mpeanosaraercs, 4T0 pa6ota wa HOHa 1O MoZemu Bopa
Bropom srane W,=0, a ans pacdera pa- -

60otnl Ha stamax 1 u 3 (W, u W3) ucnoas-

8YIOTCSi OCHOBHBIE 3aKOHBI 3JEKTPOCTATHKH. TakK, corjlacHo 3akoHy Ky-
JIOHA CHJIa B3aHMOJeACTBHS 3apsloB ¢ U g2 (C y4eTOM 3Haka), HaXo-
ISIEXCS B Cpele ¢ AUIEKTPHYECKOH NMOCTOSHHOH & HA PACCTOSIHUA 1,
paBHa ‘

F=q,q2/4nseoer?. - (IL.8)

IMosToMy HampsKenHocTh moJst X, T. e. .CHJa, KOTOpPas HeHCTBYeT Ha
3apan -1, HaxoAsIUMHCA B Cpele Ha DPACCTOAHHH 7 OT 3apsaia ¢,
25



COCTABJASACT

X=q/4neoer?. : (11.9)
TTockoabky HanpsHKEHHOCTh MOJIst CBSI3aHA C 3JEKTPHYECKHM TO-
TeHUHaJoM @ obiled ¢opmynoit X=—d¢/dr, To aas noreHuuana
Ha MOBEePXHOCTH cdeprl paguyca r; Nojyyaem
r, r,
] , i t]dr q
cp,_—j/\dr:_j = , (I1.10)
4meger? 4meger;
o0 [oo] N

rie HHXHHA [pejie]l HHTErPHPOBAHHS COOTBETCTBYET BHIGODY HYJe-
BOTO TOTEHIHala Ha GecKOHeYHO GOJIbUIOM DACCTOSHHH OT PaccMaT-
puBaeMo#t chepn. M3 ypabuenns (I1/10) BriTekaer caenyiomas ¢op-
Myaa aas paGoThl 3apsikeHHs: chephl:

4
d N
W:ﬁdq: qdq __ 4 (I1.11)
J .

dmeger;  8megerg

B coorBetctBHM ¢ ¢opmynod (I1.11) aas pa60T- Wi, u W3 nonyuaem
BhIpaKeHHus :

2:2¢.2 .20.2
W,=— 220y W, Z%
8megr 8neger;

rje 2;ec — 3apsj HOHa.
YunrtbiBasg, 4u9To cBoGOAHAs ~3HeprHs  coabBaTauHH AG; =

=N, 2 W, BeBOAHM OcHOBHYIO (opmyay mozenn Bopua:

12

’ 20 2
—AGs:NA—Ziﬁ‘L( -i>. (11.12)

8neqry €

Ecau BocnosbsoBatbest ypaBHeHHeM ['H66ca — leabMroabna, corJac-
HO KOTOpOMY ’

d (AG
AH:AG_T—gT’, (11.13)

To U3 ypasHenHs (II.12) moxHO nonyum
. Th TaKMKe BhHIpPaXKeHHe
SHTAJBIIHK COJbBATALHH P S

'——AH — N 2;2e,2 _ I T de
=M (1= = oF ) (I1.14)
Ypasuenue (I1.14) HnasbiBaioT

) , ypaBHenueM BopHa — Breppyma. Pe-
13{?;33221;1 pacuera no ¢opmynaam (I11.12) u (I1.14) ans nfgparaunn
HHBTaén.Hﬁ.H;qHHx METaJJIOB H 4aHHOHOB TaJIOreHOB IpeACTaBJie-
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Ta6nunma 11.2. CeoGopnbie IHEPrHH H IBTAILAHH THApaTalHH,
paccuntanusie 1o monenu Bopua npu 25°C

Hou T (no Honnﬂry), HM —AGS, kK /MONB —AH, Kk /Monb
Li+ 0,060 1143 1163
Na+ 0,095 722 735
K+ 0,133 516 525
Rb+ 0,148 463 471
Cs+ 0,169 4C6 413
F— 0,136 504 513
CI— 0,181 379 386
Br— 0,195 352 358
I= 0,216 . 318 323

DHepruy rUAPATAIMH, PACCUHTAHHHE 1O MOAENH bopHua, BecbMa
3HAYMTENbHB M AOCTATOYHBI AJs Pa3pyLIeHHss KPHCTAJIHYeCKOH pe-
WeTKH Opx 06pa3oBaHHM PACTBOPOB  2JEKTPOJHTOB. drto HaunboJee
BaKHbI KaueCTBeHHBIH BBIBOJ M3 TeopuH DopHa, KOTOpHIH NOKa3blBa-
eT, 4TO OCHOBHOI NPUYHHOH 06Pa3OBaHHMS U YCTOMYMBOCTH pacTBOPOB
3/eKTPOJHTOB CJIYXKUT COJIbBAaTallHsi HOHOB. K 3TOMy BEHIBOJY MOXKHO
NpHITH Takxke, He TPOM3BOAs DPacyeTOB, @ CONOCTABJAA hopmyJabl
(11.6) u (11.12). Ecau B aTHX opMynax npexe6peus 1/n u 1/e 1o
CPaBHEHHMIO C €JHHHULEH, MOJOXKHTb 21=2y, A=2 " ri=ro/2, TO 3HEP-
rMSi CONbBATALlMM OZHOTO HOHA OKaMKeTCs PaBHOH MOJIOBHHE SHEPrHH
KpHCcTainueckoli pewerku. Muaue ropops, sHeprus ColpBaTallHi
ABYX HMOHOB-— KAaTHOHA H aHHQHA —KaK Pa3 CKOMIEHCHDYeT SHEPrHio
paspylleHusi pellleTKH KpHCTaJJa.

s KOJIMYECTBEHHON NPOBEPKH TEOPHH COJbBATALHH Bopua yzob6-
HO BOCHOJb30BATbCH cjeAyloiiuM mpreMoM. CJIOKHM 3HTAJIbIUH THA-
parauuy KaTHOHAa H aHHOHA, NPHBEJCHHBHIE B ta6a. 11.2, u cpaBHHM
TIOJyYeHHYIO BEJHYHHY C TEIJIOBBIM 3(QQeKTOM COMbBATALMH COOTBET-
cTBylOllell COMH, BHIYHC/IEHHBIM H3 TePMOJMHAMHYECKOTo LHKJIA. Ha-
npuMep, AJs XJOPHIa HATPHSA

AHy,ar

et .
NaCl(gp) > Na(ra3) + Cl(ras)
. lAH: Joes
.~AHpact

Na-E.aq) + Cl:&‘l)

rie AHpacr — TemioBolt 3QdexT pacTBOpeHHH, 9KCTPAnoJHPOBaHHbBIA
Ha GeckoHeuHo pas6apieHHbfi pactBop coaH. M3 3Toro uukaa aas
27



TeIJIOBOrO 3(deKTa COJMbBATAIHH XJOPHAA HATPHS NOJyYaeM:
AHS V= AHF - AHT = AH . — AH ypey = 4 — 722 =
=—768 kI x/M0Mb. '

AHanIOrHYHHIM CIIOCOGOM MOXHO paccunrats AHs H aas APYTHX CO-
Jieli. JKCIIePUMEeHTa/bHble H PACCUMTaHHBE N0 BOpHY Benuunum AH,
AJIsi XJOPHIAOB INEJIOYHBIX METAJJIOB CONOCTABJSHHE B Tabua. 11.3.

Paccunrannble no Bopay senmumant AH(™ sHauntenmpho mpe-
BLIIIAIOT COOTBETCTBYIOIHE SKCIEDHMEHTaJIbHble 3HaueHHs. DTO yKa-
3HIBA€T Ha BeCbMa NPHOGJIHXeHHBIH XapaKTep ONYINEHHI, MOJOKEeH-
Ta6anuna 11.3. AHs npu ruppataunn XJIOPHAOB MEJOUHBIX MeTamwios npu 23° C

AH, kX /moab
Crnioco6 pacgera
LiGI , NaCl ‘ Kcl | RbLCi CsGt
M3 Tepmommuamuueckoro uukna| — 883 - 768 — 685 — 664 | —639
To mogpesn Bopua — 1549 | — 1121 | —9l11 —857 | — 799

HBIX B OCHOBY MoZean Dopma. IToatromy OblJIH -TIPeANPHHSITH HeOHO-
KpaTHble NONBLITKH YTOYHHTb TEOPHIO cospBaTanHH bBopua. Tak, Ha-
IpuMep, B Molean ¥Y366a ObiIK BBeJeHH MOMPABKH HA yMeHbIIEHHE
AHBNIEKTPHYECKOH INOCTOSIHHOH pacTBOpHTedst BOJAM3M HOHa (3a cuer
GoJlee KeCTKOH OpHeHTalllH AHNONEH B TOJNe KOHA) H Ha ~paboTty
CXKaTHs DPACTBOPHTeNsl IPH BBEJEHHH B HETrO JIEKTPOJHTA (3ddeKT
3JIeKTPOCTPHKUKK). B Monenn Ban-Apkens u me-Bypa mpu pacuere
SHEPTHH CONBBATALHH HCMOJb30BAJCA CJIEAYIOUMH BOOOparKaeMHH
LHKJ: a) HCNapeHHe /I MOJEKYJ PaCTBOPHTENS, He0GXOMUMBIX N/ 06-
PasOBaHuA NEPBHYHON COJbBAaTHOH 060/0YKH (06HUHO n==4--8);
6) B3auMmozeficTBHe HOHa B ra3oBofi (ase ¢ 7 MoJeKyJIaMH pacTBo-
pHTEJIs, KOTOpPOe NPHBOAMT K 06pasoBaHHIO 3apsKeHHOH cdepwlcpa-
zuycoMm r;+2rs, TIe rs— PafHyC MOJEKYJH DACTBODHTeNS, B) BHe-
ceHHe o6pasoBasiielics chepel B PacTBOPHUTENb IO MOLEH BopHa.
Ananiornunblil MK pacCMaTpHBAJCS TakXke B MOASJH D M DBaH-
€a, KOTGPHE, ONHAKO, YYHTHIBAJIM TETPAIAPHUYECKYIO CTPYKTYPY BOAHE
H BOIAHBIX PacTBOPOB: a) yJaJieHHe M3 BOIbl OXHOTO TeTpasapa, Co-
crositiero u3 msatH Monaekya H,O; 6) paspymwenue storo terpasapa
B BaKyyMe; B) NOCTPOEHHe H3 HOHa H yeThipex Modekya H,O Hoso-
IO 3apsKEHHOTO TeTPa’Apa; TI) BHECeHHE 3apSKEHHOrO TeTpasApa
.B IIOJIOCTB, OCTABUIYIOCS OT YAAJEHHOTO TeTPas’[Apa H3 NSITH MOJEKYJt
H:0; 1) romnelcaums ocrasmuxcs B Bakyyme MOJIEKYJl. BOJHL.

Bounee cnioxnrle Mozen No3BONAIOT yCTpaHHTH pasnuuMs MeXAY
PaCCUNTAHHBIMH H 3KCIEPHMEHTAaJbHHIMH BeauuuHamn AH (™. Op-
HAaKO NPH NeTaJbHOH NPOBEPKEe 3THX MoOJe]ell BCTaeT 3ajnaya 3KCIe-
PHMEHTAJIBHOTO ONpeJe/IeHHs] SHEPTHH COJIbBATALUHH OTJAEJBHOrO HOHa,
TaK Kak IIDH CyMMHDOBAaHHH PAacCYHTAaHHHX Beduuun AHFY u AH
OWHGKH, OGYCIOB/IEHHEe HeAOCTATKAMH MOZENeil, MOTYT CKOMHEHCH-
poBarThCsl.
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11.4. PeanbHasi ¥ XHMHYECKass 3HEPrHu COJbBATALHH v

TIpennonoxuM, 4To MeTassa M norpyxes B pacrBop cojd J3TOI(‘)(3’-
MeTajlla H MeXAy 3JEKTPOLOM H PACTBOPOM YCTAHOBHJIOCH 3JCKTD -
XHMHYeCKoe paBHOBecHe. B 3THX ycioBHsix paboTa ne;ﬁnoca HT(:)IL-
M=+ uepes rpaHHIy MeTaJJl-— pPacTBOp paBHA HYJIO. e)KIl%YS -
kot 1 BGau3mM Meralaa H Toukofi 2 B6ausm pacrpopa (puc. I ) ¢y
llecTBYeT H3MepsieMas DasHOCTb MOTEHIHAJIOB ARy — TaK Hasmsae;f
MBIl BOJIbTA-IICTEHIHAJ MeTaj — pacTBop. MEICIEHHO coaepum.n;
clefyONMi IHKAHYIECKHH npouecc. Mcnapum 1 modb aTyOMOB xfieraior
na, uto nortpebyer sarpathl sHepruH AGcysn. Monusupyem sti
Mbt B TouKe / BGJIH3H IOBEPXHOCTH MeTanna,
3arpaTup Ha 3Ty pa6ory AGuos. BosHukumne
NpH 3TOM 3JEeKTPOHH BBEAEM OOpaTHO B Me-
taan. [TosyueHHBIH 3a cuYeT 3TOrO BHIUIDHIIN
SHEpPrHH COCTABHT 2., TAE @ — paboTa BHI-
xoJa 3JeKTpoHa W3 Meraina. Housl meran-
na M#+ u3 Touku I mepeBeieM B TOYKYy 2.
ITocKONbKY MEXAY STHMH TOUKAMH CYIIECTBY-
eT PasHOCTh TOTEHNHANOB AN, TO IPH ITOM,
6ymer  sarpaueHa  pabota  NazeoAmp=
—=zFALy, rne F=eNa— nocrosnnas Pa-
pages. Jlanee HOHBl MeTajja BHeCeM B PAC-  py. 113 Cxema mis pac-
tBop. COOTBETCTBYIOLIHHA 3TOMY IPOHECCY uera peambHoft SHEPLHE:
sneprernueckuil sddexT paBeH Tak Ha3plBae-  COJIbBATAUHM HOHA
MOH peanbHOH 3HEPIrHH COJbBATa-
nHH HoHOoB M+ u AGP®*™. Jlns 3aBeplueHus LHK/Ia TepeHeceM HOHE
M:*+ u3 pactBopa B MeTali. B yc/T0BHSX 3/IEKTPOXHMHYECKOTO PaBHO-
Becusi pafora 3TOro npouecca paBHa HYyJIO. I'Io( 3e§1n1§ony Tecca,

AGeyss + DGq— 20,4+ 2FARY + AGEP™ =0
H, CJIeLOBaTelbHO, _
AGP®™™ = — AGeysy— DGy, + 20, — 2FARY. (11.15):

Bce BeauuuHn B npaBofl wactH ypasHeHus (II.15) nocrynaer skcme-
PHMEHTAJILHOMY ONpEJeJICHHIO, H 3TO OTKpbIBaeT NYyTh [JIsi pacyera
peasbHON 3HEPTHH COJbBAaTAHMH OT]EJIBHOTO BHAA HOHOB. Mnaes sroro-
metona HaxoxpeHus AGP®™ 6mna pmasunyra A. H. ®pymxuHbIM.

Huxe mpuBeneHH 3HaueHHS AGP D s HEKOTOPHIX HOHOB, pacCYH-
TaHHbIE N0 HauboJjiee HaJeXHBIM NAHHHIM Jx. Panpaca.

Karwow . . ... .. ....... H* Li+  Na+ K+ Rb™* Cs*
AGPS™, g [lc/Momb . . . . . . . .. 1089 511 411 337 316 284
Apvon. . . ... ... ... ... F— Cl— Br— I~ - —
AGPEaM, gDk /mMomb . . . . . . . . 414 296 27t 239 — @ —

Ha rpanule BO3JyX — PacTBOp H3-3a ONpeIeJIEHHOH OpHEHTaUHH.

- IUMnoJieil pacTBOPHTeNs BO3HMKAeT HEKOTODHIA CKAayoK MOTEHHHaNad"

¥ — TaK Ha3blBaeMblfi MOBEPXHOCTHHH noreHnuai. [lostomy sueprerh:
ueckuil 3¢deKT, CONPOBOKIAAOIIHA NePeHOC 3apsiXKeHHOH YacTHLH
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'4epe3 IPaHHIly BO3AYX — pacTBop (M3 TOYKH 2 B TOuKy 3 Ha puc. [1.3),
©OTPaXKaeT He TOJNBKO HOH-AHNOJIbHOE B3aHMOJEHCTBHE, HO H 3JEKTPH-
ueckyio pabory, KoTopass JJsi MOJIS HOHOB C 3apsiioM 2;6o paBHa
NAzieoxzz,-Fyg. Vsmenenue cBoGOAHON 3HEpruH, o6yCJaOBIEHHOE TOJb-
KO B3aHMOJEMCTBHEM HOHOB C JAMIOJSIMH PACTBODHTENS M OTHECeH-
HOe K MOJIIO HOHOB, Ha3blBaeTCI XHMHUYECCKOH 2Hepruei coJib-

(XHM)
BaTauuu AGs . Takum obpasoM, peasbHass W XHMHUECKas 3Hep-
THH CONbBATAUMH CBA3AHBI COOTHO-
IIeHHEM

(xum, .
..i‘gz’ )/(,ﬂ)I(/MDM < AG(pean) — AG(ng) Stz FX (1] 16)
- s = AUy I .
& DKCOEPHMEHTAIbHO MOXKHO Ofl-
w0 penenuts toabko AG PV penn-
unnbl. AG™ u 2.Fy  onbiTHOMY

onpexenenuio HepocrynHul. C apy-

200, roi CTOPOHBI, BC€ MOJEJbHBIE METO-

, . . JOBaTeJbHO, CTPOTrasi 3KCIEPHMEH-
¥/ 5 18 15 Y/r,um™! TaNbHAsi NIpPOBEpKa 3THX MoOAejel
Prc. 114. 3abucuMocts xmmuueckoli — CDOSMONKHA. ITostomy HeoGxomu-
SHEPrHH CObBATAUME OT obpaTHoro MO JAOOHTBCSI COTJIACOBAHHOCTH pe-
panuyca HoHa 3yJbTAaTOB B paMKaX pasJHuHbIX

MoAeNbHBIX pacueroB. OQUH H3 CIO-
co60B TaKOro COTJIACOBAHHSI OGBIYHO OCHOBEHIBAETCS HAa YHCTO MO-
AeJbHOM pacyeTe XHMHYECKOH 3HePTHH THIApAaTauud HoHa. Jlpyroi
cno(sgg) COCTOHT B DAa3JIOXKeHHH JKCIEDHMEHTAJIbHOH  BeJHUHHBL
AH; Ha JBa CJaraemblx, NpH4eM INPaBHJIO, IO KOTOPOMY Ipo-
H3BOJHTCS TaKOe PasjlokKeHHe, OCHOBBIBAETCS HA IPYrOM MOAEJbHOM
npeanonoxennn. Tak, Hampumep, B Merofie Beprana u Daysepa
MPEANONATAETCs, 9TO A HOHOB K+ u F- AHJ0™ — Ag70m™)
=AH" [2, NOCKOJBKY 3TH HOHE HMEIOT NPUGJH3HTENbHO OXMHA-
KoBHle paiHycH (cM. Taba. 11.2). Opmaxko Bennunmnsr AGY™  nas
OJIHOTO H TOTO XK€ HOHA, PACCYHTAHHLle PA3HBIMH METOJAaM¥, HHOrAA
ornuyatrces Gosee uyem Ha 100 x[x/mosb. [lpu nocTosHHOH H H3-
BecTHol BeqmunHe AGP®™™ B cooTBeTCTBHE ¢ ypaBHeHHEM (I1.16)
3TO OTBeYaeT PA3/NHYHAM B IIOBEPXHOCTHHIX NOTEHLHAJAX, NpPEBHILIA-
romum 1 B.

OTH pas/HuNg 3HAYMTEJbHO NPEBOCXOAST BO3MOMKHBEIE OLIHOKH CO-
BPEMEHHBIX MOJENbHEIX OUEHOK ). TakHe OLEHKH JJs BOJAHBIX PacTBO-
poB NoKaskBawT, 4T0 ¥~-+0,1 B. ITostoMy B HacTOsiiee BpeMs Hau-
Gostee TouHble snauenuss AGS™ moxuo pPaccuHTaTh HO YPaBHEHHIO
(IL16), ucnoubsys onmrtabie AGP*™ H 3HaueHHs y, NOJMydeHHOe Ha
OCHOBE MO/Ie/IbHBIX OLEHOK. [1J1 BOAHBIX PacTBOPOB IIPH YCJOBHH, 4TO
¥=0,1 B, 2:Fy=102; x[Ix/MoJib, rlie 2z; YYHTHLIBAET He TOJbKO Be-
JIMUHHY, HO ¥ 3HaK 3apsga uoHa. Mcmosws3ys npauuble Panpica,
30

A pacuera aair AGY™ u, cie-

ta6a. 11.2 u ypasHedne (I1.16), MOXHO TOCTPOHTH 3aBHCHMOCTDH:
AG™) o1 o6paTHOro KpHCTaJJIOrpauueckoro pajHyca KaTHOHOB H
annonoB (puc. 11.4). B xayeCTBeHHOM COr/JIaCHM C MOJEJBIO Bopua
XHMHYeCKasi SHeprusi THAPATalliH HOHOB NajaeT C DOCTOM paiHyca
woHoB. OJHAKO NMPH OJAHHAKOBBHIX Pa3Mepax KaTHOHOB H aHHOHOB IO-
cJleHHEe THAPATHPYIOTCS CHJbHee. JTO MOXeT ObiTh 0OBSICHEHO ACHM-
MeTpHell AunoJjeil BOAbI, 6/1arofaps KOTOPO# MOJIOXKHUTEJbHBIH KOHEIL.
JHIONs 6AMXKe TOAXOAHT K IEHTPY aHUOHA, UeM €ro OTPHLATe/bHbIH
koney, k ueHtpy katnona (K. Il. Muuienko). DPdeKT acHMMETpHH
BCe JKe He CTOJb 3HAYMTEJIeH, YTOOB MOXKHO OBLIO NPHPABHATH XHUMH-
yeckHe 2Hepruu ruaparanun Cst u I7, Kak 310 NpeamoJarajioch BOX-
HOM H3 MeTOJOB pasjie/ieHUs BEJHYHH AH!®™ wa AHs u AHo
Ins 6oaee crpororo ydyera 3¢@dekra acCHMMeTPHH B COBPEMEHHbIX
MOJeJasIX MOJIeKyJbl BOAbl pacCMaTPHBAIOT He KakK JHIOAM, & Kak
KBaJpYyNnoJiH. '
11.5. SuTponus CONbBATALUH H YHCAA CONLBATAIIHH HOHOB

BenencTBue 3/eKTpOHEHTPANbHOCTH OOLIMi 3apsik KaTHOHOB, BXO-
ASIIHX B MOJEKYJy COJIH, BCeria paBeH MO aGCOJIOTHOH BeJHUMHE
obmemy 3sapspy aHuoHoB. Ilosromy, Kak cjaeayer H3 YpaBHEHHS
(I1.16), peanbHas M XHMHUeCKas 3HEPrHH COJbBATALHMH COJNH COBHA-
nator. TakuM 06pa3soM, CYMMHPYsi BEJTHUHHbBL AGYP™  nns KaTtHOHOB
H aHHOHOB, MOXHO TOJYYHTb CBOOOAHHIE 3HEPTHH COJIbBATAOMU COJH,
a 3aTeM CONOCTABHTb, UX C COOTBETCTBYIOLIHMH TENJOTaMH COJbBATA-
nuu. Taxoe comocTasjenue Aasi GTOPHIOB IIEJOYHBIX METANJIOB B BO-
Ze npuseaeHo B Ta6a. 11.4.

Ta6uanua [1.4. SuTarbnHH, cBOGOAHBIE IHEPrHH H DHTPONHH THAPATANHUM (HTOPH-
AO0B IeJOYHBIX MeTannos npu 25° C

Cons —AH, kI /Momb | —AG , k]UK/monb —TAS,, KII)K/MomJ ﬂx(/—(jn:&t:- K)
LiF 1025 925 100 ' 336
NaF 911 825 86 289
KF 827 752 75 252
RbF 806 730 76 ‘ 255
CsF 782 698 84 ‘ 282

Passocts AHS™ _ AGEo™— TAS{ ™) nO3BOJISIET PACCYHTATDL IHTPO-

muu  compsatamud  ASE™  (taba. 11.4). DHTpONMH THApaTaiHA
coseli orpunartenbHH. OTcioAa ciaefyeT, YTO NPH BBEAEHHW HOHOB:
CTPYKTypa BOLBI CTaHOBHTCA OoJjiee YNOPSIAOYEHHOH H3-32 OPHUCHTH-
pymoollero AefCTBHS HOHOB Ha O/HKailliHe K HOHY AHIOJH BOJbI. JH-
TPONHH COJBBATALUUH OTAEJbHHIX HOHOB 3KCIEPHMEHTANbHO onpere-

JNTh HeBO3MOXKHO. UTOGb pasieluTb CyMMapHble BeqHUHHB AS {conmt
Ha cocraBisiomue ux SHTPOnHH ASs+ u ASs™, TONB3YIOTCS MOAC/b-
HHIMH JIONylleHHsAMH. B wacTHocTH, B paMkax MofxeadH bBopHa, Kak
caenyer u3 ypapHenn#i (I11.12) u (I1.14), sHTpouHs COJbBATAUMH OT-
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JeJNbHCTO HOHA

A8 =N, Fe dc (I1.17)

. 8nege?r; dT ‘

JloCKOIbKY NH3JEKTPHUeCKas HOCTOSIHHAS BOLBI YMEHbLIARTCHA C poO-
CTOM TEMIIEPATYpLl, TO B Ka4eCTBEHHOM COFJIACHH C ONHITOM (OpMY-
sia (11.17) npHBOZHT K OTpHUATEJBHBIM 3HaueHHAM AS,. OzHako
paccuHTaHHble Ha OCHOBe MoJend Bopua Bennumunl ASS™ okasp-
BalOTC B HECKOJbKO pa3 MeHblIe 3KCIEePHMEHTAJbHBIX.

JlaHHbBle O SHTPONHMH CONBLBATALMH, HO YMEHbIIEHHIO AHJIEKTDH-
YECKOH INOCTOSIHHOH H o6beMa PacTBOPHTENIsT B NPUCYTCTBHH HOHOB,
4 TaKxe 10 NMOABHXKHOCTH HOHOB B 3JIEKTPHUECKOM LOJie YKA3bIBAIOT
Ha TO, YTO YaCTb MOJIEKYJl DaCTBOPHTEJNs HOBOJBHO IPOYHO CBSI3aHa
¢ vonamu. CpeJHee UHCIO MOJEKY PacTBOpHUTeNS, IPOYHO CBA3AH-
HBIX € OJHHM HOHOM, Ha3blBaeTCs UYHCJAOM COJAbBATalHH
(B BOOHEIX PacTBOPax — 4 M CJ OM THADpATaLUU) A

Pasanunbie MeTOZBl ONpesesieHHst YHCEN COMBbBATALHMH YACTO Aa1oT
HECOBLANAIOIIHE DESYAbTATH, NPHYEM BENHYHHBI N BO MHOTHX CJy-
4asfX OKA3LIBAIOTCH MEHbIle KOOPAHHALHOHHOTLO 4YHCHA Ne,
“T. €. TOTO YHCJa MOJEKYJ PAaCTBOPHTEs, KOTOPBIE COCTaBJSIOT OJH-
“Kaijillee OKpyxeHHe HOHA. /s OGBSICHEHHS 3THX pesyJbTaToOB MOK-
HO BOCNOMIL30BATHCs Npeanoxennodt O. f. CamoiinoBbiM caenyiomeit
AUHAMHYCCKOH KAaPTHHOW sIBICHHH coJbBaTalud. Bcee wacTHIE pa-
‘CTBOPa — HOHEI M MOJIEKYJIbl PACTBOPHTENS — HAXOISTCS B HENpephiB-
HOM XaOTHYECKOM [BHXKEHHH, KOTOPOE OCYLIECTBJSETCS 3a cyeT Ie-
DHOAMYECKHX IEPCCKOKOB 3THX 4YaCTHI Ha pPAacCTOSHHS —INOpSAKA
pasMepoB mouekys. IlycTe 1) — cpeanee Bpems, B Teuenue KOTOpOro
‘HOH HAXOLHTCsl B HENOABHMKHOM COCTOSIHHH, a Ty — BpeMsi, Heo6Xxo-
AnuMoe, YTOOBl AHINOJb . PACTBOPHTENS, HAXONALMACST BOJIH3U HOHA,
TIopBan CBSA3b C JDYFHMH [IHIOJISIMH, H3MEHHJ CBOIO ODHEHTALMIO H
BOLIET B €OCTaB COJNLBATHOR 060J0YKH HOHa. Eciu 1,>>7., TO Moe-
‘KyJbl DAaCTBODHTeNS] YCHEBAT NMOPBAaTh BOAOPOAHYIO HJH JHIOJNb-IH-
TOJBHYIO CBSI3b C ADYTHMH MOJIEKYJIaMH DACTBOPHTeNS] #  BOHTH
B COJIbBATHYI0 060JI0UKY HOHA. B 3THX yCJIOBHSAX HOH OKDY¥aeT mpoy-
Has CONbBATHAs OGONOUKA M Mp=r. [IOCKONBKY COIJIacHO ypaBHe-
#uio  (I1.9) snekTpuueckoe mnose woma Tem CHJIbHee, YeM MeHblie
€ro pajuyc, T0.5TO XapPAKTEPHO AJs HeGONBINHX HOHOB. Tak, Hampw-
‘Mep, pe3ysbTaThl MO CXKHMAeMOCTH BOJHHIX PAaCTBOPOB COJIEH JIHTHS,
O SHTPONHH THADATAUHH H 1O NOABHXHOCTH HOHa Li+ naior cpen-
‘Hee 3HaueHHe ny=6, COOTBETCTByIOIlee KOOPAHHAIHOHHOMY YHCTY
HoHa JuTHS. [IpM ycnoBHH 1)< T, AHIOMHM DAaCTBODHTENS B COMbBAT-
HOM 060JI0uKe OueHb GHICTPO MeHSIOTCH, a 9KCIEePHMEHTAILHO: 3Ha-
wenne n,=~0. Takofi pe3yabTaT mNoJydaeTcsi AT HOHOB GOJBIIOTO
‘pajuyca H Majoro 3apsaa, Hampumep aas HouoB I~ u Cs+. Tlpm
"CPAaBHAMBIX T; H Tp YHCJIA COJNbBATAlMH NPHHHMAIOT 3HAYeHHS oT 0
RO 7k, TIDHYCM pasNAYHble METOAbl B HEONHHAKOBOH CTeNMeHH OTpa-
“KAIT NPOLECC 3aMeHHbl AHMOJEH B CONBbBATHON 060JI04Ke HOHA, M 3TO
TIPHBOIHUT K 3HAYATENLHOMY PAacXOXIEHHIO Pe3yJbTATOB IS .
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Hapsizy ¢ 4MCTO 3JeKTPOCTATHUECKHM, MEXKIy unnons;ngx;- E;ﬁgig:
puTeJsi B HOHAaMH PacTBOPAa BO3HMKAIOT H JAPYrHe THIIbL mon
HOTO B3aHMOMeHCTBHSA, HMelollHe OoJiee CIOXKHYIO npnpo,uy.OHop A
HAX CJelyeT OTMEeTHTb HanOoJjiee 4YacTO BCTpevaiolleecs OnBsagMo-
akuefitoproe B3aumogeiicTeue. Jis XapakTepHCTHKH Tagorr ]
JefCTBHS. BBeJCHE JOHODHbIE H aKUENTOPHBEIE 4YHCAA (B. g’nmoneﬁ:

JIOoHOpHOE YHCJO ONpPefesieTCsl IHTAJNbIHeH DEeakuUHH B3 Lone
CTBHSl MOJIEKYJ PacTBOpHTeNs S C TMEHTaXJOPHIAOM cuyp;n;;ln e 1:-’
KOTODBI SIBJISIETCSl COeHHEHHEM C AKHeNTOPHHIMH CBOHCxTeKcaK;)opzu-
HUMas [apy 3JeKTPOHOB, CypbMa B SbCls cranoBHTCA excakoopan
HUpoBaHHOW. JIOHODHOE YHCJO XapaKTepH3YeT Takke HBﬂseﬁ HoCT
MOJIEKYJl PacTBOpHTeNds K 00pasoBaHHIO Ppnopo;mbl?)x&c I/IMeT‘H Psion
NPHUBEJEHb! JOHOPHbBIE UHC/I2 PACTBOPUTEJICH: BOAA — 99; 11_ e
dorenx — 29,8; nuMeTHiadopMamun — 26,6; aueTOHHTPHUI ,eéxumo

IMpn ompejesieHHH AKLENTOPHOrO YHCJIa PaccCMaTpHBAIOT %KCHJ.IOM
B3aHMOJACHCTBUSL MOJIEKYJd pacTBOPHUTENS C "rpmam,n(I)ocqnl/;x;llamnapsI
(CoHs)sP=0, xoTopblii clyXHT [0OHOPOM 3JIEKTPOHOB.

)
JIOHOPHO-2KIENITOPHOMY B3aMMOJEHCTBHIO THIIA (C,Hs);P==0—S§

B cnektpe SIMP naGmionaeTcs XHMUUECKHH CABHr cMrHaja °'P. Axuen-
TOPHOE YHCJO PACTBOPHTE/S NPUHHMAIOT HpOHOpuHOHaJ’IbeIMBIISEJII/I‘H/I-
He storo casura O°'P. Ilpu HopMHpOBKe mnoJarawmoTt, 4yro O3'P nmnas
peakuuu (C.Hs)sPO-+SbCls B rekcane COOTBETCTBYET aKIENTOPHOMY
uncay, pasHomy 0, a 7151 TOH XKe peaklHH B AHXJIOP3TaHe aKIlemTop-
Hoe uyucio paeHo 100. Haubomee pacnpocTpaHeHHbe PAaCTBOPHTENH
HMeT aKIeNTopHble uHuciaa: soxa — 54,8; mermyaoswlil cnupt — 41,3;
3THJAOBHH cnupt — 37,1; numerunicyabdokena — 19,3; aueTOHHTPHI —
19,3; numernadopmamun — 16,0. JLoHOpPHOe YHCIO XapaKTepH3yeT HYy-
KJieo(hUJIbHOE MOBECHHE PACTBOPUTEISA, 4 aKIENTOPHOE YHCJIO — 3JIeK-
TpoduasHOe.

Bo MHorux cayyasix HabGJaiojaercss Xopouias KODDPeJNSIH MeXKIy
AKUEeNTOPHBIMH HJH JOHOPHEIMH UYHCJIaMH DPACTBODHTeJeHl H H3MeHe-
HHEM 3HEPrHH COJbBATALWH HOHOB IIPH Iiepexofie OT OXHOTO pPacTBO-
PHTeJIst K APYTOMY, UTO H [4eT OCHOBAHHE JJIsi HCIOJIb30BAHHS NOHOP-
HBIX H AKIENTOPHBIX YHCEA NPH KOJHUYECTBEHHON XapakTepHCTHKe RO-
HOPHO-2KUENTOPHOTO B3aUMOAEHCTBHS.

TTABA 1ll. HOH-HOHHOE B3AUMOJ EACTBHE
B PACTBOPAX 3JIEKTPOJIUTOB

IIN.1. TepmoauHamuyeckoe OMHCAHHE DABHOBECHH
B PacTBOpax 3JEKTPOJHTOB

Won-aunosbHoe B3auMOAeHCTBHe MO3BOJsieT GH3HUECKH OGBACHUTH
00pasoBaHHe H YCTOHUHBOCTH PacCTBOPOB 3JEeKTPOJHTOB. ONHAKO AJsA
KOJIHYECTBEHHOTO ONHCAHHA CBOHCTB 3THX pacTBOPOB HeO6XOJHMO
YUHTHIBATb TAaKXKe HOH-HOHHOE B3aHMOJEHCTBHE.

35283 : 33



B pas6aBieHHBIX pacTBOpax, KOrZa HOHB HAaxoAsTcsi Ha 0O0Jb-
IIOM DPAacCTOSHHHM APYr OT APYra, UX B3aHMOJAEHCTBHE B OCHOBHOM SH-
JasieTcs aaeKTpocTathueckuM. Ilo Mepe cO/uKeHHS HOHOB IPH YBeJHU-
YEHHH KOHIEHTPAIHH pacTBOPa HauWHAaeTcs NePEeKpHIBaHHE COJbBAT-
HBIX 000J109€eK OTAEJbHBIX HOHOB H 3JeKTPOCTATHUECKOe B3aUMOAECT-
BHE HOHOB OCJOXKHSETCH HOH-AHNOJbHbIM BaauMopedcrsueMm. Huorna
npu cOMMKXEHHH KATHOHOB H AHHOHOB IIPOHCXOJHT AaCCOLHMAlHs, NpPH
KOTODOH CHJIBI B3aHMOAEHCTBHS MEXAY MOHAMH YXKe HeJib3s CYHTaTh
9HCTO 3JIEKTPOCTaTHUeCKHMHU. Ellle 6oJiee CHIBbHOE HE3JEKTPOCTaTHYE-
CKO€ B3aHUMOJeHCTBHE BO3HHKAaeT NpU 00pa30BaHMM B PACTBODPE 3JEKT-
POJIMTA KOMIVIEKCHBIX HOHOB H HEJMCCOLHMHPOBAHHEIX MOJIEKYJI.

Bcio COBOKYyNHOCTb B3aHMOJEHCTBHH, BO3HHKAlOLIHX B pAaCTBOPaAx
3JIeKTDOJHTOB, MOXHO (DOpPMaJIbHO OINHCATh, HCHOJB3YSt BMECTO KOH-
HeHTpauui akTHBHOCTH HoHOB. [Ipuw »TOM, Kak u B pacTBOpax He-
9JIEKTPOJIUTOB, MNpeANoJaraeTcsi, 4T0 BCe TepMOAMHAMHUECKHe COOT-
HOIUeHYs, 3allUCaHHEe B (OpMe ypaBHEHHH JJIst HAEaJbHBIX pacCTBO-
POB, HO COIepKallye He KOHLEHTPALHM, a AKTHBHOCTH, CTPOTO coOrJa-
CYIOTCS C pe3yJbTaTaMH 3SKCIepHMEHTaJbHHIX H3MepeHHH. TaxuM

o6pa3oMm, BCe BHAB B3aHMOZEHCTBHH MEXKZY 4YaCTHIAMHM pacTBopa

(3a umck/IIOUEHHEM CJyYaeB HM3MEHEHHs COcTaBa pacTBopa) 6e3 yuera
HX (u3uueckofi TPHPOIABI CBOASTCS K OTKJIOHEHHIO IKCIEPUMEHTaJb-
HO HafJeHHbIX AKTHBHOCTEH OT COOTBETCTBYIOIIMX KOHIIEHTpalui.
3toT cmoco6 OMHCAHHS B3aMMONEHCTBHII IIPHMEHHTEJBHO K DPacTBO-
paM 3JeKTPOJHTOB HMeeT psapn ocobenHocred. 3amumeM oflliee BHpa-
JKeHUe ST XMMHYeCKOro NMOTeHIHaJja 4acTHUH {:

. oG
: P‘i—( ONy )N-;ﬁi,r,p’ (.1}

7

rie G —cBoGonHasi 2Heprust I'm66ca; N; — MoaspHas [0JS YacTHI
tHna i; Nj— MoJsipHas JOJist 4acCTHL APYroro THIa, B TOM YHCJE H
pactBopuTens; I — Temneparypa; p — AaBjeHue. Ecau {— 3apsixKeH-
Has yacruna (HOH), TO onuchiBaeMbil ypaBHendem (II1I.1) mpouecc
(hH3MUECKH HEOCYIIECTBUM, IOCKOJBLKY HEBO3MOKHO A00aBJATb B pac-
TBOP HOHHl TOJIBKO OfHOTO copra. Jlaxe ecau Obl TakoH Hpouecc  H
6BiJ BBINMOJIHEM, TO OH BBEI3BaJ OB 3HAYUTENBHBIH POCT HEDPIHH pac-
TBOpA 3a CYET BBEAEHHOrO 3JEKTpHueckoro sapsama. Urobu o6odTH
3TO 3aTpyAHEHHe, MPEANOJAaraimT, 4TO 3apAl pacTBopa KOMIEHCHDY-
eTcsi no6aBjeHHeM DSKBUBAJIEHTHOTO KOJIHYECTBA HPOTHBONOJOKHO
3apsxeHHbX MOHOB. Ilpu srtom cBoGojgHas sHeprust G H3MeHSeTCH C
no6aBeHneM COJIH H 3TO H3MEHeHHe XapaKTepH3yeT XHMHYeCKH# Io-
TEHIHAJ COJIH:

b, =1 + RT In (a,/c®), (111.2)

Tjle 0s — AKTHBHOCTb COJIH; @ o— ee 3HAYEHHE B HEKOTOPOM BHIGPANHOM
CTAHA4PTHOM COCTOsIHHM DacTBOpa, W 2— CTadHjapTHOe 3HaucHue
XHMHYECKOTO TIOTeHIlHasa, OTBEYAlOLlero YCJIOBHIO a,==al. OObYHO
noJarainT, uto a3 =1, n ypasnenue (II1.2) mpuaumaer Gosee mpo-
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cTyo dhopmy:

ps =80+ RT lna,. (1Il.2a)
IMockonbKy BenmunHa, CTOAINAS NOA JOrapubMoMm, A0JKHA OHTb 6e3-
pasmepHO#, To akTHBHOCTb B ypasBHeHuu (II1.2a) crnenyer Bripaxkarh
B TeX K€ CaMBIX EJUHHIIAX, B KAKHX 3a/laBajioch CTaHAAPTHOE COCTO-
Anne (Hanpumep, [as]=woan/a, eciu al=1 MOJB/J H T. 1.

Hanee nmpepmosaralor, uto cootrHomenuss tuna (111.2) u (III2a)
cIpaBejJiuBH He TOJIbKO JJsl COJIH, HO TakikKe [Jil KATHOHOB M aHHO-
HOB B OTJEJbLHOCTI:

p: = 1)+ RT in{a;/a?) (1I1.3)
u
pe o= pd+ RTIna;. (I11.3a)
[Tpu >ToM, OZHAKO, 3KCIEPUMEHTAJ/bHOE OUpEeAeNeHHe AKTHBHOCTH OT-
JIeJIbHOT'0 MOHA OKA3BIBAETCS HEBO3MOXKHEIM,

CBsi3b aKTHBHOCTEH OTAEJNbHHIX HOHOB C AKTHBHOCTBLIO PacTBOpS-
eMoil COJIN YCTAHABJAMBAGTCS HMCXOIA M3 YCJOBHSI 3JIEKTPOHEHUTpaJIbHO-
cru. Tak, Hanpumep, eClH B PacTBOpPe HMEETCS paBHOBECHE

M, A, 2v, M fv_A* (A)

TO XHMHYeCKNe MOTEHIHAJbl COJIH H OTHEJbHBIX HOHOB CBS3aHBEl ypaB-
HeHueM .

Hs==VpttVv_pi_. (111.4)

VeaoBue 3JeKTpOHEATPANBbHOCTH cOOJIORaeTcs U B CTaHIAapTHHX pac-

TBOpDax, a MOTOMY

pl== v, pd +v_pl. - (HLY)

Takum o6pasom, us ypaenennit (I11.2)—(I11.5) cnenyer
RTInas=v.RTIna;-+v_RTIna_
WK

Y v
a,—a,_ a_ . (I1.6)
TIpu onucanuu cBOHCTB PAaCTBOPOB 3JEKTPOJHTOB OOGEIYHO BBOAAT MO-
HsiTHe cpelHell aKTHBHOCTH

ar =V a,=V aa" (I1.7)

V=vi+v_. (111.8)
AKTHBHOCTb OTHEJbHOIO HOH@ BHIpAaXkaeTCs B BHAE NPOU3BEICHHSH
KOHILEHTPALMH HOHa Ha KoadduuHeHT aKTHBHOCTH. ITOCKOJILKY KOH-
LEeHTPAIHI0 MOXKHO BEIpa)kaTh B MOJSJbHOH IIKaje (/1 — KOJHYECTBO
MoJiel Ha | Kr pacTBOpHTEJs), B MOJSPHOH WKaje (C) — KOJHYECTBO
monefl B | o1 pacTBOpa) H B MOJSPHBIX AOJISAX (N—omome}me ncJaa
MOJelf PacTBOPEHHOrO BellleCTBa K OOmeMy duciy MoJell B ofbeMe
pactsopa), TO HMeeTCsi TPH IIKaJbl aKTHBHOCTEH H KO3 duuHEeHTOB
aKTHBHOCTH!
ai(m)=vyimi; ai(c)=fic; u a:(N)=[f"N, (I11.9)
3% 35
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rae yi, fi u fi" — coorsercTBYyOIHe KO3()PHIHEHTH AKTHBHOCTH. [lo- |
CKOJIBKY m:._—ui”-}-RTlnN,-—FRTln [:¥, KO3pPUUHEHT AKTHBHOCTH Xa- 9

pakTepH3yeT paboTy IepeHoca HOHA H3 HJeasJbHOTO pacTBOpa B pe-
aJbHBIA.
IIpu onmucaH¥M PacTBOPOB 3JEKTPOJUTOB KOHUEHTPALHMIO uallle Bce-

FO BHIPAXKAIOT B MOJsIbHOCTH. Toraa agst cucteMu (A)
at(m)=yimi=vyivim

" (111.10)
a—(m) =y_m_=y_v_m, '

rie m — MOJAJbHOCTL 3jekTpoiutra. Ha coornomenuii (I11.7) =

(I11.10) noayuaeM copMyJabl AJs olpefesieHHs aKTHBHOCTH COJH

as(m) u cpenneli aKTHBHOCTH a=(m):

as(m)=Ly .mv (I11.11)
H

as(m)=Ly.m, : (111.12)
rie y+— cpeaHull KO03(pdULHEeHT aKTHBHOCTH:

ve =V 14 | (II.13)

v v v o
L= ]/Y:Y__——Koa(pcbuuuem, 3aBUCAILMH OT BaJeHTHOr'O THUMA 3JieK-
TposauTa. 3HaueHHs1 Ko3(dUIHeHTOB L npHBeleHH HHKe:

Tun snexr-
pomra. . 1—1; 2—2; 2—1; 1—2 3—1; 1-3 4—1; 1—4 3—2; 23

3-—3
L.... 1

Cootnomenusi, adajoruunsie (111.11) u (111.12), nonyuaior ¥ anast |

JPYTHX KOHUEHTPAUHOHHHX wkaa. Hanpumep,
as(c)=Lvf+c® (111.14)
H ai(c)sziC, (III.15)
rJie ¢ — MOJISIpHAsl KOHIEHTPALNs 3JEKTPOJIHUTA. v
Bo Bcex KOHIEHTPalUMOHHBIX IIKajJaX cpefHHe KO3 HIMEHTH ak-
THBHOCTH IpH GeCKOHeYHOM pas3baBJ/ieHHH PAacTBOPA CTPEMSITCA K elH-
HHIle, NOCKOJBKY IIPH 5TOM HOH-HOHHOE B3aHMOJEHCTBHE CTPEMHTCSH
K HYJI0O H pacTBOp HpHOGpeTaeT HieanbHbie cBoiicTBa. [Ipu BhiGope
CTAHAapPTHOTO COCTOSIHHSI TaK¥kKe IOJAaramT, yTo KO3((PHLMEHTH aK-
THBHOCTH paBHBl efuHHIe. [IOCKONBKY OAHOBPEMEHHO NOJIXKHO BBINOJ-
HSTBCS YCJOBHE @& =1, TO TAKOe CTaHAAPTHOE COCTOSIHHE HE MOXKET
6uTh peanusopaHo. Ouo mpejacTasisieT co00H THNOTETHYECKMH pac-
TBOP, B KOTOPOM aKTHBHOCTH BCEX HOHOB DaBHHl eAHHHULE H OJHOBpe-
MEHHO OTCYTCTBYeT HOH-HOHHOe B3auMofeHcrsue. JLJisi 3TOr0 W TOrO
e COCTaBa 3JeKTPOJHTa ps=const, HO as(m)7~a=(c)a+(N) =
as(m)==as(c)=as;(N). UHorfia BMeCTO ps HCIOJIB3YIOT - alCOMIOTHEIE

aKTHBHOCTH @, KOTOpHE CBS3aHBI C s COOTHOUIEHHEM

a;aic‘ =exp (ns/RT)=asexp (Mos /RT).
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BBejenne abCONIOTHOH aKTHBHOCTH HMeeT TO IPEHMYILIECTBO, YTO OHA
obpalllaercs B HyJb IPH OTCYTCTBHH JaHHOTO KOMIOHEHTA, TOTJa Kak
B TeX XK€ YCJIOBHAX ps—>—o00. OfHOBPeMeHHO abcoJIIoTHAsd aKTHB-
HOCTb He 3aBHCHT OT BHIOOpa CTaHZAaPTHOTO COCTOSTHUSI H OJHHAKOBa
BO BCEX KOHUEHTDALHOHHBIX HIKAJIaX.

He 3aBucaTt or BEI6Opa KOHUEHTPALHMOHHON LIKaJbl TaKkKe OTHO-
meHud as/a Y, mxomsmHe B ypaBHenue (II1.2). 3rtum cBolicTBOM
yA06HO BOCHOJb30BAaTbCS [J51 YCTAHOBJIEHHUS CBSI3H MEXKJY CPEIHHMH
K03 dHUIleHTaMH aKTHBHOCTH B pasJHYHBIX IIKajgax. B camom jpeue,
s HaXOXKJIEHHSA 3aBUCHMOCTH MeXAY Y+ H f+ 3aNulieM

as(m)jal (m) = a, (¢)/ a5 (c). (I1.16)

[Moacrasass ciona sBuipaxenus (II1.11) u (I11.14) u pewas nosnyuen-
HOe ypaBHEHHe OTHOCHTENBHO fi, HAXOIHM

R (I.17)

mb

W3 onpenesenus ¢ u m cienyer

A A (111.18)
m 14-0,001mM;
rie p— IJOTHOCTb pacTBopa; Ms;— MOJsipHAass Macca pacTBOPEHHOIO
BellecTBa. TakuM 06pasoMm, B 6ecKOHEYHO pa3baB/EHHOM CTAHAAPT-
HoM pactBope ¢°/m=p,, TAe Py — MJIOTHOCTb YHCTOTO PACTBOPHTEJS,
u ypaBHenue (I11.17) mpuHumaer Bup
fe="=(pom/c). (111.19)

AHaJIOTHYHBIM €NOCO60M MOXKHO YCTAHOBHTH COOTHOLIEHHE MEXAY
KO3(p@HULUUEHTOM aKTHBHOCTH [+ V) # y.:

. faeW =y, (140,001vMom), (I11.20)
rae Mo — MoJisipHasi Macca pacTBOpPHTeEJS.

W3 ypasrenus (I11.19) caenyer, uto a.(c)=poa+(m). Jaa soau
npu 25°C pp==0,997, a moToMy AJ1s1 BOOHBIX PACTBOPOB @+ (C) & as(m).
OzHakoO 1a HeBOJAHBIE PACTBOPH 3TO COOTHOLIEHHE HE paclpoCTpaHsi-
eTcsl, MIOCKOJBbKY po7=1.

CyllecTByeT HECKOJbKO METOJOB ONpeNeJeHHs aKTHBHOCTH H KO-
3¢ }HLHEHTOB aKTHBHOCTH 3JIEKTPOJHTOB. Tak, HalmpuMep, aKTHBHOCTb
coMd MoxeT OBITH HalijjleHa IO JaBJAEHHIO @apa pAacTBODUTES Hal
PAacTBOPOM, KPHOCKOHNHUYECKHM ¥ 30YJIJIHOCKONMHUECKHM MeTOAaMH, IO
OCMOTHYECKOMY AABJIEHHIO. DTH MeTOJHl IJisi PAcTBOPOB 3JIEKTPOJIH-
TOB ¥ HE3JIEKTPOJHTOB NOJHOCTbIO aHaJOruyHe. Kpome Toro, ajs on-
pelesNieHHs] aKTMBHOCTEH B pacTBOPax 3JEKTPOJHUTOB MOXKeT ObITh HC-
TOJIb30BAH METOJ M3MEpPEHHs Pa3HOCTH MOTEHIIHAJOB Ha KOHLAX paB-
HOBECHOM 3JIEKTPOXHMHUECKOH ILlenud. DTOT MeTOJ OCHOBAH Ha 3aKO-
HaxX 3JIEKTPOXHMHYECKOH TepMOAHMHAMMKH. Bo Bcex Merojax usmeps-
eMble aKTHBHOCTH B Te€X HJH HHBIX KOODJAHMHATaX 3KCTPaNoJHDYIOT Ha
HYJIEBYIO KOHIIEHTpauuio, rae fa=1.
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AXTUBHOCTH ¥ KO3()(HUHEHTH aKTHBHOCTH, NOJyYeHHHIE pPas3JjiHy-
HBIME ME€TOJaMH, COBIAJalOT B IIpeAes]ax TOYHOCTH 3KCHEPHMEHTa.
ITO yKasHBaeT Ha TO, YTO TEPMOJHHAMLYECKHH METOL OIHCAHUA
B3alMONEHCTBHSE B DPAcTBOPAX ' 3JIEKTPOJHTOB SIBJSETCS I1paBUJIbHBEIM
M CaMOCOIJIaCOBAHHLIM (BCNIOMHHM, YTO CTeNEHH IHCCOUHALHH, ONpe-
IeJieHHbie DA3/JIMUHbLIMH MeToJaMu, IIPOTHBOPEUHJH APYT APYry).

Onnako TepMOAMHAMHYECKHH MeTO[ He pacKphiBaeT MexXaHH3Ma
B3aUMOJEHCTBHA HOHOB. Haunbosee HaArisaHO 3TO NPOSBJASIETCS B TOM,
YTO MpPH HOMOIIM TEPMOAMHAMHYECKOIO MeToZa CBOHCTBa pacTeopa
3JIEKTPCJHTA MOXKHO ONHCAaTh KaK B HPEANIOJNOKEHHH ero IOJHOH AHC-
couvauuu (o=1), TaK U NpH JONYIIEHHH, YTO JEKTPOJUT IHCCOIH-
HPOBAH JHIIb 4aCTHYHO. B camoM pnese, IOOyCTUM BHauaJje, 4TO B CH-
creme (A) a==1 H, CJIe10BATEJNbHO, PACTBOP COAEPKHUT Vv4m MoOJeH
KaTHOHOB, v_m MoJel anuoHoB u 1000/M, Mouaeil pacTBOpuTess.
B srux ycaoBusx pisi cBoGomnoll sHepruu I'm66ca mosyuaem BBIpa-
JKeHHe

G =ty vamuy v mp_ (.21)
0 « ,
rAe yo— XHMHYEeCKHH MOTeHNHAJ PaCTBOPHTEJ.

Ecnu xe ponycruts, uto B cucteme (A) e<C1, To pacrBop Oyner
COZEpPXKATb Ov.rm MOJeH KaTHOHOB, Ov-—ti MoOJieH aHHOHOB, (l—a)m
MOJIell HeIHCCOUMHPOBaHHHIX MoJexyn u 1000/M, moseit pacTsopH-
Tead. B aTtux ycnoBusx ypaBHeHHe 1yl G IpUMET BHA

G = 1320 }Lo+av+mp; +av_mp_ (1 —a)mp;. (111.22)
0
Kpome Toro, M3 ycJaoBHS pPaBHOBECHsS MeXKAYy HOHAMH H MOJIEKYJaMH

By == Vb, Fovopl L (II1.23)

Tlonnasi cBoGopHAast sHEPrHsi pacTBOPA U XMMHYECKHH MOTEHIHAJ
PacTBOPHUTENIST HE 3aBHCAT OT KOHKPETHHIX IpeJCTaBIeHHH O HmpHpone
gucconnannd. ITostomy us ypasuennmit (II1.21)—(I11.23) noayvaem

Ve Fvop =vop, Fvopl (111.24)
HJIU '
vl 4 vopd +RT (v lny, m, +v_Iny_m_)=
= v 0 v p - RT (v, Iny, m, +-v_tay_m). (.25
Ho By = M'_f Hopd = P«E, TaK KaK OHU OTHOCATCS K OAHOMY H TOMY

K€ THIOTETHYECKOMY MOJISJIBHOMY pacTBopy uoHOB. IIpm 3ToM u3
ypasuenus (II11.25) BriTekaer mpocTas ¢popmyJa

e=0y s, | (111.26)
Te y+— CTeXuoMeTpuuecKHHi KO3(QQHUUEHT aKTHBHOCTH OHHAapHOrO

3JIEKTPOJIHTA; Y 4+ — CPENHHH HOHHEIH KO3(dHIHEHT akTHBHOCTH. Ta-
KUM 006pa3oM, TepMOAHHAMHYECKU MeToJ AaeT afleKBaTHOe ONMHCaHHe
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cucreMel (A) Kak B npeianojoxesHun a=1, gy
KOrJa HCnoab3yeTcsd Koad(HUUHEHT aKTuB-
HOCTH Vi, TAK U B TPEINONCKEHHU a<1 g4k
¢ HCHOJAb30BaHHEM KO3(D(DULHEHTA 7V 4o 03¢

Ha puc. IIL.1 nmpuseiena xapakrepHast ;.
3aBHCHMOCTb Jiorapudma koadguuueHTa -

=
<y
T

AKTHBHOCTH HE3JEeKTPOJUTa (TPOCTHHKCEO- U’é"
. — 7 ! 4 I 1
ro caxapa) u saekrpoauta (LiCl) or Ym. 05 101520 2.5 Vm
KoahhHunueHT aKTHBHOCTH HeasieKTpoauta G
pacTer ¢ pocToM KoHuIeHTpanud. [Las snek- -4,2¢ 2
TPOIUTOB HaOJl0faeTcss BHAYate MaAeHHE  puo 1111, 3apucHMOCTS KO-

Y+ C PpOCTOM m, KOTOpOe JIUIIb NDHU BLHICO-  3dpdunneHTa aKTHBHOCTH

KHMX KOHHEHTPAIHUsIX CMEHSAeTCH POCTOM KO-  TDOCTHHKOBOro caxapa (I) m

sbdunuenta akTUBHOCTH. TepMomiHamp-  “1OPHId JuTHS (2) OT HX
o KOHLEHTpauxuu B BGJIHOM

YeCKHi MeTOJN, YKasmlBas Ha CHEUHUDHKY  |acrpone

B [IOBE/ICHHH PAacCTBOPOB 3JIEKTPOJIHTOB, TEM

He MeHee He MOXKeT OOBSICHHTBb 3THX ocobeHHocrtell. TakuMm obpasowm,

BO3HHKaeT HeOOXOAMMOCTh PacCMOTPETh HOH-HOHHOE B3aHWMOJCHCTBHE

C TOYKH 3PEHHA MOACJBHLIX NpeACTaBJIeHHUH.

HI1.2. Pacnpenenense HOHOB B PACTBOPE 3JEKTPOJINTA
W NOTEHHHMAN HOHHOH aTMOCdephl

Yro6Ll OnncaTh HOH-HOHHOE B3aHMOJEHCTBHE, HEOGX0IHMO 3HATh
paciipeicieHHe HOHOB B PAaCTBOPE U MPHUPOAY CHJ, AeHCTBYIOMINX MeK-
Ny voHamH. TIOCKOJIBKY H HOHBI, M JHIOJH pacTBOPHTEJA HaXOASITCH
B X20THUYECKOM JBHJKEHHH, a HOHBL MOryT 0o06pa30BHIBATH acCOLHATH,
KOMIIJIEKCHl M HEJHCCOLHHPOBAaHHBIE MOJEKYJbl, TO B 0o0lieM BHAE 3a-
Jada O pacnpejejeHUH HOHOB OKa3bIBAeTCs YPE3BBIYAHHO CJOXKHOM.
MoOXHO NpPeANoNOXKUTh, UTO JEKTPOJUT IOJMHOCTBIO JHCCOLHHPOBAH
(a=1), pactBopuTENb NpelcTaBjseT coOOGOH HENPepHIBHYID Cpeiy ¢
JIN3JIEKTPUUECKOH MOCTOSIHHOH €, a HOHBI B3aUMOJAEHCTBYIOT B HeM
TOJILKO 10 3akoHy KyJioHa. B »THX ycAoBufX BOIpOC O pacrpejgede-
HHY H B3aHMOJAEHCTBHH MOHOB B PAcCTBODAX 3JIEKTPOJHUTOB OBLJI pelleH
Il. de6aem u . I'oxkenem (1923).

Cpenn MHOMKECTBA HOHOB, yYacTBYIOIIMX B XaOTHYECKOM TEIIOBOM
neuxkeHuH, B mofeau IebGass u I'okkenss BeiOupaercs OAHH — Tak Ha-
3piBaeMbifi HEeHTpPaMbHBIH HOH, KOTOPHI paccMaTPHBaeTCs KaK
nenoaBwKHbHA. HMHaue roeopsi, Hauano BEIOMpaeMOH CHCTEMB KOOp-
IMHAT NPUBA3LIBAETCS K LEHTPY 3TOrO HOHa. BO6aH3H HEHTPaJbHOrO
HOHA HEeKOTOphM 06pasom pacnpenensoTcsl NPYrHe HOHBI. XapakTep
3TOro pacnpejesienuss 0OYCJIOBJEH, BO-IIEPBBIX, [0J€M II€HTPa/JbHOTO
HOHa, KOTOpoe B coryacuu ¢ (opmynoii (11.9) y6niBaer ¢ paccTosiHH-
eM r OT UEHTPaJbHOrO WOHA, H, BO-BTOPHIX, TEIJIOBEIM JBHXKEHHEM
noHoB. [Toatomy uem 6anxe K LeHTpPaJbHOMY HOHY, Tem OoJblle Be-
POSITHOCTb TOTO, YTO TaM OKa)KeTCsl HOH IPOTHBOMNOJIOXKHOFO 3HAKa
(puc. 111.2,0). LlenTpanbHeli HOH Kak Obl OKPYKeH HOHHOHK aTM O-
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chepoii. BniGop  LEHTPaJBLHOrO
HOHA $BJIsIeTCA YCJOBHBIM,. T. €. KaX-
IbH HOH MOXHO paccMaTpHBaTh B Ka-
YyecTBe LIEHTPAJALHOrO H B TO e Bpe-
Ms BXOAALIErO B COCTAB HOHHOH aT-
Mocohepsl APYTHX HOHOB.

TennoBoe nBHKEHWE HOHOB B HOH-
HOH arMocdepe NPHBOIUT K TOMY,
YTO JUCKPETHBle 3apsAjbl 3THX HOHOB
Kak 6bl pa3masblBaloTcA. B pesyibra-
Te 3TOr0 MOHHVIO aTMocdepy, cOCTOf-
. LIYI0 H3 OT/JeJbHLIX HOHOB, B CpeiHeM
Puc. 111.2. Pacnpenenenne sapsfos 32 HEKOTOPHIH NPOMEXYTOK BpEMeHH
B HOHHOH aTMOChepe: MOXHO MOJAEJHpOBaTh 00J1akOM pas-
@3 Deanuioh uonol atwocdepe; 6—  Ma3aHHOTO 3apsja, IMIOTHOCTb KOTO-
B MOHeJH c¢epHIeCKOTOo KOHLEHCATODa; pOFO P YMEHbHIaeTCﬂ 10 Mepe yna.ne—
¢ .obu sawene HOHHOM aTMOCQEPH OT-  pyo 1" peHTpaJHHOrO HOHA  (PHC.

111.2,6). O6umuii 3apsaf HOHHOH aTMO-
chepbl H3-32 3JIEKTPOHEHTPAJbHOCTH [0JKeH ObITb IO abCOJIOTHOH
BeJHuUHMHEe paBeH 3apsiy LeHTPaJbHOTO HOHA Z;€y H IPOTHBONOJOXKEH
eMy II0 3HAaKy. ] .

IMockonbKy HOHHasi atMoctepa obJjagaeT UIAapOBOf CHMMeTPHEH,
To ypaBuenue IlyaccoHa, 3anmucanHoe B cgepHUecKOH cHcTeMe KOOp-
OHHAT, IPHHUMaeT BU],

o 4 2 de 0 (111.27)
dr2 r dr 2
M CBSI3bIBaeT OGBLEMHYIO IJIOTHOCTb 3apsija o C NOTEHUHAJOM ¢ Ha
PacCTOSIHMH r OT UeHTpaJbHOro HoHa. IS HaxOXJAEHHS O PacCMOT-
pHM MaJHlii o6beM 8V Ha PacCTOSHHM r OT UeHTPajbHOro HoHa. Ecan
JOKaJlbHasi KOHLEHTpalus i-ro HoHa B o6beme §V paBHa n; HOHOB/M?3,
a ero 3apsj0BO€ UHCJIO C Y4€TOM 3HaKa PaBHO Z; TO NOJHBIA 3apsl
obbema 8V cocrasur (Zn;z:e0)6V, a obbeMHass MJIOTHOCTb 3apsfa —
p=212;:€0. (111.28)
JlokanbHble KOHUEHTPALUH 7; CBA3aHH ¢ OOBeMHHIMH ;o YPaBHEHHEM
Boabumana ni=n;exp (—W/kT), rne W —pabora, KOTOPYIO HYKHO
3aTPATHTh NPOTHB YCPENHEHHBIX IO BPEMEHH 3JIEKTPHYECKHX H APY-
TMX CHJ, yToObl BHI3BATh M3MEHEHHEe KOHLEHTPallHH 3TOr0 HOHa IO
CPaBHEHHIO C njo. B mozenn Je6as — I'lokkesasi YYHTHIBAIOT TOJBKO
KYJIOHOBCKHE CHJIH, a moToMy W=z;e.p. Ciief0BaTeNbHO,

ni=n;eexp (—z;eop/kT) (111.29)

p=3ni02:€0eXp (—z;eo@/kT). (111.30)

Ecnu nopcrasuts coornomenue (I111.30) B ypasHenue (II1.27), TO
noaydeHHoe nudepeHUHANIbHOe YDaBHEHHE HeEJIb3f INPOHHTErpPHPO-
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BaTb. Ilostomy B Teopun Je6as u TIOKKeas SKCHOHEHThs
exp (—z;e09/kT) pasaaraior B pag (e*=1+4x+x2/2!4..) u mcmoab-
3YIOT TOJIbKO LBa MNeEPBLIX Y/eHa pasoxeHusd. DTa onepauus CHpa-

‘BEVIHBA JIHIWb NDH YCJAOBHH 2:09/kT <1, T. e. 11 mocTaTouHo pas-

6aBJIeHHHIX pacTBopoOB. B o7HX YCJIOBUAX BMECTO COOTHOLUEHHS
(IT1.30) moayuaem dopmyny

pre — (L Tn2t) g, (1L.31)

TaK KaK H3-32 3JIEKTPOHEHTPaIbHOCTH pacrteopa n;e2;==0. Ilocae
noxcranoBku (II1.31) B (II1.27) nonyuaem IuddepeHHaNBHOS
ypaBHeHHe BHAa

2?¢ 2 dg 2

ot = (I11.32)

rue

— g &* 2 -
® = V o Tl (I11.33)

Herpynno y6enutbesi, uto npu BBe#eHHH HOBOH HEPEMEHHOR y==@r
ypaBHenne (I11.32) npuHMMaer craHpapTHHI BHA
dzy

P =%y (111.34)
H, CIeOBATE/IbHO, HMEET oblllee peleHHe '
y=Ae+ Ayen, (I11.35)

T.€. «
=4 ——+ A4 (111.36)

IlocKoNIbKY NpH 3HAUHTENLHOM YHAJEHHH OT LEHTPAJbHOIO HOHa
(r—o0) @—0, To KOHCTaHTa HHTerpupoBaHusi Ay;=0. Has ompene-
JMeHHs] KOHCTAaHTH A; NMOACTAaBASIOT BHayaje BHpakKeHHe MAs ¢ U3

(I11.36) B dopmyny (II1.31),.x0TOpas ¢ yuerom (I11.33) nmpuuumaer
BHUJ

p=—¢egod1n2e"/r. (111.37)

CrnenoBaTenbHo, 3apsii TOHKOH cdepHuecKod 0GOJOUKH paanycom r
U TOMIIHHOA dr cocraBisier

dg=4nr?pdr=-—4neeod x2re—*dr. (111.38)
Hockonbky monmeift sapsz woHHOH atMmocdeps! paBeH —z;e, TO

o]
dmee A, | wre— d(ur)=ze,, (I11.39)

TA€ BHXKHHH TIpefies] HHTETPHPOBAHHS 3aBHCHT OT COGCTBEHHHX pasMe-
PoB HOHOB. Tak, ec/iu NPHHATb, YTO LEHTPH HOHOB MOTYT COMMKATHCS
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TOJILKO A0 pPacCTodHusd 4, TO

0

[ are=d () = — Lare= ey (naf e

*Q

i

#, ¢JIeJOBaTECAbHO,

o zie e
A= dmez, 1+ xa (IIL.40)
Ecau xe MpeANOJJNOXKHUTL, YTO HOHBI HMeEIOT TOoueuyHble pasMephl (STO
3KBUBAJEHTHO AONYLIEHHUIO a=0), TO
A1=Zieo/4:|'l:880. (11141)

Tlepsoe mpubimkenue Teopun [leGast — I'IOKKe/as COOTBETCTBYeT yC-
JIOBHIO TOUEYHBIX HOHOB, a IOTOMY

o —= L g ' (111.42)

dreegr

Jlnst BHIMHC/EHHS] HOH-HOHHOT'O B3aHMOJAEHCTBHS MPEACTABJACT HH-
Tepec He OOWIMi NOTEHIHMAN ¢, @ TA €r0 YacCTh (g, KOTOpas CO3AAEICH

HOHHOH aTMocdepoil B MecTe PacHOJIOXKeHHs UEHTPAJbHOro MOHA. Be-

JIMUHHA @, HA3HIBAETCA MOTEHUHAJOM HOHHO# aTMOCOEepHL
Tlpu pacuere @, MCHOJb3YIOT NPHHUAN CyHEPHOIUIHH (1. e. Hajoxe-
HUsI) JEKTPHYECKHX MOJei, COrJIacHO KOTOpoMy AJIA TOUEHHBIX HOHOB

Po == [CP - "?f‘.‘fr—)o’ (111'43)
Trae .
o Fifo [11.44
i 4meeyr ( )

npefcTaBaser coboit moreHupal, co3laBaeMHli IEeHTPaJbHbEIM HOHOM
[em. dopmyay (11.10)]. ToncraBisisi ypaBHEHHS (111.42) u (111.44)
B (111.43), nmoayuaem ‘

’ —xr .
o, = —LL | ¢ *1] . (111.45)
¢ Ameey r r-0

Eﬂﬂ onpenenemm npepesaa MO3KHO BOCIIQJIL30BaThCA HpaBHﬂOM Jlo-
auTaJasl ujlau Xxe paSJIO}KPITb 3KCIOHEHTY B paA. B peSy.ﬂbTaTe Haxo-
JHuM, 4TO npenen Bpra)KeHHH B KBa]lpaTHbIX ckoOKax paBeH —¥% H,

CJIe0BATENbHO,
: Qa=—2ieor/4mes. (111.46)

Cpastenue $opmys (111.44) u (I11.46) nokasbiBaeT, YTO HOHMAs aT-
mocdepa OxashiBaeT Ha LEHTPaJbHbIE HOH TaKOe Ke BIUsHUE, KAKOe
OKa3biBaja Gbl Ha HEro TOHKas cdepHuecKas o6osi0uKa, UMerolmas 3a-
PAL —Zi€o, H PACIOJOXKEHHAA HA paccTosiHHK 1/% OT TOYEYHOro LEHT-
pajipHOTO HOHa (pHC. 111.2,8). Beauunna 1/x HasbiBaercss panruy-
com HOHHOR aTMocdepn. Haxkonel, OCHOBHBASACH onsITh-TaKH#
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Ha a”aJorun ¢opmya (I11.44) n (I11.46), BsanmomeficTBHe LeHTPAab-
HOrO HOHA C MOHHOH aTMOC(epOdl MOXHO CcBecTH K KYJIOHOBCIi{OM
B3aHMOJEHCTBHIO ABYX HOHOB C 3apsilaMH 2;8p H —2:€g Haxozmmnx}j
Cst ApYT OT Apyra Ha paccrosiHuu 1/x (puc. I11.2,2). SH’eerH TaKOTO
BsaI/I?MOz;LeHCTBHﬂ, Kak cJjeiayer u3 ypaBHeHus  (IL.5) aBHa
—=z;%ep x/4nsao H NOPOBHY pachpeie/sieTcss MeXAy ,iByI;&H’HoIIJ-[aM
Taxum 06pa3oM, H3MEHEHHe SHePrHu LEeHTPaJbHOrO HOHA 3a cuye o
B3aHMOJEHCTBHA ¢ HOHHOH arMocdepod cocTaBasieT T e
AU=—2z;%¢,>x/8nee,. (111.47)
Qopmyay (I11.47) MOXHO NOJYYHTb TakxKe ABYMS APYIHMH c o
cobamH. B mepBOM M3 HHX, OIMCAHHOM B OPHTHHAJBLHON pabore L[eﬁn )
u Tiokkensi, AU paccunThiBalM Ha OCHOBE MBICJIEHHOFO IpoLecca i
PsIKEHHA LEHTPAJbHOrO HOHA M BCEX HOHOB, BXOJAINHX B HOHHYIO Z?
mocgepy. Ilpu sToM B mpolecce 3apsiKeHHS YYHTHIBAJIOCh Iepepac-
pe/e/ieHHe HOHOB, BO3HMKalollee GJaaroiaps ux sneKTpOCTamgegx -
My B3auMojeicTeHio. PaGoTa 3apsi:KeHHs, PacCUNTaHHAs 3THM cnocg-
6om (npoyecc sapswenus no [Je6arw), OTHOCHIACh KO BCEM HOHAM
CHCTeMbl, 2 NOTOMY AJS HaXOXIeHus BeauuuHbnl AU ee HYXHO 6BLIO
npoauddepeHilupoBaTh N0 YHCJIY HOHOB JaHHOrO BHAA i. Bo BTOpOM
crnoco6e, KOTOPHIH MOJNYYHJ Ha3BaHUE NpPoOyecca sapﬂwceﬁuﬂ no FI;)OH-
TeabOepey, NPEANONArasnoch, YTO NPOLECC MBICJAEHHOTO  3apsiKeHHs
HOHOB HEe CONPOBOXKAAETCS HX lepepaclpejelenneM (mpeamosara-
710Cb, UTO OHU y2Ke /10 3apsKeHus pHOOpeJIH OKOHYATEJIbHOE pacmpe-
AeJeHHe, XapaKTepHOe MJISi 3apsiKEeHHOH HOHHOH armocdepr) 9?01
cnoco6 3KBHBaJIEHTEH IIPOLIECCY 3apsixkKeHHs KOHIEHcaTopa cocr'omue-
rO H3 LIEHTPaJbHOTO HOHA H OKpyXKalmle#l ero cdoepnqecxo’fii 060J109KH
C NMOCTOSIHHBIM DafuycoM 1/x. PaGora sapsxenns no wMeroay [ion-
Teabbepra cpasy naaer seanunny AU. CileayerT NOXYEPKHYTH, UTO pas-
JHYHBE CcHocOOBl pacyeTa H3MEHEHHSI SHEPrHH LleHTpaJIbI-;OI‘O npoma
BCJECTBYE ero B3aHMOMAEHCTBHS ¢ HOHHOH aTMochepoll AAlT copna-
Aalollye pesyJbTaThi JHIIL IIPY BLIIOJHEHHH COOTHOmIeHHs (111.31)
B ycnoBusix HennHeHHOH 3aBHCHMOCTH p OT @ PasjHuHblE CrIOCO6HI
pacuera AU npHBOASIT X pasueM pesyasrartaMm. o cHX IOp me ycTa-
HOBJIEHO, KaKo# cnocob sBisieTcs 60Jiee TOYHBIM, TaK Kak ‘ypéBHyeHHe
[Tyaccona — Boapumana, nonywaiomeecs npH mnoiacraHoBke (I11.30)

B (II1.27), He umeer cTpororo oGOCHOBAHHS B CTATHCTHYECKOH Mexa-
HHUKE.

I11.3. Teopus Jleb6aa — lokkenst 1 KoapduuueHTH AKTHBHOCTH

I[JIH XHMHYECKOI0 MOTeHIHaNna [-r0 HOHA, KOHUEHTpanus KOTOpOro
BbhipazKeHa B MOJIAPHBIX J0J5X, MOXKHO 3anucaTh

w; (V) =pd(N) + RT InN; 4 RT In i), (I11.48)
HepBeie 1Ba cnaraeMblX B MPaBOH yacTH ypaBHEHHS AAl0T Mapuualb-

}éy}o CBOGO/JHYIO 3HEPrHIO OJAHOrO MOJIS HAEAJBHOrO PACTBOPA HOHOB i
reopun [ebGas — okkeas npenmosiaraercs, 4TO OTKJIOHEHHe pe-
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aJILHOTO PAacTBOpPd OT HAEAJbHOrO O0YyCJOBJEHO SHEPTHeHd B3aUMOIeH-
CTBHS HOHOB C MOHHOH aTMocdepci. CienoBaresibHO, .

Y 2:20 2
~ RTIn") =NpAU = — N 250 (111.49)
8nee, .
U3 ypasuenns (I11.49), yuurniBas ¢opmyay (I11.33) u cooTHoLIeHue
k=R /N,, nojiydaaeM OCHOBHOE yDaBHEHHe NepBOTO NPHOJIHKEHHS T€O-
pun Jle6ass — ['lokkenss ana Ko3(pQHIKMEHTa AKTUBHOCTH OTAEJIbHOro
HOHA: .,
Ny zi%y? S 22— 2%
Inji 8n(eckT) VIing, 8m(esokT) '/
rie /J—HOHHAas cHJAa pacTBOpa, KOTOpas ompeiensercs co-
OTHOLIEHHEM

VIZI0NA, (I.50)

1
J=—2c2

(HL.51)
2

Ias 1,1-BajIeHTHOTO 3JIEKTPOJNHTA
cr=c_=c u I=—le-IP4e-(—1f]=c.

QO6benuHdAa KOHCTAHTH H INepexolAd K AeCATHYHBIM Jjorapnq)MaM,

¢dopmyay (I11.50) sanuiuem B BuzE
1g M =—21nV1, (111.52)

rjae
(1,6022-10-19)3(2.6,022-10%8- 103)*/ 2 1

T 9,3026.8-3, 1416(0, 88542-10—11.1,3807.10—23)"/2 (<T)*/
— 1,825.10°/(eT)""* (a/moms)* K/ .

Coornowennst (I111.50) u (I11.52) onpenensiror K0>DQHUHEHT aKTHB-
HOCTH OTAEJNBHOTO MOHA, KOTOPHIH Hejlb3sd H3MEpPHTb 3IKCIIePHMeH-
caapno. Ha ocuoBe ypasuenusi (III1.13) ans cpeanero kosdduuuenta
AKTHBHOCTH HaXOAHUM

v_,_22+ + v_zf"_

g =—nVT .

VuuTeBas yCJOBHE  3JEKTPOHEHTPAJBHOCTH — V4Z4==—V-Z—, MO}KP:)O
npeo6pasoBaTh MHOXKHTENb, COACPKANUIUA 3apAAbl HOHOB H CTEXH
MEeTPUYECKHEe YHCJIa:

(I11.53)

V+22++v_22_ — —V_242_— Y4242 — l 2+2_ l .
Vg V- Vit V- :

Takum 06pas3oM, OKOHUATE/NbHOE BbIpaXKeHHE AJs CPELHEro Kosq)giz:
[UeHTa AKTHBHOCTH, MOJyuYMBIIee Ha3BaHHEe MPeNe]bHOro 3aKOHa
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v
v

Gast — ['10KKeJs, IPHHUMAeT BHI

g/ =— | z,2_ | VT, (I11.54)

Paccyutannsie no ypasuenuto (I11.54) snauenus 1g FA¥) moxuo
COTIOCTABHTb C 3KCIEPHMEHTAJbHbBIMH NaHHHMH. IIpu 3ToM caemyer
YUHTLIBATb, UTO TEOPHsi JlaeT CPEMHHH DalHOHAJIbHHE KO3(hHIHEHT
aktusHocTH 4, a 3KCHePHMEHTAaJIbHble JaHHble JJIs pPacTBOPOB
3JIEKTPOJIUTOB OGLIYHO NPHBOASTCS B IIKaJe MOJSJIbHOCTEHd (y+) ® ux
NO3TOMY HeOGXOAMMO mepecunTHBaTh N0 Gopmynae (111.20). Coraacuo
¢opmyse (II1.20) B pasGaBaeHHEX pacTBOpax (mgO,Ol)fL:N’ Y+
HO npu GOJBIUMX KOHUEHTPAUHSX pAasJHYHe B BeJHIHHAX [4 ' n VY=
CTAHOBHUTCsL CyllecTBeHHbIM. Tak, Hanmpumep, AJs BOAHHX pPacCTBOPOB
NaCl npu m=0,1 Igy+=—0,1088, 1gf'=—0,1072, a npu m=1
g p.==—0,1825, 1gf '=—0,1671.

Ypasuenne (111.54) nosBoisier OOBSCHHTL PN SKCIEPHMEHTANb-
HBEIX pe3yJ/bTaTOB, KOTOPHE ObLIM H3BECTHH ellle A0 CO3JaHHUs TEOPHH
He6as — l'okkens. Tak, SI. Bpéncregom 6Guuto o0HapyXKeHOo, 4TO AJs
pacTBopoB 1,1-BajieHTHHX 3/1eKTponTOB npu ¢<<0,01 Mosb/n BHIIOJ-
HSeTCA CIeAyilee IMIHPHIECKOE COOTHOUIEHHE:

lgy: =1gf{’ =—05Vc.
Us ypasmenns (I11.54) ns1s BomHoro pactBopa 1,1-BaJIeHTHOrO 3JIeKT-
pouauta npr 20 °C mHaxogum
1,825.-108

1g ) — _ — Loy ) =—0.807V/3,

9TO C TOYHOCTHIO ~ 1% mepenaer popmysny Bpéncrexa. Us YPaBHeHHs
(II1.54) crenyer, uto KO3 (HIHEHTH aKTHBHOCTH B pacTBopax ¢
ONIHAKOBOA HOHHOH CHJION ROMKHE GHITb OJMHAKOBHIMH. DTo corJa-
cyercst ¢ 3akoHOM Jlpionca — PeHpansia, KOTOPHIH Gbla OTKPHIT paHb-
e, yeM Ownuia cosnana Teopus e6asi — Iokkess. Teopusi nmepenmaer
3aBHCHMOCTb KO3((HULUHEHTOB AKTHBHOCTH B pa3GaBJeHHBIX pacTgeo-
Pax OT BaJIGHTHOTO THIA 3JEKTPOJIHTA W OT TeMmeparypsl. Hcnoabays
BLIDaKeHHe NI KO3((UIKEHTa aKTHBHOCTH, MOXHO PacCYHTaTbh BCe
lapUHaJbHbIe MOJSIbHBIE TepMOJHHAMHUECKHe XapaKTepPHCTHKH pac-
TBOpa (MOJSJIBHYIO SHTPONHIO, MOJIANBHbE 06DBeM, TeIIJIOEMKOCTh,
CXKHMAeMOCTb ¥ TEDMHYECKOe pACIUHPEHHe M T. J.) NPH HH3KHX KOH-
uentpauuax. Teopus Ie6ass — lokkens mosposuia npeackasath 3¢-
(hEeKT BEIIENeHHUS TEMJIOTH NpH pasbaBieHun PacTBOPOB 3JEKTPOJIHTOB,
BbI3BAHHBIH TeM, 4TO NpPH Pas30aBJEHMH YMEHBIIAETCS B3aHMOLEHCT-
BHE MeXIy HOHaMH. B pasGaBienHbix pacTBOpax Temnora pas6asie-
HHS MO 3TOH TEOpHM NOMXKHA GHITh npomopuxoHadbHa) ¢, yTo GHLIO
NOATBEPKACHO Ha ONBITE. YUYMTHIBAf, YTO HPEJeNbHHI 3aKOH He CO-
HepXKHT SMNIHPUYECKHX I1apaMETPOB, OTMEUeHHble ycllexu Teopun Jlle-
6asi — ['I0KKeN clefyeT NPH3HATh BeCbMa 3HAYHTENbLHBIMA. Onnaxo
C YBEJIHYEHUEM KOHLEHTPALMH DACXOXJeHHe MeXAY TeOpHell M OMbI-
TOM CTAaHOBHTCH Bce Golee cyulecTBeHHEM. Huxke mnpuBenenm cpen-
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Hue Ko3(]HIHEeHTH AKTHBHOCTH MJIf BOJAHBIX pacrBopoB NaCl npm
25°C: )
M. . « « c v« v i e e e e . ... 0601 0,006 0,01 0,06 0,1

—lg f(i‘\l) (onmTHHE) . . .
—1g f{Y), paccunranmme mo (II154) . . . 0162 0,0362 0,0511 0,1162 0,1614

CrnpapenauBocTs Teopuu [ebGad — ['loKKeas TOJAbKO B pasGaBJeH-
HEIX pacTBopax o6ycJioBJeHa CJAeyIOMHMH [IpHYMHAMH:

1. TIpeanosioxeHHe O TOM, YTO 3apsii HOHOB pa3MasaH (Hempephi-
BeH) B HOHHOH aTMmocdepe, BHIOJHSETCAd JAuMIIb JIPH  yCJIOBHH, UTO
MOXHO npenebpeub COGCTBEHHBIM 00HEMOM HOHOB, T. €. B JAOCTATOYHO
pa3bapieHHbIX pacTBopaX. TOJBKO B 3THX YCJOBHAAX CIDPaBeAJHBO
ypaBuenue Ilyaccoua (I11.27), nosmoxenHoe B ocHoBy Tteopuu [e-
6as — ['1oxkeJs. .

2. Pacnpenenedue bDoabimMana ¢ JAONOJHUTEIbHEIM  YCJIOBHEM
zieop << kT Taxxe cnpaBelNBO TOJbKO B Da30aB/J€HHHIX pPacTBOpax.
Hcnoansys ¢opmyay (111.42) npu r=1/x u Buipaxenne (II1.33),
OPUXOAMM K BHIBOAY, YTO B BOAHHIX pacTBOpax 1,1-BaseHTHOro 3sJexr-
poaura npu 25°C 310 HepaBeHcTBO BhmosiHsiercs npu 0,87 Ve,
T.’e. ipu ¢<<0,01 moas/n. T. Kpamepc (1927) Ha ocHose 0OIMHX NPHH-
IIMIIOB CTATHCTHYECKOH MEXaHMKM MOKas3aJ, 4To Ieppoe npubJiixe-
uue teopun ebGass — [oKkeas cTporo chnpaBefUIMBO B PAacTBOpax,
IJisl KOTOPBIX BHIMOJHSIETCS COOTHOWIeHHE %°/ni0<<1,46m, rae nio—
gycao HoHoB B 1 cm® B Bommbix pacrBopax .l,l-BajleHTHHIX 3JIEKTPO-
JHTOB 3TO COOTHOHIEHHE TakKe NOATBEPXKAAeT CHPABENJMBOCTD TeO-
pun ajst yeaosust ¢<<0,01 mMoab/a. :

3. B reopun [lebas— ['OKkKessT He yYHTHIBA€TCs H3MEHEHHE JH-
3JIEKTPUYECKOl IPOHHIIAeMOCTH pacTBOpa MO CPABHEHHIO C [H3JIEKTPH-
YecKOH MPORAIAEMOCTHI0 PacTBOPHTENsA. B NefCTBUTEIbHOCTH BeJIHUYH-
HAa & YMEHbINAercsi, TaK KaK JHIIOJH PacTBODHTeNsl OPHEHTHPYIOTCA
[0 HOJI0, CO3naBaeMoMy HOHaMH (3h(deKT NHINCKTPHYECKOTO HECHI-
menust). B paz6apieHHBIX pacTBOpPax 3TOT 3G EKT MOKHO He yUYHTH-
BaThb, TAK KAaK JOJS DAacTBOPHTEN]S, CBI3aHHOTO MOHAMH, Maja INo
CPaBHEHHIO C OGIIHM KOJHIECTBOM DPaCTBOPHTEJS.

4. Tlpenenvuniii 3akoH Jle6aa — I'tokkeas MOJydYeH NPH PaccMoT-
eHHH ¥OHOB B BHJAE MaTeMaTHYeCKHX ToueK [cM. ypaBHeHus
(111.41) u (I111.45)]. OueBnano, uTO Takoe JonylleHue CIPaBelHBO
TOJNbKO B Pa3GaBIeHHLIX pacTBOPaX, KOTJAa MOXKHO IpeHebpeub cober-
BeHHLIM 06beMOM HOHOB. :

5. Teopusi JleGasi — 'IOKKessl Y4HTHIBAET TOJBKO KYJOHOBCKOE
HOH-HOHHOE -B3aHMOJEHCTBHE H MTHODHpYeT ADYrHe BH/IbI B3aUMOJEH-
cTBHE (HampuMmep, MOH-IHIOJNbLHOE B3auMoOAelicTsHe, ofpasoBaHue ac-
COIHATOB, KOMIIJIEKCOB H T. I.). :

Bo Bropom npubauxennn I1. He6ait u D. T'0KKeas yuin coOCTBEH-
Hble paaMepbl MOHOB. TIpH 3TOM /st KOHCTAHTH HHTErpupoBaHus A
B ypasmenun (II1.36) ncronbsoBamnack ¢opmyaa (I11.40), a moren-
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0,0155 0,0327 0,0446 0,0859 0,1072,

Puc. [11.3. MuHHMa/bHOR DACCTOSIHHE MEXKIY HOHAMH 1O pas-
JUYHBIM MOJEJsM:

a—H&fHOCPCRCTBeHHblﬁ KOHTAKT HOHOB; 6 — HOHMW pasfgeseHbl OLHONH
MOJIGKYJIOH BOJBI; 8 — MOHLI pasflesieHbl ABYMSI MOJIEKYJaMH BOIb

IHas HCHHOH aTMocdepst onpenensiucs Kak npefed [¢—@;],—q. OkoH-
JareJbHO ypaBHeHHe IJs cpeAHero Ko3Q@dUUHEHTa AKTHBHOCTH HMeeT
BHIL ‘

S Y __’h[/l_ |2 z._\hI/T ’
lgfi = — [ 22— | = __ 1z RV .55
= I+ xa 14+aBY7 (1l1.55)
rie
_ €o(2V,-109= 1 6099.10-19(2.6,022.10%.108)/2 |

(e=okT)'/2 7 (0,88542-10—11.1,3807-10—28)'/» |/<T

5,03.1011
= VT M (a/moap ) e K e .

BesnunHa @ 1O CBOEMY (H3HUECKOMY CMBICJIy COOTBETCTBYET pac-
CTOAHHUIO, JO KOTOPOro MOryT COJIMKATbCA 3JEKTPHUECKHE UEHTPH
JAByX HOHOB. OHAKO CO/MbLBATAIINS HOHOB AEJNAET 3Ty BEJHYHHY HEOI-
penenennofr (puc. I11.3). ITosTomy B3HaueHHe a MOAGHPAIOT, HCXOAS
H3 Hauayuuiero cootBercTBusi ¢opmyasl (I111.55) skcrnepumeHnTaNbHHIM
JaHHBIM. ,HJIAH 3TOTQ MOMKHO BOCHOJIb30BaThCs rpadyueckodl 3aBHCH-

(N — AN
mocrbio 1g ¢ )/]/J or—Blg /M. Kak caeayer us ypabHenusi (II1.55),
TAHT€HC yIJla HAKJIOHA 3TOH 3aBHCHMOCTH paBeH BEJIHUMHE 4.

Takum obpasom, ¢opmyna (I11.55) sBaseTcs HOJTYSMIHPHUIECKOH.
PesynpTaThl pacuera no ¢opmyae (I11.55) npu a=0,48 uM cosnaga-
0T C IKCHEepPUMEHTAJbHBIMH JaHHBIMH AJS BOAHHX pactBopoB NaCl
npu 25°C c Tounocteo mo 1--2% Bmaote xo m==0,1. Huxe npusene-
HBl cpellnue KO3 GhuIHEeHTH aKTUBHOCTH IJsi BOAHHIX pactBopoB NaCl

npu 25°C:

m................. 000 0005 00 005 01

—I1g i) (onmrmwe) . . ... .. 00155 0,0327 0,0446 0,0859 0,1072
N

—Ig (") (paccunrammme) . . . . . . 00154 0,0325 0,0441° 0,0844 0,1077

Hnsi BOZHBIX pacTBOPOB 3JeKTpoauTOB 3. [onrteanbepr mnpenso-
Kyl sanuceiBaTh ypaBHenne (II1.55) B Gosee mpoctoli mpubamxken-
"ot dopme

g [ ~ — L2z LAV z“‘f;‘l}]l/ <, (I11.56)
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Lg fa . KOTOpasi 3KBHBAaJIEHTHA npeanoJoxeHHIo,

0.1 UTO JUIS BCeX 3JIeKTpOJHTOB npu 25°C
a=0,304 uMm. [lpeumymectso ¢opMyan
(II1.56) B TOM, 4TO OHa HE COAEPIKHT
[POHU3BOIbHHX KOHCTaHT M B TO K€ Bpe-
M5 XOPOIIO ONHCHIBAET MOBEAEHHE MHO-

THX 3JIEKTPOJHUTOB BILIOTH Jo J==0,1.
Bropoe npuGianxkenne teopun [e-
6ass — I'IoKKesi1 103BOJIIeT pacIlUpPHUTh
IHana3oH KOHUEHTpauui ee npHUMeHUMO-
ctd. OfHAKO K BO BTOPOM npHGIHKEHHH
’-”3|‘ HeJlb351 MOJHOCTbI ONHCATh BECh AMana-
¢ 30H 3aBHCHMOCTH f(q_l.v) ot m. Taxk, cornac-
Pue. 111.4. 3aBucumoctb cpenne- Ho opmyxe (II1.55), mpu Gombumx J
ro Koacpgbnuueﬂfra AKTHBHOCTH BE€JHYHHA Igf(i.N) CTPEeMHUTCHd K npenpeay,
) g;plgOP&Ha%i].CHﬂH B BOJXHOM pacT-  paBHOMY — |z42_|A/aB. C apyro# cro-
I — meppoe  mpnGaumense teopus  POHPD IKCIEDHMEHTANbHbE 3HAUEHHS P
snff)i’la—nermg:;:é 2 —smopoe. mp- IPH BBHICOKHX KOHIEHTPAUHUSX 3JEKTPO-
2% 3 TpeThe MpHO K eHHe T;%‘;’;i;v JIUTA HAYHHAIOT BO3pacTaTh (cM. pHC.
AeGas — Tokxens; 4~ sxcrepunen- I11.1). B HekoTOpHIX pacTBOpax 3TO BO3-
pacTaHHe OdeHb 3HayurtenpHo. Tak, Ha-

npumep, B BojgHoM pactBope HClO4 npu m=16 y,.=>500. ‘

CDHsuqef:Koﬁ OCHOBOH NaJieHHS] aKTHBHOCTH HO CPABHEHHIO C KOH-
HeHTpalHeH SBJISETCS B3aHMHOe INPUTAXKEHHE uacTHl. BsauMuoe or-
TaJKHBAHHE YaCTHI B PACTBOPE JOJXKHO, Hao060pOT, BH3HBATh YBE/IH-
YeHHe aKTHBHOCTH. B pasfaB/jeHHBIX pacTBOpax 3JEKTPOJATOB
3JICKTPOCTATHYECKOE NPUTHKEHHe HOHOB OKa3blBaeTcs mpeobanalo-

1

muM: y=<<l ¥ majaer ¢ poCTOM KOHIEHTpaUHH. Ydyer cOGCTBEHHOrO .

pasMepa HOHOB 3KBHBAJIEHTEH y4eTy CHJ OTTAJKHBAHHS, HE IO3BOJS-
IOIIUX HOHaM COJIM3HThCS Ha PacCTOSHHE, MeHbllee a. Bropoe npubiu-
XKeHHe TEOPHH, YUHTHIBaKOIlee 3TOT HaKTOP, NPHBOIHUT K MEHee PE3KO-
MY YMeHbLIeHNIO Ko3¢duuventa axrusHocTH (puc. 111.4) u noseoas-
€T ONMCATb ONBITHLIE AaHHBIE B 0oJiee IIHPOKOM HHTEpBaJe KOHIEHT-
paumii. OnHAKO B KOHIEHTPUPOBAHHEIX pacTBopaX OGosbllasi ©acTb
MOJIEKYJI BOAH CBsi3aHa HOHAMH, TaK 4yTO A06aBjieHHe HOBHIX HOpUHf
3/IEKTPOJINTA JOJKHO CONPOBOXKAATLCA pPa3pyLIeHHEM COJbBATHBIX
060/109€X H NPEOJOJIEHHEM CHJ HOH-JHIOJLHOTO B3aHMOAEHCTBHS.
OTO 3KBHBAJEHTHO Npeo6iajfanuio 3¢¢exTa B3aMMHOrO OTTaJIKHBA-
HUSl HOHOB HaJl MX B32aHMHBIM NDHTSXKEHUEM; IpH 3ToM y+>>1. Taxum
06pasom, mepexon K KOHUEHTPHPOBAHHBIM PacTBOPaM COHPOBOXKJAeT-
Cs Pe3KHM Bo3pacTaHneMm KO3(hQUIMEHTOB aKTHBHOCTH. UToGH omu-
caTb BO3pacTanue KO3(pOHUHMEHTOB AaKTHBHOCTH IIpH GOJbHIHX KOH-
LHeHTpanusx pacreopa, B ypasHeHue (III.55) 6nino ¢dopmanbHo BBe-
JAeHO 3MIHpHuecKoe caaraemoe CJ: :

1g [ = — l_z_-:;z_—aﬂ/_{_+a, (I11.57)
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rie C — koHcranta, YpaBHenue (111.57) u3BecTHO Kax TpeTbe NpH-
Gaukenne Teopur Hdebasi — [okkeass. IMIIHPHIECKHM NOAGOPOM KOH-
crauT @ u C MOXHO ONHCATh IKCIEPHMEHTaJbHble JaHHbie IO KO3(¢-
(HUHEHTaM aKTHBHOCTH [0 KOHHEHTpauHH m nopsaka 12
(puc. 111.4).

Ypasuenue Ttperbero npubimxkenus Teopun Jlebasi — I'iokkens
HMeeT MpocTyio ¢opmy, HO KoHcTaHTa C JHUIeHA ONpEAeIEHHOro ¢u-
sudeckoro cmuicaa. P. Po6uncon u P. Ctokc ((1948) mnpensoxuan

 MHYIO KOJIHYEeCTBEHHYIO HHTEpIpeTaluio pocra lg FY) npn BecokuX
KOHIeHTpauusix saekrposura. Ilo teopun Pobuncona — Ctokca ¢op-

myJda proporo npubmauxenus (II1.55) mosnkna nmpumeHsiTbCsi He K CBO-
6OLHEIM, 2 K COJIbBATHPOBAHHBIM HOHAM, MOJsPHAs A0Js KOTOPHIX NG
OTHOLIEHHIO K CBOGOAHOMY DACTBOPHTENIO OTJIUYaeTcss OT MOJSADHOH
JoJH uoHoB 6e3 combBaTHOH o6osouku. Ha 370, B wacTHOCTH, yKasbl-
BalOT 3KCIEPHMEHTaJbHbIE 3HAUEHHS IlapaMeTpa a, NpeBHILaloNHe
CyMMy KpHCTaJJ0rpadHyecKHXx PajHycOB KaTHOHA H aHHOHA. Taknm

o6pa3oM, BO3HHKAaeT HeOOXOAHMOCTb YCTAHOBJICHHS CBSI3H MEXAY KO-
N N
s punnenTaMmy aKTHBHOCTH f(i ' f(t‘(com,a). Ilpu aTOM npuMeHsieT~

csl TOT e NMPHUEM, KaK ¥ IDH YCTAHOBJIEHMH CBSI3H MeXAYy CTeXHOMer-
puyeckuM KO3(Q(HUUHEHTOM aAKTHBHOCTH OHHAPHOIO 3JIEKTPOJNHTZ K
UCTHHHBIM KO3(Q(HIHEHTOM aKTHBHOCTH HOHOB IIPH yuYeTe ero 4acTHy-
Ho#l mucconmammu [cm. ypasuenus (I11.21)—(I11.26)]. Oxonuaresn-
HBIA pe3yJbTaT MOXKHO IPEJCTaBUThL B BUJE
N) e (M) in s+ v—ng =

lg f:(l:(COHBB) - lg 71- + 'yi lg ao_l" lg (“‘;:T‘ , (HI-OS)
Tle fis— YucJ0o THAPATAlMH COJH, T. €. Vifipt-+v_ny~; @ — aKTHBHOCTH
pactBoputens; s=1000/Mqm — 4ncao0 MOJell pacTBOPHTEJS, NPHXO-
ISAIIEXCSL Ha OAMH MOJb 6€3BOAHOrC pacTBOpsieMoro BelecTsa. Ilpu-

paBHUBAsA lgf(,_iv()com) nparoit yacty ypasHeHus (I11.55), moayuaem

(N)__IZ+Z—Ihl/J_ _ns 1 (s—l—v—ns 59

lgjs’= YT T lga,—1g i ) (111.59)

IMockombky @, <1 ¥ ST X0 y_:"s < 1, To 06a ZONOJHATENBHEIX CiIa-
N Yy

raeMux B ypashenun (111.59) mpHBOAAT K BO3pacTaHHIO KO3PPHIHEH-
Ta AKTHBHOCTH IO CPABHEHHIO CO BTOPHIM npubjmxeHneM Teopuu [e-
Gasi — oKKeJss, KaK 3TO H cjelyeT us onnrta. [logbupas napamerpel
@ ¥ N5, MOXHO KOJHUECTBEHHO OINHCATh KCIePHMEHTaJbHbie KO3dH-
[MEeHTH aKTHBHOCTH A0 3Hauenull J=2--4 moan/a*. Xora ypaBHeHHe

* Ctporo roBops, Teophs Po6uicona — CTOKca TO3BOJIAET PAacCUMTaTh He KO3¢-

g
(UIHEHT AKTHBHOCTH, 4 CYMMapHYO BeluumHy Ig f(iN) -+ —v-lg @y, TaK KaK aKTHB-

HOCTb BOJH @y Gepercs u3 SKCNEPHMEHTAJIBHHX JanHHX. B Teopun Fkena, mocrpoen-
HOHl aHaJoruyHeM crmocoBom (1950), uaen (n,/v)lg ap B ypasmenuu (IIL.59) orcyr-
CTBYeT, H TeM CaMbiM HeT HeOOXOAMMOCTH HCHOJb30BATh ONBITHbIE 3HAueHHs do. I1pH
3TOM, OJHAKO, COIMIaCHe PACCYHTAHHHX M IKCNEPHMEHTANLHHX KO?(HHIHEHTOB aKTHB-
HOCTH JOCTHTaercs NIPH 3HAueHUAX NapaMeTpa 7;, KOTOphle NPHOIH3WTENbHO B B2
pasa GoJibuie, ueM B Teopun Po6urcoHa — CTOKCa. '
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(I11.59), xak n Tperbe mpubsuxkerue teopun Je6Gas — [okkens, co-
JepkaT JBa 3MIHPHYECKHX NapaMeTpa, ero CcJelyeT NpealoyecTb
<popmyne (I11.57), mockonbKy BeNHUMHA Ns UMEET ONPEAEJEHHBIA (H-
auveckuii cMbc. Ecan npene6peub BTOPBIM CJlaraeMbiM B IIpaBoii ya-
ctu ypaBuenus (II1.59) w mpemmosioxuts, uto #/(s+v) K1, To 31O
yp2BHEHHe MOXHO NDHBECTH K BHAY
Ig g&’\") m~— lzpz | ﬁjrfT_ Mns
= 1 +aBY'T 2,3.1000
YTO B K2KOH-TO Mepe 0GOCHOBLIBaeT TpeThe npubiuzxenue teopun [e-
6as — Noxkens. Opnako ko3GGbHLHEHT nepel m, PACCUYHTAHHBIN C HC-
TI0/Ib30BAHHEM ONBITHEIX 3HAYEHHH Mg, OKAa3BIBAETCH CYIIECTBEHHO
MeHblle kodddunuenra C. Tak, Hanpumep, JJs BOAHBIX pAaCTBOPOB
NaCl n,=3,5 u, cienosarensno, Mens/(2,3-1000)==0,027, Torna xak
€=0,055. dto pacxoxzaeHHe 0ObsAcHseTCS NpeHeOpeKeHHEM BTOPHIM
cJaraeMbM B npaBoli uactu ypaBhenus (IIL.59). B camom nemne,
B Teopul lkena, rie 3To cjaraeMoe OTCYTCTBYeT, IJIs1 BOAHBIX pac-
teopoB NaCl mapamerp n,==6, a noromy Mons/(2,3-1000)=0,047.
Henocratkom Teopun Pobuncona — Crokca sBJSI€TCS TO, 9TO UHC-
JIa COJibBaTallHH M, TOJyYaeMbie M3 CONOCTABJAEHHS 3KCIEPHMEHTAJb-
HEIX JaHHbX ¢ ypaBHeHweM (II1.59), He agAWTHBHH 1O OTHEJBHLIM

#oHay, Hanpvep A{NaC).— ke —= 1 6, ro A3l — (D) —=3,0.

m, (I11.60)

111.4. Npumenenne teopun HeGas — lokkens
K cJa6BIM 3NeKTPONUTAM

Hon-aunosproe U HOH-HOHHOE B32UMOJEHCTBHSI HEOOX0JUMO YUUTH -
BaTh TaKike W NPH PAcCMOTPEHHHM PacTBOPOB CJabblX 3JEKTPOJHTOB.
TToaromy aas cnaboro snexrponura CA, AHCCOHUMPYIOLIEro IO YpaBHe-
aui0 CA==C*+--A-, 3akoH JefCTBYIOIIMX MaccC cjeiyeT 3alHucaTbh B
BHJE

K, —=ag+a,—/ag,, (11.61)
rie K; — TepMoiMHaMHUecKas KOHCTAHTa AHcconHauud. Tak Kak
Qg = Corl, Qy—=Ca~[_ M Ay == Ce, [ca, TO HETPYIHO BEIBECTH COOT-

HolleHue Mexay Kr ¥ Kaxyuiefics KOHCTaHTOH aucconuauun - K, on-
peneasemoit ypasuenuem (1.7): '
C J.f..;.C _f_
K =S AT g (111.62)
. Cca fea fca
CorqacHo Teopun Jlebas — I'tokkesst, OTIHUHE AKTHBHOCTH OT KOH-
ieHTpanuy 06YC/JOBIEHO TOAbKO KyJIOHOBCKMM B3auMmozeiictBueM. [To-
3TOMYy AJs He3dapsiKeHHHX»uacTul, CA fca=1 H, cliefoBaTeNbHO,

Ke=Kfsf-=KP% - (I11.63)

nian .
pKr=pK—2lg f.. (111.64)
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Tak Kak CTeleHb AKCCOLHAUHH K
3/JeKTPOJHTa PaBHA @, TO HOHHAasA 4725
CHJIa pacTBOpa -

1 1
J=—2¢;2=— (ac +ac)y=ac. Y S
2 2 y: b

[TosToMy B JOCTaTOYHO pas- e
GaBJeHHBIX PacTBOPAX, K KOTODHIM 4,755/ :
npumMerumMa teopus Hebas—Iroxk-
KeJs,

1 I
T 002 0,04 Vac

Pue. II1.5. 3aBHCHMOCTh KOHCTAHTH
JHCCOUHUAIMH YKCYCHOI KHCIOTH OT
KOHILEHTD AU MU

lgjis=—05Vac. (11.65)
Takum obpasom,
pK=pK,— Vac, (111.66)

T. e, pK 3aBHCHT OT KOHIEHTpPAauuH ci1aboro 3JeKTPOJIUTA.
JKcIepuMeHTAbHEE RaHHKE B pasfaBleHHHIX BOAHEIX PacTBOpax

yKcycHOH Kucnorhl {puc. 111.5), a TakKe B BOAHEIX pacTBOpax APYTHX

CJ1a0BIX OPraHMYECKUX KHCJIOT NOATBEPIMJIU BHIBOA O JHHEHHOH 3aBHU-

cumoctd pK or Vac ¢ HaxmIOHOM, IpefCcKA3HBAEMBIM NPEICIbHLIM 3a-
kKoHom [lebast — I'oxkens. B meHee pa3baBieHHHIX pacTBOpax HauMHa-
toTed oTkJaoHeHHs oT ypasHeHusa (I11.66) u3-3a HempuMeHHMOCTH Teo-
puu Hebas — T'ioxkesns. B pacTBopax opraHuuecKHx BellecTs HPH yBe-
JUYEHAH HX KOHLEHTPAUHMH MOXeT IIPOHCXOAMUTh TaK:Ke H3MeHeHHe
CBOMCTB CaMOTO pacTBOPHTEJS.

IlogcraHoBKa aKTHBHOCTeH BMeCTO KOHLEHTPalud HeoOXoAuma H
IpH 3alHied BLHIpaxKeHHH A/t HOHHOTO NPOH3BEeNeHUs BOAHI, NIPOH3Bee-
HHSl DACTBOPHMOCTH, KOHCTAHT aCCOLHMAILMA KOMIJIEKCHBIX COeJuHEHHH
H KOHCTAHT AHCCOUHALHH aM(OJHTOB.

!

111.5. Pacreopumocts u teopusi JeGas — INokkeas '

-
¥

[TpeloNOXKIM, UTO PACTBOPHMOCTh KaKOH-AEE0 MajopacTBOPH:10H
coar Cy+A,— B 4HCTOM pAacCTBOPUTENE PaBHA Sy H PAaCTBOPEHHas COJb
IIOJIHOCTBIO JUCCOUMHPOBaHa. Torja KOHIeHTpalyst KATHOHOB B PacTBO-
pe paBHa viSo, 8 KOHHEHTDAIHs aHHOHOB — V_So, U INPABHJIO HPOHU3-
BeleHHs PACTBOPUMOCTH NpuHobGpeTaer BUI,

Ly=(ves) ™ (v_s) " o= (") s, (I1L67)

wian aJs 1,1-BajeHTHOH CoaH ’
Ly =52, (111.68)

rie fo — cpennuit Ko3pPUIHEHT aKTHBHOCTH COJH B e€e HaCHIIeHHOM
pactBope. Eciu B pactBop Jo6aBieHa coab, He cofepikaiuasi o6uux
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HOHOB C MﬂJIOpﬁCTBOpHMOI‘;I COJIBIO, TO
Le=s2?, (111.69)

The s — pacTBOPHUMOCTL MPH J0GaBJEHHH B PACTBOP MOCTOPOHHEH co-
au; [ — cpeiHHit KO3()OHIHEHT aKTUBHOCTH. PacTBOPHMOCTb H3MEHs:-

€TCH B Pe3y/IbTaTe HOH-HOHHOTO H HOH-AHIOJLHOTO B3aHMOMAEHCTBHIL.
s ypasuennit (111.68) u (111.69) cienyer

s/so=to/i ~ (LIL70)
HITH

1g (s/s0) =lg fo—1g /. (111.71)

BocnosbsoBasuwncs A5 fo H | BHpaxkeHHeM IpeenbHOro 3akona [le-
6as — Tokkess, noaydaem

Ig(s/s)) = | z4z_ | L(VT—=VT), (I11.72)

Ine Jo ~— HOHHAs CHJA PacTBOPA OLHOM MaJopacTBOpuUMOl coaH; J —
HOHHAA CHJA pacTBOpa B MPHCYTCTBHH IOCTOPOHHErO 3JEKTPO-
JIHTA. , '

Taxk xax J1sis JaHHON COMH NPH NOCTOSTHHOI TeMIneparype Jo==corst,
TO Teopusi [leGas — I'lokkens mpeickasmiBaer JHHEHHYIO 3aBHCHMOCTD

Mexay 1g (s/so) u V/'J ¢ Hakaonom {zi2_|h. Tlono6uas 3aBHCHMOCTD
AeHCTBUTENBHO Gblia NOMyYeHa IJ1s1 HOLATOB cepebpa, Tanus, 6apus u
HEKOTOPEIX KOMIIIEKCHBIX aMMHAKaTOB KOGa/bTa B IPUCYTCTBUM XJOPH-
-Ala HaTpHsl, HUTPATa KaJusi ¥ APYTHX COJiell B KOHIEHTPAIHSX, COOTBET-
CTBYIOIIMX NpejaejaM npuMeHMMoOcTH Teopun Hebas — [okkess.

HI.6. Honnas accoumauus B pacTBopax 3JIEKTPOJHUTOB

B. K. Cemenuenko (1924) u H. Breppym (1926) ykasaau, uto npu
pacuerax B Teopur [lebas — [10KKeJas He YUHTHIBAETCH BO3MOMKHOCTD
NpHGIHKEHHS TPOTHBONOJIOKHO 3apSKEHHBX HOHOB HA TAaKHe paccrosi-
HHA, Ha KOTODBIX 3HEPIUsi 3JIEKTPOCTATHUECKOTO INPHTSIKEHHS HOHOB
OKasbiBaeTcs Goibllle SHEPTUH HX TEIJIOBOro ABHKEeHHs. B peayibrare
3TOr0 pakTHYECKH 06pasyeTcs HOBAsI YaCTHNA — HOHHA S 11 a pa. Oas
PacTBOPOB CHMMETDHYHHIX JI€KTPOJHUTOB MOHHAS [Iapa B IeJOM He 3a-
pskeHa, Ho ofsaZiaeT AMIONBLHBIM MOMEHTOM. B pacTBopax Hecumwer-
PHUHBIX 5/JJEKTPOJIMTOB HOHHBIE MAPHI HECYT 3apsili, OTJIMYHBIH OT 3apsija
MOHOB DpaCTBOPA, H BO3MOXKHA JajpHefillas acCOUUALMSA C yYacTHEM
3THX HOHHBIX Hap.

Hounbie ndpel HaxolsTcsi B IHHAMHYECKOM DABHOBECHH C HOHAMH
pactBopa. Bpems cymecTBOBaHHS KaKIOH OTHENbHOH HOHHOLN Napul
HeBenko. OAHAKO B Kax/Ablli MOMEHT BPEMEHH YacThb HOHOB OKA3bIBa-
€TCsl CBA3AHHOH B MOHHBIE NADH, TaK YTO IPH TEPMOIMHAMHYECKOM
pacCMOTpenu# HeOGXOAMMO YUHTHIBATH ylaJieHHe U3 PACTBOPA HEKOTO-
‘poro uHcIa cBOGOAHBIX HOHOB. ITo aHAJIOTMH ¢ KOHCTaHTON AHMCCONHa-
52

uuu B Teopun Appennyca Ajas npouecca 06pa3oBaHHA HOHHBIX Nap

Ct+A-=C+, A- (B)
MOKHO BBECTH KOHCTAHTY aCcCOLUaUHH Kace:
[<acc = Qe+ ,A—/aA—aC"‘ . (11173)

ONHAKO TaKas aHAJOTHMA sBASETCs TOJAbKO BHemHed. MoHHEle mapH
cledyeT OTJHYaTh OT KOBaJeHTHHX MoJexkyan CA, Tak KaK HOHHBIE Id-
pHl 00pa3oBaHbl JHUIb 3JeKTPOCTATHYECKHUMH CHJIAMH H PacCTOsHHE
Mexay uactunamu Ct u A~ B HuX Goapire, uem B CA.

Hcnoabsyst paauanpHylo (QYHKIHIO paclpefesieHHs HOHOB BOsIU3M
neHTpanbHoro uona, H. BoeppyM paccuntan BeposTHocT W Haxoxne-
HHS MOHA B HEKOTODOM c(epHYeCKOM 3JIeMeHTe 06beMa TOJILMHOH dr
Ha PacCTOSHHH r OT IEHTPAJbHOIO HOHA W OOHAPYXKHJ, 4TO 3aBHCH-

mocts W OT 7 MMeeT 4eTKO BBIPayKEHHBbIl MHUHHMYM IIDH Tmin™
_dzezle® Ipu 20°C nas Bogsoro pactsopa l,l1-BajeHTHOrO 3J€K-
8megckT

TPOJHUTA Tmin=0,356 HM, 11 2,2-BaJIGHTHOTO 3JIEKTPONHTA Imin==
==1,42 M. H. Dpeppym npeamo/ioKuj, YTO HOHHBIE NAPHl o6pasyroT-
Csl, eCJIM HOHBl CONMKAIOTCA Ha PaccTOfAHHE 7<Imin. HHTerpupoBanue
¢yukuus Wdr B mpefesax OT r, PaBHOrO CymMme pajHyCoB HOHOB, 10
fmin [O3BOJISIET HAWTH [JOJIO HOHHBIX Map B pacTBope, a CJEL0BaTe/b-
HO, U KoHcTaHTy accouuannn Kacc. Teopus Boreppyma ykasoiBaer, ng
BepOSITHOCTL 06Pa30BaHHsl HOHHBIX NMap pacTeT ¢ POCTOM 3apﬁ,rJ,o_
YIOHOB H C yMeHbIIeHHeM IH3JeKTPHUeCKOH NMPOHHIAEMOCTH pacTBOPH
tensi. TloATBepIKIeHHe 3THX BEIBOLOB OblJIO NOJYYeHO NpH H3YHICHHH
pacTBopoB ¢eppHLUHAHHAA JAHTaHA LaFe(CN)gs B Bojge u B cmech
BOALI C 3TAHOJOM, IVIHKOJIEM, aleTOHOM, JHOKCAaHOM H TJHIHHOM,
A TakKe AJS PACTBOPOB a30THOKHCIOIO TETPAH30aMU/IAMMOHHS B pas3-

" JIJUYHBIX CMecCsiX BOJBI C AMOKCAHOM.

Teopus Boeppyma siBisieTCs npuOIHKEHHOH, TaK KaK HCXOJHT n;
chepHuecKoil MOJieJIH HOHOB, HE YYHTBIBAET JHCKPETHOH MOJIeKmeepKr;?)I |
NPHPOAL PACTBOPHTENS, COJNbBATANA HOHHHX Map A Apyruae 3hd CTH.
TlosTOMY IpeNNpPHHUMANHCE MOMBITKH e yCOBEPUIEHCTBOBAHHA, B 1 cr-
HoctH, P. ®yoccom u Y. Kpaycom. [lo Mepe HaxolUIeHHs SKCIEPUM :
TAJBHOrO0 MaTepHaJa NOsBHAach HEOGXOXMMOCTb BBECTH KJxaccmana.
1HIO HOHHBIX 4CCOLHATOB, MOJAPA3fe/UB HX Ha Cjelylollne THI;I;;
1) KOHTaKTHble HOHHHE NADH, B KOTOPHIX KAaTHOH H aHHOH Haxons{HHe
B HENMOCDEeJCTBEHHOM KOHTaKTe APYr ¢ Apyrom; G) COJIbBaTI/IpOBa;I i~
HOHHBIE TAPH, B KOTOPHIX KaTHOH H aHHOH CBA3AHEI APYT C APYro o
pe3 OJIHY MOJIeKyJy PacTBOPHTENs; B) COJbBATHO pa311e.11emmemom;I
PHIXJIEIE) WOHHBle NAPH, B KOTODHIX KAaTHOH M aHHOH YICPXHB ores
BMecTe 3JIeKTPOCTATHUECKMMH CHJIaMH, HO MeXIy HHMH HMEeTcd Ka-
YuTesbHOe HEeOoNpeleeHHOe KOMHUECTBO MOJIEKYJ pacTBOPHTENH, r) Ka-
THOHHBIE, AHHOHHbIE H HeATpaJIbHHE HOHHHIE T;pO_II:IH;IiIE+’rAa_I{ IAa_s(?I? pac.
MBle KJacTepHble O0GPa3oBaHMA - TUNA E+£\ CH, ,
¥ 1p.; A) KBaApyNOJH, HaPUMEp C+tA-CtA—, u 1. IL -



CyluecTBOBaHHe HOHHBIX map MOATBEPKAEHO C eKTpodoTOMETPHYE-
CKHMH HCCJIEIOBAHHSIMU PACTBOPOB, METOLAMH SHTD u SIMP.
Ob6nennnenne HOHOB B MAPH U 6oJiee CJAOXKHEIE arperaTtnol BJHSIET HA
S/ICKTPONPOBOJHOCTL PACTBOPOB H OTPAKAETCH HAa XHMHUYECKOH AKTHB-
HOCTH HOHOB B IOMOrE@HHBIX PEAKIUHAX, B YACTHOCTH C YYaCTHEM OPraHH-
YECKHX COellMHeHHH. [103TOMY KOHIenuust HOHHBIX Nap MHPOKO HCIOJb-

S8YETCA NpH HHTEPNPETAUNH MEXaHH3MA U 3aKOHOMEPHOCTE! HOHHHIX pe-
aKIHUH B XXHAKOH (ase.

lll.z. CoBpemenHbie MOAXOABI K ONUCAHHIO TEPMOLMHAMHUYECKHX
CBOHCTB PACTBOPOB 3JIEKTPOJHUTOB

_

[IpennpuEHMaNUCL U NPEANPHHHMAIOTCS MHOTOYHC/EHHbIE TMOMBITKY
BBIBONA KOMHYECTBEHHBIX COOTHOIIEHHH JJIs TepPMOJHMHAMHYECKHX
CBOHCTB PacTBOPOB, OXBATBIBAIOIIUX GoJiee IMHPOKHA AHANa30H KOHIEH-
Tpauuu, 4eM Kiaccuueckad Teopus Jlebag — Tokkend. DTH MONBITKH
MOXKHO pas3leuTh Ha JBa OOMBITMX HANPABJIEHUS: a) 3MNHPHYECKOE

HJIH NIOJTYSMIHPHULCKO.; 0) rteopernyeckoe, 6asupyiomeecs Ha MeTOLAX
CTATUCTHYECKON H KBZHTOBOH (hDH3MKHY. '

TlepBoe HampasiieHHe HCXOAUT M3 aHANH32 HEKOTOPHX YCTAHOBJNEH-

HBIX ONBITHBIM MyTEM 3aKOHOMEDHOCTEH W BO3MOMKHOCTH HX 0006HIeHHUS.
Tax, nanpumep, o I'. Xapreay u b. OysHy, skcnepuMeHTaabHbE 1aH-
Hble 110 KO3((HIlMeHTaM aKTHBHOCTH B WHTepBaJje KOHIEHTPaUHH &0
4 MOJIb/J1 XOPOLIO OMUCHIBAIOTCH YPaBHEHHEM

o 1) lewz 1RV :
g 1l e - Cl - Dr (111.74)

HoaysMmnupuyecknit noaxon, mpeanoxennsii I'. M. MUKY/IHHBIM,
OCHOBaH Ha CJIeAYIOUIeM YPaBHEHHH AJs CBOOOLHOH 3HEprHH pacTBopa

3JIEKTPOJIHTA: .
§

rie Gy oTpaxaer cBOMCTBA BOILI H 3JEKTPOJHTA B GECKOHEYHO Pas3bas-
JIEHHOM pacTBope; (GyHKUHs @ 3aBHCHT TOMBKO OT KOHIEHTpauuu 06-
Pa3yIOIHX PacTBOp yacTun; N — 4HCJIO0 MOJeH JeKTPOANTa; GYHKIHS
©y; HAXOJMTCA B CJOMKHOH 3aBHCHMOCTH OT KOHUEHTPAUNM pacTBopa,
TeMIEPaTypht H A2BJEHUST U OTPaxaeT OTKJOHEHHEe pealbHOro pacTBo-
pa or unreanbHoro. B KOHIEHTPHUPOBAHHBIX PacTBOpPax AMsi (DYHKIHH
O, IpeaNOKeHO BHpAaMKeHHE
d,=RT (a+bV¢), (IIL.76)
The a u b — Ko3(QbHUHEHTH, 3aBHCsIIHE OT IABJEHHS, TEMIEPaTypH
H NpUpoAB anekrposauta. HMcnonssya ypaBHenne (II1.76), moxmuo pac-
CUHTATh KOI(Q(UIHEHTE aKTHBHOCTH 3JIE€KTPOJIHTA W ADYTHE €ro TepMO-
JAUHAMUYECKHEe XapPAKTEDHCTHKH B KOHIEHTDHDOBAHHHIX pacTBOpax, a
TaKxe DPeIIHTb 3aJayy O TOM, KakKHM JROJKHO OHTb pachpefeseHHe
IIJIOTHOCTH 3apsl0OB BOKPYr HOHA. '
[Ipn TeoperHuecKoM NOAXONe K KOHIEHTPHPOBAHHEIM DACTBOPAM
3JIEKTPOJIUTOB, C OAHOH CTOPOHHI, NPeANPHHHMAJHCH NONKITKH YyTOY-
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HHTH KJACCHYeCKyro Mofaeab Teopku [ebass — I'okkesas 3a cuer yuera
caenyomux s¢¢exTos: 1) coberBeHHOro odbeMa HOHOB; 2) HU3MEHeHH:
AU3MEKTPUYECKOH NPOHHIAeMOCTH BOJIM3M HOHOB BCJIEACTBHE NH3JEK-
TPHYECKOTO HACHIIIEHHS] PAcTBOPHTENs; 3) H3MEHEHHs MaKpOCKOIH4Ye-
CKOM JH3JIeKTPHUECKOH NPOHHLAeMOCTH B o0beMe PacTBOpa B 3aBHCH-
MOCTH OT KOHUEHTPalluH;4) H3MeHeHHS KOJHUeCTBa «CBOOOLHOrO» pac-
TBOpHTENs; D) H3MEHEHHS SHEPTHH COJIbBATAallHH HOHOB C KOHIEHTpa-
uueit; 6) yuera BO3MOXKHOCTH 4CCOUHALHH HECKOJBbKHMX HOHOB; 7) H3-
MEHEHHsi CTPYKTYphl PacTBopa ¢ KOHUEHTpauHeil; 8) yuera HENOoJIHOH
AHCCONHManuu; 9) yuera crneln(pHUECKOro B3amMojelicTsust HoHOB. OO-
muii HEAXOCTATOK pafoT 3TOrO HaNpaBJjieHHss * COCTOHT B TOM, 4YTO B
K2)KAOH K3 HUX YUYHTHIBaIOT, KaK NPABHJIO, TOJbKO OLHH HJIH ABA H3
nepeunceHHbix 3¢ dekroB. [Tosromy Takue paboTh He MO3BOJSIOT ONH-
caTb BCIO COBOKYIHOCTH CBOHCTB pacTBOpoB 0e3 IIpUBJEYEHHS AOMNOJ-
HATENBHBLIX COOOpaxKeHUuH, He COMEPXKAIHUXCA B HCXOAHBIX IOCBUIKEX
TEOpHH.

HanGoabluuil HHTEpeC Ha COBPEMEHHOM 3Talle NpeAcTaBisioT pabo-
TBI JPYrOro TEOPETHYECKOTo HampaBjeHus™*, B KOTOPBIX NLITAIOTCA pac-
CUHTATh TEPMOAMHAMHUUECKHE H KMHETHYECKHe CBOHCTBA PacTBOPOB, HC-
XOASl M3 KOHIEMINH MX HOHHOMOJIEKYJSPHOH CTPYKTYpPHI, C HCIOJb30-
paHieM oOIIEro CTaTHCTHUYECKOro amnapara ['m66ca m MeTrola Koppe-
JstuBHBIX GyHkuuii Boromo6osa. Ilpu crarucTuyeckoM IOAXOAE pac-
CcMaTpUBaKTCa (QYHKUHH pacnpeleleHHs BEpOSATHOCTEN. TTOI0KEHHH
KOMILJIGKCOB W3 OIHOH, ABYX, TPeX M T. A. uacTi B pactsope. [lazee
Il COBOKYIIHOCTH 9THX QYHKIUHHA COCTaBJseTCS CACTEMA HHTETpO-AHP-
depeHUHaNbHBIX ypaBHEHHH, PellleHHe KOTOPOH HHOrja yAaercs moc.e-
LOBaTeNbHO OCYIECTBHTh NPHMEHEHHEM METONOB ACHMITOTHYECKHX
Pa3/OKeHHH [0 CTeleHAM CMeUHasbHO [0J00PaHHOr0 MaJjoro mnapa-
Merpa. TToTeHIHanbHAs SHEPIHST CHCTEMBl B3aHMOJIEHCTBYIOIIHX 9aCTHIL
MOKeT OBITh NPEeJCTARJEeHA B BHAE CyMMBl SHEpruil BCeX MapHLIX B3aH-
monefictpriil. [TosToMy B AanEOM cayuae ccofylo ponb urpaer GuHap-
Hast GYHKUHSA pachupeneaeHust.

Briop GuHapHOH QYHKUMM pachpelesieHus A CHCTEM, BKIOUAIC-
UX KyJOHOBCKOE B3aHMOJeHCTBHE, BCTpeuaer 6oJbline TPy AHOCTH. Ha
BCeX PACCTOSIHHAX 7, KPOMe OYeHb MaJblX, I O6uHapHOll (yHKUHH
gi;{r) ¢ LOCTAaTOUHOH TOYHOCTHIO MOXKHO MCHOJb30BATh BLIPAKEHHE

gij(r)=exp (—— rae—“'/r), (111.77)
rie rGZIZiZjleg/4ﬂ808kT; 2; M 2; — 3apsbl MOHOB; 1/x — KebaeBckuil
pazuyc.

. Pacxom/eHHe COBPEMEHHBIX CTAaTHCTHUECKHX TeopHil Habuofaercs
B OCHOBHOM B XOfe GYHKUME pacnpelesieHHss Ha MaJbIX PACCTOAHHAX.

* J7p panpaBiJeHHe npeicTaBjedo paboramn B. Jla-Mepa u K. 3anaeena,
H. Breppyma, ®. ®yocca u Y. Kpayca, M. Ditrena u E. Bukge H 1p.
+* JT0 TeOpETHYECKOe HamnpaBJeHHe Mpe/CTaBJeHO pagoramu [x. Kupksyna,
IIx. Maiepa, [I. ®amxedraresa, A, E. T'nayGepmana u WM. P. KOxHOBCKOTO,
T. A. Maprurosa, B. A. Kupeswosa, B. C. Kpsinosa, 0. A. Yusmanskesa,
B. C. Mapkusa u 1p.
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Teoperuueckuit pacuer noreHuHana B3aMMOJSHCTBHS YACTHI| HAa MAJABIX
paccm;mnﬂx qpestmaﬁHo CJIOZKEH U He MOXKeT 6bITb IIOKa I'IpOBeIIeH
OJHO3HAYHO, TaK KAaK Ha TAKHX paCCTOHHI/IHX Hapymy C OTTaJKHBaHUEeM
H KYJIOHOBCKHMI/I CHJaaMu CYHJ,eCTBEHHy}O pOJlb I/H‘pa}OT KBAQHTOBO-MeXa-
HHYECKMe JHCIEPCHOHHBIE M APYrHe CHABL. KpoMe TOro, Npu yTOUHEHHH
noBejfeHus OHHAapHOH (DYHKIHH pacrnpelesieHHsi HA MaJbX PaCCTOSHHAX
MexXJy HOHaMm¥ (KOHIEHTPHPOBAHHBIE PACTBOPHI) HEOOXOLHM y4eT MH-
KPOCKONHYECKOH CTPYKTYPH PacTBOPUTEJIA.

B CBSA3H C 3TUM OCOﬁbIﬁ HHTepeC BBI3bIBART MOCTpOeHue CTaTUCTHUe-
CKOH TEOpPII/I HOHHBIX paCTBOpOB C HCHOJBL30OBAHHEM HOTEHIMAaJga KOpoT-
KOﬂeﬁCTBHH l'IpOHBBOJIbHOI‘O BHAA. Comacno 3TOH T€OPHH pacueTHOE
ypaBHeHHe Asi KO3(h(UUUEHTOB aKTHBHOCTH NPEACTABUM B BHIE

lgfe=1g fx+ac—ap(c), (I11.78Y
rie wied lg fx yuHTHIBaeT BKJaJ, 06YCJIOBIEHHBH 3JeKTPOCTaTHYECKUM
BSaHMOﬂeﬁCTBHeM HOHOB; 4JIeH wC JAaetr nonpaBKy Ha COéCTBEHHbIﬁ

o0beM HOHOB; wieH CB(c) Xapakrepusyer crnelH()HUeCKoe B3aHMOIeH-

CTBHE HOHOB, lIpHYEM
. r

[
B(c)=const S r*exp(— g;;) {exp [U;; ()] — 1} dr, (II1.79)

er
rie g;; — OHHapHas KOppeasiTHBHAsA (QYHKUMs IJs KYJOHOBCKOH CO-
CTaBJIAIOIIEH MEXHOHHOrO MOTeHIHaNa B3auMmonelicTus; U;; — moreH-
L{aJ KOPOTKOAEHCTBHS IPOM3BOJBHOTO BHIA, NIPDUMEHHMHH B 06JacTH
rup<r<re (rxp — KpPHCTaJsIOrpaduueckuii paauyc HOHa, r¢ — pajHyC

chepul CONbBATALHH HOHOB).

STOT NOAXOA NMO3BOJHJ Pa3BUTL B KOJHYECTBEHHOH (GopMe KOHLEIN-
LHIO Clrel(HIECKOTO B3aUMOAEHCTBHSA HOHOB B pacTBOpPax M IOKas3aTh,
YTO HEKYJNOHOBCKHe 3(deKTh IpH cOMHXKEeHHH HOHOB HPOSBASIOTCS
BCJleACTBHE Jeco/bBaTalMH HOHOB (NIpH IepekpHTHH cep cojbBara-
HHH) H COJbBaTallHH HOHHBEIX nap kak ueaoro (l0. M, Keccaep). Ozno-
BpeMeHHO OBl JaH MeTOA OLEHKH HCTHHHOH (OPMBI KPHBHIX HOTEHLHA-
Ja OJH3KOAEHCTBUA H3 3KCIEPHMEHTAJbHEIX AAaHHBIX.

I11.8. TloaMaAeKTPONNTH

IonusnekTpoinTaMH HasHBAIOT NOJHMEpHHE COeAMHEHMs, COAep-
XKaillue HOHoreHHble (T. e. cnocoOHble 06pa3oBHIBATH HOHH) TI'PYHIIBL
B' pacTBope NONH3NEKTPOSHTA NPHCYTCTBYIOT MAKPOHOHBI, 3apsiiKeH-
Hbie TPYNNH KOTOPHIX CBA3aHH APYT ¢ ADYTOM XHMHYECKHMH CBA3AMH,
H SKBHBAJEHTHOe KOJHYeCTBO NpoTHBOHOHOB. Ilpnm pasbaBienunm pac-
TBOPOB OOHIYHHIX 3JIEKTPOJHTOB PACCTOSIHHE MeKIy HOHAMH BO3pacTa-
€T, a CHJIH B3auMofelicTBHA ocsaabesaioT. [/ NONK3JAEKTPOJIUTOB 3a-
pPAXEHHHE TPYNNB MAakKpoHOHa Bceria paclnosioxKeHH Ha He6OJbLIMX
paccTosiHusIX APYT OT APYra, 4To HpexJe Bcero n o0yCJOBJAHBAET 0CO-
GeHHOCTH TIOBeJleHHs] PAcTBOPOB IIOJHIJIEKTPOAuTOB. Kpome Toro, pas-
MepH MakKpOHOHA NOJNUIJAEKTPONKTA HAa HECKOJbKO NOPAKKOB NPEBH-
warT pasMepH NTPOTHBOHOHOB.
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I1oH2/1eKTPOMUTEl MOAPA3JeNsiiOT Ha IOJHKHCAOTDLI, NMOJHOCHOBa-
HHS ¥ N0JHaMGOJTHTH. [ToMHKHCIOTH U TOJHOCHOBAHHUSA AeJAT Ha CHJIb-
Hble (HOHH3HPOBaHHBIE TPAKTHYECKH TMOJHOCTbIO IpH Ja06bx pH) mn
cjabble, 3apsll KOTOPHX ONpeleJseTcss KOHCTAHTAMH JHCCOLHAIHH
HoHoreHyblx rpynn H pH pacrtBopa. IlpuMepamMu CHIABHBIX NOJHKHCIOT
CJIyKAT MOJHITHAEHCYIbGOKHCAOTE

~—CH,—CH—CH,—CH-~
SOzH+ SO3H~+
nosunepdTopnponuIeHCYAb(POKUC/IOTa, NOMUCTHPOJICYALPOKHCIOTA H
nonudochopHass KucaoTra (Heopranuwueckuit nosumep). Cnabofi mouu-
KHCJIOTOH sIBJAeTCH NMOJHaKpPHIOBas KHCA0Ta

~—CH,—CH—CH,—CH—CH,—CH—~
| | |
COOH COOH  COOH

a TaKxke NPUPOAHBIE KUCJIOTH: NMOJUTaJaKTypOHOBasi, aJIbTHHOBas, TO-
auypoHoBbie u np. Caabele MoJMMEpHEIE OCHOBAHHMS MPeACTABJIEHH
IIOJUMepaMH, CORepPKANMMH aTOMBl a30Ta, CIIOCOOHEIMH IPHCOEAHHSATD
IIPOTOH B BOJAHBIX Cpefax, Halpumep, NoJaH-4-BHHUANHPHAMH. I1pu au-
KHIMPOBAHHK ATOMOB 230Ta CHJia OCHOBAHHH Bo3pacraer. B nenu nomau-
am$pOJHTOB CONEDPKATCS KHCJIOTHBIE W OCHOBHHE TpynnH. IlpuMepom
TAKUX COCNHHEHHH CJAYKUT COINOJHMED METaKPHJIOBOH KHCJOTH H 4-BH-
auianupuanna. CyMMapHbId 3apAR NONMHaM(pOJUTHEIX MaKPOUOHOB 3aBH-
cut ot pH pacrBopa U MeHfeT 3HAK B H303JEKTPHUIECKOH Touke. Deskn
¥ HYKJEHHOBBblE KHCJOTH OTHOCSTCS K noauaMdoauram. Ilonusnexrpo-
JMTHL MOTYT ObITh JIMHEHAHEIMH M IIPOCTPAHCTBEHHO CHIMTHIMH. Ilocren-
HHe NPHMEHSIOT B KayecTBe HOHOOOMEHHHLIX MaTepHaJIoB.

CBoiicTBa TIOJIHJEKTPOJHUTOB CYILe-
CTBEHHO OTJHYAKTCS OT CBOHCTB OOHIY- ”,Z_
HBIX HH3KOMOJIEKYJASPHEIX 3JEKTPOJIHTOB.
3T0 MOXKHO TPOJEMOHCTPHPOBATHL Ha 8 /
npuMepe KpUBHIX THTPOBAHHSA HX pac- (

TBOpPOB. THTpPOBaHHe SIBJIAETCS CaMBIM -

IIPOCTHIM, NPAMBIM B HaHGosee paspabo-
TaHHBIM METOJOM HCCJeJOBaHusi pacTBO-
por mosmanexkrpoauro. Ha puc. I11.6
CONMOCTaBJIeHH KpHBHle THTPOBaHHA IIO-
JIMAaKPHJIOBOH KHCJIOTHl H €€ HH3KOMOJIe-
KyJsipPHOTO aHaJjiora — IPOIMHOHOBOM KHC-
notsl. [TosuMepnasi kucjora Befler cebst
Kak Gojiee caabasi KHCJOTa, XOTs B 00e-
UX KHCJOTaX HOHOTE€HHble IPYNIbl OMH- P{xc. III.Gbml(anVsTbszaréc:;eﬂggg:
HAKOBH. DTO sIBJ€HHMe CTAHOBHUTCS IIO- ‘:‘{;Tf”;:ccfmpom‘ b

HATHBIM, €CJIH y4YeCThb, YTO IPH BO3pacTa-

| — NPORKOHOBON KHCNOTHY; 2 — HO-

: HJI0POIl KHCJOTHI, 3 -— MOJNHAK-
HHH CTENEHH HOHUSALHH O paCTET sapil J;‘aﬁ'@%oﬁo KHCJOTH B MPHCYTCTBHH
MaKpOHOHa H, cJeaoBarTesibHo, paéoTa 0,1 u. NaCl
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OTPHIBA IiPOTOHA OT HOHOIEHHOH TPYNHOH, T. €. MO Mepe HOHH3ZUHH
HOJHKHCI0Ta Bejer cebsi Kak Bce Oonee caalulii anextposut. Ecuau
n06aBHTh B pacTBOp NOJHSAEKTPOJHTA HEKOTOPOE KOJIHYECTBO OObIy~
HOTO 2JIEKTPOJIHTA, TO HOHBEI IOCJAEAHEr0o IKPEHHPYIOT 3apsiji Makpo-
HOHa H KDHBas THTPOBaHHS NpudJIMKaeTcd K KPHBOH THTPOBaHHA HU3-
KOMOJIEKYJIIPHOH KHMCJIOTHL.

Taxum o00pas3oM, CTeleHb HMOHH3AaUWH CJaGoro NOJHIJIEKTPOJUTA
¢ N HOHOTeHHBIMM FPyNNaMM 3aBHCHT OT N PazjiMuHBIX KOHCTAHT HOHM-
3aUHH. YaJeHHe NePBOro NPOTOHA OT MOJHKHCJIOTHL XapakTepPU3yercs
KOHCTaHTOM auccounanud Ko, He HCKaXKEHHOH ~ 2JIeKTPOCTATHYECKHM
BJIHSAHHEM JIPYTHX IPYHI, a cBOOOAHAs YHEPrHs peaxkluM AHCCOUHAIHH
nepBoii rpynnsl paBHa —kAT In K. O603EaUUM KOHCTAHTY KHCCONHAINH
HEKOTOpO# n-i rpynnsl yeped K,. Torga csoGoanass sHeprusi JHCCOUH-
anuy 3Toi rpynnsl coctaBHT —&T In K. Tak Kax K MOMEHTY OTILen-
JICHHUS 1-H FPYMIEL MaKPOHOH yke obianaer CBOGOAHOH 3JIeKTPOCTaTH-
yeckoll sHepruefi Gy, TO MOXKHO 3alHCaThb

- —kTIn Kp=—kT In K4+0G,s/0n, (I111.80)

rie 0G,q/On XapakTepu3yeT H3MeHeHHe CBOGONHON 3JeKTpocTaTHUe-
CKCl 3Heprd;m MaKpOHOHA NPH YBeJHUeHUH ero 32psia Ha elHHHIY.
CrerneHp HOHM3ALUHH HOJHANIEKTPOIUTA ai=—n/N, a noTOMy

H*]n__ [H*]a

Kn:—"—[ In__ [H*jo

N—n l—ai

U3z ypaeunennii (111.80) n (I11.81) nocie npeoGpa3opanuit noayuaem

0,434 oG
pH=0oK, - lg ik : 2L, 111.82
: .p“o T 1 —a BT an ( )/

Orcioza caeayer
G

N

I—-al /

T. €. BeduunHa G,,/N YHCJeHHO p2BHA NJOMIAAM NOJA KPHBOH B KOOp-
JHHATAX:

0

(pH ig—— —-—p[\ j—
\ o

KpuBule THTPOBAHHSA 151 JAHHOTO MOJAKIJIECKTPONNTA, MONEKYJIH KO-
TOPOrO UMEIOT pasHbie, HO 0CTAaTOYHO GoJbllie JJIHHE Lenel, He 3aBH-
CAT OT JJIHHBI II€NH, T. €. OCHOBHOI BKJAJ B 3JEeKTPOCTATHYECKYIO CBO-
GOJHYIO 2HEeprui0 BHOCHT B3aumMojeiicTBHe OJmnane:Kamux rpynm. Xon
KPHEBIX THTPOBAHHS 4aCTO OCJIOKKAETCA arperauueil 1 KOHPOPMaLHOH-
HBIMH [epexojaMH, H METO. HOTLHHHOMeTpmecxoro THTPOBaHHUS MO-
3BOJIAET HCCJIE/IOBATh STH SIBJACHHS,

CraTHCTHUYECKHE TEOPHH IOJH3IEKTPONHTOB MOXKHO PACCMaTpPHBATH
KaK NONBITKH npuMeneuus noaxonaa Jebas — TIoKKeas K ONHCAHHIO
NOBeleHHsI MHOroBaJeHTHHX HOHOB. OHU BRJIOU210T pacyeT NOTEHHHA-

58

(II1.81) 4

Sor __ 9 303kT g (pH—1g—%_pK\da, (111.83) - 3

Jia 3JIEKTPOCTATHYRCKOrO MO/ MaKPOHOHA, HMEIOIEro 3apaHee 3anaaH-
Hy10 KOHpopMauHio. OOGHYHO HCIOJb3YIOT cdoepnqecxne UJIH UelHble
MOAE/M M2KDOHOHOR, YTO 03HAUaeT NIPHMEHHMOCTb COOTBETCTBYIOIHX
TEOPHH K ONDeNCJICHHEIM IPyInam NosuaaexTponutos. [IpH pacuere no-
TeHIHa a B COEpPHUECKHMX MOAe/]SX NpPeAnoJaraloT paBHOMepHoe He-
IpepLiBHOE pacinpefiesieHye 3apsia WK 10 MOBEPXHOCTH, HAH B 06heMe
cpeprl. B Mofe/sX «XKecTKOro CTep:KHs» MAaKPOHOH pPacCMaTpUBAIOT B
BHJe LHJMHIDA C 3apsiaMH, Pa3Ma3aHEBIMHM N[O IOBEPXHOCTH HJH B
obbeMe, HJAH ¢ AHCKPETHHIMH paBHOyAaJeHHuIMH 3apsigamu. [Ipendo-
JKEHBl TEOPHH, B OCHOBE KOTOPHIX JIeXKHT MOJeNb CAYUallHO CBepHYTOH
LeNH C HAHCCEHHLIMH Ha Hee JUCKPETHBIMH 3apsilamu. BoKpyr Kaxkmno-
ro GUEKCHPOBAHHOIO 3apsja co3naerci HOHHasi aTMmocdepa, nogobHas
cyliecTBYyMOIed B pacTBOpe HU3KOMOJIEKYJASIPHOTO 3JEKTPOJHTa C HOH-
HOU CHJIOH, COOTBETCTBYIOMIEH KOHIeHTpanuu NOABHKHBIX HOHOB. g
NOTeHIHala 3JIeKTPOCTATHYECKOTO HOJS HCIOJAB3YeTCs NpefleNbHbIH 3a-
kKoH Jlebasi — T'rokxens.

Brulio monyueno ciaeAyiollee BhIpa)KeHHe JJs CBOOOAHOH 3JEKTPO-
CTaTHUECKOH 3HeprHH pacTBopa MOJHINEKTPOJHUTA:

A

:(nﬁe:/moeh)m[l.+(6h/xNA?)1+kT At [ Bdh—2ink|, (111.84)
0

rie B — obOparHas ¢yHKuus JlaHxeseHa L—!(x) or nepemMeHHOR x=—
=h/NA; A — AAvHa OJAHOro 3B€Ha IOJHMEDHOH IIeNH; ¥ — BeJHYHHA,
obpaTtHasi 0e6aeBCKOMY paAuycy; A — pacCTOsiHHE MeXAy KOHIaMH
MaKpOHOHA.
Orciona cnenyer
(B) =i (1 ) (111.85)
on Jx.n 2neqgeh =N A2

Vismenenne CBOOOJHOH 3JI€KTPOCTATHUECKOH 3HEPTHH MOXKHO pac-
CUMT4Thb HAa OCHOBE -3KCIIEPHMEHTaNbHBIX KPUBBIX THTpOBaHHA. Como-
CTABJIEHHE pacuera ¥ ONbITa YKAa3BIBaeT Ha NPUOJMKEHHHIA Xapakrep
cootromenns (II11.85). ‘

W3 ypasnennst (I111.84) M0KHO IONYyYHTH BBIpa:KeHHe IS KO3 Pu-

HHEeHTa aKTHBHOCTH f; NOJBHIKHHEIX HOHOB B DPAaCTEOpPE MOJH3JAEKTPOJIH-
ta. Tak kak kT In f;=ny (9G,,/0n;), TO

—lInj; = (n,z e & 8xhe kT Zn,) [x (1 + 7)) (111.86)

Tle np — YHCJO MOJIEKYJ NMoJIMMepa B efHHHIe 00beMa; n; — YHCJIO
i-x noHOB; %==6h/xNA2 Ypasuenue (I11.86) npubau:keHHO ONHUCEHIBAET
ONBITHBIE 32BHCHMOCTH KO3()(HUHEHTOB aKTHBHOCTH OT KOHUEHTDalMH
noJHMepa H OT KOHIEHTpaUMH COJH B PacTBOpPe HOJHIJIEKTPOJHTA.
B noseleHHH NOJHM3JEKTPONHTOB GOJBIIYIO POJb HIPAET CBs3bIBAHHE
[IPOTHEOHOHOB MaKPOHOHOM, KOTOpOe 00yCJIOBJIEHO KYJOHOBCKHM B3a-
HMOJeiicTBHEM M APEACKA3hIBAETCH OOIHMHE 3/ICKTPOCTATHYECKUMH TeO-
PHZMH, HO MOXKET ObiTh, KDOME TOFO, BH3BAHO crneHPHIECKUM B3aHMO-
JeficTBHEM MeXK1y MaJbIMi HOHAMH H MakKPOMOHOM.
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FTJABA IV. HEPABHOBECHBIE SIBJIEHUA
B PACTBOPAX 3JIEKTPOJIUTOB

IV.1. O6mas xapakTepucTHKa HEPABHOBECHBIX SIBJEHMI
B PACTBOpPax 3JEKTPOJHUTOR

Paccmorpennbie HOH-AUIONBHOE M HOH-HOHHOE B3aHMOLEHCTBHS OT-
HOCATCS K DABHOBECHLIM YCJIOBHSIM, KOI'Za MaKPOCKOIHUECKOe COCTOs-
HHe CHCTEMBI, XapakTepusyeMoe TepMOJHHAMHUECKHMH (QYHKUHSAMH, He
H3MeHsieTcs1 Bo BpeMeHH. OJlHaKO paBHOBeCHe B PacTBOPAX 3JEKTPOJH-
TOB BCerla SiBJIsieTCH JHHAMHMYECKHM, YCPEAHEHHBIM IO BPEMEHH H 1O
o6bemy. HacTHilbl pacTBopa (HOHHI M JAMIIOJNH PACTBOPHTe/S) BCe BpeMd
COBEpUIAIOT XaOTHUYECKHEe JBHIKEHHs, KOTOPhle OCYMIECTBAAIOTCS IEPHO-
JAHYECKHUMH MEPECKOKaMHu ¢ OLHOTrO MecTa Ha apyroe. Ho B cpenneM 3tu
HepeMeIleHHs 4aCTHll CKOMIICHCHPOBAHH, TAK YTO HAlPaBJEHHOTO Ma-
KPOCKOINIMYECKOTO Nepexofa HOHOB U AMHNOJeH B. YCIAOBHSIX PABHOBECHSI
He IMPOHUCXOANT. EC/IM B pacTBOpe 3J1eKTPoauTa HaGAIOAAIOTCS HOHHLIE
paBHOBECH:A, TO OHM TAKKE HMCIOT AMHAMHUYeCKHi xapakrep. Hanpuwmep,
peakuHus : '
CH;COOH+H;0=CH;COO~+H,0+
nporekaer B 0OOHMX HaNmpaBJeHHAX, HO CKOPOCTH HPAMOro u o6paTHOro
HPOLECCOB NP PAaBHOBECHH OAMHAKOBHI, TaK YTO CPedHsis KOHLEHTpa-
IHS HOHOB M HEJHCCOLUUHPOBAHHEIX MOJIEKYJ B PacTBOpPe OCTaercs Mo-
cTossHHOH. BEI3BaTh B pacTBOpe 3JEKTPOJHTAa HEPABHOBECHBIE SIBJAEHHS
MOXHO CJAeIYIOIHMHA cnocobaMu: 1) H3MeHeHHeM KOHLEeHTpauuu (Tou-
Hee aKTHBHOCTH) PacCTBOPEHHOrO BeleCTBa B ONHOH 4YaCTH pacTBopa
10 OTHOWIEHHIO K JPyrofi 6e3 U3MeHeHHs] XHMHUECKOr0 COCTaBa pacTso-
pa; 2) HaJoxeHHeM 3JIeKTPUYECKOro I0JIsl, KOTOpOe BHI30BET HallpaB-

JeHHO€ IMepeMellenue 3apsaXKeHHbIX 4YacCTHIL; 3) H3MEHEHHEM COCTaBa-

pacTBOpa MO OTHOLIEHHIO K PaBHOBECHOH KOHLUEHTPAalM¥ BO3MOXKHHIX
JJig JaHHOM CHCTEMBI BEUIECTB.

B nepBoM cmocoGe KOJHYECTBO HEPECKOKOB AAaHHOM 4acTHUBI i B
HallpaBJeHHH YMeHbHICHHS ee KOHIEHTPallul oKkas3knBaeTcs 6oJblle, yeM
KOJINYeCTBO IIEPECKOKOB 3TOH YacTHIH B 06paTHOM HanpasjieHuH. B pe-
3yJIbTaTe HTOr0 BO3HHKaeT NOTOK AU G ¢ y3uu. [Tockombky HepaBHO-
BECHHIHl Tpollece B 3JEKTPOXHMHUECKOH cucTteMe (¢cM. puc. B.l), Hanpu-
Mep 3JIeKTPOJIH3 B PACTBOpE, CONPOBOXKAAETC H3MEHEHHEM KOHIEHTpa-
IHH pPearupyIioIiHX BeulecTB BOJIM3U NOBEDPXHOCTH 3JEeKTPOAOB IO CPaB-
HEHHIO C KOHUEHTpPAlHel 3THX BeiecTB B 06beMe PacTBopa, TO 3aKOHO-
MepHocTH AMbDY3HH HOHOB HMEIOT HeNocPeJCTBeHHOe OTHOUIEHHe
K 3JeKTPOXHUMHH, -

Bo BTopom cnocoGe HalOXeHHe 3JEKTPHYECKOTO MHOJSA H3MEHseT
BEPOSITHOCTb II€PECKOKOB 3aPAXKEHHBIX YACTRIL IO MOJIO H MPOTHB NOJISA;
Yy KaTHOHOB KOJHYECTBO INePECKOKOB 11O NOJII0 TpPeBLIIAaeT KOJAHYECTBO
IIEPeCKOKOB NMPOTHB 1104151, Y aHHOHOB Habmiogaercss oOpaTHasi KapTHHA.
Tagum 06paszoM, B pesy/bTaTe HaJOXKEHHS 3JEKTPHYECKOro IOJsI BO3-
HUKAIOT MIOTOKH MHUT P allHH KaTHOHOB H aHHOHOB. MUrpauus Ho-
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HOB, COCTABJAIONIAS OCHOBY 9/MI€KTPONPOBOALHOCTH NEKTPOJIH-
TOB, COIIPOBOXKAAeT PabOTy 3JEKTPOXHUMHUECKHX CHCTEM H TaKxKe He-
IOCPeACTBEHHO CBSI3aHA C 3JEKTPOXHMHUEH,

B tperbeM cnocobe M3MEHEHHE COCTaBa PacTBOPa HapyIlaeT HOHHOE
paBHOBeCHe M BBI3HIBaeT XHMHUECKYID PEAaKIHIO, B XOJe KOTOPOH npouc-
XOJHT BOCCTAHOBJICHHE HOHHOT'O PaBHOBeCHs. loHHBlE pEaKLMH B pac-
TBOPAX 3JEKTPOJIHTOB IPEACTaBAsA0T OG0 yacTHHIA cayyali romoreH-
HBIX XHMHYECKHX Peakuu# W H3yyaiTcd B OCHOBHOM XHMMHUECKOH KHHe-
THKO}. OTAHYUTESbHON 0cO6EHHOCTHI0 MHOTHX H3 HHUX SABJSETCS 60JIb-
mas CKOPOCTb II0 CPaBHEHHIO ¢ APYTHMH NOpOLlecCaMH B PacTBOpax.
Hekoroprie U3 HOHHBIX peaklMH, HallPEMep acCOLHAalHs aHHOHA KHC-
JIOTHOTO OCTaTKa W HOHA THIPOKCOHHS, HAYT 6e3 SHepPruu axkTHBAUUU
H XapPaKTePH3YIOTCs KOHCTAHTaMH CKOPOCTH nopsiika 10 i1 (Moaw-c) L

WHorpa npoliecc 3JeKTPOJHM3a CONPOBOXKIAAETCS XHMHUECKHM Ipe-
BpallleHueM pPearHpPYIOIIAX BEIIeCTB HJH HPOAYKTOB peakliHH B NPH-
3JeKTPOLHOM CJIOE PacTBOPa 3JIeKTpPoauTa. Tak, Hanpumep, NPH 3JeK-
TPOXMMHYECKOM BOCCTAHOBJICHHH NMHPOBHHOrPafHOH KHCJOTH Ha PTyT-
HOM KA4TOJle B ONpeeJieHHBIX YCJIOBHUSX B 3JEKTPOLHOH peakluH yvyacrT-
BYIOT TOJbKO HEIHCCOLHHPOBAHHBIE MOJEKYJbl 3TOH KHUCJOTHl, TOTAa
KaK B PacTBOPe MPHCYTCTBYIOT B 0cHoBHOM HOHB H3zO+ u CH3COCOO-.
[TosTOMy 2JIeKTPOJHOH peakuHH IpeluiecTByeT TOMOreHHasl XHMHYe-
CKasi peakuus

CH3COCOO—+H;30t—CH3;COCOOH~+H,0

i ee KHHeTHUYeCKHE 3aKOHOMEDHOCTH OTDPaKaloTCs Ha CKOPOCTH BCEro:
3JIeKTPOXMMHUECKOro mpouecca. B 3THX yCJOBHAX 3/€KTPOXHMUUECKHE
H3MEPEHHS MO3BOJISIIOT ONpPEAeIHTh KOHCTAHTY CKOPOCTH COOTBETCTBYIO-
mel xuMmuuyeckoi peakuun. OfHAKO B HACTOsIIee BPeMsl KHHETHKA HOH-
HHIX peakuuii B OCHOBHOM HCCHIeAyeTCsi PeJlaKCAlMOHHBIMH METOIaMH.

IV.2, Dupdy3us u MHrpalins HOHOB

Pesyabrupyromue ckopocTn Auddysnn u MHUTpauuu OOYCJOBIEHBE
GOJBIIMM KOJHYECTBOM [EPECKOKOB MOHOB 3a e€JMHHIY BPEeMEHH B He-
KOTOPOM OfpeJeJeHHOM HaNpaBs/eHUH IO CPABHEHHIO C APYrHMH Ha-
npasienusamu. CraTHcTHueckass o6paboTKa 9TUX NPOLECCOB IMOKA3bIBaA-
€T, 4TO NMOTOK AHU(dY3HH jy, T. €. KOJHYECTBO YacTHI, AHPOYHAUPYIO-
UIAX Yepe3 €IMHHYHYIO IJIOWAAKY B eAHHHIY BPEMEHH, MPOMOPIHOHA-
JleH KOHLeHTPAIlMH 3THX YacCTHIl ¢; M TPajHEHTy MX XUMHYECKOro Io-
TEHIIHAJNA: _

ju=—"Fzc: grad p;, (IV.1y
rfie £y — KOHCTAHTA HPOMOPLUHOHANBHOCTH, KOTOPYIO MOXHO BHPa3HTh
yepe3 CPeNHIOK JJIMHY NEPECKOKOB HOHA [ M HEOOXOAHMYIO s 3THX
IepeCKOKOB HEPTHI0 aKTHBAlUHH AG:

2 AG* ‘
kn:—m:exp (— RT ), (IVQ)
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rie h — nocrosanHas [lnanka; Ny — nocroanHas ABoragpo. 3HaK «—»
B ypapnenuu (IV.1) ykaswmizaer Ha TO, 4TO YaCTHUIBI NEPEMEIIAIOTCH B
‘HalpapJieHHH, NDOTHBONOACKHOM VEEJHYEHHIO KOHIEHTpauuH. Ypas-
Hernue (IV.1) momxuo npeofpasosaTh K BUAY

ja=—D:grad ¢, ‘ (IV.3)
TIe
dinf; \
) D.=—Fk RT|! —tE (V.4
' 3R ( _l—dlnci)' (1V.4)
D; — rosdduuuent audpdysun. Ypasuenue (IV.3) u3BectHo Kak mep-

BHI 3akoH Puka.
C Zpyro#l CTODOHBI, IIOTOK MUTPAilUH jy OKasblBaercs IIPONOPIHO-

HaJIeH KOHIUEHTPAIlMH HOHOB C; H IFPAJHEHTY 3JIEKTPHUYECKOI'0 NOTEHIH-
ana:

jur=———— e, gradg. (IV.5)
7

KoHcTaHTOl NPONOPHHOHANLHOCTH 3/1€Ch SIBJSIETCA BeJUUYHHA U;, Ha3Hl-
‘Baemasi 3JeKTPHYECKON NOABHXKHOCTBb IO HOHA (cTaphi Tep-
MHH — abcosoTHAsE CKOPOCTb ABHXKeHHd HoHa).-OHa oupefensier cpei-
HIOID CKOPOCTb JBMIKEHHsI HOHA NDH €XWHHYHOH HANPSKEHHOCTH 3JIeK-
tpuueckoro nois (X=1 B/mM): u;=uv,/X, rae v; — CKOPOCTb HepeMe-
NIeHUS HOHOB, M/C. 3HaK «—>» B ypaBHenuu (1V.5) cBssam c¢ Tem, 4TO
HanpaBJieHyue JBHXKeHUsI KaTHOHOB (2;>0) coBmajpaer ¢ HalpaBJeHHEM
noas X, a X== —grad ¢. :

B o6meM ciyuae HOH ABHKETCS Kak NoJ AeHcTBHeM rpajHeHTa XH-
MHUYECKOro MOTEHIIHaJia, TaK H NOJ JAeHCTBHeM PajdHEHTa 3JIEeKTpHYe-
CKOro moreHnuana. [1o37oMy oGIIHHl MOTOK HOHOB NpeACTaBlsieT coO00#
CyMMY NOTOKOB AH(OY3HH U MUTDALHH

j=intiw (IV.6)
a ofniell AeficTBywomel Ha HOH CHJIOH SBJASIeTCS TPaJXHEHT 3J€K-

TPOXHMUYECKOIo NOTEHIHALJ A, onpeaensieMoro COOTHOUIEHH-
€M

wi=pit-2Fo, (IV.7)

TaK uTo
grad w=grad w;+2:F grad ¢. (IV.8)
Ecau HoHbl cOpTa i B CPelHeM He NlepeMellalTes B PacTBOpe, T. e. it
~+ju=0, T0o grad p;=0. U3 ypaBnenns (IV.8) caeiyer, uro npu 3TOM
grad p;=—=2;F grad ¢. (IV.9)

Hravue rogops, He M3MeHAIOLIERCS] BO BPEMEHH paclpe/lesieHue NaHHOTo
copta HOHOB B pacTope He ofsizaresbHO cooTBeTcTRyeT grad p;==0 n
grad ¢==0, a MOxeT ObITb Pe3yJbTaTOM B3aHMHOI KOMIEHCAUHH IPaH-
EHTOB XUMHUECKOro H 3JEKTPHUECKOro NOTEHHHAJOB. JTO HO3BOJSET
YCT2HOBHTE CBSI3b MY 3JACKTPHUECKOH MOJBHKHOCTHIO HOHA U; H KO-
sh¢unnentom nudpdysnn Di U3 ypaswenuit (IV.5) u (IV.9) npu
62

Ja+jw=0 caenyer

S . L1 ) \ \
jx iy | F gradp,;. (1V.10}
Hs ypasnennii (IV.1) u (IV.10), noayuaem
ky=uif|z:|F, (Iv.11)
4TO nocje nojacranosku B (IV.4) maer
RT dln f; ©
D, =u, 1 L {
”L [Zil_F ( + din [ } <IV12)

IIpu ¢;—0 fi—1, D;=D% u u;=u’;, a noTOMY

0 RT . kT

P S ) 7 : .

D, PRy ul — oo i@ (IV.13)

®opmyna (IV.13) naswiBaercsa ypasmenuem Hepucra — DiHwTeliHa. .

Ona cesisbiBaer Kosdduuuent AUGdy3un Npn GeCKOHEUHOM pPa3BeeHHH
C 3JIEKTPHYECKOH NOJABHIKHOCTBIO HOHA TaKxKe Tpu ¢—0.

W3z conmocraenenns dopmyn (IV.2) u (IV.11) MOXKHO NOJYUHTH 3a-
BHCHMOCTb JIEKTPHUECKOH MOABHIKHOCTH HOHA #; OT cpefnefi JNJIHHH H-
SHEPrHU aKTHBAIlMH NIePECKOKOB HOHA B PacTBOPE 3JEKTPOJIHTA:

I2e4 ] 2 g 5~

z.'i:.——%h—ilexp(——%%—)- (1v.14).

upaCCMOTp‘HM audodysuro snekrpoaura M,y A, (puc. IV.1), koro-
PHIH NOJHOCTBIO AHCCOUMHPYeT Ha HOHE Mt u A7~ u3 obaactu pac-
TBOPA ¢ KOHIEeHTpaiued ¢; B o0JjacTb ¢ KOHIeHTpauue#h cy(c;>Cz).
Ecan xoadduiyents nuddysud KaTHOHOB M aHHOHOB OJHMHAKOBHI, TO-
npolecc HHYeM He OTJIHZaeTcsi OT OOBYHOH IubGY3UH He3apsiKEeHHBIX
yactuu. Onnako ecmu Dys£D_, To B pacTBOpe 3JeKTPOJHTOB BO3HHKa-
10T crenxgpyueckue spaenns. [Ipeanonoxuym, uro D_>D, (umanpumep,
B Boanom pacrBope NaCl). Ilpu 3TOM yCAOEHH AHHOHE B HauaJbHBIN
MOMeHT npouecca AMdby3nn 6yLyT HepMelaThCs cJAeBa Hanpaso (pHC.
IV.1) Grictpee, ueM KaTHOHH. B pesyabrare 3TOro npousoijer mpoct-
PaHCTBEHHO® DasjesieHHe 3apsifioB M BO3HHUKHET 3JEKTPHUYECKoe IOJE,
KOTOpoe OyJeT YCKOPATh ABUKEHHE KATHOHOB M 3aMeJJISITh JABH:KEHHE
annoHoB. CieloBaTe/IbHO, Yepe3 HEKOTOPHIH NPOMEKYTOK BPEMEHH CKO-
pOCTH HepeMelueHHs KaTHOHOB M aHHOHOB BHIPaBHSIOTCH (U4=0_) H B:
3THX YCJIOBHSX MOXKHO IOBOPHTH 00 0011eM IOTOKe 3jekTpoaurta. OHa-
KO 3TOT IIOTOK He siBJseTCS! OOGBLIYHBIM NOTOKOM AHGD(V3UHH, TOCKOJIbKY

Pue. IV.1. Kourakr aByx pacr-
BOPOB C PAa3/HUHON KOHIEHTPa-
umell, KOTOpHH TNPHBOZHT K
BO3HHKHOBEHHIO IHbdysHONHOIO
MOTeHLHATA
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MEXIy NBYyMs OGMacCTAMH DACTBOPA C KOHUEHTDALMAMH C; H Cg yCTa-
HaBJIMBAaeTCHd CTALlHOHApPHAasi PA3HOCTb MOTEHIHAJOB — TaK Ha3HBae-
MBI IHQOY3SHOHHHATNOTEHUH AN AQmpp. .

IJais ynpomennst KOJHYECTBEHHHIX COOTHOLIEHHH, ONHCHIBARIOLLHX
paccMarpHBAeMyH0 CHCTeMY, AONMYCTHM, YTO cooTHoliemHe Hepucra —
DfHmTeHHA CIPaBENIHBO He TOJLKO B GECKOHEUHO pa3GaBieHHOM pac-
TBGDE, HO H IIPH KOHEYHBIX KOHUEHTpauusxX HOHOB Mzt y Az Torma

AJ1s OOIIHX [IOTOKOB KaTHOHOB M aHHOHOB, yuHTHBas dopmyas (IV.3),
(IV.5) u (IV.13), noayunm _

j+ =—D,gradc, — z};TF D+c.+ grad o, (IV.15a)
jo=—D_gradc_ —]—%D_c_ grad o. (IV.156)

CKOpOCTL TepeMeleHHs] HOHOB MOXKHO ONpeJeJHTh OTHOLIEHHEM jilei=
=.vi/. Ho nockosbky B CraiMoHapHBIX YCHAOBHAX Uy=0U_, T. €. j4/Cy=
=j_/c_, TO

D, 2, F Do
P gradec.,. 4+ R D, grade = - gradc_
|2\ F
—~ D_grade. (IV.16)

Tak KakK ¢4==viC M c_=v_c, TO

grad c;/ci=grad c_/c_=grad ¢/c. (IV.17)‘

Pemas ypaBHeHne (IV.16) orHocurennHo grad @, mojydaeM C y4eToM
cootHoutenu#t (IV.17)

grad ¢ — D-—Dy RT grade
- 2.D .+ \z_|D_ F c
Ecau Bupaxenne (IV.18) moacrtaBuTb B JI€BYI0 WJAH IIPABYI0 Y4aCTh
ypaBHenusa (IV.16), To obmast ckopocTh nepemelieHHsT KATHOHOB H
aHMOHOB B CTAUMOHAPHLIX YCJOBHAX ONpeaessiercsi HOpMyJoi
(e + {2 |)D.D_grade¢
2,.D_+ jz_|D_ c

TaxuMm o006pasoM, OOMIHH HOTOK 3JEKTPOTHTA MOMXKHO HpPeICTABHTb B
BH]lE

0= —

(IV.19)

j=ve=—D,pp gradc, (IV.20)
riae

ST D+ |2 | D

D,y HaspiBaeTcsst 3(QQeKTHBHBIM KO3 duuneHToM AudQy3nu 3JeKTpo-
sauta. TepMHH «3Q(eKTHBHBIH» OTpaKaer TO, YTO B AeHCTBHTEJLHOCTH
nepeMeleHle HOHOB B pacCMaTpHBaeMBIX YCJAOBHSX NPOUCXOIHT He
TOJIbKO 3a cueT AH(¢Y3uH, HO U NOA AelicTBHEM 3JIEKTPHUECKOrO IOJIs.
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(IV.18) |

D — (ze Y2 1)DD av.21)

ITponurerpuposas ypasuenue (IV.18) B mpemenax ot ¢, g0 ¢z, no-
JyvyaeMm cJiejyiollee BHpaxeHHe AJs Aub(Y3HOHHOrO MOTEHIHAAA:
Appugy=——2t — KLy 0 (Iv.22)
2Dy 4+ |2_|D_. F &
Ias cucreMmu, npeiacraBiaeHHOR Ha puc. IV.1, AQmuee onpenenser pas-
HOCTh TIOTCHIHAJIOB MEXKAy IPaBOH H JeBOH yacTAMH cocyHa, pasie-
JIeHHOTO NOPHCTOH mneperopoakoi. IIpu BmOGpannmx ycaoBusax D_>D.y
H €;>Cy BeJNYHHA AQuupyp<0; 3TO COOTBETCTByeT TOMY, 4TO HpaBas
CTOPOHA IIODMCTOH INEPeropojKH 3apsKaercsi OTPHLATEJNLHO IO OTHO-
IIeHHIO K JIEBOH CTOPOHe 3a CueT NHepBOHAYaJbHOH Gosiee GHICTPOH AUD-
¢ysun anmonos. Ms ypaspennit (IV.21) u (IV.22) BEiTekaer, uTo npu
paBeHcTBe K03 duunentoB anbdysuun KaTHOHOB M aHHOHOB Dype=
=D,=D_, a aupdy3noHHmMIA NOTEHIHAT AQrupp=D0.

I1V.3. YaennHan U 3KBHBAJEHTHAS 3JeKTPONPOBOAHOCTH
B pacTBOpax 3JCKTPOJHUTOB

D/IeKTPONPOBOAHOCTh PACTBOPa 3JeEKTPOJHTa obecnmeynBaeTcs 3a
CYeT HOTOKOB MHUI'PAl[HH HOHOB, NIPHUCYTCTBYIOIIHX B JaHHOM pacTBOpeE.
Bo u3bexanme ocsoxHeHHH, CBA3aHHMX ¢ 0JHOBpeMeHHOH AH(Ddysuei,
IIPH H3YYeHHUM 3JIEKTPONPOBOAHOCTH PaCTBOPOB IKCIEPHMEHT HeoOXo-
IMMO IIPOBOAMTR TAaKMM 00pa3oM, 4TOOH NpPH IBHXKEHHH HOHOB He BO3-
HHKaJ IPafiMeHT XUMHUECKOro NOTeHHHAaMa. DTOr0 MOXKHO JOCTHYb NPH
HCIOJIb30BaHHH NepeMeHHoro Toka. Ilpu HajloxeHnu Ha pacTBop mepe-
MEHHOH Pa3HOCTH NOTEHLHAJOB HOHHI KOJeOJIOTCS OKOJIO HeKOTOPOro
cpeanero noJoxenus u grad p;==0.

OO6BIYHO 3JeKTPONPOBOAHOCTD PACTBOPA ONpellelsIOT NPH IOMOUIY
MocTa nmepeMeHHOro Toka (puc. IV.2), cpaBHHBasi COIPOTHBIIEHHE 3JIEK-
TPOXHMHUYECKOH siyeiikH R, ¢ compoTHBiIeHHeM MarasuHa Ry. Ecanm
MOCT HAaXOAMTCA B COCTOAHMH OajiaHca, O ueM CYHAT [0 OTCYTCTBHIO
NePEMEHHOr0 HaNpsiKEHHs Ha KiaeMMax ocuuajorpada O, TO BHINOJ-

HSIETCS] COOTHOMIEHHE
Ry/Rw=R/Ry, (IV.23)

U3 KOTOPOTrO NpH U3BECTHHIX R;, Ry H Ry JIeTKO ompefessieTcs CONpPO-
tuBJeHne R,. CocTosiHye GajlaHca MOCTA JOCTHTaeTcst HWJIH BapbHpOBa-
HHEM CONPOTHBJeHHs MarasuHa Ry npu R;=const u Ry==const, uin
BapbUpOBaHWeM cooTHomenuss Ri/R; (mpu nomomyu peoxopra) TpH
w=const.
Kak u A1 oOMUYHMX MeTaJJIHYeCKHX NPOBOAHHKOB, CONPOTHBJEHHE
pPacTBOPOB pacCYHTHBaeTCs no Gopmyse
R=pl]s, (Iv.24)
rlle p — YAeJIbHOE CONPOTHBJEHHE; | — JJHHA NMPOBOAHHKA (paccTos-
HHe MeXIy 3JEKTPOoAaMH); S — IUIOmafb NONEPEeYHOro CEYeHHsl NMpo-
BOIHHKA (AJS PacTBOPOB — ILIOHIAZb 3JeKTPOA0B). Beanunna 1/p==x
HA3HBaeTCs yAeAbHOH 3eKTPONPOBOAHOCTHIO. Us dopmy-
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CH,COOH

T 1
Puc. IV.2. Cxema ¢ 5 10 15
MOCTa nepeMeHHOro C. 2-
TOKa JJd H3Mepe- oK/
HudA 3JIEKTPONPO-
BOJHOCTH:
Rys Ry, Ry, Ry — co- Puc. IV.3.  3apucumocrs

nporHsnenns; I — re- YAEJIBHOH 3JEKTPONpPOBOHOC-
HepaTop MNepeMeHHOro

TOKa; O — OCIANTO. - TH OT KOHHEHTDPAaUHH B BOA-
rpad HBIX pacTBOpax

au (1V.24) cnenyer, uro

x==I/ (sR) (IV.25)
M, CJeJOBaTeJbHO, pa3MepHOCTb YAENbHON 3JIEKTPONPOBOIHOCTH
Om—!-M~!'=CMm/m (CM — cumeHc). YIeibHasd 3JAEKTPOLPOBOZHOCTHL

pactBopa XapakTepH3yeT 3JieKTPOIPOBOLHOCTE oObeMa pacTBOpa, 3a-
KJAIOYEHHOTO MeX/y ABYMS NapaJsejbHBIMH 3JIEKTPOLAMH, HMEIOIUMH
mromasb nMo 1 M2 W pacmoJioKEHHBIMH Ha paccTOssHHH 1 M JApyr oT
apyra.

[TockosbKy H3MepsieMOe CONPOTHBJEHHE R, 3aBHCHT OT FeOMETPHH
SIYEHKH, PasMEpOB 3JEKTPOJOB M PaCCTOSIHHA MeXAYy HHMH, TO Ipak-
THYECKH BCEr[a ONpelefsiOT KOHCTAaHTY sdefikH ®/R,==l/s, ucnonab3ys
CTaHAQPTHLIA PacTBOP C HU3BEeCTHHIM 3HaueHHeM x. Tak, HalpuMep,
B pacrsope KCI, comep:xamem B 1 kr 0,7453 r conn, npu 18°C »==
=0,0122 CM/M. 3aBHCHMOCTb Y/JeJbHOH 3JIEKTPONPOBOLHOCTH OT KOH-
HEHTPalHd B BOAHBIX PAcTBOPaX HEKOTOPHIX 3JEKTPOJHTOB IIPEICTaB-
JgeHa Ha puc. IV.3. I1pu ¢—-0 BeanunHa % CTPEMHUTCS K YAENLHOU 3JeK-
TPONPOBOJHOCTH YHCTOH BOJE, KOTOpas COCTaBJseT NPUGJIH3HTENIHHO
10-° Cm/M © obycaosaeHa npuacytctBHem uoHoB Hi;O+ u OH-, Bo3-
HUKAIOIIMX B pe3yabTate Auccounanmun Boan: 2H,O0=H;0+4-OH-.
C pocToM KOHLEHTpPauHH 3JEKTPOJHTAa ¥ BHayajie BO3pacTaer, uTo OT-
BeuaeT YBeJHUYEHHIQ YHCJa HOHOB B pactBope, OaHako ueM GoJblue
HOHOB B pacTrBope, TeM CHJIbHEe IIPOSIBISETCS HOH-HOHHGE B3aHMMOJeH-
CTBHE, NIPHBOJsilIEe K 3aMeUICHHIO ABHKEHHs HOHOB, a TaKke K HX
acconnanuu. IloaToMy mouTH Bcerja 3aBHCHMOCTb YAENbHOH 3JEKTPO-
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NPOBOAHOCTH OT KOHUEHTDALMU SJEK- 414,200

TPOJIUTA TNPOXOAHT Yepe3 MaKCHMYM 54

(puc. 1V.3). Ao
Hro6e BblAenuTs 3QQeKTH HOH- 4

HOHHOIO B3aMMOJEHCTBHA, YIAEJIbHYIO

2JIEKTPONPOBOAHOCTL % JeJAT Ha 50

24V4C, TAE € — YHCI0 MOJIedl B eXHHH-

ne o6pema: a

L 1

oy

A=xn/czvi=xn/c|z_|v_. (IV.26) ¢10 9/ mans
Puc. IV.4. 3aBHCHMOCTE 5KBHBA-

BennunHa A HasHBaeTcss 3 KBH- JeHTHOR S/MEKTPOIPOBOLHOCTH OT

BaJeHTHOHA 3Je KTPONPOBOJ- PasBefleHus AN BOIHOTO pPacTBopa
HOCTbIO; OHa mpeicTaBjseT coGol KCl

3JIEKTPONPOBOJAHOCTL 06beMa  3JieK- \
TPOJIHTA, COfiepKaLIero | r-9KkB pacTBOPEHHOTO BEILECTBA H HaXOMslle-
rocsi MeXAy JABYMs HapaJiyieJIbHRIMH 3JIEKTPOJIaMH, KOTOphie pacHofo-
JKeHbl Ha paccTosiHuH 1 M apyr ot Apyra. PasMepHocTh 3KBHBAJIEHTHOR
3JIEKTPONPOBOAHOCTH paBHa M2/OM-r-skB=m2.-CM/r-3kB. IlostomMy
B ¢opmyae (IV.26) KoHueHTpauHIO ¢ CleAyeT BHIpaXkaTb B MOJb/M3:
1 Monb/a=10% Moab/M%, UeM MeHbllle KOHIEHTPAlUs PacTBOpa, TeM
6onbiin# ero o6beM NPHUXOLHTCS Ha 1 I-3KB H, CJeJ0BaTelbHO, TEM
66splias MJOIIaAb 3JEKTPOJOB NMOKPHTa pacTBopoM. Takum obpasom,
YMeHbLIEHHE YHCJIa NEePEeHOCYHKOB TOKAa B elMHHIe of6beMa.pacTBOpa
¢ €ro pasBellcHHEeM KOMIIEHCHPYeTCS YBeJHYeHHeM <IIOllepPeyHoro ce-
yeHHusi» NpoBojHHKa. [loaToMy ecan GH MOTOKH MHTpAalHH HE 3aBHCEJH
OT HOH-HOHHOTO B3aMMOJeHCTBHS, TO A coxpaHsjaack Obl NOCTOSTHHOH
IpH BceX KOHUEHTpalHsaX. B peanbHBX CHcTeMax 3KBHMBaJIeHTHas
3JEKTPONPOBOAHOCTh 3aBHCHT OT KOHIEHTpaluH, NPHYEM 3Ta 3aBHCH-
MOCTb TeM pe3de BhIpaxeHa, YeM OoJiblle KOHIEHTPALHA pacTBOPa
(puc. IV.4). Ilpu ¢—0 BennunHa A CTPEMHMTCS K CBOeMY IpelelbHO-
My 3HaueHHI0O A, 0TBedaloIIeMy OTCYTCTBHIO HOH-HOHHOTO B3aHMOJefi-
cTBHsA. B pacTBOpax cnabbiX 3JE€KTPOJHTOB, Flle HOH-HOHHOE B3aHMO-

. AeHCTBHEe NPHBOAHT K 06pa30BaHHIO HEHTPAJBHHIX MOJEKYJ yxKe IIpH

OYeHb HH3KHX KOHIEHTPALHsiX HOHOB, BHIXOJ A Ha Npeles 3KCHepH-
MeHTaJbHO HabaioaTh He yAaeTcs.

B pactBope 6HHapHOro 3J€KTPOJHTa TOK NEPEHOCHTCS KaTHOHaMH

u aHMoHaMH. [ToaTOMy IJIsi TJIOTHOCTH TOKa NpH ycaoBHsx grad p,=0

coraacHo ypaBHeHH10 (IV.5) MoxHO 3amHcaTh
i=2+eoN A j++;z-eoN Aj.=

=—2zFucigrad o—|z-| Fu_c_grad ¢. (Iv.27)

U3 ycnoBusi snekTpoHeATPaJbLHOCTH B pacTBope ¢J1aboro smekTpo-

AHMTa uMeeM 2icy=|z_|c_=02zivic=a|z_|v-c, a nOTOMy ypaBHeHHe
(IV.27) moxno nepenuncats B BHAE

i=—azyvicF grad @ (us+u_). (Iv.28)
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C Apyroil CTOpOHB, NJOTHOCTb TOKa { MOXHO BBIDA3HTb, HCXOJSl M3
sakoHa OMa. B couerannu ¢ ¢popmyaoit (IV.26) sto naer

i=—x grad p=—z,v;+Ac grad ¢. N (IV.29)
CpasuuBasi ypasaenus (IV.28) u (IV.29), nmpuxoauMm K BBIBOAY, 4TO
A=a(A++7-), (IV.30)

rie BeJHUHHB Ay=Fu, # A_=Fu_ Ha3LIBalOTCs HOHHBIMH 3JIEKTpPO-
NPOBOJHOCTAMH (HJIH NOABHXKHOCTSIMH) HOHOB. B pacTBOpax CHJIBHBIX
3JIEKTPOJIUTOB, JJs KOTOPHIX a==1,

A=A A | (1V.31)

[Ipun GeckoHeyHOM pasBeneHHH, Koraa a—1, ypasuenna (IV.30) u
(IV.31) nmepexondr B

A =25 2%, (IV.32)
rae 2% u 22— npenesbHble 3JMEKTPONPOBOXHOCTH (MM NOABHKHOCTH)
MOHOB.

Ypapuenuns (IV.30)—(IV.32) orpaxaior 3akon Koabpayma, ¢u-
3HYeCKas CYI[HOCTb KOTOPOTO COCTOHT B TOM, YTO B PacCTBOpE 3JIEKTPO-
JHTa KATHOHB H AHHOHBI TIEPEHOCST 3AEKTPHUECKHH TOK HE3aBHCHMO
apyr ot apyra. Huxke mnpeacTaBiieHB INpeje/ibHbe 3KBHBAJCHTHHIE
3AEKTPONpOBOAHOCTH A° 1Jsi BOJAHBIX PacTBOPOB XJOPHAOB H GPOMH-
J0B HaTpHs M Kaaus npu 25°C, 1as KOTOPHX MOJyueHH HauGosee
TOYHBIE JaHHbIE: '

COMb 4 v 4 v v e v e e e NaCl KCl NaBr KBr

A9-104, CM-M?/r-3KB . . . . . ... 126,45 14985 128,24 151,64

Jlerko 3aMeTHTb, uTO. H3MeHenne A° mpu mepexome or NaCl k NaBr

Takoe xe camoe, Kak 4 npH nepexoge or KCI k KBr (AA°-0104=
o 0 0

=1,79 Cm-m2/r-3xk8). C apyro#t cTopoHH,  Agci— ANaci = Ak —
— ARapr =23,4-10~* CM-M2/r-3KB. DTO ABJASETCS SKCIEPHMEHTANLHBIM
MoATBepXKAeHHeM 3aKoHa Koabpaymia.

B Teopun AppeHHyca IpeANOJaraioCh, UTO 3J1eKTPONPOBOAHOCTH

0

HOHOB He 3aBHCAT OT KOHUeHTpauuu (T. e. A;=A;)}, a OTIHYHe A OT
A° 06yc0BAeHO TOMBKO YaCTHYHON AHCconuaumed snekrposnta. Ilpn

5TOM AONYLIEHHH
A=aA®. (IV.33)

Ypasuenue (IV.33) mcmosb3oBasoch AJIs pacuera CTENEHH JHCCOLHA-
uun. OnHAaKo AJst PACTBOPOB CHJBHBIX 3JEKTPOJHTOB BEJHUYHHH a,
paccuntannsie no popmyne (IV.33), me coBmajaloT ¢ pesyabTaTaMu
olpejiesieH sl CTeNeHH [HCCOIHaUHH ADYTHMH MeToJaMH. YpaBHEHHE
(IV.33) o3Hauaer, uTO BCe BHAB HOH-HOHHOrO B3aMMOLEHCTBHs, HOpH-
BOJSIIEr0 K 3aMeJJIEHHIO NBHXKEHHs HOHOB, CBOASTCA K TPOCTOMY
yMEHBbIIEHHIO KOHIEHTPAIH MepPeHOCYHKOB TOKa, JTO CIPaBe]JiHBO
JHIIb JJsi pa36aBJEHHHIX PacTBOPOB CJiaObIX 3JEKTPOJHTOB, WSl KO-
TOPHIX MOXKHO B I€pBOM IPHOJIHKEHHH IOJb30BaThbCcs (OpMyJoi
(IV.33). B stux ycloBHSX IKCHEPUMEHTANbHO MOATBEPMAAETCS cle-
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Ayolas 3aBHCHMOCTb SKBHBAJIEHTHOH 3JIEKTPONPOBOAHOCTH OT KOH-
LeHTpalMH:
lg A==const—'/s Ig c, (1v.34)

KOTOpasi HENMOCPeACTBEHHO BHITeKaeT H3 ypaBueHu#t (1.9) um (IV.33)
C npyro#i cTopoHBl, NJs pa3baBJeHHHX pPacTBOPOB CHJbHEX 1,1-Ba-
JEHTHBIX 3JIEKTPOJHTOB Koabpayumem OBJIO TOJNYYEHO 3SMIIHPHUYECKOE
COOTHOIIEHHE

A=A —constVc, (IV.35)
HaxojsfUleecs B IPOTHBOPEUNH ¢ Teopue# Appenuyca.

1V.4. Uncaa nepeHoca W METOAB! MX ONpeneseHHs

Kak caenyer us 3akoHa Koabpaylia, 5KBHBaJIeHTHAsi 3JEKTPOIpO-
BOJHOCTb ONpefieiseTcsl CYMMOH 3JIeKTPONPOBOJHOCTEH KaTHOHA H
anuoHa. Jansi HaXoXKAeHHS 3JEeKTPONPOBOAHOCTH OTHEJbHOrO HOHA
HY>KHO MONOJIHHTENBHO 3HATb [HOJI0 TOKAa, NEPEHOCHMYID KaTHOHAMH
¥ anvoHamu. Ilosns TOKa, mepeHocHMMasi HOHAMH JaHHOTO BHAA i, HA-
3BIBAETCS 3JEKTPHYECKHM UHCJIOM IepeHoca 3Toro HoHa. OfHako aiek-
TPHYECKOe YHCJIO NMepeHoca MOXKHO 3KCHEPUMEHTAJbHO ONPENeNHTh
TOJMLKO B TaKHX PacTBOPax, IJe 3JeKTPOJHT NOJHOCTLIO ALHCCOIHHPO-
BaH Ha HOHB JABYX BHAOB. B of6uem cayuae sto He tak. Hampumep,
B BojAHOM pactBope CdCly KOMOOHEHT, coAepXalluii KATHOH KajMHA
(uonnbul KOMnoOHeHT), MOXKET CyllecTBOBaTh B BHAe wactum: Cd2+,
CdCl+, CdCl,, CdCls— u CdCl%™. Bce 5Tv wacTHmb IPH 3JeKTPOJIH3e
pactopa CdCly 6yayr aBuraTthbcsl K KaTOAy M NEPEHOCHTH 3JeKTpHUe-
ckuil ToK. ITosToMy skcepHMeHTaNbHO BCEraa M3MepseTCs 4UCAO ne-
penoca uonnozo Komnouenra t; (M. Cnupo, 1956), T. e. uncao rpamm-
KBHBAJICHTOB 3TOr0 KOMIIOHEHTa, NepeHeCeHHbIX B HalpaBJeHHH Ka-
Tola (MJIM aHOJa) HPH NPOXOXKAEHHH uepe3 PacTBOp OXHOro dapanmes
(~96 500 Ka) anekTpruecTsa.

B nanpHefileM paccMaTpHUBAIOTCS TOJNBKO TaKHe CHCTEMbI, B KOTO-
PHIX JEKTPHYECKOE YHCJO NepeHoca COBNAJaeT C 3KCIHEPHMEHTANbHO
ompejieNsseMHM 4YHCJOM IIepeHOoca HOHHOTO KoMHOoHeHTa. JJsi Takux
CHCTEM B pacTBope GHHApDHOTO 3JEKTPOJHTA Ha OCHOBE YypaBHEHHUs
(IV.28) MoxHO mosyunTh GHOPMYJIH:

t+ — _i — Uy — A+ " t — l__ . u_. o A_
. i uy o Ap A - AN N R WIS W
g (1v.36)

rie f, u f_-— 4HCJa mepeHoca KaTHOHA H aHHOHA.
Eciu pacTBOp COREPKHT HECKOJILKO 3JEKTPOJHTOB, YHCIO MepeHo-
ca {-ro HOHa PaBHO

t, =

| 21| esh; — 12 | clli. (IVS?)
Z | 2p | Ck)\k
k
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B pacrBope 6MHapHOro 3JI€KTPOJIHTA
ty+t-=1. Ecau B ypaBrenus (IV.36)
TIOJICTABHTb BeJNUUHHI 7»9,."1«1 A2 1o mo-
JYYaloT Hpefebhbie UYHC/Ia IepeHoca
ti H t°_, KOTOpHIE€ XapaKTepH3YIOT JOJI0
TOKa, NepeHOCHMYI0 KAaTHOHAMH M aHHO-
HAMH TIPH OTCYTCTBHH HOH-HOHHOTQ B3aH-
MojeiicTeua. Ecan 7»2 ;e.x"_ TO 3TO
B3aHMOJelicTBHE B HEOAHHAKOBOi#l crele-
Puc. IV.5. Cxema onmpepeneius HH OTpaxKaercs Ha NMOABHIKHOCTH KAaTHO-

UHCEIl TIepeHOCa MO METOLy THT-  gOB U AHMOHOB, 4 MOTOMY tﬁ&t?.
Topda PaccMorpyM  METOAB  ONpeAeleHHs
ypcesa nepexoca. Bce oHHM cBs3aHH C Ha-
JIOXKEHHEM Ha pAacTBOP 3JEKTPOJHTa
HJAH C BO3HMKHOBeHMEM B HeM IIOCTOSHHOH DA3HOCTH MOTEHIMAJOB.
[TpeamonoxuM, 4TO SJEKTPOXMMHUecKas siyeldKa, uepes KOTOPYIO
NPOXOJHUT MOCTOSIHHBIH TOK, pasfesieHa Ha TpH orceka [ — [II mopuc-
THIMH meperopoakaMu (puc. IV.5). B KaxaoM H3 OTCeKoB BHaualje
HaxXOAHTCS pacTBOp cond Myi Ay ¢ 0OZMHAKOBOH 3aflaHHON KOHIIEHT-
panueir. O6a 31eKTpo/la M3TOTOBJAGHH H3 MeTajla M, COOTBETCTBYIO-
mero KaTHoHamM M#+ (mampumep, s Meau jaasi pacteopa CuSOy).
PaccMOTpHM, 4TO HPOH30HAET B OTCeKe /, NMPHJEraioUieM K KaTORY,
nocie mponyckanus u€pes cucremy 1 dapames (~96500 Ka) saek-
TpHuecTBa. B cooTBeTcTBHH ¢ 3aKoHOM (apajes IpU 3TOM Ha KaToje
paspsizutcst 1 r-skB KaTHOHOB, [azee, uepe3 MOPHUCTYIO MEPErOPOAKY
B oTcek / BoWaeT M3 CpelHero oTceka fy r-sKB KaTHOHOB K BbiiijieT U3
Hero’ B CpPeAHHM OTCEeK f- T-3KB aHHOHOB. OOmuH OGanaHc KaTHOHOB
B NIEPBOM OTCEKE COCTaBHT YOHIb B 1—f,={_ r-3KB, a IMOCKOJbKY
yOLIIb aHWOHOB B 3TOM OTCEKe TaKas Ke, TO B CymMMe umeeMm yObulb

{_ r-3KB coaH Ge3 HapyLIEHHs 3JIEKTPOHEHTPaJbHOCTH NePBOro OTCeKa.

EcJau ke 4epes 3Ty cHCTeMy TponycTHTh He 1 ¢apanmefi, a Q KynoHOB
3JeKTPHYeCTBa, TO YOBLIL coau B Orceke [ cocraBUT Any=
=t_Q/F (r-axB). 3nas ob6weM V; mepBoro OTCeKa, HaXOAUM H3MeHe-
HHe KOHIEHTPAIlHH COJIM B HEM IIOCJIe NPONYCKaHHs ( KYJOHOB:
Ac;=t_Q/(FVy). (Iv.38)

Ypasuenne (IV.38) nexuT B ocHoBe Meroja ['urTOopda, B KOTOPOM
YHC/Ia TEepPeHoca ONMpefedsiioT 0 H3MEeHEHHIO KOHIEHTPALMH pacTBOpa
B NIPU3JEKTPOAHOM OTCEeKe. DTO ypaBHEeHHe sIBAfAETCA NPUOIHKEHHBIM,
TaK Kak He YUHTHIBA€T [IePEHOC PACTBOPHTeJS (BOJAL) uepe3 MOPUCTYIO
MeMOpaHy, pasaensiwoiiyio otcekn [ u [/. Bojee Toro, H3aMeHeHHE KO-
JIHYECTBA PaCTBOPUTENst B OTCeKe | B Ipolecce 3JeKTPOJH3a 3aBHCHT
OT KOHCTPYKIHH H3MEPHTENbHOH SYeHKH, NOCKOJbKY OHO 00YCJIOBJEHO
He TOJIbKO IIEPEHOCOM PAacTBODHTENS B COJNbBATHHIX 0060JI0YKax HOHOB,
HO M JDYrMMH IpPHYHHAMH: HapylIeHHeM THAPOCTATHYECKOrO PaBHOBe-
cHus M3-3a oboralleHHsi HJAH oOecJiHeHHs oTceKa / NMPOAYKTaMH 3JIeKT-
pOJIH3a, IPOIECCOM 3JeKTpoocMoca H Ap. BcaeactBue 3TOro ypasHe-
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Hue (IV.38) B KOHLEHTPHDOBAHHBIX pPacTBOPax MOXKeT IPHBOAHTSL
K HEOJHO3HAYHEIM Pe3yJibTaTaM.

Ilas nonyuenus OAHO3HAUHBIX PE3yJAbLTATOB H3MEHEHHE KOJHYECTBA
COJIH B OTCEKe /, BOZHHKAOLIee B IIpoLecce 3JEKTPOJH3a, Heo6X0HMO
IIPHMBECTH K OAMHAKOBOMY KOJHYECTBY DAaCTBOPHTENsI B 3TOM OTCEKE,
Herpyano nokasarsb, 4To B 3TOM ciiyuae

nf*oR) — pHan) [con) [ c(uan], —¢_QfF, (IV.39

Cle n{*o" W p{#a’) — goHeuHOe W HauasbHOE COLEPXKaHHe COMH (B T-3KB)
B otceke /, a [c(xoW); n [c{#a)]; —KoueyHas M HauajbHAs KOHLEHTpa-

LHM BOABI (pacTBopuTeNsl) B 3TOM OTCeke, Uucna mepeHoca, paccud-’
TaHHble O ypaBHenHw (IV.39), oxHO3HAUYHB H COOTBETCTBYIOT BEIGODY
B KaueCTBE CHCTeMBl OTcyeTa (IPH H3MEPEHHH CKOPOCTH JBHXKEHHS
HOHOB) PacTBOPHTeJNs B LEJOM. B focTaTouHO pas6aBlieHHLIX pacTBO-
pax, xoria [cffoV]r~[c{a8V];, ypaBuemne (IV.39) mepexoaur
B (IV.38).

Has ycnemsoro mpuMeHeHHs Mertoga I'mTTopda Heo6XOAMMO, HTO-
OBl Ha rpaHHule 3/1eKTPOJ — PACTBOP NPH NPONYCKAHHH 3JEKTPHUECKO-
ro TOKa He IPOHCXOAMJH NOGOYHBIE MpoLecchl (HampHMep, pa3psii
MOJIEKYJl pacTBOpHTeas). Kpome Toro, BpeMsi MpPONYCKaHHs TOKa He
AOJKHO ObITh OYeHb AJHTEJbHBIM, YTOGB MOXKHO ObUIO TnpeHe6peun
BHIDABHHB2HHEM KOHIEHTPalHH 3a cuer AHDDY3HH yepe3 MOPUCTYIO
neperopoaky. B pesyapraTe 3TOro H3MeHEHHs] KOHLEHTPAaLUH OKasbl-
BalTCs HeOONLIIHMH H 3TO NOBHLIaeT TpeGOBaHHS K aHAJHUTHUECKHM
MeToJaM, HpH MOMOIIM KOTOPHIX ONpPEIeJsIOT H3MEHEHHe COJdeprKaHHs
COJIM H PacTBOpHTE/]A B OTCeKe /. ‘

Yuutbias ypasnenust (IV.13) u (IV.36), dopmyay aas nuddysu-
oHHoro norenuuana (IV.22) nas 1,1-BaneHTHOro 2JEeKTPOJIATA MOXKHO
npeobpasoBaTth K BHLY

Bpuugo—(t_—ts) Sn 2 —@_— 1) & 1p 2 (v.a0)

¢y Cy

Ypaerenne (IV.40) nexuT B OCHOBe BTODOTO METOXA ONpPEeAEJNEHHsS
yuces nepexoca. ITo 3TOMy MeTOmy COCTaBJISIIOT 3JEKTPOXUMHUYECKYIO
uemnb, KOTOPasi COLAEPKHT JiBa OJHHAKOBLIX 3JEKTPOJa M IPAHHLY ABYX
pacTBOpOB OJHHAKOBOrC COCTaBa, HO paSJII/I‘IHO{:I KOHIEHTPpAUNH. Ilo
H3MEPEHHSAM Da3HOCTH NOTEHIHAJIOB HA KOHIIAX TAKOH LENH MOXKHO
paccunTaTh YKCJa nepeHoca KaTHOHA ¥ anuoHa. Dojee mogpoGHO 3TOT
METOR ONpeJleJIeHHsI UHCced mepeHoca cM. ra. VI.6.

Tperuii MeTox onpejeseHHs YHCEeN mepeHOCa — METOH ABHIKYIIeHcs
rpaHHipl. CyIIHOCTL 3TOrO METOJa PacCMOTPHM Ha CJEAYIOIIEeM IpH-
mepe. Ilyeth pactBopsl aByx comeit KCl u BaCl,, umernomux o6muit
aunon Cl—, momelnensl B y3Kyl BepTHKaJbHYIO TPYOKy, NpHYeM Tak,
4TO OHH 06pasyioT pe3kylo rpaHuuy pasgesna ab (puc. IV.6). B amo
TpyOKH BHasH cepeOpanbiii 3nekTpon. Konnenrpanuio pacrsopos KCl
u BaCl; moa6uparor TakuM 06pa3oM, 4ToGbl B HEepBOM MNPHOIHKEHHH
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