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3 TEPMOAMWHAMUKA PACTBOPOB

CyUJ,eCTBOBaHI/Ie abConTHO YMCTbIX BELLECTB HEBO3MOXHO — BCSIKOE BELECTBO
obda3aTenbHo cooepXnuTt npumMmecu, unnm, MHbiIMM CrnoBamMu, BCAKad romMoreHHasd cucrtema
MHOrFOKOMMOHEHTHA. Ecnn mnmewwmnecss B BeELLECTBE npumMmecm B npegenax TOYHOCTU
onncaHuna CUCTeMbl HE OKa3blBalOT BJIIMAHUA Ha U3y4HaeMble CBOWCTBA, MOXHO CYMTaTb
cucrtemy OAHOKOMMOHEHTHOWN; B npoTMBHOM Cllydae TOMOreHHyro CUcTtemy CcHYUTaroT

pPacTBOPOM.

Pacmeop - eomoeeHHasi cucmema, cocmosiwass u3 deyx unu 6osee
KOMIMOHEHMOB8, cocmas KomopoU MOXem HErnpepbiBHO U3MEHSIMbCS 8

Hekomopsbix rpedenax 6e3 cka4ykoobpasHo20 U3MeHEHUS €€ ceoLlicme.

PactBop MoxeT wumeTb nboe arperatHoe COCTOsiHME, COOTBETCTBEHHO WX
pasnensalT Ha TBepable, Xuakve u rasoobpasHble (nocnegHve o0ObIMHO Ha3sbiBaOT
ra3oBbiMn cmecsmu). OBbIMHO KOMMOHEHTbI pacTBOpa pas3fensiT Ha pacTBOpUTENb U
pacTBOpeHHOe BewecTBo. Kak npaBuno, pacTBOpPUTENIEM CUYUTAKOT  KOMIMOHEHT,
NPUCYTCTBYIOLWMA B pacTBope B npeobnagatoliem KonmyectBe MO0 KOMMOHEHT,
KPUCTaNNU3yLWNNCS NEPBbIM NPU OXNaXKAEHUN pacTBoOpa; €CnNn OAHUM U3 KOMMOHEHTOB
pacTBopa 4BNSIeTCA XWOKOE B YMCTOM BMAE BELLECTBO, a oOcTalbHbiIMU — TBepAble
BewecTBa nMbO rasbl, TO pPacTBOPUTENEM CUMTAKOT XMOKOCTb. C TepmMoanHaMmuyeckom
TOYKW 3pPEHUSI 3TO AefieHMe KOMMOHEHTOB pacTBOpa HE MMEET CMbICa U HOCUT NO3TOMY
YCINOBHbIN XapakTep.

OaHOM K13  BaXHeWLWMX XapakKTepuCTUK pacTBopa 4HABNAETCs €ero CcocTas,
OMUCbLIBAEMbLI C TMOMOLLLID MOHATUS  KOHUEHTpauusi pactBopa. Hwxke paetcsa
onpegeneHne Hauboree pacnpocTpaHeHHbIX CNOCOO0B BbIPAXEHUS KOHLUEHTpauMm u
dopmyrbl AnNa nepecyeTa O4HUX KOHUEHTpauun B apyrue, roe nHaekcol A n B oTHocaTcsa

COOTBETCTBEHHO K paCTBOPUTENIO U PaCTBOPEHHOMY BeLLECTBY.

MonspHas koHUeHmpauusi C — 4Yncno Monen vg pacTBOPEHHOrO BELLECTBA B O4HOM
nuTpe pacteopa.

HopmanbHass koHueHmpauuss N — 4ucno Monen 9SKBUBANEHTOB pPacTBOPEHHOrO
BellecTBa (paBHOE 4YMUCIy MOMEN Vg, YMHOXEHHOMY Ha (pakTtop a3kBumBaneHTHoctu f) B
OZHOM NNTpe pacTeopa.

MornsnbHas KoHUeHmpayus m — YACHO MOJSie pacTBOPEHHOro BelecTBa B O4HOM

Kunorpamme pacTBOpuUTeEns.



[NpoueHmHasi KOoHUeHmpauus ® — 4Y1cno rpaMmmoB pacTBopeHHoro Bewlectsa B 100

rpamMmmax pacreopa.

c_Vs _10p0 _N (I11.1)
vV M, f

N= Ve o 10fPO (11.2)
v M,

~ 100g, CM, CM,
(9A +9s) 10p 10fp

(I11.3)

Ewe ogHum cnocobom Bblpa>XeHNA KOHUEeHTpauun ABNAeTCA MOJIbHasA oons X -
OTHOLLUEHME 4KMCrla MOSMEeN [OaHHOroO KOMMOHEHTa K 06u.|,e|v|y vyucny MOSIEN BCEX

KOMMNOHEHTOB B CUCTEME.

v v
Xg = B _-_B 1.4
® va+vg v (4)

3.1 OBPA3OBAHUE PACTBOPOB. PACTBOPUMOCTb

KoHueHTpaunsa KOMNOHEHTa B pacTBOPE MOXET U3MEHATBLCH OT HYNA A0 HEKOTOPOro
MaKCMMarbHOro 3Ha4YeHus, Ha3blBaeMOro pacTBOPUMOCTbLIO KOMMOHEHTa. PacTBOpuUMOCTb
S — KOHLEHTpauus KOMMOHEHTa B HACbILWEHHOM pacTBope. HacblweHHbIM pacTBoOp —
pacTBOp, Haxo4sAWWACA B paBHOBECMM C pPaCTBOPEHHbIM BellecTBOM. BennuuHa
pPacTBOPMMOCTU XapaKTepudyeT paBHOBecWe Mexay ABYMSA dasamu, NodToMy Ha Heé
BNUAIOT BCe pakTopbl, CMeLlaLlmne 3To paBHoBecue (B COOTBETCTBUM C MpuHUMNOM Jle
LWaTtenbe — bpayHa).

O6pas3oBaHne pacTBopa SBMSETCH CHOXHbIM (PU3NKO-XUMUYECKMM NPOLECCOM.
[Mpouecc pacTBoOpeHUs Bcerga COMpPOBOXAAETCH YBENUYEHUEM SHTPOMUU CUCTEMBI; MpK
obGpa3oBaHNM pacTBOPOB 4YacTO MMeEET MECTO BblgeneHve nubo normnolieHne TennoTbl.
Teopus pacTBOpoB A0SMKHA OOBACHATE BCe 3TU ABMNEHUs. ICTopuyeckn Crnoxunucb asa
nogxoga K obpas3oBaHWIO pacTBOpPOB - u3nyeckas Teopusi, OCHOBbl KOTOPOW Obinin
3anoxeHbl B XIX Beke, 1 xummn4yeckas, OCHOBOMOMNOXHMKOM KoTopon 6bin [.M.MeHaenees.
Qu3su4yeckasi meopusi pacmeopos paccMaTpuBaeT MpoUecC pacTBOPEHUs  Kak
pacnpegeneHMe 4actuy, pacTBOPEHHOro BellecTBa MeXay YvacTuuamu pactBopuTens,
npegnonarasi OTCYTCTBME KaKoro-nmbo B3aMMOOENCTBUA Mexay HuMW. EanHCTBEHHOM
OBWXKYLLEN CUNON Takoro npouecca ABNAeTCH yBeNMYeHne 3HTPONMM cucTemMbl AS; Kakue-

nnbo TennoBble Unn obbeMHbIe APEKTbI NMPU pacTBOpPEHUN oTcyTCcTBYT (AH = 0, AV =
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0; TakMe pacTBOpbl TMPUHATO HasbiBaTb uAearnbHbIMW). Xumuyeckass meopusi
paccMaTpvBaeT [MpouecC pacTBOpPeHUs Kak obpas3oBaHMe CMeCcU HeyCTONYMBbIX
XUMUYECKUX COEOMHEHUA MEPEMEHHOro COCTaBa, COMPOBOXAALIEECS TEMNNOBbIM
3(hpekToM M M3MEHeHMeM obbemMa CUCTEMbl (KOHTpakuuemn), 4YTo 4acTo NpuBOAUT K
pPE3KOMY M3MEHEHMIO CBOWCTB PacTBOPEHHOrO BellecTBa (Tak, pacTBopeHne 6ecuBeTHOro
cynbata mean CuSO4 B Boge npmBoAUT K 0Bpas3oBaHWMIO OKpaLleHHOro pacTtsopa, 13
kKoToporo Bblgensietcs He CuSO4, a ronybon kpuctannormgpat CuSO4-5H,0).
CoBpemeHHasi TepmoaMHamMmKa pacTBOPOB OCHOBaHa Ha CUHTE3e 3TUX ABYX NOAXOLOB.

B obwem cnyyae npu pacTtBOPEHMM MPOUCXOAUT WU3MEHEHWE CBOWCTB M
pacTBOPUTENS, N PAaCTBOPEHHOIO BELLECTBA, YTO 00yCnoBneHoO B3auMMOAENCTBMEM HYaCcTUL,
Mexagy cobon no pasnunyHbiIM Tunam B3anmopencTeusi: BaH-gep-BaanbcoBoro (Bo Bcex
cnyyasx), MOH-AMMNONBbHOrO (B pacTBOpax IJNEKTPONMMTOB B MOMSIPHbIX PacTBOPUTENSIX),
cneundumyecknx  B3aMmogenctsun  (obpasoBaHMe  BOOOPOLHbLIX UMM LOHOPHO-
aKUenTopHbIX CBA3er). YYyeT Bcex 3TUX B3aMMOAEWNCTBUW MpeacTaBnsieT cobon ovYeHb
cnoxHyto 3agady. OueBmgHo, 4YTO 4Yem Oonblue KOHUEHTpauus pacTtBopa, TeM
WHTEHCMBHEE B3aMMOLENCTBME YacCTuUL, TEM CIIOXHEee CTpyKTypa pactBopa. [loatomy
KONMUYECTBEHHaA Teopusi pas3paboTaHa TONMbKO ANS maeanbHbIX PacTBOPOB, K KOTOPbLIM
MOXHO OTHECTW rasoBble PacTBOpPbl U PaCTBOPbl HEMONSIPHbLIX XMAOKOCTEN, B KOTOPbIX
9HEeprusa B3anMoaencTBms pasHOpPOoaHbIX YacTu, Eag 6nmnaka K aHeprusim B3anMoaencTams
oAuHakoBbIXx 4acTtuy, Eaa n Egg. MoeanbHbIMM MOXHO cuMTaTb Takke OECKOHEYHO
pa3baBreHHblE PacTBOpbl, B KOTOPbIX MOXHO MNpeHebpeyb B3aMMOOAENCTBMEM 4YacTul
pacTBOpUTENS U PacTBOPEHHOro BellecTBa mexay cobon. CBOWCTBa Takmx pacTBOPOB
3aBUCAT TOMbKO OT KOHLUEHTpauum pacTBOPEHHOro BeLlecTBa, HO He 3aBUCAT OT ero
npupoabl.

3.1.1 PacTtBOpMMOCTb ra3oB B rasax

Fa3000pa3Hoe COCTOosHME BelllecTBa XapakTepusyetcs cnabbiM B3auMoaencTBUEM
MeXay dacTMuamm v GOonblMMK  PacCTOSHUAMM  Mexay HumKu. [loaTomy rasbl
CMelLMBalTCA B NOBObIX COOTHOLWIEHUAX (MPW O4YeHb BbLICOKUX [AaBfeHusx, Koraa
MNOTHOCTb ra3oB NPUONMKaAETCA K MNMNOTHOCTU XKWUAKOCTEW, MOXeT HabnoaaTbes

orpaHuyeHHasi pacTBOPUMOCTb). [[a30Bble cMecn onnCbLIBaOTCS 3akoHOM [JanbToHa:

Obuwee dasrieHue 2a3080l cMecu pagHO cCyMMe napuyuarsbHbIX dasrieHul ecex

8X005LUX 8 HEE 2a308.



Posu, = ZPi =|$r Vv, (111.5)
Pv.
P;= L =XP 1.6
Sy (111.6)

3.1.2 PacTBOpPUMOCTb rasoB B XUOKOCTAX

PacTBOpnMOCTb ra3oB B >XMAKOCTAX 3aBUCUT OT psga (pakTopoB: NpUpOAbl rasa u
XMOKOCTW, AaBneHnsi, TeMnepaTypbl, KOHLEHTPaLUmMM pacTBOPEHHbIX B XXMAKOCTU BELLECTB
(0COBEHHO CUNBHO BRMSIET HA PAaCTBOPUMOCTb ra30B KOHLEHTPaALMA 3NEKTPONNTOB).

Hanbonbliee BnvsaHMe Ha pacTBOPUMOCTb ra3oB B XUOKOCTAX OKasblBaeT npupoaa
BewlecTB. Tak, B 1 nuTtpe Boabl npn t =18 °C u P = 1 atm. pactBopsetca 0.017 n. a3oTa,
748.8 n. ammunaka unu 427.8 n. xnoposogopoaa. AHOManbLHO BbiCOKas pacTBOPUMOCTb
ra3oB B XMAKOCTSAX 0OblMHO oBycnoBnuBaeTca ux cneunduyeckum B3auMOAENCTBUEM C
pactBoputenem — obpas3oBaHMEM XUMMYECKOro CcoefuHeHus (ana amMmuaka) wnm
anccoumaumen B pactBope Ha MOHbI (Ana xnoposogopona). [asbl, Monekynbl KOTOPbIX
HENOMNsIpHbI, PaCTBOPSAIOTCH, KakK NpPaBuio, fyywe B HEnonspHbIX XWOKOCTAX — U
HaobopoT. 3aBMCMMOCTb pPacTBOPMMOCTU ra3oB OT [AaBfeHUs BblpaXkaeTCA 3aKOHOM

"eHpu - JanbToHa:

Pacmeopumocmsb 2a3a 6 Xudkocmu rpsmMo rporopyuoHasibHa e2o 0aereHuro

Hao XUOKOCMbIO.

C=kP (111.7)

30ecb C — KOHUEHTpauusi pactBopa rasa B Xuakoctu, k — koadpdpuumeHt
NpOMNoOpUNOHanbHOCTK, 3aBucCAWMA OT npupoabl rasa. 3akoH [eHpu - [danbToHa
crnpaBenivB TOMbKO AN pa3baBrfieHHbIX pacTBOPOB Mpu MarnbiX AaBfeHUsX, Koraa rasbl
MOXHO cuyuTaTb uaeanbHbIMU. [a3bl, CNOCOBHbLIE K cneunduyeckoMy B3aMOLENCTBUIO C
pacTBopuTenem, JaHHOMY 3aKOHY HE NOAYUHAITCS.

PactBopyMOCTb rasoB B XWAOKOCTSX CYLECTBEHHO 3aBUCUT OT TemnepaTtypsbl;

KONMMYECTBEHHO [aHHas 3aBUCMMOCTb onpegensetrca ypaBHeHnem KnanempoHa -
Knayanyca (3gecb X — MonbHas [ons rasa B pacTBope, A - TennoBon 3ddekT

pacTBOpeEHNA 1 Mons rasa B ero HacCbILWEHHOM paCTBope):

X1=k(1—1J (111.8)



Kak npaBuno, npu pacTBOPEHUM rasa B XMOKOCTW Bblaensietca Tennota (A < 0),

NO3TOMY C MOBbILEHMEM TemnepaTypbl pacTBOPUMOCTb YMeHbLUaeTca. PacTBopuUMOCTb
rasoB B XXWOKOCTU CUNBbHO 3aBUCUT OT KOHUEHTpauum APYrMx pPacTBOPEHHbLIX BELLECTB.
3aBMCUMOCTb PaCTBOPUMOCTW ra3oB OT KOHLEHTpaUUM 3JMEKTPOSIMTOB B KUAKOCTU
BolpaxkaeTcsa opmynon CeyeHoBa (X M Xo - pacTBOPUMOCTb rasa B YUCTOM

pacTBopuTene n pacTBope 3neKkTponuTa ¢ KoHueHTpauuen C):

%o -ke (111.9)

3.1.3 B3auMMHas pacCTBOPUMOCTb XUOKOCTEN

B 3aBucMmoctT OT npupogbl KMOKOCTM  MOryT CMewmBaTbCsd B MobbIX
COOTHOLWEHUSX (B 9TOM Cllyyae roBOpAT O HeOrpaHWYeHHOW B3aMMHOW pacTBOPUMMOCTH),
BbITb NPakTU4YECcKn HepacTBOpMMbIMM Apyr B Apyre nubo obnagaTb oOrpaHWYeHHoW
pacTBOPMMOCTbIO. PaccMoTpuM nocneaHui crnyvan Ha npumepe CUcTeMbl aHUNNH-BOAA.
Ecnn cmewaTtb npuMMepHO paBHble KonuyecTBa BOAbl M aHuUnuMHa, cuctema bOyper
COCTOATb U3 [ABYX CIIOEB XWOKOCTU; BEPXHUI COWN — pacTBOP aHUINMHA B BOAE, HKHUN —
pacTBOp BOAbl B aHunuHe. [na kaxgown TemnepaTypbl oba pactBopa MMEKT CTPOro

OI'Ipe,D,eﬂeHHblﬁ paBHOBeCHbIﬁ COCTaB, He 3aBuCAWMA OT KONMYecTBa KaXOoro w3

KOMMOHEHTOB.
A A
T T
Tkp
Puc. 3.1 [narpamma pacTBOPMMOCTHU
0 100

o CUCTEMbl aHWUNWH - BoAa.
CocrTasB, Bec.% aHunHa

3aBMCMMOCTb KOHLEHTpauuM pacTBOPOB OT TemrepaTypbl MPUHATO M306paxaTb
rpacmyeckn C MOMOLLBIO AMarpaMMbl B3aMMHOW pacTBOPMMOCTWU. JTa guarpaMmma ans

CUCTeMbl aHWNWH-Boga npuBedeHa Ha puc. 3.1. Obnactb noag kpuBow - 3TO obnacTb



paccnavmBaHus kugkocten. [loBbllleHWe TemnepaTypbl NPUBOOMT K  YBENUYEHUIO
KOHLEHTpaLmMn Kaxgoro n3 pacteopoB (YBENUYEHUO B3aUMHOW PacTBOPMMOCTU), U MNpwU
HEeKOTOpOW Temrepartype, Ha3blBaeMon KpuTudeckon Temnepatypon paccnoexus (T, Ha
puc. 3.1) B3aMMHasa pacTBOPMMOCTb BOAbl M aHWNMHA CTAHOBWUTCS HEOrpPaHWYEHHOWN.
Cuctema aHWNUH-BOAA OTHOCUTCA K T.H. CUCTEMaM C BepxXHeh KpUTUYECKOW
TemnepaTypon pPacCroeHns; CyLeCTBYIOT TakKe U CUCTEMbI, AN KOTOPbIX MOBbILWEHWE

TemnepaTypbl NPUBOANT K YMEHbBLLEHMIO B3aUMHOW PacTBOPUMOCTN KOMMOHEHTOB.
3.1.4 PacTtBOpUMMOCTb TBEpPAbIX BeWeCTB B XUAKOCTAX

PacTBOpMMOCTb TBEPAbIX BELIECTB B JKUAKOCTAX OMNpeaensieTcs npupoaoit
BELLEeCTB W, KaK MNpaBuIo, CYLUIECTBEHHO 3aBUCUT OT TemnepaTypbl; CBeAeHuUs O
PacTBOPUMOCTM TBEPAbIX TeN LENMKOM OCHOBaHbl Ha OMbITHbIX AaHHbIX. KayecTBeHHbIM
0606L1eHneM 3KCNepuUMEHTarnbHbIX [AaHHbIX MO PacTBOPUMOCTU SBMAETCA MNPUHLMN
"nogoGHoe B MoAoGHOM": MOMsApHblE PaCTBOPUTENN XOPOLUO pPacTBOPSIOT MONSPHbIE

BellecTBa 1 Nioxo — HenondpHble, 1 HaO60pOT.

A
S 1

1- KNO3, 2 - Na2804°10H20,
3 -NayS0y, 4 - Ba(NO3)2

4 Puc. 3.2 KpuBble pacTBOPUMOCTM

HEKOTOPbIX conen B Boge.

T

3aBMCUMOCTb pacTBOpMMOCTM S OT TemnepaTtypbl 006blMHO M306pakatoT
rpadpuyeckn B BUAE KpMBbIX pacTBOpuUMOCTU (puc. 3.2). [lockonbKy Tennota pacTBOPEHUN
TBEpPAbIX BELLECTB B XUOKOCTAX MOXET ObITb Kak NONOXUTENbHOW, TaK N OTpULaTeNbHON,
pacTBOPMMOCTb  MpU  YBENUWYEHUW TemnepaTypbl MOXeT yBenuumBaTbCca  NUBO

yMeHbLlaTbca (cornacHo npuHumny Jle WaTtenwe - bpayHa).

3.2 PACTBOPbI HEJJIEKTPOJINTOB

3.2.1 [laBneHMe HacCbIWEHHOro napa pasbaBrieHHbIX pPacTBOpPOB
lMpenctaBmm, YTO B paBHOBECHY CUCTEMY XUAOKOCTb A — nap BBEAEHO HEKOTopoe

BewlecTtBo B. Npn obpasoBaHMn pacTBopa MoribHas OOns pacTBoputensa Xa CTaHOBUTCSA
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MeHblle eauHULbl; paBHOBecMe B COOTBeTCTBMM C npuHumnom Jle WaTtenbe - bpayHa
CMeLlaeTcqa B CTOPOHY KOHAEHCaLmu BewecTBa A, T.e. B CTOPOHY YMEHbLUEHUS AaBeHus
HacblweHHoro napa Pa. O4eBMAHO, YTO, YEeM MeHblUe MOfbHas AONSA KOMMOHeHTa A B
pacTBope, TeM MeHblle napuuanbHOe [aBfieHWe ero HacbIWeHHbIX MapoB Hapg,
pacTtBopoM. [N HEKOTOpbIX pPacCTBOPOB BLINOSHAETCA criegyrouass 3aKOHOMEPHOCTb,

Ha3blBaeMad nepsbiM 3aKOHOM Paynﬂ:

lMapuyuanbHoe OaereHUe HacbIWEeHHO20 rnapa KOMroHeHma pacmeopa
MpsAIMO  MPOMNopyUOHaribHO €20 MOJbHOU Oorle 8 pacmeope, rpudyem
KoaghghuyueHm npornopyUoHaIbHOCMu paseH 0asieHU HacbIUEHHO20 napa

Had yucmbsiM KOMMIOHEHMOM.

P, =P° X; (M1.10)
lMockornbKy CymMMa MOJfbHbIX JOMEeN BCeX KOMMOHEHTOB pacTBOpa paBHa eauHuue,
Anst GMHapHOro pacTBopa, COCTOSAWEro W3 KOMMOHEeHTOB A M B nerko nonyynTb
creayrollee COOTHOLLEHUE, Takke aBnatoweecs oopMyMpoBKOW NepBoro 3akoHa Payns:
(P°A—-P,)
P°a

OmHocumernbHOe MOHUXeHuUe QdaerneHuUss napa pacmeopumesns Had

= Xz (I11.11)

pacmeopoM pasHO MOrbHOU Oore pacmeopeHHO20 eewecmsa U He 3asucum

om npupodbl PacCMeoPEeHHO20 8eLecmeaa.

PactBopbl, Ans KOTOPbIX BbINONHAETCHA 3akoH Payns, HasbiBalOT udeasibHbIMU
pacmeopamu. WpeanbHbiMM NpyM  MOObLIX  KOHUEHTpaUMax SBNSKOTCA  pacTBOpbI,
KOMMOHEHTbI KOTOPbIX 65IM3KNM MO (PU3NYECKUM U XMMWYECKMM CBOMCTBaM (onTUYeckue
N3oMepbl, FOMOSOMM 1 T.M.) 1 0Bpa3oBaHME KOTOPbIX HE COMNPOBOXAAETCA OOBbEMHBLIMU U
TennoBbiMn adpdektamn. B 3TOM cnyyae cunbl MeXMOMEKYyNspHOro B3auMMOOeWCTBUSA
Mexgy OOHOPOAHbIMM M PasHOPOAHbIMW  YacTvuamMu MPUMEPHO OAWHAKOBbI, W
obpasoBaHne pactBopa OOYCMOBMEHO NUWb 3HTPONUKHLIM akTopoMm. PacTBopbl,
KOMMOHEHTbl KOTOPbIX CYLECTBEHHO pasnuyalTca N0 (PU3NYECKUM W XUMUYECKUM
CBOMCTBaM, MNOOYMHAIOTCA 3akoHy Payna nuwbe B ob6nactm GeckoHeYHO ManbixX

KOHLEHTpauunn.
3.2.2 [laBneHue napa naeanbHbIX U pearibHbIX pacTBOPOB

Ecnn kKOMNOHEeHTbl GuHapHOro (cocTosiwero M3 OBYX KOMMOHEHTOB) pacTBopa

neTy4n, To Map Hag pacTBopoM OyaeT cogepxaTb oba KOMMOHeHTa (OTHOCUTENbHOE
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coaepXaHne KOMMNOHEHTOB B Napax ByaeT, Kak npaBuno, oTnmyaTbCs OT COAEePXKaHUSA UX B
pacTBope — nap OTHOCUTENbHO BGoraye KOMMOHEHTOM, TemnepaTtypa KUMeHUss KOTOpPOro
Hwke). PaccmoTpum OuHapHbIN  pacTBOp, COCTOAWMKA U3 KOMMOHEHTOB A wn B,
HeorpaHM4YeHHO pacTBOpuUMbIX apyr B gpyre. Obuiee gaBneHme napa, CorfacHo nepBomMy

3akoHy Payns, paBHo
P = P°aXa + P°sXg = P°gXg + P°A(1 — Xg) = P°A — Xg(P°A — P°) (11.12)

Takum obpasom, Ans maeanbHbIX OMHAPHbLIX PacTBOPOB 3aBUCMMOCTb 0OOLLEro u
napuuanbHOro [aBfeHNsA HacbIWEHHOro napa OT cocTaBa pPacTBOpaA, BbIPaXXEHHOro B
MOJSbHbIX A0NAX KOMMOHEHTa B, aBnaetca nuHenHon npu mnobbiX KOHUEHTpaumsx
(pnc.3.3). K Taknm cuctemam OTHOCATCS, Hanpumep, cuctemMbl 6EH30M — TONYON, rekcaH —

rentaH, CMeCun NM3oMepHbIX yrnesoaopoaoB 1 Ap.

A A
P P

Puc. 3.3 3aBucumocTb napumanbHbIX 1 obuiero

JaBneHnn napa nageanbHoOro

0 1

CocTa, Mon. gonm B (Xg) pacTBopa OT KOHLIeHTpaLun

[na peanbHbIX pacTBOPOB [aHHble 3aBUCMMOCTU SABMASAIOTCA KPUBOSIMHENHBIMU.
Ecnn monekynbl 4aHHOrO KOMMOHEHTa B3avMOLENCTBYIOT ApYr C APYrOM CUSibHee, YeM C
MOSEeKyriamMmn Apyroro KOMMOHEHTa, TO WUCTUMHHblE MapuuarbHble AaBfeHus napoB Hag
cMecbto ByayT Borblue, YeM BblYMCIEHHBIE NO NEPBOMY 3akoHy Payns (nonoxuTernbHble
OTKNOHeHns). Ecnu xe ogHopoAHble YacTuubl B3aMMOAENCTBYIOT ApYr C Apyrom cnabee,
YyemM pasHopoAHble, napuuanbHble [AaBMEHUS NapoB KOMMOHEHTOB OyayT MeHblue
BblMUCNEHHbIX (OTpULaTenbHble OTKIIOHEHUS). PeanbHble pacTBOpbl C MOMNOXUTENbHLIMA
OTKITOHEHNAMU AaBreHna napa obpasyloTcs U3 YUCTbIX KOMMOHEHTOB C MOrMOLLEHNEM
Tennotbl (AHpacrs > 0), pactBopbl C oTpuuaTeNbHbIMU OTKIOHEHUAMM o0bpasyoTcs ¢

BbligeneHnem tennoTbl (AHpacrs < 0).
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Pog A P%

POA : ’, POA : /,

Cocras, mon.gorm B (X g) Cocras, mon.gormB (X g)

Puc. 3.4 3aBucmmocTb napumnanbHbiX 1 0bLero gaBneHnn napa naeanbHbiX (LUTpMXoBas
NMHWS) N peanbHbiX (CAMOWHaa nuHWUS) OGWHApHBIX PacTBOPOB OT COCTaBa npu

NOJTOXUTENIbHbIX (cneBa) N oTpuuaTesibHbIX (cnpaBa) OTKIMOHEHUAX OT 3aKOHa Paynﬂ.

3.2.3 TemnepaTtypa Kpuctannusauum pasbaBneHHbIX pPacTBOpPOB

PactBop B OTnMYMe OT YUUCTOM XMAOKOCTM HEe OTBEpAEeBaeT LENMKOM MNpu
NOCTOSAHHOM TemrepaTtype; NpU HEeKOTOpOoM TemrnepaTtype, HasblBaeMon TemnepaTypown
Ha4ana Kpuctannusaumm, HadMHalT BblOENATbCA KpuUcTanmnbl pacTBOpUTENs M Mo Mepe
Kpuctannuaauum TemnepaTtypa pacTBopa MoHMXaeTcsa (No3aTomy nog TemnepaTypown
3aMep3aHus  pacTtBopa  Bcerga  MNOHMMAKT  MMEHHO  TemnepaTypy  Havana
Kpuctannusauuu). 3amep3aHue pacTBOPOB MOXHO OXapakTepusoBaTb BeNUYMHOWN
NMOHWXEHUS TemnepaTypbl 3amep3aHus ATs, paBHOW pa3HOCTU Mexay TemnepaTypown
3aMep3aHus 4YucTtoro pacrteoputens T°3 M TemnepaTypou Havana KpucTtannusauuu

pactBopa T3:
AT3=T°3-Ts (M.13)

Paccmotpum P - T gnarpaMmmy COCTOSIHUA paCTBOPUTESNS U pacTBOPOB pPasfnnUyHOMn
KOHUeHTpaummn (puc. 3.5), Ha koTopon kpmBast OF ecTb 3aBUCMMOCTb JaBneHUsa napa Hag
TBEpAbIM pacTteBoputenem, a kpueble OA, BC, DE - 3aBMcCMMOCTN gaBneHua napa Hag
YUCTbIM  pacTBOpuTENneM W pacTBOpaMM C BO3pacTalWMMU  KOHLUEHTpaunamu
COOTBETCTBEHHO. Kpuctannbl pacTtBoputens 6yayT HaxoguTbCA B paBHOBECUMM C
pacTBOPOM TONbKO TOrAda, Korga AaBfeHne HacbIWEHHOro napa Hag Kpuctannamn v Hag

pacTBOpOM oAMHakoBO. MoCKoNbKy AaBreHne napa pacTBOpUTENs Hag pacTBOPOM Bceraa
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HWKe, YeM Hapg 4YMCTbIM pacTBOpuTeneM, TemnepaTypa, OTBevawllasi 3TOMy YCMOBUIO,
Bceraa 6yaeT Gonee HM3KOKW, YEM TeMnepaTypa 3aMep3aHus YUCToro pacteoputens. [MNpu
3TOM MOHWXEHNe TemnepaTypbl 3amep3aHust pactBopa ATs He 3aBUCUT OT NPUPOAbI
pPacTBOPEHHOIO BeELeCTBa M ONpedensieTcss Nub COOTHOLLIEHVMEeM 4ucra 4Yactuu,

pacTBOPUTENSA U PaCTBOPEHHOTO BelLlecTBa.

A
P A

Puc. 3.5 lNoHwxeHne Temnepatypsbl

>  3amep3aHus pa3baBneHHbIX pacTBOPOB
To Tq TOg T
MOXXHO nokasaTb, YTO NMOHWXKEHME TeMnepaTypbl 3aMep3aHunsi pacteopa ATz npsMo

nponopunoHanbHO MOJSANbHOM KOHUEeHTpauunn pacreopa.
ATs = Km (111.14)

YpasHeHne (lll.14) HasbiBaloT emopbiM  3akoHoM Paynsa.  KoadduumneHt
npornopumoHanbHOCTU K — KpMockonuyeckasi NOCTOSAHHaa pacTBOpUTENs - onpefensieTcs

npupoaon pacTeopuTens.
3.2.4 Temnepatypa KuneHusi pa3baBneHHbIX pPacTBOpPOB

TemnepaTtypa KMMNEeHWA pacTBOPOB HeneTyvyero BewecTBa Bcerga Bblle, 4Yem
TemnepaTypa KUNeHUs YNCTOro pacTBOpPUTENS Npu TOM xe aasneHnn. Paccmotpum P — T
anarpamMmmy COCTOSIHUSI pacTBOPUTENS U pacTBOPOB PasfMYHOM KOHUEHTpauun (puc.3.5).
JTiobas XnpkocTb — pacTBOpUTENb MMM PacTBOP — KANUT Npu TOW Temnepatype, npu
KOTOPOW [aBfieHMe HaCbIWEHHOrO Mnapa CTaHOBUTCS pPaBHbIM BHELIHEMY [aBIIEHUIO.
CooTBeTCTBEHHO TemnepaTypbl, Npu KOTopbIX n3obapa P = 1 atM. nepeceyeT kpuebie OA,
BC wn DE, npeacraBnswowme cobon 3aBUCMMOCTM [aBf€HUA napa Hag uYuCTbiM
pacTBopuTeneM W pacTBopaMmy C BO3pacTaloUMK KOHLEHTPauMAMM COOTBETCTBEHHO,
OyayT TemnepaTtypamMum KUNEHUsT 3TUX Xugkocten (puc. 3.6).

[MoBbiWeHWe TeMnepaTypbl KUNEHNA pacTBOPOB HeneTyymx BewectB AT, = Ty~ T°%

nponopunoHanbHO NMNOHWXXEeHUO AaBleHnA HacCbILWEeHHOro napa um, crnegoBaTteribHO, NpAMo
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nponopunoHanbHo MOMNSANbHON KOHLeHTpauun pacTtBopa. KoadppmumeHnT
nponopuuoHaneHocTM E ecTb abynnmockonnyeckad MOCTOSAHHAs pacTBOPUTENS, He

3aBucALLIaa OT NPUPOAbl PaCTBOPEHHOMO BELLECTBA.

AT = Em (111.15)

1atm

Puc. 3.6 [loBblweHne Temnepartypbl

KuneHusi pasbaBneHHbIX pacTBOPOB.

T.o0., BTOpon 3akoH Payns moxHO B Hambonee obuwiem Buge ccopmynupoBaTb

creayoLwmm o6pasom:

MMoHuxeHUe memnepamypbl 3aMep3aHus U [08bIWeHUe memrepamypbl
KuneHuss pas3baenieHHo20 pacmeopa Hesemyye2o eewjecmea  MpPSIMO
MPOMNopUUOHaIbHO MOJISIbHOU KOHUeHmMpauuu pacmeopa U He 3asucum om

Mpupodbl pacmeopeHHO20 gelecmea.

Btopon 3akoH Payna 4aBnsetca cneocteBMeM M3 NepBOro; AaHHbIA - 3aKOH
cnpaBeasiMB Tonbko Anss 6eckoHeuyHo pasbaBrneHHbiXx pacTBopoB. KoadhduumeHTsl
nponopumoHansHoctM B ypaBHeHusax  (II1.14-111.15) — abynnuockonuyeckasd w
KpMOCKONUYecKasi KOHCTaHTbl — UMEKT (PU3NYECKNIA CMbICITT COOTBETCTBEHHO MOBbLILIEHNUSA
TemnepaTypbl KUMEHUSA U MOHMWXKEHUA TeMNepaTypbl 3amMmep3aHns pacTBOPOB C MOMASNbHOM
KOHUEeHTpaumen m, paBHon 1 monb/kr. OgHako, MOCKOSbKY TakMe pacTBOPbI HE SABMSAKTCA
6eckoHe4YHO pa3baBneHHbIMKU, IBYNNMOCKONUYECKAss U KPUOCKONUYECcKass KOHCTaHTbl He
MOryT ObITb HEnoCpenCTBEHHO onpedeneHbl M OTHOCATCA MNO3TOMY K YUCAY T.H.

3KemparioJsidyUoOHHbIX KOHCTaHT.

3.2.5 OcmoTn4yeckoe gaBneHue pasbaBneHHbIX pacTBOpPOB

Ecnun pasgenuTtb gBa pacTBopa C pasfiMyHOM KOHLEHTpauuen nosrynpoHUuLaemMon

rleperopo,u,K0|7|, ﬂpOHyCKa}OLLLeVI MOJ1EKYI1bl paCcTBOpUTENA, HO I'IpeI'IFITCTByI-OLLI,eﬁ nepexony
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YyacTul pacTBOpPEHHOro BellecTBa, OyageT HabnoaaTbCs SBNEHME CaMOMPOM3BONIbHOIO
nepexoda pacTBOpUTENs 4yepe3 MeMbpaHy U3 MeHee KOHLEHTPMPOBAHHOIrO pacTBopa B
fbonee KOHUEHTPUPOBaHHbIN — ocmoc. OcMmOTMYeckMe CBOWCTBaA pacTBopa Mo
KONMYECTBEHHO XapaKTepu3ylTcs BENUYMHONM OCMOTUYECKOro [AaBrneHus. [dasneHuve,
KOTOpoe HeobXOAMMO NPUIOXWUTb K pacTBOpy, 4YTOGbl MpeaoTBpaTUTh NepeMelleHue

pacTBOpuUTENsi B pacTBOp u4epe3 MemOpaHy, pasgensiolwyro pacTBoOp W YMCTbIN
pacTBOpUTENb, €CTb OCMOTMYECcKoe AaBneHne m. OcMoTUYeckoe AaBrieHne maeanbHbIX

pacTBOPOB JIMHENHO 3aBUCUT OT TeMNepaTypbl U MOSSIPHOM KOHLEHTpaummn pacteopa C u

MoxeT BblTb paccuntaHo no ypasHeHuto (111.16):
n=CRT (111.16)

YpaBHeHue (lII.16) ectb T.H. npuHumMn BaHT-lodda: ocmoTmnyeckoe faBneHue
naeanbHOro pactBopa paBHO TOMY [OaABMEHWMIO, KOTOPOE OKasbiBano Obl pacTBOpPEHHOEe
BELEeCTBO, ecnn Bbl OHO, HaxoasACh B ra3006pasHOM COCTOSHUM NPW TOW XXe TemnepaType,
3aHMMano Obl TOT ke 06beM, KOTOPbIA 3aHUMaEeT PacTBop.

Ocmoc uvrpaeT BaXHeWLLY pofib B Npoueccax XU3HeaeAaTeNnbHOCTU XUBOTHBLIX U
pacTeHun, MOCKOMbKY KneTto4yHas nnasmaTunyeckas membpaHa aBnseTcs
nonynpoHnyaemon. Ocmoc obycnoBnuBaeT NogHATME BOAblI NO CTEONIO pacTeHUN, POCT
KNeTKn U MHOTMe Apyrne aBneHus.

PaccmoTpm ponb ocMoca B BOAHOM  peXuMMe pPacTUTENbHOM  KIETKW.
OcmoTu4veckoe OaBneHne >XXMAOKOCTU, KOHTaKTUPYIOLWEN C KNeTKoW, MoXeT OblTb BorbLue,
MeHbLle JiMB0 paBHO OCMOTUYECKOMY [aBSIEHUIO BHYTPUKINETOYHON  KUOKOCTW.
COOTBETCTBEHHO BbLIAENSAT MNEPTOHUYECKME, T[UNOTOHUYECKME W  U3OTOHUYECKME
pacTBopbl. Ecnn knetka HaxoguTcsi B KOHTAKT€ C rMNEPTOHUYECKMM pacTBOPOM, BoAa
BbIXOOMT N3 HEE NMyTEM OCMOCa 4Yepe3 nnasmaTtuyeckyro membpaHny. lNpoTtonnact (kusoe
COAepXNMOoe KIeTku) npu 9TOM YMeHbllaeTcs B 00bEMe, CMOpLiMBAETCA M B KOHLE
KOHLLOB OTCTaET OT KMETOYHOW CTEeHKU. DTOT NpoLecc HasbiBaloT nnasmonunsomMm. lNpouecc
nnasmonu3a o6biMHO o6patuM. Ecnu  Knetky NOMecTuTb B YMCTYHO BOAY WIK
MMNOTOHMYECKNA pacTBOp, BoOAA NyTEM OCMOCa MOCTynaeT B KNeTKy; MpOToNsacT npy 3Tom
yBenuunBaeTca B 06bEéMe 1 okasblBaeT AaBfieHMe Ha CPaBHUTENBHO XECTKYHO KNETOYHYHO
CTEHKy. JTOT npouecc HasblBaeTca TypropoM. TypropHoe [aBfneHue npensatcTByeT
AanbHenweMy noCTynneHuio Boabl B KNeTky. MIMeHHO TypropHoe [pgaBrieHue
nogaepxueaet cTebnu pacTeHun B BepTUKANbHOM MOMOXEHUU, NpuaaéT pacTeHUsM

MPOYHOCTb N YCTOMYMBOCTb.
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M30ToHNYeCKNe pacTBOPbI HE OKa3bIBAKOT BIUSIHUS HA BOAHbLIN PEXMUM KNETKMU.

Y XMBOTHbIX KNETOK HET KIETOYHOW CTEHKM, NO3TOMY OHM Boree YyBCTBUTENbHbI K
OCMOTMYECKOMY AABMEHUI0 XUOKOCTU, B KOTOPOM HaxoaaTcs. KMBOTHbIE KNETKM UMEKT
CUCTEMY 3alMTbl, OCHOBAHHYK) Ha OCMOPErynsauuun; OpraHm3m >XMBOTHOIO CTPEMUTCS
nogaepXuBatb OCMOTUYECKOE AaBNEHME BCEX TKAHEBbLIX >XMAKOCTEM HA MNOCTOSIHHOM
ypoBHe. Hanpumep, ocmoTtndeckoe aasneHue kposu yernoseka - 800 000 H/m2. Takoe xe
ocmoTunyeckoe gasneHne umeet 0,9 %-Hbl pacTBop xnopuga HaTpus. Prusmnonornyeckun

pacTBOP, M30TOHUYHbINA KPOBU, LUMPOKO NPUMEHAETCA B MEAULMHE.
3.2.6 MNoHATHE aKTUBHOCTU PaCTBOPEHHOrO BellecTBa

Ecnu KoOHUeHTpauusi pacTBOPEeHHOro BewecTBa He npesbiwaer 0.1 monb/n,
pacTBOp HeanekTponuta O0OblMHO cuuTalT pasbaBneHHbIM. B Takmx pacTBopax
B3aMMOAENCTBME MEXAY MOSIEKyNiaMn pacTBOPUTENS CYLLECTBEHHO npeobnagaet Hag
B3aMMOAENCTBMEM MeXOy MOreKyriamn pacTBOpUTENS M pPaCTBOPEHHOro BeLlecTBa,
No3TOMYy nocnegHnm obblMHO MOXHO nNpeHebpeyb. B cnyyae 6onee KOHUEHTPUPOBAHHbIX
pacTBOpPOB Takoe nNpubnmxkeHne HenpaBoOMEpPHO W Ana  dopmarnbHOro y4yeta
B3aMMOAENCTBUSA YacTuL, pacTBOPUTENST M PacCTBOPEHHOIO BELLECTBA, a TaKKe 4acTul
pacTBOPEHHOrO BellecTBa Mexay cobon, BBOAUTCA 3SMMIMpUYEcKas BenUYMHa,
3aMeHsLLan KOHLUEHTPaUno — akTUBHOCTb (3hdeKTUBHAA KOHLEHTpaLmMsl) a, CBA3aHHada C
KOHUEHTpaumen 4epesd koadbduumeHT aktmBHoctn f, KOTOpbIN ABNSIETCA MEepomn

OTKIOHEHUS1 CBOWCTB pearibHOro pactsopa OT uaearbHOro:
a=fC (111.17)

Kak npaBuno, KoapMUMEHT aKTUMBHOCTM MeHblle eauHuubl (Npy  ManbIx
KOHUeHTpaumsax cuutatoTr f = 1 n a = C). Heobxognmo OTMETUTb, YTO aKTUBHOCTb
KOMMOHEHTa He MPsIMO NPOMNOPLMOHanbHa ero KOHUEeHTpaumm - KoagUUNEHT aKTUBHOCTM

YMEHbLIAETCH C yBENMM4YEHNEM KOHLUEHTPpaUUn.

3.3 PACTBOPbI NIEKTPOJIUTOB
3.3.1 Teopus aneKTpoONUTUYECKOMN auccounaumm

3akoHbl Payns v npuHumn BaHT-Modda He BbINONHAKTCS ANS pacTBOPOB (Oaxe
BGeckoHe4yHO pa3baBrieHHbIX), KOTOpble MPOBOAAT 3NEKTPUYECKMM TOK — pPacTBOPOB
anektponutoB. O6obuasa akcnepMMmeHTanbHble AaHHble, BaHT-lodd npuwen k BbiBoay,
4YTO pPacTBOPbI JNEKTPONUTOB Bcerga BeayT ceba Tak, 6yato oHu copepxaT Gonblue

YyacTuL pacTBOPEHHOro BeLWecTBa, YeM credyeT M3 aHanMTUYEeCKOM KOHLEHTpauuu:
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NnoBblllEHME  TemrepaTypbl  KUMEHWUS, MNOHWXeHWe  TemnepaTypbl  3amMep3aHus,
OCMOTMYECKOe [aBreHne Ans Hux Bcerga bonblle, Yem BblUUCHEeHHble. [na yvyeta aTux
OTKNnoHeHnn BaHT-Nfodd BHec B ypaBHeHue (l11.16) ana pacTBOPOB 3NEKTPOSIMTOB

nonpasKy — MU30TOHNYECKNN KOIPPULINEHT:
T =iCRT (11.18)
AHanormyHas nonpaska BHOCUTCS B 3aKOHbl Payns 1 n3aoToHn4ecknin KoadpuumeHT

onpeaensaeTcs cneayroLnm o6pasom:

naxcn _ ATKakcn _ A-|-3:a|(cn (|”19)

Teop Teop Teop
T ATy AT,

M3oToHMYeckun KoadhduUMEHT ANs pacTBOPOB 3MEKTPONMTOB Bcerga 6onblue
eavHuubl, npuyem C pasbaBneHnem pacTtBopa i BO3pacTaeT OO0 HEeKOTOpOoro
LeTOMMCNEHHOro 3Ha4YeHus.

[Ons obbacHeHnss ocobeHHOCTEN CBOWCTB pacTBOpoB anektponutosB C.AppeHunyc
NpeanoXun  Teopulo  3NEKTPONUTUYECKOW  guccoumauuKn,  OCHOBLIBAKOLLYOCA  Ha
cnegylowmnx nocrynaTtax:

1. OnekTponuTbl B pacTBopax pacrnagatoTcsl Ha UOHbI - ANCCOLUUPYIOT;

2. Anccoumnaums ssnsietTca obpaTtMMbIiM paBHOBECHbBIM NPOLECCOM;

3. Cunbl B3aMMOAENCTBMS MOHOB C MOJEeKyriaMmm pacTBOPUTENS U ApYyr C APYrOoM
Marnbl (T.€. pacTBOpbI ABNATCA MaeanbHbIMK).

[uccoumauna anekTponuToB B pacTBOpPe MPOUCXOOUT Moa OeWCTBUEM MONAPHbIX
MOSEKy&l  pacTBOpUTENS; HanMuMe WOHOB B pacTBope npegonpenender  ero

3NEeKTPONPOBOAHOCTb. [ANs OLEHKM NOMHOThLI AUCcouMannm B TEOPUMN 3NEKTPONUTUYECKON
avccoumnaunn BBOOAUTCS MOHATUE cmerneHb duccoyuayuu o, KOoTopasi paBHa OTHOLLEHUIO
yucna MoneKkyn n, pacnabBLUMXCS HA UOHBI, K 06LeMy Yncny monekyn N:

~n
a= g (111.20)

BenununHa cteneHn guccoumaumm 3aBUCUT  OT npupoabl pacTtBopuUTeEnAa ¢

PacTBOPEHHOrO BELLECTBa, KOHLEHTpauuu pactBopa W Temnepatypbl. o BenuuunHe

creneHn guccoumaunin aNekTponnTbl nogpa3nendroTcd Ha Tpu rpynnbl: CUINbHbIE (OL 2 0.7),

cpepHen cunbl (0.3 < o < 0.7) n cnabble (o < 0.3). K cunbHbIM 3neKkTponutam OTHOCHATCH

noytn Bce conn (kpome Pb(CH3COO),, HgCl,, CdCl;), 60NbWMHCTBO HEOPraHMYEeCKMX

KACNOT M Wwenoyen; K cnabbim — Bce opraHunyeckme kucnotbl, Boga, NH,OH, H,S n 1.4.
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OnekTponutaMmu cpefHen Ccurbl SABNAKTCA HeKoTopble HeopraHudeckue kucnotbl: HF,
HCN, H3POs,.

3.3.2 Cnabble anekTponuTbl. KOoHCcTaHTa guccoumaumm

Mpouecc guccoumauumn cnabbix NEKTPONUTOB SABNSETCA 0bpaTUMbIM U B CUCTEME
CyllecTByeT OUHaMMYECKOe paBHOBECME, KOTOPOE MOXeT ObiTb ONUCaHO KOHCTaHTOW
paBHOBECUS,  BbIPAXXEHHOM  Yepe3  KOHUEeHTpauum  obpasylolmnxca  MOHOB W
HEeNnpPoOANCCOLMMPOBABLUMX MOJSEKYS, Has3blBAaEMOW KOHCTaHTOM Auccouuvauuun. [[Ona
HEKOTOpPOro 3neKkTponuTa, pacnagarollerocs B pacTBOPE Ha WMOHbI B COOTBETCTBUM C

ypaBHEHWEM:
A.B, < aA“ +DbB"
KOHCTaHTa AMccoumaumum BblpasuTcs CrneaytowmMmM COOTHOLLEHUEM:

K - [Ax—]a[By+ ]b

AB] (I11.21)

[ns GuHapHoro (pacnagarollerocsi Ha ABa MoHa) anektponuta BoipaxeHue (111.21)

MOXHO nepenucaTtsb B Buge (Ill.21a):

k- [A"1B7] (Ill.21a)
[AB]

MocKonbKy KOHUEHTpaUus Kaaoro MoHa Ansi GMHApHOro 3rekTponuTa pasHa
NPOU3BEAEHUIO CTEMNeHM Auccoumaumm o Ha obLyt KoHUeHTpauuto anektponuta Co,

BbipaxkeHue (I1l.21a) B aToM crnydae MOXHO nepenucaTtb cnegyrowmm obpasom:

a2C,? o

K= = C,
(1-o)C, (1-a)

(I11.22)

[nsa pasbaBneHHbIX pacTBOPOB MOXHO cuuTaTh, 4to (1-0) = 1. Torga nony4vaem:

K = aCo (111.23) a= |- (111.24)

T.0., cTeneHb Auccoumauum cnaboro anekTponuta obpaTHO nponopLMoHanbHa
KOHLUEHTpauMmM 1 npssmMo nponopumMoHanbHa pasbaBneHuto pacteopa; BbipaxeHue (111.24)
Ha3blBalOT 3akoHOM pasbaeneHmss OctBanbga. CteneHb Aguccoumaumm cnaboro
9NEKTPONUTa MOXHO CBA3aTbh C M30TOHMYECKUM KO3hpmumeHToM. byaem cuntatb, 4To 13

N Monekyn anekTponuta NpoAMCCOUMMPOBANio N Monekyn, o6pasoBaB vn WOHOB (V —

YnCNO WOHOB, Ha KOTOpoe AuccouumpyeT Monekyna). [locKonbKy W30TOHUYECKUIA
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KO3(pPULIMEHT MOKa3bIBAET, BO CKONbKO pa3 obllee YNCro MOTEKYN M MOHOB B pacTBope

bonbLue Yncna MOJeKkyn o guccounaunu, nosiydaem:

. n(v-1) n_
|_N+7N _1+N(v 1) (111.25)
i=1+a(v-1) (111.26)

CooTHoweHne (l11.26) paeT BO3MOXHOCTb, 3KCMEPMMEHTANbHO Onpenenvs
N30TOHNYECKM KO3hMUMEHT pacTBOpa, paccumTaTb CTEMEeHb Auccouuauunm crnaboro

anekTponuTa.

3.3.3 CunbHbIe 3NEKTPONUTDI

MpepnonoxeHne AppeHuyca 0 TOM, YTO B pacTBOPE CUITbHOMO 3MeKTponuTa Takxe
cyllecTByeT QMHAMUYECcKoe paBHOBECUME MeXOy MOSiekynamMmm n MoHamu, Kak u'y crnabbix
9NEKTPONNTOB, OKa3anocCb OLMOOYHBIM. JKCNEepUMeHTarnbHble UCCReAoBaHUs Moka3sarnw,
YTO, BO-NEPBbIX, BENUYNHA KOHCTAHTbI AUCCOUMALNN CUMBHOIO 3rEeKTponuTa 3aBuUCUT OT
KOHUEHTpaumMmn (T.e. K pacTBOpaM CWUSIbHbIX 3NEKTPONIUTOB  HEMPUMEHMM  3aKOH
OENCTBYIOLMX MacC) W, BO-BTOPbIX, HWUKaKUMKM MeTodaMW He yaanocb OBHapyxuTb B
pacTBOpax CUMbHbIX 3NEKTPONNTOB HENPOANCCOLUNPOBABLUME MOSIEKY bl. TO NO3BOMNIO
caenaTtb BbIBOA, YTO CWUNbHble 3NEKTPONUTbl B pacTBopax mobbiX KOHLEHTpauumn
MOMHOCTBIO AUCCOLMUPYIOT Ha WOHbI W, criefoBaTeribHO, 3aKOHOMEPHOCTW, MOMNyYeHHble
Ana cnabblXx 9NeKTPonuTOB, HE MOryT MNPUMEHATBCHA K CUSbHbIM anekTponutam 6e3
COOTBETCTBYHOLLMX MONPaBOK.

KayecTBeHHas Teopusi CUMbHbIX 3NeKTpPonNuToB Obina paspabotaHa [1.[Jebaem u
I".Xtokkenem (1923). na cunbHLIX 3NEKTPONUTOB, NOJSTHOCTLIO AUCCOLUUPYIOLLMX Ha UOHDI,
Jaxe nNpu  ManbIX KOHUEHTpaUMsAX pacTBOPOB  SHEPrMS  3NEeKTpOCTaTUYeCcKoro
B3aMMOOENCTBMA MexOy MOHaMuM [OOCTaTOMHO Benuka, W npeHebpeyb 3TUM
B3aMMOAENCTBMEM  Hernb3s. Bsanmogencrtesme MpOTMBOMOMOXHO UM OOHOMMEHHO
3apsPKEHHbIX MOHOB (COOTBETCTBEHHO MPUTSXKEHME U OTTasNKMBaHWe) NPUBOAUT K TOMY,
41O BONU3M KaXOoOro MOHa HaXOASATCH MPEUMMYLLECTBEHHO WMOHbI C NPOTUBOMOMOXHbLIM
3apsgom, obpasywowme T.H. MOHHyH aTtmocdepy. Pagmyc wnoHHOM aTtmocdepsi
CpaBHUTENbLHO BENMWK, MO3TOMY WOHHbIE aTMOCKEpbl COCeQHUX WOHOB MepeceKaloTCs;
KpOME TOro, Kaxabll WOH OKPY>XeH OWMOfbHbIMW MOMeKynamMmn pactBoputens -
conbBaTHOM 060SIOMKON. T.0., B pacTBOpE CWUSIbHOMO 3fIEKTPONMTa BO3HMKAET nogobue
NMPOCTPAHCTBEHHOW CTPYKTYpbl, 4YTO OrpaHuynBaet csobody nepemMeLieHnss WMOHOB U

NPUBOAUT K M3MEHEHWIO CBOMCTB pacTBopa B TOM XXe HanpaBneHuu, kak aenctesoBarno Obl
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yMeHblUeHne cTeneHn auccouunaumn. [loaTomy, onpegenss cCTeneHb guccoumauuu
pacTBopa CUMBHOrO ANIEKTPONNTA, NOMyYalT T.H. KaXyLLyCcs cTeneHb guccoumaumu, T1.e.
BESIMYMHY Ol C MOMpaBKOW Ha MEXWMOHHOe B3avmoaeucTsme. Yem Bbile KOHLEeHTpauma
pacTBopa, TeEM CUMlbHEE B3aMMOLEWCTBME WMOHOB, TEM MEHbLUE M KaXyLLasacs CTeneHb
auccounaunm CUbHOro afiekTponuTa.

KonnyecTtBeHHble pacyeTbl XapaKTepUCTUK pPaCTBOPOB CUSIbHbIX 3SIEKTPOSIMTOB
OCYLLECTBNAT C MOMOLLBbID MOHATUA aKTUBHOCTW JIfEKTPONUTa a, W aKTUBHOCTEN
KaTUOHOB W aHMOHOB a: M a. COOTBETCTBEHHO, KOTOpble paBHblI MNPOU3BELEHNIO

KOa(hpULmMeHTa akTUBHOCTM Ha KOHLIEHTPAaLMIO:
ads; = fC, a: = f+C+; a.=fC. (|”27)

[na OuHapHOro 3MneKkTponuTa CpeAHssl aKTUMBHOCTb 3fEeKTponuTa CBsA3aHa C
aKTUBHOCTSIMU MOHOB cooTHoweHnem (l11.28); nogobHbIM xe ob6pa3om cBA3aH CpeaHUn

KO3 PULMEHT aKTUBHOCTU C MOHHbBIMMU:

a=(a.a)" (111.28)
f=(f.f)" (111.29)

Hebaem n Xiokkenem 6bin paspaboTaH MeToA pacyeTa cpedHero KoagduumneHta
aKTMBHOCTWU CWUIbHOrO anekTponuta. [ns OUMHApPHOro 3nekTponuTa ypaBHEHWE uMeeT

crneayowmnm Bma;
Ig f = - 0.51 2°I'? (111.30)

30ecb z - 3apsa MoHa, Ansg KOTOPOoro paccymtbiBaeTcs KOahuumMeHT akTuBHoCcTH, |
- T.H. MOHHAs cuna pacTBopa — HEKOTOPbIN NapamMeTp, KOTOPbI OOQHOBPEMEHHO YyYnTbIBAET
MOMAPHYH KOHLEHTPALUMIO U 3apsg BCEX MMEKLLMXCS B pacTBOpPE MOHOB. MoHHasa cuna
pacTBopa paBHa MOSlyCyMMe KOHLEHTpauun BCEX MOHOB, YMHOXEHHbIX Ha KBagpaTt MUX

3apsga:
I=0.5X(Ciz? (111.31)

Teopuss [Nebasa-XwoKkkenda npuMeHMMa TONMbKO MNpPU  KOHUEHTpauusix, He
npesblwatowmx 0.05 monb/n. Ona 6Gonee KOHUEHTPUPOBAHHLIX PaCTBOPOB CUIIbHbIX

ANEeKTPOIINTOB KONM4YeCcTBEHHOMN TEOPUN HE CyLLECTBYET.
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3.4 JJNIEKTPONPOBOAOHOCTb PACTBOPOB 3JIEKTPOJINTOB
3.4.1 YpenbHasa 3neKTponpoBOoAHOCTL PacCTBOPOB 3fIEKTPONINTOB

OneKkTpuyeckMn TOK €CTb YMNOopsAOvYEeHHOEe MNepeMelleHne 3apsiKeHHbIX YacTul.
PactBopbl anektponutoB 06nagaldT  MOHHOW  MPOBOAMMOCTbLIO  (SIBNSAOTCA  T.H.
NpOBOAHMKaAMM BTOPOro poga), T.e. 3NEeKTPOnpPOBOAHOCTb PAaCTBOPOB 3fEKTPONMTOB
obycrnoBneHa nepemMeLLeHMeM NOHOB B SNIEKTPUYECKOM Mnone (B OTNIMYNE OT 3NEKTPOHHOM
NPOBOAMMOCTU NPOBOAHMKOB NEPBOro poaa).

BenuunHa npevmyLlecTBEHHOrO NepeaBMKEHUSI MOHA B HanpaBfieHUM OOHOro U3
9NEKTPOAOB NPV NPOXOXAEHUM TOKa Yepes3 pacTBOP OTHECEHHAs K rpagMeHTy noTeHumana
1 B/cm, ecTb abcontoTHast CKOPOCTb ABMXKEHUSA MOHA. ABCONIOTHbIE CKOPOCTU ABWMXKEHMUS
MOHOB MMeEIOT BenuuuHbl nopsiaka 0,0005 — 0,003 cm?/(B-c). ABCOMOTHbIE CKOPOCTU
awxkeHnst katmoHoB Us. n aHmoHoB U_ pasnuyatotcs; 3T0 NpuUBOAMT K TOMY, YTO WMOHBbI
pa3HbIX 3HAKOB NEPEHOCAT pa3Hble KONNYECTBA SNEKTPUYECTBA.

Bcakmn  npoBogHMK, MO KOTOPOMY TeyeT TOK, nNpeactaBnseTr pAnsi  Hero
onpegeneHHoe conpotmeBrnieHne R, KkoTtopoe, cornacHo 3akoHy Owma, npsimo
NpPONopLMOHanbHO ANUHE NpoBoAHMKA | 1 0BpaTHO NPONOPLUMOHANbBHO NNoLWaan cevYeHus

S; KO3a(pPuuUMEeHTOM NPOMNOPLMOHANBHOCTU SABMSETCA yAenbHOe COnpoTUBIEHUE

MaTtepumana p — conpoTtmerieHne npoBogHMKa, UMetoLero arnnHy 1 cM 1 cedveHue 1 CMZZ
R :’;', Om (111.32)

B kayecTBe KONMMYECTBEHHOW Mepbl CrMoCOOHOCTM pacTBopa dnekTponuTa
NPOBOANTL 3MEKTPUYECKUA TOK UCMONb3YOT OObIYHO YAEnbHYH 3MeKTPONpPOBOAHOCTb K

(kanna) — BenuuuHy, obpaTHyK yaenbHOMY COMPOTUBNEHUIO (T.€. BENUYUHY, OOpaTHYyHO
conpotvBrneHnio ctonba pacTBopa Mexay onekTpogamu mrowageto 1 oM’

HaxogAWnMncAd Ha pacCtoaHnn 1 CM)Z

K:i, Om'em™ (111.33)
p
BenuniunHa yp,eanoM QNEeKTponpoBOOHOCTU J3JIEKTpOJSINTa 3aBUCUT OT psdda
(baKTOpOBZ npupoabl 3NEKTPOosinTa, TeMrnepaTtypbl, KOHUEHTPpauun pacrteopa. YJJ,eJ'IbHaFI
3NEeKTPONPOBOAHOCTb PACTBOPOB 3JNEKTPOSIMTOB (B OTNMYME OT 3MEKTPONPOBOAHOCTU
NPOBOAHUKOB MEPBOro poAa) C yBENIMYEHMEM TemnepaTypbl BO3pacTaeT, YTO Bbi3BAHO

yBeJIN4HEHNEM CKOPOCTU ABWXEHUA MOHOB 3a CHYEeT MNOHWMXEeHUA BA3KOCTU pacTBopa WU
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YMEHbLLUEHNA CONnbBaTnpoBaHHOCTN NOHOB. 3aBUCNMOCTb y,u,ean0|7| ANEeKTponpoBOOHOCTU

OT KOHUEeHTpauunn pactBopa rnpencrtaBjieHa Ha puc. 3.7.

A
K

1 —H,SO,
2 -KOH
3 - CH3;COOH

Puc. 3.7 3aBvcumMOCTb yaensHOM

ANEKTPOornpoBOoAHOCTN 3NEKTPOJINTOB

1
2
3
T OT KOHLLEHTpaLMK.
C

(.
>

Kak BWOHO ©3 puUcyHKa, C  YBENMYEHWEeM  KOHLeHTpauuu yaenbHas
3NEeKTPONpPOBOAHOCTL  PacTBOPOB  CHavyana Bo3pacTaeT, [ocTuras  HekoTOporo
MaKCMManbHOro 3HayeHusl, 3aTeM HauyMHaeT yMeHbllaTbCA. JTa 3aBUMCUMOCTb OYE€Hb
YeTKO BblpaXkeHa AN CUMbHbIX ANEKTPONIUTOB U 3HAYUTENBHO XyXe Ans cnabbix. Hanvuve

MakCMMyMa Ha KpUBbIX obbAcHseTcs TemM, 4YTO B pa36aBJ'IeHHbIX pactBoOpax CWUIlbHbIX
ANEKTPOJINTOB CKOPOCTb ABMXEHNA MOHOB Malio 3aBUCUT OT KOHUEHTpaUun, N K CHa4valna

pacTeT MoyTM NpsSIMO  MPOMOPUMOHANBHO YUCIlY MOHOB; C POCTOM  KOHLEHTpauum
ycunmBaeTcsl B3aMMOAEWCTBME WOHOB, YTO YMEHbLUAET CKOPOCTb WX ABWXeHUs. [Ons
cnabblX 3NEKTPONMTOB HanMyMe MakCMMyMa Ha KpUBOW OOYCHOBMEHO TEM, YTO C POCTOM
KOHLIEHTPaLMN YMeHbLUaeTCsl CTeneHb Auccoumaumm, U Npu OOCTVXKEHUN onpeaeneHHOM
KOHLEHTPaLMN 4YUCIO MOHOB B PacTBOPE HA4YMHaEeT YyBenMuMBaTbCA MeaJleHHee, 4eMm
KOHUeHTpauus. [Ons yyeTa BNUSHUS Ha 3NEKTPUYECKYD MNPOBOAMMOCTb pPacTBOPOB
3MEeKTPONIMTOB UX KOHLUEHTpauMM M B3aMMOAEWCTBUS MEXAYy MOHaMM BBEAEHO MOHSITUE

MOINSAAPHON 3NEeKTPONPOBOAHOCTU pacTBopa.

3.4.2 MonsipHasi 3aNeKTponpoBOAHOCTb PAaCTBOPOB 3JIEKTPOSINTOB

MonspHas aneKkTponpoBOAHOCTb pacTBopa A ecTb BenuyuHa, obpaTHas

COMPOTMBMEHNIO pacTBopa, coaepxawero 1 Mofb pacTBOPEHHOro BellecTBa U

NnOMELWEHHOro MeXxay Janekrpodamu, pacnosyioKeHHbIMK Ha pPacCTOAHUU 1 cm apyr ot
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apyra. C yaoenbHOM 3MekTponpoBOAHOCTBIO K M MOMSIPHOM KOHUeHTpauuen pactesopa C

MOJApHada 3NeKTponpoBOOHOCTb CBA3aHa crneyrowmmM COOTHOLLEHNEM:

1000
c

A ,  Om'em?monb™ (111.34)

MonsipHasi 3neKTPONpPOBOAHOCTb KaK CUINbHbIX, Tak U cnabblXx 3SMeKTPOoNnToB

yBENMMYMBAETCA C YMEHbLUEHMEM KOHUEHTpauun (T.e. YBENMYEeHWEM pas3BedeHus
pactBopa V = 1/C), pocturas HEKOTOPOro npedenbHOro 3Ha4YeHUs Ao, Ha3biBAeMOro

MOJIAPHON 3MEKTPONPOBOAHOCTLIO Npu BeckoHeyHOM pa3seaeHun (puc. 3.8-3.9).

A A
A A
KCl
KCl
CH;COOH
CH3;COOH
C vV=1/C
Puc. 3.8 3aBncumMocTb MONApHOM Puc. 3.9 3aBncumMoCcTb MONApHOWN
3NEeKTPONPOBOLAHOCTU OT KOHLEHTpaLnu. 3M1eKTPONPOBOAHOCTU OT pa3BedeHus.

Ansi cnaboro anekTponuta Takas 3aBUCUMOCTb MOJSISPHOW 3NIEKTPONPOBOAHOCTM OT
KOHLEeHTpaumMn obycnoBrneHa B OCHOBHOM YyBENMYEHWEeM CTemneHu auccoumaummn c
pa3baBneHneM pacTtBopa. B cnyyae cunbHOro anekTponuta C  YMEHbLUEHMEM
KOHLIEHTpaUuMn ocnabnsieTcs B3avMOAEeNCTBME MOHOB Mexay coboi, YTO yBenuyMBaeT
CKOPOCTb WX ABWXKEHUS W, CrefoBaTeNlbHO, MOJSISIPHYIO 3MEKTPONPOBOAHOCTL pacTBopa.
MocnenHtolo cBaA3bIBaeT C abCONOTHLIMU CKOPOCTAMU OBWXKEHWUSI KATUOHOB M aHMOHOB U.

n U. ypaBHeHne Appenuyca (111.35):
A =0aF(U: +U) (111.35)

®.Konbpayw nokasan, 4TO B MOMNSIPHYH 3MEKTPONPOBOAHOCTL OGECKOHEYHO

pa3baBneHHbIX PacTBOPOB 3MEKTPOSIUTOB KaXabli U3 MOHOB BHOCUT CBOW HE3aBUCUMbIN
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BKNag, U Ao SIBNAETCA CYMMOI MOJSIPHLIX 3NIEKTPONPOBOAHOCTEN KaTUOHa Y aHUOHA A4 U

A. (T.H. NOABWXHOCTEN MOHOB), U CHOPMYNUPOBAN 3aKOH HE3aBUCUMOCTU [ABVKEHUS]

MOHOB:

MonspHasi anekmpornpo8oOHocmb pu 6eCKOHEYHOM pa3eedeHuu pasHa
CYMMe 3/IeKmpOSIUMUYeCcKUX Mod8uUXHOcmMel KamuoHa U aHuoHa OaHHO20

afieKmposiuma.

Ao = he + A (111.36)

MoactaBmB B 3TO BblpaxkeHne ypaBHeHue AppeHuyca (111.35) u npuHaB, 4To npwu

6eckoHeYHOM pa3BefeHun CTeNeHb Anuccoumanmmn oL paBHa eauHnLE, NonyyYnm:
Ao =F(U: +U)=FU, + FU. (1.37)
OTcropa
A+ = FUy; A.=FU. (111.38)

dnekTponuTnyeckasa NoABMXHOCTb SABMSAETCA BaXKHEWLLEN XapaKTEePUCTUKOW MOHA,

oTpakaloLLei ero y4actTue B areKTPONpOBOAHOCTM pacTBopa.

3.5 ANEKTPOXUMUYECKUE MNMPOLIECCDbI
3.5.1 OneKkTpuyeckue noTteHuMarnbl Ha pa3oBbIX rPaHULaxX

Mpn conpyvKOCHOBEHUM MNPOBOAHMKA NepBOro pofa (dnekrtpoga) C MNOMSAPHbLIM
pacTBopuTenem (Bogown) NMGO pacTBOPOM 3fIEKTPONMTa Ha rpaHuLe 3NeKTPOA-KUAKOCTb
BO3HWMKaeT T.H. ABOMHOWN anekTpudeckun crnon (OJ3C). B kadecTBe npumepa paccmMoTpum
MEeAHbIN 3NeKTPoa, NOrpy>XeHHbIN B BOAY NMOO B pacTBOp cynbdata meau.

Mpn norpyXeHnn megHoOro anekTpoda B BOAY YaCTb MOHOB Meau, HaxoOsALWmxcs B
y3nax KpuUCTanfiM4ecKkon pelueTku, B pes3yrbTaTe B3auMMOLEWCTBUA C AUNONSMU BOAbl
OygeT nepexoguTb B pacTBop. BO3HMKaKOWMA Npu 3TOM Ha 3MeKTpoAe oTpuuaTenbHbIN
3apag OygeTr yaepkuBaTb nNepelledluMe B pacTBOP MOHbI B NPUINEKTPOLHOM
NpocTpaHCTBE — 0bpa3yeTcs ABOMHOMN anekTpudeckunin cnon (puc. 3.10a). OTpuuaTenbHbin
3apsag Ha anektpoge b6yaeTr npendaTcTBOBaTb AanbHenemMy nepexogy MOHOB Meawn B
pacTBoOp, U Yepe3 HeKoTopoe BpeMsi YCTAaHOBUTCH AMHAMUYECKOe paBHOBECUe, KOTopoe
MOXHO O[HO3HA4YHO OXapakTepusoBaTb MNOTeHuuanom anekTpudeckoro nona O3C o,

3aBuUCSLLEro OT 3apsja Ha anekTpoge, UM HEeKOTOPOW pPaBHOBECHOW KOHLEHTpauuen
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MOHOB B npuanekTpogHoMm crioe C,. MNpu norpyxeHuM MenHoro anekTpoga B pacTBOpP

CuSOQOq4, cogeprkalmim MOHbI Meaun B KOHUEeHTpauun C BO3MOXHbI TpW cry4yas:

A '@@ B +@®
M ) P M + P
e - ® a e + O a
T - ® c T + (O c
a : ©) T a + | (® T
n _® B n + O B
n ® o n + © 0

- @ p + @ p
" ® + 1O

Puc. 3.10 Cxema OBOMHOIO 3MEKTPUYECKOro Crosi Ha rpaHnLe aNekTpoa-pacTBop.

1. C < C,. lNocKoNbKY KOHUEHTpauus NOHOB Mean B NOBEPXHOCTHOM Crlioe MeHbLue
pPaBHOBECHOW, HAYHETCS Nepexoq MOHOB M3 ANIeKTPoAa B pacTBOP; ANeKTpo 3apshraeTca
oTpuuaTenbHO, B MOBEPXHOCTHOM Crloe pacTBopa KaTMOHOB byaeT 6onblue, YeM aHMOHOB
(pnc. 3.9a).

2. C > C,. lNMockonbKy KOHUEHTpauMst NOHOB Mean B MOBEPXHOCTHOM crioe bornbLue
pPaBHOBECHOW, HA4yHETCHA nepexo] MOHOB U3 pacTBOpa B 3reKTpod, Ha anektpoae
BO3HUKaET NONOXMTENbHbIN 3apsif U B MOBEPXHOCTHOM Croe npeobnagatoT aHnoHbl SO4%
(pnc. 3.9b).

3. C = C,. lNockornbKy KOHUEHTpauusi MOHOB Mean B NMOBEPXHOCTHOM Crioe paBHa
paBHOBECHOM (Takme pacTBOpbl Ha3blBAlOT HYMEBbIMKU), 3apsi Ha 3nekTpode He

BO3HMKAET, ABONHON ANEeKTPUYEeCKU cnom He obpasyetcs.

3.5.2 NanbBaHn4vyeckuu anemeHT. [C ranbBaHNYECKOro afieMeHTa

PaccmoTpym npocTennin ranbBaHNYecknin anemMeHT daHnans-Akobun, cocTosawmm
U3 OBYX MNOSy3fieEMEHTOB — LMHKOBOW W MeLHOW NfacTUH, MOMELLEHHbIX B pPacTBOPbI
CynbgaToB UMHKA W MeAW COOTBETCTBEHHO, KOTOPbIE COEAUHEHbl Mexay cobon
NOCPeacTBOM 3NEKTPONIUTUYECKOrO Krova — Hanpumep, nonocku Gymarn, CMOYEHHOM
pacTBOPOM KaKoro-nmbo anektponurta. CxemaTudeckn AaHHbIN 3NeMeHT mn3obpakaeTtcs

creyoLwmnm o6pasom:

Zn/Zn?** |/ Cu** / Cu
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Ha noBepxHOCTM KaXKgoro 13 aneKkTpogoB MMeEET MECTO AMHAMMYECKOE paBHOBECUE
nepexoga MOHOB MeTanna M3 3nekTpoga B pacTBOp U 06paTHO, XapakTtepusyemoe
noteHuynanom A3C (3apsagom Ha anektpoae q). Ecnn coeanHuTb MeaHbI U LMHKOBbIN
aneKkTpoabl MeTannmyeckmm NPOBOAHMKOM, HemMeaeHHO npousonget
nepepacnpeaeneHne 3apanoB - ANEKTPOHbl HAYHYT NepemMeLLaTbcsa ¢ anekTpoga ¢ bonee
oTpuuaTenbHbiM 3apsigom (B Hawem crnyyYae - LMHKOBOrO) Ha anektpog c Gonee
NONOXUTENbHLIM 3apsA0M (MeOHbIN), T.e. B NPOBOAHNKE BO3HUKHET 3NEKTPUYECKUI TOK.
M3meHeHne BenuuMHbl 3apsida Kaxaoro W3 SMNeKTPOAOB HapyllaeT paBHOBECME — Ha
LMHKOBOM 3NEKTPOAE HA4YHETCHA MpOoLEecC nepexoga WMOHOB M3 3rekTpoga B pacTBOp
(okucneHve wmeTanna), Ha MegHOM - K3 pacTBopa B 3NekTpod (BOCCTaHOBIEHME
mMeTanna); npu 9TOM MNpOTEeKaHMe npouecca Ha OAHOM 3dnekTpoge obycnosnuBaeT

OHOBPEMEHHOE NpoTeKkaHne NPOTMBOMOJIOXHOIO NpoLecca Ha OpYyroMm:

Zn’® - zZn* +2e

Cu® +2¢ — Cu°

OneKkTpoa, Ha KOTOPOM Mpu paboTe ranbBaHMYECKOro 3remMeHTa npoTekaeT
NMPOLIECC OKUCNEHMS, HasblBaeTca aHoOOM, 3NeKTPOod, Ha KOTOPOM uAeT npoLlecc
BOCCTaHoBNeHuss — kamodom. [lpyu cxemMaTU4yeckom WU300paKeHUM ranbBaHUYECKUX
3MEeMEHTOB CrieBa 3anucbiBaloT aHof, crnpaBa - KaToh (CTaHAapTHbIA BOAOPOAHbIN
anekTpon Bcerga 3anucbiBaloT crnesa). CyMMapHbIi OKUCIUTENbHO-BOCCTAHOBUTEbHbI
NpoLecc, NPOUCXOASALMA B ranbBaHWYECKOM 3feMEHTE, BblpaXKaeTca CreayHLLmM

ypaBHEHUEM:
cu” +2zn° = cul+zn*

T.0., ranbBaHM4YecKWn 3MNEeMEHT MOXHO oOnpefenuTtb Kak npubop  Ans
npeobpa3oBaHnst XMMUYECKON 3IHEPTNM OKMUCIMTENbHO-BOCCTAHOBUTENBHON peakumMn B
3MEeKTPUYECKy0 3a CYeT MPOCTPaHCTBEHHOro pasgenieHnst MpoLeccoB OKWUCIEHUS W
BOCCTaHoBneHus. PaboTta, KOTOpyld MOXET COBEpLUMTb  JNEKTPUYECKUA  TOK,
BblpabaTbiBaeMblii ranbBaHN4YeCKUM  3IEMEHTOM, onpepensieTcs PasHOCTbIO

3MNEeKTPUYECKMX MOTEHUMANoB Mexay anekTpogamu (HasbiBaemon 0OblYHO MpPOCTO

Pa3HOCTLIO MOTEHLMANOB) AQ 1 KONMYECTBOM MPOLLEALIEro no Lenu 3nekTpuyecTsa q:
dA = Ad dq (111.39)

Pabota ToOKka ranbBaHW4YECKOro 3feMeHTa (I/I, cnepoBaTtesibHO, pPa3HOCTb

noTeHuuanos), bygeTr mMakcumanbHa npu ero obpatumon paboTe, Korga npouecchl Ha
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anekTpogax npoTtekalT 6EeCKOHEeYHO MeLfeHHO M cuna Toka B uenn 6eckoHeyHo mana.
MakcumanbHass pasHOCTb MOTEeHuuanoB, BO3HMKawwasi npu obpatumon paboTe
ranbBaHW4YEeCKOro afeMeHTa, ecTb anekTtpoaswxkywas cuna (34C) ranbBaHW4eCKOro

ANneMeHTa.

3.5.3 OneKkTpoaHbIM noTeHuuan. YpaBHeHne HepHcra

OOC ranbBaHu4veckoro anemeHTa E ygobHo npeactaeBnsaTb B BUOE pasHOCTU
HEKOTOPbIX BENMYMH, XapaKTepu3ylLnX Kaxabll Wn3 3MeKTPO4OB - 3NEeKTPOAHbIX
NOTEHUManoB; OAHAKO Afs TOYHOro OnpeaenieHrMst 3TuX BenuuMH Heobxoauma Touka

oTcyeTa - TOYHO W3BECTHbIN SJ'IeKTpOLI,HbIVI noTeHuuan Kakoro-nmbo aneKkTpoaa.
SJ'IeKTpO}J,HbIM noTeHunanomMm anekTpoaa €; Ha3biBaeTCA GD,C anemMeHTa, CoCTaBJIEHHOIo

M3 OaHHOro 9nekTpoga W CTaHOapTHOrO BOAOPOAHOrO  anektpoga (CM.  Hwuke),
3NEKTPOAHbIA NOTEHLMAN KOTOPOro NPUHAT paBHbIM Hym0. [1pn 3TOM 3HaK aNeKTpPogHOro
noTeHumMana cuYUTaT MONMIOXKUTENBbHBLIM, €CNN B TaKOM ranbBaHW4YECKOM SfIEMEHTE
UCMbITYEMbIN 3NeKTpod 4HABMNAeTCA KatogoM, M oTpuuaTeflbHbIM, €Cnn  UCMbITYEMbIN
anekTpon sBnsieTcs aHogoMm. HeobxogMmo OTMETUTb, YTO WMHOr4a SnNeKkTPoaHbIN
noTeHuman onpeaenstoT Kak "pasHOCTb NMOTEHLMANOB Ha rpaHnLe anekTpoa-pacTeop”, T.e.
CUMTalT ero ToXaecTBeHHbIM noTeHuuany OOC, 4To He BnonHe NpaBWUSIbHO (XOTS 3TU
BENUYMNHBI NPONOPLUNOHanbHbI).

BenvumMHa anekTpoAHOro noTteHumMana MeTanin4yeckoro anekTpoga 3aBuUCUT OT
TemnepaTypbl U aKTMBHOCTM (KOHLIEHTpaUWK) MOHA MeTanna B pacTBOpE, B KOTOpPbIA
OnyLLEH 3MeKTPoa; MaTeMaTU4eCKn aTa 3aBMCUMOCTb BblpaXxaeTcs ypaBHeHMeM HepHcTa

(3pecb F - noctoaHHaa Papageq, z - 3apsag MoHa):

€ = SOM + E In ay: = SOM + E In [M**] (111.40)
zF zF

B ypaBHeHun HepHcTa €° — cTaHOapTHbIA SMNeKTPOAHbIA MNoTeHuuarn, paBHbIii

noTeHumarny anekTpoaa npu akTMBHOCTU MOHA MeTanna, paBHon 1 monb/n. CTaHaapTHble

9NEeKTpOoAHble MNOTeHuuanbl 9feKkTPO4OB B BOAHLIX pacTBOpax COCTaBASAT  psf
HanpspkeHuin. BenuunHa €° ecTb Mepa CnocoBHOCTM OKUCMEHHOW POPMbI 3rieMeHTa Unu
MOHa MpPUHUMAaTb 3MEKTPOHbI, T.e. BOCCTaHaBnuBaTbCA. WHoraa pasnuumem mexay
KOHLIeHTpaLmMen 1 akTMBHOCTbIO MOHa B pacTBope npeHebperatoT, 1 B ypaBHeHUN HepHcTa

nog 3HakoM norapugma urypmpyet KOHUEHTpaumMa WMOHOB B pacTBope. BenuumHa

ONEeKTpoaHOro noteHuuana onpegendeTtr HanpaBleHWe npouecca, npoTeKaklero Ha
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anekTpoage npu paboTe ranbBaHWYECKOro anemMeHTa. Ha nonyanemeHTe, 3nekTpoaHbIv
noTeHunan kKoToporo wumeeTt Oonbliee (MHOrga roBopAT — 6oree NonoXuTerbHoe)
3HayeHue, BygeT npoTekaTb NPOLLECC BOCCTAHOBMEHUS, T.€. OaHHbIN 3nekTpoa Oyaer
SIBNATbCS KAaTOOO0M.

PaccmoTtpum pacyetr O[C anemeHTa [aHuana-Akobu € NOMOLLBI ypaBHEHUS
HepHcta. 3J[C Bcergaa sBndeTcsa MNOMOXUTENbHOM BEMWYMHOM W paBHA pPa3HOCTU

3MNeKTPOAHbIX NOTEHUMANoB KaTtoaa 1 aHoaa:

E=¢cu— €m (11.41)
Ecu = €%u + ':: In [Cu®] (11.42)
€zn = €% + ';I In [Zn?'] (11.43)
E=¢%+ ':: In [Cu?*] — €%, — ':: In [Zn**] (111.44)
E = %0 — £% + RV In [Cu™] (111.45)

2F  [Zn*]

Kak BugHo u3 ypasHeHus (lI1.45), OOC anemeHTa [daHunana-Axkobu 3aBucut oT
KOHLEeHTpaumm (ToyHee roBoOps, aKTMBHOCTM) WMOHOB MeOU W UWHKA; NMpU WX pPaBHbIX
koHUueHTpaumax OOC anemeHTa OyaeT paBHa pasHOCTU CTaHOAPTHbLIX JNEKTPOAHbLIX

noTeHumnanoB:
E = €%y — €%n (I11.46)

AHanuaupysa ypasHeHue (111.45), MoxxHO onpeaenuTb npegen HeobpaTtnmon paboTsl
ranbBaHWM4YecKoro anemeHTta. [lockonbky Ha aHog4e uOeT NPOLECC OKUCIIEHUS LMHKA,
KOHLEHTpaLMa WMOHOB LWHKa npu Heobpatumon paboTe ranbBaHMYECKOro 3afemMeHTa
MOCTOSAHHO YBENWYMBAETCS; KOHLUEHTpauuMs WOHOB MeaWn, HamnpoTMB, YMEHbLUaeTcs.
OTHOLWEHME KOHUEHTpaunin MOHOB MeAN M LUHKA MOCTOAHHO YMEHbLUAeTCs 1 norapugm
9TOro OTHOLWeHus npu [Cu®*] < [Zn**] cTaHoBUTCA oTpuuaTenbHbIM. T.0., PasHOCTb

noTteHuManoB npu Heobpatumon paboTe ranbBaHWYECKOrOo 3femMeHTa HenpepbiBHO
ymeHblaeTcs; npy E = 0 (T.e. & = €,) ranbBaHN4YEeCKNN INIEMEHT He MOXeT coBepLlaTb

paboTy (HeobpaTMmas paboTa ranbBaHNYECKOrO AfIEMEHTA MOXET NPEKPaTUTLCS Takke U

B pe3yribTaTe NOfHOro PacTBOPEHUS LIMHKOBOIO aHoaa).
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YpaBHeHne  (I11.45) obbscHseT Takke M paboTOCNOCOGHOCTL  T.H.
KOHLEHTPALMOHHbIX Lenern - rafnbBaHUYECKUX SNEMEHTOB, COCTOSAWMX W3  ABYX
OOVHAKOBbIX METaNfMYeCcKnx aneKTpoAOB, ONyLLEHHbIX B pacTBOPbI CONM 3TOro MeTanna ¢
pasnMyHbIMM aKTUBHOCTAMM a4 > ap. Katogom B 3TOM cryvae OyaeT SABnATbCS 3NEKTPos, C
Gonblien KOHUEHTpauuen, T.K. CTaHAapTHble 3NEeKTpoAHble noTeHuuansl obounx
anektpogoB paBHbl; Ans  OOC  KOHUEHTPAUMOHHOrO ranbBaHWYECKOro 3rieMeHTa

nony4aem:

E=gi—go= R0 In 2t (11.47)
zF a,

EOVHCTBEHHBbIM pe3ynbTatoM paboTbl KOHUEHTPALMOHHOIO 3feMeHTa sBnsieTcs
nepeHoc WOHOB MeTanna wu3 0Gonee KOHUEHTPUMPOBAHHOrO pacTBopa B MeHee
KOHUEHTpPMpOBaHHbIA. T.0., paboTa 3neKkTpU4eckoro Toka B KOHLEHTPaLWOHHOM
ranbBaHW4YeCKOM 9femMeHTe - 9TO pabota AMPdY3MOHHOIO npouecca, KOTOopbIN
npoBoguTcss 0bOpaTMMO B pesynbTaTe MNPOCTPaHCTBEHHOIO pasfdefnieHns ero Ha [fBa

NPOTUBOMNOSOXHbLIX MO HaNpaBneHUo 06paTUMbIX ANEKTPOAHbLIX Npouecca.

3.5.4 Knaccudmkauumsa anekrtponos

Mo TNy aneKTpoAHON peakuun BCe 3MEeKTPOAbl MOXHO pas3denvTb Ha ABe rpynnbi
(B OTOENbHY Trpynny BbIAENSATCA OKUCNUTENbHO-BOCCTAHOBUTENbHBIE 3MEKTPObl,

KoTopble ByayT paccMoOTpeHbl 0c060).
AneKTpoabl NepBoro poaa

K anektpogam nepBOoro poda OTHOCATCA  9nekTpodbl, COCTodAlwMe U3
MeTannnyeckon nracTUHKW, MOrPY>XEHHOW B pacTBOp CONM TOro e wmetanna. [pwu
obpatnmon paboTe a3nemeHTa, B KOTOPbIA BKMAOYEH 3EKTpod, Ha MeTanmyeckon
nnacTuUHKe naeT npouecc nepexoja KaTMOHOB M3 MeTanna B pacTBop fimbo 13 pacteopa B
meTann. T.0., anekTpoabl NepBoro poga obpatvmbl MO KaTUOHY M UX NOTEHUuan CBs3aH
ypaBHeHnem HepHcta (111.40) ¢ KOoHUeHTpaumen kaTuoHa (K anekTpogam nepBoro poga

OTHOCAT Takke U BOOOPOAHbIN 3NeKTposa).
AneKTpoabl BTOpPOro poaa

aﬂeKTpO,D,aMVI BTOpPOro poaa ABNAOTCA 3JIEKTpOAbl, B KOTOPbIX MeTalril MOKPbIT
MaﬂopaCTBOpMMOIZ COJlblO 3TOro0 MeTas1a n HaxognuTcAd B pacTBope, coaepXxalem Opyryto

pPacTBOPUMYHIO COfb C TEM XK€ aHMOHOM. ANeKTpPoabl 3TOro T1na obpaTMbl OTHOCUTENBLHO
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adHMOHa N 3aBUCUMOCTb UX 3NTEKTPOAHOro noteHunana oT TeMnepaTtypbl U KOHUEeHTpauumn
aHMOHa MOXeT ObITb 3anncaHa B cnegywuem suae:

o_RT

r InIA7] (111.48)

€ =€

AnekTpoAbl CpaBHEHUA

[ns onpegeneHust anNeKkTpoAHOro noteHuMana arnemMeHTa HeobXoaAMMO M3MepUTb
OOC ranbBaHMYECKOro arieMeHTa, COCTaBfIEHHOrO W3 WUCMNbITYEMOro 9nekTpoga Wu
3NeKTpoAa C TOYHO W3BECTHbIM MOTEHUMarioM — 3nekTpoda cpaBHeHusi. B kayecTtse

NpUMepoB PacCMOTPUM BOAOPOAHbIN, KarlOMENbHbIN U XITopcepebpsiHbI 3NeKTpoab!.

BoOopodHbili  anekmpod npeacTtaBnsieT  coboM  NMaTMHOBYK — MIACTUHKY,
OMbIBaeMy0 ra3oobpasHbiM BOLOPOAOM, MOrPYXXEHHY B pacTBOp, COAEpKalUMiA WOHBbI
Bogopoda. Aacopbupyembii  nNnaTMHOW  BOAOPOL HaxXOAMTCA B pPaBHOBECUM C

razoobpasHbiM BOOOPOAOM; CXeEMATUYECKN ANEKTPO n3obpaxatloT crneayrowmm obpasom:
Pt, Hy / H*

GneKTpoxmmmquKoe paBHOBeECHMe Ha J3NeKTpoge MOXHO paccMaTpuBaTtb B

creayoLwemM Buae:
2H" + 2" < Hy

MoTeHumMan BOAOPOAHOIO 3MeKTpoaa 3aBMCUT OT akTMBHOCTU oHoB HY B pacTBope
W [OaBneHuss BoAopoda; MOTeHuuwan CcTaHgapTHOro BOAOPOAHOro  anekrpoda (c
aKTMBHOCTbIO MoHOB H' 1 monb/n v aasnexvem sogopoaa 101.3 kMa) NpuHAT paBHbIM
Hynto. [loaTomMy [Ons  3nekTpogHoro noTteHumana HecTaH4apTHOro BOOOPOAHOrO

ANeKTpoaa MOXHO 3arnncaTtb:

&y = RT In [H'] + RT In Py (111.49)
F 2F
KanomernbHbii 3nekmpod. Pabota € BOAOPOAHBLIM 3fIEKTPOAOM  OOBOSIbHO
HeynoOHa, MO3TOMY B KayecCcTBe 3nekTpoda CpaBHEHMS 4acTo ucnonb3yeTcs 6Gonee
NpoCTON B OOpalleHMX KanoMenbHbIA 3MeKTpon, BenuvyMHa 3MeKTpoAHOro noTeHumnana
KOTOPOro OTHOCWUTENbHO CTaHO4apTHOrO BOAOPOAHOrO 3nekTpoga TOYHO W3BECTHA M
3aBUCUT TONMbKO OT TemnepaTypbl. KanomenbHbI 3MNeKkTpog COCTOMT W3 PTYTHOrO

anekTpoga, nomewieHHoro B pactesop KCl onpeneneHHOn KOHLEHTPaLUUN U HaCbILWEHHbIN

kanomenosto Hg,Cly:
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Hg / Hg,Cly, KCI

KanomenbHbin AN1EKTPO, O6paTI/IM OTHOCUTEJIbHO aHMUOHOB XIlopa W ypaBHEHUE

HepHcTta ans Hero nveet BUA;:

Em = % — r‘: In [CI'] (111.50)

XnopcepebpsiHbiti anekmpod. B kayecTBe anekTpoga CpaBHEHUS WCMONb3YyHT
TaKke APYron 3MNeKTpo4 BTOPOro poaa - XxsopcepebpsiHbil, KOTOpbIM Takke obpatum

OTHOCMUTENbHO aHMOHOB Xropa:
Ag / AgCl, KCI

BenvunHa noTeHumana xnopcepebpsHOro 3nekTpoda 3aBUCUMT OT aKTUBHOCTM

MOHOB XJ1opa, AaHHaA 3aBUCUMOCTb MMEET CJ'Ie,D,yI-OLLI,VII7I BUAO.

Exc = % — RFT In [CI'] (111.51)

Yawle Bcero B KadecTBe aneKkTpoda CpaBHEHUA UCNOJNb3yeTCA HaCbILLEHHbIN

XropcepebpsiHbI 3NEKTPOA, NOTEHUMan KOTOPOro 3aBUCUT TONbKO OT TemnepaTypbl.
MHpoukaTopHble 3neKkTpoabl.

onekTpoabl, obpaTuMbie OTHOCUTENBHO MOHA BOAOPOAA, WCMNOMb3YTCA Ha
npakTukKe Ans onpeaeneHns akTMBHOCTM 3TUX MOHOB B pacTBope (M, criegosaTtesibHo, pH
pacTBopa) NOTEHUNOMETPUYECKMM METOAOM, OCHOBAHHOM Ha ornpeferieHMn noTteHumana
anekTpoda B pacTBope C HEM3BECTHbIM pH 1 nocnegyowmnm pacyetom pH nNo ypaBHEHUIO
HepHcTa. B ka4yecTBe MHOMKATOPHOrO anekTpoda MOXeT UCMONb30BaTbCA U BOLOPOLHbIN
anekTpoa, opgHako pabota C HMM HeygobHa M Ha nNpakTuke Yawe MNPUMEHSIIOTCA

XVIHFM)J,pOHHbIVI N CTEKIISIHHbIN ANeKTpoabl.

XUH2UOPOHHbIU  351IeKMpPO0, OTHOCALMNCSA K  Krnaccy  OKUCIUTENbHO-
BOCCTAHOBUTENbHbIX 3MEKTPOAOB (CM. HWXKe), npeacrtaBnder cobon nnaTMHOBYHO
MPOBOSIOKY, OMyLIEHHYID B COCyA C UccnegyembiM  pacTBOPOM, B KOTOpbIN
npegBapuTenbHO NoMeLarT n3bbiToyHoe KonmyecTBO XuHrngpoHa CegHsO2CsH4(OH), -
coegnHeHmss  xumHoHa  CgH4sO2 wn mgpoxuHoHa  CgH4(OH),  cnocobHbIX K
B3aMMOMNpeBpaLLEeHN0O B PAaBHOBECHOM OKUCIIUTENbHO-BOCCTAHOBUTENBbHOM Mpolecce, B

KOTOPOM Yy4acCTBYIOT MOHbl BOAOpOoAa:

CgH4O5 + 2H + 2¢” < CeHa(OH),
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XVHIMAOPOHHBLIN  3NEKTPOA  SABMNSAETCA  T.H. OKUCNUTENbHO-BOCCTAHOBUTESNbHbLIM
anektpogom (cm. pasg. 3.5.5); 3aBMCMMOCTb €ro noTteHumana OT aKTUBHOCTU WMOHOB
BO4OPOAA UMEET CrneayoLmi BUa;:

Exr =%+ RT In[H] = 8°Xr—2.3EpH (111.52)
F F

CmeknsaHHbIl  anekmpod,  sBnawwminca  Hambonee - pacnpocCTpaHEHHbIM
WHOWKATOPHbLIM 3fIEKTPOAOM, OTHOCUTCA K T.H. MOHOCENEKTUBHbIM UM MeMOpaHHbIM
anektpogam. B ocHoBe paboTbl Takmx 3NEKTPOAOB fexaT WOHOOOMEHHble peakuumu,
npoTekawlme Ha rpaHuuax mMembpaH ¢ pacTBOpaMy 3MEKTPONUTOB; MOHOCENEKTUBHbIE
3neKkTpoabl MOryT ObITb 06paTMMbI Kak MO KATUOHY, TaK 1 MO aHWNOHY.

MpuHuMn pgencTBua MeMOpaHHOro 9nekTpoda 3akrnyaeTcsas B Cnefyowem.
MembGpaHa, cenektMBHass NO OTHOLIEHMKD K HEeKOTOPOMY MWOHy (T.e. cnocobHas
obMeHMBaTbCA 3TUM MOHOM C pacTBOPOM), pas3fensier gBa pacTtBopa C pasnnyHown
aKTMBHOCTbIO 3TOr0 MOHA. Pa3HOCTb MOTeHLManoB, yCTaHaBNUBAKLWAACA MexXay OBYMS
CTOpoHamyn  MeMbpaHbl, u3MepsieTca C  NOMOWbB  ABYX  anektpogos. [pu
COOTBETCTBYHOLEM COCTaBe M CTPOEHUM MeMOpaHbl €€ noTeHuman 3aBUCUT TOSbKO OT
aKTMBHOCTWU MOHA, NO OTHOLUEHMIO K KOTOPOMY MeMOpaHa cenekTuBHa, No o6e CTOPOHbI
MeMOpaHbI.

Hanbonee u4acto ynoTtpebnseTca CTeknsiHHbIA 3NeKTpoa B Buae Tpyokw,
OKaH4YMBaIOLLENCA TOHKOCTEHHBIM CTEKNAHHBIM LWapukoMm. LLlapuk 3anonHseTcss pacTBOpOM
HCI ¢ onpegeneHHon akTMBHOCTbIO WOHOB BOAOPOAA; B  pacTBOpP  MOrpy>KeH
BCNomMoraTenbHbli  anektpog (0bbivHO  xnopcepebpsiHbii). [loTeHumMan CTEKNAHHOro
anekTpoaa C BOLOPOAHON (YHKUMEeR (T.e. oBpaTUMOro Mo OTHOWEHUIO K uoHy HY)
Bblpa)kaeTcs ypaBHEHNEM

€t = %+ RFT In[H']= SOCT—2.3RFTpH (111.53)

Heobxoanmo oTMeTUTb, 4YTO CTaH}J,apTHbIﬁ noTeHuuan SOCT OnA KaXaoro anekrpoaa

MMeeT CBOK BENINMYMHY, KOTOpasi CO BPEMEHEM W3MEHSIETCS; MO3TOMY CTEKISHHbIN
anekTpon nepea KaxablM maMepeHvem pH kanubpyeTtcs no crtaHOapTHbIM GydepHbIM

pacTBOopaM C TOYHO M3BECTHbIM pH.

3.5.5 OkncnutenbHO-BOCCTAaHOBUTESIbHbIE 3NIEKTPOAbI

B oTnuumMe oT onucaHHbIX ANEKTPOAHbIX rpoueccoB B Cliydae OKUCIIUTEJIbHO-

BOCCTAHOBUTEJIbHbIX 3J1EKTPOAOB MPOLECChI NOoJlydeHNA U OoTAayn 3N1eKTPOHOB aTOMaMM
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MAN  MOHaMW NPOUCXOOAT HEe Ha MNOBEPXHOCTU 3MeKTpoda, a TOMbKO B pacTBope
anekTponuta. Ecnn onyctnte NNaTMHOBLIN (MNW OPYrON UHEPTHLIW) 9NeKTpoa B pacTBop,
cogepxawmin OByx- W Tpex3apsdHble WMOHbI Xene3a M COeOUHUTb JTOT 3NeKkTpon
MPOBOAHUKOM C [APYTUM 3MEKTPOLOM, TO BO3MOXHO MBGO BOocCcTaHoBMeHMe noHoB Fe® fo
Fe®* 3a cyeT aNeKTPOHOB, MOJSYYeHHbIX OT MAaTUHbI, NGO okucneHne noHos Fe?* go Fe*
C nepepayen anekTpoHoB nnatvHe. Cama nnatmHa B 3MEeKTPOAHOM Mpouecce He
Yy4acTBYIOT, ABMASACL NULLb NEepPEeHOCYNUKOM 3MEKTPOHOB. Takon 3nekTpon, COCTOALWMNM U3
WHEPTHOro NPOBOAHMKA 1-ro poda, NMOMELLEHHOrO B pacTBOP 3NEKTPOnMTa, CoaepKallero
OOVMH 9NEeMEHT B pPa3fMYHbIX CTENEeHsX OKUCNEHWUS,  Ha3blBAaeTCs OKUCIUMEsbHO-
goccmaHo8UMerbHbIM ~ WNN  pedoKc-ariekmpodom.  [loTeHuman - OKUCIUTENbHO-
BOCCTAQHOBUTENbLHOIO 3fekTpoda Takke OnpedensitoT OTHOCUTENbHO CTaHA4apTHOro

BOJOPOAHOrO aneKkTpoaa:

Pt, H, / 2H" // Fe**, Fe?* / Pt

3aBMCUMOCTb MOTeHUMana peaoKCc-anekTpoaa €ro OT KOHUEHTpauun (akTUBHOCTWN)
okmcneHHon [Ox] wn  BocctaHoBneHHon c¢opm [Red] ana  okucnutenbHo-
BOCCTAQHOBUTENbHOW peakuumn, B KOTOPOWN HE y4acTBYIOT HUKAKME ApYrMe YacTuubl, KpoMe
OKUCNUTENS M BOCCTAHOBUTENS, UMeeT crnefywmn Bua (34ecb N — YUCNO 3MEKTPOHOB,
y4acCTBYHOLLMX B AIEMEHTAPHOM aKTe OKMCINTESTbHO-BOCCTAHOBUTENBHOW peakuum):

RT,_ (0x
nF  [Red]

€ro = €°Ro + (111.54)
M3 paHHOro BbipaXkeHus crieayeT ypaBHEHWE AONsi NoTeHuMana MeTanndeckoro
anektpoga (I11.40), T.K. aKTMBHOCTb aToOMOB MeTansna (BOCCTaHOBMNEHHOW (opMbl) B
MaTepuarne afekTpoaa paBHa eanHuLe.
B cnyyae 6onee CRNOXHbIX CUCTEM B BbIPaXeHUN AN OKUCIIUTENbHO-
BOCCTAQHOBUTENbLHOIO MNOTEHUMana ¢urypupyoT KOHLEHTpaLMM BCEX Y4acTBYHOLWINX B
peakunn coeanHeHnn, T.e. NoL OKUCNeHHON bopMon criegyeT NOHMMaTb BCe COeaUHEHNSA

B IEBOM YaCTN YpaBHEHNSA peakLmm
Ox + ne” < Red,

a nof BOCCTaAHOBIIEHHOM - BCE COEAUHEHUSA B npaBoﬁ 4HacCcTn ypaBHEHUA. Tak, ansa

OKUCINTESTIbHO-BOCCTAHOBUTEJIbHbIX peaKLlMVI, npoTekarwnwmx ¢ y4actmem MoHoB Boaopoaa

Ox +ne + mH" < Red,
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ypaBHeHue HepHcTa GyaeT 3anucbiBaTbCa Creayowmm obpasom:

RT [OX][H']"

o™ [Red] (I11.55)

€ro = €°ro +

Mpn cocTaBneHnn ranbBaHUYECKMX I3NEMEHTOB C Y4YacTUEM peaoKC-anekTpoaa
aneKkTpoaHas peakuun Ha nocrnegHemMm B 3aBUCMMOCTM OT MPUPOAbI BTOPOro anekTpoaa
MOXeT OblTb N0 OKMUCNIMTENbHOW, NMOO BOCCTaHOBUTENbHOW. Hanpumep, ecnu
COCTaBUTb ranbBaHUYECKUIn aneMeHT U3 anektpoaa Pt / Fe®*, Fe** n BToporo anektpoaa,
nmetowlero 6onee NONOXUTENBLHbBIA ANEKTPOAHBIA NOTeHUMan, To npu pabote anemeHTa
pefokc-anekTpon OyaeTr ABNATbCA aHOAOM, T.e. Ha Hem OygeT npoTekaTb npouecc

OKUCTIEHNSI:
Fe* — Fe* +¢

Ecnn noTteHuman BTOporo anektpoda 6yaeT MeHblle, YeM noTeHuman anekTpoaa
Pt/ Fe**, Fe?*, To Ha nocneaHem OyaeT npoTekaTb peakLms BOCCTAHOBMEHUS U OH ByaeT

ABNATLCA KATOAOM:
Fe’* +e — Fe*

3HaHMe  BEenUYMH  3NEeKTPOAHbIX  MOTEHUManoB  MO3BONSET  onpeaenvTb
BO3MOXXHOCTb WM HarnpaBIieHMe CaMOMNpOM3BOSIbHOIO MPOTEKAHUS fOGON OKUCIUTENBHO-
BOCCTAHOBUTENbHOW peakuuy Npyu oAHOBPEMEHHOM Hanuyum B pacteBope AByX unu Gonee
OKMCNUTENBbHO-BOCCTAHOBUTENbHLIX Nap. BoccrtaHoBneHHas dopma noboro anemeHTa
WM noHa OyaeT BoCCTaHaBNMBaATb OKWUCMEHHY ¢hopMy OPYroro afnieMeHTa WM MoHa,

nmetoLlero 6onee NONOXUTENbHbINA 3NEKTPOAHbIV NOTEHLMAT.



