Pasnen 7. OKUCIINTE/IBHO-BOCCTAHOBUTEJILHBIE
PEAKIINHA. DJIEKTPOXUMHNYECKHUE ITPOLIECCHI

7.1. IonsaTHE 00 OKHCINTEIHLHO-BOCCTAHOBUTEILHBIX PEAKIUAX

OxucmTeabHO-BOCCTaHOBUTEIbHBIE peakuun (OBP). Xumuuec-
Kue peakyuu, OCYILIECTBIISIOIINECS 3a CYET TTOJHOTO MW YaCTUYHOTO
Tepexoia 6aleHmHbIX 3AeKMPOHO8 OT OJHUX AMOMHbIX VTN MOAEKYAAD-
HbIX Hacmuy K OPYTAM, B pe3yJIbTaTe KOTOPBIX U3MEHSIOTCS CreneHu
okucaenus 3nemMeHToB. Hampumep:

0 0 ) + +42 22 H-2
2Ca+ 0, » 2Ca0; CaCO;3 - CaO+CO2

B niepBoii peakiiuyu UBMEHSIIOTCS CTENEHU OKMCJIEHMS JIEMEH-
TOB, BXOISIINX B COCTAB pEarnpylollux BeIIecTB, BO BTOPOl — HET,
MO3TOMY TOJIbKO TepBasi U3 MPUBEACHHbIX peakiuii oTHocutcs K OBP.

Bo MHOrMx y4eOHbBIX 1 y4€OHO-METOANYECKUX U3TAHUSIX YUC-
JICHHOE 3HayeHue CTENeHU OKMUCJIEHMS CTaBSIT HE TOJbKO Haj 3Ha-
KOM CHMBOJIa XMMUUYECKOI0 3J€MEHTa, HO U HaBepXxy Crpasa,

2
2
Hanpumep: H, S m H,S™.
IIpoyecc omdauu 21eKkmpoHo8, B PE3yabTaTe KOTOPOIO CTe-
NeHb OKMCJIEHUSI TTOBBIIAETCS, HA3BIBAETCS peakyuell WA NPOUeccom

0 _ +2 7
OKUCNeHUA %a— 2¢e=Ca , @ TIPOLIECC NpUCOeOUHeHUsl 31eKMPOHO8, B
pe3yJsibTaTe KOTOPOTo CTENEHb OKMCICHMS 9JIeMEHTa YMEHbLLIAETCs, Ha-

0 _ -2
3BIBACTCS peakyueil WA npoyeccom 80CCIMaH08AeHUs ﬁjz'i' 4e =12 OH

B OBP yyacTBy10T OKMCIIMTEIN U BOCCTAHOBUTEIIN.

Oxuciurea. Beujecmea, amomubie I MOACKYAAPHbLE YACMIU-
Ubl, NPUCOCOUHSIOUUE INEKMPOHLL B XONIE OKUCAUMENbHO-80CCIAHOBU-
MeAbHbIX peaKyuti N TTIOHWKAIONIYE TIPU 3TOM CHeneHb OKUCACHUS BXO-

JAIIMX B HUX aTOMOB. HaHpI/IMepI
+1 -1

0 0
2Na+Cl2 - 2NaCl

B sroii PCaKI OKMCJIMTEJIEM ABJIACTCA XJI0p, CTCIICHD OKUCTIC-
HUA KOTOPOI'o TIOHU3WJIACh (YMGHI)HII/UIH.CB) OT HYJIA OO0 -1. TunuuHBIMU
OKHUCJIMTECJIIMHM SBJIAIOTCA aTOMbl M MOJIEKYJIbI HEMETA/VIOB, KAaTHOHDbI

METAJIIOB, KaTI/IOH6 BOIOPO/A, SJIEMEHTHI B BBICILIEN CTENEHN OKMCIIE-
+ +7
Hus. Hammpumep: § B cepHOI KUCITOTe, Mnp B lepMaHTaHaTe KaJIusl.
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BoccraHosurenn. Bewecmea, amomubie VIA MOACKYAAPHbIE
yacmuybl, omoaoujiie INEeKmpoHbl B XONE OKUCAUMEAbHO-80CCHAHOBU -
MeAbHbIX peaKyii Vi TIOBBIIAIOLINE IIPU STOM CHENeHb OKUCACHUS BXO-
JSIIMX B HUX aTOMOB. 0 +1 41

Harmpumep: 2Na+ Clz - 2NaCl

B 3T0i1 peakuyy BOCCTAHOBUTEJIEM SIBJISICTCSI HATPUIA, CTe-
IEHb OKUCJIEHUS KOTOPOTO ITOBBICHIACH (YBEJIMUYMIACE) OT HYJIS [0
+1. TUOUYHBIMU BOCCTAHOBUTEISIMU SIBJISIIOTCS MeTaLIbl, A TaKXe

9JEMEHTbL B HU3IIEeH CTeNeH! OKUCTIEHNSL. Hanpumep:S B cynbbune

Hatpusa, N B ammuake, Cl B xinopunax.

B pesynbratre OBP BoccTaHOBUTENb OKUCISETCSI, & OKUCIIM-
Tenb BocctaHaBnuBaeTcs. OBP— eauHblil B3aMMOCBSI3aHHBIN Mpoliecc.
He moxxeT ObITh OKHCIeHUs O0€3 BOCCTAaHOBIEHUsI U HAa000poT. Yucao
21eKMPOHO8, YHACMBYIOUWUX 6 NPOUECCax 0CCIAHOBACHUS U OKUCAEHUS,
00191CHO Obimb O0HUM U Mem Jice. DTO YCIOBHUE COCTABIISIET OCHOBY
HAXOXIIEHUSI CTEXMOMETPUYECKUX K03 uiireHToB B ypaBHeHnur OBP.

CrenyeT TakKe MOMHMTb, UYTO B OKUCAUMEAbHO-80CCIAHOBU-
MeAbHbIX peaKyusx CTeleHb OKMCIEeHHS OKVCITUTENS] U BOCCTAHOBUTE-
JIs 00513aTeIbHO UBMEHSIETCS, TOTAA KaK BaJIECHTHOCTb COCTABJISIIOIIMX
X aTOMOB MOXET 1 He M3MEHSTHCS, HaIIpUMeED:

+1 -1
Ha+ Cla - 2HCI(H-H+CI-Cl - 2H -Cl)

B 571001 peakiiuu BaJeHTHOCTb BOJOPOAA 1 XJIOpa 0 U Iocye
peakinu paBHa 1, Torga Kak CTeIeHb OKMCIICHUS BOOOpoaa MU3MEHU-
smachk ot 0 1o +1, a ximopa— ot 0 mo -1.

Tunbl OKUCANTENbHO-BOCCTAHOBUTEIbHBIX peakimii. Pa3nuua-
10T TPU TUIIA OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIINIA: MEXMO-
JIEKYJISIpHBIC, BHYTPUMOJICKYJISIPHBIE M PeakIIUM CaMOOKHUCICHUS—
CaMOBOCCTAHOBJICHUS (IUCIPOIIOPLIMOHUPOBAHNS).

Knaccudukamnms OKMCIUTETbHO-BOCCTAHOBUTEIBHBIX peaK-
LM OCHOBaHA Ha (DYHKIUMIX, BBITIOJHSIEMBIX OKHUCIUTEIEM M BOC-
CTAaHOBUTEJIEM, a TAKKE Ha TIPUHAJIESKHOCTA OKHMCIINTENIS U BOCCTA-
HOBUTEJIS K pa3HBIM WJIM OTWHAKOBBIM COCTMHEHUSIM.

Peakuun MexXMO1eKyJISIPHOTO OKHMCJIEHUSI-BOCCTAHOBJIeHUs. Pe-
aKILIMH1, KOTOPBIE UAYT C U3BMEHEHUEM CTEIIEHN OKHCJIEHHUS aTOMOB 6
MOAEKYAaX Pa3HbIX 8euiecme, T.€. OKUCIUTEb U BOCCTAHOBUTEb MPU-
HaJuieXaT pa3HbIM MOJIeKyJIaM (BEIIeCTBaM).
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OKUCIUTENTBHO-
BOCCTAHOBUTEJIbHBIC PeaKLIuU
v
1. Peakuun 2. Peakuun 3. Peakuumn camMooKucie-
MEXXMOJIEKYJISIPHO- | BHYTPHUMOJIEKYISIPHOTO HUSI-CaMOBOCCTAHOBJIEHUS
TO OKMCJICHUSI - OKMCJIEHUS - (mIMCTIPONOPIUOHUPOBAHMS )
BOCCTAaHOBJICHNSI | BOCCTaHOBJICHUS
+1 -1 +5 -2

H2+C12 - 2HCI

0 0 +2 -2
Ca+S - CaS

KOy 2K Cl+3041

+2 -2 0
2HgO - 2Hg+02

0 -1 +1
Cl, +H,0 -~ HCI+HCIO

+5 -1 +7
4K Cl0O5 - K Cl +3K Cl O4

Peakuuy BHYTPUMOJIEKYJISIPHOTO OKHCJIEHUS-BOCCTAHOBJIECHHS.
Peakiiuu, KoTopble UAYT C UBMEHEHUEM CTEIEHU OKUCICHUST PA3HbIX
amomoeé 6 00HOU MoaeKyAe, T.€. OKUCIUTEb M BOCCTAHOBUTEb BXOIT
B cocTaB 0fHOI MoJjieKybl. [1pu aTOM aToM c 60Jiee BLICOKOI cTemne-
HbIO OKUCJICHUS SIBIISIETCSI OKUCIUTENIEM 1 OKHCIISIET aTOM JIPYTrOro

3JIEMEHTA C MEHBILEH CTENIEHbIO OKUCIICHUS.

Peakuuu caMOOKHC/IEHHS] — CAMOBOCCTAHOBJIEHHS (JUCIPONIOP-
nMoHupoBaHmsi). Peakiivu, KOTopble WAYT C U3MEHEHUEM CTeleHU
OKUCJICHUS 00UHAKOBLIX AMOMO8 8 MOAEKYAe 00H020 U MO20 Jce seule-
cmea, T.€. (I)YHKLII/II/I OKHCIUTEIIA 1 BOCCTAHOBUTEJIA BBIITIOJIHACT OONH
M TOT X€ 3JIEMEHT. DTH peaKIIMh BO3MOXHBI JJISI BEIIeCTB, KOTOPHIE
CcolIepKaT aTOMBI C IIPOMEXYTOYHOM CTENEHbIO OKUCICHMS.

CuibHbIE OKHCIMTEMH. BelllecTBa-OKUCTNTENN, BBICTYITAIOIINE
B OBP TopKO (MTM, KaK MpaBMIO) B KauyecTBe OKHMCIuUTeNneir. Ham-
00J1e€ CUJILHBIMU OKUCIIUTEISIMUA U3 IIPOCTHIX BEHICCTB ABJIAIOTCA ra-
JIOTeHBI, 030H, KHCIopon. Hampumep, caMbIM CWJIBHBIM OKUCITATE-
JICM SBJISICTCA (I)Top. K CWJIBHBIM OKHUCIUTENSAM — CJIOXKHBIM BCIIIC-

CTBaM— OTHOCMTCA BEIICCTBA, 5c0ﬂgp>Ka7Lu1/Ie 6aTOMbI 3JIEMEHTOB B
15+ + +

BBICLLIMX CTeTIeHaX okuciaeHusa: N, S, Mn, Cr wu 1p.

CuiibHBIE BOCCTAaHOBHTEHN. BelrecTBa-BOCCTAaHOBUTEIH, BbI-
crynaiomue B OBP Tojibko B KauecTBe BoccTaHoBUTeNei. Hanbo-
Jie€ CHJIbHBIMM BOCCTAHOBUTEISIMU M3 MPOCTHIX BEILECTB SIBISIOTCS
LIEJTOYHbIE U IIEJIOYHO3EMEIbHBIE METAJUIbI, CTOSIINWE B Hayalie
psla aKTUBHOCTHU METaJlJIOB, HEKOTOpble HeMeTa/Uibl. K CHUJIbHBIM
BOCCTAaHOBUTEJISIM— CJIOKHBIM BellleCTBAM— OTHOCST BEIIECTBA, CO-
Jepxalle MHOTME 3JE€MEHThbl (MeTallJibl U HEMETAJIbl) B HU3ulell
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2 - - 42 42
cmenenu okucnenusi: S, Br, I, Fe, Cr wnp.

KonmyecTBeHHOM XapaKTepUCTUKON aKTUBHOCTU (CHJIbI) BOC-
CTAHOBUTEISI M OKUCIUTEIS SBIISICTCS CTAHIAPTHDBIA OKHCIHTEIbHO-
BOCCTAHOBUTEIbHBIN MOTeHnua . CTaHIapTHbIE 3HAYEHUSI TaKUX MO-
TEHLMAJIOB MOXHO HAaWTH B CIIELIMAIbHBIX TaOIUIIAX.

OKucaumenvHble ceolicmea mem cuibhee, A 60CCIAHOBUMENb-
Hble mem caabee, yem boavule areebpautecKas GeAuyUHa OKUCAUMeNbHO-
B0CCMAHOBUMENBHO20 NOMEHYUANA, U HA0OOPOM.

Boccmarnosumenvhole ceolicmea mem cuavhee, a OKUCAUMENb-
Hble meM caabee, Hem MeHbule aneedpautecKas 6eAuduHa CmaHoapmHo2o
OKUCAUMEAbHO-80CCMAHOBUMENbHO20 NOMEHUUANA.

7.2. DAeKTpOXUMHYECKHE TPOIECCHI

JIBoiinoii s51ekTpryecKuid cjoi. ToHKMi c/ioi MeX Iy poCcTpaH-
CTBEHHO pa3JesIeHHbIMU 2JEKTPUUYCCKUMU 3apsiiaMy MTPOTUBOIOIOXK-
HOTO 3HaKa, o0pas3yolIuiics Ha rpaHulie AByX (a3 3a cueT npouecca
o0MeHa MeXXIy METaJUIOM 1 PACTBOPOM 3JICKTPOJIUTA:

Me + aq - Me" -aq + ne”

KonunyecTBeHHOI XxapaKTepUCTUKOM TaKOTOo Ipolecca ooMe-
Ha CIIyXXUT 3JIEKTPOJAHEBIN IoTeHIuan. B yueOHOM 1 y4eOHO-MEeTOaM -
4ECKOM JIMTEPAType 3JIEKTPOIHBINA MOTeHIMaI 0603HadaoT E wim ¢.
IIpuMmep oOpazoBaHMSI IBOMHOTO 3JIEKTPUYECKOIO CJIOSI HA TPaHUILIEC
Memann-31eKmpoaum 1okKasaH Ha puc. 48 1 ciaydasi, Koraa MeTail
3apsKaeTcsl OTpULIATEIbHO (2) U MONOXUTeNbHO (0). JIBoiTtHOI 3/1eK-
TPUYECKUI CI0 COCTOUT M3 ancopOLMoHHOM (/) u nuddysHon (1)
yacteil. U3MeHeHne moTeHLMajla B ABOMHOM 3JIEKTPUYECKOM CJI0€
Takke CKJIaIblBaeTCsl U3 JBYX COCTABISIOIIMX: ¢1 u ¢2.

nh =]
x Puc. 48. Cxema 006-
pa30oBaHUsI ABOMHO-
IO 3JeKTPUYECKOTO
CJIOS1 Ha TpaHulIe

METAJLJI-2JICKTPOJINT

Wi

—
=] =
= L T

Memaad b o T o
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Daekrpoaublii morenmuan E. PasHocTs moTeHIIMAIOB Ha Ipa-
HuLe pagena metail [M ]— pacTBop, coiaepxkalliuii MOHbI OIHO-
MMEHHOI0 MeTaJjlia [M“*(p)].

M + ne - M
(p) Kp

CBs13b MexXay cBoOOmHOM sHeprueit ['mddca u a1eKTpoaHbIM

MMOTEHLIMAJIOM BBIPAXKAETCS YpaBHEHUEM:

AG = -nFAE,
rie AG— usMeHeHre cBoGOAHON sHepruy Inbbca, F— unciao Papa-
Jiest, N— YKUCJIO TIepeJaBaeMbIX B 3JIEMEHTApHOM ITIPOLIECCe JIEKTPOHOB
(41CIT0 FNIEKTPOHOB, TIPUXOALLMXCA Ha oaHy yacTuly), AE— DJIC (anek-
TPOABIIKYILASI CUJIA) OKUCIUTEILHO-BOCCTAHOBUTEIHLHOTO TTpOLiecca.

CraHaapTHblil 3JIeKTPOJIHBIA MOTEHIMAN, HOPMAJIbHBIA JIEKT-
POJHBINA MOTEHIMAJ, CTAHAAPTHBIA OKUCJIUTEbHO-BOCCTAHOBUTEIbHBIN
noteHnual. [loTeHUMan 31eKTPoJa B cmMaHOapmMHUbIX YCAOBUSX, KOTIA
aKTUBHOCTHU BCEX MOHOB, OINPEIESIOIMX MPOLIECC, PABHbI EAUHUILIE.
3HauyeHUs1 CTAHAAPTHOTO 3JIETPOAHOrO MOTEHIMAJA OTNIPEACISIIOTCS OT-
HOCUTEJIbHO HOPMAAbHO20 8000POOH020 34eKkmpoda, TIOTeHLMAaA KOTO-
pOro MPUHSAT PABHLIM HYIIIO.

HopmanbHblii Bomopoanslii 3jeKkTpoa. BomoponHbiil aiaekTpos,
MMOTEHIMAJl KOTOPOTO YCJIOBHO MPUHST PpaBHLIM HY/0. OH MpeacTaB-
JsIeT coboii cocyn ¢ onHoMossIpHbIM pactBopom H,SO, (Bephee, ¢
AKTMBHOCTBLIO PaBHOI €IUHUIIE), Yepe3 KOTOPHI HEeNpephIBHO MPO-
myckaetcs Bogopon npu gasinenuu 1,013 - 10° ITa (1 ar) u Temnepary-
pe 298K. B pacTBOp KMCIOTHI OITylLEHA IJIaTUHOBAs TUIacTUHKA (puc. 49).

H,

IMH,SO0LHY) 1o
Pt

H,

Puc.49. HopmaiibHbI# BOIOPOIHBIN 3JIEKTPO]

IInatuHOBas IUIACTUHKA CIIOCOOHA aacopOMpPOBaTh HA CBOEH
IMOBEPXHOCTU BogopoAd. B pacTtBope, comepxkaliiemM KaTuoHbl H 1 Ha
MOBEPXHOCTU HACBILIEHHOU BOAOPOIAOM ILJIACTUHKMU YCTaHABJIMBaeT-
Csl paBHOBecCHE:
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1/2H,(Pt) =« H (p) + e

CxeMaTUYHO BOJOPOJHBIN 3JEKTPOI 3aMUCHIBACTCS B BUIE
(1/2 H(P t)[IH*), rne BepTuKambHAas TMHUS 0603HAYAET TOBEPXHOCTD
pa3nena ¢as.

OKHCIMTETHHO-BOCCTAHOBUTENbHBINA TMOTeHIHan. [lomenyuan
3JIEKTPO/ia B YCJIIOBUAX, OTJIMYHBIX OT CTAHAAPTHBIX, OINPEAEsEeTCS
ypasnenuem Heprnema. TToHSITHE OKUCTUTEbHO-BOCCTAHOBUTEbHbIN
MOTEHLIMAJ Yallle BCEro MCMOIb3YeTCs AJIS1 XapaKTEPUCTUKH BEILIECTB,
KOTOpbIE TPEOYIOT UCIIOJIb30BAHUS UHEPMHO2O0 IAeKmpoda.

DNeKTPOXUMHIECKMIA P HANPSDKEHHA METAJIOB, P aKTHB-
HOCTH METAJLJIOB.

Li Rb K Cs Ba Sr Ca Na Mg Be Al Mn Zn Cr Fe Cd Co Ni Sn Pb (H) Cu Ag Hg Pt Au

AKTUBHOCTb METAJJIOB YMEHbBIIACTCA

CraHgapTHBIE IOTEHIIMAJIBI OKUCIUTEIbHO-BOCCTAHOBUTEIb-
HBIX CHUCTEM, PACIIOJIOXEHHbIE MO YObIBAIOLIEH BEIMYMHE TMOJOXU-
TeJILHOTO TOTEHIIMAJIa M BO3pacTaollieii BETMIYMHE OTPULIATEILHOTO
MOTeHLMAaa CM. B IPUIL. 3.

TakoMy pacroioXeHUIO CTAHIAPTHBIX MOTEHIIMATIOB OTBEYaeT
NajieHue OKMCIUTENbHONM U POCT BOCCTAHOBUTEIbHOM akTMBHOCTU. 1o
BEJIMUYMHAM OKVCIMTEIBHO-BOCCTAHOBUTENIBHBIX ITOTEHIIMAIOB MOXHO
CYIUTB O HAIIPaBJIEHUH OKUCIIUTETEHO-BOCCTAHOBUTEIBHBIX ITPOLIECCOB.

Yem Hke 3HaueHue E°, TeM 00jiee CHIIBHBIM BOCCTAaHOBUTE-
JIEM SIBJISIETCSI METaJll, M TeM OoJiee CIIabbIM OKUCIUTEIEM SIBIISETCS
COOTBETCTBYIOLLIMI TMAPATUPOBAHHBINA MOH. 1 HA00OPOT, YeM BbIlIE
3HayeHue E°, TteM Gosiee ciaObIM BOCCTAHOBUTEJIEM SBIISIETCS Me-
Tajul, U TeM 00Jiee CUJIbHBIM OKUCIUTENEM OYAeT COOTBETCTBYIOLIMIA
IMApaTMPOBaHHbIA MOH. Hanpumep, B COOTBETCTBUM CO 3HAYEHUSIMU
E° (Zn**/Zn)= -0,76 B UMHK OoOJiee CUIbHBIII BOCCTAHOBUTE/Ib, YEM
Menb E° (Cu?t/Cu) =+0,34 B 11 clieoBaTelIbHO, Zn OyIeT BHITECHSTh
Cu u3 pactBopa ee conu Cu?*:

Zn(xp) + Cu*(p) - Cu(kp) + Zn**(p)
Xnop (E° = +1,36 B) GoJiee CUIBHBIN OKUCIUTEID, YEM OpOM
(E° = +1,078B) u, ciemoBaTeabHO, OYIET BEITECHITH OPOM M3 PacTBO-
POB, colepxKallux MOHbI Br:
1/2CI, (r) + Br(p) — 1/2Br, (r) + CI (p)
Ypasuenne Heprcra. YpaBHeHue, oripeneisioliee 3aBUCUMOCTD
21eKMPOOH020 NOMEHUUAAA TIOOO OKUCIUTEIBHO-BOCCTAHOBUTEIBHOM
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CHCTEMBI, HaXONAIIEHCS B HECTAaHAAPTHBIX YCJIOBUSAX, OT KOHIICHTpA-
LM OKKMCJICHHOM ¥ BOCCTAHOBJIEHHOM (DOPM BellleCTBa M TeMITEPATyPHI:

E= EO + ﬁln C(’;KI/ICJI wm E= EO + 2,3RT lg CzKI/Icn
nF ¢Y nF cy

BOCCT BOCCT
rne E— anexkTpomHbiii moTeHman, E'— cranmapTHBIN 371eKTPOIHbII
MOTeHLIMAJ IIpolecca npu KoHueHTpauun 1 M, R— yHuBepcanbHas
ra3oBas IocTossHHasi, T— Temmepatypa, K; n- yuciio nepegaBaeMbixX
B 2JIEMEHTAapHOM IIporiecce 3JIeKTpoHOB, F— umciio ®apanes, paB-
Hoe 96500 Kn/monsb, ¢, €, ..,— KOHLUEHTPALMKU OKHUCIEHHOW U
BOCCTaHOBJIEHHOH (popM (ITpH OOJIBLINX KOHLIEHTPALIUSIX— aKTUBHO-
CTH), X,y— CTeXroMeTpuieckue Ko3(hGULUMEeHTh B YpaBHEHUU peak-
uuu. st crangaptHbix yeaouit (298K) mocie moacTaHOBKY 3Ha-
yeHU mocTosiHHBIX BeauuuH (R= 8§,31[x/mounb - rpag, F=
96500Ku1/momb) ypaBHeHre HepHcera MMeeT BUA:
N 0,059 g Clnen

n CEOCCT
J11st BODOpOMHOrO 23jIeKTpoaa ypaBHeHue HepHera nmeer Bu:

0,059 o[H"] R
. lgm = 0,0591g[H*] = -0,059pH

E=E°

E=0+

7.3. XuMHyeckue NCTOYHMKM TOKA

XuMuyeckue NCTOYHUKHN TOKA. YCTPOMCTBA, B KOTOPHIX XMMMU-
yecKasl SHEPTUST OKUCAUMENbHO-80CCIMAHOBUMENbHbIX PeaKyuli HETIOC-
PEIACTBEHHO TpeoOpa3yeTcs B 3JIEKTPUYECKYIO 3Hepruio. JleiicTBre
XUMMYECKUX MCTOYHUKOB TOKA OCHOBAHO Ha MPOCTPAHCTBEHHOM pa3-
JIEJIEHUU OKUCJIUTENIBHBIX U BOCCTAHOBUTEIBHBIX PEAKIIAM, IIPOUCXO-
JISIIUX Ha 2jieKTpojax. IIpuMepoM XMMMWYECKMX MCTOYHMKOB TOKa
SIBJISIIOTCSL 2AAbBAHUHECKUE INEMEHMb.

l'ammBanmyeckuii 3jeMeHT. XMMUYECKUI UCTOUHMK BJIEKTpUYEC-
KOI0 TOKAa, pabOTAIOIIMIA 32 CUET MPSIMOIO IPEeBPAICHUST XUMIYECKOMN
SHEpruM B aJieKTpuueckyto. Ha aiekTpomax rarbBaHUYECKOTO JIEMEHTA
MPOTEKAIOT OKUCAUMEAbHO-80CCHAHOBUMENbHbIE PeaKyUlL, TIPUUYEM TTPOLIECC
OKWCJIEHWS TTPOCTPAHCTBEHHO PAa3lEsieH OT IMPOIecca BOCCTAHOBJICHUSI.
CxeMa rajibBaHM4eCKOro aJieMeHTa MpeacTaBiieHa Ha puc. 50, rie LIMHKO-
BbliA U MEJHBII 3JIEKTPOJbI HAXOASTCS B PACTBOPE CBOUX CYJIb(aTOB.
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346=118

Zn

Zn S04 Luso,
([za® =t monssfar) ([ Cul*I=rmons/n)
Zn—~Zn?"+ 28 L+ 26~ Cu

Puc. 50. Cxema raibBaHMU€CKOro 3JieMeHTa

Ha anexTpone u3 6osiee akTUBHOro Metasuia (Zn) mporekaeT
MpoLecC OKUCAEHUSI, HA MEITHOM 3JIEKTpOJe— IPOLIECC BOCCTAHOB-
JIEHUS. YCJIOBHO 3TOT raJlbBAaHMYECKUI 3JIEMEHT MOXKHO 3aIicaTh B
sune — Znl1ZnSO,[I1ICuSO,UCu + mm ZnlZn** LICu?** [ICu. Ioii-
Hasl yepTa 0003HAYaAEeT BJACKTPOJIUTUYECKUIA KOHTAKT MEXIY 2JIEKT-
pomaMu, KOTOPBI TPEMSATCTBYS CMEIISHUIO 2JIEKTPOJUTOB, OIHO-
BPEMEHHO 00eCIeurnBaeT BO3MOXKHOCTb MPOTEKAHUS JIEKTPUYECKOTO
TOKa BO BHYTPEHHEH 11eny rajbBaHuueckoro sneMeHTa. [1pu 3ambika-
HUU BHEIIHEN SJIEKTPUUECKOM IIeTH, IMOJy4YaeMbIM COCOIMHEHUEM
3JIEKTPOAOB, DJEKTPOHbI OT LIMHKOBOTO 3JIEKTPOJA NMEPEXOT K ME-
HOMY 3JIEKTPOLY. DTO IIPUBOIUT K HAPYIIICHUIO IIEPBOHAYAIBHBIX PaB-
HOBECHIi, B pe3yJibTaTe 4ero OyayT MpoTeKaTh MPOLECChl OKHUCIAEHUS
Ha IIMHKOBOM U IPOLIECChl BOCCTAHOBJICHUSI HA MEHOM 3JIEKTPOJaX,
obecneynBast NoajepKaHue UX IMTOTEHIIMAI0B. Takoe caMOIIpOU3BOJIb-
HO€ MPOTeKaHUE OKHUCIUTEIbHO-BOCCTAHOBUTEIBLHOIO Ipoliecca U
o0ycnaBiuBaeT pabOTy rajJbBaHUYECKOIO 2JIEMEHTA.

AKKyMYJSTOpBL. Xumuueckue ucmo4yHuKu moka MHOTOKPaTHOTO
MMpUMEHEHMS, paboTa KOTOPHIX OCHOBaHA HAa 0OPAaTUMBIX OKUCAUMENb-
HO-80CCMAHOBUMENbHBIX PEAKUUSIX.

OnHa U3 peakiiMii, OCyllecTBIsIeMast 3a CYET BHEIIHEro MCTOY-
HMKa TTOCTOSIHHOTO TOKa, OOECIECUMBACT HpespauieHue dAeKmpudecKkoll
SHepeuu 8 Xumuueckyro (SHEPruo XMMUIECKOM peakiium) U HaKOIUIeHUe
rnocjaeaHe. DTOT npolecc Ha3biBaeTcs “3apsdka” akkymynsitopa. O0-
paTHasi peakuusi obecreyrBaeT MPoTeKaHWe JIEKTPUUYECKOro TOKa BO
BHEILIHEN LIeTIU 3a CUET npespauieHus HaKoONnAeHHOU XUMU4ecKol dHep-
euu 6 anekmpuyeckyro. JlaHHbII Mpoliecc Ha3bIBaeTCs “paspsaoka’ ak-
kymynasitopa. Ilocne paspsiiku paboTOCIOCOOHOCTh aKKyMYJsITOpa
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BOCCTAHABJIMBAETCsS BHOBb 3a CUET Ipoliecca 3apsiaku. Ha mpakTuke
IIMPOKOE MPUMEHEHUE TTOJYYUIU KUCIOTHBIC U 11IeJIOYHbIE aKKYMYJIs-
Topbl. Hanpumep, 1U1s1 KUCIOTHBIX CBUHIIOBBIX aKKyMYJISITOPOB 0011iee
ypaBHEHHE, OTpakarolliee IPOTeKaIoIIe B HUX MPOLIECChI, UMEET BUI:
paspsiz
PbO, + 2H,SO, + Pb = 2PbSO, + 2H,0
3apsn

KuciioTHble aKKyMYJIATOpbI. AKKYMYJIITOPBI, B KOTOPBIX B Kaye-
CTBE 3JICKTPOJIMTA UCITOJIL3YIOTCS PACTBOPHI KMCJIOTHL. B 1mmpoko mprme-
HSIEMbIX CBUHLIOBBIX aKKYMYJISITOPAX JIEKTPOJIUTOM CIYKUT CepHAst Kuc-
aoma (W= 30- 40 %) ¢ wiotHocThio 1,20+ 1,30 r/cM?. DieKTpOaBUXKY-
11as1 Cyjla KUCIOTHBIX aKKYMYJISITOPOB 3aBUCUT OT KOHLIEHTpALIMK KUC-
JIOTEL. Ha mpakTrke KOHIIEHTPALIO KMCIOTHI ONPEAETISIOT 110 €€ TUIOT-
HOCTM: YE€M HUWXE TUIOTHOCTh, TEM MEHbIIE KOHIIEHTpalusl U paboToc-
MOCOOHOCTb KUCJOTHBIX aKKYMYJIITOPOB. COCTaB UCMHOIb3YeMOI KUCIIO-
ThI YKa3bIBAETCS B DJIEKTPOXUMUIECKOM CXeMe KMCIOTHBIX aKKyMYJISITO-
poB. Hampumep, cxema J1sl CBUHLIOBOTO aKKyMYJISITOpa UMEET BUJL:

PbUH, SO,LILIPbO,[IPb

ITlenouynble AKKYMYJIATOPbI. AKKYMYJISITOPBI, B KOTOPBIX 2JIeK-
TPOJINTOM SIBJISIETCS pacTBOP IIejI0our. Hampumep, IIe109HOIM XKeme3-
HO-HUKEJIEBBIM akKKyMyssiTop. CxemMa aKKyMyJsiTopa MMEET BUI:
Fe[IKOHINiOOH. DieKTposnToM SBIAETCA KOHLEHTPUPOBAHHDBIN
pactBop KOH. 3apsig u pa3psia MpoucXomsT B pe3yabTaTe peaKilnii:

3apsim
Fe(OH), + 2Ni(OH), « Fe + 2NiOOH + 2H,0,
paspsn 0

4yTOo coorBeTcTBYeT BoccTaHoBieHuwo Fe(ll) noFe wu okucienuro
Ni(II) mo Ni(III) npu 3apsine u 0OpaTHBIM MpoLeccaM MpHU pa3psiae.

IIpenmylilecTBO 1IEIOUYHBIX AKKYMYJISTOPOB IO CPaBHEHUIO
CO CBMHIOBBIM KUCJIOTHBIM aKKyMYJSITOPOM B TOM, YTO OHU UMEIOT
OOJIBIIMI CPOK CIIyXKOHI.

7.4. DiekTposm3

Daekrposmn3. CoOKYNHOCMb OKUCAUMENbHO-80CCMAHOBUMEAHBIX
PeaKyuil, nPOMeKaruux Ha 31eKmpooax IPY MPOXOXKICHUN HOCIMOSHHOZ0
2AEKMPUUECKO20 MOKA YePe3 PACIUIABbl M PACTBOPHI 3JIEKTPOJIUTOB, a
TaKKe TBEpAbIC IEKTPOIUTHL. OTpULIATEIPHO 3apsSDKEHHBIN 3J1eKTPOIT
HasbIBaeTcs KatonoM (K 7), monoxurenbHblii— aHonoM (A*). Ha kamo-
Oe TIPOMCXOOUT IIPOLIECC B0CCHMAHO08ACHIUS KATUOHOB 3JIEKTPOJIMTA, Ha
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aHode — TIPOLIECC OKUCAEeHUS AHUOHOB BJIEKTPOJIUTA.
Ha karome: 3* + ne” - 3°
Ha anoge: D" ne” - D
Ha puc. 51 nokasana cxema anekrponu3sa pacruiaBa NaCl.

e” =14 £
A}

I
Aoman
P S =
aneaxmponvd 4

Na'

Puc. 51. Cxema snekTposusa

NaCl = Na* + CI”

(pacmnnaB)
Na™: xaron anox: CI™
_ 0 -
Na® +e ~ Na 2Cl~ -2e - Cl,
(BOCCTAaHOBJIEHUE) (oKuceHue)
_ 0
K—: Na® +e - Na 2

A+ 2017 -2e~Cl,
2Na* +2CI" - 2Na + Cl,

3JIEKTPOJIN3

O2NaCl = 2Na+Cl,

XapakTep MpOLECCOB Ha IEKTPOAAX 3aBUCUT OT MHOIMX (paKTo-
pOB. Xapakmep npouecca Ha Kamooe 3aBUCUT OT KaTUOHA. UTOOKI co-
CTaBUTh CXEMY 3JIEKTPOJIU3a paAcmeopa 1eKmpoiuma, Halio BCIIOM-
HUTb 21d6Hble npasuia 04 kamooa:

1) ecnu MeTasl HaXOAUTCS B PsIAy HamnpskeHuid oT Li mo Al
(BKJTIOUMTEILHO), TO OH He @vldensemcs HA Kamode, TIPOUCXOIUT
BoCccTaHoBIeHUe MOJeKyT H,O;
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2) 4EM npaeee B pALy HaIPSDKEHUI METalJIOB HAXOAUTCS Me-
TaJlJI, TEM s1ec4e NACT €ro BOCCTAHOBJICHUEC HA KaTodC:

Pan xatmoHoB

Lit, Rbt, ..., Mg2*, A3, Mn2t, . P2t Audt
OKMCJINUTEJIbHbBIE CBOMICTBAa KaTUOHA YCUINBAIOTCA
BOCCTAaHABJIMBACTCA BOA. BOCCTAaHABJINBAIOTCS KAaTUOHBI
METAJIJIOB:

2H,0 + 2¢ - H,1 +20H" o

P 0 Me"" +ne - Me
%H +2e - H,tO

1l 1l
KatnoHsl MeTaaioB oT

Litno AI3T (BKJIIOUUTENIBHO)
OCTalOTCSl B pacTBOpPE

Xapaxmep npoyecca Ha aHoOe 3aBVCUT OT MaTepuaja aHoda
OT QHUOHA.

Hepacmeopumwiii anod — C (yronb, rpadur, Pt, Au). Ha He-
pPacTBOPMMOM aHOJE JIETKO OKUCJISIIOTCS aHUMOHBI 0€CKUCIOPOIHBIX
KMCIO0T. B ciyyae aHMOHOB KMCIOPOACOAEePXKAIINX KUCIIOT U TOPUI-
noHa F~, Ha aHOME OKUCIISIOTCS MOJIEKYJIbl BOJIBI.

P50 anuonos (OKUCIISIIOTCS HA HEPACTBOPUMOM aHOJIE)

S2- I, Br-, CI™ OH- | NO7, SO%'...F"

(1 apyrue
KHUCJIOPOACOIepKalle aHUOHBI)

BOCCTaHOBUTEJIbHBIC CBOMICTBA aHMOHA OC/Ia0eBaIOT

OKUCIAIOTCA aHUOHBI OKUCIILIETCA BOOA
2C1I" = 2e - Cl, 1 2H,0 -4e¢ - 4H" + 0,1
S -2e¢ . S

40H™ -4¢ - 2H,0+0y1
AHUOHBI KUCJIOTHBIX OCTATKOB
OCTalOTCsl B pacTBOpe
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Pacmeopumbiii anod TIpU 3IEKTPOIN3E OKUCISIETCS, U B pe-
3yJIbTaTe 3TOTO OH PacTBOPSIETCS:

0
+ = +
A":Me-ne - Me"
Marepuan YXOISAT B pacTBOP
aHooa M 3aTCM K KaToay

Ha xatone IIPOUCXOAUT BOCCTAHOBJIICHUE 3TOI0 K€ METalia:
0

K Me"* +ne - Me
Harnpumep, nipu snekrponuse pactBopa CuCl, Ha MeIHBIX
3JEKTPOAAX: 0 OJEKTPOIU3 ()
CuCly +Cu - CuCly +Cu
(aHom) ( Ha KaToze)

Menb aHOma pacTBOpsieTCsI, a 3aTeM B BHue KaTuoHa Cu?*
MOAXOMUT K KaTOAy M CHOBA BBIACJISIETCSI HA KATOJE B BUJE MPOCTOrO
BemecTBa. [1pu 3ToM KommaecTBO MOHOB MeTayuta Cu?™ B pacTBope He
u3MeHsieTcsl. Macca MeiM Ha aHo/e YMEHbIIAeTcsl, a Ha KaTole yBe-
JmumuBaeTcs. Takoil Impoliecc MCIOb3yeTCsT B TEXHUKE TSI SJIEKTPO-
JIUTUYECKON OYMCTKM MeTa/la M Ha3bIBACTCSl IAeKmpoiumu4ecKum
paunuposanuem memaaaa.

3akonnl Dapanes (3aKOHBI 3JEKTPOM3a). 3aKOHBI, KOJIHUYE-
CTBEHHO OMNMCHIBAIOILIME MTPOLIECCHI IMTPOTEKAIOIIME Ha 3JIeKTPOoAaX Mpu
BIIEKTPOJIU3E.

Ilepevtii 3axon. Macca sewjecme, 8bl0eAUBUIUXCS HA FNEKMPOOAX
npu NPONYCKAHUU NOCMOSHHO20 2NeKMPUHeCK020 MOKa 4epe3 pacmeop
UAU pacnaae IAeKmposuma, npsamo nponopuuoraitvia cuse moxka (1) (e
amnepax) u epemenu anekmpoausa (t) (6 cekyHoax) u 3asucum om npu-
POO0bL selecmaa

m = kIt = kq,

rme k— KoHcTaHTa, — KOJIMYECTBO DJIEKTPUYECTBA.

Bmopoii 3axon. I1py IpoXoXAeHUM OAUHAKOBOTO KOJIMYECTBA
3JIEKTPUYECTBA Yepe3 pa3InyHbIe SJIEKTPOJIUTHI MACChI BbIACTUBLINXCS
Ha 3JICKTpoAax BEIIeCTB MPSIMO MPOMOPLIMOHATILHBI X SKBUBAJICHT-
HBIM MaccaMm (D). JJaHHBII 3aKOH ITO3BOJIMJI CBSI3aTh KOHCTAHTY K C
SKBMBAJICHTHOI Maccoii BerectBa. O6a 3akoHa Papaest MOXXKHO BbI-
pa3uth (OPMYJIOI: m = % It

rne F— unciao @apanes. 1t o6braHEBIX pacyeToB F = 96500 Kir/Mob.
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