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OKHUCJIUTEJBbHO-BOCCTAHOBHUTEJIBHBIE ITPOITECCHI
1. OcHOBHbBIE NOHATHS

OKHUCITUTETPHO-BOCCTAHOBUTEIBHBIMU PEAKIIMAME SBJISIOTCS PEAKIIMHU, MPOTCKAIOIINE
C U3MCHEHUEM CTEIICHEH OKUCIICHUS aTOMOB PearkpyroNux BemecTs. B xone 0ot OBP
OTHOBPEMEHHO MNPOTEKAIOT JIBa MpOIecca — OKHCICHUS M BOCCTAHOBJIICHHS, B KOTOPBIX
COOTBETCTBEHHO YYaCTBYIOT BOCCTAHOBUTENb M OKACIUTENh. OKUCIUTEISIMA HA3BIBAIOTCS
BEIIECTBA WM YaCTHIIBI, IPHHAMAIOIINE JICKTPOHBI OT JPYTUX BEMIECTB WA YaCTHI[ —
BoccTaHoBUTeNeH. OKUCIEHHYIO U BOCCTAHOBJICHHYIO (pOpMy OITHOTO M TOTO K€ BEIECTBA
Ha3BIBAIOT  peOOKC-CHCcTeMoW  (pemokc-mapoi). s MpoTekaHWs  OKUCIUTENBHO-
BOCCTaHOBUTEIILHOM PeakIiy (peloKc-peakiiii) HeoOX0AUMO HaJIMuue Kak MUHUMYM JBYX
BEIIIECTB, OTHOCSIIUXCS K Pa3HbIM PEOKC-CUCTEMaM. B 001iieM BHIe Peakiiy TaKOro THUIa
MO’KHO MpeicTaBuTh ypaBaennem: Ox; + Red, <> Red; + Ox,

B x071¢ OKHCITUTEIBHO-BOCCTAHOBUTEIBHOM peakuu okuciuTeb (OX;) IpeBpariaercs
B compspKeHHbINH BocctanoButenb (Red;), a Boccranosutesns (Redy) — B compshkeHHBIH
okucautensb (0xy).

CreneHb OKHCJEHHS — 5TO YCIIOBHBIHN 3aps aToMa, pACCYUTAHHBIA MCXOISI U3 TOTO,
YTO MOJIEKYJIa COCTOHT U3 HOHOB. B MoJeKkyie cymMMa cTeTieHel OKHCICHUS BCEX IEMEH-
TOB paBHA HYJIIO, a B MIOHE — 3aps Ty HOHA.

OnpenenuTs CTEIIEHN OKUCIICHUS 31eMeHTOB B coennHeHnsax MgCOs;, P033'.

O003HAYAM HCKOMYIO CTETICHb OKHCJICHHUS 32 X U COCTaBUM YPaBHEHHUS.

Mg*C 05 +2 4 x 4 34(-2) = 0, oTkyma x = +4. Mg**C*0;2.

P*O%* X +4%(-2) =-3, omkymax=+5. P®0%%

BoccTaHoOBHUTEb — DIIEMEHT WK YaCTHIA, KOTOPBIC OTAAIOT 3JICKTPOHBI, TIOBBIIIAS
CBOIO CTEMEHb OKHCICHUA. OKHCJIEHHE - ITO MPOIECC OTJauH JICKTPOHOB.

Hanpumep, S2-6e¢ — S™.

OKHUCTUTENIb — DJIEMEHT WIM YaCTHIIA, KOTOPBIC MPUHUMAIOT 3JICKTPOHBI, TOHMKAS
CBOIO CTETECHb OKHUCJICHHUS. BocCTaHOBJIEHNE — 3TO MPOIIECC MPUCOSANHCHHUS JICKTPOHOB.

Hanpumep, N +3e” —»N*

ATOMBI B MAaKCHMAJIBHOH CTETIEHH OKUCIIEHUS MOTYT MPOSBISATH TOJBKO OKHCIHTEb-
HBIE CBOMCTBA, a B MUHMMAJIbHOM — TOJILKO BOCCTAHOBUTENLHEIE. BelllecTBa, B COCTaBE MOJIC-
KYJI KOTOPBIX COJICPIKaTcsl aTOMBI B IPOMEKYTOYHBIX CTENCHIX OKUCIICHHS, O0IAIAI0T PEeIOKC-
amM(OTEpHOCTEIO, T.€. CIIOCOOHOCTHIO BCTYIATh B PEAKIMU KaK C OKUCIUTEINSIMU, TaK ¥ C BOC-
CTaHOBHUTEIIMH (HAIPUMEp, IEPOKCH] BOIOPOIA).

Tunuuubie BoccTaHoBUTENH 1. MeTaibl.

2. HekoTopbie HEMETAITBI ¢ HU3KOH 3JIEKTPOOTpUIIaTeIbHOCTRIO: H,,C

3. CoemuHeHMsI, B KOTOPBIX 2JIEMEHT HaXOUTCS B HU3IIEH CTETIEHN OKUCIICHUS: HZS'Z,
NH,, C*H,, HCI™.

TunuaHbIC OKUCITUTEIIN:

1. Haubonee snexkrpoorpuiiatensibie HemeTamisl: O, Fy, Cly.
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2. COGI[I/IHGHI/IH, B KOTOpI)IX B3JICMCHT HAXOOAUTCS B BbICHIeﬁ CTCIICHU OKHCJICHUA:
H,S*0,, HN"05;, KMn*’0,, K,Cr,™0;.

B peaKHI/II/I YUCIIO 3J'IeKTpOHOB, OTAAHHBIX BOCCTAHOBUTCJICM, JOJIKHO 6BITL paBHO
tII/ICJ‘Iy I-)J'[eKTpOHOB, HpI/IHHTLIX OKHUCJIIUTCIICM. Ha 3TOM OCHOBAHHUHU COCTABJISICTCA DJICK-
TPOHHBIN OajaHC M pacCTaBISAIOTCA KO3((GUIMEHTH B ypaBHEHUSAX peakuuid.Hampumep:

A1%+ 0, 5A1,%057
OKHCJICHHE A1°-3e > A1 4 BOCCTAaHOBUTEIb
BOCCTaHOBJIEHHE 020 +4¢ —207 3 OKHCIIMTEND

4A1 +30; —52A1,04
2. Knaccupuxauus OBP

XapakTepHbIM MPU3HAKOM PEIOKC-PEAKIIMH SBISETCS U3MEHEHHE CTETICHEH OKHCIICHHS:

OKHCIHMTENTbHO-BOCCTAHOBUTEIILHBIC PEAKIMY OBIBAIOT TPEX BUJIOB:

>  MeXMOJIeKYJISIPHBIE, B Cllyuae, KOrja OKUCIIUTENb ¥ BOCCTAHOBHTENb BXOJIAT B
COCTaB pa3HbIX BellecTB. Hampumep, B peakiyy, MpOTeKAIOIIEH 110 ypaBHEHHIO

ZKNOZ + 2Kl + 2H2804 — 2NO + 12 +2K2804 + 2H20

okuciuTeneM sisiercs murput kammst (N*F + ¢ — N?*), a BoccranoBuTemeM — HOIHI
KaJIust

(I > I + ¢). Takum 00pa3oM, B 3TOM PEAOKC-MPOLIECCE YUIACTBYIOT JBE PEIOKC-
cuctembl: NO, /NO u I,/I". TlpuBeneHHOe ypaBHEHHE — MPHUMEpP MENKMOICKYISIPHBIX
PEIOKC-peakiid, OTINYUTSILHON YepTOil KOTOPBIX SIBISIETCS TO, YTO ATOM-OKUCIHTENb H
aTOM-BOCCTaHOBUTEb HAXOJATCS B COCTABE Pa3HBIX PEarcHTOB.

>  BHYTPHMOJIEKYJISIPHBIE, KOT/Ia OKUCIIUTENb U BOCCTAHOBHUTENb BXOJAT B COCTAB
OJTHOTO BelllecTBa. Peakiys BHyTPUMOJIEKYJIIPHOIO OKUCIICHHUS] — BOCCTAHOBIICHHSI:

2KClO3 — 30, + 2KCl1

>  IUCHPONOPIHOHMPOBAHMSI, KOIJa UICHTUYHBIE aTOMBI OJHOIO BEIIECTBA OJI-
HOBPEMEHHO OKHCIISIOTCS W BOCCTAHABJIMBAIOTCS (CAMOOKHCIIEHHE - CaMOBOCCTAaHOBJIE-
HHe). B peakuusix AUCIpONOpIMOHUPOBAHMS OJJHA YAaCTh aTOMOB OJJHOTO U TOTO € Belle-
CTBa BBICTYIAET B POJIM OKHCIUTENS, a Apyras (B TOH e CTEICH!U OKHUCIICHUS) — B POJIH
BOCCTaHOBHUTENS. B peakumsax BHYTPHUMOJEKYJISIPHOIO OKHCICHHS — BOCCTAHOBJICHHUS
aTOM-OKHCIIUTENIb 1 aTOM-BOCCTAHOBUTEIIb HAXOJATCS B COCTaBE OJHOH (POPMYJBHOH enu-
HHIBL. JTO MOTYT OBITH aTOMBI KaK OJHOTO BJIEMEHTa, HO B PAa3HBIX CTEICHSIX OKHCJICHMUS,
TaK ¥ pasHbIX O3JIEMEHTOB. Pa3HOBMIIHOCTSIMM PEIOKC-pEaKIMi SIBISIOTCS PEaKIUH
JICTIPOIIOPIIMOHUPOBAHUSL:

2NO, +20H «> NO, + NO;3; + H,0

C1,’ + 2NaOH — NaCl™ + NaCI"'0 + H,0;

Cl, - oxucauTens ¥ BOCCTAHOBUTEI.

>  KOMIPOMOPIMOHUPOBAHMS, €CJIM B MCXOIHBIX BEIIECTBAX OJMH U TOT XK€ dIle-
MEHT HaXOJHTCS B JIBYX Pa3HbIX CTEIICHSX OKHUCIICHHMS, a B IIPOJIYKTE PEAKI[H — TOJIbKO
B O/IHOHM (IIPOMEKYTOYHOH 10 OTHOIICHHIO K UCXOJHBIM CTETICHSIM OKHCIIEHUS ), TO COOT-
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BetcTBytonme OBP 0THOCSTCS K peakiusM KOMIPOMOPIIMOHUPOBAHUSMIM KOHMYTAIIHH,
HaTpuMep: H,S? + H,S%0, — ™0, + H,0

3. Meroasnl cocraBienuss OBP

IIpu cocraBnennun OBP B HacTosiee Bpemsl HCIONB3YIOTCS Ba METOJa MOA00pa
KO3 QHUIUEHTOB: METOJI JIEKTPOHHOTO OallaHCca U 3JICKTPOHHO-HOHHBIN METO HIIH METO]]
momypeakuuii. B o0omx ciydasx HMCXOOIT W3 TOTO, YTO OOINEe YHCIO 3SJIEKTPOHOB,
OTJAaBacMbBIX BOCCTAHOBHTEIIEM, PABHO OONIEMYy YHCIY OJIIEKTPOHOB, NPHHUMAEMBIX
okuciureneM. s mombopa KOA(QOUIMEHTOB METOAOM DSJIEKTPOHHOTO OailaHca
COCTaBIIIOT CXEMY PEaKIHHU, ONPEACIIIOT JIEMEHTHI, N3MCHUBIINE CTCIICHh OKUCIICHUS,
W COCTaBISIIOT OTJENBHBIE CXEMBI AJIEKTPOHHOTO OanaHca Juls MPOLECCOB OKUCICHUS U
BOCCTAHOBJICHUS. Te HauMEHBIINE qyuciia, Ha KOTOPBIC HeO6XOZ[I/IMO YMHOXUTDH o6e
CXCMBI, LITO6I~)I YpaBHATH YHUCJIO OTAAHHBIX W TMPUCOCAMHCHHBIX JJICKTPOHOB, U 6yI[yT
ko3(uULMEeHTaMH T[PU  OKHCJIMTENE M  BOCCTAHOBHTENIE. 3areM  I0AOHpaoT
K03(h(ULMEHTHI ISt APYTHUX BEIIECTB, YYACTBYIOLIUX B PEAKIHH.

Memoo rnekmponnozo 6ananca.

IIpumep.a)DeKTpOHHBIE YPAaBHEHUS I PEaKIUu:

OrnpenenyuM CTENEeHN OKUCIEHUS JIEMEHTOB

+1 46 2 41 -1 +3 -1 41 -1 41 2

KzCI‘207 + 14HC| — 3C|2+ 2CI’C|3 + 2KCI + 7H20

CocTaBUM ypaBHEHHs JIEKTPOHHOTO OallaHca Mo 3JIeMEHTaM, KOTOPbIe N3MEHUIIH
CBOIO CTEIIEHb OKHUCIICHUSI.

2CIT - 2¢ — C|20 3 BOCCTaHOBHTENb; IPOLECC OKUCIEHUS.
2Cr*% + 6" — 2Cr™ 1 okucauTesnh; IPOLECC BOCCTAHOBICHHUS.

K,Cr,0; — oxucnutensb, BocctanaBnuBaercsa. HCl — BoccTtaHOBUTEND, OKUCIISIETCS

0)DJeKTpOHHbIE YpaBHEHMUS JJIs1 pEaKLIUU:

OrmnpenenuM CTENICHA OKUCICHUS SJIEMEHTOB

0 +1+45 -2 +1 -1 +3 -1 +2 -2 +1 -2

Au + HNO;3; + 3HC1 — AuCl3+ NO + 2H,0

CocTaBUM ypaBHEHHs JIEKTPOHHOTO OallaHca Mo 3JIeMEHTaM, KOTOPbIe N3MEHUIIH
CBOIO CTEIIEHb OKHUCIICHUSI.

—3¢ — Au"® 1 BOCCTaHOBHTEJIb; IPOILIECC OKHUCIICHHUS.
N*® + 3¢ — N*2 1 OKMCIHTEINB; IPOLIECC BOCCTAHOBJICHHUS.
Au — BoccranoButeib, okucisgerca. HNO;z- okncianrens, BoccTaHaBIMBAETCSI.
DneKmponHO-UOHHBLIL MEM OO UIU MEM OO NOAYPEAKUUIL.

B 3TOM MeTone CTeNeHH OKHCIIEHHS JJIEMEHTOB HE ONPENelsoT. DIEKTPOHHO-
HOHHBIA METOA XapaKTECPU3YET MPOUECCHI, KOTOPBIC MPOUCXOJAT B YCIIOBUAX IMPOTECKAHUA
peaknuu. B pacTBOopax HET HOHOB C", 1o ectb nousl C,0,% . cnabbie AEKTPOJIUTHI, Ta3bI
1 HEPACTBOPUMBIC BCHICCTBA 3aIMCBIBAIOTCA B MOJICKYJIAPHOM BUJIE. HpI/I COCTaBJICHUU
HOHHOTO ypaBHEHHS ISl KaKIOH IMONypEaKIMH HAJ0 YYHTHIBATH KOJHMYECTBO aTOMOB
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KHCJIOPOJIa ¥ BOJOPO/IA B MCXOJHBIX BEIIECTBAX U MPOAYKTOB PEAKIMH ¥ MX YPABHSATE 110
IIPaBHIIAM KOHKPETHOH CpejIbl.

Vpasuusanue 6 xucnoii cpede:TaM, TAe He XBaTaeT KMcIopoja, mpubasisem H,0
(CTOMBKO, CKONBKO HAO KUCIOPOA), 3 B MPOTUBOINOIOKHYIO CTOPOHY TIPHOABIAEM CyM-
MapHoe uncio H'.

MnO, — Mn*"
MnO, + 8H" + 5¢" = Mn** + 4H,0
Ypasuusanue 6 wenounou cpede: B TOW 4acTH, TA€ HE XBAaTAET KUCIOPO/AA MPHUOABIIS-
em OH' (B 2 paza OospIre, 4eM HaJO KHCIOPOJa), a B IPOTHUBOIIOIOKHYIO CTOPOHY TIPH-
6asisiem H,O (B 2 pasa Menbire, yeMm rpymma OH).
MnO, — 40H"
MI’IO4' + 2H20 +3e"=Mn 02+ 40H
[Tpu npoTekaHuK peakluy B KUCIIOW Cpesie B IOJIYPEaKLUK MOTYT OBITh TOJILKO MoOJIe-
KyJbl BOjibl U H'-HOHBI; B 1IeNOYHON cpejie — TONbKO MoJeKyibl Bojabl 1 OH HOHBI; B
HEUTPAJIbHOU — TOJIBKO MOJIEKYJIBI BOJBIL.
bananc aToMOB KHCIIOpOJia ¥ BOIOPO/ia B OKUCIHTEILHO-BOCCTAHOBUTENILHBIX PeaK-

UAX
JleBas yactp Cpena B neByro uacte 10- | B npaByro yacts
TIOJIypEeaKIHI OaButh Ha | atom O J100aBUTh
Henocratok O pH< 7 H,0 2H*
pH>7 20H H,O
W36s1TOK O pH<7 2H" H.O
pH>7 H,0 20H

[Ipumep a) (kucnas cpena)
K,Cr,0; + H,SO, + H,S = Cr2(504)3 + H,0 + S + K,SO,
B uonHoi dopme:
2K* + Cry072 "+ 2H"+ SO,% + H,S = 2Cr** + 350,% + H,0 + S + 2K* + SO,*
(3mech CI’ZO72' — okucnutens, H — kucnas cpena, H,S — BoccTaHOBHTEND).
CocTaBHM 3J€KTPOHHO-MOHHBIC YPaBHEHHS TOJTYPEAKIUH BOCCTAHOBIICHHUS M OKHCIIC-
HUS, TOOUpPast JOTOTHUTEIBHBIE MHOKHUTEH C YIETOM IPaBUIIa CPEIBL:

nonypeaxyus Cr,0;4 + 14H" + 6e'= 2Cr** + 7TH,0 1
60CCMAHOBIICHUA 6
noaypeaxkyus H,S — 2e- =S| +2H" 3
OKUCJIeHUuA

OOmiee YUCIIO 3JIEKTPOHOB, OT/aBAEMBIX BOCCTAHOBUTEJEM, JJOJDKHO OBITH PaBHO
YUCITY 3JIEKTPOHOB, IIPUCOEAMHIEMBIX OKHUCITHTEIIEM.

CyMMHpyeM 3JeKTPOHHO-MOHHBIE YPaBHEHNUS, IIPEIBAPUTEIHFHO YMHOXXEHHBIE Ha
kosddumuentsr.  Cr,0;7 + 14H" + 3H,S = 2Cr** + 7H,0 + 3S |+ 2H"

CokpaTHB 10JI00HbBIE YICHBI, OJYYHMM HOHHOE ypaBHEHHE, 10 KOTOPOMY COCTaB-
JSHOT MOJIeKyIspHOe ypaBHerue.Cr,0;7 + 8 HY + 3H,S = 2Cr** + 7H,0 + 35|

K,Cr,07 + 4H,S0, + 3H,S = Cr »(SO4)3 + 7H,0 + 3S + K,SO,
[Ipumep6) (menounas cpena)KMnO,4 + KOH + Na,SO; = K,;MnO,4 +H,0 + Na,SO,
5
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B nonnoit dpopme:
K"+ MnO, + K"+ OH" + 2Na" + SO = K" + MnO,” + H,0 + 2Na" + SO~
(3zec MNO, — oxucimurens, OH™ — menounas cpena, SO;> — BOCCTAHOBHTEIB).

Honypearyuss MnO; + 1e& = MnO> 2
Bocemanoesnenus 2
Honypeaxyus SOz> + 20H - 2¢° =S0,% + H,0 1
Oxucnenus

OGI1ee YUCIIO JIEKTPOHOB, OTJaBAEMBIX BOCCTAHOBUTEJIEM, JTOJKHO OBITH PABHO
YHUCITY DJIEKTPOHOB, MPUCOEAMHIEMBIX OKUCITUTEIIEM.

CyMMHpYyeM 3JEKTPOHHO-HOHHBIE YPaBHEHUS, MPEBAPUTEIIHFHO YMHOXKEHHBIE Ha
K03 pHULHEHTHI.

2MnO, + 20H" + SO5” = 2MnO,* + H,0 + SO,*

[Mosyunid HOHHOE YpaBHEHHE, [0 KOTOPOMY COCTABJISIIOT MOJIEKYJISIPHOE.

2KMnO, + 2KOH + Na,SO; = 2K,MnO,4 +H,0 + Na,SO,

MoJisipHasi Macca SKBHBAJIEHTa BEIIECTBA ONMPEACIIAETCS KaK MPOU3BEACHUE MOJISP-
HOM  Maccel  BemecTBa Ha  (DAKTOp  OKBHUBAJCHTHOCTH 93TOrO  BEIIECTBA.
M (f,00%) =FoxaMx). PaKTOp SKBHBAICHTHOCTH BELIECTBA, YIACTBYIOIIETO B OKHCIIHU-
TEJIbHO-BOCCTAaHOBUTENBHOM peakunu, Beraucisercs no popmyief,xy = 1/n, roe n< 1-
YHCIIO JIEKTPOHOB, KOTOPOE OTAACT MM MPUCOSAUHSIET OIHA YACTHUIIA BELISCTRA.

4.@akTopHkl, BIUSIOIINe HA NpoTekaHne OBP

OKHCIHATENEHO-BOCCTAHOBUTENIFHAS PEAKIHS IIPOTEKAST B TOM HAIPABICHUH, B KOTO-
POM OCYIIECTBISIETCS MOJTypeakiyus ¢ 6ojee BBICOKMM 3HauY€HHEM NoTeHIuana. [loaromy
(baKTOpI)I, BJIMAIONINE HA BCIIMYMHY IMMOTCHIIUAIA, OKa3bIBAIOT BJIUAHUEC U HAa HAIIPABJICHUC
nporekanust OBP. K takum ¢axropam oTHOCsTCS:

1) KOHIIEHTpAITNS NOTEHIIUATOUPEIEISIFOIINX HOHOB;

2) BenmnunHa pH pacTtBOpa;

3) TemnepaTypa pacTBopa.

PaccmoTpuM xapakTep BIMSHUS KOKIOTO M3 STHX (PaKTOPOB Ha HAIlpaBIICHHE MPOTe-
kanus OBP:

Brustaue cpensl Ha xapakTep peakuuid. byner nm maHHOE COeTUHEHHE OKHCIHTEICM
WJIM BOCCTAHOBUTEJIEM, HEPEJKO OIpEAeAeTcs Cpeiod, B KOTOPOM MPOTEKaeT peakiusl.
OT cpelbl 3aBHCAT MPOTYKTH B3aUMOJICHCTBHS OJHUX M TEX K€ PEareHTOB. ITO MOXHO
NPOWJUIIOCTPUPOBATh Ha cieaytouieM mnpumepe. llepmaHraHaT Kajiusi — CHJIbHBIN
OKHUCTIUTENb, TPUYEM HAUOONBIIYI0 OKHUCIUTEIbHYI0 AaKTHBHOCTh HOHBI (Mn+7O4)_
NPOSIBISIOT B CHILHOKHCIION Cpeje, BOCCTAHABIMBAACH 10 MOHOB MN”', HeCKoibKko
MEHBINYI0 — B HEHUTPaIbHOH, a TakkKe B CIIA0OKUCIOW W ClIa0OIIEIOYHOW cpemax, B
KOTOPBIX OHM BOCCTAHABJIMBAIOTCA 10 Mn+402, 1 MUHUMAJIBHYIO — B CI/IJTBHOHLGHO‘IHOﬁ
cpeje, BOCCTaHABIMBAsCh J0 HMOHA (Mn+604)2’. OT0 OOBSACHAETCS TEM, YTO B KHUCJIOH
cpelie MOHBI BOJOpoja BHeapstorcss B aHuoubl (MNnQO,)”, BbI3biBas ocnabiieHuHe CBS3U
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MEXIYy aroMaMH MapraHiia ¥ KHCJIOpoJa, W TeM caMbIM oOOJeryaror jaelcTBHe
BoccTaHOBHUTENs. B HeliTpanbHOU cpene aedopmanms anuoHoB (MnO,)” 3HAYHTETBHO
MEHbIIE, TaK KakK MNOJIpHU3YIoliee ACHCTBHE MOJIEKYJ BOJBI Tropasjo ciadee, ueMm
BausHEe HoHOB H' T'MAPOKCHI — MOHBI, HA06OPOT, NaXKe HECKOIbKO YHPOUHSIOT CBS3h
Mn-O.

UTtak, B CUIBHOKHCIION cpeje (KoHIEeHTpamus oHoB H' Benuka) cBs3pIBarOTCS BCe
atombl kucaopozaa uona (MnO,)”, B cpene, 61u3Koii K HelTpanbHOM (koHIEeHTparus H*
HE3HAUWTENbHA) CBS3BIBACTCS JIUIOb IOJOBHHA OTHX AaTOMOB, HaKOHEI, B
CHJIBHOIIEIOYHOM cpefe (KOHIEHTpaIus H* wucuesarome Maja) HOHBI H me MOTYT
CBA3aTh HU OHOTO aToMa Kuciopoa. CkazaHHOE WLTIOCTPUPYIOT pPeaKInu:

5Na,S0O; + 2KMnO, + 3H,SO, — 5Na,S0O, + 2MnSO, + K,SO, + 3H,0

3Na,SO; + 2KMnO, + H,O — 3Na,SO,4 + 2Mn0O, + 2KOH

Na2803 + 2KMHO4 +2KOH — Na2504 + 2K2Mn04 + Hzo

OTcroia CTaHOBUTCS IOHATHBIM, UTO JUIsI IPOBECHUS peakiiil B HeHTpaJIbHOH cpesie
HEOOXOJMMO HCIIOJIb30BAaTh AKTUBHBIE OKHCIHTENH, a PEaKkUHWd B INENOYHOH cpene
CJICAYET NPOBOAUTH NPU HArp€BaHMU C SHEPTrUIYHBIMU BOCCTAHOBUTCIIAMU.

Jlns cozmaHust KUCoil cpepl 0OBIYHO UCHOJIB3YIOT Pa30aBICHHYIO CEPHYIO KUCIIOTY,
TaK Kak a30THas KHUCJIOTa MPOSIBISIET OKUCIUTENIbHBIE CBOMCTBA, a XJIOPOBOIOPOIHAS
KHCJIOTa 00J1aaeT BOCCTAHOBUTEIBHBIMA CBOWCTBAMU. Il CO3MaHUS MISTOYHON Cpebl
npubasisiroT pactBop NaOH mmun KOH.

Biugnue cpembpl Ha  XapakTep  OKUCIUTENIbHO-BOCCTAHOBUTENIBHOM  peakuuu
MPOSIBIISIETCSI U B TOM, YTO HEKOTOPBIE JIEMEHTHI B OJJTHOM U TOH K€ CTENEHU OKUCICHUS
B KHUCJIOH U ILIETOYHOH cpeaax 06§)a3y10T COCIMHCHHS Pa3IMIHBIX (HOpM, HaIIpIMep

Cr,0;4 +14H" + 6e— — 2Cr*" + 7H,0
CrO,* + 4H,0 + 3e— — [Cr(OH)g]* + 20H"

IlepBas peakuus npoTekaeT B KUCJIOW cpeje, BTopas — B LIETO4YHOU cpeae. Mexay
JMXPOMAT- W XPOMAT — MOHAMH CymecTByeT pasHoecre C,0;° + H,O —2Cr0,2°
+2H" cMmemaromeecss B KHCIOH cpefie BIEBO, a B IIEIOYHONR — BIPaBO, B KHCIOH cpene
Cr3+ cymiecTByeT B BUJAE THAPATHPOBAHHOTO KATHOHA, B IICJOYHOW — B BHJIC aHHOHA
[Cr(OH)6]™

Ecian B pesynpTaTe peakuMu BO3pacTaeT YHUCIO aTOMOB KHCIOpPOAA, CBA3AHHBIX C
aTOMOM-BOCCTaHOBHUTENIEM (aHHOH OCCKUCIOPOTHOW KHUCIOTHI MpEBpamlacTcsi B aHHUOH
KHCIOPOJHON KHCIIOTBI, aHMOH C MEHBIIUM 4UCIOM aToMoB O mpeBpaiiaercs B aHHOH C
60J1bIINM YHUCIIOM aToMOB O, KaTHOH ¢ HEOOJIBIIMM 3apsZIOM NPEBPAIAeTCs] B AaHUOH H T.
I.), TO cpeAa BIWSAET Ha BOCCTAHOBUTENBbHBIE CBOWCTBA. B MOMOOHBIX cCiydasx
MIPOTEKaHHUE TpoIecca obyierdyaeTcs B MIEIOYHON cpene, TaK Kak MOCTABIIMKOM aTOMOB
kucaopona seistorcss MoHel OH'. HaoOopot, XapakTepHBIH A aToMa-OKHCIHTEIS
nepexon, CBSI3aHHBIN C YMCHBIICHUEM qucia MMPUCOCTNHECHHBIX aTOMOB (0]
(xuciopoicoiepKamuii aHUOH TpaHchopMUpyeTcs: B OECKUCIOPOIHBIN KATHOH, aHHOH C
OosbIIUM 9KCIOM aToMOB O TIEPEXOAUT B aHUOH C MEHBIIMM YHciioM aTomMoB O | T. 11.),
obuierdaeTcsi B KUCIO# cpesie (cM. mpuBeneHHble peakuun ¢ KMnOy).

7



e

) = LU 0 mn

R A R T e URUEE ]

«Benopycckan rocyaapcrseHHan e i ey 1 i
% i (LI LL] =V, "v

opAaeHoB OKTAGPLCKOV Pesonoumn A2 ol 'S W g

n TpyaoBoro KpacHoro SHameHu 1 " T:ﬁ", m N .

cenbckoxosniicTBEHHAR aKaAeMnA»  |wwm

L

Kucmas cpema cmocoOCTBYyeT mporeccaM, B KOTOPHIX pacxoa uoHoB H' Ha
BOCCTaHOBJICHUE Ooibiie pacxoga nwoHoB OH Ha okucieHue. B HpOTHBOMONIOXKHBIX
CIIy4asix IeJIeCO00pa3HO MPUMEHEHHUE IIEJIOYHOM cpeapl. Ecmu ke pacxon H" u OH"
HMOHOB OTJIMYACTCS HE CHIBHO, TO PEaKIMI0 MOXKHO MPOBOJUTH M B HEHTpaJbHOH cpenie
(cm. BocctanoBienne KMnQOy).

Ha TeuyeHme mpoIECCOB MOXKET OKa3aTh BIIMSHUE HE TOJBKO MPHUPOJA BEINECTBA,
CIy)KAIllEro Cpefodl, HO M ero KoHIeHTpauus. VHOorma 3TO BIMSHHE YCIIOXKHSIETCS
nefictBueM TemrepaTtypbl. Tak, peakuusi AUCIPONOPIHMOHUPOBAHUS XJIOPa B IICIOYHOM
pacTBope B 3aBUCHMOCTH OT YCJIOBHUII MPOTEKAET MO-Pa3HOMY:

MPY HArPEBaHUHU B KOHIIEHTPUPOBAHHOM PacTBOpE

3Cl, + 6NaOH — NaC10; + 5NaCl + 3H,0

B X0JI01HOM pa3basienHoM pactBope Cl, +2NaOH — NaClO + NaCl + H,0

B psne cnydaeB, MEHsIs cpey, MOXKHO Take M3MCHHUTh HaIlpaBlicHUE mpoiiecca. Tak,
peaxius 31, + 3H,0 — HIO; + 5HI B mienouHoii cpene uaet ciesa HAMpaBo, a B KUCIOH
— cmpasa HaneBo. [Ipumepom mporiecca, eie 0oJjiee UyBCTBUTEIBHOIO K CPEIE, MOXKET
cnyxuth B3aumopeiicteue H,O, ¢ |, u HIO;. B cumbHOKHCIONW cpene MEpOKCH
BOJIOPOJa OKHUCIAET MOA coriacHo ypaBhenuto |, + 5H,0, — 2HIO; + 4H,0, a B
HECKOJIbKO MEHEee KHUCIOH cpelle BOCCTAHABIMBACT MOJHOBaTyr0 kucioty SH,0,
2HIO; — 6H,0 + I, + 50,

BecbhbMa CIIOKHO MPOMCXOAUT BOCCTAHOBJICHUE a30THOM kucioThl. CoctaB 00pa3yrio-
meiics cmecu npoaykToB BocctaHoBieHHS (NO, NO,, Ny u zmp.) 3aBUCHT OT IpUPOIEI
BOCCTaHOBUTEJIS, KOHI[CHTPAI[MH KUCIOTHI U TEMIIEPATYPHI.

ATOMBI B MAKCUMAIIbHOM CTENIEHN OKHCJICHUSI MOTYT MPOSBIISITH TOJIBKO OKHCIUTEIb-
HbIE CBOWCTBA, a B MUHMMAaJILHOW — TOJIBKO BOCCTAHOBHTEJBHEIE. BelecTsa, B COCTaBe MO-
JIGKYJT KOTOPBIX COMCPXKATCS aTOMbl B IMPOMEKYTOUHBIX CTEHCHSIX OKHCIICHHUS, OOJaJaroT
penokc-aM(OTEPHOCTHIO, T.€. CIIOCOOHOCTBIO BCTYIIATh B PEAKIMH, KaK C OKHCITUTEISIMH, TaK
C BOCCTaHOBUTEIISIMH (HAIIPUMED, MEPOKCHT BOJOPO/IA).

5.91exkTpoaHbIe MoTeHIUAILI U HanpBiaeHue OBP

KoJIMuecTBEHHOH XapaKTEePUCTHKON OKHMCIIHTENbHO-BOCCTAHOBHTEIbHBIX CBOICTB Be-
IIECTB B BOAHBIX PACTBOPAX ABJISAIOTCS 3HAYEHMS OSIEKTPOAHBIX HIM OKHUCIHMTEIHHO-
BOCCTAHOBUTENBHBIX MOTEHIMATOB COOTBETCTBYIOLIUX IIONypeakuuil. Ecnu merammmue-
CKyIO TLIACTUHKY OIyCTUTh B BOAY HIH PAacTBOP, COAEPKALIUN HOHBI 3TOr0 METasuIa, TO Ha
IpaHHUIE pa3jeNla METAI—PACTBOP 3a CUET MPOIIECCOB PACTBOPEHMA-OCAKICHUS METAIlIa
BO3HMKAeT Pa3sHOCTh WM CKA4OK MOTEHIMANa, KOTOPEIA 3aBHCHT OT TPHPOIbI METama,
KOHILIGHTPALIMH PACTBOPA, @ TAKKE OT TEMIIEPATYpEl. DTOT CKAYOK HA3BIBACTCS JIEKTPOJI-
HEIM TIOTEHIMAJIOM JAHHOTO METana. YKa3aHHOE PAaBHOBECHE BHIPAKACTCSA YPAaBHEHHEM,
YYUTHIBAIONINM THAPATAIIAIO HOHA:

Me+mH,0 <« Me ™H,0), +ne .
BpacTBOpEe  HA MeTajlie
8
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[oTeHuman, COOTBETCTBYIOUIMH JaHHOMY PaBHOBECHIO, HA3bIBACTCSl DPAaBHOBECHBIM
ANIEKTPOJHBIM TOTCHIUAIOM.. DJIEKTPOJHBIH MOTEHIMAT MPEACTaBIseT cO00H PasHOCTH
MOTEHNHUAJIOB, BO3HUKAIOIIYI0 HAa TPaHUIE pasjiena 3IeKTPOJ — PacTBOP AIEKTPOJIMTA.
AOGCONIOTHBIE 3HAYCHMS! TOTCHIMAIOB 3KCIEPHUMEHTAJIbHO OIPEAEIIUTh HEBO3MOXKHO,
MO3TOMY Ha NPAKTHKE MCIOJIB3YIOTCSl UX OTHOCHUTEINILHBIE 3HAYCHUS, U3MEPEHHBIC TI0 OT-
HOIIEHHIO K CTaHJapPTHOMY BOJOPOJHOMY MOJy3JIeMeHTy ( aiekTpoay) (puc. 1), moTeHu-
aJ1 KOTOPOTO MPUHUMAIOT PAaBHBIM HymO: ¢ ( 2H" — Hj) = 0. CranaapTHeIi Bogopos-
HBII 3JIEKTPOJ COCTOUT U3 cocyna ¢ 1 H. pacTBOPOM KHCIIOTHI, B KOTOPYIO OITyLICH IUIATHU-
HOBBIH JIGKTPOJI, KOHTAaKTUPYIOIIHI ¢ ra3000pa3HBIM BOAOPOIOM, HAXOMAIIMMCS MO AaB-
nernem P = 101,3 xITa. Ha snektpozie ycTanamuBaercs pasHosecue 2H'p + 28 «» H, (1)
Hynesoe 3Hauenne ¢° Ist 5TOr0 dIEKTpoxa onpenensercs u Tem, aro AG (H') = AG%
(Hz) =0.

[ETEEECrrLy
'

L
S

Puc. 1. CranaapTHblii BOIOPOAHBII 3JIEKTPO

[MnaTrHa BCcHoNb3yeTCs BCIEACTBUE €€ MHEPTHOCTH, a TAKXKE MOTOMY, YTO OHA SIBIISETCS
KaTalIn3aTopoM IepeHoca IEKTPOHa (IPOIECC YCTAHOBIICHHUS PaBHOBECHS YCKOpsIETCS, HO
caMo cOCTOsIHME paBHOBecHs, TO ecTb ¢pyHKmH AH, AU, AG, AS, ocTtaeTcst HEU3MEHHBIMH
IIpU TIOCTOSHHOM Temmiepatype). [loTeHImansl, onpeaeeHHbIe OTHOCUTENBHO CTaHIapTHO-
TO 3JIeKTPO/Ia B CTAHAAPTHBIX YCIOBHAX ( TO €CTh (0%29g) TAOYIMPOBaHbL JlJIsi METaIOB 110
xumuueckuM JanubiM (H.H. BekeToBbIM), @ 3aTeM IyTeM U3MEPEHUs (o983 YCTAHOBIIEH PSijl
AKTHBHOCTH METAJJIOB, KOTOPBI B HACTOSINEE BPEMS MMeEeT Ha3aBaHHE JIIEKTPOXHMHYE-
CKHUI1 psi HAIPSDKEHUST METaJIOB

1. TloTeHmmanel, U3MEpEeHHBIE B CTAHAAPTHBIX YCIOBUSIX (KOHIEHTPAIMH HOHOB
paBHBI 1 Moib/1, naBneHne Bogopoaa pasHo 101,325 kIla, Temneparypa - 25°C) Ha3biBa-
I0TCS  CTaHJAPTHBIMU  OJIEKTPOAHBIMH ~ WMJIM  CTAaHJAPTHBIMH  OKHCIHMTENBHO-
BOCCTaHOBHTEIbHBIMHU TTOTEHIIMAIAMH U 0003HavatoTcst cumBosioM ¢° win E°.Mx 3Haue-
HUS MCHOJIB3YIOTCA AJIS XapaKTEPUCTUKU PEAKIMH, NIPOTEKAIONINX B CTAHAAPTHBIX YCJIO-
Busix. KonmuecTBEeHHOH Mepoil OKHMCIIUTENIbHO-BOCCTAHOBUTENBHOM CIIOCOOHOCTH IaHHOM
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CONPSDKEHHON OKUCIIUTENbHO-BOCCTAHOBUTEIIBHON Maphl SBISACTCS BEIMYHMHA €€ HJIEKTPOIHO-
T'O WM OKUCIIUTEIbHO-BOCCTAHOBUTENILHOTO NMOTEHIMAIA (), KOTOPAs 3aBUCUT OT:
- MPUPOABI OKHCIEHHON M BOCCTAHOBJICHHOW ()OPMBI JaHHOW COMNpPSDKEHHOM ma-
PEL
- COOTHOLICHMS KOHLIEHTPALMil OKUCIEHHOW M BOCCTAHOBICHHOH (opMbI naH-
HOW COIpPSDKEHHOI! mapsl;
- TEeMIIepaTyphl.
2.  Ecnm xe peakuust MpOTEKaeT B APYTHX YCIOBHUSX, TO JUIS €€ ONMHCAHHS HCIONb-
3YIOTCSI pAaBHOBECHBIC ITOTCHIIMAIIBI, KOTOPBIE PACCUNTHIBAIOTCS 110 ypaBHeHHI0 HepHcra:

2,303-R-T c{Bocer)
n-F c{okuen)

E=F"—

Ecnu B ypaBHenue HepHera moacraButh uncioBbie 3Hauenus R(8,314). F(96486) u
MIPUHATH TeMIepaTypy paBHoi 298 K. To 0HO mIpUHKUMAET BU;

0,059 c{socer)
lg .
7 ¢(oxuen}

E=EFE"_

U3 ypaBueHus HepHcra cnenyer, yTo BeJIMYMHA MOTEHI[MANA 3aBUCUT OT KOHIICHTpa-
LM BOCCTAHOBJICHHOW M OKHCJEHHOH (opM aniemenTa. Ecii B peakiuu npuHUMAeT y4a-
CTHE METaJUI, TO BEJIMYHMHA JICKTPOJHOTO MOTEHIMAIA 3aBUCUT JIUIIb OT KOHLIEHTPAINH
HMOHOB 3TOTO MeTaJuia (ero OKUCIeHHOH (Gopmbl) B pacTBope. KoHIEHTpalmsi caMoro Me-
Tasia (BOCCTAHOBIICHHOW ()OPMBI), KaK BEJIMYMHA NOCTOSIHHAs, B ypaBHeHHe HepHcra He
nojicTapyisercs. Kpome TOro, eciu B MOJYpeakiliy NPHUHAMAIOT yyacTue uoHbl H' wiu
OH’ . ux KOHUEHTpALIMU TaKXe BIUAIOT HA BEJIMYMHY MTOTEHLIMAANIA.

Ucnonb3ys 3HaYeHUs 3JEKTPOAHBIX WM OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX MOTEH-
LMAJIOB MOJYpEaKLUMA, MOKHO BBIIIOJIHUTE CJIEAYIOIINE ONEPALIH:

1. OueHUTb OKHUCIHUTENbHO-BOCCTAHOBUTENBHBIE CBOMCTBA COOTBETCTBYIOIIMX Be-
LIECTB.

2. Ilpenckas3ath NIPUHIMITHATBEHYIO BO3MOXKHOCTD OCYIIECTBIICHHUS PEAKIUU B yKa3aH-
HOM HalpaBJICHUH.

3. OnpenenuTh HAMPaBIICHUE TPOTEKAHUS PEAKIIHH.

4. BeiOpate HanboJee BEPOSTHYIO PEaKIHI0 U3 HECKOJIBKNX BO3MOXKHBIX.

5. PaccuuTarh 3HaY€HUE KOHCTAHThI XMMUYECKOTO PAaBHOBECHS JAHHOW peaKklUU.

YCTpoiicTBO, cocTosIIIee M3 JIBYX AJIEKTPOJIOB, NEKTPOIUTHI KOTOPBIX OCOOBIM 00pazoM
KOHTAKTHPYIOT JPYT C JPYTOM, @ METAJUTIIECKHE IUIACTHHKY (WITH IPYTUe KOHCTPYKIIMOHHEIC
MaTepHanbl MEKTPOAOB) COEUHEHBI MPOBOJHUKOM 3JIEKTPUUECTBA, HA3bIBACTCA TallbBaHU-
YECKUM 3JIEMEHTOM. PeanbHO CKauky MOTEHLMaNa BO3HUKAIOT Ha BCEX IpaHMLAX paszjerna
(a3, HO raJbBAaHMYECKUE HIIEMEHTHI, HCIIOJIL3YEMbIE Il U3MEPEHHs, COCTABIISIOTCS TaKUM
00pa3oM, 4TOOBI BKIJI/| TIOTEHIMAJIOB, KPOME TEX, KOTOPbIE BO3HUKAIOT B CAMHX JJIEKTPOJIAX,

10
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OBbLT CBelleH K MUHUMYMY. B 3TOM cityuae anexktpoaBivkymias cuna EragsBaHnueckoro ae-
MEHTa PacCUMUTHIBACTCS KaK Pa3HUIIA TOTEHIMANOB 3MeKTpoaoB: E= ¢, - ¢y, r1e ¢ - no-
TEHIMaJ KaToja, T.€. 3JEKTPoia, Ha KOTOPOM IPOUCXOAUT BOCCTAHOBJIICHUE; @) - IOTEH-
Iuag aHoja, T.e. IEKTPOAa, Ha KOTOPOM IIPOMCXOIUT OKHUCIICHHE. DJIEKTPOJABIIKYIIAS
cuiia, KaK U MOTCHIUAJIbI, U3MEPSETCs B BOJIbTAX.

Ecnu okucnnTenbHO-BOCCTAHOBUTEBHYIO PEAKLHUI0 OCYIIECTBUTH TaK, YTOOBI MpO-
LIECCHI OKHMCIICHUS M BOCCTAHOBJICHWS OBUIM MPOCTPAaHCTBEHHO Pa3fCiEHBI, M CO3/1aTh
BO3MOKHOCTb TIEPEX0/1a HICKTPOHOB OT BOCCTAHOBUTENSA K OKHCIUTEIIO IO MIPOBOAHUKY
(BHEIIHEH 1eTn), TO BO BHEIIHEW [ETIM BO3HUKAET HANPABICHHOE JBI)KEHHUE AIICKTPOHOB
— 3JIEKTPUYECKUH TOK.

IMonpo6HO pazbepém Impomecchl, MPOTEKAIOIINE B TAK HA3BIBAEMOM MEIHO-IIHHKOBOM
anemente (3aemente Jlanuansa-Skoou (puc.2.)). B HEM ucnonb3yeTcs oHa U3 MPOCTEH-
IIMX OKUCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUIA:

CuSO, + Zn =2ZnS0O, + Cu

Bonee akTUBHBIN 1O psiy HAIIPSDKEHUN LUHK BBITECHIET MEHEE aKTUBHYIO MEJlb U3 €€
cond. B cokpaméHHoOM MOHHOM BHIIE: CU2+(OKI/ICJII/ITCHI)) + ZnO(BOCCTaHOBI/ITeJIL) =cu’
(BoccranoBeHHas hopma okucauTens) + Zn’*(okucaennas GopMa BOCCTAHOBUTENS).

lanpBanmdeckuii ayeMeHT JlaHmIasI—SIKoOH COCTOUT W3 MEAHOW W ITMHKOBOM ILIa-
CTHHOK, ONYIIEHHBIX B PacTBOPHI CBOMX cojell. Ha moBepXHOCTH IIMHKOBOM IUIACTHHKH
yCTaHaBIMBAeTCA paBHOBecHe ZN <> ZN°* + 2& , KOTOPOMY COOTBETCTBYET HOTCHIHAN (°
= —0,76 B. Ha moBepxHOCTH MeIHOU IIACTUHKM yCTaHaBJIHWBaeTcs paBHOBecwe CU «>
Cu® + 28, KOTOPOMY COOTBETCTBYET PABHOBECHBIN moTeHnuan ¢°=+0,34 B.

Puc. 2. MegHO-IIMHKOBDBIH rajibBaHHYeCKHil 2JIEMEHT:
(1 — UMHKOBBIIi IEKTPOJ — AaHOJA; 2 — MEeJHbIN JIeKTPOA — KaTol;
3 — HOHHBII KJII0Y- JIEKTPOJIUT, NPOBoAsiiuii HoHbl SO42—; 4 — 31eKTPOHHBII MPOBOTHHK)

[ToTeHmman HKOBOTO 3JIEKTPO/Aa MMeeT 0oJiee OTPUIATENIbHOE 3HAYEHHUE, TTOATOMY
IIPY 3aMBIKAaHUU BHEIIHEH IEIH 3JEKTPOHBI OYAYT MEPEeXOuTh OT IMHUHKA (aHOM) K MEAH
(xatonm). B pe3ynbraTe 3TOr0O mpoiecca paBHOBecHe Ha aHoJie (ZN) CMECTUTCS BIIPaBO U B

11
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pacTBOp HeperaeT AOMOJHUTENFHOE KOJMYECTBO MOHOB LIMHKA (IIPOMCXOJUT pacTBOpe-
HHe aHoja). B To ke Bpemsi paBHOBecHE Ha MEIHOM 3JIEKTPOJE CMECTHTCS BJIEBO U MPO-
M30WET BBIJIENICHNE ME/IN Ha KaToje. Y CTPONCTBA, B KOTOPHIX HA JJIEKTPOJaX caMOIpo-
W3BOJIBHO TPOTEKAIOT OKHCIHMTEIHHO-BOCCTAHOBHUTENBHBIE PEAKLUH, B Pe3ysbTare KOTO-
PBIX MOJTy4aeTcsl DJIEKTPUYECKasl YHEPrHs, Ha3bIBAIOTCS I'aJIbBAHUUECKUMH DJIECMEHTAMH.
DJeKTpos, Ha KOTOPOM HPOTEKAaeT IMPOIIECC OKHCIICHMS, HAa3bIBACTCS aHOJIOM; JPYrou
3NIEKTPOJ, Ha KOTOPOM OCYLIECTBIIIETCS MPOLIECC BOCCTAHOBIICHHUS, HAa3bIBACTCS KaTOJOM.
Cxema rajpBaHHYECKOTO 3JIEMEHTA, 3aMEHSIOIAs PHCYHOK, 3alUCHIBACTCS CIICIYIOIHM
obpazom:
Zn|Zn" ||Cu1' [Cu.

fAY: Zn -2 = 211:', {orucncine)
(K- Cu2'+_26 = Cu“, [moccTanonacine)

Zn+Cu' = Zn~' + Cu.

B mponecce paboThl Ha €ro MOBEPXHOCTH OYAET BBINENATHCS Me/b; MIO3TOMY, €CIU
B3ATh, K IPUMEPY, JEKTPOJl U3 rpadura, TO OH BCE PaBHO IPEBPATUTCS, MO CYyTH, B ME[-
HBIHN.

Ha nuHKOBOM 3J€KTpOJe IUHK OYIET MEePeXOIUTh B PACTBOP B BHIE Zn2+, BBICIISIO-
LIHAECS AJIEKTPOHBI HAKATUIMBAIOTCS HA [IMHKOBOMH [UIACTHHE, KOTOPask 3apsKaeTcs OTpUIla-
TENBHO:

Zn°(Boccranosurens) = 2¢” + Zn?*(okucieHHas ¢dopma BocctanoButes) (1)

HakonuBiiuiicsi Ha MJIACTHHE OTPHLATEIBHBINA 3apsii OyAeT NPUTATHBATH MOHBI 00-
paTHO M YCTAaHOBUTCS paBHOBecHe (1) MEXIy SJIEKTPOHAMU M METAJUTUYECKUM [IUHKOM B
00bEME MEKTPO/Ia U MOHAMU [IUHKA B pacTBope. To ecTh MepPBOHAYATBHO HUYTOXKHO Ma-
JIO€ KOJIMYECTBO LIUHKA MEPEHIET B pacTBOP, IJIACTHHA 3aPSAUTCS OTPULATENBHO U Jallb-
Hel1lee pacTBOPEHUE IIPEKPATUTCSL.

Ha MenHOM 351eKTpo/ie yCTaHOBHUTCS MOX0XKee PaBHOBECHE:

Cu® (BoccranoBnenHas popma) =26+ Cu?*(okuciennas popma)  (2).

Ho Tak kak Me/ib MEHee aKTHBHBIM 110 CPABHEHHIO C IIMHKOM METaJlI, TO OHa MEHee
AKTHUBHO 6y/:[eT MEPEXOJUTHL B paCTBOp U MOTCHIIUAI Ha MeI[HOﬁ IIJIaCTUHE B COCTOSAHHUU
paBHOBecHsI OyJeT MEHee OTPHLATEIbHBIM, YeM Ha IIUHKOBOM. [103TOMY MeX1y MeIHBIM
U IIMHKOBBIM 3JIEKTPOJIAMH BO3HUKHET PA3HOCTh MOTEHIHANIOB (3JEKTPOABIIKYIIAs CUIIA).
UYroOBl €ro MOCYUTaTh, BOCIOIB3YeMCs TaOINIEH CTaHIAPTHBIX 3JIEKTPOIHBIX NMOTECHINA-
JIOB!
E = E(Cu®*/Cu) - E(Zn*/Zn) = +0,337B -(-0,763B) = + 1,100B

CrenyeT OTMETHTb, YTO 3TO HANpsDKEHHE Oy/eT HAOII0IaThCsl TOJIBKO B CTAHJIAPTHBIX
YCIIOBUAX - Tpu Temreparype 25°C 1 akKTHBHOW KOHIIEHTPAIlMM MOHOB MEIU U ITMHKA B
pactBope 1o 1 MoJb/I1.

Jl1s yCII0BHOM 3amyCH rajibBaHMUYECKHUX JJIEMEHTOB CYLIECTBYET PsJ IIPaBUIL.

1. CnpaBa 3aIMMCbIBACTCA KaTOd, CJICBA - AaHOJ, MHBIMHU CJIOBAMH, DJICKTPOABbI 3aITUCHI-
BAIOTCsI CJICBA HAIIPABO B MOPSIIKE BO3PACTAHUS [TOTEHIIMANA.
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2. BemiectBa, BXO/SIIIE B COCTAaB OJTHOM (pa3bl, 3aIUChIBAIOTCS Yepes 3arsiTyto. [1pu
HE00XOMMOCTH ISl PACTBOPEHHBIX BELIECTB yKa3bIBACTCsI KOHIIGHTpAIKsI, a Ul ra3000pas-
HBIX — NapluagbHoe naBieHue. Hanpumep;

IUTaTUHA, HackleHHas Bogopoaom npu 101 xIla - Pt, Hop= 101 kIla;

cepebpo, MOKPHITOE ClloeM xiopua cepebpa, - Ag, AgCl;

ANIEKTPOJINT, coaepskamuii xaopua kanus, - KC1, ¢(KC1) = 0,1 mons/i.

3. T'pammms pasmena: mpoBonHuK | poma - mpoBonuuk Il poma obo3HavaeTcs ogHOM
BepTHKAIBHOW d4epToil. Hampumep, cTaHAapTHBI BOZOPOTHBIN AIIEKTPOA (TUTaTHHA, HACHI-
merHas BogoponoM mipu 101 kIla, HaxoxAImascs B pacTBope, B KOTOPOM HOIICPIKUBACTCS
aKTHBHOCTh HOHOB BOJOPO/a, paBHas 1: Pt, H, p = 101 xITa | HC1, a(H") = 1

Penoxc-anekTpom, cOCTOSsMMI U3 TUIATHHBI U PAaCTBOPA, CONEPIKaILero rekcaruaHodep-
par(Il) kanust u rexcanmanogpeppar(l11) kanus 3amuceiBaeTcs Tak:

Pt [ Ks[Fe(CN)e]; K4[Fe(CN)e]

4. KOHTaKT 3JEKTPOJIUTOB Yepe3 COJICBOM MOCTHK, yCTpaHsomui auddpy3noHHbINH
noTeHnuan, o0o3HavyaeTcsi MBOWHON BepTUKAIbHON ueproi ||. [ambBaHMuYecKHid 3iie-
MEHT, B KOTOPOM mpoTekaet peakius Fe(ts) + 2Fe* (Boan) — 3F e*(Boxn) umeer ycios-
HYIO 3aITUCh:

Fe | Fe®*||Fe** ,Fe* | Pt

[pu paboTe TaIELBAHNYECKOTO AIIEMEHTa 3JICKTPOHEI IIepEeMEIIAIOTCS OT aHOIA K KaTOoAy,
B 9TOM JK€ HaIlpaBJICHUH Yepe3 COJICBOH MOCTHK MEPEMEIIAlOTCA U KaTHOHBI; aHUOHBI Yepe3
COJIEBOHM MOCTHK TEPEMEIIAlOTCs OT KaTola K aHOAy. B OTIHYHMe OT 3IeKTPOIMTHYECKOM
STMEWKH, B KOTOPOU AIIEKTPUUECKUNA TOK TOTPEOIISIETCs, B TaIbBAHUYECKOM DJIEMEHTE, B KO-
TOPOM JIIEKTPHUYCCKHIA TOK 00pa3yeTcs, 3HaK KaToAa «+», a 3HaK aHOAA «—».

CraHJapTHbIE JJIEKTPOAHBIE MOTEHIUAJBI — TAOJMYHbIe BeNUYKMHBI. YeMm Oosiblie cTaH-
JIAPTHBIA AJIEKTPOTHBIN MOTEHIMAN, TeM OOJIbIIEH OKUCIUTENFHONW CIIOCOOHOCTBIO XapakTe-
pH3yeTcd KaTHOH MeTajUla ¥ TeM MEHbIIIeH BOCCTAaHOBUTEIILHON CTIOCOOHOCTRIO 00naaeT caMm
Mmetat. Hao6opoT, ueM MeHblle CTaHapTHBII AJIEKTPOAHBIH IOTEHIIMAN, TEM MEHbIIE OKHC-
JIMTENBHAS CHIOCOOHOCTh KaTHOHA METaJlla M TeM OOJIbllie BOCCTAHOBHUTEIIbHASI CIIOCOOHOCTD
MeTajuIa.

Hpumep: ¢° (Ag/Ag) = +0,80 B; ¢° (Zn?*/Zn) = —0,76 B. Uou cepebpa sBisiercs 10-
CTaTOYHO CHIIHBIM OKHCITUTENEM, a IINHK — CHIIbHBIH BOCCTAHOBUTEIIb.

[MonmoxwuTtenpHOE 3HAYCHUE (° UMEIOT OKUCIHUTEIEHO-BOCCTAHOBUTENEHBIC MAPEL, B KO-
TOPBIX OKHCIIEHHas (pOopMa IPUCOETUHSCT JJIEKTPOHBI Jerde, yeM KaTHOH BOJIOPOAA B
STamoHHOW  mape.  OTpunartenbHoe  3HaueHHWE  @°  UMEIT  OKUCIUTENBHO-
BOCCTAHOBHTENBHBIE TApHl, B KOTOPHIX OKHCIECHHAs ()OpMa TNPHCOSAMHSET 3JIEKTPOHBI
TpynHee, ueM H' B sTanonHoi mape. CieoBaTenbHO, 4eM 6oMbIIe (T. €. MOJ0XKUTETbHEE)
3HaUYCHHE (° TAHHOW COMPSHKEHHOW OKHMCIUTEIBHO-BOCCTAHOBUTENLHON TAPhI, TEM CHIIb-
Hee BBIPAXEHBI €€ OKHUCINTEIbHbBIE CBOIICTBA, 2 BOCCTAHOBUTEIBHBIE CBOWCTBA — COOTBET-
CTBEHHO ciadee.

ConocTaBnsisi TOTCHIHANBl CONPSDKEHHBIX Map, YYacTBYIOIIUX B OKHCIHUTEIBHO-
BOCCTaHOBHTEIHHOM pPEaKIMH, MOXXHO 3apaHee OIpEeeiUTh HAIpaBlICHHE, B KOTOPOM
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OyZeT caMOIMpPOU3BOJILHO MPOTEKATh Ta WM MHAS peakius. [Ipu B3auMOICHCTBHU IBYX
COMPSDKCHHBIX OKHCJIMTEIbHO-BOCCTAHOBHUTENBLHBIX MMAp OKHCIHMTEIEM Bcerma OyneT
OKHUCIICHHAs: (hopMa TO# Mmapbl, MOTCHIMA KOTOPOil MMeeT GoJiee MOJIOKUTETbHOE 3HA-
YeHHE.

IIpumep. B peakinuoHHOW CMeCH COIEpKATCs IBE CONPSDKCHHBIC OKUCIUTEIHHO-
BoccTasoBHTEbHBIE TAaps: |y, 17, ¢° (10, 1) =0, 54 B; S, H,S, (¢°(S°, H,$?) =0, 17B.

Tak kak mepBas mapa COIOEpXHUT OoJiee CHIBHBIN okuciauTenb (lp), dem BTOpas mapa
(S), TO B cTaHAAPTHBIX YCIOBUSX CAMOIIPOU3BOJIBHO TIOMIET peakiysi, B KOTOPOM OKUCITH-
TeneM Oyzer |, a BocctanoButenem H,S: 1, + H,S = 2HI + S,

s onpenerneHNsl HANPaBJICHUS OKHUCIUTEFHO-BOCCTAHOBUTEIEHOW PEaKIINU MOXKHO
TaKkke nojb3oBaThes BenuunHor ee DJC. D/IC oKuUCIUTENbHO-BOCCTAHOBUTEIBHON pe-
aKIUHU B CTaHIAPTHBIX yciaoBusax (E°) 4ucIeHHO paBHA pa3HOCTH CTaHJAPTHBIX MOTCHIIU-
aJI0B COMPSDKEHHBIX OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX MaP, YUACTBYIOIINX B PEAKI[UH:

°= (poox '(Posoccr .

VYcnoBueM caMONPOU3BOIBHOTO MPOTEKAHNUS OKHCIUTENbHO-BOCCTaHO-BUTEIHLHOM pe-
aKIUU BIseTCs nmojoxurenbHoe 3HadeHue ee JJIC, T. e. E° = 0°-0%50ccr>0

C ydeTroM 5TOT0 YCJIOBHS [UIsI CaMOIMPOM3BOJBHO MPOTEKAIONIEH OKHCIUTENbHO-
BOCCTAaHOBHTEIIHOW PEaKIINU 3HAYCHUE () OKUCIUTEIFHO-BOCCTAHOBUTEIFHOH Mapkl, BHI-
CTyMaromel OKUCIUTENeM, IOJDKHO OBITh OONBIIe (¢ BTOPOH OKHCIHTEIBHO-
BOCCTAHOBHTEIILHOW TapBI, HTPAIOIICH POJIb BOCCTAHOBHUTENS B JaHHOW peaknuu. Tak, B
paccMOTpeHHOM BhIte mpumepe: E° = ¢°q - 0%ocer = 0,54 - 0,17 =0,37 B

EcnuE°=0, To paBHOBEpOSTHO MPOTEKAHUE OKUCIUTEIbHO-BOCCTAHOBUTEIBHON peax-
UM, KaK B MPSIMOM, TaK ¥ B 0OpaTHOMIPABICHUH, U 3TO SBISETCS YCIOBHEM BO3HHUKHO-
BEHHUS XWUMHUYECKOTO PaBHOBECHUS I OKHUCIUTEIbHO-BOCCTAHOBUTEIHLHOTO TIpoOIlecca.
IMockonbky 3JIC OTAENBHBIX CTAHii OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUH, MPO-
TEKAIONIMX B XMBBIX cucTeMax, o0sruHo He mpessimaer 0,35 B (] E°|<0,35 B), to 60ib-
IIMHCTBO M3 HUX MPAKTHYECKH OOpATHMBI, MPUYEM OOpPaTHMOCTh MpOIlecca BBIPaXKEHA
TeM cujibHee, yeM BeanuuHa |E° |0mke K HyImo.

M3mepenne 3MeKTPOIBUKYIITUX CHUI 0COOBIM 00pa30M COCTaBIISIEMBIX TallbBAHUYECKUX
JJIEMEHTOB JIS)KUT B OCHOBE OJHOTO M3 (PU3UKO-XUMHUYECKUX METOJOB aHAIN3a — ITOTEH-
nuoMeTpuu. [loTeHImOMeTpHs — He3aMEHUMBIH BO MHOTHX CIIy4asX METOJ ONpeAeTICHHUS
KOHIICHTPALUHU (PH3HOIOTUICCKA aKTHBHBIX HOHOB (H3O+,K+, Na*, Ca2+, NH,", CI, Br, I
U Jp.) B OMOJOTHIECKHUX JKUAKOCTIX (KPOBH, CTUHHOMO3T'OBOH KUIKOCTH U JP.) U TKAHIX
OpraHusmMa.
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