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[ ANEeKTPOXMMUYECKUN pAaa HaNpPsAXKeHUN MeTarnsnos ]

YMeHblUeHne BOCCTaHOBUTENbHbIX

Li KBa Sr Ca Na 8Me%&I®n Zn CrFe Cd CoNi Sn Pb (H;) CuAgHg Pt Au

-3,02  -2.91 -2,84 -2,38 -1,05 -0,74 -0,40 -0,23 -0,13 +0,34  +0,85 +1,50

-293 -2,89 -2,71 -1,66 -0,76 -0,44 -0,28 -0,14 0,00 +0,80 +1,20
+ 2+ 2+ 2+ 4+ 2+ 3+ 2+ 24+ 3+ 2+ 2+ 2+ 2+ 2+ 2+ + 2+ 4+ 2+ 2+ 3+

L1 KBaSrCaNaMgAIMnZnCrFeCdCoNiSnPb(ZH)CuAgHg Pt Au
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[ Nony4yeHune metannos ]

YMeHbleHne BOCCTaHOBUTESbHbIX
_ LiKBaSr CaNa®R1aEMn Zn CrFe Cd Co NiSn Pb (H;) CuAgHg Pt Au
_e o

-3,02  -2.91 -2,84 -2,38 -1,05 -0,74 -0,40 -0,23 -0,13 +0,34  +0,85 +1,50

-293 -2,89 -2,71 -1,66 -0,76 -0,44 -0,28 -0,14 0,00 +0,80 +1,20
+ + 24 2+ 2+ + 2+ 3+ 2+ 2+ 3+ 2+ 2+ 2+ 2+ 2+ 2+ 4+ 2+ + 2+ 2+ 3+

_ LiKBaSrCaNaMgAIMnZn CrFeCdCoNiSnPb(2H)CuAgHg Pt Au
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[ nOﬂyquMe MeTansnosB

Li K Ba Sr Ca Na Mg Al Mn Zn Cr Fe Cd Co Ni Sn Pb (Hz) CuHg AgPtAu

AKTUBHbIEe nony4aloT
NUpoareKTpoMeTanaypruieckum
cnocobom

4 AneKTpomMeTannyprusa — ato
crnocob nony4yeHusi MeTannoB C
NMOMOLL LI INEKTPUYECKOro TOKa —
anekTponusa. Tak nosny4yaroT B
OCHOBHOM aKTUBHbIE MeTannbl U3

~

\_pacnnaBoB OKCMAOB, ’MAPOKCUAOB, /

coneun.

MonyuyeHue Na, K\
OrEeKTPonm3 pacnnasa

2NaCl =2Na + CI2

f-;.!m\,

e+ 2CI=Clh+2e

CpeoHen BbnaropogHbl
dKT [
NOMYYEH \
ANEKTPOWME PACIIIABA
COonu
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NCLAS,

k 2NaCl — RNa+di, /

HTepakTuBHaa cxema anekTponnia B3sTa U3 npeseHtaumm
NanbueBon O.H., yuntensa xummmn MOY «AHHUHCKass COLL Nely, noc.
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nOﬂyquMe MeTansnosB ]

Li K Ba Sr Ca Na Mg Al Mn Zn Cr Fe Cd Co Ni Sn Pb (Hz) CuHg AgPtAu

AKTUBHBbIE nony4aloT CpenHen BnaropoagHbl
NUpoO3NeKTpoMeTanypruieckum aKTUBHOCTM e
CITOCOOOM

ANeKTpoMeTannyprus — aTo cnoco6 nony4YeHust MeTansioB ¢ NOMOLLbIO
3M1eKTPUYECKOro ToKa — anieKTponusa. Tak nosny4yaloT B OCHOBHOM aKTUBHbIe MeTannbl
U3 pacnnaBoB OKCUAOB, FTMAPOKCUAOB, CONeMn.

/ Mony4yeHue Al aneKTponu3om \
| ALO,

XumMmuyeckas
o4yucTKa

ALO3;nH>;0 +

+npumecu

ALO3;nH>0
ALO3 AnekTponusep ons nony4yeHus Al

T 950°C, AL O, B pacnnase kpunonuta (Na,AlF ); Ha kaTofe: AP+ 3e=Al°
Ha yronbHOM aHofae (pacxoayeTtcs B NpoLecce anekTponusa): 0% - 2e = 0°%

\c+o=coT; 2C0 + 0, = 2CO,1; /




[ NMony4yeHune metannos ]

Li K Ba Sr Ca Na Mg Al Mn Zn Cr Fe Cd Co Ni Sn Pb (Hz) CuHg AgPtAu

AKTUBHBI CpenHen akTUBHOCTMU nony4ailoT nupo- brnaropogHsbl

e WNu ruapomMeTannypruyeckum cnocobom e gobbiBaroT
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NonyyeHue meTannos
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Li K Ba Sr Ca Na Mg Al Mn Zn Cr Fe Cd Co Ni Sn Pb (Hz) CuHg AgPtAu

CpenHen akTUBHOCTMU nony4ailoT nupo- brnaropogHsbl
WNu ruapomMeTannypruyeckum cnocobom e gobbiBaroT
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CuSOs + Zn = Cu + ZnSO/




Xnmmnyeckue cBouCcTBa MeTasnnos

LiKBaSrCaNaMgAI MnZnCrFeCdCoNiSnPb(H2)CuHg AgPt Au

Mpun
OkucnsroTca npu KOMH. t° Mpu t° He
KOMHAaTHOM OKUCH. OKncnaTCa TONMbKO Npu OKUCNSIOTC
Temnepartype TOJbKO C HarpeBaHuu A
NoBepX.
[Mpy 0BbIYHBIX YCITOBUAX C BoOM B3aMOAENCTBYIOT TONbKO Mpwu C y
B3aMMOLEWNCTBYIOT C HarpeBaHuu ¢ obpasoBaHmem okcnaga n H_1 BOHO,” He

y 2 B3aUMOLENCTBYHOT
BOOOW Cc o6pa3oBaHNEM MomHm! 2A1 + 6HOH — 2AI(OH), + 3H,1 (ecnu

wenoym n H, 1t CHATb OKCUOHYIO MNIEHKY)

Koppo3noHHas yCTOMYMBOCTb YNCTbIX METANIIOB YCUINTUBAETCS >

13 pacTBOpPOB KMUCMNOT BbITECHAKT BOAOPOA (MCKITHoYEeHNE HN03)
[TomHun! LLlenoyHble u WwenovYHo3eMernbHble MeTansbl B BOOHbIX
pacTBopax B3auMoaencTBYT npexae scero ¢ H, O

A3 pacTBOpPOB KNCNOT HE
BbITECHAIOT BOOOPOA

B3anmogencTBytoT € CepHOU KUCNOTOM (KOHLL.). B 3aBUCUMOCTU OT YCITOBUN K He
BOCCTaHOBUTENbHbIX cBONCTB Me obpasytoTtcs SO,, S, H.S (Fe, Ni 1 HekoTopble B3anmon
meTannel B H,SO, (KOHL,.) Ha xono4y NaccuBMpYOTCS). enCTBYIO
T

LiKBaSrCaNaMgAIMnZnCrFeCdCoNiSnPb(H;)CuHg AgPt Au



maBHa
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LiKBaSrCaNaMgAI MnZnCrFeCdCoNiSnPb(H2)CuHg AgPt Au

Xnmmnyeckue cBouCcTBa MeTasnnos

BaanmogencteytoT ¢ pazbaBneHHON U KOHLUEHTPUPOBAHHOW a30THOW KUCITIOTOM U C HNO, He
B 3aBMCUMOCTU OT YCITOBUIN, BOCCTAHOBUTENbLHbLIX CBOUCTB METArSOB, pearvpyoT
KOHLIEHTpaUuM KUCNOTbl 06pasyoTcs N,, N,O, NO, N,O,, NO, u NH, (NH,NO,). Al, Fe,

Cr B KOHLUEHTPUPOBaAHHOW a30THOW KMUCMNOTE NacCUBUPYHOTCA.

C pactBopom H,SO, He

C pasbaBneHHon H,SO, B3avmodencTBytoT ¢ obpasoBaHnem H,
pearvpyroT

C HCl B3aMMOAeiCTBYtoT ¢ 06pasoBaHmnem H, C HCl He pearunpytoT

Kaxgbin Bnepeam CTosWmMM MeTasn BbITECHAET BCe Nocreayowme meTtansibl U3 pacTBOpPOB
N pacnnaBoB NX COSIEN

I'Ip|/| SNIEKTpoJsin3e cHa4dyalsia USMEHAETCA TOT KATUOH, METarly1 KOTOpPOro HaxoaAuTcs npasee B
ANEKTPOXNMNYECKOM pAay HaI'IpFI)KeHVIIZ MeTasinoB

NMpumeyaHune: cpean 3aKOHOMEPHOCTEN, CBA3bIBAOLWMX PAL HAMPSXXeHNU MeTansioB U XMMU4eCcKue
ceonctBa Me 1 nx coeanHeHnn, eCTb UCKITIOYEHUS U3 NpaBus. byabTe BHUMaTENbHbI, 0OpaTUTECH K

“Teopuun!

LiKBaSrCaNaMgAIMnZnCrFeCdCoNiSnPb(H;)CuHg AgPt Au



[ CoenunHeHUA ]
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LiKBaSrCaNaMgAIMnZnCrFeCdCoNiSnPb(H:)CuHgAgPt Au

PacTtBopstotcaBH. O c [ ]
2 Okcupbl
06pasoBaH1em OKcunabl He pacTBOPSOTCS B BOAE o
LLienoven
[Mpu HarpeBaHUM OKCUAObI He [Mpun t°
pasfaratoTen pagharaieTesn
[mapokcnabl [ M'apokcuabl ] [mapokcmabl
PaCTBOPAIOTCA B BOAE [MapoKkcuabl He pacTBOPSOTCS B BO4E pasnaratoTcA B
BOEEC
[MApOKCMALI NP t° He | Mynnokenabl py t° pasnaraoTcs Ha BOLy U OKCUAbI Mpnt
pasnararTcs pasnaratoTcs
HuTpaTbl npu t° HaYSaTe, Agh (P,
pasnaratoTcd Ha [ Conu ] pasfiaratotcA Ha
HUTPUTBI U O, HuTpaTtbl npu t° pasnaratotcs Ha okcud, NO, 1 Me, NO,n O,

Conun, obpasoBaHHbIE
CUNbHbIMM
KUcnotamm He

[maoponus ]

Conu, obpasdEBiie cunbHBIMM KMCNIOTaMK, TMAPONU3YIOTCH

c obpasoBaHUEM KUCITOW cpeabl

a
Conﬁ,“ogpa%osaﬂhble

cnadbbiMu Kucnotamu
rmgponusyroTca (cpena
werno4vHas).

CyLliecTByloLMe 1 pacTBopuMble conun, obpasoBaHHbIE CriabbiMu

KUCJriotTamu, rmnaposinm3yroTcA NOJSTIHOCTbHO

LiKBaSrCaNaMgAIMnZnCrFeCdCoNiSnPb(H:)CuHgAgPt Au



l ANEeKTPOXMMUYECKUN paa Hanp_

MNpoBepb cebs

tO
el = * H Fe(OH), Fe,0, Fe,O,

Zn + CuSO4 (P)— + 7nS Cu CuO ZnSO 4

Na+0,— NaO Na O Na O

2 , 272

TpeHaXep «Xumuyeckune cBOMCTBA METaNMoOB»



MpoBepk ce6s TpeHaxep «XuMuUyeckue cBoMcTBa

YKaxuTte, Kakue n3 npearicb@aHHBIX B&NeCcTB pearMpyroT ¢ Kanbuuem v
HanuwnTe ypaBHEeHNA COOTBETCTBYHOLLUX peaKkuun.

7

: I'IpOBepKaj [ Ca + Br, = CaBr, }




ANEKTPOXMMUNYECKUN PAO HaANpPSXKeHUU MeTansios

TeopeTuyeckue TeCTbl C BbIOOPOM

oTBeTa
KoadbpuumneHT nepen popmMyrion BOCCTaHOBUTENA B peaKkLmMu, cxema KOTOPOH

Ca + HNO, (koHu.) — Ca(NO,), + N, 7+ H,0
a)5; 6)10; B)1;, Tr)12;
KoadbpuumneHT nepen popmMynon OKUCNUTENs B peaKkumn, cxema KOTOPOW
Zn + HZSO4 (KOHUW.) — ZnSO4 + HZST +H,0
a)l;, ©)2; B)4; rJk5;
B cxeme npespaLleHui
(1) (2)  (3) (4)
Al — Al(OH), — Al,0, — AICI, — Al TpebyeTcs NPOBECTU SMEKTPOoNn3 pacnnaea
ONS OCYLLeCcTBNeHUs peakunn Ha atane: &)4; 6)2; B) 3; 1) 4;
B cxeme npespalleHuin U3 TecTa 3 TpebyeTcs NpoBecTy NpoKanMesaHue Ans
OCYLLIeCTBMNEHWNA peakLuum Ha aTtane: 6) 2; 0) 2; B) 3; 1) 4;
Mpu anekTponuse pacteopa NaCl 06pa3syoTcs NPOAYKThI
a) Na; &) e @) @l; m)ii;; A) HC;

NpoBepb cebs

TpoBepK
a
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MeTallibl NP HOPMaJibHbIX yCﬂOBMﬂX?

C kaknmu n3 BellecTB OyayT pearMpoBaThb NpeanoXeHHble J

O] (N
SIEISIH

NaCl (p-p) Li,O H,0
K,SO,(p-p) _ 0, SO,

Na SO, FeSO, (p-p) SO,
stoa (P-p) | | Ca ‘ NaOH (p-p) ‘
FeCl, (p-p) | HCl AL (SO.).

ALS, H,0 SO,
H,SO, (koH) HCl Ca0
o, P,0, AgNO_ (p-p)_




BOINMPOC

K MOMHO nonyumTh ‘ PEBIECE] K8 pacTeopa KNO,
3MEeKTPONN30M

pacnnasa KCl p-Ba cmecu KCl u MgCl,

Bornee cunbHbIM Li Sr
‘ BOCCTaHOBUTENEM, ‘
yem K 6ygert \VE Ca

Bonee cunbHbIM
‘ oKucrnmTenem
LLleno4yHyto cpeay npu
‘ rmgponunse ‘

obpasyeT pacTBop conu

‘ Port Al & ‘ KaTanuaartop BOCCTaAHOBUTESb

antoMUHOTEPMUN
OKUNCINTEIb He 3Halo
LLlabrnoH Tecta B34aT 13 npesentauun ansueson O.H. (n. AHHa, BopoHexxckon obn.)




fmaponuns coneu — aTo peakuus ooOMeHHOro B3aumoaeucTB1s Conm ¢ BOAOM, B
pe3ynbTaTte KOTOpou obpasyeTcA crabblv ANEKTPONUT

MOH]| HeuUTpanbHasa cpena
Cunbiioe pH~7
HAN 2Udposiu3 He npomeKkaem
CUnbHas
MOH]| LenioyHasi cpeaa
4 cunbkoe pH>7
f'vaponus HAn cna6adn+ HOH <> OH +HAn
coriem
\ MAnN MOH| cna6oe Kucnasa cpepa
HAn | pH<7
CUnbHas M*+HOH —~ H*+ MOH
MOH| cnaboe HeunTpanbHasa cpeaa; crnadbokucnas;
HAn | cnabas cna6owenoyHas; pH~?
. M* + An + HOH < MOH + HAn; 2udposnu3 udem 8o
KOHUa




3]16KTpO.I1VI3OM Ha3biBaeTCA OKUCIIUTEJNIbHO-BOCCTaHOBUTEJIbHAaA peakuus,
KOTOpPaA NpoTeKaeT Ha 3rfieKTpoAdax npu nponyckaHnn 4epes3 pactBop Unu
pacninaB 3NNIeKTPOJINTa NMIeKTPNHeCKoro Toka

4 = )
- ~ M "™+ ne=M°
AneKTponus i 2H,0 +2e=H,"+20H" |
pacTBOpPOB
SNEeKTPponuToB ( PactBopuMbIn: M°—ne=M™ h
. MAnoM™+An™ UHepTHbIK:  An2 ne=An’
- 0 .
H,O . 2H,0-4e=0," +4H y

[ MocrnepoBaTenbHOCTH NPOLIECCOB BOCCTAaHOBMEHUS Ha KaToAe ]

TOJIbKO

- _ 0 -
2H,0 +2e = H,’ + 20H

n+ a — N0 —
MM™+ne=M M ™ + ne = M°

Al H

2
[ NMocnepoBaTenbHOCTb npoLleccoB OKuclrieHna Ha aHoae ]

2C1°,2Br, 21,52 -2e =

0 - -
M®-—ne=m™ Cl,, Br,1,S 2H,0-4e=0+4H"

.PaCTBoplebll?l aHof HepacTtBopumMbIn aHOA



] maBHa

[ ANEKTPOXMMNYECKUMN PAL HaNPSXKeHNN MeTarnJsioB .

YMeHblueHne BOCCTaHOBUTESIbHbIX
_ LiKBaSrCaNa Me®I®n Zn CrFe Cd CoNiSnPb (H;) CuAgHg Pt Au
—e -
-3,02 -2,91 -2,84 -2,38 -1,05 -0,74 -0,40 -0,23 -0,13 +0,34 +0,85 +1,50

-293 -2,89 -2,71 -1,66 -0,76 -0,44 -0,28 -0,14 0,00 +0,80 +1,20
+ + 24 2+ 2+ + 2+ 3+ 2+ 2+ 3+ 2+ 24+ 2+ 2+ 2+ 2+ 4+ 2+ + 2+ 2+ 3+

_ LiKBaSrCaNaMgAIMn Zn CrFe CdCoNiSnPb(2ZH)CuAgHg Pt Au

+e =
YcuneHune okKucnutTenbHbIX
Anga cucTemaTaaun MeTannoe no Mx cNnOoCOBHOCTU K PACTEBOPEHUIO B SNEKTPONUTE M 0BPAas3oBaHuo
MOHOB BEINK M3MEPEHEI UX 3NeKTPOoAHbIE NoTeHUWanb! (N0 OTHOLWEHWO K BOAOPOAY), U COCTaBNEH
3MEeKTPOXUMUYECKUWA PALA HaNpPsXKeHUA .
OKMCNUTENBHO-BOCCTAHOBUTENBHBLIE NOTEHUMAanNL! 06 BACHAKT NOPAA0K PACNONOMEHUA aTOMOEB W
KATMOHOB METANMOE B 3MNeKTROXUMUYECKOM PAAY M ONpedensanT BOIMOKHOCTE W HanpaeneHue
npoTekaHua OBP . Hanpumep, OKMCNMTENEHO-BOCCTAHOBWUTENEHLIA NOTEHUMAnN Napkl Fe?'/Fe

(-044B) meHblwe, Yem napol cu?*iCu (+0,34B). MNosTomMy ¥ene3o cnocobHO BITECHATE Melb M3
pacTBopa, a Meflb Heneao HeT.

PaKkTopbl, onpeaenaoLiMe NofoXeHne MeTarsia B 3fIeKTPOXUMUYECKOM paay

HanpsXXeHUn:

1. CTpoeHue 3neKTPOHHON 0DOSTOYKN: YNCNO ANTEKTPOHHLIX YPOBHEN N YNCNO
9JIEKTPOHOB Ha BHELLHEM CIOE;

2. [lpoYHOCTb KpuCTanInyeckown peLleTkn meTanna;

3. 3JHeprus npouecca rmgparaunm noHa (CoeanHeHns ero ¢ BOAoN).

[TomHKM! Pag HanpskeHUW XxapakTepmnayeT nuilb cnocobHOCTb M K okMcnnTenbHo-
BOCCTAHOBUTESbHbIM B3aMOOENCTBUAM B 800HbIX pacTBopax Npu ctTaHOapTHbIX



[ | H,S0, l

pa3baBneHHas CRLERTIOEETE e @2 (1]
- 2
+1) +6 -2 +1|+6] -2 6 0
H SO4 HZEO4 S+6—ﬁ+ £ S (S)
+
H™ - okucnurens S+6 -okucnuTeno  |_t2¢, S+4 (SO )
2

2H" +2e — H 1

LiKBaSrCaNaMgAIMnZnCrFeCdCoNiSnPb(H2)CuHgAgPtAu

B BOoOHbLIX p-pax

pearupytot ¢ H,0 Zn +H,50,(p) =ZnSO, + H,1 M + H_SO,(p) #

Ecnu HZSO ,(K), TO B 3@BMCMMOCTY OT akTMBHOCTU M 1 Bbiaensietcs SO,

yCMoBWW NpOTeKaHWsi peakuui MoryT BblaensTbcsa H,S, S, lCu+2H 50, (. npw ) ;,_l
SO2' =CuSO, +S50,7+2H,0
Zn + 2H_SO ,(koHu. npn t°) = ZnSO, + SO, T+ 2H,O
3Zn + 4H_SO (pa36.) =3ZnSO, + S|+ 4H_O

. SH S8 #61BaY HISED (RnEcETEpYeP nardroptiéétanns,

Fe + H SO, (k.) 7 Al+ H,50, (k) 7




Tak Kak okucnuTenem B HNO3 ABNATCA MOHbI NO, ", @ HE UOHbI
HINI O H*, 1o npu B3anmogencTeuu HNO3 ¢ M npakTtuyeckn Hukorga

T 3 _ He BbloenseTcs HZ; NO,’ - NOHbI BOCCTaHABNUBAKOTCS TEM
N (NO3) - OKUCNUTENb nonHee, Yem 6osiee pa3bassieHa KMCnoTa U Yem b6osiee
akmueeH M.

+1[ +5] -2

LiKBaSrCaNaMgAIMnZnCrFeCdCoNiSnPb(H2)CuHgAgPtAu

B3anmogenctBme asoTHOU KUCNOTbI C MeTarnsfiamMmu

CpenHen ManoakTUBHbIM |Bnaro
f:iTMBHbIMM (Ca, Me, akTuBHOCTM (Fe, Cr, |  m (Pb, Cu, Hg, Ag) | . (pt
; vi N- ‘
HNO, (k) HNO, (p) |HNO, (o4eHb| HNO, (k) I)HNO,& (p) | HNO, (k)| HNO, (p) ﬁ‘é‘)
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