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OKMCIUTEIbHO-BOCCTAHOBUTE/IbHBIE peakuuu. IloBegeHue
METAJVIOB B arpecCHMBHBIX cCpelax: METOAMYECKHE YKa3aHusi K
71a00paTOpHOM paboTe IS CTYJICHTOB HEXMMHYECKHUX CICIUAIBHOCTEH
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Conepxarcst KpaTKME TEOPETUUYECKUE CBEIICHUSI K Ja0OpaTOPHOM
paboTe, METOIWKHU BBIOJHEHUS OIBITOB, IPUMEPHl COCTABJICHUS
OKHCJIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIUI KOHTPOJIBHBIE BOIPOCHI
IUISI CaMOCTOSITEIbHOM PaboThl CTyAeHTOB MO TeMe "OKUCIUTEIBHO-
BOCCTAHOBUTENbHBIE peakiuu’'. [IpegHa3sHadyeHbl 119 CTYJIEHTOB
TEXHUYECKUX CIECIUATIBHOCTEM.

TekcT nmeyaraeTcss B aBTOPCKOM PEIAKIIHU.
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BOITPOCHI JI1 CAMOIIOAI'OTOBKHA
1. JTaiiTe MOHSATHE CTEIEHU OKUCIICHUS (C. 0.)?
2. Kak onpenenuts €.0. IS 3JIEMEHTOB, BXOJSIINX B COCTaB MOJIEKYJI
WJIA CI0XHBIX MOHOB? [IpuBeauTe npuMepsl.
3. Kakue peakuum OTHOCATCS K OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIM
peakiusm?
4. JlaiiTe TIOHSATHE TIPOIIECCOB OKHCIEHHUS W BOCCTAHOBJICHMA.
[IpuBenuTe npumepsl.
5. Uro mHa3zwiBaeTcs okuciuteneMm? Kakue »siaeMeHThl WIHM  HX
COCJIMHEHUS ¢ TOYKHM 3PEHUSI CTPOCHHUS IJIECKTPOHHOM 000JIOUKH aToMa
MPOSABISAIOT OKUcHuTeNbHbIE cBoucTBa? I'me B IICD pacmonararorcs
TaKUe YJIEMEHTHI?
6. Uro Ha3miBaeTcs BoccTaHoBuTejaeMmM? Kakue »dJI€eMEHThl WIM HX
COCJIMHEHUS C TOYKH 3PEHUSI CTPOCHUS AJIEKTPOHHOM 000JIOUKH aToMa
MPOSIBIISIIOT BOCCTaHOBUTENbHBIE cBoMcTBa? ['ie B IICO pacnonaratorces
TaKue YJIEMEHTHI?
7.J1aliTe MOHATHE OKUCIUTEIIbHO-BOCCTAHOBUTEILHOM JBOMCTBEHHOCTH.
8. UTo mpoUCXOAUT C OKHUCIUTEIEM MU BOCCTAHOBUTEIEM BO BpEMs
OKHMCJIUTEIbHO-BOCCTAHOBUTEIIBHBIX MPOIECCOB?
9. Kakne OKMCIUTENhHO-BOCCTAHOBUTEIIBHBIE PEAKIIUM MOKHO OTHECTH
K  peakiusM  MEXMOJICKYISIPHOTO  OKHUCIICHUS-BOCCTAHOBJICHUSA?
[IpuBegure ipumMepsl.
10.Kakue OKMCIUTETbHO-BOCCTAHOBUTEBHBIC PEAKIIMN MOKHO OTHECTH
K pEakuusiM BHYTPUMOJEKYJISIPHOTO OKHUCICHUS-BOCCTAHOBIICHUSA?
[Ipusegute ipuMepsL.
11. Kakue OKMCIUTEIbHO-BOCCTAHOBUTEIBHBIC PEAKIIMU OTHOCSITCS K
pEAKLUSM JCTIPOTIOPIIMOHUPOBAHUS (CaMOOKMCIICHUSI -
camMoBOccTaHOBIIeHHU)? [IpuBeauTe MpUMEPHI.
12. Kako#t ©OamaHC JOJDKEH BBIJIEPKUBATHCS B OKHUCIMTEIBHO-
BOCCTAHOBUTEJBbHBIX peakiuax? Kak 3to nocturaercs?
13. JlaiiTe MOHATHE METOIY AIIEKTPOHHBIX YPABHCHUM.
14. [laiilTe TIOHSATHE METOAA JJICKTPOHHO-HUOHHBIX YPAaBHECHUU
(mostypeaxiuii)
15. Kak paccuuThiBaeTCs 5SKBUBAJCHTHAs Macca OKHUCIUTEIS U
BoccTtaHoBuTels? [IpuBeaure npuMepsil.
16. Kakue cBOWCTBA MPOSBISIOT CBOOOIHBIE METAUIBI B OKUCIUTEIBHO-
BOCCTAHOBUTEJIBHBIX PEAKITUAX ?
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17. Kakag BenuuMHA CIY>XUT KOJHMYECTBEHHOW XapAKTEPUCTUKOU
BOCCTAHOBUTEIIBHOM aKTUBHOCTH METAJUIA B BOJAHOM pacTBOpe?

18. Kakue BBIBOJBI O BOCCTAaHOBUTEIBHOM AaKTUBHOCTH METaJlIa
MO3BOJIACT CAENATh €ro MOJOKEHUE B PANY HANIPSIKECHUM METAIUIOB?

19. Kak OIIPEIEIIUTD TEPMOIUHAMUYECKY IO BO3MOKHOCTb
OCYIIECTBJICHHUSI  OKHUCJIUTEIbHO-BOCCTAHOBUTEIIBHON  pE€akiuud B
pacTBOpE B 33IaHHOM HaIpaBjeHUU (MPU CTAHAAPTHBIX YCIOBUSX)?

20. Yto mpencraBisieT coOOM sSBICHUE MaccUBaMU MeTamia? 3a cuer
YEro OHa MOKET MPOU30MTH B arPECCUBHOM PacTBOpE?

21. Yem ornuyarorcss  "KHCHOTBI-HEOKUCIAUTENHU'  OT  "KHUCHOT-
okucnurenen'? [lpuBenure mpuMepsl B3aUMOJEUCTBUSA 3TUX KHCIOT C
MeTaJIaMH.

22. Uto mpenctaBisitoT co00i amMdOTepHbIE OKCHUIbI U TUAPOKCHUIBI
metamioB? Kak oHu BemyT ceOs B pacTBOpax KHUCIOT U IIEIOYCH?
[IpuBenuTe npumepsl.

BUBJINOTPAOUYECKNN CITMCOK
1. KopoBun H.B. O0mast xumus. M.: Beicir. k., 2007 r.
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M.: Beicmi. mk., 2004 r.
3. I'muaka H.JL. 3agaum u ynpaxHeHuss 1no oOmed xumun. M.:
HNurerpan-npec, 2002 r.

4. AxmeroB H.C. O0Omas u Heopranudeckass xumus. M.: Beicul. mik.,
2006 r.



5

Cmenenv okucienusn (c.0.) — >mo0 YCIAO0BHbIU 3APsS0 AmMoma 8
COCOUHEeHUU, BbIYUCTeHHbI UCX005 U3 NPEONOoNONCeHUs O UYUCINO
UOHHOM XapaKmepe XUMU4eckou Ces3u.

CTerneHb  OKHCICHHUS  MOXKET HMMETh  IIOJOKHUTEIIbHOE U
OTPHUIIATENIbHOE 3HAYE€HHE, KOTOpoe 0003HayaroT apabckumu nudpamu
co 3HakoM "+" munu "-" ¥ cTaBAT HAJ CHMBOJIOM 3JIEMEHTA.

Hanpumep: H'CI', Na'™N"07;.

JI71st psiia SJI€MEHTOB CTENEeHb OKUCJICHHUS aTOMOB B COCIMHEHUSIX

mocTosiHHa (cM. Taduiy 1).

Tabnuna 1
DJIEMEHT C. O.
Li, Na, K, Rb, Cs, Fr (IA rpynna), H (kpome +1
TUJIPUIOB)
Be, Mg, Ca, Sr, Ba (IIA rpynna) +2
Al, Sc +3
lamorensl B rammmmax (MeFX'l); BOJAOPOA B -1
ruapuaax (MeHx); kucinopon B nepokcuaax (H,O,)
O (kpome MepOKCHJIOB) -2

HenTpanbHble aTOMbl M MOJEKYJIbl HMEIOT HYJEBYIO CTEIEHb
OKMCJICHUS, HAIpUMED, Mgo, HZO.

[Tonb3ysich 3TUMHM CBEICHUSIMH, MOXHO BBIYMCIIATH CTEICHB
OKMCJICHUSI JPYrMX aTOMOB B COCIWHEHMS, YYUTHIBAs CICAYIOIIEE
IPABUJIO:

Aneebpauveckas cymma cmeneHel OKUCIEHUs B6CeX aAMmOMO8 8
COeOUHEHUU 8Ce20d PABHA HYI0, A 8 CIIOJHCHOM UOHE — 3apsdy UOHA.

[TPUMEP 1: Omnpenenure creneHb OKHUCIEHHS aroma Mn B
Mosiekyine KMnO,.

Pemienue. O603HaunM c.0. atoma Mn uepe3 X. 3Has, 4TO C.O.
aToMa KHCJIOpOJia paBHa -2, atoma Kanus +1, a anredpandeckas cymma
C.0. BCE€X aTOMOB paBHAa HYJI0, COCTaBUM ypaBHeHue: +1+X +4(-2) = 0.
X=+7, 1.e. c.0. aroma Mn paBHa +7.

[TPUMEP 2: Onpenenure CTENeHb OKUCICHUS aTOMa a30Ta B HOHE
NOs'.

Pemenue. O603HaunM c.o. atoma N gepe3 Y. 3Has, 4To C.0. aToMa
KHCJIOPOJIa paBHA -2, a aireOpandeckas cymma C.0. BCEX aTOMOB paBHa
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3apsay MOHa, T.€. paBHa -1, coctaBuM ypaBHeHue: Y + 3(-2) =-1. ¥V =
+5, T.e. ¢.0. aTOMa a30Ta paBHa +35.

Peakuuu, KOTOpBIE CONMPOBOXKIAAITCH HM3MEHEHHEM CTeleHH
OKMCJIEHHSI ATOMOB, BXOASIIIIUX B COCTAB Pearupyroliux BellecTB,
Ha3bIBAKTCH OKUCIUMEIbHO-60CCMAHOGUME/IbHBIMU.

Otmaya aToMOM  BJIEKTPOHOB, KOTOpas  COMPOBOXKIAETCS
MOBBIIIEHHEM €ro CTENEHH OKHUCIICHUS, Ha3bIBAETCA NpOYyeccom
okucienus. BemectBo, B COCTaB KOTOPOrO BXOJHUT OKHUCISIOUIAMNCS
AJIEMEHT, HAa3bIBACTCS 80CCMAHOBUMENEM.

Hampuwmep, Na’-le=Na"- IIPOLIECC OKUCIEHUS; Na - BOCCTaHOBUTEIIb

[IpucoenuHenue  aToMOM  DJIGKTPOHOB,  MPHUBOMSAIIEE K
MOHM>KEHHUIO €T0 CTEIEHU OKHUCIICHUS, HA3bIBACTCS 80CCHAHOBIEHUEM.
BemectBo, B CcOCTaB KOTOPOrO BXOJHUT BOCCTaHABIMBAIOIIUNCS
AJIEMEHT, HAa3bIBACTCSI OKUCUMNENEM.

Hampumep, Mn” + 5¢ = Mn"* — IPOLECC BOCCTAHOBJICHUS, Mn"’ —
OKHUCIIUTEIIb.
OKUCJIUTEJIN

OKuCIUTEIbHBIC CBOMCTBA MPOSBISIOT COCAUMHEHUs, B COCTaB
KOTOPBIX BXOJSAT aTOMbl 3JIEMEHTa B BBICIIECH CTENEHU OKHUCIIEHUS
(BpICIIAsl CTENEHb OKHUCJICHUS DJIEMEHTOB COOTBETCTBYET HOMEPY
rpymnmnsl [ICD):

1) Kucnopoacoaep:kanme KHUCIOTBI U HX COJH, B KOTOPBIX
KUCJIOTOOOPA3yIOIIUi  3JIEMEHT HAaXOJWUTCS B  BBICHIEH CTEIEHHU
okucienus (H,SO4, HNO3;, KMnQO,, K,Cr,05).

2) MoHbl MeTalJIoB B BBICHIEH CTENEHM OKHCIICHUS (Fe+3, Cr+6,
Mn').

Takxke K OKHCIHUTENSIM OTHOCSITCSA IIPOCTHIE BEIIECTBA - TUIIMYHBIC
HemeTaibl, O,, raorensl B cBo001HOM BHjE (F», Cly, Bry).

BOCCTAHOBHUTEJINU
BoccTanoButenbHbBIE CBOKWCTBA MPOSBIISAIOT COSIUHECHUS, B COCTaB
KOTOPBIX BXOAAT ATOMbI 3JICMCHTA B HU3MIEN CTENEHU OKHUCIICHUS (JIJ'IH
METAaJIJIOB HHU3IIAs CTCIIEHb OKUCIICHHS COOTBETCTBYET HOMEPY TPYIIIBI
I1C3; nna HemeTamioB ¢.0.=Nerp.I1CD — 8):
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1) beckucimopoaHbie KUCIOTHI U UX COJIM, B MOJEKYJaX KOTOPBIX
HOCHTEJISIMH BOCCTAHOBUTENIBHBIX CBOUCTB sBsstoTcs annonsl (HCI, HJ,
NaQS).

2) T'mapuapl MIETOYHBIX M IIEJOYHO3EMEIBbHBIX METaJIJIOB
coaepxaiue noH sogoposa H (NaH, CaH,).

Takke TUNUYHBIMH BOCCTAHOBUTEIISIMH  SIBJISSFOTCS  IIPOCTHIC
BemiectBa: Metawibl (IA rpynna, ITA rpynmna), Hy, C (B Buze yriist wiu
Kokca), P, Si

OKHUCJIUTEJIBHO-BOCCTAHOBHUTEJIbHAA IBOMCTBEHHOCTD
ATOM »3JIEMEHTa, HaXOIAIIMMCA B MPOMEKYTOYHOU CTEIICHU
OKHCJICHUSI, MOXET TMPOSIBIATh KaK OKHCIHUTEIbHBIE, TaK W
BOCCTAHOBUTEJIbHBIE CBOMCTBA.
Harmpumep, Fe™ -le = Fe+3; non Fe™ IIPOSIBJISIET BOCCTAHOBUTEIIbHBIE
CBOMCTBA.
Fe'* +2¢ = Fe'; mom Fe'” mpOSsBISET OKHMCIHTEIBHEIE
CBOWCTBA.

Bce  OKMCIMTEIBHO-BOCCTAHOBUTEIBHBIE  PEAKIMH  MOYKHO
pa3enuTh Ha TP THUTIA:
1) Meowcmonexynsapnoe oxucieHue-60ccmanosieHue — peakiuu, B
KOTOPBIX OOMEH OJJICKTPOHAMHU MPOUCXOJAUT MEXKIYy Pa3HBIMH
MOJICKYyJIaMU WJIM WMOHAaMH, TPU OTOM, OJHO BEIIECTBO SBISCTCS
OKUCIIUTEJIEM, a APYroe — BoccTaHoBuTeseM. Hampumep,
2KMnOy4+ 5H;PO;5 +3H,S0O4 = 2MnSO4+5H;PO4+K,SO4+3H,0
BOCCTAHOBUTEJIb 3| P”-2e=P", IIPOLECC OKUCIICHUS
okuciurens 2| Mn'' 4+ Se = Mn"” |, po1ecc
BOCCTAHOBJICHUS
2) Buympumonexkyiapuoe oxucieHue-60cCmanosienue — pPeaklnuu, B
KOTOPBIX OKHUCIUTEIbHBIE U BOCCTAHOBUTEIBHBIC CBOMCTBA MPOSIBIISIOT
aTOMBI, BXOSIIME B COCTAB OJHOTO U TOTO ke BemiecTBa. Hampumep,
2KC1O; =30, + 2KCI
oxuciurens 2| C1"™ +6e = CI', mporiecc BOCCTAHOBICHHUS
BOCCTaHOBHTEIB 3| 207 — 4¢ = O,, IPOLECC OKUCICHHS
3) Camooxucnenue-camosoccmanosgienue (OUCNponoOpUUOHUPOBAHUe) —
peakmuu, B KOTOPHIX BOCCTAHOBHUTEIEM U OKHCIIUTEIEM SBIISICTCS
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AJEMEHT C TNEepPeMEHHOM (IIPOMEKYTOUHOM) CTENEHbIO OKHCIICHUS,
BXOJISIIAM B COCTAB OJTHOTO U TOTO %€ BemecTra. Hanpumep,
4H;PO; = 3H;PO4 + PH3
+3 +5
BoccTaHoBuUTENb 3| P ° —2e =P °, npoliecc okuciaeHus
+3 3
okucnutens 1| P~ + 6e =P, nporiecc BoccTaHOBICHUS

JIns cocTaBiieHUs ypaBHEHUN OKHCIUTEIbHO-BOCCTAHOBUTEIIBHBIX
peakiuii TPUMEHAIOT METOJ JJICKTPOHHOro OajlaHca, KOTOPBIN
BBIBOJIAT: @) U3 DJICKTPOHHBIX YpPaBHEHUM; 0) U3 3JIECKTPOHHO-MOHHBIX
YPaBHECHUN.

MeTtoa 3JIEKTPOHHBIX YPAaBHEHUM

[Ipu cocTaBieHUH YpaBHEHUI OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
PEAKIHNI 3TUM METOJO0M PEKOMEHIYETCS MTPUICPKUBATHCS CIETYIOIIETO
nopsiKa:

1. 3anummure cxeMmMy peakuud C YKa3aHUEM HWCXOJIHBIX U
00pa3yIoMUXCsl BEIIECTB, ONPECIUTE DJIEMEHTHI, KOTOPbIE U3MEHSIOT B
pe3yJibTaTe PEaKIMU CTEIEeHb OKHCJIEHUS, HAWJUTE OKHUCIUTENb U
BOCCTAHOBUTEIIb.

2. CocTaBbT€ DBJECKTPOHHBIC YPABHEHUSI MCXOJd W3 TOrO, YTO
OKHUCIIUTENIb IPUHUMAET AJIEKTPOHBI, @ BOCCTAHOBUTEIb UX OTIAET.

3. Ilogbepute MHOXUTETHU (OCHOBHBIE KOID(UIIMEHTHI) IS
AJIEKTPOHHBIX YPAaBHEHHI TaK, YTOOBl YUCTO IEKMPOHOB, OMOAHHBIX
npu OKUCIeHuu, OblI0 PABHO YUCTY HAEKMPOHO8, HNOJYUEHHbIX NpU
80CCMAHOBNIEHUU.

4. PaccraBbTe KO3 (PUIUEHTHI B ypABHEHUH PEaKIIUU.

ITPUMEP 3: CocTaBuTh ypaBHEHHE pEAKIIMM BOCCTAHOBJIEHUS OKCHIA
xenesa (I1T) yrmepogom. Peakiiust mpoTekaeT mo cxeme:
F6203 +C —> Fe+CO

Pemenne: JKene3o BOCCTaHABIMBAETCS, MOHWKAS CTEIIEHb OKHCIICHUS
oT +3 1o 0; yriaepoa OKUCIISIETCS, €r0 CTENEHb OKUCJIEHUS MOBBIIIACTCS
ot 0 mo +2.
CocTaBUM CXE€MBI 3TUX ITPOLIECCOB.

BoccraHosurens 1| 2Fe™ + 6e = 2Fe’ | mponecc okucneHus

OKHCJIUTEIb 3| C’-2e=C", IPOIECC BOCCTAHOBJICHUSA

OO0m1ee Yucio 3JIEKTPOHOB, OTJAHHBIX BOCCTAHOBUTENEM, JOJKHO
OBbITh PaBHO OOIIEMY YHCIY OJJICKTPOHOB, MPHUHSATHIX OKHCIUTEIEM.
Haiins HaumeHblliee oOIIee KpaTHOE MEXIy dYuciamMu 2 u 6,
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ompejeseM, 4YTO MOJIEKYJd BOCCTAaHOBHUTENS JOJDKHO OBITh TpH, a
MOJICKYJ OKHUCJIMTENd - JIB€, T.€. HaxOJIWM COOTBETCTBYIOIIHE
KO3(h(QUUHMEHTHT B ypaBHEHUM PEaKIUH IIepe] BOCCTAaHOBHUTEJIEM,
OKHCIIUTEIIEM U MPOJAYKTaMH OKHUCJICHHUS W BOCCTAaHOBJICHUS..

VYpaBHeHue OyJeT UMETh BU:
Fe,O; +3C =2Fe + 3CO

MeToa 3JIeKTPOHHO-MOHHBIX YPABHEHUH (MOJIypeaKuuii).

[Ipu cocTaBiaeHUN DJIEKTPOHHO-UOHHBIX YpPAaBHEHUU YUUTHIBAIOT
dbopMy CyllleCTBOBaHUS BEIIECTB B pacTBOpE (IIPOCTOM HIIM CIIOKHBIN
WOH, aToM WiIn MOJIEKyJ1a HEPaCTBOPUMOTO WIIH
TPYAHOJUCCOIIMUPYIONIETO B BOJAE BemiecTBa). YToObl COCTaBUTH
ypaBHEHUS OKHCIUTEIbHO-BOCCTAHOBHUTEIBHBIX PEAKIIUNA  JaHHBIM
METOJIOM, PEKOMEHYETCS MPUICPKUBATHCS CIEAYIOLIETO MOPSIAKA:

1.CocTaBbTe CXEMYy pEAKIMM C YKa3aHUEM HMCXOJHBIX BEIIECCTB U
MPOAYKTOB PEAKIUM, OTMETHTEC HOHBI, HU3MEHSIOIIUE B PE3yJbTaTe
peaKkiuu  CTENeHb  OKHUCJICHHS,  ONpEAeIUTe  OKHUCIUTENIb U
BOCCTaHOBUTEIIb.

2. CocTaBbTe CXEMBbI MOJIypPEaKIIUiA OKUCICHUS U BOCCTAHOBJICHUS
C YKa3aHUEM HCXOJHBIX U 00pa3yIONIUXCS B YCIOBHUSAX PEAKIIMH HOHOB
WU MOJICKYI.

3. VYpaBHAMTE 4YHCIO aTOMOB Ka)KJOTO 3JIEMEHTa B JIEBOM U
MpaBoOM YacTAX TOJypeakluil; TMpH 3TOM CJIeIyeT MOMHHUTh, YTO B
BOJHBIX PacTBOpax B PEaKIMSIX MOTYT Yy4aCcTBOBaTb MOJICKYJIBI BOJIBI,
nonsl H' mmm OH'.

Crnedyem nomHumsv, 4mo 6 B0OHbIX pPACMEOPAX CEA3blAHUE
U30bIMOUHO20 KUC10pooa u npucoeouHeHue KUciopooa
goccmanosumenem NpoUCXooam no- pasHomy, & zasucumocmu om pH
cpeovl. B kucnvix pacmeopax u30bImoK KUCIOpOOa CEA3bI8AEMC S
UOHAMU 8000POOA C 0OPA308aHUEM MOJEKYL 800bl, A 8 HEUMPALbHbIX U
WENOUHbIX — MOJIeKYIAMU 800bl C 00PA308aAHUEM 2UOPOKCUO-UOHOS.
Harmpumep,

MnO, + 8H" + 5¢ = Mn*" + 4H,0 (xucias cpena)

NO; + 6H,O + 8¢ = NH; + 9OH ™ (HeiiTpasibHasg WM 1IeI0YHAs
cpena).

lIpucoedunenue kuciopooa eoccmarogumenem OCyulecmensiemcs
8 KUCIOU U HeUmpaibHOU Ccpeoax 3a cuyem MOAeKYl B00bl C
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00pazosaruem UOHO8 B6000p0O0A, a4 68 WENOHYHOU cpede — 3a cyem
2UOPOKCUO UOHO8 C 00PA308aAHUEM MOJIEKV]L BOODL.
Harmpuwmep,

I, + 6H,0 — 10e = 2105 + 12H" (xucnas win HeWTpaabHas cpesa)

CrO, +40H -3e= CrO42' + 2H,0 (menoyHas cpena)

4. YpaBHsiiTe CyMMapHOE YKCIIO 3apsa0B B 00EUX YaCTAX KaxKJIOU
MOJYpPEAKUIMH; JJiE ATOTO NpuOaBbTE K JIEBOM M MpPaBOM YacTAM
MOJIypEaKIIMi HE0OXO0UMOE YHCIIO JIEKTPOHOB.

5. Ilopbepute MHOXHUTEIU (OCHOBHBIE KOIPHUIIMEHTHI) s
MOJYpPEAKIU TakK, YTOObI YHMCJIO BJEKTPOHOB, OTAABAEMBIX MpPHU
OKHCJICHUHU, OBLUIO PABHO YHUCIY JJIEKTPOHOB, MPUHUMAEMbBIX IMpHU
BOCCTAHOBJICHUH.

6. CnoxuTe ypaBHEHHUS TOJYpEaKIUM C y4eTOM HalJeHHBIX
OCHOBHBIX KOA(P(HUIIMEHTOB.

7. PaccTaBbTe K02 (PUIIMEHTHI B YpaBHEHUH PEaKIINH.

ITPUMEP 4: CocTaBuTh ypaBHEHHUE OKHUCIIEHUS CEPOBOAOPO/IA XJIOPHOU
BOJIOW. Peakuus nmpoTekaer no cxeme:

st + C12 + Hzo — HzSO4 + HCI
Pemienne. BoccTaHOBIEHHIO XJIOpa  COOTBETCTBYET — CIIEAYIOIIEE
ypaBHeHue nonypeakuuu: Cl, + 2e = 2CI.

[Ipu cocraBieHUM ypaBHEHHUS TOJYPEAKIIMU OKHUCICHUS CEepBI
rcxoauM u3 cxemsl: H,S — SO,” . B x07¢ 9TOro mporecca aToM cepsl
CBSI3BIBAETCS C YETBHIPbMSI aTOMaMH KHCIOPOJa, UCTOYHUKOM KOTOPBIX
CITy’KaT MOJIEKYyJbl BOAbL IIpm 3ToM 06pa3yroTcs BoceMb HOHOB H';
KpOME TOro, JBa MOHA H BBICBOOOXKIatOTCS M3 Moiekynsl H,S. Beero
o0pazyrotcest 10 HOHOB BOIOpO/IA:

H,S + 4H,0 — SO, + 10 H'

JleBast 4acTh CXE€MBbI COAEPKUT TOJIBKO HE3aPSIKEHHBIE YaCTHUIIbI, a
CyYMMapHbI 3apsii HMOHOB B MPaBOM YacTH CXEMbl paBeH 8.
CrnenoBaTeIbHO, B PE3YyJbTAaTe OKUCICHHUS BBICBOOOXKIAIOTCS BOCEMb
AIIEKTPOHOB:

H,S + 4H,0 — SO, + 10 H"

[ToCcKOJIbKY OTHOIIIEHUE YHCEN DJICKTPOHOB, TMPHUHATHIX MPH
BOCCTAHOBJIEHUU XJIOPA M OTJAAHHBIX MPU OKUCICHUU CEPBI, paBHO &:2
win 4:1, To, ckiaAbiBas YpaBHEHHS MOJypeakiuidi BOCCTAHOBIICHUS U
OKHCJICHUS, HAJI0 MEPBOE M3 HUX YMHOXUTh Ha 4, a BTOpoe — Ha .
ITonyuaem:
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Cly+ 2e =2CI !
H,S + 4H,0 = SO, + 10H" +8¢ " | 1
4Cl, + H,S + 4H,0 = 8CI" + SO, +10H"
B momekyisipHOil  ¢opmMe TOJYUYEHHOE YpPaBHEHUE HMEET
(11470110707 @:3701
4Cl, + H,S + 4H,0 = 8HCI1 + H,S0,

OmHOo W TO K€ BEIIECTBO B PAa3IUYHBIX YCIOBHUSX MOXKET
OKHCIIATHCS WM BOCCTAHABIMBATHCS JI0 PA3HBIX CTEIICHEH OKHCIICHUS
COOTBETCTBYIOIIETO dJIEMEHTA, IIO3TOMY BeJIWYHMHA HSKBHBAJICHTA
OKHUCIIUTENISI W BOCCTAHOBUTENS TaKXE MOXKET HMETh pa3INJHbIC
3HAYECHUS.

IKBUBANCHMHASL MACCA OKUCIUMENL PABHA €20 MOJISIPHOU Mdacce
OEleHHOU HA YUCIO 3JeKMPOHO8 N, KOMopwvle NPUcoeouHsem O0O0HA
MOJIEKYIA OKUCIUMENs 8 OAHHOU PeaKyuu.

Hanpumep, B peakimuu BoccraHoBieHus Cl, + 2e = 2CI. n=2
CnenmoBatenbHO, OkBHBajeHTHas Macca Cl, paBma M/2, T.e.
71/2=35,5r/M0IIb.

IKBUBAIEHMHASL MACCA B80CCMAHOBUMENSL PABHA €20 MOJISIPHOU
macce O€NeHHOU HA YUCAO DJIeKMPOHO8 N, KOMOpble omoaem O0O0HA
MONEKYNa 60CCMAHOBUMENS 8 OAHHOU PEeaKyul.

Hanpumep, B peaklii OKHUCJICHUS

H,S + 4H,0 - 8¢ = SO,~ + 10 H'
n=8. CrnenoBaTeabHO, SKBUBaJIeHTHass Macca H,S paBna M/S, T.e.
34,08/8=4,26r/M0Nnb.

IloBeneHne MeTAJIOB B arPeCCUBHBIX CPeAax.

[Ton arpeccuBHOM cpellol MbI JOJKHBI MOHUMATH: 1) Boay; 2)
pacTBOpPBl  KHUCJIOT: &) KHUCJIOTBI-HEOKUCTUTENU,; O) KHUCIOTHI-
OKHUCIIUTEIH; 3) pacTBOPHI LIETOUECH.

Mertaiibl B arpecCHMBHBIX Cpellax MOTYT TMPOSABIATH TOIBKO
CBOMCTBa BOCCTAHOBHUTECISA, T.K. Me" HaXOJHUTCSI B HM3IICH CTENCHH
OKUCJICHUS:

Me" —ne — Me"".

COOTBETCTBEHHO CpeJla COACPKUT OKUCITUTEb.
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TepMogUHAMUYECKUM  YCIIOBUEM  OCYLIECTBJIICHUS  JIOOOTO
XUMHUYECKOT0 Tpoliecca CIyKUT yMmeHbleHue sneprun ['mooca (AG).
[Ipu orpunatenbHoM 3HaueHUM BeauuuHbl AG , mpomecc HAET
CaMOMNPOU3BOJIBHO B JAHHBIX YCIIOBUSX.

AG = —nAEFF,
IJI€ N — YUCJIO JIEKTPOHOB, YYACTBYIOIIUX B PEAKIINH,
AE — DJ1C oKMCIUTETbHO-BOCCTAHOBUTEIILHOIO MPOIIECcca,
F — snekTpoxumudeckas KoHcTaHTa (uuncio Dapajes).

Orcroma  BHAHO, 4YTO  TEPMOJMHAMUYECKUM  YCJIOBHUEM
OCYIIECTBJIEHHUSI TAKOTO OKHUCIUTEIbHO-BOCCTAHOBUTEIIBHOTO MPOIIECCa
ABJISIETCS TIOJIOKUTEIIBHOE 3HAYEHUE 3JIEKTpo BHKyIIel cuibl (3/C),
BO3HUKAIOIIECH 3a CUET Pa3JIMuMsl OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
MOTECHIIAAIOB OKUCIUTEIISI U BOCCTAHOBUTEIIS:

EI[C - EOKI/ICJ‘I. - EBOCCT.

Bzaumooeiicmeue memanna ¢ 6000 u  KUCAOMOIU-
HeoKuciumesnem

Cxema mpornecca B3auMOJEHCTBUS METAILIA C BOJIOU:

Mé’ + H,0 — Me(OH), + H,

Cxema mporecca B3aUMOACWCTBHUS METAUIA €  KUCJIOTOM-
Heokuciutenaem (HCI, H,SO4pa306.):

Meé’ + H.An — MeAn, + H,

OKucauTenbHOE JIEUCTBUE 600bl W  KUCAOM-HEOKUCIumesneu
OCYHIIECTBJISIETCA 32 CYET HMOHOB  BOJAOpPOJA,  CTaHAAPTHBIN
OKHCJIUTEIbHO-BOCCTAHOBUTENIBHBIM  MOTEHIIMAI KOTOPOrO0  MPUHSAT
pasueiM 0 (E’,,=0B). Otcroma ciemyer, uto DJIC OKHCIHTEIBHO-
BOCCTAHOBUTEIIBHOTO TPOIIECCA B3aUMOJIEUCTBUS METajla C BOJIOU U
KUCJIOTON-HEOKUCIUTEIIEM — IIOJOXKUTEIBHO B TEX CIydYasx, KOria
CTaHJIaPTHBIA OKUCIUTEIbHO-BOCCTAHOBUTENbHBIM MOTEHIIMAT METallia
(EoMe/Me) OOJIbIIIE HYJIA.

[IpakTHueckoe OCYIIECTBICHUE TMOJOOHBIX PEaKIMid BO3MOXKHO,
€CIIY TIPU B3aUMOJICVICTBUU METAJIA, CTOSIIIETO B PSAAY HAMPSHKEHUS 10
BOJIOPOJIa, C BOJIOW WU KHUCIOTON-HEOKUCIUTEIEM O0O0pa3yroTcs
COOTBETCTBEHHO PACTBOPUMBIN THIPOKCHUT UJIA PACTBOPHUMASI COJIb.

ITPUMEP 5: OuenHure TEepMOOUHAMHYECKYK) BO3MOXKHOCTH
B3aumozencteus B cucreme [[HMHK W BO/A. llpoananusupyure
MPAKTUYECKYI0 BO3MOKHOCTh  B3aWMMOJCWUCTBHSI B  CTaHJAPTHBIX
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YCJIOBUAX, YYUTHIBas PACTBOPUMOCTh MPOJYyKTa peakiuu. Eciu
peakuus NpaKTUYECKH BO3MOKHA, COCTABbTE YPABHEHHE PEAKIINU.
Pemienne. OKUCIUTENBHOE JEUCTBHE BOJBI OCYIIECTBIISIETCS 34 CUET
MOHOB BOJIOPOJa, CTaHAAPTHBIA OKUCIUTEIHHO-BOCCTAHOBUTEIbHBIM
MOTEHLIMAaI KOTOPOro nNpuHAT paBHbIM (. CTaHIApTHBIA OKUCIUTEIBHO-
BOCCTAHOBHTEIBHBIl MOTEGHIHAT BoccTaHoBHTedsi E(Zn’'/Zn) = -
0,76B.

3J1C = Eowen — Enocer. = ENH/H) - EX(Zn*/Zn) = 0 — (-0,76) = +0,76B.

O/JIC Gosblie HYJIS 3HAYUT C TEPMOJUHAMUYECKON TOUKU 3PEHUS
peakiys B3aUMOJCHCTBUSL IIMHKA C BOJOW MpPU OOBIUYHBIX YCIOBUSIX
OCYyIIECTBUMA.

Onnako, peaibHasi BO3MOXXHOCTB JIFOOOTO IMpoliecca onpeaesieTcs
HE TOJBKO TEpMOJAMHAMHYECKUM (akTopaM, HO U OOpa3oBaHUEM
PaCTBOPUMBIX MJIM HEPACTBOPUMBIX MPOAYKTOB B3aumojeucTBus. [lpu
JIEUCTBUY BOJIbI HA METAJIJT B Ka4€CTBE TAKOI'O MPOJIYKTa O00pa3yroTcs
ruapokcuibl MetaiuioB. ['mapokeun nunaka Zn(OH), MamopacTBOpuM u
npu oOpa30BaHUMU IUIEHKH 3TOr0 MNPOJYyKTa HAa IMOBEPXHOCTH ILIMHKA
peakiys mpakTUYecku npexpamaercs. [Ipu oObIYHBIX YCIOBUSX IIUHK B
BOJIC HE PACTBOPUM.

I[TPUMEP 6: OueHure TEepMOIUHAMUYECKYK) BO3MOXHOCTh
B3auMojieiictBusi B cucteme [[MHK W COJIAHAA KHCIIOTA.
[Ipoananu3upyruTe MNPAKTUYECKYHD BO3MOXKHOCTH B3aUMOJICHMCTBUA B
CTaHJIapTHBIX YCIIOBHSX, YUUTHIBAsl PACTBOPUMOCTh MNPOJIYKTa PEAKIIUH.
Ecnu peakius npakTUU4eCKd BO3MOXKHA, COCTABbTE YPABHEHHUE PEAKIINH.
Pemienue. OxucAuTENbHOE AEHCTBUE COJISTHOM KHUCIOTHI (KUCJIOTa-
HEOKHUCJIUTENIb)  OCYIIECTBIAETCS 3a CYET HOHOB  BOJIOPOJA,
CTaHJIapTHBIN OKUCJIUTEIHHO-BOCCTAHOBUTEIIbHBIM MOTEHIIN A
KoToporo npuHIT paBHbIM (0. CTaHZapTHBIA  OKUCIHUTEIBHO-
BOCCTAHOBHTCIBHBI MOTEGHIHAT BOCCTaHOBHTETsT E(Zn’'/Zn) = -
0,76B.

SJ1C = Eowen. — Esocer. = EXH'/H) - E%(Zn*"/Zn) = 0 — (-0,76) = +0,76B.

O/1C Oonpliie Hys, 3HAYUT C TEPMOJIUHAMUYECKON TOUKHU 3PEHUS
peaKIys B3aUMOJIEHUCTBUS IIMHKA C COJITHOM KHCJIOTOM MPHU OOBIYHBIX
YCJIOBUSX OCYIIECTBUMA.

Onnako, peanibHasi BO3MOXXHOCTB JIFOOOTO IMpoliecca OnpeaeasieTcs
HE TOJBKO TEPMOJMHAMUYECKUM ¢akTopamM, HO U 0Opa3oBaHUEM
PAaCTBOPUMBIX WJIM HEPACTBOPHUMBIX MPOAYKTOB B3aumojaeicTus. [Ipu
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JNEUCTBUM KHUCJIOTHI-HEOKHCIIUTENSL HAa METAUI B KAa4eCTBE TAaKOIO
npoaykra oopazytorcs conu. Xuopua uunka ZnCl, pactBopum u mpu
OOBIYHBIX YCJIOBUSX IIUHK B3aUMOJICHCTBYET C COJITHOM KUCJIOTOM.
Zn + 2HCIl = ZnCl, + H,
BOCCTAHOBUTEID 1| Zn — 2e = Zn*"; IIPOLIECC OKUCIICHUSA
OKHMCIIUTENb 1| 2H" + 2e =Hy; IIPOLECC BOCCTAHOBIICHUS

B3aumooeiicmeue memanna c Kucaomou-okucaiumenem

Cxema mpolecca B3aUMOACUCTBUS MeTaia C  KUCIOTOM-
OKHUCJIUTEJIEM:

Me’ + H,.20, — conv + npodykm eoccmanoenenua + H,O

K xkucromam-oxuciumensm (OKUCIUTEIbHBIE CBOMCTBA MIPOSIBIISACT
aHMOH KucjoTHOro ocrtarka) otHocsatcs HC1O4, HCIO5;, HNO3, H,SOy
(TONBKO KOHUEHTPUpPOBAHHAsA), I[apcKash BOAKAa (CMeChb COJSIHOW U
azoTHOM  kucior). Jug  ompeneneHuss — TEPMOJMHAMHUYECKOMN
BO3MOXHOCTH PAacCTBOPEHHUSI METa/VIOB B  MOJOOHBIX  KHCJIOTax
HeoOxoauMo BeuucauTh JJIC peakuuu Kak pasHOCTh MEXIY
CTaHJIAPTHBIMU  OKUCJIUTEIbHO-BOCCTAHOBUTEILHBIMUA TMOTEHIUATIAMHU
TSt MPOIECCOB BOCCTAHOBJICHUSI ee aHWOHOB (i
HEJIUCCOLIMMPOBAHHBIX MOJIEKYJI) U OKUCJIEHUS METaJIIA.

[IpogykTamMu BOCCTAHOBJICHUS CYJib(aT-MOHOB SO~ MOTYT OBITh
okcun cepol (IV) SO,, HeliTpanbHas cepa S wim cepoBogopoa H,S, a
Hutpat-uoHoB NO3;  — okcun azora (IV) NO,, okcun azota (II) NO,
okcun azota (I) NO, monekynsapabiii a30T N, ammuak NH; v Hutpar
ammonuss NH4NO;. CoctaB mpojykTa BOCCTAHOBIICHUS 3aBHUCUT OT
YCIOBUU TPOTEKAHUS PEAKIMU: OT KOHIIEHTPAUUH KHUCIOTHI, CTEIECHU
YUCTOTHI METAJlJIa, OJJHOPOJHOCTH €r0 CTPYKTYPhI, HATUUUU MPUMECEH
U T.II.

Kak mnpaBuio, mjisi y4eOHBIX I1ieJieil, MPUMEHSAIOT CIEAYIOIINE
JOTYIIICHUS

TABJINIIA 2
Ha3zanue AKTHBHOCTBH METaJIa [IponykTsl
KHCJIOThI BOCCTAHOBJICHUS
AXTHUBHBIEC METaJIJIbI (EOMe/Me<-1,7 B) H,S
H,SO, CpenHeit akTUBHOCTH METAJLIbI S
(xoHUeHTp.) | (-1 ,7B<E0M6/Me<0)
ManoakTUBHBIC METAJIbI (EOMe/Me>O B) SO,
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AXTHUBHBIC METaJIJIbI (EOMG/MG<-1,7 B) NH;, (NH4NOs3)
HNO; CpenHert akTHBHOCTH METaJlJIbl N,
(pa36asnens | (-1,7B<E’yene<0)
as) ManoakTUBHBIEC METAJIBI (EOMC/MG>O B) N,O (NO)
AXTHUBHBIC METaJIJIbI (EOMC/MG<-1,7 B)
HNO; CpenHert akTUBHOCTH METAJLIbI NO (N,0)
(koHUEHTP.) | (-1 ,7B<E0Me/Me<0)
MaJjioakTUBHBIC METaJIJIbI (EOMe/Me>O B) NO,

OnmHako  mMpakTH4YecKas BO3MOXKHOCTh  JIFOOOTO  Iporiecca
OTpeaeIsIETCS HE TOJBKO TEePMOJWHAMUYECKUM (AaKTOPOM, HO H
PacCTBOPUMOCTBIO MPOAYKTOB pPEAKIMU. TaK TE€TepOreHHBIE MPOIECCHI
OKMCJICHUS METaJlJla B arPECCUBHBIX CPEIAX MOTYT TOPMO3UTHCS 3a CUET
0o0pa3oBaHMs Ha TMOBEPXHOCTH METaJJIa HEPACTBOPUMOMN ILICHKH
MPOAYKTa OSTOr0 B3aUMOJCUCTBUS (naccusayus), NPENSTCTBYIOIICH
NIPOHUKHOBEHUIO YaCTHUI[ OKHUCIHUTEIA K IIOBEPXHOCTH METaJLIA.
KoHueHTpUpOBaHHBIE CepHAsi M A30THASl KUCJOTHI MACCUBUPYIOT
KeJjie30 , K00AJIbT, HUKeJIb, AJJIOMUHUN, XPOM, TUTAH.

Fe, Co, Ni, Al, Cr, Ti + kony. HNO3; — Me,0, + NO, + H,0

Fe, Co, Ni, Al, Cr, Ti + kony. H;SO, — Me O, + S50, + H,0

I[TPUMEP 7: OueHure TEepMOIUHAMUYECKYK) BO3MOXHOCTh

B3auMojenctBuss B cucreme MEJ[b U A30OTHAA KHCJIOTA
KOHIJEHTPHUPOBAHHAAL. [Tpoananmu3upyure MPAKTUYECKY IO
BO3MOKHOCTh B3aUMOJICVCTBUS B CTAHJAPTHBIX YCIIOBUAX, YUYUTHIBAS
pPacTBOPUMOCTh TMPOJAYKTa peakuuu. Ecim peakuuss NTpaKTAYECKH
BO3MO>KHA, COCTaBbTE€ YPABHCHUE PEAKIIUHU.
Pemienue. OKucnurtenbHOE JE€UCTBHE Aa30THOW KHUCJIOTHI (KUCJIOTa-
OKHCIIUTENh) OCYIIEeCTBIseTCA 3a cuer HuTpaT-uoHoB NO; . CocrtaB
MPOAYKTOB BOCCTAHOBJIEHUSI KACJIOTHI 3aBUCUT OT AaKTUBHOCTH METAJLJIa
U KOHIIEHTpAIlMU KHUCIOTHI (cM. Tabnumy 2). B paccmarpuBaemom
Claydyae  B3aUMOJCHCTBUS ~ MaJOAKTUBHOIO  MeETallyla MEIW C
KOHLUEHTPUPOBAHHOM A30THOM KHUCJIOTOM NPOAYKTOM BOCCTAHOBIICHUS
oyner oxcua aszora (IV) NO,. CraHmapTHbIi OKHUCJIMTEIbHO-
BOCCTAHOBUTEJILHBIN  MMOTEHIIHAI EO(NO3_/ NO,) = +0,78B.
CrangapTHbIN OKHCJIUTEJIbHO-BOCCTAHOBUTEIIbHBIN MOTEHIUAIT
Boccranosurenst E'(Cu*'/Cu) = +0,34B.
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3J1C = Eoen. — Esocer. = EY(INO; / NO,) - E%(Cu**/Cu) = 0,78 — 0,34=
+0,44B.

O/1C GonbIe HyIs, 3HAYUT, C TEPMOJUHAMUYECKON TOUKHU 3PEHUS
peakius B3aUMOJECUCTBUSA MEAU C KOHIECHTPUPOBAHHOM a30THOWU
KHUCJIOTOM P OOBIYHBIX YCIOBUSIX OCYIIECTBUMA.

OpnHako peasibHasi BO3MOXHOCTD JIF000T0 MpoIiecca OnpeaesieTcs
HE TOJBKO TEpMOJAUMHAMHUYECKUM (akTopaM, HO U OOpa3oBaHUEM
PaCTBOPHUMBIX WJIM HEPACTBOPHUMBIX MPOAYKTOB B3aumojeuncTBus. [lpu
JNEUCTBUM KOHII. a30THOM KHCIOTHI Ha MEIb MPOJIYKTaMHU PEaAKIIUU
oynytr Cu(NO;),, NO, u H,O. B cBsi3u ¢ xopoiieid pacCTBOPUMOCTHIO
HUTpaTa MEAM, NaCCUBALUKM MOBEPXHOCTH METAIJIA HE MPOUCXOAUT, U
peaKkIys peaibHO OCYIeCTBUMA!

Cu+ HNO3(K) — CU(NO3)2 + N02 + H2O
BoccTaHoButenb 2 |Cu — 2e = Cu* IIPOLIECC OKUCIICHUSA
oxucmurens 1INO; + 2H' + e — NO, + H,0 nporecc BOCCTAHOBICHHUS
Cu+2NO; +4H" — Cu” +2NO, + 2H,0
Cu+ 4HNO3(K) — CU(N03)2 + 2N02 + 2H20

B3aumooeiicmeue memanna c 600HbIM PACMEOPOM ULEOUU.

B BOmHBIX pacTBOpax MIEIOYEH OKHUCIUTEIBbHBIM JEUCTBUEM
00/IamaroT MoNeKymsl Bombl (32 cuer wuoHoB H'). IlosTomy
TEPMOJAVMHAMUYECKAS BO3MOYKHOCTh OKHCIICHUS METAUIOB B 3THUX
Cly4dasix OIpENENsIeTCsd, KaKk W IPU JCUCTBUU BOJbBI, IOJOXKECHUEM
MeTajula B POy HAOpsOKEHUW  OTHOCHUTENBHO — Bojopoda. A
MMPAKTUYECKYK) BO3MOXHOCTh  OCYIIECTBJIEHUS JAHHOW pEaKUuH
ONPENEIACT PACTBOPUMOCTD IMOJYYEHHOTO THAPOKCHAA B Iienodax. B
wenouax pacmeopalomca ZuOpoKcuobl, nposaeaaouue amomepHole
ceolicme (2uopokcuownl depunus, yunka, onosa(ll), antomunusn, xpoma
(IIl) u m.o.),

15man Me+ HOH —Me(OH), + H,,
eciu ampomepHulil 2UOPOKCUO, MO
2oman Me(OH), + ROH — R, [Me(OH),/
Me + HOH + ROH — R,[Me(OH),] + H,

ITPUMEP 8: OueHure TEepMOAUHAMUYECKYID BO3MOXHOCTh
B3auMojierictBusi B cucreme [[MHK U PACTBOP ['MJ/[POKCHJ/IA
HATPUA. [Ipoananusupyure IIPAKTUYECKYIO BO3MOKHOCTb
B3aMOJECHUCTBUS B CTAHAAPTHBIX YCIOBUAX, YUUTHIBASI PACTBOPUMOCTH
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MPOAYKTa peakuuu. Eciau peakuusi NpakTUYECKU BO3MOXKHA, COCTaBbTE
YPAaBHEHUE PEAKIIHHU.

Pemenne. B3aumomencTBue MeTayuia C  pacTBOPOM  IIEJIOYM
COCTOMUT U3 JIBYX ATarioB. Ha mepBoM 3rare B3auMOIEHCTBYET METAILI C
BOJOM, U eciu oOpasyercs amMpOTEpHBIM THUIPOKCUI, TO Ha BTOPOM
ATane OH B3aUMOJIEUCTBYET CO LIEIOYbIO.

B BOmHBIX pacTBOpax WIEIOYEH OKHUCIUTEIbHBIM JEUCTBUEM
006MazaloT MONeKymsl Bomsl (32 cuer wmoHoB H'). Tlostomy
TEPMOJMHAMUYECKAsA BO3MOKHOCTb OKHCIIEHHUS METALUIOB B OTUX
CIIydasiX ONpeAesieTcs, KaKk U Mpu JeUCTBUU BOABI (cM. mpumep 5). B
JAHHOM ciy4dae €CTh TEPMOANHAMUYECKAS BO3MO>KHOCTb
OCYIIECTBIICHUS B3aUMOJECHUCTBUS [IUHKA C BOJIOM.

Zn + 2H,0 = Zn(OH), + H,

OO0pa3oBaBLIMiiCs TAIPOKCUJT [IMHKA aMm(OTepHBIH,
CJICJIOBATEJIbHO B3aWMMOJICMCTBYET CO IIEJIIOYbI0, T.€. MPAKTUYECKHU
peakius OCylecTBuMa.

Zn(OH), + 2NaOH — Na,[Zn(OH)4]

CymMMapHO TIpollecC B3aUMOJCUCTBUSL I[MHKA C PacTBOPOM
TUPOKCUJIA HATPUS MOXKHO MPEJCTABUTD CICIYIOIIUM 00pa3oM:

Zn + 2H,0 + 2NaOH — Na,[Zn(OH)4] + H,

BOCCTAHOBUTENb 1|/Zn —2¢ — Zn** MPOLIECC OKUCIIEHUS

oxnciurens 12H" + 2e — H, IIPOLIECC BOCCTAHOBJICHUS
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WHJUBUTY AJILHBIE 3AJIAHMS

l.1.Mcxonss w3 CTENEHW OKMUCJICHUSA IIOJUYEPKHYTOrO DJIEMEHTA,
ONpPECINTE, KAKOE€ COCAWHECHWE WJIM HOH SBIISICTCS  TOJBKO
OKMCIIUTEJIEM, TOJIBKO BOCCTAHOBUTEIIEM M KAKOE MOXKET MPOABIIATh KaK
OKHCJIUTENILHBIC, TAK U BOCCTAaHOBUTEIbHBIC CBOMCTBA.

a) HCl, HCIO;, Cl104

6) S, H S04, H,S0;

B) MnO,’, Mn, MnO,

r) H;POs, PH;, PO,

1) K,Cr,07, I', H,SO5

e) O,, H,0, H,0,

k) Cr, Cr,03, CrOy4

3) H,S, KMnO,, HNO,

n) Cl,, MnOy, SO,

K) C, HySe, Sn™'

1.2. Moryr M MNOpPOUCXOIUTh OKHUCIUTEIbHO-BOCCTAHOBUTEIILHBIC
pPEAKIMU MEXIY BEllecTBaMu, npuBeAcHHbIMU HUXke? [Touemy? OTBeT
MOTHBHUPYWUTE PACCMOTPEB CTENEHb OKHUCICHUS  TOJYEPKHYTHIX
3JIEMEHTOB.

H) NH3 51 KMHO4

M) PH; u HBr

H) Zn 1 HNO;

0) HNO, u HJ

n) HCl u H,S

p) KQCT207 )41 H3PO3

¢) HNO; u H,S

T) KMIIO4 )41 KN02

y) AgNO; u H,0,

¢) SO, u H,S

2. Tlonb3ysicb METOAOM DJIEKTPOHHOrO OanaHca (WJIM METOJOM
noJiypeakiuii), paccraBbTe KO3(D(PUIMEHTHl B JaHHOM YpaBHEHHUHU
peakiuu. YKaXuTe, KaKoe BEIIECTBO SIBJISIETCS OKUCIUTENIEM, KaKoe-
BOCCTAHOBUTENIEM. PaccuuTaiiTe 3KBUBAJEHTHYIO MAacCy OKHCIUTEIS.

OKHUCINTEIHFHO-BOCCTAHOBUTEIbHAS pCaKIuA BbIPpAKACTCA cXeMou
a) KBr + KBI'O3 + HzSO4 — Bl'z + KQSO4 + HzO
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6) st + C12 + H20 — H2804 + HCI

B) N&zSO3 + KMHO4 + HzO — NﬂzSO4 + MHOZ + KOH

F) PbS + HNO3 — S+ Pb(NO3)2 + NO + HzO

I[) KMIlO4 + NﬁzSOg, + KOH — KzMIlO4 + Nast4 + Hzo

e) KzS + KMDO4 + HzSO4 — S+ KzSO4 + MHSO4 + Hzo

)K) NaCrOz + Pb02 + NaOH — NazCrO4 + N&szOz + H20

3) chr207 + st + H2804 — S+ CI’2(SO4)3 + KzSO4 + Hzo

n) KMnO, + HBr — Br, + MnBr, + H,0O + KBr

K) H3ASO3 + KMIlO4 + H2804 — H3ASO4 + MIlSO4 + KzSO4 + HQO
JI) FeS + HNO3 — FC(NO3)2 + S+ NO + HQO

M) FCSO4 + KC103 + HzSO4 — Fez(SO4)3 + KCl +H20

H) KzCI'207 + HCl — C12 + CI'C13 + KCl + Hzo

O) Au + HNO3 + HCI — AUC13 +NO + Hzo

H) Cd + KMIIO4 + HzSO4 — CdSO4 + MHSO4 + KQSO4 + HzO

p) CI'203 + KCIO3 + KOH — K2C104 + KCl + HQO

C) MHSO4 + Pb02 + HNO3 — HMHO4 + Pb(NO3)2 + PbSO4 + HQO
T) FCSO4 + KzCI’zO7 + HzSO4 — FCz(SO4)3 + CI’Q(SO4)3 + KzSO4 + HzO
y) KzCI'207 + H3PO3 + HzSO4 — CI'z(SO4)3 + H3PO4 + KQSO4 + HzO
(I)) ASH3 + HNO3 — H3ASO4 + N02 + Hzo

3. OueHure TEPMOJMHAMHUYECKYIO BO3MOKHOCTH B3aWMOJICHCTBHS B
CHUCTEMAX, PUBEICHHBIX HIXKE.

[Ipoanamusupyire IIPAKTUYECKYIO BO3MOKHOCTH 3TOTr0
B3aUMOJECHUCTBUS B CTAHJAAPTHBIX YCIOBHUSX, YUUTHIBASI PACTBOPUMOCTH
MPOAYyKTa peakuuu. Ecinm peakuust mpOTEKaeT, COCTaBbTE ypPaBHEHHUE
METOAO0M 3JIEKTPOHHOIO OajaHca.

a) QJIIOMUHUNA B KOHIECHTPUPOBAHHOW CEPHOW KHUCIOTE W IIUHK B
pactBope NaOH.

0) UMHK B KOHUEHTPUPOBAHHOW CEPHOW KHUCJIOTE W QIIOMHHUN B
pactBopeNaOH

B) M€Jb B KOHIIEHTPUPOBAHHON a30THOW KHUCJIOTE U OJIOBO B PacTBOpE
KOH

I') BUCMYT B KOHLIEHTPUPOBAHHON a30THOM KUCJIOTE U IIUHK B PacTBOpE
KOH

1) MarHuid B KOHIICHTPUPOBAHHOW CEPHOM KUCIIOTE€ U MEAb B PacCTBOPE
NaOH

€) MeJb B pa30aBIICHHOM a30THOM KUCIIOTE U 0J10BO B pacTBope NaOH
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) MEIb B KOHLIEHTPUPOBAHHOW CEPHON KUCIIOTE U Tajiuii B pacTBOpE
KOH

3) MarHui B pa30aBJICHHONM a30THOM KHCIOTE U XpoM B pacTtBope NaOH
1) IMHK B KOHIIEHTPUPOBAHHON CEPHOU KHUCJIOTE U OEpUIIUil B pacTBOpE
KOH

K) BUCMYT B KOHIIEHTPUPOBAHHOUN CEPHOM KUCIIOTE U 30JI0TO B PaCTBOPE
NaOH

J) IMHK B pa30aBiIeHHOM cepHOI Kucjaote u Xxpom B pactBope KOH

M) Me€llb B KOHIICHTPUPOBAHHOW COJISTHOM KHUCJIOT€ W AIIOMUHUN B
pactBope NaOH

H) KOOalmbT B pa30aBICHHON a30THOM KHCIIOTE M CepeOpo B pacTBOpE
KOH

0) MapraHel; B KOHIICHTPUPOBAHHOM CEPHOM KHCJIOTE M Tajluil B
pactBope KOH

1) BACMYT B KOHIICHTPUPOBAHHOM a30THOM KHCIIOTE U MEAb B PACTBOPE
NaOH

p) KOOanbT B KOHIIEHTPUPOBAHHOM a30THOM KUCIIOTE U IIUHK B pacTBOPE
NaOH

C) IIMHK B KOHIEHTPUPOBAHHOW a30THOM KHCJIOTE€ M aJIOMUHHUUN B
pactBope KOH

T) MapraHel] B KOHIEHTPUPOBAHHOW COJISSHOM KHUCIOT€ W OJIOBO B
pactBope KOH

y) M€llb B KOHIICHTPUPOBAHHOW a30THOW KHCJIOTE€ U Tajiuid B pacTBOpE
NaOH

¢) MarHuii B pa30aBJIECHHOW CEPHON KHUCIOTE U OEpWIMil B pacTBOpe
KOH



