OHrenbCCKUM TEXHOJIOTMYECKU UHCTUTYT ((usinan)
dhenepanbHOro rocy1apCTBEHHOT0 OIOKETHOTO 00pa30BaTEIbHOIO
YUPEKJICHUS BBICIIIETO 00pa30BaHus
«CapaToBCKHM TOCYIAPCTBEHHBIN TEXHUYECKUN YHUBEPCUTET
umMmenu ['arapuna FO.A.»

Kadenpa «EcTecTBeHHbIC U MATEMATUYECKUE HAYKH

KEJIE30. KOBAJIBT. HUKEJIb

MeTtoauueckue yka3aHus sl BBIITOJIHEHUS J1aOOpaTOPHBIX padorT,
IU1s CTyAeHTOB HarnpasieHuii: XMTH.
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Jlabopamopnas paboma
KEJIE30. KOBAJIBT. HUKEJIb

Ilenv pabompl: 03HAKOMIICHHE C XUMUYECKUMHU CBOMCTBAMMU
COEIMHEHHH Kene3a, KoOanbTa U HUKENSI B PA3TUYHBIX CTETICHIX OKUCIICHUS.

XKeneso, k00aNbT, HUKEIb OTHOCATCS K (-METaJlaM M COCTABISIIOT TPUATY
AJEMEHTOB 4yeTBepToro nepuoga VIIIB-rpynmsl, KOTOPYIO Ha3bIBalOT CEMENCTBOM
xKeresa.

CBoiicTBa 3JE€MEHTOB B CEMEWCTBE keje3a OJM3KU MEXIy co0oill u
CYLIECTBEHHO OTJIMYAKOTCS OT IIECTH OCTaJbHBIX 3JIeMeHTOB VIIIB-rpynmsl,
COCTABJISIFOLIUX IIATUHOBOE CEMEMCTBO.

Jnis xenesa, KoOanbTa, HUKEI XapaKTepHbl CTENIEHU OKUCIeHUs +2 1 +3.
Jist sxene3a 6oiee ycrounBoe coctosiaue +3, st Co u Ni — +2,

B psany Fe — Co — Ni xumnueckass akTHBHOCTb MIOCTENIEHHO CHIYKAETCS, UTO
00BsICHSET OOJBIIYI0 YyCTOMYMBOCTh K Koppo3uu Co u Ni. Bo BnaxxHoM Bo3nyxe
’KeJle30 OBICTPO KOPPOIUPYET, 00pa3ys PhIXIIYI0, OCBHINAIONLYIOCS TIEHKY

4Fe + 30, + 2H,0 = 4FeO(OH)|

KoGanbT 1 HUKENh 00pa3yIOT IUIOTHBIE, SJIACTUYHBIC TJICHKHU, 3alUIIAI0NNE
UX OT KOPPO3HH:

2Co + O2 = 2Co0
2Ni + Oz =2NiO
OxucnurensHele cBoiicTBa B psany Fe — Co — Ni ycunusarotcst:
Me®* +5 - Me”
BoccTaHoBIEHHE Fe*'IFe’" Co>*1Co”" NG N

0 +0,77 +1,84 +2,08

E,B

b

Oxkwucnenue ruapokcuoB (I1) 3TUX MeTaaIoB B IIEIOYHOM cpejie TPOTEKaeT
MO-Pa3HOMY:
Me(OH), + OH —& — Me(OH)3 4Fe(OH);, + O +
2H50 = 4Fe(OH)3 4Co(OH), + O2 + 2H20 = 4Co(OH)3
2Ni(OH)> + Brp + 2NaOH = 2Ni(OH)3 + 2NaBr

Coenunenus xenesa (II) tokcuunsl, coenunenus xenesa (III), kodanbra,

HUKEJS MEHEE SITOBUTHI.
JKene3o npu HarpeBaHUM pearupyeT CO MHOTMMHU HEMETAJUIaMU, HAITPUMED

c Clp, S, No, C u nip., oOpazys 3JeMEHTHIBI.
IIpu Temmnieparype ~ 700°C pearupyeT ¢ mapooOpa3HON BOJOM:
3Fe + 4H,0 = Fe304 + 4H>



KobGanbT 1 HUKENb MPU HarpeBaHUU 00pa3yroT SJIEMEHTH/IBI C TAIOTCHAMH,
S, P, As, Sb, B, Si, Ho He pearupytot ¢ Noy.
[Tpu BRICOKUX TeMIIEpaTypax MEIJICHHO pearupyroT ¢ MapooOpa3Hoi BOIOM.
XKene3o, k00ambT, HUKEIh OKHUCISIOTCSA pa30aBIEHHBIMUA KHUCIOTAMHU C
oOpasoBanneM cooTBeTcTBYrONMX coseit metaya (II). Co u Ni pearupytrot
MemieHHee Fe.
Kpenkue pactsopst HNO3 u HySO4 oxucinsror Fe no Fe(Ill), Co no Co(Il),

Ni go Ni(II). KonuenrpupoBanusie HNO3 u HySO4 nipu 00b14HOM TEemmeparype
naccuBupytoT Fe, Co, Ni, co3maBas Ha TOBEPXHOCTH MeETa/lla TOHKHE IIJICHKA
OKCHJIOB 3THX METAJLIOB.

B pactBopax mienoueii Co u Ni He pacTBOPSIFOTCSI.

XKenezo oxkucnsercs B KOHLUEHTPUPOBAHHBIX pPACTBOpAxX IUIEJIIOYEH NpH
HarpeBaHUH ¢ o6pazoBanueM noHa [Fe(OH)4] .

Oxkcun u rtugpokcua Fe(Ill) mpakTudyeckn He pacTBOPSIOTCS B BOJE,
nposBIIsist aMmGOTEpHBIE CBOMCTBA C MpeoldiiajaHieM OCHOBHBIX.

Okcuaet u ruapokcuasl Co(Ill), Ni(II) e pacTBOpsitoTCS B BOJE U
niesoyax, MpOsBIAIOT OCHOBHBIE CBOMCTBA, JIETKO PACTBOPSIOTCS B KHCIIOTaX.
Bynyuu cinabbiMu OCHOBAaHUSIMU, OHU SIBJISIIOTCSI CHJIBHBIMU OKUCTUTEISIMU U TIPU

o 2+ 2+
JACUCTBHUU HA HUX KHCJIIOT BOCCTAHABJIMBAKOTCA 10 CO u N1
2C0(OH)3 + BHCI = 2CoCl, + Cl, + 6H,0
ANi(OH)3 + 4H,S04 = 4NiSOy4 +O; + 10H,0

Oxcunbt u tunpokcuasl Fe(Il), Co(Il), Ni(Il) nposiBasitoT OCHOBHBIE
CBONCTBA.

JKCIepUMEHTAJIbHASA YaCTh

Ilpubopvt u peaxmuevl. TPOOUPKH, CTEKISHHBIN cTakaH. PacTBOpBHI:
cynbdarta xeneza(ll) (0,1 M), xnopuaa xeneza(Ill) (0,1 M), Thonmonata aMMOHUs
(0,1 M), nepmanranara kanus (0,1 M), nuxpomara kanus (0,1 M), nonuna xamus
(0,1 M), xmopuna 6Gapus (0,1 M), cynedara xobansra(ll) (0,1 M), cynbdara
Hukena(Il) (0,1 M), rekcaumanodeppara(ll) kamusa (0,1 M), rexcanmanodeppara
(ITT) xamus (0,1 M), rugpokcuna kanus (0,1 M), ruapokcuna natpus (0,1 M),
ceproii kuciaotsl (0,1 M), azornoit kucnotsl (0,1 M). Consinas kucnora (p=1,19

F/CMB), OpoMHas Boja, TUCTUIUIMPOBAHHAS BOAA.
OIIBIT 1. O6pazoBanue ruapokcuaon xene3a(ll) u xeneza(Ill).

1.1. K 3-4 xamnam pactBopa conu sxene3za(ll) mobGasnars mo

KaIjIiM pacTBOp IIENIOYM JO OOpa3oBaHUs OCaJKa THIPOKCHIA

wenesa(ll), KOTOPBIN OBICTPO OKHUCIISIETCSA KHUCJIOPOJIOM,

MPUCYTCTBYIOIINM B pacTBope, B ruapokcup xkeneza(lll). 3anucarts
HaAOJIIO/ICHUS ¥ HAITUCATh YPaBHEHUS pPEaKIIU.

1.2. K 3-4 xamsm pactBopa conu xxene3a(Ill) npubasuts pacTBop amMmmuaka

NH4OH, nabmiogate oOpaszoBanue ocaaka ruapokcuaa xeneza(lll). Hamucatsb
ypaBHEHHUE PEAKIIUH.

OIIBIT 2. O6pa3zoBanue ruapokcuoB kodanbra(ll) u kobansra(Ill).



K 3-4 kamnsm pactBopa conu ko6anbTa(ll) mo6aBiares mo KarmisiMm pacTBOp
IIEJIOUH, HaOmonaTk BbINageHue ocaaka ocHOBHOM comn CoOHCI wumm

(CoOH)2SOy4. TloneficTBOBaTh Ha IOJYYCHHBIH OCAJOK HM30BITKOM INEJIOYH H
Harpetb. Yrto HaOmomaercsa? CocTaBuTh ypaBHeHUs peakiuii. [Ipobupky c
ocagkoM Tuapokcunaa kobampTa(ll) ocTaBuTh Ha BO3MyXE, MO W3MEHEHHUIO I[BETa
HaOmogaTh oOpasoBanue Tuapokcuaa koOanbra(lll). Hammcats ypaBHEHUS
peaKunil.

OIIBIT 3. O6pazoBanue ruapokcuaoB Hukensa(1l) n aukens(I1I)

(Onvim nposooums nood mszoii)

K 3-4 xamnsm pactBopa cosm Hukens (II) qo6aBisTe mo KarisM pacTBOp
miesioun 10 oopazoBaHus ocajika rugapokcuna Hukena(Il). B mpoOupky ¢ ocagkom
no6aBuTh 3-5 kamenab OpoMHO# Boabl. Uto Habmromaerca? Hammcarh ypaBHeHUs
peaKunil.

OIIBIT 4. BoccranoBuTenbHbIE CBOMCTBA coequHeHni xxeme3a(ll).

4.1. B nmpobupky BHecTH 2 -3 Kaluld pacTBOpa IEepMaHraHaTa Kajus
KMnQOy4, moaxkucianTs pa30aBIeHHON CEpHOM KHUCIOTOW M JOOAaBUTH MO KAIIAM
pactBop cyib(ara sxenesa(ll) Fe§94. Kak nzmenunace okpacka? B nomxydeHHOM
pacTBOpe OINpeAeNuTh HOH Fe  KaueCTBEHHOW peaknuell ¢ TUOLMaHaTOM
ammonust NH4SCN. Hanucaths ypaBHeHMsI peakilfil 1 HaOII0ICHUS.

4.2. Baectu B mpoOupKy 3 KaIljld pacTBOpa JUXpoMaTa Kajlvs, MOAKUCIUTh
pa30aBIEHHON CEpHOM KUCIOTOM M MpUOABIATH MO KaIIsIM pacTBOp cCyJb(dara

xene3a(ll) FeSO4. 3anucars HaOMIOIEHNS U COCTABUTh YPABHEHUE PEAKIUU.

OIIBIT 5. OkucnutenbHble cBoMcTBa coequHeHud xenesa  (IID),
ko6anbTa(Ill), Hukens(III).

(OnbIT IPOBOIUTH MO/ TSTOM)

5.1. B nBe mpoOupku BHecTH 4-5 Kamelb pacTBOpa XJIOpHIa

xene3a(lll) FeCls. B mepByto mpoOupky g00aBUTH pacTBOp HMOAMA
KaJIisl, BO BTOPYIO OpOCHUTH KyCOUEeK ITUHKA. 3aMucaTh HAOMIOACHUS 1
ypaBHEHUS PEaKIUH.

5.2. [Tosmyuur
b ocanok ruapokcuaa kodanpra(lll). (Ilomyuenue cM. orm. 2)

K ocanky ruapokcuna kobGanpra (III) moGaBUTH KOHIIEHTPUPOBAHHOM
COJITHOW KHUCJIOTHI 10 pacTBOpeHus ocagka. CoCTaBUTh ypaBHEHUE OKUCIUTEIHHO-
BOCCTAHOBUTEIBHOTO Tiporiecca. Kakoi ra3 Boiaensiercs?

5.3. IHonyuuts ocanok ruapokcuaa Hukessi(I11). (Ilonyyenue cMm. om. 3)

K ocanxy runpoxcuna aukens (I11) mo6aBuTh KOHIIEHTPUPOBAHHON CEPHOU

KHCJIOTHIL. 3aIncarh Ha6J'IIOI[6HI/I$[, COCTAaBUTb YPAaBHCHUA peaKuHﬁ.

OIIBIT 6. Coenunenus xkenesa (VI) — dbeppatsl.

(OnbIT IPOBOAUTH MO TSATOM)



B npobupky BHecTu 10-15 kamnens KOHIEHTPUPOBAHHOIO pacTBOpaA IIEJIOYH,

no6aButTh 4-5 kanenb pactBopa xsopuaa keneza(lll) FeClz u 1-2 xkamm Gpoma.
[Tpo6upky octopoxHo Harpetb. HabmonaTe GpronaeToBo-KpacHbIM LIBET pacTBOpa,
cBOMCTBeHHBIN (Qepparam. [lomyueHHBIE pPAcTBOpP BBUINTH B CTaKaHUUK C
HEOOJBIIUM KOJMYECTBOM JUCTUIUIMPOBAHHON BOABI M J00aBUTH 2-3 KarlH
pactBopa xsopuaa 6apus BaCly. Kakoe BemniecTBo Bbinano B ocafok? Hamucath
YPaBHEHUS PEAKLUH.

OIIBIT 7. O6pa3oBanue cynbpumaoB xkene3a, KoOaIbTa, HUKEIS.

B d4erblpe mnpoOWMpPKHM BHECTH HECKOJIBKO Kaleidb pacTBOpa coJiei
(paznenwsHo): keneza(lll), »xenmesza(ll), koGambra(ll), Huxensa(ll). B xaxmayio
npoOupKy A00aBUTH MO 2-3 Karum cyibhuaa ammonus. Yto Habmonaercs?

CocraButh ypaBHenne OBP mus comu xenesza(Ill) ¢ snekTpoHHBIM

6aJIaHCOM, a TaKXke I/IOHHBIG ypaBHeHI/IH TpEX 00OMEHHBIX peaKuI/Iﬁ C ydyaCTueM
2+ 2+ .2+ _
HOHOB METAJIJIOB Me (F . NI ) A aHUOHOB S~ , B pE3yIbTaTe KOTOPBIX

00pa3yroTcs 0CaIKu CyJIBCbI/II[OB MeS; OTMETHUTb UX OKPACKY.
OIIBIT 8. 'maponus coneit xxene3a, KoOAIbTa, HUKES.

B dertbipe npoOupku BHECTH AMCTHIIMPOBAHHYIO BOJY U J1I00aBUTH IO
HECKOJIbKY KpHUCTAILIOB cojielt (pasnenbHo): xene3a(lll), xenesa(ll), kodbansTa(ll),
Hukensa(Il). Wcnonw3ys wunaukaropel, onpenenutb pH pactBopoB. Hamucatb
YpaBHEHUS PEaKuii B HOHHOM M MOJIEKYJIIPHOM BH/IC.
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