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BBenenue

B Hacrosiiiee pyKOBOJACTBO BKIIIOUEHBI JJAOOpaTOpHBIE PaOOThI MO HM3YUYCHHIO
KaYCCTBCHHBIX PpEaKIMWi KAaTHOHOB M aHUOHOB. IIpM HM3ydYeHHHM STHX peakiuii
UCIIOJIb30BaHa KHCJIOTHO-OCHOBHAs Kiaccu(UKAIMsg Ha OCHOBE IOJYMHKPOMETO/A,
YTO IO3BOJIIECT IPOBOAUTH Ja00paTOpHbIE PaObOThI B PKOJOTHYECKH 00Jiee YHCTHIX
YCIIOBHUSX, OBICTPHIMU IIPUEMaMU OIIPEACICHUS, C SKOHOMHEH BPEMCHH U PEaKTHBOB.

BrImosHeHHE J1ab0paTOPHBIX PabOT PEKOMEHIYeTCs MPOBOIUTH IPH CTPOTOM
KOHTpOJIC TperoaBaTelis Wik JIabopaHTa B CIEAYIOMEM IOpsAKe: a) OObSICHCHHE
nperoaaBarelis 10 JaHHOH peakinuy; O) BBHIMOJHCHHE ASTOW PEAKIUU KaXKIIbIM
yYanMMcs OJHOBPEMEHHO; B) CaMOCTOSITENIbHAS 3aIllUCh PEaKIMHA B JTa0OpaTOPHBIN
KypHAT KaKIbIM YYaIlUMCSA. OJTO aKTUBU3HPYET pabOTy ydYalIuxcs, ITO3BOJISICT
yYalMMCs JIy4Ille OCMBICIIUTh M YCBOUTH KKy PEaKIHIO0, COKpAIlaeT BpeMs
BBITIOJIHCHHS JTA00OpAaTOPHOM pabOTHI, 3aCTABIISICT padOTAaTh BCEX yUaLUXCS.

KoHeuHas 11e1b U3y4eHUS JUCIUIUIMHBI COCTOUT B TOM, YTOOBI CPOPMUPOBATH Y
0OyJarommxcsi:

1. CuCTEeMHBIC 3HAHUS TI0 TEOPETUUYCCKUM OCHOBAM Ka4CCTBEHHOTO aHAJIHM3a;

2. HaBbIkM 110 TeXHUKE paOOTHI B XMMHKO — aHAJTUTHYCCKUX JIA0OPATOPHSIX;

3. Hayuyno — 000CHOBaHHOE TEOPETHYECKOE MBIIUICHUE, POo(hecCHOHATbHBIC H
OpraHU3alMOHHBIC 3HAHUS.



1 O0mue ykazaHus 10 U3YYCHUI0 KAYeCTBEHHOI0 aHAJIU3A
eab n3y4yeHus TeMbl

Ha ocHoBe 3HaHMWII OCHOBHBIX INMOHSITHMH KAauy€CTBECHHOIO aHalM3a U XHMHUKO —
QHAJIMTUYECKUX CBOMCTB KAaTHOHOB MICCTH AHAJIMTHYECKHUX I'pyiin 1m0 KHCJIOTHO —
OCHOBHOM KJ'IaCCI/I(bI/IKaHI/II/I H 110 TpEM TIpyIlIIaM aHHUOHOB, MOJI0KCHU I TCOPHUH
pacCTBOPOB JJICKTPOJIMTOB, 3aKOHA I[GﬁCTByIOH.[HX MacCC 1 XMMHNYCCKOI'0 PABHOBCCHA
HAaYIUTHCA IMPOBOJUTH XaPAKTCPHBIC daHAJIUTUYCCKHUC PCAKINHN KAaTHOHOB YKA3adHHBIX
MeCTU TIPYyIIIl, OonpcaAcATh UX HOJIMHHOCTb, aHAJIM3UPOBATL HUX CMCCH. Tak xe
HAaYyIUTBCA aHAJIM3UPOBATH dHHOHBI 1 UX CMCCH. N B 3axmroueHuun HN3Yy4YCHUSA TCMBbI
CTYACHT JOJDKCH YMCTb aHAJIUM3HUPOBATL CYXYIO COJIb II0JIb3YyACh 3HAHUSIMU,
IMOJYYCHHBIMH IIPU U3YUYCHHUHN aHAJIM3da KATUOHOB U aHHOHOB.

IeneBble 3a1aun

OcBoenue mpaBui paboThl B XUMUKO — aHATUTHYECKON JTa00paTOpUM U TEXHUKH
BBITIOJIHEHUS aHATMTUYECKUX PEAKIUN IPEUMYIIECTBEHHO OJTyMUKPOMETOIOM.

1. IIpoBeneHre aHAIUTUYECKUX PEAKIMM KATHOHOB IIECTH AHAIUTUYECKUX
IpyNI KaTHOHOB M TPEX TPYIIN aHUOHOB MO KUCJIOTHO — OCHOBHOM KiacCU(UKAIIIH.

2. OdopMmieHre IpPOTOKOIA MPOBEACHUS JTa00OPATOPHOM PaOOTHI.

IIpodeccnonanbubie komnerenuun (IIK):

IIK 1.1. OueHuBaTh COOTBETCTBUE METOJWKHU 33JadyaM aHAJIM3a MO JAHANa3oHy
U3MEPSIEMbIX 3HAYCHHUI TOUHOCTH.

[1K 1.2. BeiOupaTh onTuManbHbIE METO/IbI aHAJIU3A.

I[IK 1.3. OueHuBaTh SKOHOMHYECKYIO II€JIECOOOPA3HOCTh HCIOJIb30BaHUS
METOJIOB U CPEJACTB aHAJIN3a U U3MEPEHUM.

[IK 2.1. O6cnyxuBaTh ¥ OKCIUyaTUPOBaTh OOOPY/IOBAaHHUE XHUMHKO-
aHAJTUTUYSCKUX JIAOOPATOPHIA.

[IK 2.2. TlogroraBmuBaTh peareHTbl W MaTepuaibl, HEOOXOAMMBIC IS
MPOBEICHUS aHAJIHN3A.

[IK 2.3. OOcnyxuBarb M 3KCIUIyaTUPOBATh KOMMYHHUKAIMU XHMHKO-
aHAIMTHUYECKUX JTaOOpaTOPHUH.

I[IK 2.4. IIpoBomgWTh KA4eCTBEHHbIW M  KOJWYECTBEHHBIM  aHau3
HEOPTaHUYECKUX U OPTaHMYECKUX BEIIECTB XUMUYECKUMHU METOJaMHU.

I[IK 2.5, IIpoBoaWTh KAauyeCTBEHHbIH M  KOJWYECTBEHHBIM  aHaAJIU3
HEOPTaHUYECKUX U OPTaHUUYECKUX BEIIECTB (PU3UKO-XUMUUYECKUMU METOIaMH.

[IK 2.6. [IpoBomauth 00pabOTKy pe3yJbTATOB aHAJIM30B C HCIOJIH30BAHHEM
anmnapaTHO-IIPOrPaMMHBIX KOMILIEKCOB.

[IK 2.7. PabGoTtath ¢ XHUMHYECKMMHU BEUIECTBAMH W OOOPYIOBaHUEM C
COOJTIOICHUEM TEXHUKH 0€30MaCHOCTH M SKOJOTMYECKON 0€30MacCHOCTH.

[IK 3.1. [IlnanupoBaTh ¥  OpPraHMW3OBBIBATH  pPabOTy  mMepcoHaa
IIPOU3BOICTBEHHBIX MOIPA3/IEICHUM.



[1IK 3.2. Opranu3oBbiBaTh 0€30MAacHbIE YCJIOBUSA TpyJa U KOHTPOJIHUPOBATH
BBITIOJIHEHUE TIPABWJI TEXHUKU O€30MAaCHOCTH, MPOU3BOJICTBEHHOW U TPYJIOBOM
JVCLHUILINHBIL, TPABUJI BHYTPEHHETO PacCHOpsIIKa.

[1K 3.3. AHanu3upoBaTh MPOU3BOICTBEHHYIO JEATEIIBHOCTD MOIPA3ICIICHHUS.

I[IK 3.4, VYyactBoBaTh B 00€CHEUYEHHMH U OIEHKE HSKOHOMHYECKOU
a(PeKTUBHOCTH PabOTHI TOAPA3ACICHUS.

[IK 4.1. BpINOMHATH KaYE€CTBEHHBINM U KOJIMYECTBEHHBI XUMUYECKUI aHAU3 C
NPUMEHEHUEM BBICOKOTOYHBIX TPUOOPOB M aNMapaTHO-IPOrPAMMHBIX KOMIIJIEKCOB.

[1K 4.2. BoimonHsATh (GU3HKO-XUMHUYECKHE METO/bI TOBBIIIIEHHON CIO0XHOCTH C
IIPUMEHEHHUEM aIIIAPATHO-IIPOTPAMMHBIX CPEJICTB U KOMILJIEKCOB.

Oo6mue komnerenuun (OK):

OK 1. TloHuMarh CYHIHOCTh W COIMAJIBHYIO 3HAUYUMOCTH CBOEH Oymayien
npodeccun, MposIBIATH K HEW YCTOMYMBBINA HHTEPEC.

OK 2. Opranu3oBblBaTh COOCTBEHHYIO ACSTEIBHOCTb, ONPEACNATh METOMbI U
CIIOCOOBI BBIMOJTHEHUS! MTPOQPECCUOHANIBHBIX 33J1a4, OIEHUBATh X d()PEKTUBHOCTh U
Ka4eCTBO.

OK 3. IlpuHumaTh peiieHuss B CTaHAAPTHBIX U HECTAHJAPTHBIX CUTYalMsIX U
HECTHU 32 HUX OTBETCTBEHHOCT.

OK 4. OcymiecTBisTh MOUCK, aHAJIU3 U OLEHKY MH(pOpManuu, HeoOXO0AUMOn
JUIs. TIOCTAHOBKU M peIIeHHs] Npo(ecCHOoHaIbHBIX 3a7ad, Mpo(ecCHOHATBHOTO M
JUYHOCTHOTO Pa3BUTHSI.

OK 5. Hcnosb3oBaTh WH(POPMAMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJOTHUU B
po¢eCCUOHATIBHON JIEATEIIbHOCTH.

OK 6. PaGoTtath B KOJUICKTHBE M KOMaH/AC, OOecIeunBaTh €€ CIUIOYCHHC,
3¢ (HEeKTUBHO OOIIATHCS C KOJUIETaMU, pYKOBOJICTBOM, IIOTPEOUTEIISIMH.

OK 7. bparp Ha ce0si OTBETCTBEHHOCTh 3a pPabOTy HWIEHOB KOMAaH/IbI
(MOTYMHEHHBIX ), pE3yIbTaT BHIMIOTHEHUS 3a/IaHUN.

OK 8. CamocroaTrensHO OMNpenenaTh 3anadyud  MNpodhecCHOHATBHOTO U
JUYHOCTHOTO Pa3BUTHS, 3aHUMAThCS CaMOOOpa30BaHUEM, OCO3HAHHO TIJIAHUPOBATH
MOBBINICHUE KBATU(UKAIIIH.

OK 9. OpueHtupoBaTbCcsi B YCIOBUSIX YAaCTOM CMEHBI TEXHOJOTHUHA B
poheCCUOHATIBHON JIEATEIIBHOCTH.

B pe3ynbrare BeIOJHEHUS Ja00paTOPHBIX Pa0OT O0yJArOUTUNACS TOTKEH

YMETB:

- ONWCHIBAaTh MEXaHWU3M XHMHYECKHUX PpPEaKIUH KOJWYCCTBEHHOTO U
KaueCTBCHHOTO aHAJIN3a,

- 000CHOBBIBaTH BBIOOP METOAWKM AaHAIN3a, PEAKTHBOB U XHUMHYECKOU
anmapatypsl 110 KOHKPETHOMY 3a/IaHHIO;

- TOTOBHUTH PACTBOPHI 3aIaHHON KOHIICHTPAITUH;

- MPOBOJIUTH KOJWYECTBEHHBIN M KAYECTBEHHBIN aHAIIN3 C COOJTIOICHUEM TPABHII
TEXHUKH 0€30IIaCHOCTH,

- AHAJIM3UPOBATb CMCCHU KaTUOHOB U aHUOHOB;,
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- KOHTPOJIUPOBATh U OLIEHUBATH MPOTEKAHNE XUMUYECKUX MPOLECCOB;
- IPOBOJIUTH PACUYETHI IO XUMUUYECKUM (POPMYJIaM U YPaBHEHUSM PEaKIIHii;
- MPOU3BOJUTH aHAIM3bI U OLIEHUBATH JOCTOBEPHOCTh PE3YJIbTATOB;

3HATh.

- arperaTHbIe COCTOSIHUS BEILIECTB;

- AaHAJIMTUYECKYIO KJIaCCU(PUKALIUIO HOHOB;

- anmnaparypy ¥ TEXHUKY BBIITOJTHEHUS aHAIU30B;

- 3HQUEHUE XUMHYECKOTO aHaJIN3a, METOAbl KaueCTBEHHOI'O U KOJIMYECTBEHHOIO
aHaJau3a XUMUYECKUX COEIUHCHUI;

- IEPUOJIMYHOCTH CBOMCTB AJIEMEHTOB;

- CITOCOOBI BEIPAKCHUS KOHIICHTPAIIUN BEIIECTB;

- TEOPETUYECKUE OCHOBBI METOJIOB aHAJIN3a;

- TEOPETUUECKUE OCHOBBI XUMUYECKUX U (PUBUKO-XUMUYECKUX MPOIECCOB;

- TEXHUKY BBITIOJIHEHUSI aHAJIN30B;

- TUTIBI OIIMOOK B aHAJIH3E;

- YCTPOMCTBO OCHOBHOTO JIa0OpaTOpHOrO OOOpYyIOBaHUS W TIpaBUiIa €ro

9KCILIyaTalluu.

Ilepedennb 1a00paTOPHBIX padoT

AHanu3 KaTUOHOB U aHWOHOB BKJIIOYAET B ce0s 1a00OpaTOpHbIE padOTHI,
yKa3aHHbIe B Ta0uIe 1.

Tabmmna 1 - [lepedeHs 1abopaTopHBIX padoOT

Ne KonuuectBo HaunmenoBanue nabopaTopHoil paboThI
nabopaTtopHOit 4acoB
paboThI

1 4 OCHOBHBIE AHAIUTUYECKNAE PEAKIIMN KATHOHOB NIEPBOM
IpyHIbl

2 4 OCHOBHbBIE AHAIUTUYECKHE PEAKIIUA KATUOHOB BTOPOI
IpyHIbI

3 4 OCHOBHbIEC AHAIUTUYECKUE PEAKIIUN KAaTUOHOB
TPETHEN TPYIIIIBI

4 4 OCHOBHbBIE AHAIUTUYECKNUE PEAKIIUN KATHOHOB
YETBEPTOMN I'PYIIILI

3) 4 OCHOBHbIE AHAIMTUYECKHUE PEAKIIMM KATUOHOB MATON
TpyIIBI

6 4 OCHOBHbIEC AHAIUTUYECKUE PEAKIIUN KATUOHOB
IIECTON TPYIIIBI

7 4 AHanu3 cMecH KaTHOHOB 1-6 rpynn

8 6 OCHOBHBIE aHATMTUYECKHUE PEAKLIUU aHUOHOB I1EPBOM
IpyHIbl

9 4 OCHOBHBIE aHATMTUYECKHUE PEAKIIUU aHUOHOB BTOPOU
IpyHIbl

10 2 OCHOBHbIE AHAIUTUYECKHUE PEAKIIMH AaHHOHOB TPEThEH
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IPYIIIBI

11

AHaIu3 CyXou coJit




2 O0mme nmpaBuiaa padoTsbl B aHATUTHYECKOH JJa0opaTopun

[IpaBuna paboThl B 1a0OpaTOpUU SIBISIOTCS OOIIMMM JUIsI BCEX XMMHUYECKHUX
nabopaTopuii W BBIIOJNHATH MX CHEAyeT TaK >Ke, Kak M TMpaBHiia TEXHUKU
0€30IacCHOCTH.

B mpouiecce nmabopaTopHoil pabOThl ydaliuiicsi TOJDKEH YMETh IMOJIb30BaThCA
KHUTaMU, CIPAaBOYHUKAMM, YMETh HAWTH OTBET Ha HHTEPECYIONIMI BOMpPOC B
auTeparype. BelmoiHeHHe BeeX paboT ydanuiics 3alichbiBacT B OTACIBHYIO TETPAIb
— n1abopaTopHbIi KypHai. JlenaTs 3anucu B YepHOBUK HE pa3peliaeTcs.

3anucu CiieIyeT BECTH CUCTEMATHYECKH, YETKO M aKKypaTHO M BO BpPEMs
paboTHI B JTAOOPATOPHH, CPa3y Ke MOCIE BHITIOTHEHUS aHATUTHICCKON OTepaIiu.

[Ipy wm3ydeHUM XapakTEpPHBIX pPEaKIUd B TETPaab 3allMCHIBAIOT Ha3BaHHE
MCXOJTHOTO BEIECTBA U MIPUMEHSIEMOT0 PEarcHTa, ypaBHEHNE PEaKIIny U €€ BHEIITHUN
s dexT, cBOICTBA OCajKa, yCIOBUS BBIMOJHEHUS PEAKIMH W PE3yJbTaThl. 3alucu
CJIeIyeT BECTH 10 popMe, IpeITIo’KeHHOM B Tabuuiie 3.

OcHOBHbBIE PABWJIA TEXHUKH 0€30IIACHOCTH

1. IlpucTynarh K BBINOJHEHHUIO 33JaHUS MOYKHO IIOCJIE COCTABJICHMS IUIAHA
paboThI U pa3peLIeHHs] IPENo1aBaTeNsl.

2. Ilpu BbImONHEHHH PabOTBI HEOOXOAUMO COOJIOJATH YCIOBHS IPOBEACHHUS
aHAIMTHUYECKOW pEeaKIMu W CTPOro MPHUAECPKUBATHCS KOJIMYECTB PEAKTUBOB,
yKa3aHHbIX B YydeOHHKe. HeoOXoauMoO BHHMMATENbHO MPOYMUTATh HAINUCHh HA
ATUKETKaX, MPEXJIe YeM B3SITh HEOOXOUMBIIl pEaKTHB.

3. Bce ombITh, CcONpOBOXKAAIOUIMECS BBIACICHUEM SAJIOBUTHIX, JIETYyUYHX,
HEMPUATHO MaxXHYIIUMX BEIIECTB, HAIPUMEP: BbIApUBAaHUE, KUISTYEHUE PACTBOPOB
KHCJIOT, & TAKXKE pacTBOPOB, COJEP KAIIMX TajJOreHbl, aMMHAK, CEPOBOIOPOJ U TaK
Jlajiee IPOBOAUTD TOJIBKO B BBITSDKHOM HIKA(Y.

4. PeakTuBBl HENb3s NPoOOBATh Ha BKYC, TaK KaK OOJIBIIMHCTBO M3 HHUX
SJTOBUTHI.

5. HarpeBas »xumkoctb B mpoOUpKE, HEOOXOIUMO JEpKaThb MPOOUPKY
OTBEpPCTHEM, HAIPABJIECHHBIM B CTOPOHY OT ce0s U paboTaIoLUX PsIIOM TOBAapHILEH.
HanuBas i HarpeBast )KMJIKOCTb, HE HAKJIOHSTCS HAJl COCYAOM, TaK KaK BO3MOKHO
pa3OpbI3rUBaHUE WIH JIaXke BLIOPOC pacTBOpa.

6. [lpu ompenenenun 3amaxa pacTBopa JIETKUM JBUKEHUEM PYKH HAIPaBISIOT
CTpYIO BO3AyXa OT cocya K ceoe.

7. Ilpu paz0aBiieHUH KOHIIEHTPUPOBAHHBIX KUCJIOT BIMBATH KUCIOTY B BOAY, a
HE Ha 000pOT.

8. [lpum B30anThIBaHUM PAcCTBOPOB B MPOOUPKAX WM KOJI0AX UX HYKHO IUIOTHO
3aKpbIBaTh MPOOKaMHU, 3aMpeIIaeTCs 3aKpbIBaTh MPOOUPKY MATBIEM.

9. B mnomemniennn mnabopaTOpuM 3ampeliaeTcs OCTaBIATh 0e3 MpUcMoTpa
3a)COKEHHBIE TOPEJIKH, IJIUTKU, BOJSHBIE OaHM, AepkKaTbh BOJIU3U TOPSAIIUX TOPENIOK
3¢up, COUPT U APYTUE JIETKOBOCIIIIAMEHSIOIINECS BEIIECTBA.

10. PaGota ¢ JE€rkoBOCIUIAMEHSAIOIIMMUCA BELIECTBAMH U  TOPIOYUMHU

KHUAKOCTAMU JIOJDKHA TPOBOJUTHCS B BBITSDKHOM MIKady € MPUCHYIIEHHBIMU
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JBEPIIaMU U TIPH pabOTArOIIEH BEHTUIISAINH, TIPU BHIKITFOUCHHBIX Ta30BBIX TOPEIKAX U
AIEKTPOIPUOOpax.

11. OtpabGoTaHHble pacTBOpbl HHUTpara cepedpa CIUBAIOT B CHEIUAIBHO
MpeAHA3HAYCHHYIO ISl 3TOW LIEJIM MOCYAY U3 TEMHOTO CTEKJIA.

12. B ciydae oxora nuna, pyk KACIOTON WM HIENI0YbI0 HEOOXOAMMO OKa3aTh
MOCTPAJaBIIEMy TEPBYIO IOMOIIb: OOMBITh MOPAKEHHOE MECTO OOJIBIIUM
KOJIMYECTBOM BOJIbI, a 3aTE€M: a) MPHU OKOre Kucioramu obpadorats 1 % pacTBopom
ruapokapOoHaTa HaTpus; 0) MpH oxore menodamu obpadborats 1 % pacTBOpOM
YKCYCHOM KHCJIOTHI. B 000MX ciydasiX MOCje 3TOTO HAJIOKUTh TMOBS3KY M3 OWHTA,
CMOYEHHOTO ATUJIOBBIM CITUPTOM.

13. Ilpu nmonagaHuu KUCJIOTHI WX IIEJIOYM B IJ1a3a HEOOXOAUMO MPOMBITh MX
OOJIBIIIMM KOJMYECTBOM BOJIbI, & 3aTE€M MPU MOMAJAAHUU 'KUCJIOTHI MPOMBIThH Ija3a
pa30aBJICHHBIM PAaCTBOPOM MHUTHLEBOW COMBI, NMpU NomnagaHuu memoun - 1 %
pacTBOpoM OopHOIf KHCJIOTHI.

10



3 KucJI0THO-OCHOBHAA KJIACCH(PUKANMSA KATHOHOB

KucinotHo — ocHoBHas kjaccu(UKalusi KaTHOHOB OCHOBAaHAa Ha pa3lIMYHOU
pPacTBOPUMOCTUA B BOJI€ XJIOPUJIOB M CYJIb(ATOB W HA Pa3IUYHOU PACTBOPUMOCTH
THAPOKCUIOB B BOJIE, LIEJIOYU U BOJHOM PacTBOpe aMMHaka (Tadiauna 2).

Ta6nnua 2 - KucnotHo-ocHoBHas KJ'IaCCI/I(l)I/IKaIII/ISI KaTUuOHOB

I'pynima
1 2 3 4 5 6
Katnonsr | Na” Ag’ Ca* cr* Fe* Cu*, Hg™
K* Hg,™ Sr? Zn* Fe*3 Co™,
NH, | Pb* Ba*’ Al Mn* | Ni*,Cd *
Mg*?
I'pynmoBo | Her HCI H,SO, NaOH NaOH NH;
1 PEaKTUB
CocraB n - |MCI, MC1, MSO, M(OH), |[M(OH),He| M(OH),
CBOKCTBA He He PacTBopuMBI | pacTBOpuM | PactBopum
0CaJKOB PacTBOPHM | PaCTBOPHMBI | B H30BITKE bl B bl B
Bl B B KHCJIOTaX U NaOH N30BITKE N30BITKE
KHUCJIOTax iejIoyax NaOH NH;
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4 ®opma 3anucH J1a00pPATOPHBIX padoT

JlaGopatopHble paboThl cieayeT opopMIISITH CleayromuM obpa3zoMm. Bcee
NaHHBIE BHOCHTH B Tabmuiyy. Ilpumep odopmienus mnabopatopHoil pabOTHI
IpeJIokKeH B Tadmuiie 3.

OdopmiieHre KOHTPOJILHOM 3a/1auu

Tabnuna 3 - Ogopmiienue 1abopaTopHOM pabOTHI

Omnpen | YcnoBus | Peakt | Habmona | YpaBuenue peakuuu | [Ilpumeuyanue
eJsieM | MPOBEIE UB eMoe
BIN HUSA U3MEHEHU
KaTHOH | PEeaKINH e
Ag" | Hopmans | HCI Briman Ag"+HCI=AgCl + Ocanok
HbIE OenbIit H* pacTBOpUM B
yCIIOBUS 0CaJioK KOHLEHTPUP
OBaHHOM
aMMUaKe
Tabnuua 4 - KoHTposibHast 3aja4a Ha KATHOHBI IEPBOW TPYIIIbI
Onepauust | Peaktu | Habmiomaem | YpaBHeHUE peakiuu 3aKJIIOYCHUE
B oe
M3MEHEHHE
1. HCI Briman Ag"+HCI=AgCl + | Ipucyrcreyer
HcnbrTanue OenbIii H katuon Ag”
Ha 0CaJI0K
IPUCYTCTBHE
katnona Ag’

BriBoa: B ucnbiTyeMom pacTBOpe MpUCYTCTBYIOT HOHBI HATPUS M aMMOHWUSI.
MPEAJIOKEHO B Tabnuiie 4.
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5 KayecTBeHHBIN aHAJIN3 KATHOHOB

5.1 JladopaTtopHasi padora Ne 1 "OcCHOBHBIC AHAJIUTHYECKHE PEAKLIHMH
KATHOHOB NepBOM rpynmnbi"

Heab padoThI

1. O3HaKOMUTBCA ¢ Ta6OpaTOPHBIM HAOOPOM, €r0 Ha3HAYCHHUEM.

2. HayuuTbcs NPOBOAWUTH IOTYMHKPOMETOAOM OCHOBHBIE aHAJIUTHYECKHUE
peaklui KaTUOHOB MEPBOM TPYIIIIBIL.

3. O3HaKOMHTBCS C MOPSAKOM OIPEAENICHHUS B PAaCTBOPE KATHOHOB MEPBOM
TPYIIIBI.

4. HayuntbCs DPOBOJWTH AaHAIM3 CMECH KAaTHOHOB IIEPBOM AHAJIUTUYECKOU
I'PyIIBI B paCTBOPE.

3anaHue U1 CAMOIIOATOTOBKH

K 3aHaTHIO HaJI0 3HATH

1. OCHOBHBIE TOHATHSA KAYECTBEHHOTO XMMUYECKOT0 aHaJIU3a.

2. Knaccugukanyio KaTHOHOB 110 KUCIOTHO-OCHOBHOMY METOJly aHAJIU3a.

3. O06u1yt0 XapaKTepUCTUKY KaTUOHOB NIEPBOM aHATTUTUYECKOM TPYIIIIHIL.

4. OTHOLIEHUE COJIEN aMMOHUS K HarPEBAHUIO.

5. OcHOBHBIE MpaBuia pabOTHI, TEXHUKU OE30MACHOCTH M OKa3aHUsl TMEpBOU
MIOMOILY ITPU paboTe B XUMUYECKON JabopaTopuu.

6. O0opynoBaHuE XMMUYECKOU JIabopaTOpUu JJisk padOThI MOTYMUKPOMETOIOM.

Ymetb

1. CocTaBlIITh ypaBHEHUS PEAKIUNA JHUCCOLUUAIMU JIBOWHBIX M KOMILJIEKCHBIX
COJIEM B BOJHBIX PACTBOPAx.

2. Ha3BaTh KOMIUIEKCHBIE COETUHEHHS TI0 HOMEHKJIIATYpE.

3. CocTaByisATh ypaBHEHMS PpEAKUMHA TEPMUYECKOTO PA3JIOKEHUS COJIEH
aMMOHHUSI.

4. CocTaBnsiTh ypaBHEHHS peaKiuii B MOHHOU (hopme.

5. OOpamarhCs Co CIUPTOBKOM.

XapaKTepuCcTHKA rPyNIbI

K nepBoii rpyrine kKaTHOHOB OTHOCSITCA Kalliii, HATpUA, aMMOHUM. B oTiinune ot
KaTUOHOB JAPYrMX TPYHNIl IOYTH BCE COJM HATPHUS, Kajdusg U AMMOHHUS XOPOILIO
pactBopuMbl B Boje. KaTuonbl kanusi, HaTpusi, aMMOHHUsI OeciBeTHbl. KaThOHBI
IIEPBOM I'PYIIIBI OAHOBAJICHTHBI.

Merannel KaJuid W HAaTpUW OTHOCATCS K DJIEMEHTAM IIEpBOM  TPYIIIBI
nepuoanueckoi Tabmumpl MenneneeBa. Mx ruapookucu - NaOH u KOH - xopoio
PacTBOPUMEI B BOJE U SIBJISIIOTCS CHJIBHBIMM OCHOBaHMAMU. 1IOH aMMOHHMS 110 CBOUM
CBOMCTBaM OJM30K K TPYIIE HIEJIOYHBIX METaNIOB, HO THIpAaT aMMHUaKa SBIAETCS

c71a0BIM OCHOBAHHEM: 9TO HECTOMKOE COCAMHCHUC, JICTKO pa3jiararomecccss Ha aMMHUaK
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U BOJy JlaXKe TPU KOMHATHOM TeMIieparype.

[M'unponu3y nmoaBepraroTcsi BCe COJIM aMMOHMUS, a TaK)KE HATPUEBbIC U KaJIMEBbIE
COJIA CJIa0BIX KUCIIOT (YKCYCHOM, YTOJIbHOM).

AHaTUTUYECKUM TMPU3HAKOM KATHOHOB IMEPBOM TPYMIBI SIBISETCS OTCYTCTBHE
IPyNIIOBOTO PEAKTHUBA.

Conu aMMOHUS SABJISIFOTCS. HECTOMKUMU U JIETKO pasJiaraloTcs MpU HarpeBaHUU.
OTO CBOMCTBO HCIHOJNB3YETCS MPU YAAJCHUU COJIeH aMMOHHUS M3 CMECH CoJied
KAaTUOHOB NIEPBOM I'PYIIIBI

PeakTuBBI

1. PacTBOpBI cosleli aMMOHMS, KaJINsI, HATPHSL.
2. HaceblleHHBI pacTBOp TE€KCarnJpoOKCOCTHOMATa Kajdusi B HACHIIIEHHOM
pacTBOpe XJI0pHU/Ia KaJHsl.
3. CBeXeNnpuroToBJICHHBIN PACTBOP F€KCAHUTPOKOOAIbTaTa HATPHS.
PeaktuB Heccrepa.
DTaHOIL
®dopmanus - 40% pactBop hopmaliblieruaa B BOJIE.
denondranens.
Cyxue conu Kanusi, HaTpusi, aMMOHHSI.
NunukaropHas Oymara.

© ® N o 0~

10.
YueOHbIE TA0JIULBI

1Knaccudukanys KaTHOHOB MO KUCJTOTHO-OCHOBHOMY METOJY.
2.HacTHbIE peakIM¥ KaTHOHOB MEPBON AHAIUTUYECKON TPYIIIIHIL.
3.Ilepuommueckas cucrema snemenToB JI.M1. Menzaeneena.

Xoa padoTnl
Peakuuu katuona K'

1. Peakums oxpammBanusi ruiameHu. JleTyuue conm Kanus OKpallIMBaIOT
OecrBeTHOE M1aMsi B (DUOJICTOBBIN IBET.

B consx kanus mNouyTM Bcerjga MNPUCYTCTBYIOT CJEAbl HATpHUsl, KOTOPBIM
OKpalllUBaeT IUIaMsl B KEITHIA LIBET, MacKupys (uoyieToBylo okpacky. [losTtomy
IJ1aMs CJIEYET pACCMATPUBATh YEPE3 CUHEE CTEKIIO, MOTJIOMIAOIIEE KEITHIN LIBET.

Brmonnenne peakuuu. CoJib KaJivsl, Ty4lle BCEro XJIOPU Kalaus, CMauMBaroOT B
KOHLUEHTPUPOBAHHOM COJITHOM KHUCJIOTE W BHOCAT HAa TOHKOM IUIATMHOBOM WU
HUXPOMOBOM ITPOBOJIOKE CHayaja B OCHOBAaHUE IJIAMEHH, a 3aT€M IEPEBOJAT B 4ACTh
IJJAMEHW C HaWBBICIIEM TemmepaTypod. MOHBI Kanus OKpaluuMBaroT IUIaMs B
(uONETOBBIN IIBET.

2. Peakuus c¢ BuHHOM kucioron H,C,H4;Os wim rupporapTpatoM HaTpHs
NaHC4H,O¢ mpu mocTaTouHON KOHIIEHTpAIlMU KaJusg B PAcTBOPE MArOT OeIbIit

KpUCTaJUTMUECKHi ocanok ruapotaprpara kamus KHC4H,Og.
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B MuHepallbHBIX KHCIOTaX Ocajok pactBopum. [losToMy, ecnu B KayecTBe
peakThBa MPUMEHSIOT BUHHYIO KHCJIOTY, PEaKIMIO BeIyT B NPUCYTCTBUM areTaTa
Hatpus CH3;COONa. B stom citydae oOpasyromiasicsi py peakiiuy CHJIbHAsT KUCIIOTa
3aMeInaeTcs ciadoil yKCyCHOM KUCIIOTOM, HE pPaCTBOPSIONICH 0CaIoOK.

B pas0aBiieHHBIX pacTBOpax Iejgouel 00pas3yrloTcsi pacTBOPUMBIE B BOJE
cpennue conu. CrneaoBaTellbHO, PEaKIUI0 MOKHO MPOBOAWTH B HEUTpPAIbHOU WU
c1a00KUCIION cpee.

PactBopumocts KHC,H,Og BO3pacTaeT ¢ NOBBIIIEHUEM TEMIIEPATYPhI, IOATOMY
peakuio Hajlo0 BeCTH NIpu oxJaxiaeHuH. Kpome Toro, 3ToT ocamok oOpa3yer
NEPECHINICHHBI pacTBOp; s YCKOpPEHHMs 00pa3oBaHUsl KPHUCTAIUIOB Tpelyercs
MEXaHUYECKOE BO3/CHCTBUE (TpeHUE, B30AITHIBAHNE).

HNoH aMMOHHUS JOJDKEH OTCYTCTBOBaTh, TaK KaK OH MeEIIAeT OIpPEJEICHUIO,
o0pazyst ¢ peakTUBOM O€JbIil KPUCTAIITMYECKUI 0CaIOK.

Brimonnenne peakiuu. B npoOupky momMemaroT 2 Kamid pacTBopa XJIOpHUaa
Kamug W 3 Kamium peakTuBa. [IpoOupky oXJaxaaroT CTpyed XOJIOJHOW BOJIBI,
OJIHOBPEMEHHO TOTHpas BHYTPEHHUE CTCHKU MPOOUPKH CTEKIISTHHOM MajJOYKOM st
YCKOpPEHHUsI BBINAJEHUA Ocajka. Eciu peakuuio MpoBOIAT C BUHHOW KHUCJIOTOW, TO
nobapisroT 1 karuio pactBopa ykcycHokucioro Hatpust — CHzCOONa.

3. Peakmus ¢ rekcanutputokodansTatoM (3) Hatpus Nas[Co(NO,)g] ocaxmaer
U3 HEUTPAJHbHOTO WM CIIA0OKHCIOTO PAcTBOpA KENTHhIA KPUCTAJUIMUYECKUN OCalloK
reKCaHUTpUTOKOOanbTaTa (3) Kanus - HaTpHUsl.

[TonoOHBIN OCaNOK MOJy4aeTCs M C COJISIMA aMMOHHUS, IMOATOMY PEaKIIUIO
HY>XHO BECTHM B UX OTCYTCTBHE. DTa OYE€Hb UYBCTBUTEIbHAS PEAKIUS U SIBIISIETCS
HauOosnee xapaktepHod Juisi woHa kaiaus. PeaktuB Naz[Co(NO,)s] Oepyr
CBEXKETPUTOTOBJICHHBIN, TaK KaK MpPU XpaHEHWHU OH pasjiaraercsi C BblJEICHUEM
ronoB Co "%, IMeromx PO30BO€ OKpamnBaHue. Takol peakTUB HENPUTOJEH.

Brimonnenne peaknuu. K 2 xamisM pacTBopa coiu Kaius 100aBisIOT 2 Karuiu
peaktuBa. HaGmogaroT BelniajieHue ocajka.

Peakuus kaTuona narpus Na’

1. Peaknus okpammBanus iamMeHu. CoJiu HATPUS OKPAIIMBAIOT OECIBETHOE
riamsi B JKENIThIN 1BeT. Peakiiust oueHb XapakTepHa M 4yBCTBUTENbHA. BhImonHeHne
peakmuy TaKoe XKe, KaK JIJIT HOHOB KaJIHsl.

2. Peaknus ¢ rekcaruapokcoctuouarom (5) kanmus K[Sb(OH)s] maet ¢ comsimu
HAaTpus B CTPOTO HEUTpabHOW Cpelle MEMJICHHO OO0pa3yromuiics  Oesblii
KPUCTAJUIMYECKUM OCAZOK. Peakinuio Henb3d MPOBOAUTH B KUCIIOW CpElE, TaK Kak B
9TOM CJIy4ae BBIACIACTCS aMOpP(HBIA 0Cag0K MeTacypbMsHOW Kuciaotel HShOj;.
Henb3st TpoBOIUTE OMpEEeHUEe U B CHIIBHO IIEJIOYHBIX PAaCTBOPAX, TaK Kak B 3TOM
cllydae OCaJIOK HE BBIMAJIaeT W3-3a TMOBBIINICHUS €ro pacTBOpUMOCTU. Peaxiuio
CJIEIyeT MPOBOAUTH B IOCTATOYHO KOHIIEHTPUPOBAHHOM PACTBOPE.

PactBopumocts  Na[Sb(OH)s] cumpHO  BO3pacTaeT ¢  IMOBBIIMICHUEM
TEMIIEpaTyphbl, TOITOMY pEaKIMI0 MPOBOMAT MPU OXJaXACHWH. [l mydmieit
KPUCTAJUTM3AIIMU TIPH TPOBEJCHUU PEAKIIMU HEOOXOAMMO TMOTHUPaATh CTEKJISTHHOU

NAJIOYKOM O CTEHKH MPOOUPKH.
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Brinmonsenue peakiuu. K 2 kanmsm pacTBopa coiu HaTpus J0OABIAIOT 3 Karn
peakTuBa. IIpoGHPKY C HCIBITYeMBIM PacTBOPOM OXJIAXKHAIOT TOJ CTPyeH BOJIBI,
OHOBPEMEHHO IIOTHpas MAalOuKOi BHYTPEHHHE CTEHKH NpoOHpku. Habmomaror
BBITIAJICHHE OCA/IKA.

Peaxkuuu kaTuoHa ammonnst NH,"

1. Peakmus co menouyamu. ['muapoxcuasl menounbix MetauioB NaOH u KOH
npu 100aBIEHUH K BOJHOMY PAacTBOPY COJM aMMOHHS BBIIEISAIOT ammuak. [lpu
HarpeBaHUM pacTBOpPa aMMHAK YJIETY4YMBAETCs. BbIOensiomuiics aMMUaK MOXHO
OOHApPYXUTh:

- IIpu momomm KpacHoW win ¢uoseToBor TakMycoBoil Oymaru. Ilomagas na
BJIQYKHYIO JIJAKMYCOBYIO Oymary, aMMHuaK B3auMoJeHCTBYyeT ¢ Boaoi. OOpa3yromuiics
annoH OH™ m3MmeHsieT okpacky JIakMyca Ha CHHHM 1IBET.

- [Ipn 1OCTaTOYHOM KOHIIEHTPpAllM aMMOHUHWHOW COJI BBIJCIISIIOIIUUACS aMMHUAK
MO’KHO OOHapy’KUTh IO 3araxy.

- Ilo oOpa3zoBaHuio 0enoro «AbIMa» OKOJO MaJO4YKHh, CMOYEHHOH
KOHIICHTPUPOBAHHOM COJISIHOM KUCIOTOM, OJTHECEHHON K OTBEPCTUIO TPOOUPKH.

Bemonnenne peaknuu. B mpoOupky mnomemaroT 2 Kalld pacTBOpa COJIH
aMMOHUS U TIPUOABIISIIOT 3 - 4 Karid pacTBOPA IIEJI0YU TaK, YTOOBI KaIlid HE MONaIn
Ha CTEHKM mpoOupku. Jlepka y oTBepcTus NPOOUPKU JIAKMYCOBYIO Oymary,
CMOYEHHYI0 BoJ0i1. HarpeBaroT npoOupKy Ha BoJsiHOM Oane. Ha makmycoBoi Oymare
NOSIBJSIETCS CUHEE MATHO. [Ipy BBIMOJHEHUM peakuuH HAJlO0 CIEIUTH 32 TEM, YTOOBI
JaKMycoBasi Oymara He ConpHKacanach C BHyTPEHHUMHU CTEHKaMH MPOOUPKHU.

2. Peakmms ¢ PeaktuBom Heccnepa (cmech K;[Hgly] ¢ KOH) maer ¢ comsimu
aMMOHUSI KpacCHO-OYpBI 0CaloK OKCOIMMEpKypaMMOHUs. OHBbI Kanusi U Kajausi He
MELIAIOT ONpenesieHnto. PekoMeHnayercst Bceraa NpuiMBaTh U30BITOK PEAKTUBA, TaK
KaK 00pa3yrouicsa 0cajoK paCTBOPUM B OOJIBIIIOM KOJIMYECTBE AMMOHHMMHBIX COJIEH.
Peakuysi ouyeHb 4YyBCTBUTEIbHA U SBISETCA XapaKTEPHOW [JIi MOHOB aMMOHMS.
OObIYHO ee MPUMEHSIOT, Korja Hajgo yOeauThCs B OTCYTCTBUHM HMOHOB aMMOHUA,
MEIIAOIINX OTKPBITUIO KaIKsl U HaTpusa. VITHTEHCUBHOCTh OKPAcKH OCajJKa 3aBHUCHUT
oT KoHIeHTpanuu 1oHoB NH,".

Bremonnenue peakuuu. K 1 xarse pactBopa cojin aMMOHHMSI 100aBIISIOT 3 Karliu
peaktuBa Heccnepa.

AHAJIM3 CMeCH KATHOHOB NEPBOil AHAJIUTHYECKOHN IPYIIIbI

Jns mpoBeneHns aHanM3a CMECHM KATHOHOB NEPBOM aHAJUTUYECKOW TPYMIIBI
JAeTCs pacTBOP WUIIM CMECh CyXHX COJIEHM, pACTBOPUMBIX B BOJIE.

AHanu3 cMecH KaTUOHOB IEPBOM IPyNIbl TPOBOJUTCS B CIEAYIOIIEM MOPSIIKE.
[lepBbIM OTKpBIBaIOT KaTMOH aMMOHHSA, TaK KaK OH MEIIAET OTKPBITUIO KaJlHs U
Hatpus. [locie aToro, yaanus u3 pacTBopa MOH aMMOHMS BBIITAPUBAHUEM PACTBOPA U
IIPOKAJIMBAHUEM CYXOr'0 OCTaTKa, OTKPBIBAIOT MOHBI KaJdus W HATpUs. Y JAIUTh UOH
aMMOHHS MOKHO, IPUMEHHUB B Ka4€CTBE OJIOKUPYIOIIETO PeakTHUBa (pOPMaHH.

Ecnu nyist ananusa naHa cyxasi CoJib, TO CJEIyeT YOeIUThCsl B OTCYTCTBUU B HE
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MOHOB aMMOHMUSL. JJis1 3TOro TOTOBST PacTBOpP U 5 - 6 Karellb pacTBOpa UCCIEAYIOT Ha
MIPUCYTCTBUE HMOHA aMMOHHUs. Eciii MOH aMMOHHMSI OTCYTCTBYET, TO CYXYK CMECh
pacTBOPAIOT B 2 - 3 MJT JUCTUIUIMPOBAHHOM BOJBI.

Ecau WMoHBI aMMOHHS NPHUCYTCTBYIOT, TO, NPEXAE CIEAYET YAAIUTh HOHBI
aMMOHUSI TIpOKaJIMBaHUEM. YOEAMBIINCh B OTCYTCTBUE HOHOB aMMOHMS, CMeECh
pacTBOPAIOT U B HEW OTKPBIBAIOT MOHBI Kajnusd U HaTpus. Cxema aHalin3a KaTUOHOB
MIEpBOM T'PYIIBI IPUBEICHA B cxeMe 1.

Peakiuy oOHapy)XeHHs
PactBOp
Na*,K*,NH; [ "|_ NH: p.cNaOH
IIpOKAJINBaHUE
K* p. ¢ Na,;[Co(NO, ),]

pacTBop T__’I Na* p. ¢ K[Sb(OH),]
Na*,K*

Cxema 1 — AHanu3 cMecu KaTUOHOB NIEPBOM aHATTUTUYECKOUN TPYHIIbI
KoHTpoJibHBIE BONIPOCHI

Kakue kaTHOHBI OTHOCATCS K IEPBOM AHATUTUYECKOW rpynime?
Kakue peakTuBbl IPUMEHSIOT JIJ1s OOHAPYKEHUSI MOHA Kalus?
B npucyTcTBUM KaKuX MOHOB MEPBOM IPYIINbI HENb3s1 OTKPHITh HOH Kaus?

4. B xakoil cpene M MOYEMY OTKPBIBAIOT MOH KaJlds C TMOMOUIBIO BUHHOM
KUCJIOTHI?

5. Kakas peakuus Ha MOH Kajus SIBJsETCA HanboJiee YyBCTBUTEIbHOMU?

6. Kakumu peakuusiMu MOKHO OOHAPYKUTh MOH HATpUs?

7. ITlouemy  OTKpBITHE HMOHOB  HATpus C  TOMONIBIO  PEAKTUBA
K[Sb(OH)e] HAJ0 MPOBOAWUTH MNPU OXJIAKIACHUUM W IOTHPAHUU CTEKIITHHOU
MaJsouKon?

8. Kakas cpema pactBopa MODKHA OBITh NMPU OTKPHITUM WOHOB HATPUS C
MOMOIIIBI0 Tekcaruapokcoctuduara (5) kanusa? [louemy?

9. Ilepeuncnure peakiuu OTKPHITAS HOHOB aMMOHHSI.

10. Onumure, Kak OTKPHITh MIOH aMMOHHUSI TIPU TTOMOIIM TUJIPOKCH]Ia HATPUSI?

11. Tlpu neiicTBMU Ha UCTIBITYEMBIH pacTBOp peaktuBa Hecciepa oOpaszoBancs
KpacHO-Oypbii ocasiok. O MPUCYTCTBUU KaKOTO MOHA 3TO CBUIETENbCTBYET?

12. Tlpexae dYeM OTKpbIBaTh B HCHOBITYEMOM pacTBOpE HWOHBI HaTpHs,
MIPUCYTCTBHUE KAKOTO MOHA HAJ0 NMPOBEPUTH?

13. Kak yganutb aMMOHHITHBIE COJIM U3 pacTBOpa?

14. JlaiiTe X0 aHaIu3a pacTBOPa, B KOTOPOM HAJI0 MPOBEPUTH HAIMYHUE HOHOB
aMMOHHSI U Kanus?

W
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5.2 JlaGopaTtopHass pabora Ne 2 "OCHOBHBbIC AHAJINTHYECKHE PeaKUMU
KATHOHOB BTOPO# rpynnbi"

Heab padoThI

1. O3HaKOMHUTBCS C JIaOOPATOPHBIM HAOOPOM, €T0 HA3HAUECHUEM.

2. HayunTbcsd @IpOBOAUTH IMOJYMUKPOMETOIOM OCHOBHBIC AHAJIUTHYECCKUE
pEaKIMy KaTUOHOB BTOPOM I'PYIIIIHI.

3. O3HaKOMHTBCSI C MOPSAAKOM ONPEIEICHUS B PACTBOPE KAaTHOHOB BTOPOM
TPYIIIBL.

4. HayuuTpcsd mpPOBOAWTH aHAIM3 CMECHU KAaTHOHOB BTOPOM AHAIIUTHYECKOMN
TPYIIIBI B pACTBOPE.

3ana1me AJId CaMONMOoAT0OTOBKH

K 3ansiTHIO HY)KHO 3HATh:

1. OO0ury10 XapaKTepUCTUKY KATHOHOB BTOPOM aHAJTUTUYECKOU TPYIIIHI.

2. CriocoObI BeIpaKE€HUsI KOHIIEHTPAIUU PaCTBOPOB.

3. IlpaBmiia TexHUKH O€30MaCHOCTH U PabOThl B XUMHUKO-aHAJIUTUYECKON
nabopaTtopuu.

YMerTs:

BEITTOTHSTE aHATUTHYECKHUE PEAKITMN KATHOHOB ITOJTYMHKPOMETOIOM.

PeakTuBbI

PactBopsl coneit prytu, 0,05 Mmon/n cepedpa, cBUHIIA.
ConsiHast KucnoTa.

['mapookrcu HATpUs U KaJIUSL.

CepHas KucioTa.

HNoann cBuHLa.

30% - pacTBOp areraTa HaTpUsi WJIM AaMMOHHUSI.
Xpomar Kajus.

No g bk whRe

XapaKTepuCTHKA rPpynibl

Ko BTOpO#i aHATHTHYECKOIT IPYIIe KaTHOHOB OTHOCATCS HoHbl Pb”; Hg,”*; Ag™.
Conu 3THX KaTHOHOB MOYTH BCE IJIOXO PACTBOPUMBI B BOJE. XOPOIIO PACTBOPUMBI
TOJIbKO HUTPAThl KATHOHOB 3TOW TPyMMbl, & TaKXKe alerarbl cepedpa U CBUHIIA.
Karuonsl cBuHIIa, cepedpa v pTyTH OE€CLIBETHBI.

[Munpoxcuast cepedpa u pryTH (1) SABASIOTCS HEYCTOWYUBBIMU COSAMHEHUSMU H
B MOMEHT 00pa30BaHUs paclagaroTCsl HA COOTBETCTBYIOIINIA OKCU U BOAY.

I'mapoxcun ceurma Pb(OH), tpymHO pactBOopuM m obnagaer am(OTEpHBIMU
cBoiicTBaMud. CoJI KaTMOHOB BTOPOW TPYMIbl MOJABEPIrarOTCS TUAPOIU3Y U HX
pPacTBOPBI UMEIOT KUCIYIO peakiuto. MoHbl cBUHIIA, cepedpa u pTyTH(l) cnocoOHbI

00pa30BBIBaTh KOMIUIEKCHBIE coenHeHus. KaTtuon cepedpa oOpazyeT KOMILJIEKCHBIE
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coemmuenns ¢ ammuakom, CN', SO; % u gpyrue. Braromapst 310# cocoGHOCTH COMH
cepedpa (AgCl, AgBr u npyrue) MoKHO IICPEBOAUTH B PaCTBOP.

['pynmoBbIM pEakTUBOM JUII BTOPOM AHATMTUYECKOW TPYMIBI  SIBISTFOTCS
pa3z0aBieHHAs COJsIHAasl KUCJIOTa U ee pacTBopuMbie coyd. [Ipm 3TOoM oOpa3yroTcs
TBOpOskHCcThIe ocamkn PbCL, AgCL, Hg,CL,, mpuuem Pb?** mommocTeiO He
OCaXKTAFOTCSI.

Bce pacTBopuMBIe COSTUHEHMSI CBUHIIA U PTYTH STOBUTHI!

Xox padoTbi
Peaknuu kaTHOHA CBHHIIA Pb?*

1. Peakiuss ¢ CONSHOM KHCIOTOM M pacTBOPUMBIMHM Xxjopuaamu. KaTuoHsl
CBUHIIA OCAKIAIOT U3 PACTBOPOB COJIeH CBUHIA(2) CO CIaDOKHUCIION peakuuen Oenbli
XJIOMBbEBUAHBIN 0CaZoK xjopuna cBuHUA(2). Ocagok XJopuaa CBHHLA JIETKO
pacTBOpUM B ropsiuei Bojie, 0COOEHHO MPHU HarpeBaHUH, IO3TOMY KaTHOHBI CBHHIIA
OCAKJAIOTCS M3 PAacTBOPOB XJIOPHUJ — HMOHAMHU HE MOJHOCTBIO. Ocajok xyopuaa
CBUHLIA PACTBOPSETCS B ropsdyed BOJE; NPU OXJAXKJICHUH PacTBOpPa U3 HEro CHOBA
BbINA/1aeT XJIOPHUJ CBUHIIA, HO YK€ B (hOpME UIJL.

Bemonnenune peakuuu. B mpoOupky momemaroT 2 Kamid pacTBOpa HHUTpaTa
ceuHia Pb(NO3), u 1o6aBisior 2 Karmmm coasHOW KHCIoThl. K pacTBopy ¢ ocaakom
N00aBIAIOT |MJI TUCTUIIMPOBAHHOM BOJABI M HArpeBalOT CMeCh HAa BOJSHOM OaHe.
HabGnrogatoT pacTBopeHre ocajika M MOCTENEHHOE €ro BbINAaJCHUE MPU OXJIaXKICHUU
pactBopa B popme HrII.

2. Peakmus ¢ tumpokcupamu menouHbix MetamioB KOH w NaOH. U3
pPacTBOPOB COJIEH CBHHIIA OCAXAAIOT THIPOKCU] CBUMHLA - 0CaJoK Oenoro usera. U3
KOHLIEHTPUPOBAHHBIX PACTBOPOB OCAJOK XJIOPH/Ia CBUHIIA HE BBINIAJAET.

['mapokcun cBuHOA oOOMagaeT aM@OTEpPHBIMU CBOMCTBaMM, IO3TOMY OH
pacTBopsieTcsl B pa30aBIICHHOM a30THOM WM YKCYCHOW KHCJIOTaXx W B H30BITKE
LIEJI0YH.

Bremonuenne peaknuu. K 2 kamisiM coiau CBHHLA NPUOABIAIOT cHavana |
KaIlJTI0 pacTBOpa ILIENO0YH, a 3aTeM €€ M30BITOK M HAOJII0JAIOT BBIMAJIEHUE OCaJKa U
MOCIIEAYIOLIEE €T0 PACTBOPEHUE B U30BITKE IIETIOYH.

3. Peakmus c cepnoit kucinoroit H,SO, u pacTtBopuMBIMU Cylib(aTamu.
CynbdaT MOHBI BBIACISAIOT U3 PACTBOPOB CBHUHIIOBBIX COJIEH TPYAHO PAaCTBOPUMBIHN
cyabdar cBHHIA - ocanok Oenoro mBera. Ocalok pacTBOpPsiETCS B ILEJIOYax MpHU
HarpeBaHWM, KOHUEHTPUPOBAHHOU cepHOU KucioTe U B 30% - HOM pacTBope anerara
aMMOHHSI.

Boinonnenne peakiuu. K 2 kamisiM pacTBOpa COJM CBUHIA MPHUOABISIIOT 2
KaIIu pa30aBJIeHHON CEPHOI KUCIOTH U HAOIIOJAIOT BBINAICHUE CaIKa.

OTKpBITUIO KaTHOHOB CBHHIIA B BHUJAE Cyjb(aTa MEUIAIOT KaTHOHBI KaJbIlHs,
Oapus, pTyTH.

4. Peaknust ¢ womuaoMm Kamus  (dapmakomneiHas). Homunp  kanwus,
B3aMMOJICHCTBYsI C PACTBOPaMHU CBHHIIOBBIX COJIEW, [JAeT KENTBIA OCaZAOK HOAUAA

CBMHLA(2), paCTBOPUMBI B TOpsYedl BOJE, B PACTBOPE YKCYCHOM Kuciaotel. [lpu
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OXJIQXKJEHUN PAacTBOPA M3 HETO CHOBA BBITAJAIOT KPACHUBBIE 30JI0TUCTO — YKEJITHIE
KpUCTAJUIBl MOJAUAA CBHUHLA (peakuusi «30JI0TOr0 JA0XKIAS»). MemaT KaTHOHBI
cepebpa, pTyTH.

Peaknus 4acTo npuMeHseTcs Uil OTKPBITHS HOHOB CBHHIIA.

Bemonunenune peakuuu. K 2 kamisim pacTBopa HUTpaTa CBUHIA JOOABISAIOT 2
KaIlJIi pacTBOpa MoauJa Kanus. B mosrydeHHBIN pacTBOp ¢ 0cajkoM J00aBiIAIOT 1M
BoAbl U 3 - 4 KamiM pa30aBI€HHOW YKCYCHOM KHCIIOTHI, HarpeBalOT CMECh Ha
KUISIIEH BOJASIHOM OaHe B TEUEHHME JBYX MHHYT, 3aT€M OXJIAXIAIOT COACPKUMOE
npoOHpKH MO CTpyeil BOAbL. PacTBOpHUBIIMIACS MpH HAarpeBaHWU OCAIOK HOAMIA
CBHHIIA BHOBb BBINAJACT B BUJIE KPACUBBIX 30JI0TUCTBIX YEUTYEK.

5. Peakuusa ¢ xpomarom kamus K,CrO,. Xpomar kamus ¥ AUXpOMAT Kaaus
BBIJICIISIET W3 CIA0OKHUCIBIX PACTBOPOB COJIEM CBHUHIA JKENTBHIA OCAJ0K XpoMara
CBHHIIA U IUXPOMATa CBUHIIA.

Ocaznok He pacTBOpSieTCSl B YKCYCHOM U pa30aBJIEHHOW a30THOM KHUCIOTax, B
BOJHOM pacTBOpPE aMMHAKa, HO pacTBOpsIETCA B Liesodax. Peakuus 4yBCTBUTEIbHA U
SIBJIIETCS] XapaKTEPHOM /1JI1 MOHOB CBUHIA. MelatoT HOHBI Oapusl.

Bemonnenue peaknuu. K 2 kamisM pacTBopa cod CBUHIA A00aBISIIOT 2 — 3
KaIlJIi pacTBOpa aleTaTa HaTpHs U TPU KallUIM pacTBopa Xxpomara kanus. Habmogaror
BBIIIAJICHUE OCAJIKA.

Peakuuu kaTnoHa cepedpa Ag’

1. Peakuust ¢ CONSTHOM KUCIOTOM M pacTBOPUMBIMU XJIOpUIaMH, OpOMUIAMU U
nonunamu. Katnonsl cepebpa mpy B3aWMMOJECHCTBUM C PACTBOPUMBIMH XJIOPHIAMH,
OpoMuaMu, HOAUIAMHU 00pa3yIOT COOTBETCTBEHHO OCAJKH: OEIbIi, KeNTOBATHIN U
xenteiid. Ocamok xnopuaa cepedpa pacTBopsieTcs B KOHIIEHTPUPOBAHHOM aMMHAKE C
obpaszoBanrem komruiekcHoro coemuHenus [AgQ(NH3),]JCl. Tlpu mnoakucneHun
pacTBOpa 3TOr0 KOMIUIEKCa CHOBa BBIMAJACT OCaAOK Xyopuua cepebpa. I[lpu
npubOaBJICHUH K PacTBOPY KOMILUIEKCA pacTBOpa MOAuJa Kaiausi oOpasyeTcss 0caliok
nonuna cepebpa. Ocamok  xyopujma cepedpa  Takke  pacTBOpSETCs B
KOHIICHTPUPOBAHHBIX PACTBOPAX COJISTHOW KHCIIOTHI M XJIOPHIOB.

Ocanok 6poMua cepedbpa MaIOpacTBOPUM, a HOJU] cepedpa — HE paCTBOPUM B
KOHIICHTPUPOBAHHOM aMMHAKeE.

DTy peakinio 0OBIYHO UCTIONB3YIOT 711 OTKPBITHS HOHA cepebpa.

Boinonnenne peakinuu. K 2 karmuisim HuTpata cepeOpa A00aBisiOT 2 Karuld
pa30aBlIeHHON COJSHOM KHUCHOTHI. WCHBIThIBalOT Ha pacTBOpUMOCTh ocaaka. K
pacTBOpY C OCAJKOM J0OABISIOT 5 Kareidb KOHIIEHTPUPOBAHHOTO PAacCTBOpa aMMHaKa
U BCTPAXUBAIOT CMECH JI0 PACTBOPEHUS 0CAIKA.

K momydenHomy pacTBopy npuOaBisSiOT 6 Kareab KOHIICHTPUPOBAHHOW a30THOM
KUCIIOThL. HaGmrogaroT BeINaieHue ocaaka.

2. Peakmus ¢ wmommmom kamumsi. Momua kamus obpasyeT ¢ HOHOM cepedpa
CBETJIO - skenThii ocamok Agl. Moaua cepedpa He pacTBOpsieTCS B pacTBOpE aMMHUaKa
B OTJIMYHME OT XJIOpHUa cepedpa.

Breimonaenne peaknuu. K 2 kammsam pacTBopa HuTpara cepebpa moOaBisior 2

KaIlJIh noauaa Kajausa 1 Ha6J'HOI[aIOT BBINAJACHUE XKENTOTO OCaaKa.
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3. Peakmus ¢ xpomarom kamus. M3 pacTBOpoB comeit cepebpa ocaxmaer
KUPIUYHO-KPACHBIA XpoMat cepedpa. Ocafok pacTBOpsETCS B pacTBOpPE aMMHUaKa U
pacTBOpax KuCIOT. MemaroT BCe KaTHOHBI, OO0pa3ylolIMe MalopacTBOPUMBIE
XpOMAThI.

Brinonnenne peakiuu. K 2 karmisiMm HEHTpallbHOTO pacTBOpa HUTpara cepedpa
00aBIIAIOT 2 Karluld pacTBOpa XpoMara Kallis U HaOJII0Jal0T BhIMIAJCHUE OCaIKA.

Peakuuu katuona prytu (1) ng+2

1. Peakiusi ¢ COJIIHOM KUCIOTOW U PaCTBOPUMBIMU XyiopuaamMu. KaTuoHbI Hg, "™
IpU B3aUMOJICHCTBUU C XJIOPUJ — MOHAMH B PAacTBOpax oOpa3yroT Oemblii 0caloK
kamomemn Hg,Cl,. Ha cBeTy o0CagOK IOCTENEHHO YEPHEET C BBIICICHHEM
TOHKOAMCIEPCHON MeTainyeckor pTyTu. Ocagok He pacTBOpsETCs B pa30aBIECHHOM,
HO pacTBOpSIETCSl B KOHLIEHTPUPOBAHHOM a30THOM kuciote. [Ipu mpubaBieHun x
OCaJIKy KaJOMelIM pacTBopa aMMHaka OH TEMHEET BCJIEIACTBUE BbIJICICHUS
TOHKOAMCIIEPCHON METaJUIMYECKON PTYTH.

C oMo 3TON peakUuy OTKPBIBAIOT MOH PTYTH.

Boimonnenne peakuuu. K 2 kamisiMm pactBopa HHUTpaTa PTYTH J100aBISIOT 2
Karuid pa30aBiIeHHOM cosiHOM KucnoThl. K pacTBopy ¢ ocajky H00aBisiOT 3 Karuiu
pacTBopa ammuaka. HabGnronaroT nmouepHeHue ocajxa.

2. Peakums ¢ moguaoM Kanuda. M3 pacTBOpPOB CONEd PTYTH OCaXKJIA€T HMOAUJ
PTYTH - ocaJoK 00JO0THO-3enéHOro 1Bera. IIpu cTosHMM LBET ocajlka U3MEHSETCA
BCJIEACTBUE 00pPa30BAHMS HOAUAA PTYTH U METAIUTMYECKON PTYTH.

Boinonnenne peakuuu. K 1ByM KamisiM pacTBOpa HUTpaTa pPTYTH J00aBISIOT
JIBE€ KaIlju pacTBopa moaunaa kanus. HaOmiogaroT BbImazeHWe Ocajka U U3MEHEHHE
€ro LBETa MPU BCTPSIXUBAHUU.

3. Peakmusi ¢ xpomaroM Kanusg. XpoMar Kaius oOpasyeT C COJsIMU PTYTH
KpacHO-Oypbeiii  ocagok HQ,CrO4;. Ocamox He pacTBOpseTCS B IIEjIoYax H
pa30aBIEHHON YKCYCHOM KHUCTIOTE.

BrlimonHeHrne peakuuu. 2 Karmid pacTBopa COJIU PTYTH MOMEIIEHBI B TPOOUPKY,
HarpeBaroT Ha BOSIHOM OaHe M T00aBISIOT 2 KaIlId pacTBOpa XpomaTa Kajusl.

AHAaJIM3 cMeCcH KaTHOHOB CBMHIIA U cepedpa

K uccnenyemomy pactBopy 2 — 3 Mil IpUOABISAIOT 1O KaIIsIM PacTBOP COJITHOM
KHUCJIOTBI JI0 TOJIHOTO BbIAENEHUs ocaaka. [IoJHOTY ocaxkieHus MpOBEPSIIOT TaKUM
o0pa3oM: pacTBOpPY C OCAJKOM JAIOT OTCTOSITHCA, @ 3aT€M K MPO3PAYHOMY PaCTBOPY
HaJ[ 0CaJKOM JO0OaBIISIOT KAIUIIO COJITHOM KUCIOThI. OTCYTCTBHE MYTH JOKa3bIBAET
MOJIHOTY OCaXAeHUs. B MpPOTUBHOM cilydae MOBTOPSIOT OINEPAIUI0 OCAXKICHMUS.
Jlanee cmech GUIBTPYIOT, 0CAIOK HAa (DUIBTPE MPOMBIBAIOT COJISTHONW KMCIIOTOM.

Omnpenenenve katuona cepebpa. K ocanky XmopuaoB mpuOaBisSiOT HEMHOTO
ropsiyed BOJbI, M CMECh HArpeBarOT 10 KUIEHUs. XJIOPUJ CBHUHIA NEPEXOAUT B
pactBop. B ormenpHO#l mpobe 3TOro pacTBOpa OTKPHIBAIOT KAaTHOH CBHHIIA
peakuusIMU C JUXPOMAToOM KaJlbLiMsl B NPHUCYTCTBUM aleTata HaTpus (BbIIaaeT

JKEJITBIA 0Ca/I0K) WJIU C MOJUIOM Kajivs (BBINAET KEJIThIH 0CaI0K).
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[lpucyrcTBUE KaTHMOHOB cepedpa NPOBEPSAIOT pPACTBOPEHHEM OCagKa B
KOHIIEHTPUPOBAaHHOM aMMuake. (Cxema aHanM3a KaTHOHOB BTOPOM T'pYIIIbI
IpUBEJICHA B CXEME 2.

Peakuuu o0HapyKeHHs

Ocapox _ HCI pacTBop ,
‘AgCl, Hg, Cl,, PbCl,| Ag*, Hg;*, Pb *’—»!Hg;’ p. ¢ Cu; KJ

H, O rop.
B PactBop »Pb* p.cK,CrO,; KJ
0CafioK PbCl,
g(NH, )Cl, Hg .
v 4 Hg;’ p. ¢ HCL; KJ
Ocagox pacTBop
AgCl, Hg, Cl, »[Ag(NH,), ]CI _bAg'( p. ¢ HCI, NH;, HNO,

Cxema 2 — AHanu3 cMecH KaTUOHOB BTOPOW aHAJIUTUYECKOM IPYIIITBI
KoHTpoJsbHBIE BONIPOCHI

2. Kakue kKaTuOHBI BXOJAT B COCTAB BTOPOUM aHATIUTUYECKOUW TPYIIIIbI?

3. Kakoil peakTuB SBISIETCA TPYNIIOBBIM HA BTOPYIO AHAJIUTHUYECKYIO TPYMITY
KaTHOHOB?

4. Ilepeuncnaute HanboJiee XapaKTEpPHbIC peaKIMi KATHOHOB CBUHIIA.

5. B ueM pacTBopsieTcst ocaiok xjopuaa cepedpa?

6. Kakoro mBera o0pa3yroTcsl OCaJIKu MMPU JACHCTBUM XpoMaTa KaJlus Ha KaX bl
13 KaTUOHOB BTOPOU IpyIIibl?

7. Kakoro 1Beta o0pa3yroTcsi oCaJku MpU JSHCTBUU HOAMAA KaTus Ha KaXIbIi
13 KaTUOHOB BTOPOM TpyIIIbI?

8. Kak oTmenuTh KaTHOH CBHHIIA OT KaTHOHA cepedpa?

5.3 Jlabopatopuass paGora 3 '"OcCHOBHbIE AHAJIUTHYECKHE PeaAKIUU
KATHOHOB TpeTheil rpynnbl'

eab padoThI:

1.HayunTbcst nDpoOBOAWUTH MOJYMHUKPOMETOJOM OCHOBHBIE AHAJTUTHYECKHE
pEaKIuy KaTUOHOB TPETHEN TPYIIIIHI.

2.03HaKOMUTBCS C TOPSAJKOM OIPEACIIEHHS B PAcTBOPE KAaTUOHOB TPEThEH
TPYIIIBL.

3.HayuuTbcsi mpoBOIWMTH aHAIM3 CMECH KAaTHOHOB TPETbEH aAHAJIUTUYECKOU
TPYIIIBI B paCTBOPE.
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XapakrepucTHKa IPyNIbI

K Tperbeil IpyIie KaTHOHOB OTHOCSTCS HOHBI ABYX BaJICHTHBIX METAaIIOB Ba*,
Ca®, Sr**. DTu KaTHOHBI OeCLBETHBL. | aJOTCHHIBI, HUTPATHl M AIETAThl JTHX
KAaTHOHOB XOPOIIO PAaCTBOPHMBI B BOjE. [ MAPOKCHABI KATHOHOB 3TOW TPYIIIBI
SABJISIFOTCSA  CHJIBHBIMH  DJIEKTPOJIMTAMHA M PACTBOPUMOCTh HMX YMCHBIIAETCS B
nocienosareiabrHocTn Ba(OH), — Cu(OH), — Ca(OH),. Cynbdatbsl Gapusi, CTpOHIHS,
KaJblMs IUIOXO PACTBOPHMBI B BOJE, MMOITOMY TPYIIIIOBBIM PEAKTHBOM SIBISCTCS
cepHas kuciota. HamMmenee pactBopuM cynbbar Oapus, a Hamboiee - cyibdar
KaJIbIIHs.

[lpr nelCTBHM TPYIIIOBOIO PEAKTHBA KATHOHBI KaJbIMs HE IMOJHOCTHIO
OCaXXIAI0TCs U3 BOJTHOTO pacTBOpa B (hopMme ocanka Cyibdara KalbIus, 4aCTh HOHOB
KaJIbIUsI OCTaeTCs B pacTBope. J[yist OoJiee MOHOTO OCaXKACHUSI KATHOHOB KaJIbIIUs B
dopme cynbdhaTa KaabIUs MPH JSHCTBUN TPYIIIIOBOIO PEaKTHBA K aHATH3UPYEMOMY
pacTBOpy MPUOABIIAIOT TAHOJI, B MPUCYTCTBUU KOTOPOTO PaCTBOPHMOCTH CyJib(paTa
KaJIbIIUs YMEHBIIIACTCS.

CynbbaTbl KaablMsi, CTPOHIMs, Oapus MPAKTHYCCKH HE pACTBOPHMBI B
pa30aBiieHHBIX KuCIOTax W mienoudax. Cynbgar Oapus 3aMeTHO pacTBOPSICTCS B
KOHIICHTPUPOBAHHOW CEPHOM KHCJIOTE, Cyab(arT KajblMsg PacTBOPUM B BOJHOM
pacTBope cyjb(ara aMMOHUSI.

Xoa padoTnI
Peakuusi kKaTuOHOB Oapust Ba”*

1. Peakuus okpammBaHus IJIaMEHH.

Jleryune conu Gapusi OKpAIIMBAIOT IUIAMSI B KEJITO - 3€JICHBIN 1[BET.

Brimonnenne peakuuu. Cosb 6apusi CMauyuBarOT COJISTHOM KUCIIOTOM U BHOCST B
OCHOBAHME IUIAMEHM Ha TOHKOW IIPOBOJIOKE, a 3aTeM IIepeBOASAT B 4YacTb C
HauOOJIBIICH TEMITEpaTyPOH.

2. Peakmus ¢ pa30aBieHHON CEpHON KHCIOTOM W PACTBOPUMBIMH CYIIb(haTaMHU.
Cynbar — MOHBI BBIACISAIOT JaK€ U3 OYEHb pa30aBIEHHBIX PAcTBOPOB OCAJIOK
cyibdata 6apus. Ocasok He pacTBOPSETCSA B KUCIOTAX M IIejIoYax, 3a UCKIIOUEHUEM
KOHLIEHTPUPOBAHHOW CEPHOM KHUCIOTBbI, B KOTOPOM OH 3aMETHO PAaCTBOPSETCS C
oOpa3zoBaHueM ruapocyibdara Oapusi.

[Ipu HarpeBaHuu ¢ pacTBopaMu KapOOHATOB cyib(aT Oapus mpeBpaliaeTcs B
MaJjiopacTBOPUMBII B BOJIe KapOOHAT Oapusi, KOTOPBIM pacTBOPSIETCS B KUCIOTAaX.

Brimonnenue peakumu. K 1 kame pactBopa OapueBoit coim goOaBisitor 1
KaIlIl0 pacTBOpa CEpPHOM KUCIOTHI — BBINAAET OelbIi 0calloK cylibdaTa Oapusl.

3. Peakmus ¢ xpomarom kanusi wid HaTpus. HWoHBI OGapusi ocaxmaroTcs U3
HEUTpaJbHBIX WM YKCYCHOKHCIBIX pacTBOPOB OapueBOM coiM Xpomar Oapus
YKEJTOro LBETa. AHAJIOTMYHO NPOTEKAET PEAKLHUS C JUXPOMATOM KaJusl.

Bremonuenne peakuuu. K 1 kame pactBopa conu 6apusi B IpUCyTCTBUH alieraTa
Hatpus (1 karus) goOaBimsroT | Karumo pacTBopa XpomMara Kajius, MpU 3ITOM

BBITIAJACT JKENTHIM KPUCTATTMIECKUN 0CAIOK XpoMarta Oapws.
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2+
Peaxnusa katuonoB kajabnus Ca

1. Peakuus okpaiMBaHus MJIAMEHH.

JleTyuue coyid KaJIbliMsl OKPAIIUBAIOT IJIaMs B KHPITUYHO-KPACHBIH 1IBET.

Bemonnenue peakuuu. Coiib KaablUsl CMauMBaIOT COJIIHOM KUCIOTOM U BHOCST
B OCHOBaHME IUIAMEHH HAa TOHKOW MPOBOJIOKE, a 3aTeM IEepPEeBOJSIT B YaCTh C
HaubobIIel TemnepaTypoii. HabmonaioT n3aMeHeHue 1BeTa miaMeHH.

2. Peakmus ¢ paz0aBiIeHHON CEPHOI KUCIOTOM UITH C Cyib(aT noHaMu. VoHBI
KaJbIUs C cynb(ar noHaAMH 00pa3yloT MajlopacTBOPUMBINA Oelblii 0casok cynbdara
KaJbIUsl, KOTOPBIM TMpH MEUICHHON KpUCTaNIM3alud BbIIEIseTCs B (opme
UTOJILYATBIX KPUCTALIOB THrica — auruapara kampius CaCO; * H,O. Benencreue
JIOCTATOYHO BBICOKOM pacTBOPUMOCTH cyibdara kKambiuss (2r /1) ocaxaeHue
BO3MOYKHO TOJIBKO M3 JOCTAaTOYHO KOHIICHTPUPOBAHHBIX PACTBOPOB COJIEH KaJIbLIMSL.
Bonee monHoe ocaxaeHue cyibdpaTa MNPOUCXOTUT MpH JOOABICHUM K PACTBOPY
sTiiioBoro cnupta. Ocafok cynbdara Kanplusi HE pacTBOPUM B KHUCIOTaX U
IIeJI04aX, HO PaCTBOPSETCS B HACBHIIIEHHOM BOJHOM PacTBOpE Cysb(aTa aMMOHHUS C
obpaszoBanrem komiuiekcHoro coeauneHus (NHg),[Ca(SO,);], uTo mO3BOJISCT
OTJEJIUTh KATUOHBI KaJIbIMSI OT KATUOHOB CTPOHIIMS U Oapus.

Bemonunenue peaknuu. K 3 kamism pactBopa coiM Kaiublus 100aBisioT 3-4
KaIUITd pacTBOpa cepHO KHUCIOTHL. K moMyTHeBIieMy pacTtBopy mpuOaBisioT 8-10
Karelb 3TUI0BOro cnupra. HabmonaroT BelaieHue 0caaKa.

Peakiuio KaTHOHOB KaublMs C CyJdbpar HOHAMU OOBIYHO MPOBOJSAT
MUKPOKPHUCTATUIOCKOMTUYECKYIO.

Brmonnenne peakunu. Ha npeaMeTrHoe cTekino nmomMenaroT 1 Karmo pacTBopa
COJIM Kaibllusig U psgoM 1 kamio pa30aBieHHOW cepHOM KUCIOTh. COeAMHSIOT
CTEKJISTHHOM MaJIOUKoW 00€ Kariu U clierka MoJCYIIMBAloT (HO He J0CyXa) HaJl OTHEM
710 TIOSIBJICHUSI Ka€MKH 110 Kpasim Karuii. O0pa3yrounecs KpUcTauibl pacCMaTpUBAIOT
110JT MUKPOCKOIIOM.

3. Peakuus ¢ okcamarom ammonus (NH,4),C,0, (bapmakomneiinas). KatroHsl
KaJbIUsl J1a€T HA XOJIOAY B HEHTPAJbHBIX, YKCYCHOKHUCIBIX WM €1a00 HIEIIOYHBIX
pacTBopax Oejblii MEIKOKPUCTAJUIMYECKUH OCaloK OKcajaTa Kaiblus. Ocalok He
pPacTBOPUM B YKCYCHOHM KHCJIOTE€, HO JIETKO PAacTBOPUM B MHUHEPAJIBHBIX KHCIIOTaX.
Peakiuio ¢ okcanaToM aMMOHHUSI HEJIb3s1 IPOBOAUTH B IPUCYTCTBHUM COJIeH Oapusi, Tak
KaK MOH Oapusi 00pa3yeT ¢ OKcalaToM aMMOHMS Oenblii 0cajoK OKcanata Oapus. Jta
peakius — HanboJiee KaueCTBEHHAs peaKIUs Ha MOH KaJIbLIMSL.

Boinonnenne peakuuu. K 2 kxaminsiM pactBopa CoJIM Kajblusl J00aBISIOT 2
KalId YKCYCHOW KHCJOTHI M 3 Karull pacTBopa okcajiata amMMoHus. HabmionmaroT
BbIJICJICHUE OCA/IKa.

4. Peakmus ¢ rekcanmanodeppatom(2) kamus Ky[Fe(CN)g]. Katnonsl kambiiust
C comsiMu TekcanmaHodeppara(2) Kaiaus oOpa3ylOT TMpU HArpeBaHUU B
C1aboMIeIOUHON cpefie (B MPUCYTCTBHH COJICH aMMOHUS) OBl KPUCTAILUTHIECKUAN
OCaJOK, HEPACTBOPUMBIM B YKCYCHOW KHCJIOTE. B NIpPUCYTCTBHM 3HAYMTENBHBIX
KOJIMYECTB MOHA Oapus HE PEKOMEHAYETCS] MPUMEHSATh 3Ty PEaKIUIO JUIsl OTKPBITHS

HOHOB KaJIbllMs, TaK KaK HMOH 6ap1/1;1 npru A0CTATOYHOM KOJMUYCCTBC MOKCT /14aThb
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0CaJIoK ¢ rekcanuaHodepparom (2) kanus.

Brmonuenue peakuun. K 3 - 4 xamisim pactBopa coiid KajbIus 100aBIsA0T 4
kariu pactBopa oydeproit cmecu (NH4Cl + NH,OH) 1 HarpeBaroT 1 — 2 MUHYTBI Ha
BoAsHOM Oane. K ropsuemy pactBopy npuOaBisioT 5 - 6 Kameilb pacTBOpa
rekcananodeppara kanus. BHOBb HarpeBatotT 2 - 3 MUH Ha BOJSIHOI OaHe, Mpu 3TOM
BBINIQJACT OCNbI KPUCTAIUIMYECKUN OCaZI0K, HEPACTBOPUMBIA B YKCYCHOM KHCIIOTE.
Peakiust MeHee 4yBCTBUTENIbHA, YEM PEaKIUs C OKCAJaTOM aMMOHHSI.

AHaJn3 cMecH KaTHOHOB TpeTbeﬁ aHAJIMTHYECKOM Irpynisl

st OTKpBITUS KATUOHOB Oapusl MCIOJB3YIOT PEAKIHIO C JUXPOMATOM Kajusl.
Peakiuio npoBOAST B YKCYCHOKHUCIION cpenie. B cinydae nonoxxurenbHoro 3gpgekra k
pacTBOpy MNpUOABISAIOT XpoMmaT Kajlus [0 MOJHOro ocaxiaeHus Oapusa. Ocanok
oTnenstoT GunbTpoBaHueM. B punbTpaTe onpeaensoT NpucyTCTBUE KaJIbIIHSL.

@uIbTpaT OKpaIlCH B XKEJITO — OPAHXKEBBIM LBET BCIEICTBUE IPUCYTCTBUSA
XpomaTr MOHOB. MOHBI Kablus OTAEIAOT OT XpOMAaT MOHOB, JIEUCTBYS PAaCTBOPOM
KapOoHaTa HaTpus JI0 TEepexoja OKPACKU H3 JKEITO — OpPaH)KEBOH B JKEITYIO.
BoinenuBmmiics  ocajok  kKapOOHATOB — KalbliMsl  OTHEJSIOT  OT  pacTBopa
dbunpTpoBanremM. OunbTpaT 0TOPACHIBAIOT, 0CAIOK MPOMBIBAIOT AUCTHILTUPOBAHHON
BOJIOKM. M pacTBOpSIOT B YKCYCHOM KHUCJIOTE. B OTHENbHOM HOPLUU IOIYYEHHOTO
pacTBOpa OTKPBIBAIOT MOHBI KAIbIUA. AHAJIW3 CMECH KATHOHOB TPETHEU TPYIIIIbI
IIPUBEJICH B CXeMe 3.

pacTBop
Ca +2 y Ba +2

Peaxuun oOHapyKeHHus

CH, COOH | K, CrO,

0CaJoK
BaCrO, » Ba“p.cK,CrO,

pacTBop
Ca +2

Y

Ca” p.¢(NH,),C,0,

Cxema 3 — AHanu3 cMecr KaTUOHOB TPEThEH aHATUTUYECKOM TPYIIIIBI
KounTpoJsbHbIe BONIPOCHI

1. Kaknme KaTMOHBI BXOJSAT B COCTAaB TPEThEW AHAJIUTHUYECKOW TPYIIIBI
KaTHOHOB?

2. KakoBa cpaBHHUTENBHAS paCTBOPUMOCTH CYJIb(ATOB TPEThEW IPYyMIIbI?

3. Kakas peakuus Haubonee xapakrepHa /sl KaTHOHA 6apusi?
4. Kakas peakuus Haubojee xapakTepHa JJisl KAaTHOHA KabIus?
5

Kak BwInonnsiercs KPpUCTAJIJIOCKOIIMYICCKAaA pCaKlrA Ha NOH KaJ'II)I_[I/I}I?
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6. Kak oTmenuTs KaTHOH Kaablus OT KaTHuOHA O6apus?
7. B Kkakol 1BeT OKpamimBaeTcs OCCIBETHOE IUIAMS TOPEIIKH JICTyYHMH
COJIIMH Oapuisi, KaabIus?

5.4 JladopaTtopnasi padora Ne 4 "OcCHOBHbIC AHAJIUTHYECKHE PEAKIHMU
KATHOHOB YeTBEPTOil rpynmnbl"

Heab padoTsi:

1. HayuuTbcst mpOBOIWTH IMOJTYMHUKPOMETOAOM OCHOBHBIE AHAIMTHYECKHE
pEaKIMy KaTUOHOB YETBEPTOU IPYTIIIBL.

2. O3HaKOMUTBCS C MOPSAAKOM ONPENEIICHUS B pACTBOPE KATHOHOB YETBEPTOU
IPYIIIBIL.

3. Hayuurtbcs IpoBOAUTE aHAIIM3 CMECH KATUOHOB YETBEPTON aHAIUTUYECKOU
I'PYIIIBI B pacTBOPE.

XapakTepucTHKA rPynibl

K deTBepToOil TpyIe KaTHOHOB OTHOCSTCS HOHBI Metamio Al¥, Cr**, Zn®,
Kartnonsr AI** 1 Zn** Gecusernsl, coenunenust Cr* okpamieHsl B 3NCHBIH HITH
(1OoNEeTOBBIN IBET.

['MapOKCUABI KATHOHOB YETBEPTOM TIPYIMIBI TPYAHO pPAaCTBOPHUMBIC U
SBJISIOTCS CAabbIMU dJIeKTposuTamMu. Kpome Toro, oHu 001amar0T aM(pOTEepPHBIMU
CBOMCTBAMHU. DTO CBOWCTBO TMIPOKCUIOB HCHOJIB3YETCS B CUCTEMAaTUYECKOM XOJI€
aHaJM3a.

['pynmoBeim peaktuBoM siBisiercs NaOH B u30biTke. ['Mapokcuabl 3TUX
METAJUIOB PacTBOPSIOTCS B M30BITKE IIEIOYN M TPU JCHCTBUU TPYIIIOBOTO PEaKTHBA
nepexoast B pactBop B Buae coeauHenudn Na[Al(OH),], Nay[Zn(OH),],
Naz[Cr(OH)g]. Ocanku ruipOKCHI0B KATHOHOB Y€TBEPTOM TPYIIIBI HE PACTBOPSIIOTCS
B BOJHOM pAacTBOpE aMMHaKa, 3a HCKIIOUCHHEM THAPOKCHIA IIMHKA, KOTOPBIH
pacTBOpsieTCs ¢ 06pasoBaHmeM aMMuaHOro Komriexca [Zn(NHs)*.

Tak Kak THAPOKCHIBI YETBEPTOM TPYIIIBI SIBISIOTCSA CIa0BIMUA OCHOBAHUSIMH,
COJIM JTHUX KaTHMOHOB B BOJHBIX PacTBOpax THAPOM30BaHbl. CONHM OYeHb CIa0OBIX
KHCJIOT, TaKUX KakK Cynb(uasl, KapOOHATHI aJIOMHHHS W XpOMa IOABEPraroTCs
HEOOpAaTUMOMY THAPOJIM3Y W HE MOTYT CYIIECTBOBAaTh B BOIHOM pacTBope. MOHBI
AP, Cr**, Zn* o6namaroT CrOCOGHOCTBI0 K KOMIUIEKCO0OpasoBanmio. CoequHEHHS
Cr¥" BCTYmAarOT B OKHCINTEIBHO-BOCCTAHOBHTEIIBHBIC PEAKIMH, YTO HCIIONB3YETCS
npu aHanuse. OXHOM W3 CAMBIX XapaKTEPHBIX PEaKIHil OTKPHITHS KaTHoHa Cre'
SIBISICTCS. OKUCIICHHE €0 [0 XKeNToro nons CrO™.
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Xox padoTsbl
Peakuuu kaTuonos Cr’*

1. Tuapokenas! mrenounsix meramios NaOH u KOH u3 pacteopa comn Cré*
BBIICJISIIOT ~ Cepo-3€JIeHbIi  aMopdHbI  ocagok ruapokcuaa xpoma. Ocaiok
pacTBopsieTcsl B pa30aBICHHBIX KUCJIOTaX, a TakKe B M30BITKE pacTBOpa IIEIOYEH C
oOpa3oBaHHEM KOMIUIEKCHOTO COEJUHEHUS, 4YTO YyKa3biBaeT Ha aM(OTEPHOCTh
ruapokcuaa xpoma(3).

Breimonaenne peaknuu. K nByMm karmmsim pactBopa coiiu xpoma(3) m00aBisiOT
OJIHy KaIUII0 pacTBOpa THAPOOKUCH HATpHUs, a 3aTE€M €II€ HECKOJIbKO Karlelb.
Hab6nrogator o0pazoBaHue U MOCIEAYIOLIEE PACTBOPEHUE OCA/IKA.

2. Ilepoxcun Bogopoaa H,O, B mpUCYyTCTBUH I1I€JI0YU OKHUCIISIET MOH Xpoma(3) B
xpomat not CrO,>. Peakiiis COMpOBOXKIACTCS XapaKTEPHBIM BHEIIHIM [IPH3HAKOM —
U3MEHEHHEM OKpPACKU PAacTBOpa B SIPKO—KENTYIO, OOYCIOBICHHYIO MPUCYTCTBUEM
XpoMaT—HoHa. Eclii moydeHHbIN XpOMAaT MOJKUCIUTh PACTBOPOM CEPHOM KHUCIIOTHI,
TO MEPOKCHUJT BOJOPO/IA OKHUCIAECT XpoMaT B HaaxpoMoByto kucioty H,CrO, cunero
[[BETA JIETKO MEPEeXOAAIIyt0 B 3(UpHBIN cioil. B BOAHBIX pacTBOpax HaaxpoMoBas
KHCIIOTa HEYCTOMYMBA M pasjaraercs 10 coeAuHeHuid xpoma(3), OKpaliuBaromui
pacTBOp B 3emneHbI 11BeT. OHAKO B pacTBOpax OPraHUYECKUX PACTBOPHUTENICH OHA
CpPaBHUTENBHO ycTOWunBa. [109TOMY €€ 0OBIYHO IKCTPArupyrOT U3 BOJHOTO PacTBOpa
OpPraHUYECKUM DKCTPAreHTOM, KOTOPBIN OKPAIINBACTCS B MHTCHCUBHO CHHH IIBET.

A). Ilonyuenne xpomar-uoHa. K nByM KamisMm pactBopa coiu Xxpoma(3)
J00aBJISIOT HECKOJIBKO Karellb THAPOKCcHAa HaTpus (0Opa3yronuics ocajok T0KEH
pacTBOopuThCs). [IpubaBnAOT TpU Karuid pacTBOpa MEPOKCHIIA BOIOPOAA M CIETKa
HarpeBaroT Ha BOAsSHOM OaHe. HaGmto1aroT nepexo; OKpacku U3 3€JICHOM B HKENTYIO.

b). Tlonyuenue HaaXpoMOBOW KUCIOTHL. B mpoOHMpKy MOMEImamT TpU Karuiu
pa30aBIEHHON CEepHOM KUCIOTHI, TPU KaIlUId TEPOKCHIIAa BOJOPOJA MU JBE Karld
adupa, CMeCh BCTPSAXUBAIOT. 3aTeM MPUOABISAIOT JBE-TPU KaIUIM TMOJIYYEHHOTO
pacTBOpa XxpomaTa (3KENTOTO IIBeTa) U CHOBa BCTpsixuBaioT. HaOmiomaroT okpacky
3()UPHOTO CITOSI.

Peakuuu KaTHOHA IMHKA Zn>

1. T'mapokcuasr menoynbix MeramwioB NaOH u KOH wu3 pactBopa 1uHKa
BBIJICTISIIOT  O€JbIM  CTYJEHUCTBIM OCaJoK Tujapokcuaa uuHka. OH  oOnagaer
aM(OTEPHBIMA CBOMCTBAMHU M TTO3TOMY PAcCTBOPSIETCS B pPa30aBICHHBIX KUCJIOTax U
U30BITKE IIIEJT0UEN.

Breimonaerne peaknuu. K JIByM KaruisiM pacTBOpa COJIM ITMHKA JTO0ABIISIOT
CHavajlla OJHY KaIlIl0 pacTBopa IIeNo4HM, a 3areM ee wu30bITok. Habmomaror
BBINAa/IEHUE U MOCJIEIYIOIIee PACTBOPEHHUE OCAIKA.

2. I'excarmmanoeppar(3) kamms Ks[Fe(CN)g] maet ¢ comsiMu ITMHKa KOPUIHEBO-
KENThI ocanok rekcanmanodeppara(3) umuka. Ocalok pacTBOpSiETCS B COJSTHOU
KHCJIOTE U pacTBOPE aMMHUAKa.

3. T'excammmanodeppar(2) xamus K4 Fe(CN)g] pearupyer ¢ conmsmMu IHUHKA C
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oOpa3oBaHHeM Oenoro ocajka rekcarnpranopeppara(2) HuHKa-KaIusl.

Bremonuenne peaknun. K 1ByM KarisiM pacTBopa COJIM IUHKA MPUOABIIAIOT JIBE
KaIlJIi pacTBOpa rekcanuanodepparta(2) Kanus U HarpeBaroT.

4, Cyneduna Hatpus Na ,S ocaxxgaeT U3 HEUTPaJTIbHOIO pacTBOpa MOH IIMHKA B
BHJIe O0esoro aMop(HOro ocajika CyJab(uaa IMHKa.

5. O6pazoBanue 3eneHn Punmana. [Ipu HarpeBaHuM cMecH HHUTpaTa IIMHKA H
HUTpaTa KoOaibTa MPOTEKAIOT PEaKIIMi 00pa30BaHUS CMEIIAaHHOTO OKCHa KOOabTa
u nuaka CoZnO, 3eneHoro mBera. [IpoBeAcHUIO peakMu MENIAIOT WOHBI AP u
cr*,

Breimonaenne peakiuu.  HeGombmioit kycodek (QUIbTpOBAIBHOW Oymaru
CMOYMTH 1-2 KaliAMM COJM IIMHKA. 3aTeM CMauMBalOT Oymary OJHOM Karuieu
pazbasienHoro pactBopa CO(NOj),. JaroT Oymare BBICOXHYTh M CHKHTalOT €€ B
MajeHbKol (hapdopoBoii yamike. HabmonaroT moigyyeHue 3055l

Peaknnu kaTuona nuaka Al¥*

1. T'unpoxcuasl menounbix MeramuioB NaOH u KOH u3 pactBopa anmomunus
BBIICJISIIOT O€JbI  CTYJEHUCTBIM OCaJoK THAPOKCHIA anoMuHuda. Bcenencrsue
aMm(pOTEpHOTO0 XapakTepa THUAPOKCHIA AalIOMHUHUS OCAJOK pacTBOpPSETCS B
pa30aBIIEHHBIX KUCJIOTaX U B U30BITKE IIEJIOYH.

Brimoarenne peakiuu. K 1ByM KaruisiM pacTBOpa COJTM ATFOMUHUS TPUOABIISIOT
CHauajga OJHY KaIlIl0 pacTBOpa MIeNIoYM, a TMOTOM u30bITOK ee. Habmiomaror
BBITA/ICHNE 0CaJKa U MOCJEIYIOIIee ero PaCTBOPEHHE.

2.Cyxoit xnopun ammonust NH,Cl Beiensier TeTporuapokcoamoMuHaTa Kaausl
THIPOKCH]] ATFOMUHUS.

Brimonaenne peaknuu. K aAByM KarisM pacTBOpa COJIM alFOMHHHS JTO0aBJISIOT
M30BITOK pacTBOpa IIEJIOYM JO PACTBOPEHUS BBIMABIIETO OCAJAKa THUAPOKCHIA
amoMunus. K momyuenHomy pactBopy nobamisior NH4Cl  kpucramimueckui.
[TpoOupKy HECKOIBKO pa3 BCTPSIXUBAIOT, HATPEBAIOT HA BOJISIHON OaHEe W HAOIIOJAI0T
BbIMa/ieHue Oeoro ocaka.

3. Amuzapun (1, 2 — TMOKCHAHTPAaXWHOH) 00pa3yeT C TUIPOKCOIOM ATFOMUHUS
SAPKO-KPACHOE COCMHEHNE, TaK HAa3bIBAEMbBIN ATIOMUHUEBBIN JIaK. JTO OFHA W3
HanOoJiee YyBCTBUTEIBHBIX peakiuii Ha noH amtoMunus. Monbr xpoma(3) u ruHka(2)
MEIIAIOT TMPOBEACHUIO OTOM pEakuu. OTy PEaKIUI MOXKHO IPOBOJUTH
MTOJTYMHUKPOMETOJIOM HJTH KaleIbHBIM METOIOM.

BrimotHeHre peakiui. B mpoOupky MOMENIar0T TP KaIllk COJU TFOMUHUS H
N00AaBISAIOT pacTBOp aMMuaka [0 cialomernoyHold peakmuu. Harpearort
PEaKIMOHHYIO CMECh U J00aBIAIOT K Hel 4-5 kamenb pacTBopa anmuzapuHa. Ocagok
Al(OH); oxpamuBaeTcs mpu 3TOM B IPKO-KPaCHBIH IIBET.

BrlimloiHeHHE peakiuy KameabHeIM MeToaoM. Ha kycodek (QuiibTpoBaibHOM
OyMaru HaAHOCIT KaIUII0 pPAcTBOpa COJHM ATIOMHHHS M JKIYT, IMOKAa >XUIKOCTh
Brutaercd. [locne sroro aepxkar Oymary 1-2 MUHYTBI HaJ TOPJIBIIIKOM OTKPBITOM
KaleJIbHUIIBl C KOHIICHTPUPOBAHHBIM pPACTBOPOM aMMuaka. [IsTHO cmaumBaercs
pacTBOpOM allM3apwHa, CHOBA 00padaThiBaloT mapamu ammuaka. OOpasyercs spKo-

3
KpAacHOE OKpAIIMBaHKeE — MpU3HaK Hammaus Al™,
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AHaJIM3 CMeCH KATHOHOB YeTBEePTOM AHAJTUTHYECKON IPyNIbI

CucremMaTHYeCKHid aHaIW3 CMECH KAaTHOHOB YETBEPTOW TPYMIBI MPOBOIST
CIICTYIOIIUM 00pa3oMm.

Brauane aHanmusupyeMblii pacTBOp 00pabaThIBalOT H30BITKOM TPYIMIIOBOTO
peaktuBa — pactBopoM Irenioun NaOH B mpucyrcrBuu nepokcuaa Bogopoaa H,0,
npu HarpeBaHuu. Xpom(3) mepexoaut B Xxpom(6). Beimasinume ocaakyd THAPOKCHIOB
pacTBOPSIOTCSA B W30BITKE TPYIIIIOBOrO peakThBa. M30BITOK TMEpOKCHIA BOJIOPOJA
YIAIMIOT KAMSTYeHHeM. [1oydaoT menounoil pactBop, comepxkammii  [Al(OH)]%,
[Zn(OH).])*, CrO4*.

3areM KaTHOH QJIOMHHHS OTACIAOT B Buue ocanka ruapokcuaa Al(OH);
neictBueM  Kpuctawmmmdeckoro xjopuaa ammonus NH,Cl mpu  gactmunom
yIapuBaHuu pacTBopa. B pactBope ocratorcst [Zn(OH)4]*, CrO.~.

Ocaok THAPOKCH/IA ATFOMUHUS PACTBOPSIIOT B COJITHOM KHCIIOTE€ U OTKPBIBAIOT
KaTHOH AJIIOMUHUS — PEaKIuel C aTn3apiuHOM.

B pactBope, MOJTYyYCHHOM IOCJE OTIECICHHUS OCaaKa THUAPOKCHIA aTIOMUHUS,
OTKPBHIBAIOT KATHOH ITMHKA pEeaKIHMsIMH, OIHMCAHHBIMH Bbiie. (Cxema aHanm3a
KaTHOHOB dYeTBepTOoW rpynmbl. (Cxema aHanm3a KaTHOHOB YETBEPTOH TPYIIIBI
IpHUBE/ICHA B cXeMe 4.

Ocapox |NH,CI pacTBop NaOH pacTBop Peakuun

AlOH), | AlO;,Zn0;, CrO| A1+, Cr+, Zn " o6HapysxeRus

Cr? p.cH,O,

HCI PacTtBop
= CrO;*,Zn07}
Zn* p.c¢Na,S
pacTBop

Al® Al*® p. c anu3apuHOM

Cxema 4 — AHanu3 cMecu KaTUOHOB YETBEPTON aHATUTUYECKOW TPYIIIbI
KoHTpoJibHBIE BONIPOCHI

1. Kakue kaTHOHBI BXOAST B COCTAB YETBEPTON aHAIUTUUECKON TPYyMHIbI?

2. OxapaktepusyiTe JEHCTBHE TPYIIOBOTO pEaKTHBa Ha COJM XPOMa,
ATIOMUHUSA U ITUHKA.

3. Kakue aHHOHBI 06pa3yroTcst mpu okucnenuy Cre' B menodsoii cpene?

4. Kak oGHAPYKUTb IPUCYTCTBHE KaTHOHOB ZN°" B pacTBOpe?

5.  ONHIINTE MEKPOKPHCTAIOCKOMNYECKYIO PEaKIUIO Ha HOH ZNn°*?

6. Kakum cnocobom MoxxkHo BeimenuTh  Al1(OH); w3 pactBopa
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TeTparuIpoKcoatoMuHaTa HaTpus? Hanuiunre ypaBHEHUE peakuu.
7. Kak oTeIMTh HOHBI ATFOMUHKS OT MOHOB XpOMa U IIMHKA?

5.5 JlabopaTtopnasi padora Ne 5 "OcCHOBHbIC AHAJIUTHYECCKHE PEAKIHU
KATHOHOB NSATOM rpynmnb1"

Heab padoThI

1.HayunuTbcss mOpOBOAWUTH NOJYMHUKPOMETOIOM OCHOBHBIC AHAIUTHYECKUE
pEeaKuy KaTHOHOB ISITON I'PYIIIIHI.

2.03HaKOMUTBCS C TOPSAKOM OIPEAENIEHUs B pPacTBOPE KAaTHOHOB ISITOM
TPYIIIBL.

3.Hayuntbcs mnpoBOAMTH aHaNM3 CMECH KAaTHOHOB IISITOM aAHAJIUTUYECKOU
I'PYIIIBI B pacTBOPE.

XapakTepucTHKA rPynibl

K I[TOH aHATHTHYECKOil TPyIIe KaTHOHOB OTHOCsTCs moHsl Fe?*, Fe**, Mn?",
MgZ+. Vousr Mn* u Mg*" GecLBeTHbIE, HOHBL Fe?* - Gnemno-3enéunle, Fe* - xénrore.
Hutpatsl, cynbdhaTel U XJIOpUABl KATUOHOB ATOW TPYMIBI XOPOILIO PACTBOPUMBI B
BoJie. [WMIOpOKCHUIIBI KAaTHOHOB JTOM TIpymmbl ciabble TPYAHO PACTBOPUMBIC
ANEKTPOIUTEL. OHU HE PACTBOPSIOTCS B U30BITKE HIEIOUM U B PACTBOPE aMMHUAKA,
YeM OTJIMYAOTCS OT THAPOKCUAOB 4 W 6 rpynn. ['pynmnoBbIM pEeaKkTUBOM SIBISETCS
NaOH. Bce conum KaTHOHOB TATOM aAHAJIUTHUYECKOW TpyNmbl IMOABEPraroTCs
ruApoau3y, ocooeHno cosu sxene3a (3). Mousl xenesa (2) u (3) nerko oOpazyroT
KOMILUIEKCHBIE COETMHEHHS. DTO CBOMCTBO HCIOJB3YETCS] HE TOJBKO JJII OTKPBITHS,
HO M JIJI1 MAacKUpPOBKM HMOHOB jkene3a (3). DieMeHThl 5 aHATUTUYECKOW TPYIIIbI
UMEIOT TIEPEMEHHYIO CTENEeHb OKHUCIEHHs (KpOME MarHusi) U TMO3TOMY JUJISl HHX
XapakTepHbl  OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIE  pPEAKUHMH. ITO  CBOMCTBO
HCTIOB3YETCS I OTKPBITUS HOHOB Mn** (okucnenue 10 GUoJIETOBOrO HOHA MnO,~
). CBexeocaxnEHHbIE CYIb(GUIBI W THAPOKCHUIBI SJIEMEHTOB 5 aHAIUTHYECKOU
rpynibsl aMOPGHBI U CIOCOOHBI TOBOJIBHO JIETKO MEPEXOIUTh B KOJUIOMTHOE COCTOSI-
Hue. Eciiin B KOJIJIOWIHBIN pacTBOp J00aBUTh M30BITOK KAKOTO-JTHOO AJIEKTPOJIHUTA,
MPOUCXOIUT KOATYJISAIIUHU.

Xoa padoTnI
Peakuus kaTuoHa xkese3a(2)

1. Tmwapokcuasr menounslx MetauioB NaOH u KOH konawmdecTBeHHO
OCaXXJarT TUApokcua keneza(3) OnemHo-3enmeHoro npera. Ocagok Ha BO3IyXe
ObICTpO OypeeT BCIECACTBUE OKHCICHUS xene3za(2) ao ruapokcuaa xenesa(3)
KpacHO-Oyporo mBeTa.

Bemonuenne peakuuu. K aBym kamisiMm pactBopa cyibdara kene3a(2)

npuOaBisAoT nBe Kamu pactBopa KOH. HaGmiomaercs m3aMeHeHUE OKpacku Mpu
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CTOSIHUHU.

2. Ilpu neiicTBUU IIeI0OYel Ha PAcTBOPBI CoJiel »keje3a(2) B MPUCYTCTBUH
NepoKCcuaa BOAOpOJAa cpazy oOpa3yeTrcsi KpacHO-OYphIi OCalloK THUIPOKCHAA
xenesa(3).

Beimonnenne peakuud. K CBEKENMPUTrOTOBIEHHOMY OCAaAKy THAPOOKHUCH
xene3a(2) mpubasisitor o 2-3 karum pactBopoB NaOH u H,0,. Oxpacka ocanka
U3MEHSIETCS 10 KpaCHO-OypOI.

3. Tekcammanodeppat(3) kamms Ksz[Fe(CN)gs] (dbapmakoneitHas peakims)
BBIJICTSICT ~ TEMHO-CMHUNM OCaJoK TypHOyneBoM cuHU. OcaloK MpPaKTUYECKU
HEpPacCTBOPUM B KHCIIOTAaX, HO pa3jiaraercs IIeJI04aMH. JDTO caMmasl YyBCTBUTEIIbHAS
peakiusi Ha conu »kene3a(2). [ns momaBieHUs THUIPOJIM3a COJIEH JKelie3a PeaklHio
IPOBOJAT B KUCIION cpefie. MI30bITKa peakTuBa cineayer n30eraTh, TaK Kak €ro xenras
OKpacka MpuaaéT OCaaKy 3€JIE€HOBAThI OTTEHOK.

Brinonnenne peakuuu. [[Be karmm pactBopa cynbdarta xene3a(2) moJKUCISIIOT
OJIHOM Karuieil pa30aBlIeHHON CEPHOU KHUCIOTHI U J00ABISIOT OJIHY KaIlJII0 PacTBOpa
rekcannanodeppara(3) kanus.

4. Cynphun aMMOHHUSI KOJIMYECTBEHHO OCaXIaeT Keie3o(2) B BUjaE Cylbduaa
xene3a(2) u€proro npera. OcaoKk pacTBOPSETCS B KUCIOTAX.

Brinonnenue peakuuu. B mpoOupky momeniaroT JBe Karuid pacTBopa cylibdara
»Kese3a U JIBE Karliu Cyab(uia aMMOHUS.

Peakuun katnona xeiesa(3) Fe '

['MapoKCHIBI MIETOYHBIX METAUIOB M aMMHUAK BBIJCISICT OypBIA CTYIECHUCTHIN
OCaJIoOK Tuapokcuaa xene3a(3), KOTOpbId pacTBOpSETCS B KUCIOTaX, HO HE
pacTtBopsieTcsl B H30bITKe mienodeii. Ocaiok He pacTBOPUM B HACHIIIEHHOM PacTBOPE
XJIOpUIa AMMOHHSI, YTO OTJIMYAET €ro OT TUIAPOOKUCH xKere3a(2).

Brinonnenue peakimu. K nByM kamisiMm pacTBopa xyopuaa xene3a(3)
nobaisroT aBe karn pactBopa NaOH. BemmagaeT kpacHO-0yphblIil 0caiok.

1. Pomanun kamuss KCNS maer ¢ pactBopamu coseit xene3a(3) B ciaboKuCIOn
cpele KpOBaBO-KpaCHOE OKpalllMBaHWE BCJCACTBUE OOpa3oBaHUs  KEJE30-
POJIAaHUCTHIX  KOMIUIEKCOB. Peakiuss mnpuMeHsieTcss Juisi KauyeCTBEHHOTO M|
KOJIMYECTBEHHOTO ompeaenenus xenesa(3). Peaknus obOpartnma, modTOMY IS
TOBBIIICHUS €€ YyBCTBUTEIBHOCTH PEAKTHB JIOJDKCH OBITh B3AT B H30BITKE.

Brinonxenue peakiuu. K onHol kame pactBopa xiyopuaa xenesa(3)
N00aBIISIOT IBE KAIlJIM pacTBOpa pPOJAHHUA KaJus.

3. Tekcanmanodeppar (2) KaJTust Ka|[Fe(CN)g] ocaXkaaer u3
HEUTpPAJIbHBIX WM  KUCIBIX PacTBOPOB coliei kene3a(3) OeplMHCKYIO Ja3yph -
0CaJIOK THTEHCUBHOTO CHHETO 1[BETA. B KMCIOTax 0cajiok 3aMETHO HE PacTBOPSAETCH,
MIeJIOYN ero  paszjararT. Peakius o4YeHb YyBCTBUTENIbHA M TO3TOMY OOBIYHO
MPUMEHSIETCS JIsl onpeiesieHus xkee3a(3) B aHATM3UPYEMBIX pacTBOPAX.

Bremonuenne peakiuu. K 1ByM KamisiM pacTBopa XJIOpUaa jkene3a J00aBIsiioT
OJIHY KaIlIIO pacTBopa rekcanuanodeppara(2) xamus.

4. Cynpdpun ammonus (NH,),S, mpubaBneHHbIli K pacTBOpy coy xkene3a(3),

JTAeT YEePHBIN 0cagoK cynbduma xene3a(3), KOTOPhIH pacTBOPSETCS B KUCIOTaX.
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Brinonuenue peaknuu. K nByMm kamisiMm pactBopa xjopuaa xenesa(3)
J00ABIISIOT JIBE KAl CBEKETPUTOTOBICHHOTO PACTBOpa CyIb(hHIa aMMOHUS.

5. Moaun xanust Wik HaTPHUST OKUCIISIETCS COMSIMU kene3a(3) B KUCIIOH cpefe 10
CcBOOOIHOTO HOIa.

Bremonnenne — peakumu. Ha  ¢unbTpoBanmpHy0o  Oymary — HaHOCST
MOCIIEIOBATEIHHO 110 OJHOM Karuie pacTBOPOB XJIOpHIA Kelle3a, COMSTHON KUCIOTHI U
nonuaa kxanws. HaOmromaroT mosiBieHue Oyporo msatHa. llpu moOGaBneHWM OgHOU
KaIuid Kpaxmasa ISITHO CTAaHOBUTCS TEMHO-CHHUM.

Peakuuu katuona mapranua (2) Mn?

1. I'uapokcuabl MICIOYHBIX METAIOB HATPUS M Kajus C COsIMU MapraHia(2)
JaroT Oenblid ocafok ruapokcuaa mMapranna(2). Ocanok ObICTpo OypeeT Ha BO3ayXe
BCJICJICTBUE OKUCIICHUS KUCTOPOAOM Bo3ayxa 10 MNO, (4epHO-KOpUYHEBOIO 1IBETA).

Brinonnenune peakiuu. K AByMm karsisim pactBopa coyid Mapraia(2) 100aBisioT
JIBE Kallli pacTBopa Mmienoud. HaOmionaroT u3MEHEHHE OKpacKh ocajgka IpH
CTOSIHUMU.

2. Iepokcua Bogopona H,O, B mienouHoit cpeae OKUCIsSET coinu Mapranma(2)
10 TeMHO-0yporo ocajika H,MnO3 niin MnO(OH),.

bpoMHas Boja okasbiBaeT Takoe ke nerictBue. B otimune or MN(OH), ocagok
MnO(OH), e pacTBopsieTcst B pa30aBI€HHOU CEPHON KUCIIOTE.

Brinmonnenue peakiuu. K AByM KamisiM pacTBopa COJIM MapraHiia J00aBisioT
YEeThIPE KaIly 1IEJI0YU U JIBE€ KaIlJI pacTBOpa MEPOKCH A BOJOPO/IA.

Peakuuu kaTuona maruusi(2) Mg>

1. T'uapokcuapl MIEIOYHBIX METAUIOB OCAXIAIOT OCNBIA CTYJICHUCTBIM 0CaIoK
TUAPOKCHAA MarHus. B NpUCYTCTBUM aMMOHHUWHBIX COJIEM OCAXIAEHUE HE MOXKET
ObITh MOJHBIM. [IpH BBICOKOW KOHIICHTpAIlUM COJIeH aMMOHHMS OCAJIO0K THAPOKCHIA
MarHusi MOXET COBCeM He oOpa3oBaThes, Tak kak Mg(OH), pactBopsieTcst B U30bITKE
AMMOHUIHBIX COJIEH.

Brimonaenne peakiuu. K 1ByM KarisiMm pacTBopa COJM MarHusi T0OABJISIIOT JIBE
Karui pacTBopa mienodn. HabmonaroT BeinaaeHne 0eoro ocaaka.

2. Mounoruapodocdar natpuss Na,HPO, siBisieTcs xapakTepHbIM PEakKTUBOM Ha
MarHui. B pactBopax cosnen Marsus, COAEpKalux XJIOpUJI aMMOHUs, B IIPUCYTCTBUU
amMmMuaka oopaszyercs OeNblii KpUCTAITMYECKUA 0CaloKk aMMOHUsI-Maruusi-ocdara.

DTa peakius - BaXHEHIIas KaueCTBEHHas peakiysi Ha MOH MarHusi(2). Peakiuio
HEJIb3s1 TPOBOJIUTH B MIPUCYTCTBUM OCTAJILHBIX KATHOHOB MATOM TPYIIIHI.

Brimonnenue peakiuu. K 1ByM KarisiM pacTBOpa XJOpHJIa MarHUS IPUIMBAIOT
JIB€ KaIUli pacTBOpa aMMHuaka M pacTBOp XJOpUAa aMMOHHUS JO IMOJHOTO
pactBopenust ocanka MQ(OH),. 3areM k mony4eHHOMY pacTBOpy n00aBisitoT 1-2
Karau pactBopa runapodocdara Hatpus. I'mapodocdar HaTpus sIBASETCS XOPOUINM
PEAKTUBOM JIJIs MUKPOKPHUCTANIOCKOMTMYECKON PEaKITUU.

Ha npeameTHoe CTEKJIO MOMENIAIOT MO OJHOW Karie pacTBOPOB COJIM MarHusl,

dMMHAKa MW XJIOpHAa aMMOHUS. CMemmBaT 3TH KaIlIH. PHI[OM C ATOH CMEChIO
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NOMEIIAIOT OJHY KaIUli0 pacTBopa MoHoruapodochara HaTpus M COEAUHSIOT
CTEKJISIHHOM MaJIOUKOM, MOTHpas MO CTEKIy. BhInmaBiime KpUCTalIbl paccCMaTpUBAIOT
10/ MUKPOCKOIIOM.

3. 3.8-oxcuxunonmun HCyg HNO o6pasyer ¢ consiMu MarHusi 3eJIeHOBAaTO->KEIThIH
KPUCTAJUTMYECKHUI 0CaJJOK OKCUXHHOJISATA MarHUsl.

Boinmonnenne peaknuu. K 1ByM KamisiM pacTBopa COJIM MarHusi NpuOaBIsSIOT
OJIHY KarlTI0 pacTBOpA XJIOpHJIa aMMOHHUS, JBe Kariu 5% cnupToBOro pacreopa 3,8-
OKCHXWHOJIMHA U JIBE KaIlJIH paCTBOpa aMMHAaKa.

AHanu3 cMecH KaTUOHOB ITATOM aHAIMTHYECKOW FPYIIIbI IPUBEIEH B CXEME 5.

Ocangox Peaknuu 00Hapy keHHs
Fe(OH); MnO,| NaOH pacTBop
Mg(OH), |H,O0, |Fe®,Fe”, Mn*,Mg* [ Fe* p.cK, [Fe(CN),]
NH,ClI Fe* p.c K,[Fe(CN),]
pacTBop
B Mg +2
A
Ocanok Mg* p. ¢ Na, HPO,,NH,OH
Fe(OH)., MnO,
H,SO,
PacTBop .| Fe* p.¢ KCNS
> Fe*
y

ocagox |HNO, | pacrsop
MnO, |H,O0, Mn *

Mn* p. ¢ PbO,

Cxema 5 — AHanu3 cMecu KaTUOHOB MSATOM aHAJIMTHYECKOM TPYIIIbI

KoHTpoJibHBIE BOIIPOCHI

1. Kakue KaTHOHBI BXOJAST B COCTaB IMSTOW aHAIUTWYECKOM rpymmbl? Yrto
ABJIIETCSI  TPYNIOBBIM PEAKTUBOM?

2. B uem pacTBopsieTCs TUIPOKCU Maruus?

3. Kakas peaKiusi CIIy)KHT [T OTKPBITHS HOHOB xeresa(2) Fe?

4. KakuM peakTHBOM MOKHO OTKPBITh IIPHCYTCTBHE HOHOB keiesa (3) Fe?

5. Hanumure peakuuio, TOATBEPXKAAIONIYyI0 CBOWMCTBa kene3a(3) Kak
OKHUCIUTEIS.

6. Kakast peakius sIBISICTCS XapaKTepHoit 1u1st katrona Mg>™?

7. Ilpu nelcTBUM KAKUX PEAreHTOB MOKHO OKHCIUTH HMOHBI Mn* B noHBI
MnO,*? Kakue YCIJIOBHUS JIOJDKHBI COOTIOATHCS TP BBITIOJTHEHUU PEAKITAN?

8. Kak BblaenuTs MarHuii U3 OcaJka THAPOKCHAOB KAaTHOHOB MATOM
aHAJIMTHYECKOU TPYIIIIbI?

9. Kak oTnenuTh HOHBI MapraHia Mn?* ot nosos xenesa Fe**?

10. C kakoi menpl0 B XOJIe aHajgu3a J00aBISIOT TMEPOKCHI Bojopoaa?
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5.6 JlaGopatopHas paGora Ne 6 "OcCHOBHBIE AHAJINTHYECKHE PeaKUHU
IECTOM IPynnbl KATHOHOB'"'

XapakTepucTHKA IPynibl

K 11ecTol aHATHTHYECKOH IpyIie KaTHOHOB OTHOCcsTcs Karmombl Cu®*, Hg',
Co®, Ni*, Cd*. Xnopumsl, cynb(arsl M HHTPAaThl STHX KATHOHOB XOPOLIO
pacTBOpuMBl B Bojae. PacTBopbl cosieli Memm(2) OKpamieHbl B TOJIyOOW IIBET,
KoOanbTa(2) - B PO30BBIA, a HUKENA(2) - B 3eNEHBIA. [ MAPOKCHUIBI KATHOHOB ATOM
TPYIIIbI ABJISIFOTCS TPYAHO PACTBOPUMBIMH CIAOBIMU 3JIEKTPOJHUTAMH. [ HIPOKCUIBI
MU U pTyTU(2) HEYCTOMYMBBI U Pa3IararoTcsi Ha COOTBETCTBYIOIIMI OKCUJ U BOLY,
TUAPOKCHU]T MEJU NPU HArPEeBaHUU, a TUAPOKCHU PTYTH MPHU OOBIYHON TEMIEpaType.
Conu KaTMOHOB 6 TPYIIBI MTOABEPraloTCs THIPOJIM3Y B BOAHBIX pacTBopax. Jlims
KaTHOHOB 3TOW IPyMIbl XapaKTEPHbI peaKIIMU KOMILIEKCOOOpa30BaHuUs.

PacTBOpbl amMmMHaka OCakJal0T Mefb, PTyTh, KOOAIbT, HUKEIb, KaAMUI B BUJIE
rusipokcuioB. lpyu n30bITKE aMMuaka OHU PacTBOPSAIOTCS, 00pa3ylOT KOMILJIEKCHBIE
coeuuenns [CU(NH;)s*", [Co(NH3)e]*", [Hg(NHa)s]™", [Ni(HHz)e]*", [Cd(NHz)e1™".
Menb, pTyTh U KOOQJIBT UMEIOT IEPEMEHHYIO CTENIEHb OKUCIICHUSI, TOITOMY JUI HUX
XapaKTEepHbl OKHUCIIMTEIIbHO-BOCCTAHOBUTEIIbHBIE peakUuu. Hexkoropele u3 HuUx
UCIIOJIB3YIOTCS U1l OTKPBITUS HEKOTOPBIX HOHOB 3TOM I'PYIIIIHI.

eab padoThI

1. Hayuntbcsa TpOBOAUTH TMOJYMHKPOMETOJIOM OCHOBHBIE AHAJTUTHYECKHE
pPEaKIUU KATUOHOB IECTOW TPYIIIIHI.
2. O3HAKOMUTBHCSI C TOPSAKOM ONPEAEIEHUS B PACTBOPE KATHOHOB IIECTOU
IPYIIBIL.
3. Hayuntbcsd npoBOAWTH aHalin3 CMECU KAaTHOHOB IIECTOM AHAIUTUYECKOU
IPYIIbI B PACTBOPE.
Xoa padoTnl

Peaknun katuona pryru(2) ng+

1. Tunpoxcunpl menounbix MetauioB NaOH u KOH ocaxpnarot u3 pacTBOpoB
COJIEN PTYTH KENTHIA 0CaIOK OKcHaa pTyTH. OCaloK JIETKO PaCTBOPUM B KHUCIIOTAX.

Brinmonnenue peakuuu. K AByM KarisiM pacTBOpa COJIM PTYTH JOOABIISIOT JIBE
Kalull pacTBOpa THAPOKCHAA HaTpus WiM Kanus. HaOmrojgaroT 3a BbINajeHUEM
ocajka.

2. Noaua xamus C coJIIMU PTYTH Aa€T KpacHBIM ocajok uoauaa pryTu(2).
Ocanok pactBopsieTcss B U30BITKE peakThuBa C oOOpa3oBaHHEM OECIBETHOU
KOMITJIEKCHON coyi. Peakiys 4acTo MCchoib3yeTcs Jjisi oOOHapy>KeHUs] HOHOB PTYTH,
XOTSI HOHBI MEAW MEUIAOT OMPEICIICHUIO.

Breimonaenne peaknuu. K 1ByM KarumsiM pacTBopa HHUTpaTa PTYTH J0OaBIISIOT
CHaYaJia JIB€ Kaluld MOJua Kaius, a 3areM H30bIToK. HaOmomaroT BeImajeHue u

nocjcaAyromee paCTBOPCHUEC OCaJIKa.
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3. Xnopu 0J10Ba BOCCTAHABIMBAET COJIM PTYTH(2) 10 HEPACTBOPUMOTO XJIOpHIA
prytu(2) Oenoro mnBera. Ecmu peaktuB OpaThb B H30BITKE, TO MPOUCXOIUT
NnanbHeilee BOCCTAHOBJIEHHE PTYTH JO0 METALIMYECKOH. DTON peakuuen
MOJIB3YIOTCS JJIsl OOHApYKeHUS PTYTH(2).

Boimonnenne peakuuu. K 1ByM KamisiM pacTBOpa COJIM PTYTH J00ABISIOT
CHayajlla JB€ Kalulk, a 3aTeM H30BITOK pacTBOpa xjopuaa ojioBa. HaGmroparor
BbINIaZIcHUE OENIoro ocajika, a 3aTeM ero oYepHeHHeE.

Peakuust katuona meau(2) cu®

1. NaOH u KOH u3 pactBopoB cosneit Mmenn(2) BbIAETSIOT HA XOJOAY TOIXyOoin
ocanok ruapokcuna menu(2). Ocagok pacTBOPUM B KOHIIEHTPUPOBAHHOM PacTBOPE
aMMHaKa.

Boimonnenne peakiuu. K 1ByM KamisiMm pacTBopa COJM Meau J0OaBIISIOT JIBE
KallJId pacTBOpa THAPOKCHUJA HATPUS U HAOJIONAIOT BHIMAJCHUE OCajJKa rojryooro
BETA.

2. BonHblil pacTBOp amMmMuaka, B3sIThIM B U30BITKE, 00pa3yeT ¢ coliaMu Menu(2)
KOMILJIEKCHOE coeluHeHne Menu(2) cuHero upeta. Peakiusi siBisiercs HauOoliee
XapaKTEepHOW JUIsl MOHA MEIW W 4Yallle BCero MPUMEHSIETCS Uil ero OOHapy>KEeHHUS.
[IpoBeneHuo peakiuyu MemaT HOHbI HUKeIsI(2) u kobanbTa(2).

Beimonnenne peakuuu. K 1ByM KamisiM pactBopa coiau Menu(2) mo0aBisitoT
M30BITOK pacTBOpa ammuaka. HabrogaroT okpammBaHue pacTBopa.

3. Texcanmanodeppar(2) xamus Ky[Fe(CN)g] BbImenser M3 HEUTPaAbHBIX |
CI1a0OKHUCITBIX pacTBOpPOB coJieit menu(2) KpacHO-OypbIi ocazok
rekcarimanodgeppara(2) wmeau(2). Ocamok He pacTBOpsieTcss B pa30aBICHHBIX
KHCIIOTaX, HO PaCTBOPSIETCS B paCTBOPE aMMHUAKa.

Brimonnenne peakiuu. K 1ByM Karuisim pactBopa coiu Meau(2) 100aBIstOT IBE
Karuid pacTBopa rekcanuanodeppara(2) kaiaus U HaOIIOIAt0T BBIMAICHUE OCA/IKA.

4. Vonun xamus pearupyer ¢ comsMu Memu(2) ¢ oOpasoBaHMEM CBOOOIHOTO
rona u 6enoro ocagaka noauaa meau(1).

Brimonaenne peakiuu. K 1Bym karuisim pactBopa costr Mmean(2) 100aBistoT JIBE
KaIrid pacTBopa noauaa kanvs. HabmrogaroT nu3sMeHeHne OKpacku pacTBopa.

2
Peakuuu kaTuona ko6aabra(2) Co™

1. NaOH u KOH ocaxpaatoT U3 pacTBOpOB cojieil KoOaiabTa OCHOBHBIE COJIHU
CHHETO 11BeTa. B M30BITKE 1Ie7109eil OCHOBHBIE COJIH HE PACTBOPSIFOTCSI.

2. BonHbli pacTBOp amMMuaka MpU B3aUMOJICUCTBHHM C COJISIMH KOOaslbTa
oOpazyer ocanok cuHero IBeta. [lpu moGaBiieHMM uU30BITKA aMMHaKa OCaJ0K
pacTBoOpsieTcsi ¢ 00pa30BaHUEM KOMILIEKCHOTO HOHA KEJITOTO 1IBETA.

3. Pomanun ammonust NH,CNS B mpucyTcTBUM aMuiioBOro cnupra oOpasyeT
COJISIMH KoOanbpTa KOMILJIEKC CHUHE-T0JIy00ro 1BETa aMMOHUI
TETPATHUOIMAHATOKOOATHTAT (NHy4)2[Co(CNS)4], akcTparupyromuiics B ol
aMHIJIOBOTO CIIUPTA.

[IpoBeneHuto 3Toi peakuu MemarT Mean(2), xene3o(3), Bucmyt(3). Peakuueit
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C THOLMaHaTaMH KoOanbTa(2) MOXHO OOHApYKUTh Ha (DUIBTPOBAJIBHONW Oymare B
NPUCYTCTBUH BCEX KaTHOHOB. [l »Toro Ha Oymary HaHOCST KaIull0 pacTBOpa
pollaHuIa aMMOHHSI, a 3aTeM KaIlTio pacTBOpa CoJM KOoOabTa, OymMary BIICPKUBAIOT
B MMapax aMMHaKa W TMOJCYIIMBAIOT. B MpHCYTCTBUU KoOaibTa mepudepudeckas
4acTh MSATEH MPUOOpETaeT CHUHIOW OKpacKy. MHorna Mmemaromuid KaTHoH kene3a(3)
nobaBjcHHEeM (pTOpHIa HATPHUs CBA3BIBaIOT B KoMiuieke Nas[FeF].

Peakuuu kaTuoHa HUKeJH (2) Ni®*

1. NaOH u KOH ocaxnmaioT u3 pacTBOPOB COJE€H HHKENIsI OCHOBHBIE COJIU
3€JIEHOTO 1IBETa, KOTOPBIE HE PACTBOPSIOTCS B M30bITKe mienoueid. Ho pacTBopstores
B N30BITKE aMMHaKa ¢ 00pa30BaHUEM KOMIUIEKCHOI'O MOHA CUHE-KPACHOTO LIBETA.

2. lnmetunrivokcum (peaktuB Uyraesa) B IPUCYTCTBUHM aMMHaKa 00Opas3yer ¢
COJIIMM HHKENS KOMIUIEKC KpacHOro IBera. PacTBOp cHavasa OKpallMBaeTcs B
PO30BBII LBET, 3aTEM BBINIAJAECT aJ0-KPACHBIN OCaJ0K AUALETIINOKCHUMATAa HUKEIS.
Ecniu mpucyTcTByeT Memarollee NpOBEACHHUIO peakluu xene3o(2), ero mpeasa-
PUTEJIBHO OKUCISIOT NEPOKCUIOM Boaopona no kene3a(3). Peakmus odeHb
YyBCTBUTENbHA. Peakuuio MOXHO NpPOBOAUTh M Ha (UIBTPOBAIbHOM Oymare
KaIleJIbHBIM METOJIOM.

Peakuuu katnona kaamus (2) Cd**

1. NaOH u KOH ocaxnaroT 13 pacTBOPOB COJIeH KaIMHsI TUAPOKCHIBI OEJIOTO
[[BETa, KOTOPHIE HE PACTBOPSIOTCS B U30OBITKE IIEIOUCH.

2. Bopsplli pacTBOp aMMHaka MPU B3aUMOJCUCTBHUU C COJIAMH KaaMUs
oOpazyetr ocanku Oenoro 1Beta. [Ipu moOaBieHHMM U30BITKA aMMHMaKa OCAJKU
PaCTBOPSIOTCS ¢ 00pa30BaHUEM KOMILUIEKCHOTO OECIIBETHOTO HOHA.

Peakuus ¢ cyabpuaamu

KarnoHnsl 6 rpynmbsl ocakxiaroTcsi B BUAE CylIb(UI0B MEIU, HUKENS, KOOalbTa,
pTyTH — uepHoro usera. Cynbpua kaamus — KeJnToro 1seta. Peakus ¢ cynbhugamu
JUTSL KaIMUS SIBJISIETCS] XapaKTEPHOM - JKEIIThIN IBET CyNb(umaa KaaMusi OTIIMYAETCS OT
YEPHOTO LBETA IPYTUX CYIb(UIOB 3TOM IPyMIIbI.

AHanu3 cMecH KaTUOHOB IECTOM IPYIIbI IPUBEAEH B CXEME 6.

JlaGoparopHasi padora Nel2 AHaitku3 cMecH
KAaTHOHOB 6 aHAJIMTHYCSCKOM IDVIIIIHBI.

Cxema 6 — AHann3 KaTHOHOB IIECTOM aHAIMTUYECKOM TPYIIIIBI
KonTpoJsbHbIe BONIPOCHI

Kakue kaTHOHBI OTHOCATCS K LIECTOM rpynmne?

Yro sBAsETCS TPYNIIOBBIM PEAKTUBOM ISl KATHOHOB 3TOM IpyIIIbl?
Kak npoxoauT B3auMoIeCTBHE CONEM pTYTH(2) C HOOUIOM Kaus?
Kak npoxoaut B3auMoieiicTBUE coyieil pTyTU(2) ¢ XJIOpHUaAOM 010Ba?

Konmponsrsie 6onpocst
Kakmnue KaTHOHBI OTHOCSITCS K ILIISCTOM rpyririe?
YHTOo sIBJISISTCSI I'PYIITIIOBBIM PEAKTHBOM JUJIsI KATHOHOB DTOH I'PYIIINbI?
Kak rnmpoxo/JmT B3aMOJICHCTBHE CcoJiIci pPTyTH(2) € MOJANI0OM KajTmusi?
Kak rmipoxoauT B3auMOAeHCTBHE coJIer PTyTH(2) € XJIOPHIO0OM OoJjtoBa?
HanmuimruTre ypaBHCHHEC PCaKIIHMHM B3aMMOJJACHCTBHs coOJied Mmeam(2) € pacTBOPOM
aMMBaKka.
Hanuimre ypaBHSHHE peaKIlMM B3auMoAeHcTBMsI coyeii mMmeamn(2) € MOaAMIoM KAaJIHsi.
Ha pacTBOp KATHOHOB ILIESCTOH TIPYNIBEI IMOJACHCTBOBAJIM KOHIICHTPHPOBaAHHBIM
pacTBOpOoM amMMuaka. O IMPHUCYTCTBHH HMJIN OTCYTCTBHH KAKOTO KAaTHOHA MO>XHO
CVI/IMTE 110 1IBETY ITOJIVAHUBILISI OCsSI pacreopa?
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5. Hanummre ypaBHEHME peakUMH B3aUMOACHMCTBUS cojied menau(2) ¢
pacTBOpOM
aMMHaKa.

6. Hanmmmre ypaBHEeHHME peakUuMu B3aUMOJEHCTBUS coiel meau(2) c
MOJIUIOM KaJIusl.

7. Ha pactBOp KaTUOHOB IECTOM IpyHIbI [0JIEHCTBOBANIN
KOHLIEHTPUPOBAHHBIM pPacTBOPOM aMMHaka. O MPUCYTCTBUU WIN OTCYTCTBUU KAaKOI'O
KaTHOHA MO>XHO CYJHTb 10 IBETY MOJyYHUBIIErocsi pacTBopa’?

5.7 JlaboparopHas paGora Ne 7 "AHaau3 cMecH KATHOHOB IIECTH
aHAJIMTHYeCKHUX rpynm"

Heab: HayunThcs BBIONHITH aHAIM3 CMECH KaTUOHOB IIECTH TPYIIII.
Iopsinok BeINMOJIHEeHUsI padOTHI

1. Anaau3 pactBopa 0e3 ocajaka.

Ecnu ananu3upyemsbiii pacTBOp MpeCTaBiIsieT co00il BOJHBIN pacTBOp 0e3
0CaJiKa, TO CIIEAYET IPOBECTH IPEABAPUTEIIbHBIE UCHBbITaHUA. PacTBOp MOXeT
OBITh OKpalleHHbIM WM OeclBeTHbIM. Eciu pacTBOp OKpallleH, TO CleayeT
MPE/IIIONOXKNTh, YTO B PACTBOPE MPHCYTCTBYIOT Katnowns! Cre¥, Fe**, Cu®*, Co*,
Ni**.

HexkoTopble npenBapuUTENbHBIE UCIBITAHWS MOXHO IOJYyYWTh HAa OCHOBAHUU
u3mepenus pH pactBopa. Eciiu pH = 2-4, To pacTBOp He comepkutT xene3a(3), Tak
KaK B IPOTUBHOM CIy4yae WX MPOAYKThl THUAPOIM3a BBLACIWINCH Obl B (opme
OCAaJIKOB.

IIpenBapurenbHble UcnbITaHuA. [IpOBOIAT B OTAEIBHBIX NOPLMAX PACTBOPOB.
OnpenensoT Hanu4Yue KaTUOHOB 2-6 IpyIl I'PYyNIOBBIMH PEAKTHUBAMHU — BOIHBIMH
pacTBOpaMM  COJITHOM  KHCJIOTBI, CEPHOM KHUCIOTBbI, THAPOOKMCU HATpUS B
IIPUCYTCTBUM MNEPOKCUIA BOAOPOAA, BOJHOTO pacTBOpa aMMMaka. B oTmenbHbIX
TMOPLHAX PACTBOPA OMPEETSIOT HHAMBHAYaIbHbIe KaTHoHs — Fe**, Fe®*, Cr¥*, Cu®,
KaTHUOHBI [IEPBOU TPYIIIIBL.

Ecnu B pacTBOpE NMPUCYTCTBYIOT KATHOHBI BTOPOW TPYHIIBI, TO UX OTAEISIOT
JEUCTBUEM COJISTHOM KUCJIOTHI B BHJIE CMECH OCAJIKOB XJIOPHUJIOB cepedpa, CBUHIIA U
PTYTH, B KOTOPOM MOTOM OTKPBIBAIOT KaK/IbIli KATUOH.

OTtneneHue KaTHOHOB YETBEPTON aHAIMTUYECKOM I'PYIIBI OT KATUOHOB IATOU U
HIECTOM aHAIUTHYECKUX rpynm. [locie npeaBapuTenbHOro OTKPBITHA psia KaTHOHOB
B OTACJIBHBIX MOPLMAX PACTBOPA, OCTABLIErOCS B PE3YyJIbTATE OTHAECIEHUS KATHOHOB
BTOPOW M TPEThEM AHAIUTUYECKUX TPYII, K OCHOBHOM YacTH 3TOr0 PpacTBOpa,
COJZIEpIKAILEr0 KaTUOHBI NIEPBOU, YETBEPTOU, IIATON U IMIECTOM aHAJTUTUYECKUX I'PYIII
MEAJICHHO MPUOABIAIOT BOJHBIM 2 MOJIB/ PACTBOP TUAPOKCUAA HATPUS MO
HEUTpaJdbHOW pEaKIUH Ccpenpl. 3aTeM — JOMOJIHUTENbHO M30BITOK pacTBOpa
THAPOKCHIAa HATpusi U HeOONbIIoe KOJIMYECTBO MEpoKcuaa Boaopona. Harpesaror

CMECh Ha KHIsIeH BOASHOW OaHe. B 3THUX yCIOBUSX KaTHOHBI YETBEPTOM
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aHAJIMTUYECKOW  TPYMNIbl, O0O0pa30BaBIIME  COOTBETCTBYIOLIME  PACTBOPUMBIC
TUAPOKCOKOMIUIEKCHI, OCTalOTCS B pPACTBOPE, a KATHOHBI MSATOMW M IIECTOM
aHATMTUYECKUX TPYII MEePeXoasaT B OCaJ0K (CMeCh THAPOKCHUIOB W OCHOBHBIX
coJiei).

B cnywae mpucytctBus B pactBope katuoHoB xpoma (III) cmech mpooikaroT
HATPEBATh A0 M3MEHEHHMs IBETA PACTBOPA M3 3ENCHOro (IBeT KatuoHoB Cr°') 10
xenroro (mBer xpomar - moHoB CrO,%). IIpu sToM Bech XpoM(3) OKHCIAETCS 1O
xpoma (6). Ilocne HarpeBaHusi (HEmpPOpeardpoBaBIIMM TMEPOKCU] BOJIOPOJA
yJajsieTcsi) cMech (GUIBTPYIOT, OCaI0K OTIEISIIOT OT GUiIbTpaTa.

Ocagok COAEpKUT KAaTHOHBI MATOM W IIECTOM aHATUTUYECKUX TpyII, a
MIETOYHON (PUIBTPAT — KaTHOHBI IEPBON M YETBEPTON aHATMTUUYECKHUX TPYTIIL.

B vactu ¢uiabTpara OTKpHIBAIOT KATHOHBI YETBEPTOM AHAIMTUYECKOW TPYIIIIHI,
KaK OIHMCAHO pPaHee.

Pa3neneHrne ¥ OTKpBHITHE KATHOHOB MATOM M IIECTOM AHAIWTUYECKHUX TPYIIL.
[Tosry4eHHBIN CBEKEBBINABIINN OCaJ0K T'MAPOKCUI0B, THAPATUPOBAHHBIX OKCUIOB U
OCHOBHBIX COJIEHl KaTUOHOB IATOM M IIECTON aHAJIUTUYECKUX TPYII 0O0pabaThIBalOT
IpU HAarpeBaHUM PacTBOPOM a30THOW KHUCIOTHL (1:1) B mpuCyTCTBUM NEpOKCHAA
BOjIOpoza. B pacTBop mepexoasaT Bce KaTHOHBI 00€UX IpyHil. ITOT 0CaI0K OTAEISAIOT
(GuIbTpOBaHHEM, pPACTBOPSIOT B HEOONBIIOM KOJUYECTBE KOHLEHTPUPOBAHHOM
XJIOPOBOJOPOJAHON KHCIIOTHI.

ABOTHOKHCIBIN pacTBOp HelTpanmu3yoT 1 mons/n pactBopoM consl Na,CO3; 1o
Hayaja  MOMYTHEHWUS, npuOaBISIIOT  ABYX - TpexXKpaTHbIi  00BEM
KOHIIEHTPUPOBAHHOIO pacTtBopa ammuaka u HarpeBaroT 10 40—350 °C. Ilpu stom
KAaTHOHBI IIECTOM AaHAJIMTUYECKOW TPyNIbl MEepexXonsaT B pacTBOpP B BHUIAC
KOMIUIeKCHBIX ammuakatoB coctaBa [CO(NHs)e]™, [Ni(NH3)s]**, [Cu(NH3).]*,
[CA(NH3)]*" u [Hg(NH3).]**. B ocamke ocTaroTcsi THAPOKCHAB KATHOHOB IISITOM
IPYIIIIBL.

Cwmech punbTpyror. @UabTpaT, coaepKaniuii KaTHOHBI IIECTON aHATUTHYSCKOM
IpyNIbl, OTACIAIOT OT OCaJKa, COJAEPXKAIIEro KaTHOHBI IISATOM aHAJIWTHYECKOU
rpynnsl. PUasTpar U 0CaJ0K AHAIU3UPYIOT Pa3IEIbHO.

Ocafok TPOMBIBAIOT 2 MOJB/T pacTBOPOM amMMHUaKa, BOJIOM, pacTBOPSIOT B 2
MOJIb/JT PacTBOPE a30THOM KHUCJIOTHI U B TIOJyYEHHOM PAacTBOPE OTKPBHIBAIOT KATHOHBI
MIATON aHAIMTUYECKOW TPYIIIbI, KAK OMMCAHO PaHEeE.

AMMHauHbI  (QUIBTpaAT, colepKalluidi KaTHOHBI IIECTOM aHaJTUTHYECKON
IpyNIbl, HEUTPAIU3ylOT | MOJIB/II PACTBOPOM CEPHOM KHUCIOTHI JO CIA0OKUCION
peaKkiiu, U B MOJYYEHHOM PacTBOPE OTKPBHIBAIOT KATUOHBI IIECTON aHAJTUTHYECKOU
TPYIIIIHIL.

OTKpBITHE KaTHOHOB K06anbTa(2) Co®*. TIpH OTCYTCTBHH B PaCTBOPE KATHOHOB
Fe** u Cu® kobansr(2) orkpsiBator peakumeii ¢ NH,NCS mwmn kams KNCS B
OPUCYTCTBUHM H30aMHJIOBOTO CHOHUpPTa (PKCTpPAreHT) — HaONI0AaeTcs OKpalllBaHHE
OpraHUYECKOro CJ0sg B SIPKO-CHHUI IIBET BCIEACTBUE OOpa30BaHUS CHUHEIO
tronuanataoro komriekca [CO(NCS),] %, 9KCTparupyromerocs B OpraHmuecKyio
dbazy.

Mematomee aeiictBue xenesa(3) m Meau(2) MOXKHO YCTPaHUTh IYTEM HX

BOCCTaHOBJIeHUST 10 xkene3a(2) u meau(l) xmopumom onosa(2). XKenezo(3) taxxe
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MacCKHUpYIOT (YCTPaHSIOT €r0 Memiaroiee JeicTBre) nodasieHnemM (Gpropumaa HaATpHs
NaF — oOpasyercs ycToiumBbIii OeCHBETHBIH (PTOPUIHBIA KOMILIEKC Keme3a(3)
cocraBa [FeFg] ¥, He Memarowmii, Kak u xene30(2), ONpeneieHuo KobanbTa(2).

Orkpoitie KatronoB Hukemsi(2) NiZ*. Ecim B pacTBOpe OTCYTCTBYIOT KATHOHBI
xene3a(2), To HUKeIh(2) OTKPBIBAIOT KalelbHON peakieil ¢ NUMETHITIMOKCUMOM
(peaktuB Yyraera) B aMMHa4yHOM cpeje Ha MOJIOCKE (PMIBTPOBAIBLHOM Oymarm —
BO3HHMKAET OKpaIlleHHAasi pO30Basi 30HA BCJIEJICTBUE 00pa30BaHUsI KOMILJIEKCA HUKEIS C
JTUMETUITIIMOKCHUMOM KPaCHOTO I[BETA.

Karnons! xene3a(2), menu(2) u Ipyrux METauIoB, 00pa3yrOIINX OKpAIICHHBIE
aMMUaYHble KOMIUIEKChI, MEIIAIOT ONPEEICHUIO.

KaTnonsl TpeThel TIpyNmbl OTKPBIBAIOT IOCIE OTIEIEHHsS OCAJAKOB BTOPOU
TPYIIIbI, MEIJIEHHO OCaXasi CEpHOM KUCIOTOU ¢ JOOABJIEHUEM ATaHOJIA.

OTKpbITHE KAaTHOHOB IIEPBOM AaHAJIUTHUYECKOW Trpynnbl. KaTWoOHBI mepBoi
aHAJIMTUYECKON TPYIIIbI, HE UMEIOIIEH TPYIIIOBOTO PeareHTa, OTKPbIBAIOT IPOOHBIM
METOJIOM B OTJEJIbHBIX HEOOJBUIMX MPOOAaX MCXOIHOTO AHAIM3MPYEMOI'O pacTBOpPA
WIM PacTBOpPA, IOJYYEHHOIO TIOCIE OTACICHHS KATHOHOB BTOPOM M TPEThEH
aAHATUTUYECKUX TPYIII.

2. AHAJIM3 PacTBOpa € 0CAKOM.

Ecnn ananus3upyemblii 0OBEKT HpPEACTaBIsIET cOOOM pacTBOp C OCAaTKOM, TO
BHayaje 3Ty CMeCh (QUIbTPYIOT, OTACNAIOT OCaJOK OT pacTBopa U o00e (a3sl
aHAIM3UPYIOT Pa3eibHO.

Hanuune ocaaka CBUIETENBCTBYET O BO3MOXXHOCTM NPHUCYTCTBUS B HEM
XJIOPUIOB KATHOHOB BTOPOM aHAIIMTUYECKOW TPYNIbl, CYyIb()aTOB KATHOHOB TPEThEU
Y BTOPOM aHAIUTHYECKUX CPYIIIL.

PacTBop, OTHeNeHHBIM OT OCaJKa, AHAIM3UPYIOT TAK, KaK OIKUCAHO BBIIIE
(cMmoTpu «AHanu3 pactBopa 6€3 ocaakay).

Ocazlok UCIBITHIBAIOT HA PACTBOPUMOCTD B pa30aBICHHBIX PacTBOpaX yKCYCHO,
XJIOPOBOJOPOJHOM, a30THOM KUCJIOT. ECIIM OH MOJIHOCTBIO PacTBOPSAETCSA B KAKOU-TO
U3 3TUX KHUCJOT, TO PACTBOp, IMOJYYEHHBIH IOCJIE PacTBOPEHHUs Ocajaka, JHOo
OPUCOEAUHAIOT K (PUIBTpaTy M aHAIM3UPYIOT Jajiee BMecTe (UTO JeNaloT 4yalle
BCEr0), INOO0 aHAIM3UPYIOT OTACIBHO Ha MPUCYTCTBUE TE€X WJIM UHBIX KATHOHOB.

Ecnn ocamok He pacTBOpsAeTCs B yKa3aHHBIX pPa30aBIICHHBIX KHUCJIOTaX, TO
UCIIBITHIBAIOT €r0  pPacTBOPUMOCTh B JPYIUX pacTBOpUTENsIX — B Oolnee
KOHIIEHTpHUpoBaHHOU (1:1) a30THOM KHUCIOTE, B BOJHOM PAacTBOPE BUHHOM KUCIIOTHI,
B BoaHOM 30 % pacTtBOpE alierata aMMOHHUS.

B asornoit kucmore (1:1) pactBopsroTcst ocaaku xjopuaa cBunia PbCl,, B
BOJHOM pacTBOpe aleraTra aMMOHHUS — OCaJoK cyibdara cBuHIA. B mnpobax
MOJIYYEHHBIX PACTBOPOB OTKPBHIBAIOT COOTBETCTBYIOIIME KATHOHBI XapaKTE€PHBIMU
pEeaKIUsIMHA Ha 3TH KaTUOHBI.

Ecnu ocamok HepacTBOPUM BO BCEX BBILIENEPEUHUCIEHHBIX PACTBOPUTENAX, TO
3TO YKa3bIBa€T HAa BO3MOYKHOE NPHUCYTCTBHE B HEM XJOPUAOB KAaTHOHOB BTOPOM
aHAJIMTUYECKOU TPYMIIbI, CYIb(PATOB BTOPOH U TPEThEH aHATUTUUECKUX TPYTIIL.

Cucremarnuecknii ananu3 ocaaka. OOpabaThIBaIOT OCaIOK TOpSYEH a30THOU

KHUCTIOTOM U (PUIBTPYIOT MOTYYEHHYIO CMECh.
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OTneneHHBIE OT pacTBOpa OCAJAOK MOXKET COJEPKaTh CMECh XJIOPHJIOB,
okcoxyopuaoB u cyiabdaro AgCl, Hg,Cl,, PbSO,4, CaSQO,, SrSO,4 BaSO,. Ocamok
00pabaThIBAIOT KHUIAIIEH IUCTHJUTMPOBAHHOW Bomoi. I[lpm sTOM pacTBOpsieTcs
xinopun ceuHoa PBCl, Kartnonsl cBuHIQ Pb** OTKpPBIBAIOT B TpoOe pacTBopa
peakIusIMy Ha 3T KaTHOHBI.

CMech (UIBTPYIOT, OCATOK OTHEISIOT, MPOMBIBAIOT TopsYeld BOJOH 0
OTPHLIATEIIBHOI PEAKIMK HA KATHOHBI cBHHIA Pb*" (peakuust ¢ pacTBOpoM Xpomara
Kallisg) W TPUOABISAIOT K HEMY KOHIICHTPUPOBAHHBI PACTBOP aMMHAKa. XJIOPHU]
cepedpa AgCl pacTsopsiercs ¢ o6pasoanneM ammuaunoro kommiaekca [Ag (NHs),]™.
Ecmu B ocamke mnpucyrctBoBan xmopun prytu(l) HQ,Cl,, To mpum o6Gpabortke
aMMHAKOM OCaJI0K YepHEET BCJICACTBUE BHIICICHUS METAJUTMUYCCKON PTYTH.

PactBOp oTaensroT oT ocanka (GrIBTpOBaHWEM M OTKPHIBAIOT B HEM KAaTHOHBI
cepebpa AQ" peakIMsAMHU Ha STOT KaTHOH.

Ocafgok  MpPOMBIBAIOT  JUCTWUIMPOBAHHOM  Bojoil.  OcTaTok  ocajka
o0pabaTbIBalOT TOCIEoBaTENbHO mnopiusiMu ropsiyero 30 % pacTtBopa arerara
aMMOHHSI JI0 TIOJHOTO pacTBOpeHus cyibdara cBuHma PbSO, (oTpurarenbHas
PeaKIs ¢ PaCTBOPOM XpOMaTa Kailusi Ha KaTHOHbI cBuHIa Ph). B ocanke ocrarorcs
Ccynb(daTrbl KaTMOHOB TPEThEM AaHAIUTUYECKOW TPYIIbI, KOTOPbIE IEPEBOAST B
KapOoHaThl 00pPabOTKON PAacCTBOPOM COBI, PACTBOPSIOT B YKCYCHOM KHCIIOTE U B
IOJTYYEHHOM PACTBOPE OTKPHIBAIOT KAaTHOHBI Kanbius Ca’, crpomrms Sr*° u Gapus
Ba®".

AHaM3 KaTHOHOB BCEX IIECTH TPYIIT HEOOXOIUMO BBITOTHATH B COOTBETCTBHUE
Cco CXEMOM 7.
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Peaknuu oOHapyKeHust

pacTBop pacTBoOp
KAaTHOHBI HCl KaTHOHBI
1,3,4,5,6 [* BCeX rpynn ® Cu* p.cNH,
rpymnmn
P Al* p. ¢ anuzapunoM
sranon | H,SO,| ocamox 0CaioK
- » kt 3 rpynnsl kt 2 rpynnbi
¢ [®Mn? p. c PbO,
pacTBop NaOH | pacreop
xt1,4,5,6 A4 PbO;? :
rpynn ocalioK —>ICr*® p.cH,0,
kt 3 rpynmnet
NaOH > Hg " p. ¢ Cu, KJ
H,0, 0cajioK 0Ca/IoK
L 3! kt5, 6 rpynn| HNO, [H[Sb(OH),]
H,O0, lHCl —»|Fe* p. c K, [Fe(CN),]
pacTBop pacTBop
kt 1, 4 rpynn kt 6 rpynnbi<—; pacreop| (»Fe* p.cK,[Fe(CN),
Sb(5)
Na,CO, NH,
PacTBOp Na, CO, —» NH; p. c NaOH
0caJIoK kt 1 rpynnst
kt 4 rpynnesr \ 4
0CaoK —INa* p. c K[Sb(OH),]
kt S rpynnbi
—Co** p.c NH,CNS

Cxema 7 — AHanu3 cMecy KaTUOHOB IIECTH TPYIIII
KoHTpoJibHBIE BONIPOCHI

1. Kakue BBIBOJBI MOKHO ci€jaTh O MPUCYTCTBUM TEX WJIM MHBIX KaTUOHOB
10 BHEIIHEMY BHJly pacTBopa 0€3 ocajJika U pacTBOpa ¢ OCaAAKOM?

2. Kakue BBIBOJBI MOXKHO C/I€JIaTh O MPUCYTCTBUM TE€X WJIM MHBIX KaTHOHOB,
eciu u3BecTHa BenuurHa pH pactBopa?

3. Kakue kaTMOHBI M KakK MOXHO OOHApyXUTh B TPEIBAPUTEIBHBIX
WCTIBITAaHUSX?

4. Kakye OKHCIHMTEIbHO-BOCCTAHOBUTENIBHBIE PEAKLIHUH HCHOJIB3YIOT IpU
aHaJIM3€ CMECU KaTHOHOB BCEX LIECTU aHATUTUYECKUX TPYII?

5. Kakue aMMuayHble KOMIUIEKCHI METAIOB HMCIOJIB3YIOTCS MPU aHAIU3E
CMECHU KaTHOHOB?

6. Kakue ruipoKCOKOMIIIIEKCHI UCTIONB3YIOTCS MPU aHAJIM3€ CMECH KaTHOHOB?

7.B kakoii ¢opMe mpuUCyTCTBYeT MbIIbIK(3) ©  MBIIBIK(S) B



aHAM3UPYEMOM PacTBOpE — B popMe KATHOHOB WIJIH AaHHOHOB?

8. MoryT 511 B aHaIM3UPyeMOM pacTBope (C ocagkoM Wi 0e3 ocajka),
COJIepIKaIlleM CMECh KaTHOHOB BCEX INECTH aHATUTHYECKHUX TPYII, OJHOPEMEHHO
MPUCYTCTBOBATh B COM3MEPHUMBIX KOJMYECTBAX OKHCIUTEIN U BOCCTAHOBUTEIIN?

5.8 3aueTHble 321aHUA 10 KAYECTBEHHOMY aAHAJIU3Y KATHOHOB. Ilo BBIOOpY



3aderHoe 3ansaTHe. JKcnepuMeHnT «CUTYAIIMOHHBIE U YYEBHBIE
3ATAYN»

1. Kak ¢ moMoIp10 0JTHOTO U TOTO JK€ peaKTHUBA PaClio3HATh HOHBI Ag+, Ph**?

2. Yyamuiics npojenan peakiuio C CPYIIOBBIM PEaKTUBOM Ha KaTHOHBI 2-i
aH. rpynnbl. Ocajika He 00pa30BajIOCh. YUalIuics cliesiai BbIBOJI, YTO KaTHOHBI A(,
Pb orcyrcTBytoT. [IpaBuibHO JIU cliesiaH BBIBOA?

3. B amammsupyemoM pactBope Haxomsrcs ammomst NH,, Ca®*, Fe**, Pb*",
Kakoil n3 MOHOB Hag0 OTKphIBaTh MepBbIM? COCTaBbTE CXEMY aHAIN3a OTKPBITHA
JTAHHBIX UOHOB.

4. K conu, copeprkanieil KaTHOH MEPBOM TPYIIbI, NPUIWIA PEAKTUB X. Boiman
ocaJiok KpacHo-Oyporo mBera. Kakum peaktuBoM mnojeiictBoBanu? HazoBurte
KAaTHOH |-i rpymmsl.

5.Ilpu ananm3e cMecH KaTHMOHOB |-l aH. TPyNIbl ydYaliuiics mpojenan
peakuuio ¢ ruapoTaprpaToMm Hatpus. [lomyduB Genbiif 0cafoK, yHaluiics mpuiies K
BBIBO/1Y, UTO B PACTBOPE MPUCYTCTBYIOT HOHBI Kanus. Tak u 310?

6. [Ipu ananusze pactBopa ObUIO YCTAHOBIIEHO, YTO MPHU B3aUMOJICHCTBUHU: a) C
peaktuBoM Hecciiepa obpasyercs KpacHO-OypbIii 0caliok, 0) ¢ HUTpaToM cepedpa
BBITIQJAeT OENbIN OCaZ0K, PAaCTBOPUMBIN B THApAaTe aMMHaKa U HEPACTBOPUMBIA B
a30THOM Kuciore, B) ¢ peaktuBoM FeCL oOpasyercs KpoBaBO-KpaCHBIH pacTBOP.
Kaxkoe BemiecTBo ObLIO JaHO HA aHATKU3?

7. XUMUK-aHAJIUTHUK, TPOBOJASI HMCCIEAOBAHME PAcTBOpA, YBHJEN, YTO NpH
nercTBuM Ha aHamm3upyemblid pactBop Na,S,0; obpasyercss Oenblii  0CajoK,
ITOCTEINEHHO JKEJITCIONIMN U IEPEXOIAIINN B YepHbId. Kakoil BBIBOJ Cleyiall XUMHK-
aHAJIMTHK O KAYECTBEHHOM COCTaBE aHAJIM3UPYEMOTo BellecTBa?

8. IpoBectn aHanm3 pactBopa, comepskamero moner: Na*, NH,*, Ca®**, Zn*,
M 92+’ F63+.

9. IIpu onpenenenun noHoB Ba u mccrienmyeMoM pacTBOpe XMMUK-aHAIUTHUK B
KaueCcTBe peaKkTHBa WCIOJIb30BAI  CEpHYI0  KHCIOTy. [lomyuuB  Oenblii
KpUCTAJUIMYECKH OCalioK, OH CJesiajl BBIBOJ O Hajauuuu MOHOB Ba B pactBope.
Cornacusl 11 Bel ¢ JaHHBEIM BEIBOJOM?

10. Kak OTKpBITh KaTHOH MaTHUs B NPUCYTCTBUM KaTHOHOB NH,', Fe?*, Fe*",
Ba**?

11. Kak ¢ momoIibo 0OJHOTO U TOTO ke peakTuBa oTKpeITh CL°, Br -, I"?

12. C noMoupi0 Kakux pPeakTHUBOB MOXKHO J0Ka3aTh HAJIMYME B MPOOMpPKaX
BEIIIECTB: HUTPUTA HATPUS U HUTpaTa HATPUSs?

13. I[aHBI PCaKTHBLI: HCL, (NH4)2C204, HZSO4, KOH, chr04, K4[F€(CN)6]
Kakue wu3 maHHBIX pPAacTBOPOB MOXKHO HCIIOJIB30BAaTh JJIsI OTKPBITHS KaTHOHOB
TPEThEN AaHATUTUYECKON TPYIIHI?

14. Kak ¢ IOMOIIIBIO OHOTO ¥ TOTO € PEaKTHBA MOKHO OTKPHITH Pb**, Zn**?

15. Kak ¢ moMoLp0 OJHOrO M TOTO K€ PEaKTUBA MOXKHO PAaCIO3HATh COJIH,
comepxare Zn>*, Fe**, Cu*?

16. Yyamemycsi nNpeaoxXuin OTAUYUTh PACTBOPBI COJIEH, COAEPKALIUX Fe?*,
Fe’*: a) He mpOBOAS XWMHUECKHX PEAKIHil, 6) NMPUMEHHB COOTBETCTBYIOIIUE
PEaKTHUBBI.



3aderHoe 3ansaTHe. JKcnepuMeHnT «CUTYAIIMOHHBIE U YYEBHBIE
3ATAYN»

1. Kak ¢ momoIipo 0JJHOTO M TOTO € PEaKTHBa PaclO3HATh HOHBI Ag+, Pb?*?
Kup - KpacHbI KEeNTHIN

2. Yyamuiics npojenan peakiuio ¢ CPYIIOBBIM PEaKTUBOM HAa KATHOHBI 2-i
an. rpynnbl. Ocanka He 00pa3oBaoCh. Y4allMidicsl cieliad BbIBOJA, YTO
katuoHsl Ag, Pb otcyTctBytoT. [IpaBriibHO i cienan BEIBOA? 1a

3. B amammsupyemoM pactBope Haxomsrcs ammonel NH,, Ca’*, Fe**, Pb*",
Kakoil W3 WMOHOB Haxo OTKpbIBaTh MepBbIM? (COCTaBbTE CXEMy aHalIA3a
OTKPBITHS JaHHBIX HOHOB. Pb**

4. K conu, copeprkalieil KaTUOH MEPBOM IPYIIbI, IPUIMIA PEAaKTUB X. Boiman
ocaJiok kpacHo-Oyporo nBera. Kakum peaktuBoMm mnojeictBoBasin? HazoBute
katnoH 1-if rpymmsr. NH," ¢ Heccnepa

5.I1lpu ananm3e cMecH KaTHMOHOB |-l aH. TPyNIbl ydYaliuiics mpojenan
peakuuio ¢ ruaporaprparoM Hatpus. llomyuuB Oenblil ocalok, ydaliuiics
IpUILIEN K BBIBOJY, YTO B pacTBOpE MPUCYTCTBYIOT MOHBI Kaius. Tak ju 3To?
na

6. [Ipu ananusze pacTBopa ObUIO YCTaHOBJIEHO, YTO MPU B3aWMOJEUCTBUU: a) C
peaktuBoM Hecciepa oOpa3yercsi KpacHO-Oypwlii ocalok, 0) ¢ HUTpaTOM
cepeOpa BbIlagaeT Oeblid OCANOK, PAaCTBOPUMBIM B THIpaTe aMMHakKa H
HEpPACTBOPUMBIH B a30THOM KHCIOTE, B) ¢ peaktuBoM FeCL o6pasyercs
KpOBaBO-KpacHbIi pactBop. Kakoe BemiecTBO ObUIO JaHO Ha aHaIM3?
NH,FeCL,

7. Ilpu onpenenennn MoHOB Ba u uccieqyeMoM pacTBOpe XMMHUK-aHAIUTHK B
KaueCTBE pEaKTHUBAa HCIMOJIb30BANl CepHYIO KucioTy. IlomyunB Oesnblit
KPUCTAJUTMYECKUI 0Ca/IoK, OH ClIeJiall BbIBOJ O HAJIMYUU MOHOB Ba B pactBope.
CornacHabl 1 Bbl ¢ JaHHBIM BBIBOJOM?HET M O KaJIbITUIA

8. I[aHI:I PCAKTHUBEI: HCL, *(N H4)2C204, *HZSO4, KOH, *chr04,
*K4[Fe(CN)¢]. Kakne u3 maHHBIX pPAacTBOPOB MOMKHO HCIIOJIB30BaTh JIJIs
OTKPBITHUS] KATHOHOB TPEThEH aHATUTUYECKOW TPYIINbI?

9. Kak ¢ IOMOIIBIO OJHOTO U TOTO Xe PEaKTHBA MOKHO OTKpHITH Pb**, Zn
WOJIH]T KaJTus

10. Kak ¢ momoiipo 0OJJHOrO M TOTO K€ peakTHUBAa MOKHO PAaClO3HATh COJIH,
comepxaume Zn®*, Fe**, Cu*? C Ky[Fe(CN)q].Gembiit ,Gepn masyps,
KpacHOOYpBbIi

16. Yyamemycs npeaioKWIN OTIUYUTh PACTBOPBI COJIEH, COMEPIKAIINX Fe2+,
Fe®*: a) He MPOBOIS XMMHYCCKHUX PEAKIUi, 6) MPHMEHHB COOTBETCTBYIOIIUE
peaktuBbl. Fe** senensiit, Fe** xenr, Fe** ¢ moammoM Kamms KOpHYH KpacH u
BBIICIISETCS HOJI.

2+?



BOHpOCLI AJIA MOATOTOBKH K YCTHOMY 3a4Y€THOMY 3aHATHIO

1.Kakue KaTHOHBI OTHOCSTCS K IIEPBOM IpyIIe KaTHOHOB?
2.Kakne peakuny Ha3bIBArOTCS aHATUTUYECKUMU?

3.UTo Takoe rpyInmnoBoil peakTUB?

4.IIpuBennre MpUMEpP KUCIOTHI.

5.9T0 Ha3bIBAETCS PEAKTHUBOM?

6.HazoBuTe KaTHOHBI BTOPOU IPYyIIIBI.

7.1IpuBenuTe mpuMep COJIH.

8.I'MIpOOKUCH HATPHS — 3TO CUIIbHBIN 3JIEKTPOIHT?
9.Cynbdat Gapust pacTBOpsieTcsi B Bojie?

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22

HaszoBure KaTHOHBI TPETHEN TPYIIIIHI.

['pynmoBoii peakTuB KaTUOHOB IIEPBOM I'PYIIIIBI?

HazoBute uBeT ocaika noauaa CBUHIIA.

['pynnoBoii peakTUB BTOPOI TPYIIIIbI KATHOHOB?

PeakxtuB Heccnepa — peakTuB JiJ1s1 OTKPBITUS KAKOTO KaTHOHA?
Xnopun cepedpa — 3T0 0caaok?

XJ0pua CBUHIA — 3TO OCA/IOK?

BunHas kucnora Kakoil KaTUOH OTKPbhIBAET?

VYcenosus nonydenus ocagka KHC,H,O4?

LBet ocagka KHC,H,Og.

VYxaxxuTe 1nBet ocajka rekcanutpokooanpTaTa Kamus Kz[Co(NO,)g].
YxaxuTe 1nBet ocajka rekcaruapocruouara Hatpus Na[Sb(OH)g].

. Kakum 11seToM okpaimmBaeTcs miams TOPEIKH NpU BHECEHUH B ILIaMs

COJIEH HATpHUS U Kanus?

23
24
25

. Kakum 00pazoM MOKHO yAaJIUTh COJIM aMMOHUS U3 pacTBopa?
. 'pynmoBoii peakTUB BTOPOM TPyIIIIbl KATHOHOB?
. Ocanmok xJiopuJa CBHHIIA PAcTBOPSIETCS B KHCIOTAaxX M Iesnodax. Kak

HAa3bIBAETCSA DTO CBOUCTBO?

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

36
37

38.

Kakum peakTBOM yn0OHO OTKpBIBATh CBUHEIl B pacTBOpE?
Xpowmar cBunia PbCrO, kakoro 1pera?

XJI0pHU/l CBUHIIA KaKOTo I[BEeTa?

B uem pacTtBOpsieTcs Xaopu cBUHLA?

Kakoro nBera coenunenue ceunia ¢ ammuakom [Ag(NH;),]Cl,?
Kakoro 1iBeta ocanok noauaa cepedpa?

Xpomar cepedpa kakoro 1sera’?

CpaBHuTe 11B€Ta MOAKIAa cepedpa U MOIU/Ia CBUHIIA.

CpaBHuTe 11BETa XpoMara cepedpa U XxpomaTa CBUHIIA.
Ha3zoBure rpynmnoBoi peakTuB KATUOHOB TPETHEN IPYIIIIBI.

. [IBeT KaTHOHOB TPETHEU TPYMIIBI?

. LIBeT KaTHOHOB BTOPOM I'PYIIIIbI?

Kakoe BemecTBO HE0OXOAMMO M00aBUTH MPH OCAXKACHUU Cyibdara

KaJbIua?

39

. Kakoro IBCTA IOJYYacCTCA IIaMsA IIPpU BHCCCHUU B ILIAMSA T'OPCJIKHU 6ap1/151

A KaJabLUA?



40
41
42
43
44

. Xpomart Kanus ocakgaeT Oapuii?

. IIBet ocaaka xpomata Oapus?

. OKcanmat aMMOHUS OCaKIaeT KATHOHBI KaIbIIUA?
. IIBeT ocanka oxcanara kanbiusg CaC,0,4?

. Kak otimmauTs XpomaTsl Oapusi ¥ CBUHITA?

YCTHBIA 3a4eT

biun - onpoc

1.Kakue kaTUOHBI OTHOCSITCSI K IEPBOU rpynIe KaTHOHOB?
2.Kakune peakuny Ha3bIBatOTCS aHATUTUYECKUMU ?

3.UT0 Takoe rpynIoBor peakTuB?

4IlpuBenure MpuMep KUCIOTHI.

5910 Ha3bIBAETCS PEAKTHBOM?

6.Ha30BUTE KaTMOHBI BTOPOU I'PYIIIIHL.

7.IIpuBegure mpumMep CoJIu.

8.I'MAPOOKUCH HATPUS — 3TO CHIIBHBIN JIEKTPOJIHUT?
9.Cynnar 6apus pacTBopsieTcsi B Boje?

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21
22

HazoBuTte KaTHOHBI TPETHEN TPYIIIHI.

['pynmnoBoii peakTUB KaTUOHOB MEPBOW IPYIIIIbI?

Hasosure nBer ocanka noauaa CBUHIA.

['pynmoBoii peakTUB BTOPOM TPYIIIBI KATHOHOB?

PeaktuB Heccnepa — peakTuB 111 OTKPBITHS KAKOTO KaTUOHA?
Xmopua cepedpa — 3T0 0cagok?

XJIOpUJ CBUHIIA — 3TO OCAIOK?

BuHHas kucnoTa kakol KaTHOH OTKPBIBACT?

VYcenosus nonydenus ocagka KHC4H;Og6?

LBet ocanka KHC,H,Og.

VYkaxure 1BeT ocaaka rekcanutpokodanpraTa kamus Ks[Co(NO,)e].
. YKaxuTe 1BeT ocajka rekcaruapoctnouara Harpus Na[Sb(OH)g].

. Kakum 1iseTtoM okpammBaeTcs miamsi TOPEJIKM NP BHECEHUHU B ILIAMS

COJIEH HATpHsI U Kanus?

23
24
25

. Kakum 006pazom MOKHO yAamuTh COJIM aMMOHUS U3 pacTBOpa’?
. I'pynmioBoii peakTUB BTOPOM T'PYIIIIBI KATHOHOB?
. Ocanok xJyopuja CBHHIIA PacTBOPSETCS B KUCIOTaxX M Imesnodax. Kax

Ha3bIBAETCA DTO CBOUCTBO?

26.
27.
28.
29.
30.
31.
32.
33.
34.

KakuM peakTuBOM y100HO OTKpBIBATh CBUHELL B pacTBOpE?
Xpomar ceunia PbCrO,4 kakoro 1sera?

XJIOpUJI CBUHIIA KAKOTO 1[BETA?

B ueMm pacTtBOpsieTcst xjaopu cBUHIA?

Kakoro niBera coequnenue cpunia ¢ ammuakom [Ag(NHs),]Cl,?
Kakoro usera ocanok noauaa cepedpa?

XpomMar cepebpa Kakoro 1pera?

CpaBHuTe 11BeTa HoauAa cepedpa 1 MoK 1a CBUHIIA.

CpaBHuTe 11BeTa Xpomara cepedpa 1 Xxpomara CBUHIIA.



35. HazoBuTe IrpynnoBOil peakTHUB KaTHOHOB TPEThEW IPYIIIbI.

36. LIBeT KaTHOHOB TPETHEH TPYIIIHI?

37. LIBeT KaTHOHOB BTOPOM T'PYIIIIHI?

38. Kakoe BemiectBO HEOOXOAMMO A00aBUTH MPU OCAXKIACHUHU CylbdaTa
KaJabIUA?

39. Kakoro 118era nojy4yaercs IiaMs Ipyu BHECEHUU B IJIaMsl TOPEJIKU Oapust
U KaJIbLUA?

40. Xpomar kanusi ocaxaaeTt oapuii?

41. IIBet ocagka xpomata Oapusi?

42. Oxcanat aMMOHHS OCaXIA€T KATUOHBI KaJIbIIHs?

43, 1IBeT ocanka okcanara Kanbius CaC,0,4?

44. Kak oTIIMYUTh XpOMaThl Oapusi U CBUHLIA?



6 KayecTBeHHBIH aHAJIU3 AHUOHOB

Ieas: Ha ocHOBE 3HAHWM XMMHKO — AQHAJMTHUYECKUX CBOMCTB AHHMOHOB —
MIPOBOJIUTh  XAPAKTEPHBIC AHAIMTUUYECKUE pPEAKIMM AHUOHOB, OMPEACIATh UX
MOJJTMHHOCTh, aHAJIM3UPOBATH CMECH.

3amaun:

1.M3yunts pazaudHbie KaaccuPpuKaIuy aHHOHOB T10 TPYIIIaM.

2.Hayuntbcsi  OpOBOAUTH  AHAIMTUYECKHME  PEAKUMH  AHUOHOB IO
Kiaccu(ukanuu, OCHOBAaHHONW Ha O0Opa30BaHMM AHMOHAMH MAajOpPaCTBOPHUMBIX
coJieit Oapus u cepedpa.

3.HayunTbcst MpOBOANUTH AHATUTUYECKUE PEAKIIMU HEKOTOPBIX OPTaHUYECKUX
QHHUOHOB.

4. HayuuThCs MPOBOJIUTH aHAJIN3 CMECU AaHUOHOB.

5.HayunThcs pemarh 3aa4u M0 MPUMEHEHHUIO 3aKOHA JICMCTBYIOIIUX MacC K
OKHUCJIUTEJIbHO —  BOCCTAHOBUTEJIIBHBIM  PABHOBECHUSIM W PaBHOBECHUSIM
KOMILIEKCOOOpa30BaHUs.

AHajuTHYecKasl KJIaccu(PuKausi AaHMOHOB MO rpynnaM

Kak u KaTHOHBI, MHOTME AaHUOHBI BXOJSAT B COCTAaB JIEKAPCTBEHHBIX
npenapartoB. [Ipu KOHTpOJE KauecTBa JEKAPCTBEHHBIX CPEICTB, TEXHOJIOTHUECKHUX
CTaUl WX TMOJY4YEHHUs, JIEKAPCTBEHHOTO ChIPbSI M B PSIA€ IPYTUX CIy4acB
BO3HUKAET HEOOXOJAMMOCTh TPOBEACHUS KAYeCTBEHHOTO M KOJIMYECTBEHHOIO
aHajgu3a aHUOHOB. HMpaeHTudukanuioo aHUOHOB Yalle BCEro MPOBOIAT C
MCMOJIb30BAaHMUEM PA3JTMYHBIX AHATUTUYECKUX PEAKIU, TO3BOJISIOIIMX OTKPHIBATH
ATU AHUOHBI.

[Tpu ananuTHyecko KiIaccupuKalui aHKOHOB, OCHOBAaHHOM Ha 00Opa30BaHUU
UMU MaJOpacTBOPUMBIX cojiel Oapusi u cepebpa, aHMOHBI, OXBAYE€HHBIE ITOUN
KJaccudukaiumen, 1enaTcs Ha Tpy Tpymnnbl (Tabmauna 5).

Tabnuma 5 - Kmaccudukanus aHHOHOB, OCHOBaHHAsI HA 00pa30BaHUU
MaJIopaCTBOPUMBIX CoOJiel Oapust u cepedpa

I'pynna AHHMOHBI I'pynnoBoyi peareHt
S0,”, SO5™, S,057, C,0,%, CO5”, | PactBop BaCl, B HeiirpansHoii min
| B4O72', BO,, PO43', ASO43', c1a0oIeTIOYHOM cpefie
AsO;*, F

" CI', Br, I', BrOs, CN’, SCN", °S* | Pacrop AgNO; B pa36asieHHOl
(2 MONTB/JT) A30THOM KUCIIOTE

Il NO,’, NOj3', CH;COO OTtcyTCTBYET

[Ipn aHanUTHYECKOW KIacCHU(pUKAIMU aHUOHOB, OCHOBAaHHOW Ha WX
OKHCIIUTETHHO — BOCCTAHOBUTEILHBIX CBOMCTBAX, aHMOHBI ICTISITCSI HA TPH TPYIIIIHI
(Tabnuia 6).

Tabnuna 6 — Knaccudukanys aHHOHOB, OCHOBaHHAsI HA OKUCIIUTEIHHO —




BOCCTAaHOBUTEIbHBIX CBOMCTBAX

['pymnma AHUOHBI ['pynmoBou peareHt

| Oxucimurenn BrOs, AsO,”,NO5,, NO, Pactop Kl B
CEPHOKHCIION cpeJie

Il BoccranoBurenu S%, S0O,.%, S,057, AsOs> PactBop I, B Kl
S%, 5057, S,057, AsO5”, Pacteop KMnO, B
NO,’, C,0.%, CI', Br, I, CCPHOKHUCJION cpejie

CN’, SCN
Il UaauddeperTHbie S0,%, CO5*, PO,”, OtcyTcTBYET
CHsCOO', B,O;*, BO,

B oTiauume OT KaTMOHOB IOYTH BCE AHMOHBI MOYXHO OTKPBITH JPOOHBIM
METOJIOM B OTJEJIbHOM MOPIMU HCCIETYEMOIO pacTBOpa B MPUCYTCTBUU JAPYTHX
aHUOHOB, TPYIIOBBIE PEAKTUBBI MNPUMEHSAIOTCA HE IS pa3feieHus  rpynn
aHWOHOB, a TOJIBKO JIJI1 UX OOHAPYKEHHUS.

Ecoim kakas nubo rpynma OTCYTCTBYET, €€ TpyHIOBOM pPEakTHB C
aHaJM3UPYEMbIM PACTBOPOM HE JA€T HUKAKOIO ocajika. B 3ToM ciiyyae oTnajaer
HEO0OXOJIMMOCTh MPOBOJUTH PEAKIIMU HA OT/ACJIbHbIE aHHUOHBI JaHHOU Trpytbl. Co
MHOTUMU PEAKIUSIMHU Mbl BCTPEHAIUCH IPU U3YYEHUN KAaTHOHOB.

Hanpumep, nonsl 6apusi OTKpBHIBAIN MPU MTOMOIIM PEaKIUN C SO42', WOHBI
Ca®" - IIPU TTIOMOIIA C2042', WOHBI Ag+ - mpu momouk Cl u Tak ganee, a B aHanmse
aHWOHOB, HA0OOPOT, MPH IMOMOIIY ATUX KATHOHOB OTKPBIBAIOT COOTBETCTBYIOIIUE
AHUOHEI.

6.1 JlaGoparopnasi pabora Ne 8 '"AHanuTHyecKHe peakuuy aHWMOHOB
NepBOM AHAJIUTHYECKON rpynnsl'

XapakTepucTuKa rpynibl

K mepBoii rpyIe OTHOCATCS aHHOHBI KHCIOT: cepHoil SO4~, CepHHCTOl
SO5%, ceproBarucroit S,05°, docdoproit PO, xpomosoit CrO,>, yroapHON
C032', II[aBEJIEBOI CZO42' OopHOM B4O72' u BO, .

AHHOHBI IEPBON AHATUTHYECKOU TPYTITIHI OCCIIBETHBI.

['pynmoBBIM peakTHBOM Ha MIEPBYIO TPYIITY aHUOHOB SIBJISIETCS XJIOPU Oapus
BaCL, B neliTpansHOl wuiau cnadomenodnoit cpeae. Conau cepebpa aHHOHOB
MEePBOM TPYNIBI B OTJIMUKE OT BTOpou rpymmbl pactBopumbl B HNO3, a cymibdar
cepeOpa pacTBOpUM U B BojJ€. bapueBble COJIM aHWOHOB TEPBOW TPYMIBI HE
PacCTBOPSIFOTCS B BOJIE, HO PACTBOPSIFOTCSI B MUHEPATIbHBIX Pa30aBICHHBIX KHCIOTaX
(kpome BaSQy).




Xoa paboTbl
Peakuuu cyiabdar — uoOHOB

CynbdaT MOH — aHUOH CUJILHOW JIByXOCHOBHOM CEpHOM KUCIOTHI. B BOAHBIX
pacTBopax cyib(ar — MOH OECUBETEH, MPAKTUYECKU HE TUIPOIU3YETCs, 00IaaaeT
OKHUCJIUTEIIbHBIMA CBOMCTBaMH, KOTOpbIE, OJHAKO, B pa30aBICHHBIX PaCTBOpPAX
o0byHO He peanu3yroTcs. Cynbdar MOH Kak JUraHa oOpa3yeT CpaBHUTEIBHO
MaJIOCTOMKHE CYJIb(aTHbIE KOMIIEKCH METAJLIOB.

Cynbdatbl aMMOHHS U MHOTHUX METAJIJIOB XOPOIIO PACTBOPSIIOTCS B BOJE.
CynbdaTel KaJabIlus, CTPOHIHUS, Oapusi, CBHHIIA MaJOPACTBOPUMBI B BOJE, UTO
HIMPOKO UCIOJIb3YETCS] B XUMHUYECKOM aHAIIU3E.

1. Peakuus c xjopugom Oapusi (dapmoxoneitHas). Cynbdar HOH 1pH
B3aMMOJICUCTBUM C KaTMOHOM Oapusi 00pa3yeT Oenblii KpUCTAUIMUECKUH 0CaioK
cynb(ara Oapus, KOTOpBI HE pPACTBOPUM B KHUCIOTaX M IIeloYax, 3a
UCKJIFOYEHUEM KOHUEHTPUPOBAHHOW CEPHOM KHCJIOTHI, B KOTOPOM OH YaCTHUYHO
pacTBOpsieTCsl C 00pa30BaHUEM KUCION COJIH.

Brinonxenue peakuuu. K 2-3 kamisaMm pacTBopa cyibdara HaTpus
NPWINBAIOT 2-3 KaIliu pacTBopa xJjopuna Oapusi. OcaloKk IensT Ha JBE YacTH U
UCIIBITBIBAIOT PACTBOPUMOCTD €I0 B COJITHOM KUCIIOTE U IIEJIOYH.

2. Peakmnus ¢ katmoHamMu cBWHIIA. PacTBOpMMBIE COM CBHHIIA C CYyIb(har —
MOHAMU O0pa3yroT Oenblii 0calloK Cylib(aTa CBUHIIA, KOTOPBI HE PacTBOPUM B
pa30aBIEHHBIX KUCJIOTaX, HO PACTBOPSIETCS NMPHU HAarpeBaHUM B €AKUX IIEJIOYaX U
areTaTe aMMOHMS.

Brimonnenune peakuumn. K 4-5 xamisiM cepHOM KHCIOTHI WM PacTBOpa €€
COJIM PHUOABIIAIOT CTOJBKO )K€ peakTuBa. VICNBITHIBAIOT pACTBOPUMOCTh OCAJKa B
1e04ax U KOHLIEHTPUPOBAHHOM PAacTBOPE alleTaTa aMMOHUS IPU HATPEBAHUU.

KoHnienTpupoBaHHas cepHasi KUCJIOTa PaCTBOPSIET OCAOK CyJibdaTa CBUHIIA C
obpasoBanuem oucynbdara ceunia: PO(HSO,),.

Peakuum cyab(pur — HOHOB

Cymsdur wmomst  SOs°  u rugpocyasdur momsl HSO; - aHHOHSBI
JIBYXOCHOBHON HECTAaOMJIBLHON B BOJHBIX pacTBOpax cepHUCTON KucioThl H,SOj,
KOTOpasi IpU MOHU3ALMH I10 NIEPBOU CTAAUU SIBJISECTCSA KUCIOTOU CPEIHEMN CHUIIbI, a
o BTOpPOM — OYeHb cinaboil. B BOAHBIX pacTBOpax Cyidb()UT HMOHBI OECLBETHBI,
nojaBeprarorcs ruapoauzy. OHU HE YCTOWYMBBI M B BOAHBIX PACTBOPAX JETKO
OKHCISIOTCS 10 HoHa SO,”, MOITOMY SBISIIOTCS CHIIBHBIMH BOCCTAHOBHTEISIMIL
OpHako HEKOTOPbIE CUIIbHBIE BOCCTAHOBUTENH, TAKUE KaK METAIUIMYECKUHN LIUHK, B
KHCJION cpesie, MOTYT BOCCTaHOBUTH CYJIb(GUT — HOH 710 cepoBogopoa. Cynbdur —
MOH 00Ja/1aeT JA0BOJIBHO 3(PPEKTUBHBIMU KOMIUIEKCOOOPA3YIOUIMMHU CBOHCTBAMU
KaK JIMTaH/.

Cpennue cynb(UTHI HATPUS U KAJIHS XOPOILIO PACTBOPSIIOTCS B BOJIE, CPEIHUE
CyAb(GUTHI JPYTUX METAIUIOB, KaK MPaBUIIO, MAJIOPACTBOPUMBIE B BO/JIE.

[Tpu neficTBUM KUCIOT Ha CyIb(UTHI OHU Pa3IararoTcs.



1. Peakuus ¢ xnopunom 6apus (dpapmokorneiinas). CyabhuT — HOHBI 00pa3yeT
C KaTMOHaMu Oapusi Oenblil KpUcTaIM4ecKuil ocanok cynbpura Oapus. Ocanok
pacTBOpSIETCS B COJISTHOW M @30THOM KUCIIOTax ¢ BblienaeHueM SOs.

Bemonnenne — peaknuu. K 4-5 kamnsMm pactBopa cyiabdura HaTpus
npuOaBIAIOT CTOJIBKO K€ XJopuaa O6apusi. VICIIBITEIBaOT pacTBOPUMOCTh OCaJ/IKa B
a30THOM M COJIIHOM KucioTax. EciaM ocalok HE MOJIHOCTbIO pPacTBOpSIETCA B
KHCJIOTax, TO 3TO 00BACHAETCSA IPUCYTCTBUEM B Ocajke Cyib(ara Oapus.

2. Peakuus pasnoxkeHus cyiabputa kucimoramu (papmoxomeitnas). Bce
MUHEpPAIbHBIE KUCIOTHl pa3iaraioT CyJb(PHUTHl C BBIICICHUEM CEPHUCTOTrO rasa.
Boeinenstonuiics CcepHUCTBIM ra3 OOHApyKMBalOT MO 3amaxy JuOo 1o
00eCIIBEUMBAHHIO PACTBOPa Ho/1a WK TIepMaHTaHaTa KaJus:

SOZ + |2 +2H20 = H2804 +2HI

5S0, + 2 KMnO, + 2H,0 = K,SO, + 2 MnSQO, + 2H,S0,

Paznoxxenue cynb(UTOB NOJ AEUCTBUEM KHUCIIOT YCKOPSIETCS MIPU HarpeBaHUU
U 1pu noHmxenuu pH cpensl.

Bemonnenne peaknuu. Peakiuio mpoBoaAT B coelnuaibHOM npubope. B
CKJISTHKY TIOMEIIAIOT 5-6 Kamesb pacTBOpa Cylb(pUTa HATPUs, IPHWINBAIOT CTOJIBKO
K€ pacTBOpa CEpHOM KHUCIOTHI U OBICTPO 3aKPBIBAIOT MPOOKOH € MUMIETKOW, B
KOTOpOM HaxonmArcs 1-2 kammm pacTBOpa MoJa WM IOAKUCIEHHOIO pPacTBOpa
nepMaHraHata Kajuus. Beyienstomuiicss cepHUCTBIN ra3 00eCIBEUMBAET pacTBOp B
numnerke. OnbIT MOXKHO MPOBOANTH B IPOOUPKE U BBIICIIAIOMIMICS CEPHUCTBIN ra3
ONpENENATh 1O 3anaxy.

3. Peakuus ¢ oxucnurenssmu. OKUCAUTENM — HOJA, NMEpPMaHraHaT KaJlIHus W
JIPYTUe OKUCISIIOT CYJIbMUT — MOHBI 0 CYIb(paT — HOHOB.

Boinonnenne peakimuu. K 2 — 3 kamnsM pactBopa cyib(duTa HATpus
npubaBisitoT 1 — 2 KamiM pacTBopa COJSHOM KHUCIOTHI M 2 — 3 Kalulki pacTBOpa
nona. HabmogatoT obeciiBeunBanue Hona.

[lepmanranat kajaust B KHCJIOM cpelleé TakKe 0OEClIBEUMBAETCSl BCIICACTBHE
BOCCTaHOBJIEHMS Mn' hi (o) Mn**,

B menoyHoM WM HEUTPAIBHOM Cpele NEPMAHTaHAT Kajiusl BOCCTAHABIIM-
BaeTcsi CyJab(QUT - MOHOM JI0 YETHIPEXBAJIEHTHOTO MAapraHiia, BbIMaaaeT Oypbli
XJIOTIBEBUJIHBINA OCAJIOK MAapraHOBATUCTOU KUCIOTHI Uit MnO(OH)s.

4. Peakmusi ¢ HUTpatoM cepedpa. AgNO3 ¢ cynbdut — noHaMu | HEUT-
panbHOM cpejie oOpaszyeT Oenblil KpUCTAITMYECKHM 0CcaloK Cyib(uTa cepedpa.

Ocanok pactBopuMm B HNO3; u NH,OH. B u30siTke cynbpuTta HaTpUsi 0Caa0K
pacTBopsieTcsi ¢ oOpa3oBaHueM  KomIuiekKCHOM — comum  Naz[Ag(S,03);]
(nucynbputunaprenara Hatpusi). [Ipu KumnsueHUU pacTBOpa KOMIUIEKCHOW COJH
WIM ocajka cylbdura cepedpa OCaJoK TEMHEET 3a CYET BBIJCJICHUS OKCUIA
cepedpa — Ag,0.

Breimonnenne peaknuu. K 5 — 6 kamisim pacTBopa cyib(puTa HATpUS
npuOaBISAIOT CTOJBKO e HHUTpaTa cepedOpa. HabOmronmaror BhimageHue Oenoro
ocajnka. PacTBop ¢ ocagkoM JensIT Ha 3 4acTH M MCHBITBIBAIOT PACTBOPEHHE
ocajka B pa30aBIEeHHOW a30THOM KUCJIOTE, TMIPOOKUCH aMMOHHMS M B H30BITKE
cyabputa HaTpus. PacTBop B TpeTheil MNpoOUMpKE KUMATAT W HAOIIOJAIOT
BbIJIEJICHUE U3 pacTBOpa OKCcHaa cepedpa.



Peakuun THOCY.1b(aT — HoHa S,05°

Tuocynbdar — HoH S,05° - aHHOH HEYCTOMYHUBOW JBYXOCHOBHOU THOCEPHOMU
kucinoTel H,S,03 cpenneit cuibl, KOTOpas B BOAHBIX pacTBOpax paszjiaraercs ¢
BBIJICJICHUEM 3JIEMEHTapPHOU CEpBHl.

B BoaHbIX pacTBopax THOCYJIbPaT — HOH OECUBETEH, MPAKTUYECKH HE
TUAPOJIU3YETCS,  SIBIAECTCS  CHJIBHBIM  BOCCTAHOBHUTEIIEM U JIOCTaTOYHO
3¢ (HEKTUBHBIM JIMTAHIOM — KOMILIEKCOOOpa30BaTEIeM.

Tuocynbhathl MEITOYHBIX METAIUIOB CTPOHIIHS, ITMHKA, KaJMHus, Mapranma(2),
xenesza(2), kobanbra(2), HUKeNnsA(2) pacTBOPUMBI B Boje. TuocyibdhaThl Ipyrux
METaJVIOB MaJIOPaCTBOPUMBIE B BOJIE.

1. Peaxnus ¢ xmopuaom 6apust BaCl,. Xnopun 6apus ¢ Tnocynbdar HoHaMu
naeT 0enblid 0caoK THOCYb(aTa Oapusi, KOTOPBIA PACTBOPSIETCS B KUIIAILEH BOJIE
U B pa30aBICHHBIX MUHEPAIbHBIX KUCIOTAX C BBIICICHUEM CEPBHI.

Boimonnenne — peakuuu. K 4-5 xamnsm pactBopa THOCyNb(aTa HaTpus
MpUOABIISIIOT CTOJBKO k€ xyopuaa Oapus. K momydeHHOMY ocajiky NmpHOaBIISIIOT
10-15 xanens Boabl ¥ KUNATIT. HaOmoqaroT pacTBOpeHue ocaaxa.

2. Peakuus c kucioramu. Pa3z0aBlieHHBIE KHCIOThI BBITECHSIOT U3
THOCYJb()ATOB CEPHOBATUCTYIO KUCIOTY, KOTOpas TOTYAC pasiaracTcsl.

BrizieneHue cepbl BEI3BIBAET IOMYTHEHUE PACTBOPA.

Beimonnenne peakuumu. K 4-5 kamiam pactBopa THOCyNb(aTa HaTpus
NpUOABIISIIOT CTOJIBKO JK€ 2 H pacTBopa COJIIHOM KHUCIOTh. CMech crerka
HarpeBaroT U HAOIIOJAIOT BBIICJICHHE CBOOOIHOM CEpHI.

3. Peakmms ¢ Hutpatom cepedpa. AGNO3 c THOCcymbpaT HMOHAMH JaeT
OenbIit
ocasok THocyib(dara cepedpa. Ocagok MOCTENEHHO OypeeT M 3aTeM CTaHOBUTCS
YEepHBIM, IPEBPAIAsCH B CyIbu cepedpa.

N30b1TOK THOCYNBb(aTa HaTPUsL PACTBOPSET OCATOK THOCYNb(aTa cepedpa ¢
obpaszoBanreM koMiuiekcHoM comu: Nas[Ag[S,03),]

ITo atoii sxe npuunne u AQCl pacTBopsieTcs B THOCY Ib(aTe HATPHUS.

Breimonaenne  peakumu. K 3-4 karusim pacTBOopa THOCYNbGaTa HATpuUs
NPWIMBAIOT MO KaljisiM pPAacTBOpP HHUTpara cepedpa 10 00pa3oBaHHUS OCaAIKa.
CopnepxuMoe MPOOMPKH JENSIT HA JABE YacTU. B oaHy MpoOMpPKY MPUIMBAIOT TIO
KaIIiM PacTBOpP TUOCYJb(aTra JO0 PacTBOPEHMs OCaJKa, B APYrod HaOIOAaroT
M3MEHEHHUE OKPACKHU 0CaIKa.

4, Peakumu c¢ i#omoM. PactBop Monma oOecuBeuuBaeTcs THUOCYIb(paTamu,
KOTOpPbIE OKHCISIOTCS 10 COJel TeTpaTMOHOBOM KHUCHOTHL. TuocylbdaTsl
BOccTaHaBiuBatoT Takxke KMnQO,4 B kucioit cpene.

Boinonnenne  peakumu. K 4-5 kamisim pacTBopa THOCY/b(aTa HaTpus
MPWIMBAIOT TIO KAIUIsIM pacTBOp Hoja.



Peaxuuu ¢ocpar — nonos

Annon PO,” - aunon oprodochopHON KHCIOThl GecuBerer. IS M3ydeHus
peakiuii 6epyt Na,HPO,4, uMeronuii peakiuio cpeibl, OJU3KYI0 K HEUTpaJIbHOM;
NazPO, umeeT cuibHO 1IeNnouHy0 cpeny. OpTodocdaTsl aMMOHUS U IIETOYHBIX
METaJUIOB, a Takke TUruApodochaThl MET0YHO3EMENIbHBIX METAIIIOB PACTBOPUMBI
B Bozie. Oprodocdatrsl Apyrux METaLIOB, KaK MPaBUIIO, MAaJOPACTBOPUMBI B BOJIE,
HO OOBIYHO PACTBOPSIOTCA B MHUHEPAIbHBIX KUCIOTaX M B YKCYCHOM KHCIOTE
(xpome docdartos xkenesa(2), aTFOMUHAS, XPOMa, CBUHIIA).

1. Peakuus ¢ xnopumom Gapus. Xmopun Oapusi BBIAEISIECT U3 HEUTPaIbHBIX
pacTBOpoB (QocdaToB Oenbiii aMopdHBIA ocamok ruapodocdara Gapus. Ocamok
pacTBOPUM B MUHEPAJIBHBIX KHCIOTaX (KpOME CEpPHON KHCIOTBI) U YKCYCHOMU
KHCTIOTE.

Boimonnenne peakiuu. K 4-5 kamnsm pactBopa ruapodocdara HaTpus
J00aBJISIIOT CTOJIBKO K€ pacTBopa xJyopuaa Oapusi. VCHbITBIBaIOT pacTBOPUMOCTD
0CaJIKa B COJITHOM U a30THOW KHUCIIOTaX.

2. Peakmuu ¢ nutparom cepedpa. AGNO; ¢ docdar noHamu aet KenTblid
ocaok ¢ocdara cepedpa, KOTOPBIA JETKO pPAaCTBOPSETCS B MHUHEPAIbHBIX
KHCJIOTaX u
TUPOOKUCU aMMOHHMUSI.

Boeimonnenne peakuuu. K 4-5 kamnsm pactBopa ruapodocdara HaTpus
npuOaBIAIOT CTOJBKO K€ HHUTpUTa cepedpa. IIpoBepsoT pacTBOPUMOCTH
MOJTy4YEHHOTO OCa/IKa B a30THOM KUCIIOTE U THAPOOKHUCH aMMOHUSI.

3. Peakumsa ¢ Mar"He3nasibHOW cMecbto. CoOnM MarHhsi B IIPUCYTCTBHH
NH4OH u NH4CI ¢ dochar nonamu o0pas3yror Oenblii KPUCTAIMUSCKHA OCa0K
MarHui — aMMOHUU - ocdaTa, KOTOPBIH JIETKO pacTBOPSAETCS B KUCIOTaX.

Boimonnenne peakiuu. K 2-3 kamnsm pactBopa ruapodocdara HaTpus
n00aBIIAIOT 2-3 KaIulk pacTBOpa XJIOpUAa aMMOHUS, 2-3 KallJld pacTBOpa aMMHaKa
U 2-3 Karm pactBopa xJjiopujia Marausi. [IpoBepsroT pacTBOPUMOCTD MOTYYEHHOTO
OocajJKa B a30THOU U COJITHOM KHCJIOTaX.

4. Peaxmust ¢ monmomatom ammonus. (NH4),M0O, npunuthiii B M30bITKE K
a30THOKHUCJIOMY pacTBopy ¢ocdaToB, 1gaeT NpHU MOAOTPEBAHUU  HKEITHIH
KpUCTAJUTMUECKHi ocanok (hochopo - MombaTa aMMOHUS, KOTOPBIM paCTBOPUM B
eIKHUX IIeJI0Yax U TUAPOOKUCH aMMOHHSL.

Boimonnenne  peaknuu. K 5-6 xamisim pactBopa MOJIMOAEHOBOM KUIKOCTH,
MOJKUCIICHHOW HECKOJIbKUMM KaIlJIAMHU a30THOW KUCIOTHI U Harperor a0 50-60°C,
npubasisitoT 1-2 kamu rugpodocdara natpus. HaGnrogaror BeinaieHue XeIToro
ocaJiKa.

Peakuuu xpomMaTt — HOHOB

Aunon CrO,* - KenToro nBera, B KUCION cpele OH MEPEXOJUT B Cr,0,*
OpPaHXKEBOTO I[BETa. XPOMOBAs M JIBYXPOMOBAasl KHUCJIOTHI CYIIECTBYIOT TOJILKO B
pacTBOpax, M MPH TIOMBITKE BBIAEIUTh MX B YHCTOM BHJIE OHU Pa3jararoTcsi Ha
xpoMoBbIil anrupua CrO; u Boay.



1. Peakmus ¢ xmopunmom Oapus. Xmopua Oapus ¢ XpoMaT HOHAMHU JaeT
MKEJITBIN 0CaZlok XpomaTa Oapusl.

Beinonnenune peakuuu. K 1 kamne pactBopa conmu 06apusi B NPUCYTCTBUU
anierata HaTpus (1 xamist) noOaBisoT | Karuio pacTBopa XpomaTa Kalus, MpH
ATOM BBINAIAET KENThIA KPUCTAIMUECKUNA OCalOK Xpomara dapusl.

2. Peakuus ¢ Hutparom cepedbpa. Hutpar cepebpa ¢ XpoMar MOHaMU Jaetr
KpacHO-OypbIii 0caJIoOK Xpomara cepedpa, KOTOPBI pacCTBOPUM B a30THOM KUCIIOTE.

Bemonnenne peaknuun. K 2-3 karmsim pacTBopa Xpomara Kajus WIA HaTpus
PUOABIISIFOT CTOJIBKO K€ pacTBOpa HUTpATa cepedpa.

3. Peakmus e ameratom cBUHIA. PacTBOpuMBIE CONMM CBHHIIA C Xpomar
MOHAMH JTAf0T KENTHIA 0CAaJOK XpOoMaTa CBHHIIA, KOTOPBIA PACTBOPSAETCS B A30THOU
KHUCJIOTE, B €/IKUX III€JI0YaX U HE pACTBOPUM B YKCYCHOM KHUCIIOTE.

BrllonHeHHe peaklyuy TaKoe ke, Kak U ¢ XJIOPUA0M Oapusl.

Peakiun ¢ mnepokcugoM Bojopoaa. H,O, B KuCIOM cpene OKUCISIET
XpoMaT-uoH B HaIXpoMoBYI0 KUCIOTy H,yCrOg, OKpallnBaroIyo pacTBOp B CHHUN
LBET, JIETKO NEPeXOo il B 3pupHBIN cioil. B BOIHBIX pacTBOopax HaJAXpoMoBas
KHCJIOTa HEYCTOMYMBA U pazjaraercs A0 coeluHeHuil xpoma(3), oKpalluBaromIui
pacTBop B 3eyeHbId HBeT. OTHAKO B pacTBOpax OPraHMYECKUX PaCTBOPUTENIEH OHA
CpaBHUTEIBHO ycToWuMBa. [loaTOMy ee OOBIYHO SKCTParvpyrT M3 BOJHOTO
pacTBOpa OPraHUYECKUM DKCTPAr€HTOM, KOTOPBIA OKpPAILIMBAETCA B MHTCHCUBHO
CHUHHM IBET.

Boinonnenne peakuuu. llomydeHne HaaXpomoBOW KHUCIOTHL. B mpoOupky
MOMEMIAIOT TPU KaIliu pa30aBICHHOW CEpPHOM KHUCIOTHI, TPU KaIlJM MEPOKCHUJA
BOZOPOJAa U JIB€ Kariu 3(upa, CMECh BCTPAXUBAIOT. 3aTeM NMPUOABISAIOT JIBE-TPU
KAl TOJyYEHHOT'O pacTBOpa Xpomara (3KENTOro LBETa) U CHOBA BCTPSIXHMBAIOT.
HaOmronaroT okpacky 3(pupHOro cios.

Peakuumn kapOoOHAT — HOHOB

KapOoHnatbl — con HecTaOUIIbHON OYeHB cl1aboit yroipHOM KuciIoThl HyCOs,
KOTOpasi B CBOOOJHOM COCTOSIHUM B BOJHBIX pacTBOpax HEyCcTOHYMBa U
pasiaraeTcs C BbIACICHUEM AUOKCUIA yIiepoa.

VYronpHas kuciaoTra oOpasyeT JBa psAa cojeil: cpenHue KapOOHAThl, WU
npocTo KapOoHaThl M THApoKapOoHaThl. KapOoHaThl aMMOHUSA, Kanus, pyOouaus
11e31sl pacTBOpUMEI B Bojie. KapOonaT mutust B Boje ManopactBopum. KapOoHaTsl
JIPYTUX METAJIOB MaJIopacTBOPUMBL. | HapokapOOHATH pPaCTBOPSIFOTCS B BOJIE.

KapOoHnatr — WOHBI B BOJHBIX pacTBOpax OECIBETHBbI, HE 00Jadal0T HU
OKHCIIUTETHbHBIMU, HU BOCCTAaHOBHUTEIHHBIMU CBOWCTBaMU. KapOoHaT — HOHBI
CIOCOOHBI, KaK JHraHAbl, K OOpa30BaHHWIO pPAa3IUYHBIX 10 YCTOWYHMBOCTH
KapOOHATHBIX KOMIUIEKCOB C KATUOHAMU PsiJia METAJIJIOB.

Kapbonat — HOHBI B BOJHBIX pacTBOpax MOJABEPraloTcsa ruaposusy. BonHbie
pacTBOpbl TUAPOKAPOOHATOB INETOYHBIX METAUIOB HE OKPAIlWBAIOTCS MpU
npuOaBICHUH K HUM Karuid (peHon(TanenHa, 4To MO3BOJSET OTIMYATh PACTBOPHI
KapOOHATOB OT PaCTBOPOB TUAPOKAPOOHATOB.

1. Peakmus ¢ xmopuaom 6apusi. Xoopua 0apus ¢ kapOoHAT - HOHaMHU 00pasy-



eT Oenblil 0caZok kapOoHaTa Oapus, KOTOPBIA PACTBOPUM B a30THOM, COJITHOMN U
YKCYCHOM KHCJIOTax.

Boimonnenne peakiuu. K 4-5 kamnsiM  pacTBopa KkapOoHata HaTpus
IPWIMBAIOT CTOJIBKO ke Xyiopunaa Oapusi. [IpoBepsitoT pacTBOPUMOCTH OCajKa B
KHCJIOTaX.

2. Peakuust ¢ MmuHepaiabHBIMU KuclioTamu (dapmakomneiinas). PazoaBieHHbIe
KHUCIIOTHl pa3jaraloT KapOOHAThl C BBIJCJIEHUEM YIJIEKUCIOro rasza. OITo
crienpudeckas peakius Ha HoH CO5”

Brigenenue yriekucrnoro rasa oOHapyXHBAeTCsl MO MOMYTHEHHIO H3BECT-
KOBOM i OaputoBoil Boabl. Ilpm mgmurensHoM npomnyckanuun CO, ocanok
pacTBOpSIETCS BCIIENCTBHE 00pa30oBaHUs OMKapOOHATa KATBITHS.

Beinonnenne peakuuu. OnbIT NPOBOAUTCS B MPHOOpPE, KOTOPBIM MPUMEHSIICS
JUIsl OOHApYKEHHsI CEPHUCTOrO raza. B ckisiHKy nmpubopa nomemaroTr 5-6 Kanenb
pacTBopa KapOOHaTa M CTOJBKO >K€ COJIIHOM KHUCIOTBL. BBICTPO 3aKpbIBAaIOT
CKJISTHKY IPOOKOH ¢ MHUIETKOW, B KOTOPOM HaxoasTcs 1 - 2 KaIjiu HW3BECTKOBOM
BOJIbI, U HAOJIIOIAIOT MIOMYTHEHHUE pacTBopa — oopa3zoBanue Ca(OH),.

[TpucyTcTBUE CYyABPUT - U THOCYIB(AT - HOHOB MEIIAET OTKPHITUIO KApOOHAT
- NOHOB, TaK KakK MpH JCHCTBUM KHCIOT OHH BBLAEISAIOT CEPHUCTBIA a3, KOTOPHIH
TaK)K€ BbI3bIBA€T MIOMYTHEHUE M3BECTKOBOM BOABI. Eciu 3TH MOHBI OOHApYKEHBI,
TO mepen oTkphiTHeM aHuoHa COs” HX OKHCISIOT. JIs 3TOro K 5-6 Kammsam
UCIIBITYEMOT'O0 PacTBOpa HCIBITYEMOTO pacTBOpa cHavajla MHpuOaBisoT 5 - 6
kanens pactBopa H,O, mimm KMnO,4 a 3aTeM nprCTynaroT K OTKPBITHIO CO5”.

3. Peakuust ¢ HutpaTtom cepedpa. Hutpar cepedpa u3 pacTBOPOB KapOOHATOB
ocaxxgaeT Oenblid  ocalok KapOoHata cepeOpa, KOTOpPBIA pacTBOpSIETCS B
pa30aBICHHBIX KUCIOTaX W THAPOOKUCH aMMOHHSL.

Boinonnenne peaknuu. K 2-3 kamisaMm pactBopa kapOoHaTa HaTpusl NpH-
0aBJISIOT CTOJIBKO JK€ pacTBopa cepedpa.

4. Peakmusi ¢ cynb(arom maraus (dapmakornerinas). KapObonat — HOH c
cynbaroM MarHusi oOpa3yer Oenblii Ocalok KapOoHaTa MarHus, KOTOPBIM
pacTBopsieTcsl B kuciotax. [ mgokapOboHaT — MOH oOpa3yeT ¢ CynbhaToM MarHus
0CaJI0K TOJIBKO MPH KUIISTYECHUU.

Brimonnenne peakiuu. B mpoOupky BHOcAT 3 — 5 Kamenb pacTBopa
KapOoHaTa HaTpusi, MPUOABIAIOT CTOJBKO K€ HACHIIIIECHHOTO pacTBopa cyibdara
MarHus. Beimagaet 6enblii ocagok kapOoHaTa MarHusl.

Peaknuu oxkcaJjiaT — HOHOB

OxcanaTt — MOH - C2042' - aHMOH JIBYyXOCHOBHOM IaBesieBoi kuciiotsl HyCo0y
CpeIHEHl CHIIBI, CPABHUTEIHLHO XOPOIIO pacTBOpMMOM B Boae. OkcaiaT — HOH B
BOJIHBIX  pacTBOpax  OECIBETEH, YaCTHYHO  TUAPOIU3YETCS,  CHJIbHBIN
BOCCTAaHOBUTENb, A(P(GEKTUBHBINA JMraH — o0pa3yeT yCTOWYHMBBIE OKCaJlaTHBIC
KOMILIEKCHI C KATHOHAMH MHOTOOCHOBHBIX METAJIJIOB.

OxcanaTpl MIETOYHBIX METAIIOB, MAarHUsl 1 aMMOHHSI PAaCTBOPSIFOTCS B BOJIE.
Oxcanarbl Ipyrux KaTHOHOB, KaK MPaBUJIO, MATIOPACTBOPUMBI B BOJIE.

1. Peaxuuu ¢ xmopugom Gapust. Xitopun Gapust ¢ annonamu C,04° oGpasyer



Oenplii TBOPOXKUCTBIA OCANOK OKcajaTa Oapusi, KOTOPBIA JIETKO pacTBOPSETCS B
COJISTHOM U Q30THOU KUCJIOTaX.

Bemonnenne peakuuu. K 4-5 kamsm  pacTBopa oOKcajlaTa aMMOHUS
NpUOABIISIIOT CTOJIBKO K€ pacTBopa xjopuaa Oapusi. Pa3menuB ocajgok Ha aBe
YaCTH, UCIIBITHIBAIOT PACTBOPUMOCTh OCA/IKa B COJIIHOW U a30THOM KUCIIOTaX.

2. Peakuuu ¢ xjopugoM kanbius. CaCl, ¢ okcayiar - moHaMU JacT OebIi
MEJIKOKPUCTAJUIMYECKA OCAIOK OKcajlaTa KalblUs, KOTOPbIA HE pAacTBOPUM B
YKCYCHOU KHCJIOTE, HO PACTBOPSAETCS B MUHEPAJIbHBIX KACIIOTAX.

Beimonnenne peakuuu. K 4-5 kamisim  pacTBopa OKcajlata aMMOHUS
npUOABISIIOT 5-6 Karenp pacTBOpa XJopuaa Kaneuus. [IpoBepstoT pacTBOPUMOCTh
0CaJiKa B YKCYCHOM U COJISTHOM KHCJIOTAaX.

3. Peakuus ¢ mepmanranatom kamusa. KMnO, B kucioii cpene OKHUCISIET
OKCaJaT-uoOH B YTOJIbHBIM aHTHJIPUJ, & CaM BOCCTAHABJIMBAETCS 10 OECLIBETHOTO
rona Mn*",

Bemmonnenne peakuuu. K 4-5 kamism  pacTBopa oOKcajlaTa aMMOHUS
npubaBISIOT 5-6 Kamenab CEpHOM KHUCIOThI, cMmech HarpeBaior g0 70°C. K
MOJYYEHHOMY PacTBOPY MPHWJIMBAIOT IO KaIUISIM PAacTBOpP I€pMaHraHata Kajvs U
HaO0JII0a0T 00ECIBEUMBAHKUE PACTBOPA.

Peakuum Gopar - HOHOB B4O72‘ u BO,

Terpabopar — non B4O;” - aHHOH IBYOCHOBHOH TeTPaGOPHOH KHCIOTHI
H,B,40, koTopas B CBOOOIHOM COCTOSIHUM HEU3BECTHA, HO MOXET CYIIECTBOBATh B
pacTBopax.

TerpaGopar — uWOH B BOAHBIX pacTBOpax OECIBETEH, MOABEpraercs
rJ1yOOKOMY THAPOJIU3Y, HE MPOSIBIISAS OKUCIUTENIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB,
He 00J1a/1as1 BRIPAXKEHHON KOMIUIEKCOO0pa3yroIiei CIoCOOHOCTHIO.

Mertabopar — won BO, - aHMOH HE CYIIECTBYIOIIEH B pacTBOpax
MeTtabopHoit kuciotel HBO,. OgHako B CBOOOIHOM WHIWBUIYAIbBHOM COCTOSIHUU
MeTabopHast KHCIIOTA CYIIECTBYET B BUJIE TPEX KPUCTATUIMYECKUX MOAUPUKAIHIA.

MeTtabopat — HOH B BOJIHBIX PacTBOpax OECLBETEH, OJIBEPTAETCS TUAPOIHU3Y,
uHauGpepeHTeH KaK OKHCIWTEIh M BOCCTAHOBUTENh, 00JIalaeT yMEpPEHHOUN
KOMIUIEKCO00pasyronieil crnocoOHOCThI0, Kak JnuraHj. VcTuHHOE cTpoeHue u
COCTaB MeTabopaT — MOHa B paCTBOPE HEM3BECTEH.

MeTabopaTsl Bcerzia coiepxaT KpUCTAIUTU3ALMOHHYIO BOJTY.

1. Peakmusa ¢ xjopugoM Oapusi. Xjopun Oapusi  ocaxaaeT U3
KOHLIEHTPUPOBAHHBIX PAacTBOPOB Oypbl Oenblid ocajok MeTabopata Oapus,
KOTOPBIN PacTBOPSETCS B YKCYCHOM, COJITHOW U A30THOW KMCJIOTaX.

Brimonnenue peakuuu. K 4-5 kamism pactBopa Oypsl IpuIMBaroT 5-6 Karesnb
pacTBopa xJopuaa oapus.

2. OxpamuBanue wiaMeHu. CnupT U KOHIEHTPUPOBAHHAS CEpPHAsI KUCIIOTA C
CyxuM OopaToMm oOpa3yet OOpHBIN APuUp, OKPAIIMBAIONINN TUTAMsI B XapaKTEPHBIH
3€JICHBIN LBET.

Bremonuenne peakuuu. B ¢apdopoBoil uamike BbImapuBaioT aocyxa 5-6
Karenb pactBopa Oypel. K oxmaxxaeHHOMY cyxoMy octaTky mpubasisitor 10-12



Kaneyipb crnupra U 4-5 Kamneilb KOHIEHTPUPOBAHHOM CEpHOM KHCIOTHL. (CMmech
NEPEMEIINBAIOT CTEKISTHHOW Majo4ykoil M mojpkuraioT. B mpucyrctBum Oopart-
VOHOB IJIaMsI OKPAIIMBAETCs B 3€JICHBIN 1[BET.

3. OxpammBanue KypkymoBoi Oymaru. KypkymoBas Oymara, cMOYeHHas
pacTBOpOM OOpPHOI KMCIIOTHI, TOCIIE BBICBIXaHUSI IPUHUMAET OPAHIKEBYIO OKPACKY.
[lox meiicTBUEM LIEIOYM OPAHKEBAsI OKPACKA MEHSETCS B CUHE- WM CEPO-YEPHYIO
(B 3aBUCHMOCTH OT KOHIICHTpAIMU O0paT - HOHOB).

Beimonnaenue peaknun. Kartro pactBopa Oypsl noakucisitor HCl n Hanocst
Ha MOJIOCKY KypKyMoBoi Oymaru. Bymary mojcymuBarOT U CMauMBaIOT Karuien
NaOH Ha0mnroaaroT n3MeHeHUEe OpaHKEBOM OKPACKH Ha CUHE- WM CEPO-YEPHYIO B
IPUCYTCTBUH OOpaT - HOHOB.

KOHTpOJILHbIe BOIIPOCHI

1Kakue aHWMOHBI MEpBOM  TPyHIbl  MPOSIBISIOT  OKUCIUTENBHO  —
BOCCTAaHOBUTENbHBIE CBOMCTBA? Hanummre ypaBHEHUS peakuil.

2Kakre aHMOHBI TIEpBOM TIpyHmbl HE NPOSABILIIOT OKHUCIWUTEIBHO —
BOCCTAHOBUTEJIBHBIX CBOMCTB?

3.Kakue BbI 3HaeTe aHHOHBI JIETYUUX KUCIOT?

4.Kakue rpynmnoBbsle peareHTbl MOXKHO IPEIJIOKUTH JIUII AaHMOHOB HCXOMS U3
OKHCIIUTEIILHO — BOCCTAHOBUTENBHBIX CBOUCTB? Hanummre ypaBHEHUS peaKIU.

5.Kakue 6apueBbie COJIM PACTBOPSIOTCS B YKCYCHOM KUCTIOTE?

6.Uto HabOmomaercs MpU MPOMYCKAaHWU 4Yepe3 M3BECTKOBYIO BOAY HM30OBITKA
OKHCH yTJiepoaa?

7.I1Ipennoxute peakuuu ajs ooHapykenus pocdar — noHa.

8.IIpennoxxute peakuuro 1jisi OOHApYKEHUS TeTpadopaT — HOHA.

ollpemnoxure cnenuduyueckyro peakiuioo a8 TUOCylb(ar — HOHA.
Hannmure ypaBHEHHE peaKLMH.

6.2 JlabGopatopHasi padora Ne 9 "AHaquTHuyecKkHe peaKUUM AHUOHOB
BTOPOIii rPynibl AHHOHOB''

Iens:

3HAaTh:

1.  AHanuTHYECKHE pEaKIMd aHWUOHOB BTOPOM AHAJIUTUYECKON TPYIIIbI
AHHUOHOB.

2. IlpaBuna paboThl C BLICOKOTOKCUYHBIMU BEIIECTBAMH.

YMeTs:

1. CocTaBIATh YPAaBHEHUS AHATUTHYECKUX PEAKIINI N3y4aeMbIX aHUOHOB.

2. CocTaBisTh peaKkIuu KOMILIEKCOOOpa30BaHMs.



XapakrepucTHKa Ipynisbl

Ko BTOpO# aHATUTHYECKOW TPYIIIIE OTHOCATCS aHHUOHBI KUCIIOT: cojisiHoi Cl
OpOMHCTOBOIOPOIHOM BT, HOAMCTOBOAOPOAHOM | M1 CEpOBOIOPOIHOM s,

Conu cepebpa aHMOHOB BTOPOM TIpPYIIIBI HE PAcCTBOPUMBI B BOJE U B
pa30aBlieHHON a30THOM KuCIOTE. ['pynmoBbIM pEeakKTHBOM Ha aHUOHBI BTOPOMU
rpynisl sBisiercst AQNO3 B npucyrctBun HNO3.

Bce aHMOHBI BTOpOM AHAJIMTUYECKOM TPYyHObl B BOAHBIX pPacTBOpPAX
OecBeTHBI. BOJTBIIMHCTBO aHMOHOB MEPBOM TPYMIIBI TaKke 00pa3yeT ¢ HUTPATOM
cepedpa HepacTBOPUMBIC B BOJIE COJIM, OJIHAKO BCE OHHM PACTBOPSIIOTCS B a30THOM
KHCIIOTE W OOHApYKEHUIO BTOPOW Tpymnmbl He MemaroT. Conu Oapus aHWOHOB
BTOPOW TPYNIIBI B OTJIWYHUE OT MEPBOM PACTBOPUMBI B BOJAE, MOATOMY XJIOPH]
Oapuisi C aHMOHAMU BTOPOM TPYIIIBI OCAKOB HE 00pa3yer.

Xoa padoTbl
Peakuuu xj10pua — HOHOB

XJIOpUI — HWOH — aHWOH CWJIBbHOW OJHOOCHOBHOW COJISHOW KHCJIOTBHI,
OECIIBETHBIN, HE THAPOJIU3YETCsS, 00JaJaeT BOCCTAHOBUTEIBHBIMU CBOMCTBAMH,
3(Q()EeKTUBHBIN JUTaH], CIHOCOOHBI K OOpa30BaHUIO YCTOMYMBBIX XJIOPUIHBIX
KOMIUIEKCOB C  KaTHOHAMU MHOTMX  METAUIOB.  XJIOPUABI  IICJIOYHBIX,
IIEJI0YHO3EMETBHBIX M OOJBIIMHCTBA JPYTUX METAJIJIOB XOPOIIO PACTBOPSIIOTCS B
Bojie. Xiopubl meau(1), cepedpa, pTyTH, CBUHIIA MaJIOPACTBOPUMBI B BOJIE.

1. Peakuus c HuTparoMm cepebpa (papmakoneitHas). XopuJl — HOHAMU
oOpa3zyeT ¢ KaTMOHaMH cepelpa Oelblii TBOPOKHUCTHIN OCaIOK XJopuaa cepedpa.
Ocamok 1Opu  CTOSHMM Ha CBETY TEMHEET  BCJIEACTBUE  BBIACICHUS
MEJIKOAUCTIEPCHOTO  METaJUIMYecKoro cepedpa 3a cueT (POTOXUMHUYECKOTO
pa3nokeHust XjJopuaa cepedpa.

Cl+ Ag* = AgCl|

Ocamox AQCl pactBopuM B aMMuake, KapOOHaTe aMMOHHS, THOCYJb(dare
Hatpus Na,S,03 u 10% pacteope (NH,),COs.

PactBopumMOCTh Ocazka B KapOoHATE aMMOHHMS UCTIOIB3YETCS JIs OTICICHUS
xjopuga cepedpa OT OpOMHMIOB M HWOAHWAOB, KOTOPHIE HE PACTBOPSIOTCS B
KapOoHaTe aMMOHHUS, YTO CBsI3aHO ¢ BenuuuHoi [1P.

BrinonHeHue peakiuu CMOTPY B aHAJIM3€ KATUOHOB BTOPOM TPYTIIBI.

2. Peaknusg ¢ cuiabHBIMU oOkucautelsiMu. Oxumciutenan - MnQO,, KMNnQO,,
K,Cr,0;, KCIO; u npyrue B KHCIOW Cpefie OKUCISIOT XJIOPHUI — HMOHBI  JI0
CBOOOJIHOTO XJIOpA.

Breimonaenne peaknuu. IlomecTuTh B MpOOUPKY HEMHOTO JIBYOKHCH
Maprasia, npuinuTh 4 - 5 Kameiab pacTBOpa XJIOPHUAA HATPUSA U CTOIBKO K€ KOH-
LEHTPUPOBAHHOW  CEPHOM  KHCIIOTHI. CMecb  OCTOpPOKHO  HArpeBaroT.
Beigensironuiicss Xxja0p 0OHAPY)KHBAIOT MO IBETY W 3alaxy WIA 10 TOCUHEHHIO
HoJKpaxMalbHOM Oymaru, eciiu moJepKaTh €€ y OTBEPCTHUS MTPOOUPKH.

B npucyrctBun OpoMu — U MOJIU]T — UIOHOB PEAKIUsI HEIPUMEHUMA, TaK KaK



OHH BBIJIEJISIOTCS B CBOOOHOM BHJIC M MEIIAIOT 0OHAPYKEHHIO XJI0PA.
Peakuuu 6pomMux — MOHOB

bpoMui — MOH — aHHMOH CHJIBHOM OJHOOCHOBHOW OpPOMHCTOBOJOPOIHOMN
KHCJIOTHI.

B BoaHBIX pacTBOpax OpoMUJT — HOH OECIIBETEH, HE THAPOIU3YyeTCs, 00IagaeT
BOCCTAHOBUTEIHPHBIMA CBOMCTBAMH, OOpa3yeT yCTOWYUBHIE KOMILIEKCH C
KaTHOHAMH MHOTHX METAJIJIOB.

BpomMuibl aMMOHHMS ¥ OOJBIIMHCTBA METAJUIOB XOPOIIIO PACTBOPUMEI B BOJIE.

1. Peaknusa c HutpatoM cepebpa (papmakoneitnas). Hurpatr cepebpa c
noHaMHu OpoMa JlaeT >KeJITOBaTOo-0eibii ocajok Opomuaa cepedbpa. Ocamaok He
pacTBOPSIETCS B A30THOM KHUCIIOTE, IJIOXO PACTBOPSETCSA B TMAPOOKUCH aMMOHMS U
XOpOLIO pacTBOPSETCS B pacTBOpe THOCYIb(aTa HAaTpus ¢ 0Opa3oBaHUEM
THOCYIb(aTHOro KoMIutekca cepedpa [Ag(S:03)2]°

Boimonnenne peakmuu. K 4 — 5 kamnsm pactBopa Opomuaa Kamius
npwiBaloT 4 -5 Kameiab pacTBopa a30THOKHUCIOro cepedpa. McmbIThiBatoT
PacTBOPUMOCTB OCaJKa B a30THOM KHUCIOTE U TUAPOOKUCH aMMOHMUSI.

2. Peakuusi ¢ CUJIBHBIMU OKUCIUTEISIMU. XJIOpHas Boja, a Takke KMnO, u
MnO, OKHUCISIIOT B KHUCJIOW cpeae OpoMujl — MOHBI J0 CBOOOJHOTO Opoma.
OO6pa3zyromuiicss MOJEKYJSIPHBIA OpoM, TPUAAIOIINA BOJHOMY PAaCTBOPY KEITO —
Oypylo OKpacKy, MOKHO SKCTparupoBaTb M3 BOJHOW (ha3bl OpPraHUuYeCKUMH
pacTBOpUTENSAMH (XJI0pOdOPM, YETHIPEXXJIOPUCTHIN Yriaepo, O€H301), B KOTOPBIX
OH pacTBopsieTcsi Ooiblie, yeM B Boje. OpraHMyeckuil ClIoll OKpalluBaeTcs B
KENTO — OypbIN WM JKEJITO — OPAHKEBBIH 1IBET.

Breimonnenne peakiuu. K 2-3 karmism pactBopa OpoMmuia Kaius 100aBISIOT
CTOJILKO € pa30aBJICHHOW CEpHOW KHCIOThI U 5-6 Kamenb OeH30/1a WU
xyiopodopma. B nonyyeHHyr0 cMech IPUIMBAIOT MO KallIIM XJIOPHYIO BOJY MpHU
HSHEPrUYHOM BCTpsAXHBaHUM. OpraHM4ecKHil pacTBOPHUTENb, B KOTOPOM Opom
pacTBOpsieTCs JIydllle, YeM B BOJE, OKPAIIMBAETCS B JINMOHHO WJIM KPacHO-OypbIii
nBet. [Ipu 601bp110M U30BITKE XJIOPHOW BOJBI PACTBOP OOECIIBEYMBACTCS, TaK KaK
obpasyeTtcs OecrBeTHoe coeaunenne BrCl.

3. Peakuus ¢ ¢dykcuHcepHUCTOW KuCTOTOM. DyKCMHCEpPHHUCTAs] KUCIOTa
(pacTBOp (pykcHuHa, OOECIBEYEHHBIN CEPHUCTON KHUCJIOTOM) ¢ mapamMu Opoma Jaer
CUHE - (PHOJIETOBOE OKpaIllIMBaHUE. XJIOPUIbI U HOAUIBI HE MEIIAIOT PEAKIUH.

Boinonnenne peakuuu. B npobupky mpubopa momectuth 5 - 6 Karmelnb
pactBopa Opomuaa kanus, 4 - 5 kanenab pactBopa KMnO, u 4 - 5 kanens 2 H
pacTtBopa cepHOW KuCHOTH. [lpoOupKy 3akphIBalOT MNPOOKON ¢ MHIETKOM,
conmepkarieid 2 - 3 karum pactBopa ¢ykcuHa. [IpoOupky cierka narpeBaroT. B
IPUCYTCTBUH OpoMa oOecHBEYEHHbINH (YKCHUH OKpPAcHTCS B CHHE - (DHOJIETOBBIN
LBET.



Peakuumn iioaua — noHoB

ﬁomm — HWOH — AaHHUOH CHJIBHOW OJHOOCHOBHOW WMOIMCTOBOIOPOIHOM
KHCJIOTH. B BOJIHBIX pacTBopax Hoaua — WOH OECUBETEH, HE THIPOIHU3YETCH,
o0JlajaeT BBIPAKEHHBIMH BOCCTAHOBUTEIBHBIMU CBOMCTBAMH; KaK JIMTaH]I
o0OpasyeT yCTOMYuBBIC HOTUTHBIE KOMILIEKCHI ¢ KATHOHAMH MHOTHX METAJLJIOB.

Moauisl aMMOHHS ¥ GOJIBIIMHCTBA METAILIOB XOPOIIIO PacCTBOPAIOTCS B BOJIE.
ManopactBopumsl B Boje oaua meau (1), cepedpa, ceunua, prytu(l), pryru(Il).

1. Peakuus c uutpatom cepebpa. AGNO; c Hoaun - noHamu oOpasyer
ONeAHO-KEeNThI ocanok noauaa cepedpa. Ocamok Homuaa cepedpa MPaKTUIECKH
HE pPAcTBOPMM B BOJIe, B a30THOM KHUCIOT€ M THUAPOOKUCH aMMOHHUSA, IJIOXO
pPacTBOPSIETCS B pACTBOPE THOCYIb(aTa aMMOHHUSI.

Bremonnenue peakuuu. K 4 - 5 xamisim pactBopa HOAUAa Kanus NpUOaBiIsIFOT
CTOJIBKO k€ peakTuBa. [IpoBepsitoT pacTBOPUMOCTh OCajika B a30THOW KHUCIIOTE U
pacTBOpe aMMHaKa.

2. Peakmus ¢ comsimu cBuHIA. PacTBOpuMMBIE COJM CBHHIA W3 PACTBOPOB
HOJIMIOB OCaXK/1at0T UOAM] CBUHLIA B BHJIE KEJITOr0 ocajaka. Ocajok pacTBOpsETCS
B BOJI€ MpY HArpeBaHUM U BHOBb BBICISAETCS MIPHU OXJIAKICHUHM pacTBOpa B BUJE
30JIOTUCTBIX YEIIyeK.

BrinonHeHune peakiuu CMOTPUTE B JlabopaTopHOU padoTe 2.

3. Peakums ¢ mutrputamu (dapmakoneiiHas). HUTpUT kanusi wiv HUTPUT
HATpUsl B KUCJIOW Cpe/ie OKUCIIAET UOAUA — MOH 110 CBOOOAHOIO Hoja.

Brinmonnenue peakuuu. K 3 - 4 karmisiM UCClIeayeMoro pacTBopa npuOaBisiOT
2 - 3 xarum 2H pacTBOpa CEPHON KUCIIOTHI, 2 - 3 KaIljil pacTBOpa Kpaxmana u 2 - 3
KaIlJll pacTBOpa HUTpUTA Kanus wiv Hatpus. OKpalmBaHHE pacTBOpa B CUHUHN
IBET YKA)KET Ha MPUCYTCTBUE HOIUA — HOHOB.

Ota peakuus SIBISETCS CHEUU(PUUECKON ISl OTKPBITUS HOOUAOB, TaK Kak
XJIOPUJBI 1 OpOMUIBI HUTPUTAMU HE OKHUCIISIOTCA.

4. Peakuust ¢ okuciaurensiMu. XJiopHas UM OpoMHas BOJa BBITECHSET M3
pacTBOpPOB HOAMIIOB CBOOOJHBIM HOJA, KOTOPBIA OKpAaIIMBA€T OpPTraHUYECKUN
pacTBOPHUTEINb B KPAaCHOBATO-(PHOJIETOBBIH 1IBET, a PACTBOP Kpaxmalia - B CHHUU.

Brimonaenue peakuuu:

a) K 1 - 2 xarism pacTBopa Moauaa Kaiausi, MOJAKUCICHHOro 1 Kariei cepHoi
KHUCJIOTHI (B IIEJIOYHOM Ccpelie OKpacka iojia ncuesaet), mpudaBIsioT 5 - 6 Karelb
OeHzona (OeH3uHa win xjopodopma), 1 - 2 Karaum XJOpPHOW BOJIBI U, BCTPSAXHYB
cMecCh, HAOJIIOAIOT OKpacKy ciosi 6ensoiia. [IpubapisitoT U30BITOK XJIOPHON BOJIBI,
Ha0JII0/1aI0T 00€CIIBEYNBAHUE OPTaHUUECKOTO PACTBOPUTEIIS;

0) K 1 - 2 karuiam pacTBOpa moauaa kanus npuodasisior 8 - 10 kanenb pact-
BOpa Kpaxmana, | - 2 Kami XJOpPHOM BOABI U, BCTPSIXHYB CMECh, HAOJIOJAIOT
U3MEHEHHE OKpacku. B mpucyTcTBUM MO - HOHOB PACTBOP OKPACUTCA B CHHUMI
IBET.

XJOpHOM BOJOM MOXHO OTKpBITh HMOHBI Br, |' mpum uX coBmMecTHOM
npucyTcTBud. CHaydajga XJOpHas BOJa OKUCISET MOAMI - MOHBI JO CBOOOJHOTO
fona, 3aTeM npuOaBICHHBIN N30BITOK XJIOPHON BOJBI OOECIIBEUHBACT (PHOJIETOBYIO



OKpacKy OEH30JBHOTO CJIOSI BCIEACTBUE OKHCICHUS cBOOOmHOTO Homa mo HIO.
[Tociie 3TOro0 HaYMHAETCS BBIACICHUE OpoMa, KOTOPBIA OKpAIlIMBAET CJIOM OeH30J1a
B KpacHO-OypbIii 1IBET. BBIMOJHEHNIO peaKIMK MEIIAI0T aHUOHBI 8032', 82032', s*
MIO3TOMY HX TNPEIBAPUTEIHPHO OKHUCIISAIOT MEPMAHTaHATOM Kajus B KHCIIOH cpefe
110 8042'.

AHHOH HOJa JIETKO OKHCJISAETCS TMEPMAaHTaHATOM KaJHs, OMXpOMAaTOM KaJIHs
WIM JPYTUMH OKHCIHTCISIMH B KHCIOW Cpelie, a TakKe TaKHUMH CIIa0bIMU
okuciutensmu, kak Fe>* u Cu?* Tak kak SIBISETCS CHIIBHBIM BOCCTAHOBHTEIIEM.

AHaJluTH4YecKne Pe€aKIuu Cy.]'lb(l)l/l[[ HOHOB

Cynsdua uoH S% - GecUBETHBI aHMOH OYCHb CIAGON JIBYXOCHOBHOM
CepoBOIOPOAHOM KHUCIOTH H,S. B BomHBIX pacTBOpax cynb(u HOH MOABEPTacTCs
ri1yOOKOMY THIPOIN3Y, HE CKIOHEH K 00pa30BaHUIO0 KOMILJIEKCHBIX COEIMHEHUH.
Cpennue cynb(uapl aMMOHUS, IIEJIOYHBIX M IIEJIOYHO3EMENbHBIX METaJJIOB
Xopouio pactBopstorcs B Boge. CpenHue cynb(uapl OONBIIMHCTBA JPYIHX
METAJIJIOB MaJjopacTBOpUMBI B Boje. Kucnble ruapocynbpuabl, coaepikaiine
ruapocyiabdun noH HS', xopoio pactBopsiercs B BoJIE.

Cynbur HMOH — OUYEHb CHIBHBI BOCCTAHOBUTENIb U  OKHUCISIETCA
OOJBIIMHCTBOM M3BECTHBIX OKucauTenaed. Tak, Hampumep, CEpOBOJOPOAHAS
KHCJIOTa B BOJHOM pAacTBOPE OKHUCISAETCS KHUCIOPOAOM BO3/lyXa C BBIIEIECHUEM
AIIEMEHTAPHOM CEPBI:

2H28+02=S+2H20

[ToaTOMY IpH CTOSIHUM CEPOBOJOPOAHAS BO/IA MyTHEET.

CepoBogopon H,S — Becbma simoBut. PaboTtaTh ¢ CepoBOIOPOAOM MOMKHO
TOJIBKO MOJ TATOM!

1. Peaknusa ¢ nutparom cepebpa. Cynbbhua noH ¢ KaTHOHaMH cepebpa Jaer
YEPHBIM 0CaJI0K MAJIOPACTBOPHUMOTO Cyabduaa cepedpa.

Beimonnenne peakuuu. B mpoOupky ¢ 2 — 3 kamisaMu cynbpuaa HaTpUs WK
aMMOHUS NPUOABIIAIOT MO KarlIIM pacTBOP a30THOKHUCIIOTO cepedpa 1 HabI0JatoT
BBINIJICHUE YEPHOT'O OCAJIKA.

2. Peaknust ¢ cunbHbIMU KucioTaMu. Cynbdum UOH TIpU ACHCTBUU CHUIIBHBIX
KHCJIOT NEPEXOAUT B CEPOBOJOPOJHYIO KHCIOTY, KOTOpas BBIIEISAETCA W3
pacTBOpOB B BUJIE ra3000pa3Horo cepoBoaopoja. [Ipu u30biTke HOHOB BOAOPOA
paBHOBECHE CMEIIAETCsl BIPABO, U OOpa3yIOIIMICS CEpOBOAOPOJ yIaisieTcs W3
cdepsl peakuuu. Breinenstomuiics cepoBoA0PO] T 00HAPYKUBAIOT M0 XapaKTEPHOMY
3amaxy, a TakkKe M0 TMOYEepHEHUI0 (UIbTPOBAILHONM Oymarv, MNpONUTAaHHOM
pacTBOPOM alleTata CBUHIIA.

Boinonnenne peakuuu. B mpoOupky BHOCAT 2 — 3 KaIjiu pacTBOpa cyibduia
HATpUs WIM aMMOHHUS M TPHUOABISIOT PAaCTBOP COJSHOW MM CEPHOW KHCIIOTHI.
HabnrogatoT BbIIENEHHME XapaKTEpHOTo 3amaxa cepoBoaopona. K mpobupke
HOJHOCIT (UIBTPOBAIBbHYIO Oymary, IpONMUTaHHYIO pacTBOPOM alleTaTa CBUHIIA.
Bymara yepHeeT BCeICTBUE BBIICICHUS YEPHOTO CyIb(puaa CBUHIIA.

3. Peakuusa ¢ karuoHamu kaamus. Cyiabpua HOH o0OpasyeT ¢ KaTHOHAMU
KaJMUsl B KUCJIBIX U HEHTPAJIbHBIX PACTBOPAX KENIThIM OCATOK CyIb(puaa KaaMusl.



OTta peaKknuus OorrcaHa B aHaJIN3C KATUOHOB KaaAMU:.

6.3 Jlaboparopnas paGora Ne 10 '"AHaaum3 AaHUOHOB TpeTbeu
AHAJUTHYECKOH rpynnbl"

Llens:

K Ttperbeil rpymnrie OTHOCATCS aHMOHBI KUCIOT: a30THOM NOj3, azoTucroin
NO;, u ykcycHoit C,H3O,. Annonsl Tpetheil rpymnmsl 6ecuBeTHbl. Conu Oapust u
cepeOpa dTuX aHMOHOB pacTBOpUMEI B Bojie (uckimouenne — AGNO,). I'pymmoBoro
peakThBa Ha AaHHUOHBI TPEThEN IPYIIIBI HET.

Xoa padoTbl
Peakuuu HUTpAT — HOHOB

HutpaTt — MOH — aHMOH OTHOOCHOBHOW CUJIbHOW a30THOW KHCJIOTHI. B BOJHBIX
pacTBopax O€CIBETHBII HHUTpaT — HWOH HE TUAPOJU3yeTcs, obnamaer
OKHUCJIUTENIbHBIMU cBoMcTBamMu. Kak snuranj HUTpaT — HMOH Manod()(EeKTUBEH U
oOpazyeT HE YCTOWYMBBIE HHUTPATOKOMIUIEKCHl METaUIOB, W3 KOTOPBIX
HUTPATOTPYIIIIBI JIETKO BBITECHSIOTCS MOJIEKYJIAMU BOJBI B BOJIHBIX PacTBOPAX.
[TopTOMy B aHaIMTHUYECKOW XUMUM HUTPATHI IIEJIOYHBIX METAUIOB (Hampumep,
KNO3;) wucnons3yrorcss B kadecTBe (oHa kak mHAU(DPepeHTHBIE (TO €CTh HE
pearupympoime ¢ JIpyruMU HOHAaMU B PACTBOPE) CHUJIbHBIE DJICKTPOJUTHI IS
MOJJEPAKAHUS TTOCTOSHHON MOHHOW CUJIBI paCTBOPA.

Hutpatbl XOpoI110 pacTBOPSIOTCS B BOJIE.

HexoTopble aHaTUTUYECKUE PEAKIIUU SBJISIIOTCS OOLIMMM KakK JJisl HUTPaTOB,
TaKk ¥ JUIsl HUTPUTOB. B OTIMYME OT HUTPUTOB, HUTPAThl HE O0OECIIBEUMBAIOT
MOAKUCIICHHBIE BOJIHBIE PACTBOPHI IEpMaHTaHaTa HATPUSL.

1. Peakuus c¢ cynbdarom xkene3a (II) u KoHIEHTpUPOBaHHOW CepHOM
kucinoToir. Hutpat — mon nipu HarpeBanuu ¢ FeSO, B cpene KOHIIEHTPUPOBAHHON
CEpPHOU KHUCIIOTHI BOCCTAHABIMBAET a30THYIO KUCJIOTY U €€ COJIM JI0 OKHUCH a30Ta.
Oxuch azora ¢ U3OBITKOM peakTHBa 00pa3yeT HEMPOYHBIE KOMILJICKCHBIE HOHBI
(FeNO)** 6yporo usera.

Peakuuio ¢ 00pa3zoBaHHEM TOrO € COCIAMHEHUS JAeT U HUTPUT — HOH,
MOATOMY HEJIb3sl OTKPBITh 3TOM pPeaklMeil HUTpAT — HOH B MPUCYTCTBUU HUTPUT —
HOHA.

BrimonHeHue peakuum:

a) K 5 — 6 KamisIM HachllleHHOTo pacTBopa FeSO, mobammnstor 2-3 Karu
HUTpaTa HATpUsl U TEPEMEIIMBAIOT. 3aT€M OCTOPOXKHO IO CTEHKE MPOOUPKHU
OpwIMBalOT 5 — 6 Kamejab KOHIICHTPUPOBAHHOW CEPHON KHCIOTHI TaK, YTOOBI
XKUJKOCTH HE CMEUIMBAINCH. B MecTe CONPUKOCHOBEHHS OO0EUX KUIKOCTEH
HOSIBJIIETCA TEMHO - Oypoe OKpaIIMBaHUE KUAKOCTHU (KOJIBLO);

0) peakiui MOXHO BBIOJTHUTH TaKUM crmocoOoM. Ha moBepXHOCTH
CTEKJISSHHOM muiacTUHKKM nomemiator 2 — 3 kamau pactBopa NaNOjz, k koTopoi
MpUOABISIIOT MaJIeHbKUN Kpuctamnk FeSO, w Kammo KOHIEHTPUPOBAHHOU



ceproit kucnotel - H;SO,4. Bokpyr kpuctrammmka FeSO, obpazyercs KOMITTIEKCHOE
coequnenue [FeNO]SO, 6yporo mBera.

3. Peakmms ¢ wmerammueckod Menbto  (dbapmakomeiiHas). Menp B
MIPUCYTCTBUH CEPHOM KHUCIIOTHl BOCCTAHABIMBAET HUTPAT — UOH MPU HATPEBAHUU C
oOpa3oBaHueM OypoO — JKEITHIX TapOB OKUCH a30Ta.

Boinonnenue peakiuu. K 4-5 karmisim pactBopa HUTpaTa HaTpUs NPUOABISIOT
S5 — 6 Kamenb KOHIEHTPUPOBAHHOW CEPHOM KHUCIOTHI, KyCOUEK METAITMYECKOM
MEJId Y HarpeBarOT Ha BOJASHON OaHe (OCTOPOKHO, Moj TAroi!). Beiaenstomasics
OKHUCh a30Ta OKHUCIIAETCA KUCIOPOJIOM BO3JyXa 10 ABYOKHCH, UMEIOLIEH OyphbIii
I[BET, YTO XOPOIIIO 3aMETHO Ha OesioM ¢oHe.

4. Peakuus ¢ alIOMUHUEM WA ITUHKOM. AJTIOMUHUNA U LIMHK B MPUCYTCTBUU
IIeJIOYM  BOCCTAHABJIMBAIOT a30THYK) KHUCIOTY M €€ COJd JI0 aMMHaka.
Breinenstoniuiics aMMuak OIIYIIAETCA IO 3amaxy M OKPAIIUBAET BIIAXKHYIO
KpPAaCHYIO JJAKMYCOBYIO OyMary B CHHHUH IIBET.

MemaroT KaTHOHBI aMMOHHUS.

Beimonnenue peakunu. K 4 — 5 kariam pacTBopa HAUTpaTa HaATPHs WU Kadus
npuOaBISIOT 5-6 Kamnenb 6 H. pacTBOpa MIEIIOYH U KYCOUEK aTlOMUHUS (LIMHKA WU
maruus). Coaepkumoe NpOOMPKM Cclierka HarpeBaloT Ha BOJSHOW OaHe.
Breinensronuiics aMMuaKk ONpPENEaioT MO 3anaxy Wid MO0 MOCUHEHHIO BIIAKHOU
KpacHOM JIaKMyCOBOM OyMaru, OJIHECEHHON K OTBEPCTHIO TPOOUPKHU.

5. Peaknus ¢ mudpenmnamuaom (dpapmakorneiinas). (CgHs),NH oxucisercs
a30THOM KHUCJIOTOM, 00pa3ysi COEJMHEHUE TEMHO-CHUHEro IBeTa. JTa peakius
oOm@as Juisi HUTPATOB M i HUTPUTOB. Ilo3TOMY HaHHOW peakiued Heab3s
OTKPBIBATh HUTPATHI B IPUCYTCTBUE HUTPUTOB.

Brimonnenue peakuuu. Ha wacoBoe crexiio momeniaroT 3—4 Karim pacTBopa
nudeHnIaMriHa B KOHIICHTPUPOBAHHOM CEpHOM KUCJIOTE€ U JIO0ABJISAIOT KarLIo
pacTBopa HUTparta HaTpus. PacTBOp okpammBaeTcsi B TEMHO — CUHUN 1IBET.

Honbl NO,™ Takxe JaroT 3Ty peakIuio.

Peakuuu HUTPUT — HOHOB

Hutput — WOH — aHWOH JOBOJIBHO CJa0OW OJIHOOCHOBHOW a30THCTOMU
KHCIIOTBI, KOTOpass B BOJHBIX pacTBOpax NpH OOBIYHBIX TEMIEpaTypax
HEYCTONYMBA U JIETKO pa3jlaraeTcs 1o cxeme:

2N02 — N203 + HZO
N203 — NO + N02

Yto cneayer NpuUHMMAaTh TPU aHAIM3€ KHUCIBIX PAaCTBOPOB, COACPKAIIUX
HUTPUTEHI.

Hutpur — HWOH Kak HWOH CJa0oil KHCJIOTHI B BOAHBIX pacTBOpax
THAPOJIU3YETCS, PEAOKC — aMmdoTepeH: 00JiafaeT KaK OKUCIUTEIbHBIMHU, TaK W
BOCCTAHOBUTEIBHBIMU CBOWCTBAMU. HUTPUTBHI XOpOLIO pACTBOPSIIOTCS B BOJIE.
HekoTopble U3 3TUX KOOPAMHAIMOHHBIX COCIUHEHHM, B OTINYUE OT «IPOCTHIX)
HUTPUTOB, MAJIOPACTBOPUMBI B BOJIC, HAIIPUMED, TEKCAHUTPOKOOATBTATHI Kaaus U
ammonust K3[Co(NOy)s], (NH4)2[Co(NO,)¢], uTo mcmonb3yercs B Ka4eCTBEHHOM
aHaJIM3e.



Hutputel TOKkCHYHBI!

1. Peaknus ¢ cwibHBIMH KucJoTamMu ((apmakorneiinas). Paz0OaBiieHHBbIC
CWJIBHBIE KHUCIIOTBl pa3jlaraloT HUTPUTHI C BBIICJICHUEM JIBYOKHCH a30Ta
(razoo0pasHbie MPOAYKTHI )KEJITO — OYpOTO IIBETA).

Bemonnenne peakuun. K 4 — 5 kamiam pactBopa HHUTpUTA Kaius
N00aBJIIOT  CTOJNIBKO €  pa30aBIIEHHOTO  pacTBOpa  CEPHOM  KHCIIOTHI.
Briaenstoruiics sxenTo — Oyphlif ra3 XOpoIno BUJAEH Ha 6enoM ¢oHe.

2. Peakuus ¢ #omumoM Kamus (MOJMI — HOH — OKHCIUTENb). Momun — 1oH
OKHUCJISIETCS. HUTPUTAMHU B KHUCJIOM cpeie 10 cBoOojaHoro Hoaa. OOpasyromuiics
1o/1 OOHAPYKUBAIOT PeaKUUEn C KpaxMalloM, WM SKCTParupysi €ro OpraHuuecKium
pacTBopuTeneM — 0eH30JI0M, XJI0podhopMOM (OpraHUYECKUM CI0i OKpaIIuBaeTCs B
(1OoNEeTOBBIN IBET).

Hutpar — HOH He MenaeT NPOBEICHUIO PEAKLUH, II03TOMY HOHBI HUTPHUTA
MO>KHO OTKPBITH C IIOMOIIBIO PACCMaTPUBAEMOM pEaKIMU B IPUCYTCTBUM HUTPAT —
VOHOB.

BeltonHeHNE peakiuu:

a) kK 4 - 5 KaruIsiM pacTBOpa HUTPUTA Kanus npubasisior 4 — 5 kanensb HpSOy,
4-5 xamenb pacTBopa MoAuJa Kanus. Bepaensromuiics Hox oOHapyKMBalOT IO
peaKuuy OKpallliBaHUsl KpaxMalla B CHHUM LIBET;

0) B mpoOMpPKyY BHOCAT 2 - 3 KaIUIM pacTBOpa WOAUAA Kajaus, MIPpUOaBISIOT 3 —
4 kamM pacTBopa CepHOM KHUCIOTHI, 3 — 4 karum 0eH30J1a Win xjopodopma u 2 —
3 Kamm HATpUTAa Kanusa. BcerpsaxuBaroT cmech.  Opranudeckuil  CIIOU
OKpairBaeTcs B (PMOJIETOBBIN I[BET 32 CUET 0Opa3oBaHus Hoja.

3. Peakumst ¢ mepMaHraHatoM Kanusi (HUTPUT — WOH — BOCCTAHOBHTEID).
[IlepmaHraHaT Kanausi OKUCISIET HUTPUT— HOHBI B KUCIIOM CpeJie 10 HUTPAT — HOHOB.

Brimonnenne peaknuu. K 4 - 5 karuisim pactBopa HUTpUTA KaJHsl PUOABIISIOT
CTOJIBKO € cepHOU KucnoThl. K pacTBOpy npunuBarot 1o kamisim pactBop KMnO,
1 HaOII01al0T 00OeCIIBEYMBAHHUE TIEpPMaHTaHaTa KaJHsl.

4. Peaxmus c cynbharom sxenesza (II). Peakmus mpoBoAWTCS aHATOTUYHO -
peakiuu Ha HOHBI NOs.

B cnaGokucnoii cpeme 3Toi peakiMeld MOXXHO OTKpbITh HMOHBI NO; B
npucytctBur MOHOB NOj3. HuTpar - HOHBI JalOT 3Ty pEaklMIO JUIIb MPU MpHU-
OaBJIEHUU KOHIICHTPUPOBAHHOMN CEPHOUN KHUCIIOTHI.

5. Peakuusa ¢ coiasiMM aMMOHHUSA — peakUus pas3ioxeHus (yaajJeHus)
HUTPUTOB. HUTPUT - MOHBI MEIIAIOT OTKPBITHUIO HUTPAT - MOHOB, MO3TOMY HX
CIENyeT YIAIUTh mepen OTKpbiTueM HOHOB NOj3. HuTput — HOH OKucCIgeT
KaTHOHbI aMMOHMSI IPY HAIPEBaHUM 10 CBOOOHOTO a30Ta.

VYnanenue HUTPUT - HOHOB MPOU3BOJUTCS HArpeBaHUEM HCCIEAYEMOIO
pactBopa ¢ TBepasiM NH,Cl.

Beimonnenne peakuuu. K 4 - 5 xamisiM pacTBOpa COAEPKAIErO0 HUTPUT -
UOHBI J00aBistoT 10 Hackbimenus cyxod NH,Cl u narpeBator 7 - 8 MUHYT Ha
BOoAsiHOM Oane. McmpiTanne Ha monHOTY yaaneHus uoHOB NO, TpoOBOAAT ¢
NIEPMAHTaHATOM KaJIUs B OTAEIBHOU Mpo0e.



Peaknuu anerat — HOHOB

Aneratr — non CH3COO™ - aHmoH ci1aboil OJHOOCHOBHOM YKCYCHOM
kucinotel CH3COOH, B BOJHBIX pacTBOpax OECLBETEH, MOABEPraeTCs THAPOIU3Y,
He 00J1a/1aeT OKUCIUTEIHFHO-BOCCTAHOBUTEILHLIMHY CBOMCTBAMU.

AnetaT — MOH JOBOJIBHO 3((EKTUBHBIM JIMTAH U OOpa3yeT YCTOWYUBBIC
alleTaTHbIE KOMIUIEKCHI C KATHOHAMHM MHOTHMX METAJIJIOB.

AlieTaT aMMOHUSI, IIETOYHBIX METAUIOB U OOJIBIIMHCTBA JIPYTHX METAJLIOB
XOpOIIO PACTBOPSAIOTCS B BojAe. Amerarbl cepebpa W PTYyTH MEHEe APYTHUxX
METAJIJIOB PACTBOPUMBI B BOJIE.

1. Peakmust ¢ cepHoit kuciotoir. H,SO4 BBITECHSET CBOOOIHYIO YKCYCHYIO
KHUCJIOTY U3 €€ COJIEH.

Bemmonnenne peakuuu. K 4 - 5 kamisiMm pactBopa amnerata HaTpus
MPUOABJISIIOT CTOJIBKO YK€ CEPHOM KUCIIOTHI U CMECh CJIETKAa HarpeBaroT. Y KCYCHYIO
KHCIIOTY 0OHApYKUBAIOT [0 XapaKTEpPHOMY 3amaxy.

2. Peakmus ¢ stunoBbiM criuproM. CH3COOH u ee conu B NMpUCYTCTBUU
KOHIIEHTPUPOBAHHON CEPHOM KHUCJIOTHI 00pa3yloT CO CIUPTOM YKCYCHOATHIIOBBIN
a¢up, KOTOPHI 0OHAPYKUBAETCS 110 3araxy, HATOMUHAIOIIEMY 3arlax IIO0B.

Brinmonnenune peakiuu. K 5 - 6 kamsam pactsopa CH;COONa npubasisitor 5
- 6 kanenb C;HsOH u 5 - 6 kanens H,SO,4 koHIIEHTpUpOBaHHON. CMech HarpeBaroT
Ha BOJSHOM OaHe, MOCJI€ 4Yero BBUIMBAIOT B CTakaH C XOJIOJHOM BOJAOW U
UCCIEeNYIOT 3amax.

3. Peakmus ¢ xmopuaom skene3a (I11). FeCl; ¢ comsiMu yKCycHOW KHCIOTBI
oOpaszyer amerar >xene3a. I[lpu HarpeBaHuM pacTBOpa BCJEICTBUE THIAPOJIM3a
BBITIJIa€T KPacHO-OypHhIi 0CaI0OK OCHOBHOM COJIM *KeJie3a.

Brimonnenue peakunn. K 8-10 xamiam pacTBopa anerara HaTpysi IPUIUBAOT
3-4 karmu pactBopa xyopuaa skene3a u 8-10 kamenb Boabl. CMeECh KHUIISITAT.
BrimagaeT ocaiok OCHOBHOM COJIU.

[IpoBeneHNIO PEaKIIMU MEIIAI0T MHOTHE APYTUE aHUOHBI, OCAXIA0IINE UOHBI
Fe** (mampumep, PO, CO5™). Tlepen OTKPBITHEM aLeTaT - HOHOB BCE MEIIAIOLIHe
WOHBI yaansioor, ocaxngas ux aeiicrBuem Ba(NOj), m AgNOs3. Hcciemyembrit
pPacTBOP JOJKEH OBITh HEUTPATHHBIM.

KoHTpoJsibHBIE BONIPOCHI

1. Kakue aHUWOHBI TpU JEUCTBUM MHUHEPAIbHBIX KHUCIOT [al0T JIETy4He
cOeIUHEHNA?

2. Kakoil nBer MMEIOT ocaiku cojed cepebpa, 0Opa3oBaHHBIC aHHMOHAMU
BTOPOIl aHAJTMTUYECKOU rpymn?

3. Kakoii oOumii peakTuB MOXHO TPUMEHUTH AJSi OTKPBITHS XJIOPHI- U
WOJIU]T — HOHOB?

4. Uto mpomsoiaeT, eciu K XJIOpohOPMHOMY SKCTPaKTy Hoaa I00aBUTH
U30BITOK XJIOPHOH BoAbI? Hanmuimmre ypaBHEHHE COOTBETCTBYIOIIEH PEaKIINU.

5. Hanummre ypaBHeHHE peaKIMU OTKPBITHS alleTaT — HOHa.



6. HammmmTe ypaBHEHUS peakIuii OTKPHITUS HUTPUT- U HUTPAT — HOHOB.

7. Kakue MoHBI U TMOYEeMy MEIIAIOT OTKPBITHIO HUTPUT — MOHOB peaKIuen ¢
HoIug — MOHaAMU?

8. Ilpu OTKPBITUM KaKUX MOHOB MCIOJIB3YIOT SKCTPAKIINIO?

9. Kakume uoOHBI M TMOYeMy MeEIIAlT OOHAPYXEHUIO HHUTPUT- HOHA U
Ha000poT?

10. Kakue vnoHBI U IoUYeMy MelaroT 0OHApyKEHUIO HUTPUT- U HUTPAT - HOHA
peakiuen c nuheHUITIAMAHOM?



7 AHaJIM3 CyX0H COJIN

B obmieMm ciyyae ananuzupyeMblil TBep1oda3Hbld 00bEKT MOXKET COJEPKATh
100011 M3 KAaTMOHOB TPEX AHAJUTHUYECKUX TPYIIN KATUOHOB WM JII0OOOH aHUOH W3
TpeX aHATUTUYECKUX TPYII AHUOHOB.

KoHTposnbHy10 33a/1auy MOTy4YaloT B BUAE U3MEIbYCHHOU CyXOU COJIH.

[TonyyeHHOE BEIIECTBO JEISAT HAa TPU YACTH: OJIHY YacTh HCHOJB3YIOT JUJIS
aHalIM3a KaTUOHA, BTOPYIO — JJIs aHAJIM3a AHUOHA, a TPEThIO — ISl MPOBEACHUS
IpEeIBAPUTEIBLHBIX PE3YJIBTATOB U JJIsl IPOBEPKH PE3YJIbTATOB aHAIH3A.

HpeI[Bapl/ITeJIbHLIe Haﬁ.moz[emm H UCIIBITAHUA

MMerT 1enpl0 Ha OCHOBAaHWMM BU3YaJbHBIX HAOMIOAEHUN W BBINOJIHEHUS
HEKOTOPBIX PEAKIU ClIeNIaTh MPEIBAPUTEIbHBIE BEIBOABI O KAUECTBEHHOM COCTAaBE
aHAJIM3UPYEeMOro odpasiia.

OxpammBaHvie IUIAMEHU TOPENIKH TO3BOJIAIOT OOHAPYKUTh HEKOTOPbIE
KAaTHOHBI, TAKME KaK KATUOHBI KaJlMs, HATPUs, Oapusi, KalbIlus.

JlelicTBue pa3baBieHHOW cepHOM KuCIOThl. K HeOONIbIIOMY KOJIHMYECTBY
UCCIIEyEMOI0 BEIIeCTBa MPHUOABISAIOT HECKOJBKO Kamellb pa30aBIEHHON CepHOM
KUCIOThL. [Ipu Hamuuuu kapOOHAT — MOHA MPOMCXOJUT SHEPTHMUHOE IIUICHUE U
BCIICHMBAHUE 32 CUET BBIIEIEHUS YIJIEKUCIOro rasa. [Ipu Hanmuuuu xjinopua — win
aleTaT — MOHOB BBIIETSIOTCS OECUBETHBIE ra3bl, UMEIOIIME XapaKTEepPHBIM 3amax.
[Ipn HaAJIMYMK HUTPAT — MOHA BBIJIEISAETCS KPACHO — OYpBIil ra3 ¢ pe3KUM 3armaxoM.

JleficTBUe  KOHUEHTPUPOBAHHOW CepHOM KHCIOTh. K  Hebosblomy
KOJIMYECTBY BELIECTBAa J00ABISIOT HECKOJBKO Kameiab KuciaoTel. [lpm 3ToM
pa3pylialTCcsl HE TOJIBKO TMEPEYUCIICHHbIE BBIIIE aHUOHBI, HO TAaKXe HHUTpAT -,
XJIOpUA -, OpOMUJ -, HOJUJ — AHUOHBI, O BBIJICJICHUH KOTOPHIX MOXKHO CYJUTH TIO
XapakTepHOMY 3araxy U LBETY.

Ha ocHOBaHuM mpenBapUTENbHBIX HCHBITAHUN JI€NAIOT MPEANOIIONKEHUS O
COCTAaBE AHAIM3UPYEMOM CMECH, KOTOpBIE JAOIOJHSIOT W YTOYHSAIOT B XOJE
MOCJIEYIOLIErO aHAIU3A.

[TepeBon BeliecTBa B pacTBOpeHHOE cocTosinne. CyXyro COJib pacTBOPSIOT B
JTUCTUIIMPOBaHHOW Boje. [lomHas pacTBOPUMOCTH B BOJIE CBUACTEIBLCTBYET 00
OTCYTCTBUU KapOOHATOB, CyJIbh(}aTOB KATHOHOB BTOPOM UM TPEThEH TPYIIIbI
KaTHOHOB.

O6napyxeHue katuoHa. OrnpenenstoT MNPUCYTCTBHE KaTHUOHA aMMOHMS
cnenuduyeckum peakTuBoM (peaktuB Hecciepa).

[IpucyTcTBHE  OTHENBHBIX TPYIN KAaTHOHOB MPOBEPSIIOT  JCHCTBUEM
IPYIIIOBBIX PEAKTUBOB.

Karnon oOHapyxwuBatoT npoOHbBIM MeToaoM. JKemaTenapbHO JI0Ka3aTh
MPUCYTCTBUE KATUOHA AHAIUTUYECKUMH HECKOJIBKUMU PEAKIIUSIMU.

Bce onepanuu mo aHanu3y «CyXxoW» COJM U BBIBOJ O NPUCYTCTBUU B €€
COCTaBe KaTHOHA JOJKHBI OBITh 3apuKcHpOBaHBI B J1a0OPaTOPHOM JKypHaje B
BU/JIE TPOTOKOJIA.

OOnapyxenue anuoHa. [IpucyTcTBHE aHHMOHA OMPENEISIOT JIPOOHBIM



METOJIOM.
KoHTpoJibHBIE BONIPOCHI

1.Kakol npeanonoKuTeaIpHbIi BRIBOJ O COCTaBe 00paslia CyXou COJIM MOXKHO
cenaTh BBIBOJI, €CJIM OH OecliBEeTeH?

2.Kakoe 3akiroueHHe O COCTaBe CYXOH COJM MOXKHO cienaTh, eclii oOpaselr
TIOJTHOCTBIO PACTBOPSIETCS B Bo/IE?

3.Kakue xaTnoHBI MOTYT BXOJUTH B COCTaB aHAIM3UPYEMOTO oOpasia, eciiud
pu pa30aBICHUM W TOCIEAYIOIMIEM HArpeBaHUM €T0 COJSHOKUCIOTO pPacTBOpa
BBIJICIISICTCS O€JbIN XJIOMbEBUIHBIN 0CaT0K?

4IlouemMy Tpu aHaIM3€ HEM3BECTHOTO BEIIECTBa OOHAPYKEHHE KAaTHOHOB
IPOBOJIAT NIEpesi 0OHAPYKEHUEM aHUOHOB?

5.UT0 MOXKHO CKa3aTh 00 OcajKe, €ClId OH PacTBOPSAETCS B ropsiucii Boje?

6.Kakue aHMOHBI MOTYT BXOJIUTh B COCTaB aHAJIU3UPYEMON CMECH, €CIU IIPU
00paboTKe cyxoro oOpasiia pa30aBICHHOM CEpHON KHUCIIOTON OYpHO BBIJIEISCTCS
OCCIIBETHBIN ra3, He UMEIOIINM 3amaxa’?



8 UtoroBasi KOHTpPOJIbHAsI pa00Ta 0 KAYEeCTBEHHOMY AHAJIN3Y
(mucbMeHHast)

1 BapuaHT

1. Kakue peakiiuy Ha3bIBAIOTCS aHATUTHYECKUMU U KaKUM TPEOOBAHUSIM OHU
JOJKHBI YAOBJIETBOPSITH?

2. Kakue peakTuBbI Ha3bIBAIOTCS TPYIIIOBBIMU?

3. MOXXHO 1M OTKpBITh Kajduil W HATpUH B MPUCYTCTBUM B aMMOHUsA?
[TosicauTe nouemy? Kak ynanute aMMOHUI? YpaBHEHHE.

4. Tlonp3ysichk TaONUIEH NPOU3BENACHHS pACTBOPUMOCTH, ONIPENEIUTh, KAKUMU
u3 peaktnBoB (Na,S, Na,CrO, nmm Nal) MoxHO moiHee ocaauTh HOH cepedpa u3
pacTBOpa a30THOKHUCIIOTO cepedpa.

5. Bynyt nu monaBeprathest ruapoau3y cieayromrre comu: Na,S, AL(NOs)s,
CuSQO, ykazatb cpey. YpaBHEHUS.

6. latb ompeneneHue OKHUCIUTENI0 U BoccTaHoBuTemto. [lepeunciure
AHUOHBI- OKUCJIUTENIM U AaHUOHBI- BOCCTAHOBUTEIIH.

7.4Yt0 Takoe KOHCTaHTa HECTOMKOCTH KOMIUIEKCHOro uoHa? CpaBHUTE
IIPOYHOCTh AMMHUAKATOB HIECTOW IpyIIIbI KATHOHOB. KH.

8. [IpuBeauTte ypaBHEHUS peaklMy, JO0Ka3blBalollne aM(pOTEpHBIA XapakTep
TUAPOKCH]IA IUHKA.

9.UYro Takoe Oydepnbie pacTtBopbl? OOBSICHHTE, TMOUYEeMy NpUOaBICHHE
HEOOJIBIIIOTO KOJMYECTBA a30THOW KHCIOTHI B Oydepryro cmech CH3;COOH u
CH3;COONa ne BbI3bIBaeT n3MeHeHus pH.

10. B uem pactBopsieTCsl 0CaJ0K XJIOpuaa cepedpa? YpaBHeHUE.

11. CpaBHuTENBbHAS PACTBOPUMOCTH CYJIb(ATOB KATUOHOB TPETHEH T'PYIIIIHI,
UCITIOJIb3YsI MX ITPOU3BEEHUS PACTBOPUMOCTH.

12.  Ha pactBop KAaTHMOHOB  WIECTOM  TIpyHnbl  MOAEHCTBOBAIH
KOHLIEHTPUPOBAHHBIM pacTBOPOM amMMuaka. O MNpPUCYTCTBUM WM OTCYTCTBUU
KAaKOI0 KaTHOHA MOYKHO CYJUTh IO LIBETY MOJIYYUBLIErOCs pacTBOpa?

13. Tlpu neiictBun AgNO;3; Ha pacTBOp, COAEpKAIIUNA OJUH W3 AHUOHOB
NepBOM rpymmbl, o0pa3oBajcs KenThld ocanok. Kakoit aHmon Obut B pactBope?
YpaBHeHue.

14. Tlocne neicTBUS Ha PacTBOP XJIOPHOM BOABI CIOM O€H307a OKpacuics B
KpacHO-(puosieToBbIi 1BeT. Ha mpucyTcTBHE Kakoro HOHa 3TO YKa3bIBaeT?
YpaBHeHuHE.

15. Ilepeuncnure aHUOHBI, KOTOPbHIE MPU JEHCTBUU KUCIOT O0Opa3yroT rasbl.
YpaBHeHuHE.

2 BapHUaHT

1. Kakue peakiuu Ha3bIBAIOTCS OOIIMMU, YaCTHBIMU, TPYTIIIOBBIMH?

2. KaxkoBbI ycI0BHS BBINOJHEHUS XUMHUECKUX PEAKIINNA?

3. Kakue kaTnoHsl OTHOCATCS K NEpBOM aH. rpynne? Yem oTimyaercs nepas
rpyIIa KaTHOHOB OT APYTUX IpyIi?



4. Kak ciienyer Ha3BaTh pacTBOP, B KOTOPOM IPOU3BEAEHUE PACTBOPUMOCTHU
0O0JIBIIIE HOHHOTO MTPOU3BECHUS, PABHO HOHHOMY MPOU3BEICHUIO?

5. Urto Ha3biBaeTcs rupoan3oM coin? Kakue conu noaBepraroTcsi TuaApOIu3y
(mpumep).

6. Kakue peakuuu Ha3bIBalOTCS OKUCIUTEIBHO — BOCCTAHOBHUTEIIbHBIMU?
[IpuBenuTe IBE peaklyy, MPUMEHSIEMbIX B KAUECTBEHHOM AHAJIN3€ KATUOHOB.

7. Kakue conu Ha3bIBAIOTCS KOMIUIEKCHBIMH M 4Y€M OHHM OTJIMYAIOTCS OT
NBOWHBIX. [IprMeEpBl KOMIUIEKCHBIX COEIUHEHHMU IO BTOPOW M NIATOM TPYyNIAM.
YpaBHEHHE AUCCOLHUAINH.

8. [IpuBenute ypaBHEHUS peaklMi, JOKa3bIBaolue aMQOTEPHBIN XapakTep
TUAPOKCH]IA ATTFOMUHUS.

9. Uto Ha3pIBaeTCs MOHHBIM TpoW3BereHUEM Boabl? B pactBope [H+]=10'6.
Onpenenute [OH ] aTOro pactBopa u BOJIOPOAHBIN MTOKA3aTENb.

10. Kakue kaTHOHBI BXOJAT B COCTaB 2-i aH. rpynmnbl? [pynmnoBoii peakTus?
OO6pazyembie ocaaku?

11. Kak otnenuts HOHBI 0apusi OT MOHOB KalbliUg? Y paBHEHHUS.

12. B 4em oTauuue MOSATOW TpymIbl OT IIeCTOM rpymnmbl? OTBET MOSCHUTE
dbopmynamu.

13. Ilpu peiictBum xsopucrtoro ©Oapusi oOpazoBayica Oenblil  0CaoK,
PacTBOPUMBIN B XJIOPOBOAOPOJHOM KUCJIOTE C BBIJIECICHUEM ra3a, Ha MPUCYTCTBUE
KaKOr0 MOHA 3TO YKa3bIBacT? YpaBHECHHUE.

14. Tlpu ngeiictBun  AgNO; BbIMamaeT  CBETJIO-KENTHIM  OCAJOK,
HEpPaCTBOPUMBIN B pa30aBiIeHHON a30THOM kucioTe. Kak mpoBepuTh, Kakol aHUOH
IIPUCYTCTBYET B pacTBOpe?

15. Uem TpeTps TIpylIa aHWOHOB OTIHWYAETCS OT MNEPBOM WU BTOPOM?



3ak/IloueHue

AHaUTHYEeCKasi XUMHS — Hayka O METOJax ONpPEACICHUS XHMHYECKOIO
cocTaBa BeEIIeCTB M HUX cMmece. OHa fdeauTcs Ha KavyeCTBEHHBIM U
KOJIMYECTBEHHBIN aHAJIH3.

[lenb KaueCTBEHHOTO aHaM3a — OOHApPY)KEHWE, WIU OTKPBITUE, DJIEMEHTOB
WM MOHOB, M3 KOTOPBIX COCTOMT oOpasell. 3agada KOJWYECTBEHHOTO aHaIu3a —
OMpENICICHNE KOJIMYECTBEHHOTO COJICp’KaHMSI JJIEMEHTOB B  HUCCIEAyEeMOM
BCII[CCTBE.

HccaemoBanme Bcerga HAYMHACTCS C KAYCCTBCHHOI'O aHaIW3a. Y CTaHOBUB
COCTaB BEIIECTBA, OMPEACISIOT €ro KOJIMYECTBEHHBIM cOCTaB. TakuM 00pazom,
KaueCTBEHHBIN aHAJIU3 BCEra MPEANIECTBYET KOJTUYECTBEHHOMY.

JlanHast MeTonuueckas pa3paboTKa MPEJCTaBISIET MaTepua, MO3BOJISIONIUN
MPOBOAWTh KAaueCTBEHHBIM aHAIM3 HEU3BECTHBIX oOpasmoB. B pabore
paccMOTpeHbl 0O0ImmMe mpaBuiaa pPadbOTBl B XHMHUYECKUX J1abOpaTopusax, JaH
nepedyeHb Ja0OpaTOPHBIX PabOT, MOAPOOHO ONMHUCAHBI METOIUKH TIPOBEIACHUS
AKCIIEPHUMEHTA.

KadecTBeHHBIN aHAIM3 BKJIIOYAET B ce0s JIBa pasjielia: KaueCTBEHHBINM aHAIN3
KaTHOHOB W KAYECTBEHHBIM aHainW3 aHWOHOB. JJIs 3aKkperuieHus maTepuala
MPECTaBIICH CIIMCOK KOHTPOJBHBIX BOIPOCOB IO KaXK10H 1ab0paTOpHOM paboTe.

B kadecTBe 3a4eTHOTO 3aHATHUS PEKOMEHAYETCS MPOBECTH J1aOOPATOPHYIO
paboTy «AHaIu3 CyXOoro BENIECTBa», TIJe CTYIEHT B IMOJHONW Mepe I0JDKEH
MPOJIEMOHCTPUPOBATh 3HAHUSI U yYMEHUS, MOJYyUYCHHBIC MPU W3YUYCHUH JTAHHOTO
Marepuarna.

Jlannas Metoauyeckas pa3padoTKa MO3BOJIIET CTYJEHTaM U3yYUTh METOJUKH
Ha npakTuke. CTyIeHT H0JKEH CBOOOHO OPUEHTUPOBATHCS B METOJUKAX.

JlanHas Meroaudeckas pa3padOoTKa MOXKeT OBITh HCMOJIb30BaHA IS
MOATOTOBKH CTYJICHTOB XMMHUYECKHUX CICHHAIBHOCTEH, PaOOTHUKAMH XHMHKO —
aHAJTUTUYECKUX JIAOOPaTOPUA.
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Penensusn

Ha «MeToauueckoe mocoOue mo JUCIUILUIMHE «AHATUTHYECKAsS XUMHUS» I10
teMe «KauectBeHHBIM aHanmm3» Juid crnenranbHocTH 18.02.01 «AHaIUTHYECKUN
KOHTPOJIb KauecTBa XHMMHYECKUX COEAUHEHUM» I CTYJICHTOB CPEIHETO
npodeccuonansuoro oodpazoBanust (CIIO) Bparckoro nemnon03H0-0yMakHOTO
kosuiemxa bpTY.

JlaHHOe METOoJIMYecKoe MOCOONe 3HAKOMHUT CTYJCHTOB C aHAJUTUYECKUMU
acreKTaMHd KayeCTBEHHOTO aHajiu3a KaTHOHOB W AaHMOHOB Ha COBPEMEHHOM
YPOBHE, pacCMOTPEHBI OOIIHME MpaBuiaa paboThl B XUMHUYECKHUX Jlaboparopusix. B
paboTe paccMOTPEHBI TEOPETUUECKUE OCHOBBI KAUECTBEHHOTO aHAJIM3a KaTHOHOB
KHCJIOTHO-OCHOBHBIM METOJIOM aHajJin3a M aHUOHOB, MOJIPOOHO PACCMOTPEHBI BCE
criocoObl OTKPBITUSI HOHOB. [lo1poOHO paccMoTpeHa paboTa MPU OTKPHITUH CMECH
KaTUOHOB ¥ aHUOHOB, IIPEIJIOKEHBI CXEMBbI OTKPBITUSI CMECEH KaTHOHOB.

Jlns  3akperyieHuWss maTepuaia IpeACTaBICH CHUCOK  KOHTPOJBHBIX
BOIIPOCOB 110 KaXK10# J1abopaTopHOii paboTe.

B kadecTBe 3aueTHOTO 3aHATHS PEKOMEHIYETCS MPOBECTH JIA0OPATOPHYIO
paboTy «AHaIM3 CyXOro BeEIIeCTBa», TIJe CTYJACHT B IIOJHOM Mepe I0JDKEH
MIPOJICMOHCTPUPOBATh 3HAHUS W yYMEHHUS, IMOJYyYCHHBIC MPH H3YYCHUU JTAHHOTO
Marepuara.

bosibiioe  3HaueHWE YIENEHO METOJIaM  ONPENCNICHUS  Pa3IMYHbIX
AJIEMEHTOB B Pa3JIMUYHBIX Marepuajiax. PaccMOTpeHBl MeIIalomue BIUSHHUS W
METO/Ibl KX YCTPaHEHHUS.

Mertoauueckoe MOcoOMEe TO3BOJSAT CTYJICHTaM M3YYUTh METOIbl Ha
npaktuke. CTyAEHT JOJDKEH CBOOOJAHO  OpPUEHTHPOBAThCA B METOJAx
KauyeCTBEHHOI'0 aHaJIM3a KATHOHOB M aHHOHOB.

JIns 3akperuieHus: 3HaHUW TPEJIOKEHO Psii MPAKTUYECKUX YIPaKHEHUMH,
BOIIPOCOB, a TAKXKE 3aJIaHMs HE TOJILKO HAa MPOBEPKY 3HAHUM M3YUYEHHOU TEMBbI, HO
Y Ha JIOTUYECKOE MBIIIJICHUE CTYACHTA.

Mertoanueckoe mocoorue peKOMEHI0BaHO BHEAPECHUIO B YUCOHBIN Mpoliece
10 y4eOHOM JUCIUIUINHE « AHAUTUTHYECKAS XUMHUS).

[IpenonaBarens kadeapsr XM/] Oaunuena I'.H.



AHHOTALUA

Mertoanyeckoe MmocoOue MpeaHa3sHAdeHO IS HM3Y4YeHHUs MaTepHuayia Io
aHAJIUTUYECKOM XMMHH 1O TeMe «KauecTBeHHBIM aHaiu3» IJIST CIEUAIbHOCTH
18.02.01 «AHanUTUYECKHI KOHTPOJIb KAUYE€CTBA XUMUYECKUX COCTUHCHUIN».

JlaHHOe METOoJIMYecKoe MOCOONe 3HAKOMHUT CTYJCHTOB C aHAJTMTUYECKUMU
acIeKTaM1 KaueCTBEHHOTO aHaIM3a KaTUOHOB M aHMOHOB M aHAJIM30M CYXOH COJn
Ha COBPEMEHHOM YpoBHE. B paboTe paccMOTpeHBI TEOPETUYECKHE OCHOBBI
TEOPETUYECKUE OCHOBBI KaUE€CTBEHHOTO aHAJIN3a KATUOHOB KHUCJIOTHO-OCHOBHBIM
METOJIOM aHajiu3a WU aHWOHOB, MOJAPOOHO PACCMOTPEHBI BCE CIOCOOBI OTKPBITHS
noHoB. [logpoOGHO paccMoTpeHa paboTa TpPH OTKPHITUM CMECH KAaTHOHOB U
AHUOHOB, MTPEAJIOKEHBI CXEMbI OTKPBITHUS CMECE KaTHOHOB.

Jlns  3akperyieHuMss MaTepuaia IpeACTaBlI€H CIHCOK  KOHTPOJBHBIX
BOIIPOCOB IO KaXK10# J1abopaTopHOi paboTe.

B kadecTBe 3aueTHOrO 3aHATHS PEKOMEHIYETCS IMPOBECTH JA0OPATOPHYIO
paboTy «AHaIM3 CyXOoro BeIIEeCTBa», TN CTYACHT B IIOJHONM Mepe ITOJDKEH
MPOJAEMOHCTPUPOBATh 3HAHUSA U YMEHUSI, MOJYYCHHBIC NPU HM3YUYEHUU JTAHHOTO
Marepuaa.

bosibiioe  3HaueHWE  YJEICHO METOJIaM  OIPEICNICHUS  Pa3IMYHbIX
AJIEMEHTOB B pa3JIMYHBbIX MaTepuajax. PaccMoTpeHbl MemIarolmue BIUSHUS U
METO/JIbl KX YCTPaHEHHUS.

JIns 3akperuieHus: 3HaHUW TPEUIOKEHO Psii MPAKTUYECKUX YIPAKHECHUM,
BOIIPOCOB, a TAKXKE 3aJIaHUSI HE TOJIbKO Ha MPOBEPKY 3HAHUI W3yUYEHHOU TEMbI, HO
Y Ha JIOTUYECKOE MBIILJICHUE CTY/ICHTA.

Metoauueckoe mocooue peKOMEHI0BaHO BHEAPEHUIO B YUEOHBIN mpoliece
Mo y4eOHOM JUCHUIUIMHE « AHATUTHYECKAS] XUMUS.



