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OBLWME CBEAEHUNA

IIpenmMeTOoM aHATUTUYECKON XUMMU KaK HayKU SIBJISICTCSI TEOpUS U
MpakTUKa XMMUYECKOTO aHaln3a. AHAIMTHYECKasi XMMMSsI pa3padaTbiBa-
€T METO/bl KAYeCTBEHHOIO U KOJIMYECTBEHHOrO aHaju3a BelllecTBa, 0C-
HOBY KOTOPBIX INIAaBHBIM 00Pa30M COCTABISIIOT XUMUYECKUE PeaKIIMu Kak
CPEICTBO MOJYYCHMS MHDOPMAIIUKM O XUMUIECKOM COCTaBe BEIIeCTBa.

T1pu uccnenoBaHMM cOCTaBa HEU3BECTHOTO BellleCTBA KaueCTBEHHBI
aHaJIM3 BCeraa MpeaecTBYeT KOTMYECTBEHHOMY aHaIU3Yy, 0e3 MOoyJYeH-
HO# MHMOpMAIIKM Ha TIEPBOM 3Talle TPYIHO MOA00paTh ONTUMAaIbHBIC
YCJIOBUS JJIs1 JaJIbHEHIIero UCCaea0BaHUsl CTPYKTYPhl M CBOICTB Bellle-
ctBa. KauecTBeHHBIN aHAJIN3, KaK MPaBUJIO, OCHOBBIBAETCS HAa XUMUYE-
CKMX TIpeBpalleHUsIX, TIPU KOTOPBIX MCCIEAYEMOE BELIECTBO O0Opa3yeT
HOBOE CoeIMHeHUEe, obJiafalollee XapaKTepHbIMU CBOMCTBAMU: LIBETOM,
crnenuIeckuM 3amaxoM, (GU3UYECKUM COCTOSIHMEM, CTPYKTYpPOil u
np. Takue mnpeBpallleHUs] Ha3bIBalOT KayeCTBEHHOW aHaJIUTU4YeCKOI
peakuMeii, a BELIeCTBa, BBI3bIBAIOIIME 3TO MpeBpallleHWe, Ha3bIBalOT
peareHTaMM (peakTuBaMM). OCHOBHBIC TUIBI peaKIUii, UCIOJIb3yeMbIX
B KQU€CTBEHHOM aHaJIM3€, — 3TO KUCJIOTHO-OCHOBHOE B3aUMOJICUCTBUE,
peakuuy OcaxJeHUsI, OKMCJEHUSI-BOCCTAHOBJIEHUSI U 0Opa3oBaHMSsI
KOMILJIEKCHBIX COEIMHEHUIA.

Wcnonbp3yemble MpU 3TOM peakUMy MOApa3AesioT Ha o0lIue, Npu
KOTOPBIX PEakKTUB pearupyeT aHaJIOTMYHO C HECKOJbKUMU WOHAMU, U
YACTHBIE PEAKIIMA — CBOMCTBEHHBIE ONIPEAECTIEHHOMY UOHY.

Kpome ykazaHHBIX peaklivMii B KaUeCTBEHHOM aHalW3€ pa3jinyaroT
peakuury 0OHapyXeHUsI WM OTKPbITUS (paclio3HaBaHUs) U pas3iesieHusl,
KOTOpbIE MPUMEHSIOT IS pa3feseHrsl 00pas3loB, MPeacTaBIsSIOIINX CO-
001Ji cMeCh BEIIECTB.

Peakiiuu XxuMu4yecKoro aHajau3a yallle BCEro MpoBOJSIT B pacTBOPE,
TO €CTh aHAJIU3 ITPOBOST MOKPBIM CITOCOOOM. B KauecTBeHHOM aHa/In3e
WCIIOJIB3YIOTCS PeaKIMK, KOTOPbIE TPOBOASAT CyXUM ciocodom. M3BecT-
HO, YTO HEKOTOPBIE BelllecTBa (MX Mapbl) OKpalIMBaOT O€CLIBETHOE T1a-
M1 TOPEJIKU B XapaKTEPHBI LIBET WX MPUAAIOT ONPEAEIEHHYIO OKPACKY
miaBy (Tepiay), HoJydeHHOMY IIpU HarpeBaHUMU BELLECTBa C TeTpabopa-
TOM HaTpus B YIIKE MJIATUHOBOU MPOBOJIOKU.



Peaxiinu cyxum crioco00M OCYIIIECTBIISIIOT TAKXKE ITyTEM paCTUPAHUST
TTOPOIIIKOB MCCJIEYEMOT0 BEIIIeCTBAa M CYXOT0 peareHTa, Ipu 3TOM, KakK
MpaBWIO, 00Pa3yIOTCS JIETKO JIeTyYre MPOJAYKThI C XapaKTepHbBIM 3aria-
XOM WJIM UHBIMU cBolicTBamu. ClieyeT OTMETUTh, YTO OOJIBILION MOy~
JIIPHOCTBIO TIOJIB3YeTCsT KamelbHbIi aHan3. OH OCHOBaH Ha SIBIICHUSIX
KaNWIISIPHOCTU M ancopouuu. Peakunu mpoBoadT Ha hapdopoBbIX U
CTEKJITHHBIX TJIACTUHKAX WX Ha (GUIBTpOBAIbHON Oymare. Peakiuu,
KakK TpaBujIO, OYeHb YyBCTBUTEJIbHBI, Ha aHAJIM3 OEpyT KarejabKy pac-
TBOpAa M HAHOCAT Ha TIOATOTOBJICHHYIO TIOPUCTYIO TIOBEPXHOCTD; IO T0-
SIBJICHUIO TISITHA XapaKTEPHOU OKPACKU CYIST O MPUCYTCTBUU B 00pasiie
COOTBETCTBYIOIIETO KOMITOHEHTA.

ITpu mpoBeneHUM KayeCTBEHHOTO aHaIM3a Jaille BCETO UCIIONIb3YIOT
TTOJTYMUKPOXUMUYECKUI1 METOM, KOTOPBIN COXpaHsIeT B OCHOBHOM TTPUH-
IIUITBI MAKPOXUMUYIECKOTO aHaIn3a.

UyBCTBUTETHLHOCTh PEAKIIUU OMpENessieTcss HAMMEHBIIMM KOJIJe-
CTBOM BelIeCTBa, KOTOPOE MOXET ObITh OOHAPYKEHO NaHHBIM PEaKTH-
BoM B Karuie pactBopa (0,01—0,03 mi1). C 4yBCTBUTEIbHOCTBIO B3aUMO-
CBSI3aHBI TAKUE BEJTMYMHBI, KAK OTKPbIBAEMbIi MUHUMYM, MUHUMATbHAS
(TipenenibHAsT) KOHIIEHTPALIUS U TIpeeIbHOe pa3daBieHUE.

AHaaumuueckas peakyus mem 4y8cmeumenvHell, Yem mMeHbuie OmKpbl-
BaeMblll MUHUMYM, HeM MeHbUle MUHUMAAbHAS KOHUeHMPAYUs AHAAu3upye-
M020 pacmeopa, vem boavuie npedenvroe pazbasnienue.

B kayecTBeHHOM aHaM3e HEOPTaHWYECKUX BEIIECTB IPEUMYIIE-
CTBEHHO MCCJICIYIOT PacTBOPHI COJIei, KMUCIOT U OCHOBaHMIi, KOTOPbIE
B BOJHBIX PacTBOpax MPUCYTCTBYIOT JIMOO B BUIIe KATUOHOB U aHUOHOB,
MO0 TIPOMYKTOB THMIApojn3a. [103TOMy XMMMUYECKUII aHaIu3 BOIHBIX
PacTBOPOB JIEKTPOJIUTOB CBOAUTCS K OTKPBITHIO OTAEIbHBIX MOHOB (Ka-
TUOHOB U aHUOHOB).

I obecrieyeHus1 MoJlydeHUsT Haubosee MOJMHONW MH(pOpMaLMU O
KauyeCTBEHHOM cocTaBe o0Opaslia (HeOpraHMYeCKMX BeleCTB) MOHBI Jie-
Jat Ha rpynmbl. Kinaccudukanysi KaTHOHOB M aHMOHOB T10 aHAJTUTHYE-
CKHUM TpYIIIIaM OCHOBaHAa Ha OTHOIIIEHUM MOHOB K JACMCTBUIO peareHTOB,
Ha CXOJCTBE U Pa3IMuMy MPU3HAKOB 00pasyIoInXcsl coeAuHeHn. Pa3-
paboTaH psin KiaccuUKaMOHHBIX CUCTEM, OCHOBAaHHBIX Ha TIPUMEHe-
HUU TeX WM UHBIX IPYITIIOBBIX PeareHTOB.



B 1aboparopHOoM y4eOHOM MPAaKTUKyMe HAMU PEKOMEHIOBaHA KUC-
JIOTHO-OCHOBHAsI KJaccu®uKaius KaTUOHOB, OCHOBaHHAasl Ha MpHUMeE-
HEHUU CJISIYIOIMX IPYIOBBIX PEAreHTOB: XJIOPUCTOBOIOPOIHOM KUC-
JIOTBI, CEPHON KUCJIOTBI, TUAPOKCUIA HATPUsI, TUAPOKCUIA aMMOHWSI.
B pamkax aroil kiaccuduKaimyu KaTHOHBI pacIpelneieHbl 0 IIeCTH
rpynmam (tTa6m. 1).

Tabnuua 1

KucnorHo-ocHoBHAas KJ'IaCCI/I(.J[)I/IKa]_[I/IH KaTnOHOB

Howmep aHa- R
JIUTUYECKOIA pynt Karnonst
peareHT
TPYIIIIbI
K*, Na*, NH*, u TUE KaTHOHBI, COJIM KO-
I* OTCcyTCTBYET ? ’ 4 M ADY ’
TOPBIX XOPOILIO PACTBOPUMBI B BOZIE
1 HCl Ag*, [Hg,]**, Pb>" u apyrue KaTHOHBbI, XI0PU-
Il KOTOPBIX MaJIOPaCTBOPUMBI B BOZIE
1 H.SO Ca?*, Sr**, Ba?" u ipyrue KaTUOHBI, CYJIbdaThl
274 KOTOPBIX MAJIOPACTBOPUMBI B BOJIE

Zn**, AI¥*, Cr?*, Sn?*, Sn**, As (IIT), As (V) u
v NaOH JIpyrue KaTUOHBI, TUIPOKCU/IbI KOTOPBIX pac-
TBOPUMMBI B IIIEJIOYaX

Mg?>*, Mn?*, Fe?*, Fe**, Bi*" u npyrue katu-
\% NaOH OHBI, TUIPOKCHUIBI KOTOPBIX pACTBOPUMBbI
B aMMUaKe

Cu?*, Hg?*, Cd**, Co**, Ni*" u npyrue KaTuo-
VI NH,OH HbI, TUIPOKCUIbI KOTOPHIX HEPACTBOPUMBbI
B IIeJI09ax

* TlepBast TpyIa KaTHOHOB MOXET OBITh OTHeCeHa K VI aHanuTHUYeckoll rpyme; B
9TOM ciTydae HyMepanusi IPyIIl COOTBETCTBYET MOPSAKOBOMY HOMEPY B TaOIHIE.

Krnaccudukannst aHIOHOB OCHOBaHA Ha B3aMMOAECHCTBUU UX C TPYII-
MOBBIMU peareHTaMu, KOTopasi IipeJcTaBieHa B Ta0. 2.



Ta6auua 2

AHanuThyeckas KJ'[aCCI/I(bI/IKaHI/IH aHNOHOB

Howep ara- Ipynmosoii
JINTUYECKON py AHUOHBI
peareHT
TPYIITTBI
S0,, S0, CO.», PO, SiO.” u npyrue
1 BaCl, aHUOHBI, OapUEBbIE COTU KOTOPBIX B BOJIE
MaJiopacTBOPUMBI
I AeNO CI, I, Br, S u npyruie aHUOHBI, cepeOpsiHbIe
Y5 o KOTOPBIX B BOJIE MaJIOPACTBOPUMBI
NO,, NO,", CH,COO" u npyruie aHUOHBI,
111 OTCyTCTBYET |0apreBbie U cepeOpsiHbIe COIUM KOTOPBIX B BOJIE
pPacTBOPUMBI

B 1aGopaTopHOM MpaKTUKyMe PEKOMEHIYETCST BHITTOJIHEHHE CIICIY-
[OIIMX PabOT: U3ydyeHMEe KaueCTBEHHBIX PeaKIIMii HEOPraHUYECKUX KaTuh-
OHOB, CUCTEMAaTUYECKUI aHAIN3 3aJaHHOI CMECHU KaTHOHOB, U3YyUeHME
KA4yeCTBEHHBIX peakiyii aHUMOHOB, MAEHTU(UKALMSI UHINBUIYAIbHBIX
HEOPraHMYeCKUX COCIUHECHUIA.



1. U3YYEHUE PEAKLUA OBHAPYXEHUA KATUOHOB

Jla6boparTopHas pa6ora 1
KauecTtBeHHble peaKuuu KaToHoB | aHanuTnyeckom
rpynnbi: NH *, Na*, K*

Ieab padoThl: M3YyIUTh KAYECTBEHHBIE peaKlIMM KaTMOHOB | aHamm-
TUYECKOU TPYIIITHI.

3anaun:

1) moAroTOBUTH OOpa3Iibl K aHATU3Y, peareHThbl, He0OXoauMbIe 117151 pabo-
ThI, MaTepUaJbl, HA0OP XUMUUYECKOI MOCYbI;

2) BBIIIOJIHUTH KayeCTBeHHbIe peakuuu KatnonoB NH, ", Na*, K*: peak-
LIMY OKpalllMBaHUS TIJIaMEHU FOpesiKy, peakliu ¢ COOTBETCTBYIOLIU-
MM peakTHBaMU, IpeajaraeMble METOIUKOI (Tad. 3);

3) BECTH 3amMCU B TaOOPATOPHOM XKYpHAJIE;

4) MpoBeCTH aHaIM3 MOJTYYEHHbBIX PE3yJabTaToOB, C(hOPMYIUPOBATH BHIBO-
IbI 1 0POPMUTD OTUET MO padoTe (CM. TIPHUIL.).

Peakrusbi: NaOH — (10—15%-it Bonnbiii pactsop); Na,CO, umm
K2C03(TB);
Na,[Co(NO,),] (cBexenpuroTosneHHbli); peaktus Heccnepa K,HglJ,
(1resmouHoit pactBop); dopmanuH — (33%-it pacTBop (hopMajibaeruaa
CH,0).

NaHC,H,O, — (10—15%-ii BomHblii pacTBOp); PacTBOP

O0opynoBanue, MOCyIa W MATEPHAJIBI: TIPOOMPKH, INTATUB, XUMHIIC-
CKHE CTaKaHbl, CTEKJITHHBIE MAJOYKKU, BOPOHKU, OYMaxKHbIe (UILTPHI,
HUXPOMOBasI ITPOBOJIOKA, CITUPTOBKA, IJIUTKA.

06I.I.|a$| XapaKTepuncTtnka KaTMoOHoOB | aHanuTNueckonm rpynnbi

K 1 ananutuyeckoii rpyrnmne KaTuoHoB oTHocaTcs Li*, Na*, K*,
NH,", a Takxe Opyrue KaTMOHbI 3JEMEHTOB MEPBOM TPYIbI (IJIaBHask
noarpymmna) Tabauusl nepuoauyeckoit cucremsl .M. Menneneesa. Bece
3TU KaTUOHBI HE UMEIOT OOIIEro IPYIINOBOIo peakTrBa U TO3TOMY OJTHO-
BPEMEHHO He MOTYT ObITb OCaXKIEHbI KaKMM-JIM00 PeakTUBOM. DTO OT-
Jmyaet I rpynmy KaTMOHOB OT BCEX OCTaIbHBIX TPYIIT, UMCIOIINX TPYII-
MOBbIE peakTUBbl. OTIMYUTETbHON YePTOl KATUOHOB | aHaIuTUYeCcKO

— 10—



TPYIIIIBL SIBJISIETCS Y TO, YTO OOJIBITMHCTBO MX COJICH XOPOIIIO pacTBOPU-
MBI B Bojie. Tak, Hampumep, XOpOoLIO pacTBOPSIOTCS B BOAE XJIOPUIbI,
¢ropuabl, KapoboHaTHI, CyabdaThl, (ochaThl, CyTbPUIBI, TUAPOKCUIBI 1
MHOTHE IpYyrue coenrMHeHus HaTpusd M Kanus. Katmonsl 1 aHammtmae-
CKOM IpyInbl 6€CLBETHBI, TO3TOMY UX COJIU 00Pa3yIOT MPEeUMYIECTBEH-
HO OECLIBETHBIE PaCTBOPHI.

OKpallleHHBIMHU SIBJISTIOTCS COSAMHEHMST KATUOHOB | TpyIIIIBL: XpoMaThI
— JXeJITble, IUXPOMAThl — OpaHKeBble, MAHTAaHAThI — 3eJIEHbIE, TIepMaHTa-
HaTbl — MAJIMTHOBO-KpacHbIe, rekcarmanodepputsl (11) — xxentoie, rekca-
umranodeppars! (I11) — kpacHbie, rekcaHnTpokodansraTsl (I1T) — xenToie
U KpacHble. OKpacka 3TUX COeNMHEHUI 00YCI0BIeHa COOTBETCTBYIOLIM-
MM aHMOHaMmu. Bce KaTnoHb! | aHaTMTUYECKOi TPYIIITBI, KpOME MOHOB aM-
MOHWUS, YCTOWYUBBI K JEUCTBUIO OKUCTUTENIEN U BOCCTAHOBUTEJIEN.

BbiBoapbi

1. NH,*-MOHBI MOXHO OTKPBITh B IIPUCYTCTBUM BCEX OCTATBHBIX KATHO-
HOB | aHaIMTUYECKOM IPYIIIbI IIPY ITOMOIIM €IKOI'0 HaTpa WUJIU eIKOI0
KaJu.

2. Na'-MoHBl MOXHO OTKPBITh B TNPUCYTCTBUM OCTAJIBHBIX KaTMOHOB
I aHanuTHYeCKOi IrpynIibl MpY MOMOIIY alleTaTa ypaHuIa WK IUHK-
ypaHWJIa arieTaTa, a TakKe peaKIreil OKpalrnBaHUs IUIAMEHU JICTYUH-
MM COJISIMU HaTpPWUSI.

3. K"-MOHBI HEBO3MOXHO OTKPBITb B MPUCYTCTBUM OCTaJbHBIX KaTUO-
HOB | aHanMTMYECKO# rpymbl, Tak Kak NH,*-1MoHbI pearupyior aHa-
JIOTUYHBIM 00pa3oM CO BCEMU PEeaKTUBAMM, OOpa3yloIMMU OCATKKN
¢ K*-nonamu. OtkpbeiTie K*-MOHOB MOXHO MPOBOJUTH peaKTUBAMU
NaHC,H,O, u Na,[Co(NO,) | B npucyrctBuu Na™.

4. Tak KaKk oTkpbiTHIO K™-noHoB Memarotr NH,"-MOHbI, TO pu 0OHapy-
xeHun K™ HeoOXoauMo npeaBapuTeIbHO yAaISITh COIM aMMOHMUSI.

5. [l yoaneHusI cosieit aMMOHUSI C ISJTbIO OTKPBITHS MOHOB KISl MOXKHO
Bocnosib3oBathesd peakuueid ¢ NaOH mmm Na,CO,. Ipu mmurenbHoM
KUTISTYEHUU YKa3aHHBIX PEaKTUBOB CO CMEChIO KaTUOHOB | aHanuThye-
CKOI1 TPYIIITBI COJIM aMMOHMSI Pa3/IaraloTcs ¢ BBIIEJICHIEM aMMHaKa.

6. Mackuposky NH,"-MOHOB OCYILIECTBJIAIOT IyTeM 00pabOTKU paboyero
pactBopa opManbaeruaoM (pactBop ¢opmanrHa). OTCyTCTBUE KaTh-
OHOB aMMOHHS B KaIljIe pacTBOpa IMPoBEePsSIIOT peakTuBoM Hecciepa.
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ITpu BbIMOSHEHUM J1aOOPATOPHON PAbOTHI ClAEAyeT COOMIONATh MO-
CJIeIOBATEbHOCTh OTIBITOB 1 YCJIOBUS MPOBEACHUS PeaKIInii, yKa3aHHbIX
B Tab. 3.

B otyeTe ypaBHeHUS MPOBEIECHHBIX peaKIIMii 3aITMChIBAIOTCS B MOJIE-
KyJIIpHOI 1 MOHHOM (hOpMax 1 OTBETHI Ha KOHTPOJIbHBIC BOITPOCHI.

KoHTponbHble BONpocbl

1. KakuMu KputepussMu XapakTepu3yeTcst aHaTUTUIeCcKasi peakiys?

2. Kaknmu crnocobaMu BBIMOJHSIIOT KAY€CTBEHHbIEC PEaKLIU?

3. Kakue aHamuTHIeCKe peakiiny MOTYT ObITh Ha3BaHbI PEaKIINSIMH OT-
KpbITUS?

4. T1osicHUTe, KaK BBITOJHSIETCS OKpalllMBaHKe TJIaMeHu?

5. Kakas 13 Ka4eCTBEHHBIX peakKIldii MOXET OBITh Ha3BaHA IUISI aMMO-
HUIHOTO MOHA peakieil OTKpbITHsI? OTBET MOTUBUPYIATE.

6. [lpuBenure ypaBHEHUs peakiMii B3aMMOIEHCTBUS MOHOB KaJlMsl C
reKcakoO0aJTbTOHUTPUTOM HaTPHS.

7. OOBACHUTE, TOYEMY TTPU COBMECTHOM NpUCYTCTBUM MOHOB NH, " n K*
HEJIb3s1 YTBEPXKIATh, YTO OAWH U3 HUX OTCYTCTBYET?

8. HazoBuTe ciocoOBI ynajeHIs MOHOB aMMOHUS U3 PACTBOPOB.

Jla6opaTopHas pa6ora 2
KauecTBeHHble peakuunu KatnoHos |l aHanuTnyeckomn
rpynnbi: Ag*, [Hg,]**, Pb?*

Iean paGoThl: U3yYNTh KAYECTBEHHbBIE peakLny KaTHOHOB 11 aHau-
TUYECKOI TPYIIIIBI; OCBOUTH METOIBI CUCTEMATUIECKOTO aHAIM3a KATHO-
HOB DTOM IPYIIIbI.

3anaun:
1) noaroToBUTH 0Opa3Libl K aHAJIU3Y, peareHThbl, HEOOXOAUMBIE 7151 pabo-
ThI, MaT€PUajbl, HAOOP XUMUUYECKOI TOCYIbI;
2) BLITIOJTHUTH KaYeCTBEHHBIE peakuun KaTuoHoB Ag*, [Hg,]**, Pb**: pe-
aKIMM C TPYIIOBBIM PEareHTOM, PeaKIIMU C COOTBETCTBYIOIIMMU Pe-
aKTHUBaMU, MpeaaraeMble METOIUKOM (Ta0I1. 4);



3) mpoBECTU aHAIM3 MTOJYICHHBIX Pe3yIbTaTOB, C(OOPMYINPOBAThH BHIBO-
IIBI 1 O(POPMUTH OTUET IO padoTe;
4)BecTH 3aIliCH B JIaOOPaTOPHOM KypHalie.

Peakrusbi: NaOH (Boauwiit pactsop 10—15 %); Na,CO,, K,CO, 1By
NH,OH (Bomnbiit pactsop 10—15 %); H,SO, (IM pactsop); (NH,),S;
HCI (10—15 %), 0,075%-Hblii CIUPTOBBINA PACTBOP AUTU30HA.

O0opyaoBaHue, MOCYAA U MATEPHAJIBI: IIITATUB, CITMPTOBKA, JIEKTPH-
yeckasl TUIMTKA; IPOOMPKH, XUMUUYECKUE CTaKaHbl, CTEKJISIHHBIC I1aJ10Y-
KU, BODOHKHM, CKJISSHKU JUISI CJIMBA PACTBOPOB, COAEPKALIUX COSAMHEHUS
cepebpa u pTyTH (CKIISTHKU JOJIKHBI OBITh 00513aTEIbHO ITPOMapKUPOBa-
HBbI); OyMaxkHbIe (PUIBTPHI, IVIATUHOBAS TTPOBOJIOKA JJIsT TICTIIU.

O6uasn xapaKTepucTiika KaTuoHOB Il aHanuTuYecKo rpynnbi

Ko Il aHanuTtu4eckoii rpyrnie KaTUOHOB OTHOCSITCS KATUOHBI Ag*,
[Hg,]**, Pb**. KaTnOHbI 3TOii TpyNIIbl OCaXAAIOTCS TPYNIIOBBIM PEAKTH -
BOM — XJIOPDUCTOBOJOPOTHOM KMUCIOTOM B BUE XJIOPUIOB. BOIBIIMHCTBO
coenuMHeHui KaTuoHoB Il aHanuTUYeCcKol IrpynIibl 6€CLUBETHHI U TLJIOXO
pacTBOpUMEI B Boge. OKpalleHHBIMA COCIMHEHUSIMU SIBJISTIOTCS XpOMa-
Thl, MepMaHraHaThl, rekcaHutpokoo6ansTatel (I1I). B anamuruyeckoit
XUMMU U3 OKPAIIEHHBIX COCAMHEHNI cepedpa IMIPUMEHSIIOTCS Hanboee
YacTo: apceHaT — IIOKOJIAJHOTO 1[BETa; apCEHUT, OpoMuJL, nonu, Gpro-
pun, gocdart, kapooHar, rekcaumaHodeppat (I111) okpaitieHbI B KeATbIN
LIBET; XpOMAT M TMXPOMAaT — KPACHOTO 1IBETa; OKCUI U CYIbMUI — OYpOro
useta; 6pomun, propun u kapooHat [Hg |** umeror xenryro okpacky. U3
OKpallleHHBIX COEAMHEHMI CBUHIIA B KAYECTBEHHOM aHAJIM3€ MPUMEHSI -
FOTCSI: MOOUI — 30JIOTUCTO-XKEJITOTO 1IBeTa, CYyAb(PUI — YepHO-0yporo,
XpoMar — XeJTOro, AMXpoMar — KpacHOTO.

B peakuusix OKUCIEHUS-BOCCTAHOBJICHUSI COEIWHEHUsI cepedpa,
pryt u cBuHIa (IV) nposBisioT cedst Kak okucautean. MoHb cepedpa,
PTYTU BOCCTAHABIMBAIOTCS IO 3JIEMEHTApHOTO cocTosiHUsA. CoennHeHMsT
cuHua (IV) BoccranasnuBatotes 1o coeauHenuii ceunua (I1). Coenune-
Hust Pb** crtoCcOOHBI OKUCISATBCS 10 COSIMHEHUI BBICIIIEH BaJIEHTHOCTH.



BbiBoabl

1. Katuonbsl Ag*™ 1 Pb?* ¢ rpyIImoBbIM peareHToM 00pasyloT OeJible ocal-
K1, KOTOPBIE MOKHO Pa3IeIUTh IPU KUTISTIeHUH pacTBopa. [1pu aTom
XJIOPU CBUHIIA PACTBOPSIETCS, M TOPSTYUIA pacTBOp HEOOXOIMMO OT-
(GuUIbTPOBATH.

2. «OTKpBIBalOT» KaTMOHBI CBUHIIA B (DMJIBTPATe C TTOMOIIBIO PeaKIInu
«30JIOTOTO JIOXKIIST».

3. BzaumojeiicTBue 3TUX KaTMOHOB C IPYTMMM peakTuBamu (Tabi. 4)
ITO3BOJISIET JICTKO BBISIBUTHh HAJIMYKME B 00pasiie KATMOHOB cepedpa u
CBMHIIA.

4. KatnoHnnl Ag* «OTKpBIBAlOT» B OCaJKe IMOCJE OTAEJICHUS] XJIopuaa
CBHUHIIA M3 TOPSYEro pacTBopa (0camoK JOTOJTHUTEIBHO TTPOMBIBAIOT
ropstueit Bogoit). Ocagok AgCl pacTBOpSIIOT B pacTBOpE aMMUaKa, 3a-
TeM pa3pyllaloT KOMIUIEKC PAaCTBOPOM a30THOM KHUCJIOTHI U, T00aBIsIs
pactBop HCI, HabmonaioT obpa3oBaHue 6€J10TO TBOPOKHUCTOTO OCal-
ka — AgCl.

5. CoeaunHeHnus (conun) cepedpa B BOZHOM PacTBOpE Ha CBETY HEYCTOM -
YUBBI, HEOOXOMNMO 3TO YUMTHIBATh NP XPAaHCHUU PEaKTUBOB U TIPU
BBITIOJTHEHNU KCITIEPUMEHTA.

B Tab6n. 4 npuBeneHbl peakuyuu KaTuoHoB I aHanuTUueckoi rpynib

C HEKOTOPBIMU peareHTaMM, KOTOPhIe MOXKHO MCITOJIb30BaTh 1T pase-

JICHUSI 1 OOHAPYKEHUST KATUOHOB 3TOU T'PYIIITHL.

Tpu BbIMOJIHEHUM JabOpaTOPHOU pabOTHI cieayeT cobJioaaTh Mo-
CJIeIOBATEIbHOCTh OIBITOB M YCJIOBUSI MX BBIMIOJHEHMSI, yKa3aHHbIE
B TaO. 4.

B oryeTe ypaBHEeHUS MPOBEAEHHBIX PEAKLIMI 3aMTUCHIBAIOTCS B MOJIE-
KyJISIPHOW M MOHHOU (hopMax.

— 16—
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KOHTpOJ‘IbeIe BOMNPOCDbI

1. OGocHyiiTe MpUMeHEeHNEe B KaueCTBe TPYIIOBOro peareHTa ajisi KaTuo-
HOB 11 rpyIIibl pacTBOpa XJI0PUCTOBOIOPOIHOM KUCIOTBL.

2. 3anuInuTe ypaBHEHUS peakildii, KOTOPbIe MTPOBOISATCS TPU «OTKPBI-
TUW» UOHOB cepedpa.

3. Kakue cBoiicTBa XJIOpUIOB cepedpa 1 CBUHLIA MO3BOJISIOT AuddepeH-
LIMPOBAHHO «OTKPBIBATE» MOHEI CBUHIIA B IPUCYTCTBUN Ag' B pacTBOpe?

4. OOBsICHUTE, KaK OCYILECTBIISIOT PeaKIIO «30J10TOro aoxas»? Hamu-
LIMTE COOTBETCTBYIOILME YPABHEHUST PEAKLIMIA.

5. [louemy HEOOXOAMMO B aHAJIM3€ Pa3leisiTb MOHBI cepedpa U MOHBI
CBMHLIA ITPY MX COBMECTHOM IIPUCYTCTBUU?

6. Paccunraiite, Kakasi MMHMMaJbHas KOHLEHTpalus HMOHOB cepebpa
JIOJDKHA OBITh B MCCJIEIYeMOM PacTBOpe, YTOOBI MpH T00aBICHUM
nByx-Tpex Karesib (0,05 M) 0,2M pacTBopa CONSIHONM KUCIOThI MOXKHO
Ha0TI0/1aTh BIMAIEHUE Ocanka?

7. PaccunraiiTe paBHOBECHYIO KOHIIEHTPAIIMIO MOHOB CBUHIIA TIPU OCaX-

JIEHUHX ero TPYIIOBBIM PeareHTOM, eClIi KS(PbCI = 10477,
2

Jla6opaTopHas pa6oTa 3
KauecTtBeHHble peakuyum KatnoHoB Il ananuTnyeckon
rpynnbi: Ca?t, Sr**, Ba?*

Ieab pa®oThl: M3YyINTh KaueCTBEeHHBIE peakuny KatnoHoB III aHa-
JIMTUYECKOM I'PYIIIbl; OCBOUTh CUCTEMATUYECKMI METOJ aHAJIM3a CMECU
KATMOHOB 3TOM aHAJIMTUYECKOM TPYIIIIbI.

3agaum:

1) moAroToBUTHL 0Opa3lbl K aHAINU3Y, peareHThl, HE00X0AUMbIE 1J1s1 pabo-
ThI, MaTepHUajbl, HA0OP XUMUYECKOM TTOCYbI;

2) BLIIIOJHUTh KavyeCTBEHHbIe peakiuu KaTtuoHoB Ca**, Sr?*, Ba?* ¢
IPYIIIOBBIM PEareHTOM, PeaKIIMi ¢ COOTBETCTBYIOIIMMU PeaKTUBAMM,
npenjaraeMbie METOAUKOI (Tab. 5);

3) mpoBeCTU aHAJIM3 MTOJYYCHHBIX Pe3yIbTaToOB, C(OOPMYIMPOBATH BHIBO-
JIbl 1 0(POPMUTH OTUET IO paboTe (CM. TPUIL.);

4)BecTU 3aMucu B JIaOOpaTOPHOM XKypHae.



PeakTuBbl: cM. TaOII. 5.

O0opynoBanue: IPOOUPKH; IITATUB; CITMPTOBKA; XUMIIECKIE CTaKa-
HBI; CTEKJITHHBIC ITAJTOYKH; BOPOHKH; OYyMasKHbIE (DMIIBTPHI; HUXPOMOBast
MPOBOJIOKA ISl TIETIIN; TIMTKA; CKJISTHKY [IJIS1 CJTMBa PaCTBOPOB.

O6uan xapaKTepucTka KaTnoHos Il aHanuTnyecko rpynnbi

K III rpymnmne KaTMOHOB, KOTOpPbIE paccMaTpUBAKOTCSI B y4eOHOM
MpakTUKyMe, OTHOCSTCS KatnoHbl Ca?t, Sr?*, Ba?*. [pynmoBbIM peareH-
TOM JIJISI 9TOM IPYINbI KATUOHOB (KUCIOTHO-OCHOBHAs KjiaccuduKalus)
SIBIIICTCSI PAacTBOpP CEPHOI KUCIOTHI (CyiabdaT-moH); 00pa3ylolnecs
cynb(haThl MaJio paCTBOPUMBI B BOJE, YKCYCHOW M MMHEPATbHBIX KHC-
Jotax. B cucremarnueckom aHaiuse cysbohaThl IEPEBOASIT B KapOOHAThI
(TIpoBOIAT KapOOHMU3AIINIO OCaaKa), KOTOPHIE PAaCTBOPSIIOT B YKCYCHOM
KHUCJI0Te, 4TOOBI IepeBecT B pactBop Ca’*, Sr?*, Ba’> misg npoBeaeHust
JNAJIBHEWIIEro aHaIu3a.

Karnonbl oroit rpynmnbl ocaxnarorca B mpucyrcteun NH,CI +
NH,OH peakruBom (NH,),CO, B Bume Kap6oHaToB. BONBIIMHCTBO CO-
eauHeHunit 111 aHanuTUYecKoi TpynIbl 0eCUBETHBI M MalO PAaCTBOPUMBI
B Boze. He pacTBopuMEI B Bonie (pTopuabl, CyabdaTthl, CyJIb(OUTHI, Kapoo-
HaTbl, OKcanarhl, hocdaTsl, XpoMaThl bapusi U CTPOHIINSI.

ITpu B3auMoneicTBUM KaTUOHOB C XpOMaT-MOHAMU B 3aBUCUMOCTH
OT YCJIOBMIA TIPOBEICHMST peaKIIMU 00Pa3yIOTCs IMPOAYKTHI peaKIIn, KO-
TOpbIe TTO3BOJISTIOT pasaessite Ca?*, Sr2*, Ba’" u 0OHapyXuBaTh UX HAJIU-
yue B obpasue (TadJ. 5).

[Tpu B3aMOACIICTBUN 3TUX KATUOHOB C POAM30HATOM HATPUsI (METOI
OyMaxxHO# xpomaTtorpaduu) oOpasyloTcss MPOAYKThI peakluM ¢ XapakK-
TEPHOI OKpacKoil M CBOMCTBAMU; MPU 3TOM BaXKHO COOJIIOAATH YCJIIOBUS
BBITIOJTHEHUST OMbITa. KaTHOHBI Kanblvsi 00pasyioT (pruoseTOBbIN 0cagoK
B I1IeJI0YHOI cpesie (yuacTsyet B peakiuu Ca(OH),), KoTopblil pacTBOpruM
B costsHoi kucore. Katronsl Sr** u Ba>* B HeliTpalibHOI cpefie 00pasyioT
MaJIOpacTBOPMMBIE KOPUIHEBATO-OPAHXKEBBIC OCAIIKM, KOTOPHIE PacTBO-
PSIIOTCST B COJISTHOM KMCJIOTE, TIPU 3TOM COEIMHEHWE CTPOHIIMS C POMIU-
30HATOM O0ECLBEUMBAETCS, a COeAMHEHUE Oapusl MPUOOPETAET PO3OBYIO
oKpacky. Peakius ¢ pomr3oHaToM 00Jjice YyBCTBUTEIBHAS:

— 90—



Pomuzonar K, [Fe(CN),] (NH,),C,0,

OTKpBIBAEMbIii MUHUMYM, MKT 1 25 100
TIpenenbHass KOHLIEHTPALIWST 1:5- 104 1:2-10° 1:6 - 104
IIpenenbHoe pazbaBlieHUE 50 000 2000 60 000

CrnenyeT oOpaTuTh BHUMaHUE Ha OKpalllMBaHUE TJIAMEHU TFOPeIKu
JIETYYMMMU COJIIMU KaTUOHOB KaJbLIMsI, Oapusi U CTPOHILIMS.

Bce xatuonsl 111 rpynmnbl ycTORUYMBBI 110 OTHOLIEHUIO K JEMCTBUIO
OKUCJIUTEJIeN U BoccTaHOoBUTENEN. B Tab. 5 yka3aHbl Te peakliuu, KOTO-
pble pEKOMEHIOBaHbI TSI U3YYEHUS B yUeOHOM MPaKTUKYME.

BbiBOAbI

1. IIpu comocraBieHun NeiicTBUS peakTUBOB Ha KatuoHbI 111 ananuTu-
YECKOM IPYIIIbl HEOOXOAUMO OTMETUTh, 4TO OOHapyxeHuio Ca?" me-
IIAIOT MOHBI CTPOHLIMS W Oapusi, CIeI0BaTeIbHO, TIPU 00HAPYKEHUN
MOHOB KaJIbLIUSI HEOOX0AMMO OTACIUTh Sr2* 1 Ba?*.

2. B orcyrcTtBUM KaTHOHOB Ba?* MOXHO OOHApYyXWUTh Sr** ¢ IIOMOILBIO
peakuru ¢ HachlleHHbIM pacTBopoM (NH,),SO,. Crnenyer o6patuth
BHMMaHMUE, YTO KaJIbLIMii Y U30bITKE B pacTBOpe SO,-MOHOB 00pasy-
€T KOMIUIEKCHOE COeIMHEHNE, KOTOPOE 3aMETHO PACTBOPSIETCS B BOJIE.

3. Inst oTneneHUs MOHOB Oapusi OT APYTUMX KaTUOHOB MOXHO BOCTIOJb-
3oBarbes aerictBueM K,CrO, B yKCyCHOKHUCIIO# cpesie. XpOoMaThl Kallb-
LIMSI M CTPOHLIMSI B 9TUX YCJIOBUSIX PACTBOPUMBI.

4. B orcyrcTBUM KaTMOHOB Ba’** MoxHO o6HapyxuTh Sr’* u Ca’>" B pac-
TBOpPE C IIOMOILBIO POIM30HATA HATPUS, UCIIOJIb3Ys METOA OyMasKHOM
Xpomarorpaduu.

5. CBOIACTBO OKcajlaTa KaJIbIIUsI HE PacTBOPSITbCS B YKCYCHOM KHCIIO-
Te MOXKET ObITh MCIOJIb30BaHO Mis1 oOHapyxeHust Ca’" B pacTBope,
B IIPUCYTCTBUU KATUOHOB CTPOHLIMS U Oapusl.

I1pu BbIMOJIHEHUM JAaOOPATOPHOU PabOTHI cieayeT cobJoaaTh Mo-
CJIeA0BaTE/IbHOCTh OIbITOB WM YCJIOBHUSI UX BbIMOJHEHUS, YKa3aHHbIE
B TaOI. 5.

B oryeTe ypaBHEHUS BBIMOJHEHHBIX PeaKIdil 3alMChIBAIOTCS B MO-
JIEKYJISIPHOI M MIOHHOM (hopMax.
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KOHTpOJ‘IbeIe BONMPOCbI

1. [IpoBeauTe CpaBHUTENbHBII aHAJIU3 CBOWCTB CYJb(PaTOB KaTHOHOB
Ca?", Sr** u Ba*'.
2. byzaeT nu BeINagaTh 0cagokK cyjiabdara dapus, ecliv K nmpode, comepka-
wei 1 - 10°M xstopuna 6apust IpywIATh 1 MJI HACBILEHHOTO pacTBopa
= —-9,96)9
S Ca3S0y 107%)?

3. IMosicHuTe, KaK MPOBOJAT KalleJbHYIO peakinio KaTuoHoB [I1 rpyrmet

cynbdata Kanprus, (K

¢ poau3oHaTOM HaTpus? 3anuiluTe ypaBHEHUST peaKInii.
4. C moMonIbio KaKoi peakiii MOXHO TTONTBEPANUTh HATMYME KATUOHOB
Sr** u Ba>* nmpu uX COBMECTHOM MPUCYTCTBUN?

Jla6boparopHan pa6ora 4
KauecTBeHHble peakuuu KaTnoHoB IV aHanuTuyeckom
rpynnbi: Zn%, AP*, Sn?, Cr3*

Ieab padoThl: N3yYNUTH KaUeCTBEHHBIC peaKIIMM Ha KaTMOHHKI [V aHa-
JIMTUYECKOM TPYIINBI; OCBOUTb CUCTEMATUYECKUIA aHAJIU3 CMECU KaTHUO-
HOB 3TOM aHAJIUTUYECKOM IPYIIIIbI.

3agauu:

1) moAroToBUTH 0OPA3IIBI K aHAIN3Y, peareHThI, HEOOXOMUMBIE TSI pabo-
TBI, MaTepUaJIbl, HA00P XUMUIECKOM TTOCYIbI;

2) BLINIOJHUTH KaYeCTBEHHbBIE PeaKLMU KaTUOHOB Zn**, AP, Sn**, Cri* ¢
IPYIIIOBBIM PEareHTOM, peaKLUK ¢ COOTBETCTBYIOLIMMU PEaKTUBAMMU,
rpeajaraeMble METOIUKOM (Tadt. 6);

3) MpoBeCTU aHaJIU3 MOJIYYEHHBIX Pe3yJbTaToOB, C(POPMYIMPOBATh BHIBO-
IIbI 1 OPOPMUTH OTUYET 10 paboTe (CM. TIPUIL.);

4)BecTHu 3aMucu B J1abOpaTOPHOM XKypHae.

PeakTuBbl: cM. Ta0II. 6.

O0opynoBanue 1 MaTepuabl: TPOOUPKH, IITATUBBI, CITUPTOBKY, CTa-
KaHbl XUMUYECKWe, CTEKJISTHHBIC IMaJlOYK1, BOPOHKU, OyMaxkHbIE (Db~
TPbI, MJIATUHOBAS (MM HUXPOMOBAsI) MPOBOJIOKA, TUIUTKA.



O6uian xapaKrepuctnka KatnoHos IV aHanuTuyeckon rpynnbl
KNC/IOTHO-OCHOBHOIO MeTofa
Katvonsl IV aHanuTUyeCcKoil Ipymbl BKIoyYaroT: Zn®t, AI*, Sn?*,
Cr’*, As’", As’". IpyIIoBbIM peareHTOM Ha KaTUOHBI 3TOM IPYIIIbI SIBJISI-
€TCs TUAPOKCU HATpUs (0OBIYHO OEpyT U30BITOK) B IPUCYTCTBUU MTEPOK-
Cu/ia BOAOPOJA, KOTOPBIN OcaxaaeT KaTMOHbI B BUIIE TMIPOKCUIOB, pac-
TBOPUMBIX B M30BITKE PeakTHBa C 00pa30BaHUEM THIPOKCOKOMITIEKCOB:

AP + 30H- = Al(OH), AI(OH), + 30H- = [A(OH) |*

Cr*+30H =Cr(OH),  Cr(OH),+ 30H" = [Cr(OH),]*
Zn** +20H =Zn(OH),  Zn(OH),+ 20H" = [Zn(OH),|*
Sn** +20H =Sn(OH),  Sn(OH), + 40H" = [Sn(OH),|*

Ocanku ruApoKcuioB KaTUOHOB [V Tpyniibl He pacTBOPSIIOTCS B BOJI-
HOM aMMUaKe, 3a NCKII0YCHNEM THAPOKCHIA [IMHKA, KOTOPHIN pacTBO-
psieTcsl ¢ 06pa3oBaHMeEM aMMUaYHoro Komriekca [Zn(NH,),]**.

OTKpBITH KATUOHBI ATIOMUHUS MOXKHO KaIleJIbHBIM METOIOM PeaKIf-
et ¢ ammzapuHOM. OTKPBHITHIO ATIOMIHUS MEIIAIOT KATUOHEI XpoMa, ITH-
Ka, o0JloBa. MelaroIe KaTHOHBI MOKHO TIEPEBECTH B MAJIOPACTBOPHUMBIE
coenuHeHus rekcamanodpeppartom (I1) kanus. I[Mpu nogkucieHun cMecu
ruapoKcokomIriekcos 1o pH ~ 4 (NH 4CITB) B OCAJIOK BBITIAAAIOT Al(OH)3,
Sn(OH),, TakuM 00pa3oM WX BBIAEJAIOT U3 CMECH B CUCTEMATHYECKOM
AQHAJIM3€ CMECU KATUOHOB YE€TBEPTOM aHAJIMTUYECKOM IPYIIIIbI.

ITpucyrctBue onosa (II) moka3pIBalOT peaklUsIMU C COJSIMU PTYTU
¥ COJIIMH BHCMYTa B IIEJIOYHOM cpene. PTyTh M BUCMYT MPU peakIIny C
onoBoM (II) BoccTaHaBIMBAIOTCS 10 METAJIJIMUYECKOTO COCTOSIHUSI U BbI-
MamaroT B BUIIE YePHBIX OCAIKOB.

Coegunenust Cr’* oOHapyXMBalOT B INpEABAPUTEILHOM aHajIu3e,
OKUCJISISI €ro MEPOKCUAOM BOAOPOIA IO HAaIXPOMOBOI KMCIIOTHI. DTy
PEaKILNIO OCYIICCTBISIIOT B IIPEABAPUTCIILHOM aHajln3e, MPUCYTCTBUC
JIpPYruX KaTHOHOB B 00paslie He MelaloT ooHapyxkeHuto Cr3*. B ciyuae
Hanmuust Sn?* B aHAIM3KPyeMOM 00paslie OH OyIeT OKUCISAThCI 10 Sn**
(B mIeJIOYHOI cpeme — SnOSZ*).

KauecTBeHHBIE peaKIIMM KAaTHOHOB 3TOI TPYIITEI, KOTOPBIE TTPUMe-
HSIOT B CUCTEMaTUYECKOM aHajIu3e, pUBeIeHbI B Ta0J1. 6.



BbiBoabl

1. B 1V rpynmne npucyTCTBYIOT KaTMOHBI, OOJiagalolIre OKUCIUTEIb-
HO-BOCCTaHOBUTEIBHBIMU cBoiicTBaMu Sn?*, Cr’". B mpucyrctBumn
repokcuaa Boaopoaa KaTuoHsl Sn?*, Cr’*, As’" OKUC/ISIOTCS COOTBET-
CTBEHHO JI0 IeKcaruapokcoctanHaT-uoHoB [Sn(OH)|*, xpomar-uo-
HoB CrO,*, apceHar-noHoB AsO,*.

2. Coeagunenust Cr’* MoryT ObITh OOHAPYKEHBI B UCCIEAYEMOM 00pasLie
peakumeil OKMCIeHUS 10 HAAXPOMOBOM KUCIOTHI. DTa peaklius Mmpo-
BOAUTCS B IPEABAPUTEILHOM aHAIN3e, TaK KaK IIPUCYTCTBUE APYTUX
KATUOHOB He MellaeT OOHapyKeHMIo KatuoHa Cr3*,

3. [IpumeHeHne peaklinii KaTMOHOB IV Ipyrmnbl ¢ opraHMYecKUMHU pea-
reHTaMU, B pe3yJIbTaTe KOTOPhIX 00pa3yIOTCsl KOMILIEKCHI C XapaKTep-
HOI1 OKpPacKOI, «OTKPBITHE» 3TUX KATUOHOB YIIPOIIAETCS.

4. Conu oJioBa B BOAHOM pacTBOPE 3aMETHO TMIPOIU3YIOTCS; IJIsl TIPO-
BeJeHHUsI KAUeCTBEHHBIX PeaKLMil HEOOXOAMMO MMOAKKUCIISATh PaCcTBOP,
YTOOBI TTOXABUTH THIPOJIN3.

5. OkuclieHre OJioBa a30THOKMCJBIM BHUCMYTOM IIPOXOAUT B CHJIBHO
IIEJIOYHON cpele, IIPW 3TOM B pacTBOpe oOpasyeTcsl BUCMyTaT-HOH
(BHCMYTAT TOTOBST B OTHEIBHOM ITPOOMPKE — BOTHEINA pacTBOp a30T-
HOKMCJIOTO BUCMYTa MOAIIEIaYMBaIOT U HEOOIbIIIOE KOJIUYECTBO 3TO-
ro pacTBOpa A00ABISIOT K pACTBOPY COJIM OJIOBA).

B otuere ypaBHeHUsI peakiiMii MOHHOTO OOMEHA 3aIMChIBAIOTCS
B MOJIEKYJIIPHOM M COKpalleHHOW WOHHOU (opmax. OKUCIUTENb-
HO-BOCCTaHOBUTEJIbHbBIE PeaKIIUU ODOPMIISIIOTCS C YKa3aHUEM OKUCITU-
TeJISI U BOCCTAHOBUTEJISI U 3aITMChIO YPAaBHEHMS B MOJIEKYJISIDHOM (hopme
U ypaBHEHUS MOJypeakunil (3J1eKTPOHHOTO OajaHca).

926 —
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KOHTpOJ‘IbeIe BONMPOCbI

1. [IpoaHanu3upyiiTe OTHOLIEHUWE TUAPOKCOKOMILIEKCOB KaTHOHOB
1V aHanuTtuyeckoii rpynribl K aMMHUaKy.

2. Paccunraiite, mpu Kakoit BemunHe pH pa3pymrarorcs riapoKCOKOM-
TUIEKCHl KATUOHOB aJIIOMUHUS U 0jioBa?

3. 3anmiuure ypaBHeHUs peakuuii okucieHus Cr** go HaaxpoMoBoOi
KHCITOTHI.

4. Paccuuraiite BenumuuHy BAC OKMCIUTETbHO-BOCCTAaHOBUTEIBHOIO
Mpolecca OKUCIeHUs: Sn** BUCMYTaTOM HATpPUSL.

5. CocTaBbTe ypaBHEHHNE OKMCIMTEIIBHO-BOCCTAHOBUTEIBHON peaKIInn
Cr’* mepokcuaoM BOAOpOIa B ILEJOYHOM cpene. Paccuuraiite Beu-
ynny DJ1C nipouecca rmpu pH 10.

6. HazoBure, Kakye opraHMYecKre peareHThl IPUMEHSIOT ISl «OTKPbI-
TUSI» KAaTUOHA aJIIOMUHUA? 3aNUIINUTe YpaBHEHUS peaKIii.

7. YKaxXuTe yCIOBUS IPOBEICHUS peaKIInM KaTMOHA IIMHKA C JTUTH30-
HOM. 3alUIINTe YpaBHECHUE PEaKIINU.

Jla6boparTopHas pa6oTta 5
KauecTBeHHble peakunn KaTMOHOB V aHaNNTNYecKou rpynnbi:
Mgz+, Mn?*, Fe?*, Fe3+, Bi3*, Sb3*, Sh5*

Ieab padoThl: N3yYUTHh KAYEeCTBEHHBIC PeaKIIMM Ha KAaTUOHHI V aHa-
JIMTUYECKOM TPYIINBI; OCBOUTb CUCTEMATUYECKUIA aHAJTM3 CMECU KaTHUO-
HOB 3TOM aHAJIUTUYECKOM IPYIIIIbI.

3agauu:

1) moAroToBUTH 0OPA3IIbI K aHAN3Y, peareHThI, HEOOXOMUMBIE TSI pabo-
TBI, MaTepUaJIbl, HA00P XUMUIECKOM TTOCYIbI;

2) BBITIOJTHUTB KaueCTBEHHbBIE peaknK KaTuoHoB Mg?*, Mn**, Fe?*, Fe3*,
Bi** ¢ rpynmnoBbIM peareHTOM, peakiluu ¢ COOTBETCTBYIOIIMMU peaK-
TUBaMU, TIpeasiaraeMble MeTOAMKOM (TabJ1. 7);

3) MpoBECTU aHAJIM3 MOJYYEHHBIX PE3yIbTaTOB, COOPMYJINPOBATH BHIBO-
IIbI 1 O(POPMUTH OTUET IO paboTe (CM. TIPUIL.);

4)BecTu 3aMucu B J1abOpaTOPHOM XKypHae.



PeakTuBbl: cM. TadI. 7.

Oo0opynoBanue: IPOOUPKHU; ITATUBBI;, CITUPTOBKU; CTaKaHBI XUMH-
YeCKHUe; CTEKIISTHHBIC TTaJIOYKH; BOPOHKH; OYMaKHbIe (DYUIBTPBI; HUXPO-
MOBasI MPOBOJIOKA; TUTUTKA.

O6ulan xapaKTepucTuKa KaToHoB V aHannTu4ecKom rpynnbi
KNC/IOTHO-OCHOBHOIO MeToza

KaTtuonbl V aHalIUTUYECKOM IpyIbl BKIo4YaoT: Mg?*, Mn?*, Fe**,
Fe’*, Bi**. [pynmoBbIM peareHTOM Ha KaTUOHbBI 3TOW TPYIIIbI SIBJSIETCS
TUAPOKCUIL aMMOHMS, KOTOPBI OCaXIaeT UX B BUIE TMAPOKCUIOB, HE
pPacTBOPMMBIX B M30BITKE peakTuBa. KaTnoHBI V aHAIMTUIECKOI TPyII-
bl 00J1a1a10T CKJIOHHOCTBIO K KOMIUIEKCOO0Opa30BaHUIO M UMEIOT Tiepe-
MEHHYIO CTeNeHb OKUCIeHUsT (KpoMe mMarHus). [Mapokcuabl KaTHOHOB
V rpymnisl, KpoMe ruapokcuna cypbMsl (111), He obnamaroT amdoTepHO-
CTBIO 1 HE 00pa3yloT pacTBOPUMBIX aMMUAKaToB. KaTHOHBI 3TOM TpyII-
bl KoJnyecTBeHHO ocaxkaatorcs: n3obiTkoM KOH nnu NaOH, koTtopbie
TaKXe MOTYT OBITh TPYIIIOBBIM peareHToM. [1py Haamuuum coequHEeHMI
Bi** B ycioBHsIX M30bITKA IIEJOYM B PACTBOPE MOXET IPUCYTCTBOBATH
BUCMYTaT-MOH, KOTOPbIA OOHAPYKMBAIOT peakuueii ¢ Sn>* (cM. Tabi. 6).

DTa TpyIma BKIOYAaeT KATUOHBI, MHOTHE M3 KOTOPBIX MOTYT OBIThH
OTKPBITHI B TIPeABAPUTEILHOM aHAJIN3e IPOOHBIM METOIOM B IIPUCYT-
CTBUU IPYIUX KaTUOHOB.

Katuowns! xene3a (II) oTkpbiBaloT APOOHBIM METOIOM C TIOMOIIIBIO
peakTuBa rekcaunanodeppara kanusa — K, [Fe(CN),], a KaTHOHBI Xene3a
(IIT) — ¢ momoupio peakrupa rekcarmanodeppura kamus K,[Fe(CN) ],
a Takke peakiueil ¢ TuonraHaroM Kamus (KSCN) mwim aMMoHMS.

Katnonsr Mn?* u Bi** 001a1al0T BOCCTAHOBUTEIBHBIMU U OKMC-
JIUTEJIbHBIMU CBOMCTBAaMU COOTBETCTBEHHO, YYACTBYIOT B pPEaKLMSIX
OKUCJICHUSI-BOCCTAHOBJICHUS. B TIpenBapUTEIbHBIX MCIBITAHUSIX <«OT-
KpbIBaloT» KaTuoHbl MapraHua (II) peaxiueili ¢ BUCMyTaTOM HATpus
WJIM HATPATOM BUCMYTa B a30THOM KMCJIOTe ¢ 00pa3oBaHUEM MepMaHra-
HaT-MOHa (PacTBOP OKPAIITMBAETCS B MAJIMHOBBII ITBET).

KaTuoHsl BUCMyTa BoccTaHaBIMBalOTCs cosimu oJioBa (11) B mienou-
HOI cpelie, obpasyercs Bi° B BUIe TOHKOAMCIIEPCHOI'O YEPHOTO OCAIKa.



OKpallleHHBIMU COENUHEHUSIMA KAaTUOHOB V TPYIIIbI SIBJISTIOTCS:
XpoMaThbl (KelThle), IMXpoMaThl (OpaHXeBbIe), MAHTaHATHI (3€JIEHBIE),
TnepMaHraHathl (MaJIMHOBO-KpacHbIe), rekcanranodepparsl (I1) (kem-
Thie), TekcaumaHodepputhl (III) (KpacHBIe), TeKCaHUTPOKOOATBTATHI
(ITI) (xenThie 1 KpacHbIe). OKpacKy 3TUX COENMHEHUI 00YCIOBIUBAIOT
COOTBETCTBYIOIIIE€ AHUOHBI.

Katvon Mg?** He yyacTBYeT B OKHCIMUTEIbHO-BOCCTAHOBUTETb-
HBIX TIpOlleccax M HaXOIMTCS B BUJE TMIPOKCHIA MarHusl B OCajike.
B ammuaunoit cpene (NH,OH + NH,Cl) maruuii mepexoaur B pac-
TBOD, TaK Kak o6pasyet pactBopumyio coib MgNH, Cl,. D1y peakuuio
WCITOJB3YIOT IS OTIAEJEHUsT MarHusl OT Ocalka B CUCTEMaTHYeCKOM
aHanu3e. KaTHoHBI MarHus Jerko 0OHapYyKMBAIOTCS 8-OKCUXUHOJIM-
HOM, TIPOAYKT peakiMu Majio PacTBOPUM B BOJXE, BHIMIATAET B BUIE
JKeJITO-3eJIeHOBAaTOr0 OCaaKa.

Hanuune coenmHeHMiT MarHusl B pacTBOPE MOKAa3bIBAaIOT JIMOO pe-
akuueit ¢ ruapodocdaTom HaTpus, B pe3ybrare KOTOpoii obpasyer-
Ccsl KpUCTaJUIMYECKMIA OCaloK COJIM MarHuiiammoHuidocdart, aubdo
¢ 8-OKCUXMHOJMHOM — BbITNJAET XKeJITO-3eJI€HOBAThII 0CalOK — OKCH-
XWHOJIMHAT MarHusl.

KaTnoHbI cypbMbl I MBIIIIbSIKA B y4eOHOM ITPaKTUKyMe He paccMa-
TpuBatorcs. [IpoBeneHre KaueCTBEHHBIX peaKiuii TpeOyeT ornpeaeaeH-
HBIX YCJIOBUI, KOTOPbIE HEOOXOMMMO 00s13aTeIbHO CO3aBaTh IS TIOJTY-
YeHMS TIPaBUIILHOTO pe3yJsibraTa.

B 1abn. 7 mpuBeaeHbl KaueCTBEHHbBIE peaKLIM KATUOHOB V IPYIIIIHI,
KOTOpPBIE TIPUMEHSIIOT B KAU€CTBEHHOM aHaJIN3e.
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BbiBoabl

1. Peakuust okMcieHMsT KaTMOHA MapraHiia MOXET OBbITh IpOBeIeHa
B IIPEABAPUTEIbHBIX UCIIBITAHUAX, «OTKPBIBAIOT» 10 PEAKIIMU OKHUCIIE-
Husg Mn?* 1o mepManranar-uona MnO,".

2. B mnpeaBapuTenbHOM aHalu3e OOHapyKeHHWe KaTMOHOB KeJie3a
(Fe**, Fe’*) ocymecrpsior peakumsamu ¢ peaktupamu K [Fe(CN) ],
K,[Fe(CN),], mpu COBMECTHOM MPUCYTCTBUU 00OpasyeTcs 0Camok He
COBCEM YUCTOI OKpacku, 1mosromy katuoH Fe** mposepsiercs mormoii-
HUTENbHO C POAAHUIOM KaJIUsl MJIK aMMOHMSL.

3. Katnonsl Bi** «OTKpBIBalOT» B IIEJOYHOM PACTBOPE, B KOTOPOM OH
MPUCYTCTBYET B BUJI€ BUCMYTaT-MOHA, BOCCTAHOBJIEHUEM COSTMHEHU -
amu Sn** no Bi’.

4. KatroHbI MarHusi, B3aMMOJECTBYs B ammuadHoi cpene ¢ Na,HPO,,
o6pasyror MgNH PO, — xapakTepHble KpUCTAIbI (peaKus MpoTe-
KaeT MEIJICHHO, JUIST YCKOPEHMSI BBITIaIeHUS KPUCTAIIOB HEOOXOIMMO
CTEKJITHHOM TTaJIOYKOM MOTEPeTh O CTEHKW MPOOUPKYU WM OCTaBUTH
Ha BpeMsI 10 00pa3oBaHMsI OCaaKa).

5. KatnoHbl MarHust MOTYT OBITh OOHAPYXKEeHBI peaklneil ¢ 8-OKCUXUHO-
JHOM. Ho cieayeT yauThIiBaTh IPUCYTCTBUE APYTUX KaTUOHOB, C KO-
TOPBIMM PeareHT B3aMMOEUCTBYET, YTO MEIlIaeT ONPeaeIeHUIO MaTHUSI.

B oryeTte ypaBHeHMSI peaklMifi MOHHOTO OOMEHa 3aluChIBAIOTCS
B MOJIEKYJISIDHOI M COKpalleHHO HOHHOW (opmax. OKUCIUTENb-
HO-BOCCTaHOBUTEJIbHBIE MPOLIECCHl OOPMIISIIOTCS C YKa3aHUEM OKHUC-
JIUTEJISI 1 BOCCTAHOBUTEJIS U 3alMChIO ypaBHEHUsI B MOJIEKYJIIpHOI (hop-
Me 1 3JIEKTPOHHOTIO OaJjilaHca.

KOHTpOJ’IbeIe BOMNPOCbI

1. Yxaxure, Kakyio BeanunmHy pH HeoOXxonuMo co3aath sl OCaXaeHUsI

KaTHOHOB V Tpynibl 25%-biM amMmmuakoM, eciu K = 1071074

Ko, = 1077742

SFe(OH)3
2. 3anuiunTe ypaBHEHME peakiun «OTKPLITUs» Bi’", cocTaBbre okmciu-

SMe(OH),

TeJTbHO-BOCCTAaHOBUTEIBHYIO CXeMY 3TOTO Ipollecca.
3. O0ObsACHUTE, TIPU KaKUX ycioBuax obpasyercs coib MgNH, PO,? 3a-
IMUIINATE YPaBHEHUE PEaKIIUN.



4. Vkaxure, Kakue peakiuy MOXHO CUUTATh PEAKIUSIMU «OTKPBITUSI»
KkaTnoHoB Fe?* u Fe’*?

5. PaccuuTaiite paBHOBecHyO KOoHUeHTpanuio Fe’* B 0,001M BogHOM
pactBope KFe[Fe(CN),].

6. Paccunraiite paBHOBeCHYIO KoHLeHTpauuio Fe’* B 0,001M BomHOM
pactBope KFe[Fe(CN),]. (KS[FE(CNW_ = 10%).

7. O0bsicHMTE, TIOYEMY OCaloK BiJ, pacTBopsieTcs npu 100aBIeHUM U3~
ObITKa peareHTa KJ?

Jla6opaTopHas pa6oTta 6
KauecTBeHHble peakuynm KatmoHoB VI aHanutuyeckom
rpynnbi: Cu?t, Co?*, Cd*, Ni**, Hg**

Ieab padoThI: N3yYNUTH KaUeCTBEHHBIC peaKIINM Ha KaTHOHHI VI aHa-
JIMTUYECKOM TPYMITbI; OCBOMTHh METOAUKY pPa3NeeHUs CMECU KaTUOHOB
3TOU AaHAJIMTUYECKON TPYIIIIbI.

3agauum:

1) ToATroTOBUTH 0OPA3IIEI K aHAIN3Y, peareHThI, HEOOXOMUMBIE TSI pabo-
TBI, MaTepPUAJIbl, HA00P XMMUIECKOM TTOCYIbI;

2) BBIMIOJTHUTH Ka4yeCTBEHHBIE PeaKiMi KaTUOHOB: ¥ ¢ TpyNIOBLIM pea-
TeHTOM, PEaKIIMU ¢ COOTBETCTBYIOIIMMU pEaKTUBAMH, TIpeuIaracMble
MeTOAMKOI (Tad. 8);

3) IpOBECTH aHAJIU3 MOJYYEHHBIX Pe3yIbTaToOB, CDOPMYIUPOBATH BHIBO-
IIBI 1 O(POPMUTH OTUYET IO paboTe (CM. TIPUIL.);

4)BecTu 3aMucu B J1abOpaTOPHOM XKypHae.

PeakTuBbl: cM. TaoII. 8.

O0opynoBanue: MPOOUPKHU; IITATUBBI;, CITUPTOBKU; CTaKaHbI XUMMU-
YeCKUe; CTeKJISTHHbIC MaJ0YKW; BOPOHKHU; OyMaxkHbIe (DUIBTPHI; HUXPO-
MOBasI IIPOBOJIOKA; TUTUTKA.

O6wan xapakTepucTuka KatmoHos VI aHanuTnueckoim
rpynnbi: Cu®*, Co?*, Cd**, Ni**, Hg**
Katuonsl VI ananuruueckoit rpynmnsl: Cu?*, Co?*, Cd**, Ni**, Hg?*
XapaKTePU3YIOTCS CIIOCOOHOCTBLIO K KOMILIEKCOOOpa3oBaHuIo. Ipymo-
BBIM peareHTOM Ha KATHMOHBI 3TOM TPYIIIIbl KATUOHOB SIBISIETCS TUAPOK-



CHJI aMMOHUSI, B3ATHIN B M30bITKe. OOpa3yrommecss aMMHaKaThbl pacTBO-
pUMBI B BOJIe, UMEIOT XapaKTEpHYIO OKpacky. PacTBopsl aMMMakaToB
JIOBOJILHO YCTOMYMBHI, 3a UCKIIOUeHHEM aMMuakata Kobanbra (I1), ko-
TOPBIN O BAUSIHUEM KHCJIOPOJA BO3IyXa MEPeXOauT B aMMHUAKaT KO-
6anbra (II1), MerolInii BUILIHEBO-KPACHBI 1IBET.

Iuapokcunbl Kanyss U HaTpUsI 00Opa3yloT C pacTBOpaMM, COIEpXKa-
wumu Katuonel Cu?t, Cd?*, Ni**, amopdHble OCaiku T'MAPOKCUIOB,
¢ katnoHamu Hg?* — okcua, ¢ katnoHamu Co?" — ocHOBHBIE cosi. Bee
9TU ocaaku pactBopumbl B kuciaorax (HCl, HNO,, H,SO,) u B u30biT-
Ke aMMmaka, kpome coemuHeHuil pTyTH (II), KOTOpBIE pacTBOPSIIOTCS
B 25%-HOM pacTBOpe aMMuaKa JIMIIb P 100aBICHUM COJIE aMMOHMSI.
OOpa3oBaHMe aMMMaKaTOB KoOaylbTa MPOMCXOAMUT TPM HArpeBaHUU U
I00aBJICHUH K PACTBOPY XJIOpHIa aMMOHMS. B IIpUCYTCTBUM OKUCIUTE-
JIel peakius poTeKaeT MrHOBeHHO. [1porienypy ocaxkiaeHust KaTHOHOB
VI aHaMUTUYECKOM TPYIIIBI ¢ MOCIEIYIOIIMM PaCTBOPEHUEM B pacTBOpe
aMMMaKa IIPOBOMIIT IIPH pa3aesieHnu KaTuoHoB V 1 VI rpym.

BoccranoBurtenu jnerko BocctaHapauBaioT meab (II), mo Cu™ win
Cu’. DT peakuny MPUMEHSIOT B CUCTEMaTUYeCKOM aHanu3e. Hampu-
mep: Cu** + Na, S0, —» Cu,S+ S + ... Cu** +J — Cu,J + J; peakuun
MOTYT OBITh TIPUMEHEHBI KaK JUIsT OOHapy:KeHUsI KATHOHOB MEIH, TaK 1
IUIST OTAEACHUS MEIU OT OCTAJIbHBIX KATUOHOB VI rpyIbl.

CepoBomopoI U3 HEHTPaIbHBIX PACTBOPOB OCAXKIAeT BCE KATUOHBI
VI rpynmsl B Bune cynabdunoB. Cyabsdunasl meau, ptytu (I1), Hukens u
KoOasibTa OKpallleHbl B YepHbIit 11BeT. Cynbhua KaaMus UMeeT XKeATYIO
OKpacKy. B 1abi. 8 mpuBemeHbl peaKTHUBBI, KOTOPBIE MCITOIB3YIOT MPU
M3YyYeHUH Kav4eCTBEHHBIX peakinii. OxapaKTepru30BaHbI IMPOIYKTHI He-
KOTOPBIX KaU€CTBEHHBIX peaKIIUii KaTUOHOB VI aHAIUTUYECKOM TPYIIIbI,
KOTOpBIE TIPUMEHSIIOT B CUCTEMAaTUYECKOM aHaJIh3e.

PactBopHbI coseit Menu, HUKeJIsT OKpaIlleHbl, KaJMUS U PTYTH — Oec-
IIBETHBI.

B T1ab:1. 8 mpuBeneHBI KaUeCTBEHHBIC peaKIIMM KATUOHOB VI TpyIImbL,
KOTOpPBIE IPUMEHSIIOT B CHCTEMAaTUYECKOM KauyeCTBEHHOM aHaJIn3e.
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BbiBoapbl

1. B kauectBe rpymnmosoro peareHra katuoHos Cu?*, Co**, Cd**, Ni**,
Hg?" npunsto cunrtaTth 25%-Hblii pacTBOp aMMHUaKa, KOTOPBIA YBOAUT
B pacTBOp aMMUaKaThl 3TOW TPYMITBI KATHOHOB M3 0CaaKa TMIPOKCH-
JIOB KaTMOHOB IPYTUX TPYIIIL.

2. ITocne otmeneHMsT KAaTUHOHOB MEOW OT BCEX OCTAJIbHBIX KAaTHOHOB
VI ananuTudeckoi rpyrmbl ooHapyxenue Co?t, Cd**, Ni** ocyiect-
BJISIIOT IPOOHBIM METOJIOM.

3. [1pu mpoBeneHuM peakuuii ooHapyxeHust Co*t cienyeT yYUThIBATh
CITOCOOHOCTh KaTMOHA OKUCIISITHCSI KUCIOPOJOM BO3/yXa W IPYTUMU
OKHUCIUTEISIMU, TPUMEHSIEMbIMU B CHUCTEMAaTUYECKOM aHalIu3e, 10
Co*".

4. Peakuus xatuonos Cd** ¢ cynbpunamu (Na,S) npoBoanTcs B KUCJIOM
cpene (pH < 1).

5. 1t ooHapykeHust KatTnoHoB Ni?* ITpoBOIAT peaklnio B aMMUAaYHON
cpefie ¢ TUMETUITIMOKCUMOM (peakTuB Uyraesa), KOTopask COIpOBO-
JKIaeTcss 00pa3oBaHWEeM KOMIUIEKCHOTO COeIUHEHUS SIPKO-KPacHOIoO
IIBETA.

6. [IpakTyecku Bce paccMmaTpuBaeMble KaTHMOHBI VI aHanuTHuecKoi
IPYMIIBl B3aUMOJEHCTBYIOT C 8-OKCUXUHOJIMHOM B MPUCYTCTBUU aM-
MHAYHOTO OyhepHOTro pacTBOpa, 00pa3ysl yCTOMUMUBBIC XEIaTHI.

B oryere ypaBHEeHMSI peaKlMii MOHHOTO OOMEHA 3aITMCHIBAIOTCS
B MOJIEKYJISIDHOM M COKpaIlleHHON HOHHO (opmax. OKHMCIUTEIb-
HO-BOCCTaHOBUTEJbHBIE MPOLECChl OGOPMIISIIOTCSI C YKa3aHMEM OKHC-
JINTEJI ¥ BOCCTAHOBUTEIIS M 3aITCHIO YpaBHEHUSI B MOJICKYJIIPHOI (hop-
Me€ U 2JIEKTPOHHOTO OaJjlaHca.

KoHTponbHble BONpocbl

1. PaccMoTpuTe B3aMMOICHCTBIE TUAPOKCUIOB KaTUOHOB VI IpyIIisl ¢
pacTBOpoM amMMMaka. [1peacraBbre ypaBHEHMS peaKIiInii.

2. Kaxkoii peakmmeil MOXHO yOAIUTh U3 pacTBOpa aMMHUAaKaTOB KaTHOH
Menu?

3. HazoBuTe opraHmyeckue peareHTbl, KOTOpble TPUMEHSIOT sl OOHa-
PYXeHHS HEKOTOPHIX KATUOHOB VI aHATUTUIECKOM TPYITIIH.



4. Paccuuraiite CTaHAAPTHBIN OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIN TO-

TEHIMAJI Mpollecca BOCCTAHOBJICHUSI KaTUOHA MEIU MOIUCTBIM KaJlh-
0 _ 0 —

em, ecmt E o0 v = 0,170 B, a Ej .= —536 B. 3anuiuure ypaBHe-
HUE peaKilnu.

5. PaccMoTpuTe B3auMMOAECTBME aMMUaKaTa KaTUOHA KaaMusl ¢ TUTU-

= —7,12. — —26

30HOM. (Ky(CdNIH 10712, K= 107%).

6. Uto mpencrapisier coboil peaktuB UyraeBa, ¢ KaKMMU KaTMOHAMU
VI aHanMTHYECKOU IpynIibl OH 00pa3yeT xejaaThl? 3anuIluTe ypaBHe-
HUS PEaKIIM.

49



2. CUICTEMATUYECKUN AHANN3 KATUOHOB
MO KUCNOTHO-OCHOBHOW KITACCUOUKALIUN

Jla6bopaTopHas pa6oTta 7 (KOHTponbHasA pa6oTa 1)
Cuctematunueckunin aHanms cmecu Katmonos I, 11, 111
aHanUTU4YeCcKux rpynn

enp padoTbl: pa3paboTaTh CTPATETUIO CUCTEMATUYECKOTO aHAIn3a
cMmecu kKatnoHoB I, 11, III aHanuTryeckux rpymnn no KUCIOTHO-OCHOB-
HOM Ki1accuUKaIMU U BBITTIOJTHUTD 9KCTIEPUMEHTAIBHYIO 33/1a4Yy.

3anaun:

1) ucronb3ys 3KcrepuMeHTaIbHbIe JaHHbBIC U JaHHbBIC U3 JTUTEPATYPHBIX
WCTOYHUKOB, COCTaBUTD JIOTUUECKYIO CXeMY MPOBEJAEHUS CUCTeMaTH-
YeCcKOro aHajIu3a;

2) uccaeayeMblii oopa3ell MOATOTOBUTD IJIs aHaIM3a — IOJYYUThb Mpe-
CTaBUTEJIbHYIO MPOOY, MPOBECTU OCMOTP 00paslia, BHISIBUTh paCTBOPHU-
MOCTb B BOJIE, B paCTBOpax KMCJIOT, LIEJIOUei;

3) mpoBeCTH TIPeABaAPUTEIbHbBIC UCIIBITAHUS Ha KATUOHBI;

4) BBITIOJTHUTD SKCIICPUMEHTAIBHYIO 9acTh B COOTBETCTBUU C pa3padbo-
TaHHOM CXeMOM CUCTEMaTUYEeCKOTO aHaI13a;

5) cocTaBUTD OTYET (CM. TIPUIL.).

AHanu3 o6pa3iia BKII0YaeT HeCKOJbKO CTalMii:
* oCcMOTp o0paslia; ycpeaHeHre cocTaBa 00pa3La (IIsi TBEpPAbIX o0pas-
LI0B);
* 0TOOP MPOOHKI;
* TIpOBelICHUE MTPEABAPUTEIbHBIX UCTIBITAHMUIA;
* BBIITOJIHEHNE 9KCIIEPUMEHTAITBHOM YaCTH CUCTEMAaTHIECKOTO aHAJI3a.
IIpeaBapuTenbHble UCIBITAHUS TO3BOJISIIOT YCTAHOBMUTb IIPUCYT-
CTBHE HEKOTOPBIX KOMIIOHEHTOB C ITOMOIIBIO CEJICKTHUBHBIX pPeaKIIMit
MPU COBMECTHOM TMPUCYTCTBUU C IPYTMMU KaTUOHAMU U OOHapy>XeHue
KOTOPBIX 3aTPYAHEHO IMPU BBITIOJIHEHUHU CUCTEMAaTUUYEeCKOTO aHAIM3A.



I'IpenBapvrreanble ncnbiTaHNA 06pa3|.|a

K npenBapuTenbHbIM UCTBITAHUSIM OTHOCSITCS CJIEAYIOIIME MPOLie-
IyphbI:

— OKpalllMBaHWE TIJIaMEHU JIETYYMMU COEAVMHEHMSIMA HEKOTOPBIX 3JIe-
MEHTOB;

— pacTBOPUMOCTb 00pa3iia B BOJIE, B MUHEPATbHBIX KUCJIOTAX U IIEI09aX
1 OPTaHUYECKUX PACTBOPUTEIISIX (ITAHOM, alleTOH, OEH30JI U T. 11.);

— KayecTBEHHbIE pEaKlMU, KOTOPbIE XapaKTepHbl ISl UHAUBUIYalb-
HOTO KaTHMOHA NPOOHBIM METOAOM (B OTIEIBHON MpoOEe), MPU ITOM
TIPUCYTCTBYIONINE IPYTHE KaTUOHBI He BIMSIOT Ha BHEIITHUI 3 (MeKT
IPOBOJUMOM peaKIIUu.

B ta6n. 9 npuBeneHs! qJaHHBIE MTPEABAPUTEIbHBIX UCTIBITAHUI Ha Ka-
tuonsl I, 11, I11 aHanuTHyeckux rpymi.

[Tocne npenBapuUTENbHBIX UCTTBITAHUIA TPOBOJSIT CUCTEMATUYECKUIA
aHanu3. X0l aHalnu3a 3aBUCUT OT MIPUHSTON Kiaccudukaiuu KaTuo-
HOB. B maHHOM MeTomMYecKOM PYKOBOJCTBE TMpejaraeTcsi mpuHSTh
KMCJIOTHO-OCHOBHYIO KJIacCU(UKALIMIO KaTUOHOB (Taou. 1).

Tab6nuia 9

IIpenBaputenbHbie UcnbiTaHUs Ha KaTuoHkI I, 11, I11
AHAJIUTUYECKMX IPYIIIT

AHaJIUTUYECKUI

apdexkT

K HeckosbKMM KarisiM pacTBopa coJiv (K He- | BbiaeneHue raza

NH ¢ |CKOIPKUM KpUCTALTUKAM CYXOii COJIM) IPU-  |C XapaKTePHbIM
4 |6asustor 0,5 ma 2N pactBopa NaOH, cmech  [3amaxom

HarpeBatoT (1)

Kartnon Xumuueckasi peakuusi

K HeckoJIbKMM KarisgM MoJIy4eHHOTO pac- PacTtBop okpaiuuBa-

NH," |tBOpa (1) nobaBnsitor 3—5 Karmeyab peakTuBa €TCS1 B XKEJITO-Oypblii
4
Heccnepa LIBET
*[He " BoccraHosneHue Ha MeTHOM MJ1IAaCTUHE INosepxHOCTb CTAHO-
& J10 METAJINYECKON PTYyTH BUTCS 3€pKaJIbHOM

K" |Peakiust oKpaliMBaHus MJaMeHU duonerosast okpacka
**Na* |Peakuusi okpalliuBaHusI TJIaMEHU Kenrast okpacka

Kupnuuno-kpacHast

**Ca? |Peakuust OKpalIMBaHUs IJIAMEHU oKkpacka




AHaJIUTUYECKUI

Katnon Xumuueckasi peakiusi heKT
KapmuHoBo-kpacHas
**Sr?* | Peakiuyst OKpallMBaHUsI [JIAMEHU OKI:I))aCKa P

XKenro-3eneHas

**Ba?* |Peakuus OKpallMBaHUs [IAMEHU oKpacka

* B pamkax y4eGHOTO TpaKTHKyMa KaueCTBEHHbIE peaKuu s karnona [Hg,|** ne
BBITIOJHSIOTCS.

** CnemyeT y4uThIBaTh, YTO TPU COBMECTHOM IIPUCYTCTBHHU COJICH 3THX KaTHOHOB
TOJIyYUTh «YUCTBIC OKPACKM» TUIAMEHH HE YAAeTCH.

CucremaTnyeckuin aHanus o6pasua, coaepkallero
coeanHeHns KatuoHos |, ll, Il aHanuTnyecknx rpynn

1 ycrnenHoro rnpoBeieHUsI CUCTEMAaTUYECKOro aHajlu3a pa3pada-
TBIBAETCS JJOrMYecKasl cxema (CTpaTerusi) aHajau3a ¢ y4eTOM MOJTyYeHHbIX
pe3yJIBTaTOB B MPEIBAPUTEIbHOM aHAIU3E.

CucTeMaTHIeCKUI aHaIMU3 CMECHU KaTHOHOB OCYIIECTBIISICTCS ITy-
TeM paslielieHus] KaTUOHOB Ha aHAJIUTMYECKUE TPYIMbl C MOMOIIbIO
TPYMIIOBBIX PEATEHTOB, a 3aTEM B KaXKJIOW I'PYIIIE «OTKPbIBAIOT» KATU-
OH TOI WJIM MHOM KauyecTBeHHOM peakiuueil. [1pu momydyeHuun ocagka
ero YrjOTHSIIOT Ha LEeHTpU@dyre, pacTBOp akKKypaTHO OE€KAHTUPYIOT
B Ipyryio mpooupky. [lonyyeHHbIN 0caloK MPOMBIBAIOT ABaXKIbl AUC-
TWUIMPOBAHHON BOJOM M OCTABJSIOT IJISI ITOCIEAYIOIINX MCIBITAHUMA.
Tak mocTynaroT npu ocaxkaeHUM KaTuoHOB I aHaMUTHUEeCKOU TpyIbI,
MpU 3TOM XJOPUIbI cepedpa U CBUHIIA «yXOASIT» B 0CAJ0K, a KATUOHbI
I, 1II ocrarorcs B pactBope. Jlajiee ¢ MOMOILBIO TPYIIIOBOIO peareHTa
OTHEJSIOT KATUOHBI TpeThel IrpymnIibl oT nepBoii. [ToayyaeMble ocanku
U PacTBOPbI 00513aTEIbHO JOJKHBI ObITh POMapKHUPOBaHbI B COOTBET-
CTBUM C 3aMKUCSIMU B JIaOOPATOPHOM XKypHaJe.

Ilpennaraemasi cxema pasiefeHus] KaTHOHOB Ha aHaJUTUYeCcKue
TPYIIBI U UX OOHapyXeHue MpuBeaeHa B Taou. 10.

CTyneHTy BBITaeTCs oOpasell IIs MCCIeA0BAHUS, ITPEACTABIISIONINIA
coboii cmech coseit HekoTopbix KatuoHoB I, I, IIT aHanuTnyeckux rpymi
(4—5) uHAMBUAYaNIbHBIX COENMHEHUI. 3aJa4a CTyIeHTa — OCYIIECTBUTh B
MOJTHOM O0beMe CUCTeMaTUUeCKUil aHaJIu3 o0paslia ¢ Liejblo OOHapyxKe-
HUSI B HEM MPUCYTCTBYIOIIMX KATUOHOB MO CMOCO0Y KUCIOTHO-OCHOBHOM
knaccudukauuu. [1o oKOHYaHUU IKCIIEPUMEHTATbHONM YacTU CTYACHT



MpeACTaB/sieT Pe3y/IbTaThl aHaIM3a oOpaslia U 3alliCU XOJa aHajlu3a B
paboueMm XypHaye. [Ipy TMOJOXKUTETLHOM pe3yjbTaTe MCCIeTOBaHUMA
0(OPMIISICTCSI OTYET B COOTBETCTBUU C OOLIMMU TPeOOBAaHUSIMU, KOTO-
PBIM JOJKEH COOTBETCTBOBATDH OTYET I10 MHAMBUIYATbHOMY 3aIaHUIO.

Taomuna 10

Cxewma pasnenenus cMecy KatnoHos I, I1, IIT rpymmn
Ha aHAJIUTUYECKHE TPYIITB KMCIOTHO-OCHOBHBIM METOIOM
¥ YCTAaHOBJICHUS KAYeCTBEHHOTO COCTaBa 00pas3iia

K anukBoTe aHann3upyeMoro pacteopa npudaBysiioT 1,5-KpaTHbI 00beM
2N pacropa H,SO,, mepeMenIMBaioT 1 OTAENSAIOT (LEHTPUDYTUPYIOT)
ocanok 1 or pactBopa 1

Ocanok 1: xja0puabl KATUOHOB
11 rpyrimsl.

O0OpabaThIBalOT ropsiyeii BOAO,
HeTpUGYrUpyIoT, MOJYJYaloT Oca-
oK 3 1 pacTBop 3

*PactBop 1: katuonsl 11, I rpynm. K pac-
TBOPY NMPUOaBJISIOT paBHbII 00beM 4M
pactBopa H,SO, u nentpudyrupyror (oca-
TIOK 2 1 pacTBOp 2)

PactBop 3: pactBop comu PbCl,;:
npoBoaaT peakuuio ¢ KJ (peakius
«30JI0TOTO JOXIST»)

PactBop 2: xatuonsl I rpynmel. Eciu B
po6e MPUCYTCTBYET KATUOH AMMOHMUSI,
€ro yIaJISAT MPU KUISTYEHUHU CO 1IeJI0-
b0 WJIK MACKUPYIOT (hOPMAITBACTUIIOM.
ITocne yero otkpriBatoT K* peakiueii ¢
Na,[Co(NO,),]

Ocanox 3: xJiopuasl cepedbpa u
pPTYTH.

I1pubaBisiioT K 0canKy KOHIIEH-
TPUPOBAHHBIN PACTBOP aMMHUaKa,
o0pasyeTrcst pacTBOp 4 U YePHBIIL
0CaJIOK PTYTH U ee OKCHUJ (0CcamoK
He UCCIIeTyeTCs])

Ocanok 2: cyiabdarer Ca’*, Sr**, Ba?*
epeHocsT B hapdopoByIO YaIIKY, 10-
Gapystot 10 Mot 4N pacteopa Na,CO, n
xurataT 10 muH. [Tocne oxmaxkneHust
IO0ABIISIOT 25 MJT BOIBI, TIEPEMEITNBAIOT
u punsrpytoT. Pacteop 3: katnonsr 111, 1
rpymisl. K pacTBopy mpuGaBisiioT paBHBI
o6bem Na,CO,, HarpeBatoT u GUIBTPYIOT
(ocamoK 5 1 pacTBOp 5, KOTOPBI He aHA-
JINBUPYETCS)

PactBop 4: HeiiTpanuzyercs a30T-
HOU KUCIOTOM 10 heHodTaIeuHY,
aMMuakar cepedpa paspyliiaercs —
nosiBJieHUe 0eJI0lf MyTH yKa3bIBaeT
Ha MPUCYTCTBUE UOHOB cepedpa;
WK cepedpo ornpenessieTcs peak-
LMEN C NOAUIOM Kajus

Ocanok 5: kap6onatsl Ca?*, Sr**, Ba?*
TIPOMBIBAIOT TOPsSTICt BOMOU U PaCTBOPSI-
10T B HECKOJIbKMX Karuisix 2N pacTBopa
CH,COOH; ankBoty pactBopa (12
Karuiv) CMEIIMBAIOT C PaBHBIM 00bEMOM
TUTICOBOM BOJIbI I HAOTIONAIOT 32 BBITIA-
neHuem ocaaka (taou. 3). Ecnu ocanok He
obpa3zyeTcsi, TO MIOHBI 6apyst OTCYTCTBYIOT

*PactBop 1 1 ocasok 2 MOTyT coziepkarb Pb?*, KOTOPBIi CYIIECTBEHHO HE BIMAET

Ha XO/1 aHaJinu3a.
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K anukBoTe aHanM3MpyeMOro pacTBopa rnpuoasisiioT 1,5-KpaTHblii 00beM
2N pactBopa H,SO,, nepeMeIIMBaT 1 OTAENAIOT (LEHTPUDYTHUPYIOT)
ocanok 1 ot pacrBopa 1

PactBop 1: Ca?*, Sr**. [Ipubasisior
2—5 Kariesib HachIIEHHOTO pacTBOpa
(NH,),SO,, narpeBaiot 1o KUTIEHUs 1
GuBTpyIOT (0CamoK 2 1 pacTBOp 2)

Ocagox 1: Ba?*. He uccnenyercs

Ocanok 2: Sr**. BeJblii ocagok
SrSO, mpombiBaroT 3—4 pasa
KUIISIIIE BOIOM, 3aJIMBalOT 4 MJI
HacbleHHoro pactsopa Na,CO,,
KUttt 5 MuH 1 uiisrpyiot. ITo- |PactBop 2: Ca?*. B pacTBOpe OTKPBIBAIOT
BTOPSIIOT 00paOOTKY MOJYYEHHOTO |KaJIbLIMI MO peakluu ¢ POJAU30HATOM
ocanka. [IpoMbIThIi OCalioK pac-  |HaTpust

TBOPSTIOT B MUHUMAJIbHOM KOJTH -
uectBe 2N pactsopa CH,COOH u
OTKPBIBAIOT CTPOHIIMI peakiuei
C POAM30HATOM HATpUs

Jla6opaTopHan pa6oTa 8 (KOHTponbHaA paboTa 2)
Cncrematnyeckunin aHanns cmecu KatmoHos 1V, V, VI
QHANUTUYECKUX rpynn

Ieab paboThI: OCBONUTH METOIUKY CUCTEMAaTHUECKOTO aHAJI3a CMECH
katuoHoB IV, V, VI aHanuTtuueckux rpyri.

3anaun:

1) mpoBecTH OCMOTpP MPOOKI 7151 cOOpa MepBUIHOI MHMOPMAIIUK O CO-
cTaBe oOpaslia;

2) BBITIOJTHUTh TIpeIBapuTe/IbHBIC UCITBITAHUS HAa MOHBI, OOHAPYKEHUIO
KOTOPBIX HE MEIIAIOT IMIPUCYTCTBYIOIINE B IPOOE KATMOHBI;

3) cocTaBUTH CXeMY pa3aeacHNsI 1 OOHAPYKEeHUSI KATHOHOB;

4) mpoBeCcTU Mocjiea0oBaTeIbHOE pa3aeeHne U OTKpbITUe KaTUOHOB IV, V,
VI aHaIUTUYEeCKUX TPYIIN, IPUCYTCTBYIOIINX B BEIIAHHOM O0Opas3Iie.

IIpu ocmoTtpe aHanu3uMpyeMoro odpasiia obpalialoT BHUMaHUE Ha
LIBET pacTBOPA U OMPEIEIISIIOT YHUBEPCAIbHOM MHAMKATOPHOMI Oymaroi
pH. ITo uBeTy pacTBOpa MOXHO TOBOPUTH O BO3MOXKHOM IPHUCYTCTBAH
wim oTcyTcTBuM KatuoHos Cr3*, Fe3*, Cu?", Ni**, Co?". Huskoe 3Haue-
Hue pH pacTBopa MOXeT ObITb OOYCIOBIEHO IPUCYTCTBUEM CUJIBHO TH-



JIPONU3YIOUIMXCS COJIel BUCMYTa, PTYTH, Xeje3a. Eciu BenuunHa pH
3aMETHO HE U3MEHSIETCH ITOCJIEe OCTOPOXKXHOW HENTpaaIn3alum, TO MOX-
HO TMIPENIOJ0XUTh, YTO MOTYT MPUCYTCTBOBATH KaKUE-TU00 U3 ITUX Ka-
THUOHOB. Ecnu aHanMu3upyeMblii pacTBOp UMEET LIEJIOUYHYIO PEAKIIUIO,
T0 MoryT npucytctsoBath [Cu(NH,),|**, [Co(NH,),]**. Cypbma 1 ofo-
BO B 3TOM CJIy4yae MOTYT HaXOAUTHCS B BUAE aHUOHOB COOTBETCTBYIO-
LIUX KUCJIOT.

MpepBapuTenbHble NCNbITAHNA
CucreMaTUIeCKUIA aHAJIN3 HAUMHAIOT ¢ TIPEIBAPUTEIILHOTO aHAIN3a
JIPOOHBIM crtocoOoM. B Tab1. 11 npuBeaeHbI peakiuu mpeaBapuTeIbHbIX
WUCIILITAHUM.
TaGnuua 11

Peakiiuy npenBapuTeNbHBIX UCITBITAHUI KaTUOHOB 1V, V, VI
AHATUTUICCKUX TPYIIIT

AHanmutnueckuii apdexr

no6agsior 0,5 mt konu. H,0, n
HarpeBaoT

Karuon Xumuueckast peakiuusi
peakiuumn

K 3—5 xamisim aHanusupyeMoro | Beimamaet TeMHO-CUHUI

Fer* pacTBopa NpuobaBisIOT 2—3 Kal-  |0CcaaoK TypHOY/IeBOM CUHUA
© m 2N HCl u 1 karutio pacTBopa

K,[Fe(CN),]

K HeckonbkuM Karisim npubasisi- | Beimagaet cuHUi ocagok
Fe’* o1 1-2 xariu 2N HCl OEPJIMHCKOM J1a3ypu

u 1 xammo pactsopa K [Fe(CN),]

K pacTBOpy aHaIM3MpyeMOTo PactBop okpaimBaeTcst B

BellleCTBA NTPUOABISIOT HECKOJIb-  |KPaCHO-(PUOJIETOBHII IIBET
Mn2* ko kanenb 2N pacteopa HNO,, B pe3yJibTate 00pa30BaHUs

MnO, -nona

Cr*(Cr0,»)
(cM. Tab. 6)

K ananuzupyemoMy pacTBopy
MpUOABJISIOT HECKOIBKO Karelb
konu. H,0,, 3atem npunupaior
9KCcTpareHTa (aMUJIOBBII CIUPT +
JUBTUIOBBIN 3¢pup) u 3—4 karum
H,SO,

Oo6pasyerca H,CrO, —
HaJXpOMOBasi KMCJIOTa,
KOTOpasi HEyCTOMYMBa

B BOJIE; B MIPUCYTCTBUU
9KCTpareHTa U3BJIeKaeTcsl
M3 BOJHOTO pacTBoOpa —
OpraHUYEeCKUM CJION OKpa-
1LIMBAETCSl B UHTEHCUBHBIN
CUHUM LBET
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B oTnmenbHBIX TIOPLMSIX pacTBopa 0OHapyXuBaloT MoHbI Fe?*, Fe3*,
Mn?**, Cr**,

CucremaTnyeckum aHanms

CucreMaTU4eCKUiA aHaIM3 BHIMOJHSIETCS B CTPOTOil Moceq0BaTe/Ib-
HOCTH B COOTBETCTBMM C pa3paboTaHHOI cxeMoii. [IpmMmepHBIi TuTaH
TIpUBEICH HITXKE.

Otnenenne katnoHos IV rpynmnbl oT KatuoHoB V u VI rpynn

15—20 xamnenb uccaeayeMoro pacTBopa IoMelaT B MPOOUpPKY, 10-
GaByIsAIOT HECKOJIbKO Kareab H,O, st okucienns nonos Mapranua (1)
1 noHoB cypbMbl (I11), 3aTem n3dbITOUHOE KosimyecTBo 2N pacTBOpa r'u-
JIpoKcHUaa HaTpUs (10 LIEJOYHOM peakiiu), HarpeBaloT B TeueHue 3—5
MUHYT ¥ TIIATEJIbHO MEePEMEIINBAIOT CTCKISTHHONM Mayoukoit. M30hITOK
MepoKCUIa BOJOPO/Ia YIAISIOT KumsiueHneM. [TonydyeHHyIo cMech 1eH-
TPpUDYTUPYIOT, MOIYyYaloT ocagok 1 1 pactBop 1.

Ocanok 1 Pacteop 1
Fe(OH),, H,MnO,, Co(OH),, AlO,, Zn0,”, SnO,?, CrO,” — uoHbI
Cd(OH),, Ni(OH),, Cu(OH),, HgO,
Bi(OH),, SbO(OH),, Mg(OH),

Ortnenenne noHoB Al*3 u Sn (IV) B Bu€e ruIpOKCHIOB

K pactBopy 1 106aBisitoT HEOOJBITUMU MOPLUSIMU KpUCTAUIMYE-
ckuit NH,Cl n ynapusaiot pacTBop 10 He601b110r0o 06bema. LleHtpudy-
TUPYIOT MTOJIYYEHHYIO CMECh U TTOJIyJatoT 0CafokK 2 U pacTBOD 2.

Ocanok 2 PactBop 2
AI(OH),, Sn(OH), [Zn(NH,),]>*, CrO 2
OO0napy:keHue HOHOB aTOMUHUS 1 0J10Ba (IV)
Ocanok 2 obpabateiBator 2N pactBopoMm HCI. IMomydeHHBI pac-

TBOP, coaepkauuii noHsl Al u [SnCl ]2, nenar Ha aBe 4acTH U B OHOM
13 HUX OOHAPYXXUBAIOT MOHBI AJTIOMUHMUS, B JPYTrOil — 0JI0Ba.

OOHapyKeHHe HOHOB ATIOMHHUS
K 5—7 xamisiMm UCHBITYeMOro pacTBopa I00aBsiOT 3—5 Karmesb
2N CH,COOH, u 5-7 xamnesb amoMuHoHa. CMeCh OCTOPOXKHO Harpe-



BAIOT, IEPEMELIUBAIOT U OOABJISIIOT pACTBOP aMMHUAaKa JI0 1IeJIOYHOM pe-
akumu, a 3ateM 4 karau 2N pacTBopa KapboHaTa aMMOHUs. Beimagaet
KpacHbI 0CaloK WX TOSIBIISIETCS KpacHasl OKpacka.

AIOMUHUI MOXXHO OOHAPYKUTh C TIOMOIIBIO §-OKCUXUHOJIUHA (yC-
JIOBUSI TIPOBEICHUST PeaKInK (CM. KaueCTBEHHBIEC PeaKIInu, Ta0I. 6).

Oonapyzxenue osiosa (IV)

Merannnyeckuit MarHuii 1 MeTaJIJTMYECKOE KeJIe30 BOCCTaHABIMBA-
o1 os1oBO (1V) mo Sn (II):

[SnCL]* + Mg = Sn** + 6CI" + Mg** uin
[SnCL]* + Fe = Sn*" + 6CI" + Fe**

Peaxiinu npotekaroT B kucinoii cpene. OOpa3oBaBimecs B pe3yibra-
TE BOCCTAHOBJIEHUST MOHBI SN 0OHAPYKUBAIOT peakiueil BOCCTAHOBIIE-
HUSI BUCMYyTaT-MOHA B LIEJIOYHOU cpenie 10 CBOOOJHOro BUCMYTa (Uep-
HBII 0Ca0K).

Oonapy:xkenue uoHos Zn>*

PacTBop 2 HarpeBaloT ¢ KOHUEHTPUPOBaHHbIM pacTBopoM Na,CO,
10 TIOJTHOTO yiaJieHusl aMmMuaka. [1osydeHHy10 cMech LIeHTPUMYTUPYIOT,
TOJIyJaloT OCanoK 3 M pacTBop 3.

Ocanok 3 PactBop 3
Zn (OH),CO, CrO,”

Ocanok 3 o6padareBaroT 2N pactBopoM HCI, B mmoaydyeHHOM pac-
TBOpE «OTKPBIBAIOT» IIMHK peakldeil ¢ TUTH30HOM WU KaKoi-Tnbo
JIpyroii KauyeCTBEHHOM peakuueil (YCI0BUSI MPOBEACHUS peaKUMii: CM.
KauyeCTBEHHbIE peaklMy Ha MOHBI LIMHKA, Ta0JI. 6).

Oonapyxenune nona CrO,>

XKenras okpacka pactsopa 3 ykasbiBaeT Ha mpucyrctsue CrO,”.
IloaTBepaAuTh 3TO MOXHO peakliueil oOpa3oBaHUSI HAAXPOMOBOI KHUC-
JIOTBI: TOOABIISIIOT K MCCIeayeMoMy pacTBopy 6N pacTBOpa CepHOil KKC-
JIOTBI 10 KMCJIOM peakLMu, 3aTeM HEeCKOJIbKO Karlesib 3%-HOoro pacTBopa
nepokcuaa Bomopoaa u 3¢upa. CMech OCTOPOXHO BCTPSIXMBAIOT, 00pa-
3ylolIasicsl HAIXPOMOBAs KUCJIOTA IMEePEXOIUT B CJIOl aupa, MmosiBiIeHue
CUHEe# oKpacku 3(upa MoATBepXKIaeT MPUCYTCTBUE XpOMa.



Oo6napy:keHue u ot/esienue HOHOB CypbmblI (V)

Ocanok 1 00pabaTeIBAIOT MPU CTA00M HarpeBaHUU HEOOIBITNM KO-
syecTBoM 2N pacTBOpa a30THOM KUCIOTHI B MPUCYTCTBUU 3%-HOTO
pacTBopa Tepokcuaa Bogopoaa. CMmech HEeHTpUGBYTUPYIOT, MOJTyYaroT
ocanok 4 1 pacTBop 4.

Ocanok 4 PactBop 4
H,SbO, Fe’*, Mn?**, Mg?*, Cu?*, Cd*,
Ni2t. Co?t Hg2+ Bi3*
Ocanok 4 00pabaTHIBAIOT CEPOBOMOPOIHON BOMO, BCIECACTBIE 00-
pasoBaHus Sb,S; 0camoK OKPAIINBAECTCsI B OPAHKEBO-KPACHBIM [BET.

Otaenenne KaTHOHOB V rpynmbl OT KATHOHOB IV rpynmbi

K pactBopy 4 n00aBisiioT MpuU HArpeBaHUM KOHIIEHTPUPOBAHHBIN
pactsop NH,OH, cmech LeHTpUGYTrUpyIoT, MoJIy4aroT 0CafioK 5 U pac-
TBOp 5.

Ocanok 5 PactBop 5
Mg(OH),, Bi(OH),, Fe(OH),, Ammuakatel Ni**, Co?*, Hg**,
Mn(OH),, Fe(OH), Cu?*, Cd**

Otnenenne u 00HapyxKenne noHos Mg?*

K ocaaky 5 no6asnaror 2N pactBop NH,Cl (w151 pactBopeHus ru-
npokcuna Marnusa) u 3%-nblii pactsop H,0, (1 oxkucineHnuss MOHOB
Maprania). [ToxydyeHHYI0 cMech IIEHTPU(DYTUPYIOT, OTAEIISIOT pacTBop 6
OT ocajaka 6.

Ocanok 6 PacTsop 6
Bi(OH),, Fe(OH),, MnO(OH), Mg>*

B pactBope 6 00HapyX1UBaIOT MOHBI MarHUs ruapodocdaroM HaTpuUs
B MPUCYTCTBUY aMMUAKa U XJIOpUJIa aMMOHMUSI.

Ortaenenne n ooHapykenune noHos Min (VII)
Ocanok 6 oopaGarbiator 2N pactBopom HNO,. Cmech nentpudy-
TUPYIOT, MOJYYaroT 0CaoK 7 U pacTBop 7.

Ocanok 7 PactBop 7
Mn(OH), Fe(NO,),, Bi(NO,),



Ocanok 7 MpOMBIBAIOT TUCTU/UTMPOBAHHON BOIOW 1 00pabaThIBAIOT
nipu HarpeBanuu 3N pactBopoM HNO, 1 KOHIIEHTPUPOBaHHBIM PACTBO-
pom H,0,. K iosryyeHHOMY pacTBOpY 100aB/ISIOT 1 —2 KPYNUHKK BUCMY-
tata HaTpusi. B npucyrcteuu Mn(VII) pactBop npuobperaer puonaeto-
BO-PO30BYIO OKPACKy BCIenCTBIE 06pasosanusa MnO,".

OoHapyxenue Bi**

K pactBopy 7 no6asnaror 2N pacrsopa NH,OH 10 nogsienuns ocaka
BiOCl, 3atem no6aBisioT HecKoJibKo Kartesib 2N pactBopa HCl 1 kumasr.
3areM cMech LIeHTpU(YTUPYIOT, MOJYJYaloT 0caloK 8 U pacTBop 8.

Ocanok 8 PactBop 8
BiOCl (He uccaemyetcs)

Ocanok 8 00pabaThIBalOT pacTBOPOM CTaHHUTA HaTpusi. Ocaok yep-
HeeT BCJIeCTBUE 00pa30BaHUs METALIMUECKOTO BUCMYTA.

Pa3pymenne aMMuakaToB KaTHoHOB VI rpymnbl U oTae/ieHHE HOHOB
Cllz+, Hg2+

K pacrBopy 5 nobasssior 1o kucnoit peakuuu 2N pactsop H,SO,,
3aTeM TIpM HarpeBaHWM JOO0ABJISIIOT KOHIICHTPUPOBAHHBIN pacTBOP
Na,S,0,. [TonyyeHHyI0 cMeCh LEHTPUDYTUPYIOT.

Ocanok 9 PactBop 9
Cu,S, HgS, S NiSO,, CdSO,, CoSO,

Otnenenne u o0Hapyxenune noHos Cu*
Ocanok 9 obpabatbiBaior npu HarpeBanuu 2N pactBopom HNO,,
CMecCh LEHTPU@YTUPYIOT, TToTyJaioT ocaaok 10 1 pacteop 10.

Ocanok 10 Pacteop 10
HgS (He uccaenyercst) Cu?*

B pactBope 10 oTkphiBaioT noHbl Cu’* peakiyeil ¢ paCTBOPOM aM-
MMaKa 10 CMHEMY OKpalllMBaHWIO PAacTBOpa BCIEACTBUE OOpa3oBaHMS
2
[Cu(NH,), ]*".

Oo6napyxenue nonos Co**, Ni?*, Cd**

PactBop 9 messat Ha Tpu yacTu. B 0gHOM 13 HUX OTKPBIBAIOT KOOAIET
peakuueir ¢ NH,SCN nmn KSCN. Bo BTOpoil alMKBOTE OTKPHIBAIOT
HUKEJb peakiieil ¢ TMMETUITIMOKCUMOM, a B TpeTbelt — npu pH = 0,5
OCaXIAIOT XeNTHIN ocagok CdS cepoBogOpOIOM.
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JlabopaTopHas pa6oTta 9 (KOHTponbHasA pa6oTa 3)
CucrtemaTtnyeckuin aHanus obpasua, coaeprKallero
HeKoTopble KaTuoHbl |-Vl aHanuTnyeckux rpynn
Mo KNC/IOTHO-OCHOBHOW Knaccudpukauyum

Ieab paGoThI: MPUMEHUTDH 3HAHUS KAUECTBEHHBIX PEaKLUii KATHO-
HOB aHAJTUTUYECKUX TPYMI U METOAOJIOTUIO TIPOBEACHNUSI CUCTEMaTUYe-
CKOTO aHAJIM3a CMeCU KATMOHOB, BBIMOJIHSISL KOHTPOJbHOE 3aJaHueE.

3anaun:
1) moaroToBUTH 0Opa3el] K aHaIU3y;
2) COCTaBUTh CXeMY CMCTEMaTUYECKOIO aHaJIN3a;
3) BBHITIOJTHUTH MIPEIBAPUTEITbHBIC UCTTBITAHMNS
4) IpOBECTU CUCTEMAaTUYECKUI aHAJIM3 COIJIACHO COCTaBJICHHOI CXeMe;
5) cchopmynupoBaTh BBEIBOIBI M OOPMUTH OTUET MO paboTe (CM. TIPHUIL.).

[ BBITIOJHEHUS KOHTPOJILHOM pabOThl KaxKAOMY CTYIEHTY BbI-
JaeTcsl UHAWBUIYaIbHBIM oOpasell, coaepxamuii katuoHbl [—VI anHa-
JIMTUYECKUX rpynn (5—8 KaTMOHOB IO YCMOTPEHUIO MpernoaaBaTesis).
[TpuHMMAast BO BHUMaHUE IIPUHITNTI TIPOBEICHMS aHAI3a cMeceli (J1abo-
paTtopHble paboThl 7—8), CTYAEHT COCTaBJISIET TIJIaH 9KCIIePUMEHTATbHOM
padoThl, KOTOPBI 3aHOCUTCS B JIaOOPATOPHBII XXypHaJl, COrJIacOBLIBAET
€ro C MpernoaaBaTeyieM.

Eciu y cTtyneHTa BO3HUMKAIOT 3aTPYJAHEHUS B COCTaBJIEHUM ILIaHa
padoThl U BBIMOJHEHUN IKCIEPUMEHTAIBHONM YacTU, MOXXHO BOCIOJIb-
30BaThCsl OOIIE METOAMKOI CUCTEMaTUUEeCKOro aHajlKr3a KaTUOHOB 10
KMCJIOTHO-OCHOBHOM KJacCU(PUKALIUU.

JKcnepuMeHTaNbHasA YacTb (NPUMepPHbIN NaH)

1. OcMmoTp o0Opa3ua

IIpu ocmoTpe obpasua (TBepablii) 0OpaTUTe BHUMaHKUE Ha OKPACKY
obpasua u ero cocrapisiomux. OTCYyTCTBUE OKPACKU CBUAETEILCTBYET
06 orcyrcTBuM MoHoB [Hg, |**, Cr**, Fe**, Cu**", Co®*, Ni**.

Ecnu npu pactBopeHuu obpasiia B Boie HaOIIOIAeTCs SIBHBIA TH-
JIpoJin3 (IosIBJIEHUE XJIOIbeBUAHOIO 0CaaKa), CIeJ0BATEIbHO, B 00pasLe
MOTYT MPUCYTCTBOBATh KATUOHBI Sn**, Sn**, Bi*".



2. IIpeaBapuTebHBINA aHATN3

B oTnenbHOI OpIMKY pacTBOPa ONMPEAC/ISTIOT HAJTUIKME BTOPOI TPYII-
nbl KaTuoHoB (Ag*, [Hd,]**, Pb**) — mpu no6asnenun pacrsopa HCI
JIOJKEH BBITIaAaTh OCaIoK.

B oTnenbHOI TOpLIMY pacTBOpa ONPEEIISIIOT HATUIKUE TPEThE | TpyII-
bl KaTuoHOB (Ba®*, Sr**, Ca®*) — npu no6asnennu pactsopa H,SO, non-
JKEH BBITIAAATh OCIBIM OCamOK.

Hannuue B oOpasiie Sn>" 00HapyKUBAIOT B OTAEIbHOM MOPLUUKA 00-
pasua peakiueil ¢ BUCMYTaTOM HaTpHUs: K HEOOJBIION MOPIIUM CYXOTO
obpasua mpwinth pactBop NaOH B u30bITKE, XOPOIIO TepeMeliaTh u
JM00aBUTh HECKOJIBKO KalleJb MPUTOTOBJICHHOIO pacTBOpa BHCMYyTarta
HaTpusl (HECKOJbKO KPYIMMHOK COJIM BUCMYyTa PacTBOPUTH B pacTBOpeE
IIeJI0YM) — MOSIBJICHNE YepPHOTO OCalKa YKa3bIBaeT Ha HAaJIMIKME IBYXBa-
JIEHTHOTO OJIOBa.

Haymune B o6pasie Bi*t oOHapy:X1BaroT B OTAEILHOM MOPLIMK 00pa3-
IIa peakIel ¢ CTAaHUTOM HATPUST: K HEOOJIBIIION MOPILIMHI CYXOro oopasiia
npwuth pactBop NaOH B 130bITKE, XOpOILIO NepeMeliaTh U J00aBUTh He-
CKOJIbKO KareJIb IPUTOTOBJICHHOIO pacTBOPA CTaHUTA HATPHUsI (HECKOJIBKO
KPYIUHOK COJIM Sn** pacTBOPUTH B paCTBOPE LIEJI0YN) — MOSIBJICHUE Yep-
HOTO OcaJKa YKa3bIBaeT Ha HAJIMYMe KaTUOHOB BrcMyTa (Bi*Y).

O6HapyxeHnne noHOB NH," OCyLIECTBIAIOT B OTAEIBHON MOPLMU
obpasia peaknueir ¢ NaOH mpu HarpeBaHUM, IO BBIIEICHHUIO Ta3o-
00pa3HOTro0 aMMHaKa, HaJMuhe KOTOPOTo OOHapy>KWBAaOT M3BECTHBIMM
crnocobaMu.

«OTKphITHE» KATMOHOB Fe?" OCyLUEeCTBISIOT B OTACIbHOI MOPLUK
pacTBOpa ¢ TTOMOIIbIO Ka4eCTBEHHOM peakiny ¢ rekcalnaHoheppaTom
kamst (K [Fe(CN),] B kucioii cpene. O6pasoBaHue ocajika «TypHOyIie-
BOI CUHW» CBUIETEILCTBYET O MpucyTcTBUM Fe?* B 00beKTe.

«OTKpBITHE» KaTHOHOB Fe’* mpoBoAsT B OTAEIbHON Mpobe ¢ IMo-
MOIIBIO KAUYeCTBEHHON peaklMu C TeKcaluuaHo(peppuToM Kaslus
(K,[Fe(CN),]. O6paszoBanue ocanaka «OepIMHCKOI JTa3ypyu» CBUIETE b~
CTBYeT O mpucyTcTBuM Fet. Peakiinst maeT Xopolire pe3yabTaThl B KHC-
noii cpene (pH menbie 3).

«OtkpbiTe» Cr’* mpoBOOST B OTHEJbLHOM IOPLIMM pPACcTBOpa IIy-
TeM okucieHus nona Cr'* B CrO,> npu JeicTBUM NepoKcuIa BOIopoaa
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B LIIEJIOYHOI cpefie 1 nocenyrowee npeppauienne CrO,>” B HAIXPOMOBYIO
kucnory H,CrO,. Obpasyiomuiics B MepBOi YacTH OIbITa XENTHIA pac-
TBOP MEPEHOCST B YMCTYIO ITPOOMPKY, T0OABJISTIOT IO KaILJISIM PacTBOP KKC-
JIOTBI 10 OPAHXKEBOM OKPACKH, 3aTeM IIPUINBAIOT HEOOJIBIIIOEe KOJTUMIECTBO
cMmecu a¢dupa ¢ MU30aMUJIOBBIM CIUPTOM, 3aTeM J00aBJISIIOT 2—3 Kariu
MepoKCHUIa Boaopoaa U nepemelnBalot. [1osiBieHre THTEHCUBHO CUHEH
OKpPAaCKM OPTaHMYECKOTO CJIOsI YKa3bIBaeT Ha 00pa30oBaHME HAIXPOMOBOI
KUCJIOTHI, T. €. CBUIETEILCTBYET O IIPUCYTCTBUM MOHA XpOMa B oOpaslie.

«OTKpBITHE» Mn?' TIPOBOAAT B OTAEALHON MOPLIMUA pacTBOpa 00-
pasLa, MCIoJIb3ys peakuuIo okuciennsa Mn*" 1o MnO,". Peakuuio ocy-
ILIECTBJISIOT CJEeAYIOLIMM 00pa3oM: B MPOOUPKY OepyT HEMHOIO JMOK-
cupa ceuHi@a PbO,, MpuiIMBaOT HECKOJIBKO Karlelb a30THOM KUCIOThI
¥ HarpeBaloT; 3aTeM MPWINBAIOT HECKOIBKO Kareslb pacTBopa obpasia
(pacTBOp AOJKEeH OBITh pa3baBiieH) U nepeMelnrBaloT. [losiBieHue ma-
JIMHOBOM OKPACKM yKa3blBaeT Ha NPKUCYTCTBUE MOHOB MnO,", cnenoBa-
TEJIbHO, B UCXOJHOM 00pa3ie ecTb Mn?*. 3aTeM COCTaBIISIIOT CXEMY CHU-
CTEeMaTUYECKOTO aHaiM3a obpasiia ¢ yyeToM TOoJyIeHHOI MH(MOpMaIun
Mpu ocMoTpe 0Opasiia U MpenBapuTebHBIX UcbiTaHUui. Huxe npuse-
JIeH IIPpUMEPHBIN X0 aHaIM3a 10 pa3paboTaHHOM cxeMe.

3. Otnenenue KatuoHoB 11 anannTyeckoii rpynmbi

Ananusupyemblii pactBop (0,5—1 mi1) ToMenaoT B MPOOUPKY, T0-
6apisttor 1o Karuisiv 6M HCI, Xopollio mepeMelnBamT, eciu depe3
5—10 MUHYT BbINTaJaeT OCAIOK, TO €r0 OTACISIOT LIEHTPU(PYTUPOBAHU-
eM. OcagoK MPOMbBIBAIOT TUCTULIMPOBAHHOM BOIOI ¢ TOOaBICHUEM He-
ckosbkux Kareab 6M HCl, monyyarot:

Ocanok 1 PactBop 1
AgCl, PbCl, Hg,Cl, Katuons! I, 111, IV, V, VI rpynn

4. «OTKpBITHE» HOHOB Pb?*

K ocanky 1 go6aBiasitioT IUCTUIIMPOBAHHYIO BOIY M HarpeBaloT IO
kurnenus, npu 3toM PbCl, pactsopsieTca. [lopuuio rops4ero pactsopa
MEePEHOCAT B YMCTYIO TIPOOMPKY U MPOBOIST PEaKIUI0 «30J0TOTO HO-
XKIs»: K pacTBOpYy MpuanBaroT 3—5 Karenb pactBopa KJ, B mpucyrcTBumn
MOHOB CBMHIIA BBIMAagaeT XeIThli 0cagoK (pacTBOp A€KAHTUPYIOT, Oca-
JIOK TIPOMBIBAIOT JUCTWIIMPOBAHHOU BOJIO), K KOTOPOMY NOOABJISIOT
BOJIbI U HECKOJIBKO KaIle/Ib YKCYCHOIM KMCJIOThI M HarpeBaloT J0 PacTBO-



penHus ocanka. [Tpu OGBICTPOM OXJTaXXKIECHUHU TTOJYIeHHOTO pacTBOpa 00-
pasyroTcs 30JI0TUCTBIE OJI€CTKY KPUCTAJJIOB MOIMIa CBUHIIA.

Ocajok 1 ormbiBatoT ot PbCl, ropstueii Bonoii, 3arem o6pabaTbiBaoT
25%-HbIM PaCTBOPOM aMMHUAKa M XOPOILLO IIePEMEIINBAIOT CMECh; IIPU
HaJIMIUU MOHOB PTYTH OCAlOK MOMEHTAJIBHO YePHEET.

Ocanok 2 Pactsop 2
Hg + NH,HeCl, [Ag(NH,),I*

B pactBope 2 0O0HapyXuBalOT UOHBI cepebpa, MOAKUCIUB PACTBOP
A30THOM KUCJIOTOU M MpOBe/s KaKylo-11ub0 XapaKTepHYIO peaklnio Ha
Ag*. Ocanok 2 He aHAJTU3UPYeETCS.

5. Otnenenne katnonos 111 anasuTHYeCKOii rpymmbI

K pactsopy 1 no6asmstior npu Harpesanuu 1M pactsop H,SO,, ox-
JAXIAIOT U HEHTPUQYTUPYIOT, TTOIyYaloT:

Ocanok 3 Pactsop 3
CaSO,, SrSO,, BaSO,, moxet Karuonsi I, IV, V, VI rpynn, moxer
npucyrctBoBath PbSO,, Ca’* MPUCYTCTBOBAThH YACTh NOHOB

6. Ipespamenue cymdaros CaSO,, SrSO,, BaSO, B kapoonars CaCO,

SrCO,, BaCO,, npu HaIM4Yu1 MOHOB CBUHILA B 00paslie, MpeaBapu-
TeJIbHO 0caloK 3, 00pabaThiBaioT 30%-HbIM pacCTBOPOM alieTaTa HaTpUsI
YUIM aMMOHMSI, HarpeBaloT 0 KUIICHUS W IICHTPUGYTUPYIOT; pacTBOp HE
AHaIM3UPYIOT; K OCaaKy A00aBNIsAIOT HAChILEHHbIH pacTBop Na,CO, n
KUTIATST TOJYYEHHYIO CMECh, 3aTeM OCallOK LIEHTPUMYTUPYIOT, TPOMBI-
BaIOT IBaXKIBI BOMOIL; TMOO0 ocamok 3 mepeHocAT B (haphopoByIO YAIIKY,
00pabaThiBarOT HackllleHHbIM pacTBopoM Na,CO,, BbIapuBaloT pac-
TBOD, @ OCTATOK MPOMBIBAIOT TUCTUIUIMPOBAHHON BoJoil. [TomyyeHHbIE
KapOoHaTHI 00pabaThIBalOT 2M pacTBOPOM YKCYCHOM KUCTIOTHI — TOJIY-
4aloT pacTBop 4.

7. O0Hapy:KeHHe U OTIeJIeHre HOHOB 0apus

K HeckonbkuM kamisam pactsopa 4 notasisior CH,COONa u
K,Cr,0, (pacTBop H0JKEH OBITH XeNThiM). OOpa3oBaHKe KENTOTO Ocal-
ka BaCrO, ykaspbiBaeT Ha NPUCYTCTBUE MOHOB Gapusi B oOpasie. Ecin
ocaiok obpaszoBajicsi, TO KO BceMy pactsopy 4 nobasnsaror CH,COONa
no pH = 56, 3atem no xamnam — pactsop K,Cr,0, 10 Tex nop, noka
pacTBOpP HE OKPAacCUTCS B OpaHXKEBO-XKeJNThIi 1BeT. OcamoK OTACSIOT
1eHTpudyrupoBaHueM (He UcciemryeTcs), oJyJatoT pacTBop 5.



PactBop 5

Honsi Sr**, Ca** n us6bitok K, Cr,0,

Or u36eiTka K,Cr,0, 0cBOOOXIAIOT PACTBOP CJIEAYIOIIMM 00pasoM:
K pactBopy no6asnsior Na,CO, (tB.) 1o pH menbuie 10, cmech Harpe-
BAlOT MOYTH 0 KUICHUST U MPU HaTMIuu MoHoB Sr**, Ca’* obpasyercs
0CaJIOK, KOTOPBIN OTIAENSIOT IIEHTPUMYTUPOBaHUEM.

Ocanok 4 PacTsop
CaCoO,, SrCO, PactBop He uccnenyercst

8. OTnenienne HOHOB Sr2* W X OOHApYKEHHE

Ocanok 4 pactBopsioT B HeckobkuX Karisgx 2M CH,COOH, u eciu
pacTBOp HE COBCEM Mpo3padyeH, 0caJoK (MyTh) OTAEASIOT LIEHTPUDYTU-
pOBaHMEM 1 OTOPACHIBAOT, IOJIy4alOT PacTBOP 5.

K 2-3 kamrsaMm pactBopa 5 moGaBisiioT 3—4 Karuiu HachIIEHHO-
ro pacteopa (NH,),SO, u nHarpepaior no xunenus. [lossnenne ocanka
(SrSO,) (MytH) OyzeT CBUAETEILCTBOBATL O HAJIMYMK B PACTBOPE MOHOB
cTpoHuus. Eciau noHsl Sr?* MpUCYTCTBYIOT, TO KO BCEMY PacTBOPY MpH-
6asnsaror u3obiTok (NH,) SO, n Heckonbko kanens NH,OH, cmech Ha-
TpeBaloT, IOIYJaloT:

Ocanok 5 PactBop 6
SrSO, (He uccnenyercst) noubl Ca?*

9. O6uapyxenue nonos Ca?*

B pactBope 6 nonbl Ca?" 06HapYKMBAIOT IO KareJbHON peakiuu ¢
ponusoHaToM HaTpusi. Ha duiasrpoBaibHyto Oymary HaHOCIT 1—2 Kaniu
pacTBopa 6, 3aTeM HAaHOCST Ha MSITHO 2—3 KaruIv pacTBOpa IIeJI0YN 1 00-
pabaThIBAIOT MOJTyYEHHYIO Ha OyMare TMIpOOKUCH KaIbITUST CBEXKETIPUTO-
TOBJIEHHBIM pacTBopoM poausoHata Hatpus (Na,C.O,). B mpucyrctsuu
MOHOB KaJIblIUsI B paCTBOPE MOSIBIsIETCsT (prosIeTOBOE TSITHO Ha Oymare,
KOTOpOE rcue3aeT mpu HaHeceHnu Ha Hero pactBopa HCI. (MoxHo mipo-
BECTH KaKyl-JIM00 IPYTYIO KaueCTBEHHYIO peakinio Ha noHbl Ca?*.)

10. Otnenenune katnoHoB I'V—VI rpynn

PactBop 3 mensar Ha aBe yactu. K omHo#t wacTu pacTBopa mo6as-
JISIOT TI0 KaruisiM KOHLeHTpupoBaHHblii pactBop NH,OH 1o cna6oue-
JouHol peakiuu. O6pasyercs 0canok, KOTOPbIN OTAEISIOT HEeHTpUdy-
TUPOBAHUEM.



Ocanok 6 PactBop 7
[unpoxkcunpl, OCHOBHBIE COJIU, Kap- Katuons! I rpynmst

06oHaTel KaTuoHOB IV—VI rpynn

11. Oonapy:kenue uonos Na*, K*

PactBop 8 menar Ha nBe yactu. K ogHo# 13 HuUX gobasisior 1M
pactBop Na,CO, ¥ KUIIATAT 10 MOJHOTO yAAJIEHUS COJIE aMMOHMSL.
Ocanok OTAeNsIOT UEeHTpU@yrupoBaHueM M OTOpachiBalOT. PacTBop
Heiitpanusytor 1o pH = 4-5 2M CH,COOH u 06HapyXuBarOT NOHBI
K" peakuueii ¢ Na,[Co(NO,) . K apyroii yactu pactBopa 106aBisior
IM pactBop K,CO, 1 KUIIATAT 10 IMOJHOTO YIAJIEHUS CONEH aMMOHMS.
Ocanok OTAEeNsIoT LUeHTpU@yrupoBaHueM U oTOpachiBaloT. PacTBop
Heiitpanusytor 1o pH =7 2M CH,COOH u o6HapyxuBaroT noHbl Na*
peakuueii ¢ KH,SbO,.

12. Otnenenune katuoHoB IV rpynmsi ot Katuonos V—VI rpymn

K ocanky 6 mo0aBisilOT HECKOJIbKO Karesb 3%-ro pactBopa Iie-
pokcuaa Bogoponaa u oopabateiBaioT 10%-HbiM pactBopoM NaOH (u3-
OBITOK — 110 IIEJOYHOM peakliuMy), HarpeBaloT U TLIATEJbHO IepeMe-
mmBaoT. U3obitok H,O, ynansaior kunsgyenueM. IlonydeHHyo cMech
HEHTPUMYTUPYIOT.

Ocanok 7 Pacteop 8
Fe(OH),, H,MnO,, Co(OH),, Karuonsl I rpymmbt
Cd(OH),, Ni(OH),, Cu(OH),, AlO,", ZnO,”, SnO >, CrO, —
Mg(OH),, Bi(OH),, HgO HMOHBI

13. Otaenenne uonos AI** u Sn (IV) B BUie THAPOKCHIOB

K pactBopy 8 moGaBiastOT HEOOJBIIUMU MOPUUSIMU KpUCTATUINYE-
ckuit NH,CI n ynapusator pactBop 10 He6ob1ioro oobema. TlomyyeH-
HYIO CMECh LIEHTPUDYTUPYIOT.

Ocanok 8 PactBop 9
Al(OH),, Sn(OH), [Zn(NH,) ]**, CrO>

14. «OtkpbiTHE» HOHOB A’ 1 Sn (IV)

Ocanok 8 obpabatsiBator 2M pactBopom HCI. IlosyueHHsblit pac-
TBOp HEJST Ha IBE YyacTU. B Kaxmoil mopuuu pacTBopa «OTKPbLIBAIOT»
nonsl A" u [SnCl ]

K omHoOV yacTu pacTBopa MPUJIMBAIOT HECKOJBKO Kareib 25%-ro
pacTBOopa aMMMaKka (peakiiuio BeAyT B aMMUayHol cpene. MelaiooT rnpo-



BefeHUIO peakiuu uoHbl Cr*, Zn?*, Fe3*, Sn (1)) u noGasnswoor 4—5
KarreJIb pacTBopa anudapuHa. O6pa3zoBaHKMe alM3apMHOBOTO Jlaka (po30-
BaTO-KpaCHBIN 0CafoK) OymeT HaOIIoAaThCs B IIPUCYTCTBMU MOHOB AlP*,

B npyroii yactu pacTBopa 0OHapYXUBAIOT MOHKI oyioBa. [IpenBapu-
TeapHO BoccTaHaBiauBaT Sn (IV) no Sn (II) Metaminyeckum MarHuem
WA XKEJIe30M:

[SnCL]* + Fe = Sn** + 6Cl" + Fe**

3aTeM B YUCTYIO TPOOUPKY OEpyT MOPIIMIO pacTBOpa, COAepKaIIero
Sn?*, ¥ MPUJIMBAIOT HECKOJIBKO KalleJIb CBEXKENPUTOTOBJICHHOTO BUCMY-
Tata Hatpusi NaBiO, (peakuuu mpoBOAAT B LIENOYHOM cpene).

15. OonapyxeHnue uoHos Zn>*

K pactBopy 9 100aBISIIOT HECKOJIBKO KalleJb KOHIICHTPUPOBAHHOIO
pactBopa Na,CO, 1 Harpesaiot 110 MoJHOro yaaaeHus ammuaka. [Moy-
YeHHYI0 cMech LieHTpUudyrupyioT. [ToayyatoT pacTBop (He UCCaeayeTCs )
M 0CalloK, B KOTOPOM «OTKPBIBAIOT» MOHBI LIMHKA, I 3TOr0 K OCAIKY
M00aBSIIOT TUTU30H. [losiBIeHNEe KpacHOI OKpacKW OpraHu4eckoro u
BOJHOTO CJI0s1 Oy/IeT HabJItoAaThCsl B IPUCYTCTBUM MOHOB IIMHKA.

16. O6napyxenue uonos CrO 2

Kenrass okpacka pacTBopa 6 yKasblBaeT Ha MPHUCYTCTBUE XpoOMaT-
MOHOB. [ToaTBEpAUTH 3TO MOXHO KaKON-TM00 XapaKTepHOW peaxiiveit
Ha XpoMaT-uoH.

17. Otnenenne KaTuoHOB V rpynmbl 0T KATHOHOB VI rpynmbi

K ocanky 7 mo0aBisiioT MpU HarpeBaHUU KOHIIEHTPUPOBAHHBIN
pactBop NH,OH. ITony4yeHHyro cMech LEHTPUDYTUPYIOT.

Ocanok 9 Pactsop 10
Mg(OH),, Mn(OH),, Bi(OH),, Fe(OH),, Ammuakarel Cd*, Hg?*, Co?,
Fe(OH), Ni?*, Cu?*

18. Otaenenne u odHapyxKeHue HoHOB Mgt
K ocanky 9 no6asnaror 2M NH,Cl u 3%-nbiit pactsop H,O,. [Tony-
YEHHYIO CMeCh LIEHTPU(PYTUPYIOT

Ocanok 10 PactBop 11
MnO(OH),, Mn(OH),, Fe(OH),, Bi(OH), Mg?*

B pactBope 11 o6HapyxuBaoT Mg?>" 1o peakiuuu ¢ 8-OKCUXUHOJIN-
HoM. OOpa3oBaHUE KeJITO-3€JEHOr0 0CaKa CBUAETEIbCTBYET O MIPUCYT-
CTBMU MOHOB MarHusl.



19. Ocanoxk 10 mpombiBatoT u o6pabateiBaior 2M pactBopom HNO,
M KOHUEHTpUpoBaHHbIM pactBopom H O,. Tlossrenne GpuoseToBo-po-
30BOIl OKPAacKW CBUIETEIbCTBYET, YTO B PACTBOPE MPUCYTCTBYET Mapra-
Hel (MnO,"). Cmech LeHTPUOYTUPYIOT U TI0JIy4aloT:

Ocanok 11 Pactop 12
Mn(OH), Fe(NO,),, Bi(NO,),

20. Oonapyxenue BucMmyTa Bi’*

K pactBopy 12 no6assior 2M pactsop NH,OH 1o nogsnenuns ocan-
ka BiOCI. Ocanok oTaensiioT 1 00padaThiBalOT CTAHHUTOM HaTpusl (COJIb
oJioBa + pacTBoOp I1Iejo4uu 1o pacTtBopeHust). [1pu BoccraHoBIeHnM Bi**
TTOSIBJISIETCS] YEPHBIN 0CAJI0K METAJUTMYECKOTO BUCMYTA.

21. Pa3pymenue amvuakaros VI rpynmbi

K pactsopy 10 no6asnsior 10 kucnoil peakuuu 1M pactsop H,SO,,
3aTeM IMPU HarpeBaHWM KOHLIEHTPUPOBaHHbIA pacTBop Na,S O,. IToy-
YEHHYIO CMECh LIEHTPUGDYTUPYIOT.

Ocanok 12 Pacteop 13
CuS, S NiSO,, CdSO,, CoSO,

22. Otnenenue u ooHapyxenune Cu*

Ocanok 12 o6padaTsiBalOT MpU HarpeBaHUU 2M pacTBOPOM a30THOM
kucaoTel. [TonydeHHyto cmech LeHTpUdyrupytor. B pactBope oOHapy-
>KMBAIOT MEb 0 PeaKIIMy C paCTBOPOM aMMHaKa.

23. Oonapyxenue Co**, Ni**, Cd**

PactBop 13 menst Ha Tpu yacTu. B oHOI M3 HUX «OTKPBIBAIOT» KO-
0asIbT peaklMeil ¢ POJaHNUIOM aMMOHUS (peaKIINio BEAyT IIPU M30BITKE
peareHTa B MPUCYTCTBUM aMUJIOBOTO criupTta). Bo BTOpoit — HUKeJb pe-
aKklMeit ¢ IUMMETWINIMOKCUMMOM (peakluio BedyT B aMMUAYyHOM cpere
npu pH = 6-9). B tpetbeit — npu pH = 0,5 ocaxnaior XeaTblii 0cagoK
CdS cepoBomopoaom.

XoI aHa/I3a M pe3yIbTaThl BHOCSTCS B XKyPHAJ U MOAITMCHIBAIOTCS Y
npenonapatesiss. KoHTposbHast padota oopMIIsieTcsl CTYyIEHTOM B COOT-

BETCTBUM C TPEOOBAHUSIMU, MIPEIBSIBIIEMbIMU K 3a4€THBIM (UTOTOBBIM)
pabotam, 1 10JIKHA OBITh 3allUIIeHa.



3. USYYEHUE PEAKLIUA OBHAPYXEHUA AHUWOHOB

JlaboparopHan pa6ota 10
KauvecTBeHHble peakuyuu aHnoHoB I, Il n Il rpynn

Iesms padoThI: U3yINTH peakiiu ooHapyxeHust annoHoB I, 11, 111 rpyr.

3amaum:
1) paccMOTpeTh peaKM aHMOHOB C COOTBETCTBYIOIIMMM TPYITIIOBEIMK
peareHTaMu;
2) OCYIIIECTBUTH PeakIIMi OOHAPYKeHUSI aHUOHOB;
3) coCTaBUTH CXeMy CUCTEeMaTUIECKOTO aHaIN3a aHNOHOB.

O6wue cBegeHna

JleleHe aHMOHOB Ha I'PYINbI OCHOBAHO Ha MX OTHOIIEHUM K pa3-
JIMYHBIM peakTUBaM; K pacTBOpaM coOJieil Oapusi, CTPOHLMS, KaJbIIUs,
MarHusi, cepedbpa, CBMHLIA U Jp., a TaKXKe K KUCJI0TaM, OKMCIUTEISIM,
BoccTtaHoBUTENSIM. C 3TUMM peakTHBaMM aHMOHBI 00pa3yloT Majopac-
TBOPUMbIE OCaJIKU, Ta3000pa3Hble BEIIECTBA U XapaKTepHble OKpalleH-
Hble coemuHeHus. OOUICTIPUHATON aHATUTUYECKON KiaccupuKalumu
AHWOHOB HE CYIIIECTBYET.

PeakTuBbl, naroiiye BO3MOXHOCTb OIPEACIATh MPUHAIIEKHOCTD
HUCClIeayeMbIX aHUOHOB K OIIpelIeJIEHHO aHaJTUTUYECKOM TpyIine U OT-
JIeJISITh OIHY TPYIITY OT APYroit, IO CBOEMY XapaKTepy AeMCTBUS MOXHO
KJ1accu(UUMPOBaTh CAEAYIOIIUM 00pa3oM.

IpynnoBsie peakTUBbI, OCAXKAAIOLINE OIIpeIeIeHHbIE AaHMOHBI B BUJIE
MajopacTBOPUMBIX COEIMHEHUN: pacTBOPUMBbIE COJIU Oapusl, HUTpAT ce-
pebpa, pacTBOpUMbIE COJIM CBMHLIA, MarHe3MalbHasi CMECh.

IpynnoBeie peakTUBBI, OKUCISIONINE AHUOHBI-BOCCTAHOBUTEIN:
rnepMaHraHaT KaJiusl.

IpynmoBbie peakTUBbBI, BOCCTAaHABIUBAIOLIE AaHUOHBI-OKUCIUTEIN:
MNOaMCTOBOAOPOIHAS KUCIOTA WM MOOUCTHIA KaJTUiA.

TpynmoBble peakTUBBI, TTO3BOJISIONINE TTPOBOIUTH MTPOOLI HA aHUO-
HBI JIETY4YUX KHUCJIOT: pa30aBieHHas COJIsTHas KHUCIOTa.

IpynnoBeie peakTUBbI, pa3iaralolire aHMOHbBI U UX COJIM C 00pa3o-
BaHUEM 0oJiee TTPOCThIX MPOAYKTOB peaKUii: KOHLIEHTPUPOBAHHAs Cep-
Hasl KMCJIoTa.



CylecTByIOIIEe METOALI aHaJIM3a aHWMOHOB MOXKHO pa3IeiuTh Ha
TPY OCHOBHBIE T'PYTIITH.

1. CucremaTuyeckue METOJIbI, OCHOBAaHHBIE, TTOAOOHO KJIACCUYECKO-
MYy CEPOBOIOPOITHOMY METONY aHaju3a KaTUOHOB, Ha IEJICHUN aHNOHOB
Ha TPYIIIHI, OcaXkIaeMbIe TTOCIEAOBATEILHO ONPEIcICHHBIMU TPYIIITOBbI-
MM peakTuBamMu. [1pu 3ToM aHaIM3 BeAeTCS M3 OAHOM MOPLIMU PaCcTBOPA.

CucremMaTIecKne METOIBI aHAJIM3a AaHMOHOB MPUMEHSIIOT JUIST UC-
cJIeIOBaHUS HECIIOXKHBIX cMecell. JIIg cucTeMaTndecKoro aHajimsa 00-
Jiee CJIOXKHBIX CMeceli aHMOHOB YHMCJIO TOCAeA0BATEIbHO TTPOBOIUMBIX
oIrepallnii CMJILHO BO3pacTaeT. B cBSI3M ¢ 3TUM Bo3pacTaeT CTeIeHb 3a-
TPSI3HEHHOCTH aHAJIM3MUPYeMOT0 PacTBOpa IMMOCTOPOHHUMHU ITPUMECSIMU
3a cueT noOaBIeHUsI BCE HOBBIX peakKTUBOB. BceiieacTBue aToro ooHapy-
JKeHIEe aHMOHOB K KOHILY aHaJIi3a CTAHOBHUTCS BeChMa 3aTPYIHUTEIBHO.

2. IpoOHBIe METOAbI aHAIM3a, OCHOBAaHHbIE HA «OTKPLITUM» AaHUOHOB
W3 OTIEIbHBIX IMOPLMI UCCIEAYeMOTO pacTBOPa, YCIEITHO MPUMEHSIOT
IUIST aHAJIM3a CMeceit, He Cofep KallnX MEIIAOIINX IPYT APYTY aHUOHOB.
Boitee ciokHBIE cMeCH BEI3BIBAIOT HEOOXOAMMOCTh TTPEABAPUTEILHOTO
MX pa3ejieHUsI Ha OTAEIbHbIC TPYIIIIHL.

3. INoxycucremMatnueckue METOOBI aHAJIM3a OCHOBAaHBI Ha JEJICHUH
AHMOHOB TTO TPYIIIaM, HO aHaJIN3 CCIIEAYeMOT0 pacTBOpa IMPOBOIAIT He U3
OITHOM, a M3 HEeCKOJIbKUX Topiuii. [lonycrucreMaTnyecKue MEeTOIbI Jal0T
BO3MOXKHOCTh HMCITOJIB30BaTh MPEUMYIIECTBA CUCTEMATHUECKUX W APO0-
HBIX MEeTOIOB aHam3a. OTHesicHre OMHUX TPYITIT aHUOHOB OT APYTUX TIPU
TIOMOIIIY TPYIIIOBBIX PEAKTUBOB 1aeT BO3MOXXHOCTD OTIEIUTh MEIIAIOIIe
IPYT IpYyTy aHUOHBI, a UCITOJIb30BaHKUE IPOOHOTO METOIA TTO3BOJISIET CO-
KpaTUTh YUCJIO TTOCIeIOBATEIbHBIX aHAJTUTUYECKUX oIlepalii. B atom
cJIydae TPYMIIOBbIE PEaKTUBBI MCIIOIB3YIOTCS HE TOJBKO MJIST pa3necHUs
AHMOHOB, HO U IIJIST OOHAPYKEHUSI JAHHOU TPYIIITEl aHUOHOB.

B T1abn. 12 mpuBeneHbl KayeCTBEHHbIE peaklMM aHUOHOB TpeX
rpyni. I1pu BeImoHeHUN pabOThl HEOOXOAMMO OOpaTUTh BHUMAaHUE Ha
IEUCTBUE TPYIIIIOBBIX PEareHTOB, OKUCIMTENIC, BOCCTAHOBUTENCH Ha
AHUOHHI.

IIpu BbIMOJHEHUH J1aOOPAaTOPHOI PabOTHI ClAeAyeT coOMoaaTh Mo-
cJiefoBaTeIbHOCTh ONBITOB, YKa3aHHBIX B Ta0a. 13, 14. B otueTe ypaB-
HEHUSI IIPOBEACHHBIX peaKIINi 3aIIMChIBAIOTCS B MIOHHOM 1 MOJICKYJISIP-
HoOM (hopmax (CM. TIpUIIL.).

— 62 —
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KOHTpOJ‘IbeIe BONMPOCbI

1. Ykaxure, MOXKXHO JIU pa3neJuTh Ha MOArPYIIbl aHUOHBI | rpymmbl mo-
cJle UX ocaxaeHus xaopuaomM oapusi? OTBeT 000CHYITE.

2. IToAcHMTE, KaK MOXHO «pacrno3HaTh» aHuoHbl SO, u S, 0,77 3anu-
LIMTE COOTBETCTBYIOIINE YPABHEHUST PEaKLIUiA.

3. [IpuBenuTe ypaBHEHHUS PeaKIIMii, KOTOPhIE XapaKTePU3YIOT OTIMIM-
TeJTbHbIE CBOMCTBA HUTPUT-MOHA OT CBOMCTB HUTpAT-NOHA.

4. Kakue anuoHsI I rpynisl 001aaar0T OKUCIUTEIbHBIMU UJIM BOCCTAHO-
BUTEJIbHBIMU CBOMCTBaMU? SIBJISIIOTCS JIM OTU CBOMCTBAa OCHOBOIIOJIA-
TAIOIINMU JIJIST «<OTKPBITUS» 3TUX MOHOB ITPH YCIOBUH UX COBMECTHOTO
MPUCYTCTBUS?

5. CocraBbTe cXeMy aHaJIM3a UCCIIEAYEMOTO 0OBEKTA C LIEJIbI0 OOHapyxkKe-
HUS B HeM dhocdhaToB.

JlaboparopHan pa6ota 11 (KOHTponbHasA paboTa 4)
AHanu3 NHAMBUAYANbHbIX COeAVNHEHMNI

Ieab paboThI: TPUMEHSIS SKCIIEPUMEHTAIbHBIC HABBIKY 1 3HAHUS 10
CHCTEeMATUYCCKOMY aHAJIN3y KATHOHOB ¥ aHWOHOB, BBITIOJIHUTH aHAJIN3
KOHTPOJIbHBIX 00Pa31i0B MUHEPATbHBIX COJICH.

3agauum:
1) mpoBecTH MpeaBapuTeIbHBIC UCTIBITAHMS IJIT KaXKI0ro 00paslia;
2)C TIOMOIIBIO TPYIIOBLIX PEareHTOB OIPEACIUTL TPYIITY KaTHOHA U
aHUOHA B KaXIoM o0paslie;
3) oOopMUTH OTUET 1O pe3yabraTaM aHaJIn3a (CM. TIPIIL.).

KauecTBeHHBIN aHAIM3 WHAWBUIYAJIbHOTO BEIIECTBA BBITOJHSIOT
B ABa 3Tana. Ha mepBoM aTare npoBoasT NpeaBapUTebHbIe UCTIBITAHUS,
a Ha BTOPOM TEPEeXoJsIT K CUCTEMAaTUYECKOMY aHaIU3y KaTUOHOB U aHU-
OHOB, UCITOJIb3Yysl METOIMKY aHAIM3a CMECH KATUOHOB U aHMOHOB.

IIpenBaputeabHble WCIBITAHUSI MO3BOJISIIOT YCTAHOBUTBH IPUCYT-
CTBME HEKOTOPBIX BJIEMEHTOB, OOHAPYKEHUE KOTOPBIX 3aTPYAHEHO MpHU
CHCTeMaTUYCCKOM aHaIu3e.

K npenBapuTesibHbIM UCIBITAHUSM OTHOCST OKpalllMBaHUE IiaMe-
HU JIETYYUMU COEAUHEHUSIMU HEKOTOPBIX 3JIEeMEHTOB. PacTBopuMOCTh
obpasua B Boje. B tabmn. 15 mpuBeneHbl nMpeaBapyuTeIbHbIC UCTIBITAHUS



Ha KaTuoHHI. [Tociie npeaBapuTeIbHBIX UCIILITAHWI IIPOBOAST CUCTEMA-
TUYECKUI aHanu3. X0 aHaJIM3a 3aBUCUT OT IIPUHATOM KiiacCU(bUKALIMI
KAaTUOHOB U aHUOHOB. B 1aHHOM MeTOIMYeCKOM PYKOBOICTBE Ipejiara-
€TCSl IIPUHSITh KUCIOTHO-OCHOBHYIO KilacCU(pUKALIMIO KAaTHOHOB. [lop-
110 00pas3lia CoIM PacTBOPSIIOT B BOJE U C ITOMOIIBIO TPYMIIOBBIX pea-
TEHTOB OIPEICIISIOT AHAIMTUYECKYIO TPYIITY KATHOHA M aHUOHA.

Tabmuna 15

Hpe,E[BapI/ITCIIbHLIe HMCIIbITAHWA Ha KaATUOHBbI

Karuon XuMuueckas peakius Ananutniaeckuii apdexr

NH," |K HeckoJbKUM KaruiaM pacTBopa |Bbigenenue rasa

coJ (K HECKOJIBKUM KPUCTAIIIN- |C XapaKTePHBIM 3aIIaXxoM
KaM CyXoit COJIN) MPpuOaBIsIOT
0,5 Mt 2N pactBopa NaOH,
CMECh HarpeBaloT.

K HecKOoBKMM KarjIsiM TToJTydeH- | PacTBop oKpalmBaeTcs
HOTO pacTBOpa T00aBIISIOT B JKEJITO-OYPBIii LIBET
3—5 kanenb peaktuBa Heccnepa

Fe?* K HecKoJIbKMM KaIuIsIM aHaIu3u- | BelmamaeT TeMHO-CMHUI 0caioK
pyeMoro pactBopa MpuoOaBiIsIloT — |TYpHOYJIEBOM CUHU

2—3 karm 2N HCl n 1 xarmo
pactBopa K,;[Fe(CN),]

Fe3*  |K HeckoJbKUM KaruisiM pubaB- | Beinamaet cMHMIA 0camok
qsrot 1-2 karum 2N HC OEepJIMHCKOI J1a3ypu
u 1 kanumio pacteopa K,[Fe(CN) ]

Cr’*  |K 0,5 ma ananusupyemoro pac- | PacTBop okpainmBaercs B 3e-
TBOopa npudapsioT 0,2 M 0,1N  [JIeHbIil LIBET (B TPUCYTCTBUU
pactBopa KMnO, 1 1-2 M1 2N |3¢pupa 3pupHbIii c10# OKpaiim-
pactBopa H,SO,, Harpesaior u BaeTCsl B CHHUIA 1IBET)
npubasistor 0,5 vt 3 %-ro pac-
tBopa H,O,

Mn?*  |K pacTBOpy aHAIM3UPYEMOTO PacTBop okparimBaeTcst
BEIIECTBA MPUOABJISIOT HECKOJIb- |B KPACHO-(DUOJIETOBBII 1IBET
ko Kaneab 2N pactopa HNO,,
nob6assaror 0,5 M konu. H,O, u
HarpeBaroT




3aTeM OTKPBIBAIOT KATUOH M aHNOH B 0Opa3Ile, BBIOJHSISI COOTBET-
CTBYIOIIIME KaueCTBEHHbIe peakuuu. B Tab. 1 u 2 npuBeaeHbl aHAIUTH-
YeCcKue TPYIIbl KATUOHOB IO KUCJIOTHO-OCHOBHOM KJIacCU(UKALIUU U
aHMOHOB. B Ta6. 16, 17 ykazaHbl TPOBEPOYHBIE peaKIIMU Ha KATUOHBI U
AHMOHBI, KOTOPbIE MOXXHO MTPUMEHUTh MPU UIEHTU(MUKALIUU OpraHUUe-
CKUX COCTUHECHUN.

TaGnuua 16
ITpoBepouHbIe peakliui Ha KaTUOHBI
Neo
Karu- .
peak- |~ BoinosiHeHUE peakiuu AHanutnyeckuit apdexr
LI
1 Pb** |1 xarutio aHATU3UPYEMOTO INosiBnsieTcst CMHEE MATHO WU
pacTBopa MmomelnaoT Ha GUiib- |KOJIbLO, KOTOPOE MPpH MpHU-
TpOBaJIbHYIO Oymary u oopa- OaBJyieHUU O0y(hepHOro pacTBoO-
OaTbIBaloT 1 Karuteit pactBopa |pa ¢ pH 2,8 okpammBaercst
poau30HaTa HaTpUst B KPacHBIH LIBET
2 Ag* |K 5 karuisim aHanmusupyemoro | Beimagaet 61eqHO-KeaThIin
pacTBopa IMpUOABJISTIOT OHY 0CaJIoK uoauaa cepedpa, He
karto 5%-ro pactopa KJ pacTBOpPUMBIii B aMMUaKe
3 Bi** |K 5 karmisM pacTBopa npuOas- |BbinagaeT 4yepHbIil ocagok
JISTIOT 10 KaruisiM 2N pacTBopa  |METaZTMYeCKOro BUCMYTa
NaOH no nosiBneHus ocagka
U 3—5 Kareib CBEXENPUTOTOB-
JIEHHOTO pacTBOpa CTAHHHUTA
HaTpusl
4 Cu?** |K 5 xarmisiM pacTBopa Ipu- Brimagaet KpacHBII 0camok
0aBIsIIOT 2—3 Karuii pacTBopa  |rekcaruaHodepparta Menu
K,[Fe(CN),]
5 Cd** |K 5 xamisM pactBopa npubas- |Brimamaer ocamok cyabduaa
nsr0T 2—3 Karua 2N pacTBopa  |KaaMusi KaHapeeyHO-KeITOro
HCl u 5 xanenb cBexXenpuro-  |1BeTa
TOBJIEHHOU CEpOBOIOPOIHON
BOJIBI
6 Sn?*  |K 2—3 karuisim pacTBopa rnpu- | Beimamaet Gesnblit 0ocanok Ka-
6apysiior 1—2 karum 2%-1o JIOMeJH, YepHEIONIeil BCIe -
pacteopa Hg(NO,), CTBUE €€ BOCCTAHOBJICHUS 10
METAJTMYECKOU PTYTH




Ne

Karu- .
peak-| " o BeinmonHeHue peakiuu AHanutnyeckuii apdexr
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7 Ni** |Ha ¢usrpoBasibHyto 6ymary  |[TaTHO OKpammBaeTcs
TOMenIaoT | KaruTo aHaI- B KPacCHBIH 1BET (peakiius
3upyemoro pactBopa. [locie JILA. Yyraesa)
BIUTHIBAHUS TTSITHO CMAYMBAIOT
1 xarieit criMpTOBOTO pacTBOpa
JNTUMETUITIMOKCUMA U oOpada-
THIBAIOT B TeUEHME HECKOTBKIX
muHyT napamu NH,OH

8 Co** |K 2—3 karuisiM pactBopa npu- | Beinagaer KeaThlit KpucTa-
GaBystior 2—3 karuiv 2N pac-  [JIMYeCcKUi 0caloK TeKCaHU-
tBopa CH,COOH u 5 kaneib | TpoKoGasisTaTa Kaaus-HaTpyst
7%-noro pactsopa KNO,. Pac-
TBOP HarpeBaloT 10 KUTIEHUS U
OXJIAKIAIOT TIPU TIepeMeTIBa-
HUU, TIOTUPasi CTEHKY ITPOOUp-
KU CTEKJITHHOM MaJIOYKOMN

9 Co?* |K 2 karutsim pactBopa nipubas- |B 3aBucuMocTy ot conep-
JISTIOT TIPY TTepeMEeIIMBaHUM >KaHUsI KOOaJIbTa pacTBOP
5 Kamnesb HaChIIIEHHOTO pac-  [OKpallluBAeTCsl B CHHUI WU
tBopa NH,SCN B anieTone 3¢JICHbII LIBET

10 Fe’* |K 5 karuisim pactBopa rpu- PacTtBop okpaiiuBaetcst
OaBysiioT 3—35 Karnelb 5%-ro B PO3OBBIN 1IBET
pacTBopa Cyib(pocaTuInIoBOR
KUCJIOTBI

11 Cr** |K 2—3 xaruisam pactBopa ripu- | Ciioii a¢gupa oKpalnBaeTcst
Oasysttor 1 mut 2N pactBopa B cuHuii 1BeT. OKpacka Hey-
H,SO,, I mn adpupa 2—5 xarmeb |cToduMBa
3%-ro pactsopa H,0,

12 Mn?** |K 3—5 karuiam pactBopa npu- | Benblit ocagok ruapokcuaa
GastioT 3 Karuin 1N pacTBopa |MapraHiia YepHeeT OT IepeKu-
NaOH, 3—5 kanenb 3%-Horo |cu Bogopoja
pactBopa H,O,

13 AP*  |K 3—5 xarisM pactBopa rpu- | Bblragaer 3eieHOBaTO-KeI-
6asistroT 0,5 MIT alleTaTHOTO TBII KPUCTAJUTMIECKUIA Oca-
oydepa ¢ pH 51 1 Mt pacTBopa | 10K 8-OKCUXUHOJISITA aJli0-
8-OKCUXMHOTMHA MUHUS

14 Zn** |K 3—5 karuisim pactBopa rpu- | Beinagaer 6esiblit ocagok

6asystior 1M1 2N pacTBopa
CH,COOH npomnyckator H,S
IO HACBIIICHUS

cysibhuaa HuHKa
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15 Ba?* |K 2—3 karisiM pactBopa npu- | BeimagaeT XejTblii KprucTta-
Gasystior 3 Karii 2N pacTBopa |[JTMYECKUit ocalok XpomaTa
CH,COONa u 2—3 karumi 2N |Gapust
pactBopa K,Cr,0,

16 Sr**  |Ha dunbsrpoBasibHyto Oymary | TTosiBasieTcst 6ypoBaTo-Kpac-
HaHOCAT | KarTio pacTBopa HOE TISITHO, 00ecIIBeYrBa-
¥ CMAYMBAIOT TISITHO Karuteid foteecs npu neiictsum 2N
pacTtBopa poam3oHata Kainust  |pactBopa HCl

17 Ca? |K 2—3 karuisaM pacTtBopa nipu- |Brimamaer Genblii KpucTai-
oasistior S karesb 0,1N pac-  [IM4yecKuit ocaiok okcaiaTa
tBopa H,C,0,, no xamsam 2N |KanbUusi, paCTBOPUMBbIii B
pactBopa NH,OH 10 4eTKoro |MuHepaabHBIX KMCIOTaX
3amaxa aMMuaka 1 HarpeBaroT
JI0 KUTICHUS

18 Ca?* |Ha dunbrpoBanbHyto 6ymary  |[IsiTHO oKpariuBaeTcst B puo-
TOMeNIaoT | KaruTio pacTBOpa. |JIeTOBBIIA IIBET
[TarHo cmavuBatot 1 Karuiei
pacTBopa poar30HaTa HATPUS U
1 karueit 0,5N pactBopa NaOH

19 | Mg* |K 1-2 karui pactBopa rnpu- Brimamaer 6enblit KprcTamii-
6assttor 2 Karuti 2N pacTBopa |4ecKuii ocamok ¢ocdara mar-
HCl u 2 xarumu 1N pacTBOpa HUS-aMMOHMUSI, pAaCTBOPUMBII
Na,HPO,. 3atem npu mepe- B MUHEPaAJIbHbIX KUCOTaX
MEIIMBAaHUY MPUOABIISIOT TIO
karwrsiM 2N pactBopa NH,OH
10 YeTKOro 3amnaxa. Bo Bpemst
TepeMeIInBaHus s yCKOpe-
HUSI BBITIAZICHUST OcaaKa HeoO0-
XOAMMO TE€PETh CTEKJISTHHOM
TMaJIOYKOU O CTEHKU TTPOOVPKU

20 K* |K 1 kamie pactBopa nmpubaB- | Belnmamaer XenThblii KpyucTai-

ssitor 1 karutio 2N pacTBopa
alierara HaTpus U 1—2 Karim
pactBopa Na,[Co(NO,),|; pac-
TBOP ITePEeMEIINBAIOT, TOTUPast
MMaJI0OYKOM O CTEHKU TIPOOMPKU

JIMYECKHUI 0CaIOK TeKCaHU-
TpOKOGaJ'H)TaTa HaTpudg-Kaliusa
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21 Na* |3 karm pactBopa HelTpa- Beinanaer Gesblii KpucTawi-
1u3y1oT 0,5%-bIM PACTBOPOM ~ |4ECKMIT OCaIOK TEKCATMIPOK-
KOH no pH 7. 3atem npu- coctubaTa HaTpus, pacTBOPU-
0aBys0T 2—3 Karuii pacTBOpa | Mblii B LIeJI04ax
K[Sb(OH),] u mepemenmBaor
HECKOJIbKO MUHYT, TIOTUPast
CTEHKU MPOOUPKY CTEKIISTHHOU
TMaJI04YKON
Ta6auua 17
ITpoBepouHbIe peakIi aHUOHOB
Ne | AnHnon BobinosiHeHUE peakiuu AHanutnyeckuit apdexr
Ha ¢unbrpoBaibHyto Oymary Kpachnoe nisgTHO obeciiBeun-
Hanocurcs 1 xaruist 2N pacTBopa |BaeTcst
{ SO~ BaCl, u ka0 pacTBOpa poau-
4 3oHara Hatpusi. O6pa3oBasIire-
ecs TISITHO CMavYMBaloT 1 Karueit
aHaJM3UPYeMOTO pacTBOpa
K 1—2 karuisim aHanu3upyeMo- | Bbimamaet Geblit KpucTa-
5 SO > ro pactBopa npuoasisiioT 3—4  |IMYecKuii ocaaok cyJibgara
4 karin 6N pactBopa HClu 1—-2  |6apusi, He pacCTBOPMMOTO
karu 2N pactBopa BaCl, B KMCJIOTaX M 1ejioyax
K'5 xamisam pactBopa nipubasisi- | Beimagaet 6eblit Kpucrani-
3 o> [T 2 karum 2N pactBopa BaCl, |mnyeckuit ocanok cyibhura
3 Oapusi, XOpoIlIO pacTBOPU-
MBIl B KUCJIOTAX
K 5 karuisim pactBopa nipu6aB- | PacTBop itona obeciiBeyn-
4 SO  |moT 1—2 kanu pacTBopa iiofa |BaeTcs
(5%-ro)
K 5 xaruisim pactBopa npubasiisi- | BeimagaeT 6esblii KpucTa-
5 cor |©T 2 kar 2N pactBopa BaCl, |mnyeckuit ocanok kapooHa-
3 Ta Gapusi, XOPOIIIO PacTBO-
PUMBII B KACJIOTaX
5 Kamnesb aHaJIU3UpyeMoro pac- |Brblmagaer XenTelii Kpu-
TBOpa MOMEIIAIOT B MAJICHbKUI  |CTATMYECKU I ocaoK doc-
6 po -  |TMTenb, Tyja ke npubasisaioT 2 |popoMoudaaTa aMMOHUS,
4 KaIlJIi KOHII. a30THOM KUCJIOThI |JIETKO PACTBOPUMBIIA
U CMECh BbINIApUBAIOT JOCYXa. B aMMUaKe
K ocraTky npubaBisiior 2 Karuim




No |  AnHnoH BrinmonHeHue peakiuu AHanutuuyeckuii apdexr
konu. HNO,, 0,1 r kpucranm-
ueckoro NH,NO,, 10 xkanens
MOIMOIEHOBOH XKUAKOCTU U
Harpesaiot 10 40—50 °C
K 5 karuisim pactBopa nipu6aB- | BbeimamaeT Gesbiii TBOPOXKU-
~ nstoT 3 Karuii 6N pacTBopa CTBII 0CATOK, PACTBOPUMBIIA
7 Cl a30THOU KMCIOTHI U 3 Karuiu B aMMUaKe 1 TUOCYIbdare
pactBopa AgNO, HaTpus
K 5 xamuisim pactBopa npubasiis-|Cioil 6eH30J1a oKpaliuBa-
10T 3—5 KarneJjb CBeXKENpPUroToB- |eTcsi OpOMOM B KpacHO-0y-
] Br JIEHHOH XJIOpHO# Boabl U 0,5 MJI |pblii LIBET
oeHzoua. Comepxumoe mpooup-
KU XOPOIIIO BCTPSIXMUBAIOT U AIOT
OTCTOSITHCSI BOITHOMY CJIOIO
K 5 karisim pactBopa nipudasisi- | Ciioit 0eH30J1a OKpalBa-
10T 3—35 KarneJb CBEXEMPUToTOB-  |€TCsl MoJ0M B (DHOJIETOBbIN
9 J JICHHOM XJIOpHOI Bombl ¥ 0,5 MJT | LIBET
OeH30J1a. XOpOIlI0 BCTPSIXUBAIOT U
JIAI0T BOTHOMY CJIOIO OTCTOSITHCS
K 5 kamuissm pactBopa nipubaB- | BbinmagaeT ocagox cynbhuaa
10 g JS10T S Kanenb 5%-ro pacTBopa  |KaJMUsl KaHApeeuHO-XKeJ-
CdCl, u 1-2 kanumm 2N pacTBopa |TOro LBeTa
HCl
2—3 karm pacTBopa momemaiot |Ha rpanuiie pasnena xum-
Ha 4yacoBoe cTekJo. B pactBop  |Kocteil mosiBasiercst 6ypoe
11 NO, |OmycKaloT KpUCTALTIK FeSO, KOJIBLIO, XOPOIIO BUANMOE
U J100aBJISIOT 1 Kario KOHIL. Ha 6es1oM (poHe
H,SO,
2—3 Karuv aHaJIM3UpyeMoro PacTtBOp okpainBaercs
pacTBOpa MOMeEIIAIT Ha YaCOBOE |B 3aBUCUMOCTH OT COZEp-
crekiio. [IpubapnstoT 1—2 Kariu [)kaHusi HITPUT-UOHA B
12 NO.- 2N pacTBopa YKCYCHOM KHUCOTbI |3KEITO-KOPUYHEBbIIA WU
2 M 5 Kanesab CBEXKENPUTOTOBJICH- |KPaCHBIM LIBET
Horo peaktuBa [pucca; mepeme-
IIMBAIOT M OCTABJISIIOT CTOSITh B
npoxjiagHoMm mecte S—10 MuH
5 KarmneJjb pacTBOpa MOMELIAIOT B | XapaKTepHbIi 3amax rpy-
MPOOUPKY, MTPUOABISIOT 4 Kariv |1IeBOii acceHU MU (amMuIa-
koHu. H,SO, u 5 kamen» ammio- |1erar)
13 | CH,COO" [Boro cniupra. ComepKumMoe npo-

OMPKM MepeMeIIMBalOT, HarpeBa-
IOT Ha BOASIHO# OaHe 2—3 MUH U
BBUIMBAIOT B XOJIOMHYIO BOLY
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No |  AHuoH BeinonHeHue peakiuu AnHanutuyeckuit apdext
2—3 Karum pacTBopa IoMenarT | BelmagaeT Oypslii ocamok

B MPOOUPKY, MPUOABISAIOT OCHOBHOTO alleTaTa xeJje3a
14 |CH,COO" 5 xamnesb 10%-ro pacTBopa
FeCl,, pasbasssior Bonoi B 1Ba
pasa u HarpeBaioT

IMpu aHanM3e MHIVMBUAYAIBHOIO BEIIECTBA MOIYT OBITh MCITOJb30-
BaHBI KaYeCTBEHHBIC PEAaKIIMM Ha KaTMOHBI M aHWOHEBI, HE yKa3aHHBIC
B TaOIM1IAX.
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B omueme 00a2cHO ObimMb YKA3AHO:

Llenb paboOTHI:

Howmep u BHewrHuii BUI mpoosl, 3HaueHue pH pactBopa (a1 KOH-
TPOJIbHBIX 3aJJaHUi1)

Pezyaomamor ucnvimanuii modcno npedcmaesaame 6 ude maodauy;:

1. IIpeaBapuTeabHbIe HCIILITAHUS

Pearenr, yciioBust
VYpaBHeHue Hab6moneHust
Hon | npoBeneHusi pe- . BriBon
peakuuu | (aHaJIUTUYECKUit 3hPeKT)
KN
2. Xon anajam3a
Pearent, ycinoBus
24 VYpaBHeHMe Hab6monenus
Hon | mpoBeneHus pe- BoiBon

eaKLUN AHAIUTUYECKUM dPPeKT
AL peaxi ( (bdekr)

Omuem Oondicen 3aKaAHYUBAMbBCS BbIBOOAMU, 8 6bl800AX NO KOHMPONb-
HbIM pabomam 00AxucHbL OblMb YKA3AHbI OMKPbIMbLE UOHDL:

B nmpo6e Ne OoOHapyKeHbI MOHBI
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