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1. lean u 3agaun AUCHUATIHMHBI

1.1 Henp qucuuruivHel — GopMUpOBaHUE KOMIIETEHIIHIA:

OIIK-1 CnocobGeH aHanmu3upoBaTh W WHTEPIPETUPOBATH PE3YJIBTAThl XUMUYECKHX OKCIIEPUMEHTOB,
HaOJIFONIEHUH U U3MEPEHUN

OIIK-2 CriocobeH mpoBOANTH C COOMIOACHUEM HOPM TEXHHKH O€30MAaCHOCTH XMMHYECKUN DKCTICPHMEHT,
BKJIIOYAsl CUHTE3, aHajlM3, U3yYeHUE CTPYKTypbl M CBOMCTB BEIIECTB M MaTepUasoB, HCCIEIOBaHHUE
MPOLIECCOB C UX YYaCTHEM

1.2 Tunel 3amay mpoQeCCUOHATBHONW ACSITENLHOCTH, K KOTOPBIM TOTOBSATCS OOyYaroIIHecs B paMKax
OCBOCHUS JUCITUTIINHEI:

- Hay4YHO-MCCJIEA0BaTEeIbCKHI

- TEXHOJIOTUYECKUN

1.3 JIucuurniauHa OpHEHTHPOBAaHA HA MOATOTOBKY OOydYaromuxcs K MpodeCCHOHAIBLHON JEsSTEIhHOCTH B
chepax: 26 XUMHUYECKOE, XHUMHUKO-TEXHOJIOTMYECKOE TPOU3BOACTBO (B cdepe  ONTUMH3AIUHU
CYLIECTBYIOIIUX M pa3pabOTKH HOBBIX TEXHOJOTUM, METOOB U METOJMK MOMYyUEHUS U aHAIHM3a IMPOILyKIUH,
B cepe KOHTPOJIST KauyecTBa ChIPhA, MOTy(HaOpUKaTOB W TOTOBOM MPOAYKIIMHU, B c(hepe macmopTU3aluu 1
ceprudukanmuu nponykmun), 40 CkBo3HbIC BUABI MPOPECCHOHATBLHON ACATEIHPHOCTH B MIPOMBIIIICHHOCTH
(B cepe HayyYHOTEXHHYECKHUX, ONBITHO-KOHCTPYKTOPCKUX pa3padOTOK U BHEAPEHUS XUMHUYECKOMH
MPOAYKIMU PAa3IMYHOTO Ha3HA4YeHUsA, B cdepe METpPOJOTuU CcepTU(UKALNU U TEXHUYECKOTO KOHTPOJIA
Ka4ecTBa MPOIYKITUHN)

1.4 B pesynbrare 0CBOCHHSI TUCIUILUIUHBI Y 00YYaroIIMUXCsl TOJIKHBI ObITH COPMUPOBAHBI:
KO,Z[ 1 HAUMCHOBAHHC

O0001IeHHBIC TPYIOBBIE

(yHKUMY / TPYAOBBIE komriereHiu @I'OC BO,
(GbyHKUMY / TPYyAOBBIC MU HEOOXOIUMOM ISt .
WnankaTopbl JOCTHKEHHSI KOMIIETSHIHHA
npodeccroHaIbHbIE (hopMHupOBaHUS TPYAOBOTO
JeicTBus (Ipy HaITU9IUU WK Ipo(ecCHOHATBHOTO
npodcranaapra) nefcTBUs

OIIK-1 Crocoben
aHATM3UPOBATH U
WHTEPIPETUPOBAThH
Pe3yNIbTaThl XUMHUYECKUX
IKCIIEPUMEHTOB,
HaOJIFONEHUH 1 N3MEpEeHU

OcymmecTBiser coop, 00paboTKYy, aHaIn3 u
CHCTEMATH3AIHI0 TEOPETUICCKUX M IKCIEPUMEHTATBHBIX
JAHHBIX JUTS PEelIeHUs TPo(ecCHOHANBHBIX 3a/1ad

OIIK-2 Cnocoben
MTPOBOJIUTH C COOTIOICHUEM
HOPM TEXHUKH
0€30IMaCHOCTH XUMUYCCKUH
9KCTIEPUMEHT, BKITIOUast
CHHTE3, aHAJIN3, U3yUCHUE
CTPYKTYPBI H CBOWCTB
BEIIIECTB U MAaTePHAJIOB,
HCCIIEIOBAHMUE MPOIECCOB C
HX y4acTHEM

ITpOBOAUT XUMHUECKUI IKCTICPUMEHT 0 KAueCTBCHHOMY
W KOJMYECTBEHHOMY aHajiM3y COCTaBa BEIIECTB C
HCTIOIb30BAHUEM CTAHAAPTHBIX METOJAMK M HOPM TEXHUKH
0e30IacCHOCTH

1.5 CornacoBanue MEXAUCITUTUTMHAPHBIX CBA3CH MUCIUTIINH, 00€CIIEYNBAIOIINX OCBOCHUE KOMITCTCHITHI:

OIIK-1 CnocobGeH aHanmu3upoBaTb W HWHTEPHPETHPOBATH PE3YJIBTaThl XUMHUYECKHUX
AKCIIEPUMEHTOB, HAOTIOACHUI 1 M3MEPEHUI

Ne HaumenoBanue dopma oOyyeHus
n/n JIMCITUTUINH
on C,Z[CJ'ISIIOH_I;/IX Ounias




WVIV/M YTV YLLULYIOA P DIV

CBA3U

—

buoxumusa +

2 | Kommonguas Xumus +

3 |Heoprannueckas + [+ |+
XUMHUS

4 | TexHoyorn4eckast +
MIPaKTHKA

5 [Ddusnueckasg xumusa + |+ |+

OIIK-2 CnocobeH TmNpOBOAUTH C COONIOJEHUEM HOPM TEXHHUKH O€30MacHOCTH
XUMHYCCKHI SKCIIEPUMEHT, BKJIIOYAs CHUHTE3, aHAJIU3, M3YYCHHE CTPYKTYpPhl U CBOWCTB
BEIICCTB U MaTEPHAJIOB, HCCIICIOBAHKE MTPOIIECCOB C MX YUYACTHEM

Ne HaumenoBanue dopma oOyyeHus
n/n JIMCIIUTUINH
onpe;[enmomixlx Ounias
(cemectp)
MEXIUCIUIUIMHAPHBIE
CBSI3H 112 (314]|5]|6
1 |Heoprannueckas + |+ |+
XUMUS
2|O3HaKoMHUTENIbHAS +
IpaKTHKa
3 |Oprannueckast XUMHs + | +
4| TexHonoruyeckast +
IpaKTHKa

2. MecTo nucuuiuiaabl B cTpykrype OII 0akanaBpuara:

JucuunnuHa  «AHanIUTHYeCKas XHUMHA»  OTHOCHTCS K  4acTh, (QOpMHPYyeMOM  Yy4aCTHUKAMH
oOpazoBaTenbHBIX OTHOIIEHUH, ydeOHoro mana OIl mo Hanpasnenuto moaroroku 04.03.01 - Xumus.

JucuuninnHa « AHAIUTUYECKash XUMUS u3ydaercs B 3, 4 cemecTpax.

3.00beM u conepxaHue TUCUUILIUHBI
3.1.00peM quctmIuIHHEL 13 3.€.
Oumnas: 13 3.e.

Bun yueOHOM paboTh (Bcgglf;io]s)
OO0mas Tpyn0éMKOCTb 1M CHUILTTHHBI 468
KonTaktHas pabora 316
Jlexuuu (Jlexummn) 124
Jlaboparopnsie (J1ab. pab.) 124
[Tpaktuueckue (Ilpakt. pab.) 68
CamocrositensHas padota (CP) 80
OK3aMeH 72
3.2.Conepxanue Kypca:
No Haspanue Bun yuebnou DOpMBI TEKYIIETO
TEMBI pasnena/TeMbl paboThI, yac. KOHTPOJISI
Jlex |JIa6 |TIpa| CP
muu| . |KT
pab. [pad.
OO0 |0 ]|O




3 cemectp

1 MeTomoornyeckue TectupoBanue
aCIeKThl U
CTPYKTypa 6 -

AHAJIUTUYECKOU
XUMHH

2 Teopust 1 mpakTHUKa nabopaTtopHas
npobootbopa u 6 | 6 pabora
POOOIIOATOTOBKU

3 HNonnoe naboparopHas
IIPOU3BENICHUE pabora;
BOAbl. BonopoaHsli TectupoBanue
nokaszarens. [lkana

6 | 8
pH u pOH.
Bbydepunbie
PacTBOPBL.
Bydepnas emxocTh

4 KucnorHo-ocHOBHO naboparopHas
€ paBHOBECHE. pabora;
I'maponus conei. : | 6 TectupoBanue
BriBog
AHATUTUICCKUX
3aBUCUMOCTEH.

5 Kommiexkcoo6pazor nmabopaTtopHas
aHue B 2 g pabora;
AHAJIUTUYECKOM TectupoBanue;
XUMHH. KomnokBuym

6 OKuCIUTENHbHO-BOCC TectupoBanue;
TaHOBUTEJIbHbBIE naboparopHas
peaKkIuu B 8 | 6 pabora
AHAJIUTUYECKOU
XUMHH

7 3aKoH JIeHCTBHS nmabopaTtopHas
Macc B pabora;
reTepOreHHbIX TectupoBanue
nporueccax. 6 6
PactBopumMoCT®,

MIPOU3BE/ICHUE
pac-TBOPUMOCTH.

8 MeTtobt nmabopaTtopHas
OoOHapy>KeHUS U 2 g pabora;
UACHTU(DUKAIIH. TectupoBanue
Xpomarorpadus.

9 Konnounnueie nmabopaTtopHas
CUCTEMBI B 2 g pabora
AHAJIUTUYECKOU
XUMHH.

10 AHanu3 cMmecei Konnoksuywm;
MOHOB. AHanmm3 nmabopaTtopHas
pacTBopa - 8 pabora
XUMHYECKOTO
COETMHEHUSI.

4 cemecTp




11 I'paBuMeTpuYeCKUil g 11216 | 3 naboparopHas
aHaJIu3. pabora

12 Turpumerpuueckuit naboparopHas
aHanu3 Ha 0a3ze wllels pabora;
KHCIIOTHO-OCHOBHBI KOJUIOKBHYM
X B3aUMOJECHCTBUM.

13 OxucanTenpHO-BOCC naboparopHas
TaHOBUTEIbHOE 8 |12 4 | 3 pabora
TUTPOBaHUE

14 Kommnekconomerpu nmabopaTtopHas
YecKoe U 618l als pabora
0CaJUTEIbHOE
TUTPOBAHUE.

15 Kunernueckue 6 i 4 3 TectupoBanue;
METO/Ibl aHAJIN3A. KOJUIOKBHYM

16 DIIEKTPOXUMHUYECKHI 3 R | 4 3 nmabopaTtopHas
€ METObI aHAJIN3a pabora

17 CriekTpasibHBIC w0l s!lals nmabopaTtopHas
METOIBI aHaJIN3a pabora

18 59BM B JIOKJIa;
AHAJIUTUYECKOM 4 - 4 3 KonTponbHas
XUMUHU pabora

Tema 1. MeTon0s10rH4ecKHe ACNEKTHI U CTPYKTYpa aHaguTuyeckod xumun (OIIK-1)

Jlekumus.
MeTtononorudyecke acrneKkThl U CTPYKTypa aHaJIWTHYECKON Xumuu. [IpeaMer aHAIMTUYECKOW XUMUH.
MeTononorudecKe achekTbl M CTPYKTypa aHAJIUTHYECKOW XUMHUH. Buabl aHanmu3a: Kauye-CTBEHHBIA U
KOJIMYECTBEHHBIN, M30TOMHBIN, JIEMEHTHBIN, (DYyHKIIMOHAIBHBIN, CTPYKTYPHBIM, MOJEKYISIPHBIN (Ha30BBIi.
Xumuyeckue, (U3NKO-XUMUYecKue, (u3nueckue MeToAbl aHaiau3a. YyBCTBUTENBHOCTh XHUMHUYECKHX
peaKuuii.

IIpakTnyeckoe 3ansATHE.
[TpoBoauTcs B popme ceMuHapa

JlaGopaTopHbie padoThbI.
He npenycmorpeno

3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.
1. IlpopaboTka MaTepuana JEKIuil, peKOMEHIYEMOH JINTepaTypsl MO TEME.
2. ITonroroBka K TECTUPOBAHUIO.
3. PaccmoTpeTh TeMy OBICTpPBIE H MEUICHHBIC PEAKIIUU B XUMHUYECKOM aHAJIH3e

Tema 2. Teopusi u npakTuka npo6oordopa u npodonoaroropku (OIIK-2)
Jlexknus.

[TpoBoauTcs B mHTEpakTuBHOW (opme. IIpenonaBarens npemiaraetr CTyIeHTaM CaMOCTOSTEIIBHO OTOUPATh
npoObl Ui TOCIEAYIOUIeT0 aHajiu3a Ha pPa3JIMYHbIX Mpou3BojacTBax. CTyleHT IODKEH OOeCHedYHTh
NPEACTaBUTEIBHOCTD MPOOBI. CTYIeHT JOIKeH NMOHMMAaTh 3HaYeHUE MpoObl B KauecTBe 00bEKTa aHaln3a,
yMeTh 000CHOBATh BEIOOP MeToz1a aHanu3a. OTOop Mpod rOMOreHHOTO M FeTePO-TeHHOTO COCTAaBA.

IIpakTH4eckoe 3aHATHE.
Penrtenue 3amay
JlaboparopHbie padoThbI.
JlabGopaTopHoe 3ansitue. [lepBasi anaauTuyeckas rpynna katuoHon. (Na+, K+, NH4+).
Ilenb: u3yyeHre CBOMCTB KATHOHOB 1 aHAJIMTUYECKON TPYTIIIbI
a) XUMUYECKHI aHaJIHM3 PacTBOpa



0) odopmieHre oTYeTa IO IKCIEPUMEHTATBHBIM JaHHBIM
B) apryMEHTHPOBAHHAs 3alMTa BHIBOIOB O MPOJCIAHHON paboTe

IlepBas anasmTu4Yeckas rpynna karuonos (Na+,K+, NH4+)

PeakTuBbI:: COIAHASA KHCJIOTA.

Peakuuu nonos K+

1. I'maporaprpar Harpusi obpa3yer ¢ moHamMu Kauus npu pH = 4 - 5 Oenblii KpucTasIu4ecKuit
ocagok KHC4H406: K+ + HC4H406— ® KHC4H406:

Ocanok rugpoTapTpaTa Kauus CKIOHEH 00pa30BbIBATh MEPECHILEHHbIE pacTBOPhL. OCaZoK pacTBOPSIETCS B
ropsiaeii Boje, MeI0Yax v KUCIOTax, 00jiee CHIIbHBIX, YeM BHHHAS:

KHC4H406 + HC1 -® KC1 + H2C4H406,
KHC4H406 + KOH ® K2C4H406+ H20,

[Ipenen oOHapykeHUS MOHOB Kaius -1,2 mMr/mu. Memaer MOH aMMOHHS, OOpa3yIOUINil aHATOTUIHBIN
ocasiok. VIOHBI TSKETBIX METAJJIOB, KaK MpaBmiio, 00pa3yloT MpHu U30BITKE TapTpaT - HOHOB PACTBOPUMBIE
KOMIIJICKCHBIC COCINHCHUA.

Brmmonaenne peakimu. K 2 - 3 kamisiM pacTBopa, COMEPKAIIETO0 MOHBI Kajdus, TPHOaBIAIOT 2-3 Karuiu
pactBopa NaHC4H406u nms yckopeHHs 00pa30BaHHWSA OcaJKa MOTHPAIOT CTCKISHHOW HAJ0YKOH I10
CTeHKaM IpoOupku. BrimanaeT Oeablii KpUCTANIMYECKHN OCAIOK.

2. I'ekxcanuTpokobaasTar (III) HaTpusa odpasyer ¢ monamm kaaus npu pH = 4-5 xenrTslii ocagok
KnNam|[Co(NO2)6], rne n + m = 3 (ocHoBHBIM coequHeHuneM siBjasieTcss K2Na[Co(NO2)6]):
2KC1 + Na3[Co(NO2)6] ® K2Na[Co(NO2)6] + 2NaCl.

Ocafok HepacTBOPUM B YKCYCHOM KHCIIOTE, HO PAcTBOpPSIETCS NMPU HArpeBaHUU B CHIIbHBIX KHUCJIOTaxX C
o0pa3oBaHHEM a30THCTOW KUCJIOTHI, KOTOpAs JIETKO pa3iaraercs U oqHoBpeMeHHO BoccranaBnuBaeT Co(I1l)
1o Co(I):

CoenuHeHune pasnaraercs menodaMu ¢ o0pa3oBanueM TeMHO-0yporo ocaaka Co(OH)3:

K2Na[Co(NO2)6] + 3NaOH ® Co(OH)31 + 2KNO2 + 4NaNO2.

[Ipenen obHapy)eHUsSI HOHOB Kayus - 20 MKr/mil. MemaoT HOHbI aMMOHUS ¥ TUTHS, TaK KaK OHU 00pa3yroT
AHAJIOTUYHBIC KCJITBIC OCAAKU, HOAUABI U3-3a UX OKHCIICHUA HUTPUTOM I0 12, OKHCJIHNTCIIU, TaK KaK OHHU
pa3pyLIaloT peareHT.
Boinonnenune peakmmu. K 2 - 3 kanngsgM pacTBopa, COAEP)KAIIETO0 MOHBI Kajdus, A00aBIgioT 2-3 Karuiu
pacTBopa rekcanutpokobansrara (I11) HaTpus U cierka HarpeBaroT Ha BOASHOW OaHe. OOpa3yeTcs KENThIi
0CAaJIOK.
3. TI'exkcanutpokynpar (II) cBUHIA U HaTpPUsi (MHKPO-KPHCTAJIOCKONMHYECKAs peakuus). Ilpn
aeiicteun Na2Pb[Cu(NO2)6] Ha pacTtBop coiim Kajus 00pa3ylOTcsd 4YepHble WJIH KOPHYHEBBbIE
kyOoudeckne kpucrauibsl K2Pb[Cu(NO2)6]:

Na2Pb[Cu(NO2)6] + 2KC1 ® K2Pb[Cu(NO2)6] + 2NaCl

Brinonaenue peakiy. Ha mpeIMeTHOE CTEKJIO MOME IAaroT | Karuii pacTBOpa, COMSPIKAIIero HOHBI Kalus,
1 Jocyxa BhlnapuBaroT. [Iociie Toro, Kak coidb OCTBIHET, 00pabaTh: BaroT ee peakTuBoM Na2Pb[Cu(NO2)6]

( 1 xarisg ). PaCCMaT[zK BAlOT MO MUKPOCKOIIOM 06[2330B3BLHI/IGC$I KpUCTAJIBL.

4. OxpamuBanue njaamMenu. [l1aTUHOBYI0 M1 HUXPOMOBOBYIO NMPOBOJIOKY TINATEJbHO OYHMIIAIOT OT
cJIeloB HATPM NpokajuBaHueM. /sl 3TOro cMauyuBalT ee B COJSHON KHCJIOT M NPOKATHBAKT B
IUIaMeHe TOpeJIKM /0 MOJHOI0 HMcYe3HOBe HHMs OKpacku IuiamMeHu. Ilpukacarorest packajieHHO#
NMPOBOJIC KO K KpUcTaIaM coau Kaaus. IlpucraBimme Kk mpoBo/ioke KPYNUHKH COJIM BHOCAT B
iaMs ropejiku. bienHo-¢puoneroBo okpammnBaHue NJIaMeHH ropeJiKM CBOHCTBEHHO COJISIM KaJIusl.

Peaxnuu nonos Na+

1. Jurugpoantumonar kaauss KH2SbO4 o0pasyer karmonamm Na+ Oesiblii KpHCTAJIMYECKHH
ocaJok guruapoan TumoHara Harpuss NaH2SbO4

NaCl + KH2SbO4 ® NaH2SbO4+ KCI.
[Ipu oTKpbITUN HOHOB Na+ 3TUM peakTUBOM HEOOXOAMMO COOMIONATh YCIIOBUS:
a. Paz0aBiieHHbIE pacTBOPA COJIM HATPUS YHIAPUBAIOT.



6. Cpena momxHa OBITH HEHTpanmpHOU WM ciabomenodHol. KucIoThl pa3maraloT AUTHIPOAHTHMOHAT
KaJus ¢ o0pazoBaHUeM 0e1oro aMopHOTo ocajKa MeTacypbMsaHOM kuciaoTsl HSbO3:

Beinonnenue peakiuu. K 5 - 6 kamisiM pacTBopa COIW HaTpus OpHUOABISIOT TakKoi ke 00beM pacTBOpa
auruapoanTu-MoHara kanus KH2SbO4 v noTuparoT CTeHKH TpOOWPKH CTEKISHHOW nanodkoil. Beimagaer
OeIbIl KPUCTAIUTHICCKUN 0CAJIOK AUTUAPOAHTHMOHATA HATPHSL.

3. OxkpamuBanue miIaMeHd. OYHIIAKT IIATHHOBYI0 MJIH HHXPOMOBYIO IIPOBOJIOKY, CMAYHBAIOT €€
PacTBOPOM COJIM HATPHUS M BHOCAT B 0ecuBeTHOE IJIaMs ropeku. IliamMs okpamnBaeTcst B mKeJIThIH
nBeT. O NpUCYyTCTBHU HOHOB HATPHUSA MOKHO CYAMTH JIMIIb B TOM CJIy4Yae, €CJIM HHTCHCHBHO-KeJITas
okpacka He ucuesaet 10-15 cexynn.

Peakuun nonos NH4+

1. I'mapoxceun xkanus (Harpus). Ilpu neiicTBuy mesi04eil HA paCTBOP COJIM AMMOHMS IIPH HATPeBAHUHU
BbIIEJsIETCS] AMMHAK, KOTOPbIi MOXHO OOHApPY:KHTh 10 HW3MEHEHHI0 OKPACKH BJIAKHOM
YHHBEpPCAJIbHOI HHIAUKATOPHOM WJIM JIAKMYCOBOI Oymaru:

NH4+ + OH- ® NH3 + H20.

[Tpenen o6HapykeHUsI HOHOB aMMOHUS - 0,2 MKT/MIL

Brimonaenue peakimu. B mpobupky nmomeniaroT 2-3 Kariau pacTBopa coin aMmMonus, 3-4 karum 2 M NaOH
nau KOH wu crerka HarpeBaroT Ha BO/AsiHOW Oane. OOpalmaroT BHUMAaHHWE Ha 3amax BBIICISIONICTOCs Tasa.
OO6HapYXUTh aMMHAK MOXHO BJI&XKHOW YHUBEPCAIbHOW WHINKATOPHOW WJIH JIAKMYCOBOW OyMarow.

2. PeaktuB Hecciepa B miesi0uHoii cpene oopasyer ¢ nvonamu NH4+ kpacHo-Oypshlii ocagok:

NHA4CI + 2K2Hgl4 + 4KOH ® [OHg2NH2]I12 + 7KI + KC1 + 3H20.

[Ipenen obHapyxeHus: noHOB aMMoHHs - 0,15 mr/mi. Ecnu koHuenTpanus nonoB NH4+ mana, ocanok He
BBINAJ]AaCT, a PAcCTBOP OKpAIIUBAECTCS B OpaHKeBbIA IBeT. MOHBI, 00pa3syrolye MajaopacTBOPUMBIE
OKpaIlleHHBIE TUAPOKCUIBI, TIpenBapuTenbHo ocaxnatoT n30bpiTkoM NaOH wimu KOH. Nonst Hg(I1), Sb(III)
u Sn(Il) pearupyroT ¢ HOAKU] - HIOHOM U pa3pyILIAIOT PEAKTUB.

Beinonnenue peakimu. K 1 - 2 xanisM pacTBopa, COMEPIKAIIETO0 MOHBI aMMOHUS, T00aBISIOT 1-2 Karum
peaktnBa Hecciepa. O6pasyercst KpacHO-OYpBIii 0CaJIOK.

3anaHus AJ51 CAMOCTOSITEILHOI padoThI.
1. [TpopabGoTka TEOpETUYECKOTO MaTepraa JCKIUH U PEKOMEHIyeMOU JTUTEPATyPhI TI0 TEME.
2. IloarotoBka K TECTUPOBAHUIO IO TEME.

Tema 3. MonHoe npousBeneHue Boabl. Bonopoanbiii mokasaresb. lllkana pH u pOH. bydepnbie
pactBopbl. bBydepnas emkocts (OIIK-1)

Jlexkuns.

HNonnoe mpowmsBenenue Boawl. Bomopomsbeiii mokaszatenb. [llkama pH um pOH. Bbydepnsie pacTBOpBHL.
Bydepnas emkocTh

IIpakTnyeckoe 3aHsATHE.
Pemenue 3anay.
Tunosblie 3a1aHus.
1. Paccuurars pH B 0,025 M pacTBOpe XJ10pOBOAOPOAHON KHUCIOTHI

2. Paccuurars pH 0,015 M pactBopa MmypaBsuHOM Kuca0Thl. Kak usmenurcs pH, eciu k 20 M1 3T0r0
pactBopa nmpubaButh 25 mit 0,01 M pactBopa dhopmuara HaTpusi?

JlaboparopHbie padoThbI.
JlabGopaTopHoe 3ansiTue. Bropasi anaguTu4eckas rpynmna karuonos (Ag+, Pb2+, Hg2+).
Ilenb: u3yyeHre CBOMCTB KATHOHOB 2 aHAJIMTUYECKON TPYTIIIbI
a) MPOBEJICHUE YaCTHBIX PEAKIINN KATHOHOB 2 aHATMTUYECKOM TPYIIITHI
0) aHaiIM3 cMeCH KaTHOHOB 2 aHATUTHYECKOM TPYIIIIBI
B) odopMIICHHUE U 3alUTa OTUYETA.

Bropasi ananuTH4yeckasi rpynna karuonos (Ag+,Pb2+,Hg2+)
Peakuuu nonos Ag+



1. Hlesqoun (NaOH, KOH) o0pa3yrT ¢ kaTHOHOM Ag+ 0caoK okcuaa cepedpa Ag20:
AgNO3 + KOH ® AgOH , + KNO3,
AgOH ® Ag20+H20.
Oxcun cepedpa pacTBOpsIeTCSl B THAPOKCHIIC aMMOHUS:
Ag20 + NH40H ® 2[Ag(NH3)2]OH + H20.

Brimmonnenne ananusa. K 2 kamnsam pacteopa AgNO3 nob6asastor 3 kammu 2 N pactBopa KOH. O6pa3zyercst
Oypblii _ocamok okcuaa cepebpa. K Ag20 mprmnuBarotr 5 kamens 2 N pacTBopa T'MAPOKCHAA aMMOHUSA H

HaOIIOAIOT 32 PACTBOPEHUEM OCAJIKA.

2. Cyas¢pua ammonusi (NH4)2S. Ilpu aeiicTBUM cepoBOaOpoOaa WiIN Cyabduaa aMMOHHUSI HA PacTBOP,

coep:kalIuil MOHBI cepedpa, ocazkaaercs cyab(pua cepedpa Ag2S yepHoOro uBera:

2AgNO3 + (NH4)2S ® Ag2S + 2NH4NO3.

Cynbun cepebpa He pacTBOpsieTCsl B Cylb(UAAX LIEIOYHBIX METAJUIOB U B MHHEPAJIBHBIX KHCIOTax 3a
UCKJIFOYEHHEM a30THON KUCIIOTHI:

3Ag2S + 8HNO3 ® 6AgNO3 + 2NO + 3S + 4H20.

ITpenen oOHapyxeHus noHoB cepedpa - 1 mxr/mi. Mematot Cu(Il), Hg(IT), Bi(IIl), Sn(II, IV), o6pa3yromue
Cynb(GUABI B CUIBHOKUCIIBIX PacTBOPAX.

Brimonnenne. K 2 xamisM pacTBOpa, COAEPIKAIIETO MOHBI cepedpa, mo0apistror 2 xamau 30 %-Horo
pactBopa CH3COOH u 2 xamu cyabbuaa aMmmonus. O0pa3yercsa YepHBIN 0CcaJIoK CyiIb(huaa cepedpa.

3.  Xpomar kamua K2CrO4 paer ¢ karuoHom Ag+ ocaaok xpomara cepedopa Ag2CrO4
KHPIUYHO-KPACHOIO LIBETA, PACTBOPUMBI B 230THOI KHCJIOTE M B PACTBOPE THAPOKCHAA AMMOHMS.
K2CrO4 + 2AgNO3 ® Ag2CrO4 + 2KNO3.

B ammmauHO# ¥ CHIIBHOKHCIION Ccpelie 0CaZoK He 00pa3yeTcs, MOATOMY PEaKIUIO CIeAYeT MPOBOANTH MPH
pH=6,5-175.

Brmmonnenne peaknmu. K 3 kamnsM pactBopa HUTpara cepebpa J100aBIsioT 4 KAl JUCTUIMPOBAHHOMN
BOJIBI M 2 Kamay xpomaTa kaausg. O0pa3syercsa 0cagok XxpoMara cepedpa KHpIUYHO-KPACHOTO IBETA.

4. bpomua n nonua kajaus (KBr u KI) o6pa3yror ¢ katuoHoM Ag+ 0J1eAHO-2KeJIThI 0CaI0K OpoMuaa
cepedpa AgBr u keaTblil 0ocagok noauaa cepedopa Agl:

Agt++Br- ® AgBr ,Agt +1-® Agl

Brinonnenue ananusza. B 2 mpoOUpKU BHOCAT 10 2 KaIulk PacTBOpa MOHOB cepedpa, B OHY J100aBISIOT 2

Kallk_pacTBOpa OpoMmJa Kayivs, B OPYIYIO - 2 Kaluld pacTBOpa MoaWja Kanusa. B mepBoil mpoOupke
o0pasyercs 0JieqHO-KEJIThIM TBOPOXKUCTBINA 0cag0K OpoMuia cepedpa, BO BTOPOU - JKEITHIA TBOPOKUCTHIN

0CaJIOK Moauaa cepedpa.

Peakuuu nonos Pb2+
1. Ilesqoun (NaOH, KOH) o0pa3yor ¢ karuonom Pb2+6enniit ocanoxk Pb(OH)2, pacTBopuMBblii Kak B
KHCJI0TaX, TAK M B 1IeJI0YaX:
Pb(NO3)2 + 2NaOH ® Pb(OH)2 + 2NaNO3.
[Tpu neiicTBuM U30BITKA 1IETI04M 00paszyercs ioMOuT Hatpust Na2PbO2:
Pb(OH)2 + 2NaOH ® Na2PbO2 + 2H20.
Xox ananm3a. K 3 kamisim pacTBopa HUTpaTa cBUHIIA 100aBnsioT 1 kammro 2 N pactBopa NaOH, o6pazyercs

Oemblii 0CaJI0K THAPOKCH/IA CBUHIIA, 3aT€M B HEro BHOCAT 4 karuy 2H pactBopa NaOH.
3. Xpomar kanus K2CrO4 odpasyer masiopactBopuMblii xpomat cenHia PbCrO4 xenroro nsera:

Pb2+ + CrO42- ® PbCrO4
Xpomar CBHUHIA MPAKTUYECKU HE PACTBOPUM B BOJE€ M YKCYCHOM KHCIIOTE€, HO PAcTBOPSAETCS B a30THOM
KHUCJIOTE M IIeJIovax:
PbCrO4 + 4NaOH ® Na2Pb(OH)4 + Na2CrO4.
Bremonnenne. K 3 kamisM pacTBopa HHTpaTa CBUHIA J00aBIAIOT 3 Kaljid pacTBOpa Xpomara Kallvs.
Oo6pasyercs ocagok PbCrO4 xenToro 1sera.
Peaxuuu nonos Hg22+
1. Hlesoun (NaOH, KOH) o0pa3yrr ¢ katuonom Hg22+ yepublii ocanok okcuaa pryrtu Hg20:
Hg2(NO3)2 + 2NaOH ® Hg20 + 2NaNO3 + H20.
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IIpoBenenue anammza. K 2 kamnaMm pactBopa Hg2(NO3)2 noGasasror 2 kamnu 2 N pacrBopa NaOH.
Oo6pasyercs yepHbIil ocanok He20.

2. TI'mppoxkcun ammonmss NH4OH ¢ xarmonom Hg22+ oOpasyer Oeiblii 0Cai0K OKCHAMMIHOIO
coenuHeHusi pryTH (II) m YepHBIH 0caJ0K MeTALIHYECKON PTYTH:

2Hg2(NO3)2 + 4NH40H ® [NH2Hg20INO3 +2Hg + 3NH4NO3 + 3H20.

Beinonnenue.

1). K 3 xkaruam pactBopa Hg2(NO3)2 nobGamnsitor 4 karumn 2 N pacTBopa THUAPOKCHIA AMMOHUS.
Oo6pasyercs cmecb [NH2Hg2O]NO3 u Hg, ocanok uepHeer.

2). K 4 xarmsim pactBopa Hg2(NO3)2 nob6asmnsitor 4 karmu 2 N pactBopa HC1. O6pa3zyercs ocagoxk Hg2Cl12.
Otuentpudy-rupoBas ocanok, ero odpadarsiBaror 4 xarmsimu 2 N pactBopa NH4OH. O6pasyetcst cmech
HgNH2Cl u Hg, ocanok uepHeer.

3. Xpomar kamusa K2CrO4 oOpasyer ¢ karmonamu Hg22+kpacubiii ocamok Hg2CrO4,
HEPaCTBOPUMBIii B 1IeJI0YaX U Pa30aBJIeHHOI a30THOM KM CJIOTE:

Boinonnenne peaknuu. K 3 kannsam pactsopa Hg2(NO3)2 no6Gapasior 3 Kamiy pacTBOpa XpoMara Kalus.
O6pasyercs kpacHbIif ocanok Hg2CrO4.

4. Cyabpua ammonus (NH4)2S. Ilpu noéaBiiennu cyiab@ua - HOHA K PacTBOPY, COAepKALEMY HOHbI
Hg22+ o0pa3yercsi yepHbIi ocaaok, cocrosmuii u3 HgS u Hg: Hg22+ + S2— ®Hg + HgS .

[Ipenen obHapyxenust karnoHoB Hg22+ - 5 mxr/mi.

Xon anammza. K 4 kamnam pactBopa He2(NO3)2 nobGapisroT 3 Kamwid pacTtBopa cyiabduia aMMOHUS.
O0pasyeTcst YepHBINA 0CAJIOK.

3ananus AJ51 CAMOCTOSITEILHOI padoThI.
1. [TpopaboTka TEOpEeTUYECKOTO MaTepraa JCKIUH U PEKOMEHIyeMOU JTUTEPATyPhI TI0 TEME.
2. IloarotoBka K TECTUPOBAHUIO IO TEME.

Tema 4. KucioTrHo-ocHOBHOe paBHOBecHe. I'uaposiu3 coseil. BobIBoa aHAIMTHYECKHUX 3ABUCHMOCTEN.
(OIIK-2)

Jlekuus.
Teopus SNEKTPOTUTHUECKON AHUCCOIMALMU. ODJEKTPOIUTHYECKAs IUCCOLHUAIUS CJIa0BbIX 3JIEKTPOIUTOB
Appennyca (18871.). Teopust CHIIbHBIX 3JIEKTPOJIUTOB.
['uaponus coneit CMITbHOTO OCHOBAHUS M CJIa00# KUCTOTHI. [ maponn3 comnelt cmaboro oCHOBaHUS U CHITBHOM
KUCJIOTHL. [muponus coseit cmaboro ocHOBaHUA H  cla0oil KucimoTel. CTyneHdYaras JIUCCOILMAIIHS
MHOTOOCHOBHBIX KHMCIIOT M1 MHOTOKHCJIOTHBIX OCHOBaHWM. PacdyeT paBHOBECHI KOHLIEHTPALIUHU HCXOIHBIX
BEIIIECTB U MPOAYKTOB 3JIEKTPOIUTUUYECKON TUCCOLMAIMY Pa3IMYHbIX CTyneHed. B3anMmoaencTBue cmecen
coliell ¢ pacTtBopuTesNeM. BiMsHME HOHHOW CHJIBI pacTBOpa Ha AaKTHUBHOCTh HMOHOB BOAOPOJAA IpHU
B3aUMOJICHCTBUU COJIE C PACTBOPUTENIEM. YYET MOHHOW CHJIBI pacTBOpa B IMPOIECCE TUAPOIU3a COJH,
00pa3oBaHHOM CJ1a00¥ OTHOOCHOBHOM KHCJIOTOM M CUJILHBIM OCHOBaHHMEM. Y4eT MOHHOW CHJIBI pacTBOpa B
mpolLecce rUApPOoIN3a COMU Cl1adoi TBYXOCHOBHOM KHCIOTHI M CUJIBHOTO OTHOKHCIIOTHOTO OCHOBAaHHUSA. YUeT
MOHHOM CHUJIBI PacTBOpa B MpOILECCaxX T'MIPOJIN3a CONM CIa0Oro OJHOKHCIOTHOTO OCHOBAHMSI U CHIIBHOM
OTHOOCHOBHOM KHCIIOTBI. YYeT HWOHHOM CHJIBI pacTBOpa B TIpolieccax THIPOIW3a COJMU  CIaboM
OJTHOOCHOBHOM KHUCJIOTHI U €1a00T0 OTHOKHUCIOTHOTO OCHOBAHHUS.
HeBoanbie pactBopurenu. Cucrema knaccudukanum pactBopureneid bpencrema-Jloypu. AnpoToHHBIE
pactBoputenu. AmdunpoTtHele  pactBopurenu. IIpororeHnele  pactBoputrenu.  I[IpotodunbHbIe
pactBoputenu. Husenupytonme u auddepennupyromnme pactBoputenu. Kinaccudukanus pactBopurencit
[Tapkepa. ApOTOHHBIE AUTOSPHBIE PACTBOPUTENU. JIUNIONSPHBIE POTOHHBIE PACTBOPUTEIH. .

IIpakTH4eckoe 3aHATHE.
Penrenue 3amay

JlaboparopHbie padoThbI.
1. TpeTbsi aHAINTHYECKAA TPynna KatuoHos (Ba2+, Ca2+, Sr2+).
Ilenb: u3yyeHre CBOMCTB KATHOHOB 3 aHAJIMTUYECKON TPYTIIIbI
a)  TPOBEIEHHE YACTHBIX PEAKIIUNA KAaTHOHOB 3 aHAIMTUYECKOMN TPYTIIIBI
0) aHamM3 cCMeCH KaTMOHOB 3 aHAJIIMTHYECKOU TPYIIIBI
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B) odopmieHue u 3amuTa oT4eTa
2. CucteMaTU4YeCKU X0/ aHaJIM3a CMECH KaTHOHOB TPEThEH TPYIIIIbI
Tperbst ananmuTHYecKasi rpynna katTuoHos (Ba2+, Ca2+, Sr2+)
Peakuuu katuona Ba2+

1. Xpomar kamma K2CrO4 oOpasyer ¢ karmonom Ba2+ cBerio - :xearbiii ocanok BaCrO4,
PACTBOPHUMBIii B MHHEPAJIbHBIX KHCJI0TAX H HEPACTBOPUMBbIi B YKCYCHOI KHCJIOTE:

Ba2+ + CrO42— ® BaCrO4
Xpomar KaJusi Kak coJib CJ1a00H KUCIOThI B BOJHOM PacTBOPE MOABEPIaeTCs TUAPOIU3Y:
CrO42-+ H20 ® HCrO4- + OH-
HCrO4- « Cr207 + H20
VYBenuuenue koHueHTpaun OH— - HOHOB cABUTaeT paBHOBECHE B CTOPOHY oOpa3oBaHus CrO42—

Brinmonnenne ananuza. B mpoOupky BHOCAT 3 Kariu pacTBopa conu Ba2+ u 106aBISIOT 0 Kamie pacTBopa
xpomara xasmg 1 CH3COOH. O0pa3syercs cBeto - xelThlid ocanok BaCrO4.

2. Inxpomar kajaust K2Cr207 B aneratnoM O0yepHoMm pacTtBope o0pa3yet ¢ noHamu Ba2+ :kearbiid
KPHUCTAJINYECKHI 0Ca0K:

2BaC12 + K2Cr207 + H20 + 2CH3COONa ® 2 BaCrO4 + 2KC1 +2CH3COOH + 2NaCl.

Brimonnenne peakiun. K 2 kamasaM pacTBopa, comepskalero Karnouel Ba2+, mo0aBiIstioT 4 Kaid pacTBopa

CH3COOHa u 2 kamum pacteopa mauxpomara kaausa K2Cr207. IIpobupky HarpeBarOT Ha BOJSHOM OaHe.
Oo6pasyercs xkentolil ocanok BaCrO4.

3. OxpammBanue njaamenu. Couu dapus (BaC12, Ba(NO3)2 okpamuBaioT mjiaMs B 7KeJITO - 3eJIeHbIi
nBeT
Peaxnuu xarnona Ca2+
1. Okcanar ammonus (NH4)2CrO4 oopasyer ¢ nonamu Ca2+ 0e/iblii KpUCTAIHYECKUH 0CAT0K
okcajgara kajasuusa CaC204:
Ca2+ + C2042- ® CaC204
Ocafiok HepacTBOPUM B YKCYCHOM KHCIJIOTE, HO pPACTBOPUM B CHIIBHBIX KHCIIOTaX:
CaC204 + 2HC1 ® CaCl12 + H2C204.
[Ipenen o6napyxenust Ca2+ - 20 mxr/mi. Memarot Ba(Il) u Sr(IT), naromue ¢ (NH4)2C204 ananoruvsbie
ocagku. OtnuuutenbHOM ocobeHHOCThI0 BaC204 u SrC204 sBisieTcs MX pacTBOPUMOCTh B YKCYCHOM
KHCIIOTE:
2BaC204 + 2CH3COOH ® Ba(HC204)2 + Ba(CH3COO)2.

Brmmonnenne peakimu. K 3 xamism pactBopa, coxepikaniero woHbel Ca2+, 100aBasioT 3 Kamid pacTBOP
Boinagaer 6enblii KpUCTAINYECKUN OCa/lOK.

2. I'ekcanmanogeppar (II) kaausa K4[Fe(CN)6] npu pH > 7 B npucyrcrBuu NH4C1 B3aumoneiictByer
¢ wnonamum Ca2+ ¢ oOpa3oBaHueM  0ejI0r0  KPHUCTAJIMYECKOI0  OCAaJAKAa  COCTaBa
Kn(NH4)mCa[Fe(CN)6], rie m 1 m B 3aBUCUMOCTH OT YCJOBHH MOTYT MeHAThCs OT ) 10 2:

CaCl12 + K4Fe(CN)6] + NH4CI ® K(NH4)Ca[Fe(CN)6] + 3KCl1.

Ocanok vepactsopum B CH3COOH.

[Tepenen obnapyxkenust Ca2+ - 50 mkr/min. Memator Ba(Il) u Mg(ID).

Xon ananuza. K xame pactBopa conu Ca2+ nobasmsitor 3 karum pactBopa K4[Fe(CN)6], mepeMenBaor,

3areM J1o6aBisitoT 2 kammm pactBopa NH4CI, kamiio sTaHoma ¥ CHOBA mepeMemunBarT. [loMyTHEHHE Wn
HOSABJIEHHE KPUCTAINIMYECKOTO 0CaaKa VKa3bIBAECT HAa NPUCYTCTBHUE KaTHOHOB Ca 2+.

Peakmuu katnona Sr2+

1. «'uncoBasi Boga» (HacblmeHHbIH BOAHBbINA pacTBOp CaS04%x2H20) o0pa3yeT ¢ HOHAMM CTPOHLMS
0eJIbIil KPUCTAIMYECKHH 0Ca0K:

SrC12 + CaS04x2H20 ® SrSO4 + CaCl12 + 2H20.
[Tockonbky KoHIeHTpanus SO42— - HOHOB B HACBILICHHOM PacTBOPE CyJb(ara KaJabIis HEBEIHKa, 0CaJOK
oOpasyercsi He cpa3y M B HEOOJBIIOM KOJHUYECTBE (c1aboe moMyTHEHHE pacTBopa). HarpeBanue pactBopa
yckopsieT oopazoBanue SrSO4.
Mematot Pb(I1) u Ba(Il), kotopsie cpa3y ke Ha X0JI0ay 00pa3yIoT ¢ THIICOBOW BOJOW OEJIbIN 0Ca0K
cynb(haToB.
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XOQ a"aian3a. K HECKOIBLKHUM KarisiM pacTBOpa, COACPIKAMICTO MOHLI CTPOHIIUA, g06aBHHIOT [zaBHBIﬁ 00BeEM

TUIICOBOH BOJIBbI M, IOTHPAs CTEKISHHOW MAJ0YKOW M0 CTEHKaM IPOOHMPKH, HArpeBaloT Ha BOASHOU Gane 10
MuHVT. O0pasyercs MyTh.

2. Xpomar kajust K2CrO4 o0pa3syert ¢ Sr2+ :KeITOBaThIii 0CaI0K XpOMATAa CTPOHIUS, PACTBOPUMOI0
B MHHEPAJIbHBIX KHCJI0TaX:

SrCrO4 + 2H+ ® Sr2+ + H2CrO4
B yxcycnoit kucnore SrCrO4 Ttakke pacTBOpHUM, UTO TO3BOJIET OOHApPYXKHMBAaTh MOHBI OapHs B BHIE
BaCrO4 B npucytctBum Sr2+.

Beinonnenune peakimu. K 3 kxamisMm coimu cTpoHIMS NpUOaBISIOT 4 Kaluld PacTBOpa Xpomara Kajwsl.
O06pasyeTcs KEeNTOBAThIIA 0CAOK.

3. Oxkcanaar ammonusi (NH4)2C204 ocaxkaaetr kKaTHOH Sr2+ B BHje 0€J10r0 ocajaka:
Sr2+ + C2042—® SrC204 .

[Ipouenypa ananuza. K 3 kamusM pacTBOpa CONHM CTPOHIHMS JTOOAaBISIIOT 4 Kalulk pacTBOpa oOKcalara
ammoHus. O6pasyercs 6esblii 0CAIOK.

4. OxpamuBanne miaamMeHu. Coaum  CTPOHIMSI OKpPAIIMBAKT OecuBeTHOe ILIaMsl B
KapMHUHOBO-KPACHBI LBET.

JlabopaTtopHas paGora Ne 4.

CucreMaTu4ecKuii X0 aHAJIM3a CMEeCU KATHOHOB TPeTheil rpynnbl
BBuny Toro, uto xpomar kanust K2CrO4 naet B yKCyCHOKHCIION cpezie 0CaZoK TOJIBKO ¢ KaTuoHOM Ba2+, To
00bIYHO KaTuoHbI Ba otnensior oT Sr2+ u Ca2+ , 106aBisis K UCIIBITYEMOMY PacTBOpPY YKCYCHYIO KUCIIOTY H
pacTtBop xpomara kanus. [Ipu sTom karrnonsl Ba2+ nepexoasar B ocagok BaCrO4, a Sr2+ u Ca2+ u u30bITOK
XpOMar - MOHOB OCTAalOTCs B pacTtBope. Ocalok OTAENSIOT HEeHTPUPYTHUPOBAHUEM H MPOBEPSIOT MOITHOTY
OTZEJICHUS.
K yactu uentpudyrara 1006aBiIsSIOT «THIICOBOM BOJBD) M HArpEBaIOT Ha BOJsHOW OaHe ~7 MHUHYT. Eciu npu
CTOSIHUM BIaJIa€T OCA/I0K, TO B PACTBOPE HAXOJATCS KAaTUOHBI Sr2+.
Lentpudyrar Oynet conepxarb kKarnoHoB Ba + ouens mano (0,0022 r/i), a mo3TOMY «TUIICOBas BOa» OyaeT
JaBaTh OCAJ0K TOJBKO MPU HAJTMYUU KATUOHOB Sr2+.
Ecnu B pacTBOpe ecThb KaruoHbl Sr2+ TO K IEHTpHU]YyTaTy, KOTOPHIl HE COAECPIKUT «TUIICOBOHM BOIBDY,
J00aBISIOT pacCTBOP KapOOHATa HATPHS M OTIACIISAIOT 0CAIOK KapOOHATOB CTPOHLIUS U KaJIbLUS, IPOMBIBAIOT
IUCTUILTUPOBAHHOM BOJIOM U PAacTBOPSIOT B YKCycHOM kuciote. K pacTBopy 100aBisioT cynbdara aMMOHHS
(NH4)2S04, mpu sToM KaTHOHBI Sr2+ o00pa3yloT ocaZok cyinbpara CTpoHUus, a KarnoHel Ca2+ (B
3HAYUTEILHOU MEpE) OCTAIOTCS B PaCTBOPE.
Obnapysicenue u omoenenue kamuonos Bal+. B konuueckyio npobupky depym 3 Kaniu ucnvlmyemozo
pacmeopa, npubasnsiiom 4 Kanau yKCyCHOU Kuciomsl u 3 Kaniu pacmeopa xpomama xanus. Eciu ocadox
obpasyemcsi, mo 3mo yKasvléaem Ha npucymcmeue kamuornos Ba2+.
Jlnst ymaneHnuss kaTuoHOB Ba2+ OepyT B KOHHMYECKYIO MPOOHMPKY 6 Kameinb aHAJIM3UPYEeMOTO pacTtBopa, 6
Kalelb pacTBOpa YKCYCHOM KHCJIOTBI M 6 Kamledb pacTBOpa Xpomara Kallds, NEpEeMEIIMBAOT CTCKISTHHON
MaJIOYKOH, TAIOT CTOSATh 3 MUHYTHI U OTACISAIOT 0CaA0K EHTPUPYTUPOBAHHEM.

Ob6napysicenue kamuonos Sr2+. Llenmpughyeam nocie npogepKu Ha NOIHONY 0caicoeHuss Kamuonog Ba 2+
8 Konuyecmee 3 Kaneib nomewjarom 8 npoodoupky, dobasensarom 3 Kaniu 2UNCOB0U 600bl, HASPEBAlOM HA
800sHOU Oane u darom cmosimo 20 munym. Obpasosanue 0caoka 2080pum 0 NPUCYMCMEUU 8 UCTIbIINYEMOM
pacmeope Kamuoros Sr2+ .

Obuapyoicenue xamuonos Cal+. 5 kanenv yenmpugyeama (nocie omoenenus kamuonog Sr2+) enocam
KOHUYeCKyl0 Npooupky, 000asnAiom pasHwlli 00beM pacmeopa KapOoHama Hampus, nepemeuusaom
CMEKIAHHOU NALOYKOLL.

OO6pa3zoBaBIIUICSA OCaTOK OTHEIAIOT HEHTPU(PYTrHpOBaHUEM, MPOMBIBAIOT JUCTHWIIUPOBAHHOW BOJOH,
PacTBOPSIOT B YKCYCHOU KHCIJIOTE M T00ABIISIIOT pacTBop cynbdara ammonust (NH4)2SO4. [1pu 3Tom KaTHOH
Sr2+ ocaxnmaercs B Bume SrSO4, a Ca2+ ocrtaercss B OCHOBHOM pacTBope. Ocagok OTAENAIT, a
HeHTpudyrar AesIT Ha IBE YaCTH.

K nepBoii nonoBuHe neHTpudyrara 100aBISIOT paCTBOP OKCalaTa aMMOHHMSI, KO BTOPOM MOJIOBUHE - allE€TOH
unu cnupt. [losiBeHne ocasika yka3bplBaeT Ha HaJluyue KaTioHoB Ca 2+.

Xoa aHaIM3a KATHOHOB NEPBOii, BTOPOM U TpeTheil rpynmn
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Hccnemyemsbrit pacTBOp, COIEpKaIMii CMECh KATHOHOB TPEX TPYII, MOXKET OBITh ¢ OCAJKOM U 0e3 ocajka.
Ocanok moxet copepxarb AgCl, PbCI2, Hg2Cl12, unun BaSO4, SrSO4, CaSO4, niu Bce BMecTe.

[TosTOoMy pa3nnyaroT ABa ciiydasi: pacTBOp 0e3 0caka H pacTBOP C OCATKOM.

Pacmeop ne umeem ocaoxa. U3 omoenvHoti npodwvl omixpwvisaiom kamuow NH4+ Hacpesanuem c
pacmeopom euopoKcuoa Hampusl.

B xoHnueckyro mpobupky 6epyT 1,5 M1 ucciemyemMoro pactpopa, A00aBystOT 4 Karid KOHIIEHTPUPOBAHHON
COJISTHOM KHCIIOTBI, TIEPEMENTNBAIOT CTEKIITHHOM MaTOuKoi U eHTpUYyrupyroT. Ocagok IpOMBIBAIOT BOIOK
(20 xamenp), mogkuciaeHHON 2 N pacTBOPOM COJISTHOM KUCIIOTHI (11 TOHMKEHHUST pACTBOPUMOCTH XJIOpHIa
CBUHIIA).

HNanee anammsupyrot ocanok (I) AgCl, PbClI2, Hg2Cl2.

Hentpudyrar (I) conepUT KaTHOHBI IEPBOM U TPETHEH IPYIIT U HEKOTOPOE KOIUYECTBO KaTHoHOB Pb2+. K
ueHrpudyrary (I) npumsaior 15 kamenp pactBopa cyiab(ara aMMOHHS, HAarpeBaOT 6 MUHYT Ha KHITALICH
BOJSHON OaHe, MatoT oTcTosAThcs 10 MuUHYT U ueHTpudyrupyor. Ocagok 00pabaThIBalOT PAacTBOPOM
alieraTa aMMOHHMSI TpU HarpeBaHUM [0 TOJHOro yhaneHus cyibdara cBuHua. [locie 3toro ocamox
cynegaroB BaSO4, SrSO4, CaSO4 npombIBalOT TUCTUIUIMPOBAHHOHN BO/IOH 1 TIEpEBOAT B KapOOHATHI.
Ocanox (1), comepxxammii BaSO4, SrSO4, CaSO4, nepeHocar B ¢apdopoByio yaiiky, 100aBIsSioT 4 M
pacTBopa KapOoHaTa Kanus ¥ KUrataT 5 MuHyT. [locie oxnaxnaenus B ¢papdopoByio Hamky 100aBisior 2
MJ BOJBl, NEPEMEIINBAIOT, JAIOT OTCTOSATHCS W IPO3PAYHBIM CIIOM KUAKOCTH CIIMBAIOT. 3aT€EM CHOBa
N00aBIsAIOT 3 MII KapOOHaTa Kajusl, OMSTh HAarpeBaroT 5 MUHYT U HEeHTpU(yrupyror. Ocaiok IpOMBIBAIOT
TEIUION BONOW JI0 MOJHOTO yhaleHHs cynb(ar - moHoB. OcaZoKk pacTBOPSIOT B MpoOupke B 12 Karusx
YKCYCHOM KHUCJIOTBI ¥ MPOMBIBAIOT €T0 § KalIIMU AMCTUIUIMPOBAHHOM BoAbl. OTKPBIBAIOT KaTMOHBI Ba2+,
Ca2+, Sr2+.

Hentpudyrar (II) moxer comepxkarh kartuonbl Ca2+, K+, Na+, NH4+. OOnapyxeHue uX TPOBOIST
YaCTHBIMU PEAKIUSIMH.

Pacmeop umeem ocadok. U3 omoenvrou npobv omkpuisarom kamuon NH4+ nacpesanuem co wenouwio.
PacTBop ¢ ocankoM B30ANTHIBAIOT, 0CAXk/1al0T KATUOHBI BTOPOIl TPYIIIBI U CIEAYIOT OCAJOK.

B xonmueckyio mpobupky OepyT 1,5 mi aHanmu3upyeMoro pactBopa (BMECTE ¢ OCAJKOM) U, MOMEIIUBAa,
npuOaBISIOT 4 KaIld CONSHOM KHCIOTHL. OcagoK OTIENAIOT EHTPUPYTUPOBAHUEM U IPOMBIBAIOT BOJOH,
MOJAKUCIICHHOW HECKOJIBKUMU KAIUISIMU COJISTHOM KHCJIOTHI.

Ocamox (I) moxer comepxkare comu AgCl, PbC12, Hg2 C12, BaSO4, SrSO4, CaSO4, PbSO4, a
nentpudyrar (I) - karnonsr Ba2+, Sr2+ Ca2+, K+, Na+, NH4+, Pb2+. Ero ananu3upyroT, kak yKa3aHo Ipu
aHaJIM3€ CMECH KaTHOHOB TIEPBOH, BTOPOM, TPEThEH TPy KATHOHOB 0€3 0cajiKa.

Ocanox (I) mpombiBaloT B mpoOupke ropstueil BogoW (Harperoil mo kumeHus) 3 pasza, Llentpudyrar
COOMPAIOT U OMPEAETSIOT KaTHOH Pb2+ 4acTHRIME peakIusIMU.

Onpeoenenue uonos cepedopa u pmymu(l). K ocaoxy (1) npubasisrom 12 kanenv pacmeopa 2udpoxcuoa
amMmoHus u pasmewusaiom. Ilpu smom xaopuo cepebpa pacmeopsemcs, nepexoos 8 KOMNIEKCHYIO COb, a
xnopuo pmymu Hg2CI12 daem ocadok uepnozo ysema. bvicmpoe nouepnenue cmecu om Oeticmeus
2UOPOKCUOA AMMOHUS YKA3bI8Aem HA HATUYUe Pmymu.

Ocanoxk (III) otmensitor uentpudyruposanuem. B nen-tpudyrare (II), comepxamem cons [Ag(NH3)2]CL,
OTKpBIBAIOT KaTHOH Ag+.

Onpeoenenue xamuona PbB2+ u npogepounvie peaxyuu Ha uouvt pmymu(l). Ocadox (IIl) moocem
cooepacams conu PbSO4, [HgNH2]Cl+Hg, CaSO4, BaSO4, SrSOA4.

Ecnu o6HapykeHbl HOHBI Ag+, TO UX HEOOXOUMO TMOTHOCTHIO YIaIuTh. J{J1s 3TOro ocagok oOpabaTsiBatOT
aMMUAKOM JIO TeX TOop, MOoKa IeHTpudyraT He JacT OTPULIATEILHON peakluy Ha KaTHOHBI Ag+.

Ocanox mpombIBalOT BoOAOH, moOapmsator 15 kamens 30 % - HOro pactBopa amerara aMMOHUS,
NepeMEIINBaIOT U HarpeBaroT Ha BojsiHOU O6ane 4 munyTHI. [Ipn sToM PbSO4 n [HgNH2]Cl pacTtBopsitores.
Ocanok otaenstoT neHTpudyrupoanueM. B oraensHoi noprun neHTpudyrara (II) oTkppIBaloT KaTHoHA
Pb2+ npu momomu xpomaTa Kaius WIM MOIUAA Kanus ¥ MoHel Hg2+ BoccTaHOBIIEHHEM 10 CBOOOIHOMN
pTyTH.

Ecnu npucyTtcTBytoT katnonsl Pb2+, To 00paboTKy npu MOMOIIM aneTara aMMOHUS TIOBTOPSIIOT A0 MOJHOTO
ynanenuss PbSO4. Ocamok mTpoMBIBaIOT BOAOW M HCCIEAYIOT, KaK YKa3aHO TIIpU ONHUCAHUH
CUCTEMAaTH4ECKOro X0Ja aHajn3a CMECH KaTHOHOB MEPBBIX TPEX Iy O6e3 ocaaka.
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3ananus 1J151 CAMOCTOSITEILHOI padoThI.
1. ITpopaboTka MaTepuaa JEKIUi, PEKOMEHIyeMOU JIUTEpaTyphbl 10 TEME.
2. IlonroToBka K TECTUPOBAHUIO.
3. CnocoObI MoTydeHUs cpeaHeit MpoObl TBEPABIX, )KUIKUX U ra3000pa3HBIX BEIICCTB

Tema 5. KommiekcooOpasopanue B anagutudyeckoi xumun. (OIIK-1)

Jlekumus.
CBoICTBa aHAJTUTUYECKH BaXKHBIX KOMIUIEKCHBIX COCIMHEHUMN: YCTOWYHMBOCTH, PACTBOPUMOCTH, OKpACKA.
Knaccudukanus KOMIUIEKCHBIX COSAMHEHUHN IO XapakKTepy B3aWMOACHCTBUS METaJUI-THraHi. BHyTpu- u
BHelIHec(epHble KOMIUIEKCHhI, TOMO- M TeTepOJIMTaH/IHble, MOHO- M TOJHJEHTaTHble. MHOrosiepHbie
KOMITJIEKChI. ~ XeJaTbl, BHYTPUKOMIUIEKCHbIE coenuHeHus. CTymeHyaroe KOMILJIEKCOOOpa3oBaHUE.
KoncranTtel ycToumBocTH (cTyneH4arbie u oOmme). DakTophl, BIMSIONIME Ha KOMILIEKCOOOpa30BaHHE:
CTpOEHHUE LEHTPaJbHOrOo aroMa M JuraHjaa. KoHueHTpaius KOMIIOHEHTOB pacTBopa, pH, MOHHOW cuiibl
pacTBopa.

IIpakTn4yeckoe 3aHsATHE.
1.KonmoxBuym Nel (tema 1-5)
2. Pemienue 3ana4. [Ipumepsl.

1. Byner nu BeINagath 0cagok okcajnara iuHka npu godasinennn k 0,001 M pactBopy [Zn(NH3)4]2+ 0,1
MOJIb/T OKCajiaTa HaTpHusi, €CIM PaBHOBECHAs! KOHIIEHTPAIUSI aMMHUaka B pacTBope coctasisiet 0,1 Mons/n?

2. PaccuuTaiiTe paBHOBECHBIC KOHIICHTpaIK HOHOB kene3a (I11) u ¢TopuanoHOB B BOTHOM pacTBOpeE,
conepxarieM komriekc K3[FeF6] ¢ kornentpamueii 0,1mounb/n. [lonHas KOHCTaHTa HECTOMKOCTH
KoMIuiekcHoro anuoHa [FeF6]3— pasna 10-16

JlaboparopHbie padoThbI.
YeTBepTas aHAJIMTUHYECKAS TPYNNA KATHOHOB (Zn2+, Al13+, Cr3+, Sn2+, Sn4+, As3+, As5+).
Lenb: n3yyeHue CBOMCTB KAaTHOHOB 4 aHATTUTUYECKOM TPYIIIbI
a)  TPOBEIEHHE YaCTHBIX PEAKIIUNA KAaTHOHOB 4 aHAIMTUYECKOMN TPYTIIIBI
0)  aHanIM3 CMECH KaTUOHOB 4 aHAJUTUYECKOM IPyTIIIbI
B)  odopMIICHHE U 3alllUTa OTYeTa

['pymmoBbIM peareHToM Ha KaTHOHBI Y€TBEPTOU TPYIIIHI SBISETCS MIEI04b (B U30BITKE), 00pa3yIOIIHecs
THIPOKCHIBI aM(OTEPHBI:

Me2+ + 20H-®Me(OH)2 « 2H+ + MeO22—,
Me3+ + 30H-®Me(OH)3 « 3H+ + MeO33—,
PeakTuBBI:: COJITHAsI KHCJIOTA.
Peaknun karuona Zn2+
1. T'mapoxkcua aMMOHHUA JaeT ¢ KATHOHOM Zn2+ 0eabl 0caaok ruapokcuaa muaka Zn(OH)2,
pacTBOpMMBbI B M30BITK peareHTa ¢ oopasosanuemM ammuakara umaka [Zn(NH3)4](OH)2:
ZnC12 + 2NH40H ® Zn(OH)2 + 2NH4Cl1,
Zn(OH)2 + 4NH40H -® [Zn(NH3)4](OH)2 + 4H20.

Xon ananmza. K 3 kamisaM pacTBopa CONM IIMHKA J00ab JISIOT MO KallasiM PacTBOP THAPOKHIIA aMMOHWS.
Oo0pazyeTe Oenblii 0CaIO0K, PACTBOPSIIOIIMICS B M30LITKE PEAreHTa.

2. KapOoHaTpl 1IeJIOYHBIX METAJIOB U aMMOHHMSI ¢ KaTHOHaMM Zn2+ o0pa3yroT 0Oejblii 0CaJ0K
OCHOBHOM COJIM IIUHKA:
27ZnCI2 + 2Na2CO3 + H20 ® (ZnOH)2CO3 + 4NaCl + CO2.

Brinonnenune peakimu. K 4 kamisM pacTBopa CoJM IIMHKA JI00aBISIOT 10 5 Karedb pacTBOpa kapOoHara
Harpud. O6pasyercs Oelblii 0CaI0K.

3. CepoBonopoa o0pa3syeT ¢ KaTHOHOM Zn2+ 0eblii 0caiok cyabduia nuHKa ZnS:
Zn2++ H2S ® ZnS + 2H+.
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OC&[[OK CYHL(bI/I[[a [IUHKa HCPAaCTBOPHUM B H30BITKE ocaauTCiid U B MICJIOYax, HO paCTBOPHUM B CHUJIBHBIX
KHCJIOTaX.

[pouenypa ananmsza. K 4 xamisMm pactBopa xJjopuaa nuHka nob6apistor 3 kamau pactBopa CH3COONa
(Ins_TmpenoTBpallleHus] PacTBOpPEHHs ocaaka ZnS B 00pa3oBaBIICHCs CONSHOW KHCIOTE) M 7 Karenb

CEPOBOAOPOJHON BOJBI.

Peaknun karuona A13+
1. l'uapoxcux aMMOHMS 0CaxkaaeT KAaTUOH Al13+
A1C13 +3NH40H -® A1(OH)3 + 3NH4Cl.
I'uapokcua aatOMUHUS HE paCTBOPSIETCS B paCTBOPAX COJIEH aMMOHHSL.

Ecnu antomMuHuit HaXOIUTCS B pacTBOPE B BUJIE ATIOMUHATA, TO JUISl OCAXKJICHUSI €70 TUAPOKCUIOM aMMOHHUS
HEOOXOIMMO Pa3pyILIUTh ATIOMUHAT, JCHCTBYSI MUHEPAJIbHON KUCIOTOM:
Xox ananu3a. K 3 karisiM pacTBoOpa CoIM allOMUHUS JT00ABISIOT OCTOPOKHO MO KAIJISIM PacTBOP
THJIPOKCH/IA aMMOHUS 1 HAOMIOMAIOT 32 BBIMAIeHUEM OeI0r0 0ca/ika THAPOKCH/IA ATFOMIHHUSL.
2. Peaknus Ha kaTHoH A13+ cyxum nyreM. OueHb pa30aBJIeHHbIH PACTBOP HUTPATA KOOAIbTA AaeT C
KaTHOHOM A13+ amomuuat ko6aasTa Co(A102)2, uMewMii CHHUI IIBET, HA3bIBaeMblil TEHAPOBOM
CHHBIO:
2A12(S0O4)3 + 2Co(NO3)2 ® 2Co(A102)2+ 6SO3 + 4NO2 + O2.
Beinonnenne. Ha monocky GunasTpoBasibHON OyMard HAHOCST HCCIEAYEMbId PACTBOP U PACTBOP HHUTpATa
ko0ajbpTa, MOCYIIMBAIOT €€, a 3aTeM CKUTaroT. [Ipu Hanuuuu noHa A 13+ memnen, KOTOPLIM moxyJaeTcs npu
CKUTAHUH, UMEET TEMHO-CUHIOIO OKPACKY.

Peakuuu karuona Cr3+
1. I'mapokcua ammMoHusA o0pa3syet ¢ kKaTuoHOM Cr3+ 0caiok rHAPOKCHIA XPOMA Cepo-3eJ1eHOoro (i
cepo-(puoseToBOro) uBera:

CrC13 + 3NaOH ® Cr(OH)3 + 3NH4CI.

Bremonnenne ananu3a. K 3 kamism pacTBOpa COJIU AJTOMUHUA 2!06aBJ'I$IIOT 110 KarisiM pacTBOP I'MAPOKU A
aMMOHMS 1 HaOIONAIOT 32 BHINAICHHEM 0CaJIKa.

2. llenouu oOpasyror ¢ katuoHom Cr3+ ocagok ruapo-kcuaa xpoma Cr(OH)3. Ilpu n30bITKe 1I€71049H
TUAPOKCHI XpoMa pacTBopsiercss ¢ oOpazoBanuem xpomuta NaCr(O2, uMewiero sipko-3eJieHyI0
OKpAacKy:

Cr(OH)3 + NaOH ® NaCrO2 + 2H20.

Xpomut NaCrO2 rumponausyeTcst Ipu HarpeBaHWU ¢ 00pa30BaHUEM THIPOKCHIA XpoMa:

NaCrO2 + 2H20 ® Cr(OH)3 + NaOH.

[Ipouenypa ananuza. K 4 xamisaM pactBopa xjopuaa xpoma ao6asnsaior 12 kanenb 2 N pactBopa NaOH u
HarpeBaioT. OOpa3oBaBIIMiicS BHaYalde 0CaJ0K TMIPOKCHIA XpoMa IpH AajJbHEHIIeM J00aBICHUH IIEI0YH

pacTBOpSETCS, a IPU HATPEBAHWU CHOBA BHINAJACT B BUJIE CEPO-3€JICHON MACCHI.
Peaknuu xatuona Sn2+

1. CepoBonopon B cuiabHokuca0i cpeae (2 M HC1) odpa3syer ¢ voHaMu Sn2+ 0cagoK HIOKOJIATHOTO
uBera: Sn2+ + H2S ® SnS  + 2H+.

[Ipenen obHapyxeHust KatoHa Sn2+ - 1,5 MKr/mi1.

Cynbdua omoBa SnS pacTBOPHM B KOHIICHTPUPOBAHHOW COJSHOW KHCIIOTE C 0Opa30BaHUEM XJIOPHUIHBIX
KOMITJIEKCOB; HEPACTBOPUM B PACTBOPAX CYIb(UAOB IIECIOYHBIX METAIJIOB U aMMOHHS. ITO OOBSCHSETCS
TeM, 4To SnS o0nagaer OCHOBHBIMH CBoicTBamu. OIHAKO OH JIETKO PACTBOPSETCS B MOMYCYIbpuie
aMMOHHS, KOTOpBIM cHadanma okucisger SnS mo SnS2, a mocneaHwii pacTBOpsieTCss ¢ OOpa3oBaHUEM
THOCOJICH:

Brimonnenune peakimd. K 3 kamisgM pacTBOpa, COAEPIKAIIEr0 MOHBL Sn2+, mpuOaBisgor 3 kKamm 2 M
pactBopa HC1 u cepoBomopoanoii Bombl. O0pa3yeTcs 0cajioK IIOKOJaJHOro mBeTa. Ocaiok OTACNISIOT
HeuTpudyrupoBaHUEM M K HEMY H00aBISIOT HECKOILKO Kameiab pacTBopa (NH4)2S ocamok pacTBOpseTCs.

K noayuenHomy pactBopy nobasiusror 2 M HC1 1o kuciioil cpelbl, BbINAAAET 30J0TUCTO-KEITHIA 0CAIOK
SnS2.
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17
3ananus 1J151 CAMOCTOSITEILHOI padoThI.
1. [IpopaboTka MaTepuana JeKIud, pEKOMEHTyeMOU JIUTEPaTyPHhl.
2. IlonroToBka K TECTUPOBAHUIO.

3. Baxneiimue peareHThl, IpUMEHsEMbIE B aHaJN3€ AJIs pa3/ieeHus, OOHApYKEHHUsI, ONPEesIEHUsI HOHOB
METaJJIOB, MACKUPOBKH.

Tema 6. OKHCIUTEIBLHO-BOCCTAHOBUTEIbHBIE peakiiui B aHaauTudeckoit xumuu (OIIK-1)
Jlexknus.
Koncranta paHoBecus OBP. OkucnurenbHO-BOCCTAaHOBUTENBHBIN MOTeHIMAN. YpaBHenue Hepucra.
CBs13b KOHCTAHThI PABHOBECHS C OKUCIUTEIBHO-BOCCTAHOBUTEIbHBIM MTOTEHIIMAJIOM.
IIpakTH4Yeckoe 3aHATHE.
Pemenue 3amay u ynpaxHeHuUi
Tunosble 3a1aHus

1. CocTaBUTh ypaBHEHHE pEaKIMU MEXIY MEepPMaHraHaT-MOHOM M MEPOKCHIOM BOJOpOJa B KHUCIIOW cpene
AIIEKTPOHHO-MOHHBIM METOJIOM M 3amucarh ypaBHeHUs HepHcTa 17 OKMCIUTENIbHO-BOCCTAHOBUTENIBHBIX
CUCTEM.

2. MOXHO 1 B KUCJIOH cpene AelcTBUEM IuXpomara Kaimus oKuciuTh: a) Fe2+ no Fe3+; 6) Mn2+ no
MnO4-?

JlaboparopHbie padoThbI.
Iaras anaaurudyeckas rpynna katuonos (Tid4+,Zr4+,Sb3+,Sb5+,Bi3+,Mn2+,Mg2+,Fe3+,Fe2+).
[lenb: n3ydeHne CBOMCTB KATHOHOB 5 aHAJTUTUYECKOM IPYIIIIbI
a) MPOBEJICHUE YaCTHBIX PEAKIINN KATHOHOB 5 aHATMTUYECKOM TPYIIITHI
0) aHamM3 cMeCcH KaTHOHOB 5 aHAJIMTHYECKOU TPYIIIBI
B) odopMIICHHUE U 3alUTa OTYETA

KaruoHnsl 370l rpynmsl co menodaMu 00pas3yroT THIPO-KCUAbI, HEPACTBOPUMEBIE B BOJIE U B IlEJ0Yax, HO
NEHCTBUEM MHHEPAJIBHBIX KUCIIOT (a30THOM, CEPHOM M COJISTHOM) UX JIETKO TMIEPEBECTH B PACTBOP.

Peakuunu karnonaTi4d+
1. 'mapokcHabI HIEJT0YHBIX METAJJIOB U aMMHaKe noHamu TuTaHa (IV) o6pasyror Oesbiii ocagokTiO2
xH20, pacTBopuMBIii B KOHIEHTPHPOBAHHBIX 1[€JI04YaX U MJIOX0 PACTBOPUMBII B KHCJI0TAaX.
[Tpu yBenmueHNH KOHLIEHTPAIMK TUTaHa, a Takxke pH pacTBopa 00pazyroTcs MOJMMEPHBIE COSTUHEHHUS.
Bremonaenne pabotel. K 1-2 kamisM CHIIBHOKHCIIOTO pacTBopa, cojaepkamero HoHbl TuTada (IV),
n00aBIsrOT 1Mo KarisiM pacTBOpNH3. O6pa3zyercs Gemnbiii ocaiok.

Peakunu katnonaZr4+
1. l'uapokcuabl MIEJOYHBIX METANJIOB W AMMHAKB3aUMOAEHCTBYIOT ¢ MOHaMu nupkoHus (IV) c
o0paszoBannem Oesioro ocaagkaZrO2xxH20;3T0 coefuHeHHe NPAKTHYECKH He PACTBOPSETCS B
eJ104axX U KUCJI0Tax
[Tponenypa.K 1 - 2 karuisim pactBopa, CoAepIKaIiero HOHbI ITUPKOHUS, T00aBIAIOT 1-2 karum pactBopaNH3.
O6pasyercs Oenbiii ocamokZrO2xxH20.

Peakunu karmonaSb3+uSb5+
1.Metambl,cTosiliMe B PpsiAy HanpsikeHUsl JieBee CYpPbMbl, B COJISHOKHCJIOM pacTBoOpe
BOCCTAHABJMBAIOT HOHBI cypbMblI (IIL,V) 10 yepHOro ry0uaroro ocajka MeTalJin4eckoil CypbMbl.
N30uparenbHOCTh peakiy MOBBIIIAETCS, €CIM B KaYE€CTBE BOCCTAHOBUTEIS UCMOIb30BaTh METAIIIMUECKOE
onoBo: 2SbC163—+ 3Sn®2Sb + 3SnC14
[Ipenen oOHapyxeHus: kKaTuoHa cypbMbl - 0,2 Mkr/mut. MemaroT nonsl Meimbsika (111, V), koTopeie Taxxke
BOCCTaHABJIMBAIOTCS J0 MeTajula. B OoTiuYMe OT MbIIbsKa MeTasIndeckass CcypbMa HE pacTBOpsETCS B
pactBopeNaBrO.



Xon ananuza.Ha onoBsHHYIO (DOJIBIY MOMEIMIAIOT KAIUTKO COJSTHOKHCIOTO PacTBOpa, COMEPIKAIIETO HOHBI
CYpPbMBI, U OCTaBISIOT CTOATh. OOpa3zyercss YepHOe MSATHO METAJUTMYECKOW CypbMBI, HEPACTBOPUMOE
BNaBrO.

2. CepoBogopon wiu cyiabpuabl meaouyHbix MeTa/uioBB 6 M HC1 o00pa3yror opaH:keBble OCAJKHU
cyJiab(}uI0B CypbMBbI:

2SbC163—+3H2S®Sb2S3 + 6H++ 12C1-

2SbC163+5H2S®Sb2S5 + 10H++ 12C1-.

Ocanku pacTBOPSIIOTCS NMPU HArPEBaHUH B U30BITKE Cynbduaa Harpus niauNaOH:

Sb2S3+ 3Na2S®2Na3SbS3Sb2S3+ 4NaOH®NaSb(OH)4+ Na3SbS3.

[Ipu wnarpeBanuu cynbpuaoB cypeMbl (II11,V) c¢ xonmertpupoBanHoitHNO3BBIACHSICTCS MeETacypbMsHas
kuciora HSbO3 B Bume Oemoro ocaaka. B ommmume ot  CynbpHUIOB  MBINIbSIKA
(ITI,V)Sb2S3uSb2S5pacTBopsroTcss npu  HarpeBaHuud B KoHmeHTpupoBanHoi HCI1, HO ycTOWYUBEHI
(ManopacTBOpHUMBI) B KApOOHATE aMMOHUS

Sb2S5+ 12HC1®2SbC163- +3H2S + 2S + 6H+.

[Tpenen o6HapyxeHus cypbMsI - 0,25 MKI/MIL

Xon ananuza.K 2 karisMm pactBopa, CoepiKaliero HOHbI CypbMbI, I00ABIISIIOT KAaIlli0 KOHIICHTPUPOBAHHOM
HC1 u kammo pactBopa cynbduaa Harpusi. O0pa3yeTcsi OpaHKEeBBIH 0CaIOK.

Peakumnu karnonaBi3+

1. Xoopua ooa (II)B menounoii cpene BoccranasiaubaeT BucMyT (I11I) 1o merasimyeckoro BucMyTa
(ocagok yepHOro BETA):

SnC142—+ 40H-®Sn(OH)42++ 4C1-

2Bi(OH)3+ 3Sn(OH)42-®2Bi + 3Sn(OH)62—

Crnenyer uzberath npubOaBlIeHUS] KOHIICHTPUPOBAHHOW IIEIOYU U HATPEBAHHSI, TaK KaK B ITUX YCIOBHSIX
MOKET BBINACTh YEPHBIA OCaJOK METATMYECKOTO OJIOBA BCIEICTBUE PA3JIOKEHUS THIPOKCOKOMIUIEKCOB
onoga (II):

2 Sn(OH)42-®Sn(OH)62—+ Sn + 20H-

Ecnu e u30BITOK MIEIOUN CIIUIITKOM MaJl, IPHU CTOSTHUU MOXET 00pa30BaThCsl YEPHBIN 0CaIOK OKCHIA
0JIOBA.

[Ipenen obHapyx)eHus BUCMyTa - 20 MKT/MII.

Xon ananuza.K 2 - 3 xarmuisim pactBopa, conepskaiiero nons! onosa (II), npubasnstor no xamsam 30 % - Hblit
pactBopNaOHno oOpaszoBanus ocaaka ruapokcuna onosa (II) m mocnemyromero ero pactBopenus. K
MOJy4YEHHOMY pacTBOPY N00aBISIOT KaIlllo pacTBopa HUTpara BucMmyTa. OOpa3yercs YepHBbIi 0CaoK.

2.Monua kaausiobpasyer ¢ nonamu Bucmyta (III) B Kuca0ii cpene koMiuiekcHbie coeuHenus, BI3-
0Ca/JI0K YepPHOro nBeTa, pacTBOPUMbIi B n30bITKeKI:
BiCl3+ 3KI®Bil3+ 3KC1
Bil3+KI®KBil4.
[Ipu cunbHOM pa30aBiIeHMH pacTBOpa, conepxkaineroBil4—, momydaercst opanxkeBblit ocagok conuBiOl:
KBil4+ H20®BiOI+KI+ 2HI.
3. lexroun (NaOH, KOH)nawt ¢ karmonomBi3+06eabiii ocanokBi(OH)3, pacTBopumMblii B KHCJI0TAX,
HO HEPACTBOPHUMBIH B 11€/I04YAX:
Bi3++ 30H-®Bi(OH)3 .
Brmmonaenne anammza. B mpoOupky momemator 3 - 4 kammm pactBopa xjopuma BucMmyTaBiCl3m
pUOABIISIIOT 2-3 Karuik pacTBopa Imeioun. BeimagaeT O6embiii ocaiok.

Peaxnuu xaruona Mn2+
PacTBops! coneit Mn2+umerot 0J1eIHO-PO30BYIO0 OKPACKY, @ pa30aBlieHHBIE - OECLIBETHBHI.
1. leaoun (NaOH, KOH)ocaxknaot katuoH M12+c o0pazoBanueM 0eJ10ro 0caaka ruIpoOKCHaa
maprauua (II), pactBopuMoro B Kucjaorax, HoO HepacTBOPUMMOI0 B HIeJI0YAX:
Mn2-++ 20H-®Mn(OH)2 .
Ocanok Ha BO3ayxe OypeeT BeiencTBUE mepexona Mn2+B Mnd+, mpu 3tom oOpaszyercss MnO(OH)2umum
H2MnO3(mapranuoBarucras KUCIO0TA).

18



Brimonnenne ananmusa. K 3 - 4 xarwsim pactBopa cynbdara mapranua (II) noGasnstor 3-4 xarmu Boas! U 4 -
5 kamenp pactBopa menoud. OOpasyercs Oenblii OCaZoOK, KOTOPBIH H3MEHSET CBOIO OKPacKy M0
KENTO-Oypoit.

4. Ammuakocaxxgaetr katnoH Mn2+B Buae Mn(OH)2. B mpucyrcTBum cosieli aMMOHHSI OCaXACHHE HE
MIPOMCXOUT, TaK Kak mpousBeaeHue pacrBopumoctd Mn(OH)2 Hegocrarodno maso.

Xon ananmmza. K 2 - 3 xamsim pactBopa cynbdara mapranma (II) goGapnstor 2-4 karau Boabl U 3 Karuiu
pacTtBopa rujapokcua ammonus. [lomydaercs Oenblii 0CafoK, paCTBOPUMBIA B MUHEPAJIbHBIX KHUCIOTaX U
M30BITKE THAPOKCHIa AaMMOHHSI.

Peakuun karmonaMg2+

1.Ileaoun KOH nNaOHo0pa3ywor ¢ karmonoMMg2+0esbiii amop¢ublii ocanokMg(OH)2I'mapokeny
MArHHUs PACTBOPUM B KHCJIOTAX U B COJISIX aMMOHHSI.
Brinonuenue ananusa.
B npoGupky BHOCAT 4 Karuix pacTBOpa COJIM MarHusi U MpuOaBisAioT 4 Karulk HACKIILIEHHOTO PacTBOpa
xjnopuna ammoHuANH4Cl.
Bo Bropyro mpoOupKy BHOCAT 4 Karuld pacTBOpa COJIM MarHWsi ¥ MPUOABISIOT 4 Karuid BOABI (YTOOBI
KOHIICHTpAIUsl PAcTBOPOB ObLIa OIWHAKOBas). 3areM B 00¢ MpOOMPKHM  AOOABISAIOT  OCamuTeNs -
rugpokcuaa aMMoHUsINH4OH.
2.I'mppogocpar narpuaNa2ZHPO4o00pasyer ¢ nonamu marausi B npucyrcrBunNH4OHnpu pH =9
OeJiblil KpucTagsandeckuii ocatokMgNH4PO4x6H20:
MgS0O4+ Na2HPO4+ NH,OH = MgNH4PO4+ Na2SO4+ H20
IIpu pH > 10 moryt obpazoBarbcaMg(OH)2uMg3(PO4)2. Pekomenayercss K KUCIOMY aHAIU3UPYEMOMY
pactBopy npubaBmatbNH4OHao pH = 9. U3-3a o6pazoBanussNH4CIpH pactBOopa mnommepskuBaeTcs
MTOCTOSTHHBIM.
[Ipenen oOnapyxeHuss Marausg - 10 Mkr/mi. MemamoT HMOHBL, 00pasylollue MajlopacTBOPUMBIE
docharer;NH4+, K(1) uNa(l) He memaror.
Xon ananmu3a.K 3 - 4 xamysim pacTBopa, coaepKaliero HoHbl Maruus, npudasisiot 4-6 xanens 2 M HCI, 3
-5 xanens pactBopaNa2HPO4u npu nepememuBanuu 1o Karwisim npubasisitor 2 MNH4OHpo nosisienust
3anaxa ammuaka (pH ~ 9). BeimagaeT Gesnblii KpUCTAUIMYECKUH 0CaIOK.

Peaxnuu xarnonaFe2+
PacTBops! coneiiFe2+okpaiieHsl B OieIHO-3eNIEHBIH IBET, pa30aBlieHHbIE pAaCTBOPHI OCCIIBETHBI.
1. I'ekcaumanodeppar (III) kamus K3[Fe(CN)6]JoOpasyer ¢ monamm :xkeje3a (II) cuHuii ocanok,
no-suaumomy, cocraBaMFeFe(CN)6, (rme M -K(I),Na(I)), Ha3biBaeMblii «TYPHOYJI€BOl CHHBIO».
Ocagok  HepacTBOPMM B  KHCJIOTAaX, HO  pa3jaraerci mleJo4aMH ¢  BblJeJeHHeM
ruapokcuaosFe(ILIII).
[Ipenen obnapyxenus xenesa - 0,02 mxr/mi. Peakuus cnienududHa.
Brimonnenne ananuza.K 1 - 2 xamnsam cnaboKUCIoro pacTBopa, cogepskariero Honsl xenesa (1),
no6asnsioT 1-2 karmu pactBopa pearenta. O0pasyercsi CHHUN 0CaJIoK.
2. TnmeTnarmokenM (peaktus Yyraesa)oOpasdyer ¢ nonamu :xeqaesa (II) B aMmmMuadHbIX pacTBOpax
YCTOHYHBOE KOMILJIEKCHOE COeJHHEHHEe KPAaCHOIO iBeTa:
FeC12+ 2H2D + 3NH3+H20®Fe(HD)2(H20)(NH3) + 2NH4CI,
rneH2D- nuMeTHIIMOKCUM.
Kommniexkcnoe coequnenueFe(Il) cH2Dxopoiio pactBopumMo B Bozie.
[Ipenen oOHapykeHus xene3a - 8 Mkr/mi. Memarotr nonsl Hukens (1), oOpasyromue HEpacTBOPUMBIN B
BOJIC TUME-THINIMOKCUMAT HUKEJS KpacHoro npera. Mematomee BiusiHue sxenesa (III), oGpasyromero B
aMMHUAYHOU Cpesie OKPAIICHHBIN THAPOKCHU]I, YCTPAHSIOT 100aBICHUEM JIMMOHHOM, IIIABEICBON MJIM BUHHOM
KHCIIOTHI.
Brinonnenne ananuza.K 2-3 xamnisM pactBopa, copepxaiiero nossl xeinesa (II), nobapnstor karto 20 % -
HOTO PAcTBOpa BUHHOW KHCJIOTHL, | Kamio AMMETWINIMOKCMMAa W IO KaljisiM pacTBOp aMMHaka 0
LIEJIOYHOM peakuuu. PacTBOp okpanimBaeTcsi B KpaCHbIN 1IBET.
3. leaouu (NaOH, KOH)ocaxnawrt katnonFe2+B Buae ruapokcuaa xesnesa (II):
Fe2++ 20H«Fe(OH)2J..
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CBexeocaxIeHHBIN 0caJoK uMeeT Oeiblii 1BeT. OIHAKO Ha BO3/AyXE B Pe3yJbTaTe YACTUYHOTO OKHCICHHS
KHCJIOPOJIOM OCaJIOK MPHUOOpETaeT IpsA3HO-3€ICHbIH 1IBET:
4Fe(OH)2+ 2H20 + O2®4Fe(OH)3 .
Xon ananm3a. K 2 - 3 xamsim pactBopa cynbdara sxenesa (I1), moGapnsaroT 5 kanenb AUCTHILTAPOBAHHOM
BOJIbI U 2 Kary 1meiaoun. OOpaniatoT BHUMaHHE Ha IIBET U XapaKTep 0cajka.
4. T'mapokcua ammonusigaet ¢ karnonomFe~+ocanok ruapoxcuna skenesa (II):
2NH40H + Fe2+®Fe(OH)2 + 2NH4+.
OcaxeHne NpoUCXOAUT HEMOJHO, a B MPUCYTCTBUU COJIEH aMMOHUS 0Cajika BOOOIIe He 00pazyeTcs.
Brimonnenne ananuza. B mpoOupky nmomemaror 2 - 3 kariu pactBopa cynbgara xenesa (II), nodasmustor 4-5
kanens 10 % - HOoro pacTBopa XJjopuia Win cyiab(para aMMOHHUS, a 3aTeM 2-3 KaIluId pacTBOpa TUAPOKCHIA
aMMOHUSI.

Peaxnuu xarnonaFe3+
PactBops! coneiiFe3+uMeror KenTyro Uin KpacHO-0ypyro OKpacky.
1. 'ekcanuanogeppar (II) kaausic nonamu skesnesa (I11) oOpasyer TeMHO-CMHUIT 0CAIOK «OEPIMHCKOM
adazypu»MFeFe(CN)6, aHajloruyHblii M0 COCTaBy «TYpHOyJeBoii cuHu».CHayaja MNPOXOIUT
OKHUCJINTE/IbHO-BOCCTAHOBUTEIbHASA PeaKMs:

FeClI3+ K4Fe(CN)6®FeCI2+K3Fe(CN)6+KCl.

Jlanee mpomyKThI peakiliy B3aUMOJICUCTBYIOT MEXKIY OO0 ¢ 00pa30BaHHEM TEMHO-CHHETO 0CaJiKa
«OepIMHCKOH Ja3ypu»:

Fed, + K3Fe(CN)6®KFeFe(CN)4+ 2KC1.

Paznuune B OKpacke M CBOWCTBaX «OEpIMHCKOHN Ja3ypu» s «TypHOYIEBOH CHHM» OOBSCHIETCA TEM, UTO
COCTaB 0OCajiKa HE MOJHOCTHIO COOTBETCTBYET HANKMCAHHOW BhIIE opmyine. Ocanok «OEepIMHCKON J1azypu»
pacTBOPSETCS B CWIIBHBIX KUCJIOTAX U MIPU J0OABICHUN U30BITKA pearcHTa.
[Ipenen obnapyxenus xenesa - 0,2 MKr/mia. MemaroT OOJbIITHE KOJUYECTBA MOHOB METAILIOB, KOTOPHIE
JAIOT OKpalleHHble ocaaku ¢ Trekcaruanodepparom (II) kxamms. Memaror ¢GTOpUIBI W OKCalarhl,
oOpasytomue ycroiuubie Komriekehl cFe(I11).
Xon anammza.K 2 - 3 kamwmsim pactBopa, coxpepxkamero wuonbslFe(Ill), mobGasnstor 3-4  xamum
JTUCTUILTUPOBAHHOM BOABI, 1-2 Kamiu COJSHOM KHMCIOTHI M 2 KaruiM peareHta. HaOmiomaror oOpa3oBanue
TEMHO-CHHETO 0CajKa «OepIMHCKOM JTa3ypu».
2. Tuoumanar ammonus (kaaus)(NH4CNS,KCNS) B ciaadokucabix pacrBopax oopasyer cFe(IIl)
KOMILJIEKCHBbIE COeIMHEeHUs KkpoBaBo-kpacHoro useraFe(SCN)n(3-n)+, raen —1-6.
KommiiekebiFe(SCN)3 nHFe(SCN)4akcTparupyrorcs 3pupom ¥ H30aMHJIOBBIM CIIUPTOM.
[Tpenen oOHapyxeHus xenesa - 0,5 mxr/mi. Memaior ¢ocdarsl, apceHaTbl, OKCaNaThl, IUTPAThI, TAPTPATH,
¢dTopunsl, oopasyromue cFe(Ill) ycroiiunBble KOMIJIEKCHBIE COSTUHEHUSI.
Brmonnenne anammza.K 1 - 2 kamusim pactBopa, coxepskamero uonsl xenesa (III), mobaBnstoT kariro
pactBopaNH4SCN. TlosiBrisieTcst KpOBaBO-KpacHOE OKpalIMBaHUE pacTBopa. J{00aBIsIOT HECKOIBKO Karlesb
M30aMUJIOBOTO CIIMPTA WK dpHUpa U BCTpsIXuBaroT. Oprannyeckas gasa OKpalmBaeTcs B KPACHBIN I[BET.
3. Ilemoun (NaOH, KOH) uNH4OHo6pa3ytot ¢ karnonomFe3+kpacHo-0ypsriit ocamokFe(OH)3:
Fe3++ 30H-®Fe(OH)3 .
I'uapokcun xene3a B omnuue oT ruapokcuaa xpoma (1) m rugpokcuma anroMUHUS HE pacTBOPSETCS B
M30BITKE LIEJIOUH U B COISIX aMMOHHSI.
Xon anammza. K 3 - 4 karsm pactBopa xmopuaa xkenesa (I11), mobasmsitor 3-4 karmm IUCTHIUTMPOBAHHOMN
BO/IBI M 2 - 3 Karuu mienodr. OOpariaroT BHUMaHHUE Ha IIBET U XapaKTep OcajKa.

3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.
1. ITIpopaboTKa TeOPETUYECKOTO MaTepHrasa JEKIuil, peKOMEHIYEeMOH JINTepaTypsl MO TEME.
2. ITonroroBka K TECTUPOBAHUIO.
3. CocraBbTe ypaBHEHMS OKHCIUTEIBHO-BOCCTAHOBUTENIBHBIX PEAKIIUI 3JIEKTPOHHO-HOHHBIM METO/IOM,
€CJIU Ha pacTBOp, coAepkamuii nod mapranua (1), mogeiictBoBanu: a) BACMYTaToM HaTpus B PUCYTCTBUU
a30THOU KUCIIOTHI, 0) MEPOKCUIUCYIb(hATOM aMMOHUS, B) okcuaoM cBuHma (IV).
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Tema 7. 3aKoH JeliCTBUSI MAacC B reTepoOreHHbIX npoueccax. Pacreopumocts, npousBeaeHne
pac-tBopumoctu. (OIIK-2)

Jlekumus.
3aKkoH JCWCTBUS MacC B TETEPOTEHHBIX Npoleccax. TodHbIE M MPUOIUKEHHBIC PEIICHUS ypaBHEHHI.
®daxkropbl ocaxacHus. J[poObHoe ocaxiaeHue. B3ammMHOe TpeBpalieHne MajlopacTBOPUMBIX OCAJIKOB.YdUeT
K03(ppUIMeHTa aKTUBHOCTH HOHOB MPU PACTBOPEHUHU AIIEKTPOIUTOB.

IIpakTH4Yeckoe 3aHATHE.
Penrtenue 3amay
Tumnosrsle 3agaHUS
1. Paccuurate MonsspHyIO (MOJIB/I) W MaccoBylo (T/1) pacTBOPHUMOCTH Cylbdara KambIUs, €CIH
[TP(CaS04)=2,5-10-5.
2. Cmemamu 500 min 0,002 M pactBopa xmopuaa 6apust u 500 mu 0,001 M pacTtBopa cynbdara Kaaus.
Brimazer nu B 3THX yclioBHsIX ocanok cyibdara 6apus? [1P(BaSO4)=1,1-10-10.

3. Paccuurare pactBopuMocTh (ocdara cepedbpa B 0,02 M pactBope docdara narpusa. [IP(Ag3P0O4) =
1,3-10-20

JlabopaTropHbie padoThbI.
Ilecras ananuTn4yeckas rpynna karuonos (Co2+, Ni2+, Cd2+, Cu2+, Hg2+)
Lenb: n3yyeHue CBOMCTB KAaTHOHOB 6 aHATTUTUYECKOM TPYTIIbI
a) MPOBEJICHUE YaCTHBIX PEAKIINN KATHOHOB 6 aHATMTUYECKOM TPYIIITHI
0) aHamM3 cMeCcH KaTHOHOB 6 aHAJIMTHYECKOU TPYIIIIBI
B)o(OpMIICHHE U 3aIIUTa OTYETa

Peaxnuu xatnona Co2+
Karnon Co2+ mMeeT B BOAHBIX PAacTBOPaxX PO30BO-(PHOIETOBYIO OKPACKY.
PeakTuBBI: yKCyCHAsl KHCJIOTA.
1. Tnounanar ammonusa NH4CNS (xkamus (KCNS)) B ykcycHokucaom pacrsope npu pH 4 - S ¢
noHamm kod6aabTa (II) o0pasyer okpameHHbIe B CHHMII IIBEeT KOMILIEKCHbIE COeJHHEHUSI Pa3IHYHOIO
coctaBa oouieii popmyast Co(SCN)n(2—n)+, rae m = 1, 2, 3, 4. Kuciiopoacoaep:kaniue pacTBOpuTeIn
(3¢up, aneTroH, H30aAMHJIOBBIH CIHPT) IKCTPArHPYIOT TEMHO-CHHHE MAJIOYCTOHYHBbIE KOMILIEKCHI
Ko0aabTa, mo-euanmMomy, cocrapa Co(SCN)4(2—n)+. [l moHM:KeHHs TMCCONHANUMN KOMILIEKCHBIX
coelMHEHUI1 He00X0IMMO BBOAUTH 00JIbIIO0N H30BITOK THOLMAHATA.
[Ipenen oOHapyxeHuss kobampra - 3 MKr/mia. Memaror wuoHbl jxene3a (III), koropwle MacKuUpYIOT
nobapieHreM (PTOPUA-UOHOB.
Xon ananuza. K 2 - 3 xannigM pactBopa, cofepskaniero noHsl kobansra (11), 100aBAsSIOT TBEpAbIA THOLIMAHAT
aMMOHUS (Kanus), TBEpAbIA QTopua aMMOHUs, S5-7 Kanenab W30aMHJIOBOTO CHOMPTAa W BCTPIXHUBAKOT. Clion
M30aMUJIOBOTO CIIMPTA OKPAIIMBAETCS B CHHUH IIBET.
2. Hutpur kanusi B yKcycHOKHcJI0M pactBope npu pH 4-5 o6pasyer ¢ nonamu kodansra (1) sxearnrit
0CaJI0K, B KOTOPOM K00AJIbT UMeeT cTeneHb okuciaenus I11:
Co(CH3COO0)2 + 7KNO2 + 2CH3COOH ® K3Co(NO2)6 + NO + H20 + 4CH3COOK.
B paszbaBieHHBIX pacTBOpax OCaJOK OOpa3yeTcsi MpU HArpeBaHUM W BBICTAWBAHUU. OTY PEAKIHIO
UCIOJIB3YIOT JUIsl OT/AETICHHs KOOalbTa OT MEIIAOUINX HOHOB.
[Ipenen obHapyxeHust kobanbra - 0,4 MKT/MIL.
Brinonnenue ananuza. K 2 - 3 xamisim pacTBopa, coaeprkaiiero noHbl kobanera (II), mobapnsior 2 xamim 2

M CH3COQOH, 2 xannu pactBopa CH3COONa u tBepabiit KNO2. CMech HarpeBaroT HECKOJIbKO MUHYT Ha
BOJISIHOM OaHe. OOpa3yeTcst )KENThINA 0CaJIOK.

Peaxnuu xaruona Ni2+
B BOIHBIX pacTBOpax COJIM HUKENS UMEIOT 3€JIEHYI0 OKPACKY.

1. JumeTnaranokcuMm (peaktus Uyraesa) (I) oopasyer ¢ nonamu nukess (II) B unrepsase pH =75 -
10 matopacTBOpuMOE B BOjle KOMILUIEKCHOE COeIMHEHHE AJI0-KPACHOro nBeta cTpyKTyphI (I1):



[Ipenen oOHapyxeHus HuKensd -3,2 MKI/MI. JIUMETHIITMOKCHMAT HUKENs MMEeT IUIOCKYI0 KBaJpaTHYIO
koH(purypauuio. OOe MONeKyabl AMMETHIIMOKCMMAa B  KOMIUIEKCE CBsI3aHBl MEXIYy CoOoM
BHYTPUMOJICKYJSIPHBIMA ~ BOZAOPOIHBIMU  CBSI3SIMH, CTaOWJIM3MPYIOUIMMH XenaT. 2DTo 00yCIOBIHMBAET
aHOMAJIbHOE COOTHOILEHUE CTYNEHYaTblX KOHCTaHT yctoWuumBocTH K1 < K2, mosromy pnaxe mnpu
HEOOIBIIOM U30BITKE peareHTa KOJIM4eCTBEHHO 00pasyercst Komruiekc ML2.

Masasi pacTBOPUMOCTb IUMETHIINIMOKCHMAaTa HUKEIsT B BOJE CBfA3aHA C TEM, YTO KOMIUIEKC He
THJPAaTUPOBAH B KOOPAWHAIIMOHHOHN cepe HUKES.

BoinonHenue aHanusa.

1. K1 -2 kamsm pactBopa, coaepxarero Ni(Il), noGasmistor 1-2 kamu 1 % - HOro 3TaHOIBFHOTO pacTBOpa
mumetuiarrokcnma u 1 - 2 karmu 2 M NH3. O6pasyercs xapakTepHbIN al0o-KpacHBIA 0CaOK.

2. K 1 - 2 xamnsaMm uccneayemMoro pactsopa aobasnsaoor 1 2 kammu 20 % - HOro pactBopa TapTpara
Kalus-HaTpHsl, KPUCTAJUIMK THOCynb(para Harpus, 1-2 xammum 10 % - HOro pac-*pa COJSHOKHCIIOTO
rugpokcuiaaMuaa u pactsopom NH3 nooxst pH pactBopa 10 9. DKCTparupyroT HACHIIIEHHBIM PaCTBOPOM
pearenta B CHC13. Opranudeckas (a3a B IpUCYTCTBUU HUKEIS OKPAIIUBACTCS B HKEIITHIHN I[BET.

Peakuunu karnona Cu2+

PactBops! coneii Cu2+ UMEIOT roxyOyIo WIH 3eTIEHYI0 OKPACKY.

1. I'ekcanuanogeppar (II) kaausa npu pH < 7 ocaxxaaer MOHBI MeM B BHJe KPAaCHO-0yporo ocajaka
Cu2Fe(CN)6, pacTBOpUMOro B aMMHaKe ¢ o0pa3oBaHueM aMMuakaroB meau. Ilpenen ooHapyxeHus
Mean - 10 mkr/mi. IlpoBenenuro ananusa memarwt uonbl Fe(IlI), Ni(II), Co(Il), odpa3yromue c
peareHTOM 1BeTHble ocaaku. [lo3ToMy HX nNpeABapuTE]bHO OTAEASIOT MJIUH CBA3BIBAKOT B
yCTOHYHBbIE PACTBOPHMbIe KOMILIeKCHbIe coeAnHeHusi. [Ipy o4eHb MajbIX KOHIEHTPALUSIX Meau
0Ca/I0K He BbINAJaeT, HO PACTBOP OKPAIIMBAETCSl B PO30BbIi LBET.

Xon anammza. K 2 - 3 kannsam pactBopa, conepxaiiero nonsl menu (I1) (pH < 7), npubapnsior 1 - 2 kammm

pactBopa pearenra. O0paszyercs KpacHO-OVDBIN 0CAJIOK.

2. AMMHaK NpH B3aMMOJEHCTBHHM C MOHAMH MeIH CHA4Yajia 0Ca’KIaeT OCHOBHBIE COJIM NEepPeMEeHHOI0
COCTaBa 3€JICHOI0 LBeTa, JIerKopacTBOpuMble B H30bITKe peareHTa. Ilpm pH > 9 oOpa3syrorcs
aMMHAYHbIe KOMIUIeKChI MeIM UHTeHCuBHO-cuHero nsera: Cu(NH3)(H20)52+; Cu(NH3)4(H20)22+;
BBe/leHMe NATOoi U mectoil Mosekyabl NH3 3arpynneno.

[Tpenen obHapyxeHust meau - 40 MKr/miL.

Xon anammza. K 2 - 3 kamisMm pactBopa, conepskaiiero noHel Menu (1), mo6aBasroT O0bIIoi M30BITOK

pacTBopa amMuaka o pH > 9. [losBaeHNEe HHTEHCHBHO-CUHEW OKPACKH YKA3bIBACT HA MPUCYTCTBUE MEJIH.

3. Hurtuzon B wuHTepBaje pH 1 - 4 ¢ Cu(ll) oOpa3syer BHYTPHMKOMILICEKCHOE eIHMHEHHE
KpacHo-Guos1eTOBOrO0 1BeTa, 3kcTparnpyemoe CHC13, CC14.

[Ipenen oGmapyxenuss menu - 0,1 mxr/mu. Memator Ag(l) Hg(Il). Ecnmm B kauecTBe MacKHpYIOIIETO
pearenTa ucnonb3oBarb KI mpu pH 1 - 2, To Meap MOKHO OOHAPYKUTH C AUTH3OHOM 0€3 MOMEX CO CTOPOHBI
IPYTUX UOHOB METAJIJIOB.

Xon anamuza. K 1 - 2 xamnsaM ananu3upyemoro pactBopa ¢ pH 1-2 npubapnsror 5-6 kamenb S % - HOro
pactBopa KI u skcrparupyror 0,02 % - #piM pactBopoMm pearedra B CCl4. B mpucyrcTBUM MeIu
OPTraHWYECKUM CJIOW OKPAIIUBAETCS B KPACHO-(DUOJIENOBBIN TIBET.

4. Tuocynbpar nHarpus Na2S203, npudaBjieHHbIH K NOAKHCICHHOMY PacTBOpPY COJIM MeIu,
ol0ecuBeYMBaeT PacTBOpP, TAK Kak o0pa3yeTcss KOMILJIEKCHAasi coJib. I[Ipy HarpeBaHuu MOJy4eHHOIO
pacTBopa obpa3yercs TeMHO-Oypbiil ocagok CulS.

CuSO4 + Na2S203 ®+ Na2S04 + CuS203
CuS203 + H20 ® H2S04 + CuS

IIponenypa anmammsa. K 2 - 3 gamiaMm pacTtBopa cyiabdara Meau no0asisiorT 4-5 xamens Bombl, 2-3 Karuin
acTBOpa CEpHOM KHCIOTHI M 2 - 3 xpucTaluimka THocyiabdara Harpus. IlepeMelmuBarOT CTEKITHHON
IMAJIOYKON 1 HarpesaroT. O0pasyercsa TeMHO-0YPBIA ocanok cyiabbumaa Menn (1) u cepsl.

Peaxnuu xaruona Cd2+
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1. CepoBogopoa niam cyiabpuasl meno4yHbix Meraaos npu pH ~ 0,5 o0pa3yor ¢ HOHAMH KaAMHA
JKeJTHIA ocafok cyabduaa kagmus. Ocagok He pacTBOpHM B cy/jb(duae U rHAPOKCHIE HATPUS, HO
pacTBopuM B KoHIeHTpupoBaHHbIX HC1 1 HNO3:
CdS +4HC1 ® H2CdC14, + H2S-
CdS + 4HNO3 ® Cd(NO3)2 + S +2NO2 + 2H20.
[Ipenen oOHapyxenust kagmus - 10 Mkr/mu. MemaroT MOHBI METAJUIOB, 00pa3yIOIHUe B 3THX YCIOBHSIX
HepactBopumbie cyabduaer: Cu(ll), Hg(Il), Bi(Il), Sn(Il, IV), Sb(III, V) u ap.

Xon aHammza. K 1 - 2 xamiasM pacTBOpa, CONEPXKAIIETO HMOHBI KaJIMHsI, MPUOABISIIOT KAaIUTIO PacTBOpa
cynb(huIa HATPH; BRINAIACT KEITBIA 0CAIOK.

2. JIdTH30H B3auMOJeiicTBYeT ¢ HOHAMH KaaMus B nHTepBaJie pH 6,5 - 14 ¢ o0Opa3oBaHueM KpacHOro
BHYTPUKOM-IJIEKCHOTO coeqnHenns, skcTparupyemoro CHC13 u CC14.

[Ipenen oOnapyxenuss kaamusa - 0,5 MKr/mi, Memaromiee BIHMSHHE OONBIIMHCTBA HOHOB METAJJIOB
YCTPaHSIOT T0OABJICHHEM TapTPaTOB M AUMETHITIIMOKCUMA. B 3TOoM ciydae mematot Tompko Ag(l), Hg(Il) u
Cu(Il), ux ymanstoT nmpeaBapuTeIbHON dKCTpakiuen pactopom autuzoHa B CC14 mpu pH 1-2.

Xox ananmza. K 2 - 3 kamnaM uccienyemoro pactsopa npuoasistor 2 M HC1 go pH 1 - 2 ¥ 9KCTparupyroT
HACKIIIEHHBIM pacTBopoM auTu3oHa B CC14. [Tocne pasgeneuus a3 K BOTHON (ase 100aBiIsgioT 2-3 KA
20 % - HOrO pacTBOpa TapTpara Kanus-Harpus, 1 - 2 xamim 1 % - Horo pactBopa quMeruiamuokcuma u 30
% - e pactBop NaOH 1o pH 9 - 10 u skcrparupyror 0,002 % - HpIM pacTtBopoM peareHra B CC14. B
NPUCYTCTBUM KaJIMUS OPIraHUYECKUI CII0W OKPAIIMBAETCA B KDACHBIM IIBET.

4. TuomodeBuHA 00pa3yeT € COJSAMH KAJAMHS JIETKOPACTBOPHMbIE KOMILIEKCHbIE COJIH, KOTOpbIE
JIETKO Pa3JiaralTcsi CepoBOA0POAOM JaKe NP N30bITKEe THOMOYEBUHBI.

IIpoBenenne anammza. K 3 - 4 xamjndMm aHaaM3MpyeMoOro pacTBopa Jo0aBision 3-4 KpUCTaJUIMKA
THOMOYEBHHEI, IEPEMENIMBAIOT MAJOYKOM, Yepe3 2-3 MUH J00ABISIOT 5 - 6 Kallelb CBEXKEIPUTOTOBICHHOI
cepoBoopoaHoii Boabl. B mpucyrcrBuu katrnona Cd2+ BRIIAIAET XKEITO-OPAHKEBLII OCAIOK.

Peakunu karnona Hg2+
1. CepoBogopon wiu cyJb(Puabl MeJOYHbIX MeTa/I0B ¢ HoHaMu pTyTH (II) B KHCJbIX pacTBopax (6 -
7 M HC1) obpa3zyror yepHbiii ocagox HgS.
N3Bectnpl Tpu Mmogudukanuu HgS: kpacHas, numeromas uckaxennyto pemietky NaCl ¢ 3urzaroo0pa3HpiMu
nenssmu Hg - S - Hg, unentnynas kwHOBapu. YepHas Qopma, BCTpedaromiascs B BHAEC MHHEpaa
MeTalMHHOOapUTa, UMEIoUas CTPYKTypy IIMHKOBOM oOMaHkH; P-kuHOBaph, KoTOpas oOpasyercs Npu
B3aUMOJICUCTBUH THOCYJIb(paTa HATPUs C HEUTpaATBHBIM pacTBOpoM xyopuaa prytu (II).

[Tpu mennennom mporyckannu H2S depes Kucibie pacTBOPHI COMM PTYTH MOXHO HaOM0AaTh 00pa3oBaHue
MPOMEXKYTOYHBIX  MPOAYKTOB  O€Joro, ceporo, JKEATOro M OypoBaToro IIBETOB  COCTaBa
HgmCInSx(Hg3Cl12S2). O0Gb9HO M3 KHUCIBIX PAacTBOPOB cojield pTyTH ocaxmaercs HgS B Buume yepHOTO
ocaznka. [Ipousseaenue pacrsopumoctu HgS4cpH pasno 1,5 10" 52, oqHako ero paCTBOPUMOCTh Ha CaMOM
JieNie 3HAYUTENIbHO OOJIbIe M3-3a MOOOYHBIX PEaKIni, MPOTeKaronuX ¢ oOpazoBaHueM coenuHenuid H2S,
HS-, Hg(OH)+ u Hg(OH)2+. Yepnsiii HgS npu HarpeBaHuW Wi TPH JIEUCTBHH MIEIOYHBIX PaCTBOPOB
MONUCYNb(UIOB MPEBpALAETCS B KpacHyIo GopMy; cyiabGua pTyTH pacTBOPUM B I[APCKOM BOJKE; B CMECSX
HC1 u H202;HC1 u KIL.

[Ipenen oOHapyXeHUsI PTYTH B CHIIBHOKHCIIBIX pacTBOpax - 10 MKr/miL.

Xon amanm3a. K 2 - 3 xamiugM pacTBOpa, cojep:kamiero WoHbl pryte (11 00aBig0oT 3-4 Kamiu
xoHnenrpuposandoii HC 1,3-4 kamam pacTtBopa cyiabbuaa aMMOHKS KM HarpeBalOT Ha BOASHOW OaHe.
Oo6pasyercs uepHbIii ocamok HgS. Ocanok neHTpuyrUpYIOT, YaCTh €r0 IIEPEHOCIT B APYIYIO IPOOUPKY U
pPAacTBOPSIOT B IAPCKOM BOJKE; OCTABIIYIOCS YacTh ocajika pacTBopstoT B cMecu HC1 u KI.

2. Moaun xkaausi mpu B3aumojaeiicteun ¢ uonamu prytu (II) ocaxknaer kpacusliii ocanox Hgl2.
Nmerotcs nee mopudukannu Hgl2: kpacHas u xenras. Kpacnas mogudukanus npu Harpeanuu 10 150 °C
MEPEXOIUT B KENTYIO.

IIpoBenenne ananmsza. K 1 - 2 kamisM pacTBopa, coaeprkariero uoHel pryTu (1I), 100aBISIOT M0 Kaasam

pactBop KI 10 o6pazoBanms ocaaka HgI2 v n30BITOK 10 pacTBOpeHMs ocajka U obpazoBanms Hgl42—. K

MOJIYYCHHOMY pacTBopy n06apnsroT 1-2 kamu pactBopa NH4CI u 1 - 2 xarum 30 % -Horo pactBopa KOH.
O06pasyeTcst KpacHO-OYPBIA 0CaJioK.
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3. /IuTH30H B pacTBOPaX MHHEPAJbHBIX KHCJI0T oOpasyer ¢ moHammu Hg(Il) BHyTpuKOMIIEKCHOE
coelHHeHUEe OpaH:KeBOro 1Bera, s3xkcrparupyemoe CC1 m CHCI13. Ilpenen o0Hapy:xeHusi pryTH - 1
MKr/Mi. MemarT HoHBbI cepedpa. s ux ynanenus skerpakr psixusawt ¢ 1 M HCI1.

Xon ananuza. K 1 - 2 xanniamM ucciienyeMoro pactsopa a06asstor 1-2 xamau 6 M H2SO4 u sKkcTparupyrot
0.002 % -pactBopom pearenra B CC14. B npucyrcTBun prytu (II) opraHndeckuii Clioi OKpammBaercs B
opamkeBbli 1BeT. Eciam B aHanmmsupyeMoMm pactBope mnpucytctByer Ag(l), opranuyeckyio dasy
BcrpaxuBawt ¢ 1 M HCI.

Xoa aHaIM3a CMeCH KATHOHOB IIECTOM IPyninbl APOOHBIM METOI0OM

KatroHbl 3TOM TPyl OTHOCHUTEIBLHO JIETKO MOTYT OBITh ONPEACICHBI YaCTHBIMHU DPEAKIUIMHU W3
OTACIBHBIX TPOO.

Omxkpovimue kamuona Cu+ yenecoodpazno npoeooums oOeiicmeuem KOHUEHMpPUPOBAHHO20 PACMEopa
2UOPOKCUOA AMMOHUA.

B Tom ciyuae, eciin okpacka Mosy4aeTcs HeJOCTaTOYHO XapakTepHast U1 katnoHa Cu2+, MOKHO MPOBECTH
npoBepky. st 3Toro k 3 - 4 KarjisiM UCCIEAYeMOro pacTBOpa, MPUOABISIOT 2 KAaIUIM PAacTBOpa LIEJIOYH U
00pa3oBaBIIMICSA OCAJOK HArpeBalOT Ha BONAsSHOW OaHe 5 MMH (B mpHcyTcTBHM KaTHoHa CH + ocagok
npuoOpeTaeT YepHsbIii 1IBET BeaeacTsre oopasosanus CuO).

3arem 100aBIsAIOT M30BITOK (6 Kamesb) pacTBopa xjopuna amMmonus NH4C1, nepeMemnBaoT CTEKISIHHON
najoykoi U neHtTpudyrupyror. Llentpudyrar oTaensioT u ocagok o0pado-ThBAIOT 3-4 KaruisiMy a30THOU
kucnothl. K nmonmyueHHoMy pacTBopy npuiuBaroT §8-10 xanenb KOHLEHTPUPOBAHHOIO pacTBOpa I'MIPOKCHIA
amMMoHus. B mpucyrcTBum karnona Cu2+ pacTBop OKpaliuBaeTcs B Ja3ypHO-CUHUI LIBET.

Omkpvimue kamuonoe Hg2+ uz oouezo pacmeopa, cooepircauiezo KAmMuoHsvl ulecmoil 2pynnot, 00bl14HO
npoeooumcsa peakyueil ¢ UOOUOOM Kaausa uiu eoccmamnosnenuem xiaopuoom onoea (II) SnCIl2 oo
MEmannu4ecKoil pmymu uiu Ha MeoHOIl N1ACMUHKe.

Omxkpvimue kamuona Cd2+ yoooHo u HadexicHo npou3eo0UmMsv ¢ CEPOGOOOPOOHON 6000I UNU
muocynvgamom nampus.

Kamuon Cd2+ omkpwvieaemca peaxyueit ¢ pooanuoom ammonus NH4CNS.

Kamuon Ni2+ omkpuwiearom peaxuyueit Uyzaeea ¢ OumemuiiuoKCumMom.
3aganus AJ151 CAMOCTOSITEJIbHOM PadoThI.

1. ITIpopaboTKa TEOPETUYECKOTO MaTepHaa JEKIUi, peKOMEHAyeMOM JTUTepaTyphl.

2. [TonrotoBka K TeKyIeMy KOHTPOJIIO.

Tema 8. MeToabl 00Hapy:xkeHus1 U uaeHTU(PUKanuu. Xpomarorpadus. (OIIK-2)
Jlekumus.

Nnentudukamus aTtoMoB, HOHOB, MOJIEKyl W BemecTB. J[poOHBIH W CHCTEMAaTHYECKHH aHaIH3.
MUKpOKpUCTAJUIOXUMUYECKUH W MHPOXUMHUYECKUN aHanu3 (OKpallMBaHWE IJIaMEHH, BO3TOHKA,
oOpazoBaHue TiepsioB). MeTonmbl pasaeneHuss W KOHICHTpupoBaHus. KoddduimeHT pacnpeneneHus.
Xpomarorpadus. AncopOnronHas Xxpomarorpadusi, BEITECHUTEIbHAS WU HOHOOMEHHash XxpomaTtorpadusi.
PacnipenenurensHas xpomarorpadus. bymaxnas xpomarorpadus. ['azoBas 1 )KuaKocTHas XpoMmaTtorpadus.

IIpakTnyeckoe 3ansATHE.
Pemenue 3amau.

JlaGopaTopHbie padoThbI.

IlepBasi ananuTnyeckas rpynna annonos B(OH)4-,Si032— ,P042- ,AsO33—- ,As043—,S042—
5032, S2032- ,F-)

Lenb: n3yyeHue CBOMCTB aHMOHOB | aHATTUTUYECKOM TPYIIIbl aHUOHOB
a)  TPOBEIEHUE YACTHBIX PEaKIUi | aHATUTHYECKOW TPyl aHHOHOB
0) aHaNIM3 CMECH KaTUOHOB | aHaTUTHYECKOH rpyIbl aHHOHOB
B)  odopMIICHHE U 3allUTa OTYeTa

IlepBasi anannuTHYeCKasi TPYNIAa AHUOHOB:
B(OH)4-,Si1032—- ,PO42- ,AsO33- ,As043-,S042-,S032-,S2032- ,F-)
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AHUOHBI 00pa3yIOTCs p-3J€MEHTaMH, TO ecTbh neMeHTamu 1V - VII rpynm 2-, 3-, 4- u pexe 5- u 6-ro
NIEPUOJIOB MEPUOMUECKON CHCTEMBI JIEMEHTOB. B pacTBOpax B BHIe aHHOHOB MOTYT OBITb OOp - 3JIeMEHT
I rpynmsl 2-ro neproaa U HOHBI EPEXOTHBIX AIEMEHTOB (d-37IEMEHTHI) B MX BBICIIMX CTEICHSIX
okucneHus. OUH U TOT JKe IEMEHT MOXKeT 00pa30BaTh HECKOIBKO aHUOHOB C PA3JIMYHBIMU CBOMCTBAMH.

Peakunu OopaTr-aHnoHOB
1. OxkpammBaHue mjiamMmeHu. Jleryyue coeqnHeHnsi 00pa OKpPANIMBAIOT IJIAMS IOPeJIKU B 3eJIeHbIi
LBeT.
BonsmmHCTBO G0paToB pasznararoTcs kKoHneHTpupoBanHoit H2SO4 ¢ Brigenenuem nerydeit H3BO3.
Peakuuto mpoBoAsT B ylIKe IJIATUHOBOW MJIM HUXPOMOBOM MPOBOJIOKH.
IIpoBenenue ananuza. B dhapdopoBoii yaiike BhIMAPUBAIOT 5-8 Kanedb pacTBOPA, COAEPIKAIIErO
0opat-noHbl. CyXOl 0CTAaTOK CMauuBarOT 1-2 KaruiaMu (He Gosiee) KoHmeHTpupoBanHoit H2S04,
100aBISIOT HECKOIbKO Kalesb 3TaHOJIa M METaHOIa, NEPEMEITNBAIOT CTEKISIHHON MaJIOYKOW 1
No/KUraroT. [1aMs oKpanmBaeTcs 1o KpasiM B 3€JICHBIN 1IBET.
Peakuuu kapOoHaT-aHMOHA
VYronbHas kucinora H2CO3 cyiiecTByeT TOJIBKO B BOIHOM PacTBOPE.

1. Kucaorsl, B ToM yncie 1 CH3COOH, pa3inararot kapooHartsl ¢ Bbigejgennem CO2:

CO32-+2H+ ® H20 + CO2T.

VYrnekucnelii ra3 0OHApY)KHMBAIOT IO MOMYTHEHHIO HM3BECTKOBOW WJIM OapUTOBON BOABI (HACHIIIEHHBIX
BoaHBIX pacTBopoB Ca(OH)2 u Ba(OH)2):

Ca(OH)2 + CO2 ® CaCO3 + H20, Ba(OH)2 + CO2 ® BaCO3 + H20.

[Tpu nponyckanuu Gonpimx konuaectB CO2 0caiok MOXKET paCTBOPUTHCS:

CaCO3 + CO2 + H20 ® Ca(HCO3)2.

Oo6napyxennio CO32— memaror SO32— u S2032— , tak kak SO2, BBACTSIONIUICS TIPU MOAKUCICHUU
pactBopa, oOpasyer ocagku CaSO4 u BaSO4 c¢ wusBecTkoBOii u OapuroBoi Bomoil. IlosTomy
npenBapuTenabHo oKUCIstoT SO32—u S2032— no SO42— nepokcuioM BOAOPOAA IIPU HarpEBaHUU.

Xon aHanu3a. B mpobupky BHocAT 5-6 kamenb pactBopa Na2CO3 u 5 - 6 kanens 2 M HC1. 3akpbiBatoT
IpoOKOW, B KOTOPYIO BCTaBjieHa CTEKIsSHHAs MaJoyka C IIApuKoM Ha KoHie. Ha miapuk monBemmBaioT

KaIUTF0 W3BECTKOBOM wWim OapuTOBOW BOIbI. [Ipy HarpeBaHWW TPOOMPKHM HAOIIOMACTCS MOMYTHCHHE
BUCSIIEN KA.

2. Xuopuja 0apusi ¢ kapOoHaT-uOHOM oOpa3yet Oesblii ocagok BaCQO2, pacTBopuMBbIii B KHCJI0TAX
(Kkpome cepHOii KHCJIO0ThI):

CO32-+ Ba2+ ® BaCO3 .

Boimonaenne ananmza. K 2 - 3 xamisaMm pactBopa, cojiepKaliero KapOOHaT-HOHbBI, JIO0aBAAOT 2-3 Karuiu
BaC12. O6pa3yeTtcst Oelblii 0CaJIoK.

3. Hurpar cepedpa AgNO3 npu B3amMOAeHCTBHM ¢ KapOOHAT-MOHOM oOpa3yer Oe/iblii 0CAIOK
kapOoHara cepedpa Ag2CO3, pactBopumblii B kucjaorax (kpome HC1):
Na2CO3 + 2AgNO3 ® Ag2CO3 + 2NaNO3.

Xon anammza. K 3 - 4 kamnsaMm pactBopa kapOoHaTa HaTpus J00aBisioT 3-4 Kamjiyd pacTBOpa HUTpaTa
cepebpa. OOpaiaT BHUMaHNE HA XapaKTep 0CajKa.

Peakuuu cuiamkar-aHuoHa
CBoOomHast KpeMHHEBas KHCJIOTa MOYTH HEpacTBOpMMa B BOJAE, HO OYEHb JIETKO 00pa3yeT KOJUIOMIHBIC
pacTtBophl. [Ipu paspylieHMH KOJUIOMAHOTO pacTBOpa OCaXJAaeTcs Telb KPEeMHHEBOW KuciaoThl nSiO2
mH20, npudeM TUI 3aBUCAT OT YCIIOBUM OCaXJIeHHs. PacTBOPUMBI B BOJIE TOJIBKO CHJIMKATHI LIEIOYHBIX
MeTayioB. HepacTBOprUMBbIe CHIIMKATHI MIEPEBOAAT B PACTBOP OOpaOOTKOM KUCIOTaMHU HMIIU CILIaBICHHEM C

Na2CO3.

1. Paz0aByeHHbIe KMCJIOTHI IPH MeIJICHHOM /00aBJEeHNH K PACTBOPY CHJIMKATA HATPHUS BbIACJISIOT
0eJIbIH CTYIeHHMCTBIN 0cafoK (rejb) kpeMHHeBbIX KHCJI0T nSiO2 mH2O0. IIpu 0bicTpoM npuéaBiIeHUN
KHCJIOTHI 0CAJ0K BBINaJaeT He CPa3y, MOJHOI0 0CAXKICHUSI KPEeMHHEBBIX KHCJI0T PACTBOP HECKOJIbKO
Pa3 BbINApHUBAIOT 0cyXa ¢ KoHueHTpupoBanHoi HC1. IIpu 3TOM KpeMHHeBasi KHCJIOTa NePeXoauT B
NPAKTHYeCKH HepacTBOPHMOE B KHCJIOTAaX COCTOSIHME M NpH 00padoTKke pacTBOM KHCJIOTHI
ocaxxaaercs. Takum o0pa3oM, MOKHO 00OHAPYKHUTH CHJIMKAT-HOH B IPUCYTCTBUHU BCEeX AHMOHOB.
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Xonx anammza. K 2 - 3 xamisiM pacTBOpa, COAEPIKAIIEro caT-HOHBI, MpubaBisioT mo kamisiv 2 M HC1 u
HarpesaroT. O0pasyercs Oelblil CTYIEHUCTHINA 0CaIOK.

2. Cosiu aMMOHHS BBIICJIAIOT M3 pPacTBOPOB CHJIHKATOB KPEMHHEBYIO KHCJIOTY MOJHEE, YeM
KHCJIOTbI:

Si032- + 2NH4+ ® 2NH4+ + H2Si03
DTOoi peakiyelr MOXKHO OOHAPYKUTh CHJTMKAT-UOH B TIPUCYTCTBUH BCEX aHHOHOB.

Boimonsenue ananmsa. K 4 - 5 xamwisiM pacTBOpa, COAEPKAIIETO CUIMKAT-UOHBL, NMPUOABISIIOT 3 Karulu
pactBopaNH4C1 u Harpesaror. O0pasyercs 6eablii CTYAEHUCTBII 0CAIA0K.

3. Xutopua 6apus ¢ CHIIMKAT-HOHOM 00pa3syeT OesIblii 0CaA0K:
Na2SiO3 + BaCl12 ® BaSiO3 + 2NaCl.

IIpoBenenue ananmsza. K 2 - 3 kamngM pacTBOpA, COAEPIKAILIETO CHJIMKAT-MOHBI, N00aBISIOT 2-3 Kaluiu
BaC12. O6pasyercs 6eblii 0CaIOK.

Peakunu ¢gocpar-annona

3. Xuopua O0apusi ¢ ¢ochar-uonom odpasyer 0eiiblii 0CaOK, PACTBOPUMBIN B KHCJI0Tax (Kpome
cepHoii kucsiotbl): 2Na3P0O4 + 3BaC12 ® Ba3(P04)2 + 6NaCl

Bremmonnenne anammza. K 2 - 3 kamnsaM pacTBopa, comepskaiiero (hocdTar-uoHbI, T00aBISIOT 2-3 Karuiu
BaC12. OGpa3syetcs 6emblif 0caioK.

4. Hurtpar cepedopa AgNO3 npu B3aumogeiictBuu ¢ ¢pochar-uoHoM oOpasyer KeJTbIii 0CATOK
docdara cepedpa Ag3P0O4, pacTBOpUMBIii B a30THOM KHUCJI0TE:

Na3PO4 + 3AgNO3 ® Ag3P0O4 + 3NaNO3.
IIpouenypa anammza. K 3 - 4 karwsim pactBopa docdara Harpus 100aBiIsgoT 3-4 Kawiyd pacTBOpa HUTPATa

cepedpa. OOpalaroT BHUMAHKUE HA XapaKTep 0CaJIKa.
Peakuuu cynbdar-annona

1. Xuopua Oapusi ¢ cyabdar-uoHoM oOpasyer Oeiablid KpUcTaIMYeckuil ocagok BaSO4,
NMPaKTHYeCKH HEPACTBOPUMBIi B KMCJI0TAaX:

S0O42 +Ba2+® BaSO4.

IMpouenypa amammza K 2 - 3 kamjnsaM pacTBOpa, CONEPIKAIIETr0 Cylb(aT-HOHBI, MOJKHCIECHHOTO
HeckonpkuMu Karisivu 2 M HC1, noGasnsirot 1 - 2 xamu pactBopa BaC12. OGpa3yercs Gemnblii 0CanokK.

2. Hutpar cepedopa AgNO3 npu B3auMoneiicTBuM ¢ CyJab()ar-muOHOM B KOHUEHTPHUPOBAHHBIX
pacTBopax o0pa3syeT Oesblil ocaok cyabdara cepedpa Ag2SO4, pacTBOPUMBII B A30THOH KHUCJIOTE:
Na2S04 +2AgNO3 ® Ag3S04 + 2NaNO3.

Xon anammsa. K 3 - 4 xamuisM pactBopa cynbdara Ha- 100aBasaioT 3-4 Kamiyd pacTBOpa HHUTpaTa cepedpa.

OO0OpamarnT BHUMAaHHUE HA XapakTep OcaaKa.

Peakuuu cynbpur - annona
1. Honnas nin GpomMHasi BOJA NPH B3aHMOJEHiCTBHH ¢ PACTBOPAMH CYJIb(HI0B 06eCIBETNBACTCS:
SO32—+12 + H20 ® SO42—- +21- +2H+
DTOW peakuyu MemarT aHuoHbl S2— 1 NO2—

IIpoBenenue ananusza. K 4 - 5 kanngaM cyabdura Hartpusa H00aBIAOT 5 Kamejlb CEepHOU KHUCIOTHL M 2 - 3
Kamiy uoaa. PacteBop moutu obecnBeynBacTcs.

2. Hutpar cepedopa AgNO3 npu B3amMoaeiicTBUM ¢ CYJdb(PUT - HOHOM B KOHLHEHTPHPOBAHHBIX
pacTBopax o0pa3syet 0esblil 0caok cyjabdura cepedpa Ag2SO3, pacTBOPUMBII B A30THOH KHUCJIOTE:
Na2S03 +2AgNO3 ® Ag2S03 + 2NaNO3.

Xon anammza. K 3 - 4 kamnaMm pactBopa cyiabdura Harpus n00aBisoT 3-4 Kamid pacTBOpa HUTpara

cepebpa. OOpaIaT BHUMaHNUE HA XapaKTep 0CajIKa.
5. Cyab(ur - HOH MOKHO BOCCTAHOBHUTH 10 H2S.

IIpoBenenne ananuza. K pacteopy CVJIbd)I/ITa HaTpusa Z[O6aBJI$IIOT n305ITOK 2 N pPACcTBOPA CONSTHOMN KHCIIOTHI
" KYCOYCK MCTAJJIMYCCKOT'O IHWHKA. H[}I/I 9TOM BBIACTACTCA CEPOBOAOPOI, KOTO[!BIP'I Y3HACTCA IO 3a1axy, 1o

[OYCPHEHHIO OyMaru, CMOYEHHOW PacTBOPOM alleTara CBUHIIA:
Na2S0O3 +2 HC1 ® 2NaCl + H20 + SO2-

Peakuuu ¢propun - anmona
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1. Xuopua xkaasnus CaCl2 odpa3syer ¢ ¢gropua-uonom denablii ocagoxk CaF2, TpyniHopacTBOpUMBIil B
MHHEPAJbHBIX KHCJIO0TAX, HEPACTBOPUMbIN B YKCYCHOH KHCJIOTE:
2F—+ Ca2+ = CaF2
Xon ananmza. K 2 - 3 xamisiM pacTBopa, coiepiKaiiero QTopua-uoHbl, MpuOaBisaioT 3-4 Kaliau pacTBOpa
CaCl2. OGyercs Genblit 0ca/ioK.

3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.
1. ITIpopaboTKa TEOPETUYECKOTO MaTepHaa JEKIUi, peKOMEHAyeMOM JTUTepaTyphl.

2. [TonroroBka K KOJUIOKBUYMY

Tema 9. Kosutonanbie cucTeMbl B aHaauTHYecKkoi xumuu. (OIIK-1)
Jlekumus.
XUMUYECKUEe peakiiy, BeAylIre K 00pa30BaHUIO KOJUIOMIHBIX cUCTeM. MuIlenia U KOJUIOMAHAas 4acTULIA.
[IpaBuno Jlunarosa. Koarynsuus u cequMeHTanus KOJUIOMAHBIX cucteM. [lentuzanus ocaka.
IIpakTnyeckoe 3ansATHE.
Pewenue 3amay.
JlaGopaTopHbie padoThbI.
Bropasi u TpeThsl aHAJINTHYECKAS TPYNIIa AHMOHOB
[lenb: n3yyeHrne CBOMCTB aHMOHOB 2 U 3 aHAJIMTUYECKOM TPYIIIbl aHUOHOB
a)  IPOBENECHHE YAaCTHBIX peakluuil 2 U 3 aHAJIUTUYECKOW I'pyNIbl aHUOHOB
0) aHaJIM3 CMECH KaTUOHOB 2 U 3 aHAIMTHYECKOW TPYIITbl aHHOHOB
B) odopmieHue u 3amuTa oT4eTa

['pynmoBsIM peareHTOM Ha aHHOHBI BTOPOM I'PYIIIBI SABJISIETCS HUTPAT cepedpa B MPUCYTCTBUU
pa30aBICHHON a30THOM KUCIIOTHI.

Peakuuu cynb(pua-anuona
Cynbhua-uoH siBISeTCsS CUIbHBIM OCHOBAHUEM:

S2—+ H20 ® HS-+ OH-

1. Hutpar cepedpa oOpa3syer ¢ cyab(pua-uoHOM YepHbIi ocaaok Ag2S, HepacTtBopuMbliii B NH3,
Na2S203 u KCN, Ho pacrBopumblii npu Harpesanuu B 2 M HNO3:
3Ag2S + 8HNO3 ® 6AgNO3 + 3S + 2NO+4H20.
OOHapy)uTh S2~ 10 00pa30BaHUIO YEPHOTO OCAKA MOXKHO B IPUCYTCTBUH BCEX aHUOHOB.

Xon ananuza. K 1 - 2 xkaniaM pactBopa, conepskainiero £ Cynb@ua-uoHbl, NpudaBsior 1-2 kanam pacteopa
AgNC>3. “"ObpazyeTrcs YEpHBIil 0CcaIoK.
2. PaszbaBiaennblie kucjaorbl (H2SO4 wam HC1) pa3znaraior kak pacTBOpuMMbIe, TaK W MHOTHe
MaJIOPaCcTBOPUMbIE B Bode CYJab(puabl ¢ BbigejJennemM H2S, koTopblii MOXKHO OOHAPYXKMTH 110
XapaKTepHOMY 3amaxy TYXJbIX SIMI WIH MO0 MOo4YepHeHHI0 (UIbTPOBAJIbHON OymMaru, cMOYeHHOI
PacTBOPOM aneTaTa CBUHLA WJIH I'MIPOKCOKOMILIEKCA CBUHIIA.
Beinonnenne aHanusa. B razoByro Kamepy NOMEIAIOT HECKOJIBKO Kalelb pPacTBOPA, COAEPIKAIIEro
CYNb(HI-UOHBI, WJIKM HEOOIbINIOE KOJUYECTBO TBEPIOTO cyabduaa, 1006aBadi0T Heckonbko kanens 2 M HC1
mwin 1 M H2S04. 3akpblBaloT KaMepy CTEKJIOM, K KOTOpPOMY MpHUKperuieHa (uiabTpoBalibHas Oymara,
CMOYEHHAsl paCTBOPOM alleTara CBUHIIA WM TMIPOKCOKOMILIEKca CBUHIIA. bymara yepHeer.
3. Coim kaammusi o00pa3yloT ¢ CyJb(PuI-HOHOM xKeJThIH ocagok CdS, pacTrBopuMbIli B
koHueHTpuposannoii HC1 wiu pasoasiaennoit HNO3:
S2—+ Cd2+ ® CdS™

[IpoBenenme ananmza. K 1 - 2 kamisiM pacTBOpa, COAEPIKANIETO CyNb(OUI-HOHBI, TPHOABIAIOT 1 - 2 Karum
pactBopa CdSO4, CdCI2 wmam nHeGonbmioe koamyecTBO CdCO3. O6pasyercs kedtblit ocanok. Ilpu
ucnonbzoBannn CdCO3 Genbrit ocagok CACO3 mocTeneHHO KENITEeT.

Peakuuu xjopua-uoHa
1. Hutpar cepeOpa ¢ XJIOpHI-HOHOM 00pa3yeT OeJiblii TBOPOKUCTHINH 0cagok AgCl, HepacTBOpHMBIii B
HNO3, no serxkopacrsopumsblii B NH3:
Cl-+ Agt-+AgCN,
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AgCl + 2NH3 ® Ag(NH3)2Cl,

Ocamok AgCl TemHeeT Ha CBETY BCIICJCTBHE BBIJCICHHSI TUIMYECKOTO cepedpa:

2AgCl->2Ag + Cl2-

Xon ananmmza. K 2 - 3 xamisM pacTBopa, COAEpPIKAIEro MOPHA-UOHBI, JO0ABIAIOT 2-3 Karulkd pacTBopa
AgNO3. Obpazyercst Gesblil TBOPOXKHUCTHII 0CATOK.

Peakunu Opomuna-annona
BpomMucToBogopoHas kuciaora tak ke, kak 1 HC1 B BOOHBIX pacTBOpax, SBISETCA CUIBHOW KUCIOTOM.
ManopactBopumsl AgBr, Hg2Br2, HgBr2, PbBr2 u CuBr2.
1. Hurtpar cepedpa o0pa3dyer ¢ OpoMHI-MOHOM OJIeHO-KeJThIN 0canok AgBr, HepacTBOpUMBII B
HNO3, manopacreopumslii B NH3. I[Ipenen oOnapy:xenusi OpomMmuaa - S MKr/mur.
IIpoBenenue ananmza. K 2 - 3 xamusMm pacTBopa, COIEprKallero OPOMUA-MOHBI, J100aBIAOT 2-3 Kariu
pactBopa AgNO3. O6pasyercss GnenHO-KenThlil ocanok. OKpacka ocajka 3aBUCUT OT Pa3MEpPOB YACTHIL.
YacTto ocaiok noiaydaercs OesbIM.
2. XuopHas Bojaa (Boanblii pacTBop C12) okucasier Br— g0 Br2:
2Br +C12 = Br2 + 2C1-
PactBop Oypeer BcienctBue BbiaeneHus: cBoOogHoro Br2. Opranndeckue pactBopurenu - CHCI3, CCI4,
C6H6 - sxctparupytot Br2 ¢ o6pazoBaHreM pacTBOPOB, OKpPAIIEHHBIX B OPAH)KEBBIN I[BET.

Xon ananuza. K 1 - 2 xamisiM pacTBopa, cofepKamiero OpoMua-uoHsl, npubapnsior 2-3 kamwm 1 M H2S04
u 1 - 2 xamuu XJOpHOW BOJBI; pacTBop Oypeer. JloGaBustoT Heckonbko kamenb CHCI3, CCI4, C6H6 u
BCTPAXUBAIOT. CIIOM OPraHUYeCcKOro PacTBOPUTEIISI OKPAIIIMBACTCS B OPAHKEBBIN IBET.

Peaxknuu momua-aHuoHAa

B BomHBIX pacTBOpax MOAMCTOBOJOPOJAHAS KUCIOTA AUCCOLMMUPYET Haresno. OHa OKUCISETCS KUCIOPOIOM
BO3/1yXa IPHU OOBIYHOM TeMIIepaType Ha CBETY MPOLECC YCKOPSETCS:

1. Hwurpar cepedpa oOpa3yeT ¢ MOOMI-HOHOM :KeaTbli ocanok Agl, HepacrBopumsbiii B HNO3, Ho
xopomo pacteopumblii B KCN n Na2S203.

[Ipenen oOHapyKeHUS HOAUA - | MKT/MIL
HNonmun cepedpa, kak n AgBr, B3anMoaeCcTBYET C IIMHKOM B pucyTcTBUU 1| M pactBopa H2SO4:
2Agl +7Zn ® 2Ag + Zn2+ + 21-.

Xon ananmza. K 2 - 3 xamiasiM pacTBOpa, COMEPIKAIEro HMOAMJI-MOHBI, JI0OABISIIOT 2-3 Karuiki pacTBoOpa
AgNO3. O6pazyercst )KEeNThIi 0caIoK.

2. XuopHas Boxa oxkuciasier I-. mo I12. IIpu 3T0M pacTBop Oypeer, a mpu J00aBJeHHMH Kpaxmaja
cuHeeT. Opranudeckue pacropureaun (CHC13, CC14) skcrparupywor [2, oxpammBasich B
¢u0.1eTOBO-PO30BBbIIH LBET:

21-+Cl12®2C1-+12.

[Iporenenne ananms3a. K 1 - 2 kamisM pacTBopa, COIEPIKAIEro MOMUI-UOHBI, A00aBisaoT 2-3 kamm 1M
H2S04, 1-2 xaniu xj0pHOW BoJbI M 1 - 2 Karmuiy pacTBopa kpaxmana. IlosgBiasercs cuHee oKpallldBaHUE.
Bmecto kpaxmana MokHO no0aBurh Heckonbko Karenb CHCI13 u BcTpsaxHYTHE. CHOW OpraHHYeCcKOro

PaCTBOPUTEIIA OKPAIIIMBACTCA B {l!HOJ’IGTOBO-[!OSOBBIfI IBCT.

4. Katuonbl cBuHia Pb2+ o0pa3yror ¢ aHuoHOM I— 3010 THCTBIN 0CA0K MOAMIA CBUHLIA.

Xon anammza. K 3 - 4 kamigM aHaJIM3HPYEMOTO PacTBOpa H00aBISAIOT 3-4 Karuld pacTBOPA, COMEPIKAIIETO
KatuoHbl Pb2+. BelnajgaeT 30J10TUCTBINA OCA0K.

Tperbs rpynna annonos (NO3—, NO2—, CH3COO-, C103—, C104—, MnO4-)
Peakuuu HUTpaT-aHHOHA

1. Cyasdar kene3a (II) B npucyrcreuu konuearpupodannoit H2S0O4 BoccranasiauBaer NO3— 1o
NO, kotropas ¢ u3dobiTkoM Fe(Il) o0pasyer kommiekcHoe coennnenne Fe(H20)SNO2+ 6yporo usera:

6Fe2+ + 2HNO3 + 6H+ ® 6Fe3+ + 2NO + 4H20,
Fe(H20)62+ + NO® Fe(H20)SNO2+ + H20.



Xox ananu3a. Ha CTEeKIIHHYIO TNIACTUHKY TTOMENIAI0OT KAIlJII0 PACTBOPA, COASPKAMIST0 HUTPAT-NOHBI,

kpuctainuk FeSO4 u octopoxkHo Kamio koHieHTpupoBanHoit H2SO4. Cra-patorcs He epeMelinBaTh
pactBop. Bokpyr kpucrajuimka oopasyercs 0ypoe KOJbllo.

Peaknuu HUTPUT-AaHHOHA

1. Honua xaaus B pazdoasiaenabix HC1, H2SO4 wiu yKCyCHOKHCJION cpele OKUCIASIeTCS HUTPUTOM 10
12:

2NO- + 2]- + 4H+® 12 + 2NO + 2H20.

[Ipenen oonapyxkenus aurputa - 0,1 mxr/min. Memator okucnurenu (MnO4— ) u CUIbHBIE BOCCTAHOBUTEIH
(SO32—-, S2032—, S2—-).

XoJ1 aHaIM3a.

1. K 2 - 3 xarsim pacTBopa, coepikaiiero HUTpuT-uoHsl, 106asisroT 1-2 kammm 2 M HC1 wim CH3COOH
u 2 -3 kamwmm pactBopa KI. PactBop Oypeer BcneactBue Boimenenus 12. [Ipu moGasnenuum 1 - 2 kamenb
pacTBopa Kpaxmalia MOSIBISIETCS TEMHO-CUHSISL OKpPacKa.

2. Ha ¢unprpoBasibHyt0 OymMary HaHOCST IIOCIIEAOBATEIbHO KaIUII0 pacTBOpa Kpaxmalna, Kammo 2 M
CH3COOH u xammo pactBopa KI. Kamnst momxHa ocraBarbesi OecriBeTHOM. BHOcAT karumo pacTBopa,
COZIEpKAalllero HUTPUT-UOHBIL. [losBiseTcs cuHsAsa okpacka.

2. [lepMaHranar kaJjusi B CepHOKMCJI0i cpene okucaser NO2— no NO3—:

SNO2—-+ 2MnO4- + 6H+ ® 5NO3— + 2Mn2+ + 3H20.

[Tpu aToM pactBop KMnO4 oGecriBeunBaercs.

IIposenenue ananusza. K 2 - 3 kamwiam pactsopa KMnO4 mpubasistor 2-3 kannu 1 M H2SO4, HECKOIBKO
Kalellb PacTBOPA, COIEPKAIIETO HUTPUT-UOHBI, ¥ CJIErKa IOIOrpeBaroT. PacTtBop obeclBeunBaeTcs.

Peaknuu anerar-aHuoHa

1. TBepablie ruapocyib(aT KAJIUA UIH HATPHUS NPU PACTUPAHUHU C TBEPAbIMH ALETATAMM BbIIEJISIIOT
Jetyuyro CH3COOH, koTopy1o 00HapYyKMBAIOT 10 3aMaxy:

CH3COO- + HSO4— ® CH3COOH + S0O42-. O6napyxennto CH3COO— memraroT 00ibIlMe KOJIMIecTBa
Cl—, Br—, I-. B rakom cityuae CH3COO- o0OHapy>KHBaIOT MOCIE OCAXKACHHUS STUX aHHOHOB TPYIIIOBBIMHU
peareHTamu.

IIpoBeneHne aHanm3a. B MaIeHBKYIO CTYIIKY TOMEIIAIOT CYXOM OCTAaTOK, MONYUYCHHBIN ITOCIIC BRIIAPUBAHUS
pactBopa, coxepxkamiero CH3COO-, nob6asnsior TBepabiii KHSO4, xopoliio nepeMennBaoT U pacTUPAIOT
nectrkoM. Tosgpnsgercs 3anax CH3COOH.

2. Xuopun skeae3a (III) mpu B3ammoneiicTBUHM ¢ pacTBOpamMm aleTaroB o0pa3yeT amerar Keje3a,
KOTOPBIH JIETKO MOABEePraercsi ruAposausy:
(CH3COO)3Fe + 2H20 ->+ Fe(CH3COO)(OH)2+ 2CH3COOH
Xon ananmmza. K 1 - 2 xammsm pactBopa (pH = 7). comepxkamero CH3COO-, mpubapnsior 2-3 Karum
pactBopa FeC13, npu 3ToM 00pasyeTcs amerar kene3a KpacHo-0ypoit okpacku. [lpu pa3zdaBieHHuu pacTBOpa
BOJION B 2 - 3 pa3a ¥ HarpeBaHUHU BbinajaeT ocaaok ocHoBHOM conu Fe(CH3COO)(OH)?2.
2. CepHasi KHMCJIOTA, B3aMMOJEHCTBYSl C aleTATAMH, BBITECHSIET U3 HHUX CBOOOJHYI YKCYCHYIO
KHCJIOTY, KOTOpasi, yJIeTYYMBasiCb NPH HATrPeBAHUM, NPHIAET PacTBOpPy crneurdpuyeckui 3amax
yKcyca.
Xon ananuza. B mpoOupKy momMemiaroT S5-6 Kamenb pacTBOpa alleTara HaTpusl W J00aBISIOT 2 Kariu
KOHIICHTPUPOBAHHOW CEPHOM KHUCIOTHL. OCTOPOKHO HArpeBaloT. YKCYCHYIO KHUCJIOTY OOHApYKHBAIOT TIO
3armaxy.

3aganus 1J151 CAMOCTOSITEJIbHOM PadoThlI.
1. ITIpopaboTKa TeOPETUYECKOTO MaTepHraa JIEKIUil, peKOMEHIYEMOH JINTepaTypsl IO TEME.

2. IToarroBka K TECTUPOBAHUIO.

Tema 10. AHasu3 cMecell HOHOB. AHAJIN3 PacTBOpPa XUMU4eckoro coequnenus. (OIIK-2)
Jlekumus.
He npenycmorpena
IIpakTH4eckoe 3aHATHE.
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Pewenue 3ananui

Tunossle 3a1aHus:

1. Cmech cyxux couneid: kapOonar kamus, xmopun xpoma (III), xmopun xenesa (III), murpar memu (II)
pactBopmin B Bozie. Kakue coequHenust OyayT B ocajike, Kakue HOHBI OyayT B pactBope? CocTaBbTe CXeMy
aHaM3a, YpaBHEHUS pEakluid B HMOHHOM BHJE Pa3lEICHHS, PACTBOPEHHUS OOpPa3yIONIUXCS OCAIKOB M
oOHapyKEeHUsI TPUCYTCTBYIOIINX B CMECH KaTHOHOB M aHUOHOB .

2. CMech Cyxux cojieil: cynb(ar Kamaus, XJIOPUA aMMOHHS, HUTPAT CTPOHIUS, XJIOPH] KaJIbIHS, XJIOPU
Oapus pacTBopwin B Bojfe. Kakue coequaenus OynyT B ocajike, Kakre HOHBI OyayT B pactBope? CocraBbre
CXEMy XOJla aHaJIN3a, YpaBHEHUS

peakiuii B MOHHOM BHJE pasJelieHHs, pAacTBOPEHHUs OOpa3yIoOIUXCs OCagKOB U OOHApYXEHUs
MPUCYTCTBYIOLIMX B CMECH KaTHOHOB.

3. Cmechb cyxux coneil: HUTpar cepebpa, xiopun Oapusi, Hurpar xpoma (III), xmopua cypemsr (III)
pactBopuin B Boze. Kakue coennHenus OyayT B ocajke, Kakiue HOHbI OyayT B pactBope? CocTaBbIe CXeMy
aHaJn3a, ypaBHEHUs peakifii B HOHHOM

BUJIC JUIS pa3/ieieHUs, paCTBOPEHUsI 00pa3yIOIIUXCS OCAJAKOB M OOHAPY)KEHHsI MPUCYTCTBYIOIUX B CMECH
KAaTUOHOB.

JlaGopaTopHbie padoThbI.
AHaJIU3 cMeCcH KATHOHOB BCeX aHAJMTUYECKHUX IPyII.
I1enb: n3yueHne METOMKHU MPOBEICHUE aHATIN3a CMECH KaTHOHOB 1-6 aHAIMTHYECKUX IPYIIIT HOHOB
a)  aHaJIM3 CMECHU KaTHUOHOB 1-6 aHAJINTHYECKUX Pyl
0) odopmiIeHHE U 3aIIUTa OTYETA
AHnanu3 aHuono06 ecex aHAIUMUYECKUX ZPYNN.
Ienb: n3yueHne METOIUKHU MPOBECHUE aHATIN3a CMECH KaTHUOHOB 1-3 aHAIMTHUYECKUX IPyIII aHUOHOB
a)  aHaJIM3 CMECH AHTHOHOB 1-3 aHAJIUTUYECKUX IPYII
0) odopmiIeHHE U 3aIIHUTa OTYETA

[Ipu aHanm3e cMecu KaTMOHOB BCEX aHAIMTUYECKUX TPYII MPeXk/Ie BCEro He0OX0AMMO OOpaTUTh BHUMaHHE
Ha OKpacky, peakuuio pactBopa (pH), Ha mpoOy ¢ cepHOil U CONSTHON KUCIOTaMH, Ha PEAKLHUIO C XJIOPUAOM
onoBa SnC12.

OTcyTCTBHE OKpacKH AaeT BO3MOXKHOCTh IMPEIIOJNIOKHUTh, 4YTO B cMecu HeT kaTuoHoB Cr3+, Fe3+, Cu2+,
Co2+, Ni2+. Ecau peakuusi pacTBOpa HEHTpaibHas, TO MOKHO CYUTATh, YTO KaTUOHBI Sn2+, Sn4+, Bi3+ u
Hg2+ orcyTcTBY!IOT.

Ecom npu mpubaBneHWH K OTACIBHOW MPOOE MCCIEAYyeMOrO pacTBOpa CEPHOM KHCIOTHI Ocaaka He
oOpasyeTcsi, TO B CMECH OTCYTCTBYIOT KathoHbl Pb2+, Sr2+, Bi2+ u, BepostHo, katnon Ca2+. Eciou He
BBITIAJIAET OCAJ0K MpH MPoOe C COMTHON KUCIOTOM, TO MOXKHO CJIEIaTh BBIBO/, YTO KaTHOHOB Ag+, Hg2+ u,
BO3MOXHO, kKarnoHa Pb 2+ Het. Ecnu e mpu npubaBieHUH K OTIEIBLHON MOPIHUUA pAacTBOPa THIPOKCHAA
Hatpud U xjopuaa ojoBa SnCl2 He MOABISIETCA YEPHBIA OCAI0K, TO 3TO SBISETCS OCHOBAaHUEM
MIPEANOIOKUTh, 4To KaTnoHbl Bi3+, Hg2+, Hg22+ orcyrcrBytor. UcnbiTyeMblii pacTBOp MOXKET OBITH C
ocaaKkoM U 0e3 Hero.

AHaJIU3 CMeCH KATHOHOB, COePKALIEH 0CAJ0K AHAJIN3 CMECH C OTAeJIeHHEM 0Ca/IKa

OTaensioT 0cagoK U aHATU3UPYIOT Pa3leNbHO 0CaA0K U pacTtBop. st atoro OepyTt 2 - 3 MJI MOMy4eHHOU
JUTSL MCCJIEIOBAHUSI CMECH (YacTh aHAJIM3UPYEMOTO MPOIYKTa OCTABIISIIOT JIJIsi IOBTOPEHUS OMPEICIICHHUS),
OCaJIOK MPEABAPUTENHHO B3MYUYHUBAIOT U HEHTPpUPYTrupyroT. [lomydeHHbI 0CaoK MCCIEAYIOT CHadaaa Ha
katTuoH Pb +, nams 3TOro ero mpoMbIBalOT 6 — § KamwisAMU TOpsiued AMCTUIUTMPOBAHHON BOIBI,
HEHTPUQY-IIPYIOT U OTKPBIBAIOT KaTHoH Pb2+ momumom kamust KI. OtkpeiTHe katnoHOB Sb3+. Ocamok
nocine oTAeneHus KaTnoHoB Pb2+ mpombiBaroT consHoit kucioroit (8-10 xamens 2 N pactBopa consHON
KUCOTHI). LleHTpudyrar numneTkon nepeHocaT B pyryio NPoOUPKY U pa3z0aBisIOT MATbI0 00beMaMu POJIBL.
Ecnu B nanHOM citydae oOpa3yercsi 0CaZioK, TO €ro OT(GUIBTPOBHIBAIOT M Ha (QuiabTpe oOpalarbiBaroT 2
KaruIsIMH CepOBOAOPOAHOMN BoAbL. [Ipy Hanmuuu kaTroHa Sb3+ MosiBIIsIeTCs OpaHKEBOE OKPAIIUBAHUE.
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Obnapyscenue xamuonoe Ag+ u Hg2+. Ilocne yoanemus xaopuoa ceuHya u eUOpPoOKCUOd CYpbMbl
omkpwiearom kamuonsvl Hg2+ u Ag+.
Omxpvimue xkamuonos Bal+, Sr2+, Cal2+ u Pb2+. Dmu xamuousl oOHapyscusaiom 6 ocaoke nocie
omoenenus kamuonog Ag+ u Hg22+. Jlna ueco 0cadok nocie 00pabomxu pacmeopom 2uopokcuod
AMMOHUSL NPOMBIBATOM OUCTMULIUPOBAHHOU 80001 (0684 pasza no 4 - 5 kanens 800vl). I[locie npomviéKu 80001
0Ca0oK Heckonvko pas obpabamuviearom copayum 30 % - nbim pacmeopom ayemama amMmMOHUs 00 NOTHO20
yoanenusi kamuona Pb2+ u xnopuo-mepxypammonus.
PacTBop (1IeHTpHdYyTaT 1MOCIIe OTAEICHUS 0CaIKa) aHAIU3UPYHTE 10 cxeme paboTbl Ne9.

AHanu3 cMecH 0e3 OT/AeIeHUs 0CAIKa
PacTBOp C ocaakoMm THIATENBbHO B30ANTHIBAIOT M YacThb CMECH - 2 - 3 MJ - HCCIEAYIOT, JIPYIyl0 4acTh
COXPaHSIOT Uil KOHTPOJBHBIX ompeneneHuil. [IpoBomsAT mpeaBapUTeNbHbIE MCIBITAHUS U3 OTAEIBHBIX
MOPIM KameabHbIM MeTofoM: Ha KaThoH Fe2+ ¢ rexcammanodepparom (III) xamus B kucioit cpene, Ha
katnoH Fe3+ c rekcammanogepparom (II) kamust B kucioi cpene u Ha katmoH NH4+ narpeBaHuem c
THJIPOKCHUIOM HaTpHsL.
[Tocne mpenBapuUTENbHBIX HCIBITAHUH K 2 MII cMecH [00aBisioT 6-7 kamenb 2 N pacTBOpa a30THOM
KHUCJIOTBI, TI€PEMEIIMBAIOT, HArpeBalOT Ha BOJJHOM OaHe, OXJaXJaloT, JM00aBIAIOT S5  Kamelnb
KOHIIEHTPUPOBAHHOM COJITHON KUCIIOTHI, AAl0T OCTOATH 2-3 MUH U LIEHTPU(PYTUPYIOT.
B ocanke moryT ObITh KaTHOHBI BTOPOH M TpeThelt rpymmbl B Buue coneir PbC12, PbSO4, AgCl, Hg2Cl2,
BaS04, CrS04, CaSO4.

B pactBope (neHTpudyrare) MOoryT HaXOAUTHCSI KATHOHBI BCEX IIECTH TPYIIIL.

AHaam3 cMecH 0e3 ocaaKa
[IpenaBapurensHoe onpeneneHue katnonoB Fe2+, Fe3+ u NH4+ npoBoasT u3 oTAenbHBIX TIPOO.
Otnenenue W OTKpBITHE KaTHOHOB Pb2+, Ag+, Hg22+ mpou3BoaaT Tak jke, Kak MpHU aHAIU3E CMECH
KaTHMOHOB TEpBBIX Tpex rpynm. B coctaB unentpudyrara I OyayT BXOIUTh KaTHOHBI TEPBOW, TPETHEH,
YETBEPTOM, ATOM U LIECTOM TPYIIIL.
Brinenenune u oOHapyKeHHE KaTHOHOB TpeThed Tpynmbl. LlenTpudyrar nocie otnenenus conerr PbCl2,
Hg2CI2 u AgCl o6pabarsiBator 8-10 kamssmu 2 N pacTBopa CEpHOM KHCJIOTHI, HarpeBaroT 4-5 MHUH, JalOT
MOCTOSITh ¥ aHAJIU3UPYIOT.

Omxpvimue xamuonos nepgoul epynnot NH4+, K+, Na+. bepym 1 mn yenmpughyeama (nocie omoenenus
KAMUOHO8 mpemveli 2pynnvl), HeuUmpaiusyrom 00 CciabowelouHol peakyuu KOHYeHMPUPOBAHHbIM
PAcmeopom 2UOPOKCUOa amMmMoHus, 0obasisiom 5—6 kaneiv Kapoonama ammonus. Ocadok omoensom
yeHmpughy2uposaruem, pacmeop ynapuearom 00CyXa HA cemke U NPOKAIUBarom 00 HOIHO20 YOaleHUs
cnedos xkamuona NH4+ (npoba ¢ peaxmusom Heccnepa). I[lonyuennvlil nocie NpoKAIUBAHUS OCAOOK
pacmeopsiom 8 5 - 6 Kanjisix OUCMULIUPOBAHHOU 800bl U onpedensitom kamuon K+ u kamuon Na+.
Buvioenenue u omkpwimue xamuonos uemeepmot, namou u wecmoi epynn. ILlenmpugyeam nocue
omoenenuss KamuoHos mpemvell 2pynnvl (OnpeoeieHuss  KamuoHO8 Nepeoll 2pynnvl) Heumpaiusyom
2UOPOKCUOOM HAMPUsL 00 WeLOUHOU PeaKyuy Ha JIaKmyc, HanoI08ury ynapusarom u anaiusupyom). Kpome
mo2o, cMecb KAmuoHO8 Yemeepmot, NAMOU U WeCmoll 2pynn, KAk 3mo Obllo YKA3aHO 8blide, MONCHO
uccnedo8ams OpoOHbIM MEMOOOM.

AHaJIN3 cMeCH aHNOHOB IepBOii, BTOPOil M TpeTheil rpynn

Jlst ananmza 6epyT okosto 30 kamens (1,5 mur) ucneityemoro pactsopa. OCTanbHYIO 4acTh pacTBOpa
COXPAHSIIOT 0 OKOHYaHUS UCCIICIOBAHUS U CJTAYM PE3YIIBTaTOB PaOOTHI.

IIpenBapurtenbHble HCTIBITAHUS

Ilpooa na anuonwt nepeoii cpynnvt. K 4 - 5 kannam neumpanvnozo uiu ciabouieiounozo pacmeopa
npuoasnAOm cmoavko xce pacmeopa xiaopuoa oapus (BaCl2). Obpazosanue ocadka ykazvieaem Ha
npucymcmeue AHUOHOG nepeoill cpynnvl. B maxom ciayuae npooenvigaiom uacmuvie peaKyuu Ha
Kaxcovlil aHUOH nepeoil Zpynnal.

IlIpooba na anuonwvt émopoiu cpynnult. K 4 - 5 kannam uccinedyemozo pacmeopa npudasisaom HeCKoabKo
Kanenv azomnoil kucnomol u 4 - 5 kanenv pacmeopa numpama cepeopa. Ecnu ocadox obpasyemcs,
3HAUUmM, RPUCYMCMEYIOM AHUOHbBL 6MOPOIL 2pynnbl. B makom ciyuae 6 omoenvnoil nopyuu pacmeopa
OMKPbI8AIOM AHUOHbBL 6MOPOIL ZPYNNbL.
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