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1. KauecTBeHHbIN XMMUYECKUN aHaNu3

B cBs3u ¢ mpuMeHeHHEeM Pa3IuYHBIX TPYIIIIOBEIX peareHToB chopMHUpPO-
BaJIMCh Pa3IuvHbIC KJacCU(PUKAMKU KaTHOHOB TI0 TPYIIIIaM HWJIU Pa3INIHbIC
METO/bI KAUECTBEHHOTO aHaJIN3a KaTHOHOB:

— CEpPOBOJIOPOIHBIN (CYTb(OUIHBIN);

— aMMHadHO-GochaTHBIN;

— KHCIIOTHO-OCHOBHOM;

— KapOOHATHBINH;

— OudTanaTHHIM;

— Ccyb(UIHO-OCHOBHOM;

— THOAlleTaMHUIHBIN.

Hawnbonee pacnpocTpaHEHHBIMHU SBISIOTCS TPU AHAIMTHYECKUE Kilac-
cu(uKaIMyi KaTHOHOB TI0 TPyMIaM: CepoBOAOpOoaHAs (CynbdumaHas); aMMu-
auHo-(ocdaTHas; KUCIOTHO-OCHOBHAs. B OCHOBY TOM Miau MHOM Kiaccudu-
KallMM KaTMOHOB TOJIOKEHBI UX CXOJICTBA WJIM Pa3IuyMsl MO OTHOIICHUIO K
JEHCTBUIO ONpPEEICHHBIX aHATUTUYECKUX PEareHTOB U CBOWMCTBA 00pa3ylo-
IIUXCSI IPOYKTOB PEAKIIMI: PACTBOPUMOCTD B BOJE, B KHCIIOTaX | IIesiodax,
B pacTBOpaX HEKOTOPHIX BEIIECTB, CIIOCOOHOCTHh K KOMIUIEKCOOOPAa30BaHUIO,
OKHCJIUTEIFHO-BOCCTAHOBHUTEIIbHBIC CBOWCTBA. B mpakThKe KadecTBEHHOTO
aHaiu3a Hambosee yJT0OHOMN SBISETCS KUCIOTHO-OCHOBHAS KJIACCU(pUKALIMS
KaTHOHOB.

1.1. KucrniomHo-0CHOBHas Knaccugukayusi KamuoHO8
no epynnam

KucnotHo-ocHOBHas kiaccudukaus KaTMoHOB (Tabn. 1.1) ocHoBaHa
Ha HCIOJH30BAaHUU B KA4YECTBE TPYMIOBBIX PEAreHTOB BOJHBIX PacTBOPOB
KucioT U menouert, Takux kak HCI, H,SO,, NaOH (KOH) B mpucyrcrBuun
MepOKCH/Ia BOJAOPOIa; PAaCTBOP aMMHAaKa.

Tabmuua 1.1
Kucnomno-ocnosnasa knaccugpukayus Kamuonos
I'pynna KaTtunonsl ['pynnoBoy peareHt

I Ag’, Hg,”', Pb*" Pactrop HCI

II Ca2+, Sr2+, Ba®* Pactop H,SO,4

111 Zn~, A", Cr'” Pacteop NaOH (KOH) B nipu-
cyrctBuu H,O,

Y% Mg”', Mn™, Fe*', Fe’" Pacteop NaOH (KOH) B npu-
cyrcteuu H,O,

\% Cu’’, Cd*", Hg™", Co™", Ni*" PactBop ammuaxa (25 %)

VI Na’, K, NH," -




K | aHamuTHUeCKOW TpyINIe OTHOCATCA KATHOHBI Ag Hg22+, Pb>".
['pynmoBbIM peakTuBOM sBisieTcst BOAHBIN pacTBop HCI (2 Monb/i); pexe —
pacTBOPHI XJIOPUAOB METAJIIOB, PACTBOPUMBIE B BOJie. [ pyIIoBOil peareHT
— XJIOPUI—HOH OCAXJAET W3 BOJHBIX PACTBOPOB KATHOHBI 3TOW TPYIIbI B
BHUJIE OCAJKOB MaJopacTBOPHMBIX B Boje xmopuaoB (K, — mpoussencHue
pactBopumocTtH, uinu [1P):

K. (AgCl) = 1,78 -107"%; K, (Hg,ClL) = 1,3 - 10°'%; K (PbCly) = 1,6 - 107,
t 2+ 2+ 2+

Ko Il ananutnueckoil rpymme oTHocAT kaTtmoHbl Ca” ', Sr°, Ba™.
['pynmoBoit peaktuB — pactBop H,SO4 (1 MoB/1), peske — pacTBOPHI CyJib-
daros. [Ipu aeiicTBUYU IpyIIIOBOro peareHTa cyib(ar —MoHa KATHOHBI 3TOU
TPYIIIIBI OCAKIAIOTCS B BUJIE MAJIOPACTBOPUMBIX CYIb(})ATOB:

K, (CaS0,) =25 -107; K, (SrS0,) = 3,2 -107; K,* (BaSO4)= 1,1 - 107"°.

[IpousBeneHne pacTBOPUMOCTH CyJIb(haTa KajabIis JOCTATOYHO BEJIHKO,
nosToMy KatuoHsl Ca’’ [ONHOCTBIO U3 pacTBOpa He ocaxkaaotcs. s Goree
MOJIHOTO UX OCAXJIEHHS B PACTBOP JOOABIISIIOT HTAHOJL.

III rpynma BKIIFOYAET KATHOHBI A, Cr', Zn™". ['pynmoBoi peakTuB —
n30bITOK BogHOTO pactBopa KOH unu NaOH (2 moinb/it) B IpUCYTCTBUU Tie-
pokcuna Bopopoaa H,O,. Ilpu nelicTBHM TpynmoBOIO peareHTa KaTUOHBI
TPEThEU TPyNIibl OcakAaloTcs B BHUEC aM(OTEPHBIX THAPOKCUIOB, PACTBO-
PUMBIX B U30BITKE, IEI0UYH C 00Pa30BaHUEM T'HIPOKCOKOMILIIEKCOB:

Al +3 OH — Al(OH);d; AI(OH):! + 3 OH™ — [AI(OH)e]”;

Zn*" +2 OH — Zn(OH),d; Zn(OH),d + 2 OH™ — [Zn(OH),]*".

B HpHCYTCTBHH IEPOKCHAA BOAOPOAa KaTHoH Cr'' OKHCISETCS [0
CrO,4”". OcaKi THAPOKCHIOB HE PACTBOPSIIOTCSA B AMMHUAKe, 33 HCKITIOUCHN-
€M TUJPOKCHAA LHMHKA, TPU OSTOM OOpa3yeTcss aMMUAYHBIA KOMILUIEKC
[Zn(NH;),]”"

K IV ananutnueckoil rpynmne OTHOCST KaTHOHBI Mg%, Mn%, Fe%,
Fe’'. I'pymmoBoii peakTHB — BOMHBIH PACTBOP MIENOYM (2 MOJB/T) HIH
25%-1 pactBOp ammuaka. [Ipu nelcTBUU TpyINIIOBOrO peareHTa KaTUOHBI
ATON TPYNNbl OCAXAAKOTCS W3 BOJHOIO PAacTBOpa B BHUJE THUIIPOKCHJIOB
Mg(OH),, Mn(OH),, Fe(OH),, Fe(OH);. I'uapokcuapl 3TON TPYNIbl HE
pPacTBOPSIOTCS B U30BITKE peareHTa B OTJIMYKME OT THMAPOKCHIOB KaTHOHOB
TPEThEN IPYIIIIHIL.

Ha Bo3myxe HEKOTOphIE THUIAPOKCHUIIBI MOCTEIIEHHO OKHUCISIOTCS KUCIIO-
pOIOM:

4 Fe(OH),{ + O, + 2 H,0 — 4 Fe(OH); {;

2 Mn(OH),! + O, — 2 MnO(OH),..

[Ipu nelicTBUM TpyNmoBOTO peareHTa B MPUCYTCTBUM MEPOKCUJA BOJIO-
pOJia TaK>Ke MPOTEKAIOT OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIC PEAKIUU:



2 Fe’'+ H,0, + 40H — 2 Fe(OH); {;

Mn**+ H,0, +20H — MnO,l +2H,0.

K V ananutndeckoil rpynmne OTHOCST KaTHOHBI Cu2+, Cd2+, Hg2+, C02+,
Ni*". ['pynnoBoii peaktuB — 25%-1 pactBop ammuaka. llpu ero aencrBun
BHAYAJI€ BBINMAJAIOT OCAJKH PA3JIMYHOrO COCTaBa, KOTOPBIE 3aT€M pacTBOPSI-
I0TCSI B U30BITKE TPYIIIIOBOTO peareHTa.

Kartronsl Cu”’, Co”’, Ni’" ocaxmaroTcs U3 pacTBOPOB MX XJIOPHIOB B
BHJIe OCHOBHBIX couieii coctasa CuOHCI1, CoOHCI, NiOHCI; katnonsr Cd**
— B (opme ruapokcuga Cd(OH),. IIpu peiicTBuM rpynmoBOro peareHTa Ha
pactBopbl HgCl, u Hg(NO;), BeinanaroT coorBercTBeHHO ocaaku HgNH,Cl

Ocanku ocHoBHbIX cojieid meau (II), nukens (II) u rugpokcuma kagmMus
pacTBOPSIOTCS B M30BITKE TPYIIOBOTO peareHra ¢ o0pa3oBaHUEM aMMHAay-
HBIX KOMILJIEKCOB:

CuOHCI + 4 NH; — [Cu(NH;),]* + OH + CI;

NiOHCI1 + 6 NH; — [Ni(NH;)]*" + OH + CI’;

Cd(OH), + 4 NH; — [Cd(NH;),]*" + 2 OH .

Ocajku, BbINMaBIime U3 pactBopoB coseit kodanbta (II) u prytu (II) npu
JEUCTBUU TPYIIIIOBOTO peareHTa, pacTBOPSIIOTCS B U30bITKE aMMHUaKka B IIPH-
CYTCTBHUHM COJIE aMMOHUSA ¢ 00pa30BaHUEM KOMILJIEKCOB:

CoOHCI + 5 NH; + NH," — [Co(NH;)s]*" + CI” + H,0;

HegNH,Cl + 2 NH; + NH," — [Hg(NH;),]*" + CI;

[OHg,NH,]NO; + 4 NH; + 3 NH, — 2 [Hg(NH;),]*" + NO; + H,0.

AMMuaunbiii komruieke koOanbsTa (II) rpsi3HO-KenToro 1BeTa OKUCIISIET-
Cs Ha BO3AyXe 10 amMMuayHoro komiuiekca kobOanbTta (III) BuUIIHEBO-
KpacHOTO IIBETA.

K VI amamutuueckoif rpymme oTHocstcs kaTmosl Na', K'| NH,'.
['pynimoBoy peareHT OTCyTCTBYET.

NMopsaaok NoAroToBKU U BbINOSTHEHUS

naéoparopHoun paboTbl

JIto6oe nmabopatopHoe 3aHATHE TPEOYET XOPOIIEeH TEOPETUUECKON MOJ-
roroBku. K maboparopHoil paboTe MOMyCKarTCs CTYACHTHI, MPOIIEIIINE
MHCTPYKTaX MO TEXHUKE OE30MaCHOCTH B J1a0OpaTOPUU aHATUTHYECKON XU-
MUH, 3HAIOIIHE OCOOCHHOCTH aHaJIN3a KaTUOHOB (AaHHMOHOB) Pa3JIMYHbBIX aHA-
JUTHYCCKUX TPYII ¥ UMEIOIINe J1a00paTOPHBIN KypHAJ C 3alUCIMH 10 yC-
TaHOBJICHHOUN Qopme. B xypHane ajig Kaxaou rpynmnbl KaTHOHOB (AHMOHOB)
JIOJKHO OBITH OMHCAHO CIIeAyIolee: 00Iasi XapaKTepuCTUKa aHaJTUTHYC-
CKOM T'pYIIbI, CBOWCTBA TPYIIIOBOTO pEareHTa, BCe aHATUTHUYECKUE PEaKINu
KaTHOHOB (aHHMOHOB) C YKa3aHHEM YCJIIOBHM UX MPOBEACHUS, PE3YIbTAThI pe-
aKIMi (aHAIUTUYECKUE MPU3HAKM), yIalieHHe MEIIaoNIMX HOHOB, pasjele-
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HU€ KaTUOHOB (AHMOHOB) HAa IPYMIbI, U3YYEHUE KAXKON TPYIIbI B OT/ACINIb-
HOCTH, YaCTHBIC PEAKIIMU KaTUOHOB (AHUOHOB).

Ha 3aHaTHsAX HE00X0AMMO BCE TEOPETHUECKUE PACCYKICHUS IMPOBEPUTH
Ha OIBITE M BHECTHU COOTBETCTBYIOIIME HCIIPABIICHUS B IPEABAPUTEIIHHO
MOJTOTOBJICHHBIC 3aITHCH.

Hopsaook nposedenusn pabomul cocmoum & cjiedyrouiem.

1. I3ydaror oOiMe W YacTHbIE PEaKIMM KAaTHOHOB AHAIIMTHUYECKOU
IpyMIbl corjiacHo 1iaHy. I[Ipu 3TOM TOYHO CIEAYIOT METOAMKAM IMPOBEJIe-
HUS XUMHYECKUX DPEaKIUi, KOTOphIE OMUCAHBbI I KaXXJI0ro kKatruoHa. B
JAHHOM CJTy4ae MO>KHO IO0JIb30BAaThCS TAK)KE ONMMCAHUEM BCEX XHMHUYECKHX
peaKkIuii, KOTOphIC MPEACTaBICHBI B Tabauiax. Pe3yabratel opopMIIsIOT Co-
ri1acHo hopme, IPeACTaBICHHOW B IPWIIOKEHHUH 1.

2. VccnenyroT cMech KaTHOHOB COTJIACHO XOJy aHaiu3a. Pe3ynbTaThl
oopMIISIOT coryiacHO TpuiokeHuto 2. [lo uroram mnpoBeneHHON padOThI
JIeNal0T BBIBOJ.

JNTabopaTtopHas paboTta Ne 1
AHanun3 cmecun KatTMoHOB 1 aHaNUTU4YeCKOM rpynnbl

1.2. AHanumu4yeckue peakyuu kamuoHos | 2pynnbli

1.2.1. AHanuTM4YecKkue peakumm KaTMOHOB cepebpa Ag”

KaTtnons! cepebpa (Ag') 0OpasyloT OCagKh CO MHOTHMH PeareHTaMH.
Jlnst oTKphITHS KaTHOHOB cepedpa (1) yanie Bcero UCHoIb3yIOT peakiuu 00-
paszoBaHus ocaakoB ¢ annoHamu: Cl , Br , 1, CrO,~.

1. Katuonbsl Ag+ 1mipu B3aMMOJICUCTBUU C PACTBOPUMBIMH XJIOPHIAMH,
OpoMuIaMU U MOANAAMH 00pa3yIOT COOTBETCTBYIOIINE OCAKHU:

Ag' +ClI' — AgCl| (1.1); Ag" +Br — AgBr| (1.2);
OeJIBIN ’KEJITOBATBIN
Ag+ +1 — Agl] (1.3).
JKENTBhIN

OTtkpeITHIO KaTHOHOB cepedpa (I) ¢ JTaHHBIMM MOHAMH MEIIAIOT KaTHO-
ub1 Pb*", Hg,”", 06pasyromiue MaIopacTBOPHMBIE OCAIKH:

1.1. Ocamok xjopuga cepeOpa pacTBOpPSETCS B KOHIIEHTPUPOBAHHOM
pacTBOpe aMMHuaKa ¢ 00pa30BaHUEM KOMIUIEKCHOTO COEANHEHUS:

AgCl| + 2 NH; — [Ag(NH;),]Cl. (1.4)

A. Ilpu noakucieHny pacTBOpa JaHHOTO KOMILIEKCA a30THOM KUCIOTOM
(mnst koHTpOIs 32 pH cpenbl ucnonb3ytoT pactBop (dheHondTasenHa) Bblina-
JaeT 0CaJIoK XJopuaa cepedpa:

[Ag(NH;),]Cl1+2 H" — AgCl] + 2 NH,". (1.5)



b. Ilpu noGaBnenun k pactBopy komiuiekca [Ag(NH;),]Cl pactBopa
noauna xamusg KI oOpasyercs ocamok moauaa cepedpa Agl| xkeaToBaToro
IIBETA:

[Ag(NH;),]Cl + KI — Agl| + KCI + 2 NHs. (1.6)

1.2. Ocamok xyopuga cepedpa pacTBOpsETCS TakKe B KOHIIEHTPHUPO-
BAHHOM PACTBOPE COJISTHOW KHUCJIOTHI M PACTBOpPAX XJIOPUIOB, [IUAHU]IA, THO-
cysibdara HaTpUs WU KaJIUsi C 00pa30BaHUEM PACTBOPUMBIX KOMILIEKCOB:

AgCl| + CI” — [AgCL] ; (1.7)
AgCl| +2 KCN — K[Ag(CN),] + KCI; (1.8)
AgCli +2 N&zSzO3 — Na3[Ag(SzO3)2] + NaCl. (19)

2. IIpn B3aUMOJEWCTBMU C KOHLEHTPHUpPOBaHHBIM pacTBopoM H,SO4
WM PacTBOPaMU CyNb(HaToB KaTHOH Ag' ocaikJaeTcs B BUJE OI0ro oca-
Ka cyJibdara:

2 Ag" + S0 — AgySO4. (1.10)

OenbIi

3. IIpu B3aumoaecTBUM ¢ KapOOHATAMU IIEJIOYHBIX METAJUIOB KaTHOH
Ag’ ocaxmaeTcs B BHE XKeITOTO 0cajKa KapOoHaTa:

2 Agh+ CO5> — Ag,COsl. (1.11)

HKEIIThIN

4. Tlpu B3aMMOJIEHCTBUM KaTHOHOB cepebpa Ag ¢ aHMOHAMH XpoMaTa
CrOs B HelTpansHOU cpene (pH = 6,5 — 7,5) BeImagaer ocajiok Xxpomarta
cepedpa KUPIMUYHO-KPACHOTO I[BETA:

2 Ag" + CrOs — Ag,CrOy]. (1.12)

KUPIUYHO-KPACHBIN

Ocanok pacTBOpUM B KHUCJIOTax; B KOHIIEHTPUPOBAHHOM pPacTBOpPE aM-
MHaKa ¢ 00pa30BaHUEM KOMIIJIEKCHOTO COEUHEHHUS

AgCI'O4l +4 NH3 — [Ag(NH3)2]2CI'O4 (113)

Ecin peakiyio Mexay KaTHOHOM Ag 1 aHHOHOM XpoMaTa CrO~ po-
BOJIUTH B IIEJIOYHOM Cpesie, TO B OCAJ0K BbINaJlaeT oKcuj cepedbpa Ag,O. B
YKCYCHOKHCIION cpene oOpaszyercst ouxpomar cepebpa Ag,Cr,O7], ocamok
KpacHO-O0yporo 1BeTa.

JlaHHO# peakiMy MeIIaloT BCe KaTHOHBI, 00pa3yrolIiue MajlopacTBOPU-
Mble xpomathl (Sr°', Ba®", Hg,”", Hg*", Pb™").

5. IIpu B3auMOJIEHCTBUY C PaCTBOPOM aMMHUaKa KaTUOH cepedpa obpa-
3yeT KOMILIEKCHOe coenuuenne cocrasa [Ag(NH;),], "

1.2.2. AHaNUTMYecKue peakumm katnoHoB ptyTu (1) Hg,**
1. Katnonsr Hg, 2 IIPU B3aUMOJICCTBUU C aHMOHAMH XJIOpHJA B pac-
TBOpax 00pa3ytoT Ooenbii ocagok kamomenn Hg,Cly:
Hg,” +2 CI' — Hg,Cl]. (1.14)
OeJIBIi 0CaI0K



Ha cBety ocanok kKajioMmenu MOCTENEHHO YEPHEET BCIEACTBHE 00pa3o-
BaHUS TOHKOJMCIIEPCHOW METAJUIMYECKON PTYTH:

Hg,Cl,| — HgCl, + Hg|. (1.15)

Ocanok xanomenu Hg,Cl, He pacTBopsiercst B pazbaBiernHot HNOs, HO
pactBopsieTcsi B KoHIIeHTprupoBaHHOW HNOs:

3 Hg,Cl,| + 8 HNO; — 3 HgCl, + 3 Hg(NOs),+ 2 NO1 + 4 H,0.

(1.16)

[Ipu nobGaBieHUU K OCAJKy KaJIOMEJIHM PacTBOpa aMMHaKa OH TEMHEET
BCJICZICTBUE BBIJICJIICHUS TOHKOJIUCIIEPCHON METAINTMYECKOU PTYTH:

NHorna nporekanve JaHHOM peakuuu (IpU B3aUMOJIECTBUH C BOJIHBIM

pacTBOpOM aMMI/IaKa) OIIUCBIBAIOT CIICAYIOIIUM YPABHCHUCM!
+

~Hg -
2 Hg,Cl, +2 NH,OH — o\H ~ NH, +2Hgl+ NH4+ +4Cl + szo. (1.18)
g

2. IIpn B3aMMOJICHCTBUU KaTHOHA ng2+ C CEpHOM KHCJIOTOM BBINTAAACT
oenbIit ocanok cyibdara prytu (I):

Hg,*" + SO — Hg,SO4|. (1.19)

OeJIbIi

Ocafok BINAJAET U3 KOHLIEHTPUPOBAHHBIX PACTBOPOB PEArE€HTOB.

3. BoccTranoBiieHne KaTuoHa ng2+ METaJUIMYECKON MEIbI0 10 MeTall-
JINYECKOU PTYTH:

Hg,” + Cu — 2 Hg| + Cu™". (1.20)

OTOH peaKIMi MEIIat0T KATUOHBI Hg2+, JarolKe No00HbBIN pe3yJIbTar.

4. Peakiusi ¢ BOAHBIM pacTBOpoM amMmuaka. KaThoHbI ng2+ B3aUMO-
JIEHCTBYIOT C aMMHAaKOM B BOJHOM pPacTBOpE C OOpa30BaHUEM UYEPHOTO
ocajika, IPEJCTABISAIONIETO CMECh TOHKOJUCIEPCHOW METANINYECKOU PTY-

+t

TH U COJIH, coaepxatnent katnon [OHg,NH;] :

~Hg
2 Hg,(NO,), + 4 NH; + H,O—> O\Hg:NHz N03l 4 2Hgl +3 NH,NO; . (1.21)

5. Katnonsl Hg22+ MpU B3aUMOJICCTBUM C MOHAMH MOJHJIA O0pa3yroT
3enensbli ocagok noaunaa prytu (I) Hgyl,, pactTBopuMblil B M30BITKE peak-
THBa ¢ 00pa30BaHUEM MPO3PAYHOTO OECIIBETHOTO KOMILJIEKCHOTO COEIUHE-
uust [Hgol,]” 1 MeTanmuaeckoii pryTy:

Hg,’" +21 — Hgl; (1.22)

Hgl| +21 — [Hgl]" +Hgl. (1.23)

YEpHBIN



6. KapOonaTtel HaTpusi U Kanusi ocaxjaroT katuoHsl prytu (I) B BHIE
kapOonarta prytu (I) *enToro msera:
Hg,*" + COs> — Hg,COs|. (1.24)
KEJITBIN
Ocanok kapOoHaTa PTYTH HECTOMKHI M TIOCTETIEHHO TEMHEET BCIEICT-
BUE MPOTEKAHUS PEAKIUU:
YEpHBIN
7. Katnoust Hg,”" o6pasyror ¢ annonom xpomara CrO,>” 0cagok Kup-
nuaHo-KpacHoro nera Hg,CrOy:
Hg,”" + CrO” — Hg,CrO,|. (1.26)
KUPIIUYHO-KPACHBIN
JlaHHOW peakIud MENIal0T BCE KATUOHBI, 00pa3yIOIINe MajJopacTBOPH-
Mbie xpoMmatsl (Sr°, Ba®", Pb®"). Ocamok pacTBOpseTCs B a30THOM KHCIOTE.
8. Illenoun (NaOH, KOH) ocaxnaroT katuous! prytd Hg,”' u3 pac-
TBOPOB B BHUJIE YepHOIro ocajka okcuaa prytu (I):
Hg,*" +2 OH — Hg,(OH),| — Hg,0| + H,0. (1.27)

YEPHBIN

1.2.3. AHaNUTMYeCKMne peakLumm KaTuoHoB cBuHua (Il) Pb*

1. Katuons! cBuHIa 00pa3yroT ¢ annoHamu xsopuaa Cl— (mpu pH < 7)
Oenblii ocaniok xjaopuaa cBuHia PbCls:

Pb> +2 Cl” — PbCl|. (1.28)

OcbIit

Ocaiok XOpoI1I0 pacTBOPUM B TOpsU€eil BOJIE.

2. KaTuoHbl cBUHIIA TIPY B3aUMOACHCTBUM C PACTBOpPaAMU HOJIUJIOB 00-
pa3yIoT JKENThIN 0CaJ0K MO/IN/Ia CBUHIIA, PACTBOPUMBIN B N30BITKE PEAKTH-
Ba ¢ 06pa30BaHIeM aHHOHOB TeTpaitomunommobata (II) [Pbl]* :

Pb> +21 — PbL|; (1.29);
JKENTBhIN
Pbl,| +21 — [PbL]*. (1.30)

Ocanox Pbl, pacTBopsieTcss B BoJie MpU HarpeBaHUU U B PacTBOPE YK-
CYCHOM KHMCIIOTHI. Peakuuum KaTHOHOB Pb*" ¢ monamu HOoAMJa MENIAlT Ka-
trousr: Cu””, Ag’, ng%, Hg2+, Fe''.

3. Karuons! cBunna Pb>" IpU B3aUMOJICUCTBUU C aHMOHAMHU cyibdara
SO,> 06pasyroT Gelblil 0canoK CylIb(aTa CBUHIA:

Pb”™" + S04 — PbSO4]. (1.31)

OebIi

A. Ocanok pacTBOpsieTCsl TP HarpeBaHUU B IIejiodax (B OTIIMYHE OT

ocanakoB CaSQOy, SrSOy, B%SO4):
t
PbSO4l +4 NaOH —— Naz[Pb(OH)4] + NaQSO4. (1 32)
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b. Ocanok cynbdara CBUHIIA PACTBOPSIETCS TaKXKE€ B KOHIIEHTPUPOBAH-
HOU CEpHOM KHUCIIOTE ¢ 00pa3oBaHUEM TUIPOCYIb(dara:

B. Ocanoxk PbSO, pactBopsiercss B 30%-M pacTBOpe arerata HaTpus
(W1 aMMOHUS ):

2 PbSO,| + 2 CH3;COONa — [Pb(CH;CO0)],SO4 + Na,SO4. (1.34)

OTKpBITUIO KaTHOHOB CBHHIIA B BHUJE CyJib)aTa MEIIAIOT KAaTHOHBI:
Ca®™, Sr*', Ba™, Hg,™".

4. lllenoun m pacTBOp aMMHaka IMPU B3aUMOACHCTBUU C KaTHOHOM
Pb°" 06pasyioT Geblii 0caT0K THAPOKCHIA CBUHIA:

Pb> +2 OH — Pb(OH),|. (1.35)
OebIi

OcaI[OK paCcTBOpHM B KHCJIOTAX M IICJI0Yax:

Pb(OH),| + 2 H" — Pb*" + 2 H,0; (1.36)

Pb(OH),| +2 OH — [Pb(OH)4]* . (1.37)

B u30sITKE pacTBopa ammuaka ocagok Pb(OH), He pacTBopsieTcs.
2+
5. PacTBOpbI KapOOHATOB IIETOYHBIX METAIOB OCAKIAIOT KaTHOH Pb
B BHUJIE OCaJIKa KapOoHaTa CBHHIIA O0€JIOro I[BETa:

Pb>" + COs> — PbCOs| (1.38)
OeJbIi
WJIU B BUJIE OKCOKapOoHaTa:
2 Pb*" + CO;* + 2 H,0 — Pb,(OH),COs| + 2 H'. (1.39)
OelbIi

2_
6. Katnons! cBuHIIA 00pa3yroT ¢ anmoHamu xpomara CrO,  (uimu Owm-
2— o o o
xpomara Cr,O;° B YKCYCHOKHCJION CpeJie) JKEeNThI KPUCTAIIMICCKUNA Oca-
1ok xpomata cBuHIa PbCrOy:

Pb”" + CrO,>” — PbCrO,|; (1.40)
JKEJITBIN
2 Pb* + Cr2072_ + 2 CH;COO + H,0 — 2 PbCrO,4] + 2CH3;COOH.
JKEJITBIN
(1.41)

Ocaziok XxpoMaTa CBUHIIA HE PACTBOPSETCS B YKCYCHOUM U pa30aBlIeHHOM
a30THOM KHCJIOTAaX, B BOIHOM PACTBOPE aMMHAKa, HO PACTBOPSAETCS B LIEIIO-
qax ¢ 0OpaszoBaHmeM GecrBeTHOro Komiuekca [Pb(OH),]”:

PbCI'O4l + 4 NaOH — Naz[Pb(OH)4] + NaZCrO4. (1 42)

Peakiuy KaTHOHA CBHHIA C XpOMAaToM MeraroT katious! (Ba®', Hg*' u
1p.), 00pa3yrolIre HEPaCTBOPUMBIEC XPOMATHI.

B Tabmuue 1.2 mpeacraBieHbl MPOIYKTHl HEKOTOPBHIX AHAIUTHUYECKUX
peaKunil KaTUOHOB | aHAIIMTUYECKON TPYNIbI O KACIOTHO-OCHOBHOW KJIac-
cu(UKaIMU U CBOWCTBA JJAHHBIX MTPOTYKTOB.
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Tabmuna 1.2

Ilpooykmul HeKomopwix aHaIumMu4ecKux peaxyuil
kamuonos I zpynnui

PearenTsi [TpoyKThl aHATUTUYECKUX PEAKIIUI KATHOHOB
Ag" Hg,™ Pb”"
HCl, Benslii ocagok Benslii ocanox Benerit ocagox PbCl,.
XJIOPHUIBI AgCl. PacTBopsieTcs Hg,Cl,. PactBopsieTcs
B pactBopax NHj, B rOpsiuei BOJIE.
KCN, N328203.
H,SOq,, benrwrit ocanox benwrit ocamox benwrit ocamox
CyJb(aTsl Ag,SO, (u3 konnen- | Hg,SO,4 (u3 konnen- | PbSO,. PacTtBopum B
TPUPOBAHHBIX pac- TPUPOBAHHBIX pac- | pacTBOpax LIEIOUEH,
TBOPOB). TBOPOB). alerara HaTpus,
KOHIIEHTPUPOBaH-
uerx HCI u H,SO,.
H,S unu Na,S, UYepHblli 0caiok UYepHblil ocagok YepHnsriii ocagok PbS.
Na,S,05 Ag,S. PactBopum Hg,S. Paznaraercs PactBopum B HNO;.
B HNO;. na HgS| + Hgl.
NaOH, KOH Bypslii ocamok UYepHblil ocagok benblii ocanok
Ag,0. PactBOopum Hg,O. Pb(OH),. PactBopum
B aMMHaKe. B II[eJI0YaX.
NH,OH Bbyps1it ocanok UYepHslii 0cagok benslii ocanox

Ag,0. PactBopum
B aMMHAKe.

Hg | + HgNH,CI!.

Pb(OH),. PacTtBopum
B I1I€JI0YaX.

NaQCO3, K2C03

KenTelit ocaiok
Ag,CO;. PactBOopuM

JKenteiit ocanok
Hg,COs. Paznaraercs

Bbenwiit ocamok
sz(OH)2C03 Pac-

B aMMHAKe. na HgOl + Hgl + | TBOpHM B mienouax.
Co,T.
Na,HPO, KenteIit ocaziok benwiii ocanok benwiit ocanok
Ag;PO,. PactBopum | Hg,HPO,. PactBO- Pb3(PO,),. PacTBo-
B aMMHaKe. puM B HNO;. puM B HNO;
U IIenovax.
KI KenteIit ocaziok JKenro-3enensnii oca- | XKenreiii ocagok Pbl,.
Agl. PactBopum nok Hg,PO,. PactBo- | PacTBopuM B ropsiueit
B Na,S,03; u KCN. pum B HNO:s. Boje, n30nITKe K1,
CH;COOH.
K,Cr, O+ Kupnununo-kpacHblii KpacHnslit ocagok Kentelit ocanok
CH;COOH ocanok Ag,CrOy Hg,CrO,. PactBopum | PbCrO,. PactBopum
(K,CrOy) wi Ag,Cr,04. Pac- B HNO;. B IIIeJIOYax.

TBOPHUM B aMMMAKC.

1.2.4. AHanu3 cmecu KaTUOHOB | aHanNUTMYecKomn rpynnbl
K ananusupyemomy pacTBOpy (cMech KaTHOHOB | aHaIuTHYECKOM
IpYyIIbl) MpUOABISAIOT TpyImnoBo peaktuB — pactBop HCIl (2 monw/m) mo
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MOJTHOTO BBIJICTICHUS] OCaJKa, COCTOAIIET0 M3 CMECH XJOPHUIOB cepedpa
AgCl, prytu (I) Hg,Cl,, cBunma PbCl,. Cmech neHTpudyrupyoT U mpoBe-
PSIIOT TIOJIHOTY OCAXACHUSI XJIOPUJIOB, MPUOABIIAS K MPO3PAYHOMY LIEHTPHU-
¢dyrary 1 — 2 xamum pactBopa HCl. Eciu pacTtBop ocTaercss mpo3pauHbIM,
OCAQXJIEHHE CUUTAIOT MOJIHBIM. Eclii pacTBOp MyTHEET, MPUOABISAIOT JOMOJI-
HUTEJIBHO PACTBOP COJISTHOM KUCIIOTHI JIO TTOJTHOTO MPEKPAIIEHUS OCAXKICHUS
XJIOPUJOB. 3aTEM OTACIISIIOT OCAJ0K OT HEeHTpHUudyrara, IpoOMbIBAIOT PacTBO-
poM HCI, BHOBB OTIENAIOT 0Ca0K IIEHTPU(YTUPOBAHUEM.

1. OTaennenne U OTKPbITHE KATHOHOB CBHMHIIA Pb**. K OCaJIKy XJIO-
pUI0B J00ABIAIOT HEOOJBIION 00bEM NHCTHUILUITMPOBAHHON BOIBI U CMECHh
HarpeBaroT JI0 KUIeHusi. PacTBOpUMOCTh XJIOpUJa CBUHIIA B BOJIE C POCTOM
TeMIiepatypsbl yBenuuuBaetcsi, nosromy PbCl, mepexonut B pacTtBop, a B
OCaJIKE OCTAIOTCS XJIOPUABI cepedpa U PTYTH.

[Nopsiuyto cMech nieHTpudyrupyroT, pactsop PbCl, oTaenstoT ot ocaaka
M B OTHEIBHBIX IPOOAX ITOTO PACTBOPA OTKPHIBAIOT KATHOHEI Pb>" ¢ momo-
1pto pactBopoB KI u K,CrOy,.

2. OTae/1eHNe U OTKPbITHE KATHOHOB cepedpa Ag . [ToBTopsioT 00-
paboTKy XJ0pua0B cepedpa u pryTH (I) IMCTUIIMPOBAHHON BOJION TP Ha-
IPEBAHUH JI0 MTOJHOTO YAAJIEHUS CIIEI0OB OCTABIIErOCs XJIOpUAa CBUHIIA.

3aTeM OTHEISIOT U OTKPBIBAIOT KaTHOHBI cepedbpa Ag . K ocaaxy (AgCl
+ Hg,Cl,) npubaBistoT HEOObIIOW 00bEM KOHIIEHTPUPOBAHHOTO PacTBOpA
aMMHaKa, CMeCh IIepeMeIInBaloT U eHTpudyrupyroT. [Ipu o6padboTke ocaj-
Ka aMMHaKOM XJIOpHJ cepedpa pacTBopsieTcsl ¢ 00pa3oBaHHEM OECIIBETHOTO
kommirekca [Ag(NH;),]". B ocanke octaercs xmopua prytH (I).

Cwmech neHTpudyrupytor. Katnons! cepedpa Ag' OTKpPBIBAIOT B OT/ENb-
HBIX MOPIUAX HEeHTpU(yTraTa peakiusiMyi ¢ KOHIIEHTPUPOBAHHBIM PaCTBOPOM
HNO; (Beimagaet 6enbiii ocanok ximopuaa cepeopa AgCl — pactBop MyTHe-
eT) u ¢ pactBopoM KI (Beimamaer »enThlil ocajok noauaa cepedpa Agl —
pPacTBOp TaKKE MYTHEET).

3. Orkpertne katnonos pryru (I) Hg,”". Ocanox ximopuna prytu (I)
Hg,Cl,, ocraBmmiica nocie 00pabOTKH aMMHUAaKOM CMECH XJIOPHUJIOB cepeo-
pa U pTYTHU, IOJKEH MOYEPHETh, TAK KaK MpHU peakuuu xyopuaa prytu (I) c
aMMHaKOM BBITIAJIA€T METAJIMYeCKas PTYyTh, MPUIABasl OCAAKY YEPHBIN
IBET:

Hg,Cl, + 2 NH; — HgNH,CI| + Hgl + NH,CI.

OeJbIit YEPHBIN

[TouepHeHue ocajika CBUJIETEIBCTBYET O MPUCYTCTBUU KAaTHOHOB PTYTH
() Hg,™".

CucrteMaTndeckuil XOJI aHaJiM3a CMECH KaTUOHOB | aHamMTH4ecKoi
TPYIIIIBLI IpeicTaBlieH B Tabmuie 1.3.

12



Tabnuua 1.3
Cxema xo0a cucmemamuuecko2o aHaiu3a cmecu

kKamuonoe I ananumuueckoi cpynnbl

K uccrnenyemomy pactopy npunuatoT HCI (2 Moitb/i1), 100aBISIFOT HECKOJIBKO Karesb dTa-
Hosa ¥ neHTpudyrupyor. llenTpudyrar 1 He uccrieayor.

Ocanox 1: AgCl, PbCl,, Hg,Cl,. K ocagky 100aBistoT TUCTHIUITMPOBAHHYIO BOJy U HarpeBa-
10T Ha BOJISIHOM OaHe.

Ocanok 2: AgCl, Hg,Cl,. O6pabaThiBatOT KOH- Hentpudyrar 2: Pb™", CI". OGHapyxu-
LEeHTpHUpOoBaHHbIM pacTBopoM NH;OH. BalOT KaTHOH Pb*" ¢ momormsio peakTu-
BOB: KI n K,CrOs.

Ocanok 3: Hentpudyrar 3:
HgNH,CI! + Hgl; | [Ag(NH;),]". O6pabarsi-
YEpHBIN BaroT KoHIL. p-poM HNOs.
Ocanox AgCI; Gembiit.

JTabopaTopHas paboTta Ne 2
AHanus cmecu KaTUOHOB 2 aHaNUTUYECKOM rpynnbl

1.3. AHanumuyeckue peakyuu kamuoHoe Il epynnbi

1.3.1. AHanuTn4YeckKue peakumm KaTMUOHOB KarnbLUA ca®

1. Katuons! kansimst Ca® o6pasytoT ¢ annoHamu cynbgata SO~ Ge-
JIBI 0CaZioK MajlopacCTBOPUMOIO B BOJIE Cyib(daTa KalbIUsi, KOTOPBIN TIpU
MEJIJICHHOW KPUCTAJUIU3AIUUA BBIJEISAETCS B (DOPME UTOJIbUATHIX KPUCTaJI-
noB muHepana rurnca CaSOy - 2 H,O. Xopomio pa3indumsel 07 MUKPOCKO-
MOM:

Ca*" +S0O4” +2 H,0 — CaSO, - 2 H,0/. (1.43)

OeJIblil

Puc. 1.1. Kpucmannet eunca (CaSOy - 2 H,O) noo mukpockonom
Ocanok cynbdara Kajabllusl HEPACTBOPUM B KHUCJIOTaX M IIEJIoYax, HO

pPacTBOPSIETCS B HACBIILIEHHOM BOJIHOM pacTBOpE Cyib(para aMMOHHS ¢ 00pa-
30BAHUEM KOMILJIEKCA:

C&SO4l + (NH4)2SO4 — (NH4)2[C3(SO4)2], (144)
YTO IO3BOJISIET OTACIUTh KATHUOHBI Ca”" or xarnonos Ba®" u Sr**

[Ipu HarpeBaHuu ¢ pacTBOpUMBIMH KapOoHaTtamu ocanok CaSO, mepe-
XOIUT B O€JbIi 0calok KapOOHATa KaJbIIUA:
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CaS0O,4| + Na,CO; — CaCO;| + Na,SOs,. (1.45)

KapOonat kamplusi pacTBOPHM B KHCJIOTaX, IOATOMY HarpeBaHHe
CaSO, ¢ pacTBOPOM COBI C MOCTEAYIONINM pacTBOPEHUEM 00pa30BaBIIIETO-
csi CaCO; uCnoNb3yroT AJIs OTACICHUS! KaTUOHOB KaJIbLIMSI BMECTE C KaTHO-
Hamu cTpoHuus U Oapus (Il rpynma) oT KaTHOHOB APYTUX aHATUTUYECKHUX
TPYIII U 1)1 IEpeBOJia UX B pacTBOP.

2. Katuonst Ca®" o6pasytoT ¢ annoHom okcanara (C,0,”") Genblit kpu-
cTalmInueckuil ocanok okcanara Kby CaC,0y:

Ca™" + C,047 — CaCy04]. (1.46)

OCIBIN KPUCT. 0CATOK

Peaxuuto npoBoasT B ciabokuciou cpene (pH = 6,0 — 6,5) B mpucyrct-
BUM YKCYCHOM KHCJIOTBI, B KOTOPOW OKcCajaT KaJbIUs HE PaCTBOPSETCA.
Ocanox CaC,04 He pacTBOpsieTCS B aMMHUaKe, HO PAacTBOPSETCS B pa3daBs-
JIEHHBIX MHMHEPAJIbHBIX KHUCIOTaX C OO0pa30BaHMEM IIABEJIEBOM KHUCIOTHI
H2C204I

CaC204l + 2 HCl — CaClz + H2C204. (147)

JlaHHO} peakuuy MewraoT katuoHsl Ba®’, Sr*’, Mg®’, kxotopsle ¢ okca-
JaTOM 00pa3yIoT aHAJIOTHYHBIE OCA/IKH.

3. Karuousr Ca®" o6pasyior ¢ rekcanmanodeppatom (II) xamus
K4[Fe(CN)¢] npu HarpeBaHuu pacTBOpa B MPUCYTCTBHUM KaTHOHOB aMMO-
HUs OeJblii KPUCTANTMYECKUM OCaJOK CMEIIAHHOTO rekcaluaHodeppara
(IT) ammonwust u kanbius (NHy),Ca[Fe(CN)g]:

Ca™ + 2 NH," + [Fe(CN)s]*” — (NHy4),Ca[Fe(CN)g]{. (1.48)

OenbIi

Ocanok He pacTBOPAETCA B YKCYCHOM KHUCIOTE. JIJaHHOW peakiuu me-
MIAI0T KaTHOHE! Ba® u apyrue, o6pasyomue ocaaky hepporHaHiIoB.

4. Tpu B3aMMOJIEHCTBHH KOHIEHTPUPOBAHHBIX pacTBOpoB coneit Ca’’
¢ pactBopoM xpomaTta Kanus K,CrO, obpasyercs )KenThIi 0CaJoK XpoMarTa
KaJIBIIHS:

Ca*" + CrO,” — CaCrO.. (1.49)
B IMPpUCYTCTBUHU yKCYCHOfI KHUCJIOTBI UJIK all€TaTa HATPHUA OCAO0K HC 00-
pasyeTcs.

W cnbIThIBAIOT €ro pacTBOPUMOCTh B YKCYCHOW KHCIIOTE U aleTaTe Ka-
TS B 000OHX CIy4asix 0CaJOK pacTBOPSAETCA.

1.3.2. AHanMTUYeCcKne peakLumm KaTuOHOB CTPoHLUMA Sr*

1. Katnonbl Sr° 06pasyloT ¢ aHHOHaMH cyibdara Oelblii 0OCamoK
cynbdara crponmust SrSO™:

Sr*" + SO, — SrS04). (1.50)

OeJIbIi
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Ocanok He pacTBOpsieTCA B WIEJIOYaxX, a TakKKe B pacTBope cyib(ara
ammonusi (NH4),SO, (B otinune oT ocaaka cynibdaTra KaJlbIUs — CM. PEaK-
uuto 1.44).

W cnbIThIBaIOT paCTBOPUMOCTD OCaJIKa B pacTBOpax IIEJIOYH U cyibdara
aMMOHUS (0CaIOK HE pacTBOPSIETCH).

Ocanok SrSO,4 006pa3yeTrcs TakKe MpU JACHCTBUM HA PACTBOPUMBIE COJIU
CTPOHITUSL “THUIICOBOM BOABI” (HACHIIICHHBIM BOAHBIN pacTBOp CaSOy), mo-
CKOJIBKY pacTBOPUMOCTH B BOJIE CyJib(aTa CTpOHIIMS MEHBIIIE, UeM CyJib(aTa
KJIBITUSL:

tO

Sr** + CaSO; —— SrS04] + Ca™". (1.51)

Peaknusa coner CTpOHUHMS C THUIICOBOM BOJOM NMPOTEKAET IPHU HATPEBa-
HUUW PacTBOpA, €l MelllaeT HaJTu4Ihe KaTuoHa Oapus Ba*".

IIpn nHarpeBanuu ocanka SrSO, ¢ HACBIIIEHHBIM PACTBOPOM COJBI OH,
KaK U CyJb(aT KaJlbliMsl, MEPEXOJUT B 0caloK kapOoHara cTpoHius SrCOs,
pPacTBOPUMBIN B KUCIIOTaX.

2. Katuousr Sr** 00pa3yloT MpU HAarpeBaHUU C aHMOHAMM KapOOHaTa
OeJblii KPUCTATUTMYECKHI 0CaJloK KapOOHATa CTPOHIIUS:

tO
Sr** + CO;*” — SrCOs]. (1.52)
OebIit

Ocanok pactopum B kuciotax (CH;COOH, HCI, HNO3).

3.1Ipu B3aMMOAECHCTBUM KOHUEHTPUPOBAHHBIX PACTBOPOB COJEU
CTPOHIIUs ¢ pacTBOpoM xpomata kanusi K,CrO4 00pa3yercs ocagok xpoma-
Ta CTPOHIIUS JKEJITOrO IBETA:

Sr*" + CrO,° — SrCrO4). (1.53)

YKEJIThIN

B npucyTcTBUM YKCYCHOM KMCIIOTHI WJIM €€ COJIU OCaZ0K He oOpasyeTcs.

HcnbIThIBalOT paCTBOPUMOCTD OCAJIKa B YKCYCHOW KHUCIIOTE WJIM PACTBO-
pe anerara Kajnus — 0CaJJoK pacTBOPSAETCS.

4. Ilpu B3auMOJENUCTBUMN COJIEH CTPOHIIMS C OKCAJIATOM KaJius (aMMo-
HUsI) 00pa3yeTcs Oeblii KPUCTAUTMYECKHI OCaJloK OKcajiaTa CTPOHIIMS
SrC,04:

St + C,045 — SrC,04]. (1.54)

OenbIit
Ocaziok okcanaTa CTPOHIUS pACTBOPUM B KUCIIOTaX.

1.3.3. AHaNUTMYeCKne peakLmm KaTuoHoB 6apusa Ba*

1. [Ipu B3auMOJEHCTBUN C aHMOHAMHU CyJb(daTa KaTHOHBI Ba®*' obpa-
3YIOT O€JIBIM KPUCTATTMYECKUIN 0CcaZioK cyb(dara Oapusi:

Ba®" + SO,”” — BaSO4]. (1.55)

OeJIblil
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Ocaznok He pacTBOpSETCA B KHUCIOTAaX M IIEN0YAX, 34 UCKIIOYEHUEM
KOHILICHTPUPOBAHHON CEpHOM KUCIOTHL. B mociemnem ciydae oOpasyercs
pacTBop ruapocyibhara Gapusi:

BaSO4i + H2SO4 — Ba(HSO4)2 (1 56)

[Ipu HarpeBaHuu ¢ pacTBOpaMu KapOOHATOB OCaJOK Cylibdarta Oapus
NEePEXOUT B MaJIOpacTBOPUMBIN B Bojae kapOonat Oapust BaCOs, koTopblit
xopotuo pactBopuM B kuciotax (CH;COOH, HCIL, HNOs).

[IpoBeneHn0 JaHHON PEAKIMM MEMIAIOT KaTHOHBI Ca2+, Sr2+, Pb2+, KO-
TOPBIE TAK)KE 00Pa3yIOT HEPACTBOPHUMBIE CYJIb(ATHI.

2. Katnous! Gapust Ba®' 06pasyior ¢ annonamu xpomara CrO4° wmu
6uxpomara Cr,O;° (B NPHCYTCTBUM PAcTBOpA AlleTATa HATPHSA) XKEITHIH
0CaJIOK Xpomara Oapusi:

Ba®" + CrOs — BaCrO,; (1.57)
JKEJITBIN

2 Ba® + Cr,0, + 2 CH;COO™ + H,0 — 2 BaCrO,| + 2 CH;COOH.

(1.58)

OOpa3zoBanue xpomMara, a He Ouxpomara Oapuisi, B Cly4ae peaKIUu
(1.58) oObsicusercs TeM, uto XxpomaT BaCrO4 oOnamaeT MeHbIEeH pacTBO-
puMocThIo, yeM Ouxpomat Ba,Cr,O;. B BogHOM pacTBOpe ycTaHABIMBAETCA
PaBHOBECHE:

Cr,0;” + H,0 <2 CrOs” +2 H'.

PaBHOBecHE CMeEIIEHO BIpaBO, MO3TOMY B PAacTBOPE HAKAIUJIMBAKOTCS
KaTHOHBI Bojopona H'. JIng uX HeWTpanusaluu B pacTBOpP BHOCST alleTar
Hatpusi CH;COONa. AHnOHBI alietaTta CBSI3bIBalOT KaTHOHBI Bojiopoaa. [1pu
ATOM BO3PACTAET MOJIHOTA OCAXKICHUSI XpoMaTa Oapusi.

Ocaniok xpomata Oapus pacTBOPSIETCSI B CUJIbHBIX KHUCIIOTaX, HO HE pac-
TBOPSIETCSI B YKCYCHOU KHCIIOTE.

I[IpoBeIeHHIO JAHHOM PEaKINK MEIIAl0T KaTHOHBI Ag Pb*", Cd*", Co™,
Ni*". Karnons! xaneuus Ca® u cTpoHIHs SI°  He MENIAIOT OTKPHITHIO Ka-
THOHOB Oapusi C MOMOIIBI0 OUXpoMaTa.

3. IIpu B3auMoelicTBUU cojiel Oapus C OKcajlaTOM HaTpus (aMMOHMS)
BbITIaJ1aeT O€JIbIA KPUCTAIUNIMUECKUN 0CaJIOK OKcalaTa Oapusi:

Ba®" + C,0,” — BaC,0.]. (1.59)

OembIit

Ocanok pactBopsiercs B kuciorax: HCL, HNO:s.

HcnbiTeiBatoT pacTBOpUMOCTh ocanka B kucioTtax (HCL, HNOs).

4. Katnonsl O6apusi B MPUCYTCTBUU COJIEH aMMOHHSI 00pa3yloT C pac-
TBOpoM Trekcarmanodeppara (I1I) xanus Oenblif KpUCTATIMYECKUN OCaTOK
JIBOMHOU COJIM:

Ba®" + 2 NH, + [Fe(CN)s]*™ — (NH.),Ba[Fe(CN)]. (1.60)

OeJIblit

16



B Tabnuue 1.4 npencraBieHbl MPOIYKThl HEKOTOPHIX aHATUTUYECKUX
peakuui kaTuoHOB Il aHanmMTHYECKOW TPYMNIBI IO KUCIOTHO-OCHOBHOMW KJIac-
cu(UKau 1 CBOMCTBA JAHHBIX MTPOTYKTOB.

Tabnuua 1.4

Ilpooykmut nekomopbix ananrumuyeckux peaxyui kamuonos Il zpynnot

pactBop Ca-
SO4'

Pearentsl [IpoIyKThl aHATUTUYECKUX PEAKLIUN KATHOHOB
Ca™ Sr** Ba™
H,SO, benwiit ocagok CaSQO,. | bensiit ocanok SrSO,. | benwiit ocagok Ba-
He pactBopsiercs B He pactBopsiercs B SOq,.
pa30aBIEHHBIX KH- pa3baBieHHBIX KU- | He pacTBopsietcs B
CJIOTax. 3aMETHO pac- | CJIOTax. 3aMETHO pac- | pa30aBIECHHBIX KH-
TBOPSIETCS B p-pe TBOPSIETCS B KOHII. CIIOTax. 3aMETHO
(NH4),SO,. H,SO,. pacTBopsieTcs B
koHI1l. H,SO,.
(NH4),SO4 becusernslii pactBop | bensit ocanok SrSO,. | Benslit ocanok Ba-
(Hackm.  pac- [Ca(SO4).])". SO,.
TBOD).
I'mncoBas Bo- benrrnit ocagox SrSO, | bensrii ocamok Ba-
na  (HachIII. - SO,.

2 H,0)
NaOH, KOH benwiii ocagok benwiii ocagok benwiii ocagok
Ca(OH), Sr(OH), Ba(OH),
Ocanku BeIMaAA0T U3 KOHIIEHTPUPOBAHHBIX PACTBOPOB. 3aMETHO
ACTBOPSIIOTCS B BOJIE.
Na,COs, benrrii ocagox Ca- | bensiit ocanok SrCO;. | benwrii ocagok Ba-
K,CO;, CO;. COs.
(NH,4),COs Ocanku pactBopsroTcsi B MUHEepasibHbIX KucsoTax 1 CH;COOH.
Na,HPO, bensie ocagku ruapodocharos (mpu pH = 5-6) u cpenuux dpocdaron
pH = 5-6 (npu pH = 7)
pH =7 CaHPO4 ) Ca3(PO4)2 SI'HPO4 , SI'3(PO4)2 BaHPO4 ,
Ba;(PO,),
Ocanku pactBopsitorcsi B MuHepaibHbIX kuciaotax 1 CH;COOH.
K,CrOy4 Kentriit ocamok Ca- 2KenTelii ocasiok 2KenTelii ocasiok
CrOy4 (u3 KoHII. pac- SrCrO, (13 KOHII. BaCrO,. PactBopsi-
TBOpOB). B mpucytct- | pactBopoB). PacTBo- | eTcs B MUHEpalib-
Buu CH;COQO™ He 00- | psercsa B MUHEpPAIlb- HBIX KHACJIOTaxX, HE
pasyercsi. HBIX KHCJIOTaX U pacTBOpsieTCA B
CH;COOH. CH;COOH.
K,Cr,04 + - - KenTeIit ocagok
CH;COONa. BaCrO,.
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(NH,),C,0,4 benrwrit ocanox benwrit ocanox benwrit ocamox
i Na,C,0,. CaC,0,. HepactBo- SrC,0,. HacTuuno BaC,0.,.
pum B CH;COOH. pacTBOpPUM B PactBopum B
CH;COOH. CH;COOH npwu Ha-
TPEBaHUMU.
OcaJIkKi pacTBOPSIOTCS B MUHEPAIBHBIX KHCIIOTaX
NaF, NH4F bensrii ocagok CaF, benrwrit ocamok SrF, bensrit ocanox
Ban‘
Paznararorcst npu HarpeBanuu ¢ KoHil. H,SOj,.
K4[Fe(CN)g] Besblit ocagok Benbrit ocagox
+ NH4C1 (NH4)2C3[F€(CN)6] (NH4)2B3[FC(CN)6]
PactBopuM B MuHe- - (W3 KOHII. P-poOB).
PABHBIX KUCIIOTAX. PactBopum
B MUHEPAJIbHBIX
KHCIIOTaX.

1.3.4. AHanus cmecu KaTuoHoB |l aHanuTnyeckon rpynnbl

AHalIN3 cMECH KaTMOHOB BTOPOW AaHAIIMTHUYECKOW TPYIIIBI COCTOUT B
clieyronieM. BHauame OTKpHIBAIOT M OTIEIAIOT KaTHOHBI Ba®' B BHme Xpo-
mata Gapus BaCrO4 B IpUCyTCTBHH alieTaT-aHHOHOB. Katnonsl Ca” 1 Sr°' B
ATUX YCJIIOBUSX OCAJKU XPOMATOB HE OOPa3yIoT.

3aTeM B OTACJIBHBIX MPOOaxX pacTBOpPA, OCTABIIETOCS IMOCIE OTIACICHUS
KaTHOHOB Ba™’, OTKPBIBAKOT KaTHOHBI Sr** (rumcoBoOM BOJION) M Ca™ (peak-
uusmu ¢ rexkcarmanodepparom (II) kanus u okcaaaToM aMMOHMUS).

[Ipu HeoOGXomMMOCTH paszmensioT katuonsl Ca’ u Sr™', mpubaBisas K
pactBOpy cyinbhar aMmMmoHus. B ocamok Bbllagaer cyibdaT CTpOHLHUS, Ka-
THOHBI KQJIBLHS OCTAIOTCS B pacTBope B Buae komiuiekca [Ca(SO,),]". Oca-
JOK CyJib(paTa CTPOHIIUS OTHAEJSIOT OT PAcTBOpPa W OMPEACIISIOT KAaTHOHBI
Sr** (mocie mepeBoza cyabdaTa B KapGOHAT KHIISYCHHEM C PACTBOPOM CObBI
C TIOCIIEIYIONIMM PACTBOPEHUEM OcCaJKa KapOOoHATa CTPOHIMS B YKCYCHOMH
kuciore). B pactope onpenensior karnonst Ca”'.

1. OTKpbITHE U yIajJeHHe KaTHOHOB G6apusi Ba’. K ncciegyemomy
pactBopy mAoOaBisaoT Ouxpomar kamus K,Cr,O; u amerat Harpus
CH;COONa. B npucyTcTBUM KAaTHOHOB Oapusi BbINAJAET KEAThIA KpH-
CTayuTM4ecKuil ocagok xpomara 6apust BaCrO,.

[Tocne moaHOrO BBIMAJEHUS OCAJKa CMECh HEHTPUDYTUPYIOT U OCAJIOK
OTACIAIOT OT pacTtBopa. B pacTBOpe MOTYT COIEPKATHCA KATUOHBI Ca*" u
Sr**, a Take aHHOHBI Ouxpomata. st oTnenenus katuoHoB Ca’ u Sr™ k
pactBopy mpuOaBisitor coxy Na,CO; 10 mepexoaa OKpacKu M3 KEITO-
OpaHKeBOil B kenTyio. IIph 3TOM BBINAET ocanok kapGoxato Ca” u Sr°',
KOTOPBIN OTAENAIOT HeHTpudyrupoBanueMm. Ocaiok kapOOHATOB 00padaThi-
BaIOT PACTBOPOM YKCYCHOM KUCIIOTHI (2 MOJIB/JT) A0 MOJHOTO PAaCTBOPEHUSI.
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2. OTKpbITHE KATHOHOB CTPOHLMS Sr**. Karuomnsr CTPOHIUS OTKpPBHI-
BAIOT B OTJEJIBHOM MOPLUUH PACTBOPA PEAKIMEN C TUIICOBOW BOJOM IPHU Ha-
rpeBanuu. llosiBnenune Oenoro ocaaka cyibdara CTPOHIUS (TOMyTHEHHUE
pacTBOPa) yKa3bIBAeT Ha IPHCYTCTBUE KATHOHOB SI° .

3. OTKpbITHE KATHOHOB KAJbLMS Ca’. Eciu xatmous CTPOHLIMS
IPUCYTCTBYIOT B PAacTBOpE, TO KaTHOHbI Ca’  OTKpBIBAIOT peakmueil c
K4[Fe(CN)g] — B mpucyTCTBUM XJIOpUIa aMMOHUS 00pa3yeTcst OelbIii 0caioK
(NHy),Ca[Fe(CN)s]. KatuoHbI CTpOHIIMS HE MEMIAIOT OTKPBITHIO KaTHOHOB
Ca’" ¢ moMOmIbI0 JaHHOH peakuuu. EciM KaTHOHBI SI°  OTCYTCTBYIOT, TO
Ca®" orkpbiBatoT Take peakuueii ¢ (NH,),C,0,4 — o6pasyercst Genblii oca-
IIOK, HE PAaCTBOPUMBIN B YKCYCHOU KHUCIJIOTE.

CucremaTuueckuii XoJ aHain3a cMecu KaTuoHOB II aHanmuTHueckoi
TPYIIIbLI Ipe/icTaBlieH B Tabmuie 1.5.

Tabmuma 1.5
Cxema xo00a cucmemamuyecko20 AHAIU3A CMECU KAMUOHOE
Il ananumuueckou cpynnul

B uccnenyemslii pactBop BHocAT pactBop H,SO, 1 3TaHO0M, Harpesaror.

Ocanok 1: BaSO,; CaSO, - 2 H,0; SrSOy,. [lepeBoasat ocagok cyib(aToB B KapOOHATHI
MyTeM HarpeBaHUs €ro C HACHIIICHHBIM pacTBOpoM cofbl Na,CO3. Ocamok kapOoOHATOB
OTJICJISIOT IEHTPU(DYTUPOBAHUECM.

Ocapnok 2: kap6onatsl BaCOs; CaCO;; SrCOs. PactBopstor B CH;COOH, no6aBnstoT
K pactBopy cmech K,Cr,O; + CH3;COONa.

Ocapoxk 3: Hentpudyrar 3: CrO,”"; Ca’’; Sr*". Katnon Sr*” 06HapyKHBaroT
Xpomart 6apus C TIOMOIIBIO TUIICOBON BOJIbI — BHOCSAT HACHIIIEHHBIH BOAHBIN pac-
BaCrO, xentoro tBOp Ca(SOy).
1BETA. Ocanok 4: SrSO, otze- | Ientpudyrar 4: CrO,”"; Ca®". Katu-
AT HEHTPU(yTrupoBa- on Ca*’ 0OHApPYKUBAIOT C TIOMOIIIBIO
HUEM. peakTuBoB: (NH,4),C,04 u K4[Fe(CN)g]
— MOJTY4aloT OeJbIe OCaJIKH.

JNNTabopaTtopHasi pabota Ne 3
AHanus cmecu KaTMUOHOB 3 aHaNUTUYECKOM rpynnbl

1.4. AHanumud4eckue peakuyuu kamuoHos lll epynnbi

1.4.1 AHanuTn4yeckKkue peakumm KaTUOHOB LIMHKA Zn*
1. Conmu nuHKa 00pa3yloT CO IIeJIoYaMH OeNbli 0CajoK THUIPOKCHUJIA
LIMHKA, KOTOPBIA PAacTBOPSETCS B M30BITKE LIEIOYM C 0Opa3oBaHUEM Oec-

[IBETHOTO TOJIPOKCOKOMILIEKCA [Zn(OH)4]2_:

Zn*" +2 OH™ — Zn(OH),!; (1.61)
OeJIBIN
Zn(OH),\ + 2 OH™ — [Zn(OH),]*. (1.62)
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IIpu gercTBUH CUIIBHBIX KACIOT KOMIUIEKC Pa3pyILIACTCS C BBIMAJACHUEM
ocaJika TUJIPOKCH/IA IIMHKA, 0CAJIOK B U30BITKE KUCIOTHI PACTBOPSIETCSI.

2. BzauMopelicTBue ¢ BOOHBIM pacTBOpoM aMmuaka. Kak u mienouw,
pacTBOp aMMHaka 00pa3yeT ¢ paCTBOPUMBIMHU COJISIMU IIMHKA OeIbIi oca-
JOK THAPOKCHIA, KOTOPBIM pacTBOpsieTCA B U30BITKE peakThBa ¢ o0pa3oBa-
HHEM aMMHAa4YHOTO KoMIlIekca ruHKa [Zn(NH;)4](OH),:

Zn*" + 2 NH,OH — Zn(OH),! + 2 NH,"; (1.63)
OeJIbIi
Zn(OH),! + 4 NH; — [Zn(NH;)4](OH),. (1.64)

3. Katnonsl Zn”" 06pasyior ¢ annoHamu cyibuaa S° B HeHTpaibHOIL,
KHCIIOHN, niu cnaboienounoi cpenax (2 < pH < 9) Genslii ocanok cynbdu-
71a IIMHKa ZnS:

Zn*" +S* > ZnS|. (1.65)

OebIit

Ocaziok He pacTBOPSETCS B YKCYCHOUM KHCJIOTE, HO PACTBOPSIETCS B CO-
JSSHOW W JAPYTUX MHUHEPAJbHBIX KHUCIOTax. Peakiuio moiaydyeHus ocajka
cynbuaa nuHka yacto npooast B npucytctBuu CH;COOH, Tak kak B
ATUX YCJIOBUSX OTKPBITHUIO IIMHKA HE MEMIAIOT OCTAIIbHBIE KATHOHBI TAHHOM
IPYIIIIBIL.

HcnbIThIBalOT pacTBOPUMOCTh OCaJIKa B COJITHOM KHCJIOTE — OCAIOK
pacTBopsieTcs.

4. Ilpu B3auMOIEMCTBUM KaTHOHOB ITMHKA C pacTBOpaMH KapOOHATOB
IIEJTOYHBIX METAJJIOB BBITIaIaeT OEJIbIN 0CaIOK OKCOKapOoHaTa ITMHKA:

2 Zn*" + 3 CO5* + 2 H,0 — Zn(OH),COs! + 2 HCO; ™. (1.66)

OebIi

OxkcokapOoHaT IIMHKA paCTBOPUM B CHJIBHBIX KHUCIOTAaX.

HcnbIThIBalOT pacTBOPUMOCTh OCaJIKa B COJITHOM KHCJIOTE — OCAIOK
pacTBopsieTCs.

5. Katuonbl 1uHKa 00pa3yroT c rekcamuaHodepparom (II) xamus
K4[Fe(CN)¢] (fiyume mpu HarpeBaHWM pacTtBopa) OeNblii O0CaJOK JBOWHOU
coimm K,7Zn; [FG(CN)6]2:

tO
2 K"+ 3 Zn*" + 2 [Fe(CN)s]" —— KuZns[Fe(CN)e]o4. (1.67)
OenbIi

Ocanok He pacTBopseTcs B pa30aBICHHOM COJSHOM KHUCIOTE, HO pac-
TBOpsieTCS B 1eioudax. [IpoBeeHnI0 JaHHOW peaklMy MEIIAalT BCE KaTHO-
HbI, 00Opasyroliie MagopacTBopumeie pepponrannasl. Karnonsr Al u Cr'*
HE MEIIAIOT JAHHOW PEAKIIHM.

HcnbIThIBalOT pacTBOPUMOCTh OCaJKa B IEJIOYU — OCAJIOK PaCTBOPSIET-
csl.
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1.4.2. AHanUTUYecKne peakLumm KaTUoOHOB antoMuHmusa Al**

1. Conu amoMUHUS TPU B3aUMOJCHCTBUU C pacTBOpaMU IeI0o4eit 00-
pasyrot Oenblii ocanok ruapokcuna amroMuans Al(OH);, koTopsiil pacTBo-
pseTcs B M30BITKE IWIEJIOYM C OOpa30BaHHEM THIPOKCOKOMILIEKCA
[AI(OH)s]’" (pexe obpasyercs kommuiexe [Al(OH),]):

AP’ +3 OH — AI(OH);|; (1.68)
OeJIbIi
Al(OH);| +3 OH — [AI(OH)e]>". (1.69)

Hawnbonee nmosHoe ocakeHre TUAPOKCUA aTFOMUHUS TTPOUCXOJIUT TIPU
pH = 5 — 6. Ocagox Al(OH); pacTBopsieTCcsi B KMCJIOTaX, HO HE PaCTBOPSETCS
B AaMMUAKe.

[Ipu noGaBieHUU cojeit aMMOHHMS K HIEJIOYHOMY PacTBOPY (JIydille pH
HarpeBaHuM) T'HIPOKCOKOMIUJIEKC AJIOMHHUSI pa3pylIaeTcs, U BHOBb BbIIa-
naet ocagok Al(OH)s:

[AI(OH)¢]>” + 3 NH," — AI(OH);| + 3 NH; + 3 H,0. (1.70)

2. KaTHOHBI aTIOMUHUS MPU B3aUMOJICHCTBUM C PAaCTBOPOM aMMHUaKa
(kak u ¢ pacTBOpaMHu I1enoyveit) oopaszyrot oemnsbiil ocagok AI(OH)3 | :

A" + 3 NH,OH — Al(OH);| + 3 NH,". (1.71)

3. Amuzapus (1,2-IMTHAPOKCUAHTPAXUHOH) TPU B3aUMOJEHUCTBUU C
katnoHamu Al3+ (B cpeme amMmuaka) oOpa3yeT MalopacTBOPHUMOE KOM-
MJIEKCHOE COCMHEHUE SIPKO-KPACHOTO 1BeTa (“‘allFOMUHHUEBBIHN J1aK™’):

HO—AI—OH

N\

OH

0 o 0
OH OH
0 0

"aTFOMUHUEBBIN J1aK" S PKO-KpAaCHOTO I[BETA

KoMmeke ycTorumnB B YKCYCHOKHUCIION cpefe. JlaHHOM peakiuu Mema-
I0T KaTHOHBI, KOTOpPbIE O0pa3yloT MOXO0XKHE KOMIUIEKCHl C alu3apuHOM
M 2+ F 3+
(Mn™", Fe" u np.).

Peakiuio BBIOIHSIOT KaneabHBIM METOAOM Ha GUIBTPOBAIBHON Oyma-
re.

< 3+

4. ITpu B3aumojeiicTBun KatuoHOB Al’ ¢ pacTBopamu KapOOHATOB
IIEJIOYHBIX METAJIOB 00pa3yeTcsl 0CaJoK TUIPOKCHIA AFOMUHUSA OEJoro
1Beta. Bo3MOKHOCTh MPOTEKaHUSI TOM peakiu O0YyCIOBIEHA THAPOIH-
30M KapOoHaTa MeTajlia [0 aHUOHY.

3+ 2-
2 A’ +3 CO;” + 3 H,O — 2A1(OH);| + 3 CO,T.  (1.73)

AI(OH),
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1.4.3. AHaNUTMYeCKMne peakumm katmoHoB xpoma (lll); Cr**

1.PactBOopumMbie conu xpoma (I11) mpu B3auMoAEHCTBUU C pacTBOpPAMU
menodert oopasyrot ocagok Cr(OH); cepo-3eneHoro 1pera:

Cr"+3 OH — Cr(OH)3|. (1.74)

CepO-3€EJIEHBIN

Ocanok runpokcuaa xpoma (III) pactBopum B 1ienovax u KUCIOTaX:

Cr(OH);| + 3 OH — [Cr(OH)]™; (1.75)

Cr(OH);| + 3 HCl + 3 H,O — [Cr(H,0)s]’" + 3 CI". (1.76)

2. BoJHBINM pacTBOp aMMHaKa OCAXKIAET KATHUOHBI Cr' s BHUJIE OCaJKa
TUAPOKCHUIA CEPO-3€JICHOT0 IBETA:

Cr'" + 3 NH,OH — Cr(OH);| + 3 NH,". (1.78)

B u30bITKE pacTBOpa aMMHaKa THIPOKCH]T XpOMa HEPACTBOPUM.

3. KapOoHaThI IIEJI0YHBIX METAJUIOB OOPa3yIOT MPY B3aUMOCHCTBHUH C
kaTHOHOM Cr’* cepo-3eyIeHbIi 0Ca0K IHIPOKCHIA:

2Cr + 6 COs* + 6 H,O — Cr(OH);| + 6 HCO; . (1.79)

4. Peakuusi okuciaeHus. B kauecTBEe OKUCIUTEISI UCIIOJIB3YIOT PacTBOP
nepokcusa sogoposia H,O, B 1ieouHo cpejie Ipu HarpeBaHUM.

e k03D .
Cr(OH);| + 5OH -3 & — CrO,” + 4 H,0 3 2
H,0,+28&—>2O0H" 2 3

wy. 2 Cr(OH);| + 10 OH + 3 H,0, = 2 CrO* + 8 H,0 + 6 OH;

Mm.y. 2 Cr(OH);| +4 NaOH + 3 H,0, =2 Na,CrO4 + 8 H,O. (1.80)
JKEITBIN P-p

[Ipu neiicTBUM cMecH MEPOKCHUIa BOIOpoaa U 1iesioun coiu xpoma (111)
nepexomsT B coeauHenus xpoma (VI) —xpomartel CrO,” KeNTOro IBeTa.
Hpyrue xkatuvonsl IIl rpynnsl cTeneHb OKUCIEHUS B JAHHOM ClIy4yae HE Me-
HSIOT.

5. OOpa3zoBaHne HaAXpPOMOBOW KHUCHOTHL. Ilpu nelicTBuM mepokcuaa
BOJIOPOJIa U CEPHOM KHUCIOTHI Ha PacTBOp, COJIEpXkAIM aHUOH Xpomarta
(mocne mnpoBedeHus peakuuu 4), oOpaszyercss HaIXpOMOBasi KHUCJIOTa
H;CrOg nnn ee conb KH,CrOg cunero upera. [[jist 3Toro x >keiaTomMy pac-
TBOPY NMPUIUBAIOT KUCIOTY — MEPEBOASIT XpOMaThl B OUXPOMATHI:

2 CrO,” +2 H' — Cr0;" + Hy0.

3aTem npunuBaroT H,O, 10 o06pa3zoBaHus HAAXPOMOBOM KHCIOThI CHUHE-
ro IIBeTa:
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Cr,0- +9H,0 — 14 & — 2 CrOg>

H202+2H++2é%2H20

141 1
21 7

€ | koad.

ny. Cr,0;” +7H,0,+ 14 H + 9 H,0 =2 CrO

M.Y. Kz CI'207 +7 H202 =2 KHzCrOg +5 HzO
CUHUU p-p

B Tabnuue 1.6 npencraBieHbl HEKOTOPBIE AHATUTHUECKHE peakluu Ka-
TUOHOB III rpynmel 1 CBOKWCTBA IPOAYKTOB PEAKIIUH.

< +14H,0+ 18 H";

(1.81)

Ta0muna 1.6

Ipoodykmul nekomopuvix ananumuyeckux peaxyuil kamuonos Il zpynnwi

Pearentsl [IpoyKThl aHATUTUYECKUX PEAKIIMH KATHOHOB
7 n2+ Al3+ CI‘3+
NaOH, KOH Benslit ocagok Benwlit ocanok Cepo-3eneHnblit
Zn(OH),. Al(OH);. ocanok Cr(OH);.
PactBopsitoTCsl B M30BITKE PACTBOPOB IIETI0UEH
NaOH + H,0, [Zn(OH),]* B pac- [AI(OH)4], Xentslit pacTBOp
TBOpPE. [AI(OH)s]* B pactBo- CrO,”.
pe.
NH,OH Benwrit ocanox benslit ocagok Cepo-3eneHbii
Zn(OH),. Al(OH);. ocaniok Cr(OH);.
Na,COs;, K,CO;s benerit ocagokx benwrit ocagok Cepo-3eneHblit
(ZnOH),CO;. Al(OH);. ocanok Cr(OH);.
Na,HPO, benwiii ocagok Bbenwrii ocanox AIPO,4. |  3emneHsblii ocamiok
Zn3(POy),. PactBopum | PactBopum B meno- | CrPO,. PactBopum
B menouax, NH4,OH, | gax. He pactBopsieTcs B mienoyax. He
CH;COOH. B CH;COOH. pacTtBopsieTcs B
CH;COOH.
(NH,),S, Benbit ocamok ZnS. Benprit ocanok Cepo-3eneHblit
Na,S Al(OH);. ocanok Cr(OH);.
H,S + HCI benrrit ocagok ZnS. - -
K4[Fe(CN)¢] Benblii ocagok
K,Zn3[Fe(CN)gla, - -
pactBopuM B KOH.

1.4.4. AHanus cmecu kaTuoHoB lll aHanuTuyeckon rpynnbl
Ilpeosapumenvhuvle ucnvsimanus
1. OTKpbITHE KATHOHOB AJTIOMUHMS Al ¢ aJIM3aPUHOM.

2. OTKpbITHE KATHOHOB Cric IIEPOKCHUIOM BOJIOPO/Ia B MIPUCYTCTBUU

MIEJIOYH.

3. OTKpbITHE KATHOHOB Zn" ¢ CyIb(GUIOM aMMOHHS HIIH HATPHSL.
Cucmemamuueckuii Xxo0 ananuza

AHanu3upyeMblid pacTBOpP 00padaThIBatOT M30BITKOM TPYIIIOBOrO pea-
redta — pacteopoM NaOH B mpucyrcteun H,O, npu HarpeBanuu. Katnon
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Cr’ MEPEXOAUT B aHHUOH CrO42_. BrimaBmme ocagku ruapOKCUIOB PAaCTBO-
pAIOTCA B M30OBITKE TPyNMoBoro peareHrta. [lojydaror mienoyHol pacTBop,
coAepkKalluil aHUOHBI [Zn(OH)4]2_, [AI(OH)6]3_, CrO4”.

3aTeM KaTHOHBI AIFOMUHUS OTAEA0T B Bue ocafaka Al(OH); neiictBu-
€M KPUCTAJUIMYECKOro Xjopujaa amMMoHus. Ocajok OTACISAIOT, B PacTBOpE
octatotcst wousl [Zn(OH),]” (wmm [Zn(NH;),]™), CrO,”.

Ocanok AI(OH); pacTBOpSIIOT B COJISIHOM KHUCJIOTE U OTKPBIBAIOT KaTHO-
HBIl AJIIOMUHUS PEAKLIUEN C AITU3APUHOM.

B pactBOpe, mojiydeHHOM moOCje OTACIACHHUS THAPOKCHAA aTlOMHUHMS,
OTKPBIBAIOT KaTHOHBI Zn” i xpoMa (VI) IpOGHBIM METOIOM, HCIIONB3YS pe-
aKI[MU, ONIMCAHHBIC B MPEIBAPUTEIILHBIX UCIIBITAHUSX.

CucremMaTnueckul XojJ aHaiau3a cMmecu kaTtuoHoB III aHammTHUeckoi
TPYIIBI IpeICTaBieH B Ta0. 1.7.

Tab6muma 1.7
Cxema xo00a cucmemamuyecko2o aHaIU3a CMeCU KAmMUOHo8
Il ananumuueckoii zpynnot

Ananuzupyemoe BeuiecTBo oopadatsiBatoT H,O, 1 M130BITKOM pacTBOpa LIEIOUH
(NaOH, KOH) npu HarpeBanuu. [Tocne oxnaxaeHus: 700aBISIFOT KPUCTATLTUICCKUAM

NH,CI.
Ocazok 1: AI(OH)s. Lentpudyrar 1: CrO,>, [Zn(NH;),]*".
PaCTBopﬂEOT 0CaJIOK B Cro,”: [Zn(NH3)4]2+:
COJISTHOM KHUCTIOTE,
a) onpeNeNsIoT o xejia- | paspymaror kommuexke HCI, kxa-
0OHapyXUBAIOT Ka- i 702" 06
Tron AP ¢ moMo- TOMY IIBETY pacTBOpPA; TUOH Zn~ 00Hapy’KHUBAIOT C I0-
0) obpabarsiBaroT HCI, MOIIIbIO aHWOHA CYyJib(uaa (BbI-
HIPIO aTH3apHHa. no6asisior H,O,, 00- najaer Oenblid 0cagok ZnS) wiu ¢
pasyercs HanxpoMoBas | omousio pacteopa Ky[Fe(CN)¢]
kucnora H3;CrOg cune- (BeImamaeT OenbIii 0caiok
TO I[BETA. KsZns[Fe(CN)s)).

JTabopaTopHas paboTta Ne 4
AHanus cmecu KaTUOHOB 4 aHaNNTUYECKOM rpynnbl

1.5. AHanumuyeckue peakyuu kamuoHoe IV 2pynnbi

1.5.1. AHanuTMYecKue peakLumn KaTMoHOB marHusa Mg>*

1. Katnonst Mg®" mpu B3auMOJEHCTBHM C PacTBOPAMM IEOYeH |
BOJHBIM PAaCTBOPOM aMMHakKa oOpa3yroT Oeiblii aMOp(HBII 0CaJOK THIPO-
kcuaa maraus Mg(OH),:

Mg™ + 2 OH — Mg(OH),!; (1.82)

OenbIi
Mg”" + 2 NH,OH — Mg(OH),d + 2 NH,".
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Ocallok TUAPOKCH]Ia MarHusi He PacTBOPSETCS B U30BITKE MIEIOYU, HO
XOpOUIO pACTBOPSIETCA B KHCIOTAX:

Mg(OH),d + 2 H" — Mg*" + 2 H,0. (1.83)

2. Katroust Mg npu B3aumozeiictBuu ¢ ruapodochToM HATPHS 06-
pa3yroT Oelblil KpucTauImdeckuil ocanok aBoiHon comu NH,MgPO,. Pe-
aKIs MPOTEKAET B MIPUCYTCTBUU aMMHAaKa WIIH COJIE aMMOHUS:

Mg*" + HPO,” + NH; — NH,MgPO,!. (1.84)

OebIit

[Ipu mpoBeneHHM TaHHOW pEaklUd B OTCYTCTBMU KAaTHOHOB aMMOHUS
WM pacTBOpa aMMMaKa BhIMaaaeT Oenbiit amopdHbIN ocanok rujgpodocdara
maraust MgHPOy,:

Mg”" + HPO,”~ — MgHPO4!. (1.85)

OenbIit

Ocanxu QocdartoB marausi, noaydeHHsie B peakiusax (1.84) u (1.85),
pactBopsitorcs B MuHepanbHbiX kuciorax (HCIL, HNO;s) u B ykcycHOU Ku-
cJoTe:

NHMgPO,! + 3 HCl — H;PO, + MgCl, + NH,CI; (1.86)

MgHPO,! + 2 CH;COOH — H;PO, + Mg(CH;COO),. (1.87)

Hannyto peakiuto (1.84) MOXHO NMPOBECTH KAK MHUKPOKPHUCTALIOCKO-
MUYECKYIO.

1 ' 2
Puc. 1.2. Kpucmannwvt osotinou conu NH MgPO, noo muxpockonom:
1— kpucmannsl, no1yueHHbIU U3 KOHYEHMPUPOBAHHBIX PACEOPOS;
2— Kpucmanvl u3 pazbaeienHvix pacmeopos.
3. Kanenwsnas peakuus H.A. Tananaesa (Ha GuinbTpoBaibHOM Oymare).

1.5.2. AHaNUTMYeCKMne peakLmMm KaTMOHOB MapraHua Mn?*

Axaxommurexcsl Maprauna (II) [Mn(H,0)s]°" oxpamrenst B 6iemHo-
PO30BBIil I[BET, IIO3TOMY BOJHBIE PacTBOPHI conmeil Mn®' MHpH JOCTATOYHO
OOJIBIIIMX KOHIIEHTPALUSIX MUMEIT OJIeTHO-pO30BYI0 OKpacKy. CUIbLHO pa3-
OaBneHHbIE pacTBOpHI coseil mapranua (1) npakTuueckn OGEClBETHBI.

1. IIpu B3auMmopeiicTBuu coneit Mmapranina (II) ¢ pactBopamu 1ienoyei
WM aMMHaka BbInagaet 6emslii ocagok Mn(OH);,:

Mn** +2 OH™ — Mn(OH),J. (1.88)

OeJbIi
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[Ipn moAroM HaXOXACHUHM OCaJKa Ha BO3AYyXEe OH MEHSET OKpPAcKy —
CTAaHOBUTCS OypHIM BCJIEICTBHE YACTUYHOTO MEPEX0a B YEPHO-KOPUIHEBBIN
okcoruapokcul Mapranmna (IV):

2 Mn(OH),! + 0, — 2 MnO(OH),J.. (1.89)

YEpPHO-KOPUYHEBBIN

Oxkcoruapokcua maprasia (IV) — HeycToilunBoe coeAMHEHUE, TOITOMY
OH MepexouT B okcul Mapranua (IV):

MnO(OH),! — MnO, + H,0. (1.90)

OpnHoBpemMeHHOE JIeHCTBHE IIenouei u nepokcuaa Boaopona H,O, Ha
pactBopbl coneir wmapranuna (II) npuBoguT K 0Opa3oBaHMIO YEPHO-
KOPUYHEBOTO okcorujpokcuaa mapranua (IV), pacnagaromerocst 3ateM Ha
okcui Maprasia (IV) u Boay:

Mn”" +2 OH™ + H,0, — MnO(OH),| + H,0;

MnO(OH),d — MnO, + H,0.

Ocamox Mn(OH), pacTBopsieTcsl B CHIIBHBIX KACIOTaX U B HACHIIIICHHOM
pacTBOpE XJIOpUIa AaMMOHUS:

Mn(OH),d + 2 H" — Mn*" + 2 H,0; (1.91)

Mn(OH),{ + 2 NH,Cl — Mn*" + 2 NH,OH + 2 CI". (1.92)

K cBexeBbimaBmieMy ocaaky Mn(OH), nmpubasnsitor no 3 — 4 kamim
pactBopoB NaOH u H,0,. benblii 0calok THAPOKCHIA MAPTAHIA TTEPEXOIUAT
B uepHO-KopuuHeBbli MnO(OH),, a 3atem MnO,.

2. 'mapodocdar Hatpus obpasyer ¢ comsimu mapranma (II) ocamox
ruapodocdara Gemoro npera:

Mn>" + HPO, — MnHPO,!. (1.93)

Oebrit

3. Katuonsl Mn®' ¢ annonamu cyiasduna S* 06pasyioT 0CaioK Cyilb-
¢dbuna maprania MnS po3oBoro 1Bera:

Mn>" + S*” — MnSJ.. (1.94)

PO30BBIN

4. Peakiust H.A. TananaeBa (Ha GpUIbTpOBaIBHOM Oymare).

Mn”™" + 2 [Ag(NH;),]" + 2 OH™ + 3 H,O — MnO(OH),d + 2 Agl +

+2 NH,;" + 2 NH,OH. (1.95)

1.5.3. AHaNUTMYeCKne peaKkLMn KaTUOHOB Xxene3a Fe?*

Kartronsl Fe®' B BOXHBIX pacTBOpax CYIIECTBYIOT B BHIE AKBAKOMILICK-
coB [Fe(H,0)s]°" 1 mpakTHuecky GecIBETHBI, TTOITOMY PACTBOPHI COJNEH JKe-
ne3a (II) oObIYHO HE UMEIOT OKPACKH.

1. Katnousr Fe** MIpU B3aUMOJICCTBUU CO IIEIOYaMHU W PACTBOPOM
aMMuaka o0pa3yroT Oenblii (MHOTAa OJeqHO-3€ICHBIN) 0CaI0K THAPOKCH 1A
xenesa (II):
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Fe* +2 OH™ — Fe(OH),J. (1.96)
OenbIit

I'mapokcun Fe(OH), pactBopsieTcss B KHCIOTaX, B HAaCBIIEHHOM pac-
TBOpE XJIOpHJIA aMMOHHSI, HO HE PacTBOpsETCS B 1ienovax. [Ipu nnurensHOM
CTOSTHUM Ha BO3AYyX€ OCAIOK MOCTEIEHHO TEMHEET BCIEICTBUE MPOTEKAHUS
peakiuu okucieHus xkenesa (I11) go xenesa (I11):

4 Fe(OH)2! + 02 + 2 H20 — 4 Fe(OH),.. (1.97)

KpacHO-OypbIi

IIpy coBMECTHOM JEMCTBUM IIECIOYEN WU MEPOKCHIA BOAOPOJA Ha pac-
TBOpHI couert xene3a (II) cpasy obOpaszyercst KpacHO-OyphIil OCagOK THIPO-
kcuaa xxenesa (I1I):

2 Fe*" + 4 OH + H,0, — 2 Fe(OH)3J.. (1.98)

KpacHO-OypblIii.

2. IIpu B3aumoneiictBum codeit xkenesa (II) ¢ rugpodocdarom Hatpus
oOpazyeTcs 3eseHbli ocaaok ruapodocdara xenesa (11):

Fe’" + HPO,~ — FeHPO.J. (1.99)

3E€JIEHBIN

3. Karnonsl xene3a (II) pearupytor ¢ rexcanmanodpepparom (I11) ka-
musa K;[Fe(CN)g] B xucioii cpeae ¢ o0pazoBaHMEM TEMHO-CHHETO OCaJiKa
"TypHOyJieBa CHHB'", COJEPI)KAIIETO MEPEMEHHOE YHCIIO MOJIEKYJ BOJABI B
CBOEM COCTABE:

3 Fe*' + 2 [Fe(CN)s]> + x H,O — Fes[Fe(CN)¢], - x H,Od. (1.100)

"TypHOYyJeBa CUHB"

Ocanok He pacTBOPSIETCA B KHCIIOTAX, HO paziaracTes B IIETIOYHOM CPEZIE.

4. Katuonsl xenesa (II) oOpasyror ¢ annoHamu cyibduaa B HEUTpasib-
HOI WJIM aMMHUA4YHOU cpefie YepHbIi ocaiok cynbdua xenesa (1):

Fe*" + S — FeSl. (1.101)

YEPHBIN 0CAJIOK

Ocanoxk pacTBopsieTcsi B pazdaBieHHbIX MUHepabHbIX kucioTax (HCI,
H,SO,4, HNO;) u B yKCYyCHOM KUCTOTE.

5. Peakuus ¢ tuMeTUITIIMOKCUMOM (peakiust Yyraesa):

O H—O
H,.C— C=—=N— e — —(C—
2t 3 C=—N—OH H,C—C N /N C—CH, )
Fe =" +2 | — | Fe | “2H  (1.102)
H,C— C=N—0H H3C—C=1|\I/ T:c—cH3
O—H-- O
JTUMETHITIHOKCUM oucnumernnrinokcumar xxeneza (II)

PO30BO-KPAaCHOTO IIBETA
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Peakuuto mpoBoAsST Ha GUIBTPOBAIIBHON OyMare KameiabHbBIM METOJIOM.
OO6pa3zyeTrcst po30BO-KpacHOE IMATHO OucauMeTwmirianokcumara skenesza (II).
< -2+
[IpoBeaeHuI0 TaHHON peaKuyi MEIIAIOT APyTrue KaTuoHbl (0coOeHHO Ni™ ).

1.5.4. AHaNUTMYecKne peakLMn KaTUOHOB xene3a Fe®*

AkBakoMIiekchl kaTuoHOB skene3a (I1I) B BogHbIX pacTBopax okpartie-
Hbl B SIPKUH JKENThId WM KenTo-Oyphlil nBeT. OHM HMMEIT COCTaB
[Fe(H,0)s]’" u wactuuno mogseprarorcs ruapoinsy: [Fe(OH)u(H,0)s ]’ ™

1. Katnonsr Fe** MpY B3aUMOJICCTBHH CO IIEJI0YaMH U aMMHAaKOM 00-
pPa3yloT KpacHO-Oyphiil ocanok ruapokcuaa xenesa (110):

Fe'' +3 OH — Fe(OH);|. (1.103)

KpacHO-OypbIi 0CaioK

Ocanok pacTBOpUM B pa30aBICHHBIX KHCJIOTaX, HE pacTBOPSETCA B Ha-
ceimieHHoM pactBope NH4Cl (B ortnuume oT ruapokcuna skenesza (I1)), ne
pacTBOpSAETCS B LIEIOYAX.

2. [Ipu B3amMojeiicTBuM KaTHOHOB Fe’' ¢ rmapodocharom HaTpus
BbIIaj1aeT ocanok docdara xenesa (III) sxenroro mnpera:

Fe’" +2 HPO,” — FePO,| + H,PO, . (1.104)

JKEJITBIA 0CAIOK

3. Karuous! Fe’* B xucinoit Cpelie pearupyroT ¢ rekcanuaHodpeppaTom
(II) kanust ¢ oOpa3oBaHMEM TEMHO-CHHETO Ocajka “‘OepiauHCKas Ja3ypb .
CoctaB ocajaka FesFe(CN)s]; - x H,O.

4 Fe’" + 3 [Fe(CN)s]* — Fes[Fe(CN)glsl. (1.105)

“OepyiMHCKas J1a3ypp”

[IpoBeneHNIO NAaHHOM peaKUWHd MEMIAT OKUCIUTEIN U BOCCTAHOBUTE-
au. Ocanok ycroiuuB B kucioit cpene. Kak u B ciydae “TypHOyneBoi cu-
HU, TaHHBIM OCaJ0K HE PACTBOPSIETCA B KUCIOTAX, HO pa3iaraeTcs Mpu JIeu-
CTBUH IIETIOYEH:

Fes[Fe(CN)¢]s| + 12 OH — 4 Fe(OH);| + 3 [Fe(CN)¢]*.  (1.106)

4. PactBopnl colieit xkene3a (II) B3auMoeicTBYIOT ¢ HOHAMM THOITHA-
HaTa (WK poJaHua) B KHCION cpelie ¢ 00pa3oBaHWEeM KOMILIEKca JKeme3a
(IIT) kxpoBaBO-KpPACHOTO IBETA:

Fe’' + 3 NCS — Fe(NCS);. (1.107)

KPOBaBO-KPaCHBIH pP-p

B 3aBUCHMOCTH OT COOTHOILIEHHSI PEATEHTOB KOMIUIEKC MOXET UMETH
Pa3JIMYHbBIA COCTAB:

[Fe(H:0)]”" + n NCS™ — [Fe(NCS),(H:0)-0]" " + n H;0;

n=1,2...,6.

[IpoBeneHnI0 TaHHON peaKIMy MENIAI0T OKUCIUTENIH, BOCCTAHOBUTEIN
(F, 1, PO,"). Karnonsi xeie3a Fe’' He MemaioT IPpOBECHHIO PEAKIIHH.
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5. Katnonsl Fe’ mpu B3auMojeicTBumM ¢ aHWOHaMu Cyibhuga S° B
HEUTpaNbHBIX WJIM aMMHAYHBIX pAcTBOpax O0O0pa3ylT UYEpPHBIH OCalIOK
cynbduaa xenesa (I1I):

2Fe’ +3 S — FeySs|.

YEPHBIN

(1.108)

B tabnune 1.8 npencraBiieHbl HEKOTOPbIE aHATUTUYECKHE PEaKlK Ka-
THOHOB [V rpyInbl 1 CBOMCTBA MPOAYKTOB PEAKIIUM.

Taomuna 1.8

Hpodykmbt HeKomopuvlxX ammumuuecxuxpeakuuﬁ KamuoHoé IVepynnbt

Pearentst [TpoAyKThl aHAIMTUYECKUX PEaKIIMi KATUOHOB
M g2+ Mn2" Fe2' Fe3'
NaOH, KOH, | benblii ocaiok benwiit ocagok | benwriit ocanox | KpacHo-Oypsiit
NH,OH Mg(OH),. Mn(OH),. Fe(OH),. 0CaJIoK
Fe(OH);.
NaOH (u3- benbrit ocamok TemHo- Kpacno-0ypsiit | KpacHo-Oypsiii
OBITOK) + Mg(OH)s. KOPUYHEBbIN 0CaioK 0Ca/IoK
H,0, 0CcajioK Fe(OH);. Fe(OH);s.
MnO(OH),.
Na,CO; benwit ocanox benwiit ocanok | bensiit ocagok | Kpacno-Oypsiii
(MgOH),CO:s. (MnOH),CO:s. FeCOs. ocanok FeOH-
CO:s.
Na,HPO, benwiii ocagok benwiii ocagok 3enenblii oca- | JKeaTeI ocagok
MgHPO,, MnHPOQOy,, nok FeHPOy, FePO,.
Mg3(POy),. B Mn;(POy),. Fe;(PO,);.
IIPUCYTCTBUU
ammuaka — Oe-
JIBIA OCaJI0K
NH;MgPO,.
(NH,),S, benwiit ocanok Ocanoxk Tenec- UYepnsbiit oca- | YUepHblil ocagok
Na,S Mg(OH),; u3 HOTO LIBETA nok FeS. F,S; mmu FeS +
KOHII. pacTBO- MnS. S.
pOB.
K;[Fe(CN)g] Cunuit ocanok
- - Fe;[Fe(CN)gla -
"TypHOyeBa
CUHB'".
K4[Fe(CN)g] TemHO-cUHUN
- - - 0CaloK
Fey[Fe(CN)sls;
"OeparHCKast
na3yps'.
KNCS - - - Kpogaso-
KpPacHbIU p-p
Fe(NCS);.
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1.5.5. AHanus cmecu KatuoHoB |V aHanMTU4YeCcKou rpynnbil

Ilpeosapumenvusie ucnvimanus. B nanHoMm BapuaHTe IpOoOHBIM METO-
JIOM B OTIIETBHBIX MPO0axX aHAIM3UPYEMOT0 PAaCTBOPA OTKPHIBAIOT KATHOHBI
Fe’* u Fe’" coorBercrBeHHO neiicTBHEM peareHToB K;[Fe(CN)¢] wu
K4[Fe(CN)¢]. Katronsl Fe’" MOxHO IpeBapUTEIIbHO OOHAPYKUTH JEHCTBU-
em KNCS.

Cucmemamuueckuii xo0 ananuza

Cwmech oOpabarsiBatoT pactBopoM NaOH + H,O, npu HarpeBanuu. Ilo-
ny4datot ocagku: Mg(OH),, MnO(OH),, Fe(OH);. Beck ocanok oTaensitoT u
o6pabatbiBator pactBopom HNO;. B pacTBop mepexomsit KaTHOHBI Fe'',
Mg”"; B ocamke octaercst MnO(OH),. Tlocnenuuit OTAEIAIOT LEHTPUDYTHU-
poBanueMm, pactBopsatoT B cmecu HNO; + H,O, npu HarpeBanun. B mosny-
YEHHOM PACTBOPE OOHAPYKUBAIOT KATHOHBI Mn”',

PactBop, nosyueHHslii nocne otaenenus ocagka MnO(OH),, oOpaba-
teiBaroT cmecbio NH,OH + NH,Cl. Bemanaer ocagoxk Fe(OH);, kaTHOHBI
MarHus Mg2+ OCTAaKOTCA B PacTBOpE, UX OTKpbIBatOT B BuAe NHMgPO,.

Ocanok Fe(OH); oTaenstoT HeHTpu@yrupoBaHUEM U OTKPBIBAIOT Keje-
30 (IIT) ¢ momombio K4[Fe(CN)g] nnu ¢ momomisro KNCS.

CucreMaTHUeCKUM XOJ aHalIW3a cMecH KaThoHOB IV aHamuTHueckou
TPYIIBI IpeICTaBieH B Tadm. 1.9.

Tab6mauma 1.9

Cxema xo00a cucmemamuyecko20 AHAIU3A CMECU KAMUOHOE
1V ananumuueckoui cpynnot

Cmech 00pabaThIBatOT H30BITOUHBIM KOJM4YecTBOM pactBopa KOH B npucyTtct-
BUM Tiepokcuaa Bogopoaa H,O,.

Ocanok 1: Fe(OH);; MnO(OH),; Mg(OH),. O0pabaTbhIBatOT KOHIIEHTPUPOBAH-
HBIM PacTBOPOM a30THOM kucioTel HNOs.

Ocajok 2: MnO(OH),. | PactBop 2: katnons Fe’', Mg™ . OGpadaThIBaioT cMe-
OO6pabartbiBatoT cMe- cero NH,OH + NH,Cl.
ceto HNO;s + H,O, pu | Ocanok 3: Fe(OH);. PactBo- PacrtBop 3: Mg2+,
HarpeBaHMH. pAIOT B KUCIIOTE, onpenesitor | modasistor NH4Cl +
Fe*" ¢ nomompio K4[Fe(CN)¢] | Na,HPO, n monyua-
nn KNCS. FOT KPUCTAJLIbI
NH;MgPO,.
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NNabopaTtopHasi pabota Ne 5
«AHann3 cmecu KaTUOHOB 5 aHaANMUTUYECKOU rpynnbI»

1.6. AHanumu4eckue peakyuu kamuoHoe V 2pynnbi

1.6.1. AHaNUTMYeCKMNe peaKkLmMm KaTuoHOB Meam Cu?*

AxBakomiiekcs! katnonos Meau (1) [Cu(H,0),]*" okpauienst B romy-
001 1IBET, MOATOMY pacTBOpPHI cosel meau (I11) umeroT romyOyro OKpacky c
pa3sIUYHBIMU OTTEHKAaMHU: OT TOJIyOOTO J0 CHHE-3eJIeHOro. B BOgHBIX pac-
TBOpax KatuoHbl Meau (II) yacTUyHO THAPOIMU3YIOTCA, MOATOMY aKBaKOM-
mekcsl MoryT umeth coctas: [Cu(H,0)y m(OH)m]” ™. Peakuus ruaponmsa:

[Cu(H,0).]*" + m H,O © [Cu(H,0), m(OH)m]* ™ + m H;O".

(1.109)

1. BzaumopeiictBoue co menodamu. [Ipu peaknun coneit meau (II) co
nienouyamMu Beinagaer ocanok ruapokcuaa menu (II) Cu(OH),, umerommit
OKpacKy OT CUHE-3eJICHOM JI0 TOIyO00i:

Cu”"+2 OH — Cu(OH),]. (1.110)

roJryooi

[Ipu kunsiuennu pactBopa ¢ ocajgkom Cu(OH), Bblllaaer yepHbId oca-
1ok okcuaa meau (11):

t()
Cu(OH),| — CuO| + H,0. (1.111)
YEpHBIN

Ocanox Cu(OH), pacTBopsieTcsi B KUCIOTaX U B BOJHOM PAcTBOPE aM-
mnaka NH,OH.

2. Ilpu nobGaBneHun pactBopa amMuaka kK pactBopy coiu meau (II)
BHAYaJI€ BBIMAJAET OCAJOK OCHOBHOHM COJIM MEIM (CHHE-3€JICHOrO IIBETA),
KOTOPBIN pacTBOpsETCS B M30BITKE aMMHUaKa ¢ 00pa30BaHUEM KOMILIEKCHO-
ro katrona [Cu(NH;)4]°" cumero (BacHIBKOBOTO) L{BETA:

CuCl, + NH,OH — [Cu(NH;),]*" + OH + CI” + 4 H,0. (1.112)
P-p BaCHJILKOBOTO I[BETA

B xuciol cpene KOMIUIEKC pa3pylaeTcs:

[Cu(NH;)4]*" + 4 H;0™ — [Cu(H,0),]*" + 4 NH,,
U OKpacKa U3 spKO-CHUHEH nepexoauT B roinyOyto. JlaHHO#N peakiny MemaroT
katronsl Co®", Ni*".

3. Karuousr Cu®" obpasyior ¢ rekcarmanodepparom (II) xamms
K4[Fe(CN)g] B citabo-kucmoit cpeqie KpacHO-KOPUYHEBBIN 0CaIoK:

2 Cu*" + [Fe(CN)s]* — Cuy[Fe(CN)g]|. (1.113)

KPaCHO-KOPHYHEBBIH
Ocaziok He pacTBOPSIETCS B KMCJIOTAX, HO PACTBOPSIETCS B aMMHUAKE:
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CUZ[FC(CN)dl + 12 NH; +4 H,0 — (NH4)4[FC(CN)6] +

+ 2 [Cu(NHj3)4] (OH),. (1.114)

MeniaroT TaHHOW PEaKIU KaTUOHBI Fe“, C02+, Ni*",

4. Ilpn KUMSYEHUU CMECH TIOAKHUCIEHHOTO pacTtBopa coiu Meau (II) c
HU30BITKOM THOCYNb(paTa HaTpusi Na,S,0O; MPOUCXOIUT peakius BOCCTa-
HoBieHuss meau (1) no menu (I) ¢ oOpazoBanuem cynppuna Cu,S. B pe-
3yJIbTaTe BBIMAJAET TEMHO-OYPBIM 0caioK, cocTosmuil u3 cmecu: Cu,S + S:

2Cu* +28,0" +2H,0 —» Cu,S| +S| +4H +2S0,7. (1.115)

TEMHO-OypbIi

5. CepoBogopoa u cysibduasl oopazyror ¢ comsimu Meau (II) ocamok
cysb(uia MEIN YEPHOTO I[BETA, PACTBOPUMBIN B a30THOU KUCIIOTE:

Cu’'+S°> — CuS|. (1.116)

YEPHBIU

6. Ipyrue peakuun katvona menu (II). IIpu B3ammopencTBumM coieit
MeJId ¢ THOI[MaHAaTaMu 00pa3yeTcs YepHbId ocanok Tuormanata meau (II)
Cu(SCN),, mocTerneHHo Nepexoasimuii B Oeblii 0CaJoK THUOLMaHATa MEIH
(I) CuSCN; npu B3aumozeicTBuu cojieid Mmenu ¢ docdaramu odbpazyercs
rosry6oit ocanok dochara menu (II) Cuz(PO,),.

1.6.2. AHanMTUYecKne peakLumm KaTuoHoB kaamusa Cd>*

AxBaxoMIUIeKcsl KatroHoB Kaamus Cd™" B BOJHBIX PacTBOPax HMEIOT
cocras [Cd(H,0),]*", oHu GecrBeTHBL

1. ITpu nobGaBieHnn pacTBOpa IIEIOYU WM aMMHaKa K pacTBOPY COJIU
kaamus (II) BeimagaeT Genbiii 0calok THAPOKCHUAA:

Cd** +2 OH — Cd(OH),|. (1.117)

OebIi

Ocanok HEPACTBOPUM B U30BITKE IIEJIOUU, HO PACTBOPSIETCS B U30OBITKE

aMMHaKa ¢ oOpasoBanueM GecrerHoro kommiekca [CA(NH;)4*":

Cd(OH),| + 4 NH; — [Cd(NH;),]*" +2 OH . (1.118)
Ocanok IuapoKcuaa KaaMus paCTBOPUM TaK>Ke B KUCJIOTax:
Cd(OH),| + 2 H;0" — [Cd(H,0)4]*". (1.119)

2. Katuous! xagmust Cd>' 06pasyior ¢ annonamu cyibbuga S° B cia-
OOKUCIJION WJTU MIEJIOYHOM cpefie KeNThIi ocasiok cynabduaa kaamus CdS:
Cd™ +S8* — CdS|. (1.120)
YKEIIThIN
Ocanok He pacTBOpSiETCS B IeNIoYaxX U M30BITKE pacTBOpa Cyibduiaa
HATPHS; YACTUYHO PACTBOPSETCS B HACHIIIIEHHOM PacTBOpE XJIOPHIa HATPHS
c 00pa3oBaHHEM KOMILJIEKCA [CACL]*:

CdS| +4 CI” — [CdCL]* + S*. (1.121)
Cynbsbun kaaMusi HEpaCTBOPUM B KHUCTIOTAX, 32 UCKITIOYEHUEM COJISTHOM:
CdS| + 4 HCI — H,[CdCl,] + H,S. (1.122)
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3. Jlpyrue peakuuu katuona kaamus. Tuocynbdat HaTpus Na,S,0; He
B3aumoaeicTByeT ¢ comamu kaamus (II). Cynsdun kaaMust B JaHHOM CITy-
Jae He 00pa3yercs.

1.6.3. AHanuTMYecKue peakLMmn KaTMoHOB pTyTn Hg**

AxkBakomiuiekchl katnoHoB pTtyTu (II) B BOAHBIX pacTBOpax HMEIOT
crpoenue [Hg(H20),]*", 1 0HI GecLBETHSL.

1. [Ipu noGaBieHMM BOJHOTO pacTBOpa IIEJIOYHM K pacTBOpaM coJjiel
pryTH (II) BeimamaeT sxentoiii ocaiok okcuaa prytu (11):

Hg**+2 OH — Hg(OH),|; Hg(OH),| — HgO| + H,0.  (1.123)

KECIThIN

Ocanox HgO pactBOpsieTcst B a30THOM KUCJIOTE, B pACTBOPAX XJIOPUJIOB
U UOIUIOB IIEJIOYHBIX METANIOB C 00pa30BaHUEM COOTBETCTBYIOIIMX CO-
eIUHEHUH:

HgOl +2 HNO3 —> Hg(NO3)2 + HzO,

HgO| +2 Cl + H,O — HgCl, +2 OH ;

HgO| +4 T +H,0 — [Hgl,]* +2 OH.

2. Ilpu B3auMOAEHCTBUU C BOJHBIM PAcCTBOPOM aMMHaKa KaTHOHBI
Hg*" 06pasyroT Geltble 0camKi:

HgCl, + 2 NH; — HgNH,Cl,| + NH4CI; (1.124)

OeJIbIf

Hg
2 Hg(NO,), + 4 NH, + H,0 — | 07~
32 3 2 |: \Hg/NH2 NO; [ + 3NH,NO, . (1.125)
Oenbli 0canoK

Ocanxu pacTBOpAIOTCS (JTydllle MPYU HArPEBaHUM) B U30BITKE aMMHAKa C
2+
oOpazoBaHueM OecliBeTHOTO KomIuiekcHOro katuoHa [Hg(NH;3),] "

HegNH,ClL,| + 2 NH; + NH," — [Hg(NH;),]*" + Cl; (1.126)
O/Hg\ N 2+ }
\Hg/NH2 NO;| +4NH; + 3 NH,” — 2 [Hg(NH3)4] + NO; +H,0 . (1.127)

2+ o
3. Karnonsl Hg" mnpu B3anMoOAEHCTBHM C MOHAMU HOAHIA B BOJHOM
pacTBOpe 0o0pa3yroT KpacHbIi ocanok moauna prytu (II), koTopsiil pacTBo-
psieTcs B U30BITKE PEAKTUBA:

Hg*'+21 — Hgh; (1.128)
KpacHbIN
Hegl,| + 21 — [HgL]*. (1.129)

v 2 2+ +
JlaHHOM peakIuy MeIIaroT KaTUOHBI Pb T Cu”, Ag'.
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4. KaTnoHsbl Hg2+ OCAXJAIOTCSI W3 BOJHBIX PACTBOPOB C ITOMOIIBIO
AHHOHOB CyIb(ua S° B BHIE YepHO-KOpPHUHEBOro ocamka HgS. Peakims
MPOTEKAET B HECKOJIbKO cTaauii. BHauane oOpasyercs Oenblii ocajok, mo-
CTENEHHO MEHSIIOUIMN OKPACKY U3 KEJITO-KpAaCHOM M Oypol Ha KOPUUHEBO-
YEPHYIO IPH M30bITKE aHHOHA S° :

3 HgCl, + 2 H,S — (HgS), - HgCl,| + 4 HCI; (1.130)
OebIit
(HgS),- HgCl, + H,S — 3 HgS| + 2 HCl. (1.131)
YEpHBIN

Cynbdun prytu HgS He pacTBOpsieTcst B pa30aBIeHHOM a30THOM KUCIIO-
TE.
5. Tuocynwsdat HaTpust Na,S,05 o6pasyer ¢ consimu pryTtH (II) ocanku:
2 Hg”" +2 S,05° + H,0 — HgS| + Hg| + S,0¢" + S04 +2 H".
YEpH. YEPH.
(1.132)

1.6.4. AHaNUTMYeCKMne peaKkLMM KaTUOHOB KobanbTa Co**

AKBaKkOMIUIEKCHl KaTUOHOB koOaiibTa (II) okpaiieHsl B BOJJHOM pacTBO-
pe B po3oBsiii 1Bet. OH mmetot crpoerne [Co(H,0)e]™ .

1. Katnonsl koOanbTa mpu B3aMMOJAECHCTBUU CO IIEJI0YaMH 00pa3yioT
cuHuil ocasok ocHoBHOM conu kobanbTa (II) CoOHCI, xoTopslii 3aTem me-
peXoauT B ocafok runpokcuaa koodansta Co(OH), po3oBoro 1Bera:

CoCl, + OH — CoOHCI| + Cl ; (1.133)
CUHUU

CoOHCl +OH — Co(OH),| +CI . (1.134)
PO30BBIN

Po3oBeIit ocanok rugpokcuaa kodbanbTa (II) mocrenenno mpuobperaet
YepHO-OYpYyI0 OKPACKy BCIJIEICTBHE OKHMCIICEHHS €ro KHCIOPOJIOM BO3yXa /10
rugpokcuaa kodansta (111):

4 Co(OH),| + O, + 2 H,O — 4 Co(OH)3/| . (1.135)

4epHO-OyphIii

2. ITpu B3aumoseiictBun coseit kodbanbTa (II) ¢ HUTpUTOM Kanus B yK-
CYCHO-KHUCJION cpejie 00pa3yeTcs >KENThId KPUCTAJUIMUYECKUM OCaJIOK TeK-
canutpokoOanprara (I11) xanus:

a) Co”"+ NO, +2 CH;COOH — NO% + 2 CH;COO + Co’" + H,0;

6) Co’" + 6 NO, — [Co(NO,)e]” ;

B) [Co(NO,)s]’ + 3 K" — K3[Co(NO,)e]]. (1.136)

JKEJIThIN

3. IIpu B3aumoperictBuu coneit kobanpra (II) ¢ pactBopoMm ammuaka
BHayvaJie 00pa3yeTcs CUHUI 0CaloKk OCHOBHOU coiu. JloOaBieHue n30bITKa
pacTBopa aMMHuaKka MPUBOJUT K PACTBOPEHUIO OCaJiKa U OOpPa30BAHUIO aM-
muakara ko6aiasra [Co(NH;)e]™ xenroro usera:
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a) CoCl, + NH,OH — CoOHCI| + NH,CI;
CUHUU
6) CoOHCI1| + 5 NH; + NH4Cl — [Co(NH;)s]Cl, + H,O. (1.137)
YKEJITBIU P-P
[Ipy nnuTEeNnbHOM CTOSIHUM Ha BO3JYX€ pacTBOP MOCTENEHHO Mpuodpe-
TaeT BHIITHEBO-KPACHBIM IIBET BCIEACTBUE OKHCIeHUs koOanbTa (II) mo xo-
6anbta (I1I):
4 [CO(NH3)6]C12 +2 HQO +02 — 4 [CO(NH3)5CI](OH)2 +4 NH3
BuIiHeBO-KpacHbIdd p-p  (1.138)
B npucyrcTBUM mepokcuaa BOJIOPOJA U XJOpHUJAa aMMOHUS PEAKIIMS
OKHUCJICHHS TPOTEKAET MPAKTUYECKA MTHOBEHHO:
2 [Co(NH;)6]Cl,+H,0,+NH4Cl—2 [Co(NH;)sCI]Cl,+ 4 NH5+2 H,0.
BUIIIHEBO-KPACHBIN P-P (1.139)
4. Katnonsl ko0anbTa B CITA0OKHUCIION Cpelie pearupyroT ¢ aHMOHAMHU
THUOIMaHaTa ¢ 00pa3oBaHUEM KOMILIEKCA CUHETO I[BETA:
Co” +4NCS™ & [Co(NCS)4]*. (1.140)
CUHUU p-p
Komruiekc B BOJHBIX pacTBOpax HEYCTOWYMB, MOATOMY PEAKIIMIO MPO-
BOJSIT C UCIOJIB30BAaHUEM pacTBOpoOB cotield kobanbTa (II) m xpucramnmue-
ckoit comt KNCS (NH4NCS). Peakuuu Mematot katronst Fe’* i Cu”.
5. Katuons! xo6ansta (II) mpu B3auMoJelCTBUM C aHUOHAMHU CYJb(u-
na S2— o0pa3yroT YepHBbIil 0caloKk cyibuaa KodanbTa:
Co™" +S* — CoS|
Ocazok pacTBOPUM B a30THOM KHUCIIOTE.

1.6.5. AHaNUTMYecKne peakumum KaTuoHoB Hukens Ni**

AxBakoMIuiekchl katroHa Hukels (II) B BOJHBIX pacTBOpax UMEIOT CO-
craB [Ni(H,0)s]*" 1 OKpalIeHbI B 3¢ICHbIiT L[BET.

1. Katnonsr Ni** OCXKJAIOTCS IMIEJI0YaMHU U3 BOJHBIX PACTBOPOB B BU-
ne ruapokcuaa Ni(OH), 3eneHoro mnpera:

Ni*"+2 OH™ — Ni(OH),]. (1.142)
3€JICHBIN
OcaI[OK pacTBOPACTCA B KUCJIIOTAX U AMMHAKC!
Ni(OH),] + 2 H"— Ni*" + 2 H,0; (1.143)
Ni(OH),| + 6 NH; — [Ni(NH;)s]°" + 2 OH . (1.144)
CUHUU p-p

2. Ilpu B3aumoneiictBuu cosieil Hukens (II) ¢ aMMmuakoMm BBINIAIAOT
CBETJIO-3€JICHbIE OCAJKH OCHOBHBIX coiieit Hukens (11):
Ni(NO;), + NH;OH — NiOHNOs;| + NH4NOs; (1.145)

CBETJIO-3€JIEHBINA
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NISO4 +2 NH4OH — (NlOH)zSO4l + (NH4)2SO4
CBETJIO-3€JICHBIN

B u30bITKE pacTBOpa aMMuaka OCHOBHBIE COJIM HUKEJSI PACTBOPSIOTCS C
o0pa3oBaHHEM KOMILJIEKCOB CUHETO I[BETA:

NiOHCl| + 6 NH; — [Ni(NH;)]*" + OH + CI . (1.146)

CBETJIO-3€JICHBIN CHUHMH P-p

3. Peakuus ¢ pactBopom AumeTwiIrinokcuma (peakiusi Yyraesa). Ka-
THOHBI HUKes Ni*' IIPY B3aUMOJEUCTBUU C AUMETUITIMOKCUMOM npu pH
6 — 9 00pa3ylT pacTBOPUMBIE B BOJIE BHYTPUKOMIUIEKCHBIE COCIMHEHUS
PO30BO-KpPacHOTO LIBETA:

0H—0
o MO C=N=O0H 5 NH, HC— =Ny N=C—CH, +
Ni<" +2 —_— | Ni | +2 NH, (1.147)
H,C — C=N—OH H,C— C=N/ N=—=C—CH,
JTUMCECTUIITIIMOKCUM |

O—H--0O
oucmumermirimmokcumat Hukens (1I)
PO30BO-KpacHOTO LIBETa

Peakiuto mpoBoadT B cpesie amMmuaka. Ocaok pacTBOPSIETCS B CUIIBHBIX
KHUCJIOTaX M IIeJouax, He pacTBOPSETCS B U30BITKE amMMHuaka. KaTHOHBI KO-
Gambra Co’  He MemaoT peaxiuu onpeaenenus nukens (I1); MemaoT peak-
nuu karronst: Cu’, Pb*", Fe*", Fe’'. (Peakiuto MOXHO TMPOBECTH Ka-
NEeJIbHBIM METOJIOM Ha (PUIIBTPOBAIBHOM OyMare).

4. CepoBoA0OpOJ M CyJIb(pHUIBI NPU JSUCTBUU Ha PACTBOPHI COJEH HU-
kenst (II) mpuBoAsST K 0Opa3oBaHUIO YEPHOIO OCaJKa CYyJb(PuIa HUKENIS
NiS:

Ni*" + S* — NiS|. (1.148)

YEPHBIN
5. Peakuusi ¢ XJIOpHOW BOJIOW B IIECJIOUHOM CpEE:
a) Ni*" + 2 OH — Ni(OH),|.
3E€JICHBIN
6) 2 Ni(OH),| + Cl, + 2 NaOH — Ni(OH);| + 2 NaCl. (1.149)
YEpHBIN

B tabmuime 1.10 mpeacTaBiieHbl HEKOTOpPHIC AHAIIMTHUYECKUE PEAKIIUU

KaTUOHOB V T'PYIIIbI U CBOMCTBA MPOAYKTOB PEAKIIUM.
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Tabmuua 1.10

IIpodykmul HeKoOmopbIX aHaIUmMUYECKUX Peakyuii Kamuonos V zpynnot

PearenThs [IpoayKThl aHATUTUYECKUX PEAKIINI KATHOHOB
Cu2+ Cd2+ Hg2+ C02+ N12+
NaOH, KOH lomyGoBato- | bemnbrit XKenteiii  oca- | [omyGoii  oca- | 3enenblii oca-
3eJIeHBI  Oca- | 0cajoK ok HgO. nok CoOHCI. ok NiOHCI.
nmoxk CuOHCI. | Cd(OH),.
NH,OH Cununit BecuBeTHEbII BecuBeTHEbII Kenteiii  pac- | Cune-
(136BITOK) pacTBop pacTtBop pactBop TBOD (hHOIIeTOBBII
[Cu(NH;)a]*" | [CA(NH3),]** [Hg(NH3).]*" | [Co(NH3)e]*" | pactsop
[Ni(NH;)e]**
Na,COs lomy6oit benprit Kpacno-0ypsrit | Po3oBo- 3eneHbll oca-
0CaJIoK 0CaJioK ocamok HgCO; | dhuomneroBsrii TTOK
(CuOH),CO; (CdOH),CO4 WA ocagok (NiOH),CO;
(HgOH)2C03 (COOH)2C03
Na,HPO, lomyGoit oca- | bemnsrit Bensrit DuoneToBLIi 3eeHblid oca-
IOK 0CaoK 0CagoK 0CaoK nok  NiHPOy,
CUHPO4, CdHPO4, HgHPO4, COHPO4, N13(PO4)2
Cu3(POy), Cd3(POy), Hg;(POy), Co3(POy),
(NH4),S, H,S, | Uepnsrit oca- | XKenteiii  oca- | UepHbrii YepHblit UepHsblil oca-
Na,S 1ok CuS ok CdS ocamok HgS ocagok CoS 1ok NiS.
K4[Fe(CN)g] Kpacho-
KOpHUYHEBBIN
0CaJIoK } . ) ;
Cu,[Fe(CN)g]
pacTBOpuM B
aMMHaKe.
Na,S,0;, + | bypslit ocanok - UepHslii - -
H,SO, Cu,S + S. 0CaJIoK
HgS + Hg.
KNCS PactBop
- - - CHHETrO IIBETa -
[Co(NCS),]*

1.6.6. AHanu3 cmecu KaTMOHOB V aHaNMUTMYECKOM rpynnbl

Ilpeosapumenvuvie ucnvimanus. llepen npoBeaeHUEM CHCTEMaTHYE-
CKOTO aHalM3a B OTJACNBHBIX HPOOAaX PacTBOpPa OTKPHIBAIOT KaTHoHBI Hg',
Cu’', Co’", Ni*' ¢ HCII0Ip30BaHUEM CIICLU(PUICCKUX PEAKIIHIL.

Cucmemamuueckuii xo0 anaiu3a

2 2
1. OTkpbiTHE ¥ oTAeeHHe KaTHoHOB Hg” n Cu®’. K aHammsupyemo-
My pacTBOpY MPHOABISAIOT CEPHYIO KHUCIOTY M KPUCTALINYECKHA THOCYIIb-
¢dar natpus Na,S,0;. Beimagaer ocanok cynbduaon: HgS, Cu,S u cBo60 -
o 2+ 2+ 2+
HOU cepbl. B pactBope octatorcst katuonbl Cd™, Co™, Ni“'. Ocanok otje-
JISIFOT HEHTPUPYTUPOBAHUEM.
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Ocanok 00pabaThIBAIOT MPU HArpeBaHUU PACTBOPOM a30THOM KHCIIOTHI.
HgS ne pactBopsiercs, a Cu,S mnepexoJuT B pacTBOpP C OJHOBPEMEHHBIM
oxuciennem Cu’ go Cu”.

Ocanoxk HgS otaenstor oT pactBopa u obOpadaTeiBaroT cmechio HCI +
H,0,. Ocafok pacTBOpsETCs, B PACTBOPE OTKPHIBAIOT KaTHOHBI Hg'' ¢ mo-
MOIIbIO HOAHMAA KaJTHsl.

B a3oTHOKHCIIOM pacTBOpe, MOJYYEHHOM Mocie oTaenenus HgS, ort-
KPBIBAIOT KaTHOHEI Cu’ ¢ MOMOIIBI0 M30BITKA PACTBOPA AMMHUAKA WIH PAc-
tBOpa K4[Fe(CN)g].

2. OTKpbITHE KATHOHOB Cd*, Co*", Ni*". Karuous! kagmust Cd*" or1-
KPBIBAIOT C TIOMOIIBIO CYJIb(H/Ia HATPUS WIH CYJIb(pHUIa aMMOHUS — BhITIaa-
eT )KenTeld ocagok CdS.

Katuous! xo6anpra Co’  OTKpBIBAIOT peakimsiMu ¢ pactBopoM KNCS
unu ¢ nomonpio cMecu KNO, + CH;COOH — BbInaiaeT KeaThld KpUCTAII-
arueckuit ocanok K;[Co(NO,)s].

Katuous! Hukesst Ni*™ OTKPBIBAIOT peakmueil ¢ JUMETHITIHOKCHMOM.

CucremMaTUYeCKHIl XOJI aHajdW3a CMECH KAaTHOHOB V aHaJUTHYECKOM
TPYIIIbI IpecTaBieH B Tabmume 1.11.

Ta6muma 1.11
Cxema xo00a cucmemamuueckozo aHaiu3a cmecu KAamuoHog
V ananumuueckoi cpynnut

PactBop o6pabatsiBatot Na,S,0; u H,SO,4 npu HarpeBanuu. Llentpudyrupytor.

Ocapnok 1: Cu,S, HgS, Hg o6pabareiBator HNO; mipm Hentpudyrar 1:
HarpeBanu. lleHTpudyrupyror. Co*" 06HApyKUBAIOT pe-
Ocapok 2: HgS. Pactso- HenTpudgyrar 2: aktuBamu KNO, +
psoT B cMecu HNO; + Cu®". O6GHapyXHBAIOT CH3COOH nnmu KNCS;
H,0,. ngJr oOHapyKuBa- C TIOMOIIIBIO pacTBOpa cd* - Na,S;
10T C TIOMOIIBIO pacTBOpa aMMHaKa Wil pacTBopa Ni*" - ¢ momombio u-
KI K4[Fe(CN)g]. METUITIIMOKCHUMA.

NNabopaTtopHas paboTta Ne 6
AHanun3 cmecun KaTMOHOB 6 aHaNUTU4YeCKOM rpynnbl

1.7. AHanumu4eckue peakyuu kamuoHoe VI epynnbi

1.7.1. AHanuTM4Yeckne peakumm KaTMoHoB HaTpus Na*

1. MUKpOKPHUCTAIIIOCKOIIMYECKAss ~ peakius ¢  ypaHWIaIleTaToM
UO,(CH;COO),. Kamutto ucciieanyemMoro pactTBopa HaHOCST Ha MPEAMETHOE
CTEKJIO, YITapHBaIOT. 3aTeM IMOMEIIAIOT Ha 3TO e CTEKJIO KaIlIi0 pacTBOpa
ypaHWIAIleTaTa B YKCYCHOW KHCIIOTE. BhIagaroT 3eIeHOBAaTO-KEIIThIE WIIH
OecIIBETHBIC KPUCTAJUIBI ypaHHUJIAIleTaTa HaTPHs:
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3 UOZ(CH3COO)2 +2 NaCl < 2 NﬁUOz(CH3COO)3l + U02C12

AR DD

Puc. 1.3. Kpucmannot ypanunayemama nampusi NaUO,(CH;COO);
noo MUKPDOCKONOM.

UyBCTBUTENBHOCTh PEAKIIUM TTOBBIIIAETCSA B MPUCYTCTBUU COJICH ITUHKA.
B nanHom ciydae peakiusi IpOTeKaeT COrIaCHO YPaBHEHUIO:

Zn(UO,);(CH;COO)s + Na' + CH;COO ™ + 9 H,0 «

— NaZn(UQO,);(CH3;COO), - 9 H,O|. (1.151)

JlanHO# peaknun MemaroT katroHsl K, NH,', Mg%, Ca®’, Sr*', Ba™,
Cu*', Zn*", Cd*™, Hg2+, AP, Mn*", Co™", Ni*", HO B TOM cllydae, €CJIM UX CO-
Jep>KaHue B UCCIIEAYEMOM PacTBOPE MPEBBIIAET 5 MI/MII.

1.7.2. AHanuTM4Yeckue peakumm KaTMoHoB Kanus K’

Kartronsl ammoHnst NH,  MeIaroT OTKPBHITUIO KATHOHOB Kajus, MO3TO-
MY HX MPEABAPUTEIBHO YAAISIOT U3 PaCTBOPA.

1. Katnons! K* npu B3anmozeiictun ¢ pactBopoM Nas[Co(NO,)s] 06-
Pa3yIoT KENTHIM KPUCTAJUIMYECKAN OCaOK JTBOMHOM COJIU:

2 K" + Na3[Co(NO,)s] = NaK,[Co(NO,)]d +2 Na'. (1.152)

JKEITHIN

Ocanok Jyynie BBINAMACT W3 KOHUEHTPUPOBAHHBIX PACTBOPOB B HEM-
TpansHOM mim ciadokuciot (CH;COOH) cpene. M3 pazbaBiieHHBIX pacTBO-
POB OCAJIOK BBINANAET MEJICHHO.

2. MukpokpucTajsiockonu4eckas: peakius ¢ rekcanutpokymnparom (II)
Hatpus B cBuHIA Na,Pb[Cu(NO,)s]:

2 K" + Na,Pb[Cu(NO,)s] — K,Pb[Cu(NO,)s]d + 2 Na”. (1.153)

YEpHBIN

Puc. 1.4. Kpucmannvt K,Pb[Cu(NO,)4] noo muxpockonom
3. Karnons! K npu B3auMOAEHCTBHM ¢ THAPOTAPTPATOM HATpus (Ha-
Tpus kucioro BuHHokucioro) NaHC,H,O¢ B mpucyTcTBUM arietaTta HaTpus
00pa3yroT MaJIOPACTBOPUMBIM B BOJIE TUAPOTAPTPAT KaIusl, BHIMAIAONINAN B
BHJIe 0€JI0r0 KPUCTAIIIMYECKOTO OCaIKa:
K" + NaHC,H,0s — KHC,H,O¢ | + Na". (1.154)

OeJbIid
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1.7.3. AHanuTU4YecKne peakumm KaTMOHOB aMMOHus NH,"

1. letictBue menoueit. Conu aMMOHHMS B pacTBOpax IIeJo4Yel pasniara-
I0TCSI IPU HarpeBaHUHU C BBIJIEIICHUEM Ta3000pa3HOT0 aMMHUaKa:

tO

NH," + OH  —— NH;T + H,0. (1.155)

Breinensronuiicss aMMuak OOHApY»KUBAIOT C MOMOIIBIO WHIUKATOPHOM
OyMaru uim 1o 3amnaxy.

2. JlenictBue peaktuBa Heccnepa Ha conu ammonus. PeaktuB Heccnepa
MpeACTaBIseT cO00M BOAHBIA pacTBOp, coaepxkanuii coequnenus K,[Hgly]
u KOH. Karnonsl amMmmonus oOpasyloT ¢ peaktuBoM Heccriepa kpacHo-
OypBIif 0OcaloK, COCTaB KOTOPOI'O OMKUCHIBAIOT (hOpMYyJIaMu:

~Hg

O_ >NH l
\Hg/ 2 [ Iy wm | Hg,N I-Hzol_

Peakius IMPOTCKACT COTTIACHO CXCMC!

2_
- H -
+ g
NH," + 2 [Hgl4] +40H —= [0 ">NmH, I¢+ 71 +3H0. (1.156)
Hg 2
KpacHO-OypbIi 0caoK
Peakiiuu MemaroT BCce KaTHOHBI, JAIOIMIME MPU PEAKIMU CO IIEJI0YaAMU
3+ 3+ 2+ \gi2+
okpamenuble ocaaku (Cr ', Fe’', Co™, Ni" u apyrue), a TakKe KaTHUOHBI,
PUBOSIIKE K paspyiueHuio peaktusa Heccepa (Hg™").
IIpoayKThl OCHOBHBIX AHAIUTUYECKUX PEAKIMM KATUOHOB MIECTOM

TPYIIIBLI IpecTaBleHbl B Tabmumie 1.12.
Tabmuma 1.12

IIpooykmul HeKomopvIX anatumuydecKux peakyuil kamuonos VI epynnut

PearenTsl HpOI{yKTBI AHAJIMTHYCCKUX peaKuHﬁ KaTHuOHOB
¥ ¥ +
Na K NH4
1 2 3 4

UO2(CH3COO)2 wunm | 3eneHoBaTO-KENThIE
Zn(UO,)(CH3COO0)s | xpucTasmibl - -
NaU02(CH3COO)3 701051

NaZn(U02)3(CH3COO)9'
9 H,0O
Na3[Co(NO3)s] - JKenTeiit ocamok -
NaKz[CO(NOZ)d
Na,Pb[Cu(NO;)s] Uepnbie kyOud. | YepHbIe KyOHU.
- KPHUCTAJLIBI KPHUCTAJLIBI

KoPb[Cu(NO2)s] | (NH4),Pb[Cu(NO,)s]
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NaOH, KOH - - NH3T +H20
(HarpeBaHmue)

K,>[Hgl4] + KOH Kpacno-0ypsrit
(peaktuB Heccnepa) - - 0CaJI0K

<],
Hg

1.7.4. AHanus cmecu KatuoHoB VI rpynnbi

Kartuons! VI ananuTrueckoil rpyIibsl HE UMEIOT PYNIOBOTO PEArEHTA.

1. Katnonbl ammoHus. X OTKpBIBAIOT MO BBIAEIEHUIO aMMHAKa MOCIIE
npuOaBIeHUS K PacTBOPY IIEJIOYM U HarpeBaHus 3TOro pactopa. [laper am-
MHAKA, BBIICISIIOIIETOCS NPH PA3JIOKEHUH COJIEM aMMOHMS B LIEJIOYHOU
Cpele, OKpAIIMBAlOT YHHUBEPCAJIbHYIO HWHIUKATOPHYIO OyMary B CHHe-
3€JICHBIN LIBET.

Jlns koHTpons katioHsl NH,  OTKpBIBAIOT OTJENBHO B HECKOJIBKMX Ka-
IUISIX UCXOJTHOTO pacTBopa peakTruBoM Heccrepa — BbiliagaeT KpacHO-OyphIit
OCa/ioK.

2. YiajeHue KAaTHOHOB AMMOHHMSI.

KurnsiueHne menoyHbIX pacTBOPOB COJIEM aMMOHHSL:

tO

NH, + OH — NH;t + H,O.

HarpeBanne npoBogar no orpumarenbHor peakuud Ha NHj;. 3atem B
npo6e 1 oTkpsIBaroT KatHoHKI K, B Ipo6e 2 — kaTHoHbI Na' .

3. OrkpouiTie katuonoB K™ um Na'. B oTaenbHOM uwacTu pacTBopa,
MOJIYYEHHOr'0 TOCJE yAal€HUs KaTHOHOB aMMOHHMSI OTKPBIBAIOT KATHOHBI
HaTpus Na' MUKpPOKPUCTAILIOCKONMYECKOH peakiuei ¢ MUHKypaHualeTa-
TOM (ypaHUJIALETaTOM) B YKCYCHOKHUCIION cpefie

Katuonsl K™ oTKphIBalOT peakuueii ¢ rexcanutpokodansratom (I1I) Ha-
Tpus Naz[Co(NO;)s] wimm rexcanutpokymnpatom (II) HaTpuss U cCBUHIIAQ
Na,Pb[Cu(NO,;)¢] — B HeUTpaJIbHOI WJIN YKCYCHOKHUCIION CpeJie.

NNabopaTtopHas pabota Ne 7
AHanus cmecu KatMoHoB 1 — 6 aHaNUTU4YecKnx rpynn

1.8. AHanu3 cMecu KamuoHoO8
c | no VI aHanumu4eckyro epynny

AHau3 pacTBopa 6e3 ocajaka. AHATM3UPYEMbIH PACTBOP MOXKET OBIThH
OKpallleHHbIM Wih OecuBeTHbIM. [10 okpacke pacTBopa MOXHO BBICKa3aTh
MPEANOI0KEHUE O MPUCYTCTBUM WM OTCYTCTBUM KaTHMOHOB, UMEIOIIUX Xa-
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pakTepHyro okpacky. Ecnu pactBop mpo3pauHbiii U OECIBETHBIN, TO OTCYT-
CTBYIOT KaTHOHBI: Cr't, Fe’", Cu*’, Co™, Ni*".

HexoTopble npenBapuTeIbHbIE MPEANOI0KEHNS MOXKHO BBIIBUHYTh Ha
ocHoBaHuu u3Mmepenust pH pactsopa. Ecnu 3nauenne pH 2 — 4 (1 pactBop He
COJIEPIKUT 0CaJKa), TO B HEM OTCYTCTBYIOT KathoHsl Hg”', Fe'', Tak kak B
MPOTUBHOM CJIydae UX MPOIYyKThl THIPOJIN3a BRIICISUIUCH ObI B popme oca-
Ka MpH JaHHBIX 3HaueHusx pH.

PactBop aenst Ha Tpu yactu. OIHY UCTHIOJIB3YIOT JJI MPEABAPUTEIBHBIX
UCIIBITAHUH, APYTYIO — JUIsl TPOBEJICHUS CUCTEMAaTUYECKOT0 aHaJn3a, TPEThIO
— JUTs1 KOHTPOJISL.

1. IlpenBapure/ibHble UCNIBITAHUA. B OTIEIBHBIX MOPUUSIX PacTBOpa
OTpEeIEAI0T Halnyue KaTtuoHoB | — V rpynn nelcTBUEM TpyNIOBBIX pea-
reatoB — pactBopamu HCI, H,SO,4, NaOH + H,0, u NH,OH. O6b14H0 B 0T-
JEIBHBIX MOPIUIX PacTBOpa MPEABAPUTEIHLHO OTKPBIBAIOT U HEKOTOPHIE UH-
IUBUY AIbHBIE KATUOHBI: Fe*', Fe’', Cr'*, Cu®’, karnons VI CpYIIIBl U OPY-
r'Y€ UOHBI JICICTBUEM PA3JIMYHBIX PEareHTOB.

2. OTnesienne W OTKPbITHE KAaTHOHOB | aHaIuMTHYeCKOH rpynmbl.
Ecmu B pacTBOpe MpUCYTCTBYIOT KATUOHBI NIEPBOM aHAIUTUYECKOW TPYIIIIbL,
TO WX OTHAEISAIOT ACHCTBHUEM TpymnmoBoro peareHta — pactopa HCI B Bune
cmecu ocaakoB xiopunaoB: AgCl, Hg,Cl,, PbCl, 6enoro neera. B nannoi
CMECH 3aTE€M OTKPBIBAIOT KaXK/IbI U3 YKa3aHHBIX KATHOHOB COTJIACHO CUCTe-
MaTHYE€CKOMY XOJ1y aHaJIh3a CMECH KaTUOHOB | rpymnmsl.

3. OTnesieHnne M OTKpbITHe KATHOHOB Il anamuTHyeckoil rpymnmsbl.
@ubTpaT, OCTABIIMWCS MOCIE OTIAEIEHUS OT aHaJU3HPYEMOI0 pacTBoOpa
OCaJIKOB XJIOPUIOB KaTHOHOB | rpymibl, 06padateiBatoT pactBopoM H,SO, ¢
no0aBlieHHEeM 3TaHoja. Breimagaior Genbie ocagku cyib(haTtoB KaTHOHOB 11
rpynimbl: CaSO,, SrSO,, BaSO4. CMmech neHTpudyTrUpyIOT, OTACISIOT OCAAKU
cyJibaToB, PUIBTPAT OCTABISAIOT AJIs JATbHEHIIIETO NCCIIEA0BaHUSI.

K ocanky cynbdaTtoB 100aBIAIOT HEOOJBIIOE KOJTUYECTBO BOAHOTO pac-
TtBOpa coanl Na,COs, HarpeBaroT. Takum 00pa3om, ocaiku cyib(haToB nepe-
BOJIAT B KapOoHaThl. OJTHOKpATHOM 00pabOTKH, KaK IPaBUIIO, HEJIOCTATOYHO.
[TosToMy cMech TOocie HarpeBaHus HEHTPUDYTUPYIOT, OTAEISAIOT HEHTPUPy-
raT M OCaJ0OK CHOBa 00pabaThIBalOT BOJAHBIM PAaCTBOPOM coibl. JlaHHYIO
OTIepPAaIIUI0 TTOBTOPSIIOT O OTPUIATEIHLHON peaKIMi Ha aHUOHKI CyJbdaTa B
neHTpudyrare.

Ocrapmmiica ocagok kapoonarop CaCO;, SrCOs;, BaCO; obpabarbiBa-
10T pactBopoM CH;COOH (2 monw/n) npu HarpeBanuu. Ocaiok pacTBOps-
ercs. B monydeHHOM pacTBope oTKphiBaroT Katuonsl Ca’’, Sr*’, Ba’’ co-
IJIACHO X0y CUCTEMATUUYECKOTO aHaJIn3a KaTUOHOB 11 rpyrbl.
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4. IlpenBapurtesibHOe OTKPbITHE HEKOTOPbIX KkKatuoHoB III, 1V,
V anajqmmrHyeckux rpymm. PactBop, ocTaBmMiCsS NOCHE OTACICHUS KAaTHO-
HOB | u Il rpymm, MOXeT conepx aTth KATUOHBI APYTUX TPYIIIL.

B oTaenbHBIX HEOONMBUINX MOPIUSAX 3TOro (WJIM MCXOAHOTO) pacTBOpa
MO>KHO OTKPBITh KaTHOHBI: Fe*', Fe’', Cr'', Cu*™, Mn*", Co*", Ni*", Hg2+ , a
TaK)Xe KaTuoHs! VI rpynmsl.

Omkpvimue kamuonos xcenesa (I1) u yncenesa (II1). Katronsl Fe*" ot-
kpbiBatoT peakiert ¢ K;[Fe(CN)g] B kucnoit cpene (pH 2 — 3). Ob6paszyercs
TEMHO-CUHUHN 0CaJIoK "TypHOYJIeBOU cuHU".

Kartuonst Fe’* orkpbiBator peaknueii ¢ Ky[Fe(CN)q] (pH = 3). O6pasy-
€TCsI 0CaJIOK CHHETO IBeTa "OepIMHCKAS J1a3yph'.

Omkpvimue kamuonoe Cr’'. Karnons! xpoma (III) OTKpHIBAIOT, OKHC-
759 UX MEPOKCUIOM BOJOPOJA B MPUCYTCTBHUM IIEIOYH JO MOHOB XpoMara
CrO,”.

Omkpvimue xkamuonoe¢ Cu’’. Karuons meau (II) OTKpBIBAIOT B OT-
JEIbHOM TOPIMM PacTBOpa PEAKIMEld C KOHIEHTPUPOBAHHBIM PACTBOPOM
ammuaka. IIpu 3ToM obpasyercs ammuaunblii kommieke [Cu(NH;)s]*" un-
TEHCUBHOI'O CHMHErO LBETA. {15 OTKpPBITHS KATUOHOB MEIHW MOKHO HCIIOJb-
30BaTh Takxke pactBop Ky[Fe(CN)s] — BbImagaeT KpacHO-KOPUYHEBBINA OcCa-
TIOK.

Omkpvimue kamuonoe Mn’*. Karnons! mapramma (II) oTkpbIBaroT B
OT/ICJIBHOW TOPIIMU PACTBOpPa C MOMOIIBIO OKUCICHHUS CMEChIO MEPOKCHU]IA
BOJIOpOJa U 1esiour. BeinagaeT kopuuHeBo-uyepHbIid ocagok MnO(OH)s.

Omxkpuimue kamuonos Co’'. Karnons: xobansra (1) oTKpbIBarOT pe-
akuen ¢ KNCS nimm NH4NCS pactBop okpammBaercsi B IpKO-CUHUN IBET
BCIeACTBHE oOpaszoBanmst komiuekca [Co(NCS),]*.

Omkpvimue kamuonog Ni’*. Ecii B pacTBOpe HPUCYTCTBYIOT KATHOHbI
xene3a (II), To KaTHOHBI HUKENST OTKPBIBAIOT KaNeIbHOM pPEaKIuen ¢ JuMe-
TUATIIMOKCUMOM (peakius Uyraesa) B aMMuayHOU cpenie Ha (GUIBTPOBAIb-
HOU Oymare — MOSIBJISIETCSl OKpallleHHash po30Basi MoJoca BCIIEACTBUE 00pa-
30BaHuA KoMmIuiekca Hukens (I1) ¢ IMMeTUNTrInoKCUMOM.

Omkpvimue kamuonos Hg’'. TIoBepxHOCTb MEIHOI IUIACTHHKH OYH-
IIAIOT C TMOMOIIBI0 a30THOM KHCIIOTHI, 3aTE€M HAHOCST KaIlll0 pacTBOpa H
npoTuparoT GuIbTpoBaIbHON Oymaron. O0pasyercst 0enoe 3epKaIbHOE TISIT-
HO BCJIEJICTBUE MOSIBIICHUSI aMaJIbI'aMbl METAJUTMYECKOU PTYTH.

5. Otraenenne kaTtnonoB Il ananuTHYecKON rpynnbl 0T KATHOHOB
IV u V rpynn. Ilocie npeaBapuTerbHOTO OTKPBITHS psla KATHOHOB B OT-
JEJbHBIX TOPLUHUSIX PacTBOpa K HEMY N00aBsItOT BOAHBIN pacTBOp NaOH (2
MoJIb/1) B u30bITKe 1 H,O,. HarpeBaroT cmech Ha kumsiiiel BoasiHOM OaHe. B
TUX ycnoBusaX katuousl III rpymnmel ocrarores B pactBope, a KaTuoHbI IV u
V rpynn nepexoasT B 0CaJoK (CMeCh THAPOKCUIOB U OCHOBHBIX COJICH).
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B cinywyae npucyrctBus B pactBope katnoHoB xpoma (III) cmech mpo-
JIOJDKAIOT HArpeBaTh JO H3MEHEHHs IBeTa pacTBopa 3 3enenoro (Cr'') mo
sxenroro (CrO4”). Tlocie HarpeBaHHs cMech LIEHTPU(YTHPYIOT, OCAIO0K OT-
JENSI0T OT LeHTpudyrara.

Ocanok coaepxut katuonsl IV u V rpynmn, a menodynoi ueHrpudyrar —
kaTuoHsl III u VI rpynn. B vactu nentpudyrara orkpsiBatoT kKaTuoHbI 11
IPYIIbI COMIACHO CUCTEMATHYECKOMY XOJ1y aHalli3a KaTMOHOB 3TOW aHaJIM-
TUYECKOU TPYIIIIBI.

6. Paznesienue M OTKpbITHEe KaTHOHOB IV M V aHanuTH4ecKux
rpynin. Ilosy4eHHBIII 0CaOK THIPOKCHAOB, THAPATUPOBAHHBIX OKCUIOB U
OCHOBHBIX coJieit kaTuoHOB [V 1 V 00pabaThiBatoT npy HarpeBaHWU BOJIHBIM
pactBopoM HNO; (1:1) B nmpucyTcTBUU TNepokcuaa Boaopoaa. A30THOKHC-
JbId pacTBOp HeuTpann3yoT Na,COs; 10 Havana NOMYTHEHUS, TPUOABIISIIOT
M30BITOK KOHIIEHTPUPOBAHHOTO pacTBOpa amMmuaka, HarpeBaroT g0 40 — 50
°C. IIpu 3TOM KaTHOHBI V TPYIIIBI NEPEXOAIT B PACTBOP B BUE KOMIUIEKC-
HeIX ammumakaToB coctaBa [Co(NH;)e]*, [Ni(NHs)s]’", [Cu(NHj)]*",
[CA(NH;),]*", [Hg(NH;),]*". B ocaike ocTaroTcst THAPOKCHIB KATHOHOB IV
IPYIIIIHIL.

Cwmechy uentpudyrupyrot. lleHtpudyrar, coaepxkanmi KaTHOHBI
V Ipynnsl, OTAEHAIOT OT OCaJKa, coAepKaumero kKatuonsl 1V rpynmel. LleH-
TpudyraT U 0CaJ0K aHATU3UPYIOT Pa3eabHO.

Ocanok MpOMBIBAIOT pacTBOPOM aMMmHaka (2 MOJb/1), BOAOU, pacTBO-
pstor B HNO; (2 Monb/iT) ¥ B MOTYYEHHOM PacTBOPE OTKPHIBAIOT KATHOHBI
IV rpynmsel coriiacHO CHCTEMAaTUYECKOMY XOJYy aHalIn3a KaTUOHOB 3TOM
IPYIIIIHIL.

Ammuausbiid neHTpudyrat (V rpyImna) HeUTpalIu3yoT pacTBOPOM Cep-
HOM KHUCHOTHI (1 MOJB/IT) 10 C1a00 KUCION peakIuyd M B MOJYYEHHOM pac-
TBOpPE OTKPBIBAIOT KATHOHBI V TPYIIbI COMNIACHO CHCTEMATHYECKOMY XOIy
aHau3a.

7. OTrkpbiTHe KaTHOHOB VI ananuTnyeckol rpynnbl. KaTnonbl
JAHHOM IrPyNnbl HE UMEIOT IPYIIOBOrO PeareHTa, UX OTKPHIBAIOT IPOOHBIM
METOJIOM B OT/EJIbHBIX MOPIMSAX PacTBOPA, MOJTYUYEHHOTO MOCE OTISICHUS
kaTuoHOB I u II rpymm.

AHaJu3 pacTBopa ¢ ocaakoM. Eciu aHanu3upyemasi cMech MpeJicTaB-
JsieT o000l pacTBOP C OCAJIKOM, TO BHa4aje OCaJIOK OTIEIAIOT OT pacTBOpa
HEeHTPU(YTUPOBAHKUEM, 3aTEM OCAJ0K M PaCTBOP aHATU3UPYIOT pa3eiabHO.

Hanuuue ocagka cCBUAETENBCTBYET O BO3MOXKHOCTH MPUCYTCTBUSI B HEM
XJIOpUAOB KaTuoHOB | rpymmebl, cynsdaroB katuonos Il rpynmel. PactBop,
OTJEJICHHBIN OT OCaJKa, aHAJU3UPYIOT TAK, KaK OMMCAHO B pa3neie "AHanu3
pacTBopa 6e3 ocanaka'.
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Ocallok UCHBITHIBAIOT HAa PACTBOPUMOCTH B Pa30aBIEHHBIX KHUCIOTaX:
CH;COOH, HCI, HNO;. Ecnu oH MOTHOCTBIO pacTBOPSIETCS, TO €ro h3yda-
10T KakK pacTBOp 0e3 ocajika (MPUCOETUHSS €T0 K IeHTpudyrary).

Ecnmn ocamok He pacTBOpsIETCs, TO UCHBITHIBAIOT €r0 pacTBOPUMOCTH B
pactBope HNO; (1:1), B BogHom 30%-m pactBope CH;COONH, (unu
CH5;COONa). B azotnoi#t kucnore pactBopsiercs PbCl,, B CH;COONH, —
PbSO,.

Ecnu ocasok HEpacTBOPUM BO BCEX BBIIIEMIEPEUUCIECHHBIX PACTBOPUTE-
JISIX, TO 3TO YKa3bIBA€T HA BO3MOXHOE MPUCYTCTBUE B HEM XJIOPUJOB KaTHO-
HOB | rpynmsl, cynbdatos [ u 11 rpynm.

Cucremaruvyeckuii anaamn3 ocaaka. OTIIEICHHBIN OT PacCTBOPa 0CAI0K
MOXET cojepkaTtb cmech xyopuaoB u cyibdaros: AgCl, Hg,Cl,, PbSOy,
CaSQO,, SrSO,, BaSO,, PbCl,. Ocanok o6pabaThiBalOT KUMSAIIEH TUCTHILIN-
poBaHHo#t Boztoii. IIpu s3tom PbCl, pactopstercst. Katnonsl cunna Pb** ot-
KPBIBAIOT B MPOOE COOTBETCTBYIOIIUMH PEAKIUSIMU Ha TaHHBIE KATHOHBI.

Cwmech 1eHTpU(YrupyroT, 0CajioK OTACISIIOT, MPOMBIBAIOT TOpsSYEh BO-
IO JI0 OTPHUIIATEIbHOW peaKIMM Ha KaTHOHBI Pb*" u MpUOABIISIIOT K HEMY
KOHIIEHTPUPOBaHHBIN pacTBop ammuaka. AgCl pacTBopsieTcs ¢ 00pa3oBaHU-
em kommiuekca [Ag(NH;),]". Eciu B ocajgke MpuCyTCTBOBAN XJIOPUJ PTYTH
(I) Hg,Cl,, To mpu 06paboTke aMMHUAKOM OCaJI0OK YEPHEET BCIIEACTBUE 00pa-
30BaHMs MeTaumueckoit prytu (Hg).

PacTBOp oTHmenstOT OT Ocajika HEHTPUPYTUpPOBAaHUEM U OTKPHIBAIOT B
HEM KaTHOHBI cepebpa Ag crenuduyeckuMy peaKkiusaMH Ha HeTo.

Ocanok obpabarsiBator pactBopom CH3;COONH, no momHOTO pacTBo-
penus cynbdara ceunna PbSO,. B ocagke octatoTcs cynbdarbl KaTuoHOB 11
TPYIIbI, KOTOpBIE MEpPeBOAAT B KapOOHATHI JelcTBHEeM pacTBopa Na,CO’,
pactBopsaroT B CH3;COOH u B noIy4eHHOM pacTBOPE OTKPBIBAIOT KATHOHBI
Ca™, Sr**, Ba™ xapakTepHBIMH peaKIUsIMH.

Tabmuua 1.13
Cxema xo0a cucmemamuyecko20 AHAIU3A CMECU KAMUOHO8
¢ I no VI ananumuueckyio zpynny

K uccnenyemomy pactopy no6asisor cmech KuciaoT HCl + HySOy,
HEeHTPUPYTUPYIOT.

Ocapgok 1: HenTpudgyrar 1: karuons! III - VI rpynn u katnon Ca’". Jlobamsiior 9Ta-
AgCl; Hg,Cly; | HON, IeHTpudyrupyroT.

PbCly; SrSOs; | Ocamox  2: | Hentpudyrar 2: xatuonsl III— VI | Yacte nenrpudyrara
BaSO.. CaSOs. rpym. [lo6asmstor H,O, + KOH (u3- | 2 BbIMapuBarT, Mpo-
OBITOK). KaJIUBAIOT, PACTBOP. B
TUCTAIUT. BOJIE, IICH-

TpuyrupyIor. B
pacTBope OOHapyKH-
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HenTpudgyrar 3: | Ocanok 3: | BaroT KaTtuoHBI VI Ip.

K[AI(OH)4]; TUAPOKCH/IBI

K[Cr(OH),]; IV - V ananuru-

K>[Zn(OH)4]. YEeCKMX  TIpymHl.
OO0pabarbeIBatoT
HNO:;.

HenTpudyrar 4:
o0pabaTbIBaloOT p-
poOM COmBI M JI0-
0aBJIAIOT KOHII. p-
p NH4 OH npu

HarpeBaHI/II/I.
Ocanok 4: Hentpudyrar 5:
Fe(OH);; [Cu(NH;),]*;
MnO(OH),; [CA(NH;)4]*;
Mg(OH),. [Ni(NH3)]"";
[Co(NH;)6]*";
[Hg(NH;)a]*".

1.9. AHanumud4eckasi kKnaccugukayusi aHUOHO8
rno epynnam

[Ipu ananuTUyeckol Kiaccu(uKalu¥ aHUOHOB IO TPYIIaM, OCHOBaH-
HOIl Ha 00pa3oBaHUU MaJOPaCTBOPHUMBIX cojiel Oapus U cepeOpa, aHHMOHBI
AEJIST MO0 JaHHOM KiaccuduKauuy Ha Tpu Tpynnsl (Tadm. 1.14).

K I rpynmne oTHOCAT aHHMOHBI, 00pa3yIOIINEe MAJIOPACTBOPHUMBIE B BOJIC
(B HeliTpagbHOM MM ciabo — MIENOYHON cpene) COMHM ¢ KaTHOHaMu Ba®'.
['pynnoBsiM pearenToMm sBisiercs pactBop BaCl,. K nanHol rpynmne oTHOCAT
armonsl: SO~ , SO;”, COs™, PO,

I Tpymma BKIIOYAaeT aHUOHBI, 0OPA3yIoNINe ¢ KaTHOHAMH cepedpa Ag'
MaJjiopacTBOPUMBIE COJIU. DTH COJIM HE PACTBOPSAIOTCS B pa30aBICHHBIX BOJI-
HbIX pactBopax HNOj;. ['pynmnoBoii peareHT Ha KaTUOHBI TAHHOW TPYIIIIbI —
pactBop AgNO; (ipu pH 7). Anmonst: Cl, Br, I .

K III ananutuueckoi rpyIie OTHOCIT aHUOHBI, HE 00pa3yrolme Majo-
pPacTBOPUMBIX B Boje cojiel Oapus u cepeOpa. 1o aHnoHbl: NO, , NOj ,
CH;COO . I'pynmioBoii peareHT Ha TaHHYIO FPYIMIy OTCYTCTBYET.

TaOmuma 1.14
Knaccugurkayua anuonos, ocnoeannasn na oopazoeanuu
Man0pacmeopumMsix coieil bapus u cepedopa

['pynma AHMOHBI ['pynmoBo# peareHt
I SO,*, SO;*, COy™, PO, Pactsop BaCl, npu pH 7-8
II Cl,Br,I PactBop AgNO; B mpucyTCTBUH
pazbaBinenHoit HNO;
111 NO, , NO; , CH;COO OTtcyTcTBYET
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JTabopaTtopHast pabota Ne 8. AHann3 cmecu aHMOHOB
¢ 1 no 3 aHanuUTU4YecKyto rpynny

1.10. AHanumu4eckKue peakyuu aHUoHos | epynnsbi

1.10.1. AHanUTUYeCKMe peakLMmM aHMoHa cynbdara SO,

CynbdaT-aHUOH SABISETCS AHUOHOM CUJIBHOW JIBYXOCHOBHOW KHCIIOTHI
H,SO4 (pK = 1,94). B BoaHbIX pacTBOpax JaHHBIA aHHOH OECIIBETEH, MpaK-
TUYECKH HE TOABEPraeTCsl THAPOIHN3Y, 00JaJaeT OKUCIUTEIbHBIMU CBOMCT-
BaMHM, KOTOPBIE B pa30aBICHHBIX PACTBOPAaX HE MPOSIBISETCS.

1. Peaxims ¢ katnoHamu Gapust Ba™ . AHHOHBI cybdara py B3auMo-
NeficTBUM ¢ KaTHOHaMH Ba’' 06pasyer Gemblif MENKOKPUCTAILTHYECKUA
ocanok BaSOy:

Ba®* + SO,”” — BaSO,]. (1.157)

OCbIit

Ocaliok HE pacTBOPSETCS B MUHEPAJIbHBIX KUCIOTAaX, 32 UCKIIOYEHUEM
KOHLIEHTPUPOBAHHOW CEPHOU KUCIIOTHI:

BaSO,| + H,SO4 — Ba(HSO,),. (1.158)

Ecnu B pactBOpe mpucyrcTByeT nepmanranat kanuss KMnQOy, To ocamok
cyibdarta Oapusi okpammBaeTcs B (UOJETOBO-KPACHBIA I[BET 3a CYET a/l-
copOumu annoHoB MnQO, Ha ocajike.

2. Peakuus ¢ katroHamu cBuHIa Pb>’. Cymbdar-mon o6pasyer ¢ Ka-
TUOHAMU CBHUHIIA O€NbI KpucTamindeckuii ocagok PbSOy:

Pb>" + SO, — PbSO4]. (1.159)

OebIii.

OcaJlok YaCTUYHO PacTBOPSIETCS B MUHEPAIbHBIX KUCIOTaX, MIEJI0Yax
B BojHBIX pacTBopax aimeraroB (CH;COONH, unu CH;COONa) ¢ o6pazo-
BAHUEM KOMIUIEKCHBIX COeIMHEHUM. PacTBOpeHre ocajka B IeI0YaXx:

PbSO,] +4 NaOH — Na,[Pb(OH),] + Na,SO,. (1.160)

3. Peakius ¢ kapOoHaTOM Oapusi.

K uccnengyemomy pactBopy (pH 7) 100aBiIsitOT HECKOJIBKO Kamesb Cyc-
nen3uu BaCO;. CMech BBITIApUBAIOT HA BOJSIHOM OaHe, CyXOH OCTaTok 00-
pabatbIBalOT pacTBopoM (dheHnondTanenHa. Eciu B pacTBope NpUCyTCTBOBAIU
nonbl SO4°, TO (heHONDTaTEHH OKPAIINBACTCS B MATHHOBBII [[BET BCIICACT-
BUE ITPOTECKAHUS PEAKIIUN:

BaCO;| + SO,” <> BaS0,4] + CO;™;

CO;” +H,0 «> HCO; +OH;

HCO; ++ H;0 < H,CO5;+ OH . (1.161)

1.10.2. AHaNnUTUYeCKMe peaKLumn aHMoHa cynbduta SO;%
Cymbdur— (SO;>) u rugpocynbdur (HSOz ) -HOHBI ABISIOTCS aHHOHA-
MU JIBYXOCHOBHOM HECTOMKOW B BOJHBIX PACTBOPAX CEPHUCTOU KHUCIOTHI
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(pK; = 1,85; pK; = 7,2). B BoiHBIX pacTBOpax aHUOHBI Cylb(dUTa HE OKpa-
IIEHBI, TIOJIBEPTAIOTCS THAPOIH3Y, SBISIOTCS CHIIBHBIMA BOCCTAHOBUTEIISIMU.
Cpennue cynb(PUThI HATPUS U Kadus XOPOIIO PaCTBOPUMBI, CYIb(PUTHI ApPY-
I'MX METAJIJIOB MaJIOpPaCTBOPUMEBIE.

1. CynbGuUT-uOHBI pU B3aUMOJICUCTBUU C KaTHOHaAMU Oapusi 00pasy-
10T Oenblil KpucTaimyeckuit ocagok BaSO;:

Ba®" + SO;>” — BaS0;]. (1.162)

OeJIblil 0ca oK

Ocanok pactBopsiercst B pazbaBiieHHbIX kuciiotax: HCl u HNO; ¢ BbI-
neneHreM okcua cepsl (1V):

BaSO;| +2 HCl — SO,1 + BaCl, + H,O. (1.163)

2. Peaknus pasznokeHuss CyJdb(PUTOB CHIBHBIMH KHCIOTaMu. Bce
CyJIb(PUTHI pa3iararoTcs MO JEHCTBUEM CUIIBHBIX KHUCJIOT C BBIJIECICHUEM
razoo6pazHoro okcuma cepsl (1V):

SO;* +2H — SO,1 + H,0. (1.164)

Boinenstonuiics ra3 (SO,;) o0HapyXKUBAIOT MO XapaKTEPHOMY 3araxy u
1o 00€CI[BEUNBAHUIO BOJHOTO PACTBOpA O/ UK NIEpMAaHTaHaTa KaJIHsI:

SOz+Iz+2H20—>HQSO4+2HI; (1165)

5 SO, +2 KMnO,4 + 2 H,O — K,SO4 + 2 MnSO4 + 2 H,SO4. (1.166)

3. Peakuus ¢ HuTpatoMm cepedbpa. AHHOHBI CybpuTa 00pa3yroT ¢ pac-
TBOpoM HHUTpaTa cepedpa AgNO; Oenwlii ocafgok cyiabdura cepedpa
Ag,SO3, pacTBOPUMBINA B U30BITKE PEaKTHUBA:

2 Ag'+ S0 — Ag,S0s|; (1.167)
OeJIbIi
Ag:S0;| +3 SO5* — 2 [Ag(SO;).] . (1.168)

[Ipu xunsiueHun cmecu Oenbiit ocaok Ag,SO; TEMHEET BCIIEICTBUE 00-

pa3oBaHMs OKCH/JIa cepedpa:
tO
Ag,SO;| — Ag,O + SO,1. (1.169)
KOPHUYHEBBIN

4. Peakiusi ¢ nepMaHraHaToM Kaivs. AHUOH CyJb(uTa Mpy B3auMo/Iei-
CTBHH C pacTBOpoM IepManranata kaiusi KMnQO, B KHCIION cpelie OKUCTSAET-
Csl 10 aHUOHA CyJbdaTa:

5805 +2MnO; + 6H" — 2 Mn*" + 5 SO,~ + 3 H,0. (1.170)

[Ipu >TOM (PuONIETOBBIN pacTBOp MEepMaHraHata Kajus 0OeclBEUUBacT-
Col.

B nelitpanbHoOl cpenie Cylb(UT-UOH OKUCISETCS] IEPMAaHTaHATOM KaJIHsl
10 aHuoOHa cyib(daTa, HO TPU HTOM BHINAJAET KOPUYHEBBIA OCAJIOK
MnO(OH);:

3 SO;* +2 MnO, + 3 H,0 — 2 MnO(OH),| + 3 SO, + OH .

KOPUYHEBHIH (1.171)
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5. Peakuust ¢ pactBopoMm ioaa. AHUOHBI Cylib()UTa B HEUTpaIbHBIX
WM CTA0OKHUCIBIX PACTBOpPaX OKUCISAIOTCS MOJOM 0 aHUOHOB Cylb(ara.
KenTeiil pacTBOp Hoaa MpU ITOM 00ECIBEUNBAECTCSI:

SO;°> +1,+ H,0 - SO, +21 +2H". (1.172)

AHaNOrMYHO MPOTEKAET PEaKIrs B3aUMOJICUCTBUS aHUOHA CyJb(uTa C
OpOMHOM BO/IOM (MPOUCXOAUT 0OECI[BEUUBAaHNE OPOMHOM BOJIbI).

1.10.3. AHanUTUYeCKMe peakLMmM aHMoHa kap6oHata CO5>"

KapOoHatsl SBISIOTCA COJAIMU HECTAOWIBHOM YTrOJBHOW KHUCIIOTHI
H,CO; (pK; = 6,35; pK; = 10,32). YronbHas KuciaoTa B BOJHBIX pacTBOpax
HEYCTOMYMBA U Pa3jlaraeTcsl C BBIJCICHUEM YIJIEKHCIIOrO raza. YTroJbHas
KHCIIOTa 00pa3yeT JiBa psija coyieil: cpeanue (KapOOHAThl) U KUCIBIE (TUIPO-
kapOoHaThl). AHMOHBI KapOOHaTa B BOJIHBIX PacTBOpaxX HE UMEIOT I[BETA, HE
00Jaal0T OKUCIUTEIHLHO-BOCCTAHOBUTEIBHBIMU CBOWCTBaMHU, MOJIBEPraroT-
Csl TUIPOJIUZY.

1. Peaknus ¢ xaopuaom 6apust BaCl2. Aunon kapOoHara npu B3auMo-
NeficTBHM ¢ KaTHOHaMH Ba®' o6pasyer Oemblii MEIKOKPUCTAaLITHYeCKHil
ocagok BaCOs:

Ba®" + CO;>” — BaCOs]. (1.173)

OebIi

Ocanok pactBopsiercs B kuciorax: HCI, HNO;, CH;COOH.

2. Peakuus ¢ MUHEpaJbHBIMU KHUCJIOTaMH. AHUOHBI KapOoHaTa Mpu
B3aUMOJICMICTBUU C CHUJIBHBIMU KHUCIOTaMU 00pa3yloT HECTOMKYIO YTroJib-
HYIO KHUCJIOTY, pa3jiararoilytocsi C BBIICJICHUEM YTJEKUCIOro rasa. Beije-
JIEHUE MY3bIPHKOB ra3a — aHAJTUTUYECKUHN MTPU3HAK IAHHOW pEeaKInu:

CO;* +2 H;0" — H,CO; + 2 H'; H,CO; — CO,1 + H,0. (1.174)

3. JIpyrue peakuuu annoHa kapOoHara. JlaHHbIe aHUOHBI IPU B3aUMO-
neiictBuu ¢ xyopunaom sxeneza (III) obpasyroT Oypslii 0cagoKk OCHOBHOTO
kapOonata xeneza FeOHCO;; ¢ Hutpatom cepebpa — JKeNThlid 0CaToK Kap-
oonara cepedbpa Ag,CO;, pacTBOpUMBIN B a30THOM KHUCJIOTE U pasiiararo-
IIUICS TPU HATPEBaHUU:

t()

YEpHBIN

1.10.4. AHanUTMYeCcKne peakumm aHmoHa dpoccpata PO,

Annon ¢docdara PO, — aHnon oprodocdOpHON KHCIOTBL, KOTOpas
MPY JUCCOIMAIIMU TI0 TIEPBOM CTYNEHH SIBIIAETCA KUCIOTOW CPEIHEN CHIIbI
(pK; = 2,15), npu gucconuanyu 1no BTOPOH U TPEThEH CTYMEHSIM — ClIabou
kucnotoit (pK, = 7,21; pK; = 12,3). AHroOHBI OpTOPOCPOPHON KUCTIOTH B
pacTBOpe OeCUBETHBI, MOABEPTalOTCS THAPOJINU3Y, HE MPOSBISIOT OKHCIIH-
TEJIbHO-BOCCTAHOBUTENBHBIX CBOMCTB. OpTodocdaThl aMMOHUS U MIEIOYHBIX
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METAJIJIOB pacTBOPUMBI B BOjie, opTodocdaThl APYyrux METaNIOB, KaK MPaBU-
J10, MaJIOPaCTBOPHUMBIE.

1. Peakuust ¢ xiopuzom Gapus. Axnon PO, oGpasyer mpu B3anMo-
neficTBHM ¢ KaTHoHaMu Ba®" ocanok Geroro rsera:

2 PO, +3 Ba’" — Bay(PO,),|. (1.176)

OebIi

Ocanok pactBopsiercsa B kuciorax: HCI, HNO;, CH;COOH.

2. Peakius ¢ HutpaTtoM cepebpa. Anuonsl ¢ocdara u ruapodocdara
00pa3yloT C KaTHOHAMM cepedpa B HEUTPAJIbHOM cCpejie >KENThIH 0CaloK
dbocdara cepebdpa:

PO, +3 Ag" — AgiPO,|; (1.177)
JKCJITBIN

HPO,” +3 Ag" — AgiPO,| + H". (1.178)
JKEJITBIN

Ocanok (ocdara cepedpa pacTBOpsSETCS B a@30THOM KHUCIIOTE U M30BITKE
pacTBopa aMMHUaKa.

3. Peakmusa ¢ marnesuanbHoii cmecbto (MgCl, + NH,Cl + NH,OH).
AHMOH ¢ocdara 1pu B3aUMOJICHCTBUU C TaHHON CMEChi0 o0pasyeT OenbIit
MEJIKOKPUCTAITNYECKUH ocasok aBoHoro ¢pochara NH,MgPO,:

Mg + PO, + NH," — NH,MgPO,]. (1.179)

OebIit

Ocanok TBOMHOM COJIM PAaCTBOPUM B KMCJIOTAX.

4. Peakuus ¢ MonbaaToM aMMOHUSA. AHMOHBI ocdaTa B3aUMOICHCT-
ByI0T ¢ Moinbaarom ammonust (NH4),MoQO, npu HarpeBanuu. B pe3ynbra-
T€ peakIuu o0pa3yeTcs JKEIThI KPUCTATMYECKUH OCaJT0K KOMILJIEKCHOM
aMMOHMITHOM COJIH dbochopomonndaeHOBOM KHUCJIOTHI:
(NH4)3[PO4(MOO3)12] 501051 (NH4)3[PM012040]:

tO
PO, + 3 NH, + 12 MoO,” + 24 H" —— (NH,);[PO4s(M005),]| +
YKEIIThIN
+ 12 H,O. (1.180)
WNHorna 1aHHyI0 peakifio OMUCKHIBAIOT C MTOMOIIbIO YPaBHEHUS:
tO
PO, + 3 NH,™ + 12 MoOs* + 24 H —— (NH,4);Hi[P(M0,07)s]| +
YKEJITBIN

+ 10 H,O (1.181)

W cnBITRIBAIOT PacTBOPUMOCTE ocanka (pocdopomonnbaaTa aMMOHUS B
KHCIIOTaX ¥ aMMHaKe.

5. Bzaumoneiicteue ¢ consamu kene3a (III). PactBopsl cosneit xenesa
(III) oOpasyroT ¢ annonamu ¢ocdara CBETIO-KENThIN ocanok docdara xe-
ne3a (III):
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Fe’" + PO, — FePO4].

JKEJITHIN

Ocanok He pacTBOPAETCA B YKCYCHOM KUCIIOTE.
IIpoayKThl OCHOBHBIX aHAJTUTUYECKUX PEAKIIMHA aHUOHOB IEPBOM I'PyII-
Bl TIpeICTaBIeHBI B Tabuie 1.15.

(1.182)

Taomuna 1.15

Ilpooykmul nekomopwvix ananumuueckux peakyuii anuonos I zpynnut

Pearentnl ITpoayKThI aHATUTUYECKUX PEAKITUH aHHOHOB
SO, SO;* CO5> PO,
BaCl, benbrit benbrit bensrit bensrit
0caJIoK 0CaJIoK 0caJIoK ocanok Baz(PO,),.
BaSO4. BaSO3. BaC03.
Pactsopum B Ocaznku pacTBOPUMBI B pa30aBICHHBIX
KOHIL. xucnorax: HCl, HNO;, CH;COOH.
H,SOy,.
AgNO; benbrii benbrit benblii Kenrslii
0Cag0K 0Cago0K 0Cago0K ocanok Ag;PO,. Pac-
Ag,S0,. Ag,S0s. Ag,COs. TBOPUM B KOHII.
NH,OH.
Ocanku pacteopumbl B HNO;.
Ko, H,SO, - SO,T Cco,T -
KMnO,+ H" - ObeciBe- - -
YHBaHHUE
pacTBopa:
M n2+ +
SO
I, + H,O - OO0ec1Be- - -
YHUBaHHUE
pactBopa: 2
I+ S0,
Monubaeno- - - - KenTelit ocagox
Basi (NH4)3H4 [P(M0207)6] .
KHIKOCTbD:
O\IH4)2MOO4
+ HNO:s.
FeCls - - - CBeTIo-KenThIil oca-

1ok FePO,.
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1.11. AHanumu4yeckue peakyuu aHuoHos Il 2pynnbi

1.11.1. AHanuTNn4YecKue peakumm aHmoHa xnopuaa Cl

Anunon Cl sBisieTcss aHHOHOM CHJIBHOW OJJHOOCHOBHOW COJISIHOM KH-
cinotel HCI; B BOJHOM pacTBOpe aHMOH HE UMEET OKPACKH, HE MOJBEPraeTcs
TUAPONIN3Y, 00J1alaeT BOCCTAHOBUTEIBHBIMU CBONCTBaMH. BOJBIIMHCTBO
XJIOPUJIOB METAJJIOB PACTBOPUMBI B BOJIE.

1. Peakuust ¢ HUTpaToM cepedpa. AHHOH XJIOpUJa 00pa3yeT ¢ KaTHo-
HaMu cepebpa Ag' Genblii ocagok XJIopua cepebpa:

Cl + Ag — AgCl|.

OenbIi

Ocanok mpu JOJTOM HAaXOXKJICHHH Ha CBETY TEMHEET BCJIEACTBUE 00Opa-
30BaHUSI MEJTKOJUCIIEPCHOTO METaUTMYecKoro cepedpa. Ocalok pacTBops-
eTcsi B M30BITKE aMMHaKa, B PacTBOpe KapOOHAaTa aMMOHHS U THOCYJb(aTa
HaTpus ¢ OOpa3oBaHHWEM PACTBOPUMBIX KOMILIEKCHBIX COJIed (CM. pasj.
1.2.1).

2. Peakiusi okucieHus. AHHOHBI XJIOpUAA OKHUCISIIOTCS CHIJIBHBIMU
OKUCIUTEINSIMU (0OBIYHO B KUCJION CPEZE) 10 MOJIEKYJIIPHOTO XJIopa:

2MnO; +10ClI + 16 H — 2 Mn”" + 5 Cl,1 + 8 H,0. (1.183)

AHaTUTUYECKU TIPU3HAK PEaKIMU — BBIJCICHUE MYy3bIPHKOB Ta3a-
XJIOpa, KOTOPBIM MOXXHO OOHAPY>KUTh BU3YaJbHO WUJIM MO U3MEHEHUIO I[BETa
BJIQKHOW MHJIMKATOPHON Oymaru.

3. Peakuust ¢ OuxpoMaroM Kajausi. AHHOHBI XJIOpUAa 00pa3yroT ¢ Ou-
XpOMAaTOM Kajusl B KUCIION CpeJie JIeTydee COSTMHEHUE — XJIOPU XpoMuia
CrO,Cl, (mapsl” Oyporo 1igera):

KzCI'zO7 + 4 NaCl + 3 HzSO4 — KzSO4 + 2 CI'OzClzT + 2 NﬁzSO4 +
3 H,O0. (1.184)

Peakius mpoTekaeT ayullie, ecliy A Hee UCTOIb30BaTh KOHIIEHTPUPO-
BaHHbBIC PACTBOPHI PEAreHTOB.

1.11.2. AHanUTU4YeCKUue peakumm aHmoHa opomuaa Br-

AHMOH OpoMHUJa — aHUOH CUJILHOM OJIHOOCHOBHOM OPOMOBOJOPOIHOM
kuciotel HBr; B BOJHBIX pacTBOpax OECIIBETHBIN; HE MOABEPraeTcsl TUJIpo-
au3y; 00JaJaeT BOCCTAHOBUTEIBbHBIMU CBOMCTBAMU. BOJIBIIMHCTBO Opomu-
OB METAJIJIOB XOPOIIIO PACTBOPUMBI B BOJIE.

1. Peakmust ¢ HUTpatoM cepedpa. AHMOHBI OpoMHIa TIPU B3aUMOJICH-
CTBUU C KaTMOHaMH cepedpa o0pa3yroT ocagok Opomuaa cepedpa >KenTo-
BATOIO I[BETA!

Br + Ag" — AgBr|.

YKEJITOBATHIN

Ocafok MpakTUYECKH HE PACTBOPSAETCSA B BOJIE, B Q30THOM KHUCIIOTE, B

pacTBope KapOOHaTa aMMOHHSI; YACTUYHO PACTBOPSETCS B KOHIIEHTPUPOBAH-
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HOM pPAaCTBOPE aMMHUaKa; XOPOIIO PAcTBOPSETCS B PacTBOpe TUOCYJb(ara
Hatpud (cM. pazgen 1.2.1).

2. Peakuusi ¢ CUIbHBIMHM OKUCIUTENISIMUA. CUJIbHBIE OKUCIUTENIH (TIep-
MaHraHaT KaJlus, XJIOpHas BOJAa W JPYTrHe) B KHUCIOH CpeAe OKHUCISIOT
aHUOHBI OPOMHJIA 1O MOJIEKYJIIPHOTO OpoMa:

10 Br +2MnO4 + 16 H — 5 Br, + 2 Mn*" + 8 H,0; (1.185)

2Br +Cl, > Br, +2CI. (1.186)

OO6pa3zyromuiics 6poM MOXKHO 3KCTparupoBaTh W3 BOJHOU (ha3bl ¢ TO-
MOIIBKO OPraHUYECKOTO PACTBOPHUTEIS,, HE CMEIIMBAIOIIETOCS ¢ Boaou. Op-
TaHUYECKUU CJIOW MPHUOOpeTaeT kKeaTo-0ypyro okpacky. [IpoBenenuro naH-
HOM peaKIMM MEeIAIOT APYrue aHHOHbI-BOCCTaAHOBUTENH (Hampumep, SO5” ).

1.11.3. AHanuTU4YeCKue peakumm aHuoHa nogmpa l

AHMOH MOAUJIa — AHUOH CUJIBHOM OJTHOOCHOBHOW MOJIOBOJIOPOJHON KH-
ciotel HI; B BOAHBIX pacTBOpax OH OECLBETHBIN, HE IOJABEPraeTcs r'UIpoJIn-
3y, o0JiaJlaeT BOCCTAaHOBUTEJIbHBIMU CBOMCTBaMU. Moauasl OOJIBIIMHCTBA
METaJJIOB XOPOIIIO PACTBOPUMBI B BOJIE.

1. Peakius ¢ HuTpatoMm cepedpa. AHHOHBI MOJK/Ia OCAXAAIOTCS C TMO-
MOIIIbIO KATHOHOB cepedpa B BUE KEJITOro ocaaka noauaa cepedpa Agl:

I +Ag — Agld.

Ocanok He pacTBOpsieTCsl B BOJE, B a30THOM KHUCJIOTE U PacTBOpPE aMm-
MHAKa; pacTBOPSIETCA B PacTBOpPE THUOCYIb(aTra HATPUS U B U3OBITKE HOHOB
noauaa (cm. pazgen 1.2.1).

2. Peaknus ¢ okucaurensiMu. OKUCIUTENM (XJIOpHAs BOJA, MEpPMaHra-
HAT KaJlusl, HUTPUT HATpUs) B KHUCIOW CPEAEe OKHUCISIOT MOHBI MOAMAA IO
CBOOOHOTO Hofa:

2I'+CL > LI +2CrI; (1.187)
10T +2MnO, + 16 H" — 5 L\ + 2 Mn*" + 8 H,0; (1.188)
2T +2NO;, +4H — LI +2NOT +2 H,0. (1.189)

Breinensronuiicss BO BpeMsi peakiiui cBoOOHBIN HOJ] OKpallluBaeT pac-
TBOP B JKEJITO-KOPUYHEBBIN I[BET WM MPU U30BITKE BHINAJAET B OCAJOK B
BUJIC YEPHO-(UOIETOBBIX KPUCTATUIOB. MOJNIEKYJISIpHBINA O MOXKHO JKCTpa-
TUpOBaTh M3 BOAHOW (ha3bl C MOMOIIBIO OPraHUYECKOTO PaCTBOPUTENS, KO-
TOPBIM HE CMEIIMUBAETCA C BOAOW. OpraHMYECKUi CIIOW OKpAlIWBAETCS MPH
TOM B ()MOJIETOBBIN LIBET.

[Ipu M30bITKE OKUCIUTENS (HAPUMED, XJIOPHOU BOJIbI) OOpa3yrOIUHACS
Hon okucusgerca nainee no uomHosatou kucimotel HIO;, m pactBop #ona
00eCLIBEUNBAECTC:

L4 + 5 Cl,+ 6 H,O — 2 HIO; + 10 HCI. (1.190)

[IpoBeaeHuI0 TaHHON peakluy MEIIal0T AHUOHBI CYJIb(PUTA.
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3. Ipyrue peakuny aHMOHOB HOAUAA. AHHOHBI HOAUAA C COJISIMH PTY-
1 (II) obpasyroT ocamox Hgl, kpacHoro nBera; ¢ comamu pryTtH (I) oOpa-
3ytoT Hg,l, — ocaziok 3eiaeHoro mgera.
[IpoayKThl OCHOBHBIX AHAJTUTHYECKUX PEAKUWN AHMOHOB BTOPOU
IPYIIBI IpecTaBaeHbl B Tabnuie 1.16.
Tabmuna 1.16
Ilpooykmul nekomopwix ananumuyeckux peaxyuii anuonog Il zpynnut

PearenTol [IpoayKThl aHATUTUYECKUX PEAKIIUI AHUOHOB
Cl Br I
KMnO,+ H" OoOecuBeunBanne | OOecuseunBanne | OOeciBeYUBaHUE
pacTtBopa: Mn** pacTtBopa: Mn** pacTtBopa: Mn**
+C12T. +BI'2. +IZ\L.
AgNO; benblit ocagok biienHO-XenThIi JKenteiit ocagox
AgCl. PactBopum B | ocanok AgBr. Pac- | Agl. PactBopum B
NH,OH, TBOPUM B Na,S,03, B n30bITKE
(NH4),COs, (NH4),COs, AHMOHOB HOIMA.
NﬁzSzOg,. NﬁzSzOg,.
Ocanku He pactBopruMbl B HNOs.
Xmopnas Boja (Cly) - JKenTeiid pactBop DHUOJIETOBBIN
opoma (Br»). pacTBOp WM Yep-
HO-(UOJIETOBBIN
ocanok ona (I,).

1.12. AHanumu4eckue peakyuu aHuoHos lll epynnbi

1.12.1. AHannTU4YeCcKne peakumm aHmoHa Hutputa NO,~

AHUOH HHUTpUTA SIBISETCA aHUOHOM CJIa00H OJHOOCHOBHOW a30THUCTOU
kuciotel (HNO,; pK = 3,29), koTopas B BOJIHBIX pacTBOpax HEYCTOWUYHBA U
paznaraeTcsi:

2 HNO, < N203T + Hzo, N203 &~ NOT + NOzT

Hutpur-non B pactBope mojiBepraercsi THAPOIU3Y, 00JIalaeT OKUCIH-
TEJILHBIMU U BOCCTAHOBUTEIHLHBIMU CBONCTBAMH.

1. Peakuusi ¢ CWIBHBIMU KHCJIOTaMW. HUTpUT-MOH moj JelCTBUEM
pa30aBlIEHHBIX CHJIBHBIX KHUCJIOT MEPEXOIUT B a30TUCTYI0 KucioTy HNO,,
KOTOpasi 3aTeM paszjiaraeTcsi ¢ BblaesieHneM okcujaa azora (IV) 0yporo uBe-
Ta.

NO, + H' < HNO,; (1.191)

2 HNO, <> N,O5T + H,0 <> NOT + NO,T + H,0. (1.192)

2. Peakiust ¢ moauaoM Kaiusi (HUTPUT-UOH — OKUCIUTEIb). HuTpur-
noH B kucioit cpene (HCI; H,SO4; CH;COOH) okucnsier moHsI Hoauaa 10
cBoOOsHOrO Mojaa (cM. ypaBHeHue 1.189). Beiaemnsroniuiicss cBOOOIHBIN
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MO/ OKpalllMBaeT PacTBOpP B KEITO-KOPUYHEBBINA 1BET. [[aHHOUW peakinuu
MEIIAIOT APYTUE OKUCITUTEIH.

3. Peakuus ¢ nepMaHraHaTom Kajausi (HUTPUT-UOH — BOCCTAHOBUTEIID).
Hutputr-uoH B CEpHOKHUCIION cpejie OKUCISIETCS 0 HUTpaTa, a PacTBOP
nepMaHraHaTa o0ecCI[BeUnBaETCS:

5NO, +2MnO, + 6 H — 5NO; +2 Mn*" + 3 H,0. (1.193)

[IpoBeneHnto  JaHHOW  peakiMM  MEIIAIT  JPYrue€  aHUOHBI-
BOCCTAaHOBHUTEIIN (8032_; [; Br).

4. Peakiiuss  oOpazoBanusi  rekcanutpokoOanerata (III)  xamms
K;5[Co(NO,)g]. ITpu B3aumoieicTBUM coJie KoOajabTa U HUTPUTA Kadus B
YKCYCHOKHUCIION cpejie 00pa3yeTcs dKeNThI KPUCTALTUYECKUNA 0CaIOK:

a) Co’" +NO, +2 CH;COOH — NOT + 2 CH;COO™ + Co** + H,0;

6) Co’" + 6 NO, — [Co(NO»)s]”;

B) [Co(NO,)s]”™ + 3 K" — K5[Co(NO,)6]V. (1.194)

JKEJTHIN

1.12.2. AHanuTU4YeCcKue peakumm aHumoHa Hutparta NO;~

AnnoH Hutpata NO3; — aHMOH OJHOOCHOBHOW CHJIBHOM a30THOM KH-
cinotel HNOj3. B BoHBIX pacTBOpax HUTpaAT-aHUOH OECIIBETHBIN, HE MOJIBEP-
raercs Tuaposin3y. HurpaTel MeTaioB XOpoIlIo pacCTBOPUMBI B BOJIE.

1. Peaknuus ¢ nudennnamuaoMm. HutpaT-aHUOH NpU B3aUMOJICHCTBUU C
nudEeHnIaMUHOM B MPUCYTCTBUM KOHIIEHTPUPOBAHHON CEPHOM KHUCIIOTHI
MEPEBOAUT JTAHHBIA OPraHUYECKUN PEAreHT B MPOAYKT €r0 OKUCICHUS —
cUHUM TudeHnIInPEeHOXMHOHTMUMHUH.

Bnagane nmpoucxoaut HeoOpaTHMOE OKHCJICHHE Mu(eHuIaMuHa B JTU-
(beHMmI0CeH3U/TUH

OO~ 1000

muennnoeH3uuH (6eCIBETHBIN) (1.195)
3areM IPOUCXOAUT OOpPaTUMOE OKMCIIEHUE MOJEKYJbl O€H3UANHA TPU-
cyTcTBytomuM okuciutesnem (NOs ) 10 okpalieHHOro B CUHUH 1BET aAude-
HUWIIUGEHOXUHOHIMUMHUHA!
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OO0 —

meHmToeH3uH (OSCIIBETHBIH )

—_— @—NN@ +2HY.  (1.196)

muheHmT N (GEHOXUHOHAUUMIH (CUHUN)

B pesynbTaTe pacTBOp okpamuBaeTcs B cuHUM 1BeT. O0pa3oBaBIIMACS
CUHUM NPOJYKT OKUCJIEHUS Jlaliee HEOOpaTUMO pa3pylIaeTcs 10 MPOJAYKTOB
peakiuu Oyporo, a 3aTeM KeaToro mneera. Peakmuio mpoBoasT B dapdopo-
BOM 4YalllKe WJIM NMPOOHUpPKE C MUHHMAaJIbHBIM OOBEMOM HCCIIEIYEeMOTro pac-
TBOPA.

1.12.3. AHanuTU4YecKue peakumm aHuoHa auyetara CH;COO™

Anerar-anuon CH;COO — aHuoH ci1aboil OJHOOCHOBHOM YKCYCHOM
kuciotrel CH;COOH (pK = 4,76); B BOIHBIX pacTBOpax OeClBETEH, MOABEP-
raeTcs TUAPOIU3Y, HE 00JaJae€T OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIMU CBOM-
CTBaMU. BOJBIIMHCTBO COJIEH-AIIETATOB XOPOIIIO PACTBOPUMEI B BOJIE.

1. Peaknmst ¢ xnmopumom kenesza (III). Aamon CH;COO o6pasyer ¢
KaTHOHaMH sxkeies3a Fe' npu pH 5 — 8 pacTBOpuMOE coelMHEHNE — aleTar
unu okcuarerar xenesa (III) rTemHo-kpacHoro sera. B BogHOM pacTBope
COEJIMHEHNE YaCTUYHO THUAPOJIM3YETCS; TOAKUCICHUE PACTBOPaA KUCIOTaMU
(HCl, H,SO,) noxasisier TUAPOIU3 U MPUBOJUT K UCUE3HOBEHHUIO TEMHO-
KPAaCHOM OKPACKH.

Fe’' + 3 CH;COO™ — Fe(CH;COO);. (1.197)

TEMHO-KPacCHBIN p-p
[Ipy KunsgYeHUM TEPBOHAYAIBHO TMOJYYEHHOI'O pacTBopa oOpasyercs
TEMHO-KPAaCHBIN 0CaJI0OK OCHOBHOTO arerara xenesa (I11):
tO
Fe(CH;COO); + 2 H,O —— Fe(OH),CH;COQO| + 2 CH;COOH.
TEMHO-KPACHBIH (1.198)

Ocaziok BbITIaJIaeT TOJIBKO MPH M30BITKE MOHOB alleTaTa B pacTBope. B
3aBUCUMOCTH OT COOTHOIIEHUs KaTuoHOB kene3a (III) m aHnoHOB amerara
COCTaB OCaJika MOXET MEHATbCS W COOTBETCTBOBATH (hopMyiam:
FG3(OH)2(CH3COO)7

IIpoBeneHNIO TaHHOW pEaKIIMU MENIAOT aHUOHBI: CO327; 80327; PO437;
[Fe(CN)s]*; SCN; T
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2. Peakusi ¢ CEpHOM KHUCIOTOW. AHMOH alerata B CUJIBHO KHUCIIOU
Cpelie EPEXOIUT B YKCYCHYIO KHUCIIOTY, KOTOPYKO MOKHO OMNPEAECIUTH MO
3amaxy WIH ¢ IIOMOIIBI0 HHIAUKATOPHOW OyMaru:

tO

CH;COO + H'—— CH;COOH. (1.199)

JlaHHOM peaknuu MemarT aHuoHBI NO; ; SO32_, TaKk>X€ BBIICIISIONINE B
Cpele CepHOM KHCIOTHI Ta3000pa3Hble MPOIYKTHI C XapaKTEPHBIM PE3KUM
3aI1aXxoM.

ITpoayKTBl OCHOBHBIX aHATUTUYECKUX PEAKLUW aHUOHOB TPETHEU I'PyII-
TbI TIpe/icTaBlIeHbl B Taduie 1.17.

Tabauma 1.17

IIpooykmut nekomopuix anarumuyeckux peaxyuil anuonog 111 zpynnoi

Pearentsl [IpoayKThl aHATUTUYECKUX PEAKIIUI AHUOHOB
NO, NO; CH;COO
H,SO, (koHL.) NO,T - CH;COOHT (mpu
HarpeBaHMM)
KMnO,+ H" OO0eciBeunBaHue - -
p-pa: Mn>"+ NO; .
KI + H,SO, L +NOT. - -
Hudennnamun + - Cunee okpanmBa- -
HzSO4. HHUC.
FeCl; - - KpacHo-0ypsrii
pacTBop:
FC(CH3COO)3

1.13. AHanu3 cmecu aHuoHos I-lll aHanumu4eckux a2pynn

IIpenBapure/ibHbIE HCIIBITAHUSA.

1. Onpenenenne pH cpeabl. Ecin pH < 2, To B aHanu3upyemMoM pac-
TBOpPE OTCYTCTBYIOT AHUOHBI CJIA0BIX HEYCTOMYMBBIX KHUCIOT, pasjararo-
muxcs B kucioit cpene: SO5°, COs™, NO, . B kucnoii cpexe (pH < 5)
TaKk€ HE MOTYT CYIIECTBOBATh AHMOHBI-BOCCTAHOBUTEIIM W AHHOHBI-
okucimutenu: [—- u NO, , NO, u SO32_.

B menouHoil cpene MoOryT MOpHCYTCTBOBATH BCE paccMaTpPUBAEMBIE
AHVOHBI.

Eciu pH > 2, To ana onpeneneHrs HEyCTOMUMBBIX KUCIOT OTOMPAIOT
npoOy pacTBOpa, BHOCAT pa30aBIICHHYIO CEPHYIO KHCIOTY, HarpeBaroT
cMech. Ecu HabmogaeTcs BeijeneHre my3bipbkoB raza (SO,, CO,, NO,), To
B HCCIIElyeMOM pacTBOPe MPUCYTCTBYIOT annoHbl SO5°, CO5”, NO, ™. XKe-
TO-OYphIN IIBET Ta30B yKa3bIBaeT HAa HAJIWYUE B PACTBOPE aHMOHA HUTPUTA
NO, .
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2. IIpo6a Ha npucyTcTBMEe aHMOHOB NepBoil rpynnbl. K otaensHon
npobe pactBopa nobasisiotr BaCl, mpu pH = 7 — 9. Eciu BeimagaeT Genblit
0CaJIOK, TO MPUCYTCTBYIOT aHMOHBI JaHHOU rpymnmbl. Ocagok oOpabaTsiBa-
10T pazdasnennorr HCI. I1pu a3ToM Bce conm Gapus aHMOHOB TEPBOM TpyI-
bl pacTBOPSIOTCS 3a HckioueHueM BaSO,4. Eciin ocagok mosiHOCTBIO pac-
TBOPHUJICS, TO B IIPOGE OTCYTCTBYeT aHHOH SO4 .

3. IIpo0a Ha mpucyTCTBHEe aHMOHOB BTOPOHM rpymnnbl. K ornensHon
npoOe pacTBopa A00aBIAIOT pacTBOp HUTpara cepedpa AgNO;. Ecnu BbI-
najaeT 0caioK cojiel cepedpa OT OEI0ro 0 KEeNTOBATOTO I[BETA, TO MPH-
CYTCTBYIOT aHUOHBI BTOPOU TPYIIIIHI.

4. IIpob6a Ha npucyrcreue anuoHoB-oxkucjaureaen (NO, , NO3). K
oTAeIbHOM TpoOe pacTtBopa moOaBisoT cmech KI + H,SO, (pH = 1).
Oxkucnurenu nepeBoiar I B MoJiekyssipHbld #on I,. Beimagaer uyepHO-
(buOIeTOBBIN 0CaIOK HOIA.

5.1Ipo6a Ha mNpUCYTCTBHE AHMOHOB-BOCCTaHOBHTedeii (SO;™,
NO,, CI', Br, I'). K ornensHoil npobe pacTBopa A00aBIAIOT CMECH pac-
tBopoB KMnO, + H,SO,. Eciu pactBop obGecuBeuuBaercs (MnO; —
Mn”"), TO IPHCYTCTBYIOT AaHHOHbI-BOCCTAHOBHTEIIN.

JIpoOHoOe oOHaApy:xeHHe AaHMOHOB. Bce HMXe mepeuncieHHbIe olepa-
[IUY TIPOBOJIAT C OTACIBHBIMU MPOOAMU aHATH3UPYEMOTO pacTBOpa.

1. OtkpoiTue annona SO, . CynbdaT-aHHOH 0OGHAPYKUBAIOT IO Pe-
axiuu ¢ BaCl, B kucnoit cpene. O6pasyercs ocaniok cyibdara Oapus.

2. OTKpbITHE AHUOHA CO;”". Eciu B AHAUTM3UPYEMOM PacTBOpPE OT-
cyterByeT SO5°, KapGOHAT-aHHOH OTKPBIBAIOT MO BBIAEICHHIO YIIIEKUCIIO-
r'0 ra3a Ipy AECUCTBUU CUIIBHON KUCIIOTBHI.

Ecii B pacTBOpe NPHCYTCTBYIOT omHoBpeMeHHO SO;° u CO;”, To K
npoOe pacTBopa AOOABISIOT MEPOKCHA BOJOpoJa W HarpeBaroT ero. [lpu
yTOM cyIbdut-annoH okucisercst (SO; — SO47). 3aTeM 106aBISIOT CHIb-
HYIO0 KUCHOTY. Eciu BbIICNSIETCS YTIIEKUCTBIN a3, TO B paCTBOPE MPUCYTCT-
Byet aHnoH CO;”".

3. OTkpbiTHe annoHa SO;". CynbpUT-aHHOH OTKPHIBAIOT MO 06ec-
nBeunBaHuio pacteopa KMnO, + H,SO,.

4. OTkpbiTHe annona PO,". ®ochaT-aHnoH 0GHAPYKMUBAIOT IO BbI-
JIEJICHUIO JKEeNITOro ocajaka npu aectsuu cmecu (NHy),MoO, + HNO;.

5. OTrkpoiTHe annona xJjopuaa Cl'. K azoTHokuciaoi npobe aHau-
3UpyeMoro pactBopa npuoasisaioT pactBop AgNO; 10 MOJHOrO BhINAJE-
HUS Ocajika cojiel cepeOpa pa3IuYHbIX aHHOHOB, UMEIOLIUXCSI B PACTBOPE,
B TOM 4HCIIe U Xjopuaa cepedpa. Ocagok cMecH OTACISIIOT U 00padaThiBa-
I0T HACBHIIIEHHBIM BOJHBIM pacTBOpoM KapOoHaTa amMoHus (NH,4),CO;.
Xnopun cepedpa pacTBOPSIETCS:
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AgCl + (NH,),CO; — [Ag(NH;),]C1 + CO,T + H,0.

CepelOpsiHble COJIM OCTaIbHBIX aHMOHOB OCTalOTCs B ocaake. PacTBop
OTHEJISIIOT OT OCaJKa M JOKA3bIBAIOT HAJIMYHUE B HEM XJIOPUI-AaHUOHA pEak-
nuert ¢ HNOj; — Beimanaet 6enbiit ocagox AgCl:

[Ag(NH;),]Cl + 2 HNO; — AgCl | + 2 NH,NO:;.

6. OTkpbiTHe 6pomua — (Br) u noaua— (I") anuonoB. K npobGe ana-
JU3UPYEMOTO pacTBOpa MpUOABIAIOT XJIOPHYIO BOJY, pa30aBICHHYIO cep-
HYIO0 KHUCJIOTY U XJopodopm (3KcTpareHT Jjisg Opoma wiu ioaa). bpomu-
QHUOH OKHUCIISIETCS 10 CBOOOAHOTr0 Opoma Bry:

2Br + Clz — B, + 2 Cl.

BoinenuBiuiics Opom nepexoauT B OPraHM4ecKyto ga3zy U OKpaluBaeT
ee B kenTo-Oypsiid 1BeT. [Ipu mM30bITKE XJIOPHOU BOJBI OpOM pearupyer c
XJIOpPOM ¢ 00pazoBaHueM xkentoro pacrsopa BrCl:

Br, + Cl, = 2 BrCl.

XKento-Oypast okpacka opraHudeckoil (a3pl MeHsSeTCS Ha CBETJIO-
KEITYIO0 OKPACKY.

JIJist OTKpBITHUSI aHMOHOB MOAMAA pacTBOp 00padaTHIBAIOT XJIOPHOU BO-
JI0¥, cepHOU KUCIOTOW U xiopodopMoM. AHMOHBI | OKUCIAIOTCA 10 CBO-
0oaHorO Hoxa:

2I'+CL—>L{+2CI.

Moy mepexoquT B OpraHMYecKyo (asy 1 OKpaIlIHBaeT ee B (hHOIETOBbIIl
user. [Ipu orcyrcTBum xiaopodopma 1o BbINIAJAET B OCAJTOK B BUAE YEPHO-
(bUONETOBBIX KPUCTAILIOB.

IIpu u30bITKE XJI0pHOM BOJBI I, OKHCHIsIEeTCs 10 OECIBETHBIX aHHMOHOB
ronara 105 :

Ll +5 Cl, + 6 H,O — 2 HIO; + 10 HCL.

duoneToBas OKpacka opraHuyeckoil ¢assl ucuesaer. [Ipu coBMecTHOM
npucytctBuu Br u [ B U30bITKE XJIOpHOM BOJBI OpraHuveckas (aza cTaHo-
BUTCS CBETJIO-KENTOM BeeacTeue oopazoBanus BrCl.

7. OrkpoiTHe aHuoHA NO, . HUTpUT-aHUOH OTKPBIBAIOT B OTAECIBHBIX
nmpo0ax aHaIM3HPYEMOrO PacTBOpa IMPHU JECUCTBUU CHIBHBIX KHCIOT — BbI-
nensietcst 0ypwiit ra3 NO,; unu npu aericteun cmecu KI + H,SO, — 06pasy-
eTcs ocaliok Moxa I.

8. OrkpoiTHe annona NQO; . Hurpar-aHuoH OTKPBIBAIOT C TOMOIIBIO
pacTBopa qudeHnnaMmuHa — o0pazyercst pacTBOP sIPKO-CUHETO 1[BETA.

9. OrkpbiTe annona CH;COQO™. Anerar-aHMOH OTKPBIBAIOT B OT-
NenpHOM TpoOe pacTBopa nerictBueM xiyopuaa xeinesza (I1I). O6pasyercs
pactBop KkpacHo-Oyporo 11Beta Fe(CH;COO);.

CucremaTuveckuii aHAJN3 CMeCH AHMOHOB. [[1s1 oTneneHus: aHUO-
HOB MEPBOM aHATUTUYECKOW TpynIbl UCTONB3YIOT pacTBop Ba(NO;), (wmm
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BaCl,), anst ocaxkieHuss aHMOHOB BTOpOM Tpymmbl — pactBop AgNO; +
HNO;. AHUOHBI TpeThEN TPyl HE UMEIOT TPYIIIOBOTO peareHTa.

CHauana rnepeBoJsT B OCAJI0K aHUOHBI IEPBOM aHATMTUYECKOM TPYyIIIIbI,
0CaZiOK OTHEJIAIOT OT pacTBopa. MccnenyroT pacTBOPUMOCTh OCaJKa B COJIS-
HOI KHcioTe. Ecii 0caiok He pacTBOPSETCS, TO PHCYTCTBYET aHHOH SO4 .
BaSO, otrnenstor ueHTpudyrupoBaHueM, B UEHTpU(YyTaTe ONPEAEIISIOT
anmons: SO;°, CO5™", PO,

Lentpudyrar nocie oTaeneHus cojeil 0apus aHMOHOB MEPBOU TPYIIIIHI
oOpabatsiBatoT AgNQO;. B ocasiok BbINajaloT aHMOHBI BTOPOW TPYNIIbI B BU-
ne coneit cepedpa. Ocaiok OTAENAIOT OT pacTBopa. B pactBope (ueHTpudy-
raTe) — aHMOHbI TPEThEN IPYIIIIHI.

AHHOHBI BTOPOM M TPETbEW IPYII ONPEAENAIOT APOOHBIM METOIOM B
OTJIEIBHBIX MOPLUAX UCCIELYEMOIO PacTBOPA.

JTabopaTopHas pabota Ne 9. AHann3 cyxoro BeLiecTBa
(kaTnoHbl ¢ | no VI aHanuTtnyeckyto rpynny
n aHnoHbI ¢ | no lll aHanuTnyeckyto rpynny)

Teopernueckas MOAroTOBKa K paboTe aHAJIOTMYHA MOJrOTOBKE K padboTe
Ne 1.

1. BHemHuii ocMoTp. TBepblii aHanu3UpyeMbIii 00BEKT (CyXYIO COJIb
WU CMECh COJIEH) OCMATpPUBAIOT, OMPENEIIsisl €ro BHEIIHUI BUJ, 1IBET, 3a-
nax, CTENEeHb U3MENbUYeHUs (MOPOIIOK, KPYIMTHO3EPHUCTAsT UM MEJIKO3ep-
HUCTas CMECh, CIUIOIIHAS Macca), HATMYUEe KPUCTATUNIMUECKUX WU amopd-
HBIX (pa3.

[To okpacke aHaIM3UpPyeMOro 00pas3iia MHOTAa MOKHO BbICKa3aTh Mpe-
MOJIOKEHUE O HAJIMUUM UJIU OTCYTCTBUM B HEM TE€X WJIM UHBIX KaTUOHOB. Ec-
JIM aHAJIU3UPYEMBIN 00BEKT MPEJICTABISAET CO00M OECIBETHYIO MPO3PAYHYIO
WK Oelyr0 Maccy, TO 3TO YKa3bIBa€T HA OTCYTCTBHUE B HEM 3HAYUTEIBHBIX
KOJINYECTB OKPAIICHHBIX KATUOHOB (Cr3+, Mn*", Fe*", Fe**, Co*", Ni*", Cu2+).
Ecnm oOpazerr okpaiiieH, TO MOXHO TPEANOJI0XKUTh COJIEpKaHUE B HEM OJI-
HOTO WJIM HECKOJIBKUX YKa3aHHBIX BBIIIE KATHOHOB.

2. PacTBopenue B Boje. BHauase npoBepstOT pacTBOPUMOCTE B BOJIE
Ipy KOMHATHOM TemmepaType u (B ciiyyae HeoOXOJAMMOCTH) MPU Harpena-
HUU. {751 3Toro 2 — 3 Mr aHaJIM3UpPyeMOro BeIEeCTBAa BHOCSIT B MPOOUPKY,
npuOaBiIsiOT 1 — 2 MJI JUCTUITMPOBAHHOW BOJABI M NIEPEMEIIUBAIOT CMECH
HEKOTOpOoe BpeMs. Eciin BemecTBO MOJHOCTBIO PACTBOPUIIOCH, TO OO0JIb-
IIYI0 4acTh BEUIECTBA, OTOOPAHHYIO JUIsl aHAIN3a, PACTBOPSIIOT B BO3MOKHO
MUHUMAJIBHOM 00BheME TUCTUIUTMPOBAHHOW BOJIBI U TOJYUYEHHBINH PacTBOP
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aHaNMU3MpyroT nanee. HeOonblryto 4acTh HCXOMHOW TBEPAOM MPOOBI OCTAB-
JIAKOT JJIS IPOBEPOYHBIX TECTOB.

3. OTkpbiTHe KaTHOHOB. [locne pacTBopeHusi oOpasia B MOJOBUH-
HOM 00BbEeMe pacTBOpa OTKphIBalOT KaThoHbI ¢ | mo VI anamuTuyeckyro
rpyIIy, NPOBOAs IPOOHBIA WJIM CUCTEMATHMUYECKUN MX aHAIU3 METOJaMH,
ONMCAaHHBIMHU B pazzene 1.8.

4. OTKpbITHE AaHMOHOB. BO BTOPOI MOJOBHHE PAacTBOpPa OTKPBHIBAIOT
anuonsl ¢ [ mo Il ananuTrdeckyro rpyrimy, NpoBOJS UX APOOHBIN UIIA CUC-
TEMaTUYECKUI aHAJIN3, ONMCAHHBIN B paszaene 1.13.

Pesynbratel opopMIIsatOT coracHo npuiioxkenuto 2. [o utoram mpose-
JAEHHOU paOOoThI JeNIat0T BHIBOJ.

2. KonnyecTtBeHHbIN XUMNYECKUN aHaNu3

3amaya KOJM4YECTBEHHOT0 METOJa AHAJIM3A COCTOUT B IMOIYYECHUU
uH(OpMaIlid O TOM, B KAKOM KOJIMYECTBE B aHAJIU3UPYEMOM OOBEKTE CO-
JepKaTcsl JJIEMEHTBI, MOHBI, PaJUKaiIbl, PYHKIUOHAIbHBIE TPYIIIbI UIH OT-
JeNbHbIE XUMUYECKHe coeauHeHud. [lo pesynbraraM KOJWYECTBEHHOIO
aHaJM3a PacCUMTHIBAIOT COJIEPKAHUE OINMPEAEIISIEMOr0 KOMIIOHEHTA B IPO-
0e. Pesynbrarsl onpejeneHuid 0OBIYHO BBIPAXKAIOT B MACCOBBIX JOJISX HIIH
MPOIIECHTAX.

Cpenn XuMHYeCKMX METO0B aHAJIM3A BBIJICTSAIOT CIEAYIOIIUE: rpa-
BUMETPUUYECKHUI (BECOBOW) U TUTPUMETPUUECKUIN (OOBEMHBIN) BUIIBI aHa-
Jm3a.

2.1. [pasumempuyeckul aHanu3s

I'paBumeTpuyecknii MeTO aHAJIN3a OCHOBAH HAa TOYHOM HU3MEPEHHUU
MaccChl OIPENIENIEMOT0 KOMIIOHEHTa MpPOObI, OTJAEIECHHOIO0 OT OCTaJIbHBIX
KOMIIOHEHTOB CUCTEMbI B 3JIEMEHTHOM BHUJI€ (B YCTOWUMBOU (popMe JaHHOTO
XUMHUYECKOTO AJIEMEHTA) WX B BUJIE COCMHEHUSI C TOYHO M3BECTHBIM CO-
ctaBoM. JlaHHBIN MeTON aHanM3a 00JlagaeT MPOCTOTON BBIMIOJHEHUS, BBICO-
KO TOYHOCTBHIO U BOCIPOU3BOJUMOCTBIO, HO JIOBOJILHO TPYJOEMOK M TPO-
JOJKUTEIICH.

Metoa orronku. OnpenenseMblii KOMIIOHEHT BBIJEISIOT U3 aHaM3U-
pyemMoii mpoObl B BHJI€ Ta3000pa3HOTO BEIIECTBA U OMPEACIISIIOT MacCy OTO-
THAHHOTO BEUIECTBa (Mpamoil memod) nMOO Maccy ocTaTka (KOCEeHHblil
memo0). Ilpamoit memoo OTTOHKU TIPUMEHSIOT JJIsi ONPEACSTICHUS COIepKa-
HUA BOABI (WJIM OPYTUX KUIKOCTEN) B HcclenyeMbIXx obpasnax. Koceennuiii
Memoo0 OTTOHKU LIUPOKO MPUMEHSIOT VISl ONpeIeTICHUsl COAep>KaHusl JIeTy-
YUX BEIIECTB (BKJIIOYAs CIa0OCBA3AHHYIO WIM KPUCTAJUIU3AIMOHHYIO BOJY),
U3Mepsisd MOTEPI0 MACChl aHATM3UPYEMOT0o 00pasiia MpU €ro BhICYIIIMBAHUU B
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TepMocTare (B CylIWIbHOM IKady) npu pukcupoBaHHoOU Temmepatype. s
MPOBEJICHHS aHallM3a HABECKY B3BEIIMBAIOT HA AHAIUTHYECKUX BEcax, IO-
MEIIAI0T B CyXOH (MpeaBapUTEIbHO B3BEIICHHBIN) OIOKC, BHOCAT B TEPMO-
cTaT (CyIIUIbHBIN 1IKad) U BBIACPKUBAIOT B TEYECHUE TPUMEPHO IBYX YACOB
npu 3aganHor temmepatype (100 — 110°C), npu KOTOpPOM yHaJISIFOTCS TIaphI
c1a00CBsI3aHHON BOJIBI U JIETYYHMX BEIIECTB. 3aT€M OIOKC MEPEHOCST B IKCHU-
KaTop C OCYIIUTENIeM, OXJIaXJal0T 10 KOMHATHOM TEMIIEpaTyphbl U B3BEIIIH-
BAIOT HA aHAJTUTHUYECKUX Becax. Omnepanuio NOBTOPSIOT 0 JIOCTUXKEHUS T10-
CTOSTHHOW Macchl Orokca. [1o pa3HuIle ncXoaHOM U KOHEUHOM MacChl OIOKCa ¢
HABECKOW OMPENEIAIOT COJIEPXKAHHUE JIETyUYnX BEUIECTB B MPOLEHTaX MO OT-
HOIICHUIO K B3SITOM HAaBECKE.

JTabopaTtopHas pabota Ne 10. OnpeaeneHue
KpucTtannmsaumMoHHOU BoAbl B xropuae 6apus

Heap padoThl: ONPEACIUTS, MACCOBYIO JIONIO BOJBI B KPUCTAJIOTH/Ipa-
TE.

OO0opynoBaHue: BeCbl TEXHHUYECKHE;, BECHl AHATUTUYECKUE, CYIIUIIb-
HBIH mKad; TUTETBHBIC IIUIIIBI; SKCUKATOP; OIOKC.

Omnpexenenre KpUCTALTU3AIIMOHHOW BOJBI B xjopuae Oapust BaCl, -2
H,0 ocHOBaHO Ha KOCBEHHOM METO/I€ OTTOHKH.

1. B3situe nHaBecku. HaBecky cosin 6epyT maccoit B npeaenax ot 1,0 1o
1,5 r. CHaygana cojip B3BEIIMBAIOT HA KaJIbKe Ha TEXHUYECKHUX Becax. 3aTeM
Ha Te€X e Becax OMpeJEesioT Maccy MycToro Orokca (¢ Kpolikoi). Onpee-
JIEHUE MAacChl B 000MX CIIy4asx MPOBOIAT ¢ ToYHOCTHIO A0 0,1 1. 3aTem or-
pPEACISIIOT MacCy IMyCTOTro OIOKCa Ha aHATUTUYECKUX BECaX C TOYHOCTHIO 0
0,0002 r. IIpoBOAST TpH B3BEUIUBAHUS U MO PE3YJIbTATaM BBIYUCIAIOT CPEI-
Hee 3HaueHue. HaBecky ¢ KaJlbKu MEPEHOCT B OIOKC, 3aKPBIBAIOT €r0 U OIl-
peaesitoT Maccy OroKca ¢ HaBecKoW. B jaHHOM cilydae Takke IpOBOJAT TpU
B3BEIIMBAHMS U 10 Pe3yJIbTaTaM BBEIYHCISIIOT CpeHee 3HaUYeHHe. J[aHHbIe 110
B3BECIIIMBAHUIO 3aHOCAT B Tabauiy 2.1. Ilo pa3nuie macc Orokca ¢ HaBECKOM
U IyCTOro OIOKCA BBIYUCIISIIOT MacCy KpUCTAILIOTHApATA.

2. BoicymuBanue. OTKpBIB OIOKC, TOMEIIAIOT €ro B CYIIMIBHBIN TIKad
Ha 40 MUHYT. 3aTeM TUTEIbHBIMU IIUMIAMHU MEPEHOCSAT OIOKC B IKCHUKATOP
st oxnaxaenus. Kpeiiiky Orokca mpu 3TOM HE 3aKpbiBaloT. B skcukatope
OIOKC OXJIXIAI0T A0 KOMHATHOW TeMmIepaTypbl B TeueHue mnpumepHo 20
MUHYT, 3aKpbIBAIOT KPBIIIKOH M TMEPEHOCAT Ha aHAIMTHYECKUE BECHI IS
MIEPBOTO B3BEIIMBAHUS MMOCJE BBHICYIIMBaHUA. J[aHHBIC OMPEACICHUS MacChl
BaCl2 3anocsat B Tabnuiyy. Jlanee cHOBa CTaBIT OIOKC (C OTKPBITOW KPBIIII-
KOM) B CyIIIbHBIN mikag Ha 20 MUHYT, TOBTOPHO OXJIAXKIAIOT B AKCUKATOPE
¥ CHOBA B3BEIIMBAIOT.
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Ecnu moBTOpHOE B3BEIIMBAHHUE JIa€T TAKOM K€ pe3yiabTaT WM OTIuYa-
ercs Ha 0,0002 T, TO MOXXHO CUMTaTh, UYTO KPUCTA/UIM3AIlMOHHAs BOJAA IOJ-
HOCTBIO yJajieHa. B IpOTHBHOM ciy4ae MPOBOJST TPEThE BBICYIIMBAHUE,

OXJIAKIACHUC U OIIPCACIICHUC MACCHI.

Tabnuua 2.1

Pezynomamul onpedenenus mMaccol Xa0puoa dapus 00 u nocie blCyuiu6anus

Onpenenenue Texnuue- | AnanuTuueckue Becbl. B3pemmBanus: Macca

macc CKHe IIepsoe Bropoe Tpetse (cpen-
BECHI HsIST)

brokc 0e3 Ha- m;

BECKHU

brokc ¢ HaBec- | - m,

KOW

BaC12'2H20 - - - - msj

BaCl, (mepgoe | - my

BBICYILIMBAHUE)

BaCl, (Btopoe | - my

BBICYILIMBAHUE)

BaC12 - my 3

(TpeTbe  BHICY-

IIMBaHUE)

3. Boruuciienusi

3.1.TeopeTuueckoe onpeaesieHue MacCOBOI 1011 BO/bI

B&Clz -2 HzO 2 HzO
V =1 Monb V =2 MOJb
M = 24431 r/monb M = 18 r/monn

m=M-v=24431r m=M-2v=36T

m(H,0) - 100 % 36100 %
O %tEop, = =
m(BaCl, - 2 H,0) 24431

3.2. [IpakTHYecKoe Ompe/iesieHHe MACCOBOIi 0J1M BOJAbI B HaBeCKe

= 14,74%.

(m3) x10pHUAa Gapusi BOAHOTO

Ol'[pCI[CJ'ICHI/Ie MAacCCBhI BOABI: M5 = M3 — My (CCJ'II/I IMPpOBOANJIOCH OJJHO BBbI-

CYLIMBAHUE); Ms = My — My, (€CIU MPOBOJMIOCH JBAa BBICYIIMBAHUS); Ms =
mj3; — My 3 (€CTIM TPOBOJUIIOCH TPU BBICYIITMBAHUS ).

OHpCI[eJIeHI/Ie MACChl HABECCKH: M3 = M, — 1M;.

® Y 1paKT.= :
m3(BaC12 -2 HZO)
3.3. IIpoBepka TOYHOCTH ONpeaeTeHUs

AocomrorHas omunoka: A.O. = ® Y%paxr— ® Yoreop.
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OTHOCUTENBbHAS OIITNOKA:
A.O. - 100 %

0.0.=

® YorEOP.

BriBos:

PaGoty npuns:

Mertox oca:xkneHusi. CyluiHOCTh METOJA OCaXIEHUSI COCTOUT B Clie-
aytomieM. OnpenensieMblii KOMIIOHEHT pacTBOpa BCTYMHAET B XMMHUYECKYIO
peakiuio ¢ MpuOaBiIIeMbIM PEAreHTOM — OcaguTeleM, o0pa3yst manopac-
TBOPUMBIN MPOAYKT — 0CAJIOK, KOTOPBIH OTIEISAIOT, TPOMBIBAIOT, BBICYIITH-
BalOT (IIpY HEOOXOAMMOCTHU MPOKAIUBAIOT) U B3BEIIMBAIOT HA aHAJIUTUYE-
CKHMX Becax. [[puMepoM MOKET CIyKUTh OINpe/eIEHHe aHUOHOB Cyib(dara
WM KaTUOHOB Oapusi B hopme cynbdara Oapus BaSO4.

JTabopaTopHas pabota Ne 11
OnpepeneHne maccoBOM OONU UOHA bapus
B ero consax B Buae cynbdara 6apus

Heanb padoThl: onpeAeuTh COAEPKaHNEe MacCOBOM JTOJIM, MAacChl MOHA
B BEIIIECTBE.

O0opynoBaHue: TEXHUYECKHE M AHAJIUTHUYECKUE BECHI; CYIIUJIbHBIN
mikad; 3KCUKATOP; TUTEJbHBIE WIUMIbI; OOKC; 0€330JbHbIA (UIBTP; MY-
dbenpHasg medb, BOPOHKHU ISl (GUIbTpoBaHus; ¢GaphopoBbId TUTEh; CIHP-
TOBKA; XUMHUYECKHUE CTAKAHBI, IPOMBIBAJIKA; IIITATHB C KOJBIIOM.

PaboTa oTHOCHTCS K METO/IaM OCaXKIEHUSI.

MeToaunka padoThl

1. Pacyer HaBecku BemecTBa. [lockonbKy cynbdaTr O0apus — KpUcCTa-
JIMYECKOE BEIIECTBO, TO €r0 HaBecKa JobkHa ObITh okoJio 0,5 r. Pacyer wuc-
XOJIHOW HABECKH XJIOpHJIa Oapusi MPOBOJAUTCS COTJIACHO CTEXUOMETPUUYECKO-
MYy YPaBHEHUIO PEAKIUU:

05r
B&Clz -2 HzO + HzSO4 — BaSO4 +2 HCI + 2 Hzo
v =1 mMonb v =1 mMonb
M =244 31 r/MOJIb M = 233,45 r/moib
m(BaSO,) 0,5t
V(BaSOy) = = =2,142 - 10~ moub.

M(BaSO,) 233,45 r/monb
m(BaClz -2 HQO) = M(B&Clz -2 HzO) : V(B&Clz -2 HzO) =
= 24431 r/mous - 2,142 - 10~ mons = 0,52 1.
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2. B3situe HaBecKHM BellecTBa. TOYHOE OMNMpeseeHNE HABECKU XJIO-
puaa O6apusi MpOBOAAT HA TEXHUUECKHUX, a 3aTe€M Ha aHATUTHYECKUX Becax
ananoruyHo padote Ne 10, 3anonusst Tabnuity 2.2.

Tabnuua 2.2
Onpeodenenue maccovl xnopuoa u cyivhama oapusn
Onpenenenne | Texnuueckue | AHanuTHYecKue Bechl. B3BemmBanus: Macca
Macc BECBI IlepBoe Bropoe Tpetne (cpennss)
Broxc 0Oe3 na- m;
BECKH
brokc ¢ HaBec- - m,
KOM
BaCl,-2H,0 - - - - m;y
Turens 0e3 Be- my
1iecTBa
Turenp ¢ Bele- - ms
CTBOM (IlepBOE
MIPOKAJTMBAHMNE)
Turenp ¢ Bele- - ms_,
CTBOM (BTOpoOE
MIPOKAJTMBAHMNE)
Turens ¢ Belle- - ms_3
CTBOM  (TpeTbe
MIPOKAJTMBAHME)
BaSO4 - - - - Mg

3. PactBopenne B Bojae. HaBecky xsiopuja Oapus mocje B3BEIIMBa-
HUSI TIEPEHOCST U3 OrOKCca B CTakaH. BIOKC OmMoJjiacKUBaroT HEOOJBIIIUM KO-
JIMYECTBOM JUCTUWIJIMPOBAHHOM BOJIbI (OKOJIO 5 MJI) M BBUIMBAIOT B CTaKaH,
KyJla IEpEeHeCIN HaBeCKy. BoJibl 100aBIISIOT CTOJNBKO, UTOOBI OOIUA 00B-
eM XuaKkocTh B ctakane Obu1 50 — 80 M. HaBecky pacTBopstoT mpu mnepe-
MEIIMBAHUH C TOMOINBIO CTEKJISTHHOW MaJOYKH (MaJlO4YKy M3 CTaKkaHa He
BBIHUMAIOT).

4. Pacuer kosiMm4ecTBa ocaauTessi U ocaxaenue. Ocanok cynbdara
Oapusi moJIy4aroT Nnpu 00pabOTKE pacTBOpa XJopujia Oapusi CEpHOIM KUCIIO-
TOM, KOHIIEHTPALUSI KOTOPOU cocTaBiisieT 1 mMoJib/n. JIjisl MOHOTHI Ocax/ie-
HUS KUCTIOTY OepyT ¢ u30bITKOM (ko3 duiment n3onitka 1,25). CornacHo
YPaBHEHUIO PEaKIUu, I ocaxJaeHust 1 Moib xjiopusa oapust Tpedyercs 1
MOJIb CEpHOU KHUCIOTHI. CieaoBaTelbHO, 00bEM CEpPHOU KHUCIOTHI (B M)
PACCUYUTHIBAETCS TAKUM 00pa3oM:

m(BaClz -2 HzO)
V(B&Clz -2 HQO) = ; V(B&Clz -2 HQO) = V(HzSO4),
M(B&Clz -2 HzO)
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V(H,SO,) - 1000 - K
V(H,SOy) = )
Cm(H2SOy)

rae: Cu(H,SO4) — MomspHasi KOHIIGHTpaIMs pacTBOpa CEPHOM KHCIOTHI
(paBHast 1 monp/m); 1000 MHOXUTENb N7 MepeBOoJa 00beMa pacTBOpa W3
autpoB B mit; K — ko3¢ dunreHT u3dbiTKa, paBHbIM 1,25.

C yuetom koHneHTpauuu pactBopa H,SO,4, muoxutens 1000 u koad-
¢unmenta (K) ykazannyto Bbilie popMyy MOKHO MpeoOpa3oBaTh CIETyIO-
UM 00pa3oM:

m(BaCl, - 2 H,0) - 1000 - 1,25

V(HzSO4) =
M(BaC12 -2 HzO)

Paccuntannbpiii 00beM OCaaUTEN OTMEPSIIOT MEPHOM MUIETKON U BHI-
JUBAIOT B JPYroi cTakaH. B Hero mo0aBisitoT 2 Mil pacTBOopa a30THOM KH-
CJIOTHI KOHIICHTpAlMe 2 MOJb/J ISl JIy4IIero oO0pa3oBaHUs OCaaKa CYJib-
dara Oapus, a Takxke 3 — 4 KamiM pacTBopa MUKPUHOBON KUCIOTHI JIJIsl TIOJI-
HOT'O CO3PEBaHMS OCAIKA.

CrakaHbl — IIEpPBBII C paCTBOPOM XJIOpHAA Oapusi U BTOPOU C KUCIOTaMU
— HAarpeBalOT HA JJIEKTPUYECKOM IUIMTKE, HE NOIycKas kuneHus. Jlanee
CMECh KUCJIOT IPWJINBAIOT M0 CTEKJISHHOM MaJOuKe K pacTBOpPy Xjopuaa Oa-
pHsi, OCTaBUB HECKOJIBKO Karellb KUCIOTHI ISl MPOOBI HAa MOTHOTY OCaX7e-
Husa. KucinoTel mpuiiMBaioT 1Mo 4acTsiM JI0 MOJHOTO OCaXACHUs, YTOObI oca-
JOK ObLI KpyMHOKpHUCTATMYeCKUM. CMech MepeMelInBaloT B TeUeHUe 2 —
3 MHUH, TIOCJIE YETO KHUIATAT MPHU MOCTOSHHOM INEPEMEIIMBAHUM B TECYEHUE
1 mun. IIpu coOmoneHN BCEX YKa3aHHBIX MPABUJI OCAIOK OCSAIET Ha JTHO
CTaKaHa, a )KUJIKOCTh HaJl HUM CTaHET NPO3PAYHOM.

5. IIpob6a Ha moJuHOTy OcaxaeHus. Karumo nmpo3padyHoil KUAKOCTH
HaJ[ 0CaJKOM 3a0WparoT MUMETKON (MJIM CTEKJITHHOW MAI0YKON) U TepeHo-
CAT Ha IPEIMETHOE CTEKJIO C pacTBOpoM ocaaurend. Ecim nossnsercs
MyTh, CIIEIyeT N00aBUTh OCAIUTENS B CTaKaH CO CMEChIO, IIOBTOPUB BCE
omnepanuy OCAXACHUS U BHOBb ITPOBEPUTH HA MOJIHOTY OCAXIECHUsA. Eciu
IIOMYTHEHHS PACTBOpPa HE NMPOUCXOJNT, 3HAYNT, OCAKJICHUE ITPOILIO IOJI-
HOCTBIO.

6. PuibTpOoBaHHE U NMPOMBbIBAHUE Ocaaka Ha ¢uiabTpe. Yucryro
BOPOHKY BCTaBJIIIOT B KOJIBLIO IITaTMBAa U IOMELIAIOT B HEe CyXxou 0e3-
30J1bHBII (GUIBTP (Macca 307161 B 0HOM duiabTpe 6,0 - 107 ). TloaroHsoT
GUIBTP 1O BOPOHKE M CMAYMBAIOT €T0 NUCTWIIIUPOBAHHOM BOJOM, TIPHKH-
Mas CTEKJISTHHOM maloykod Oymary K cTeHke BOpoHKH. Ilon BOpoHKy cTa-
BAT CTaKaH JJis1 cOOpa MPOMBIBHOM KHIKOCTH.

QUIBTPYIOT TOPSYUNA PACTBOP, CIAUBASA 110 MAJOYKE CHAYAIA JKUIKOCTD.
3aTeM OCTaBIIMICS OCAIOK CMBIBAIOT M3 CTaKaHa HEOOJBIIUMHU MOPLUSIMU
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BOJIbI 4 — 5 pa3. [IpoMbIBHBIE BOJIBI B CTaKaHE MOJ BOPOHKOW HE HaKaIUINBa-
10T. CTEKIIIHHYIO MaJ04YKy MPOMBIBAIOT HaJ OCAJKOM C MOMOIIBIO MPOMBI-
Banku. Ocasok Ha GUIBTPE MPOMBIBAIOT €I pa3, MOCIIe Yero JAeatoT npoody
Ha MOJHOTY NPOMBIBAHUS.

7. IlIpo6a Ha mosHOTY mpoMbIBaHusi. J[Jisi TIpoBeeHHUS MPOOBI TIO0-
CJIEHIOI0 KAIUTI0 MPOMBIBHOM XHUJIKOCTH C KOHIIA BOPOHKH MOMEIIAIOT Ha
MPEMETHOE CTEKJIO U HAHOCAT Ha HETO KaIlll0 pacTBOpa HUTpaTa cepedpa.
Ecnu oTMbIBaHME Ocajika MOJHOE, TO peakivs Ha aHUOH XJiopa OyJeT OT-
pULIATEIBHOM, T.€. KaIUls pacTBOpa OCTaHeTcs mpo3payHou. [Ipu mosiBie-
HUWU MYTH IPOMBIBAHUE TOBTOPSIOT.

8. BoicymmBanue ocaaka. BricymmBaHue ocajgka HPOBOJAST B Cy-
HIWIHHOM 1IKady, He BRIHUMAs (UIBTP U3 BOPOHKHU.

9. IlpoxkanuBaHue ocaaka (MojiydeHue BecoBoil popmbl). PUnbTp C
BBICYIIIEHHBIM OCaJIKOM BBIHUMAIOT U3 BOPOHKH U CBEPTHIBAIOT B BUJE TPE-
YIOJIbHOTO MaKeTa, BHYTPU KOTOPOTO HaxoAWTCs cyibdar Oapus. Ilaker
MOMEIIAIOT B TUTENbh (MAacCy THUIJISI IPEBAPUTEIIBHO OMPEACIISIIOT Ha TEX-
HUYECKUX M AaHAIUTUYECKUX Becax). 3aT€M THUTrelb YCTAaHABJIMBAIOT Ha
KOJIBI[0 METAJUTMYECKOTO INTATUBA U CXKUTAIOT GUIBTP B IUIAMEHU CIUP-
TOBKH B BBITSDKHOM Mikady. [locne npekpaiiieHrs BeIICIEHUS TbIMA TUTENb
MEPEHOCAT C MOMOIIBIO “yxBata” B MydenbHyIo neub. [IpokannBanue mnpo-
BOJAT B TeueHue 20 MUH J0 MOJHOTO MOOEICHHs U NCUE3HOBEHUS Ha CTEH-
Kax TUIJISI TEMHOTO HajneTra yris. [[pokanuBaroT 0CaoK Mpu TeMIeparype
700°C no moctosHHOW Macchl (ms). B3BemnBaHWe TUTIISI TPOU3BOJSIT
TOJIBKO TTOCJIE OXJIAXJICHUS €0 B SKCHKATOope. Ecim pa3Huna B Macce TUTIIA
C BEIIECTBOM IIOCIIE MEPBOIO M BTOPOr0 NMPOKAIMBAHUSA HE IPEBBILIAECT
0,004 r, TO cuMTalOT, YTO OH MPOKAJICH /10 MOCTOSIHHOW Macchl. B mpoTuB-
HOM CJIy4dae MPOBOIAT BTOPOE M TPEThE MpokaiuBaHus 1no 10 MuH, mmoka
Macca (ms , 1 Ms_3, COOTBETCTBEHHO) HE OYyI€T MOCTOSTHHOM.

10. Beruuciaenus

10.1. TeopeTuueckoe ompeaejieHHe MAacCOBOW J0JM HMOHA Oapwus
™% (Ba2+) B xsiopuzae 6apust BaCl, - 2 H,O

A,(Ba®™) - 100% 137,31 r/moms - 100%
%(Ba™ )rrop. = = =56,20%.
M(BaCl, - 2 H,0) 244,31 r/monb
10.2. Onpenesienue Maccbl MOHA 0apus B cyJib(pare Oapus
BaSO, Ba*"

V =1 Mo7b VvV =1 moJb
M = 233,45 r/Monb M =137,31 r/Mmonb
m=M-v=23345r m=M-v=13731r
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Onpenenenue konnuectBa BemiectBa V(BaSO,) B Macce cynbdara Oa-
pust (mg) MO pe3ynbTaTaM NPOKATMBAHUS W B3BEIIUBAaHUS THUTIA. Eciu mpo-
BOJMJIOCH OJHO MPOKAJIMBAHMUE TUTJIS, TO Macca cylbdaTa O6apus ompemens-
€TCS CIIeIYIONUM 00pa3oM: Mg = Ms — My; TIOCIIe ABYX MPOKATMBAHUN Mg =
Ms_ — My; TIOCIIe TPEX MPOKATMBAHUN Mg = Ms_3 — My.

me(BaSO,)
v(BaSO,) =

M(BaSO,)

Ompenenenrie Macchl MOHA Oapus MPOBOMAT CIEAYIOIIUM 00pa3oMm.
CornacHo dopmyite cynbdara 6apus V(Ba™") = v(BaSO,).

m(Ba>") = M(Ba*") - v(Ba>") = 137,31 - v(Ba®").

10.3. Pacuer 0% (Ba’") Bo B3s1T0ii HaBecke

Macca HaBeckH XjIopua Oapus BEIYHCISICTCS CIEAYIOMNUM 00pa3oM: m;
=mp —1m;.
m(Ba™") - 100%

0% (Ba2+)HPAKT. = .
m3(BaC12 -2 HZO)

10.4. IIpoBepKa TOYHOCTH ONpe/aeIeHHS
AoOcommorHas ommoka: A.O. = ® % mpaxt. — ® YotE0P.

OTHOCUTENbHAS OIINOKA:
A.O. - 100 %
0.0.=

® YorEoP.
BriBon:
PaGoty npuns:

2.2. Tumpumempu4yecKkulu aHanu3

2.2.1. OCHOBHbI€ NOHATUA TUTPMMETPUYECKOro aHanusa

Turpumerpuveckuii (00beMHbIN) AHAJIU3 — METOJ KOJINYECTBEHHO-
ro aHajin3a, OCHOBAHHBIN HA M3MEpPEHUWU O0BEMa pacTBOpa pearcHra, 3a-
TPAYEHHOT'0 HA PEAKIIMIO C OMPEECIIEMbIM BEIIECTBOM. JTO aHAJIN3, OCHO-
BAHHBIII HA TUTpPOBaHHH. [IpeMMyIIECTBO TUTPUMETPUYECKOTO METOAA
aHaiM3a Tepe]l TPaBUMETPUUYECKUM COCTOUT B OBICTPOTE OMpPENEIICHUM.
TouHOCTB TIpU ATOM TPUOIMKAETCA K TOUHOCTU IPaBUMETPUUYECKOTO aHa-
Jm3a.

2.2.2. Crioco0bl BbIpa:KeHNsI KOHIEHTPALIMHA PACTBOPOB

1. MaccoBasi 10151 paCTBOPEHHOTO BEIIECTBA — 3TO OTHOIIICHUE Mac-
Chl pACTBOPEHHOTO BEIIECTBA K 00IIIe Macce pacTBopa:
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m(B-Ba)
® % (B-Ba) = - 100%, (2.1)
m(p-pa)
r7ie: m — Macca BellecTBa B I; O % — Oe3pa3MepHasi BeIMUMHA (J0JIH
CAMHUIIBI WJIH TTPOTICHTHI).
m(p-pa) - ®% m(B-Ba) - 100%
m(B-Ba) = ; m(p-pa) =
100% 0%

2. MoJsipHasi KOHIIEHTPAIUsI — OTHOIIIEHHE KOJMYECTBAa PACTBOPEH-
HOT'O BEIIecTBa (B MOJISIX) K 00beMY pacTBOpa:

m(B-Ba) V(B-Ba)
Cu= = , MOJIB/II, (2.2)

M(-Ba) - V(p-pa)  V(p-pa)
rjae: M(B-Ba) — MoJIsipHasi Macca BellecTBa B I/mMoiib; V(p-pa) — o0beM pac-

TBOpa B J; V(B-Ba) — KOJIMYECTBO BEIIESCTBA B MOJIb. EMWHHIIBI M3MEpEHUS
MOJISIPHOW KOHIIEHTPAITUHA — MOJIB/JI.
m(B-Ba)
m(B-Ba) = M(B-Ba) - V(p-pa) - Cy, V(p-pa) =

M(B-Ba) - Cy
3. MoJssipHasi KOHIIEHTPAaLMsl YKBUBaJIeHTa (HOPMaJIbHOCTh PacTBO-
pa) — OTHOIICHUE KOJMYESCTBA BEIECTBA DKBUBAJIEHTa K 00BEMY pacTBOpa.
Jlnst pacueTa MOJIIpPHOI Macchl BelllecTBa dKBHBajJeHTa — Mz (WM mpo-
CTO SKBHUBAJICHTA, D) HEOOXOIUMO MOJISPHYIO MaccCy BeIIeCTBa pa3/IeiiuTh
Ha YHCJIO PKBUBAJICHTHOCTH, PABHOE CYMME 3apsiI0B KATHOHOB B BEIIIECTBE:
M(B-Ba)
Muzy =——, (2.3)
> Z(kat)
rae: Y Z(kat) — cymMma 3apsa0B KaTHOHOB B BemiecTBe. [l o0o3HaueHUS
MOJISIPHOHW KOHIIEHTpalluU SKBHMBAJIEHTA HUCHOJb3YIOT CUMBOJNIBL C(i/z) WIH
Cy, €IMHUIIBI U3MEPECHHS — MOJTb-3KB/ 1.

m(B-Ba)
Carz = : (2.4)
Mz - V(p-pa)
m(B-Ba)
m(B-Ba) = C11z) - Mqyz) * V(p-pa); V(p-pa) =
Caiz) - Mayzy

4. Tutp T(A) pacTBOpeHHOro BemecTBa A — 3TO Macca pacTBOPEH-
HOTO BeIEeCTBA A, COAeprKallasics B 0OJTHOM MUJUTMIIUTPE PacTBOPA:
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m(A) Ca(A) - Masz(A)
T(A) = = ; (2.5)
V(A) 1000
rne: m(A) — macca BemectBa A B rpammax; Cjz)(A) — MoJIsIpHasi KOHLIEH-
Tpalus 3KBUBAJIECHTA BEIECTBA A, MOJb-3KB/II; M(1/2(A) — MoJisipHast Macca
HKBUBAJICHTA BellecTBa A, r/moiib; V(A) — 00bem pactBopa A, n1. Tutp us-
MepsieTcs: B I/Mil. MIHOT/Ia BMECTO TOHATHUS «TUTP» UCHOJIB3YIOT MOHSATHE
«IIOTHOCTBY (p).

2.2.3. KNCNOTHO-OCHOBHOE TUTPOBaHMe
(meTO4 HeUTpanusauum)

Kuca0THO-OCHOBHOE TUTPOBaHHWE — ATO METOJI ONpPEICICHUs KHUCIIOT,
OCHOBAHUM, COJIeH (pacTBOPHI KOTOPHIX MOABEPKEHBI THAPOJIN3Y, a TAKKE
KHUCJIBIX M OCHOBHBIX), OCHOBAHHBIM Ha PEAKIIMU B3aUMOJCHCTBUS MEXKITY
npoTonauTamu — kuciaotoit HA u ocHoBanuem B:

HA +B — A"+ HB".

B BoHBIX pacTBOpax — 3TO peakius HEHTpaanu3aluu:

H;0" + OH — 2 H,0,

MIOATOMY METO]T KUCIIOTHO-OCHOBHOTO TUTPOBAHUS HA3bIBAIOT TAKKE METO-
JA0M HelTpaau3alnuu.

TutpanTaMu MeTOJa SIBJISIFOTCS PACTBOPBI CHIIBHBIX KHUCJIOT U OCHOBa-
nuii: HCI, H,SO,4, NaOH, KOH. DTu BerectBa He COOTBETCTBYIOT TpeOOBa-
HUSIM, TIPEABSBISIEMBIM K CTaHJAPTHBIM BEIIECTBAM, MOATOMY KOHIIEHTpa-
U0 TUTPAHTOB YCTAHABJIMBAIOT CTaHAApTU3AIMEN X pacTBOPOB. B kadecT-
B€ IMEPBUYHBIX  CTAaHJApPTOB  4Yalleé BCEr0  HCHOJB3YIOT  Oypy
Na,B40O; - 10 H,O, 6e3Boanbiii kapOoHat HaTpus Na,CO;, quruapar IaBe-
neBoit kuciotel H,C,04 - 2 H,O0.

JTabopaTtopHas patota Ne 12. OnpepneneHne MONSIPHOM
KOHLeHTpaLuum pactBopa CONAHON KUCNOTbI
Nno ctTaHO4apTHOMY pacTBOpY Oypbl

MeToauka npoBeaeHUs1 padoThl.

1. Pacuer u B3fiTHEe HaBecKH TeTpadopara Hatpus (Oypbl)
Na,B,0; - 10 H,O. CtanaapTHsIii pacTBOp Oypbl TOTOBAT B MEPHOM KOJI0€.
Pacuer HaBeCKu TPOBOIAT COTIIACHO hopMmyJie:

m(Na2B4O7 - 10 HzO) = M(Na2B4O7 - 10 HzO) : VK : CM,
rae: m(Na,B,0O; - 10 H,O) — macca HaBecku Oypbl, T; Vi — 00beM MEPHOM
KoJi0kl1, J1; M(Na,B,O7 - 10 HO) — monsapras macca 6ypsl, 1/Moib; Cy — Mo-
JsipHAasi KOHIIEHTpAIUs TpeOyeMoro pacTBopa Oypbl, MOJIb/JI.
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Jlnst paboThl HE0OX0UMO TpUroToBUTH 0,1 11 pacTBopa Oyphl KOHIIEH-
Tparueit 0,05 monb/n. HaBecka Oypbl OyJIeT COCTABISITh BETUUNHY:

m(Na,B,07 - 10 H,O) = 381,40 r/momnb- 0,1 1 - 0,05 mons/m= 1,9 .

Paccuntannyto mMaccy Oypbl B3BEIIMBAIOT B OIOKCE CHayala Ha TEXHU-
YECKHUX BECax, a 3aT€M Ha aHAJIMTUYECKUX C TOYHOCTHIO JI0 YETBEPTOIO 3Ha-
Ka mocJie 3ansaToi. Meroanka B34THsI HABECKU MOAPOOHO omucaHa B Jlabopa-
TopHoii pabdote Ne 10. [Ipu B3sATHHM HaBeCKH Oyphbl pe3yJIbTAThl 3aHOCIT B
Tabnuiy 2.3.

Tabnuua 2.3
Pe3ynomamul onpedenenusn maccol Hagecku oOypul Na,B,0; - 10 H,O

Onpenenenue Texnunueckue | AHamuTuueckue Bechl. B3pemmBanus: | Macca
macce BECHI [IepBoe Bropoe Tpetbe (cpennsis)
brokc 0e3 Ha- m,

BECKU

broxc ¢ HaBec- | - m,

KO

m(Na2B4O7 : m

10 H,0)

m(NazB4O7 - 10 HzO) =mp — m;.

2. IlpuroroBJ/ieHHe CTAHAAPTHOro pacrsopa 0ypsl Na,B,O0,; - 10
H,0. Mepnyto kondy oobemoMm 100 M1 MOIOT, OTIOJIACKMBAIOT JUCTUILIH-
poBaHHOM BOAOM. HaBeCKy MOJHOCTBIO EPEHOCAT YEPE3 CYXYI0 BOPOHKY B
MEpHYIO K0J0y, B KOTOPYIO MPEABAPUTEIHLHO HAIUBAIOT BOABI Ha 1/3 00b-
ema KoJiobl. OCTaTKU cOiu U3 OIOKCa M CO CTEHOK BOPOHKH TIIATEIHHO
CMBIBAIOT BOJIOM B 3Ty ke K0i0y. Coaep:kuMoe Koa0bl MEPEeMEIINBAIOT 10
MIOJIHOTO pacTBOpeHus conu. [locne 3Toro pacTBop J0BOJST 10 METKH JHC-
TWJUTMPOBAHHOW BOJION. OTCUeT BeayT Mo HkHEMY MeHucky. Konly 3a-
KPBIBAIOT MPOOKOM, STUKUPYIOT (HAHOCST Ha KOJOY 3TUKETKY).

3. Pacuer KOHUeHTpauuu pactsopa o0ypsl Na,B,0; - 10 H,O.

[To B3siTOM HaBECKE PACCUUTHIBAIOT TUTP PacTBOpa, MOJB3YICh (popmy-
JIOM:

m(Na2B4O7 - 10 HzO)
T(N32B407 - 10 HZO) = ; /M.
V(p-pa)
[To TuTpy pacTBOpa ONpenesitOT MOJISPHYIO KOHIIEHTPALIUIO:
T(Na,B,O; - 10 H,O) - 1000
CM(N32B407 - 10 HzO) = =
M(N32B407 - 10 HZO)
T(Na,B,O; - 10 H,O) - 1000
= , MOJIB/JI.
381,40
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4. lIpuroroBJjieHue padoyero pacTBopa CoJAHOW KUCIA0TBI. Cos-
Has KUCJOTa — JIeTy4asi, TOYHOW KOHIEHTpalueld He oOnagaeT. TouHyro
KOHIICHTPAIIUIO PACTBOPA COJISTHOM KUCJIOTHI YCTaHABJIMBAIOT MO CTaHIAPT-
HOMY pacTBOpY Oyphbl, HO cHauana rotoBsaT pactBop HCI ¢ mpubnuszurens-
HOM KOHUEHTpanuen. JlJis 3TOro MCHOodb3yIOT PAacTBOP KOHIEHTPUPOBAH-
Hoit HCI, umeromuiics B nabopatopuu. [Ipu 3TOM HCHONB3YIOT CleAyIO-
M€ PaCUEThI:

M(HCI) - V{(HCI) - Cu(HCI)
V,(HCI) = ]
1000 - ®(HCI) - p (HCI)
rae: Vo(HCl) — ucxonupiii 00beM KOHIICHTPUPOBAHHON COJITHOM KHCJIOTHI,
umeroteiics B madbopatopuu (mi); Vi (HCI) — o6bemM pacTBOpa KUCIOTHI, KO-
TOpbIM HyX)HO mpurotoButh (Mi); M(HCI) — momspHas macca KHCIOTHI
(r/monp); Cy(HC1) — MonsipHast KOHLIEHTpALMs pacTBOpa KUCIOThI, KOTOPBII

HY’)KHO IpurotoButh (Mousb/in); P(HCl) — mioTHOCTE MCXOIHOTO pacTBOpa

kucnoTsl (r/mi); W(HCI) — maccoBas 107151 KOHIIEHTPUPOBAHHOTO pacTBOpa
COJISHOW KHUCJIOTHI, OIpeieliieMast 1o CIIpaBOYHUKY U MEepPeBEICHHAs U3 MPO-
LEHTOB B JIOJIU €IUHULIBI.

Omnpenesienne MJIOTHOCTH HCXOJHOM KOHIIEHTPUPOBAHHOW KHUCIIOTHI
MPOBOAAT CIEAYIOIUM OOpa3oM. B NUWIMHADP HaNMBaIOT KOHIEHTPUPOBAH-
HYIO KUCJIOTY C COOJIFOICHMEM BCEX MEP TEXHUKH O0e30macHOCTU. OmycKaroT
B IWJIUHJP apeoOMETP U 3aMEPSIIOT MIIOTHOCTh (T/mil). 3Has MJIOTHOCTh KH-
CJIOTBI, ONpPENENSIOT €€ MAacCOBYIO JOJI0 IO cipaBo4HMKY. llocie 3toro
MPUCTYMAIOT K MPUTOTOBIICHUIO PacTBOpA.

Ilpumep. 1lpuroroButs 250 M1 pacTBOpa COJIIHOM KHCIIOTHI KOHILIEHTpa-
nueit 0,1 MoNb/1 KU3 KHUCIOTHI, UMEoLeics B naboparopuu. JlomycTum, 4To
IIpU 3aMepe MIOTHOCTH apeoMETp MoKa3al BeJIMYUHY, paBHyto 1,17 r/mi, KoTo-

poit cootrBerctByeT O = 34,18 % = 0,3418 (ompenensroT 1no CIpaBOYHUKY).
Torga V,(HCI) BEIMHCIISAIOT COTJIACHO MPUBEICHHOM BhIIIE (hOpMYJIE:
36,51 - 250 - 0,1
V,(HCI) = = 2,28 (mi1).
1000 - 0,3418 - 1,17
CxnstHKy A1 pabouero pactsopa eMKocTbio 0,25 11 (MOKHO MCIOJIB30-
BaTh CKIISIHKY eMKOCTbhio 0,5 J1) TIIatesbHO MOIOT. B MepHbIN HWIMHAD Ha-
auBaroT 250 MJT BOJOIPOBOJHOM BOJbI U BBUIMBAIOT €€ B CKIIIHKY JJIS KH-
cinotel. Ha CxisiHKE KapaHTamoM IO CTEKIy CTaBsAT OTMETKy 250 Ml
CKJISIHKY ONOJIACKUBAIOT JUCTUIUIMPOBAHHOW BOJOM, 3aTEM 3aIlOIHSIOT €€
TUCTUITMPOBAHHOM BOJIOW Ha 1/2 00beMa M BIMBAIOT OTMEPEHHOE KOJIMYE-
CTBO KOHUEHTPHUPOBAHHOW COJITHOM KHUCJIOTBL. 3aT€M PacTBOP IOBOJAT 10
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METKHU JUCTUJUIMPOBAHHON BOjOW. CKISIHKY 3aKpbIBAIOT MPOOKOM, mepeme-
IIIUBAIOT, STUKUPYIOT, yKa3aB CBOM pabounii HoMep U (GOpMyITy BEIIeCcTBa.

Yro6wl mpurotoBneHHbii pactBop HCI cranm paGounmm (ctaHmapTuzo-
BaHHBIM), C TIOMOIIBIO KOTOPOTO MOXKHO ONPEAENATh KOHIICHTPALIMHU HCCIIe-
AYyEMBIX PAacTBOPOB IIeJIoYel, HEOOXOJIMMO YCTAaHOBUTh TOYHYIO KOHIICH-
Tpauuto u TuTp pacrsopa HCI.

S. YcraHoBka MOJIIPHOM KOHUEHTPALMHM PACTBOPA COJSIHOM KH-
CJIOTHI N0 CTAHJAPTHOMY pacTBOpY Oypbl. BoaHsbiil pacTBOp Oypbl MOJ-
BEPraeTCs THAPOIIU3Y:

Na,B;0; +7H,0=2Na"+2 OH + 4 H;BO:;.

B pesynbprare rugponmsza pacTBOp MMEET LIEIOYHYIO cpeny. Pacteop
Oypbl TUTPYIOT PACTBOPOM COJISTHOM KHCIIOTHI KaK CHJIbHOE OCHOBAHUE CUJTb-
HOW KUCJIOTOU. B mpornecce TUTpOBAHUS IMTPOTEKAET PEAKIUS:

Na,B40O; +7 H,O =2 NaOH + 4 H;BOs;

2 NaOH + 2 HCl =2 NaCl + 2 H,O

Na2B4O7 +2 HCl+5 HQO =2 NaCl +4 H3BO3.
v =1 mosb v =2 MoIb

N3 ypaBHeHUs! BUAHO, YTO 1 MOJIb Oypbl B3aUMOJIEHCTBYET C 2 MOJIb CO-
JsiHOM KUCHoTh (Ha tutpoBanue 2 moab HCI tpedyercs 1 mons Na,B40O,).
[Tockonpky HaumbOoJee 1e1ecoo0pa3HO MPOBOAUTH TUTPOBAHHE B 00BEMax
1:1, To Oypa HIodKHAa HUMETh, COOTBETCTBEHHO, KOHIIEHTpAIIMIO B 2 pasa
MEHBIIIE, YEM COJIAHAsI KUCI0Ta. IMEHHO Takoe COOTHOIIEHUE U OTPAXKEHO B
MpUBEACHHBIX BhIEe pacyerax, T.e. Cy(Na,B4O; - 10 H,O) = 0,05 momns/m;
Cm(HCI1) = 0,1 mounb/m.

B Touke 3KBHBaJI€HTHOCTH PAaCTBOP JOJKEH UMETh HEUTpaIbHYIO Cpe-
1y, HO TaK KakK B pe3yjbTaTe peakiuu oopa3yercss OOpHasi KUCI0Ta, BEJIUYH-
Ha pH B Touke skBHUBaneHTHOCTH OyjaeT Huxke 7 (pH = 5). Jlnsg tutpoBaHus
UCIIOJB3YIOT UHIUKATOP METUIIOPAHXK.

6. MeTtoauka TUTPOBaHUA. YHCTO BBIMBITYIO M OIOJIOCHYTYIO pac-
TBOPOM OYpbI OIOPETKY HAIOJHSIOT 3TUM PACTBOPOM BBIIIIE HYJIEBOTO Jie-
JeHust. Y TaJiioT BO3AYX U3 KOHYMKA OIOPETKU U YCTAHABIMBAIOT YPOBEHB
YKUJIKOCTH Ha HYJIEBOM JIEJIEHUH (OTCUET 10 HUKHEMY MEHUCKY).

[TuneTtkoi oT™MepsArOT B Tpu KoHUUYeckue kojowl mo 10 mi HCIL. B kax-
Y10 KO0y A00aBisIOT MO 1 Karie MHAuKaTopa METHIOpaHka (pacTBOp KH-
CJIOTBI OKPAILIUBAETCS MPHU 3TOM B KPACHBIN LIBET).

ConsiHy10 KUCIOTY TUTPYIOT PacTBOPOM Oypbl, MpUOaBIss MOCIEIHUMA
M0 KarisiM JO MOMEHTa CMEHbl KPaCHOW OKPACKM pacTBOpa Ha KEITYIO OT
OJIHOM JIMIIIHEW Karuii pacTBOpa Oypbl, MpU 3TOM (DUKCHUPYS MPeablaylIui
o0beM. Pe3ynbTatel TATPOBAHUS 3aHOCAT B Ta0IULy (2.4).
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Ta6muia 2.4
Pe3ynomamusl mumposanusn pacmeopa HCI pacmeopom oyput

O06BeM pacTBOpa OMPEALITIEMOTO O06BeM cTaHIapTHOTO WNunukatop (Metu-
Bemecta (HCI) pacTBopa OyphI B O10- JIOPAHX)
B Kos10e, MJI peTKe, MII
10,0 1 xarurs
10,0 1 xansa
10,0 1 xarurs
Cp. 3nauenue: 10,0 Cp. 3HaueHue: 1 xamst

Pacuer KOHOCHTpalKu U TUTPaA paCTBOpa COJISTHOU KHMCJIOTHI:
V(Na2B4O7) -2 CM(N32B4O7)

Cum(HCI) = , MOJIB/JI;
V(HCI)
Cum(HCI) - M(HCI)
p(HCl) = T(HCI) = , T/MJL.
1000

BriBoa: pabounii (cTraHgapTU30BaHHBIN) PacTBOP COJITHOM KHCIOTHI
umeeT koHueHTpanuio: Cy(HCI) = ...; T(HCI) = p(HCI) ...
Paboty npuns:

JTabopaTtopHasa pabota Ne 13. OnpeaeneHne MonsspHOMn
KOHLeHTpauum pacteopa Leno4m no pacteopy
Kncnotbl. KOHTponbHbIe 3apgayum Ne 1, 2

Pabota oTHOCHTCA K OOBEMHBIM METOAAM aHAJIM3a.

MeToanka npoBeeHus padoThbI.

1. IlpuroroBieHue padodero pacteopa mieJo4u. PactBopsl miesno-
4yeil TOTOBAT U3 KPUCTAUIMUECKUX BellecTB. Kpucramnmuyeckue BelecTna
IeJI0YeH MOTJIONIAl0T U3 BO3AYXa Mapbl BOJbI, YIVIEKUCIBIN ra3 U Apyrue
BEILIECTBA, MOATOMY COJiepKaT IpuMecu. BeneacTBue 3Toro cocras Bellle-
CTBa HE MOJHOCTBIO COOTBETCTBYET ero (opmyse. CHavana TOTOBAT pac-
TBOp IIEJOYU C MPUOIUZUTENHHON KOHIIEHTpPAIUEN, a 3aT€M C MOMOIIbIO
pacTBOpa COJITHOM KHCJIOTHl YCTAHABIMBAIOT TOYHYIO KOHIICHTPAIUIO U
TUTpP paboOYero pacTBopa MIEIOYH.

[Tpubnusutensuyto HaBecky mienoun (KOH) paccunTsiBatoT 1o gopmysie:

m(KOH) = Cy(KOH) - M(KOH) - Vg - 1,25,
rae: m(KOH) — macca nHaBecku mienoun, 1; Cy(KOH) — monsapHas KoHIIeH-
Tpauusi pacTBopa LIEI0UH, KOTOPYIO HaJl0 MPUTOTOBUTH, MoJib/11; M(KOH) —
MOJIIpHasi Macca IIeJIo4uH, I/MoJib; Vi — 00beM pabodero pacTBopa Iea0du

74




(0OBeM K010BI), HEOOXOAUMBIN Jist padboThl, J1; 1,25 — ko3 duleHT nepe-
CYETa, YUYUTHIBAIOIINN HAINYUE IPUMECEN B IIEITOYH.

Ilpumep. TlpurotoButh paboumii pactBop mienoun KOH o6bemom
0,25 n, ¢ konnentparuent 0,1 monp/n. [IpubausuTenpHas HaBECKa MIEI0UH
KaJlis paBHa:

m(KOH) =0,250 - 0,1 - 56,0 - 1,25=1,75.

CxnstHKy Ju1si paboyero pactBopa miesnoyud eMkoctbio 0,25 1 (MOXHO
UCIIOJB30BaTh CKJSIHKY €MKOCThIO 0,5 1) TiiatenbHO MOrOT. B MepHbIN 11u-
JUHJP HAMUBAIOT 250 MJI BOJONTPOBOAHON BOJIBI M BHUIMBAIOT €€ B CKJISHKY.
Ha cxiiHKe kapaHaamoM no cTekity cTaBiIT oTMeTKy 250 mui. CKIsSIHKY omo-
JACKUBAIOT JUCTWIJIMPOBAHHOW BOJOW, 3aT€M 3aIlOJHAIOT €€ JTUCTHUILIAPO-
BaHHOW BOjOM Ha 1/2 oObemMa M BHOCST PACCUMTAHHYIO M B3BEIICHHYIO Ha
TeXHUYECKUX Becax Maccy BemectBa KOH, mepememmBaroT 10 MOJHOTO
pacTBOpEHHUs. 3aT€M PACTBOP JIOBOJST /10 METKU JUCTUWLIIUPOBAHHOW BOJION.
CKJISIHKY 3aKpbIBalOT MPOOKOM, STUKUPYIOT, YKa3aB CBOM pabounii HOMep U
dbopmyIy BemecTna.

UToOBI MPUTOTOBICHHBIM PACTBOP IIETOYM CTall paboyuM (CTaHIApTH-
30BaHHbBIM), C MOMOIIBI) KOTOPOTO MOKHO OINpPEIETsATh KOHUEHTPALNU HC-
CJIEIyEMBIX KHUCIBIX PacTBOPOB, HEOOXOANUMO YCTAaHOBUTH KOHIICHTPAIMIO U
TUTpP pabOYero pacTBopa LIEIOYH.

2. YcTaHOBKA KOHIEHTPAIlUM PACTBOPA NIEJOYH IO TUTPOBAHHO-
MY PacTBOPY COJISIHON KHMCJOThbI. KOHIIEHTpaIuio U TUTP pacTBopa Ie-
JIOYM MOKHO YCTaHOBUTH, MOJB3YsCh padbouum pactBopoM HCI (cm. naod.
paboty Ne 12, . 6). IIpu TUTpOBaHUU NMPOTEKAET PEaAKIMs HEUTpATU3AIUU.
B Touke 3KBHMBaJIEHTHOCTH PacTBOP MMEET HelTpaiabHyto cpeny (pH = 7).
B xadecTBe MHIUKATOpa TPUMEHSIOT PeHOI(PTAICHH.

B OropeTtky, IBaXK/Ibl OMOJOCHYTYIO pabOUYUM PacTBOPOM KHUCJIOTHI, Ha-
muBatoT pactBop HCI. U3 xoHunka OropeTku yAaisitoT Bo3ayX. PacTBop ku-
CJIOTHl B OIOpETKE JOBOAST JO HYJEBOW TOYKU. B Tpu KOHMYECKHE KOIOBI
HaJMBAIOT MUIETKON (TIpeABapUTENIbHO OIMOJOCHYTOM PacTBOPOM IIETIOYH)
no 10 ma pactBopa menoun. B kaxayro konlOy goOapistor no 1 kamme pac-
TBOpa (eHondranienHa. TUTPYIOT pacTBOP LIEIOUYH B KaXKJI0M K0JIO€ pacTBO-
POM KHUCJOTBI JI0 KCUE3HOBEHUS! OKPACKU OT OJHOM JIMIIHEW KAl KUCIOTHI.
Pe3ynbTaThl TUTpOBaHUS 3aHOCAT B TaOuUILy 2.7. OnpenenstoT CpeaHee 3Ha-
yeHue o0ObemMa pacTBOpa KUCIOTHI, MOIIe/IIee Ha TUTPOBAHKE pacTBOpa IIie-
jgoud. [IpousBoAST pacyeThl MOJISIPHOW KOHIEHTpAllMd M THUTpa pacTBopa
HIEJI0YH.
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Tabmumua 2.5

Peszynomamul mumpoeanus pacmeopa wienouu pacmeopom HCI

O6BeM pacTBOpa omnpee- O6neM pabouero Nunukatop
nsiemoro Benlecta (KOH) B pactBopa HCI B 61o0- (penondranenn)
KoJIO€E, MJI peTKe, Ml
10,0 1 xamns
10,0 1 xamns
10,0 1 xamns
Cp. 3nauenue: 10,0 Cp. 3HaueHue: 1 xams

Pacuer KOHILIEHTpalluKl U TUTPA PACTBOPA LIETOUU:
V(HCI) - Cy(HCI) Cm(KOH) - M(KOH)
Cu(KOH) = , Mosts/11; T(KOH) = , T/MJL.
V(KOH) 1000
BriBoa: pabouwnii (crangaptu3oBanHbiil) pactBop menoun KOH nmeer
koH1eHTpai: Cy(KOH) = ...; T(KOH) = p(KOH) ....
PaGoty npuns:

Konrpoabnas 3agaua Ne 1
“OmnpeaesieHde KOHIHEHTPAUUM PAaCTBOPA COJIAHON KUCJIOThI”

KoHIieHTpaluo KUCIOThI ONPEEISIOT IMyTeM TUTPOBAHUS €€ padounm
pactBopoM 1ienoun (KOH) ¢ uzBecTHOM MonsipHOU KoHIeHTpauueil. Uuan-
kaTop — ¢eHondranend. Cpena B TOUKE SIKBUBAJIEHTHOCTH — HEUTpaIbHasl.

[Tomy4yeHHBIN PacTBOP KHUCJIOTHI C HEM3BECTHOM KOHUEHTpPAIMEW TIIa-
TEJIBHO MepeMemuBaioT. [TuneTkoi, OMoJIOCHYTOW 3TUM PacTBOPOM, OTOHU-
patot 1o 10 M pacTBOpa B TpU KOHHMYECKUE KOJOBI, B KAXKAYIO U3 HUX JO-
OaBisitoT Mo 1 Karie uHAMKaropa. bropeTky omnojackuBarOT pacTBOPOM Iie-
JOYM W 3allOJHSIOT €€ JI0 HYJEBOro JIEJICHUS 3TUM K€ PACTBOPOM.
Pe3ynbTarhl TATPOBAHUS 3aHOCAT B Ta0IUILYy 2.6.

Tabnuua 2.6
Pe3ynomamol mumposanua pacmeopa Kucjiomovl pacmeopom wenodu
O6bem pacTBopa onpeaenssemMo- | O6beM pabouero pacTBo- Nunuxarop
ro BemiectBa (HCI) B konbe, mn | pa KOH B 6iopetke, M | (benondranenn)
10,0 1 xans
10,0 1 xams
10,0 1 xans
Cp. 3nauenue: 10,0 Cp. 3HaueHwue: 1 xams
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Pacuer KOHUIEHTpaUuKu U TUTPA PACTBOPA KUCIIOTHI:
(KOH) - Cy(KOH) Cu(HCI) - M(HCI)
Cu(HCI) = , Mmosts/1; T(HCI) = , T/MII.
V(HCI) 1000
BriBoa: pabounii (cTraHgapTU30BaHHBIN) PacTBOP COJITHOM KHCJIOTHI
umeeT koHueHTpanuio: Cy(HCI) = ...; T(HCI) = p(HC]) ...

KonTposbnas 3agaua Ne 2
OmnpenesieHne BpeMeHHOM KeCTKOCTH BOAbI

Bpemennas ®ecTKOCTb BOJIbI 00YyCIOBI€HA TPUCYTCTBUEM B HEM THAPO-
KapOOHATOB Kajbllua U MarHus. Ee ycrpansaioT mytem kunsiuenus. [Ipu ku-
MSYEHUU TUIPOKapOOHATHI pa3jararoTcs ¢ 0Opa30BaHHEM HEPaCTBOPHUMBIX
KapOOHATOB, YIJIEKUCIIOTO T'a3a U BOJBL:

tO

Ca(HCO3)2 —> CaCO3l + COzT + HzO

IIpun TUTpOBaHMM BOIBI COJSAHOM KHUCIOTOW IMPOUCXOAUT Pa3pylLICHUE
TUIPOKapOOHATOB COIIACHO PEAKIINU:

Ca(HCOs), + 2 HCl = CaCl, + CO,1 + 2 H,0.

Meroauka omnpeneneHns BpEMEHHOM KECTKOCTHU BOJIbI COCTOUT B Clle-
nyromeM. B Tpu koandeckue koopl oTOuparoT nunetkou mo 100 M uccre-
AyeMoi (HampuMmep, BOJAONPOBOAHOM) BOJIbI, JOOABISAIOT B HUX IO 3 KaIljiu
WHJIUKaTOpa METWJIOPAH)KAa U TUTPYIOT PACTBOPOM COJITHOW KHCIJIOTHI (KOH-
LEHTpaUIo U TUTP €€ cM. B pabore Ne 12) no mosiBneHus po30BO OKPACKHU.
Pe3ynbTaThl THTPOBAHUS 3aHOCST B Ta0uIty 2.7.

Tabmuua 2.7
Onpeodenenue epemennoil ncecmxocmu 600t nymem mumposanus HCI

O6nbeM pacTBopa onpenensgemoro | O0wveM pabouero pac- | Muaukarop (meTuso-
BelecTBa (BoAbl) B KOJI0€, M tBopa HCI B GropeTke, paHX)
MIT
100,0 3 Kamu
100,0 3 kamu
100,0 3 Kamau
Cp. 3nauenue: 100,0 Cp. 3HaueHue: 3 Karm

Pacder BpeMEeHHOM KECTKOCTU BOJIBI:
Cm(HCI) - V(HCI) - 1000
Kpgp = , MOJIB/JI.

V(H;0)

Bron:
Paboty npuHsit:
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JTabopaTtopHas patoTta Ne 14. KoHTponbHasa 3agava
Ne 3. OnpeaeneHue obLen XXecTKOCTU BoAbI

OO6m1as, UM MOCTOSIHHAS, KECTKOCTh BOJIBI XapaKTepU3yeTcsl coJepka-
HUEM B HEW pacTBOPUMBIX coJiei (0OBIYHO CYJb(PaTOB WM XJIOPUJIOB) Kallb-
ISl 1 MarHus, B HEKOTOPBIX CIydasix — COJIeH KeJesa.

B ornuune ot BpeMeHHOW (KapOOHATHOM) KECTKOCTH, OOIlasi >KecT-
KOCTh HE YJIAJII€TCSl KUIITYCHUEM, TTOPTOMY, YTOOBI YCTPAHUTH OONIYIO Ke-
CTKOCTh, HEOOXOIMMO 3HATh KOHIICHTPAIMIO YKA3aHHBIX KATHOHOB (B MOJIb-
9KB/J).

[Ipu ananuze 0OBIYHO MPUMEHSIOT paboOUYnid pacTBOp TpuiioHa b ¢ KOH-
uentpanueit 0,1 Monb-3kB/1. MOJSpHYIO KOHIIEHTPALIMIO SKBUBAJIEHTA THUT-
paHTa BBIUUCIISIIOT CIETYIOIIUM 00pa3oMm:

M(B-Ba) M(C10H14N2Na208 -2 HQO) 372,24
= = = 186,12 MOIIB/7KB.
Y Z(kat) 2 2

Ot1o0 3Hauut, 4To B 1000 My pactBOpa comepxutcs 186,12 r tpuiiona b,
aB 1 mi—0,1862r, 4To U OyET COOTBETCTBOBAThH TUTPY.

ITockonbky TpriioH b B3auUMOIENCTBYET C COJIIMU B COOTHOIIEHUU 1:1,
TO Juisi aHanm3a OepyT 10 mia uccrmemyeMoi BOJbl, HA TUTPOBAHUE KOTOPOM
OyJleT H3pacxoJ0BaHO MPUMEpPHO S5 M TpuioHa b ¢ KOHIEHTpaluen
0,1 monb-3kB/1 wiu 10 mut ¢ korneHTpanueit 0,05 MOTb-3KB/II.

M(I/Z) =

Metoauka npoBeaenusi padorbl. OTOUparoT nuneTkon 10 mi uccre-
nyemoi Bojbl, paz0apisitor ee 70 100 M1 AUCTUIUTMPOBAHHOM BOJION B Mep-
HOM KO0J10€, a 3aTeM MEPEHOCT B KOJIOY Uil TUTpOBaHUA. 3aTeM J0OABISIOT
5 M1 ammuauHo#t Oydepuoii cmecu (pH = 9,25), u 7 — 8 kanens uHAMKATOpa
spuoxpoma yepHoro T. CMech nepeMenmBaioT, IpU 3TOM PacTBOP OKpalllu-
BAECTCA B KPACHBIN LIBET.

B 6ropetky HanuBaroT pactBop TpusioHa b (C = 0,1 monb-3x8/11). [1ocne
yAaJICHHs] BO3/AyXa U3 KaHIOJIHU OIOPETKU U YCTAaHOBIICHUS YPOBHS KUJKOCTU
Ha HYJIEBOM JIEJICHUU MPOU3BOAST TUTPOBAHUE UCCIIETyEMOU BOJBI 10 Mepe-
X0J1a KPaCHOW OKpacKH MHJMKATOpa B CHHIOW. TUTPOBaHHE 3aKaHUMBACTCS
TOTI/1a, KOT/1a KPaCHBIM OTTEHOK OKPACKU COBEPIIEHHO McUYe3aeT. Pe3ynbTaThl
TUTPOBAHUS 3aHOCST B Ta0nuIly (2.8) ¥ MPOU3BOAAT PACUETHI.
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Tabnuua 2.8

Onpeoenenue oouiell scecmKocmu 600l

O6bem pactBopa omnpee- | O6weM pactBopa Tpwiona b | Munukatop (apuo-

JSI€EMOT0 BelECTBa (BO/IbI) B OIOpeTKe, M xpoM yepHblii T)
B KOJIOE, MJI
10,0 8 Karenb
10,0 8 xamneib
10,0 8 xamneib
Cp. 3nauenue 10,0 Cp. 3HaueHHne 8 Karesb
C(tpunona b) - V(tpunona b) - 1000 - K
Kosuy = )

V(H0)

rae: K — nonpaBounsiii koadduuueHT 11 TpuioHa b; oH BBOIUTCS TOTA,
Korja ero koHmeHntpanus He paBHa 0,1 mosnb-3kB/11. [loydyeHHOE UnClieHHOE
3HAYEHHE OOIIEH KECTKOCTH BOJIbI CPAaBHUBAIOT C JIAHHBIMM TaOIuUIbI 2.9 u

JIEJIAIOT BEIBOJI.

Tabnuua 2.9

Tlokazamenu sxcecmkocmu 600wt

Kareropus Bozbl

IToxa3aTenp )KECTKOCTH, MI-KB/JI

Ouenp MsiTKas <1,5
Mirkas 1,5-4,0
Cpennsis 4,0-8,0
Kectkas 8,0-12,0
OueHb KecTKas >12,0

BriBon:
Paboty npuns:
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MpunoxeHus

lpunoxxeHue 1

lNpaesuna oghopmreHusi nabopamopHou pabomabl
NNabopatopHas paboTta Ne 1

"AHanu3 cmecu KatmoHoB | aHannTu4yeckou rpynnol"

1. XapakTepucruka rpyninsl.

I'pynmoBoit peaktuB — HCI. Katuonsr 6eciiBetHsl. Okpacka BEIIECTB U
MX PACTBOPOB 3aBUCUT OT OKpPACKHU aHWOHA. [Ipu neicTBum rpynmnoBoro pea-
reHTa 00pa3yrTCs OCaJIKHU:

n.y. Ag' +ClI” — AgCl; K (AgC) = 1,78 -107'";

OeJbIi
n.y. Pb’" +2 CI” = PbClL; K (PbCL) = 1,6 - 107;
OenbIi
n.y. Hg,' +2 CI” — Hg,Cll; Ko (Hg,Cl) =1,3 - 1075
OeJbIi

M. y. AgNO; + HCl — AgCI + HNO;;

M. y. Pb(NO;), + 2 HCl — PbCl,{ + 2 HNO;;

M. y. Hg,(NO;), + 2 HCI — Hg,CLJ.

OnucaTh CBOMCTBA MOJYYEHHBIX OCAJIKOB (XapaKTep OCajliKa, I[BET, pac-
TBOPUMOCTh B ONpEACICHHOM peareHte). [IpuBecTH ypaBHEHUS PpEaKIIH
BSaHMOI[eﬁCTBHH 0OCaaKoOB C paSJII/IIIHBIMI/I BE€IICCTBAMHN (KI/ICJIOTBI, arejIouu 1
Jp.).

2. O0mme peakumm.

a) JletictBue cepHoit kuciaotsl HySO,.

n.y. 2 Ag' +S0s — Ag,S04); K (AgS0,) =7,7-107;

OelnbIi
M.Yy. 2 AgN03 + HQSO4 —> AngO4l +2 HNOg,
. y. Hg,” + SO — Hg,S04|; K (Hg,S04) = 6,3 - 107;
OebIi
M.Y. ng(NO3)2 + HzSO4 - ngsO4l, +2 HNO3,
. y. Pb* 4+ SO4 — PbSO.l;
OeJIbIi
M.y. Pb(NO3), + H,SO, — PbSO4| + 2 HNO;; K (PbSO,) =2,2 - 107",
OeJIbIi

OnucaTh CBOMCTBA MOJYYEHHBIX OCAJIKOB (XapaKTep OCajlika, I[BET, pac-

TBOPUMOCTh B ONPEAEICHHOM peareHrte). [IpuBecTu ypaBHEHUs peakluil
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B3aMMO/JICUCTBUS OCAJIKOB C Pa3IMYHBIMU BeIlECTBAMHU (KHCJIOTHI, IIEJI0YU U
Jp.).
0) HetictBue BogHoro pactsopa ammuaka NH,OH.
n.y. Ag' + 2 NH4OH — [Ag(NH;),]" + 2 H,0;
ny. 2 Hg,”" + 4 NH,OH — [Hg,ONH,]" + 2 Hgl + 3 NH," + 3 H,0;
M. y. 2 Hg(NO3), + 4 NH,OH — [Hg,ONH,]NO;! + 2 Hgl +
3 NH4NO;; OenbIid YEePHBIH
. y. Pb*" + 2 NH,OH — Pb(OH),| + 2 NH,;
OenbIi
OebIit
OnucaTh CBOMCTBA MOJIYYEHHBIX OCAJIKOB (XapakTep Ocajika, I[BET, pac-
TBOPUMOCTh B ONpPEACICHHOM peareHrte). [IpuBecTu ypaBHEHUs peakiuil
B3aMMO/JICUCTBUS OCAJKOB C Pa3JIMYHBIMU BEIIECTBAMH (KHCJIOTHI, IIEJIOYU U
Jp.).
B) JleticTBue pacTBOopuMbIX kKapOoHaTtoB Na,COs.
H.Yy. 2 1Ag+ + CO32_ — Ag2C03\L,
M. Y. 2 Ag(NO3) + N&2C03%Ag2CO3~L+2 NaNO3, KOS(Ag2CO3) = 6,15 :
1 0_12; JKEIITBIN
. y. Pb*" + CO5> — PbCOsl;
OcpIi
Mm.y. Pb(NO;), + Na,CO; — PbCO;l + 2 NaNO;; K, (PbCOs) = 1,5 -
1077; OenbIi
WHOT1a 00pa3yeTcsi OKCOKapOOHAT:
2 Pb>" + CO;> + 2 H,0 — Pby(OH),COs| + 2 H';
OebIi
n.y. Hg22+ + CO327 - Hg2CO3J,;
KEITHIN
M. Y. Hg2m03)2 + N&2C03—) Hg2CO3l +2 NaN03, KOS(Hg2CO3) = 9,0 .
107; JKEIITBIH
OnucaTh CBOMCTBA MOJYYEHHBIX OCAJIKOB (XapaKTep OCajliKa, I[BET, pac-
TBOPUMOCTh B ONPEAEICHHOM peareHrte). [IpuBecTu ypaBHEHUs peakiuil
B3aMMO/JICUCTBUS OCAJKOB C Pa3IMYHBIMU BEIIECTBAMH (KUCIIOTHI, IIEJIOYU U
Jp.).
r) JleiictBue xpomara kanusi K,CrOy.
n.y.2 Ag" + CrOs — Ag,CrO,l;
KUPIIMYHO-KPACHBIN
M. Y. 2 AgNO3 + KzCI'O4 — AngrO4i +2 KNO3, KOS(Ag2CI'04) = 9,0 .

-12, .
105 KUPIUYHO-KPACHBIH
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CaolicTBa ocajika xpomMara cepeopa:
AgZCrO4i + HNO3 - ...
AngrO4l + CH;COOH — ...
Ag2CrO4i + NH,OH — ...
n.y. Hg,” + CrOs> — Hg,CrO,].
KpaCHBIN
M. y. Hg,(NOs), + K,CrO, — Hg,CrO,| + 2 KNOs; K S(Hg,CrO,) =2 - 107
KpaCHbIN
CBolicTBa 0cajika XpoMara pTyTH:
Hg2CrO4i + HNO3 - ...
n.y. Pb’" + CrO4> — PbCrO,};
JKEJIThIN
M. y. Pb(NO3), + K,CrO; — PbCrO,] + 2 KNO;; K (PbCrO4) = 1,8 - 107"
KCIIThIU
CaoiicTBa ocanka xpomarta cBuHIia: PbCrO4| +4 NaOH — ...
n) JericrBue noauaa xanus KI.
ny Ag +1 — Agl|;
JKEJITBIN
M. y. AgNO; + KI — Agl|; KS(Agl)=38,3-107";
JKEJIThIN
CgoiicTBa ocajika noauaa cepeopa:
Agl| +2 NH,OH — ...
n.y. He,” + 21 — Hglbd;
3eJICHOBATHIN
M. y. Hg,(NO;), + 2 KI = Hg,IL! + 2 KNOs; K S(Hglb) = 4,5 - 107
3€JICHOBAThIN
CgoiicTBa ocanka noguaa prytu (1):
Hg,lLd + 2 " — [Hgl,]* +Hgl;
YEPHBIN
1. y. Pb> + 2T — PblLl;
JKCJITBIN
M. y. Pb(NO3), + 2 KI — PbL,d+ 2 KNOs; K ¥(Pbly) =4,5 - 107;
JKCIIThIU
-
CBolicTBa OocaJika MO1Ia CBUHIIA: PbIZJ/ +H,0O — ...
t
PbL,| + CH;COOH —> ...
PbLl + 2 — [PbL]".
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3. Cxema X012 aHAJIHU3A.

K uccnengyemomy pacteopy npunusatoT HCl (2 Monb/i), 706aBISIOT HECKOIBKO
Karesb 3TaHona u neHtpudyrupytor. Llearpudyrar 1 He uccnenyrort.

Ocanok 1: AgCl, PbCl,, Hg,Cl,. K ocanky 106aBisitoT TUCTHILIUPOBAHHYIO BO-

Jly U HarpeBaroT Ha BOJSIHO OaHe.

Ocanok 2: AgCl, Hg,Cl,. O6pabarei- | llentpudyrat 2: Pb™", CI". O6uapy-
BAIOT KOHICHTPHPOBAHHBIM PACTBO- | KHBAIOT KaTHOH Pb”’ ¢ momombio pe-
pom NH,OH. aktuBoB: KI 1 K,CrO,.
Ocanok 3: HenTpudyrar 3:
HgNH,CI + [Ag(NH;),]". O6-
Hegl; pabaThIBaOT
YEpPHBIN KOHII. p-poM
HNO:;. Ocanok
AgCl; Genbrit.

4. YacTHbIE peaklMi HA KATHOHBI.

Peaxyuu na kamuon cepebpa Ag"

Peaktus XUMH3M TIpolLiecca YcnoBus
1.Consinas Ag' +ClI" — AgCI; pH<7,
KHCJIOTa AgNO; + HCl — AgCI + HNOs; MEILAIOT:
p-p aMMHaKa u OeJIbIi NO,;
HNO; AgCI +2 NH,0H — [Ag(NH;),]Cl + 2 H,0; | Pb*"; Hg,™'

[Ag(NH;),]C1+2 HNO; — AgCIL+
+2NH,NO;.
2. Xpomar kamust | 2 Ag” + CrOs” — Ag,CrOyl; pH=7;
2 AgNO; + K,CrO4 — Ag,CrO,4| + 2 KNO;; | Memator: Pb™';
KUPIUYHO-KPACHBIN H g22+; H g2+;
Ag>CrOy4| +2 HNO; — 2 AgNO; + H,CrOy4. | Ba™'; BoccTa-
HOBHTEIIN
3. Karanutu- Ag’ pH<7.
qgeckas p-s Mn?" + $,05° = MnO4~ +2 SO,
Peaxkyuu na kamuon ceunuya Pt
Peaktus XUMH3M Mpolecca YcnoBus
1. Consmas  xu- | Pb*" + 2 CI” — PbClLl; pH <7,
cota Pb(NO;), +2 HCl — PbCll + 2 HNOj; MEILAKOT:
Oenblit Hg,''; Ag'.
2. Xpomar kamus | Pb*>" + CrO,>” — PbCrO,|; pH<7,
Pb(NO3)2 + KszO4 — PbCI'O4l +2 KNO3, MCLIAKOT:
JKCJITHIN Baz+; Ag+.
3. Momun xamust | Ph** + 2 " — PblLi; pH <7,
Pb(NO3), + 2 KI — Pb,d+ 2 KNOs. MeIIaior:
i Hg,"'; Hg™;
YKEJITBIN
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Peaxkyuu na kamuon pmymu (I) ngz+

PeakTusn

XUMH3M TIporecca

Ycnosusa

1. ComstHasg KH-
clioTa U
p-p aMMHaKa

2. Xpomar Kanus

3. AMMHuak

4. Nonua kaaus

Hg,” +2 CI” = Hg,Clyd;
Hg,(NO;), + 2 HC1 — Hg,CL,\+2HNOs;

OembIi
2 Hg,Cl,+ 4 NH,OH — [Hg,ONH,]CI| +
OCIIbIi
+2 Hgl + 3 NH,CI;
YEPHBIN

Hg,”" + CrO,”~ — Hg,CrO4;

ng(NO3)2 + KzCI'O4—> Hg2CI'04l, +2 KNO3,
KpacHBIN

Hg,CrO4| +HNO; #;

ng(NO3)2l +2 NH3 — NHzHgNO3l +
OcJIbIN

Hg| + NH4NO;;

YEpHBIN

Hg,” + 21 — Hg,L!;
Hg,(NOs), + 2 KI — Hgylhd + 2 KNO3;
3€JICHOBATHIM
Hg,l,d +2 1" — [He,I,]*” +Hgl;
YEPHBIN

pH <7,
memaoT: Pb**;
Ag’.

pH < 73
memaior: Pb*’;
Ag’.

pH=7.

pH<T.
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lpunoxeHue 2

lNpaesuna oghopmneHuss omyema ob uccredosaHuu
eewecmea

Xopa aHann3a cmecu KaTMOHOB | aHanNMTU4YeCKou rpynnbl

Onucanue pacTBopa: pacTBOp MPO3payHbIi, 6€3 ocaaka, OCCIBETHBIMH,
0e3 3amaxa, pH = 6,0

Xoa anaausa (cMm. pasgea 3 npuiaoxkenus 1). K 1,5 ma ucciaenyemoro
pactBopa g00aBist0T U30bITOK pacTBopa HCI (2 monb/n) 1 5 kamenb 3TaHo-
na. Beimagaer ocajgok 0eoro 1BeTa, ciaeoBaTesIbHO, B PaCTBOPE MPUCYTCT-
BYIOT KaTHOHBI | aHanmuThueckoil rpymmbl. Ocajjok BhIMAAaeT OBICTPO U B
OosbiioM kKonuuectBe. [IpennonoXuTeabHO B pacTBOpE MPUCYTCTBYIOT Ka-
THOHBI cBHHIA Pb>". [Ipu nevictBum rpynmnoBoro pearenta (HCl) Bo3moxHO
MIPOTEKAHUE PEAKIINN:

Ag'+ClIT — AgCl;

OenbIi
AgNO; + HCl — AgCIl + HNO;;
Pb”" +2 CI” - PbCly;
OebIi
Pb(NOs), + 2 HCl — PbCL{ + 2 HNO5;
Hg,”" + 2 ClI” — Hg,ClL;
OenpIi

ng(NO3)2 +2 HCl — Hg2C12\L

Ocaniok HeHTpUPyTUpyrOT U TPOBEPSIOT HA MOJHOTY ocaxkaeHus. Jis
sToro 1 karmmo 1eHtpudyrara (HaI0CaJ0YHOM >KUAKOCTH) MOMENIAIOT Ha
MPEIMETHOE CTEKJIO W J00aBJSIIOT | Karuio pacTBOpa COJISTHOM KHUCIOTHI.
Ocanok (Oenas MyTb) He 00pa3yeTcs, ciaeaoBaresibHO, | rpynma ocaxaeHa
MOJTHOCTBIO.

K ocanky nobapmnstoT 2 — 3 MJ1 BOABI M CTaBAT Ha BOsAHYIO OaHro. Oca-
JIOK TIPH 3TOM PACTBOPSETCS, UTO MOATBEPKIACT HAIMUME KaTHOHA Pb” "

IpoBepka Ha kaTHOH Pb°". JKHIKoCTbh HaJ 0CAJKOM Pa3IMBAIOT Ha JBE
NpOoOUPKHU U JA00ABJISIOT K OJTHOM pacTBOP MOJMJIA Kalus, K APyroi — pac-
TBOp XpomaTta KaJiusi. BeIlaiatoT ocajKku KeJITOro 1[BeTa:

n.y. Pb* + 21 — PbL{;
JKEJITBIN
M. y. Pb(NO3), + 2 KI — PbLd+ 2 KNOs;
KCIIThIN
. y. Pb>" + CrO,> — PbCrO,|;

JKEJITHIN
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M. Y. Pb(NO3)2 + KQCI'O4 — PbCI’O4l +2 KNO3

JKEJITHIN

Ipoeepka Ha kaTonbl Ag' 1 Hg,”". Ocajok OTMBIBAIOT OT KATHOHOB
cBMHIA. [10CKOIBKY IIPH 3TOM OH IOJHOCTBIO PacCTBOPHUJICS, TO B PAacTBOpE
OTCYTCTBYIOT KaTHOHBI Ag' 1 Hg,™.

BbIBOJI: B HCCIIELyEMOM PACTBOPE MPHUCYTCTBYIOT KATHOHBI Pb".

Paboty npuns:
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VYuebHoe n3ganue

BonkoBa UpnHa BnagnmmpoBHa
CunopukoB Cepreun Neoprnesuny

XnmMmuyeckKkmm aHanums

Memoouueckue ykazarus

Penakrop, koppekrop N.B. bynakosa
Kommnsrorepnas Beperka E.JI. llenexoBou

[Toamucano B medath 24.03.2008 r. ®opmat 60x84/16.
bywmara tun. Yci. neu. 1. 5,11. Yu.-u3a. n. 4,5.
Tupax 150 >k3. 3aka3

OpurnHai-MakeT MoJArOTOBJIEH
B PEAAKIIMOHHO-U3AATEIbCKOM oTaene Apl'Y.

Otneuvarano Ha pusorpade.

SIpocnaBckui rocy1apCTBEHHbBIN YHUBEPCUTET.
150000 Apocnasinb, yia. CoBerckas, 14.
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U.B. BonkoBa,
C.I'. Cnépukosn

XnMuyeckKkmm aHanus




