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BBenenue

3HaHUA O Pa3HOOOPA3HBIX XUMUYECKUX MPEBPAILEHUSX JIFOIM HAKOIIWIN EIIE B
IPEBHOCTH, XOTs1, KOHEYHO, ¥ HE IOHUMAJIU CyTH IIPOUCXOIAIINX sIBJICHUN. Takue 3Ha-
HUS Ha3bIBAIOTCSA YMIMPUYECKUMH (OT TPEUYECKOTO «dMIIeipua» — onbIT). Tak, noau
10 ONIBITY U3JaBHA 3HAJIM, YTO IOJIEHO B KOCTPE 3arOPUTCSA M CTAHET IOAJEPKUBAThH
OTOHb, @ KAMEHb FOpeTh He OyaeT. OIHaKO OHU HE UMENH HU MaJICHILIEro IpecTaBIie-
HUS O TOM, U3 YETr0 COCTOSAT JIEPEBO M KAMEHB, YTO TAKOE OTOHb M KAKWE MPEBPALLECHUS
MIPOUCXOIST IPU TOPEHUHU. DTO IPUMEP IMIUPHUUECKUX 3HaHUW. Takux 3HaAHUI TOCTe-
MEHHO HAKaIJIMBaJIOCh Bce OOJbIIe, UX MEePEeaBaid OT MOKOJICHHS K MTOKOJICHUIO KaK
oO1ien3BecTHBIE (2 MOPOH M CEKpETHBIE, HAIIpUMep, Croco0 Mpou3BoACTBa hapdopa u
nopoxa B Kurae) ceeneHusl.

B Berxom 3aBere, B KHure npopoka 3axapuu, CKa3aHO: «H MIPOHECY s TPETHIO
4acTh CKBO3b OTOHb M 00J1aropoxy ee, Kak cepedpo 001aropaxuBaeTcsl, U OUMIILYy €€,
KaK 30JI0TO OUUIIAETCSD. 3HAYUT, IPOCTENUIINE PUEMBI BHIIIIIABKU U OUUCTKU Oy1aro-
POJHBIX METAJJIOB OBLIIM U3BECTHBI JIFOASIM THICSYH JIET Ha3al. MHOrO MoJIe3HbIX MPaK-
TUYECKUX 3HAaHUU B 00JIACTH aHaJIU3a BEIIECTB HAKOMWIN aJIXMMHUKHU, pabOTaBLINE B
CPEIHEBEKOBBE.

C MosIBIICHHEM «HACTOSLIECI» XUMHUH METO/bI AHAJIN3a CTAJIM Pa3BUBATHCS OCO-
O0eHHO ObIcTpo. BHauane 0CHOBHOE BHUMaHUE YAESAIOCh, KaK U B IPEBHOCTH, OOHa-
PYKEHHIO U aHATTU3Y JparoueHHbIX METAJJIOB. DTy OTPACib TOT1a Ha3bIBAIH IIPOOUP-
HOM XuMHUe» (0TCro1a — KJIeiMo, Tpo0a, KOTOPYIO CTABAT HA 30JI0THIE U cepeOpsHbIe
u3zenus). 3aTeM CTald aHaJU3UPOBATh MPUPOJIHBIE MUHEPATIbHBIE BOJbI, PA3INUHbIC
PYIibl, IPOMBIIIIEHHYIO TPOAYKLHKIO. Tak BO3HHUKIA U cTajia ObICTPO pa3BUBATHCS HO-
Basi 00J1aCTh XMMUHU — aHaNUTHYecKas xumus. [loHavany s aHaiu3a UCIoIb30BaIH
B OCHOBHOM «MOKPBIE» METOJBI: BEHIECTBO PACTBOPSUIM B KMCJIOTAX WM ILIEJIOYAX, &
3aTe€M aHaJU3UPOBAIM MOJYyYEHHbIE PACTBOPBL. DTO OBLIU TPYAOEMKHE ONEpAIUH, HA
HUX YXOJIUJIO MHOTO BPEMEHH.

Celtuac BO3MOXHOCTH aHAJIMTHUYECKOM XMMHMM CTajdd MOUCTUHE (paHTacTUye-
ckumu. Vcnonp3oBaHue pa3nuyHbIX XUMHUUECKUX, (PU3NUECKUX, OMOIOTUYECKUX METO-
JIOB TTO3BOJIMJIO HE TOJIBKO 3HAYMTEJIBHO YBEJIMYUTh TOYHOCTH aHAJIN3a U COKPATHUTh
BpEMS Ha €0 MPOBEACHHE, HO M ONPEIEISATh OJHOBPEMEHHO JIECATKU Pa3IMYHbIX KOM-
MIOHEHTOB B OU€Hb MAJIEHBKOM T10 pa3Mepy BeliecTe. PazpaboTansl 1 Hepa3pyllarome
METOJIbl aHan3a, Korjaa o0pas3el ocTaeTcsi B HEM3MEHHOM Buje. Bece 310 BakHO mpH
aHaJIM3€ W JIYHHOT'O TPYHTA, U KPACKU CO CTAPUHHOM KapTHUHBI, © MUKPOTIpUMECEH B -
TheBOM Bojie. Hanpumep, B 1abopaTopuu Ja3epHON TUArHOCTUKM MOCKOBCKOIO rocy-
JTApCTBEHHOTO YHUBEPCUTETA pa3padOTaH CBEPXUYBCTBUTEIbHBIN METOJ] aHAIIN3a, M03-
BOJISIFOIIMIA OOHApYXUTh B 1 MJI BOJHOTO pacTBOpa HECKOJBKO MUKOTpaMM (TO €CTh
TPUWLIMOHHBIX J0JIEi rpaMMa) HEKOTOPBIX XUMUYECKUX AIIEMEHTOB.

B ananuTHuecKkoil XMMUM IPUHATO BBLACIATH ABE OAMHAKOBO BAKHBIE CTOPOHBI:
KaueCTBEHHBIH aHanmu3 (OOHapy)KeHHEe M WACHTU(UKAIMS 3IIEMEHTOB, MOJICKYII,
MOHOB, OT/EJIbHBIX I'PYII aTOMOB U T. JI.) U KOJMYECTBEHHBIN aHanu3 (OnpeaeieHue
Macchl, 00bEMa U KOJMYECTBA BELIECTBA WM €r0 YaCTH, MACCOBOM JIOJIM aHAJIU3UPYe-
MOT0 KOMIIOHEHTa B CMECH U Jip.). B 1anHO# Opoiitope Mbl pacCMOTPUM JIUIIIb Kade-
CTBEHHBII aHAJIN3 HEOPIaHUYECKUX BEIIECTB U HOHOB.
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KavecTBeHHBI aHAJIN3 HEOPraHUYECKUX COeTMHEHNH

Kauecmeennwtit ananus — >1o uaenrudukanus (oOHapy>KeHHE) KOMIIOHEHTOB
aHAIM3UPYEMbIX BEUIECTB U MPUOIU3UTENIbHAS KOJTMYECTBEHHAs OIICHKA UX CoJiepiKa-
HUSl B BEILECTBAX M Marepuajax. B kauecTBe KOMIOHEHTOB MOTYT OBITb aTOMBI U
MOHBI, U30TOMBI PJIEMEHTOB W OTACNIbHbIE HYKIUABI, MOJEKYJIbI, (YHKIIHMOHAIbHBIC
TPYIIbI U paguKaiibl, (asbl.

[IlepBoHaUaJIbHO KAYECTBEHHBII aHAIN3 BO3HUK KAK BUJI OP2AHONENMUYECKO20
eocnpusamust (C TOMOUIBIO OPTaHOB YYBCTB) IPOIYKTOB NOTPEOJICHNS U IPOU3BOJICTBA
JUISl OLIGHKU MX KauecTBa. B mepByro ouepeapb 3TO0 OTHOCUIIOCH K JIEKAPCTBEHHBIM Be-
IIECTBaM, JIJIs aHaJIM3a KOTOPBIX ObLT pa3paboTaH Tak Ha3bIBAEMbBI MOKPBIH ITYTh, T. €.
aHaJu3 XKUJIKOCTeW U pacTBOPoB. C MepexoJ0oM K MPOU3BOJCTBY U MPUMEHECHHUIO Me-
TaJIJIOB BO3HUK MPOOUPHBINA aHAIN3, IEPBOHAYATIBLHO KaK Kaue€CTBEHHBIN aHAJIU3 JJIs
oTpeeeHus MOJUTMHHOCTU 0JIarOpOAHBIX METAIIOB. B manpHelemM oH cTain MeTo-
JIOM TPUOIMKEHHOTO KOJMYECTBEHHOTO aHanu3a. OJHOBPEMEHHO Pa3BUBAINCH pa3-
JIMYHBIE BAPUAHTHI MTUPOXUMHUYECKOTO aHAIM3a 1JI ONPEAEIEHUS IBETHBIX METAILJIOB,
&KeJe3a, a TAKKE I aHajlu3a COAEep KalluX METaJUIbl MUHEPAJIOB U pyaA. KauecTBeH-
HBIM AHAIMTUYECKUM CUTHAJIOM IIPU 3TOM CIIY>KWUJIM BHEIITHUIN BUJ KOPOJIbKA BOCCTA-
HOBJICHHOTO METajula, OKpacka KOHAEHCATOB BBIICIAIONIMXCS JIETYYHUX MPOAYKTOB,
00pa30BaHUE XapaKTEPHO OKPAIICHHBIX CTEKOJ ("'mepsioB") NpH CIIJIABIICHUH aHATU3U-
PYEMBIX BELIECTB C COJIOM, Oypol WK cenuTpoill. B OCHOBY aHayn3a OPraHUYECKUX
coeuHeHui enie A. JIaBya3be MOJI0KUIT MPOLIECChI COXOKeHUs ¢ 00pa3zoBanuemM CO, u
H0. Jlasiee 3ToT MeTO1 OBLIT pa3BUT JAPYTUMH YUYEHBIMU HA OCHOBE TEX YK€ MUPOXUMHU-
YECKUX MPOLECCOB U Ia30BOr0 aHAJIN3a, IPUYEM KauyeCTBEHHBIN aHaIN3 TECHO CIIUJICS
C KOJIMYECTBEHHBIM.

[Tocre OTKphITHS U30MEPUH B KaU€CTBEHHBIN aHaIN3 ObLJIO BKIIFOYEHO U3YUYCHUE
XMMHUYECKOU CTPYKTYpPbI OPraHMYECKUX COeIUHEHUU. Kitaccnuecknii opraHuyecKui
aHaau3 — POJAOHAYAIIbHUK MUKPOXMMHUUYECKUX METOJIOB aHajin3a U aBTOMATHYECKHUX
aHanu3aTopoB. [lapamienbHO ¢ XUMUYECKUMHU METOAaMU Ka4€CTBEHHOTO aHaIN3a pas-
BUBAJINCH U YUCTO (PU3UYECKUE — OT METO/Ia YCTAHOBJIEHUSI XUMUYECKOTO COCTaBa Ou-
HapHOTO CIUJIaBa MyTEM U3MEPEHUS YNIEIbHOrO Beca (MeTo1 ApXUMEA) 10 CIEKTPO-
ckomnuu, usmepenus 3/JC, moBepXHOCTHOTO HATSIKEHUS PaCTBOPOB U T. . C cepeuHbI
X BeKa 3HaueHHue (PU3MUECKUX METOJI0OB aHaJIM3a HEM3MEPUMO BO3pocio. KauecTreH-
HBIH M KOJIMYECTBEHHBIN aHAJIW3bl Pa3BUBAINCh B TECHOM B3aMMOJICHCTBUH, T. K.
TOJBKO MPU YTOUHEHUH KOJIMYECTBEHHBIX JAaHHBIX BO3MOJKHA IMOJHAs paciri@poBka
Ka4eCTBEHHOI0O KOMIIOHEHTHOTO COCTaBa BEIIIECTBA, a HA OCHOBE JJaHHBIX KaueCTBEH-
HOTO aHaJIN3a — COBEPIICHCTBOBAHUE KOJIMYECTBEHHOTO aHAJIN3A.

B coBpeMeHHOM HEOpPraHMYECKOM KaueCTBEHHOM aHAJIM3€ BEAYIasi poJib MPH-
HaJIJICKUT (PU3NUECKUM METO/IaM, KOTOPhIC TO3BOJISIOT peliaTh 3aa4u UACHTU(DUKA-
MM U YCTAHOBJICHUSI CTPOEHUSI COCAMHEHUM, ONPEACIICHUS UX JIOKAIU3aIlui B 00b-
€KT€, YCTAHOBJICHHS TUIIA XUMUYECKOU CBSI3M MEXKAY aTOMaMH U TpynnaMy aTOMOB; B
OpPTraHUYECKOM KAYECTBEHHOM aHAJIM3€ XUMUYECKHE U (U3UUECKUE METObI UCTIOIb-
3YIOTCSI KOMIUIEKCHO.



1. KayecTBeHHbIE peaKMN HA HEOPraHNYeCcKHe BellecTBa

JIumib HEOOMbIIAs YaCTh HEOPTaHWUYECKUX COSAMHEHUN MOXKET ObITh OOHapy-
’KEHA C MIOMOIIBIO CIEIIM(PUIYECKUX PEAreHTOB U peakiuidi. 3HAYUTENIbHO Yalle B aHa-
JUTUYECKOMN MPaKTUKE MPOBOJIAT BHISBIICHUE ONPEIEIEHHBIX AJIEMEHTOB B BUJIE KaTH-
OHOB WMJIU aHUOHOB.

MHorue Ka4ecTBEHHBIE PEaKIIMN U3BECTHBI BaM M3 IIIKOJIBHOTO Kypca XUMUH, C
HEKOTOPBIMHU BBI, BO3MOYKHO, TTO3HAKOMHUTECHh BHOBD.

Ammuax NHs — GecriBeTHBIN ra3, Ipu KOMHATHOM TemrepaType o1 u30bITod-
HBIM JIaBJICHUEM CXKHKACTCS; KUIAKANH aMMHUaK — OCCIIBETHBIN, TBEPbI aMMHaK — Oe-
JIBIN.

Omnpenensercs aMMHaK 1O XapakTepHOMY 3amaxy. bymakka, cModeHHas pac-
tBopoM HuTpaTa pTyTH (1) HY2(NO3),, ipH neiicTBrM aMMuaka 4epHEET BCIICICTBUE
00pa30BaHUs METAJLUTMYECKON PTYTH:

4NH3 + H20 + 2Hg2(NO3)2 = (Hg2N)NO3-H,O| + 2Hg| + 3NH4NO3

Apcun AsH3 — 6ecriBeTHBIN ra3, HHOT/Ia UMEET YECHOUHBIN 3amax, 00yCIOBIIEH-
HBIM TIPOJyKTaMU OKUCJIEHUSI apcuHa Ha Bosayxe. [Ipu mpomyckaHuu apcuHa yepes
Harpetyio 10 300-350°C crekisHHYyI0 TpYOKY, HAIIOJIHEHHYIO BOJIOPOJIOM, HA €€ CTEH-
KaX 0Ca)XIaeTCsl MBIIIbSIK B BUJIE YEPHO-Oyporo 3epkajia, KOTOpPOeE JIETKO PaCTBOPSETCS
B IIIEJIOYHOM PACTBOPE TUIIOXJIOPHUTA HATPHSI:

2AsH3 = 2As + 3H,,
2As + 6NaOH + 5NaClO = 2NazAsO,4 + 5NaCl + 3H,0.

bpom Br, — TeMHO-KpacHas TSKeNast KUAKOCTh, JIETKO MPEBPaIacTCs B KPACHO-
KOPUYHEBBIN Ta3. bpoMm ompenensioT MBETHBIMUA PEAKIUIMU ¢ OPTaHUYECKUMH Belle-
CTBaMH. bpoM OKpammBaeT CjIoi OpraHWYeCKOro PacTBOPUTENS (HampuMep, TeTpax-
JopMeTaHa uiau O€H30J1a) B JKENTHIN IBET, PYKCUH — B KPACHO-(PHOJICTOBBIM.

Kpome Toro, 6pom onpenemnsercs mo peakiuu ¢ GiIroopeciienHoM

HO o 0]
/

COOH

droopecienH

B pesynbraTte 3aMenieHust aTOMOB BOJIOpOAa B (IIIOOpPECIIEMHE aToMamMu OpomMa
MOJIy4YarOTCsl KPACUTEIH, OJUH U3 KOTOPBIX HOCUT HAa3BaHUE J03UH.

Dozun wim Terpadbpomdiroopectient CypoHgBraOs — kpucrammuzyercs U3 crnup-
TOBOT'0 PaCTBOpPA C OJJHOM MOJIEKYJION KpucTaum3aurnoHHoro cnupra. [Ipu 100°C Bo3-
ronsiercs. Kanuiinas conp terpabpomiioopeciiernHa pacTBOpsSETCs B KOHLIEHTPUPO-
BaHHOM CIIMPTOBOM pacTBOpE I'MAPOKCHUIA KaJlus U 1aeT pacTBOp cUHero 1geta. [lpu
KUAISTYEHUM DO3MHA C CEPHOM KHUCIOTOM MOJydyaloT JAMUMEPHOE COEAUHEHHE
CaoH13Br7010, K0TOpOE 13 anleTOHA KPUCTAIUIU3YETCS B UIJIaX CUHE-CTaJIbHOIO LIBETA
U UMEET XapakTep KUCIOThI. YeThIpeXOpOMHUCTOE MPOU3BOJHOE TAK XK€, KaK HHU3IINE
CTeTIeHH OpOMHPOBaHUS (PIIIOOPECLIEUHA, IPEACTABISIOT KPACHBIE KPACKH C YKEITHIM

(Tpu MEHbIIIEeM KOJWYECTBE OpoMa) WM CHHUM OTTeHKOM. KanuiiHble 1 HaTpueBbIe
5



cosii TeTpadpoMiroopeciienHa U HU3MUX cTeneHel OpoMupoBanus GIroopeclienHa
B TOProOBJI€ BCTPEUAIOTCS IOJ] Ha3BaHHWEM «PACTBOPUMBIX B BOJI€ D03MHOB». DJO3UH
CIYKUT JJIS OKpalllMBaHUs Oe3 MpOoTpaB IIeJKa U MmepcTu (B ciabo KUCIIoN cpene),
TaKxke ynorpeossercs B hortorpaduu s MoIydeHus cieruduieckux oOymar, rmorjio-
IIAIONINX 3€JICHbIE U (PUOJIETOBBIC JIYUH.

Booa H20 — 6ecuiBeTHas )KUIKOCTb, B TOJICTOM CJIO€ — roJlyOOBaTo-3¢eJeHasl, Jie-
Tyuasi; TBepJasi Boja (Jie/) Ierko Bo3rousiercs. Boga oOHapyXuBaroT Mo 00pa3oBaHUIO
OKpalIEHHBIX KPUCTAJUIOTUIPATOB CO MHOTHMU BEILIECTBAMU, HAIIPUMED:

CuSO4 + 5H,0 = [Cu(H20)4]S0O4-H,0 (xpuctamiorumpar roiryooro msera).

KonnuectBenHo Bona onpenensiercs no merony K. @umepa. Co BpeMeHH OT-
KkpbiTus B 1935 rony meton tutpoBanus no Kapny @uiiepy nomayuus pacrnpocTpaHe-
HUe 110 BceMy Mupy. [1o 3ToMy MeTOoly cosiepkaHue BOAbI B Ta3ax, >KUJIKOCTSIX U TBEP-
JIBIX BEIIECTBAX MOXKET OBITh OMPEIEICHO JIETKO M C BHICOKOW CTETEHBIO TOYHOCTH,
BHE 3aBHCHMOCTH OT THUIIa 00paslia, €ro arperaTHOro COCTOSIHUS, WM MPUCYTCTBUS
JIETYyYuX KOMIIOHEHTOB. TutpoBanue no Kapmy ®@uiepy umMeet MUpOKUii CIEKTp MpH-
MEHEHHUS U UCTIOJB3YETCS B Pa3IMYHBIX 00JIaCTIX, HAIPUMED, MIPU ONPEICTICHUHU BOJIbI
B IHUIIEBBIX, XUMUYECKUX, (HapMaAlEBTUUECKUX MPOTYKTAX, KOCMETHUKE U MUHEPab-
HBIX Maclax.

PeakTuBOoM MeToia dDuriepa sBisieTcst pacTBop Honaa u okcua cepsl (1V) B nu-
punune (Py) u meranosne. [lupuana HEOOX0AUM JIsl CBSI3BIBAHUST KUCIIBIX MPOIYKTOB
peaxiuu 1 co3aanus ontumanbHoro pH B untepsaine 5-8.

B ocHOBe TUTpOBaHMS JIekKAT CIEIYIOLUIUE PEAKIUU:

PySO4 + CH;0H = PyH*CHg,SOg
PyH*-CH3SO; + Pyl; + H,O + Py = 2(PyH"I") + PyH"-CH3SO, .

Hannuue BoabI onpeaensieTcs 1o NCUE3HOBEHUIO KEITON OKPACKH Hoa.

Hoo 1, — puoneToBo-uepHOE C METAITMYECKHM OIIECKOM, JIETydee BEIIECTBO.
OrnpenensieTcs IBETHBIMU PEAKITUSIMU:

— C KpaxMajioM 00pa3yeT COeIMHEHHE BKIIIOUEHH S, OKPAILIEHHOE B (PUOJIETOBBI 1BET;
— CJIOM OPraHUYECKOro pacTBOPUTENA (XJI0podopMa UM TETPAXJIOPMETaHA) OKpAIIH-
BaeTCs B pO30BO-(HOJIETOBBIH IBET.

KauecTBeHHOM peakiieil Ha O/ CYUTACTCS B3aUMOJICHCTBUE ¢ THOCYIh(HaTOM

HATpHsl, COMPOBOXKIAOIIEECS 0OECIBEYMBAHUEM PACTBOpPA HOa!
I, + 2Na,S,03 = 2Nal + Na,S40s.

Kucnopoo O: — GecuBeTHbIN ra3, B KHUIAKOM COCTOSHUU — CBETJIO-TOJIyOOH, B
TBEpJOM — CHUHUU. J[JI1 MOKa3aTenbCcTBa MPUCYTCTBUSL KHUCIOPOA HCTIOIB3YIOT €ro
CIOCOOHOCTH MOJJEPKUBATH TOPEHHE, & TAK)KE MHOTOUYHUCIICHHBIE OKUCIIUTEIIBHBIC pe-
akiuu. Hampumep, oxucieHue OeciiBeTHOro amMmuayHoro komruiekca menu (l) mo
SIPKO-OKpaieHHoro coenuueHus meau (11).

O30n O3 — CBETJIO-CUHUI Ta3 ¢ 3alaxOM CBEKECTH, B JKHUJKOM COCTOSHUU —
TEMHO-TOJTy0OH, B TBEpJIOM — TeMHO-(DHOJETOBBIN (710 uepHOT0). ECcniu B BO31yX, CO-
Jep>Kalluii 030H, BHECTU OYMa)KKy, CMOYEHHYIO pacTBOpaMHu MOJUJA Kalaus U Kpax-
Mana, To OyMa)KKka CHHEET:

O3 + 2Kl + H,O = |, + 2KOH + O,.
Takoit cioco6 oOHapy)eHUs 030HA HA3BIBAETCS HOTOMETPHUEH.



Oxkcuo yznepooa (1), yenexucnawtii 2a3 CO2 — GeCUBETHBIN ra3, PU CKATUU U
OXJIQXKJICHUH JIETKO MEePEXOJIUT B KUAKOE U TBepaoe coctosgHue. Trepapiit CO; («cy-
XOM JieA») IpU KOMHATHOW TeMIlepaType BO3TOHSIETCS. Y TIEKUCIbIN ra3 B mpoleccax,
r7ie OH 00pa3yeTrcs, N0Ka3bIBAlOT MOMYTHEHUEM HU3BECTKOBOW WU OApUTOBON BO/IBI
(maceimennsie pactBopsl Ca(OH), nnu Ba(OH); cooTBeTCTBEHHO):

Ca(OH)z +CO, = CaCO3l + H,0, Ba(OH)z +CO, = BaCO:gl + H,0.

BonbmnHCTBO BemiecTB B aTMoc(epe yriaeKuciIoro ra3a He TOPUT, OAHAKO BO3-
MO>KHA CJIEyIOIas peaKkius:

CO; + 2Mg = 2MgO + C,
T. €. okcup yraepoja (1V) noanepxuBaet ropeHre Mariusi, B pe3yJibTaTe peakiuu 00-
pasyetcs Oenblil «Ienemn OKCHIa MarHusl U YepHas caxa.

Ilepokcuo eooopooa H>0: — GecuBeTHasl BSI3Kasl KUAKOCTh, B TOJICTOM CIIO€ —
cBeTyo-ronybas. Pa3maraercs Ha cBeTy c BblaeneHHeM Kuciopoaa. OOHapyKuBalOT
NEPOKCU]] BOJIOPOAA CIEAYIOIIMMH PEaKIUsIMU:

— TOSIBJICHUE JKEITON OKPACKH MPHU B3aUMOJAEUCTBUU C paCTBOPOM MOJUAA KAJIHUS:
H>0, + 2KI = 2KOH + |,
— BBIJIEJICHHE TEMHOTO 0Cajika cepedpa U3 aMMHavyHOTO pacTBOpa OKcHaa cepedpa:
H,O, + AgzO = 2Ag + OzT + H,0;
— U3MEHEHUE 1BeTa MPU B3aUMOAECUCTBUU C OCAJIKOM CyJb(pua CBUHIIA C YEPHOTO Ha
OeJIbIi:
4H,0, + PbS = PbSO, + 4H,0.

Pmymw» Hg — cepeOpucTo-0enblii MeTasul, KUAKAA MPU KOMHATHON TeMIlepa-
Type€; B TBEPIOM COCTOSTHUU KOBKUM. Jlerko ucnapsercs. [1apsl pryTr (60s€ee onacHbie
I 4eJIOBeKa, 9YeM caM METall) OMPEAeTSIOTCS ¢ UCTIONh30BAaHHEM XUMUYECKUX MH-
aukatopos (K, 12, Cul, SeS, Se, AuBr;, AuCl; u npyrue), Hanpumep:

3Hg + 21, = Hg|2 + nglzl,
Hg + Se = HgSe.
Ceposooopoo H>S — GecriBeTHBIN ra3, UMEIOMIHK 3amax TyxJbixX suil. OOHapy-
’KUBAIOT CEPOBOJIOPO/ CIAEAYIOIIMMH PEaKLUIMU:
— HIOYepHEeHUEe OyMakKu, CMOYEHHON pacTBOPOM COJIM CBHUHIIA:
H,S + Pb(NO3), = PbS| + 2HNOg3;
— IIPU MPOIYCKAaHUU CEPOBOAOPOIA Yepe3 pacTBOp ioaa (MOAHY0 BOIY) MPOUCXOTUT
obeciiBeurBaHUE pacTBOpa U oOpa3oBaHue CIa00N MyTH:
H,S + I, =2HI + Sl

@Docpun PH3 — OeclBETHBIN ra3 ¢ pe3KUM 3araxoM THUJon peiObl. B cmecu ¢
KHCIIOPOJIOM JIETKO B3PHIBACTCSI.

Xnop Cl; — xxento-3enieHbiii Ta3 ¢ pe3kuM 3anaxom. OOHAPYKUBAIOT XJIOP IO
KEIITOMY OKpAaIlIUBaHUIO (IFOOpPECIIEMHa B MISJIOYHON cpefie, a TaKXkKe Mo HOoA-Kpax-
MaJIbHOU PEaKIINU:

Cl, + 2KI = 2KCI + |5,
T. €., B aTMocdepe xjopa OyMakka, CMOUYEHHAsT pacTBOpPaMH MOJUJIA Kallusg U Kpax-
Masa, CHHEET.



2. KauecTBeHHbII AaHAJIU3 HEOPTAHNYECKUX HOHOB
2.1. OcHOBHbIE MOHSITHSI KAYeCTBEHHOT0 XMMHYECKOI0 aHAIN3a

OO6HapyXeHUuEe UOHOB IIPU COBMECTHOM MPHUCYTCTBUHM MOXKET OBITh MPOBEICHO
IPOOHBIM, CUCTEMATUYECKUM HJIA KOMIIPOMUCCHBIM METOIaMHU.

JIpoOHbBIH aHAJIN3 OCHOBAaH Ha OOHAPY)KCHUHU HCKOMBIX MOHOB B OTJEIBbHBIX
MOPIUAX UCCIIEYEMOTO PacTBOpa C MPUMEHEHUEM CTIeU(PUUECKUX UITH CEIEKTUBHBIX
peakiuii B mo060ii mocnenoatensHocT (H. A. Tananaes). Meton TpeOyeT ynaaeHus
WJIM MaCKHPOBKH MEIIAOIINX HOHOB.

CucreMaTu4eckuii aHaJM3 OCHOBAH HA MOCIEAOBATEIIBHOM pa3JeJIeHUU
CMECU MOHOB Ha TPYMIBI C MOMOILBIO FPYIIOBBIX PEAreHTOB U MOCIEAYIOIIEeM O0OHa-
PY’KEHHH OTAEJIbHBIX HOHOB XapaKTEPHBIMU PEAKLUAMH.

KomnpomuccHbIi MeToJ codyeTaeT B cebe 3JIEMEHTHI IPOOHOTO U CUCTEMaTH-
YECKOI'0 aHaJIMU3a.

B kauecTBEHHOM XMMHYECKOM aHAJIN3€ Pa3InyaioT 00IIue, TPYIIOBbIE, XapaK-
TEpHbIE, CEJIEKTUBHBIE U CIIEHU(PUUECKUE PEAKLIUU U PEareHThI.

OO0muMH Ha3bIBAIOT PEAreHTHI, KOTOPBHIE B3aUMOJACHCTBYIOT CO MHOTIMMH
noHamu. K HUM OTHOCATCS: HEKOTOPBIE KUCIIOTHI, CEPOBOIOPOI, PACTBOPSHI IIEI0YEH U
aMMUakKa, pacCTBOPUMBIE B BOJI€ CYJIb(UIbI, KapOOHATHI, (hochaTbl U HEKOTOPHIE JIPY-
I'M€ COJIM IIEJIOYHBIX U MIET0YHO3EMETbHBIX METAJUIOB, & TAKKE COJIM aMMOHMUSL.

I'pynnoBbIMH Ha3bIBAIOT PEAreHTHI, B3aMMOCHCTBYIOIUE C ONPEAEICHHOM IPYTI-
MO MOHOB C OJMHAKOBBIM MJIM OJM3KUM aHATUTHUYECKUM A(H(PEKTOM, U MO3BOJISIONINE
OTIEJIUTh OJIHY TPYIILYy HOHOB OT JPYTOil (IPYIIOBBIE pEareHThl PA3IEICHNUA).

XapakTepHble peareHThl B3aMMOJEHCTBYIOT C HEOOIBIIMM KOJIMYECTBOM
HMOHOB, BbI3bIBasi OJIMHAKOBBIN aHamuTHYecKuit a3pext. Cpenu HUX BBIACISIOT CeJleK-
THBHbIE PEareHTHl (pearupyroT C ONpPEIEICHHBIM OrPAHUYEHHBIM YHCIOM MOHOB) U
cnenuduYecKne peareHThl (BCTYIAIOT B aHAIMTHYECKUE PEaKLUU, KaK IPABUIIO, C OJ-
HHUM HOHOM).

AHaNMTUYECKNE PEAKLIUH BBIITOIHSIIOTCA «CYXUM» (MIMPOXUMHUYECKUE PEAKIIUH,
«TOPOUIKOBBIN aHAIIU3») U «MOKPBIM» ITyTEM (B pacTBOpE).

Jl51s oGHapyKeHHsI KAaTHOHOB U AHHOHOB UCTOJIB3YIOT CJIEIYIOIINE CIIOCOObI BbI-
MOJIHEHUS AHAJIMTUYECKUX PEAKIUH.

IIpo6upounsblii cnocod. Obwas memoouxa: B MpOOUPKY BHOCST 2-3 KaIlJid UC-
CJIEIyEMOTO PacTBOpa, CO3/Ial0T HEOOXOIMMBIE YCIIOBUS 1J1sl MpOTeKaHus peakiuu (pH
Cpelbl, TeMIepaTypy H T.1.), A00ABJISIOT 3-4 Kalid peareHTa U HaOJI0at0T 3a BHEIII-
HUM 3 HexTom.

IKCTPAKIMOHHBIN CIOC00. AHANUTUYECKAs] pEaKUusl TAKXKe MPOBOIAUTCS B
poOupKe, MPOIYKT PEAKIMKU U3BJIEKAIOT B CIOW OPraHUYECKOro pacTBOPUTENS, B KO-
TOPOM HAOJIIOAAIOT OKpaIINBaHUE.

Peakuusi B «ra3oBoii kamepe». Oowasa memoouxa: B TUTENb MOMEIIAIOT 3-5
Kareylb aHaJIu3upyeMoro pactBopa c¢ yctaHoBieHHod pH cpensl. Ha mpenmernoe
CTEKJIO MOMENIAI0T KyCOUeK HHANKATOPHON OyMaru Wiv Karuiio peareHrta. 3aKpbiBaioT
TUTEJIb CTEKJIOM, MTPH HEOOXOIUMOCTH HArpeBaloT U Ha MPEAMETHOM CTEKJIe HaOIro-
natotT 3¢ exT peaxiuu.



[Ipumensietcs Taxke karnenbHbld aHanu3 (H. A. Tananaes, @. ®aiirnp) — aHna-
JUTUYECKasl peaKilisl aHaJIM3UPyEeMOro pacTBOpa C peareHTOM B KaIljie Ha IJIACTUHKE
WM Ha (GUIBTPOBAJILHON Oymare.

Mukpokpucrauiockonudecknii ananaus (T. E. Jlopun). O61mas meTonuka: Ha
NpEeIMETHOE CTEKJIO MOMEMIAIOT Karlllo aHAJIU3UPYyEeMOTro pacTBOpa U PSIOM Karllio
pacTBopa pearenta. OCTOPOKHO CTEKIITHHOM MaIOUKOM MPUBOAST PACTBOPHI B COIIPH-
KocHOBeHue. MHorna tpeOyeTcs jaerkoe HarpeBanue. Yepes 2-3 MUHYTHI 110 MUKPO-
cKomoM Ha0moaa0T 3G (HEeKT peaknu (KPUCTAIUTBI XapaKTePHOU (GOPMBI, IIBETA U pa3-
Mepa).

Xpomarorpapuueckuii cnocod (Ha Oymare). O0mas MmeToanka: Ha GUIBTPO-
BaJIbHYIO0 OyMary moMemnaroT 1o Karuie aHaTu3upyeMOoro pacTBOpa, pacTBOpa BCIIOMO-
raTeIpHOrO BeIlecTBa U peareHta. HabmomaoT okpamuBanue. Memaromnye KOMIIo-
HEHTBI YCTPAHSIOT MPEABAPUTEIHHBIM HAaHECEHHEM Ha Oymary MacKUpPYIOIIETO pea-
reHTa.

IMupoxumuvecknii cnocod (okpanmBanyue 0€CIBETHOTO TUIAMEHH TOPEJIKU UITH
CIUPTOBKH, MOJYYECHUE OKPAIICHHBIX MepioB U Jip.). Ob1as MeToiuka mpoObl OKpa-
IIMBaHUS OCCI[BETHOTO IIAMEHH: Ha KOHYMKE TUIATHHOBOW MPOBOJIOKU WK Tpadurta
BHOCST B IJIaMsl HECKOJIBKO KPHUCTAILIOB JeTy4uux coiieid. HabmrogaroT xapaktepHoe
OKpalllliBaHUE TUIAMEHH.

IHopomkoBbiii ananu3. Obwas memoouka: pacTUPAIOT B CTYIIKE HEOOJbIIOE
KOJIMYECTBO TBEPOTO UCCIEyeMOro BEIIeCTBa C peareHToM. OTKpBIBaeMbIii HOH 00-
HAPYKUBAIOT IO 00pa30BaHUIO OKPALIEHHOTO COSTMHEHUS WM TI0 3araxy.

2.2. KayecTBeHHbIN AHAJIU3 HEOPTaHMYECKUX KATHOHOB

KaTtnoHbl — 3T0 MOJIOKUTENBHO 3apsyKeHHbIE MOHBL. [IpocThie KaTHOHBI 00pa-
3YIOT S-, p- ¥ 0-3JIEMEHTHI 33 CUET OTJJa4d BaJICHTHBIX DJICKTPOHOB.

XUMUKO-aHAJIMTUYECKHE CBOMCTBA KATUOHOB 3aBUCAT OT MOJIOKEHUSI 00pa3yo-
HUX UX 3JIEMEHTOB B nepuoanueckou cucreme [l. 1. Menaeneesa, B 4aCTHOCTH, OT
3apsija siipa aToMa, 3apsijia MOHa, CTPOSHUS! BHELTHEH 3JIEKTPOHHOM 000JI0UKH, BEHU-
YUHBI pauyca, CTPOCHHS BHYTPEHHUX JIEKTPOHHBIX 000JI0UEK U JPYTUX (GaKkTOpOB.

JleneHre KaTMOHOB HA aHAJUTHUYECKUE IPYIIIBI OCHOBAHO HA Pa3jIMYHOM pac-
TBOPUMOCTH WX COEAMHEHUH W HAa Pa3HOM OTHOIIEHWHM K TPYIIOBBIM peareHTaM.
HauGounbiiee pacnpocTpaHeHHe MOTYYUIIH CIIEIYIONINe KiIacCupuKaiuu.

Cyaspuanas kiaaccuukanus (H. A. Menmytkun, 1871 r.) ocHOBaHa Ha pas-
JUYHOU pacTBOPUMOCTH CYJIbPUA0B, KAPOOHATOB U XJIOPHUIOB KATUOHOB B BOJE U KHUC-
notax. [To rpynmnoBeiM peareatam (HzS, (NH4)2S, (NH4)2COs, HCI) BeimenstoT nsth
AHATUTUYECKUX TPYIIIT KAaTUOHOB.

AMmMmuavHo-¢ochaTHas KiaaccupuKanms OCHOBAHA HA PAa3IMYHON paCTBOPHU-
MOCTH M PA3JIMYHBIX aHATUTHYECKUX peakiusx ¢ocdaTtoB U XJIOPUIOB KaTUOHOB C
KHCJIOTaMH, LIEJI0YaMU U pacCTBOPOM aMMHAKa, TAKXKE Pa3[essieT KaTHOHBI Ha ISTh
AHAJIMTHYECKUX TPYIIIL.

Kucaorno-ocHoBHas kiaaccuukanust (C. 1. beckoB u O. A. CnuskoBckas,
1947 r., ycoBepmenctBoBana 1. M. KopeumaHoM) OCHOBaHa Ha Pa3jIM4YHOM OTHOIIIE-
HUU COJIEW KATUOHOB K KHCIIOTaM (XJIOPOBOJOPOIHOM U CEPHOI), OCHOBAHUSAM (TUAPOK-



CHUJlaM HaTpHs, KaJIus 1 aMMOHUS) U Ha Pa3JIMYHON paCTBOPUMOCTH CyJb(ATOB, XJIOpU-
JIOB ¥ TUAPOKCUIIOB B BOJIE, KUCIIOTAX, Ie104Yax U pacTBope aMmMmuaka. 11o atoi knaccn-
(uKauy BbIAEICHBI IECTh AaHAIMTUYECKUX IPYII KAaTHOHOB (Tabmuma 1).

B ananuTH4YecKOW XMMHHM Yallle BCErO MCIOJIb3YETCS METOJ AHAIN3a, B OCHOBE
KOTOPOTO JIEXKUT KUCIIOTHO-OCHOBHAs KilaccU(UKalns KaTUOHOB. J[aHHBIN MeTox 00-
JajacT pAIOM IPEUMYLIECTB IIEpea APYTUMHU: OH IIPOCT U SKOHOMHUYEH, HCKIIF0YACT
IIPUMEHEHUE TOKCUYHOTO CEPOBOJIOPOA U MO3BOJISET UCIIOIB30BaTh AHATUTHYECKHE
CBOMCTBA BaXHEHININX COCAMHEHUN KATHOHOB (XJIOPHUIIOB, Cylb()aTOB, THAPOKCUIOB,
aMMHAKaTOB).

Tabomuma 1

CocraB u rpynmnoBblie aHAJIUTHYECKHE PeaKIMU KATHOHOB
(KMCJIOTHO-OCHOBHAs KJIacCH(pUKALUSA)

Howmep N3yuaemebie I'pynimoBoit IIpoayKThl peakiuu ¢ TpPyIIIOBBIM PEAreHTOM
TPYIIIIEL, KaTHOHBI peareHT Y aHATUTHYECKUI CUTHAIT
Ha3BaHUE

I Na*, K*, NH; Her -
PactBopumas
] Ag*, Pb*, Hg? HCI AgCl, PbCl2, Hg2Cl> — ocanku Genoro mnpera
XtopuaHast 2 Mo/ aM®
1T Ca?*, Sr**, Ba** H»SO4 CaS0a, SrSO4, BaSO4 — ocanku 6emoro
Cynbdarnas 1 Mous/mm® BETA
v APRF*, Zn* Cr¥*, | Us6srrok NaOH | [AI(OH)s]*, [SN(OH)4]%, [Sn(OH)e]?,
AwmdonutHas Sn?* (Sn*) (KOH) [Zn(OH)4]* — GecuBeTHBIE paCcTBOPHI;
2 mome/mm® [Cr(OH)6]* — pacTBOp M3yMpY/IHO-3€]IEHOTO
[BETA
\/ Mg?", Mn?*, N3661TOK Mg(OH)., Sb(OH)s, HSbO3, Bi(OH)3z —
T'mapokcuanas | Fe?*, Fe®*, Sb® NaOH (KOH) | ocaxku Genoro 1sera;
(Sb*"), Bi¥* 2 momb/mm® Mn(OH),, Fe(OH)2 — ocazku 6esoro 11Bera,
Wi NH4OHy o | Oypetorie Ha BO3IyXe;
Fe(OH)s — ocamok 6yporo 1Bera
VI Cu®*, Co%, N30bITOK [Cd(NH3)4]%",[Hg(NH3)4]?* — 6ecuiBeTHBIE
AmmvuakatHas | Cd%, Ni?*, Hg?* NH4OHxorn PacTBOPBHI;
[Cu(NH3)4]?>" — cunero npera;
[Co(NH3)6]?" — sxenToro 1Bera;
[Ni(NH3)s]?* — cupenesoro nsera

IlepBas (pacTBopuMasi) aHaJuTHYecKas rpynna katuoHosB Na*, K, NH;

[lepBas aHanmuTHuUeckas rpynmna OObeIUHSET MPOCThIE KATHOHBI S-3JIEMEHTOB
riiaBHoOM noarpyniel | rpynmel nepuoanyeckoi cuctemsl Jl. 1. Menaeneena (Ux 3iex-
tponnbie Gopmynsr: Nat 2522p8, K 3s?3p°) u koMIuIekcHBIN KaTHOH aMMOHHS, 00-
Pa30BaHHBIN 3a CUET IOHOPHO-AKLENTOPHOU CBA3U Mex1y NH3 (I0HOp 371€eKTPOHOB) 1
npoToHOM (akrentop 35ekTpoHoB): NH; + HY «» NH; .

ban30cTh XUMUYECKHUX CBOMCTB 3THMX MOHOB ONPEAEISAETCS MAJIbIM ITOCTOSTHHBIM
3apsiioM (1+), 6o pagrycom (0,098 — 0,143 HM), HEBBICOKAM HOHHBIM ITOTEHITHA-
aoMm (0,07 — 0,102) n HaumMeHbIIIeH CpeI KaTHOHOB MOJIIPU3YIOIIEH CTOCOOHOCTHI0. DTO
o0ycraBiMBaeT 00pa3o0BaHNE HEOKPAILICHHBIX M XOPOIIIO PACTBOPUMBIX B BOZE COEAMHE-
HUI 1 HeOOJbIIOE pa3HOOOpa3ue aHATMTUYECKUX peakluil. MajaopacTBOpUMEbIE COeIH-
HEHUS 3TU KATUOHBI 00Pa3yIOT JIUIIb C KPYITHBIMU, JIETKO MOJIIPU3YIOIIMMHUCS AHUOHAMM:
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ClO;, [Sh(OH)e], HC4H,O;, [Co(NO,)s]* u ap. Oxpacka coemuHeHuii onpeensercs
1BeToM aHuoHa, Hanpumep: CrOZ — xenteiit, MNO, — MaJTMHOBBIN.

BcerencTBre Manoro 3apsaa u ¢iaaboi mosapu3yromiei crmocooHocTr noHbl Na*
u K He sBisiroTcst KoMmIiekcooOpasoBaressiMu. O0anasi yCTOMYMBON U OCTOSHHOM
CTENEHBIO OKUCIIEHUS (1), 3TH KATHOHBI HE YYACTBYIOT B PEAKLUAX OKUCIEHUS U BOC-
CTaHOBJICHHS. XapaKTEPHBIMU ISl HUX SIBIISIIOTCS peakiuu oOMmeHa (OCaKIeHUe B
BUJIC CJIA0BIX JIEKTPOIUTOB C 00bEMHBIMU aHHOHAMM ) (TabauIa 2).

['uapokcuabl HATPUS U Kajus — CUJIbHBIE OCHOBAHMSI, COJIM 3TUX KAaTHOHOB U
AHUOHOB CHJIBHBIX KHCJIOT B BOJHBIX pacTBOpax He rujaposnzoBansl (pH = 7), conu
CJIa0OBIX KUCJIOT THAPOJIM30BaHbI 110 aHuony (pH >7).

Karron ammonus 6i1arogapsi CBOeMy CTPOEHHUIO 00JafaeT PsiIoM OTIUYUTEIb-
HBIX CBOWCTB.

1. Katnon aMMOHHS HEYCTOMYHMB B OCHOBHOU CpeJe:

NH; + OH = NH31 + H,O
OTta peakuus UCNOIb3yeTCs B aHAIM3E U1 OOHapyeHus U ynaneHust nona NH; .
2. Katnon ammoHus 001a/1aeT BOCCTAaHOBUTEIBHBIMY CBOMCTBAMHU:

2NH; + 4Cl; = N1 + 8HCI

B kauectBe okuciuTened MOTyT ObITh UCIOJIB30BaHbl XJIOP, XJIOPAMUH, THIIO-
xsoputhl (Hanpumep, NaClO), ximopHast U3BeCTh U IpyTHUe pearcHThI.

3. Cony aMMOHMS TEPMUYECKHU HECTOMKU: MIPU TPOKAJIMBAHUYN OHHU PA3JIararoTcs
¢ 00pa3oBaHueEM ra3000pa3HbIX a30TCOAECPKAIIMX MPOAYKTOB. Peakius nmporekaet 6e3
M3MEHEHUS CTENEHU OKHUCIIEHUS 3JIEMEHTOB, €CJIM COJIb 00pa3oBaHa KUCIOTOW, HE SIB-
JSAFOIIENCS OKUCIIUTEIIEM.

NH4Cl = NH31 + HCIt
(NH4)2CO3; = 2NH31 + CO21+ H,O

Peaknus npoTekaer ¢ U3BMEHEHHEM CTEIIEHU OKHCIICHUS 3JIEMEHTOB, €CIIN MpHU-
CYTCTBYET aHUOH KHUCIOTBI-OKACIUTEIIS.

NH4sNO; = NQOT + 2H,0

B ananu3e 3Ty peakuuy UCIONIB3YIOTCS I YAAICHHUS] KAaTUOHA AMMOHHMSL.

4. BoaHbIl pacTBOp aMMHaKa sIBJsieTCS C1a0bIM OCHOBAHUEM, COJIM aMMOHUSI U
CHJIBHBIX KHCJIOT THPOJIM30BaHbI 110 KaTroHy (pH < 7).

NH; + HOH = NH,OH + H*

B ananu3e kaTnoHOB | aHAIUTUYECKON TPYIIBI UCHOJIB3YIOT CIEAYIOLIUE CIO-
cOOBI BBITTOJTHEHUS PEAKITUI: IPOOUPOUHBINA, MUKPOKPUCTAIUTIOCKOMUYESCKUN, TUPOXH-
MHWYECKHUMN U B «Ta30BOM KaMepe».

Tabmnuma 2
B3aumopeiicTBue KaTHOHOB | aHAJIUTHYECKOI TPyNNbI C O0IMMHU PeareHTaMu
OO0mue peareHTh Karnonst

Na* K* NH;

K[Sb(OH)s] Na[Sb(OH)e] - HSbO3

Oenbrit amoppHBIN

0CaaoK
H2C4H406 nu - KHC4H406 1 NH4HC4H406

NaHC4H40s OeIple KPUCTAITMYECKHE OCAIKH

Naz[Co(NO2)s] — K2Na[Co(NO2)s u (NH4)2Na[Co(NO2)s]
JKCJITBIC KPUCTAJNIMYCCKUC OCAIKN
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XapakTepHble peakiui KATHOHOB | aHATUTHUYECKOH IPyNNbI
Hon narpus Na*

1. Peakmus ¢ arnierarom guokcoypan (V1) nuaka Zn(UO;)3(CH3COO)s ¢ obpa-
30BaHHEM JKEJITOTO KPUCTAJUIMYECKOTO 0CAIKa HIIH JKEATHIX KPUCTA/UIOB TETpa- U OK-
Ta’IpHUECKOi GopMsaI (pHC. 1), HEPaCTBOPUMBIX B YKCYCHOM KHCITIOTE. JIJIsh ITOBHIIIIE-
HHSI 9yBCTBUTEIBHOCTH PEAKIIUH CIIEAYET HArPETh UCCIEAYEMYIO CMECh Ha IIPeaIMET-
HOM CTEKIIE.

NaCl + Zn(U0O,);(CH3COO0)s + CH;COOH + 9H,0 =
Nazn(U0,)3(CH3COO)q 9H20l + HC|

Puc. 1. Kpucramist NaZn(UO2)3(CH3COO0)9-9H20

Memarorye HOoHbI: U30bITOK HOHOB K*, KaTHOHBI Tshkenbix MeTayuioB (HQ3,
Hg?*, Sn?*, Sb**, Bi®*, Fe3* u np.). Peakuus ucronb3yeTcs Kak JpoOHas MociIe yaae-
HUS MEIIAOIINX KaTUOHOB.

2. OxpaiiBaHue OECIBETHOTO TJIaMEHU FOPEJIKU B KEJTHIN 1IBET.

3. Peakuusa ¢ NUKPUHOBOM KUCIOTON € OOpa3oBaHUMEM KPUCTAJUIOB MHKpaTa
HATpPHS JKEJITOTO 1[BETA UTOJIbYATON (POPMBI, UCXOAIIUX U3 OJTHON TOUYKH.

OH ONa
O,N NO, O,N NO;
NaCl + —— HCl+
NO, NO,

Peakmus ucnonb3yercs Kak IpoOHast TOJIBKO B OTCYTCTBHE MEIIAIONTUX HOHOB
(K*, NH;, Ag").

4. Peakmus ¢ rekcaruapokcoctudaToM (V) xamus K[Sb(OH)s] ¢ o6pa3oBanmnem
0€JI0ro KpUCTaUTMIECKOTO 0CaJKa, PACTBOPUMOTO B IIEI0YaX.

NaCl +K[Sb(OH)¢] = Na[Sb(OH)g]| + KCl

YciioBUsL MPOBEACHHS pPEaKIMU: a) J0CTaTo4YHas KoHIeHTpamus Na*; 0)
HEUTpaJIbHAsI PEaKIlis PacTBOPA; B) MPOBEICHUE PEAKIIMHA HA XOJIOAY; T) MOTUPAHHE
CTEKJISIHHOM MaJIouKoil 0 CTeHKy Npobupku. Memaromue nonsl: NH;, Mg?" u ap.

- -----
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B kwucnoii cpene peareHT paspymiaeTcs ¢ obpazoBaHueM Oemoro amopdHOro
ocajka MeTacypbMsiHOM kucioThl HShOs.
K[Sb(OH)s] + HCI = KCI + H3SbhO4+2H,0
H5;SbO, = HSbOgl + H,0

Hon kaausa K*

1. Peakuust ¢ BunHOokameHnHo# kuciotoit HoC4H4Os ¢ 0OpazoBanmeM Oenoro
KPUCTAINIMYECKOTO OCaJKa THUApOTapTpaTa Kajaus, pacTBOPUMOrO B ropsdeil BOJE,
CUJIBHBIX KHCIIOTaX M IIEJI04aX U HEPACTBOPUMOIO B YKCYCHOW KHCIIOTE.

KCI + H,C4H4O¢ = KHC4H4051, + HCI

VYCIIoBUS TIPOBEICHUS PEAKIMU: a) JOCTATOYHO BbICOKas KOHICHTpanus K* B
pacTBope; 0) MpoBEeACHUE PEAKIIMU HA XOJIOAY; B) CTa0OKHUCIas WIK HEUTpaabHas pe-
akuus pactsopa (pH 4-7). Peakuuio npoBoAsT B IPUCYTCTBUHU alleTaTa HATPHSL.

HCI + CH3;COONa = CH;COOH + NaCl
') NIOTUPAHUE CTEKIITHHOU MAJIOYKON O CTEHKY MPOOUPKHU.

Memaromue nousl: NH ;| kaTnons! $?- u d-31eMeHTOB.

2. Peaxrust ¢ rekcanutputoko6ansTatoM (I11) Hatpus Nas[Co(NO-)s] ¢ odpa3o-
BAHUEM KPHUCTAJUIMYECKOTO OCAJKa JKEJITOr0 LIBETA, PACTBOPUMOTO B CHIIBHBIX KHCJIO-
Tax, pa3ararollerocs meaouYaMu.

2 KCI + Na3[Co(NOy)s] = KoNa[Co(NO,)e]] +2 NaCl

VYcnoBus NpoBEICHUS PEAKIIMK: a) UCTIOJIb30BAHUE CBEKEPUTOTOBIEHHOTO pe-
areHTa; 0) U30BITOK peareHTa; B) citadbokucnas cpena (pH 4-6); r) npoBeacHue peakiyu
Ha XOJIOAY; 1) NOTHPAHUE CTEKJISIHHOW MaJIOUYKOM O CTEHKY MpoOupku. Memaromniue
nonbl: NH |, kaTHOHBI p- 1 0-371eMeHTOB. Peakiust ucmonb3yercs Kak JpoOHast mocie
yAaJeHUs MEIIAIOIIMX UOHOB JEHCTBUEM THAPOKCHU A HATPUsI WK KapOoHATa HATPUs.

3. OkpammBanue 0E€CIBETHOTO MJIaMEHU TOPENIKU B (PUOJICTOBBIN LIBET (OIpe/e-
JICHUIO MEIIAaeT MPUMECH KATUOHOB HATPHS, IIOATOMY (PHOJIETOBYIO OKPACKY IJIAMEHH
JydIlie BCETo HaOJII0IaTh Yepe3 CHHEE CTEKIIO).

4. Peakuus ¢ nepxioparom ammonust NH4ClO4 ¢ oOpa3oBaHuemM KpHCTaIIOB,
MMEIOLIUX BUJ MHOTOTPAHHUKOB C 3aTEMHEHHBIMH TPAHSMH.

KCI + NH4C|O4 = KC|O41, + NH4C|

Peakmust npo6Has, cnenuduyHasi, MPOBOJAUTCS MPU HATPEBAHUH JIJISI TIOBBIIIIE-

HUSI YyBCTBUTEILHOCTH PEAKIINU.

HNon ammonus NH

1. Peakiusi ¢ TMAPOKCHUIOM HATPUS.

NH4CI +NaOH = NH31 + H,0 + NaCl

Peakiuro mpoBOAST B MpOOHUPKE MK «Ta30BOM KaMepe» («BUCSYast Karisy). Pe-
aKIus crienudpuyHa.

Memoouka nposedenus peakyuu 8 «2a3060t Kamepey. B TUTEIb TOMENaT 3-5
Karneljlb aHAJIM3UPYEMOIr0 PacTBOpPa M TaKOE K€ KOJMYECTBO pacTBopa meiouu. Ha
MPEeIMETHOE CTEKJIO MPHUKPEIUISIOT KyCOUeK BJIAXKHOW KpacHOW JIaKMYCOBO# Oymaru
Wi GUIBTPOBAIBHON OyMaru, CMOYEHHOW (eHOIPTaNIenHOM. 3aKpbIBAIOT TUTEIb
CTEKJIOM U OCTOPO’KHO HarpeBaloT Ha BOJSHON OaHe. Brigenstomuecs napsl aMMuaKa
OKpAcST JIJAKMYCOBYIO Oymary B CHHUI 1IBET, a (heHOI(PTATICMHOBYIO — B KPACHBIH.
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2. Peaknuus ¢ peaktuBoM Heccriepa Ko[Hgls] + KOH. O6pa3zyercst amopdHsIii oca-

JIOK Oyporo 11Beta — nojua ammuHokcoaupTyTH (1) (moaua okcoaqumepKypaMMOHHS ).
e
O _NHy[I| +KCI+7KI+3H;0
Hg

Memmaronue MOHBI: KaTUOHBI TsDKENbIX MeTaiioB. OOHapyXeHue MPOBOJAST B
npoOupKe Ui «ra3oBoi kamepe». [IpoBeieHne peakiyu B «ra30Boi Kamepe» Jenaet
ee cnerupuIHON U BHICOKOUYBCTBUTEIIHHOM.

Memoouxka: B TUTENb MOMENIAIOT 3-5 Karmelb UCCIEeyeEMOT0 pacTBOpa U TaKoe
e KOJIMYECTBO pacTBopa Ienoun. Ha npeaMeTHoe CTEKII0 HAHOCST KaIlIlo peakThBa
Heccnepa. HakppiBarOT TUrenb CTEKJIOM Kallled BHU3 M OCTOPOXKHO HarpesaroT. Ha
CTEKJIE TOSIBISIETCS OypOe ISITHO.

NH,Cl +2K,[Hgl,] + 4KOH

Bropas (xJiopuaHasi) aHAJIUTHYECKAs] TPYINNA KATHOHOB
Ag*, Pb?*, Hg?*

B mepuonnueckoit cucreme /. 1. MenaeneeBa anemeHnTsl, obpasyromue |l
AHAJIMTUYECKYIO TPYINY KaTHOHOB, HAXOJATCS B IJ1aBHOM moxarpyimmne |V rpynmnsl
(cBuHen — p-aneMeHT) U nmobdouyHoit noarpynme | u Il rpynn (cepedbpo u pTyTh —
d-siemMenHTBI). DiIeKTpOHHBIC (GOPMYIIBI, paaruyChl (HM) U MOHHBIC TOTCHIIMAJIBI Ka-
THOHOB: Pb%* 5s%5p®5d1%6s?, 0,126, 0,151;

Ag* 5s%5p®5d1°, 0,113, 0,089

Hg 2" — clioxHBI MOH, UMEIOIINH KOBAJICHTHYIO CBS3b MEXIYy aTOMaMH PTYTH
(-Hg-Hg-), sBasiercss yClIOBHO OJHOBAJICHTHBIM W HMMEET MPOMEKYTOUHYIO CTEICHb
okucnenust +1. CuibHbIE OIAPU3YIONINE CBOWCTBA 3TUX KATUOHOB O0YCIIOBIIEHBI CTPO-
errieM (18 umm 18+2 amekTpoHa) BHEHTHETO AJIEKTPOHHOTO CJI0S ¥ HATMYHEM MHOT03JICK-
TPOHHBIX TIIYOMHHBIX CJI0€B. BhICOKast Mosipu3yromiasi CocOOHOCTh KATHOHOB OTIPEJie-
JISIET TIOSIBJIEHUE OOJTBIIIOTO YMCIIa MAJIOPACTBOPUMBIX (XJIOPUJIBI, CYIbGUIbI, CYyIb(haThI,
KapOOHATHI U JIP.) U OKPALICHHBIX COSAMHEHUH (CYyIb()UIBI, MOAUIBI, OKCUIBI U Ip. ). Jli1st
ATUX KaTHOHOB XapaKTEPHO MHOTO0Opa3ne aHATMTHYECKUX PEAKIUN: OCAKICHUS, KOM-
TUIEKCOOOPA30BaHMsl, OKUCIUTEILHO-BOCCTAHOBHUTENBHBIX. KaTtroH AQ* — OKUCIINTEIIb,
E° Ag+/Ag = 0,799 B; coenunenus pryty (1) HeyCTOWYUBBI U CKIIOHHBI K JUCITPOIIOP-
unoHuposanmio: Hg? = Hg| + Hg?*

['unpoxcuasl cepedpa u pTyTH (1) B 0OBIYHBIX YCIOBUSX HEYCTOMUMBBI U paciia-
natorcs 10 okcuaoB; runpokcu ceunia (1) amdotepen. Bee peakiuu oOHapykeHust
KaTHOHOB ATOU TPYIIIIBI MPOBOASATCS B TpoOUpKax (Tadiuia 3).
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TaOmuma 3
B3aumopeiictBue kaTuoHoB || aHaanTHYECKOH TPynnbI

C I'PYIIIIOBBIMM H OﬁIIII/IMI/I pearecHTaMmu

Kartnons:
OO0mue peareHTh Ag* PpZ* Ho?
HCI (2 mons/mm®) AgCl PbCl, Hg.Cl;
2pynnoeoii pea- OeIbIif TBOPOKHUCTHIN 0CaTOK OembIif 0CaIoK OeIbIif 0caioK
2eHm
HClxoun H[AgCI:] H2[PbCl4] Hg.Cl>
OECIIBETHBII pacTBOP OeCIIBETHBIN pacTBOp | Oenblid 0caoK
H2S AQ2S PbS HgS+Hg
YEPHBII 0CaJ0K YEPHBIN 0CaZ0K YEPHBIN 0CaJI0K
Kl Agl Pbl; Hgol2
JKEJIThINA 0CaloK JKEJIThINA 0CaioK TPSA3HO-3EJIEHBIN
0CaJIoK
K2CrO4 AQg2CrOq PbCrOs — sxenTbiit Hg.CrO4
KHPITUIHO-KPACHBIN 0CaI0K 0CaJIOK HEPACTBOPHM B | KHUPIHYHO-Kpac-
CH3COQOH u pactBo- HBIA 0CaI0K
VM B IIETIOYAX U MH-
HEPaJIbHBIX KUCIIOTaX
NaOH Ag.0 Pb(OH): HgO+Hg
(2 MOJ'IL/L[M3) Oypblit 0cagok OeJIbIid 0CaI0K KENTBIA U 9ep-
HBIA OCaJIKU
N36sirox NH4OH [Ag(NH3)2]* Pb(OH): [HgoNH2]*—
OCCIIBETHBIN pacTBOP OBl 0caIoK [HgNH2]" + Hg
YEpHBIN 0CaZ0K
pTYTH

XapaxkTepHble peakiiui KaTHOHOB || aHaMTHYeCKOH rpynnbI
Hon cepeopa Ag*

1. C rpymnoBbiM peareHToM — pactBopoM HCI ¢ o6pazoBannem 6e10ro TBOPOKHU-
CTOTO OCaJIKa XJIopuaa cepedpa, pacCTBOPUMOTO B KOHIICHTPUPOBAHHOM XJIOPOBOAOPO/I-
HOM KHCJIOTe, B KOHIICHTPUPOBAHHOM PAacTBOPE aMMHaka, kKapOoHaTa aMMOHHS, pac-
TBOpPE THOCYJb(aTa HaTpHUs ¢ 00pa30BaHUEM KOMIUICKCHBIX COCTMHCHHUM:
AgNO; +HCI = AgCl| + HNO3
AgCl| + 2NH4OH = [Ag(NHs),]CI + 2H,0 (puc. 2)
AgCll + (NH4)2C03 = [Ag(NHg)z]Cl +H,0 +C02T
AgCll + 2Na,S,03 = Na3[Ag(8203)2] + NaCl

N1
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Puc. 2. Kpucramisr [Ag(NH3)2]CI
B amMuaunom pacTBope MoH cepebpa oOHapyxkuBatT B Buae Agl (xentoiit) u
AQCI (6empbrit) ocaakos.
[Ag(NH3),]CI + KI +2H,0 = Agl| + KCI + 2NH,OH
[Ag(N H3)2]C| + 2HNO 3oy = AgCIl + 2NH4NO3
2. C popmanpaerunom HCOH B ammuauHoO# cpene ¢ oOpa3oBaHUEeM METaJlUTU-
YEeCKOro cepedpa (peakius «cepeOpsiTHOTO 3epKaiay.
2AgNO3 + HCOH + 3NH,OH = 2Agl + HCOONH, + 2NH4NOs + 2H,0
Ag*+le=Ag 2
HCOH + 30H™ - 2e = HCOO™ + 2H;0 1
Memoouxka: k 6-8 KamisgM pacTBOpa COJM cepedpa B XOPOIIO MPOMBITOM Mpo-
OMpKe IPUOABJIAIOT 10 KAIIAM 2 MOJIL/AM® pacTBOp aMMHUaKa JI0 pacTBOPEHHs 00pa-
3YIOIIErocsl 0cajika, J00aBJISIOT paBHBIM 00beM (opmanpaeruga u HarpeBaroT. Ha
CTEHKaxX MpOOUpPKU 00pa3zyeTcst OJIeCTAINNA HAJIET METAITHYECKOTO cepedpa.
Memaromue nossl: Hg 2", Hg?*.

Hon cBuama Pb?*

1. C rpymmoBbsiM pearenToM — pactBopom HCI
Pb(N03)2 + 2HCI = PbClzl + 2HNO3
OcaxaeHne MPOUCXOAUT HETIOTHOE BCIICICTBUE 3HAUUTEILHON paCTBOPUMOCTH
xsopuaa ceunia (11). Ocanok pacTBopuM B ropsiueid BoJe U B U30bITKE KOHLIEHTPUPO-
BaHHOU XJIOPOBOJOPOJTHON KHCIIOTHI.
PbCl,] + 2HCI == H;[PbCl,]
2. C pazb6aBnenHoi cepHout kuciaoroir H,SO,4 ¢ oOpazoBannem Oeoro ocaaka,
PacTBOPUMOTO B IIEJI0YAX, CHJIBHBIX KUCJIOTaX M PaCTBOPE alleTara aMMOHUS:
Pb(N03)2 + H,S0O, = PbSO4l + 2HNO3
PbSO4l + 4NaOH = Naz[Pb(OH)4] + Na,SO4
PbSO4l + H,SO, = Pb(HSO4)2
PbSO,] + 4CH3COONH, = (NH4)2[Pb(CH3COQ)4] + (NH4)2SO4
3. Cuonunom kanus KI (peakiust «3070TOro J0x1s1») ¢ 00pa3oBaHUEM KEITOTO
ocajaka (puc. 3), paCTBOPUMOTO B Topsiuei BOJIe, YKCYCHON KHUCJIOTE U OOJIBIIIOM H3-
OBITKE peareHTa ¢ 00pa3oBaHUEM KOMILJIEKCHOTO COSMHEHHUSI:
Pb(NO3); + 2Kl == Pbl,| + 2 KNO3
Pblgl + 2K| == Kz[Pb|4]

-,
%)
O3

~ :
~ v
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Puc. 3. Kpucramisr Pblz
Memoouka: B mpobupKy momemiaroT 1o 3-4 karutu pactBopa conu cBunna (1) n
pacTBOpa MOAK/Ia KaJIUs U HAOII0Ial0T BhIMaACHUE KeJIToro ocaaka. K ocaaky npuiu-
BAIOT HEMHOT'O BOJIbI U Pa3BEICHHON YKCYCHOUM KUCIIOThI, HArPEBAIOT JI0 PACTBOPEHUS
ocaJiKa, OXJaXIAI0T U HAOII0Jal0T TOBTOPHOE BHITIAJICHUE OCA/IKA B BUJI€ UCKPSIIIIUXCS
kpucTawios. Memaromue nonsl: Ag*, Hg?", Hg?*, Fe®*, Bi®*, Cu®.

Hon pryru (1) Hg?

C rpynmoBbsiM pearenToM — pactBopom HCI ¢ oGpa3zoBanuem Gesoro ocanxa,

HCPACTBOPUMOI'O B KHCJIOTAX U MICTI0Yax.
ng(NO3)2 + 2HCI = Hg2C|2l + 2HNO;

IIpu neiicTBum Ha Genblii ocanok xaopuaa prytu (1) pactBopa ammuaka o6pasy-
eTcs1 OeJblii ocafok xaopuaa MoHoaMMuHPTYTH (11) 1 YepHBI 0caT0K METAIITMYECKON
pTyTH

HgzCla] + 2NH,OH = [HgNH,]CI| + Hg + NH.Cl + 2H,0

Tperbs (cyabdaTHast) aHATUTHYECKAS [PYIINA KATHOHOB
2+ Qp2+ Ra2+
Ca“", Sr*, Ba

KartvoHbl Kanblus, CTPOHIMS W Oapusl SIBISIOTCA MPOCTHIMU KaTUOHAMH S-
AJIEMEHTOB TIaBHOM noArpytisl || rpynmsl nepuogudeckoit cucrems! [. . Menpene-
eBa. OHM MMEIOT MOCTOSIHHBIN 3apsij] 2+ M YCTOWYUBYIO 8-2JIEKTPOHHYIO OOOJIOUKY
BHEUIHETO YPOBHA. DJIEKTPOHHBIE (POPMYIIBI HOHOB:

Ca? 3s%3p°, Sr# 4s24p°, Ba?* 5s%5p°.

Wx paanycel (HM) MEHBIIIE, a MOHHBIE TTOTEHIIUAJBI OOJIBIIE, YeM Yy KaTUOHOB |
anamatuueckoi rpymmsr: Ca?t (0,104; 0,192), Sr?* (0,120; 0,167), Ba**(0,138; 0,143),
YTO OMNpeAenseT OONBIIYIO MOJISPU3YIONIYI0 CIIOCOOHOCTh W TOSIBJICEHHE OOJIBIIIETO
YHCJIa MAJIOPACTBOPUMBIX COEAMHEHUH (KapOOHaThI, Cyib(aThl, okcaiathl U 1p.). Ka-
TuoHbl |1l anHamuTHYecKoM rpymnmbl OECIBETHBI, OKpPAIlIEHHbIE COCTMHEHUsT 00pa3yroT
JUIIb C OKPAIEHHBIMU aHUOHAaMU. VX TUAPOKCHU]IBI SBJISIOTCS CUJIbHBIMU OCHOBAHU-
MU, PACTBOPUMBIE COJIM CUJIbHBIX KHCIOT (XJIOPHUbI, HUTPAThl) HE TUAPOIU30BAHBI.
KatroHbl 3T0i#l rpyImibl yCTOMYMBBI K IEUCTBUIO BOCCTAHOBUTENEH, KOMILJIEKCOOOpa-
3YIOIIIME CBOMCTBA JIJISl HUX MAJIO XapaKTEePHBI.

XapakrepHble peakniun KaTuoHOB ||| aHanuTHYecKko# rpynnbl

Hon xaabmus Ca*

1. C okcamarom ammonus (NH4)2C,04 ¢ oOpazoBanuemM 0e10ro MEJIKOKPHUCTAI-
JUYECKOTO 0CajIKa OKcajlaTa KajbIvs, pACTBOPUMOTO B MUHEPAIBHBIX KUCIOTaX M HE-
pPacTBOPUMOTO B YKCYCHOM KHCIIOTE.

CaCl, + (NH4)2C204 = CanO4i + 2NH,CI

VYcnoBust npoBeaeHus peakiuu: a) pH cpeasl 6-7; 6) HarpeBaHue; B) 1715 BbITIA-
JIeHUs OCaJIKa PACTBOP JOJDKEH MOCTOATH HEKOTOPOE BpeMsi. Melmaromue HoHsl: Sr2,
Ba?*, kaTMOHEI p- U 0-31IEMEHTOB, CHIIbHBIE OKHUCIIUTEIH.

OxcaJiaT KaJIbIisi B KUCIION cpefie 00eCIIBEYNBAET PACTBOP IMEPMaHTaHaTa KaJHs.
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CanO4l + 2HCI = CaCl, + H,C,0,
5H,C>,04 + 2KMnO,4 + 6HCI =2MnC1, + 10C02T + 2KCI + 8H,0

Peakiusi MoxeT OBbITh MCIIOJIb30BaHA B KadyecTBE APOOHON Tocie ylajaeHus
noHoB Ba?*, Sr?* B Busie cynb(aToB AeicTBIEM CyIb(aTa aMMOHHS.

2. C rekcanuanodepparom Il) xamus KsFe(CN)g] ¢ obpazoBanuem Oesoro
ocaaka rekcarmanodeppara (Il) xambiys-aMMOHUSI, HEPACTBOPUMOIO B YKCYCHOM
KHCIIOTE.

CaCl; +K4[Fe(CN)g] + 2NH4OH = Ca(NH.)2[Fe(CN)s]| + 2KCI + 2KOH

YcnoBus BeIMOJIHEHUs peakuuu: a) pH = 9, peakuuio BeyT B IPUCYTCTBUU aM-
Mua4yHOU OydepHoit cmecH; 0) HarpeBaHue; B) BHICOKAsi KOHIICHTPAIIHUsI peareHTa.

Memooduxa: x 1-2 xamisaM UCCIeAyeMOro pacTBopa npuOaBisIoT 1Mo 2-3 Karuu
aMMHuadHoTO Oy(depa, HarpeBarT U OCAXKAAIOT PAaBHBIM 00BEMOM HACHIIIEHHOTO pac-
TBOpa rexcaunanodeppara (Il) xanus, ocagok MPOMBIBAIOT JUCTUILUIMPOBAHHON BO-
noii. Memaromye noHsl: Ba?* u kaTuoHs! p- 1 d-371€MeHTOB.

3. C pazbasnennoit H,SO, ¢ o6pazoBanuem kpuctaiioB rumnca CaSO4-2H,0 B

BH/JIC ITYYKOB WJIH 3Be37104eK (pHC. 4).
CaCl, +H204 = C&SO4l + 2HCI

Puc. 4. Kpucramner CaSO4-2H20, obpasyromuecs
B pa30aBJIeHHBIX (a) U KOHIIEHTPUPOBAHHBIX (0) pacTBOpax KUCIOT

Nonsl Ba?* u Sr¥* o6HapyXeHUIO HE MELIAIOT, €CJIM MX KOHIIEHTpaLUs HE Ipe-
BbIIIAET B 10 pa3 KOHIIEHTPAIMIO HOHOB KaJIbIIUSI.
4. C nonnosatoit kuciorod HIO3; ¢ oGpazoBaHreM KpUCTAIIIIOB MO1aTa KaJIbIUs
B (hopme Ounupamu.
CaCl, + 2HIO; = Ca(|03)2l + 2 HCI
Memmaromme noHsl: Sr?*, Ba?*, Ag *, a Takke HOHBI-BOCCTAHOBHTEJIH.
5. OkpammuBaHye O€CIIBETHOTO TUIAMEHHU TOPEIIKH B KUPITMYHO-KPACHBIH IIBET.

Hon crponnus Sr

1. C «runicoBoit Bojoi» (HackimeHHbIH pacTBop CaSO4-2H,0)
SrCl; + CaSO4 == SrSO, + CaCl,
OO6pa3zyetcs He3HaunTenbHast MyTh SISOy, KOTOpasi MOSBISETCS HE cpa3y. Me-
1aroIye noHsl: Ba?*, katnonsl p- u d-snemeHToB.
2. C HachImeHHbIM pacTBOpoM cyibdara ammonust (NH,4)2,SO,4 ¢ oOpasoBanuem

0eoro KPpUCTAJINIMYCCKOI'O OCa/iKa, HCPpACTBOPHUMOT'O B KMCJIOTAX U IICJI0Yax.
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SrCl, + (NH4)2804 = SrSO4L + 2NH,CI

Peakiust ucnosib3yercs JUisi OTACJICHUS WOHOB KajbI[Usi OT MOHOB Oapus H
CTPOHIIUSA, & B OTCYTCTBHE HOHOB Oapus — il OOHApYKEHUSI MIOHOB CTPOHITHSI.

3. C itognosatoit kucnotor HIO3 ¢ 06pazoBanuemM KpHUCTAIIIOB MO/AaTa CTPOH-
1S B BUJE NEPETAHYTHIX IyYKOB UTJI, IIAPUKOB, CHOITUKOB.

SrCl, + 2HIO; = Sr(|03)2l + 2HCI
Memmaromue nonsl: Ca?*, Ba?*, Ag*, HOHBI-BOCCTaHOBUTEIN.
4. OkpaivBaHue OECIBETHOTO MJIaAMEHU FOPEJIKU B KAPMUHHO-KPACHBIN LIBET.

Hon 6apus Ba?*

1. C guxpomarom kanus KoCr,O7 ¢ oOpazoBaHUEM KENTOTO KPUCTATIIMYECKOTO
0CaJIKa, PACTBOPUMOTO B CHJIBHBIX KHCIIOTaX U HEPACTBOPUMOTO B YKCYCHOU KHUCIIOTE.
2BaCl, + K,Cr,0O; + H,O =2BaCrO,4 + 2HCI
VYcnoBus npoBeeHUs peaKkIliy: a) HarpeBaHue; 0) MPUCYTCTBUE alleTaTa HaTPUs
(aueratHas OydepHas cmech pH = 3-5) 17151 cBSA3bIBAHMS BBIACISIOUIUXCSI HOHOB BOJIO-
po/ia U CMENIEHUs PAaBHOBECHS B CUCTEME TUXPOMAT-XpPOMAT-UOHBI:
Cr,0% + H,0 « 2CrO% +2H" H* + CH3COO = CH;COOH.
Peakuuio npuMeHsIOT JJ1s1 OOHApPYKEHUS MOHOB Oapust (MOHBI KaJIbIUS U CTPOH-
A HE MEMIAIOT, T. K. UX XPOMAaThl paCTBOPUMBI B YKCYCHOUM KHUCIIOTE) M OTACIICHUS
€ro OT 3TUX MOHOB B MpeEJIeNiax TPEThEU rPyIIbl KATHOHOB.
Peakius 1poOHast, HO MemaroT noHb! cBuHIA (11).
2. C nacseimenabM pactBopoM SISO, ¢ o6pa3zoBanueM 0eoro ocajaka, He-
PacTBOPUMOTO B KUCJIOTAX M IIEJI0Yax.
BaCl, + SrSO, = BaSO, l + SrCl,
3. C tiognoBatoii kucnotoit HIO3; ¢ oOpazoBanreM KpHUCTAIIOB B BUE ITy4-
KOB M30THYTHIX UTJI U JICHAPUTOB.
BaCl, + 2HIO; = Ba(|03)2 + 2HCI
Mernaromue nonsl: Ca?*, Si?*, Ag*, HOHbI- BOCCTAHOBHTEITH.
4, OxpammBanye 6ECIBETHOTO MJIAMEHU TOPEJIKU B HKEJITO-3€JICHbIH 1IBET.

YerBeprasi (aMdoMTHAN) aHAJUTHYECKAS TPYINIIIA KATHOHOB
3+ 2+ 3+ 2+
AlP*, Sn**, Cre, Zn

B cocrtaB 4yeTBepTON aHAIUTHUYECKOW TPYIIBI BXOAST KAaTUOHBI P-3JIEMEHTOB
rnasHoi moarpynmns! 1 u IV rpynn (AlPY, Sn?*) u d-a1eMeHTOB MOGOYHBIX TOATPYIIT
I1u VI rpynm (Zn?*, Cr**) nepuoanueckoii cucremsl 1. Y. Menpeneesa. Mx >1exTpoH-
HbIE (OPMYIIBI, paInyChl (HM) U MOHHBIE TTIOTCHITHAJIBI:

A" 2522p° 0,057 0,525 Crét 3s23p%3d® 0,063 0,470
Sn?* 4s24p%40'°5s2 0,104 0,192 Zn?* 3s23p°3d® 0,083 0,243

Bricokas momnsipusytoiasi CrtocOOHOCTh HOHOB 00YCIIOBIIEHA 3HAUYNTEIILHON BEJIH-
uiHO# noHHOro notenumana (AIF*, Cr¥") u ctpoennem BHeIHEro 31eKTpoHHOro cios (18
u 18+2 anektpona) — Zn?* u Sn?* u onpeenser nosBIeHNEe MAIOPACTBOPHMBIX COEIHHE-
Hult (Tuapokcuibl, pocdatel U Ap.) U pasHOOOpa3Ue XMMUYECKUX CBOMCTB (Tabmuia 4).
JIJ1st HUX XapaKTepHBI PEaKIIMU OCAKICHHUS, KOMIUIEKCOOOpa30BaHusl, OKHCICHUA-BOCCTa-
nosyenusi. Monsl onosa (1) u xpoma (111) seasiorcs Boccranosurensamu (E© Sn**/Sn?
=-0,14 B, E° CrO; /Cr(OH)3 = — 0,13 B). Boanble pacTBOpHI COJICH BCeX KATHOHOB,
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kpome Cr¥*, 6ecrisetnsl. Katnon xpoma (111) umeer HenoctpoeHHslii d-1101ypoBeHb, pac-
TBOPBI €TO COJIeH OKPAIlICHBI B CHHE-(HOJIETOBBIH I[BET.

Taomuma 4
B3aumopeiicrBue kaTuoHOB |V aHaIuTHYECKOH rpynnbl
¢ TPYNIOBBHIM U OOIIIMMH peareHTaMHu
O06mue Katunonsr
peareHTsl Al Sn? cr? Zn?*
DKBHBAJICHT- Al(OH)3 Sn(OH): Cr(OH)3 Zn(OH):
HEIE OeJIbId 0CagoK OeJIbIld 0Cago0K cepo-3eJIeHbIN OeJIbIi 0CaI0K
KOJIMYECTBA 0CaoK
NaOH, KOH
N3661TOK Naz[AlI(OH)g] Naz[Sn(OH)4] Naz[Cr(OH)g] Naz[Zn(OH)4]
NaOH, KOH O€eCLIBETHBINA O€eCLBETHBIN 3€JICHBIN O€eCLIBETHBIN
pacTBop pacTBop pacTBop pacTBop
N36BITOK Al(OH)3 Sn(OH)2 Cr(OH)3 [Zn(NH3)4]%*
NH4OH OeCIBETHBII
pacTBOp
Na,CO3 Al(OH)3 Sn(OH)> Cr(OH)s3 (ZnOH).CO3
Naz2S Al(OH)3 SnS Cr(OH)3 ZnS
OypbIit 0OcagoK OBl 0CaJIOK

AMQOTEPHOCTD TUIPOKCH/IOB 00BEMHSIET 3TH KATUOHBI B OJHY TPYIIITY.
Wonsl AIPF*, Sn?*, Cr¥* B pesynbrare cCOBMECTHOTIO THAPOIIM3a 00PA3yIOT ¢ Kap-

6OHaTOM HanI/IH ocaaKun COOTBCTCTBy}OH_[I/IX FI/II[pOKCI/II[OBI
2AICI; + 3Na,CO; + 3H,0 == 2AI(OH)s| + 3CO,1 + 6NaCl.

Hon nmHka 00paszyer kapOOHAT TMAPOKCOLMHKA!
2ZnCl, + 3Na,CO3 + 2H,0 = (ZnOH)ch)gl + 2NaHCO; + 4NacCl.

XapakTepHble peakuuu KaTHOHOB |V aHaIuTHYeCKO# rpynnbl
Hon amomunns Al1%

1. C pactBopom mutpara kodanbra (1) Co(NOs), (mupoxuMudeckuii crocod) ¢
00pa3oBaHUEM «TEHAPOBOW CHHW» — almoMuHaTa kobansTa(l).
2Al5(S04)3 + 2C0o(NO3), = 2Co(AlO,), + 4ANO,1T + 021 + 6SO37T
Peakiuio mpoBosT Ha GUIBTPOBANBHON OyMare, MoCie CKUTAHUS KOTOPOid 00-
pasyercs Iemes CMHEro IBeTa. Melarmye HoHbL: HOHBI ZN?*, o6pasyrolye memnet

3€JIEHOTO LIBETA.
2. C pacTtBopoM ammuaka ¢ oopazoBanueM 0e1oro amMmop@HOro ocajaKa ruj-

POKCHIa aJIFOMUHUS, 001aaatoero ampoTepHbIMUA CBOMCTBAMU:
AICI5 + 3NH;OH = Al(OH)s] + 3NH.CI
AI(OH)s] + 3HCI = AICl5 + 3H,0
AI(OH)s] + 3NaOH = Nas[Al(OH)¢]
B INPUCYTCTBUHU XJIOpHJAa aMMOHHSA IIPU HArp€BaHWHW aJIIOMHUHATBI THAPOJIN3Y-

I0TCS1 C 00Opa30BaHUEM OCAJIKA TMIPOKCHU/IA ATFOMUHUS:
Nas[Al(OH)g] + 3NH.Cl == AI(OH)3| + 3NH,OH +3NaCl
Peakuuio MCIONB3YIOT A OTAeNeHus u oOHapyxkenus AP B mpucyrcreum

Zn#, Cr¥*, Mn#*, Fe*" u npyrux KaTHOHOB.
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3. C anuzapunoM (1,2-AHMOKCHaHTPaXUHOHOM) (XpoMaTorpadudecKuii cro-
co0) ¢ 00pazoBaHNEM BHYTPUKOMITJICKCHOTO COSTUHEHHSI IPKO-KPACHOTO [IBETA — aJTH-
3apuHaTa aTIOMUHUS («ATFIOMUHUECBBIN JTaK»).

(0] OH
OH
AICI; + 3NH,OH +
O
aNu3apuH
HO
~
Al\
o7 O
OH
+H,0 + 3NH,Cl
(0]

"anmu3apuHOBEIN JaK"

Peakuus nqpo6nas. Mematomue nonsrt: Cré*, Fe** u npyrue. Ux ca3piBaror (Mac-
KHPYIOT) B MaJIOPaCTBOPUMBIC COCIUHEHUS JIEHCTBUEM IOCTHIIAIOIIETO peareHTa —
K4[F€(CN)6]

Memoouka: Ha KycoueK (UIbTPOBaJIbHON OymMaru HaHOCAT KAIlIl0 pacTBOpa
Ka[Fe(CN)s]. B eHTp BiIa)KHOTO MsATHA MOMEIIAIOT KAILTI0 UCCISIyeMOIo pacTBopa,
MOSIBIISIETCS. OCAZ0K MajopacTBOpUMBIX Tekcanuanodepparos (1), oOpabaTpiBaroT
MATHO TapamMu amMmuaka. [IsaTHo mo nepudepun 0OBOAAT KaMWILIIPOM C PacTBOPOM
anM3apvHa ¥ CHOBa 00padaThIBaIOT mapamu aMmuaka. B mpucyrcreun Al mossis-
€TCsl PO30BOE KOJIBI0 Ha (priosieToBoM (poHe. PUIBTPOBATBLHYIO OyMary BBICYIIIMBAIOT
¥ HAOJIIOIAOT PO30BOE KOJIBIO HA JKeITOM (poHe.

Hon oaosa (I1) Sn?*

1. C consmu Bucmyta (I11) B ocHOBHOI cpefie ¢ 00pa3oBaHHEM YEPHOTO OCaIKa
METaJUTMYECKOT0 BUCMYTA.
SnCl, + 4NaOH = Na,[Sn(OH),] + 2NaCl
3Na;[Sn(OH),] + 2BiCl; + 6NaOH = 2Bi] + 3Na,[Sn(OH)s] + 6NaCl
[Sn(OH)4]> + 20H"—2e = [Sn(OH)e]* 3
Bid* + 3e = Bi° 2
Memaromme nonsr: Pb?*, Fe?*.
2. C xaopuaom prytH (1) HYCI, ¢ oOpa3zoBanmreM Oe1oro ocajaka XJIopuaa pTyTH
(1), koTOpBIil uepHEET B U30BITKE SN?" OT BBIIEAMBILENCS METATIMYECKOH PTYTH:
SnCl, + 2 HgC|2 =SnCl, + H92C|2l
SnCl; + Hg,Cl,| = SnCls + 2Hg|
Venosus nposenenus peakuun: a) pH < 7; 6) orcyrcrsue Ag*, Pb?*, Hg,%*; B)
OTCYTCTBUE CUILHBIX OKUCITUTEICH.

21



3. C rugpoxkcugom ammonust NH,OH mocne okuciienus onosa (I1) B omoso (1V)
B COJITHOKHCIION cpejie ¢ 00pa3oBaHUEM OECIIBETHBIX OKTadIPOB reKCcaxJIopocTaHHATA
(IV) ammonwusi.

Naz[SnCI4] + H,0O, + 2HCI = N&z[SﬂCle] +2H,0
Naz[SnClg] + 2NH4OH = (NH4)2[SnClg]| + 2NaOH

Memoouxa: B npoOupke cmemmuBaoT 2 Kamiu coiau onosa (I1), 3-4 karum
2 mons/mve pacteopa HCl u 2-3 kamm 3% pactsopa nepokcuzaa Bogopoza. Kammo
pacTBOpa W3 MPOOUPKH MOMEMIAIOT Ha MPEAMETHOE CTEKJIO W MPHUOABISIIOT KArlIio
1 mons/mM3 pacTBOpa aMMHaKa, CJIETKa HarpeBaroT. Uepes 2 MUHYTHI HAOGIIOJAIOT MO
MHUKPOCKOIIOM MEJIKHE OKTadAPHI.

Peakuus npo6Has. Memaromue nonsl: Ag*, Pb*, Hg? ocaxpmaror xmopuu-

MOHAMH.
Hon xpoma (I11) Cr¥*

Oxucnenue xpoma (l1l) no xpoma (VI) nepokcuioM BoOpoJia B IIEIOYHOM
cpene ¢ mocuenyromeil uaentudukanueir nonos Cr,02 u CrO? momyueHuem Haj-
xpomoBoit kuciaoTel HyCrOg (3KCTpakIMOHHBIN c10Cc00).

CrCl; + 3NaOH = Cr(OH)3| + 3NaCl
Cr(OH)s| + 3NaOH = Na3[Cr(OH)s]
2Na3[Cr(OH)6] + 3H,0, = 2Na,CrO, + 2NaOH + 8H,0
2Na,CrO,4 + H,SO4 = Na,Cr,0O7 + H,O + Na,SO4
Na,Cr,O; + 4H,0, + H,SO, = 2H,CrO¢ + 3H,0 + Na,SO4

Memoouxka: x 5 karuaM pactBopa cosiu xpoma (l11) mo6aBisroT U30BITOK KOH-
IIEHTPUPOBAHHOT'O PACTBOPA IIEJIOUH JI0 pacTBOpeHMsI Bbinaaaromiero ocaaka Cr(OH)s,
a 3aTeM 3-5 kamneinb 3% pacTBOpa NEPOKCHIa BOAOPOAA, HATPEBAIOT HA KUIISIIEH BO-
JSTHOM OaHe 1-2 MUHYTHI /10 MOSIBIICHUS KEJITON OKPACKH pacTBOpa XpomaTa HaTpHsl.
K oxnaxnaennomy pactBopy nobasistor 3-5 kamenb 3% pacTBopa Mepokcuaa BOJIO-
poaa, 5 Kaneyib aMUJIOBOTO CIIUPTA WM CMECH ero ¢ 3(pupoM ()11 yCTOMYUBOCTH Ha/l-
XPOMOBOM KHUCJIOTBI) U CEPHOM KHUCIOTHI 10 KUCIIOM peakuuu. PacTBop BCTpsIXUBAIOT,
OPTaHUYECKUN CIIOW OKPAIIIMBAECTCA B CUHHM 1BET.

Peakuust npo6Hasi, cienudpuyHasi.

Hon nunka Zn%

1. C pacTBOpOM amMuaka ¢ oOpazoBaHuEeM O€NOro ocajka THJIPOKCUIa LIMHKA,
pacTBOPSIONIETOCs B U30BITKE peareHTa ¢ o0pa3oBaHuEM OECIIBETHOTO PacTBOpa KOM-
IUIGKCHOTO COCIMHEHHS — TUIpoKcHaa TetpaaMmmuHiaka (11).

ZnCl; + 2NH,OH = Zn(OH),| + 2NH.CI
Zn(OH);| + 4NH4OH = [Zn(NH3)4](OH); + 4H,0

Peakius mo3BoJIieT OTASNUTh ZN°* oT Ipyrux kKatuoHoB |V ananuTuyeckou
IpYTIIIHL.

2. C cynbumom HaTpHs WIH CEPOBOIOPOAOM C 00pa3oBaHUEM OcajKa OeIoro
1[BETa, HEPACTBOPUMOTO B U30BITKE OCATUTENS, B ILIEJIOYN U YKCYCHOM KUCIIOTE U pac-
TBOPUMOT'O B CHUIBHBIX KHCJIOTaX.

ZnCl; + Na,S = ZnS| + 2NaCl

Memarornire HOHbI: KaTHOHBI p- 1 d-351eMeHTOB. Peakius ucmonb3yercs B Kade-

CTBE IpOOHOI B OCHOBHOM CpeJie, OCIIE yIaJeHHs MEILIAIOLUX HOHOB.
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3. C rekcanuanodepparom (I1) xamus K4[Fe(CN)s] ¢ oOpazoBanuem Oesoro
ocajka rekcarnuanodepparta (1) kanus-nrHKa, pacCTBOPUMOTO B IIEJI0YaX U HEPACTBO-
pPUMOTO B pa30aBJICHHON XJIOPOBOJIOPOJTHOM KHCIIOTE.

3ZnCl; + 2K4[Fe(CN)g] = K2Zns [Fe(CN)g]2] + 6KCI

Meniaronue HOHBL: KATHOHEL $2- , p- 1 d-31emenToB (kpome A" u Cré*), nonsl-
OKHCJTUTEJIH.

4. C terparnonuanomepkypatoM (1) ammonus (NH,4)2[Hg(SCN).] ¢ obpazosa-
HUEM OCSCI[BETHBIX KPHUCTAJIOB B BUC JACHJIPHUTOB, KPECTOB U BBITSIHYTHIX TPEYTOJIb-
HUKOB (puc. 5).

ZnCl, + (NH4)2[HQ(SCN)4] = Zn[Hg(SCN)4]l + 2NH4CI

=

]
Puc. 5. Kpucramast Zn[HG(SCN)4], monydeHHbIe B OOBIYHBIX YCIOBHSX (2) U
B IIPUCYTCTBHUH MUHEPAIBbHBIX KUCIOT (0) (MM B OUeHb pa30aBICHHBIX pacTBOPaX)

Memaromue nounsl: Co?*, Cd**, Cu?*, Fe?*, Pb%" u npyrue.

5. C pactBopom Hutpata kodansTa (11) Co(NO3), (mupoxuMudecKkuii crnocoo) ¢
oOpa3oBaHHeM «3ejicHH PuHMaHa» — iuakara koodansta (11).

Zn(N03)2 + CO(NOg)z = CoZn0O, + 4N02T + Ozt

Peakiuio npoBOAT Ha (GUIBTPOBANBHOM OyMare, MOcCie CKUraHusi KOTOpoil 00-
pasyercs 30J1a 3ej1eHoro nsera. Memaromue MoHbl: noHbl Al*Y, o6pasyromue nenen
CUHETO IIBeTA.

6. C nutuzoHoM (mudeHnITHOKapObaz3oHoM) ¢ 00pa30BaHNEM BHYTPHUKOMILICKC-
HOU COJIM MAJIMHOBO-KPACHOTO LIBETA, OKPALIMBAIOIIECH B IICJIOYHOU Cpelle KaK CIIOU
OpPraHUYECKOTO pacTBOpuUTENs (XJ10podopma, YeTHIPEXXJIOPUCTOTO YIJIepoaa), Tak H

BOJIHBIN CITOM (9KCTPAKIIMOHHBIN CIIOCO0).
—N= N—@

—N=

n

H O
2©‘N—N=(|3—N=N—© +Zn2+
SH + 2H+
JOUTHU30H O_N
JUTU30HAT [UHKA

Peakuus npoOHasi, B SKCTPAaKIIMOHHOM BapHaHTE MPUMEHSETCS i1 OOHapyXe-
Hus ZN?* B IPUCYTCTBMU APYTHX KATHOHOB.

Memoouxka: x 2 KarisM UCCIenyeMoro pactBopa 1o6asisrot 10 kamens anerar-
HOTOo Oy(epHOro pacTBopa, 3-4 Kariu pacTBopa THOCYIb(aTa HaTpHsI (7151 OCAKICHHUS
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Sn?* u mackuposku Ag*, Bi**, Pb?*, Cu?"), nenrpudyrupyror. K nentpudyrary 106as-
nsrot 20 Kanenb pacTBOpa AMTU30HA B Xjopodopme. B npucyretBun Zn?* Bopuslii u
XJIOpO(OPMHBIii CII0I OKpAIIMBAIOTCS B MATMHOBO-KPACHKIH I1BET.

PeakIuio MOKHO IIPOBOAUTE XPOMATOrpahMIeCcKiUM CIIOCOOOM.

IIsiTast (ruAPOKCUIHAN) AHAJIUTHYECKAS IPYIINIA KATHOHOB
Mg?*, Mn?*, Fe?*, Fe%*, Sb*", Bi®*

B Hee BXOAT IPOCTHIE KATHOHBI $2-, p- U d-31eMeHTOB. Maruuii (S-371eMeHT)
HaxoJUTCA B INIaBHOM noarpynie || rpymrsl, cypbMa 1 BUCMYT (P-3JIEMEHTHI) — B IJ1aB-
HOW morpyrie V rpymibl, MapraHer] ¥ xele30 (d-371eMeHTHI) — B TOOOYHBIX ITOATPYII-
nax VIl u VIII rpynnax nepuoguueckoii cucremsl /1. 1. Menneneesa.

OnexTpoHHbIE (POPMYJIBI, paguyChl (HM), HOHHBIE IOTEHIMAIbl KATUOHOB:

Mg? 2s%2p° 0,074 0,270 Fe®* 3s23p°®3d® 0,067 0,447
Mn?* 3s23p®3d® 0,091 0,210 Sh3* 4s24p54d'%5s% 0,090 0,332
Fe?* 3s23p®3d® 0,080 0,250 Bis* 5s25p®5d1%s? 0,120 0,294

Karnonsr M@?*, Mn?*, Fe?* 061anaroT yMepeHHO! MONApU3YIOLIei CriocoOHO-
cThio (HauMmenbIek — Mg?"), karnonsr Fe**, Sb3*, Bi®* apnsiorcsa monspusatopamu 3a
CYET BBICOKOrO MOHHOTO noteHnmana (Fe3*) u Hanuuus riyOUHHBIX MHOTOSJIEKTPOH-
HeIx cioes (Bi*, Sh%). D10 00BACHAET MOABIEHNE MATOPACTBOPUMBIX COEIMHEHHMIA
(runpokcuioB, cyabPpua0B, KapOoHATOB, PocdaToB u ap.). ['MapoKCHABl KATUOHOB V
IPYNIbI MPOSIBISIOT OCHOBHBIE CBOMCTBA, KpoMe rugpokcuaa cypbmsl (1) u xenesa
(111, xoropsie ampoTepusl. Tak rugpokcua cypbMmsl (1) pacTBopsiercs B mmienodax ¢
00pa30BaHUEM T'HAPOKCOKOMILIEKCHBIX HOHOB [Sh(OH)4] ", [Sb(OH)s]* u B kucnorax,
00pa3sys anugoxominiekcHbie noubl, Hanpumep ([SbCly] -, [SbCle]* . Tuapoxcuasr mar-
HUs, MapraHiia xopoiuo, a xene3a (1) 3ameTHo pacTBOprMBI B HACHIIIIEHHBIX PACTBO-
pax coJseit ammonus (Tabnuia 5).

[Tepokcu BOJOpOJa B OCHOBHOM cpeze okucager Mn?*, Fe?*, Sh3* no Mn*,
Fe3*, Sh°*,

2Fe(OH),] + H,0, = 2Fe(OH)3}
Mn(OH)zl + H202 = MnO(OH)zl + Hzo
Sb(OH)3| + H,0O, = SbO(OH)3| + H,0

Conu kaTHOHOB V TPyMIBl ¥ CUIIBHBIX KUCIOT B BOAHBIX PACTBOPaX TUIPOIH30-
BaHbl 0 KatuoHy (pH 2-4), npuyem ruaponus cypemsel (I11) u Bucmyra (111) Bener
00pa3oBaHUIO 0CaJKOB coieit coctaBa MeOAN.

XapakTepHble peaKuuHd KATHOHOB \V aHAIMTHYECKOH IPyNIbI
Honbl marnusa Mg

1. C ruapodocdarom HaTpust NaoHPO,4 B mpucyTCTBUM XJI0OpUIa aMMOHUS € 00-
pa3oBaHuEM 0€JI0r0 0cajika, PACTBOPUMOrO B YKCYCHON M MUHEPAJIbHBIX KHCIOTaX.
MgCl, + Na;HPO,4 + NH,OH = NHsMgPO,| + H,0O + 2 NaCl
2NHsMgPO,| + 4CH3COOH = 2(CH3CO0),Mg + (NH4),HPO,4 + H3PO4
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Peakrmuio oOHapyKeHHUs cieayeT MpoBoauTh pu pH = 9 (B mprCyTCTBUM aMMH-
adqHoro Oygepa). Melaroinyre HOHbI: KATHOHBI S-, P- ¥ d-371eMeHTOB. /|1 UCIIO0JIB30-
BaHUS €€ B KayeCTBE JPOOHOM, MEIIAIONUe WOHBI YIAJISI0T, KATHOHBI P-3JICMCHTOB
BOCCTaHOBJIEHHEM LIMHKOM B cpejie ammuaka; Ba?*, Sr2* — ocaxnenneM (NH,;)2SOq;
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Ta0muna 5

B3aumoneiictBre KATHOHOB V aHAJTUTHYECKOH I'PYNIbI ¢ 00IIMMHU peareHTaMu

Oo6mue Kartuons: puMears
peareHThI Mg?* Mn?* Fe?* Fe®* Sb3* Bi®* P
Fe(OH), —
Mn(OH), — .
NaOH mm |  Mg(OH)s MnO(OH); Fe(OH)s Fe(OH) Sh(OH)s Bi(OH)s Ipynnosoit pearent. I apok-
8 - OenbIii — KpacHO-0y- M M cunel Mg, Fe (I1), Mn pactso-
KOH OeJIbIi 0Cago0K oenpiii — Oy- Ny OeJIbIA 0CaIoK OeJIbIiA 0Ca0K
. KpacHO-0y- PBIi 0CaTOK pumbl B NH4CI
PBIiA 0CcaIoK
pBIi 0CAI0K
NH.OH Mg(OH)> Mn(OH); Fe(OH)s Fe(OH)s Sb(OH)s BiOAN )
9 o N KpacHo-0y- N N I'pymnmoBoii peareHT
KOHII. OeJIbIid 0Ca 0K Oebli ocagoK | OeJblil 0caloK phiit 0CAOK OeJIbIid 0CaIoK OeJIbIid 0Ca0K
MgS MnS FeS FesSa ShySs Bistu Cynsdunst Fe (11), Fe (111), Mn
Na2S OecIBETHBI TEJIECHBIN YEpHBIN YEPHBIN OpPaHKEBbIN KOPHTHCBDIM 0Ca~ | PACTBOPHMBL B CHIBHBIX KHC-
aCTBOD OCANOK OCAIIOK OCAIOK OCAIIOK JIOK, PaCTBOPUM | JIoTax, Sb B mienouax, n3osIiTke
p tonbko B HNO3 | pearenra
FeCOs; —
(MgOH)2COs | (MnOH).cos | [eOH)s | FeOHCOs | gy, BIOCO;
(NH4)2CO3 - - OenbIii — Oyphlit oca- N N
OeJIBI 0CaioK OeJIBIil 0CamIoK KpacHo-Gy- 0K OeIBIi 0CaioK OeIIBIi 0CaioK
pBIi OCaoK
KpacHo-(uo-
JnTuson _ KpacHoe He VeToumE JIETOBOE B OpaHXEBO-XKEIITOEC
OKpallliBaHue y OKpalluBa- OKpalIuBaHUE
HHE
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Fe3*, AP¥*, Cr¥* — pactBopom ammuaka; Mn?*, Fe?*, Co?* — okucnenuem H,0,. Peakiro
MO>KHO TIPOBECTH MPOOMPOYHBIM U MUKPOKPHUCTAITIOCKOITUIECKAM CITOCOOOM.

Memoouka: B IpoOUPKE CMEIINBAIOT 4 KaIlUIH pacTBOPA COJIM MarHus, 1 Karmio
NH4Cl u 3 xammu NH;OH. Jlanee Bce BBIIOJIHSIOT 1O OOIICH METOAMKE MHKPOKPH-
CTAJUTOCKOIIMU, a MMEHHO, HAHOCSAT KaIUTI0 pacTBOpa M3 MPOOHMPKH M KAILTIO pac-
TBOpa.peareHTa Ha IPeJIMETHOE CTEKJIO M HaOII0Iat0T 10,1 MUKPOCKOIIOM OECIIBETHBIC
KPUCTAJUIBI B BUJIE JACHIPUTOB WIIH 3BE3JI0UCK (pHC. 6).

0
N

o

Puc. 6. Kpucramist MgNH4PO4-H20,
oOpasyromnmecs Mpu MeUIEHHOH (a) 1 OBICTPOii (0) KpUCTaITH3aIHN

2. C Marae30HOM (7-HUTPOOEH30J1a30pE30PIIMHOM) C 00pa30BaHUEM OCAIKa UITU
pacTBOpa TEMHO-CHUHETO IBeTa. Peakinto BeayT B ocHOBHOM cpeze (pH >10). Peakrust
ApoOHas. Memmaronme HOHBI: KaTHOHBI p- U d-aymemenToB, NH ;. OcobenHo cyte-
crBenHO MemaroT nonsl Co?*, Ni®*, Cd?*, maromme ¢ MarHe30HOM OCAIKH CHHETO

IIBETA.
OH
OH OH
N
N\
N
Cl
HO;S SOsH

Mar"He3oH
Hon mapranna (11) Mn?*

Okucnienne BucMmytarom Hatpus NaBiOs B CHIbHOKHCIOH (a30THOKHCIION)
cpene a0 anmona MnQO,, umeroIIero B pa30aBJIeHHOM PacTBOPE XapaKTEPHYIO Majlu-
HOBO-KPAacHYIO OKpPAaCKY.

Mn(NQOs3),; + 5NaBiO3; + 16HNO3; = 2HMnO, + 5Bi(NO3); + 5SNaNOs + 7H,0
Mn2* + 4H,0 -5e = MnO; + 8H* 2
NaBiOsz + 6H* + 2e = Bi** + 3H,0 + Na* |5

Memoouxka: x 1-2 xarsm pactBopa coiu maprania (1) mpubasmnsitor 3-4 xamm
6 mouns/mm® pacteopa HNO3 u 5-6 Kanens BOAbL, BHOCAT B PACTBOP HEMHOT'O IIOPOIIKA
NaBiOj3, nepemernmBaiot u HeHTprdyrupyor. HabmomaroT MaTnHOBYIO OKPACKY pac-
TBOpa HaJl ocagkoM. Peakuus npoOHas, cnienuduyHas.



Hon xeesa (11) Fe?

1. C rekcanmanodepparom (1) kamus Ks[Fe(CN)g] ¢ 00pazoBaHrneM TeMHO-CH-
Hero ocajka rexcarmanodeppara (1) sxenesa (1) xkanus («rypHOYyIIeBOM CUHIY), He-
PacTBOPUMOTO B KHCIIOTaX, pasjiararolerocs merodamu ¢ oopasoanueM Fe(OH)s.

FeSO, + K3[Fe(CN)s] = KFe[Fe(CN)s]| + K2SO4

OnTtumansHoe 3HaueHue pH nposenenus peakuuu 2-3. Peakuus npoOHast, BbI-
COKOYYBCTBUTE/bHAsA. MEMIaroT BRICOKHE KOHIeHTpanun Fe*,

2. C cynmbpdpumom ammonus (NH4)2S ¢ oOpa3oBaHreM 4epHOTO Ocajaka, pacTBO-
PUMOTO B CHJIBHBIX KACIIOTAX.

FeSO, + (NH4)2$ = FeSi + (NH4)2SO4
Hon xenesa (111) Fedt

1. C rexcanmanodepparom (I1) xamms K4 Fe(CN)s] ¢ oOpa3oBanmem cuHero
ocazaka rekcarmanodeppara (l11) xxenesza (l1) xanus («6epauHCKOHN Na3ypu»), HEpac-
TBOPHMOTO B CHJIBHBIX KHCJIOTaX, pasjiararollerocs IiejodyaMud ¢ oOpa3oBaHHEM
Fe(OH)s.

FeCl; + K4[Fe(CN)g] = KFe[Fe(CN)g]| + 3KCI

OntumansHoe 3HaueHne pH mpoBeneHus peakiuu 2-3. Peakuus npoOHas. Me-
IIAOIIME MOHBI: KATHOHBI OKMCIIUTENM M BoccTanoButenu (Hg?*, Cu?t, Bi%*, Sn?") u
annonsl F-, C;0%, PO¥, C4H4O 2, obpasyromue ¢ Fe3* mpounble KOMILIEKCHBIE
WOHBI.

2. C tnonmanarom ammoHust NH4SCN nmm kanmus KSCN ¢ o6pazoBanuem Kom-
IUICKCHBIX COCJIMHEHUH Pa3HOTO COCTaBa, B 3aBUCMMOCTH OT KOHIEHTparmu SCN
[FeSCN]?*, [Fe(SCN),]*, [Fe(SCN)3]°, u 1. a. no [FE(SCN)s]*", pacTBOpBI KOTOPKIX
UMEIOT KPOBABO-KPACHYIO OKPacCKYy.

FeCl; + 3NH;,SCN = Fe(SCN)s+ 3NH,CI
FeCl; + 6NH4SCN = (NH4)3[F€(SCN)6] + 3NH,CI

Peakuus 1poOHas, 4yBcTBUTENbHAA. Memaromue nonsl: Cu?*, Bi** u annonsr F-
,C0%, POy, C4H O .

3. C cynpdpumom ammonus (NH4).S ¢ oOpazoBanreM ocajika 4epHOTO IBETa,
PacTBOPUMOTO B CUIIbHBIX KHUCJIOTAX.

2FeCl; + 3(NH4)28 = Fezs?,l + 6NH,4CI

4. C cynb(ocanuiuioBoil KUCIOTON (B KHCIION Cpefie) U CaTUIUIOBON KUCTIO-
toit (B mpucyrctBun NH4sOH) ¢ oOpazoBanremM KOMITJIEKCHBIX COCTMHEHH, COCTaB U
OKpacka KOTOPBIX 3aBHCST OT pH cpepr.

O

OH
3 +FeCl; ——

OH

caJlmuuIoBast -
KHcCjiora

Peakuus ¢ cynbhocanuiuioBoil KUCIOTON 00jiee YyBCTBUTENbHA.
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HO;S

OH 0=C O—H
3 + FeCly = H |/ +3HCI
COOH \ Q/ o
HO;S o) :

cynbdocanuiuionas Q(\j\/o C SO.H
KHCJIOTa Y
HO,S 0 i

Peakuus npoOHas u crierduuHas B OCHOBHOM cpeze. B kucioii cpesie Memaror
aanonsl F, C,0% , PO, C,H,OF .

Hon Bucmyta (111) Bi¥*

1. C cynbdpunom Hatpus NaS B CONMsIHOKUCIION cpenie ¢ 00pa3oBaHUEM KOpUY-
HEBO-YEPHOT'0 0CaJIKa, HEPACTBOPUMOTIO B Pa30aBICHHBIX XJIOPOBOJIOPOIHOM U CEPHOM
KHCJIOTaX, pACTBOPUMOTIO B a30THON KHUCIIOTE.

2BiCl; + 3Na,S = Blzsgl + 6NaCl
Bi,S;| + 8HNO3 = 2Bi(NO3); + 2NO1 + 3S| + 4H,0
Bi,S3] — 6e = 2Bi** + 3S| 1
NO; +4H" + 3e = NO7T + 2H,0 2

2. C nonuaom kanus Kl ¢ oOpazoBaHreM 4epHOro 0cajka, paCTBOPUMOIO B U3-

ObITKE peareHTa ¢ 00pa30BaHMEM KOMILJIEKCHOTO COSAMHEHUS OPAaHKEBOTO 1IBETA.
BiCl; + 3Kl = Bilz| + 3KCI
Bils] + Kl = K[Bil4]

Peakuus npo6nas. Memaromue uonsl: Fe3*, Cu?*, [SbCle]™ (BeimenstoT iton us
KI).

3. C rerparuapokcocranautoM (I1) Hatpus Naz[Sn(OH)4] ¢ oOpa3oBanuem uep-
HOTO 0CaJIKa METAITTMYECKOTO BUCMYTA.

2BiCl; + 3Naz[Sn(OH),] + 6NaOH = 2Bi] + 3Nay[Sn(OH)g]

Peakius npo6Has. Memaromue nonsl Ag*, Hg?*, Sb3* u np.

4. C tuomoueunoii (NH;),CS ¢ obpa3oBanreM KOMILUIEKCHOIO HOHA JKEITOrO
1BeTa (XpoMarorpaduueckuii criocod BBHIMTOTHEHUS).

BiCl; + 3NH2-CS-NH; = [Bi(SC(NH,)2)3]Cl3

Peakuus npo6Has. Memaromue nonsl: Fe*, Hg?".

Memoouka: Ha KycoueK (QUIbTPOBaJIbLHOM OymMaru HaHOCSAT KaIlJl0 pacTBOpa
cosi BucmyTa (1), kamiro pacTBopa THOMOUYEBUHBI, MTOCYIIMBAIOT U HAOIIOIAIOT I10-
SIBJICHHE JKEJITOTO TISITHA.

5. T'unpponus coneii Bucmyta (111). Ilpu pazbaBnenuun pactBopa NpoUCXOAUT Bbl-
JieJIeHre ocaka 0eoro 1BeTa, HepacTBOPUMOTO B BUHHOKAMEHHOM KUCIIOTE U €€ CO-
TSIX.

BiCl; + H,O = BIOHClzl + HCI
BiOHCI; + H,O = Bi(OH).Cl| + HCI
Bi(OH).Cl = BiOCl| + H,O
Peakuus npo6bHas. Memaromue noHsr: Sb**,
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Hon cypemsi (111) Sb3, a Takxke xaopocrudar-uonst [SOCL]-, [SbCle]*-

1. T'unpomus coneit cypumsl (111). ITpu pazdapineHuu pacTBopa cou MPOUCXOAUT
BbIJICJICHHE OCa/iKa OeJIoro 1[BeTa, paCTBOPUMOI0 B BAHHOKAMEHHOM KUCJIOTE U €€ CO-
TSIX.

SbCl; + H,O = SbOHCI;| + HCI
SbOHCI; + H,O = Sb(OH),CI| + HCI
Sb(OH).Cl = SbOCI| + H,0

Peakuus npobHas. Memaromue noHsl: Bi",

2. C METUJIOBBIM (PHOJIETOBBIM.

Memoouxka: x 5-7 KaruisiM aHaJau3upyeMoro pactpopa gooapssitor 10-15 kamens
konreHrpupoBannoit HCI, meckonbko kamenb pactBopa NaNO,, BbIepKHBaAIOT MH-
HYTY, T0OABJISIIOT HECKOJIBKO KalleJlb HACBIIIIEHHOTO PacTBOPa MOUYEBHUHBI JIJISl yaJie-
Hust n30eiTKa NaNO2, BaBOE pa30aBIIsIFOT BOJIOM M BHOCAT 1 Karuio pacTBOpa METHIIO-
Boro (uosneroBoro. HabGmtoqar0T cycnieH3u0 KpUCTAUIOB CUHE-(hHOJIETOBOIO 1IBETA.

Ilecras (aMMHaKaTHAS) aHATUTHYECKAS IPYyNIIa KATHOHOB
2 2 72 2 2
Cu“, Co“", Ni<*, Cd**, Hg*"

Bce HOHBI IeCTOl aHAIMTUYECKOH TPYIIIBI ABJISIOTCS TPOCTHIMU KaTHOHAMU -
AJIEMEHTOB, KOTOPhIE PACcIOJIOXKEHbI B neproanueckoit Tadnuue . 1. Menaeneera B
nobounbix nmoarpymnmnax | (Cu), 11 (Cd, Hg), VI (Co, Ni) rpymnm. Diektponubie dop-
MYJIbI, painyChl (HM), HOHHBIE TOTEHIIUAJIBI KATUOHOB:

Cu?* 3s23p83d° 0,081 0,247 Co? 3s23pf3d” 0,082 0,244
Ca?* 4s%4p%4d® 0,103 0,195 Ni2* 3s23pf3d® 0,078 0,256
Hg?* 55258500 0,112 0,172

Nmest 18-311€KTPOHHYIO BHEIIHIOI 000JIOYKY U MHOTO3JIEKTPOHHbBIE MTyOHMHHbIE
ciou, nonsl Hg?*, Cd?* aBmsroTCs XOpOIIMMHU HOISPU3aTOPAMH U JIETKO MOJISPU3YIOTCS,
BOJHBIE PACTBOPHBI UX cOJieil OeclBeTHbI. KaTHOHBI ¢ HEAOCTPOEHHBIM | 8-371EKTPOHHBIM
sHemHUM ypoBHeM (Co?*, Ni%*, Cu?*) 061a1at0T yMepEeHHOI TONApH3aLKEl U MONSPH-
3yeMOCTBIO, BOJHBIE PACTBOPHI UX coneli okparens! (Co? — po3osbiii, Ni%* — 3enenslif,
Cu?* — roy6oit). Hurparsl, X10pusl ¥ Cyab(aThl 3THX KATHOHOB PACTBOPHMEI B BOJIE,
KapOOHaThl, Cyabpuabl, pocdarel U ap. — MaJOpacTBOPUMBI. Bee KaTMOHBI 0071a0at0T
KOMILJIEKCOOOpa3yrolei CriocCOOHOCThIO, BCTYIAIOT B PEAKIIUU OKUCIICHHUS] BOCCTAHOB-
nmemms  (Cu®*, Hg** -  okmcamre:m, E°  Cu?*/Cu =  0,15B,
E° 2Hg**/Hg? = 0,92 B, E° Hg?*/Hg = 0,85 B). Cunbnsie okucautemu (Bra, Cly,
KMnQ4, NaBiOs, H,O, B ocnosHoIi cpene) okucnsor Co?* 1o Co®*. Jlpyrue KaTHOHBI
VI rpynmsl yCTOMYMBBI K IEWCTBUIO OKUCIUTEIIEH.

['MapokcuIpl KATHOHOB 3TOM IPYIIIBI HE PACTBOPUMBI B BOJIE, I1I€JI0YaX, HO pac-
TBOPUMBI B U30BITKE KOHIIEHTPUPOBAHHOTO PACTBOPA aMMHAKA.

CriocoObl MpoBeICHUST AHATUTUYECKUX PEAKIMN KaTUOHOB 3TOM IPYIIbI: MPO-
OMPOYHBIN, SKCTPAKIIMOHHBIN, XpOMATOrpaPUUeCKuil, MUKPOKPUCTAJUIOCKOITUYECKHM.
[Ipumepsl peakuuii pacTBopeHus: Cyib(UIOB B HEKOTOPBIX KHCIOTax M Cyibduue
HaTPUSL:
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3CuS| + 8HNO; = 3Cu(NO3); + 2NOT + 3S| + 4H,0
CuS| —2e = Cu?* + S| 3
NO; +4H" + 3e = NOt + 2H,0 2
3HgS| + 12HCI + 2HNO; = 3H,[HgCl4] + 38| + 2NO? + 4H,0
«apcCkasa BOJAKa»
HgS| +4Cl-— 2e = [HgCLJ* + S| ’3
NO; +4H" + 3e = NOt + 2H,0 2
HgS| + Na,S = Nay[ HgS:]
CdS| + 4HCIl = H,[CdCl,] + H,S?

XapakTepHble peakiui KaTHOHOB V| aHATMTHYECKOH IrPyNnbl
Hon mean (11) Cu?

1. C xonuentpupoBanubiM pactBopoM NH4OH c BeInazieHrieM OCHOBHOM COJIH
3€JIEHOBATOTO 1IBETA, JIETKO pAaCTBOPUMOI1 B M30BITKE peareHTa ¢ 00pa3oBaHUEM aMMHU-
au”oro komruiekca meau (1) uHTeHCUBHO cHHEro 1BETa

2CUSO4 + 2N H4OH = (CUOH)2804l + (NH4)2804
(CuOH),S0,] + 8NH4OH = [Cu(NH3)4]SO4 + [Cu(NH3)4](OH), + 8H,0
KOMILIEKCHBIN HOH pa3pyLIaeTCs IPH MOAKUCICHUN WU AeicTBUr S%°;
[Cu(NH3)4)?" + 4H* = Cu?* + 4NH;
[CU(NH3)4]2+ + 5% = CuS| +4 NH3

Peakiust BEICOKOUYBCTBHUTEbHA U CHIEITU(UIHA.

2. Peaxuust BbIJieJICHUS MEU Ha >Kelie3HoM macTuHke. Ha nmiactunke oOpasy-
€TCsl KPACHOBATOE TISITHO MEIIH.

CuSQO4 + Fe = Cu| + FeSO4

Peaxuus ucnonbsyercs s oraeneaus Cu®* or Cd?*,

3. C rekcarnmanodepparom (1) kamust Ks[Fe(CN)g] ¢ o6pazoBanreM kpacHo-0y-
poro ocazaka rekcarmanodeppara (l1) menu (1), HepacTBopuMOro B pa3doaBICHHBIX
KHCJIOTaX, paCTBOPUMOIO B PACTBOPE aMMHAaKa, pa3jiaraéMoro mejaouyaMu.

2CuSO, + K4[Fe(CN)g] = Cuz[Fe(CN)g]| + 2K2SO4

Peakuus npoOnas. Memaror Fe**, ux ynansroor geiicTBueM pacTBOpa aMMHaKa.
Cnioco0 BBINOTHEHUS peaKUU TPOOUPOYHBIN UM XpOMaTOrpapuUECKUM.

4. C nonunom kanusa Kl ¢ o6pazoBanuem ocanka noauaa meau () upera «cio-
HOBOM KOCTH», OJHOBPEMEHHO BBIJICITUBIINNACS CBOOOIHBIN MO/ OKPAIIMBAET PACTBOP
B OypO-KOpPUYHEBBIN 1[BET.

2CuSQO, + 4Kl = CU2|2l + 1, + 2K,S0,

OnrtumansHbie 3HaueHus pH 2-3. Peakuus apoOHas. Jlo6aBneHue kpaxmarna, 00-
Pa3yIoIIero ¢ MOAOM KOMIUJIEKC CHHETO IIBETa, JeJIaeT pPeakinuio 00jee YyBCTBUTEIb-
Holi. Memaromue nonsl: Fe3*, Sh3*,

5. C tuocynndarom Hatpusi NapS,03 mpu KUIsiueHUu B KUCIION cpejie [BoccTa-
nosienue menu (11) B mens (1)] ¢ o6pazoBanuem ueproro ocaaka Cu,S, pacTBOPUMOTO
B 2 Mosbs/nm3 pacteope HNO:3.

2CuSQO, + 3Nay,S;,03 = CuyS,03 + NayS406 + 2NaySO4
Cu,S,053 + H,0O = CUle + H,SO,
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B m36n1TRe NaS,03 emie ocaxmaeTcs u cepa:
2CuCl, + 2Na,S,03 + 2H,0 = CUQSl + Sl + 4HCI +2Na,S0O,
Peakius ucnonb3yercs s otaencaus CU?* oT Ipyrux KaTHOHOB 9TOM TPYIIIIEL.
6. C raumeprHOM B OCHOBHOM cpefie ¢ 00pa30BaHUEM CHHETO PAacTBOpPA TIIHIIC-
pata meau (11).

H,C—OH H,C—O HO—CH,
2 | \Cu<
CuSO, + 2NaOH + 2 HC—OH —> HC—OH O—CH +2H,0 + Na,SO,
H,C—OH H,C—OH HO—CH,

rmmnepat meau (1)
Peakuus ucnons3yercs s ooHapyxkenus Cu?* u ornenenus or Cd?*,

Hon xobansta (1) Co?*

1. C rerpatnonmanomepkyparom (1) ammonus (NH4)2[Hg(SCN).] ¢ o6pa3osa-
HHEM OCaJlKa CHHETO IIBETa, PACTBOPUMOTO B KOHIICHTPHPOBAHHOMN XJIOPOBOIOPOTHOM
KUCJIOTE, Pa3yiaralonierocs meioyaMu; HOHbI IIMHKA YCKOPSIFOT PEaKIUIo.
CoCl; + (NH4)2[Hg(SCN)4] = Co[Hg(SCN)4]| + 2NH,CI
Peakiuio MOXXHO TPOBECTH MHKPOKPUCTALUIOCKOMMYECKAM CIHOCOOOM, MpHU
3TOM HaOJIIOAI0T KPUCTAIUIBI SPKO-CHHErO IBeTa B (hopMe JCHIPUTOB, BBITSHYTHIX
TPEYTOJILHUKOB U KPecToB (puc. 7). Mema}omne nonsl: Cu?, Fe3*, Ni?* | Zn?,

Puc. 7. Kpucramisr Co[Hg(SCN)4]

2. C tmoumanarom aMmMoHuUsT NH,SCN (3KCTpakImoHHbBIH CITOco0).
CoCl; + 4ANH4SCN = (NH,)2[Co(SCN)4] + 2NH,CI

Memoouka: x 2-3 KamisgM HCCleayeMoro pactBopa mobasistor 8-10 kamenb
HachIeHHOTo pactBopa (fryumie cyxoir comu) NHsSCN u 5-6 kamens aMuioBoro
CIUPTA, BCTPSIXMBAIOT M HAOIIOMAIOT OKpalIMBaHUE OPTaHUYECKOTO CJIOS B CHHUU
IBET.

Peakius npo6Has. Memaromue nonsl: Fe3*, Cu?*. Mon Fe3* ceaspBaror F~ um
PO? -nonamu B Gecusernsle kommuiekesl — [FeFs]®, [Fe(POy).]*, Cu?* Boccranapu-

BatoT B CU* xsopuaom onosa (11).
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Hon uukens (11) Ni?*

C nuMeTHnrIuoKcuMoM (peakTuBoM UyraeBa) B aMMUA4HOI cpefie ¢ o0pa3oBa-
HHEM BHYTPUKOMIUIEKCHOTO coelMHeHHs rimokcumara Hukens (l1) kpacHoro mBera
(xpomarorpaduieckuii crnocod).

H..
7
HyC—C—C—CH; H;C—C=N~_ _N=C—CHj
2 (— + NiCL,—= | >N | + 2HCI
HO—N N—OH H,C——C=N TN N=C—CH;
JUMETUIITIIMOKCUM + |
(peaktuB Yyraesa) O /O
H

Memoouxa: Ha Kyco4eK (QHIBTPOBAILHOW OyMarm HaHOCST Karlllo pacTBopa
NaHPO, unmu NaF (y1st cBs3bIBaHUS MEIIAIONTUX HOHOB), KAILIIO UCCIEAYEeMOro pac-
TBOpa, 00pabaThIBatoT mapamu ammuaka. OOBOJAT MATHO MO NEpUPEPUN KaTILIIPOM
C pacTBOPOM JUMETUIITIIMOKCHMA, 00padaThIBalOT OyMary napamMu aMMHuaKa u HaoJiro-
JAIOT TOSIBJICHUE KPACHOTO TSTHA WIIH KOJIBIIA.

Peakmust qpoOHasi, BEBICOKOUYBCTBUTENbHAA. B OTCYTCTBHE MAacCKUPYIOMIUX Be-
IECTB MEIaroT HoHkL: Fe?*, Cu?* u mp.

Hon xagmus Cd?*

1. C cynmpduaom Hatpust NaS npoBoasaT B kucioi cpene (pH = 0,5-4) ¢ obpa-
30BaHHEM OCaJIKa KEJITOrO I[BETA, PACTBOPUMOTO B KOHIIEHTPUPOBAHHOH XJIOPOBOJIO-
POIHOM KHCJIOTE U 2 MOJIL/AM® paCTBOPE a30THOM KHMCIIOTHI, 4 TAKKE B HACHIILIEHHOM
pacTBOpe XJIOpHIa HATPHSI.

CdCl, + Na,S = CdS| + 2 NaCl

Peakius npo6nas. Memaromue nonsl: Agt, Hg? , Hg?*, Bi®*, Cu?*, Sn?*, Sh%*
(ux ypansor 00pabotkoii cycniensueit PbS), Pb?* (ero ocaxnaror B Buze cynbdara).

2. C nepxmopatom ammonust NH4ClO,4 B ammuauHoii cpeje.

CdCl, + 4NH,OH = [Cd(NH3)4]C|2 + 4H,0
[Cd(NHS3)4]Cl; + 2NH4Cl0,4 = [Cd(NHS3)4](ClO4)2] + 2NH,CI

Memoouxka: B mpoOupke K 2-3 KarisiM UCCIeAyeMOro pacTBopa J00aBIIAIOT MO
KaIlIIM KOHIICHTPUPOBAHHBIA PaCTBOP aMMHaKa JI0 PACTBOPEHHUS 0CaIKa THAPOKCHIA
kaamusi. HaHOCAT Ha mpeMeTHOE CTEKIIO KArlTio MOJyYSHHOTO pacTBOpa M pearcHTa,
HAOJTIOIAIOT TIOJT MUKPOCKOIIOM OECIIBETHBIC KPUCTAJIBI B (DOPME OKTadIPOB.

Hon pryrn (11) Hg?

1. C ruapokcu1oM HaTpUs ¢ 00pa30BaHUEM KENTOTo ocajika okcuaa prytu(H).
HgCl, + 2NaOH = HgO| + H,O + 2 NaCl

2. C pacTBOpoM amMMHuaka ¢ 00pazoBaHUEM OEJIOT0 0CajKka KOMILJIEKCHON COJIU

xsopuaa amMuHPTYTH (1), pacTBOpHMOro B KUCIOTAaX U U30BITKE peareHra.
HgCl, + 2NH,OH = [Hg(NH,)]Cl| + NH,CI + 2H,0
[Hg(NH2)]CI| + NH4CI + 2NH,OH = [Hg(NH3)4]Cl, + 2H,0

3. C nonunom kanus Kl ¢ BeimageHueM sipko-KpacHOro ocajka, paCTBOPUMOTO

B U30BITKE peareHTa ¢ 00pa3oBaHueM OECIIBETHOTO KOMIUIEKCHOT'O COETUHEHHUSL.
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HgCl, + 2KI = Hgl,| + 2KCI
Hgl.] + 2KI = K;[Hgly]
Peakuus npo6Has. Memaronue nonsl: Hg? , Bi**, Pb?*, Ag* u np.
4. C cycnensueit noguaa meau (1) Cuzl, (xpomarorpadbuueckuii crmoco0)
HgC|2 + 2CU2|2l = Cu,Cl, + CUz[Hg|4]l

Memoouka: Ha TOIOCKY (UIBTPOBAIBHON OyMaru HAHOCAT KaILUTIO CBEKEIPH-
rOTOBJIEHHOU B3BecH noauaa meau (1), 3arem karuto pactBopa conu pryta (1) mmm
KaIlIIo UcClieIyeMoro pactsopa. HabmonaoT nosiBieHne KpacHON OKPacKH.

Peakuus npo6Has. Memaror HekoTopble okucurenu: Fe3*, Ag* u ap.

5. C cynsdhunom Hatpus NaS ¢ 06pa3oBaHreM ocajika 4epHOTO IBETA, PACTBO-

PUMOTO B «IIapCKOM BOJKE» U U30BITKE pearcHTa.
HgCl, + Na,S = HgS| + 2 NaCl

2.3. KayecTBeHHBIA aHAJIN3 AHUOHOB

AHHOHBI — 3TO OTPHULIATEIBHO 3apsKeHHbIC HOHBL. OHM 00pa30BaHbl OOBIYHO P-,
pexe d-3eMeHTaMK TIEPUOIMUSCKOM CHCTEMbI. AHUOHBI OBIBAIOT MPOCTHIMU — B 00-
pa3oBaHUU XMMHYCCKOW CBSI3M y4aCTBYIOT TOJbKO S-3smektponsl (Cl7, Br) u cmox-
HBIMH, COCTaB KOTOPBIX YaCTO 3aBUCHT OT PEAKIMH CPE/Ibl, a B 00pa30BaHUH XMMHUYE-
CKOU CBSI3M YYaCTBYIOT MOCJIEIOBATEIBHO BCE BAICHTHBIC 3JICKTPOHBI (S-, P- wiu d-)
(SnO?Z, SnCI: u ap.). OauH 1 TOT K€ IEMEHT MOXET 00pa30BaTh HECKOJIBKO aHHO-

HOB, 00JIaJIarOIIMX pa3HBIMU cBoiicTBamu, Hanpumep, Cl-, CIO-, ClO;, CIO;, CIO;.

B HacTosimiee BpeMs He CyIIeCTBYET €IMHON OOIIETPUHATON KiIaccupukauy u
JIeJICHUS aHUOHOB Ha rpyniibl. B 00IBIIMHCTBE ClTydyaeB aHUOHBI 0OHAPY>KUBAIOT B OT-
JIEIBHBIX TIOPIUSAX aHATIU3UPYEMOTO PacTBOpa B MPUCYTCTBUU JIPYTUX aHUOHOB KOM-
MIPOMHCCHBIM METOJIOM, COUETAIOIIUM JPOOHBIN U CUCTEMAaTUYECKUM (11 OTAEIIbHBIX
TPyII aHUOHOB) METO/IbI aHAJTN3A.

B ananuTuyeckoi XMMHM Yale BCEro UCTIONb3YIOTCS BE KIIaCCU(PUKAIIUN:

1) 1. T1. Anumapun u H. Y. biok moapa3aenstor aHHOHbI Ha Y€ThIPE aHATUTH-
YyecKkue Tpynmsl (Tabnuiia 6), OCHOBBIBAsICh Ha PA3IMYHOM OTHOIIICHUU WX K pa30aB-
JIEHHBIM MUHEPAIbHBIM KHCIOTaM, CMECH PACTBOPUMBIX COJIEH Oapusi U KajbIus U
HUTpaTy cepedpa (B a30THOKHUCIION cpee).

Tabnuua 6
Kuaaccudukanus annonos no WU. I1. Anumapuny u H. . Baok
I'pynna AHUOHBI ['pynnoBoii peareHT [IponykT peakuun
82_1 SO g_ , SZO ?2,_ ) 2 mous/nn HCI HZS(ra3), SOZ (ras), SOZ (raz) + S(TB-)i
I
co?, HCO;, NO, (1 moaw/n H2SO4) CO2 (ras), NO(raz) + NO2 (ras)
3= 2- 2- CaS(PO4)2 (1B.)5 CaC204 (TB.))
1 POy, C0,, SO, BaCl, + CaCl BaSOs (s, Bas(POu)z,
aHHOHBI GOPHBIX KHCIOT HepacTBOpUMBbIE O0paThl Oapus
_ _ _ AgNO3 AQCl(s.), AgBIs.),
I CI, Br, I, SCN (8 2 Mo/ HNO3) AGlis, AGSCNrs)
v NO;, CH3COO™ u np. B B
OpraHMYeCKHUEe aHUOHBI
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2) H. A. TananaeB noapasensier aHMOHbI Ha TPU TPYIITBI IO UX OKUCIUTEIHHO-
BOCCTAHOBMTEJIbHBIM CBOWMCTBaM (Talnuua 7): aHHOHbI-OKUCIUTENN, aHUOHBI-BOCCTAHO-
BUTEN U UHANU(DHEpEeHTHBIE aHUOHBL. B KauecTBe peakTMBOB Ha AHUOHBI-OKUCIIUTENHN UC-
HOJIb3YIOT BOAHBIM pacTBOP MOAMJIA Kajdus B MPUCYTCTBUM Pa30aBIECHHOM CEPHOM KuUC-
J0THI U pacTBOp AudeHmnamusa (JJPA) B KOHIEHTpUPOBAHHOM CEpHOI KucIoTe. AHU-
OHBI-BOCCTAHOBUTENIN OOHAPYKUBAIOT C MIOMOIIBIO BOJHOT'O pacTBOpa 1Hozia U pacTBOpa
IepMaHraHaTa Kajlus B IPUCYTCTBUM Pa30aBICHHON CEPHON KUCIIOTHI.

Tabmuma 7
Kaaccupukanus anuonos no H. A. TananaeBy
AHUOHBI-OKUCIIUTENN | AHHOHBI-BOCCTAHOBUTENIHN Nupuddepentrpie aHMOHBI
$*,80;5, %057 ,NO;, | COo%,HCO;,PO%, SO%,
Cl, Br, I, SCN-, C,0O i‘ AQHUOHBI OOPHBIX KUCIIOT

AHMOHBI NO,, NO,

L KT (pas6. H2SOa). |} | ohi g

Pearenr | 2. udennmnamun B
(koL HzSO4). 2. KMnOx (pas6. H2SOx).

1. Beigenenune mouse- | 1. OOecnBeunBaHHe pac-

ABUMTE- |\ SHOrO Hioza TBOpa Hoza
YECKUM yib sa. p a. -
CHHAL 2. Cunee okpammuBa- | 2. OOecuBeurMBaHUE pac-
HUE. TBOpa NIEpPMaHTaHaTa KaJusl.

JleneHne aHMOHOB Ha IPYIIIBI UMEET 3HAUE€HUE HE CTOJIBKO JUISI pa3/ieJICHUs aHU-
OHOB, KOTOPOE TPYAHO OCYIIECTBUTH KOJMUECTBEHHO, CKOJIBKO JIJISI ITPEIBAPUTEIBHBIX
WCIIBITAHUH, TO3BOJISIFOIINX YCTAHOBUTH HAIMYUE UM OTCYTCTBUE TE€X WU UHBIX aHH-
oHoB. Kpome Toro, rpymnmnoBsie peareHThl He SBISIOTCS CTPOTO Crienn(UIHBIMU, BO3-
MO>KHO B3aMMOJICHCTBHE TPYMIIOBOTO peareHTa ¢ aHMOHAMH JPYTUX TPYII, TTO3TOMY
HE00X0IMMO MPEABUICTD MOBEACHHIE BCEX MPUCYTCTBYIOIINX B aHATTU3UPYEMO pode
AHMOHOB TPH ICWCTBUU TOTO WJIM HHOTO PEareHTa, yCTPaHsITh X MEIIAoIIee BIUSHUE.

Kak n3BecTHO, KATHOHBI TSHKEITBIX METAJUIOB C PSIIOM aHHOHOB 00pa3yroT Majio-
pacTBOpUMBIE B BOJAE COEAMHEHHUS, NO3TOMY HCCIEIYyEMbIH pacTBOp JOJKEH OBbITh
OCBOOOKEH OT KaTUOHOB TSKEJIBIX METAJIOB IyTEM IMPUTOTOBJICHUS «COI0BOM BbI-
TSOKKA», JJI TOMY4YeHHs] KOTOpPOW aHaTU3UpYyeMbll pacTBOp oOpalaThIBalOT MpH
HarpeBaHUU KOHLIEHTPUPOBAHHBIM PACTBOPOM KapOoHaTa HaTpus. IIpu 3ToM KaTHOHBI
TSKEJBIX METAJIJIOB IEPEXO/IAT B OCAJIOK: OJHU — B BUJE CPEIHUX KapOOHATOB, HANpH-
Mmep:

Ba** + COZ =BaCOs|,
ApyTHe — B BUJI€ THIPOKCHUIOB, HAIPUMED:
2AP* +6C0OZ% +6H,0 =2A1(0OH)3| + 6HCO;
TPEThH — B BUJIE OCHOBHBIX KapOOHATOB, HAIIPUMED:
2Zn** +3C0O?% + 2H,0 = Zny(OH,)CO3| + 2HCO,

Ocafok OTAENSIOT LEHTpU(PYrupoBaHMEM U OTOpachIBalOT, LIEHTpUdyraTt
HEUTpaU3yIOT pa30aBIIeHHON COJITHOM (MJIM CEPHOM) KUCIOTOM, HE BBINABIINE TEp-
BOHAYaJIbHO aM(pOTEPHBIC KATHOHBI BHIMAJAIOT B 0CA0K, KOTOPBIA OTACISAIOT U 0TOpa-
ceiBatoT. LlenTpudyrar ucciaenyror Ha aHHOHBI.

IlepBasi anauTHYecKAs TPYININA AHUOHOB
$*, 507, S,02,C0Z,HCO;, NO,
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Orta rpynmna o0beUHAET aHUOHBI CIA0BIX WM MaJIOYCTOWYUBBIX KUCTIOT.

Cynbdua-non S? spnsercss aHHOHOM cy1aboil cepoBOJOPOAHOI KHCIOThI H2S.
Boaubie pacTBopsI coliel, copepxanux cyiabGua-uoHbl, IMEIOT OCHOBHYIO PEAKIUIO
cpensl (pH > 10) u 3amax cepoBogopoa.

Cynbdur-von SO — aHHOH HECTOWKOW CpeIHEH CHJIBI CEPHUCTOM KHCIOTHI
H,SO3, koTopas B cBOOOJHOM COCTOSIHUM HEyCTOMYMBA. BogHbIE pacTBOPHI coieil, 00-
PA30BaHHBIX KAaTHOHAMU HIEJIOYHBIX U IIEJIOYHO3EMEIbHBIX METAJUIOB, THUAPOIU30-
BaHbI 110 aHUOHY U UMEIOT OCHOBHYIO PEaKIIUIO CPE/IbI.

Tuocynbdar-uon S;0;5 — aHHOH HEYCTOWUYMBON THOCEpHOU KUCIOTHI H2S,03,

JIETKO pacHaJarolIencs:
H,S,05 = Sl + 802T+ H,O

Hutput-uon NO; sBisiercs annoHoM cinaboit azotuctor kuciaotrsl HNO,, xo-
TOpasi B CBOOOTHOM COCTOSTHUU HEYCTOWYMBA!

2HNO; = NO,1 + NO1 + H,0
Ee conu Gosnee ycTOWYMBEI, XOPOIIIO PACTBOPUMBI B BOJIE, TUAPOIN30BAHBI 10 aHUOHY
(pH > 8).

Kap6onat- u rugpokap6onar-uonsl (COZ u HCO, COOTBETCTBEHHO) SIBIIS-
I0TCSl aHMOHAMU ci1aboi yroiapHoi kucinoTel HoCOs. BogHbie pacTBOpHI cofiei, coep-
Kamux KapOoHaThl ruIpou3oBansl (pH 8-12).

[Ipu nericTBUU rpynIIOBOTO peareHTa Ha pacTBOp, COAEPKAIIUNA aHUOHBI IEPBOM
rpynmnbl (Tabnauua 8), Wik CyXoe BEUeCTBO (MOoceIHee TPEANOUTUTEIbHEE) BhIIEs-
FOTCSI JIETYYHE KUCIIOTHI HUIA MTPOYKTHI MX pacmana, KOTOPbIe MOKHO OOHAPYKHUTH 110
OKpacKe WJIM 3amaxy, WiH 110 OTHOIIECHUIO K KAKOMY-JIHOO PEaKTHBY.

Peakmuio Ha Cy/b(QUT-HOH JIy4Ille TIPOBOAUTH C TBEPABIM BEIIECTBOM WJIH TIPH
HarpeBaHuu pactBopa. Okcun cepsl (1V) vaile sBisieTcsi BOCCTaHOBUTENIEM, 0OecIIBe-
yuBas pacTBophbl |, 1 KMnO,4. ObHapyxeHuto cynbGuT-noHa MemaroT THOCYIbhaT- U
cynbdua-nonsl, npu nojakuciennn oodpasyromue SO,T u HoST, Takke obeciBeunBa-
tomue pactBopbl o u KMnOs. TlosTtomMy mnpu aHamms3e cMecM aHHUOHOB
SO?Z -noH 06HAPYKHMBAIOT CIIEIUPUUCCKON PeaKIUei ¢ CONBIO CTPOHIIHSL.

OOHapyXeHUI0 THOCYIb(}AT-HOHA MEIIAIOT CYIbPUA- U CyIb(PUT-HOHBI, KOTO-
pBI€ TIPU COBMECTHOM TMPUCYTCTBUH MOCTE MOJKUCICHUS PAaCTBOpa Takke 00pasyroT
cepy:

S+ S0 +6H*=3S| +3H,0

Oxcup yriepoza (1V) oOHapy»1BaroT 10 MOMYTHEHHUIO U3BECTKOBOM U Oapu-
TOBOMU BOJIBI:

Ca(OH)z +CO, = CaC03l + H,0O Ba(OH)g +CO, = BaC03l + H,0

[Tpu nponyckanuu 6osbux komyecTB CO2 0Caok MOKET PaCTBOPUTHCS.

CaCO:e,J, +CO, + H,O = Ca(HC03)2

O6uapyxenunto CO, memrator SOZ , ;05 , 1. k. SO,, 00pa3yroNMiics MU MO-
KHCJIEHHH pacTBopa, coxepskariero SO?Z - u S;05 -MOHBI, 1aeT ¢ U3BECTKOBOM U Oa-
putoBoii Bomoi ocaaku CaSOz u BaSOs. I[losromy HEOOXOIMMO TMpeaBapUTEIHHO
okucuth SOZ u S;0% nmo SO? -voHa MEPOKCHIOM BOJOPOJA MPH HArPEBAaHHWU B
HEUTPaJIbHOU Cpelie:
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H,O, + SO =H,0 +SO%
[To OKMCAUTETHEHO-BOCCTAHOBUTEIHHBIM CBOMCTBAM aHUOHBI IMIEPBOM aHAJIMTH-
YECKOU IPyMIBI MOKHO pa3/IeNTh Ha:
— aHWOHBI-BOccTaHOBUTENH: S% 1 S,0% ;
— aHWOHBI IBOWCTBEHHOU MIPUPO/IBI, KOTOPHIE B 3aBUCUMOCTH OT YCJIOBHIA MOTYT
OBITh KaK BOCCTAHOBHUTEISIMH, Tak U okuciuressmMu: SO2- u NO; ;

— annonbsl uHA(GdepentHpie: COZ u HCO;

Tabnuia 8
OTHOIIEHHE AHHOHOB MEPBOIi rPYNNbI K FPYINIOBOMY PeareHTy
(2 mosin/a HCI mim 1 mouss/a HoSO4)

AHNOH YpaBHeHUE peaKun AHaTUTUYECKUN CUTHAI
S= S% + 2H" = H:S?1 BrijiensieTcss cepoBoopo — OecIBer-
HBII Ta3 C 3a11aXOM TYXJIBIX STUI]
SO: SO% +2H" = H,S05 = SO.1 + H20 Beinensiercst oxeup cepsl (1V) — 6ecriBer-

HBIH Ta3 C PE3KUM 3aI1axOM TopsIe cephl

S202 | S:0% +2H*=H,S;03 =S0,1 + S| +H,O | OMHOBPEMEHHO  BBIACHAIOTCS — OKCHJ
cepsl (1V) u cepa, garomasi ToMyTHEHHE

pacTBopa
CcO g‘ CcO 5‘ + 2H* = H,CO3 = CO,1 + H20 Breigensercs ¢ mmneHueM OCCIIBETHBIN
HCO; ra3 6e3 3amnaxa — okcun yraepoza (1V)
NO, 2NO; + 2H* = 2HNO, = NO?t + NO.1 + Beigensercs oxcup azora (IV) — Oypsiit

H,0 ra3 ¢ XapakTEpPHbIM PE3KUM 3al1axOM
2NO + O2 (u3 Bo3zayxa) = 2NO21

XapakTepHble peaKuuid AHMOHOB NePBOii IPyNIIbI
Cyabdua-uon S*

1. C pa30aBieHHBIMA MHUHEPATBHBIMH KHUCJIOTaMH (TPYIIIOBBIM PEAreéHTOM)
(Tabnuia 8).
2. C HUTPOIIPYCCHUIOM HATPHSL:

S?- + Nay[ Fe (CN)sNO] = Na,[Fe(CN)sNOS]>

Memoouxka: K 2-3 kamisiM aHaJIU3UPyEMOT0 pacTBOpPa, UMEIOIIETO OCHOBHYIO
peakuuio cpeabl, 100aBisAT 1-2 kamm 1% pacTBopa HUTpoNpyccuaa HaTpus, oOpa-
3yeTcsl KpacHO-(HOJIETOBOE OKpalllBaHHE.

3. Co B3BechIO KapOoHATa KaIMHUs.

S$* + CdCO3z| =CdS| + CO}

Ota peakius 4acTo UCTIOJIb3YETCs TSl OTACICHHUSI CYIb(UI-UOHOB OT CYIbPUT-
, THOCYIb(hat- u cynbdaT-uoHoB. [loxxkenTeHne ocaaka ykasplBaeT Ha MPUCYTCTBUE
cynbdua-nonoB. Ocanok OTACIAIOT HEHTpUDyTrupoBanuem, 2-3 Karum neHTpudyrara
MEPEHOCST B IPYTYIO TPOOUPKY U MPOBEPSIIOT HA MOJTHOTY OTACIIEHUS CYIb(U-UOHOB,
UCIIONB3Ys PEAKIUI0 C HUTPOIPYCCUIOM HaTpusi. Eciiv ¢ HUTPONPYCCUIOM HATPUs
BO3HHMKAET KPACHO-()HOJIETOBOE OKPAILIMBAHKE, TO OCAKIACHUE CYIb(PUI-MOHOB HEMOJI-
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HOE€, 1 HEOOXOAMMO K PacTBOPY € OCAJAKOM JT00aBUTH ellle 5-6 Kamenb B3Becu KapOo-
HaTa KaJMHs U CHOBa TUIATENBHO B30anThiBaTh. [locie 3TOro cHoBa MpoBEpPUTH HA
MOJIHOTY OCAXKJEHUS, UCIOJb3Ysl TOT K€ MpuemM (He JOJIKHO ObITh OKpAIIMBAHUS C
HUTpPOIpycCcUIoM HaTpusi). Onepalnio NOBTOPSIOT, MOKa HEe 100BIOTCS MOJTHOTHI OCa-
KICHUS CYIb(UI-UOHOB.

Cyabgur-uon SO

1. C pa30aBieHHbIMH MHUHEPATbHBIMH KUCIOTaMH (TPYIIIOBBIM PEAreHTOM)
(Tabnuma 8).

2. C consiMu CTpOHIIUS ¢ 00pa3oBaHUEM Oeoro ocajaka, pacCTBOPUMOIO B KHUC-
notax. Peakuus ucrons3yercs aas oonapyxkenus SOZ - u ormenenus ero ot S;0% -

MOHOB.
SO% + Sr¥* =SrS0;)

Memoouxka: K 8-10 xarisiM aHamM3upyeMoro pactBopa J100aBisioT 4-5 Kanenb
KOHLIEHTPUPOBAHHOT'O PacTBOPA XJIOPHUJIA CTPOHLMS, BhIMAAAET OEJbI 0CaZ0K, JAI0T
MOCTOSATh 3 MUHYTBI, OCaJIOK OTIENSIOT LUEHTPU(YTHPOBAHUEM, MPOMBIBAIOT IO TEX
Op, MOKa IPOMBIBHBIE BOJbI IEPECTAHYT 00ECIIBEUNBATH pPa30aBICHHBIN pacTBOP Mep-
MaHraHaTa Kajus. IIpOMBITBIH ocamok oOpabarsiBaroT 5-6 kamamu 1 mons/nm® HCI,
BeiIensieTcs: SO,, 0 MPUCYTCTBUM KOTOPOTO CYAST IO MOCHHEHHUIO HOIKpaxMambHOU
Oymaru.

SrSO;) +2H' = Sre* + SO,1 + HxO
3. C consimu Gapusi ¢ 00pa3oBaHHEM O€JIOro 0CajKa, PACTBOPUMOTO B MUHEPAJIb-
HBIX KUCIIOTaX (OTJIMYHE OT CYIh(ATOB).
SOZ + Ba* =BaS0s|
4. C pactBopoM Hoaa. HaGmrogaercs obeciiBeurnBaHuEe pacTBOpA.
SO+ 1, +H,O0=2I"+S0O: +2H"

Tuocyabdar-uon S0O%

1. C pa30aBieHHBIMA MHUHEPAIBHBIMH KUCJIOTaMH (TPYIIIOBBIM PEAreéHTOM)
(Tabmumna 8).

2. C xmopuaom xenesa (III) ¢ oOpazoBanrneM KOMITJIEKCHOTO HOHA TEMHO-()HO-
JIETOBOTO I[BETA, OBICTPO MCUE3AIOIIETo BCIICACTBUE BoccTaHoBIeHU xene3a (III) go
xenesa (II).

25,0 + Fe** = [Fe (S:03),]
25,07 + 2Fe** =S5,07 + 2Fe**
Peakiust npuMeHsieTcst uisi OOHApPYKEHUsI THOCYNb(AT-HOHOB B TPUCYTCTBUU
CYJIb(UT-UOHOB.

3. C pactBopom oaa. Habmonaercs obeciiBeunBaHue pacTBopa.
28205_ +1,=21"+ 5402_
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4. C pacTBOpOM HUTpaTa cepedpa c 00pa3oBaHreM OEI0ro 0caaKa THOCYIbdara
cepebpa, KOTOPBIM OBICTPO JKENTEET W YepHEET BCIEACTBHE O00pa30BaHMS CyIb(Haa
cepebpa.

S,0 §_ + 2Ag+ = Ag28203l
Ag28203 + H,0 = Ag2Sl+ 2H" + SO i_

Kap6onar- u ruapokapoonat-uonst CO: u HCO,

1. C pa30aBieHHBIMH MHHEPAIBHBIMH KUCIOTaMHU (TPYIIIOBBIM PEareHTOM)
(Tabnuia 8).

2. C HaCHIIIEHHBIM PacTBOPOM Cyib(aTa MarHusi ¢ OoOpa3oBaHHEM OEI0ro
ocajka TuapoKkcokapboHaTa Maraus. I uapokapOboHaT-HOHBI 00Pa3yIOT 0CAIOK TOIBKO
P KUTISTYCHUH.

3CO7 + 2H,0 + 2MgSO4 = Mg2(OH),CO3| + 2HCO; + 2SO%

3. C dbenondranennom. PactBop kapoOonara (1:10) npu npubasnenuun 1 kamim
pacTBopa (peHospTarenHa OKpaluBaeTCcsl B MATMHOBBIN LBET (OTIMYUE OT THAPOKAp-
OOHATOB).

CO¥ +H,O0=HCO; +OH (pH > 10)

HCO; + H,O = H,CO3 + OH~ (pH = 8)
HCO; + H,O0=COZ* + H30"

Ob6napyoicenue HCO; - u CO% -u0H06 npu coemecmmom npucymcmeuu
CO?Z + Ca?" = CaCOs|
2HCO; + Ca?* = Ca(HCOs),
Ca(HCOg3), + 2NH,0OH = CaCO3] + (NH,4),CO3 + 2H,0
Memoouka: K 1 mut ananusupyemoro pactsopa, cogepskaiiero HCO; - u COZ -

MOHBI, TPUOABIIAIOT U30BITOK pacTBOPA XJIOPHUAA KAJIBIIHS, 0CaI0K KapOOHATa KaIbIIHS
OTIIETISIOT IIEHTPUPYTUPOBAHUEM U OTOPACHIBAIOT, IIEHTPU]YTaT MPOBEPSIOT HA TMOJ-
HOTY OCa)XXJICHUSI KapOOHAT-UOHOB, €CJIU MOJIHOTA OCAXKICHUS JOCTUTHYTA, TO 100aB-
JISIFOT BOJHBIN PAacTBOP aMMHaKa, MOSBICHUE OEOoro 0caaka yKa3bIBaeT HA HATUYHE
TUAPOKapOOHAT-HOHOB.

Hutput-uon NO,

1. C pa30aBieHHbBIMU MUHEPAIbHBIMU KHUCJIOTaMU (TPYHIOBBIM pPEAreHTOM)
(Tabnuia 8).

2. C mudennnamMuHOM B cpejie KoHIleHTpupoBanHoit H,SO4 ¢ 06pa3zoBaHreM co-
eAMHEHUs CUHEro 1BeTa. JupeHnnaMmut OKUCISIeTCs] HITPUT-UOHOM B «Iu(eHUI0eH-
3UJIUH (PUOJIETOBBIN»:
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H +2NaNO,
2 N 5 Na,SO,+2NO +2H,0 +
+ stO4
H H
+ N N

[011-1{20
AN anS;
OO0

3. C peaktuBoMm ['pucca (cynbdanunoBass KUCIOTa U IIETOYHOM pacTBOp
B-nadrona). CynbhanunaoBasi KUCIOTA AUAZOTUPYETCS a30TUCTOM KHUCIIOTOM, a 00pa-
30BaBIIAsCS COJIb JUA30HUS coueTaeTcs ¢ B-HadTosioM ¢ oOpa3oBaHUEM a30COEUHE-
HUS KPaCHOTO I[BETA.

O
|| - + 2NaN02
HO—S NH, > Na,SO,4 + 2NO + 2H,0 +
I \ / + H,S0,
O
OH
(ﬁ ® + + OH"
+| HO—S N=N .-
) 0

HO
;
— )
O

Memoouxka: K 1 xarie uccieayeMoro pactsopa, coaepsxkamiero NO ; -HoHBI, pas-
0aBJICHHOTO BOJION 110 2-3 MJI, TOOABISAIOT HECKOJBKO KPHUCTAIOB CYyXOI'0 PEaKkTHBA
I'pucca. IosiBisieTCs ycunmBaromeecs CoO BpeMeHEeM KpacHOE OKpaIlliBaHUE pacTBOpa.

Peakmus cnenuduyHa, MO3BOJISIET 00OHAPYKUTh HUTPUTHI B TIPUCYTCTBUU HUT-
paToB, BBICOKOYYBCTBUTEIbHA.
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Bropasi ananmuTHYecKas rpynna aHMOHOB
PO}, SO%,C.0%,BO,,BO;, B0

Bropas rpynna aHMOHOB OOBEAMHSET aHHOHBI, 00pa3yIOIIKe MalOPaCTBOPH-
MBbIE€ COEUHEHUS C COJIAMH KaJbIUs U Oapusi.

Oprodocdar-uon PO sBisercs annonom optodocdoproit kuciaotsl HzPO,
CpemHel CuiIbl. PAacTBOpUMBI B BOJIE JIUIIIH COJIH IIEIIOYHBIX METAJIJIOB, AMMOHUS U JTH-
ruzipoochaTsl HIEIO0UHO3EMETBHBIX METAIIIOB.

Cynbdar-non SO’ — aHWOH CHIIBLHOU cepHOHM KUCIOTHI HaSO4.

Oxcanat-uoH C,0; sBnsieTcss aHMOHOM InaBeneBoi kuciotel HoCoO4 cpenneit
CHUJIBI.

Optob6opar-uon BO — anuon cnaboii oprodopHoii kuciorsl H3BOs. B mpu-

poJie Yaille BCTpeyaroTcs cou TerpabopHoii kucnotsl HoB4O7, Hanpumep, Terpabopat
Hatpus NaB,O;-10H,0 (6ypa).
Merabopar- BO; , oprobopar- BO} , retpabopar- B4O2 nOHBI MOTYT IpHCYT-
CTBOBaTh B PaCTBOPE OJTHOBPEMEHHO BCIIEJCTBUE THIPOJIH3A.
Na,B,O; + 3H,O = 2NaBO, + 2H3BO;
Bonnblii pacTBOp TeTpabopara HaTpus UMEET OCHOBHYIO peakiuto cpenbl (pH = 10).

OTHOLIEHHEe aHMOHOB BTOPOIi TPYNIIbI K TPYNIIOBOMY PeAareHTy

['pynmnoBoii peareHT — cMech paBHBIX 00bEMOB 1 MOJIB/JT paCTBOPOB COJIEH Kajlb-
uus u 6apust (pH > 7). [IpuMeHnsercs ¢ Lenpio JOCTHKEHUS OJTHOTBI OCAXKIEHUS, TaK
KaK OJIHA aHHOHBI 00Pa3yl0T HAMMEHEE PACTBOPUMBIEC COJM C KATHOHAMH KaJbIus, a
apyrue — 6apus.

®docdat-, cynbdar- 1 0opaT-aHHOHBI 00Pa3yIOT MaJIOPACTBOPUMBIE OapUEBbIE
coJu Oesoro 1Bera

2POY + 3Ba®* = Bay(PO4)2|
SO? + Ba%* =BaS0q4|
2BO; + Ba?* = Ba(BO,),]|,
pacTBOpUMBIE B pa30aBIEHHBIX MUHEPAIBHBIX KUCIOTaX, 3a uckimoueHrnem BaSO,, ko-
TOPBIA PAacTBOPUM TOJBKO B KOHIEHTpupoBaHHOM H,SO. u, wacTuyHO, B pacTBOpe
tpuioHa b, a Ba(BO,), pactBopum Takxke B CH;COOH.
BaSO,| + H2SO4 (ko) = Ba(HSO4),

Oxcanat- u ochar-aHnoHB 00pa3yIOT MATOPACTBOPUMBIC KaTbIIMEBBIE COJH

0eJoro 1BeTa, paCTBOPUMBIE B Pa30aBICHHBIX MUHEPATHHBIX KUCIOTAX.
C20% + Ca®" = CaCy0q4]
2PO; + 3Ca% = Caz(PO4)2]

AHHOHBI BTOPOU TpymIbl He 00pa3yIoT JETYyYUX MPOAYKTOB MPHU JEHCTBUU pa3-
OaBJICHHBIX KUCIOT (OTJIMYKE OT aHUOHOB TIEPBOM T'PYIIIIHI).

Ocanxu, obpazoBannbie 3TuMu anroHamu ¢ AGNOs, pacTBOpUMBI B 2 MOJIB/J
HNO; (oTnruue oT aHMOHOB TPETHEH TPYIIIIHI).

[Ipu nercTBUM Ha HEUTpaJIbHBIE PACTBOPHI AHMOHOB BTOPOU aHAJIWTHYECKOU
rpynmsl pactBopoMm AgNO3 obpasyrorest ocanku, pactBopumbie B HNO3; 1 NH,OH.
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PO + 3Ag" = AgsPO4| — sxenTslii 0cagok
C,04 + 2Ag" = Ag2C,04] — Genbrit ocamok
B,OZ + 2Ag* + 3H,0 = 2H3BO; + AgBO,| — 6emblit ocamok
CynbhaT-aHnoH 00pa3yeT 0ca0K TOIBKO U3 KOHIIEHTPUPOBAHHBIX PACTBOPOB
SO +2Ag* = Ag,S0O,] — 6emblit ocamok
[IprMep ypaBHEHHUS PEAKIIMK PACTBOPEHUS CEPEOPSHBIX COJICH B pPacTBOPE aM-
MHaKa:
Ag3PO4l + 6NH,OH = [Ag(N H3)2]3PO4 + 6H,0
Bce aHHOHBI BTOPOH aHAJIMTUYECKOW TPYIIbBI, KPOME OKCallaT-HOHA, 10 OKHUC-
JUTEIbHO-BOCCTAHOBHTEIbHBIM CBOMCTBAM SIBJISIOTCS MHAN(()EpEHTHBIMHU.

XapakTepHble peakuu AHUOHOB BTOPOH aHAJUTUYECKON IPYyNIIbI
OpTtodochar-non PO

1. C rpymnmoBbIM peareHToM: cMech pactBopoB BaCl, + CaCl,
2. C nutparTom cepedpa.
PO} + 3Ag* = AgsPO4] — xkenThlit ocamok

Memoouxka: x pactBopy gocdara 100aBISIOT HECKOIBKO Kameilb pacTBOpa HUT-
pata cepeOpa, 00pa3yeTcs >KeAThI 0CaZ0K, pACTBOPUMBIN B pa30aBIC€HHON a30THOM
KHCIJIOTE ¥ paCTBOPE aMMHAaKa.

Ag3PO4l + 3HNO3 = H3PO, + 3AgN03
3. C MarHe3uaiabHON CMECHIO.
Na,HPO, + MgCl, + NH,OH = MgNH,PO,| + 2 NaCl + H,O

Memoouxka: x 2-3 karuisim pactBopa docdara 1006aBmstoT 2-3 Kariu pacTBopa
XJIOpUJa aMMOHUS, 2-3 KaIljii pacTBopa aMMuaka u 0,5 MJ1 pacTBopa XJIOpuJa Maruus,
oOpa3zyeTcst Oenblii KpUCTANIMYECKU 0Ca/I0K, paCTBOPUMBIN B pa30aBICHHBIX MUHE-
pPaJbHBIX KUCIOTaX U YKCYCHOM KUCIIOTE.

4. C MmonuOaeHOBOM KUAKOCTHIO.
NazHPO4 + 12(NH4)2M004 + 23HNO3 = (NH4)3H4[P(M0207)6]| + 2NaNO3z + 21NHsNO3 + 10H20

Memoouxka: k 2-3 xarnsM pactBopa gocdarta, MOJKUCICHHOTO a30THOM KUCIIO-
ToH, JloGaBmstoT 5-6 kamenb pacTBopa MoMOJaTa aMMOHHSI U HarpeBatoT. PactBop
OKpAIlIMBAETCS B JKEJITHIM LBET, 3aTEM BBIACISACTCS JKEJIThI KPUCTATUTMYECKUN OCAOK.

Cyabdar-uon SO

1. C rpymmoBbim peaktuBom BaCl, + CaCl, uimu BaCl,.
JlpoOHOE OTKpBITHE CYNb(aT-HOHA MPOBOAAT B KHCIOH CpPEJE, YTO MO3BOJISET
ycrpanuth Mernaromiee Biusaue CO?Z , POY u np., v py KUIISTYCHUH HCCIIELyEMOTO

pactsopa ¢ 6 mons/n HCI nna ynanenus S%-, SO, S,0% -noHOB, KOTOpBIE MOTYT 00-

pa3oBaTh DJIEMEHTHYIO CEPY, 0CaJ0K KOTOPOH MOKHO MPUHSATH 3a ocagok BaSO,. Oca-
nok BaSO,4 criocoben o6pazoBbiBaTh n3oMopdHbie kKpuctaibl ¢ KMNnO,s u okpaiiu-
BaThCs B PO30OBbIN IBET (TTOBBIIIAETCS CEUU(DPUUHOCTD PEAKIUN ).

Memooduxa: x 3-5 KarisM UCTIBITYEMOT'0 PacTBOpa JOOABISIOT paBHBIE 0OHEMBI
pacTBOpPOB MEpMaHTaHaTa Kajus, XjJopuaa O0apus U XJIOPOBOJIOPOJHON KUCIOTHI U
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SHEPrUYHO NEePEeMEIMBAIOT 2-3 MUH. J[at0T OTCTOATHCS U, HE OTAEINSSA OcaiKa OT pac-
TBOpa, nobapisaoT 1-2 kamnu 3% pactBopa HoO,, nepememmBaoT u 1eHTpUdyru-
pytoT. Ocafiok JOHKEH 0CTAaThCs OKPAIlIEHHBIM B PO30BBIN LIBET, a pACTBOP HaJl OCa-
KOM 00€CLIBETUTHCS.

2. C areraToM CBHHIIA.

SO + Pb? = PbSQ,|

Memoouxka: x 2 mn pactBopa cynbdata 100aBisaroT 0,5 M pa30aBIeHHON XJT0-
POBOIOPOIHOM KHCTIOTH 1 0,5 MIT pacTBOpa arerara CBUHIIA; 00pa3yercs Oemblii oca-
JOK, PacTBOPHMBI B HACBIIIEHHOM pAacTBOPE aleraTa aMMOHMS WM THIPOKCHAA
HaTpHS.

PbSO,] + 4NaOH == Na,[Pb(OH),] + Na,SO,

3. C consiMu CTpOHIIMS — 0Opa3zoBaHue OEIOro ocajKa, HepaCTBOPUMOIO B KHUC-

JoTax (OTAUYHME OT CYJIb(PUTOB).
SO + Sr¥* =SrS0,)|

Memoouxka: k 4-5 KarisiM aHAJIM3UPYEMOTO pacTBOpa J00ABISIOT 4-5 Kamenb
KOHLIEHTPUPOBAHHOI'O PACTBOpPA XJIOpHUAA CTPOHIIMS, BbINAAAET OBl OCA/IOK.

4. C consamu Kaiblusi — OOpa30BaHME UIOJbYATHIX KPUCTAJIOB THUIICA
CaS04-2H,0.

SOZ + Ca?* + 2H,0 = CaS0,4-2H,0

Memoouxa: Ha IpeAMETHOE CTEKJIO HAHOCAT IO Kaljle aHAJIU3HPYEMOro pac-
TBOPA U COJIM KaJIbLIKs, CJIerKa MojacymuBatoT. OO0pa3oBaBIIMeCs KpUCTAIIIbI paccMaT-
PHUBAIOT I1OJ MUKPOCKOIIOM.

Oxkcagaar-uon C:072

1. C rpymnoseim pearearom BaCl, + CaCl,.

benbrit kpuctammmyeckuii ocagok CaCyO4 pacTBOpuM B pa3z0aBICHHBIX MUHE-
pajbHBIX KUCIIOTaX, HO He pacTBopuM B CH3COOH.

CaCy04] + 2HCI = CaCl, + H,C,04
2. C pactBopom nepmanranata kamus KMnO, B cepHOKHCTION cpere.
5C,0% +2MnO; + 16H* = 10CO,1 + 2Mn?* + 8H,0

Memoouxka: k 4-5 KaruisiM aHaIU3UPyEMOro pacTBOpa, MOJAKUCICHHOTO 1 MOJIb/1
H,SO4, nobasmsitor 1-2 xamu 0,002 mosw/n pactBopa KMNO,, pacTBOp HarpeBaroT 0
60-70°C nns ycxkopenus peakuuu. O MPUCYTCTBUM OKCalaT-aHUOHOB CYST MO0 00ec-
nBeunBanuio pacteopa KMnO,.

Jlis yCcTpaHEeHHs MEIIAIOLIEr0 BIUSHUS aHMOHOB-BOCCTAaHOBMUTEJIEH ApYyrux
rpynn HEOOX0AUMO:
— QHUOHBI TIEPBOU TPYMIBI PA3pyIIUTh KurstaeHueM ¢ 1 moib/m HyaSOy;
— QHUOHBI TPEThEU IPyNIbl OCAAUTH AericTBrEeM rpynnoBoro pearenta (AgNO; B pu-
cyrctBun 2 Mob/1 HNO3).

Bopat-uonnt BO;, BO: , BsO%

1. C rpynmoBeim pearentom BaCl, + CaCl,.
2. Peakius sTepuuKaIiiy ¢ THIOBBIM CIIUPTOM B IPUCYTCTBUH KOHIIEHTPUPO-
BAHHOU CEPHOU KUCIIOTHI.
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Na,B4+O; + H,SO,4 + 5SH,0 = Na,SO,4 + 4H3BO;3
H3BO3 + 3C,H50H = B(OC2H5)3 + 3H,0O

Memoouxka: 0,2 T 60pHOW KHMCJIOTHI (UK TeTpabopara HATpHs) MOMEIIAIOT B
dapdopoByto yaiiky. s 1poOHOTO OTKPHITHS BBIAPUBAIOT AocyXxa | M UCIBITYe-
MOTO0 pacTBopa B haphopoBoii yaiike, mpuOaBIAIOT 1 M1 KOHIICHTPUPOBAHHOM CEPHOM
KHUCIIOTHI, 3 MJI 3TaHOJA U MepeMeluBaoT. [Ipu 3akuranuu cMech ropuT IJIAMEHEM,
OKaWMJICHHBIM 3€JICHBIM LIBETOM. BBINMOTHEHUIO peakiiuyi MEIIaloT XJIOpU/I-, OpoMu-
, MOIUI-MOHBL. VX ynansdroT BbITApMBAHUEM C CEPHOM KUCJIOTOM JI0 MOSBIICHUS «Oe-
JIOTO JTBIMa.

Tperbs anamuTHUYECKasi TPYNINIA AHUOHOB
Cl, Br, I7, SCN-

Tpetbs rpynmna oObeIMHAET aHUOHBI, 00pa3yIolue MaJIOPACTBOPUMBIC B BOJC

coenuHeHus ¢ 1 Moib/1 pacTBopoM HUTparta cepedbpa B cpeae HNOs.
AgNO; + X =AgX| + NO;,rme X =CI, Br, I, SCN-

CpoiicTBa 00pa3yronuXxcs TaIOTeHUIOB cepedpa npeacTaBieHbl B Tabmuie 9.
Xyopua-, OpoOMHI-, HOIU-UOHBI SBJISIOTCS aHUOHAMH BechbMa CHIIbHBIX KucioT HCI,
HBr u HI coorBeTcTBeHHO, THOIIMAHAT-UOH — AHUOH KUCIIOTHI cpeaHen crtbl HSCN.

AHHOHBI TPETHEH IPYIIIIBI HE 00Pa3yIOT JIETYYUX MPOAYKTOB MPHU ICUCTBUH Pa3-
0aBJIEHHBIX KUCJIOT (OTJIMYKME OT AHMOHOB MEPBOM TPYIIbI) U 00Pa3y0T XOPOIIIO pac-
TBOPUMBIE COJIM KaJblUs U Oapus (OTIMYME OT aHUOHOB BTOPOM TPYIIIIBI).

Tabmuna 9
CBoiicTBa rajIOreHU/10B M THOIIMAHATA cepedpa
CoenuHeHue PaCTBOpI/IMOCTB B BOJAHBIX PAaCTBOpPAX
Cepe6pa (N H4)2C03 (nacsimt.) N H4OH(K0H11.) NaZSZOB‘
AgCI* AgCIl + 2(NH4)2CO3 = AgCll + 2NH4OH = AgCIl + 2Na,S,0;3 =
Oenplit [Ag(NHs3)2]Cl + CO,1 + H,O [Ag(NHz3)2]CI + 2H,0 Nas[Ag(S20s).] + NaCl
AgBr - AgBr| + 2NH,OH = AgBr| + 2Na,S;03 =
OJ1e IHO-KENTHIM [Ag(NH3):]Br + 2H,0 Nas[Ag(S203).] + NaBr
Agl — - Agl| + 2Na»S,03 =
JKEJIThIN Nas[Ag(S203).] + Nal
AgSCN** AgSCN| + 2(NH2):COs= | AgSCN| +2NH,OH= | AgSCN| + 2Na;S:0s =
OenbIi [Ag(NH3)2]SCN + CO21 + H,O | [Ag(NH3)2]SCN + 2H,0 Nas[Ag(S203).] + NaSCN

* — xnopun cepedpa AgCl pacTBopsieTcsi B KOHIIEHTPUPOBAHHOW XJIOPOBOIOPOIHOM KHCIIOTE
¢ 00pa3oBaHHEM KOMILIEKCHOT'O COEIMHEHHUS, KOTOpOE pa3pyllaeTcs mpu paz0aBieHUHN BO-
JI0H, TIpu 3ToM cHOBa ocaxkaaetcs AgCI.

AgCl| + HCI « H[AgCI.]
** — tuonnonatr cepedpa AgSCN pacTBopsieTcst B U30bITKE THOLIMOHAT-MOHOB ¢ 00pa3oBa-
HUEM KOMIUIEKCHOTO COETUHEHUS:

AgSCN| + SCN- = [Ag(SCN)2]"
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OKHCINTEIHLHO-BOCCTAHOBUTEJIbLHBIE CBOMCTBA

AHHOHBI TpEeThEH TPYMIbl SBISIOTCS BOCCTAHOBUTEISIMHU, OKHCIISISICH Yallle
BCEro JI0 MOJIEKYJISIPHBIX XJIopa, Opoma, o/1a, CBOOOAHONM CUHUILHON KUCIIOTHI.

B XuMH4YecKOM aHalM3e MCIOJb3YIOT BOCCTAHOBUTEIBHBIE CBOMCTBA aHHOHOB
TPEThEU rPyNIbl MO OTHOIIEHUIO K Py PEarcHTOB:

1) Kk nepmMaHraHaty Kajvs B CEpHOKHUCIION cpelie:

10NaCl + 2ZKMnO,4 + 8H,SO, = 5C1, + 2MnSO, + K,SO, + 5Na,S0, + 8H,0O
10NaBr + 2KMnQ4 + 8H,S0,4 = 5Br, + 2MnSO,4 + K,SO,4 + 5Na,SO4 + 8H,O
10Nal + 2KMnQO4 + 8H,S04 = 51; + 2MnSO4 + K3SO4 + 5Na SO, + 8H,0
I, + 2ZKMnO4 + 3H,S0O,4 = 2HIO3 + 2MnS0O4 + K,SO,4 + 2H,0

SKSCN + 6KMnO,4 + 12H,SO,4 = SHCN + 6MnSO, + 11KHSO,4 + 4H,0

AHanuTuyeckuid curnait: odecupeunBanue pactBopa KMnQO,. Peakuuu mpore-
KaIOT C Pa3Iu4HON CKopocThio. Hanbosiee ObICTPO U JIETKO OKUCIHSIFOTCS UOAUI-UOHBI
BBUJIy HaHOOJIbIIEH Pa3HOCTH CTaHJIAPTHBIX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX T10-
TEHIIUAJIOB, 3aTe€M OPOMU/I-UOHBI, B TOCJIETHIOK 0YePE/lb MEIJIEHHO OKUCIISIOTCS XJI0-
PUI-UOHBI.

JI1st oKMCIIeHUsI XJIOpUI-UOHOB HEOOXOIUMBI )KECTKUE YCIIOBUSI — HAaTPEBaHUE B
npucyTcTBUH 3 MoJb/1 HaSO4.

Memoouka obnapysiceruss uoouUo- U OPOMUO-UOHOB8 NPU COBMECTMHOM NPUCYM-
cmeuu: X 3-4 KarisiM HCCIIeyeMOTo pacTBOpa, MOAKUCIEHHOTO 1 Moib/1m HaSO4, ipu-
6asisoT 3-5 kamens xiopodopma, a 3atem o KarwsiM 0,02 moas/m KMnO,. Tlocne
KKJO0M KalM CMECh SHEPIMYHO B30aJTHIBAIOT, AT OTCTOATHCS M HAOIIOJAIOT
OKpacky xjopodopMHOTro cios. BHauasne xjgopodopm OKpaImBaeTcsi OT BBIACISIOIIE-
rocst #oga B po30BaTO-(PMOJIETOBBIN I[BET, KOTOPBIM MPH JajbHEHIIEM T00aBICHUH
nepMaHTaHaTa Kajius 00eClBeUMBAeTCs BCIEJACTBUE 0Opa3oBaHUs HOIHOBATON KHC-
70Thl. TONBKO TMOCJE ITOTO HAYMHAETCS BBIJICJICHUE OpOMa, OKpAIMBAIOIIETO CIIOM
xJi0poopma B KeNTO-OypHIii 1IBET.

2) K AMXpOMaTy KaJlisi B CEPHOKHUCIION cpejie:

AHaTUTUYECKUIN CUTHAJ: U3MEHEHHUE LIBETA PACTBOPA OT OPAHIKEBO-KEITOIO J10
senenoro (Cr¥*) wm kpacno-6yporo (CrO,Cl, — xnopucTsiit xpommn).

Honuapl OKUCTSIOTCS HA XOJIOAY, OpOMUABI — B IPUCYTCTBHH 3 MOJB/1 HySO4
1 TONBKO ITpu HarpeBanud. [lerictBuem K>CroO7 MOXKHO OTKPBITH XJIOPHUABI B IPUCYT-
CTBUU OpPOMUIIOB U MOAMJIOB, T. K. PU A00ABIEHUU THIPOKCUAA HATpUsi 0Opa30BaB-
IMecs 3JIEMEHTBI OpOM U 101 00ECIIBEUNBAIOTCS:

4NaCl + K,Cr,07 + 3H,S0, = K,SO,4 + 2CFOQC|2T + 2Na,S0O, + 3H,0
Br, + 2NaOH = NaBrO + NaBr + H,O
I, + 2NaOH = NalO + Nal + H,0O
3) K XJIOPHOU BOJI€ W XJIOPAMUHY:
2KI + C|2 =1, + 2KCI
I, + 5Cl, + 6H,0 = 2HIO; + 10HCI
2KBr + Cl, = Bry, + 2KCl
Br, + Cl, = 2BrCl
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[Ipu coOBMECTHOM MPUCYTCTBHUU XJIOP BHAUANIe OKUCIISIET MOAUABL, a 3aTeM Opo-
MUbL. Peakiuio Jiydiiie TpOBOAUThH SKCTPAKIIMOHHBIM CIIOCOOOM B MPUCYTCTBUU Op-
ranndeckoro pactBopureis (CHCI;, CCly, CsHs).

Memoouka: x 3-4 xamiasiM UCCIEAyeMOro pacTBopa MpuOaBIAIOT 3-5 Kamelib
xjiopodopma, a 3aTeM Mo KalisiM XJIOPHYIO BOAY WIHM pacTBop xJjopamuHa. [locie
KaKJOM Karuii CMECh SHEPTUYHO B30ANTHIBAIOT, NAIOT OTCTOATHCS M HAOIIOAAIOT
oKpacky xJjiopodopmHoro ciosi. BHauane xaopodopM OKpalmBaeTcs OT BbIJACINUBIIIE-
rocsi iojia B po30BaTO-(PUOJIETOBBIN 1IBET, KOTOPHIM MPHU AAJIbHEHIIIEM 100aBICHUH pe-
areHTa uc4e3aeT, BCICACTBHE 00pa30oBaHMs HOTHOBATOM KUCIOTHL. [locie aToro Hayn-
HAaeTCs BBIIEJIEHUE OpOMa, OKPAIIMBAIOIIETO XJIOPOMOPMHBIN CIIOH B KEITO-OYypHhIii
I[BET, KOTOPBIN JAJIbIIIE TaK)Ke 00CCIIBEUNBACTCS.

XapakTepHble peaKkiuu
Xaopua-uon Cl-

C rpynmoBbiM pearenToM — pactBopoM AgNO:s.

Memoouxka: x 2 KarisiM pacTBOpa, COACPKAIIETO XJIOPUA-UOHbI, TPUOABIAIOT 1
karutro paz6aBienHoit HNO3 u 3 karumm pactBopa AgNO3. Habmromaemerit Oembiii TBO-
poxxucThiii ocaok pactBopuM B NH4OH u Hackimennom pactBope (NH4)2COs.

PactBop [AQ(NH3)2]Cl aensat Ha 2 yacTu: K OJHON JOOABJISIOT KOHIICHTPUPO-
BanHyt0 HNO3 10 Kucio peakiiuu cpenbl, K APyrol — KOHIIEHTPUPOBAHHBII pacTBOP
KI. HaGmronaroT BelnaieHHe 0CaaKoB WM TOMYTHEHHE PacTBOpA.

[Ag(NH3)2]Cl + 2HNO3; = AgCI| +2NH4NO;

[Ag(NHs);]CI + KI + 2H,0 = Agl| + KCI + 2NH,OH

bpomua-non Br-

1. C rpynnoBsiM peareHToM — pactBopoM AgNO:s.

Memoouxka: x 2-3 xamsam pactBopa Opomuaa, nogkuciennoro HNOs mpu6as-
nst0T 1-2 Kamm pactBopa HUTpara cepedpa. Brimamaer skenToBaThiii TBOPOKUCTHIN
0CaJIOK, TPYIHO PACTBOPUMBIN B BOJHOM pPacTBOpE aMMHaKa, HEPACTBOPUMBIN B
(NH4)2CO:s.

2. C xnopamuHoM b unu xsiopHo# BoAoOH (3KCTpaKUMOHHBIN c110c00).

© + 2HCl =— © + NaCl + Cl,

O—S—N Na O—S—NH2

O Cl O
2Br -+ Cl, = 2CI~ + Br»
Memoouka: ¥ 2 KarisiM pacTBOpa, COJEp Kailiero OpoMU-UOH, MPUOABISIOT
2 karu pasoasinennoit HCI, 3-5 kamens xnopodopma u 3-5 karum xjaopamMuHa, B30a-
ThIBatOT. Ciio#t XJ10podhopma OKpaIimBaeTcs B xKeIATO-OyphIii 1IBET.
HNoaunn-noHsl TOKHBI OTCYTCTBOBATh WM MX MPEBAPUTEIBHO OKHUCISIIOT 10
HOTHOBATOM KHUCIIOTHI (CM. peakluu ¢ XJIopHOU Boor miin KMNOy).

46



HNoaua-vionnl |-

1. C rpynnoBeiM peareHToM — pactBopoM AgNO:s.

Memoouka: K 2 KaruisiM pacTBopa UOJIU/1a, TOJKUCICHHOTO a30THON KUCIOTOM,
100aBysIOT 1-2 Karm pacTBOpa HUTpaTa cepedpa, 00pa3yeTcs KelThlii TBOPOKUCTHIHI
0CaJIOK, HEPaCTBOPUMBIN B pacTBOpe amMuaka u pazdasiennoir HNOs.

2. C xmopugom xene3a (111) B kucioit cpene (3KCTpaKIIMOHHBIN CIIOCO0.

21 + 2Fe¥ = I, + 2Fe*

Memooduxa: x 2-3 KarisiM pacTBOpa, COAEPIKAIIEro U0 I-UOHBI, TPUOABIISIOT
1-2 xamm pa36aBIeHHON cepHOM KUCIOTHI, 0,5 mit xsmopodopma, 2-3 Karmim pacTBopa
xynopuna xenesa (1), suepruuno BerpsxuparoT. Xi1opohOpPMHBIN CI0M OKpaIlTuBaeTCs
B po3oBaTo-(proseToBslii 1BeT. [Ipu q00aBIeHNN pacTBOpa Kpaxmaa MOsSBISIETCS CH-
HsIs OKpacka. [ Ilpumeuanue: OOHAPYKEHUIO HOTUI-UOHOB ¢ Xytopuaom xkenesa (1) me-
[IaI0T TUOIIMAHAT- U alleTaT-uOHBI.

3. Hutputom HaTpusi MOKHO OTKPBITh UOAUI-UOHBI KaNleIbHBIM METOIOM:

21"+ 2NO; +4H" =1, + 2NO + 2H,0

Memoouka: Ha (GUIBTPOBAILHYIO Oymary HaHOCST IMOCIEI0BaTeNbHO Mo |
Karule pacTBOpoB kpaxmana, 2 mons/am® CH3COOH, noguna 1 KN02- Ha6mongaror
CHHEe MATHO WX KOJIBILIO.

Peakiust ¢ HUTpUTOM HaTpusl B KHCIIOHN cpese cnenupruyHa U Mo3BoJIIeT OOHa-
PYKUTb UOAUI-UOHBI B MPUCYTCTBUU XJIOPHUJI-, OpPOMU/I-, all€TaT-HOHOB.

4. C KOHILICHTPUPOBAHHOM CEPHOM KUCIIOTOM.

2HI + HzSO4(KOHH_) = |2l + SOQT +2H,0

Memoouxka: nipu HarpeBanuu 0,1 r BemectBa ¢ 1 mu koHieHTpupoBanHOM HySO4
BBIJICIISIFOTCS (DUOJIETOBBIE TTAPhl HOIA.

5. C xnopamuHoM b (XJ10pHO# BOJIOM) C BBIAEIEHUEM MOJIEKYJIIPHOTO MO/Ia.

6. C comstmu cBuHIa (11) ¢ 06pa3zoBaHMEM KEJITOrO OcajIKa:
21~ + Pb?* = Phbl,|.

Tuonuanar-mnon SCN-

1. C consamu xenesa (111) c oOpazoBanreM oKpaeHHOr0 KOMILIEKCHOTO COEIH-

HEHHSL.
3SCN~ + Fe®* = [Fe(SCN)s]

Memoouxka: x 3-5 KarisiM UCIIBITYEMOT0 pPacTBOpa NpUOaBIAIOT 1-2 Kariu conu
xenesa (111), Bo3HukaeT KpoBaBO-KpacHOE OKpalluBaHUE.

[IpoBeneHuo peakiuu MemaoT alerar-, pocdar-, apceHar-, PTopua-, HUTPUT-
Y MOJTA]I-UOHBI.

2. C conamu koOanbta (l1) (3KCTpakiMOHHBINA cI0cO0) ¢ 00pa3oBaHUEM KOM-
IIJIEKCHOTO COETMHEHHS.

4SCN- + Co?* = [Co(SCN)4]*

Memoouxa: x 1 kame conu kob6anpta (1) mpubasisror 5-6 Karenab HCIBITye-
MOro pacTBopa (KOHILIEHTPHUPOBAHHOTO yrnapuBaHueMm), 0,5 MJI CMeCH aMHJIOBOTO
cnupta ¢ 3pUpoM U BCTpaxuBaroT. Clioil OpraHnyecKoro pacTBOPUTENS OKPAILIMBAETCS
B CUHUM LIBET.
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YeTBepTas aHAJIUTHYECKAS IPYNIa AHHOHOB
NO;, CH;COO~, CsHsCOO~, CsH:OHCOO™

UetBepTas rpynna oObeAUHSIET aHUOHBI, HE UMEIOIIKUE PYIIIOBOTO peareHra.
AHUOHBI 3TOH TPYIIBI HE 1aI0T ra3000pa3HbIX MPOAYKTOB C pa30aBIE€HHBIMU MUHE-
pabHBIMU KUCJIOTAaMHU U HE 00pa3yloT OCAJIKU C paCTBOpaMU CoJiel Kallblius, Oapus u
cepedpa. Jlns CH3COO™, CeHsCOO, CeHa(OH)COO™ moHOB 0OIIMM pearecHTOM SIB-
asetcs xiaopun xeesa (111).

Hutpar-uon NO ; sBiseTcs aHMOHOM CHJIbHOM a30THOM KHCIIOTHI; arerart-

CH3COO, 6ensoar- CgHsCOO™ u canunmiat CeH4OHCOQO™ noHbBI — aHMOHBI C1a0BIX
oprannueckux kucior CHsCOOH, CeHsCOOH u CeH OHCOOH. Conu meno4nsix
METaJUIOB OPTaHUYECKUX KHCIIOT B BOAHBIX PACTBOPAaX THIPOJIMN30BAHBI M UMEIOT OC-
HOBHYIO peakiuto cpeasl (pH 8-10).

OKucIuTEILHO-BOCCTAHOBHUTEILHbIE CBOIICTBA

Hutpat-uon NO; mposiBnsieT okuciauTeabHbie cBoicTBa. OHU 3aBUCIT OT KOH-

[EHTPAILlMU HUTPATOB (230THOM KUCIIOTHI), PEAKIIUU CPEMIbI U AKTHBHOCTH BOCCTAHOBH-
tenst. Hampumep, konnentpupoBanras HNO3; B3auMoaeiicTByeT ¢ cyabhuaamMu u ce-
POBOZIOPOJIOM ¢ 0Opa3oBanueM okcuja azora(lV).
H,S + 8HNO3 = H,SO, + 8N02T + 4H,0
YmMmepenno pazbasinennass HNO; BzaumopeiictByeT ¢ oopazoBanuem NO:
3H,S + 2HNO;3; = 3S] + 2NO1 + 4H,0
OxucnurensHas pyakius NO; -uoHa ucnonb3yercs s ero JpoOHOTo 0OHapy-

KEHHUs ¢ MeTauTndeckuM ZN miu Al B CHIIbHO-OCHOBHO# cpefie — BbIACISCTCS Ta3000-
pa3HbIl aMMHAaK, OOHAPY>KUBAEMBIN 110 TMOCUHEHUIO BIAXKHOW KPAaCHOM JIAKMYCOBOM
Oymaru.

NO; +4Zn+70H =NH31 +4 ZnO; +2H,0

NO, + 8Al +210H =3NH;37 + 8AIOS + 6H,0

Memoouxka: k 4-5 KaruisiMm pacTBopa, COAEPKAILEro HUTPAT-UOHbI, TPUOABIIAIOT

6-7 kamenb KOHIIEHTpUpoBaHHOTO pacTBopa NaOH 1 HEMHOTO METaUTMYECKOTO ITUHKA
uny amroMuHus. [IpoOupKy HEMJIOTHO 3aKPHIBAIOT BATOM, MOBEPX KOTOPOM MOMEIIAIOT
BJIQXKHYIO KPACHYIO JAaKMYCOBYIO Oymary u HarpeBaroT Ha BOJssHOM OaHe. bymara cu-
HeeT. OTKpBITHIO HUTPAT-uOHOB AToM peakuueit memaror NO;,, NH;, SCN™u ap.

Annonsl CH3COO™, CgHsCOO~, CsH,OHCOO™ nranddhepeHTHBI 110 OKUCIIH-

TEJIbHO-BOCCTAHOBUTEIBLHBIM CBOWCTBAM.
XapakTepHble peakuuu
Hurpar-uon NO,

1. C nudenmnamuaoM B cpejie KOHIIeHTpupoBaHHOM HzSO4.
JludbeHnnaMuH OKHUCISIETCS a30THOM KHUCJIOTOW BHadajlie B OECIBETHBIN
N,N-mudennnoeH3uarH, 3aTeM B «IH(PeHUIOCH3UINH (PHOJICTOBBIIN:
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H +2NaNO;
2 N 5 NaSO,+2NO,+2H,0 +
+H,S0,
H H
+ N N
[0] | -H2O
N —— N

OO~

Memoouka: B cyxyto (happopoByro yailiky (TUreib) MOMEIIAIOT KPUCTATIIUK
auQeHnIaMruta, TpruoaBIsIIOT HECKOJIBKO Kareidh KOHIeHTpupoBaHHoW HySO4 1 1-2
KalJTd pacTBOpa, COJEpKallero HUTpaT-uoH. l[losBiseTcs WHTEHCUBHAS CHHAS
okpacka. Peakius ayBcTBUTENbHA, HO HecniennpuyHa. MemaroT okucautenu — NO; ,
Fe**, MnO; u 1.1. u Boccranosurenn — S%, SO2, S0, | u ap.

2. C MeTaimn4ecKoi Mesiblo B cpesie KoHleHTpupoBaHHOU H2SOs.

2NaNO; + Cu + 2H,S0O, = CuSO, + 2N02T + Na,S0,4 + 2H,0

Memoouxka: x cyxomy BemiectBy (0,002-0,005 r HuTpara-noHa) npubaBiIsAIOT MO
2-3 Karu BOJABI U KOHIIEHTPUPOBAHHOW CEPHOM KUCIIOTHI, KyCOUYEK METAUTNYECKON
MEJIM U HarpeBaloT, BBIACISAIOTCS Oyphie maphl okcuaa azora (1V).

3. C cynwsdarom xkenesa (11).

2NaNO; + 6FeSO,4 + 4H,S0, = 3F€2(SO4)3 + Na,SO,4 + 4H,0 + 2NO1
NO + FeSO, = [Fe(NO)]SO4

Memooduxa: Kk 2 KarisiM HCTIBITYEMOTO pacTBOpa HUTpaTa Ha XOJIOAY Mpubas-
as10T kpuctauk FeSOs u 0cTOpOKHO MO CTEHKE MPOOMPKH KOHIIEHTPHUPOBAHHYIO
H,SO,4. HabmomaroT KopuYHEBOE KOJIBLIO BCIEACTBHE 00Opa3oBaHUs Cynb(ara HUT-
posoxkenesa (1) [Fe(NO)]SO,4. Memmarot |-, Br, a Takske aHHOHBI-OKHCIIATEIIH.

4. C pactBopom KMnOy4 B cepHokuciion cpeae. HabmonaroT HeMCUYE3aroIyro
PO30BYIO OKpacky pactBopa (B oriauuue oT NO;-aHnoHa, 00eCIIBEUMBAIOIIETO pac-
tBOp KMNQOy).

Oo6napy:xenuto NO ; -noHa peakuusiMu ¢ TuEHUIAMUHOM U CYJIb(PaToOM Kelie3a

(I) memaer mpucyrcteue NO;, -noHa, MO3TOMY HEOOXOIUMO 3HATH CITIOCOOBI pa3py-
IIICHUSI HUTPUT-HOHOB.

Cnoco0bl pa3pylieHusi HUTPUTOB

1. OcTopoxHOE HarpeBaHUE PAcTBOpPa C TBEPJBIM XJIOPUIOM aMMOHHS (WM

cyJib(aToM aMMOHHUS).
NH?1 + NO; = NQT + 2H,0O
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2. OCTOpOKHOE HArpeBaHUE PACTBOPA C MOUEBUHOM B KUCIION CpeAe.
H,NCONH, + 2NO£ +2H" = COzT + ZNQT + 3H,0O
Memoouka:. B 4-8 Karuisix ucciaeayeMoro pactBopa pactBopsitor 0,1 r© moue-
BUHBI, 3aT€M JI00aBJISIOT MO KarjisiM 1 MOJIB/J1 pacTBOp cepHOM KUCIOTHL. [Ipuuem kax-
AYI0 CICAYIOUIYIO KaruTio JOOABISIIOT MOCE TOT0, KaK 3aKOHUYUTCS PEaKIUsl C TPE/Ibl-
nyumen kared. JlobaBieHre pacTBOpa KMCIOThI MPOJIOJIKAIOT 10 MPEKPAIEHUs BbI-
JIEJIeHHS] Ty3bIPHKOB rasa.

Anerar-uon CHsCOO~

1. Peakuust sTepuduKaiiy ¢ STUIOBBIM CIIUPTOM B IPUCYTCTBUU KOHIIEHTPUPO-

BAHHOM CEPHOU KUCJIOTBHI.
2CH;COONa + H,S0O,4 = 2CH3COOH + Na,SO4
CH3COOH + C,HsOH = CH3COOC,Hs + H,O

Memooduxa: 2 M pacTBOpa aierata HarpeBaloT C paBHBIM KOJIWYECTBOM KOH-
LEHTPUPOBAHHOU cepHOU KUCHOTHI U 0,5 Mt 95% cnmpra; omymaercs: XxapakTepHbIN
3arax JTujarerara.

2. C xnopumom xenesa (111)

3CH3COO™ + Fe** = Fe(CH3COO0);

Memoouxa: K HECKOJbKHM KaIlIsIM HEHTpPaIbHOI'O HCCIEIyeMOro pacTBopa
npubasisitor 1 karumo pactopa xiopuaa skenesa (l1). Tlomydaercst kpacHo-0ypoe
OKpallIMBaHUE BCJIEICTBUE 00pa30BaHUs PACTBOPUMON CpeIHEH COJM — alerara xe-
ae3a (I11), koTopsrii:

a) HepacTBOPHUM B d¢upe 1 xstopodopme (B oTiiMure ot Tuorranara xenesa (11));

0) mox necTBUEM 2 MOJIB/J pacTBOpa XJIOPOBOJOPOJAHOU KUCIOTHI U3MEHSET
OKpacKy Ha OJIeJTHO-)KEJITYIO;

B) Mpu pa30aBICHUM BOJAOW M HarpeBaHUM O0Opa3yeTcs OCaIOK TUIPOKCOCOIH
KpacHO-0yporo 1BeTa.

(CH3COO)3F€ + 2H,0 = FG(OH)zCHgCOOl + 2CH3COOH

BrlnonHeHHIO peaklui OTKPBITUS alleTaT-uoHa ¢ xjopuaom sxenesza (I11) me-
maroT KapooHar-, cynbdua-, rexcanuano(ll)beppar-, THonanar- u MOAU-UOHBI, KO-
TopbIe MO0 ocaxaaroTcs coysamu xkenesa (111), 1nbo BeTynaror B peakiiuyu OKUCICHUS
-BOCCTaHOBJICHUS WJIM KOMIUIEKCOOOpa30BaHusl, HAIIpUMeED:

Fe3* + 3SCN- = Fe(SCN);
2Fe3 + 21" =2Fe ?* + I,

Meraroniee BIUSTHIE HOHOB JIOJDKHO OBITh YCTPAHEHO JI0 TOTO, KaK MPUCTYTISAT
K OTKPBITHIO alleTaT-uoHOB XyiopuaoM sxenesa (I11).

3. C tBepabIM rusipocyibhaTom HaTpust (Kayus).

Peakiust BBIMIOTHSIETCS «CYXHM» MYTEM — MOPOIIKOBBIA aHAMN3 (TIPEII0OKEH B
1918 r. pycckum yueHbiM xuMukoM @. M. dOnaBunikum).

CH3COONa + NaHSO,4 = CH3COOH + Na,SOq4

Memooduxa: 1 M UCTIBITYEMOTO pacTBOpa BhIMapUBaloT B GpaphopoBoil yaiike
70cyXxa, OXJIaKIAI0T, K CyXoMy ocTatky n06asisator.0,1-0,2 r cyxoro ruapocyibdara
HaTpus (KaJiis) U pacTUPAIOT MECTUKOM. BBIAENSIONIyIOCS YKCYCHYIO KUCIIOTY OIpe-
JEJIAI0T OpraHoJeNTHYECKHU (TI0 3amaxy).
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3. Pemienne 3a1a4 Ha pacno3HaBaHUe HEOPraHUYECKUX BelEeCTB
CIOCO00M MONAPHOT0 CMelIeHUst

XOpo1ei MKOI0W pa3BUTHS JTOTUYECKUX PACCYKICHUM, aHATUTHYECKOTO MO/I-
xo/1a K (pakTam, yMeHHs 0000IIHUTh X, IPUHUMATh Ha OCHOBE 3TUX 0000IIICHUH Ompe-
NEJICHHBIE PEIICHUS SBJISIIOTCS PEIICHHE 3a/1a4 HAa PACIIO3HABAHUE BEIIECTB.

OTH 3a/1a4u OTHOCATCS K TUITY KQYECTBEHHBIX 3a/1a4, HE TPEOYIOIIUX PacueToB,
HO JIsl PEIICHHS TaKuX 3a71ad HEOOXO0IUMO TIyOOKOE 3HAHHE TEOPETUYECKOTO MaTe-
puana, yMEHUE JIOTUYECKU MBICIUTh. KOHbIE XUMHKU, OOBIYHO XOPOIIO 3HAKOMBIE C
ONMUCaTEIbHON XUMUEH, 3HAIONINE CBOMCTBA U 00JIACTH MPUMEHEHUS BEILIECTB, YaCTO
UCTIBITHIBAIOT TPYAHOCTH U3-32 OTCYTCTBUS KYJIbTYpPbl XUMUYECKOTO MBIIUICHUS, U3—
3a HEYMEHUSI HAalTHU HECTaHJapTHhIE MMyTU MIPUMEHEHUSI CBOMX 3HaHUM. Pelienne ka-
YECTBEHHBIX 3aJ1ay MO OMPEICICHUIO BEIIECTB, HAXOASIINXCS B CKIISTHKaX 0€3 3THKe-
TOK, IPEANOJIaralT NPOBEACHUE PsAJla OPUTUHAIBHBIX JOTUYECKUX M MPAKTHYECKUX
omeparui, Mo pe3yjabTaTaM KOTOPBIX MOYKHO OMNPENENIUTh, KAaKO€ BEIIECTBO COJIEP-
YKATCS. B TOW WJIM UHOM CKJISTHKE.

3agauM Ha pacrloO3HABAHUE BEILIECTB YACTO BKIIOYAIOTCA B XUMHYECKHE OJIUM-
MIAA]Ibl WIN SIBJIAIOTCA KOHKYPCHBIMU Ha BCTYIIUTENIbHBIX S3K3aMEHAaX B BY3bl.

XapakTepHOil UX 0COOEHHOCTBIO SIBJISICTCS] IPUMEHEHHUE YKE U3BECTHBIX 3HAHUHN
B HECTaHJAPTHBIX ycJoBHsIX. CTaHIApTHBIMU HAa3bIBAOT 3aJa4M, JJISI KOTOPBIX €CTh
onpeaeeHHbIN, pa3padoTaHHbIN yTh peleHus. HecranapTHbie 3aa4u HE MOTYT pe-
IIEHBI 10 TOTOBOM METOAMKE, OHU TPeOYIOT 00Jiee BHICOKON MBICIMTEILHON JesATEb-
HOCTH y4yamuxcsi. Ho mpoBecTH 4eTKyro T'paHMIly MEXAY CTaHAAPTHBIMU W HECTaH-
JTApTHBIMU 3aJja4yaMy HE MpeJCTaBIIsIeTCs BO3MOXKHbIM. CTaHIapTHas 3a/1aua peBpa-
TUTCSI B HECTAHJAAPTHYIO, €CIU €€ MPEIJIOKUTh yJallluMCs, KOTOPBIE ellle HE BIaJICOT
TPEOYIOIUMHUCS ISl PELIeHUsl coco0aMy U MpUeMaMH. YdJalluecs, Mo CyUIECTBY,
JIOJKHBI 3aHOBO OTKPBITH €€ JIJIs CeOs.

Bot npumep 3agaun, KoTopasi BHaUaJIe KaKeTCs HECTAaHAAPTHOW, HO IIpeBpalla-
€TCS B CTAaHAAPTHYIO IIPU OBJIAJICHUU TPUEMOM PEIIEHUSI.

«B mATH TPOHYMEPOBAHHBIX TPOOUPKAX HAXOATCA PACTBOPHI XJopuaa Gapus,
KapOoHaTa KaJus, COJISTHON KHCIOThI, CEpHOM KUCIIOTHI, Cylb(hara HaTpusi. Kak MOxKHO
Pa3JIMYUTh 3TH PACTBOPHI, HE UCIIOJIB3YS JOTIOJHUTEIbHBIE PEAKTUBBI?)

Korma 3agaun Takoro Tura ObUIM BIEPBBIC MPEJIOKEHBI HA OJIMMITHA/IAX, UX
MOYHO OBLIO HAa3BaTh HECTAHAAPTHBIMU, T. K. OHU HE MOTJIM OBITh PELIECHbI IO UMEIO-
uMcest madjoHaM. A Jiyisi MHOTHX IIKOJIBHUKOB OHU OCTalOTCSl HECTaHIapTHBIMU, T10-
CKOJIbKY C aJITOPUTMOM PEIICHUS TTOJA00HBIX 3a/1a4 OHU HE BCTPEUYAIIHUCH.

Ho co BpemeHneM Obuta pazpaboTaHa yeTKass METOJAMKA PEIICHUs TaKUX 3a7ad —
METOJ] IEPEKPECTHHIX B3aUMOICUCTBUN (MM MOMapHbIX cMmenieHuit). [losBnenue ta-
KOT'0 METOJIa B METOJAMYECKOM JIUTepaType, a TOUHEE arOpUTMa PEIICHUs TTOJO0OHBIX
3a/1a4, TPEBPATUIIO 3aa4M ATOrO TUIIA B 3aypSAHBIE 3a]1a4 JI1 XUMUYECKUX OJIUM-
nuay (Jamie Uit IpaKTudeckoro Typa)t.

Pacnio3naBanue BemiecTB CriocoOOM MOMAPHBIX CMEIIEHUN CBOAUTCS K CIIEIYIO-
IIUM 3Taram.

L Takue 3aJaquu CTaJId TPpaAULIUOHHBIMU JJIA MPAKTUYCCKOI'0 Typa o0J1acTHOM OJIMMITUAABL JJId yHalluXCs 9 kiracca
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Ilepevim 3manom pelieHys SBISETCS aHAIW3 YCIOBUS 3a/1a4d, MPEICTaBIISIO-
MK co00il coCTaBlIeHUE TJIaHA IEWCTBUIN IO ONPEAEIICHUIO BEIIECTB U Ipeoarae-
MbI€ pe3ynbTatThl. J{Jis 3ancH pe3yaIbTaTOB pacCyKAECHUI NUCIIOIb3YETCS ClIEUaIbHAs
Tabnauna — mampuya (TabauIa BO3MOXKHBIX B3aUMOJIEHCTBHIN), B KOTOPO 0003HAYCHBI
(GopMyJIbl ONpeeNIEMbIX BEIIECTB 110 TOPU30HTANIN U BEpTUKaIU. B MecTax nepece-
YEeHUsI TOPU30HTAIbHBIX U BEPTUKAJIbHBIX CTOJIOLIOB MOIYYaeTcs KJIETOUYKA, B KOTOPYIO
3aMKCHIBAIOTCS MPENAIOIaraéMble pe3yJbTaThl HAOIIOACHUN NPU MAPHOM CMELIEHUH
yYKa3aHHBIX BellecTB. B 3Tol rpade yka3piBaeTCsl M3MEHEHHUE 1[BETA, 3amaxa, a TaKkKe
3HAKaMHU:

1 — BBIJEJICHUE ra3a; | —oOpaszoBanue ocajka,
— — OTCYTCTBHE BHIUMBIX U3MEHEHUH.
B 31011 e K1eTouKe MOXKHO 3anucaTh (OpMyJIIbl MPEANOIaraéMbIX COSTUHEHUIA.

Ecnu mo ycioBHio 3aaud BO3MOXXHO MPUMEHEHHE TOTIOTHUTEIBHBIX PEaKTH-
BOB, TO PE3YyJIbTaThl UX IPUMEHEHHUS JTyYIlI€ 3al1CaTh NIEPE]l COCTABICHUEM TaOJIMIIbI.
DTUM YHCIIO ONIpeEIIiEMbIX BELLIECTB B Tabu1le OyIeT COKpalleHo. Pe3ynbraTel npes-
BapUTEIBHBIX UCTIBITAHU (I[BET U MPO3PAYHOCTh, CPEla UCXOIHBIX PACTBOPOB, OIpe-
AenseMas WHAMKATOpaMH), €CJIM 3TO JOMYCKAeTCsl MO YCJIOBHIO, HaJIM4YWE 3araxa
TaK)K€ YKa3bIBaIOTCS MEPE]] COCTaBICHUEM TaOIUIIbL.

Taxum oOpa3om, Ha IEPBOM 3Tare NPOUCXOIUT:

a) MpeIBapUTEIIbHOE 00CYX ACHUE OTAEIbHBIX PEAKIIUN U BHEIIHUX XapaKTepH-
CTHK BEIIIECTB,

0) 3anuck (HOpMyJ U IpeaAroIaraéMbIX pe3yjJbTaTOB NONApHbBIX PEaKIil B Ta0-
JIUITY IKCIIEPUMEHTA, TIPOBOIUMOTO «B YMEM.

Bmopoii s3man — 310 IpakTUUECKUI 3TaIl, 3TO MIPOBEACHHUE IKCIIEPUMEHTA B CO-
OTBETCTBUU C 33yMaHHBIM IIJIAHOM.

[TpoHymepoBaB MpOOHUPKHU (ECIIM ATO HE CIEIAHO 10 YCIOBHIO), CIMBACM HE-
00JIbIIIME TOPIUHU KaXJA0r0 pacTBOpa ¢ ApyIrMMH pacTBOPAMHU U OTMEYAEM BO 8Mopoul
tabmuie (Tabiuile peaqbHOTr0 SKCICPUMEHTA) PE3yJIbTaThl ATUX B3aUMOICHCTBHIA.

B nensix 3KOHOMHUM PeakTUBOB U 0€30MaCHOCTU IKCIEPUMEHTA MOXKHO MPOBO-
IUTh MCCIEAOBAaHNE C KaIJIIMU aHAIM3UPYEMbBIX PAacTBOPOB, BBIMOJIHSS PEAKIMHU HA
MpEeIMETHOM CTEKJIEe WJIH JIF0OOM KyCKe CTeKJia HeOOJIbIINUX pazmepoB. 1 3Toro uc-
CJIETyeMbI€ PACTBOPHI OEPYT CTEKISHHBIMU TPYOKaMU C OTTSHYTHIMM KOHUHMKAMH —
KaneJabHbIMU NMUIEeTKaMu. HaHecs Ha CTEKNISIHHYIO IJIACTUHKY Pa3HbIMU MUIETKAMU
(WM OAHOW MUIETKOM, HO ¢ 00s3aTENbHON MPOMBIBKON AUCTUIITUPOBAHHOW BOJIOM)
KaIlJId pacTBOPOB, UX COCAUHSIOT CTEKJIIHHOM MTAJIOYKOU U IIepeMeInnBaroT. s myy-
[IETO PAaCCMOTPEHHUS pe3yabTaTa B3aUMOJEHCTBUS MO/ MIIACTUHY MOYKHO TOJIKIIa/IbI-
BaTh JIUCTKH OeJIoi mim yepHoi Oymaru (hoH), B 3aBUCHMOCTH OT I[BETA Mpe/Ioara-
€MOT0 pacTBopa WiH ocaaka. [locne kaxxaoro B3sSTUS POOBI MUTIETKAMHU U CMEIINBA-
HUS Kareib MaJloYKaMH, MTUTIETKH U JIPYTYI0 MCIIOJIB30BAHHYIO MOCYAY HE0OX0IUMO
THIATEFHO MPOMBIBATh BO N30€KaHNE 3arpsI3HEHUS PEaKTUBOB U MCKAXKEHUS PE3yJib-
TaTOB MCCIICAOBAHUS.

Tpemuii 5man penieHus 3aJa4u — aHAJIU3 PE3yJIbTATOB PEAKIIMHU U COOTHECEHUE
UX C KOHKpeTHBbIMU BeriecTBaMu. CyTh €ro 3aKJII0YaeTcsl B CPaBHEHUH JIBYX TaOJIUILL —
MBICJIEHHBIX PACcCYXICHUN U peasIbHOTO 3KcrepuMenTa. Eciau s [ByX BelecTs Mo-
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Jy4aroTCsl OJIMHAKOBBIE PE3yJbTaThl, ©X MOKHO OyJeT WIeHTU(DUIMPOBATH C TIOMO-
IIBIO YK€ PACTIO3HAHHBIX BEIIECTB WM MO KAaKUM-THOO0 IPYTHUM aHATTUTHYECKUM IPH-
3HaKaM, IO JIOTIOJTHUTEIHHBIM YCIOBHUSM, COJEPIKAIIMMCS B TEKCTE 3aJaHusI.

Heo0xoaumMo MoA4epKHYTh, YTO TPEATOIaraeMblii pe3ynbTaT U pealbHBINA HE
BCEr/ia MOJIHOCTHIO COBIMAIAIOT, T. K. peajbHbIC PEAKIIUU OCYIIECTBISIOTCS MPH OIpe-
JICIIEHHBIX KOHIIEHTPAILUAX, TEMIIEpaType, OCBEIIEHUH, U30BITKE WIH HEIOCTATKE O/I-
HOTO M3 YYaCTHUKOB PEAKIINH, ONPEICTICHHON KUCIOTHOCTH WIIH IICIOYHOCTH CPEJIbI.

Hanpumep, mpu 37€KTpUYECKOM CBETE OCaJIKHU XJopuaa U Opomuaa cepedpa
UJCHTUYHBI, PA3JINYUE B OKPACKE CTAHOBUTHLCS 0OJIee SIBHBIM ITPU €CTECTBEHHOM OCBE-
meHuU. MBICIICHHBIC PacCy KICHUS YacTO HE YUYUTHIBAIOT MHOTHX Mejoueid. Hemocra-
TOK XUMHUYECKHUX 3HAHUH MOKET MMPUBECTH K HEBEPHBIM 0’KHIa€MbIM Pe3yIbTaTaM, KO-
TOpBIe OYIyT MPOTHBOPEUUTH PEATBHOMY 3KCIEPUMEHTY. TaKuX MPUMEPOB MOXKET
OBITH MHOTO. Tak OpoMHas Bojia MPEKPACHO 0OECIIBEYNBACTCS PACTBOpAMU KapOOHaTa
HATpUs, CUJIMKATa HATpHs, alleraTa HaTpus (JI'0OOH COJIbIO, KOTOpas TIPU THAPOJIM3E
JIaeT MISJIOYHYIO CPE/y), TOCKOJIBKY B IIEJTOYHON Cpeie MOJICKYIISIPHBINA OpoM MpeBpa-
mjaeTcsi B Opomu- U runodpomua-uonsl. Odpazopanue ocaaka AgsPO4 He nmpoucxo-
JIUT B CHJIBHOKHCIION cpefie, T. K. caMa KHCIIOTa He JJaeT 3TOW PEeakIuy U3-3a TOTo, 4TOo
HepacTBOpUMBIN GocdaT cepedpa cpasy ke NpeBpalaeTcsi B pacTBOpUMbIE TUIpodoc-
dar u quruapodocdar cepedpa. ['murepun o6pa3yeT KOMIUIEKC IPKO-CHHETO IBETA C
Cu(OH)2, Ho He 00pasyeT ¢ ocHoBHOM cobto (CUOH),SO4, KoTOpas oopasyercs, eciu
HeT u30bITKa menoun. [Ipu nqoGasnenuun k pactBopy cyibdara menu (l1) pactBopa
aMMHaKa ciadoil KOHIEHTpAllUK BMECTO OXKHJIaeMoro ocajaka ruapokcuaa meau (11)
rojiyooro IBeTa MOJy4aeTcs ToJyOOBaTO-3€JEHBINM OCaIoK Cylib(ara THAPOKCO-
meau(l) (CuOH),SO,. ITpu npuiMBaHuy N30BITKA pacTBOPa aMMHaKa BMECTO OXKH/Ia-
€MOTO OIAATh ocaaka ruapokcuaa meau (II) momyyaeTcs pacTBOp SIPKO-CHHETO IBETA.
O10 o00pa3zoBaioch KOMIUIEKCHOE coeauHeHue cynbdar Tterpaammuamenn (II)
[CU(NH3)4]SO4

Takum oOpa3oM, pealibHasi CUTYyaIls HE BCETJ]a COTJIACYETCS C TEOPETHUECKUM
MIPOTHO30M U Pe3yJbTaT TaOJUIIBI-MATPHIIBl «UJeaTa» U PeaJTbHOCTH WHOTJA OyIyT
OTJINYATHCHA.

Jlns Toro, yToObl M30€KaTh MOAOOHBIX HEIOpa3yMEHHUH, HEOOXOIMMO HCITOJIb-
30BaTh BCSKYIO BO3MOXHOCTh OTPa0OTKE dKCIIEpUMEHTa Ha TpakTuke. W npu Hecos-
MaJICHUU pe3yJibTaTa ¢ mpeanoaaraeMpiM 00s13aTeIbHO HYKHO HAUTH TPUIYHHY !

Yemeepmotii Iman penieHns 3aa4u — 3T0 POPMYyTUPOBKA OTBETA 3a4a4H.

PaccmoTpum perienre noio0HbIX 3371a4 Ha KOHKPETHBIX ITPUMEpax.

Ilpumep I. B npOHYMEPOBAHHBIX CKJISIHKAX COJAEPHKATCS PACTBOPHI CIAEAYIOIINX
BEIIIECTB: HUTpaTa cepedpa, COJISTHOM KUCIIOThI, HUTpaTa CBUHIIA, aMMHUaKa U THAPOK-
cuna Hatpus. He ucnonb3ysa Apyrux peakTUBOB, ONPEACINTE, B KAKOW CKIISTHKA pac-
TBOP KaKOTO BELIECTBA HAXOAUTCS.

Pewenue. JIns penienns 3aa4u COCTaBUM TaOJIMITY-MaTPHILY, B KOTOPYIO Oynem
3aHOCHUTH B COOTBETCTBYIOIIME KBAJAPATUKHU PE3YIbTAThI MPEANOIAraéMoro B3anmo-
JIEHCTBUM BEIIECTB OJHHUX MPOOUPOK C APYTUMH:

1+2 — BeImagaeT Oeblil 0CagoK;

1+3 — BUAMMBIX U3MEHEHHI HE HAOII0aeTCs;
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1+4 — B 3aBUCUMOCTH OT TIOPSJIKA MPUITMBAHUS PACTBOPOB MOYKET BBITIACTH OCa-
JIOK, paCTBOPSIOIININCS B H30BITKE PEaKTHBA,;

1+5 — BeIMIaaeT 0cago0K OypOro IBETa;

2+3 — BBINAJAET 0CAIOK OEI0ro 1IBETA;

2+4 — BUIMMBIX U3MEHEHUN HE HAOII0IaeTCs

2+5 — BUINMBIX U3MEHEHUH He HAOII0naeTcs;

3+4— HabiroaeTcsl IOMyTHEHHE;

3+5 — BEITamaeT OCIbIi 0CATOK;

4+5 — BUIMMBIX U3MEHECHUH He HabmomaeTcs.

[To mpeaBapUTEIBHBIM UCTIBITAHUSIM MOYKHO PAciO3HATh PACTBOP aMMHUaKa — OH
MaXHET «HAIIATBIPHBIM CITUPTOMY, IPABUJIbHEE CKAa3aTh, YTO HAIIATHIPHBIN CITUPT MaxX-

HET aMMHaKOM.

BemecTna HCI Pb(NO3). NH4OH NaOH
AgNO AgCl] B 0Ca/iIoK Ag20]
gh®s OenbIi pacTBopsieTcs OypbIit
HC| AgCl% PbClzvi B B
OenbIit OenbIit
Pb(NO3): B Pb(OH)2| Pb(OH)2|
OenbIi IIOMYTHEHHUE Oeblii
NH.OH 0CaIoK B Pb(OH)2| B
! pacTBopsieTCs MIOMYTHEHUE
NaOH Ag20| 3 Pb(OH)2|
OypbIit OenbIit

Jlanee 3anuieM ypaBHEHHUS MMPOTEKAIOIINX PEAKITUH, KOTIa TPU CIIMBAaHUHN
HaOMoAaeTcst BUAMMBIN 3P PexT:
AgNO; + HCl = AgCl| + HNO3
2AgN03 + 2NH4OH = AgZOl + 2NH4NO;3; + H,O
AQg,0] + 4NH,OH = 2[Ag(NHs),]OH + 3H,0
2AgNO; + 2NaOH = 2AgOH| + 2NaNOs
2AgOH| = Ag,O| + H,O
Pb(NOs3), + 2HCI = PbCl,| + 2HNO;
Pb(N03)2 + 2NH,OH = Pb(OH)gi + 2NH4NO;
Pb(NOs3), + 2NaOH = Pb(OH);| + 2NaNOs
Ocanok ruapokcua ceunna (11) pacrBopsieTcst B u30bITKE pacTBOpa THAPOK-
cujia HaTPUS:

Pb(OH), + 2NaOH = Na[Pb(OH)a].

[Tox kakumMu ObI HOMEPAMH HE HAXOIMJIUCh PACTBOPHI BEILIECTB B IPOOUPKaAX,
JIOTUYECKH 00O0CHOBAHHBIM OYJET CIICAYIONTUI X0 PacIiO3HABAHHUS:

1) mepBbIM 10 3amaxy ONpeaeseTCs PacTBOP aMMHAKa;

2) pacTBOp aMMHakKa 00pa3yeT 0CaJloK; pacCTBOPSIOIIUICS B N30bITKE aMMHaKa
¢ uutpatoM cepedpa (ompenenuan AGNO;) u momytHenue ¢ pactsopom Pb(NO;),
(ompenenmu Ph(NO3),);

3) pactBop AgNO3 00pasyet Oypsiit ocagok ¢ NaOH (ompeaenuin pacTBOp THI-
pokcuaa Hatpus) u 6enbiii ocagok ¢ HCI (onpeaenumu HCI).
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Ilpumep 2. B niatu npoOupkax 6€3 STUKETOK HAXOIATCS PACTBOPHI THIPOKCH/IA,
cynbduaa, XJaopuaa, oauaa HaTpus 1 aMMuaka. Kak onpenenuTs 3TH BelllecTBa pu
MIOMOIIKA OJHOTO JOMOJHUTEIBHOTO peakTrBa? [IpuBeauTe npuMepsl ypaBHEHHUM pe-
aKIUH.

Pewenue. 3anadya nmeetr HECKOJBKO pemieHuil. [IpuBoaum aBa pelieHus, aeu-
CTBYS PaCTBOPOM MEJIHOT'O KyIIOpOoca U pacTBOPOM HUTpaTa cepeodpa.

N3 npenBapuTENbHBIX UCHIBITAHUM MO 3aMaxy MOKHO ONPEACIUTh PACTBOP aM-
Muaka. OnpeeneHre BeecTB Mo pe3yibTaTaM UCTIBITAHUI HE IPEACTaBISAET TPY-
HOCTH.

Pea- OrnpenensemMbie BENECTBA
TEHT NaOH NaS | NaCl Nal NH4OH
CuSOs | Cu(OH)2| | CuS| - Cul| + 1, [Cu(NH3)4]SO4
royryoou qep- pacTtBop Oypeer | SpKO-CHHUI NpU N30BITKE aMMHaKa
HBI
AgNOs3 Ag0] Ag.S| | AgCl] Agl| o0Opazyercsi 0CaioK, paCTBOPUMBII
KOpHYHe- yep- | Oenbrit KEITHIH B U30BITKE aMMHaKa
BRI HBIN

YpaBHEHUS peaKIUu:
2NaOH + CuSQO,4 = Cu(OH)2| + NaySOy;
Na,S + CuSO4 = CuS| + NaSOq;

NaCl + CuSO, # BuauMbIX M3MEHEHHH ¢ pa30aBICHHBIMU PAaCTBOPaMU HE HAOITFOIACTCS;
4Nal + 2CuSO4 = 2Cul| + I, + 2Na;SO,4 — conepkumoe OypeeT u3-3a BbIICICHUS Hoa.

Bonpeku npenmnonoxkeHusaM ydamuxcs Boinagaet ocanok He Culy, a Cul. Moaun
meau (I) — 3To BerecTBO 0€JI0T0 I[BETA C ClIerKa PO30BaThIM OTTEHKOM, HO 00pa3oBa-
HUE MOJIEKYJISIPHOTO M0J1a OKpaIINBaET CMECh B OyphIil IIBET, XapaKTEPHBIN I HO/I-
HOU BOJBI.

CuSO4 + 4NH,OH = [Cu(NH3)4]SO4 + 4H,0 —
MOJTy9aeTCsl PaCTBOPUMOE KOMIIJICKCHOE COSTMHEHNE NMHTEHCUBHO-CHHETO IIBETA;
2AgNO; + 2NaOH = 2AgOH| + 2NaNOs;
2AgOHl = Ag20l + H,0 —
THAPOKCHT cepeldpa pacagaeTcs B MOMEHT 00pa30BaHMsl YKe IPH KOMHATHOW TEM-
neparype;
Na,S + 2AgNO; = Ag,S| + 2NaNOs;
NaCl + AgNO3z = AgCl| + NaNOg;
Nal + AgNO3z; = Agl| + NaNOs;
2AgNO; + 2NH,OH = Ag,0O| + 2NH4NO3 + H,0;
Ag,0] +4NH,OH = 2[Ag(NHj3),]JOH + 3H,0 —

noJiy4yaeTcst OeCIBETHBIN pacTBOP FHAPOKCHIa quamMMutcepeopa (1).

IIpumep 3. B ueTsipex npobupkax 0e3 HaAMUCEH HaXOASITCSI BOIHBIE PACTBOPHI
TUAPOKCHIA HATPHSI, COJTHOM KUCIIOTHI, MOTamia u cyibdara anroMuuus. [Ipepio-
KHUTE CIOCO0 OMpeIeTICHUSI COJIEPKUMOT0 KaXKI0M MpoOHpKu 0€3 UCIOIb30BaHuUs J10-
MTOJTHUTEIILHBIX PEAKTHBOB.

Pewenue. CoctaBum TaONMITy MAPHBIX B3aUMOJICHCTBUM:
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Bemectsa NaOH HCl K2COs Alx(SO4)s Oggﬁlg;g{f;f”
- AI(OH)Ugl 1 ocagok
Oenbli
— CO21 — 1 ra3
Al(OH)3|
K2CO3 - OeJIplil + 1 ocanok u 2 rasa
CO21
Al(OH)3|
Al>(SO4)3 Aé(ea:g;l — Oenprii + 2 ocaaka u 1 ra3
CO21

NaOH + HCI = NaCl + H,0;

Al(SO4)3 + 6NaOH = 2AI(OH)3| + 3Na,SOy;

O0CaJIOK TMAPOKCH A A IIOMUHUA PACTBOPACTCA B I/I36I>ITK€ IejIo4u.
NaOH + Al(OH)3;] = Na[AI(OH),];
K,COj3 + 2HCI = 2KCI + H,0 + CO,1 — «BcKuIIaHuEY;
3K,CO3 + A|2(SO4)3 + 3H,0 = 2A|(OH)3¢ + 3C02T + 3K,S0Oq,.
O0pasyromuiicss kKapOOHAT aJFOMHHHUS Cpa3y MOBEPraeTcs MOJTHOMY H HeoOpaTu-
MOMY THAPOJIU3Y, B PE3yJIbTATE YETr0 00pa3yeTcst 0CaI0K MHIPOKCHIA ATFOMUHUS U
BBIJICIISICTCA yrHeKHCJIBIﬁ ras.
I/ICXOI[H nu3 Ta6HI/IHBI pe3yﬂBTaTOB I10 qI/ICHy BBIMTaJAOIINX OCAAKOB U BBIICIIA-

IOIMUXCA Ia30B MOJKHO OIIPCACIIUTDb BCC BCIICCTBA.

Ilpumep 4. B nTH TPOHYMEPOBAHHBIX MPOOUPKAX HAXOJATCS PACTBOPHI CIIETY-
rorrux BemecTB: NaOH, Pb(NOs),, Na,SOs3, Nal, AgNO:s.

1) ollcHMB BHEIIHUN BU PACTBOPOB, HCKIIOYMTE HAIMYME B HUX KaK MUHUMYM
5 KaTHOHOB U 5 aHMOHOB (OOBICHUTE CBOE PEIICHNE);

2) He WCIIOJIb3YS IPYTUX PECAaKTHBOB, ONPECIIUTE, KaKHE BEIIECTBA HAXOIATCS B
K101 mpoOupkKe;

3) HanMIIUTE ypaBHEHUS IPOMCXONAIINX PEAKLIUIAZ,

Pewenue

1. B mpeicTaBieHHBIX Ha aHAJIW3 PACTBOPAaX HE MOTYT IPUCYTCTBOBATH
— CJIeIYIONME TUAPATUPOBAHHBIE KATHOHBIL:

Fe3* — pactsopsl, comepxkamue katuoHsl xenesa (1), umeror xenryro umm
KpacHO-0ypYIO OKpackKy;

Cu?* — pactsopsl, cozepsxamue katuonsl Meau (11), UMeroT romydyro okpackys;

Ni2* — pacTBOpBI, conepskamye katnoHbsl HUKens (11), IMEroT 3eneHyro OKpacky;

Co?" — pacTBOpEL, coaepxainue kKatnonsl kobansta (11), uMeror pozoso-duone-
TOBYIO OKPacKy;

Cr3" — pactBopbl, conepsxkarue katuonsl xpoma (111), umeror 3enenyro umm ¢u-
OJIETOBYIO OKPAcKy;
— CJIIEIYIOIINE aHUOHBI:

MnO, — pacTBOpbI IEpMAHTaHATOB OKPAIIICHBI B MAJTUHOBBIM 1IBET;

2 Jlannas 3aj1aua ObLIA IPEJIOKEHA HA IPAKTUIECKOM Type 00acTHOM onuMiuast B 2007/2008 yueGHOM rojty, aBTop
3a7a4M — CTapUIMi npenoaasatens Kadeapsl xumun Bat[ TV A. H. BacunbeBa
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MnO:  — pacTBOpBI MAaHTAaHATOB OKPAIICHBI B 3€JICHBIN I[BET;
CrO% — pacTBOpBI XpOMATOB OKpAIICHBI B JKEJITHIH 1[BET;
Cr,0% — pacTBOPHI IUXPOMATOB OKPAIICHBI B OPAHKEBHI(| IIBET;

[Cr(OH)s]* — pacTBOpPBI XPOMHUTOB OKpAIEHBI B M3yMPYIHO-3€IEHBIN IIBET.
2. CocTaBnsgeM TabJIHUILy MPEANONIAraeMbIX pe3yIbTaTOB CMEIICHUN:

Beie- Pb(NO); Na:SOs Nal | AgNO, | Fesyerare
CTBa CMeTIeHUH
Pb(OH).| 2 ocajka:
OebIiA, Ag:0| vl
N 1 Geunblit 1
NaOH PaCTBOPUMBII - - TEMHO-
. 1 TemHO-0Y-
B N30BITKE IITE- Oypbrit o
phIi
JIOYH
6enPL?I§O[|:1)CZTlBo— 6CHIIZI?IS[C));ClTB0— Pbl2| 3 ocana:
Pb(NO3)2 i i Kell- — 2 GenbIX U
PHUMBIii B H3- PHMBIii B U3~ . | scenmatii
OBITKE LIETIOYH OBITKE CyTBhUTA eI
N2;SO; B PbSOg,Vl AngOfi 2 GenbIX
OeIbIit Oemblii | ocamka
Nal B Pbly] Agl| 2 KeNThIX
JKEIThIN JKEITBIA | ocajKa
Ag:SOs| ? gcagKVa:
Ag0| OeubIii, pacTBo- CIIEIH,
AgNO:3 . — i~ 1 TemHO-0Y-
TEMHO-0YypbIi PHMBIii B 13- N
phIit 1 1
OBITKE CynbhUTa y
HKENTHIH

3. YpaBHEHUS MTPOUCXOISAIINX PEAKIIUNA:
Pb(NOs3),; + 2 NaOH = 2 NaNO; + Pb(OH),
Ocaziok TupoKcHIa CBUHLIA B CHITY CBOEH aM(OTEPHOCTH MOXKET PaCTBOPUTHCS

B U30BITKE MIEIOYH:
Pb(OH), + 2NaOH = Nay[Pb(OH)4]
2AgNO; + 2NaOH = 2NaNQO; + H,0 + Ag.0]
2Ag* + 20H™ = H,0 + Ag20] (TeMHO-OypBbIif 0Ca0K)
Pb(N03)2 + Na,SO3; = 2NaNO; + PbSOgl
Pb(NOs3), + 2Nal = 2NaNOs + Pbls|
Nal + AgNO3; = NaNOs + Agl|
2AgN03 + Na,SO; = 2NaNO; + AngO&L
Cynsdut cepedpa crnocoOEH K KOMIIJIEKCOOOPa30BaHUIO U PACTBOPSIETCS B U3-
ObITKE pacTBOpa Cyib(puTa HATPUS:
A92803 + 3Na,SO; = 2N&3[Ag(803)2]
CMmemmBaeM pacTBOPHI MOTIAPHO, PE3YyIbTaThl 3aHOCHM B TAOJHITY; CPaBHUBAS
MIpEANoIaraéMple Pe3yJIbTaThl C MPAKTUICCKUMU, UACHTU(DUIIPYEM BEIIEeCTBA.
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