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MNPEANCJIOBHE
AHanuTuyeckass XuMUsl ABIAETCS (PyHIAMEHTATbHOW XMMUYECKOW HAyKOH O

METOJaX OIpPEACIEHUS XUMUYECKOT0 COCTaBa BEUIECTBA U €ro CTPYKTYpPbl U MMEET
BaKHOE HAYYHOE U IIPAKTHYECKOE 3HAUCHHUE.

[IpenMeToM aHATUTHUECKOM XMMHUHU SIBIISIETCS pa3pa0OTKa METOJOB aHaJIN3a,
PAKTUYECKOE  BBINOJHEHHE AaHAIM30B, a TaKXke IIMPOKOE HCCIEIOBAHUE
TEOPETUYECKUX OCHOB AHAIMTUYECKUX METOAOB. AHAINTHYECKAs XHMHUSA HIPAET
OTPOMHYIO pPOJIb B HAYYHO-TEXHUYECKOM IIPOIpecce W B 3HAYMUTEIBHOW CTEIECHU
CHOCOOCTBYET Pa3BUTHI0 MHOTMX €CTECTBEHHBIX HAayK:  T€OJIOTUH, TE€OXHUMUH,
MUHEpaJoru, (u3ukyd, OUONOTMM, AarpoXMMHUH, a TaKkKe METAUIYypPIruu,
(papMalileBTUYECKOM, JAaKOKpacOYHOM, HEPTEXUMHUYECKOW mpomblnuieHHOCTH. Hu
OJIHO COBPEMEHHOE XUMUYECKOE UCCIIEI0BAaHUE HE MOKET 000MTHCH 0€3 MPUMEHEHNUS
METOJOB AHAJWUTUYECKOM XWMHH, BEIb JJII MHOTHMX TEXHOJIOTHYECKHX ITPOLIECCOB
CYILLIECTBEHHOE 3HAYEHUE UMEET KOHTPOJIb POU3BOJICTBA.

VYyebHoe mnocoOHe BBINOJHEHO HAa COBPEMEHHOM HAay4YHOM YPOBHE U
paccuMTaHO Ha CTYJEHTOB, 00JaJAIOIIMX JTOCTATOYHOM MOJATrOTOBKOM MO pasjenam
oO011e 1 HeOpraHMYEeCKOW XUMHUH, (PU3UKUA U MAaTEMATHUKH.

[Ipy moAaroTroBke 3TOr0 W3JaHUS OBUIM YYTEHbl OCHOBHBIE H3MEHEHHUS B
IIPOTpaMME Kypca M TEHIACHLHWH €€ Pa3BUTHs. DBUIO YUTEHO TAaKXKE CTPEMIICHHE
YCUJIUTD oO011y10 MIPAKTUYECKYIO OATOTOBKY XUMHKA-TEXHOJIOTA.
ITocnenoBaTenbHOCTh pa3AEeNoB COOTBETCTBYET CTPOTOM JIOTMYECKOW CTPYKTYype
Kypca: Ka4eCTBEHHBIM M KOJMYECTBEHHBIM AaHaIW3, IIMPOKO HCIOJIb3yEMBbIE B
XUMHUYECKOH, 1 HE TOJbKO, MpoMmblluieHHOCTH. [Ipeanmaraemoe aBropamu yueOHOE
nocoOure COCTOUT U3 2 pa3fesioB, MaTepruai KOTOPBIX UCIIOJIb3YETCS MPH MOJTOTOBKE
U TPOBEJACHUU JIA0OPATOPHBIX 3aHATUH. B KOHIE KaXJoW TeMbl 3aHITHS
IPEACTABIIEHBI BOIIPOCHI JJIs1 KOHTPOJISI 3HAHHUM CTYJICHTA.

ABTOpBI HAJCIOTCS, YTO MpPU OBJAJECHUU MaTepuajga JAHHOIO Yy4eOHOro
0COOMsI, XUMHUK-TEXHOJIOI CMOXKET HCIOJIb30BATh IOJIyYEHHbIE KOMIIETEHLUU IpU

I[EUILHGI\/IIH_IGM O6y‘—ICHI/II/I, HCIIOJIB3yA MCTOJAblI KAaYCCTBCHHOI'O W KOJIMYCCTBCHHOI'O
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XUMUYECKOTO aHaliM3a, a TakKe TEOPETHYECKUE OCHOBBI M MPUHITUIIBI
(UBUKOXUMHYECKUX METOJOB aHaju3a MPU KOHTPOJIE XWMHUKO-TEXHOJIOTHYECKUX
MPOLIECCOB U METOJIbI METPOJIOTHUYECKON 00pabOTKU pe3yabTaTOB aHAIM3A.

Copepxanne y4eOHOTO TIOCOOUS COOTBETCTBYET TpeboBaHusM DenepaabHOTO
rOCy/IapCTBEHHOTO 00pa30BaTEIbHOIO CTAaHAApTa BBICHIETO TPOPECCHOHATHLHOTO
oOpa3oBaHHsI K COJACP)KAHUIO JUCHUIUIMHBI  «AHAIWTHYECKas XUMHS U
(U3UKOXUMHYECKHE METOIbl aHalu3a» JUId CTyaeHToB HampasieHus 18.03.01
«XuUMUYECKast TEXHOJIOTHSI.

MeTop! aHanM3a Ki1accupUIUPYOTC:

1 1o oObekTaM aHaIM3a — HEOPraHUYECKUA U OPraHUYECKU;

2 10 LN — KaY€CTBEHHBIN U KOJIMYECTBEHHBINH;

3 mo  cmoco0y  BBIIOJHEHUS  —  XHMUYECKHe,  (uU3MUecKue U

(1)I/IBI/IKOXI/IMI/ILIGCKI/IC MCTO/BI,

4 1o Macce npoObl — MaKpO-; MOTYMHUKPO-; MUKPO- ; YIABTPAMUKPOAHAIIH3.
B nanHoM ydeOHOM mocoOMM OyIyT paccMOTPEHbl HEOPraHUYECKHM

KAUeCTBEHHBI M KOJMYECTBEHHBI AaHAINW3 MOJIYMUKPOMETOIOM, XUMHUYECKHUE H
(U3UKOXUMHUYECKHE.

[EJIM ¥ 3AIAYN TACHATIIMHBI
I[I/ICI_[HHJ'H/IHa «AHaJ'H/ITI/I‘-IeCKaH XUMUA u (1)I/ISI/IKO'XI/IMI/I‘-I€CKI/IG METOAbI

aHaJin3a» CTaBUT CBOEH OCJIbI0 OCBOCHHUC CTYACHTaAMHM COBPCMCHHBIX MCTOIOB
aHaJIn3a BCIICCTB U UX ITPUMCHCHUC JId PCIHICHHA HE[pOI[HO-XO?;HfICTBCHHBIX 3agad.

3ajayaMu Kypca SIBISIOTCS:

(bOpMI/IpOBaHI/Ie Y CTYACHTOB XHMMHWYCCKOI'O MBIINIJICHUA; = IIPOYHOC YCBOCHHA

CTYAEHTAMU OCHOBHBIX MOHATUN U TEOPUN AHATUTUYECKON XUMUMU;

OBJIaACHHC TEXHUKOM XMMHUUYECKHX pacucTOB; BI)Ipa6OTKa HAaBBIKOB

CaMOCTOATCIIBPHOT'O BBIITOJIHCHUA J'Ia60paTOpHBIX OKCIICPUMCHTOB U YMCHHC OLICHUTDH

MOJIYYEHHBIEC PE3YJIbTaThl; ~ OCMBICIICHUE POJU KAYECTBEHHBIX M KOJIMYECTBEHHBIX
U3MEpPEHUI B HAyKE U TEXHUKE.

TPEBOBAHUSA K YPOBHIO OCBOEHUSA JUCHUIIVINHBI



B pesynbTate ocBoeHusi Marepualia BCeX pas/ieloB MOCOOWsA MO AUCHUIUIMHE
«AHamuTHYecKass XUMHs U (pusuko-xumumdeckue meronabl aHanuza» OOIl cryneHt
nproOpeTaeT cieayrolye KOMIEeTeHIUHU:

OK-7

3HATB: OCHOBHBIC JTallbl Ka4€CTBEHHOIO M KOJWUYECTBEHHOI'O XUMHUYECKOTO
aHalln3a; TEOPETHYECKHE OCHOBBI M TMPUHIUIBI (U3UKO-XUMHUECKUX METOJIOB
aHaJln3a; METO/Ibl METPOJIOTUYECKON 00pabOTKU Pe3yIbTaTOB aHAIN3a

YMeTh: BBINOJIHATH OCHOBHBIE OIEPAllM XMMUYECKOI0 aHAJIN3a; UCIOJIb30BaTh
OCHOBHBIE XMUMHUYECKHE 3aKOHbI, TEPMOJMHAMUYECKHE CIIPABOYHBIE JAHHBIE U
KOJIMYECTBEHHbBIE COOTHOIIECHUS XMMMU Ui pelieHus NpodeCcCHOHAIBHBIX 3ajay;
BBIOMpATh METOJ aHaliu3a JUisl 3aJaHHOM 3aJa4d U MPOBOJUTH CTATUCTUYECKYIO
00palbOTKy pe3yJIbTaTOB aHAIUTUYECKUX ONPEICICHUN.

Baagers: Merogamu npoBeleHUs  (DU3UMKO-XMMHYECKUX H3MEPEHHH U
METPOJIOTMUECKOHN OLIEHKU PE3YyJIbTaTOB

OIIK-1

3HaTh: OCHOBHBIE 3aKOHbI €CTECTBEHHOHAYYHBIX AUCIUIUIMH

YMerhb: UCIOJIB30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYUYHBIX AUCLUIUIMH B
1po(hecCUOHATBHOM NesTENbHOCTH

Biagerb: CIIOCOOHOCTBIO M TOTOBHOCTBIO HMCIOJIB30BAaTh OCHOBHBIE 3aKOHBI
€CTECTBEHHOHAYYHBIX JMCUUIUIMH B IPO(EeCCHOHATBHOMN 1A TEIbHOCTH

OIIK-2

3HaTh: O COBpPEMEHHOW (U3UUECKOW KapTUHE MHpaA, MPOCTPAHCTBEHHO-
BPEMEHHBIX 3aKOHOMEPHOCTSIX, CTPOEHUH BEIIECTBA

YMeThb: HCHONB30BATh 3HAHUA O COBPEMEHHON (M3MYECKOW KapTHUHE MUpa,
IIPOCTPAHCTBEHHO-BPEMEHHBIX ~ 3aKOHOMEPHOCTSX, CTPOCHMM  BEIIeCTBA  JUIA
MOHUMAaHUS OKPYKAIOIIET0 MUPA U SIBJICHUN TPUPOIBI

BaageTrb: rOTOBHOCTBIO HUCIOJIB30BaTh 3HAHUS O COBPEMEHHOW (pU3MyecKoin
KapTUHE MHUpPA, IPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTSX, CTPOEHUH BEILIECTBA
JUIsl IOHUMAaHMsI OKPY’KAIOILEr0 MUPA U SIBICHUN IPUPOIbI

OIIK-3



3HaTB: CTpOECHME BEIIECTBA, IPUPOLY XUMHUUECKOUN CBSI3H B PA3JIMYHBIX KJIacCAX
XUMHUYECKUX COCIUHEHUN

YMerb: HCHOJIB30BAaTh 3HAHUSA O CTPOCHUM BELIECTBA, NPUPOJAE XHUMHYECKOU
CBA3M B Pa3iIMYHBIX KJIaccaX XMMHMYECKUX COCIMHEHWM JUIsl ITIOHUMAaHUs CBOMCTB
MaTepUaJIOB U MEXaHW3Ma XMMHUYECKHX ITPOLIECCOB, IMPOTEKAIOIUX B OKPYXKAIOIEM
MHpE

ByageTrs: TOTOBHOCTBIO UCIIOJIB30BATh 3HAHUS O CTPOEHUU BELIECTBA, PUPOJIE
XUMHYECKOMN CBS3U B PA3JIMYHBIX KJIACCaX XUMUYECKUX COCIMHEHUM IS MOHUMAaHUS
CBOMCTB MAaTEpHaJIOB M MEXaHW3Ma XUMHYECKUX IIPOILECCOB, NPOTEKAIMNX B
OKpY’KaroleM MHUpe

IK-10

3HaTh: aHAIU3 ChIPbs, MATEPUAIIOB U TOTOBOM MPOLYKIIMU

YMerb: TPOBOAWTH AaHAIU3 CBHIPbSA, MATEpUAIOB M TOTOBOW MPOAYKIUH,
OCYILECTBIISITh OLIEHKY PE3YJIbTATOB aHAJIN3a

B.]IaHeTb: CITOCOOHOCTBIO IIPOBOJANUTL daHAJIN3 CBbIPbA, MATCPHUAJIOB H rOTOBOM

MPOAYKIHH, OCYIICCTBIIATh OLUCHKY PE3YJIbTATOB aHAJIN3a

Pasnen 1. KAUECTBEHHBINA AHAJIN3

BaKanaBp 6YI[eT IroTOB HCIIOJb30BATh OCHOBHBLIC 3dKO-Hbl CCTCCTBCHHOHAYYHBIX

JAUCTUITIINH B HpO(l)eCCHOHaHBHOf/'I ACATCIIBHOCTH, IMPUMC-HATD METOObI

TCOPCTUUCCKOI'O M OJSKCIICPHUMCHTAJIIBHOI'O MCCICIOBAHUA, CIoco0eH HpI/IO6p€TaTI>

HOBBIE 3HAHUS B 00JIaCTH TEXHHUKHU W TCXHOJOInu, IINIAHUPOBATb M IIPO-BOJUTH

du3nuecKrue U XMMUYECKUE SKCIIEPUMEHTBI, TPOBOJUTH 00pabOTKY MX pe3yJib-TaTOB

N OOCHHUBATDL IIOTI'PCIITHOCTH.

Heasb: 1 N3ydyeHnue anropurma npoBeICHUS Ka4€CTBEHHBIX U3MEPEHUN MO KUCJIOTHO-

OCHOBHOMY METO]TY.

2 3akperuicHUE Ha MPAKTUKE TCOPETUUCCKUX 3HAHUH, MOTYYEHHBIX B Kypce
AHAJIUTUYECKON XMMUU.

3 OOy4eHus CTyACHTOB MPAKTUYECKUM HABBIKaM PaOOThI B aHAIUTUYECKOU

J1a00paToOpuH.



1 TEOPETHYECKHUE OCHOBBI
AHQIUTUYECKAsd XUMMS M3ydaeT METOIBl ONPENEIICHUS COCTAaBA XUMHUYECKHUX

COCIMHCHUH U UX CMECEH.

KadecTBeHHBI aHaNMM3 CTAaBUT Tiepes; CcoOOW 3amady oOHapyKeHUs
(«OTKpBITUSI») DJIEMEHTOB, BXOJSIIMX B COCTAaB COCAMHEHUW WJIM HUX CMECEH.
Ha3HaueHne kayeCTBEHHOI'O aHAJIM3a 3aKIIOYAeTCs B OIPEIICIICHUU Kaue€CTBEHHBIX
COOTHOILICHUIN MeXAy 0OHAPYKEHHBIMU AJIEMEHTAMH.

KauecTBeHHBI aHanM3 OOBIYHO MPEANIECTBYET KOJIMYECTBEHHOMY. 3ajlayu
KaueCTBEHHOT'0 aHaJM3a MOTYT OBITh pa3pelieHbl C TOMOIIbIO PA3IMUHBIX METOOB:
XUMUYECKUX, PU3NUECKUX U (PU3UKO-XUMHUUECKUX.

B xuMuueckux MeToJax KaYeCTBEHHOTO aHAJIN3a ONPEAECISEMbIN 3JIEMEHT WU
MOH TIEPEBOJAT B KaKOoe-HUOYJb HOBOE COEAMHEHHUE, 00Jajaroniee XapakTepHbIMU
CBOMCTBaMU: ILIBETOM, OMNpPEICICHHBIM (DU3NYECKUM COCTOSTHUEM, KPHUCTANIMYECKOM
unu amop(HOM CTPYKTypoH, cnenuduyeckuMm 3amaxoM U Jp., Ha OCHOBAHUH
KOTOPBIX UICHTU(PUIIUPYIOTCS] COCTUHEHUSI.

XHUMHUYECKOE  MPEBpAICHHE, MPOUCXOIAIIee TMPU  ATOM  Ha3bIBAOT
KAQUECTBEHHOM peEaKIMed, a BEIIEeCTBA, BBHI3BIBAIOIINE OTH MPEBPAIICHUS —
peareHTaMH WA PEaKTUBAMM (pEareHThbl — PaCTBOPUTEND IUIFOC OJHO PACTBOPEHHOE
BEILIECTBO; PEAKTUBBI — PACTBOPUTENH IUTIOC JIBa M 00JIe€ PACTBOPEHHBIX BEIIECTB).

B 3aBuCMMOCTH OT KOJIMYECTBA aHAIM3UPYEMOTO BEIllECTBA, 00BEMa pacTBOpa
U TEXHUKH pabOThl pa3auyaroT MakKpo-, TOJIYMHKPO- U  MHUKPOMETOJIbI
KOJINYECTBEHHOTO aHAJIN3a.

[Tpu makpomeToe AJisi aHATM3a OEPYTCSl CPABHUTEIHHO OOJIBIITNE KOJIUYECTBA
BemectBa (0.5-1 © wim 20-50 cm® pactBopoB). IIpm MuKpomeToae padOTarOT C
KOJMYECTBAMHU BeEIIECTBA U 00BEMaMU pPAcTBOpPOB mpudiuzutenbHo B 100 pas
MEHBIIIMMU, YEM B MAKPOMETO/IC.

[TonmyMukpoMeTOT 3aHUMAET MPOMEXKYTOUHOE MOJIOKCHUE MEXKAY MaKpo- U
MUKpoMmeToioM. I[lpu paboTe MOTYMHUKPOMETOAOM KOJIMYECTBO HCCIEAYEMOTO

\ 3
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[Ipu TOMYyMUKPOMETONE COXpPAHAETCS BCS CYIIHOCTh  KJIACCHYECKOTO
KaueCTBCHHOTO aHajn3a, OCHOBAHHOTO Ha TIOCIICIOBATEIHPHOM pa3leiICHUU W
OOHAapy>)KCHHMH HWOHOB, HO ONEPAIMH BBITIOJHIIOTCA C MaJbIMH KOJWYECTBAMU
BEIIECTBA ITPH MIOMOIIH CIICITHAIBHBIX METOJIOB U alapaTyphl.

KadecTBeHHBI  TOJYMUKpOAHAIM3 MOJXKET  BBINOJHATHCS — Pa3IUIHBIMU
croco0aMu:

1) «CYyXUM» TYTEM — pEaKlIUh OKpAIIMBAaHWS IIJIaMEHH, OOpa3oBaHUE
OKPAIIICHHBIX CTEKOJI — «IIEPJIOBY» U JIP.;

2) «MOKPBIM» IyTEM — aHAJUTHYCCKHE PEAKIIMU TPOXOIAT B pacTBOpax
AJIEKTPOIMTOB, KOTOPHIE 00pa3yIOT CMECH HOHOB.

Yame Bcero B KayeCTBEHHOM aHAM3€ IMPUMEHSIOT PEakIMu B pacTBOpax,
MOATOMY 3ajJla4a KAdeCTBEHHOTO aHaju3a 3aKII0YacTCsi B «OTKPBITHH» BCEX
MPUCYTCTBYIOIINX B PACTBOPE KATHOHOB U aHUOHOB.

[IpoBeaeHNE aHATUTUYECKUX PEAKIUN TpeOyeT CO3AaHMsl ONPEACICHHBIX YC-
JOBUM JUIA €€ IpPOTEKaHWs: XapakTepa Cpelbl, TEeMIeparTypbl, KOHLEHTPALHH

ONPENEAEMOT0 HOHA, OTCYTCTBHS MEIIAOIINX UOHOB U .
OIHUM W3 BaXXHEWIIMX YCJIOBUM BBINOJHEHUS AHAUINTUYECKUX PEAKIUN

SIBJISIETCS CpeJlla, KOTopasi MOXKET ObITh CO3/1aHa J00aBJICHUEM K PAacTBOPY KHUCIIOTHI,

MIEI0YN WK Oy(QepHOTO pacTBOpa C 3aJIaHHBIM 3HAYEHUEM KHUCIIOTHOCTH PacTBOpA.

OueHb BaXHBIM YCJIOBHEM AHAIIMTHYECKON pEaKIMu OOHAPYKESHUS SIBIISCTCS
KOHIIEHTPAILUs OTKPBIBAEMOI'0 MOHA B PACTBOPE.

Peaknusa, kotopast mpOXOAUT B MPUCYTCTBUHA HUUYTOKHO MAJIIOW KOHUEHTPALUU
OIIPENENSIEMOTO HOHAa B PAcTBOpPE, HA3bIBACTCA YYBCTBUTEIBHOM PpPEAKIUEH.
UyBCTBUTEIBHOCTh PEAKIMUHM KOJIMYECTBEHHO BBIPAKACTCA JBYMS CBSI3aHHBIMU
MEXIy COOOW BeIMYMHAMU: OTKPHIBAEMBIM MHUHUMYMOM M MHUHHMAJIbHOMN
KOHIICHTPALUEH.

OTKpbIBa€MbIi MUHUMYM — 3TO MHUHUMAJIBHOE KOJWYECTBO BELIESCTBA WJIU

HMOHA, KOTOPOE€ MOXKXET OBbITh OOHApYXEHO MAHHOM peakIMeld MpHU OMpeaeTCHHBIX



YCIOBUSIX €€ BBINOJHEHUS. OJTa BeJIMYMHA OYEHb Majla, BbIpaXaeTrcs B
MHKpOrpaMmmax: 1 MUKporpamm = 10° rpamma.

OTKpbIBa€MbIii MUHMMYM HE MOJHOCTBIO XapaKTEPU3YyeT UYYBCTBUTEIHHOCTH
pEaKIMK: OH JaeT MpeJicTaBieHrne 00 aOCOIOTHOM KOJIMYECTBE OTKPHIBAEMOI'O HOHA.
[ToaToMy O0OBIYHO YKa3bIBAIOT W MpEIeiIbHOE pa3daBieHHE, XapaKTepU3YIOIee
HAaUMEHBIIYI0 KOHILIEHTPAIMIO BellecTBa (MOHA), MPU KOTOPOM OOHApy>KEHUEe ero
MTOCPEJICTBOM JTAHHOM peakIuu emie BO3MOXHO. [IpenensHoe pa3daBieHne Ha3bIBAIOT
MUHUMAJIbHON KOHIIGHTpAIlMe M BBIPAXKAIOT OTHOIIeHHWeM /g, tme g — macca
pacTBOpUTEIA, MPUXOasiasics Ha 1 yacTh 0OHApYKUBAEMOTO BEILIECTBA UJIM MOHA.

B KkaueCTBEHHOM NOJIYMHKPOAHAIU3€ NPUMEHSIOTCA PEaKlUHUH, y KOTOPBIX
OTKpbIBaeMblii MUHUMYM HaxoauTcs B mpenenax 0,001 — 50 mr, a MuHUManbHas
koH1eHTpanus — ot 1:10 000 go 1:50 000 000.

B ananmuTtudecko XUMHUM TOMHUMO YYBCTBUTEJIBHOCTH PpEAKIUNA O0JIbIIOE
3HAYEHUE UMEET UX CHEeIU(PUIHOCTb.

Crnenuduueckolt peakiueld Ha3bIBACTCS TaKas pPEeaKiysi, TPH MOMOIIU KOTOPOI
MO>KHO OOHAPYKUTh JIAHHBIN MOH B MPUCYTCTBUU JIFOOBIX APYTUX UOHOB.

Crnenuduaeckux peareHToB M3BeCTHO HeMHOT0. Heckoabko OoJibliie peareH-
TOB M30UPATENIbHBIX, WJIM CEJIEKTUBHBIX, TO €CTh TaKUX, KOTOPBIE AT PEAKIUU C

OTrpaHUYEHHBIM, HEOOJIBIIUM YHUCIIOM HOHOB.

[Ipumensist cnenuduueckue peakluud, MOXKHO MPOBOAUTH KaueCTBEHHBIM
MOJIyMUKPOAHAIN3 TaK HAa3bIBA€MbIM JAPOOHBIM METOAOM, TO €CTh HETOCPEICTBEHHO
B OTAEJIbHBIX NOPUHUAX HCCIEAYEMOIO pacTBOpa, HE3aBUCUMO OT HAIWYUSA JPYTHX
MOHOB B pactBope. IIpu apoOHOM MeTone aHanm3a HE MMEET 3HAUEHUS IOPSIOK
0OHapy>KEeHUSI OTAEIbHBIX HOHOB.

Korma pocrarouno crnenudpuyeckue peakiuu OTCYTCTBYIOT, OOHapy>KeHHE
COOTBETCTBYIOIIUX HOHOB TpeOyeT MpeABapUTEIbHOIO YCTPAaHEHHUS MELIAIOIIEeTOo
BJIUSIHUA JPYTMX MOHOB. /{151 Takux cilydaeB MCIOJB3YIOT ONPEIEICHHYIO, 3apaHee
pa3paboTaHHYIO TOCJIEIOBAaTENIbHOCTh B pa3/ieleHMH M OOHapyKEHUH HOHOB,

KOTOpas Ha3bIBACTCA CUCTCMATHYCCKHUM XOA0M aHaJIn3a.



[Ipn cucremMaTH4eCKOM XOJI€ aHaJIU3a NPUMEHSIOT pPEareHThbl, KOTOPBIC
OCaXJalT cpazy IMenylo TIpymnmny HOoHOB. OHHM Ha3bIBAIOTCS TPYNIOBBIMU
peareHTamH.

Bonpocs aj151 00Cy:KaeHust
1.  Yro n3yyaeTr aHANUTHYECKAS] XUMHUS?
2. Kakwe 3amauu pemraer Ka4ueCTBEHHbIN aHamn3?
3. Kakue xumuueckue NpeBpalICHUs HA3bIBAIOT KaueCTBEHHBIMU

peakuusimu? [lpuBeauTe npumMepsl.

4. C KAaKUMU  KOJMYECTBaMM  BEHIECTB  paboTaloT B
NOJIyMUKpOaHanu3e?

5. Yro o3HauaroT —cyxoiil u Imokpsriil cmocods! ananu3za?

6. Uro 03HAUYAIOT MOHATHS: YYBCTBUTEIBHOCTH, M30HMPATENFHOCTD U

cnenu(pUYHOCTh PEaKIil; TpynnoBbie peareHTsl? [IpuBeauTe npuMepsl.
1.1 Texnuka pa3aejieHUs 1 HICHTH(PUKAINHA KATHOHOB B
NOJIYMHKPOMETO/1¢ KaYeCTBEeHHBIX HCCIe0BAHNH

Paznenenrie u MACHTU(PUKALMIO KAaTHOHOB 4Yalle BCEro MPOBOAST B
LAMHPHYIECKUX HIIM KOHHYECKHX LEHTPH(YKHBIX POOHPKAX EMKOCTBIO 2-5 cM .
Kpome Toro, peakiuu MOXXKHO NPOBOAUTH Ha YaCOBOM CTEKJE€ (OTKPBHITUE HOHOB
NH,", nanpumep).

JIns mepeMenmMBaHus JKUAKOCTEN MPUMEHSAIOT YHCTBIE CTEKIISIHHBIE MAJOYKH.
TBEpable peakTUBHI OEpyT MpU TOMOINM IImnarencii. BoimapuBanue mpous3BOAIT B
MaJieHbKHX (apPopoBbIX Hamkax. HarpeBanue pacTBOpOB B MpoOHpKaX MPOU3BOIST
Ha BOJISTHOM OaHe.

PeakTuBbl B 1a00paTopusix Ka4eCTBEHHOTO aHalIM3a AEep>KaT B CIELHUAIbHBIX
MITAaTUBAaX B CKJISTHKAX, CHA0>KEHHBIX MMUIETKaMHU.

Ocadicoenue u pazoenenue uonog. Jns pasaeneHus U UACHTU(PUKALMA HOHOB
Yauie BCEro NPUMEHSIOT UX OCAKJICHHUE B BUJIE MAJIOPACTBOPUMBIX COCIMHEHUM.
OcaxJieHue C LEeNbI0 pa3fesieHus: HOHOB MPOBOAST B LMJIMHIPUYECKON IpPOOHpKE.
[Tocne momyueHusi ocaaka COAEPKUMOE MPOOUPKH B30ANTHIBAIOT U NEPETUBAIOT B

KOHMYECKYI0 (LeHTpUu(yXHYI0) Mpooupky. Ilpm HEOOX0AMMOCTH MPOU3BOJAT
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HarpeBaHue MPOOMPKH C PacTBOPOM M OCAJKOM Ha BOASHOW OaHe. 3aTeM OCaJoK
OTJIEJISIIOT OT PacTBOPa METOJIOM LIEHTPUPYTUPOBAHUSI.

Omoenenue pacmeopa. Korga ocaxxaeHHE IIOJHOCTBIO 3aKOHYEHO, B
IPO3payvHblil pacTBOpP HaJA OCAJKOM MOTPYKAIOT KalWUIAp MUIETKA U MEIJIEHHO
HaKJIOHAIOT NpoOupKy. Ilpyu 3TOM KOHYMK Kanwuisipa HE TOJKEH KacaTbCsl OCAJIKa, a
NUIETKa - CTEHOK NpoOupku. Ilumerka 3amoiHsieTcs XKHUAKOCTBIO, MOCIE YEero ee
OTBEPCTHE 3aKPBIBAIOT YKa3aTEJIbHBIM MAJIbLEM, BHIHUMAIOT MUIETKY U NEPEHOCST
pacTBOp B APYTyro npooupky. Onepanuro MoBTOPSIOT 2-3 pasa, MOKa HE NEPEHECYT
BECh PACTBOP HAJl OCATKOM.

IIpomvisanue ocaoka. JInsi NOHWKEHUSI PACTBOPUMOCTU OCAJKa €ro ClEIyeT
OPOMBITH BOJIOM, cojaeprKaliel HeOOoNIblIoe KOJIWYECTBO peareHTa-oCaJuTesl.
[IpOMBIBHYIO UAKOCTh HAJIMBAIOT B IMPOOHPKY C OCAIKOM, B30aJITHIBAIOT B3BECH
CTEKJIIHHOM NaJ04YKOM, HEHTPU(PYTUPYIOT U MUNETKOH OTAENAIOT LEHTpUQyraT ot
ocanka. Kpucraminmueckue ocagkd AOCTaTOYHO HPOMBITh JBAXKIbI, aMOp(HbIE
MIPOMBIBAIOT MHOTOKPATHO.

Pacmeopenue ocaokos. 1lpu pacTBOpeHHH OCAJKOB B KHUCIIOTaX, IejIoyax U
APYTUX PacTBOPUTENSX IMOCIEAHUE TPUOABIAIOT MO KaulsiIM MpPU MOCTOSTHHOM
nepeMemmBanun. He cienyer mpuaBiaTh cpa3y MHOTO PAcTBOPHUTENS, TaK Kak
HEKOTOPbIE€ OCAJIKM PacTBOPSIOTCS MeajieHHO. YacTo HarpeBaHUE YCKOPSET MPOILecC
PacTBOPEHHS.

Buvinapusanue pacmeopos. BbimapuBaHue pacTBOPOB MPOU3BOJAAT C IIEJIbIO
NOBBIIICHUS KOHILIEHTpalMKu OOHapyKMBaeMOro noHa. PacTBop cienyeT BeIapuBaTh
B (dapdopoBoii dyamke Ha acOECTOBOM ceTKe Ha HEOOIBIIOM IJIAMEHU Ta30BOU
ropeyiki. 3a TMpOoLEecCOM BBIMAPUBAHUS HEOOXOAUMO CIEIUThb, MOCKOJBKY OH
COTIPOBOXAAETCA Pa30pbhI3rMBaHUEM PACTBOPA, OCOOEHHO B KOHIIE BHIMTAPUBAHUSI.

Buinonnenue kanenvnoix peaxkyuil. KanenbHble peakUy BBIIOJHSIIOT HA
bunbpTpoBaNBbHOM OyMmare, UCHOJB3Ys €€ aCOPOLMOHHBIE CBOIICTBA. CKOPOCTH
JBUKEHUSI HOHOB 110 KanwuisipaM OyMaru HEOJMHAKOBa, I03TOMY, €CJIM HAHECTH Ha

6yMary KaIlI0 UCCIICAYEMOTO paCTBOpa, a 3aTEM KallJIt0 p€arcHra, TO B ICHTPC
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BJIQYKHOT'O TISITHA OyZI€T HAXOIUTHCS 0CAI0OK 00Pa3yIOIIErocs Mpu peaKkiiuu
OKpAIIIEHHOTO COETMHEHUS, & PACTBOPUMBIE COCTUHEHHSI IEPEABUTAIOTCSA K
nepudepuu miaTHA.

1.2 OOmme npaBujia padoThl M TeXHUKA 0€30MIACHOCTH
[Tpu BBIOJTHEHUH JJTAOOPATOPHOIO MPAKTUKYMa IO KaY€CTBEHHOMY

MOJIYMUKpPOAHAIM3Y CTYACHTHI JOJKHBI YCBOUTH IIPaBUJIa TEXHUKHU 0€3011aCHOCTH B
aHAJIUTUYECKON JabopaTopuu.

1. [lepen HayanoM paboOThl B J1aOOPATOPHUM CJEAYET UETKO MPE/ICTaBUThH
1eJTb paboThI, COCTABUTH TUTaH PAaOOTHI M TOJIBKO MOCIJIE ATOTO MPHUCTYNATh K aHATU3Y.

2. B naboparopuu He0OXOIUMO COOJIOIATh YUCTOTY W TMOPSIAOK, CTPOTO
CJIeIOBaTh MpaBUiIaM TEXHUKHU 0€30MacCHOCTH, MPaBUIIaM MOXapHOI 0€30MacHOCTH.

3. B nabGopatopun aHAIMTHUYECKOM XUMHUU CTYACHT JOJDKEH OBITh

0COOCHHO dKKYpaTHbIM, yTOOBI N30€KaTh 3arpsA3HCHUA pCAKTUBOB!

PEaKIMOHHYIO CKIITHKY OpaTh MpaBoOil PYyKOM, STUKETKOM K JIaJIOHHU, TPOOKY
KJIACTh TakK, 4YTOObl €€ 4YacTh, BXOJSINAas B CKISIHKY, HE CONpHKacajlach C

MOBEPXHOCTHIO CTOJIA;
€CJIM PEaKTUB OepyT NMUIETKON, TO CKISHKY C PEaKTHBOM OCTaBIISIOT Ha

MCCTC; =~ HC IIpUKacCcaTbCsAd KOHYMKOM IIHUIICTKHU K CTCHKAM HpO6I/IpKI/I;

HCUCIIOJIb30BAHHYIO YaCTh PCAKTHBA U3 IMHUIICTKU HC CIIMBATH B 06H_IYIO

CKJISIHKY BO M30€KaHWE 3arpsi3HEHUs] PEaKTHBA; — CTYJICHT JOJKEH OpraHu30BaTh
CBOI0O pabOTy Tak, 4YTOOBI BO BpeMs JJIUTEIBHBIX OIepanuid (OTCTauBaHMS,
HEHTPU(PYTUPOBAHUS, KUIITYCHUS U JIP.) OJHOBPEMEHHO MOXHO OBLJIO BBITIOJIHSTH
JIPyTrue HeoOXOAMMBIC OTepaIui (MBIThE MTOCY IBI, TPUTOTOBJICHHE PEAKTUBOB | JP.),
He TpeOyIole IIUTEITLHOTO BpEMEHH.

4, OtpaboTanHble  KHUCIOTHBICE PACTBOPBI, CEPOBOJIOPOJICOACPIKAIIHE
PacTBOPHI, COCAMHEHUS PTYTH, cepedpa, MOIUCThIE COCTUHEHHS] W JIp. CIMBAIOT B
CHeIUaIbHYI0 TIOCYAY JUTsl CIIMBA.

5. ITo oxoH4YaHUU pabOTHI CTYJEHT OOS3aH MPUBECTH B TMOPSAIOK pabodee

MCCTO, OTKIIIOYHUTDH I'a30BbIC TOPECJIKHU, IIPOBCPUTH BOAOIIPOBOJHBIC KPAHLI.
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1.3 Benenue J1a60paToOpPHOro KypHaJja
[Ipu BbImOMHEHUHM 7Ta0OPATOPHBIX PAOOT MO KAue€CTBEHHOMY MHKPOAHAIHU3Y

BCe HAOMIOJIEHUS 3aMUCBHIBAIOTCS B  CIELUUAJIBHYIO TETpalb, Ha3bIBAEMYIO
71a00PATOPHBIM KYPHAJIOM.

JIabopaTopHbIl JKypHal SBISETCS OTYETOM O BBIIOJHEHHOH paboTe WU
HEOOXOAUM Uil MOJATrOTOBKM K KOJUIOKBUyMaMm W 3aderaM. Hukakux 3amuceil B
OpPYrUX TEeTpaasx, YEpHOBUKAX WM OTIEIbHBIX JHCTaxX OyMarud JenaTh He
pasperaercsi.

B naGopartopHslii )KypHai 3anucbIBaloTCs ABa Buaa padbot: 1)

U3Y4YEHUE aHAINTHYECKUX PEaKUUi OIPEIEICHHON IPYIIIBI HOHOB;

2) aHAJIU3 CMECH I'pyNIbl KATHOHOB MJIM aHUOHOB.

[Ipumep oTy€Ta O BBHINOJHEHUHU JTaOOPATOPHOM pabOTHI MEPBOrO BUAA JaH B
tabmuue 1.1. B oruére crnemyer 3amucaTh YpaBHEHHUS HM3y4aeMbIX pEaKIHil B
MOJIEKYJIIPHOM U MOHHOM Buze. Kpome Toro, B Tabnuie AOHKHBI OBITH OTMEUYEHBI
BCe HaOJr01aeMble SIBJICHMS: IIBET OCaJiKa, paCTBOPUMOCTh €TI0 B KMCJIOTaX, LIeI04Yax
U JIp.; BC€ OCOOCHHOCTH IPOBEACHHUS peakuuil (Co3JaHUE OIpeNeJCHHON CpPEeJbl,
HEOOXOAMMOCTh HarpeBaHusl, yCTPaHEHUSI MEIIAIOIIEr0 BIUSHUS HOHOB U JIp.).

OT4eT O BBHIOJIHEHUH JIA0OPATOPHOM pPabOThl BTOPOTO BUIA JOJIKEH
coJiepKaTh CIEAYIOIINE MaTepHallbl: CXeMY MPOBEACHUS CUCTEMATHUYECKOr0 aHajanu3a
CMECH HMOHOB; CHCTEMATHMYECKHI XOJI aHaju3a CMECH HOHOB; OTYET IO AHAIU3Y
CMeCH KaTHOHOB WJIM aHHOHOB, IPUMED 3aUCH KOTOPOTO MPUBEACH B Ta0Om. 1.2.

B oruére mo aHanu3y cMecu MOHOB HEOOXOJUMO YKa3aTh: HAOOP MOHOB, UbC
MPUCYTCTBUE BO3MOKHO B aHAJIM3UPYEMOM CMECH; pEareHThl AJsl CrernupuyecKux
peakuuii oOHapyXeHUsI BCEX HMOHOB (IPYNIOBBIX PEAKTUBOB); HAOMIOACHUS MpU
NPOBEICHUH PeaKuii OOHAPYKEHUS KaKJI0T0 MOHA (BBINAJEHUE 0CaKa, BbIICIICHUE
ra3a, OKpalllMBaHHE PacTBOPA); 3aKIOYEHHUE O HAIMYUMU WM OTCYTCTBUM HOHA B
aHAJIU3UPYEMON CMECH.

[Ipumep 3anucu oOT4YeTa MO M3YYECHHIO AHAIUTUYECKUX PEAKUUN TIPYIIbI

KaTHOHOB.
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Tabnuya 1.1 Jlabopamoprnas paboma «HM3yuenue anarumuyeckux peaxyuui 11
AHATUMUYECKOU 2PYNNbl KAMUOHO8Y

Ne PeareiT Katunonsr
n/m Baz+ Sro+ Caz+
1. H>,S0, BaCl, + Na,SO, = SrCl, + Na,SO,4 = CaCl, + Na,S0O,4 =
T BasSO, + 2 NaCl $rs0, + 2 NaCl £as0, + 2 NaCl
Na,SO4 OeJIblil 0CaloK, OeJIbli 0CalloK, OenbIit 0caloKk, Hepac-
HEpPaCTBOPUMBIN B HEpPaCTBOPUMBIN B TBOPUMBIH B
paz0aBIICHHBIX paz0aBIICHHBIX pa30aBICHHBIX KHCIOTAX
KHCJIOTax KHCJI0Tax Ca®* + S0,* = ¢€aso,
Baz++S0a2- = BaSO4 Sr¥* +504% = $rS0,
2.
n

Tabauya 1.2. Jlabopamophasa paboma «Ananuz cmecu kamuoros Il epynnoi»

No No

Pearent HaOmronenus 3akiroueHue
npoOupKH | 1/
5 1 K2Cr,0O7 B npucyrcTBun Brimagaer xxenreii 24
CH3;COOH + CHsCOONa ocanok BaCrO, Hou Ba™ obnapysxen
2

OtueTtsl 1O sabOpaTOpHBIM paboTaM JOKHBI CIAaBAaThCsl Ha TMPOBEPKY
MIPENOAABATEIIO.

2 AHAJIN3 KATUOHOB
B kadyecTBEHHOM aHanu3e HEOPraHUYECKUX BELIECTB NPEUMYIIECTBEHHO

aHaJIM3UPYIOT PACTBOPHI COJIEH, KUCIOT, OCHOBAHUM, KOTOPBIE B BOJIHBIX PacTBOpax
HaxoAsATCA B JHCCOLIMUPOBAHHOM COCTOSIHUM. XHUMHWYECKUMH aHalu3 BOJHBIX
PacTBOPOB CBOJIUTCS K OTKPBITUIO OTJAEIbHBIX KATUOHOB U aHHOHOB.

Jlns ynoOGctBa OOHAapy:KEHUSI HOHBI JENSAT Ha aHAJIMTHYECKUE Tpynmbl. B
OCHOBY KJIacCU(UKAIIMK MOHOB MOJIOKEHO pPa3IMuue pacTBOPUMOCTH OOpa3zyeMbIX
UMU COCJMHEHMM, TIO3BOJISIONIEE OTACNSITh OJIHU TPYINbl HOHOB OT JPYTHUX.
CymiecTByeT BeCbMa MHOTO CXE€M KJacCHU(UKAIMU KAaTHOHOB (HECKOJBKO JIECATKOB)
Mo aHanuTHdeckuMm rpynmaM. Kiaccumueckoir m Hambojee pacmpoCTpaHCHHOU

SABJISIETCSL  KJIacCHU(PUKAIMs, OCHOBAaHHAs HA CBOWCTBaX CyJIb(PUAOB, OTHAKO e¢

IIPUMCHCHUC Tp€6y€T HCIIOJB30BaHUA TOKCHYHOI'O TIa3a — CEepoBOAOPOAA. B
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HACTOAIIEM J1a00paTOPHOM MPAKTUKYME HCIIOJIb3YETCSl KHCIOTHO-OCHOBHOM METOJ
(KOM) ananmmuza xarnoHoB. KOM wucnoisib3yer B KadecTBE TIPYIIIOBBIX PEareHTOB
TOJIBKO OOIIETOCTYITHBIE KUCIOTHI 1 OCHOBAHHS.

MeTtoa OCHOBaH Ha JICJICHUMH KaTHOHOB Ha IIECTh AaHATUTUYCCKUX TPYIIIL:
+ 2+ 2+ o
1. I anmamutudeckas rpymma — katuonsl Ag, Pb™", [HQ,]”. I'pymnooi

peareHT — 2 M pacTBOp COJISHOW KHMCIIOTBI, KOTOpPasi OCaXJAaeT 3TU KaTHUOHBI B BUJIC
MaJIOpacTBOPUMBIX XJIOPHJIOB.

2. Il aHanuTHYecKas Tpymmna — katmous Ba®', Sr**, Ca®*. Mx rpymmoBoii
peareHT — 2 M pacTBOp CEpHOM KHUCIIOTHI, KOTOpasi OCAXKAAET 3T KATHOHBI B BHUJIC
MaJIOpacTBOPUMBIX B BOJIE CYJIb(ATOB.

3. III ananuTHyecKas rpymna — KaTHOHBI Al¥, sn*, Cr3+, Zn*. Ux
IPYNIOBBIM PEAareHToM sBisieTcs ruapokcua Hatpus (2 M pactBop). Ilpu neitictBun
n30b1TKa NaOH yka3aHHbIE KATHOHBI 00Pa3yIOT paCTBOPUMBIE COCAMHEHUSI.

4. IV anammrmueckas rpymma — karmoust Fe®*, Fe?*, Mn*, Mg®". Ux
I'PYIIIOBBIM PEATEHTOM SIBISECTCS BOAHBIN 2 M pacTBOp amMmMuaka, KOTOPbIA OCaXIaeT
3TH KaTUOHBI B BUJIE THJIPOKCHUIOB, HEPACTBOPUMBIX B U30BITKE pEaKTHBA — pacTBOpa
aMMHaKa.

5. V aHaIMTHYeCKas Tpyma — KaTHOHBI Co?*, Ni**, cu®, cd¥, Hg2+. Hx
IPYNIOBBIM PEareéHTOM SIBJISIETCSI BOAHBIN pacTBOp aMMHUaka, pu U30bITKE KOTOPOTO
00pa3yroTcs paCTBOPUMBIE B BOJIE KOMILJIEKCHBIE COCIMHEHUSI - AMMHAKATHI.

6. VI ananutnueckas rpymnra — KaTHOHBI K*, Na*, NH,". Drta rpynmna He
MMeEET TPYIIOBOTO peareHTa, CloCOOHOTO 0CaUTh OJTHOBPEMEHHO BCE KATUOHBI.

2.1 1 AnanuTnyeckasi rpynna KaTHOHOB
K 1 aHaquTHYeCKOH TpyIIe KATHOHOB NPUHAIIEKAT KaTHoHBI Ag’, Pb*,

[Hg.]**, obpasyiomme MamopacTBOPUMBIE B BOAE H Pa30aBICHHBIX KHCIOTAX
XJIOPHUJIBI. DTO CBOMCTBO XJIOPHIOB UCIOIB3YETCS B CHCTEMAaTHUECKOM XOJ1€ aHaIM3a
JUT OTACIICHHSI KaTHOHOB | IpyIimiel OT 0OIIeH CMeCH BCeX KATHOHOB.

Paz0aBieHHas COJITHAsI KMCIOTa U PACTBOPBI XJIOPHIOB OCAXIAIOT KATHOHBI |
rpymmnsl B Buje oenbix ocaakoB AgCl, Hg,Cl,, PbCl,.
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Ocamok AgCl — Oenbiif, TBOpoXMCTHIH. Ha cBeTy MoOXeT YepHETbH
(paznoxenue). HepactBopuMm B pa30aBICHHBIX KHUCJIOTaX, JIETKO PacTBOPSETCS B
pactBope NH,OH BciejncTBue CBSI3bIBAHHS HOHOB Ag' B KOMIUIEKCHBIE HOHBI
[Ag(NH3),]":

! AgCRNHOH, — [Ag(NH3,)']2HO, +Cl

[Ipu peiictBum pazbaBneHHoit HNOj; Ha aMMHUayHBII KOMIUIEKC BHOBD
BhbITIafaeT ocagok AgCl.

CaoiictBo AgCl pactBopsatecs B NH4 OH ¢ mocnemyrommm pa3iokeHueM
aMMmuadyHoro komiuiekca mona gevcteBueM HNOj; ¢ BeimagenueM ocagka AgCl,
MCTIOJIB3YyeTCs Il OOHAPYKEHUS HOHA Ag' B CMECH KATHOHOB.

Ocamox Hg,Cl, — Oenbiif, Heckonmbko pactBopuM B wu3biTke HCI ¢
obpaszoBanuem komruiekca. Hg,Cl,, B otnmume ot AgCl, He pacTBOpsieTcs, a YepHEeeT
o nericreBueM NH,OH.

[Ipu 3TOM BHauane oOpa3zyeTcsi KOMIUIEKCHOE coeiMHeHue pTyTH (+1) Oemnoro

LBETA:

2 Hg,CI;2NH OH, — [NH,Hg,]CI \s +NH," +2H O, + CI.
Coenunenue [NH,HQ,]Cl HeycToitunBo, ObICTPO YEPHEET BCIECICTBUE PA3IIO-
YKEHUSI U BBIJICJICHUS] CBOOOAHOU pTyTH Hg:

[NH,Hg,]C| - NH,HgCl

OebIi YCPHBIN

J +Hg |

0OCaIoK 0CaJI0K 3I[eCB HNUMECT MECCTO peaKHI/IH
JMCTIPOTIOPITUOHHUPOBAHUSL:
[Hg,]** — Hg?" +Hg ¥

CsoiictBo Hg,Cl, uepners npu aeiictBun pactsopa NH,OH ucnons3yercs s
2+
oOHapyxeHus noHa Hg™" B cMecu KaTHOHOB.
Ocanok PbCI, — 6emoro 1Beta, pactBopum B n30biTke HCI, a Takke xoporo
pacTBOpMM B BOJI€ TNPH HarpeBaHmh. OTHM cBocTBoM PbCl, momb3yrorcs mis
ornenenns PbCl, or AgCl u Hg,Cl,. Peakuueii oGHapyxenus nona Pb>* seisercs

obpazoBanue xentoro ocagaka PbCrO, mpu nevicteun K,Cr,07:

2Pb?" +Cr,,0 2 +H O, = 2PbCrO, ¥ +2H "
O030p aHATMTUYECKHUX PEaKIMi KaTHOHOB | rpymnmbl npeacTasieH B Tabdm. 2.1.

Tabauya 2.1 — Kauecmsenuvie peaxyuu kamuonog I ananumuuecxoui epynnol
16



YEPHEIOMINN 0CaT0K

Pearent Ag* Pba2+ [Hg2]2+
1. H,S B HCl-cpene VAQ,S uéprbrii LPbS uépubrit IHgS+ LHg
VUTH CYJTb(DUTBI 0CajoK 0CaJIoK YCPHBIN 0caioK
2. HCI nn xnopust AgCI
O€JIbIi 0CaIOK, IPbCl, J«ngc:lz —>ng
pacTBOpHUM B OeJIbIi 0CaJIoK, OcCIIbIi,
aMMHaKe, pacTBOpUM B YEPHEIOIIUN HA
HEPacTBOPHM B ropsiaeit Boae BO3JIyX€ OCaJIOK
KHCIIOTax
3. KOH umu NaOH LAG0 6ypuii IPb(OH), Genrii VHQ,0 uéprsrit
0e3 n30bITKa 0CaJI0K, paCTBOPUM B
0CaJI0K 0CaJIoK
HNO;
4. NH4OH (136bITOK) Hg+ [NH2Hg,0]"
[Ag(NHa3),]" {Pb(OH), Genplii |4epHBIA 0CATOK PTYTH
BOJIOPaCTBOPUMBIN 0Ca/IOK + GeJIbli 0CaIoK
aMHJIOCOETUHEHHUS
5. H,SOs {PbSO, Genit
(1 M pactBop) 0caoK, VHgSO, 6esrii
ocajika He o0paszyer
pacTBOpHUM B MLIE/I0OUaxX 0CaoK
IIPY HarpEeBaHUH
6. KyCrO4umm VAg2CrO4 kuprimaso- LPbCro, {Hg,CroO,
K2Cr207 KpacHBIN JKEITBIA 0CaIOK, KPACHBI 0CaJIOK, He-
0CaIOK, PACTBOPMM B |PACTBOPUM B Iesoyax | PACTBOPHM B IIEJI0YAX U
HNO3 u NH,OH pazbasnennoit HNOj3
) +
7. SnCl+HCI VAg uépubrit LPbCl, Genprit ¢H92C|2 —VHg
OeblIii, MOCTETIEHHO
0CazIoK 0CazoK .
YEepHEIOIINI 0CaI0K
) +
8. Na,SnO,+NaOH LAg seprsii inSOH)Z —yPb UHg weprsi
OeblIii, MOCTETIEHHO
0CafIoK 0CaJIoK

N3 3Tux CBOMCTB BBITEKAET CUCTEMATUYECKUN XOJI aHAJIN3a, PEICTABICHHbBIN

CXeMaTH4YeCKH B Ta0iuie. 2.2.

Tabnuya 2.2 — Cxema cucmemamuyecko2o Xo0a anaiu3a cmecu kamuonos I

epynnul
Onepanun PeakTuBbBI Ag’, [Hg2]**, Pb?" - nombr
OcaxxneHne KaTHOHOB Ocapgok 1 $AgCI, Pactrop | He
I rpynimiel B Buae HCI IPbCl,, $Hg2C|2 p
UCCIIETYIOT
XJIOPUJIOB
Ortneneune PbCl, Ocanok 2 PactBop 2 Pb%*
(ocagox 1) ropstuas Boja Hg,Cl, Cl- — nonst
LAgCI
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2+
Ortkpsitue Pb a) LPbCro,

(pactsop 2) a) KxCr,0y JKEIITBIN 0CaOK

6) H,SO, 6) vPbSO,

Oemblii 0camoK
Otnenenue AgCI Ocayok 4 4 PactBop 3
(ocamok 2) v OTKPBITHE NH3 (BoaHBbIi Hg [Ag(N H3)2]+
[Hg2]*" — nonon pacTBop) LHgNH,CI
YEPHBIN 0CaZ0K
Otkpeitie Ag” - HOHOB VAQCI Genbrit
HNO;

(pactBop 3) 0Ca/loK

CucremMaTn4ecKuil X0/ aHAJIU3A CMeCH KaTHOHOB | rpynmnbi
1. Ocaoicoenue kamuonos I ananumuyeckot epynnot 8 guoe x1opuoos. K 8-

10 xammsiM HCCIeAyeMOoro pacTBOpa NPWIMBAIOT BOJHBIM pPAcTBOpP aMMMakKa [0
HEUTpabHOW peakiuu M 3areM J00aBISIOT paBHbIM 00BEM 1-2 M pactBopa
XJIOPOBOJOPOAHOM  KUCHOTHI. Ocaliok  OTHAENSI0T LEeHTPUYrHpOBaHUEM U
IPOMBIBAIOT BOJIOW, COAEPIKAIIECH 2 KaIlIu XJIOPOBOIOPOTHONU KUCIIOTHI.

Ocanox 1: AgCl, Hg,Cl,, PbCl, PactBop 1: He uccaemyror
2. Omoenenue PbCl,. Ocanok 1 mepeHocAT B 4aliky u o0pabaThiBatoT 2-3

3 .
paza 0.5 cM” kurmsien BOJbl, HArpeBaloT A0 KUIMEHUS U TOPSYUM HIEHTPUDYTUPYIOT.

[Tpu sTom PbCl, nepexoaut B pacTBop.
Ocanox 2: Hg,Cl,, AgCl PactBop 2: Pb>*, CI - mousr
3. Omkpoimue Pb** - uonoes. IIpn oxnakaeHUM pacTBOpa 2 BBINMAJAIOT

2+
urosibyatbie Kpuctamisl PbCly. PO - HOHBI OTKpBIBAIOT, KaK yKa3aHO BBIIIE, MPH
MTOMOIIIN JUXpOMAaTa Kajaus WA CEPHON KUCIOTHI.

Ocanok 3: a) PbCrO4; 6) PbSO,
4. Omoenenue AGCI. Ocanok 2 odpabateiBatoT 5-6 karisimu 6 M pactBopa

BogHOro ammuaka. Ocanok pacteopsiercss ¢ odpasoBanueM [Ag(NH;),]" - nonos. B
2 \ .
npucyTcTBUM KatnoHoB [Hg,]™" oaHOBpeMeHHO ¢ 2TuM 06pasyeTcs YEpHBIi 0caIoK.

Ocamok 4: [Hg NH;]Cl + Hg PactBop 3: [Ag(NH3),]", CI" - nons
5. Omxpvimue [Hg2]2+— uonos. IlosiBIeHNE YEPHOTO OCAJKa YKa3bIBAET HA

npucyrcreue [Hg,]”'- noHOB B aHammsupyemoM pactBope. [t IPOBEPKH OCamoK 4
00pabaThIBaIOT MAPCKOW BOAKOH, YAQISIOT HM30BITOYHOE KOJIMYECTBO KHCIOTHI
BBITIAPUBAHUEM W OOHAPYKMBAIOT MOHBI pTyTH AelictBrueM SnCl, mo oOpa3oBaHUIO
6er1oro, YepHeroIero Ha Bo3ayxe ocaaka Hg,Cl,. Pacteop 4: [Hg,]**- roHsL.
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6. Omxkpoimue Ag' - uonos. K pactsopy 3 npubapisioT a30THYIO KUCIOTY.
B ciyuae npucyTcTBus Ag - HOHOB 0Opasyercs 6enblif ocanox AgCl.
Ocanoxk 5: AgCl.
Bomnpocs! 1i1s1 00cyxaeHust
1 CKOJIBKO aHaJIMTUYECKUX TPYNI BKIIOYAET KUCIOTHO-OCHOBHOM METOJ

KAueCTBEHHbIX HM3MepeHuii? llepeuncnnTe BCce KATHOHBI KAXKIOW AHAIUTUYECKOU
TPYIIIBI U HA30BUTE UX TPYIIIOBBIE PEAr€HTHI.

2 Kakoro mnBera ocagku XJIOpUIAOB KAaTHOHOB TNEPBOM aHAIUTHUYECKON
rpynnbi? [IpuBeanTe 3HaUCHUS UX MPOU3BECHUN paCTBOPUMOCTH.

3 Kak pearupyer xmopua cepebpa ¢ pacTBOpaMH aMMHaka? €ro
aMMUa4YHbId KOMIUIEKC C Aa30THOM KucioToW? Hanummure cooTBETCTBYIOIIME
YPaBHEHUSI pEaKIUH.

4 KakoBa CTPYKTypa aMHIHBIX coeauHeHuil katrona [Hg,]*" ? Hammmmre
ypaBHEHHs 00pa3oBaHus U pa3ioxenus conu [NH,HQ,]Cl.

. 2
5 Kakoe cBOIMCTBO XJIOpH/ia CBUHIIA MO3BOJIAET OTAEIUTh Pb™" oT apyrux
KaTHOHOB MEPBOW TPYyMIIbI?

2.2 11 Ananuruyeckasi rpynna KaTHOHOB
Ko II aHaTHTHYeCKOI IpyIIe KaTHOHOB OTHOCSTCS HoHE! Ba®*, Sr**, Ca”,

oOpazyrolue psiji MaJopacTBOPUMBIX COJIEH C pa3IUYHBIMU aHHOHAMHU. Tak,
MaJjiopacTBOPUMBI CyibdaTel, pocdartsl, okcanarsl U KapOOHATHI KATHOHOB 11
IPYIIBIL.

['pynmoBsiM peareHToM kaTroHoB I rpymmet siBnsiercss 1 M pactBop H,SO,.
[TockonbKy cynbhat Kaiblus 001a/1aeT JOCTATOYHO BBICOKON pacTBOPUMOCTBIO B
BO/JIE, OCAXKJIEHUE KaTUOHOB Il rpynmbl BEAyT B IPUCYTCTBUM 3TUIIOBOTO CIIUPTA C
LIeJIbIO OHMXKEHUs pacTBopumoct CaSO, B BoAE.

Kap6onatsl katnoHoB 11 rpymnmbl pacTBOPUMBI B YKCYCHOM KUCIOTE. DTO UX
CBOMCTBO HCHOJIB3YETCS B CHCTEMAaTUYECKOM XO/I€ aHAIN3a CMECH KaTUOHOB,
coaepxkamux Il rpynmy. O630p aHAIMTHYECKUX peakiuii KatThoHoB Il rpymiib
npencTaBieH B Tabnuue 2.3.

Tabnuya 2.3 — Kauecmegenunvie peaxyuu kamuoros Il ananumuyeckou epynnwi
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Pearent Baz+ Sra+ Cao+
1. H,SO4 mmu 1Baso, 1Srso, 1CasO, 6enwiit
Na,SOq, OeJIbIi 0CaNloK, OeJIbIi 0CalloOK, OCaJIOK,
HEPAaCTBOPUM B HEpacTBOpUM B [pPacTBOPHUM B Topsiueii Boje
KHCJIOTaX KHCTIOTaX
2. (NH4),CO3 mn IBaCOj; Genbrii 1SrCO; 6ensrit 1CaCO0;
N&zCOg, KzCOg 0CalloK, 0CalloK, OebIi 0CaJaoK,
pacTBOpUM pacTBOpUM pacTBOpUM
B MUHEPAJIbHBIX U B MUHEPAJIbHBIX U B MMHEPAJIbHBIX U
YKCYCHOM KHCIIOTaxX YKCYCHOM KHCJIOTax YKCYCHOM KHCIIOTaX
3. (NH4),SO0, IBasoO, 1SrS0, 6exnbiit | [Ca(SOs),]*6eciBerHbrii
(HACBILIEHHBIN) OCIBIi 0caloK ocaJoK pacTBop
4. (NH4),C,0, BaC,0, 1SrC,0, 6ensiit +CaC,0,
OeIbIii 0CcaloK, pac- 0CaJIoK, pac- OeJblii 0CcaIoK, PacTBO-
TBOPHM B MHHEPAllb- | TBOPHM B MHHEDAIb- | pyMblil B MHHEPAIBHBIX
HBIX KHCIIOTaX, HBIX KHUCIIOTaX, kuciorax, 8 CHsCOOH
HEPacCTBOPUM B HEPACTBOPHM B
CH3;COOH CH3;COOH
5. K,Cr,07 (8 {BaCro,
YKCYCHOKHUCIION KEIITBIN 0caioK - -
cpene)

W3 naHHbIX TaONMIIBI CIEAYET, YTO:
1)  peaxuus obHapyxenus Ba®® — oGpasoBamne xe&nroro ocaaka BaCrO,

> 2+
npu nedictBun Ha conmb Ba® pactBopom K,Cr,O; B IpHCYTCTBHM alleTaTHOTO
O0ydepHoro pactBopa:

2Ba’" +Cr,;0 2 +H 0, =¥ BaCrO, + 2H",
2)  peaknueir oOHapyKEHUs Sr**  sBiseTcs  KameabHas peakuus ¢

ponuzonaromM Hatpusi Na,C¢Og. Ha QuuibrpoBanbpHyro Oymary momMemiaroT Karuiro
2 . .
comu St u efcTBYIOT Karieil BOIHOTO pacTBOpa poAU30HaTa Hatpus. IIpu sToM Ha

OyMare TOsIBJISIETCSI KpacHO-Oypoe MATHO 0cajika pOAU30HATA CTPOHIIHS:

Sr2" +C Oser —> SrCOss ¥
KpacHO-OypbIi 0CaZI0K
[Ipu cmaumBanuu mnsATHa paszbaBieHHON comnsiHoM kucnotod HCI ocamok

pPacTBOPSIETCS U MSTHO UCYE3AET.

Won Ba”™ Ttamke maér KpacHO-Oyphlli OCaJIoOK C POAM30HATOM HATpPHS,
KOTOPBIH, OJIHAKO, JIETKO OTJIMYUTH OT POJAM30HATA CTPOHLUSA, TAK KaK MPU JEHCTBUH
HCl ocamoxk poau3onara Oapus CTaHOBUTCA PO30BO-KPACHBIM  BCIIEJCTBUE

IpeBpaIlleHUs B KUCIBIA POJIM30HAT Oapusl.
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2+ 2+
ObnapyxeHue w#oHa Sr° B NPHUCYTCTBUM HOHAa Ba®™ mpoBomsaT c
npeBapHTeNbHOI 06paboTkoil Gymarn pactBopom K,CrO,, ocaxnaroumm nox Ba®*
B Bujie BaCrO,.

PeakmussMu oOHapykeHHsI HOHA Ca®" sBsroTCs peaknuu  00pa3oBaHUS
TPYIHOPACTBOPUMBIX ~ OCaJAKOB  O€loro IBeTa — OKcajlaTta Kalblusi U
rexkcanuanodeppara KajabIUsi-aMMOHUS TIOCJIE TPEIBAPUTEIHLHOTO OTICICHUS MOHA
Ba®":

) Ca: FC Oz ™ ¥CaC Oz,
Ca?' +2NH, +[Fe(CN)]s* = YCa NH(4>) [Fe(CN)q].
CXGMa CUCTEMATHUUYCCKOI'O XOda aHaJIn3a KAaTHOHOB I I'PYIIIIBI IIPUBCACHA B

Tabnue 2.4.
Tabnuya 2.4 — Cucmemamuueckuii Xxo0a anaiu3a kamuoros Il epynnwi
Py
26 o2t
Onepauuu PeakTuBBI Ba, Sr, Ca™ - nombl 2+
Ocaxnaenue H,SO, + Ocanoxk 1 PactBop 1
cyabhaToB CZH SH {BaS0,, +Srs0., +CaSO, He
2 UCCIIEIYIOT
[TepeBon Ocanok 2 PactBop 2
cynb(hartos B Na;COs IBaCO;, HE
KapOOHATHI (tpu 1SrCco;, HCCIIEAYIOT
(ocanox 1) HArpeBaHmi) lcaco;,
PactBopeHue PactBop 3 Ba,
KapOOHATOB CH;3;COOH Sr?*, Ca®
(ocamok 2) 2+
OTkpbITHE U K,CrO- + Ocamok 3 | PactBop 4 Sra+,
ornenenue Ba®" Clj C(Z) ()7Na BaCrO, Caz+, Cr2072-
(pactBop 3) 3
Y nanenne Ocanox 4
Cr207- Na,COs ISrco;,  ICaCoj
(pactBop 4)
PacTBOpenue Ocaok 5 PactBop 6
Kap62(iHaTOB Ca CH;COOH + SrSO4 Ca*" - noHsr
u 52r ) (NH,),SO,4
¥ ” (mpu
oTzieneHue Sr HarpeBaHuH)
(ocamok 4)
Orkpertie Ca* (NH4)2C204 Ocagox 6 ¥
(pacTBOp 6) (pm CaC;0,4
HarpeBaHuM)

CucremaTu4eckuii X0 aHAIU3a CMeCH KAaTHOHOB 11 aHaIMTHYeCKOM rPyNIbI
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1. Ocaoicoenue cynogpamos xamuonos Il epynner. K 10-15 xammsam
HCCIIETyEMOTO PacTBOpa, KOTOPbIM coaepkut katuoHsl I rpynmel, nobasmsor 1 M
pactBop H,SO,4, aTHnOBBIN ciupT 1 iepeMemmBaioT. CMeCh HArpeBarOT Ha BOJSTHOMN
0aHe, EHTPU(DYTUPYIOT U MPOMBIBAIOT BOAOW, K KOTOPOW MPUOABICHO HECKOJIBKO
Kareinb CEPHOM KHUCIIOTHI.

Ocanok 1: BaSO,, SrSO,, CaSO, PactBop 1: HE HccmeayrOT
2.  Ilepesoo cynvghamose kamuonos Il epynnet 6 kapboonamwvi. B

hapdopoByIO HAIIKY HOMEIAIOT ocagok 1 i mprmBaotr 2-3 cm® Na,CO; (koHIL.),
HArpeBarOT CMECh TOYTH JO KWUIIEHHS M 3aTeM CIIMBAIOT pacTBop C ocajka. K
OCTABILEMYCS OCAKy BHOBb 100aBisioT 2-3 cm® Na,COj (KOHIL) M BHOBb HATPEBAOT
CMECh. OTy ONEpalMI0 TMOBTOPAIOT JO TEX IOp, IMOKa CIMBAaeMbI pacTBOp HE
MEPECTAHET J1aBaTh PEAKIIUIO Ha SO4* (TO ecTb OT npuOaBieHUs K OTIEILHON mpode
pactBopa BaCl, u HCI npu pH ~3 mepecraner oOpa3zoBbiBaThbcsl ocanok). Ocanok
KapOOHATOB OTACIISIFOT IIEHTPU(PYTHPOBAHUEM U TIPOMBIBAIOT BOJIOM.

Ocanok 2: BaCOg3, SrC0O;, CaCO4 PactBop 2: HE UccneayroT
3. Pacmeopenue xapbonamoe xamuornos Il epynnei. Ocagok kKapOOHATOB

pacTBOPSIOT B 2 M pacTBOpE YKCYCHOM KUCIOTHI U OTKPBIBAIOT KaTHOHBI [ aHanmuTu-

YECKOMW IpyMIIbI. PacTtBop3: Ba**, Sr**, Ca*
4, Omkpvimue u omoeneHue Ba*". B npoOUpKy ToMemnarT 2-3 Karu

pactBopa 3, mobamistor 2-3 karmmu 2 M pacTBopa anerata HaTpus U 4-5 Karenb
pacTtBopa Ouxpomara kanus. BeimamaeT kenTeiii ocamok xpomara Oapusi BaCrO,.
Ecin Ba®* mprcyTcTBYyeT, TO KO BCEMy pacTBOpY 3 MpHOABISIOT 4-5 Karelp anerara
HaTpUsi U pacTBOp Ouxpomarta Kanus. CMech HarpeBalOT NpPHU MEPEMEIIMBAHUU B
TeYeHHUE 2-3 MUH, OCaJ0K OTIEISIOT UEHTPU(PYTUPOBAHUEM.

Ocajok 3: BaCrO, Pacteop 4: Sr**, Ca®*, Cr,0,*
S. Voanenue CrO;”. TlpuGasuth k pactBopy 4 TBEpabii Na,CO; u

HarpeBath mnpoOupky 2-3 muH. Beimabmmit ocagok (SrCOz;, CaCOj) otnmenstor
2+~ 2+
HeHTpU(YTUPOBAHUEM, TTPOMBIBAIOT M HCCIISAYIOT Ha coaepxkanue Sr-, Ca™ .

Ocanoxk 4: SrCO3, CaCOs PactBop 5: Na', CrO42' - HOHBI
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6. Pacmeopenue kapb6onamos xambyus u cmponyus u omoeienue Sre.
Ocanok 4 neHTpuyrupyroT, pacTBOPSIOT B 2 M yKCYCHOM KUCIIOTE TIPH HATPEBAHUH,
MPWIMBAIOT TOJYTOPHBI OOBEM HACBIIIEHHOTO pacTBopa cyibdaTa aMMOHHS H
HarpeBaroT B TeueHue 5-10 MUHYT.

Ocagoxk 5: SrSO, PactBop 6: [Ca(SO4),]* - HOHBL
Hammune monoB Sr** MMOJATBEPKAAIOT KAYECTBEHHOM peakiuend ¢ pOAU30HATOM

HaATPUS.

1. Omxkpoimue Ca®*. PacTBOp 6 yHapHBAaIOT 0 HEOOIBIIOTO 00BEMA U
otkpeiBator Ca’’: a) mpu feiicTBum pacTtBopa okcamata ammonums (NH,),C,04
obpasyetcs Genbiii ocanok CaC,04; 6) mpu aeiictBun  Ky[Fe(CN)g] B mpucyrcTBum
NH;OH u NH4Cl 6enbIit ocaok cMeIIaHHOW COJIM — rekcalmanodeppara Kajablus 1

aMMOHHUA.

Ocagnok 6: a) CaC,04; 06) Ca(NHy)2[Fe(CN)g].
Ilpumeuanue: Yxa3zaHHble B X0Ji€ aHaIM3a onepanuu 1 (ocaxkaenue cyab(aToB

katroHoB Il rpynmel) u 2 (nepeBoj cyab}aToB B KapOOHATHI) HEOOXOAUMBI
JIMIIb B CUCTEMATHYECKOM aHAJIN3E€ CMECU KaTUOHOB BCEX IpyIil. B ciydae
aHaJIN3a TOJbKO KaTuOoHOB Il rpymmel 31 onepanuu UCKIrOYarTes, U aHaim3 [1
IpyMNIbl HAUMHAIOT C OCAX/ICHUA ¢ B BUE KapOOHATOB.

Bonpocs! ajs1 00CyK1eHUS
1. Kakne comm kaTmOHOB BTOpOU rpynnbl manopactBopumsl? [IpusBegure

COOTBCTCTBYIOIINEC UM 3HAYCHUSA HpOI/ISBGI[CHI/Iﬁ pacTBOPHUMOCTH.

2. [Touemy cynbdaThl KATHOHOB BTOPO IPYIIIBI IEPEBOJAT B KAPOOHATHI?
3. Kakue peaknum KaTHMOHOB BTOPOM TPYMIBI SBISIIOTCA Hanbosee

cnenupuueckumu? Hanummvre ypaBHEHUS TUX PEAKIIUM.
4, KakoB anroputm CHCTEMAaTHYECKOTO XOJa aHajln3a CMECH KaTHOHOB
BTOpOoMrpynIbl? [lonbiTaliTech N300pa3uTh €ro CXEMY.

Cucremaruyeckuii xox anajausa cmecu I u Il rpynn katuoHos
1. Ocadicoenue kamuonos I ananumuyeckot epynnot 8 gude xiopuoos. K 8-

10 xammsgm wuccienyeMoro pacTtBopa NpwiIMBarOT BojHbIM pactBop NH,OH 1o

HEWUTpaJbHON peakiuu W 3aTeM J00aBJsAOT paBHbIH 00beM 2 M pactBopa HCI.
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Ocanok OTHENSIOT IEHTPU(PYTUPOBAHUEM M TMPOMBIBAIOT BOJAOW, Ccojepkamiein 2

karum HCL.
Ocanox 1: AgCl, Hg,Cl,, PbCl, PactBop 1: Ba®", Sr**, Ca®"
2. Omoenenue Pb** - uonos. Ocanok 1 gBakapl oOpabaThIBAIOT Topsiuei

BOJIOW, HArpeBaloT 0 KUMNEHUs U ropsuuMm ueHTpudyrupyiot. [Ipu stom PbCl,
MEPEXOIUT B PACTBOP.

Ocamok 2: AgCl, Hg,Cl, PactBop 2: Pb** - nonsl
3. Omxkpoimue Pb** - uonos. Vionsr Pb®* oTKpeIBalOT 1m0 0Gpa3soBaHMIO

xenroro ocaaka PbCrO, npu neficTBuM Ha pacTBOp 2 OUxpomMara Kasus.

Ocanok 3: PbCrO,
4. Omoenenue AgCIl. Ocanok 2 oOpabaTeIBalOT 5-6 KamisiMu 6 M pactBopa

NH,OH. IIpu stom ocamok AgCl pactBopsiercss ¢ obpaszoBanueM [Ag(NHs),]™ -
noHoB. B npucyrereun [Hg,]*" oHOBpEMEHHO ¢ 3THM 06pa3yeTcst YSpHBIH 0CaIoK.

Ocanok 4: [Hg NH,]CI + Hg Pactsop 3: [Ag(NH3),]", CI
5. Omxpvimue [Hg2]2+- uonos. llosiBnenue yepHOro ocaaka 4 ykasbIBaeT

2
Ha npucyrcteue [Hg,]”- nonos B amamusupyemom pactsope. sl MOATBEPKACHUS
2+ . .
Hannuns [Hg,]™ - nOHOB B aHamM3upyeMoi cMecH 0cafiok 4 00padaThIBalOT HAPCKOM
BOAKOM, yHaIsItOT W30BITOYHOE KOJMYECTBO  KHUCIOTHI  BBITAPUBAHUEM U
2+
obuapyxwuBaioT [Hg,]“" - nonsr mo peakuuu ¢ SnCl, mo obpasoBanuio 0eI0ro ocaaka
2+
Hg,Cl,, uyepnetomero Ha Bo3myxe. PactBop 4: [Hg,]" - noHst
6. Omkpoimue Ag" - uonos. K pacteopy 3 mpubasnsior 2 M pacTsop
a30THOI KHCIOTBI. B citydae mpucyTcTBus Ag' - MOHOB 0Opasyercs Oelblii 0caIoK
AgCl.

Ocanoxk 5: AgCl
7. Omxkpoimue u omoenenue Ba®* - uonos. K pacteopy | moGasmsor 2-3

karu 2 M pacTBopa arerara HaTpus U 4-5 kamneiab OuxpomMara Kajusl. Ba”*" - noHsI
0GHAPY)XUBAIOT 110 0Opa30BaHHIO k&ITOro ocanka BaCrO,. Ilpu Hammumm Ba® -
MOHOB B CMECH MX OTIENAIOT OT noHoB Sr°*, Ca?* neiictuem K,Cr,0; B MPUCYTCTBUU
anerata Hatpus. CMech HarpeBalOT NpPU MNEPEMEIIMBAHUM B TEYEHHE 2-3 MUH.

Ocanok BaCrO,4 otnenstoT ueHTpu(pyrupoBaHueM.
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Ocanok 6: BaCrO, PactBop 5: Sr2+, Ca®"'
2+ 2+
8. Omxpvimue Sr°" - uonog. SI°" - HOHBI OTKPHIBAIOT B YAaCTH PacTBOpa 5

KaIeJIbHOM peakIueii ¢ poau30HaTOM HATPHSI.

Ha ¢uibrpoBaipHyr0 OymMary ImOMEIIAIOT KaIUTI0 HCCIIEIyeMOTO pacTBoOpa U
JIEHCTBYIOT KaIlJIeH pacTBOpa poam3oHaTa HaTpus. [Ipu 3ToM Ha Oymare MmosBIISCTCS
KpacHoO-Oypoe ISITHO POJIU30HATa CTPOHIIMS, WCUE3afolee NP JACHCTBHH HA HETO
kareit 2 M pactBopa HCL

9. Omoenenue u omxpoimue Ca’* - uonos. K pacTBOpy 5 NpPHIMBAIOT
HOJYTOPHBIN 00béM HachimeHHoro pactsopa (NH,),SO, u Harpesaror B TeueHue 5-
10 MuH. Ocanok 7: SrSO4 PactBop 6: [Ca(SO,),]* - noHsl

PacTBOp 6 yIapHBaOT 10 HEGOIBIIOrO 00bEMa U OTKpbIBaoT Ca’’ - HOHBI
neiictBueM okcaigara ammoHus (NHg4),C,04, oOpa3syiomero c Ca®" - nomamu
oenbiit ocagok CaC,0,. Ocamok 8: CaC,0,.

2.3 III AnaauTHyeckasi rpynna KaTHOHOB
K III aHanuTH4YecKoM rpynie KaTHOHOB OTHOCATCSI HOHBI AI**, sn**, cr¥*, zn*,
oOpasyrole TPYIHOPACTBOPUMBIE THJPOKCHIBI, oOjagaromue aMQpoJIUTHBIMH

CBOVCTBAMMU.

I'pynnoBsiM pearentom Ha katvonsl III rpynmel sBisiercs 2 M pactBop NaOH,
KOTOPBIN 0e3 n30bITKa AacT aMopdHbIe ocaiku ruapokcuoB Oenoro neera Al(OH)s,
Zn(OH),, SN(OH), u 3enenoBateiii ocanok Cr(OH)s. Ilpu BBenenun n3obitka NaOH
1 HarpeBanuu B npucytctBun H,0, (mmm Na,0,) ocanku ruapokcuioB katnoHos I11
IPYIIB PACTBOPSIOTCS, 06pasyst coorBercTBerto nousr: [Al(OH)s]*, [Zn(OH).]%,
[Sn(OH)]* u CrO,*.

[Ipu kuUNSTYEHUU XPOMUT - M CTAHHAT - HOHBI THAPOIU3YIOTCS ¢ 00pa30BaHUEM
TUAPOKCUIOB. B 3THX XK€ YyCIIOBHSX aJllOMUHAT - W LIMHKAT-UOHBI THAPOJIU3YIOTCS
crnabee.

O0630p aHanmuTHYeCKUX peakiuil katnoHoB 11 rpynmel npeAcTasiexn B Tabaune
2.5.
Tabauya 2.5 — Kauecmesenuwvie peakyuu kamuonos Il ananumuueckou epynnwi

Pearenr Zn2+ Alz+ Cra+ Sna+

25




1. NaOH wuu 1Zn(OH), 6ensiii VAI(OH)3 6ensiii | +Cr(OH); ISn(OH),
KOH 0CaJIoK, 0CaoK, 3€JICHOBATHIN |  Geblii OcaoK,
6e3 n30bITKA PACTBOPHM B KHCIIOTAX pacTBOpPUM B 0CaJIoK, PACTBOpHM
U 11eaoyax KucjioTax u pacTBOpiM B B KHUCJIOTaxX U
iesnoyax KHCIIOTaX U .
niesnoyax
2. NaOH wm [Zn(OH).J* [Al(OH)¢]’6ectBern | CrOzpactso | [Sn(OH)4]*Gecusern
KOH B OecIBETHBIN pacTBOP BIil pacTBOP P 3€7IEHOTO bIil pacTBOp
U30BITKE TIPU 1[BETa
HarpeBaHUU
3. H,O,B [Zn(OH)4]*6ecusers | [AI(OH)s]*6ecuserr | CrOszpacte | [SN(OH)g]*6ecusers
LICJIIOYHOU BII pacTBOp bIi1 pacTBOP Op KEITOro BII IIPO3PAaYHbII
cpexne npu BeTa pacTBop
HarpeBaHUU
4. NH4OH 6e3 +Zn(OH), 6emsrit VAI(OH)36ensiii | +Cr(OH)s $Sn(OH),
n30bITKA 0CaJIoK 0CazIoK 3€JICHOBATHI OenbIit ocaiok
1 ocaiok
5. NH,OH 8 [Zn(NH3)s]2+ VAI(OH)s 6enerii | YCr(OH); 4Sn(OH),
M30bITKE OECIIBETHBIN PacTBOp | OCAIOK 3€JICHOBATHI OeIbIif 0CaIOK
1 ocaiok
6. Na,COs3, 1Zn,(OH),CO36empiii | YAI(OH)3 6empiit | +Cr(OH); | 4Sn,(OH),CO3
K2CO3 nmm 0CaJI0K OC- 0CaJIoK 3eJIEHOBAThI Oenblii ocaioK
i
(NH4),CO3 HOBHOTO KapOOHaTa 0CaJloK OCHOBHOI'O
KapOoHaTa
7. K4[FB(CN)6] KZan[Fe(CN)G]z OeJIbIit
0CaJI0K - - -
8. Oxucnurenu Cr2072pacTBO
B KHCIION |y
cpene. _ _ OpaHKEBOTO _
Na,S,0g B BETa
cpene
H,SO4
9. Hg2(NO3), VHQ2Cl2 6emsrit
0CaJIoK,
B B B YEPHELIUHN CO
BpEMEHEM

10. AuTH3on
Ha

JUTHU30HAT IMHKA,
SAPKOC KpaCHOC IIATHO

buIbTpOBANBH — — —
on

Oymare

11. aIIFOMHHHEBEIN JIaK,

AJTIOMHHOH — KpYIIHBIE KPACHBIE — —

XJIOIIbA

W3 nanHbIX TaOauIe! 2.5 ciaemyeT, 4To:
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katrnos! Al** 0oOHapyXUBAIOT ACHCTBUEM ATIOMUHOHA — AMMOHUNHOM COJIU
aypuHTpUKapOOHOBOW KHCIOTHI CpoHi1109(NH,)3, 0Opasyromieii ¢ kaTHOHAMHU A%
COEJIMHEHUE KPACHOTO IIBETA — TAK HA3bIBAEMbIN «AITFOMUHUEBBIN JAK».

Jlist BBIIIONHEHWST peakuuu K 2 kamisiM pactopa comn AlY, comepskamero
HemHoro CH3;COOH, npu6asmstor 1-2 karum 0,01% - HOTO pacTBOpa aJlOMUHOHA U
HarpeBaroT Ha BojsHOU Oane. 3areM npubasisitoT pactBop NH,OH (10 mosBienus
3amaxa) u 2-3 karum pactBopa (NHy),COs. KpacHbie XJI0Mbs «aTIOMHHHAEBOTO JIaKa»
JI0Ka3bIBAIOT mpucyTeTBHe Al*,

Mermaroummu noxamu ssisores Fe**, Cr¥*, Ca**, Taxxe oGpasyromue naku ¢
amomuaoHOM. Mon Fe** momken GbITh MOMHOCTBIO OTAENEH, a JIAKU, 06pPa30BaHHbIC

nonamu Cr’* u Ca®*, paspymarorcs npu BBenennu B pactsop NH,OH u (NH,),COs.

KATHOHBI Zn°>" 06HAPYKUBAIOT KAIEIbHOMN peakiueil ¢ TH(EHHIIHTHOKAD-
6a30HOM (IUTH30HOM), KOTOpBIi ¢ HOHAMH Zn°* 06pasyeT BHYTPHKOMILICKCHYIO
COJIb, OKPAIICHHYIO B MAJIMHOBO-KPACHBIH LIBET.

Ha ¢unbpTpoBasibHYyl0 OyMary HaHOCAT KaIlll0 HIEJIOYHOTO PacTBOpa COJIU
[IMHKAa. 3aTeM BJAXXHOE MATHO OOBOJAT MO mnepudepuy KanwuIsipoM € PacTBOPOM
nuTh3oHa. IlosBIeHNEe XapakTEpPHOIO0 MAJMHOBO-KPACHOTO KOJbLA CBHJETEIBCTBYET

2+
O IPUCYTCTBUU Zn” .

KaueCTBEHHOW peakireil oOHapyKeHUsI Cr® - HOHOB SBISIETCS OKHCIICHHUE
3 2- . .
Cr’" no Cr,O; B Kucoit cpesie noj feicTBUEM Nepcynb(aTa HATPHS.

JIist BBITIOJIHEHMSI pEeaklMM TMOMEMIAIOT B MpoOHMpKY 5-6 Kameiab pacTBopa
Na,S,0s, npubapnsoT Heckonbko Kamemb 20% - Hoit H,SO4 m 1-2 kammm Ag'
(karanuzatop). [loaydyeHHYI0 OKHUCIUTEIbHYIO CMECh HArpeBalOT U BBOAST B HEEC

3+ \ ~ ~

HecKoJbKo Karenb conu Cro . Ilepexon okpacku pacTBOpa U3 3€JICHOM, MPUCYILEH
3+ b 2-

coisiM Cr™, B JKENTO-OpaHKeBYI0, 00YCIOBIEHHYI0 Hamu4yueMm B pactBope Cr,O;" -

3+ o
HOHOB, CBUACTCILCTBYCT O HAJIMYNH Cr” - HOHOB B HCCICAYCMOMN CMCCH.

o 2+
- pCaKHI/Iel/I O6Hapy}KCHI/I}I SI’l - NOHOB SBJISICTCA BOCCTAHOBJICHUC XJIOpI/II[a
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4 2
prytu (I) ¢ npeaBapUTENbHBIM BOCCTAHOBIEHHEM Sn* 10 Sn”’ KumsueHueM c

MCTAJNIMYCCKHUM INTUHKOM:

[SNCIe]? ZntSn?Z? 6CI°, 8nCl, Hg,(NO; )

+ - +4
Sn(NOs,) Hg,Cl,

OeJIbIil 0OCagoK
Hg.Cl, = Hg'dfz Hg.

YCPHBIN 0CAI0K

CucremaTuyeckuii Xo4 aHajan3a cMecu KatuoHos 111 rpynnbi
1. llonyuenue euopokcuoos kamuornos Il epynnvl u ux pacmeopeHue &

usoeimke NaOH. K 10-15 kamusMm ucclieryeMoro pactBopa, COAepKaliero A%
Sn®*, Cr**, Zn*, poGaBmsor 3-5 Kameob MEpPOKCHAA BOAOPOAA M 3aTeM IIPH
HarpeBaHWU W MepeMelIMBaHuK NpudaBasitor 6 M pactBop NaOH nmo mosHOro
pacTBOPEHHUsS] BBIMABIINX THAPOKCHIOB. M30BITOYHOE KOJUYECTBO IEPOKCHIA
BOIOpOJA yaamsioT HarpesanueM. Pacteop 1: [AI(OH)g]*, [Zn(OH).]*, [SN(OH)e]* u
Cro,” .

2. Ocanncoenue AF*, SN* - uonos 6 suoe cudpoxcudos. K pactopy 1
I00aBIAIOT HEOONBIIUMH MOPHUAMH KPUCTAUTMYECKUH XJIOPUA aMMOHHS H
yIapuBarT pacTBOp A0 Hebosbimoro oobseéMa. Ocangok Al(OH)s, Sn(OH)4 otaensitor
ueHrTpudy-

THPOBAHUEM.

Ocanok 1: AI(OH)3, Sn(OH)4 PactBop 2: [Zn(NH3)4]2+, CrOaz3.

Omxpvimue AP - uonos. Ocamoxk 1 pactBopsitoT B 2 M pactBope HCI.

Pacteop 3: AI**, [SnClg]*
PacTBop 3 [emAT Ha ABE 4YacTH. B mepBoii wacTi pacTBopa oTKpbiBaroT Al**-

MOHBI C aJTIOMUHOHOM TI0 00pa30BaHUIO KPACHBIX XJIOMBEB «ATIOMUHUEBOTO JIAKAY.
JI1s1 BBITIOJTHEHUSI PEaKIMM K HECKOJIbKMM KaIlIiM pacTBopa 3 MpUOaBIISIOT

HECKOJIBKO Karejb alloOMUHOHA M HarpeBaroT. 3aTeM mnpudasistoT pactsop NH,OH

710 TosBIeHUsA 3amaxa W 2-3 kammm pactBopa  (NHy),COs. KpacHbie Xiombs

3
«AJIFOMHUHHUCBOTO JIaKa» NOKa3bIBAKOT IIPUCYTCTBHC Al i HOHOB.
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4+ 2+ 2+
4. Boccmanosnenue Sn™ oo Sn™ u omxpwvimue Sn” - uomos. Btopyto
2-
JacTh pactBopa 3, cojaepxkamero HoHbI [SnClg]”, TPOKHISTHTE ¢ HEOOJIBIIHM

KOJTHYECTBOM METaJUINYECKOro IUHKA, BoccTaHaBmmBaomero Sn** 1o Sn®* (pacrsop
4).

Housl Sn®* OTKpBHIBAIOT MO 0GPA30BAHMIO GEIOr0, YEPHEIOLIEr0 HA BO3TYXE
ocaaka Hg,Cl, mpu neiictBuM Ha pacTBOp 4 HECKOJBKMMHU KalUISIMH PacTBOpa
Hgg(NO3)2.

5. Omodenenue Zn** - uonos & eude 2udpoKcokapbOHAMos u OMKpbIMe
Zn** uonos. PactBop 2 HarpeBarOT ¢ KOHIICHTPUPOBAaHHBIM pacTBopoM Na,COj; 10
MOJIHOTO yAaneHus amMmuaka. Ilpu »ToM Beimamaer Oenbiii ocamok (ZnOH),COs,

KOTOPBIN OTJENSIOT HEHTPUPYTUPOBAHUEM.

Ocanok 2: (ZnOH)2COs PactBop 5: CrOs”
Ocazok 2 pactBopsioT B 2 M pactBope HCl u otkpbiBaor Zn>* - HOHBI

KamneJabHOM peakuueil ¢ JUTHU30HOM TI0 O00pa3oBaHUI0 MAJIMHOBO-KPACHOIO
OKpalIMBAHUS JUTU30HATA [IMHKA.

6. Omxpuimue Cr** - uwonos. Cr** - HOHBI OTKpHIBAIOT B pacTBope 5
AeiicTBreM nepcylibara HaTpUsl B CEPHOKHUCIION cpelie B MPUCYTCTBUU 1-2 Kamenb
pactBopa Ag" (katammsatop). B mpucyrcrBun Cr' - HOHOB B CMECH P HATPEBAHUH
pacTBOp NPHOOPETAET IKEITO-OPAHKEBYIO OKpPACKY, OOYCIOBIECHHYIO HaJUYUEM
Cr,0,°B pacTBope.

Cxema cucrteMaTnueckoro xoaa ananusa katnoHos III rpymnmsl nmpeacrasieHa B
Tabm. 2.6.

Tabnuya 2.6 — Cxema cucmemamu4ecko2o Xo0d aHaausa cmecu kamuoros 111
epynnbl

Onepanuu PeakTuBbI Zn2+, AI3+, Cr3+, Sn?* - wonmbI

[TonydeHnue TuIPOKCHIOB
katnoHos III rpynmsl 1 ux NaOH + H,0; PactBop 1

pacTBOpEHUE B H30BITOUHOM (pu HarpeBaHUM) AlO,, CI’O42', Snng', ZnOzz' - NOHEBI
konnuectse NaOH
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Ocaxnenne AI¥Y, Sn?* - Ocaok 1 PactBop 2
NH,CI (pu ! o4
VIOHOB B BUJIC THAPOKCHIOB Al(OH)3, [Zn(NH3)4]",
(pactBop 1) HArpeBaHmi) iSn(OH)A, CrOu-
PactBopenue ocanka 1 HCl PactBop 3 AI3+, B
[SNCl6]* - nomsI
Orkpsrrie Al**-nonos Ocaiok 2 KpacHble
(pactBop 3) AJIIOMUHOH XJIOTbsI —
ATFOMHHHEBOTO JTaKa
Iepesox SN** B Sn?* Zn Mmer. Pactsop 4 Sn**
(xunsyeHue) - HOHBI -
OTKpBITHE Sn?* -nonos Ocanok 3
(pactBop 4) Hg,(NO3), \J H92C|2v, B
YEepPHEIOIUI Ha
BO3JIyXe
Ocaxenne Zn - HoHOB B Ocanoxk 4
BHJI€ OKCUKapOOHATOB Na,COj (npu 1Zn,(OH),CO; PactBop 5
(pactBOp 2) HArpeBaHUH) Oenblii 0canok CrOa2-
PacTBOpenue ocajka
OKCHKapOOHATOB Zn | IUTH30H, KarelbHas | 00pa3oBaHUE MaJIMHO-
(ocanok 4) u otkpsrTHe ZNn°* peaxist BO-KPaCHOT'O KOJIbI[a -
(pactBop 5)
OTtkpbITHE Cr® -monos Na,S,05 B H,SO4 — Cr2072' -
(pacTBOp 5) cpene OpPAHKEBOXKEITOE —
OKpAaIlIMBaHUE PAaCTBOPA
Bomnpocs! 14191 00cyxaeHust
1. Kak peiicteByer 2 M pactBop NaOH Ha KaTHOHBI TpeThen

aQHAJIUTUYECKOW Tpymnmbl: 1) B SKBUBAJICEHTHOM KOJMYECTBE; 2) B H30OBITKE (B
npucyrcteuu H;0,)?

Hanummre cooTBeTCTBYIOMINE YPABHEHUS PEAKLIUM.
2. Kakue coemunenusi o0pa3yroTCs TpH NEUCTBUM HA KAaTHOHBI TPEThEH

AHAJIMTUYECKOU TPYIIbl pACTBOPOB aMMHAaKa: 1) B SKBUBAJICHTHOM KOJIMYECTBE; 2) B
n30bITKe? Hanmummre COOTBETCTBYIOIINE YPABHEHUS PEAKIIUM.
3+ .

3. Kak pearupyer non Cr” c mepcynbparoM HaTpusi B KUCIOW cpene?
Kakue BuauMble rja30M U3MEHEHHS MpU 3TOM mnpoucxoisat? Hanummre
MOJIEKYJISIPHOE M1 HOHHO-MOJIEKYJIIPHOE YPABHEHHUSI PEAKLIAH.

4, Kak BBIMISAUT aNropuT™M CUCTEMATUYECKOIO XOJAa AaHalIM3a CMECH
KaTHOHOBTpEThell aHanmuTuueckor rpynnbl? [lombiTaliTech M300pa3uTh €ro B BHUAE

COOTBETCTBYIOIIEU CXEMBI.
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Cucremarnueckuii xoa anaausza cmecu I, II u III rpynnm kaTrnoHos
1. Ocadicoenue kamuonos I ananumuyeckot epynnol 8 gude xiopuoos. K 8-

10 kammsiM HCClexyeMoro pacTBopa NPWIMBAKOT BOJHBIM pPAcTBOpP aMMHAKa [0
HEUTpaJbHON peakIuu W 3aTeM J00aBJSIOT paBHBIM 00BEM 1-2 M pactBOpa
XJIOPUCTOBOJIOPOAHONM KHUCHOTHL. (OcCaloKk OTACHAIOT IMEHTPUPYTUPOBAHHEM W

IIPOMBIBAIOT BOJOW, COAEPKAIIEH 2 KAIlJIU XJIOPUCTOBOAOPOAHON KUCIIOTHI.

Ocanmok 1 PactBop 1
AgCl, Hg,Cl,, PbCl, Ba®*, Sr**, Ca*", AI**, sn**, Cr**, zn**
2. Omoenenue u omxpvimue Pb** - uonos. Ocamox 1 pgBakIbI

0o0pabaThIBAIOT  Tropsiued  BOJOM, HArpeBalOT JO0 KHUIEHUS M TOpSYUM
nentpudyrupyior. Ipu stom PbCl, mepexoaut B pacTBOp, B KOTOPOM HOHEI Pb**
OTKPBIBAIOT IO 00pa3zoBaHUIO xentoro ocaaka PbCrO, mpu neiicTBUM Ha pacTBoOp 2
Oouxpomarta Kajusl.

Ocanok 2: AgCl, Hg,Cl, PactBop 2: Pb** - nonst
3. Omoenenue AgCIl. Ocanok 2 obpabateiBatoT 5-6 karsimu 6 M pacTBopa

NH,OH. IIpu stom ocamok AgCl pactsopsiercss ¢ obpaszoBanueMm [Ag(NHs;),]™ -
MOHOB. B nipucyrcreun [Hg2]2+ OJIHOBPEMEHHO C 9TUM 00pa3zyeTcs YCPHBIA OCA/IOK.

Ocanok 3: [Hg NH,]CI + Hg Pactsop 3: [Ag(NH3),]", CI
4.Omxpvimue [Hg2]2+- uonos. llosiBneHue 4€pHOTO Ocajka 3 YyKa3bIBaeT Ha

IIPUCYTCTBUE [Hg2]2+- WOHOB B aHAJM3UPYEMOM pactBope. ISl MOATBEpPKICHUS
nammuns [Hgy]*'- HOHOB B aHAIM3UPYEMOii CMECH 0CaZOK 3 06pabaThIBAIOT LAPCKO
BOAKOM, YHAISIIOT W30BITOYHOE KOJMYECTBO  KHCIOTHI  BBIMMAPUBAHUEM WU
0OHapy>KUBAIOT [Hg2]2+- noHbl 1o peakuu ¢ SnCl, ¢ o6pa3zoBaHreM OeIOro ocajaka
Hg,Cl,, gyepHeromiero Ha Bo3ayxe.

5. Omkpoimue Ag” - uonos. K pactBopy 3 mpubasnsior 2 M pacTop
a30THOI KHCIOTBI. B ciiyuae mpucyTcTBus Ag' - MOHOB 0OpasyeTcs Oelblii 0caIoK
AgCl.

6. Ocaoicoenue cyavgpamos xamuonos Il epynnwi. K 10-15 xammsam
pactBopa 1, kotopslit conepkut katuonsl 11 u Il rpynn, nobasnstor 1 M pactBop

H,SO,, sTunoBelii ciupT u nepemernuBaioT. CMech HArpeBalOT HA BOJASHOW OaHe,
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MEHTPUPYTUPYIOT U TPOMBIBAIOT BOAOW, K KOTOpoW mpubaBieHo 2 kamm 1 M
pacTBOpa CEpHOU KUCIIOTHI.

Ocanok 4: BaSO,, SrSO,, CaSO, PactBop 4: Al3+, Sn2+, Cr3+, Zn**
7. llepe6oo cynvghamoe xamuonos Il epynnvi 6 kapbonamel. Ocanok 4

3
oOpabatbiBatoT 2-3 ¢cM” HacbllleHHOTo pactBopa Na,COsj, HarpeBaroT cMech MOYTH
70 KWTIGHUS M 3aTeM CIIMBAIOT PacTBOp C ocaaka. K ocraBmieMycsi ocajaky BHOBB
3
no0aBisrOT 2-3 cM” HackimeHHoro pactBopa Na,COz; u BHOBH HAarpeBarOT CMECH.
DTy omeparuo MOBTOPSIIOT A0 TEX IMOp, IMOKAa CIWBAEMbId PACTBOpP HE TIEPECTAHET
2-
naBath peakiuio Ha SO,”. Ocagok kKapOOHATOB OTACISIOT HEHTPU(DYTUPOBAHUEM U
MIPOMBIBAIOT BOJO. PactBop 5: BaZ+, Sr2+, Ca®"
2
8. Omxpuimue u omoenenue Ba“" - uonos. K pactsopy 5 no6asnsior 2-3
2
xarmi 2 M pacTBopa auerara HaTpus ¥ 4-5 kamens 6uxpomara Kanus. Ba“™ - noHsl
\ 2
00HapyKUBAIOT 10 00pa3oBaHMIO ke&nToro ocanka BaCrO,. Ilpu nammumm Ba®™ -
2+ 2+ v
HMOHOB B CMECH UX OTACISIIOT oT noHOB Sr°, Ca”" metictBuem K,Cr,0O; B mpucyrcTBun
anerara Hatpus. CMech HarpeBarOT NpU MEPEMEIIMBAHUM B TEYEHUE 2-3 MUH.
Ocanox BaCrO, oTaenstoT neHTpudyrupoBaHuem.

Ocajok 5: BaCrO, PactBop 6: Sr**, Ca?*
9.  Omkpoimue Sr** - uonos. Sr** - HOHBI OTKPBIBAIOT B YaCTH PAcTBOPA 6
p p p p

KaneIbHOW peakIueil ¢ pou30HaTOM HATPUS.

Ha ¢unbpTpoBanbHyro Oymary moMeniaroT Karlllo HCCIEIyeMOro pacTBopa M
JIEUCTBYIOT Karjiel pacTBopa poau3oHata Hatpus. [Ipu aTom Ha Oymare mosBIsSeTCS
KpacHO-Oypoe MITHO pOJu30HAaTa CTPOHIIMS, MCUe3aollee MpH ACUCTBUM HA HETO
kariedt 2 M pactBopa HCI.

10.  Omoenenue u omxpuimue Ca’* - uonos. K pacTBopy 6 NpHITHBAIOT
HOJIyTOPHBIN 00béM HackimeHHoro pactBopa (NH,),SO, n Harpesaior B TeueHHe 5-
10 muHYyT.

Ocanok 6: SrSO, PactBop 7: [Ca(SO4)2]2' - MOHBI PacTBOp 7 ynapuBaroT 10

\ 2+ v
HC6OJILIHOFO 06’beMa J51 OTKpI)IBaIOT Ca - UOHBI ICUCTBHUEM OKCaJIaTa aMMOHUA
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(NH4),C,04, obpa3yroriero ¢ Ca®" - nonamu Gelnblii 0camIoK CaC,0,. Ocanox 7:
CaC204.

11.  Honyuenue ecudpoxcuoos xkamuoros Ill epynnei u ux pacmeopenue 8
uzoeimke NaOH. K 10-15 kamisaMm pacTtBopa 4, cojeprKaliero Al3+, Sn2+, Cr3+, Zn2+,
nobaBisiroT  3-5 kamenb 3%-HOTO pacTBOpa MEPOKCHIA BOAOpPOAA M 3aTeM TIpH
HarpeBaHuM M nepememnBaHuu npuOaBsaroT 6 M pactBop NaOH 1o moanoro
pacTBOPEHHS BBINABIIMX THUAPOKCHAOB. F30BITOUHOE KOJMYECTBO TNEPOKCHIA
BOJOPOJIa YAAJISIOT HarpeBaHUCM. Pacteop 8: [AI(OH)e]*, [Zn(OH).)%,
[Sn(OH)e], CrO,*

12.  Ocaxcoenue AP, SN*" - uonos 6 eude cudpoxcudos. K pactsopy 8
JT00aBJISIOT HEOOJBIIMMHM TIOPIUSAMH  KPUCTAIMYCCKHA  XJIOPUA aMMOHHS M

yIapuBalOT pacTBoOp J0 Hebombmoro oobema. Ocagok Al(OH)z, Sn(OH), oTnenstor

LHEHTPU(PYTUPOBAHUEM.
Ocanoxk 8: Al(OH)3, Sn(OH), Pacteop 9: [Zn(NH3)4]**, CrO,*
13.  Omxpwimue A - uonos. Ocanok 8 pactBopsitoT B 2 M pacTBOpe

3 2-
HCI. PactBop 10: AI*", [SnClg]
(v 3+
PactBop 10 genar Ha nBe yactu. B mepBoii yacTu pactBopa OTKpbIBatoT Al™ -
MOHBI C aJJIOMUHOHOM MO 00pa30BaHUIO KPACHBIX XJIONBEB «ATIOMUHUEBOTO JIAKA.
JI71s1 BBITIOJIHEHUST PEAKIMU K HECKOJIbKUM KaruisiM pacTBopa 10 mpubaBistoT
HECKOJIbKO Kamesb allOMUHOHA W HarpeBaroT. 3arem mpudaBisioT pactBop NH,OH
70 TmosiBieHus1 3amaxa W 2-3 kamam pactBopa  (NH,),COs. KpacHble Xiombs
3
«aTIOMHHHEBOTO JIAKa» JOKa3bIBAIOT MpucyTcTBrE Al - HOHOB.

4 2 2
14.  Boccmanoenenue Sn”" 0o Sn“" u omxpeimue Sn”* - uomos. Bropyio

2-
gacth pactBopa 10, comepxkarero uoHbl [SnClg]”, MPOKUMATHTE C HEOOIBIIUM

4+ 2+
KOJIMYECTBOM METAJIMYECKOIo IIMHKA, BOCCTAaHABIMBAIOIIEro Sn™ 10 Sn” (pacTBop

11).
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2+
Honbl Sn” OTKpBIBAIOT MO OOpa30BaHHUIO OENOro, YEpPHEIOIIEr0 Ha BO3AYXE
ocagka Hg,Cl, mpu neiictBum Ha pactBop 11 HECKONBKMMH KalUISIMA pacTBOpa
Hg2(NO3),.

15.0moenenue Zn** - uonos 6 sude 2udpokcoxapbonamos u omxpwimue Zn** -
uonos. PactBop 9 HarpeBarOT C KOHIEHTPHPOBAHHBIM pacTBOpoM Na,CO; 1o
MoJIHOTO yaaneHus: ammuaka. IIpu stom Bemamaer Oenbiii ocamok (ZnOH),COs,
KOTOPBIN OTIETSIOT EHTPU(YTHPOBAHUCM.

Ocamok 9: (ZnOH),CO4 PactBop 11: CrO,*
Ocanok 9 pactBopsitor B 2 M pactBope HCl u oTkpsiBaroT Zn** - woHEI

KaneJapHOM peakuuel ¢ JUTHU30HOM TI0 O0pa30BaHUI0 MAJIMHOBO-KPACHOIO
OKpalIMBAaHUS JUTU30HATA [IMHKA.
3 3

16. Omxpevimue Cr’* - uonos. Cr’* - HOHBI OTKpBIBAIOT B pacTBope 11

NeicTBUEeM Tepcyiibdara HaTpUsi B CEPHOKHUCIION cpeie B MPUCYTCTBUM -2 Kamenb
+ 3+

pactBopa Ag (karanuzatop). B nmpucyrctBuu Cr™ - HOHOB B CMECH MPU HarpeBaHUU
pacTBOp NPHOOPETAET >KEITO-OPAHKEBYIO OKPACKY, OOYCIIOBIEHHYIO HAJIUYUEM

2
Cr,0;°B pacTBOpe.

2.4 IV AnaauTuyeckas rpynina KaTHOHOB
y 2 2
K IV aHamMTHYeCKOH IpyIne KaTHOHOB OTHOCATCs Katowsl Fe**, Fe”*, Mn”,

Mg**, oGpasyIomre TpyIHOPACTBOPHMbIE THIPOKCHIBL.

['pynnoBbIM peareHToM ISl HUX ABJISETCS BOJHBIA paCTBOP aMMHAKa,
KOTOPBIN OCAKIAET ITH KAaTHOHBI B BUJIC THAPOKCUIOB, HEPACTBOPUMBIX B H30BITKE
peareHTa — pacCTBOpa aMMHUAKA:

Fe" + 3NH,OH feé'OH)3 3NH,,

OyphbIit 0Ocaiok

-

Fe?" + 2NH,OH 7 YFe(OH), = 2NH, ,  3eieHOBaThIi

0CaJiok, Oyperoluii Ha BO3IyXe

+ o+ — 1
4Fe(OH), O, 2HO, 4Fe(OH); -

OyphbIit 0Ocaiok
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+

Mn? + 2NH,OH =4 Mn(GH), 2NH, , Genbiit

0casiok, Oyperouii Ha BO3/IyXe
2Mn(OH), “0:7  2MnO(OH),

' OypbIi OCaZoOK

Mg? + 2NH,OH =+ Mg(OH),* 2NH,.
Oeblil 0OCagoK
bonbmuHCTBO COGI[I/IHGHI/Iﬁ KaTtuoHoB [V I'PYIIIIBI MaJIOPACTBOPUMEI B BOZC.
PacTBOpuMBI B BOAE XJIOPUABI, HUTPAThI, HUTPUTHI, alleTaTbl KAaTUOHOB [V TpymIibl.

HepacTBopuMBIMU  SIBISIFOTCS TUAPOKCUIBI, I[HAHUIBI, CYIbQUABI, KapOOHATHI,
3+ 2+
docdate, a Takxke rexcannanodepparsl katuonoB Fe™ u  Fe®'. OxpamieHHbIMU
3+ 2+, 4+

ABJISIIOTCS  TUApoKcuabl  Fe u Fe™; Mn™; docdare, cyabbdumsl,
2 .

rexcanmanodeppatst Fe** um  Fe®; coenmHeHms MapraHma BBICIIHX CTCICHEH

4 2 \ -
okucaenus (Mn"'- 6ypsie, MnO, - 3enénsie 1 MnO,” - po30BEI€).

2+ 3+
Coenunenus Fe CIIOCOOHBI K OKHCICHHIO, coeauHeHUus Fe K
2 .
BOCCTAaHOBJCHHIO, Mn - HMOHBI CIOCOOHBI OKHCIATHCA KaK B KHCIOH, TaKk U B

ENOYHON WIM HeliTpanpHOl cpemax ¢ obpasoBanmeM MnO, , MnO,” wu

MnO(OH)2¥.

O030p aHATMTUYECKUX peaKkuil KaTuoHOB IV rpymnmnsl npeacrasiieH B Tad. 2.7.
Tabnuya 2.7 — Kauecmesennvle peaxyuu kamuoros 1V anarumuuecxoii epynnoi

Pearent Mg2+ Mna2+ Fes+ Fe2+
NaOH i KOH IMg(OH), {Mn(OH), LFe(OH); LFe(OH),
OenbIit aMopdHBIA OBl KpPAcHO- 3eJIeHOBa-
OCAJIOK, PACTBOPUM | Gyperomtnii Ha | Gypbiit ocafok ThIH, OyperoIuit
B N30BITKE NH4OH BO3/1yX€ OCAIOK, Ha BO31YyX¢, C
¢ 00pa3oBaHHEM obpazoBaHem
MnO(OH), Fe(OH)s
Bomblit pacTBOp IMg(OH), {Mn(OH), LFe(OH); LFe(OH),
NH,OH
Na;CO3 mm {(MgOH),COs3 IMnCO; Fe(OH); +eCO;
K,CO3 OeJblii 0CaIoK, OeTIBIii 0caioK KpacHo- OyphIii Oenbli, Oypero-
pacTBOpUM B 0CaloK LM Ha BO3/yXe
KHCJIOTAX M COJIAX ¢ obpasosanyem
AMMOHUS Fe(OH)s
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Na,HPO, {MgNH4PO, IMn;3(POL), FePO,
(NH4),HPO, OCIIBIH, Oenblil 0CallOK, | OJIeTHO-KENIThIH
(B NH,OH + KPUCTAUIMYECKUH | PacTBOPHM B 0CajIoK, He- -
NH,4CI) 0CaJI0K CH3;COOH pPacTBOPHM B
CH3;COOH
Okucrienue u IMnOs- KJ HNO;3
BOCCTaHOBJICHHE PO30BO- Fes+ - Fex | Fex - Fesd
(Pb02 , N&zSzOgy — (bI/IOJIeTOBOG
KJ, HNO3) OKpaIINBaHUE
pactBopa
K4[Fe(CN)e] ¥es[Fe(CN)ls Fe,[Fe(CN)g]
CHHHI 0CazoK OeJIbIi 0CaIOK,
- - (GepauHCKast CHHCIOIIHU Ha
Ja3yps) BO3/IyX€
KCNS [Fe(CNS)s]*pactso
- - P KpOBaBOKPACHOTO -
BETA
Kg[FE(CN)G] PpacTBOpP TEMHO- ‘te4[FE(CN)5]3
B B 6yp0r0 BeTa CUHHU 0CaJI0K
TypHOYILIIEBOM
CHHH
JIAMeTHIITJIHOK- KOMILJICKCHAsI
cUM - - — COJIb KPACHOT'O
1BETA

N3 nanHbix TabauIe! 2.7, cienyer, 4To:

1)  katmon Fe** 0OGHapyXMBAIOT AByMS CICLH(HYCCKAMH PEaKIMAMHU: —

1o 00pa30BaHUI0 TEMHO-CUHETO Ocajka (OepIMHCKOM a3ypu) IpH JIei-

creun Ha Fe®* - noms! pacTBopom rexcarmanodeppara (I1) kamms
K4[Fe(CN)g]:4Fe*” + 3[Fe(CN) Js“ =¥ Fe Fe(CN)] .65

COCJIMHEHUS,

OKpAaIllICHHOTO B KPOBaBO-KpacHbIM 1UBET. B

no oOpa3oBaHUIO HMOHAMH Fe* ¢ POAAHUIOM Kajiis KOMIUJIEKCHOTO

3aBUCHUMOCTH OT

KOHOCHTPpAOWHU POJaHHUA - HMOHA MOTYT O6p&30BBIBaTBC${ KOMIUICKCBI Pa3JIMYHOI'O

coCTaBa:

[FeSCNJ2,

M TaK jgajee JIo:

Fe?"

Fe* +SCN™ —

Fe* +2SCN™ —

Fe* +3SCN~ —

"+6SCN —[Fe(SCN)L *

[Fe(SCN) L.

[Fe(SCN)s],
Fe?

2)  peakuueit oOHapyKEHHs

- HMOHOB fBJISIETCS OOpa30BaHHWE CHUHErO ocajika (TypHOYJIEeBOW CHHM —

Fes[Fe(CN)g]) mpu metictBuu pactBopa rekcarmanodeppara (I111) kamus Kz[Fe(CN)g):
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3Fe? + 2[Fe(CN)]:° =V Fe Fes[(CN) ] >
OGHapyXeHUI0O KaTHOHOB Fe** - u Fe** mo YKa3aHHBIM PEaKIUsIM APYrue

KaTUOHbl HE MEIIAKT, IO3TOMY Fe** u Fe™ OTKPBIBAIOT B OTIEIBHOU Mpobe
HCCJIEAYEMOI0 pacTBOpa IMepes CUCTEMAaTUYECKUM XOJOM aHalM3a. JTa oneparus
SIBISICTCS. HEOOXOMMMOM, MOCKOTBKY Fe®* -HOHBI COCOGHBI GBICTPO OKUCIATHCS 10
Fe* na BO3JIyXE.

3)  KAaYeCTBEHHON peaKiueil OTKPHITHS Mn’* - HOHOB SBISIETCS OKHCIICHHE
Mn* o MnO, B kucioii cpelie o1 JeHCcTBUEM Tepcyiibdara HaTpus.

JUist BBITIOJIHEHMSI peaklMH B NPOOMPKY MoMemarT 5-6 Kameiab pacTBopa
Na,S,0g, HEecKOMBKO Kanenb 20% - Horo pactBopa H,SOy, 1-2 xammu pacTBopa coim
cepeOpa (karamuzatop). OKHUCIUTENBHYIO CMECh HArpeBalOT M OCTOPOXKHO, IIO
KaIUIM BBOIAT HMcclIeqyeMbiii Ha Mn?* - HOHBI pacTBOp 10 0Opa3OBaHMs
MaJMHOBOPO30BOI OKpacku, 00ycioBiIeHHOM 00pazoBanueM HMnOy,.

KoHIeHTpayst KaTHoHOB Mn”* B mHcClesyeMOM pacTBOpEe OJDKHA OBITH
HU3KoM. ITpu mM30bITKE MOHBI Mn®* BOCCTaHABIHBAIOT oOpasyrouecs Mn®* - HoHsI

1o 0yporo ocagka MnO(OH),:

2MnO,” +3Mn2" +7H O, = 5MnO(OH), ¥ +4H "
B KadecTBe Apyroro okucautens Mn®" - HOHOB MOXHO HCIIONB30BaTh PbO,. B

3TOM Cilydae JUIsl BHIMOJHEHHS PEaKIMH OOHAPYKEHHsS KaTHOHOB Mn°* B mpo6upky
nomemarT 5-6 kanenbr 6 M pactBopa HNO;3; u poGasmnsitor Tyna tepabiii PbO,.
OKHCITUTENBHYIO CMECh HArpeBaloT M BBOIAT 1O KAILUIAM HCCIEAyeMblii Ha Mn°' -
MOHBI PacTBOp M0 0Opa3oBaHUS MaJMHOBO-PO30BOM OKpAacKd, OOYCIOBICHHOM
obpazoBannem HMnOy,.

4) KkauecTBGHHOW peakiuell oOHapyxeHms Mg”" - HOHOB sBisIETCS
oOpazoBaHue O0e€Joro KPUCTAUIMYECKOTO oOcajka MarHuidamMmMmonHuit (docdara
MgNH,PO, mpu neiictBuu Ha WuCCIemyeMblii pacTBOp TuapodochaToM HATPHUs
Na,HPO, B npucyrctBun NH,OH u NH,Cl. Xnopucteiit aMMoHM# TprOaBIsAIOT 175

Toro, ytoObl Tipu AeiictBu NH4,OH He oOpazoBsiBasics ocagok Mg(OH),.

Mgz +HPOZ + NH,OH = MgNH,POHO,.
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BoInOnmHATE 3Ty peakiuio Jydlle B KUCJIOM PacTBOpPE, MOCTENEHHO MOHMXKAas
€ro KMCJIOTHOCTB, pubanisas no kamwisim NH,OH no cnabomenounoit peakiuu (pHx
9). U3 pazbaBieHHBIX pPAacCTBOPOB OCAIOK BHINAAAaeT HE cpa3y. [peHHe CTEHOK
IPOOMPKU CTEKIITHHON MAJI0YKOM yCKOPSET €ro o0pa3oBaHHUE.

Xoa aHaau3a cMecu KaTHOHOB IV aHaqMTHYeCKO# IPynnbl
Cxema cHCTEMAaTMYECKOTO XOJa aHaiu3a CMeCH KaTuoHOB [V  rpymribl

npencraBieHa B Tabnuie 2.8.

IIpeosapumenvrvle  ucnvimanus  (TIPOBOJSATCS B OTACIBHBIX  Mpobax
HCCIIETyEMOTO PacTBOPA).

1. Omkpoimue Fe® - uonos. 2-3 Kam HCCIELyeMOTo pacTBOPA
OMEIIAIOT B MPOOHPKY U OTKpbIBAlOT Fe** - MOHBI IeiicTBHeM rekcannaHodeppara
(1) xamust Ks[Fe(CN)g]. IIpn mammumn Fe** - moHOB 0oGpasyercs CHHHMIA OCamoK
typHOysuieBoi cuan Fes[Fe(CN)g], - rekcanmanodeppata (I11) sxenesa (I1).

2. Omxpvimue Fe® - uonos. 2-3 xamm HCCIIEyEMOTO pacTBOpa
TOMEIIAIOT B MPOOHPKY U OTKpbIBatOT Fe - HoHbI feiicTBieM rekcaumaHobeppata
(I1) xamust K4[Fe(CN)g]. Tlpu nammunu Fe®* - monoB obpasyercss cuHHiT 0CazoK
oepimuckoii na3ypu Feq[Fe(CN)g]s - rexcarmanodeppara (I1) xenesa (I11).

Cucmemamuueckuil X00 ananu3a
1. Omoenenue cudpokcudos kamuonos IV epynnor. K HCCIIeTyeMOMY

pactBopy no0aBisroT u30bITOK 6 M pactBopa NaOH u 3% - HOro pactBopa
nepokcuga Boaopoaa. W30bITOK mMepokcHaa BOAOPOJA YIAISIIOT KUIISTYCHHEM.
Ocanok OTaEeNsI0T UEHTPUDYTUPOBAHUEM.

Ocanok 1: Fe(OH)3, Mg(OH),, H,MnO; PactBop 1: (He uccieayercs)
2. Yacmuunoe pacmeopenue ocaoxa 1. Ocamok 1 oOpabateiBaroT 2 M

pactBopoM HNOj3, HE pacTBOPUBIINICS OCAIOK OTACISIOT HEHTPUDYTUPOBAHUEM H
nmpombIiBatoT Bojoi. Ocanok 2: H,MnO3; PactBop 2: Fe3+, Mg2+

3. Pacmeopenue H,MNOs  u omxpwvimue Mn** - uomnos. Ocamox 2
obpabGarsBator 1-2 cm® 6 M pacrBopa HNOs; u 0.5 cm® 3% - HOro pacreopa
nepokcuyia Bojopoaa. CMech KUIATAT J0 TMOJaHOTO pazioxkenus H;O0,. B

2+ .
MOJIY4YEHHOM PacTBOpPE OTKphIBalOT Mn“ - MOHBI JeWCTBUEM Mepcyiibdara HaTpus
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Na,S;0g B CepHOKHCION cpeae B TpHUCYTCTBHHM 1-2 Kameiab comm  cepebpa
(katanuzatop).

B npucyrcrBun Mn?* - HOHOB HOSIBIAETCS KpacHO-(hHOJIETOBOE OKpaIllMBaHNE
pacTBopa, o0yciosiieHHoe oOpazoBanueM HMnQO,.

4. Omoenenue Fe** - uonos om Mg** - uonos. K pactBopy 2 mpubaBisoT
2M  Boaswiii pactBop NH4;OH 10 $SBHO 1IEJIOYHOM peakMd W HEMHOIO
KpUCTAJUTHYECKOTo Xjaopuaa ammonus. Ocaok OTACHSIOT IEHTPpUPYTrupOBaHUEM.

Ocanoxk 3: Fe(OH); PactBop 3: Mg®* - nombl
B pactBope 3 oTKpbIBatoT Mg®" - HoHBL JIJIs 9TOr0 K PacTBOPY 3 NPUIHBAIOT

2-3 kammm 2 M pactBopa ruapodocdara ammonus (NHy),HPO, u 3 kammu 2 M
pactBopa NH,Cl. B mnpucyrcTBuu Mg2+ - HWOHOB BBINAJaeT Oenblii 0CcagokK
MgNH4PQO,.

Tabnuya 2.8 — Cxema cucmemamuuecko2o xo0a ananuza kamuonos 1V
AHATUMUYECKOU 2PYNNbL

Onepannu PeakTuBbl Fe2+, Fes+, Mn2+, Mg2+
Otnenenue NaOH + H,0; npu Ocajok 1 Fe(OH);3, PactBop 1 He
TUAPOKCHJIOB KUTISTYEHU Y H,MnOg, HCCIICAYCTCA
KaTuoHOB [V Mg(OH),

TPYIIIBI
YactuuHoE HNO3; Ocanok 2 H,MnO3; PactBop 2
PacTBOpPEHUE OCA/IKa Fes+, Mge+
1
Otnenenne Fe®* or NH,OH + NH,CI Ocajok 3 Pactop 3 Mg**
Mg2+ Fe(OH); -HOHBI
OTtkpbITHE Mg2+ Na;HPO, Brimanarot Genbie KprcTasuibl
HMOHA MgNH4PO,4
PactBopenne HNO; + H,0, Pactsop 4 Mn®*
HoMnOs3 -MOHBI
OTtkpbITHE Mn?* Na,S,05 + H,SO, MnOs- xpacHo-
HOHOB +Ag” ¢uoneroBoe
OKpaITuBaHUE
Bonpocs! pis1 00cykaeHnst
1. Kakue comnu KaTUOHOB  UYETBEPTOM  AHAJIUTUYECKOM  TPYIIIBI

2+
paCTBOpI/IMI)I; HCp&CTBOpI/IMBI? HaSOBI/ITe OKpaIHCHHble COCOINHCHUA KATHUOHOB Fe y

Fe**, Mn*, Mn®" u Mn"".
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2. [Touemy Oensiii ocagok Fe(OH), Ha Bo3myxe OBICTpO TpeBpamaercs B
Oypolit? HanummTe ypaBHEHHE COOTBETCTBYIOIICH peakinu.

3. Kakye KadecTBEHHBIC peakimu st katHoHoB Fe®” u Fe** mamboree
cnenu@uuHbl? 3anuiIuTe YpPaBHEHUS JTHUX pEaKIUil W HA30BUTE MOJYYCHHbBIC
COEMHEHUS.

4, [loueMy mpu ZAeiiCTBHM HA OCCLBETHBIC pPAacTBOPHI KaTHoHa Mn’*
CUJIBHBIX OKHCIIUTENEH MOSIBISETCS po3oBasi okpacka? Hanummre MoJIeKyJIspHbIE U
VOHHOMOJIEKYJISIPHBIC YPABHEHUS PEAKUUN B KHUCIOW CPEAE MEXKIY Mn*" u: 1)
nepcyibdaroM Hatpus; 2) PbO,.

5. KakoB aiaropurM CHCTEMAaTHYECKOTO XOJa OIPEICIECHUM CMECH
katuoHoB IV ananutudeckoit rpynmbl? [lombiTaiitech co3garh OJOK-cXeMy
NIOCJIEOBATENBHOTO Pa3/IeJICHUsI KATHOHOB 3TOW CMECH.

2.5 V AnajguTuyeckasi rpynna KaTHOHOB
K V aHanuTHdecKoil rpyIie KaTHOHOB oTHocsTest kKatronsl Co”*, Ni%¥, Cu®,

26 2+
Cd*", Hg®", oOpa3yroriue TpyIHOpaCTBOPUMBIC THIPOKCHIBI, PACTBOPSIOIIUECS B U3-

osiTke NH,OH ¢ 00pa3oBaHueM KOMITJIEKCHBIX COEJUHEHUN — aMMHUAKaTOB.
['pynmoBsIM peareHTOM Ha KAaTHOHbI V TPYIIBI SBISAETCS BOAHBIM PacTBOP

aMMHaKa, KOTOpBIfI OCAKIAACT YKA3aHHBbIC KaTHOHBI B BUAC THAPOKCHUIOB, OCHOBHBIX

CcoJIEH 1 aMU0COEeINHEHNN:

+ - > +
co? TCl * NH,O0H ~ CoOHCI NH,,
CHUHMU 0CaT0K

+ - + *
ONiZ *S0s" T oNH,0H = ¥ (NiOH),50,  2NH,,
3€JICHBIN 0CaI0K

2cu? +50 + oNH,0H (CuOH),SOs  2NH,,
3€JIEHOBAThINA OCaJg0K
Cd” + 2NH,OH — v Cd(OH);, Gembiit ocanok
Hg? + 2NH,OHTCl ™~ [NHHgICl NH,  2H O,
OeJbIi 0cagoK
Bce ykazannble ocanku pactBopuMbl B u30biTke NH,OH ¢ oGpazoBanuem

KOMILJICKCHBIX COGI[I/IHGHI/Iﬁ — dMMMHAKATOB:
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COOHCITNH,OH [CONH( s6)? 20H NH; CI *6H*0, , koM
COCIUHCHHUC IpH3HO'>I(éHTOFO IIBCTA
(NiOH),S0,12NH,0H  ZINiNH(s0)]? 2bH SO¥ 12H O, , Ko,

COCANHCHHUEC CUHCTO IIBETA
(CUOH),S0.8NH,0H  Z[CuNH(;)) ]2 SO 20H 8H TO, , KomL.
COCIANHCHHUEC CUHECI'O IIBCTA

CA(OH)#NH,0H —>[Cd NH(;) ¥ +20H +4H O,,
6CCHB€THO€ KOMILJI. COCOANHCHUC

[NH,Hg]CI3NH,OH [HO(NH:,) ]? 3HOfCl. +

6GCI_[B€THOG KOMILJI. COCAMHCHUC
HpI/I JICUCTBUM KMCJIOT aMMMakKaTbl KaTHOHOB V I'PYIIIIBI Pa3pymIaroTCa ¢

obpasoBanueM 6oiee ycroiunBeix NH,' - HOHOB:

+ + + +
[CO NH(36) ]2 t6H — CO2 + 6NH4
bonsnmaCcTBO COCHHHGHI/Iﬁ KaTHUOHOB V I'pyIIiibl MaJIOpaCTBOPHUMO B BOIC,

MHOTHE W3 HHX OKpalleHbl. PacTBOpUMBI B BOJAE XJIOPHIbI, HUTPUTHI, HUTPATHI,
aneratsl, cyiab(aTel. HepacTBOopuMBI B BOJ€ THUAPOKCHIBI, TeKcaluaHo(peppartsl,
cynbduabl, kapooHaTsl, pocdarsl, okcanatel, HOIUI PTYTH.

OKpallleHHbBIMH COEIMHEHUSIMU SIBJISIFOTCSI BCE COJIM KAaTMOHOB V TPYIIIIBL,
oOpa3yeMble KHUCIOTaMU C OKpAlIeHHbIMH aHHMOHAMH, COJM MEAM — BCE TOoIy0oro
I[BeTa, THIPOKCHIBI MEIH, KoOanbTa, HUKENs, docdarel KoOambTa, HUKEIS U BCE
CyJb(PUIBI — OKpALICHBI.

O030p aHATUTUYECKUX PEeaKUi KaTUOHOB V IpymIbl MPUBEICH B TabI. 2.9.
N3 nanHbIX, NpeacTaBlIeHHBIX B TaOIUIIBI 2.9, ciaeayer, uTo:
1) KAYECTBCHHBIMH PEaKIMAMH oOHapyxeHnms Co° - HOHOB
SABJISIFOTCS:

0o0pa3oBaHUE JKENTOTO KPHCTAIUIMYECKOTO OCagKa KOMIUIEKCHOW — COJH
K3[Co(NO,)s] mpu neiicTBuu Ha HE CIMIIKOM pa30aBICHHBIN PACTBOP, COJEPIKAIINN

2+ o 9
CO - HOHBI, paCTBopa HI/ITpI/ITa KaJiusd KNOQ, IHOAKUCICHHOI'O YKCYCHOI/I KHUCJIIOTOMH:

Co?" +7NO, +3K"'+ 2CH;COOHKL[CoNO( ,5)}NO T+ 2CH,COOH O,

— o0pazoBaHue 00BEMUCTOTO KPACHO-OYpOTro 0cajKka BHYTPUKOMITIIEKCHON
COJIM C a-HUTPO30- S-Ha(TOIOM IIPU HAIPEBAHUH:
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Tabauya 2.9 — Ananumuueckue peakyuu kamuonog V ananumuueckou epynnul

Pearent Coz+ Ni2+ Cuz+ Cda+ Hg2+
1. NaOH wm cooHc | YNi(OH): | cyoH),+ VCd(OH), 6emmiii|  YHgO
KOH 6e3 u30bITKA | cpipuii 3eTICHBIN rouy6oit 0CaJIoK KEIITHINA
0CAIOK 0CazIoK 0CAIOK 0CaJIoK
2NaOH  wm VCo(OH),| Ni(OH), | mpu LCd(OH), Genprit +vHgO
KOH B u30bITKE 20301351171: 3€JICHbIN HarpeBaHu JKENThIN
o u
PCrotH Ha CuO uepHbIit
BO3/IyX€
3. NH,OH CoOHCI [(NiOH),SO4[¥(CuOH),SO, | YCd(OH), Gensii| Y[NH,Hg]
0e3 n30BITKa J 3€JICHBIHN 3€JIEHOBATHI | OCaloOK Cl Genbrit
cuHHii ocajok| OCaIOK 0CaJI0K 0CaJI0K
OCHOBHOM
CoJH
4. NH,OH [Co(NH3)s]** | [Ni(NH3)s]** | [Cu(NHs)4]** [CA(NH3)a**  [[Hg(NHs).]*
B U30BITKE MpH KOMILI.  |KOMILIL COeIU-| KOMILI. OeclBeTHOE KOMILI. | OecCI[BETHOE
HarpeBanuu NH3 | coenvHeHue |Henue cuHero| COCAHMHEHHE COeIMHEHUE KOMILI.
TPA3HOKEITOT 1BeTa SPKOCUHETO COCJIMHEHHE
0 IIBeTa 1BeTa
5.Na,HPO, VvCo3(PO,;) | VNi(OH),
2 3€JICHBIN
(})I/IOJ'IGTOBI)I PACTBOPHM B B B B
u, KHCJIOTax
pacTBOpUM B
KHCIIOTax
6.K4[Fe(CN)g] Cb,[Fe(CN)s |¥Nis[Fe(CN)s | YCus[Fe(CN)s] | VCda[Fe(CN)e] VHg,[Fe(CN
rekcamnuanodeppar ] ] KPaCHOKOPUYH OembIit )s]
(IT) xanus 3€JI€HOBAThIN JKEITO3€eJIe | EBBIN YKEJITOBATHI
HBIN 5
7.Na,S,05 YCu,S+S  |[Cd(S203)2]26ecuBer VYHgS
THOCYNb(aT TEMHO-0ypBbIii HOE€ KOMILI. YEPHBIN
HaTpus ( Ipu - - COECIMHEHUE
MMOJIKWCIL. U to)
8.BoccraHoBH - Cul VHg
tenu: Al, Fe, — - KpPacHOTO — YEPHOTO
Zn, SnCl,, Cu 1BETa [BEeTa
9.KNO, B | VK3[Co(NO,
YKCYCHOKHCIION )s] — — — —
cpene JKEJITBIN
10.¢ HUTPO30 V[C10Hs(NO)
B- -madron 0] 3Co
C10Hs(NO)(O KpacHo- a a a a
H) OypbIit
11. (NH,),S CoS 4 UNiS LCus VCdS xentsiit VYHgS
Uepnsrit YEPHBII YEPHBII YEPHBIN

42




12. /lumeTunrioke J’KpaCHLHZ

nMm B NH,OH — 0CajoK,
cpene B KOMII- - - B
JIEKCHOM COJIN
13.K[BiJ]s VBiJ; uepHslii
B B B 0CaJIoK, Ucue3. IMpu B
106. KJ
14. KJ vHgJ,
OpamKe
BO-
- - - - KpacCHBIN,

pacTBOpHUM B
n30eITKE KJ

CG°3C His(NO)(OH) —¥ [C Hi(NO)JO ;Co3H ©
a-HUTPO30- A-HadTOIN KpacHO-0ypblil 0CaI0K
2) KAYECTBEHHOH peaximeil oOHapyxeHus Ni’' - HOHOB sBISETCS

06p330BaHI/Ie SAPKO-KpPpaCHOI0O oOCaJKa AHUMCTUITIIIMOKCHMATa HHKCIIA IIPpH

o -2+
B3aMMOJCUCTBHUU N1°" - HOHOB C PaCTBOPOM TUMCTHIITIIMOKCHUMA:

H
0] )

|
CH,~-C=NOH HC -C=N  N=C-CH,

T 42 | - | \ | +2H"
CH, —C = NOH HC -C= —C-CH,
Ni,Ni / \
N N
| i
o) 0
H

3) KaueCTBEHHOW peakiuel OOHapyKeHHS Cu®" - HOHOB sBISIETCS
o0pa3oBaHUE SIPKO-CMHEr0 KOMIUJIEKCHOTO COCAMHEHUS [CU(NH3)4]2+ —
aMMHuaKaTta MeAu Npu JCHCTBUU HA COJIb Cu®* u36BITKA BOXHOTO pacTBopa
NH,OH;

2+
4) KAa4CCTBCHHBIMHA peaKHI/ISIMI/I 06Hapy>KeHI/I$I Cd - MOHOB
ABIISIFOTCA .

— o0OpazoBanue spKo-xkentoro ocaaka CdS npu nodaBieHuu K pactBopy,
coaepKaleMy Cd** - womsl, 2 M pactBopa (NH4),S B mpucyTcTBHM

ammuauHoro Oydepnoro pacrtBopa (NH4OH + NH4CI); — o0Opa3oBanue
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uépHOro ocagka Bil; mpu o6aBieHnn K pactBopy, coxepxkamemy Cd?* -
MOHBI, HECKOJIBKUX Karenb pactBopa K[Bil,]:
Cd** + 2[Bil,]” — Cdl, + 2Bils¥
Cdl,Gdl, CdpCdl,] OeciBeTHOE KOMILI.
COEIMHEHUE

2+
5) KauC€CTBCHHBIMU peaKHI/IHMI/I O6H3pY)K€HI/ISI Hg - HNOHOB
ABIISIFOTCA .

oOpa3oBaHue OpaHkeBO-kpacHoro ocaaka Hgl, mpu npeiictBum Kl Ha

pacTBOp, COAECPKAIIUN Hg2+ - HOHBI: Hg? 2l > Hgl,

Henp3st nobasmsate m30biTok KI, mockonbky ocagok Hgl, pactBopsiercs B

n30BITKE peareHra, 00pa3ys BechMa YCTOWYHMBBIN KOMIUTEKCHBIN noH [Hgl,]:
Y Hgl, + 21~ = [HgLJ.
2 . o :
— BoccraHoBieHue Hg”' - moHoB 10 MeTanmueckoii prytu aeiictuem SnCly:
+ + -
2HgCl, = sA? ¥ Hg,Cl; Sn* * 2CI, Genblii ocaok,
YEPHEIOIINN Ha BO3yX€

+ Hg,Cl, +5n?" = 2Hg Y +sn¢" + 2T
YEPHBINA 0CaTIOK
Cxema cHCTeMaTUYECKOr0 X0/1a aHalln3a KaTUOHOB V I'PYIIbl IPEACTaBICHA B

tabmure 2.10.

CucremaTu4ecKuil X0 aHAJIM3a CMECH KATHOHOB V Ipynnbl
2 2
1.  Omoenenue Hg™, CU~" - uomos 6 eude cym@uoos.10 Kanens

HCCJICMYEMOTO pacTBOpa MOMEMIAIOT B MPOOUPKY, 100aBisatoT 2 M pacTBOp CEpHOU
. 3
KHCJIOTHI 10 SIBHO KHCIION peakmuu, 2-3 cM™ pacTBopa Na,S,03, Harpeparor.

Ocamok 1: HgS, CuS, S Pacteop 1: Co**, Ni**, [Cd(S,05),]*, S*

Ocanok cynspunoB HgS u CuS otnensitor ueHTpudyrupoBaHueM.

Tabnuya 2.10 — Cxema cucmemamu4eckoco X00a aHAIU3A CMecu KamuoHog V'
epynnol

OIIEPAIINU PEAKTHUBBI Co2+, Ni2+, Cuz+, Cd2+, Hg2+
Otnenenne Na2S203+H2S04 PactBop 1
Ocanok 1 ]
Cuz2+u Hg2 (TIpu HarpeBaHWH) I Hgsicus, ¢ Coz+, Ni2+,
g ' [Cd(S203)2]2-, S2-
OtneneHue HNO; Ocanok 2| PactBop 2
HQS (ocamok 1) | (mpu HarpeBaHum) HgS‘l,' sV Cu®" -noHsI
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Orkpertre Hg™* HCI + H,0; Pactsop 3
(ocamok 2) (Ip HarpeBaHKH) H2[HgCly]
a) SnCl, A)4ePHBINA 0CaOK
b) KJ YHg
b) opamxeBo-
KpacHblii HgJ»
OTtkpbiTHE Cu”™ NH3(BoaubIi PactBop 4
(pacTBop 2) pacTBop) [Cu(NH3)4)]**
-HOHBI

Otkpeitie Co” [ a)  KNOs+ a)W3[Co(NO,)e]
(pactBop 1) +CH3;COOH YKEJITOrO 1BETa

b) a -HHTpOSB" b) 0CaZIoK

HadTON KpacHOOyporo

1BETA
Orkperrre Ni“* | JIumernirinokenm JIMMEeTHIITIHOKCHUMAT
(pactBop 1) HUKEJIsI, 0CaZ0K
SPKOKPACHOTO I[BETA

Orkpsitie Cd** a) K[BiJd4] BiJs (aepbiit) CdS
(pactBop 1) b) (NH4)2S (>xenThIif)

2. Omoenenue HgS. Ocanok 1 obpabateiBator 3 M HNOj3, HarpeBaroT 10
nepexoza B pactBop Cu’* - HOHOB (PaCTBOP CTAHOBHTCS TONYOBIM).

Ocanok 2: HgS, S Pacrop 2: Cu®* - HoHbI
3. Omxpvimue Hg2+- uonos. Ocagok 2 00pabaThIBaIOT MPU HArpeBaHUU

cmechbto 2 M pactsopom HCl u 3% - Horo H,0O,; (1:3).

PactBop 3:
2 2+ . \
[HgCly]"Nonbr HE™" otkphiBatoT: aeiictBueM SnCl, mo 06pa3oBaHuio YEPHOTO
OCaJiKa METAJUINYECKOU pTyTH; neructeueM KlI.

2
4. Omxpovimue Cu”'- uomoe. 2-3 xanmm pactBopa 2 oOpabaTbiBaoT 2 M
. 2
BOJHBIM PACTBOPOM aMMMAaKa JI0 IeJI04HON peakiuuu. B npucyrcrsuu Cu'- HOHOB
pacTBOp OKPAILIMBAETCS B CUHUM LIBET.

2+
PactBop 4: [Cu(NH3)4]™" - noHbI
2 2 2
5.  Omxkpoimue Co T Ni“", Cd“*- uonos. PactBop 1 nenst Ha 3 yactu, B Ka-
KIOU U3 KOTOPBIX OTKPBIBAOT 3TH HOHBI CICTIM(UICCKUMH PEAKIIHSIMU:

— C0**- noHsI OTKPBIBAIOT, MPUOaBsis K pacTBopy | 2-3 kamiu 2 H pacTBopa
CH3COOH wu 5-6 xanens 6 M pactBopa KNO,. B npucyrctun
Co®*- uHOHOB o0Opasyercsi IKSITHI  KPUCTAIULIMYECKHH  OCALOK

K3[C0(N02)6].
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2+ .
IMoarBepauth Hamumuune CoO° - HOHOB MOXKHO pPeaKIUel ¢ « -HUTpO30- /-

Ha(TOIOM 1O 0OOPa30BAHUIO KPACHO-0ypOTo OCaaKa.

_ 2+

Ni“- moHBI OTKpHIBAIOT mpubaBieHWEeM K pactBopy 1 2 M pacrtBopa

NH,OH 1o 1menounoit peakuuu u 2-3 Kamedb CIOMPTOBOTO  pacTBOpa
.2 o

JTUMeTHITIHOKcHMa. B npucytersuu Ni“'- HOHOB 06pasyeTcsl SpKo-KpacHbIH 0caiok

JAUMCTUIITIIMOKCUMAaTa HUKCJIA.

— Cd**- HOHBI OTKPHIBAIOT: a) MO OOPAa30BAHHIO SIPKO-KETTOro ocagka CdS
npu nob6asinenuu kK pactBopy 1 2-3 xamens 2 M NH,OH, HECKONBKHX KpPYIHHOK
NH4Cl u 2 M pactBopa (NHy),S; 0) mo oOpa3oBanuio 4e¢pHOro ocanka Bils mpu
n00aBJICHUH K pacTBOpY | HecKoJdbKHMX Kamenb pacTBopa K[Bils]. Bompocwl mas
00Cy:K1eHusA

1. Kakue coenrHennst 00pa3yroT KaTUOHBI MSITOMW aHATUTHYECKOM

TPYIIIbI CPaCTBOPaAMHU aMMHUaKa: 1) B SKBUBAJIEHTHOM KOJIMYECTBE; 2) B

n30bITKe? Hanuimre ypaBHEHUSI COOTBETCTBYIOIIMX peakiuid. [Toctapaiitech

3aIlIOMHHUTH LIBET MPOJYKTOB PEAKIIHA.

2. [Tpu kakux ycioBUsx 00pazyroTcst 00pa3yroTcs CIAeAyIOIne
BeriecTna: 1)
K3[CO(NO,)g], [CHw  «(NO) ]O Co, aumermnrimorcnmar uukeiss 2) [Cu(NHs)a]*

3) CdS, Bils; 4) Hgl,, HgoCl,? Hamumimmre cOOTBETCTBYIOIINE YPaBHEHUS PEAKITHIA.

VYkaxxkure UBET 3TUX coequHeHud. Kakue KaTHOHBI UAECHTU(UIHMPYIOT C MOMOUIBIO
ATUX KaYeCTBEHHBIX PEBPAILICHUI?
3. Kak oTaensor KaTHOHBI Hg2+ u Cu®* ot IPYTUX KATUOHOB IATON
rpynmsr? Kak pasgensor Hg® u Cu®* ? 3anuumre ypaBHEHHS BCeX
POTEKAIOIUX MPU ITOM XUMUYECKHUX IPEBPALLECHUN.

4, Kak BBITISIUT cxema pa3iesieHus] HOHOB Co?*, Ni**u Cd**?
Cucremaruyeckui xox anajausa cmecu katuonos III, IV u V rpynn
[IpenBaputenbHble  UCOBITaHUS  (MPOBOJATCS B OTHAEIBHBIX  IMpoOax

HCCIIETyEMOTO PacTBOPA).
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1. Omxpoimue Fe** - uonos. 2-3 KarM UCCleayeMoro pacTBopa
TOMEIIAIOT B IPOOUPKY U OTKPbIBAIOT Fe** - HOHEI feifcTBIeM rekcannaHodeppara
(I11) xamust K5[Fe(CN)g]. Ipu nammanu Fe®* - HoHOB 0GpasyeTcst CHHIIT 0Cag0K
typHOysuteBoii cuau Fes[Fe(CN)g], - rekcanmanodeppara (I1I) xemesa (I1).

2. Omxpwimue Fe®* - uonos. 2-3 KaIui UCCIIeIyeMOT0 PacTBOpa
TOMEIIAIOT B IPOOUPKY 1 OTKpbIBatoT Fe* - noHb! neiicTBieM rekcannasodeppara
(I1) xasust K4[Fe(CN)s]. Ilpu nanmanu Fe** - nonoB oGpasyercst cuuuit ocagok
oepnunckoii ga3ypu Fe,[Fe(CN)els - rekcarmanodeppara (11) sxenesa (I1I).

CucremMaTn4yeckuii X0 aHAJIN3A
1. Omoenenue kamuonog Il epynnor om xamuonos IV u V epynn. K 10-15

KaIUIIM KCCIIEAyEMOr0 pacTBopa JO0OaBISIOT HECKOJIBKO  Kalejab MEepOKCHAA
BOJIOpOJIa U U30BITOYHOE KoJmyecTBO 2 M pactBopa NaOH, nHarpeBatot B TeueHue 2-
5 MHMH ¥ TIIATEJIHHO MEPEMENIMBAIOT CTEKISHHON manoukoil. M30bITOK mepokcuaa
BOJIOPOJIa YAANSAIOT KutissueHueM. Ocasiok OTAENSIOT HEHTPUPYTUPOBAHUEM.

Ocanox 1: Fe(OH)g, MnO(OH)z, Mg(OH)z, CO(OH)g, Nl(OH)z, CU(OH)Z,
Cd(OH),, HgO

Pactop 1: AlO;, Sn0;%, CrO,%, ZnOy

2. Omoenenue xamuonos IV zpynnet om xamuonos V zpynner Ocanox 1

pPacTBOPSIIOT MpU cllabOM HarpeBaHUM B HEOONBIIOM Koiu-uecTBe 2 M pacTtBOpa
HNO; B mpucyrctBum nepokcuna Bomopoaa. [Ipu stom MnO(OH), u Co(OH);
nepexomst B Mn>" i Co”" - HOHBL

Pacteop 2: Fe**, Mn?*, Mg®, Cu*, Cd **,Ni*, Co**, Hg**- nowsL.
K pactBopy 2 npubasssitor 2 M pactBop Na,CO;3 10 mOJIHOTO BBIICICHUS

ocajika, 3aTeM MOJIYYEHHYI0 CMeCh 00padaThIBalOT U30BITOUYHBIM KOJIUYECTBOM
BOJIHOTO PacTBOpa aMMHaKa W HarpeBaroT:

Ocanok 2: FE(OH)g, MnCO;, (MgOH)2C03
Pacteop  3:[Cu(NHj).]*, [CA(NHs).J*, [Ni(NHs)s]**, [Co(NHs)4]*,

[Hg(NHs),]**
3. Ananuz xamuonoe Il epynnvi. Ananmu3 katuoHoB I  rpynmsl

MPOBOJUTCS B pacTBope 1.
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Ocadicoenue AP*, SN*™ - uonos 6 eude zuopoxcudos. K qacru pacrsopa 1
T00aBJISIOT HEOOIBITUMHU IMOPIHSIMHA KPUCTAILTUICCKUHN XJTIOPHT aMMOHHS 1
yIapuBaroT pacTBop 110 HeOoubmoro oobeMa. Ocanok Al(OH)s, SN(OH), oTnenstor
HeHTpudyrupoBaHreMm.

Ocamok 3: Al(OH)s, Sn(OH)4 PactBop 4: [Zn(NHs)4]2+,

CrOs20mxpwimue A" - uonos. Ocanok 3 pacteopsitot B 2 M pactsope HCI.

Pacteop 5: AI**, [SnClg]*
PactBop 5 nmensar Ha nBe yactu. B mepBoM yacTh pacTBOpAa OTKPBIBAIOT Al*-

HOHBI C AJITIOMUHOHOM IO 00pa30BaHUIO KPACHBIX XJIOMbEB «AUTFOMUHHEBOTO JIAKay.

JIJisi BBITIOJTHEHHUS pEaKIMM K HECKOJIBKUM KaIUIsiIM pacTBOpa 5 MpuOaBISIOT
HECKOJIbKO Karesib allOMUHOHA W HarpeBaroT. 3areM mpudaBisitoT pactsop NH,OH
70 TosiBIeHUs 3amaxa W 2-3 kamam pactBopa  (NH,),COs. KpacHbie Xiombs
«aITIOMIHHEBOTO JIaKa» JOKa3bIBatoT mpucyTeraue Al*- nomos.

Boccmanosnenue Sn™* 0o Sn”* u OomKpvimue Sn**. Bropyro wacte pactBopa 3,
COZEp/KAIIETO0  HOHBI [SnClG]Z', MPOKUIISITUTE C  HEOOJBIIUM  KOJUYECTBOM
METaIIMYeCcKOro [MHKA, BoccTaHapmuBaromero Sn** 1o Sn®* (pactsop 6). Houst Sn”*
OTKPBIBAIOT JICHCTBHEM Ha pPacTBOp 6 Hg, (NOs), mo obOpa3oBanuio 0esoro,
yepHeroIero Ha Bo3ayxe ocaaka Hg,Cl, .

2 2
Omoenenue Zn"" - uonoe u omxpoimue Zn"" - uonoe .Pactsop 4 HarpeBaror ¢
KOHLIEHTPUPOBAHHBIM pacTBOpoM Na,CO; 10 nonHoro yaanenust ammuaka. [Ipu atom
BbINasiaet 0enbiil ocanok (ZnOH),CO3, KOTOpHIN OTACHSAIOT HEHTPUPYTUPOBAHUEM.

Ocanok 4: (ZnOH),CO; PactBop 7: CrO,*
Ocanoxk 4 pactBopsitoT B 2 M pactBope HCI u oTkpbiBatot Zn*" - noHs!

KamnejabHOM peakiMeil ¢ IMTU30HOM 0 00pa30BaHUI0 MAJTMHOBO-KPACHOTO
OKpalllMBaHUA JUTU30HATA [[UHKA.

Omxpwimue Cr** - uonos. Cr’* - HOHBI OTKPBIBAIOT B pacTBOpe 7 JICHCTBHEM
nepcynbhaTa HATPUs B CEPHOKUCIION cpefie B IpUCyTCTBHH 1-2 Kamens pactBopa Ag’

3+
(karamuzarop). B mpucyrcTtBun Cr® - HOHOB B CMeCH NPpH HArpeBaHUU PaCTBOP
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b 2
MpUOOpETaeT KENTO-OPAHKEBYIO OKpacKy, oOycinoBieHHyto Hamuuuem Cr,O;'B
pacTBope.

AHaiu3 kKaTuoHOB 1V rpynnbi
AHAJIH3 HEOTKPHITHIX KaTHoHoB IV rpymmsr (Mn?*, Mg®") BenyT B ocajke
2.0canok 2 obpabdotars pactBopom NH,Cl npu HarpeBanuu.
Ocanok 5: Fe(OH);, MnCO4 PactBop 8: Mg*
B pactsope 8 onpenensior Mg®* - nomsL. JIjist 3TOro K HCCIEAYeMOMY PAaCTBOPY

npuimBatot 2-3 karw 2 M pacrsopa (NH,),HPO,. B npucyrcreun Mg”* - noHos
BhITIafaeT Oembiii ocaqok MgNH,4PO,.

Ocanok 5 pactBopsitor B 2 M pactBope H,SO4 1 oTKpBIBatoT Mn®* - noHsI

nenicteueM mepcyiabdara HaTpus Na,S,0Og B KHCION cpefe B MPUCYTCTBUU -2
2+

Kaneiab coliu cepebpa (karanuzatop). B mpucyrctBuu Mn“ - HOHOB MOSBIISIETCS

KpacHO(HUOJIETOBOE  OKpallMBaHHE pacTBOpa, OOYCIOBIEHHOE o0Opa3oBaHUEM

HMnO,.

AHaJIU3 KATHOHOB V rpynnsl
AHaJIM3 KATUOHOB V TPYIIIBI IPOBOJUTCS B PacTBOpPE 3.
2 2
Omoenenue Hg™", Cu”" - uonos 6 sude cynoguoos. 10 kanens pacTBopa 3

MOMEIIAIOT B TPOOUPKY, 100aBISIOT 2 M pacTBOp CEpHOM KUCIIOTHI 10 SIBHO KUCIIOM
peakmm, 2-3 cM° 2 H pactBopa Na,S,0s, Harpepatot. Ocanok cyasdumos HgS n CuS

OTIENSAIOT UEHTPU(DYTUPOBAHUEM.

Ocanok 6: HgS, CuS, S Pacteop 9: Co?*, Ni**, [Cd(S,05),]*, S*
Omoenenue HgS. Ocanox 6 oOpadarbiBator 3 M HNO;, HarpeBawmT 110

2
nepexosa B pactBop Cu”’ - HOHOB (PACTBOP CTAHOBUTCS TOTyObIM).

Ocanok 7: HgS PactBop 10: Cu®" - noHb!
Omxpvimue Cu** - uono06.2-3 xarm pactBopa 10 o6padarsiBator 2 M BOIHBIM

PAacTBOPOM aMMHMaKa [0 IIETOYHO peakimu. B mpucyrersun Cu® - HOHOB pacTBOp
OKpAaIlIMBaETCsl B CUHUM IIBET.
PactBop 11:  [Cu(NHz)4]*" - nousr
Omkpoimue Hg2+- uonos. Ocanok 7 oOpabaThIBAIOT MpPHU HATPEBaHWH CMeChio 2 M
HCl u 3% - noro H,0, (1:3).
Pacteop 12: [HgCl]*
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Wousr Hg”" otkpsiBatoT: aeiictueM SnCl, mo 0oOGpa3soBaHHIO YEPHOTO OCAIKa
METAINYECKOU pTyTH; AercteueM Kl.

Omxpvimue C02+, Ni2+, Cd?*- uonoe. PacTtBop 9 aensat Ha 3 wactH, B Kaxa0i U3
KOTOPBIX OTKPBIBAIOT 9TH HOHbI CrIelU()HIecKUME peakiusiMir: Co”' - HOHbI
OTKPBIBAIOT, MpUOaBsis K pactBopy 9 2-3 karm 2 M pactBopa CH3COOH u 5-6
kanens 6 M pactBopa KNO,. B npucyrctBun Co?*- noHoB oOpa3zyeTcst JKEIThIN
kpuctaimmnaeckuii ocaiok Kz[Co(NO,)e].

2 .
IMoareepauTs Hamuuue Co” - HOHOB MOXKHO PeakIueil ¢ a-HUTpo3o- A
HadTOJIOM IO 0OOpPA30BaHUIO KPACHO-OYpOTo Ocajka.

Ni?*- noHsI OTKPBIBAIOT MpubaBiieHneM K pactBopy 9 2M pactBopa NH,OH 1o
IEIOYHOM peakiuu U 2-3 Kameilb CIUPTOBOTO PacTBOpa AUMETHITIHOKCUMa. B
npucytctBii Ni’*- HOHOB 00pa3yeTcs APKO-KPACHBIi 0CAT0K JUMETHITITHOKCHMATA
HUKEJIS.

Cd?*- HOHBI OTKPBIBAIOT: 10 OOPA30BAHMIO SIPKO-XKENTOro ocamka CdS mpu
no6aBieHnu K pactBopy 9 2-3 kamens 2 M pactBopa NH,OH, HeCKOTbKHUX KPYTUHOK
NH,4C1 u 2 M pactBopa (NH,),S; mo o6pa3oBanuio uépHoro ocaaka Bilz mpu
n00aBJICHUH K pacTBOPY 9 HECKOJIbKUX Karesb pactBopa K[Bily].

Bonpocs! st 00CyK1eHUS
1. Kakne KaTHMOHBI TpeThel AaHAIUTUYECKOW TPYNIbl OTKPBIBAIOT B

OT/ICJIBHBIX TTP0Oax?

2. JIeiCTBHEM KaKuX pPEareHTOB BEAYT OTAECICHHUE KATHOHOB TPEThEU
AHAJIMTUYECKOUN TPYIIbl OT KATUOHOB YETBEPTOM W MATOM rpymnm? YKaXUTE COCTaB
0CaJiKa U pacTBOpA MOJYYECHHBIX IPHU ITOM.

3. Kak oTaensiroT KaTUOHBI YETBEPTOW aHATUTUYECKOW TPYIIbI OT MATOWU?
[IpuBeauTEe COOTBETCTBYIOIIME YPABHEHUS PEAKIIUM.

4, Kakue xumuyeckue mpeBpamieHUs] MPOBOIAAT MPU KAYECTBEHHBIX
UCCJIEIOBAHMUSX KaTHOHOB TpeTheil, ueTBepTol M mnsartoid rpynn? IlomsitTaiiTech
MPEIOKUTh COOCTBEHHYIO BEpPCHIO aIrOpWTMa TMPOBEACHHS aHadnu3a CMECH

KaTHOHOB YKAa3aHHbIX I'DYIIII.
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2.6 VI Ananuruyeckasi rpynna KaTHOHOB
K VI ananutuueckod rpyIme KaTUOHOB OTHOCSTCA KAaTHUOHBI K*, Na*, NH,"

(cm. Tabn. 2.11). XapakTepHol uepToil KaTMOHOB VI Tpymmbl SIBIsSETCA XOpoIlas
pPacTBOPUMOCTb B BOJIe OOJNBIIMHCTBA HUX COCAMHEHHH. XOpOIIO pPacTBOPUMBI
docdaTel, XJIOpUABLI, HUTPATHI, CyJIb(aThl, KAPOOHATHI, TUAPOKCHABI U Ap. [losTomy
KaTHOHBI VI rpymmsl He MOTYT OBITh OJTHOBPEMEHHO OCaXKJICHBI C TIOMOIIHI0 KaKOTO-
00 peakTHBa, TO €CTh HE UMEIOT OOIIEro rpynrnoBOro peareHra, yto omimyaer VI
IPYIIy KATHOHOB OT BCEX OCTAJIBHBIX PYIIIL.

Katuonsr VI rpynmsl GecuBeTHbI, M pacTBOPHI OOJBIIMHCTBA HMX COJIEH
OecrBeTHbl. OKpallleHHBIMH ~ COCAMHEHUSIMHU  SIBJISIOTCS  XpOMaThl  (KEITHIE),
OuxpoMatbl (OpaH)KEBbIE), MaHTaHATHI (3€JCHBIE), TEpMaHTraHaThl (MaJIUHOBO-
KpacHbie), rekcarmanodeppartsl (II) (xkenteie) u ap.

Katmomst K" m  Na' ycToiluMmBel K J€HCTBHMIO OKUCIUTENEH H
19 + v
BoccraHoButeneil, NH; - HOHBI CIIOCOOHBI OKHCIATBHCS IIPU JEHCTBUM CHJIBHBIX

OKUCJIUTEIIEH:

oNH CI,7 3¢k = N2 T+ gy,
Tabnuya 2.11 — Kauecmsennvie peakyuu kamuonos VI ananumuueckoti epynnwi

Pearent K+ Na* NHa+
1. NaHC4H4O06 — KHC4H4O6 — Genprit WH,C4H406 — Gemprit
TUIpOTApTPaT KPUCTAJUTMYECKUI - KPUCTAJUTMYECKUI
HaTpUs
2. Nag[Co(NO2)e] — KzNa [Co(NO,)e] - ¥ NH,):Na [Co(NO,)e] -
KOOATbTUHUTPUT JKENTBIN - JKEITBIA KPUCTAIIINYECKUI
HaTpHUs KPUCTAJIIIMYECKHUI .
3. KH3SbO, — (ua WaH,SbhO, — HsbO; — Gensrit
X0JIONly) - OenblIit amMop(HBIi
4. Peakuust brnenno-duoneroroe Kenroe nmamst
OKpAaIlIMBaHUS IaMs —
IJIaMEHU
5.KOH, NaOH (tipm Brigenenue NH3T
KUTISTYEHUN ) - -
6. Na2CO3, K2COs Boizenenne NH3T
(Tpu KUTISTYCHUN ) - -
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7. PeaktuB Heccnepa ¥Hg,ONH_]I
K3[HgJs]+ KOH - - KpacHOOYpBIH

N3 Tabn. 2.11. crmemyer, 4TO KaueCTBEHHBIMH pPEAKIUSMU OOHAPYKCHHS
KaTUOHOB VI rpyIsl ABISIOTCS:

1) NH," - wuonsl o6HapyxkuBaior jeiictBueM menoun NaOH Ha
uccneayeMblil pacTsop npu HarpeBanuu. Ilpu Hanuuuu NH,' - HOHOB u3 npoGupKu
NOJDKEH BbLIEHATbCST NHj, KOTOpBIM ONpenesstoT: IO 3amaxy; M0 HOKPAaCHEHHIO
OyMaru, CMOYCHHOH B pacTBope (eHon(TaICHHA.

2) Na' - HOHBI OTKpBIBAIOT peaKIMel OKpAIIMBaHUs ILUIAMEHH, KOTOPOE
conu Na' OKpaIIiBaloT B KETHIH 1BET.

3) K’ - HOHBI OTKPBHIBAIOT IO OOPA30BAHHUIO KENTOrO KPUCTALTMUECKOTO
ocaaka K3[COo(NO,)s] mpu neHCTBMM Ha HCCIEAYEMBbIH pacTBOp 2-3 KalULSIMH
Naz;[Co(NO,)s] B ykcycHokucoii cpene. I[Iposenenuio 91oi peakiyu MemaroT NH,"
- woHbl, oOpasyromme ¢ Nag[CO(NO,)g] xenThlii OCaJOK JIBOMHOW COJIH
(NH,4),Na[Co(NO,)¢]. ITosromy NH," - HOHBI cliefyeT yaalaTh M3 HCCIETyeMOro
pactBopa mepen oTkpeiteM K - moHoB. Ynanenne NH, - HMOHOB IpOM3BOIAT
HarpesaHueM ucciexyemoro Ha K - MoHbI pacTBopa ¢ no6asneHnem 2 M pacTsopa
NaOH no npekpaiiieHus BbIACICHUS aMMHaKa.

Cxema cHCTEMAaTMYECKOTO XOJAa aHajiu3a CMECHM KaTHOHOB VI TpynIibl
npuBeaeHa B Taodi. 2.12.

CucremMaTu4ecKMil X0/ aHAIM3a CMECH KATHOHOB VI aHaJIMTH4YeCKOH Ipynnbl
1. Omxpoimue Na* - uonoe. TIpoBOAMTCSA M3 OTJENBHON 9acTU pacTBOpA.

MenHyo OpOBOJIOKY, KOHEI] KOTOpPOW 3arHyT B YIIKO, MPOKAJIMBAIOT B IJIAMEHU
rOpeJyiku, YOeIUBIINCH B YUCTOTE TTPOBOJIOKH.

Tabnuya 2.12 — Cxema cucmemamuuecko2o xo0a aHaiuza cmecu kamuonos VI

epynnbul
IIpoda Onepanun PeaKkTHBBI K", Na", NH,"
1. OTkpriTHE
Na+ -uonos OxpamuBanue Kenras okpacka | PactBop 1
(otnenbHas TUIAaMEHU TUIAaMEHU K" - non

4acTh IpoObI)
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2. Otpenenue I:f Otnenedue u NaOH npu

ynanenue NHq yIaJIeHue NH,* KUIISTYEHUH 10 Brigenenue NHgT

- HOHOB HOHOB ucuesnosenns NHT

3. OTKpbITHE

K*- noHoB Otkpoitue K'- nonos| Na 3[Co(NO,)s] + ‘Nag[CO(NOz)e]
(pactBop 1) + CH;COOH — KENTBIA 0CaJIOK

3aTeM 3ar"HyThlii KOHELl MPOBOJIOKM CMAYMBAIOT UCCIEAYEMBIM PacTBOPOM M
BHOCSAT B HECBETSILYIOCS YaCTh IJIAMEHHU I'a30BOM TOPEIIKH.

[Inams ropeikd B mpucyTcTBMU Na' - HOHOB B PAacTBOpPE OKPALIUBAETCS B
JKEJITBIN [BET.

2. Omxpuimue u omoenenue NH," - uonos. B mpoOupky HamusaioT 5-8
Karejb KCCIEIyeMOro pacTBopa, no0aBisioT 5 kamenb 2 M pactBopa NaOH,
HarpesaioT. IIpu Hamuuuu B uccienyeMoM pactBope NH,' - HOHOB U3 mpoGupku
noykeH BeiaensaTbess NH; . Ero onpegensitor: mo 3amaxy; mo MOKpacHeHHIO Oymarw,
CMOUEHHOI B pacTBope (peHondTanenna. Ilpu vamumuun NH,' - HOHOB HMccieLyeMblii
pacTBOp cleAyeT HarpeBaTh 10 IPEKPAILeHUs] BbIICICHUS aMMHUaKa.

3. Omxpouimue K - uonos. Tlocne nomnoro ynanenus NH," - noHOB B
npobupky npubasmstor 3-4 kamm 2 M pactBopa CH3;COOH u 2-3 kamm pactBopa
Nas[Co(NO,)s]. ITpu Hamuuuu K* - noHoB BbImanaet xenthiii ocanok Ks[Co(NO,)g].

Bomnpocs! 1191 00cyxaeHust
1. [Touemy nisi KaTHOHOB WIECTOM AHAJIUTUYECKOW TPYIIbI HET €JUHOTO

IPYIIIOBOrO peareHTa?

2. Bce 1 noHbI ecTol Tpynibl yCTOMYHUBEI K AEHCTBUIO OKUCIIUTENICH?
3. Kakne xumuyeckue mpeBpamieHuss HauOosiee CHenupuIHbl IS

nonosNH,", Na" u K* ? IIpusenure npumeps.
4, Kak BBITVISIAMT anropuTM ONPENESICeHUs] KaXaoro M3 KaTuoHoB NH4+,
Na+ uK+ npu ananuze ux cmecu?

3 AHAJIN3 AHUOHOB
leucmesue gasxcheuuiux peakmueos Ha aHUOHbL
AHaIM3 aHMOHOB CYLIECTBEHHO OTJIMYAETCS OT aHajau3a KaTUOHOB. Ecimm miis

KaTHOHOB CyIICCTBYCT CUCTEMAaTHUUYCCKUU X0  aHa/Im3a, HOCTpOCHHBIﬁ Ha
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MOCJIETIOBATEILHOM JISJICHUU WX HA TPYMIBI C TIOMOIIBI0 TPYIIOBBIX PEareHTOB, TO
JUTSI aHKOHOB TaKOTO CTPOTO CHCTEMAaTHYECKOTO XO/a aHAJIn3a HET.

Pa3nooOpa3ubie KIaccupuKami aHHOHOB OCHOBAHBI HA PEAKIIUSIX OCAXKICHHS,
pa3JIoKEHUsI, KOMIUJIEKCOOOpa30BaHMs, OKUCIEHHS - BOCCTAaHOBJICHHS. B kadecTBe
IPYIINOBBIX PEAreHTOB HCIOJB3YIOTCA COJIM Oapusi, cepeOpa, Kajbllds, CBHUHIIA,
IIMHKA. DTH peareHThl MPUMEHSIOT TpH pa3inuHblx 3HadyeHusx PH pactBopa. B
KadeCTBE IPYIIOBHIX PEareHTOB Ha aHMOHBI JIETKO Pa3iaraéMbIX KHCIOT HUCTIOIL3YIOT
take pactBopbl kucioT (CH3COOH, HCI). PaznmuyHoe OTHOIIEHWE aHMOHOB K
okucmutersiMm (KMnO, + H,SO,;) mmu BocctanoButemsim (KJ + H,SO,) Ttaroke
MO3BOJIAET JICIUTh AHMOHBl HA TPYIIBl 10 Pa3IHYHI0 WX OKHCIUTEIBHO-
BOCCTAaHOBHTCIBLHBIX CBOMCTB.

CornacHo kimaccuduKaldyd, MPUHATOM B JIAHHOM Kypce, BCE aHHUOHBI

moaApasaAC/sIIOTCA Ha ABC aHAJIMTUYCCKUC I'PYIIIIbI:

— I rpynmna - aHuOHBI, OapUeEBbIE COJM KOTOPHIX pacTBopuMsI B Boge: CI', Br,

J, S%, NO;s;, NO, -HOHEL

II rpynma - aHuoHBI, 6apueBbIe COTM KOTOPHIX MaJOPACTBOPHUMBI B BOJC:
SOa42-, SO32-, S2032-, CO32-, PO42-, SiO32- - MOHBI.

eiicmeue coneii 6apus. PactBopumbie conu Oapusi ¢ anuoHamu Il rpymmsr
obpasyroT 6enbie ocanaku: BaSO,4, BaSO3, BaSO,, BaS,0;, Ba;(PO,),, BaSiO; wu 1.1

Hanpumep:
Ba®* + S0, — {Baso,
Cynbdur, THOCynb(ar, KapOOHAT, CWJIMKAT Oapusi  pasjiararoTcs

XJIOPHCTOBOIOPOTHOM KHUCIIOTOM ¢ BBIACICHUEM COOTBeTCTBeHHO SO,, SO, + S, CO,
u H28|03

Cynbdat 6apust pakKTUYECKU HU B YEM HE PACTBOPHUM.
eiicmeue pacmeopumvix coneu cepedopa. PacTBopuMble coiau cepedpa ¢

annonamu I u Il rpymmer o6pasyrot 6enbie ocanku Ag,COs, Ag,SiOs3, Ag,SO,4, AgCI,
Ag,S,03; xenteie ocanku Agl, AgBr, AgsPO,; uepnsiit ocanok - Ag,S. Tuocynsdar
cepebpa MepexoAuT MpH CTOSHUM B YepHBbIM ocagok Ag,S, kapOoHaT cepebpa
MMOCTETICHHO YepHEET, nmepexois B Ag,0.
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Heticmsue pacmeopumvix coneti yunka. PaCTBOPUMBIC CONH ITMHKA 0Opa3yroT
oenbie ocanku ZnS, (ZnOH),CO;3, ZnSiO3, Zn3(PO,),, pacTBOpUMBIC B KHCIIOTAX:

ZnS + 2H" — H,S + Zn*".
eiicmeue pacmeopumvix coneu cmponyus. Conu CTpOHLUS 00pa3yroT Oenble

ocagku coctaBa SrSiOs, SrSOs, Sr3(PO,),, SrSO,. Bcee ocaaku, 3a HCKIIOYEHHEM
SrSO, , pacTBOopuMBI B KHCIOTax. OTHUM CBOMCTBOM SrSO,; MONB3YIOTCS IS
2-
ornenenus SO, oT Apyrux aHuoHOB I rpynmel.
Jeticmeue munepanvnvix kuciom. llpm HeWCTBUM MUHEPAIBHBIX KHCJIOT Ha
col pasnararonuxcsi kuciot, Takux kak HyCOs, H,SOs, Beigensrorcs razel CO, u
802:

Na,CO; + 2H* — COJ+ H,0 + 2Na".
Na,S,;03 mom aeficTBHEM KHCIIOT pa3iaraeTcs:
Na,S,0; + 2H" — 1S + 2Na* + SO, H,0.
Cunukatsl 00pa3yroT 0CaJI0K MaJIOPACTBOPUMON KPEMHUEBOM KUCIOTBHI:
Na,SiO; + 2H" — \H ,Si0; + 2Na".
KonuentpupoBanHas cepHas kuciaota okuciser HBr, HJ:
2HBr + H,SO, — Br, + SO+ 2H,0
2HJ + H,S0, 7> SO, + 2f,0.

Jleticmeue oxucaumeneu u eoccmanosumene. CHUIIBHBIE OKHUCIUTEIN
OKHUCIIAIOT Bce aHUOHBI | rpymiibl 3a uckiaoueHrnem NOj™ - HOHOB.

B 3aBucumoctu oT ycnoBuii mnpoBeaeHuss peakiuu Cl - HOHBI MOTYT
okuciatbes 1o Cly, ClIO", ClO5 , ClO, - nonos; J u Br - nonsl 1o J,, Bry, a Takxke 1o
JO3, BrOj -nonos; NO, - 10 NO3 - HOHOB; S% - MOHBI 110 S, SO, u SO, - HOHOB.

Hurpar - monsr BoccranaBimuBaiorcs 10 NO,, NO, Ny, NH3, NO, nu NH," -
nonoB; NO, - nonsl - 10 NO, N,, NHs.

.~ 2- 2- 2- 3-
Honrr S1057, SO,77, CO57, PO, He crTOCOOHEBI K OKHUCIIEHUIO.

2- 2- 2-
Honsl SO;7, S,057, SO, - BOCCTAaHAaBJIMBAETCS CWJILHBIMHA

20 A~ 2-
BocctaHoBuTe MU, Moubl CO3™, SI03” He CKIIOHHBI K PEaKIUsIM BOCCTAaHOBJICHUSI.

3.1 IlpoBenenue npeaBapuTeabHbIX HCILITAHUI
Haubonee 1enecooOpa3HO HayuMHATh aHadUW3 AaHUOHOB C MPOBEJEHUS

MMpCABAPUTCIIbHBIX HUCIBITAaHUN JJIA TOTIO, YTOOBI YCTAaHOBUTL OTCYTCTBHUC B paCTBOPC

HEKOTOPBIX AHMOHOB U TAKHUM 00pPa30oM YIIPOCTHUTh JajJbHENIINI aHAIN3.
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Yemanoenenue pH pacmeopa. Eciin peakuys HCCIIETyEMOI0 pacTBOpa KUcias
(pH 2), B HeM He MOTYT PUCYTCTBOBATH AHMOHKI JICTYUHX M HEYCTONUHMBBIX KH-

2- 2- 2- -
ciot, 1.€. CO37, SO57, S,03 u NO,'.
Ecnm peaknust uccieayeMoro pacTBopa IIejoYHas Wi HEUTpaabHas, B HEM

MOTYT MPUCYTCTBOBATh BCE PACCMATPUBAEMbIC aHUOHBI.

IIpoba mna evidenenue 2azo6. HeckonbKko Kalenb HCCIEAYEMOrO pacTBOpa
(Jrydime - KpynmuHKY TBEpAOTro BemiecTBa) oopadateiBatoT 2 M pactBopom H,SO4 m
CJIeTKa BCTPSIXHMBAIOT COACPKUMOE TpoOupku. Ecnu BeimeneHus my3bIphbKOB ra3a HE
3aMeTHO, npobupky HarpesatoT. OOpazoBanue razoB (CO,, SO,, NO,) yka3piBaeT Ha
BO3MOKHOCTh ITPUCYTCTBUS C032', 8032', 82032‘ u NO,'.

[Tpu 3TOM HUCIIBITAHUM CIICTYET 110 BO3MOXHOCTH YCTAaHOBUTH COCTAB
BBIJICTISIFOIINXCS Ta30B, UCIIOIbL3YS UX XapakTepHble cBoiicTBa: a) CO, — OeclBETHBIN
ra3 0e3 3amaxa, BbI3bIBAIOIINI TOMYTHEHUE U3BECTKOBOU BOJIbI (€€ MOMYTHEHHE
MOKET OBbITh BbI3BaHO Takke SO,) ; 0) SO, - ra3z ¢ 3anaxoM ropsiuiei cepsl,
BBI3BIBAIOIINI 0OecIBeunBaHue paz0aBieHHbIX pacTBOpoB KMnO, u Jo; B) NO, -
KpacHO-OYpBIii ra3 ¢ XapaKTEPHBIM PE3KUM 3aMIaXxOM; IPHU MPOIMYCKAHUU €T0 Yyepe3
pactBop KJ Beinensiercs cBOOOIHBIN 011 (TIpoba ¢ KpaxMaiom).

IIpo6a na anuonwl I epynnsi. K 2-3 xarisim rccliieryeMoro pactBopa
npubasisioT 2-3 karu pactBopa AgNOs3. Eciin o6pa3zyercst ocanok, mpuOaBisiOT
Heckoabko kaneiab HNO3z;. HepacTBopuMOCTh 0cajika yKa3bIBa€T Ha BO3MOKHOCTh
npucytcTBus cieayromux coneit: AgCl, AgBr, Agl, Ag,S (obpazoBaHHOTO JIMOO C
HOHOM SZ', 00 B3aMMOJCHCTBHEM HOHA 82032' c Agh).

Ilpoba mna anuonvr Il cpynnei. K 2 xamimsM HEUTpaabHOTO  WIH
cnabomienounoro—pacreopa (pH 7 9) mpubasnsror 2-3 kamau pactBopa BaCl,.
OG6pa3oBaHUe 0CAIKA yKa3bIBACT HA BOSMOKHOCTD IIPHCYTCTBHS HOHOB: SO4°, SO5°
,PO,*, S,05%, COs2-.

Eciu ocajika He o6pasyercs, To anuoH S,05° Bce %Ke MOKET PUCYTCTBOBATH B
pacTBOpe, Tak Kak OH ocaxaaercst Ba®* - HOHAMM TOIBKO H3 TOCTATOYHO

KOHIIEHTPUPOBAHHBIX PACTBOPOB.
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1Ipob6wr na npucymcmeue anuonog-eoccmanosumenei. K 3 xamsam
HCCJIEYyEeMOTO pacTBOpa mpubasisiior 1 kamto 2 M pacTBopa mienoyu u 1-2 xarmmm
pazbasienHoro pactsopa KMnQ, . B oTcyTcTBHE OCaska HarpeBaroT pacTBOp Ha
BoZsiHOM Oane 1 muH. Beimanenue Oyporo ocagka MnO(OH), yka3bIBaeT Ha HaIu4ue
AHHOHOB- BOCCTAHOBUTEIEH (8032', S,0:%,J u ap.).

Ecnu npenpinyiiee ucnbITaHUE TOKA3alo MPUCYTCTBUE BOCCTAHOBUTEINIEH,
IPYTyI0 TOPLHIO UccheayeMoro pactBopa noakucisitor H,SO, u nmpubaBisgioT 1o
KaluisiM pa30aBJieHHBIM PAcTBOp 1O, OKpAlICHHBIM KpaxMajioM B CHUHUU IIBET.
OGeciBeurBaHIe PACTBOPA YKasbiBaeT Ha mpucyterBue SO3°, S,057.

IIpo6a na npucymcmeue anuonog-okucaumeneu. K 2-3 xarisim rccliieryemMoro
pacTtBopa, noakuciaeHHoro 2 M pactsopom H,SO,, npubaBisitoT HECKOJIBKO Karelb
OeH3oma uim xjopodopma u 1-2 karm pacteopa KJ .

[TosiBnenue (mpu B30aNTHIBaHUM) (PUOJETOBOM OKpPACKH CJIOSI PACTBOPHUTEIS
yKa3bIBa€T HA MPUCYTCTBUE aHUOHOB -okucauteneit (NO,', JO3 u np.).

3.2 OOHapyxeHHe HEKOTOPHIX AHHOHOB APOOHBIM METOA0M W3
OT/AEJbHBIX IOPLHI pacTBOpa

Omxkpoimue u omoenenue S° - uonos. Hurporpyccun natpus Na[Fe(CN)sNO]
maer ¢ S” - HOHOM XapaKTepHYI0 KpacHO-(HONETOBYIO OKPACKY BCIE/ICTBHE
obpasoBanus koMiuiekcHoro coenunerns Nay[Fe(CN)sNOS].

Ecin anmon S” OTKpBIT, K 5 KalIiM pacTBopa J100aBbTE€ HEMHOI'O BOJHOM
cycnensuu CdCO; u B30oaTaiTe. JlomkeH o0pa3oBaThes sIpKo-kenThiid ocagok CdS.
Ornentpudyrupyiite 0CagoK M MPOBEPHTE HA IONHOTY OCAKACHHS AHHOHA S°
AeiicTBreM HUTponpyccuna Hatpus. LleaTpudyrat ucnonszyeTcs Ajia 0OHapyKeHUs
OCTAaBIIINXCS UOHOB.

Omkpoimue SO~ -uona. K 2-3 KammiM HCCIEIyeMOro pacTBOpa,
noakucienHoro HCI, mpu6aspre 5 kamenp 0.01 M pactBopa KMnO4 u pactBop
BaCl,. 3aTtem u3osrToxk KMnQO,4 BoccranaBnuBatot aciicteuem H,O,, mpuuem pactBop
o0OeclIBEUMBAETCs, a OCaJOK OKpAlIMBAae€TCSd B PO30BbIM I[BET, YTO CIY>KUT

A0Ka3aTCJIbCTBOM IIPUCYTCTBHUA B HEM BaSO4 , OKpalI€CHHBIM COOCAXICHHBIM
57



KMnO,. Droii peakieil Helb3si MOTB30BATHCS B MPHCYTCTBUM aHHOHOB SO3°,
Szng', T.X. 0B okucasiorcs KMnO, no SO, -noHa.

Omxpwuimue PO,>. K 1-2 xammsim pactBopa PO,> - mona npubasmsior 8-10
Karejab MOJHOICHOBOM KMIKOCTH (pacTBop MoiuOmara ammonus (NHz),MoO, B
HNO3;) . OOpasyercsi xapakTepHbIA JKEIATHIM  KPUCTALIMYECKUHA  OCaZOK

dbochopomonnbaTa aMMOHMS:

PO,* + 3NH," + 12M00,% + 24H" = ¥NH,); [PM01,040] + 12H,0
Ocanox ¢ochopomonubaaTa aMMOHUS pacTBOpsieTcsi B u30bITKe (ocdara,

MIOATOMY PEareHT HEOOXOIUMO T00ABISATH B OOJIBIIOM U30BITKE.

IpucyTcTBHe B pacTBope BocctaHouteneii (SOs”, S%, S, O5) Memaer
peaKIuy, T.K. OHU BOCCTaHABIMBAIOT Mo®* 10 MommGneHoBoi cuui. B pactBope
TaK)Ke HE JIOJDKHO OBITh OOJBIINX KOJTUIESCTB XJIOPHIOB.

Jlnst okucienust BoccranoBureneit u ynanenus yactu Cl -noHOB ciieyer
MPOKUIISITUTH 2-3 Karuim pactBopa ¢ 2-3 kamisimu 6 M pactBopa HNO; u B
MOJIYYEHHOM PacTBOpPE MPOBOAUTH YKA3aHHYIO PEAKIIHUIO.

MaruesuansHas cmech, T.€e. cmecb MgCl, ¢ NH4,OH u NH,Cl BeiaensieT 6emnbiii

Kkpuctaumaeckuit ocagoxk MgNH4PO,:

HPO,* + NH,OH + Mg®* =4 MgNH,PO, + H,0
Omkpoimue NO, -uona. K 2-3 kaminsMm HCCIEAyeMOro pacTBOpa

nojakuciersoro 2 M pactsopom H,SO, nprubaBuTh HECKOJIBKO Kamneiab OeH3ona u 1-2
karu pactBopa KlJ. TlosiBienue mpu B30aNTHIBAHUM OKPACKH CJIOS PAaCTBOPUTEIS
yKa3bpIBaeT Ha npucyrcreue NO, -HOHa.

OTa peakuuss TPUMEHHMa TOJBKO B OTCYTCTBHE B pPacTBOpe JIpYyrux
noHoBokuciutene: MnQOy, CrO42' u Jp.

B xauecTtBe mpoBepouHOi peakiuu Ha npucyTtcTBue NO, -MOHA MOXET OBIThH
WCIIOJIb30BaHA peakius o0pa3oBaHUs JBYOKHMCH a3oTra (raza Oyporo IIBeTa,
oOpa3syromerocsi B BepXHEH 4YacTh TPOOUPKH) MPU TOAKUCICHHH HCCIEAYEeMOTO

pactBopa 2 M pactBopom H,SO, .
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Omxpoimue NOjz -uona. KauectBeHHOM peakuueil oOHapykeHus NOj -uona
ABIIIETCSA ~ KamenpHas peakuus ¢ audeHwnamMuHoM. Ha TimaTtenbHO BBIMBITOE H
IIPOCYLIEHHOE YacOBOE CTEKJIO NOMEIAIOT 4-5 Kamnenb pacTBopa JAU(eHWIaMHUHa B
KoHIleHTpupoBaHHo H,SO,. BHocAT Tyna ke Ha KOHUMKE CTEKJISHHOW MaJOYKH
OueHb HEMHOro ucciexyemoro pactBopa NOj3 u mepememmuBaioT. B npucyrcTBun
NO; unoHa TmOSBIAETCS HWHTEHCHUBHO CHHSSI OKpacka BCIEJICTBUE OKHUCICHUS
mudennnamuna obpasyromeiicss HNOs.

Oty xe peaknuio gaet NO, -won, modtomy NOjz -HOH ¢ audeHmIaMHHOM
OTKPBIBAIOT ~TOJIBKO B OTCYTCTBUM B pactBope NO, -HOHA U Jpyrux
MOHOBOKHCIIMTEIIEH.

B ciyuae ecnu B pactBope npucytctByeT NO; -HOH, €ro HEOOX0AUMO YJIaTuTh
nepen oTkpbiTueM NOj3 -nonHa. Ynpanenue NO, -MOHa JOCTUTAETCS OCTOPOKHBIM
HarpeBanueM pactBopa ¢ TBepabiM NH4Cl nu (NHy),SO4:

NH," + NO,” = N+ 2H,0
[TomooOHo comsim ammonus aerctByeT moueuna CO(NH,), B kucinoii cpeze:
2NO, + 2H" + CO(NH,),—~ CO} + 3N, %3H,0
B 4 kannsax pactBopa NO, - noHa pacTBOpstoT 0K0J0 0.1 T MOYEBHHBI;

MOJTyYEHHBIN PacTBOP MO KaIIsiM MpuOaBisioT K 2-4 karusim 2 M pactBopa H,SO,.
Kaxayro cinenyroniyro Kario NpudaBIIsioT TOJIBKO MOCIE TOr0, KaK 3aKOHUYUTCS
OypHasi peakiys ¢ peablayIen Karien

Korna Beck pactBop OyneT npubaBiieH, KUIKOCTH 1al0T HEKOTOPOE BpEMS
nocToATh. [locie yero ee OTAENbHYIO OPLHIO UCIIBITHIBAIOT HA pUCyTCTBUE NOy
noHa peakuuen ¢ KJ B mpucyTcTBuM Kpaxmala, 10 OKpalluBaHUIO pacTBOpa B sIPKO
CHUHMUU 1IBET.

3.3 CucremaTu4ecKHuii X0/1 aHAIU3a CMeCH
aHMOHOB | aHAIMTHYECKON IrPyNIIbI

K I ananutnueckoit rpynme annonoB otHocsares : Cl', Br, J, s* , NO,", NO;
WOHBI.

O0630p peakuwmii | rpynmel npuBeaeH B Tadnuie 3.1.
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Tabauya 3.1 — O630p peakyuii anuonog I ananumuueckou epynnvl AHUOHOB

Ne

Pearenr Ccr Br- J- So- NO2-
n/m
1 BaCl, — — — — —
2 | AgNO; VAQCI — JAgBr — VAgl —skenhiit |  VAQ,S— | VAgNO, - Gesiit
OeJIbli JKEIITBIN ocajioK, He- YEPHBIN ocaJioK (13
0CaJloK, O0CaJoOK, HC- pacTBOpHUM B 0CaJloK, pac-| KOHICHTPHUPOBAHHBIX
HEPAaCTBOPHM| PaCTBOPUM B KHCIIOTaX, TBOPHUM B PacTBOpOB)
B KHCJIOTaX, | KHCJIOTaX, | PacTBOPUM B HNO;
pacTBOpUM B| pPacTBOPUM B NH,OH
NH,OH NH,OH
3 | HSO, H,sT  [NO%HNO;
(pa30.) — — — 2NO + O, —
2NO2
4 | H2S04 HCI HBr + Br, + I, + SO,1 H,STso, T NOTNO, T
(xoHI1.) SOz
5 | Pb(CH;COO),| WPbCl,— | PbBr;- IPbBr; - Gensiii,|  WPbS —
OebIi, OenblIii, pacTBOpPUM B YEPHBIi,
pPacTBOPUM B| PacTBOPHUM B| Tropsiuei pacTBOPHUM B
ropsueil | TOpA4en BOJIE, KU- HNO3 -
BOJIE, BOJIC, K- CcJ0Tax, mIeinovax
KHUCIIOTax, CJIoTax,
1en04ax eoyax
6 Oxkucnurenu | Cls ,TCIO', Br,, BrO I, SYSo,,T HNO;
(KMnOQOy, ClOg, (kpacHOGypoe| (po3oBoduoneToBoe SO,* - noH
CrOa2.), ClO4 vionn | OeH30BbHOE OEH30JbHOE
Cl, - Bona KOJIBIIO ), KOJIBIIO),
BrOs- 10s-
7 |BoccranoBurenu NO ,TNz ' RIOZT NC
(Kl u ap.) N2
Oyr
ra3
NC
]
8 |dudbennnamun + HCI HBr + Br, + I, + SO, CuHee oKpalIuBaHue (
H2S04 SOzt _ OKDa
(xoHIT.)
9 |Nay[Fe(C Nas[Fe(CN)s
N)sNO] - autpo- NOS] -
MIPYCCHUJ HATPHS KOMILIEKCHOE
_ _ _ COC/IMHCHHE _
KpacHoO-
¢uoneroBoro
LBeTa
10|  CdCOs- lcds -
CyCIEH3USA - - - YKEITHIN -
ocaioKk
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ANTOpPUTM aHaIM3a CMECH aHUOHOB | aHATMTHYECKOU TPYIIIIBI TOKa3aH B Tab. 3.2.
7.4.1. Ilpeosapumenvuvie ucnvimanus (MPOBOASATCA B OTACIBHBIX TOPIHUIX

UCCJIeIyEMOTO pacTBOpPA)

Onpeoenenue pH-cpeow. Kamio wuccineayemMoro pactBopa NOMENIAIOT Ha
YHUBEPCAIbHYIO WHAMKATOpHYI0 Oymary u omnpegernstor pH  pacrBopa. Ecnwm
pacTBOp HE MaxHET CEpoOBOAOPOAOM U 3HaueHue pH-cpeasl He Oonee 1-2, To
npucyrcrBue NO,, S% -HOHOB, a TAK)KE HOHOB, 0OPA3YIOMMX JIETY4HE MPOLYKTHI B
KHUCIION cpejie UCKITIOUEHO, KaK U COBMECTHOE MPUCYTCTBUE AaHMOHOB OKUCIHUTENEH U
BOCCTaHOBUTEJIEH.

2.0mxpvimue u omoeneHue S% -uona. KadecTBeHHOIT PEaKLUEN OTKPBITUS S -
MOHA SABIIIETCS 00pa30BaHUE KOMIUIEKCHOTO COeIMHEHUST KPaCHO-(hHOJIETOBOTO 1IBETA
¢ murponpyccunom Hatpus Nay[Fe(CN)sNO].

Ecmn S° -HOH OTKpHIT, ero yaansioT aeiictueM cycnensun CdCO; B BHe
CdS.

Ocanok 1: CdS Pacteop 1: CI', Br, I, NO,', NO3
Tabnuya 3.2 — Cxema cucmemamu4ecko2o Xx00a aHaiu3a cmecu aHuoHos I
epynnol

Onepanuu Pearent CI, Br’, J°, S, NO,, NO3 - uonbl
OtkpbiTHE U CdCO; Ocanok 1 PactBop 1
OTJIeNIeHHEe UOHOB |  (CycreH3us) CdS CI,Br’, J°, NO;, NO3 - uoHbI
g2
Ortnenenne Cl, AgNO3 Ocajnok 2 Pacteop 2 NOy,
Br°, J" - monos ‘LAgCI, NOj3 - nonnt
(pactBop 1) I AgBr{AgJ
Otnenenue (NH,4).CO3 Ocanok 3 PactBop 3 [Ag(NHa),]",
CI" - nonon I AgBr{AgJ CI" - nonst

(ocamok 2)
OtkpbiTHE KBr Ocanox 4 PactBop 4 He
Cl" - nonos AgBr HCCIIeTyeTCs
(pactBop 3)
ITepeBog AgBru | Zn+ H,SO, Ocanoxk 5 PactBop 5
AgJ B pacTBOp 1 zZnAg J’, Br™ - uons
(ocazok 3) PactBop 6v
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OTKpBITHE Cl, - Boga + Jo okpammBanue Br;

Brul - nonos OeH30 OEH30IbHOTO OKpalMBaHue OCH30JIb-
(pactBOp 5) - KOJIbpIa B HOTO KOJIbIIa B KPACHO
(1oIeTOBO-PO30BHII BaTO-GypHIit IBET
(BET
3.0mkpvimue u omoenenue NO, - uona. KadecTBEHHBIMH pEaKIMIMU

obHapyxenust NO, - MoHa SBISIOTCA: 00pa30BaHHE OKPAIIEHHOTO CJIOsi OeH30J1a B
npucyrctBu NO, - mnosiBnenue  Oyporo raza NO, , oOpasyromierocss mnpu
ITOJKHUCIIEHUH UCCIeayeMoro pactsopa 1 M pacTBopoM cepHON KUCIOTHL

[Ipu ob6Hapykenuu NO; - MOHa ero HeoOXOAUMO yIATUTh U3-3a MEIIAIOIIETO
BIUAHUSA mpu OTKpeITUM NOjz - unoHa. Ypanenne NO, - HOHA NOPOU3BOAAT
00paboTKOI HCccIeayeMoro pacTBopa TBep1oil MmoueBuHou (mpumepro 0.1 ) B 1 M
pactBope H,SOy.

4. Omxpwvimue NO3 - uona. KauectBeHHOU peakiueit oOHapyxkeHuss NOjz nona
SBJISICTCS KalleJbHasl peakius ¢ AudeHnIaMUHOM B KoHIleHTpupoBanHoi H,SO,4. B
npucyrctBu NOj - HOHa TOSIBISETCS MHTEHCHUBHO CHHSISI OKpacka BCJICICTBUE
okucieHus audenumnamuna oopaszyromieiics HNOs.

Cucmemamuyeckuui ananuz cvecu CI, Br, J -uonos.
1. PacTtBOp 1 MOAKHUCIISAIOT a30THOM KUCIOTOM, MPUOABISIOT HECKOJIBKO Karelb

pactBopa AgNO3 1 HarpeBaror.

Ocanoxk 2: AgCl,AgBr,Agl PactBop 2: HE uccnenytor.
2.0moenenue CI - uonos. Ocanok 2 obpadateiBatoT 12 %-HBIM pacTBOpOM

KapOoHaTa aMMOHUS (IIPU SHEPIMYHOM BCTPSIXMBAHUM) U OTHCJISIIOT OCAJOK 3 Ha
nentpudyre. Teepabiii AgCl npu 3TOM nepexoauT B pacTBop 3.

Ocanok 3: AgBr,AgJ PactBop 3: [Ag(NH3),]", CI" - uons..
3.0npeoenenue CI - uonos. K pactBopy 3 1o6aButh 1o karmisim pactsop KBr.

[Ipy HaoMuMu B pacTBOpe 3 KoMIUeKCHBIX HoHOB [Ag(NHs),]", mocnennume
paspymaroTcsi, BciencTBue oOpaszoBaHuss AgBr (MHTCGHCHBHOE TTOMYTHEHHE
pacTBopa).

4. [lepesoo AgBr u AgJ 6 pacmeop. K npombeiToMy ocaaky 3 npubaButh 5-6
Karejab BOJBI, HECKONbKO Kamenb | M pactBopa H,SO, m Hebombiiol Kycouek

MCTAJNIMYCCKOT'O IIMHKA. COI[Gp}KI/IMOC HpO6I/IpKI/I Harpe€Batb IIpyd IIOCTOSAHHOM
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MepeMCIINBaHNN,

IIoCJIEC

4ero O0cCaJoK OTLEHTPU(]PYrHpOBaTh

IlenTpudyrar uccnenoars Ha Hanmuuue J u Br.

Ocanok 4: Zn, Ag

U OTOPOCHUTb.

PactBop 4: J', Br" - nonsl
5.0mxpvimue J , Br" - uonos. K HeCKOJIbKHM KaruisiM pacTBopa 4 106aBuUTh 2-3

ka1 M pactBopa H,SO, , Heckobko kamenb OeH3oja. 3areM npuOaBisTh mo 1

KaIlle XJIOPHYIO BOJY M XOpOILO B30aiThIBaTh cojepkumoe mnpoOupku. CHadana

OKHUCJIAIOTCS WOHBI J

(HONIETOBO-PO30BBII LIBET.

[Ipn panbHeiieM NpuOaBICHUU  XJIOPHOU

BOJIBI

OKpacka

1 OCH30JIBHBIN CJION OKpacUTCS B XapakTEPHBIN s ioja

HCcuc3acT

BCJICACTBHC OKHUCJICHUA Jg B ﬁO,HHOBaTYIO KHUCIIOTY HJO3, ITOCJIC YCTO B IMIPUCYTCTBHUHA

B pacTBOpe Br mosBisieTcst kpacHOBaTO-Oypasi Okpacka 0€H30JIbHOTO KOJIbIIA.

[TapannensHO ¢ JTaHHOM peakurer HOH J° MOKHO OTKpbITh peakuuen ¢ HNOj B

IIPUCYTCTBUM Kpaxmasna.

3.4

CucreMaTn4ecKHi X0/ aHAJIN3a CMeCH
aHuoHOB Il anaMTHYEeCKOH rpynmbI

. 2- 2- 2- 2-
Ko II ananurraeckoii rpynmne anunoHoB oTHocsATes: SO, 7, SOz, S,057, CO357,

PO, SiO5* - HoHbL.

00630p peakuwii I ananuTrueckoii rpynIbl aHKOHOB MIPUBEEH B Tab1. 3.3; X0/

aHajim3a cMecu — B Ta0J1. 3.4.

Tabnuya 3.3 — O630p peaxyuii anuonog Il ananumuueckoi epynnovl AHUOHO8

1’17;')1 Pearenr SOg2- SO32- COg2- S2032- POys- SiOs32-
1 BasO, - BaS,0; - | BaSO; | BaCO;-| BaPO, - BaSio; —
OenbIi, HE | — Genblid OCIbI, OCIIbIH, OCIIbIi, OCIIbIH,
PAaCTBOPHM | (y3 koHIl. |PACTBOPHM PACTBOPUM| PACTBOPHM pa3ziaraeMbIii
BaCl, B KUCJIOTAX | pacTBOPOB) B B B KHCJIOTax KH-
KHUCJIOTaX | KUCIIOTax ciaoTamu €
00pa3oBaHHEM|
H,SiO3
2 |AgNO; Wg2S0s | 025203 | YAg,SO3-| Ag,CO5 | YAgsPO, - v Ag,SiO;
— Oenprit, | —Ag2S— Oenblid, | -Genplif, | Oe€JBIH, — Oenbli,
(i3 KoHII. | O€nbId, |PaCTBOPUM|pacTBOPUM|PACTBOPUM pasyaraemslil
pacTBOpOB) [IOCTCIICHHO B B B KHCJIOTax KH-
YEPHEIOITH | KHCI0TaX | KUCIOTax CJIIOTaMH C
i 00pazoBaHKEM|
H,SiO3
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SrCl, Brso, - 8rs0; -| 8rCO;-[+  Sry(PO.), | 8rsSio; -
OCIIBIH, OcnbIii, | - Oenblit, | OeJbli,
pacTBOpUM| paCTBOPHUM pacTBOpUM B pa3ﬂaraeMBIﬁ
B B KHCJIOTaX KH-
KHCIIOTaX | KUCJIOTaxX clloramu ¢
oOpazoBaHUEM
H,SiO3
H,SO, — SOt +Sy | SOt CO,1 HPO42-, H,Si0; -
(paz6.) H2PO4- vioupr | O€IblIi,
CTYJCHH-
CTBIN OCagoK
H2SO4 - SOQT SOzT COzT
(xOHIIL.) H3PO, ¥ H,Si0,
OxkucauTenun S ,‘LS4062-, SO42-
- SOu42- HOHBI| HOHBI - - -
Boccranosureny SO,T, s s , 3% wonsl S‘L, S=
HMOHBI HMOHBI a a a
(NH4),M00, B v (NHy)s
A30THOM [PM012040]
KHCJIOTE B B B B — YKEITHII B
KPUCTAITNYECKHA
ocaioK
MgCl, B IMgNH,PO
IPHUCYTCTBUH 4 - Oebli
NH,OH 8 - - - - KPUCTAIITNYECKHIA -
NH4CI 0CaJIoK
IIpeosapumenvuvie ucnoimanus (MPOBOJAATCS B OTACIBHBIX  IOPIHAX

HCCIIeTyEMOTO PacTBOpPa).
Onpeoenenue pH cpeov. Kamio wuccienyeMoro pacTtBopa IMOMEIIAIOT Ha
YHUBEpCAIbHYIO HMHAMKATOpHYI0 Oymary u omnpezaensior pH pacrBopa. Ecnu
3Hauenue pH cpensl He 6oseel-2, a pacTBOp HE COAEPKUT MYTH CBOOOJTHOM CEphI U
He uMeeT crneuuduueckoro 3amaxa SO,, cleA0BaTeIbHO B PAaCTBOPE OTCYTCTBYIOT

S0,%, S,05%, CO5* - HoHbL.

2.06napysrcenue anuona PO,”. KauecTBeHHBIMH PEaKIMAMH OGHAPYKEHHS

3-
PO,” - wuoHa sBJSIOTCS: OOpa30BaHUE KEITOrO KPHUCTALIMYECKOTO OCajKa
dochopomonubaara amMMOHUST TpU JCHCTBUM HA HUCCICAYEMBIH  PacTBOP
MoOnMHOJaTOM  aMMOHHUS B A30THOKHCJIOW  cpene; oOpa3oBaHHE — O€oro
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Kpuctamnueckoro ocaaka MgNH,PO, npu neiicTBuum Ha uccieayeMblii pacTBOp
Na,HPO, B mpucyrcteun NH,OH u NH,CI.

Tabnuya 3.4 — Cxema cucmemamuiecko2o xo0a aHaiu3a cmecu aHuonos 11
epynnol

Onepanuu Pearent SO42-, SO32-, CO32-, S2032-, PO42-, SiO32-
Orkpbitae SiOz” HCI (2M) ‘1H28i03
Orxpsite PO~ a) (NH;):MoO, + a) ¥NH.)3s[PM12040]
HNO; KENThIA KPUCTAJUTMYECKUI
0) Na;HPO, + 0CaJIoK
NH,OH + NH,CI 6) WIgNH4PO,
OeJIbIi KPUCTATTMYECKHIMA
0CaJI0K
. KMnO, + BaCl, B BasSO, PO30BOrO
Orkpsrrie SOy HCI — cpene IIBETa
OcaxeHre HOHOB Sr(NO3), Ocanok 1
SO42-, SO32-, CO32- HaCBIIEHHBIN @rSO4, ‘LSrC03, Pactsop 1
SiOa2- pacTBop $rs0s, SKSIO; 52032
OTkpbITHE a) 2M HCI ) $
82032(paCTBop 1) 0) FeCls OCJIBIN WM JKEeITOBATHIN
0CaJI0K
0) Na[Fe(S,03),]
TEMHO-()HOJIETOBOE OKpa-
[IMBaHUE
Otkpoitae SO3” 0
(ocamok 1) M HCI S0
OOeciBeunBaHue pacTBOpa
KMnO4
Ortkpsitie CO5™
(OC&I;OK 1) 3 M HCI COZT .
MOMYTHEHUE U3BECTKOBOM
Wi OGapUTOBOU BOJIBI
3. Obnapyorcenue SiOs” - uona. K HECKONBKHM KAIUISIM HCCIIELYEMOTO

pacTBOpa MEMJICHHO, 1O KamumiM gobasuth cmecs 1 M H,SO, wu NH,CI
OOpazoBanue Oenoro cryieHucToro ocaaka H,SiO; yka3piBaeT Ha NPUCYTCTBHUEC
SiO;” - HoHa B pacTBOpe.

4. Obnapyocenue SO -uona. K HECKOIBKHM KaILIIM HCCIIETyEMOTO
pactBopa, mnoakucieHHoro 2 M pactBopom HCI, mnpuGapnstor 5 kamnenb
KOHIIEHTpHpoBaHHOTO pactBopa KMnO, u pactBop BaCl,. 3arem nz6sirok KMnOy

BOCCTaHABIIMBAIOT JEHCTBMEM Iepokcuaa Bojopoaa. Ilpum 3TOM  pactBOp
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0o0ecI[BeUnMBaEeTC , a OCaJOK OKpAIIUBAETCA B PO3OBBIA IBET, UYTO CIYKHUT
JI0Ka3aTeIbLCTBOM MPUCYTCTBUS B ocajike BaSO,.

c 2=
2-, SO32-, S,032-, CO32-, S104
CucremaTnyeckui xo anajan3a cMmecu HoHOB SO,
2- 2- 2 i 2- .
1.0Ocaorcoenue uonos SO,~, SOz, CO;7, SIO32 Oelicmauem Xaiopuoa

cmponyus. HYacTb HCHOBITYEMOrO PacTBOPA, MMEIOLIEr0 HEUTPaIbHYI0 WM CJ1ado
HIEJIOYHYI0 PEaKLHrIo, MOMEIAT B MpoOMpKy U HarpeBaroT. K ropsuemy pactBopy
I00aBJSAIOT HachIleHHBIH pacTBOp SrCl, 10 MONHOTO OCaXACHHS U OCTABIISAIOT
CTOSITh 25-30 MUHYT.

Ocanox 1: SrSO,, SrSiO;, SrCO3, SrSO, PactBop 1: S,05% -ron
2. Omxpoimue S;03° - uona. K 2-3 xammiM pactsopa | mo6asmsior 3-4

karum 2 M pactBopa HCI u narpeBatoT. O6pa3zoBanue 0€10i WK KeITOBATON MyTH
CBOOO/THOM Ccepbl yKa3bIBAET HA MPUCYTCTBUE S,05” - HoHa B pacTBope.

[IpucyrcTBre S,05° - HoHa B pacTBOpe MOXKHO noaTBepauTh peakiueit ¢ FeCly
no 00pa30BaHUIO OBICTPO MCUE3AIOIIETO0 TEMHO-(PHOJIETOBOTO OKpalIMBaHUS,
00yCJIOBJICHHOTO KOMIUIEKCHBIM coefauHeHneM Na[Fe(S;03),]. Okpacka wucyesaert
BCJIE/ICTBME BOCCTAHOBJICHUS noHa Fe® no Fe?*.

3. Omxpwimue SO3” - uona. K wacti ocagka | B IpoOGHPKy IPHOABISIOT 2
M HCI, ObiCcTpO 3aKpbIBalOT NPOOKOHM C OTBOJHON TpPyOKO#l, KOHEI KOTOPOW
nomemaT B ciaabeiii pactBop KMnO,. TlpobGupky momorpeBarOT M MpOMyCKaroT
BbIIESOIMICS Ta3 yepe3 pactBop KMnO,. B kauectBe cBuuerens B APYryro
npoOupKy OepyT Takoil ke o0bem pactBopa KMnO,. Uepe3 5 mMuH. cCpaBHUBAIOT
okpacky pactBopa KMnO,; B o00eux mnpooupkax. IlomHoe wim YacTUYHOE
obeciBeunBanue pactsopa KMnQO, yka3bpiBaeT Ha IPUCYTCTBUE SO5 - noHa.

4. Omkpoimue CO3” - uona. B mpobupky ¢ ocagkoM | m0GaBISEOT
HECKOJIbKO Kamelb 3% - HOro mepokcuaa Bojopoaa (ecnu ObUIM OOHAPYIKEHBI
AHWOHBIBOCCTAHOBUTEIM) M Heckoibko Kamenb 2 M pactBopa HCI. bsictpo
3aKpbIBAIOT TMPOOKOW C OTBOJHOM TpyOKOH, KOHEI] KOTOpOM OMyCKalT B

U3BECTKOBYIO MJIM 0apUTOBYIO BOAY (CBEXENPUTrOTOBIIEHHYIO). [IpoOupKky ¢ ocagkom
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1 wmoxno cnerka mnogorperb. [lomyTHeHue B mpoOHpke C OapuUTOBOW WK
o 9 2-
M3BECTKOBOM BOJIOM yka3biBaeT Ha mpucytcTBue CO3”™ - noHa.

Bomnpocs! 1i1s1 00cyxaeHust
1. Kakue u3 cBOWCTB aHMOHOB IOJIOKEHBI B OCHOBY UX KJlaccu(UKaluu Ha

JBeaHamuTH4eckue rpynnsl? HazoBute aHMOHBI 00€UX TPYMII.

2. Kak pearnpytoT aHMOHBI IEPBOM AHAIUTHUYECKOMN I'PYIIIBI C KATHOHAMH
Ba®™"; BTOpO — ¢ Ag+-noHom? Hanuimre COOTBETCTBYIOIINE YPAaBHEHUS pEaKUi B
MOHHOM U MOJIEKYJISIPHOM BHJIE.

3. [IpuMEeHSAIOT JIM peareHTbl OKUCIHUTEIM W BOCCTAHOBUTEIH IPHU
aHanmu3eannoHoB? Kak pearupyiot: 1) SO, ¢ pactBopamu KMnO4u I,; 2) NO, ¢ KI?
3anuIINATe ypaBHEHUS PEAKLUI, UCIIOJIb3YsI HOHHO-3JIEKTPOHHBIM METO/.

4. Kakpne u Kak ImpoBOIAT NpEABApUTEIIbHBIC WCIIBITAHUS HA HAJIU4YHE B
UcclieyeMol npo0e: aHMOHOB MEPBOM U BTOPOI IPYII; aHUOHOB-BOCCTAHOBUTENIEH
Y AaHHOHOB-OKHUCIIUTENIEH?

S. Hcnionp3ytoT U ApOOHBIM METOJN MpU aHalu3e CMecedl aHWOHOB?
[IpuBeauTe npuUMeEpHI.

6. Kakue mnpenBapurenbHble HCHBITAaHUS NPOBOAST MPU KauyeCTBEHHBIX
M3MEPEHUSIX CMeceil aHMOHOB TEPBOM U BTOPOI TPyIII?

7. KakoB anroputm CUCTEMaTHYECKOTO aHalIM3a cMecH ranua-uoHoB? Kax
ornensitor AgCl ot AgBr u Agl?

8. Kakue mnpenBapuTenpHbIE HCCIECIOBAaHUS IPOBOIAT MPU  AHAIIU3E
CMECHAHUOHOB BTOPOW IPYyMIIbI?

Q. Kak pearnpytor: 1) S,05° ¢ pacrBopom HCI? 2) SO5” ¢ KMnO,?
3anuinTe ypaBHEHUS peakuii, UCIIOJIb3Yys. HOHHO-3JIEKTPOHHBIM METO/I.

10. Kakue aHMOHBI-BOCCTAHOBUTEIW MEIIAIOT OIpEAeICHUI0 KapOoHaT-
MoHa?

4 AHAJIN3 CYXOM COJIN
AHanu3 cyxou COoJIM MPOBOJST B JIBE CTAIUU:
1) npenBapuTeIbHBIC HCIIBITAHMS,
2) cUCTEMAaTHYEeCKUI Wi APOOHBIN aHATN3 KATHOHOB U AHHOHOB.
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4.1 IlpenBapuTesbHbIC HCIIBITAHUS
IIpeosapumenvHovle ucnvimanus O3BOJISIOT:
a) MOJIyYUTh HEKOTOPbIE OPUEHTUPOBOUHBIE YKA3aHHUS, TO3BOJIAIOIINE BbIOPATh
HauOoyiee palMOHAIBHBIM crmoco0 TmepeBeaeHUs o0pasla B pacTBOp WU

oOJieryaroniye BbIIIOJHEHUE aHAJN3a,

0) yCTaHOBUThH MPUCYTCTBUE HEKOTOPBIX JIEMEHTOB, OOHAPYXKEHHE KOTOPBIX
3aTPyAHEHO NPH CUCTEMAaTUYECKOM XOJ€ aHAM3a WM KOTOPbIE U3MEHSIIOTCS B XOJE
aHanu3a (HampuMmep, 3a CYET U3MEHEHHUSI CTETIEHH OKHUCIICHNU).

AHanu3upyemoe BEIIECTBO JEIAT HAa 3 4YacTH: OJAHA W3 HUX CIYXKHT IS
IPOBEICHUS TPEABAPUTENBHBIX WCIBITAHWWA; BTOpas - I OTKPBITHS KaTHOHOB;
TPEThSl - JUIL OTKPBITUS aHUOHOB. HEMHOro Cyxoil COJM OCTaBIIAIOT B 3alac Ha
ClIy4ail IOBTOPEHUS OTAEIbHBIX ONEPALMIA aHAN3A.

HpGIIBapI/ITCJIBHBIe HCIIBITAHUA BKIIOYAIOT CIICAYIOIMUC OIICpAaIlH.
01/;6HKCZ BHeuHe20 8uod coau, azpez2amroco COCmMOAHUA, yeema, sanaxda. U3

(Gu3MUeCKMX CBOMCTB MOKHO cJenaTh CJEAYIOIIME BBIBOJABI: a) O€CIBETHBIC
BEIIIECTBA HE MOTYT 3aKJII0YaTh IBETHBIX AHUOHOB (Cr042', Cr,0,°, MnO, u T.IL.), &
Takoke 1BeTHBIX KarnonoB (Cr’*, Ni**, Co*, Cu®* u ap.); 6) cuHuil BET XapaKTepeH
s MEOTHX coneit Cu®*, comn MnO, -pososoro usera, comu Ni’* - 3enenoro, Fe®*
KEJITO-KOPUYHEBOTO U T.J.; B) 3aMaxX — BaXKHBIM MPU3HAK HEKOTOPBIX COJIEH CIa0bIxX
OCHOBAaHMM WM ClIabbIX KUCJIOT. Hampumep — TBepblii kapOOHAT aMMOHMS TTaXHET
aMMHUAKOM, TUAPOCYJIb(MUT HATPUS — CEPHUCTHIM T'a30M H T.]I.

Oxpawueanue Hecgemawe20cs NIAMEHU 2A3080U 20PEIKU  PA3TUYHbIMU
anemMeHmamu; HaTpUl — JKEJIToe Tuiamsi; Oapuil — 3eJIEHO-KENToe; MeIb — 3€JICHOE;
KIbLUA — KUPIUYHO-KPACHOE; CTPOHIMN — KapMUHOBO-KPACHOE; CBUHELl, OJIOBO —
OJIETHO-CHUHEE.

Buvibop pacmeopumens. JIns mepeBojia Cyxoll COJM B PacTBOpP MPUMEHSIOT
CTpPOr0 TOCJIEIOBATEIBHOE PACTBOPEHUE COJM MPH KOMHATHOM TeMIlepaTtype Hu
HarpeBaHvy B CIEAYIONIMX PAacTBOpax: B JUCTWIIMPOBAHHOM BojE; B 2 M pacTBope
HCIl; B xonuentpupoBanHoit HCl; B paz6aBnennoit HNOj; B KOHIIEHTpHUPOBAHHOM

HNO3; B mapckoii Bojke.
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IIpoba na pacmeopumocms 6 6ode. K HeOOMBITION MOPIIMH COTTU MPUIUBAIOT 35
cM®  IUCTHIUIMPOBAaHHON BOABI M DSHEPrHYHO B30aTTHIBAlOT. ECIH cOIb  He
pacTBOpSIETCS, CMECh HArpeBaroOT 10 KUIeHUs. B citydae, eciau coiib pacTBOpsETCs B
BOJI€ TIOJIHOCTBIO, IPYTUX MO0 HAa pacTBOPUMOCTH He JienatoT. Eciu e conb B Bojie
HE pacTBOPHUIIACh, MPOOYIOT PACTBOPUTH €€ B KUCIOTAX.

Ilpoba mna pacmeopumocms 6 «Kucromax. HeOoONIbLIyI0O TOPUUIO COIU
MOMEIIAIOT B IPOOHPKY, IPHIMBAIOT 3-5 cM® pasdasienoit 2 M HC u narpesaror
cMech A0 kurneHus. [Ipyu oTcyTCTBUM pacTBOpPEHUs pa30aBICHHYIO KUCIIOTY CIUBAIOT,
npuOaBIsIIOT KoHUEeHTpUpoBanHyo HCl u HarpeBaroT cHOBa.

Ecnu conp He pactBopsiercs B koHiieHTpupoBanHoit HCL, mpoOyroT pacTBopuTh
ee cHauana B 2 M HNOg; , 3arem — B koHuieHTpupoBanHoit HNOj; (nmpu KoMHATHOM
TeMIiepaType u rpu HarpeBanuu). Eciau conp He pacTBopuiiack B HNOg3, npumeHsitor
B KQUE€CTBE PACTBOPUTEIIA LIAPCKYIO BOJIKY.

BoJBIIMHCTBO HEPACTBOPUMBIX B BOJE COJIEW PACTBOPATCS YXKE IPU IECUCTBUU
Ha HuxpaszOasieHHort HCI. A3zotHas kwuciora, AEHCTBYs KaK OKHCJIMTEIb,
pacTBopsieT psia BemecTtB, HepacTBopuMbix B HCIl: cynsduner katmonos II, IV,V
rpynm, Hanpumep CuS, PbS u T.m. Ilapckas Bojgka mpumeHsieTcs Ijisi TepeBoja B
pactBop HgS.

Ecnu BemectBo pactBopumo B HCl u HNOg3, npeanourenue cineayer OoTAaTh
HNO;, mockoibKy HHUTpaThl MEHEE JETY4YH, YeM XJIOPHIbI, W, yJaaiss H30bITOK
KHCJIOTHI BBIITAPMBAHUEM, MEHBIIE PUCK MOTEPH OTACJIBHBIX COCTABHBIX YacTel
aHaJM3upyeMoro oodpasiia.

[Ipu pactBopenun cyxoit comu B paszbaBmennoit HCl wnabGmiomaror, He
BBIJIEIIAIOTCS J1U TipH 3ToM Ta3bl H,S, CO,, SO,, NO,, Tak kKak 3T0 MO3BOJISIET CACIATh
BBIBOJI O IPUCYTCTBUM UM OTCYTCTBUU aHUOHOB: S%, S05%, CO5%, S,05%, NO5.

ITocne Toro, kak pacTBOpuTeb Moa00panH, 6epyT okosio 0,05 r ucciemyemon
COJIM U TNEPEBOAAT €€ B pacTBOp. BOAHBIA pacTBOp HCCIENYIOT HEMOCPEICTBEHHO.
[Ipu »TOM cneayer oOpaiaTh BHUMaHUE Ha OKPACKy pacTBOpa, MO KOTOPOW MOXKHO

CACaTh IMPCABAPUTCIIbHBIC BBIBOJbI O HAJIMYNHU OKPAIICHHBIX KATUOHOB 1 AaHHUOHOB.
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[To Benmumne pH wuccinemyeMoro pactBopa MOXKHO CH€NaTh Psifi BBIBOJOB.
Hampumep, B CHJIBHOKHCIIONH Cpefie HE MOTYT COJACPKAThCS CO5%, S,05%, NO, -
VIOHBI.

Ecnu B pacTBOpe COEPKUTCS TOJIBKO OJIUH KaTUOH, TO 1O 3HaYeHuto pH
MO>KHO TIOYTH OJIHO3HAYHO CYIUTh 00 OTCYTCTBUU CJIEIYIONUX KaTuOHOB: pH=3 —
Sn?*, Sn**;pH 3 5 — Fe*, Hg®*,Cr¥", Mg®;  pH 57— Cu*, AI**, Zn*, Fe**, Ni%,
Co®7pH 79 — Pb*, Ag*, Cd*, Mn?*; pH=9 — Mg*".

PactBopsis conp B pazOamneHHoW wiu koHieHTpupoBanHod HCI, cmemyer
n3oerarb n30biTka HCI, T.k. Hamuuue OOJBIIOrO KOJIMYECTBAa KUCIOTHI B PacTBOPE
CO3/Ia€T 3HAYUTEIbHBIC 3aTPyJHEHUs] NpH JalibHEHIeM aHanuze. Eciam  mid
pacTBopeHusi coiu Obl1a BeiOpana HNO3 winn mapckasi Bojika, TO paCTBOPEHUE COJIH B
KHUCIIOTE MPOBOJAT B (pappopoBoil vanike npu HarpeBaHuu. [locie yero octopoxHo,
u3z0erasi MPOKAJIMBAHUS, CMECh BBINAPUBAIOT MOYTHU Jocyxa (Moj TAroM). 3areM
npuwinBaOT 25-30 Karenb BOJBI, MEPEMEIIMBAIOT PACTBOP M MEPEHOCAT €ro B
MpPOOUPKY.

WNHora cosnp He y1aeTcs paCTBOPUTD J1aKe B IAPCKOM BOJIKE.
llepeseoenue 6 pacmeop coneii, nepacmeopumeix 6 kucromax. K Bemectam,

HEPaCTBOPUMBIM B KHCJIOTax, OTHOCATCS: rajmoreHuanl cepeopa AgCl, AgBr, Agl;
MasiopactBopumbie cyibhatel BaSO,, SrSO,4, CaSO,, PbSO,; HekoTOpbIE CHITUKATHI.

lNanorenunpl cepebpa mepeBOAATCS B pacTBOp clenyromum oopazom: AgCl
pactBopsiercsi B NH,OH ¢ oOpa3oBanuem komruiekcHoir comm [Ag(NH3),]Cl,
pasiararonieiics npu NOAKUCIECHUHM pacTBOpa a30THOW kuciotoi; AgBr m Agl
MOKHO Pa3lIOKHTh, EUCTBYS HAa OTHU COJHM KYCOYKOM METAUIMYECKOTO ITMHKA H
H,SO, mpu HarpeBanuu, HaIpUMeED:

2Agd+ Zn I — 2Ad+Zn* + 27
YepHbIil 0calok METAIITMYECKOTO cepedpa pacTBOPSIOT IPU HarpeBaHuu B 6 M

pactBope HNO; u 3aTeM o6Hapy)uBatoT Ag’ crelu(puueckuMu peakusaMu.
Anvonbl J© u Br- oOHapyXuBarOT B MOJIYYEHHOM pacTBOpe NpPU MOMOIIU

XJIOPHOM BOJBI.
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TpynHopacTBopuMbIe CynbhaThl Oapusi, CTPOHIMS W KalblUs NEPEBOIAT B
pPacTBOp MHOTOKPATHBIM KHUITSTYEHHEM C HACHIIIEHHBIM pacTBopoM Na,COj.

MamnopactBopumsiii cyispatr PbSO, pactBopsitor B 30% pacTtBope aierarta
aMMOHHS, & TAK)KE B M30BITKE SIKUX IIETOYCH.

He pasnmaraemble KHCIOTaMH CHIJIMKATBI TIEPEBOJAT B PACTBOP CILIABICHHEM
XOpOIIO HW3MENBFYCHHOTO BEIIECTBA C TPUMEPHO IIECTUKPATHBIM KOJIHMYECTBOM
Na,CO; nm K,COj3. ITpu 3TOM 00pa3yroTcsi pacTBOPUMbBIC CHIIMKAThI HATPHUS WITU

KaJIuAd:

Si0, + Na,CO; > NaSiO; + CO,T
Pacna mocie oxnmaxnaenus oopadateiBaoT 2 M HCI. IloxydeHHslil pacTBop

JUIA TIEpEeBENICHUS KPEMHHUEBOM KHUCIIOTHI B HEPACTBOPUMOE COCTOSHHE 2-3 pasa
BbIMApUBalOT jocyxa ¢ KoHueHtpupoBaHHo HCIL. Ocrtarok mnocne mnociaenHero
BBINIAPUBAHUS HArpeBalOT C HECKOJIbKUMH KarjisiMu KoHueHTpupoBaHHoit HCI,
noGasissror  20-30  kamens  BOABI M,  OTHIEIUB  LIEHTPU(PYTHPOBAHHEM
HepacTBopuBIIyrocs: HySiO3, 00BIMHBIM CIIOCOOOM MCCISAYIOT PACTBOP HA KATHOHBI.
8.14. Ilpoba mna npucymcmeue oxuciumenel U  B0CCMAHOBUMEEU.
Oxucnautenu OOHApPYKHUBAIOT JEHCTBUEM Ha aHAJIU3UPYEMOE BEIIECTBO CMECU
KJ+H,SO,4; BocctanoBuTenn oOHapyxkuBaroT AerictBueM cMec KMnQOy4 + H,SO,.

4.2 CucreMaTu4ecKHii X0/ aHAIU3A HCCIIEyeMO COJTH
CucremMaTuecKkuil aHain3 TMOJYYEHHOTO pacTBOpa BKIIOYAET CIEAYIOLIUE

ATambl: OOHAPYKEHUE KaTUOHOB, OOHAPYKEHNE aHUOHOB.

Obuapyscenue  kamuonos. llocie  NpeaBapuUTENbHBIX  UCHBITAHUA U
PAcCTBOPEHHMSI BEIIECTBA aHAIN3 HAUMHAIOT C OOHAPYKEHUS KAaTHOHOB.

IIpexe Beero, oTkpsiBatoT kationsl VI rpymmsr: NH,Y, K, Na* u Fe**, Fe*" u3
OTJIENBHBIX TIOPLMiI pacTBOpa (kaThoH Na' M3 CyXo# COMM MO OKpAIIMBaHHIO
namenn). Ecnu yka3aHHbIe KaTHOHBI HE O0OHAPYKEHBI — MPOBOJSAT CUCTEMATUYECKUI
XOJl aHaju3a KAaTHOHOB TO T.2 HACTOSMIETO Y4YeOHO-METOAMYECKOTO TOCOOusI.
Crnemyet MOMHUTB, YTO MOKET ObITh JABoMHAs coib Tuna NaKCO3 wim MgNH4PO,

T.II.
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Obunapyaicenue anuonos. IIpucyTcTBUE WU OTCYTCTBUE HEKOTOPBIX aHUOHOB
YCTAaHABJIMBAIOT TMOMYTHO C TOAOOPOM pacTBOPUTENS aHAIU3UPYEMOM COJIH,
HanpuMep, aHUOHBI S%, 8032', C032', NO, 00BIYHO YCTaHaBIIMBAIOT IO BHIJACICHUIO
COOTBETCTBYIOIIUX T'a30B MPU MOJAKUCICHUU PACTBOPOB, a B ClIydae HaJIUYUs S,05%
MPOUCXOJUT BBIJICIICHUE CEPHI.

O6 OTCYTCTBMHM WJIM TPUCYTCTBUM T€X WM WHBIX aHMOHOB B HCCIIETyeMOM
COJIM MOYKHO CYJIUTh IO PACTBOPUMOCTH COJIEW YK€ OTKPBITBIX KaTHOHOB. Eciu B
pacTBOPE OTKPBITBI KATHOHBI TSKENBIX METAUIOB, K KOTOPHIM OTHOCSTCA BCE
katuonsl LILIILIV,V rpynn, ux HeoOX0IMMO yJaauTh U3 PacTBOpa, YTOOBI OHU HE
MEIIAIM OTKPBITUIO AHUOHOB. ITO JIOCTUTACTCA KHUIIAYEHUEM HCCIEAYEMOTO
BellleCTBa C HachIIeHHBIM pacTBOpoM Na,COs. [Ipu 3TOM aHHUOHBI, BXOISIIHE B
COCTaB HEU3BECTHOW COJIM, MEPEXOJAT B PACTBOP B BHUJIE COOTBETCTBYIOIIUX COJIEH

HaTpHs, KaATUOHBI OCTAIOTCs B OCAJIKC:

BaSO; + Na,CO; — +BaCO; + Na,SO;

2AICI, + 3Na,CO5 + 3H,0 > YAI(OH); + 6NaCl +3C0,"
ITockonbky CO5* BBOAHUTCS IIPU IPOBEACHUH «COILOBOM BBITSIKKH», €TI0

HaJW4Yue WIM OTCYTCTBUE YCTAHABJIMBAETCS B OTIEIBHON MOPLMHU HCCIEAYEMOM
conr. CoJIOBYIO BBITSDKKY MIPOBOJIAT clieyronum oopazom: 0,1 r uccriemyemoit conu

cmemmuBaoT ¢ 0,4 r cyxoit Oe3pomHor Na,COs, mpubapmsior 2,5 cM® BOIBL,

HAarpeBaroT NPU NEPEMEIIMBAHNN CTEKIIIHHOM Maloukou. Jlanee kumsatar ~ 5 MuH.,
puoOaBJIsis MO0 MEPEe UCIIAPECHUS IO KaIJIIM BOY. 3aTE€M PacTBOP HEHTPUDYTUPYIOT.

PacTBop HEUTPpANU3YIOT YKCYCHOM KUCHA0TOM 10 pH = 7 1 ucnone3yror mis
OTKPBITHSI aHUOHOB. ECJIH 1TOCIIe MPOBEAECHUSI «COAOBOM BBITSKKM OCTAJICS OCAJIOK,
B HEM MOTYT HaXOJUTHCS PO43_, SZ_, Br ulJ - noHsl

s OTKpBITUS PO,* - nona 4acTh ocaaka 00pabaThIBAIOT MPHU HarpeBaHUU 6
M HNOs;. B pacTtBOope OTKpBHIBAIOT PO, COOTBETCTBYIOIIMMH Kau€CTBEHHBIMU
pEaKIUsIMH.

JIpyryio MOpIHMIO 0CaaKa MCIBITEIBAIOT Ha S° - woH neiicterem 1 M Hy SO, 1
METAJUIMYECKOr0 IIMHKA. Peaknnio BeIyT B ra30BOM KaMepe; MHAUKATOPOM CITYKHUT
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Oymara, cmouyenHass Pb(CH3COQ), . Monsl Br' u J° OTKpBIBatOT B pacTBOpE MOCIE
nevictBus Ha ocagok 1 M H,SO, wu Meramnmdeckoro IMHKA JEHCTBHEM XJIOPHOMN
BO/IBL.

PacTBOp, MOJIydEHHBIN MOCIE «COAOBOM BBITSKKW» CIYKUT UJISI OTKPBITHS
AHHUOHOB.

CHauana pneicTByloT Ha onHy nopuuio pactBopa BaCl, mpu PH=7, a Ha
apyryto - AgNO; + HNO;, ompenensisi, Takum o0pa3oM, K KaKOH aHATUTHICCKOM
rpynne NpUHAICKAT aHUOHBI UCCIEAYEMOTO BEIIECTBA; a 3aTEM IMPOBOJAT aHAIU3
QHUOHOB B COOTBETCTBHUU C I1.3 HACTOSIIETO Y4EOHO-METOANYECKOTO MOCOOUSI.

Bomnpocs! 1i1s1 00cyxaeHust
1. CKOJBKO M KaKUX CTaIW{ BKIIFOYAET MPOIECC KAYECTBEHHBIX U3MEPEHUN

cyXxoi conu?

2. Kakue npeaBaputenbHble UCCIEAOBaHUS MPOBOJST MPU aHAIMU3E CYXOU
coymm?

3. Kaxkue pactBopuTen HCHOIB3YIOT JJIsl IEPEBOIA CYXOM COTU B PacTBOP?

4. O HaIMYMU KakuX HOHOB CBHUJETEIILCTBYET BBIJICICHUE Ta30B IPU

nercTBUUpPa30aBICHHON COJITHOM KUCIOTHI Ha CYXYHO COJIb?

5. Kakyro wundopmanuio maer BenmumHa pH wuccnemyemoro pactBopa
cyxouconn?
6. Kakum oOpazom wmanopactBopumbie ranuael AgCl, AgBr, Agl u

cyabdhateiBaSO,, SrSO,4, CaSO,, PbSO4M0xHO pacTBOPUTH?
7. Kakue oOCHOBHBIE JTambl BKJIIOYAET QITOPUTM CHCTEMATHYECKUX

MCCIIE0OBAHUM CYyXOU cOon?
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Pa3zaen 2 KOJIMYECTBEHHBINA AHAJIN3
[Tpuobperaembie xkommeteHimu OOIl mpu u3ydeHuUMm martepuana pasiena —

IIK-1, TIK-9, TIK-21, IIK-23. bakanaBp OyJeT TrOTOB KCHOJIb30BaTh OCHOBHBIE
3aKOHBl €CTECTBEHHOHAYYHBIX JUCUUIUIUH B TPO(ecCHOHATBHON esSTeIbHOCTH,
OPUMEHATh METOAbl TEOPETUYECKOTO M IKCIEPUMEHTAJIBHOIO HCCIIEIOBAHMS,
crnoco0eH mnpuoOperaTh HOBBIE 3HAHUA B O0JaCTM TEXHUKU U TEXHOJOTHH,
IJIAHUPOBATHh U MPOBOJNUTHh (DU3UUECKUE W XUMHUYECKUE IKCIIEPUMEHTHI, IIPOBOINUTH
00paboTKy WX pe3yJbTaTOB U OIICHUBAThH OTPEITHOCTH.

B paznene npuBeneHbl npuMeEpbl U 3aJa4d, paCCMATPUBAEMBIE IO OCHOBHBIM
TeMaM JucuuruiuHel, cornacHo GI'OC BIIO u paboueild y4eOHOW MpOrpamMMBI.
Kaxxnoe 3anatue paccunTaHo Ha 2 yaca ayIuTOPHOU paboTHI.

IIpaBuia oOpameHusi ¢ aHAJIUTUYECKUMH BeCaMHu
Hcnonb3yembie B KOJUYECTBEHHOM aHANIM3€ aHAJTUTUUYECKUE BECHI MO3BOJISIOT

B3BCIIMBATh pa3uyHbie Tela, umeromue Bec He O6osiee 100-200 T ¢ TOUHOCTHIO 110
0,0002.

Ilepen HauvamoM B3BEIIMBAaHUSA HEOOXOJAMMO TPOBEPUTH YHCTOTY U
HCIIPABHOCTh BECOB.

B cnyyae HencnpaBHOCTH BECOB OOPATUTHCS K COTPYIHUKAM JIAOOPATOPHUH.
Henb3st mpukacaTbcs K HEAppPETUPOBAHHBIM BECaM.
[Ipu appeTtvpoBaHMM WJIM HEAPPETUPOBAHUHM PYUKY appeTupa CIleayeT

OBOPA4YMBATh MEJICHHO.
B3BemmBaemblii mpeIMET U PA3HOBECHI KJIACTh HA YAIIIKU BECOB UJIM CHUMATh C
HUX, HEOOXOAMMO TOJIBKO MOCIIE apPETUPOBAHUS BECOB.

Henb3s cTaBuTh Ha BECHI BJIAXKHBIC UJIN I'PA3HBIC ITPCAMCTEI.
Henn3s knacTe B3BEIIMBAECMOE BCUICCTBO HCIIOCPCACTBCHHO HA YalIKy BCCOB

HJIK B3BCIIMBATH HA JIMCTKEC 6YMaFI/I.

Henb3s mpockinath Uiy MpoauBaTh HUYETO BHYTPH miKada BECOB.
MoxHO B3BeLIMBAaTh BEIIECTBO B OIOKCE, TUTJIE, CTakaHe, MPOOUpKEe WU Ha

9aCOBOM CTCKIIC.

Hecroiikue BCUICCTBA B3BCIINBATL B ICPMETUUCCKHU 3aKPBITHIX COCYyAaX.
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Henb3s B3BemMBAaTHL TOpSYME W XOJIOJHBIE MpeAMETHL. B3BemuBaeMbli
MPEIMET JOJDKEH MIPUHATH TEMIIEPATYPy BECOB.

[Ipu B3BEMMBAaHWW TIOJIH30BATHCS HCKIIIOUUTEIIEHO OOKOBBIMH JIBEpPIIAMHU
mkada. Korma Becbl HeappeTUpOBaHBI, IBEPIIbI JOJDKHBI OBITh 3aKPBITHI.

Pa3HoBecsh! cnenyet 6paTh TOJIBKO MMHLETOM.
CobmroaTh TUIIMHY B BECOBOW KOMHATE.
TexHuKa B3BeHIMBAHMS HA AHATUTHYECKHUX Becax
BxirounThs OCBETIMTENh MPU MOMOUIM IITENCEIbHOW BWIKM CO IIHYPOM.

OTtperynupoBarh TOJIOKEHUE HYJIEBOM TOUYKH. [ 3TOrO, HE OTKpHIBas JIBEPOK
mKagda, OCTOPOKHO TOBOpayMBaTh [0 OTKaza pydky apperupa. [lpum sTom
aBTOMATUYECKM BKJIIOYAETCS JIAMIIOYKAa OCBETJIMTENS M Ha OSKpaHe BehTorpada
MOSIBIISIETCS  YBEIMYCHHOE M300paKEHHE MUKPOIIKAIBI MPUKPEIJICHHONW K CTPENKe
BecoB. [IpM HEHarpy>KeHHbIX Becax HyJb IIKajdbl JODKEH TOYHO COBIIQJATh C
BEPTUKAJILHOM JIMHUEHW Ha KkpaHe (Beitorpade). Ecnu Takoro coBmajieHus HET, €ro
HY>KHO JJOOUTBHCA, Bpaliasi B Ty WM UHYIO CTOPOHY T'OJIOBKY PEryJIMPOBOYHOTO BUHTA
710 TIOJTHOTO COBIIAJICHUS BEPTUKAIBHON JTMHUM BelTOrpada ¢ HyJieM IIKaJIbI.

[Tocne mpoBepku HyJIEBOW TOYKH BEChl OCTOPOKHO appeTupoBaTh. Ha neByro
Yamiky KJIacTh B3BEIIMBAEMBIN MPEAMET, a Ha MPaBYI0 — PAa3HOBECHI M MPOBOIUTH
B3BEIIMBAHUE C TOYHOCTELIO J10 | T.

[Tocne sToro mpu 3akphITHIX ABEpHax IKada ¢ MOMOIIBIO Bpalaronierocs
BHEIITHETO JIMCKA HAWTU JECAThIC J0JIM IpaMma, COBMEIIasi HETOABMKHBIN yKa3aTelb
C pasznuuHbIMA 1H@pamu aucka. [lpum Kakaom TOBOpOTE AWCKAa HEOOXOIMMO
appeTHUPOBATH BECHI.

[Tocne aTOr0 MOBEPHYTH PYKOSTKY appeTupa A0 0TKa3a U KIaTh MPEKPaIICHHS
JBVKCHMSI IIKAJIBI HA OCBEIICHHOM JKpaHe. 3aTeM CJAelaTh OTCUET IO MOJIOKEHHUIO
BEPTUKAIBHOM JIMHUM Ha IIKaJe »JKpaHa. KpymHble JAeneHus HSTOW Kb
COOTBETCTBYIOT THICSTYHBIM JOJISIM TpPaMMa, a MEJIKHE — JIECATUTHICIYHBIM. 3HAUCHUS
uudpp co 3HakoM I+| mpubaBuUTH K Macce pa3HOBECOB, MOMEUICHHBIX Ha MPaBYIO
yanky. 3HaueHus: uudp co 3HakoM | — | BeIuecTsb.

3anuch pe3yabTaTOB B3BeIINBAHMS B J1a00PATOPHBIN KypHAJI
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CHauana B3BEIIMBAIOT MYyCTYIO Tapy (OIOKC, CTaKaH, 9aCOBOE CTEKJIO), 3aTEM —
tapy ¢ BemiectBOM. [lo pa3sHocTHM HaxoAsT Maccy BemiecTBa. [Ipu B3BelmMBaHUU
VYHUTHIBAIOT TOJHKO (haKTHUECKYI0 Maccy pa3HoBecoB. [Ipumep 3ammcu pesyibTaTta
B3BCIIIMBAHUS MMPUBEACH B Ta0d. 2.1.

Tabnuya 2.1 — Dopma 3anucu pe3yibmamos 836euuUBanus

dakTruyeckas
Homunanehas
Macca pasHOBECOK, [Iprnmeuanue
Macca pa3HOBECOK, T -
5 4,9998 ITokazanus BHemHero aucka (0,7000)
2 1,9989
0,7000 0,7000 [Tokazanust BHyTpenHero aucka (0,2000)
0,0200 0,0200
+ 0,0015 + 0,0015 [Toxazanus mkanei(+0,0015)
Hroro: 7,7215 71,7202

TexHuKa IKCrIepuMeHTa B TUTPpUMeTpun. MepHasi mocyaa
[Ipy BBITOTHEHWM TUTPUMETPUUYECKUX H3MEPEHUM YacTO MPUXOIUTCS

OTMEPATh TOYHBIE OOBEMBI PA3MUYHBIX JKHIAKOCTEH. i TOYHOTO W3MEpeHus
00BEMOB yNOTPEOIISIIOT OFOPETKH, MUIETKNA U MEPHBIE KOJIOBI.

Mepubie konbvr cilyXaT A TNPUTOTOBIEHUS pabOYMX CTaHJAPTHBIX
TUTPOBAHHBIX PACTBOPOB U pa30aBiieHUs KXUAKUX Mpo0. OHU MPEACTABIAIOT COOOM
IUIOCKO/IOHHBIE COCYABI C Y3KUMH U JUIMHHBIMH TOPJIBIIIKAMH, Ha KOTOPBIX UMEETCs
MeTka. 711 mpaBWILHOTO HM3MEpPEHHs 00beMa Ba)KHO, YTOOBI I1a3 HaOIHOJATeIs
HaXOAWJICS Ha OJHOM YPOBHE C METKOH, a HWKHSSI 4YaCTh MEHHCKA JKUIKOCTH
Kacajaoch Obl ATOW uepThl. UeM MeHbIEe TuaMeTp TOPJBIIIKA, TEM TOYHEE MOXKHO
U3MEPUTH 00BEM.

B mepHBIX KoJI0ax HeNlb3s IIUTEIbHOE BpeMs XpaHUTh MPUTOTOBJIECHHBIE PACTBOPHI.
Ilunemxku ciyxaTt AJis IepeHoca OMpeAeSIEHHbIX 00bEMOB KUJKOCTH U3 OJHOTO

cocyna B Japyrod. OHM TpPEACTaBISIOT COOOM TOHKHE CTEKJSHHBICE TPYOKH C
pacuipeHueM B cpeaHel vacth. Hwkauil koHen TpyOku otTTsHyT. Ha melike
IIATIETKH, UAYIIEN K BEPXY OT PaCIIUPEHHUs], UMEETCA KPyrosas uyepra. 1o 3Toi METKH
HY>)KHO HAIlOJIHUTh TMHUIETKY, YTOObl OO0BEM BBUIMTOM KHIKOCTH B TOYHOCTHU

COOTBETCTBOBAJI yKa3aHHOMY Ha MHUIIETKE 00bEMY.
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YToObl HAMOJIHUTH MUIETKY, €€ OepyT OONBIINM U YKa3aTeJIbHBIM MalbllaMU U
OMYCKalOT HUXXHUM KOHIIOM B pacTBOp. 3aTe€M C IOMOIIBIO PE3UHOBOW TIpyIIH
3aCachIBAIOT JKUJIKOCTh BHYTPb IMHUIETKH, NIPUYEM MEHHUCK JOJDKEH MOJHSATHCS YYyTh
BBIIIIE METKU. BBICTPO 3aKphIBAlOT BEpXHEE OTBEPCTHE yKa3aTelIbHbIM MaJIbLIEM W,
Jep’ka TMHUIETKY CTPOro BEPTUKAIBHO, MOCTENEHHO OCHIA0JIAI0T HaXUM, [aBas
KUJAKOCTH OITYCTUTHCA /10 METKH. B 3TOT MOMEHT HYXHO BHOBb IJIOTHO 3aKPHITh
oTBepcTre. UTOOBI BEUIUTH KUJIKOCTh U3 MUMETKU, MPUKACAIOTCS €€ HUKHUM KOHIIOM
K BHYTPEHHEH MOBEPXHOCTH cocyja. Ilocie 3Toro ocnabisitoT KOHYMK MUIMETKU TPU
COINPUKOCHOBEHUU CO CTEHKOW M oxujaaroT eme 10-15 c¢. Ocratok XKUAKOCTH U3
KOHIIA TTUTIETKH BBITyBaTh HEJb34.

bropemku mnipenHazHayeHbl I U3MEpEHUsT O0beMa BBITEKAIONIEH W3 HUX
KUAKOCTH. OHU TPEACTABISIIOT COOOW CTEKJISIHHBIC IWJIMHIPUYECKUE TPYOKH C
JIeJICHUSIMH Ha BHEIIHEH MOBEpXHOCTH. HyseBas Touka IIKajibl HAXOAUTCS B BEPXHEH
yacTu OropeTku. HukHuil KoHell OI0peTKH OTTSHYT U CHa0XEH 3aTBOPOM, B KAUeCTBE
KOTOPOTO MOTYT OBbITh CTEKJISIHHBIN KpaH, MepeXBaueHHass METAJUTMYECKUM 3aKUMOM
pe3nHoBasi TpyOKa CO CTEKJISSHHBIM HAKOHEYHUKOM WM CTCKJISIHHBIA MIapUK,
BCTaBJICHHBIN B PE3NHOBYIO TPYOKY.

Kanubposxa u cousmepenue meprnoii nocyowl. Ilocne TaTeabHOW OYUCTKH U
MOCeAYIONIEH CYIIKN MEPHYIO MOoCyay (dalie Koja0y Wi MUIETKY) KanuOpytot. Jis
Yero MpeABapUTEIbHO B3BEIIMBAIOT HA AHAIMTHYECKHUX BECaXx MEPHYIO KOJIOy H
3aMOJIHAIOT JAUCTUIIMPOBAHHON BOAOM. CHOBa B3BENIMBAIOT C BOJAOM M HAXOIAT
Maccy BOAbI. 3Has Maccy BOJABI U €€ IJIOTHOCTh, PACCUUTHIBAIOT UCTUHHBIA 00bEeM
KOJIOBI.

JInst xkanuOpOBKM THIETKH €€ COACPKUMOE (IUCTWUTMPOBAHHYIO BOY)
BBUIMBAIOT B TIPEIBAPUTEIILHO B3BEIICHHBIM HA aHATUTHYECKUX Becax crakad. CHOBa
B3BEILIUBAIOT, HAXOAAT MACCy BOJIbI U 1aJIe€ PACCUMUTHIBAIOT 00bEM MUTIECTKH.

Ha npakTtuke yamie KaiuOpyrOT MUIETKY U 3aT€M COU3MEPSAIOT €€ C MEpHOMU
KOJIOO#: cooTHOmIeHHE 00beMOB MUIETKH (Viumeru) B MEPHOH KOJOBI (Vionsm)

TOJKHO OBITH cooTBeTcTBeHHO 1:10. I[loaToMy B COBEpIIEHHO CyXyH KOJIOY
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MocJeA0BaTEeNbHO HanuBalOT 10 MUMNETOK AMCTUUIMPOBAHHOW BOJBI. 3aTeM Ha
TOPJIBIIIKO MEPHOW KOJIOBI 1O HIDKHEMY Kpar0 MEHHCKa Y3KOU MOJOCKOW KalbKh (2
MM) OTMEUaIOT HOBYIO METKY.

Texnuxka mumposanus. Ilepen HayanoM TUTPOBaHUS OIOPETKY OIMOJIACKUBAIOT
pabouuM pacTBOPOM. 3aTeM CTPOr0 BEPTUKAIBHO 3aKpEIUIAIOT B INTaTHUBE H
HAIOJIHAIOT OIOPETKY TEeM K€ paboyuM pacTBOPOM 4Yepe3 BOPOHKY, BCTaBIsisA €¢ B
BEPXHEE OTBEPCTHE OIOPETKH, MTOCIIE YEro BOPOHKY yAaIst0T. HanosHsAoT pacTtBopoM
BBIIIE HYJIEBOW OTMETKH. 3aT€M OTKpPBIBAIOT 3aTBOp, JAIOT PAaCTBOPY 3aIlOJHHTH
TPYOKY M CTEKJISIHHBI HAaKOHEYHUK. [IpyM 3TOM BHUMATENBHO CJHEAST, YTOOBI B
HAKOHEYHUKE HE OCTAJIMCH MY3BIPBKM BO31yXa. BeIyckaroT pacTBOp IO TeX MOp,
[IOKa MEHUCK HE KOCHETCs HyJIeBOW 4epThl. CiieyeT NOMHHUTb, YTO KOHHUYECKYIO
KoJIOY JUIsl TUTPOBAHUS BCET/Ia OMOJACKUBAIOT TOJIBKO AMCTUIUIMPOBAHHOM BOJIOM, a
MUIIETKY — TOJIBKO PacTBOPOM, Haxojsummmcs B mMepHou konbe. Ilocie 3toro u3
MEPHOU KOJIObI OTOMPAIOT OJIHY MUIETKY aHAJTUTHUYECKOr0 pacTBOpa U NEPEHOCAT €T0
B KOHHMYECKYIO0 KOJIOYy Jii TUTPOBAaHMS, A00ABISIOT HMHAMKATOP M HAYMHAIOT
TUTPOBAaHUE, T.€. BBINYCKAIOT JXUAKOCTb U3 OIOPETKHM B KOHHYECKYIO KOJOY.
Brimyckate paboumit pactBop cieayeT He o4eHb ObIcTpo. OOBIYHO TUTPOBAHUE

3
IMPOBOIAT CO CKOPOCTBIO I cm

3a 68 cexynn. Korma mo okpacke WHIHKaToOpa
3aMETHO TMPHUOIMKEHUE TOYKU DKBUBAJIECHTHOCTH, TO CKOPOCTh TUTPOBAHUS
YMEHBIIAIOT M NpHOaBIAIOT pabO4YMil pacTBOp MO OAHOW Karjie, KaKIblid pas,
THIATEBLHO MEPEeMEIINBasi COACPKUMOE KOJIObI. 3a KOJMYECTBOM BBHITEKAIOIIECH W3
OIOpETKM KUIKOCTU CJEASIT 10 TIOJIOKEHHIO HIDKHEro Kpass MeHHcCKa. Eciu
TUTPOBAHUE IIPOBOJAT OKPAIICHHBIM PAcTBOPOM, TO JEJACHUS OTCUMUTHIBAIOT IO
BEPXHEMY Kparo.

IIpu orcuere neneHuid ria3 HaOMOMATENs TOJDKCH HAXOJUTHCS HA OJIHOM
YpOBHE C MEHUCKOM. [TpOBOAST HECKOIBLKO TUTPOBAHUM TaK, YTOOBI OBLJIO MUHUMYM
Tpu OJIM3KUX pe3yiibTara, Hanpumep: 24,73; 24,75; 24,77 CM3, T. €. TOYHOCTb TUTPO-

BaHMs 1o/vkHA ObTh 0,01 oM’ J{ist pacuera GepyT cpeaHee (\7= 24,75 cM®) u3 Tpex

OJIM3KUX 3HAYEHUH 00BEMOB.
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Ouucmka mepuot nocyosl. MepHyto mocyny (KOJObI, TTUIETKHA, OIOPETKH)
CJIEIyeT MBITh B TOM CJTydae, €l NMPU BBUIMBAHWU U3 HEC TUCTUIUIUPOBAHHOMN BOIBI
Ha CTEHKaX OCTAIOTCS KaIlIH.

MBITh MOCYyy PEKOMEHIYETCS: PacCTBOPOM CTHPAILHOTO MOPOINKA; B Clydae
CUJIBHO 3arpsiI3HEHHOM IMOCYJIbI — CMEChIO JUXpOMaTa Kaiusl ¢ KOHIICHTPHPOBAHHOU
cepHoit kucnotoit (5-6  K,Cr,O7 B 100 ev® Bogbl + 100 e’ H,SO04 (xomm)-

MepHyo Tocyay 3aIOHSIIOT MOIOIIAM PACTBOPOM M TIIATEIHHO MPOMBIBAIOT
BHYTPEHHIOIO TIOBEPXHOCTH cocyaa. [locie 4ero MoroIuii pacTBOp CIMBAIOT B COCY/I,
TIIATEIBHO OMOJACKUBAIOT TUCTUIUIMPOBAHHOMN BOJIOM.

MBITB¢ TIOCYJIBI  CUMTAETCS OKOHUCHHBIM, KOTJa IIpM  BBUIMBAHUU
JTUCTUJUTMPOBAHHON BOJIBI OHA PABHOMEPHO CMadyMBaeT TMOBEPXHOCTh, HUTJ/IC HE
ocTaBJisisg Kareib. OCHOBHbIE MOHSITUA NMPU BbIYUCIEHUSIX

[Ipu pereHny 3a1a4 U MPHY BBHITIOTHEHUH IPYTUX PACUCTOB PEKOMEHTYETCS
WCITOJIH30BaTh COBPEMCHHBIC TTOHSATHUS U BEIPAKCHUS KOHIICHTPAIIUN B
aHAJIMTUYECKOW XUMHUU Ha ocHOBE cuctembl enunui] CU (tadm. 2.2).

Tabauya 2.2 — @opmynst 0115 8bIMUCTIEHUL 8 KOJUYECMBEHHOM AHAIU3E

IToHsATHA B COOTBETCTBUH C
roCyAapCTBEHHBIM CTaHIapTOM Enununna
yAap Aap ®dopmyna

U U3MEPEHUS

cucremonn CU1

MoutsipHast OTHOCHTEbHASI
[Mpumep: M, (Na,CO3) = 106 -

macca M (X)
ATOMHasi OTHOCHTEJIbHAS Macca
Ar(X) [Tpumep: A,(Na) =23 -
Mornsipaast Macca SKBUBaJICHTa
1) 1 _1 o=
% 5 K - 5 294 = T/MOJIb
M\ Zx ) [Tpumep: M 227Cr O 49

Macca BemectBa m(X)

KonnuecTBo BemecTBa n(X)

_ m(x) n(X)
M(x)

MOJIb
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Monsiprast korrneHTpamust C(X) m(X)
C(X) — Moub/1m°
M(X) V(X)
Mossipaas KOHIIEHTPAIHS]
" (ox)—m
[ ) % M [ X\)(X) MOJIB/ 1M
sxsuanenta C ZX C ZX
KoimmuectBo BEILIECTBA, 1 m(X
w Lx|=— S
(L X | ZX M (1 X MOJIb
sksuBanenta N2 X n Zx
3aK0OH 3KBHBAJIEHTOB 1
M T Xl
m(X) Zx,
m(X) ) -
N (1 %,
3aK0H 3KBUBAJIEHTOB B
TUTPUMETPHUECKOM aHAIIN3e 1 Xy |t L .
C\ZX, V(X) C1 V(X -
)2
Tutp BemectBa Tx J
_m(X) _ [ r/em®
*V(X) 1000 Zx
Tutp BEILIECTBA Y 110 1
OIpENENsIEMOMY BEMECTBY X Cl—Y
= m(X) __\ly 'M[ 1 X] r/em®
V) 1000 Zx

Pacuer Mmacchl BemecTsa 1o
pe3yibTaTam
TUTPUMETPUIECKOTO aHAIH3a

m(X) = n[L XJ-
Zx

c[l
_\”%x

Zx

XJ-V(X)-M[IX]
Zx

1000

M[ijzTy,X V(Y) =

MaccoBast 1o BelecTBa

m(x)

o(X) =

m(o0pa3sia)

"100

%
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®opmyna Heprcra E =Eo + —0,0591gC(X),
z B
rae C(X) — MossipHast KOHIIEHTpAIKs BeulecTBa X

KOJ-H/ILICCTBO SHeKTqueCTBa q _ TI
- ’

K, C, A
rae T — Bpemst anekTponusa; [ — cuna Toka

1 XUMHMYECKHUE METObI AHAJIN3A
1.1 MeToa NpOTOJUTHYECKOTO TUTPOBAHUSA
B ocHoBe meTona nexaT MPOTOJUTHYECKUE PEAKIUH. DTUM METOJOM MOKHO

OTIPENETUTh KHUCJIOTHI, OCHOBAHWSA, COJM CIAOBIX KHUCJIOT M CJIA0BIX OCHOBAaHHIA.
OmnpenesieHue KaneJabHON MOTPEHIHOCTH
UpesBbIuaiiHO BakHBIM (HDaKTOPOM TPU  MPOBEACHUM TUTPUMETPUUECCKUX

I/IBMepCHHﬁ SIBJISICTCS IIOHSATHE O TaK Ha3bIBAEMOU KaIleJIbHOM IMOTPCHIHOCTH.

Lenv pabomul

1. Onpenenuts 00bEM OJTHOM KalulM PacTBOPUTENS (BOJIbI), BBITEKAIOIIEH
M30I0PETKH.

2. Paccuntarh KameiabHy!0 MOTPEIIHOCTh MPU Pa3IWYHbIX 00BEMax

PacTBOPA,IIOMICAIINX Ha ITPCAIIOIaracMoc TUTPOBAHHUC.

OpranusannonHnasi popma 3aHATHS
1. 3anonHuTh OIOpPETKYy BOJOM W YCTAaHOBUTh YPOBEHb KUIKOCTH

(HMKHUKKpal MEHHUCKA) IPOTUB HYJIEBOTO JCICHUS.
2. Otcuutats B ctakan 100 kamenb M U3MEPUTh OOBEM BBITEKIIEH BOJIBI
3 \
(ctounocthto g0 0,01 cm”). OmnpeneneHue MOBTOPUTh OO MOJYYEHUS TPEX

CXOOAIMXCs pE3yJIbTATOB.

3. Boruucinuts 00beM ofHOM Kariu. Pe3ynabTaThl pabOThl 3aHECTH B TaOJI.
2.3.
Tabnuya 2.3 — Beiuucnenue ob6vema 00HoU Kaniu
O6BeMbI 100 Cpennunii 00bEM O06BEM omHOM
Kamnejb BOJIbI, oM’ 100 xamens BOJEI, KarJju BOJBbI, oM’
3
cM

V]_ V2 V3 ch Vk
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4, Paccuntare KamenapbHYI0 MOTPEIIHOCTh TMPU PaA3IUYHBIX 00BEMax

pacTBOPA,MOMISANINX Ha MpeIoiaraeMoe TuTpoBanue (tadu. 2.4) o popmyie:

Vv -

100%, V

\ . 3.
IDIS ¥ _ xamenpHas MOTPEIIHOCTh, %; Vi — 00bEM OAHOM Karu, cM™; V—
\ . 3
00BEM pacTBOpA, MOIIC/IINI Ha MPEIojiaracMoe THTPOBAHUE, CM .

Tabnuya 2.4 — Pacuem xanenvHol nocpeunocmu

- 3
O6beMbI pacTBopa V, cM Kanenpnas norpemHocts, %

10

25

50

Kaxk 3aBuCHT KanenbHas MOrpEemHOCTh OT pasMepa Kami? OT KOHIEHTpauuu
pactBopa? Ot o6beMa pactBopa (V), noieaiiero Ha TATpoBaHue?

IIpuroroBjieHre TUTPOBAHHOIO PACTBOPA KHCJIOTHI
ConsiHyl0 KHUCIOTY € HOMHUHAJIbHOW (NMPUONM3UTENBHO) KOHLEHTpauuen

pasHou 0,1 MOJIB/IM® TOTOBST W3 KOHIIeHTpupoBaHHoro pactBopa HCI (P = 1,18

r/CM3;

® = 36,23 9. lnst mpurortosienns 1 am° Heobxommma macca kuciors: m(HCI)
=n(HCI) M (HCI)=0,1" 36,5=3,65T1

Ncxonnas kucnora coaepxut B 100 T pactBopa — 36,23  HCIL.
Uto0sI B34TH 3,65 T, HEoOxoaumo: 3,65100/36,23 = 10,07 t pactBopa HCl oy
Jlst pacueTa HEOOXOIMMOTO 00beMa PacTBOPA KUCIOTHI HCIIOIB3YIOT (hopMYy-

ny: V, pa(HCI) = m(HCI)/P .= 10,07/1,18 = 8,53 cm’.

Urak, ans npurotoBnenus |1 JIM3, npuonusurenbHo 0,1 MOJTB/ M KHCJIOTHI,
OTMEPUBAIOT MEH3YPKOW WJIM MEPHBIM IUIMHAPOM 8,53 cm® KOHIEHTPUPOBAHHOU
KHCIIOTBI B CKIISTHKY C BOJION M Pa30aBIsioT Bomoi g0 1 am°. McxoHble BelecTsa:
JUIi YCTAHOBJICHMSI KOHIIEHTPALMH KHCIOTHI O6epyT Oypy — Na,B40;10H,0 wmmm

kapOoHnat Hatpus — Na,COs.
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YcTaHOBKA KOHIIEHTPALIMH PACTBOPA COJISIHOM KHCJIOTHI 10 Oype U Mo
KapOoHATy HATpHS
Yemanoexa no 6ype. Pacuer HaBecku Na,B,0,10H,0, Heobxoaumoit mis
IIPUTOTOBJIEHUS, HarpuMmep, 100 cm’ CTaHJAAPTHOTO PacTBOpa Oyphl C HOMUHAIBHOM
koHrerTparueii 0,1000 MoIb/aM° IPOBOIIT CIEAYIOMIIM 06Pa3oM.

CrexuomeTpust peakiuii Oypbl U COJISTHON KUCIOTHI CIIETyOMIas:
NazB4O710H20 + 2HCl =4 H3803 + 2NaCl + 5H20, n(1/2

Na,B,0O- 10H20) = n(HCI), MOJb;
M{(1/2 NagB,0710H,0) = 381,37/2 = 190,68 2; m(Na,

B 0,10H 0;) CHCIV HCI() ()

) MO]lb;
M(1/2Na,.B 0,10H O, ) 1000
OTKy,Z[a CJ'ICIIYGT, YyTO MacCCa HABCCKU 6ypI)I COCTaBUT
CHCIVHCI) ()
m(Na,.B 0,10H O,) = © M(1/2Na,.B 0,10H O, )
690190, 68
m(Na,.,B O, 10H O,) = 1000 =1,9068 2.

B3sTyio Ha aHaTUTHYECKUMX Becax HABECKY (Macca HaBECKHM HE 00s3aTeIbHO

JI0JKHA TOYHO COBMAJaTh C PACCUUTAHHOM, HO OBITh OJM3KOW K Heit!) mepeHocsT B
MEpHYIO KOJOy Yepe3 BOPOHKY, a OCTaTKH OYyphl CMBIBAIOT C BOPOHKU Tropsuein
JTUCTUJUTUPOBAHHON BOJIOM M3 MPOMBIBAJIKHU. 3aTeM JI00aBISIOT B MEpPHYIO KOJIOY
MIPUMEPHO JI0 TIOJIOBUHBI 00beMa ropsiaeii BOJBI M TIPU MTEPEMEIITUBAHUN TOOMBAIOTCS
MIOJIHOTO pacTBOpeHHMS KpucTauioB Oypbel. Ilocie ocTeiBaHMS 10 KOMHATHOU
TeMIeparypbl 00bEeM JOBOISAT BOJOW JO METKH, 3aKPBIBAIOT KOJIOY MpoOKON u
nepememmBaroT. Ilo B3gToil HaBecke Na,B,0;10H,O mpoBomar pacyeT MoJpHON
KOHIIGHTpALMK 9KBHBaTeHTa (Mois/mm’) — C(1/2 Na,B,0,10H,0) u tHTpa
TerpaGopara Hatpus (r/em’) — T(Na,B,0;10H,0).

JIist TUTpOBaHUS U3 MEPHOM KOJOBI C pacTBOPOM Oypbl OTOMPAIOT MUIETKON
(15-20 cm®) Tpu anEKBOTHBIE TOPIMH M MOMEIIAIOT B KOHHYECKHE KOIObI (IHIETKA

JOJKHA OBITH OMNOJIOCHYTa ATHUM K€ pacTBOPOM), A00aBUThH 1-2 Karju pacTtBopa
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MHAUKaTopa MetunoBoro kpacHoro (pHmy = 5,12; pT,« = 5,1) u TuTpoBarh
pactBopoM HCI 10 u3mMeHeHHs] OKpaCKU OT KEJITOH 10 OpaHKEBOM.
Ilpumeyanue: B KadyeCTBE MWHIAMKATOpPA MOYKHO HCIIOJIB30BaTh TAKKE
METHJIOBBIN opaHxkeBbIil — pTy,, = 4,0; mepexo1 OKpacku — OT KEJITOU 10 KpaCHOM.
OTcyeT pacxojia TUTPAHTA JIOJKEH OBITh ClIeTIaH A0 COTHIX J0JIEH MILTUIUTPA.

3
Pa3nuna B 00beMax TUTpoOBaHUs HE JoJKHA TpeBbiath 0,05 cm”™. Ilo pesynbraram

TuTpoBaHus HaxoaaT cpennuit oobem Tutpanta — (V HCI( )) u Bbrumcasior na

OCHOBC 3aKOHa OJ3KBHUBAJICHTOB IIAPAMCTPLI pPaCTBOpaA HpHFOTOBJ’IGHHOﬁ COJISIHOU

KHCJIOTHI:

C HC'( ), MOJZb3=C(1/ 2Na:B O.710H C_)Vz) (NazB 0O.710H Oz) ; OM

V HCI()

THCI( ), 25 C(HCI) M HCI(
). cm 1000
Yemanoska no cooe. bespomnas cona (Na;COs3) THTPOCKOTIMYHA, TTOATOMY

nepes ynoTpeOieHneM e NpoKalIuBaroT s yAaleHus Biaaru. MossipHas Macca

OKBHUBAJICHTA Kap60HaTa HaTpusd:

1 1°
M( _ Na CO)=—-105,9945=52,9945 .
2 2MOJb

Hns mpurotoBneHus pactBopa Na,CO; ¢ MOIspHOH KOHIICHTpaIUeH
skBuBasienTa C(1/2 Na,CO3) = 0,1 MOJTB/IM® B MepHOH ko0Ji0e BMecTUMOCThI0 250,00
em®

(0,25 1M°) HEOOXOMMO PaCTBOPHUT:

1 1 =
m(Na CO, 3rC(NaCO, 3)V M, (NaCO, 3)
2 2

~ 0,10,2552,9945 ~1,3249 2.

Ha ananutryecknx Becax B3BENIMBAIOT OIOKC. 3aTeM B OIOKCE Ha TEXHUYECKUX
Becax B3BeILIMBaIOT MpuoOmmkeHHo 1,32 r kapOoHaTa HaTpus ¢ TouHOCTHIO 10 0,01 T.
[Tocne yero B3BelmIMBaHUE MPOBOAST HA AaHAIUTUYECKUX BECax; TOYHYIO MACCY COJIbI

HaxoJAT IO pa3HOCTH MCKIAY Maccou OIOKca ¢ HaBECKOM M Maccou ITyCTOro OroKca.
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Hagecky Na,CO3; 0cTOp0XHO MEPECHINAIOT B MEPHYIO KOJIOY Yepe3 CyXyl BOPOHKY,
PacTBOPSIIOT B HEOOJBIIIOM 00BEME TOpSYe BOABI, a 3aTeM JOBOISAT 10 METKH
IUCTUJUTMPOBAHHON BOJIOM, 3aKPBIBAIOT MPOOKO U TIIATETHFHO MEPEMEIINBAIOT.

. 3.
Pacuet momnsapHoit koHIIeHTpanuu SkBuBajgeHTa Na,CO3, MOIB/aM™:

1 m(NaCO? 9
C(_ NaCOy)= .
2 VM( l\%a Co, )

B Omperky HalIMBarOT TPHUTOTOBJICHHBIH paHEE pPACTBOP  KHCIOTHI,
MIPEABAPHUTEILHO OTIOJIOCHYB €€ KUCIOTOM. M3 MepHOW KOJIOBI OTOMPAIOT MHUITETKOM
(15-20 cm) TPW AJIMKBOTHBIE MOPIUHU pacTBopa Na,CO; (MUIeTKy mpeaBapuTeIbHO
OTIOJIACKUBAIOT ATUM K€ PACTBOPOM) U TOMEINIAIOT B KOHUYECKYIO KOJIOBI, JOOABIISIOT
1-2 kamnu wmertwnopanxka (M.0.) U TUTPYIOT Kuciorod. Koner TuTpoBaHus
YCTaHABJIMBAIOT 110 U3MEHEHHUIO OKPACKHU M.0. OT JKEJITOM K KPaCHOM.

[Tpu TUTpOBAaHMHU MTPOTEKAET PEAKITUS O cleayromnemMy ypaBHeHUI0: Na,COs3

+2HCI = 2NaCl + CO, + H,0

CO,*> +2H" = CO, + H,0
MosIpHYI0  KOHUEHTPALMIO  KHUCJIOTHI (MOJ’II)/I[Mg) pacCcUuTBIBalOT U3

COOTHOIIICHUA .

= 1
C HCI V HCI( )( ) C(2NaCO,)V,(NaCO, 5); C HCI(
1
C(Na CO,;)V,(Na COy)
2

CHCIVHCIOT ) ;

V HCI()
rae: V(HCI) — o6bem pacTBOpa KUCIIOTHI, MOMIEANIANA HA TUTPOBAHHUE (OTCUET

3.
1o OrIOpeTKe), CM;
V. (Na,CO3)— 00beM pacTBOpa COJBI, B3ATHIH i1 TUTPOBaHUSA (00BEM
3
MUTIETKH), CM .

Onpenenenne Macchl 1IeJI0YH B pacTBOpe
[Tonyuator —3amauyl — pactBop KOH B wmepHoit konbe. JloBoasr

JUCTUJUTMPOBAHHON BOJOM J0 METKH, 3aKphIBAIOT PE3MHOBOM MPOOKON U TIIATETHHO

nepememuBatoT. Otbupator nunerkoir pactBop KOH B koHHuYeckyio Kojly,
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n06aBistoT 1-2 karm M.0. TUTPYIOT paHee HMPUTOTOBJICHHBINM PAacTBOPOM KHUCIOTHI
710 TIEpPEX0/1a OKPACKH M.O. OT JKEITON K KPACHOM.

[Tpu tutpoBanum peakuus B3aumozeiicteust HCl u KOH npotekaer cornacuo
ypaBHEHHUIO: KOH + HCI = H,0 + KCI.

Pacuer MossipHoii kornerntparun — C(KOH), mons/am® 1 macesr — m (KOH) T
TIPOU3BOIAT CIEAYIONUM 00Pa30M:

C(HCI)V(HCI) C(KOH)V(KOH);
= CHCHV(HC])
C(KOH)
= ¥V (KOH)

= n(KOH) n(HCl) C(HCIHV(HCI)
m(KOH) C(HCIHV(HCI)M(HCI)  wmr, BogHOMIHIECTKE;

__CHCIVHCIMHCI( )( ) () VE— ¢
MepHOl Koabe.
m KOH() 2
1000 V,

OnpenesieHue Macchl 1EJI0YH M KAPOOHATA NMPU COBMECTHOM NPUCYTCTBUH
B3aumoneiicTBrue menoyn M KapOoHaTa € KHCIOTOM IIPOTEKAaeT COTJIACHO
YPaBHECHUSIM:
a) NaOH + HCI = NaCl + H,0 Na,CO;
+ HCl = NaHCO; + NaCl (¢.0.)

0) NaHCO; + HCI = NaCl + CO; + H,0 (m.0.).
s pazgensroro onpenenerns NaOH n Na,CO; TuTpoBanue cMecu mpoBOIST

¢ AByMsl MHAMKaTopaMu — deHondranent (¢.¢d.; U3MEHSET OKpacKy B MHTEpBaJIe
8,29,8 pH; pT =9) u m.o.

ITpu tutpoBanuu cmecu NaOH u Na,CO; pactBopom HCIl ¢ mHmukaTopom
¢.d. nmpoucxoaut HerTpanmzanus Bcero koiamdectBa NaOH m momoBuaBl Na,COs.
Touka >kBUBaJIECHTHOCTU xapaktepuzyercst npucyrctBueM NaHCOj;. B 3ToT MOoMeHT
pH pactBOpa pasen 8,35.

H,CO5 < H* + HCO;; K, (H,CO3)=4,5 10~

HCO; < H + CO5”; Kyp(H,CO5)= 4,8 10 pHroy

= (pKy + pKy)/2 = (6,5 + 10,2)/2 = 8,35.
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Bropas Touka 3KBMBaJIEHTHOCTH HACTYNHUT mociie Toro, korna Becb NaHCO;
oyzaet HeritpanuzoBad HCI. DTy Touky ycTaHaBIMBaIOT C MOMOIIBIO HHIUKATOPA M.O.

(B pactBope H,COs):

[H'],..=V K, (H2CO3) C(H2CO3) = 45107101 = 212 - 10%
mons/am’; pHy = — 19[H 02 =

3,67.

Xoo onpeodenenus. B wmepHOU Kon0e TOMydarOT HUCCIEAYEMBI pPacTBOD,
TOBOJAT JI0 METKH IHUCTUJUIMPOBAHHOM BOJOW, 3aKpBIBAIOT PE3MHOBOM MPOOKOW H
THIATEJIBHO TIEPEMEIIMBAIOT. 3aTeM OTOMpaloT OJIHy MNUIEeTKy —3agauul B
KOHUYECKYIO KOJIOy, mobOaBisitor 1 — 2 kamum ¢.¢., MepeMenmBaoT U TUTPYIOT
pactBopom HCl gn0 oOecuBeunBaHuss WIM [0 €ABa 3aMETHOTO PO30BOTO
okpammBanus. [locie genaroT orcueT mo OOpeTKe M3PacXOJ0BAHHOTO KOJIUYECTBA
kucaothl (V). 3ateM n00aBisitoT 1 — 2 Kamid M.0. ¥ MPOAOIKAIOT TUTPOBAHUE 1O
opamXeBol oKpackH. Jlemarot BTopoi orcyet 1o 0ropeTke (Vsu)-

Pacuet maccet NaOH u Na,CO3 B riccieyemoii mpo0e BexyT 1mo hopmysiam:
V. CHCI()2(V VvV

m(Na CO23) = « - ot 1)-M(1-Na CO2 3), ¢;
Vv, 1000 2
V. CHCI() (v -2(v -~V
mNaOH() ~ «_ 06w oo, 1) M NaOH( ), 2.
Vv, 1000

IIpuroroBjieHne TUTPOBAHHOTO PACTBOPA IIEJI0YH
Enkuii HaTp TUTPOCKONHMYEH, MOATOMY JUIsi YCTAaHOBKHA KOHIICHTPAIIUU €r0

pPacTBOpPOB NMPUMEHSIOT HCXOJIHBbIE BellecTBa: IaBeeByro kucioty H>C,0,2H,0,
OEH30IHYI0 KHUCIOTY, TuapodTanaT Kajius, SHTApHYIO KHUCIOTYy U Jp. Bwibepem B
Ka4yecTBe ycTaHOBOYHOTO BemecTBa — HyC,042H,0.

IIpumeuanue. [IpenBapurtenbHO L[ABEJIEBYIO KUCIIOTY
MEePEKPUCTAIUIM30BBIBAIOT, TaK KaK MPU XPAHEHWHW BO3MOKHA YACTUYHAS TOTEPS
KPUCTAJUIU3AMOHHON BOAbI (BbIBeTpUBaHUE). JJig MepeKpucTauIu3aluid TOTOBAT
HACBIILIEHHBIA TOPSYUN PAcCTBOP KHUCIOTHI, KHUIATIT, QUIBTPYIOT U OBICTPO

OXJIaKIaroT. BBII[GJ'II/IBHII/IGCX KpUCTAJJIbI IIPOMBIBAIOT 2-3 pa3a ,Z[PICTI/IJIJIPIpOBaHHOﬁ
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BOJIOM, OTXKMUMAIOT MEXKIY JMCTaMH (PHIIBTPOBAIBLHOM OymMaru M CyImiaT Ha BO3IIyXe.
BrICylI€HHYIO KHCIIOTY, MEJIKME KPUCTAIUIMKA KOTOPOW HE JOJIKHBI MPUINNATH MPU
MepEeMEIINBAHUHU K CTEKJITHHOM MAJIOYKE, XPAHAT B CKJISTHKE C IPUTEPTOU MPOOKOH.

MonspHas Macca SKBUBAJIEHTA IIABEICBON KUCIIOTHI:

1126,07 g
M(HCO 2HO) =—=63,035 .
2 22 42 2 MOJIb

3 .
Hnst  npurotoBnenust 100 cM™ pacTBopa NEPEeKPUCTAIUIM30BAHHOW U

BBICYLIEHHOM KHCJIOTBI C HOMHHAQJIBHOW MOJISIPHOM KOHLEHTPALlMEN SKBHBAJIECHTA

(U2
H,C,02H MHCRs  -2HQ )=

0) = 01 C(; HGQ  -2HQVMCO g,  -2HQ )

-I\/I(%H@Q 2HQ )

MOJ]B/I[M3 1000

HEOOX0n = 01-100 63,035 =0,6304 .
1000

MO B3ATh

HaBECKY:

3
HaBecky KHCIOTBI IEPEHOCAT B MEPHYIO K0JIOY BMeCTUMOCThIO 100 cM™, pacTBOPSIOT
B CBEXXEMPOKHUIISTYEHHON Boje (AomkeH oTcyTrcTBoBaTh COy), HOBOAST A0 METKH U
XOPOLIO NEPEMEIINBAIOT. PacueT MOJISPHON KOHIIEHTPALMU SKBUBAJICHTA IIABEJICBOU

KHCJIOTBI — H2C204'2H20 (MOJ’IB/I[MS):

- 1m(H ng 2 42H O2) Vi
C(HCO. .2HO. ) 1
2 M( HCO: :2HO: )
2

PactBop enkoit mienouw TOTOBST cieayromuM o0pa3zoMm. OTBEMHMBAIOT Ha
TEXHUYECKMX Becax €KUM HaTp B KOJUYECTBE, HECKOJIBKO MPEBBIIIAIOIIEM
HeoOxoauMoe, s mpurotoiienus 0,1 MOJIB/)IM3 pactBopa. Tak, Ha 1 )1M3 0,1
Mois/mM° pactBopa BMecto 4 T NaOH 6GepyT 5-6 r. HaBecky MmoMemaroT B CTakaH,
OBICTPO OMOJACKMBAIOT 2-3 pa3a HEOONBIIMMU MOPLUUSIMH BOJIbI, KOTOPYIO
orOpaceiBatoT (BbumBaIOT). [lpu 3TOM ymamsroTcss kKapOoHATHl (KaK TPUMECH).

Tonkas kopka Na,COj3, nokpseiBatoras cBepxy kycouek NaOH, npu ononackuBanuu

88



BOZIoOM Xopomo u ObicTpo pactBopsiercs. OcrtaBmmiics NaOH pacTBopsiioT B
CBEKETPOKUTITICHHON BOJIE U TIOBOAAT 00BEM pacTBopa 10 1 e,

Xoo onpedenenusi. B GropeTKy HAIMBAIOT MPUTOTOBIEHHBIN pacTBop NaOH .
OTOuparoT NUNETKOW B KOHUYECKYI0 KOJOY pacTBOp IIaBEJIEBOW KHUCIOTHI,
npubasisgror 1 — 2 xammu @.¢p. W TUTPYIOT €AKUM HATPOM JI0 TMOSIBIICHUSA
HEHCYE3alollel MpY NMePEMENINBAHUN B TeUEHUE | — 2 MUHYT MaJIMHOBOW OKPACKHU.

PacueT MONSPHOI KOHIEHTpalyy skBiBazenTa NaOH , moms/am’: 1

C(HCO, =,  *.2HO)V(HCO..  .2HO,)

=

C(NaOH) ~ Vv
NaOH(
)
Bomnpocs! 1i1s1 00cyxaeHust
1. Yrto Takoe TUTP? TUTP IO ONpPEAEISIEMOMY BemecTBy? Paccuuraiite

TUTPPACTBOPOB: 1) Oypbl U coAbl; 2) TUTPbI Oypbl M COABI MO COJITHOM KHUCIIOTE
(McxoIHbIE JAaHHBIE ISl PACUETOB B3SITh B paznene 2.1).

2. Kakne norpemHocTu m3mMepeHull Ha3bIBalOT MHAMKATOpHBIMU? Kakoro
BUJIAWHUKATOPHBIE MOTPEUNIHOCTH HMMEIOT MECTO IIPU YCTAHOBKE KOHIICHTpalWU

pacTBOpa COJISTHOM KUCIOTHI 10 Oype u conie? Boruncnure ux.

3. CKOJIBKO CM® pacTBOpa cosHON kuciaotsl (P = 1,12 r/em®) Hamo B3STH
s mpuroTosieHns 10 gM° pactBopa ¢ MossipHoii koHuentparumeii C(HCI) = 0,01
MOJIB/ M °?

4, Cxonbko Hazo B3sATh pactBopa ruapokcuna Hatpus (C (NaOH) = 1,0
mons/am’; K = 0,9067) mwis IPUTOTOBICHHS DPAacTBOPA, KaXKABIE CM° KOTOPOTO
cootBercTBOBa ObI 0,01 T ochopHON KUCIOTHI MPU TUTPOBAHUU €TO METUIIOBBIM
opanxeBbIM? (heHondTarienHoM?

5. KaxoBer maccoBbie momu (B %) Na,CO; u NaOH B oOpasme, ecnu Ha
TUTpOBaHue ¢ GeHoadTaIenHoM pacTBopa, coaepsxkaiiero B 0,2515 r atoro obpasia,
uger 29,65 cm® pacreopa HCl (C(HCI) = 0,2 moms/mv’; K = 0,9815)? Ilpu
MPOIOJDKCHAN TUTPOBAHMS C METHJIOBBIM OpamkeBbiM muer emé 1,45 cm® Toro

pactBopa HCI. OtBet: 11,99 % u 88,01 %.
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1.2 MeToa KOMIIEKCOHOMETPUYECKOT0 TUTPOBAHUSA
KomMrekconomeTpruueckoe TUTPOBaHNE OCHOBAHO Ha MPUMEHECHHUH

PacTBOPUMOM JIBYHATPUEBOM COJIM ATUJICHIMAMUHTETPAYKCYCHOM KUCIOThI — DI TA

(npyrue HazBanus — komiuiekcoH I, Tpunon b):
CH
HOOCH,C ,COONa
N-CH,-CH,-N

CH
NaOOCH,C ,COOH
OATA oOpa3yeT pacTBOpUMBIE BHYTPUKOMIUIEKCHBIE COJIM  CTPOTO

ONPEJEIEHHOT0 COCTaBa €O MHOIMMHM MeTauiaMd. OTHOIIEHHE MOJIb HOHOB
METAJJIOB K YHCIIy MOJb Jurasga ctporo paBHo 1 : 1. IIpu sTom merann 3amemniaet
aToMbl Bojopoaa kapookcwibHbiXx Tpynn — COOH, a Takxke CBs3bIBacTCS
KOOPAMHAIIMOHHOM CBA3bKO C aromMamMu aszora, To ectb OJTA sBigercs
IECTUICHTATHBIM JINTAH]IOM.

CxemaTH4HO  peakiuio oOpa3oBaHUsS  KOMIUIEKCA  MOXKHO  BBIPA3UTh

YPaBHEHUEM:

H,Y? + Me® <> MeY ™ + 2H",
[Tpuuem mo stoit cxeme DTA pearupyer co BceMu KaTUOHAMHU HE3aBUCHUMO

OT UX CTCIICHHU OKHUCJICHHUA:

H2Y-2 + Ag+ <> AgY ° + 2H"
H,Y 72+ Cu*  CeY *+2H"
H,Y 2+ AP AIY 42H'
H,Y %+ Zr* <> ZrY + 2H".
KoHcTaHTBI  yCTOWYMBOCTH  OOpa3ylOIMIMXCS KOMIUIEKCHBIX — COEIMHECHUN

nocrarouno Beauku: pKY = 9 — 25, Tak Kak MOHBI METaJUIa 3aMELIAI0T BOJIOPOIHEIE
MOHBI KapOOKCUIILHBIX TPYIII, TO peakmnus cpenasl (pH) aHammsupyemoro pactBopa
uMeeT 0O0JIBIII0E 3HAYEHUE NMPU TUTPOBAHUM KOMITJIEKCOHOM.

B kawectBe HMHAMKATOPOB B KOMIUJIEKCOHOMETPUM TPUMEHSAIOT  Tak
HAa3bIBAEMBIE METAJJIOMHUKATOPHI, KOTOPbIE MO3BOJISIIOT BHU3YaJbHO OMNPEHAECIUTH

KOHEI[ TUTPOBaHUs. MeTalsIONHINKATOPhl — OPraHUYECKUE KPACUTENH, 00pa3yIolne
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OKpAIICHHBIC KOMIINICKCHBIC COCAMHCHUS C MOHAMU MCTaJlla, MCHCC IIPOYHBIC, YCM

koMmiuieke metaiia ¢ DJATA. Hanpumep, spuoxpom uepnbiii T (3XY — T) mmpoxo

IIPOABJIACT ce0s KaK KMCJIOTHO — OCHOBHOM HHAUKATOP:

PKj, 6.3 <> pKy
H,Ind- < Hind* < Ind*

HIPUMEHSIOTCSI B KOMIUIEKCOHOMETpUU. AHMOH uHauKaTopa HyInd, kotopsiii nmeer

(bopmyity
-O3S
O2N
11,5
KpacCHBIN roJryooit KEJITO — OPAHKEBBIN

[Tpu pH 7-11, xorna uHAMKATOp UMEET roTyOOH 1[BET, MHOTHE HOHBI
2 2
MeTaios, Hanpumep, Ca”’, Mg~ u ap., 06pasyroT kommiekconaTsl: Hz2lndz- +

Me2+ Melnd_+ H+ <

CUHUU BUHHO—KPACHBIN.
[Tpu TuTpoBanuu pacrBopom DJ[TA B KOHEUHON TOUKE TUTPOBAHHS PACTBOP

MEHSET KPAaCHBIN I[BET Ha TOIYyO00i:

Na,H,Y + Melnd™ <> Na, MeY + Hind*> + H*.
KOMHJ’IGKCOHOMGT})I/II{CCKOG TI/ITpOBaHI/Ie HpI/IMeHSI}OT JJIA OHpeIIeJ'IeHI/ISI

MHOTHUX METAJUIOB: Mg2+, ca*, zn*, cd*, cu®, AP, Ni* u p.
Jpyroii, 4acto NpUMEHSIEMU HWHIUKATOP, — MYPEKCHI. DTO KpACHUTEIb,
MPEICTaBISIONINI cCO00 aMMOHUIMHYIO COJIb MYyPIYPHOM KUCIOTHL. Mypekcua npu

pH Oonbme 9 okpamieH B cuHe — (UOJNIETOBBIM IBET, a MpPU MeHblIe 9 — B
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KpacHO(HOIEeTOBbIM. [[BeT KOMIIEKCOB MypeKcuaa ¢ MeTalylaMH — KpacHbId H
KEJTBIN, I03TOMY C MyPEKCHIOM TUTPYIOT B IIEIOYHOU CpeLe.

IIpurorosiienne TUTPOBAHHOIO pacTBopa J/ATA
JUIs  KOMIUJIEKCOHOMETPUYECKOTO0  TUTPOBAaHUSA TMPUMEHSIOT  pa3iuyHbIC

KOHIIGHTpAIHH pabodero THTpoBaHHOro pactBopa DJTA — 0,1 moms/am°; 0,05
moms/mm’; 0,01 momb/mv°. Momsiprast macca DJITA pasna 372,2 1/MOIIb; MOJSPHAS
Macca SKBHBajieHTa — 372,2 1/MOJIb.

Jns nmpurorosienus 250 cm® 0,02 Monb/mm° pacTBopa HEOOXOUMO:

m(DITA) =0,02'0,250 372,2=1,8610r.
Hagecky OJITA pacTtBopstoT B IUCTHILUIMPOBAHHOU Boie. KoHIIEHTpanuto

pactBopa DJITA ycTaHaBIMBAaIOT O HABECKE MEPEKPUCTAIIM30BAHHOTO CyJib(aTa
maraust — MgSO, - 7H,0 (x.4.).

Onpenesnenue o01IeH &KeCTKOCTH BOJbI
MeTo OCHOBaH Ha CBOWCTBE HOHOB LICJIOYHO-3eMeNbHBIX Metamios (Calt u

Mg?"), obpasoesiBate ¢ IJTA B menounoii cpeme (pH = 8-10) mpoumsie
KOMILIEKCOHATBI: BHAYalIe o0pasyercst KoMIUIeKe ¢ nonamu Ca’’, a 3aTeM ¢ HOHaMu
Mg?*.

B kauectBe cpene npu pH = 8-10 mpoucxomut pe3koe U3MEHEHHE TOTy0oit

OKpacKy MHIUKATOpa B BUHO— KPACHYIO Belie/cTBUE 0Opa3oBanus Mglnd:

Mg®* + Hind* <> H" + MglInd".
B npouecce TUTPOBAHUA BHAYaJIC 06pa3yeTcs1 KOMIIJICKCHOC COCIHNMHCHUC

OJITA ¢ nonamMu Kanplus, a 3aT€M C MOHAMUA MAarHusi, TP 3TOM COCAUHECHUS MOHOB
2

Mg~ ¢ MHIMKAaTOpPOM pa3pylIaloTCs, U B KOHIIE THTPOBAHUS M3MEHSETCS OKpacka

pacTBOpa U3 BUHHO-KPACHOU B TOJIyOYIO 1O PEAKIINHU:

Na,H,Y + Mgind «Na,MgY + HInd* + H* BurHO-KpacHbIit
roJiyooit

2+
TaKOFO YCTKOIro0 HU3MCHCHMUHIA OI(paCI(I/I I/IHI[I/IKaTOpa HMNOHBI Ca HE Jar0T, a
2+
HOC—)TOMy OTACJIBbHO HMOHBI Ca B HpI/IcyTCTBI/II/I I/IHIII/IKaTOpa SXII — T OHpCIleJII/ITI)

HCJIb34.

92



Heobxonumas menounas cpena (pH = 8-10) B TuTpyeMoM pacTBope co3aaercs
MpUOABJICHHEM K HEMY aMMHaYHO-0y(epHOro pacTBopa.

o 2+ 3+ 3+ 2+
OmnpenerneHnto o0l )keCTKOCTH BOIbI MemaroT noHbl: Fe*', Fe™, Al*", Mn™",

Cu?*, HCO;5 ", CO5* u 1p.
Memmaroiiiee BIMSHUE HOHOB YCTPAHSIOT MPUOABICHUEM K THTPYyeMOU mpobe

pactBopa cynbbunaa Hatpua® ¢ (NayS) = 2 %, pacTBopa COJSTHOKHCIIOTO
rugpoxcnfvuna ¢ ((NH;OH]Cl) = 1 %. Bumstame monoB Al** ycrpamsercs
npubOaBIeHUEM TapTpaTa HaTPUs.

KommiekconoMeTpuyeckuii MeToj ompefeneHus oO0Ield KECTKOCTH BOJbI
MOJyYnJI IIMPOKOE PpACHpOCTpaHEHWE Ui aHalu3a BOJ Pa3jMYHON CTEIeHU
MuHepanu3anui. OJHAaKO B THTPYEMOM PacTBOPE HCCICAYEMO BOABI KOJUYECTBO
ronos Ca”" 1 Mg” He 10/DKHO peBbiaTh 0,5 MOIB/IM .

Peaxrtussl. 1. TutpoBanusiil pactBop S/ TA ¢ MOIIPHON KOHLIEHTpALIUEN
C(OMTA) = 0,02 mMoms/nm°. AMMEa4HO-6ybepHBIil pacTBop (cMemmBaroT mo 100 cm®

20 % pactBopst NH4Cl u NH,OH noBomar mnosydeHHbli 00BbeM 10 1 I[M3
JTUCTUJUTUPOBAHHOM BOJOM).

2. Cyxoit mamgukatop 9XY — T (0,1 r uagukaropa pactuparot ¢ 30 T NaCl).
3. PactBop cynabduma Hatpus ¢ ®(Na,S) = 2 %.
OpranusannonHas popma 3aHATHSA
B konnueckyto konOy ormepuBaroT 1 mumetky (0,1 dactb oObema mMepHOU

KOJIObI) aHAIM3UPYEMOH BOMBI, IPHOABISIOT 5 cM® aMMHauHO-Oy(epHOro pacTBopa,
4-5 xamenp pacTBopa Na,S, OJWH TOJHBIA INIMATEh HWHIAKATOpA M MEIJCHHO
TUTPYIOT pactBopoM OJITA, Bce BpeMsi SHEPrMUHO NEpPEMEIINBasi COAECPKUMOE
KOJIOBI O U3BMEHEHMsI OKPacKd M3 BUHHO-KpACHOW B roiyOyto. CBUIETENIEM MOXET
CIIyKUTh MEPETUTPOBaHHAs Mpoda, T.K. Mpu NpudapieHnn n3obITKa pacteopa D TA
OKpacka 0oJIblIle HE U3MEHSETCS.

Pacuer pe3ynbTaToB onpesenaeHus 001el )KECTKOCTH BOIHI, MMOJIB/ M
_ 1 1 2 _ 2C(Na’HY?)V 1000
JKHO, ~ ) c(CaMg) .2 2 VHO(
)

rne C(NayH,Y) — MonsipHast KOHIIEHTpaIus SKBUBaJIeHTa pacTBopa D/1-

TA;
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V — 06beM pactBopa DJITA, H3pacxoIOBaHHBIHA HA THTPOBAHHUE, CM';
V(H;0) — 06beM BOJIBI, B3STOM IJIT THTPOBAHMUS , o, 3agaua Nel
OnpenesieHus HMHKA

KommnekconomeTprueckoe ompenesieHue IMHKa — OJMH M3  CTaBIIUX
KJIACCUYECKUM METOJIOB KaK MPSMOro, TaK U 00paTHOTO TUTPOBAHUS C MPUMEHEHHEM
WHANKaTOpa B aMMuadHo-O0ydepHoM pactBope (pH = 10). Ilepexoa okpacku o4eHb
PE3KHM.

Peaxmueswi. TutpoBannsiii pactsop TA: C(OUATA) =0,5 Mois/nm>; DXU T;
6ydepuas cmech (pactBopsttor 54 r NH,Cl u 350 r NH,OH B 1 av® Bogsi).
Opranusannonnasi popma 3aHATHS

3amady MoJy4aroT B MEPHYIO KOJIOY B BUJI€ PaCTBOpa COJIM LIMHKA, TOBOJAT 110
METKH TUCTUUIMPOBAHHOM BOJOM U XOPOIIO NMEPEMEINBAIOT. B KOHHYECKYI0 KOJOY
3agaun otMepuBaroT 1/10 gacte (1 mumeTka) oObemMa MepHOUM KoJiObl, 1 mmaTtens
naaukaropa XY - T, 10 oM’ Oy(depHOrO pacTBOpa U TUTPYIOT IPH MEPEMEIIMBAHUH
OTA no nepexona okpacku ¢ GUOJIETOBOTO B CHHUM IIBET.

Pacyet pe3ynpTaToB ONpENEIeHNs MAacChl LINHKA, T

M(Zn®") = C(NagH,Y)Ve, M( 22y 10 5,
V

II
rae C(NayH,Y) — monsipHas koHueHTpanms skBuBanenta DATA; V,,

— 00bem pactBopa IJITA, pacXo/I0OBAaHHOTO HA TUTPOBAHUE, cm®: M
(Zn**) — MonsIpHAst Macca YKBHBAICHTA [IUHKA, 65,38 TMOJIb.

3agaua Ne2 Onpenesienne Meau
OnpeneneHue MeId MOXKET MPOBOJIUTHCH, KaK MPSIMBIM, TaK U OOpaTHBIM

TUTpoBaHneM B wuHTepBasie pH = 4-10 B 3aBUCHUMOCTHM OT MPUMEHSIEMOTO
uHaukaTopa. [lpuHIMO omnpeneneHuss OCHOBaAaH Ha TUTPOBAHUU aMMHUAYHBIX
pacTBOpOB, cojAepKalluxX Meab, KomiuiekcoHa I[II B mpUCYTCTBUM HWHAMKATOpa
MypeKcHuaa, KOTOpblii o0pa3yeT ¢ MOHaMH MeJIM KOMILJIEKCOHAT KPacHOro IBeTa, a

CHUHA OKpPpAaCKa aMMHaKaTa MEAN NCUYC3acCT:

[Cu(NH3),]*" + [nypryp] <> [Cu(mypryp).] + 4NH;
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KpaCHBIN
HNanee npu TtutrpoBanuu pacteopa I/ATA mnypmypar meau paspyluaercs

BCJICACTBUC O6p330BaHI/I$I Ooiee IMPOYHOI'0 COCANHCHMA KOMIIJICKCOHATa MCAH

[Cu(mypmyp),] + NayH,Y <> Na,CuY + 2(mypnyp) + 2H™.
KpacHBIN JIAJIOBBIN
[Tpu 3TOM OKpacka pacTBOpa MEPEXOIUT U3 KPACHOH B JIHIIOBYIO (CHHE(DHOIETOBYIO),

YTO 00YCIaBINBACTCS IBETOM OCBOOOIUBIIETOCS aHUOHA TyPITYPHOU KHCIIOTHI, pH
pactBopa paBHa 10.
Peaxmuswi. PactBop ammuaka —o(NH4OH ) = 10 %; pactBop D/ITA ¢
moJsipoii kortentparueit C(HoY?) = 0,01 monb/am®; MypekcHI — HHIHKATOP
(cmech 1 wactu unankaropa ¢ 99 Becobimu yactsimu NaCl).

OpranuzanuonHas popma 3aHATUS
B xonunueckyro konOy ormepuBaror nunetkod 0,1 od0vema pactopa (10 wim

25 ), COJIEP>KAIIEr0 NOHBI Cu*, B MEpHOH KOJI0e, MPUIUBAIOT COOTBETCTBEHHO S5
wm 10 cm® pacrBopa NH,OH (o (NH,OH ) =10 %), mo6asmstor 150-200 wmr
UHJUKATOpa U TUTPYIOT pacTBopoM DJITA 10 u3mMeHeHus 1BeTa OT BUHHO-KPACHOTO
110 JIMJIOBOTO.
Pacuer pe3ynbTaTtoB onpeaeneHust MacChl MEIH, T
2+ 24y 73'VI<
m(Cu’) = C(NaH,Y) V,, M(Cu™) 10—,
Vi

rae C(NayH,Y) — MosisipHast KOHIIEHTpAI¥sI SKBUBAJICHTa PacTBOpPa KOM-
TUIEKCOHA;
Vp — 00beM DJATA, nomenmuii Ha TUTPOBAHUE, em;
M(Cu?*) — MossipHast Macca SKBHBAJICHTA MeH, 63,54 Ao
Bonpocs! pis1 00cykaeHnst
1. Ha dWem ocHOBaH MeToa KoMIUIeKCOHOMeTpuHu? Hammmure cxeMbl

06paso-Banus kommuiekcos ¢ IJITA crenyromux katrnonos: Cd**, Cr¥ u Ti*".

2. Uem oOycioBieHa JKECTKOCTb BOAbI? Kakyro JKECTKOCTh BOJIBI
Ha3bIBAIOTKAPOOHATHON? TOCTOSTHON? 001I1ei?

3. Yro Ttakoe wmetawiouHaukatopel? Kakue TpeOoBaHUS K HHUM

MMPCABABIAOTCAB KOMHJ’ICKCOHOMeTpI/II/I?
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4, PaccunTaTh KOHIIEHTPAIMIO HOHA Ag’ (MoTIB/M°) 1 pAg, eciu k 25 cm®
pactBopa KCN (C(KCN) = 0,1 monb/nm°) mobasiero 12,25 cm® pactopa AgNO; (C
(AgNOs) = 0,1 momb/qm’) e pH = 9.

Otser: C(Ag") = 7,4510 " momns/mm’; pAg = 16,13.
5. K 50,00 cm® pactopa ZnCl, (C (ZnCly) = 0,01 mons/am°) z06aBIeHO

25,1 em® pactBopa DJITA (C(OJATA) = 0,02 moms/nm°) mpu pH = 5. BerauciuTs
KOHIICHTpaIuio HoHa Zn’" (mons/am®) u pZn.

Otser: C(Zn*") = 2,1710 ® mons/mv*; pAg = 7,66.
1.3 MeTtoa pe1oKkcMeTpUYeCKOTr0 TUTPOBAHUS
1.3.1 IlepmanranaTomerpust
MeTo TIepMaHTaHATOMETPUH OCHOBAaH Ha PEAKIUSX BOCCTAHOBJICHHS HOHA

nepMaHraHata. B KadecTBe  CTaHJApTHOTO  pacTBOpa  OKHUCIUTCIS B
IIEPMAaHTaHATOMETPHH TIPUMEHSACTCS TepMaHraHaT Kaius. OOBIYHO THTPOBAHHE
CTaHJApPTHBIM pPACTBOPOM IIEpMaHTaHaTa KaJldsg TPOBOASIT B KHCIOH cpeje.
[TpyHIMITAATBHYIO CXeMy MPOTEKAoIIeld MPH ATOM pPEaKIUd MOXHO IMPEACTaBHTH
- R eh
cieayrommMm oopazom: MnO4 + 5e + 8H™ Mn“" + 4H,0.
OKHCIUTENPHO — BOCCTAHOBHUTEILHBIN IIOTEHIMAA JAHHOM  CHUCTEMBI

BBIPAXKaeTCs YPaBHEHUEM:

E (MnO, /Mn*") = 1,51 + (0,058/5){g[MnO, ][H]¥/[Mn*"].
YcranoBka KOHICHTPAIUMA PacTBOpPA MEPMAaHTaHATa KaJHUA IO OKCAJIATY HATPUA
lIpucomosnenue pacmeopa nepmaneanama xaaus. I IJpurorToBUTh TATPOBAHHBIN

pactBop KMnO, 1o TO4YHOW HaBeCKe HeNb3s, T.K. OH OOBIYHO OBIBACT 3arps3HEH
MpPOAYKTaMU CBOETO  BOCCTAaHOBIIEHHUs, Hampumep, MnO,. Kpome Toro,
NpUroToByieHHbIN pactBop KMnO, B TeueHHE HECKOJIBKUX JHEH U3MEHSIET CBOM TUTP
BCJICICTBHE  BOCCTAHOBJICHHMS  NI€pPMAHTaHATa MPUCYTCTBYIOIIMMM B  BOJIE
OpraHuYecKuMu BemiecTBamu. [ paboThl OOBIYHO TOTOBAT 1 mv® 0,05 Moms/mm®
pacTBOpa mepMaHraHata kKaiaus. Ecnym TUTpoBaHUE MPOBOIAT B KHUCIOW Cpelie, TO

MOJISIpHas MacCa SKBUBAJICHTA €0 paBHaA:

M(1/5 KMnO,) = 158,04/5 = 31,60 t/MOb.
Jlnst mpurotosienns 1 am° 0,05 Moms/mM° pacTBOpa GepyT Ha TEXHHYECKHX

Becax npubnausutenbHo 1,58 r, nanee ormepuBas OONBIIMMU MEPHBIM LHUIHHIPOM 1
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e JTUCTUJUTMPOBAHHON BOJBI JJIsI PacTBOPEHUsI HaBECKU. Tak Kak KpHUCTaJIbl
KMnQO, pacTBOpSIOTCSI TOBOJBHO MEJICHHO, YaCTh B3ATON BOJBI HArPEBAIOT TMOUYTH
N0 KWUIEHUA U HEOONBIIMMHU TMOPUUSAMH 00pabaThIBAlOT MpPH  THIATEIBHOM
nepememmBannud HaBecku KMnO,; B crakane. Bpemss oT BpeME€HM OCTOPOKHO
CIIMBAIOT >KUAKOCTh C KPHUCTAUIOB B JIPYrOMl COCYyJ, 3aMEHSAsl €€ HOBOW MopLUeH
ropsiueid Bonbl. [IpUTOTOBJICHHBIM OXJaXIACHHBIM PACTBOP CIMBAIOT B CKJSHKY
eMKocThIO | 1M°, moGaBiusis TyJa € OCTaBIIYIOCS BOAY W, THIATEIBHO MEpPEMEIlIaB,
ocTaBisitoT Ha 7-10 qHel. CKIHKY 3aKpbIBalOT MPOOKOW U XPaHAT B TEMHOTE (JIydIle
TOTOBUTH PacTBOP B CKJISTHKE U3 TEMHOTO crTekia). [lo ucTedeHuu 3TOro BpeMEeHU
CU(POHOM OCTOPOKHO CJIMBAIOT JKHJIKOCTh C OCEBIIUX XjombeB MnQO, (uimu
IpoUILTPOBBIBAIOT Uepe3 CTCKISHHBIM (PUIBTPYIOIIUN TUTENIb) U YCTAHABIMBAIOT
MOJISIPHYIO KOHIIEHTpAIMI0 dJKBUBaJIeHTa pactBopa KMnO, no oaHomMy u3
CICAYIOIIUX MCXOJHBIX BEIIECTB: METAIMYECKOMY JKeJie3y, COJM IIaBEJIeBOM
KUCJIOTHl (OKcajlaTy HaTpus WM aMMOHHS), MBIIIBIKOBUCTOMY aHTHAPUIY U
HEKOTOPBIM JPYTUM BEIIECTBAM.

Yemanoska konyenmpayuu pacmeopa KMnQO,. JIns yCTaHOBKM KOHIIEHTPAITUN
pactBopa KMnO, naubonee ymnoOHBIM sBiseTcs oOkcanaT Harpus. OH
HETUTPOCKOMMUYEH, HE COJACPKUT KPUCTAUIM3ALMOHHON BOALI U HE U3MEHSIETCS MPHU
XpaHEHUHU.

Peakiua mexnay okcamaT — HMOHOM (C204)2* Y TEPMAHTAaHATOM IIPOTEKAET

COTJIaCHO CIEAYIOIIEMY HOHHOMY YPaBHEHHIO:

5(C,04)* + 2MnO, + 16H* — 2Mn** + 8H,0 + 10CO,
Oxucienne (C;04)> IPOUCXOMHT IO CXeMe:
(C,04)* - 2e > 2CO..
CrnenoBaresibHO, MOJISIPHAsI Macca YKBUBAJICHTA:
M(1/2 Na,C,04) = 134/2 = 67 r/™mo1b.
Hns npuroroBienuss 250 cm® pacTBOopa OKcajaTra HaTpUs C MOJISIPHOU

kounentparueit C(1/2 Na,C,0,4) =0,1 MOJIB/IM® HEOBXOUMO B3SITh HAaBECKY:

m(Na,C,04) = 0,167 0,25=1,68 .

97



HaBecky B3BeHIMBAIOT HAa aHAJIMTHYECKHX Becax B OIOKce, mepeHocar 0e3
MOTEPh B MEPHYIO KOJIOY, PACTBOPSIIOT B JUCTUUTUPOBAHHOHN BOJIE, JJOBOJSAT PAaCTBOP
70 METKH M TIIATEJIbHO MEepPeMEeNNBaOT. MOJSPHYIO KOHIIEHTPAIMIO SKBHBAJICHTA
MOJYYEHHOTO PacTBOPA PACCUUTHIBAIOT TaK:

C (1/2 N32C204) =m (Na2C204)/ M (1/2 Na2C204) V (N&2C204), rac
M — HaBecka, T;

V — 06beM MepHO K00, | I[MS;
M(1/2 Na,C,04) — MossipHas Macca 3KBUBAJICHTA OKcalaTa HaTpHs, T/MOJIb.
[omermaror B konOy mis turpoBanmst 10 cm® H,SO, (1:4) u Harpesaror 10

8085°C. Ilumerkoit orOmparoT anukBoTHyI0 mopimio (0,1 4yacTte oObeMa MEpHOM
KOJOBI) TMOJYyYEeHHOTO cTaHaapTHOro pactBopa Na,C,O, u BHOCAT B KOJIOy C
HArpeThIM PaCTBOPOM CEPHOM KHUCIIOTHI.

PacTtBop mepmaHraHara Kamusi MOMEMIAIOT B OIOPETKY M YCTaHABIIMBAIOT
YPOBEHB XKHJIKOCTH 110 BEPXHEMY MEHHCKY Ha HYJIEBOW OTMETKE.

HNanee pactBop KMnO, npuiuMBaroT 1O KamjisiM K TOpSAYEMY pPacTBOPY
UCXOAHOro BemiecTBa. Kaxayro cleyrollyro Karulio NpuOaBIsiOT MOCHIE TOro, Kak
MCYE3HET OKpacka OT mpensiaymied karmmi. Hy)XHO yJOBUTH MOMEHT, KOTJa OJiHa
Karjisi pacTBOpa TMEpMaHraHaTa Kajvs OKPacHT BECh PacTBOpP B OJEAHO-PO3OBBIMA
LBET, HE MCYE3AIOIMIMN B TEYEHUE OJHOM MHUHYTHL. TOYHOE TUTPOBAHUE MPOBOIAT
HECKOJIBKO pa3 u OepyT cpeHee 3HaueHue.

MonspHyto KOHIIEHTpaluio 3kBuBasiecHTa KMnO,4 onpenenstor u3 BeIpaKeHUS:

C(1/5 KMnQy4) = C(1/2 NayC,04)V(Na,C,04)/ V(KMnO,), MOJ'IB/)IM3.
MeToauka BbINoJHeHUs usmepenuii Fe2+

OnpenencHue coaep)kaHus jkelle3a B KaKoW — JIMOO €ro CoJii, Hampumep, B

coar Mopa (NH,),Fe(SO,), 6H,0) nnu B sxeneznom kymopoce FeSO;7H,O 00bruHO
MPOBOJAT NPSIMBIM THTPOBAHHUEM B CEPHOKHCIIOW Cpenie, MCIOJb3ys CTaHIapTHBIM
pacTBOp mepMaHraHata kamms. Ilpum TuTpoBammnm (NH,),Fe(SO,), 6H,0) Fe™
OKHUCIISIETCS 10 Fe*:

5|Fe” —e" — Fe**
1]MnO, + 5 + 8H* - Mn?** + 4H,0
5Fe®* + MnO, + 8H" = 5Fe** + Mn*" + 4H,0
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10(NH,),Fe(S0,), 6H,0) + 2KMnO, + H,SO, = 5Fe(S0,); + 2MnSO, +
K,S0, +10(NH,),SO, + 8H,0.

OpranusanmonHas popma 3aHATHSA
3ajady nojiay4aroT B MEPHYIO K00y B BHJE pacTBopa coiau Mopa, 100aBistoT

TyJia K€ JUCTHLIMPOBAHHYIO BOAY JO METKH M TIIATEIHHO MEPEMEIINBAIOT. 3aTeM U3
MEPHOM KOJIOBI OTOMPAIOT aJTUKBOTHYIO YacTh PacTBOpPA COJIM Mopa M IOMEIIAIOT e
B KOJIOy JIJIsl TATPOBAHMSI.

Tocie sroro gobasmsior 10 em® H,SO, (1:4) (ecnu MepHast komba Ha 250 cm),
MEPEMEIIUBAIOT ¥ TIPH KOMHATHON TeMITepaType TUTPYIOT PacTBOPOM IIEpMaHTraHaTa
KaJIus 10 c1ab0-po30BOM OKpacKH pacTBOpA.

Pacuet macchl xenesa (+2) npoBoadr 1o popmyiie:
m(Fe*") = (V(KMnO4)C(1/5KMnOM(Fe**))/1000Vk/Vn, T.
MeTtoauka BbINOJHEHUS] H3MEPEHUI TUXPOMAT-HOHA
Ompenenenne Cr,O;° MPOBOAAT CIOCOGOM OGPATHOrO TUTPOBAHMA. 3amady

[OJy4aloT B MEPHYIO KOJIOY B BUJI€ pacTBOpa JUXpOMaTa Kajus, 100aBIIOT TyAa ke
JUCTUJUTMPOBAHHYIO BOAY /10 METKH KOJOBI U TIIATEIbHO MEPEMEIINBAIOT. 3aTEM U3
MEpPHOH KOJIOBbI OTOMPAIOT OJIHY MUIIETKY aHAJIU3UPYEMOTO pacTBOpa, MEPEHOCST B
KOHHUYECKYI0 KOOy JJIsi TUTPOBAHUS, NMPUOABISAIOT U30BITOK (2 MHUMIETKH) pacTBOpa
comn Mopa ¢ u3BecTHO# koHuenTpammeii, 10 cm® H,SO, (1:4). Ipu no6asneHmu
coiiu Mopa HaOmogaeTcsi M3MEHEHUE OPAHXKEBOW OKpPACKM pacTBOpa AUXPOMATa
kanus B 3eneHyro. Coxaepxumoe KoyObl mepememmBaioT. MonHbl kenesa (+2),
BXOJAIIME B COCTaB coJM Mopa, OKHUCISIFOTCS AMXPOMAaTOM B 3KBHBAJICHTHOM

KOJIMYCCTBC:

1lcr,0,% + 6e + 14H" — 2Cr** + 7TH,0
6lFe’ —e — Fe**
Cr,0,> + 6Fe*" + 14H" = 2Cr®*" + 6Fe®" + 7H,0
K,Cr,0; + 6(NH,),Fe(SO.), 6H,0) + 7H,S0, = Cry(SO,); + +

3F€2(SO4)3 + K,SO, + 6(N H4)ZSO4 + 7H,0.
U36bITOK comu Mopa OTTUTPOBBIBAIOT PACTBOPOM IEPMAHTAHATA Kalus [0

U3MEHEHHUS OKpacKu B KpacHO — (UONETOBYIO WM CHHE — (PHOIETOBYIO B
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3aBUCUMOCTH OT COJEpXaHUs XpoMa, 3€JeHas OKpacka KOTOPOro HECKOJIBKO
MAaCKUpPYET po30BYyI0 okpacky KMnOy,.

Pacuer maccsl (Cr,0;)% mpoBozst o Gopmyre:
- - Vk

) 1
M(Cr270:) = V VerarC(L/5KMnO V KMnO,) ( ) M(“Cr.:0,) '

1000 6 Vi

93 3.
rae Vem — 00beM pacTBopa coiar Mopa, NpuiInuThlid B U30BITKE, CM
Ccm — MoOJsipHas KOHIEHTpalus SKBHUBAJEHTa pacTtBopa coau Mopa,

MOJIB/ILM?’;
M(1/6 Cr,0;") — momspHas Macca SKBHBAICHTA IMXPOMATa KalHs,
I/MOJIb.
Bomnpocs! 1i1s1 00cyxaeHust
1. Ha wyem ocHOBaHbl mnepmaHraHaToMeTpudyeckue wusMepeHus? Kakue

3HAYEHUSI UMEET CTaHJAPTHBIN OKUCIUTEILHO-BOCCTAHOBUTEIBHBIM MOTEHIIMA HOHA
MnO, B kucioii, HEUTpaTbHOHN U IIETOYHON cpenax? HanmuimmTe cOOTBETCTBYIONTNE
MOJIypPEaKIIUH.

2. Kaxyro maccy KMnO, (comepxariero 96,51 % uucrtoro BeiecTna) Ha0
B3SITh Ul NPUTOTOBJICHMs 12 am° pactBopa ¢ MoIspHON koHuentparmein C(1/5
KMnO,) = 0,1 moms/nm°. OtBet: 39,41 T.

3. PactBop KMnO, (15,00 cm’) ortutpoBaH 17,45 cm3 pactBopa SnSO, ¢
C(1/2 SnSOy) = 0,1 mons/mm°® (mpu pH = 0). Hammucats momuoe ypasuenne OBP u
paccuntath pactBopa KMnO,: 1) MOJSIpHYIO KOHIIEHTPAIIMIO SKBUBAJICHTA; 2) TUTP
u tutp pactBopa KMnO, o SnSO,.

1.3.2 HopomeTpruyeckoe TUTPOBAHHE
B HomomeTprudyeckoM METOJIE€ U3MEPEHHUSI KOJMYECTBO WOMQ, BBIIEISAEMOIO
OKHMCIIUTEJIEM WJIA IIOTJIOINIAEMOr0 BOCCTAHOBUTEIIEM, IPOU3ZBOLAT IOCPEIACTBOM
TUTPOBAHUS €r0 PAaCTBOPOM THUOCYJb(aTa HATpusl B MPUCYTCTBUU Kpaxmaja Kak

WHAUKATOPA.

IIpuroroBienne padoyero pacreopa Na,S,0; H ycTaHOBJIeHHE er0 TUTPA
Tuocynbdar HaTpUs HE MOKET CIIy>)KUTb UCXOJHBIM BELIECTBOM, T.K. OH HEYC-
TOWYMB Ha BO3ayxe. [IpUroToBneHHBIH pacTBOp THOCYIb(haTa MPUOIUZUTETHLHOU

KOHIOCHTpAIUX IMOMCIIAIOT B TEMHYIO CKIIIHKY M BBIACPKHBAIOT B 3alllUIICHHOM OT

100



ceta mecte B TeueHue 10 gueil. Konnentpanusi pactBopa THocynbdara HaTpus
Jaie BCEro OmpeessieTcss Mo OMXpoMary Kalivs, TUTPOBAaHHBIA pacTBOp KOTOPOTO
rotossit 1o HaBecke. (Cr,07)° — HOH KaK OKHCIIUTENb, BBIACISIET U3 JOOABICHHOTO K
HeMy pactBopa Kl 5KBHMBaJ€HTHOE KOJIMYECTBO HOJa, KOTOPBIM OTTUTPOBBIBAIOT

pPacTBOPOM THOCYJb(aTa HATPUS:

1/Cr,0.% + 6™ + 14H* — 2Cr** + 7H,0
3211—2¢ — 1,
Cr,0/% + 61 + 14H* = 2Cr** + 61° + 7H,0
I, + 25,05% = 21" + S,04
11, + 26 =21
1 ZSEO’szf — 2e- — S4062-
I, + 2Na,S,035 = 2Nal + Na,S,0g.
Taxum ob6paszom, n (1/6 K,Cr,07) =n (1/21,) = n (Na,S,03) Mob.
Momnsipaas macca skBuBasienta K,Cr,O; B iomometpun paBHa 1/6 ero

mossipaort Maccel: M(1/6K,Cr,0;) = M/6 = 294,21/6 = 40,04 t/moms. MonspHas
Macca K-

BuBajieHTa Na,S,03'5H,0 paBHa MossipHoit Mmacce — 248,2 1/MOJIb.
BennunHa HaBECKHM 3aBUCHT OT KOHIICHTpAIlMM IMPUTOTOBJICHHOTO pacTBOpa

THoCyNb(ara HaTpus. Eciu MosisspHas KOHIICHTpAIMsl DKBHBAJIEHTa pPacTBOpa
Na,S,0; npubausurensHo paBHa 0,02 MOJ'IB/I[M3, TO HaBECKY PACCUUTHIBAIOT TaK:

m (K,Cr,07) = C(1/6 K,Cr,0;) V- M(1/6 K,Cr,0O7), r m

(K»Cr,07) = 0,02 0,25 40,04 = 0,2452 r.

Bssaryto Ha ananutndeckux Becax HaBecky K,Cr,O; (01M3K0 K paccuyuTaHHOM)
TIIATENBHO TIEPEHOCST Yepe3 BOPOHKY B MEPHYIO K06y Ha 250 cM® , pacTBOPSIOT B
JUCTHJUTMPOBAHHOM BOJIE€, JOBOJAT PACTBOP JIO METKH, 3aKpBIBAIOT MPOOKOW M
IepPEeMEIITUBAIOT.

KoHIieHTpaIuio nmosy4eHHOTO pacTBOpa pacCUMUTHIBAIOT MO (OpMYJIe:

C (1/6 K2Cr207), monb/nms = —m{K.Cr0)—.V
M (1/6 K.Cr,O ),
Peaxmuswi. PactBop K,Cr,07; pactBop ¢ (KI) = 5 %; pacTtBop

xouuentpuposantoit HCl (p(HCl ) = 1,19 r/em®); pactBop tmocymsdara ¢ C
(Na,S,03) = 0,02 MOJ'IB/I[MS;paCTBOp Kkpaxmaia ¢ = 2 %.

OpranusannonHas popma 3aHATHSA
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K 10 cm® pactBopa KI mpubasisitor 5 cM® koHIeHTpHpoBaHHOTo pacteopa HCL.
Ecnu mosiBnsieTcst kento-Oypasi oKpacka CBOOOAHOTO ioAa, ee 00eclBeurBaIoOT
n00aBJICHUEM I10 KaIUISIM THOCYb(aTa HaTpusl. 3aTeM K pacTBOPY J00aBISIOT 25 cm®
pactBop K,Cr,07, 3akppIBatoT K0JIOYy 4aCOBBIM CTEKJIOM M CTaBAT B TEMHOE MECTO Ha
3-5 muHyT. BoienuBmmiics 1Woj TUTPYHOT pacTBopoM Na,S;03; 10 CBETIO-KeNTon
OKpacku, 700aBIsAOT 1-2 oM’ KpaxMmalia i JOTUTPOBBIBAIOT UCCIEAYEMBI pacTBOP 110
WCUE3HOBEHUSI CUHEW OKpacku. Mcmonb3ys 3aKOH 3KBHBAJIICHTOB, PACCUUTHIBAIOT

MOJISIPHYIO KOHIICHTPAITHIO SKBUBaJIeHTa pacTBopa Na,S,03:

C (NﬁzSgOg)V(N&gSgOg) = C(1/6 K2Cr207) V(K2Cr207).
MeToauKa BbINOJIHEHUS U3MepeHuii meau (+2)
Onpeneneune Mean (Cu®’) B HOZOMETPHH OTHOCHTCS K OIPEHCIICHHUIO

okucautesned. CyIHOCTh Ipolecca COCTOMT B CIEAYIOUIEM: K HCCIELyEMOMY
pactBOpy npuimBaroT pactBop Kl. BeimenuBmuniicss 3KBUBAJICHTHO KOJIMYECTBY MEJIH

H0/1 OTTUTPOBBIBAIOT PACTBOPOM THUOCYJIb(aTa HATPHUSA:

2 kju2+ +e=Cu’

1 ﬂf— 2e=1,

2 Cu*+2I=2Cu" +2l,
1l,+2e =21

1 25b03 — 2e = SuOe2_I2

+ 252032- = 21- + S4062-

Brmagenne ocagka Cul B mponecce peakiyd MOHWKAET KOHIIEHTPALMIO
BOCCTAaHOBJICHHOM (opMbl Meau, Onarogaps dYemMy MOTEHIMal CHUCTEMbl MEAH
MTOBBIIIAETCS U MEb CTAHOBUTCS OKHCIUTENIEM IO OTHOIIEHHIO K cucTeme ona. s
YMEHBIIICHHS TTOTEHIMANa CUCTeMbl M Ul cBsbiBanms Cu”’ B ocamok TpeGyercs
6ompioir n36wIToOK Hoauna - moHoB (KI), B KI — moporocrosmuii mpenapar. Ha
IIpaKkTHKE 4acTo npumeHsercs cMmech pactBopoB Kl n KCNS:

Cull+ KCNS — CuCNS+KI
Tak kax ocagox CuCNS 6oiiee TpyaHo pactBopuM, ueM Cul (ITP CuCNS = 4,8

- 10, TIP Cul = 1,1* 10", comeprxanue ronos Cu”" B pacTBOpe P IPUMEHEHHH
cmecu KI + KCNS eme Oornee moHMKAeTCs, YTO CIIOCOOCTBYET YCIECIIHOMY

2
TUTPOBAHUTIO Cu ¥ KaK OKHUCJIUTCIIA.
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Peaxmuewvi. PacTBOp cepHOM KUCIOTHI ¢ MOJISIpHOM KOHLIeHTpanuei C(1/2
H,S04) = 4 Monb/mM’; cMech pactBopoB: A(KI) =7 % u W(KCNS ) =15 %; pactBop
kpaxmana ¢ @ = 0,1 %; TutpoBanHbIi pacTBOp Na,S;0s.

Opranuzannonnasi popma 3aHATHS
B xon0y st TUTpOBaHMsI OTOMPAIOT OJIHY MUIETKY «3aJauny», NpuOaBisioT 4

cm® C(H,S0,) = 4 moms/mm° 1 7 em® emecu (KI + KCNS) . PacTBOp mepeMeNmBaoT i
TUTPYIOT THOCYJIb(aTOM cHavana 0e3 MHAMKATOpa 10 CJIa00-)KENTOM OKpacku, a
3aTeM JO00aBIIIOT KpaxMajdl M TPOJOJDKAIOT THUTPOBATH J0 HMCUYEC3HOBEHUS CHHEH
okpacku. [[Ber pacTBOopa C OCaKOM CTaHOBHUTCS CBETJIO-PO30BBIM. PacueTsl 1o
pe3yibTaTam ONpeICICHHUS:

n (Cu®) = n (NaS,05) moms m (Cu®) = C

(Na,S,03)V(Na,S,03)M (Cu*")10°

Bomnpocs! pi1s1 00cyxaeHust
1. Ha ywem ocHOBanO IHomomerpuueckoe tutpoBanue? Kakoe 3HaueHue

MMEET CTaHJapTHEIN IIOTEHIMAI Tosypeakuu I; $2¢ 2177

2. Kakyro maccy Na3S;035H,0 nHamo B3saTh anma momydenus 12,5 e

pacTBopa THOCYIb(ara ¢ MoispHoii koHumeHrpamuendn C(Na,S,0s5H,0) = 0,2
Mos/mm>? OTBeT: 620,5T.

3. Kakyro maccy nuxpomara kanust Hao B3SITh JJIsSI IPUTOTOBIICHUS OJTHOTO

3 . 3
M~ pacTBOpa, yToObI Kaxablid 1 cM™ 3Toro pacreopa coorserctBoBai 0,01 r xeneza?

OrtBer: 8,78 1.

2 PUBNKO-XUMHNYECKHUE METO/JbI AHAJIM3A
Bce MeTonpl aHanu3a OCHOBaHbI HA U3yYEHUM CBOWCTB BEILIECTBA, CBSI3aHHBIX C

KOHIICHTpAIMEel OMpeaeICHHON 3aBUCHMOCTRIO. B KilaccHueckux MeTodax aHalin3a
(TpaBUMETPUYECKOM M TUTPHUMETPUUYECKOM) TaKMMH CBOMCTBAMHU SIBJISIOTCS Macca
BelllecTBa M 00BEM pacTBopa. O HAKO BEIIECTBO 00JIAIA€T €11l¢ MHOTUMH JIPYTUMHU
CBOMCTBaMHU, TOTJIOIIAIOT W HCIIYCKAIOT CBET, 00JaJar0T 3JIEKTPONPOBOIHOCTHIO,

IMOABCPrarOTCA pPaJuOaKTUBHOMY pacmnaagy MW T.[O. AHanuTtnyeckue HN3MCPCHUA,
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OCHOBaHHbIE Ha (u3HUeCKHX M (U3UKO-XMMHYECKHX  CBOMCTBaX COEIUHEHHIH,
COCTaBIISIIOT TPEIMET TaK Ha3bIBAEMBIX (PU3UKO-XMMHUYECKHX METOJOB aHaln3a
(DXMA).

JIOCTOMHCTBA 3TUX METOJIOB — BBICOKAs] HyBCTBUTEIBHOCTh, BBICOKAsI CKOPOCTb
(3KCIPECHOCTh), HKOHOMUYHOCTh (IIpU MAaCCOBBIX AaHAJIN3aX), BO3MOYKHOCTb
POBOJIUTH M3MEPEHUSI HA PACCTOSTHUM M O€3 pas3pylleHus odpasua, 0ojiee BbICOKas
BO3MOXKHOCTD npuMenermst IBM. Uyscteurensrocts ®XMA cocrasmser 10 ... 107
% u menblie. B o0nacTu TakMX MaibIX KOHIEHTPALUN KIACCUYECKHUE METObI
BOOOILIE HETPUMEHUMBI.

[TorpemHocTs U3MepeHu PU3NKO-XUMUUECKUMHU MeTogamMu — 2 ... 5 %, 4ro
IIPEBBIIIACT IOTPEUIHOCTD KJIACCUYECKHUX METOJIOB aHanusa, HO
BbIIIETIEpeYnCiIeHHbIe ToCcTOMHCTBA (PXMA BO MHOIMX IPAKTHYECKUX CIydasx
JEJNAI0T UX HE3aMEHUMBIMH.

Ob6mee uyucio OXMA cocTaBiseT HECKOJIbKO JECITKOB, M3 KOTOPBIX
HanOoJIbIIee TPAKTUYECKOE 3HAUYEHNE UMEIOT: CIEKTPalbHbIE U JPYTHE ONTHYECKUE
METO/Ibl, OCHOBAHHBIE Ha B3aMMOJCHCTBMM BEIIECTBA C SJIEKTPOMArHUTHBIM
U3ITYyYEHUEM); DIIEKTPOXUMHUYECKHE (OCHOBAaHbl Ha HW3MEPEHUM JJIEKTPUUYECKOU
IPOBOJAUMOCTH, MOTEHIIUAJIOB U Jp.) U XpoMaTorpaguueckue MeTo Ibl U3MEPEHUH.

2.1 Onruveckue MeTOIbI M3MEPEHNH
Meronpl aHanu3a, OCHOBAHHBIE Ha HCIONB30BAHUU PAa3IUYHbIX 3PQPEKTOB,

BO3HUKAIOIIUX TMpPH JCHCTBUM 3JIEKTPOMArHUTHOrO OOJyYyeHUs Ha BEIIECTBa,
Ha3bIBAIOT oONTHYECKMMHU. Cpeny TMOCHEIHHUX, BAXHEHIIYIO pOJIb MIPAlOT Tak
Ha3bIBAEMBIE CIIEKTPAJIbHBIE METObI N3MEPEHHIA.

OcHOBHBIE MapaMeTpPbl JIEKTPOMATHUTHOTO M3JIYYEHHS] — YacTOTa KoJjeOaHuu,
JUTMHA BOJIHBI U BOJTHOBOE YHUCJIO.

Yacrora konebanuii ViiokaszbIiBaeT 4MCiIO KojieOaHu B 1 cekyHIy, U3MepseTcs
B repuax (I'm; 10° Ty = 1 [ 10° T'p = 1 mIn). Hanpumep, 31eKTpoMarHHTHOE
M3TydeHHe 3eIeHOr0 [BETa XapaKTepru3yeTcs dacToroil papHoii 6 Y0, kpacHoro — 4
18%.
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JITHHA BOJHBI A HANMEHbIIIEE PACCTOSHIE MEXKLY TOYKAMH, KOICOTIOLIIMUCS
B oanHaKoBbIX (pa3zax. B cucreme CU e¢ pazMepHOCTh onpenensercss B MeTpax (M)
-9
unu, yaimie, B HoHamerpax (1 am = 10" M). Hannpumep, 1yiriHa BOTHBI = 509 ...

550HM COOTBETCTBYET 3JIEKTPOMATHUTHOMY M3JIyYECHUIO 3€JIEHOTO 1IBETA.
OCHOBHBIE YYaCTKHU JIEKTPOMArHUTHOTO CIEKTPA!

= 10%...10" M wm 10™ ... 0.1 M (L usnyuennue);

— 10™ ... 10® M mmm 107 ... 10 HM (PEHTTEHOBCKOE H3TydEHHUE);

— 10%...4 %0 M wm 10 ... 400 uM (yIBTPaHONECTOBOE H3TYUCHHE);
— 4%0-7...7.6 18-7 m wm 400 ... 760 HM (BUTUMBII CBET);

— 7.6 %07 ... 10° v mm 760 ... 10° M (MH(bpakpacHoe 06IyUCHME);

- 107 ... Im (MUKpPOBOJIHBI WJIM CBEPXBBICOKHE YaCTOTHI);
— A>1 M- pagroBOIHEL

JImuHa BOJHBI M 4acTOTA KOJIEOAHMM CBA3AHBI MEXIY COO0 COOTHOIIICHUEM:

X

_ 10 v =3 x10*/x
rae ¢ =3 107 cm/c — CKOpPOCTh CBETA, a JUIMHA BOJIHBI — B CM,

— gacrora BelpaxkeHHasi B ['. Hampumep, st 3eéHoro cBera {= 500 HM) BeamdnHa
=310¥/516°=610* Tu. X

Benuunny, oOpaTHyI JIMHE BOJHBI, HA3bIBAIOT BOJIHOBBIM qHCJﬁS/M O wu
BBIpaXaloT B OOpaTHBIX CAHTUMETPaX (CM'l). Hanpumep, nma 3erneHoro cBera

/
BoJTHOBOY uncino X =1/5 16°= 2 10% em™.

DHeprus aekTpoMarauTHoro uznydeHus (E) onpenensercs paBeHCTBOM:

E=hv, (2.2)
X
V= C/?\‘i (2 .1 )
rjae h — nocrosinnas [1nanka, paBHas 6.62 103 Jx c. lns BerancieHus

X
OHCPIruv OJHOro MOJib BCUICCTBA, OTY BCIIMYHNHY HGO6XOI[I/IMO YMHOXHWTBb Ha YUCJIIO

Asorazpo N, = 6.02 10%;
E = 6,6%10%>6,02 202 = 3.99 18", vie E

BBIpaKEHO B J[k/MOIIb.

2.1.1 ®oromMeTpUUYECKNH aHAJIU3
[Ipu poTtoMeTpuUecCKUX HU3MEPEHHSIX OMpPEAeIIeMOe BEIIECTBO IMEPEBOAST B

OKpamCHHOC COCAMHCHHC, IIOCJIC 4YCro HU3MCPAKOT CBCTOIIOIIIOMICHHUE pPacTBOpA. B
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3aBUCUMOCTH OT cHoco0a HM3MEpPEHHUs] CBETOIOIVIOMICHUS Pa3JudyaroT HECKOJIBKO
METOJIOB (poTOMETpHUECKOro aHanu3a. BusyanbHOE CpaBHEHHE HMHTEHCHUBHOCTU
OKpPAacKH{ 0 OTHOILLIEHUIO K W3BECTHOMY CTAHJAPTY HA3bIBAIOT KOJOPUMEMPUUECKUM
ananuzom. Ecam nyist u3MepeHHsl CBETOIOTJIOMICHHS] MPUMEHSIOT (DOTOIIEMEHT CO
CBETOUIIBTPOM, TO npudop Ha3bIBAIOT dboToMeTpoM WIH
anekTpodorokonopumerpom (Hanpumep, KOK-2), a w™erog wusmMepeHuit —
doromeTpuyeckum. Hambonee TouHbIE pe3yJbTaThl, OCOOCHHO TIPH AHAIU3E
CIIOKHBIX CMeceil, moiydaloT Ha crekrpodoromerpax. Ha mocnegHux wusmepeHus
BEJIYT B OYEHb Y3KOM YHACTKE CIEKTPa — 3TO CIEKTPOPOTOMETPUUECKUI METO/I.

OCHOBHO 3aKOH KOJIOPpUMETPUH
NHTEeHCUBHOCTH OKPACKH B KOJOPUMETPUU BBIPAKAIOT BETUYMHONW ONTHYECKOM

IUIOTHOCTH A
IO |

A=Ilg—=Ign =llgn, (2.3)
I
rac Io " | — THTEHCUBHOCTH BXOOAIICTO U BBIXOAAIICTO CBETOBOI'O ITIOTOKOB B
KIOBETY C OKpallleHHbIM PacTBOPOM HCCJIEAYyEMOro BEIIeCTBA COOTBETCTBEHHO; | —

TOJIIIMHA TMOTJIOMIAIOMIEro ciod (IIMHAa KIOBETHhl); lg n — mnocTosHHAL
BEJIMYMHA, XapaKTepHas i JaHHOTO OKPAILIEHHOTO

pacTBopa Mpu MPOXOKIACHUN CBETA ONPEICTICHHON JTTUHBI BOJIHBI.
VYpasuenue (2.3) orpaxkaet 3akoH byrepa-Jlambepra: onmuueckas niomnocmo

pacmeopa (A) sewecmea npsamo NPONOYUOHAIbHA MOWUHe no2noujarouezo cios (1).

[Tozmuee bepom OBIIO yCTAaHOBIIGHO, YTO TIPH MPOXOKICHUN CBETA Yepe3 rasbl
U pPACTBOPHI CTENEHb MOTJIONIEHUS CBETa 3aBUCUT OT YHWCIAa YacTUI] B €IAUHULIC
o0beMa, BCTPEYAIOIIMXCS Ha MYTH CBETOBOTO IIOTOKA, T.€. IOIVIOIIEHHUE CBETa

3aBHUCHUT OT KOHLICHTpAllMKU BCUICCTBA.!

IO
A9 =2 0 a0

rae © — MOJSpHBIN KO3(G(UIIMEHT MOTJIONIEHUS, BEJIMUYMHA TMMOCTOSHHAS JIJIs
PacTBOpPOB JIAHHOTO BEIIECTBA MPU MPOXOXKJACHUU CBETA C ONPENCICHHOW IJIMHON

BOJHBI, | — TOoNmmHA c1ost ((paKTUUECKH — JJTMHA KIOBETHI, CM);
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C — KOHIIEHTPALMS PACTBOPEHHOTO BEIIECTBA, MOJIB/IM .
Konaopumerp KOK-2
Konopumetp ¢orosnexrpuueckuii konueHTpanuonusiii KOK-2 npennaznadyen

Ui M3MEPEHHs B OTJEJbHBIX YydacTKax Juana3oHa JiauH BoiaH 315-980 HM,
BBIJICTISIEMBIX  CBETOMUIBTpaMH, KOI(POUIIMEHTOB TMPOMYCKAHUS M ONTHYECKOU
IJIOTHOCTH KUJKOCTHBIX PAcTBOPOB U TBEPABIX TEN, a TaKXKe OINpeAceHus
KOHIICHTpAIlMM BEILIECTB B pPAacTBOpPaXx METOJIOM IOCTPOCHUSI TPaTyUPOBOUYHBIX
rpaduKoB.

Komopumerp mo3BojsieT TakKe NPOU3BOIUTH H3MEPEHHUS KO3 (UIIMEHTOB
MPONYCKaHUSI PACCEUBAIOIIMX B3BECEH, SMYJIbCUM M KOJUIOMJAHBIX PAacCTBOPOB B
MIPOXO/ISIIIIEM CBETE.

Texnuueckue Oannvie
CnekTpanbHbli Auana3oH paboTel kosopuMmerpa oT 315 mo 980 um. Ilpenen

JOIYCKAeMOr0 3Ha4Y€HUsI OCHOBHOW aOCONIOTHON MOTPEUIHOCTH KOJIOPUMETpA IpH
U3MEHEHUU K03 PuireHToB nponyckanus +1%.

Ipunyun oeticmsus
[Mpuniun ~ u3MepeHus KO3 (GUIMEHTa  IPOIYCKAHHS  OIpeaelseTcs

cienyomuM o0pa3oM, Ha (OTONMPUEMHUK HAIPABJISETCS IMOOYEPEIHO CBETOBBIC
noroku Fy, wu mpomenmmid 4depe3 wucciaeayemyr cpeny F, u onpepensiercs
OTHOIIIEHUE ATUX MOTOKOB. OTHOIIIEHHE MTOTOKOB €CTh KOA(PPUIIMEHT NMPOMyCKaHUS T
HCCIIEyEMOTO pac-

F,

TBOpa: T Fo, 100% (2.5)
Ha kojopuMerpe 3TO OTHOIIEHHE ONPEAEIACTCS CIEIYIONUM 00pa3oM.

Brauane B CBETOBOM Myd4OoK TMOMEMIAIOT KIOBETY C PAaCTBOPHUTENEM WM
KOHIEHTPUPOBAHHBIM PacTBOPOM. VI3MeHeHHEeM 4YyBCTBUTEIBHOCTH KOJOPUMETpPA
TO0OUBAIOTCS, YTOOBI OTCUET MO IIKajie KOIPPUIIMESHTOB MPOITYCKAHMS KOJIOPUMETPA
N, 6611 paBed 100. Takum 06pa3om, MOJIHBIN CBETOBOW MOTOK MPUHUMAETCS PaBHBIM

100%. 3arem, B CBETOBOW Iy4OK IOMEUIAIOT KIOBETY C HCCIIEIYEMBIM PAaCTBOPOM.
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[TosrydeHHBIH OTCYET N, MO IKae KO3()(PHUIMEHTOB MPOITYCKAaHUS KOJOPUMETpPA
OyneT cooTBeTCcTBOBATH F).

CrnenmoBarenbHO, KOI(P(GUIIMEHT NPOIYCKAHUS HCCIEIyeMOro pacTBopa B
IpoIeHTax OyAeT paBeH ny, T.e. T% = n,.

OnTuyeckas MIOTHOCTh A ompenenseTcs mo GopMyIie:

=-Ig K :—Igiz 2-1gr
A F,, 100 (2.6)
CxeMa onTuueckas NpUHIAIIHAJTbHasA

Hute nmammbl 1 (puc. 2.1) xonaeHcatopoMm 2 u300pakaeTcs B IJIOCKOCTH

nuadparmel 3 d=2 mMm. M300pakeHne 0oOBEKTUBOM 4,5 MEPEHOCUTCS B TIOCKOCT,
OTCTOSINYIO0 OT 00BbeKTHBA Ha paccTostHud 300 MM, ¢ yBeanuenneMm 10”. Kiosera 10 ¢
UCCIIEAYEMBbIM pPACTBOPOM BBOJMUTCS B CBE€TOBOM IIy4OK MEXKAY 3aIUTHBIMU
crekiamu 9, 11. [Ins BplIENICHUS Y3KHUX YYAaCTKOB CHEKTPA U3 CIUIOIIHOIO CIEKTpa
M3IIyYEHHUS JIaMITbl B KOJIOPUMETPE, MPEAYCMOTPEHBI LIBETOBBIE CBETO(MUIIBTPHI §.
Terno3zamuTHeIl cBeTOGUIBTP 6 BBEIEH B CBETOBOM NMy4OK MpuU pabore B
BuauMont obnactu crnektpa (400-590 um). st ocnaGrieHus CBETOBOTO TOKa MpH
pabotre B chnekrtpaibHoM guamnazoHe 400-590 HM yCTaHOBJICGHBI HEUTpalbHBIC
cBetouabTpel 7. DoTompueMHUK paboTaeT B pa3HBIX O0JAacCTSIX CIEKTpa:
dotosnement ®-26 17-B obnactu crekrpa 315-540 um; dotommon ®JI-24K 12-B
obnactu crektpa 590-980 um. [lnactuna 14 nenut cBETOBOW MOTOK HA JIBA: OKOJIO
10% cBeToBoro moroka Hampasisgercs Ha ¢otoauon DJ[-24K u okxono 90% na
dotosnement ®P-26. [Ins ypaBHuBaHUS (HOTOTOKOB, CHUMAEMbIX C (POTONPUEMHUKA
®J[-24K mpu pabote C pa3TUYHBIMH I[BETHBIMH CBETODWIbTpamMu, Tepen HUM
yctaHoBiieH cBetounbTp 14 u3 nBetHoro crexina C3C-16. IIpu padoTe ¢ KroBeTamu
19 manoli eMKOCTM B KIOBETHOE OT/ACJIICHHE YCTAaHABIMBAETCS MpucTaBka 21 mid
MukpoaHanu3a. Jluuzel 20 yMEHBIIAIOT CBETOBOM IYYOK B MECTE YCTaHOBKHU
MUKpPOKIOBET WM mnpoOupku. JIuH3bl 18 BOcCcTaHaBIMBAIOT CBETOBOM IY4YOK 0

INEpBOHAYAJILHOI'O AUaMETPAa.
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I | 12— ]
| i ) I 10. Kmoeera
‘ | 11. 3amMHTHOE CTEKIIO
| 12. dortoaHon ¢M-TK
N ws E 13. CreTodHILTP H3 LBETHOIO CTeKNIa
1. Jlamma C33-16
2. Konaeucatop 14, IlmacTHHAa
3. Huadparma 15. CeperodHIBTP
4-5. O0BEKTHE 16. <Qorosnemenrt &-4
6. Tenno3amHTHLIH cBeTOPHALTP 17. IIpHcTaRKa AJNA MHEpOaHalH3a
7. HeHTpalbHBIA cBeTOHHILTP 18. JIuH3a
8. IlpeTHoH cBeTOPHIBTP 19. KweeTa ManoH eMKOCTH
9. 3aIHTHOE CTEKIIO 20, JIuH3a

Pucynox 2.1 — Ipunyunuanvnas cxema KOK-2
MeToauka BbINOJHEHUS U3MEPEHUII MACCOBOI KOHLICHTPALIMM MeIH B

pacTtBope GOTOKOJOPUMETPHUUYECKHM METOI0M (CIOCO0 CTAHAAPTHBIX CEPHii)

Ilocyoa: komopumeTpudeckre NpoOUpKH 7 MIT.; OI0OpeTKa WM TpayupoBaHHas

numerka Ha 10 CMS; MEpHBIE [IUIUHJIPHI HA 25 cM® - 2 .
Peaxmuewi: crangapTHeiii pactBop coiau Meau - Tg,=0.0050 r/em®; H,SO,

(xoHI1.); pa3zdaBnennbIit pactBop HySO4 (1:4); pasdasiennsiii pactsop NH,OH (1:1).

Konopumerpuueckoe ornpeneseHue MeAu OCHOBAaHO Ha TOM, 4YTO IIpHU
B3aHMO/CHCTBHE C M30BITKOM aMMmuaka noH Cu”’ MEePEXOAUT B KOMIUICKCHBIM HOH
aMMHaKara MeIu [Cu(NH3)4]2+, OKpAllICHHbIH B  CHHE-(UOJICTOBBIM  IIBET.
NHTEHCUBHOCTL ~ OKpacKM  AHAIM3UPYEMOrO  pacTBOpa  CpPaBHUBAKOT  C
WHTEHCUBHOCTBIO OKPACKU CEPUU 3TAJTOHHBIX PACTBOPOB C U3BECTHBIM COJECPKAHUEM
MeJ{, PUTOTOBJIEHHBIX B KOJOPUMETPUUIECKUX MPOOMPKAX OJUHAKOBOTO THUAMETPa,
MIpU OJIMHAKOBBIX 00bEMaX pacTBOPOB.

IIpuroroBiaenne cranaaptHoro pacrsopa CuSO,-5SH,0
Mounbnas macca CuSO,-5SH,0 — 249.60 r/mons. B 1 v tutpom 0.005000
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r/em’ nomkHo coaepxkatrbes 0,0050°1000 = 5 r meau:
B 249.60 r CuSO,4'5H,0 coaepxutcs 63.54 r Cu

B m T CuSO4 5H,0 conepxkurcss St Cum
(CuSO4:5H,0) =249.60+5/63.54 =19.6410 1.

Hagecky 19.6410 r CuSO,4-5H,0 (x.4.) nepeHoCcST KOJIMYECTBEHHO B MEPHYIO
KOJ0OY  BMECTHMOCTBIO lam®  u pactBopsitoT  cHawana B 200-250 cm®
JACTWUIMPOBAHHOW BOAbL. JUISI TpenoTBpallieHuss TUIPOIU3a COJIM  PaCTBOP
MOJAKUCIISAIOT TPHOTU3UTEITHHO 3em® H,SO, (KOHII.) W TEpPEeMEIIMBAIOT. 3aTeM
JOBOJIAT 00BEM pacTBOpa J0 OTMETKM AUCTHILIMPOBAHHOW BOJOW U emie pas
nepeMemnBaot. [1oIydeHHbIi pacTBop GyIeT Comep aTh 5 r/cM® Melu.

IIpuroroBiieHre 3TATOHHBIX PACTBOPOB (KOJOPUMETPHYECKas IIKAJIA).
B mecTh NPOHYMEPOBAHHBIX MEPHBIX KOIO BMecTHMOCThIO 100 oM u3

OIOpPETKM WJIM TIPU MOMOIIM TPaayUupOBAHHON NUMNETKU BBoaAT 1, 2, 3,4, 5u 6 cm®
CTaHJIaPTHOTO PacTBOpa COJIM MEAH, 4To OyaeT cooTBeTcTBOBaTh 5,10,15,20 u 30 mr/
cM® Meau. B kakayio kon0y MepHBIM LMIHHAPOM H00AaBIAIOT MO 5 cM® pacTBOpa
H,SO,4 (1:4) 1 OCTOpPOXHO MO KaruisiM U MPU WHTEHCHUBHOM TmepemMernmBanuu mo 30
cm® pactBopa NH,OH (1:1). PacTBOpBI OKpAIIMBAIOTCSA B CHHE-(HOIETOBbIHA LBET H
CUJIBHO Pa30rpEBAIOTCH, UX OXJIAKIAKOT IO KOMHATHOM TEMIIEpATYphl NOJA CTPYyeH
BOJIOTIPOBOJIHOM BOJIBI U IOBOAST OOBEMBI PACTBOPOB TUCTUIUIMPOBAHHOMN BOJIOM 10
METKH.

B mects mpoHyMepOBaHHBIX KOJOPUMETPUUYECKUX MPOOUPOK, HAXOASIINUXCS B
mratuse, BBOAT 1o 10 cM® (m mo 20 cM’) MPUrOTOBIEHHBIX PACTBOPOB, YTOObI
NOJIYYMJIaCh KOJOPUMETpPUYECKas IlKajda W3 IIeCTU PACTBOPOB C H3BECTHOM
KOHLEHTpAIMU MEH, OTIMYABIINXCS UHTEHCUBHOCTHIO OKPACKH.

OpranuzaunonHast gopma 3aHATHUS.
. N 3
[Tomy4nB KOHTPOIBHBIM PACTBOP B MEpPHOUM KoiaOe BMecTMocThio 100 cm”,

106aBISIIOT B Hero 5 cm® pactBopa HySOy (1:4), HepeMENIHBAIOT U 0 KaIUIsIM BBOIST
30 cm® pactBOpa NH,OH (1:1). Kon0Oy ¢ pacTBOpOM OXJIaXKIalOT 10 KOMHATHOM
p p ycp p

TEMIIepaTypbl U TOBOJAAT OOBEM MOJYYMBIIErOCs CHHE-(DHOJIETOBOrO pacTBOpa [0
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METKH IMCTH/UIMPOBAHHON BOXOH. Xopomio mepememaB pactBop, 10 cm® ero
MEPEHOCAT B KOJOPUMETPUUYECKYIO TPOOUPKY M CpPaBHUBAIOT WHTEHCHUBHOCTH
OKpPacKd HCCIIEAyeMOr0 pacTBOpa € MHTEHCUBHOCTBIO OKPACKH 3TaJOHHBIX
pactBopoB. Conep:kaHue MEIU B KOHTPOJIBHOM pacTBOpe OyJeT TakUM K€, Kak B
ATAJIOHHOM pacTBOpE, MMEIOMEM Ty K€ WHTEHCUBHOCTh OKpacku. Eciu
MHTEHCUBHOCTH OKPACKH MCCIIEAYEeMOT0 PacTBOpa SIBISETCS MPOMEKYTOUHON MEXKITY
OKpacKaMHU JIBYX COCEJHUX 3TAJIOHHBIX PACTBOPOB, TO KOHILIEHTpALUs ONpEAeseTcs
KaK CpeJHSs BEJIMYMHA MEXKy KOHIIEHTPALMSIMU 3TaJOHHBIX PACTBOPOB.
MeToanka BHINOJHEHUSI MACCOBOI KOHLIEHTPALIMHM HUKEJISI B pacTBOpe
(poTokoI0pUMETPHYECKHMM METOA0M

Iocyoa: Mepubie KonObl Ha 100 cM°, 6 wWT.; GIOpeTKa MM TPagyHpOBAHHAS
nmuneTka Ha 10 CMS; MEpHBbIC [IUIMHJPKI HA 25 CMS, 3 mrT

Peaxmuewi: ctanpaptaeiil pactBop Ty = 0.02 mr/em® aumermrnokenm, 1%
pactBop B 5%-HoM pactBope KOH; KOH 5%-HbI1i1 pacTBOp; nepcyiabdar aMMOHUS
(NH4)S,0g, 3%-HbIii pacTBOp.

OrmpeneneHre OCHOBAHO Ha TOM, 49To HOHBI Ni** B IIemodHoif cpeme, B
NPUCYTCTBUM OKHUCIUTENS (mepcynbdaTr amMMoHHS, OpoM © Jp.) 00pasyloT ¢
JTUMETWITITUOKCUMOM  (peakTuB  UyraeBa) BHYTPUKOMIUIEKCHOE COEIMHEHUE,
OKpalIEHHOE B OPaHKEBbIN LIBET.

IIpuroroBiaenne crangaptuoro pacrsopa NiSQ, 7H,O
B1 )1M3 CTaHIAPTHOTO pacTtBopa AOJKHO conepxkarbea 0,02-1000=20 mr nim

0,02 r Ni M (N1SO,4-7H,0) = 280,69 r/mo0J1b.
Pacuer: B 280,69 r NiSO4-7H,0 conepxurcs 48,69 r

Nie m 1 NiSO4 7H;0 conepxurcs 0,02 r Ni m
(NiSO4 7H,0) = 280,69-0,02/58,69 = 0,09572 r.

Hagecky 0,09572 r NiSO4-7H,0 (X.4.) KOJTUYECTBEHHO MEPEHOCAT B MEPHYIO

3 3 .
KOJI0y BMeCTUMOCThIO 1 nM”, pacTBOpsitoT B 200-250 cM™ AUCTUINIMPOBAHHOM BO/IBI,
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noakucisator 2-3 xamsimu H,SO, (KOHIL) ¥ TOBOAST 10 METKU JUCTUIUIMPOBAHHOM
BO10i1. [Tomydennsrii pactBop comepkut 0,02 mMr/ cm® Ni®*,

IHocTpoenne rpaayupoBoyHoro rpaguka. B 1maTe IpOHYMEpOBaHHBIX
MEpHBIX KOIO BMecTHMOCTBIO 100 cM® m3 OGIOpPETKM MIM [IPH  [OMOILIH
rpagyupoBaHHON TmUNeTku BBOgAT 2,4,6,8,10 cm® CTaHJIAPTHOTO  pacTBOpa
NiSO,47H,0, uto otBeuaet 0,04; 0,08; 0,12; 0,16; 0,20 Mr Hukens. B kaxmyio koia0y
LITMHAPOM OTMepHBatoT mo 10 cm® 5%-Horo pacteopa KOH, comepsknmoe Koib
B30ANTHIBAIOT, 106aBmstoT Mo 10 cM® 3%-HOrO CBEKEIPHTOTOBICHHOTO PACTBOPA
nepcyibdara aMMOHUS U BHOBB NepeMennBaioT. B kaxayro konly qo6asistor mo 10
cM® 1%-HOTO IMIENOYHOTO PACTBOPA AMMETHITIHOKCHMA, PACTBOPI OKPALIMBAIOTCS B
KPaCHO-OpDaH)XEBBIM  IIBET, MX MEPEMEIIMBAIOT U  JOBOJAT JO  METKHU
JUCTUJUIMPOBAaHHOM BOJOM. Uepe3 oqHy MUHYTY IOCJ€ MPUTOTOBJICHUS PAaCTBOPOB
MIPUCTYIIAOT K U3MEPEHUSIM ux ONTUYECKOU MJIOTHOCTH Ha
(doToaneTpokonopumerpe. M3mepeHnns yaoOHO BECTH B KIOBETE C TOJIIMHOMN ClOs
pactBopa 30 MM, HCTIOIB3YS 3€ICHBIN cBeTOGUILTp (00macTh mpomyckanus 450-480
HM). B KauecTBe pacTBOpa cpaBHEHUS UCTIONB3YIOT JUCTHILIMPOBAHHYIO BOY.

N3MepuB  ONTHYECKYHO IUIOTHOCTh BCEX IISAITU  PacTBOPOB,  CTPOST
rpagyHpoBouHbIi rpaduk. Ha ocn abemuce OTKIagpiBaoT cogepxkanue Ni*, Ha ocn
OpJIMHAT — BEJIMYUHY ONTUYECKOU IIOTHOCTH.

OpranusannonHas popma 3aHATHS
. v 3
[TonyynB KOHTPOJBHBIM PACTBOP CONM HUKeNss B MepHOU kosnbde 100 cm”,

MPUINBAIOT K HeMy 10 cm® 5%-HbIii pacTBOpa nepcyabdar aMMOHHUSI M, XOPOIIEHBKO
B360TaB, mprIHBaoT 10 cM® 1%-HOrO WIETOYHOTO PacTBOPA AUMETHITIHOKCHMA.
O6beM pacTBOpa JMAOBOAAT 1O METKM JUCTHJUIUPOBAHHOM BOJOM, XOpPOLIO
nepeMemmBaT U yepe3 10 MUHYT U3MEpSIOT ONTHYECKYIO IJIOTHOCTh B KIOBETE C
TONUHON cinosg 30 MM, UCHONB3ys 3€NCHbI cBeTOGUIbTp. V3MepeHus mpoBOAST
TPWKIBI W TIO CpPEJHEMY 3HAYEHUIO OINTUYECKOM TIUJIOTHOCTH, HCHOJb3Ys
IrpagyHpOBOYHBI rpad¥K, HAXOAAT conepkanue Hukesxst B 100 cm® pacTBopa.

B kauecTBe CpaBHCHHUA MCIIOJB3YIOT JUCTUILIMPOBAHHYIO BOY.
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[To maHHBIM U3MEpPEHUS CTPOST TpadUK 3aBUCUMOCTH ONTHYECKOW IUIOTHOCTH
(onTrueckast WIOTHOCTh — Aj; Ay M T.1.) OT KOHUEHTpauuu Hukens. [Ipeamnonoxum, B
pe3ynbTaTe TPEX U3MEPEHUI MOIYYEHO CpPEAHEE 3HAYEHUE ONTUYECKOM IUIOTHOCTH
Ay4. U3 TOuku A4 IPOBOAMM MPSIMYIO, MApaJUICNIbHYI0 OCH a0CHUCC 10 IEPECEUCHHUSI C
IpalyupOBOYHON KpUBOM. 3 TOUKHM mepecedeHus: OmyckaeM MepreHuKyIsp Ha OCh
abemrce. OnpeeneHne KoHIEeHTpamud Ni’' 1Mo TpagyHpoBOYHOMY rpadHKy macT
comgepxanne Ni** — 0,12 mr/100 cv’.

MeToauKa BbINOJTHEHUS U3MEPEHUI MACCOBO KOHIEHTPAUMM a30Ta
AMMOHMIHHOTO (POTOKOJIOPUMETPUUYECKUM METOI0M

Obnracmv  npumenenusi. Meroaudeckass HHCTPYKUIUS TOMEHSIETCS IS
OTpEICIICHHS a30Ta aMMOHHUITHOTO B KOHJEHCATaX, CTOYHBIX U PEYHBIX BOAAX.

. 3
WurepBan onpeaensembix KoHeHTpanuii 0,05-60,0 mr/nm™.
OnpeneneHrio MemawT aaudaTuyecKue W apoMaTUYECKHe aMHHbI, alleTOH,

anbACTUbI U CIIUPTHI.

Cywnocms memooa. MeTo]] OCHOBAaH Ha B3aUMOJEHCTBHM KaTtioHoB NH,' C
peaktuBoM Heccnepa, B pe3ynbTaTe 4yero oOpasyeTrcsi KOMIUIEKCHOE COEIMHEHUE
xenroro 1nBera. [[o onTrudeckoi MIOTHOCTH OKPAIEHHOTO PpacTBOPA, ONMPEAECICHHOM
(OTOMETPUYECKHU, PACCUUTHIBAIOT COAEPKaHNE AaMMOHUIHOTO a30Ta.

Xumusm:
NH," + 2K,Hgl, + 3NaOH — [NH,HgO]I + 4Kl + 2H,0 +3Nal
Ilocyoa u npubopul
Mepnbie k0710561, EMKOCTH 100 em® i 1ov’.
MHKpOGIOpETKa, SMKOCTD SCM .
ITunerku, éMkocTh 2, 5, 10, I5, 20, 25, 50 oM.
DOTOAIEKTPOKOTIOPUMETP.
OunbTp [oTTa Ne2.
Peaxmuewi
1. Peaxmue Heccnepa (w.0.a.). Pacrsopstor 18,26 r KI B 30 oM’

SN

[MCTH/UIAPOBAHHON BOIBI B MepHOIl Kombe eMkocth lam°, moGasmstor 22,72 T
nonuaa pryru, Hgl nmepememmuBaroT 10 pactBopeHus. B apyroit kojgbe pacTBOPSIOT

3 ~ ~
40r rugpokcuna Hatpus B 950 cM” nuctuiuiipoBaHHOM Bozbl. [lomyueHHbIN pacTBOp
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NPUIHBAIOT K MEPBOMY 710 0o0mero o6béma 1 am° pacTBop oTCTamBaroT 3-4 CyTOK,
(GUIBTPYIOT Yepe3 CTEKIIIHHYIO BaTy U XPaHSAT B CKIISTHKE U3 TEMHOTO CTEKJIA.

2. Cecnemosa conb, Hacvlujenuvlii pacmeop. 33 T CETHETOBOW COJIH
(KNaC4H;0462H,0) pactBopstor B 100 cM® IHCTHIIMPOBAHHON TEILIOH BOIBI W
dustpytor. K drmerpary mobasmsror Sem® peaxtnsa Hecciiepa i ocTaBisoT Ha 2-3
THS 10 0OeclBEUMBaHUs pacTBOpa. PeakTHB XpaHsT B CKIISIHKE U3 TEMHOTO CTEKJIA.

Be3aMMuauyHasi TUCTHILJIMPOBAHHAS BOJA.
CraHaapTHbIH PACTBOP XJIOPHIA AMMOHUS
Pacmeop A. Xnopua ammonus (0,3816 1) pacTBOPSIIOT B JUCTUILIUPOBAHHOM

BOJIC, He cozepikaiieil aMMuak, 066eM goBomsT 10 1 amM° B MepHoit kombe. 1 cm®
IIPUTOTOBJIEHHOTO pacTBopa coxepxkut 0,1 Mr a3ora aMMOHUIHOTO.

Pacmeop b. 1lepenocst 100cm® pacTBopa A B MEPHYIO KOJIOY €MKOCTBIO 1 e,
pas6aBIsFOT  BOAOM (He comepKameil aMMMaK) 0 METKH — ONHH CM°
IPUTOTOBJIIEHHOTO pacTBopa coaepkut 0,01 Mr a3ora aMMOHUIHOTO.

IlocTpoeHue rpagyupoBouYHOro rpaguka
1. Hnmepesan onpeoensemvix konyenmpayuti azoma ammonutinoeo 0,05 —

2,0 mz/om®. B MEpHBIE KOJIOBI €MKOCTh 100cMm® HanuBaroT U3 oropetku 0,25; 0,50;
0,75; 1,00; 2,00; 4,00; 6,00; 8,00; 10,00 em’® CTaHJApPTHOTO pacTtBopa b, 4rto
COOTBETCTBYET COJIepKaHuI0 a3zora amMonuitHoro 0,0025; 0,0050; 0,0075; 0,01;
0,02; 0,04; 0,06; 0,08; 0,10 mr (B 100 oM’ pactBopa). JIo0aBISIIOT B KKy KOJIOY
mo 2 cM° cerHeToBoil comn, peakTHBa Hecciepa, TOBOAAT 0OBEMBI PACTBOPOB [0
METKH O€3aMMHaYHON JUCTHILUIMPOBAHHOW BOJON H HepeMemHBa}oT.k‘—Iepers 10
MUHYT OKpaIIeHHBIC PACTBOPHI (DOTOMETPUPYIOT B KIOBETE ¢ paboueit qiuHHOM 1 =50
MM mpu = 430-440 MKM OTHOCHTEIBHO XOJOCTOI MpoOBI (96 cM® Ge3aMMHAYHON
JTUCTUJTUPOBAHHON BOJIbI, K KOTOPOW J100ABISAIOT MO 2 cM® pacTBOpa CETHETOBOM
cosu 1 peaktuBa Heccnepa). OTcyeT nmokasaHuii ONTUYECKOUN TUIOTHOCTU MPOU3BOIAT
M0 KpacHOM mikaie mpaBoro Oapabana, HaumHas ¢ aenenus «0.3» (mepen HavaIoM
kanopumetrpupoBanusi @OK HacTpauBaoT He ¢ «0», a ¢ «0.3»). Jlyist mocTpoeHus

KaJuOpOBOUHOro Tpaduka OTKIAAbIBAIOT Ha OCH alcCIucc CcoAep)KaHue azoTa
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AMMOHUIHOTO B MWUIMTPaMMax, a M0 OCH OPJAMHAT COOTBETCTBYIOILME 3HAYEHUS
ONTHYECKOW IJIOTHOCTHU. 32 HyJIb IPUHUMAIOT NOKa3aHUs Kbl «0.3».

2. Hnmepesan onpedensemvix KoHyemmpayui azoma ammonuunozo 2,0 —
60,0 mz/ om®. B MepHyro konby émxocts 100 cM® HamuBaror u3 6roperku ot 1,0 10
3,0 e’ (c uaTepBagom 0,25 CM3) CTaHJApTHOTO pacTtBopa A, B 1 cm® KOTOPOT'O
comepxurcs 0,1 Mr asora aMMoHHMitHOTO. JIOGABISIOT B KaXKAYIO KOJIOY 10 2 cM®
CEeTHETOBOM CoNM W peakTuBa Hecciepa, A0BOAAT 10 METKH Oe3aMMHAYHOU
TUCTAJUIMPOBAaHHOM BOJOM M mnepememmBaror. Yepes 10 MMHYT pacTBOpBI
(OTOMETPUPYIOT B KO-

Bete 20 MM npH % 430-440 MKM OTHOCHTEIIBHO XOJOCTOH IPOGHI.
[To mosiy4eHHBIM JaHHBIM CTPOSIT IPaJyHPOBOUYHBIA TpaduK, OTKIAIbIBAS IO

ocH abcuuce cofepKaHue a30Ta aMMOHHUITHOIO B MHJUIMTPaMMax, a 110 OCH OpAMHAT
COOTBETCTBYIOIINE ONTUYECKUE TIIIOTHOCTH PacTBOPOB.

Opranuzannonnasi popma 3aHATHS
9 3 9
Jlnst ananuza oTOuparoT nuneTkon 5-50 cM™ ucciaeayeMoit BOIbI WM KOHJICH-
cata (IpenBapUTENbHO OTLEHTPU(DYTUPOBAHHBIX WM TPOPUIBTPOBAHHBIX YEpeE3

bunetp [loTTa No2, ecniu 3T0 HEOOXOUMO), MEPEHOCAT B MEPHYIO KOJIOY €MKOCTBIO
100 CMS, 00aBIAIOT MO 2 CM® CEerHeTOBOM CONU U peaktuBa Heccnepa, noBousT
00bEM JI0 METKH O€3aMMHUAYHON JTUCTUIIMPOBAHHOMN BOJOM M IIepeMelnBaroT. Yepes
10 muHyT pactBOphl (oromerpupyoT B kioBere 20 MM mpu = 430-440 MKm
OTHOCHUTEJILHO XO0JIOCTOM MpPOOBI, MPUTOTOBJIICHHOM TaK K€, KaK W MPU MOCTPOCHUU
rpagyupoBOYHOTO Tpaduka.

[Ipu omnpenenenun azora amMMOHUMHOTO KoHUeHTpauuid 0,05-2,0 MF/)1M3
WCIIONIB3YIOT KIOBETHl IiuHOM | = 50 MM ¥ Hayano orcyeTra MO MIKaJle MPaBOTro
Oapabana mpousBoaT u nenenus «0.3» (mepen Hauamom KonopumeTpupoBanns GOK
HacTpauBatoT He ¢ «0», a ¢ «0,3»).

[Ipu onpeneneHun a3ora aMMOHUMHOTO B MHTEpBaje KoHueHTpauil 2,0-60,0
Mr/IM°  TPUMEHSIeTCSl KIOBETHI MTHHOH | =20 MM M Ha4yago OTCYeTa IO IIKaie
npaBoro 0apabana rnpousBoast ¢ "0".

Pacuer. Coneprkanue a30Ta aMMOHUMHOTO (MJIM MaccoBasi KOHIIEHTpalus -
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Cn(N)) B BoJie Ui KOHJIEHCATE pacCUUTHIBAIOT 1O (hopMyIie:
m N() 1000 s

=Cr{N);7zefom (2.7)
Vv

rae: m(N) — Macca aMMOHUIHOTO a30Ta, HallIeHHAs 0 KAJIMOPOBOYHOMY I'pa-
¢buky, mr; 1000 — nepecueT B e
V — 00BEM TIPOOBI, B3SATHIN 711 aHAIH3A, em’,
IIpu mnepecuere a3oTa aMMOHUMHOIO Ha HWOH aMMOHHUSA HEOOXOIHUMO

MOJIy4YEHHBIM pe3yNbTaT aHadu3a YMHOXHUTb Ha KO3((UIMEHT mepecyera, paBHBIN
1,286.

Ilpumeyanue. Ecnu nipobGa BOABI COACPKHUT HE OTCTAUBAIOILYI0 MYTh, TO AJIS
OTpe/ieNIeHUs] ICTUHHOTO COJIEpKaHus a30Ta aMMOHUHHOTO HEOOXOAMMO ITPOU3BECTU
U3MEpPEHHE ONTHUYECKOM IUIOTHOCTH MYTHOM Bojabl (0€3 mpeaBapUTEIbHOIO
(UIBTPOBAHMM TIPU TOM K€ pa30aBJI€HMH, KaK ONHCAHO B XOJI€ aHalU3a, HO 0e3
noOaBiieHusa peaktuBoB). Hyne mpubopa ycTaHaBIMBaKOT MO JUCTUIUIMPOBAHHOM
BOJIE. 3aT€M BBIYECTh ONTHYECKYIO IJIOTHOCTh MYTH M3 ONTUYECKON IUIOTHOCTH,
MOJIYYCHHON TIPU U3MEPEHUU OKpAIIEHHON MYTHOUM BOJbI. Jlaee Mo KaauOpoBOYHOE
rpaduky M pacueTHOW (GopMylie OINpeneauTh COJAEpPKaHHWE a30Ta aMMOHHUUHOTO B
BOJIE.

MeToauka BbINOJHEHUS U3MepeHuil MaccoBoii koHueHTpauuu P,0s B
dochorumnce

DOTOKOJIOPUMETPUYECKUI METOJ oTlpeiesieHns KoHueHTpauuu P,Os B
dbocdorurice ocHOBaH Ha cBOMCTBE (ochaT-uOHOB 0OPa30BHIBATE C MOJIMOIATOM
aMMOHUS B IPUCYTCTBUM METaBaHaJaTa aMMOHUS B @30THOKHUCIION cpefie

hochopHOMOTMOICHOBBIN KOMITJIEKC, OKPAIIICHHBIN B YKEITHIN 1IBET.

H3PO, + 11(NH;),Mo4 + NH,VO; + 23HNO; —
H3PO4'HV03' 1 1M003' 1 1H20 + 23NH4VO3
MHTEHCUBHOCTD OKpaCKMu aHAJIM3HUPYCMOI'0 paCTBOpa (HpO6BI) CpaBHUBAIOT C

WHTEHCUBHOCTBIO OKPACKH CEPUU CTaHIAPTHBIX PACTBOPOB Ha (DOTOKOIOPUMETpE
K®K-2 u cTposrt rpagydupoBOUYHYIO XapaKTEpUCTUKY B KOOpAUHATAX: A (ONTHYecKas

3
miotHocTh) — C (koHueHntpauus P,Os, Mr/cm™). M3MepuB ONTHYECKYIO TJIOTHOCTh
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aHaJM3UPYEMOr0 PacTBOpa, OMNPENEsAoT KoHUeHTpauuio P,0Os ¢ nomolibio
YCTAaHOBJICHHOU I'PaAyHpPOBOYHOMN XAPAKTEPUCTUKH.
Opranuzaunonsas ¢popma 3ausatus [Ipurorosienne

CEpHHU CTaHJAPTHBIX PACTBOPOB.

B cemb mpoHyMepoBaHHBIX MEPHBIX KOJO EMKOCTHIO 100cm® ¢ momomibro
OropeTku (eMKocThIO 50 CM3) npunuBaot 2, 5, 10, 20, 30, 40, 50 oM’ pactBopa b, uto
coOTBeTCTBYET coaepkanuto P,Os mo 0,1; 0,25; 0,5; 1,5; 2,0 2,5 mr. O6beM B KoJ1Oax
JOBOAST JAUCTUUIMPOBAHHOM BOJOW JO CYMMapHOro oObeMa pPaBHOTO 50em®,
NpUIKMBAIOT 1Mo 25 cM®  cMmecn PEaKTUBOB, JIOBOJIAT OOBEM JO METKHU
TUCTWJUIMPOBAHHOW BOJIOW W mepeMemuBaioT. Yepe3 ISMUHYT HU3MEpSIOT
ONTHYECKYIO TJIOTHOCTh OKPAIIEHHBIX PACTBOPOB C MOMOIIBIO (POTOKOJIOPUMETpA B
KIOBETE ¢ paboyeit JIIMHHOM

|= 10 MM 1pu %= 440 HM OTHOCHTEIIBHO XOJIOCTOH TIPOOHL.
JI1s IpUTOTOBIIEHUST XOJIOCTOM MPOOBI B MEpHYIO KO0y emkocTbio 100 cm®

npuiarBatoT 50 oM JTUCTUJUIMPOBAHHOW BOJBI, 25 cm® cmecu pPEAKTUBOB, HOBOISAT
00bEM JI0 METKH JUCTUUTUPOBAHHOMN BOJAOW M TIEPEMEITUBAIOT ITOJTYYEHHBIA PacTBOP.
[Io mosiyyeHnn 3HAYEHHS] ONTUYECKOW IUIOTHOCTH CTPOST IPalyUpPOBOYHBIN
rpaduk: mo ocu abcumcc — coaepkanke P,Os B Mr; mo ocu OpauHAT —
COOTBETCTBYIOIIEE 3HAYCHUSI ONITUYECKOM INIOTHOCTH.
N3mepenne onTUYeCcKOM IUIOTHOCTH CEpUM CTAHAAPTHBIX PacTBOPOB Ha
doTokonopumerpe KOK-2.

Jlnst onipeiesieHnst ONTUYECKOM TIIOTHOCTH PACTBOPOB HEOOXOAMMO:
Bxmtounts  potokonopumerp KDOK-2 3a 30 MuHYyT 10 Havayia pabOThI

TYM6J'I€pOM «CEThb», NPEABAPUTCIILHO OTKPBLIB KIOBETHOC OTACIICHHC.

Y CTaHOBUTH PYUKY «CBETOPMIBTPHI» B mojoxkeHue «400 amy.
VYCTaHOBUTH PYUYKY «UYBCTBUTEIBHOCTHY» B IMOJOXKEHUE «2» — IO YEpHOU

IKase.
3anoyiHUTh TepBYIO KioBeTy mmHOM 50 MM (¢ Metkoit 50,075) xonoctoit

npo6oil. TmareabHo MpOTEpeTh H0CyXa pabouyue I'paHU KIOBETHbl (PUILTPOBATBHOU
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OyMaroii. YCTaHOBHUTH KIOBETY B TIEPBOE OTACIICHHE KIOBETOJEpKATelNs (MOJI0KECHHE
PYUKH MEPEMEILICHUS KIOBETOJEpKATENS — «1»).

3anoJIHUTh BTOPYIO KBapleByro kroBeTy anuHou 50 mMm (¢ metkoi 50,110)
PUTOTOBJIICHHBIM CTaHAAPTHBIM pacTBOpoM P,Os ¢ MUHHMMANILHON KOHIEHTpALMEH
(Nel wu3 cepum pactBopoB). TmiarenbHO NPOTEPETh (PUIBTPOBAIBHON OyMaroi
paboune TrpaHM KIOBEThl. YCTaHOBUTh KIOBETY BO BTOpPO€  OTJEJICHHE
KIOBETOJIEPKATEIIA.

3aKkpbITh ~ KIOBETHOE  OTAENeHHe  Kpblmukoil. Ilpm  3toM  cTpenka
MHUKpPOAMIEPMETPA JTOJKHA YCTAHOBUTCS Ha OTMETKE «0» IO IIKaJle ONTHYECKOU
IUIOTHOCTH A (HWKHSIA IIKaJIa MUKpOaMIIepMETpa).

Ecnu crpenka Mukpoammepmerpa OTKIOHsETCS OT «0» - TOJIOXKEHHS B
OOJIBIITYIO WJIM MEHBIIYI0 CTOPOHY, YCTAaHOBUTH €€ B «(0» - MOJIO)KEHHE BpallleHHEM
MpaBoro BepxHero noreHuuomerpa «YcranoBka 100. Touno».

YCTaHOBUTH KIOBETY CO CTaHAApTHBIM pacTBopoM P,Os B cBETOBOI MOTOK
IIEPEBEICHUEM PYUYKH IIEPEMEIICHUS KIOBETOJNEPKATENA M3 TOJIOXKEHHS «1» B
MOJIOKEHUE «2».

[IpousBecT OTCUET MOKA3aHUM ONTUYECKOW IUIOTHOCTH CTaHAAPTHOIO
pactBopa P,0s 110 mikane onTudeckoi mioTHOCTH «A» ¢ TouHocThio 0,001.

BepHyTh pyuky TnepeMelieHusi KIOBETOAEpKATENs W3 TMOJOXKEHUS «2» B
MTOJIOKEHHE «1».

OTKpBITB KIOBCTHOC OTACIICHHUC.
H3MepeHHe ONTUYECKUX IJIOTHOCTEH BCeX MMOCICAYIOIINX CTAHAAPTHBIX

pPacTBOPOB TMPOBECTH COIJIACHO HACTOSALIEH METOAMKE, pe3yJbTaTbl H3MEpPEHHil
3aHecTH B Tabmuity 2.1.

Tabnuya 2.1 — Ananusz gpocgpocunca na P,0s

Nenm/m | O6bem crana. pactBopa P,0s, oM’ C (P,0s), mr/em® A

1
2
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3amaua

[TocTpoeHue rpalyupoBOYHOM XapaKTEPUCTUKU
['panyrpoBoYHas XapakTEpPUCTHKA CTPOUTCS HA MWUIMMETPOBOM Oymare B

koopauHatax A — C (P,0Os), rme A — ontudeckast wioTHocTh pactBopa, C (P,0s) —
koHmentparus P,Os B Mr/em”.

Ha ocu abcupce oTKIagbiBaoT 3HaueHus koHnentpanun C (P,0s), mr/cm’
CEMHU CTaHJApTHHIX pacTBOPOB P,O5 (nanHbie TaOmuUIIb 2.1).

Ha ocu opauHar oOTKIAABIBAIOT M3MEpsSEMble 3HAYEHUS ONTHYECKHUX
IUIOTHOCTEN g cTaHnapTHeIX pacTBopoB P,0s. ITlomydennass rpagynpoBOYHAs
XapaKTEPUCTHKA UMEECT JINHENHBINA BU/L.

JlanpHelile omnepanuy C MOJy4eHHOM mpoOoi (3amadeil) juisi MOTydeHUs
dbochopHOMOIHOIEHOBOTO KOMILJIEKCA ITPOBOST corjacHo AaHHoit MBU.

3aoaua. Yemanosenenue konyenmpayuu P,Os 6 uccnedyemoti npooe.
3agayva BbIIACTCS B BUJIE pacTBOpa B MEpHOU Ko10e emkocThio 100 em®,
JlanpHeimue omepanud C MOXYyYEeHHOW mpoOoit (3amaueit) 1isl MOITy4YEHUs

dbochopHOMOIHOIEHOBOTO KOMILJIEKCA ITPOBOST corjacHo AaHHoit MBU.

[lonyyenHass npoda TOTOBUTCA K M3MEPEHUIO ONTUYECKOM IJIOTHOCTU
OJTHOBPEMEHHO C MPUTOTOBJIEHUEM CEPHUM CTAHJIAPTHBIX PACTBOPOB JI MOCTPOEHUS
rpagyupOBOYHON KPUBOM.

N3mepenne onTuyueckod IMIOTHOCTU MOJTYYEHHOW TPOOBI MPOBOAUTCS TaKKe
OJIHOBPEMEHHO C CEpHUEW CTaHJAPTHBIX PACTBOPOB B COOTBETCTBUU C JAHHOU
METOJUKOM.

Hanectu m3aMmepeHHOe 3HaU€HHE ONTHUYECKOM MIOTHOCTU MpoObl A(X) Ha OCh
OpIWHAT TPaAyWPOBOYHON XapaKTEPUCTUKU W oOmpenenuth coaepxkanue P,Os B
rcciIexyeMoii mpobe Cx, Mr/em’.

Bomnpocs! ajst 00cyxaeHust

1. Kakue MeToabl u3aMepeHuii Ha3bIBatOTCs (PU3UKO-XUMUYECKUMU ?
2. Kakune n3mepeHust OTHOCAT K ONTHYECKUM METO1aM?
3. OcHOBHBIE MapaMeTpbl 3NEKTPOMATHUTHOTO u3iMydeHus. Kak cBsa3aHbI

JUTMHA BOJIHBI, CKOPOCTh CBETA U YACTOTa KOJeOaHun?

4, YT10 TaKOE€ BOJHOBOE YUCIIO?
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S. Kakoe BbIpa)K€HHE ONUCHIBAET BJIEKTPOMArHUTHOE  U3IIy4EHHE?
[IpuBenute 3Hauenue nocrossHHoM Ilnanka. UYro oHna onpenenser?

6. Kaxkue MeToabl uamMepeHuit 0OTHOCATCS K GOTOMETPUUYECKUM?
7. B dyem omimune  QOTOKOIOPUMETPUYECKMX  HM3MEPEHUM  OT

CHEKTPOPOTOMETPUUECCKUX ?

8. Urto Takoe omntuueckas IUIOTHOCTH? Kak uwurtaercs 3akoH byrepa-
JlamGeptabepa? IIpuBeaure ero MaTeMaTUuE€CKOE BhIPAKECHUE.

9. Kakune orpannyenuss u ycinoBus TNPUMEHUMOCTH 3akoHa byrepa-
JlamGeprabepa?

10. Kak moxbupator cBeTOGUIBTPHl TP  (HOTOKOJOPUMETPUUECKUX
U3MEPEHUSX ?

11. KaxoBsl ONTUMAaJbHbIE YCIIOBUS (b OTOKOJIOPUMETPUUYECKUX
OnpeaAeICHUIN?
2.1.2 PeppakToMeTpUUECKHE U3MEPEHUS
Teopernueckne 0CHOBBI MeTOA
Pedpakromerpuueckuii MeTOj] aHajdM3a OCHOBAH Ha W3MEPEHUHU TMOKa3aTess

MpEJIOMJIEHUSI aHAIM3UPYEMOIro BellecTBa WM €ro pactBopa. Korma nyd cBera
NEPEXOIUT U3 OJHOM MPO3PAYHON CpPEIbl B APYrYHO, HA TPAHULIE CPEJl HAMPABICHUE

€ro U3MEHSICTCS - JIy4 npenomissercs (puc 2.2).

cpexna |l

a
B
C
cpena | b
¢ ' a

Pucynok 2.2 — [lpenomnenue nyua ceema Ha epanuye cpeo
a — Jyd4, MaJalolldid MoJa YrjioM a, MpeloMIIsieTcsl MoJ yriioM b; B — Jyd,

Hajaroluii nox npeneiabHbiM yraof , mpenomisercs mox yraom 90°; ¢ — iyy,

NaJaoIINKN 01 YIJIOM OOJIbIIIE MPEEIBHOTO, HE BXOJUT B cpeny 2.
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BenuunHy oTHOIIEHHs CHHYCA yria NaJeHHs a K CHHYCY YIJia mpeaoMieHus b
Ha3bIBAIOT II0KA3aTEIIEM IIPEIOMIICHUS:

n sin 8 _

JUIsT KaKOoro XMMHYECKOTO BEIECTBA 3TOT IIOKA3aTeNb OIPEACISIETCS €ro
IIPUPOJION U SBJISIETCS BEIMYMHOM NMOCTOSHHOU. [loka3arens mpenomieHus 3aBUCUT
OT JUIMHBI BOJIHBI NAJAIOIIETO CBETA, MO3TOMY JUISl MOJY4YEHHUS COBIIAJAIONIUX
PE3yJbTaTOB HYXHO IOJIb30BAThCSI HCTOYHUKOM CBETA C M3Jy4YCHUEM OIPEIEICHHON
JUIMHBI BOJIHBI (HaTpUEBBIEC, PTYTHbIEC, BOJOPOAHBIEC Jiamibl). OJHAKO NMPUMEHEHHE
CHEMAJIbHBIX JIaMI YCJIOXKHsSET padory. [l 1eneld TEXHUYECKOro aHaln3a
U3MEPEHMsI BEAYT MPU CBETE JIAMITbl HAKaIMBaHUsI UJIM IPU THEBHOM CBETE C OCOOBIM
IPUCIIOCOOJIEHHEM, KOMIIECHCUPYIOIIUM pa3jIoKeHUE OeI0oro cBeTa MpU3MOM KeITOro
nyda np. [loka3aTtenb mperoMieHUs 3aBUCUT OT TEMIEPATyphbl, YMEHbBIIASICh C €€
MOBBIIIEHHEM. TakuMm 00pa3oM, BaXKHEHUIIHME YCIOBHS TIOJIYYEHUS TOYHBIX
pE3yNbTaTOB MPHU pePPaKTOMETPUUECKUX U3MEPEHUAX — ONpPEEICHUE TEMIEePaTyphbl
U MOHOXPOMAaTHYECKOe Mu3ilydeHue. M3MepsATh HEIOCpPEACTBEHHO BEJIWYMHBI YIJIOB
najeHus WIK TIPeJOMIICHUS Ha TpaHUIle BO3yX - KHUAKOCTh HeyJ00HOo. B mpubopax
U3MEPSIOT YIUIBI HAa TPAHHULIE KUIKOCTD - CTEKIIO, MOJIb3YsACh METOAOM IIPENEIBHOIO
yria.

C yBenmnueHneM yria NaAcHUS YBEIWYUBACTCA MW YrOJ MPEIOMIEHUS,
HACTyIaeT MOMEHT, KOTJ[a YIoJI TIpeJIOMIIEHHsT cCTaHOBHTCS paBHbIM 90°. Ha puc. 2.1 —
9TO ypon . IIpu 3TOM J1y4 HE BXOIUT BO BTOPYIO CpPENy, & CKOJIB3UT 110 TOBEPXHOCTH
pazzena. OTO SIBJICHUE HA3bIBAECTCS MOJHBIM BHYTPEHHUM OTPAXEHUEM CBETA, & YIroJ
najJieHus, TP KOTOPOM OHO HAOIIOAAETCS, IPEACIbHBIM YIJIOM OTPasKEeHUs P

Ecnu mokazarens NpeslOMIICHMS OJHOM Cpelbl Ny HM3BECTEH, TOCTaTOYHO
U3MEPUTh BEJIIMYMHY TMpeAcibHOM® yrima , 4YTOOBI ONPENEeNIUTh IOKAa3aTellb
MPETOMIICHHST KCCIIEyEeMOM cpefibl ny: Ny = N, .§in .

Ha »ToM mnpuHLUIIE OCHOBAaHO YCTPONCTBO NPUOOPOB Ui H3MEPEHHUS

MoKazaTessi TpesioMmyeHus: — pedpaktomeTpoB. B kadecTBe cpenpl ¢ HM3BECTHBIM
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MOKa3aTeyieM MPEeTOMIICHUS UCTIOIB3YIOT MPU3MbI U3 CHEIUAIIbHBIX COPTOB CTEKIA C
BBICOKMM TMOKa3arenem npenomieHus. [lpum ananmse pa30aBiIE€HHBIX pacTBOPOB

MOJIB3YIOTCS TMHENHOM 3aBUCHMOCTBIO N OT KOHLeHTpauuu C:

n=n,+kC, (2.8)
r7ie N, — MOKa3aTellb MPEIOMIICHUST PAaCTBOPUTENS; K — KOHCTaHTa,

Ha3blBaeMas "MHKPEMEHT MOKa3aTelsl MPeJoMIICHU " .

Pedpakromerpust sBisercs oduIMATIBLHBIM METOJAOM aHaJIM3a CaxapHbIX
PacTBOPOB, PACTBOPORB TJIMIIEPUHA, TJIUKOJIEH, CIIUPTOB, HePTEH U Ap.

OcHOBHBIE JTOCTOMHCTBAa Me€TOJa pedpakTOMETpUU — BBICOKAS CKOPOCTh
n3MepeHuid, manelii pacxon Bemiectsa (0,001-0,01T) u Bbicokast TouHocTs (110 0,001-
0,1%).

MeToauka BbITIOJIHEHHS] H3MEPEHHH MAacCOBOI caxapo3bl B BOAHBIX PaCcTBOpPax
pedpakTOMEeTPUYECKUM METOI0M

Lenv pabomul u ancopumm uzmepeHuli: IPUMEHEHUE METO/Ia HAUMEHBIITUX
KBaJPAaTOB ISl ONTUMHU3AINH JIMTHEWHON 3aBUCUMOCTH: ITOKA3aTeb MPEITIOMICHHUS -
KOHIICHTpAIUs caxapo3bl.

OpranuzaunoHHasi popma 3aHATHS
1. TIpuroroBieHHE UCXOAHOTO CTAHJAPTHOTO BOJHOTO PAacTBOpa Caxapo3bl

cMaccoBor nosier 30%.
2. IloaroToBka CTaHIAPTHOW CEpUH PACTBOPOB Caxapo3bl C MAaCCOBBIMH
nossimu (%): 3, 6,9, 12 u 15.

3. OsnakomjeHue ¢ mpuOOpPOM U TIOJITOTOBKA €T0 K pabdoTe.
4. llpoBeneHue W3MEpPEHHI TOKa3aTeJIed MPEIOMIICHUS CTaHIAPTHBIX

pacTBOpOB.

5. Iloctpoenue rpamyupoBoYHOTO rpadvka mo JaHHBIM U3MEPEHUS.
6. Ontummzaius JaHHBIX YKCIIEPUMEHTA METOI0M HAaUMMEHBIIINX KBaJIPaTOB

MHAXO0XJICHUE YPABHEHUS KOPPEIALIMOHHOW 3aBUCUMOCTH.
/. W3mepeHwe ONTUYECKOM TUIOTHOCTH MCCIEIyeMOro pacTBopa U
ONpPENEIICHNE B HEM MAaCCOBOIO COAEPKAHUS C€axapo3bl MO TPaTyUPOBOUYHOMY

rpauKy ¥ pacyeToM IO MOJYYeHHOMY YPABHEHHUIO PErPECCUMU.
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8. BbhIsiBIEHME pACXOXKIECHUHN PE3yJIbTaTOB U3BMEPEHUN U UX OLICHKA.
Ilpubopser u peaxmusvr Pedpaxkromerp naboparopupiii Ttuna NMP®-22 wumm

OPYrol TOTO K€ Kjacca TOYHOCTH, AaHAIUTHYECKHE BECHl BTOPOTO U YETBEPTOIO
KJlacca TOYHOCTH, MEpPHBbIE KOJOBbI BMECTUMOCTBHIO 50 cM® — 5 IWT., CTEKISHHAS
najgoykKa C OIUJIABJIEHHBIM KOHILIOM — | IIT., OI0peTKa BMECTUMOCTBIO 25 cM®, HIeTKa
BMECTHMOCTBIO 50 cM® — 11T, caxapo3sa, JUCTUUIMPOBAaHHAs BOJA.

Onucanue npubopa. B pedpaktomerpax tuma NPD-22 u nap. mokazarenn
IIPEJIOMIIEHUSI MCCIEAYEMOTO pPAacTBOpa ONPENEIAIOT 10 MPENEIbHOMY  YTIIy
npenomieHus (puc.2.3).

CBeToBOM MOTOK OT MCTOYHMKA CBeTa | uUepe3 JMH3Y 2 HalpaBiseTCS Ha
OCBETUTEJIbHYIO TpU3MY 3. OHa coeIMHEHa C U3MEPUTENBHON IPU3MON 4 ApHUPOM.
Kammro  ananu3upyemMoil  KHAKOCTH TOMEIIAOT MEXKIYy OCBETUTEIBHOH U
W3MEPUTEIBLHON TPU3MaMU M 3aT€M HX CXUMAT. Jlyum cBera, MperoMmisisich B
OCBETUTEIBHOW TMpH3ME, TMOMaJal0T Ha CJIOM JXUIAKOCTM M YEpe3 HEro — Ha
IIOBEPXHOCTh U3MEPUTENIBHOM MPU3MBbI 01 pa3HbIMU yrilamu. Eciu yron ux najgeHus
menpme  90°,  JIydM 4YacTMYHO  IPENOMISIOTCA, YaCTUYHO  OTPAKAKOTCH.
[IpenomMiieHHbIe Ty4d MPOXOMAAT MPU3MY HPSIMOTO 3pEeHHS 5, 00BEKTUB 6, MpU3My 7,
ceTKy 8, mkaiy 9 u yepes okyysapsl 10 u 11 nonagator B ria3 Habmonarens. [Ipuzma
MPAMOTO 3pEHUS S5 MPEHA3HAUYCHA JJIS1 YCTPAHEHUS CIIEKTPAIbHOM OKPACKU IPaHULIbI
CBETOTEHH.

PaccmartpuBast B OKyJIsip BBIXOJIHYIO TPaHb MPU3MBbI, HAOTIOAI0T 3aTEMHEHHYO
JIEBYK0O YaCTh WM OCBECLICHHYIO NpaByr. ['paHuie cBera M TEHU COOTBETCTBYIOT
IpeaeNbHbINA CBETOBOM JIyd, IPEJOMIICHHEIH o yrioM 90°.

[Ipu3MBI MOBOpPAYUBAIOT 0 TEX IMOP, MOKA B OKYJSpPE 3pUTEILHON TpyOBI HE
BO3HMKAET 4YETKas TIpaHMIla CBETA M TEHHU, NMPU STOM BHUBUPHAS JIMHUS CETKHU
coBMenlaeTcsi ¢ rpanunei ceerorenu. [lo mkane mpubopa, CBA3aHHOW C MPU3MAMHU
CIIELIMAJIBHBIM YCTPOMCTBOM, OTCUUTHIBAKOT 3HAYCHHUE NTOKA3ATENHN TPETOMIICHHUS.

Onrtuueckoe CTEKJI0, U3 KOTOPOTO M3TOTOBJIEHBI MPU3MBI, OUEHb MSTKOE, €Tr0o

MOXKHO JIerko monapanarb. OCOOEHHO OCTOPOXKHO CIEAyeT oOpamarbes ¢
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IMOJIMPOBAHHBIMH  TTOBCPXHOCTAMU HBMCpHTeHBHOﬁ IMIPHU3MBEIL. HpI/ISMBI ciaenyer

MPOTUPATH can(eTKaMu U3 MITKOW HE BOPCUCTON TKaHHU.

Pucynok 2.3 — Onmuueckas cxema pegppaxmomempa UPD-22:
1 -océemumenvroe 3epxano; 2 - acnomozamenbHas OMKUOHAS Npu3ma, 3 - OCHOBHAS

uUsMepumenbHas npusmMa, 4 - Mamupo8anHas 2paHb OMKUOHOU Npusmvl; 5 -
uccnedyemas sHcuoxocms; 6 - npusmol Amuuu komnencamopa, 7 - 06veKmus
3pumenbHou mpyowl, 8 - nosopomuas npuszma, 9 - OKVIsap 3pumenbHol mpyooi.

Tlopsioox 3anucu pezyromamos usmeperuti. 1101b3ysACh HCXOTHBIM PACTBOPOM
caxapo3sl ¢ MaccoBor goiei 30%, OOpEeTKOi W MEpHBIMU KOJ0aMHU, TOTOBST IISAThH
CTaHJAPTHBIX PACTBOPOB 3a/IaHHBIX KOHIIEHTpaIuii (cM. Tab. 1).

ITepen mawaioM paboThl Ha pedpakToMeTpe padodMe IMOBEPXHOCTH IMPHU3M
CIIEIyeT MPOMBITh JUCTHJUIMPOBAHHOM BOJOM, TOCyXa MPOTEPETh TKAHBIO U 3aTEM
MIPOBEPUTHh TPABUIBHOCTh YCTAHOBKH INKAJIBI IO FOCTUPOBOYHOM KHUIAKOCTH, T.C.
KUJKOCTH C W3BECTHBIM MOKa3zaTeseM IperomiieHus. [ 3Toil 1enu HUCmoib3yroT
AMCTHIUIMPOBaHHY0 Boxy: np=1,3334 (mpu 15°C); np=1,3330 (20°C); np=1,3325

(25°C). OmuiaBjieHHBIM KOHIIOM CTEKJISHHOM HaJOYKH Ha IIOCKOCTh U3MEPHUTEIBHOM
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MPU3MBI HAHOCSIT OJIHY-/IB€ KarlJId JUCTHJUTMPOBAHHOW BOJBI U 3aKPBIBAIOT BEPXHIOIO
KaMmepy. PyKosSITKy ¢ OKyJsipOM OIyCKalOT B HI)KHEE TMOJIOKEHUE U MEePEeMEIatoT 10
TeX TOp, MOKa B TOJIE 3pEHHUsI HE TMOABHUTCA TpaHHUIla cBeToTeHU. ['aiiky okyssipa
BpAIIAlOT JIO MOSBJICHUS YETKO BUIUMBIX JIEJICHUHN IIKaJIbl U BUSUPHON JTUHUU CETKH.
[lepememiasi ocBeTuTeNb, J0OMBAIOTCS HamOOJEe KOHTPACTHOW OCBEIIEHHOCTH,
MOBOPOTOM IIKAJIbl YCTPAHSIOT OKPAcCKy T'PaHHUIIbI CBETOTEHHU. PyKOSTKOM OKyIsipa
BU3HPHYIO JIMHUIO CETKHM COBMEIIAIOT C TpaHUIC CBETOTEHM W TIO IIKaje
MIPOU3BOJIST OTCYUET.

[Ipu mpaBUIIBLHOM YCTaHOBKE HYJIEBOM TOYKHM MPUOOpA I'paHUIIA CBETOTEHH MPU
20°C cosmemaercs ¢ geinenrneM n=1,33299 (mpu 20°C) 1mkamsl mHOKa3aTesei
npenomiieHus. B ciydae oTKIIOHEHMI ClieyeT YCTaHOBUTH HYJIb, KJIIFOUOM MTOBEPHYB
YCTaHOBOYHBIM BHUHT. 3aTeéM B TAaKOM JK€ IOpSAAKE TMPOU3BOAAT H3MEPECHHUS
MoKazaresie MpeoOMIICHUS CTaHAAPTHBIX W HCCIEAYEMOTO PAacTBOPOB, HAHOCS Ha
CYXYyI0 YHCTYIO0 MOBEPXHOCTb M3MEPUTEIHHON MPHU3MbI OJHY-IBE Kalllld pacTBOpa.
[Tocme mpoBeneHuss U3MEPEHUN CIEAyeT MPOMBITH M HACyXO BBITEPETh paboume
MOBEPXHOCTH U IJIABHO OMYCTUTh BEPXHIOI KaMepy npuodopa. JlaHHble U3MepeHuit
BHOCAT B TaOymiy 2.2.

Tabnuya 2.2 — [Ipueomognenue cmanoapmuuix pacmeopos u
coomeemcmeyowue um nokazamenu npeioMieHus

Konnentpanms Passesenne (cm/em): [TokazaTenn
pacTBOpOB: ©,%0 Vucex. p-pa/Vmep. kosobt npenomienus, Ny
TUCTHIITMPOBAHHAS BOJIA MIPOBEpKa HYJIEBOM
TOUKH
?/50
?/50
9 ?/50
12 ?/50
15 ?/50

['panynpoBouHbIi TpaduK CTPOAT B KOOPAMHATAX: Np - %6 cTaHTAPTHOTO
pacTtBopa. MaccoBbie JOJIM UCCIAEAYEMOTO PACTBOPA OMPEAETSIOT MO MOJIYyYEHHOMY
rpagyupoBOYHOMY TpaduKy (rpadudecKnuii METO) WU BBIYUCIISIOT 110 YPABHEHHIO
perpeccuu (pac4eTHBIM METO).
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Otuer pomkedn mo ¢opme coorBerctBoBath ['OCTy mo HUP, Bxmrouats
KpaTKO€ OINMHMCaHWE CYIIHOCTH METOJa, ONTHYECKYI0 CXEeMy MpHOOopa, alrOpUTM
M3MEPCHHUI, METOAMKY pacueTa MpH MPUTOTOBIICHUHA HCXOIHOTO W CTaHIAPTHOTO
pPacTBOPOB H T. II.

2.1.3 ®oToMeTpusi JIaMEeHHU
dortomeTpusi TUIaMeHH (TUIAMEHHAS CIEKTPOPOTOMETpPHUsS) — OJIWH W3 METOOB

CHEKTPaJIbHOIO aHaJIN3a, OCHOBAHHBIA HAa W3MEPEHHH WHTEHCUBHOCTH H3Iy4YEHUS
aTOMOB, BO30YXXIEHHBIX HarpeBaHMEM BEIIECTBA B IUJIAMEHU. AHaJIU3UPYEMbIA
pPacTBOp MOCPEIACTBOM CXKATOTO BO3JAyXa WIM KHCIOPOAA PACHbUIAIOT B MEJKYIO
B3BeCh (puc. 2.4) U B TAKOM BHU/IE BBOJIST B IJIaMsl Ta30BOM rOpenku (MMPUPOIHBIN Ta3,
alieTusieH, BogopoAd U ap.). [Ipu Hanuuum B pacTBOpE MOHOB JIETKO BO30Y)K1aeMbIX
JJIEMEHTOB B IUJAMEHM BO3HUKAECT XapaKTEpPHOE M3JIydYyeHHE, a CcaMo IUIaMs
OKpallI1BaeTC.

B OonpmmMHCTBE CilydyaeB WHTEHCUBHOCTh M3JIYYEHUSI AaTOMOB MPSAMO
MPONMOPIMOHAJIbHA KOHUEHTPAIMU BEIIECTBA B PACTBOPE, OJHAKO MPAKTUYECKU 3Ta
3aKOHOMEPHOCTH COOJIIO/IaeTCsl TOJBKO B ONPEIEICHHOM MHTEpBaje KOHIICHTPAIIHA,

3a [IpcacjiaMu KOTOPOTO0 OHA YaCTO HAPYIIACTCA.

LN
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€H B
cu
BH
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Tb
u3
ny
ye A
HH
a

\4

3
KonueHnrpauus, Mkr/cm

Pucynox 2.4 — 3asucumocmv unmeHcusHOCMuY U3Ly4eHuss Om KOHYEeHmpayuu
anemenma 6 pacmeope: AB — npsamonunelnslil y4acmox

[IpssMoniporiopuMOHanbHas 3aBUCUMOCTh MHTEHCUBHOCTM u3inydeHus (I) or
KOHIIEHTpalMu pacTBopeHHoro BemiectBa (C) rpaduyeckud BbIpaxkaeTcsl MPSIMOi
nuHuel. Takas 3aKOHOMEPHOCTh COOJI0/IaeTCs Ha MPSMOJIMHEMHOM y4dacTke AB (puc.

2.4) B UHTEpBaJe KOHIIEHTpaIMi pacTBOpeHHOTOo BemiecTBa ot C; 10 C,.
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Ha MHTEHCHBHOCTH H3Iy4YEHHs BIIHSIOT COCTAB AHAIU3UPYEMOTO pacTBOpa,
CTENEHb €r0 pacHbUICHUs U KauecTBO IuIaMeHu. [1o3ToMy pabouunii npsMoIMHENHBINA
y4acTOK AB, mpuBeleHHOM Ha puc. 2.4 3aBUCHUMOCTH, BCErJa OINPEACIISIOT
AKCIIEPUMEHTAJIBHO M BCE U3MEPEHMsI IPOBOAAT IIPU HEM3MEHHOM pPEKUME padOThI
npubopa. g aHanmu3a HCNONB3YIOT HauOoJiee HMHTEHCUBHBIE JIMHUU CIIEKTpPA
aneMeHToB. B Tabnm. 2.3 mpuBeneH MepeueHb DJIEMEHTOB, KOTOPbIE MOYKHO
OTIPECIISATH METOJOM (DOTOMETPHUH TIIAMEHH.

Tabnuya 2.3 — OcHosHbie 21emenmbl, onpeoesieMvle MemoOOM NAAMEHHOU
gdomomempuu

OTkphIBaeMbIil
SLeMEHT MUHIMYM, JnmvHa BOJIHBI, ITorenmuan ITorenmuan
VKT ont MKM noHuzanuu, 5B | Bo30yxaenus, 5B

Jlutuit 0.01 670.8 5.39 1.90
Harpuit 0.001 589.0; 589.6 5.14 2.11
Kammit 0.01 766.5; 766.9 4.34 1.62
Maruuit 5.0 383.0; 285.2 7.04 -

Kanpmuii 0.06 422.7; 554.0 6.11 2.93
bapwnii 0.6 553.5; 455.4 5.21 2.24
Maprasnen 0.06 403.1; 403.4 7.43 3.08
Pybunuit 0.1 794.8 4.17 1.56

@OTOMETPUIO TUIAMEHHM LIMPOKO MPUMEHSIIOT B LIBETHOW METAJUTypPrUU U IIPU
aHaJIM3axX pa3UYHbIX pyJA, T[JIaBHbIM OOpa3oM Jisi ONpPENENICHUs IIEJOYHBIX U
LIEJIOYHO3EMENBHBIX METAJIOB, a TakKXe JJII HEKOTOPbIX JPYrUX 3JIEMEHTOB,
MMEIOIIMX HU3KUW MOoTeHIMan nonn3auuu (1o 8 3B). IlnamMeHHblil POTOMETP CIHYXKUT
JUISI U3MEPEHUSI MHTEHCUBHOCTU HM3JIYUYECHMS 3JIEMEHTOB, BO30YXK/Ia€MbIX IIAMEHEM
razoBoil ropenku. PaGora mpubopa OocHOBaHAa Ha MPUHIUIE MOCIEIOBATEIHLHOTO
CpPaBHEHUSI HMHTEHCHUBHOCTH M3JIY4Y€HHUs DJJEMEHTa B MCCIEIYEMOM pPAacTBOpE U

JUCTUJUTUPOBAHHOM BOJIE (WJIM pacTBOPE CPABHEHUSA).
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Pucynox 2.5 — llpunyunuanvhas cxema niamennozo pomomempa

1 — emxocmu ¢ komnonenmamu 2opioueti cmecu, 2 — pe2yismopul 0AGJeHUs,
3 — pacnviiumenvhas kamepa, 4 — eopenxa, 5 — ucciedyemvlii pacmeop,
6 — ycmpoticmeo 0ns ocyuienus pacnviiumenbHoU Kamepbl,
[ —ghokycupyrowas 1unza, 8 — 6xo0Has wenv,
9 — npuzma, pasoensowas uznyuenue no OIuUHe 80HbI, UIU

ceemoghunomp,
10 — 6vixoonas wenw, 1 1- pomosnexmpuuecxkuti oemexmop, 12

— peaucmpupyroujee yCmpoucmeo.

Yempoiicmeo npubopa
AHanusupyembiii  pacTBop (puc. 2.5) mojaercs myJbBEpU3aTOPOM uepes

Kanuusip B paclbUIMTEIBHYIO KaMepy 3, U B BHJI€ a’p030Jid MOCTYIMAET B IUIaMs
ropenku 4. M3nyyeHue miaMeHu coOMpaeTcsi BOTHYTHIM 3€pPKajiOM M HampaBIIIE€TCS
dbokycupyroiei JTMH30# 7 Ha CBETOQUIBTP 9, KOTOPBIN MPOMYCKAET K (DOTOAIEMEHTY
11 uznyuenue onpenensieMoro 3jaeMeHTa. Bo3Hukaromui noa AeHCTBUEM U3ITYyUYCHUS
(GOTOTOK  yCWJIMBAETCS  YCHUIIUTEIEM U U3MEpAETCS  YYBCTBUTEIIbHBIM
rajbBaHOMeTpoM 12.

Ilopsiook pabomwi
Bxtouaror npubop B cetb nepemeHHoro toka (127 unu 220B) U OTKpbIBalOT

KpaH ra3onpoBO/ia WM BEHTUJIb PEAYKTOpa OaTIOHA C TOPIOYHM T'a30M.

Benmen 3a 3TMM  3aKWTAlOT KOHTPOJBHYIO TOPEIKY, BMOHTHPOBAaHHYIO B
pEryisaTOp [aBlieHWs Taza 2, W PEryJupoBaHUEM TOJAaYd Tra3a JIOCTUTAIOT
PAaBHOMEPHOTO M CIIOKOMHOTO TOpeHus (pakena. 3aTeM 3aKUTal0T Ta30BYIO TOPEIKy 4

M BKIIIOYAOT KOMIIPpECCOP, HaFHeTaIOIHI/Iﬁ BO34YX B PACIIBIJIMTCIIb 3, " IIPU IIOMOIIIHA
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PETYIUPYIONIET0 BEHTUJIS 2 TOOMBAIOTCS OJHOPOJIHOTO TUTAMEHH HaJ BCEH CeTYaTOM
MMOBEPXHOCTHIO Ta30BOM ropenku 4. MaHOMETp MOKa3bIBae€T W30BITOYHOE JTABJICHHE
BO3JIyXa, KOTOpoe He AoKHO TpeBbimarh 0,6 atm. B Takom cocrosHun mpubop
TOTOB 17151 JOTOMETPUPOBAHUS PACTBOPOB.

Jlis  w3MepeHHsl WHTEHCHUBHOCTH W3JIYYCHHsI OMPEICIIIeMOTrO dJeMEHTa
UCCJICyeMbIil pacTBOpP TPU MOMOIIM CXATOTO BO3yXa MOJAIOT B PACHBLUIUTENb 3,
OTKyJa OH B BHJE adpo30js MomajaeT B Iiamsi rasoBoil ropenku 4. Ilepen
M3MEPEHHEM WHTCHCHBHOCTH Ha IYTH WM3JIyYEHHUS BBOJAT HYKHBIA CBETO(DHUIIBTD,
KOTOPBIE ~ TpomyckaeT K  (OTODJAEMEHTY  MPEUMYIIECTBEHHO  W3IIyYCHHE
ompenensieMoro sneMenta. Ilepen QoromerpupoBaHHEeM HCCIEAYEMOrO PacTBOpPa
U3MEPSAIOT MHTEHCUBHOCTh W3JIYYCHHUS OIpPEACNIIeMOro JJIeMEHTa B PacTBOpE
CpaBHEHUS WIM JUCTHILTUPOBaHHOM Boje. [locna kaxk1oro u3MepeHus: pacibUINTENb
Y TOPENKY TIIATEIHHO MPOMBIBAIOT AUCTHITUPOBAHHON BOJIOM.

N3mepeHre WHTEHCHBHOCTH WM3IY4YCHHUS DJJEMEHTa B HCCIACAYEMOM W
ATAJIOHHOM PACcTBOpax CIIEAYyeT MPOBOAWTh TNPU HEU3MEHHOM pEKHUME pPabOTHI
dboTtomerpa. Ilpedocmoposcrocmu

He co3naBath M30BITOYHOTO MABJICHHS CHKATOro Bo3ayxa Oosee 1 aTMm; He
OCTaBJISITh OTKPBITYIO Ta30BYIO TOPENIKY HE3XOKECHHOM; CIEAUTh 3a TE€M, YTOOBI
J1aMsi Ta30BOM TOPEJIKU OBLIO OAHOPOIHBIM; MPU paboTe ¢ OATVIOHOM rOprOYEro rasa
coOJTI0/1aTh BCE MHCTPYKITUH, TIPETyCMOTPEHHBIE MPaBUIIAMH TEXHUKH 0€30MMacHOCTH.

MeToauka BbINOJHEHUS] U3MePEHU HATPUSI METOI0OM CPABHEHUSI
Llenv pabomul: onpeneneHne colepKaHus AIEMEHTa METOJJOM CPaBHEHHUSL.
Cywmnocms  pabomwul.  V3MepsloT 1O  TOKa3aHUSIM  TallbBaHOMETpa

MHTEHCUBHOCTh HW3JIyYCHHUSI aTOMOB OJJIEMEHTA, BBOJM CHadaja B IUIaMsl OJIUH
ATaJIOHHBIM pacTBOp ¢ KOHIeHTpanuer Ci, 3aBeOMO OOJIBIICH, YeM KOHIICHTpAIUs
Cx wuccieayeMoro pactBopa, 3aTeM JIPYrol 3TAJIOHHBIM pacTBOP C KOHIEHTpALMEH
C,, MeHbleH, YeM KOHIeHTpanuss CX, mocae 3TOro BBOAAT B IJIaMsl UCCIEAYEMBbIN
pacTBop.

KoHueHTpamuio uccieayeMoro pacTBopa BHIYUCIISIOT IO popMyIie:

Ci=CG+(Ci-C)(a1—ar) (a—ay) (2.9)
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rac d — OTKIIOHCHHEC CTPCIIKH I'aJIbBAaHOMETpPA, COOTBECTCTBYIOIICC U3JITYUCHHUIO
QJIEMEHTA B HUCCIIECAYEMOM PACTBOPE; A 1 — OTKIIOHCHHUEC CTPCJIKH I'aJIbBAaHOMETPA,

COOTBETCTBYIOIIEE U3ITYUCHUIO 3JIEMEHTA B 3TAJJOHHOM PAacTBOPE C KOHIIEHTpauuen
Ci; 0 ; — OTKIIOHEHHE CTPEJIKU TaJIbBAHOMETPA, COOTBETCTBYIOIIEE U3ITYUCHHUIO
3JIEMEHTA B 3TAIOHHOM pacTBOpe ¢ KoHLeHTpauuen C,.

Hatpuii onpenensitor o cnekTpaibHbIM JUHUAM 589,0-589,6 MkM. B miamenu
OPUPOAHOTO Ta3a BO30YXKIAIOTCS W H3JIYYAIOT TOJIBKO aTOMbl UIEJIOYHBIX U
[IEIOYHO3EMENIbHBIX METauioB, [lo3ToMy B OONBIIMHCTBE CIIy4aeB WX MOXHO
ONpeNeNsaTh NPSIMO W3 MPOObI UCCIEAYEMOTO pPACTBOpa B MPUCYTCTBUHM MPOYMX
aneMeHToB. OJHAKO MNPUCYTCTBUE B PACTBOpPE OOJBIIMX KOJIMYECTB ATIOMHHUS
MOHUKAET UHTECHCUBHOCTD U3JIyYEHUs HATPHSI.

Ipubopwr u mamepuansi. Ilnamennsii poromerp. MepHbie KOJIOBI EMKOCTHIO
100 cm® -4 mt. Crakans! éMkocTbio 100 eM® - 4 mrt. ITHIeTKH TpafyHpOBaHHbIE Ha |
cM® u Ha 10 ov’. [IpombIBasika ¢ OMIUCTUILUIMPOBAHHOW BOAOW. XJIOpHI HaTpus,
pacteop ¢ C(NaCl) = 0,005 moms/mm’.

Aneopumm uzmepenus. Wccnemyemblil pactBop, coaepxkammii 0,4-0,5 wmr
HATPHS, [OMEI[AIOT B MEPHYI0 KomOy emkoctbio 100 oM, pas6aBisior
OMIMCTWIITMPOBAHHONW BOJOW /O METKM M TIIATEIBHO MEpEeMENINBalOT. 3aTeM B
MEpHBIX KON6ax éMKocThio 1Mo 100 cM® rOTOBAT Ha OUANCTHILIATE STaTOHHBIC
pacTBOPBI HATPUSI C KOHUEHTpanuamu 3-4 Mkr/em® 1 5-6 Mxr/em® Uccnenyembiii u
ATaJOHHBIE PACTBOPHI MOMEIIAIOT B CTaKaHbI, U3 KOTOPHIX OHM IMOTOKOM BO3/IyXa
BBOJISITCSL B BHJIE a’pO30Jid B IUIaMsi Tra30BOM ropenku. JlJisi ycTpaHeHus BIUSHUS
HaTpHs, CoJepKamerocss B  OWIUCTWUIMPOBAHHOW  Bojae  (pacTBOpHUTEIE),
HETIOCPEJICTBEHHO TEpe]l aHaM30M IMPOBOJUT «XOJOCTOW» OMBIT: YCTaHABIMBAIOT
buIbTp ompenenseMoro 3JeMeHTa (HaTpHsl), PacHbUIIIOT PaCTBOPUTENh U MOJAIOT
€ro B IUJIaMs ra3oBOW Topenku. B ciiydae OTKIOHEHHMSI CTpPEJIKH TallbBaHOMETpa
ANEKTPUYECKUM KOPPEKTOPOM €€ CHOBA YCTAHABIMBAIOT HA HYJIEBOE JCICHUE
IIKaJIbl. 3aTEM IOCIEA0BATENbHO U3MEPSAIOT NMHTEHCUBHOCTDh M3JIyYEHUS 3TAJIOHHBIX

U UCCleayeMoro pactBopoB. DOTOMETpUPOBAHHUE CIIElyeT HA4YMHATH C PacTBOPA,
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MMEIOIIETO HAMOOJBINYI0 KOHIIEHTPAIUIO, JUIsl TOTO YTOOBI M30€kKaTh OTKIOHCHUS
CTPEJIKM TaJbBaHOMETpPA 3a MPEJEsbl IIKadbl BCJIEACTBUE YPE3MEPHO OOJIBLION
MHTEHCUBHOCTHU M3JIyYEHHS. 3aT€M NPU U3MEPEHUSIX MOCIEA0BATEIBHO NEPEXOAAT OT
MEHbIIIEH KOHIEHTpaluu K Oosbiuel. [lociie kKakaoro M3mMepeHusl paclbUIMTENb U
ra3oByl0 TOpEJIKY TINATEIbHO MPOMBIBAIOT OUAUCTHILIMPOBAHHOM BOJOM (B
pacnbUIMTENh To1aeTcsd OuANCTIILIAT). Kaxaplii 0TCUET MPOBEPSIOT HE MeHee 3 pa3 B
PSAMOI U 0OpATHOM NOCIIEA0BATENBHOCTAX aHAIN3a PACTBOPOB.

Meroanka BbINOJHEHUS U3MePEeHUI KaJIusl, HATPUS M KAJbUUS PUA COBMECTHOM

NPUCYTCTBHHA

Llenv pabomovl: aHANM3 CMECH COJIEH HATpUsl, Kalusd W KaJbIUS METOIOM
IrpagyupOBOYHON KPUBOM.

Cywnocms  pabomwur. 1lo cepuM 3TaJOHHBIX PACTBOPOB  HU3BECTHOM
KOHIICHTpALUH Ul KaXJI0Tro 3JEMEHTa B OTAEIbHOCTH Ha MHUIMMETPOBOW Oymare
CTPOAT TPALYUPOBOYHYIO KPHBYIO, BBIPAKAIOIIYI0 3aBUCUMOCTh HWHTEHCHBHOCTHU
M3IIy4eHUs] (M3MEPEHHYI0 B JICJICHUAX IIKAJIbl 1O OTKJIOHEHUIO CTPEIKH
rajbBaHOMETPA) OT KOHILICHTPAILIMH dJIEMEHTa B pacTBope (puc. 2.6).

3areM M3MEPSIIOT MHTEHCUBHOCTH U3JTyYEHHS 3TUX AJIEMEHTOB B UCCIEAYEMOM
pPacTBOpPE U IO I'PalyUpPOBOYHBIM KPUBBIM BBIYUCIISIIOT UX KOHLIEHTpauuu. /s sToro
HAa OCH OpAMHAT ONPENEISAI0T TOYKY, OTBEUYANIIYI0 HAWJACHHOMY 3HAY€HUIO
MHTEHCUBHOCTH W3JIy4YECHMS, Yepe3 KOTOPYIO TPOBOJIAT MPSAMYIO JIMHUIO NTApaJJIEIbHO
ocH adcuuce A0 MepecevyeHus ee ¢ COOTBETCTBYIOUIEH I'payUpOBOYHON KpuBou. 13
TOYKH MEePEeCceUeHUs OIMyCKAOT NEePIEeHIUKYISp Ha och abcuucc. [lonyyenHas Touka

Ha oCH a6cuncc OTBEYACT UCKOMOU KOHICHTPAIHUU OIIPEACIIACMOro 3JICMCHTA.
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Pucynox 2.6 — I padyuposounsie kpuswie:
1 - ons Hampus,; 2 - ona kanus, 3 - 05 Kaibyus.
HccnenmyeMplii pacTBOp aHAIU3HPYIOT IPH TE€X K€ YCIOBHUAX, MPHU KOTOPBIX

CTPOWJIM TPaAyHpPOBOUYHYIO KpHUBYIO. VcCnonb30BaHWE TIpagyHMpOBOYHBIX KPUBBIX,
MOJIYYEHHBIX TIPU JIPYyTOM pexuMe padboThl (oTroMerpa, BeAeT K OOJBIINM
MIOTPEIIHOCTSIM.

Harpuit onpenenstor no cnekrpaibHbIM JUHUAM 589.0 u 589.6 MkM, Kanui -
no JiuHUAM 766.0 1 769.0 mxm u kaneuuii - [1O nmuansam 422.7 u 622.0 MxM.

Ilpumeuanue. B coorBercTBHY ¢ pasHON YyBCTBUTENBHOCTBIO Onpeenenus Harpus (1-10

- -2
3 MF/CM3), kamus (1-10 MF/CM3) u xanbuus (0,1 MF/CM3) KOHIIEHTPALlUX 3TUX 3JIEMEHTOB 110 OCU

a0CIIMCC OTKJIAIBIBAIOT B PA3HBIX MacIITabax.

OnpeneneHi0 HE MEMIAlOT JJIEMEHTHI, HE BO30yXKJaroluecs B IUIAMEHHU
ra3oBOM ropenku. BeneacTtBue pasnuuuvst B JIETY4ECTH COJIEM HA WHTEHCHUBHOCTH
W3JIYYCHUSI IIECJTOYHO3EMETbHBIX JJIEMEHTOB BIIMSET AHUOH AHAJIU3UPYEMOTO
coenunenusd. [Ipu doromerpupoBanuu pyouaus, 1e3us, Kajiusl, Kajablldsd U MarHus
CKa3bIBACTCS B3aMMHOE BIIMSIHUE COJIEM B 3aBUCHUMOCTH OT UX KOHIIEHTpaluil. ITO
00yCJIOBIIMBAETCS] B3aUMHBIM U3MEHEHUEM CTETICHU TUCCOITUAIINU.

IIpu paboTe ¢ MUKPOKOJIMYECTBAMH BEIECTBA B3aWMMHOT'O BIIMSHHUS COJICH Ha
WHTEHCUBHOCTh M3JIy4YeHHUsS yaaeTcs u30exaTh. [IpucyTcTBHE COJSTHOW KHCIIOTHI

CHJIBHO ocabiser NHTCHCHUBHOCTD JIMHUU KaJln:i, KaJIbIIuA, CTpOHI M.
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NHTEeHCUBHOCTh W3JIy4€HUS KaJblMsl 3aMETHO YMEHBIIAETCS OT MPUCYTCTBUSL B
pactBope (ocdartos, cynbdaToB, a TAK)KE COJICH TUTAHA U ATIOMUHMSL.

Ipubopsr u mamepuanwvi. Ilnamenasiii poromerp. MepHBIe KOJIOBI EMKOCTHIO
100 cm® -7 mr. DapdopoBble dHamKK (WIM CTakaHbl) - 7 wT. llumerka
rpagymrpoBanHast Ha | cv®u Ha 10 cm®. TIpoMbIBalKa ¢ GHIMCTHILINPOBAHHOM BOIOI.
PactBopsr (Mons/mv’): C(NaCl) = 0,005; C(KC1) = 0,005; C(1/2CaCl,)=0,005.
AHanu3upyemslil pacTBop, coaepxantuii 0,4-0,5 mr Hatpus, 4-5 mr kanus u 40-50 mr
KAIbLHs, MOMEIIAIOT B MEpHYI KO0y eMmkocteio 100 oM, pas6aBmsor
OMAUCTUIUITMPOBAHHON BOJOM O METKM W TINATEJIbHO MEPEMEIINBaOT. B MepHBIX
KONI6ax EMKOCTBIO 10 100cM® MPHIOTABIMBAIOT HTANOHHBIE PACTBOPHI, COACPIKALIIIE
or 2 10 8 MKr/em Hatpusi, oT 20 ngo 80 MKT/cM® Kanust U OT 0,2 mo 0,8 mr/em’
KaJIbIH.

@OTOMETPHUPYIOT 3TAIIOHHBIE PACTBOPBI HATPHUSI U CPaA3Y JKE MOCIIE 3TOTO
OTIPENICIISIOT COACPKaHUE HATPUS B UCCIIETyEMOM PacTBOpE. 3aT€M TOUYHO TaK KeE
(hOoTOMETPUPYIOT PAaCTBOPHI, COAEPKAIINE KATUNA U KaTbIUH.

Bomnpocs! 14191 00cyxaeHust
1. Kakue »1eMeHTBI MOXKHO  ONpEAeIuTh  METOJOM  IUIAMEHHOMU
dboTomerpun?
2. KakoBa 3aBMCHMOCTb MHTEHCHUBHOCTHM HW3JIYyYEHHUS] aTOMOB OT UX

KOHIIEHTpaIuu?

3. [lepeuncnure (akTopbl, BIUAIOIIME HA HHTEHCUBHOCTh H3JIY4YECHMS.
Kakum crioco0oM HaXxoJsT y4acToK MpsMoIMHEeHON 3aBucuMocTH [ ot C?

4, [IpuBenuTe mnpUHLMNUATBHYIO cxemy ¢oTomeTpa. [ne HaxoasT
npuMeHeHue GOTOMETPUUYECKUE U3MEPEHUS?

S. KakoBbI Mepbl IpeI0CTOPOKHOCTH NIPH INITAMEHHOM (hoTOMETpUn?
6. B uyem cymHocth Meroma cpaBHeHus? Kakue HOHBI MemaroT

OTIPEJICJICHUIO HATPUS METOJIOM CpaBHEHUs?
7. [Touemy cTposIT rpagyupoBOUHbIE TPA(UKN OTAEABHO JJIsl HATPUS, KaJIHsl

W KaJIbLUs ITPU OIIPEACIICHUN UX B CMECH MCTOJ0OM IJIaMEHHOM (I)OTOMeTpI/II/I?
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2.2 DJIeKTPOXUMHUYECKHE METOAbl AaHAJIN3A

DNEeKTpOXMMHUYECKME METOJAbl aHaju3a OCHOBAaHbl Ha HCIOJIb30BAaHUU
3aBUCHUMOCTH JJIEKTPOXMMHUYECKUX CBOWCTB CHUCTEMBI OT €€ XMMHUYECKOTO COCTaBa.
AHQIUTUYECKUM CHUTHAJIOM B DJIEKTPOXHUMHYECKHX METOAAX aHalih3a CIIyXkKaT
ANEKTPUYECKUE TMapaMeTpbl XUMHUYECKOW CHUCTEMBI: JJIEKTPHUYECKas MPOBOIUMOCTH
(KOHAYKTOMETpHUSI TMPU HUBKUX M BBICOKMX yacToTax), 3./[.C. raibBaHHMYECKOro
aJieMeHTa (MIOTEHUUOMETPHS) U Jp.

DNEeKTpOXMMHUYECKHME METOAbl AaHaIM3a WUCIONB3YIOT JIMOO JUIsl MPSIMBIX
M3MEPEHH, OCHOBAHHBIX HAa 3aBUCUMOCTH «aHAIMTHYECKHUI CUTHAII — COCTaBY, JINOO
JUISl UHIWKAIUU TOYKU SKBUBAJIEHTHOCTH B TUTPUMETPUHU.

DNEeKTPOXUMHYECKUE METO/BI aHanausa II03BOJISIOT OIPENCIIUTD
KOHIIEHTPAIIMIO BEeIIecTBa B mmpokoM auamnasone (1-107) moms/am’® ¢ moctatouno
BBICOKOM TOYHOCTBIO M BOCIPOWU3BOAUMOCTBIO. bBBICTpOTa, TOYHOCTH, NPOCTOTA
omnepaiui, BO3MOXXHOCTb aBTOMATH3alHH DJIEKTPOXMMHUYECKMX METOIOB aHaM3a
00€ecreynBaOT UX HMCIOJb30BAHWE B AHATUTHUYECKUX JIADOPATOPUSIX XUMHUYECKOM,
METaJUTypruyeckor, HedTsHOW, QapMaleBTUYECKO W JIpPYruX  OTpacisax
COBPEMEHHOT0 IPOMBILIIEHHOTO ITPOU3BOJICTBA.

2.2.1 IloTeHUMOMETPHUYECKHIA METO/I AaHAJIHU3A
[ToTeHUUOMETPUYECKMI METOJ aHaliu3a OCHOBAaH HA MCIOJb30BAHUU

3aBUCUMOCTH AJIEKTPOABMIKYIIICH CHUJIBI ANEKTPOXUMUYECKON
(motenmmomerpuyeckoit) stueriku (9.//.C.) OT KOHIEHTpAIMU OMPEACIISIEMOTO
BEILIECTBA B aHAJIU3UPYEMOM PACTBOPE.

J{ns onpenesieHusi KOHLEHTPAILUK OTIpe/IesieMbIX HOHOB B PaCTBOPE
HEO00XOJIMMO COCTABUTh TAJIbBAHUUECKUN JIEMEHT U3 ABYX 2JIEKTPOJIOB, U3MEPUTH
ANEKTPOJBUKYIILYIO CUITY 3JIEMEHTA, IIPEJICTABUTH €€ KaK Pa3HOCTh NOTEHIIMAJIOB:

E=¢1 - (2.10)
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[Ipu ycnoBuM, 4TO NOTEHIMAT OJHOTO 3JIEKTPOJa — BEIUYMHA MMOCTOSHHAS,
HalpuMep @;, ONPEACISIOT MOTEHUHAl JPYroro 3JEKTPoAa ¢, W HCHOJB3YS

YPaBHCHHUC HepHCTa, PACCUUTBIBAIOT KOHLICHTPANIO OIIPEACIIACMBIX NOHOB!

= O+—-
=0 Ina (2.11)
zZF
IA€. @ - PAaBHOBECHBIM JJIEKTPOJHBIA ITOTEHIHA, goo -

CTaHJAApPTHBIN (HOPMAIbHBIN) AIEKTPOIHBIN MOTEHIUAT

R - yauBepcanpHas ra30Basi IOCTOSHHAS,
T - abcomoTHasa Temneparypa, K;

Z - 3aps WOHA; a - aKTUBHOCTH

MOHOB.

[ToacraBnsist B ypaBHeHue (2.2) uucnoBbie 3HaueHus R = 8,314 JIx/moinb
rpan, F = 96500 Kn, £ = 298 K, 3ameHUB HaTypaJibHbIN JOTapudM J€CITUUHBIM U

I[IpUHUMaAs, 4TO a = C, IMOJIy4YHuM:

0.059

P=9°+ ‘InC (2.12)

Z
3
rae: C - KOHIEHTpALKS ONPEeIeNIIeMOro HOHa, MOJIB/ M.
N3mepuTenbHas MOTEHIIMOMETPUYECKas siUeiika COCTOMT M3 2-X DJICKTPOJIOB:

MHJAKATOPHOTO AJIEKTPOAA, NOTEHIMAJ KOTOPOrO MPSMO WJIA KOCBEHHO 3aBUCUT OT
KOHIIEHTPALMU ONPENEIIEMbIX HOHOB; JJIEKTPOJIa CPABHEHUS - MOTEHIIMAI KOTOPOTO
HE 3aBUCUT OT KOHLICHTPALIMU ONPEIEIIEMbIX HOHOB.

HMoHBI, OT KOHLEHTpalMM KOTOPBIX HEIOCPEACTBEHHO 3aBUCUT ITOTEHLIAAI
AJEKTPOAA, HA3bIBAIOT ITOTEHUHUAIONPEACIAIOINMHA UIsl JaHHOTO JJeKTpoaa. B
ITOTEHIMOMETPHUH MCHOJIb3YIOT JBA OCHOBHBIX KJIACCA MHAMKATOPHBIX DJIEKTPOIOB:

*  DJJIEKTPOAbl, HA MeX(a3HBIX TPAHUIIAX KOTOPBIX MPOTEKAIOT PEAKIUU
C YYaCTHEM 3JIEKTPOHOB. Takue 31eKTPOIbl Ha3bIBAIOT AIEKTPOHHOOOMEHHBIMH.

*  DJJEKTpOAbl, Ha MeX(}a3HbIX TpaHUIAX KOTOPBIX MPOTEKAIOT
MOHOOOMEHHBbIE peakUuu. Takue HIIEKTPOJbl HAa3bIBAIOT MEMOpPaHHBIMH,

MOHOOOMEHHBIMM MJIM HOHCEJIEKTUBHBIMM.
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JIEKTPO/bI CPABHEHUS
K snextpogam cpaBHEHHs] OTHOCSTCS TaKue SJIEKTPOAbI, TOTEHIIMAT KOTOPHIX

HC 3aBUCUT OT KOHLCHTPAIWH OIIPCACIISICMBIX HOHOB. B IMPAaKTHUKC ITOTCHIUOMCTPHUU
B KaQUCCTBC JJICKTPOIOB CPABHCHUS YallC BCCTO HUCIIOJIBb3YIOT BOI[OpOI[HBIfI QJICKTpPOA,

XJIOpCEPEOPSHBIN U KAJIOMEIbHBIN 3JIEKTPOIbI.

BoaopoaHblii 3J1eKTpoa
Y CTpOoCTBO BOJOPOIHOIO JIEKTPOA ITOKa3aHO Ha puc.2.7.

Pucynoxk 2.7 — Booopoonulii 31ekmpoo
1 - cocyo, 2 - nramunoswiii 31ekmpoo, 3 - cmeKkiaHHAs mpyoxa,
4, 8 - kpanwi, 5 - mpyodxa 015 6600a 6000pooa, 6 - 2udpasiuyecKuil 3ameop, 7

- cughom.
. . 3
B CTeKJIAHHBINA COCY/l HATUT pacTBOp cepHoii kucaoThl ¢ a(H) = 1 Mons/mm°, B
KOTOPYIO ONYyIIEHA TUIaCTUHA W3 MOPUCTOW TaThHbl. CHU3Y B COCYJ C KHCJIOTOU

NOJAETCs BOJOPOJ 1o faBieHueM Ppy= 101325 Ila.

Ha rpanuue paszena miatuna - pactsop H,SO4 npoTekaer 31eKTpoXUMU-
4eCKuii ImpoLecc: 2H" +2¢ — H, (2.13)

0.059

Q
= + -In
Y BO3HHUKACT MOTEHIHAI P=P 2o An+ (2.14)

z
Totenuuan BogopogHoro srektpona mpu a(H") = 1 mons/nm® u P(H,)=101325

0 —
Ila ycrnioBHO ipuHAT paBHBIM 0, T.€. @ 14/ = 0.
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B sTOM ciydae BOZOPOIHBIN 3IEKTPOA SABIAETCSA CTAHAAPTHBIM 3JIEKTPOJIOM
WU  HYJIb-3JIEKTPOJAOM M €ro MOXHO MCIOJIB30BATh B KAayeCTBE DJIEKTPOJA
CpPaBHEHMUSI.

Bonoponssiii snektpos obo3navaercs: Pt.H, |H+ . OTOT 3JIEKTPOJI SIBISIETCA
00pPaTUMBIM OTHOCHTENBHO HOHOB H
[Ipy uCHONB30BaHUM BOJOPOJHOIO 3JEKTPOJA B KadyeCTBE BJIEKTPOJa

CpaBHCHUA CO6I/IpaI-OT raJlbBaHU4ICCKUM OJICMCHT, COCTOSIHII/Iﬁ N3 MCIOHOI'O 3JICKTPOIA,
HAIIpUMCP, U BOAOPOIHOI'O HYJIb-3JICKTPOdA:

Cu| CuSO, | | H' | H,, Pt
N3mepuB DJIC 3TOro 31€MeHTa, MOXKHO ONPEACIUTh MOTECHUHAT MEIHOIO

anexTpoaa: E = gcuz+/cu — @ozr+/m2

[Tockosbky @o2a+/H2 = 0 — @cuz+/cu = E
[To BemuurHE U3MEPEHHOU JICKTPOIBUKYIICH CHIIBI MOXKHO paccyuTath In
a (Cu™):
o N 0.059 "
P =P cireicu In a(Cuz) (215)
z

Ha npaktuke BOAOPOAHBIA HYJIB-3JIEKTPOA MUCIIOIB3YKOT PEIKO BBUIY
CJIOKHOCTH €r0 yCTPOMCTBA.

XJyopcepeOpsHbIi 3JIEKTPOJ
YceTpolicTBO XJ10pcepeOpsiHOTO AIIEKTPoAa MOKa3aHo Ha pUcyHKe 2.8.
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Pucynok 2.8 — Xnopcepeopsanwiii 21exmpoo
1 - kopnyc, 2 - acbecmosas numo, 3 - pacmeop x10puda Kaus, 4 - omeepcmue

0J151 3aUBA PACMBOPA X0pUoa Kaius, 5 - pe3unosas npooxa, 6 - cepebpsanas
npoeonoka, 7 - xnopuo cepebpa, 8 - acbecmoswiil pumuno.
XnopcepeOpsHbIA  DJIEKTPOJT MPEACTABISET CO00M CTEKISHHBIA cocyd C

cepeOpsiHOM TUTACTMHKOM, MOKPBITOM clioeM TpyaHopactBopuMoil conmu  AgCl,

koTopyto 3anuBaioT pactBopoM KCl omnpenenenHoil koHueHtpauuu. Ha rpanuie

cepeOpsiHas IUIACTHHA — MOH cepedpa BO3HUKAET 3JIEKTPOJHBINA MOTEHUHMAT 3a CUET

mporecca;
Agt+e — Ag (2.16)
BennunHa »I€KTPOJHOrO TMOTEHIMANIAa PACCUUTHIBAECTCA 110 YPABHEHUIO
HepHcra:
@ Ag+iag = oag+iag + 0.059 Ig a (Ag+) (2.17)
AxTtuBHOCTB HOHOB Ag’ onpenensercs ITP (AgCl):
ITP (AgCl) = a (Ag*) - a (CI), (2.18)

otkyna: a(Ag"*) = IIP (AgCl) / a (CI).
[MocrostHcTBO  @(Cl) 00ECHEeYUBAIOT HCIOJIB30BAHUEM HACBIIICHHOTO

pactBopa KCI1. [Ipu BbINOJHEHUH 3TOTO YCIOBHS MOTEHIIMAI XJIOPCEPEOPSHOTO
AJIEKTpO1a OYJET MOCTOSHHBIM, 3aBUCSIIUM TOJIBKO OT TEMIEPATYPHI.

KanoMe/ibHbII 3JIEKTPOX
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KasioMenbHbI 3JIEKTPOJ MPEACTaBISET COOOW COCyl, Ha JHE KOTOpPOIo
UMEEeTCSl MeTajulndyeckass pTyTh, 3aluTas HachlmeHHbIM pactBopoM KCI
otHocutensHo Hg,Cl,.

Ha rpanune Metaiur - pacTBOp MPOTEKAET PEAKLIUS
2Hg" +2CI' — Hg,Cl, +2e,
B pe3yJbTaTe dYero BO3HUKACT IOTCHIIMAN, 3aBHCSIUNA oT KoHieHTparuu CI,

[TocrostacTBO a(Cl) 0OecnieunBacTcs MCIOMB30BaHKEM HAChIICHHOTO pacTBopa KCl.
B »TuX yclOBHSIX TOTEHIMAN KaJOMEIBHOTO OJJIEKTpoAa OyAeT MOCTOSHHBIM,
3aBUCSIIUM TOJBKO OT TEMIEPATYPHI.

NHaukaTopHbIe 3JIEKTPOAbI
NHaukaTopHBIMU SIBIISIFOTCS TaKUE AJIEKTPOJbI, MOTEHIMA KOTOPBIX 3aBUCUT

OT KOHOCHTpAIWH OIIPCACIISACMbIX HOHOB B paCTBOPC.
I/IHI[I/IKaTOpHI)Ie QJCKTpOAbl ACILITCA Ha CICAYIOINUMC OCHOBHLIC THIIBIL:
MCTAJNIMYCCKUC, OKHCIINTCIIBHO-BOCCTAHOBUTCIIBHBIC, HOHCCIICKTUBHEIC.

MeTaim4yecKkue JIEKTPO/AbI
HpeI[CTaBJ'IHIOT CUCTEMY, COCTOAINYIO U3 METaJJINYECKON IIJIaCTHUHBI,

HOTPYKEHHYIO B PaCTBOpP COJIM JaHHOro MeTaiuia. Ha rpanune pasnena
MeTaJlJIn4ecKasi IJIACTHHA — PacTBOP COJIM METAJlIa BOSHUKAET JIEKTPOAHBIN
MOTEHI[MAJ, BEIMYMHA KOTOPOTO 3aBUCUT OT KOHLIEHTPAlMU HOHA METaJljla B

pactBope:

9 = ¢+ 0.059/z - Ig a(Me™) (2.19)
OKHCJIHTeJIBHO-BOCCTaHOBI/ITe.]H)HI)Ie 3.]IeKTp011bI
HpeI[CTaBJ'I}IIOT CI/ICTeMy, COCTO}IIIIyIO n3 HHepTHOFO MeTaJIJIa, OHyHleHHOFO B

pacTBOP, COAEPKAIIMN OKUCIUTEIIBHO-BOCCTAHOBUTENBHYIO APy APYroro MeTasia.
HNuepTHBIE METAIIIBI B SJIEKTPOXUMHUYECKUX PEAKIUAX HEMTOCPEACTBEHHO HE
YYacCTBYIOT, a JIMIIb SIBJISIFOTCA NIEPEIATYMKAMU DIICKTPOHOB MEXKY OKUCIUTEIAMU U
BOCCTAaHOBUTEIIEM B MPUAJICKTPOIHOM ciioe. [loTeHIman, BO3HUKAIUM Ha
WHEPTHOM DJIEKTPOJE, 3aBUCUT OT KOHLUEHTPALIMH OKUCIIEHHOW U BOCCTAHOBIICHHOM

(dbop™m orpeaenseMoro MeTajiia B pacTBOpeE.
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OKMCIINTEIbHO-BOCCTAHOBUTEILHBIC QJICKTPOAbI (qau[e BCETO HHaTHHOBBIﬁ)
MMPUMCHAIOT B IOTCHIUOMETPUICCKOM TUTPOBAHHUU 110 MCTOAY
OKHUCJIICHUABOCCTAHOBJIICHUS.

HoHce1eKTHBHBIE AJICEKTPO/AbI
CpCI[I/I HOHOCCJICKTUBHBIX  JJICKTPOJ0B HanOOoJIbIIEE PacIIpoOCTpaHCHUC

ITOJTYYNJI CTEKJISIHHBIM 3JIEKTPOJ, TPEAHA3HAYEHHBIN 111 n3Mepenust pH.

VYCeTpoiicTBO CTEKIITHHOTO 3JIEKTPO/1a TOKA3aHO Ha PUCYHKE 2.9.
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Pucynoxk 2.9 — Cmeknaunoiii 21ekmpoo Pucynox 2.10 — Mexanuzm 603HUKHO-

BEHUS NOMEHYUANA HA CMEKIAHHOU
1 -wapux; 2 - pacmeop kucnomel, 3- yeubpane

Kopnyc, 4 - KOHmakmuwlil noxysnemenm, 5 - kabenv, 6
- wmexep
CTEeKJISIHHBIA ~ DJIGKTPOJ]  MPEACTABIsET COOOM  CTEKISIHHYIO — TPYOKYy,

3aKaHYMBAIOIIYIOCS TOHKOCTEHHBIM IIapukoM (toiuuHa cteHku 0,01 — 0,001 mm).
[Ilapuk U3roTOBJIEH U3 CIEUUATBLHOTO IEKTPOJHOTO CTEKIIa, 00JIa1al0IIer0 BEICOKOM
+ + -+
AJIEKTPONPOBOHOCTHIO, ¢ JMoOaBkaMu kKaTthuoHOB Na', K wmm LI, cmocoOHBIX K
+ V)
obmeny Ha H'. BuyTpu snektpoaa Haxomutcsi cranaaptHblii pactBop HCI1, wvaie
3 .
Bcero 0,1 Momp/aM™ ¢ mo0aBKOW XJIOPUAOB. IJIEKTPOJ CHAOXKEH TOKOOTBOJOM,
KOTOpPBIM CIYXHUT cepeOpsHas mpoBosioka, mokpbitas AgCl. K TtokoorBomy
MPUIIAUBAIOT U30JMPOBAHHBIN MPOBOA. MexaHu3M BO3HUKHOBEHUS MOTEHIMaNa Ha

CTEKJIIHHOM MeMOpaHe MOXHO MPEJICTAaBUTh CIAEAYIOMUM o0pa3om. s usmepenus
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pH aHamu3upyemMoro pacTtBopa NPHUMEHSIOT 3JEKTPOXHUMHYECKYI) CHCTEMY,
COCTOSALLYI0 M3 AHAJIM3UPYEMOI'O pacTBOpa U MOTPYKEHHOI'O B HErO CTEKJISIHHOTO
anektpona (puc.2.7). B pesymprare mBa pactBopa — craHmapTHbii pactBop HCI
BHYTPU CTEKJISIHHOTO DJJIEKTPOJia W aHAJIU3UPYEMBbIH pacTBOp, OKAa3bIBAIOTCSA
pa3lieJICHHBIMU TOHKOM MEMOpaHOM CTEKJISTHHOTO 3JiekTpoaa. K Tomy u npyromy
PacTBOPY MOJABOJIAT AMEKTPOIbI CPABHEHHUSI.

[ToreHnuansl Ha 00€MX CTOPOHAX CTEKISSHHOM MeMOpaHbl ONpeNesIIOTCs
peakuuei 3aMenIeHus] KATHOHOB IIEJIOYHBIX METAJIOB B CTEKJIE HOHAMU BoAopoaa. B
pe3yJibTaTe MOBEPXHOCTh CTEKJIa (PYHKIMOHUPYET KakK »dJIEKTPOa, OOpaTUMBbIN
orHocutensHo H'. Tlpu 5TOM, Ha OJHOH, BHYTpeHHEH CTOPOHE CTEKISHHOM
MEMOpaHbl ~ DJIEKTPOJHBIA  TMOTEHIMAT  OCTaeTCs  IMOCTOSIHHBIM.  [lOoCKOJIBbKY
KoHIeHTpauus H' B cTaHmapTHOM pacTBOpe He MeHseTcs, a Ha BHelIHeil cTopoHe
MeMOpaHbl — M3MeHseTcs BMecTeé ¢ M3MEeHeHMeM KoHueHTpauuun H' B
aHAJIU3UPYEMOM PacTBOPE.

Takum 00pa3oMm, MOTEHUMANT CTEKJISHHOTO AJIEKTPOHHOIO  3JEKTPOJa
IPENCTaBlIsAeT CO00M pPa3HOCTh TMOTEHIIMAJIOB MEXKIY CTOPOHAMHU CTEKIISTHHOU
MEMOpaHBbI.

Ecnu 661 06€ cTopoHBI MEMOpaHbI OBLITM COBEPIICHHO OJMHAKOBBIMH, TO MPHU
MCIIOJIb30BAaHUHU OJHOTO M TOTO K€ PAacTBOpPA MO 00€ CTOPOHBI MEMOpPaHbI, MOTEHIUA
CTEKJISIHHOTO 3JIEKTPOJA JOJDKEH PABHATHCA HYJNIO. B AEHCTBUTENIBHOCTH TMOJHOU
UJACHTUYHOCTH OOEUX CTOPOH MeMOpaHbl HE HaOmoAaeTcss U OOHapyKUBaeTcs
HEKOTOpasi Pa3HOCTh MOTEHIMaIa, KOTOpas Ha3bIBAETCS MOTEHIIMATIOM aCCUMETPHH.
[ToTeHnman accuMeTpud BKIIIOYAETCS B BEJIWYMHY CTAHAAPTHOrO MOTEHIHAJIA
CTEKJISTHHOTO 3JIEKTPO/A.

CTeKJISIHHBIA DJIEKTPOJ] OOBIYHO UCIHOJIB3YIOT B Tape C XJOpCepeOpsHBIM
AJNIEKTPOJIOM CPaBHEHHS C 0Opa30BAaHUEM TaJIbBAHUYECKOTO DJIEMEHTA:

Ag,AgCl |HCZ (0,1M ) |cmem0 | |uccvze<). pacmeop |KC1 Hacoly. |AgCl, Ag
[ToTeHnan CTEKISIHHOTO JIEKTPO/Ia PaBEeH:

QPemex=K +RT/(zF) - lga (H™) (2.20)
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CTekJIHHBIM 3JIEKTPOJ 00JafaeT PAIOM NPEUMYILECTB MO CPaBHEHHUIO C
APYTUMU UHAUKATOPHBIMU AJIEKTPOJAMHU:
* BO3MOXHOCTb  HCIOJb30BaTh B  MPUCYTCTBUM  OKHUCIHUTENEH U
BOCCTaHOBUTEIIEH;

* OOJBIION Juana3zoH u3MepeHui (ot -2 o 13);
* OBICTPOC YCTAaHOBJICHUE PABHOBECHS HA TPAHHUIIC DJICKTPOI-PACTBOP.
CylIecTBEeHHBIMH HEJOCTaTKAMH CTECKJITHHOTO 3JICKTPOJa SBIIIOTCS €ro

XPYIKOCTh M HEBO3MOXXHOCThH HCITOJIB30BaTh Il W3MepeHus pH B MIEIOYHBIX
pactBopax (pH>13).

AHajnuTH4YecKas MOTCHIUOMETPHUA
HOTGHI_[HOMGTpI/ILIeCKI/Iﬁ MCTOd aHaldnu3a MOXKCT OBITh pCalin30BaH B JBYX

BAapUAHTAaX:

* METOJ IIPSAMOM ITIOTEHIIMOMETPUHA — HOHOMETPUU;
* METOJ NOTEHINOMETPUYECKOTO TUTPOBAHU.
B merome mpsaMoON NOTEHUMOMETPHUH IO CTAHJAPTHBIM PAcTBOPaM CTPOST

IpayupOBOYHYIO XapAKTEPUCTUKY B KoopauHaTax ¢(x) - C(Xx), a 3aTeM Mo BETUYHHE
3./[.C. TOTEHIMOMETPUYECKON SYEHKH C AHAIM3UPYEMBIM PACTBOPOM HEU3BECTHOM
KOHLIEHTPAIMM HaXOJAT aKTHMBHOCTb OIPEAEISIEMOr0 HOHA B aHAJIM3UPYEMOM
pacTBope.

Haubonee mmpoko Meroa mNpsMOW MOTEHUUMOMETPUH MPUMEHSIOT, IS
onpenenenus pH pacTBopos.

bonpiiee pacnpocTpaHeHHe B aHAIMTUYECKOW MPAKTUKE TMOJYyYHUST METOJ
NOTEHIIMOMETPUYECKOTO  TUTPOBaHUSA, B KOTOPOM TOYKa HKBUBAJIEHTHOCTU
(dukcupyercss Mo pe3KoMy CKauyKy MOTEHIMala MHIUKATOPHOTO 3JIEKTPOJa B XOJIe
TUTPOBAHUS.

[ToTeHomMeTpruYecKoe TUTPOBAaHUE O0OJAZAaeT PsSAOM MPEUMYIIECTB TEpen

NpsIMOU MoTeHIHoMeTpreil. OH MO3BOJISET:
ONPENEIUTh KOHIIGHTPALMIO BEIIECTB C OoJibllIed NPaBWIBHOCTBIO H
BOCIIPOM3BOJAMMOCTH — BECTH U3MEPEHHUS B MIPUCYTCTBUU MEIIAIOIINX BEILECTB, K

KOTOPBIM HCUYBCTBUTCIICH HSMepHTCHBHBIﬁ QJICKTPOA; - MMpOBOAUTD
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onpeaeneHue AByX M 00Jee BEIIEeCTB MPU COBMECTHOM MPUCYTCTBUHU; ~ MpHU
WCIIOJIb30BAaHUU AJIEKTPOJHOAKTUBHBIX THUTPAHTOB ONPEAEIUTh BEIIECTBA, IS
KOTOPBIX OTCYTCTBYIOT HOHOCEIEKTUBHBIE JIEKTPO/IBI.

Bonpuioe 3HaueHWe TMpU MNOTEHIIMOMETPUYECKOM TUTPOBAaHUU UIPAET

PaBUJIbHBIN BHIOOP MHIAUKATOPHOIO JIEKTPOIA.

IIpy OKHCIUTENBHO-BOCCTAHOBUTEIBHOM TUTPOBAHUM B KAYECTBE MHIUKATOPHOIO
4alie BCEro UCIOJIb3YIOT DIIEKTPO/ U3 IUIATUHBI.
[Ipy KHCIOTHO-OCHOBHOM THUTpoBaHMM pH pacTBOpa OOBIYHO U3MEPSIOT C

MIOMONIBI0 CTEKJISIHHOTO 3JIEKTPOJia, HO MOTYT OBITh HCIIOJB30BaHbI M JIPYTHE
pHYyBCTBUTENBHBIE AIEKTPO/IbI, HAIPUMED, CYPHMSHBIN I XUHTHIPOHHBIH.

[Ipu peakumsix OCaKIEHUS DJICKTPOJ JOJKEH OBbITh YYBCTBUTEICH JHOO K
OTpeesieMOMy BEIIEeCTBY, JIMOO K TUTpaHTy. Hampumep, cepeOpsHbIN 3JIeKTpoa
MOKeT ObITh NMPMMEHEH KaK MHIMKATOPHBIA NpH ONpejeleHud MoHa Ag' u psaja
aHMOHOB, 00pa3ylonux ¢ HoHoM Ag" TpymHopacTeopumble ocanku: CI', Br, J, CN,
CrO,” u IpyTHE.

KomMriinekcoHoMeTpruueckoe TUTPOBAaHHE MOXKHO TMPOBOAWTH JHOO €
MOHCEJICKTUBHBIM JJIEKTPOJIOM, YyBCTBUTEIBHBIM K OIpPEACIIIEMOMY HOHY, JTUOO C
Cu4yBCTBUTEIBHBIM 3JIEKTPOJIOM, €CJIU JOOABUTH B aHAIM3UPYEMBIN pacTBOP MEpe.
THTPOBaHHEM HEGOIIBIIOE KOINIeCTBO HOHOB CH’' B KauecTBE HHAMKATOPA.

3ajada MOTEHIIMOMETPUUECKOTO TUTPOBAHUS CBOJAUTCS K OMPEACIICHUIO TOUKU
SKBUBAJICHTHOCTH, B KOTOPON peareHThl HAaXOJSTCS B DKBUBAJEHTHBIX APYT IPYTy
KoJu4ecTBax. Pe3ynbTaTbl MOTCHIIMOMETPUYECKOTO THUTPOBAHUS MOTYT OBIThH
MPEACTABJICHBl PA3MHYHBIMU  crioco0amMu. OOBIYHYI0 (MHTETPAIbHYI0) KPUBYIO
TUTPOBAHUS CTPOSAT B KOOpAUHATAX @ — V (OTEHIMAN MHAUKATOPHOIO 3JEKTpoaa —
o0beM TuTpanTa) (puc.2.11).

Touka SKBHUBAJIEGHTHOCTH B 3TOM CIydyae COOTBETCTBYET CEpEAMHE CKayka
norernuana. uddepeHnnanbayto KpUBYHO TUTPOBAHUS CTPOSIT B KOOpAMHATaX
A(pz/AV—V (puc. 2.11). Touke SKBHUBAJIEHTHOCTH B 3TOM CJydae COOTBETCTBYET

MaKCHUMYyM MOJYYeHHOU KPUBOIL, a OTCYET M0 OCH abCLUCC, COOTBETCTBYIOUINI 3TOMY
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MaKCUMyMy, JaeT »JKBHBAJICHTHBIH 00beM turpanta. OmnpeneneHue TOUKH
AKBUBAJICHTHOCTH MO auddepeHIManbHON KPUBOW, 3HAYUTEIHHO TOYHEE, YEM TIO
MHTETPAIbHOM.

KpuByto TuTpoBaHusi o BTOPOM MPOU3BOJHOM CTPOSIT B KOOPAMHATAX A(pz/AV
- V. Tak kak mpousBoaHas (GYHKIIMH, UMEIOIIEH MaKCUMyM, B TOYKE MaKCHUMyMa
paBHa HYJIIO, BTOpasi MPOU3BOIHAS U3MEHEHHS MOTEHIIMAIA 110 U3MEHEHHUI0 00beMa B

TOYKE IKBUBAJICHTHOCTH Oy/IeT paBHa HYJO (puc.2.11).

4 JE A
dv
i - 1 >
»(T3)  ¥(T) »(T3)  W(T)
d:E A AV A
av- AE
‘ > >
P(T3) (D) »(T3)  P(T)

Pucynox 2.11 — Kpusvie nomenyuomempuueckoco mumposanus. a)
uHmezpanvbHas kpueas, 06) oughgepenyuanvuan Kpusasi,

8) Kpueasi mumpoeanusi no 6mopou NPou3eooHoU, 2) kpueas I pana.
Kpusyto o merony I'pana ctpost B koopaunarax AV/A¢ -V. Ilepen Toukoit

SDKBUBAJICHTHOCTM W TOCIE Hee KpuBasg Ipana mpsamoinHerHa. Touka
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SKBUBAJIEHTHOCTH COOTBETCTBYET TOYKE II€pecedYeHHs] 3TUX MnpsMbix (puc.2.11).

[ToTeHnmomMeTprUYeCcKuil METO/ aHajM3a 00IaaeT PAIOM MIPEUMYIIIECTB:

~  BBICOKass CKOPOCTb W HPOCTOTAa OHIPCACIICHUA; — BO3MOKHOCTH aHaJIN3a
OKpPAIICHHBIX U MYTHBIX PACTBOPOB, d TAKIKC pacC-
TBOPOB, pasjiararomux OIITHICCKNUEC HHAUKATOPLI,

BO3MOXXHOCTh ONPEICICHNS] HECKOJIBKUX KOMIIOHEHTOB MPU UX COBMECTHOM
IPUCYTCTBUU B PACTBODE;

MMO3BOJICT HaCTUYIHO WUJIM ITOJITHOCTBIO aBTOMATHU3UPOBATH MCTOJ KOHTPOJIA.

NHTtepBan omnpenenseMblXx COACPKAHUN Pa3IMYHBIX HOHOB B IMPUPOJHBIX U
MIPOMBINUICHHBIX 00BEKTaX HAXOJIUTCS B Mpezenax 10° + 10 MOJ'IB/I[M3; pH MoxHO
m3mepsaATb B uHTepBane 0 H- 14. llorpemHocTs omnpeneneHus npu  IPSIMOM
MOTEHIIMOMETPUIYECKOM ONPEAECICHUN COCTAaBJISIET 2-10%, npu
MOTEHIIMOMETpUYecKoM TuTpoBanuu 0,5-1%.

Annapartypa Uil IOTEeHIMOMETPUYECKOr0 AaHAIU3a
HenocpencrBeHHoe  u3MepeHUE  MOTEHLIHMATIa  OTIAEIBHOIO  3JIEKTPOJia

HEBO3MOXHO. [loaTOMYy mnpW NOTEHUHMOMETPUUECKOM OMNPEACICHUN COCTABIISIIOT
raJbBaHUYECKUMN DJIEMEHT U U3MEPSAIOT PA3HOCTh MOTEHLIMAIOB JIBYX 3JEKTPOJOB —
2./.C.

Hns mamepenus 3./[.C. yaiie BCETrO MCIOJIB3YIOT CEPUUHBIE OTEUECTBEHHBIC
noteHuuometpsl Tuna pH-121, pH-340, U-120, 9B-74 u np.

[IpuHUMI AEHCTBUSA MOTEHUMOMETPA OCHOBAaH HA MHOTOKPATHOM YCHJICHUU
CUTHAJIOB, BO3HUKAIOIIMX B MOTCHIUOMETPUYECKON SUEHKE BCIEIACTBUE PA3ZHOCTHU
NOTEHUUAIOB 3JIEKTponoB. O./[.C., mnocTynarmmas OT 3JIEKTPOJIOB-U3MEPSIETCS
MUJIJIABOJIBTMETPOM. BcernencTBrue TOro, 4ro MOTEHIMA AJIEKTPOJIa CPABHEHUS NPHU
U3MEPCHUSIX HE W3MEHSETCA, Ha TMOTeHIMoMeTpe GdakThuueckn (ukcupyercs
MOTEHIMAJI UHIUKATOPHOT'O AJIEKTPOJIA.

YHuBepcaabHblii uHoHOMep IB-74
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VYHuBepcanpHblii HOHOMEp OB-74 B KOMIUIEKTE C HOHCEIEKTUBHBIMH
ANEKTPOAAMU IIPEAHAZHAYAECTCS JJIsSI ONPEAECIEHUS aKTUBHOCTH KaTUOHOB U AHUOHOB
(BennunHbI pX) B BOJHBIX PACTBOPAX, a TAKXKE JIJISI UBMEPEHUS OKUCIUTEIBHO-

BOCCTAHOBUTEJIBHBIX MOTEHIIUATIOB (BEIUYMHBI () B BOJHBIX pacTBOpaXx).
OcHOBHBIE TEXHUYECKHE JIaHHbBIC: JHMAna3oH HU3MEpEeHHs MpeoOpazoBarelsi B

peXUME U3MEPEHUSI aKTUBHOCTH OT -1 110 19 enuuun pX; B pesxuMe U3MepeHust
2./1.C. ot -100+ +1900 MB; usmepurensHsiii anektpoa - DCJI-43-07; amexkTpon
cpaBHeHus - OBJI-1M3.
JUtst u3MepeHusl aKTUBHOCTH MOHOB B PacTBOPAaX MCIIOJIB3YETCSl YCTaHOBKA,
cocTosAlas W3  NOTCHUMOMETPUYECKOM  SYEMKH € HMOHCEIEKTUBHBIMU

U3MEpPUTETHLHBIMU JIEKTPOIaMH U npeodpasoarens (puc. 2.12).

| I
=

(LRI

(NPT

1)
!

Pucynok 2.12 — [Ipunyunuanvuas cxema ycmano8Ku OJisl
HOMEHYUOMEMPUYUECKUX USMEPEHULL!
1 — macnumnas mewanka, 2 — suetika 0l AHATUIUPYEMO20 pAcmeopad, 3
— UHOUKAMOPHDBLU I1eKMpo0, 4 — X10pcepedpsnblil 21eKMpo0 CPABHEHUSL,

5 — biopemxa; 6 — uzsmepumenvhwiil npuboOp (yHUepcavhwvill uoromep IB-714).
PaGoTa nonomepa ocHoBana Ha nipeodpazoBanuu J./[.C. 3IEeKTPOHON

CUCTEMBI B MIOCTOSIHHBIA TOK, POITOPLIMOHAIBHBIN U3MEPSIEMOMN BEITUYNHE.
[IpeobpazoBanue 3./[.C. 3IEKTPOAHON CUCTEMBI B IOCTOSIHHBIN TOK OCYIIECTBIISIETCS

BBICOKOOMHBIM HpCO6p3.30BaT€JI€M.
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Buemnuii Bug npeodpazoBaresis U MOTEHIIMOMETPUUECKON SUelKH MOKa3aH Ha
puc.2.13.

Hoxonzep yyozepcasusnt JB-T4

g w

Pucynok 2.13 — Honomep ynusepcanvruiti IB-14
1 -nokazwisarowuii npubop, 2 - KHONKU 66100pa pooa pabomsi; 3 — mymoep «cemovy,;

4-ceemoouod; 5 - KHONKU 6blOopa ouanazona usmepenuti;, 6,7,8 - peeynamopol
Hacmpouxu npubopa.
AJITOPUTM NPOBeIeHUs] U3MEPEeHUIl Ha YHUBEPCAJIbHOM HOHOMepe JDB-74,
HN3mepenne pH pacrBopos
1.Bxmtounts nioHomep OB-74 B ceth 3a 30-40 mMuHYT 10 Hayama pabOTHI
TyMOJIEpOM «CeThby» 3. 3aKUraercs CBeTOANo 4.

2. Haxxatp crienyronye KHONKY HAa MaHEJIM HOHOMEPA.!

* «AHHUOHBI-KATHOHbBD»

« PX

 JluanazoH rpyObIx uamepeHuit «-1+ 19».

3. TmaresnbHO MPOMBITh U3MEPUTEIIBHBIN U BCIIOMOTATENbHBINA 3JIEKTPOIBI

JUCTUJUTMPOBAHHON BOJOM, OCYIINTh UX (DUIBTPOBaJIbHOW Oymaroil m morpysuTh B
CTaKaH C aHaJM3UPyeMbIM pacTBopoM, pH KoToporo Tpedyercs U3BMEpHTb.

4, B crakan ¢ aHamM3upyeMbIM pACTBOPOM OIYCTUTh CTEPKEHB-MEIIAJIKY.
VY cTaHOBUTH CTaKaH Ha MarHUTHYIO MEIIAJIKY U BKIIIOUHUTH €€ TyMOJIepoM

«CEThY.
d. [To moxazanmsiM TpeoOpazoBaTeNsi B AHUAMA30HE TPYObIX H3MEPECHHMA

(amwxwsis mkana (-1+19) BeiOpaTe Oosiee TOYHBINA aUANa3oH U3MeEpeHui S5: «1+4»,

«4=9» i «9+14».
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6. [Tpu pabote B Auana3one «-1-+4» orcuet 3HaueHui pH npousBoauTCS MO
BTOPOW BEpXHEH IIKasle MpeoOpa3oBaTess.

7. [Ipu pabore B amamazoHax «4+9» wmmm «9+14» orcuer 3Hauenmii pH
IIPOU3BOIUTCS TI0 TIEPBOM BEPXHEH IIKaJIe MpeoOpa3oBaTelis ¢ TpagyupoBKoi «0+5»,
MOKAa3aHUsI KOTOPOM HEOOXOJAMMO CYMMHUPOBATh CO 3HAYEHUEM HIKHEro mpejena
BBIOpPaHHOTO Juara3oHa u3Mepenuit (4; 9 wim 14 pH).

8. [loka3anuss MHWJUIMBOJIBTMETPA CHHUMAIOTCS C  COOTBETCTBYIOLIEH
IIKAJIBIIIOCHE TMOJHOTO ycmokoeHus ctpenku (0,5+1 MuH.) U 3aHOCATCS B
Ja00paATOPHBIN KypHAJL.

9. [Io okoHuYaHWM TPOBENEHUS aHaNW3a MPOOBI BHIKIIOYUTH MArHUTHYIO
Memanky. Ilepexmrouarens nuamna3oHoB u3MepeHuss pH BepHyTh B HCXOAHOE
noyioxkeHue «-1+19», VYOparp crakaH c aHanu3upyemoil mnpoOoi. TuiaTenbHO
MIPOMBITh U3MEPUTEIBHBIN 3JEKTPO U DJIEKTPOJA CPABHEHUS IUCTUILIMPOBAHHOM
BOJIOM, 3aTEM MOTPY3UTh UX JUOO B CTaKaH CO Cleayrolieid npo0oi, 1ubo B CTakaH ¢
JTACTUUIMPOBAHHOU BOIOM.

3agaua Ne 1 Onpenesienne koanuyecrna menoun NaOH
NMOTEHIIUOMETPHUYECKUM METOI0M
Onpenenenue komuuectBa 1enoun NaOH B aHanu3upyemMoM pacTBOpe

MIPOU3BOJIUTCS METOJOM NPSIMOM TNOTEHIIMOMETPUH, OCHOBAHHOM Ha IOCTPOEHUU
IrpagyrpOBOYHON XAPAKTEPUCTUKH MO CEPUM CTAHAAPTHBIX PACTBOPOB C PA3JIUYHBIM
3HayeHueM pH.

IIpubopwvl u peaxmueo:

HNonomep ynuBepcanbHbiii 9B-74.

N3meputenbHbli cTeKISTHHBIN A5iekTpoa DCJI-43-07.
XnopcepeOpsHbIii AIeKTpo cpaBHeHus: DBJI-1M3.
MarxuuTHas Memanka.

CTeKISIHHBIN CTAKaH eMKOCTBIO 50 cM”.

Kon6b1 emrocTbio 100 ev’,

Kuciora oprobopras HsBO; TOCT 9656-75; 0,04 mous/am’,
Kuciora oprodocdopras H;PO, TOCT TV 6-09-4191 -76; 0,04 moms/am’,
I'mppoxcun natpusa NaOH, 'OCT 4328-77, 0,2 MOJ'II)/I[M3.
Becwr ananntnueckue tuna BJIA-200M.

[TumeTka eMKOCTBIO 50 cM”.
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OpranusaumoHHas (popmMa 3aHATUSA
1.IlpuroToBnenue cepuu OyQpepHbIX paCTBOPOB.
2. CrannaprtHas cepusi OypepHbIX pacTBOpOB cO 3HaueHUsAMH pH B

nuara3one 2,0+8,0 TOTOBUTCS Ha OCHOBE YHUBEpCcaIbHOM OydepHoii cMecu 3-X
kucinot: H3BO3, H3PO,, CH3COOH (0,04 MOJIL/I[M3) C UCXOJHBIM 3HAaYCHHUEM
pH=1,81.

B mecTb kKo16 eMkocThio 100 e’ ¢ MOMOIIBIO ITUIIETKXA BBOJIUTCA 110 50 e
yKazaHHOU cMmecH Tpex kuciot: HzBOs, H3PO,, CH3;COOH. B kaxayro Kooy
CO CMECBIO KHUCIIOT A00aBIIsItOT U3 OropeTku o 7,9; 12,5; 17,5; 22,5; 27,5; 35,0
cm® pactBopa menoun C(NaOH) = 0,2 monb/mm°. PacTBOpsI B KOOax
TUIATENIBHO MEPEMEIINBALOT.

3. N3mepenne pH cranmapTHOl cepun.
3.1. Usmepenme pH cramgaptHON cepum OydepHBIX cmeceit

IIPOM3BOJIUTCS HA YHUBEPCAIBHOM HOHOMepe OB-74 cormacHo
AITOPUTMY .

3.2. PesynbraThl U3MepeHUl 3aHOCATCA B TabmuIty 2.4:
Tabauya 2.4 — Pe3ynomamol usmepeHuti

V(NaOH), cm® [Tokazanust nonometrpa pH [H*], momb/mm’®

4, [TocTpoeHue rpafyupoOBOYHON XapaKTEPUCTUKH.
4.1. T'panyupoBOYHasi XapaKTEPUCTHKA CTPOUTCA B KOOPJIMHATAX

pH- V(NaOH), cnm®.

4.2. Ha ocu opauHaT oOTKjIaAbIBaroTcs 3HaueHus pH mectu
pPacTBOPOB CTaH/IAPTHOM CepUM; Ha OCH abcIucCe — 00BeM JT0OABICHHOTO
pactBopa menounr C(NaOH) = 0,2 moms/am°. TOYKH COCIMHSIOTCS

kpuBou. [lommyyaercst rpagynpoBoUHasi XapaKTEPUCTUKA BUA:
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i = .
Vx{NaOH) O6rem V(NaOH), cm

5. Omnpenenenue koauuyecTna menoun NaOH B pacTBope — 3a1aue.
5.1. 3amaua ¢ HeusBecTHHIM KoianuecTBOM NaOH BpigaeTcs B

BHUJIE PacTBOpa B KOJIOeE.

5.2. B xonby ¢ anammsupyembiM pactBopoM NaOH mnwumetkoi
BBOZHTCA 50 cM® GydepHoii cvecH 3-x kuciaor. ITomydeHHbI pacTBOP
TIIATENBHO NepeMmemmBator. M3mepenne pH ananusupyemoro pactsopa
NaOH npou3BoauTcsi B COOTBETCTBUU C aITOPUTMOM.

5.3. Usmepennoe 3HaueHue pH HaHOCHTCS HAa OCh OpAMHAT
IpagyupOBOYHOM XapaKTEpPUCTUKH W MO OCH abcuucc OINpeaesnsercs
COOTBETCTBYIOICE 3HadeHHe oObema menourn NaOH V(x), cM® B
UCCJIEyEMOM PACTBOPE.

3amaya Ne2 OnpenesieHue KOHIEHTPALUH XJI0POBOJIOPOIHON KUCIOTHI
NOTEeHIIHOMETPUYECKUM METOA0M
OmnpeneneHre KOHIIGHTPAIMH XJOPOBOJOPOAHON KHCIOTHI OCHOBAaHO Ha

peakimu Hewtpanuzanuu HCl pacTBOpoM rujpokcuia Kaius:

HCl + KOH = KCI + H,0
OnpeneneHrne KOHLEHTPAIMU  XJIOPOBOJOPOIHON KHUCIOTHI MPOU3BOJAUTCS

METOJIOM TOTEHIIMOMETPUYECKOTO TUTPOBaHUs aHanuzupyemoro pactBopa HCI
CTAaHZAPTHBIM  pactBopoM  ruapokcuma  kamms  C(KOH)=0,1  moms/mm’.
OxBuBanieHTHBI 00beM KOH ompenensercs mo ckauyky TUTPOBaHUS Ha KPUBOU
MOTEHIIMOMETPUUECKOTO TUTPOBAHUSI.

IIpubopul u peakmugwl:
HNonomep yHuBepcanbHbiii DB-74.

W3mepuTenbHblil cTekIsiHHBIN 3nekTpoa DCJI-43-07.
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XiopcepeOpsHblIid 37eKTpo cpaBHeHus DBJI-1M3.
MarnuTtHas Memanka.
CTeKISTHHBIN cTakaH eMKocTbio 100 e’
bropeTka.
IManpoxcup kamust KOH, 'OCT4328-77; 0.1 MOJTB/ M,
OpranusanmonHas popma 3aHATHSA
1.PacTBOp-3a1a4y ¢ HEM3BECTHOM KOHIIEHTPALMEN XJIOPOBOAOPOIHON KUCIOTHI

3
MOJy4aroT B cTakaHe eMKOCThio 100 cm”.

2.5.

2. B crakan c¢ anammsupyembiM pactBopom HCI morpyxator
U3MEPUTENIbHBIM 3JIEKTPOJl U 3JIEKTPOJ CPaBHEHMsSI, CTEpPKEHb-MEIIAIKY MU
YCTaHABIMBAIOT IMOTCHIIMOMETPUUYECKYIO SYEWKY Ha MarHUTHYIO MeELIAJIKY.
BxirouaroT MarHUTHYIO MEIIAJIKY .

3. 3anoaHsAIT OIOPETKY CTaHJAPTHBIM PACTBOPOM T'MAPOKCHIA KaTUs
C(KOH)=0,1 mois/am’.

4, CTexJISTHHBIN HAKOHECYHHK OropeTKu MOTPYKAOT B
aHaJIN3UPYEMbIH pacTBOP.

S. N3mepsitoT pH nosmydyennoro pactopa-zanaun HCI.
6. [ToTeHIMOMETPUUECKOE TUTPOBAHUE AHAIU3ZUPYEMOTO pacTBOpa

HCI1 npowmsBoauTcs onpeneneHHbIMA nopuusmu pactBopa turtpanta KOH ¢
¢uxcupoBanuem pH pactBopa HCl mnocne poOapieHMsT KaKIOW TOPIUHU
TUTpaHTA.

opuuu Tutpanta 0,1 Mons/m® KOH cocrasisior:
- B unTepBare 0,0 + 38,0 cm® KOH mo 1,0

eM® - B unrepsaiue 38,0 +~ 42,0 cm® KOH 1o 0,1

CM3

- B unrepaiue 42,0 + 50,0 em® KOH 1o 1,0
cm®
7. TuTpoBaHue NPOAOIKAIOT 10 JocTxeHuss pH=12.

8. Pe3ynbTaThl MOTEHIIMOMETPUYECKOTO TUTPOBAHUS 3aHOCATCS B TaOIUILY

Tabauya 2.5 — Pe3yniomamul NOMeHYuoMempuyecko20 mumpo8anus

151



O0BeM

pH AV= ApH= V 3agaun| C 3amaun
TUTPaAHTA ) ) i C(KOH), | Vakekop,
V(KOH), pactBo- | V2 \3{1, pH> p3H1, ApH/AV MoTE/ T ol (HC3|), (HCD), ,
o pa cM cM cM MOJIb/IM

9. AHanu3 JaHHBIX MOTCHIIMOMETPUYECKOTO TUTPOBAHHUS:
9.1. Ha ocHOBaHUM JaHHBIX TaOJIHIIBI IOCTPOUTHh UHTETPAIBHYIO

KPUBYIO TUTPOBAHUS B KOOpAUHAaTax pH-V(KOH) u
i depeHINaIbHYI0 KPUBYIO TUTpOBaHMs B KoopauHatax ApHMV -
V(KOH).
9.2. Tlo wHrerpampHOW ®  aAudQepeHInanbHON  KPUBBIM
THTPOBAHHS OIPEIEINTh SKBHBAICHTHEIH 06beM TrTpanTta V'"C(KOH).
Paccuurares koHunentpannro HO B pacTBOpe-3amaue Ha OCHOBAHUM 3aKOHA
SKBUBAJICHTOB:

C(HC]) = C(KOH) - V**(KOH) / V(HC), mois/mm’/
9.3. PesynbraThl pacyeToB 3aHECTH B TAOJIHILY.
9.4. Ha wmHTerpaJibHOM KPUBOW THUTPOBaAHMs yKa3aTh HAdallo U

KOHEI[ CKauKa TUTPOBAHUSI.

9.5. Ha OCHOBaHUH MOJTYYEHHBIX KPHUBBIX
MOTEHIIMOMETPUYECKOTO TUTPOBAHUS BHIOPATH ONTUMAJIbHBIN KUCIOTHO-
OCHOBHOW  HHAMKATOp  JJISI  TUTPUMETPUUECKUX  U3MEPEHUH,
MIPUBEJICHHBIX B TaOJIUIIC.

Tabauya 2.6 — Hnouxamopwi

WNupukarop pT WNunukatop pT
Kpe3onoBblit kpacHbII 1,00 BpompenomnoBbIit kpacHbIi 5,90
Kpe3onoBblil nepnypHbIi 2,00 BpoMTHMOIIOBBINM cHHUN 6,80
ANM3apUHOBBI KenThIi P 2,60 HefiTpaneHblii kKpacHBbIi 7,60
B-muHUTPOPEHOT 3,20 Tponeomun OO0 8,25
MeTtunoBslil OpaHKeBbIil 4,00 ®denondranenH 9,00
Anu3apuHOBBIN KpacHbIi C 4,45 TumondTranenn 9,90
Bpomkpe3o0BbIil cuHMI 6,80 AnunzapuHoBbIi xenThii HOK 11,05
MeTunoBblil KpacHBIN 5,20
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3amaua Ne3 IloTeHuMOMeTpHYECKOEe TUTPOBAHNE CMECH XJIOPOBOIOPOIHOI
U YKCYCHOM KHMCJIOT
B ocHOBe omnpenenenns cMecu XJIOPOBOAOPOAHON M YKCYCHOM KHCIIOT IPH
COBMECTHOM TMPUCYTCTBUU JIEKAT PEAKUHH KHCIOTHO-OCHOBHOTO B3aWMO

JICUCTBHUS:

HCI + KOH = KCI +H,0 CH3;COOH+KOH = CH3COOK + H,0O
OnpeneneHne KOHIEHTPAMM  XJIOPOBOAOPOJHOM  KHUCJIOT IPOU3BOJUTCS

METOJIOM TMOTEHIIHOMETPUYECKOTO THUTPOBAHUS CMECH KHUCIOT CTaHJIApTHBIM
pactBopoM ruapokcuaa kamuss C(KOH)=0,1 MOJIB/ M. Kpusas tutpoBaHus B 3TOM
cllyyae MMeeT 2 CKauKa TUTPOBaHMs: MEpBbI ckadyok pH Oyner cooTBETCTBOBATH
3aBepuieHHIo peakuuu ¢ 6onee cunbHOM HCI. [locne 3Toro ¢ rugpokcuoM Kaiaus
Oynmer pearupoBath Oonee ciabas CH3;COOH (Ka=1,74-10'5), 3aBEpIICHUE
TUTPOBAHUS KOTOPOH (PUKCUPYETCS Ha KPUBOM TUTPOBaHUS MO BTOPOMY cKaduky pH.
OnpeneneHrne HKBUBAJICHTHBIX OOBEMOB pacTBOpa THUTPAHTA, MOLIEAIIET0 Ha
tutpoBanue HCI u CH3;COOH, ynoOHee npoBoauTh o auddepeHuaibHOi KpUBOM
MOTEHI[MOMETPUYECKOTO TUTPOBAHUS, MOCTPOCHHOU B KoopauHatax ApH/AV -V,

Ipubopsi u peakmuswi:
HNonomep yHuBepcanbHbiii 9B-74.
N3mepurenbHblil cTekasiHHBIN 2nekTpon DCJI-43-07.
XnopcepeOpsHblii anekTpo cpaBHeHus: DBJI-1M3.
MarauTHas Memasnka.
CTeKIISTHHBIN cTakaH eMKocTbio 100 cv®,
broperka.
I'mapoxeun kanust KOH, 'OCT4328-77; 0,1 MOJIB/ M.
OpranuzannonHas popma 3aHATHS
1. PactBop-3aauy C HEHW3BECTHBIM COJEpKAaHUEM XJIOPOBOJAOPOJHOU U

YKCYCHOM KUCJIOT MOJIy4aroT B cTakaHe eMKocThio 100 cM’,

2.B crakaH Cc pacTBOpOM-3aJadyeil MOTPYKalOT W3MEPUTEIbHBINA JJEKTPOA U
3JIEKTPOJI CPABHEHUS, CTEPKEHb-MEIIAIIKY U YCTAHABIMBAIOT MOTEHIIMOMETPHUUECKYIO
AYENKY HAa MAarHUTHYIO MEMIAJIKY. BKIIFOYalOT MarHUTHYIO MELIAJIKY.

3. 3anonaHsAI0T OIOPETKY CTAaHIAPTHBIM pPAcTBOPOM THUJIPOKCUIA KaIHs

C(KOH)=0,1 moms/am°.
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4, CTeksHHBIM HAaKOHEYHHMK OIOPETKH MOTPYXalT B aHAIU3UPYEMbIN
pacTBop.

5.M3mepstot pH nonyuenHoro pactBopa-3agaun cmecu HC1 + CH3COOH.
6. [ToTeHITMOMETpHUYECKOE TUTPOBAHHE AHAIU3UPYEMOTO pPaCTBOpa

MPOU3BOMUTCS OTpPECICHHBIMU MOpHUsAiMU pacTBopa TuTpanta KOH mo 0,2
3

CM".

7. TuTpoBaHHE MPOJIOKAIOT 10 AoCTKeHUs pH=12.

8. Pe3ynpTaThl MOTEHITMOMETPUUECKOTO THUTPOBAHUS 3aHOCSTCS B
Ta0IuILy.

Tabnuya 2.7 — Pe3ynemamul NOMEHYUOMEMPULECKO20 MUMPOBAHUS

Oowvem | V= pH ApH=| ApH/AV | C(KOH), | Vsxsikon,| Vas2kon,|  V(HCI+ | C(HCI),| C(CH3COOH),
turpanTa| V2-| pactBopa| pHo- MOJIB/IM® oM’ oM’ CH3COOH),| wmos/ MOJIB/ M
V(KOH),| Vi, pHu, o .
oM oM’ oM’
9. Anxamms JaHHBIX ITIOTCHIHUOMCTPHUYCCKOI'O TUTPOBAHUA:

9.1. Ha ocHOBaHUM JaHHBIX TAOJIHIBI IOCTPOUTH UHTETPAIBHYIO
KpUBYIO  TUTpoBaHusi B  koopauHarax pH —  V(KOH) wu
muddepeHInanbHyl0 KpUBYIO TUTpOBaHUA B KoopauHatax ApH/AY —
V(KOH).

9.2. Ilo muddepeHmanbHOM KPUBOW TUTPOBAHUS OIMPEICITHUTH
SKBHUBAJICHTHBIE 00bEMbI TUTPAHTA VaKBl(KOH) u VBKBz(KOH),nomeﬂmne Ha
tutpoBanue HCI u CH3COOH cootBetrcTBenHo. [Ipu aTOM:

I . .
V> (kom) -ompenersiercs o 1-My ckauky Ha auddepeHIranbHON KPUBOil;
VaKBZ(KOH) =\ ckagok(KOH) — V1 cxauox (KOH) OIpCACIIAACTCA IO PpasHOCTHU V(KOH),

coorBercTBYrOMX I 1 Il ckaukam Ha KpUBOM TUTPOBAHUS
9.3. Paccuurare xonmentpammro HC1 B pactBOpe-3amaue Ha
OCHOBAHHH 3aKOHA DKBHUBAJICHTOB:

C(HCI) = C(KOH) - V**(KOH) / V™ moms/am’,
C(CH5COOH) = C(KOH) - V**(KOH) / V*™**_ moms/mm”.

9.4.Pe3ynbTaThl pacue€TOB 3aHECTH B TaOIUILY.
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9. 5.Ha wnHTErpanpHOM KpUBOW TUTPOBAaHMs YyKa3aTh Haydajlo0 MU KOHEI
CKAa4Ka TUTPOBAHUS.

9.6. Ha ocHOBaHMM MOJIYYEHHBIX KPUBBIX TOTEHIIMIOMETPUYECKOTO TUTPOBAHUS
BbIOpaTh ONTHUMAJIbHBIM KHCIOTHO-OCHOBHOW WHAMKATOP JUISI TUTPUMETPUUYECKHUX
MU3MEPEHMI, TPUBEIEHHBIX B Tabu1e 2.8.

Tabruya 2.8 — Kuciomno-ocHo8Hble UHOUKAMOPLL

Nunuxarop pT Nuaukarop pT
Kpe3onoBblit kpacHbI 1,00 BpomdenonoBblil kpacHbIi 5,90
Kpezonoselil nepnypHbiii 2,00 BpomTMOn0BBII cuHM 680
AnM3apuHOBBIH KeNThIi P 2,60 HefiTpanpHblii KpacHBbIi 7,60
B-nuHUTpOQEeHOT 3,20 Tponeonun OO0 8,25
MeTHIIOBBI OpaHKEBHIH 4,00 denondranenH 9,00
Anu3apuHOBBIi KpacHbIi C 4,45 Tumondranenn 9,90
Bpomkpe3osnoBbiii cuHUit 6,80 AnmnzapuHoBbIi xenTbiil KK 11,05
MeTHIIOBBIN KpaCHBIHA 5,20

Bonpocsl 17151 00cy:KaeHust
1.Ha yem OCHOBaH MOTEHIUOMETPUUECKUN METOJ1 aHaIn3a?

2. IIpuBectn ypaBHeHMe HepHCTa M MOSCHUTH CMBICI BXOISIIUX B HETO
BEJIMYMH.

3. Kakoi1 snekTpon Ha3bIBACTCS WHIAWKATOPHBIM, U KAaKOU — 3JIEKTPOIAOM
CpaBHEHMS?

4, B uem cymHOCTh mOTEHIIMOMETpUYECKOTO omnpenenenus pH-pactBopa?

Ha3BaTth OCHOBHBIC HHAWKATOPHBIC 3JICKTPOAbI.

5. KakoBa KOHCTpYKIIUSI CTEKIIHHOTO 3JIEKTpoaa?
6. Bo3HuKHOBEHHE  JJEKTPOJHOTO  TMOTEHIMAa  HAa  CTEKJIISTHHOM

HN3MCPUTCIBbHOM JJICKTPOAC.

7. 3anucarth CXE€My TajJbBaHUYECKOTO »JJIEMEHTa Ipu wu3zMepeHnn pH
pacTBopa.
8. B KaKOM  BHJE  MOTYT  ObITb  MpEACTaBICHbl  KpPUBBIC

MMOTCHIUOMCTPHUICCKOTO TI/ITpOBaHI/IH?

9. B dem 3akirouaercs CyniHOCTh METO/Ia IPSMOM MTOTEHIIMOMETPUN?
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10. B dyem 3akiioyaeTcs CYyIIHOCTh METOJa MOTEHIIMOMETPHUECKOTrO
TUTPOBAHUS

11. Ilpusectu IIPUHLHANNAIBHYIO cXemy YCTaHOBKH TUTSL
IIOTEHIIHOMETPUYECKOTO TUTPOBAHHUS.

12 IIpuBectr mpuMepsl MOTEHIMOMETPUUECKOTO aHAJIN3a C MCIIOJIb30BAaHUEM
peaKkui HEUTpaIu3auu, OCaXKICHUA, OKUCICHHUS-BOCCTAHOBIICHMUS.

2.2.2 KOHAYKTOMETPUYECKUHM MEeTO/ aHAIM3a
OpHUM U3 Ba)XHEHUIIUX CBOMCTB BOJHBIX PACTBOPOB 3JIEKTPOJIUTOB SBIISECTCS UX

CIIOCOOHOCTH MPOBOJUTH IEKTPUUECKU TOK. LlepeHoc anekTpruyecTBa B pacTBOpax
AIIEKTPOJUTOB OCYIIECTBIISIETCS HOHAMU. DJIEKTPOIIPOBOIHOCTH PACTBOPA 3aBUCUT OT
MPUPOBI U KOHLIEHTPAMU IPUCYTCTBYIOLIMX B pACTBOPE MOHOB, OJ1aroaps 4emy
AJNEKTPOIPOBOIHOCTH PACTBOPA MOKET ObITh HCIOJIB30BAHA JIJIS1 KOJIMYECTBEHHOIO
onpeaeneHusl XMMHUYECKOr0 COCTaBa pacTBopa.

KoHaykToMeTpryecKkuii METO/] aHaIM3a OCHOBAH HAa U3YYEHUU 3aBUCUMOCTH
MEXY IEKTPOIPOBOJHOCTHIO PACTBOPA U KOHIIEHTPALlMEN HOHOB B 3TOM PacTBOPE.

B KOHAYKTOMETPUYECKOM aHaIM3€ H3MEPSIEMbIM AHAIMTUYECKUM CHTHAJIOM
ABJISIETCS DJIEKTPOIPOBOJHOCTD WIIM 3JEKTPUUECKasi TPOBOJUMOCTh pacTBOpA.

PaznuuaroT ynenbHyIo Y U DKBUBJICHTHYIO A DJIEKTPUUYECKYIO TTPOBOIUMOCTD
pacTtBopa.

VY nenbHast 3JIeKTpUYeCcKasi IPOBOJMMOCTh pacTBOpPa — 3TO MPOBOJUMOCTD
3
lcm™ pacTBOpa, 3aKIIFOUEHHOTO MEXK1Y IUIATHHOBBIMU SJIEKTPOJAMHU C MOBEPXHOCTHIO

2
1 cM®, HaXOIAIKUMUCS HA pacCTOSHUM | cM apyr OoT Apyra. Y aenbHas 3JIeKTprudecKas
MIPOBOAUMOCTb OMPENENIeTCS B OCHOBHOM uuciioM U — MOJBMXHOCTBIO HOHOB B

pacTBOpPEC, a TaK K€ KOJINMICCTBOM IICPCHOCUMBIX MU 3apPsAJ0B:

x =AC-F(ZU, + ZU.),[OM ™ cm™] (2.21)
re: y - yAelbHas JIEKTPOIPOBOIHOCTE pacTBopa, oM"' cm"™

A - CTENEeHb AUCCOIMAIUU IEKTpoauTa; C - KOHIEHTpaIIUs
3.
AIEKTPOJIUTA, MOJIb/IM”;

F- gyucno dapanes;
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U., U, Zi, Z. - ckopocTh aBmKeHUs (M/C) U 3aps]l KATHOHOB U aHUOHOB TIPH
HaIpPSHKEHHOCTH JIEKTpUIecKoro moiis 1B/cum.

OKBUBAJICHTHAS JJICKTPHUYECKas TMPOBOJAUMOCTb ) — 93TO TMPOBOAUMOCTD
pacTBopa, cojaeprkaiiero 1 3KBUBaJEHT PACTBOPEHHOTO AJIEKTposuTa, OM -cM%/3KB.
CBsi3p MEXKJIYy OKBUBAJICHTHOM M YICIHBHOM OSJEKTPUUYCCKONH IPOBOIUMOCTHIO

BBIPAKACTCA YPABHCHUCM:

A =y 1000/C (2.22)
3aBI/ICI/IMOCTI) YIIGHBHOﬁ 3JI€KTpI/I‘{CCKOﬁ IMPpOBOAMMOCTH OT KOHLCHTPALIUHU

ANEKTPOJINTA TTOKa3aHa Ha puc 2.14.

V4
A
1
2
c ¢ ¢

Pucynox 2.14 — 3asucumocmso Pucynox 2.15 — 3asucumocmso
YOeNbHOU INeKMPULECKOL IKBUBANEHMHOU IJIeKMPUYECKOU
NPOBOOUMOCU OM KOHYEHMPAYU:  npoeooUMOCmu om pazoaeieHus
1 -0n4 cunvhbix 21€KMPOIUMOS; pacmeopa:

2-0151 C1AOBIX INIeKMPOIUMO8 1 -0118 cunbhbix 21€KMPOIUMOB;

2-0715 C1abbIX INEKMPOIUMO8
B o0mactu ManblX KOHLEHTpALMA MEXIY YICJIbHOM 3JIEKTPUUYECKOM

MIPOBOAMMOCTBIO U KOHIIEHTpaluen coOIoaaeTcs NpsMoIMHeiHas 3aBUCUMOCTb, YTO
OOBSICHSIETCSl YBEJIMYEHHEM YHCIa HOHOB-TIEPEHOCUMKOB 3apsiOB IPH pOCTE
KOHIIEHTpaIMi pacTBopa. B o0mactu OO0NbIIMX KOHIIEHTpAUUWA YBEJIWYUBACTCA
MEXUOHHOE B3aUMOJCIHCTBUE, YTO MPUBOAUT K YMEHBUICHUIO AKTUBHBIX
(cBoOOaHBIX) wWOHOB. Ilpm »sSTOM yAenbHas dNeKTpUYecKass MPOBOJAUMOCTD
MU3MEHSIETCS.

OKBUBAJIEHTHAsA 3JEKTPUYECKas MPOBOAMMOCTh (puc.2.15) yBennuuBaercs c
paz0aBieHHEM PacTBOPA, TaK KaK y CIA0BIX 3JIEKTPOJUTOB (Kp.2) TpH pa3daBiICHUM
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YBEJIMYMBAETCS CTEMEHb JUCCOIMAIIMU, a Yy CHJIBHBIX OJJIEKTPOIUTOB (Kp. 1)
YBEIMYHMBACTCA  KOI(PPUIIMEHT  IICKTPUYECKOM TPOBOAUMOCTH. B  CHIBHO
pa30aBiICHHBIX pacTBOpax CTEMEeHb JUCCOLMAIMU CIIAa00ro  AJEKTPOJIUTAa |
KOA(POUITUEHT JJIEKTPUYECKONH MPOBOJUMOCTH CHIIBHOTO SJICKTPOJIHUTA JTOCTHTAIOT
€IMHUIIBI, YTO MPUBOJUT K YBEIMYCHHIO SKBUBAJICHTHOHN 3JIEKTPOIPOBOIHOCTH O
NPEIETHPHOTO 3HAYCHHUS A°.

DnexTpuyueckas MPOBOAUMOCTh OECKOHEUHO pa30aBIEHHOTO pacTBOpa B
OTCYTCTBUE TOPMO3SIINX 3(PPEKTOB OmMpenenseTcs MOABMKHOCTHIO MOHOB (3aKOH
Konbpayma):

o = hox + Ao- (2.22)
0
rac: }\, +~ IOABUXKHOCTD (BKBI/IBaHeHTHa}I QJICKTpHUYICCKaA HpOBOI[I/IMOCTB) Ka-
0
THOHA, }\/ -~ IHOJABHNXHOCTb (BKBI/IBaﬂeHTHa}I QJICKTpUYICCKaA HpOBOI[I/IMOCTL)

adHHOHaA.
Haubomee IIPOCTBIC  OKCIICPUMCHTAJIBHBIC 3aBUCHMOCTH BHCKTpI/IIIGCKOﬁ
IMPOBOAMMOCTH OT KOHIHCHTPAIHNHN BBIPAXKAKOTCA CIICAYIOIIUMHU YPABHCHUAMMU

a) JJ1sl CIa0bIX JIEKTPOJIMTOB
lgh=a-05IgC (2.23)

0) JUTsl CUIIBHBIX 3JIEKTPOJIUTOB

A=20—bVC (2.24)
rne: a u b - xoadduumeHThI, 3aBUCAIIME OT MPHPOIBI DJICKTPOJIUTA M

pPacTBOPHUTEIIS.

AHATMTHYECKAsI KOHAYKTOMETPUs
KoHaykTomMeTprueckuii MeToja aHaiu3a MOXKET ObITh peaju30BaH B ABYX

BapUaHTaX:

* METOJ NPSIMOU KOHJIYKTOMETPHU;
* METOJ KOHJIYKTOMETPUUECKOTO TUTPOBAHUSI.
Meton npsMON KOHIYKTOMETPHUM OCHOBAaH HA 3aBUCUMOCTH JJIEKTPUUYECKOU

MPOBOAUMOCTH OT KOHILIEHTpalMKU 3JeKkTpoiuta (yp.2.23. u 2.24.), MOCKOJIbKY B
OTpeeNieHHBIX Mpenenax 3aBUCUMOCTh A — C  HOCUT JHMHEWHBIM Xapakrtep. Ha
MPaKTUKE JTUHEHHAs 3aBUCUMOCTb Peajn3yeTcsi TOJBKO B pa30aBICHHBIX pacTBOpax

QJICKTPOJUTOB B OTCYTCTBUC HpHMCCCﬁ HOHHOI'O XapaKkTepa.
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C nomoipto MpsSMONW KOHAYKTOMETPUU MOXKHO peliaTh Psiji MPaKTHUYECKUX
3a71a4 U OCYIIECTBIISITh HEMPEPBIBHBIA TEXHOJIOTHYECKU KOHTPOJIb TPOU3BOCTBA.
[IpuHIMn 0psAMONW KOHAYKTOMETPUM UCIIOIB30BaH B pPabOTe MPOMBIIUICHHBIX
KOHJYKTOMETPOB (KOHIIEHTPATOMEPOB) JUIsl OMpEAeNieHus OOIero coaepKaHus
COJIE B PEYHOM, MOPCKOW, CTOYHOW BOJAX; OLICHKH KAauecTBa >KUAKHUX MUIIEBBIX
IPOJIYKTOB H T.II.

OnHako MeToJ MPSMOU KOHIYKTOMETPUU HE ABJISIETCA CEUU(PUUHBIM, TaK KaK
AJIEKTPUYECKAsd NPOBOAUMOCTH SIBJISIETCS BEIIMYMHOM AJJIUTUBHOW W 3aBUCUT OT
HAJIMYKS PUMECEN B pACTBOPE.

bosbiee pacnpocTpaHeHHE B AHAIUTHUYECKOW ITPAKTUKE IIOJYYUI METO]
KOHJAYKTOMETPUYECKOTO TUTPOBAHMS, OCHOBAHHBIM HA UCIIOJIb30BAHUNA XUMUUYECKOM
peaKunu, B pe3yJibTaTe KOTOPOU MPOUCXOAMUT 3aMETHOE U3MEHEHHE BJIEKTPUUYECKOU
IIPOBOAUMOCTH PacTBOPA.

[Ipu nobGaBiaeHUM OJHOTO DJJIEKTPOJUTA K JAPYrOMY H3-3a XHUMHYECKOIO
B3aUMOJICMCTBUS U3MEHSETCSI HOHHBIM COCTaB pACTBOPA, YTO MPUBOJUT K U3MEHEHHIO
JJIEKTPUYECKOM  IMPOBOAMMOCTU.  Pe3ynbraThl  HU3MEpEHUsS  BJIEKTPUYECKOU
IIPOBOJMMOCTH PAacTBOpa IPU KOHIYKTOMETPUUYECKOM TUTPOBAHUM BBIPAXKAIOT B
BHUJIE KPUBBIX KOHAYKTOMETPUYECKOTO TUTPOBAHHUS, NMOCTPOCHHBIX B KOOpPJIMHATAX:
o0beM TUTpaHTa V(X) -3IIEKTpUYECKas MPOBOJAUMOCTH p;.LCTBOpa . Ilo u3znomy Ha
KPUBOW KOHAYKTOMETPUUYECKOTO TUTPOBAHUS OMPEAECISAIOT TOUKY SKBUBAJICHTHOCTH.

ITpu TUTPOBAHMY CUIILHOM KHCIIOTHI CUIILHBIM OCHOBaHKMEM MOH Bojopoaa H' ¢
OONBIION TOMBMIKHOCTBIO 3aMelaercs Ha KaTHOH Metamia Me" ¢ MeHbIei
MOJBMXHOCTBIO,  TMO3TOMY  JI0  TOYKHM  DKBUBAJIEHTHOCTH  DBJIEKTPUUYECKas
MPOBOAMMOCTh pacTBopa yMeHblaercs (puc. 2.16,a) ITocie ToUKkM 3KBUBaJI€HTHOCTH
B pacTBOpe  TOSBUTCA  HM30BITOK  CHJIBHOTO  OCHOBaHHUS,  COJEPKAIIETO
BBICOKONOABWXKHBI MOH OH', 4TO NPUBOAMT K YBEIUYEHUIO DIIEKTPUUECKON

IMPOBOAUMOCTH. HepecequI/Ie ABYX IPAMBIX COOTBETCTBYET TOUYKC DKBUBAJICHTHOCTH.
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3a4acTyl0 KpHUBBIE KOHIYKTOMETPHUYECKOTO TUTPOBAHMSI M3OTHYTHI M TOYKY
DKBUBAJICHTHOCTH B 3TOM CJIy4ae HaXOIAT IIyTEM IIEPECEUCHMS MPAMOJIMHEUHBIX

YY4aCTKOB KPUBOM J0 U NOCJI€ TOUYKH 3KBUBAJIEHTHOCTH (puc 2.16 ,0).

Vaxs Vv V

a o0
Pucynox 2.16 — Kpusvie konOykmomempuuecko2o mumposanusi:

a - CUNbHOU KUCTIOMbL CUTIbHBIM OCHOBAHUEM, O - Kuciomol
cpedneﬁ CUbl CUJIbHbIM OCHOBAHUEM.

HenunHeiinplil XapakTep 3aBUCUMOCTH 3JEKTPUYECKON MPOBOJUMOCTH pacTBOpa
MIPU TUTPOBAHUM HAOJIOAAETCS, KOT/Ia pEeaKIUs MPOTEKAET HE KOJMYECTBEHHO, UJIU B
MPOLIECCE TUTPOBAHUS U3MEHSIOTCS] CTETIEHU AUCCOLMALIMM, WM CTENEHU THIIPOJIN3a
BELIECTB, YYAaCTBYIOIINUX B PEAKLIUH.

B KOHIYKTOMETpHUYECKOM THUTPOBAHWHM HCHOJIB3YIOT Pa3ju4HbIE THIIbI
XUMHUECKUX peakUuuid: HeUTpanu3aluu, OCAXKICHHS, KOMIUIECOOOpa30BaHUs B
BOJHBIX U HEBOJIHBIX PACTBOPAX.

MeTon KOHIYKTOMETPHUYECKOTO TUTPOBAHUS JAET BO3MOKHOCTD
aHAJIM3UPOBATh MYTHBIE U OKPAILLIEHHBIE PACTBOPHI, & TAKKE PACTBOPHI, pasiiararoniue
MHIUKATOPbl. KOHIYKTOMETpUYECKHI METO] TO3BOJISIET aHATM3UPOBATH HE TOJIBKO
CPaBHHTEIIBHO KOHIICHTPHPOBAHHBIE, HO U pa3basieHubie (10 10* Moms/mm°)
pactBOpbl. OTHOCUTENBHASA MMOTPEMTHOCTH onpenenenus cocrasiser oT 0,1 go 2%.
HenocraTkoMm siBisieTcs OTCYTCTBUE U30MPATEIBHOCTH NPU padboTe C

MHOTOKOMITIOHCHTHBIMH CMECAMMU.
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MeTo BBICOKOYACTOTHOIO TUTPOBAHMS
B  mnociaennue roasl  Bce  OoJpliee  pacmpoOCTpaHEHHE — MOJIydaeT

BBICOKOYACTOTHAs (OECKOHTAKTHAas) KOHAYKTOMETPHUS — METOJ BBICOKOYACTOTHOTO
TUTPOBAaHMUS, B KOTOPOM aHAJIM3UPYEMBI pacTBOpP IOABEPracTcs JICHCTBHIO
MEKTPUIECKOro monst Beicokoit wactotsl 10°+ 10° I’ TIpy MOBBIMICHWN YaCTOTHI
BHEIHEIO JJIEKTPUYECKOTO IOJIA  JJIEKTPUYECKas IPOBOJAUMOCTb PacTBOPOB
AJNEKTPOJIUTOB yBenuuMuBaeTcs. [lone BBICOKOW 4YacTOThI A€POPMUPYET MOJIEKYITY
(npoucxoaut aedopManuoOHHAs MOJISIPU3AIUA) U 3aCTaBISET MOJSIPHYIO MOJEKYITY
ONpEeNCICHHBIM 00pa3oM mepemeniaTthcs (OpUeHTAllMOHHAs moJisipu3anus). B
pe3ysbTaTe MOJIIPU3ALUOHHBIX 3((PEKTOB BO3ZHUKAIOT KPATKOBPEMEHHBIE TOKH,
U3MEHSIONIUE NIEKTPUYECKYIO IIPOBOJIUMOCTh PACTBOPA.

N3mepsiemass B 3THX YCIOBMSX MOJHAsA JJIEKTPUYECKas IPOBOJAUMOCTH
BBICOKOYACTOTHOM KOHAYKTOMETPUYECKOM SUYEHMKH A, CKIIAJbIBAETCA U3 AKTHBHOU
COCTABIISIIOIIEH Ay UCTUHOW TPOBOJMMOCTH pPAacTBOpa W  PEAKTUBHOU
COCTABISIOIIEN Apear — MHHUMOHM DJIEKTPUYECKOM ITPOBOJMMOCTH, 3aBHUCSINEH OT
YaCTOTHI U TUNA SYCUKHU:

A= Ager V1 Apeanr, (2.25)

Meton BBICOKOYaCTOTHOTO TUTPOBAHHUSI TAKXKE, KaK U METOJl HU3KOYAaCTOTHON
KOHYKTOMETPHUH, HEN30UpaTesIeH, MO3BOJISIET MPOBOIUTH ONPEAEICHUS, HIKHUMI
npeaen koTopsix 10™ Moms/am® ¢ morpentHocTsio ~ 2%. [TOCKONbKY METO
OECKOHTAKTHBIHN, P TUTPOBAHUH HUCKIIOYEHO XMMUYECKOE B3aUMOIEHCTBHUE
AIEKTPOAOB C KOMIIOHEHTAMH PacTBOpPa, MO3TOMY OCHOBHOE JOCTOMHCTBO METOAA -
BO3MOKHOCTh aHAJIM3UPOBATH ArPECCUBHBIE PACTBOPBI, ACTHI, SMYJIbCHH.

Anmnaparypa JUisi BBICOKOYAaCTOTHOI0 KOHAYKTOMETPHYECKOr0 TUTPOBAHHUA
BBICOKOYAaCTOTHOE TUTPOBAHUE MPOBOJAT B DJIEKTPOJUTUUECKUX STUYEHKaX, B

KOTOPBIX I/ICCJ'ICI[yeMBIf/JI QJICKTPOJIUT HC UMCCT IIPAMOI'O KOHTAKTa C 3JICKTPOAaMH U
CBi3aH C HBMepHTeHBHOﬁ HOCIbKO MHAYKTUBHO WJIN YC€PE3 CMKOCTh.
beckoHTakTHBIC H"ICfIKPI, HCIIOJIBb3YEMBIC B BBICOKOYACTOTHOM TUTPOBAaHHUH,

OBIBAIOT 2-X TUMOB: eMKOCTHBIE C - siueliku; HAyKTUBHBIE L - siueitku. B
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3aBUCUMOCTH OT THIIA STYCUKHU PCaKTHBHAA COCTABJIAIOIIAA BHCKTpI/I‘IeCKOﬁ

IMPpOBOANMOCTH

Apeascr. sBsETOS ¢dbynkuuen emkoct C WM UHIYKTUBHOCTH L:

Apearr. = @C Apeaxr. = 1/wL (2.26)
Ha npakTrke eMKOCTHBIE SIMeHKH MPUMEHSIOT TPY aHAIHM3€ PACTBOPOB C MAJIOH

AIIEKTPUYECKON MPOBOAUMOCTHIO, HUHAYKTUBHBIE — C OOJIBIION.

HawnOosiee yacTo 1uisi BBICOKOYACTOTHOIO TUTPOBAHUS MCHOJB3YIOT THTPATOP
TB-6JI-1. BHemHuil BUJ1 BBICOKOYACTOTHOrO TuTprMeTpa TB-0JI-1 1 OeckoHTakTHOM
C-sueiiku npeacrasiieH Ha puc.2.17.

Tutpumerp BBICOKOYACTOTHBIN nabopatopHbii TB-6JI-1 mpennasHaueH ms
OIPENEIICHNs] KOHLIEHTPALMU BOJAHBIX U HEBOJHBIX PACTBOPOB WICIOYEH, KUCIOT U

. . 3. .
coneii B uHTepBasie 0,1+-0001 Monwp/aM~; pacTBOPOB, 3arps3HEHHBIX OCAJTKAMH;

MHOT'OKOMIIOHCHTHBIX CMGCCfI; OKpalICHHLIX paCTBOPOB.

Pucynox 2.17 — Bvicokouacmommuuwiu mumpamop TB-6JI-1 ¢
KOHOYKMOMEMPUYECKOU eMKOCMHOU A4eUKOU.

a) 6) - Konvbyesvie INeKMpoObl eMKOCMHOU A4elKu,; 1 -ene300 011 cmakana ¢

162



npoboii, 2 - namna; 3 - pyuxa «2pyooy, 4 - pyuka «mounoy, 5 -mymonep «cemvy; 6 -
mymonep 8KIOUEHUSI MEWANKU, 7 - pe2yasamop CKOPOCmU Mewanku, 8 - pyuka
YYECMEUMENbHOCIU MUKPOAMNepmMempa.

OcHoBHbBIE TeXHUYECKHE NaHHbIE: paboudas yactota 3+40 MI'1; usmepsemas
ANEKTPONPOBOJAHOCTh KOHAYKTOMETPUYECKON SYEHUKHU 1-10% + 5-10° Om™t - oM™
IPETYCMOTPEHO WU3MEHEHUE 4yBCTBUTEJIBHOCTH PETUCTPUPYIOLIETO
MHUKpOaMIIepMeTpa Ha 4-X YPOBHSAX; AATUMK - €MKOCTHBINA, B BUJE JIBYX KOJBLEBBIX
JJIEKTPOJOB B OIIPABE U3 OPI'CTEKIIA.

Tutpumerp TB-6JI-1 coctout m3 reHeparopa BBICOKOW YaCTOTHI, JIAMIIOBOTO
BOJIBTMETPA C TaJbBAaHOMETPOM, OJIOKa TUTaHUSA, MEIIAJIKH, JaTyhuka —
KOHIYKTOMETPUYECKOM SYEWKM €MKOCTHOIO THIIA B BHJIE JBYX KOJBLEBBIX
AJIEKTPOJIOB, CTakaHa JUid TUTPOBAHUA, OIOPETKM JUId MOAAuu CTaHAAPTHOIO

pacTBOpa, CHa0KEHHOW HarHeTaTeIbHOM IPyIICH.

AJITOPUTM NPOBEIeHUS] AHAJIM3a HA BBICOKOYACTOTHOM TUTpUMeTpe TB-6J1-1
1.BxurounTts npubop B ceTh 3a 1 yac 10 Havana paboThl IEPEBOAOM TyMOIepa

5 B MOJIOKEHUE «BKJIKOYEHO». 3aropaeTcs jamma 2.

2.IloaroToBUTH MPUOOP K TUTPOBAHMIO:
2.1. YcTaHOBHUTH PY4YKO#l «Tpy0o» 3 CTpenKy MUKpoaMIlepMeTpa Ha CepeauHy

TIKAJTBI.

2.2. 3anomHUTH OIOPETKY PAacTBOPOM THTpPAHTA C TOMOIIBbIO HAarHETaTEeIbHOU
rpymy. Y CTaHOBUTH YPOBEHb PACTBOPA TUTPAHTA HA HYJIEBYIO OTMETKY.

2.3. Crakan emkocTbio 100 cM® ycTaHOBHTH B THe310 garunka 1. ITumerxoit
TIePEHECTH B CTAKAH ONPE/ICICHHBIH 00hEM aHATH3UPYEeMOro pactBopa V(x), cM° u
100aBUThH AUCTUIUTMPOBAHHOMN BOJIBI, YTOOBI YPOBEHH PACTBOpA B CTaKaHe ObLI ~ Ha 5
MM BBIIIIE BEPXHETO METHOTO JIEKTPOIA.

2.4. B crakaH OIyCTUTh CTEPKCHb - MEIIAJKy. BKIIOYUTh MEMIAIKY
TymOepoM 6 U pydkoil 7 OTpPeryIupoBaTh CKOPOCTh MEPEMEUINBAHUS TaK, YTOObI B
pacTBope 0Opa3oBanach HEOOIbINAst BOPOHKA.

3. [IpoBecT TUTPOBAHUE aHATU3UPYEMOIO PACTBOPA:
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3.1. Pyukamu «rpy0o» 3 u «TOYHO» 4 YCTAaHOBHUTH CTpPEIKY
Mukpoammepmerpa Ha 10 nenenuii. 3anucarh HaYaIbHBIN OTCUET 1%, MKA
B TaOHILy.

3.2.  OrtkpbiBasg KpaH OrOpeTKH, BBOAUTH pacTBop TUTpanta (T) B
aHaIM3Hupye-

MBI pacTBOp (X) OMNpEACICHHBIMUA MOPUMAMHU, (PUKCUPYS OTCUET IO IIKae
MUKpOaMIIepMeTpa Mocjae 100aBIeHUS KaX 0 MOPLUH TUTPAHTA.

3.3. IlosydyeHHble JaHHBIE 3aHECTH B TaOIUITy 2.9.
Tabnuya 2.9 — Pezynomamut uzmeperuti

[Tokazanus o) V(T
V(T),cm® MHUKpOaMIICP- "3 37 V(x),em® C(x),em*
MOJIb/IM CM
MeTpa, MKA
4, [IocTtpouts KpUBYKO KOHAYKTOMETPUYECKOTO TUTPOBAHUS B
KOOpJWHATaX:
3
MOKa3aHHe MUKPOAMIIEPMETPa, MKA - 00bEM TUTPAHTA, CM .
. 3
S. OrmpenennTs SKBUBAICHTHBIM 00beM THTpanta V' (T), cMm’ 10
[IEPECECUCHUIO JBYX MPSAMOJIMHEUHBIX BETBEU Ha KpUBOU
KOHAYKTOMETPUYECKOTO TUTPOBAHUS.
6. Paccuutars KOHIIEHTPALIUIO ONPENETAEMOTO WOHA B

aHAIM3UPYEMOM PacTBOPE MO 3aKOHY YKBUBAJICHTOB:

C(x) = C(T) - V**(T) / V(x), Mois/am’.
3amaua Ned4 OnpenesieHne KOHIEHTPAIUM CEPHOM KHCI0TBI METOJIOM

KOHAYKTOMETPUYECKOr0 TUTPOBAHUS

Omnpenenenue H,SO, ocHOBaHO Ha peakIMy KUCIOTHO-OCHOBHOTO
B3aumoeicteus H,SO,4 co crangapTHbIM pacTBOpoM ruapokcuaa HaTpus NaOH:
H,SO, + 2NaOH = Na,SO, +2H,0

KpuBas KOHIYKTOMETPHUYECKOTO TUTPOBAHUSI CHJIBHOM KHCIIOTHI IIEJIO0YbIO
OylneT WMMETh BHUJ, aHAJIOTHYHBIN KpuBOoM Ha puc.2.10. Todyka HKBUBAJICHTHOCTH
¢ukcupyercss MO TEPEeceYeHHUIO JBYX NPSIMOJMHEHHBIX BETBEM Ha KPHUBOU
KOHJAYKTOMETPUYECKOTO TUTPOBAHHS.

IIpubopol u peakmugol:
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BricokowacToTHblil TuTpuMeTp TB-6JI-1 ¢ maTynKoM-KOHIYKTOMETPUYECKOM
SYEUKON KOHJICHCATOPHOTO THUIIA.

Crakan 151 TUTpoBaHus eMKocThio 100 cMe.

[InmeTka eMKOCTBIO 5 CM .

CranmapTHbIii pactBop runpokcuaa Harpust C(NaOH)=0,1 moms/am°.
Opranusannonnasi popma 3aHATHS

1. KonnykroMerpuueckoe THUTpOBaHHE aHalU3UpyemMoro pactBopa H,SO,

BBIIIOJIHSIETCS. B COOTBETCTBUM C aIrOPUTMOM TPOBEACHUSA aHaiIu3a Ha
BbICOKOYacTOTHOM TuTpuMeTpe TB-6JI-1, npusenennom B 2.2.4.

2.AnukBoTa aHanm3upyemoro pactsopa H2SO4 5 cm® MEPEHOCUTCA B CTAaKaH
JUISI TATPOBAHUS W JIOBOJAUTCS O YPOBHS ~ Ha 5 MM BBIIIE KOJBLEBOIO 3JIEKTPOJA
KOHJIYKTOMETPUYECKOU STUYEHKHU.

3. Craumaptasiii  pactBop tutpanta C(NaOH)=0, wmomb/mm’
no0aBiseTCs K
aHanm3upyeMomy pacrsopy H,SO, mopumsivu 1o 0,5 ev®.
4, [Tocne nmobGaBieHHs] KaxJOW TMOPIMU THUTPAaHTAa (PUKCUPYIOTCS

MOKa3aHUsI MUKpOaAMIIEpMETpA.

5.Pe3ynbTarhl KOHAYKTOMETPUYECKOTO TUTPOBAHMS 3aHOCSTCS U TaOIUILY

2.10.
Tabnuya 2.10 — Pe3yrsmamul uzmepenuil
V (NaOH Hoxasarns C (NaOH Ve V (H:504), | C (H,S0
(Na 3 ) MHUKPOAMIIEPMETPA, (Na 3’ (NaOH), (H. ? a), (Hz 4%’
cM MEA MOJIb/ M ool cM MOJIb/IM

6.ITocTponUTh KPUBYIO KOHAYKTOMETPUYECKOTO TUTPOBAHMS B KOOPJAMHATAX:
IMOKa3aHMsI MUKPOAMITepMeTpa, MKA — 06beM Tutpanta V(NaOH), em®.
7. OmpenenuTh HSKBUBANCHTHBI 00beM tutpanta V(NaOH), cM® mo

MEPECEUEHUI0 JBYX MPSMOJUHEHUHBIX BETBEM Ha KPUBBIX KOHIYKTOMETPUYECKOTO
TUTPOBAHUSI.

8. Paccuntates konuentpauutro H,SO, B aHanu3upyemMoMm pacTBOpeE IO
dbopmye:

C(H,S0,) = C(NaOH) - V***(NaOH) / V*™* moms/mm’ (2.27)
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3apauya NeS OnpenesieHue KOHUEHTPALUM XJIOPUA-HOHOB B BOJONPOBOAHOM
BO/Jl¢ METOAOM KOHAYKTOMETPHYECKOI0 THUTPOBAHMS

OHpCI{CJ’IeHI/Ie COACPIKAHHUA XJIOPUA-UOHOB OCHOBAHO Ha PCAKIHKU OCAXKICHHA

XJIOPUI-MOHOB CTaHAAPTHBIM pacTBOpoM AgNOs!
NaCl-AgNO; AgCl +NaNO;
KpuBas KOHIYKTOMETPUYECKOTO TUTPOBAHUS XJIOPUA-UOHOB pacTBOpoM ANO;

OyZeTr uMeTh BHJ, aHaJOTHYHbI KpuBOoM Ha puc.2.10. Touka SKBHUBaJIEHTHOCTU
¢ukcupyeTcss MO TEpPeceYeHHI0 [BYX NPSIMOJIMHEHHBIX BETBEH Ha KpUBOH
KOHJIYKTOMETPUYECKOTO TUTPOBAHMUS.

IIpubopwt u peakmuswi:
BricokowacTotHblit TuTpuMeTp TB-0JI-1 ¢ 1aTuukoM — KOHIYKTOMETPUIECKOM

STYEUKOW KOHJICHCATOPHOTO THIIA.

CraxkaH 11 TuTpOBaHus eMKocThio 100 o,

Inmerka eMKOCTBIO 50 M.

CTaHIZapTHBIHA pacTBOp a30THOKHCIOTrO cepebpa C(AgNOs) = 0,1 moms/av°.
OpranuzannoHHas popma 3aHITHSA

1. KoHIyKTOMETPHUCCKOE THUTPOBAaHHWE aHAIM3UpyeMoro pactBopa H,SO,

BBINIOJIHAETCS B  COOTBETCTBMM C QITOPUTMOM TPOBEACHUS aHajau3a Ha
BBICOKOYACTOTHOM TUTpuMeTpe TB-6J1-1.

2. AJIMKBOTA BOXOMPOBOAHOM Bobl 100 cM® MEpeHOCUTCSl B CTAKAH s
TUTPOBaHUS. YPOBEHb BOJABI JIOJDKEH Ha 5 MM OBITh BBILIE KOJBIEBOIO 3JIEKTPOAA
KOHJIYKTOMETPUYECKON SYEHUKHU.

3. Crangaptaeiii  pactBop turpanta C(AgNOs;) = 0,1 Moms/mm°
nobOaBisieTcs K
aHaJIM3UpPyeMoi mpooe BobI nmopiusmu 1o 0,2 em®,

4, [Tocne nobaBneHUs KaXI0M MOPIUUA TUTPaHTa (PUKCUPYIOTCS MOKa3aHUS
MHUKpPOaMIIEPMETPA.
5. Pe3ynbTaThl KOHAYKTOMETPUYECKOTO TUTPOBAHUS 3aHOCATCS U TaOJIUILY:
Tabnuya 2.11 — Pe3ynvmamol usmeperuii
[Tokazanus Voxs Vs ]
V (AgNOs), C (AgNOsy), C(Cr),
ol MHUKpOaMIIepMeTpa, Mors/ v (AgNg)g), (Bomomp vos/

MKA cM BO/IbI), oM’
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6. [ToctpouTh  KpUBYHO  KOHAYKTOMETPUYECKOTO  TUTPOBaHUS B

KOOpJIMHATAX: TOKa3aHUs MUKpoamiepMmeTpa, MKA — oOobem TuTpanta V(AgNOs3),
3
CM".

7. OrmpeennTh SKBUBANCHTHBIH 06beM Tutpanta V*(AgNO;), cM® 1o

IIEPECEUCHUIO JIBYX NPSIMOJMHENHBIX BETBEM HA KPUBOM KOHIYKTOMETPUYECKOTO

TUTPOBAHMU.
8. PaccunTare KOHUEHTpALMIO XJIOPUA-UOHOB B BOJOIPOBOJHOW BOJIE IO
dbopmyie:
C(CI") = C(AgNO3) - V™*(AgNO3) / V¥™* moms/mm® (2.28)

Bomnpocs! ajis1 00cyxaeHnst
1.B yeM CyImHOCTh KOHAYKTOMETPUYECKOTO aHaIu3a?
2. Onpenenenne yaeIbHOM W SKBUBAJIICHTHOM  3JIEKTPUUYECKOMN

IIPOBOJIMMOCTH PacTBOpA.
3. Kak Binuser Ha »3JIEKTPUYECKYIO MPOBOJUMOCTh: a) MpHUpPOJa

ANEKTPOJUTa; ©) KOHILEHTpAIUsl OJJIEKTpoJauTa (claboro, CHIBHOIO); B)

Temneparypa’?
4, UTo Takoe MOJABUAKHOCTh MOHA?
5. Ha yeM ocHOBaH MeTO/1 NPAMON KOHAYKTOMETPHUU?
6. Ha yeM ocHOBaH METO KOHAYKTOMETPUYECKOTO TUTPOBAHUSA?
1. B kakom Buae MOryT OBITb NPEACTABICHbl  KpPUBbIE

MOTEHIIMOMETPUYECKOTO TUTPOBAHUS?

8.Kakoli BHJI WMMEIOT KpUBBICE TUTPOBAHHUS: a) CUJIBHOM KHCIOTHI CHIIBHOM
IIEJI0YbI0; 0) cl1a00i KHCIOTHI- CUIIBHOM IIEJIOYBIO.

9.Kakme peakuuum MOTryT OBITH HCHOJB30BaHBl B KOHIYKTOMETPUUYECKOM
TUTPOBAHHUU?

10.Kak ONPENEIINTD TOYKY DKBUBAJICHTHOCTH o KPHBBIM
KOHJIYKTOMETPUYECKOT'O TUTPOBAHUS?

11 .KakoBbl NIpEeHMMYLIECTBA KOHAYKTOMETPUYECKOIO TUTPOBAHUSA IO
CPaBHEHUIO C NHIYKTOPHBIM?

12. B yeM CyIIHOCTh BBICOKOYAaCTOTHOIO TUTPOBAaHUS U KAKOBbI OCOOEHHOCTHU

9TOro Me€roJa aHanuza?
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OcHOBHBIE 0003HAYECHUS

HPUJIOKEHUSA

OU3NKO-XUMUYECKAs BEJIMUUHA O6o3HaueHue Ennnuna uzmepenus
KoHnnenrpanus C MOJ'II)/,I[Ms; MOJIB/M®
Bricora, paccTosiHue h M
HanpsikeHHOCTB 37IEKTPUYECKOTO MOJIs E B /m
Cuna F H
IToBepXHOCTHAst aKTUBHOCTD g JIk M / MOJIb
Cuna Toka I A
VionHas cuna | MOJ'II)/,I[Ms; MOJIB/M®
NHTEHCMBHOCTH CBETOBOT'O ITOTOKA i
MonekynspHas Macca M r / MOJIb: KT/ MOJIb
[Tokazarens nperoMIeHHS n -
JlaBneHue p Ila
Pamnyc r M
DHTponus S JIx/ moste K
ITnomans S "2
[Tnomane 01HON MOJEKYIBI So M2
VY nenbHas NOBEPXHOCTh Syn M2
OHeprus B3aumojeiictsus Hanpsoxenue U Jx

U B
O6Bem V M3
CymMmapHbIi 00beM 1TOp Vo M3
[TapunanbHbIi MOJIBHBIN 00bEM i M3
3apsi MoHa Z -
CaBur no BEIOpaHHOMY HaIlPaBJICHUIO A M
Tonmuua aacopOLUOHHOTO CIOS ) M
DJeKTpruyecKasi HOCTOSIHHAS €0 O/ m
Bsazkocts n [Tac;
OcmoTHueckoe JaBiIeHHe T [Ta
IInoTHOCTH p /™M, kr/ M
Bpewms T c

OcHoBHbIE PuU3MIECKHE MOCTOSIHHBIE

HasBanne O0o3Hauenue Enunuia nzmepenus
YHuBepcanbHas ra30Basi NOCTOSTHHAS R Jhx/m K
[TocTostHHast ABoraapo Na 6.02205° 10 moub"
[TocrosinHas Bonbimana k 1.38054°10% Ii/K
DJeKTpUyecKasi MOCTOSIHHAS €0 8.8542-10"°d/ m
[Tocrositauas ®apages F 96500 K/ monb
YcKopeHHe CHITbI TSKECTH 9.8066 M” /c
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YYEBHO-METOAMYECKOE ITOCOBUE

MuxaneB Aptyp AJleKceeBUY
JInmenko CBeTiiaHa AJIeKCaHAPOBHA

AHAIMTUYECKASA XUMHUA 1 PUIUKO-XUMHNUYECKHUE METO/IbI
AHAJIM3A IPAKTUKYM JJIS1 JABOPATOPHBIX 3AHATHUI
Iledaraercs B aBTOPCKOW pelaKiuu

®opmar 60x84 1/16. bymara odcernas.

[Teuats opceTnas. Yemu. m. 1. — .

Tupax 40 sk3. 3aka3 Ne

Otnevatano B ®I'AOY BO «CeBepo-KaBkasckuii penepanbHbiii yHUBEPCUTET,
357100, CtaBponosibckuii kpaii, r. CTaBpONOJIb.
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