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HNPEANCJIOBUE

AHanuTuyeckas XUMHs ABIsSeTCsl (QyHIAMEHTaIbHOM XMMHYECKOW HAyKOH o
METOJIaX OIPEICIICHUSI XUMMHUUYECKOI0 COCTaBa BELIECTBA U €TI0 CTPYKTYPHI U UMEET
BA)KHOE HAYYHOE U MPAKTUYECKOE 3HAUCHUE.

[IpenmeTroM aHaTUTHUECKONM XUMHUHU SIBIISIETCS pa3pabOTKa METOAOB aHaIM3a,
IIPAKTUYECKOE  BBINOJHEHWE AHAIM30B, a TAaKXE [IHPOKOE MCCIEA0BaHUE
TEOPETUYECKUX OCHOB AHAIUTHYECKUX METOHNOB. AHAIUTUYECKAs XUMHUSA HUIPAET
OTPOMHYIO pPOJIb B HAYYHO-TEXHUYECKOM IIPOTpEcce M B 3HAYUTENBHOM CTEIEHU
CIOCOOCTBYET Pa3BUTHI0 MHOTMX €CTECTBEHHBIX HAyK:  T€OJIOTMHM, TE€OXHMUH,
MUHEpaNIOruu, GU3NKK, OWOJIOTHM, arpoXMMUH, a TakkKe MeTaJUTypruu,
dbapmareBTUYECKON, JaKOKpACOYHOM, HeTeXuMUueckod mMpombinuieHHOCTH. Hu
OJTHO COBPEMEHHOE XUMUYECKOE UCCIIeI0BaHIE HE MOXKET 000MTHCH 6€3 MPUMEHEHNUs
METOJOB AHAJUTUYECKOW XWMHH, BEAb JUII MHOTHUX TEXHOJIOIMYECKHX ITPOLIECCOB
CYILIECTBEHHOE 3HAYEHUE NMEET KOHTPOJIb IPOU3BOACTBA.

VYyeObHoe mocoOue BBINOJHEHO HAa COBPEMEHHOM HAayYHOM YpOBHE H
pPacCUMTaHO Ha CTYJCHTOB, O0JIAJAIONIMX JOCTATOYHOM MOATOTOBKOM MO pazenam
oO11el 1 HEOPraHUYEeCKOM XUMUH, (PU3UKU U MATEMATUKH.

[Ipy moOAroTOBKE 3TOr0 W3MaHUS OBUIM YYTEHbl OCHOBHBIE H3MEHEHHUS B
IIPOrpaMMe Kypca M TEHJCHLIMM €€ Pa3BUTHA. DBIIO y4TEHO TakKe CTPEMIICHUE
YCUJIUTH o01ryro IIPAKTHYECKYIO ITOATOTOBKY XUMHKA-TEXHOJIOTA.
ITocnenoBaTenbHOCTD Pa3AEOB COOTBETCTBYET CTPOrOM JIOTMYECKOW CTPYKTYype
Kypca: KAauye€CTBEHHBIH M KOJIMYECTBEHHBIM aHAIN3, LIUPOKO MWCIOJIb3YyEMbIE B
XUMHMUYECKOH, U HE TOJbKO, MPOMBILUIEHHOCTH. [Ipemyaraemoe aBTopamu ydeOHOE
nocobue COCTOUT U3 2 pa3/esioB, MaTepHUall KOTOPBIX MCIONb3YETCs MPHU MOATOTOBKE
U TPOBEJACHUU JTA0OpPATOPHBIX 3aHATUM. B KOHIE KakIoW TeMbl 3aHITUS
IIPEACTABIICHBI BOIIPOCHI JIJIsl KOHTPOJIS 3HAHUM CTYACHTA.

ABTOpBI HAACIOTCSA, YTO NPHU OBIAJACHUM MaTepHalla JaHHOTO Y4eOHOro
MOCOOUsl, XUMUK-TEXHOJIOI CMOET HCIOJIb30BaTh MOJYYEHHbIE KOMIETEHIIMU TPU
JanbHENIIeM OOyYEHUH, UCIOJb3Yys METOJbl KauyeCTBEHHOTO M KOJIMYECTBEHHOTO

XUMHUYICCKOI'O aHaJIu3a, a TaKXKC TCOPCTHYCCKUC OCHOBbBI MW  IIPHUHIMIIBI
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(GUBUKOXMMHYECKUX METOJIOB aHajdu3a NpPU KOHTPOJE XUMHUKO-TEXHOJOTHUECKUX
MPOLIECCOB U METO/Ibl METPOJIOTHUYECKOM 00pabOTKH pe3yIbTaTOB aHAIM3A.

Copepsxanue y4eOHOTO 1MocoOusi COOTBETCTBYeT TpeboBaHusIM DeepanbHOTO
roCyJapCTBEHHOTO 00pa30BaTENbHOTO CTAaHAApPTa BBICHIETO MNPOHECCUOHATHLHOTO
oOpa3oBaHHS K COJCP)KAHUIO JIUCUUIUIMHBI  «AHAJIUTHYECKAs XUMHS W
(UBUKOXMMHYECKHE METOJIbl aHadu3a» Ui CcTyjaeHToB Hampaienus 18.03.01
«XuMHUYecKasi TeXHOJIOTHS.

Mertosl aHaM3a KJ1acCUPUIMPYIOTCS:

1 1o oOBeKTaM aHalM3a — HEOPTaHMYECKUN U OPTaHUYECKUH;

2 TI0 IIeJIM — Ka4ECTBEHHBIN M KOJINYECTBCHHDIMN;

3 mo cmnocoOy  BBIMOJHEHHS  —  XUMHUYECKHe,  (PU3HYECKHEe U

(bI/ISI/IKOXI/IMI/ILIeCKI/Ie MCTO/BI,

4 1no Macce mpoObl — MaKpoO-; OJYMUKPO-; MUKPO- ; YJIbTPAMUKPOAHAIH3.
B nanHoM yueOHOM mocoOMM OyayT pacCMOTPEHbl HEOPraHUYECKUU

KA4eCTBEHHBI M KOJMWYECTBCHHBIM aHaJIu3 MMOJIYMHUKPOMETOAOM, XHMHYCCKHEC U
(1)H31/IKOXI/IMI/I‘{CCKI/IG.

[EJIN ¥ 3AIAYM TACHATITMHBI
I[I/ICI_II/IHJ'II/IHa «AHaJ'H/ITI/I‘—IeCKaH XUMUs n (1)I/I3I/IKO-XI/IMI/I‘-IGCKI/IC METOAbI

aHajim3a» CTaBUT CBOCH OCJIbKO OCBOCHUC CTYACHTAMHM COBPEMCHHBIX MCTOIOB
aHajin3a BCIICCTB U UX IMMPUMCHCHUC JIsI PCIICHHA H&pOI[HO—XOS}SIfICTBCHHBIX 3agad.

3agayaMu Kypca sIBJISIOTCS:

(I)OpMI/IpOBaHI/Ie Y CTYACHTOB XHMMHYCCKOI'O MBIIIJICHUA, IIPOYHOC YCBOCHHA

CTYAEHTAMU OCHOBHBIX MOHATHN U TEOPUN AaHATUTUYECKON XUMUU;

OBJIaACHUC TEXHUKOM XHUMHYECKUX pacucToB, BBIpa6OTKa HAaBBIKOB

CaMOCTOATCIIPHOTO BBIITOJIHCHUA Ha60paTOpHBIX 9KCIICPUMCHTOB U YMCHHC OLICHUTDH

IIOIYYCHHBIC PC3YyJIbTAThl, = OCMBICJIICHUC POJIM KAYCCTBCHHBIX U KOJIHYCCTBCHHBIX

U3MEpPEHUH B HAYKE U TEXHUKE.

TPEBOBAHUSA K YPOBHIO OCBOEHMSA JNCHUIIVINHBI



B pesynbrare ocBOeHHMs Marepuaia BCEX pa3/esioB MOCOOMS MO AUCHMIUIMHE
«AHamMTHYECKasT XUMUA W (Pu3NKO-xuMudeckue Meroapl aHammzay OOIl crynent
npuoOpeTaeT cleayromre KOMIeTeHINH:

OK-7

3HaTh: OCHOBHBIE 3Tallbl KAYECTBEHHOIO U KOJMYECTBEHHOTO XUMHUYECKOTO
aHaju3a; TEOPETUYECKHE OCHOBbI U TMPUHUUINBI (PUIUKO-XUMHUYECKUX METOOB
aHaJlM3a; METO/Ibl METPOJIOTUYECKON 00pabOTKH Pe3yIbTaTOB aHATN3a

YMeTh: BBHINOJIHATH OCHOBHBIE OMEpPallid XUMUUYECKOT0 aHAJIN3a; UCTIOIb30BaTh
OCHOBHBIE XMMHUYECKHE 3aKOHBI, TEPMOJIMHAMHYECKHE CIPABOYHbIC JaHHbIE U
KOJIMYECTBEHHBIC COOTHOIICHUS XUMHH ISl pemieHus Mpo(ecCHOHANBHBIX 3a/1ady;
BBIOMpATh METOJ| aHaldu3a JUIsl 3aJaHHOM 3aJayd U MPOBOJUTH CTATUCTUYECKYIO
00pabOTKy pe3yabTaTOB AaHAIUTUUYECKUX OMPEICICHUIM.

Baagerb: Meromamu mpoBeleHUs  (QUBMKO-XUMHUYECKHMX HU3MEPEHHH U
METPOJIOTUYECKON OLICHKU PE3YJIbTATOB

OIIK-1

3HATB: OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JUCIUILIUH

¥YMeTh: UCIOJIB30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JUCIUIUIUH B
npo¢eCCUOHATILHON JIeATeIIbHOCTH

Baagerh: crocOOHOCTBIO M TOTOBHOCTBIO MCHOJB30BATH OCHOBHBIE 3aKOHBI
€CTECTBEHHOHAYYHBIX JUCITUTUINH B IPO()ECCHOHATLHOM eI TeTbHOCTH

OIIK-2

3HATB: O COBPEMEHHOW (PU3MUECKOW KapTUHE MHpA, MPOCTPAHCTBEHHO-
BPEMEHHBIX 3aKOHOMEPHOCTSX, CTPOCHUU BEILIECTBA

YMeTh: HCNOIB30BATh 3HAHUS O COBPEMEHHOM (U3MUECKOW KapTHHE MUpA,
IPOCTPAHCTBEHHO-BPEMEHHBIX  3aKOHOMEPHOCTSIX, CTPOCHHMM  BeEllecTBa s
MOHUMAHHUS OKPY>KAIOLIEr0 MUPA U SIBICHUN PUPOABI

BiageTh: rOTOBHOCTBIO HCIIOJIB30BaTh 3HAHUSI O COBPEMEHHOW (PU3MYECKOU
KapTUHE MUPA, IPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTSIX, CTPOEHUH BELIECTBA
JUTSl TOHUMAaHMSI OKPYKAIOLIEro MUpa U sIBJICHUN MPUPO/IbI

OIIK-3



3HaTh: CTPOCHUE BELIECTBA, NPUPOY XMMUYECKON CBS3U B PA3JIMUHBIX KJIACCAX
XUMHYECKHUX COCITUHEHUN

YMeThb: UCHOJIB30BaTh 3HAHMS O CTPOCHHMM BELIECTBA, NPUPOJE XUMHUYECKOU
CBSI3W B DPa3IMYHBIX KJIACCAX XUMHYECKHUX COCIMHEHUM U1 MOHWMAaHUS CBOMCTB
MaTepraliOB U MEXaHU3Ma XMUMHYECKHUX IPOLECCOB, NPOTEKAIOIINUX B OKPYKAIOIIEM
MHUpe

Baaxersb: TOTOBHOCTBIO MCITOJIB30BATh 3HAHUS O CTPOCHHMM BEIIECTBA, IPUPOJIE
XUMHUYECKON CBSA3M B Pa3jIM4HBIX KJIACCAX XMMHUYECKUX COCAUHEHUH AJI1 IIOHUMAaHHUS
CBOWCTB MAaTEpHajOB W MEXaHH3Ma XUMHYECKHUX IIPOLIECCOB, NPOTEKAIOIIMNX B
OKpY’KarolleM MUPE

ITK-10

3HaTh: aHAIU3 CBIPBS, MATEPUAIIOB U TOTOBOM IIPOTYKIIUU

YMerb: DIPOBOAWTH AaHAIU3 CBHIPbSA, MAaTEpUAIOB W TOTOBOW MPOAYKIHUH,
OCYILIECTBIIATh OLEHKY PE3YyJIbTATOB AHAJIN3a

Baagerh: CcrnocoOHOCTHIO TPOBOJWUTH aHAIU3 CHIPhs, MAaTEpUAIOB M TOTOBOU

MPpOAYKIUH, OCYIICCTBJIATh OLICHKY PC3YyJIbTATOB dHAJIN3a

Pasnen 1. KAUECTBEHHBIA AHAJIN3

BaKaﬂaBp 6YI[€T T'OTOB HCIIOJIB30BATh OCHOBHBIC 3dKO-Hbl CCTCCTBCHHOHAYYHBIX

AUCHUITIINH B HpO(i)eCCHOHaHBHOﬁ ACATCIIBHOCTH, IIPpUMC-HATH METOObI

TCOPECTUUCCKOIO M OKCIICPUMCHTAJIBHOI'O HMCCICAOBAHUA, crocooeH HpI/IO6peTaTB

HOBBIC 3HAHUS B 00JACTH TEXHUKH U TCXHOJIOTHUH, IINIAHUPOBATHL H IIPO-BOAUTH

bu3NYEeCcKrue U XUMUYECKHE IKCIIEPUMEHTBI, TPOBOJIUTH 00PAaOOTKY UX PE3yib-TaTOB

N OOCHHUBATDH IIOI'PCIITHOCTH.

I.[e.m;: 1 I/IBY‘ICHI/IC aJIropuTMa IMpoBCACHNUA Ka4YCCTBCHHBIX I/ISMCPCHI/Iﬁ I10 KHCJIOTHO-

OCHOBHOMY METOJY.

2 3akperuieHHE Ha MPAKTHUKE TEOPETUUECKUX 3HAHUU, MTOJTYYEHHBIX B Kypce
aHAJIMTUYECCKON XUMUHU.

3 OOy4eHwus CTyJICHTOB MPAKTUICCKUM HaBbIKaM PaOOThI B aHATUTHUYECKOU

1abopaTopum.



1 TEOPETUYECKHE OCHOBbBI
AHanuTH4ecKkas XUMHUS H3y4aeT METOJbl ONPEIEICHUS COCTaBa XMMHYECKUX

COEIMHEHUN U UX CMECEMN.

KauecTtBeHHbIli aHanM3 CTaBUT Tieped co0oil  3amady  OOHapy>KEeHHUS
(«OTKpBITHS») DSJIEMEHTOB, BXOJSIIMX B COCTAaB COCAMHEHUW WIM HUX CMECcei.
Ha3naueHre KaueCTBEHHOIO aHaIu3a 3aKJII0YaeTCsl B OMPEACIICHHH KauyeCTBEHHBIX
COOTHOIIICHUM MEXAY OOHAPYKEHHBIMU AJIEMEHTAMH.

KauecTBeHHBII aHaMM3 OOBIYHO MPEANIECTBYET KOJUYECTBEHHOMY. 3ajauu
KaueCTBEHHOI'0 aHaJM3a MOTYT OBbITh Pa3pelieHbl C TOMOIIBI0 PA3IMYHBIX METOOB:
XUMHUYECKUX, PU3NUECKUX U PU3UKO-XUMUUECKHX.

B xuMudeckux MeTomax Ka4yeCTBEHHOTO aHaM3a OMPESISIEMbIA JIIEMEHT WIIH
HOH TEPEeBOMIT B Kakoe-HUOyJb HOBOE COEAMHEHUE, 00JaJarollee XapakTepHbIMU
CBOMCTBaMU: ILIBETOM, OINpPEJEICHHBIM (DU3UUYECKUM COCTOSTHUEM, KPHUCTAJNIMUECKOMN
uiu  amop(HOM CTPYKTYypOoH, chenupuyeckuMm 3amaxoM W Jip., Ha OCHOBaHUU
KOTOPBIX UJICHTUPUITUPYIOTCS COSTUHEHUSI.

XUMHUYECKOE  TpEBpalleHHe, TMPOUCXOMsIIee IPU  ITOM  HA3BIBAIOT
KAaueCTBCHHOW peakluei, a BEeMIECTBA, BBI3BIBAIOIINE OTH TNPEBpPAIMICHUS —
peareHTaMM WM PEeaKTUBAMU (peareHThbl — PAaCTBOPUTEIIh IUIFOC OJHO PACTBOPEHHOE

BEILECTBO; PEAKTUBBI — PACTBOPUTEIH TUTIOC JBA U 00JI€€ paCTBOPEHHBIX BELIECTB).
B 3aBHCHMOCTH OT KOJHYECTBA aHAIM3UPYEMOIO BEIECTBA, 00bEMA pacTBOpa

M TEXHUKH pPabOThl Pa3jIM4alOT Makpo-, TMOJIYMUKPO- W  MHUKPOMETOIbI
KOJINYECTBEHHOT'O aHAIU3a.
[Ipu MakpomeTonie sl aHaIU3a OepyTCsl CPABHUTEIBHO OOJBIINE KOTUYECTBA

semectBa (0.5-1 r mmm 20-50 cm® pactBopos). Ilpu Mukpomeroge padoTarOT C
KOJMYECTBAMH BEIIECTBA W O0OBEMAaMH PacTBOPOB NpuOmsuTensHo B 100 pas

MCHBIIIMUMH, YEM B MAKPOMCTO/IC.



HOJ'IYMI/IKpOMeTOI[ 3aHUMACT IMMPOMCIKYTOYHOC IIOJOKCHHUC MCKIAY MAaKpoO- U

MuKpoMeToaoM. Ilpu pabore NOTYMUKPOMETOJIOM KOJMYECTBO HCCIETyEMOro
- 00 -~ 1 3
BemecTBa coctapisieT 10-100 Mr; 00bEM pacTBOpPOB - mpuUMEpHO 1 cM”.

[Ipy MNOTYyMUKPOMETOJIE COXpaHseTCsl BCS CYIIHOCTh  KIJIACCUYECKOIO
KaueCTBEHHOI0 AaHaJlN3a, OCHOBAHHOTO Ha IIOCJIEIOBATEIILHOM pa3JeieHUn U
OOHapy>KCHHMH HWOHOB, HO OINEPAIlMH BBIMOJTHIIOTCS C MaJBIMH KOJIMYECTBAMH
BEILIECTBA MTPU MTOMOIIM CHIEIUATILHBIX METOAOB U almapaTyphbl.

KadecTBeHHBI  MOJYMUKpPOAHAINW3 MOXKET  BBIMOJHATHCS  Pa3IUYHBIMU

crrocooamu:

1) «CyXUM» TYTEM — pEaKkiuh OKpallMBaHHWs IUIAMEHH, 0Opa3oBaHHE
OKpAILICHHBIX CTEKOJI — «IIEPIOB» H JIP.;

2) «MOKPBIM» IIyTEM — QHAUTUYECKUE PEaKLUM MPOXOAAT B PacTBOPax

AJIEKTPOJIUTOB, KOTOPbIE 00Pa3yIOT CMECH HOHOB.
Yamie Bcero B KaYECTBEHHOM aHANM3€ MPUMEHSIOT PEakIMu B PacTBOpax,
MO3TOMY 3a7laya KAaueCTBEHHOI'O0 aHaju3a 3aKJIIYaeTcsi B «OTKPBITUHM» BCEX

MNPUCYTCTBYHOIINX B paCTBOPC KATHUOHOB 1 AHUOHOB.

[IpoBeicHHE AaHATUTHYECKUX PEAKIMiA TPEOYET CO3aHust ONPENEIEHHBIX YC-

JOBMM JUIi €€ TPOTEKaHWs: XapakTepa Cpelbl, TEMIIEPATypbl, KOHIIEHTPAIlUH

OIIpCACIIICMOTO MOHA, OTCYTCTBUA MCIIAOIINX HOHOB U IP.
OIIHI/IM U3 Ba)XHEHUIIHX YCJ'IOBI/Iﬁ BBIITOJIHCHUA AHAJIMTHYCCKHUX pCaKHI/If/'I

ABJISIETCS CpeJia, KOTOpass MOXET ObITh CO3/laHa JOOABICHUEM K PacTBOPY KUCIOTHI,
EI0YH Win 6y(hepHOro pacTBOpa ¢ 3aaHHBIM 3HAYCHUEM KHUCIOTHOCTH PacTBOPA.

OdveHb BaXHBIM YCJIOBUEM aHAJUTHYECKON peakuuu OOHApYKEHHs SIBISETCS
KOHIIEHTPAILUs OTKPBIBAEMOT'0 HOHA B PACTBOPE.

Peaknust, koTopast IpOXOAUT B MPUCYTCTBUM HUYTOKHO MajOW KOHIIEHTpaUUU
ONpPENENIEMOr0 HOHA B pacTBOpe, HA3bIBACTCS YYBCTBUTEIBHOM pPEakLUCH.

I‘IyBCTBI/ITGJ'II)HOCTI) pPCaKkon KOJIHNYCCTBCHHO BbIPAXACTCA [IBYMA CBA3aHHBIMU



MEXJIy CcO00OM BeTWYMHAMH: OTKPhIBAEMbIM MHUHHUMYMOM U MHHUMAaJbHOU
KOHLEHTPALIUEH.
OTKpBhIBaEMBIi MHUHMUMYM — 3TO MHHUMAQIbHOE KOJHUYECTBO BEIIECTBA WJIHU

HOHa, KOTOPOE€ MOXET OBbITh OOHAPYXKEHO IaHHOW peakiyedl NP ONpeaeTeHHbIX

YCIIOBUAX eé BBITTIOJTHEHHUSI. DTa BEJIWYHMHA OYCHb Majla, BbIpAXKXACTCA B

Mukporpammax: 1 mukporpamm = 10 rpamma.

OTKpbIBaEMBII MUHMMYM HE IOJHOCTBIO XAPAKTEPU3YET UyBCTBUTEIBHOCTH
peaxkLuu: OH JaeT MpeACTaBICHUE 00 a0COMIOTHOM KOJIMYECTBE OTKPHIBAEMOI'0 MOHA.
[ToaToMy OOBIYHO YKa3bIBAIOT M HpElENbHOE pa30aBleHHE, XapaKTepU3ylollee

HAaMMEHBIIYI0 KOHIIGHTpAIlMIO BellecTBa (MOHA), MPU KOTOpPOH OOHapy>KEHHE €ro
HIOCPEJICTBOM JaHHOM Peakiuy elie BO3MOXKHO. [IpeebHoe pa30aBiieHue Ha3bIBAIOT

MUHUMAJIBHON KOHIIGHTpallel W BBIpaXKalOT OTHOIIeHuWeM l/g, rme g — Macca
pacTBOpUTENS, TpUXOAsIIascsa Ha 1 yacTh 0OHapYy’KUBAEMOT0 BEIIECTBA WIIM HOHA.

B kadyeCTBEHHOM NOJIYMHKPOAHAIU3€ NPUMEHSAIOTCA pPEAKUUH, y KOTOPBIX
OTKpBhIBa€Mbli MUHUMYM Haxoautcs B npenenax 0,001 — 50 mr, a MuHMManbHas
koH1eHTpamusa — ot 1:10 000 go 1:50 000 000.

B aHanuTH4eckoil XMMHUHM TIOMHUMO YYBCTBUTEIBHOCTH pPEAKIMA OOJIbIIOE
3HaYeHHE UMEET UX CIEeHU(PUIHOCTb.

Crienn¢pryeckoil peakinel Ha3bIBa€TCs TaKasi PeaKilysl, Py MOMOIIU KOTOPO
MO>KHO OOHAPY>KUTh JIaHHBIN MOH B MPUCYTCTBUU JIOOBIX APYTHX UOHOB.

Crneunrduyeckux peareHToB M3BECTHO HEMHOT0. Heckosbko 0omblie peareH-
TOB U30UpATENbHBIX, UJIU CEJEKTUBHBIX, TO €CTh TAKUX, KOTOPHIE NAIOT PEAKIHU C

OrpaHU4YEeHHBIM, HEOOJIBLIUM YHCIIOM HOHOB.

[Ipumensis cnenuuyeckre peakuuud, MOXHO MPOBOJUTh KaueCTBEHHBIM
HOJYMUKPOAHAJIN3 TaK HA3bIBAEMBIM JAPOOHBIM METOAOM, TO €CTh HEMOCPEICTBEHHO
B OTHEJIBHBIX MOPLHIX HCCIELYEMOrO0 pacTBOpa, HE3aBUCUMO OT HAJIWYMUA JPYTUX
MOHOB B pacTtBope. Ilpu npobHOM MeTone aHaivM3a HE MMEET 3HAuY€HUs MOPSI0K

OoOHapyKEeHUSI OTICIHHBIX HOHOB.



Korga nmocrarouno cnenuduueckue peakiuu OTCYTCTBYIOT, OOHapy>KEHHE

COOTBETCTBYIOIIUX HOHOB TpeOyeT MpeABapUTEIIbHOIO YCTPAHEHUs MEIIAI0IIero
BIIMSIHHS JPYTMX MOHOB. J[JIsl TAKUX CIy4aeB UCIOIB3YIOT ONPEAEIEHHYIO, 3apaHee

pa3pabOTaHHYIO TMOCJIEIOBATEILHOCTh B pa3feleHud U OOHApPYKEHHH HWOHOB,
KOTOpasi Ha3bIBA€TCA CUCTEMATUYECKUM XOJIOM aHAJIN3a.

[Ipu cucTemMaTHyeckOM XOJE aHaln3a IPUMEHSAIOT PEareHThbl, KOTOPbLIE
OCAXIAIOT Cpa3y LeIyl rpyniny HOHOB. OHM Ha3bIBAKOTCA TPYNIOBBIMU
peareHTamu.

Bonpocs a1 00cy:KkaeHunst
1. Yrto u3ydaer aHAIUTUYECKAS] XUMMUS?
2. Kakwue 3aaun peniaet Ka4eCTBEHHbBIN aHAIN3?
3. Kaknme xumuyeckue IMpeBpallleHHUs] Ha3bIBAlOT Kauye€CTBEHHBIMU

peakuusimu? [lpuBeauTe npuMepsl.

4. C KaKUMU KOJINYECTBAMU BEILIECTB paboTtaroT B
IIOJIyMUKpOaHanu3e?

5. Yro o3nauarotr —cyxoiill u Imoxperiill cioco6sr ananuza?

6. UrTo O3HAYAIOT MOHATHUS: YyBCTBHTEIBHOCTH, H30UPATEIHHOCTh U

cnenupUIHOCTh PeaKIlfii; TPyNmnoBbie peareHTsl? [IpuBeuTe mpuMepsl.
1.1 TexHuka pa3zae/jieHusi 1 UIeHTU(PUKAIUUA KATHOHOB B
MOJIYMHKPOMETO/Ae KAYeCTBEHHbIX MCCJIe0BAHUI

Paznenenve u wuACHTHPUKALMIO KATHOHOB 4Yalle BCEro MPOBOIST B
MIMHIPUYECKUAX MM KOHUYECKUX HEHTPU(]YKHBIX IPOOUPKAX EMKOCTBIO 2-5 cM°.
Kpome Toro, peakuuu MOKHO MPOBOAUTH HA YAaCOBOM CTEKJIE (OTKPHITUE HMOHOB
NH,", Harmpumep).

JIns mepeMemmBaHus KUAKOCTEW MPUMEHSIIOT YHACTBIE CTEKJISIHHBIE MAJOYKH.
TBepasle peakTUBHl OEpyT MpH MOMOIIM INNaresieil. BelmapuBanue Mpou3BOAAT B
MaJjieHbKUX (papdopoBhIX yaiikax. HarpeBanue pacTBOPOB B MPOOUPKAX MPOU3BOISLT
Ha BOJAHOI OaHe.

PeakTuBbl B 1a00paTopusix Ka4eCTBEHHOTO aHAIM3a JEp>KaT B CIEIMAIbHBIX

mTaTuBax B CKIITHKAX, CHa6)KéHHBIX IMUTIICTKaMH.
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Ocadicoenue u pazoenenue uonog. Jns pasaeneHust U UACHTU(PUKAIIMT HOHOB
Yalie BCero NpUMEHSIOT UX OCaXIACHUE B BUJE MAJIOPACTBOPUMBIX COECTUHEHUN.
OcaxeHre C 1eJbl0 pa3/ielieHus MOHOB MPOBOJSAT B IMJIMHIPUYECKON MPOOUpPKE.
[Tocne momyueHus ocajgka COAEPKUMOE MPOOUPKH B30ANTHIBAIOT W TMEPEIUBAIOT B
KOHUYECKYI0 (IEeHTpu(dyx HYI0) Tpodupky. Ilpm HEOOXOIUMOCTH MPOU3BOAST
HarpeBaHue MPOOUPKU C PACTBOPOM M OCAJKOM Ha BOJAHOM OaHe. 3aTeM OCaJoK
OTJIEJISIOT OT pacTBOpPa METOJIOM LIEHTPUPYTUPOBAHUSI.

Omoenenue pacmeopa. Korma ocaxJIeHHE TIOJHOCTBIO 3aKOHUEHO, B
MPO3PAYHBII PacTBOP HaJ OCAJKOM MOTPYKAIOT KAMWJUISIP MUIETKH U MEIJIEHHO

HAKJIOHAIOT poOupKy. [Ipr 3TOM KOHUMK Kanwisipa He JOJKEH KacaTbCsl OCaJIKa, a
IHIIETKA - CTEHOK MpOOUpKH. ITMmeTKa 3aloNHAETCS JKUAKOCTBIO, TMOCIE Yero ee

OTBEPCTHE 3aKPBIBAIOT YKA3aTEJbHBIM IMaJbLEM, BBIHUMAIOT MUIETKY U NEPEHOCAT
pacTBOp B Jpyryro npobupky. Onepaiuio moBTOPSIOT 2-3 pa3a, Moka HE MEePEeHECYT
BECh PACTBOP HAJl OCAJIKOM.

IIpomvisanue ocadka. J1Jis OHMKEHUS] PACTBOPUMOCTH OCAJKa €r0  CIEIyeT
IPOMBITH BOJIOHM, cojepskalleil HeOOoNbIlIoe KOJIMYECTBO peareHTa-oCaJuTesl.
[IpOMBIBHYIO UAKOCTh HAJIMUBAIOT B MPOOMPKY C OCAJAKOM, B30AITHIBAIOT B3BECH
CTEKJISIHHOM THaJIOUKOM, HEHTPU(PYrHUpyrOT U MHUIETKONW OTIENISIOT HeHTpudyrar ot
ocanka. Kpucraminueckue ocagkd JOCTaTOYHO NPOMBITh JBaXIbl, aMOP(HBIE
MPOMBIBAIOT MHOTOKPATHO.

Pacmeopenue ocaoros. Ilpu pacTBopeHHH OCAJKOB B KHUCIIOTaX, IIEI0Yax U
IPYTUX PACTBOPUTENAX IMOCIEIHUE MPUOABISAIOT IO KAIUIAM TPU TOCTOSTHHOM
nepememuBanuu. He crienyer mpuOaBisiTh cpa3y MHOI'O pacTBOPHUTENS, TaK Kak
HEKOTOPBIE OCAJIKH PAaCTBOPSIOTCS MEMJIEHHO. YacTo HarpeBaHUE yCKOPSIET MPOLECC
PacTBOPEHHS.

Buvinapueanue pacmeopos. BplllapuBaHue pacTBOPOB MPOU3BOJAT C LIEJIBIO
MOBBIIICHUS] KOHIIEHTpAllUU OOHApyKMBaeMoro noHa. PactBop crienyeT BblmapuBaTh

B (apdopoBoii yamke Ha acOECTOBOM ceTKe Ha HEOOJBIIOM IIJIJAMEHU Ta30BOM
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ropefki. 3a TMpPOLIECCOM BBHINIAPUBAHUS HEOOXOJMMO CJICIUTh, IOCKOJBKY OH
COIMPOBOXKIAaeTCs pa3OpbhI3TMBAHUEM PACTBOPA, OCOOCHHO B KOHIIE BHIMTAPUBAHMSL.

Buvinonnenue kanenvnvix peaxyuti. KanenbHble peakiliy BHITOTHIIOT HA
(GUIBTPOBAIBLHOM OyMare, UCIIObL3Ys €€ ajcopOIMOHHbIE cBOMCTBA. CKOPOCTH

JIBMYKEHUS MOHOB TI0 KammIIsipaM OyMaru HEOoIMHAKOBa, IIOATOMY, €CJTM HAHECTH Ha
OyMary KaruIro UCCIIelyeMOTO pacTBOpa, a 3aTeM KaIuli0 peareHTa, To B IICHTpe
BJIQXKHOTO TSATHA OyIeT HaXOAUTHCA 0CaIOK 00pa3yroIIerocs Mpu peakiuu
OKPAIIIEHHOTO COCAMHECHMS, 2 PACTBOPUMbBIC COSAMHEHUS TIEPEIBUTAIOTCS K
nepudepun msaTHa.

1.2 OOmue npaBujia padoThI U TEXHUKA 0€30MACHOCTH
[Ipu BbINOTHEHUH TA0OPATOPHOTO MPAKTUKYMA 110 KAYECTBEHHOMY

MMOJIYMHUKPOAHAIN3Y CTYACHTHI JOJIDKHBI YCBOUTD IIpaBUJIa TCXHUKH 0e30IMacHOCTH B

aHATMTHYECKOU JTaOOpaTOPHUH.
1. [lepen Havajaom paboOTHl B JIA0OPATOPHM CIIEAYET YETKO IMPEACTABHUTH

1eNb paboThl, COCTABUTH IUIaH PaOOTHI M TOJIBKO MOCIIE ATOTO MPUCTYNATh K aHATHU3Y.
2. B nmaboparopun HE0OX0AMMO COOMIOAATH YUCTOTY M HOPSAOK, CTPOTO
CJIeI0BAaTh MpaBUjIaM TEXHUKU 0€30MacHOCTH, TpaBUiIaM MOKapHOU 0€30MacCHOCTH.
3. B nmabGopatopun aHaIMTUYECKOW XUMHUHU CTYIEHT JOJDKEH OBITh

O0COOCHHO AKKYypaTHbIM, YTOOKI N30eKaTh 3aIrpA3HCHUS PCAKTUBOB!

PEaKIMOHHYIO CKIITHKY OpaTh MpaBoOi PYKOM, STUKETKOM K JIaJIOHU, POOKY

KJIaCTh TakK, YTOOBI €€ YacTh, BXOHdAllas B CKIAHKY, HE CONpPUKAcalach C
MMOBEPXHOCTHIO CTOJIA;
~ eClIM peakTHB OepyT MHUIETKOM, TO CKIISIHKY C PEaKTUBOM OCTaBJISIOT Ha

MECTC, = HEC IIPHKACATHCI KOHYHMKOM IIHIICTKH K CTCHKaM HpO6I/IpI(I/I;

HCUCIIOJIb30BAHHYIO 4aCTh PCAKTHBA U3 IHUIICTKU HC CIIMBATH B 0611_[}’}0

CKJISTHKY BO M30€KaHWe 3arpsi3HEHUS PEaKTUBA; CTYACHT JIOJXKEH OpPraHU30BaTh
CBOIO paboOTy Tak, 4YTOOBl BO BpeMs JUIMTEIBHBIX oOmepanuii (OTCTauBaHWS,

HEeHTpU(PYTUPOBAHUS, KUISUYCHUSI U JP.) OJHOBPEMEHHO MOXHO OBbUIO BBIMOJIHSITH
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Ipyrue HeoOXOAUMBIE Oepanuy (MBITHE MOCYIbI, IPUTOTOBIEHNE PEAKTUBOB H JIP.),

He TpeOylolue JJIMTEILHOTO BPEMEHHU.

4. OtpaGoTaHHble  KHUCIOTHBIE PACTBOPBI, CEPOBOJOPOJICOACPKAIIME
pPacTBOPbI, COCAMHEHUS PTYTH, cepedpa, MOAUCThIE COCNUHEHUS] U Jp. CIUBAIOT B
CHEUHUAIIBHYIO TTOCY Ty JUIsI CJIMBA.

S. [To oxoH4uaHuu pabOTHI CTYJEHT 00sI3aH MPUBECTH B MOPSJIOK padbouee
MECTO, OTKJIFOUUTh Ta30BbIE TOPEIKU, IPOBEPUTH BOJIOIIPOBOAHBIC KPAHBI.

1.3 Bepaenue 1a00paTOPHOrO KypHaJja
[Ipu BhIMOTHEHUU J1AOOPATOPHBIX PaOOT MO KaYECTBEHHOMY MHUKPOAHAIIU3Y

BCC Ha6J'HOI[eHI/Iﬂ 3aIIMCBIBAIOTCA B CIICHHAJIBHYIO  TCTpaldb, HA3bIBACMYIO

71a00pPaTOPHBIM >KYPHAIOM.

JIaGopaTopHBI KypHAJI SBJISETCS OTYETOM O BHINOJHEHHOM paboTe u

H€O6XO,Z[I/IM 1 ITOATOTOBKHM K KOJUIOKBUYMAaM H 3aueraM. Hukakux 3amuceil B

APYTHX TETPaaiX, 4YCPHOBUKAX WM OTICIBbHBIX JIMCTaX OyMard Jenath He
pasperiaercsi.

B naGoparopHblii )KypHa 3alMChIBAIOTCS JIBa BUAA padoT: 1)
M3yYEeHHE aHAIMTHYECKUX PEAKIIUI ONPeNeIeHHON TPyl HOHOB;
2) aHaIU3 CMECH I'PYIIIbl KATUOHOB WJIM aHUOHOB.

HpHMep OT‘IéTa O BBIITOJIHCHUH na60paTopH0ﬁ pa60T},1 IepBOT0 B4 JdaH B

tabmuie 1.1. B oTu€re ciemyer 3ammcarh ypaBHEHHsS H3ydaeMBIX peakidii B

MOJICKYJISIDHOM W MOHHOM BHIC. KpOMe TOro, B Ta6n1/1ue JOJDKHBI OBITh OTMEYCHBI

BCE HaOJIO/1aeMble SIBJICHUS: LIBET OCaJKa, PACTBOPUMOCTh €r0 B KMCIIOTaX, IIeJ04ax

M JIp.; BCE OCOOCHHOCTH TPOBEICHHS Peakiuii (CO3JaHKe OINpENeTEHHOU Cpelbl,

HEOOXOJMMOCTh HAarpeBaHusl, yCTPAHEHUS MEUIAIOIIETO BIMSHUS HOHOB U JIp.).
OTY4e€T O BHINOJHEHHH JIA0OPATOPHON pabOTHl BTOPOr0 BHAA JOJDKEH

COZCPIKATh CIICAYIOINEC MAaTCpUAJIbl: CXCMY IIPOBCACHHA CUCTCMATUYCCKOT'O aHAJIM3a
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CMECH HOHOB; CHCTEMATHYECKHH XOJ| aHallM3a CMECH HMOHOB;, OTYET 110 aHAIU3y
CMECH KaTHOHOB WIIM aHHOHOB, IIPUMEP 3aIIMCH KOTOPOIo MpHUBEAEH B Tabir. 1.2.

B oTu€Te Mo aHanM3y CMECH MOHOB HEOOXOAMMO YKa3aTh: HAOOP MOHOB, YbE

MPUCYTCTBHE BO3MOXHO B aHAM3UPYEMOM CMECH; peareHThl ISl crenuuuecKkux
peakuuii OOHapyXeHUsI BCEX HOHOB (TPYIIOBBIX PEAKTUBOB); HAOIIONEHUS MPHU
MPOBEJICHUN PEAKIMi OOHAPYKEHUS KaXJI0ro MOHA (BBIMAJCHUE OCAJKa, BBIJCICHUE
rasza, OKpalllMBaHUE PacTBOpa); 3aKIIOYEHHWE O HAJIWMYUU WIM OTCYTCTBUM HOHAa B
AHAUTU3UPYEMOU CMECH.

[Ipumep 3amucu oTYEeTa MO M3YUYCHUIO AHAIUTUYECKUX PEAKLIHUN TPYIIIbI
KaTHOHOB.

Tabnuya 1.1 Jlabopamophas paboma «H3yuenue ananumuyeckux peaxyuu 11
AHATUMUYECKOU 2PYNNbL KAMUOHO8»

Ne Pearemt KaTtnonsr
/1 Bax+ Sra+ Cazx+
1. H2S04 BaClz + Nast4 = Sl‘Clz + Nast4 = CaClz + Nast4 =
VT BaSO, +2 NaCl $rS0, + 2 NaCl £aS0, +2 NaCl
Na,SO, OeJIbli 0CalloK, OeJIbli 0CaloK, Oeublit 0caiok, Hepac-
HEpPaCTBOPHUMBIN B HEpPaCTBOPUMBIN B TBOPHMBIil B
pa30aBIICHHBIX pa3z0aBiIeHHbIX pa30aBIICHHBIX KUCIOTaX
KHCI0TaX KHCI0TaX Ca? + S0, = ¢aS0,

Ba2++S042- = BaSOx« Sr2* + SO = $rS0,

Tabauya 1.2. Jlabopamopnas paboma «Ananuz cmecu kamuonos Il epynnoiy

No Ne

Pearenr HaOnronenus 3akiIroyeHue
npoOupku | 1/m

5 1 K,Cr,07 B npucyrcrBuun Brinanmaet sxenThii

2+
CH;COOH + CH3COONa ocajiok BaCrOy Hox Ba™ obnapyxen

Oryersl 1Mo J1IabopaTOpHLIM paboTaM JOUKHBI CHABATHCA HA IPOBEPKY

IMpCroaaBaTCino.
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2 AHAJIN3 KATHUOHOB
B kauecTBEHHOM aHaau3€ HEOPraHUYECKUX BEUICCTB IIPEUMYIIECCTBEHHO

AHAIIM3UPYIOT PACTBOPHI COJIEH, KHCIIOT, OCHOBAaHHUW, KOTOPBIE B BOJHBIX pPacTBOpax
HaxoJsATCd B JUCCOLMMPOBAHHOM COCTOSIHUM. XHMHWYECKUH aHajau3 BOJHBIX
PacTBOPOB CBOJUTCS K OTKPBITHIO OTJIEIbHBIX KATHOHOB U AHUOHOB.

Jis ynoOcTtBa OOHapy eHUsT MOHBI JENST Ha aHAJIUTUYECKHe rpynnbl. B
OCHOBY KJIaCCU(UKALIMK HMOHOB MOJIOKEHO PA3IMYMUE PACTBOPUMOCTH 0O0pa3yeMbIX
MMHU COCIVMHEHHH, IO3BOJLIIOLIEE OTACNIATh OJHM TIPYIIBl HOHOB OT JPYTHX.

CYIHGCTByeT BCCbMa MHOI'O CXCM KJIaCCI/I(l)I/IKaIII/II/I KaTHuOHOB (HGCKOJII)KO II@CSITKOB)

0 aHAIWUTUYECKMM rpynnaM. Kiaccuueckoii u Hamboliee paclpoCTpaHEHHOM

ABJIAETCA KiaccH(UKALUSA, OCHOBAaHHAs Ha CBOMCTBAX Cylab(pHIOB, OJHAKO €€

MpUMEHEHUE TpeOyeT UCIMOIb30BaHUsl TOKCHUYHOrO raza — cepoBojopoaa. B
HACTOAIIEM JTa0OpaTOPHOM MPAKTHUKYME HCIIONB3YETCs KHCIOTHO-OCHOBHOM METOJ
(KOM) anamuza xatmoHoB. KOM wucnosib3yer B KauecTBE TIPYIIIOBBIX PEareHTOB
TOJILKO OOIIEIOCTYITHBIE KUCIOTHI U OCHOBAHMUS.

MeTo 0OCHOBaH Ha JIeJeHHH KATHOHOB Ha IIECTh AHATMTHYECKUX TPYIIIL:
1. 1 amamuruueckas rpymma — katuoHel Ag', Pb**, [Hg,]**. T'pynmosoii

peareHT — 2 M pacTBOp COJISIHOW KHUCIJIOTBI, KOTOPAsi OCaXAAeT 3TU KaTHOHBI B BUJE
MaJjiopacTBOPUMBIX XJIOPHJIOB.

2. I amanmuruueckas rpynma — katuonsl Ba?', Sr?*, Ca**. Ux rpymnmoBoii
peareHT — 2 M pacTBOp CEpHOM KHUCIJIOTBI, KOTOpas OCaXIAaeT 3TH KAaTHOHBI B BUJE
MaJopacTBOPUMBIX B BOJE CYJIb(aTOB.

3. Il amanuruueckas rpymma — katmonel AIPY, Sn**, Cr*', Zn*'. Hx
IPYIIOBBIM PEAreHTOM SBIsieTCA Tuapokcul Hatpus (2 M pactBop). [lpu nelictBuun
n30bpiTka NaOH ykazanHble KaTHOHBI 00pa3yoT paCTBOPUMBIC COSTUHEHHSL.

4. IV asanuthyeckas rpymma — katuonel Fe**, Fe**, Mn?", Mg?*". HUx
I'PYIIIOBBIM PEAr€HTOM SIBJISIETCS BOAHBIM 2 M pacTBOp aMMHuaka, KOTOPBIA OCaXIaeT
9TH KaTUOHBI B BUJIE THJIPOKCHJIOB, HEPACTBOPUMBIX B U30BITKE pEaKTUBA — PACTBOPA

aMMMaKa.
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5. 'V amanurudeckas rpynma — katnonsl Co**, Ni**, Cu?*, Cd*", Hg*'. Ux
IPYIIIIOBBIM PEATEHTOM SBJISETCS BOAHBIN PACTBOP aMMHUAKa, IIPH U30BITKE KOTOPOTO
00pa3yroTCs PACTBOPUMEIE B BOJIE KOMIUIEKCHBIE COETMHEHHUS - AMMUAKATHI.

6. VI ananutnyeckas rpymna — katronbsl K'Y, Na®, NH,". Drta rpynna He
HUMEET rPYIIOBOrO peareHTa, CiocoOOHOr0 0CaIUuTh OJHOBPEMEHHO BCE KATHOHBI.

2.1 I AnajguTn4eckasi rpynna KaTHOHOB
K [ aHamuTu4eckol Tpymle KaTHOHOB NPHHAIEKAT KaTHOHBI Ag', Pb*',

[Hg,]**, oOpasyromue ManopacTBOPUMBIE B BOAE MU pa30aBIEHHBIX KHUCIOTax
XJIOPHUIBI. DTO CBOWCTBO XJIOPUJOB HCIOJIB3YETCS B CUCTEMATUYECKOM XOJI€ aHAIU3a
JUISL OTAEJIEHHUs] KaTUOHOB | rpynmbl OT 001Iel cMecH BCeX KaTUOHOB.

Pazb6aBiieHHas coJisiHasi KUCIOTa U PACTBOPHI XJIOPHUIOB OCAXKIAIOT KAaTHOHBHI |
rpymisl B Buje 6enbix ocaakoB AgCl, Hg,Cl,, PbCl,.

Ocagox AgCl — Oenbiii, TBOpOXHUCTBHIA. Ha cBeTy MOXeT depHETh
(pa3noxenue). HepactBopuM B pa30aBIEHHBIX KHUCJIOTaX, JIETKO PacTBOPSETCS B
pactBope NH,OH BcienactBue CBsI3bIBaHHS HOHOB Ag' B KOMILICKCHBIC HOHBI
[Ag(NH3),]":

I AgCENHOH, — [Ag(NH;»)2HO, +Cl
IIpu netictBun paszbaBiaenHoir HNO; Ha aMMuayHbIi KOMIUIEKC BHOBB

BhITIasiaet ocanok AgCl.

CaoiictBo AgCl pactBopsiteess B NH,OH ¢ mocnenyrommm paszinoxeHueM
aMMuagyHOrO KomIuiekca moj aeictBueM HNO; ¢ Beimagenuem ocanka AgCl,
UCIIONB3YETCS ISt OOHAPYKEeHU HoHA AZ'™ B CMECH KaTHOHOB.

Ocagox Hg,Cl, — Oenblil, Heckonbko pactBopuM B u3biTke HCl ¢
oOpazoBanuem komruiekca. Hg,Cly, B otnnuune ot AgCl, He pacTBOpseTcs, a YepHEeT
nox nevicteBueM NH,OH.

IIpu sTOM BHauasie oOpa3yercs KOMILIEKCHOE coequHeHue pTyTH (+1) 6emoro
1BeTa:

' HgCl2NHOH, — [NH,Hg]Cl ¥ +NH, +2HO,+ CI.
Coenunenue [NH,Hg,]Cl neycToitunBo, ObICTPO YEPHEET BCIICICTBUE PA3IIO-

KEHUS U BBIICJICHUS CBOOOIHOM pTyTH Hg:
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0CaJIOK

[NH,He,]Cl V= NH,HgCl ¥ +Hg

AUCIIPOIIOPIHUOHUPOBAHUA:

[Hg]* " —

OeJbIi

0CaJIO0K 3,Z[GCB HMCCT MCCTO pCaKuA

Hg?" +Hg 4

YePHBIi

CaoiictBo Hg,Cl, uepners npu aeiictBuu pactBopa NH,OH ucnonesyercs amns

oOHapy»xeHus nona Hg?' B cMecu KaTHOHOB.

Ocanok PbCl, — 6enoro nBeta, pactBopuM B u3dsiTke HCI, a Takxke xopoiio

pacTBOpUM B BOJIe¢ TpH HarpeBaHuu. DTuM cBoiictBoM PbCl, momw3yrorcs s

orpenenus PbCl, or AgCl u Hg,Cl,. Peakuueii obHapyxenus nona Pb?" seisercs

oOpazoBanue xkentoro ocagaka PbCrO4 npu neiictBun K,Cr,0O7:

2PB>" +Cry70 % +H 0, = 2PbCrO, ¥ +2H
O0630p aHATUTUYECKUX peaKUi KaTUOHOB | rpymnmbl npencrasiieH B Taou. 2.1.
Tabnuya 2.1 — Kauecmeennwvie peakyuu kamuonos I ananumuyeckot epynnwl

Pearent Ag* Pb2+ [Hgz]2+
1. H,S B HCl-cpene JAg,S u@purii PbS uepnerii JHgS+ Hg
WITH CYJTb(QHIBI 0CaIoK 0CaIoK YEPHBIH 0CaI0K
2. HCI v xnmopust wlAgCl
OeJIblif 0CaNIoK, dPbCl, ngzClz —)ng

pacTBOpUM B
aMMUaKe,
HEPACTBOPHUM B

OenbIii 0caloK,
pPacTBOPHUM B
ropsiyeit Bojie

OeJIbIi,
YEPHEIOIINI Ha
BO3YyX€ 0CaJI0K

KHCIIOTax
3.  KOH wm NaOH & i
e 1Ag,0 Gypiit IPb(OH), Germeiii {Hg;0 uprii
€3 U30BITKA 0CaJIOK, paCTBOPHUM B
0Ca/IoK 0CaJIOK

HNO;

4. NH,4OH (u30bITOK) Hg+ [NH,Hg,O]"
[Ag(NH3),]* in(OH)z OeJblil |4EPHBIN 0CANOK PTYTH
BOJIOPACTBOPUMBIi 0CaJIoK + GeIblil 0CANOK

aMUI0COCTUHEHUS
5. H,SO, {PbSO, Genniit
(1 M pactBop) 0CajoK, ngSO4 Oenblit

ocajka He o0paszyeT
pacTBOpHUM B 1I€I04YaX 0CagoK
[P HAarpeBaHUU

6. K,CrO4umm JAngrO4 KUPIHUYHO- wleCrO4 ~1Hg2CrO4
K2Cr207 KpAaCHBII JKEIITBIA 0CaIoK, KpPacHBIM 0CaJI0K, He-

0Ca0K, paCTBOpPUM B

HNO3 u NH4OH

pPacTBOPUM B LIEIOYAX

pacTBOpPUM B IIeJI0YaX U
pazbasnernoit HNO;
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JHg,Cl, —>{Hg
OeJIbIi, MOCTEIIEHHO
YEPHEIOMIUN 0CaTI0K

, L, +HCI ;
7. SnCL+HC JAg uépnsiit JPbCl, Genprii

0CaJ0K 0CagoK

JPb(OH), —IPb
OeJIbIi, MOCTENIEHHO
YEPHEIOMIMH 0CaZI0K

8. Na,Sn0O,+NaOH .
ANt JAg YEPHBIN JHg YEPHBIN

0ocaaoK 0CaJoOK

N3 3TuX CBONCTB BBITEKAET CUCTEMAaTUYECKUN XOJI aHAJIU3a, PEeACTaBICHHbBIN
cXxeMaThuyecku B tadmurte. 2.2.

Tabnauya 2.2 — Cxema cucmemamuyeckoeo Xo0a aHaiu3a cmecu kamuonos I
epynnwi

Onepaun PeakTuBbI Ag*, [Hg,]*", Pb?" - nonbl
OcaxeHne KaTHOHOB Ocanoxk 1 iAgCl, Pactson | He
I rpynimnel B BUsE HCl {PbCl,, JHg,C1, P
HCCIIEYIOT
XJIOPHIOB
Otnenenue PbCl, Ocayok 2 Pactsop 2 Pb**,
(ocanoxk 1) ropsuast Boxa JHg,Cl, Cl- — nons!
JAgCl

OrtkpeiTie Pb** a) JPbCro,
(pactBop 2) a) K,Cr,0, HKEITBIA 0CamoK

6) H,SO, 6) JPbSO,

OebId 0CagoK
Otnenenne AgCl Ocaok 4 4 PactBop 3
(ocanok 2) 1 OTKPBITHE |  NHj (BOAHbIi Hg [Ag(NH;),]"
[Hg,]** — nonos pacTROp) JHgNH,CI
YEPHBII 0CaTO0K
OtkpbiTHEe A" - HOHOB HNO JAgCl Genprit
(pactBop 3) NO; ocajioK
CucremMaTn4ecKuil X0 aHAJIU3A CMeCH KAaTHOHOB [ rpynmnbi
1. Ocaoicoenue kamuonos I ananumuueckou epynnul 8 gude xaopudos. K 8-

10 kamisaM HCclieqyeMoro pacTBopa NPWIMBAIOT BOAHBIA PacTBOp aMMHakKa 0
HEUTpAIbHOM peakuud W 3aTeM J00aBIAIOT paBHBIM 00be€M 1-2 M pacrtBOpa

XJIOPOBOJIOPOAHON  KUCHOTHL. OcCaZoK  OTAENAIOT  LEHTPUPYTHPOBAHUEM U
IIPOMBIBAIOT BOJOW, COAEPKAIIEHN 2 KAIlIM XJIOPOBOJAOPOAHOM KUCIIOTHI.

Ocanox 1: AgCl, Hg,Cl,, PbCl, PactBop 1: He uccnenytor
2. Omoenenue PbCl,. Ocanok 1 mepeHOCST B Hamiky U oOpabaTeiBaroT 2-3

pasza 0.5 cM> KunsIe BObI, HArPEBAIOT 10 KUIIEHUS U TOPSYUM HEHTPUPYTHPYIOT.

[Tpu sTom PbCl, nepexoaut B pacTBop.
Ocanoxk 2: Hg,Cl,, AgCl Pactsop 2: Pb*', CI" - nonst
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3. Omxkpoimue Pb’" - uonoe. Ilpu OXNaXIE€HWH pPAcTBOpa 2 BhINAAAIOT
2+
uronpyatbie kpuctauibl PbCl,. Pb*" - MOHBI OTKpBIBAIOT, KaK yKa3aHO BBIIIE, TPU

IIOMOIIIU JUXPpOMaTa KaJIud UJIN CepHOﬁ KHCJIOTBI.

Ocanok 3: a) PbCrO4; 6) PbSO,
4, Omoenenue AgCIl. Ocanok 2 oOpabaTeiBalOT 5-6 kamisimu 6 M pactBopa

BojHOro amMmmuaka. Ocajgok pactBopsiercs ¢ oopasoBanueM [Ag(NH3),]" - nonos. B
IPUCYTCTBUH KaTUOHOB [Hg,]*" 0HOBPEMEHHO ¢ 3THM 00pa3yeTcss YUEPHEIH 0CaIOK.

Ocanok 4: [Hg NH,]Cl + Hg PactBop 3: [Ag(NH;),]", CI" - noHbI
5. Omxkpoimue [Hg,]*"- uonos. IlosiBienre 4€pHOro ocajka yKa3hbIBaeT Ha

npucyrctBue [Hg,]* - noHoB B ananmuzupyemMom pactBope. [Ijis npoBepKH ocamok 4
00pabaThIBalOT IAPCKOW BOJKOM, YAAISIOT H30BITOYHOE KOJUYECTBO KHCIOTHI
BbIIIaPUBAaHUEM U OOHAPY’KMBAIOT MOHBI pTyTH nerictBrueM SnCl, mo oOpa3oBaHUIO
0eJI0ro, YepHEIIIEro Ha Bo3ayxe ocaaka Hg,Cl,. Pactsop 4: [Hg,]*'- nonsl.

6. Omxkpwvimue Ag - uonos. K pactsopy 3 npuOaBisioT a30THYIO KHCIIOTY.
B cinyuae npucyrtctBus Ag'- noHoB o0pasyertcs Oenblit ocagoxk AgClL
Ocanoxk 5: AgCl.
Bomnpocs! 51 00cyxaeHust
1 CKOJBKO aHAIMTUYECKUX TPYII BKIKOYAET KHUCIOTHO-OCHOBHOM METO]

KaueCTBEHHBIX M3MepeHui? llepeuncnaure Bce KaTHOHBI KaXIOW AHAIMTHUYECKOU
IPYIIIBI 1 HA30BUTE UX TPYIIIIOBBIE PEATEHTHI.

2 Kakoro mnBera ocaiku XJIOPUAOB KAaTHOHOB IIEPBOM aHAIUTUYECKON
rpynnsl? [IpuBennure 3Ha4€HHsI X IPOU3BEAECHUN PACTBOPUMOCTH.

3 Kak pearupyer xmopun cepeOpa ¢ pacTBopamMu ammuaka? €ro
aMMMAYHBIA KOMILJIEKC C a30THOM KUCIOTON? Hanmumwure CcOOTBETCTBYIOIINE
YPaBHEHUS PEAKLIUM.

4 KakoBa CTpyKTypa aMHIHBIX COEIAMHEHNI KatuoHa [Hg,/*" ? Hanumure
ypaBHeHHs oOpa3oBaHus U paznoxkenus conu [NH,Hg,|Cl.

5 Kakoe CBOMCTBO XJIOpUa CBHMHIIA MO3BOJISET OTAEHUTL Pb*" oT apyrux

KaTHOHOB MEPBOM IPyIIIbI?
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2.2

II AHaauTHYecKas rpynna KAaTHOHOB

Ko II aHanuTH9eCcKOM rpyIe KaTHOHOB OTHOCATCA MOHBI Ba?*, Sr?*, Ca?*,

oOpasyrolue psiji MaIOpacTBOPUMBIX COJIEH ¢ pa3NTUYHBIMU aHHMOHAMU. Tak,

MaJjiopacTBOPUMBI CcyibdaThl, pocdarsl, okcanarsl U KapooHaThl KaTHOHOB 11

IPYIIIBL.

['pynmoBsiM peareHToM kaTHoHOB 1l rpynmsl aBnserca 1 M pactsop H,SO,.

[TockonbKy cynb(dar Kaiblys 001a1aeT JOCTATOYHO BICOKOM PACTBOPUMOCTBIO B

BOJIE, OCaXKICHUE KAaTUOHOB 1l rpymnmsl BexyT B MPUCYTCTBUU ATUIOBOTO CIIAPTA C

11eJIbI0 MOHMKeHUs pacTBopumoctu CaSO4 B Bojie.

KapOGonats! katroHoB Il rpyIibl pacTBOPUMBI B YKCYCHON KHUCIIOTE. DTO UX

CBOMCTBO HCIIOJIB3YCTCA B CUCTCMATHYICCKOM XOAC aHaJIn3a CMCCHU KaTHOHOB,

conepxkamux Il rpymnmy. O630p aHaTUTHYECKUX peakiuii kaTnoHoB Il rpynmb

MpejcTaBlieH B Tabsuie 2.3.

Tabnuya 2.3 — Kauecmeennsvie peakyuu kamuonos Il ananumuyueckoti epynnol

Pearent Bax+ Sra+ Caz+

1. H,SOy un Baso, Isrso, dCaS0, Gensrit

Na,SOy4 OeJIBI 0CaioK, OeJIbIi 0CaioK, 0CaioK,
HEpPaCTBOpPHUM B HEPaCTBOPHUM B [PacTBOPUM B TOpsiYeil BOJIE
KHCJIOTaX KHCJIOTaX

2. (NH4),CO; nu IBaCO; 6ebiit ISrCO; Genprit lcaco;

Na,COs3, K,CO; 0CaJIoK, 0CaJIoK, OeJIBIi 0CaJIoK,
pacTBOpUM pacTBOpUM pacTBOpUM

B MUHEPAJIbHBIX U
YKCYCHOM KHCJIOTax

B MUHEPAJIIbHBIX U
YKCYCHOH KHCIIOTaxX

B MUHEPAJIbHBIX U
YKCYCHOM KHCIIOTaX

3. (NH4),SOyq IBasSO, JSrSO, Genpiii | [Ca(SOy),]*6eciBeTHbIIT

(HACBIIIIEHHBIN) OebIii 0caIoK 0CaJIoK pacTBop

4. (NHy),C,0;4 IBaC,0, dSrC,0, Genbiit dcac,0,
Oenblii ocagoK, pac- 0CaJZlOK, pac- OenblIii 0ca/ioK, pacTBO-

TBOPUM B MUHEpaJb-

TBOPUM B MUHEpaJIb-

PHUMBII B MUHEpPaIbHbIX

HBIX KHCIIOTax, HBIX KHCJIOTaX, kucnorax, 8 CH;COOH
HEpaCTBOPpUM B HEPAaCTBOPHM B
CH;COOH CH;COOH

5. K,Cr,07 (B IBaCro,

YKCYCHOKHUCIION
cpene)

HKEITHIN 0CaTOK

N3 naHHbIX TaOIUIBI CIEAYET, YTO:
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1)  peakuus oOuapyxenus Ba®" — oOpazosanue x€nroro ocamka BaCrO,

npu aedcteuM Ha coib Ba?* pactBopom K,Cr,O; B NPHCYTCTBHH aLETaTHOIO
OydepHoro pactBopa:

2Ba?" +Cry,0 % +H O, =¥ BaCrO, + 2H,
2)  peakuueil oOnapyxkeHumst Sr’* sBIsercs KamenbHas pPeakuus

poauzonatoM HaTpus Na,C¢Os. Ha ¢uubrpoBanmpHyro Oymary moMemiaroT Karulio
coiu Sr** u IeHCTBYIOT Karuiel BOJHOIO pacTBopa poau3oHara Harpus. Ilpu oToM Ha

OyMare nosiBJIsIeTCSl KpacHO-Oypoe MSATHO 0CaJKa POJAU30HATA CTPOHLIMS:

. _
S +C Ossr = SrCOs6 ¥
KpacHO-OypbIi 0CcaioK
[Ipu cmaumBanuu msATHAa paszbaBieHHON consiHoi kucimoro HCl ocamok

pacTBOpPSIETCS U IATHO UCYE3AET.
Hon Ba®" Ttakke ma€rT KpacHO-OypbIii OCaJOK C POAW30OHATOM HATPH,

KOTOPBIH, OAHAKO, JIETKO OTJIMYUThH OT POAM30HATA CTPOHIIMS, TaK KaK MPHU JCHCTBUH
HCl ocamoxk poau3oHara Oapusi CTaHOBHUTCSI PO30BO-KPAacHbIM  BCIJIE/ICTBHE
MIPEBpAIICHHSI B KUCIIBIF pOIM30HAT Oapwsl.

OGHnapyxenue woHa Sr*" B [pUCYyTCTBMM HoHa Ba®" mpoBomsr ¢
IpeaBapuTeNbHON 00paboTkoi Oymaru pactBopoM K,CrO,, ocaxnaromum non Bat
B Buae BaCrO,.

Peakiusamu  o6Hapyxkenus uoHa Ca’’ gBIAIOTCS peakuuu oOpa3oBaHUS
TPYZHOPACTBOPHMBIX ~ OCAJKOB  0€JIoro IBeTa — OKcajara KaJplus W
rexcanaHodeppara KajlblUsA-aMMOHHUS TOCIE NPEIBAPUTEILHOIO OT/EICHHS HOHA
Ba’":

. +Ca2+ TC 0 421_) ‘LCaC 024,
Ca? +2NH, +[Fe(CN) 1+ = YCa NH( +») [Fe(CN)].
Cxema cucTeMaTH4eCcKOro xoja aHanu3a KatuoHoB II rpynmsl mpuBeneHa B

tabmure 2.4.

Tabauya 2.4 — Cucmemamuueckuii xooa ananuza kamuonos 11 epynnol

Ba . Sr2t. Ca?* - HOHBI 2+
Onepauun PeakTHBBI , Sre’, C OHBI 2
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Ocaxaenue SO, + Ocanok 1 Pactop 1
cyiabhaTos C2H (‘;H IBaso,, Isrso,, lcaso, He
7S UCCIICTYIOT
[TepeBon Ocanoxk 2 PactBop 2
Cynb(haToB B Na,CO; IBaCo0;, He
KapOOHATHI (npu dSrCo;, UCCIEAYIOT
(ocamok 1) HArpeBaHMH) lCcaCo,
PactBOpenue PactBop 3 Ba,
KapOOHATOB CH;COOH Sr?*, Ca**
(ocamok 2) 2+
OTtkpsiTHE U Ocazok 3 4 PactBop 4 Sr2+,
otnenenue Ba?* Clzcéz)(g; BaCrO, Caz+, Cr2072-
(pactBop 3) 3 a
V nanenne Ocajnok 4
Cr2072- Na,CO; isrco;,  dcaco;
(pactBop 4)
PacTBopenue Ocagok 5 4 PacTtBop 6
KapOOHATOB SrSOy Ca?" - nonnl
Ca u Sr?", CH;COOH +
2+ (NH4):SO4
OTIEJICHUE (pu
Sr2* HarpeBaHuN)
(ocamok 4)
Orxkpeitue Ca* (NH4)2C204 Ocaok 6
(pactBop 6) (npu CaC,04
HarpeBaHum)

Cucremarnyeckuii X0 a"Ha/in3a CMECH KaTHOHOB II anaauTHYeCKOH rpynibl

1. Ocaoicoenue cynvpamos ramuonos Il epynner. K 10-15 xamisim
HCCJIeyeMOT0 pacTBOpa, KOTOPBIM coaepUT KaTuoHsbl Il rpymmel, nobasnsior 1 M
pactBop H,SOy, 3TUI0BBIN criUpT U niepeMenmnBarT. CMech HarpeBaroT Ha BOJSHOM
Oane, MEHTPU(DYTUPYIOT U MPOMBIBAIOT BOAOW, K KOTOPOW MPUOABICHO HECKOJBKO

Kareb CEPHOM KUCIIOTHI.

Ocanok 1: BaSOy, SrSO,4, CaSOy,
2. Ilepesoo  cynvghamos

PactBop 1: He nccnenyror
kamuonos Il epynnol 6 kapbonamvi. B

dapdopoByro yaiky momemarT ocanok 1 m npummBaror 2-3 cm® Na,CO; (komHi.),
HarpeBarOT CMECh IOYTH JO0 KHUIEHUS M 3aTEM CIHMBAIOT pacTBOp ¢ ocajaka. K
OCTaBIIEMYCS OCaAKy BHOBb 100aBisioT 2-3 cm® Na,COs (KOHII.) ¥ BHOBb HATPEBAIOT
CMECh. OTy ONEpalMI0 MOBTOPAIOT A0 TE€X MOp, MOKAa CIMBAEMbIH PacTBOp HE

riepecTaHeT aaBarh peakuuro Ha SO, (TO €CTh OT MpUOABIEHUS K OTAENLHOM Mpobe
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pactBopa BaCl, u HCI npu pH ~3 nepecraner oOpa3oBbIBaThbCsl ocanok). Ocanok
KapOOHATOB OTAEISIOT IEHTPU(DYTHPOBAaHUEM U ITPOMBIBAIOT BOJIOM.

Ocanok 2: BaCOs, SrCO5, CaCO; PacTtBOp 2: HE uccaeayror
3. Pacmeopenue xapbonamoe xamuornos Il epynnei. Ocamok xkapOOHATOB

pacTBOPSIOT B 2 M pacTBOpE YKCYCHOM KHCJIOTBI U OTKPBIBAIOT KaTUOHBI [ aHanmuTu-

YECKOM IPYIIIIEL. PactBop3: Ba**, Sr**, Ca*"
4. Omxpuimue u omoenenue Ba’*. B mpoOupKy mOMEIAlOT 2-3 Karui

pactBopa 3, mobammsitoT 2-3 kamm 2 M pacTBopa arerata HaTpus U 4-5 Kareib
pacTBopa Ouxpomara Kajus. BelmamaeT €iThlii ocagok xpomara Oapus BaCrO,.

Ecinu Ba?' nmpucyTcTByer, To KO BCeEMy PacTBOpPY 3 NpUOABIAIOT 4-5 Kamenb alerara
HaTpUs U pacTBOp Ouxpomara kanus. CMech HarpeBalOT MpU MEPEMEIIMBAHUHU B
Te€4eHHE 2-3 MUH, 0CaI0K OTIEISIIOT LIEHTPU(PYTUPOBAHUEM.

Ocanoxk 3: BaCrO, Pactsop 4: Sr**, Ca?*, Cr,0*
5. Yoanenue Cr,0O;. IlpubaButh k pactBopy 4 tBepasiii Na,CO; u

HarpeBaTb NpoOupKy 2-3 MuH. Bemasmmii ocamok (SrCO;, CaCOs) oTaensroT
1eHTpU(YTUPOBAaHKUEM, IIPOMBIBAIOT M UCCIIEAYIOT Ha coaepxkanue Sr2', Ca’,

Ocanok 4: SrCO;, CaCO; Pactsop 5: Na*, CrO4* - HOHEI
6. Pacmeopenue xapbonamos xanvyus u cmpouyus u omoenenue Sr’t.

Ocanok 4 neHTpuyrupyroT, pacTBOPSIOT B 2 M yKCYCHO# KHUCTIOTE MPY HATPEeBaHUH,
IPUIKBAIOT TMOJIYTOPHBIM OOBEM HACHIIIEHHOTO pacTBOpa Cyib(ara aMMOHHS H

HarpeBaroT B TeueHue 5-10 MUHYT.

Ocanok 5: SrSOy PactBop 6: [Ca(SO4),]* - HOHEL
Hanuure noHOB Sr’* MOATBEPKIAIOT KAYECTBEHHOM PEaKIHEN ¢ POAU30HATOM

HaTpUs.
7. Omxpoimue Ca’*. PactBop 6 ynmapuBaioT 10 HEOONBIIOrO 00LEMA W

orkpeiBator Ca’":  a) mpu gelictBum  pactBopa okcamata ammoHus (NH,),C,0,
obpazyetcs 6enbiii ocagok CaC,04; 0) ipu nevictBuun  Ky[Fe(CN)g] B npucyTcTBun
NH,OH u NH,Cl 6enblii ocaiok cMeIIaHHOW COoM — rekcaranodeppara Kajablus U

AMMOHUA.
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Ocanok 6: a) CaC,0,; 6) Ca(NH,),[Fe(CN)g].
Ilpumeuanue: Yxa3anHble B X0Ji¢ aHaIM3a onepaiuu 1 (ocaxaeHne cyib(paTon

katuoHoB Il rpynmel) u 2 (mepeBoa cyab}aToB B kKapOOHATHI) HEOOXOUMBI
JIVIIIb B CUCTEMATHYECKOM aHalIM3e CMECH KaTHOHOB BCeX rpyni. B cimydae

aHaJIn3a TOJIBKO KaTUOHOB II rpymmel 3TH onepanuu UCKIIKOYaroTCs, U aHanus 11
IPYIIIBl HAYHHAIOT C OCAXK/ICHHUS €€ B BH/IEC KapOOHATOB.

Bomnpocs! ajst 06cykaeHnst
1. Kakne comm kaTMOHOB BTOpOU rpynibl MaiopactBopumsl? [Ipusenure

COOTBCTCTBYIOIIHNEC UM 3HAYCHUA HpOI/I3BeIIeHI/Iﬁ pacTBOPUMOCTH.

2. [Touemy cynbdaThl KATAOHOB BTOPOM IPYIIIIBI MEPEBOSAT B KApOOHATHI?
3. Kakne peaknuu KaTHOHOB BTOPOM TPYyMNbl SBJISIOTCS Hambosee

cnerupuyueckuMu? Hanmummre ypaBHEHUS dTUX PEAKITHA.
4. KakoB anroputM CHCTEMATHYECKOrO XOJa aHaln3a CMECHU KaTHOHOB
BTOpoMrpymibl? [lonbiTaliTech N300pa3uTh €ro CXEMY.

CucremaTnyeckuii xoa anaausza cmecu I u II rpynn kaTrnonon
1. Ocaoicoenue kamuonos I ananumuyeckou epynnol 8 gude xaopudos. K 8-

10 kammsim uccnexyemMoro pactBopa NpuiauBarOT BoaHblM pactBop NH,OH no
HEUTpaAILHOM peakiuu W 3areM J00aBIsIOT paBHBIM 00€M 2 M pacteopa HCI.

Ocaok OTACHSAIOT LEHTPUPYTUPOBAHHUEM U MPOMBIBAIOT BOJIOM, cojepramiend 2

karu HCI.
Ocanox 1: AgCl, Hg,Cl,, PbCl, Pactsop 1: Ba?*, Sr**, Ca®
2. Omoenenue Pb** - uonoe. Ocanox 1 mBakasl 00pabaThIBAIOT TOpsyeii

BOJIOW, HArpeBalOT A0 KuIeHus U ropsuuMm ueHtpudyrupyior. Ilpu stom PbCl,

MEPEXOJIUT B PaCTBOP.

Ocanoxk 2: AgCl, Hg,Cl, Pactsop 2: Pb*' - nonsI
3. Omxpoimue Pb** - uonos. Vlonsl Pb*" OTKpHIBaIOT M0 0OPa3OBAHMIO

enroro ocaaka PbCrO, nipu neiicTBUU Ha pacTBOp 2 OMXpomara Kajus.

Ocanoxk 3: PbCrOy
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4. Omoenenue AgCIl. Ocanok 2 oOpabaTeiBalOT 5-6 kamisimu 6 M pacTBopa
NH,OH. IIpu srom ocamok AgCl pactBopsiercsst ¢ oOpasoBanueM [Ag(NH;),]|" -
]2+

noHoB. B npucyrcrBuu [Hg,]** 01HOBpEMEHHO ¢ 5THM 00pa3yeTcst 4EPHbINA 0CaIOK.

Ocanoxk 4: [Hg NH,]CI + Hg PactBop 3: [Ag(NH;),]", CI

2+

5. Omkpvimue [Hg,]*"- uonos. IosBieHue 4€pHOro ocagka 4 ykasbBaer

Ha npucyrcreue [Hg,]*'- noHoB B aHanmusupyeMoMm pactsope. [ ImoaTBEpKIcHuUs
namvuus [Hg,]*'- MoHOB B aHanM3upyeMoii cMecH 0casiok 4 00pabaTkIBaOT LIAPCKOM
BOAKOM, YHAlsIOT W30BITOYHOE KOJIMYECTBO  KHUCIOTHI  BBIMIAPUBAHUEM U
oOnapyxuBarot [Hg,]*"- nonsl no peakuuu ¢ SnCl, no 06pa3oBanuio GeI0ro ocaaka
Hg,Cl,, uepreromero Ha Bo3ayxe. Pactop 4: [Hg,]**- nonsr

6. Omxpoimue Ag" - uonos. K pactBopy 3 mpubasisiior 2 M pacTBop
a30THOM KHUCIIOTHI. B ciyuae mpucyTcTBus Ag™ - HOHOB 00pa3yeTcs Oenblil 0caok
AgCl.

Ocanoxk 5: AgCl
7. Omxpwimue u omoenenue Ba’" - uonos. K pactsopy 1 moGasmsror 2-3

xamm 2 M pacTBopa aueraTta HaTpus M 4-5 Kanenb Ouxpomara Kanus. Ba?' - noHsl
0OHApyKUBAIOT 1O oOpasoBaHuio xenroro ocagka BaCrO,. Ilpu Haamuumu Ba®' -

YOHOB B CMECHU MX OTAENSIOT oT nonoB Sr2*, Ca?" neiicreuem K,Cr,O; B mpucyTcTBUM
anerara Harpus. CMech HarpeBarOT IpPU IEPEMELIMBAHUM B TEYEHUE 2-3 MHUH.
Ocanok BaCrO,4 oTnensitoT neHTpudyrupoBaHUEM.

Ocanok 6: BaCrO, Pactsop 5: Sr**, Ca?*
8. Omxpoimue Sr** - uonos. Sr** - MOHBI OTKPHIBAIOT B YaCTH PACTBOpA 5

KalneJIbHOW peakiuen ¢ poau30HaTOM HATPHUSL.

Ha ¢unbtpoBanbpHyto Oymary MOMENIAIOT Karlll0 MCCIEIyeMOTO pacTBOpa U
JEHCTBYIOT Karjiel pacTBopa poausoHara Hatpus. [Ipu 3Tom Ha Oymare mosiBIseTCs
KpacHO-Oypoe MATHO pOJM30HATA CTPOHIIMS, MCYE3aI0IIee MPU JCUCTBUU HA HETO

kamteid 2 M pactsopa HCL.
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9. Omoenenue u omxpoimue Ca’’ - uonoe. K pactBopy 5 NpuIMBaroT
HOJIyTOPHBIH 00EM HackimeHHoro pacrsopa (NH,),SO, u HarpesaroT B TeueHHE 5-
10 muH. Ocanok 7: SrSO4PactBop 6: [Ca(SO4),]* - noHbl

PactBOp 6 ymapuparoT 10 HeOONLIIOro 00bemMa 1 OTKpheIBaroT Ca’t - HOHEI

neiicteueM okcanmara ammonus (NH,),C,0,, obpasyromero ¢ Ca** - wonamum
oensiit ocagok CaC,04. Ocamok 8: CaC,0,.

2.3 III AHaguTH4YecKas rpynna KaTHOHOB
K III aHanuTHYeCKOM TPyIIIe KATHOHOB OTHOCATCS HoHBI Al*Y, Sn?*, Cr**, Zn?*,
00pasyromue TPyJHOPACTBOPUMBIE THIAPOKCHIBI, oOmagaromue am(OIMTHEIMU

CBOMCTBaMH.
I'pynnoBsiM pearentoM Ha katuonsl 11 rpymnmsl saBnsiercs 2 M pactBop NaOH,

KOTOPBI 6e3 M30bITKA JaeT aMOpHEIE 0CAAKK THAPOKCHI0B Oestoro usera Al(OH);,

Zn(OH),, Sn(OH), u 3enenoBatsiii ocagok Cr(OH);. [Ipu BBenennn n3opiTka NaOH
u HarpeBaHuu B nipucytctBur H,O, (mm Na,O,) ocaaku ruapokcuaoB kaTuoHoB 11
TPYIIBI PACTBOPSIOTCA, 00pasys cooTBeTcTBeHHO MOHBL [Al(OH)¢]*, [Zn(OH)4]%,
[Sn(OH)s]* u CrO4.

[Ipu KUNSTYEHUU XPOMUT - U CTAHHAT - MOHBI THAPOIHU3YIOTCS ¢ 00pa30BaHUEM
THUAPOKCUIIOB. B 9THX K€ YCIOBUSX QIIOMUHAT - U IUHKAT-UOHBI THIPOIUYIOTCS
ciabee.

0O0630p ananuTuueckux peaxiuii katuonos 1l rpymnmel npeacraBineH B Tadnuie

2.5.
Tabnuya 2.5 — Kauecmeenuwvie peaxkyuu kamuonos Il ananumuueckou epynnol
Pearent Zn2+ Als3+ Crs+ Sn2+
1. NaOH uin Zn(OH), Genbrit JAI(OH); 6ebiit | {Cr(OH); ISn(OH),
KOH 0CaJIoK, 0CaJoK, 3€JICHOBATBIN |  Genblif 0CaIOK,
0e3 n30bITKA PACTBOPHM B KHCIOTAX pacTBOPHUM B 0CaJIoK, DPACTBOPHM
¥ [Ieno9ax KucnoTax 1 pacTBOpuM B B KHCIIOTaX U
IIeIo4ax KUCIIOTaX Iemouax
mienouax
2. NaOH unu [Zn(OH)4)* [AI(OH)g)*6ecusern | CrOzpactBo | [Sn(OH)4]*6ecriBeTH
KOH B OECIIBETHBIN pacTBOP bIN pacTBOpP p 3en€Horo BIN pacTBOpP
U30BbITKE IPU 1BeTa

Harp€BaHuu
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3. H,0,B [Zn(OH)4]*6ecusetn | [Al(OH)¢]36ecusetn | CrO4zpacts | [Sn(OH)]*6ecuseTn
IEJTOYHOU bII pacTBOP BIN pacTBOp op KENToro bII TPO3pAYHBII
cpele npu 1BETA pacTBop
HarpeBaHUU
4. NH,OH 6e3 Zn(OH), 6exsiit JAI(OH); Genpiii | {Cr(OH); JSn(OH),
H30BITKA 0CaJIOK 0CaJIoK 3€JICHOBATHI OBl 0caIoK
1 0ocagoK
5.NH,OH B [Zn(NH3)s]2+ JAI(OH); Gensiit | JCr(OH); ISn(OH),
U30BITKE OecCIBETHBIN pacTBOp | 0cCaIoK 3eJIEHOBATHI OenbIif 0caioK
1 0CcagoK
6. Na,COs, Zn,(OH),CO; Genbrii JAI(OH); Genbiit | dCr(OH); | Sn,(OH),CO;
K,CO; unu 0CaJl0K OC- 0CaJI0K 3€JIEHOBATHI OebIit 0caioK
i
(NH4),CO3 HOBHOTO KapOoHaTa 0CaJIoK OCHOBHOTO
kapOoHara
7. K4|Fe(CN)g] | KyZnz[Fe(CN)gl, Oemnbiit
0CaJIOK B - -
8. Okucnurenu Cr20m2pacTtBO
B KUCJION p
cpeae. _ _ OpaHKEBOTO _
N328203 B 1BEeTa
cpene
ILS(M
9. Hg>(NO3), ngzClz OebIi
0CaJIOK,
B B B YEPHEIOMINI CO
BpEeMEHEM

10. luTtn3oH
Ha

JUTH30HAT IIMHKA,
SIPKOE KpacHOE TIATHO

¢buIbTpOBANILH — - -
on

Oymare

11. aJIFOMUHUEBEIN JIaK,

AJIOMHUHOH - KpYITHBIE KpacHbIE - -

XJIOIIbA

N3 nanHbiX Tabauie! 2.5 caeayer, uTo:

KaTUOHBI Al’" 00HapyKMBAIOT JAEHCTBHEM AIFOMUHOHA — AMMOHUMHOM COJIN

aypuHTpUKapOoHOBOit KuCIOTEI CoyH 1Oo(NH,);, obpasyromeii ¢ karuonamu Al

COCANMHCHUC KPACHOI'O OIBCTA — TAK Ha3bIBaEMbIN «aJTFOMUHHMEBBIM JIAK».

Jlis BBIMOJIHEHHMs PEaKUMu K 2 KamisM pactBopa comd AlPY, comepikamiero

HemHoro CH;COOH, npubasnstor 1-2 karum 0,01% - HOro pactBopa aatOMHUHOHA U

HarpeBaroT Ha BojasiHOW Oane. 3areM mpubasisitoT pactBop NH,OH (10 mosBienus
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3amaxa) u 2-3 kamm pactBopa (NH4),CO;. KpacHble XJ0mbsi «altOMUHUEBOTO JaKa
JI0Ka3bIBAOT prcyTCcTBHE Al

Memmaromumu nonamu seistores Fe¥t, Cr’*, Ca?!, taxke 00pasyromiye J1aku ¢
amoMuHOHOM. MoH Fe*" 1oiken ObITh MOJHOCTHIO OTAEIEH, a JIaKH, 00pa30BaHHbIe
vonamu Cr** u Ca**, paspymarorcs npu Beenenuu B pactsop NH,OH u (NH,),COs.

KaTHOHBI Zn>" 00HAPYKUBAIOT KAIIENLHOM peaKuuei ¢ AupeHuIIuTHOKAp-
0a30HOM (IUTU30HOM), KOTOPHIM ¢ MOHamMu Zn>" oGpasyeT BHYTPHMKOMILIEKCHYIO
COJIb, OKPAILIEHHYIO0 B MAJINHOBO-KPACHBIN 1LIBET.

Ha ¢unbTpoBaibHyl0 Oymary HAaHOCAT KaIUl0 MIEJIOYHOTO pacTBOpa COJH
UHKA. 3aTeM BJIQXHOE IMSATHO OOBOJAT MO Nepudepuu KamuuisipoM C pacTBOPOM
auTu3oHa. IlosBIeHne xapakTepHOro MAJIMHOBO-KPACHOIO KOJbLA CBHUIETEIBCTBYET

O MPUCYTCTBUU Zn*",

KaueCTBEHHOM peakuueil oOoHapyxeHus Cr’' - HOHOB SBISETCS OKUCIECHHE
Cr** go Cr,O.* B kuCI0i1 cpeie o AeiicTBIEM nepeyibdaTa HaTpusl.
Jist BBINOJIHEHHWS PEAKIUH IIOMENIAOT B HPOOUPKY 5-6 Kamenb pacTBopa

Na,S,05, mpubaBnsaoT Heckoabko Kameiab 20% - nHoit H,SO, m 1-2 kamm Ag'

(xkatamuzarop). IToMydeHHYI0O OKHCIHTENBHYI0 CMECh HArpeBarOT M BBOASAT B HEE
HeCKOoNIbKO Kamenb comu Cr’*. Tlepexol OKpacKd pacTBOpa U3 3€JICHOM, MpHCyIei

consam Cr*, B KEIT0-0pamKeBy0, 00YCIOBIEHHYIO HajanuueM B pactBope Cr,O,% -
MOHOB, CBHETENLCTBYET 0 Hajanuuu Cr’* - MOHOB B MCCIIEMyEMOI CMECH.

peaxiuei oOHapyKeHus Sn>* - HOHOB SIBJISETCSA BOCCTAHOBJIEHHE XJIOPUIA
prytu (I) ¢ mpeaBapurenbHbIM BoccTaHoBiaeHHeM Sn*' g0 Sn?* kunsuenuem c

MCTAINIMYCCKHUM IIMHKOM:

[SnCI 2 ZntSn2 Zi2 6CI, SnCl, Hax(NOs »)

+ - +3
Sl’l(NO3 2) Hg2Clz

OeJbIil 0CagoK
Hg,Cl, - Hg(1, Hg.

YEePHBII 0CaI0K
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CucremaTnyecku xoa aHajau3a cMecu KaTuoHoB 111 rpynnbi
1. Ilonyuenue cuopoxcuoos kamuornos Il epynnvl u ux pacmeopenue 6

uzovimxke NaOH. K 10-15 xamisM uccieayeMoro pacrtBopa, coaepxkarero Al
Sn**, Cr**, Zn*', noGaBmsor 3-5 Kamenb IEPOKCHAA BOAOPOAA W 3aT€M IIPH
HarpeBaHuM M nepememnBanun npuOasissror 6 M pactBop NaOH no momHoro
pacTBOpEHUS BBIMABIINX THAPOKCHIOB. M30BITOYHOE KOJIUYECTBO TEPOKCHIA
BOJOpOa yaansoT HarpesanueM. Pactsop 1: [AI(OH)s]*, [Zn(OH)4]*, [Sn(OH)g]* u
CrO4* .

2. Ocaoicoenue AP, Sn?* - uonoe 6 eude zuopoxcuoos. K pacrtopy 1

N00aBISAIOT HEOOJNBIIUMU TOPIUAMHA KPUCTAUIMYECKUH XJIOPUA aMMOHUS H

yIapMBarOT pacTBop 10 Heboabimoro oosema. Ocamok Al(OH);, Sn(OH), otaenstor

ueHTpudy-
THPOBAHUCM.
Ocanox 1: AI(OH)3, Sn(OH)4 PactBop 2: [Zn(NH3)4]2+, CrOa423.
Omxpoimue AP - uonos. Ocanok 1 pactsopsror B 2 M pactsope HCL.

Pactsop 3: AI**, [SnCl¢]*
PactBop 3 nenar Ha nBe yactu. B mepBoi yacTu pacTBOpa OTKPBIBAIOT A

13+_
HOHBI C AJITIOMUHOHOM 10 00pa30BaHUIO KPACHBIX XJIOMBEB «ATFOMUHUEBOTO JIAKay.
JI1s1 BBITIOJTHEHUSI PEaKIMM K HECKOJIbKUM KaruisiM pacTBopa 3 mpuOaBIIsIIOT
HECKOJIbKO Kamesb allOMUHOHA W HarpeBaroT. 3areM mpubasisitoT pactsop NH,OH
0o mnosBieHus 3amaxa u 2-3 kamnu pactBopa  (NH4),COs;. Kpachbie xiombs

«AJTFOMHHHEBOTO JIaKa» JI0Ka3bIBAIOT IpHUCyTCTBUE Al¥*- HOHOB.

4, Boccmanoenenue Sn?* 0o Sn** u omxpeimue Sn’** - uonos. Bropyro
yacTe pactBopa 3, cogepxkamero uoubl [SnClg]?, HpOKUIATHTL ¢ HEOOIBLIIAM
KOJIMYECTBOM METAIUIMYECKOTO LUHKA, BOCCTaHaBIuBaromero Sn*" mo Sn?* (pactsop
4).

Honbl Sn** OTKpHIBAIOT M0 00pa30BaHMIO OEIOro, YEPHEIOMETO Ha BO3IyXE

ocanka Hg,Cl, mpu nedictBur Ha pacTBOp 4 HECKOIBKUMH KaIUIIMH PacTBOpa

ng(NO3)2.
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5. Omoenenue Zn’* - uonos 6 euoe 2udpokcoxapboOHamos u omkpvimue
Zn*" uonos. PacTBOp 2 HArpeBarOT ¢ KOHIIEHTPUPOBAaHHBIM pacTBopoM Na,CO; 10
MOJIHOTO yhaneHuss ammuaka. [Ipu sTom Beimamaer Oenwiii ocanok (ZnOH),COs,

KOTOPBIN OTIEISIOT EHTPUDYTUPOBAHUEM.

Ocanox 2: (ZnOH)2CO3 Pactsop 5: CrO4*
Ocanok 2 pactBopsror B 2 M pactBope HCl u orkpeiBaroT Zn®* - HOHBI

KamnejapbHOM peakinuer ¢ JUTH30HOM TI0 O0pa30BaHUI0 MAaJIMHOBO-KPACHOTO
OKpaIllMBaHUS JUTU30HATA ITUHKA.

6. Omxkpoimue Cr’* - uomnoe. Cr’* - HOHBI OTKPBHIBAIOT B PAacTBOPE 5
neicTBUeM mepcynbdaTra HaTpUs B CEPHOKUCIION Cpelie B MPUCYTCTBUH 1-2 Kamenb

+ 3+

pactBopa Ag" (karanuzatop). B mpucyrctBuu Cr’" - HOHOB B CMECH MPU HarpeBaHUU
pacTBOp MPHOOPETAET KENTO-OPAHKEBYIO OKPACKY, OOYCIIOBICHHYIO HAJIMYMEM
Cr,0-’B pacTBOpE.

Cxema cucTeMaTHdecKkoro xoja anaiausa karuoHos III rpymmel npeacraBieHa B

Tabin. 2.6.

Tabnuya 2.6 — Cxema cucmemamu4ecko2o xo0d aHaiuza cmecu kamuoros 111

cpynnausl
Onepanuu PeakTHBBI Zn*", AP, Cr’*, Sn*' - uonnl
ITomyuenue ruIpoKCcuI0B
kaTtuoHOB III rpynmer u ux NaOH + H,0, PactBop 1
pacTBOpPEHHE B 30OBITOYHOM | (IIPH HATPEBAHUH) AlO;, CrO4*, Sn0;*, Zn0O,* - MoHBI
konuuectse NaOH
Ocaxnenue AP*, Sn?* - Ocanok 1 Pactsop 2
NH,CI (ripu 1Al 24

HMOHOB B BUJIE€ THAPOKCHUIOB (OH);3, [Zn(NH3)4]*",
(pactzop 1) narpesani) ISn(OH), Croo.
PactBopenue ocanka 1 HCI Pacteop 3 AI*Y, B

[SnClg]* - noHbI
Otkpeitne AIP*-noHOB Ocaziok 2 KpacHbIe
(pactBop 3) AJTIOMHHOH XJIOTIbSI —

AIFOMHHHEBOTO JIaKa
[lepeson Sn** B Sn** Zn ver. PactBop 4 Sn?*
(kursTaeHne) - MOHBI a

OrkpeiTre Sn?* -noHOB Ocanok 3
(pactBop 4) Hg:(NO3), J HgZClzu, B

YEepHEIOIINI Ha

BO3JIyXe
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Ocaxnenue Zn®" - HOHOB B Ocanok 4

BHJIE OKCUKapOOHATOB Na,COj; (1pn Zn,(OH),CO; Pactsop 5

(pactBOp 2) HArPEBaHNH) Oenblii ocanok CrOa4:-

PacTBOpeHnue ocajika

OKCHKapOOHAaTOB Zn | TUTU30H, KareabHas | oOpa3oBaHHE MaJIMHO-

(ocamok 4) u oTkpeITHE ZN2* peakuus BO-KpPaCHOTO KOJIbLA -

(pactBOp 5)

Orxkpeitie Cr3* -noHos Na,S,0s 8 H,SO, — Cr,0* -

(pactBop 5) cpene OPaHIKEBOKEITOE -
OKpalllMBaHUE pacTBOPA

Bomnpocs! aus1 00cyxaeHust
l. Kak peiicteyer 2 M pactBop NaOH Ha KaTHOHBI TpeTheU

aHAIMTUYECKOW Tpynmbl: 1) B HDKBHBAJIEHTHOM KOJHYECTBE; 2) B HU30BITKE (B
npucytcteun H,O,)?

Hanumurre cooTBETCTBYIOIIME YPABHEHUS PEAKLIUM.
2. Kakue coenuHenuss oOpa3yroTcs MpU JACUCTBUM Ha KAaTUOHBI TPEThEH

aHAIMTUYECKOW TPYMIIbl pACTBOPOB aMMHaKa: 1) B SKBUBAJIECHTHOM KOJUYECTBE; 2) B
n30bITKe? Hanuiumre COOTBETCTBYIOIINE YPABHEHUS PEAKIIUM.

3. Kak pearupyer mon Cr’** ¢ mepcynb(arom Hatpus B KUCIOH cpene?
Kakue BuauMmple Tr1a30M UM3MEHEHHMs MNpuU 3TOM npoucxonar? Hanummre
MOJIEKYJISIPHOE ¥ MIOHHO-MOJIEKYJIIPHOE YPAaBHEHUS PEaKIUU.

4. Kak BBIVISIAUT anropuTM CHCTEMATHYECKOTO XOJAa AaHAIN3a CMECHU
KaTHOHOBTpETheN aHanuTuuecko rpynnsi? IlombiTaiiTech M300pa3uTh €ro B BUAE
COOTBETCTBYIOLIEN CXEMBI.

Cucremaruyecknii xox anaausa cmecu I, II u III rpynnm katuoHoB
1. Ocaoicoenue kamuonos I ananumuueckou epynnol 8 gude xaopudos. K 8-

10 kamasiM HCClIeIyeMOro pacTBOpa NPWIMBAIOT BOJHBIM pPAcTBOpP amMMHaKa 0
HEUTpaAIbHOM peakuud W 3aTeM J00aBIAIOT paBHBI 00beM 1-2 M pacrtBOpa

XJIOPUCTOBOJOPOAHONM KHUCIOTHL. OcaloK OTAENSAIOT LEeHTpU(PyrupoBaHueM Hu
MIPOMBIBAIOT BOJOW, COAEPKAIIEH 2 KaIIu XJIOPUCTOBOAOPOAHON KUCIOTHI.

Ocagnox 1 PactBop 1
AgCl, Hg,Cl,, PbCl, Ba?*, Sr**, Ca**, AI*", Sn*", Cr**, Zn**
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2. Omoenenue u omkpuimue Pb’" - wuonos. Ocamoxk 1 nBakzbI
o0pabaThIBalOT TOpsSYEe  BOJOH, HArpeBalOT 0 KUIMEHUS ©  TOPSYUM

nenrpudpyrupyior. IIpu 3tom PbCl, mepexomauT B pacTBOp, B KOTOPOM HOHBI Pb?"
OTKPBIBAIOT 10 00pa30BaHmIO )enToro ocaaka PbCrO, mpu HefCcTBIKM HA pacTBOp 2

Oouxpomara Kajusl.

Ocanok 2: AgCl, Hg,Cl, PactBop 2: Pb?" - nonsl
3. Omoenenue AgCIl. Ocanok 2 o6pabartbiBaloT 5-6 karusimu 6 M pacTBopa

NH4OH. Ilpu stom ocamok AgCl pactBopsiercsi ¢ obpazoBanuem [Ag(NH;),]" -
noHOB. B npucyrcreun [Hg,]** 0oqHOBpEMEHHO ¢ 5THM 06pa3yeTcst YEPHBIN OCAIOK.

Ocanoxk 3: [Hg NH,]CI + Hg PactBop 3: [Ag(NH;),]", CI

2+

4.0mxpoimue [Hg,]?*- uonos. TlosiBieHre 4EpPHOro ocajaka 3 yKasblBacT Ha

npucyrcterue [Hgy]*'- MOHOB B aHamusupyeMoMm pactBope. i IOATBEPKICHUS

Hanuuus [Hg,]* - MOHOB B aHanM3upyeMoii cMecu 0cagok 3 00padaThIBAIOT LAPCKOM

BOJKOM, YHAISIOT HW30BITOYHOE KOJMYECTBO  KHUCIOTHI  BBIMMAPUBAHUEM WU
oOHapyxuBaroT [Hg,]* - nonsl mo peakuuu ¢ SnCl, ¢ o6pazoBanueM 0en0ro ocaaka
Hg,Cl,, uepHeromero Ha BO3IyXe.

3. Omxpoimue Ag' - uonos. K pactBopy 3 mpubasimstor 2 M pacTBop
a30THOM KHCIIOTBI. B ciydae mpucytctBus Ag™ - HOHOB oOpa3yercs Oejblii 0caIoK
AgCl.

6. Ocaxcoenue cyrvgpamos kamuonog Il epynnwi. K 10-15 xammsm
pactBopa 1, koTopsiii comepxkut katuonsl 11 u Il rpynm, go6asnstor 1 M pactBop
H,SO,, stumoBeiii ciupt U nepeMemuBaioT. CMech HarpeBarOT Ha BOJSHON OaHe,
HEHTPpU(PYTUPYIOT U MPOMBIBAIOT BOAOW, K KOTOpoi mpubaBieHo 2 kamiu 1| M

pacTBOpa CEPHOU KUCIIOTHI.

Ocanok 4: BaSO,, SrSO,, CaSO, Pactsop 4: AI**, Sn**, Cr*', Zn?*
7. llepesoo cyavghamos kamuomnos Il epynner 6 xapbonamwei. Ocanok 4

oOpabateiBaroT 2-3 cM® HacelmeHHOro pactsopa Na,COj;, HarpeBaroT CMeCh MOYTH
70 KHUMEHHUS M 3aTeM CIHMBAIOT PacTBOp c ocanka. K ocraBmemycs ocajky BHOBb

nobasisor 2-3 cM® HackimeHHoro pactsopa Na,CO; M BHOBb HArpeBarOT CMECh.
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OTy omepaiuio MOBTOPSIOT J0 TeX MOp, MOKa CIMBAEMBIH PAacTBOp HE MEpPECTaHeT
nasath peakiuio Ha SO,%. Ocasok KapOOHATOB OTAENSIOT LEHTPUPYTUPOBAHUEM U
IPOMBIBAIOT BOJOM. PactBop 5: Ba?", Sr*', Ca*"

8. Omxpouimue u omoenenue Ba’" - uonoe. K pactsopy 5 moGasusior 2-3

kamm 2 M pacTBopa aueraTa HaTpus M 4-5 Kamnenb Ouxpomara Kanus. Ba?' - noHsl
0OHApyKUBAIOT 1O obpasoBaHuio xenroro ocagka BaCrO,. Ilpu Hanmuuu Ba®' -

MOHOB B CMECH HMX OTHENISAOT 0T HoHOB Sr**, Ca®" neiicteuem K,Cr,O; B mpucyTCTBUM
anerara Harpus. CMech HarpeBarOT IpPU IEPEMELINBAHUM B TEYEHUE 2-3 MHUH.
Ocanok BaCrO, oTnensitoT HeHTpudyrupoBaHUEM.

Ocanok 5: BaCrO, Pactsop 6: Sr**, Ca?*
9. Omxpoimue Sr** - uonos. Sr** - MOHBI OTKPHIBAIOT B YaCTU PacTBoOpa 6

KareJIbHON peakiuel ¢ POU30HATOM HaTpPHs.

Ha ¢unpTpoBanbpHy0 Oymary MOMEMIArOT Kallli0 MCCIIEIYyeMOTO pacTBopa H
JACHCTBYIOT KaIIel pacTBopa poau3oHaTa HaTpus. [Ipu 3ToM Ha Oymare mosBIsIeTCS
KpacHO-Oypoe MATHO pOJM30HATA CTPOHIIMS, MCYE3alollee MpPU JCUCTBUU HA HETO
karuterr 2 M pactBopa HCL

10.  Omoenenue u omxpuimue Ca’* - uonos. K pactsopy 6 NpHIMBAIOT
HOJIyTOPHBIH 00EM HackimeHHoro pacrsopa (NH,),SO, u HarpeBaroT B TeueHHE 5-

10 MunyT.

Ocanok 6: SrSO4 Pactsop 7: [Ca(SO4),]* - nonsl PactBop 7 ynapuparot 10

HeOOIBIIOro 00bEMa 1 OTKphIBaOT Ca’' - HOHBI AeHCTBIEM OKCalaTa aMMOHUS

(NH,),C,04, 06pasyromero ¢ Ca** - nonamu 6ensiit ocagok CaC,04. Ocanok 7:
CaC204.

11.  Ionyuenue euopoxcuoos xamuonos Il epynnet u ux pacmeopenue 6
uzovimxe NaOH. K 10-15 xamnsam pactBopa 4, comepxkamero AP, Sn**, Cr**, Zn?*,
nobapmistor  3-5 kanenb 3%-HOro pacTBOpa MEpPOKCHAA BOJOPOJA M 3aTeM MpHU
HarpeBaHuM M mepememuBaHuu npubasisgioT 6 M pactBop NaOH no momHoro

PAaCTBOPCHHA BBIIIABIINX THUAPOKCHUIOB. M30BITOYHOE KOIUYECTBO MMepoKCHuaa
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BOJIOpOJa YAAQISIOT HarpeBaHUEM. Pacteop 8: [AI(OH)s]*, [Zn(OH)4J*,
[Sn(OH)]* , CrO,*
12.  Ocaocoenue AP*, Sn?* - uonoe 6 eude zuopoxcudos. K pacteopy 8

N00aBISAIOT HEOOJNBIIUMU TOPIUAMHA KPUCTAUIMYECKUM XJIOPUA aMMOHUS H

yIapuBarOT pacTBop 10 Heboabimoro oosema. Ocamok Al(OH);, Sn(OH), otaenstor

HEeHTpU(yrupoBaHUEM.
Ocanok 8: Al(OH);, Sn(OH), PactBop 9: [Zn(NH;),]*", CrO4*
13.  Omkpoimue AF*- uonos. Ocanok 8 pactBopsitoT B 2 M pacTBope

HCI. Pactsop 10: AI**, [SnClg]*
PactBop 10 menar Ha aBe yactu. B mepBoii yactu pacTBopa OTKphiBaOT Al*'-
HOHBI C ATIOMUHOHOM 0 00pa30BaHUIO KPACHBIX XJIOMBEB «AITFOMUHUEBOTO JIAKAY.
JI71s1 BBIMOJIHEHMSI PEaKIMU K HECKOJIbKUM KaruisiM pactBopa 10 mpuOapisior
HECKOJIPKO Karejb aJIlOMUHOHA M HarpeBaroT. 3ateMm mpubasisitoT pactBop NH,OH
no mosiBueHust 3amaxa u 2-3 kamnu pactBopa  (NHy),COs;. KpacHble xiomnbs

CAJIIFTOMHUHHUCBOTI'O JIaKa» OOKA3bIBAIOT ITPUCYTCTBHUC A13+- HOHOB.

14.  Boccmanoenenue Sn** 0o Sn’* u omxpeimue Sn’** - uonos. Bropyro
yacTh pactBopa 10, comepxkamiero uousl [SnClg]*, NPOKUIATUTE ¢ HEOOILIIUM
KOJIMYECTBOM METAIUTMYECKOTO LIUMHKA, BOCCTaHaBIuBaromero Sn*" no Sn?* (pactsop
11).

Honbl Sn** OTKpHIBAIOT M0 00pa3oBaHMIO OEIOro, YEPHEIOMErO Ha BO3IYXE

ocanka Hg,Cl, mpu nelictBun Ha pactBop 11 HECKOJBKMMH KarUIIMH PacTBOpa
ng(NO3)2.

15.0moenenue Zn’*" - uonoe 6 sude 2udpokcoxapbonamos u omxpoimue Zn’" -
uornos. PactBop 9 HarpeBalOT C KOHIEHTPUPOBAaHHBIM pacTBopoM Na,CO; 10
noiHoro ypaaneHuss ammuaka. [Ipu 3Tom Bbeimamaer Oenbiit ocanok (ZnOH),COs,
KOTOPBIN OTIEISAIOT EHTPUDYTUPOBAHUEM.

Ocanok 9: (ZnOH),CO; Pactop 11: CrO4*
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Ocanok 9 pacteopsitor B 2 M pactBope HCl u orkpeiBaroT Zn®* - MOHBI
KalneJlbHOM peakiued C JUTU30HOM 10 OOpa30BaHHUIO MAaJIMHOBO-KPacHOTO
OKpalIMBaHUS AUTU30HATA [IMHKA.

16. Omxpuimue Cr’* - uonos. Cr** - uoHbl OTKpBIBAIOT B pactBope 11
neicTBUeM mepcynbdaTra HaTpUsi B CEPHOKHUCIION Cpelie B MPUCYTCTBUM 1-2 Kamenb

pactBopa Ag' (katanuszarop). B mpucyrcreuu Cr’* - HOHOB B CMECH IIpH HATPEBAHUU
pacTBOp TMPHOOPETAET KEITO-OPAHKEBYIO OKpAcKy, OOYCIIOBJIEHHYIO HAINYHEM
Cr,0-’B pacTBOpE.

2.4 IV AnanuTuH4yeckasi rpynmna KaTHOHOB
K IV aHanuTuueckoi rpyIie KaTHOHOB OTHOCATCs KaTnoHbl Fet, Fe?', Mn?',

Mg?*, oOpasyrouue TpyaHOPaCTBOPUMBIE THAPOKCHIIBL.

[ pynIoBbIM peareHTOM JUIsl HUX SIBJISIETCS] BOAHBIN pacTBOp aMMHUaKa, KOTOPBIN
OCAXKJAET 3TH KaTUOHBI B BUJI€ TUAPOKCHUJIOB, HEPACTBOPUMBIX B U30BITKE peareHTa —

pacTBOpa aMMHaKa:

Fet' + 3NH4OH7e(LOH)3 3NH,,

OypbIil 0caok

-4

+
Fe' + ONH,OH ~ YFe(OH), T 2NH, , 3eIeHOBATHIH

0CaJIoK, Oyperomuii Ha BO3IyXe

AFe(OH), 0, 2H O, 4Fe(OH)Y,
OypbIit 0CaTOK
M+ INHOH =¥ Mn(OH), ONH, , Oenblid

0CaJIoK, Oyperomuii Ha BO3TyXe

2Mn(OH), t0, ™ 2MnO(OH),

i) OypbIii ocagok

+

Mg? + 2NH,OH—> Y Mg(OH), " 2NH,.
Oenblii 0caioK
bonpmHCTBO COeTMHEHUI KAaTUOHOB [V rpyniel ManopacTBOPUMBI B BOJIE.
PacTBOpuMBI B BOJI€ XJIOpPUIbI, HUTPAThI, HUTPUTHI, alleTaTbl KaTHOHOB [V rpymnrsl.

HepacTBopuMBbIMU ~ SIBISFOTCS. THIPOKCHUBI, ITUAHUIBI, CYJIbPUABI, KapOOHATHI,
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docdarel, a Takke rexcanuaHopepparsl KaTMOHOB Fe’™ wu

SABJIIIOTCA

TUAPOKCHUIBI

rexcaiuanodepparsl Fe’™ u

Fe3+

u Fe?*;

4+.
Mn™";

okucienus (Mn*'- 6ypeie, MnO,>- 3en€nsie u MnO,™ - po30BEIE).

Coenunenust Fe?'

CIIOCOOHBI

K OKHCJICHHIO,

F eZ+

docdartsl,

OkpanieHHbIMU

cybhUIbI,

Fe?'; coeaMHeHMss Mapradiia BBICIIMX CTeleHel

coequHenus Fe’' K

BOCCTAHOBJICHHUIO, Ml’l2+- MOHBI CHOCOOHBI OKHCIATHCS KaK B KHCHOﬁ, TaKk U B

IETOYHOM WIIM HEUTPAIbHOM cpenax ¢ oopazoBanueM MnQOy , MnO,2 u MnO(OH)

N

O0630p aHATMTUYECKUX PeaKIuil KaTHoHOB [V rpynmsl mpeacTasieH B Tadu. 2.7.
Tabnuya 2.7 — Kauecmsennvie peakyuu kamuonog 1V anarumuueckou epynnul

Pearenr Mg+ Mn2+ Fes+ Fex+
NaOH nm KOH {Mg(OH), {Mn(OH), Fe(OH); {Fe(OH),
Oenbiit aMmopHBIN OEJIbIiA, KpacHO- 3eJIeHOBa-

0CaJI0K, paCTBOPUM

Oyperomuii Ha

Oypblif 0cagoK

THIH, Oyperomuit

B u36biTke NH,OH | Bo3myxe ocanok, Ha BO3/yXe€, C
¢ 06pa3oBaHueM obpazoparyem
MnO(OH), Fe(OH);
BoHblit pacTBOp {Mg(OH), {Mn(OH), {Fe(OH); J{Fe(OH),
NH,OH
Na,CO; nn J(MgOH),CO; IMnCoO; ¥e(OH); ¥eCO;
K,CO; Oenblii 0CasloK, Oelblii 0cazok KpacHo- Oypblii Oenblii, Oypero-
pacTBOpUM B 0CaJIoK I Ha BO3/yXe
KHCITOTaX U COJISIX ¢ obpasoBanmeM
aMMOHUS Fe(OH);
Na,HPO, JMgNH,PO, IMn;(PO,), JFePO,
(NH4),HPO, OenbIi, Oenblil 0CaloK, | GeqHO-KEIThIH
(8 NH4OH + KPUCTAJUIMYECKHI | PAcTBOPHM B 0CasIoK, He- —
NH,CI) 0CaJI0K CH;COOH DACTBODHM B
CH;COOH
OKuciaeHue u dMnOs- KJ HNO;
BOCCTAHOBJICHHE PO30BO- Fes+ - Fex |Fez -  Fesd
(PbOZ ) N32S208, — (I)I/IOJICTOBOG
KJ, HNO3) OKpAIINBaHUC
pacTBopa
K4[Fe(CN)q| Fe [Fe(CN)gl5 ¥e,[Fe(CN)g
CUHHUM 0CaJI0K OeJIBIf 0CaioK,
B B (GepauHCKast CUHCIOIIUI Ha
J1a3yph) BO3/1yXe
KCNS [Fe(CNS)g]*pactso
- - P KpOBaBOKPACHOI'O -
1BETa
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K;[Fe(CN)q] PacTBOp TEMHO- Fe [Fe(CN)gl5

Oyporo 1BeTa CUHHUH 0CaJIOK
TypHOYJUIeBOM

CHHHU

I[HMeTI/IJIFJII/IOK- KOMIIJICKCHAasA
CHUM - - - COJIb KpaCHOT'O
OBCTa

N3 maHHBIX TaGauIk 2.7, ClIeayer, 9To:

1) xaruon Fe** oOHapykuBaroT AByMs cHENMPHUIECKMMH PEAKIMAMU: —
110 00Pa30BaHUIO TEMHO-CUHETO ocajka (OEpIIMHCKOI J1a3ypH) IIpH Aeii-

crun Ha Fe*" - nonsl pactBopom rexcanuanodeppara (I1) kanus
Ku[Fe(CN)g]:4Fer" + 3[Fe(CN) Js* =V Fe Fe(CN) ] 5

no obpazoBanuio HMoHamMu Fe’' ¢ pomaHuIOM Kaius KOMILIEKCHOIO
COCJIMHEHHUS, OKpAIICHHOTO B KPOBaBO-KpacHbIM 1BeT. B 3aBuUcMMOCTH OT

KOHLOCHTpAlUXU POAAHHUA - HMOHA MOI'YT O6pa?>OBBIBaTBC$I KOMIUJICKCHI PAa3JIMIHOTO

COCTaBa:
[FeSCNY?, Fe'"+SCN™ - -
Fe* +2SCN™ — [Fe(SCN) .,
Fet +3SCN™ —»  [Fe(SCN)],
MU TaK Jajaee no: Feé?

"+6SCN > [Fe(SCN)L
2) LFeSCN} peakuueii oOnapyxenus Fe? -

HMOHOB SIBJISIETCS 00pa3oBaHKe CUHEro ocajika (TypHOymieBoil cunu — Fes[Fe(CN)g])

npu AeicTBuM pactBopa rekcanuanodeppara (III) kamus K;[Fe(CN)g]:

3Fe + 2[Fe(CN) 15> =V Fe Fes[(CN) | .o
OGHapyxeHnio KaTuoHoB Fe’' - u Fe?™ 1o ykasaHHBIM peakiusaM Ipyrue

KaTHOHBI HE MEIAT, modtoMy Fe’™ m Fe?' oTkphIBaloT B OTHENBHOM mpobe
HCCJIeyEMOI0 pacTBOpa IMepej] CUCTEMATHYECKMM XOJOM aHalu3a. JTa omnepalus
ABJIAETCS HEOOXOAUMOM, MOCKONBKY Fe?" -MOHBI CIIOCOOHBI OBICTPO OKUCIATHCS [0
Fe’' na Bosmyxe.

3) KAueCTBEHHOM peakuuei OTKpeITHS Mn?' - HOHOB SBJISETCA OKUCIEHHE
Mn?* 10 MnO, B KHCIIOH cpeie o AEHCTBHEM NepCyab(aTa HATPHS.

JUIs BBINIOJIHEHHSI peakUUu B NPOOUPKY IMOMEHaroT 5-6 Kamenb pacTBOpa

Na,S,0s, Heckonbko kanenab 20% - Horo pacrBopa H,SO,, 1-2 kamm pactBopa conu
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cepedpa (karanmuzaTop). OKHUCIUTEIBHYIO CMECh HArpeBalOT M OCTOPOXKHO, IIO
KaljissM BBOAAT HCCIeAyeMbli Ha Mn?" - wnoHBI pacTBOp 10 0OpasoBaHus
MaJIMTHOBOPO30BOI OKpacKu, 00yciIoBIeHHOM oOpazoBanueM HMnO,.

KonuenTpais KardoHoB Mn?* B HCCiIEyeMOM pAacTBOPE JOJKHA ObITh
Huskoi. ITpu u3beITKe MOHBI Mn?" BoccTaHaBiIuBalT obpasyromuecs Mn?" - HOHBI

1o O0yporo ocaaka MnO(OH),:

2MnO; +3Mn2" +7H 0, = 5MnO(OH), ¥ +4H.
B kauecTBe apyroro okucaurens Mn?* - HOHOB MOKHO Hcronb3oBark PbO,. B

3TOM Cjlydae /s BBIIOJHEHUS PEAKIMU OOHAPYKEHUS KaTHOHOB Mn?" B mpoOHMpKy
nomemaT 5-6 kamens 6 M pactsopa HNO; u mobasisior Tyaa TBEpAbIi PbO,.

OKHUCIIUTENBHYIO CMECh HATPEBAIOT M BBOIAT IO KaIUIAM HCCIEAyeMblii Ha Mn*" -
HMOHBI PacTBOp N0 00pa3oBaHUs MAJIWHOBO-PO30BOM OKpAcKH, OOYCIOBIEHHOM
obpazoBannem HMnO,.

4) KauecTBEHHOM peakuued oOHapyxkenus Mg>" - HOHOB sBJSETCS
oOpa3zoBaHue O€JOoro KpPUCTAUIMYECKOrO oOcajka MarHuidamMMmoHui (docdara
MgNH,PO, npu paeiictBuuM Ha uccleayeMblii pacTBOp ruapodocdaroM HaTpus
Na,HPO, B npucyrcteun NH,OH u NH,Cl. Xnopuctsiit aMMOHMI MTPUOABIISIOT 115

Toro, uroOs! nipu aeiictBun NH,OH He o6pazoBsiBaics ocagoxk Mg(OH),.

Mg+ HPO? + NH,OH = MgNH,POHO,.
BBIHOHHHTI) 3Ty peaKL[I/IIO quH_Ie B KHCJIIOM paCTBope, IIOCTCIICHHO ITOHMIKas

€ro KUCJIOTHOCTh, pubasisis no kamwisiMm NH4,OH no cnabomenounoit peakuuu (pHa
9). "3 pa3baBieHHBIX pPacTBOPOB OCAIOK BBINAAAET HE cpa3y. TpeHue CTEHOK
IPOOMPKH CTEKIIIHHOM MajJ0yKoil yCKOpsIET ero o0pa3oBaHUeE.

Xoa aHaam3a cMecu KaTHOHOB IV aHauTH4YeCKO# IPynnbI
Cxema cHCTEeMaTHYECKOr0 XOJa aHajiu3a CMecHu KaTuoHOB [V rpymnmbl

npejacTaBlieHa B Tadnuie 2.8.

Ilpeosapumenvuvie  ucnvimanus  (MPOBOASTCS B OTAEIBHBIX  MpoOax
HCCJIeyEMOI0 PacTBOpa).

1. Omxpoimue Fe’t - wuonoe. 2-3 Kalum MCCIENLYEMOrO pacTBOpa

IOMEINAIOT B MIPOOMPKY M OTKPhIBarOT Fe?’ - MoHBI meiicTBHEM rekcanuanogeppara
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(IIT) xamus K3[Fe(CN)g]. IIpu Hammumu Fe?" - noHOB 06pasyercs CHHMI OCaloK
TypHOyJeBo cunn Fe;[Fe(CN)g], - rekcanmanodeppara (III) sxenesa (11).

2. Omxpuimue Fe’* - uonos. 2-3 xamim MCCIEIyeMOro pacTBoOpa
IOMEINAOT B MPOOUPKY M OTKphIBaroT Fe*' - nonsl meiictBueM rexcanuanogeppara
(II) xamus Ky[Fe(CN)g]. Ilpu nammumu Fe*" - moHOB 00pasyercs cHHMI OCamoOK
oepnunckoit nazypu Fes Fe(CN)g]s - rekcanimanodeppara (II) sxenesa (111).

Cucmemamuueckuii X00 ananu3a
1. Omoenenue euopoxcuoos kamuonos 1V epynnsi. K UCCIIETyEMOMY

pactBOopy no0aBisoT u30bITOk 6 M pactBopa NaOH u 3% - HOro pacrBopa
nepokcuaa Bojaopoja. WM30bITOK mMepokcuja BOAOPOAA YIAISIOT KUIISTYCHUEM.
Ocaniok OTAEHSAI0T HEeHTPUDYTUPOBAHUEM.

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

pactBopomM HNO;, He pacTBOPHUBIIHIICS OCATOK OTIACISIOT HEHTPU(YTUPOBAHUEM H
npoMeIBaroT Bogoit. Ocanok 2: H,MnO; Pactsop 2: Fe**, Mg?

3. Pacmeopenue HMnO; u omxpwimue Mn?* - uonos. Ocanok 2
oOpabateiBator 1-2 ¢cm® 6 M pactBopa HNO; u 0.5 cm® 3% - HOro pacrsopa
nepokcuga Bojgopoaa. Cmech KUIATAT J0 MoJiHOro pasnoxenus H;O,. B
THOJIly4EHHOM PACTBOPE OTKPLIBAIOT Mn?" - HOHBI AeiicTBHEM nepcyiab(aTa HATPUS
Na,S,0g B cepHOKHCIION cpele B MPUCYTCTBHM 1-2 Kamedab coilu  cepedpa
(katanuzaTop).

B mpucyrcTBur Mn?" - HOHOB MOSBIAETCS KPACHO-(HOJIETOBOE OKPALIMBAHUE
pacTBopa, o0ycioBiieHHoe oOpazoBanueM HMnO,.

4. Omoenenue Fe’*" - uonoe om Mg?* - uonos. K pactsopy 2 npuOaBisioT
2M  Boanwiii pactBop NH,OH 1[0 4BHO 1I€IOYHON peakuuu U HEMHOTO
KPUCTAJUTMYECKOro Xjopuaa aMMoHus. OcaioK OTACNSIOT LIEHTPU(PYTUPOBAHUEM.

Ocajok 3: Fe(OH); PactBop 3: Mg?" - nousl
B pactBope 3 oTkpbiBaroT Mg?" - HoHBIL. Jljist 3TOTO K pacTBOpY 3 MPHIMBAOT

2-3 xarum 2 M pactBopa ruapodocdara ammonus (NH,),HPO, u 3 xammm 2 M
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pactBopa NH,Cl. B mnpucyrctBuu Mg** - uHOHOB BbImamaeT OBl  0CanoK
MgNH4PO4

Tabauya 2.8 — Cxema cucmemamuueckoeo xo0a ananu3a kamuonos IV
AHAIUMUYECKOU 2PYNNbl

Onepanuun PeakTuBbl Fe2+, Fe3+, Mn2+, Mg2+
Otnenenue NaOH + H,0,; npu Ocanok 1 Fe(OH)3, PactBop 1 He
THJIPOKCHUIOB KUISTYEHUU H,MnO;, ucciueayeTes
KaTuoHOB IV Mg(OH)z
TPYIIIBI
YacTtuuHOE HNO; Ocanok 2 HMnO; PactBop 2
pacTBOpeHUE OcagKa Fes+, Mg+
1
Otnenenue Fe*' or NH,OH + NH,CI Ocanok 3 Pacteop 3 Mg**
Mg+ Fe(OH); -MOHBI
Ortkpeite Mg?* Na,HPO, BrimagaroT Genbie KprcTaibl
HOHAa MgNH,PO,

PacTBOpenue HNO; + H;0, Pactsop 4 Mn?*
H,MnO; -HOHBI
Ortkpeite Mn?* Na,S,05 + H,SO, MnOQ4- KpacHo-
HMOHOB +Ag* ¢duoneroBoe
OKpaIuBaHue
Bomnpocs! ais1 00cyxaeHust
1. Kakne comm KATUOHOB  YETBEPTOM AHAIIUTHUYECKONM  TPYIIIBI

pacTBOPHUMBI; HepacTBOpUMBI? Ha30BHTE OKpallleHHBIE COEIUHEHUS KaTHOHOB Fe*",
Fe**, Mn*", Mn®" u Mn’".

2. [Touemy Oenbiit ocagok Fe(OH), Ha Bo3myxe ObICTpO MpeBpaliaercs B
Oypsriit? Hanummre ypaBHEHHE COOTBETCTBYIOIIEH PEAKIIUH.

3.  Kakue kauyecTBeHHBIE peakiuu s KatuoHoB Fe* u Fe¥' maumbonee
cenuPuyHbl? 3anuIIUTe YpaBHEHUS HTUX pPEaKIUd M HA30BUTE MOJYYCHHBIE
COCJIMHEHHS.

4. IToueMy @pu JeHCTBUM Ha OeCHBETHHIE pAcTBOPHLI KaThoHa Mn?"
CUWJIBHBIX OKHCIIUTENEH MOSIBISETCS po30Bas okpacka? Hamuminre MoeKyisipHble U
MOHHOMOJIEKYJIAPHBIE YPABHEHUS peakUMil B KHCION cpeme Mexay Mn?' u: 1)

nepcyibdarom HaTpus; 2) PbO,.
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5. KakoB anroputM CcHCTEMAaTHYECKOTO XOJa OIpPEIEIEHUA CMECHU
katuoHoB IV anamutuueckodt rpynmnei? IlombeiTaliTech co3gaTh  OJOK-CXEMY
MOCJIEA0BATEIBHOTO Pa3/IeNIEHUs] KATHOHOB 3TOM CMECH.

2.5 V AHaautHveckas Tpynna KaTHOHOB
K V aHanuTH4ecKol rpymme KaTHOHOB OTHOCATCs KatuoHbl Co®’, Ni%*, Cu?’,

Cd**, Hg*", obpasyroiue TpyAHOPACTBOPUMBIE THAPOKCHUIBI, PACTBOPAIOLINECS B U3-

osiTke NH4,OH ¢ oOpazoBanneM KOMIUIEKCHBIX COSAMHEHUM — aMMHAKaTOB.
['pynnoBbIM peareHTOM Ha KaTHOHBI V TPYNIIbl SIBJISIETCS BOIAHBIA PacTBOP

aMMUakKa, KOTOpBIﬁ OCAKIACT YKa3aHHBIC KATHUOHBI B BUAC THAPOKCHIOB, OCHOBHBIX

CcoJIeH 1 aMUJ0COECINHEHUN:

.
>V eomcrt NH,,

CUHHI 0CaJI0K
+ - +
INE TS8O+ 2NH,OH =¥ (NiOH),SO,  2NH.,
3eI€HBIA 0CaTOK

Co® +CI + NH,OH

2cut + 505+ anmon ™Y (CuOHY,SO,  2NH,
3€JICHOBAThIN 0CaT0K
ca + anmon =V Cd(OH),, Gexblit ocaok
He*' + 2NH,0H+Cl =V [NHLHelCI™ NH, T2H 0,.
OenbIi 0canoK
Bce ykazannbie ocanku pactBopuMbl B u30biTke NH,OH ¢ oGpazoBanuem

KOMIIJICKCHBIX COGI[I/IHGHI/Iﬁ — dMMHAKAaTOB:

+ - + -
CoOHCITNH,OH [CONH( 3¢ > 20H NH, ¢ T e6H 0, , xomm.
COCANHCHUC prIBHO-)KéJITOI‘O IIBCTa

(NiOH),SO.INH,OH ~— ANi NH( 30 P 20H SO? 12/ 0, . KoM
COCIANHCHHUEC CUHECTO IIBCTA

(CUOHRSOBNH.OH — CuNH(:9) ] SO 20H 8HT0, . womm.
COCINMHCHHUEC CUHCI'O IIBETA

+ —
CA(OH#NH,OH —>[CdNHG.) | +20H +4HO,,
6GCHBCTHOC KOMIIJI. COCIANHCHUC

[NH,Hg|CBNH,OH [He(NH; ) |2 3HO+Cl. +

OECIIBETHOE KOMILJI. COEIUHEHUE
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IIpy pelrcTBUM KHUCIOT aMMHUAKAThl KATHOHOB V TPYIIbl PAa3pyLIAOTCA C

obpa3zoBanueM OoJjiee ycToiunBbix NH," - HOHOB:

+ + + +
[CO NH(3 6) ]2 + 6H - C02 + 6NH4 .
BOJIBIIMHCTBO COEMHEHNN KATHOHOB V TPYyNIIbl MaJIOPacTBOPUMO B BOJE,

MHOTME M3 HHUX OKpaulieHbl. PacTBOpuMBbI B BOJAE XJIOPHU[IbI, HUTPUTHI, HUTPATHI,
areTaThl, cyibdaTel. HepacTBOpuMBI B BOJAE THAPOKCHIBI, TeKcarmaHopepparsl,
cylb(uabl, kKapooHaTsl, pocdaTel, OKcanaTsl, HOAUI PTYTH.

OKpallleHHbIMU COCJAMHEHUSMH SIBJISIOTCS BCE COJIM KAaTUOHOB V TPYMIIbI,
oOpa3zyeMble KHUCIOTaMU C OKpAlICHHBIMH aHMOHAMH, COJIMU MEAH — BCE€ roiyooro
[[BETa, TUAPOKCUJIIBI MeAH, KobOanbTa, HUKeNsd, Gocdarsl koOaabTa, HUKEIS U BCE

CyJb(HIBI — OKpAIICHBI.

OG630p aHATMTHYECKUX PEAKIMI KATHOHOB V TPYIIIBI IPUBEIEH B Ta0I. 2.9.
W3 naHHbBIX, IpeICTaBICHHBIX B TaOnULIbI 2.9, cienyer, 4ro:

1) KAUYECTBEHHBIMU  pEAKLMSIMU  OOHAPYKEHUS Co** HOHOB
SIBJISIFOTCSL
—  00pa3oBaHHME IKEJITOr0 KPHCTAUIMYECKOTO OCajKa KOMIUIEKCHOH — COJIH

K;5[Co(NO,)g] mipu neiicTBUM HA HE CIMIIKOM pa30aBIEHHBIN PacTBOP, COAEPKAIIHIA

Co?" - nonsl, pactBopa Hurputa Kajus KNO,, I0JKKCIEHHOr0 YKCYCHON KUCIOTOIA:

2CH,COOHK[Co NO(  »4) ¥NO T+ 2CH,COOH O,

o0paszoBaHue 00BEMUCTOrO KPaCHO-0YPOro 0caaka BHYTPHUKOMILIEKCHOM

Co?" +7NO, +3K +

COJIM C U-HUTPO30- A-Ha(TOIOM IIPU HAIPEBAHUM:
Tabauya 2.9 — Ananumuueckue peakyuu KAamuoro8 V anaiumuueckoul epynnol

Pearent Coz+ Niz+ Cuz+ Cd2+ Hg2+
1. NaOH wm CoOHCIY | INi(OH), Cu(OH), + LCd(OH), VHgO
KOH 6e3 CHHMIT 3CJICHBIN rony6oit OeIbIit 0caIoK KENTHIN
n30bITKA 0CATIOK 0CaJIOK 0CATIOK 0CaJI0K
2NaOH wm 1 Co(OH), ~|rNi(OH)2 [P HArPEeBaHUU Jer(OH)z VHgO
KOH B po301351571, Oy-|  senemsbrii CuO uepHsbIit OebIit JKEJITBIN
M30BITKE peromnm Ha
BO3/yXe
3. NH,OH CooHCIY NNiOH),SO, [N(CuOH),S0, lCd(OH), J[NH,Hg]
0¢3 n30bITKA CHHUIA 0Ca10K 3€JICHBIN 3€JICHOBATHIN OeJbIi 0caJIoK Cl Genplit
OCHOBHOI coyy| ~ OCaIoK 0CaJIoK 0CaJIoK
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4. NH4OH [CO(I\IH3)6]2Jr [NI(I\IH3)6]2Jr [Cl.l(I\IH3)4]2Jr [Cd(NH3)4]zJr [HgmH3)4]2Jr
B M30BITKE NIpU KOMILIL. KOMILI. COEJIH-| KOMILI. OecIBETHOE KOMILL | OeclBeTHOE
HarpeBaHuu COCIIMHEHUE | HeHHMe CHHero | COeIMHEHHE COCIMHEHUE KOMILI.
NH3 TPSA3HOXKEITOTO 1BeTa SIPKOCUHETO COEMHEHHE
1[BETA 1BETa
5.Na,HPO, dCo3(POs), | Ni(OH),
(bUONCTOBBIN,|  3eneHbIi
pacTBOpuUM B PACTBOPHM B o o o
KHUCIIOTax KHCIIOTAX
6 K4[Fe(CN)g] | GOo[Fe(CN)s] [NNiz[Fe(CN)ol| ~Cus[Fe(CN)e] | NCd:[Fe(CN)s] | dHg,[Fe(C
rexkcanuaHodeppa| 3eJIeHOBATHIN JKENTO3eJIe | KPaCHOKOpUYHE OebIi N)s]
T (II) xanus HBII BBIN JKEITOBATHI
i
7.Na;S,0; JCuZS +S [Cd(S203)2]26ecBe ngS
THOCYTB(AT TEMHO-0ypBbIii THO€ KOMILIL. YEPHBIN
HaTpus ( npu - - COCIMHECHHE
noaxuci. u t’)
8.Boccranosu - Cud ~1Hg
tenu: Al, Fe, — — KpacHOIo - YEPHOIO
Zn, SnCl,, Cu BeTa [BETA
9.KNO, B | NK5[Co(NO,)
YKCYCHOKHUCIIO 6] JKENTHIHA — - - -
U cpene
10.Y HuTpO3o ‘l[CloHs(NO)
B -nadron 0] 3Co
C10Hg(NO)(O KpacHO- - B - -
H) OypbIii
11. (NH,),S CoS INiS dCus dCdS xentiit JHgS
UYepHslit 'YEPHBIH YEepHbIN YEPHBII
12. IuMeTUArInoK ‘IKpaCHHﬁ
cuMm B NH,OH — 0CaJioK,
cpene - KOMII- B - -
JIEKCHOM COJIN
13.K[Bil]s IBiJ; uepHIit
B B B 0CaJIOK, HCUe3. B
pu 106. KJ
14. KJ JHgJ,
OpaHxe
BO-
- - N - KpPacCHBIN,

pacTBOpUM B
n30bITKE KJ

Co*3C Hyoo(NOYOH) —V [C Hyyo(NO) ]O sCo-3H

U-HUTPO30- S-HaPTOI

KpacHO-OypbIi 0CaJ0K
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2) KA4eCTBEHHOM peakiueil oOHapykenus Ni** - MOHOB sBiseTCS
oOpa3oBaHHE SPKO-KpPACHOIO oOcajJka AUMETUITIMOKCUMATa HUKEIS IpU

BSaHMOHeﬁCTBHH Ni2+ - HOHOB C paCTBOPOM IUMCTHIITJIMOKCHUMaA!

H
0 0
T
CH,-C=NOH H(C -C=N  N=C-CH,
) \ - | Vo | +2H
CH,-C=NOH  H(C -C= =C-CH,
Ni>Ni / \
N N
| |
0 0
H

3) KAueCTBEHHOM peakiueil oOHapyxenus Cu?’ - HOHOB sBIIAETCA

o0pa3oBaHMEe SPKO-CUHEro KoMIuiekcHoro coeaunenus [Cu(NH;),)*"

aMMuakaTa Meau TpH AedcTBur Ha coib Cu’?' M30BITKa BOJHOIO pacTBOpa
NH,OH;

4) KAYeCTBEHHBIMU peakiusaMu  obOHapyxkenus Cd?>" - unoHoB
SBIISIFOTCA:

— obpaszoBanue ApKo-Kenroro ocaaka CdS npu po6aBiaeHHH K pacTBopy,
conepxkamemy Cd** - monsl, 2 M pacteopa (NHy),S B mpucyrcrBuu

ammuadHoro Oydepnoro pactBopa (NH,OH + NH,CIl); — obOpa3oBanue
uyepHoro ocagka Bil; mpu moGasnenmu Kk pactBopy, comepxkamemy Cd** -

MOHBI, HECKOJIBKMX Karelnb pacTBopa K[Bil4]:

c&' +2[Bil,] — cdl, *+ 2Bl
Cdl, €dl, CdpCdl,)] OeCIBETHOE KOMILI.
COeIMHCHUE

5) KAueCTBEHHLIMU peakuusaMu obOHapyxkenus Hg?* - uoHOB
SABJISIFOTCSL:

— oOpaszoBaHue opaHkeBo-kpacHoro ocaaka Hgl, mpu nevictBun KI nHa
pacTBop, comepxaruii Hg®" - monsr: Hg? +2I >  Hgl,
Henw3st nobasnare u3bbiTok KI, mockonbky ocamok Hgl, pactBopsiercs B

n30BITKE pearenTa, 00pasys BecbMa yCTONUMBBIN KOMIUIEKCHBIN HoH [Hgly]:
V Hol, + 217 = [Hel].

44



BoccTaHoBiienre Hg?" - moHoB 10 MeTammuueckoil prytu aeiicteuem SnCly:

tabmuue 2.10.

2ch12 *

sV

YEPHEIOIINN Ha BO3IyXE

+ + —
V Ho,ClL + Sn2" = 2Hg Y+snt" + 2¢1
YEPHBIN 0CaIOK
CxeMa CHCTEMAaTHYECKOrO X0/Ia aHaIM3a KaTHOHOB V TPy PEJCTaBjeHa B

+
Hg,Cl Sn* T 2CI, Genblit ocanok,

CucremaTu4ecKui X014 aHAJIM3a CMeECH KATHOHOB V Ipynmnbl

1. Omoenenue Hg’*,

Cu’t - uonoe 6 euoe cyro@uoos.10 Kanennb

HCCJIeyEMOTO pacTBOpa MOMEIIAI0T B IPOOUPKY, 100aBIAOT 2 M pacTBOp cepHOU

KUCJIOTBI 10 IBHO KHMCJION peakuuu, 2-3 cM® pactBopa Na,S,0s, Harpesaror.

Ocanox 1: HgS, CuS, S

PactBop 1: Co?", Ni**, [Cd(S,05),]*, S*
Ocanok cynsdunoB HgS u CuS otnensitor ueHTpudyrupoBaHUEM.
Tabauya 2.10 — Cxema cucmemamuiecko2o X004 aHAIU3a cmecu Kamuonos V'

epynnol
OIIEPAIINUN PEAKTUBbI Coz+, Ni2+, Cuz+, Cd2+, Hg2+
Otnenenue Na2S5203+H2S04 PactBop 1
Ocanok 1 .

Cu2+m Hg2 (pu HarpeBaHUN) ! HgS JCus, $ Co2+, Ni2+,

’ [Cd(S203)2]2-, S2-
Otnenenue HNO; Ocanok 2| PactBop 2
HgS (ocamox 1) | (mpu HarpeBanun) HgS‘,l s Cu’" -nonbl
Orkpeitue Hg?* HCl1 + H,0;, PactBop 3
(ocamok 2) (pu HarpeBaHUM) H,[HgCl4]

a) SnCl, Q)4epHBIN 0CaZoOK
b) KJ Hg
b) opanxkeBo-
kpacHbil HgJ,
OtkpsiTue Cu? NH;(BoaHbIH Pactsop 4
(pacTtBop 2) pacTBop) [Cu(NH;),)]**
-FOHBI
Otkperrne Co?* | a)  KNOs+ a) K3[Co(NO)q]
(pactBOp 1) +CH;COOH JKEJITOTO 1BETa
b) 'HHTP038' b) ocamox
HagroN KpacHOOyporo
1BeTa
Otkpeitie NiZ* | JIuMeTUITIIMOKCUM JIuMeTHITInoKCuMaT
(pactBop 1) HUKEJIs, 0CaZoK
SPKOKPACHOTO I[BETA

Otkpsitue Cd* a) K[BiJy] N BiJ; (uepHbiii)
(pactBop 1) b) (NH4),S CdS (xenTbiit)
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2. Omoenenue HgS. Ocanok 1 obpadareiBator 3 M HNO;, HarpeBaroT 110
nepexoaa B pactBop Cu?" - MFOHOB (PacTBOP CTAHOBUTCS IOIYOBIM).

Ocanoxk 2: HgS, S PactBop 2: Cu?" - HOHBI
3. Omxpoimue Hg’'- uonos. Ocamok 2 o0pabarbIBalOT NPH HarpeBaHUM

cmeckto 2 M pactBopom HCl u 3% - noro H,O, (1:3).

PactBop 3:

[HgCly]*WMonsr Hg?* otkpriBarot: neiicteuem SnCl, 1o 06pa3oBaHUIO Y€PHOTO

OCaJKa METAININYECKOU pTyTH; nercreueM Kl.

4. Omkpoimue Cu’*- uomnos. 2-3 kamum pactBopa 2 oOpabarbiBaroT 2 M
BOJHBIM PAaCTBOPOM aMMHMaKa JI0 IIeJ0uHoM peakuun. B npucyrcreun Cu?*- noHOB
pacTBOp OKPAILIMBAETCS B CHHUM LIBET.

Pacteop 4: [Cu(NH;),4]*" - nons!
5. Omkpoimue Co’*, Ni**, Cd’*- uonoe. Pactsop 1 nensar na 3 gacry, B Ka-
KJIOH M3 KOTOPBIX OTKPBIBAIOT STU HOHKI CIIENU(PUUECKUMU PEAKIIUSIMHU:

~— Co?'- MOHBI OTKPBIBAKOT, IPUOaBIsiss K pacTBopy 1 2-3 Karum 2 H pacTBOpa

CH;COOH u 5-6 xanens 6 M pactBopa KNO,. B nipucyrcTBUn

Co**- wuoHOB oOpasyercs IKENTBI KPUCTAJUIMYECKUH  OCAIOK
K;3[Co(NO2)].
[Toareepauts Hanmuure Co>'- HOHOB MOMHO peakiued ¢ U-HUTpo3o- /-

HadTOIOM 1O 00PA30BaHUIO KPACHO-OYpPOT0O OcajKa.

Ni?*- noHbl OTKpBIBAIOT npubaBiaeHueM K pactsopy 1 2 M pactsopa
NH,OH 710 1mienoyHod peakuum ©W  2-3  Kameidb CIUPTOBOTO  pacTBOpa
IUMETHIrIMoKcuMa. B npucyrcrBun Ni*'- HOHOB 06pasyeTcst ApKO-KPaCHBIN 0CamoK

AUMCTHUITTIMOKCHUMAaTa HUKCJIIA.

Cd?*- noHBI OTKPHIBAIOT: a) 1O 00pa30BaHUIO ApKO-KenToro ocaaka CdS
npu goOasieHuu k pactBopy 1 2-3 kamenr 2 M NH4,OH, HeckonbKkuX KpyMHHOK
NH4Cl u 2 M pactopa (NHy),S; 6) mo obpasoBanuio 4€pHoro ocaaka Bil; mpu

nobaBieHnH K pacTtBopy | Heckonpkux kamenb pacTBopa K[Bils]. Bompocsl nus

00Cy:K/1eHUs
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1. Kakue coenrHennst 00pa3yroT KaTUOHBI MATONW aHATUTUYECKOM
IPyIIIbI CPaCTBOPaMU aMMHUaKka: 1) B SKBUBaJIEHTHOM KOJIMYECTBE; 2) B
n30bITKe? Hanuiure ypaBHEHUS! COOTBETCTBYIOIIMX peakiuid. [Toctapaiitech
3aIlIOMHUTH LIBET MPOJAYKTOB PEAKIIHIA.

2. [Tpu kakux ycioBUsSIX 00pa3yroTCs 00pa3yoTCs CASAYIOIINE
BemiecTna: 1)
K3[Co(NO,)s], [CHiw  «(NO) 10 ;Co, mumeTnnrianokcumar Hukens; 2) [Cu(NH;3),]*;

3) CdS, Bils; 4) Hgl,, Hg,Cl,? Hanummre cOOTBETCTBYIOIINE YPABHCHUS PEAKITHIA.

VKaXuTe LBET 3THX coeAuHeHui. Kakue KaTHOHBI MAEHTU(DUIMPYIOT C IIOMOIILIO
3TUX Ka4E€CTBEHHBIX IPEBPAILEHNUI?
3. Kak orgensror katrnonsl Hg?" u Cu?’ o1 Apyrux KaTMOHOB IIATOM
rpymnbl? Kak pazaenstor Hg?' u Cu?* ? 3anuiunTe ypaBHEHHS BCEX
IPOTEKAOIIUX [PH 3TOM XUMUYECKUX MIPEBPAIICHUIA.

4, Kax BeIrsauT cxema pasaenenus nonos Co?*, Ni** u Cd?*?
CucremaTuyeckni xoa anajau3a cmecu katuonos III, IV u V rpynn
[IpenBapuTenbHble  UCIBITAHMA — (MIPOBOAATCS B OTAEHBHBIX — Ipodax

HCCIIETyEMOT0 PacTBOpA).

1. Omxkpoimue Fe’" - uonos. 2-3 KaIuii UCCIETYEMOro pacTBOpa
HOMEINAIOT B MPOOMPKY M OTKpHIBAIOT Fe?' - moHBI nelicTBueM rexcanuanodeppara
(1IT) xamus K5[Fe(CN)g]. IIpu nanuumu Fe?" - nonos o6pasyeTcs CHHMI 0CaIoK
typaOyteBoit cuan Fe;[Fe(CN)g], - rekcarmmanodeppara (I11) sxenesa (II).

2. Omxpwimue Fe’* - uonos. 2-3 Karuii UCCIeAyeMOro pacTBopa
HOMEINAIOT B MPOOMPKY U OTKphIBalOT Fe*" - moHbI nelicTBueM rexcanuanodeppara
(11) xamus K4[Fe(CN)g]. IIpu Hanuunn Fe** - nonos o6Gpasyercs CHHUI 0CaioK
oepnunckoi nazypu Fey Fe(CN)g]s - rekcanimanodeppara (II) sxenesa (I11).

CucreMaTHYeCcKHH X0/ aHAJIN3A
1. Omoenenue kamuonos Il epynner om xamuornos IV u V epynn. K 10-15

KalllIsIM - UCCIJICAYCMOT'O  paCTBOpa I[O63BJ'IHIOT HCCKOJIBKO KallCJib IICPOKCHAA

BOJZIOpO/Ia ¥ M30BITOYHOE KommuecTBO 2 M pactBopa NaOH, HarpeBaroT B TeueHue 2-
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5 MUH W TIIATEIBLHO MEPEMEIIMBAIOT CTEKJISHHOW manoukoil. M30bITOK mepokcuaa

BOOOPOJa YAAIAOT KHUIITYCHUCM. OC&,Z[OK OTACIAIOT IIGHTpI/I(IJYI‘I/IpOBaHI/IeM.

Ocanoxk 1: Fe(OH);, MnO(OH),, Mg(OH),, Co(OH);, Ni(OH),, Cu(OH),,
Cd(OH),, HgO

PactBop 1: AlO,, SnOs%, CrO4*, ZnOy

2. Omoenenue kamuonog IV epynnet om xkamuonos V epynnur Ocanok 1

pPacTBOPSIIOT TpHU C€1ab0OM HarpeBaHWM B HEOOJIBIIOM KOJM-4ecTBe 2 M pactBopa
HNO; B npucyrctBuu mnepokcunaa Bojopona. Ilpu stom MnO(OH), u Co(OH);
nepexoaar 8 Mn?" u Co?" - HOHBL

Pacteop 2: Fe¥*, Mn?**, Mg?*, Cu?*, Cd 2" Ni**, Co*", Hg*"- uoHsL.
K pactBopy 2 npubasmistor 2 M pactBop Na,CO; 10 TOJIHOTO BBIICICHUS

ocajika, 3aTeM IMOJIYYE€HHYIO CMeCh 00pabaThIBalOT U30BITOYHBIM KOJUYECTBOM
BOJIHOTO pacTBOpa aMMHaKa U HarpeBaroT:

Ocanok 2: Fe(OH);, MnCO;, (MgOH),CO;
Pacteop  3:[Cu(NH;),]*, [CA(NH3)4]*, [Ni(NH3)]*", [Co(NH;3)4]*,

[Hg(NH;)4]**

3. Ananuz kamuonos Il epynnei. Aunanu3 katuoHoB III  rpynibl
MPOBOJUTCS B pacTBope 1.

Ocaoicoenue AP*, Sn** - uonos 6 sude 2udpoxcuoos.K aactu pactopa 1

T00aBIISAIOT HEOOIBIIMMHY MTOPIUSMU KPUCTAJUTHUECCKUI XJIOPUJT aMMOHUS U
yIapuBaroT pacTBOp 10 Heboubiioro oosema. Ocanok AI(OH)s, Sn(OH)4 oTaenstor

HEHTPUPYTUPOBAHUEM.
Ocagnok 3: Al(OH)3, Sn(OH)4 PactBop 4: [Zn(NH3)4]2+,
CrO«20mxpuimue AP - uonos. Ocanox 3 pacteopsior B 2 M pactsope HCL

Pactsop 5: AI*", [SnCl¢]*

PacTtBop 5 nenar Ha aBe yacTu. B mepBoii wacTu pactBopa OTKpbiBaroT Al*'-

HMOHBI C AJIIODMHUHOHOM IIO 06p330BaHI/IIO KpaCHBIX XJIOINIbCB «AJIIOMUHHCBOIO JIAKA).
I[JIH BBIIIOJIHCHUA PCAKIMHU K HCCKOJIBKMM KallJIAIM pacTBOpPaA 5 l'IpI/I6aBJ'I}II-OT

HECKOJIbKO Kamesb aTlOMAHOHA W HarpeBaroT. 3areM mpubasisitoT pactBop NH,OH
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0 mosBieHus 3amaxa u 2-3 kamum pactBopa  (NH4),COs;. KpacHbie xiombs
«AITFOMUHHEBOTO JIAKa» JOKA3bIBAIOT MPUCYTCTBUE Al*'- HOHOB.
Boccmanoenenue Sn** 0o Sn’* u omxpuimue Sn’*. Bropyro 4acth pactBopa 3,

comepxaniero noHbl [SnClg]*, NPOKMIATHTL ¢ HEOONBIIUM  KOIMYECTBOM

METAIMYECKOrO IIUHKA, BoccTanapauBaromero Sn*" no Sn?* (pactsop 6). Monsr Sn?*

OTKpPBIBAIOT JIEWCTBHEM Ha pacTBOp 6 Hg, (NO;), no obpa3oBanuto 06eioro,
yepHerolero Ha Bo3ayxe ocajaka Hg,Cl, .

Omoenenue Zn** - uonosé u omxpeimue Zn" - uonos .PactBop 4 HarpeBaror ¢
KOHILIEHTPUPOBaHHBIM pacTBOpoM Na,COs3 10 nmosHOro yaanenus ammuaka. [lpu atom
BbINasiaet 0enbiil ocanok (ZnOH),COs, KOTOPbINA OTAEHSIOT HEHTPUPYTUPOBAHUEM.

Ocanok 4: (ZnOH),CO; PactBop 7: CrO4*
Ocanoxk 4 pactBopstoT B 2 M pactBope HCI u oTkphiBaroT Zn?" - HOHBI

KarneJabHOM peakineil ¢ IMTU30HOM MO 00Pa30BaHUI0 MATMHOBO-KPACHOTO
OKpalIMBaHUS JUTU30HATA [IMHKA.

Omxpoimue Cr’* - uonoe. Cr** - MOHBI OTKPHIBAIOT B PacTBOpe 7 AEHCTBHEM
+

nepcyibdara HaTpUsi B CEPHOKUCIION cpejie B MPUCYTCTBHUM 1-2 Kamenb pacTBopa Ag

(xkatanmusarop). B mpucyrctBun Cr’* - MOHOB B CMECH IpU HAarpeBaHMU PACTBOP
IPHOOPETAET KEJITO-OPAHKEBYIO OKPacKy, oOycinoBieHHyo HamuuueM Cr,O;’B

pacTtBope.

Anaau3 katuoHoB IV rpynnsl
AHau3 HEOTKPHITHIX KaToHOB IV rpynmel (Mn?*, Mg?") BenyT B ocaaxe
2.0canok 2 o6paborats pactBopom NH,CI npu narpeBanum.
Ocajok 5: Fe(OH);, MnCOs PactBop 8: Mg?
B pactBope 8 onpenensror Mg** - noHbl. J{jist 9TOro K HCCIeayeMOMY PacTBOPY

npumBaroT 2-3 kamm 2 M pactsopa (NH,),HPO,. B npucyrcreun Mg?* - nonos
BbINasiaet Oenbiil ocanok MgNH4PO,.

Ocanok 5 pactBopsaor B 2 M pactBope H,SO,; u oTkpeiBaror Mn?* - HOHBI
nercteueM nepcyibdara Hatpus Na,S,0Og B KUCIOM cpele B MPUCYTCTBUU -2
Karenb conu cepebpa (kaTanmmsarop). B mpucyrctBum Mn?' - MOHOB mosBiseTCS
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KpacHO(UOJIETOBOE  OKpalllMBaHHE pacTBOpa, OOYCIOBIEHHOE OOpa3oBaHUEM
HMI’IO4.

AHaJIM3 KATHOHOB V rpynnbl
AHanu3 KaTHOHOB V T'PYIIIIBI IPOBOJUTCS B pacTBope 3.
Omoenenue Hg*, Cu’* - uonos 6 suoe cynopuoos. 10 kanens pacTBopa 3

MOMEIIAIOT B TPOOUPKY, 100aBIsA0OT 2 M pacTBOp CEpHOM KUCIIOTHI 10 SBHO KUCIOHN
peakuuu, 2-3 cm® 2 H pactBopa Na,S,0s, narpesaror. Ocanoxk cynbdumos HgS u CuS

OTIIETISIOT IEHTPUGYTHPOBAHUEM.

Ocanok 6: HgS, CuS, S Pactop 9: Co?*, Ni*", [Cd(S,05),]*, S*
Omoenenue HgS. Ocanox 6 oOpabarsiBator 3 M HNO;, HarpeBaroT 10

nepexona B pactBop Cu?" - HFOHOB (PaCTBOP CTAHOBHUTCS T'OIYOBIM).

Ocanok 7: HgS Pactsop 10: Cu?" - HOHEI
Omxpoimue Cu’* - uonoe.2-3 xarum pactsopa 10 o6pabarsiBaror 2 M BOAHBIM

pPacTBOPOM aMMHaKa [0 LIeJI0uHOoiM peakuuu. B npucyrcreun Cu®'- HOHOB pacTBOp
OKpAITUBAETCs] B CHHUM I[BET.
Pacteop 11:  [Cu(NH;3)4]*" - nonst
Omxpoimue Hg”'- uonoe. Ocanok 7 00pabaThIBAIOT IPH HATPEBAHUHM CMECHIO 2 M
HCl u 3% - noro H,O, (1:3).
Pacteop 12: [HgCl]*
Wonsl Hg** orkpriBarotr: geiictBueM SnCl, 1o 06pasoBaHK0 4EPHOrO OCaIKa
METaJUIMYeCKOU pTyTH; Aerctruem Kl.
Omxpoimue Co’*, Ni**, Cd’*- uonos. PactBop 9 nensr Ha 3 4acTu, B KaKI0# U3
KOTOPBIX OTKPBIBAIOT 3TH UOHKI crienupuueckuMu peakiuusamu: Co> - noHbI

OTKPBIBAIOT, MpUOaBisis K pactBopy 9 2-3 karum 2 M pactBopa CH;COOH u 5-6
karens 6 M pactBopa KNO,. B npucyrcteun Co?'- HOHOB 00pa3yercs kKEIThIi

kpuctasminueckuit ocagok K;[Co(NO;)g].

[Moareepauth Hamuuue Co’ - HOHOB MOYKHO PEaKIMEN ¢ U-HUTPO30- £
HadTOJIOM 110 00OpPA30BaHUIO KPACHO-OYpPOTO OCajKa.

Ni?*- noHsl OTKpBIBaIOT NpubaBIEHHEM K pacTBopy 9 2M pacteopa NH,OH 10

LIEJOYHOM PEAKIUU U 2-3 Kamneiab COMPTOBOTO PACTBOpa AUMETHIITIIMOKCUMA. B
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npucyTcTBiK Ni** - HOHOB 00pasyeTcs SpKO-KpacHbIi 0CaJ0K JTUMETHITITHOKCUMATA

HUKES.

Cd**- MOHBI OTKPEIBAIOT: 110 00PA30BaHMIO APKO-KEAToro ocaaka CdS mpu
no0aBieHnu K pactBopy 9 2-3 kanens 2 M pactBopa NH,OH, HECKOMBKUX KPYTTHHOK
NH,4C1 u 2 M pactBopa (NH,),S; o o6pazosanuio u€pHoro ocazaka Bils; mpu

n00aBIeHUH K pacTBOpY 9 HeCKOIbKUX Karelb pactBopa K[Bily].

Bomnpocs! ajs1 00cyxaeHus
1. Kakue KaTMOHBI TpETbEW AHAIUTUYECKOM TPYINIBl OTKPBIBAIOT B

OTJICJIbHBIX TTp0bOax?

2. JlelicTBHEM KaKUX pPEarceHTOB BEAYT OTACICHHE KAaTUOHOB TPEThEUN
AHAIMTHYECKOW Ipynmbl OT KATUOHOB YETBEPTOM M MATOW rpynn? YKaKUTE COCTaB
0CaJIKa U pacTBOpa ITOJYYEHHBIX IIPH 3TOM.

3. Kak oTaensitoT KaTHOHBI YETBEPTOM AHATUTUYECKOW TPYIIbI OT MATOWU?
IIpuBenuTe COOTBETCTBYIOIINE YPABHEHUS PEAKLIUH.

4. Kakue xumudeckue mpeBpamieHUs IPOBOIAT IMPU KAa4ECTBEHHBIX
HCCIICIOBAHUSIX KAaTHUOHOB TpeTheil, uderBepToll M mnsAToM rpynn? IlombiTaitiTech
NPEJIOKUTh COOCTBEHHYIO BEPCHIO aIroOpuTMa MPOBEACHUS aHalIU3a CMECH
KaTUOHOB YKa3aHHBIX TPYMII.

2.6 VI AnanuTnueckasi rpynia KaTHOHOB
K VI ananutuveckoil rpymme KaTMOHOB oTHocsaTcs kKaTtuonbl K, Na', NH,"

(cm. Ta6m. 2.11). XapakTepHoi 4depToil KaTMOHOB VI TpyNmbl SBISETCS XOpOIIIas
pacTBOPUMOCTh B BOJIe¢ OOJNBIIMHCTBA KX COEAMHEHUH. XOpOLIO PACTBOPUMBI
docdaTel, XJIOpUIbl, HUTPATHI, Cylb(paThl, KapOOHATHI, TUAPOKCUABI U Ap. [losTomy
kaThoHbl VI rpynmsl He MOTYT OBITh OJTHOBPEMEHHO OCaXJCHBI C TOMOIIBIO KaKOTO-
a100 peakTHBa, TO €CTh HE UMEIOT OOIIEro rpyNIOBOro peareHTa, 4yTo oriaudaer VI
IpyIIly KAaTHOHOB OT BCEX OCTAJIBHBIX IPYIIIL.

Karnonsr VI rpynmel OGecrBeTHBI, M pPacTBOPHI OOJIBIIUHCTBA WX COJIEH

OecuBeTHbl. OKpamleHHBIMH  COEJMHEHHSAMH  SIBIIIIOTCS  XpOMaThl  (FKEJITHIE),
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Oouxpomatsl (OpaH)KeBbIE€), MaHraHaThl (3€JE€HbIE), IepMaHTraHaThl (MaJuHOBO-
KpacHble), rekcarmanodepparsi (II) (k€nTeie) u ap.

Katnonsl K" wu Na" ycToW4yuBBI K JCHWCTBHUIO OKHCIUTEIEH U
BoccraHoBuTeneir, NHy" - HOHBI CHOCOOHBI OKHCIISATHCS TPU ACHCTBUH CHIBHBIX

OKUCJIUTEJIEH:

oNH clF3CL = N, T+ smc
Tabauya 2.11 — Kauecmeennvie peaxyuu kamuonos VI ananumuueckou epynnwl

Pearent K+ Na* NHa4+
1. NaHC4H,04 — KHC,H 04 — Gebrii NH,C4H,04 — Gebrii
THAPOTAPTPAT KPUCTAITHYCCKHUN — KPUCTAJTTUICCKHIA
HATpHUS
2. Nas[Co(NO2)s| - | K;Na [Co(NOy)e] - *NH,);Na [Co(NO,)e] -
KOOAJIbTUHUTPUT JKEIITHIH — KENTHIA KPUCTATHYCCKHMA
HaTpUs KPUCTAJUIMYECKUI
3. KH,SbO, — (1a NaH,SbO, — HsbO; — Genwiit
XOJIOZY) - Oenblii amMopQHBIit
4. Peaknus brnenno-duoneroroe Kenroe miams
OKpAIIIMBAHUS IaMst -
TUTAMCHH
5.KOH, NaOH (npu Boinenenne NH; T
KHUTISTYCHHH ) - -
6. Na2CO3,K2COs3 Brinenenune NH3T
(TpH KUTISTYCHUN ) - -
7. PeaktuB Heccnepa ‘|!'Hg20NH2]I
K,[HgJs]+ KOH - - KpacHOOYpbIii

N3 Ttabn. 2.11. cremyer, 4TO KAaueCTBEHHBIMU PEAKIMSIMHU OOHAPYKECHUS

KaTUOHOB VI rpymnmsl sSBiIrOTCS:

1) NH;" - wonsl o6HapyxuBaror jaeiictBueMm memoun NaOH Ha
uccieyeMblii pacTBOp mpu HarpeBanuu. [Ipu Hammanu NHy" - HOHOB M3 MpoOHUPKH
NOJDKEH BBIAEHATBCA NHj, KOTOpBIM OIpEenesnsdror: IO 3amaxy; [0 IOKPaCHEHUIO
Oymaru, CMOUY€HHOM B pacTBOpe (eHondTaIcHHa.

2) Na' - HOHBI OTKpBIBAIOT PEaKIMel OKpAlIMBaHHS IIAMEHH, KOTOPOE

conu Na* OKpalmBaroT B KEIThIH 1IBET.
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3) K’ - HOHBI OTKpBIBAIOT 0 0OpPA30BaHMIO XKEJITOr0 KPHCTAUIHYECKOTO

ocanka Kj3[Co(NO,)s] mpu nedcTBUUM Ha HCCIEAyeMbld pacTBop 2-3 KaluiaMu

Na3;[Co(NO,)s] B ykcycHokucIo# cpeze. [IpoBenenuio aToi peakiuu MemaoT NH,"

- wuoHbl, oOpasyromue ¢ Na[Co(NO,)s] KEAThIi 0camoK IBOMHOM coiu

(NH4),Na[Co(NO,)¢]. TTostomy NH4" - HOHBI ClieAyeT yAalsiTh M3 HCCICTYEMOTO
pactBopa mepea oTkpeiTheM K - monoB. Ynpanenne NH;" - HOHOB mHpoOM3BOIAT

HarpeBaHueM ucciaeayemoro Ha K - nonsl pactBopa ¢ mo6asiacaueM 2 M pacTtBopa

NaOH no npekpaiiieHus BbIACICHUAS] aMMHUaKa.

Cxema CHCTEMAaTHYECKOTO X0Ja aHajJdu3a CMCCH KAaTHOHOB VI I'PYIIIIBI

npuBeieHa B Taou. 2.12.

CucremaTu4eckuil X0 aHAJIN3a CMeCH KATHOHOB VI aHAJIMTH4YeCKO#l rPynibl
1. Omxkpoimue Na® - uonos. TIpoBOAUTCS W3 OTIEIBHON YacTH PacTBOpA.

MenHyr0 NpOBOJIOKY, KOHEI] KOTOPOW 3arHyT B YIIKO, MPOKAJIWBAIOT B IUIAMEHHU

I'OpCJIKHU, Y6GIH/IBHII/ICI) B YUCTOTC IIPOBOJIOKH.

Tabnuya 2.12 — Cxema cucmemamuuecko2o xo0a aHAIU3A cmecu Kamuornog VI

epynnwi
IIpoda Onepanun PeakTuBHI K*, Na*, NH "
1. OTxpriTHE
Na+ -1oHOB OxpaimBanue B XKenras okpacka
(oTnenbHas TUTAMEHH TTAMEHH
4acTh MPOOBI)
2. Orpenenue Ii Otnenenue u NaOH npu Pactsop 1
ynanenne NHy ynanenne NHy* KUIITYEHUH 10 Boinenenne NH; 1 K+ Tl;()l;
- HOHOB HOHOB ncuesnoserns NH; T
3. OTkpbITHE
K*- HOHOB Ortkpsitre K- Na 3[Co(NO,)¢] + Na;[Co(NO,)]
MOHOB (pactBop 1) + CH;COOH — JKEIITBIA 0CAJIOK

3areM BaFHYTBIﬁ KOHCI ITPOBOJIOKK CMAadYMBAIOT HCCICAYCMBIM pPACTBOPOM H

BHOCAT B HCCBCTAIIYIOCA 4aCTh IINIaMCHHA ra3oBoi T'OPCJIKH.

[Tnams ropenku B MpHCYyTCTBHH Na' - HOHOB B pacTBOPE OKpAIHMBACTCS B

HKEJITBHIN IBET.
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2. Omxpoimue u omoenenue NH;" - uonos. B mpobupky HammBaroT 5-8
Kareinb HCCIeIyeMOro pacTBopa, mobamisior 5 kamenb 2 M pactBopa NaOH,
HarpeBaroT. [Ipu Hanumuuu B ucciaeayemom pactBope NH;" - MOHOB M3 mpoOMpKH
nomxeH BeiensaThes NH; . Ero onpeaensroT: mo 3amaxy; mo mokpacHeHHI0 Oymard,
CMOYEHHO# B pacTBope penondranenna. [Ipu Hammunu NH," - HOHOB HccieyeMblii
pacTBOp CIEAYET HArPeEBATh JO MPEKPALICHUS BBIACICHNAS aMMHUAKa.

3. Omxpoimue K* - uonos. Ilocne monnoro ymaienus NHy ™ - woHOB B

npoOupky npubasisioT 3-4 kamu 2 M pactBopa CH3;COOH u 2-3 karmim pactBopa
Na3[Co(NO,)s]. ITpu namuunu K* - noHoB Beinagaet keateiii ocagok Ks[Co(NO,)s].

Bomnpocs! st 00cyxaeHust
l. ITouemy 11 KaTHOHOB WIECTOM AHAJIUTUYECKOW TPYIIIBI HET €JUHOIO

IpyIIoBOro peareHra’?

2. Bce i1 noHBI IIECTOM TPYIIIBI yCTOMYMBEI K JEHCTBUIO OKUCIIUTENIEH?
3. Kakune xumuyeckue mnpeBpaunieHuss HauOosiee CrneuupuUHbl s

nonoBNH,", Na" u K" ? [IpuBenute npumepsl.
4. Kak BBITIAAUT aJrOpuTM ONpPEACICHUS KaXKJI0ro u3 kKatuoHoB NH4+,

Na+ uK+ npu ananuze ux cmecu?

3 AHAJIN3 AHUOHOB
eticmeue gasxicnuetiuux peakmugos Ha AHUOHbBL
AHaJIN3 aHUOHOB CYIIECTBEHHO OTJIMYAETCS OT aHajau3a KaTuoHoB. Ecnmu mis

KaTHOHOB CYILIECTBYET CHCTEMAaTHMYECKHMH XOJ aHaiau3a, T[OCTPOCHHbIA Ha
IIOCJIEIOBATEIIbHOM JIEJICHUU MX HA TPYIIBI C TOMOIIBIO TI'PYIIIOBBIX PEAareHTOB, TO
JUIsL aHKOHOB TAaKOI'0 CTPOr0 CHCTEMAaTHYECKOr0 X0a aHAJIN3a HET.

Pa3znooOpa3Hnbie kiaccuuKauy aHHOHOB OCHOBAHbBI HA PEAKIIMIX OCaKICHUS,
pa3noXeHHs, KOMIUIEKCOOOpa30BaHus, OKHCIEHHUS - BOCCTAHOBJICHHA. B KadecTBe
IPYNIOBBIX PEAreHTOB HCIONB3YIOTCA coiu Oapusi, cepedpa, Kajablus, CBHUHIIA,
LMHKA. DTU PEareHThl NPUMEHSIOT NpPU pa3nudHbIX 3HaueHusx PH pactBopa. B
Ka4yeCTBE IPYIIIOBBIX PEAreHTOB HA AaHMOHBI JIETKO Pa3jaaraéMbIX KACIOT UCIOIb3YIOT
takke pactBopbl kuciotr (CH;COOH, HCI). PaznuyHoe OTHOIIIEHHWE aHMOHOB K

okuciuteasiMm (KMnO, + H,SO,) umu BoccranoButensm (KJ + H,SO,) takxke
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MMO3BOJICT JACJIUTb AHWMOHBI HaA TIPYHIIbl 110 Pa3jJIninuio0 HX OKHCIUTCIbHO-
BOCCTAaHOBUTEIILHBIX CBOMCTB.
CornacHo KJIaCCI/I(l)I/IKaHI/II/I, HpI/IH}ITOﬁ B JaHHOM KYypCC, BCC AaHHOHBI

moApasaCIA0TCA Ha IBC AHAJTUTHUYCCKHC I'PYIIIIbI:

I rpynna - aHMOHBI, OapueBbIe COJIM KOTOPBIX pacTBopuMsbI B Boje: Cl, Br,

J-, S, NO;, NO;, -HOHBL.

II rpymma - aHMOHBI, 6apreBBIE COJIM KOTOPBIX MaJIOPACTBOPHUMEI B BOJIC:
SO42-, SO32-, S2032-, CO32-, PO42-, S1032- - HOHEL.

eiicmeue coneu Oapus. PactBopumble conu Oapus ¢ aHuoHamu Il rpymnmbl
obpasyrot 6enbie ocanku: BaSO,4, BaSO;, BaSO,, BaS,0;, Ba3(PO,),, BaSiO; wu 1.1m.

Hanpumep:
BaZ* + S0, — VBaS0,
Cynbdur, THOCyNb(ar, KapOOHAT, CHJIMKAT Oapusi  pasjiararoTcs

XJIOPUCTOBOJOPOHON KUCIIOTOM C BBIAEIECHUEM COOTBETCTBEHHO SO,, SO, + S, CO,
u HleO3

Cynbdar 6apus MpakTUUECKH HU B UYeM HE PACTBOPUM.
eticmseue pacmeopumvix coneii cepebpa. PacTtBopuMble coiu cepeldpa C

annonamu I u Il rpynmsl o6pazyroT 6enbie ocanku Ag,CO;, Ag,S10;3, Ag,SO,4, AgCl,
Ag,S,0;; xxentoie ocanku Agl, AgBr, Ag;POy; uepHsIil ocanok - Ag,S. Tuocynbdar
cepeOpa TmepexoauT TpH CTOSHUM B YEpHBIA ocafok Ag,S, xapboHar cepebpa
MOCTETNIEHHO YepHeeT, nepexoas B Ag,0.

eticmsue pacmeopumvix coneu yunka. PacTBopuMbIe COJIM IIMHKA O0pa3yroT
oenbie ocanku ZnS, (ZnOH),CO;, ZnSi0;, Zn;(PO,),, pacTBOpUMBIE B KUCTOTaX:

ZnS + 2H" — H,S + Zn?".
eticmsue pacmeopumulx coneti cmponyus. Cou CTPOHIMS 00pa3ytoT Oelnbie

ocaaku coctaBa SrSi0;, SrSO;, Sr3(POy),, SrSO4. Bee ocamgkm, 3a HCKIIOUEHHEM
SrSO, , pacTBOpuMBI B KHCJIOTax. OTUM CBOMCTBOM SrSO,; MOIB3YIOTCS s

ornenenus SO,% oT apyrux annoHoB Il rpynner.
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eticmeue munepanvhvix kuciom. llpu neWCTBUM MUHEPAIBHBIX KHCJIOT Ha
coyM paznararommxcst kucior, Takux kak H,CO;, H,SOs;, Boimenstores razel CO; u
SOQI

Na,CO; + 2H" = COT+ H,0 + 2Na*,
Na,S,0; noa aericTBUEM KUCIOT pa3jiaraeTcs:
Na,S,0; + 2H* = S + 2Na* + SO, H,0.

Cunukatbl 00pa3yroT 0CaJ 0K MajJopacTBOPUMON KPEMHHUEBON KUCIIOTHI:

Na,SiO; + 2H" = \H ,Si0; + 2Na".
KonueHnrpupoBanHas cepHas kucnora okuciser HBr, HJ:

2HBr + H,S0; = Br, + SOJ+ 2H,0

2HJ + H,S0, = I, + SO+ 2H,0.

Jleticmeue oxucaumeneu u eoccmanosumene. CUIbHBIE OKHUCIUTEIN

OKUCJISIOT BCe aHUOHBI | rpynmel 3a uckioueHueM NO;™ - HOHOB.

B 3aBucumoctn ot ycioBuii mpoBeneHus peakiud Cl° - HOHBI MOTYT
okucisitees 10 Cly, C1O, ClO5, ClOy4 - nonos; J u Br - nons! g0 J,, Br,, a Takxe 10
JO5, BrO; -noHoB; NO, - 10 NO5™ - HoHOB; S* - nosns! 10 S, SO, 1 SO4* - HOHOB.

HuTtpar - nonsl BoccranaBimuBatorcs 10 NO,, NO, N,, NH3, NO,” u NH," -

noHoB; NO,™ - nonnI - 10 NO, N,, NH;.

Nonsl Si05%, SO, CO5%, PO4*" He criocOOHBI K OKUCIICHUIO.
Housr  SO;>, S,0:>, SO, -  BOCCTAaHaBIMBAETCS  CHJIBHBIMU

BoccraHoButenaMu. Mousl CO;%, SiO3> He CKIIOHHBI K peakusaM BOCCTAHOBIICHUS.

3.1 IIpoBeaeHue npeaBapuTeJbHbIX HCIBITAHUMN
Haubonee wnenecooOpa3HO HauMHATH aHAJIW3 AaHUOHOB C IPOBEACHMS

MPEeABAPUTENbHBIX UCTIBITAHUM ISl TOTO, YTOOBI YCTAHOBUTH OTCYTCTBUE B PACTBOPE
HEKOTOPBIX AHKOHOB M TAKUM O00pa30M YIIPOCTUTH JaTbHEUIINNA aHAIIN3.

Yemanoenenue pH pacmeopa. Ecnv peakuns ucciieyeMoro pactBopa Kucias
(pH 2), B HEM He MOTYT PUCYTCTBOBATH AHHOHBI JICTYYHX H HEYCTONUMBBIX KH-

CJIOT, T.€. CO32_, SO32_, 82032_ u NO,".
Eciu peakiist HCCIeyeMOro pacTBopa IIeJI0YHAs WM HEUTpalbHasi, B HEM

MOT'YT MPUCYTCTBOBATh BCE pacCMaTPUBAEMbl€ AaHHOHBI.
llpoba ma evidenenue 2azo6. HeckolbKO Kaleab HCCIEAYEMOIO pacTBOpa

(Jtyumie - KpynuHKY TBEpAOTO BeliecTBa) oOpadateiBaoT 2 M pactBopom H,SO4 u
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CJIETKa BCTPSIXMBAIOT COACPKUMOE MPoOUpKU. Eciu BeIIeNneHus Mmy3pIphbKOB raza He
3aMeTHO, TpoOupky HarpeBaroT. O6pazoBanue razoB (CO,, SO,, NO,) yka3biBaeT Ha
BO3MOXHOCTB npucyrcteus CO;%, SO;%, S,05% u NO,~.

[Tpu 5TOM UCTIBITAHUM CIIEYET 10 BO3MOXKXHOCTH YCTAaHOBUTH COCTAB
BBIJICIISIIOIIMXCS Ta30B, UCIOJIB3YsI UX XapaKTepHbie cBoiicTBa: a) CO, — GeciBeTHbIN
ra3 0e3 3amaxa, BbI3bIBAIOIIMI TOMYTHEHHE U3BECTKOBOW BOJIbI (€€ TOMYTHEHHE
MOKET OBITh BbI3BaHO Takke SO,) ; 0) SO, - ra3 ¢ 3amaxom ropsei cepsi,
BBI3BIBAIOIINM 00eclBeUMBaHKUEe pa3daBiaeHHbIX pacTBOpoB KMnO, u J,; B) NO; -
KpacHO-OypBIN Ta3 ¢ XapaKTEPHBIM PE3KUM 3allaXxoM; IPH MPOITyCKaHUU €ro 4yepe3
pactBop KIJ BeiensieTcsi cBOOOAHBIN o1 (Tpoda ¢ KpaxmayioMm).

IIpoba na anuonwl I epynnwei. K 2-3 karisim ucciieryeMoro pactsopa
npubassiroT 2-3 xaru pactBopa AgNOs. Eciu o6pasyercst ocanok, mpuOaBisiOT
Heckoapko karenb HNO;. HepacTBopuMOCTh 0Ocazika yKa3biBaeT Ha BOBMOXXHOCTh
npucyTcTBus crnenyronmx coneit: AgCl, AgBr, Agl, Ag,S (obpazoBanHoro nmbo ¢
HOHOM S*, mubo B3aumoeiicTeueM noHa S>> ¢ Agh).

Ilpoba na anuonwr Il epynnei. K 2 KamisiM HEHUTpaJIbHOTO WM
cnabomenounoro—pacreopa (pH 7 9) npubasnsior 2-3 xamum pactBopa BaCl,.
OGpaszoBanue Ocalka YKa3bIBAE€T HA BO3MOXHOCTH IIPUCYTCTBHS HOHOB: SO47,
SO32_, PO43_, 82032_, CO32-.

Eciu ocaznka He 00pasyercs, To aHuoH S,03%” BCe e MOKET NPUCYTCTBOBATh B
pacTBOpeE, TaK Kak OH ocakaaercs Ba®" - moHaMu TOJIBKO U3 JOCTATOYHO
KOHIIEHTPUPOBAHHBIX PACTBOPOB.

IIpobbl Ha npucymcmeue anuonog-6occmanosumeret. K 3 xarmism
UCCIIelyeMOTo pacTBopa mpubasiisaioT 1 karmio 2 M pactBopa mienouu u 1-2 karm
pazbasnenHoro pacrsopa KMnQO, . B oTcyTcTBHE Ocajika HarpeBaroT pacTBOp Ha
BoJisiHOM OaHe 1 muH. Brimagenue 6yporo ocagka MnO(OH), yka3piBaeT Ha HaIu4due
aHMOHOB- BoccTanosutenei (SOs%, S,05%, J- u mp.).

Ecnu mpenpimyniee wuCmIbITaHWE TIOKA3all0 MPUCYTCTBHE BOCCTAHOBHUTEICH,

IPYTyI0 TOPLHI0 UccieayeMoro pactBopa noakucisaioT H,SO, u mpubaBisitioT mo
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KaruisiM pa30aBlICHHBIA PacTBOp MOJa, OKpalleHHBIM KpaxmajioM B CHHUHN IIBET.
O6eclBeunBanue PacTBOpa yKasbiBaeT Ha npucyrcreue SOz%, S,057.

IIpoba na npucymemsue anuonos-oxucaumenet. K 2-3 kamisMm uccieryeMoro
pacTBopa, noakuciaeHHoro 2 M pacrsopom H,SO,, npubaBisiioT HECKOIBKO Karelb
6en3oma uim xjopodopma u 1-2 xamu pacteopa KJ .

[TosiBnenue (mpu B30aNTHIBAaHUHU) (DUOJETOBOM OKPACKU CIIOSI PACTBOPHUTENS
yKa3bIBaeT Ha MPUCYTCTBUE aHUOHOB -okucnuteneit (NO,", JO; u ap.).

3.2 OoOHapyKeHHe HEKOTOPBHIX AHHOHOB APOOHBIM METO0M U3
OT/IeJIbHBIX MOPIHI pacTBOpa

Omxpovimue u omoenenue S° - uonos. Hurponpyccun narpust Na[Fe(CN)sNO]
maer ¢ S* - HOHOM XapaKTEPHYK KpacCHO-(PHOJIETOBYIO OKPACKy BCJIEICTBUE
oOpazoBanus komriekcHoro coeanHenus Nay[Fe(CN)sNOS].

Eciu annon S* OTKpHIT, K 5 KallulAM pacTBopa J00aBbTE HEMHOIO BOIHOM
cycnien3un CdCO; u B306onTaiite. JlomkeH o0pa3oBatbes ApKo-kKenTbiit ocagok CdS.
OtuentpudyrupyiTe OCaZoK M NPOBEPHTE HA MOJHOTY OCAXKIEHHMS aHMOHA S*
neiictBueM HuUTporpyccuna Harpus. Llearpudyrar ucnonb3yercs 1yt oOHaApYKEHUS
OCTaBIINXCS HOHOB.

Omxpoimue SO/ -uona. K 2-3 KamisM HCCIELYyEMOTO  pacTBopa,
noakucienHoro HCI, npubasste 5 kamens 0.01 M pactBopa KMnO, u pactBop
BaCl,. 3aTtem u36sTok KMnO,4 BoccranaBnuBarot aericteueM H,O,, mpuyueM pactBop
o0eclIBeUnBaeTCs, a OCaJ0K OKpAIIMBAETCS B PO30OBBIM I[BET, YTO CIYXKHUT
JI0Ka3aTeIbCTBOM MPUCYTCTBUS B HeM BaSO, , oOkpallleHHbIM COOCaXJIECHHBIM
KMnO,. Dtoii peakiuell Heb3s IOJb30BATHCS B NPUCYTCTBHU aHMOHOB SOs%,
S,05%, T.k. oHu okucistoress KMnO, 1o SO, -noHa.

Omxpoimue PO,/ K 1-2 xamusam pactBopa PO4* - mona mnpubasisior 8-10
Kareib MOJUOIEHOBOM KUAKOCTH (pacTtBop MonuOaata ammonus (NH,;),MoO, B
HNO;) . OOpa3yercss XapakTepHbIH KEATHIA  KPUCTAIUIMYECKUH  OCaZO0K
dhochopomonmbraTa aMMOHHUS:

PO43- + 3NH4+ + 12MOO42_ +24H" —> J(NH4)3 [PM012040] + 12H20
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Ocanok (ocdopomonubaaTa aMMOHHUS pacTBopseTcs B u30bITKe (Qocdara,
MOATOMY peareHT HeOOXO0IUMO JT00aBISATh B OOJIBIIOM HU30BITKE.

I[IpucyTtcTBre B pacTBope BocctanoButenei (SO;%, S, S, 03%) memaer
peaxiuu, T.K. OHU BOCCTaHaBIuBalOT Mo®" 1o MoanGaeHoBoi cunu. B pactsope
TaK)Xe HE JOJKHO OBITh OOJIBIIMX KOJUIECTB XJIOPHIOB.

JIns okvcneHust BoccTaHOBUTENeH u yaaneHus yactu Cl -uoHOB cieayeT
IIPOKHUIIITUTH 2-3 Karum pactBopa ¢ 2-3 xamamu 6 M pactsopa HNO; u B
ITOJIyYEHHOM PacTBOPE MPOBOAUTH YKA3aHHYIO PEAKLIHIO.

MaruesuanbsHas cmech, 1.€. cmecb MgCl, ¢ NH4OH u NH,Cl Boinenser 6enbliii
kpuctammnyeckuid ocanok MgNH4POy:

HPO,> + NH,OH + Mg?* =4 MgNH,PO, + H,0
Omkpoimue NO; -uona. K 2-3 KamisM  HUCCIEAYyEMOro pacTBOpa

noakucierHoro 2 M pactsopom H,SO, mprbaBuTh HECKOJIBKO Kareab OeH3ona u 1-2
kam pactBopa KJ. IlosBnenne npu B30anThIBAHUM OKPACKH CJIOS PaCTBOPUTEII
yKka3piBaeT Ha npucyrcrsue NO, -HOHa.

Ora peakuus MNpPUMEHMMa TOJBKO B OTCYTCTBHE B pacTBOpe ApPYIrHX
noHosokuciureneii: MnOy ', CrO4> u ap.

B kagecTBe mpoBepouHO peakiuu Ha mpucytcTBrue NO, -HOHA MOXKET OBITH
UCIIOJIb30BaHa peakius o0pa3oBaHMS JIBYOKHMCH a3oTa (ra3a Oyporo 1Bera,
oOpa3yromerocss B BEpXHEH YacTh TPOOUPKH) MPU TOAKUCICHUH HCCIEIYEMOTO
pactBopa 2 M pactBopom H,SOy .

Omxkpoimue NOjs -uona. KauecTBeHHOM peakieil ooHapyxeHuss NO; -noHa
ABJISIETCSl  KamelibHasi peakuusi ¢ audeHunamMmuHoM. Ha TmiaTtenbHO BBIMBITOE U
MPOCYIIEHHOE YacOBOE CTEKJIO MOMEIAT 4-5 Kameib pacTBopa JudeHuIaMuta B
KoHIleHTpupoBaHHoi H,SO,4. BHocAT Tyaa ke Ha KOHUMKE CTEKJISTHHOW MaJO4YKU
OYEHb HEMHOro uccienyemoro pactsopa NO; u nepememmuBaroT. B nmpucyrcTBuu
NO;" uoHa mOSBIAETCA WHTEHCUBHO CHHSISI OKpacKa BCIIEJCTBUE OKHUCICHHS

mudenmnamuna oopasyromieiicss HNOs.
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Oty ke peakuuto gaet NO, -uoH, nmodromy NO; -HOH ¢ audeHUIaMUHOM

OTKPBIBAIOT TOJIBKO B

HOHOBOKMCIIUTEIICH.

OTCYTCTBUU

pacTBope

NO,

-MOHa

U Jpyrux

B ciyuae ecnu B pactBope npucyrcrByetr NO, -HOH, €ro HE00X0IUMO YIaIUuTh

nepen otkpbiTheM NO;  -noHa. Ypanenue NO, -MOHa AOCTUTAETCS OCTOPOKHBIM

HarpeBanuem pactopa ¢ TBepabiM NH4CI nmu (NHy),SO4:

NH," + NO,” = NI+ 2H,0
[Togo6Ho consim ammonus AeiictByetr moueBuHa CO(NH,), B kucnioii cpene:

2NO, + 2H* + CO(NH,),—> COh + 3N, H3H,0

B 4 kamsx pactBopa NO,™ - nona pactBopsitot okoJio 0.1 r MOUEeBUHBI;

MOJIYYEHHBIH PaCTBOP IO KaIisiM MpuoOaBIisitoT k 2-4 karmisam 2 M pactsopa H,SO,.

Kamnym CICAYHOIIYIO KaIlIO HpI/I6aBJ'I}IIOT TOJIBKO ITOCJIC TOI'O, KaK 3aKOHYUTCsA

OypHasi peakiys ¢ MpeIbIAYyIIeH Karien

Korna Bech pactBop OyaeT mpubaBieH, KUIKOCTU JalOT HEKOTOPOE BpeMs

nocToATsh. [locne yero ee OTAEIbHYIO TOPUUIO UCTIBITHIBAIOT HA MpUCYTCTBHE NO;

noHa peakuuen ¢ KJ B mpucyrcTBun Kpaxmaia, 1o OKpalMBaHUIO pacTBOpa B SIPKO

CUHMI 1IBET.

3.3

K 1 ananutrgeckoit rpymmne annonos otnocarcs : ClI, Br, I, S, NO,, NO;

HMOHBI.

Cucremarnyeckui X004 aHaJIm3a CMeCH

aHMOHOB I aHAIUTHYECKOH IPYIIIbI

00630p peakunii | rpynmsl npuBeaeH B Tadnuie 3.1.
Tabnuya 3.1 — O630p peaxyuii anuoro I ananumuueckou epynnvl AHUOHO8

M| pearent Cr Br- J- Sa. NO2-
n/n
1 BaClz — — — — —
2 | AgNO; WgCl- AgBr - gl —xemrsiii|  YAg,S— | NAgNO, - Genpiit
OeIbIi JKEJITHIN 0ocajoK, He- YEPHBIN ocaJiok (13
OCaloK, 0CaOK, HE- pacTBOpUM B 0CaJoK, pac-|KOHICHTPHPOBAHHBIX
HEpPacTBOPHM PAaCTBOPUM B KHCJIOTaX, TBOPHM B PacTBOpPOB)
B KHCJIOTaX, | KHCIOTaX, | pacCTBOPUM B HNO;
PaCcTBOPHM B| paCTBOPHM B NH,OH
NH,OH NH,OH
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3 | HSO, m,sT |NO+HNO;
(paz0.) — — — 2NO + 0, —
2NO2
4 | H2S04 HCI HBr + Br, + I, + SO,1 H,S ]SO0, 1 NoTNO, 1 I
(koHII.) SO,1
5 | Pb(CH; COO),| WPbCl, - PbBr; - IPbBr, - 6enbii,|  WPbS —
OenbIi, OCIIBIH, pacTBOpHUM B YEPHBIH,
pacTBOPHM B| PAacTBOPUM B| ropsdeid pacTBOpUM B
ropsdei | ropsyei BOJIE, KH- HNO; _
BOJIE, BOJIC, KH- CJIOTax, IIeaoyax
KHUCJIOTaX, CJoTax,
mieaogax menodax
6 | Oxucmmrenn | CL,ICI0,, | Bry, BrO- I, S4S0,,1 HNO;
(KMnOy, ClO5y, |(xpacHo6ypoe|(po3oBodroneroBoe SO4 - mon
CrOa42), ClO, vonsl | OCH30IBHOE OEH30IbHOE
Cl, - Boga KOJIBIIO ), KOJIBIIO),
BrQOs- 10s-
7 |BoccranoBuTeIH NO sz ’ ﬂTOZT NQ
(KI'n np.) N, (
_ _ _ N Oy
ras.
NQC
]
8 |dudennnamun + HCl HBr + Br, + I, + S0, Cunee okpammBanue|  (
H2S04 SO,1 B OKpa
(koHIT.)
9 |Nay[Fe(C Nay[Fe(CN)s
N)sNO] - NOS] -
HUTPO- KOMILIEKCHOE
MIPYCCH]T HATPHSI - — — COCIMHEHUE _
KpacHo-
(uosreToBOTO
1BETa
10/ C€dCOs- cds -
CyCITEH3US - - - KEITHIN -
0cajoK

ANTOpPUTM aHaIM3a CMECU aHUOHOB | aHATMTHYECKOU rpymibl MOKa3aH B Ta0m. 3.2.
7.4.1. IlpeosapumenvHvie ucnvimanus (MIPOBOJATCA B OTIEIBHBIX MOPLMIX

HCCIIETyEMOT0 pacTBOpa)

YHUBEPCAIbHYIO WHIMKATOpPHYIO OyMmary u ompenensitoT pH  pacTtBopa.

Onpeodenenue pH-cpeowi. Kammo wucciegyemMoro pactBopa MOMENIAIOT Ha

Ecim

pacTBOp HE MAaXHET CepoBOAOpoaOM u 3HadeHue pH-cpensr He Oomee 1-2, TO

npucyrctBue NO,', S* -HOHOB, a TaKKe MOHOB, OOPA3YIONIMX JIETYYHE NPOAYKTHI B
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KHUCJIOU cpeac NCKIOYCHO, KaK U COBMECTHOC IMPUCYTCTBUC aHHMOHOB OKMCIIUTEIICH U

BOCCTAaHOBUTEIICH.

2.0mkpoimue u omoenenue S° -uona. KauecTBeHHOM peakuuen OTKpbITUs S* -

HOHa ABJIACTCA O6p&30BaHI/IC KOMIIJICKCHOI'O COCIMHCHU KpaCHO-(I)I/IOJICTOBOFO OBCTa

¢ HutponpyccuaoM Hatpust Na,[Fe(CN)sNO].

Ecimu S* -noH OTKpHIT, ero ymansior aeicteueMm cycnensun CdCOs; B Bume

CdS.
Ocanok 1: CdS Pactop 1: CI, Br, I, NO,", NO5
Tabnuya 3.2 — Cxema cucmemamu4ecko2o Xo0d aHaIu3a cmecu aHuoHos 1
epynnbl
Onepanuu PeareHt CI, Br-, J-, S, NO,, NO; - HOHBI
OTkpbITHE U CdCO; Ocanok 1 PactBop 1
OTJIeJICHUE UOHOB | (CYCIIEH3HS) ‘LCdS Cl,Br-,J°, NO,, NO; - HOHBI
S-2
Otnenenne CI, AgNO; Ocanok 2 PactBop 2 NO;,
Br-, J ~ - noHosn ‘LAgCl, NOj3™ - HOHBI
(pactBOp 1) J Aanl«AgJ
Otnenenue (NH,),CO; Ocajok 3 PactBop 3 [Ag(NH3),]",
CI - noHosn 2 AgBthAgJ CI - voHsI
(ocanok 2)
OTkpbiTHE KBr Ocanok 4 PactBop 4 He
CI - noHos \LAgBr nuccuenyercs
(pactBOp 3)
ITepeBon AgBru | Zn + H,SO4 Ocanok 5 PactBop 5
AgJ B pactBOp J Zn,JAg J -, Br™ - noHsl
(ocaiok 3) PactBop oV
OTKpbITHE Cl, - BOma + J, okpammmBaHue Br,
Br ul - nonos OcH30IT OEH30JILHOTO OKpaIIMBaHue OCH30Ib-
(pactBop 5) B KOJIRNa B HOT'O KOJIbI[a B KPACHO
¢uoneropo- BaTO-OypbIi [[BET
PO30BBII
I[BET
3.0mkpoimue u omoenenue NO; - uona. KadecTBEHHBIMH peaKIUSIMU

oOHapyxxenust NO,” - MOHa ABISIOTCS: 00pa3oBaHUE OKPAIIEHHOTO Ciosi OEH30ja B

npucytctBu NO, - MOsBICHHE

Oyporo raza NO, , oOpasyromierocss Mpu

MOAKUCIIEHUH UCCIIeAyeMoro pactBopa 1 M pacTBOpoM CEpHOI KUCIIOTHI,
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[Ipu o6Hapyxenun NO, - HOHA ero HeoOXOAUMO yIaJuTh U3-32 MEIIAIOIIErO
BIUAHUSA nOpu OTKpbITuM NO;~ - wnona. Yapanenue NO, - MOHAa NOPOU3BOAAT
00paboTKOM HCCIIelyeMOro pacTBopa TBepaoi MoueBuHOM (pumepHo 0.1 ) B 1 M
pactBope H,SO,.

4. Omxpoimue NOj - uona. KauectBeHHOM peakiueii ooHapyxeHuss NOz™ noHa
SABJISIETCS KameabHasl peakius ¢ 1upeHuIaMUHOM B KoHIleHTpupoBanHoit H,SO,. B
npucytctBu NOj - HMOHA TOSBIAECTCS MHTEHCHUBHO CHUHSSI OKpacKa BCJICICTBHUE
okucnenus nudenusiamuia odpasyrorieiics HNO;.

Cucmemamuuecxuu ananusz cmecu CI, Br, J -uonos.
1. PacTBOp 1 MOAKUCIISAIOT a30THOM KUCIOTOMN, MPUOABIISIOT HECKOJIBKO Karelb

pactBopa AgNQO; 1 HarpeBaror.

Ocanoxk 2: AgCl,AgBr,Agl PacTtBOp 2: HE nccnenyor.
2.0moenenue CI - uonos. Ocanok 2 o0OpabarbiBaloT 12 %-HBIM pacTBOPOM

KapOoHaTa aMMOHUS (TP PHEPTUYHOM BCTPSIXMBAHUHU) W OTICISIOT OCaIOK 3 Ha
uentpudyre. Trepapiit AgCl mpu 3ToM nepexoauT B pacTBop 3.

Ocanox 3: AgBr,Agl PactBop 3: [Ag(NH;),]", CI" - noHsr.
3.0npeodenenue CI - uonos. K pactsopy 3 no6aButh 1o xamisMm pactsop KBr.

[Ipy Hamuumu B pacTBope 3 KOMIUIEKCHBIX HOHOB [Ag(NH;3),]", mocmenHue
paspylalTcs, BcleACTBUE oOpa3oBaHuss AgBr (MHTEHCMBHOE TOMYTHEHUE
pacTBopa).

4. Ilepesoo AgBr u AgJ ¢ pacmeop. K npombeiToMy ocaaky 3 npuOaBuUTh 5-6
Kamejib BOJbI, HEeCcKoJbko Kamenb | M pactBopa H,SO, m HeOonmpmio Kycouek
MeTayuimyeckoro nuHka. CoaepkumMoe NpOOUPKM HarpeBaTtb MHpPU IMOCTOSHHOM
NepeMeNnIuBaHuM, TOoCle Yero OCaJoK OTHEHTpUPyrupoBarb HU  OTOPOCHUTH.
Lentpudyrar uccneaoarsh Ha Hanmuuue J u Br.

Ocanok 4: Zn, Ag PactBop 4: J°, Br™ - nonsl
5.0mxpvimue J, Br - uonos. K HeCKonbKUM KaruisiM pactBopa 4 1o6aButh 2-3

ka1 M pactBopa H,SO, , HeckonbkO Kamenb OeH3osa. 3areM nmpuodaBisTh mo 1

Kamie XJIOPHYIO BOJYy M XOPOLIO B30alThIBaTh cojep:kuMoe mpobupku. CHauana
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OKHUCIISIOTCS WOHEBI J°

(b10JIeTOBO-PO30BbIN 1IBET.

[Ipu nmanpHelmem npubOaBIeHUU  XJIOPHOU

BOJIbI

OKpacCKa

U OCH30JIbHBIM CJIOM OKpacuTCs B XapaKTepHBIM 1Jisi Hojaa

nucye3acT

BCJIEJICTBUE OKHUCIEeHUs J, B HogHoBaryto kuciotry HJOs, mociie 4yero B npucyTCTBUU

B pacTBOpe Br™ mosiBisieTcst KpacHOBaTO-Oypast okpacka 0€H30JbHOTO KOJIbIIA.

[TapannensHO ¢ JAHHOM peaknrer HOH J© MOKHO OTKpBITh peakuuen ¢ HNOs B

MIPUCYTCTBUM Kpaxmasa.

34

CucreMaTnyeckmii Xo/1 aHAJIM3a CMeCH
aHuoHoB Il ananuTHYeCcKOH rpynNbI
Ko II apanutryeckoii rpymme annonoB otHocarcs: SO42, SOz%, S,0;%, COs%,

PO4*, SiO3% - HOHBL.

00630p peakuwii I ananuTrueckoii rpyIbl aHUOHOB MPUBE/EH B Ta0. 3.3; X0

aHaJMn3a CMeCH — B Ta0J1. 3.4.

Tabauya 3.3 — O630p

peakyut anuonos Il ananumuueckou epynnvl aHUoOHO8

Ne .
wn Pearent SO SO;2- CO32- S203:2- PO3- SiO32-
1 BasO, - BaS,0; - | BasO;-| BaCO; | BaPO, - Basio; —
OCNbId, HE | — Gesblil OemIbIi, OeJIbIi, OeIbIi, OembIit,
PacTBOPHM | (y3 koHyl. |PACTBOPHM PACTBOPUM| PACTBOPHM pasJaraeMalii
KH-
BaCl, B KHCIIOTAX | pacTBOPOB) B B B KHCJIOTaX
KHUCJIOTaxX | KMCJIOTax cj1oTamu ¢
o0pa3oBaHUEM
H,SiO;
2 |AgNO; Wg2S0s | Ag2S203 | Wg,S0;5 - Ag,CO; | Ags PO, - 1 Ag,SiO;
— Genblit, | ~Ag2S— | Oenbli, | -Gembrii, | OeIBIi, — Oenbli,
(13 KoHIL. | O€nbIi, |PacTBOPHM pacTBOpUM|PACTBOPHM pasznaraeMsblit
paCTBOpOB) ITIOCTCIICHHO B B B KHUCJIOTax KH-
YEPHEIOIUH| KMCI0TaX | KHCIOTaxX CJIOTaMH C
oOpazoBaHUEM
H,SiO;
3 |SrCl, Srso, -~ $rS0; -| BrCO;-[ ¥  Sr3(POy), | ®rSi0; -
OebIi, Oemblit, | - Oenblii, | Oeblid,
PacTBOPUM| PACTBOPUM| pacTBOPUM B | pa3maraeMailii
B B KHCJIOTaX Kn-
KHCJIOTaX | KUCJIOTax CJIoTamu ¢
oOpa3oBaHUEM
H,SiO;
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4 HzSO4 - SOzT + S\l SOzT COzT HPO42-, JHzSin,—
(pas0.) H2PO4- noHb1 Oeublid,
CTYJEHH-

CTBII 0CagoK

5 H2S04 — SOzT SOzT COzT
(KOHIL.) H;PO, L H,Si0;
6 |Oxucaurenu S ,‘184062-, SO42-

— SO42- 1OHBI| WOHBI — — —

7 |Boccranosurenn SO,T, S |S, SE- yonb! SJ, S

HOHBI HUOHBI
8 |(NH4):Mo0O4 B v (NHy)s
a30THOM [PMo12040]
KHCJIOTE B _ _ _ — JKEJTHIN B
KPUCTAIUINYECKUN
0CaJI0K
9 | MgCl, 5 {MgNH,PO
MIPUCYTCTBUU 4 - OeIbIi
NH,OH B — — — — KPUCTAJUTUYECKUI -
NH,C1 0CaIoK

lIpedsapumenvnvie ucnoimanus (TPOBOASTCS B OTICIBHBIX  MOPLHUAX
HCCJIeyEMOT0 PacTBOpa).

Onpeoenenue pH cpedwvr. Karuio uccienyemMoro pactBopa IMOMEINAOT Ha
YHUBEPCATBHYIO WHAMKATOpHYIO Oymary wu ompenensitor pH pactBopa. Ecmu
3naueHue pH cpenbl He Oomneel-2, a pacTBOp HE COAEPKUT MYTH CBOOOJHOM CEphl U
He uMeeT crneurduueckoro 3anaxa SO,, cle0BaTENbHO B PACTBOPE OTCYTCTBYIOT
SO5%, S,05%, COs?" - HOHBI.

2.06napysicenue anuona PO, . KauecTBEHHBIMU pEaKLUUsIMU OOHAPYKEHUS
PO, - uoHa SBIAIOTCA: OOPA30BaHUE JKEATOrO KPUCTAILIMYECKOTO OCaIKa
dbochopomonmmnbaaTa aMMOHHMSI TIPU JICWCTBHM HA HCCIEIYEMBI  PacTBOP
MOIMOAATOM  aMMOHHMSI B a30THOKUCIOM  cpene;, o0Opa3oBaHue  0eoro
Kkpuctammyeckoro ocagka MgNH,PO, npu aelictBuM Ha HCCIEAYyEMBIA PacTBOp
Na,HPO, B npucyrcrBuu NH,OH u NH,CI.

Tabauya 3.4 — Cxema cucmemamuyeckoeo Xo0a aHaiu3a cmecu anuonos Il
epynnwl
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Onepaunu Pearenr SO42-, SO32-, CO32-, S2032-, PO42-, SiO32-
Ortkpeitue SiOz> HC1 (2M) ,Si0,
Ortxkpeitue PO a) (NHy);MoO, + a) 'éNH4)3[PM12040]
HNO; KENTBI KPUCTAJUIMYECKUI
0) Na,HPO, + 0CaJI0K
NH4OH + NH,CI 6) WIgNH,PO,
OeJbIi KPUCTATUTMYECKHUI
0CaJIoK
KMnO,4 + BaCl, B haSO4 PO30BOTO
Orxpairie SO, HCI - cpene BeTa
Ocax1IeHre HOHOB Sr(NO3), Ocanok 1
S042-, SO32-, CO32- HACHIIICHHBIN l31‘SO4, i’SrCOs, Pacreop 1
SiO32- pacTBop $rS0;, S’8i0; 52032-
OtkpriTHE a) 2M HCl a) S
S,03*(pactBop 1) 0) FeCl; Oelblii MK JKEITOBATHIH
0CaJIoK
6) Na[Fe(S203)2]
TEMHO-(HOJIETOBOE OKpa-
IIMBaHUE
Orxkpeitie SO3* so,
(ocanok 1) 2M HCl OGecIBeurBaHNE PACTBOPA
KMnO4
Orkpeitne CO3* co,’
(ocanox 1) 2M HCI IIOMYTHEHHUE U3BECTKOBOM
Wi 6ApUTOBOM BOIBI
3. Obnapyxcenue SiO3” - uona. K HECKOIBKMM KaIUIIM HCCIIELYEMOIO
pacTBOpa MemJIeHHO, MO KarusiM jgobaButh cmech 1 M H,SO, u NHyCl

OOpasoBanue Oenoro cryaenuctoro ocaaka H,S10; ykaspiBaeT Ha HpPHUCYTCTBHE

SiO;% - WoHa B pacTBOpE.

4, Obnapyacenue SO -uona. K HECKOJIBKMM KaIUIIM HCCIEAYEMOTO

pacTBOpa, mnoakucieHHoro 2 M pactBopom HCI,

npuOaBiIIOT S5  Kameib

KOHIIEHTpUpoBaHHOTO pacTBopa KMnO, u pactBop BaCl,. 3arem n36siTok KMnO,

BOCCTAHABJIMBAIOT JEWCTBUEM MEpOKcHUaa Boaopoxa. Ilpu 3TOoM  pacTBOp

oOeciiBeUMBaeTCs , a OCaJ0K OKpAIIMBACTCS B PO30OBBIM IBET, YTO CIYXKUT
JI0KA3aTeIbCTBOM NPUCYTCTBUA B ocagke BaSO,.

2-, SO32-, $,052-, CO32-, Si032-
CucremaTnuyeckui xoJ aHajau3a cmecu HoHOB SOy
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1.Ocaxcoenue uonos SO/, SO, COs*, SiOs  Oeticmeuem xaopuoa
cmponyus. YacTh HUCIBITYEMOIO PacTBOPA, MMEIOIIETO HEUTPalbHYI WU clIabo
IIEJIOYHYIO PEAKLUIO, TOMEIAIOT B IPOOUPKY U HarpesaroT. K ropsuemMy pacTBopy
100aBIAIOT HachIeHHbI pacTBop SrCl, 10 MONHOrO OCAXKIEHHS M OCTABISIOT
CTOATH 25-30 MUHYT.

Ocanoxk 1: SrSOy, SrSi03, SrCO;, SrSO; PactBop 1: S,0;% -uon
2. Omxpoimue S,03* - uona. K 2-3 kamam pactsopa 1 mobasnsror 3-4

kari 2 M pactBopa HCI u HarpeBaroT. Obpa3zoBanue 6€10il Win )KeITOBATON MyTH
CBOOOIHOM CepBl YKa3hIBAET Ha IpHUCYTCTBHE S)O3> - HOHA B PACTBOPE.

[Tpucyrcteue S,03% - HOHA B PACTBOPE MOKHO MOATBEPAUTE peakuuei ¢ FeCls
no o0pa3oBaHHIO OBICTPO HCYE3AIOIIEr0 TEMHO-(PHOJETOBOrO OKpAIIMBAHMS,
oOycnoBieHHOro komiuiekcHbIM coenuHeHueM Na[Fe(S,0;),]. Okpacka ucueszaer
BCIIEJCTBHE BOCCTaHOBJIEHHs HoHa Fe*" no Fe?'.

3. Omxpoimue SO3* - uona. K yactu ocagka 1 B IpoOUpKy NpUOaBIAIOT 2
M HCI, ObicTpo 3aKkpbIBalOT MPOOKOH C OTBOJHON TPYyOKO#, KOHEI KOTOPOM
noMeniaroT B cnadeiii pactBOp KMnO,. IlpoOupky momorpeBarOT M IPOITyCKAOT
BBIJICIIAIOIMICA ra3 yepe3 pactBop KMnO,. B kauecTBe cBuaerenss B APYryro
npoOupky OepyT Takoil xe o0beM pactBopa KMnO,. Yepe3 5 MuH. cpaBHUBAIOT
okpacky pactBopa KMnO, B o0eux mnpobupkax. I[lonHoe wunm yacTuyHOe
oOecuseunBanue pacteopa KMnO, ykassiaer Ha npucytcrBue SOs% - noHa.

4. Omxpoimue CO3> - uona. B mpobupky ¢ ocagkoMm 1 100aBiIsiOT
HECKOJbKO Kamenb 3% - HOro mepokcuja Bojopoaa (eciau Obutr OOHAPYKEHBI
AHUOHBIBOCCTAHOBUTEIM) M HecKoidbko Kamenb 2 M pactBopa HCI. bBsictpo
3aKpBIBAIOT MPOOKONM C OTBOAHOW TPYOKOW, KOHElL KOTOpOl OIyCKalT B
M3BECTKOBYIO WJIM 0apUTOBYIO BOAY (CBEXKENPUrOTOBIEHHYI0). [IpoOupKy ¢ ocankom
1 MoxHO cierka mnoaorperb. IlomyTHeHwe B mpoOupke C OapUTOBOW WIH
M3BECTKOBOM BOJIO# yKasbiBaeT Ha npucytcreue COs> - nona.

Bonpocs! ajst 00cykaeHnst
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1. Kakue n3 cBOMCTB aHMOHOB IMOJI0KEHBI B OCHOBY MX KJIacCU(UKAIIMKU Ha
IBeaHaIuTH4eckue rpynmnsl? HazoBute aHnoHbI 00€UX TpyIIL.

2. Kak pearupytor aHMOHBI IEPBOM AHAIMTHUYECKON TPyNIbl C KATUOHAMU
Ba?"; Bropoii — ¢ Ag+-nonom? Hanummure cOOTBETCTBYIOIME YPABHEHUS PEAKIHN B
MOHHOM M MOJIEKYJISIPHOM BUJE.

3. [IpumeHsSIOT 1M peareHThl OKUCIWUTEIM W BOCCTAHOBUTEIU NP
ananuzeannoHoB? Kak pearupyrot: 1) SO, ¢ pactBopamu KMnO, 1 I,; 2) NO, ¢ KI?
3anuuuTe ypaBHEHUS PEaKIUMi, UCTIOJIb3Yysl HOHHO-3JIEKTPOHHBIA METO/I.

4. Kakne u kak mpoBOJST MpeIBAPUTENIbHBIC HCIBITAHUS HA HAJIWYHE B
uccieayeMoi mpo0e: aHMOHOB TIEPBOM U BTOPOM TPYIIT, AHKOHOB-BOCCTAHOBUTENICH
Y aHUOHOB-OKHCIIUTEIIEH?

3. Hcnone3yroT 71 ApoOHBIM METOJ IpU aHaIW3e cMeceld aHUOHOB?
[IpuBenure npuMepsl.

6. Kakue mnpenBaputTenbHble MCIHBITAHUS MPOBOASIT NPU KAaYECTBEHHBIX
U3MEPEHUSX CMECEl aHHMOHOB MEPBOM U BTOPOU rpyI?

7. KakoB anroputM cucTeMaTH4eCcKOro aHaln3a cMecH raima-uoHoB? Kak
otnenstor AgCl ot AgBr u Agl?

8. Kakue mnpenBapuTenbHble MCCIEAOBAaHUS MPOBOIAT TIPU AHAIM3E
CMECHAHMOHOB BTOPOU IPyMIIbI?

9. Kak pearupyror: 1) S,0;* ¢ pacrsopom HCI? 2) SOs;* ¢ KMnO,?
3anuimuTe ypaBHEHUS PEaKIUi, UCTIOJIb3Yysl HOHHO-3JIEKTPOHHBIA METO/I.

10. Kakue aHUOHBI-BOCCTAHOBUTEIU MEMIAIOT OMNPECICHUI0 KapOoHaT-
noHa?

4 AHAJIN3 CYXOM COJIA
AHaJIN3 CyXOW COJIU IPOBOJST B ABE CTAJIUU:
1) npenBapuTebHbIC UCTIBITAHUS;
2) cucTeMaTUYeCKUil Wik JPOOHBIN aHAN3 KATHOHOB U aHUOHOB.
4.1 IlpexBapurejbHble HCTIBITAHUS
IIpeosapumenvHruvie ucnvimaHnus NO3BOJISAIOT:
a) MOJIyYUTh HEKOTOPbIE OPUEHTHUPOBOYHBIE YKa3aHUs, TO3BOJISIIOIIE BHIOPATh
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HamOoJjiee palMOHANIbHBIA cnoco0 TnepeBeAeHus o0pas3lia B pacTBOp WM
o0Jieryaromye BbIIIOJHEHUE aHAIN3a,;

0) yCTaHOBUThH MPUCYTCTBHE HEKOTOPBIX 3JIEMEHTOB, OOHApPY>KEHUE KOTOPBIX
3aTPYJHEHO MPU CUCTEMAaTUYECKOM XOJI€ aHaIM3a UM KOTOpPbIE U3MEHSIOTCS B XO€
aHanu3a (HampuMmep, 3a CYET U3MEHEHHUS CTEIICHU OKUCIICHUS ).

AHanu3upyeMoe BEIIECTBO JESIT Ha 3 YacTU: OJHA W3 HUX CIY)KUT 7S
MPOBEJCHUS TPEABAPUTEIBHBIX HCIBITAHWIA; BTOpas - IJS OTKPBITUA KAaTHOHOB;
TPEeThbsl - JJI OTKPBITHS aHMOHOB. HEeMHOTO CyxoW CONM OCTaBISIOT B 3amac Ha
clly4ail TOBTOPEHUsI OTAEIbHBIX ONepaliil aHaau3a.

Hpez[BapHTeanble HCIIBITAHKUA BKIOYAIOT CIICAYIOIINUC OIICPpAallhH.
le}eHKa BHewHe20 8U0d coau, acpezcamHnoco COCMOAHUA, yeemda, zanaxd. U3

(U3MYECKUX CBOWCTB MOXHO CJelaTh CJEIYIOIIME BBIBOJBI: a) OeCIBETHBIE
BEIECTBA HE MOTYT 3aKJII0YaTh HBETHLIX annoHoB (CrO4>, Cr,0s%, MnOy4 u 1.11.), a
Takke HBeTHBIX KatroHoB (Cr’', Ni**, Co?**, Cu?" u ap.); 0) cuHMIi LBET XapaKTepeH
nns mEorux coneit Cu?*, comn MnQy, -po3osoro usera, conu Ni?* - 3enenoro, Fe**
KENTO-KOPUIHEBOTO | T.JI.; B) 3alax — BAXKHBIA MPU3HAK HEKOTOPHIX COJIEH CIIaOBIX
OCHOBAHMM WJIM cJIa0bIX KUCIOT. Hampumep — TBepablil kKapOOHAT aMMOHHS TaXHET
aMMMaKOM, TUAPOCYIb(UT HATPUSI — CEPHUCTHIM ra30M H T.]I.

Oxkpawiueanue Heceemsawe20cs NIAMEHU 2A3080U 2OPeNIKU PA3TUYHLIMU
neMeHmamy; HaTpUh — JKENToe Iiams; 0apuil — 3eJIeHO-KENTOe; MEllb — 3€JIEHOE;
KaJIbIIUH — KUPIUYHO-KPACHOE; CTPOHIIMN — KapMHUHOBO-KPACHOE; CBUHEL, OJIOBO —
OneaHO-CUHee.

Buibop pacmeopumensn. JIns nepeBoja Cyxoill COIM B PacTBOpP MPUMEHSIOT
CTpPOTO TOCJIEIOBATEIbHOE PACTBOPEHUE COJIM NPU KOMHATHOW TeMIeparype u
HarpeBaHWM B CIICAYIOIIMX PacTBOpax: B JUCTHILIMPOBAHHOU Bojie; B 2 M pactBope
HCIl; B xonuentpupoBannoid HCI; B pazdaBnennori HNOj;; B KOHIIEHTpUPOBaHHOM
HNOs;; B mapckoii BoJIke.

Ilpoba na pacmeopumocms 6 6o0e. K HEOOIBIIION TOPIIUU COJIM MPHUIUBAIOT 35

cM®  JMCTUIUIMPOBAHHOW BOIBI M DHEPIUYHO B30ANTHIBAIOT. Eciam comb  He
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pacTBOpPSIETCS, CMECHh HATPEBAIOT 0 KUIIEHUS. B cilyyae, eCiu coyib pacTBOPSIETCS B
BOJI€ MOJIHOCTBIO, IPYTUX MPoO Ha PaCTBOPUMOCTH HE JenaroT. Eciu ke coib B Boje
HE PacTBOPHUJIACh, MPOOYIOT pAaCTBOPUTH €€ B KUCIIOTAaX.

Ilpoba mna pacmeopumocms 6 kuciomax. HeOONBIIYI0 TOPLHIO COJU
HOMEINAIOT B MPOOMPKY, NPUIMBAIOT 3-5 ¢’ pasbasnenHoi 2 M HCl u Harpesarot
cMech 110 KureHus. [Ipu oTcyTCTBUM pacTBOpEeHHs pa30aBICHHYIO KUCIOTY CIMBAIOT,
npuoaBsitoT KoHUeHTpupoBanHyto HCl u HarpeBaroT cHoOBa.

Ecnu conb He pactBopsiercs B koHIIeHTpupoBanHoi HCI, npoOyroT pacTBOpUTH
ee cHayana B 2 M HNO; , 3arem — B koHuieHTpupoBanHoit HNO; (mmpu koMHaATHOM
TeMmreparype u npu HarpeBanuu). Eciu conb He pacTtBopuinack B HNOj, mpuMeHsitor
B KaU€CTBE PACTBOPUTENS LIAPCKYIO BOJIKY.

BoNpIIMHCTBO HEPACTBOPUMBIX B BOJE COJIEW PACTBOPATCS YXKE IPU IEUCTBUU
Ha HuxpaszOasieHHot HCI. A3soTHas kwuciora, AeHCTBYS KaK OKMCJIHUTEIIb,
pacTBopsieT psia BemiectB, HepacTBopumblx B HCIl: cynbdunbr xatuonos II, IV,V
rpynn, Hanpumep CuS, PbS u T.m. Ilapckas Boaka mpumeHsieTcs s NepeBojaa B
pactBop HgS.

Ecmu BemectBo pactBopumo B HCl u HNO;, npeanourenue cieayer OTAaTh
HNOj;, NOCKONbKY HUTpaTbl MEHEEe JIETY4YH, YeM XJIOPUJbI, W, YyJaisis H30BITOK
KHUCJIOThl BBIMIAPUBAHUEM, MEHBIIE PUCK MNOTEPU OTICIBbHBIX COCTABHBIX YacTeu
aHaJIM3UpyeMoro oopasiia.

IIpu pactBOopeHun cyxod conu B paszbaBiaenHorn HCl wnabmromaror, He
BBIJICIISIIOTCS U Ipu 3ToM Traszel H,S, CO,, SO,, NO,, Tak Kak 3TO MO3BOJIAET CACIATh
BBIBOJ| O IPUCYTCTBUM WIIM OTCYTCTBUM aHMOHOB: S, SOs*, COs*, S,0;%, NOs".

ITocne Toro, kak pacTBopuTeib Moaoopan, 6epyt okono 0,05 r uccienyemon
COJIM U MEPEBOAAT €€ B pacTBOp. BOMHBIM pacTBOp HCCIEIYIOT HEMOCPEICTBEHHO.
[Ipu 3TOM cnenyer oOpaiaTh BHUMaHUE Ha OKPAcKy pacTBOpa, O KOTOPOM MOKHO

CACIaTh NMPCABAPUTCIbHBIC BHIBOABI O HAJIMYUU OKPAIICHHBIX KATUOHOB U dHNOHOB.

70



ITo Bennunne pH wucciaemyemoro pactBopa MOXKHO CHENaTh PsAJ BBIBOJIOB.
Hampumep, B CHIILHOKUCION cpene He MoryT coxepxkarbes CO3;%, S,05*, NO, -
HOHBI.

Ecnu B pacTBOpe COAEPKUTCA TOJIBKO OJMH KaTHOH, TO 10 3HaueHuto pH
MO>KHO TIOYTH OJIHO3HAYHO CYJIUTh 00 OTCYTCTBUU CJIEIYIONUX KaTHOHOB: pH=3 —
SnZ*, Sn*";pH 3 5 — Fe**, Hg?",Cr**, Mg®;  pH 5 7 — Cu?¥, APP", Zn*", Fe**, Ni?*,
Co?*pH 7 9 — Pb*, Ag", Cd**, Mn2*; pH=9 — Mg?".

PactBopsisi conp B pazbamieHHOM wiau KoHueHTpupoBaHHoit HCI, cnemyer
u30erath n30biTka HCI, T.x. Hanuuue GOJBIIOTO KOJIMYECTBA KHUCIOTHI B PacTBOpE
CO3Ja€T 3HAYUTEIbHBIE 3aTPyJHEHUs TpU JanbHedmeM aHaiu3e. Ecoum s
pacTBOpeHusi conu Ob1a BeiOpana HNO; wim mapckasi Bojika, TO paCTBOPEHUE COJTH B
KHUCJIOTE MPOBOJAT B (papdhopoBoil yamike mpu HarpeBanuu. [locie yero octopoxHo,
n30erasi MpOKaJIMBaHUS, CMECh BBIIAPUBAIOT MOYTH JocyXa (MOJ TAroi). 3arem
npunuBatoT 25-30 Kkamenb BOJIbI, MEPEMEIIMBAIOT PACTBOP M IMEPEHOCAT €ro B
MPOOHPKY.

Wuorna cosib HE yaeTcsi paCTBOPUTH JIaKe B IAPCKON BOJIKE.
llepegedenue 6 pacmeop coneil, nepacmeopumvix ¢ kuciomax. K Beniectsam,

HEpPACTBOPUMBIM B KHCJIOTaX, OTHOCATCS: TranoreHujnl cepedpa AgCl, AgBr, Agl;
MajniopacTBopumsie cyibdatel BaSO,, SrSO,4, CaSO,4, PbSO,4; HeKoTOpbIE CUITUKATHI.

["anmorennnpl cepeOpa mepeBoAsATCS B pacTBop cienyromuM obOpazom: AgCl
pactBopsiercss B NH,OH c o6pa3oBanuem komiiekcHou conu [Ag(NH;),]Cl,
paznaralpouieiics npu NOAKUCICHHH pacTBOpa a30THOW kuciorod; AgBr u Agl
MOXHO Pa3loXUTh, NEUCTBYSI HAa 3TU COJU KYCOUYKOM METAJUIMYECKOrO IMHKA U
H,SO, npu HarpeBanuu, Hapumep:

2Agl+Zn 4 — 2Ad+ Zn* + 27
UepHblif 0caIoK METAUTMYECKOT0 cepedpa pacTBOPAIOT MPU HarpeBaHuu B 6 M

pactBope HNOj3 1 3aTeM 00HapyKUBarOT Ag' CHEIUPHUUCCKUMHU PEAKIUSIMH.
Annonsl J© u Br- oOHapyXuBarOT B IMOJIYYEHHOM pACTBOPE MPH TMOMOIIH

XJIOPHOU BOJBI.
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TpynnopactBopuMbie cyib(harbl Oapus, CTPOHIUS M KaJbIUS MEPEBOJAT B
pPacTBOp MHOTOKPATHBIM KHUITSTYEHHEM C HACBIIIIEHHBIM pacTBOpoM Na,COs.

ManopactBopumsliii cynbpatr PbSO, pactBopsitor B 30% pacTBope aierara
aMMOHMUSI, a TAKXKE B M30BITKE €AKUX MIETOUCH.

He pasnaraemble KHCIIOTaMH CHJIMKAThl MEPEBOJAST B PACTBOP CILIABICHUEM
XOpOIIO HW3MEIBYEHHOI'O BEIECTBA C MPUMEPHO MIECTHUKPATHBIM KOJIUYECTBOM
Na,CO; unmu K,COj;. Ilpu 5TOM 00pa3yroTcsi pacTBOPUMBIC CHIIMKATHI HATPUS WIH

KaJlus:

Si0, + Na,CO; ~ NaSiO; + CO, T
PacmuraB mocie oxnaxnenus odpadateiBaroT 2 M HCI. IlonydenHsiii pacTBop

JUIS TIEPEBEJICHUS KPEMHHUEBOM KHCJIOTHI B HEPACTBOPHMMOE COCTOSIHHE 2-3 pasa
BbIIApUBaOT jAocyxa ¢ KoHueHTpupoBaHHOM HCI. OctaTok mnocie mnocieaHero
BBITIAPYBAHUSI HArpeBalOT C HECKOJBKUMHU KaruisiMu KoHueHTpupoBanHot HCI,
nooasimstor  20-30 kameiar  BOOBI W, OTHEIUB  LEHTPpUPYTHPOBAHUEM
HepactBopuBInytocs H,Si03, 00bIYHBIM CITOCOOOM UCCIEAYIOT PACTBOP Ha KaTHOHBI.
8.14. [Ilpoba ma npucymcmeue oKuciumenei U B0CCMAHOBUMENEII.
Oxucnurenn OOHAPYKMBAIOT JCUCTBHEM HAa AaHAIM3UPYEMOE BEIIECTBO CMECH
KJ+H,SO,; BoccTanoBuTENM 00HapYyxuBatoT AeiictBuem cmecu KMnO,4 + H,SO,.

4.2 CucreMaTH4ecKHUil X0/1 aHAJIN3A UCCJIeyeMOH COJIH
CucremMaTUyecKuil aHajlv3 MOJYYEHHOTO pacTBOpa BKIIOYAET CIEAYIOLIUE

ATaIbl: 00HAPYKEHHE KaTHOHOB, 00OHAPYKCHHE aHUOHOB.

Obuapyosicenue  kamuonos. llocie  NpeaBapUTENBHBIX  UCHBITAHUN U
pacTBOpPEHUSI BEIIECTBA aHAIN3 HAYUHAIOT C OOHAPYKEHHSI KAaTHOHOB.

I[Ipexne Bcero, oTKpbiBaroT Katnousl VI rpymmsl: NH,', K¥, Na* u Fe**, Fe" us
OTICNBHBIX TOpIHUI pacTBopa (katmoH Na® U3 CyXOW COJM IO OKpaIluBaHUIO
maMenn). Eciiy yka3zaHHBIC KaTHOHBI HE 0OHAPYKEHBI — IIPOBOJIAT CUCTEMAaTUUCCKUN
XO0JI aHaJaM3a KAaTHOHOB IO II.2 HACTOAIIETO Y4YeOHO-METOJIUYECKOTO IOCOOHSI.
CrnemyeT mOMHUTD, UTO MOKET ObITh IBOMHAs conb Tuna NaKCO; unu MgNH,PO,4 n

T.II.
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ObHapycenue anuonog. 1IpUCyTCTBUE WM OTCYTCTBHUE HEKOTOPHIX aHUOHOB
YCTAQHABJIMBAIOT TIOMYTHO € TOAOOPOM pacTBOPUTENS aHAJIU3UPYEMOW COJIH,
Harpumep, annoHbl S2, SO3%°, CO3*, NO,” 00bIMHO YCTaHABIMBAIOT 10 BBIIEICHHIO
COOTBETCTBYIOIIMX Ta30B IPH MOJKUCIEHUH PACTBOPOB, a B Cllydae Hanuuus S,03>
MIPOMCXOUT BBIJICIICHUE CEPHI.

O6 oTCcyTCTBUM WJIM TPUCYTCTBUM T€X WJIM HWHBIX aHHMOHOB B HCCIIEyeMOM
COJII MOKHO CYIUTBh IO PAaCTBOPUMOCTHU COJIEH YK€ OTKPBITHIX KaTHOHOB. Eciu B
pacTBOpE OTKPBITHI KATHOHBI TSKENIBIX METAUIOB, K KOTOPBIM OTHOCSITCS BCE
katuoHsl LILIILIV,V rpynm, ux Heo0XoauMo ynaauTh U3 pacTBOpPa, YTOOBI OHH HE
MEIIIM OTKPBITHIO AHMOHOB. ITO JOCTUTACTCS KHUIISTYEHHEM HCCIEIyEMOIo
BEIIECTBA C HACBIMIEHHBIM pacTBOpoM Na,COs;. Ilpu 3TOM aHHMOHBI, BXOMSIIUE B
COCTaB HEU3BECTHOM COJIM, MEPEXOMASIT B PACTBOP B BUAE COOTBETCTBYIOIIMX COJIEH
HATpHsl, KATUOHBI OCTAIOTCS B OCAJIKE:

BaSO; + Na,CO; = ¥BaCO; + Na,SO;

DAICL; + 3Na,COs + 3H,0 = YAI(OH); + 6NaCl +3C0,T
[Tockonbky COs* BBOAUTCA NPU TPOBEJEHUHM «COLOBOM BBITSDKKH», €TI0

HaJMYu€ WU OTCYTCTBHME YCTAHABJIMBACTCS B OTHAEJIbHOW IMOPUUU HCCIIETyeMOn
cosit. COZIOBYIO BBITSKKY MPOBOAAT clienyromum oopazom: 0,1 r ucciegyemoit conu

cMemmBaor ¢ 0,4 r cyxoit OesomHoii Na,COs;, npubasisior 2,5 c¢M® BOIBI,

HarpeBaroT MpU NMEPEMEIINBAHUMN CTEKJISTHHOW MaJIoukoul. Jlanee KumsaTar ~ 5 MuH.,
MpUOABJISAS O MEPE UCTIAPEHUS 10 KaIUISIM BOAY. 3aTeM PacTBOP IEHTPUPYTHUPYIOT.

PactBOp HENTpaMU3yrOT YKCYCHOM KUCIOTOW 10 pH = 7 ¥ HCnonb3yroT 1y1st
OTKPBITUSI aHUOHOB. ECiiu mocie npoBeAeHUs «COI0BOM BBITSIKKW OCTAJICS OCAO0K,
B HeM MOryT Haxoauthes PO, S?°, Br u J” - HOHEL

s otkpeitus PO,4> - noHa yacTh ocanka 00padaTeIBaOT IPY HArPEBAHKU 6
M HNO:;. B pactBope otkpbiBaroT PO, cOOTBETCTBYIOMIMMHI Ka4e€CTBEHHBIMU
pEaAKLIHSIMH.

JIpyryro MOPLUIO OCajKa UCHBITHIBAIOT Ha S - woH aeiicteueM 1 M H, SO4 u
METAJUIMYECKOr0 IIMHKA. Peaknnio BenyT B ra30BOMl KaMepe; MHAUKATOPOM CIIY>KHUT
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oymara, cmoueHHass Pb(CH;COQ), . Monsl Br™ u J- oTKpbIBalOT B pacTBOpeE MocCie
nerictBust Ha ocanok 1 M H,SO, u MeTamMyeckoro nuHKa JACHCTBHEM XJIOPHOMU
BOJIBI.

PacTtBOp, MOJIydeHHBIN MMOCJIE «COMOBOW BBITSKKW» CIYXKUT UL OTKPBITHS
AHHUOHOB.

Cuauvana pnedcTBYIOT Ha ojHy nopuuto pactBopa BaCl, mpu PH=7, a na
apyryto - AgNO; + HNOs;, ompegensisi, TakuM o0pa3oM, K KakOW aHAJIUTHYECKOU
rpynne NpuHAaIIeKaT aHUOHBI UCCIIEAYEMOI0 BEIIECTBA; a 3aT€M IMPOBOJAT aHAJIU3
QHWOHOB B COOTBETCTBUU C I1.3 HACTOSIIETO Y4EOHO-METOMUECKOTO ITOCOOUSI.

Bomnpocs! s 00cyxaeHust
1. CKOJIBKO U KaKUX CTaJIui BKIIFOYAET MPOIECC KAYeCTBEHHBIX U3MEPEHUI

CyXoM coyn?

2. Kakue mpeaBapuTenbHble UCCIEAOBAHUS MPOBOMAST MPU aHAIN3E CyXOMu
cou?

3. Kakue pacTBopuTenn UCTIONB3YIOT IS TIEPEBOIa CyXOM COJTM B PacTBOP?

4, O HaIMYMM KakuxX HMOHOB CBHUJETEJIbCTBYET BBIJICJICHUE Ta30B IpPU

neicTBUUPa30aBIEHHOMN COJISTHOM KHUCIOTHI HA CYXYO COJIb?

5. Kakyro wundopmanuio maer BenmuuumHa pH wuccieayemoro pactBopa
cyxoucosn?
6. Kakum oOpazom wmanopactBopumbie ranmunel AgCl, AgBr, Agl u

cynbdareiBaSO,, SrSO,4, CaSO,4, PbSO4M0XKHO pacTBOPUTH?
7. Kakne oOCHOBHBIE »3Tambl BKIKOYAET aJrOPUTM CHUCTEMATHYECKHX

UCCIIeIOBaHUM CyXoil conn?
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Pa3zaen 2 KOJJMYECTBEHHBIN AHAJIN3
[IpuoOperaembie xkomneteHiuu OOIl npu u3yueHunm Mmarepuana pasjuena —

IIK-1, TIK-9, TIK-21, IIK-23. bakanaBp OyaeT roToOB HCIOJIH30BaTh OCHOBHBIC
3aKOHBl ECTECTBEHHOHAYYHBIX HUCIUIUIUH B TPO(ECCHOHATBLHON N1eATeNTbHOCTH,
MPUMEHITh METOJbl TEOPETUYECKOT0 U HKCIEPUMEHTAJIBLHOIO HCCIIEIOBAHUS,
crocoOeH MpUOOpeTaTh HOBBIE 3HAHUS B O0JACTH TEXHUKM U TEXHOJIOTHUH,
MJIAHUPOBATh W MPOBOJUTHh (PU3UUECKHE M XUMHUYECKUE IKCIIEPUMEHTHI, TPOBOIUTH
00pabOTKy MX pe3yJIbTaTOB U OLICHUBATh MOTPEIIHOCTH.

B paznene npuBeneHbl IpUMEpPHl U 3aJja4, pacCMaTpPUBAEMBbIE MO OCHOBHBIM
teMaMm auctuiuinHbl, corimacHo PI'OC BIIO u paboueit yueOHONM MpOTpaMMEI.
Kaxxmoe 3aHsaTHE pacCUnTaHO Ha 2 Yaca ayIUTOPHOU pabOTHI.

IIpaBuia oOpaieHns ¢ aHAJIMTHYECKUMHU BeCaMHU
Hcnonb3yembie B KOJMUYECTBEHHOM aHAM3€ aHAJTUTUUYECKUE BECHI MO3BOJISIIOT

B3BCIIIMBATh pa3juyHbIe Teja, uMmeromue Bec He Oosiee 100-200 T ¢ TOYHOCTBIO 110
0,0002.

Ilepen HawajgoM B3BEHMIMBAaHUS HEOOXOJMMO MPOBEPUTH UYHCTOTY U
HCTIPaBHOCTH BECOB.

B ciydae HencnpaBHOCTH BECOB 00PAaTUTHCA K COTPYIHUKaM JIaDOpaTOPHH.
Henb3s nprkacatbes K HeappeTUPOBAHHBIM BECAM.
[Ipu appeTupoBaHMM WJIM HEAPPETUPOBAHUU PYUKY apperupa CcieayeT

MOBOpa4YMBaTh MEIJICHHO.
B3BemmBaemblii MpeIMET U Pa3HOBECHI KJIACTh Ha YalllKi BECOB UJIM CHUMATh C
HUX, HEOOXOJUMO TOJIBKO TIOCIIE€ apPETUPOBAHUS BECOB.

Henp3s cTaBuTh Ha BECHI BJIAXKHBIC UJIN I'pA3HBIC ITPCAMCTHI.
Henn3s knacTe B3BEHIMBACMOE BCHICCTBO HCIIOCPCACTBCHHO Ha YalIKy BCCOB

WKW B3BCIIMWBATH HA JIUCTKE 6YMaFI/I.

Henb3st mpockinaTh WM NpOJUBaTh HUYErO BHYTPH I1Kada BECOB.
Mo>kHO B3BElIMBATH BEIIECTBO B OIOKCE, TUTJIE, CTaKaHe, MPOOMpPKE WM Ha

9aCOBOM CTCKIIC.

Hecroiikue BCUICCTBA B3BCIINBATL B ICPMETUUCCKHU 3aKPBITHIX COCYIaXx.
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Henp3s B3BemmMBaTh TroOpsiuMe W XOJOAHBIE MPEAMETHI. B3BemmBaeMbli
MPEAMET JOJDKEH MPUHATH TEMIIEPATYPY BECOB.

[Ipy B3BEMIMBAHUKM TIOJIB30BATHCS HCKIIOYUTEILHO OOKOBBIMU JIBEpIIAMU
mkada. Korga Becbl HeappeTHPOBaHBI, IBEPIIbI TOJKHBI OBITh 3aKPBITHI.

PasnoBecw! cnegyet O6paTh TOIHKO MTUHIIETOM.
Co0nro1aTh TUIIMHY B BECOBOM KOMHATE.
TexHHKA B3BeIIMBAHHUS HA aHAJIUTHYECKHX Becax
BxitounTh OCBETNIMTENh MPU MOMOIIM INTENCEIbHOM BWIKH CO LIHYPOM.

OTperynupoBaTh TMOJOXKEHHE HYJIEBOM Touku. /[ 3TOro, HE OTKPBIBasl IBEPOK
mKkada, OCTOPOKHO TMOBOpayMBaTh [0 OTKaza pydyky apperupa. [lpum sTom
ABTOMAaTUYECKH BKJIIOYAETCS JIAMIIOYKA OCBETJIHMTENS W Ha JKpaHe BeiTorpada
TOSIBIIICTCS YBEITMYCHHOE W300paKCHHE MUKPOIIKAIbl MPUKPEIUICHHON K CTpEKe
BecoB. [Ipu HeHarpyXeHHBIX BecaxX HyJb IIKaJIbl JOJKEH TOYHO COBMANaTh C
BEPTUKAJILHON JIMHUEH Ha 3KpaHe (BehTorpade). Eciu Takoro coBmajeHus HET, €T0
HY>KHO IOOMTBHCSA, Bpalllas B TY WIM UHYIO CTOPOHY TOJIOBKY PETYJIMPOBOYHOTO BUHTA
710 TIOJTHOTO COBIAJCHHS BEPTUKAJIBHOW JIMHUM BeUTOrpada ¢ HyJIeM IIKaIbI.

[Tocne mpoBepkH HYJIEBOW TOYKH BEChl OCTOPOXKHO appeTupoBaTh. Ha jeByro
YamIky KJIacTh B3BEIIMBAEMBIA MPEAMET, a Ha MPaBYI — PA3HOBECHI U MPOBOIUTH
B3BEIIMBAHNE C TOYHOCTHIO 110 | T.

[Tocne sTOorO TpPHW 3aKPHITHIX ABEpIAX MIkada C MOMOIIBI0 BPAIAIONIETOCS
BHEIIHETO JMCKA HAaWTHU JECSATHIC JIOJIM TpaMMa, COBMEIAsi HETIOABIKHBIN yKa3aTelb
C pasnuuyHbIMU Iudpamu aucka. [Ipm KaxaoM mNOBOpoTe IUCKAa HEOOXOIUMO
appeTHpPOBaTh BECHI.

[Tocne 3TOr0 MOBEPHYTH PYKOSTKY appeTrpa A0 OTKa3a U KIaTh MPEKPaICHHS
JBMKEHUS IIKAJIbl HA OCBEIICHHOM JKpaHe. 3aTeéM CHeNiaTh OTCYET IO IMOJIO0KEHUIO
BEPTUKAIBHOM JIMHUKA Ha IIKale OJKpaHa. KpylHble JeneHus 3TOW  IIKaJbl
COOTBETCTBYIOT THICSYHBIM JOJISIM TpaMMa, a MEJIKUE — IeCATUTHICSTIYHBIM. 3HAYCHHUS
midp co 3nakoMm |+l mpubaBuTh K Macce pa3HOBECOB, NMOMEUICHHBIX Ha IPaBYIO
yamky. 3HaueHus uudp co 3uakoM Il — Il Beraects.

3anuch pe3yabTaTOB B3BCIINBAHMS B J1a00PATOPHBIN KYPHAJ
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Cnauasia B3BEIIMBAIOT MYCTYyI0 Tapy (OIOKC, CTakaH, 4aCOBOE CTEKJIO), 3aTeM —
Tapy ¢ BemiecTBoM. [lo pasHocTH HaxomsT maccy BemiectBa. [lpu B3BemmBaHUU
VUYHUTBIBAIOT TOJBKO (haKTHUECKYI0 Maccy pa3HoBecoB. [Ipumep 3amucu pesyibrara
B3BEIIMBAHUS MPUBE/IEH B Ta0. 2.1.

Tabnuya 2.1 — @opma 3anucu pe3yibmamos 836euU8anusl

dakTruyeckas
HomunanbHas
Macca pa3HOBECOK, [Ipumeuanue
Macca pa3HOBECOK, T .
5 4,9998 IToxazanus BHemHero aucka (0,7000)
2 1,9989
0,7000 0,7000 [Tokazanus BHyTpeHnHero aucka (0,2000)
0,0200 0,0200
+0,0015 +0,0015 [Tokazanus mkansi(+0,0015)
Hroro: 7,7215 7,7202

TexHuka IkcnepuMeHTa B TATpUMeTpUH. MepHasi mocyaa
IIpy BBIIOTHEHWHM TUTPUMETPUYECKUX HM3MEPEHUN 4YacTO INPUXOIAUTCS

OTMEpATHh TOYHBIE OO0BEMBI PA3NUYHBIX KUAKOCTEH. [l TOYHOro uU3MepeHus
00BbEMOB yNOTPEOIAIOT OFOPETKU, MUMIETKU U MEPHBIC KOJIOBI.

Mepnvle xonbvr cnyxar Jjis  TPUTOTOBJICHHUS pabOuMX  CTaHIAPTHBIX
TUTPOBAHHBIX PACTBOPOB W pa3z0aBlieHUs XUAKUX TPo0. OHU MpEeaCTaBIsAOT coO0M
TUTIOCKOJOHHBIE COCYJIbI C Y3KUMU U JUTMHHBIMHU TOPJIBIIIKAMHU, HA KOTOPBIX UMEETCS
MeTKa. s MpaBUIBHOTO HM3MEPEHHs 00beMa Ba)KHO, YTOOBI IJ1a3 HaOMHOJaTels
HAaXOAWJICS Ha OJHOM YypOBHE C METKOH, a HWXKHSIS 4YacTh MEHHCKA >KUIKOCTH
Kacajioch Obl 3TOM 4epThl. UeM MEHbIEe AMAMETP TOPJIbIINIKA, TEM TOYHEE MOXKHO
U3MEPUTH 00BEM.

B MepHBIX KOJT0axX HENb3sl NITUTEIHHOE BPEMsI XpaHUTh MPUTOTOBIICHHBIE PACTBOPHI.
Ilunemxku ciyxat 1Jis IepeHOca OMPEAEIEHHbIX 00bEMOB KUJIKOCTU U3 OJHOTO

cocyna B Japyroil. OHM TpeINCTaBIsAIOT COOOM TOHKHE CTEKISIHHbIE TPYOKH C
pacmiupeHueM B cpenHedl dactu. HwkHuit koHern, TpyOku oTTsHyT. Ha mieiike
MMUANETKHU, UAYIIEN K BEPXY OT pACIIMPEHHUS, UMEETCS Kpyrosas uepra. /o 3Toi MeTku
HY)KHO HAINOJHUTh THUIETKY, YTOOBl OOBEM BBUIUTON JKHUIKOCTH B TOYHOCTH

COOTBETCTBOBAJI YKa3aHHOMY Ha IUIIETKE 00bEMY.
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UToObI HAMIOJIHUTH MUIETKY, €€ OEPYT OOJBIIUM U YKa3aTeJIbHBIM MaJIblIaMU U
OIyCKAalOT HUXHUM KOHIIOM B pPacTBOp. 3aTeéM C MOMOIIbIO PE3UHOBOM TpYyIIH
3aCaChIBAIOT KUIKOCTh BHYTPh MHUMETKH, MPUYEM MEHHCK JIOJDKEH MOJHATHCS YYyTh
BBIIIIE METKHU. BBICTPO 3aKpBIBAIOT BEPXHEE OTBEPCTHE YKa3aTEJIbHbIM MaJbLEM H,
JepKa TMUIMETKY CTPOro BEPTUKAIBHO, IOCTENEHHO OCHa0JSIIOT HaXUM, [aBas
KUJIKOCTH OMYCTUTBHCSA /10 METKU. B 3TOT MOMEHT HYKHO BHOBb IUIOTHO 3aKPBITh
otBepcTue. UTOOBI BEUIUTH KUJIKOCTh U3 MUMETKH, MPUKACAIOTCS €€ HUKHUM KOHIIOM
K BHYTpEHHEH MOBEPXHOCTH cocyja. [locie 3Toro ocnabistoT KOHYUK MUMETKUA MPU
CONPUKOCHOBEHUHM CO CTEHKON M oxuparT eme 10-15 c. OctaTok XKUAKOCTH W3
KOHIIa MUTNIETKU BbIAYBATh HEJb3SI.

biopemku mnpenHazHaueHbl IS U3MEpPEHUS OOBEMa BBITEKAIONMIEH W3 HHUX
JKuakocTd. OHU TPEACTaBISIOT COOOM CTEKIISIHHBIE UUIWHIPUYECKHE TPYOKH C
JICJICHUSIMU Ha BHEIIHEH MoBepxHOCTU. HyseBast Touka mikajibl HAXOAUTCS B BepXHEH
yacTu Oropetku. HkHuil KoHelr OI0peTKU OTTSHYT U CHAOXKEH 3aTBOPOM, B KQUECTBE
KOTOPOT'O MOTYT OBITh CTEKJIIHHBIN KpaH, epeXBau€HHAs] METAJUIMUYECKUM 3KUMOM
pe3uHoBasi TpyOKa CO CTEKJISHHBIM HAKOHEYHUKOM WM CTEKJISTHHBIA IIapUK,
BCTaBJICHHBIN B PE3NHOBYIO TPYOKY.

Kanubposka u couzmepenue meprnotii nocyowt. Ilocne TaTenbHOM OYUCTKUA U
MOCJEAYIONIEH CYIIKH MEPHYIO MoCyy (dalie Koja0y WM MUIETKY) KamuOpytoT. Jms
4ero mpeABapUTEIBLHO B3BEIIMBAIOT HA AHAJIMTHYECKUX BeCaX MEPHYIO KOOy u
3aMoOJHSI0T JAUCTUUITMPOBAHHOM BOJ0M. CHOBa B3BEIIMBAIOT C BOJOHW U HAXOAST
Maccy BOJIbI. 3Hasi Maccy BOJIbl U €€ IJIOTHOCTh, PACCUUTHIBAIOT UCTUHHBIN 00bEM

KOJIOBI.
Jlns xanuOpOBKM IHIETKH €€ COAEpKHMOE (IMCTHIUIMPOBAHHYIO BOLY)

BBUIMBAIOT B MPEJBAPUTEIILHO B3BEIICHHBIN Ha aHAIMTUYECKUX Becax cTakaH. CHOBa
B3BEIIIUBAIOT, HAXOSIT MAacCy BOJIbI M JAJIE€ PACCUUTHIBAIOT 0OHEM MTUIETKHU.
Ha npakTtuke yamie kanuOpyrOT MUIETKY U 3aT€M COU3MEPSIOT €€ ¢ MEpPHOM

KOJIOOM: cooTHomeHne 00beMOB MHUNETKH (Viumers) U MEPHOM KOJOBI (Vion6u)
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JTOJDKHO ObITh cooTBeTcTBeHHO 1:10. I[losTOMy B COBEpIIEHHO CyXyH KOJIOY
Mocje0BaTeIbHO HaMMBalOT 10 THUIETOK AMCTWUIMPOBAHHOM BOJBI. 3aTeM Ha
TOPJIBIIIKO MEPHOM KOJIOBI IO HIYKHEMY Kpar0 MEHHCKA Y3KOW IMOJOCKON KalubKu (2
MM) OTMEUaIOT HOBYIO METKY.

Texnuxa mumposganus. Ilepen HayaloM TUTPOBaHUSI OIOPETKY OIMOJIACKUBAIOT

pabourM pacTBOpPOM. 3aTeM CTPOrO BEPTUKAIBHO 3aKpEIUIIIOT B IITaTUBE U
HAITOJIHSAIOT OFOPETKY TEM K€ PadOdYMM PacTBOPOM depe3 BOPOHKY, BCTABISAS €€ B

BEpXHEE OTBEPCTHUE OIOPETKHU, IMOCIIE YEro BOPOHKY yaalstoT. HanmonHsoT pacTBopoM
BBIIII€ HYJEBOM OTMETKHM. 3aTE€M OTKPBIBAIOT 3aTBOp, HAIOT PACTBOPY 3alOJIHUTH
TpyOKY W CTEKJISHHBIM HakoHeYHUK. [Ipm 3TOM BHUMATENBHO CHEAST, YTOOBI B

HAKOHECYHHMKE HE OCTaJMCh Iy3BIPbKH BO31yXa. BhIIyCKarT pacTBOp A0 TEX IOD,
II0Ka MEHHMCK HE KOCHETCS HyJeBOM 4epThl. CleAyeT IMOMHHUTH, YTO KOHHYECKYIO

KOJIOY UIsl TUTPOBAHUS BCETJa OIMOJIACKUBAIOT TOJBKO JUCTUIUIMPOBAHHON BOJIOH, a
MUIETKY — TOJIBKO PacTBOPOM, Haxoisummcs B MepHou konbe. Ilocie atoro u3
MEpHOM KOJIObI OTOMPAIOT OJIHY MUMETKY aHAJTUTUYECKOTO PAaCTBOPA U MEPEHOCST €ro
B KOHUYECKYIO KOJIOY JUIsi TUTPOBaHHS, HOOABIAIOT HWHIUKATOP W HAUYUHAIOT
TUTPOBaHUE, T.€. BBINYCKAIOT JXUJKOCTb W3 OIOPETKM B KOHHUYECKYIO KOJOY.
Brimmyckate paboumii pacTBOp cieayeT He od4eHb ObICTpo. OOBIYHO TUTPOBAHHE
IPOBOJAT CO CKOpOCThIO 1 cm® 3a 68 cexynn. Korma mo oxpacke MHIMKaTOpa
3aMETHO MPHUOJMKEHWE TOYKM HKBHBAJIEHTHOCTH, TO CKOPOCTh THUTPOBAHHUS
YMEHBIIAIOT W NpHOaBIAIOT paboyMii pacTBOp MO OJHOM Karie, KaxKIblil pas,
THIATENIBHO TEPEMEIINBAs COACPKUMOE KOJOBI. 3a KOJIMYECTBOM BBITEKAIOUIEH W3
OIOpEeTKH >KUAKOCTU CJIEeNAT IO TMOJOXKEHUI0 HIDKHEro Kpas MeHucka. Ecnu
TUTPOBAHHE MPOBOASAT OKPAIICHHBIM PAcTBOPOM, TO JEJEHUS OTCUUTHIBAIOT MO
BEPXHEMY KpaIo.

[Ipu otcuere aAeneHuil T7a3 HaOMOAATeNs AOHKEH HAXOJUTHCA Ha OJHOM
ypOBHE ¢ MEHUCKOM. [IpOBOAST HECKOIBKO TUTPOBAHUN TaK, YTOOBI OBLIIO MUHUMYM

Tpu OJIM3KUX pe3yibrara, HanpuMmep: 24,73; 24,75; 24,77 ¢M>, T. €. TO4HOCTH TUTPO-

79



Banus 10/okHa ObITh 0,01 cM®. Jlns pacuera Oepyt cpeanee (V= 24,75 ¢m’) u3 tpéx

OJIM3KKX 3HAYCHUN 00HEMOB.
Ouucmra mepuoti nocyosl. MepHy mocyay (KoJIObI, MHUIETKH, OHOPETKH)
CIIEyET MBITh B TOM CIIy4ae, €CJIM IPH BEUIMBAHUM U3 HEE IUCTHUIMPOBAHHOM BOJIBI

Ha CTEHKAaX OCTAIOTCS KaIUIH.

MBITb OCYZy PEKOMEHIYETCS: PACTBOPOM CTHPAIBLHOIO IIOPOIIKA; B CIIydae
CHJILHO 3arpsA3HEHHOMN MOCY/bl — CMECHIO JMXPOMATa Kajus ¢ KOHIEHTPUPOBAHHOM
cepHoit kuciotoii (5-6 T K,Cr,07 B 100 em? Bogst + 100 em® HaSOy (xomm)-

MepHy10 TOCY/y 3alOIHSAIOT MOIOIIUM PACTBOPOM U TINATEIBHO IIPOMBIBAIOT
BHYTPEHHIOIO TIOBEPXHOCTh cocy1a. ITocie 4ero Morouuii pacTBOp CAMBAIOT B COCY/I,
TIIATENHHO OMONACKUBAIOT AUCTHIIMPOBAHHOMN BOJIOM.

MBITEE MOCYABl CUMTAETCS OKOHYEHHBIM, KOIJa @pPU  BbUIMBAHHU
JUCTUUIMPOBAHHOM BOJBI OHA PAaBHOMEPHO CMAauyMBaeT IIOBEPXHOCTh, HUIJE HE
ocTapiss Kaneib. OCHOBHbIE IOHSATHS NPH BHIYHCICHUSIX

IIpy pelieHny 3a/1a4 U PH BHITIOJHEHUH JIPYTHX PACYETOB PEKOMEH IYETCS
MICIIOIb30BATh COBPEMEHHBIE OHATHS M BHIPAKEHUS KOHIICHTPALUI B

aHAJTUTHYECKOM XUMHH Ha ocHOBE cucteMbl equuaun CU (Tabm. 2.2).

Tabauya 2.2 — @opmynvt 0115 8bIMUCTIEHUU 8 KOJUYECMBEHHOM AHAIU3E

IToHsITHSI B COOTBETCTBUH C
roCyIapCTBEHHBIM CTaHIapTOM Envnnna
yAap P dopmyia

u U3MEpEHUs

cucremon CU1

MognsipHasi OTHOCHTENbHAS
[Tpumep: M; (Na,CO3) =106 —

Mmacca M; (X)
ATOMHas OTHOCUTENbHAsI Macca
A(X) [Tpumep: A (Na) =23 —
MounsipHas Macca SKBUBaJICHTA
~ 1 _ _
1 X | ( K )— 294 = /MOJIb
M\zx Hpumep: M\6 7, ,,Cr O/ 6 49

Macca Bemecta m(X)
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KonuvectBo BemecTra n(X)

= nl\;[((xx) )n(X) MOJIb
MounspHas koHuentparus C(x) m(X)
CX) = MOJIB/IM>
M(X) V(X)
MonspHas KOHICHTpaLLis ( 1 X) _ m(X)
1 1
( X ' X M( Xg('X) MOIIB/IM>
skuBanenta C\Z2X - C zZx
KomnmuectBo betiecTsy ( 1 Xj m(X)
( ! X Zx M 1 X MOJIb
sKBHBaneHTa N\ ZX - 0 7Zx .
3aKOH 3KBHBAJICHTOB | h
M X
m(X) _ Zx, .
m(X}) -
M( ! X5
X,
3aKOH SKBUBAJIEHTOB B
TUTPUMETPUUECKOM aHAJIN3E 1 X |- = 1 X, |-
C\ %X, V(X)Ci \%X -
V(X )2
Tutp BemectBa Tx 1
X ¢ X 1 1 r/em’
= m(X) _  \zx M( %
V(X) 1000 zx
Tutp BEILIECTBA Y 10| 1
OnpeeIseMOMY BEMIECTBY X - C Y . ~
_m _ V4
v = X) = Y 'M( X r/cm?
V(X) 1000 Zx .

Pacuet macchl BemiecTBa 1o
pe3ylbTaTam
TUTPUMETPHUUECKOTO aHAIIU3a

m(X) = n(—X) : M(—XJ =Ty ,x - V(Y) -

c(lx
zx

1 1

Zx

]-V(X)-M(1 X]
Zx

Zx

1000
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MaccoBast 107151 BelecTBa m(x)

o(X) = -100 %
m(oOpa3ia)
dopmyna Heprera E =Eo + 0,0591gC(X),
z B

rae C(X) — MossipHast KOHIICHTpAIHs BEIIECTBa X

KonnuecTBo anexkrpuyectsa
q="TI,

K, C, A
rae T — Bpemst anekrponusa; I — cuiia Toka

1 XUMHNYECKHUE METO/bl AHAJIU3A
1.1 MeTtoa NpoTOJIUTHYECKOI0 TUTPOBAHUA
B ocHOoBe meTona JiekaT MPOTOIUTHYECKUE PEAKIMHU. JDTUM METOJIOM MOXKHO

ONPEAETUTh KHUCIOTHI, OCHOBAHHS, COJIM CJIA0BIX KHUCJIOT MU CJIa0bIX OCHOBAHHII.
Omnpenenenue KaneJabHOM MOTPEIIHOCTH
UpesBbluallHO BaXHBIM (DAaKTOPOM TMPU TMPOBEAECHUU THUTPUMETPUUECKUX

W3MEPEHUH ABJIAECTCSA MOHATHUE O TaK HA3bIBAEMOW KaIleJIbHOW MOTPEITHOCTH.

Lenv pabomeul

1. Omnpenenuts 00bEM OIHOM KaIUld pacTBOPHUTENs (BOMIbI), BHITEKAIOIIEH
U30I0PETKH.

2. PaccunTarh KamelbHYH) MOrPENIHOCTh IPH Pa3sIM4YHBEIX 00bEMAx

pacTBOpa,momcaAInX Ha IpCaAIIojIaracMoc THTpOBaHMC.

Opranusaunonnasi popma 3aHATHS
1. 3anoaHuTh OIOpPETKYy BOJOM U YCTAaHOBUTH YPOBEHb KUIKOCTH

(HID>KHHMMKpail MEHUCKA) TPOTUB HYJIEBOTO JCJICHHUS.

2. Orcuutath B crakan 100 kamenb U U3MEPUTH 00BEM BBITEKIIIEH BOJbBI

(crounoctero g0 0,01 c¢m’). OmnpeneneHne NOBTOPHTH A0 MOJNY4EHHS TPEX
CXOMSIILIUXCS pe3yIbTaTOB.

3. Bbraucants 00bEM OIHOM Karuid. Pe3ynbTaTel paboThl 3aHECTH B TAOII.
2.3.
Tabnuya 2.3 — Beiuucienue od6vema 00HoU Kaniu

O6BemsI 100 Cpenuuii 00beM O0BEM OHOM
KareJb BOJbL, CM> 100 kamenb BOABI, cM> KaIUIM BOJbL, CM>
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Vl V2 V3 ch Vk

4. PaccunTarh KamelbHYI0 MOTPENIHOCTh TPH PasIHdYHBIX 00bEMax

pacTBopa,ONIEANINX Ha MpernonaraeMoe TutTpopanue (tadin. 2.4) no popmyiie:

4 k
10
0%, V

rjae é — KarejibHas NOrPelHoCThb, %; Vi — 00bEM OJHOM Kamiu, cM>; V-

00BEM pacTBOPA, MOIIEAIINI Ha IPEANOIaracéMoe TUTPOBAHUE, CM°.

Tabnuya 2.4 — Pacuem KaneibHOU NOCPEULHOCIU

O6bembl pacTBopa V, cm® KamenpHas morpenrHocts, %

10

25

50

Kak 3aBHCHUT KamenpHasi MOrPEIIHOCTh OT pa3Mepa Karumu? OT KOHIICHTpaIuu
pactBopa? Ot o6bema pactBopa (V), molieAIero Ha TuTpoBaHue?

IIpuroroBjieHNe TUTPOBAHHOTO PACTBOPA KUCJIOTHI
ConsiHyl0 KHUCIOTY C HOMHUHAJIbHOM (MPUONHU3UTENBHO) KOHIIEHTpaluen

pasuoit 0,1 Mosb/aM® roTOBAT U3 KoHUEHTpupoBaHHoro pacrsopa HCI (F = 1,18
r/cm>;

W =36,23 Y9. Jins npurotosienns 1 am® HeoGxommuma Macca kuciaors: m(HCI)

= n(HCl) M (HCIj=0,1 - 36,5=3,65T

Ncxonnas kucnora coaepxut B 100 r pactBopa — 36,23 r HCL.
Uto06I B3sTH 3,65 T, HeoOxoauMmo: 3,65100/36,23 = 10,07 r pactBopa HCl o
Jlst pacyeTa HEOOXOIMMOTO 00beMa PacTBOPA KUCIOTHI HCTIOIB3YIOT hopMmy-

ay: V, 5(HCl) = m(HC1)/P , ,,.=10,07/1,18 = 8,53 cm’.
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Wrak, mis npurorosienus 1 am®, npubnusurensro 0,1 MOmb/mmM® KUCIOTHI,
OTMEPUBAIOT MEH3YPKOH WM MEPHBIM IMJIMHAPOM 8,53 cM® KOHLEHTPUPOBAHHOM
KUCJIOTHI B CKJISIHKY C BOJIOM M pa30aBisioT Bomoi g0 1 am®. McxoaHble BelecTsa:
JUISl YCTAHOBJIGHMS KOHIEHTPAMM KHCIOTHI 6epyT Oypy — Na,B;0,10H,O wumu
kapOoHnat Hatpus — Na,COs;.

YcTaHOBKA KOHLIEHTPALUMH PACTBOPA COJIAHOM KHMCJIOTHI IO Oype U 1o
KapOoOHATy HATpHS

Yemanosxka no 6ype. Pacuer HaBecku Na,B,0,10H,0, HeoOxoaumoit asis
IpUroToBNIEHus, Harpumep, 100 cM® crangapTHOro pacTBopa Gypsl ¢ HOMUHAILHOM
xouuenrpanueii 0,1000 MoJIb/aM® IPOBOAAT CIIEMYIOMIUM 00Pa3OM.

CrexuomeTpust peakiuii Oypbl U COJMITHON KUCIOTHI CIIETYIOIIAS:
Na,B,0,10H,0 + 2HCI = 4 H3BO; + 2NaCl + SH,0; n(1/2

N32B407 IO'HQO) = I/Z(HCI), MOJIb,
M(1/2 Na,B407;10H,0) = 381,37/2 = 190,68 2, m(Na,
B O,10H 0,) C HCI V HCI() ()

, MOJb;,
M(1/2Na,.B O, 10H O,) 1000
OTKYyIa CJ'ICI[yCT, YTO MaccCa HABCCKHU 6ypBI COCTaBuUT
CHCIVHCI)( )
m(Na>.B O;10H O) = - M(1/2Na,.B O-t0H O, )

0% o190, 68

m(Na:.B O:10H 0:)="" " 7 7 =1,9068 2.
BSHTYI-O Ha aHAJIUTUYCCKHUX BCCAX HABCCKY (Macca HAaBCCKHU HC O6HS&T€J’IBHO

JI0JI’KHA TOYHO COBMAJaTh C PACCUMTAHHOW, HO OBITH OJM3KOW K HEW!) mepeHocAaT B
MEpHYI0 KOJOy uepe3 BOPOHKY, a OCTaTKH Oypbl CMBIBAIOT C BOPOHKH TOpSYEH
TUCTHWLTAPOBAHHOW BOJOW W3 TPOMBIBAIKU. 3aTeM TOOABISIIOT B MEPHYIO KOJIOY
MIPUMEPHO JI0 TTOJIOBUHBI 00beMa Topsiueid BOJIbl U MPU NIEPEMENTUBAHUU TOOUBAIOTCS
MOJTHOTO pacTBOpeHMsi KpucTauioB Oypbl. Ilocme ocTbiBaHMS 10 KOMHATHOM
TeMIlepaTypbl O00BEM JOBOIST BOAOM A0 METKH, 3aKphIBAlOT KOJIOy NpOOKOH u

nepememuBatoT. [lo B3aroil HaBecke Na,B4O,10H,O mpoBoaaTr pacuer MOJSApHOU
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KOHIEHTpanuu dKkBuBanenra (Mons/am®) — C(1/2 Na,B4,0,10H,0) u  Turpa
terpabopara Hatpus (r/cm’) — T(Na,B,0710H,0).

JIJist TUTpOBAaHMS U3 MEPHOM KOJOBI C PacTBOPOM Oypbl OTOMPAIOT MUIIETKOM
(15-20 cM®) Tpu anMKBOTHBIE MOPLMHU M MOMELIAIOT B KOHMYECKUE KOJIOBI (IMIIETKa
JOJKHA OBITh OMOJIOCHYTa 3THUM JK€ pPacTBOpoM), N00aBuTh 1-2 Kamjau pacTBopa
MHAUKaTopa MetunoBoro kpacHoro (pHry = 5,12; pTy« = 5,1) u TuTpoBarhb
pactBopoM HCI 10 u3MeHeHus: OKpacKu OT KEITOU 1O OPaHKEBOM.

Ilpumeuanue: B KayecTBe WHIUKATOpa MOXHO HCIIOJB30BaTh TaKkKe
METHUJIOBBIN OpaHkeBbIil — pTy, = 4,0; mepexo1 OKpacku — OT KEJITOU /10 KpaCHOM.

OTcuer pacxojia TUTPAHTA IOJDKEH OBITH ClIeaH 10 COTHIX J0JeH MIJLTHIUTPA.

Pasnuna B 00beMax TUTPOBAHUS He N0JKHA npessimath 0,05 e, Tlo pesynbratam

TUTPOBAaHHs HaxoaaT cpeauuii o0bem turpanta — (V' HCI( )) v Beluncasor Ha

OCHOBE 3aKOHa SKBUBAJCHTOB MapaMeTpPbl pPACTBOpPAa HPUTOTOBJICHHOW COJSHOM
KHCJIOTBI:

CHCZ( ), MO]Zb3:C(1/ 2Na:B O+710H O Vz) (NazB O:710H 02) ; oM
VHCI()

THCI ), 25 C(HCI) M HCK
). em 1000
Yemanoexa no cooe. bezpoanas cona (Na,COs) rurpockonuyta, no3ToMy

riepesl ynotpeOieHHeM €€ MPOKAIMBAIOT JUTS YAaleHus Biard. MosipHast Macca

OKBHBAJICHTA Kap60HaTa HaTpusi:

1 1°
M( Na COy;)= -105,9945=52,9945
2 2MOb

Jns  npurotoBienusi pactBopa Na,CO; ¢ MOJSpHON KOHIIEHTpaluen

skuBanenTa C(1/2 Na,CO;) = 0,1 mons/am® B MepHOI# Kon6e BMecTUMOCTEIO 250,00

cM>

(0,25 1m*) HEOOXOAUMO PACTBOPHTE:
1 1 -
m(Na CO, 3¥C(Na CO, 3)¥ M; (Na CO, 3)
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2 2
0,10,2552,9945 11,3249 ..
Ha ananutnyeckux Becax B3BELIMBAIOT OIOKC. 3aTeM B OIOKCE HAa TEXHUYECKUX

BeCax B3BEMIMUBAIOT MpuOmmkenHo 1,32 r kapoonara HaTpus ¢ TouHOCTHIO 110 0,01 T.
[Tocne yero B3BeMIMBaHUE MPOBOIAT Ha aHAIMTUYECKUX BECax; TOUHYIO MAcCy COJIbI
HaXOJAT MO Pa3sHOCTH MEXKIY Maccoi OlOKca ¢ HaBECKOW M MacCOoM MycToro OrokKca.
Hagecky Na,CO3; 0CTOpPOKHO MepechNaloT B MEPHYIO KOJIOY 4epe3 CyXYyH0 BOPOHKY,
pPacTBOPSIIOT B HEOOJIBIIOM 00bEeMe Topsiueil BOJIbI, a 3aTeéM JOBOJSAT /10 METKHU
JTUCTUILTUPOBAHHOM BOJIOM, 3aKPBIBAIOT MPOOKON U THIATEILHO MEPEMEIIUBAOT.

Pacyer MONspHON KOHLIEHTpauu SkBuBanenTa Na,CO3 , Mob/nm>:

1 m(Na CO? 3)
C( Na COy)= .
2 I/kM( ]%'a C02 3)

B Oroperky HaauMBalOT MPUTOTOBJICHHBIM paHEe pacTBOpP  KHUCIOTHI,
IPEIBAPUTEIHLHO OIMOJIOCHYB €€ KUCIOTON. 3 MepHOI KOIObI OTOMPAOT IHIIETKOM

(15-20 cm®) Tpu anuksoTHBIE mopuuu pactBopa Na,CO; (NUIETKY NPEaBAPUTEILHO
OTIOJIACKUBAIOT ATHM K€ PACTBOPOM) U TIOMEIIAIOT B KOHUYECKYIO KOJIObI, J00aBISIOT
1-2 xamnm w™etwnopaHka (M.0.) W TUTPYHOT KucioTod. KoHeln TUTpoBaHMs
YCTaHABJIMBAIOT 110 U3MEHEHHUIO OKPACKU M.O. OT JKEJITOM K KPaCHOM.
[Ipy TUTpOBAHUM MPOTEKAET PEAKLIMS N0 clienyromeMy ypaBHeHUIO: Na,COs
+2HCI = 2NaCl + CO, + H,O

CO32_ +2H" = CO, + H,O
MOoOJSpHYI0O  KOHIIEHTPALMIO  KHCIOTHI  (MOIB/IM’)  pacCUMTHIBAIOT W3

COOTHOIIICHUA .
= 1
C HCI V HCI( Y( ) C(2Na COL)V,(Na CO, 3); CHCI( )
1

C( Na C02 3)1/,,(Na C023)

CHCIVHCIOT ) z .

VHCI()
rae: V(HCI) — o6bem pacTBOpa KUCIIOTHI, MOMISANINNA HA TUTPOBAHKE (OTCUET

110 GIOPETKE), CM°;
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V. (Na,CO;)— o0beM pacTtBopa COJbI, B3SITBIM 1JiE TUTpOBaHUS (00beM
3
MTUTIETKH), CM”>.

Omnpenenenue Maccsl IeJI04H B pacTBOpe
[Monyyaror —3anauyll — pactBop KOH B wMmepHoii konbe. JoBoasr

JUCTUILTMPOBAHHOM BOAOW A0 METKH, 3aKPbIBAIOT PE3UHOBOM MPOOKOM M TIIATEIBHO
nepememuBaioT. Orbupator nunetrkod pactBop KOH B koHmueckyro Kooy,
n00aBIsAOT 1-2 Karm M.0. TUTPYIOT paHee MPUTOTOBJICHHBIM PACTBOPOM KHUCIIOTHI
JI0 TIEpEeX0a OKPACKHU M.O. OT KEJITOU K KPACHOM.

[Ipu turpoBanuu peaxius Bzaumoaecteuss HCl u KOH nmpotekaer cormacHo
YPaBHEHHUIO: KOH + HCI = H,0 + KCL

Pacuer monsaproii konuenrpamuu — C(KOH), mons/nm® u macesl — m (KOH) 1

MMPOU3BOAT CJICAYIOIIUM O6p&30M2

C(HCI1)V(HCI) C(KOH)V(KOH);
= C(HCI)V(HCI)
C(KOH)
- V(KOH)
= n(KOH) n(HCI) C(HCI)V(HCI)
m(KOH) CHCIH)V(HCIHMHCI)  wmr, BOIHOMIUIIETKE;
CHCIVHCIMHCK ) ( Yy ()W

, 8

MepHol Konbe.
m KOH() 2
1000 V,
OnpenesieHue Macchl MIEJI0YH M KAPOOHATA IPH COBMECTHOM NMPUCYTCTBUH

B3aumoneiicTBue 1menoyn U KapOoHaTa € KHUCIOTOM MPOTEKAeT COIJIACHO
YPaBHECHHUSIM:

a) NaOH + HCI = NaCl + H,O Na,COs;

+ HCl = NaHCO; + NaCl (¢d.¢.)

6) NaHCO; + HCl1 = NaCl + CO; + H,0 (m.0.).
Jna paznensHoro onpenenenuss NaOH u Na,CO; tutpoBanue cMecu npoBOJAT

C IBYMsI MHHAUKaTOopaMu — peHondranent (¢.¢.; 13BMEHSET OKpACKy B UHTEpBaJIe

8,29,8 pH; pT =9) u m.0.
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ITIpu tutpoBanum cmecu NaOH u Na,CO; pactBopom HCIl ¢ ungukaTopom
¢b.d. nmpoucxoaut HehTpanuzanus Bcero konumdectBa NaOH u momoBunbl Na,COs.
Touka skBUBaNieHTHOCTH Xxapakrepusyercs npucyrctsuemM NaHCO;. B 3ToT MOoMeHT
pH pactBopa pasen 8,35.

H,CO; < H' + HCO;~; K,1(H,CO3)=4,5 1077

HCO; < H' + CO3*; Kyp(H,CO3)=4,8 107! pHrpy,

= (pK; + pKy)/2 = (6,5 + 10,2)/2 = 8,35.

BTopas Touka 3KBUBaJIECHTHOCTH HACTYNHUT mocie Toro, korga Becb NaHCOj;
oynet HeittpanuzoBad HCIL. DTy Touky ycTaHaBIMBAIOT C TOMOIIBIO HHAUKATOPA M.O.

(8 pactBope H,CO3): ~
[Ho=  Ku(H2CO3) C(H2CO03) ~— 43510710 = 2,12 - 10*
monb/am’; pHy = — 1g[H ], =

3,67.

Xo0 onpeoenenus. B MepHOH KoiIOe TONYy4arOT HCCICITyEeMBIH pPacTBOD,
JOBOJAT 1O METKHU JUCTUJUIMPOBAHHOM BOJOW, 3aKpBIBAlOT PE3MHOBOM MPOOKOW H
THIATEJIEHO TIEPEMEIIUBAIOT. 3aTeM OTOMparT OAHy nunerky —i3agauull B
KOHUYECKYI0 KOJIOy, nobGamistor 1 — 2 kamm ¢.¢., IepeMemuBaoT U TUTPYIOT
pactBopom HCl no obecuBeunBaHus WM 10 €7Ba 3aMETHOTO PO30BOTO
okpamuBanus. [locne genaroT orcueT mo OHOpETKe U3PACcXOJOBAHHOTO KOJIUYECTBA
kuciothl (Vy). 3ateM n00aBisoT 1 — 2 Kamiyd M.0. ¥ TMPOJOKAIOT TUTPOBAHUE 10
OpaHXKeBOU okpackH. [lenaroT BTopoi oTcyeT 1o 0ropeTke (Vo).

Pacuer maccet NaOH u Na,COj3; B uccnemyemMoit mpode BeayT 1no gpopmyiam:

Vv CHCI()2(V 14
m(Na CO23) = « - 06y 1)-M(1 Na CO2 3),e;
V, 1000 2

V. CHCIOi(V -2 -V
m NaOH() ~ «__ o6y ooy 1) M NaOH( ), .
V, 1000

IIpurorosjieHNe TUTPOBAHHOI0 PACTBOPA IEJI0YH
Enxuii HaTp TUTpOCKONMYEH, IMOATOMY [UIl YCTAHOBKM KOHILICHTPALUU €ro

pacTBOPOB INMPUMEHSIOT MCXOJHbIE BewlecTBa: maseneByro kucinory H>C,04,2H,0,
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OCH30iHYI0 KHUCJIOTY, THApO(TaNar Kajaus, sSHTApHYIO KHCIOTY U Jp. Boibepem B
KadyecTBe ycTtaHoBouHoro Bemectsa — H,C,042H,0.

IIpumeuanue. [IpenBapurenbHO 1IaBEJIEBYIO KHCIIOTY
MEPEKPUCTAILUIN30BbIBAIOT, TAK KaK IMPU XPAHEHUU BO3MOYKHA YacCTUYHAs MOTEps
KPUCTAJTM3AIMOHHON BOAbI (BbIBeTpuUBaHuUE). g MepekpucTaliu3aldd TOTOBSIT
HACBHIIIEHHBIA TOPSYMN pPaCTBOpP KHUCIOTHI, KHUMATAT, QUIBTPYIOT U OBICTPO
OXJIQXJAI0T. BeienuBIIMeCs KPUCTAUIbl TPOMBIBAIOT 2-3 pa3a JUCTUIUITMPOBAHHOMN
BOJIOM, OT)KUMAIOT MEXIY JIMCTaMU (PUIBTPOBAIBLHOM OyMaru u cymiaT Ha BO3IyXe.
BrICylIEHHYIO KHCITOTY, MEJIKUE KPUCTAIIMKU KOTOPOW HE JOJKHBI IPUIUIATH MPU
MepeMEIIMBAaHNU K CTEKIITHHON TMaJ0uKe, XPAHIT B CKIISTHKE C MMPUTEPTON TPOOKOH.

MouJtsipHast Macca 3KBUBaJICHTa IIABEJICBOM KUCJIOTHI:

1126,07 T
M(HCO 2HO) = =63,035
2 22 42 2 MOJIb

3

Hns npurotoBnenus 100 cm® pacTBOpa NEPEKPUCTATUIM30BAHHON U

BBICYIICHHOM KHUCJIOTBI C HOMHUHAJbHOM MOJISIPHOM KOHILICHTPAIMEW SKBHUBAJICHTA
C1/2 )
H,C,0,.2H mHCf, 2HQ )=

0) = 01 COHEQ -2HOVHCOmy -2HO) | i
= -M(2H§3~Q -2HQ )

MOJIB/ M 1000

neobxomn = 21 100 -63,035 = 0,6304 .
1000

MO B34TH

HaBCCKY:

HaBecKy KHCIOTHI IEPEHOCAT B MEPHYIO KOOy BMeCTUMOCTBIO 100 cM? , pacTBOPSIIOT
B CBEXEMPOKUIITYCHHOU Bojie (HoiKeH oTcyTcTBOBaTh CQO;), NOBOJAT OO METKU U
XOpOULIO NEpEMEINBAIOT. PacyeT MOJISIpHON KOHUEHTPALMHA YKBUBAJICHTA IIABEIECBON

KHUCITIOTHI — H2C204.2H20 (Mons/om?):

lm(HCQz 2 42H02) _Vk
C(HCO. .2HO. ) 1
2 M( HCO: ::2HO: )

2
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PactBop enkol mieaoud TOTOBAT ClEAYIOIIMM 00pa3oM. OTBENIMBAIOT Ha
TEXHUYECKUX BECaxX €IKUM HaTp B KOJHUYECTBE, HECKOJBKO MPEBBILIAIOIIEM
Heobxoxumoe, musa npurotosnenus 0,1 mons/mm® pactBopa. Tak, mHa 1 am® 0,1
mou/mm> pacteopa BMecto 4 r NaOH Gepyt 5-6 r. HaBecKy NOMEIIAIOT B CTaKaH,
OBICTPO OMOJAcCKUBAIOT 2-3 pa3a HEOONBIIMMH MOPHHUSIMHU BOJIBI, KOTOPYIO
otOpachiBatoT (BbUIMBaAIOT). [lpu sTOoM yhansitorcss kapOoHAThl (Kak MPUMECH).
Tonkas kopka Na,CO;, nokpsiBaronias ceepxy kycouek NaOH, npu ononackuBaHuu
BOJIOM xopomio u ObicTpo pactBopsierca. Ocrtapmmiics NaOH pactBopsitoT B
CBEKETNPOKUIITIEHHON BOJIE U JOBOAAT 00BEM pacTBopa a0 1 am.

Xoo onpedenenus. B 610peTKy HaIMBAaIOT NMPUTOTOBIEHHBIN pacTBop NaOH .
OTOMparOT TUNETKOH B KOHUYECKYI0 KOJOY pacTBOp IIMABEJICBOM KHUCIIOTHI,
npubaBmsitor 1 — 2 xammm ¢.¢p. U TUTPYIOT €AKMM HATpPOM [0 MOSBIICHHUS
HEeHcue3arollel npu nepeMenmBaniy B TedeHue 1 — 2 MUHYT MaJIMHOBOM OKPACKHU.

PacueTr MonsipHO# KOHUEHTpanuu 3kBuBasieHTa NaOH Moutb/nm>: 1

C(HCO, -, - 2HO)WHCO,, ,2HO,)

C(NaOH) ™~ 2 v
NaOH(
)
Bomnpocs! ajis1 00cyxaeHust
1. Urto Takoe TuTp? TUTp TNO ompenensieMoMy BemiecTBy? Paccuuraiite

TUTPPACTBOPOB: 1) Oypbl U COMIBI;, 2) TUTPBHI OYphl U COJBI MO COJSHOM KHCIOTE
(ucxoaHbIC JAaHHBIE JIJIST pACUETOB B3STH B pazzeine 2.1).

2. Kakne morpemrHocTu m3mepeHuil Ha3bIBalOT MHAUWKATOpHbIMHU? Kakoro
BUJIANHJANKATOPHBIE MOTPEIIHOCTH HMEIOT MECTO IMPU YCTAHOBKE KOHIIEHTpaIUu

pacTBOpa COJISTHOM KUCIIOTHI 10 Oype u cojie? Boruucnure ux.

3. Ckonbko cM® pactBopa cossiHoi kucinotel (P = 1,12 r/em®) Hamo B34ThH
nns npurotosienus 10 v’ pactBopa ¢ Monsprol konuenrpamuein C(HCI) = 0,01
MOJIB/ iM>?

4. Ckonbko Hazo B3sATh pactBopa rujpokcuna Hatpus (C (NaOH) = 1,0

mons/mv>; K = 0,9067) nias TPUrOTOBIEHUS DPACTBOPA, KaXIBIH CM® KOTOPOTO
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cootBeTcTBOBa) OBl 0,01 T dhochopHOI KHUCTOTHI IPU TUTPOBAHUU €TI0 METUIIOBBIM
oparxeBbIM? (heHoNdTaTIeHHOM?

5. KaxoBel maccoBbie nonu (B %) Na,CO; u NaOH B oOpasue, eciau Ha
TUTpOBaHUE ¢ GpeHoydrarenHoM pactBopa, coaepxaiiero B 0,2515 r atoro obpa3sia,
uner 29,65 cm® pacrtsopa HCl (C(HCI) = 0,2 monw/mm’; K = 0,9815)? Ilpu
IPOJOKEHUM TUTPOBAHKMS C METUIOBBIM OPamKeBbIM uzer eme 1,45 cm® Toro

pactBopa HCI. OtBet: 11,99 % u 88,01 %.

1.2 MeToa KOMILIEKCOHOMETPUYECKOT0 TUTPOBAHUSA
KommniekconoMeTpruueckoe TUTpOBaHUE OCHOBAHO HA IPUMEHEHUU

pPacTBOPUMOM JIBYHATPUEBOM COJIM ITUIICHIMAMUHTETPAYKCYCHOM KUCHOTHI — DI TA

(mpyrue Ha3Banus — komiuiekcod III, Tpunon b):

HOOCH,c®M,coona
N-CH,-CH,-N

NaOOCH,Cc*M,cooH
OATA oOpa3dyeT pacTBOpUMBIE BHYTPUKOMIUIEKCHBIE COJM  CTPOTO

OTPENICICHHOr0 COCTaBa €O MHOTMMH MeTajuiamMu. OTHOIIEHHE MOJb HOHOB
METAJUIOB K YKCIY MOJb Juranjaa crporo pasto 1 : 1. Ilpu sTom meTamn 3ameriaer
aToMbl Bojopoaa kapOokcwibHbiXx Tpynn — COOH, a Takxke CBSI3bIBaeTCS
KOOpJIMHAIIMOHHOM CBSA3bI0O € aroMaMu a3ora, TO ectb OJJATA sBiusercs
IIECTUICHTATHBIM JIUTAH]IOM.

CxemaTM4HO  peakiuio 0oOpa3oBaHUsA  KOMIUJIEKCA  MOXHO  BBIPAa3UTh

YPaBHEHUEM:

H,Y 2+ Me?" <> MeY 2+ 2H".
ITpuuem no stoit cxeme DTA pearupyer co BceMu KaTUOHAMH HE3aBUCHUMO

OT UX CTCIICHHU OKHUCJICHUA:

HoYo2 + Ag: <> AgY ™ + 2H"
H,Y 2+ Cu*" <> CuY 2+ 2H"
H,Y 2+ A" <> AlY-+2H"
H, Y2+ Zr* < ZrY + 2H".
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KoHcTaHThl  yCTOMYMBOCTH  OOpa3yIOIIMXCS  KOMIUIEKCHBIX COCJIMHEHUMN
noctaroyHo Benuku: pKY = 9 — 25. Tak kak MOHBI MeTaJIa 3aMENIAI0T BOJIOPOIHBIE
MOHBI KapOOKCUIIBHBIX TPYII, TO peakius cpenbl (pH) ananusupyemoro pactBopa
uMeeT OOJIBIII0E 3HAYCHHE MPY TUTPOBAHUH KOMIUIEKCOHOM.

B kauecTBe UWHIUMKATOPOB B KOMIUIEKCOHOMETPUU TMPUMEHSIOT Tak
Ha3bIBA€MbIC METAJNIOMHIUKATOPHI, KOTOPHIE MO3BOJISIIOT BU3YAJIbHO OIpPEIEIUTh
KOHEI] TUTPOBaHUs. MeTaTIOMHAUKATOPBI — OPTaHUYECKHUE KPACUTENH, 00pa3yrolme
OKpaIlleHHbIE KOMILJIEKCHBIE COSMHEHHSI C MOHAMHM MeTajllla, MEHee MPOYHbIC, YeM

koMmiieke metaia ¢ DJATA. Hanpumep, spuoxpom uepnbiit T (OXY — T) mmpoxo

OH

Z
11
Z

IMPOABJIACT ce0s KaK KMCJIOTHO — OCHOBHOM HHAUKATOP:

pKal 6,3 < pKa1
HyInd © Hind* < Ind™
MPUMEHSIOTCST B KOMIUTEKCOHOMEeTpuH. AHMoH uHaukatopa HyInd™, koTopsiil umeet
hopmy.ty
-O3S
O2N
11,5
KpAaCHBIN roJryooit JKEJITO — OPAHKEBBIN

[Tpu pH 7-11, xorja uHAMKATOp UMEET roJyOON LIBET, MHOTHE HOHBI
MetainoB, Harpumep, Ca’*, Mg?" u ap., o6pasyror koMmruiekconarsl: HaIndz-+
Me>+ Melnd-+ H+ <

CUHUU BUHHO—KPAaCHBIMN.
ITIpu tTuTpoBanuu pactBopom DJITA B KOHEUHOW TOUKE THUTPOBAHUSI PACTBOP

MEHSIET KPACHBII 1IBET Ha TOIYOOM:
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Na,H,Y + Melnd™ <> Na, MeY + Hind> + H".
KOMIIJIEKCOHOMETPUYECKOE TUTPOBAHME IMPUMEHSIOT JUId  ONpPEAEIEHUs

MHOTUX MeTamuios: Mg?', Ca?*, Zn**, Cd**, Cu**, AI**, Ni*" u np.

Jpyroi, 4acto NOpUMEHSIEMH HHAUKATOp, — MYPEKCHA. IDTO KpacHUTellb,
MPEACTABIISIONINI COO0K aMMOHHUITHYIO COJb MYyPHYpPHOMl KUCIOTH.. Mypekcua npu
pH Oonbme 9 okpaimieH B cuHe — (UOJIETOBBIM IBET, a MpU MeHblie 9 — B
KpacHO(pHONeTOBbIM. [[BET KOMIUIEKCOB MypeKcHia C MeTalylaMd — KpacHbId U
YKEJITBII, I03TOMY C MYPEKCHIOM TUTPYIOT B LIEJIOYHOM Cpele.

IIpuroroBiienne TUTPOBAHHOIO pacTBopa J/ATA
JInsi  KOMIUIEKCOHOMETPUYECKOrO TUTPOBAHUS MPUMEHSIOT  pa3jInYHbIC

KOHIEHTpalMu pabodero TurpoBanHoro pacrtsopa DJTA — 0,1 mons/mm; 0,05
mons/am>; 0,01 mons/am’. Mongpras macca DJITA pasaa 372,2 1/MOJb; MOJISpHAs
Macca dKBUBajJIeHTa — 372,2 1/MOJIb.

Jns npurorosnenus 250 cm® 0,02 Mons/mM? pacTBOpa HEOOXOAUMO:

m(3ATA) = 0,020,250 372,2=1,8610T.
Hagecky D/ITA pacTBopstoT B IUCTWILUIMPOBAHHON Boje. KoHIleHTpaluio

pactBopa DJITA ycTaHAaBIWBAIOT IO HaBECKE MIEPEKPHUCTAIIN30BAHHOTO CYyJib(aTa
maruus — MgSQ, - 7H,0 (x.4.).

Onpenesienue o01IeH §KECTKOCTH BOIBI
MeTo OCHOBaH Ha CBOWCTBE MOHOB LIEIOYHO-3€MENBHBIX MeTawioB (Ca®™ u

Mg?"), ob6paszoseBate ¢ JJTA B menounoii cpexe (pH = 8-10) npounsie
KOMILIEKCOHATBI: BHAaYajle obpasyercs Komiuieke ¢ monamu Ca’*, a 3arem ¢ moHamu
Mg?*,

B kauectBe cpene npu pH = 8-10 mpoucxonut pe3xoe MU3MEHEHHE Troiy0oil
OKPAaCKW MHAMKATOpa B BUHO— KPACHYIO BcieAcTBUE oOpazoBanus Mglnd:

Mg?** + Hind* <> H" + MgInd".
B mnporecce TUTpoBaHMs BHauajge oOpa3yercs KOMILUIEKCHOE COEIMHEHHE

OATA c nonamu KajibIusi, a 3aT€M C MIOHAMU MarHus, MPU TOM COETUHEHUSI NOHOB
Mg?* ¢ MHIUKAaTOpPOM paspylIAloTCsa, ¥ B KOHLE TUTPOBAHMS M3MEHSIETCS OKpacKa

pacTBOpa U3 BUHHO-KPACHOW B TOyOYIO IO PEAKIUU:
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Na,H,Y + MgInd <«Na,MgY + HInd* + H' BuHHO-KpacHBbIi
roxy6oi

Takoro 4eTKoro M3MEHEHHS OKpacku HMHaumkaropa woHbl Ca’" He maror, a
nostoMy otaensHo uoHbl Ca’’ B mpucyrcTBun uHamkaropa DXY — T onpenenuts
HEJIb3s1.

Heobxoaumas memnouynas cpeaa (pH = 8-10) B TuTpyeMoM pacTBOpe co3maaeTcs
npuOaBJICHUEM K HEMY aMMUayHO-0yepHoro pacTBopa.

Ornpenenenuro o0ILE KECTKOCTH BOALI MeMIaloT HOHLL: Fe?*, Fe3', A", Mn?",
Cu?*, HCO;~, COs* u 1p.
Melaroiee BIUSHAE UOHOB YCTPAHAIOT NPHOABIEHUEM K THTPYEMOM Mpobe

pactBopa cyinbhuma Hatpus® ¢ (Na,S) = 2 %, pacTBOopa COJSIHOKHCIIOIO
ruapoxkcuifdvuna ¢ ([NH;OH]Cl) = 1 %. Bumsaume wnono A’ ycrpansercs
MpuOaBICHUEM TapTpaTa HATPHS.

KoMIiekcoHOMEeTprYeCKuit METOT OTpeeieHUsT OOIIEH KECTKOCTH BOJIBI
MOJIYYMJI IIIUPOKOE PACHpOCTpaHEHUE [JI aHajlu3a BOJA PA3JIMYHON CTEIICHH
MuHepanu3aiui. OJHAKO B THTPYEMOM pPAacTBOPE HCCICAYEMOH BOIBI KOJWYECTBO
nonos Ca** u Mg?* ne nomkno npessimath 0,5 Mob/am> .

Peakrtussl. 1. TutpoBanusblii pactBop I/ TA ¢ MOISIpHON KOHILIEHTpALIUEN
C(OTA) = 0,02 monn/am®. AMMua4dHo-0ypepHblii pacTBop (cMemmBaroT mo 100 cm?

20 % pactBoper NH4Cl u NH4OH pnoBomar mnomydeHHb 00beM g0 1 v’
JTUCTUJUTUPOBAHHOMN BOJION).

2. Cyxoit uaaukarop XY — T (0,1 r unaukaTopa pactuparoT ¢ 30 r NaCl).
3. PactBop cynbduna natpus ¢ W(Na,S) =2 %.
OprannzanuoHHasi popma 3aHATHUS
B konuueckyro konOy ormepuBaroT 1 mumnerky (0,1 dactb oObema MepHOM

K0JI0BI) aHAIM3MPYEMOM BOBI, IPUOABIAIOT 5 cM® aMMuaYHO-0y(epHOro pacTeopa,
4-5 xamenb pactBopa Na,S, OJWH MOJHBIA IINATEIb WHIAKATOpPA M MEIJIEHHO
TUTPYIOT pactBopoM OJITA, Bce BpeMs 3HEPrMYHO IEpPEMEIINBAsi COACPKUMOE

KOJIOBI JJO U3MEHEHHUSI OKPACKU M3 BUHHO-KpPacHOU B rojiy0yro. CBHUIETEIEM MOXKET
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CIIyKUTh MEPEeTUTPOBaHHAs Mpoda, T.K. npu NpudapieHnn n3obiTka pactsopa IATA
OKpacka 0oJIbllle HE U3MEHSETCS.

Pacuer pe3ysbTaToB ONpeeaeHus O0IIEH KECTKOCTH BOILI, MMOJIb/IM-:
_ | . + 1 2 _ 2 C(Na*H Y?) V 1000
JK(H O, ) C(CaMg) ,2 2 VH O( )
)

rae C(NayH,Y) — mosnsipHast KoHLIEHTpalus SKBUBaJieHTa pacTBopa D/I-

TA;
V — 06weM pactBopa DJITA, U3pacx0J0BaHHbIM Ha TUTPOBAHUE, CM;
V(H,0) — 06beM BOIbI, B3ATOM Aj1s TATPOBaHUs , cM>. 3agaua Nel
OnpenesieHus1 HMHKA

KomrmnmekcoHoMeTprieckoe OmpeAeiaeHne IHUHKAa — OJWH W3  CTaBIIHUX

KJIACCMYECKHM METOOB KaK MPSIMOTO, TaK U 00paTHOTO TUTPOBAHUS C MPUMEHEHHEM
UHANKAaTOpa B aMMuauHo-OydepHom pactBope (pH = 10). Ilepexon okpacku o4eHb
pE3KUi.

Peaxmuewt. Tutposanusiii pactsop DATA: C(DATA) = 0,5 mons/am*; DXU T;
Oydepuas cmech (pactBopsior 54 r NH4Cl u 350 r NH,OH B 1 av® BOmm).
OpranuzaunoHHas popmMa 3aHATUA

3ajavy Moyy4yaroT B MEpHYIO KOJIOY B BHJI€ pacTBOpa COJIM IIUHKA, TOBOASAT 10
METKH JUCTUILTMPOBAHHOM BOJIOM M XOPOIIO MEepeMENInBaloT. B KOHUYECKyI0 KOOy
3amaun otMepuBatoT 1/10 dacte (1 nmumerka) oObeMa MepHOW KoOJOBI, 1 mImaTenb
uraukaropa OXY — T, 10 cm® 6ydepHOro pactBopa ¥ TUTPYIOT IPH MEPEMEITMBAHNY
OTA no nepexona OKpacku ¢ (puOJIETOBOTO B CUHUM BET.

Pacuer pe3ynbTaTOB ONpENEIEHNs MACChl IUHKA, T

m(Zn) = C(Na;H,Y) Ve M( Zn2)103YE,
A/
II

rae C(Na,H,Y) — monsipHas konneHTpanus sksuBasienTa DJTA; V,
— 00beM pacteopa DJITA, pacxomoBaHHOTO HA TUTPOBAHUE, CM° ; M
(Zn*") — MonspHas Macca SKBUBAJIE€HTA IIMHKA, 65,38 rMOIb.

3agaua Ne2 Onpenesienue Meau
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OnpeneneHue Mead MOXKET MHPOBOJUTHCS, KaK MPSIMBIM, TaK U OOpaTHBIM
TAUTpoBaHWeEM B wuHTepBasie pH = 4-10 B 3aBUCHMOCTHM OT HPUMEHIEMOIO
uHaukaTopa. IIpuHIMIT ompeaeslieHUss OCHOBAaH HAa THUTPOBAHUM aMMHAYHBIX
pacTBOpPOB, coOAEpKallMX Meab, KomIiuiekcoHa [l B MHpUCYTCTBHUM WHIUKATOpa
MYypEKCHIa, KOTOPbII 00pa3yeT ¢ MOHAMH MEIU KOMILUIEKCOHAT KpPacHOro IIBETa, a
CUHSSI OKpacka aMMuakaTa MeJIu UCUYe3aeT:

[Cu(NH3)4]*" + [mypmyp] <> [Cu(myprryp),] + 4NH;,
KpacHBIN
Hanee npu turpoBaHun pactsopa O/JTA mnypmypar Meau paspyliaercs

BCJICACTBHC 06pa30BaHI/I$I Ooiee IMPOYHOI0 COCANHCHHUA KOMIIJICKCOHATa MCII1

[Cu(mypryp),] + Na,Hy, Y €2 Na,CuY + 2(mypmyp) + 2H™.
KpaCHbII JIAJIOBBIN
[Tpu 5TOM OKpacka pacTBOpa MEPEXOIUT U3 KPACHOH B JIHIIOBYIO (CHHE(UOIETOBYIO),

4YTO 00yCJIaBIUBAETCS IBETOM OCBOOOMBIIIETOCSI aHUOHA IMyPITyPHOM KUCTOTHI, pH
pactBopa pasHa 10.
Peaxmuswi. PactBop ammuaka —W(NH,OH ) = 10 %; pactBop D/ITA ¢
mounspHoii kouuentparueit C(H,Y?") = 0,01 Moss/nm>; MypeKkcu — HHIUKATOP
(cmech 1 yactu unaukaTopa ¢ 99 BecoBbiMu yactsamu NaCl).

OprannzanuoHHasi popma 3aHATHUS
B konmnueckyro konOy ormepuBaroT nunetkoi 0,1 odvema pactBopa (10 unu

25 cm?), comepxaiero worsl Cu?’, B MepHOIi K0j10€, IPUIUBAIOT COOTBETCTBEHHO 5
wmr 10 cm® pacteopa NH,OH (W(NH,OH ) =10 %), mobGasmsior 150-200 mr
WHJIMKATOpa U TUTPYIOT pactBopoM D/ITA 10 n3mMeHeHus 1iBE€Ta OT BUHHO-KPACHOTO
710 JTUJIOBOTO.

PacueT pe3ynbTaToB onpeaeneHus: MacChl MEJIu, T

m(Cu?") = C(NaH,Y) Ve, M(Cu2*) 1073 Vi
\£
rae C(Na,H,Y) — mosnsipHast KOHLIEHTpalKs 5KBUBAJIEHTA PacCTBOpPa KOM-

IJICKCOHA;
V¢ —00beM DJITA, nomenimmii Ha THTPOBAHUE, cM>;
M(Cu?*) — MmonsipHas Macca SKBUBAJIEHTa Meau, 63,54 r41011B
Bomnpocs! st 00cyxaeHust
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1. Ha yem ocHoBan wMeToa KoMIUIEKCOHOMETpun? Hanummre cxembl
00pa3o-Banus koMiuiekcos ¢ DJITA cnenyrommx katnonos: Cd*", Cr’* u Ti*'.

2. Yem oOycioBieHa JKECTKOCTh BOAbI? Kakyr JKECTKOCTb BOJIBI
HA3bIBAIOTKAPOOHATHOMN? TOCTOSTHOM? 001I1ei?

3. Yro Ttakoe MeraimmomHaukaTopbl? Kakme TpeOGoBaHUS K HHUM
MPEABSIBISAIOTCAB KOMILUIEKCOHOMETPUU?

4. PaccuMrarh KOHIEHTpaluio HoHa Ag" (Monb/nm’) u pAg, ecii k 25 cm®
pactBopa KCN (C(KCN) = 0,1 mons/nm?) gobasneno 12,25 cm?® pactBopa AgNO; (C
(AgNO3) = 0,1 mons/nm®) mpu pH = 9.

Otser: C(Ag") = 7,45107"7 mons/nm?; pAg = 16,13.
5. K 50,00 cm® pactBopa ZnCl, (C (ZnCl,) = 0,01 mons/am®) noGasieHo

25,1 cm® pacteopa DJITA (C(DATA) = 0,02 mons/am’) npu pH = 5. Beruuciuts
KOHIIEHTpaLMIO MOHa Zn>" (Monb/nm?) u pZn.

Otser: C(Zn?*") = 2,1710°8 mons/nm>; pAg = 7,66.
1.3 MeTtoa peaoKkcMeTpU4ecKOro TUTPOBAHMS
1.3.1 llepmanranaromeTpus
Meton nepMaHraHaTOMETPUM OCHOBAaH HAa PEAKLMUSAX BOCCTAHOBJICHHMSI MOHA

nepMaHraHata. B KadecTBe  CTaHZAPTHOIO  pPAcTBOPAa  OKHUCIMTENS B
IIEPMAHraHATOMETPUM TNPUMEHAETCS II€PMAHTaHaT Kajausi. OOBIMHO THTPOBAHHUE
CTAQHIAPTHEIM pACTBOPOM IIEPMAaHraHaTa Kalus IIPOBOJAT B KHUCIOH CpeJe.
[IpMHIMOMAIBHYIO CXEMY IPOTEKAIOUIEH IPH 3TOM PEAKIUH MOYKHO MPEICTaBHTh
cruenyromum oopazom: MnO,~ + 5¢ + 8H* Meriﬁ + 4H,0.

OKUCIAUTENTPHO — BOCCTAHOBUTENBHBIM MOTEHLMAN JAHHOM CHCTEMBI
BBIPAKAETCS YPABHEHHEM:

E (MnO4/Mn?*) = 1,51 + (0,058/51g[MnO, [H ]¥/[Mn*"].
YCTaHOBKA KOHHEHTPALMH PACTBOPA IEPMAHIAaHATA KAJIMS 10 0KCAJIATY HATPUS
Ilpucomosnenue pacmeopa nepmanearnama kKaius. IIpuroroBUTh TUTPOBAHHBIN

pactBop KMnQO,4 mo To4HOW HaBeCKe HEb3s, T.K. OH OOBIYHO ObIBAaeT 3arps3HEH
MpPOAYKTaMU CBOETO  BOCCTaHOBJIEHHUs, Hampumep, MnO,. Kpome Toro,

NPUTrOTOBJIEHHBIA pacTBOp KMnO,4 B TeueHHE HECKOJIBKUX THEW U3MEHSET CBOM TUTP
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BCJICJICTBUE  BOCCTAHOBJICHUSI  I[EpMaHTaHaTa MPUCYTCTBYIOIUIMMH B  BOJIE
OPraHUYECKMMH BellecTBaMu. g paboThl 00b4H0 roToBaT 1 am® 0,05 Mons/om?
pacTBopa mepmaHraHara kaius. Eciu TuTpoBaHWE TPOBOMAT B KHCJIOM cpefe, TO
MOJIIpHAsi Macca SKBHBAJIEHTA €r0 paBHa:

M(1/5 KMnQO,) = 158,04/5 = 31,60 r/Mo0b.
Jlis mpurorosnenus 1 am® 0,05 Mons/mm® pacTBopa GepyT Ha TEXHHUYECKHX

Becax npubiamsurensHo 1,58 T, ganee ormepuBas OONBIIMMH MEPHBIM LIMJIMHIPOM 1
aM®  IMCTHJUIMPOBAHHOM BOABI IS PACTBOPEHMS HaBeCKH. Tak Kak KpPHCTALIbI
KMnQO, pacTBOpsIOTCS AOBOJBHO MEIJIEHHO, YaCTh B3ATOM BOJBI HATPEBAOT MOYTHU
70 KUTMEHUS U HEOONbIIMMH TOPIUSAMH 00padaThIBAlOT MpU  TIIATEIHLHOM
nepeMeminBanud HaBecku KMnQO, B crakane. BpeMss oT BpeMeHH OCTOPOKHO
CIMBAIOT JKUAKOCTh C KPHUCTAUIOB B JIPYrOMl COCYJ, 3aMEHsAS €€ HOBOM NOpIUEH
ropsueid Bonbl. [IpUTOTOBICHHBIA OXJIAKJCHHBIM PACTBOP CIMBAIOT B CKIISIHKY
eMKOCTBIO 1 1M, 106aBisis Ty/a jKe OCTaBIIYIOCS BOJIY M, THIATEIBHO HEPEMENIaB,
ocTaBisitoT Ha 7-10 quel. CKISIHKY 3aKpbIBAOT MPOOKOM U XpaHST B TEMHOTE (JTyyIle
TOTOBUTh PacTBOP B CKJISIHKE U3 TEMHOTO crekna). [lo ucTtedeHun 3TOoro BpemMeHu
CU(OHOM OCTOPOKHO CJIMBAIOT JKHJIKOCTh C OCEBIIUX XjombeB MnQO, (wam
PO MIBTPOBBIBAIOT YePe3 CTEKISHHBIN (PYIIBTPYIONIUN THTENh) M YCTAaHABIUBAIOT
MOJISIDHYIO ~KOHIIGHTpallMio dKBHUBajeHTa pacTtBopa KMnO, no ogHomy wu3
CIEAYIOIIMX MCXOJIHBIX BEIIECTB: METALIMYECKOMY JKEJIe3y, COJIM IIABEJIEBOMI
KUCIOTHl (OKcCanary HaTpus WJIA aMMOHHS), MBIIIBIKOBUCTOMY aHTHAPUIY H
HEKOTOPBIM APYTUM BEIIECTBAM.

Yemanoexka konyenmpayuu pacmeopa KMnQO,. JIns yCTaHOBKH KOHLEHTPALIMH
pactBopa KMnO, wnaubonee ynoOHBIM siBIsieTcss okcanaT Hatpus. OH
HETUTPOCKOMUYEH, HE COJCPKUT KPUCTAIUIM3ALMOHHON BOJBI U HE W3MEHSETCS MpHU
XpaHEHUHU.

Peakius Mmexay okcamar — uoHoM (C,04)> M NepMaHraHaTOM MPOTEKAET
COTJIACHO CJIEAYIOUIEMY HOHHOMY YPaBHEHUIO:

5(C,04)* +2MnOy + 16H" = 2Mn?" + 8H,0 + 10CO,
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Oxucnenue (C,04)* IPOUCXOAUT IO CXEME:
(C204)27 —2e— 2C02
CrnenmoBaTelbHO, MOJISIPHAS Macca YKBUBAJICHTA:
M(1/2 Na,C,04) = 134/2 = 67 r/M07b.
Jlns mpuroroinenuss 250 cm® pactBopa okcamara HaTpus ¢ MOJISPHOM

xonnentpanueit C(1/2 Na,C,04) = 0,1 Mons/aM® He0OX0AUMO B3STh HABECKY:

m(Na,C,04) = 0,167 0,25 =1,68 .
HaBecky B3BEHIMBAIOT HAa aHAJIUTUYECKUX Becax B OIOKCe, MepeHocIT 0e3

MOTEPh B MEPHYIO KOJIOY, PACTBOPSIOT B TUCTUILIMPOBAHHOM BOJIE, JOBOIST PACTBOP
70 METKH ¥ THIATEIbHO IepeMeIMnBal0T. MOJIIPHYIO KOHIICHTPAIMIO SKBHBAJICHTA
MOJIYYCHHOTO PACTBOPA PACCUUTHIBAIOT TaK:

C (1/2 Na,C,04) = m (Na,C,04)/ M (1/2 Na,C,04) V (Na,C,0,), Tre
m — HaBecCKa, T;

V — 06beM MepHO# KOIObI, 1 1vm3;
M(1/2 Na,C,04) — MosisipHas Macca SKBUBAJICHTa OKcaiaTta HaTpus, T/MOJIb.
[Tomemaror B konOy mis tutpoBanus 10 cv® H,SO, (1:4) m HarpeBaroT 10

8085°C. Ilumetkoit orOuparoT aJukBoTHYIO Topuuio (0,1 yacTte oObeMa MepHOM
KOJIOBI) MOJYy4YeHHOTO cTaHaapTHoro pactBopa Na,C,O; u BHOCAT B KOJIOy C
HarpeTbiM pacTBOPOM CEPHOM KHUCIIOTHI.

PactBop mepmanranata Kajaus TOMEIIAIOT B OIOPETKY U yCTaHABIMBAIOT
YPOBEHB KUJKOCTH O BEPXHEMY MEHUCKY Ha HYJIEBOM OTMETKE.

Hanee pactBop KMnO, npunauBaroT 0o KamjisiM K TOpSYEMY pacTBOPY
UCXOJHOTO BenlecTBa. Kaxayro cileayronlyro Kario NOpuOaBisiOT MOCHE TOro, Kak
MCYE3HET OKpacka OT mpenbiayuied karum. HyXHO yloOBUTH MOMEHT, KOTJa OAHa
Kaluisg pacTBOpa IEpMaHraHaTa Kajius OKpPacuT BeCh PacTBOP B OJIeHO-PO30BBIM
LBET, HE HUCYE3AIOLINA B TEYCHHE OJHOW MHUHYTHL. TOYHOE TUTPOBAHUE IPOBOIAT
HECKOJIBKO pa3 U OepyT cpeHee 3HaYCHUE.

MosnsipHyto KOHLIEHTpanuio dkBuBanenTa KMnQO, onpenensior u3 BbIpaXeHUs:

C(1/5 KMnOy) = C(1/2 Na,C,04)V(Na,C,04)/ V(KMnOy), Mois/mm>.
MeToauka BbInoJTHeHus1 usMepenuii Fe2+

Omnpenenenve conepkaHus *kKeje3a B Kakod — JUOO0 ero coii, Hampumep, B

comiu Mopa (NH,),Fe(SO,), 6H,0) unu B xkeneznom kynopoce FeSO;7H,0O 00b1uHO
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MPOBOJISAT MPSMBIM THTPOBAHWEM B CEPHOKHCIIOW Cpele, MCIOJb3ys CTaHIapTHBIA
pacTBop nepmanranara kamus. Ilpu turpoBanum (NHy),Fe(SO4), 6H,O) Fe'
okucsercs 10 Fe*:

5|Fe’" —e — Fe’'
1/MnO4 + 5¢ +8H" — Mn?*" + 4H,0
5Fe’" + MnO4 + 8H" = 5Fe*" + Mn*" + 4H,0
10(NH,),Fe(S0,), 6H,0) + 2KMnO, + H,SO, = 5Fe(SO4); + 2MnSO, +

K»SO, +10(NH,),SO, + 8H,0.

OpranuzanuoHHasi popma 3aHATHUSA
3anady MoJay4yaroT B MEPHYIO KOJIOYy B BHJE pacTBOpa coiu Mopa, 100aBisitoT

Ty/la K€ JUCTUILIMPOBAHHYIO BOIY J0 METKHU M TIIATENEHO NIEPEMEIIMBAIOT. 3aTEM U3
MEPHOH KO0JI0BI OTOMPAIOT AJMKBOTHYIO YacTh PacTBOpa colM Mopa M IOMEIIAIOT ee
B KOIOY JUISl THTPOBAHMUSL.

ITocne sroro mobasusror 10 em® Hy,SOy (1:4) (ecin MepHas xosa6a Ha 250 cm?),
IepeMEIIMBAIOT U IIPU KOMHATHOM TeMIlepaType TUTPYIOT PACTBOPOM II€pPMaHraHaTa
Kanus 10 c1ab0-po30BOii OKPAacKK pacTBOpa.

Pacuer maccer xenesa (+2) mpoBogst mo popmyie:
m(Fe?") = (V(KMnO»C(1/5KMnO,)M(Fe*"))/1000Vk/Vn, r.
MeTtoauka BbINOJHEHUS] H3MEPEHUI TUXPOMAT-HOHA
Onpeneneane Cr,O7* mpoBOAAT CHOCOOOM OOpPATHOrO TUTPOBAHMS. 3ajady

[OJIy4aroT B MEPHYIO KOJIOY B BUJIE pacTBOpa AUXpomara Kajus, JoOaBJISAIOT Ty1a XKe
AUCTUJUIMPOBAHHYIO BOJAY 10 METKH KOJIOBI U TIIATENIbHO MEPEMEIIMBAIOT. 3aTEM U3
MEpHON KOJIOBI OTOMPAIOT OJHY MHIIETKY aHAJIW3UPYEMOIO PacTBOpPA, MEPEHOCST B
KOHUYECKYI0 KOJIOY AJisi TUTPOBAHUSA, MPUOABIAIOT U30BITOK (2 MUMETKH) pacTBOpPa
comn Mopa ¢ usBectHOM Kouuentpauuei, 10 cm® H,SO,4 (1:4). Ipu noGasnenun
comu Mopa HaOmogaeTcsi M3MEHEHUE OpPAHXKEBOWM OKpPAaCKM pacTBOpa AUXpPOMATa
Kamuss B 3eneHyro. Copepxumoe KojObl mnepememmuBaroT. Monbl kenesa (+2),
BXOJSIME B COCTaB coiau Mopa, OKUCISIOTCS IUXpPOMAaTOM B SKBUBAJIECHTHOM

KOJIMYCCTBC.

1lCr,0.% + 6e + 14H" — 2CB* + 7TH,0
6|Fe:2+ —e — Fe*'

Cr,0/>+ 6Fe*" + 14H" = 2Cr** + 6Fe*" + 7H,0
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K>Cr,07 + 6(NHy),Fe(SO4), 6H,0) + TH,SO,4 = Cry(SOq); + +
3Fex(S04); + KySO4 + 6(NH4),SO4 + 7TH,0.

N30piTOK comu Mopa OTTUTPOBBIBAIOT PAacTBOPOM IE€pMaHIraHaTa Kajus [0
U3MEHEHHUS OKpacKd B KpacHO — (DUOJIETOBYIO WM CHHE — (DUOJETOBYIO B
3aBUCHUMOCTH OT COJIEpXKaHUS XpOMa, 3€J€Has OKpacka KOTOPOrO HECKOJIBKO
MAacKUpYeT po30Byr0 oKkpacky KMnOy.

Pacuer maccer (Cr207)2 MIPOBOJIAT 0 popmyiie:

m(Cra:02)= V VeuewC(1/SKMnO V KMnOy) ( M Cra00) ¥ |

1000 6 Vn
— 00 M > 0 3.
rae Vem — 00beM pactBopa coinr Mopa, IPUINTBIN B U30BITKE, CM”;
CCM — MOJIIpHasA KOHICHTpaluA 3KBHBAJICHTA pacTBOpa COJIH Mopa,

MOJIb/IM?;
M(1/6 Cr,O;>) — MonspHas Macca OJKBUBAJIEHTA IMXPOMAaTa Kajus,
I/MOJIb.
Bomnpocs! st 00cyxaeHust
1. Ha yeM ocHOBaHbl mnepmaHraHaroMerpuyeckue wuszMepenus? Kaxue

3HAUEHUS UMEET CTAHJAPTHBIN OKUCIUTEIHLHO-BOCCTAHOBUTEIBHBIN MOTEHI[MAT HOHA
MnO,4~ B KUCJIOW, HEUTPATBHON U LIEIOYHOM cpenax? Hanummnre cOOTBETCTBYIOLINE
MOJTypEaKIUU.

2. Kakyro maccy KMnO, (conepxkaiero 96,51 % uducTtoro BemiecTBa) Hajio
B3ATh JUIA IIPUTOTOBIEeHHMA 12 nm® pactBopa ¢ MonspHoi konumentpanmeir C(1/5
KMnQ,) = 0,1 mons/am®. Otsert: 39,41 .

3. Pacteop KMnOy, (15,00 cm®) ortutposan 17,45 ¢m3 pacteopa SnSOy ¢
C(1/2 SnSO,) = 0,1 mons/am® (npu pH = 0). Hanucars nosnnoe ypasaenue OBP u
paccuutath pactBopa KMnOy4: 1) MOASIpHYIO KOHIIEHTPALIMIO SKBUBAJICHTA; 2) TUTP
u TuTp pactBopa KMnO,4 o SnSOy.

1.3.2 Hoxomerpuyeckoe TUTPOBAHUE
B HomoMeTrprudeckoM METONIE€ M3MEPEHHUs] KOJIMYECTBO MOJA, BBIACISAEMOIO

OKHUCJIUTEJEM WM IMOIJIOIAEMOr0 BOCCTAHOBUTEIEM, NPOU3BOAAT IOCPEIACTBOM
TUTPOBAHUSI €r0 PAaCTBOPOM THOCYJIb(haTa HATPUS B MPUCYTCTBUU Kpaxmaja Kak

WHAUKATOPA.
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IIpuroros.ienue padodero pacreopa Na,S,0; 4 ycTaHOBJIEeHHEe €r0 TUTPA
Tuocynbhart HATPUsS HE MOXKET CIIYKUTh UCXOHBIM BEIIECTBOM, T.K. OH HEYC-
TOWYMB Ha Bo3ayxe. [IpuUroToBleHHBIM pacTBOp THOCYJb(aTa NPUOIU3UTEITLHON

KOHIICHTPAIIUU MMOMEIIAIT B TEMHYIO CKJISSHKY U BBIJICP)KUBAIOT B 3aIUIIICHHOM OT
ceera mecte B Teuenue 10 nuei. KonueHTpamus pactBopa THOCysb(aTa HaTpus
yale BCEro OMpeaesaeTcs Mo OMXpoMary Kajusi, TUTPOBAHHBIA PacTBOP KOTOPOTO
rotoBar 1o Hasecke. (Cr,07)?” — HOH KaK OKHCIIUTENb, BBIACIIET U3 100aBICHHOIO K
Hemy pactBopa KI 3KkBUBaJIeHTHOE KOJIMYECTBO MOJA, KOTOPBIA OTTUTPOBBIBAIOT
pacTBOPOM THOCYJIb(aTa HaTPUs:

1/Cr,07* + 6e + 14H* — 2Cr** + 7TH,0
321 2 > 1,0
Cr,07%7 + 6"+ 14H" = 2Cr*" + 61° + 7TH,0O
I+ 282032_ =2I" + S40¢
1|1, + 2 > 21
11282052 — 2¢- = $4062-
Iz + 2Na28203 =2Nal + N&zS406.
Taxum o6pazom, n (1/6 K,Cr,O7) = n (1/21,) = n (Na,S,03) Mob.
Monsipnass macca skBuBaieHTa K,Cr,O; B HomomeTpuu paBHa 1/6 ero

mossipHoit Maccel: M(1/6K,Cr,O7) = M/6 = 294,21/6 = 40,04 r/monb. MousipHast
Macca K-

BuBajeHTa Na,S,03°5H,0 paBHa momspHoii Mmacce — 248,2 1/MOJIb.
BenuunHa HaBEeCKHM 3aBUCUT OT KOHIEHTpAllUM MPUTOTOBJIEHHOTI'O PacTBOpa

thocyinb(para HaTpusa. Eciau MojspHas KOHIUEHTpAIMs SKBHUBAJICHTAa pacTBOpa
Na,S,0; npubausutensHo pasHa 0,02 MOJIB/IM?, TO HABECKY PACCUUTHIBAIOT TAK:

m (K,Cr,07) = C(1/6 K,Cr,07) V-M(1/6 K,Cr,07), T m

(K,Cr,07) = 0,02 0,25 40,04 = 0,2452 1.

B3saryio Ha aHanutuueckux Becax HaBecKy K,Cr,O; (01au3K0 K pacCUUTaHHOM)
TIIATENLHO HEPEHOCAT YEPE3 BOPOHKY B MEPHYIO KOJI0y Ha 250 cM> , pacTBOPAIOT B
JTUCTUJUTMPOBAHHON BOJIe, JOBOJAT PACTBOP JO METKH, 3aKpBIBAIOT MPOOKON U
NepeMEeNINBaloT.

KoHIieHTpaIuio noxy4eHHOro pacTBOpa pacCUUTHIBAIOT 110 hopMyJIe:
C (1/6 K2Cr207), mons/mm3 =  m (K:.Cr2O ) -V
M (1/6 K,.Cr,0 ), ~
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Peaxmuswvi. PactBop K,Cr,O7; pactBop ¢ (KI) = 5 %; pacTtBop
xonuentpuposannoit HC1 (p(HCl ) = 1,19 r/em?®); pacteop tuocynsdpara ¢ C
(Na,S,03) = 0,02 mosns/am?;pacTBop Kpaxmaina ¢ = 2 %.

OpranuszanuonHas ¢gopma 3aHATHSA
K 10 cm® pacteopa KI mpubasnsior 5 cm® konuenTpuposannoro pactsopa HCIL.

Ecnu mosBasiercs xento-Oypasi Okpacka CBOOOJHOrO MHoda, €€ O00eCIBEeYMBAIOT
1100aBJIEHHEM I10 KaIlIIM THOCYJIb(aTa HaTpus. 3aTeM K PacTBOPY J00aBIAIOT 25 cm?
pactBop K,Cr,07, 3aKpbIBatoT K0JIOY YaCOBBIM CTEKJIOM M CTaBAT B TEMHOE MECTO Ha
3-5 MunyT. BeimenuBmuiics 1Won TUTPYROT pacTtBopoMm Na,S,0; A0 CcBETIO-KENTON
OKpacku, 100aByAioT 1-2 cM® Kpaxmaia v JOTUTPOBBIBAIOT UCCIIELYEMBII PACTBOP JI0
WCYE3HOBEHUs CHUHEW OKpackd. Mcrosb3ys 3aKOH HKBHBAJIEHTOB, PACCUHUTHIBAIOT
MOJISIPHYIO KOHIIEHTPALMIO 3KBUBajIeHTa pacTBopa Na,S,0s:

C (N328203)V(N328203) = C(1/6 KzCI'207) V(chr207).
MeToanka BbINOJHEHUS U3MepeHuii meau (+2)
Onpeneneane meau (Cu?') B HOZOMETpMHM OTHOCHTCS K ONPEICIECHUIO

okucnurened. CyIIHOCTh IIPOLIECCa COCTOMT B CIEAYIOIIEM: K HCCIEIyEMOMY
pactBopy npuiuBaroT pactop Kl. BeiienuBmniicss 3KkBUBAIEHTHO KOJIUYECTBY MEAU
101 OTTUTPOBBIBAIOT PACTBOPOM THOCYJIb(paTa HATPHUS:

2 Ibuz* +e=Cu’

12l =2e=1],

2 Cu*+2I'=2Cu" +2L,
1 +2e=21

1 |282032— — 2¢ = S4062-12

+ 2S2032- = 21- + S4062-

Brmmagenne ocagxka Cul B mpomecce peaknuy MOHWKAET KOHIIEHTPALIUIO
BOCCTAHOBJICHHOW (OpMBI Meau, Omarogaps dYeMmy IMOTSHIIMAT CHCTEMBl MEIH
MOBBIIIACTCS M MEJIb CTAHOBUTCSI OKHCIUTENIEM 10 OTHOIIICHHUIO K cUcTeMe ioxaa. s
YMEHBILIEHUS MOTEHIMANa CUCTEMBI M s cBssbiBanus Cu®' B ocamok Tpebyercs
oonpioi u36bIToK HWoauna - moHoB (KI), B KI — moporocrosmuii mpenapar. Ha
MPaKTUKE YacTo mpuMeHsieTcs: cMech pactBopoB KI u KCNS:

Cull+ KCNS — CuCNS+ K1
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Tak xak ocagox CuCNS 6oisiee Tpyano pactsopuM, ueM Cul (ITP CuCNS = 4,8

* 10715, TIP Cul = 1,1* 10'?), conepxanue nonos Cu?" B pacTBOpe NPU IPUMEHEHUH
cmecu KI + KCNS eme Oonee mNOHMXKAETCS, YTO CHOCOOCTBYET YCIEUITHOMY
turpoBannio Cu?" Kak OKUCIMTEIIS.

Peaxmuebi. PacTBOp cepHOI KUCIOTHI ¢ MOJISIpHON KoHIIeHTparmeir C(1/2
H,S0,) = 4 mons/nm?; cmech pactBopos: W(KI) =7 % u W(KCNS ) =15 %; pactsop
kpaxmana ¢ = 0,1 %; TutpoBanHbIi pacTBOp Na,S,0s.

OpranuzanuonHas popma 3aHATHSA
B xon0y nnst TMTpOBaHMS OTOMPAIOT OJHY MUTETKY «3ajaqr», TpuoOaBisioT 4

em® C(H,S04) = 4 mons/nv® u 7 em® emecu (KI + KCNS) . PacTBop mepeMeInmBaioT u
TUTPYIOT THOCYIb(aToM cHavyaia 0e3 MHAMKATOpa N0 ci1abo-KeITOM OKpacku, a
3aTeM JOOABIAIOT KpaxMal M IPOJOJDKAIOT TUTPOBATH IO HMCYE3HOBEHUS CUHEN
okpacku. LI[BeT pacTBOpa C OCAaJKOM CTaHOBHTCS CBETJIO-PO30OBBEIM. PacueTsl 1o
pe3yJbTaTaM ONpe/IeIeHUS:

n (Cu*) = n (Na,S,03) moms m (Cu*") = C

(N2,S,05)V(NayS,05)M: (Cu2) 107 1=

Bomnpocs! ais1 00cyxaeHust
1. Ha uwem ocHoOBaHO ionomerpuueckoe tuTpoBaHue? Kakoe 3HaueHue

YIMEET CTaHIaPTHEINM HOTEHIMAI Tonypeakiuu [; $2¢~ 2172

2. Kakyro wmaccy Na3S,035H,O Hamo B3ath s moaydenus 12,5 am?
pactBopa THOcyinb(ata ¢ MomspHOi koumenrtpaumeir C(Na,S,0;5H,0) = 0,2
mous/am*? Oteet: 620,5 T.

3. Kakyro maccy nuxpomara Kajiust HaJ0 B3SITh JJIsl IPUTOTOBJICHUSI OJHOTO

aM> pacTBOpa, 9To0bl Kaxk bk 1 cm> aToro pacrsopa coorsercreosai 0,01 r xenesa?

OtBerT: 8,78 1.

2 OUBUKO-XUMHNYECKHUE METO/AbI AHAJIN3A
Bce MeToapl aHanm3a OCHOBAHbI HA U3YYEHUU CBOWCTB BEILIECTBA, CBS3aHHBIX C

KOHIICHTpAIKEH ONpeIeI€HHON 3aBUCHMOCTRIO. B KIIaCCHYeCKHMX METOojIaX aHain3a
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(rpaBUMETPUYECKOM M TUTPUMETPUYECKOM) TAKMMHU CBOMCTBAMHU SIBISIIOTCS Macca
BemiecTBa ¥ 00bEM pacTBopa. OJHAKO BEIIECTBO 00JIAAET €Il MHOTHMH JPyTHMH

CBOMCTBaMH, TMOTJIOMIAIOT W MCIYCKAIOT CBET, 00JaJaloT 3JIEKTPONPOBOAHOCTHIO,
MIOJIBEPraroTCsl PaJMOaKTUBHOMY pacnagy M T.1. AHaJIUTUYECKUE H3MEPEHMUS,
OCHOBaHHbIe Ha (U3MUECKHX M (U3UKO-XMMHUYECKHX  CBOMCTBaX COEIUHEHHIH,
COCTaBJISIOT MPEAMET TaK Ha3bIBAEMBIX (PU3UKO-XUMHUYECKHX METOJOB aHaln3a
(DXMA).

JIOCTOMHCTBA 3TUX METOJIOB — BBICOKAsI YyBCTBUTEIIBHOCTh, BBICOKAsi CKOPOCTh
(9KCIIPECHOCTh), AKOHOMUYHOCTHh (MPU MAacCOBBIX aHajIU3ax), BO3MOXHOCTb
MPOBOJIUTH U3MEPEHHS HA PACCTOSIHHM M 0e3 paspylieHusi oOpasiia, 6ojiee BhICOKAs
BO3MOXKHOCTbH npuMeHenus DBM. Uyscteurenbrocts ®XMA cocrasiser 104 ... 10
> % u MeHbIe. B 00acTH TakMX MajblX KOHIEHTPAIMH KIACCHYECKHE METOIbI
BOOOIIIE HETPUMEHUMBI.

[TorpemHocTh M3MepeHu PU3NKO-XUMUYECKUMU MeTogamMu — 2 ... 5 %, 4To
MPEBBIIIACT MOTPEIIHOCTh KJIACCUYECKUX METOJI0B aHanu3a, HO
BbILIENIEpeyncIeHHble ocTouHcTBAa DPXMA BO MHOIMX MPAKTUYECKHX CIIydasx
JEJIAI0T UX HE3aMEHUMBIMH.

Obmee uyucno DXMA cocTaBiIsieT HECKOJIBKO JECATKOB, H3 KOTOPBIX
HanOoJIbLIee MTPAKTUYECKOE 3HAYEHUE UMEIOT: CHEKTPAIbHbIE U JPYTHE ONTUYECKHE
METO/Ibl, OCHOBaHHbIE Ha B3aUMOJEHCTBUU BEUIECTBA C JJIEKTPOMArHUTHBIM
U3IIyYEHHEM); OJJIEKTPOXUMHUYECKHE (OCHOBAHBI Ha W3MEPEHHH JJIEKTPUUECKOU
MIPOBOJIMMOCTH, MIOTEHIIUAJIOB U JIp.) U XpoMaTorpaduueckue MeTo Ibl U3MEpPEHUH.

2.1 Onruyeckue MeToAbI U3MEpPEeHU
Metoasl aHanu3a, OCHOBAHHBIC HA HCMOJb30BAHUM PaA3IMUHBIX ID(PEKTOB,

BO3HUKAIOIINUX IIpHU }ICI\/JICTBI/II/I OJICKTPOMArdHuTHOI'O O6J'IyII€HI/I$I Ha BCIICCTBaA,
Ha3bIBAIOT OIITHYCCKHUMU. CpG,ZII/I IIOCJICAHUX, BEDKHGﬁIHYIO POJIb HUI'PAOT TakK
Ha3bIBACMBIC CIICKTPAJIbHBIC MCTOIbI HBMGPGHHﬁ.

OcHOBHBIC napaMeTpbl JICKTPOMAIrHUTHOT'O U3JIIYHCHUA — YaCTOTA KOJ'IC63HPII>1,

JJINHA BOJHBI U BOJIHOBOEC YHMCJIO.
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Yacrota konebanuii Vimoka3pIBaeT YUCIIO KoJiebanuii B 1 CeKyHIy, U3MEpSETCS
B repuax (T'm; 10° T'y = 1 k' 10° T'y = 1 mI'u). Hampumep, 31€KTPOMAarHUTHOE
M3JTydeHHE 3eIeHOTO 1IBETa XapaKTepu3yeTcs 4acToToi pasHoit 6 T0'*, kpacHoro — 4
1614

JUHHA BOJHBI A- HAMMEHBIIIEE PACCTOSHHE MEHKLY TOUKAMH, KONCOTFOIIMUCS

B O7MHAaKOBBIX (hazax. B cucreme CU €€ pa3MepHOCTH ONpesessieTcss B MeTpax (M)

A

wiy, Jamie, B Honamerpax (1 am = 10 m). Hanpumep, mmna Bonasr = 500 ...

550HM COOTBETCTBYET IEKTPOMArHUTHOMY M3JIyUYEHHIO 3€JIEHOTO [BETA.
OCHOBHBIE YYaCTKHU JIEKTPOMAarHUTHOTO CIEKTPa:

103, 10 v wmm 104 ... 0.1 um (L usnyuenue);

101 ... 10 M mim 1072 ... 10 HM (PEHTIEHOBCKOE U3Iy4YEHHE);
108 ... 4 X077 ™ wnm 10 ... 400 uM (yibTpadHOIETOBOE U3IYUEHHE);
— 4 X0-7 ... 7.6 10-7 m mnu 400 ... 760 HM (BUIUMBII CBET);

7.6 X077 ... 107 M uim 760 ... 10°um (uEbpakpacHoe 00IydYeHnE);
103 ... 1M (MMKpOBOJIHBI MJIM CBEPXBBICOKHE HYaCTOTEI);
A>1 N — pagHoBOIHEL

I[J'II/IHa BOJIHBI M YaCTOTa KOJICOAHUI CBI3aHbI MCIKIOY 000l COOTHOIIICHUEM:

X
B 10
rae ¢ =3 10'° cm/c — cKopoCTb CBeTa, a uHHA BOIHBL — B oM, Y =3 X107/A

— yacToTa BeIpakeHHas B ', Hanpumep, 1j1s 3€1€HOr0 cBETa %“ = 500 HM) BenMUYMHA

~=310%/5105=6 16" Tw.

V= 0/7\” /(2.1)
Benuuuny, oOpaTHyO JJIMHE BOJHBI, HA3bIBAIOT BOJHOBBIM YUCI®M () U

BBIPAXKAIOT B 00OpaTHBIX canTtuMeTpax (cm!). Hampumep, i 3eneHOro cBera

/
BoaHOBOY unciio = = 1/5 165= 2 10* cm.

DHeprus 3eKTpoMaruuTHoro usnydenus (E) onpenensercs paBeHCTBOM:
E=hv, (2.2)
rae h — nocrosunas ITnanka, paBaas 6.62 ¥03* Il c. Jlyist BEIYUCIEHUS

OHCPIUv OAHOI'O MOJIb BCHICCTBA, 3TY BCIINYUHY H€O6XOI[I/IMO YMHOXKHUTDb HAd YUCJIO

Asoraznpo N, = 602 10%:

106



E = 6,62<10734 6,02 0% = 3.99 197'°, rvie E
BBIPAKEHO B JIK/MOJIb.

2.1.1 ®oTomeTpryeCcKH aHATH3
[Ipu QoTtoMeTpruecKux H3MEPEHHSIX OMPENEIIEMOE BEIIECTBO NEPEBOMST B

OKpAIllEHHOE COEJIMHEHUE, TOC]Ie Yero M3MEpSIOT CBETOIOIJIONICeHHE pacTBopa. B
3aBUCHUMOCTH OT croco0a H3MEpEeHHUs CBETONOIVIOUICHHS pPa3InYyaroT HECKOJbKO
METOJIOB (hOTOMETPUUECKOro aHanu3a. BusyanbHoe CpaBHEHHE HHTEHCHUBHOCTH
OKPACKH 0 OTHOLUEHUIO K W3BECTHOMY CTAHJAPTY HA3bIBAIOT KOJIOPUMEMPUUECKUM
ananuzom. Ecnu st U3MepeHusl CBETOIOIVIOMIEHUS! MPUMEHSIOT (OTORIEMEHT CO
CBETODUIIBTPOM, TO npudop Ha3bIBAIOT dboTomeTpom WIn
anektpodorokogopumeTrpom (Hampumep, KOK-2), a wMeroq wu3MepeHuii —
dboTomerpuyeckum. Hambonee TouHbIE pe3ynbTaThl, OCOOCHHO TIpU aHAIU3E
CIIOKHBIX CMeceil, moiyuyaloT Ha crekrpodoromerpax. Ha mocneanux usmepeHus
BEJyT B OYEHb Y3KOM YYACTKE CIEKTPA — 3TO CIIEKTPO(YOTOMETPUUECKHUIT METO.

OCHOBHO# 32aKOH KOJIOPUMETPUH
NHTEHCUBHOCTL OKPACKU B KOJIOPUMETPUHU BBIPAXKAIOT BEJIMYUHON ONTUYECKOU

IUTIOTHOCTH A

IO /
A=1g =lgn =lgn, (2.3)
1
rne [p u | — ”HTeHCUBHOCTD BXOMSAIIETO M BBIXOSIIETO CBETOBOTO MTOTOKOB B
KIOBETY C OKpPAalllEHHbIM PacTBOPOM HCCJEIyeMOIrO BEIECTBAa COOTBETCTBEHHO; | —

TOJIIIMHA IIOIJIOIIAICIo CJa0idA (I[J'II/IHa KIOBCTI)I); lg n — MNIOCTOsAHHAaA
BCJIIMUMHA, XapaKTCPHaA I JaHHOT'O OKPAIICHHOI'O

pacTBopa Mpu MPOXOKIACHUN CBETA ONMPEICTICHHON JITTMHBI BOJIHBI.
VYpaBaenue (2.3) orpaxkaer 3akoH byrepa-JlamGepTa: onmuueckas niomuocmo

pacmeopa (A) sewecmea npsamo nponoYUOHAIbLHA MOoAWUHe no2roujarowe2o cios (1).
[Toznnee bepom ObUIO YCTaHOBIEHO, YTO TIPU MPOXOXKJICHUHM CBETA Uepe3 rasbl

N PaAaCTBOpPBI CTCIICHL IIOIJIOIICHHA CBCTA 3aBHCHUT OT YHCIA YaCTUIl B CAMHHUIC
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o0beMa, BCTPEUAIOIIUXCS Ha IyTH CBETOBOIO ITOTOKA, T.€. IIOTJIOIICHHWE CBETa
3aBHCHUT OT KOHIIEHTPAIIUN BEIIECTBA:
1,
A=1lg "= jCc, (241
rae € — MOJIAPHBIA KO3(PQPUIIMSHT TOTJIONICHUS, BEJIMYMHA MOCTOSHHAS IS
pacTBOPOB JIAaHHOTO BEIIECTBA MPHU MPOXOXKIACHUH CBETA C OIMPEICICHHON IJIMHON
BOJIHBI; | — TomMHA cnost (paKkTUYECKH — IJIMHA KIOBETHI, CM);

C — KOHLIEHTPAILMs PACTBOPEHHOTO BELIECTBA, MOJIL/IM.

Kosopumerp KOK-2
Konopumerp gorosnexrpuueckuil koHueHTpauuonHbiii KOK-2 npennaznayen

JUIL M3MEPEHUs B OTIEJbHBIX YydacTKax Juana3oHa JJuH BojdH 315-980 Hw,

BBIJICNIIEMBIX CBETOPMIbTpaMU, KOI(DOUIIMEHTOB TMPOIMYCKAHUS M ONTHYECKOU
IUIOTHOCTH JKMIKOCTHBEIX PpAcTBOPOB M TBEPIBIX TeE, a TAKKE OIpEACICHuUs

KOHLIEHTpallMu BEIIECTB B pacTBOpax METOJAOM IOCTPOEHUS TI'PagyHpPOBOYHBIX
rpaduKoB.

Konopumerp mno3BosisieT Takke MPOU3BOAUTH H3MEpEHUs KO3 UIIMEHTOB
IPOINYyCKaHUsl PacCeMBAIOIIMX B3BECEH, SMYJbCUM U KOJJIOUJHBIX PacTBOPOB B
IIPOXOJSAIIEM CBETE.

TexHuueckue Oanmbie
CnekTpanbHbIi 1uUana3oH padboTsl komopumerpa oT 315 mo 980 um. Ilpenen

JOITyCKAaeMOr0 3HA4E€HMsI OCHOBHOI aOCONIOTHON IOTPEIIHOCTH KOJIOPUMETpa IpH
M3MEHEeHUH K03 (ULHeHToB npomyckanus +1%.

Ipunyun oeticmsus
[MpuammMn ~ w3MepeHus  KOd(PPUIMEHTa  MPOMYCKAaHUS  OMpPEHeseTCs

CIeayronMM 00pa3oM, Ha (OTONPUEMHHUK HAIPABISAETCS I[MOOYEPETHO CBETOBBIE

notoku Fy, wu mpomemmmi 4depe3 wucciaeayeMyr cpeny F, u  omnpenensercs
OTHOIIIEHUE ATUX MOTOKOB. OTHOIICHHUE MTOTOKOB €CTh KOA(P(MUIIMEHT TIPOITyCKaHUS T

UCCIIeTyeMOTO pac-

TBOpA: t 194100% (2.5)
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Ha kojopuMerpe 3TO OTHOIICHUE ONPEICIAeTCS CICAYIONUM 00pa3oM.
BHayaie B CBETOBOW MyYOK TMOMENIAIOT KIOBETY C PACTBOPHUTEIEM WM

KOHIICHTPUPOBAHHBIM PacTBOPOM. VI3MEHEHHEM UyBCTBUTEIBHOCTH KOJOPUMETPA
NOOMBAIOTCS, YTOOBI OTCUET MO MIKajie KO3()(PHUIMEHTOB TPOIYCKaHUs KOJIOPUMETpPA

n; 6bu1 paBeH 100. Takum 00pa3om, MOTHBINA CBETOBOM MOTOK MPUHUMAETCS PaBHBIM

100%. 3arem, B CBETOBOW IMyYOK MOMELIAIOT KIOBETY C HCCIIEIYEMBIM PacTBOPOM.
[Tonmy4eHHBI OTCYET N, MO ImKaie KO3()(GHUIUEHTOB MPOMYCKAHUS KOJIOPUMETpPa

OyJzieT cooTBEeTCTBOBATH F).

CnenoBarenbHO, KOI(POUIIMEHT TMPONMYCKAHUS HCCIECIyEMOI0 pacTBOpa B
MpoIeHTax OyJIeT paBeH Ny, T.€. ™% = ny.

OnTrueckas IIIOTHOCTh A omnpeaesieTcs 1o hopmylie:

F [4
=-lg =-lg =2-lIgt¢
y F,, 100 (2.6)
Cxema onTuyeckasi IPpUHIIUNUAILHASA
Hute nammbl 1 (puc. 2.1) xoHAeHcaTOpoM 2 u300pakaeTcs B IJIOCKOCTH

muadparmel 3 d=2 mMm. M300paxkeHne 0OOBEKTUBOM 4,5 MEPEHOCUTCS B TIOCKOCTD,
OTCTOSIIIYI0 OT 00beKkTHBa Ha pacctossauu 300 mm, ¢ yBennuenuem 10*. Kioeeta 10 ¢
HCCIIETyEMBIM pPACTBOPOM BBOAMUTCS B CBETOBOM IMY4YOK MEXIY 3allUTHBIMU
crekiamu 9, 11. [{ns BbpiAeNeHUS] Y3KUX YYaCTKOB CIEKTpPa U3 CIUIOIIHOTO CIIEKTpa
U3Ty4YEHUS JIaMITbl B KOJIOPUMETPE, TIPEyCMOTPEHBI IIBETOBBIE CBETO(UIBTPHI §.
Tero3zamuTHeIl cBeTO(UABTP 6 BBEIEH B CBETOBOM NMy4YOK MpuU pabore B
Buaumont obnactu crektpa (400-590 vm). s ocnabieHus CBETOBOTO TOKa MpH
pabote B crnekTpaibHOM jauanazoHe 400-590 HM yCTaHOBJIGHBI HEUTpaJbHBIC
cBeTomiIbTpbl 7. DoTompueMHUK paboTaeT B pa3HBIX OO0JACTSAX CIEKTpa:
dotosnement ®P-26 17-B obnactu crekrtpa 315-540 um; dotommon dJI-24K 12-B
obnactu criektpa 590-980 um. IlnmactrHa 14 genut CBETOBOM MOTOK Ha JBa: OKOJIO
10% cBeroBoro mortoka Hampasisiercss Ha (oroanon D/-24K u okomo 90% nHa
dotosnement ®-26. JIns ypaBHUBaHMS (DPOTOTOKOB, CHUMAEMbIX C (POTONPHUEMHUKA

®J[-24K mnpu pabore C pazNUYHBIMM IBETHBIMU CBETOPWIBTpAMHU, IMEpe]] HUM
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yctaHoBJieH cBeTopmibTp 14 u3 nuetHoro crekia C3C-16. IIpu pabote ¢ KtoBeTaMu
19 Manoif eMKOCTH B KIOBETHOE OTJEJIICHHE YCTaHABIMBAETCs MpucTaBka 21 s
MukpoaHanu3a. Jluuzel 20 yMeHBIIAIOT CBETOBOW IMYYOK B MECTE€ YCTAaHOBKH
MUKpPOKIOBET Wi mpooupku. Jluu3el 18 BOCCTaHABIMBAIOT CBETOBOW ITyYOK [0

IICPBOHAYAJIBHOI'O AUaMETpa.

10 11 14 15 16

— o
—
]

i
}— O
| —
*_,_..-""'

T T E — R ] 137 1

10. KrmwoepeTa
11. 3amHTHOE CTEKIIO
12. dortoaHox ®J-7k

_____%L___J 13. CpeTo(pHNBTP H3 LBETHOIO CTEKIa
1. Jlamma C33-16
2. KonaeHcartop 14. IImacTHHAa
3. [Huajparma 15. CreropHIBTP
4-5. OOBEKTHE 16. <QortosnemeHt o-4
6. Tenmno3alHTHLIH CBeTOPHABTP 17. IIpHCTAaBRKa AJs MHKpoOaHalH3a
7. HeHTpaJlbHBIH cReTOPHIBTP 18. JIuH3a
8. IlpeTHOH CBeTO(HIBTP 19. KweeTa MaloH eMKOCTH
9. 3AIMHTHOE CTEKIIO 20. JIuHuza

Pucynox 2.1 — l[Ipunyunuanvuasa cxema KOK-2
MeToauka BbINOJTHEHUS U3MEPEHUIT MACCOBOI KOHLIEHTPALIMM MeIH B

pacTtBope GOTOKOJIOPUMETPUUECKMM METOA0M (CIOCO0 CTAHAAPTHBIX CEPH)
Ilocyoa: komopumeTpudecKkre NpoOUpKH 7 IIT.; OI0OpeTKa WU IpaayupOBaHHASL
nunerka Ha 10 cM’; MepHble HUIMHAPE! Ha 25 M - 2 mT.
Peaxmuevl: cTanpapTHeiii pactBop comu meau - T, =0.0050 r/em®; H,SO,
(xoHI1.); paz6aBnennsblii pactBop H,SO, (1:4); paz6aBnennsiii pactBop NH,OH (1:1).
Konmopumerpuueckoe omnpeaeineHue MeIu OCHOBAaHO Ha TOM, YTO IMpHU
B3aUMOJIEHCTBHU ¢ M30BITKOM amMMmuaka uoH Cu?’ IepexoauT B KOMIUIEKCHBIA HOH
ammuakata Meau [Cu(NH3)4]**, oOkpameHHbli B CUHE-(HMOIETOBHIM  I[BET.

MNHTEHCMBHOCTH OKpaCKHu AHAJIIU3UPYCMOTO pacTBOpa CPaBHUBAIOT C
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HHTCHCHUBHOCTBIO OKPACKH CCPHUU I3TAJIOHHBIX PACTBOPOB C U3BCCTHBIM COACPKAHUEM
MCIU, IPUT'OTOBJICHHBIX B KOJIOPUMETPHUUICCKHUX HpO6I/IpKaX OJUHAKOBOI'O AUaMcETpa,
IIpu OANHAKOBBIX o0beMax PacTBOpPOB.

IIpurorosenue cranaaptuoro pacrsopa CuSO,5H,0
Monsnas macca CuSO4-5H,0 — 249.60 r/mons. B 1 1v3 ¢ Trpom 0.005000
r/cm® momxHO comepxathbes 0,005001000 = 5 r meau:
B 249.60 r CuSO45H,0 coaepxutcs 63.54 r Cu

B m T CuSO45H;0 comepxurcs St Cum
(CuSO45H,0) =249.60+5/63.54 =19.6410 .

Hagecky 19.6410 r CuSOy45H,0 (x.4.) nepeHOCAT KOJIMUYECTBEHHO B MEPHYIO

3

KO0y BMeCTUMOCTBIO 1am® wu  pactBopsior chavana B 200-250  com®

OUCTWJUIMPOBAHHOW BOAbI. JUJISI TpEenoTBpallleHUus THAPOIW3a COJUM  PacTBOP

HOIKHMCIISAIOT TPUOIU3UTENBHO 3CM>

H,SO, (koHI.) W mnepemMenuBalT. 3arem
JIOBOASIT 00BEM pacTBOpa J0 OTMETKHA JWCTWUIMPOBAHHOW BOJOW W eme pas
nepeMenuBaoT. [Tony4eHHbIi pacTBOp OYIET COAEpkKATh 5 T/CM> Me .

IIpuroroB/eHne 3TATOHHBIX PACTBOPOB (KOJOPUMeETPHYECKas HIKAJIA).
B 1ecTh NPOHYMEPOBAaHHBIX MEPHBIX KOO BMecTHMOCThIO 100 cm® wu3

OXOPETKH WJIM TIPH TIOMOLIM TPaayMpOBaHHOM MHUNETKH BBOAAT 1, 2, 3, 4, 5 u 6 cM®
CTaHJAPTHOTO PacTBOpa COJIM MEAH, YTo OyaeT cooTBeTcTBOBaTh 5,10,15,20 1 30 mr/
cM® Menu. B kaxayro Koia0y MepHBIM LMJIMHAPOM HOOABIAIOT MO 5 ¢M> pacTBOpa
H,SO4 (1:4) 1 OCTOPOXXHO TIO KaIUIsIM M MPU UHTEHCHBHOM NepeMeruBanuu mo 30

cm® pactBopa NH,OH (1:1). PacTBOpbI OKpaIIMBAOTCS B CUHE-(DMOJIETOBBIN IBET

CHJIBHO DPa30rpeBarOTCs, UX OXJIAXKIAIOT J0 KOMHATHOW TEMIIEPATYpPhl MOJ CTpyei

BOJIOIIPOBOJHOM BOJBI U JOBOJAT OO0BEMBI PACTBOPOB JUCTUILIMPOBAHHOMN BOJOM 10

METKH.

B mects mpoHyMEpOBaHHBIX KOJIOPUMETPUUECKUX MPOOUPOK, HAXOASAIIMXCS B
wratuse, BBOAAT 10 10 cm® (wam mo 20 ¢M’) NPHUIOTOBJIEHHBIX PACTBOPOB, YTOOLI
MOJIyYMJIaCh KOJIOpUMETpPUYECKasi IIKaja U3 IIEeCTH pPacTBOPOB C HU3BECTHOMU

KOHOCHTPAIWH MU, OTIIMYABIINXCA NHTCHCHUBHOCTBIO OKPACKH.
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OpranuzaunoHHas popma 3aHATHS.
[TonyunB KOHTPOJIBHBI PacTBOpP B MEPHOM Koyibe BMecTHMOCTBIO 100 cM?,

n06aBisioT B Hero 5 cM® pactBopa HoSO4 (1:4), mepeMeInMBaroT U 1Mo KaIuisM BBOISAT
30 cm® pacteopa NH,OH (1:1). Konly ¢ pacTBOpOM OXJIAXKIAIOT 10 KOMHATHOMN
TEMIIEpaTypbl U OBOASIT 00BEM TOJIYyYHMBIIETOCS CHHE-(DHOJIETOBOIO PacTBOpa [0
METKM JUCTUIUIMPOBAHHOM BOHON. Xopomo mnepememas pacTBop, 10 cm® ero
MEPEHOCAT B KOJOPUMETPUUYECKYIO TMPOOUPKY UM CPaBHUBAIOT HWHTEHCHUBHOCTH
OKPACKM HCCIEQYyeMOro pacTBOpa C HMHTEHCUBHOCTBIO OKpPACKH ASTaJOHHBIX
pactBOopoB. ConepkaHue MEIU B KOHTPOJBHOM pacTBOpe OyJeT TakUM K€, Kak B
ATAaJOHHOM pacTBOpe, MMEIIIEM Ty K€ HWHTEHCUBHOCTh OKpacku. Ecmu
MHTEHCUBHOCTh OKPACKHU HCCJIEYyEMOr0 PacTBOpa SIBJIAECTCS MPOMEKYTOUYHON MEXTY
OKpacKaMu JIBYX COCEIHUX ITAJIOHHBIX PACTBOPOB, TO KOHIEHTpALIMS OMPENEIIeTCS
KaK CpeHsIsl BEIMYMHA MEXy KOHIIEHTPALUSIMU 3TaJOHHBIX PACTBOPOB.
MeToauka BLINOJHEHUSI MACCOBOI KOHIIEHTPALIMU HUKEJISI B pacTBoOpe
(oTOKO0IOPUMETPUYECKHM METOA0M

ITocyoa: mepubie k006l Ha 100 cM>, 6 mT.; OrOpeTKa WM IPagyUpOBaHHAs
nunerka Ha 10 cM>; MepHble IMIMHAPLI Ha 25 ¢M?, 3 mT

Peaxmuebt: ctangaptubii pactBop Ty = 0.02 mr/em® mumermnramokcum, 1%
pactBop B 5%-HoM pactBope KOH; KOH 5%-nb1ii pacTBOp; nepcyiabhar aMMOHUS
(NH4)S,0g, 3%-HbIi1 pacTBOp.

OnpejieiecHie OCHOBAHO Ha TOM, 4TO WOHBI Ni*" B IIeNo4YHOM cpele, B
OPUCYTCTBUM OKHUCIUTENS (mepcyibdaT aMMOHMsS, OpoM U Jp.) 0O0pa3yloT C
TUMETHITIUOKCUMOM  (peakTtuB UyraeBa) BHYTPUKOMILJIEKCHOE COEIAMHEHHE,
OKpalI€HHOE B OPaH)KEBbIN 1[BET.

IIpurorosaenune crangapraoro pacrsopa NiSO47H,0
B 1 aM® cranpapTHOro pactBopa mOKHO comxepxkarbes 0,02-1000=20 mr unu

0,02 r Ni M (N1SO47H,0) = 280,69 r/monb.
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Pacuer: B 280,69 r NiSO4 7H,0 conepxurcs 48,69 r
Nie m 1 NiSO47H,0 comepxurcs 0,02 r Nim
(NiSO47H,0) =280,69-0,02/58,69 = 0,09572 r.

Hagecky 0,09572 r NiSO47H,0 (X.4.) KOJIMYECTBEHHO MEPEHOCIT B MEPHYIO
K0710y BMecTUMOCTEIO 1 1M, pactBopstor B 200-250 ¢M? qMCTHIIIMPOBAHHON BOJIBI,
noakucisroT 2-3 kammsima H,SO4 (KOHIL) ¥ JOBOAST 10 METKU JUCTWIIUPOBAHHOU
B0oJ101. ITonyuennsiii pactBop comepxur 0,02 mr/ ecm® Ni?',

IocTpoenue rpaxyupoBo4YHOro rpaguka. B 1ITh NIPOHYMEPOBAaHHBIX
MEPHBIX KOJNO BMecTUMOCTBIO 100 cM® mu3 OHOpeTKM WIM IPH  [OMOIIH

rpajydpoBaHHoOlM nuneTku BBOmAT 2.4,6,8,10 oM’

CTaHJAPTHOTO pacTBOpa
NiSO47H,0, uto oreuaet 0,04; 0,08; 0,12; 0,16; 0,20 Mr Hukens. B kaxayro Kooy
uaMHApoM oTMepuBaroT o 10 cm® 5%-noro pactsopa KOH, comepxumoe Koo
B30aNTHIBaIOT, N00aBIsAOT Mo 10 cM® 3%-HOro CBEKENPHUIOTOBIEHHOIO PacTBOpa
nepcyibdara aMMOHUS U BHOBb IIEPEMENINBAIOT. B Kakayto kon0y no6asisitoT o 10
cM® 1%-HOrO IMIENTOYHOr0 PacTBOPa AUMETHIITIMOKCHMA, PACTBOPHI OKPALIMBAIOTCS B
KPAaCHO-OpaHXEBbIM  I[BET, MX MEPEMEUIMBAIOT H  JOBOAST JO  METKHU
JTUCTUJUTUPOBaHHON Bojoi. Uepes oqHYy MUHYTY MOCJ€ MPUTOTOBJIICHUSI PACTBOPOB

IMPpUCTYIIAI0T K HU3MCPCHUAM nx ONTHYECKOU IINTIOTHOCTHU Ha

doTornerpokonopumerpe. M3amepenus ynqoOHO BeCTH B KIOBETE C TOJIIUHOM CIOS
pactBopa 30 MM, UCIIOIB3Ys 3€I€HbIN cBeTOPUILTp (00aacTh nponyckanus 450-480

HM). B kxauecTBe pacTBOpa CpaBHEHHUSI HCIIOIb3YIOT JUCTUIUINPOBAHHYIO BOAY.

N3mepuB  ONTHYECKYHD IUIOTHOCTH BCE€X IIATH  PacTBOPOB,  CTPOAT
rpagyupoBouHblii rpaduk. Ha ocu aGermce oTkiaasiBaioT coaepskanune NiZ', Ha ocu
OpJUHAT — BEJIMYMHY ONTUYECKOHN TIIOTHOCTH.

OprannzanuoHHasi popma 3aHATHS
[TofyunB KOHTPOJBHBIM PacTBOP COJNM HHKENs B MepHOM koube 100 cm?,

npuaKMBaroT K Hemy 10 cm® 5%-Hblii pacTBOpa mepcysib(par aMMOHHUS M, XOPOLIEHBKO
B300s1TaB, npuiaKuBaoT 10 cM® 1%-HOro MIENIOYHOro0 pacTBOpa JUMETUITIMOKCHMA.
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OGbeM pacTBOpa HOBOAAT 1O METKH JUCTH/UIMPOBAHHOM BOJIOM, XOPOIIO
nepeMenmuBaroT 1 dyepe3 10 MUHYT U3MEPSIOT ONTHYECKYIO TIOTHOCTh B KIOBETE C
TOJIIMHON €105 30 MM, HMCIOJIB3Ys 3€J€HBIA CBETOPUILTP. M3MepeHus IpoBOIAT

TPWOKABI W TIO CpPEIHEMY 3HAUEHUIO ONTUYECKOW IJIOTHOCTH, HCIONb3Ys
IpagyMpOBOUHBIM TpaduK, HAXOIAT coaepkanue Hukens B 100 cm® pacTBopa.

B xauecTBe cCpaBHEHHMS UCIIONIB3YIOT JUCTUILUIMPOBAHHYIO BOAY.
[lo naHHBIM U3MEpPEeHHs CTPOST TpadUK 3aBUCUMOCTH ONTHYECKOM MIOTHOCTH

(omTHyeckas IOTHOCTb — Ay; Ap M T.J1.) OT KOHIICHTpaIuu HUKess. [Ipeanonoxum, B
pe3yibTaTe TPEX U3MEPEHUI IONYYEHO CPEAHEE 3HAUCHUE ONTHYECKOW IIOTHOCTH

Ay4. VI3 TOuku A4 pOBOAUM MPSIMYIO, TAPATIICIIBHYIO OCH a0CIHCC 10 TIEPECEUCHHUSI C
rpagyupoOBOYHON KpUBOW. M3 TOUKM mepecedueHrs OIyCKaeM NEPICHAUKYJIAP Ha OCh
abcmucc. Ompenenenne KouueHTtpauuu Ni2™ 1mo rpagynpoBouHOMy TpaduKy IaeT
comepkanue Ni*" — 0,12 mr/100 cm?.

MeToauka BbINOJIHEHUS U3MEPEHU MAaCcCOBOM KOHLEHTPALMH a30TA
AMMOHHMUHOI0 (POTOKOJIOPUMETPHUYECCKUM METOI0M

Obnracmv  npumenenus. MeTtoaudeckass WHCTPYKUUS TOMEHSETCS  AJis
ONpENENICHNs a30Ta aMMOHMIMHOTO B KOH/IEHCATaX, CTOYHBIX U PEYHBIX BOAAX.

Wurepsan onpeaenseMbix KonueHrpanuii 0,05-60,0 mr/om?>.,
OnpeneneHuo MemaroT anddaTHdeckue W apoOMaTHYECKHE aMHHBI, alleTOH,

aJIbJICTUbI U CIIUPTHI.

Cywnocmb memooa. MeToJ OCHOBaH Ha B3auMojeicTBun kaTmoHOB NH,'™ ¢
peaktuBoM Heccnepa, B pe3ynbTaTe 4yero oOpasyeTcsi KOMIUIEKCHOE COCJIMHEHUE
xentoro nsera. [Io onTruuecKkor MIOTHOCTH OKPAIIEHHOTO pacTBOPa, OMPEAECICHHOM
(hOoTOMETPUYECKH, PACCUNUTHIBAIOT COACP)KAaHNE aMMOHUIMHOTO a30Ta.

Xumuszm:
NH," + 2K,Hgl, + 3NaOH — [NH,HgO]I + 4KI + 2H,0 +3Nal
Ilocyoa u npubopwl

1.  Mepuble koa6bl, €MkocTh 100 v’ u 1am>,
2. MukpoOropeTKa, EMKOCTb ScM>,
3.  Ilunerku, €mkocts 2, 5, 10, 15, 20, 25, 50 cm?.
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4. DOTOINEKTPOKOJIOPUMETP.

5. @unbTp [HloTTa Ne2.

Peaxmuewv

1. Peaxmue Heccnepa (u.0.a.). Pactsopsior 1826 r KI B 30 cm’

JIUACTHJZIMPOBAHHON BOJABI B MEPHON Koja0e €MKOCTh 1am’, mobamisror 22,72 T

momuna pryru, Hgl nepememmuBator 1o pacrBopenus. B apyroi konbe pacTBOpsIOT

40r ruapokcuia HaTpus B 950 cM® pucTrimpoBanHoi Boabl. [ToydeHHbIi pacTBOp
IPHIMBAIOT K MEPBOMY 10 00Iero oobema 1 am® pactBop orcramBarT 3-4 CYTOK,

GUIBTPYIOT Yepe3 CTEKIISIHHYIO BaTy U XPaHAT B CKJISTHKE U3 TEMHOTO CTEKJIA.

2. Cecnemosa conb, Hacwlujenuvlii pacmeop. 33 T CETHETOBOW COJIH
(KNaC,H,;0,¢4H,0) pacteopsror B 100 cM’ OMCTHIIMPOBAaHHON TEIUION BOABI U
Gunsrpyror. K punsrpary modasnsror Scm® peakrusa Heccenepa u octapisior Ha 2-3
IHs 10 oOeclBeUrBaHUs pacTBOpa. PeakTHB XpaHsT B CKIISIHKE U3 TEMHOTO CTEKJIA.

BbezaMMuayHasi JUCTH/IMPOBAHHAS BOJA.
CranaapTHBIH pacTBOP XJIOPUAA AMMOHMS
Pacmeop A. Xnopua ammonus (0,3816 1) pacTBOpSIOT B TUCTUIUIMPOBAHHOMN

BOJIE, HE COAEpKalell aMMuak, 00beM moBomar 1o 1 am® B MepHO# konbe. 1 cm?
IPUTOTOBJIEHHOTO pacTBOPa coaepskut 0,1 MI a30Ta aMMOHHUITHOTO.
Pacmeop b. Tlepenocar 100cm® pactBopa A B MEpPHYIO K00y €MKOCTBIO 1

aM?, pa30aBiIAOT BOAOM (HE cojepKallel aMMMakK) 0 METKM — OJMH CM’

MPUTOTOBIIEHHOTO pacTBopa cojnepxkut 0,01 Mr a3oTa aMMOHUITHOTO.

IHocTpoenue rpagyupoBo4yHoOro rpagpuxa
1. Hnmepesan onpedensemvix xoHyenmpayuti azoma ammonuvnozo 0,05 —

2,0 me/om®. B mepHble konObl emkocth 100cMm® HamuBarot u3 Groperku 0,25; 0,50;
0,75; 1,00; 2,00; 4,00; 6,00; 8,00; 10,00 cm® crammapTHOro pacrsopa b, 4TO
COOTBETCTBYET COJiepKaHu0 azotra amMonuitHoro 0,0025; 0,0050; 0,0075; 0,01;
0,02; 0,04; 0,06; 0,08; 0,10 mr (B 100 cMm? pacTBopa). JI00aBIAIOT B KAy KOJIOY
1o 2 cM® CerHeTroBoii conu, peaktuBa Hecciepa, 10BOAAT 0OBEMBI PACTBOPOB [0

METKH Oe3aMMHaYHOW JHCTWUTMPOBAHHON BoaoM M mepemermBaroT.AYepes 10
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MUHYT OKpallleHHbIE PACTBOPHI (POTOMETPUPYIOT B KIOBETE ¢ pabouei niuuHHOM 1 =50
MM 1pu = 430-440 MKM OTHOCHMTEILHO XOJIOCTON mpobbl (96 cM® GezaMMHUa4YHOM
JUCTUILIMPOBAHHON BOIBI, K KOTOPOM M00aBISIOT 1m0 2 CM® pacTBOpa CErHETOBOM
cosii 1 peaktuBa Heccnepa). OTcyeT noka3aHuid ONTUYECKON TNIOTHOCTH MPOU3BOIST
M0 KpacHOM mikayie mpaBoro Oapabana, HaumHas ¢ aeneHus «0.3» (mepen Havaaom
kasiopuMetpupoBanusi @OK HacTpauBaoT He ¢ «0», a ¢ «0.3»). lns moctpoeHus
KaJIMOpOBOYHOro rpaduka OTKIAAbIBAIOT Ha OCU alcuucc cojaepXaHue a3oTa
aMMOHHUIHOTO B MWUIATPaMMax, a MO OCH OPJMHAT COOTBETCTBYIOLIME 3HAYCHMS
ONTUYECKOM IJIOTHOCTH. 32 HyJIb IPUHUMAIOT MMOKa3aHUs MKaJbl «0.3».

2. Humepean onpedensemvix KoHyemmpayui azoma ammonuunoz2o 2,0 —
60,0 m2/ om’. B MepHyto kon0y €mkocts 100 cm® HanmusaroT u3 Groperku ot 1,0 10

3,0 eM® (¢ umrepBanom 0,25 cm?®) crammaprHoro pacrsopa A, B 1 cm® koToporo
cogepxkutcs 0,1 Mr azora aMMOHUMIHOro. J[0GaBIAIOT B Kaxmylo KouOy 1mo 2 cm’
CEerHETOBOM coiim W peakTuBa Heccnepa, MOBOAAT 110 METKHM Oe3aMMUAYHOMN
OUCTUJUIMPOBAHHOM BoJOM u mnepememmuBatroT. Yepe3 10 MHHYT pacTBOpHI
(GhOTOMETPUPYIOT B KIO-

Bete 20 MM mpH % 430-440 MKM OTHOCHTEIIBHO XOJIOCTOM IPOOBL.
[To mosiydyeHHBIM JAHHBIM CTPOSIT TPATyUPOBOUHBINA T'pauK, OTKIIAIbIBAS MO

ocH abCIHCC CoJIepKaHUE a30Ta aMMOHUHHOTO B MIJIJTUTPaMMax, a 1Mo OCH OpAUHAT
COOTBETCTBYIOIINE ONTHYECKUE MIIOTHOCTH PACTBOPOB.

OprannzannoHHas popma 3aHATUHA
Jlis ananm3a OTOMPArOT MUIMETKOM 5-50 cM> cceryeMoli BOIbI MM KOHIEH-
cata (TpeIBapUTEIbHO OTIHEHTPU(DPYTUPOBAHHBIX WM MPOQPUIBTPOBAHHBIX Yepe3

¢bunsTp oTtTa Ne2, ecnut 310 HEOOX0IUMO), TIEPEHOCIT B MEPHYIO KOJIOY €MKOCTBIO

100 cm?, mobanstor mo 2 cm?

CETHETOBOM COJIM M peakThBa Heccrepa, moBoasT
00BeM 710 METKH O€3aMMHUAYHON TUCTUUTMPOBAHHON BOAOW U TIepeMeIuBaioT. Yepes
10 muHyT pactBOphl (oromeTpupyroT B kioBere 20 MM npu = 430-440 MM

OTHOCUTEIBHO XOJOCTOM MpOOBI, MPUTOTOBJIEHHON TaK K€, KaK U MPU MOCTPOCHUU

rpagyrupoBOYHOTO rpaduka.

116



[Ipu ompexmeneHnd a3oTa aMMOHMIHOro Kouuenrparui 0,05-2,0 wmr/om?
UCIIOJIB3YIOT KIOBETHl JiauHOM | = 50 MM U Hauyano oTcuera Mo IIKaje MpaBoro
Oapabana mpousBoaAT u nenenust «0.3» (mepen Havyanmom konopumerpupoBanus GIK
HacTpauBaroT He ¢ «0», a ¢ «0,3»).

IIpu onpeneneHun a3oTa aMMOHUMHHOTO B MHTEpBasie KoHueHTpauil 2,0-60,0
MT/ M MpUMEHSIETCSL KIOBEThl JnHOM | =20 MM M Hayajao oTcuera Mo IIKaje
npaBoro 0apabana npousBoast ¢ "0".

Pacuer. Coaeprxanue a30Ta aMMOHUMHOTO (MJIM MaccOBasi KOHIICHTPALIUS -
Ci(N)) B BoJie nu KOHJIEHCATE paCCUUTHIBAIOT 1O (hopMyIie:
m N() 1000 3
=C,(N), me/om (2.7)
V
rae: m(N) — Macca aMMOHUIMHOTO a30Ta, HaliJIeHHas 0 KAJIMOPOBOYHOMY T'pa-
¢uky, mr; 1000 — mepecyer B am°;
V — 00b€M o0k, B3ATHIN IS aHAIN3a, CM°,
IIpu mnepecuere a3zoTra aMMOHHMITHOTO HAa HWOH AaMMOHHUS HEOO0XOJIUMO

MOJIYYCHHBIA pe3yJIbTaT aHajlu3a YMHOXKHUTh Ha KOA(DPUIMEHT mepecyeTa, paBHbBIN
1,286.

Ilpumeuanue. Eciu npoba BOJBI CONEPKHUT HE OTCTAMBAIONIYIO MYTh, TO JUJIS
OTIpEJICIICHNS] ICTUHHOTO COJIEpKaHMUs a30Ta aMMOHUIWHOTO HEOOXOAMMO MPOU3BECTH
U3MEPEHUE ONTHYECKOM TIUIOTHOCTH MYTHOM BOAbl (0€3 mpenBapUTEIbLHOTO
(GUIBTPOBAHMM TPU TOM € pa30aBlIEHWH, KaK OMKMCAHO B XOJ€ aHaiHu3a, HO 0e3
nobapieHuss peakTuBoB). Hynb npubopa ycTaHABIMBAIOT MO JUCTWIIUPOBAHHOM
BOJIE. 3aTEM BBIUECTh ONTHUYECKYIO IUIOTHOCTh MYTH W3 ONTHYECKOW IUIOTHOCTH,
MOJIYYEeHHOM TIPU U3MEPEHUH OKpallleHHOW MYTHOHM Bojibl. Jlanee mo KaiuOpoBOYHOE
rpaduky U pacdeTHOW (GopMysie ONMpPEeNeTuTh COJEpP)KaHHE a30Ta aMMOHUNHOTO B
BOJIE.

MeToauka BbINOJHEHUS U3MepPeHuil MaccoBOi KOHUeHTpauuu P,0s B
dpochorumnce

DOTOKOJIOPUMETPUUYECKUI METO/ oTipeiesieHust koHueHtpauuu P,Os B
docdorurce ocHOBaH Ha CBOMCTBE (ochaT-mOHOB 0OPA30BBIBATH C MOJIUOIATOM
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aMMOHHUS B IPUCYTCTBUHM METaBaHaaTa aMMOHHMS B @30THOKHUCIION cpeie
hochopHOMOTNOICHOBBIN KOMILIIEKC, OKPAIIIEHHBIN B )KEJITHIN 1IBET.

H3PO4 + 11(NH4)2MO4 + NH4VO3 + 23HNO3 —
H3PO4HVO31 1MOO3‘ 1 1H20 + 23NH4VO3
NHTEHCUBHOCTh OKPACKU aHAIM3UPYEMOTO pacTBopa (IpoObl) CpaBHUBAIOT C

MHTEHCUBHOCTBIO OKPACKM CEPUHU CTAaHIAPTHBIX PACTBOPOB Ha (DOTOKOIOpPUMETpE
K®K-2 u cTpodar rpagyupoBOUYHYIO XapaKTEPUCTUKY B KOOpJAUHATaxX: A (ONTHYECKas
wioTHOCTE) — C (koHuentpamus P,0Os, mr/cm®). U3MepHB ONTHYECKYHO ILUIOTHOCTh
aHAIM3UPYEMOIO PAacTBOpPA, ONPENENsAtoT KoHLeHTpauuto P,Os ¢ mnomounisro
YCTaHOBJICHHOW IPayHpOBOYHON XAPAKTEPUCTUKH.

Opranuzaunonsas ¢popma 3anusatus lIpurorosinenue

CCpUHN CTAHAAPTHBIX PACTBOPOB.

3

B ceMb NpOHYMEPOBAHHBIX MEPHBIX KOJIO €MKOCTBIO 100cM® ¢ MmOMOIIBIO

oropetkn (eMkocThio 50 cm?) nmpuimsaror 2, 5, 10, 20, 30, 40, 50 cm® pacteopa B, uto
COOTBETCTBYET cozpepskanuio P,Os mo 0,1; 0,25; 0,5; 1,5; 2,0 2,5 mr. O6b€M B Koabax

JOBOIAT IMCTHIIMPOBAHHONW BOJOM 1O CyMMapHOro o0bema paBHOro S50cm?,

NpWIMBAOT 1Mo 25 oM’

CMECU pPEaKTHUBOB, JOBOASAT O0OBEM /IO METKH
JUCTWJUIMPOBAaHHOM BOJOM M  mepeMemnBaroT. Yepe3d 15MUHYT H3MEpSAIOT
ONTUYECKYIO IJIOTHOCTh OKPAIIEHHBIX PAaCTBOPOB C MOMOIIBIO (POTOKOJIOPUMETPA B

KIOBETE ¢ paboyeit JIIMHHOM

/=10 MM 1put = 440 HM OTHOCHTEIIEHO XOJIOCTOH IPOGHL.
JIIs TIPUrOTOBJIEHHS XOJOCTOM MpOOBI B MEPHYIO KounlOy eMkocThio 100 cm?

npunuBaroT S0 cm? JTACTUJUIMPOBAHHOW BOJIBI, 25 cM® cmecu pEaKTUBOB, JHOBOISAT
00bEM J10 METKH JUCTUUTUPOBAHHON BOJAOU M MEPEMEIITNBAIOT TTOJIYYEHHBIH PacTBOP.
IIo mosyyeHnn 3HAYEHHsS] ONTHUYECKOM IUIOTHOCTH CTPOSAT I'PaydpOBOYHBIN
rpaduk: 1o ocu abcumcc — coxaepkanke P,Os B MIr; mo ocu oOpauHaT —
COOTBETCTBYIOLIEE 3HAYCHHSI ONTUYECKON IUIOTHOCTH.
N3MepeHnne ONTHYECKON IUIOTHOCTH CEPUM CTAHAAPTHBIX PacTBOPOB Ha

dhorokonopumerpe KOK-2.
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Jl1ia onpesiesieHnst ONTUYECKON MIOTHOCTH PACTBOPOB HEOOXOAUMO:
Bxmtounts  gorokonopumerp KODPK-2 3a 30 muHyT 10 Hayana pabOTHI

TyMOJIEPOM «CEThY», MPEIBAPUTEIHLHO OTKPHIB KIOBETHOE OT/IEIICHHE.

VY CTaHOBUTH PYUKY «CBETOPMIBTPBI» B nonoxkeHue «400 Hm».
YCTaHOBUTh PYUYKY «UYBCTBUTEIBHOCTH» B IMOJOKEHHE «2» — IO YEpHOU

HIKaJje.

3anoJHUTH MNEepBYIO KroBeTy JiuHOM 50 MM (¢ metkou 50,075) xomnocroi
npoOoii. TmareasHO MPOTEPETHh AOCYyXa paboure TPaHH KIOBETHI (PHIBTPOBAIHLHOM
Oymaroi. YCcTaHOBUTH KIOBETY B IEPBOE OTAEICHHE KIOBETOAEpKaTems (II0JI0KEHHE
PYUYKH MepeMEIEHUs KIOBEToAepKaTens — «1»).

3anoJIHUTh BTOPYIO KBapleByr0 KrooBeTy imuHoM 50 MM (¢ metkoit 50,110)
OPUTOTOBJIEHHBIM CTAHAAPTHBIM pacTBOpoM P,Os ¢ MUHMManbHON KOHLEHTpALMEN
(Nel w3 cepum pactBopoB). TmiarensHO NPOTEPETh (PUIBTPOBATLHON OyMaroit
paboure TpaHU KIOBEThl. YCTaHOBUTH KIOBETYy BO BTOpPO€  OT/AEJICHHE
KIOBETOIEPKATEIIA.

3aKkpbITh  KIOBETHOE  OTheneHue  Kpblmiko. [lpm  atom  crpenka
MHKpOAMIIEpPMETPA JOJKHA YCTAHOBUTCA Ha OTMETKE «0» IO IIKaje ONTHYECKOU
IUIOTHOCTU A (HYMDKHSIS 1IKaJIa MUKPOAMIIEpMETPa).

Ecou crpenka Mukpoammepmerpa OTKIOHSAETCS OT «(0» - TOJIOXKEHUS B
OOJBIIYIO0 WM MEHBIIYI0 CTOPOHY, YCTAHOBUTH €€ B «(0» - MOJIOKEHHE BpaIleHUEM
IIPAaBOro BEPXHETo noreHuuoMerpa «¥Ycranoska 100. Touno».

VY CTaHOBUTH KIOBETY CO CTaHIApPTHBIM pacTtBopoM P,Os B CBETOBOM MOTOK
MIEPEBEICHUEM pPYUYKH IIEPEMEIICHUS KIOBETOAEPKATENd M3 TNOJIOKEHHS «1» B
MTOJIOKEHUE «2%.

[IpousBecT OTCYET TOKa3aHUK ONTUYECKOW IUIOTHOCTU CTaHIapTHOIO
pactBopa P,Os 1o mikane onTH4ecKor mioTHOCTH «A» ¢ TouHocThI0 0,001.

BepHyTh pydKy nepeMemIeHHsl KIOBETOJEpXKATENsd W3 IIOJOXKEHUS «2» B
MOJIOKEHUE «1».

OTKpBITH KIOBETHOE OT/IEJICHHUE.
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N3mepenrne ONTHYECKUX IUJIOTHOCTEH BCEX TMOCHEAYIOMUX CTaHAapPTHBIX
pPacTBOpPOB MPOBECTH COIVIACHO HACTOAIIECH METOAMKE, Pe3yibTaThl H3MEpPEHUMU
3aHecTH B Tabmuiy 2.1.

Tabnuya 2.1 — Ananusz gpocgpoeunca na P,Os

Nen/m | O6wem crana. pactsopa P,Os, cm® C (P,05), mr/cm? A

3amgauga

[TocTpoeHue rpalyupoOBOYHON XapaKTEPUCTUKH
['panynpoBovHas XapakTEPUCTHKA CTPOUTCS HA MUJUTUMETPOBON Oymare B

koopauHatax A — C (P,0s), rme A — ontuyeckasi mwioTHOCTh pactBopa, C (P,Os) —
xouuenrpanus P,Os B mr/cm?.

Ha ocu aGcuucc oTkinaasiBaroT 3HaueHust KoHuentpauuu C (P,Os), mr/em?
CeMU CTaHAapTHBIX pacTBOpoB P,Os (nanubie Tabnuubl 2.1).

Ha ocu opauHaT OTKIAABIBAIOT M3MEPSEMbIE 3HAYEHUS ONTUYECKHX
IJIOTHOCTEN JUIsl CTaHJIapTHhIX pacTBOpoB P,0s. IlomyueHHass rpaayupoBOYHAas
XapaKTEPUCTUKA UMEECT JINHEUHBINA BUJL.

JlanpHelive omepanuu C MOJy4eHHOM mpoOoi (3amadeit) yuisi MOdydeHUs
dhochopHOMOIMOIEHOBOTO KOMILIEKCA ITPOBOJIST corjacHo AaHHoi MBU.

3aoaua. Yemanoenenue konyenmpayuu P,Os 6 ucciedyemoii npooe.
3aaua BBIIAETCS B BUJIE PACTBOPA B MEPHOU K0j10€ eMKOCTRI0 100 cv?.
JlanpHeWmume omnepanuyd C TMOJTYYEeHHON mMpoOoi (3amadeiil) mJs TOTyYCHHUS

dhochopHOMOIMOIEHOBOTO KOMILIEKCA TPOBOAST corjacHo AaHHoi MBU.
[TonyuenHass mnpobGa TOTOBUTCS K M3MEPEHHUIO ONTHYECKON TUIOTHOCTH
OJIHOBPEMEHHO C MPUTOTOBJIEHUEM CEPUHM CTAHAAPTHBIX PACTBOPOB ISl TOCTPOCHHUS
rpagyupOBOYHON KPUBOM.
N3mepenne onTuuecKod IUIOTHOCTU TOJYyYEHHON MPOOBI MPOBOJIUTCS TaKXKe
OJTHOBPEMEHHO C CepUel CTaHAAPTHBIX PACTBOPOB B COOTBETCTBUM C JaHHOMN

METOJIUKOM.
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Hanectu m3aMepeHHOE 3HAUEHHE ONTHUYECKON IUIOTHOCTH MpoObl A(X) Ha OCh
OpAMHAT TPaJyUPOBOYHON XapaKTEPUCTHUKU M ONpeAenuTs coaepxkanue P,Os B
nccnexyemoii mpoode Cx, mr/cm?>.

Bomnpocs! ajs1 00cyxaeHnst

1. Kaxkune meTonpt m3mMepeHnii Ha3bIBAIOTCS (PU3UKO-XUMHUIECKIUMU?
2. Kakue n3mMepenust OTHOCIT K ONTUYECKUM METOAaM?
3. OcCHOBHBIC MapaMeTPhbl AIEKTPOMArHUTHOTO H3IyudeHHs. Kak cCBsi3aHbl

JUTMHA BOJIHBI, CKOPOCTh CBETA M YacTOTa KoJieOaHU?

4, YT0 Takoe BOJIHOBOE YHUCIO?
5. Kakoe BbIpakeHHME ONUCHIBACT  JJIEKTPOMAarHUTHOE  M3JydeHue?

ITpuenute 3naueHue nocrosinuoi [Lnanka. UYto oHa onpenenseT?

6. Kaxkue metonp! namMmepeHnii OTHOCATCS K POTOMETPUIECKUM?
7. B dyem omaumune  (HOTOKOJIOPUMETPUYECKUX  HM3MEPEHUH  OT

crieKTpooToMeTpruuecKux?

8. Urto Takoe onruueckas IUOTHOCTH? Kak uwnraercs 3akoH byrepa-
JlamGeprabepa? IlpuBenuTe ero MaTeMaTH4YeCKOE BEIpaKEHHE.

0. Kakue orpannueHuss u yclOBUS NOPUMEHUMOCTH 3akoHa byrepa-
Jlambeptabepa?

10. Kak mnogOuparoT cBEeTOQWIBTPHl MpU  (HOTOKOIOPUMETPHUECKUX
U3MEPEHUSX ?

11.  Kakossl ONTHMAJIbHBIE yCIIOBHUSA (OTOKOIOPUMETPUUECKUX
onpeaeICHUN?
2.1.2 PeppakToMeTpHYeCKHE H3MEPEHUS
Teopernuyeckne 0CHOBbI METOAA
Pedpakromerpuuecknii MeTosl aHalu3a OCHOBAH HAa W3MEPEHHM IOKa3aTels

MPEJIOMJICHUST aHAJIU3UPYEMOTO BellecTBa WiIM ero pactsopa. Korma myd csera
MEPEXOUT U3 OJHOW MPO3PAYHOM CpEIbl B APYIryI0, HA TPAHULIE CPEJ HAIMPABJICHUE

€ro U3MEHsSIETCS - JIy4 mpesiomisercs (puc 2.2).
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cpena I

cpena I b
o a

Pucynoxk 2.2 — Ilpenomnenue nyua ceema Ha epanuye cpeo
a — JIyd4, MaJaroluid TOoJ YrjoM a, MpeloMIISIeTCs TMOJ YIJioM b; B — Iyd,

MaJAr0IUA 10, MPEACIbHBIM yrnoﬁ , mpenomusiercss moxa yrioMm 90° ¢ — myd,
Najaromui No1 yraoM OoJbIle NPEAEIbHOIO, HE BXOJUT B cpeay 2.
Bennuuny oTHOIIEHUS CHHYCA YIJia AJACHUS a K CHHYCY yTJa MPeoMIICHUs b
HA3BIBAIOT MOKA3aTeIeM IPEITOMIICHHS:
_ sin U

n Sil’l ﬂ .
I[J'ISI KaXXa0ro XMMHYCCKOro BCHIECCTBA I3TOT IIOKaA3aTClib OIPEACTIACTCA €Iro

IPUPOJION U SABJISETCS BEIMYMHOM MOCTOSTHHOW. [lokazarens mpesoMiIeHUs! 3aBUCHUT
OT JUIMHBl BOJIHBI IIaJIAIOIIETO CBETA, MO3TOMY JUIS IOJIYYEHHsS COBHAJAIOLIUX
PE3yNBTATOB HY>KHO IOJIb30BATHCS HICTOYHUKOM CBETA C U3JIyYEHHEM OIPENEICHHON
JUIMHBI BOJIHBI (HaTpHUEBBIEC, PTYyTHBIC, BOJOPOAHBIE Jiammbl). OJHAKO NPUMEHEHHE
CHEUUAIbHBIX JIaMIl YCIOXKHSET pabory. /[l neneid TEXHMYECKOrO aHaau3a
M3MEpPEHUs BEAYT MPHU CBETE JaMIlbl HAKAJTUBAHUS UM IIPU THEBHOM CBETE C OCOOBIM

MPUCTIOCOOJICHHEM, KOMIICHCUPYIOIIUM Pa3JIoKeHUE OeJIOro CBeTa MpU3MOM JKeITOro
ayda np. Ilokasarens NPeTOMIIEHHs 3aBUCHT OT TEMIIEPATYPHI, YMEHBIIAACH C €€

MOBBINICHUEM. TakuMm 00pa3oM, BaKHEWIIME YCIOBUS TOJTYYEHUS TOYHBIX
PE3yIBTATOB MPHU pePPaKTOMETPUIECKUX U3MEPEHUSX — OMPECICHUE TeMIepaTypPhl
Y MOHOXPOMAaTHYECKOE M3JIydeHHE. M3mepsaATh HemoCpeACTBEHHO BEIWYHHBI YTIIOB

MaJIeHUs] WK MPEJIOMIICHUSI Ha TPaHMIIE BO3YX - XKUAKOCTh HEyA00HO. B mpubopax
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U3MEPSIOT YTJIbl Ha TPAHMIIE KUAKOCTh - CTEKJIO, MOJIb3YSICh METOJO0M MPEACIHLHOTO
yria.

C yBenuueHWeMm yria NaJ€HUs YBEIWYUBACTCS U Yroa IPEIOMIIEHUs,
HACTyIaeT MOMEHT, KOT'/Ia yroJi pejaomiieHus: cranoBuTcs paBHbiM 90°. Ha puc. 2.1 —
3TO ypon . IIpu 3TOM 1y4 HE BXOJUT BO BTOPYIO CpPEly, @ CKOJIB3UT MO MOBEPXHOCTH
paznena. JTo sIBJICHHE HA3bIBACTCS MOJIHBIM BHYTPEHHUM OTPaKCHUEM CBETA, a yroJl
naJieHusl, MpU KOTOPOM OHO HAOJIIOJAETCs, MIPEJACIbHBIM YTIIOM OTPaKCHUS P

Ecnu mokazatenb NpeoOMIIEHHMS OJHOM Cpelbl N, HM3BECTEH, JOCTATOYHO
U3MEPHUTh BEJIMYMHY TpeAeiabHO® yrma , dYroObl ONpEAeaWTh IOKa3aTesb
IPEJIOMJIEHHSI HCCIIELyeMOM Cpeibl ny: n; =1, .§in .

Ha »ToM mnpuHIMIE OCHOBAHO YCTPOWCTBO NPUOOPOB MJII HU3MEPCHUS
MoKaszaresnss mpejoMiieHus: — pedpakToMeTpoB. B kadecTBe cpefpl ¢ U3BECTHBIM
MOKa3aTesieM MPEJIOMIIEHUSI UCTIONIB3YIOT NPU3MbI U3 CHEIUATbHBIX COPTOB CTEKJIA C

BBICOKMM TIOKa3aTeneM mpenomieHus. [lpu ananuze pa30aBieHHBIX pPacTBOPOB

IMOJIB3YIOTCA JIMHEMHOW 3aBUCHUMOCTBIO N OT KOHIOCHTPpAUN C:

n=n,+kC, (2.8)

r7ie N, — MoKaszaTesib MPEJIOMJICHUsI pacTBOPUTEINS; K — KOHCTaHTa,

Ha3bIBaeMas "MHKPEMEHT MOoKa3aTess MpesioMIIeHus" .

Pedpaktomerpus siBnsercs oQUIMAIBLHBIM METOJOM aHaju3a CaxapHbIX
pPacTBOPOB, PACTBOPOB TIIMIIEPUHA, TIIUKOJIEH, CIUPTOB, HEdTEH U Ap.

OcCHOBHBIC JOCTOMHCTBA MeTOAa pedpakKTOMETPUU — BBICOKAsT CKOPOCTh
n3mepeHui, maneiii pacxon Bemiectsa (0,001-0,01r) u Bricokas TouHocts (10 0,001-
0,1%).

MeToauka BbINOJHEHUS U3MEPEHU MaCCOBOM Caxapo3bl B BOAHbIX PACTBOPaX
pedpakToMeTpUUYECKUM METOIOM

Lenv pabomul u ancopumm uzmepeHuli: IPUMEHEHUE METOa HAUMEHBIITNX
KBaJpaTOB JJIsl ONTUMU3AINYU JIMHEHHON 3aBUCUMOCTH: TIOKa3aTelb IPEJIOMIICHHUS -
KOHIIEHTpAIUs Caxapo3bl.

OpranuszanuoHHas ¢gopma 3aHATHS
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1. TIpuroroBiieHHE MUCXOTHOTO CTAHJIAPTHOI'O BOJIHOT'O PAacTBOpa Caxapo3bl
cMmaccoBoit noxneit 30%.

2. lloaroroBka CTaHAAPTHON CEpUHU PACTBOPOB Caxapo3bl C MAaCCOBBIMHU
nonsimu (%): 3,6,9, 12 u 15.

3. O3HakomieHHE C TPUOOPOM U MOATOTOBKA €ro K padoTe.
4. llpoBeneHue W3MEpPEHH TNOKa3aTelIEd MPEIOMIIEHUS CTAHAAPTHBIX

pPacTBOPOB.

5. Tloctpoenue rpaaynpoBoYHOro rpaduka 1mno JaHHBIM U3MEPEHHUS.
6. OnTuMuzanus JaHHBIX YKCIEPUMEHTA METOJIOM HAUMEHBIIUX KBAIPATOB

WHAX0KJICHUE YPAaBHEHNS KOPPEIALHNOHHONW 3aBUCUMOCTH.

7. V3mMepeHHME ONTHUYECKOW IUIOTHOCTH MCCIEIYEeMOI0 pacTBopa W
ONpEJEICHUE B HEM MAacCCOBOTO COJEP:KAHMS C€axapo3bl IO I'PALYyUPOBOYHOMY
rpaduKy ¥ pacyeToM IO NOJYYEHHOMY YPaBHEHHUIO PErPECCUMU.

8. BpIiBIeHHE pacx0KICHUHN PE3yNbTATOB U3MEPEHUN U UX OLICHKA.
Ilpubopvr u peaxmusvt Pedpaxtomerp mabopatopssiii thna NPD-22 wnm

OpPYroil TOTO € Kjiacca TOYHOCTH, aHAJUTUYECKUE BECHI BTOPOIO M YETBEPTOTO
KJlacca TOYHOCTHM, MEPHBIE KOIObI BMECTHMOCTBIO 50 cM® — 5 IIT., CTEKIAHHAS
IaJI0uKa C OILUIABICHHBIM KOHIOM — 1 IIT., GIOpETKAa BMECTUMOCTBIO 25 cM?, mumeTka
BMECTUMOCTBIO 50 cM® — 1mT., caxapo3a, JUCTHIIMPOBAHHAS BOJA.

Onucanue npubdopa. B pedpakromerpax tuna HNPD-22 u np. mokazarenb
MPEJIOMJICHUSI UCCJIIEAYEMOI0 PpacTBOpa OMNPENCISIOT MO MNPEAEIbHOMY YTy
npenomiieHus (puc.2.3).

CBeTOBOM MOTOK OT MCTOYHMKA CBeTa | uepe3 JMH3Y 2 HampaBisercs Ha
OCBETUTEINbHYIO Tpu3My 3. OHa coeIMHEeHa C U3MEPUTENBHON PU3MOii 4 IAPHUPOM.
Kammro  aHanmm3upyemMonl  KHUJIKOCTA TOMEIIAOT MEXIY OCBETUTEIIBHON W
W3MEPUTENIBHOM TpPU3MaMM M 3aT€M HX CXKHUMarT. Jlyuun cBera, MpeoMmisisichb B
OCBETUTEIILHOU NIPU3ME, IMOIMAMAOT HaA CJIIOW JXKUIAKOCTH M YEpe3 HEro — Ha
MTOBEPXHOCTh U3MEPUTEIBHOM MPU3MBbI IO/l pa3HbIMU yrilaMu. Eciu yron ux naaeHus
MeHblie  90°, nydydM YacTUYHO  NPEJOMIISIIOTCS, YAaCTUYHO  OTPAKAIOTCA.

[IpenomMneHHbIe TyUd TPOXOAAT MPU3MY IPSIMOTO 3pEHHS 5, 00BEKTUB 6, MpU3My 7,
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ceTKy 8, mkainy 9 u uepe3 okyJisapsl 10 u 11 nonagator B ria3 Habmonarens. [Ipuzma
IPSIMOIO 3peHus 5 MpeaHa3Hau€Ha Ul YCTPAHEHUs CIEKTPAIbHOM OKpAaCKU IPaHULIbI
CBETOTEHHU.

PaccmaTpuBast B OKyJIsip BBIXOJHYIO TpaHb IPU3Mbl, HAOIIOJAI0T 3aTEMHEHHYIO
JIEBYI0 YacTh W OCBEUICHHYIO NpaBylo. ['paHuine cBeTa W TEHU COOTBETCTBYIOT
IIPEAENBbHBIN CBETOBOM JIy4, MMPEITOMIEHHBIN IO yIiioM 90°.

[Ipu3Mbl MOBOpaYMBAIOT 0 TE€X MOp, MOKA B OKYJSIPE 3PUTEIbHOM TPyObl HE
BO3HMKAET YEeTKas TrpaHHUIla CBeTa W TEHH, MPU STOM BHU3UpHAs JIMHUS CETKU
COBMeIaeTcs ¢ rpaHuiel ceeroTeHu. [lo mkane nmpubopa, CBA3aHHON ¢ NMpU3MaMU
CHEelUaIbHbIM YCTPOWCTBOM, OTCUUTHIBAIOT 3HAYEHHE IMOKA3aTEIN MPETOMIICHHS.

OnTuyeckoe CTEKIIO, U3 KOTOPOrO0 M3rOTOBJIEHBI MPU3MBI, OYEHb MSTKOE, €ro
MOJKHO JIeTKO 1nounapanarb. OCOOEHHO OCTOPOXKHO cCleqyeT oOpamarbecs ¢
MOJIUPOBAHHBIMU TOBEPXHOCTSIMU HM3MEpPUTEIbHOM mpu3Mbl. [Ipu3Mbl cienyet

MPOTUPATh Cal(PeTKaMU U3 MATKON HE BOPCUCTOM TKaHHU.

Pucynok 2.3 — Onmuueckas cxema pegppakmomempa UPD-22:
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1 -oceéemumenvhoe 3epxano, 2 - 6CnomozamenbHas OMKUOHAS NpU3Ma, 3 - OCHOBHAS
UsMepUmenbHas npusma, 4 - MamupoeanHas 2parb OMKUOHOU NPU3MbL, 5 -
uccneoyemas Huokocms, 6 - npusmvl Amuyu komnencamopa, 7 - 00bekmue
3pumenbHoU mpyowl, 8 - nogopomuas npusma, 9 - oOKyaap 3pumenvbHol mpyooi.

llopsaoox 3anucu pezynrbmamos usmepernuti. 1101b3ysCh HCXOIHBIM PACTBOPOM
caxapossl ¢ maccoBo aojiei 30%, OOpeTKON U MEPHBIMH KOJIOAMU, TOTOBST MSITh
CTaHJAAPTHBIX PACTBOPOB 33JaHHBIX KOHUEHTpAuil (cM. Tad.1).

[lepen Hauamom paboThl Ha pedpakToMerpe padodyre MOBEPXHOCTH MPU3M
CJIeAyeT MPOMBITh JUCTHUJUIMPOBAHHOM BOJOM, OCYyXa MPOTEPETh TKAHBIO U 3aTEM
MPOBEPUTH MPABUIBHOCTh YCTAHOBKHU IIKAaJIbl MO KOCTUPOBOYHOUN JKHUIKOCTH, T.€.
KUJKOCTU C M3BECTHBIM IOKa3zaTejaeM MpenoMieHus. it 3TOH Leau UCHOJIb3YHOT
nucTuMpoBannyto Boay: np=1,3334 (mpu 15°C); np=1,3330 (20°C); np=1,3325
(25°C). OnnaBiaeHHBIM KOHIIOM CTEKJISHHOW MaJOYKU Ha MIOCKOCTh U3MEPUTEIBHOM
MIPU3MBbI HAHOCAT OJIHY-ABE KaIlIi JUCTUIJIMPOBAHHOW BOJBI M 3aKPBIBAIOT BEPXHIOKO
Kamepy. PyKosITKy ¢ OKyJISIpOM OIyCKAarOT B HUXKHEE IMOJOKEHUE U MEPEMELIAIOT 10
TE€X MOp, MOKa B TOJIE 3pEHHS] HE MOABUTCA T'PaHUIA CBETOTEHHU. [ 'ailky OKyJisapa
BpAIAIOT JI0 TMOSIBJICHUS] YETKO BUAUMBIX JCJICHUHN Kbl U BUSUPHOUN JIMHUU CETKHU.
[lepememnias ocBeTUTENb, OOMBAIOTCS HAUMOOJIEE KOHTPACTHOW OCBELIEHHOCTH,
MOBOPOTOM IIKaJbl YCTPAHSIOT OKPACKy I'PAaHMIIbI CBETOTEHU. PYyKOSATKOW OKyjsipa
BU3UPHYIO JIMHUIO CETKHM COBMEIIAIOT C TPAHMUIEH CBETOTEHM M 1O IIKaJe
MIPOU3BOJIAT OTCYET.

[Ipu mpaBuIBLHOM YCTaHOBKE HYJIEBOW TOYKM MPUOOpaA IPaHHIIA CBETOTCHH TIPH
20°C cosmemaercs ¢ genenueM n=1,33299 (mpu 20°C) mkansl mnokazarenen
npesioMieHus. B ciydyae OTKIOHEHHH ClenyeT YCTaHOBUThH HYJIb, KIOYOM MTOBEPHYB
YCTAHOBOYHBII BHUHT. 3aTeéM B TAaKOM K€ TOPSAIKE MPOU3BOAAT H3MEPEHUS
noKasareyied IpeIOMJICHHUs] CTaHJAPTHBIX M HCCJIEAyEeMOIo pacTBOPOB, HAHOCS Ha
CYXyI0 YHUCTYI0 MOBEPXHOCTb M3MEPUTEIBHON IMPU3MbI OAHY-/IBE KaIUIM PacTBOpA.

[locne mpoBeneHUs WU3MEPEHU CIEIYyeT MPOMBITH UM HACYXO BBITEpETh paboure
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MOBEPXHOCTH U TIJIABHO OMYCTUTh BEPXHIOIO Kamepy mpubopa. J[aHHbie uzmepeHuit
BHOCST B TaOHIly 2.2.

Tabnuya 2.2 — [Ipucomosnenue cmaHoapmHulx pacmeopos u
coomeemcmeyoujue um noxazameuu nperomieHus

Konuenrpanus Passenenue (cm/cm?): I[Toka3aTens
pacTBOpoB: ©,70 Vucx. p-pa/Vmep. Ko0bI npenomeHHs, Ny
JUCTHIINPOBAHHAS BOJIA IpOBEpKa HyJIEBOM
TOUKH
?/50
?/50
?/50
12 ?/50
15 ?/50

I'pagynpoBouHBIi Tpaduk CTPOSAT B KOOPAMHATAX: Np - P CTAaHAAPTHOTO
pactBopa. MaccoBbIe 10JIM UCCIIEAYEMOTO PacTBOPA ONPENENSIOT 110 MTOTYyYEHHOMY
rpagyupoBOYHOMY TpaduKy (rpadudecKuii METO) UITH BBIYUCISIOT 110 YPABHEHHIO
perpeccuu (pacueTHbIN METON).

Otuer pomkedn mo ¢opme coorBerctBoBath ['OCTy mo HUP, Bximtouats
KpaTKOE OIMCaHUE CYUIHOCTH METOJ]la, ONTHUYECKYI0 CXeMy Hpubopa, aaroputm
U3MEPEHUN, METOJIMKY pacdera MIpPU HPUTOTOBIECHHM HMCXOJHOIO M CTAaHAAPTHOTO
pPacTBOPOB U T. 1.

2.1.3 ®oroMeTpHUs IJIAMEHHU
dotoMeTpusi MmiaaMeHu (IJJaMEHHas CHEeKTPOPOTOMETpHUs) — OJMWH M3 METOOB

CHEKTPAIbHOTO aHaJIN3a, OCHOBAHHBIA HAa W3MEPEHUH WHTEHCUBHOCTH HW3TyYEHUS
aTOMOB, BO30YXKJCHHBIX HarpeBaHMEM BEIIECTBA B IJIaMEHU. AHATU3UPYEMBIH
pacTBOp MOCPEICTBOM CXATOrO BO3/yXa WM KHUCIOPOJA PACHBUISIIOT B MEJKYIO
B3BEChH (puc. 2.4) U B TAKOM BHJI€ BBOJAT B IJIaMs ra30BOM TOpeku (MPUPOIHBIN Ta3,
aleTusieH, BoJAOpoa U Jp.). [Ipu Hamuuuu B pacTBOpe HMOHOB JIETKO BO30YKIaeMbIX
AJIEMEHTOB B IUUJJaMEHU BO3HUKAET XapaKTEpHOE W3JIy4yeHHe, a CcaMo IUiaMs
OKpaluBaeTcsl.

B OonpmmHCTBE cClydaeB WHTEHCHUBHOCTh W3JIyY€HHS AaTOMOB IIPSIMO

IIPpOIIOpLHHMOHAJIbHA KOHIOCHTPAINK BCIICCTBA B PAaCTBOPC, OAHAKO ITPAKTHUYCCKH 3Ta
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3aKOHOMCPHOCTD CO6J'IIO)18,€TC$I TOJIBKO B OIIPCACICHHOM HMHTCPBAJIC KOHL[GHTpaL[I/Iﬁ,
3d IIpcACiIaM KOTOPOT'O OHA YaCTO HAPYIIACTCA.

u

eH B

cH

u3

y

ye A

HHU
A

3
KonneHnrpauus, MKr/cm

Pucynok 2.4 — 3asucumocmv unmencusHOCMuU U3yYyeHusi om KOHYEeHmpayuu
anemenma 6 pacmeope: AB — npamonunensii yuacmox

[IpsimonponiopiiioHanbHas 3aBUCUMOCTh WMHTEHCUBHOCTU wu3nyudeHus (I) ot
KOHIIEHTpaluu pactBopeHHoro BemecTBa (C) rpaduyecku BbIpa)kaeTcsl MpsSiMON

nuHuel. Takas 3aKOHOMEPHOCTh COOII0IaeTCs Ha MPSAMOJIMHEITHOM ydacTke AB (puc.
2.4) B uHTEpBaJIe KOHIIEHTpaIHii pacTBopeHHoro Bertectsa ot C; 1o C,.

Ha MHTEHCHBHOCTb M3JIyYEHMs BIIHMSIOT COCTAB AHAIM3UPYEMOIO PacTBOpA,
CTETEHb €T0 PacHbUICHUS M Ka4ecTBO TuiaMeHu. [1oaToMy pabouunii mpsaMOITUHEHHBIHN
y4acTOK AB, mnpuBeAeHHOM Ha puc. 2.4 3aBUCHUMOCTH, BCETAA ONPEACISIIOT
HKCIIEPUMEHTAJIBHO U BCE MU3MEPEHUsl MPOBOJAT MPU HEM3MEHHOM PEKUME PabOThI
npubopa. i aHanu3a MCHOJB3YIOT HauOoliee WHTEHCUBHBIE JIMHUU CHEKTpa
aneMeHToB. B Tabn. 2.3 mnpuBeieH MepeyeHb DJIIEMEHTOB, KOTOPHIE MOXKHO
OIIPEAEIATh METOJOM (DOTOMETPHUH IJIAMEHH.

Tabauya 2.3 — OcnosHbie 21emeHmbl, onpeoesiemble MemoOOoM NAAMEHHOU
gdomomempuu

OTKpbIBaEMbIii
SeMeHT MUHEMYM, JlnmvHa BOJIHEL, [Torenuman [ToTenuman
MKT/ent MKM noHu3anuu, 5B | Bo30yxaeHus, 5B

Jlutnit 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
Maruwmit 5.0 383.0; 285.2 7.04 -

Kanpmui 0.06 422.7; 554.0 6.11 2.93
bapwnii 0.6 553.5;455.4 5.21 2.24
Maprasnerg 0.06 403.1;403.4 7.43 3.08
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PyOunnit 0.1 794.8 4.17 1.56

@OTOMETPHIO TUIAMEHH LIMPOKO NPUMEHSIOT B LIBETHOM METAJUIYPIMU W IIpU
aHaNIM3axX pas3IuYHBIX pyJd, TJABHBIM 00pa3oM sl ONPEAENICHHUs UIENIOYHBIX H
LIEJIOYHO3EMENBHBIX META/UIOB, a TaKXe JUIsi HEKOTOPBIX JPYyIUX DJIEMEHTOB,
MMEIOIIUX HU3KUU moTeHuan nonusauuu (1o 8 3B). [lnamMennsiit poTomMeTp CiryKUT
JJI1 U3MEPEHUS] MHTEHCUBHOCTH M3JIy4YEHMs 3JIEMEHTOB, BO30YXKAAEMbIX IJIAMEHEM
razoBoil ropeinku. PaGora mpubopa OCHOBaHa Ha MNPUHIUIE IOCIEIOBATEIHLHOTO
CPaBHCHUS HMHTCHCUBHOCTU H3JIy4YCHUs DJJIEMEHTa B MCCIECLAYEMOM pacTBOpe H

JTUCTUJUTUPOBAHHOM BOJIe (WJIM pacTBOPE CPABHEHUSA).
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Pucynox 2.5 — Ilpunyunuanvras cxema niameHno2o pomomempa

1 — emxocmu ¢ KomMnoneHmamu 2oproyeti cmecu, 2 — pe2yiamopvl 0a61eHus,
3 — pacnviiumenvuas kamepa, 4 — 2openka, 5 — ucciedyemvlli pacmeop,
6 — ycmpoucmeo 018 0CyueHUsl paACNbLIUMENbHOU Kamepbl,
7 —ghokycupyrowas aun3a, 8 — 6X00HAs uje,
9 — npusma, pazoenaowas uznyyeHue no OluHe G0IHbl, ULU

ceemoghunomp,
10— svixoonas wenw, 1 1- pomosnekmpuueckuii oemexmop, 12

— peaucmpupyroujee yCmpoucmeo.

Yempoticmeo npubopa
AHanmu3upyemblii pacTtBop (puc. 2.5) mnojaaercs IyJIbBEPU3aTOPOM Yepes3

KaMWUISIp B PacHbUIMTEIbHYIO Kamepy 3, U B BHJE a’3p030Jisl MOCTYNAeT B IIaMs
ropenku 4. M3nyyenue miaMeHu coOMpaeTcsi BOTHYTHIM 3€pPKajiOM W HampaBlIAeTCS
dboxycupyroiei TuH30M 7 Ha cBeTOPHIBTP 9, KOTOPHIN MPOIYCKAET K (OTOITEMEHTY

11 uznyuenue onpenensieMoro 3aeMeHTa. Bo3Hukaromui noa AeHCTBUEM U3TyUYCHUS
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(GOTOTOK  YCWJIMBAETCS  YCHJIUTEIEM U U3MEPSETCS  YYBCTBUTEIIbHBIM
rajgbBaHOMETpOM 12.

Tlopsook pabomwi
Bxnrowator nipubop B cetb nepeMenHoro toka (127 unu 220B) u oTKphIBatoT

KpaH ra3onpoBoja Wil BEHTWIb peIyKTopa 0ajuioHa ¢ TOPIOYUM Ira3oM.

Benen 3a 2TMM  3aXWrarOT KOHTPOJIBHYIO TOpPEIIKY, BMOHTHUPOBAHHYIO B
peryJiATOp [JaBJIEHWS Tra3a 2, W pEeryJIMpoOBaHUEM IIOJa4d ras3a JOCTUIaroT
PaBHOMEPHOT'O M CIIOKOMHOTO TopeHus (pakena. 3aTeM 3aXUTat0T ra30ByI0 ropenky 4
Y BKJIFOYAIOT KOMIIPECCOP, HATHETAIOINK BO3yX B PACIBUIATENb 3, U IIPU IIOMOIIH
PEryJIMpYIOIIEro BEHTHISA 2 100MBAOTCS OAHOPOJHOIO TUIAMEHHU HaJl BCEM ceTdaToit
MOBEPXHOCTHIO Ta30BOM ropeiku 4. MaHoMeTp MNOKa3bIBaeT U30BITOUYHOE JIaBJICHHUE
BO3/lyXa, KOTOpoe HE AOKHO mpeBbimarh 0,6 atM. B TakoM coctosHMM TTpUOOP
TOTOB ISl POTOMETPUPOBAHUS PACTBOPOB.

JIns u3MEpeHusT HWHTEHCUBHOCTH W3JYyYEHHUS ONPEAEIIIEMOrO JJIEMEHTA
UCCJIENYEMBIN pacTBOP IPH MOMOIIM CKATOTO BO3AyXa IIOJAOT B PACIBUIMTEND 3,
OTKyZa OH B BMJE ad’po30Js Iomanaer B Iuiams rasoBoi ropenku 4. Ilepen
U3MEpPEHUEM HMHTEHCUBHOCTH Ha MYTH M3JIY4YCHHs] BBOJSAT HY>KHBIM CBETOPMIBTP,
KOTOPBI  MPOMycKaeT K  (OTOdIEMEHTY  MPEUMYIIECTBEHHO  HU3JIy4YCHHE
omnpenensemMoro sneMeHTta. llepen (oromeTpupoBaHHEM HCCIEAYEMOIO PacTBOPA
U3MEPSIOT HMHTEHCUBHOCTh M3JyYEHHUS ONPEACISIEMOTO DJJIIEMEHTa B PacTBOpe
CPAaBHEHUS WIH JUCTWILIMPOBaHHOU Boze. Ilocna kaxk1oro u3MepeHus: paclbUIMTEINb
Y TOPEJIKY TINATEIBHO IMPOMBIBAIOT AUCTHUILIMPOBAHHONW BOJOM.

W3mepeHrne WHTEHCUBHOCTM M3IIy4€HHUS DJJIEMEHTA B MWCCIEAYEMOM U
ATAJIOHHOM pPACcTBOPAaxX CIIEAYeT MNPOBOAWTH MPH HEU3MEHHOM PEXUME padOThI
dbotometpa. Ilpedocmoposcnocmu

He co3gaBath M30BITOYHOTO JaBJICHMSI CXATOTO Bo3ayxa Oonee 1 atm; He
OCTaBJIATh OTKPBITYIO T'a30BYIO TOPEIKY HE3AKKEHHOM; CIEANTH 3a TEM, YTOOBI

I1aMs ra3oBOM TOPCIIKHN OBLIO OJHOPOIAHBIM; IIPHU pa60Te ¢ OayutoHOM roprodcro rasa

coOJII0/1aTh BCE MHCTPYKIMH, TIPETyCMOTPEHHBIE MPABIIIAMH TEXHUKH 0€30MaCHOCTH.
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MeToauka BbINOJHEHUs U3MEPEHUI HATPUS METOI0M CPABHEHUS

Llenv pabomul.: onipesiesieHre COIEPKAHUS HIEMEHTa METOJIOM CPAaBHEHHUSI.
Cywnocms  pabomoel.  V3MepsOT 1O  TOKa3aHUSIM  rajbBaHOMETpa

WHTEHCUBHOCTh M3JIyYCHHUsI aTOMOB »JJIEMEHTAa, BBOAS CHadajga B IUIaMsi OJWH
ATAJIOHHBIM PacTBOP ¢ KOHIeHTpanuei C;, 3aBeAOMO OOJbIIeH, YeM KOHIICHTPAIUs
Cx uccnegyeMoro pactBopa, 3aTe€M JIPYTrOW 3TAJIOHHBIM PacTBOpP C KOHUEHTpAIUMEH
C,, MenblIer, yeM KOHIEHTpauss CX, Mmocie 3TOro BBOASAT B IJIaMsl MUCCIIETYEMBbIi
pacTBop.

KoHIIeHTpaIuio uecaeayeMoro pacTBOpa BEIYUCIISIIOT 10 popMyIie:
C.,=C+(C;—CyHl(a;—ay) (a—a,) (2.9)
TJIe 0 — OTKJIOHEHUE CTPEIIKH ralbBAHOMETPA, COOTBETCTBYIOIIECE U3ITYUSCHUIO
AJIIEMEHTA B MCCIICTyEMOM PAaCTBOPE; A | — OTKJIOHCHHE CTPEIIKU TAIbBAHOMETPA,

COOTBETCTBYIOIIIEE U3JIYUCHHIO JIEMEHTA B 3TAJIOHHOM PAaCTBOPE C KOHIIEHTpaluen
C1; O ; — OTKJIOHEHHE CTPEJIKU TaJIbBAHOMETPA, COOTBETCTBYIOIIEE U3ITYyUEHUIO
AJIEMEHTA B 3TAJIOHHOM pacTBOpe ¢ KoHueHTpamuei C,.

Hatpuii onpeiensitoT 1o crekTpaibHbIM JuHuAM 589,0-589,6 mxMm. B muiamenu
MPUPOTHOTO Ta3a BO3OYXKTAIOTCS W H3IY4alOT TOJBKO aTOMBI IIEJIOYHBIX H
IIEJI0YHO3EMENbHBIX MeTauioB, [lo3ToMy B OOJBIIMHCTBE CIy4aeB HMX MOXKHO
OMpENeNATh MPSIMO M3 MPOOBI HMCCIEAYEMOr0 pacTBOpa B MPUCYTCTBUH MPOUYUX
aneMeHToB. OJHAKO MPUCYTCTBUE B PACTBOPE OOJBIIMX KOJIUYECTB ATFOMUHHUS

IMOHM>KACT MHTCHCUBHOCTD U3JTYUCHUA HATPUI.

IIpuboper u mamepuanei. IlnamMeHHbIl poTOMETP. MepHBIE KOJIOB EMKOCTHIO

100 cm?® -4 wt. Crakansl €MkocTbio 100 cM® - 4 mir. [TuneTku rpagyrpoBaHubie Ha |

cm® m Ha 10 cM’. TIpombIBanka ¢ OUIMCTHIUIMPOBAHHOM BOMOM. XJIOpHI HATpHS,
pacteop ¢ C(NaCl) = 0,005 moms/mm>.

Aneopumm usmepenusa. Wccnenyembii pactBop, coxaepxkamui 0,4-0,5 wr
HaTpys, [OMENIAIOT B MEPHYI KonOy ewmkocteio 100 cm®, pas36aBisior
OMIUCTUIUTMPOBAHHOM BOJOM /0 METKM M TINATEIbHO MEpPEMENIMBAIOT. 3aTeM B

MEpPHBIX KO0JI0ax €MKOCTBI0 1m0 100 cM® roToBAT Ha OMOMCTUILIATE 3TAJOHHBIE
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PacTBOPLI HATPHS ¢ KOHIEHTpaluamMu 3-4 Mxr/cm® u 5-6 mxr/cm® Hccnenyemslii u
ATAJOHHBIE PACTBOPHI MTOMEMIAIOT B CTaKaHbl, U3 KOTOPHIX OHU IOTOKOM BO3J1yXa
BBOJSITCSL B BHJIE a’pO30Jisl B IUlaMsi ra3oBOM ropesiku. [[nsi ycTpaHeHHs BIHSHUS
HATpHs, coJep)Kamerocss B  OWIUCTWUIMPOBAHHOW  Boae  (pacTBOpUTENE),
HEMOCPEACTBEHHO NEPE]l aHAIM30M IPOBOJMUT «XOJOCTOM» OMBIT: yCTAHABIWBAIOT
GunbTp ompenensieMoro 3JeMeHTa (HaTpus), paclbUISIOT PaCTBOPUTEIb U MOJAIOT

€ro B IUlaMs Ta30BOM Topenku. B ciydae OTKIOHEHHS CTPENIKH TrajlbBaHOMETPA
SJIEKTPHYECKUM KOPPEKTOPOM €€ CHOBAa YCTAHABIMBAIOT HA HYJIEBOE JEJEHHE

IIKAJIBI. 3aTEM MOCJIEIOBATEIBHO U3MEPSIIOT MHTEHCUBHOCTh M3JIyYEHHS STAJTOHHBIX
U HCCIEAYEMOro pacTtBOopoB. POTOMETPUPOBAHUE CIEAYET HAYMHATH C PacTBOPA,
MMEIOIIETO0 HAaMOOJBINYI0 KOHIIEHTPAIUIO, JUIsl TOTO YTOOBI M30€kKaTh OTKIOHCHHUS
CTPEJIKM TallbBAHOMETpa 3a Mpeeibl IIKalbl BCJIEACTBUE YPE3MEPHO OOIBIION
MHTEHCUBHOCTH U3JIyYEHHS. 3aTE€M IIPU U3MEPEHUSIX NTOCIEA0BATENBHO MEPEXOJAT OT
MEHbIIIEH KOHIIEHTpauu K Oombiied. [locime kaxaoro mamMepeHus: pacnbUIUTENb U

ra3oByl0 TOpEJIKY TIIATEIbHO MPOMBIBAIOT OWIUCTHILIMPOBAHHOM BOJON (B
PaCHBUIUTEND MMOJAETCS OMAMCTHILIAT). KaKablii OTCYET MPOBEPAIOT HE MEHeE 3 pas3

B IIPSIMOI ¥ OOPATHOM TTOCIIEIOBATEIHHOCTSIX aHAJIN3a PACTBOPOB.
MeToauka BbINOJHEHUS U3MEPEHU I KAJTUA, HATPUA U KAJIbUHS NIPH COBMECTHOM
NMPUCYTCTBUH

Llenv pabomoel: aHANM3 CMECH COJEH HATpUs, Kalds U KaJlbIUsi METOJ0M
IpagyupOBOYHON KPUBOMU.

Cywynocms  pabomei. 1lo cepun 3TaJOHHBIX PAcTBOPOB  HM3BECTHOM
KOHLIEHTpAIUU ISl KaXI0Tr0 3JIEMEHTa B OTAECNbHOCTH Ha MUJUIMMETPOBOM Oymare
CTPOSIT TPaAyHMpPOBOYHYIO KpPHBYIO, BBIPQXXAIOLIYI0 3aBUCHMOCTb HHTEHCHUBHOCTH
U3TydeHus] (M3MEPEHHYI0 B JICJICHUAX IIKAJIbl 10 OTKJIOHEHUIO CTPEIKH
rajJbBaHOMETPA) OT KOHIIEHTPAIIMU JIEMEHTa B pacTBope (puc. 2.6).

3aTeM U3MEPSIFOT HHTEHCUBHOCTH U3JIYYEHHS 3TUX JIEMEHTOB B HCCIELYEMOM

pacTBOPEC U 110 I'PaAyHPOBOYHBIM KPHUBBIM BBIYHUCIIAIOT UX KOHOCHTpPALIUH. I[J'IH 3TOTO
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HAa OCH OpAMHAT ONpPEAENSAIOT TOYKY, OTBEYAIOUIYI0 HaWJEHHOMY 3HAYEHHUIO
MHTEHCUBHOCTHU U3IIy4YEHUS], Yepe3 KOTOPYIO MPOBOAIT NPSIMYIO JIUHUIO MapaiieTbHO
ocH alCIuCC 70 MepPeceyeHus ee ¢ COOTBETCTBYIOLIEH TpayupoBOYHON KpuBOou. 13
TOYKH TIEPECEUCHHUs OMYCKAIOT MEPHEHANKYJISP Ha ochb abciucc. [lomydennast Touka

Ha OCH a6CHI/ICC l?eTBe‘-IaeT HCKOMOM KOHICHTPAIWH OIIPCACIIAICMOIO 3JICMCHTA.
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Konyenmpayus
Pucynox 2.6 — I padyuposounsie kpuevie:

1 - onst nHampusi; 2 - 015 kanus, 3 - 011 Kalbyusl.
HccnenyeMbiit pacTBOp aHAIM3UPYIOT MPHU TEX K€ YCIOBUSIX, MPU KOTOPHIX

CTPOWJIM TPaAyUPOBOUYHYIO KpuBYIO. lcnonb3oBaHuE TpalydpOBOYHBIX KPUBBIX,
MOJIYYCHHBIX TIPU JIPYTOM pexuMe paboThl (oTtoMerpa, Bener K OOIbIIUM
MOTPEIIHOCTSIM.

Hatpuii onpenensator no cnekTpaibHbIM JUHUAM 589.0 u 589.6 MkM, Kanui -
1o JuHusAM 766.0 u 769.0 MM 1 kanpuuit - [1O nuausam 422.7 u 622.0 MKM.

Ilpumeuanue. B coorsercTBrM ¢ pasHON Y4yBCTBUTENLHOCTBIO onpeaesierus Harpus (1-10

=3 mr/em?), kamus (1:1072 mr/em®) n kansuus ("0,1 Mr/cM?®) KOHLEHTPALMK 3THX 3JIEMEHTOB 110 OCH

a6CI_II/ICC OTKJIAAbIBAOT B PA3HBIX MaciTadax.

OmpenencHUu0 HE MEMIAIOT AJIEMEHTHI, HE BO30YyKAarolmuecss B IUIAMEHU
ra3oBoM ropenku. BcneacTtBue pasnuuus B JIETYYECTH COJIEM HA MHTEHCHUBHOCTH
U3JIy4EHHUs [IEJIOYHO3EMEIbHBIX JJEMEHTOB BIMSIET AaHUOH aHAIU3UPYEMOTO
coenunenusd. [Ipu doromerpupoBaHun pyouaus, 1e3usi, Kajaus, KaablUs U MarHus
CKa3bIBa€TCsl B3aUMHOE BIUSHUE COJIEH B 3aBUCUMOCTH OT MX KOHIEHTparui. ITo

O6YCJIOBHI/IBa€TC$I B3aMMHBIM N3MCHCHHCM CTCIICHH JUCCOLMUALINU.
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[Ipu paboTe ¢ MUKPOKOJIMYECTBAMM BEILECTBA B3AMMHOI'O BIUSHUS COJIeH Ha
MHTEHCUBHOCTh W3JIyuyeHUs ynaaercs uz0Oexarb. [IpucyTrcTBHe COJIIHOM KHCIIOTHI
CWIBHO  OCJIa0yiseT HMHTEHCUBHOCTb JIMHMM  Kaiusl, KajibLMs, CTPOHIIMSL.
VHTEHCUBHOCTh M3JIy4EHUs KaJIbLIMs 3aMETHO YMEHBIIACTCA OT NPUCYTCTBUSA B

pactBope ocdaros, cynbpdaToB, a TAK)KE COICH TUTAHA U ATIOMUHMS.
IIpuboper u mamepuanet. Ilnamennsiii poromerp. MepHble KOJIOBI EMKOCTBLIO

100 cm® -7 mr. ®appopoBble uYamku (WaM CTakaHel) - 7 mrT. llumerka
rpagyupoBanHas Ha 1 cM® v Ha 10 cMm>. TIpoMbIBasika ¢ OMAMCTUILIMPOBAHHON BOIOM.
Pacteopel (Monw/mm?): C(NaCl) = 0,005; C(KC1) = 0,005; C(1/2CaCl,)=0,005.
AHanuzupyemsliil pactBop, coaepxkamuii 0,4-0,5 mr Harpus, 4-5 mr kanus u 40-50 mMr
Kauplus, MOMEMIAIOT B MEpPHyI0 Kounby emkocteio 100 cm’, pasz6aBusior
OMAUCTUIUIMPOBAHHON BOJON 1O METKM M TIIATEIBHO NEpeMElInBaloT. B MepHbIX

K0j160ax €MKOCTBIO 110 100cM® NPUroTaBIMBAKOT STAJIOHHBIE PACTBOPLI, COAEPIKALINE

or 2 go 8 mkr/cm® Harpus, ot 20 mo 80 mkr/cm® xamus u or 0,2 mo 0,8 mr/cm?
KaJIbIIHA.

DOTOMETPUPYIOT STATOHHBIE PACTBOPELI HATPHS U CPa3y e I0CIIE STOrO
OIPEIEISIOT COJEPKAHNE HATPHS B UCCIIEAYEMOM PACTBOPE. 3aTEM TOUHO TaK XKE
(hOTOMETPUPYIOT PACTBOPHI, COACPKAIIME KATUN U KaJIbIUH.

Bomnpocs! ajs1 00cyxaeHust
1. Kakue »51€MEHTBI MOXHO  ONPEAEIUTh  METOAOM  IUIAMEHHOMU
dboTomerpun?
2. KakoBa 3aBHCHMMOCTb MHTEHCHUBHOCTH W3JIy4Y€HUS aTOMOB OT MX

KOHIEHTpAIu?

3. [lepeuriciure (akTopbl, BIAMSAIOUIME HA HWHTEHCUBHOCTh W3IIy4YEHUS.
Kakum crioco0om HaXxosT y4acToK MpsiMOJIMHEHON 3aBucuMocTH | ot C?

4. [IpuBenuTe mnpuHOUNUATBHYIO cXxemy ¢doTtomeTrpa. [ne HaxomsT
npuMeHeHue (OTOMETPUIECKUE U3MEPCHHUSI?

5. KakoBbl MepbI NpeI0OCTOPOKHOCTH IPH INTAMEHHON (POTOMETPUU?
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6. B uyem cymHocth Merona cpaBHeHus? Kakue HMOHBI MemaroT
OIIPEJEIICHUIO HATPUsI METOJIOM CPABHEHUA?

7. [ToueMy cTpOSIT rpayMpOBOYHBIE IPapUKH OTAEIBHO JJIsl HATPUS, KaIHs
U KaJbIMsl P OIPEIETICHUH X B CMECH METOJIOM IJITaMeHHOU (hoToMeTpun?

2.2 DIeKTPOXUMHUYECKHE METOAbI AHAJIN3A

DNEeKTPOXMMHUUYECKHE METOAbl aHajdu3a OCHOBAaHbl Ha HCIOJIb30BaHUU
3aBUCUMOCTH DJIEKTPOXMMHYECKUX CBOWMCTB CHUCTEMbI OT €€ XMMHYECKOTO0 COCTaBa.
AHaTUTUYECKUM CHUTHAJIOM B OJJIEKTPOXMMHUYECKUX METOJaX aHajiu3a ClyxkaT
AIEKTPUUYECKUE TapaMeTpbl XMMHYECKOM CHUCTEMBI: BJIEKTpUUYECKas MPOBOAUMOCTH
(KOHIYKTOMETpUA NpH HUBKUX U BBICOKMX 4acToTax), J./[.C. raibBaHUYECKOTO
sreMeHTa (MMOTEHIUOMETPHUS) U JIp.

DIEeKTPOXMMHUYECKHME METOAbl aHalih3a WCHOJb3YIOT JHOO0 ISl MPSAMbBIX
U3MEPEHUN, OCHOBAaHHBIX Ha 3aBUCUMOCTH «aHAIMTUYECKUNA CUTHAI — COCTaBy, JIMOO
JUTSL UHJIMKAIIUU TOYKHU SKBUBAJICHTHOCTH B THTPUMETPUHU.

DIEKTPOXUMHYECKHUE METOBI aHanu3a MO3BOJISIFOT OTIPEJICIIUTD

KOHIEHTPALMIO BENIeCTBa B mMpokoMm auanasoHe (1-1077) mons/mm?

C JI0CTaTOYHO
BBICOKOM TOYHOCTBIO W BOCIHPOM3BOAUMOCTBIO. DBBICTpOTa, TOYHOCTH, HPOCTOTA
ornepauuidi, BO3MOXHOCTb aBTOMAaTH3alMU 3JIEKTPOXUMUYECKUX METOJOB aHaau3a
00€eCleynBalOT UX HUCIOJIb30BAHUE B AHAJIUTHUYECKUX JIA00OPATOPUSIX XUMHUYECKOM,
METaJUTypruueckor, HeTsHOW, QapMalleBTUYECKOM W JIpYrux  OTpacisax

COBPCMCHHOT'O ITPOMBIIIIJICHHOI'O ITPONU3BOACTBA.

2.2.1 IloTeHUMOMETPUYECKNH METOI AaHATHU3A
[ToTeHHIMOMETPUUECKUIA METOJl aHajlih3a OCHOBAaH Ha HCMOJIb30BAHUU

3aBUCUMOCTH AIEKTPOABMKYIIICH CHUJIBI AIEKTPOXUMHUYECKOU
(morenmmomerpudeckoi) stueriku (3./[.C.) OT KOHIIEHTpaIMU OMPEACNIIeMOTo

BCIICCTBA B dHAJIU3UPYCMOM PaCTBOPC.
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I[J'ISI ONpCACICHNA KOHIOCHTPAIUN OIPCACIIAACMBIX HOHOB B paCTBOPC

H€O6XOI[I/IMO COCTaBUTh FAJIbBAHUYECKUM 3JIEMEHT U3 ABYX 3JICKTPOOAOB, UBMCPUTH

QICKTPOABMIKYIIYIO CHITY DJICMCHTA, IMPCACTABUTDH e€ Kak Pa3sHOCTb MOTCHIMAJIOB!

E:(p] —Q> (210)
HpI/I YCJI0BUH, UYTO IMOTCHIHUAJ OJHOT'O 3JICKTPOJda — BCIIMUMHA ITIOCTOAHHAA,

HArpuMeEp @;, OMNPEACNAIOT IMOTEHIHAN JPYroro 3JEeKTpoAa ¢, U HCHOIb3YA

ypaBHeHHe HepHceTa, pacCUMTHIBAIOT KOHUIEHTPALUMIO ONPEAEIIEMbIX HOHOB:

= O+ -
=9 @2.11)

Ina
zF
rI€. @ - PaBHOBECHBIM DIEKTPOMHBIN moreHuuan; ¢’ -

CTaHJAPTHBIN (HOPMAJIbHBIN) 3JIEKTPOAHBIN NOTEHIUAT

R - yHUBepcasibHAasI ra30Basi NOCTOSHHAS;
T - abcomotHas Temneparypa, K;

Z - 3apsii MOHA; a - aKTUBHOCTH

VOHOB.

[ToncraBmsisi B ypaBHeHue (2.2) uucnoBbie 3HaueHus R = 8,314 Jlx/monb
rpan, F' = 96500 Kn, £ = 298 K, 3amMeHHB HaTypajibHbII JOorapupm IeCATUYHBIM U

npuHUMasi, 4to a = C, IoJly4yuM:

. 0.059
+ -

InC (2.12)
z

rae: C - KOHIIEHTpALKs ONPEEIIEMOro HOHa, MOJIb/IM>,

N3mepurtenbHas MOTEHUUMOMETpUYECKAs SYEMKAa COCTOUT U3 2-X 3JIEKTPOJIOB:

HHIUKATOPHOI'O J3JICKTPOAd, IOTCHIHWAI KOTOPOro npsaMoO HJIM KOCBCHHO 3aBHUCHUT OT
KOHIOCHTpAHU OIIPCACILACMBIX NOHOB, JJICKTPOJd CPABHCHUS - IIOTCHIHAJI KOTOPOT'O
HC 3aBHCUT OT KOHLCHTPAIHNH OIIPCACIIAACMBIX HOHOB.

I/IOHI)I, OT KOHLOCHTPAIKMM KOTOPBIX HCIOCPCACTBCHHO 3dBUCHT IIOTCHIHAII
QJICKTPOAAd, HA3bIBAIOT IIOTCHHUAJIOMPCACIAIOIMMA IJIsI JaHHOI'O 3JICKTpOAA. B
MOTCHIUOMCTPHU HUCITIOJIB3YIOT IBa OCHOBHBIX KJIaCCa MHANKATOPHBIX 3JICKTPOAOB!

® QJICKTPOAbI, HA Me)K(i)aSHBIX rpaHruax KOTOPBIX IIPOTCKAIOT PCAKIMU

C Y4aCTHUCM JJICKTPOHOB. Takue QJICKTPOAbI HA3BIBAIOT 3JICKTpOHHOO6MeHHI>IMI/I.
136



® QJICKTPOAbI, Ha Me)K(l)aBHBIX rpaHuax KOTOPBIX  IMPOTCKAIOT
MOHOOOMEHHEIC pPCaKkuunu. Takue QJICKTpOAbI HA3BIBAIOT MCM6paHHI>IMI/I,

MOHOOOMEHHBIMM UJIA HOHCEJIEKTUBHBIMM.

DJIeKTPOAbI CPABHEHUS
K anexTpomam cpaBHEHHSI OTHOCSATCS TaKWe€ SJEKTPOJBI, MOTEHITHAT KOTOPHIX

HC 3aBUCUT OT KOHOCHTPAIWH OIPCACIISACMbBIX MOHOB. B IMPAaKTHUKC ITOTCHIMOMCTPHUHA
B Ka4CCTBC DJICKTPOA0OB CPAaBHCHUA YalllC BCCIO UCIIOJIB3YIOT BOI[OpOI[HBIﬁ QJICKTPOA,

XJIOpcepeOPsIHBIN U KaJIOMEIbHBIN 3JIEKTPOIBI.

Boaopoanblii 3J1eKTpPOI
Y cTpoiicTBO BOJIOPOIHOTO 3JIEKTPO/Ia MTOKAa3aHo Ha puc.2.7.

>

-

S {

Pucynoxk 2.7 — Booopoonulil 21ekmpoo
[ - cocyo, 2 - nramunogwlii 31eKkmpoo, 3 - cmeKIsHHAsL mpyoOKa,
4, 8 - kpanvl, 5 - mpybKa 0151 6600a 8000p00a, 6 - 2UOPABIUYECKUL 3aMB0p, 7

- cugow.
B CTEKISHHBIA COCY HAIMT pacTBOp cepHoi kucioTel ¢ a(H) = 1 Mons/nm>, B
KOTOPYIO OIyIIeHA MJIACTHHA U3 MOPUCTOM TutatThHbl. CHHU3Y B COCYJl C KHCIIOTOM

II0JIA€TCs BOJOPOJ oA naBieHueM Ppy= 101325 Ila.

Ha rpanune paszaena matuna - pactsop H,SO,4 npoTekaeT 3neKkTpoxXumu-
YECKHH mpoliecc: 2H" +2¢ — H, (2.13)

0.059

— O .
¥ BO3HUKAET OTECHIIUA P=P 2w T Ing,. (2.14)
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[MoTentman Bogopoadoro sekrpona npu a(HY) = 1 mons/nm® u P(H,)=101325
I1a ycnoBHO npuHAT paBHLIM 0, T.€. ¢%sp /= 0.

B sTroM ciydae BOIOPOAHBIN 3JIEKTPOA SABJISAETCS CTAHAAPTHBIM AJIEKTPOJIOM
WA HYJIb-3JICKTPOAOM M €ro MOXHO UCIIOJNb30BaTh B KayeCTBE BJEKTPOJAA

CpaBHEHHUS.

Bomopoausiii anekTpoa obo3Hauyaetcs: Pr.H, | H'. DTOT 3JeKTpOJ SBJISCTCS
00paTUMBIM OTHOCHUTEJILHO HOHOB H .
[Ipy wuCHONB30BaHMM BOJOPOJHOIO JJIEKTPOJA B KA4YECTBE IJIEKTPOJA

CpPaBHEHUS COOMPAIOT TAIbBAHUYECKUH 3JIEMEHT, COCTOSALIUN U3 MEAHOTO JIEKTPOAa,
HaIrpuMep, ¥ BOJOPOJAHOIO HYJIb-3JEKTPOA:

Cu| CuSO, | | H*| H,, Pt
M3mepuB DJIC 3TOro sjaeMeHTa, MOXKHO OMNPEACIUTh MOTEHIMAT MEIHOIO

ANEKTpOaA: E = @pcu2+/Cu — Qo2H+/H?2

ITockonbky po2u+/H2 =0 — @cu+/cu = E
[To Benmu4rHE U3MEPEHHOMN AIEKTPOJIBIKYIICH CHUIIBI MOYKHO PAcCUUTATh [n
a (Cu?*):
e 0.059 '
P=P crven T “In a(Cu?) (2.15)
z

Ha npaktuke BOAOPOAHBIA HYJB-3JIEKTPOJ WCIHOJB3YKOT PEAKO BBHUIY

CJI0’KHOCTH €r0 yCTPOMCTBA.

XJ1opcepeOpsHbIH 3JIeKTPO/
YerpoiicTBO XJ10pcepeOpstTHOTO AIEKTPOoAa MOKa3aHO Ha pUCYHKE 2.8.
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Pucynox 2.8 — Xnopcepebpsinviii 21exmpoo
I - kopnyc, 2 - acbecmosas Humv, 3 - pacmeop x10puoa Kaus, 4 - omeepcmue
0J15 3a1U8a pacmeopa Xaiopuoa Kauus, 5 - peaunosas npooka, 6 - cepebpsanas

nposonoka, 7 - xnopuo cepebpa, 8 - acbecmoswviii pumuo.

XnopcepeOpsiHbIA  3JEKTPOJ MPEACTABISET COOOW CTEKISIHHBIA COCYA C
cepeOpsHON IUTACTMHKOM, MOKpPBITOM ciioeM TpyaHopactBopuMoit comu AgCl,
KoTopyto 3ayinBaioT pactBopom KCl  omnpenenenHol koHueHTpauuu. Ha rpanuie
cepeOpsiHasl IUIaCTUHA — MOH cepedpa BO3HUKAET 3JIEKTPOAHBIN MOTEHIMA 3a CYET
Iporecca;

Agt+e — Ag (2.16)
BennunHa SI€KTPOJHOIO MNOTEHUHANA PACCUUTHIBAETCS [0 YPAaBHEHUIO
HepHcra:

O Ag+/Ag= (Qodg+/ag +0.059 lg a (Ag+) (2.17)
AxtuBHOCTH HOHOB Ag" onpenensercs [TP (AgCl):

IIP (AgCl) = a (Ag") - a (CI), (2.18)
otkyna: a(Ag") = IIP (AgCl) / a (CI).
[ToctosiuctBO a(Cl) 00ecneynBarOT HUCIOJIBL30BAHUEM HACBIIIEHHOTO

pactBopa KCI1. [Ipu BBINOIHEHUHU 3TOTO YCIOBUS NOTEHIMAN XJIOPCEPEOPSIHOTO
AIEKTpoJa OyJET MOCTOSIHHBIM, 3aBUCSIIUM TOJIBKO OT TEMIIEPATYPHI.

KanomesbHbIi 3J1eKTPOI
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KanomenbHbli 37€KTpOj] MpeacTaBisieT coOOW cocyl, Ha JHE KOTOPOIo
MMEETCs MeTajUIM4ecKass pTyTh, 3aJuTas HackllleHHbIM pacTBopoMm KCl
otHocuTenbHO Hg,Cl,.

Ha rpanmiie MeTasu - pacTBOP MPOTEKAET PEaKIHsI
2Hg+ +2CI — HgZCZZ +2e,
B PE3YJIbTAaTC 4YCro BO3HHUKACT IIOTCHIIHAJI, 3aBI/ICHHIHﬁ OT KOHICHTpalnuunu Cr.

[ToctostHCcTBO a(Cl') 0OecneunBaeTcs UCMOJIb30BaHUEM HAchIieHHOTO pacTBopa KCl.
B »oTux ycrnoBusX MOTEHIMAT KaJOMEIBHOTO OJJIEKTPOoJa OyJeT TMOCTOSHHBIM,
3aBUCSIIIUM TOJIBKO OT TEMIIEPATYPHI.

NuaukaTopHbie 3JIeKTPOAbI
NHauKaTOpHBIMUA SBIISIFOTCS TAKUE JJIEKTPOJbI, MOTECHIMA KOTOPBIX 3aBUCHUT

OT KOHIOCHTpAIHUH OIIPCACIACMBIX HOHOB B paCTBOPC.
I/IHI[I/IKaTOpHBIe QICKTpOAbI ACIATCA HaA CICAYIOIMIKMC OCHOBHBLIC THIIBI:
MCTAJINIMYCCKHUEC, OKHCINTCIBbHO-BOCCTAHOBUTCIBHBIC, HOHCCIICKTHUBHBIC.

MeTaninyeckue 3J1eKTPO/bI
[IpeacTaBistoT CUCTEMY, COCTOSIILYIO U3 METAINTMYECKOM TUIACTUHBI,

HOTPYKEHHYIO B paCTBOP COJIM JaHHOro Merasuia. Ha rpanuue pasaena
MeTaJuIMYecKasl INIACTUHA — PaCTBOP COJIM METalJIa BOSHUKAET AJIEKTPOIHBIM
MOTEHIMAJI, BEIMYMHA KOTOPOT'O 3aBUCUT OT KOHLUEHTPAIlM HOHA METaJIa B

pacTBope:

¢ = ¢’ +0.059/z - Ig a(Me™) (2.19)
OKHCJIMTEIbHO-BOCCTAHOBUTEILHBIE JJIEKTPOIbI
[IpeacTaBisroT CUCTEMY, COCTOSIYIO U3 HHEPTHOIO METaJlla, OMYIIEHHOTO B

pacTBOp, COACPKAIIUNA OKUCIUTEIbHO-BOCCTAHOBUTEIIHHYIO Mapy APYroro MeTasia.
NuepTHBIE METAIUIBI B JIEKTPOXUMHUYECKUX PEAKIUAX HEMOCPEACTBEHHO HE
YYaCTBYIOT, A JIUIIb SIBJISIFOTCS NIEPEIATYMKAMU SJIEKTPOHOB MEXKAY OKUCIUTEIISIMA U
BOCCTAHOBUTEJIEM B IPUAJIEKTPOAHOM cio€. [loTeHIman, BO3HUKAIMK Ha
WHEPTHOM 3JIEKTPOJIE, 3ABUCUT OT KOHIIEHTPALIMKA OKHUCIICHHOW U BOCCTAHOBJICHHOU

dbopMm orpenenseMoro MeTasia B pacTBOpe.
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OKHCIIUTETbHO-BOCCTAHOBUTEINBHBIE 3JIEKTPO/AbI (Yallle BCEro IIATUHOBBIN)
MPUMEHSIOT B IOTEHUUOMETPUUYECKOM TUTPOBAHUU IO METOLY

OKHUCJICHHUABOCCTAHOBJICHUS.

HoncesieKTUBHBIE 3JIEKTPOABI
Cpenn HMOHOCENEKTHBHBIX JJEKTPOJOB  HaMOOJbIIEE PacIpOCTPaHEHHE

MOJIYYWJI CTEKJISTHHBIN AJIEKTPO/I, PEAHA3HAYEHHBIN 111 u3mepenus pH.

VY CeTpoiCTBO CTEKIIIHHOTO 3JIEKTPO/1a MOKa3aHO Ha pUCYHKE 2.9.
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Pucynoxk 2.9 — Cmeknauusiii 21eKkmpoo Pucynox 2.10 — Mexanusm 603HUKHO-

BEHUA nomeHyuala Ha CMEKNSIHHOU

I -wapux; 2 - pacmeop Kuciomel; 3- yembpane
Kopnyc; 4 - KoHmaxmuuwli noaysnemenm, 5 - kabenv, 6

- wimexep
CTexnsHHBIA ~ DJEKTPOJ  MPEACTABIsET COOOM  CTEKISHHYIO  TpYOKYy,

3aKaHYMBAIOILYIOCS TOHKOCTEHHBIM IapukoM (tonmuHa credku 0,01 — 0,001 mm).
[Ilapuk U3roTOBIEH U3 CIIEUUATBLHOTO IEKTPOJHOTO CTEKIa, 001a/1at0IIero BEICOKOM
3IIEKTPONPOBOTHOCTRIO, ¢ go0aBkamMu kaToHOB Na', K' wmim Li', cmocoOHBIX K
oomeny Ha H'. BHyTpu snmekTpoma HaxoauTcs cTaHmapTHbid pactBop HCI, garie
Bcero 0,1 momp/mm® ¢ 100GaBKOM XJIOPHIOB. DIEKTPOMA CHAOKEH TOKOOTBOIOM,
KOTOpPBIM CIYXKHUT cepeOpsHas mpoBosnoka, mokpbitas AgCl. K TtokoorBomy
IIPUITAUBAIOT U30JMPOBAHHBIN MPOBOA. MexaHu3M BO3HUMKHOBEHUS IOTEHIMANa Ha

CTEKJISIHHOM MEMOpaHe MOXHO IPENCTAaBUTh CIENYIOINUM oOpa3zoM. /[ usmepenus
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pH ananu3upyemMoro pactBopa NPHUMEHSIOT SJIEKTPOXMMHUYECKYIO CHCTEMY,
COCTOSIIIIYI0 M3 aHAJIU3HPYEMOI'0 PacTBOpa M IOrPYKEHHOTO B HETO CTEKJISIHHOTO
anekrpona (puc.2.7). B pesynpraTe aBa pactBopa — craHaapTHbiii pactBop HCI
BHYTPU CTEKJISIHHOIO DJJIEKTPOJa M AHAIM3UPYEMBIM pacTBOpP, OKAa3bIBAIOTCS
pa3ze’leHHbIMM TOHKOM MEMOpPAaHOM CTEKJISHHOro 3JyiekTpoaa. K tomy m apyromy
PacTBOPY MOABOJAT JIEKTPOJIBI CPABHEHMUS.

[ToreHunanbsl Ha 00€MX CTOPOHAX CTEKJISTHHOW MeMOpaHbl OMNpeesIOTCs
peakiuen 3aMeleHNs] KAaTHOHOB IIEJIOYHBIX METAJIOB B CTEKJIE HOHAMH BoAopoza. B
pe3yibTaTe TOBEPXHOCTh CTEKJIAa (PYHKIIMOHHPYET KaK »JJEKTPOJ, OOpaTUMBbIH
orHocutenbHo H'. Ilpu 3TomM, Ha OAHOH, BHYTPEHHEH CTOPOHE CTEKJISHHOW
MeMOpaHbl ~ 3JIEKTPOAHBIA  MOTEHLMAN  OCTAaeTCs  MOCTOSHHBIM.  Ilockosbky
KoHIeHTpanuss H' B cTaHZapTHOM pacTBOpe HE MEHSETCS, a Ha BHELIHEH CTOpPOHE
MeMOpaHbl — UW3MCHSETCS BMECTe C M3MEHCHHMEM KOHIeHTpaiuun H' B
aHaJM3UPYEMOM pPacTBOpE.

Takum o00pa3oMm, TMOTEHLMAN CTEKISHHOTO 3JIEKTPOHHOIO  3JEKTPOjJa
IpeJCTaBIsieT CcO0OM pa3HOCTh MOTEHLMAJIOB MEXJIy CTOPOHAMHU CTEKJISIHHOM
MEMOpaHBI.

Ecnu 61 06e cTopoHbl MeMOpaHbl OBLITH COBEPIICHHO OJAWHAKOBBIMH, TO MPH
MCIIOJIb30BAaHUU OJIHOTO M TOTO K€ PacTBOPA MO 00€ CTOPOHBI MEMOpPaHbI, MOTEHIUA
CTEKIIIHHOTO JJIEKTPOJIa JOJDKEH PABHATHCSA HYINIO. B IEMCTBUTEIBHOCTH MOJHOM
UJACHTUYHOCTH OOEUX CTOPOH MeMOpaHbl HE HaOMIOJaeTcss M OOHAPYKUBAETCS
HEKOTOpas pPa3HOCThb MOTEHLMANIA, KOTOpask Ha3bIBACTCSA MOTEHLMAIOM ACCUMETPHHU.
IloTeHIMa acCUMETpUM BKIIIOYAETCA B BEJIWYMHY CTAHAAPTHOIO NOTEHIMAsa
CTEKJIIHHOTO DJIEKTPOJA.

CTeKJISIHHBIA 3JIEKTPOJA OOBIYHO HCHOJIB3YIOT B Mape € XJIOpcepeOpsHbIM
AIEKTPOJOM CPAaBHEHHS C 00pa30BaHUEM TaJIbBAHUYECKOTO DJIEMEHTA:

Ag,AgCl |HCZ (0,I1M ) |cme;<:110 | |ucczzed. pacmeop |KC1 Hacwvluy. |AgCl, Ag
[ToTeHIMan CTEKISTHHOTO JIEKTPO/1a PaBeH:
Qemec— K +RT/(zF) - lga (H™) (2.20)
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CTexsiHHBIA JJIEKTPOJA 00JIalaeT PSAJOM MPEUMYIIECTB MO CPAaBHEHUIO C
JIPYTUMU UHAUKATOPHBIMU 3JIEKTPOIAMMU:
* BO3MOXXHOCTb  MCIIOJIb30BaTh B  IPUCYTCTBUU  OKHUCIHUTEIEH U
BOCCTaHOBUTEIICH;

 OOJBINION qUarna3oH u3Mepenui (ot -2 1o 13);
* OBICTPOE YCTAaHOBJICHHE PABHOBECHS HAa TPAHUIIE 3JIEKTPOA-PACTBOP.
CyniecTBEHHBIMU HEIOCTAaTKaMHM CTEKJITHHOTO JJIEKTPOJia SIBISIOTCS €ro

XPYIKOCTh M HEBO3MOXKHOCTHh HCIIOJIB30BaTh I W3MepeHus pH B IIETOYHBIX
pactBopax (pH>13).

AHajiuTHYeCKas NOTCHIHHOMETPHUSA
HOTCHHI/IOMeTpI/I‘IeCKI/Iﬁ MCTOJ aHaJau3a MOXET OBITH pc€ajin3oBaH B IOBYX

BapUaHTaX:

* METOJ IIPSAMOM ITOTEHIHOMETPUUA — MIOHOMETPUU;
* METOJ NOTEHIHOMETPUYECKOTO TUTPOBAHUS.
B merone mnpsMoN NMOTEHUMOMETPHUH IO CTAHAAPTHBIM PAacTBOPAM CTPOST

IpaJlydpOBOYHYIO XapaKTEPUCTUKY B KoopauHaTax ¢(x) - C(X), a 3aTeM Mo BEJIUYUHE
3./[.C. NOTEHIIMOMETPUYECKON SYEHKU C aHAIM3UPYEMBIM PACTBOPOM HEU3BECTHOMU
KOHIEHTPALMM HAXOAAT AaKTHUBHOCTH OIPEIEIIEMOI0 HOHA B aHAJIU3UPYEMOM
pacTtBope.

Hanbonee mmupoko wmeToA MOpsIMOM TOTEHIUOMETPUU MPUMEHSIOT, s
omnpenenenus pH pacTtBopos.

bonbiiee pacnpocTpaHeHHE B aHATUTHYECKOW TMPAKTHUKE TMOJYYUI METOJ
NOTEHIMOMETPUYECKOTO THUTPOBAHMUS, B KOTOPOM TOYKa SKBHUBAJICHTHOCTH
(bUKCUpyeTCs MO0 PEe3KOMY CKauKy MOTEHIMalla WHJIWKATOPHOTO AJIEKTPOJA B XOJE
TUTPOBAHUSI.

[ToTeHMOMETpUUECKOE TUTPOBaHUE O00JIAIaeT PAJIOM MPEUMYIIECTB MEpe.

IPSAMOM MOTeHHHOMeTpre. OH O3BOJISET:
~ ONpeAeNiuTh KOHUEHTPAIMI0 BEIIECTB C OOJbIIedl MNpaBUIBHOCTHIO U
BOCIIPOM3BOJMMOCTH ~ BECTH U3MEPEHHUS B IPUCYTCTBUM MEMIAOIINX BEIIECTB, K

KOTOPbIM HCYYBCTBUTCIJICH H3MGpHT€J’IBHLIfI QJICKTPOA; IIPpOBOJHTH
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onpejeneHre ABYyX M 0ojiee BEIIEeCTB MPU COBMECTHOM NPHUCYTCTBHM; — MpHU
UCIIOJIb30BAaHUU JJIEKTPOJHOAKTUBHBIX THUTPAHTOB OINPEIACIUTh BELIECTBA, IS
KOTOPBIX OTCYTCTBYIOT HOHOCEJIEKTUBHBIE JJICKTPOIBI.
bonpmioe 3HaueHWe NpPU  MOTEHIMOMETPUYECKOM TUTPOBAHUU UIPAET
MPaBUJIbHBIN BHIOOP MHIMKATOPHOI'O 3JIEKTPOAA.

[Ipu OKHCIUTENBHO-BOCCTAHOBUTEILHOM TUTPOBAHUH B KAU€CTBE MHIUKATOPHOTO
Yalnie BCEro UCMOJIb3YIOT 3JIEKTPO/I U3 TUIATUHBI.
[Ipu KUCIOTHO-OCHOBHOM TUTpoBaHMM pH pacTBopa OOBIYHO U3MEPSAIOT C

MOMOIIBIO CTEKJISTHHOTO DJIEKTPO/Ja, HO MOTYT OBITh HCIOJB30BaHbl W JApPYTHE
pH4yBCTBUTENBHBIC AIEKTPOIBI, HATPUMED, CYPHMSHBIN WM XUHTHAPOHHBIN.

[Ipu peaknusix OCaXIEHUS JJICKTPOJ TOJDKEH OBITh UyBCTBUTEIEH JTMOO K
OmpenesieMOMy BEIIECTBY, JUOO K TUTpaHTy. Hampumep, cepeOpsHbId 3IEKTPO
MOJKET OBITh MPUMCHEH KaK HMHIWKATOPHBIM MpH OmpeaeicHHd noHa Ag' W psaa
aHMOHOB, 00pa3ymIIUX ¢ HOHOM Ag' TpyaHopacTBopuMbie ocanku: Cl', Br, J;, CN,
CrO4* u mpyrue.

KomriiekcoHomeTpriueckoe TUTPOBAaHUE MOXKHO TMPOBOAUTH JHOO ¢
MOHCEJICKTUBHBIM JJICKTPOJIOM, YYBCTBUTEIBHBIM K OINPEICISIEMOMY HOHY, JIHOO C
CuuyBCTBUTENBHBIM AJIEKTPOJIOM, €CIIU TOOABUTh B aHAJIU3UPYEMbI PACTBOP TEpe]
TUTPOBAaHUEM HEOOIBINOE KOIMIECTBO HOHOB Cu>" B KauecTBe MHIAMKATOPA.

3agava MOTEHIIMOMETPUYECKOTO TUTPOBAHUS CBOJUTCS K OMPEACIICHUIO TOUKU
HKBUBAJICHTHOCTU, B KOTOPOM peareHThl HaXOJSATCS B DKBUBAJICHTHBIX JAPYT JIPYTy
KoJu4ecTBax. Pe3ynbraThl MOTEHIIMOMETPUYECKOTO THUTPOBAHUA MOTYT OBIThH
MPEACTABICHBl PA3NMMYHBIMU crioco0amu. OOBIYHYI0 (MHTETPAIbHYI0) KpPUBYIO
TUTPOBAHUS CTPOAT B KOOpAMHATAX @ — V (MOTEHIIMAN UHIUKATOPHOIO 3JIEKTpoAa —
o0beM TuTpanta) (puc.2.11).

Touka SKBUBAJIEHTHOCTHM B 3TOM CJydae COOTBETCTBYET CEpEeIMHE CKayka
noteHana. JuddepeHnranibayto KpUBYIO THUTPOBAHUS CTPOSIT B KOOpJAMHATAX
AQ*/AV-V (puc. 2.11). Touke SKBHBAJIECHTHOCTH B DTOM CJIy4ae COOTBETCTBYET

MaKCHUMYM IOJYy4YE€HHON KPUBOH, a OTCYET IO OCH a0CIHUCC, COOTBETCTBYIOIINI 3TOMY
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MaKCUMyMy, JaeT 5SKBHUBAJICHTHbIH o00ObeM TuTpaHTa. OmnpeneiaeHue TOUYKH
HKBUBAJICHTHOCTU MO AU(epeHIIManbHON KPUBOW, 3HAUYUTEIBLHO TOYHEE, YeM I10
WHTETPAJIbHOM.

KpuByro TUTpOBaHUS 110 BTOPO MPOM3BOJHON CTPOAT B KOOpAMHATax AQ*/AV
- V. Tak kak mpousBojHasi (PYHKIUHU, UMEIOIIEH MaKCUMyM, B TOYKE MAaKCUMyMa
paBHa HYJIIO, BTOpas MPOU3BOAHAS U3MEHEHUS MOTEHIMANA 0 U3MEHEHNIO 00beMa B

TOYKE SKBUBAJICHTHOCTH OyJieT paBHa HYJO (puc.2.11).

EA de
av
>
F(T3) V() F(TD)  W(T)
dE A AV A
dv?> AE
: > >
P(T3)  W(T) W(T3)  ¥(T)

Pucynox 2.11 — Kpusvie nomenyuomempuueckoco mumposanus. a)
unmezpanbHas Kpusas, 6) ouggepenyuanvruas Kpusas,

8) Kpueasi mumpoeanusi No 6mopot NPpouzeooHol, 2) kpusas I pana.
Kpusyto o merony ['pana ctpost B koopaunarax AV/Ae -V. Ilepen Toukoii

DKBHUBAJCHTHOCTM W TOCJIE Hee KpuBag [pana mnpamonuHerHa. Touka
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AKBUBAJICHTHOCTH COOTBETCTBYET TOYKE IEPECEUCHUs] ITUX MNpsMbIX (puc.2.11).

HOTCHHI/IOMGTPI/IquKI/Iﬁ MCTO/J aHaJIn3a O6JI&II3€T PAOOM IPCUMYIICCTB:

BBICOKAsi CKOPOCTh M MPOCTOTA OIpPEACIICHHUS; BO3MOYKHOCTh aHaJIM3a
OKpAIIIEHHBIX U MYTHBIX PACTBOPOB, a TAKKE pac-

TBOPOB, pasjararomux OIITHICCKNUEC WHIUKATOPLI,

BO3MOKHOCTb OIIPEJIEIICHUS] HECKOJIBKUX KOMIIOHEHTOB IPU UX COBMECTHOM
IIPUCYTCTBUU B PACTBOPE;

IMO3BOJIACT YaCTHYHO HUJIM IIOJJHOCTBIO aBTOMATH3UPOBATh MCTO/J KOHTPOJIA.

WuTepBan omnpenensieMbIX COAECPXKAHUN PA3IUYHBIX HOHOB B MPUPOJIHBIX H
IPOMBINUIEHHBIX 00beKTax Haxomurcs B mpeaenax 10° + 10 mons/nm®; pH MoxHO
m3mepsaTh B uHTepBasie 0 H- 14. IlorpemHocTs onpeneneHus Opu OPSIMOM
MOTEHIMOMETPUIECKOM ONpPEAECIECHUN COCTaBJISIET 2-10%, npu
MIOTEHIHOMETpUYECKOM TuTpoBanuu 0,5-1%.

Annapartypa i HOTEeHIMOMeTPUYeCKOr0 aHAJIN3a
HenocpeactBeHHoe  W3MepeHHME  MOTEHIMala  OTACIBHOTO  3JIEKTpoja

HEBO3MOXKHO. [lodTOMYy mnpH IOTEHIMOMETPUUYECKOM OIPEAEIECHUHA COCTABIIAIOT
TraJIbBAHUYECKUN AJIEMEHT U U3MEPAIOT PAa3HOCTh NOTEHUHUAIOB ABYX JJIEKTPOAOB —
2/.C.

Jia mamepenus O./[.C. yamie BCEro MCHOJB3YIOT CEPUMHBIE OTEYECTBEHHBIC
noteHuuomerpel Tuna pH-121, pH-340, 1-120, 3B-74 u np.

[IpyHIMIN AEHCTBUSA MOTEHUMOMETPA OCHOBAH HAa MHOTIOKPAaTHOM YCWJICHHMH
CUT'HAJIOB, BO3HMKAIOIIMX B IIOTCHLIHOMETPUYECKON SYEHKE BCIECACTBUE Pa3HOCTH
NOTEHIMAJIOB  3JeKTpoaoB. OJ./[.C., mnocTynaronias OT 3JIEKTPOAOB.M3MEPAETCS
MHJUIMBOJIBTMETPOM. BciencTBue TOro, 4ro mOTEHUMAN JIEKTPOAA CPABHEHUS IpHU
U3MEPEHUSIX HE HW3MEHSETCA, Ha MOTEeHUUOMETpe (HAaKTHUECKH (PUKCUpYeTCs
MOTEHIMAJI HHIUKATOPHOTO JIEKTPOJA.

YHuBepcajabHbiii HOHOMEpP JB-74
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YHuBepcaibHbli HOHOMEP OB-74 B KOMIUIEKTE C HMOHCEICKTUBHBIMU
AJIEKTPOJAMU IIPEIHAZHAYACTCS Ul ONPEEIICHUSI aKTUBHOCTH KaTUOHOB U aHUOHOB
(BenmnuuHbI pX) B BOJHBIX PACTBOPAX, a TAKXKE JIJIsI UBMEPEHUS OKUCIUTEIbHO-

BOCCTAaHOBUTEIHHBIX TOTCHIHANIOB (BeTU4HHBI () B BOJHBIX PAaCTBOPAX).
OCHOBHBIC TEXHUYECKHE JaHHBIC: JIUANa30H M3MEpEeHus mpeoOpaszoBaTeist B

pEeXKMME U3MEPEHUSI AKTUBHOCTH OT -1 10 19 equnun pX; B pexxnuMe n3MEpeHUs
2./1.C. ot -100+ +1900 MB; usmepurenbublii s5ektpor - ICI1-43-07; anekTpon
cpaBHeHus - OBJI-1M3.
JUts “3MepeHHus aKTUBHOCTM HMOHOB B PAacTBOPAX HMCIOJIB3YETCS YCTAaHOBKA,
cocrosmasi W3  NOTCHIMOMETPUYECKOM  SYEHKHM  C  HOHCEJIEKTHUBHBIMU

M3MEPUTEIBHBIMU 3JIEKTPOAaMU U nipeodpazoBarens (puc. 2.12).

] ||r 'III'H]
PENTENNE|

|
|

Pucynox 2.12 — Ilpunyunuanvras cxema yCmaHo8Ku 0s
NOMEHYUOMEMPUYECKUX USMEPEHULL:
1 — macnumnasn mewanka, 2 — sauetika 05l AHATUIUPYEMO20 pacmeopa, 3
— UHOUKAMOPHBLU 3]1eKMpo0, 4 — Xiopcepedpsblil 21eKmpoo0 CPAGHEHUS,

5 — bropemka; 6 — uzmepumenvHulil NPuOOP (YHUBEPCANbHBLLL UOHOMeD DB-74).
PaGota nonomepa ocHoBana Ha nipeodpazoBanuu 3./[.C. 3MEKTPOIHON

CHUCTEMBI B MIOCTOSIHHBIN TOK, MPOMOPIIMOHATIBHBIN U3MEPSIEMON BEJIUUUHE.
[IpeobpazoBanue I./{.C. 37I€KTPOTHON CUCTEMBI B IOCTOSIHHBIN TOK OCYIECTBIISIETCS

BBICOKOOMHBIM ITpeo0pa3oBaTeseM.
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Buemnuii Bug npeoOpa3oBateis U MOTEHIMOMETPUUECKON STYeMKM MoKa3aH Ha

puc.2.13.

Homorrep yyzepcansusm IB-T4

L F w

Pucynox 2.13 — Honomep ynueepcanonwiu IB-74
[ -nokazviearowuii npubop, 2 - KHOnKu 8vi6opa pooa pabomwl; 3 — mymoiep «cemoby,;

4-céemoouood; 5 - KHonku evlbopa ouanazona usmepenui, 06,7,8 - pecynramopul
HAcCmpouxu npubopa.
AJITOPUTM NPOBeJeHUs H3MepPeHHii HA YHHBepPcaJlbHOM HOHOMepe JB-74.
N3mepenne pH pacTBOpoB
1.Bxmtounts nonomep OB-74 B ceth 3a 30-40 MuHYT 10 Hayama pabOTHI
TyMOJIEpOM «CeTb» 3. 3a)KUraeTcs CBEeTOAUON 4.

2. Haxats cienyromuye KHOIIKM Ha NTaHEJIM HOHOMEpa:

* «aHHUOHBI-KATHOHBD)

 PX

 JlnanazoH rpyObIx u3MepeHuit «-1+ 19».

3. TmareabHO TPOMBITH U3MEPUTEIIBHBIN U BCIIOMOTATENIbHBIN JIEKTPOIBI

AUCTUJUTMPOBAHHON BOJIOW, OCYIIUTh UX (DUIBTPOBAIbHONW Oymaroil u morpysuTh B
CTaKaH ¢ aHAJIU3UPYEMBbIM pacTBOpoM, pH kKoToporo Tpedyercst U3MEpUTh.

4. B crakaH ¢ aHanmM3upyeMbIM pPACTBOPOM OIYCTHTh CTEPKEHb-MEIIAJIKY.
VY CcTaHOBUTH CTaKaH Ha MarHUTHYIO MEIIAJIKY U BKJIIOYUTH €€ TyMOJIepoM

«CEThHY.
S. [To mokazanmsiM TpeoOpa3oBaTeNsi B AWama3zoHe TPyObIX H3MEpeHUI

(mmxuHsas mkana (-1+19) BeiOpath OoJsiee TOUYHBIN auana3zoH u3MepeHuul S: «1+4y,

«4=9» i «9+-14».
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6. [Ipu padote B ananazone «-1+4» orcuer 3naueHuii pH npousBoautcs mo
BTOPOM BEpXHEH I1Kaie npeodpazoBarers.

7. [Ipu pabore B auamazoHax «4+9» umm «9+14» orcuer 3HaueHuii pH
MIPOU3BOAMTCS TIO TIEPBOM BEPXHEH IIKaie mpeodpa3zoBaTesi ¢ rpaayupoBKoil «0+5y,
MOKa3aHUsl KOTOPOM HEOOXOAMMO CyMMHUPOBAaThb CO 3HAYEHUEM HWKHETO mpenena
BBIOpaHHOTO Jauarna3oHa usmepenui (4; 9 unu 14 pH).

8. [loka3anuss MHUJUIMBOJIBTMETPA CHHUMAIOTCS C  COOTBETCTBYIOLIEH
HIKAJIBINOCIAE TMOJHOTO ycrnokoeHus crpenku  (0,5+1 MuH.) © 3aHOCATCS B
1a60paTOPHBIH Ky pHAJL.

9. [To okoHUYaHWM TPOBENCHMS aHAIW3a MPOOBI BHIKIIOYUTH MArHUTHYIO
Memanky. Ilepekntouarens auana3oHoB wusMepeHuss pH BepHyTb B HMCXOJIHOE
nosioxkenue «-1+19», VYOparp crakan c¢ aHanuupyemod mnpoOoi. TiarenpHo
MPOMBITh U3MEPUTEIbHBIM 3JEKTPOJl M 3JEKTPOJA CpPaBHEHUSA TUCTUIUIMPOBAHHOU
BOJIOM, 3aTEM IMOTrPY3UTh UX JIMOO B CTaKaH CO clieayrouieil mpo0oi, 1100 B CTaKaH C
JTACTUIJIMPOBAHHOM BOJIOM.

3agaua Ne 1 Onpenesienne kojandecrna mejaoun NaOH
MOTEHIIHOMETPUYECKHUM METOI0M
Onpenenenue konuuectBa mienoun NaOH B ananusupyemom pacTtBope

MPOU3BOJUTCS METOAOM NPSIMOM MOTEHIUOMETPUU, OCHOBAHHOM Ha MOCTPOEHUH
rpagyupoOBOYHON XapaKTEPUCTUKU MO CEPUU CTAHAAPTHBIX PACTBOPOB C PA3TUYHBIM
3HaueHuem pH.

Ilpubopwl u peakmuguol:

HNonomep ynuBepcanbHblii 9B-74.

W3mepuTenpHbIi CTEKISIHHBIN d51ekTpon DCJI-43-07.
Xnopcepedpsanblit anekTpo cpaHeHus: IBJI-1M3.
MarauTtHas Memaka.

CTeKJISIHHBIN CTaKaH eMKOCTBIO 50 M.

Kon6b1 emkoctsio 100 ev?.

Kucnora opro6opuas H;BO; TOCT 9656-75; 0,04 mons/nm>.
Kucnora oprodochopnas H;PO4 TOCT TV 6-09-4191 -76; 0,04 mons/nm>.
Tuapoxeun Harpust NaOH, TOCT 4328-77, 0,2 mons/mm?.
Beckr ananutnyeckue tuna BJIA-200M.

[Tunerka eMKOCThIO 50 cM’.
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OpranuzauuoHHas popma 3aHATUA
1.ITpuroroBnenue cepun OyhepHbIX paCTBOPOB.
2. CranpgaptHas cepus Oy(epHBIX pacTBOpOB co 3HaueHusiMU pH B

nuanasone 2,0+8,0 roTOBHTCSI Ha OCHOBE YHUBEpCAIbHOU OydepHOl cMecH 3-X
xucaot: H;BO;, H;PO4, CH3COOH (0,04 Mons/am?) ¢ HCXOJHBIM 3HAYCHUEM
pH=1,81.

B mecth k0516 emkocThio 100 cM? ¢ TOMOIIIBIO MUMETKHU BBOAUTCS 110 50 cM>
yKazaHHOU cMmecH Tpex kuciot: H;BOs, H;PO4, CH;COOH. B kaxayo konaoy
CO CMECBIO KUCIIOT A00aBJIsItOT U3 Oropetku no 7,5; 12,5; 17,5; 22,5; 27,5; 35,0
cm® pactBopa menour C(NaOH) = 0,2 mons/am>. PacTBops! B Ko0ax
THIATEIBLHO NIEPEMEINBAIOT.

3. N3mepenue pH crannapTHOl cepuu.
3.1. WUsmepenne pH crangaptHOi cepun OydepHbIX cmecei

NPOU3BOAMUTCS HA YHHUBEpcalbHOM HOHOMepe OB-74  cormacHo
ITOPUTMY .

3.2. Pesynbrarhl u3MepeHuit 3aHOCATCS B TaOIUILy 2.4:
Tabnuya 2.4 — Pe3ynomamul uzmepenutl

V(NaOH), cm® IToka3zanus nonomerpa pH [H*], moss/am>

4. [TocTpoeHue rpagynpOBOYHON XapaKTEPUCTUKHU.
4.1. TI'pamynpoBOYHAS XapaKTEPUCTUKA CTPOUTCA B KOOPAMHATAX

pH- V(NaOH), cm?.
4.2. Ha ocu opauHar OTKIaAbpiBarOTCs 3HaueHuss pH mectu
PacTBOPOB CTaHAAPTHOM CEPHUH; HA OCU a0CIUCC — 00bEeM 100aBICHHOTO

3

pactBopa menoun C(NaOH) = 0,2 monws/mm°. Touku coeguHstOTCS

kpuBoil. [lomygaercs rpagynpoBoYHas XxapakTepUCTUKA BUAA:
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pH(x)
¥ > .
Vx(NaOH) O6Bem V(NaOH), cm”
5.  Ompenenenue konudectsa menoun NaOH B pacTBope — 3ajaue.

5.1. 3apmauva c HeusBecTHbIM KojmdyecTBOM NaOH Bbizaercs B
BU/JIE PaCTBOpa B KOJIOE.

5.2. B xonby c ananuszupyeMbiM pactBopom NaOH numnerkoit
seoauTCca 50 cm® Oydepnoii cmecu 3-x kucnor. ITonydeHHBIH PacTBOP
TIIATENbHO NepeMeinBatoT. N3mepenue pH ananusupyemoro pactopa
NaOH npou3BoauTcsi B COOTBETCTBUU C aITOPUTMOM.

5.3. Usmepennoe 3HaueHne pH HaHOCHUTCS HA OCh OpJIHMHAT
rPayUpOBOYHON XapaKTEPUCTUKU M TIO OCH aOCIUCC OMNpenesaeTcs
COOTBETCTBYIOLIEE 3HAaYeHHWe oObema mienoun NaOH V(x), cm® B
UCCIIEyEMOM PACTBOPE.

3apauya Ne2 OnpenesieHre KOHIEHTPANH XJIOPOBOJIOPOAHOI KHCJIOTHI
NMOTEHIIHOMETPUYECKUM METOI0M
OnpeneneHue KOHILEHTPAIMU XJIOPOBOJOPOJHOM KHUCJIOTHI OCHOBAaHO Ha
peaknuu Hewtpanuzanuu HCl pactBopom rugpokcuaa Kaius:

HCl + KOH = KCI + H,O
OnpeneneHue KOHUEHTPALMU XJOPOBOJOPOAHOM KHUCIOTHI TMPOU3BOJIUTCS

METO/IOM TOTEHIIMOMETPUUECKOT0 THUTPOBaHUA aHanu3upyemoro pactBopa HCI
CTAQHIApPTHBEIM  pacTBopoM  ruapokcupa  kKamus — C(KOH)=0,1  momw/mm>.
OxBuBaneHTHbI 00beM KOH ompenensercss mo ckauky TUTPOBAaHHMS HAa KpPHUBOM
MOTCHITUOMETPUIECKOTO TUTPOBAHUSI.

IIpubopovl u peakmugwl:
HNonomep yHuBepcanbHblii DB-74.

N3mepuTenbHbli CTEKISIHHBIN 351ekTpoa DCJI-43-07.
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Xnopcepedpsanblil aekTpo] cpaBHeHus: DBJI-1M3.
MarauTtHas Meaka.
CTEeKJITHHBIN CTakaH eMKOCTBI0 100 cv?,
broperka.
Tuapoxenn kanus KOH, TOCT4328-77; 0.1 mons/am>.
OpranuzauuoHHas popmMa 3aHATUA
1.PacTBOp-3a1auy ¢ HEM3BECTHOM KOHIIEHTPALIUEN XJIOPOBOJAOPOTHON KUCIOTHI

THOJIy4aroT B CTaKaHe eMKoCThio 100 cm?,

2.5.

2. B crakan c¢ awnammsupyembiMm pactBopom HCI morpyxaror
WU3MEPUTENBHBIN 3JIEKTPOJ M DJEKTPOJ CPABHEHHUS, CTEPKEHb-MEIIAIKY U
YCTaHABIMBAIOT MOTEHUMOMETPUYECKYIO SYEWKYy HAa MAarHUTHYK MEIIAJIKY.
BxiroyatoT MarHuTHY10 MEIIAJIKY.

3. 3anonHsAIT OIOPETKY CTAaHJAPTHBIM PACTBOPOM T'MAPOKCUIA KaUs
C(KOH)=0,1 mons/am>.

4. CTexsHHbIN HAKOHEYHHK OropeTKu MOTPYXKAKOT B
aHaJIN3UPYEMBIN pacTBOP.

5. Nsmepsirot pH monyuennoro pacrsopa-zagaun HCI.
6. [ToTeHIITMOMETpHUYECKOE TUTPOBAHHME AHAIMZUPYEMOTO pPACTBOpa

HCI1 nmpowusBoautcsa onpeneneHHbIMA nopuusmu pactBopa turpanta KOH ¢
¢uxcupoBanuem pH pactBopa HC1 mnocne poOaBieHHs KaKIOW NOPLIUHU
TUTpaHTA.

[Topuuu turpanta 0,1 mons/nm® KOH cocTaBisior:
- B untepsane 0,0 +~ 38,0 cv® KOH no 1,0
cm® - B uaTepBaie 38,0 + 42,0 cm® KOH o 0,1

M’

- B unrepsane 42,0 + 50,0 cm®> KOH no 1,0

oM’

7. TuTpoBaHue MPOJIOIHKAIOT A0 HocTvkeHust pH=12.

8. Pe3ynbTaThl IOTEHIIMOMETPUIECKOTO TUTPOBAHMSI 3aHOCSTCS B TAOJIUITY

Tabauya 2.5 — Pe3ynibmamul nNOMeHYyuoMempuyecko20 mumposanus
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O0BeM

pH AV= ApH= V 3apauu| C 3amauu
THTPAHTA | o ro- | Va-Vi, | pHy- pH,y | Apt/Ay | CROH: | Vowion | oy ) ey,
V(KOH) 3 3 MOJIb/IM cM 3 3
3 pa cM cM cM MOJIb/ M

cM

9. Ananmu3s JAAaHHBIX HOTCHIHUOMCTPHUUYCCKOI'O TUTPOBAHMAA:
9.1. Ha ocHoBanum JaHHBIX Ta6JII/IHBI IMOCTPOUTDb HHTCI'PAJIbHYIO

KPUBYIO TUTPOBAHUS B KOOpAMHATaX pH-V(KOH) u
muddepeHnnanpHy0 KpUBYI0 TUTPOBaHHUS B KoopaumHatax ApHMV -
V(KOH).
9.2. Ilo wuHrerpasbHOM U  JUdPepeHINATBHON  KPUBBIM
TUTPOBAHHUS ONPEAEIUTH SKBUBAIEHTHBIN 00beM TuTpanta V'XB(KOH).
Paccuurares koHuentpauuio HO B pacTtBope-3ajaue Ha OCHOBAHMU 3aKOHA
HKBUBAJICHTOB:

C(HCI) = C(KOH) - V>***(KOH) / V(HCI), mons/am?/
9.3. Pe3ynbrarhl pac4eTOB 3aHECTH B TAOIUILY.
9.4. Ha unTterpanbHO KpUBOM TUTPOBAHUS yKa3aThb HAdajao U

KOHEI[ CKauKa TUTPOBAHUSI.

9.5. Ha OCHOBAaHUU ITOJTy4YEHHBIX KPUBBIX
MOTEHIIMOMETPUIECKOTO TUTPOBAHUS BHIOPATH ONTUMAILHBIN KHCIOTHO-
OCHOBHOM  HHIMUKATOp IS  TUTPUMETPUUYECKUX  H3MEPEHHIA,
MIPUBEJICHHBIX B TaOJIUIIE.

Tabauya 2.6 — Hnouxamopwi

WNunukatop pT WNunukatop pT
Kpe30I10BbIii KpacHBIH 1,00 BpomdeHnonoBbIil kpacHbII 5,90
Kpesoi10Bb1i1 EpITypHBIN 2,00 BpoMTHMOIOBBIN CHHHN 6,80
Ann3apuHOBBI xenThId P 2,60 HelitpanbHelil KpacHbIN 7,60
B-muHUTpOGEHOT 3,20 Tponeonna OO0 8,25
MeTunoBblil OpaHKeBbII 4,00 denongranens 9,00
Anmn3apuHOBbIN KpacHbI C 4,45 Tumondranenn 9,90
bpoMKpe30I10BbII CUHUI 6,80 AnunzapuHoBBIN kenTbiil AKOK 11,05
MeTuiioBbIi KpacHbIN 5,20
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3agaya Ne3 [loreHunomeTrpryeckoe TUTPOBAHME CMECH XJIOPOBOIOPOIHOM
U YKCYCHOM KHMCJIOT
B ocHoBe onpenenenus cMecu XJI0pOBOAOPOIHOU U YKCYCHOW KHCIIOT IIPU
COBMECTHOM IPUCYTCTBUHM JIEKAT PEAKIMM KHCIOTHO-OCHOBHOIO  B3aWMO
JICUCTBUA:

HCl+ KOH = KCIl +H,0 CH;COOH+KOH = CH;COOK + H,0
OnpeneneHue KOHIEHTPALMHU XJOPOBOAOPOJHOM KHUCJIOT MPOU3BOJIUTCS

METOJIOM TOTCHIIMOMETPUYECKOTr0 THUTPOBAHUSI CMECH KHUCJIOT CTaHJIapTHBIM
pactBopoM ruapokcuna kamus C(KOH)=0,1 mons/am®. KpuBas THTpOBaHMS B 3TOM
cillydyae MMeeT 2 CKauka TUTPOBaHMS: TMEpBbI ckauok pH Oyaer cooTBEeTCTBOBATH
3aBepIieHUI0 peakiuu ¢ 6osee cuiabHOi HC1. Ilocne 3Toro ¢ rugpoKcuaoM Kaaus
Oymer pearmpoBath Oonee cumabas CH3;COOH  (K,=1,74-107°), 3aBepiueHue
TUTPOBAHUSI KOTOPOU (PUKCHUpYETCsl Ha KPUBOW TUTPOBAHMSI IO BTOpPOMY cKauky pH.
OrnpeneneHne HSKBUBAJICHTHBIX OOBEMOB pacTBOpa THUTpaHTa, IONMICANIETO Ha
tutpoBanre HCI u CH3;COOH, yno6uee npoBoauTh 1o audepeHimaibHol KpuBon
MOTEHIITMOMETPUYECKOTO TUTPOBAHUS, TOCTPOCHHOU B KoopauHatax ApH/AV -V.

Ilpubopol u peaxmusol:
HNonomep ynuBepcanbhbiii 9B-74.
N3MeputenbHbli CTEKIAHHBIN 3ekTpoa ICJI-43-07.
XnopcepeOpsHblit anekTpo cpaHeHust DBJI-1M3.
MarsuTHas MelIaJka.
CTeKIAHHBIN cTakaH eMKOCThIo 100 cm?.
broperka.
Tuapoxenn kamus KOH, TOCT4328-77; 0,1 mons/om>.
OpranuzanuonHasi gopma 3aHATUA
1. PacTBOp-3aauy ¢ HEM3BECTHBIM COJIEP)KAHUEM XJOPOBOJOPOJIHONW U

YKCYCHOM KHCJIOT TOJIy4YaloT B CTaKaHe eMKOCThio 100 cm?.

2.B crakaH C pacTBOpPOM-33Ja4eil MOTPYKAKOT WU3MEPUTEIBHBIN JJIEKTPOXI U
AJEKTPOJ] CPABHEHUS, CTEPIKEHb-MEILAJIKY U YCTAHABIMBAIOT MOTEHIUOMETPHUUECKYIO
A4YEIKy Ha MarHUTHYIO MEIAJIKY. BKII0YaroT MarHuTHY10 MEIIAJKY.

3. 3anonaHsAI0T OIOPETKY CTaHIAPTHBIM PAcTBOPOM THUIPOKCUAA KaJlus

C(KOH)=0,1 mons/mnm>.
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4. CTexysiHHBIA HAKOHEYHUK OIOPETKM MOTPYXKAIT B aHAIU3UPYEMBIH

pacTBop.

5.M3mepstot pH nonyuennoro pactBopa-3aaaun cmecu HC1 + CH;COOH.
[ToTeHMOMETpUYECKOE TUTPOBAHUE AHAIM3UPYEMOTO pacTBOpa

6.

IIPOU3BOJIUTCST ONPENEIICHHBIMU NTopuusMHu pactBopa turpanta KOH mo 0,2

3

cM”.
7. TutpoBanue nNpoaoIKaT A0 HocTHXeHust pH=12.
8. Pe3ynbTaThl MOTEHIIMOMETPUYECKOTO TUTPOBAHMS 3aHOCATCS B
Ta0IuILy.
Tabauya 2.7 — Pe3ynbmamul NOMeHYUuOMempuyeckKo20 mumposanus
O6vem | V=| pH | ApH=| ApH/AV| C(KOH),| Vasikom,| Vawaron,| V(HCI+ | C(HCI),| C(CH;COOH),
Tutpanrta| Vo-| pactBopa| pHp- Mons/nm3|  cm? cm® | CH;COOH),| wmons/ MOJIB/IM>
V(KOH),| V1. pH1, o’ v
o | em? oM’
9. AHaJIN3 JaHHBIX OTEHIIMOMETPUUYECKOTO TUTPOBAHMUS:
9.1. Ha ocHOBaHMHU JTaHHBIX TAOJIUILIBI IOCTPOUTH UHTETPATBHYIO
KpUBYIO  TUTpoBaHuss B  koopauHarax pH —  V(KOH) wu

nuddepeHanbHy0 KPUBYIO TUTPOBaHHUS B KoopauHatax ApH/AY —
V(KOH).

9.2. Ilo muddepeHmanbHOM KPUBOM TUTPOBAHUS OMPEIEITUTH
SKBHUBAJICHTHBIE 00BEMBI THTPaHTa V! on) 11 V72 o) omrequme Ha

tutpoBanue HCI u CH3;COOH cootsetrctBenHo. [Ipu aTOM:

Vel g omy -ompenensercs mo 1-my ckauky Ha auddepeHIranTbHON KPHBOW;
Vos2(KOH) = V2 ckauo(KOH) — V1 cxauox (KOH) ONPEAEIACTCA MO PA3ZHOCTH V (xom),

cooTBeTcTBYrOIUX | 1 Il ckaukaM Ha KpUBOW TUTPOBAHUS

9.3. Paccuurtare koHueHtpamuto HCl B pacTBOpe-3amaue Ha

OCHOBAaHHH 3aKOHA 3KBHUBAJICHTOB:

C(HCI) = C(KOH) - V>**(KOH) / V¥"<® nomb/mm?,

C(CH;COOH) = C(KOH) - V>*(KOH) / V¥"<®  nMomn/mm?.

9.4.Pe3ynbTaThl pacy€TOB 3aHECTU B TAOIUILY.
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9. 5.Ha wuHTerpambHOM KpUBOM TUTPOBAHUA YyKa3aTb HA4yajlo0 U KOHEI
CKauKa TUTPOBAHUS.

9.6. Ha ocHOBaHUM ITOJIyYEHHBIX KPUBBIX ITOTEHIIMOMETPUYECKOIO TUTPOBAHUS
BbIOpaTh ONTUMAJIbHBIN KHUCIOTHO-OCHOBHOM HWHIMKATOp Al TUTPUMETPUUYECKUX
W3MEPEHUI, TPUBEICHHBIX B Ta0uIle 2.8.

Tabauya 2.8 — KucnomHno-ocHo8Hble UHOUKAMOPbL

Nnupukatop pT Nunukarop pT
Kpe30110Bb111 KpacHbI 1,00 BpomdenonoBelii kpacHbIi 5,90
Kpes0110Bb111 IEpITypHBIN 2,00 bpoMTHMOI0BBIN CHHHN 680
Ann3apUHOBBI xenThId P 2,60 HelitpanbHelil KpacHbIN 7,60
B-muHuTpOdEeHOT 3,20 Tponeonmma OO0 8,25
MeTunoBblil OpaHKeBbIi 4,00 denongranent 9,00
Anmn3apuHOBbI KpacHbIl C 4,45 Tumondranenn 9,90
bpoMKpe30510BbIi CHHHN 6,80 AnumzapruHOBBIN xenThii JKOK 11,05
MeTuoBbIi KpacHbIH 5,20

Bonpocs aJ151 00Cy:KIeHus
1.Ha yeM OCHOBaH MOTEHIIUOMETPUUYECKUI METO ] aHar3a?

2. [TIpuBectn ypaBHeHHMe HepHCTa W MOSICHUTH CMBICH BXOJSAIIMX B HETO
BEJIMYMH.

3. Kakoli 31meKkTpol Ha3bIBa€TCsl MHIUKATOPHBIM, U KaKOW — DJIEKTPOJIOM
CpaBHEHUS?

4. B yeMm cymHOCTh MOTEHIMOMETpPUYECKOTO omnpeneneHus pH-pactBopa?

Ha3Bath OCHOBHBIE HHIUKATOPHBIC SJICKTPOABI.

5. KakoBa KOHCTpYKIIHSI CTEKIISTHHOTO 3JIEKTpoa?
6. BO3HUMKHOBEHHE  DJIEKTPOJHOIO  IOTEHIMada Ha  CTEKISHHOM

HU3MCPHUTCIIbHOM J3JICKTPOIC.

7. 3anucaTh CXeMy TralbBaHUYECKOrO0 »JJieMeHTa mpu wuzMepennn pH
pacTBopa.
8. B KaKOM BUJIE MOTYT OBITh MPEACTaBIICHbI KpUBBIE

IMOTCHIOUOMCTPHYCCKOT'O TI/ITpOBaHI/Iﬂ?

0. B dem 3akitoyaeTcs CyluiHOCTh METO/Ia IPSIMOM MTOTEHIIMOMETPUH?
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10. B wd4em 3akmwoydaeTcd CYHMHOCTh METOAA MOTEHIHMOMETPUUYECKOTO
TUTPOBAHMS

11. IlpuBectun MPUHIUITHATBHY IO CXeMy YCTaHOBKH ISt
MOTEHITMOMETPUYECKOTO TUTPOBAHUS.

12.1lpuBecTy mpuMepbl MOTCHIIMOMETPUYECKOTO aHaIu3a C HMCIOJIb30BAaHUEM
peaKkIuil HeUTpaau3aluu, OCAXKIACHUS, OKUCICHUSI-BOCCTAHOBIICHUSI.

2.2.2 KOHAYKTOMETPHYECKUI METO/ aHAJIM3a
OnHuM U3 BAXXHEHUIINX CBOMCTB BOJHBIX PACTBOPOB JIEKTPOJIMTOB SIBIIIETCS UX

CIIOCOOHOCTH MPOBOAUTH dIEKTpUUYECKU TOK. LlepeHoc anexkTpuyecTBa B pacTBOpax
ANEKTPOJIMTOB OCYILECTBISIETCS HOHAMH. DIEKTPOIIPOBOIHOCTh PACTBOPA 3aBUCUT OT
MPUPOBI U KOHLEHTPAMU IPUCYTCTBYIOIIMX B pACTBOPE MOHOB, Oaroaaps yemy
AIIEKTPONPOBOTHOCTH PACTBOPA MOXKET ObITh UCIIOJIb30BAaHA I KOJMYECTBEHHOTO
ONPEENICHNs] XMMUYECKOI0 COCTaBa PacTBOpa.

Konnykromerpudeckuii METO aHAJIM3a OCHOBAH HA U3y4YEHUU 3aBUCHUMOCTH
MEX1Y IEKTPOIPOBOJIHOCTHIO PACTBOPA U KOHIIEHTpALME HOHOB B 3TOM PacTBOPE.

B KOHIYKTOMETPHUYECKOM aHAIM3€ H3MEPSAEMBIM AHAIUTUYECKUM CHTHAJIOM
ABJISIETCS DJIEKTPOIIPOBOAHOCTD WIM JJIEKTPUYECKAsl IIPOBOJAUMOCTb PacTBOPA.

PaznuyaroT yneiapHyIo ) U 3KBUBAJICHTHYIO A 3JIEKTPHUUECKYIO MPOBOJUMOCTD
pacTtBopa.

YIleJIBHaH QJICKTPUYCCKaAd ITPOBOJAUMOCTL paCTBOpa — 3TO MPOBOJAUMOCTD
ICM3 pacTBOpa, 3aKIIFOYCHHOI'O MCKAY IINIATHHOBBIMU JJICKTPOAdaMU C ITIOBEPXHOCTBIO

1 cM?, HaXOAAIMMHUCS HAa PACCTOSHUU 1 ¢cM Apyr OT aApyra. YenbHas dJeKTpUYecKast
IIPOBOAMMOCTB OINPEAEIAECTCS B OCHOBHOM 4HCIOM U — MOABMKHOCTBIO MOHOB B
pacTBOpE, a TaK K€ KOJIMYECTBOM NIEPEHOCUMBIX UMU 3aPsI/I0B:

y =ACF(Z. U, + ZU),[OMm ' -cm'] (2.21)
rae: y - yAeNbHas 3JIeKTPOINPOBOJHOCTE pacTBOpa, oM"! cm'!

A - cTenens aucconuanyu 3ekTponuTa; C - KOHIEHTPALUs
SJIEKTPOJINTA, MOJIB/IM°;

F-gucno @apanes;
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U., U, Z,, Z. - ckopoCTb ABWXKEHUS (M/C) U 3aps] KATUOHOB U aHWOHOB IPH
HaANPsKEHHOCTH AJIeKTpudeckoro noss 1B/cu.

OKBUBAJICHTHAsl DJJIEKTpUYECKas IPOBOJAMMOCTH ) — OTO IPOBOJUMOCTH
pacTBopa, coiepyKaiiero 1 S5KBMBAJIEHT PacTBOPEHHOIrO 3jeKTposura, OM CM?/9KB.
CBsi3p MEXJy DKBUBAJICHTHOW M YIEIbHOW 3JIEKTPUYECKOH IMPOBOJUMOCTHIO
BBIPAXKAETCS YPAaBHCHUEM:

A =x-1000/C (2.22)
3aBUCUMOCTh YJEIbHON 3JIEKTPUYECKONM MNPOBOJUMOCTH OT KOHIIEHTpaluu

AIEKTPOJIMTA MIOKa3aHa Ha puc 2.14.

V4
1
2
C &‘

Pucynox 2.14 — 3asucumocmo Pucynox 2.15 — 3asucumocmo
YOebHOUL INIeKMPULeCcKoll 9KBUBANICHMHOU 2JIeKMPUYECKOU
npoBOOUMOCHU OM KOHYEHMPAYUu:  nposoouUMoCcmu om pazoaeieHus
1 -071151 cCUunNBHBIX 21EKMPOAUMO8; pacmeopa:

2-0711 cabwlx 31eKmpoIUmos 1 -0n151 CUNbHBIX 2IEKMPOSUMOB,

2-0715 c1abwix 21eKmpoIUmos
B oOmactu ManblX KOHILIEHTpAUUMWA MEXAYy YIEIbHOM 3IEKTPUYECKOU

MIPOBOJIMMOCTBIO M KOHIIEHTpALMEH cOOMI0aeTCs MPSMOIMHEHAS 3aBUCUMOCTb, UTO
OOBSICHSIETCSI YBEJIMYEHUEM YHCIa HOHOB-IIEPEHOCUYMKOB 3apsiioB IPU  poCTe
KOHIIEHTpaluu pacTtBopa. B oOnactu OONbIIMX KOHIEHTPAIMil YyBEIUYHBACTCS
MEXHOHHOE B3aUMOJICHCTBUE, UYTO MPUBOJUT K YMEHBIICHUIO AKTHUBHBIX
(cBoOOoaHBIX) uWOHOB. Ilpm 3TOM yAenbHass 3IEKTpUYECKas MNPOBOAUMOCTD
U3MEHSETCHS.

DOKBUBAJIEHTHAsl AJIEKTpUYEcKass MPOBOAUMOCTh (puc.2.15) yBenuuuBaercs ¢
paz0aBiieHUEM pacTBOpa, TaK KaK y CJIa0bIX JIEKTPOJUTOB (Kp.2) MpU pa3daBiIcHUU
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YBEJIMUMBAECTCS CTEMEHb JHUCCOLMAIMU, a Y CWIBHBIX DJIEKTPOJUTOB (Kp. 1)
YBEIUYMBACTCS  KOI(PPUIUMEHT  INEKTPUUYECKOM MpoBOAMMOCTH. B cuibHO
pa30aBlIEHHBIX pAcTBOpPAaX CTEMEHb JTUCCOIMAIMU CJIab0ro JJIEKTPOJuTa U
KOO (PHUIIMEHT AIEKTPUUECKON TPOBOJUMOCTH CHUIBHOTO 3JIEKTPOJIUTA TOCTUTAIOT
€UHULIBI, YTO NMPUBOAUT K YBEIUYEHUIO IKBUBAJICHTHOW 3JIEKTPOIMPOBOJHOCTHU [0
MpEeAEIbHOTO 3HAUEHUS A.°.

DOnekTpuyeckas MNPOBOJUMOCTh OECKOHEUHO pa30aBIIEHHOIO pacTBopa B
OTCYTCTBUE TOPMO3SIIKX 3PHEKTOB OMpEAeseTCs MOJBHKHOCTBIO HMOHOB (3aKOH
Konbpayma):

Ao = Ao+ + Ao- (2.22)
rae: A%~ MOJABMKHOCTE (SKBMBAJIEHTHAS DIIEKTPUUECKAs IIPOBOJUMMOCTE) Ka-
THOH - TIOJBHXHOCTH BUBAJICHTHASI DJICKTPUYECKAs IPOBOJIUMOCTb
oma; Al OJIBUYKHOC HKBUBAJICHTHAsI 3JIEK ecka OBOJUMOC

aHUOHA.
Hanbonee mpocThie HKCIEPUMEHTAIBHBIE 3aBUCUMOCTH  DJIEKTPUUYECKOU
MPOBOJAMMOCTH OT KOHIIEHTPAIIUH BBIPAKAIOTCA CICTYIONIUMHU YPABHEHUSIMMU:

a) IJIs cIa0bIX AJIEKTPOIUTOB
lgh=a-051gC (2.23)
0) JIJIs1 CUITBHBIX DJIEKTPOJIUTOB

h=20 bVl (2.24)
rae: a u b - Kod(pPUUMEHTHI, 3aBUCALUIME OT HPHUPOABI AIIEKTPOIUTA H

pacTBOPUTEITS.

AHaJIUTHYeCKAs] KOHAYKTOMETpHUSA
KoHaykTomeTpuueckuii MeToJ aHaiu3a MOXKET OBITh peaju30BaH B JBYX

BapUaHTaXx:

* METOJ HNPSIMOU KOHIYKTOMETPUHU,
* METOJ KOHJYKTOMETPHUUYECKOTO TUTPOBAHMUSI.
Merton npsAMON KOHIYKTOMETPUM OCHOBAaH HA 3aBUCHMOCTH JJIEKTPUYECKOU

MPOBOAUMOCTH OT KOHIIEHTpaluu sJekTpoiura (yp.2.23. u 2.24.), HNOCKOJBbKY B
ONpPENENICHHBIX Mpezaesiax 3aBUCUMOCTh A — C  HOCHUT JHMHEHHbIA Xapaktep. Ha
MPaKTUKE JIMHEIHas 3aBUCMMOCTh PEANM3yeTCsl TOJBKO B pa30aBIIEHHBIX PACTBOpax

AIIEKTPOJIUTOB B OTCYTCTBUE MIPUMECEN MOHHOTO XapaKTepa.
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C noMouipi0 MNpssMOM KOHAYKTOMETPUU MOXKHO pEIIaTh P MPAKTUYECKUX
3a71a4 ¥ OCYIIECTBIIITh HEIPEPBIBHBINA TEXHOJIOIMYECKUNA KOHTPOJIb ITPOU3BOCTBA.
[IpyHiun npsiMOM  KOHJIYKTOMETPUHM HCIOJIb30BaH B PpabOTe MPOMBIIIICHHBIX
KOHJYKTOMETPOB (KOHIIEHTPATOMEPOB) [IJIsi OMNpPEICIICHHUs] OOIIETr0 COICP>KaHUS
COJIEd B PEYHOM, MOPCKOM, CTOYHOM BOJAX; OLIEHKM KayeCTBA JKUIKUX IHUIIECBBIX
MPOAYKTOB U T.II.

Onnako MeTo MPSMON KOHIYKTOMETPUU HE ABJISIETCS CHENU(PUUIHBIM, TaK KaK
AJIEKTPUYECKass MPOBOAUMOCTh SIBJISIETCS BEJIMYMHOM AJJUTUBHOM W 3aBUCUT OT
HaJIMYMs IPUMECEN B paCTBOPE.

bonbiiee pacnpocTpaHeHHe B aHAIWTHUYECKOW ITPAKTUKE IIOJNYYUI METOJ
KOHAYKTOMETPUYECKOTO TUTPOBAHUS, OCHOBAHHBIM HA MCMHOJIb30BAHUH XUMHYECKOU
peaKunu, B Pe3yJIbTaTe KOTOPOM MPOUCXOJNUT 3aMETHOE MU3MEHEHHE 3JIEKTPUUYECKOUN
MIPOBOJIMMOCTH PacTBOpA.

[Ipu nobGaBiaeHUM OFHOTO JIJICKTPOJIUTA K APYroMy H3-3a XHUMHYECKOIO
B3aUMOJCHUCTBUS U3MEHSETCS HOHHBIN COCTAaB PaCTBOPA, UTO MPUBOAUT K U3MEHEHUIO
AJEKTPUYECKOM  MPOBOJAMMOCTU.  Pe3ynbTaTbl  HU3MEpEHUS  DJIEKTPUUYECKOU
MMPOBOJIUMOCTH PAacCTBOpa IMPU KOHAYKTOMETPHUYECKOM TUTPOBAHWUU BBIPAKAIOT B
BUJIE KPUBBIX KOHIAYKTOMETPUYECKOTO TUTPOBAHMS, MOCTPOCHHBIX B KOOPAMHATAX:
o0beM TUTpaHTa V(X) -3JE€KTpUYECKas MPOBOJIUMOCTH leLCTBopa . Ilo m3nomy Ha
KPUBOW KOHAYKTOMETPUUYECKOTO TUTPOBAHUS ONPEAEISAIOT TOUKY SKBUBAJICHTHOCTH.

[Tpu TUTPOBAHUYU CHIILHOW KHUCJIOTHI CHJIbHBIM OCHOBaHHMEM HOH Bojopoja H' ¢
OOJIBIIION TOJBM)KHOCTBIO 3aMelaeTCs Ha KaTHOH MeTajuia Me"™ ¢ MeHbIen
MOJABW)KHOCTBEO,  TMO3TOMY 10  TOYKM  JKBUBAJICHTHOCTH  DJIEKTPUUYECKas
MPOBOAMMOCTh pacTBopa yMeHblnaercs (puc. 2.16,a) [locie Touky 3KBUBAJIEHTHOCTH
B pacTBOpE TMOSBUTCA  HM30BITOK  CHUJIBHOTO  OCHOBaHMs,  COJIEpKaIlero
BBICOKONIOABIXKHBIM HMOH OH", YTO NpPUBOAUT K YBEIUYCHUIO JJIEKTPUUYECKOU

IMpOBOANMOCTH. HepecequHe ABYX IPAMBIX COOTBCTCTBYCT TOUYKC 53KBUBAJICHTHOCTH.
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3a‘IaCTYIO KPUBLIC KOHIAYKTOMCTPHYCCKOI'O THTPOBAHHA H3OTHYTbBI M TOUYKY
O9KBUBAJICHTHOCTH B 3TOM CJIYy4d€ HAXOIAT IIYTCM IICPCCCUCHU HpHMOHHHCﬁHBIX

Y4aCTKOB KPUBOM JI0 M TIOCJI€ TOYKH 3KBUBAJICHTHOCTH (puc 2.16 ,0).

Vs \' \"
a o
Pucynok 2.16 — Kpugvie kondykmomempuueckoco mumpo8aHusl.

a - CUNbHOU KUCIOMbl CUNbHBIM OCHOB6aHuem, O - Kuciomol
cpedﬂeﬁ CUJIbl CUTTbHBIM OCHOBAHUEM.

HenuHelnplil xapakTep 3aBUCUMOCTH 3JEKTPUUECKON MPOBOAUMOCTU PaCTBOPA
MIPY TUTPOBAHUM HAOIIOAACTCS, KOT/Ia PEeaKIus MPOTEKAET HE KOJTMYECTBEHHO, WU B
MPOIIECCE TUTPOBAHUS U3MEHSAIOTCSA CTEIEHU JIUCCOLMAINY, WIIH CTETIEHU TUIPOJIN3a
BEILIECTB, YUYACTBYIOIIUX B PEAKIIUHU.

B  KOHIYKTOMETpHYECKOM THUTPOBAHMHM HCIIOJB3YIOT Pa3IMYHBIC THIIBI
XUMUYECKUX peaKIUil: HeUTpamu3aluu, OCaXICHHs, KOMIUIecCOOOpa3oBaHUs B
BOJHBIX U HEBOJHBIX pacTBOpax.

MeToa KOHIIYKTOMETPUYECKOTO TUTPOBAHUS JTA€T BO3ZMOXKHOCTh
aHAJIM3UPOBATh MYTHBIE M OKPAIIIEHHBIE PACTBOPHI, & TAK)KE PACTBOPHI, pasiiaratoniue
UHANKATOpbl. KOHAYKTOMETPUYECKUI METO/] MO3BOJIIET aHATTM3UPOBATH HE TOJIBKO
CPaBHHUTEILHO KOHIIEHTPUPOBAHHBIE, HO M pa3basiaeHHbie (10 10% Mos/am?)
pactBopbl. OTHOCUTENIBHAS MOTPEIIHOCTh onpeaeneHus cocrasisiet ot 0,1 go 2%.
HenocraTtkom siBIsieTCsl OTCYTCTBUE U30UPATEILHOCTH MPU PabOTE C

MHOI'OKOMIIOHCHTHBIMHU CMCCAMMU.
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MeToa BBICOKOYACTOTHOIO TUTPOBAHHUSA
B IIOCJIICAHHUC I'0JbI BCC OoubIIICE PaCclIpoOCTPpaHCHHUC IMoJIy4acT

BBICOKOYACTOTHAsI (OECKOHTAKTHAsI) KOHAYKTOMETPUS — METOJl BBICOKOYACTOTHOTO
TUTPOBAHUS, B KOTOPOM AaHAJIM3UPYEMBIM PACTBOP MOABEPracrcs JACHCTBUIO
5JIEKTPHYECKOrO MO BHICOKOM 4yacToThl 10° + 10% T'm. Ipy MOBBINIEHMH YACTOTHI
BHEIIIHETO  JJIEKTPUYECKOTO TMOJSA  DJIEKTPUYECKass IPOBOJAMMOCTb PAacTBOPOB
AJIEKTPOJIUTOB yBenuuuBaeTcs. [lone BBICOKOW 4YacTOThI AEPOPMUPYET MOJIEKYITY
(mpoucxoaut naedopMaliMoHHAsl MOJIApU3AIMA) U 3aCTaBISIET MOJISIPHYIO MOJEKYITY
OTNpeJeieHHbIM 00pa3oM TmepemMeniaThesi (OpUEHTAlMOHHAs ToJspusanus). B
pe3yibTaTe MOISAPHU3AMOHHBIX 3(P(GEKTOB BO3HUKAIOT KPATKOBPEMEHHBIC TOKH,
M3MEHSAIOLIME MIEKTPUYECKYI0 IPOBOAUMOCTD PacTBOpA.

WN3mepsemas B OTUX YCHOBHUSAX IIOJHASA DJJIEKTPUYECKAS MPOBOAUMOCTH
BBICOKOYACTOTHOM KOHAYKTOMETPUYECKOM SYEHKH A, CKIIAJbIBAETCA M3 AKTHBHOM
COCTABIISIIOIIEH Ay UCTUHOW MNPOBOJMMOCTH pPacTBOpa W  PEAKTUBHOM
COCTABJISIOIIEH Apeaxr — MHHMOM DJIEKTPUYECKOM HPOBOAMMOCTH, 3aBUCSINEH OT
YaCTOTHI U THUIA TYCUKHU:

A= Ager T V1 Apear. (2.25)

MeToa BBICOKOYACTOTHOTO TUTPOBAHUS TAKXKE, KAK U METOJ HU3KOYAaCTOTHOM
KOHIYKTOMETPHUH, HEU30UpaTesIeH, MO3BOJIIECT MMPOBOIUTH ONIPEICTICHUS, HUKHUN
npenen KoTopbix 107 Mons/nm® ¢ morpemHocTsio = 2%. IT0CKOIbKY METO
OECKOHTAKTHBIH, P TUTPOBAHUH HUCKIIOYEHO XUMUYECKOE B3aUMOJICHCTBHE
3JIEKTPOJIOB C KOMIIOHEHTAMU PacTBOPA, IO3TOMY OCHOBHOE JIOCTOMHCTBO METOAA -
BO3MOXHOCTh aHAJIM3UPOBATH arPECCUBHBIE PACTBOPBI, ITACTHI, IMYJIbCUH.

Anmnaparypa Jisl BBICOKOYACTOTHOI0 KOHAYKTOMETPHYECKOIr0 TATPOBAHMS
BpICOKOYAaCTOTHOE TUTPOBAHUE IIPOBOIAT B JJIEKTPOJIUTUUECKUX STYEHKAX, B

KOTOPBIX HCCHGI[yeMBIﬁ QJICKTPOJJIUT HC UMCCT IMMPAMOI'O KOHTAKTa C 3JICKTPOAAMH U
CBi3aH C H3MCpHT€J'IBHOI>i HCTIbIO MHAYKTUBHO WJIN YC€PEC3 CMKOCTD.
beckoHTakTHBIC HqCﬁKH, HCIIO0JIb3YCMBIC B BBICOKOYACTOTHOM TUTPOBAHUH,

ObIBaIOT 2-X TUIOB: eMKOCTHBIE C - s;TuelKu; UHAYKTUBHBIC L - sueiiku. B
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3aBUCHUMOCTH OT TUIIA SYCUKHU PE€aKTHBHAsA COCTABJIATOIIAA BHCKTqueCKOﬁ

IMPOBOANMOCTH

Apeasr. sBrsteTcs dbynkuuen eMmkoctu C WM UHIYKTUBHOCTH L:

Apearr. = @C Apessr. = 1/ 0L (2.26)
Ha npakTuke eMKOCTHBIE IUEVKN MPUMEHSIOT IPHU aHAIU3€ PACTBOPOB C MAJION

AIEKTPUUECKOU MPOBOAUMOCTBIO, UHTYKTUBHBIE — C OOJIBILION.

Haubonee yacto a1 BBICOKOYACTOTHOTO TUTPOBAHUS HCHOJB3YIOT THTPATOP
TB-6JI-1. Buenrnuit Bus BICOKO4acTOTHOTO TUTpUMeTpa TB-06JI-1 u 6eckoHTakTHOM
C-sueiiku npeacTasiieH Ha puc.2.17.

TurpumeTp BbICOKOUYACTOTHBIN NabopaTopHbii TB-6JI-1 mpeanasHaueHn s
ONpEEeIeHUs] KOHUEHTPALMK BOJHBIX M HEBOJHBIX PACTBOPOB ILIEIOYEH, KUCIOT U

S - 3. .
coneit B uHTepBasie (0,1+-0001 Mmoab/aM’; pacTBOPOB, 3arpsi3HEHHBIX OCAJKAMH;

MHOI'OKOMIIOHCHTHBIX CMCCGﬁ; OKpallICHHBIX PaCTBOPOB.

Pucynox 2.17 — Beicokouacmommuwiti mumpamop TB-6JI-1 ¢
KOHOYKMOMEMPUUECKOU eMKOCMHOU A4eUKOU.

a) 6) - Konvyesvie INEKMPOoObl eMKOCMHOU sueliky, 1 -ene300 015 cmaxkauna ¢
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npoboil, 2 - namna; 3 - pyuka «2pyooy, 4 - pyuka «mounoy,; 5 -mymonep «cemvy,; 6 -
mymonep KIOYeHUS. MEWATKU, 7 - pe2yasimop CKOPOCMU Mewaniku, 8 - pyuka
YY6CMBUMENbHOCMU MUKPOAMIEPMEMpPa.

OcHOBHBIE TEXHUYECKHE NaHHBIC: pabouas yactora 3+40 MI'1; m3mepsemas
3JIEKTPOIIPOBOJHOCTL KOHAYKTOMETPHYECKOM sueiiku 1-10% + 5103 Om! - om;
PEeyCMOTPEHO U3MEHEHHUe 4yBCTBUTEIHHOCTHU PETUCTPUPYIOIIETO
MUKpOaMIlepMeTpa Ha 4-X YPOBHSX; JaTYUK - EMKOCTHBIN, B BUJE JABYX KOJBIIEBBIX
AIIEKTPOJIOB B OMPABE U3 OPICTEKIIA.

Tutpumerp TB-6JI-1 coctouT m3 rereparopa BBICOKOW YacTOTHI, JIAMIIOBOTO
BOJIbTMETpPa C TajJbBaHOMETPOM, OJIOKa TMHUTaHUS, MEIIANKH, JaTddka —
KOHJAYKTOMETPUYECKOW S[UEHKH €MKOCTHOTO THIIA B BHJIE JABYX KOJIBIIEBBIX
AJIIEKTPOJIOB, CTaKaHa g THUTPOBAaHUSA, OIOPETKH JUIsl TOJAaYd CTAaHJIAPTHOTO

pacTBOpa, CHa0KEHHOW HarHETATEIHLHOU TPYIIEH.

AJITOpPUTM NPOBEICHUS AHAJIM3A HA BLICOKOYAaCcTOTHOM TuTpUMeTpe TB-6J1-1
1.Bxrounts npubop B ceTh 3a 1 yac 10 Havyama paboThl IEPEBOAOM TyMOIepa

5 B MOJIOKEHUE «BKJIKOYEHO». 3aropaercs jamna 2.

2.IloaroroBUTH TPUOOP K TUTPOBAHUIO:
2.1. YcTaHOBUTH pydyKol «rpy0o» 3 CTpelKy MUKpOaMIlepMeTpa Ha CepeauHy

IIKAJIBL.

2.2. 3anonHuTh OIOPETKY pacTBOPOM TUTPAHTa C MOMOUIbIO HArHETaTebHOM
rpyld. YCTaHOBUTh YPOBEHb PACTBOpA TUTPAHTA Ha HYJIEBYIO OTMETKY.

2.3. Crakan emkoctbio 100 ¢cm® ycranoButs B THe3n0 garduka 1. ITumerkoit
IIEPEHECTH B CTAKaH ONPEAEIEHHBIH 00bEM aHAIU3UPYEMOro pactsopa V(x), cM® u
n00aBUTh AUCTUUITUPOBAHHOMN BOJIBI, YTOOBI YPOBEHb pACTBOpPA B CTaKaHe ObLT ~ Ha 5
MM BBIIIIE BEPXHETO METHOTO JIEKTPO/IA.

24. B crakaH OIYCTUTh CTEPKEHb - MEIIAJKy. BKIIOUUTH Memanky
TymMOnepoM 6 U pydKoil 7 OTperyiIupoBaTh CKOPOCTh MEPEMEIINBAHUS TaK, YTOOBI B
pacTBOpe 00pa3oBasiach HEOOJIbINIAs BOPOHKA.

3. [IpoBecTH TUTPOBAHUE AHATMU3UPYEMOIO PACTBOpPA:
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3.1. Pyukamu «rpy0o» 3 U «TO4YHO» 4 YCTAHOBHUTH CTPEIKY
MuKpoamriepmerpa Ha 10 nenenuii. 3anucars HauyanbHbI orcueT I, MKA
B TaOJIUILy.

3.2.  OtkpbiBasg KpaH OrOpeTKH, BBOAUTH pacTBop TuTpanta (T) B
aHaJIU3Upye-
MBI pacTBOp (X) OMNpeaeNeHHBIMU MOPUUSIMHU, (UKCUPYS OTCYET IO IIKaJe

MUKpOaMIlepMeTpa 1nocje 100aBiaeHus KaXKJ0i MOPIUU TUTPAHTA.

3.3. Ilony4eHHbIe JaHHBIE 3aHECTH B TAOIHILy 2.9.
Tabnuya 2.9 — Pe3ynibmamul uzmepenutl

[Tokazanus o Vo (T)
V(T),eMm? MHKDPOaMIIED- / g 37 V(x),em> C(x),em?
MeTpa, MKA MOJIb/AM CM
4. [TocTpouTh KpHUBYIO KOHJIYKTOMETPUYECKOTO THUTPOBaHUS B
KOOpJAWHATAX:
HIOKa3aHUE MUKPOAMIIEPMETPA, MKA - 00bEM TUTpPAHTA, CM°.
3. Onpenenurs KBUBAJIEHTHBIN 00beM Turpanta V>*(T), cm® mo
[IEPECECUYCHUIO JBYX MPAMOJIMHEUHBIX BETBEU Ha KpUBOU

KOHAYKTOMCTPHYICCKOI'O TUTPOBAHUA.
6. Paccuurath KOHIOCHTPAIOWIO OIIpCaACIIIEMOIO HOHAa B
AHAJIM3UPYEMOM PACTBOPEC IO 3aKOHY SKBHBAJICHTOB!

C(x) = C(T) - V>*(T) / V(x), Mmosb/am>.
3amaya Ne4 OnpenesieHre KOHIEHTPAIUM CEPHOM KHCI0THI METOJI0M

KOHJTYKTOMETPUYECKOr0 TUTPOBAHMS

Onpenenenne H,SO, ocHOBaHO Ha peakIMM KUCIOTHO-OCHOBHOIO
B3aumozercteus H,SO4 co cTaHgapTHRIM pacTBOpoM rujipokcuia Hatpus NaOH:
H,SO, + 2NaOH = Na,SO, +2H,0

KpuBass KOHIyKTOMETPUUYECKOTO THUTPOBAHHUS CHJIHBHOW KHUCJIOTHI IIEIOYBIO
OylneT WMeTh BHJ, aHAJIOTMYHBIA KpuBOoM Ha puc.2.10. Touka SKBUBaJIECHTHOCTH
bUKCUpyeTCs TIO0 TMEepPeceYeHUI0 [BYX TMPSAMOJIMHEHHBIX BETBEM Ha KPHUBOU
KOHJIYKTOMETPHUYECKOTO TUTPOBAHMSI.

Ilpubopvl u peakmuguol:
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BricokouactoThbiii TuTpuMeTp TB-6JI-1 ¢ naTYMKOM-KOHAYKTOMETPUYECKON
AYEUKOU KOHJICHCATOPHOI'O TUIIA.

CrakaH JIst TATPOBaHUs eMKOCTBIO 100 cm?,

[TumneTka EMKOCTBIO 5 cM>,

Crangaptublii pactop ruapokcuaa Hatpus C(NaOH)=0,1 moss/nm?.
OpranuszanuoHHas ¢gopma 3aHATHSA

1. KongykroMeTpuueckoe TUTpOBaHUE aHanuzupyemoro pactBopa H,SO,

BBIIIOJIHACTCA B COOTBETCTBHMM C  aJITOPUTMOM  IIPOBCACHUS  aHAJIM3a  Ha

BBICOKOYACTOTHOM TuTpuMeTpe TB-6JI-1, npuBenennom B 2.2.4.
2.AnmikBoTa aHamusupyemoro pactsopa H2SO4 5 c¢m® mepeHocuTcs B cTakaH
JUISl TATPOBAHUS U TOBOAUTCS J10 YPOBHS  HA 5 MM BBIIIE KOJIBLIEBOTO 3JIEKTPOJA

KOHAYKTOMETPUYECKOU STYEHKHU.

3. Crangaprubii  pactBop turpanta C(NaOH)=0,1 mons/nm?
no0aBiseTcs K
anamusupyemomy pacteopy H,SO, mopuusmu mo 0,5 cv?.
4. [Tocne nobGaBneHHs] KaXIOW MOPLUUU TUTPAHTA (PUKCUPYIOTCS

MOKa3aHUsI MUKpOaAMIIEpMETPA.

5.P63y.IIBTaTBI KOHAYKTOMCTPUYICCKOI'O TUTPOBAHUA 3aAHOCATCA U Ta6J'II/IIIy

2.10.
Tabnuya 2.10 — Pe3ynomamol usmepenuil
ITokazanus V/oKB
A" (Na(;)H), MHKDOAMITEPMETPa, C (NaOHg, (NaOH), A% (HZS304), C (H28042,
cM MKA MOJIb/IM ord® cM MOJIb/IM

6.IlocTpouTh KpUBYIO KOHAYKTOMETPUYECKOTO TUTPOBAHUS B KOOpAMHATAX:
HIOKa3aHus MUKPOaMIIEpMeTpa, MKA — 00beM turpanta V(NaOH), cv?.
7. OnpenenuTh DKBHBAIEHTHBIM 00beM turpanta V(NaOH), cm® mo

MNEPECCUCHUIO JIBYX HpHMOHHHeﬁHBIX BETBEM Ha KPpUBBIX KOHAYKTOMCTPHYCCKOI'O
THUTPOBAHUA.

8. Paccuutars koHuenrpamuio H,SO4 B aHanmu3upyeMoM pacTBOpe IO

dbopmyme:
C(H,SO4) = C(NaOH) - V>**(NaOH) / V¥ nonw/ v (2.27)
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3agauya NeS OnpeaesieHre KOHIEHTPALUM XJIOPUI-HOHOB B BOJAOINIPOBOAHOM
BO/le METOA0M KOHAYKTOMETPHYECKOIr0 TUTPOBAHMS

OnpeneneHue colepaHusl XJIOPUJI-MOHOB OCHOBAHO HA PEAKIIMU OCAKIICHHS
XJOPHUA-UOHOB CTaHAAPTHBIM pacTBOpoM AgNO;:

NaCl-AgNO; AgCl +NaNO;
KpuBas KOHAYKTOMETPUYECKOTO TUTPOBAHUS XJIOPUA-UOHOB pacTBOpoM ANO;

Oyler MMeTh BHUJ, AHAJIOTMYHBIM KpuBoW Ha puc.2.10. Touka SKBHUBaJIEHTHOCTH
buKcupyeTcss MO TMEepeceYeHUI0 [BYX MPAMOJIMHEHHBIX BETBE Ha KpHUBOU
KOHIYKTOMETPUYECKOTO TUTPOBAHUS.

Ilpubopwl u peakmuguol:
Bricokowactothblil TutpumeTp TB-6JI-1 ¢ 1aTunkoM — KOHIyKTOMETPHUIECKOM

STYEMKON KOHJICHCATOPHOTO THIIA.

CrakaH [j1s THTPOBaHHs eMKOCTBIO 100 e’

[Tunerka eMKOCTBIO 50 cM’.

CrangapTHblii pacTBOp azoTHOKKCIOro cepebpa C(AgNO3) = 0,1 mons/mv>.
OpranuzaunoHHas popmMa 3aHATUA

1.KoHIyKTOMETpUUCCKOE TUTPOBAHUE aHanmusupyemoro pactopa H,SO,

BBITIOJTHSIETCSI B COOTBETCTBUM C  QJITOPUTMOM TIPOBEACHUSA aHajIuW3a Ha
BBICOKOUYACTOTHOM TUTpuMeTpe TB-6JI-1.
2. AIMKBOTa BOXONMPOBOAHON Boabl 100 c¢M® mepeHoCUTCs B CTakaH s

TUTPOBaHUS. YPOBEHb BOJBI JOJKEH Ha 5 MM OBITH BBIIIE€ KOJBLEBOIO AJIEKTPOIA

KOHJIYKTOMETPUUYECKOU STYCUKH.

3. Cranpaptueiii  pactBop Turpanta C(AgNOs) = 0,1 wmous/am’
n00aBiIsieTCst K
aHaIM3UPyeMOi pole BoAbI nopuusaMu 1o 0,2 e’

4. [Tocne noGaBneHust Kaxa0M MOPIUU TUTPaHTa (PUKCUPYIOTCS TTOKA3aHUS
MHKpOaMIIEPMETPA.

S. Pe3ynbTaThl KOHIYKTOMETPUIECKOTO TUTPOBAHMSI 3aHOCSTCS U TAOIUILY:

Tabnuya 2.11 — Pe3ynismamul usmepenuil

ITokazanus Voxs Vanuxs _
v (Agl\3103), MHUKpPOAMIIEpMETPA, ¢ (AgNO3),3 (AgNO3), (Boomp c( )’3
cM MOJIB/IM 3 3 MOJIB/IM
MKA cM BOJIBI), CM
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6. [ToctpouTh  KpUBYHO  KOHAYKTOMETPUYECKOTO  THUTPOBAHUS B

KOOpJIMHATAaX: TMOKa3aHUs MUKpoaMmIiiepmerpa, MKA — o0beMm TuTpanta V(AgNO;),
3

cM”.

7. Ompenenurh >KBUBAIECHTHBIA 00beM TuTpanta V>*(AgNOs), cM® 1o

MMCPCCCUCHUIO IBYX HpHMOHHHGﬁHHX BETBEH Ha KpHBOﬁ KOHIYKTOMCTPHUYICCKOI'O

TUTPOBAHMUS.
8. PaccumTaTh KOHIEHTPALHMIO XJOPHA-HMOHOB B BOJOIPOBOJHON BOJE IO
dbopmyie:
C(CI') = C(AgNO;) - V>*)(AgNQ;) / V¥ nonb/mm? (2.28)

Bonpocs! Ajist 00cyxkaeHns
1.B yem CyImHOCTh KOHAYKTOMETPUYECKOTO aHaIu3a?
2. OnpeneneHue ynenpHOM M OKBUBAIEHTHOM  DJIEKTPUYECKOMN

MIPOBOJAMUMOCTH PacTBOpa.
3. Kak Biusier Ha SIEKTPUYECKYI0 NPOBOJUMOCTH: a) MPHUPOJA

ANEKTPONNTa; ©) KOHUEHTpALMs JJEKTpoiuTa (cj1adoro, CHIBHOTO); B)

Temmeparypa?
4. Yto Takoe NOABUKHOCTH HOHA?
3. Ha yeM ocHOBaH MeTO1 IPSAMON KOHAYKTOMETPUU?
6. Ha yeM ocHOBaH METO KOHAYKTOMETPUYECKOTO TUTPOBAHUSA?
7. B kakom Buige MOryT OBITb NPEACTABICHBl  KpUBbBIC

MOTEHIUOMETPUUYECKOTO TUTPOBAHUS?

8.Kakoii BHA HMEIOT KpUBBIE TUTPOBAHMS: a) CHIBHOW KHUCJIOTHI CUJIBHOMN
IEI0YbI0; 0) c1aboi KUCIOTHI- CHIILHOM IEIOYBIO.

9.Kakue peakunu MOryT OBITH HCIOJB30BaHbl B KOHIYKTOMETPUYECKOM
TUTPOBAHHUU?

10.Kaxk ONPENIETUTh TOYKY SKBUBAJICHTHOCTH o KPUBBIM
KOHJIYKTOMETPHUYECKOTO TUTPOBAHUS ?

11 .KakoBbel nIpeuMyILIECTBA KOHIYKTOMETPHYECKOTO THUTPOBAHUSA 11O
CPaBHEHHIO C UHYKTOPHBIM?

12. B yeM CyHIHOCTh BBICOKOYACTOTHOTO THUTPOBAHUS U KAKOBbI OCOOCHHOCTHU

9TOr0 METOJa aHajm3a’?

168



OcCHOBHbBIE 0003HAYECHUSA

HPUJIOKEHUA

DU3NKO-XUMUYECKAsT BETMIMHA O6o3HaueHue Enununa uzmepenus
Konuenrpanust C MOJIB/OM>; MOJIB/M?
Bricora, paccrosinue h M
Hanps>keHHOCTD 2JIEKTPUYECKOTO OIS E B/™m
Cuia F H
[ToBepxHOCTHAs1 aKTUBHOCTH g JIx-M / MOITB
Cuna Toka I A
Hounas cuia I MOJIB/IM>; MOJIB/M>
VHTEHCHBHOCTH CBETOBOTO IMOTOKA I
MounekynspHas Macca M T / MOJIb: KT/ MOJIb
[Toka3zaTenb npeaoMIIeHUs n -
JaBneHue p ITa
Pannyc r M
DHTpONUs S JIx/ mons K
ITmomann S M2
ITmomane 0AHON MOJIEKYIIBI So M2
VY nenpHas NOBEPXHOCTH Syn M2
OHeprus B3aumojeiictsus Hanpsoxenue U Jx

U B
O6Bvem \% M3
CymmapHblit 00beM 1op Vo M3
[TapumanbHbIi MOJIBHBIN 00bEM V; M3
3aps noHa Z -
CaBur no BEIOpaHHOMY HAIPaBJICHUIO A M
TonmumHa aacopOIMOHHOTO CIIOS ) M
DneKTpuyeckas OCTOSHHAs €0 @/ m
BsiskocTth n [Ta c;
OcMOTHYECKOE JaBIICHUE T I1a
[InoTHOCTH p r/m3; kr/ M3
Bpewms T c

OcHoBHbIE (pu3HYecKHe MOCTOSTHHbIE

HaszBanue O6o03HaueHne Enunuia nuamepenus
YHuBepcanbHas ra3oBasi NOCTOSHHAS R Jx/mK
IMocTosHHas ABoraspo Na 6.02205°10%moup
IMocTosHuas bonbumana k 1.38054-10723 /K
DIeKTpHYECKas IIOCTOSHHAS €0 8.8542:1012®/ m
[Tocrosinnas ®@apanes F 96500 K/ monb
YckopeHue CUIIbI TSKECTH 9.8066 m? /c
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YYEBHO-METONYECKOE ITOCOBUE

MuxaneB Aptyp AJleKceeBUY
JIumenko CBeTiana AJIeKCaHAPOBHA

AHAJIMTUYECKASA XUMUA U PU3UKO-XUMHUYECKHUE METO/1bI
AHAJIU3A ITPAKTUKYM JIJIAA IABOPATOPHBIX 3AHSTUN
ITeyaTaeTcst B aBTOPCKOW peaaKIIuU
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