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HPEINCJIOBHUE
AHanuTuyeckass XUMHUsl SBIsieTCd (yHIAMEHTAIbHOM XMMHUYECKOHW HayKod O

METOJAaX OIpPENENECHUS XUMUYECKOTO COCTaBa BEIIECTBA U €T0 CTPYKTYPBl U UMEET
BAKHOE HAYYHOE U IPAKTHUYECKOE 3HAYCHHUE.

[IpenMeToM aHANMUTUYECKOW XMMHH SIBIIIETCS pa3pabOTKa METOJIOB aHaIMU3a,
IIPAKTUYECKOE  BBIIOJHEHHWE AaHAJIW30B, a TaKXkKe IIMPOKOE HCCIEIOBAHUE
TEOPETUYECKUX OCHOB AHAJIUTUYECKUX METOAOB. AHAIUTHYECKas XUMHS HIPAECT
OTPOMHYIO DPOJIb B HAYYHO-TEXHHYECKOM IIPOTPECCE€ W B 3HAYUTEIBHOW CTEIICHH
CIIOCOOCTBYET pPa3BUTHI0 MHOI'MX €CTECTBEHHBIX HAayK:  TI€0JIOTMH, TE€OXHMHH,
MUHEpAJIOTHH, (U3NKH, OHOJOTWH, arpoXUMHUH, a TakkKe MEeTaJUTypruu,
dbapmaneBTUYECKON, JTaKOKPaCOUYHOM, HE(DTEXUMUYECKON MpOMbIIUICHHOCTH. Hu
OJIHO COBPEMEHHOE XMMHUYECKOE HCCIIEJOBAHUE HE MOKET 00OUTUCH O€3 MPUMEHEHUS
METOJNOB aHAJIUTUYECKOW XUMHH, BEIb IJII MHOTMX TEXHOJOTHMYECKUX MPOLIECCOB
CYIIECTBEHHOE 3HAYEHUE UMEET KOHTPOJIb IPOU3BOCTBA.

VYyeObHoe mnocoOue BBHIIOJHEHO HAa COBPEMEHHOM HAay4HOM YpPOBHE U
pPacCUMTAHO Ha CTYAEHTOB, 00JIAJAIOIIMX JOCTATOYHON MOJATOTOBKOWM MO pa3ienam
oO11el 1 HeOpraHMYeCcKo XUMUH, (PU3UKUA U MATEMATUKH.

[Ipy mOAroTOBKE 3TOrO0 M3JaHWA OBLIM YYTEHbl OCHOBHBIE HM3MEHEHUS B
IIporpaMMe Kypca M TEHACHLUWH €€ Pa3BUTUA. DBUIO YUYTEHO TaKke CTPEMIICHHE
YCUIIUTh 00111y10 MIPAKTUYECKYIO MIOATOTOBKY XUMHKA-TEXHOJIOTA.
[TocnenoBaTenbHOCTh PA3AEIOB COOTBETCTBYET CTPOTOM JIOTMYECKOW CTPYKType
Kypca: KA4eCTBEHHBIM M KOJIMYECTBEHHBIM aHAIN3, LIMPOKO HWCIOJIb3YEMBIE B
XUMHYECKOW, U HE TOJIbKO, MPOMBINIIEHHOCTH. [Ipeniaraemoe aBTopamu ydeOHOE
noco0ue COCTOUT U3 2 pa3/iesioB, MaTepuail KOTOPhIX UCIOJIb3YETCs MIPU MOATOTOBKE
U TPOBEJCHUU JIA0OpATOPHBIX 3aHATHH. B KOHIlE KaxI0il TeMbl 3aHATHUSA
IIPEACTABIIEHBI BOIIPOCHI JJIs1 KOHTPOJISI 3HAHUM CTYJICHTA.

ABTOpBI HaJACIOTCS, YTO MPU OBJIAJEHUM Marepuana JaHHOTO Yy4eOHOTO
noCcOOus, XUMUK-TEXHOJOT CMOXET MCIOJIb30BaTh MOJYYEHHbIE KOMIIETCHIIMH MpPU

I[EIJ'IBHGfIH.IGM O6y‘I€HI/II/I, HCII0JIB3YySA MCTO/JAbl Ka4YCCTBCHHOI'O M KOJUYCCTBCHHOIO
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XUMHYECKOTr0 aHaju3a, a TakXke TEeOpPeTHMYECKHEe OCHOBbI M IPHUHIIUIIBI
(GU3MKOXUMHUYECKMX METOJOB aHaju3a IpPU KOHTPOJIE XUMHUKO-TEXHOJOTHMYECKHX
IPOLIECCOB U METO/Ibl METPOJOTUYECKON 00paOOTKH pe3yIbTaTOB aHAIM3A.

Conepxanue yueOHOTO MOCOOUsI COOTBETCTBYET TpeboBaHUAM DenepanbHOTO
roCyJapCTBEHHOT0 00pa30BATENBbHOIO CTAaHJIApPTa BBICHIETO MPOPECCUOHAIBHOIO
o0pa3oBaHHMsI K COAEPKAHUIO JUCUUIUIMHBI  «AHAJIUTHYECKass XUMHS U
(U3MKOXUMHUECKHEe METOJbl aHalu3a» i cTyAeHToB Hampasienus 18.03.01
«XUMHUYECKasT TEXHOJIOTUSD).

MeTtonpl aHanM#3a KIacCUDUITMPYIOTCS:

1 mo oObekTaMm aHaiM3a — HEOPraHUYECKUN U OpraHUYeCKUi;

2 10 LEIY — KAYeCTBEHHBIM U KOJIMYSCTBEHHBIN;

3 mo cnoco0y  BBIMOJHEHUS  —  XUMHYECKHE,  (PU3WYECKUE W

(1)I/I3I/IKOXI/IMH‘-IGCKI/IG MCTOIbI,

4 1o macce mpoObl — MaKpO-; MOTYMHUKPO-; MUKPO- ; YIBTPAMUKPOAHAIIN3.
B nmanHom yueOHOM mocoOMM OyIyT pacCMOTPEHbI HEOPTraHWYECKUN

KauYeCTBECHHBIM M KOJIMUECTBEHHBLIM aHaJIN3 IMOJIYMUKPOMCTOOOM, XHMHUYCCKHC U
(1)I/ISI/IKOXI/IMI/ILICCKI/I€.

LEJIM M 3ATAYN TUCHUATIIMHBI
I[I/ICHI/IHHI/IHa «AHanmuTHYECKasT XUMHUA WU (1)I/IBI/IKO-XI/IMI/I‘{€CKI/I€ METOAbI

aHaJiM3a» CTaBUT CBOCHU OCJIbI0 OCBOCHHEC CTYACHTaAaMH COBPEMCHHLIX MCTOJI0B
aHaJIn3a BCHICCTB U UX IMMPUMCHCHUC IS PCHICHHA H&pOﬂHO—XOBHﬁCTBGHHBIX 3agad.

3agauaMu Kypca sIBISFOTCS:

q)OpMI/IPOBaHI/Ie Y CTYACHTOB XHMMHYCCKOI'O MBIIIJICHUS, ITPOYHOC YCBOCHMUA

CTYJIECHTaMU OCHOBHBIX [IOHATUN U TEOPUU aHAIIMTUYECKOU XUMUU;

OBJIaICHUC TEXHUKOM XHUMHUYECKUX pacucToOB; BBIpa6OTKa HABBIKOB

CaMOCTOATCIIPHOT'O BBIITOJIHCHUA Ha60paTOpHBIX 9KCIICPUMCHTOB 1 YMCHUEC OLCHUTDH

IIOJIY4YCHHBIC PC3YJIbTAThl, = OCMBICICHHC POJIM KAYCCTBCHHBIX M KOJIHMYCCTBCHHBIX

U3MEPEHUN B HAYKE U TEXHUKE.



Paspen 1. KAYUECTBEHHBIN AHAJIN3
bakanaBp OyZeT roToB HCMOJIB30BATH OCHOBHBIE 3aKO-Hbl €CTECTBEHHOHAYYHBIX
JUCIUIUIMH B NPO(EeCCUOHATBHOM  JCSITENBHOCTH,  IMPUME-HSATH  METOJIbI
TEOPETUYECKOTO M JKCIEPUMEHTAILHOTO MCCIEIOBaHUs, CIIOCOOEH MTpPHOOpETaTh
HOBbIE 3HAHUS B OOJACTH TEXHUKM M TEXHOJOTWHU, TUIAHUPOBATH W MPO-BOJUTH
busznuecKkre U XUMUYECKUE DKCIIEPUMEHTHI, TPOBOUTH 00PabOTKY MX PE3yJib-TaTOB
Y OLIEHUBATh NOTPELIHOCTH.
Heas: 1 M3ydeHne anroputmMa NpoBEICHNs KaY€CTBEHHBIX U3MEPEHHUM IO KUCIIOTHO-
OCHOBHOMY METOJY.
2 3aKkpervieHue Ha MPAKTUKE TEOPETUYECKUX 3HAHUU, MOJYYEHHBIX B Kypce
AHAINTUYECKOU XUMUH.
3 OOy4eHus CTyJICHTOB MPAKTUYECKUM HaBbIKaM paOOThl B AHAIUTUYECKON
1abopaTopumu.

1 TEOPETUYECKHUE OCHOBBI
AHanuTudecKkass XUMUS HM3Y4aeT METOJbI ONPENEIICHHS COCTaBa XMMHUYECKHX

COCJIMHECHUH U UX CMECEH.

KavecTBeHHBIN aHanMM3 CTaBUT Tiepes; cobOol 3agady  oOHapyKeHUs
(KOTKpBITHS») DJIEMEHTOB, BXOJSAIIMX B COCTaB COCIWHCHHN WM HX CMECeH.
Ha3HaueHue KaueCTBEHHOTO aHA/IM3a 3aKJIIOYAETCS B OMPEACICHUM KayeCTBEHHBIX
COOTHOILICHUI MeXAy 00OHAPYKEHHBIMU AJIEMEHTAMH.

KauecTBeHHBIN aHaMM3 OOBIYHO MPEANISCTBYET KOJUYECTBEHHOMY. 3ajlauu
KAueCTBEHHOI'0 aHAJIN3a MOTYT ObITh Pa3peIICHbl C MOMOIIBIO PA3TUYHBIX METOJIOB:
XUMUYECKUX, PU3NIECKUX U (PUBUKO-XUMHUYECKHUX.

B xuMunyeckux MeTogax KauyeCTBEHHOTO aHAIW3a ONPEEIIEMbIN JIEMEHT WU
WOH TIEPEBOJAT B KaKOe-HUOYIh HOBOE COCAMHEHHE, OOJafaroriee XapakTEepPHBIMU
CBOMCTBaMHU: IIBETOM, OIpPEASICHHBIM (DM3NYSCKUM COCTOSIHUEM, KPHCTALIAYSCKOM
Wil aMOp(HOM CTPYKTYpoH, chmermudHUUecKuM 3armaxoM H JAp., Ha OCHOBaHHUH
KOTOPBIX UJAECHTUPHUITUPYIOTCS COCTUHECHMUS.

XUMHUYECKOE  MpEBpallleHUE, TMPOUCXOJAINEe IPU  OTOM  Ha3bIBAIOT

Ka4eCTBCHHOU pCaKHPleﬁ, a BCIICCTBA, BbBI3BIBAIOIIHUC JOTHU IIPCBPAIICHUA —
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peareHTaMH WJIM pPeaKTUBaMH (peareHThl — paCTBOPUTEIIb IUTIOC OJTHO PACTBOPEHHOE
BEILIECTBO; PEAKTUBBI — PACTBOPUTEINH TUTIOC /1B U 00JIee paCTBOPEHHBIX BEIIIECTR).

B 3aBucuMoCTH OT KOJIMYECTBA aHAIM3UPYEMOTr0 BellecTBa, 00bEMa pacTBopa
U TEXHUKH pabOThl pa3auyaloT MakKpo-, TMOJYMUKPO- U  MHUKPOMETOBI
KOJIMYECTBEHHOTO aHaJIU3a.

[Tpu makpomeTose s aHAIM3a OEPyTCS CPABHUTEIBHO OOJBIITNE KOJIWYECTBA
semectBa (0.5-1 r mom 20-50 cm® pacteopos). Ilpu muKpomeTone paboTaOT ¢
KOJIMYECTBAMHU BeIlecTBa W OO0OBEMaMU pacTBOpoB mnpuOmm3utensHo B 100 pas
MEHBIIINMU, YEM B MAKPOMETO/IE.

[TonymukpoMeTo , 3aHMMAET MPOMEKYTOUYHOE MOJIOKEHUE MEXKIY MaKpo- U
MukpomeTonoM. Ilpu paboTe MNOTYMHUKPOMETOJOM KOJUYECTBO HCCIEAYEMOIO
BemecTa coctasisger 10-100 Mr; 00bEM pacTBOPOB - IpUMEPHO 1 cM’.

[Ipy monyMUKpOMETOJIle COXpaHseTCs BCS CYIIHOCTh  KJIACCHYECKOTO
KaueCTBEHHOI'O0 aHalli3a, OCHOBAaHHOIO Ha IIOCIEOBATEILHOM pa3leIiecHUH W
OOHApY>KEHUH HOHOB, HO OIEPAlMHM BBIMOJHAKOTCA C MaJbIMU KOJIUYECTBAMHU
BEILIECTBA IIPU MOMOIIH CTIEIUATBLHBIX METOJIOB U anmnapaTyphbl.

KauecTBeHHBI  MOTYMUKpPOAHAIM3 MOXET  BBINOJHATHCS  Pa3IUYHBIMU
crocobamu:

1) «CyXUM» TIyTEM — pEaKIMu OKpalluBaHUsA ITUIAMEHH, OOpa30BaHUE
OKpAIIEHHBIX CTEKOJ] — «IEPJIOB» U JIp.;

2) «MOKpPBIM» IMYyTEM — QHAJIUTUYECKHE PEaKUUU MPOXOJAT B PacTBOpax
JIEKTPOJIUTOB, KOTOPbIE 00Pa3yIOT CMECH HOHOB.

Yamie Bcero B KaueCTBEHHOM aHANIM3€ MPUMEHSIOT PEaKIMUd B pacTBOpax,
MO3TOMY 3ajlaya KauyeCTBEHHOIO aHajiu3a 3aK/II04aeTcss B «OTKPBITUM» BCEX
MPUCYTCTBYIOIIMX B paCTBOPE KATHOHOB U AHWOHOB.

[IpoBeneHrne aHATUTUYECKUX PeaKvil TpeOyeT co3/IaHusl ONPeIeICHHBIX YC-
JIOBUU Il €€ MPOTEKaHWs: XapakTepa CpeAbl, TeMIepaTypbl, KOHIIEHTPALUU

OIIPCACTIACMOI'O HOHA, OTCYTCTBHUA MCIIAIOIINUX HOHOB U IP.



OnHuM W3 BaXHEWIIMX YCIOBUW BBITIOJTHEHUS AHAIMTHYECKUX PEaKIIMid
SBJISIETCSL CpeJia, KOTOpasi MOXET OBbITh CO3/laHa T00aBJIEHUEM K PacTBOPY KHUCIIOTHI,
ICJI0YY Uiu Oy(pepHOTo pacTBOpa C 3aJJaHHBIM 3HAYEHUEM KHUCIOTHOCTH pacTBOpA.

OueHb BaXXHBIM YCJIOBHUEM AHAIMTHYECKON pEaKIMu OOHAPYKEHHUsS SIBIISICTCS
KOHIICHTPAIIUSI OTKPHIBAEMOT'0 HOHA B PACTBOPE.

Peakuusi, koTopas mpoXoAUT B MPUCYTCTBUU HUYTOKHO MaJIOW KOHIIEHTpaIuu
ONpEeNeNIIeMOr0 HOHAa B PAcTBOPE, HA3bIBACTCS YYBCTBUTEIBHOW pEaKIHEH.
UyBCTBUTEIIBHOCTh PEAKIMUUA KOJUYECTBEHHO BBIPAXKAETCS JIBYMsl CBSI3aHHBIMU
MEXIy COOOW BEIWYMHAMHU: OTKPHIBAEMBIM MHHUMYMOM H MHHUMAJIbHON
KOHIICHTPALIUEH.

OTKpbIBa€MbIiI MUHUMYM — 3TO MHHUMAJbHOE KOJMYECTBO BEIIECTBA WU
MOHa, KOTOPOE MOXKET ObITh OOHAPYKEHO TaHHOW peakireill mpu ompeneaCcHHBIX
YCIOBUSIX €€ BBIMOJHEHHMS. OTa BeJIWYMHA OYEHb Maja, BBIpaXaeTcs B
MuKporpammax: 1 mukporpamm = 10 rpamma.

OTKpbIBa€MbIii MUHMUMYM HE MOJHOCTBIO XapaKTEPU3YyeT UyBCTBUTEIHHOCTh
peakLuu: OH AAeT MpeAcTaBiIeHrue 00 aOCOIIOTHOM KOJIMYECTBE OTKPHIBAEMOI'O MOHA.
[ToaToOMy O0OBIYHO YKa3bIBAlOT W MPEACIbHOE pa30aBICHHE, XapaKTEpU3YIOIEee
HAUMEHBITYI0 KOHIICHTPAIMIO BelecTBa (MOHA), TIPH KOTOPOW OOHApy>KEHHE ero
MOCPEJICTBOM JAHHOM peakIuu emie Bo3MoxHO. [IpenenpHoe pa3baBiieHre HA3bIBAIOT
MUHUMAJIBFHON KOHIIEHTpAIMEW ¥ BBIpAXaloT OTHomleHWeM 1/g, rae g — macca
pacTBOpUTEIS, TPUXOAsIIascsa Ha 1 yacTh 0OHAPYKUBAEMOTO BEIIECTBA MJIM HOHA.

B kauecTBEHHOM NOJIYMHKpPOAHAIU3€ NPUMEHSAIOTCA PEaKLUHH, y KOTOPBIX
OTKpbIBa€Mbli MUHUMYM Haxojautcsi B mpeaenax 0,001 — 50 mr, a MuHUManbHas
koHueHTpanus — ot 1:10 000 go 1:50 000 000.

B ananmuTtudeckod XMMHUHM TOMHUMO YYBCTBUTEJIBHOCTH peEaKIui OOJIbIIoe
3HAYCHHUE UMEET UX CIEeIU(PUIHOCTD.

Cnenuduueckoit peakiueid Ha3bIBACTCS TaKas PEeaKIusl, TPU MOMOIIU KOTOPOit
MOHO OOHAPY>KUTh JaHHBIA MOH B MIPUCYTCTBUHU JIFOOBIX JPYTUX UOHOB.

Crneunduueckux peareHToB M3BECTHO HEMHOTr0. Heckosbko Oouibliie peareH-
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TOB M30MPATENIbHBIX, WM CEJIEKTUBHBIX, TO €CTh TaKUX, KOTOPHIC JAIOT PEAKIUU C
OTPaHUYCHHBIM, HEOOIBIITUM YUCIIOM UOHOB.

[Ipumensis cneuuduyeckre peakiuu, MOXKHO TPOBOJUTh KaueCTBEHHBIN
MOJIYMHKPOAHAIN3 TaK Ha3bIBAEMbIM JPOOHBIM METOJIOM, TO €CTh HEMOCPEICTBEHHO
B OTJCJIBHBIX MOPLHUSIX HCCIEAYEMOTO PACTBOPA, HE3ABUCHUMO OT HAIUYUS APYTUX
HOHOB B pactBope. [Ipu apoOHOM MeTone aHanu3a HE UMEET 3HAYCHHS IMOPSIOK
0OHapyKEHHUSI OTJIETbHBIX HOHOB.

Korma pocrarouno crnernuduyeckue peakiuu OTCYTCTBYIOT, OOHapy>KCHHE
COOTBETCTBYIOIIUX HMOHOB TpeOyeT MpeaBAPUTEIBHOTO YCTPAHEHHUS MEIIAIIIETO
BIIMSHUS PYTUX MOHOB. J[Js1 TakKMX CIydaeB MCIHOJIB3YIOT ONMPEAECICHHYIO, 3apaHee
pa3pabOTaHHYIO TOCJIEOBATENIBHOCTh B PpAa3ACIeHUd U OOHApYKEHUU HOHOB,
KOTOpasi Ha3bIBAETCS CUCTEMATUYECKUM XOJIOM aHAJIA3a.

[Ipu cucremaTuyeckoM XOJE€ aHajiu3a MPUMEHAIOT PEAreHThbl, KOTOPHIC
OCaXJAlT cpa3dy Lelayr rpymnmy HOHOB. OHM  HAas3bpIBAlOTCS TIPYNIOBBIMHU
peareHTaMH.

Bomnpocs! ajs1 00cyxaeHUs
1. Yro m3ydaer aHAIUTUYECKAST XUMUS?
2. Kakwue 3a1aum pemniaetT Ka4eCTBEHHbIA aHATU3?
3. Kakuwe xuMuyecKue TMpEBpAIICHHUS Ha3bIBAIOT KAue€CTBEHHBIMU

peakuusimu? [IpuBeaure npumMepsl.

4. C KaKUMHU KOJIMYECTBAMU BelleCTB  paboTaloT B
ITOJIyMHUKpOaHanu3e?

5. Yro o3nauaroT —cyxoill u Imoxpsiiil ciocoOb! ananu3za?

6. Uro 03HAYAIOT MOHATHUS: YyBCTBUTEJIBHOCTb, N30UPATEIBHOCTh U

crienupUIHOCTh PEaKIMii; TPYIIOBbIe peareHThI? [IpuBeauTe nmpuMepsl.
1.1 Texuuka pa3zaejieHusi M HICHTH(PUKAIUN KATHOHOB B
MOJI)yMHKPOMeETO/I€e KAUeCTBEHHbIX HCCJIeJ0BAHN I
Paznenenne u uaeHTUPUKAIIMIO KAaTHOHOB 4Yallle BCETrO IMPOBOIAT B
LMIMHAPUYECKUX WM KOHUUYECKUX HEHTPU(]YKHBIX MPOOUPKAX EMKOCTBIO 2-5 cM’.
KpoMe Toro, peaknuu MOXKHO TMPOBOAUTH HAa YAaCOBOM CTEKJE (OTKPBITHE HOHOB

NH,', Harmpumep).



Jlns mepeMenmBanus KUJIKOCTEH MPUMEHSIOT YUCThIE CTEKJISIHHBIC TaJOYKH.
TBepapie peakTUBBI OEpyT MpH TMOMOIIM IINareyie. BeimapuBanue mpou3BOIAT B
ManeHbkux (papdopoBsix yanikax. HarpeBanue pacTBOpoB B MpoOHpPKaX MPOU3BOJISAT
Ha BOJSIHOM OaHe.

PeaktuBbl B abopaTopusix Kaue€CTBEHHOTO aHaln3a AEp:KAaT B CIEHHAIbHBIX
IITATUBAX B CKJISTHKaX, CHA0KCHHBIX MUMETKAMH.

Ocadicoenue u pazoenenue uonos. J{nsg pa3aeneHus U UACHTUDHUKAIIMY HOHOB
yalnie BCero NPUMEHSIOT UX OCAXKJICHUE B BUJIE MAIIOPACTBOPUMBIX COCTMHEHUMN.
OcaxeHne ¢ LeNbl0 pa3/iesieHuss MOHOB MPOBOAT B IWJIMHAPUYECKON MPOOUpKE.
[Tocne momyueHusi ocazka COACPKUMOE MPOOUPKU B30AITHIBAIOT M MEPETUBAIOT B
KOHUYECKYI0 (UeHTpudyxHy0) npobupky. Ilpu HeoOXoAMMOCTH MPOU3BOJISAT
HarpeBaHue NPOOUPKU C PaCTBOPOM M OCAJKOM Ha BOJISHON OaHe. 3aTeM OcCaJoK
OTJICJISIFOT OT PacTBOPA METOJIOM LIEHTPU(PYTUPOBAHMUSI.

Omoenenue pacmeopa. Korma ocaxJaeHUE TOJTHOCTBIO 3aKOHYEHO, B
MpO3pavyHbIil pacTBOp HAJ OCAAKOM MOTPYKAIOT KaNWULSIP MUIETKH U MEICHHO
HAKJIOHSIOT MpoOupKy. [Ipu 3TOM KOHUMK Kalujujisipa HE JOJKEH KacaThCsl 0Cajika, a
MUINETKA - CTEHOK mnpoOupku. [lumeTka 3amoyiHsSETCs KUIKOCTHIO, MOCJIE YEro ee
OTBEPCTUE 3aKPBIBAIOT yKa3aTEIbHBIM MaJIbIIEM, BHIHUMAIOT MUIMETKY U MEPEHOCAT
pacTBOp B pyryto npodbupky. Omneparuio moBTOPsIOT 2-3 pa3a, MoKa He MEePEHECYT
BECh PACTBOP HAJl OCAJIKOM.

IIpomvieanue ocaoxa. J1Jisl IOHWKEHUSI PACTBOPUMOCTU OCAJKa €ro CIEAYET
IPOMBITH BOJIOM, coOjepKaliell HeOONbIIOe KOJIUYECTBO peareHTa-oCauTesl.
[IpOoMBIBHYIO KUJKOCTh HAJIMUBAIOT B MPOOHPKY C OCAIKOM, B30aNTHIBAIOT B3BECH
CTEKJISIHHOM TNalO4YKOM, HEHTPUPYTUPYIOT U MUNETKON OTAENSIOT LHEeHTpudyrar ot
ocaaka. Kpucrammuueckue o0cCajJKku JJAOCTaTOYHO TPOMBITH JBAXKJbI, amMop(HbIC
MIPOMBIBAIOT MHOTOKPATHO.

Pacmeopenue ocaokos. Ilpu pacTBOpeHHHM OCAJKOB B KHUCIIOTax, IIeo4Yax U
JIPYTUX PACTBOPUTENSAX IMOCJHEAHUE MPUOABIAIOT IO KaIUIsiM MPU TMOCTOSHHOM

nepememBanuu. He cienyer mpuOaBiATh Cpa3y MHOTO PacTBOPHUTENsS, TaK Kak
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HEKOTOPBIE OCAJIKK PAaCTBOPSIOTCA MeJJIeHHO. YacTo HarpeBaHue yCKOpsieT Mmpoliece
pacTBOpEHHUSL.

Buinapueanue pacmeopos. BpilapuBaHue pacTBOPOB MPOU3BOJAT C LIEJIBIO
TIOBBINICHUS KOHIICHTpAIMU 0OHApYyKMBAaEMOTO MOHA. PacTBOp ciieayer BhIapuBaTh
B (apdopoBoii yamike Ha acOECTOBOM CeTKe Ha HEOOJBIIOM IUIAMEHU Ta30BOM
TOpeNKd. 3a TMPOIECCOM BBIMAPUBAHUS HEOOXOJUMO CIIEIUTh, TOCKOJBKY OH
COTIPOBOXKIAETCS pa3OphI3TUBAHUEM PACTBOPA, OCOOCHHO B KOHIIC BHITTAPHBAHMSL.

Buvinonnenue kanenvHulx peaxyuil. KanenpHble peakiiuy BHITOIHSAIOT Ha
bunbTpOBaILHON Oymare, UCIOJIb3Ys €€ acOpOLMOHHbBIE CBOMCTBA. CKOPOCTH
JBYDKEHUS MOHOB TI0 KamiIsipaM OyMaru HEoJIMHAKOBa, IIO3TOMY, €CJIM HAHECTH Ha
OyMary Karutio UCCJIeTyeMOTO pacTBOpa, a 3aTeM KaIlIlo PeareHra, To B IICHTPE
BJIQYKHOTO ISITHA OyA€T HAXOAUTHCS 0CATIOK 00pa3yIOMIErocs Mpy PeaKiiuu
OKpAILIEHHOT'O COeIMHEHMSI, 2 PACTBOPUMbIEC COCAMHEHUS TIEPEJIBUTAIOTCS K
nepudepun msaTHa.

1.2 OOwmue npaBuJia padoThbl U TEXHHKA 0€30IIACHOCTH
[Ipu BeINOIHEHUH 1a0OPATOPHOTO MPAKTHKYMA MO0 KAU€CTBEHHOMY

MOJIYMUKPOAHAIHM3Y CTYACHTHI JOJKHBI YCBOUTH TIPaBUIIa TEXHUKH 0€30MTaCHOCTH B
aHAIMTUYECKOU JabopaTopuu.

1. [lepen Havyasiom paboOTHl B JTAOOpPATOPUU CIIENYET YETKO MPEICTaBUTH
11eJ1b pabOThl, COCTaBUTH IJIaH PAOOTHI M TOJIBKO MOCIE 3TOTO MPUCTYNATh K aHAIH3Y.

2. B naGoparopun HEOOXOIUMO COONIONATh YUCTOTY W TOPSIIOK, CTPOTO
CJIEIOBATh MpaBUIIAM TEXHHUKHU 0€30MTaCHOCTH, TIPaBHUIIaM TIOXKapHOH 0€30MacHOCTH.

3. B naGopatopuy aHaIWTHYECKOW XUMHUHU CTYJISHT JIOJDKCH OBIThH

0COOEHHO aKKypaTHBIM, YTOOBI M30€KaTh 3arpA3HEHUSI PEAKTUBOB:

PEaKLMOHHYIO CKIIIHKY OpaTh MPaBOM PYKOi, STUKETKOM K J1aIoHU, TPOOKY
KJIACTh TaK, 4YTOOBl €€ YacTb, BXOJAIIas B CKJISHKY, HE COIpHKacajlach C

IMOBCPXHOCTBIO CTOJIA,

€CJIM PEaKkTUB OEepyT MHUIETKOM, TO CKIISIHKY C PEaKTHBOM OCTAaBJISIIOT Ha

MECTEC, = HC IIPpHUKaCcaTbCs KOHYMKOM ITUIICTKH K CTCHKAaM HpO6I/IpKI/I,



HCUCIIOJIb30BaAHHYIO YaCThb PCAKTHBA U3 IMUIICTKHU HC CJIINBATH B 06H_Iy1-0

CKJISTHKY BO M30eXaHHE 3arps3HEHMs] PEaKTHBa,; CTYJIEHT JIOJDKEH OpPraHM30BaTh
CBOIO paboOTy Tak, 4YTOOBI BO BpeMs JJIUTENbHBIX oONepauuid (OTCTauBaHUA,
HEHTPU(YTUPOBAHUS, KUISTYEHUS U Ap.) OJHOBPEMEHHO MOKHO OBLIO BBINOJHATH
JIpyrue HeoOXoAuMbIe orepauu (MbIThE MOCY/IbI, IPUTOTOBJIEHUE PEAKTUBOB U JIp.),
He TpeOyrouue JJIMTEILHOTO BPEMEHHU.

4. OtpaGoTaHHbIE  KUCJIOTHBIE  PAcCTBOPHI, CEPOBOJOPOACOEPIKAILINE
pacTBOpbI, COEIMHEHHSI PTYTH, cepedpa, MOAUCThIE COCIMHEHUS W JAp. CIMBAIOT B
CIIEMAIBHYIO TTOCY Ty JUISl CJIMBA.

5. [To oxoHyaHmM pabOTHI CTyACHT 00s3aH MPUBECTH B TOPSAIOK pabouee
MECTO, OTKJIFOUUTh I'a30BbI€ TOPEIIKH, IPOBEPUTH BOJOIPOBOAHBIE KPAHBI.

1.3 Beaenue 1a00paTOPHOIO KypHajaa
[Ipu BeIMOTHEHUU JTAOOPATOPHBIX PAOOT MO KAUYECTBEHHOMY MHUKPOAHAIU3Y

BCe HAONIOJCHUS 3alKCHIBAIOTCS B  CICHHUAIBHYIO TETpajb, HA3bIBAEMYIO
71a060paTOPHBIM JKYPHAJIOM.

JlabGopaTopHBIil KypHad SBISETCS OTYETOM O BBIMOJIHEHHOW paboTe u
HEOOXOJUM Uil TIOATOTOBKM K KOJUIOKBUYMaM M 3auertaM. Hukakux 3ammceil B
JIPYTUX TETpaasiX, YEpHOBUKAX WM OTACJIBHBIX JHUCTaX OyMard jenarb He
paspeniaercs.

B naGopaTtopHbIii )KypHaJI 3alIMChIBAIOTCA JiBa BUa padort: 1)

U3YUYEHUE aHATUTHUYECKUX PEaKIMil ONpeIeICHHON IPYIINbI HOHOB;

2) aHaJIM3 CMECH TPYNIbl KATHOHOB WJIM AaHHOHOB.

[Ipumep oTy€Ta O BHINMOJHEHUU JTAaOOPATOPHON pabOTHI MEPBOTO BUAA JIaH B
tabmmie 1.1. B otuére crmemyer 3amucaTh YpPaBHEHMSI H3y4YaeMbIX pEaklUidl B
MOJIEKYJIIPHOM YW MOHHOM BHje. Kpome Toro, B Tabiuiie JDOKHBI ObITh OTMEUYECHBI
BCe HAOJI0/IaeMbIe SIBIICHUS: I[BET 0CAJIKa, PACTBOPUMOCTh €r0 B KHCIIOTaX, IIeI0uax
U Jp.; BCE OCOOCHHOCTU MPOBEACHUS peakuuid (Co3qaHue OMpEeNeICHHOM Cpebl,

HCO6XOI[I/IMOCTI) HarpCBaHu:A, YCTPAHCHUA MCIIAIOMICTO BIINAHNA NOHOB U I[p)
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OTy€T O BBINOJIHEHUU JIAOOpPAaTOPHOM pabOThl BTOPOr0 BHJIA JIOJDKEH
coJiepKaTh CIEAYIOIINE MaTEPHAIIbl: CXEMY MPOBEACHUS CUCTEMATHYECKOT0 aHaIn3a
CMECH HOHOB; CHCTEMAaTHYECKHI XOJI aHallM3a CMECH HOHOB; OTYET IO aHaJIU3y
CMECH KaTHOHOB WJIM AaHMOHOB, IPUMEP 3alUCH KOTOPOro NpUBEACH B Ta0. 1.2.

B oTuete mo aHanuzy cMecu MOHOB HEOOXOAMMO yKa3aTh: HAOOp MOHOB, YbC
MPUCYTCTBHE BO3MOXXHO B aHAJIM3UPYEMOW CMECH; PEareHTHl JUIsl CHEIU(UIECKUX
peaknuii OOHApYKXEHHUS BCEX HOHOB (TPYNIOBBIX PEAKTUBOB); HAONIOJACHUS TIPH
MIPOBEICHUH PEaKInii OOHAPYKEHUS KaKIOTO MOHA (BBIMAICHUE 0CAJIKa, BBIACIICHNUE
ra3a, OKpallMBaHUE PACTBOPA); 3AKIIOYEHUE O HAIIMYMU WM OTCYTCTBUM HOHA B
AHAJIN3UPYEMOU CMECH.

[Ipumep 3amucu OTYETa MO MU3YYEHUIO AHAJIUTUYECKUX PEAKIUN TPYIIIbI
KaTHOHOB.

Tabauya 1.1 Jlabopamopnas paboma «H3zyuenue anarumuyeckux peaxyuii 11
AHAIUMUYECKOU 2PYNNbl KAMUOHOB)

No PeareiT Katunonsr
n/m Bax+ Sra+ Cax+
1. HzSO4 BaClz + N32SO4 = Sl’Clz + Na;SO4 = CaClz + Na2804 =
Wi BaSO, + 2 NaCl $rS0; +2 NaCl £asS0, +2 NaCl
Na,SO, OeJIbIil 0CaJIoK, OeJIbIil 0CaJIoK, OeIpIii 0caioK, Hepac-
HEPaCTBOPHUMBIN B HEPaCTBOPHUMBI B TBOPHMBIil B
pa30aBIeHHBIX pa30aBIeHHBIX pa30aBIICHHBIX KHUCIOTAX
KHCJIOTax KHCJIOTax Ca? + SO = ¢asS0,

Baz+S042 = BaSO4 Sr** + SO = SO,

Tabnuya 1.2. Jlabopamopnas paboma «Ananus cmecu kamuonos Il epynnoi»

No No

Pearenr HaOmronenus 3aKIro4yeHue
npoOupku | 1/m

5 1 K>Cr,0O- B npucyrctBumn Belmtagaer sxentolit

2+
CH;COOH + CH;COONa ocanok BaCroO, Hon Ba*" oOHapyxeH

Otuetel 1O sabopaTopHBIM paboTaM JODKHBI CAABAaThCS HAa TMPOBEPKY

MMpCIIoAaBaTCIIto.
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2 AHAJIN3 KATUOHOB
B kayecTBEeHHOM aHanM3e HEOPraHUYECKUX BEUIECTB IPEUMYLIECTBEHHO

aHAJIU3HUPYIOT PACTBOPBI COJEM, KUCIOT, OCHOBAHUM, KOTOPbIE B BOJHBIX PAacTBOPAX
HaxomiTCs B JUCCOLUMMPOBAHHOM COCTOSHMM. XHMHWYECKHM aHAA3 BOJHBIX
PacTBOPOB CBOJAUTCA K OTKPBITUIO OTAEIBbHBIX KATHOHOB U AHUOHOB.

JUis ynoOctBa OOHapy»E€HUsT WMOHBI JElST Ha aHAIWTUYECKHE rpynmnbl. B
OCHOBY KJIaCCH(PHKAIIMU HMOHOB TOJOXKEHO pa3iudue pacTBOPUMOCTH 00pa3yeMbIX
VMU COCAUHEHUM, IO3BOJISIIONIEE OTACNATh OJHU TPYHIIbl MOHOB OT JApPYTHX.
CymiecTByeT BeCbhMa MHOTO CXEM KJiacCHU(UKAIIMN KaTUOHOB (HECKOIBKO JECSTKOB)
10 aHaJMTHYEeCKUM rpynmnaM. Kiaccuuecko W Hamboliee pacipoCTpaHCHHOM
SBIAETCA Kiaccu(ukaius, OCHOBaHHas Ha CBOWCTBAX CyJIb(UIIOB, OIHAKO €¢
npUMEHEHHuEe TpeOyeT UCIOJIb30BaHUSI TOKCHMYHOIO Ta3a — cepoBojopona. B
HACTOSIIIIEM JIA0OPATOPHOM MPAKTUKYME HCIOIb3YETCS KUCIOTHO-OCHOBHOM METO.
(KOM) ananuza xatuoHoB. KOM wucnonp3yeT B KauecTBE IPYINIIOBBIX PEareHTOB
TOJIBKO OOIIEIOCTYMHbIE KUCIOTHI U OCHOBAHMUS.

MeTox OCHOBaH Ha JEIEHUY KATHOHOB Ha NIECTh AHATMTHYECKUX TPYIIIL:
1. 1 amamuruueckas rpymma — katuoHel Ag', Pb*", [Hg,]*. TI'pynmosoii

peareHT — 2 M pacTBOp COJIIHON KHCIIOTBI, KOTOpAasi OCaXX1aeT 3T KaTUOHBI B BHUJIE
MajOpacTBOPUMBIX XJIOPUJIOB.

2. 1II amanutuueckas rpymnma — katuoHsl Ba®, Sr*, Ca*. Mx rpymnmoBoii
peareHT — 2 M pacTBOp CEpHOM KHMCIIOTBI, KOTOpasi OCak1aeT 3TH KAaTUOHBI B BHJIE
MajopacTBOPUMBIX B BOJE CYIb(haToB.

3. Il amamuruueckas rpymma — karmousl A, Sn*, Cr, Zn*. Hx
TPYIIIOBBIM peareHTOM sBIIsIeTCsl TuaApokcua Hatpus (2 M pactBop). Ilpu neiictBun
n30bITKa NaOH yka3aHHbIe KATHOHBI 00Pa3yI0T PaCTBOPUMBIE COCTUHEHHUS.

4. IV anamuruueckas rpynma — kathuonel Fe’”, Fe*, Mn®", Mg*. HUx
I'PYIIIOBBIM PEAT€HTOM SIBISETCA BOAHBIA 2 M pacTBOp aMMMakKa, KOTOPBIA OCaXAAaeT
3TH KaTHOHBI B BUJIE TUPOKCUIOB, HEPACTBOPUMBIX B MU30BITKE PEaKTHBA — pacTBOpa

aMMHUaKa.
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5.  V amamurnueckas rpymna — katuonsl Co”’, Ni**, Cu*, Cd*, Hg*". Ux
IPYIIIOBBEIM PEAreHTOM SBISETCS BOAHBIA PACTBOP aMMHMAKa, IIPU U30BITKE KOTOPOIo
00pasyroTcs pacCTBOPUMBIE B BOJIE KOMILIEKCHBIE COEAUHEHNS - AMMUAKATEL.

6. VI ananurnueckas rpymnmna — karuonsl K', Na', NH,". Dta rpynmna He
MMeEET IPYIIOBOr0 pearcHTa, CioCOOHOI0 OCaUTh OJIHOBPEMEHHO BCE KATHOHBI.

2.1 1 A”HanuTH4ecKas rpynina KaTHOHOB
K 1 aHanuTHUYeCcKO# TrpyIe KaTHOHOB IPHHAIIEk)AT KaTHOoHbl Ag', Pb*,

[Hg,]*", oOpasyiome MajaopacTBOPUMbIE B BOJE M pa30aBICHHBIX KHCJIOTAaxX
XJIOPHUIBL. DTO CBOWCTBO XJIOPHUIOB HCIIOJIB3YETCS B CHCTEMAaTHYECKOM XOJIE aHalu3a
JUTS OTZIEJICHHsI KaTHOHOB | rpymmbl OT 00111ei cMecH BCeX KaTHOHOB.

Pazb6aBneHHas comisiHas KMCIOTa M PacTBOPHI XJIOPUAOB OCAKIAIOT KaTHOHBI |
rpynisl B Buge 0enbix ocankoB AgCl, Hg,Cl,, PbCl..

Ocagok AgCl — Oenblii, TBOpOXHUCTBIA. Ha CcBeTy MOXET 4YepHETh
(pa3noxenue). HepactBopuM B pa30aBIEHHBIX KHCIIOTax, JIETKO PAcTBOPSETCS B
pactBope NH,OH BcrenctBue cCBsi3biBaHHsSI MOHOB Ag' B KOMIUICKCHBIC HOHBI
[Ag(NH:)2]":

\ AgCENHOH, — [Ag(NH:;,)2HO, +Cl

[Ipu neiictBum pazbaBnenHort HNO; Ha amMMuayHblii KOMIUIEKC BHOBB
BhITIafiaeT ocanok AgCl.

CaoiictBo AgCl pactBopsitees B NH.OH ¢ mocnegyromum pasinoxeHueM
amMMmuadHoro komekca noj aeiicteBueM HNOs; ¢ Beimagenuem ocaaka AgCl,
MCIIOJIBb3YETCsl ISl OOHApYKEHUs HOHA Ag' B CMECH KaTHOHOB.

Ocagox Hg,Cl, — Oenbriii, Heckoiabko pactBopuM B u3biTke HCl ¢
oOpazoBanuem komiuiekca. Hg,Cl,, B oruune ot AgCl, He pacTBopsieTcs, a YepHeeT
nox nevicreuemM NH4OH.

[Ipu 3TOM BHauane oOpa3yeTcsi KOMIJIEKCHOE coelMHeHHne pTyTH (+1) Oenoro

LIBETA:

J’ ng(jlz'ENH OH4 - [NHzng] Cl ‘L T I\IH4 BMH Oz 1=
Coenunenne [NH,Hg,]|Cl HeycTolunBO, OBICTPO YEPHEET BCIAEIACTBUE PA3JIO-
YKEHUS U BbIIeNIeHHs cBoOoaHOM pTyTn Hg:
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0CaJo0K

JUCITPONIOPLIMOHUPOBAHUS:

>

OenbIi YEPHBIN

0CaJoOK 3,[[601) HMCCT MCCTO pCaKIrA

[Hg.]

— HgZBH{g v

| FHg Y

CaoiictBo Hg,Cl, uepnets npu nevicteun pacrBopa NH4OH ucnonssyercs ans

oOHapyskenus nona Hg*" B cMecH KaTHOHOB.

Ocagnox PbCl, — 6emoro nBera, pactBopum B u3bbiTke HCI, a Tarke xopoio

pacTBOpMM B BOJE IpH HarpeBaHuu. OTUM cBoiicTBOM PbCl, momb3yrorcs mis

oraenenus PbCl, or AgCl u Hg,Cl,. Peakuueii oOHapyxenus nona Pb* ssisercs

obpazoBanue xenroro ocagaka PbCrO4 npu neticteun K,Cr,O7:

2P0 01,0 T 1 0.5 2Pbero, Vo

0O0630p aHATUTUYECKUX PEaKIUi KaTHOHOB | rpyIiibl mpeacTasieH B Tadu. 2.1.
Tabnuya 2.1 — Kauecmeennvie peakyuu kamuonos I ananumuyeckot epynnwl

pacTBOpUM B
aMMMaKe,
HEPAaCTBOPUM B

OCIBIN 0CaJIOK,
pacTBOpHUM B
ropsiueit Boae

Pearent Ag’ Pb2+ [Hg2]2+
1. H,S B HCl-cpene VAg,S uepHbiii VPbS uépHbiii {HgS+ {Hg
1501051 Cyﬂb(l)I/IIII)I 0CaJIoK 0CaJIoK T-IépHI)II\/’I 0CaJOK
2. HCI nnn xnopuabl JrAgCl
OeIbIii 0CcaoK, IPbCl, ‘LHg2Clz —>ng

OCIIBIH,
YEPHEIONIUN Ha
BO3JIyX€ 0CaJI0K

KHCTIOTax
3. KOH umu NaOH LAg,0 Gypuii UPh(OH), Gesbiii ngZO YCPHBII
0e3 u30bITKA — 0CATOK 0Cal0K, paCTBOPUM B
HNO;
4. NH,OH (u365b1TOK) Hg+ [NH,Hg,O]"
[Ag(NH;),]" VPb(OH); Genbiit [uepHsiii ocagok pryrn
BO/IOPACTBOPHMBIN 0CaIoK + GesbIit 0CamIoK
aMUJIOCOCTUHCHHUS
5. H:S0, LPbSO, 6enwrit
(1 M pactBOp) 0CasIOK VHgSO, Genbrii
ocajika He o0pazyer ’
pacTBOpHUM B IIe/I04ax 0CaoK
IIPH HarpEeBaHUU
6. KyCrO4wm $Ag2CrO4 KUPIUYHO- {PbCro, ng2CrO4
K2Cr207 KpaCHbe/'I JKEJITBIA OCAJIOK, KpaCHbIﬁ 0CaJloK, HE-
0CaJI0K, paCTBOPUM B |PACTBOPHM B IejoYax | PACTBOPUM B IICJI0YAX U
HNO; 1 NH,OH paz6asiennoit HNO;
7. SnCL+HCI L Ag uepHsii IPbCI, Gepiii VHg,Cl, >{Hg
0CaJI0K 0CaIoK OeJIblid, TIOCTEIEHHO
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YEPHEIOIINN 0CaT0K

{Pb(OH), —>{Pb
Oemblii, TOCTENEHHO
YEPHEIOIIHNN 0CaT0K

8. Na,SnO,+NaOH

VAg uepnrii VHg uépubrii

(0167:91(0) 4 oCaaoK

N3 3TUX CBOKMCTB BBITEKAET CHCTEMATHYCCKUN XOJI aHAIW3a, MPEJACTaBICHHBIN
cXxeMaTHu4yecku B Tabmuie. 2.2.

Tabauya 2.2 — Cxema cucmemamudecko20 X00a aHaiu3a cmecu Kamuonos I

epynnwl
Onepanuu PeakTuBbI Ag’, [Hg:]*, Pb** - nonbI
OcaxJieHue KaTHOHOB Ocaznok 1 vAgCl,
I rpynmier B BUAE HCIl \PbClL, \LHgZClz Pacteop 1 ne
I HCCIEIYIOT
Otnenenne PbCl, Ocanok 2 PactBop 2 Pb*,
(ocamok 1) ropsigasi Boaa ¢Hg2Clz Cl- — nonsI
LAgCl

Otkpbitre Ph** a) {PbCro;
(pactBOD 2) a) K;Cr,0, JKEITHIN 0CaTIoK

6) H.SO, 6) ‘PbSO,

OembIit 0caioK
Otnenenue AgCl Ocanok 4 ¥ PactBop 3
(ocanok 2) u otkpeITHe | NH; (BoaHbIit Hg [Ag(NH3),]"
[Hg:]** — noHos pacTBop) VHgNH,CI
YCPHBINA 0CaI0K
OtkpeiTHE AZ' - HOHOB VAgCl Gebiit
HNO3
(pactBoOp 3) 0CaJIoK
CucremMaTu4ecKrH X0 aHAIM3a CMeCH KATHOHOB | rpynnbi
1. Ocaoicoenue kamuornos I ananumuyeckoti epynnol 8 guoe xaopuoos. K 8-

10 kamisaM HccneayeMoro pacTBOpa MNPUIMBAIOT BOJHBIA pPAcTBOP aMMHUaka 10
HEWUTpaJIbHOM peakiuu U 3aTeM J00aBisOT paBHbIE 00beM 1-2 M pactBopa
XJIOPOBOJOPOAHOW  KUCHOTBL.  OcCaloK  OTHENS0T LEHTPU(YTUpPOBAaHUEM U
IIPOMBIBAIOT BOJIOM, COAEPIKAIIEH 2 KATUIM XJIOPOBOJIOPOIHON KUCIIOTHI.

Ocanoxk 1: AgCl, Hg,Cl,, PbCl, PactBop 1: He uccnenytor
2. Omoenenue PbCl,. Ocafok 1 mepeHocaT B yaliky v o0padarbiBaioT 2-3

pasa 0.5 cM’ KuIsiiel BObI, HATPEBAIOT [0 KUIIEHUS M TOPAYUM LIEHTPU(YTHPYIOT.

[Ipu sTom PbCl, nmepexoaut B pacTBop.
Ocanox 2: Hg,Cl,, AgCl Pactsop 2: Pb*", CI" - noHEI
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3. Omxpoimue Pb** - uonoe. Tlpu OXJaXKAEHUU PacTBOpa 2 BBHIIANAIOT
2+
uronpyarble Kpuctauibl PbCl.. Pb”" - HOHBI OTKpBIBAIOT, KaK yKa3aHO BbILIE, MpPU
NOMOIY AUXpoMaTa Kalaus WIA CEPHOU KUCIIOTHI.

Ocanok 3: a) PbCrO4; 6) PbSO,
4. Omoenenue AgCl. Ocanok 2 obpabaTsiBatoT 5-6 xarsimu 6 M pactBopa

BoJHOTrO ammuaka. Ocamok pactBopsiercsi ¢ obpaszoBanuem [Ag(NHs),]" - nonos. B

IPUCYTCTBUM KaTHOHOB [Hg,]*" omHOBpEMEHHO ¢ 5TUM 00pa3yeTcs YEPHBIH 0CaIoK.

Ocanox 4: [Hg NH,]Cl + Hg PactBop 3: [Ag(NH;),]", CI' - noHbI
5. Omxpoimue [Hg,]’ - uonos. TlosBieHne 4€pHOro OcajKa yKa3bIBaeT Ha

npucyrcTeue [Hg,]*'- noHoB B aHanu3upyemom pactBope. s IMPOBEPKU OCaIoK 4
00pabaThIBalOT IAPCKOM BOJKOM, YAQISIOT H30BITOYHOE KOJIMYECTBO KUCIIOTHI
BBITIApMBAHUEM W OOHApY>KUBalOT MOHBI pTyTU AeiicTBreM SnCl, mo oOpa3oBaHUIO
Genoro, uepHeromero Ha Bosayxe ocaaka Hg,Cl. Pactop 4: [Hgz]* - HOHBL

6. Omkpwimue Ag"'- uonos. K pactBopy 3 mpu0OaBisioT a30THYIO KHCIIOTY.
B cnyuae npucytctBusi Ag - HOHOB 0Opasyercst 6ebiii ocagok AgClL
Ocanoxk 5: AgCl.
Bomnpocs! st 00cyxaeHust
1 CKOJIBKO aHaJIUTUYECKUX TPYNN BKIIOYAET KUCIOTHO-OCHOBHOM METOJ

KA4eCTBEHHBIX M3MepeHui? llepeuncinre BCe KAaTHMOHBI KAKIOM AHAJIUTUYECKOU
TPYNIIBI ¥ HA30BUTE UX TPYIIOBBIE PEATCHTHI.

2 Kakoro mBera ocaaky XJIOpHUJIOB KAaTHOHOB IIEPBOM aHAJIUTHYECKOU
rpynnsi? [IpuBeanTe 3HaAYEHUS UX TPOU3BEJICHUI paCTBOPUMOCTH.

3 Kak pearupyer xmopua cepebpa C pacTBOpamMH amMMuaka? €ro
aMMHAYHBIH KOMIUIEKC C a30THOM KHUCJIOTOW? Hamumure COOTBETCTBYIOIINE
YPaBHEHHUS pEaKLIHA.

4 KakoBa cTpyKTypa aMHIHBIX COCAMHEHHI KaThoHa [Hg,/’" ? Hanmmure
ypaBHeHHUs oOpazoBaHus u pasnoxenus coau [NH,Hg,|Cl.

5 Kakoe CBOMCTBO XJIOpHMJa CBHMHIIA IIO3BOJIIET OTAEIUTh Pb*" oT mpyrux

KaTUOHOB MEPBOM IPyMIIbI?
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2.2

II AnanuTHYecKas rpynna KaTHOHOB

Ko II ananmuTu4eckoi rpyIie KaTHOHOB OTHOCATCS MOHKI Ba®*, Sr**, Ca®",

oOpasyromue psii MaIOpacTBOPUMBIX COJICH C pa3TUYHBIMUA aHHOHaMU. Tax,

MajopacTBOPHUMBI CyibdaThl, (hochaTel, OKcanaTel M KapOOHATHI KATHOHOB 11

IPYIIIBI.

['pynnoBsiM peareHToM kKaTuoHOB 1l rpymnmsl siBisietcst 1 M pactBop H>SOs.

[TockonbKy cynb(har Kaiblus 001a1aeT JOCTATOYHO BBICOKON pacTBOPUMOCTBIO B

BOJIE, OCAXKJICHUE KaTUOHOB Il rpymiibl BeXyT B IPUCYTCTBUM 3TUIIOBOTO CIIUPTA C

LEJIBI0 NOHMXKEeHUs1 pacTBopuMocTu CaSO4 B BoJE.

Kap6onarts! katnoHoB Il rpynmsl pacTBOPUMBI B YKCYCHOM KUCIOTE. DTO UX

CBOMCTBO HCIIOJB3YCTCA B CUCTEMATHYCCKOM XOAC aHaJIn3a CMCCH KaTHOHOB,

conepxkamux Il rpynmy. O030p aHanUTHYECKUX peakiuii kKaTuoHoB Il rpymmbl

npejacTaBiieH B Tabmuie 2.3.

Tabauya 2.3 — Kauecmesennvie peaxyuu kamuonos Il ananumuyeckou epynnwl

Pearent Bax+ Sra+ Caz+
1. H,SO, wn BaSO, 1Srso, 1 CaS0, 6enprii
Na,SO, OeJIbIi 0CAIOK, OembIii 0CaloK, 0CaJIoK,

HEpPacTBOPHUM B

HEpPacTBOPHUM B

[PacTBOPHUM B rOpsiYeil BOJE

KHUCJIIOTax KHUCJII0Tax
2. (NH,),CO; mmu 1 BaCO; Genbrii ISrCO; Geniit 1 CaCo;
Na,CO;, K;CO; 0CaJIOK, 0CaIoK, Oerblit 0caoK,
pacTBOpUM pacTBOpUM pacTBOpUM

B MUHCPAJIbHBIX U
YKCYCHOM KHUCIIOTax

B MUHCPAJIBbHBIX U
YKCYCHOM KHCJIOTax

B MUHEPaIbHBIX U
YKCYCHOM KHCJIOTaxX

3. (NH4).S0O, IBaSO, 6Gensrii LSrSO, 6emsiit [Ca(SO,).]*6ecrBeTHBIIH

(HaACBIIIEHHBIN) 0CaIoK 0CaIoK pacTBop

4. (NH4).C:04 BaC,0, Gensiit I8rC,0, Genpiii 1CaC,0,

0CalloK, pac- 0CaJoK, pac- OeJbIi 0CcalioK, PacTBO-

TBOPUM B MHHEDallb- | TBOPHM B MHUHEPAIb- | pynpiif B MHHEpATBHBIX
HBIX KHCIIOTaXx, HBIX KHCJIOTaX, xucnorax, B CH;COOH
HEPACTBOPHUM B HEPAaCTBOPHUM B
CH;COOH CH;COOH

5. K:Cr,05 (B {BaCro,

YKCYCHOKHCIION
cpene)

SKENTBIA 0CaIoOK

N3 naHHBIX TaOIUIIBI CIEAYET, YTO:
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1)  peakuus oOHapyxenus Ba®* — oOpasosanme xénroro ocaaka BaCrOs
o 2+
npu JedctBud Ha coiab Ba®™ pactBopom K,Cr,O; B NpUCYTCTBUHM alleTaTHOIO

oydepHoro pactropa:

2302’”2 0 % 0, CZCI"O4 @H@

2)  peakumeil oOHapyXkeHHMs Sr’T  SBIAETCS KameJdbHAas pEaKkuus ¢
ponuzonarom Hatpusi Na,Ce¢Os. Ha dunbpTpoBampHylo Oymary MOMEIIAIOT Karulio
comu Sr** ¥ IeHCTBYIOT KaIIei BOJHOTO PAcTBOPa POAM30HATA HaTpus. IIpu 3TOM Ha

OyMare MOSIBIISIETCS] KpaCHO-Oypoe TISITHO 0Cajika POIU30HATA CTPOHIIHS:

Srz Os GZBCOG 6 J

KpacHO-OypbIi 0CaioK
[Ipu cmauuBaHuM msATHa pazbaBiaeHHOW consHoM kuciaorod HCl ocamox

pacTBOPSIETCS U MATHO UCYE3AET.

Won Ba® Taxxke qaét KpacHo-0yphlii 0CaloK ¢ POJM30HATOM HATPHSI, KOTOPBI,
OJIHAaKO, JIETKO OTJIMYUTh OT POJMU30HATA CTPOHLMS, Tak Kak npu aerctsun HCI
0CaJIOK pOAU30HATA Oapusl CTAHOBUTCS PO30BO-KPACHBIM BCIIEACTBHUE NIPEBPALLECHUS B
KUCJBIA POAU30HAT Oapusl.

OGuapyxenne wuoHa Sr’* B mpucyrcTtBuu HoHa Ba®®  mposomar ¢

npeaBapuTeIbHON 00paboTkoi Gymaru pactBopoMm K,CrO., ocaxparomum uoH Ba®*

B Buae BaCrO.,.

PeakuusmMu  obHapyxkenus wuoHa Ca® gBIAIOTCS peakuud 00pa3oOBaHUs
TPYAHOPaCTBOPUMBIX  OCAJKOB  0Oejloro ILBera — OKcajaTa KalplUusd H

reKcauHaHocbeppaTa KaJIbIUA-aMMOHUSA ITIOCJIC TIPCABAPUTCIBHOIO OTACIICHUA HMOHA

Ba2+.
5 l{ﬁa (0! 42D C 024,
Ca e OINH, [Fe(CN) 1o+ = Nda NH(.») [Fe(CN)].

Cxema crucTeMaTHYECKOro0 XOJa aHaiau3a KaTuoHOB Il rpymnmsl nmpuBeneHa B
Tabnuie 2.4.

Tabnuya 2.4 — Cucmemamuueckuii xooa ananusa kamuonos Il epynnot

Onepauun PeakTHBBI Ba, Sr*', Ca™ - noni 2+

Ocaxnaenue H,SO, + Ocanok 1 PactBop 1
cyib(haToB C,H:OH {BaS0,, {SrSO,, +CaSO;, HE
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UCCIIEYIOT
ITepeBon Ocanok 2 PactBop 2
cynb(haToB B Na,COs {BaCO;, He
KapOOHATHI (mpu VSrCO;, UCCIENYIOT
(ocaniox 1) HarpeBaHuM) LCacCo,

PactBopeHnue PactBop 3 Ba,
KapOOHATOB CH;COOH Sr*, Ca*
(ocamok 2) 2+
TKPBITHE U l PactBop 4 Sr2+
OOTI[GF;IGHI/Iee Ba** K0, + ](?’);32132:'2;3 éizfgrzgn-,
CH;COONa ’
(pactBop 3)
Vnanenue Ocanok 4
Cr2072- Na,CO; I8rco;,  1CaCo;
(pactBop 4)
PactBopenue Ocazok 5 ¥ PactBop 6
KapOOHATOB CH;COOH + SrSO; Ca’ - nonnl
Camu Sl'2+, (NH4)2SO4
2+ (HpI/I
otnenenue Sr* HarpeBaHuu)
(ocamok 4)
Orkpeitue Ca?* (NH4)2C204 Ocaok 6 +
(pactBOp 6) (npu CaC,0;,
HarpeBaHUN)

CucremaTu4ecKni X0 aHAIM3a cMecH KATHOHOB 11 aHaInTHYeCcKo#l rpynnbl
K 10-15 kanism

1. Ocasicoenue cynoghamoe xamuonos Il epynnol.
UCCJIeIyeMOTO pacTBOpa, KOTOPBINA colepKUT KaTuoHb! Il rpynmel, qodasmsor 1 M
pactBop H>SO., aTHIOBKIN ciupT U nepeMenmrBaroT. CMech HarpeBaroT Ha BOASHOMN
OaHe, EHTPUDYTUPYIOT U MPOMBIBAIOT BOAOM, K KOTOPOM MpuOABICHO HECKOILKO
Kanesb CEPHOU KUCIIOTHI.

Ocanok 1: BaSO,, SrSO4, CaSO,
2. Ilepesoo

PactBop 1: He nccnenyror
cynoghamos kamuonos Il epynnet 6 kapbonamel. B

dapdopoByro uamky momemarT ocafok 1 u mpumusaroT 2-3 cm’ Na,COs (koHI.),
HarpeBarOT CMECh MOYTH JO KHWIIEHHS MU 3aTeM CIMBAaIOT pacTBop ¢ ocaaka. K
OCTaBILEMYCS OCAAKy BHOBb 100aBsioT 2-3 ¢cm® Na,COs (KOHIL.) ¥ BHOBb HAIPEBAIOT
CMeCh. DTy ONEpalui0 MOBTOPSAIOT JO TEX TOp, MOKa CIMBAEMBI pPAacTBOp HE
mepecTaHeT AaBarh peakuuio Ha SO4 (TO ecTh OT NpUOABIEHHs K OTACILHON Mpobe
pactBopa BaCl, u HCl nmpu pH ~3 nepecraner oOpaszoBbiBaThbest ocanok). Ocamok

KapOOHATOB OTACIAIOT HIEHTPU(PYTUPOBAHUEM U MIPOMBIBAIOT BOOM.
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Ocanok 2: BaCOs;, SrCO;, CaCOs PactBOp 2: HE uccaenyot
3. Pacmeopenue xapbonamoe xamuonos Il epynnei. Ocagok xapOOHATOB

pacTBOpAIOT B 2 M pacTBOpe YKCYCHOM KUCIOTHI U OTKPBIBAIOT KaTUOHBI [I aHanuTu-

YECKOM IPYIIIIHL. PactBop3: Ba®™, Sr**, Ca*
4. Omxkpoimue u omoenenue Ba’’. B mnpoOupky mnomemaror 2-3 Karim

pactBopa 3, mobammsitor 2-3 kamm 2 M pacTBopa arerara HaTpus U 4-5 kamnenb
pacTBopa Ouxpomara kanus. Beimamaer kenThiii ocanok xpomarta Oapusi BaCrO..
Ecnu Ba*" nmpucyTcTBYyeT, TO KO BCEMY PacTBOPY 3 MPUOABIAIOT 4-5 Kamelb anerara
HATpUsl U pacTBOp Ouxpomara kanusi. CMech HarpeBaloT NpHU MEepEeMElIMBAaHUU B
TeueHue 2-3 MUH, OCAJI0K OTIIEISIOT IEHTPUDYTUPOBAHUEM.

Ocanok 3: BaCrO, Pactsop 4: Sr**, Ca*, Cr,O,*
5. Yoanenue Cr;O;. ITlpubasutrh k pactBopy 4 TBépaeii Na,CO; n

HarpeBatb TpoOupky 2-3 MuH. Bemasmmii ocamok (SrCO;, CaCOs) otnmemnsitor
ueHTpu(GyrupoBaHuEM, IPOMBIBAIOT U MCCIIEAYIOT Ha cogepxkanue St Ca™'.

Ocanok 4: SrCO;, CaCO; PactBop 5: Na", CrO,> - noHEI
6. Pacmeopenue kapbonamoé Kanbyus u CmMpoHyus u omoenenue Sre'.

Ocanok 4 HeHTpUPYrupyIoT, pacTBOPAIOT B 2 M yKCYCHON KHUCIIOTE IPU HAarpEBaHUH,
IPUIMBAIOT TOJYTOPHBII OOBEM HACBILIEHHOI'O PACTBOpA Cylb(ara aMMOHUSA U
HarpeBaroT B TeueHue 5-10 MUHYT.

Ocaok 5: SrSO, PactBop 6: [Ca(SO4):]* - HOHBIL
Hanvure MOHOB Sr** MOATBEPKAAIOT KAUECTBEHHOM PEAKIMER C POJU30HATOM

HATPHSL.

7. Omipoimue Ca’. PactBop 6 ymapuparoT 10 HEOOIBHIOro 00hEMa u
orkpeiBaror Ca’: a) mpu gelictBum  pactBopa okcanata ammoHus (NH4),C,O4
obpazyertcs Oenbiii ocagok CaC,04; 6) mipu nevictBuu  Kis[Fe(CN)g] B npucyTcTBUmM
NH4OH u NH4Cl 6enblif ocafok cMemaHHOM coyid — rekcanuaHodeppara Kajablus 1
aAMMOHUSI.

Ocagok 6: a) CaC,04; 0) Ca(NHy),[Fe(CN)s].
llpumeuanue: YxazaHHble B X0J/i¢ aHayIn3a oneparuu 1 (ocaxaenue cyib(aTon

katroHoB I rpymen) u 2 (mepeBoj cyib(}aToB B KapOOHATHI) HEOOXOUMBI

JIMIb B CUCTCMATHYCCKOM aHAJIN3C CMECU KATHOHOB BCCX T'PYIIIL. B ciIy4dac
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aHajn3a TOJbKO KaTMOHOB I I'pynIbl 3T ONCpannu UCKIOYAr0TCA, U aHAJIU3 II
rpyniibl HQYMHAKOT C OCAKIACHUA ec B BUIC Kap6OHaTOB.

Bonpocs! ajist 00cyxaeHus
1. Kakue comm kaTMOHOB BTOpOM Ipynmbl MaopacTBopuMsbl? Ilpuseaute

COOTBETCTBYIOLIME UM 3HAYEHUS TPOU3BEACHUIN PACTBOPUMOCTH.

2. [Touemy cynbdarbl KATHOHOB BTOPOU IPyIIIBI IEPEBOIAT B KapOOHATHI?
3. Kakue peakuum KaTHOHOB BTOPOW TpyNIbl SBISIIOTCA Haubosee

crienuduyeckumu? Hanummure ypaBHEHUS STUX PEAKIIHiA.
4, KakoB anropurm cHUCTEMAaTHYECKOrO XOJa aHajdu3a CMECH KATHOHOB
BrOpoirpynmbl? IlonbiTaiiTech N300pa3uTh €ro CXEMY.

Cucremaruyeckuii xox ananusa cvmecu I u Il rpynn kaTtnoHos
1. Ocaoicoenue kamuonos I ananumuyeckot epynnol 8 guoe xaopuoos. K 8-

10 xamisiMm wHccieayeMoro pactBopa HpwinBalOT BoaHbld pactBop NH,OH no
HEUTpAIIbHOW PEaKklMd W 3aTeM J00aBisaloT paBHbII 00BeéM 2 M pactBopa HCI.

Ocafok OTAENSIOT HEeHTPU(PYTrupOBaHHEM M TPOMBIBAIOT BOJIOHM, cojepskamien 2

karum HCI.
Ocanok 1: AgCl, Hg,Cl,, PbCl, Pacteop 1: Ba**, Sr**, Ca*"
2. Omoenenue Pb’" - uonos. Ocanok 1 mBaxabl 00padaTHIBAIOT ropsAdei

BOJIOW, HArpeBaloT A0 KumneHus u ropsuum ueHtpudyrupyior. [Ipu stom PbCl,

NEPEXOAUT B pacTBOP.

Ocanox 2: AgCl, Hg,Cl, Pactsop 2: Pb*" - noHsI
3. Omxpoimue Pb** - uonos. Wonsl Pb** OTKpBIBAIOT 1O 00pa30BaHHIO

xenroro ocaaka PbCrO,4 npu aeiicTBum Ha pacTBop 2 Ouxpomara Kajus.

Ocanok 3: PbCrOq
4. Omoenenue AgCl. Ocanok 2 obpabateiBatoT 5-6 kamsimu 6 M pactBopa

NH.OH. Tlpu stom ocamok AgCl pactBopsiercsi ¢ oOpasoBanuem [Ag(NH;).]" -
1oHOB. B npucyrcreuu [Hg,]*" omHOBpEMEHHO ¢ 9TUM 00pasyeTcs 4EpHBIA 0CaI0K.

Ocanok 4: [Hg NH,]Cl + Hg PactBop 3: [Ag(NH;).]", CI
5. Omxpoimue [Hg,]*" - uonos. IlosBiaenne 4€pHOro 0canka 4 yKa3bpIBaeT Ha

npucyrcreue [Hg,]*- voHOB B aHamu3upyeMoM pactBope. i MOATBEPKIEHHS

Hanuuus [Hg,]* - MOHOB B aHAIM3MPYEMOM CMECH 0CaloK 4 00pabaTeIBarOT LAPCKOi
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BOAKOHW, yHAISIOT W30BITOYHOE  KOJHMYECTBO KHCIOTHI  BBITAPUBAHUECM U
obnapyxusaroT [Hg,]*'- nonsl no peakuuu ¢ SnCl, mo o6pasoBaHuio 6GeI0Oro ocaaka
Hg,Cl,, uepHeromero Ha Bo3ayxe. Pactsop 4: [Hg,]*'- nonsl

6. Omkpwimue Ag" - uonos. K pactBopy 3 mpubasimsior 2 M pacTBop
a30THOM KUCIOThL. B ciydae mpucytctBusi Ag' - HOHOB 0Opa3yeTcs Oelblii 0cazoK
AgCl.

Ocanok 5: AgCl
7. Omxpuimue u omoenenue Ba’" - uonos. K pacteopy 1 pobasistor 2-3

ka2 M pacTBopa aneraTta HaTpus M 4-5 Kamenb Ouxpomara Kaius. Ba® - noHbI
0OHApYKUBAIOT 10 00pa3oBaHMIo *ke&ntoro ocaaka BaCrO,. Ilpu mammumu Ba* -
MOHOB B CMECH MX OTAENAIOT 0T HoHOB Sr**, Ca*" nelicteuem K,Cr,O; B ipucyTCTBUM
anerata Harpus. CMechb HarpeBarOT NPHU NEPEMENIMBAHUM B TE€YEHHE 2-3 MUH.
Ocanok BaCrO,4 oTnenstor ieHTpud)yrupoBaHUEM.

Ocaiok 6: BaCrOy PactBop 5: Sr**, Ca**
8. Omkpoimue Sr** - uonos. Sr** - MOHBI OTKPHIBAIOT B YacTH pacTBopa 5

KaleJIbHOW peaklen ¢ pOAU30HATOM HATPHUSL.

Ha ¢unbrpoBanpHyro Oymary MOMENIAIOT Karlli0 HCCIETyeMOro pacTBopa U
JENUCTBYIOT Karjiel pacTBopa poausonara Hatpus. [Ipu 3Tom Ha Oymare mosiBisieTcs
KpacHO-Oypoe TMSITHO poAM30HATa CTPOHIIMS, HcuUe3aroliee MpU JICHCTBUU HAa HETO
kariet 2 M pactBopa HCI.

9. Omoenenue u omxpoimue Ca’’ - uonos. K pactBopy 5 NpUIMBAIOT
MOJIYTOpHBIM 00be¢M HacklmieHHOTOo pacTtBopa (NH4).SO. u HarpeBaroT B TeueHuUe S-
10 muH. Ocanok 7: SrSO,Pactsop 6: [Ca(SO4):]* - HOHBI

PacTBOp 6 ymapuBaroT 10 HeOOMBIIOro 006eMa 1 OTKpeIBarOT Ca®’ - HOHEI
neiicteueM okcanara ammoHus (NH,).C,0,, o6pasyromero ¢ Ca** - nonamu Genblii
ocanok CaC,04. Ocanok 8: CaC,0,.

2.3 III AHanuTHYecKas rpynna KaTHOHOB
K 111 ananuTi4ecKoi rpyIme KaTHOHOB OTHOCATCs noubl A, Sn**, Cr’*, Zn™,
oOpa3syolue TpyIHOPACTBOPUMBIE THJPOKCHJBL, oOOsajatouie am@poJIUTHBIMU

CBOMCTBaMH.

22



I'pynmoBsiM pearentoM Ha katvonsl 11 rpynmel sBisiercss 2 M pactBop NaOH,

KOTOPBIA 0e3 n30bITKa AaeT aMopdHbIe 0caaku ruapokcuoB Oemoro mneera Al(OH)s,

Zn(OH),, Sn(OH), u 3enenorateiii ocagok Cr(OH)s. Ilpu BBenenun n3ositka NaOH

U HarpeBaHuu B npucyrctBud H->O, (mimm Na,O,) ocaiku ruapokcuioB katTnoHoB [I1
y

IPYIIBI PACTBOPAIOTCS, 00pasys coorBeTcTBeHHO moHbl: [Al(OH)s]*, [Zn(OH)4]*,

[SH(OH)6] X u CI’O42_.

[Tpu kUNSTYCHUN XPOMUT - U CTAHHAT - HOHBI TUIPOIU3YIOTCS C 00pa30BaHUEM

THUOAPOKCHUIOB. B aTux xe YCIOBHAX AJIIOMHMHAT - U OUHKAT-MOHBI THAPOJIIMU3YIOTCA

ciabee.

0O0630p aHanuTHYeCKUX peakiuii katnoHoB I1I rpynmsl npeacTasieH B Tabauie

2.5.
Tabnuya 2.5 — Kauecmeennvie peaxkyuu kamuonos Il ananumuueckou epynnol
Pearent Zn2+ Alz+ Crs+ Sn2+
1. NaOH wn \Zn(OH), Gesiit VAI(OH); LCr(OH); 1Sn(OH),
KOH 0CaJIOK, OeJblii 0CasioK, 3CNICHOBATBL |  Gemblif 0CAIOK,
0c3 m3dITKa pacTBOpUM B pacTBOpUM B i pacTBOpUM
KHCJIOTax M LIejiouax Kucnorax u 0CaJIoK, B KUCJIOTax U
ieaoyax pacTBOpPUM B mesouax
KHCJIOTax U
nieoyax
2. NaOH unu [Zn(OH),]* [AI(OH)q]*6ecusetn | CrOzpacto | [Sn(OH)4]*6ecuBeTt
KOH B OeCIBETHBII bIl PacTBOP p 3e7I€HOTO HBII PacTBOP
n30BITKE MpU pacTBop 1[BETA
HarpeBaHUU
3. H;O;B [Zn(OH)4)*6ecuser |[AI(OH)s]*6ecuBetn | CrO4zpacts | [Sn(OH)g)*6eciser
LIEJIOYHOU HBII pacTBOp BI1 pacTBOpP Op ’KE€ITOr0 | HBIM NpO3payHbIi
cpene npu 1BeTa pacTBop
HarpeBaHUU
4. NH,OH \Zn(OH), Gensiit LAI(OH); LCr(OH); 1Sn(OH),
0e3 n30bITKa 0CaJIoK OeIbIit 0caioK 3€JICHOBATHI OeIbIil 0caloK
1 0caJiok
5. NH,OH B [Zn(NH3)s]2+ VAI(OH); LCr(OH); 1Sn(OH),
M30bITKE OecuBeTHBIA OeJIBIi 0caloK 3€JICHOBATHI OCIIBIA 0caIoK
pacTBop 1 ocasiok
6. Na,COs, {Zny,(OH),CO; LAI(OH); {Cr(OH); | {Sny,(OH),CO;
K;COs mn OenbIif 0caioK oc- OenbIii ocasok 3€JICHOBATHI OeIbIi 0caJIoK
i
(NH,),CO; HOBHOTO KapOoHaTa 0CaI0K OCHOBHOTO
KapOoHaTa
7. K.Zn;[Fe(CN)g). 6enbiii - - -

0CaaoK
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K4[Fe(CN)d|

8. Cr2072pactB
Oxkucnurenu B op
KHCIIOH cpefie:
Na,S,0s B
cpene

H2S04

_ _ OpPaH>KEBOI0 _
LIBETA

9. Hg:(NOs), J«ngClz OeJBIit
0CAaJIoK,
YEPHEIOIIHI CO
BpEMEHEM

10. ImTH30H | IUTU30HAT IIMHKA,
Ha SIPKOC KPAaCHOC IISITHO
(GUIBTpOBAIbH — — —
oi
Oymare

11. aIFIOMUHHUEBEIN JIAK,
AJIIOMMHOH - KpYITHBIE KpacHbBIC - -
XJIOIIbS

W3 nanubIx Tabnuipl 2.5 ciemyerT, 94To:

KaTuoHbl Al’” 00HAPYKUBAIOT JEHCTBMEM AIFOMUHOHA — AMMOHUIMHOM COIM
aypuHTpUKapOoHOBOM KucmoThl CxnH;jOy(NH.);, obpasyromeii ¢ xaruoHamu Al
COEMHEHUE KPACHOTO I[BETa — TaK HA3bIBAEMbII «AJIFOMUHHUEBBIH JIAKy.

Jlis BBINOJNHEHHWs PeakluMu K 2 KamisM pactsopa comd AlY, comepikariero
HemHoro CH;COOH, npu6asnstoT 1-2 xarmu 0,01% - HOro pactBopa aqtOMHUHOHA U
HArpeBaroT Ha BojasiHOW Oane. 3areM mpubapisitoT pactBop NH.OH (10 mosBienus
3amaxa) u 2-3 xaru pactBopa (NH4).COs. KpacHble XJ10MbsI «aTFOMUHHAEBOTO JTaKa
JI0Ka3bIBaIOT IpHCyTCTBHE Al
Memmaromumu noHamu sBisirores Fe'', Cr'*, Ca*, taxoke obOpasyronye Jaku ¢

amomMuaoHoM. Mon Fe’* nomken GbITH NONMHOCTBIO OTAENEH, a JaKH, 00Pa30BAHHBIE

nonamu Cr'* u Ca®’, paspymarorcs npu BBenenuu B pactBop NH,OH u (NH,),COs.

KaTHOHBI Zn*" 00HAPYKMBAKOT KAIEIbHOM peakiue ¢ 1udeHnIIuTHOKAD-
0a30HOM (IUTU30HOM), KOTOPBIM ¢ MOHaMH Zn>" obpasyeT BHYTPHMKOMILIEKCHYIO
COJIb, OKPAIIEHHYI0 B MAJINHOBO-KPACHBIN 1IBET.

Ha ¢unbsTpoBanbHyto OyMary HaHOCST KalUIlO IIETOYHOIO pacTBOpa COJIU

[MHKA. 3aTe€M BJIAKHOE MATHO OOBOMIAT MO Tepudepur KamuuispoM C PacTBOPOM
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JUTHU30HA. [TosiBnenue XapaKTCPHOIro MaJIMHOBO-KPACHOI'O KOJIbIla CBUACTCIILCTBYCT

0 MpUCYTCTBHU Zn*'.

KayeCTBEHHOM peakiueil o0napyxenus Cr'* - HOHOB ABISAETCS OKHMCICHUE
Cr’* no Cr,O7* B KHMCIIOH cpefie 1o IEHCTBUEM NEPCyIb(paTa HaTPHSL.

JIsi BBIMIOJIHEHUSI PEAKIUM TMOMEIIAIT B OpoOUpKYy 5-6 Kamenb pacTBOpa
Na,S,0s, npubasistor Heckoibko Kamenb 20% - Hoit H.SOs m 1-2 kammm Ag'
(xkatanuzaTop). IlomydeHHYI0 OKHMCIMTEIBHYI0 CMECh HArpeBarOT U BBOISAT B HEE
HECKONLKO Kamenb conu Cr''. Tlepexon OKpacku pacTBOpa M3 3€NEHOW, MPHUCYMIEH

3+ \ 2-
cormsim Cr’’, B KENTO-OpaHXeBYyr0, 00yCIOBIIeHHYI0 HanmuueM B pactBope Cr.O; -

MOHOB, CBUJIETENLCTBYET 0 Hamuuuu Cr’* - HFOHOB B UCCIIENYEMOM CMECH.

peakiueil oOHapyKeHus Sn’" - HOHOB SABJIAETCSA BOCCTAHOBIIEHHE XJIOPHIA
prytu (I) ¢ mpexBapuTenbHBIM BOCCTaHOBIEHHEM Sn** mo Sn** kunsuenuem c

MCTAJNIMYCCKUM ITMHKOM:

(SnCIJ? Zittsn 22 6C1 - SnlCL Ho(NO»)
+[ ]

+
Sn(NO:>») Hg.C

eJIBIM 0CaJIOK

He:ClL A Hg.

YEPHBIN 0CaJI0K

CucremaTnyeckuii xoa anajaunsza cMecu kKatuoHos III rpynnbi
1. Ionyuenue ecuopoxcuoos xkamuornos Il epynnvl u ux pacmeoperue 8

uzovimrxe NaOH. K 10-15 xamisam ucciaeayeMoro pacTsopa, cogepsxkamiero Al*Y, Sn*',
Cr’*, Zn*", noGasnsioT 3-5 Kamenb MepoKcuaa BOAOPOAA U 3aTeM IIPU HATPEBAHHMU U
nepememBanuu npubasisitor 6 M pactBop NaOH po monHoro pactBopeHus
BBITIABIINX THUAPOKCUAOB. M30bITOUHOE KOJUYECTBO MEPOKCHIA BOJAOPOIA YIAJSIOT
narpesanueM. Pactsop 1: [AI(OH)s]*, [Zn(OH)4]*, [Sn(OH)s]* u CrO4* .

2. Ocaoicoenue AP*, Sn*" - uonoe € eude 2uopoxcuoos. K pactopy 1
N00aBIAIOT HEOONBIIUMU TIOPIUSAMHA KPUCTAUIMYECKUA XJIOPHJI AaMMOHHS U

ynapuBaroT pacTBop 110 Hebombimoro oosema. Ocagok Al(OH)s, Sn(OH), oTaensroT
HEeHTPUPY-
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TUPOBAHUEM.
Ocanoxk 1: AI(OH)3, Sn(OH)4 PactBop 2: [Zn(NH3)4]2+, CrOa423.
Omxpoimue AP*- uonos. Ocanox 1 pactopsror B 2 M pactsope HCI.

PactBop 3: AI*", [SnCl]*
PactBop 3 menar Ha aBe 4acTu. B mepBoii yacTu pacTBOpa OTKphIBaroT Al’'-

MOHBI C ATFOMUHOHOM 110 00pa30BaHUI0 KPACHBIX XJIOMBEB «ATIOMUHUEBOIO JIAKay.

JIJisi BBITIOJTHEHUSI pEaKIMM K HECKOJIbKUM KalulsiM pacTBopa 3 MpUOaBISIOT
HECKOJIbKO Karellb allOMUHOHA M HarpeBaroT. 3arteM npubasisitor pactsop NH,OH
0 mosiBiaeHus 3amaxa u 2-3 kamim pactBopa  (NH4):2COs;. KpachHeie xmombs
«AIFOMUHHEBOTO JIAKa» JOKa3bIBAlOT NpucyTcTBUe Al* - HOHOB.

4, Boccmanosnenue Sn'" 0o Sn’" u omxpwimue Sn’* - uonos. Bropyro
4yacTe pactBopa 3, coxepxkamiero HoHbl [SnClg]”, IPOKUIATHTE ¢ HEOOIBLIAM
KOJIMYECTBOM METAJUIMYECKOTO IIMHKA, BOCCTaHaBIMBaromero Sn* o Sn** (pactsop
4).

Honsl Sn*" OTKpBIBAIOT MO OOPA30BAHHMIO OENIOr0, YEPHEIOLIEr0 Ha BO3IYyXeE
ocanka Hg,Cl, mpu paeiicTBuM Ha pacTBOp 4 HECKOJBKUMH KaIUISIMH pPacTBoOpa
ng(NO3)2.

5. Omoenenue Zn’" - uonoé 6 6ude 2UOPOKCOKAPOOHAMOE U OMKPbIMUE
Zn’" uonos. PacTBOp 2 HArpeBalOT ¢ KOHIEHTPUPOBaHHBIM pacTBopoM Na,CO; mo
NOJIHOTO yhaneHuss ammuaka. IIpu stom Bbemmamaer Oenblii ocanok (ZnOH),COs,

KOTOPBIN OTIESAIOT IEHTPUDYTUPOBAHUEM.

Ocanok 2: (ZnOH)2COs Pactsop 5: CrO4*
Ocanok 2 pactBopsor B 2 M pactBope HCl u orkpeiBaror Zn®" - HOHBI

KaleIbHOM peakuuedl ¢ JUTU30HOM 10 O0pa3’0BaHMIO MaJIMHOBO-KPACHOTO
OKpaIlMBaHMs JUTU30HATA [MHKA.

6. Omxpoimue Cr'* - uomnos. Cr'’* - HOHBI OTKPHIBAIOT B PAacTBOPE 3
neficTBHEM IEpCyNib(ara HATPUS B CEPHOKHUCIION Cpeje B MPUCYTCTBUU 1-2 Kamenb

pactBopa Ag” (xaranuszarop). B nmpucyrcrBuu Cr’* - HOHOB B CMeCH IIPH HarpeBaHHUU
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pacTBOp NPHOOPETAET KEITO-OPAHKEBYIO OKpPACKY, OOYCIOBJICHHYIO HaJu4YHeM

Cr,O4°B pacTBOpE.

Cxema cucreMaTndeckoro xoja aHanusa katnoHos Il rpymnmsl npeacrasiena B

Tabu. 2.6.
Tabnuya 2.6 — Cxema cucmemamuuecko2o xo0a aHanuza cmecu kamuonos 11
epynnoi
Onepanuu PeakTuBBI Zn*, A, Cr*, Sn*" - nons1
[onmyuyeHne TUAPOKCHIIOB
kaTroHOB III rpymnms! 1 ux NaOH + H;O, (npu PactBop 1
pacTBOpEHUE B H30BITOYHOM HarpeBaHUH) AlOy, CrO4*, Sn0;”, ZnO,* - MoHbI
konuyectBe NaOH
Ocaxnenune AP, Sn** - Ocanok 1 PactBop 2
HWOHOB B BHJI€ THAPOKCHUIIOB NH.Cl (npu ~LA1(OH)3, [Zn(NH3)4]*"
b
(pactBop 1) HarpeBanHui) 1Sn(OH), CrOs-
PactBopenne ocanka 1 HCI Pactsop 3 Al B
[SnClg]* - nonst
Ortkpoitre Al*-noHoB Ocaok 2 KpacHbIe
(pactBop 3) AJIOMMHOH XJIOTIbS —
QIFOMUHHUEBOTO JIaKa

I[Tepesox Sn*" B Sn** Zn ver. PactBop 4 Sn**

(kuIsTYeHME) - HOHBI B
OrtkpeiTHE SN** -HOHOB Ocanok 3
(pactBop 4) He,(NOy), \ Hg,Cl,, ) B

YEepPHEIOIIN I
Ha BO3IyXe
Ocaxnenue Zn>" - HOHOB B Ocanok 4
BUJIE OKCHKapOOHATOB Na,COs (pu VZn,(OH),CO; Pactsop 5
(pacTBop 2) HarpeBaHUM) GeIbIi 0CaIOK CrO4:-
PactBopenue ocajika
OKCHKapOOHATOB Zn | TUTHU30H, KaresabHas | 00pa3oBaHUE MAJIHHO-
(ocamok 4) u otkpeiTHE ZN** peaxkuus BO-KPAaCHOTO KOJIbLla B
(pactBOp 5)
Otkpsitue Cr’* -noHOB Na,S,0s B HSO4 — Cr,07" -
(pactBoOp 5) cpene OpPaHKEBOKEITOE —
OKpalIMBaHUE PacTBOPa

1. Kak perictByer

Bomnpocs! asst 00cy:xnennst

2 M pacteop NaOH Ha KaTHOHBI

TpEThEN

AHAIUTUYECKOW Tpymmbl: 1) B SKBUBAJECHTHOM KOJIWYECTBE; 2) B U30BITKE (B

npucyrtctBun H>O,)?

Hamnuiure cooTBETCTBYIONINE YPaBHEHUS PEAKIIUM.
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2. Kakue coenvHeHus oOpa3yroTcsi IpH JIEUCTBUM Ha KAaTHOHBI TpPEThben
aHAJTUTUYECKON TPYIIIBI paCTBOPOB aMMHaKa: 1) B 9KBUBaJIEHTHOM KOJMYECTBE; 2) B
n30bITKe? Hanuimre cOOTBETCTBYIONIME YPABHEHUS PEaKIIHiA.

3. Kak pearmpyer mon Cr’* ¢ mepcynbdaroM HaTpus B KHUCIOH cpene?
Kakue BuaumMmble ra30M HM3MEHEHHS TMpU 3TOM mpoucxomar? Hamummre
MOJIEKYJISIPHOE ¥ MIOHHO-MOJICKYJISIPHOE YPABHEHUSI PEAKIIUU.

4. Kak BBIMIAIUT QITOPUTM CHCTEMATHYECKOTO XOJA aHAIM3a CMECH
KaTHOHOBTPEThEH aHanmuTHueckoil rpynmbl? [lombiTaiiTech M300pa3uTh €ro B BHIE
COOTBETCTBYIOIIEH CXEMBI.

CucremaTnuecknii xox ananausa cmecu I, I u III rpynm katuoHos
1. Ocasicoenue kamuonos I ananumuueckotl epynnul 8 uoe xaopuoos. K 8-

10 kamisiM wHcclienyeMoro pacTBopa MNPWIMBAIOT BOJHBIA pacTBOp aMMuaka Ao
HEUTpaJbHON peakiuu W 3aTeM JI00aBJsAOT paBHbIE 00beM 1-2 M pactBopa
XJIOPUCTOBOJAOPOAHON KHUCIOTHL. Ocagok OTAEHSA0T IEHTPU(YTUPOBAaHUEM H

MIPOMBIBAIOT BOJIOM, COAEPIKAIIECH 2 KarIk XJIOPUCTOBOIOPOIHONM KUCIIOTHI.

Ocanok 1 PactBop 1
AgCl, Hg,Cl,, PbCl, Ba*", Sr**, Ca*", AI’", Sn*", Cr’", Zn*"
2. Omoenenue u omxpuimue Pb*" - uomnos. Ocanox 1 naBaxmbl

00pabaThIBalOT  TOpsiYeii  BOJOW, HArpeBalOT JO KHUICHUS HW  TOPSYUM
uenrpudyrupyror. IIpu 3tom PbCl, mepexomur B pacTBOp, B KOTOPOM HOHBI Pb**
OTKpPBIBAIOT TI0 00pazoBaHuio xke&nToro ocaaka PbCrO, npu aeiictBuu Ha pactBop 2
Oouxpomara Kajus.

Ocanox 2: AgCl, Hg,Cl, Pactop 2: Pb*" - noHbI
3. Omoenenue AgCl. Ocanok 2 obpabateiBatoT 5-6 kamsimu 6 M pactBopa

NH.OH. Ilpu srom ocamok AgCl pactBopsiercst ¢ obOpasoBanueMm [Ag(NHs),]™ -
1oHOB. B npucyrctBuu [Hg,]* 0AHOBPEMEHHO ¢ 3THM 00pa3yeTcs YEpHBIH 0CaIOK.

Ocanoxk 3: [Hg NH,]Cl + Hg PactBop 3: [Ag(NH;),]", CI
4.0mxpoimue [Hg>]** - uonos. TlosBieHrue 4EPHOrO OcCaika 3 yKa3bIBacT Ha

npucyrcteue [Hgy]*- MoHOB B aHanmusupyeMoM pactBope. JIis MOATBEPKIECHHS

Hanmuuus [Hg,]* - MOHOB B aHAIM3MPYEMOM CMECH 0CaI0K 3 00pabaThiBaOT LAPCKOi
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BOJIKOW, yIAISIOT M30BITOYHOE  KOJMYECTBO  KHCJIOTHI  BBIIADUBAHUEM U
obnapyxkuparoT [Hg,]*"- nonsl no peakiuu ¢ SnCl, ¢ oOpasosanuem 0€10ro ocaaka
Hg,Cl,, yepHeroiiero Ha BO31yXe.

3. Omkpoimue Ag" - uonos. K pactBopy 3 mpubaisitor 2 M pacTBOp
a30THOM KHCIOTHL. B ciydae mpucyrcTBus Ag' - HOHOB 0Opasyercss Oelblii 0camaoK
AgCl.

6. Ocaoicoenue cyavgpamos xamuonog II epynnwvi. K 10-15 xammsam
pactBopa 1, kotopsiii cogepxkut katuounsl Il u Il rpynm, gobasmstor 1 M pacTtBop
H,SO,, sTunoBeiit ciupT U nepemeninBaior. CMech HarpeBaroT Ha BOJASHON OaHe,
HEHTPU(PYTUPYIOT M TMPOMBIBAIOT BOJIOM, K KOTOpod mpubapieHo 2 kamm 1 M
pacTBOpa CEpHOM KUCIIOTHI.

Ocanok 4: BaSO,, SrSO,, CaSO, Pactsop 4: AI*", Sn*", Cr’", Zn*
7. Ilepe6oo cynvghamoe xamuownos Il epynnwi 6 xapoonamsei. Ocanok 4

o0pabareiBaroT 2-3 cM’ HachILEHHOTo pacTBopa Na,COs, HarpeBaroT CMECh TIOUTH JI0
KUIIEHWSI M 3aTEM CJIMBAIOT pacTBOp ¢ ocaaka. K ocraBmemycs 0Ocagky BHOBb
106aBsIOT 2-3 cM’ HAChILEHHOro pacTBopa Na,CO; ¥ BHOBb HArpEBalOT CMECh. DTy
ONEPAIMIO MTOBTOPSIOT 10 TE€X MOP, MOKA CIMBAEMbI PACTBOP HE MEPECTAHET JaBATh
peakmmio Ha SO.”. Ocamok KapOOHATOB OTHENSAIOT LEHTPU(PYTUPOBAHHEM U
IPOMBIBAIOT BOJOM. PactBop 5: Ba**, Sr**, Ca*

8. Omxpvimue u omoenenue Ba’" - uonos. K pactBopy 5 nobasisior 2-3
ka2 M pacTBopa aneraTta HaTpus M 4-5 Kamenb Ouxpomara Kaius. Ba®™ - noHEI
0OHApYKUBAIOT 10 00pa3oBaHMIo ke&ntoro ocaaka BaCrO,. Ilpu mammumu Ba™ -
MOHOB B CMECH MX OTAENAIOT 0T HoHOB Sr**, Ca*" nelicreuem K,Cr,O; B ipucyTCTBUM
anerata Harpus. CMechb HarpeBarOT NPH NEPEMENIMBAHUM B TE€YEHHE 2-3 MUH.
Ocanok BaCrO4 oTnenstor ieHTpud)yrupoBaHUEM.

Ocanox 5: BaCrO, Pactsop 6: Sr**, Ca**
9. Omxpoimue Sr** - uonos. Sr*" - HOHBI OTKPBIBAIOT B YaCTH PacTBOpa 6

KaleJIbHOW peakluen ¢ pOAU30HATOM HATPUSL.
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Ha ¢unbpTpoBanbHyr0 Oymary moMemiaroT Kalullo HCCIIEAYEMOI'0 PacTBOpa U
JENCTBYIOT KaIjied pacTBopa poausonara Hatpus. [Ipu 3ToM Ha Oymare nosiBisieTcs
KpacHO-O0ypoe MATHO POAM30HATA CTPOHLMSA, MCYE3AIOUIee NPU JIEHCTBUU HA HErO
karieit 2 M pactBopa HCI.

10.  Omoenenue u omxpoimue Ca’" - uonoe. K pactBopy 6 IpHIMBAIOT
NOJIyTOPHBII 00BEM HachlleHHOro pactBopa (NH4),SO4 m HarpeBaroT B TeueHue 5-
10 MuHyT.

Ocanok 6: SrSO, Pacteop 7: [Ca(SO4),]* - nonsl PactBop 7 ynmapusaror 10
HeOOIBIIOro 00béMa 1 OTKpEIBalOT Ca’’ - HOHEI AEHCTBHEM OKCAIaTa aMMOHUS
(NH4),C,0s, o6pasyromero ¢ Ca** - nonamu 6enbiii ocagox CaC,04. Ocanok 7:
CaC,0..

11.  Ilonyuenue euodpoxkcudoe xamuonog Il epynnei u ux pacmeopenue 6
uzoeimke NaOH. K 10-15 xamuisam pactsopa 4, comepxamero Al*Y, Sn**, Cr'*, Zn*,
noOapnsa0T  3-5 kanenb 3%-HOro pacTBopa MEpPOKCHIa BOAOPOJAa M 3aTeM MpuU
HarpeBaHUM U TepemelmmBaHuu npubaBisitor 6 M pactBop NaOH no monnoro
PacTBOPEHHMS BBIMABIIUX TUIAPOKCHAOB. M30BITOYHOE KOJWYECTBO IMEPOKCUIA
BOJOPO/A YIAISIOT HArpeBaHHEM. Pacteop 8: [AI(OH)s]*, [Zn(OH).]*,
[Sn(OH)6]* , CrO4*

12.  Ocaoxcoenue AP, Sn™" - uonoe 6 sude 2udpoxcuoos. K pactsopy 8
N00aBIAIOT HEOOJBIIUMU TIOPIUSAMHA KPUCTAUTMYECKUA XJIOPHJI aMMOHHS U
yHnapuBaroT pacTBop A0 Hebosbioro ooseMa. Ocagok Al(OH)s, Sn(OH)4 oTaenstot
HEHTPU(YTUPOBAHUEM.

Ocaok 8: AI(OH);, Sn(OH), PactBop 9: [Zn(NH;)4]*", CrO4*

13.  Omxpvimue AP*- uonos. Ocanok 8 pactopsror B 2 M pactsope HCI.
Pactsop 10: AI’", [SnCls]*

PactBop 10 menar Ha aBe 4acTu. B mepBoli 4acTu pacTBOpa OTKphIBArOT Al*'-

HOHBI C AJIIOMHMHOHOM II0 06p2130BaHI/II-0 KpaCHBIX XJIOIIbCB «AJIFOMHUHHUCBOI'O JIAKa».
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JI71s1 BBIMIOJIHEHHST pEaKIMU K HEeCKOJIbKUM KaruisiM pactBopa 10 mpubaBisioT
HECKOJIBKO Karesb alloOMUHOHA M HarpeBaroT. 3aTeM mpubarisitoT pactsop NH.OH
n0 mosiBieHus 3anaxa W 2-3 kamim pactBopa  (NH4):2COs;. Kpacheie xjombs
«AIFOMUHHEBOTO JIAKa» JO0Ka3bIBalOT NpucyTcTBUe Al* - HOHOB.

14.  Boccmanoenenue Sn’" 0o Sn’* u omxpwimue Sn’* - uonos. Bropyro
2-

yacTh pactBopa 10, comepxkamiero uoHbl [SnCls]”, mpoKUNSATUTHE ¢ HEOOIBIITUM
KOJIMYECTBOM METAJUIMYECKOTO IIMHKA, BOCCTaHaBMBaromero Sn* o Sn** (pactsop
11).

Honbl Sn*" OTKpBIBAIOT 10 0OPa30BAHUIO OEIIOr0, YEPHEIONIEr0 Ha BO3IYyXE
ocaaka Hg,Cl, mpu naeiictBun Ha pacTtBOop 11 HECKOIBKMMHU KAIUISIMH pPacTBOpa
ng(NO3)2.

15.0moenenue Zn>* - uonos 6 sude zuopoxcoxapbonamos u omxpvimue Zn’" -
uonos. PactBOp 9 HarpeBalOT € KOHIIEHTPUPOBAHHBIM pacTBopoM Na,CO; 10
MOJIHOTO yhaneHuss ammuaka. I[Ipu stom Bbeimamaer Oenbiii ocamok (ZnOH).COs,
KOTOPBIN OTIESAIOT IEHTPUDYTUPOBAHUEM.

Ocanox 9: (ZnOH),COs PactBop 11: CrO4*
Ocanok 9 pactBopsiror B 2 M pacteope HCl m orkpeiBaror Zn®" - HOHEI

KalejabHOW peakuued ¢ JAUTU30HOM 10 OOpa3oBaHHMIO MaJMHOBO-KPACHOI'O
OKpAaIlIMBaHUs AUTHU30HATA [IMHKA.

16. Omkpvimue Cr'* - wuonos. Cr’* - WOHBI OTKpHIBAIOT B pactBope 11
NefcTBUEM mepcyib(aTa HaTpUsi B CEPHOKHUCIION cpelie B NPUCYTCTBUM 1-2 Kamelb

+ 3+

pactBopa Ag  (katanuzatop). B npucyrctBun Cr’ - HOHOB B CMECH IIPH HAarpEBaHUU
pacTBOp NPHUOOPETAET KEITO-OPAHKEBYIO OKpPACKY, OOYCIIOBICHHYIO HAJINYHEM
Cr,O-’B pacTBOpE.

2.4 IV A”ajaurTHyeckas rpynina KaTHOHOB
K IV aHanuTH4ecKol rpymime KaTHOHOB OTHOCATCA KaTuoHel Fe’*, Fe*', Mn*,

Mg**, 06pa3syromue TpyAHOPACTBOPUMBIE THIPOKCHIEL.
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['pynnoBbIM peareHToM Jisi HUX ABJISIETCS BOJIHBIA pacTBOP aMMHaKa,
KOTOPBIN OCAKIAET 3TH KAaTHOHBI B BUJIE THIPOKCUIOB, HEPACTBOPUMBIX B N30BITKE

peareHra — pacTBOpa aMMHaKa:

:
Pl BNHOHPROm, 3N,

OypbIit ocafgok
Fe22NH4OH e(OH)z 2NH, ,  3€JICHOBAThIM

ocasiok, Oyperoluii Ha BO3TyXe

v

4Fe(OH), O. 2HO, 4Fe(OH),

OypbIii anoK
et bvmonr Mm@, 2NH, | Genbrit

0casIoK, OyperoIrii Ha BO3TyXe

2Win(OH), +0,

2MnO(OH), ;

OypbIif 0OCcazoK

e ovmor M g0, =N,

Oenblil 0CaI0K
BonpmMHCTBO COeTMHEHUI KAaTHOHOB [V rpynmel ManopacTBOPUMBI B BOJIE.
PactBoprMBI B BOZE XJIOPUABI, HUTPATBI, HUTPUTHI, alleTaThl KATUOHOB [V rpynmsl.

HepacTBOPUMBIMU ~ SBISIOTCS THAPOKCHIBI, LUAHHWABL, CylIbQHUIb, KapOOHATEI,
docoarel, a Taxxke rekcanmanodepparsl katuoHoB Fe’® m  Fe®'. OxpamreHHbIME
ABIAIOTCS  THAPOKCHABI Fe’™  wu Fe*; Mn*; docdarsl, cynbdusl,
rexcanmanodepparel Fe’* m Fe®'; coenuHeHus MmapraHma BBICIIMX CTENEHER
okucnenus (Mn*- 6ypsie, MnO,*- 3enénunie 1 MnOy™ - pO30BEIE).

Coemunenns Fe?* cmocoOHBI K OKHUCIEHHMIO, coeauHeHus Fe’' K
BOCCTAaHOBIEHHIO, Mn’’- HOHBI CHOCOOHBI OKHCIATHCS KAaK B KHUCJIOH, TaKk U B

IEI0OYHON WM HEWTpaIbHOU cpepax ¢ oopazoBanreM MnO4 , MnO4s* u MnO(OH)

N

O030p aHATUTUYECKUX peaKIMil KaTHOHOB [V rpymiel npeacrasieH B Tadu. 2.7.

Tabnuya 2.7 — Kauecmeennvie peaxkyuu kamuonos 1V ananumuueckoti epynnwl
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Pearent Mg+ Mn2+ Fes+ Fez+
NaOH wm KOH {Mg(OH), {Mn(OH), {Fe(OH); LFe(OH),
Oenbiif aMmopdHbII OEIIBIA, KPAcHO- 3eJICHOBA-

0Cal0K, PaCTBOPpUM

Oyperomuii Ha

Oypblif 0ca oK

TBIN, OyperoIuii

B U30BITKE NH4OH BO3JIyX€ 0CaJlOK, Ha BO3IyXCE, C
¢ o6pa3oBaHUEM obpasoBaHiieM
MnO(OH), Fe(OH);
BOIHBII pacTBOp {Mg(OH), {Mn(OH), LFe(OH); | Fe(OH),
NH,OH
Na,CO; L(MgOH),CO; IMnCO; ¥e(OH); ¥eCO;
K,CO; Oenblii 0CaIoK, OeIbIit 0CaZoK KPacHO- Oypblii 6e1151ﬁ, Oypeto-
PACTBOPHEM B 0CAIOK MK Ha BO3yXE
KHCJIOTaX M COJIAX ¢ obpasosammem
FG(OH)3
aMMOHUS
Na,HPO, {MgNH,PO, {Mny(PO,), LFePO,
(NH4)2HPO4 6eJII)II71, OeIbIin 0CaaoK, 6ne)1H0-)1<eJ'[TI,1171
(8 NH,OH + KPUCTAJIJIMYECKU | PaCcTBOPUM B OCa/IoK, He- -
NH.CI) 0cajioK CH;COOH pacTBOpUM B
CH;COOH
Oxkucnenue u {MnOs. KJ HNO;
BOCCTAHOBJICHHE pO30BO- Fes+ —  Fex | Fea -  Fesd
(PbO: , Na,S,0s, — ¢buoneToBoe
KJ, HNO;) OKpanInBaHue
pactBopa
Ks[Fe(CN)q| Fes[Fe(CN)gls Fe,[Fe(CN)q|
CHMHHM 0CagoK OeJIbIi 0CaloK,
B - (6epnuHCKas CHHEIOIINN Ha
J1a3yph) BO3/TyXe
KCNS [Fe(CNS)s]*pactBop
— — KPOBaBOKPACHOTO —
1BETA
K;[Fe(CN)4| PacTBOP TEMHO- Fey[Fe(CN)ql
B B 6yp0r0 I[BETa CUHHUH 0CaJIOK
TypHOYILIIeBOM
CHHU
JIMMeTHJITJIHOK- KOMIUTCKCHASI
cuM — — — COJIb KPacHOTO
1BETa

W3 nanHbIX TaOauUIE! 2.7. CAEMyeET, 94TO:

1)  xaruon Fe’" oOHapykuBarOT AByMs CIENU(PUUYECKUMU PEAKIUAMU: —

10 00pa30BaHUIO0 TEMHO-CUHETO ocaika (OepIMHCKOM J1a3ypu) npu Aeil-

creuu Ha Fe’" - nonsl pactBopom rexcanuanogeppara (I1) kamus

Ka[Fe(CN)s]:4Fe* BIFe(CN) 1,2 M Fe Fe(CN) ] 5
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110 06p8,30BaHI/II-O HOHaMHu FC3+ C podaHUIAOM KaJIud KOMIIJIICKCHOI'O
COCAUMHCHUSA, OKpallCHHOIO B KpOBaBO-KpaCHBIﬁ IOIBCT. B 3aBucumoctu oOT
KOHIOCHTpAaOIUU POAAHH] - HMOHA MOIYT O6pa3OBHBaTBCH KOMILICKChBI pPa3IMdHOTO

cocCTaBa:

[FeSCNT, Fe'*l seNFlS ] *
Fe*lr2seNtls |
Fe*l3seNt |

b gSeN [Fe(sCN)L
[Fe(SCN) |,

[Fe(SCN)s],

U TaK jajee 1o: Fe’
2)  peakuueii oOHapyxeHus Fe* - MOHOB sBiseTCs 0Opa3OBAHUE CUHETO

ocanka (typuOymieBor cunu — Fes[Fe(CN)¢]) mnpu nedictBum  pacTBOpa

rekcanranodeppata (I111) kanus Ks[Fe(CN)s]:
3 bpre(eny 1,2 N Fe Fe(cv) 1

OGHapyxeHno KaTHoHoB Fe’™ - m Fe®* 1o yKasaHHBIM peakiusaM Ipyrue
KaTHOHBI HE MEIIAlT, modToMy Fe’™ m Fe’ OTKphIBaloT B OTHEIbHON mpobe
MCCIIEYEMOTO pacTBOpa NEpE] CHCTEMATUYECKUM XOJOM aHajin3a. JTa OIepanus
ABISETCA HEOOXOAUMOM, MOCKONBKY Fe** -MOHBI CrIOCOOHBI OBICTPO OKHUCIATHCA 0
Fe’" na Bosmyxe.

3) KAueCTBEHHOM peakuuel OTKphITHS Mn®' - MOHOB SIBIISIETCS OKHCIICHHE
Mn** 10 MnOys B KHMCIIO¥ cpejie o AeHCTBHEM NepCynb(daTra HATPUs.

JIJisi BBITIOJIHEHMSI peaklud B TPOOMPKY MOMEMIAIOT 5-6 Kamelb pacTBopa
Na»S,0s, Heckonbko kanenb 20% - Horo pactBopa H,SOs, 1-2 xamm pactBopa conu
cepeOpa (karamuzarop). OKHUCIHMTENBbHYIO CMECh HArpeBalOT M OCTOPOXKHO, IO
KaIIIM BBOAAT HCCIEQyeMbli Ha Mn** - HOHBI pacTBOp [0 0Opa3oBaHMs
MaJIMHOBOPO30BOM OKpacku, o0yciaoBiaeHHON obpa3zoBanueM HMnO..

KoHuenTpanus KatuoHoB Mn>" B HCCIEIyeEMOM pacTBOPE HODKHA OBITh
au3koi. [Ipu n30eITKe HoHBEI Mn®* BoccTaHaBIMBaroT o6pasyromuecs Mn®" - HOHEI 10

oyporo ocagka MnO(OH).:
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M0, 3M 1H 0,0 shvnocom), Ve

B kauecTBe Apyroro okucauTens Mn** - HOHOB MOXHO UCIONbL30BaTh PbO,. B
3TOM Clydae ISl BBIIOJHEHHS PEaKIuM OOHAPYKEHUs KaTMOHOB Mn*" B mpoGHpKy
nomemaT 5-6 kanenbr 6 M pactBopa HNO; u goGasistor Tyna tBepabid PbO..
OKHUCIIUTENBHYI0 CMECh HArPEBAIOT M BBOIAT IO KaIUIAM HCCIEXyeMblii Ha Mn®' -
MOHBI PACTBOpP A0 OOpa3oBaHWS MAJIMHOBO-PO30BOM OKpPacKH, OOYCIOBJIEHHOU
obpazoBanneM HMnO..

4) Ka4eCTBEHHOW peakuuedl oOHapykeHus Mg>" - HOHOB SBISETCS
oOpa3zoBanue Oenoro KPUCTALIMYECKOTO oOcajka MarHuidamMmMmonui (docdara
MgNH,PO, mpu gaeiictBuu Ha  wucciemyeMmblii pactBop ruapodochaToM HATpus
Na,HPO, B npucyrcrsun NHsOH u NH,Cl. Xnopucteiit aMMoHUI nprUOaBISIOT ISt

toro, 4yToObI Tipu AeiictBur NH,OH He o6pazoBsiBaics ocagok Mg(OH)s,.

Met HPOZ - NH.OH = MgNH.POYHO, .

BrINONHATH 3Ty peakuuio JIydllle B KUCIOM PacTBOPE, MOCTEINEHHO MOHUXAas
€ro KUCJIOTHOCTH, pubasisist o karusim NH4OH no cnabomenounoit peakuuu (pH~
9). U3 pas3baBieHHBIX PacTBOPOB OCAJOK BBIMIAJACT HE cpa3y. TpeHHe CTEHOK
NPOOUPKHU CTEKIITHHON MAJIOYKON YCKOPSAET ero 00pa3oBaHHe.

Xoa aHaau3a cMecH KaTHOHOB IV aHaquTn4eckoil rpynmnbl
Cxema cHCTEMaTHYECKOrO0 XOJa aHajau3a cMecu KaTuoHoB IV  rpymibl

npejicTaBieHa B Tabmnure 2.8.

lIpedsapumenvnvie  ucnvimanus  (MPOBOAATCS B OTIEIBHBIX  MpoOax
HCCIIEyEMOTO PacTBOpPa).

1. Omkpoimue Fe’* - wuonos. 2-3 Kamim HCCIEIYEMOr0 pacTBOpa
IOMEINAIOT B MPOOMPKY M OTKPHLIBAIOT Fe?” - MoHBI aelicTBueM rekcanuanodeppara
(IIT) xamus K;[Fe(CN)]. IIpn nmammumu Fe*™ - noHOB 00pasyercss CHHMI OCamoK
TypHOyIeBoi cunn Fes[Fe(CN)g], - rekcarmanodeppara (I11) xeneza (II).

2. Omxpuimue Fe’™ - wuonoe. 2-3 Xamwmm HCCIEAyEMOro pPacTBOpa
IIOMEILAIOT B MPOOMPKY M OTKPHIBAIOT Fe’™ - noHbI nelictBueM rekcanuanodeppara
(II) xamuss Ku[Fe(CN)s]. Ilpun mamuumu Fe’* - umoHOB 0Opasyercs CUHUIT Ocamok

oepnunckoi nazypu Fes[Fe(CN)g]s - rekcarmanodeppara (I1) sxenesa (I1I).
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Cucmemamuyeckuii Xxo0 ananuza
1. Omoenenue cuopoxcuooe kamuornos IV epynnei. K UCCIIElyEMOMY

pacTBOpy m00aBist0oT m30bITOk 6 M pactBopa NaOH wm 3% - HOro pacrtBopa
nepokcuaa Bojopoaa. M30BITOK MepoKcHaa BOAOPOJA YIAISIOT KHIISTIYCHHEM.
OcafoK OTAENSIOT HEHTPUPYTUPOBAHUEM.

Ocanox 1: Fe(OH);, Mg(OH),, H,MnO; PactBop 1: (He uccnemyercs)
2. Yacmuunoe pacmeopenue ocaoxka 1. Ocagox 1 oGpabarsiBator 2 M

pactBopoM HNOs, He pacTBOPUBLIMICS OCAaJOK OTACIAIOT UEHTPU(PYTHPOBAHUEM U
poMbIBaroT Bomoi. Ocanok 2: HoMnOs Pactsop 2: Fe**, Mg*

3. Pacmeopenue H:MnO; u omxpuimue Mn’" - uomnos. Ocamok 2
oOpabareBaror 1-2 ¢’ 6 M pactBopa HNO; u 0.5 c¢m® 3% - HOro pacrsopa
nepokcuaa Bojopona. Cmech KUIATAT A0 TnoiHoro pasnoxenus H>O,. B
TIOJIy4EHHOM PAcTBOPE OTKPhIBAIOT Mn’®* - HOHBI AelicTBUEM Nepcyibdara HaTpus
Na,S,0Os B CepHOKHCIONW cpeae B MPUCYTCTBUM 1-2 Kamenb coju  cepedpa
(kaTamuzatop).

B npucyrcTBud Mn*' - HOHOB HOSBISETCS KPAcHO-(PUOIETOBOE OKpAlIUBAHUE
pactBopa, 00ycnoBiaeHHoe oopazoBanueM HMnO,.

4. Omoenenue Fe'* - uonoe om Mg”* - uonoe. K pactBopy 2 npuOaBisior
2M  Boasbii pactBop NH4sOH 10 $BHO mIENOYHONM pEAaKIUMU W HEMHOIO
KPUCTANIMYECKOTO XJIOpUAa aMMOHHUs. OCaloK OTAEISAIOT LEHTPUDYTUPOBAHUEM.

Ocajok 3: Fe(OH); PactBop 3: Mg*" - HOHBI
B pactBope 3 oTkpbIBaloT Mg - noHBL. JIjIs 9TOro K pacTBOpPY 3 NPHIIMBAIOT 2-

3 xammu 2 M pactBopa runpodocdara ammonus (NH4),HPO, u 3 kammum 2 M
pacteopa NH,Cl. B mpucyrctBum Mg*® - HOHOB BhIIagaeT Oembli  0CamoOK
MgNH4PO4.

Tabnuya 2.8 — Cxema cucmemamuuecko2o xo0a ananuza kamuonos 1V
AHANUMUYECKOU 2PYNNbl

Onepaunu PeakTuBbl Fex+, Fes3+, Mn2+, Mg2+
Otnenenue NaOH + H,O, npu Ocanok 1 Fe(OH)s, PactBop 1| He
THAPOKCH]IOB KUMITYEHUNA H:MnO;, HCCIICAyCTCA
KaTUOHOB IV Mg(OH),

TPYIIITBI
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Yactuunoe HNO; Ocanok 2 H;MnO; PactBop 2
pacTBOpPEHHE OCaJIKa Fes+, Mg2+
1
Ornenenue Fe’* or NH,OH + NH,CI Ocanok 3 Fe(OH); PactBop 3 Mg**
Mg+ -MOHBI
OrtkpbiTe Mg™ Na,HPO, Beimagarot 6enbie kpuctamisl MgNH PO,
MOHa
PactBopeHnue HNO; + H,0; Pacteop 4 Mn**
H>MnOs -MOHBI
OtkpbiTHe Mn** Na,S;0s + H,SO, MnOQ¥4- KpacHo-
HMOHOB +Ag" ¢duoneroBoe
OKpallliBaHue
Bomnpocs! st 00cyxneHust
I. Kakne comm KATHOHOB  YETBEPTOM  AHAIUTUYECKOM  TPYMIBI

PacTBOPUMBI; HEpacTBOPUMBI? Ha30BHTE OKpaIICHHBIE COEIUHEHHSI KATHOHOB Fe?,
Fe**, Mn*", Mn®" u Mn"".

2. [Touemy Oenbiii ocanok Fe(OH). Ha Bo3ayxe ObICTpO MpeBpalaeTcs B
Oyps1ii? Hammumure ypaBHEHHE COOTBETCTBYIOIIEH PEAKIUH.

3.  Kakue xauecTBeHHbIE peakuuu s KathoHOB Fe®" m Fe’* mambGonee
cnenu(puuHbpl? 3aluUINTe YpaBHEHMsI 3TUX pPEAKIU U Ha30BUTE MOJIYUYCHHbIE
COCJIMHEHHSI.

4. [ToueMy @pu JOeHCTBUM Ha OECHBETHHIE PACTBOPHI KaTHOHa Mn**
CUJIBHBIX OKHCIIUTENIEH MOSIBISETCA po30Bas okpacka? Hanumure MoOJeKyJIApHbBIE U
MOHHOMOJIEKYJIAPHBIE YpPaBHEHUS PEAKIMi B KUCION cpeme Mexay Mn* u: 1)
nepcyibdarom HaTpus; 2) PbO.,.

S. KakoB anroputm CHCTEMaTHYECKOTO XOJa OIPEAECICHUHM CMECHU
katuoHoB [V  anamutuueckoil rpynnsl? [lonbiTaiitech co3parh  OJIOK-CXeMyY
IIOCJIEIOBATENBHOTO Pa3/IEICHNs] KATHOHOB 3TOM CMECH.

2.5 V AHaauTHYeckas rpynmna KaTHOHOB
K V aHamuruueckol rpymme KaTuoHoB oTHocsaTcs kKatnoubl Co”', Ni*', Cu*,

Cd**, Hg*", oOpasyromue TpyJHOPaCTBOPUMBIE THAPOKCHIbI, PACTBOPSIOIIUECS B H3-

osiTke NH4OH ¢ 00pa3oBaHreM KOMILIEKCHBIX COSIMHCHUI — aMMHaKaTOB.
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prHHOBBIM p€arcHToOM Ha KaTHOHLI Vv rpynnbl SABJIACTCA BO}IHLIﬁ pPacTBOp
aMMuakKa, KOTOpBIﬁ OCAXKAACT YKa3aHHBIC KaTHOHBI B BUJC TMAPOKCHUA0B, OCHOBHBIX

coJiel 1 aMUJ0COECIMHEHUN:

Snpls !¢ EN 3
Co’ o NH4OI_> oOHCZ H,,

CUHUU 0CaJIOK
a

] +
one S0 Hvro (NiOH)zSO42NH4,

eJICHBINA 0Cago
o £ i—> l 3
2w TS0 2NH40 j;uomzsa Ezmu,
3€JICHOBAThIN 0CaJg0K
ca % onmon 2 Meaom,. 6eJ1 ocano
" E] + =
H W bveon ==Y vy e, Tam o,

OeJIblil 0ca oK
Bce yxazannble ocaaku pactBopumbl B u30biTke NH OH c oOpazoBanuem

KOMIIJICKCHBIX COGIH/IHGHI/Iﬁ — dMMHAKaTOB.

= e ] El
CoOHCITNH,OH [CONH( ;o) I SO NHTCI @H 2 ,  KOMIIJL.

COCINHCHUC FpHSHO-)KéJ'ITOFO IIBE€TA
(NiOH),SO,12NH,OH ~ 2INi NH( 16) | SE@ 12B O, , KOMILL
COCANMHCHHUEC CUHCT'O IIBE€TA
(CuOH),SO.8NH.OH  21Cu NH(::) I %@ 2% 81? @) ,  KOMIUIL.
COCANMHCHHUEC CUHECI'O IIBE€TA

CA(OH)ANH,OH — [Cd NH(s.) ]ZOHH 0.,
OecIBETHOE KOMILT. COEIMHEHHUE

NH.H|CBNH.OH [HI(NH, )} 3HO+C1. ]

OecLIBETHOE KOMIUI. COEJIMHEHNE
[Ipyn nelcTBUM KHUCJIOT aMMHUAKAThI KaTHUOHOB V TPYHIIBI Pa3pylIalOTCs C

obpaszoBanuem 6ojee ycroitunBbix NHy' - HOHOB:

]
[Co NH(56) | H 02 BBNH4.
BonpIIMHCTBO COENMHEHMN KAaTMOHOB V TIPyNIbl MajopacTBOPUMO B BOJE,

MHOTHE W3 HHUX OKpalleHbl. PacTBOpHMBI B BOJI€ XJIOPHUIBI, HUTPUTHI, HUTPATHI,
arietaTsl, cyibdarel. HepacTBopuMBI B BOJIE THAPOKCUIBI, TeKcamuaHodeppaTsl,

cynbduabl, kapooHatsl, pocdartsl, okcanaTel, HOIUI PTYTH.
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OKpaIHCHHBIMI/I COCIUHCHUSIMU ABJIAIOTCA BCC COJIM KAaTHOHOB \Y I'PpYIIIbI,

O6pa3y€MBI€ KHCJIOTaMM C OKpall€HHBIMH aHHMOHaMH, COJIM MCAN — BCC FOHY6OFO

nBeTa, rTMAPOKCUABI MCIH,

CyJIb(PUIBI — OKpALIEHBI.

KoOasibTa, HUKENs, QocdaThl KoOaabTa, HUKEIS U BCE

O030p aHaTUTUYECKUX PEAKIUI KaTUOHOB V Ipynibl MPUBEICH B Ta0I. 2.9.
W3 naHHbIX, IpeICTaBICHHbIX B TaOuuLbI 2.9, cienyer, 4ro:

1)

KaueCTBEHHBIMU pEaKIHsIMU  OOHApyKEHUS

SABJIAFOTCA:

oOpazoBaHue

JKEJITOrO

KPUCTAJNIMYECKOrO

ocaaka

Co*

KOMILIEKCHOU

HOHOB

COJIN

K;5[Co(NO,)s] mpu neicTBUM HA HE CIUIIKOM pa30aBJICHHBIM pacTBOp, COACPKAIIUMA

Co®" - nonsl, pactBopa HuTpuTa Kajus KNO,, OJKHCIEHHOrO YKCYCHOM KMCIOTOM:

Co™ I INO, T 3KH | 2cH,coORR Co NO(

COJIM C @-HUTPO30- F-HapTOIOM NP HArPEBAHUU:
Tabnuya 2.9 — Ananumuueckue peakyuu kKamuonog V ananumuueckou epynnul

2 o M lacr.cook b,

o0Opa3zoBaHne 0OBEMHICTOTO KPACHO-OYPOTO 0CaIka BHYTPUKOMILIEKCHON

Pearent Coz+ Niz+ Cuz+ Cd2+ Hgz+

1. NaOH wim COOHCI‘L JfNi(OH)z Cu(OH)z i« Jde(OH)z »LHgO
KOH 6e3 u30bITKa|  pyipmii 3€JICHbIN rony6oit OeIbIit 0caloK KENTHIN

0CATIOK 0CajioK 0CATIOK 0CajIoK
2NaOH wm YCo(OH),| {INi(OH), | mpu YCd(OH), VHgO
KOH B PO30BbIH, 3€JIEHBIN HarpeBaH OembIii JKENThIN
U30BITKE Oy- . 17071

PIOIIHH 1a CuO yepHbIit
BO3/IyXe
3. NH,OH CoOHCI (NiOH),SO,[¥(CuOH),SO, | JCd(OH), V[NH,Hg]
0e3 u30bITKA d 3eJICHBIN 3€JICHOBATHIN | OEIbIi 0CaIoK Cl1 6enbrit
CUHMIi ocafok| ©OCaloK 0Ca/IoK 0CazioK
OCHOBHOU
comu
4. NH,OH [Co(NH:3)]*" | [Ni(NH3)]*" | [Cu(NH;)4]** [CA(NH;)4]* [Hg(NH;)4]**
B U30BITKE IpH KOMILIL. KOMILIL. KOMILIL. OecLBETHOE KOMILI. | OECLIBETHOE
HarpeBaHUU COCJTMHEHUE coeu- COCJTUHCHUE COCJTUHCHHE KOMIIJL.
NH3 TPSA3HOKENTOT|gHeyue cuHero| SPKOCHHETO coeIMHEHHE
O OBE€Ta IBE€TAa aBETa

5.Na,HPO, VCosy(PO,)| ¥Ni(OH),

2 3€JICHBIN

gl/loneTOBH DPACTBOHM B B B B

paC’TBOpI/IM | KHCMOTAX

KHCJIOTax
6.Ki[Fe(CN)s]  |[Coy[Fe(CN)s [VNi[Fe(CN)s| YCus[Fe(CN)e] | YCda[Fe(CN)g] VHg,[Fe(CN
rexkcanuanodeppa ] ] KPaCHOKOPHYH OenbIit )s]
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T (II) kanus 3€JICHOBATBIM |  JKEJNITO3€JIe| €BBI YKEITOBATHI
HBIN 51
7.NaxS,05 YCw,S + S [Cd(S203)2]26ecmBeT ¢HgS
THOCYJB(AT TEMHO-0ypBbIii HOE KOMILI. YepHBIT
HaTpus ( Ipu B - COCIMHEHHE
HOIKHCIL U t°)
8.BoccraHoBu - Cud ~LHg
tenu: Al, Fe, - - KpPacHOTO - YEPHOTO
Zn, SnCl,, Cu 1BeTa BeTa
9.KNO, B | VKi[Co(NO,
YKCYCHOKHCIION )s] — — — —
cpene JKEITHIN
10,2 gutposo V[C1sH4(NO)
Ha(TON 0]3Co
C10H¢(NO)(O KPAcHO- a a a B
H) Oypblii
11. (NH.),S CoS 4 YNiS dcus VCdS xenToiii VHgS
UYepHeiit YEepHBIN YEepHBIN YEPHBIN
12. JIluMeTnnrinok \LKpaCHHﬁ
cum B NH,OH — 0CajioK,
cpene - KOMII- — — —
JIEKCHOU
COJH
13.K[BiJ]4 VBil; YepHbIN
_ _ _ 0CasIoK, Hcyes. _
npu 106. KJ
14. KJ VHgl,
OpamKe
BO-
- - - - KpAacCHBIH,
pacTBOpUM B
o . n30bITKe KJ
CoBC H(NO)OH) —¥ [C Hioo(NO) 10 :Ca-3H ™
a-HUTPO30- A-nadromn KpacHO-OypbIi 0CaZI0K
2) KAYeCTBEHHOW peakuuel oOHapyxeHuss Ni** - HOHOB SBISETCS

O6p330BaHI/IG SAPKO-KpPAaCHOI'0O oOCaJKa JUMCTUIITIIIMOKCHUMATAa HHUKCEILA IIpU

BBaPIMO,IIGfICTBHPI I\Iiz+ - HOHOB C paCTBOPOM AUMCTHIITIIMOKCHUMA:

0

H

O

1
CH,~CENOH  HEC FC=N N|Bc —CH,

|
CH,|-¢ = NOH

| \
He FeE | VY Eeldn,

N

N
|

/ |

i

+2H"
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0 0
H

3) KAueCTBEHHOM peakiuell obHapyxenus Cu’’ - HMOHOB sABISETCA

O6pa30BaHHe APKO-CHHCTO KOMIIUICKCHOI'O COCAWHCHUA [Cu(NH3)4]Z+
aMMHaKaTta MEOu INpPU JECHUCTBUM HA COJIb Cu®" u30BITKa BOJHOIO pacTtBopa
NH4OH;

4) KAYeCTBEHHBIMU peakuusaMu  oOHapyxenus Cd** - uoHOB
SABJISIFOTCSL:

~— obOpa3zoBanue spKo-xkentoro ocanka CdS npu qobaBieHnn K pacTBoOpy,
conepxkaiiemy Cd** - monbl, 2 M pactBopa (NH4),S B mpucyrcTBUM
ammuagHoro Oydepuoro pactBopa (NH.OH + NH.Cl); — obOpa3oBanue
uépHoro ocaaka Bil; npu nobasnenun k pacTBopy, conepxariemy Cd>” - HOHBI,

HECKOJIbKUX Karelnb pactBopa K[Bil4]:

et b(pir] > Car, ¥ bpir

CdlL, €dl, I,] OecIBETHOE  KOMILI.
COeIUHEHHE
5) KA4ECTBEHHBIMU pEakMaAMH oOHapyxeHus Hg”™ - HOHOB

ABJIAIOTCA .

— oOpasoBaHue opamxeBo-kpacHoro ocagka Hgl, mpu neiictBum KI Ha
F]
pacTBop, cogepkaiuii Hg*" - nonsl: Hg “tedr Hgl,

Henp3st nobasnsare u30biTok KI, mockonbky ocagok Hgl, pactBopsiercst B

u30bITKE pearenrta, o0pa3ys BecbMa yCTONUMBBIA KOMIUIEKCHBIA OH [Hgls]:
Vgt 131 hgry

Boccranosienne Hg”' - iB Io METaILIN KOPE[)TYTI/I neiicteueM SnCly:
2HgCl, I HgQCﬂ'n“ Cl, OeJIBIii OCaJIoK,

YEPHEIOIINM Ha BO3IyXE

¥ Ho.Cl S5 bV s 2 cr

YEPHBIN 0CaJI0K
Cxema cUCTEeMaTHYECKOr0 X0/1a aHaju3a KaTUOHOB V TPYIIIbI MPe/ICTaBIcHA B

tabmure 2.10.

Cucremarunyeckmii X001 aHaj/in3a CMeECH KaTHOHOB \% Irpynibl
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1.  Omoenenue Hg*, Cu’* -

uonos 6 eude cyabghuoos.10 Kanenb

UCCJIelyEMOTO pacTBOpa MOMEUIAlT B MPOOUPKY, 100aBisatoT 2 M pacTBop cepHOit

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

Ocanoxk 1: HgS, CuS, S

PactBop 1: Co*, Ni*", [Cd(S,05).]*, S*
Ocanok cynsdunoB HgS u CuS otnenstor neHTpudyrupoBaHueM.
Tabnuya 2.10 — Cxema cucmemamuuecko2o Xxo0a AHAIU3A cmecu Kamuonos V.

epynnul
OINIEPAIIMU PEAKTUBbI Coz+, Niz2+, Cuz+, Cd2+, Hg2+
Otnenenue Na2S203+H2S04 Ocagok 1 PactBop 1
Cu2+u Hg2 (pu HarpeBaHUM) Hg@uS, @ Co2+, Ni2+,
[Cd(S203)2]2-, S2-
Otnenenue HNO; Ocanoxk 2| PactBop 2
HgS (ocanox 1) | (npu HarpeBaHum) HgSY¥%'S v Cu** -noHbI
Orkpeitue Hg* HCI + H,0, PactBop 3
(ocamok 2) (Ipu HarpeBaHUM) H,[HgCls]
a) SnCl, Q)4epHBII 0ca oK
b) KJ Hg
b) opanxeBo-
kpacHbiii HgJ»
Orxpeitre Cu** NH;(BoaHBII PactBop 4
(pactBoOp 2) pacTBop) [Cu(NH;),)]*
-FOHBI
Orkperrne Co** | a) KNOs+ a)¥K[Co(NO,)]
(pactBop 1) +CH;COOH JKEJTOTO IBETA
B -muTpo3b- b) ocamox
HadTOI KpacHOOyporo
1BETa
Ortkpeitie Ni** | JIUMETUITIIHOKCUM JIMMeTUATTHOKCHUMAT
(pactBop 1) HUKEJIs, 0CaI0K
SPKOKPACHOT'0 1IBeTa
Orxpertue Cd* a) K|[BiJ4] BiJ; (uepnbrit) CdS
(pactBop 1) b) (NHs).S (>xenThIit)

2. Omoenenue HgS. Ocanok 1 obpadarsiBator 3 M HNOs;, HarpeBaroT 10

nepexoza B pactBop Cu’" - HOHOB (PaCTBOP CTAHOBUTCS TOJTYOBIM).

Ocanok 2: HgS, S

Pacteop 2: Cu*" - HOHBI
3. Omxpuimue Hg’'- uonos. Ocamoxk 2 00pabaTbIBalOT IPH HAIPEBAHUM

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

42




PactBop 3:
[HgCly]*Monsr Hg** orkpeiBarot: aeictueM SnCl, mo o6pa3zoBaHmio 4€pHOIo
0CaJIKa METAUIMYECKON PTYTH; aerctBuem Kl.

4. Omxpoimue Cu’'- uomnos. 2-3 xamum pactBopa 2 obpabarbiaror 2 M
BOJIHBIM PAaCTBOPOM aMMHaKa 0 IIeJ0YHON peakuuu. B npucyrcreun Cu®'- HOHOB

PaCcTBOp OKpPAIIUBACTCA B CHUHMU OBCT.

Pactop 4: [Cu(NH3)4]*" - nousl
5. Omkpoimue Co’", Ni**, Cd**- uonos. PactBop 1 nensar Ha 3 yactu, B Ka-
KJIOH M3 KOTOPBIX OTKPBIBAIOT 3TU HOHEI CIICHU(DUUECKUMY PEAKIHAMH:

~ Co*'- MOHBI OTKPBIBAIOT, IPUOaBss K pacTBopy 1 2-3 kamu 2 H pacTBopa
CH;COOH u 5-6 xanenb 6 M pactBopa KNO». B npucyrctBun

Co*- unoHOB oOpasyercs KENTHIM  KPUCTAUIMUECKHH  OCaIoOK
K3[CO(N02)6].
[ToxrBepauts Hamuuue Co*'- HMOHOB MOXKHO peaklMel ¢ «-HUTpo3o- A-

HadTOIOM IO 0OPa30BAHUIO0 KPACHO-OYPOTO OCaIKa.

Ni*- MOHBI OTKpHIBaIOT mpubaBIeHueM K pactBopy 1 2 M pactsopa
NH,OH pgo menoyHoil peakuuu W 2-3  Kameilb CHOUPTOBOTO  pacTBOpa
AuMeTUITIMOKcHMa. B nipucyrerBun Ni*'- HOHOB 00pasyeTcst SpKO-KpPacHBIi 0cagioK

JUMCTUITJIMOKCHUMAaTa HUKCJIIA.

Cd*'- noHBI OTKpPBLIBAIOT: a) 10 00Pa30BaHUIO APKO-KEnToro ocaaka CdS
npu aobaBieHun K pactBopy 1 2-3 kamenp 2 M NH4OH, HeckoabKHX KpYNHUHOK
NH.Cl u 2 M pactBopa (NH.4).S; 0) mo obOpazoBanuto u¢pHoro ocaaka Bils mpu
nobaBiaeHUn K pacTBOpY | Heckosnbkux Kameib pactBopa K[BiJs]. Bompocsl mis
00Cy:K1eHUs
1. Kaxkue coenrHeHnst 00pa3yroT KaTHOHBI IATOM aHATUTHYECKOU
IPYIIBI CPACTBOPAMHU aMMHUaKa: 1) B 9KBUBAJICHTHOM KOJUYECTBE; 2) B
u30bITKe? HanummmTe ypaBHeHHs] COOTBETCTBYIOMMX peakiuil. [loctapaiitech

3aIIOMHUTB LBET NPOIYKTOB PEAKIUN.
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2. [Tpu KakuX yCIOBHIX 00pa3yrOTCs 00pa3yroTCs CACAYIOIINE
BelecTna: 1)
K;5[Co(NO,)s], [C Hyo (NO) 10 ;Co, mameTnnramoxkcuMat Hukens; 2) [Cu(NH;).]*;

3) CdS, Bils; 4) Hgl,, Hg,Cl,? Hamumure cOOTBETCTBYIOIINE YPaBHEHHUS PEaKITUH.

VKaKuTe LBET 3THX coequHeHnit. Kakue KaTHOHBI MAECHTH(QUIUPYIOT C MOMOIIBIO
3THX KaY€CTBEHHBIX MPEBPALICHUN?
3.  Kak orgensror karnonsl Hg” u Cu®" oT Ipyrux KaTHOHOB HATOM
rpynnb? Kak pasaensior Hg” u Cu®* ? 3anuiunre ypaBHEHHS BCEX
IPOTEKAIOIIUX [IPH 3TOM XUMUYECKUX MIPEBPAILEHHUIA.

4. Kak BeIrnsaut cxema paszaenenus nosos Co®", Ni**u Cd**?
CucremaTnyecknii xoa anajau3a cmecu katuonos III, IV u V rpynn
IlpenBapuTenbHble  HMCHBITAHUA  (IPOBOAATCS B OTAENBHBIX  IIPobax

UCCJIelyeMOT0 PacTBOpa).

1. Omxpwimue Fe’" - uonos. 2-3 KaIuii UCCIETYEMOro pacTBOpa
HIOMEINAIOT B IPOOKMPKY U OTKPLIBarOT Fe*" - MOHBI feiicTBHEM Tekcanuanodeppara
(IIT) xamust K;[Fe(CN)g]. [Ipu nammunu Fe** - HoHOB 00pa3yercs CHHUI 0CamoK
TypHOYJeBoi cuan Fes[Fe(CN)g], - rekcarmanodepparta (I11) xeneza (II).

2. Omkpoimue Fe’" - uonos. 2-3 KaIuld UCCIEAyEMOro pacTBOpa
IIOMEINAIOT B IPOOKMPKY U OTKPLIBarOT Fe’™ - MOoHBI feiicTBHEM Tekcanuanodeppara
(I1) xanus K4[Fe(CN)s]. ITpu Hannuuu Fe*" - noHoB 00pasyeTcsa cuHmil 0camoK
oepaunckoi nazypu Fes [Fe(CN)g]s - rekcarmanodeppara (I1) sxenesa (I1I).

CucremaTu4eckni X0 aHAIM3a
1. Omoenenue xkamuonos I1I epynner om xamuonos IV u V epynn. K 10-15

KaIIsIM UCCIEYeMOr0o pacTBOpa J00aBJISIOT HECKOJIbKO  Kareslb IMEepOKCHJa
BOZIOpOJIa U U30BITOYHOE KosnyecTBO 2 M pactBopa NaOH, HarpeBatot B TeueHue 2-
5 MHMH U TIIATEIBHO MEPEMEUIMBAIOT CTEKISIHHOW manoukoil. M30BITOK mepokcuaa
BOJIOpOJIa yAAISIOT KunstaeHueM. Oca oK OTACISIOT EHTPU(YTupOBaHUEM.

Ocanok 1: Fe(OH);, MnO(OH),, Mg(OH),, Co(OH)s, Ni(OH),, Cu(OH),,
Cd(OH),, HgO
PactBop 1: AlO,, SnO;*, CrO4*, ZnOy
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2. Omoenenue xamuonos IV 2pynner om xamuonos V pynner Ocanok 1
PacTBOPAIOT NPH CJIa0OM HArpeBaHMM B HEOOJIBIIOM KOJNH-yecTBe 2 M pacTBopa
HNO; B nmpucyrctBuu nepokcuaa oaopona. Ilpu stom MnO(OH), u Co(OH);
nepexoar B Mn*" u Co®" - HOHBL.

Pactsop 2: Fe*', Mn*", Mg*", Cu**, Cd ** Ni*, Co*", Hg*'- uonsl.
K pactBopy 2 npubasnstor 2 M pactBop Na,COs 10 MOTHOTO BhIACICHUS

0CaJIKa, 3aTeM MOJIyYEHHYIO CMECh 00pa0aThIBAIOT M30BITOYHBIM KOJTUYECTBOM

BOJHOI'O paCTBOpa aMMHUAKa U HAIrpCBArOT:

Ocanok 2: Fe(OH);, MnCOs, (MgOH),CO;
PaCTBop 3: [CU(NH3)4]Z+, [Cd(NH3)4]2+, [NI(NH3)6] 2+, [CO(NH3)4] 2+,

[Hg(NH;)a]**

3. Ananuz  xamuonoe Il cpynnvi. Anamm3 xatnoHoB I rpynmer
MIPOBOJUTCS B pacTBope 1.

Ocaoicoenue A, Sn™* - uonos 6 uoe cudpoxcuoos. K uactu pactsopa 1
100aBISIOT HEOOIBIIMMHY MOPIUSAMU KPUCTATUTMUSCKHUHN XJIOPU] aMMOHUS U
yHapuBaroT pacTBOp a0 HeOombioro oosema. Ocagok AI(OH)s, Sn(OH)s oTtnenstor
HEHTPU(PYTUPOBAHUEM.

Ocanok 3: Al(OH)3, Sn(OH)4 PactBop 4: [Zn(NH3)4]2+,

CrO«20mxpuimue AP*- uonos. Ocanok 3 pacteopsior B 2 M pactsope HCL

PactBop 5: AI’*, [SnCls]*
PactBop 5 nmensat Ha nBe yacTu. B mepBoil yacTu pacTBOpa OTKpPBIBAIOT A

1°*-
WOHBI C ATFOMUHOHOM 110 00pa30BaHUIO KPACHBIX XJIOMBEB «ATFOMUHHUEBOTO JIAKay.

JIJisi BBITIOTHEHUSI PEaKIMM K HECKOJBKUM KaIUsIM pacTBOpa 5 MpUOaBISIOT
HECKOJIBKO Karelib allOMUHOHA W HarpeBaroT. 3arteM mpubasisitor pactBop NH,OH
n0 mnosiBiaeHus 3anaxa W 2-3 kamim pactBopa  (NH4)2CO;. KpachHeie xionbs
«AIIFOMUHUEBOTO JIaKa» J0Ka3bIBalOT NprcyTcTBUE Al* - HOHOB.

Boccmanoesnenue Sn** 0o Sn** u omxpeimue Sn’*. Bropyo yacth pactBopa 3,
comepxaniero MoHbl [SnCls]*, NPOKUIATUTE ¢ HEOOIBIIMM  KOJIMYECTBOM

METAJIMYECKOro IIMHKA, BoccTaHaBnuBaromero Sn*' mo Sn** (pactsop 6). Monsl Sn**
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OTKPBIBAIOT JICMCTBHEM Ha pacTBOp 6 Hg, (NOs), nmo obpa3zoBanuto 6esnoro,
gepHeroero Ha Bozayxe ocaiaka Hg,Cl, .

Omoenenue Zn’* - uonos u omxpoimue Zn’" - uonoe .PactBop 4 HarpeBarr ¢
KOHIEHTPUPOBAHHBIM pacTBOpOM Na,CO; 10 nmosHOro yaanenus ammuaka. [lpu stom
BhbIniafiaet 0enbiil ocaiok (ZnOH),COs, KOTOPHBIA OTAEHSIOT HEHTPUDYTUPOBAHUEM.

Ocanok 4: (ZnOH),CO; PactBop 7: CrOs*
Ocanok 4 pactBopsior B 2 M pactsope HCI u oTkpeIBaroT Zn”>" - HOHBI

KarneJbHOM peakuuen ¢ AUTU30HOM 10 00pa30BaHUI0 MAIIMHOBO-KPACHOTO
OKpaIlWBaHUS IUTU30HATA ITMHKA.

Omxpoimue Cr'* - uonos. Cr’* - MOHBI OTKPHIBAIOT B PacTBOPE 7 NEHCTBHEM
nepcyiabdara HaTPUSA B CEPHOKKCIION Cpe/ie B MPUCYTCTBUU 1-2 Kareab pacTBopa Ag”
(katanuszarop). B mpucyrctBuu Cr'* - MOHOB B CMeCH IIPH HArpeBaHUM PAacTBOP
IpHOOPETAET IKEITO-OPAHXKEBYIO OKpacKy, oOycinosieHnyro Haauduem Cr,O,°B

pacTBope.

AHanau3 katTuoHoB IV rpynmnsl
AHanu3 HEOTKPHITHIX KaTnoHOB IV rpynnsl (Mn**, Mg BenyT B ocazke
2.0canok 2 obpadorate pactBopom NH4Cl nmpu HarpeBanum.
Ocapoxk 5: Fe(OH)3;, MnCOs PactBop 8: Mg*
B pactsope 8 onpenenstor Mg”" - noHsL. JIj1s 3TOro K HCCIIELYEMOMY PacTBOPY

npunuBaroT 2-3 kamwm 2 M pacteopa (NH,),HPO,. B npucyrcreun Mg** - nonos
BbITIafiaeT 6enbiii ocaiok MgNH.PO..

Ocanok 5 pactBopsaoT B 2 M pactBope H.SOs u oTKphIBaroT Mn*>" - MOHBI
nemctBrueM nepcynbdara Hatpus Na,S,Os B KUCTION cpejie B IPUCYTCTBUH 1-2 Kamnenb
comu cepebpa (karamuzatop). B mpucyrctBum Mn*' - HOHOB MOSBISETCS
KpacHO(HUOJIETOBOE  OKpalllUBaHUE PacTBOpa, OOYCIOBIEHHOE OOpa3oBaHUEM
HMIIO4.

AHAJIM3 KATHOHOB V rpyNIbI
AHanu3 KaTHOHOB V IPYIIIBI IPOBOJMTCS B PACTBOPE 3.
Omoenenue Hg'", Cu’" - uonoe 6 éuode cynvghuoos. 10 kanens pacTBopa 3

MOMENIAIOT B TPOOUPKY, 100aBISAIOT 2 M pacTBOp CEpHOM KUCIOTHI 10 IBHO KUCTOMN
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peakiuu, 2-3 cm® 2 H pactBopa Na,S,0;, narpesaror. Ocanok cyiabdumos HgS u CuS
OTJIEISIOT EHTPUPYTUPOBAHUEM.

Ocanox 6: HgS, CuS, S PactBop 9: Co*", Ni*", [Cd(S,05).]*, S*
Omoenenue HgS. Ocagox 6 oOpabareiBator 3 M HNO;, HarperaroT 10

nepexona B pactBop Cu’’ - HOHOB (PacTBOP CTAHOBUTCS TONIYOBIM).

Ocanok 7: HgS Pacteop 10: Cu** - HOHEI
Omxpwvimue Cu’*- uonoe.2-3 xamnu pactsopa 10 o6padateiBaror 2 M BOJHBIM

pPacTBOPOM aMMHaKa J0 LIEJIOUHOM peakuun. B mpucyrcrun Cu®’- HOHOB pacTBOp
OKpAaIlUBACTCS] B CHHUU LIBET.

Pactop 11: [Cu(NH;)4]*" - noHsI
Omxpoimue Hg’ - uonos. Ocanok 7 06pabaTelBalOT MPU HAIPEBaHUM CMEChIO 2 M
HCl u 3% - noro H,O, (1:3).

Pacteop 12: [HgCL]*
Wonsl Hg" otkpeiBaroT: neiictBueM SnCl, o 00pa3oBaHUIO YEPHOrO OCajKa

METAJUIMYECKOU pTYTH; AercTBueM Kl.

Omxpwimue Co’, Ni**, Cd**- uonoe. Pactsop 9 mensar Ha 3 yacTu, B KaxI0# U3
KOTOPBIX OTKPBIBAIOT 3TH HOHBI criendruueckuMu peakisamu: Co>' - HOHbI
OTKPBIBAIOT, MMpUOaBJIsis K pactBopy 9 2-3 karum 2 M pactBopa CH3COOH u 5-6
kanenb 6 M pacrsopa KNO». B npucyrcteun Co’ - HOHOB 00pa3yeTcs KeThli
kpuctasmuyeckuit ocagok K;[Co(NO,)e].

[ToaTBepAUTH HANTUUKE Co*"- HOHOB MOKHO pEAKIMEN C c-HUTPO30- B
HadTOIOM 1O 0OPa30BaHUIO KPACHO-OYPOTO OCajIKa.

Ni**- HOHBI OTKPHIBAIOT IpHOABIEHHEM K pacTBopy 9 2M pactsopa NH,OH 1o
LIEJIOYHOM PeakMu U 2-3 Karellb CHUPTOBOrO PaCTBOPA IUMETUITIINOKCUMA. B
npucyTcTBur Ni*'- HOHOB 00pa3yeTcst IpKO-KPaCHBIH 0Cal0K AUMETUITIMOKCHMATA
HUKEJIS.

Cd**- MOHBI OTKPBIBAIOT: IO 0OPA30BAHUIO APKO-kKENTOro ocaaka CdS npu

no0aBiieHnHU K pactBopy 9 2-3 kanens 2 M pactBopa NH4OH, HeCKOJIBKUX KPYITHUHOK
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NH.Cl u 2 M pactBopa (NH.4).S; no o6pa3zoBanuto uépHoro ocajaka Bil; npu
n00aBIIEHUU K pAcTBOPY 9 HECKOIBKUX Kareib pactBopa K[Bily].

Bonpocs! ajist 00cyxaeHus
1. Kakpe KaTHOHBI TpEThEH AHAIMTUYECKOM TPYNIbl OTKPBIBAIOT B

OTZIETHHBIX TTPo0ax?

2. JleicTBHEM KaKuX pEareHTOB BEAYT OTACJIEHHUE KATUOHOB TPEThEU
AHAJTUTUYECKOW TPYIIIBI OT KATUOHOB YETBEPTOW M MATOU Tpymm? YKaKUTE COCTaB
0CaJlka U pacTBOpA MOJIYYEHHBIX IIPU 3TOM.

3. Kak oTnensitoT KaTHOHBI YETBEPTOW AHAIMTUYECKOM TPYNIbl OT MATOM?
[IpuBenuTe COOTBETCTBYIOIINE YPABHEHUS PEAKLIUM.

4. Kakpe xuMuueckue TMpeBpalleHUs] NPOBOIAT IPU KAauECTBEHHBIX
VCCIIEOBAHUAX KaTUOHOB TpEThEW, ueTBepTod u msaTor rpynn? Ilombertaiitech
NPEAJIOKUTh COOCTBEHHYIO BEpPCUIO aJIrOpUTMa TPOBEJCHUS aHalh3a CMECU
KATUOHOB YKa3aHHBIX IPYIIIL.

2.6 VI AnajnuTnyeckas rpynimna KaTHOHOB
K VI ananutudeckoii rpyrie KaTHOHOB oTHOCATCs kKaTroHbl K, Na', NH4" (cm.

tabin. 2.11). XapaktepHoil 4epToil KaTHOHOB VI TIpynmbl SBISETCS XOpOIIAs
pacTBOPUMOCTb B BOJ€ OOJIBIIMHCTBA WX COEIMHEHHI. XOpOIIO pacTBOPUMBI
docdaTel, XJTOPUIBI, HUTPATHI, CyIb(aThl, KAPOOHATHI, THAPOKCUIBI U Ap. [ToaToMy
KaTuoHb! VI rpynmnsl He MOTYT ObITh OJJHOBPEMEHHO OCaXICHBI C MOMOIIBIO KaKOTo-
a100 peakTuBa, TO €CThb HE UMEIOT OOIEro IpynroBOro peare’ra, uro omimyaer VI
IpyMnIy KaTHOHOB OT BCEX OCTAJIbHBIX IPYTII.

Karnonst VI rpymnmel OGecrBeTHbI, M pacTBOpPbl OOJIBLIIMHCTBA HX COJEH
OecuBeTHbl. OKpalleHHbIMM COCIMHEHMSIMU  SIBIISIIOTCS ~ XpOMaThl  (3KENTHIE),
Ouxpomarbl (OpaHXKeBbl€), MaHraHaThl (3€JICHbIE), IepMaHraHaThl (MaJIMHOBO-
KpacHblie), rekcanranodeppatsl (II) (Gkenteie) u ap.

Karuonsr K" wu Na® ycroW4mBbI K JCHCTBHIO OKHCIUTEICH WU
BoccraHoBuTeneit, NHs" - HOHBI COCOOHBI OKHCISITHCSI MPU JACHCTBUHM CHIIBHBIX

OKUCJIUTEJIEH:
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ONH Cl, #3cn, 2N, T SHCI.

Tabnuya 2.11 — Kauecmeennvie peakyuu kamuonos VI ananumuueckou epynnwl

Pearenr K+ Na* NHa+
1. NaHC4H4O(, - kHC4H406 — OebIid NH4C4H406 — OeJbIi
THIIpOTapTpaT KPUCTAJUTMUECKUN — KPUCTAJUTHYECKUN
HaATpUA
2. Na;[Co(NO,)s] — K;Na [Co(NO,)q] — ¢ NH,);Na [Co(NO,)s] —
KOOAbTUHUTPUT JKEJTHINA — JKENTHIN KPUCTAIITUICCKHMI
HATpUSA KPUCTAJUTHYECKUN
3. KH,SbO, — (1a NaH,SbO, — HsbO; — Gesiit
XO0JI0AY) - Oenblit amMopQHbII
4. Peakuus brnenno-¢puonerooe Kenroe mnams
OKpaIIUBaHUs TTaMst -
TUTAMEHU
5.KOH, NaOH (npu Boizenenne NH;T
KHUTISTYCHHH ) B B
6. Na2CO3, K2CO3 Brinenenne NH;T
(Ipu KUTNISTYCHUN ) B B
7. PeaktuB Heccnepa {ngONHz]I
K;[HgJs]+ KOH B B KpacHOOYpHIii

N3 Ttabn. 2.11. cnemyeT, 4TO KayeCTBEHHBIMU pPEAKIUSIMH OOHAPYKEHUS
KaTUOHOB VI rpynmnsl sIBISIOTCS:

1) NHs - wuoHbl oOHapykuBaiT jeWictBueM 1meiaoun NaOH Ha
UCCIIeyeMBIi pacTBOp MpH HarpeBanuu. IIpu Hammauu NHs' - HOHOB M3 MPOOUpPKH
JoJKeH BbIAEIAThCS NHs, KOTOpBIA ONpenensioT: mo 3amaxy; Mo MOKPacHEHUIO
Oymaru, CcMOYEHHOM B pacTBope (peHosdTanenHa.

2) Na' - HOHBI OTKPBIBAIOT PEaKIMEll OKpAIIWBaHUS IUIAMEHH, KOTOPOE
cou Na“ OKpalIiBaroT B XKEITHI IIBET.

3) K’ - HOHBI OTKPHIBAIOT MO OOPA30BAHUIO KEITOTO KPUCTATUTUYECKOTO
ocaaka Kj;[Co(NO)s] mpu JelcTBUM Ha UCCIAEAYyEeMbI pacTBOp 2-3 KaIlIsiMH
Na;[Co(NO»)s] B ykcycHokucioit cpeae. [IpoBeaenuto 3Toi peakiuu Memaror NH,"

- wonbl, ooOpasyromme ¢ Nas[Co(NO,)s] XEnTelii o0cagoK JIBOWHOW COJHU
(NH4):Na[Co(NO,)s]. TTostomy NHs" - HOHBI ClieayeT yaalsTh M3 HCCIELYEMOIO

pactBopa mepen orkpeitieM K - wonoB. Yganenwe NHy - HOHOB IPOM3BOIAT
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HarpeBaHueM uccieayemoro Ha K - nonsl pacteopa ¢ pobasieHreM 2 M pactBopa
NaOH no npexpaliiieHus BbIICJICHUSI aMMHUAKA.

Cxema cHCTEMAaTMYECKOrO0 XOJa aHajgu3a CMECHM KaTHOHOB VI TpymIibl
npuBeeHa B Tads. 2.12.

CucreMaTn4ecKuil X0 aHAJIN3a CMeCH KAaTHOHOB VI aHaIMTH4YeCKO# Irpynibl
1. Omxkpvimue Na* - uonos. TIpoBomUTCS U3 OTIACIBHON 4acTH PacTBOpA.

MenHyt0 mpoOBOJIOKY, KOHEL KOTOPOW 3arHyT B YIIKO, MPOKAJIMBAKOT B IJIAMEHU
TOpENKH, yOSTUBIITUCH B YUCTOTE MPOBOJIOKH.

Tabnuya 2.12 — Cxema cucmemamuueckoco Xo0a aHAIU3a cmecu kamuonos VI

epynnbl
Ipo6a Onepanun PeakTuBbI K*, Na*, NH,"

1. OTxpbiTHE

Na+ -noHOB OkpanirBaHue XKenrast okpacka

(OT[[G.HBHaH IJ1aMCHU IJ1aMCHU

4acTh MPOOBI)

2. Otnenenue u OTnenenue u NaOH npu Pactop 1 K*
yranenne NH4" ynanenne NH," | kumstaeHnu 1o Boitenenne NHT | - o
- HOHOB HOHOB ucuesnosenus NH; T
3. OTKpBITHE Na;[Co(NO)|
K- 1oHoB Otkpeitue K'-nonos|  Na3[CoNOu)s] + | _ semrami 0CALOK
(pactBop 1) + CH;COOH

3areM 3arHyThlii KOHELl MPOBOJIOKA CMAUYMBAIOT UCCIEIYEMBIM PACTBOPOM M
BHOCAT B HECBETAIIYIOCS YacCTh IIJIAMEHU T'a30BOM TOPEIIKH.

[Tnams ropenku B MpUCYTCTBHM Na' - MOHOB B PacTBOPE OKpAIIMBACTCS B
JKENTHIN IBET.

2. Omkpoimue u omoenenue NH," - uonos. B mpoOHpKy HaluBarT 5-8
Kafeyib HCCIeIyeMOro pacTBopa, AoOaBisitoT 5 kamenb 2 M pactBopa NaOH,
HarpeBatoT. [Ipu Hammumum B ucciemayemoMm pactBope NHi' - MOHOB W3 mpoOHpKH
noyxeH BoiaensaTbed NHs . Ero onpenenstoT: mo 3amaxy; mo MOKpaCHEHUIO Oymard,
CMOYEHHOM B pacTBope penondranenta. IIpu Hamuunu NH,™ - HOHOB HccieyeMblii

pacTBOp CJIEAYyET HarpeBarTh 0 MPEKPAIICHUS BbIJCICHUSI aMMHUaKa.

50



3. Omxkpvimue K' - uonos. Tlocne momHoro yaanenuss NHy™ - uoHOB B
npoOupky npubasistor 3-4 xamnu 2 M pactBopa CH3;COOH wu 2-3 kamm pactBopa
Na;[Co(NO,)s]. ITpu nanmuunu K - nonos BeimagaeTt sxenthiit ocagok K;[Co(NO,)s].

Bomnpocs! st 00cyxaeHUs
1. [louemy 1711 KaTUOHOB IIECTOM AHAIMTHUYECKOM TPYNIBI HET E€IMHOTO

IPYIIOBOro peareHra?

2. Bce nu moHbI IeCTOM IpyNITbl YCTONYHBBI K IEUCTBUIO OKUCIUTENICH?
3. Kakue xumuueckue mpeBpalieHusi HauOosnee cHequpUYHbl s

nonoBNH,", Na" u K™ ? IIpuBenre mpuMepsi.
4.  Kak BBIIJISIUT aIrOpUTM ONPEAEIICHHUS KAKIOro M3 KaTHOHOB NH4+,
Na+ uK+ npu ananuze ux cmecu?

3 AHAJIU3 AHUOHOB
Heilicmeue sadxcHetiuiux peakmugos Ha AHUOHbL
AHaJIA3 aHMOHOB CYLIECTBEHHO OTJIMYAETCS OT aHAJIM3a KaTHOHOB. Ecmm 1uis

KaTUOHOB  CYIIECTBYET CHCTEMAaTHYECKUH XOJI aHalau3a, I[OCTPOCHHBIM Ha
MOCJIEI0BATENILHOM JICJICHUU MX HA TPYNIBI C MOMOUIBIO TPYNIOBBIX PEAr€HTOB, TO
JUISl aHUOHOB TAKOT'O CTPOTO CUCTEMATHYECKOTO X0/1a aHAJIN3a HET.

Pa3noo6pa3ubie kiaccupuKai aHHOHOB OCHOBAHBI Ha PEAKIUSAX OCAXKIICHUS,
Pa3NoKEeHHs, KOMIUIEKCOOOpa3oBaHMs, OKHCIEHHUsI - BOCCTaHOBIIeHHs. B kadectse
IPYNIOBBIX PEAreHTOB HCIIOJIB3YIOTCA COJU Oapusi, cepeOpa, KaibllMs, CBUHIIA,
IMHKA. DTH peareHThl MPUMEHSAIOT MpU pa3inuHbix 3HaueHusix PH pactBopa. B
KaueCTBE TPYINOBBIX PEareHTOB HAa aHUOHBI JIETKO Pa3araéMbIX KUCIOT UCIOJIb3YIOT
takke pactBopbl kucinoT (CH;COOH, HCI). Pa3nuuHoe OTHOIIEHHWE aHUOHOB K
okucinurensm (KMnOs + H,SOs) wim BoccranoButensim (KJ + H,SO.) Taxke
MO3BOJIAET [JIEUTh AHWOHBl HA TPYIIbl MO Pa3IMUUI0 MX OKHUCIUTEIbHO-
BOCCTAHOBUTEJILHBIX CBOMCTB.

CormacHo knaccuukanuy, TPUHATOM B JaHHOM Kypce, BCE aHHOHBI

moApasacCIArOTCA Ha AIBC aHAJIUTHYCCKHUC I'PYIIIIBI:

I rpynma - anroHbI, 6apueBbIe COJIU KOTOPHIX pacTBopuMEI B Boje: Cl°, Br,

J, S*, NOs", NO, -HOHBI.
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II rpynna - aHMOHBI, OapreBbIE CONM KOTOPBIX MAJIOPACTBOPUMBI B BOJIE:
SO42-, SO32-, S2032-, CO32-, PO42-, S1032- - HOHEL.
eticmseue coneu oOapus. PactBopumblie conu Oapusi ¢ anuoHamu Il rpynmel

obpasytot 6enpie ocaaku: BaSO,, BaSOs;, BaSO4, BaS;0s, Ba;(PO,),, BaSiO; wu 1.1

Ba> + SO —> BaSO,

Cynbdur, Tuocynbdar, kapOoHAT, CWIMKAT Oapus  paszjararmTcs

Hanpuwmep:

XJIOPUCTOBOJOPOTHOM KUCIOTOM C BBIAEIEHUEM COOTBETCTBEHHO SO», SO, + S, CO;
nu HleO}

Cynbdat Oapus MpakTUYECKU HU B YEM HE PACTBOPHUM.
eticmseue pacmeopumvix coneii cepebopa. PactBopuMble coim cepebpa ¢

anmonamu I u Il rpymnmer 06pasyroT 6enbie ocaaku Ag>COs, Ag,Si0s, Ag,SO4, AgCl,
Ag,S,0s; xwentoie ocanku Agl, AgBr, Ag;POs; yepnsbiit ocanok - Ag,S. Tuocynbdar
cepeOpa MepexoauT NpPH CTOSIHUM B YEpHBIA ocagok Ag,S, kapboHar cepebpa
MOCTETIEHHO YEpHEET, nepexos B Ag,0.

eticmeue pacmeopumvix coneu yuuka. PacTBOpuMbIe COJIM IIMHKA O0pa3yroT
oenbie ocaaku ZnS, (ZnOH),COs, ZnSi0s;, Zn3(PO4),, pacTBOpUMBIE B KUCJIOTAX:

ZnS +2H" — H,S + Zn*".
Heiicmeue pacmeopumvix coneii cmponyus. Colu CTPOHIMS 00pa3yioT Oelble

ocaaku cocraBa SrSiOs, SrSOs, Sr3(PO.),, SrSO.. Bee ocanku, 3a HCKIIOYEHHUEM
SrSO4 , pacTBOpUMBI B KHUCIOTaXx. JTUM CBOMCTBOM SrSO,; MONMB3YHOTCS IS
2-
otaenenuss SO4~ OT Apyrux aHMOHOB Il rpynmsl.
eticmeue munepanvrvix kucaom. 1lpu AEeHCTBUU MUHEPAIBHBIX KUCIOT Ha
conu paznararommxcsi kucior, Takux kak H,COs, H,SOs;, Beigenstores razel CO; u
SO,:

Na,CO; + 2H* H,0 + 2Na",
Na»S,0; o 1eficTBHEM KHUCIOT pa3jiaraeTcs:
Na,S,0; + 2H" = VS + 2Na" + SO, ¥ H,0.
Cunukatsl 00pa3yroT 0cajoK MaJIOPacCTBOPUMON KPEMHHUEBOW KUCIIOTHI:
N2,Si0; + 2H* 2Sio3 +2Na'.
KonuenrpupoBanHas cepHas kucnora oxkuciser HBr, HJ:
2HBr + H,SO; = Br, + SO, 2H,0
2HJ + H,SO4 — ), + SOzT"‘ 2H,0.
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Jleticmeue okuciumenet u occmanogumeneu. CUIbHBIE OKHUCIUTEIIHN
OKHCIIAIOT Bce aHUOHBI | rpymmbl 3a uckimoueHrneM NOs™ - HOHOB.

B 3aBucumoctn oT ycioBuit mpoBeneHuss peakiuu Cl° - HOHBI MOTYT
okucnateced 1o Cl,, Cl1O7, ClOs5, ClO4 - nonos; J u Br - nonsl 1o J,, Br,, a Takxke 110
JOs, BrOs -nonos; NO; - 10 NOs™ - noHoB; S* - uons! 10 S, SO, u SO4* - HOHOB.

Hutpat - wonsl BoccranaBimuBarorcs 10 NO,, NO, N,, NH;, NO, u NH,' -
noHoB; NO; - nonsl - 10 NO, N,, NHs.

Hons! Si0:*, SO, COs*, PO4* He crtocOOHBI K OKUCIICHHUIO.
Honsr SOs”, S,05%, SO4* - BOCCTaHABIMBAETCS CHIBHBIMUA BOCCTAHOBHTEISIMHU.

Noner CO;*, SiOs* He CKIOHHBI K PEaKIUsIM BOCCTAHOBIICHUS.

3.1 IlpoBeneHue npeaBapuTEeIbLHbIX UCIBITAHUM
Haubonee uenecooOpa3Ho HayMHATh aHAJIUM3 AHMOHOB C TPOBEIACHUS

NpeABAPUTEIbHBIX UCTIBITAHUM JIJI1 TOTO, YTOOBI YCTAaHOBUTH OTCYTCTBHE B PACTBOPE
HEKOTOPBIX aHHOHOB M TAKUM 00pa3oM YIIPOCTUTH JaTbHEUIINNA aHAIU3.

Yemanoenenue pH pacmeopa. Ecnu peakuus UCCIETyEMOro pacTBOpa Kucias
(pH §), B HEM HE MOTYT MPUCYTCTBOBATh AHUOHBI JIETYYUX U HEYCTOMYMUBBIX KH-

CJIOT, T.€. CO32_, SO32_, S,05* u NO;.
Eciu peakuus UCCIeIyeMoro pacTBopa IIEJI0YHask WM HEHTPaIbHAs, B HEM

MOTYT MPUCYTCTBOBATh BCE paccMaTPUBAEMble AHHUOHBI.

Ilpoba na ewioenenue 2azo06. HeckolbKO Kamenb HCCIETyEMOIO pacTBOpa
(srydie - KpynmUHKY TBEpAOTro BemiecTBa) ooOpadateiBatoT 2 M pactBopom H,SO4 u
CJIeTKa BCTPSIXMBAIOT COAECpKUMOe TpoOupku. Ecnu BeieneHus: my3bIphbKOB ra3a He
3aMeTHO, MpoOupKy HarpeBaroT. O6paszoBanue razop (CO,, SO,, NO,) yka3bIBaeT Ha
BO3MOXHOCTH npucyrcteus CO;>, SO;™, S,0: u NOy.

[Ipu 5TOM UCIIBITAaHUM CIIEYET 110 BO3MOXHOCTH YCTAaHOBUThH COCTAB
BBIJICJISIONINXCS Ta30B, UCIIOJIB3YS UX XapakTepHble cBoicTBa: a) CO, — OeclBETHBIN
ra3 0e3 3araxa, BbI3bIBAIOIIUM TOMYTHEHUE U3BECTKOBOU BOJIbI (€€ TOMYTHEHHUE
MOET OBITh BbI3BaHO Takke SO») ; 6) SO, - ra3 ¢ 3amaxom ropsieit cepsl,

BBI3BIBAIOIINI 0OecIiBeUrBaHue pa3zdaBieHHbIX pacTBopoB KMnO, u J»; B) NO, -
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KpacHO-OypbIii Ta3 ¢ XapaKTEPHBIM PE3KUM 3allaxoM; TP MPOMYCKAHUU €T0 Yepe3
pactBop KJ Beizensercst cBOOO HBIN WO (TIpo0a ¢ KpaxMajiom).

Ilpoba na anuonwi I epynnsi. K 2-3 xamisim ucciaeayemMoro pacTBopa
npu6OaBistoT 2-3 karum pactBopa AgNOs. Eciim oOpasyercst ocaiok, mprOaBisioT
Heckoibko Kanenb HNOs. HepacTBopuMocTh 0cajika yka3blBaeT Ha BO3MOKHOCTh
npucytcTBus caenyrommux coneit: AgCl, AgBr, AgJ, Ag,S (oOpazoBanHOTr0 1100 C
noHoM S, 6o B3aumoeiicTueM nonHa S,0s;* ¢ Agh).

Ilpoba mna anuonvr Il cpynnei. K 2 xamimsM HEUTpaabHOTO  WIU
cna6omenqu0rogL0pa (pH 7 9) npubasnsitor 2-3 xaru pactBopa BaCl..
OGpa3oBaHue 0CaKa YKa3pIBae€T Ha BO3MOKHOCTE IPUCYTCTBUA HOHOB: SO4*, SO;%,
PO43_, 82032-, CO32—.

Ecnu ocanka He o6pasyercs, To aHuoH S,0;” Bee kKe MOXKET IPHCYTCTBOBATh B
pacTBOpe, TaK Kak OH ocakaaercs Ba®* - HOHaMM TOJIBKO U3 IOCTATOUHO
KOHIICHTPHUPOBAHHBIX PACTBOPOB.

Ilpo6vl na npucymemeue anuonos-eoccmanosumernei. K 3 kamism
UccleyeMoro pactBopa npubasistoT 1 karmio 2 M pactBopa mienouu u 1-2 karmim
pazbaBnenHoro pacrBopa KMnO, . B oTcyTcTBHE OCajika HarpeBaroT pacTBOp Ha
BoAsHOM OaHe | muH. Brimanenue 0yporo ocanka MnO(OH), yka3piBaeT Ha HaTMuue
aHUOHOB- BoccTanoBurenei (SOs*, S:0:*, J u ap.).

Ecnu mpegpinyniee MCHObITAHHE [OKA3aJlo MPUCYTCTBUE BOCCTAHOBUTEIIEH,
JIPYTYIO MOPLHI0 HccleayemMoro pactBopa noakucisioT H.SOs u npuOapisoT 1o
KalyisiM pa30aBieHHBIA pacTBOp #0Jla, OKpalIEHHBIM KpaxMmMajioM B CHHHUM IIBET.
OGecuBeunBanye pacTBoOpa yKas3biBaeT Ha npucyrcreue SOs™, S,05%.

lIpo6a na npucymcemeue anuonos-oxucaumernei. K 2-3 xarmisim ucciaeayemMoro
pacTtBopa, noaxkuciaeHHoro 2 M pactBopom H,SO4, npubaBisitioT HECKOJIBKO Kamneb
6en3oia nim xaopodopma u 1-2 karum pactopa KJ .

[TosiBnenne (mpu B30aNTHIBAaHUU) (HDUOJETOBOM OKPACKHU CJIOSI PACTBOPHUTENS

yKa3bIBa€T Ha MPUCYTCTBUE aHUOHOB -okucautenet (NO;', JOs™ u ap.).
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3.2 OOHapy:KeHHMe HEKOTOPBHIX AHHOHOB APOOHBIM METOA0M U3
OTAeJIbHBIX OPLUUH pacTBOpa

Omxpoimue u omoenenue S° - uonos. Hurponpyccun Harpust Nay[Fe(CN)sNO]
maer ¢ S - HOHOM XapakTEPHYIO KpacHO-(DUOJIETOBYIO OKDACKYy BCJIEACTBHE
obpazoBanus komiuiekcHoro coeauHeHus Nasj Fe(CN)sNOS].

Eciu annon S* OTKPBIT, K 5 KaluisiM PacTBOpa J00aBbTE HEMHOIO BOIHOM
cycnenzuu CdCO; u B30osraiite. [{ommkeH o0pa3oBaTbes sIpKO-KeNThii ocanok CdS.
OtueHTpuyrupyiTe OCafoK W HPOBEPHTE Ha IOIHOTY OCAXKACHUS AHUOHA S*
JeiicTBrueM HUTponpyccuna Hatpus. LlenTpudyrat nucnonszyercs Ajis 0OHapyKEeHUs
OCTaBIIIUXCSI HOHOB.

Omkpoimue SO/ -uona. K 2-3 KamusM HCCIELYEMOrO pacTBOpa,
noakucnenHoro HCI, npubasere 5 kanens 0.01 M pactBopa KMnO4 u pactBop
BaCl,. 3arem n36b1To0k KMnO4 BoccTranasiuBatoT AeiictBuem H,O,, mpuuem pactBop
oOeclBeUnBaeTCs, a OCaJOK OKPAIIMBAETCS B PO3OBBIM I[BET, YTO CIYXKHUT
JIOKA3aTeLCTBOM MPUCYTCTBUS B HeM BaSOs , OKpalieHHBIM COOCaXKICHHBIM
KMnOs.  Droii peakuuell Heb3s IMOJb30BAaThCs B NPUCYTCTBUM aHMOHOB SO;”,
S,05%, 1.k. onun okucisroress KMnO4 1o SO4* -MoHa.

Omkpoimue PO;". K 1-2 xamnam pactBopa PO, - nona mpubasisior 8-10
Kareinb MOJIUOJACHOBOM X)ujakocTu (pactBop monmbaara ammonus (NHs):MoO,; B
HNOs;) . OOpa3yercss XapakTEpHBIM  KEIThIM  KPUCTALIMYECKUH  0OCaJIOK
dbochopomonnbrara aMMOHUS:

PO.> + 3NH,' + 12MoO.> + 24H" = YNH,); [PM01,04] + 12H,0
Ocanox ¢ocdopomonubaaTa aMMOHHUS pacTBopseTcs B W30bITKe ¢ocdara,

MOATOMY peareHT HeOoOXO0IUMO T00aBISATh B OOJIBIIIOM HU30BITKE.
ITpucyrcTBre B pacTBope Boccranosurenei (SOs™, S*, S; 0;7) Memaer
pEakIyH, T.K. OHM BOCCTaHABIMBAIOT Mo’ 10 MonubaenoBoii cunu. B pacteope

TAaKKC HEC JOJDKHO OBITh OOJBIINX KOJUYCCTB XJIOPHUOOB.
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Jliist okucnenus BocctaHoBUTeNel u yaanenus yactu Cl -noHOB cienyet
MPOKUIITUTH 2-3 KaruM pactBopa ¢ 2-3 kamsimu 6 M pactsopa HNO; u B
IIOJIyYEHHOM PacTBOpE IIPOBOAUTH YKA3aHHYIO PEAKLHIO.

MarnesunanbpHas cMech, T.e. cMech MgCl, ¢ NH4sOH u NH.Cl Boinenser Oenblii
kpuctammueckuit ocanok MgNH4POy4:

HPO,> + NH,OH + Mg> =N MeNH,PO, + H,O
Omxpvimue NO; -uona. K 2-3 KamwisgM HCCIELYEMOrOo pacTBOpa

noakucienHoro 2 M pactsopom H,SO4 mpubaButh HECKOJIBKO Karenb OeH3ona u 1-2
kar pactBopa KJ. TlosBrnenue mpu B30aNThIBAHHUM OKPACKH CIIOS PACTBOPUTENS
yKa3biBaeT Ha npucyrcreue NO, -noHa.

Ora peakuuss NPUMEHHMA TOJBKO B OTCYTCTBHE B pacTBOpPE JpPYyrux
noHosokucureneit: MnOyg, CrO,> u ap.

B xauecTtBe mpoBepouyHOl peakiuu Ha mpucyTtcTBre NO, -MOHAa MOXET OBITh
UCIIOJIb30BaHa peakius o0pa3oBaHUsi JBYOKMCH a3ora (raza Oyporo I1Bera,
oOpasyrolierocsi B BepXHEH 4YacTh MPOOMPKU) MNPU MOAKUCICHUH HCCIEAYEMOro
pactBopa 2 M pactBopom H,SO; .

Omxpvimue NOs -uona. KadecTBeHHOU peakiueil oOHapyxeHuss NO; -nona
ABIIAETCA  KalenbHasg peakuus ¢ aupeHwtamMuHoM. Ha TimarenbHO BBIMBITOE U
IPOCYIIEHHOE YacOBOE CTEKJIO MOMEIAT 4-5 Kamellb pacTBOpa Ju(peHUIaMrUHa B
KoHIeHTpupoBaHHOW H>SO,. BHOCAT Tyna ke Ha KOHUMKE CTEKIIHHOM MaJlOYKU
OYEHb HEMHOro uccienyemoro pactsopa NO;  u mepememmBaroT. B npucyrctBun
NOs HOHa TOSBISIETCS HMHTEHCHUBHO CHHSAS OKpacka BCJIEACTBUE OKHCIICHHUS
muenunamuna oodpasyromeiics HNOs.

Oty ke peakmuio naetr NO, -uoH, modtomy NO; -uoH ¢ nudeHmIaMuHOM
OTKPBIBAIOT TOJBKO B OTCYTCTBUM B pactBope NO, -HOHAa U JpPYrux

HOHOBOKHCIIMTEIICH.
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B ciydae ecnu B pactBope npucyTcTByeT NO, -HOH, €ro He0OX0AUMO YAAIUTh
nepen orkpbiTueM NO; -uona. Yganenne NO, -HOHA JOCTUTAETCS OCTOPOKHBIM
HarpeBanuem pactBopa ¢ TBepbiM NH4Cl wnn (NH4)>SO4:

NH,* + NO» 2H,0
[Tono6no consim ammonus aeiicteyetr moueBuHa CO(NH,), B kucinoi cpene:

INO, + 2H' + CONH ). Ch 4 3N, H3H,0

B 4 kansax pactBopa NO,™ - noHa pacTBopstoT 0koJio 0.1 T MOUYEBUHBI;
MOJIYYEHHBIA PacTBOP MO KaruisiM npubaBiisioT K 2-4 kamisaMm 2 M pactBopa H,SO..
Kaxayto cienyronryro Karmito npruOaBisioT TOIBKO MOCTE TOT0, KaK 3aKOHYUTCS
OypHas peakius ¢ Npeablayen Kamien

Korna Beck pactBop OyeT npubasiieH, )KUIKOCTH JJaI0T HEKOTOPOE BPEMsI
nocToATh. [locie yero ee OTAEIpHY0 NOPLIMIO UCIIBITHIBAIOT HA MPUCYTCTBUE NO;
noHa peakuuen ¢ KJ B mpuCcyTcTBHME KpaxMaiia, o OKpallMBaHUIO PaCTBOPA B SIPKO
CUHUU LIBET.

3.3 CucreMaTH4eCKHUil X0/ aHAJIN3a CMECH

aHUOHOB | aHAIMTHYECKOH IPYIIIbI

K 1 ananuruueckoii rpynne anuoHos otHocarcs : Cl, Br, J, S*, NO,, NO5
MOHBI.

00630p peakuuii | rpynmsl npuBeaeH B Tadnuie 3.1.
Tabauya 3.1 — O630p peaxyuti anuoros I ananumuieckoti 2pynnsvl AHUOHO8

Ny
n/ | Pearenr Cr Br- J- Sa- NO2- NOs-
n
1 BaCl, - - - - - -
2 | AgNO; lAgCl-| JAgBr—| lAgl- lAg,S —| JAgNO,; -
Oenblii HKEITBII KEITBII YepHbI | Oenblil 0casoK
0CaJIoK, | OCaloK, 0CaJIOK, He- 0CaJIoK, (u3
HEpacTBOp | He- pacTBOPHM B | pac- KOHIICHTPUPOBaHH
UM B pacTBOpUM KUCIIOTaX, TBOPUM B | BIX PACTBOPOB) -
KHCJIOTAX, | B KMCJIOTaX,| PaCTBOPUM B HN()3
PacTBOPUM| pacTBOPHM NH,OH
BNH,OH |
NH,OH
3| HSO, m,sT |NO+HNO;
(paz0.) — — — 2NO +0; — —
2NO2
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4 | H2804 HCl |HBr+Br,] L+S0,0 | HS[S0;[INOINO, NO,T
(koHII.) + S0,
5| Pb(CH; PbCL,—| IPbBr;-| {PbBr;- {PbS —
C00), OenbIii, | OCIBIN, OCIBIH, YEPHBIH,
pacTBOpPHM| PAcTBOPHM| PacTBOPUM B pacTBOpuM:
B ropsiueii | B ropsiuei | ropsyen B _ _
BOJIE, BOJIC, KH- BOJIC, KH- HNO;
KucnoTax,| CJI0Tax, |CiOTax, Menoyax
nienoyax | IEI0Yax
6 | Oxucmuremn | Cl,XC10", | Bry, BrO L S MSOZ , i HNO;
(KMnO,, ClOs, |(xpacHoOyp| (po3oBoduoneTo| SO, -
CrO42.), ClO, oe Bo€ OEH30IIBHOE | oy
Cl; - Bona HOHBI | OCH30JIBHOE|  KOJIBIIO), B
KOJIBIIO ), 10s-
BrQOs-
7 |BoccraHoBuTE NO ,mNz , QOZT NO N, , M
B10 N, O T .
(KIn 1p.) OypbIit
ras,
NO;, NOy
HOHBI
8 |dudennmnamun HCI HBr + Br, L + SOt Cunee Cunee
+ H2S04 +S0,7 _ OKpalllMBaHUE | OKpalllUBaH
(xoHI1.) ue
9 |Na;[Fe(C Nay[Fe(CN
N)sNO] - )s
HUTPO- NOS] -
npycceun KOMIUIEKCH
HaTpUs — — - oe — _
COCTMHCHH
€ KpacHo-
¢buoneToBo
ro IBETa
10[ CdCOs- icds -
CyCIICH3Us - - - HKENTBIN - -
0CaJIoK

AJNTOpUTM aHAJIM3a CMECH aHUOHOB | aHAMMTHUYECKOM TPyl TOKa3aH B Tabi. 3.2.
7.4.1. Ilpeosapumenvuvle ucnvimanus (MPOBOAATCS B OTACIBHBIX IMOPIUAX

UCCIIeIyeMOT0 pacTBOpa)

Onpeoenenue pH-cpeovi. Kamnio wuccineayeMoro pactBopa IOMENIAIOT Ha

YHUBEpPCAIbHYIO HMHIMKATOpHYI Oymary u ompeznensitor pH  pactsopa.

Ecnu

pacTBOp HE MaxHET CEepoBOJOPOJOM u 3HaueHue pH-cpeast He Oonee 1-2, TO

npucyrcreue NO,, S -HOHOB, a TaKKE MOHOB, 0OPA3YIOIIHMX JETYYHE MPOIYKThI B
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KHUCJION cpeac NCKIYCHO, KaK 1 COBMCCTHOC IIPUCYTCTBUC aHHNOHOB OKHUCJIUTEIICH U

BOCCTAHOBUTEJIEH.

2.0mkpoimue u omoenenue S* -uona. KauecTBEHHON peakiuei OTKpeITHs S* -

HOHa ABJIACTCA 06paaoBaHHe KOMIIJICKCHOI'O COCIMHCHU KpaCHO-CI)I/IOJIeTOBOFO OBCTa

¢ HutpomnpyccusioM Hatpusa Na[Fe(CN)sNO].

Ecimu S* -MOH OTKpHIT, e€ro yaansior aeiicteuem cycrnensuu CdCO; B Buae

CdS.
Ocanoxk 1: CdS Pacteop 1: CI', Br, I, NO,, NO5s
Tabnuya 3.2 — Cxema cucmemamu4ecko2o X00d aHaiu3a cmecu aHuoHos 1
epynnbl
Onepanuu PeareHr CI, Br, J°, S*, NO;, NO; - HOHBI
OTtkpeITHE U CdCO; Ocanoxk 1 PactBop 1
OTJIEJICHUE UOHOB |  (CyCreH3us) ‘cds CI, Br , J°, NO;, NO;s - nonsl
S-Z
Otnenenne CI, AgNO; Ocagox 2 PactBop 2 NOy,
Br-, J~ - noHOB ‘l’AgCl, NO; - noHbI
(pactBop 1) ! [AgBryAgs
Otnenenue (NH4),CO; Ocanok 3 PactBop 3 [Ag(NH;).]",
CI - nonos AgBl@gJ CI - nonsl
(ocanok 2)
OTKpBITHE KBr Ocanok 4 PactBop 4 He
CI - noHos ‘l'AgBr uccieayercs
(pactBop 3)
IlepeBon AgBr u | Zn + H,SO, Ocanok 5 PactBop 5
AgJ B pactBOp n J°, Br™ - HOHBI
(ocaziok 3) PactBop 6V
OTKpbITHE Cl; - Boma + J, OKpaiBaHue Br;
Brul - nonos OeHzou OEH30JILHOTO OKpalvMBaHue 0E€H30JIb-
(pactBOD 5) - KOJIpIA B _| HOTO KOMbIIa B KPacHO
(buoIeTOBO-PO30OBHIiA BATO-GypHIif IBET
[BET
3.0mkpoimue u omoenenue NO; - uona. KaueCTBEeHHBIMH PEAKIUSIMU

oOHapyxkeHust NO, - noHa SABJISIOTCS: 00pa30BaHUE OKPALIEHHOIO cJiosl O€H307a B

npucyrctBun NO, - TOSBIICHHE

oyporo raza NO, , oOpasyrwomerocss mnpu

NOJIKHCIIEHUH HCCIenyeMoro pactBopa 1 M pacTBOpoM cepHOM KHCIIOTHI,

IIpu obHapyxkennu NO, - nOHA €ero HeOOXOUMO YJAIUTh U3-32 MEIIAIOLIEr0

BIUAHUS 0Opu OTKpbITuM NOs; - unoHa. Yaanenue NO, - HOHA NOPOU3BOAAT
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00paboTKON HCCIIelyeMOro pacTBopa TBepaAord MoueBuHOM (mpumepHo 0.1 1) B 1 M
pactBope H,SO,.

4. Omxpovimue NOjs - uona. KauectBeHHOU peakuuenn oOHapykeHus NO; nona
ABIIAETCA KamnenbHas peakuus ¢ JudeHuIaMuHOM B KOHUeHTpupoBaHHoi H.SOs. B
npucyrctBud NO;3 - MOHA MOSABISIETCS WHTEHCUBHO CHHSA OKpPAacKa BCIEICTBHE
okucieHus audeHmnammHa oopasyrorieiics HNOs.

Cucmemamuyuecxuu anarusz cmecu CIl, Br, J -uonos.
1. PactBop 1 mOAKUCHSIOT a30THOW KUCIOTOM, TPUOABIIIOT HECKOJIBKO Kamelb

pactBopa AgNQOs 1 HarpeBaror.

Ocamoxk 2: AgCl,AgBr,Agl PacTtBOp 2: HE uccieayor.
2.0moenenue CI - uonos. Ocanok 2 obpabatbiBaioT 12 %-HBIM pacTBOPOM

KapOoHaTa aMMOHUS (IIPU SHEPTHMYHOM BCTPSIXWBAHWH) M OTACISIOT OCAJ0K 3 Ha
nentpudyre. Trepapiit AgCl npu 3TOM mepexoauT B pacTBop 3.

Ocanok 3: AgBr,Agl PactBop 3: [Ag(NH;),]", CI - noHsr.
3.0npedenenue CI - uonos. K pactopy 3 n106aButh 1o karisim pactsop KBr.

Ilpy wHamuumu B pacTtBope 3 KomiuiekCHbIXx HOHOB [Ag(NH;).]", mocnenmue
paspymiarotcsi, BcieAcTBUE oOpa3oBaHusi AgBr (MHTEHCHBHOE TOMYTHEHHE
pacTBopa).

4. Ilepesoo AgBr u AgJ ¢ pacmeop. K npombiToMy ocanky 3 mpuOaBuTh 5-6
Karmenb BOJbI, HECKOIbKO Kamenb 1 M pactBopa H,SOs m HeOGONBIIONW KycOuek
MeTayumdeckoro I1uHKa. CojepkuMoe TpOOMpPKH HarpeBaTh MPH MOCTOSHHOM
NepeMEIIMBaHUM, TOCJIE Yero OcCaJoK OTHEHTPU(PYrupoBatb U OTOPOCHTH.
[enTpudyrar uccienorarb Ha Hanuure J” u Br.

Ocanok 4: Zn, Ag PactBop 4: J', Br™ - noHbI
5.0mxpvimue J, Br - uonos. K HeckonbkuM KaruisiM pactBopa 4 106aBuTh 2-3

ka1 M pactBopa H,SO, , Heckonbko kamnenb OeH3olsa. 3aTeM MpuoOaBisTh 1o 1
Karjie XJIOPHYIO BOJY M XOpOIIO B30aNThIBaTh cojiepkumoe npobupku. CHaudana
OKUCIIAIOTCS MOHBI J© W OEH30JIbHBIM CJIOM OKpacuTCA B XapaKTepHBIA i Hojaa

(b10JIeTOBO-PO30BHIH 1BET.
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[Ipu nanpHelimeM npuOaBIEHUU XJIOPHOW BOAbBI

OKpaCka HCUC3acT

BCJICJICTBHE OKHUCIIEHUS J, B HoaHOBaTyto kucioty HJOs, mocie yero B mpucyTCTBUM

B pacTBOpe Br™ nosBiseTcst KpacHOBaTO-Oypasi OKpacka OEH30JbHOIO KOJIbIIA.

[TapannensHO ¢ JaHHOM peakurer HoH J° MOKHO OTKpBITH peakuuen ¢ HNOs B

IIPUCYTCTBHUH Kpaxmaia.

3.4

CucreMaTH4ecKHii X0 aHAIHU3a CMECH
aHuoHOB Il ananuTHYEeCKOH IPynbI

Ko II ananutuyeckoit rpymme anuoHos otHocarcs: SO.*, SO;™, S,05%, COs™,

PO.*, SiOs* - HOHBL.

00630p peaknwmii I ananuTrueckon rpymIbl aHKOHOB MIPUBEJEH B Ta0I. 3.3; X0/

aHaJIM3a cMecH — B Ta0J1. 3.4.

Tabauya 3.3 — O630p peaxyuti anuonos Il anarumuueckori epynnsvl aHUOHO8

Ne
n/ Pearent SO.- SO;2- COg;2- S2032- POgs- SiO32-
n
1 BaSO, - BaS,0; - | BaSO; —| BaCO; - BaPO, - BaSiO; —
OCNBIA, HE | — Gemblii OeJIbIi, OeJIbIi, OebIi, OeJIbIi,
PACTBOPHMM| (y3 koHu. |PACTBOPH |PACTBOPH | PACTBOPHM paszjaraeMblii
BaCl, B pacTBOpoB) | M M B KHCJIOTax KH-
KHUCJIOTax B B CJIOTaMH C
KHUCJIOTaX | KUCJIOTax obpasoBaHHe
M
¥ H,Si0;
2 |AgNO; Ag:S04 203 1Ag,S0; - Ag,CO; | VAgPO, - Vv Ag:SiO;
— OcIbIi, 2S— Oenbld, | -Gemplif, | Oe€MbIH, — OcIbIi,
(3 KoHIL. | O€JBIA, |PacTBOPH |pacTBOpUM|PACTBOPUM pasyaraemslit
pacTBopoB [IOCTEICHHO| M B B KHCJIOTaX KH-
) YEPHEIOIIN B KHCJI0Tax CIIOTaMH C
i KHCIIOTax oOpa3oBaHUe
M
VH,8i0;
3 |SrCL $rso, — WrS0; -| drCO;-| ¥ Sry(PO.). | 8rSi0; -
OebIi, OenpIi, | - Oenblii, | OeJbIid,
pacTBOpU |PacTBOPU |pactopuM B | PasiaraeMbiii
M M KHCJI0TaX Kn-
B B CIIOTaMH C
KHUCJIOTaX | KUCJIOTaxX obpasoBaHue
M
¥ H,8i0;
4 |H,SO, - SOt +S¥ | SO, CO,1 HPOu42-, {H,Si0;—
(pa36.) H2POs- riousr | Oeibiid,
CTy/CHU-
CTBIN OCaJioK
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5 H2804 - SO,1 SO,t CO,1 +H,Si0;
(x0HIL.) H;PO;
6 | Oxucnurenu S ;1'84062-, SO42-
- SO42- HOHBI| HOHBI - - -
7 |Boccranosuren | SO.1, S* S, S* vomnb! S‘Jg S* B B B
u HOHBI HOHBI
8 |(NHs):MoO, B I (NH.):
a30THOM [PMo12040]
KHUCJIOTE _ _ _ _ — YKCIIThII _
KPUCTAJUTMYECKU
1 ocajioK
9 | MgCl,B +MgNH,PO
MIPUCYTCTBUU 4 - Oenpld
NH.OH B - - - - KPUCTaJUIMYECKU -
NH.CI 1 ocajiok
lIpeosapumenvuvie ucnvimanuss (OPOBOJATCS B OTACIBHBIX  TOPIUAX

UCCIIEyEMOTO PacTBOpPa).

Onpeoenenue pH cpeovi. Kammo wuccienyeMoro pacTtBopa MOMEIIAIOT Ha
YHUBEPCAIbHYIO HWHAMKATOpHYI0 Oymary wu omnpegenstor pH pacrBopa. Ecnwm
sHauenue pH cpensl He Ooneel-2, a pacTBOp HE COAEPKUT MYTH CBOOOTHOUN CEphI U
He umeer crneuuduueckoro 3amaxa SO,, cieroBaTeNbHO B PacTBOPE OTCYTCTBYIOT

SO32_, 82032_, CO3*" - UOHBI.

2.06napycenue anuona PO, . KaueCTBEHHBIMH PEAKIUAMU OOHAPYKEHHS

PO, - wnoHa sABIAIOTCA: O0O0pa30BaHHME JKEITOrO KPHMCTALIMYECKOTO OCaIKa
dbochopomonubaaTa aMMOHUS TIPU JEHCTBUM HA HUCCIEAYEeMbId pacTBOP
MOIUOJATOM  aMMOHHMST B a30THOKHMCIOW  cpele; oOpa3oBaHue  Oenoro

kpuctaumyeckoro ocajgka MgNH.PO; npu neicTBUM Ha HUCCIEIyeMbI pacTBOP
Na,HPO, B npucyrctBun NH4OH u NH4CI.

Tabnuya 3.4 — Cxema cucmemamu4ecko2o xo0a aAHAIU3A cMecu aHUuoHo8 11
epynnul

Onepanuu

Pearent

SO042-, SO32-, CO32-, S2032-, PO42-, SiO32-

Ortkpoitre SiOs>

HCI (2M)

JH,Si0;
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Otkpoitue PO> a) (NH):MoO, + a)¥NH.)s[PM1204]
HNO; JKENTBIA KPUCTAJUIMUECKUI
0) Na,HPO, + 0CaIoK
NH,OH + NH,CI 6) WIgNH,PO,
OeIbIil KPUCTALTUYCCKUN
0CazIoK
KMnO, + BaCl, B BasSO, pPO30BOTO
Ortkpeitre SO HCI - cpene 1BeTa
OcaxneHne HOHOB Sr(NO;): Ocanok 1
SO42-, SO32-, CO32- HACHIIIECHHBII 04, C03, Pacrsop 1
SiO32- pacTBop @rSO;, SHSIO; $2032-
OTkphITHE a) 2M HCI a) $
S,0;*(pactsop 1) 0) FeCl; OCIIBIN WITH JKEITOBATHIN
0CazIoK
6) Na[Fe(SZO3)2]
TEeMHO-(pHO0JIETOBOE OKpa-
[IMBaHUE
Ortkpeite SO5* 50,
(ocazok 1) 2M HC1 OObeciBeunBaHUE pacTBOPA
KMHO4
Otkpeitne COs> Co,
(ocazok 1) 2M HCI IIOMYTHEHHE U3BECTKOBOM
WU 6apuTOBOM BOMIBI
3. Obnapyxcenue SiO;” - uona. K HECKONLKUM KaIUISM HCCIIELYEMOTO

pacTBOpa MEMJIEHHO, Mo KamisaMm jao06aButh cmech 1 M H,SOs u NHLCI
O6pazoBanue Oenoro cryaenucroro ocaaka H,SiO; yka3piBaeT Ha NPUCYTCTBUE
SiOs* - MOHA B PacTBOPE.

4. Oonapyacenue SO/ -uona. K HECKOIBKUM KaIlIIM MCCIIELYEMOIO
pactBopa, mnoakuciaeHHoro 2 M pactBopom HCI, mnpubasnsior S5 Kamnenb
KOHIIeHTpupoBaHHOTO pactBopa KMnO4 u pactBop BaCl,. 3arem uz0bitok KMnO,
BOCCTAaHABJIMBAIOT JICMCTBHEM Iepokcuaa Bogoponaa. Ilpu stom  pacTBOp
o0OecliBeUUBaeTCsl , a OCAJOK OKpalllUBaeTCsi B PO30BBIA IBET, YTO CIY>KHUT

JI0Ka3aTeIbCTBOM MPUCYTCTBUS B ocajike BaSO..

2, SO32-, S$;032-, CO32-, SiO5*
CucreMaTHYeCKHIi X0 aHAIN32 cMecH HOHOB SOy
1.Ocaxcoenue uonos SO/, SO;5°, COs”, SiO5"  Oeiicméuem Xxnopuoa

cmponyus. HYacTp HCHBITYEMOrO PacTBOpPa, MMEIOUIEr0 HEUTpPalIbHYIO WU C€Iado

MICJIOYHYIO PEAKIMIO, IOMEMIAI0T B TPOOUPKY M HarpeBaroT. K ropsaemy pactBopy
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n00aBIAIOT HackllleHHbI pactBop SrCl, 10 MOJHOTO OCAXIEHUS M OCTaBISIOT
CTOATH 25-30 MUHYT.

Ocanoxk 1: SrSOs, SrSi10;, SrCO;, SrSO; PactBop 1: S,05* -non
2. Omxpoimue S>05” - uona. K 2-3 xamnsam pactsopa 1 moGasisror 3-4

kar 2 M pactBopa HCl u HarpeBator. OOpa3zoBanue 0enoil Win KeITOBaTOM MyTH
CBOOOIHOM cephl yKa3hIBaeT Ha IpHUCYTCTBUE S:O3” - MOHA B PaCTBOPE.

[IpucyrctBue S;0;” - HOHA B PaCcTBOPE MOXKHO IOATBEPAUTHL peakuueii ¢ FeCls
no o0pa3oBaHUIO OBICTPO HCYE3AIOIIEr0 TEMHO-(HUOJIETOBOIO OKpalIMBaHUS,
00yCITOBJIEHHOTO KOMIUIEKCHBIM coeauHeHueMm Na[Fe(S:;0s):]. Okpacka ucuesaet
BCIIEACTBUE BOccTaHOBIeHNs noHa Fe®* mo Fe?".

3. Omxpoimue SO5” - uona. K wactu ocanka 1 B npoOupky npubasisior 2
M HCI, ObICTpO 3aKpbIBAIOT NPOOKOH C OTBOJHOM TpPyOKO#, KOHEI KOTOpOM
nomemaT B ciaadbiii pactBop KMnOjs. IIpoOupky mogorpeBaroT M MHpOIMYCKarOT
BbIJIEsIOIIMCS Ta3 yepe3 pactBop KMnO,. B kauecTBe cBuaerenss B JPYyTyro
npoOupky OepyT Takou ke o0beM pactBopa KMnO.. YUepes 5 MHH. CpaBHHBAIOT
okpacky pactBopa KMnO, B o6enx mpobupkax. IloaHoe wim dYacTUIHOE
obGecuseunBanue pacteopa KMnO, ykasbiBaeT Ha npucytctBre SOs> - HOHA.

4. Omipoimue CO;> - uona. B mpobupky ¢ ocamkoMm 1 100aBIsIOT
HECKOJbKO Kamenb 3% - HOro mnepokcuaa Bojaopoja (eciu ObUIM OOHAPYKEHBI
AHMOHBIBOCCTAHOBUTENIM) U HECKoJbko Kamenb 2 M pactBopa HCL Beictpo
3aKpBIBAIOT MPOOKOW € OTBOJHOM TPYOKOM, KOHEI[ KOTOpPOM OIyCKaloT B
U3BECTKOBYIO MJIM 0apUTOBYIO BOJY (CBEXENPUTOTOBIEHHYI0). [IpoOupky ¢ ocagkom
1 moxHO cierka mnoxporperb. llomyTHeHune B mnpoOupke ¢ OapuUTOBON WU
M3BECTKOBOM BOJION yKa3biBaeT Ha npucyrcTBue COs” - HoHa.

Bonpocs! ajist 00cyxaeHus
1. Kakne 3 cBOHCTB aHHOHOB TOJIOKEHBI B OCHOBY UX KJIaCCH(UKALMU Ha

JBeaHaTuTH4YeCcKue rpynmnei? HazoBuTe aHnoOHBI 00€UX TPyI.
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2. Kak pearnpytoT aHMOHBI NEPBOM aHATMTUYECKON TPYIIIBI C KATHOHAMHU
Ba*; Bropoii — ¢ Ag+-nonom? Hanuiuure COOTBETCTBYIOIIME YPaBHEHHS PEAKLIUN B
VOHHOM Y MOJIEKYJISIPHOM BHJIE.

3. [IpUMEHSIOT 171 peareHTbl OKUCIWUTEIM W BOCCTAHOBUTEIU IIPU
ananmuzeannoHoB? Kak pearupyrot: 1) SO, ¢ pactBopamu KMnO, 1 I; 2) NO, ¢ KI?
3anumuTe ypaBHEHUs PEAKINUN, UCTIOIb3YsI MOHHO-JIEKTPOHHBIA METO/.

4. Kakpe u Kak ImpOBOAAT NPEABAPUTEIBHBIC WCIIBITAHHWS HA HAJIMYUE B
uccienyeMoi mpoOe: aHMOHOB MEPBOM W BTOPOU TPYIIIT; aHUOHOB-BOCCTAHOBUTEIEH
Y aHUOHOB-OKHCIIUTEIICH?

3. Hcnone3yloT 7u JIpoOHBIM METOA TpU aHaIU3e CMeced AaHMOHOB?
[IpuBenuTe NpUMEPBI.

6. Kakne mnpensapuTenbHbIE HCNBITAHWS NPOBOMAT IPU KAa4ECTBEHHBIX
U3MEPEHUAX CMEcell aHMOHOB MEPBOM U BTOPOM Ipyni?

7. KakoB anroputm CHUCTEMaTHYECKOTO aHaJIu3a CMECH rajaua-uoHoB? Kak
otnensitor AgCl ot AgBr u Agl?

8. Kakue mnpenBapuTenbHble MCCIECNOBAaHUS IPOBOIAT NIPU  AHAIU3E
CMECHAaHMOHOB BTOPOU rpyNIibI?

9.  Kak pearupyror: 1) S;0s* ¢ pactsopom HCI? 2) SO;* ¢ KMnO,?
3anumuTe ypaBHEHUS pEAKINNA, UCTIOb3YsI HOHHO-3JIEKTPOHHBIA METO/.

10. Kakue aHUOHBI-BOCCTAHOBUTEIU MEIIAIOT OIpESIeHUI0 KapOoHaT-
noHa?

4 AHAJIN3 CYXOH COJIN
AHaJIA3 CyXOHW COJM IPOBOJAT B IBE CTAJUU:
1) npeaBapUTENbHbIE UCTIBITAHUS,
2) cucteMaTUYeCKUi WK APOOHBIN aHATU3 KATHOHOB U aHUOHOB.
4.1 IlpenBapurte/jibHbI¢ HCIIBITAHUS

IIpeosapumenvHble ucnvimaHus O3BOJIAIOT:
a) MOJIyYUTh HEKOTOPBIE OPUEHTUPOBOYHBIEC YKa3aHHUsI, TO3BOJISIONINE BEIOPAThH
HaumOoJiee PpalMOHANBHBIA CcHoco0 mepeBeieHHs o0pa3lia B pacTBOp WU

06J'I€F‘-I&IOHII/IC BBIITOJIHCHUEC aHAaJIN3a,
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0) yCTaHOBUTbH MPUCYTCTBHUE HEKOTOPHIX JIEMEHTOB, OOHAPYKEHHE KOTOPBIX
3aTPYAHEHO NPHU CUCTEMATUYECKOM XOJI€ aHAJIN3a WM KOTOPBIE U3MEHSIOTCS B XOJ€
aHayiM3a (HampuMmep, 3a CYeT U3MEHEHHUS CTENIEHNU OKUCITICHU).

AHaIA3UPyEMOE BEIIECTBO JENAT HAa 3 4YacTU: OJHA W3 HUX CIYKHUT JUIS
IIPOBEJEHUS TPEIBAPUTENBHBIX HCIBITAHWM; BTOpas - I OTKPBITHS KAaTHOHOB;
TPETbA - JUIl OTKPBITUS AaHMOHOB. HEMHOro cyxom COJIM OCTaBJISIIOT B 3amac Ha
Cy4al IMMOBTOPEHUS OTJCIbHBIX ONEPALIMN aHAIN3A.

Hpez[BapHTeanHe HCIIbITAHHWA BKIIIOYAIOT CIICAYIOIIUC OIICPpAallu.
OL!QHKCZ gHeune2o0 6uoda coau, azcpezcamroco COCMOAHUA, yeema, sanaxda. 3

(bU3UYECKUX CBOWCTB MOXKHO CJeJIaTh CIEQYyIOlMe BBIBOJLI: a) OECIBETHbBIC
BELIECTBA HE MOTYT 3aKJII0YaTh HBETHLIX aHKOHOB (CrO,”, Cr,07”, MnOy4 u T.IL.), a
Taxke nBeTHBIX KatnoHos (Cr’’, Ni*', Co*", Cu*" u mp.); 0) CHHUIi LIBET XapaKTEPEH
nns muorux conerr Cu®*, comu MnQO, -po3osoro nsera, conu Ni*' - senenoro, Fe**
YKEJITO-KOPUYHEBOTO U T.J.; B) 3aMaxX — BayKHbIM MPU3HAK HEKOTOPBIX COJIEH CIa0bIX
OCHOBAaHMM WM cla0bbiX KUCIOT. Hampumep — TBep/piii KapOOHAT aMMOHUS MTaxXHET
aMMHUAKOM, THIPOCYIb(MUT HATPUS — CEPHUCTHIM Ta30M U T.II.

Oxkpawiusanue Heceemsawe2o0cs NIAMEHU 243080l 20PeIKU PAa3IUYHbIMU
aneMenmamu: HaTpUl — KenToe Iuiamsi; 0apuil — 3eJIeHO-KENTOe; MeIb — 3€JIeHOE;
KQJIBLIMI — KUPIUYHO-KPACHOE; CTPOHLHIN — KapMUHOBO-KPACHOE; CBUHEII, OJIOBO —
OJIeTHO-CUHEE.

Bwibop pacmeopumena. Jns mepeBoja CyxXol COJM B PacTBOpP MPUMEHSIOT
CTpPOr0 TIOCJIEIOBATEIbHOE PACTBOPEHUE COJM MpPU KOMHATHOM TeMmIiepaTtype Hu
HarpeBaHWM B CIIEAYIOIIMX PAacTBOpax: B JUCTUJUIMPOBAHHOM BoAE; B 2 M pactBope
HCIl; B konuentpupoBannoid HCI; B pa3oaBnennoii HNOs; B KOHLIEHTpUPOBaHHOM
HNOs; B 1apckoit Boake.

Ilpoba na pacmseopumocms 6 6ode. K HEOOIBIIION TOPIIMHU COJIM MPHUIIUBAIOT 35

CM’ IUCTWIMPOBAHHOM BOABI M DJHEPrMYHO B30ANTHIBAOT. Ecou comb  He

PaCTBOPACTCA, CMCCh HAI'PCBAIOT A0 KHUIICHMUA. B clIydac, CCJIIM COJIb PaCTBOPACTCA B

66



BOJI€ MIOJIHOCTBIO, IPYTUX MO0 Ha pacTBOPUMOCTH He JienatoT. Eciu xe cosib B Bojie
HE pacTBOpUIACh, MPOOYIOT PACTBOPUTH €€ B KUCIOTAX.

llpoba na pacmeopumocms 6 xuciomax. HeOONnpUIyI0 TOPLUHUIO COJU
IIOMENIAIOT B NPOOUPKY, NPUIMBAIOT 3-5 cM’ pazbasienHoit 2 M HCl u HarpeBaror
cMech 110 KureHus. [Ipu oTcyTcTBUM pacTBOpeHUs pa30aBICHHYIO KUCIOTY CIUBAIOT,
npubaBisioT KoHIeHTpupoBanHyto HCl u HarpeBaroT cHOBa.

Ecnu conp He pacTBOpsieTcst B koHneHTpupoBanHoii HCI, mpoOyroT pacTBOpUTh
ee cHayasia B 2 M HNO; , 3arem — B koHuieHTpupoBaHHoil HNO; (mipu kOMHaTHOM
TeMIlepaType u pu Harpesanun). Eciu conp He pactBopunack B HNOs;, npuMeHsroT
B KaU€CTBE PACTBOPUTEIIS LAPCKYIO BOJKY.

BONBIIMHCTBO HEPACTBOPUMBIX B BOJE COJIEH PACTBOPSTCS YyXK€ NpPU ACUCTBUU
Ha HuxpaszOaBiaeHHod HCl. A3zoTHas kwucinora, JIEHCTBYsT ~ KaK OKHUCIIHUTEIb,
pacTBopsieT psia BemiectB, HepacTBopuMbix B HCI: cynasduasl karuonon I, 1V,V
rpynn, Hanpumep CuS, PbS u 1.m. Lapckas Boaka nmpumeHsieTcst Uisl MepeBoja B
pactBop HgS.

Ecmu BemectBo pactBopumo B HCl u HNOj;, npeanourenue cienyer oTaaTh
HNOs;, mockoiabKy HUTpaTbl MEHEE JIETy4d, YeM XJIOPUAbIL, M, YAAIAs H30bITOK
KHCJIOTHl BBIIAPUBAHUEM, MEHbBIIE PUCK TMOTEPU OTAEIBHBIX COCTAaBHBIX YacTel
aHAJM3UPYEMOTo o0pasiia.

[Ipu pactBopenun cyxou comu B paszbaBimennoit HCl nabGmiomator, He
BBIJICTIAOTCS 11 1ipu 3ToM razel HoS, CO,, SO,, NO,, Tak Kak 3TO MO3BOJISET CACIaTh
BBIBOJ] O IPUCYTCTBUM WM OTCYTCTBUM aHMOHOB: S*, SO, COs*, S,05%, NO;'.

[Tocne Toro, kak pacTBopuTelsb noaodpaH, 6epyt okoio 0,05 r ucciaenyemoi
COJIN U IIEPEBOMAT €€ B pacTBOp. BOIHBIN pacTBOp UCCIENYIOT HENOCPEICTBEHHO.
[Tpu sTOM cneayer oOpamiaTh BHUMaHHE HAa OKPACKYy pacTBOpa, MO KOTOPOH MOKHO
ceaTh MpeABapPUTENIbHbBIE BHIBOIBI O HATMYMK OKPALIEHHBIX KATHOHOB U aHUOHOB.

[Io Bennumne pH wuccnemyemMoro pactBopa MOXKHO CHENAaTh PSAI BBIBOJOB.
Hanpumep, B CHILHOKHUCION cpeme He MoryT cozepxkarbes COs>, S,05%, NO; -

HOHBI.
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Ecnu B pacTBOpE COAEPIKUTCS TOJBKO OJIMH KaTUOH, TO 1O 3HaYeHuto0 pH
MO>KHO TOYTH OJIHO3HAYHO CYJUTh 00 OTCYTCTBUHU CIEIYIONIMX KaTHOHOB: pH=3 —
Sn*, Sn*"; pH 3 5 — Fe*', Hg®',Cr’", Mg®;  pH 57— Cu®, A", Zn*, Fe*', Ni*',
Co*";pH 7 9 — Pb*', Ag’, Cd**, Mn>"; pH=9 — Mg”".

PactBopsisi conb B pazbaBnenHod wiau KoHueHtpupoBanHod HCI, ciemyer
u30erath n30bpiTka HCI, T.K. Hanuuue OONBLIOTO KOJUYECTBA KHUCIOTHI B PacTBOPE
CO3[Ia€T 3HAYUTEJBHBIE 3aTPyJHEHUs NpU JaJbHENmeM aHanusze. Eciu g
pacTBopenust conu Ob1a BeiOpana HNOs win napckast Bojika, TO pacCTBOPEHHUE COJIU B
KHUCIIOTE MPOBOJAT B papPpopoBoil yanike npu HarpeBaHuu. [locie yero octopoxHo,
n30eras NpOKAJIMBAaHUS, CMECh BBINAPHUBAIOT MOYTHU Jocyxa (Moj TAroM). 3aremM
npunuBaroT 25-30 kanenb BOJAbI, MEPEMEMIMBAIOT PACTBOP MU IEPEHOCIT €ro B
IpOOHPKY.

Nuorna cosb HE yIaeTcs paCTBOPUTH JIaK€ B IAPCKOM BOJIKE.
llepesedenue 6 pacmeop coneil, nepacmeopumvlx 6 kucromax. K BeniecTBam,

HEPACTBOPUMBIM B KHUCJIOTax, OTHoOcATcs: ranoreHuabl cepedpa AgCl, AgBr, Agl;
MasnopactBopumsie cyibdaTel BaSO,, SrSO4, CaSOs4, PbSO4; HEKOTOPHIE CUITUKATHI.
lNanorenunpl cepebpa mepeBoATCs B pacTBOp clienyromum obpazom: AgCl
pactBopsiercs B NHsOH c oOpasoBanuem komiuiekcHoi comu [Ag(NH;3),]Cl,
pasnararomieiicss mpu NOJKUCIEHHHM pacTBopa a30THOM Kuciortoil; AgBr m Agl
MOKHO Pa3jl0KHUTh, JEHUCTBYS Ha 3THU COJIM KYyCOYKOM METaJUIMYECKOrOo LMHKA U

H,SO, npu HarpeBanuu, Hanpumep:

2Ael+H7Zn b > 2Aag+zn? + 27

UYepHbIil 0Calok METAIITMYECKOTO cepedpa pacTBOPSIOT IPU HarpeBaHuu B 6 M
pactBope HNO; 1 3atemM 00HapyXHBarOT Ag’ crielnupUIeCKUMU PEaKIIUIMH.

Anvonbl J© u Br- oOHapyXuBalOT B TMOJYYEHHOM pPacTBOpPE MpU IMOMOIIU
XJIOPHOM BOJBI.

TpyanopactBopumble cynbhaTsl Oapus, CTPOHIUS U KaJbIHs MEPEBOAAT B

pPacTBOP MHOTOKPATHBIM KUIISTYEHUEM C HACBIIEHHBIM pacTBOpoM Na,COs.

68



MarnopactBopumsiii cynbhar PbSOs pactBopsitor B 30% pacTBOpe arerara
aMMOHHUS, a TAK)Ke B N30BITKE €IKUX IIETI0UEH.

He pasnmaraemple KHCIOTaMU CHJIMKATHI MEPEBOJSAT B PACTBOP CIUIABICHHEM
XOpOIIO M3MENBbUYEHHOTO BEIIECTBA C MPUMEPHO MIECTHUKPATHBIM KOJIUYECTBOM
Na,CO; unmu K,COs. [Ipu 3ToM 00pa3yroTcsi pacTBOPUMBIE CHUIIMKATHI HATPHS WM

KaJIus:

Si0, + Na,C0O; ~ NaSiO; + CO,T
PacninaB nocne oxnaxnaenus oopadateiBator 2 M HCI. Tlonyuennsrit pactBop

JUIs TIEpPEBEJICHUS] KPEMHHUEBOM KHUCIIOTBI B HEpPACTBOPUMOE COCTOsSHHE 2-3 pasa
BbINApUBAOT Jocyxa ¢ KoHueHTpupoBaHHoW HCI. Ocratok mnocie mnocnenHero
BbIIAPUBAHUSl HArpeBalOT C HECKOJbKUMHU KaruisiMu KoHueHTpupoBaHHoit HCI,
nobapmsaror  20-30  kamedab  BOABI M,  OTIAEIMB  LIEHTPU(YTHPOBAHHUEM
HepacTtBopuBIIytocsd H>S103, 00bIYHBIM CIOCOOOM HCCIEAYIOT PACTBOP HA KATUOHBI.
8.14. [Ilpoba Ha npucymcmeue oKuciumeneu U  B0CCMAHOBUMENEU.
Oxucnurenun OOHAPYXKMBAIOT JCHCTBHEM Ha AaHATU3UPYEMOE BEIIECTBO CMECH
KJ+H,SOy; BoccTanoBuTENM 00Hapy)uBaroT aerictsuemM cmecu KMnOy4 + H,SOs.

4.2 CucreMaTH4eCcKHUil X0/ aHAJIN3A HCCJIeyeMOi COJIn
CucremMaTuyecKuil aHalv3 MOJYYEHHOTO PacTBOpa BKIIOYAET CIEAYIOIINE

ATanbl: 00OHAPYKEHUE KATHOHOB, OOHAPYKEHNE AaHUOHOB.

Obnapyoicenue  kamuonog.  lIlocne  NpenBapUTEIBHBIX  WUCIBITAHUA U
pacTBOpPEHUS BEIIECTBA aHAIN3 HAYMHAIOT C 0OHAPYKEHHUSI KATHOHOB.

I[Ipexne Beero, oTkphiBaroT katuonsl VI rpymmer: NH,, K*, Na* u Fe’*, Fe* u3
OT/ACBHBIX MOPHUA pacTBOpa (kaThoH Na' U3 CyxOod COJH 10 OKpAIIWBaHHIO
rutamMenn). Ecin yka3aHHbIe KaTHOHBI HE OOHAPYKEHBI — IPOBOAT CUCTEMATHYECKUN
X0l aHalM3a KAaTHOHOB MO TM.2 HACTOSMIETO Y4YeOHO-METOAMYECKOTO MOCOOMS.
Crnenyer MOMHUTB, 4YTO MOKET ObITh JABOMHAs coab Tuna NaKCOs; wimu MgNH4PO, u
T.I1.

Obnapyoicenue anuonos. IlpucyTcTBUE UM OTCYTCTBHE HEKOTOPBIX aHHMOHOB

YCTaHABJIMBAIOT TIOMMYTHO C TMOAOOPOM pAaCTBOPHUTENS aHAIM3UPYEMOW COJIH,
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Hanpumep, annoHbl S*, SO;*, CO;*, NO, 00BIYHO YCTaHABIMBAIOT IO BhIIECIECHUIO
COOTBETCTBYIOIMX Ta30B MPU IOAKUCIECHUU PACTBOPOB, a B clydae Haamuus S,0s”
MIPOUCXOJIUT BBIJICTICHUE CEPHI.

O6 OTCYTCTBUM WJIM MPUCYTCTBUM TE€X WIIM WHBIX aHMOHOB B HUCCIEIyEeMOIl
COJII MOKHO CYJUTbh IO PAaCTBOPUMOCTH COJEH YK€ OTKpPBITBIX KaTHMOHOB. Eciu B
pacTBOpPE OTKPBITHI KATHOHBI TSDKENBIX METaIOB, K KOTOPBIM OTHOCATCS BCE
katuousl LILIILIV,V rpynn, ux HE0OX0aMMO yIaauTh W3 pacTBOpa, YTOOBI OHU HE
MEIIAIM OTKPBITUIO AHUOHOB. JTO JIOCTUTACTCA KHUIITYCHUEM HCCIIETyeMOTO
BEIIIECTBA C HACHIMIEHHBIM pacTBOpoM Na,CO;. Ilpu 3TOM aHUOHBI, BXOJAIIHUE B
COCTaB HEU3BECTHOM COJIM, MEPEXOJAT B PACTBOP B BUJIE€ COOTBETCTBYIOIIUX COJICH

HaTpusd, KaATHOHBI OCTAOTCA B OCAIKEC!:

BaSO; + Na,CO; — NBaCO; + Na,SO;

2AICl; + 3Na,COs + 3H,0 = [(OH); + 6NaCl +3C02?
[Tockonbky COs> BBOAWTCS INPH IPOBENEHHU «COIOBOM BBITSKKH», €TI0

HaJu4Yue€ WIM OTCYTCTBUE YCTAHABIMBAETCS B OTACIBHON MOPLMH HCCIEAYEMOM
con. CoJIOBYIO BBITSDKKY MPOBOJIAT clieayronum oopazom: 0,1 r ucciemyemoit conu

cvemmBaor ¢ 0.4 T cyxoil Oe3ogHoi Na,COs, npubaBiasoT 2,5 cM® BOJIBI,

HarpeBaroT MPU NEPEMEIIMBAHUYN CTEKIIIHHON Manoukoil. [lanee kumsatat ~ 5 muH.,
npuOaBIIsisl MO MEpe UCHIApPEHMSI 110 KAIUIAM BOJy. 3aTEM PacTBOP UEHTPUPYTUPYIOT.

PacTBOp HEWTpanu3yrOT yKCyCHOU KUCA0TOM 10 pH = 7 1 UCMOJIB3YIOT [T
OTKPBITHS aHMOHOB. ECiIM mociie MpOBEIEHNS «COJI0BOM BBITSKKM» OCTAJICS OCAJIOK,
B HEM MOTYT HaxoauThes PO, S, Br u I - noHsL.

Jlist otkpeiTHst PO4™ - HOHA YacTh ocajka 00padaThIBAIOT IIPU HATPEBAHUH 6
M HNO:;. B pactBope oTkpsiBaroT PO’ cOOTBETCTBYIONMMH Ka4eCTBEHHBIMU
peaKuusaMH.

JIpyTr'yIo TOPLUIO OCajIKa UCIIBITBIBAIOT Ha S* - noH aeiicteueM 1 M H, SO4 u
METAJIIMYECKOr0 LMHKA. Peakiuio BeayT B ra30BOM Kamepe; NHAMKATOPOM CIIYKUT

oymara, cmouerHas Pb(CH;COO), . Monsl Br' u J° oTkpbIBatoT B pacTBOpe MOCIe
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nerctBust Ha ocaaok 1 M H,SO, wu Merajuimuyeckoro HMHKA ACHCTBUEM XJIOPHOMU
BOJIBI.

PacTBOp, moOJlydyeHHBIN MOCIE «COMOBOM BBITSIAKKW» CIYXKUT IJISI OTKPBITUS
AHUOHOB.

Cuauvana nedcTBYIOT Ha ojaHy nopuuio pactBopa BaCl, mpu PH=7, a na
apyryo - AgNO; + HNOs;, onpenensisi, TakuM 00pa3oM, K KaKOW aHaTUTHYECKOU
rpynie NpUHAICKAT aHUOHBI UCCIIEAYEMOTO BEIIECTBA; 4 3aTEM IPOBOJAT aHAIU3
aHHOHOB B COOTBETCTBHUHU C I1.3 HACTOSAIIETO YICOHO-METOIMUECKOTO ITOCOOUSI.

Bomnpocs! st 00cyxnennst
1. CKOJIBKO U KaKuX CTaui BKIIOYAET MPOILECC KAYECTBEHHBIX U3MEPEHUI

cyxoit conu?

2. Kakue mpeaBapuTeabHbIe UCCIICIOBAHUS MPOBOJAT MPH aHAIM3E CyXOM
coyin?

3. Kaxkue pacTBopuTeny UCTOIB3YIOT ISl IEPEBOA CyXOM COJIM B PacTBOP?

4, O HaIM4YMM KaKuX HOHOB CBHUJETEILCTBYET BBIJICJICHUE Ta30B MpH

JeHCTBUUPa30aBIEHHON COJISTHOM KMUCIOTHI HA CYXYHO COJIb?

3. Kakyro wunpopmarnuio maer BenmuumHa pH wucciaemyeMoro pactBopa
cyxoiiconu?
6. Kakum oOpazom wmanopactBopumblie Tanmuasl AgCl, AgBr, Agl u

cynbdarsiBaSOs, SrSO4, CaSO4, PbSO4M0OXHO pacTBOPUTH?
7. Kakue oOCHOBHBIE dTambl BKIIOYAET QJITOPUTM CHCTEMAaTHUYECKUX

MCCIIEIOBAaHUM CyXOU con?
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MHUHUCTEPCTBO HAYKHU U BBICIHIET'O OBPA30BAHUS P®
®DenepajibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTeIbHOE YUpe:KIeHue
BbICIIEro 00pa3oBaHus

«CEBEPO-KABKA3CKWUI ®EJAEPAJIBHBIA YHUBEPCUTET»

MeToanyeckue yKkazaHusl

K JJa0OpaTOPHBIM 3aHATUSM MO JUCIUTUIMHE
«AHAIMTHYECKAS XUMUS U QU3NKO-XUMHYECKUE METOAbI AHAJTU3A»
J1st HanpaiieHus: noArotoBku 18.03.01 Xumuueckas TEXHOJIOTUA
HaIpaBJICHHOCTH (PO ) XUMHUECKAs TEXHOJIOTUS CHHTETUICCKUX
OMOJIOTUYECKN aKTHBHBIX BEIECTB, XUMUKO-(PapMaIleBTUIECKUX IPEIapaToB U

KOCMCTHYCCKHUX CPCACTB
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Pa3znen 2 KOJIMYECTBEHHBIN AHAJIN3

IIpaBusa oOpanieHus1 ¢ AHATUTHYECKUMU BECAMHU
Hcnonb3yembie B KOJUYECTBEHHOM aHAIW3€ aHATUTUYECKUE BECHI MO3BOJISIOT

B3BEIIMBATh pa3linyHble Tena, umeromue Bec He 6osxee 100-200 r ¢ TOYHOCTBIO 10
0,0002.

Ilepen HavanoM B3BELIMBAHHMS HEOOXOJUMO MPOBEPUTH UYUCTOTY U
UCIIPaBHOCTH BECOB.

B ciiyuae HencnpaBHOCTH BECOB 00OpPaTUTHCA K COTPYHUKAM J1a00paTOpUH.
Henp3s mpukacaTecsa K HEappeTUPOBAHHBIM BECAM.
[Ipn appeTupoBaHHM WIM HEAPPETUPOBAHUU PYUKY appeThpa CleayeT

MOBOPAYUBATh MEJJICHHO.
B3BemmBaemblii mpeIMET U Pa3HOBECHI KJIACTh HA YAIlIKU BECOB WJIM CHUMATh C
HUX, HEOOXOAMMO TOJIBKO MOCIIE apPETUPOBAHUS BECOB.

Henp3s cTaBuTh Ha BECHI BIIAXKHBIC WUIIU I'pA3SHBIC IIPEAMCTHI.
Henw3sa knacTe B3BEIIMBACMOE BCHICCTBO HCIIOCPCACTBCHHO Ha YaIIKy BCCOB

HNJIN B3BCIINBATDH HaA JJHUCTKC 6YMaFI/I.

Henb3s mpockinmaThk Wi NpouBaTh HUYETO BHYTPH ITKada BECOB.
MokHO B3BEIIMBaTh BEIIECTBO B OIOKCE, TUTJIE, CTaKaHE, MPOOHPKE WIM Ha

JaCOBOM CTCKIIC.

Hecroiikue BelecTBa B3BEIIMBATH B TEPMETHUYECKH 3aKPBITHIX COCYIaX.
Henb3st B3BemMBaTh TOpAYME€ M XOJIOJHBIE MpPEIMETHI. B3BemmBaembli

MPEIMET JAOJDKEH NPUHATH TEMIIEPATYPY BECOB.
[Ipu B3BemMBAHWUW TOJIB30BATHCS HWCKIIOUUTEIFHO OOKOBBIMU JBEpPIIAMU
mkada. Korma Becsl HeappeTupoBaHbl, IBEPIIHI TOJDKHBI OBITh 3aKPBITHI.

Pa3HoBeckl cinenyeT OpaTh TOJNBKO MUHIETOM.
Co0unroaTh TUILIMHY B BECOBOUM KOMHATe.
TexHUKa B3BCIIMBAHUS HA AaHAJTUTHYECKHUX Becax
Bxirounth OCBETIIMTENH MPU TOMOIIM IITENCEIbHOW BHIKH CO IIHYPOM.

OTtperynupoBaTh MOJOXXKEHHE HYJIEBOW TOUKH. JlJIsi 3TOro, HEe OTKpPBIBAsl JBEPOK
mkada, OCTOPOKHO TOBOpayMBaTh JO OTKa3a pydky apperupa. [lpu s3TOM

aBTOMATUYECKU BKJIIOYAETCA JIaMIIOYKa OCBETJIMTENSI M Ha D3KpaHe Beutorpada
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MOSIBJISICTCS. YBEJIMYEHHOE M300paKeHHE MUKPOIIKAIbl MPUKPEIUICHHOW K CTpEsKe
BecoB. I[IpM HeHarpy>KeHHbIX Becax HyJb HIKajdbl JOKEH TOYHO COBHAAaTh C
BEPTUKAJIBLHOM JIMHUEW Ha 3KkpaHe (Beitorpade). Ecau Takoro coBmajgeHusi HET, €ro
HY’KHO JOOUTBCA, Bpalasi B Ty WIK UHYIO CTOPOHY T'OJIOBKY PETYJIMPOBOYHOTO BUHTA
710 TOJTHOTO COBIAJICHUSI BEPTUKAIIBHON JIMHUM BeHUTOrpada ¢ HyJeM HIKajbl.

[Tocne nmpoBepku HYJIEBOM TOYKHM BECHI OCTOPOKHO appeTupoBarb. Ha sieByro
YallKy KJIacTh B3BEIIMBAEMBbIM MpPEIMET, a HAa NPAaBYK — Pa3HOBECHI U MPOBOJUTH
B3BELIMBAHUE C TOYHOCTBIO 10 1 T.

[Tocre 3TOro mpu 3aKkpbITHIX JBeplax mkada C MOMOIIBIO BpaIIAIOIIErocs
BHEILHETO JIUCKA HAWTH JIECSTHIC JI0JIM I'PaMMa, COBMEIAsl HEITOABUKHBIA yKa3aTelb
C pasnuuyHbIMU Iupamu aucka. Ilpu kaxaom moBOpoTe aAMCKa HEOOXOAUMO
appeTHpPOBaTh BECHI.

[Tocne 3TOro MOBEpHYTh PYKOSITKY appeTupa A0 O0TKa3a U KJIaTh MPEKpaIIeHUs
JBUKEHUS IIKaJIbl HA OCBEIIEHHOM JKpaHe. 3aTeM cjielaTh OTCUET MO MOJIOKEHHUIO
BEPTUKAJIbHON JMHUM Ha IIKajge »J3KpaHa. KpynHble [edeHuss HSTOW IIKaybl
COOTBETCTBYIOT THICSTUHBIM JOJSIM TpaMMa, a MEJIKHE — JECATUTHICIYHbIM. 3HaYEHUs
uugp co 3HakoM |+l mpubaBuUTH K Macce pazHOBECOB, MOMELIEHHBIX Ha MpPaBYIO
qamky. 3HadeHus nudp co 3HakoM | — | BeryecTs.

3anuch pe3yIbTaTOB B3BCIIMBAHHUS B J1a00PATOPHBIN KYPHAJI
CHayasna B3BEIIMBAIOT MYCTYIO Tapy (OIOKC, CTakaH, 4aCOBOE CTEKJO), 3aTEM —

Tapy ¢ BemlecTBOM. Ilo pasHocTH HaxoasT maccy BemiectBa. [Ipu B3BemIMBaHUU
YYUTBIBAIOT TOJBKO (PAKTHUECKYH0 Maccy pasHoBecoB. IIpumep 3ammcu pesynbTaTa
B3BCILIMBAHUS NMPUBEACH B Ta0. 2.1.

Tabnuya 2.1 — @opma 3anucu pe3ynrbmamos 636eUUBAHS

dakTnueckas
HomunanrHas
Macca pa3HOBECOK, [Tpumeuanue
Macca pa3HOBECOK, T .

5 4,9998 IToxazanus BHemHero aucka (0,7000)

2 1,9989

0,7000 0,7000 [Tokazanus BHyTpeHHero nucka (0,2000)
0,0200 0,0200
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+0,0015 +0,0015 [Tokazanus mkansi(+0,0015)

Hroro: 7,7215 7,7202

TexHuka 3KcnepuMeHTa B THUTpUMeTpuu. MepHas mocyaa
[Ipy BBINOJHEHUH TUTPUMETPUUYECKUX MU3MEPEHUN YacTO MPUXOIAUTCS

OTMEpATh TOYHBIE OOBEMBI PA3IUYHBIX JKMIKOCTEH. [l TOYHOro WH3MepeHus
00BEMOB yHOTPEOIIAIOT OIOPETKH, MUIETKU U MEPHBIE KOJIObI.

Mepunvie xonbvl  CclyXaT s TPUTOTOBIEHUS pabodMx CTaHAAPTHBIX
TUTPOBAHHBIX PACTBOPOB M pazdaBieHUs XKUIAKUX MPpo0. OHU MPeAcTaBIAIOT COOOU
IUIOCKOIOHHBIE COCYABI C Y3KUMH M JUIMHHBIMH TOPJBIIIKAMH, Ha KOTOPBIX UMEETCS
MeTKa. /(s mpaBuibHOro M3MepeHus o0beMa Ba)KHO, YTOOBI TJla3 HaOromaTess
HaXOAWJICS Ha OJHOM YpPOBHE C METKOM, a HIDKHSISI 4YacTh MEHHCKA >KUIAKOCTU
Kacajaoch Obl 3TOM uepThl. YeM MeHbIIe TuaMeTp TOpJIbIIIKA, TEM TOYHEE MOXKHO
U3MEPUTH 00BEM.

B MCPHBIX KoJI0axX HeJIb3s JJINTCIIbHOC BPEM:A XPAHUTD IIPUTI'OTOBJICHHBIC PACTBOPLI.
Tlunemxu CIIy’KaT 1A IICPC€HOCa ONPECACIICHHBIX 00BEMOB KHNIKOCTHU U3 OOAHOI'O

cocyna B Japyrod. OHM TpEACTaBISIOT COOOM TOHKHE CTEKJSIHHbIE TPYOKHU C
pacmMpeHueM B cpenHed 4dactu. HuwxkHuil koHer TpyOku oTTsaHyT. Ha meiike
IIUTIETKHU, UAYIIEW K BEpXy OT PaCLIMPEHUs, UIMEETCS KpyroBas yepra. Jlo 3Toil MeTku
HY>KHO HAmNOJHUTh MUIETKY, 4YTOOBI 00BEM BBUIUTONW JKUIKOCTH B TOYHOCTH
COOTBETCTBOBAJI yKa3aHHOMY Ha IHIIETKE 00BbEMY.

UToOBl HATIOJIHUTH MHUMETKY, €€ 0epyT OOIBIINM U YKa3aTeIbHBIM NalbIIaMHU U
OIyCKAalOT HWXHUM KOHILIOM B pAacTBOp. 3aT€éM C IOMOIIBIO PE3MHOBOM T'pyIIn
3aCachIBAlOT KUJKOCTh BHYTPb IHUIIETKU, MIPUYEM MEHHUCK AOJKEH MOJHITHCA YYTh
BBIIIIE METKU. BBICTPO 3aKphIBalOT BEPXHEE OTBEPCTHE YKA3aTEIbHBIM MaJbIEM H,
Jep’Ka MHUIETKY CTPOro BEPTHUKAJIbHO, IOCTENEHHO OCHalbsa0T HaXuM, JgaBas
JKUJKOCTH OIYCTUTBCSA 10 METKM. B 3TOT MOMEHT HYKHO BHOBB IUIOTHO 3aKPBITh
orBepcTHe. UTOOBI BBUTUTH KUAKOCTh U3 MUIMETKH, IPUKACAIOTCS €€ HUKHUM KOHLIOM
K BHYTpPEHHEH nmoBepxHocTH cocyja. [locie 3Toro ocnabnstoT KOHYUK MUIMETKHU MpU
COIPUKOCHOBEHUU CO CTeHKOW WU oxuparT eme 10-15 c¢. Ocratok *kuakoctu wu3

KOHIIA IMUIICTKH BbIAYBAaTh HCJIb34.
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bropemxu tnipeqHazHaveHbl Ui U3MEpPEHUs] 00beMa BBITCKAIOIIEH M3 HHUX
KUIKocT. OHU TMPENCTABISIIOT COOOM CTEKJISHHBbIE MWIMHAPUYECKHUE TPYOKU C
JIeJICHUSIMH Ha BHEIIHEH moBepXxHOCTH. HyneBas Touka IIKaabl HAaXOJUTCS B BEpXHEH
yacTh OropeTku. HuxHui KoHel OopeTKH OTTAHYT U CHAa0XEH 3aTBOPOM, B KAUECTBE
KOTOPOTO MOTYT OBbITh CTEKJISIHHBIA KpaH, epeXxBauyeHHAasi METALTMYECKUM 3aKUMOM
pe3rHoBasi TpPyOKa €O CTEKJISIHHBIM HAKOHEUHMKOM WJIM CTEKJISIHHBIM IIapuK,
BCTaBJICHHBIN B PE3NHOBYIO TPYOKY.

Kanubpoexa u cousmepenue meprnou nocyowl. Ilocie TuiaTenbHON OYUCTKU U
MOCJICYIONIEH CYIIKH MEPHYIO TOCYTy (4alle KO0y UM MUTETKY) KamuOpyroT. Jlis
4Yero MpeABapUTENIbHO B3BEIIMBAIOT HA AHAJIMTHUYECKHX BeCax MEPHYIO KOJIOy U
3alOJIHAIOT JAUCTWIUIMPOBAHHOW BoAoW. CHOBa B3BEIIMBAIOT C BOJOW M HAXOHST
Maccy BOJIbl. 3Hasi Maccy BOJAbI U €€ IJIOTHOCTh, PACCUUTHIBAIOT UCTUHHBIM 00beM
KOJIOBI.

Jns xanuOpOBKM THUIETKH €€ COACPKUMOE (IUCTWIIUPOBAHHYIO BOJY)
BBUIMBAIOT B MIPEABAPUTEILHO B3BEIICHHBIN HAa aHATUTHYECKUX Becax crakaH. CHOBa
B3BEILIMBAIOT, HAXOAAT MACCy BOJIbI U J1aJie€ PACCUUTHIBAIOT 00bEM MUIIETKH.

Ha npakTtuke yamie KaquOpyrOT MHUIETKY U 3aT€M COU3MEPSAIOT €€ C MEPHOMU
KOJI00#: cOOTHOIIEHUE 00beMOB MUTIETKH (V mmenc) ¥ MEPHOU KOJIOBI (V xonoer) JTOIKHO
ObiTh  cooTBeTcTBeHHO  1:10. I[loaTOMy B  COBEpIIEHHO CYXyl  KOJOy
MOCJEeI0BAaTENbHO HaNMMBaOT 10 NUNETOK IUCTWIIMPOBAHHOW BOJbI. 3aTeM Ha
TOPJIBIIIKO MEPHOM KOJIOBI 10 HUKHEMY Kpal0 MEHHCKA y3KOW IMOJIOCKOW KallbKH (2
MM) OTMEYaIOT HOBYIO METKY.

Texnuxa mumposanus. Ilepes HayaloM TUTPOBAHUSI OIOPETKY OMOJIACKUBAIOT
pabouuM pacTBOpOM. 3aTeM CTPOTO BEPTUKAIBHO 3aKpEIUIAIOT B IITaTHBE M
HaIOJIHSIOT OIOPETKY TeM >K€ pabodrM PacTBOPOM uUepe3 BOPOHKY, BCTaBIIsIS €€ B
BEpPXHEE OTBEPCTUE OIOPETKH, IIOCIIE YEro BOPOHKY yAaNA0T. HamomHsoT pacTBOpoM
BBIIIIE HYJIEBOM OTMETKU. 3aT€M OTKPBIBAIOT 3aTBOpP, JAIOT PAcTBOPY 3arOJHUTH
TpyOKYy M CTEKJISHHbIM HAaKOHEUHHK. [Ipu >TOM BHUMATENBHO CJEAST, YTOOBI B

HAaKOHCYHHUKC HC OCTAJIMCh ITY3BIPbKHW BO3AYyXa. BBIHYCKaIOT pacTtBOp A0 TEX 110D,
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MOKa MEHHCK HE KOCHETCS HyseBOW uepThl. CieayeTr MOMHHTh, YTO KOHHUYECKYIO
KOJIOY JIJIsi TUTPOBAHUSI BCETa OMOJACKUBAIOT TOJIBKO JUCTHUUITMPOBAHHOMN BOJOM, a
NUIETKY — TOJBKO PAacTBOPOM, HAXOASIIMMCS B MepHO#l konbe. Ilocne storo u3
MEpHOU KOJIObI OTOMPAIOT OJIHY MUIETKY aHAJTUTUYECKOTO PacTBOPa U MEPEHOCST €ro
B KOHHUYECKYIO KOJOYy JJisi TUTPOBaHMS, J00ABISIOT HHAUKATOP W HAYMHAIOT
TUTPOBAHHWE, T.€. BBIMYCKAIOT J>KUIKOCTh W3 OIOPETKM B KOHHYECKYIO KOJIOY.
Brimmyckate paboumit pactBop cieayeT He O4eHb ObICTpO. OOBIYHO TUTPOBAHHE
IPOBOJAT CO CKOPOCTHIO 1 ¢M® 3a 68 cexyna. Kora 1mo okpacke HHAMKATOpA 3aMETHO
npUOTMKEHUE TOYKH SKBUBAJIEHTHOCTH, TO CKOPOCTh THUTPOBAaHUS YMEHBIIAIOT U
npuOaBISIOT pabouyuii pacTBOp MO OJHOM Karuie, KaxIblid pa3, THIATEIbHO
nepeMeNInBasi CoJIEP)KMMOE KOJOBbL. 3a KOJMYECTBOM BBITEKAIOIIEH U3 OIOpETKU
KUJIKOCTH CJHEAAT MO TOJIOKEHHIO HIKHErOo Kpas MeEHHCKa. Ecnu TuTpoBaHHe
MPOBOJISIT OKPAIICHHBIM PACTBOPOM, TO JCJICHUSI OTCYUTHIBAIOT 10 BEPXHEMY Kparo.

[Ipu orcuere AeneHuil ria3 HaOmOATENs JOJKEH HAXOIUTHhCS Ha OIHOM
YPOBHE C MEHUCKOM. [IpOBOJISIT HECKOJIBKO TUTPOBAHUHN TaK, YTOOBI ObLIO MUHUMYM
TpH ONM3KUX pe3ynbTarta, Hanpumep: 24,73; 24,75; 24,77 ¢cm’, T. €. TO4HOCTH THTPO-
BaHus 10JKHa 66T 0,01 oM’. JTns pacueta GepyT cpemnee (V= 24,75 ov®) u3 Tpex
OJIM3KUX 3HAYEHUN 0OHEMOB.

Ouucmka mepHotl nocyovi. MepHyto mocyny (KOJObI, THUNETKHA, OIOPETKH)
CJEAYET MBITh B TOM CJIy4ae, €CJIi IPU BbUIMBAHUM W3 HEC NUCTUILIMPOBAHHOU BOJbBI
Ha CTEHKaX OCTAIOTCS KaIlIu.

MBITh TIOCYly PEKOMEHIYETCA: paCTBOPOM CTHUPAIBHOTO MOPOLIKA; B CIIy4yae
CUJIBHO 3arpsA3HCHHOW MOCYJIbl — CMECBIO JUXpOMaTa KaJihsl ¢ KOHUEHTPUPOBAHHOMU
cepHoii kucnoroii (5-6 r K;Cr,07 B 100 em’ Boast + 100 em® HaSOx (o)

MepHyro nocyly 3amoJIHSIOT MOIOIIUM PAaCTBOPOM U TIIATEIBHO IMPOMBIBAOT
BHYTPEHHIOIO MIOBEPXHOCTH cocya. [locie yero MoroIuii pacTBOp CIMBAIOT B COCY/I,

TIIATEJIBHO ONOJACKUBAIOT IUCTUILUIMPOBAHHON BOJOM.
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MBITBE TOCYIbI  CUMTAETCsl OKOHYEHHBIM, KOIJla TIpU  BBUIMBAHUU
JTUCTUJUTMPOBAHHON BOJIbI OHAa PAaBHOMEPHO CMauMBaeT IMOBEPXHOCTb, HUTNIE HE
ocTaBJsisg Kaneiab. OCHOBHbIE MOHATHUS NMPH BHIYMCJIEHUSX

[Ipu perienuu 3a1a4 U MpU BBHIMOJHEHUH IPYTUX PACUCTOB PEKOMEHTYETCS
MCII0JIb30BaTh COBPEMEHHBIC MOHATHS M BBIPAYKCHUSI KOHIICHTPAIUI B
aHAJTUTUYCCKOW XUMHH Ha ocHOBe cucteMbl equuaui CU (tabm. 2.2).

Tabauya 2.2 — @opmynvl 0115 8bIYUCTEHUL 8 KOTUYECMBEHHOM AHAIU3E

[ToHATHS B COOTBETCTBUU C
rOCYIapCTBEHHBIM CTAHIAPTOM Dopyyna Enunuia
u HU3MEPEHUS
cuctemoit CU
MossipHasi OTHOCHTEIbHAS _
wacca M, (X) [Tpumep: M;(Na,COs) = 106 —
ATOMHas OTHOCHUTENbHasI Macca
A(X) [Tpumep: A(Na) =23 —
ModsipHast Macca SKBHBaJICHTa
K
[Tpumep: M 227Cr O
T/MOJIb
%} 294 |
6 49
Macca Bemecta m(X) .
Komuyectso Bemiectsa n(X) %(X) n(X)
(x) MOJIb
Momsipras kormeHTpamus C(X) m(X)
CX) =4 MOJIB/ M’
MOV (X)
MoutsipHas KOHIICHTpaLUs]| 1 X % m(X)
% E 1
I X X M X%@ MOJIB/IM?
skBuBanenTa C X C X
KomnuectBo BELIECTBA 1 < m(X
1 E % @ 1 MOJIb
X x M= X
sKkBHBajJieHTa N %X n X
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3aKOH 3KBHUBAJICHTOB a 1 E
M= X1
mX) [ \#x )
[ _
mXp 1 %
X,
NFX,
3aKOH YKBUBAJIEHTOB B | i
TUTPUMETPUYECKOM AHAJIN3E — X, B —X,
C N#x, V(X)Ci ZX, -
V(X )2
Tutp BemectBa Tx ;1 N
< =X | o
Z I/CM
 FO0L X
V(X) 1000 X
Tutp  BemectBa Y 10 ; 1 A
OTpeIeIsIEMOMY BEIIEeCTBY X (o= i
\Z Y%

Tyx ERXLE

V(X)

[

v f
Y 1 X r/em’
000 <
PacueTt Macchl BelecTBa 1o

1 1
pe3ynabTaraM m(X) = n(z— XJ . M(Z— XJ =Ty ,x -V(Y)=
TUTPUMETPHYECKOTO aHATH3A X X

C(l XJ V(X)- M[l XJ r
ZxX ZxX
B 1000
MaccoBast JoJs BelecTsa m(x)
o(X) B Hl 00 %
m(obpasia)
®opmyna Heprcra E \=_]$o E@ﬁS‘ngC(X),
z B
rae C(X) — MossspHas KOHIIEHTpAIUs BelecTBa X
KonnuectBo s51ekTpuyecTa q="TIL K C. A

rae T — Bpems anexrponusa; I — cuita Toka

1 XUMHNYECKHUE METO/JbI AHAJIU3A
1.1 MeToa NpOTOJIUTHYECKOT0 TUTPOBAHUS
B ocHoBe meTona nexaT MPOTOJUTHYECKUE PEAKIUH. ITUM METOJO0M MOKHO

OTIPENICNTh KHUCJIOTHI, OCHOBAHHUS, COJU CIA0BIX KHUCJIOT M CJIA0BIX OCHOBAHHM.
OmnpeaesieHne KaneJbHOM MOrPEeIIHOCTH
UpesBbluaiiHO BaXKHBIM (HDaKTOPOM TPU  TMPOBEACHUU TUTPUMETPUUECKUX

H3MepeHHﬁ SIBIISIETCSI IOHSITHE O TaK Ha3bIBa€MOM KalleJIbHOU IMOTPCUIHOCTH.
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Lenv pabomul

1. OnpenenuTsh 00bEM OJHOM Karliu pacTBOpUTENISt (BOJIbI), BHITEKAIOIIEH
U30I0PETKH.
2. Paccunrarh KamenbHYH MOTPEIIHOCTh MPH PA3TUYHBIX 00bEMax

pacTBOpa,ONISANINX Ha MPEANOoIaraéMoe TUTPOBAHUE.

OpranusanuoHnasi ¢gopma 3aHsATHS
1. 3anonHuTh, OIOPETKY BOJOM U YCTAaHOBUTh YPOBEHb JKHJIKOCTU

(HM>KHUMKpal MEHUCKA) MPOTUB HYJIEBOTO JCIICHMUS.

2. Otcuutath B ctakan 100 kamenb U U3MEPUTHh OOBEM BBITCKIICH BOJIBI
(crounoctero 10 0,01 cm’). OmpeneneHue TOBTOPUTH O MOJYyYEHUS TPEX
CXOJSIIINXCS Pe3yIbTaTOB.

3. Boeruncnute 00bEM ojiHOM Kariu. Pe3ynbTaThl paboThI 3aHECTH B TaOJl.
2.3.
Tabnuya 2.3 — Buiuucnenue obvema 00HOU Kaniu

O6Bembr 100 Cpennuii 00beM O0BEM OHOU
KareJb BOJbL, CM’ 100 xamnespb BOxBL, CM’ KaIUIA BOJBL, CM’

Vi V, Vs ch Vi

4. PaccuuTtaTh KamenmpHYIO TIOTPENTHOCTh TPU PA3TUYHBIX  O0BEMax
pacTBOpAa,MONIEANTUX HA MpeArnoiaraeMoe TutpoBanue (tadi. 2.4) mo dpopmyre:
14
AV =5

100%, V'

IDIS ¥ _ kanenpHas IIOTPEIIHOCTD, %; Vi — 00bEM OJHOM Karmy, cM>; V—

00BEM pacTBOpA, MOMIEANINI HA PENONAraeMOE TUTPOBAHUE, CM’.

Tabnuya 2.4 — Pacuem xaneivHoU nNo2peuHocmu

O6wembl pacTBopa V, cM’ KanenbHas norpemsocts, %

10

25
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50

Kak 3aBucHUT kamenbHasi MOTPEIIHOCTh OT paszmepa Kami? OT KOHIEHTPALMU
pactBopa? Ot o6bema pactBopa (V), momeamnero Ha TATpoBaHue?

IIpuroroB/ieHrie TUTPOBAHHOI0 PACTBOPA KUCJIOTHI
ConsiHyr0 KHCIOTY C HOMUHAJIBHOW (NMPUOJM3UTENHHO) KOHIIEHTpAIuei

pasHoit 0,1 MOJB/IM’ TOTOBAT M3 KOHLEHTpUpoBaHHOro pacrsopa HCl (P = 1,18
r/em?;

@ B6,23 9. s npurotosienus 1 am® Heobxoamma mMacca kucaotsr: m(HCI)

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

Ucxoanas kucnora coaepxut B 100 T pactBopa — 36,23  HCL.
UYrtoOw B34TH 3,65 T, Heobxoammo: 3,65100/36,23 = 10,07 r pactBopa HClioun.
Jl1st pacdyeTa HEOOXOAMMOTO 00bEMa PacTBOPA KUCIOTHI UCIOJIB3YIOT (popMy-

Hy. fopa(HCI) = m(HCI)/p p—pa: 10,07/1,18 = 8,53 CMS.
Wrak, nns mpurorosinenus 1 am®, npubnmsurensro 0,1 MOIb/IM’ KHCIOTHI,

OTMEPHMBAIOT MEH3YPKOM WM MEPHBIM LMJIMHAPOM 8,53 CM’ KOHLEHTPUPOBAHHOM
KHMCJIOTHI B CKJISIHKY C BOZOM M pa36aBisior Bomoi g0 1 am’. MicxonHble BellecTsa:
JUISL YCTAHOBJICHHS KOHIIGHTDAIMH KHCIOTHI OepyT Oypy — Na,B,0;10H,O mm
kapOonat Hatpusi — Na,CO:s.

YcraHOBKa KOHIEHTPALMH PACTBOPA COJISIHOM KHUCJI0THI 10 Oype H 1o

KapOoOHATy HATpUS
Yemanosxa no 6ype. Pacaer mHaBecku Na,B,O;10H,O, HeoOxoaumoi s

IpUroTOBIEHUs, Hanpumep, 100 cM® cTaHgapTHOTO pacTBOPa Oyphl ¢ HOMHHAILHON
koHueHrtpamuein 0,1000 MOJIB/IM° MIPOBOJISIT CJICIYIOIINM 00pPa30M.

CrexuomeTpust peakiiuii Oypbl U COJITHOM KUCIOTHI CIEeAYIOIIAs:
Na,B4O,;10H,0 + 2HCI = 4 H;BO; + 2NaCl + 5H,0; n(1/2

Na,B4O; 1(@120) = n(HCl), mons;
M(1/2 Na2B4O7OHQO) =381,37/2 = 190,68 2; m(Na,

AABLQJ_QH_QD_ﬁ_H_CLZ@ZHH

M(1/2Na..B O:10H O. ) 1000

, MOJIb;
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OTKyaa CJIICAYCT, YTO MacCCa HABCCKH 6ypBI COCTaBUT

C HCI V HCI(
)

%0190, 68
m(Nas.B O-10H O, ) Eé 0:)90 =1,9068 ..

B3sTyl0 Ha aHaNTUTUYECKUX Becax HaBeCKy (Macca HaBeCKH He 00s3aTEIbHO

M(NCIMB O7HOH Oz ) E}

JIOJDKHA TOYHO COBIAQJIaTh C PACCYUTAHHOW, HO OBITh OJM3KOM K Hel!) mepeHocsT B
MEpHYI0 KOJ0y 4epe3 BOPOHKY, a OCTAaTKH Oypbl CMBIBAIOT C BOPOHKHU Tropsiuei
JUCTUIUTMPOBAHHOW BOJOM M3 MPOMBIBAIKK. 3aTeM J00aBIIAIOT B MEPHYIO KOJOY
IPUMEPHO J10 MOJOBUHBI 00bEMA TrOpsYeil BOABI U MPU MEPEMENTMBAHUN JOOUBAIOTCS
IOJIHOTO pacTBOpeHHs KpuctamuioB Oypsl. [locine ocTeiBaHHMS A0 KOMHATHOW
TEMIIepaTypbl O00BEM JOBOISAT BOJOW JO METKH, 3aKPBIBAIOT KOJIOYy MPOOKON
nepemenuBator. [lo B3sitoit HaBecke Na,BsO;10H,O mpoBoasT pacuer MOJsipHOI
KOHIIEHTpalMu dSKkBuBajeHta (mons/mm’) — C(1/2 Na,BsO,10H,O) u TuTpa
terpabopara Hatpus (r/cm’) — T(Na;B4O;10H,0).

JIJist TUTpOBAaHMS U3 MEPHOM KOJIOBI ¢ pacTBOPOM Oypbl OTOHMPAIOT MUIETKOMN
(15-20 cM’) TpM aIMKBOTHBIE HOPLMHU U MOMEINAIOT B KOHUYECKUE KOJIObI (IUIETKa
JOJIKHA OBITH OMOJIOCHYTa 3THUM K€ pacTBOPOM), A00aBUTH 1-2 Karu pacTBOpa
UHAMKaTopa MetunoBoro kpacHoro (pHm = 5,12; pTu« = 5,1) u TuTpoBarh
pactBopoM HCI 10 n3MeHeHus: OKpacKu OT KEATOU IO OPaHKEBOM.

Ilpumeuanue: B KauecTBE HWHJMKATOPAa MOXKHO MCIOJbB30BaTh TAaKXKe
METHJIOBBIN OpaHKeBbIN — pTy, = 4,0; mepexo1 OKpacCKu — OT KEJITOU 10 KPACHOM.

OTtcyer pacxo/ia TATPAHTA JIOJKEH OBITh ClI€TaH A0 COTHIX J0JEH MULTUIUTPA.

PasHuna B 00beMax TUTPOBaHUS He J0/bKHA npesbimath 0,05 cm’. Io pesynbTaTtam

TUTPOBAaHMs Haxomar cpeanuii o0vem tutpanta — (V' HCI( )) u Beluncisor Ha
OCHOBE 3aKOHa DKBHMBAJICHTOB MApAMETPHl PACTBOPA HPUTOTOBJIECHHON COJISHOM
KUCJIOTBI:

CHCI( ), MOﬂbgKl/ZNazB Qa7 16[‘19 Vz) (NazB 04710H 02) 5 oM

vV HCI( )

=
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THCI( ), es CHCHMHCK
). em 1000
Yemanosxka no cooe. bezponinas cona (Na>COs) THTpOCKONHUYHA, IO3TOMY

nepen y1'IOTpC6J'I€HI/ICM ec IMPOKAJIMBAIOT AJI YAAJICHW BJIaru. MOHHpHaH Macca

OKBHBAJICHTA Kap60HaTa HaTpus:

M( _ Na COZBH =
105,9945 52,9945

2 2monb
Jns  npurotoBneHuss pactBopa Na,COs ¢ MOISpPHOM KOHIEHTpaluen
skBuBanenTa C(1/2 Na,COs) = 0,1 mons/nm® B MepHOI K010 BMeCTUMOCTBIO 250,00
oM’

(0,25 nM°) HEO6XOMMO PACTBOPUTE:
1 =
m(Na CO, ¥ C(Na CO; 3V My NaCO; 3)

2
E5,110,25@2,9945 5,3249 2.

Ha ananutuyeckux Becax B3BEHIMBAIOT OIOKC. 3aTeM B OIOKCE HA TEXHUYECKHX
BeCax B3BEIIMBAIOT MpuoOImKeHHo 1,32 r kapOoHaTa HaTpus ¢ TouHOCTHIO 710 0,01 T.
Ilocne Jero B3BEIIMBAHUE MTPOBOAAT Ha AaHAIUTUYECKUX BECAX; TOUHYIO MACCYy COJBI
HaXOJST M0 Pa3HOCTH MEXKIY Maccoil Ol0Kca ¢ HaBECKOM M Maccoil mycToro Orokca.
Hagecky Na,CO; 0cTOp0OKHO IEPECHINAIOT B MEPHYIO KOJIOY Yepe3 CyXyl BOPOHKY,
pPacTBOPSIIOT B HEOOJBIIOM 00bEeME TOopsiueil BOABI, a 3aTeM JOBOAST O METKH
JUCTUIUTMPOBAHHOM BOJIOM, 3aKPBIBAIOT MPOOKON U TIIATENHHO NEPEMEIINBAOT.

Pacuer MOJIApHOI KOHIEHTpanun SkBuBanenTa Na,COs , MOJIB/IM:
1 m(Na CO? %)
C( — NaCO:

=
2 ViM( J%a Co, )

B Omoperky HaluMBalOT NPUTOTOBJICHHBIH paHEe pPACTBOpP  KHUCIOTHI,

MpeABAPUTEIBLHO OIMOJIOCHYB €¢ KUCI0To. 3 MepHO#l KOJIObI OTOMPAIOT MUIETKON
(15-20 c™’) Tpu anukBoTHBIE mopuuu pactBopa Na,CO; (IMIETKY NPeaBAPUTEILHO

OTIOJIACKMBAIOT ATUM K€ PACTBOPOM) U TIOMEMIAIOT B KOHUYECKYIO KOJIObI, JOOABIISIOT
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1-2 karum Mertusopanka (M.0.) W TUTPYIOT Kuciaotod. Konen TuTpoBaHus
YCTaHaBJIMBAIOT 110 U3MEHEHUIO OKPACKU M.O. OT XKEJITOM K KpacHOM.
[Ipy TUTpOBaHMM MPOTEKAET PEAKIMA 10 CAEAYoNIIEMY ypaBHEHNIO: Na,CO;
+2HCl1 =2NaCl + CO, + H,O

CO;* +2H" = CO, + H,0
MOJSpHY0O  KOHIEHTPALMIO  KHMCJIOTHl  (MOJIB/IM’)  pacCUMTHLIBAIOT W3

COOTHOIIICHHUA .
C HCI V HCI( =
1
) C(2 Na CO, )V, (Na CO;
)
1
CHVa CO, 3)Vn(NCl C023)
C HCI V HCI( =-
) ?;

VHCI()
rae: V(HCI) — o6beM pacTBOpa KHCIOTHI, MOMIEAIINI HA TUTPOBAHUE (OTCUET

10 GrOpeTKe), cM’;
V. (Na,COs)— o0beM pacTBOpa COJMbI, B3ATHIA JJii TUTPOBaHUS (00BEM
3
MUIIETKH), CM”.

OnpenesieHue Macchbl HI€J109U B pacTBope
[Tonyuator —3amauyl — pactBop KOH B wmepHoit konbe. J[loBoast

JUCTUJUIMPOBAHHOM BOJOW J0 METKH, 3aKPhIBAIOT PE3NHOBOI MPOOKON U TIATEIBHO
nepememnBator. OtOuparor nunetkod pactBop KOH B koHuyeckyro KomOy,
no0aBisitoT 1-2 kammm M.0. TUTPYIOT paHee MPUTOTOBJICHHBINM PacTBOPOM KHCIIOTHI
JIO TIEpEX0a OKPACKH M.O. OT KEJITOU K KPaCHOM.

[Tpu tutpoBanuu peaxnusa Bzaumoaeictsuss HCl u KOH mportekaer cormacuo
ypaBHEHHUIO: KOH + HCI = H,O + KCl.

Pacuer monsproii konuenrpauuu — C(KOH), moss/am® u macesl — m (KOH) 1
IPOU3BOAT CIAEAYIOLIUM 00pa3oM:

C(HCD)V(HCI) C(KOH)V(KOH);
C(HCI)V(HCI)
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C(KOH)
= *(KOH)
= n(KOH) n(HCl) C¢HC1)V(HCI)
m(KOH) C(HCIH)V(HCI)M(HC])  wmr, BOIHOWNHUIIETKE;

CHCIVHCIMHCI( |

) () VX, 6 mepnoii konbe.
m KOH() »
1000 V,
OnpesiesieHne Macchl IIeJ04YH M KapGoHATa IPH COBMECTHOM NPHCYTCTBHH

B3aumogeiictBue menoun M kKapOoHaTa C KHUCIOTOM MPOTEKAET COIIACHO
YpaBHEHUSIM:

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

+ HCI = NaHCO; + NaCl (¢.d.)

6) NaHCO; + HCI = NaCl + CO, + H,O (m.0.).
st paznensHoro onpeaenenuss NaOH u Na,COs; TutpoBaHue cMecu IpOBOJIAT

C IBYMsl MHIUKaTopaMu — GeHodranent (¢.¢.; u3BMEHIET OKpacKy B MHTEpBaJie
8,29,8 pH; pT =9) u m.0.

[Tpu TutpoBanuu cmecu NaOH u Na,COs pactBopom HCI ¢ unaukaropom ¢.d.
MPOUCXOIUT HeuTpanuzaius Bcero konudectBa NaOH u nmonoBunbl Na,COs. Touka
SKBUBAJIEHTHOCTH Xapaktepuzyerca npucyrcrBueM NaHCO;. B stor moment pH
pactBopa paBeH 8,35.

H,CO; < H' + HCO5™; Kui(H.CO5)=4,5 107" HCO;

<> H"+ CO5™; Kao(H,CO5)= 4,8 107" pHis = (pKi +

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

BTopas To4yka SKBUBAJIECHTHOCTH HACTYNHMT Iocie Toro, korna Becb NaHCO;

oynet HeWtpanuzoBad HCl. DTy Touky ycTaHaBIMBAIOT C MTOMOIILIO HHANKATOPA M.O.

B pactBope H,CO»):
[HT o=V Kua(H2C03)(C(H2C03) 45510710 - 2,12 10
mons/am’; pHy = — 1g[H]rnn =

3,67.

Xoo ompeoenenus. B wmepHOW KOJIOE TMOTY4YalOT HCCIEIYEMBIH PacTBOP,

JIOBOJIAT N0 METKHU IUCTUJUTMPOBAHHON BOJOMW, 3aKPBIBAIOT PE3WHOBON MPOOKOW U
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THIATEJIbHO TMEePEeMEIIMBAIOT. 3aTeM OTOMpalT OJHYy MNUIeTKy -—3aaauul B
KOHMYECKYI0 KoyIOy, mobammstor 1 — 2 kamnu .., mepemMenmBaOT U TUTPYIOT
pactBopom HCl 10 obecuBeunBanuss WM O €ABa 3aMETHOTO PO30BOTO
okpamuBanus. [locne gemaroT oTcyeT Mo OIOpPETKE M3PACXOIOBAHHOTO KOJIHUYECTBA
kuciothl (Vi). 3arem nob6aBisitor 1 — 2 kamim M.0. U NPOAOIKAIOT TUTPOBAHUE JI0
opamXeBoi okpacku. JlemaroT BTopoit oTcdeT mo OropeTKe (Voom).

Pacuer maccet NaOH u Na,COs B uccnemyemoit mpode BeAyT 1o ¢popMyiam:

v CHCI)2(V 4
m(Na CO23) & | x & ob——+):-M(1-Na CO2 3), 2;
v, 1000 2

v HCHCI()H(V A ]
K 06wy obuy 1)M NaOH( ), e.
v, 1000
IIpUroToB/JeHHe THTPOBAHHOIO PACTBOPA LIEJ0YH
ENKMil HATp TUTPOCKOIMYEH, [MOITOMY JUIS YCTAHOBKHM KOHIIEHTPAI[MH €r0

m NaOH()

pacTBOPOB MPHUMEHSIOT HCXOJHBIE BellecTBa: maseneByro kuciory H»>C,042H,0,
OCH30MHYI0 KHCIOTY, THApOo(TamaT Kajaus, SHTApHYIO KUCIOTy W Ap. Bribepem B
KauecTBe ycraHoBouHOTO BenecTBa — HoCo042H,0.

IIpumeuanue. [IpeaBapuTenbHO [IABEJICBYIO KUCIIOTY
NEPEeKPUCTAIIIN30BBIBAIOT, TaK KakK INPU XPaHEHUWU BO3MOXHA YacTUYHas MOTEps
KPUCTAJUIM3AL[MOHHON BOABI (BbIBeTpHBaHUE). JlJi NEpeKpUCTAIIIM3ALUU TOTOBST
HACBIIICHHBI TOPSYUN PACTBOP KHUCJIOTHI, KHIATAT, GUIBTPYIOT M OBICTPO
OXJIAXK/IaI0T. BelenuBiimecs: KpucTamuibl IPOMBIBAIOT 2-3 pa3za AUCTHILIUPOBAHHOU
BOJIOH, OT)KHMAIOT MEXIY JTUCTaMH (PUIBTPOBAIBLHOM Oymard u CymiaT Ha BO3JIyXe.
BEICyIIeHHY0 KHCTIOTY, MEJIKME KPUCTAJUIMKK KOTOPOM HE JOJDKHBI MPUINIATH MPU
NepEeMEeNTNBAaHUH K CTEKJITHHOHN Mal0uKe, XPaHsAIT B CKIISTHKE C MPUTEPTOM MPOOKOH.

MonspHas Macca SKBUBAJIEHTA IIABEJICBON KUCIIOTHI:

1126,07

M(HCO  2HO) =+——=63,035

2 22 42 2 MOJIb
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Jlnis  mpurorosienus 100 c¢cM’ pacTBopa IE€PEKPUCTAIUIM30BAHHON W
BBICYILICHHON KHCJIOTBI C HOMMHAJIBbHOW MOJIAPHOM KOHLIEHTpALMEeW SKBUBAJICHTA
C(1/2 H,C,0,2H,0) = 0,1 Moab/aM’ HEOOXOAUMO B3STh HABECKY:

Hagecky m Ly 2HQ ) B

cierorn COHEQ  (2HOVMCOn,  [2HO ) | _
= M HEQ  -2HQ )

HEPEHOCAT ] 1000

1
B MEpHYIO QT(%X) 63,035 =0,6304 .
KOJIOY -

BMECTUMOCTEIO 100 cM’ , pacTBOPAIOT B CBEKENPOKUIIAYEHHON BOJAE (HOIDKEH
orcyrctBoBath CQO,), MOBOAAT JO0 METKM M XOpPOIIO MepeMeruBarT. Pacuer
MOJISIPHOW KOHIIEHTpPAIlMM OHKBUBaJEHTa IMaBeneBo kuciaotel — H>C,Os 2H,0

(MosB/aM?):

lm(H C% 2 4@]‘] O ) HVk
C(HCO: 2 2HO: ) 1 H
2 M( HCO: = 2:2HO: )
2
PactBOop enkol mienouM TOTOBAT ClEAyHOMKMM 00pa3zoMm. OTBEMMBAIOT Ha

TEXHUYECKUX Becax €eIKUA HaTp B KOJMYECTBE, HECKOJbKO MPEBBIMIAIOIIEM
HeoOxoauMoe, g mpurotoBiienus 0,1 MOJIB/IM° pactBopa. Tak, Ha 1 e 0,1
mouw/mm° pactBopa BMecto 4 T NaOH Gepyr 5-6 1. HaBecKy moMemarT B CTaKaH,
OBICTPO OMOJAacKUBAaIOT 2-3 pa3a HEOONbIIMMH TOPUUSIMH BOJBL, KOTOPYIO
oTOpachiBatoT (BbUIMBaIOT). Ilpu sTOoM yhanstorcss kapOoHaThl (Kak TMPUMECH).
Tonkas kopka Na,COs, mokpeiBatomas cBepxy kycouek NaOH, mpu onomnackuBanum
BOZOW Xopomo W ObicTpo pactBopsiercs. Ocrtapmmiics NaOH pactBopsitor B
CBEXKEIPOKUIITIEHHON BOJIE U JOBOAAT 00BEM pacTBopa 10 1 am’.

Xoo onpeoenenus. B 0ropeTKy HanuBarOT MPUTOTOBICHHBIA pacTBop NaOH .
OTOupar0T NHUNETKOH B KOHMYECKYIO KOJIOy pacTBOp IIABENEBOM KHCIIOTHI,
npubasisiror 1 — 2 kamwmm .. W TUTPYIOT €IKHUM HATPOM JO TOSBICHUS
HEencYe3arollen Mpyu NepeMenuBaHiy B TeueHne 1 — 2 MUHYT MaJlMHOBOM OKPACKHU.

PacueTr MonsipHO# KOHUIEHTpanu 3kBuBasieHTa NaOH , Mo/ mM°: 1
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~cHco, | 1

2H O, = Y HCO: 1
2H O,)
C(NaOH) 2 v
NaOH(
)
Bonpocs! ajst 00cyxaeHUs
1. Urto Takoe TUTp? TUTP MO ompeaensieMomy BemecTBy? Paccuurtaiite

TUTPPAcTBOPOB: 1) Oypbl U coabl; 2) TUTPbI Oypbl M COABI MO COJITHOM KHCIOTE
(MCXOHBIE JaHHBIE AJI pacueTOB B34Th B pazjene 2.1).

2. Kakue morpemrtHocT u3MepeHuid Ha3bIBaAlOT MHAUMKATOpHBIMU? Kakoro
BUJIAWHUKATOPHBIE INOTPEIIHOCTH HMEIOT MECTO IIPH YCTAaHOBKE KOHIICHTpPALUU

pacTBOpa COISTHOM KUCIOTHI 110 Oype u conie? Boruncnure ux.

3. CkoIbKO c¢M’ pacTBOpa coistHoM kucinotel (P = 1,12 r/em’) Hamo B3AThH
n1s npurotosienus 10 am’ pactsopa ¢ momspHoi konuentpauueir C(HCI) = 0,01
MOJTB/TM>?

4. Ckosibko Haj0 B3sATh pactBopa ruapokcuaa Hatpus (C (NaOH) = 1,0
mons/mv’; K = 0,9067) 11 NIPUrOTOBIEHHMS pAacTBOPA, KaXIBIA CM’ KOTOPOTO
cootBeTcTBOBa) OBl 0,01 T dochopHOIN KUCAOTHI MPU TUTPOBAHUM €0 METUJIOBBHIM
opaHxeBbIM? (heHondTarienHoM?

5. KakoBbl MaccoBeie nonu (B %) Na,COs; u NaOH B o0Opasue, ecnu Ha
TUTpOBaHUE ¢ PeHonTaIenHOM pacTBOpa, cojaepkaiiero B 0,2515 r aToro obpasiia,
uger 29,65 cm’ pacrtsopa HCl (C(HCI) = 0,2 mons/am’; K = 0,9815)? Ilpu
IPOJOKEHUM TUTPOBAHHMS C METUIIOBBLIM OpAaHKEBBHIM MAET emie 1,45 c¢m’ Toro
pactBopa HCI. OtBeT: 11,99 % u 88,01 %.

1.2 MeToa KOMILIIEKCOHOMETPHYECKOI0 TUTPOBAHUA
KoMmnekconomeTprueckoe TUTPOBaHUE OCHOBAHO Ha MPUMEHEHHUU

pacTBOPUMOM JIBYHATPUEBOU COJIM ATUIICHIUAMHUHTETPAYKCYCHOM KUcIoThl — DJ[TA

(npyrue HazBaHusa — komiuiekcoH III, Tpunon B):

HOOCH,C®™,cOONa
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NaOOCH,C“",COOH
OATA oOpa3dyeT pacTBOPUMBIE BHYTPHUKOMIUIEKCHBIE COJM  CTPOTO

ONPEJEIECHHOT0 COCTaBa CO MHOTMMHU MeTauilaMu. OTHOLIEHUWE MOJb HOHOB
METAJUIOB K YHMCIIYy MOJIb JUranja crporo paBHo 1 : 1. IIpu s3ToM merann 3amemiaet
aToMbl Bojopoda KapOokcwibHbiXx rpynn — COOH, a Ttakxke CcBsI3bIBacTCS
KOOPJIMHAIIMOHHOW CBA3BID C aroMamu aszora, TO ecTtb OJOJATA sBusercs
IICCTUACHTATHBIM JIUTAHIOM.

CxemaTu4HO  peakiuio oOpa3oBaHUsS  KOMIUIEKCA  MOXHO  BBIPA3UTh

YPaBHEHHUEM:

H,Y* + Me™ <> MeY * +2H".
[Tpruem no stoit cxeme DATA pearupyer co BceMH KaTUOHAMU HE3aBUCUMO

OT UX CTCIICHH OKUCJICHUA:

HoY2 + Agr <> AgY* + 2H'
H,Y ™ + Cu*" <> CuY*+2H"
H. Y2+ AP & AlY +2H"
H,Y? + Zr*" < ZrY + 2H".
KoHcTaHThl  yCTOMYMBOCTH  OOpa3yIOIIMXCA KOMIUIEKCHBIX — COEIWHEHUN

noctatouHo Benuku: pKY = 9 — 25, Tak kak MOHBI MeTaJJIa 3aMEIal0T BOJAOPOIHbIC
HMOHBI KapOOKCUJIBHBIX TPYII, TO peakuus cpeanl (pH) aHamusumpyemoro pactBopa
uMeeT 0O0JIBbIIIOE 3HAYEHHE MPU TUTPOBAHUH KOMITJIEKCOHOM.

B kauectBe UWHIUKATOPOB B  KOMIUIGKCOHOMETPUU TMPUMEHSIIOT TaK
HAa3bIBAEMBIE METAJUIOMHJIUKATOPBI, KOTOPBIE MO3BOJISIIOT BHU3YaJbHO ONPEACIUTH
KOHEIl TUTPOBaHUs. MeTalIONHANKATOPhl — OPTaHUYECKUE KPACUTENH, 00pa3yIoline
OKpAIIICHHBIE KOMIUIEKCHBIE COCJMHEHHUSI C MOHAMH METajlla, MEHEE MPOYHBIE, YEM
koMmiieke metaia ¢ DJTA. Hanpumep, spuoxpom yepnsidi T (OXY — T) mmpoko

IPUMEHSIOTCS B KOMIUIEKCOHOMETpUU. AHMOH uHaukatopa H,Ind", kotopsrii numeer

popmyay
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IIPpOABIIACT ce0sT KaK KHCJIOTHO — OCHOBHOM HHIUKATOp:

pK, 6,3 pK,
HyInd « Hind* Ind*
-O3S
O:N
11,5
KpaCHBIN roJryooit KEIITO — OPAHKEBBIN

[Tpu pH 7-11, xorga uHAMKATOp UMEET rOyOOH 1IBET, MHOTHE UOHBI
MeTajuioB, HanpuMep, Ca™*, Mg u ap., o6pasyror koMiuiekconatsl: HaIndz-+

Mex+ Melnd + H+ «

CUHUU BUHHO—KPACHBIN.
[Ipn tuTpoBanum pactBopom DJTA B KOHEUHON TOYKE TUTPOBAHUS PACTBOP

MEHSET KPACHBIH 1IBET Ha roy0oii:

Na,H,Y + Melnd™ <> Na,MeY + Hind*> + H".
KOMIIJIEKCOHOMETPUYECKOE THTPOBAHHME INPHMEHSIOT JUIS  ONpeIeIeHHs

MHOTHX MeTamioB: Mg®, Ca*, Zn*", Cd*, Cu®, AI*", Ni*" u np.

[pyroii, 4acTo NOpPUMEHSEMU HWHIWKATOP, — MYPEKCUA. ITO KpacUTElb,
IPEICTaBIAIOMIMNI COO0M aMMOHHMIHYIO COJIb ITypITypHOM KHUCIOTBL. Mypekcua npu
pH Oonbme 9 okpameH B cuHe — (PHUONETOBBIM LBET, a MpU MEHbIE 9 — B
KpacHO(HUOIETOBbIN. [I[BET KOMIUIEKCOB MypeKcHaa ¢ MeTaulaMH — KPacHBIM U
YKEJTBIN, I03TOMY C MyPEKCHIOM TUTPYIOT B IIEIOYHOU Cpele.

IIpuroroBienne TUTPOBAHHOIO pacTBopa J/ATA
Jns  KOMIUIEKCOHOMETPUYECKOTO TUTPOBAHUS MPUMEHSAIOT  pa3IMYHbIC

KOHIIEHTpalMu padodero TurposanHoro pacrtsopa DIATA — 0,1 mons/am’; 0,05
mous/am*; 0,01 mons/mv’. Monspaas macca DJ[TA pasua 372,2 r/MOIb; MOJISpHAas
Macca SKBUBajieHTa — 372,2 T/MOb.

Jlnst npurorosienus 250 cm® 0,02 Moss/aM’ pacTBopa HEOOXOAUMO:
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m(DATA) =0,02'0,250" 372,2=1,8610r.
Hagsecky O/ITA pacTBOpstoT B iMCTHILIMPOBaHHOW Boze. KoHneHTpanuio

pactBopa DJITA ycTaHaBIMBaIOT IO HABECKE MEPEKPUCTAIIIU30BAHHOTO Cyib(dara
marausi — MgSO; - 7H,O (x.u.).

Onpepaesienne o0meH KeCTKOCTH BO/IbI
MeToa OCHOBAH Ha CBOMCTBE MOHOB ILIEJIOYHO-3eMeENbHBIX MeTamioB (Ca’" u

Mg*), obpasoseiBate ¢ DJTA B wmenounoii cpexe (pH = 8-10) npounsie
KOMIUIEKCOHATBI: BHAaYaje obpasyercs KoMIuieke ¢ monamu Ca’’, a 3aTreM ¢ moHaMu
Mg*".

B kauectBe cpene npu pH = 8-10 mpoucxoaut peskoe u3MeHeHUe roiy0oit
OKpacKy MHIMKATOpa B BUHO— KPAaCHYI0 BcieAcTBUE oOpazoBanus Mglnd:

Mg* + Hind* <> H"+ MgInd.
B npoiecce TUTpoBaHMs BHayajge O0Opa3yeTcss KOMIUIEKCHOE COEIMHEHUE

OJTA ¢ noHamu KanbliMsi, a 3aT€M C MIOHAMU MarHus, MpU 3TOM COEAUHEHUS NOHOB
Mg*" ¢ MHAMKATOPOM pPa3pyLIalOTCs, U B KOHIE TUTPOBAHUS U3MEHSETCS OKPacKa
pacTBOpa U3 BUHHO-KPACHOU B roJIyOyI0 10O PEeaKIuu:

Na,H,Y + MglInd <Na,MgY + HInd* + H' BuHHO-KpacHBbIi
rony6oi

Takoro 4eTkoro HM3MEHEHHs OKPacKM WHAMKaTopa noubl Ca** He maror, a
nosToMy otaensHo uoHbl Ca®' B mpucytctBum Muaukaropa DXY — T onpenenuTs
HEJb3S1.

Heo6xonumas menounas cpeaa (pH = 8-10) B TUTpyeMOM pacTBOpe CO3/1aeTCs
npuOaBIeHUEM K HEMY aMMHa4HO-0y(depHOro pacTBopa.

OnpeneneHuro o0mel )KeCTKOCTU BOABI MEMAIOT noHkl: Fe**, Fe**, AI’*, Mn*,
Cu*, HCOs, COs* u ap.
Memaromee BIMSHAE UOHOB yCTPAHSIOT MPUOABIECHUEM K TUTPYEMOM mpode

pactBopa cyinsbpuma Hatpus® ¢ (NaS) = 2 %, pacrBopa COJISHOKHCIIOTO
rugpokcmifdvuna ¢ ([NH;OH]CI) = 1 %. Biusnue wuonoB A’ ycrpansercs

npubOaBIeHUEM TapTpaTa HATPUS.
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KOMIIJIEKCOHOMETPUYECKUIM METOJ[ ONPENEICHUS OOIIEH KECTKOCTH BOBI
IOAYyYM IIMPOKOE PACIpPOCTPAaHEHHME MJIs aHaaM3a BOJ Da3lM4YHOM CTEIEHH
muHepanusanui. OJHAKO B TUTPYEMOM PAaCTBOPE HCCIEMLYEMOM BOIBI KOJIMYECTBO
nonoB Ca” u Mg** He noimkHO npessuaTs 0,5 MOJIB/IM’ .

Peaxrtussl. 1. TutpoBanusiil pactsop SATA ¢ MOISIpHON KOHLIEHTpALUEN

C(OATA) = 0,02 mons/am’. AMMuauHo-0ydepHbIii pactBop (cMemmBaroT o 100 cm’

20 % pactBopel NH4Cl m NH,OH noBoasT mnonydeHHBI 00beM 10 1 e

JTUCTUJTUPOBAHHOMN BOJIOMN ).

2. Cyxoit uaaukarop XY — T (0,1 r ungukatopa pactupatot ¢ 30 r NaCl).
3. PacTtBOp cynbduaa Hatpus ¢ ®(Na,S) =2 %.
OpranuzaunonHas ¢gopma 3aHATHS
B xonmueckyio konly ormepuBaioT 1 numerky (0,1 yacth oObema MepHOI

KOJIOBI) aHATM3MPYEMOM BOJBI, IPUOABIAIOT 5 ¢M® aMMHUA4YHO-0y(EPHOro pacTBopa,
4-5 xamenb pactBopa Na,S, OOUH MOJHBIMA IIMATElb WHAUKATOPA U MEJIEHHO
TUTpytoT pactBopoM ODJITA, Bce BpemMsi SHEPruyHO NEPEMEIIMBAS COAECPKUMOE
KOJIOBI O U3MEHEHHsI OKPacKU M3 BHHHO-KPACHOU B royOyro. CBuAETElIeM MOXKET
CIIY>KUTh MEepeTUTPOBaHHAas Mpobda, T.K. Mpu NpudaBieHnn U30bITKa pactBopa DTA
OKpacka 0OJIbIIe HE U3MEHSETCH.

Pacuer pe3yabTaToB ONpeAeIeH s OOIIEH KECTKOCTH BOIbI, MMOJIbL/IM
1 E 0 g 2 C(Na2H Y*)¥ 1000
JK(H O, ) C(CaMg) , 2 V H O( .
)

rae C(Na;H,Y) — MmonsipHast KOHIIEHTpaIusl SKBUBaJIeHTa pacTBopa JD/I-

TA;
V — 06weM pactBopa DJITA, U3pacx0q0BaHHEINM HA TUTPOBAHUE, CM;
V(H,0) — 06beM BOABL, B3ATOM I TATPOBaHMs , cM°. 3agada Nel
OnpeneseHus HMHKA

Kommekconomerpuueckoe ompenefneHne IMHKAa — OJIMH W3  CTaBIIHMX

KJIACCUYECKHUM METOJIOB KaK MPSIMOT0, TaK U 0OpaTHOTO TUTPOBAHUS C TPUMEHEHUEM
WHIMKaTOpa B aMMHauHO-OydepHom pactBope (pH = 10). Ilepexon okpacku oueHb

PE3KUM.

92



Peaxmuevr. Turposannsiii pactsop DJITA: C(OATA) = 0,5 mons/am’; DX T;
Oydepuas cmech (pactBopsior 54 r NHyCl u 350 r NH,OH B 1 aM’ Boabl).
OpranuzanuonHasi Gpopma 3aHATHS

3aiayy NoJiy4aroT B MEPHYIO K00y B BUJE PACTBOPA COJIM LIMHKA, JOBOJSAT JI0
METKH JUCTUIUTMPOBAHHOM BOJOM M XOPOLIO MEPEMENINBAIOT. B KOHUYECKYIO KOOy
3amaun oTMepuBatoT 1/10 gacte (1 mumerka) oObema MepHOUM KojiObI, 1 mmarens
unaukaropa DXY — T, 10 cm® GydepHoro pacTBopa u TUTPYIOT IPH HEPEMELINBAHUK
S/ITA no mepexoaa OKpacku ¢ (UOJIETOBOTO B CHHUH IIBET.

Pacuer pe3ynbraToB onpeneneHuss Macchbl HUHKA, T

m(Zn*") = C(Na;H,Y) V., M( Zn*™) m0’3 @&,
v

II
rae C(Na,H,Y) — monsipHast koHueHTparnus skBuBaiienta DTA; V.,

— 00BeM pactBopa DJITA, pacx0J0OBaHHOrO Ha THTPOBAHKE, CM’ ; M
/

(Zn*") — MonsapHas Macca SKBUBaJIEHTa LIMHKA, 65,38 TMOJIb.

3apmauya Ne2 Onpenesienne Meau
Ompenenenrne MeA MOXKET MPOBOJMUTHCS, KAaK TPSIMBIM, TaK M OOpaTHBIM

TuTpoBaHneM B wuHTepBaie pH = 4-10 B 3aBUCMMOCTH OT HPHUMEHSIEMOTO
uHaukaTopa. [lpuHOMO omnpeneneHuss OCHOBAaH HA TUTPOBAHUU aMMHUAYHBIX
pacTBOpOB, coAEpKallMX Meap, KomIiuiekcoHa I B OpUCYTCTBUM HWHIUKATOpa
MypeKCcHaa, KOTOpbIA 00pa3yeT ¢ MOHaMH MeJM KOMIUJIEKCOHAT KpacHOro IIBeTa, a
CHHSSI OKpacka aMMuaKaTa MeJIi UCUE3aEeT:

[Cu(NH:)a]*" + [mypnyp] <> [Cu(mypryp).] + 4NH;,
KpaCHBIN
Hanee mnpu TtuTpoBaHuu pactBopa I/ATA mnypmnypaT Meau pa3pyliaeTcs

BCJICACTBHUC O6pa30BaHH51 Ooiee IMPOYHOIro COCANHCHUA KOMIIUICKCOHATA MCIIU

[Cu(mypriyp):] + Na,H,Y <> Na,CuY + 2(mypryp) + 2H".
KPaCHbIN JIAJIOBBIN
[Ipu 3TOM OKpacka pacTBOpa MEPEXOJUT U3 KPACHOM B JTHIIOBYIO (CUHE(HUONETOBYIO),

4YTO 00YCJIaBIMBAETCS [IBETOM OCBOOOAMBIIETOCS aHMOHA MyPIypHON KuciaoTsl, pH

pactBopa paBHa 10.
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Peaxmuewvi. PactBop ammuaka —o(NH4sOH ) = 10 %; pactBop D/ITA c
monsipHoit kouuenrpanueit C(H,Y?>) = 0,01 Monb/am’; Mypekcu 1 — HHIMKATOP
(cmech 1 wactu unaukaropa ¢ 99 Becobimu yactsimu NaCl).

Opranuzanuonuasi popma 3aHATHSA
B konudeckyro kon0y ormepuBaroT nunetkoi 0,1 odwema pactBopa (10 mam

25 cm’), comepakamiero nonsl Cu®’, B MEpHOU KOO, IPUIMBAIOT COOTBETCTBEHHO 5
win 10 cM’ pacreopa NH,OH (o(NH,OH ) =10 %), nobasasror 150-200 mr
WHJMKATOpa U TUTPYIOT pacTBopoM DTA 10 u3MeHeHus: nBeTa OT BUHHO-KPACHOTO
10 JINJIOBOTO.
Pacuer pe3ynbraToB OonpeneneHuss MacChl MEJIH, T
m(Cu®") = C(Na,H,Y) V., M(Cu?") 1072 @“—,
Vi

rae C(Na;H,Y) — MmonsipHast KOHUEHTpalKs SKBUBAJIEHTA PACTBOPa KOM-
IIJIEKCOHA,
Ve — 006em DJITA, nomeammii Ha TATPOBAHUE, CM”;
M(Cu®") — MoJIsIpHast Macca SKBHBAJICHTA MenH, 63,54 riionn
Bomnpocs! asst 00cyxaeHust
1. Ha dyem ocHOBaH MeTOon KOMILIEKCOHOMETpuM? Hamummre cxembl

00paso-Banus KoMmiuiekcos ¢ DJTA crnenyrommx katuonos: Cd**, Cr’'u Ti*".

2. Yem oOycioBiieHa KeCTKOCTb BOAbI? Kakyl KECTKOCTh BOJbI
Ha3bIBAIOTKAPOOHATHOI? MOCTOSHOMN? 00Ieit?

3. Yro Takoe wmetawonHaukatopbl? Kakue TpeOoBaHUS K HHUM
IPEIBIBISIIOTCSB KOMIUIEKCOHOMETPUU?

4. Paccumrarh KOHIEHTpanuio nona Ag" (Monn/am’) u pAg, eciu k 25 cm’
pacteopa KCN (C(KCN) = 0,1 mons/nm’) nobasneno 12,25 cm® pactBopa AgNO; (C
(AgNO;) = 0,1 mons/am’) mpu pH = 9.

Ortset: C(Ag") = 7,4510" mons/am’; pAg = 16,13.
5. K 50,00 cm® pacteopa ZnCl, (C (ZnCly) = 0,01 mons/aM’) mobGaBiaeHo

25,1 e¢m® pactBopa DJITA (C(QATA) = 0,02 mons/am’) npu pH = 5. Beruucautsb
KOHIIEHTPAIMIO HOoHa Zn*" (MoJb/aM’) u pZn.
Ortser: C(Zn*") = 2,1710"® mons/nv’; pAg = 7,66.
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1.3 MeToa peaoKkcMeTpH4eCcKOro TATPOBAHUS
1.3.1 llepmanranaromerpus
Meron nepMaHraHaTOMETPUM OCHOBAaH Ha PEAKIUAX BOCCTAHOBJICHHS] HOHA

mepMaHraHata. B KkauecTBe  CTaHAapTHOrO  pacTBOpa  OKHCIIUTENS B
IEpPMAaHIaHATOMETPHH IIPUMEHSETCS IepMaHraHar Kaiaus. OOBIYHO THUTPOBAHHE
CTaHJapTHBIM pAcTBOPOM IIEpPMaHIraHaTa Kalus IPOBOJAT B KHCIOH Cpee.
[IpUHIMOKATIBHYIO CXEMY MPOTEKAIOIIEd HMPU 3TOM PEAKIMH MOYKHO MHPEICTABHTH
creayronm oopazom: MnO, + Se + 8H' M:)” + 4H,0.

OKHCIUTEIBHO — BOCCTAHOBHMTEIIBHBIA  IMOTEHIMA] JaHHOM  CHCTEMBI

BBIPAXKAETCS YPAaBHEHUEM:

E (MnO4 /Mn**) = 1,51 + (0,058/5)lg[MnO4 J[H]*/[Mn**].
YcTaHOBKA KOHIEHTPALMH PACTBOPA NEPMAHTAHATA KAJMS 110 OKCAJIATY HATPUA
IIpuecomoenenue pacmseopa nepmarneanama Kaaus. IIpuroroBUTh TUTPOBAHHBIN

pactBop KMnO, 1o TouHON HaBecke HeNb3sl, T.K. OH OOBIYHO OBIBACT 3arpsi3HECH
MPOAYKTAMU  CBOErO0  BOCCTAHOBJIEHHWs, Hampumep, MnO,. Kpome Toro,
IPUTrOTOBIIEHHBIA pacTBOp KMnO,4 B Te4eHNE HECKONBKUX THEW U3MEHSAET CBOU TUTP
BCIICJICTBHE  BOCCTAHOBJICHHS NI€PMAHTaHaTa MPUCYTCTBYIOIIMMH B  BOJE
OPraHWYECKMMH BemecTBaMu. Jna paGoTsl 06eraHO rotoBar 1 am® 0,05 mons/mm’

pacTtBopa mepmaHraHara kainus. Ecnu TUTpoBaHuE HpPOBOIAT B KHUCJIOW CpeAe, TO

MOJIsIpHaA MaCCa 9KBHBAJICHTA CI'O paBHA!

M(1/5 KMnOs) = 158,04/5 = 31,60 r/mob.
Jlns mpurorosienus 1 am® 0,05 Moaw/aM’ pacTBopa OepyT Ha TEXHUYECKHX

Becax npubnusutensHo 1,58 r, nanee orMepuBas 0OJBIIMMU MEPHBIM HUJIMHAPOM 1
AM® JHMCTUUIMPOBAHHOM BOJABI JUIS PACTBOPEHHUsS HABECKH. TaK KaK KPHMCTAILIbI
KMnO; pacTBOpsIOTCSA TOBOJBHO MENJIEHHO, YaCTh B3ATOM BOJbl HArpEBAIOT MOYTH
70 KUTEHWS W HEOONBIIMMH TOPIUSMUA 00palaThIBAIOT TMPHU  TIIATEIHHOM
nepeMeninBanun HaBecku KMnO, B crakane. Bpems OT BpeMEHH OCTOPOMKHO
CIIMBAIOT XUAKOCTh C KPHUCTAUIOB B JIPYrOM COCYJ, 3aMEHssI €€ HOBOW MOpLUEH
ropsituel BOAbl. IIpUrOTOBIICHHBINM OXJIAXKJIEHHBIM PACTBOpP CIMBAKOT B CKISHKY

E€MKOCTBIO 1 I[M3, I[O63BJI§IH Tyada K€ OCTAaBIIYIOCSA BOAY M, THIATCIIBHO IICPCMCIIAB,
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octaBisitoT Ha 7-10 quelt. CKIIHKY 3aKpBIBAIOT MPOOKOW U XpaHAT B TEMHOTE (JIydile
TOTOBUTh PAcTBOpP B CKJISHKE M3 TeMHOro crekia). [lo mcredeHuu 3TOro BpeMeHHU
cU(OHOM OCTOPOKHO CIUBAIOT JKUAKOCTb C OCEBIIMX XJonkeB MnQO: (uiu
npOUIBTPOBBIBAIOT Y€pe3 CTEKISHHBIA (DUIBTPYIOIIMIA TUTENIb) U YCTAHABIUBAIOT
MOJISIDHYHO KOHIIEHTPALIMIO JKBHBajleHTa pactBopa KMnOs; mno oanHomy w3
CIEIYIOIIMX MCXOAHBIX BELIECTB: METAJUIMYECKOMY IKEJe3y, COJM IaBeJIEBOU
KHACIOTHI (OKcalaTy HaTpus WIM aMMOHHS), MBIIIBIKOBUCTOMY AaHTUAPUIY U
HEKOTOPBIM JAPYTHM BEIIECTBAM.

Yemanoska konyenmpayuu pacmeopa KMnQO,. I yCTaHOBKM KOHIIEHTPAIUH
pacteopa KMnO, mnaubonmee ynoOHbIM siBhsieTcss okcanar Harpusi. OH
HETUIPOCKOIMNYEH, HE COJAEPKUT KPUCTAJUIM3ALMOHHON BOJIbI U HE U3MEHSETCS MpHU
XpaHEHUH.

Peakius Mexay okcanaT — uoHoM (C,Os)> M NepMaHraHaToM IPOTEKAEeT
COTJIaCHO CIEAYIOIIEMY HOHHOMY YPaBHEHHIO:

5(C,04)* +2MnOy4 + 16H" — 2Mn*" + 8H,0 + 10CO,
Oxucnenue (C,04)*” IPOUCXOIUT TI0 CXEME:
(C204)* —2e — 2CO0..
CrnemoBarenbHO, MOJISIPHAsl Macca SKBUBAJIEHTA!
M(1/2 Na,C,04) = 134/2 = 67 r/mMmO0nb.
Jlis mpurotoBinenus 250 cM® pacTBopa OKcalara HaTtpus C MOJIAPHOM

xounentpanueit C(1/2 Na,C,0,) = 0,1 Mosb/aM’ HE0OXOIUMO B3ATh HABECKY:

m(Na;C>04) = 0,167 0,25=1,68 1.
HaBecky B3BeHmIMBAaIOT Ha aHAJIUTUYECKHX Becax B OlOKce, NepeHocaTr 0e3

NOTEPh B MEPHYIO KOJIOY, paCTBOPSAIOT B AUCTHIIMPOBAHHOW BOJIE, TOBOAST PACTBOP
0 METKM W TUIATEJIbHO MepeMENNBaloT. MOJSIpHYI0O KOHLIEHTPALUIO 3KBHBAJICHTA
MOJIY4YEHHOT'O PACTBOPA PACCUUTHIBAIOT TaK:

C (1/2 Na,C,04) = m (Na,C,04)/ M (1/2 NaxC,04) V (Na,C,0s4), e
m — HaBeCKa, T;

V — 06beM MepHOU KOObI, | 1M’
M(1/2 Na,C,04) — monsgpHas Macca SKBUBaJICHTa OKcajlaTa HaTpus, I/MOJIb.
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[Tomemaror B konOy mias turpoBanus 10 cm® H,SO, (1:4) m marpesaror 110
8085°C. Ilumerkoit oTOuparoT anukBoTHy0 mnopuuio (0,1 dacth obbema MepHOU
KOJIOBI) TMOJYYEHHOTO CcTaHaapTHOTo pactBopa Na,C,Os u BHOCAT B KOJOYy C
HarpeThiM PacTBOPOM CEPHOM KUCIIOTHI.

PactBop mnepmaHraHata Kajius T[OMEIIAIOT B OIOPETKY M YCTaHABIUBAIOT
YPOBEHB KUJKOCTH 10 BEPXHEMY MEHUCKY Ha HYJIEBOM OTMETKE.

Hanee pactBop KMnOs; mnpuinuBaioT 1HO KaluisiM K TOpPSYEMY pPacTBOPY
UCXOJHOTO BemiecTBa. Kaxkayro Clemyromyo Kamio MpuOaBisioT MOCHe TOro, Kak
MCYE3HET OKpacka OT mpeapiayieid kamid. HyXHO yJnoBUTH MOMEHT, KOTJla OJlHa
Karisi pacTBOpa IEepMaHraHaTa Kajusi OKpacUT BECh PacTBOpP B OJEAHO-PO30BBIN
L[BET, HE WCYE3AIOLIUA B TEUEHUE OAHOM MHUHYTHI. TOYHOE TUTPOBAHUE MPOBOJIAT
HECKOJIBKO pa3 U OepyT cpeHee 3HaueHueE.

MoutsipHy1o KOHLIeHTpaluio s3kBuBajgeHTa KMnQ,4 onpenenstoT u3 BbIpakeHHUs:

C(1/5 KMIlO4) = C(1/2 N32C204)V(N32C204)/ V(KMIIO4), MOJ'II)/I[M3.
Metoauka BbInoiHeHus usmMepenuin Fe2+

Omnpenenenue conep)kaHus Kejne3a B KaKOH — JUOO ero Coju, Halpumep, B

comu Mopa (NH4):Fe(SO4)> 6H,O) wmm B xene3nom kymnopoce FeSO;7H,O 06br4HO
MPOBOJIAT MPSMBIM TUTPOBAHUEM B CEPHOKHUCIIOW CpeJie, MCIONb3Ysl CTaHIApPTHBIN
pacTBOp nepMaHraHara kKamus. Ilpu tutpoBanum (NH,).Fe(SO,), 6H,O) Fe™
okucisiercs g0 Fe:

5|[Fe* —e —Fe™
1[MnOs + 5¢ +8H" = Mn* +4H,0
5Fe** + MnO, + 8H" = 5F¢’" + Mn** + 4H,0
10(NH4)2F€(SO4)2 6H20) + 2KM1’104 + HzSO4 = 5F€(SO4)3 + 2MI'ISO4 +

K2SO, +10(NH,),SO4+ 8H,O.

Opranuzauuonnasi popma 3aHATHSA
3amauy noiy4aroT B MEPHYIO KOJIOY B BUJIE pacTBopa coiu Mopa, 100aBisiOT

TyJa kK€ JUCTWUIMPOBAHHYIO BOJY /10 METKHU U TIIATEILHO NEPEMENINBAIOT. 3aTEM U3
MEpHOW KOJIObI OTOMPAIOT aJTMKBOTHYIO YacTh pacTBOpa cojii Mopa 1 MOMEIIAIoT ee

B KOJIOY JUIsl TATPOBAHUSI.
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I[Tocne sroro pobasnsror 10 cm® H,SO, (1:4) (ecin MepHas konba Ha 250 cm?),
MIEPEMENIMBAIOT M NTPH KOMHATHOW TEMIIEpaType TUTPYIOT paCTBOPOM II€pMaHTaHATa
KaJus 10 cabo-po30BOil OKPaCKH pacTBOPA.

Pacuet maccei xenesa (+2) npoBoaAT 1no hopmyiie:
m(Fe*") = (V(KMnO,)C(1/5KMnO,M(Fe**))/1000Vk/Vn, r.
MeTtoauka BbINOJTHEHUS U3MEPEHUI TUXPOMAT-HOHA
Onpenenenne Cr,O;” mpoBOAAT croco0OM OOPAaTHOrO TUTPOBAHHUS. 3amady

NOJIy4YarOT B MEPHYIO KOJIOY B BUJIE PAacTBOpa JIUXpoMaTa Kajlus, T0OABIISIIOT Ty1a Ke
JTUCTUIUTUPOBAHHYIO BOJY 10 METKHU KOJIOBI M TIIATEJIBHO MEPEMEIINBAIOT. 3aTEM U3
MEpPHOH KOJOBI OTOMpPAIOT OJHY MUIETKY aHAJU3UPYEMOTO pacTBOpa, MEPEHOCAT B
KOHUYECKYIO KOJIOY JUIsl TUTPOBAHMS, MPUOABISIOT M30BITOK (2 MUIIETKH) pacTBOpa
comu Mopa ¢ u3BectHoit konuenrpanueit, 10 cm® HoSO, (1:4). Ilpu no6aBnenun conu
Mopa Habmro1aeTcss U3MEHEHHE OpaH)KeBOM OKPACKW PacTBOpA JAMXpOMATa Kajaus B
3enenyto. Copepxumoe KojObl mepememuBaroT. MoHbl xene3a (+2), BXOAsSIIME B

COCTaB COJIN Mopa, OKHUCJEAIOTCA TUXPOMATOM B 9KBUBAJICHTHOM KOJIMYCCTBC!

2072- +6e + 14H" = 2Cr + TH,0
6lFe* — e — Fe*
Cr,0, + 6Fe*" + 14H" = 2Cr*" + 6F¢’ + 7TH,O

K,Cr,O7 + 6(NH4)2F€(SO4)2 6H20) + 7TH,SO4 = CI'z(SO4)3 ++

3Fex(S04); + K,SO4 + 6(NH4).SO4 + 7TH,O.

N30b1TOK coii Mopa OTTUTPOBBIBAIOT PAaCTBOPOM IE€pMaHraHaTa Kaiaus 110
U3MEHEHHUS OKpacKd B KpacHO — (UONETOBYIO WM CHHE — (UOJETOBYIO B
3aBUCHMOCTH OT COJEpXKaHWA XpOoMa, 3eJIeHas OKpacKa KOTOPOrO HECKOJIBKO
MacKHpyeT po30Byro okpacky KMnOs.

Pacuer macchl (Cr,07)* mpoBoaar 1o Gopmyiie:

M(Cr100) =V VereuC(ISKMnO V KMnOy) (2 M(-Cras00) o,
1000 6 Vn

rae Vem — 006eM pacTBOpa coid Mopa, IPUIIUTEIN B U30BITKE, CM;
Ccm — MoJsipHasi KOHIIGHTpallMsl SKBUBAJICHTa pacTBopa coiu Mopa,

MOJIb/IM>;
M(1/6 Cr,O,7) — MonspHas Macca OSKBMBAJIEHTa IMXpPOMara Kalwus,

I/MOJIb.
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Bomnpocs! st 00cyxaeHust
1. Ha dyem ocHOBaHbl mnepMaHraHaTomMeTpudeckue wusMmepeHus? Kakue

3HAYECHUSI UMEET CTAaHJAPTHBIN OKUCIUTEIHHO-BOCCTAHOBUTEIbHBINA MTOTEHIIMA HOHA
MnOy4 B KUCIIOH, HEUTPATBHON U IIETOYHOM cpenax? Hanummure COOTBETCTBYIOIIME
NOJIypEAKUH.

2. Kaxkyto maccy KMnO, (conepxariero 96,51 % uuctoro BeiiecTBa) HaJIo0
B3ATH JUIs TPUIOTOBIEHWs 12 nm° pactBopa ¢ MossipHOM KoHuenrparmei C(1/5
KMnQO,) = 0,1 mons/nm’. Otser: 39,41 .

3. PactBop KMnO, (15,00 cM?’) orturposan 17,45 cm3 pactsopa SnSO; ¢
C(1/2 SnSOy4) = 0,1 monw/am’ (nmpu pH = 0). Hammcars nonnoe ypasuenue OBP u
paccuutath pactBopa KMnOs: 1) MOJSIpHYIO KOHLIEHTPAIMIO SKBUBAJIEHTA; 2) TUTP
u TuTp pactBopa KMnO, o SnSOs.

1.3.2 UoanomeTpudeckoe TUTPOBAHHE
B iiogomerpruyeckoM MeETO/IE€ H3MEpPEHMsI KOJIWYECTBO #OJa, BBIIEISIEMOTO

OKHCIIUTEJIEM WIH TMOIJIOMAEMOr0 BOCCTAHOBUTENEM, IPOU3BOIAT IMOCPEICTBOM
TUTPOBAHUS €r0 PACTBOPOM THOCYIb(aTa HATpUs B MPHUCYTCTBHHM Kpaxmana Kak
UHJMKATOpA.

IIpurorosJienne padodero pacreopa Na,S;0; U ycTaHOBJIEHHE €r0 TUTPA
Tuocynbdar HaTpUsL HE MOKET CIIY>)KUTb UCXOJHBIM BELIECTBOM, T.K. OH HEYC-
TOWYMB Ha Bo3ayxe. [IpUroToBIEHHBIH pacTBOp THOCYJIb(aTra MPUOIUZUTEIHHOU

KOHIICHTPAIIMU MMOMEIIAIOT B TEMHYIO CKJISIHKY U BBIJIEPKUBAIOT B 3aIUIIEHHOM OT
cBera Mecte B Teuenue 10 mueit. Konrentpammsi pactBopa Tuocyibdara HaTpus
Yalie BCEro OMpeaesaeTcs Mo OUXpoMary Kajausi, TUTPOBAHHBIM PacTBOP KOTOPOTO
rorosar no Hasecke. (Cr,07) — HOH Kak OKUCJIUTEND, BRIAEISAET U3 T00ABICHHOTO K
Hemy pacTtBopa KI sKBUBajeHTHOE KOJIMYECTBO #0J1a, KOTOPBIA OTTUTPOBBIBAIOT
pacTBOpPOM THOCYJIb(paTa HATPUS:

1lcr0% + 6e + 14H* — 2Cr* + TH,0
3D 2¢ -1
Cr,07 + 61 + 14H" = 2Cr’" + 61° + 7TH,O
L+ 282032_ = 21" + S40¢

1L +2e —>2r

1 |2820327 —2e- = S4062-
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Iz + 2N328203 = 2Nal + N&zS406.
Taxum ob6pazom, n (1/6 K,Cr,0O7) =n (1/21) = n (Na,S,0;) MOJIb.
Momnsipaas Macca »kBuBasieHTa K,Cr,O; B Homomerpuum paBHa 1/6 ero

mossipHo Maccel: M(1/6K,Cr,0O7) = M/6 = 294,21/6 = 40,04 r/mons. MomspHas
Macca 3K-

BuBasieHTa Na,S,0;5SH,O paBHa MonsipHoit Macce — 248,2 1/MOJIb.
BenuunHa HaBECKM 3aBUCHUT OT KOHIIEHTpAIllMU MPUTOTOBJIEHHOTO pacTBOpa

Thocyib(dara Harpud. Ecium ModspHas KOHLUEHTpauusi SKBUBAJIEHTa pacTBOpA
Na,S,0; npubnusurensno pasaa 0,02 MoJIb/IM’, TO HABECKY PACCUMTHIBAIOT TaK:

m (K>Cr:05) = C(1/6 K>Cr:0-) V- M(1/6 K2Cr,09), r m

(K>Cr05) = 0,02 0,25 40,04 = 0,2452 .

B3saryto Ha ananutudeckux Becax HaBecky K,Cr,O; (6M3K0 K pacCUYMTaHHOMN)
TIIATENILHO TIEPEHOCAT YePE3 BOPOHKY B MEPHYIO K0JIOy Ha 250 ¢cM’ , pacTBODSAIOT B
JUCTWJUTMPOBAHHOM BOJIe, JOBOJAT PAaCTBOP JO METKH, 3aKPbIBAIOT MPOOKOW U
NepeMeNInBaroT.

KoHueHTpaiuio noiy4yeHHOro pacTBopa pacCUUTHIBAIOT 110 GopMyie:
C (1/6 K2Cr207), monb/nm3 = V
M (1/6 K.Cr,O ),
Peaxmuewi. PactBop K,Cr,O7; pactBop ¢ (KI) = 5 %; pactBop

xonuenTpuposannoii HCl (p(HCl ) = 1,19 r/cm’); pactsop tmocynbpara ¢ C
(Na,S,0;) = 0,02 mons/qm’;pacTBop Kpaxmana ¢ = 2 %.

OpranuszanuoHHasi popma 3aHATHUS
K 10 cm’ pacteopa KI npubasisior 5 cM® KoHIEHTpHpoBaHHOTO pactsopa HCI.

Ecnun mosBisieTcss kento-Oypasi okpacka CBOOOJHOTrO ioga, ee 0o0eclBEYHBAIOT
100aBJIEHUEM T10 KaILIAM THOCYIIb(aTa HATpus. 3aTeM K pacTBOPY H06aBsoT 25 cM’
pactBop K>Cr,O7, 3akpbIBatOT K0JIOY 4aCOBBIM CTEKJIOM M CTaBSIT B TEMHOE MECTO Ha
3-5 muHyT. BeraenuBmmiica moa TUTPYIOT pacTBOpoM Na,S,O; 10 CBETIIO-KENTOU
OKpacku, 100aBisoT 1-2 cM’ Kpaxmaia U JOTHTPOBBIBAIOT UCCIIELYEMBIN PacTBOP 0
MCUYE3HOBEHUsI CHHEN oOkpacku. Mcmosib3ysi 3aKOH 3KBHBAJIEHTOB, PACCUUTHIBAIOT
MOJISIPHYIO KOHIIEHTPAIIMIO SKBUBaJIEeHTa pacTBopa Na,S>0;:

C (Nazszo3)V(Nazszo3) = C(1/6 KzCI’zO7) V(KzCI’zO7).
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MeToauka BbINOJHEHUS U3MepPeHuii meau (+2)
Omnpenencane meau (Cu®) B HOJZOMETPUH OTHOCHUTCSA K ONPEICIEHUIO

okuciurened. CyImIHOCTh MPOLECCA COCTOUT B CIEAYIOIIEM: K HCCIEAYEMOMY
pacTBopy npuwinBaroT pactBop Kl. BelnenuBmmics 3KkBUBaJICHTHO KOJIUYECTBY MEAU
10/ OTTUTPOBBIBAIOT PACTBOPOM THOCYJIb(aTa HATPUSI:

2w +e=Cu'

121 —2e=1,

2 Cu*+2I'=2Cu" + 21,
1 L+2e=2I

1 szwa —2e = S4062- 12

+ 2S52032- = 2I- + S4062-

Brmanenne ocagka Cul B mpomecce peaknuu NOHWKAET KOHILIEHTPALUIO
BOCCTAaHOBJICHHOW (OpMBI MeAu, Oyaromaps 4YeMmy TOTCHIIMAT CHUCTEMBI MEIu
MOBBIMIACTCS U MEJIb CTAHOBHUTCSI OKUCIIUTENIEM 110 OTHOIIIEHUIO K cucTteMe opa. Jlis
YMEHBILEHUS MOTEHIHMANA CUCTEMBI M s cBsasbiBanus Cu®” B ocagok Tpebyercs
oomnpiion m36bITok Homunm - moHoB (KI), B KI — moporocrosmmii mpemapar. Ha

MpakTHKe yacTo npumeHsercs cmech pactBopoB KI n KCNS:

Cull+ KCNS — CuCNS+KI
Tak kak ocagok CuCNS 6osee TpyaHo pactBopum, yem Cul (ITP CuCNS = 4,8

10, TIP Cul = 1,1° 10"%), conepxanue nonos Cu®" B pacTBOpE IpU IPUMEHEHHH
cmecu KI + KCNS eme Oonee mnoHMKaercs, 4YTO CIIOCOOCTBYET YCHEHIHOMY
tuTpoBanuio Cu>" Kak OKMCIIUTEIIS.

Peaxmuewi. PacTBop cepHON KHCIOTHI ¢ MOJISIpHOUM KoHTIeHTparmeit C(1/2
H,SO4) = 4 mons/nm’; emech pactBopos: W(KI) =7 % n @(KCNS ) =15 %; pactBop
kpaxmaina ¢ @ = 0,1 %; TurpoBannslii pactBop Na,S,0s.

OpranuszanuoHHas (popmMa 3aHATUS
B konly ans TUTpoBaHUS OTOMPAIOT OJIHY MUIIETKY «3aJauyn», MpuOaBisaioT 4

cm’ C(H2SO,) = 4 mons/nv’ u 7 em® emecu (KI + KCNS) . PacTBop HepeMeNINBAIOT U
TUTPYIOT THOCYJIb(aTOM CcHayana Oe3 MHAUKATOpa 10 CIa00-)KEITOM OKpacKu, a

3aTCM I[O6aBJ'I$IIOT KpaxMall U IIPpOAOJIKAIOT THTPOBATH A0 HCUYC3HOBCHMUA CUHEHU
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okpacku. L[BeT pacTBOpa ¢ OCAaIKOM CTAHOBUTCS CBETJIO-DPO30BLIM. PacdeTsl o
pe3ybTaTaM ONpe/eIeHHUS
n (Cu*) = n (NaS;0;) moms m (Cu*) = C
(N2:S:05)V(Na;S,0:)M-(Cu>) 10 1.

Bonpocs! ajst 00cyxaeHUs
1. Ha ywem ocHoBaHO Homomerpuyeckoe TuTtpoBanue? Kakoe 3HaueHue

MMEET CTaHJAPTHBIA IIOTEHIUAN oTypeakyu [;2¢” 2172

2. Kakyro maccy Na3S;0;5H.O nHago B3saTh mig nonyueHust 12,5 >
pactBopa THOcynbdara ¢ MojapHOi koHuentpanmeir C(Na,S,0;5H,0) = 0,2
moas/nm*? OtBet: 620,5 T.

3. Kakyro maccy nuxpomara Kajivsi HaJio B3SITh 111 IPUTOTOBJIEHUS] OHOTO
aM° pacTBopa, 4ToObI Kaxabli 1 cM® aToro pactopa coorserctBoBai 0,01 r xkenesza?
9

OrtBerT: 8,78 1.

2 PU3UKO-XUMHNYECKHUE METO/IbI AHAJIM3A
Bce MeTonpl anHanm3a OCHOBaHbI HA U3YYEHHUH CBOMCTB BEILECTBA, CBA3AHHBIX C

KOHIICHTpAIMEN ONMpeAeICHHON 3aBUCMMOCThIO. B KilaccMueckux MeToJax aHajiu3a
(TpaBUMETPUYECKOM M THUTPUMETPUUYECKOM) TaKUMHU CBOMCTBAMU SIBIISIIOTCS Macca
BeIeCTBa M 00BbeM pacTBopa. OHAKO BEMIECTBO 00JaJaeT eile MHOTUMHU JPYTUMU
CBOMCTBaMHU, TOTJIOMIAIOT U MCITyCKAIOT CBET, 00JIAAal0T AJIEKTPOIPOBOIHOCTHIO,
MOJIBEPraloTCi PaJuOaKTUBHOMY pacmaay Y T.J. AHAIUTHYECKHUE W3MEpPEHUs,
OCHOBaHHbIE Ha (PU3NYECKUX U (PUBUKO-XUMUYECKUX  CBOMCTBAX COEIMHEHHUI,
COCTABJISIIOT TPEIMET TaK Ha3bIBAEMbIX (UBUKO-XUMUYECKUX METOJIOB aHalIn3a
(DXMA).

JIOCTOMHCTBA 3TUX METOJIOB — BBICOKASI YYBCTBUTEILHOCTh, BBICOKAs CKOPOCTh
(9KCIIPECHOCTh), HSKOHOMUYHOCTH (IIPM MAacCOBBIX aHajn3axX), BO3MOXKHOCTb
MPOBOJIUTH U3MEPEHUS Ha PACCTOSTHUU M 0€3 paspyleHusi odpasia, 6ojiee BbICOKas

BO3MOXKHOCTb npuMenenns DBM. Uyscturensrocts ®XMA cocrasnser 10 ... 107
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% u menbie. B o0mactu TakuxX ManbIX KOHUEHTpAalMd KJIACCUYECKHUE METOJIbI
BOOOIIE HEMPUMEHUMBI.

[TorpemHocTh M3MepeHui (PU3NKO-XUMUYECKUMU MeToaamMu — 2 ... 5 %, 4To
IIPEBBIIIAET ITOTPEIIHOCTD KJIACCUYECKUX METOJ0B aHanusa, HO
BBILIENIEpEYUCIIEHHBIE TOCTOMHCTBA PXMA BO MHOIMX NPaKTHYECKUX CIIydasx
JENa0T UX HE3aMEHUMBIMHU.

O6mee uymcio DXMA cocTaBiaseT HECKOIBKO JIECATKOB, W3 KOTOPBIX
HanOoJblIee MPAKTUYECKOE 3HAUEHNE UMEIOT: CIEKTPaJbHbIE U APYTUE ONTUYECKUE
METO/bl, OCHOBAaHHBIC Ha B3aUMOJACUCTBUM BEIIECTBA C DJIEKTPOMATHUTHBIM
U3IIyYEHHEM); DJIEKTPOXUMHUYECKHE (OCHOBAaHBI HAa W3MEPEHHHM DIIEKTPHUYECKOU
IPOBOJAUMOCTH, TOTEHIIMAJIOB U Jp.) U XpoMaTorpauueckue MeTo 1bl U3MEPEHUH.

2.1 OnTuyeckue MeTOAbI U3MEPEHUI
Meronpl aHanu3a, OCHOBAHHBIE Ha HCIOIB30BAHUU PA3IUYHBIX 3(PPEKTOB,

BO3HUKAIOIIUX TPU JEUCTBUU DJIEKTPOMArHUTHOrO OOJIy4eHHs] Ha BEIleCTBa,
Ha3bIBAIOT oONTUYeCKUMH. Cpeau TOCIETHUX, BAXKHEHIIYI0 pOJIb HWIPAOT TaK
Ha3bIBAEMbIE CIIEKTPAIbHBIE METObI U3MEPEHUI.

OcHOBHBIE MTapaMeTpbl IEKTPOMArHUTHOTO U3JIyYEHHUsS] — 4acTOTa KoJeOaHuu,
JUIMHA BOJIHBI U BOJTHOBOE YHUCIIO.

YacroTa koneOaHuil VIioka3pIBaeT YUCIIO KoJeOaHuil B 1 cexyHy, uaMepsieTcs
B repuax (I'm; 10° Ty = 1 xI'm; 10° Ty = 1 mMI'n). Hanpumep, 351€KTpOMarduTHOE
M3JTydeHHe 3eI€HOTO IIBeTa XapaKTepu3yeTcs yacToToi pasHoii 6 T0'*, xpacHoro — 4
10",

JInvHa BOJIHBI A Hanmenblce PACCTOSTHUE MEXKy TOUYKaMH, KOJEOIIOIUMHUCS
B oauHakoBbIX ¢azax. B cucteme CU e¢ pasmepHOCTH ompenensieTcs B MeTpax (M)
WM, yanie, B Honamerpax (1 um = 10” m). Hanpumep, ainuHa BOJIHBL = 500 ...

550HM COOTBETCTBYET >IEKTPOMATHUTHOMY M3JTy4€HHIO 3€JIEHOTO IBETA.
OCHOBHBIE Y9aCTKH 3JIEKTPOMATHUTHOTO CIIEKTPA:
— 10"...10" M wmmm 10* ... 0.1 am ( L u3nydenue);

— 10" ... 10® M mimm 107 ... 10 HM (PEHTT€HOBCKOE U3ITyYEHHE);
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10%... 4 @7M uiu 10 ... 400 am (ynbpTpaduosieToBoe U3TyUCHHE);
4 X0+7 ... 7.6 1@’ M uiu 400 ... 760 HM (BUIUMBIN CBET);
7.6 X017 ... 107 M umm 760 ... 10°am (undpaxpacHoe 00IydeHHE);

— 107 ... 1M (MHUKPOBOJHBI MJIM CBEPXBBICOKHE YaCTOTHI);

BM — PaaAuOBOJIHBI.

I[J'II/IHa BOJIHBI M YaCTOTa KOJICOAHUI CBS3aHbI MCIKOY c000¥ COOTHOIIICHUEM

X
rme ¢ =3 10" cm/c — CKOpOCTh CBE€Ta, a JJHWHA BOJHBI — B  CM,
v=3x10"%

— vacTtoTa BelpakeHHas B ['u. Hanpumep, nis 3es€eHoro ceera z“= 500 HM) BenUUYMHA
— 31075 1056 10% T,

Bennuuny, oOpaTHyIO IJIMHE BOJIHBI, HA3bIBAIOT BOJHOBHIM LII/ICJ'&_@! O mu

BBIPAKAIOT B OOpaTHBIX caHTUMeTpax (cm'). Hampumep, a1s 3eleHOro cBeTa
13.0)1H0B0&@Mcno>i =1/516%= 2 10* cm™".

DHeprust dNeKTpoMaraHuTHoro uanydeHus (E) onpenensercs paBeHCTBOM:
E=hyV, (2.2)
rae h — nocrosunas ITnanka, papHas 6.62 ¥07* Ik ¢. s BEIYKCIEHHS

9HCPIruMu OJHOI'0 MOJIb BCIICCTBA, 3Ty BCIIMINHY HGO6XOI[I/IMO YMHOXHWTDb HA YUCJIO

Asoranpo N, = 602 10%:

E = 6,6% 10 5602 p0% =3.99 187", md E

BBIpaKEHO B J[>K/MOJIb.

v=dA,

@l

2.1.1 ®oromeTprYeCcKHH aHATU3
[Ipu poromMeTpuueckux HU3MEPEHUSIX OMNPENEIIEMOE BEIIECTBO NEPEBOJAAT B

OKpAIlIEHHOE COEIMHEHHE, TOCTE YEro H3MEPSIOT CBETOMNOIVIONICHHE pacTBopa. B
3aBUCUMOCTH OT CIOCO0a HM3MEPEHHS CBETOIOTJIONICHHS] Pa3IUYar0T HECKOJIBKO
METO/MOB (OTOMETPUYECKOTO aHan3a. Bu3yallbHOE CpaBHEHHE WHTEHCHUBHOCTHU
OKpacCKH{ MO OTHOIIEHUIO K U3BECTHOMY CTaHIAPTY HA3BIBAIOT KOJIOPUMEMPUUECKUM
ananuzom. Ecnu juisi u3MepeHusi CBETOMOTJIOMICHUS MPUMEHSIOT (DOTOIEMEHT CO
CBETO(UIBTPOM, TO npudop Ha3bIBAIOT dboTomeTpom W

104



anektpodoTokoiopumerpoM (Hampumep, K®K-2), a wmeron wusmepeHunr —
dotomerpuyeckuM. Haunbonee TouHblE pe3ynbTaThl, OCOOEHHO TMIPU aHAJIU3E
CJIOKHBIX CMeECed, MOJIydaloT Ha crekTpodoToMmeTpax. Ha mocnenHux wuzmepeHus
BEJIyT B OYEHb Y3KOM YUYaCTKE CIIEKTpa — 3TO CIEKTPO(POTOMETPUUECKUN METOI.

OCHOBHOI1 32aKOH KOJIOPUMETPHUH
NHTEHCUBHOCTD OKPACKH B KOJJOPUMETPHUH BBIPAXKAIOT BEJIMYUHOW ONITHYECKON

IJIOTHOCTH A

.: lg n, 2.3)
rac I() u I — UHTCHCHBHOCTDB BXOIAIIICIO U BBIXOIAIICTO CBETOBOI'O IIOTOKOB B
KIOBETY C OKPAILIEHHBIM PACTBOPOM HCCIENyEeMOr0 BEIIECTBA COOTBETCTBEHHO; | —
TOJIIMHA MOIJIOIIAIOMIETO CI0s8 (MUIMHA KIOBETHI); lg n — mMmOCTOSHHAs
BCJIMYKHA, XapaKTepHaH IJIs1 JaHHOI'O OI(paHIeHHOFO

pacTBOpa Mpu MPOXOKIECHUU CBETA OMPE/ICICHHOU JITTMHBI BOTHBI.
VYpaBuenue (2.3) orpaxaet 3akoH byrepa-JlambepTa: onmuueckas niomuocmeo

pacmeopa (A) eewecmea npamo npoONOYUOHATbHA MOAWUHe nozroujarouiezo cnos (1).

[TozgHee bepoM ObLIO YCTaHOBIEHO, YTO MPU MPOXOKIECHUU CBETA YEPE3 rasbl
M PacTBOPHI CTEIEHb MOTJIOIICHHUS CBETA 3aBUCUT OT YHCJIA YacTUI[ B €IUHHUIIE
o0beMa, BCTPEUAIOIIMXCS Ha IyTH CBETOBOIO MOTOKA, T.€. IMOIJIOIIEHHE CBETa

3aBUCHUT OT KOHLEHTpAIMU BEIIECTBA!
— IO
=+l ay

rae € — MOJSIpHBIN KO3(DPUIIMEHT MOTJIONICHUS, BEIMYMWHA TOCTOSHHAS s
pacTBOpPOB [IaHHOTO BEIIECTBA MPU MPOXOXKICHUU CBETA C ONPEIACICHHON JIMHOMN
BOJIHBL; | — TomMHA cnost (PaKkTUYECKu — AJTMHA KIOBETHI, CM);

C — KOHIIEHTpAIHMsl PACTBOPEHHOTO BELIECTBA, MOJIb/IM”,
Kosopumerp KOK-2
Konopumerp ¢orosnexkrpuueckuii koHueHTpanuonnsiii KOK-2 npennaznauen

JUIT U3MEPEHUs] B OTIENbHBIX YyYacTKaxX JAvamna3oHa IMH BodaH 315-980 HwM,
BBIICNIAEMBIX CBETOPHIbTpaMu, KOIPGUIIMEHTOB TNPOIMYCKAHUS W ONTHYECKOU

INIOTHOCTHU JKHAKOCTHBIX pPACTBOPOB U TBépI[BIX TCII, a TaKiKC OIIPCACICHUA
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KOHIIEHTpAI[MM BEIIECTB B pPACTBOPAX METOJIOM TMOCTPOCHHS T'PaayupPOBOYHBIX
rpaduKoB.

KonopumMerp mno3BosiIeT Takke MNPOU3BOAUTH H3MEPEHUS KOIPPULINEHTOB
NPOIYCKAHMSI PACCEUBAIOIIMX B3BECEH, AMYJIbCHM U KOJUIOMAHBIX PAcTBOPOB B
IPOXOJSAIIEM CBETE.

Texnuueckue oanHvle
CriekTpanbHbIN aMamna3zoH padoTel KonopumeTpa oT 315 mo 980 um. Ilpenen

JIOITYCKaeMOro 3HAUY€HUS OCHOBHOW aOCONIOTHOM MOTPENTHOCTH KOJOPUMETpa MpH
U3MEHEHUH KO3 PUIIMEHTOB mporycKkanus +1%.

Ipunyun oeticmsus
[lpunuun  u3MepeHuss  KO3(p(ULUMEHTa  OPOMYCKAaHUA  OMNpEeIesieTcs

cienyomuM o0pa3oM, Ha (OTONMPUEMHHMK HAIPABISETCS IMOOYEPEAHO CBETOBBIC
notoku Fy, u npomeniumii uepes uccneayemyro cpeay Fi u onpenaensieTcs OTHOIIEHUE

3TUX TOTOKOB. OTHOIIEHWE TIOTOKOB €CTh KOI(PQPUIMEHT TMPOMyCKaHUS T

l @
TBOpA: T % 100% (2.5)

Ha konopuMerpe 3TO OTHONIICHWE ONpEAETseTCS CIEAYIOUMM 00pa3oM.

HCCIICAYyCMOI' O pac-

Bhavyane B CBeTOBOM IIy4OK TIOMENIAIOT KIOBETY C PAcTBOPUTEIEM WIHU
KOHIICHTPUPOBAHHBIM PAcTBOPOM. M3MEHEHHEM 4YyBCTBUTEIIBHOCTH KOJOPHUMETpPA
NO0OMBAIOTCS, YTOOBI OTCUET MO IIKaie KOIPPHUIIMEHTOB MPOITYCKAHUS KOJIOPUMETPa
n; 061 paBeH 100. Takum 06pa3om, MOJHBINA CBETOBOM MOTOK MPUHUMAETCSI PaBHBIM
100%. 3aTeM, B CBETOBOM IMYyYOK MOMELIAIOT KIOBETY C UCCIEAYEMBIM PACTBOPOM.
[Tony4yeHHblld OTCUET N, MO MIKaie KOA(D(UIIMEHTOB MPOIYCKaHUS KOJIOPUMETpa
OyzneT cooTBeTcTBOBATH F).

CnenoBatenbHO, KOA((UIIMEHT NPONMyCKaHUS MCCIEAYEeMOro pacTtBopa B
npoieHTax OyJeT paBeH n,, T.e. 1% = n..

OnTHueckas IJIOTHOCTh A ompeensercs mo Gopmyie:
F;
i L 2
Y (2.6)
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Cxema onTuyeckasi IPpUHIMNINATbHAS
Hute nmamnbl 1 (puc. 2.1) koHaeHcaTopoM 2 u300pa)kaeTcsi B IUIOCKOCTH

nuadparmel 3 d=2 mMm. MU300pakeHne 0oOBEKTUBOM 4,5 MEPEHOCUTCS B TUIOCKOCT,
OTCTOSIIIYIO OT 00bekTHBa Ha pacctossuuu 300 MM, ¢ yBenuuenuem 10*. Kroseta 10 c
UCCJIElyEMbIM PAacTBOPOM BBOJMUTCS B CBETOBOM MYYOK MEX]y 3alllUTHBIMU
crexiamu 9, 11. /Ins BeinesneHHUs] y3KHX YYacTKOB CIIEKTpPA M3 CIUIOLIHOIO CIIEKTpa
U3IIyYEHUS JIAMIIbl B KOJIOPUMETPE, IPEAYCMOTPEHBI IBETOBBIE CBETO(DUIIBTPHI 8.
Termo3amuTtHbI cBeTOGUILTP 6 BBEICH B CBETOBOW MYy4YOK MpU paboTe B
BuauMon ooOmactu crnekrpa (400-590 um). Jlns ociaaGiieHUsT CBETOBOIO TOKa TIPH
pabore B chnekrtpaibHoM nuamnazone 400-590 HM yCTaHOBIIGHBI HEUTpaIbHBIC
cBeTopuiabTpel 7. @DoTompueMHUK paboTaeT B pa3HBIX O00JacTSIX CHEeKTpa:
dotoanemenT ®-26 17-B obnactu cnekrpa 315-540 um; dboroamon dJI-24K 12-B
obnactu cnektpa 590-980 um. IlnactuHa 14 meauT CBETOBOHM MOTOK Ha JBa: OKOJO
10% cBeroBoro mortoka Hampamisercs Ha (oromuon DI-24K u okomo 90% Ha
dotosnement ®-26. /Ins ypaBHuUBaHUS (HOTOTOKOB, CHUMAEMBIX C (DOTOMpPHUEMHHKA
®J[-24K mpu pabore C pa3au4HBIMU IIBETHBIMH CBETODWIbTpaMu, Meped HUM
yctaHoBJieH cBeTopmibTp 14 u3 uetHoro crekia C3C-16. Ilpu pabote ¢ KroBeTaMu
19 masoli eMKOCTM B KIOBETHOE OTJAEJICHHE YCTAHABIMBAECTCS IpUCTaBKa 21 miid
MUKpOaHain3a. JInmH3pl 20 yMEHBIIAIOT CBETOBOM IYYOK B MECTE€ YCTAHOBKH
MUKPOKIOBET WM TpoOupku. JIuH3bl 18 BOCCTaHABIMBAIOT CBETOBOWM ITYy4YOK [0

IICPBOHAYAIIBHOI'O AMaAMCTPA.
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10. Kmweera
11. 3amHTHOE CTeKIO
12. dortoaHon ¢M-7K

l______|—_L___J 13. CeerodHIBTp HZ LBEETHOrO CTeKJa
1. Jlamma C23-16
2. KonaeHcatop 14. IImacTHHa
3. Huajparma 15. CpeTodHIBTP
4-5. O0BbEKTHB 16. <Qorosznement &-4
6. Tenmo3alHTHLIH CBeTOPHALTP 17. IIpHCcTaRKa ANA MHEpOaHalH3a
7. HeHTpalbHBIH cBeTOHHILTP 18. JIuH3za
8. IpeTHOH CcBeTOdHIBTP 19. Kwoeera MajJoH eMKOCTH
9. 3aMHTHOE CTEKIIO 20, JIHH3a

Pucynox 2.1 — Ipunyunuanvuasa cxema KOK-2
MeToauKa BbINOJTHEHUS U3MEPEHU MacCOBOM KOHLEHTPALMHU MeU B

pacTBope GOTOKOJIOPUMETPUIECKHUM METOA0M (CIMOCO0 CTAHIAPTHBIX CepPUil)

Ilocyoa: xomopuMmeTrprudeckrue MpoOUpKu 7 MIT.; OI0OpeTKa Win TpaTyrupOBaHHAS

nunerka Ha 10 cM’; MepHbIE IUIMHAPEI Ha 25 M’ - 2 I0T.
Peaxmuebl: CTaHIAPTHBINM pacTBOpP comu Meau - Te,=0.0050 r/em’; H,SO4 (koH1L);

pasbasnennsblii pactBop H.SO4 (1:4); pasdasnennsiit pactsop NH,OH (1:1).

Konopumerpuueckoe orpeaeieHHe MeId OCHOBAaHO Ha TOM, 4YTO IpHU
B3aUMOJENCTBMU C M30BITKOM aMMmuaka noH Cu®’ ImepexomuT B KOMIUIEKCHBIA MOH
ammuakata wmemd  [Cu(NH;)4]*", oxpameHsblii B cuHe-(QUOIETOBBIA  LBET.
MHTEeHCUBHOCT, ~ OKpacKM  aHaJIM3UPYyeMOrO0  pacTBoOpa  CpPaBHHUBAIOT  C
WHTEHCUBHOCTBIO OKPACKH CEPUH ATAJOHHBIX PACTBOPOB C M3BECTHBIM COACPKAaHUEM
MEJTH, IPUTOTOBJICHHBIX B KOJIOPUMETPHUSCKUX MPOOUPKAX OJUHAKOBOTO JAHAMETPA,
MIpU OJIMHAKOBBIX 00bEMaxX pacTBOPOB.

IIpuroroBiaenne crangapraoro pacrsopa CuSQ4 5H,O
Mounsnas macca CuSOq4-5H,0 —249.60 r/monk. B 1 v’ ¢ turpom 0.005000
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r/cm® gomkno cogepxkarbes 0,005041000 = 5 r meau:
B 249.60 r CuSO4-5H,0 coaepxutcs 63.54 r Cu

B m T CuSO4;5H,O comepxurcs St Cum
(CuSO4-5H,0) =249.60+5/63.54 =19.6410 .

Hagecky 19.6410 r CuSO4-5H,0 (X.4.) nepeHOCsAT KOJIMUECTBEHHO B MEPHYIO
KOOy BMECTUMOCTHIO 1o’ W pacTtBopsior cHadana B 200-250 oM’
JTUCTUJUTMPOBAHHOM BOAbL. [[ns mpeAoTBpallleHUsT TUAPOIU3a COJU  PacTBOP
HOAKUCTSIOT NpUubm3uTenbHo 3em® HaSO, (KOHIL.) M IIEPEMEIIUBAIOT. 3aTEM JOBOIAT
00bEM pacTBOpa 10 OTMETKU AUCTUIUIMPOBAHHON BOJOMW U €lIE€ pa3 MepeMENINBaAIOT.
[Tonmy4eHHBIN pacTBOp OYAET COMEPKATE 5 I/CM> MEIN.

IIpuroroBjieHre ITAJTOHHBIX PACTBOPOB (KOJOPHUMeTPUYECKAasi HIKAJIA).
B 1mecTh NPOHYMEPOBAaHHBIX MEPHBIX KOJIO BMECTHMOCTbIO 100 cm’ wu3

OXOPETKH WJIM TIPH TIOMOLIM T'PaJyHPOBAHHON NUIETKH BBO#AT 1,2, 3,4, 51 6 cm’
CTaHJIAPTHOTO PacTBOpa COJIM MEJIH, 4TO OyAeT cooTBeTcTBOBaTh 5,10,15,20 1 30 Mr/
cM’ Meau. B kaxmyro konOy MEpHBIM LMJIMHAPOM I00ABISIOT MO 5 ¢M’ pacTBOpa
H,SO4 (1:4) 1 0CTOPOKHO MO KAIJIAM M MPU MHTEHCUBHOM NepeMemnBaHuu mno 30
cm’ pactBopa NH4OH (1:1). PacTBOpBI OKpammBaioTcs B CHHE-(QUOIETOBBIA LBET K
CUJIBHO Pa30rpeBAIOTCHA, UX OXJIAXKIAKT 0 KOMHATHOM TEMIIEpATyphbl NOJA CTPyeH
BOJIOMIPOBOJIHOM BOJBI U IOBOJSAT OOBEMBI PACTBOPOB JNUCTHILIMPOBAHHONU BOJOM 10
METKH.

B mects mpoHyMepoBaHHBIX KOJOPUMETPUUYECKUX MPOOUPOK, HAXOAAIIUXCS B
wratuBe, BBOAAT 10 10 cM’ (wam mo 20 ¢M’) MPUTOTOBIEHHBIX PACTBOPOB, YTOOLI
NOJIyYWJIaCh KOJOpUMETpPUYECKass IlKala W3 LIECTH pacTBOPOB C HM3BECTHOM
KOHIICHTPALIMU M€Y, OTJIMYABIINXCSI MTHTEHCUBHOCTBIO OKPACKHU.

Opranuzauuonnasi popma 3aHATHS.
[Tony4uB KOHTPONBHBIA PacTBOP B MEPHOM Kounbe BMecTHMOCThIO 100 cm’,

106aBisioT B Hero 5 cm’ pactBopa HaSO4 (1:4), nepeMEIMBarOT M 10 KAIUISM BBOJIAT
30 ¢’ pacteopa NH,OH (1:1). KonGy ¢ pacTBOpOM OXJIaXIAlOT 10 KOMHATHOMN

TEeMIIepaTypbl U JTOBOAST OOBEM MOJIYYMBIIErOCs CHUHE-(UOJIETOBOrO pacTtBopa J0
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METKU JMCTHUIMPOBAHHOM BOmoM. Xopomo nepeMemas pactBop, 10 cm’ ero
NEPEHOCAT B KOJOPUMETPUUYECKYIO MPOOUPKY M CPaBHUBAIOT WHTEHCHUBHOCTH
OKpacKd HCCIEQYyeMOro pacTBOpa € MHTEHCHUBHOCTBIO OKpPAaCKH ATAJIOHHBIX
pactBOopoB. CoaepkaHre MeAU B KOHTPOJBHOM pacTBOpe OyAeT TaKuM K€, KaK B
ATAJIOHHOM pPAacTBOpE, HMEIOIIEM Ty JK€ HWHTEHCUBHOCTh OKpacku. Eciu
MHTEHCUBHOCTh OKPACKH HCCIEAYEMOIr0 PacTBOpa SIBISETCS MPOMENKYTOUYHOU MEXKIY
OKpacKaMH JIByX COCEJHUX 3TAJOHHBIX PACTBOPOB, TO KOHLIEHTpPALUs ONpPENEIsAeTCs
KaK CpeJHss BEJIMUYMHA MEXIY KOHIEHTPALUSIMU 3TATOHHBIX PACTBOPOB.
MeToauka BbINOJHEHHS MAaCCOBO KOHIEHTPALIMUA HUKEJIS B PACTBOpe
(poToKO0TOPUMETPHYIECKHUM METOAOM

ITocyoa: mepHbie ko606l Ha 100 cM’, 6 wmIT.; OrOpeTKa WM TPagyHMpOBaHHAs
nunerka Ha 10 cm’; MEpHBIE [IUIUHJIPHI HA 25 cM’, 3 Wt

Peaxmueer: cranpaptabiii pactsop Tni = 0.02 Mr/cm® aumerunrianokcum, 1%
pactBop B 5%-HoM pactBope KOH; KOH 5%-nb1ii pacTBOp; nepcynbpaT aMMOHHUS
(NH4)S>0s, 3%-Hblii pacTBOp.

OnpeneneHne OCHOBaHO HAa TOM, 4TO HMOHBI Ni** B ILIENOYHOM cpene, B
OPUCYTCTBUHM OKUCHHUTENS (mepcyibdaT aMMOHHUS, OpoM U Jp.) 0Opa3ylT ¢
JTUMETWITIMOKCUMOM  (peakTuB UYyraeBa) BHYTPUKOMIUIEKCHOE COEIMHEHUE,
OKpAIllEHHOE B OPAHKEBBIN 1BET.

IIpurorosaenne crangaptTaoro pacreopa NiSO4 7H,O
B 1 nm® crargaprHoro pactsopa moikHO coxepxarthes 0,02:1000=20 mr wam

0,02 r Ni M (NiSO4:7H,0) = 280,69 r/moub.
Pacuer: B 280,69 r NiSO4-7H>O conepxxkutcs 48,69 r

Nie m 1 NiSO4 7H>0 conmepxurcs 0,02 T Ni m
(NiSO4-7H,0) =280,69-0,02/58,69 = 0,09572 r.

Hagecky 0,09572 r NiSO4:7H,O (X.4.) KOJMYECTBEHHO MEPEHOCIT B MEPHYIO

K0J10y BMeCTUMOCTRIO 1 1vM°, pactBopsatoT B 200-250 cM’ AUCTUIIIMPOBAHHON BOJIBI,
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noAkucisaroT 2-3 kamsiMu H,SO, (KOHIL) ¥ TOBOJAT 10 METKU JAUCTUIUIMPOBAHHOM
Booii. IToyuyennsiii pactBop coaepxut 0,02 mr/ cm® Ni**,

IlocTpoenue rpagyMpoBO4YHOro rpapuka. B 1aTh NPOHYMEPOBAHHBIX
MEPHBIX KOIO BMeCTUMOCTEI0O 100 cM’ w3 OIOpPEeTKM WIM IPU  HOMOIIH
rpaJyupoBanHoi nuneTrkd BBomaT 2,4,6,8,10 c¢M’ crammaprtHoro pacrtBopa
NiSO4:7H>0, uto oteuaet 0,04; 0,08; 0,12; 0,16; 0,20 mr Hukens. B kaxayro koaly
LMIMHAPOM OoTMepuBaroT 1o 10 cm® 5%-nmoro pactBopa KOH, comepxumoe Koo
B30aNTBIBAIOT, N00aBIAIOT 10 10 cM’ 3%-HOro CBEXENPUTIOTOBICHHOIO PAacTBOpa
nepcyibhara aMMOHHUS U BHOBb IepeMeNnBaloT. B kaxayro konly gobasmstor mo 10
cM’ 1%-HOro 1EeI0YHOro pacTBopa IMMETUITTIMOKCUMA, PACTBOPHI OKPAIIUBAIOTCS B
KpacCHO-OpDaH)XEBBIM  IIBET, MX MEPEMEIIMBAIOT U  JOBOJAT JO  METKHU
JUCTUIUTMPOBaHHOUM BoJoM. Uepe3 oJHY MHUHYTY MOCJE MPUTOTOBJICHUS PAaCTBOPOB
MPUCTYTHAIOT K U3MEPEHUSIM ux ONTHYECKOU MJIOTHOCTH Ha
dboTornerpokoaopumetpe. MzmepeHuss yqo0HO BECTU B KIOBETE€ C TOJIIMHOM CIIOS
pactBopa 30 MM, UCIIOIB3YS 3€JICHBI CBEeTOPUILTP (00sacTh npomyckanust 450-480
HM). B kauecTBe pacTBOpa CpaBHEHUS UCTIOIB3YIOT JUCTUIUIMPOBAHHYIO BOJTY.

N3MepuB  ONTHYECKYHD IUIOTHOCTh BCEX IISITU  PacTBOPOB,  CTPOSIT
rpagyMpoBounblii rpaduk. Ha ocu abeuuce oTknanpiBaroT comepxkanre Ni*, Ha ocu
OpJIMHAT — BEJINYMHY ONTUYECKOW IJIOTHOCTH.

OpranuzauuonHas ¢gopma 3aHATHS
[Tony4nB KOHTPONBHBIA PACTBOP COJNM HHUKEIS B MepHOM kounbe 100 cm’,

IpUIKNBAKOT K HeMy 10 cM® 5%-HbIi pacTBOpa mNepcyab(paT aMMOHUS U, XOPOIIEHEKO
B300aTaB, npuianBaroT 10 cM® 1%-HOro MIETOYHOro pacTBOpa AMMETHITIMOKCHMA.
O0beM pacTBOpa JOBOJAT 1O METKA JUCTUUIMPOBAHHOM BOJOW, XOpPOIIO
nepemMemuBaoT U yepe3 10 MUHYT U3MEPSIOT ONTUYECKYIO MJIOTHOCTh B KIOBETE C
TONMUHON cinosg 30 MM, UCHONIb3ys 3€NCHBIN cBeTopMIbTp. M3mepeHus mpoBoOasT
TPWOKIBI W TIO CpPEJHEMY 3HAYEHUIO OINTUYECKOHM TIUJIOTHOCTH, MCHOJb3YS
IpaJlyupOBOYHBIN TpaduK, HAXOAAT coaepkanue Hukens B 100 cm® pactsopa.

B xauecTBe cpaBHEHUS UCTIOJIB3YIOT TUCTUITUPOBAHHYIO BOJY.
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[To naHHBIM M3MeEpeHUs CTPOST rpaduK 3aBUCUMOCTU ONTHYECKOW MIOTHOCTU
(onTMyeckas MmIOTHOCTh — Aj; Az U T.J1.) OT KOHIIEHTpauuu Hukens. [lpennonoxum, B
pe3yibTaTe TPEX U3MEPEHHUH MOIYYEHO CpeJHEe 3HAYEHHE ONTUYECKOM IUIOTHOCTH
As. VI3 Touku A4 IPOBOJIUM MPSAMYIO, MAapaUIEIbHYI0 OCH a0CIIUCC J0 MEePEeCceUeHUs ¢
IrpagyrupOBOYHON KpHUBOW. M3 TOUKM nepeceyeHns OIyCKaeM NEPNEHIUKYJIIAP Ha OCh
abemuec. Ompenenenne KOHUeHTpauu Ni’' 1o rpagyupoBOYHOMY TpadHKy aeT
comepxkanue Ni** — 0,12 mr/100 cm’.

MeToauka BbINOJHEHHS U3MEPEHUI MACCOBO KOHLIEHTPALMHU a30Ta
AMMOHHUITHOT0 (DOTOKOJIOPUMETPUYECKUM METOA0M

Obnracme  npumenenus. MeTonuyeckass HWHCTPYKIUS TOMEHSIETCS  JUIs
onpeeneHus a30Ta aMMOHUITHOTO B KOH/IEHCATAX, CTOYHBIX U PEYHBIX BOJIAX.

Wntepsan onpeenseMbix KonuenTpaui 0,05-60,0 mr/am’.
Omnpenenenrio MemaroT anupaTHUYECKMEe W apoOMaTHMYeCKUe aMHUHbI, alleTOH,

aJbJETU/IbI U CIIUPTHI.

Cywnocms memooa. MeToll OCHOBaH Ha B3auMOIeHCTBMM KaTHOHOB NHy' ¢
peaktuBoM Hecciepa, B pe3ynbTaTe 4yero oOpaszyercsi KOMIUIEKCHOE COCIUHEHHUE
enroro 1nBera. [Io onTruueckor MIOTHOCTH OKPAIIEHHOTO pacTBOPA, OMPEAECIECHHOU
(GhOTOMETPUYECKU, PACCUUTHIBAIOT COJICP)KaHNE aMMOHUMHOTO a30Ta.

Xumuzm:
NH.," + 2K,Hgls + 3NaOH — [NH,HgO]I + 4KI + 2H,0 +3Nal
Ilocyoa u npubopul
1 MepHnbie Kon0ObI, éMkocTh 100 M’ 1 1 v’
2. MukpoOropeTka, EMKOCTb SCM”.
3.  Ilunmerku, éMxocTs 2, 5, 10, 15, 20, 25, 50 cm’.
4 DOTOAIEKTPOKOTIOPUMETP.
5 @unbTp oTTa Ne2.
Peaxkmuswi
1. Peaxmue Heccnepa (uw.0.a.). Pactopsior 1826 r KI B 30 cm’

JIUCTUIUIMPOBAHHOM BOALI B MEPHOM Ko0j0e €MKOoCTh lam®, moGasmsior 22,72 1
onuna prytu, Hgl nepememmBator 1o pactBopeHusi. B npyroit konbe pacTBOpsIOT

40r ruapokcuaa HaTpus B 950 cM® mucTHILIMPOBaHHOM BoAbL. ITony4eHHbIi pacTBOp
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NPWIKBAIOT K MEPBOMY JI0 00IIEro o0bémMa 1 M’ pacTBOp OTCTaMBalT 3-4 CYTOK,
GUABTPYIOT Yepe3 CTEKISHHYIO BATy U XPAHSAT B CKIIIHKE U3 TEMHOT'O CTEKJIA.

2. Cecnemosa conb, Hacviwenuvll pacmeop. 33 T CETHETOBOM COJU
(KNaC,H,0,:4H,0) pactBopsiror B 100 cM’ JUCTHIIMPOBAHHOM TEIIONM BOIBI M
unsrpyror. K ¢punsrpary nobasnsior S5cm’ peaktusa Heccnepa u octaBisior Ha 2-3
JHS 10 00eclBEUHBaHUS pacTBOpa. PeakTHB XpaHsAT B CKIIIHKE U3 TEMHOT'O CTEKJIA.

be3aMmMunauHas IMCTWIJIMPOBAHHAS BOJA.
CranaapTHbIH PACTBOP XJIOPUIA AMMOHUS
Pacmeop A. Xnopun ammonus (0,3816 1) pacTBOpstOT B TUCTUILNIMPOBAHHOM

BOJIE, HE COoAepKamell aMmmuak, 00bEM 10BoAAT 10 1 am° B MepHOM kombe. 1 cm’
MPUTOTOBIIEHHOTO pacTBopa coaepkuT 0,1 Mr a3ora aMMOHUITHOTO.

Pacmeop b. Tlepenocar 100cm’ pactBopa A B MEPHYIO KOJIOY EMKOCTBIO 1 1M,
pa30aBIAOT BONOM (HE ComepXKalleli aMMHUaK) 0 METKd — OAUH CM’

IPUTOTOBJIEHHOTO pacTBopa coaepKuT 0,01 Mr a3oTa aMMOHUHHOTO.

IlocTpoeHue rpagynpoBoYHOro rpaguka
1. Hnmepean onpedensemvix xonyenmpayuil azoma ammonuiinozo 0,05 —

2,0 me/om’. B mepHble konObl éMKkocTh 100cM’ Hanusaror u3 Oroperku 0,25; 0,50;
0,75; 1,00; 2,00; 4,00; 6,00; 8,00; 10,00 cm’ cramgapTHOro pactsopa b, uTo
COOTBETCTBYET COJIepKaHuo a3zora ammoHuitHoro 0,0025; 0,0050; 0,0075; 0,01;
0,02; 0,04; 0,06; 0,08; 0,10 mr (8 100 cm’ pacTBOpa). J[06aBISIOT B KXY KOJIOY 110
2 cM’ CETHETOBOM coiu, peakTuBa Heccnepa, 10BOAAT 00BEMBI PACTBOPOB 110 METKU
0e3aMMHaYHOW AUCTWIIMPOBAHHOW BOJIOM W TMepeMemuBaroT. Yepes KIO MUHYT
OKpaIlleHHbIE PACTBOPHI (POTOMETPHUPYIOT B KiOBeTe ¢ paboued mmmuHHON | =50 MM
npu = 430-440 MKM OTHOCHTEIHLHO XOIOCTOM mpoObl (96 cM® OezaMMHavHOMN
JUCTUIUIMPOBAHHON BOJIBI, K KOTOPOM J00ABJISIOT 1O 2 CM® pacTBOpa CETHETOBOM
conu u peaktuBa Heccnepa). OTcuer moka3aHuili ONTUYECKON TIIOTHOCTH IPOU3BOIST
M0 KpacHOM Ikasie mpaBoro OapabaHa, HauuHasg ¢ neneHust «0.3» (mepen HayaioMm
kasiopumerpupoBanuss ®OK HactpauBaror He ¢ «0», a ¢ «0.3»). s mocrpoeHus

KaauOpoBOYHOro rpauka OTKJIAJBIBAIOT HA OCH alCIMCC COJEp)KaHue a3oTa
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aMMOHHMITHOTO B MWJUIMTpaMMax, a MO OCH OpPJIMHAT COOTBETCTBYIOLIWE 3HAYECHUS
ONTHYECKON MJIOTHOCTHU. 32 HYJIb MPUHUMAIOT MOKa3aHUs Kbl «0.3».

2. HUnmepesan onpedensemvix KoOHyenmpayui azoma ammonuiinozo 2,0 —
60,0 m2/ om’. B MepHy1o kon6y émxocts 100 cm® HanmBarot u3 Gropetkn ot 1,0 10 3,0
cm’ (¢ umurepanmom 0,25 cm’) crammaprHoro pacteopa A, B 1 cM’ KoTOpOro
conepxkutcs 0,1 Mr asora aMMOHHMMHOrO. J[0GABIAIOT B Kakayl KoulOy 1o 2 cMm’
CEerHETOBOM colu W peakTuBa Hecciepa, noBomAT 10 METKH Oe3aMMHUAYHON
JUCTUJUIMPOBAaHHOM BojoMl u mnepememmuBaioT. Yepes 10 MHUHYT pacTBOpHI
(bOTOMETPUPYIOT B KIO-

Bere 20 MM ipu % 430-440 MKM OTHOCHTEIIBHO XOJOCTOM IPOOKI.
[To mosiy4yeHHBIM JAHHBIM CTPOSIT TPAIyUPOBOUYHBINA T'pauK, OTKIIAJbIBAs MO

ocH abcuuce cofepKaHue a30Ta aMMOHHUITHOIO B MMJUIMTPAMMAX, a TI0 OCHU OpPJAHMHAT
COOTBETCTBYIOIIHME ONTUYECKUE IIIIOTHOCTH PACTBOPOB.

OpranusanuoHnasi ¢gopma 3aHATHS
JUiis aHan3a OTOMPAKOT TUIIETKOM 5-50 ¢M’ MCCIIeMyeMOl BOIBI MIIM KOH/IEH-
cata (MpeABApUTENBHO OTLEHTPU(PYTUPOBAHHBIX WM MNPOPUIBTPOBAHHBIX Uepe3

bunpTp HloTTa Ne2, ecim 370 HEOOXOUMO), IEPEHOCAT B MEPHYIO KOJIOY €MKOCTHIO
100 cM’, gobaBnsrorT mo 2 cM® CerHETOBOM coimM M peaktuBa Hecciepa, MOBOIAT
00bEM JI0 METKH O€3aMMHaYHON JUCTUUTMPOBAHHON BOJOM M MepeMenInBaroT. Yepes
10 mMuHyT pacTBOpbl (oTomMeTpupyroT B KioBeTe 20 M71L\4 npu = 430-440 MxMm
OTHOCUTEJILHO XOJIOCTOM MPOOBI, MPUTOTOBIEHHON TaK ke, KaK U MPHU MOCTPOECHUU
IpaayrpoOBOYHOIO rpadukKa.

[Ipu omnpexneneHuu a3zora aMMOHUMHOTO KoHuUeHTpauuid 0,05-2,0 mr/am?
UCIOJIb3YIOT KIOBETHl JUIMHOW | = 50 MM ¥ Hayajio oTcyeTra Mo WIKaje MpaBoOro
Oapabana npousBoadar u neneHus «0.3» (mepea HavaaoMm kosiopumeTpupoBanusi GOK
HacTpauBaroT He ¢ «0», a ¢ «0,3»).

[Ipn onpenenenun a3ora aMMOHMHHOTO B MHTEpBaJIe KOHUEHTpauuii 2,0-60,0
Mr/ M IpUMEHSIETCS KIOBETHl mHONW | =20 MM M Hadajgo OTCYeTa TO IIKaJe
npaBoro 6apabana npousBomar ¢ "0".

Pacuyer. Coneprxanue a3oTa aMMOHUMHOTO (MM MaccoBasi KOHIIEHTPALIUS -
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Cm(N)) B BoJie WJId KOHICHCATE PACCUUTHIBAIOT MO (popmyIie:
m N()_1000 .
A{1V); 2.7)
Vv
rae: m(N) — Macca aMMOHUMHOTO a30Ta, HalJIeHHasl 0 KATMOPOBOYHOMY Tpa-
¢uxy, mr; 1000 — nepecyer B am’;
V — 006EM IPOOBI, B3ATHIN 71 aHAJIU3a, CM".
[Ipu mepecuere a3oTa aMMOHHUHHOTO Ha HWOH aMMOHHUS HEOOXOJIUMO

MOJIYYCHHBIA pe3ysbTaT aHAIM3a YMHOXXUTh Ha KO3(P(UIIMEHT IrepecyeTa, paBHBIN
1,286.

Ilpumeuanue. Ecnu npoba BOIBI COAEPKHUT HE OTCTAUBAIOIIYIO MYTb, TO JJIs
onpeeleHUs] UCTUHHOTO COJIep KaHusl a30Ta aMMOHUHHOTO HEOOXOAMMO MPOU3BECTU
U3MEpPEHUE OINTUYECKOM IUJIOTHOCTH MYTHOM BoAbl (0€3 MpeaBapUTEebHOIO
(GUIBTPOBAHUM TIPU TOM e pa30aBJIE€HUHU, KaK ONHUCAHO B XOJI€ aHalu3a, HO 0Oe3
noOapnieHus peaktuBoB). Hynb mpubopa ycTaHaBiIMBaKOT 1O JUCTHUILIMPOBAHHOM
BOJE. 3aTe€M BBIYECTh ONTHYECKYIO IUIOTHOCTH MYTH M3 ONTHYECKOW IUIOTHOCTH,
NOJIyYEHHOW MPHU U3MEPEHNU OKPALIEHHON MYTHOI BOJbL. Jlanee mo kanuOpoBOYHOE
rpaduky u pacueTHOW ¢opMmylie ONpeNeianTh COJEp)KaHWEe a30Ta aMMOHUHHOTO B
BOJIE.

MeToauka BbINOJHEHUS U3MeEPeHul MaccoBou KoHueHTpauuu P,Os B
dochorumnce

DOTOKOJIOPUMETPUUYECKUI METO onpeiesieHns] KoHleHTpauuu P,Os B
dbocdorurnce ocHOBaH Ha CBOMCTBE PocdaT-nOHOB 00Pa30BLIBATH C MOJUOATOM
aMMOHMS B IPUCYTCTBUM METaBaHaJAaTa aMMOHHUSI B @30THOKHUCIION Cpejie

bochopHOMOIHOICHOBBIM KOMIUIEKC, OKPAIICHHBIN B JKEIITHIN I[BET.

H3PO4 +1 1(NH4)2M04 + NH4VO3 + 23HNO3 —
H3PO4'HVO3' 1 1M003' 1 1H2O + 23NH4VO3
NHTEeHCUBHOCTh OKPACKU aHAIM3UPYEMOTO pacTBopa (MpoObl) CpaBHUBAIOT C

WHTEHCUBHOCTHIO OKPAaCKU CEPUHM CTaHAAPTHBIX PAacCTBOPOB Ha (HOTOKOIOPUMETPE
K®K-2 u cTposaT rpayupOBOUHYIO XapaKTEPUCTUKY B KOOpAMHAaTax: A (onTuueckas

mwioTHOCTE) — C (xonuentpanus P>Os, mr/cm’). M3MepUB ONTHUYECKYIO ILUIOTHOCTH
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aHAJIM3UPYEMOIO0 PpPACTBOPA, OINPEHETSAIOT KOHLeHTpauuto P,Os ¢ moMounipro
YCTaHOBJICHHOU I'PalydpOBOYHON XapaKTEPUCTUKHU.
Opranuzauuonnas popma 3anusatus lIpurorosienue

CEpHUU CTAaHJIAPTHBIX PACTBOPOB.

B ceMb IpPOHYMEPOBAHHBIX MEPHBIX KOJIO €MKOCTBIO 100cM’ ¢ mOMOIIBIO
oropeTku (eMkocThio 50 cM’) mpummBaror 2, 5, 10, 20, 30, 40, 50 cm® pactsopa B, uro
COOTBETCTBYET cozepkanuto P,Os o 0,1; 0,25; 0,5; 1,5; 2,0 2,5 mr. O6beM B K0I6ax
JIOBOJAT JUCTHIUIMPOBAHHOM BOJOW /O CyMMapHoro oobema pasHoro 3S0cm’,
NPUIMBAIOT 1O 25 C¢M’ CMECH pEakTHBOB, JOBOAAT OObEM [0 METKH
JUCTUJUIMPOBAHHOM BOJOM W mepeMemuBaroT. Yepe3 ISMUHYT U3MEpSIOT
ONTHYECKYIO MJIOTHOCTh OKPAIIEHHBIX PACTBOPOB C MOMOIIbIO (POTOKOJIOPUMETPA B
KIOBETE C paboyeil JIMHHOM

/=10 MM nipu = 440 HM OTHOCHTEIIBHO XOJIOCTOl pOOKI.
JIis TIPUrOTOBJIEHHS XOJIOCTOM MpPOOBI B MEPHYIO KOOy eMkocThio 100 cm’

npuiauBaoT 50 cm’ JTUCTWUIMPOBAHHOW BOJIBI, 25 cM® cmecu pEaKTUBOB, HOBOJST
00bEM JI0 METKH JUCTUUTUPOBAHHOMN BOJOW M MIEPEMEITUBAIOT ITOJTYUYE€HHBINA PacTBOP.
[Io mosiyyeHnu 3HAYEHUSI ONTUYECKOM IUIOTHOCTH CTPOST IPalyUpPOBOYHBIN
rpaguk: mo ocu abcuucc — coxaepkanke P,Os B Mr; mo ocu opauHAT —
COOTBETCTBYIOIIEE 3HAUYCHUSI ONITUYECKON MIIOTHOCTH.
N3mepenne onTUYecKoil IUIOTHOCTH CEpPUM CTAaHAAPTHBIX PacTBOPOB Ha
dbotokonopumerpe KOK-2.

Jlist onpeneneHus ONTHYECKON MIIOTHOCTA PACTBOPOB HEOOXOAUMO:
Bxatounts  gotokonopumerp KDOK-2 3a 30 MuHyT A0 Hayana paboOThI

TYM6J'ICpOM «CEThb», MPCABAPUTCIIBHO OTKPBIB KIOBETHOC OTACIICHHC.

Y CTaHOBUTH PYUKY «CBETOPUIBTPHD) B mojoxkeHue «400 Hm».
YCTaHOBUTh PYUYKY «UYBCTBUTEIBHOCTH» B IMOJOKEHHUE «2» — IO YEpPHOH

IKaJe.
3anoyHUTE TEepBYIO KioBeTy ummHOM 50 MM (¢ metkoit 50,075) xomocToit

npoboii. TuiaTeapHO MPOTEPETh J0CyXa paboure TpaHW KIOBETH (PHIHTPOBAIHHOM
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OyMaroil. ¥YCcTaHOBUTbH KIOBETY B IIEPBOE OT/EJICHUE KIOBETOAEpKaTels (IMOJI0KEHUE
PYUYKH MepeMeIleHUs KIoBeToAepKaTens — «1»).

3anoJIHUTh BTOPYIO KBapleBYylO KroBeTy niauHoM 50 mm (¢ Mmetkoi 50,110)
IIPUTOTOBJIEHHBIM CTAHAAPTHBIM pacTBOpoM P>Os ¢ MUHHMaJIbHOW KOHLEHTpALHEH
(Nel w3 cepum pactBopoB). TmaTenbHO MNpoTepeTh (GUIBTPOBAIBHONW Oymaroi
paboune TIpaHH KIOBEThl. YCTaHOBUTH KIOBETY BO BTOpO€  OTACIICHHE
KIOBETOJIEpKATE.

3aKkpeITh  KIOBETHOE  OTAeleHue  Kpbimkod. Ilpm  »sTomM  cTpenka
MHUKpOaMIIEpMETPa JOJDKHA YCTAHOBUTCSA Ha OTMETKE «0» IO MIKaJe ONTHYECKON
IJIOTHOCTH A (HMDKHSISL LIKAJIa MUKPOaMIIEpMETPa).

Ecnu crpenka Mukpoammepmerpa OTKIOHsETCS OT «0» - MONOXKEHUs B
OOJIBIIYI0 WJIM MEHBIIYIO CTOPOHY, YCTAaHOBUTH €€ B «0» - MOJIOKEHUE BpalleHUEM
IIPaBOro BEPXHEro noreHuuomMerpa «YcranHoBka 100. Tounoy.

YCTaHOBUTH KIOBETY €O CTaHAAPTHBIM pacTBOpoM P,Os B CBETOBOM MOTOK
IIEPEBEICHUEM pPYUYKH NEPEMENIEHUs KIOBETOJAEpKATEN W3 MOJOXKEHUsA «1» B
IIOJIOXKEHHE «2».

[IponsBecTn OTCYET TOKAa3aHUK ONTUYECKOW IUIOTHOCTHM CTaHIAPTHOTO
pactBopa P,Os 1o mikange onTu4ecKkoi mioTHOCTH «A» ¢ TouHocThio 0,001.

BepHyTh pyuky mepeMenieHusl KIOBETOAEpIKaTelsl W3 MOJOXKEHUS «2» B
MOJIOXKEHUE «1».

OTKpI:ITB KIOBCTHOC OTACIICHHUC.
HSMGpeHI/IC ONTUYECKUX TIIJIOTHOCTEH BCeX nocjacaAyrommux CTraHdapTHBIX

pPAcTBOPOB TPOBECTH COIJIACHO HACTOSIIEH METOAMKE, pe3yJbTaTbl HM3MEpEeHHi
3aHecTH B Tabnuiy 2.1.

Tabnuya 2.1 — Ananus gpocgpoeunca na P-Os

Nen/m | O6wem crana. pactsopa P,Os, cm’ C (P,0s), mr/cm’ A
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3amaua

ITocTpoenue rpalyupoOBOYHON XapaKTEPUCTUKH
I'panynpoBodHas XapakTEpUCTHKA CTPOUTCS HA MUJUIMMETPOBOM Oymare B

koopauHatax A — C (P,Os), rie A — onTtudeckas mioTHOCTh pactBopa, C (P,Os) —
xoHnenTpanus P,Os B mr/cm’.

Ha ocu abcuucc OTKiIanbBaroT 3Hadenus konmenrpauuu C (P,Os), mr/cm’
CeMU CTaHAApTHBIX pacTBOpoB P,Os (mannabie Tabmmiml 2.1).

Ha ocu opauHar OTKIagbIBalOT U3MEPSEMbIE 3HAYEHUS ONTUYECKUX
IJIOTHOCTEN JUIsi CTaHIapTHhIX pacTBOpoB P»Os. IlonyyeHHas rpaayupoBOYHAs
XapaKTEPUCTUKA UMEET JINHENHBIN BUL.

JlanpHelye omepanuy C IMOJyYeHHOW MpoOoi (3amaueil) il MOTyYCHHS
dbochopHOMOIMOIEHOBOTO KOMITJIEKCa ITPOBOJST coriacHo gJaHHo MBH.

3aoaua. Yemanoenenue konyenmpayuu P.Os 6 uccnedyemoii npooe.
3a/aua BBIIAETCS B BHJE PACTBOPA B MEPHOM KOJIOE eMKOCTRI0 100 cM’.
JlanpHeillye omnepauuyd C MOJXYYEeHHOM mpoOoil (3amaueil) uisl MOydeHUs

dbochopHOMOIHOIEHOBOTO KOMILJIEKCA TPOBOJST coriacHO ganHot MBHU.

[Tonyuennass mnpoOa TOTOBUTCS K M3MEPEHHIO ONTHYECKON TUIOTHOCTU
OJIHOBPEMEHHO C MPUTOTOBJIECHUEM CEPUM CTaHAAPTHBIX PACTBOPOB JISl MOCTPOEHUS
rpagyupoOBOYHON KPUBOM.

N3mepenne onTuyeckod IIIOTHOCTU TMOJTYYEHHON MPOOBI MPOBOIUTCS TaKKE
OJIHOBPEMEHHO C CEpUel CTaHAAPTHBIX PAcCTBOPOB B COOTBETCTBUU C JIAHHOU
METOJIUKOM.

Hanectu m3aMepeHHOe 3HaUY€HHE ONTHUYECKOW IMIOTHOCTH MpoObl A(X) Ha OCh
OpJIMHAT TPaAyHMPOBOYHOM XAPAKTEPUCTUKU M OINpenenuTh coaepxkanue P,Os B
uccieayeMoit mpoode Cx, Mr/cm’.

Bomnpocs! st 00cyxaenust

1. Kakue meTopl n3MepeHuii Ha3bIBAIOTCS (PU3UKO-XUMHUYECKUMU?
2. Kakue nusmepeHus: OTHOCAT K ONITHYECKUM MeTo1am?
3. OCHOBHBIE MapaMeTpbl NIEKTPOMAarHUTHOrO H3iaydeHus. Kak cBs3aHbl

JUTMHA BOJIHBI, CKOPOCTh CBETa M YacTOTa KojeOaHui?

4, YT10 Takoe BOJHOBOE YUCIIO?
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5. Kakoe BbIpakeHHE OINHUCHIBAET AJIEKTPOMArHUTHOE  U3JIydeHUe?
[IpuBenute 3HaueHue nocrosHHou [nanka. Yto ona onpenenser?

6. Kakue meTonpl u3MepeHuit OTHOCATCS K (POTOMETPUUYECKUM?
7. B d4em orauume  (OTOKOJOPUMETPUYECKUX  U3MEPEHHM  OT

criekTpooToMeTpuIecKuX?

8.  Urto Takoe omnrtuueckas MmiaoTHOCTh? Kak umraerca 3axkoH byrepa-
JlamOeprabepa? [IpuBennTe ero MaTeMaTu4eckoe BHIPAKEHUE.

9. Kakue orpanuueHuss M yCJlOBHs TNPUMEHUMOCTH 3akoHa byrepa-
JlamGeptabepa?

10. Kak mnonOuparoT cBeTOQWIBTPHl MpU  (HOTOKOJIOPUMETPUUECKHUX
U3MEPEHUSAX ?

11. Kakossl ONTUMAaJbHbIE yCIIOBUA (OTOKOJIOPUMETPUYECKHUX
ONPEAECICHUN?
2.1.2 PeppakTomMeTpuiecKne U3MepeHHUs
Teopernyeckue 0CHOBbI METO1A
Pedpakromerpuueckuii MeTosl aHaquM3a OCHOBAaH Ha M3MEPEHMU IOKa3aTelis

MPEJIOMJICHUS] aHAIM3UPYEMOIo BeIlecTBa WM ero pactBopa. Korma nyd cBera
NEePEXOAUT U3 OJIHOM MPO3payHOU Cpepl B IPYrylo, HA TPaHULIE CPEJ HAMpaBliCHUE

ero U3MEeHsIeTcs - ay4 npesnomisiercs (puc 2.2).

a
cpena 11
B
c ~ c
o
cpena | b
¢ a

Pucynoxk 2.2 — IIpenomnenue nyua ceéema Ha epanuye cpeo
a — JIyd4, TAQJaIoONUi TOJ[ YIJIOM a, MPEIOMIISIeTCS TOa yrioMm b; B — Jyd,

HaJalONIMii 0J MpeNeIbHbEIM yriioff , mpenomisercs mox yriaom 90° ¢ — mayd,

naJaronui Mo yraoM OoJbIlie IPEAeIbHOTO, HE BXOJIUT B cpeay 2.
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Bennunny oTHOIIEHHS CHUHYCA yTiia MaJeHUs a K CHHYCY yTIJia IpeJIoMJIeHUs b
Ha3bIBAIOT I1OKA3ATENIEM IPEIOMIICHHUS:

no
sin 8

JUIsi Ka)Xaoro XMMHYECKOro BEIECTBAa 3TOT IOKa3aTellb OINPEAENIeTCs €ro
IIPUPOJION M SBIIAETCS BEJIMYMHOW NMOCTOSIHHOM. [lokazarenb mpenoMIIeHHs! 3aBUCHT
OT JUIMHBI BOJIHBI MAaJAIOIIEr0 CBETa, MO3TOMY JUIsl MOJYYEHHUS COBHAJAFOIIMX
PE3yJBTATOB HY>KHO MOJIb30BATHCSI HCTOYHUKOM CBETA C U3JIYyYEHUEM OINPEIACICHHON
JUIMHBI BOJIHBI (HaTpHUEBBIE, PTYyTHBIC, BOJOPOAHBIE Jammbl). OJHAKO NMPUMEHEHHE
CHEIMAJIbHBIX JIaMI YCIOXHsSEeT pabory. s 1enedl TEXHUYECKOro aHajau3a
U3MEPEHMsI BEAYT MPU CBETE JIaMITbl HAKAJIIMBAHUS WM MPU JHEBHOM CBETE C 0COOBIM
MPUCTIOCOOJICHUEM, KOMIIEHCUPYIOIIUM Pa3liocKeHHe 0eI0ro CBeTa MPU3MOMN KEJITOTro
ay4da np. [lokazarenp npeaomiieHUsT 3aBUCUT OT TEMIEPATYPbl, YMEHBIIASCh C €€
noBellieHHeM. Takum 00pa3oM, Ba)KHEWIME YCIOBUS TMOJYYEHHUS TOYHBIX
pe3yAbTaTOB MPU pePPaKTOMETPUUYECKUX U3MEPEHUSX — ONpPEACIICHUE TEMIIEPaTyphl
U MOHOXpPOMaTHYECKOE HU3NTydeHue. V3MepsATh HEemoCpeACTBEHHO BEIUYHMHBI YIJIOB
naJeHusl WM IpeIOMJIEHHUsS] Ha TPaHUIIE BO3JyX - )KUJIKOCTh HEy/100HO. B mpubopax
U3MEPAIOT YIJIbl HA TPAHULIE KUIKOCTh - CTEKJO, MOJIb3YSICh METOJIOM IPENETbHOTO
yTia.

C yBenuueHHWeM yria MaJCHUS YBEIUYMBAETCS M YroJ IPEJIOMIICHUS,
HACTyIaeT MOMEHT, KOT/la yroJl peJoMIIeHUs] cTaHOBHUTCS paBHbIM 90°. Ha puc. 2.1 —
3TO ypon . IIpu 3TOM J1y4 HE BXOIUT BO BTOPYIO CpPEAY, a CKOJB3HUT IO ITOBEPXHOCTH
pazzena. OTO SIBICHHE HA3bIBAECTCS NOJIHBIM BHYTPEHHUM OTPAXKEHUEM CBETA, a yTOJ
najieHusi, IpU KOTOPOM OHO HaOIIOJAETCs, MPEIETbHBIM YIJIOM OTPaXKEHUS P

Ecnum mokaszaTenp MpeaoMiieHUsT OAHOM cCpenbl N, HM3BECTEH, JOCTATOYHO
MU3MEPHUTH BEIMYUHY TpeaenbHo® yrima , 49ro0bl  ONpeenwuTh IMOKa3aTesb
IpeIOMIIEHHS MCCIEyeMOM cpebl ny: ny = np .$bh .

Ha »ToM mnpuHIMIE OCHOBAaHO YCTPONCTBO MNPUOOPOB Il H3MEpPEHUS

noKaszaTessi IpesioMJieHus — pedpakToMeTpoB. B kauecTBe cpelibl C HU3BECTHBIM
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MOKAa3aTeJIEM MPETOMIICHUS UCIIOIB3YIOT MPU3MBbI U3 CIIEHUATBHBIX COPTOB CTEKJIA C
BBICOKMM TIOKa3arejeM mpesiomieHus. [lpu aHanmuze pa30aBiIeHHBIX PACTBOPOB
MOJIB3YIOTCS IMHEWMHOM 3aBUCUMOCTBIO N OT KOHIeHTpauu C:

n=n,+ kC, (2.8)
r7ie N, — MoKa3arejab MPEIOMJICHHUS pacTBOPUTENS; kK — KOHCTaHTa,

Ha3bIBaeMas "MHKPEMEHT MOoKa3aTes MpeIoMIIeHUs "

Pedpakromerpust siBasercs odUIMATBLHBIM  METOAOM aHaIM3a CaxapHBIX
pacTBOPOB, PACTBOPOB TIIMIIEPUHA, TJIUKOJICH, CIIUPTOB, HEPTEH U Ip.

OCHOBHBIE JIOCTOMHCTBA Me€TOJiIa pedpakTOMETPUU — BBICOKAS CKOPOCTh
u3MepeHuit, maibii pacxon Bemectna (0,001-0,01r) u Beicokast Tounoctsb (10 0,001-
0,1%).

MeToauka BbINOJHEHUS U3MeEPEHUIl MACCOBOIl caxapo3bl B BOJAHBIX PACTBOPAax
pedpakToMeTpUUYECKUM METOAOM

Lenv pabomul u ancopumm uzmepeHuti: TIPUMEHEHUE METOa HAUMEHBIITNX
KBaJIPaTOB JIJIsl ONTUMM3AIIMHU JTUHEHON 3aBUCUMOCTH: TTOKAa3aTeNIb IPEIOMIICHHUS -
KOHIICHTPAIIUS CaXxapo3bl.

OpranuzauuoHHasi popma 3aHATHUS
1. IIpuroroBieHHE NCXOJHOTO CTAHAAPTHOIO BOAHOIO PAacTBOPA Caxapo3bl

cmaccoBou oneur 30%.
2. IloaroTroBka CTaHOAPTHOM CEPUU PACTBOPOB Caxapo3bl C MACCOBBIMH
nonsmu (%): 3,6,9, 12 u 15.

3. Os3HakoMJICHHE ¢ TPUOOPOM H ITOJATOTOBKA €ro K padore.
4. TlpoBeneHue WU3MEpPEHUN ITOKa3aTelIC TMPEIOMIICHUS CTaHIAPTHBIX

pacTBOPOB.

5. Tloctpoenue rpagynupoBOYHOTO rpaduka Mo JaHHBIM U3MEPECHHUSI.
6. Onrumuzanus JaHHBIX SKCIIEPUMEHTA METOAOM HAaUMEHBIINX KBaJApaTOB

MHAXO0XKJICHUE YPaBHEHUS KOPPEIAIMOHHONW 3aBUCUMOCTH.
7. W3MepeHME ONTHYECKOW IUJIOTHOCTA MCCIEAYEMOrO pacTBopa u
ONpENIENIECHNE B HEM MAacCOBOTO COAEP)KAHUS Ccaxapo3bl IO TPagyupPOBOUYHOMY

rpauKy ¥ pac4eToM IO TOJYyYCeHHOMY YPAaBHEHHUIO PETPECCHH.
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8. BrisBIEHUE pacx0XKACHUHN PEe3yIbTaTOB U3MEPEHUN U UX OIICHKA.
Ilpubopwr u peaxmusvr Pedpakromerp nmaboparopusiii Ttuna NP®-22 wumm

JOPYrol TOro e KJacca TOYHOCTH, AaHAIMTHYECKHE BEChbl BTOPOTO M YETBEPTOIO
KJIacca TOYHOCTH, MEPHBIE KOJOBI BMECTMMOCTBIO 50 cM® — 5 IIT., CTEKJIAHHAs
IaJI0¥Ka C OILIABJIEHHBIM KOHIOM — | IIT., GIOpeTKa BMECTUMOCTBIO 25 CM”, NHMIIETKA
BMECTHUMOCTBIO 50 M’ — 11IT., caxapo3a, JMCTUILIMPOBAHHAS BOJA.

Onucanue npubopa. B pedpaxromerpax tuna MP®D-22 u ap. mokazarenb
NPEJOMIIEHHSI HMCCIEAYEMOIO pPACTBOPA OMNPEAEHSAIOT [0 MPEAECIbHOMY YTy
npenomiieHus (puc.2.3).

CBeTOBOM MOTOK OT MCTOYHMKA CBeTa | 4epe3 JNMH3Y 2 HaNpaBisIeTCS Ha
OCBETUTEJIbHYIO TpU3MY 3. OHa COeIMHEHA C U3MEPUTENBHON TPU3MON 4 IIAPHUPOM.
Kammro  aHanmu3upyeMol  KUJIKOCTM MOMEMIAIOT MEXAY OCBETUTEIBbHOW U
U3MEPUTEIBbHON NpPU3MaMH M 3aT€éM HUX CXKUMaroT. Jlyun cBera, MpenoMisisich B
OCBETUTEJIBHOW TNpHU3ME, MONaJaroT Ha CJIOW JKMJIKOCTH M 4Yepe3 Hero — Ha
MOBEPXHOCTh U3MEPUTENBHOM MPU3MBI 110]] pa3HbIMU yriiaMu. Eciau yron ux nageHus
MeHpmie  90°, JydM  4YacTUYHO  MPEIOMIIAIOTCS, YAaCTHYHO  OTPaKaroTCs.
[IpenomieHHbIEC JTyYd TPOXOJAT MPU3MY MPSAMOTO 3pEHUS 5, 00bEKTUB 6, IPU3MY 7,
ceTky &, mkainy 9 u uepes okyysipsl 10 u 11 nomamarot B ri1a3 Habmoaarens. [Ipusma
IIPSIMOTO 3pEHUS 5 MpeaHa3HaueHa JUIsl YCTPAHEHUS CIEKTPAJIbHOM OKPACKU IPAHUIBI
CBETOTEHH.

PaccmarpuBast B OKyJIsip BBIXOJIHYIO FPaHb MPU3MbI, HAOIIOJAI0T 3aTEMHEHHYIO
JIEBYI0 YacThb M OCBEIICHHYIO MpaByro. ['paHuile cBeTa M TEHHM COOTBETCTBYIOT
IIPEAEIBbHBIN CBETOBOM JIy4, MPEIOMIIEHHBIN N0 yriioM 90°.

[Ipu3Mbl MOBOpPAYMBAIOT 0 TEX IMOpP, OKA B OKYJISAPE 3pUTEIBHOU TpyOBl HE
BO3HHMKAET 4YE€TKas IpaHHIA CBETa M TEHW, NPU 3TOM BHU3HPHAS JMHUS CETKU
coBMeMmIaeTcs ¢ rpanulei ceerorenu. [lo mkame mpubopa, CBI3aHHOW ¢ TIpU3MaMu
CHelUaIbHbIM YCTPOWCTBOM, OTCUATHIBAIOT 3HAUEHHE IMOKA3aTEIN MPETOMIICHHUS.

OnTuyeckoe CTEKIIO, U3 KOTOPOro M3rOTOBJIEHBI IMPU3MBI, OYEHb MATKOE, €ro

MOXXHO JIeTKo mornapanarb. (OCOOEHHO OCTOPOXKHO CleayeT oOpaliarbest ¢
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IMOJIMPOBAHHBIMHU  IMTOBCPXHOCTSIMU I/I3M€pPITCHBHOﬁ IMPU3MBI. HpI/ISMBI ciaenyer

IpPOTUPATh calPeTKaMU U3 MATKON HE BOPCUCTOM TKaHMU.

Pucynok 2.3 — Onmuueckas cxema pegppakmomempa UPD-22:
1 -océemumenvhoe 3epkano; 2 - 6CnomozcamenbHas OMKUOHASL NpU3Ma, 3 - OCHOBHAS

uUsMepumenvbHas npusma, 4 - MamupoeanHas 2parb OMKUOHOU NPU3MbL, 5 -
uccnedyemas Huokocms, 6 - npusmvl Amuyu komnencamopa, 7 - 00bekmus
3pumenvHol mpyowl, 8 - nosopomuas npuzma, 9 - oKyaap 3pumenvHol mpyouol.

llopsioox sanucu pezyromamos usmepenuu. 110ab3ysch HCXOIHBIM PACTBOPOM
caxapo3sbl ¢ maccoBoit gonei 30%, OropeTkol U MEPHBIMH KOJOaMH, TOTOBAT TSTh
CTaHJAPTHBIX PACTBOPOB 33JaHHBIX KOHIEHTpAIuii (cM. Tad. 1).

[lepen nawamom paboThl Ha pedpakToMeTpe padoure MOBEPXHOCTH MPHU3M
clielyeT MPOMBITh JTUCTUJUIMPOBAHHOM BOJOM, IOCyXa MPOTEPETh TKAHBIO U 3aTEM
MPOBEPUTh TPABWIBHOCTh YCTAHOBKH IIKAJbl MO FOCTUPOBOYHOU >KHJIKOCTH, T.€.
KUJAKOCTH C U3BECTHBIM IOKa3aTeneM mpesiomiieHus. s 3Toil 1enu HCHoab3yIoT
TUCTUJUTUPOBaHHY0 Boay: np=1,3334 (npu 15°C); np=1,3330 (20°C); np=1,3325

(25°C). OmaBiaeHHBIM KOHIIOM CTEKJISTHHOM MaJOYKH Ha MIOCKOCTh U3MEPUTEIIBHOU
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MIPU3MbI HAHOCSIT OJIHY-JIBE KaIUIu JUCTUUTUPOBAHHOMN BOJIbI 1 3aKPHIBAIOT BEPXHIOIO
KamMepy. PyKosITKy ¢ OKyJIsIpOM ONyCKarOT B HUXKHEE TMOJOKEHUE U MEPEMENIAIOT 10
TE€X MOp, MOKa B TOJie 3PEHUS HE TOSIBUTCS IpaHUIla CBETOTEHU. ['aiiky okylspa
BpalIaOT J0 MOSIBJICHUS YETKO BUIUMBIX JICJICHUM IIKAJIbl U BU3UPHON JTUHUU CETKH.
[lepemenias ocBeTuTenb, AOOMBAIOTCS HAMOOJEE KOHTPACTHOW OCBELIEHHOCTH,
MOBOPOTOM IIKaJbl YCTPAHAIOT OKPACKY T'PaHMIIbI CBETOTEHU. PyKOSTKOW OKylisipa
BU3UPHYIO JIMHUIO CETKU COBMEIIAIOT C TpaHUlLed CBETOTEHH U M0 IIKaje
MPOU3BOJIAT OTCYET.

[Ipu mpaBuIBLHOM YCTaHOBKE HYJIEBOM TOUKH MPUOOpa TpaHUIla CBETOTEHU MPHU
20°C coBmemaercsa ¢ genenneM n=1,33299 (nmpu 20°C) mkaibl moKa3aTelen
npenoMiieHus. B cilyyae OTKIOHEHUH ClieyeT YCTaHOBUThH HYJIb, KIIFOYOM IOBEPHYB
YCTAaHOBOYHBIM BHUHT. 3aT€M B TaKOM JK€ TMOPSAKE TMPOU3BOAIT H3MEPECHUS
MOKa3aTeIeNd MNPEJIOMJICHUS] CTaHIAPTHBIX U HCCIEAYEMOTO PACTBOPOB, HAHOCS HA
CYXYI0 YHUCTYIO0 TOBEPXHOCTh HM3MEPHUTEIBHON MPU3MBI OJHY-JIBE KaIId PAacTBOPA.
[locne mpoBeneHHs W3MEPEHHM CIEayeT MPOMBITH M HACYXO BBITEPETh padouue
MOBEPXHOCTH U TUIABHO OIYCTUTh BEPXHIOK KaMepy npubopa. JlaHHble n3MepeHuit
BHOCAT B TaOnuiry 2.2.

Tabauya 2.2 — [Ipueomoenenue cmanoapmHulx pacmeopos u
coomeemcmayowue um noKkazamenu nperomieHus

Konnentpanus PasBenenue (cm’/em’): [Tokazarens
PacTBOPOB: Vucx. p-pa/Vmep. Konowr npeoMieHus, Ny
JTMCTUTMPOBAHHAS BOJIA MPOBEpKa HYJIEBOM
TOYKH
3 ?/50
6 ?/50
9 ?/50
12 ?/50
15 ?/50

['pamyrpoBOYHEIH rpaduK CTPOST B KOOPAUHATAX: Np - Y cTaHIapTHOTO
pactBopa. MaccoBble 101 HCCIIEyEeMOr0 pacTBOpa ONPEACIISIOT MO MOJTYyYEHHOMY
rpagyupoBOYHOMY rpaduky (rpaduueckuil METO) UM BBIYUCIIAIOT 110 YPaBHEHUIO
perpeccuu (pacuyeTHbIA METO).
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Otuer nomkeH mo ¢opme cootBerctBoBaTh ['OCTy mo HUP, Brimogath
KpaTKOe€ OMHUCAaHUE CYIIHOCTU METO/a, ONTHYECKYI0 CXeMy Mpudopa, alroputm
M3MEPEHNUM, METOAMKY pacyeTa NPU HPUTOTOBIECHUH HCXOJHOTO W CTaHIAPTHOIO
pacTBOpPOB U T. 1.

2.1.3 ®oroMeTpus MJIaMEHU
doromeTpus MIamMeHu (IJIaMeHHasi CIEeKTPO(OTOMETpHs]) — OJUH K3 METO/OB

CIIEKTPAJIbHOTO aHajii3a, OCHOBAHHBIA Ha M3MEPEHHM WHTEHCUBHOCTH HW3IIyUYEHUS
aTOMOB, BO30YXICHHBIX HarpeBaHUEM BEIIECTBA B IUIAMEHHU. AHAIU3UPYEMbIN
pacTBOp MOCPEICTBOM CXATOrO BO3JyXa WM KHUCIOPOJa PACHbUISAIOT B MEIKYIO
B3BeCh (puc. 2.4) U B TAKOM BHUJIE BBOJAT B IJIaMs Ta30BOM TOPENKHU (TIPUPOIHBIN Ta3,
alleTHJIeH, BOJIOpo U ap.). [Ipu Hamuuuu B pacTBOpE MOHOB JIETKO BO30YKIaeMbIX
DJIEMEHTOB B IUIAMEHM BO3HUKAET XapaKTepHOE W3Iy4YeHUEe, a camMo IuUiams
OKpallI1BaeTCsl.

B OosnbmmHCTBE CiydyaeB MHTEHCHUBHOCTh M3JIYUYCHHS] AaTOMOB IPSMO
MPOMOPIUOHANIbHA KOHIIEHTPAIlMK BEIeCTBa B PacTBOPE, OJHAKO MPAKTUYECKH 3Ta
3aKOHOMEPHOCTb COOJIIOJJAETCSl TOJIBKO B ONPENEIEHHOM MHTEpBaJIe KOHIICHTPALIMA,

3a nmpeacjiaM KOTOPOTO OHA 4aCTO HApyHIacTCA.

A

HWHTEHCUBHOCTL H3JIy9CHUA

\ 4

3
Konnenrpanus, MKr/cm

Pucynox 2.4 — 3asucumocmo unmencugHOCmu UayueHus om KOHYeHmpayuu
anemenma 6 pacmeope: AB — npsamonunensiu y4acmox

[IpsimonponopiinoHanbHas 3aBUCUMOCTh HMHTEHCUBHOCTH wu3nyueHus (I) ot
KOHIIEHTpaIuu pactBopeHHoro BemectBa (C) rpaduuecku BbIpakaeTcs NPSIMOU
auHuen. Takas 3aKOHOMEPHOCTh COOJTFOIaeTCs Ha MPSIMOJIMHEHTHOM ydacTke AB (puc.

2.4) B nHTEpBaJle KOHUEHTpaLU pacTBopeHHOro Beuiectsa ot C; 10 C,.
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Ha mHTEHCHBHOCTH M3y4Y€HMs BIIHSIOT COCTAB AHAIM3UPYEMOTO pacTBOpa,
CTENEHb €r0 pacHbUICHUs U KauecTBO miiaMeHu. [loatomy paboumnii npsaMonrMHEHHbINA
y4acTOK AB, npuBeaeHHOM Ha puc. 2.4 3aBUCUMOCTH, BCETJa ONPEAEIAIOT
HKCIIEPUMEHTAIBHO U BCE M3MEPEHUS MPOBOJAAT MPU HEU3MEHHOM pEXUME padOThI
npubopa. Jlyis aHamM3a HMCHOJB3YIOT HauOOJee HMHTECHCUBHBIE JIMHUU CIEKTpa
aneMeHToB. B Tabn. 2.3 mpuBeeH mepeueHb DBJIEMEHTOB, KOTOPHIE MOXKHO
OTIpEeACISATH METOJOM (POTOMETPHUH TITAMEHH.

Tabnuya 2.3 — OcHosHbie 21emenmbl, onpeoesiemvle MemoOOoM NAAMEHHOU
domomempuu

OTKpbIBaEMbIii JlnuHa BOJIHBI, [Torenuuman ITorenuman
OneMeHT 3
MHUHHMYM, MKT/CM MKM uoHu3amu, 3B | Bo30yxaeHus, 5B

Jlutuit 0.01 670.8 5.39 1.90
Harpuii 0.001 589.0; 589.6 5.14 2.11
Kanmi 0.01 766.5; 766.9 4.34 1.62
Maraui 5.0 383.0; 285.2 7.04 -

Kanpuuit 0.06 422.7; 554.0 6.11 2.93
bapuit 0.6 553.5; 4554 5.21 2.24
Mapranerg 0.06 403.1; 403 .4 7.43 3.08
PyOuauii 0.1 794.8 4.17 1.56

DOTOMETPUIO TJIAMEHU HIMPOKO MPUMEHSIOT B IBETHOM METAILTYPTUU U TPU
aHaNM3aX Pa3JIMYHBIX PYJ, TJIaBHBIM 00pa3oM JUIsl ONpENETCHUs IIETOYHBIX U
HIEJIOYHO3EMENBHBIX METAJJIOB, a TaKXKe JUIsi HEKOTOPBIX JAPYrMX 3JEMEHTOB,
UMEIOIIUX HU3KUHM MoTeHIMan nonuzanuu (10 8 »B). [namenHsbIil GoTOMETp CIYKUT
JUISI U3MEPEHUSI UHTEHCUBHOCTU U3IYYEHHUS JIEMEHTOB, BO30YKIAE€MbIX IJIaMEHEM
razoBoil ropenku. Pabora mpubopa OCHOBaHAa Ha MPHUHIUIIE MOCIEAOBATEIBHOIO
CpaBHEHHUS MHTCHCHUBHOCTH U3JIyYEHHUs DJIEMEHTAa B HCCIEIyeMOM pacTBope H

JTUCTUJTUPOBAHHOM BOJIE (WJIM pacTBOpE CPABHEHUS).
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) 3=k

1"

Pucynox 2.5 — llpunyunuanvnas cxema niamennozo pomomempa

1 — emxkocmu ¢ KOMnOHenmamu 2opiodeli cmecu, 2 — pe2yiamopsl 0AGJeHUs,
3 — pacneiiumenvHas kamepa, 4 — 2openka, 5 — ucciedyemvlii pacmeop,
6 — ycmpoticmao 011 0CyuleHUsl pAcnblIUmenbHOU Kamepbl,
7 —ghoxycupyrowasn 1uH3a, 8§ — 6X0OHAs ujeb,
9 — npuzma, pazoensarowas uznyienue no OJuHe 80JIHbl, UIU

ceemoghunomp,
10— svixoonas wenw, 1 1- pomosnexmpuueckuii demexmop, 12

— peaucmpupyloujee yCmpoucmeo.

Yempoticmeo npubopa
AHanmusupyembiii  pacTBop (puc. 2.5) mojaeTcss MyJbBEpU3aTOPOM uepe3

KalWwUIAp B PacHbUIMTENbHYI0 KaMepy 3, U B BHJE a3p030Js MOCTYIAeT B ILIaMs
ropenku 4. M3nydeHue mnjaamMeHu coOUpaeTcs BOTHYTHIM 3€PKajIOM U HaIpaBJsieTcs
dboxycupytoiei TMH30M 7 Ha CBETOMUIBTP 9, KOTOPBIN NPOMycKaeT K (POTOIIEMEHTY
11 uznyuenue onpenensemMoro 3neMeHTa. Bo3HMKAIOMK MOJT IEMCTBUEM U3ITYUYCHUS
(GOTOTOK  yCWJIMBAETCS  YCHJIUTEIEM U U3MEpSeTCs  YYBCTBUTEJIbHBIM
rajJpBaHOMETpOM 12.

Tlopsioox pabomul
Brxorouator nipubop B cethb nepeMenHoro toka (127 wiam 220B) u OTKpBIBatOT

KpaH Ta30mnpoBOjia WM BEHTUIIb PEIyKTOpa 0ajuioHa C TOPIOYUM Ta30M.

Benen 3a 9TUM  3aKWTalOT KOHTPOJIBHYHO TOpPENKY, BMOHTHPOBAaHHYIO B
perynsiTop JaBlieHus raza 2, U peryjJupoBaHHEM TOJayd ra3a JOCTUTaloT
PAaBHOMEPHOT'O U CIIOKOMHOr0 ropeHus (pakena. 3aTeM 3aKUTaioT ra3o0ByI0 ropesiky 4

Y BKJIIOYAIOT KOMIIPECCOP, HATHETAIONIUN BO3yX B PACHbUIMTENb 3, U MPHU MOMOIIA
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PETYIHPYIOIMIETO BEHTHIIA 2 JOOMBAIOTCS OJHOPOHOTO TUTAMEHHU HaJl BCEH CeTYaTOoM
MOBEPXHOCTHIO Ta30BOM ropenku 4. MaHOMeTp TOKa3bIBaeT W30BITOYHOE JaBJICHHE
BO3/lyXa, KOTOpOE€ He AOKHO mpeBbimaTh 0,6 atM. B Takom cocTostHuu npubop
rOTOB /7151 POTOMETPUPOBAHUS PACTBOPOB.

Jns  wu3MepeHHsT WHTEHCHUBHOCTH H3JIyYCHHS OMPEIENIIEMOTO 3JIEMEHTa
UCCIIETyeMbIil pacTBOpP IPU MOMOIIM CXATOr0 BO3AyXa MOJAIOT B PAaCHbLUIUTENb 3,
OTKyJa OH B BHJE adpo30js MomajaeT B mmiams ra3oBoil ropenku 4. Ilepen
U3MEPEHUEeM WHTEHCUBHOCTU Ha TMYTH HM3IY4YEHUS BBOJSAT HYXKHBIA CBETOMUIIBTD,
KOTOpBIA  mpomyckaeT K  (OTO’JIEMEHTY  MPEUMYLIECTBEHHO  H3JIy4YeHUe
onpezaensiemMoro siemeHrta. llepen ¢oromerpupoBaHHEM HCCIEAYEMOTO pacTBOpa
U3MEPSIOT HMHTEHCUBHOCTHh W3JIYUYCHHS ONPEICIIIeMOro JJeMEHTa B pacTBOpeE
CpPaBHECHHUS WJIH JUCTUIMPOBaHHOH Boje. [locna kaxxaoro naMepeHus: paciblUINTEIh
¥ TOPEJIKY TIIATebHO MPOMBIBAIOT JUCTUIUTMPOBAHHON BOJIOM.

M3MepeHre HMHTEHCHBHOCTH M3JIy4YeHHsI DJJIEMEHTa B HCCIEIyeMOM W
ATAJIOHHOM pPAcTBOpax ClIeyeT MIPOBOAWTH MPH HEU3MEHHOM peXHME paboThI
dbotometpa. Ilpedocmoposcnocmu

He co3maBath W30BITOYHOTO NaBIEHHUS CXKATOTO BO3Ayxa Oomee 1 atm; He
OCTaBIISITh OTKPBITYIO Ta30BYI0 TOPENKY HE3aXOKCHHOM; CIEIUTh 3a TEM, YTOObI
TIaMs Ta30BOM TOPENIKHM OBLIIO OHOPOJIHBIM; MPU paboTe ¢ OAJTOHOM TOPIOYETOo Ta3a
coOII0AaTh BCE MHCTPYKIUH, IPEAYCMOTPEHHbBIE MTPABUIIAMU TEXHUKU O€30MacCHOCTH.

MeToauka BbINOJHEHUS U3MEPEHUIl HATPUSI METO0M CPABHEHUS

L]env pabomul. onipeieNieHre COCPKAHUS HIEMEHTa METOJIOM CPABHEHHSI.
Cywynocms  pabomel.  W3MepstoT 1O TOKa3aHUSIM  TrajbBaHOMETpa

MHTCHCUBHOCTh W3JIyUYCHHUSI aTOMOB JJIEMEHTAa, BBOJSA CHaudajla B IulaMs OJUH
ATAJIOHHBIA pacTBOpP ¢ KoHIEeHTpanue C;, 3aBeIoMO OOJIbIICH, YeEM KOHIEHTpAIUS
Cx mccnenyemMoro pactBopa, 3aTeéM APYTrOM 3TaJOHHBIA PAaCTBOP C KOHLEHTpALHEU
C,, MeHbIIeH, yeM KoHIeHTpamusi CX, mociie 3TOro BBOIST B IUIAMSI UCCIIEAYEMbIid
pacTBop.

KoHnieHTpamuto nccieayeMoro pacTBOpa BHIYUCISIIOT TI0 popMmyIie:
Cx=C2+(C1—C2)/(01—02) : (0—02) (29)
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rac d — OTKIIOHCHHUEC CTPCIIKH I'aJIbBAaHOMETPA, COOTBETCTBYIOIICC U3ITYUCHHIO
9JICMCHTA B UCCICAYEMOM PACTBOPE; A | — OTKIOHCHHUEC CTPCJIKU I'aJIbBAaHOMCTPA,

COOTBETCTBYIOIIIEE U3TYUYECHUIO PJIEMEHTA B 3TAJIOHHOM PAacTBOPE C KOHIIEHTpaluen
Ci; a ; — OTKIIOHEHUE CTPEJIKU rajlbBAaHOMETPA, COOTBETCTBYIOIIEE HU3TYyUECHUIO
AJIEMEHTA B 3TAJIOHHOM pacTBOpe ¢ KoHLeHTpanueit Co.

Harpuii onpenensitor no cnekTpajibHbIM JUHUSAM 589,0-589,6 MmxMm. B nmamenu
MPUPOJIHOTO Ta3a BO30YXKJAIOTCA U HU3IYYaAlOT TOJIBKO AaTOMbl IIEJIOYHBIX H
IIEJI0YHO3EMENNbHBIX MeTauioB, [lo3TOMy B OOJBUIMHCTBE CIy4aeB HX MOXKHO
ONpEeNeNATh NPSIMO M3 MPOOBI HMCCIEAYEMOr0 pPacTBOpa B MPUCYTCTBUU MPOUYUX
anemMeHTOB. OJHAKO MTPUCYTCTBUE B pPacTBOpE OOIBIIUX KOJUYECTB AJFOMUHUS
MOHUXKAET UHTEHCUBHOCTb U3JTyUEHUS HATPHUSI.

Ilpubopwr u mamepuanwvi. Ilnamenasiii poromerp. MepHBIE KOJIOB €MKOCTHIO
100 cv® -4 mr. Crakansl éMkocTbio 100 cM’ - 4 . [Tunetku rpagyupoBaHHble Ha |
cM’ u Ha 10 cm’. TIpoMbiBanka ¢ OMOMCTHILIMPOBAHHOW BOJOM. XIIOPUA HATPUS,
pactBop ¢ C(NaCl) = 0,005 momun/am’.

Ancopumm uszmepenus. Wccnemyemsblil pactBop, coaepxkammii 0,4-0,5 wmr
HaTpHs, TIIOMENAIOT B MEpPHYI0 Koaby émkocteio 100 cm’, pa30aBisioT
OMIMCTUJUTMPOBAHHON BOJIOM 10 METKM M TUIATENbHO MEPEeMEIIUBAIOT. 3aTeM B
MEpHBIX Koj0ax emkocThio 1o 100 cM® TOTOBST Ha OWIMCTHUIATE ATATOHHBIC
PacTBOPHI HATPHA C KOHIEHTparusamu 3-4 Mkr/cMm® u 5-6 mxr/cm™ Hccnemyemslii n
ATaJOHHBIE PACTBOPHI MOMENIAIOT B CTaKaHbl, U3 KOTOPHIX OHU MOTOKOM BO3/yXa
BBOJIITCSL B BUJIE a’p030Jis B IUIaMsl Ta30BOM Topeniku. s ycTpaHeHHs BIMSIHUS
HATpus, COJEpXkallerocs B  OWANCTWUIMPOBAHHOM  Boje  (pacTBOpUTENE),
HETMOCPEACTBEHHO MEpe]l aHAIU30M MPOBOJAUT «XOJOCTOW» OMbBIT: YCTAHABJIUBAIOT
buIbTp OmNpenenseMoro 3JeMeHTa (HaTpHs), PaCHbUISIIOT PAaCTBOPUTETh W TMOAAIOT
€ro B IUlaMsi Ta30BOM Tropeikud. B ciydae OTKIOHEHHUS CTPENKU TallbBaHOMETpa
AIEKTPUYECKUM KOPPEKTOPOM €€ CHOBAa YCTAaHABIMBAIOT HAa HYJIEBOE JIEJICHHE
HIKaJIbl. 3aTEM IOCIEA0BATEIbHO U3MEPSIOT MHTEHCUBHOCTh M3JyUYEHHS STaJOHHBIX

H HCCIICAYCMOI'0 PaCTBOPOB. (DOTOMeTpI/IPOBaHI/IC CJICAyCT HAYMHATB C pacCTBOpa,
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UMEIOIEr0 HauOOMBIIYI0 KOHUEHTPALMIO, I TOrO0 4TOObI M30€KaTh OTKIOHEHUS
CTpEJIKM TaJbBaHOMETpPa 3a Mpeleibl IIKaldbl BCIEACTBHE YPE3MEPHO OOJIBIION
WHTEHCUBHOCTH HU3JIyYEHHUs. 3aTEM IIPU U3MEPEHUSAX MOCIEA0BATEIBHO NEPEXOIAT OT
MEHbIIIEH KOHLEHTpauuu K Oosblieil. [locie kaxaoro u3MepeHusl pacubUIUTENb U
ra3oByl0 TOpEJKY TIIATEbHO MPOMBIBAIOT OWAUCTUIUIMPOBAHHOW BOJoM (B
pacnbUIUTENb NoJaeTcss OMAUMCTIILIAT). Kaxaplil oTcueT mpoBepsroT He MeHee 3 pa3 B
PSIMOM ¥ 0OPAaTHOM TOCIIEIOBATEIPHOCTSAX aHAIM3a PACTBOPOB.

MeToanka BbINOJIHEHUS U3MEPEHUN KaJusl, HATPUA U KaJbL M NP COBMECTHOM

NMPUCYTCTBUU

Llenv pabomoei: aHANM3 CMECH COJIEH HATpHs, Kajdus U KaJdblUs METOJIOM
rpagyupOBOYHON KPUBOMU.

Cywynocms  pabomwei. 1lo cepunm 3TajJOHHBIX PACTBOPOB  W3BECTHOM
KOHLEHTpAIMU JUIsl KOKJIOTO 3JEMEHTa B OTAEJIbHOCTH Ha MWUIMMETPOBOM Oymare
CTPOSIT TPagyMpPOBOYHYIO KPHMBYIO, BBIPAXKAIOIIYI0 3aBUCHMOCTb HHTEHCUBHOCTH
U3Iy4eHHUs] (M3MEPEHHYK0 B JIEJIEHUSAX IIKajdbl 10 OTKJIOHEHUIO CTPEJKU
rajJpBaHOMETPA) OT KOHIIEHTPAIIUU JIEMEHTa B pacTBope (puc. 2.6).

3areM U3MEPSIIOT MHTEHCUBHOCTH M3JIyYEHHS 3TUX 3JIEMEHTOB B UCCIELYEMOM
pacTBOpPE U 110 IPaSyUPOBOYHBIM KPUBBIM BBIYMCIISIOT UX KOHLEHTpauuu. [ius aToro
Ha OCH OpAMHAT OIpENEISAT TOYKY, OTBEYAIOLIYI0 HAaWJICHHOMY 3HA4YCHUIO
WHTEHCUBHOCTH U3JIYyUYCHHS], YEPE3 KOTOPYIO MPOBOJAT MPAMYIO JIMHUIO MTapajuIeIbHO
ocH aldcuuce 70 MEePeceyeHus €€ ¢ COOTBETCTBYIOIIEH rpagynpoBOUYHON KpuBoil. M3
TOYKH MEepPeceyeHus: OMyCKaloT NEePIeHIUKYJIsp Ha ock abcuucc. [lonydyeHHas Touka

Ha OCH a6cuncc OTBEYACT HCKOMOU KOHICHTPAOHUH OIIPCACIIACMOTIO 3JICMCHTA.
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Pucynox 2.6 — I'padyuposounvie kpusvie:
1 - ons Hampus,; 2 - 0na kanus, 3 - 015 Kaabyus.
Hccnenyemplii paCTBOp aHAIU3UPYIOT MPHU TEX XKE YCIOBUSAX, MPU KOTOPBIX

CTPOWJIM TPaayHpPOBOYHYIO KpHUBYIO. Vcmosb30BaHME TpaayupOBOYHBIX KPHUBBIX,
NOJyYEHHBIX TMpPH JPYroM pexume padoTsl (oToMmerpa, BeAeT K OONbIIUM
MOTPEITHOCTSIM.

Hatpuit onpenenstor mo crnekTpaibHbIM JUHUAM 589.0 u 589.6 MKM, Kaaui -
1o auHusIM 766.0 u 769.0 mxm u kanbuuii - [1O nmuausam 422.7 u 622.0 MKM.

Ilpumeuanue. B cootBeTcTBUHM ¢ pa3HOi YyBCTBUTENBHOCTBIO onpenenenus narpus (1-10
3 mr/em?), kamus (11072 mr/em’) u kanbuus ("0,1 Mr/cM®) KOHIIEHTPALMU STUX 3JIEMEHTOB IO OCH

a6CI_[I/ICC OTKJIAABbIBAOT B PA3HBIX Maciradax.

OnpeneneHuio HE MENIAIOT AJIEMEHTHI, HE BO30YXKIawoluecs B IUIAMEHU
ra3oBoM ropenku. BcneactBue pasnuuus B JIETYYECTH COJIEM HA WHTEHCHUBHOCTH
V3JIy4YCHHUSI IEJTOYHO3EMEIbHBIX JJIEMEHTOB BIIMSET AHUOH AHAJIU3UPYEMOTO
coequnenus. [Ipu dboromerpupoBanun pyoumms, me3us, Kaius, Kajabllusd U MarHus
CKa3bIBACTCSl B3aMMHOE BJIMSHUE COJIEH B 3aBUCHMOCTH OT MX KOHIICHTpaluil. ITO
00yCITOBIIMBAETCS B3aUMHBIM U3MECHEHHEM CTETICHH JIUCCOIHAITUH.

[Ipu paboTe ¢ MUKPOKOJIMYECTBAMHU BEIECTBA B3aMMHOTO BIIMSIHHUS COJIeH Ha
WHTEHCUBHOCTh M3Jy4YCHHS yaaeTcs u30exarb. [IpUCyTCTBHE COJISTHOW KHCIOTHI

CHUJIBHO ocJiadiseT HNHTCHCUBHOCTH JIMHUMN KaJius, KaJIbIIHs, CTPOHIIMA.
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NHTEHCUBHOCTDh M3y4YCHUSI KaJblUsl 3aMETHO YMEHBIIAETCS OT MPUCYTCTBUS B
pactBope (pocdaTon, cysnbdhaToB, a TAKKE COJIeH TUTAHA U ATFOMUHMUSL.

Ilpubopvr u mamepuanvl. Ilnamennsiii poromerp. MepHbie KOIOBI EMKOCTHIO
100 cm® -7 mr. ®apdopoBele uamku (WaM CTakawel) - 7 mrT. IlumeTka
rpaayupoBanHas Ha 1 cm’ u Ha 10 cm’. TIpoMbiBanKa ¢ OMAMCTUILIMPOBAHHON BOJIOM.
PactBopbl (Mons/am’): C(NaCl) = 0,005; C(KC1) = 0,005; C(1/2CaCl,)=0,005.
AHanuzupyemslil pactBop, coaepxamiuii 0,4-0,5 mr Harpus, 4-5 mr kanus u 40-50 mr
KaubLUs, MOMEMIAI0T B MEPHYK KomOy emkocThio 100 cM®, pa30aBisior
OMIMCTUIUTMPOBAHHON BOJOW /10 METKH M THIATENIBHO TNEepeMelmBaioT. B mMepHbIX
K0J160ax EMKOCTBIO 110 100¢cM’ MPUTOTaBIMBAIOT 3TAJOHHBIE PACTBOPHI, COAEPIKAIIUE
or 2 no 8 mkr/cm® Hatpus, ot 20 go 80 mkr/cm’ kamus u or 0,2 go 0,8 mr/cm’
KAJIBLIMSL.

DOTOMETPUPYIOT ITATIOHHBIE PACTBOPBI HATPUSI U CPa3y KE MOCIIEC ITOTO
OMPENIECIAIOT CO/IEpKaHNe HATPUS B UCCIIEyEMOM PacTBOPE. 3aTEM TOUYHO TaK K€
(bOTOMETPUPYIOT PACTBOPHI, COACPIKAIINE KATHA U KATBITHA.

Bomnpocsl 11s1 00cykaeHust
1. Kakue »aneMeHThl MOXHO  ONPENENUTh  METOJIOM  IUIaMEHHOM
dboTomeTpun?
2. KakoBa 3aBUCMMOCTb HMHTEHCHUBHOCTH U3JIy4€HUS AaTOMOB OT UX

KOHIICHTpaIuu?

3. [lepeuncnure (akTOphl, BIMSIONIME HA WHTECHCUBHOCTH W3ITyYCHHS.
Kakum crioco0oM HaxoAsaT y4acToK mpsiMoiinHerHo# 3aBucumoctu [ ot C?

4. [IpuBenuTe mnpuHUIMNUATBHYIO cxeMmy doTtomerpa. [ae Haxonar
npuMeHeHue GOTOMETPUUYECKUE U3MEPECHHUSI?

5. KakoBbI Mepbl IPEeTOCTOPOKHOCTH MPH INIAMEHHOUM hoTOMETpUH?
6. B uem cymHocTh wMeroja cpaBHeHusi? Kakue HOHBI MeEIIAoT

OTIPEICTICHUIO HATPHUS METOJIOM CpaBHEHUS?
7. [Toyemy cTpoAT rpayupoBOYHbIE TrpaduKH OTACIBHO ISl HATPUS, Kalus

W KaJIbIUs IIPU OIIPEACIICHUN UX B CMECHU MCTOJI0M IUIaMEHHOM (l)OTOMCTpI/II/I?
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2.2 DJIEKTPOXHUMHYECKHE METOAbI AaHAJIM3a

DNEeKTpOXMMHUYECKHE METOJAbl aHajdu3a OCHOBAaHbl HAa HCIOJIb30BAaHUU
3aBUCUMOCTH 3JIEKTPOXHUMHUYECKUX CBOWCTB CHCTEMBI OT €€ XMMHYECKOI0 COCTaBa.
AHQIUTUYECKUM CUTHAJIOM B DJICKTPOXMMHYECKUX METOJAaX aHalu3a CIyXkaT
IIEKTPUUYECKHUE IMapaMeTpbl XMMHUYECKOW CHCTEMBI: JJIEKTPUYECKAsl MPOBOJUMOCTH
(KOHIYKTOMETpHUSI TP HU3KUX M BBICOKMX dYacToTax), J.//.C. raabpBaHUYECKOIO
ayieMeHTa (MOTEHIIMOMETPHS) U JIp.

DNEeKTPOXUMHUYECKHE METO/Abl aHall3a HCIOJNb3YIOT JM0O0 I MPSIMBIX
U3MEPEHUN, OCHOBAHHBIX Ha 3aBUCUMOCTH «AHAJIMTUYECKUIA CUTHANl — COCTaBy, 00
JUISl MHIUKAIIMK TOYKW SKBUBAICHTHOCTH B TUTPUMETPHHU.

DNEeKTPOXUMHUYECKHE METO/IbI aHanusa MO3BOJISIFOT ONPEIEIUTh
KOHLIEHTPAIMIO BEIIECTBA B MKMPOKOM auanasone (1-107) monw/aM’ ¢ mocrarodno
BBICOKOM TOYHOCTBIO M BOCIHPOU3BOAMMOCTBIO. BBICTpOTa, TOYHOCTb, MNPOCTOTA
ornepaunii, BO3MOYKHOCTb aBTOMAaTH3alHU 3JIEKTPOXUMUYECKHX METOJOB aHaau3a
o0ecneunBalOT UX HCIOJIb30BAHME B AHAIMTUYECKUX JA0OPATOPUAX XHUMHUYECKOM,
METaJUTypruYecKor, HeTsSHOW, (QapMaleBTUYECKOWM W  JAPYTHX  OTPaCisaX
COBPEMEHHOTO MPOMBIIIJIEHHOTO IPOU3BOJICTBA.

2.2.1 IToTeHUMOMETPUYECKUIT METO/I AHAJIN3A
[ToreHIIMOMETPUYECKUI METOJ aHajliu3a OCHOBAaH Ha UCIOJb30BAHUU

3aBHCHMOCTH DIIEKTPOIBIKYTIIEH CHUTBI AIIEKTPOXUMHUIECKON
(morenmomerpudeckoi) sueiiku (3./[.C.) OT KOHIICHTpAIIUU OIPEeIIeMOro
BEIIIECTBA B aHATM3UPYEMOM PacTBOPE.

JJ1s onipeieNieHrst KOHIICHTPAIIUU OTIPe/IeIAEMbIX HOHOB B PacTBOpE
HEOOXOIMMO COCTaBUTH TAIbBAHUYECKUH DJIEMEHT U3 JIBYX JJIEKTPOIOB, U3MEPUTH
IIEKTPOJBMKYIIYIO CHUITY JIEMEHTA, MPEJICTABUTh €¢ KaK Pa3HOCTh MOTEHIINAJIOB:

E=¢;—0: (2.10)
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[Ipu ycnmoBum, 4T0 MOTEHIIMAT OHOTO 3JIEKTPOJia — BEJIMYMHA MTOCTOSHHAS,
HampuMep @;, ONPENENSIOT MOTEHIMAl JPYroro 3JEKTpoJla @: W HCHONb3Ys

YPaBHCHHC HepHCTa, pPaCCUYNTBIBAIOT KOHUOCHTPALIUIO OIIPEACIIAICMbBIX HOHOB!

RT
Py -

na
zF

IZI€. @ - PAaBHOBECHBIA JJIEKTPOMHBINA IOTeHIHMA;, ¢’ -

CTaHAAPTHBIN (HOPMAJIbHBIN) JIEKTPOAHBINA MOTEHIUAI

R - yHUBepcanbHas ra30Bas MOCTOSTHHAS;
T - abcontoTHas Temmneparypa, K;

Z - 3apsi] WOHA; a - aKTUBHOCTH

HOHOB.

[ToacraBmnsisi B ypaBHeHue (2.2) uucnoBble 3HadeHuss R = 8,314 Jlx/momnb
rpan, F' = 96500 Kn, £ = 298 K, 3amMeHHUB HaTypaibHbI Jorapudm IeCATUIHBIM U

npuHuMast, uTo a = C, TIOIy4dnM:
0.059
PEPPH " InC 2.12)

rae:  C - KOHLIEHTpALUs ONPEAEIAEMOro HOHA, MOJIb/ M.
N3MepuTenbHasi NOTEHIIMOMETPUYECKAsT STYEHKA COCTOUT U3 2-X BJIEKTPOIOB:

WHJMKATOPHOI'O 3JIEKTPOJA, MOTEHIMAI KOTOPOro IPsIMO MM KOCBEHHO 3aBUCHUT OT
KOHILICHTPALIUHU OIPEIEIAEMbIX NOHOB; DJIEKTPOJa CPAaBHEHMS - ITIOTEHLIUAI KOTOPOIO
HE 3aBUCUT OT KOHLICHTPALIMHU ONPEAEIIEMBbIX HOHOB.

HoHBI, OT KOHUEHTpAaM¥ KOTOPBIX HEIOCPEACTBEHHO 3aBUCUT ITOTEHLHAAI
IEKTPOAA, HA3BIBAIOT IOTCHUUAIONPEACIAIOMMMUA JUId JaHHOrO JJIeKTpoja. B
NOTEHIMOMETPUHN UCTIOJB3YIOT JBa OCHOBHBIX KJIACCAa MHIUKATOPHBIX 3JEKTPOAOB:

*  DJJIEKTPOAbI, HA MeX(a3HBIX T'PAHULIAX KOTOPBIX MPOTEKAIOT PEAKIIUU
C YYacTHEM AJIEKTPOHOB. Takue 3MeKTpOIbl Ha3bIBAIOT AIEKTPOHHOOOMEHHBIMHU.

*  DJJEKTPOAbl, Ha MEX(a3HbIX TpaHULAX KOTOPBIX MPOTEKAIOT
MOHOOOMEHHBIE peakUMH. Takue >SJIEKTPOAbl Ha3bIBAIOT MEMOpPaHHBIMU,
MOHOOOMEHHBIMU MJIM HOHCENEKTUBHBIMHU.

JIeKTPOAbI CPABHEHUS
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K OJICKTPOAaM CpaBHCHHA OTHOCATCA TAKHE JJICKTPOAbI, IIOTCHIHAII KOTOPLIX

HC 3aBHCUT OT KOHICHTPAIIUU OIIPCACIACMBIX MOHOB. B IMPAaKTHKC ITOTCHIUOMCTPHUHA

B KQUCCTBC J3JICKTPOAOB CPABHCHHA HallC BCCTO MCIIOJIb3YIOT BOI[OpOIIHBIfI QJICKTPOA,

XJIOpCEPEOPSHBIN U KaJIOMEIbHBIN JEKTPOIBI.

Boaopoauslii d1eKTpoa
Y CTpOoNCTBO BOJOPOJHOTO IEKTPOA TOKAa3aHO Ha puc.2.7.
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Pucynoxk 2.7 — Booopoouwiii 21eKkmpoo

1 - cocyo, 2 - niamumnogwiii 31ekmpoo, 3 - CmeKIsaHHAs mpyoKa,

4, 8 - kpanvl, 5 - mpyobKa 0151 6600a 6000p00a, 6 - 2UOPABIUYECKUL 3aMBOD, 7

- cughom.

B CTEKJITHHBIN COCYJ HAIIUT PACTBOP CepHOM KucaoTkl ¢ a(H") = 1 mons/aM’, B

KOTOPYIO OMNyIlleHa IIaCTUHA U3 MOPUCTOM minaTuHbl. CHHU3Y B COCYJ C KHUCJIOTOU

MoJIaeTCs BOJAOPO o naBiaeHuem Pup= 101325 Ila.

Ha rpanuue pasznena mnatuna - pactsop H.SO, npoTekaeT 351eKTpoXuMHu-

YEeCKHIi Mmporecc: 2H" +2¢ — H»

@}.059
Y BO3HUKAET IMOTEHLUAII MEME i 2 Hln ayk]

z

(2.13)

(2.14)

[Totennuan BogopoaHoro snekrpona mpu a(H") = 1 mons/nv’® u P(H,)=101325

I1a ycnosHo ipusAT paBHbIM 0, T.€. 0”22 = 0.

B »TOoM cnydae BOAOpPOAHBIN ANEKTPOA SIBISETCS CTAHIAPTHBIM SJIEKTPOJOM

WJIIM HYJB-3JICKTPOAOM W C€Iro0 MOXHO HCIIOJIB30BATh B KA4YCCTBC JJICKTPO/1ad

CpaBHEHUS.
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Bogopoausiii aiekTpoa obo3Hauvaercs: Pt.H, | H'. DTOT 31aeKTpOa SABISCTCS

00paTUMBIM OTHOCUTEIILHO HOHOB H'.
[Ipy wucnonp30BaHMM BOJOPOAHOTIO JJIEKTPOJA B KA4YECTBE IJIEKTPOJA

CpaBHEHMS COOMPAIOT raJIbBAHUYCCKHUI 3JIEMEHT, COCTOSIINNA M3 MEIHOTO AJICKTPOa,
HaIpuMep, ¥ BOJOPOAHOIO HYJIb-3JIEKTPOaa:
Cu| CuSO, | | H'| H,, Pt

N3mepuB DJIC 3TOro 31€MEHTA, MOXKHO OMNPEAECIUTh MOTEHIHAT MEIHOIO

BIIEKTPOJA: E = @pcu2+/Cu — Q02H+/H?2

[Tockonbky po2r+/m2 =0 — gcu+icu = E
[To Benu4rHE U3MEPEHHOM ANEKTPOABUKYIIEH CHIIBI MOKHO paccuuTaTh [n

a (Cu”):

.059 '
B L F 20 @.15)

z
Ha mpaktuke BOIOPOIHBIN HYJB-JEKTPOX MCHOJB3YIOT PEAKO BBHIY

CJIO’KHOCTH €T0 yCTPOWCTBA.

XyopcepeOpsHbIii 3JIEKTPO/
YeTpoiicTBO XJI0pcepeOpsiHOTO AIIEKTPoa MOKa3aHo Ha pUCyHKeE 2.8.

[—

_-, *
TN ALV AP

I #
LA L IR |

Pucynok 2.8 — Xnopcepeopsnviii 21exkmpoo
1 - xopnyc, 2 - acbecmosgas nums, 3 - pacmeop xaopuoa Kauus, 4 - omeepcmiue
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0JI51 3a1UBA paACMBOPA XJ0puod Kaius, 5 - pe3uHosas npooka, 6 - cepebpsanas
nposonoka, 7 - Xaopuo cepebpa, 8 - acbecmoswiii humuis.

XnopcepeOpsHbIA  3JEKTPOJl MpEeACTaBIsieT COOOM CTEKJISHHBIA COCyll C
cepeOpsiHOM TUIACTHMHKOM, MOKpPBITOM ciioeM TpyaHopactBopuMoit coimu  AgCl,
KoTopyto 3anuBatroT pactBopoM KCl  omnpenenenHoi koHueHtpauuu. Ha rpanuie
cepeOpsiHasl TUIACTHHA — MOH cepedpa BO3ZHUKAET AIEKTPOIHBIM MOTEHIMAN 33 CUET
nporecca;

Ag'+e — Ag (2.16)
BennunHa S7I€KTPOJHOTO NOTEHIMANA PACCUUTHIBAETCA IO YPAaBHEHUIO
HepHcra:

@ Ag+iag— Poagriag +0.059 Ig a (Ag+) (2.17)
AxtuBHOCTh HOHOB Ag™ onpenensiercs [TP (AgCl):

IIP (AgCl) = a (Ag") - a (CI), (2.18)
otkynaa: a(Ag') = IIP (AgCl) / a (CI).
[ToctostHCTBO  a(Cl) o00CCTIeunBaIOT HCIOJIB30BAHUEM HACKHIIICHHOTO

pactBopa KCI. [Ipu BIMOTHEHUU 3TOTO YCIOBUS MOTEHIIMAI XJIOPCEPEOPSTHOTO
AIEKTPOJIa OYIET MOCTOSIHHBIM, 3aBUCSIIIUM TOJIBKO OT TEMIIEPaTypHhI.

KasomebHbIi 3J1eKTPOa
KanomenbHbIi 3JIEKTPOJ] MpEACTaBIsIET COOOW COCyl, Ha JHE KOTOPOTO

UMEEeTCS MeTa/lInyeckass pTyThb, 3ainuTasi HacelleHHbIM pactBopoMm KCl
otHocutenbHo Hg,Cls.

Ha rpanuiie MeTaut - pacTBOp MPOTEKAET PEaKIust
2Hg" +2ClI — Hg,Cl; +2e,
B pe3ysbTaTe Yero BO3HUKACT IMOTEHIMA, 3aBUCANIMA OT KouieHTtpamuu CI.

[ToctostrCcTBO a(Cl') OOecmeunBaeTcs UCIOIb30BaHeM HachIeHHoro pactBopa KCl.
B 5Tux ycinoBusAX NOTEHUHAT KaJIOMEJIBHOTO 3JIEKTpoJa OyAeT MNOCTOSHHBIM,
3aBUCSIIHNM TOJIBKO OT TEMIEPATYPHI.

NuaaukaTopHbIe 3JIEKTPObI
NHIUKaTOPHBIMHU SBJISFOTCS TaKUE DJICKTPOJIbI, TOTCHIIMAT KOTOPHIX 3aBUCHUT

OT KOHOCHTpAIHUH OIIPCACIACMBIX HOHOB B paCTBOPC.
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HH)II/IKaTOpHBIC QICKTPOAbI ACIATCA Ha CICAYIOIMIMWME OCHOBHBIC THIIBI:
MECTAJNIMYECKUE, OKHUCIIMTCIIBHO-BOCCTAHOBHUTCIIBHBIC, HOHCCICKTUBHBIC.

MeTtanmyeckue 3JeKTPOAbI
[IpencTaBisoT CUCTEMY, COCTOSIIYIO U3 METAININYECKOMN TUIACTHHBI,

MOTPYKEHHYIO B pACTBOP COJIM JaHHOTro MeTaiuia. Ha rpanute paznena
METAJIMYECKAs! TUIACTUHA — PACTBOP COJIM METaJlJla BOBHUKAET 3JIEKTPOIHBIN
MOTEHIIMAJI, BEIMYMHA KOTOPOTO 3aBUCUT OT KOHIICHTPAIIMU MOHA MeTasia B
pacTBope:

¢ = ¢"+0.059/z - Ig a(Me™) (2.19)
OKHCIUTEIbHO-BOCCTAHOBUTEIbHbIE 3J1eKTPOAbI
[IpeACTaBIsAIOT CUCTEMY, COCTOSIIYIO M3 HHEPTHOTO METAILIA, OIYLIEHHOTO B

pacTBOp, COAEPIKAIINNA OKUCIUTEIBHO-BOCCTAHOBUTEIIBHYIO TIApy APYroro MeTauia.
HNHepTHBIE METAILIIBI B DJIEKTPOXUMHUYECKHUX PEAKIUSAX HEMTOCPEACTBEHHO HE
YYacTBYIOT, a JIUIIb SIBJISIOTCS MEPEeIaTunKaMU SJIEKTPOHOB MEXKy OKUCIUTEIAMHU U
BOCCTAHOBUTEJIEM B IIPUATIEKTPOAHOM ciioe. [loTeHnnal, BO3HUKaomMun Ha
VHEPTHOM JJIEKTPOJIE, 3aBUCUT OT KOHIEHTPALIMNA OKUCIIEHHOW U BOCCTAHOBJIEHHOU
dbopM ompenensieMoro Merasia B pacTBOpeE.

OKUCIUTENBHO-BOCCTAHOBUTEIbHBIC AJIEKTPO/IbI (Yalle BCETro MIaTUHOBBIN)
MPUMEHSIIOT B MOTEHIIMOMETPUYECKOM TUTPOBAHUH TI0 METOJTY
OKHUCJICHUSIBOCCTAHOBJICHUS.

HNoHceeKTUBHBIE 3JIEKTPOAbI
Cpenr HMOHOCENEKTUBHBIX AJIEKTPOAOB HaWOOJbIIEE PaCHpOCTPAHCHUE

MOJTYYHJI CTEKIISIHHBIN 3JIEKTPOJI, PEeAHA3HAYEHHBIN 1T u3Mepenus pH.

VY CTpoiCTBO CTEKIISTHHOTO 3JEKTPOoAa TOKa3aHO Ha pUCYHKE 2.9.
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Pucynox 2.9 — Cmexnanmwiii 21eKkmpoo Pucynok 2.10 — Mexanuzm 803HUKHO-

6EHUS nOmMeHyuala Ha CMEKNSIHHOU

I -wapux; 2 - pacmeop kuciomol, 3- yembpane KOPNYc,
4 - Kowmaxmuwvlli nomydnemenm;, 5 - Kaberv, 6 -
wmexep

CTekNsHHBIA  DJIEKTPOJ  MPEACTaBIseT CcO00M  CTEKISHHYIO  TpPYOKYy,
3aKaHYMBAIOILYIOCS TOHKOCTEHHBIM IapukoM (tosuuHa crenku 0,01 — 0,001 mwm).
[ITapuk U3roTOBIEH U3 CIIEUUATIBLHOTO JIEKTPOAHOTO CTEKIA, 00JIa1al0IIero BRICOKOM
AIIEKTPOIIPOBOIHOCTEIO, ¢ mobaBkamMu katuoHoB Na', K' mam Li', cmocoOHBIX K
oomeny Ha H'. BHyTpu snektpoma Haxoautcs: craHmaptHbiii pactBop HCI1, gare
Bcero 0,1 momp/mmM’° ¢ M00aBKOM XIIOPHUAOB. DIEKTPOJ CHAOKEH TOKOOTBOIOM,
KOTOPBIM CIYXHUT cepeOpsiHasi mpoBosioka, mokpbeitas AgCl. K TtokoorBomy
IPUNAUBAIOT M30JIMPOBAHHBIMN MPOBOA. MeXxaHW3M BO3HHKHOBEHHMS NOTEHIMAJIa Ha
CTEKJISITHHOM MeMOpaHe MOXHO MpPEICTaBUTh CleAylomuM oOpa3om. s nusmepeHus
pH aHamu3upyemMoro pacTtBopa NPHUMEHSIOT 3JIEKTPOXMMHYECKYI0 CHCTEMY,
COCTOSILLYI0 M3 aHAJIM3HPYEMOIO pPacTBOpPA U IMOIPYKEHHOTO B HEr0 CTEKJISHHOTO
anekrpona (puc.2.7). B pesynprate nBa pactBopa — craHaaptHbiii pactBop HCI
BHYTPH CTEKJIIHHOI'O OJJIEKTPOJAa M AHAIM3UPYEMBIM pacTBOP, OKAa3bIBAKOTCS
pa3lieJIeHHBIMM TOHKOM MEMOpaHOW CTEeKISTHHOro sjektpoaa. K Ttomy u npyromy

pPacTBOPY MOABOJIAT AJNEKTPOIbl CPABHEHHS.
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[ToTenmumansl Ha O0EUX CTOPOHAX CTEKISHHOW MEMOpaHbl ONPENENSIIOTCS
peakiuen 3aMenieHusl KATHOHOB IIEJIOYHBIX METAJIOB B CTEKJIE HOHAMU BoAopoaa. B
pe3yJibTaTe TOBEPXHOCTh CTEKIa (PYHKIHMOHUPYET KakK JJIEKTPOJ, OOpaTUMBbIN
orHocutenbHo H'. Tlpu 3TOM, Ha OJHOW, BHYTPCHHEH CTOPOHE CTEKJISTHHOM
MeMOpaHbl ~ 3JEKTPOJHBIA  IMOTEHUHUAd OCTaeTcsl MOCTOSHHBIM. [locKoJbKY
KOHIleHTpanuss H' B cTaHmapTHOM pacTBOpe HE MEHSETCS, a Ha BHEIIHEH CTOpOHE
MeMOpaHbl — W3MEHSETCS BMECTe C M3MEHCHHMEM KoHIeHTpamuun H' B
aHAJIM3UPYEMOM PacTBOPE.

Takum o0Opa3oM, TOTEHUUANT CTEKJISHHOTO 3JEKTPOHHOTO  3JIEKTPOoAa
OpPEJCTaBIsIeT COO0OW pa3HOCTh MOTEHLHUATIOB MEXKIYy CTOPOHAMHU CTEKJISTHHOU
MeMOpaHBbI.

Ecnu Ob1 006€e cTopoHbl MeMOpaHbl ObUIM COBEPILIEHHO OJMHAKOBBIMH, TO MPHU
UCIIOJIb30BAaHUU OJIHOTO U TOTO € pacTBopa 1o 00e CTOPOHbI MEMOPAHbI, TOTEHIIHAI
CTEKJISIHHOTO JJIEKTPOJIa JOJDKEH PABHATHCSA HYJIO. B JIEMCTBUTENBHOCTH IOJHOMN
UIACHTUYHOCTH OOEHUX CTOPOH MeMOpaHbl HE HaOmoAaeTcss W OOHapyXUBaeTcs
HEKOTOpasi Pa3HOCTh MOTEHIMa a, KOTOPasi HAa3bIBAETCS MOTEHIMAIOM aCCUMETPHH.
[ToTeHnman accUMETpUM BKJIKOYAETCS B BEJIMYMHY CTAHJAPTHOrNO MOTEHIHAIa
CTEKJIIHHOT'O AJIEKTPOJA.

CTeksHHBIA 3JEKTPOJ OOBIYHO HCIIONIB3YIOT B Mape C XJopcepeOpsHbIM
3JIEKTPOJIOM CPaBHEHUS C 00pa30BaHUEM T'aJIbBAaHUYECKOTO JIEMEHTA:

Ag,AgCl |HCZ (0,1M ) |cmem0 | |ucwze(). pacmeop |KC] Hacvly. |AgCl, Ag
[ToTeHInan CTEKISTHHOTO AJIEKTPOAA PaBEeH:
Qemec- K + RT/(zF) - lga (H ") (2.20)
CTeknsHHBIA DIEKTPOJ O00JagaeT pAIOM NPEUMYINECTB MO CpPaBHEHHUIO C

JIPYTUMU UHAUKATOPHBIMU 3JIEKTPOIAMU:
* BO3MOXHOCTb  MCIIOJB30BaTh B  NPUCYTCTBUHU  OKHUCIMUTEIEH U
BOCCTaHOBUTEIICH;

* OOJBINION MUana3oH u3Mepenui (ot -2 g0 13);
* OBICTPOE YCTAHOBJICHHE PABHOBECHS Ha IPaAaHULE JIEKTPOA-PACTBOP.
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CyIIeCTBEHHBIMU HEIOCTATKaMHM CTEKJITHHOTO JJICKTPOJa SBJISIOTCS €ro
XPYIIKOCTh M HEBO3MOYKHOCTBH HCITOJIB30BaTh Il M3MepeHus pH B IICIOYHBIX
pactBopax (pH>13).

AHanuTH4ecKkas MOTCHIUOMETPHUA
HOTGHHI/IOMCTpI/I‘-IeCKI/Iﬁ MCTOJ aHaJIu3a MOXET OBITH pc€ain30BaH B MOBYX

BapUaHTax:

¢ MCTOI HpﬂMOfI IMOTCHIUOMCTPHUU — NOHOMCTPUH,
¢ MCTOIA ITOTCHIUOMCTPUYICCKOI'O TUTPOBAHMUA.
B MCTOJIC HpﬁIMOfI IMOTCHOUOMCTPHUHU II0 CTAHAAPTHBIM pPaCTBOpaM CTPOAT

IpaayHpOBOYHYIO XapaKTEPUCTUKY B KoopauHaTax ¢(X) - C(X), a 3aTeM Mo BeJIMYUHE
3./[.C. NOTEHIITMOMETPUYECKON SYEHKH ¢ aHAJIU3UPYEMbIM PAaCTBOPOM HEHU3BECTHOM
KOHIICHTPAIIMU HAaxXOASAT aKTUBHOCTh OMNPENEIIeMOro HOHA B aHaJIU3UPYEMOM
pacTBope.

HaunbGonee mmpoko wmeTod mOpsiMON MOTEHIUOMETPUU MPUMEHSIOT, s
onpenenenus pH pacTBopos.

Bonbiiee pacnpocTpaHeHHe B aHATWTUYECKOW MPAKTUKE MOJYyYWSI METO]
MOTEHIIUOMETPUYECKOTO THUTPOBAHUS, B KOTOPOM TOYKA SKBUBAJIEHTHOCTH
dbuKcupyeTcss 1Mo Pe3KOMy CKauKy IMOTEHIIMajga WHIAMKATOPHOTO 3JIEKTPOaa B XOJe
TUTPOBAHMSI.

[ToTeHmmomeTpuyeckoe TUTPOBAHHME OOJIAJIAET PSAJIOM MNPEUMYIIECTB TEpen

npsiMoit moreHuomeTpueit. OH MO3BOJISET:

OIIPCACIINTE KOHOCHTpPpAOMWIO BCHICCTB C OoJIbIIICH I[MPpaBUIJIIBHOCTBIO H

BOCIIPOU3BOAMMOCTH =~ BECTH U3MCPCHUA B IIPUCYTCTBHH MCHIAIOIINX BCIICCTB, K

KOTOPBIM HCYYBCTBUTCJICH HSMGPHTCHBHBIﬁ QJICKTPOI; IMPpOBOAUTD

OIIpCACIICHUC IBYX H Ooiee BCIICCTB IIpM COBMCCTHOM IIPHUCYTCTBUH, ~ IIPH
HUCIIOJIB30BAHHUHN JJICKTPOAHOAKTUBHBIX TUTPAHTOB OIIPCACINTL BCIICCTBA, IJIA
KOTOPBIX OTCYTCTBYIOT HOHOCCIICKTHUBHBIC 3JICKTPO/bI.

bonemoe 3HadeHue IIpu  IIOTCHHUOMCTPHUYCCKOM THUTPOBAHHUKU HUI'PACT

PaBUJIbHBIA BBIOOP MHAMKATOPHOIO IEKTPOIA.
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IIpy OKHCIIUTENTBHO-BOCCTAHOBUTEILHOM TUTPOBAHUH B KAUECTBE UHAUKATOPHOIO
Yaiie BCEro UCHOJIb3YIOT DJIEKTPOJ U3 IUIATHHBI.
[Ipy KHMCTOTHO-OCHOBHOM THTpoBaHMH pH pacTBOpa OOBIYHO H3MEPSIOT C

MOMOIIBI0 CTCKJITHHOTO 3JIEKTPOJIa, HO MOTYT OBITh HCIIONB30BAHBI H JIPYTHE
pHuUyBCTBUTENBHBIE JIEKTPO/IbI, HAPUMED, CYPbMSHbBINA WU XUHTUAPOHHBIN.

[Ipu peakumsix OCaKIEHUS DJIEKTPOJA JOJKEH OBITh YYBCTBUTEJIECH JHOO K
OTpeesieMOMy BEIECTBY, JIMOO K TUTpaHTy. Hampumep, cepeOpsiHbIi 3IEKTPO.
MOXET OBbITh MPUMEHEH KaK HMHIMKATOPHBIA TpU OmNpeAeicHHH HoHa Ag' u psaa
aHMOHOB, 00pa3yrIIuX ¢ HOHOM Ag' TpyaHopactBopuMbie ocaaku: Cl, Br, J,, CN,
CrO4* u apyrue.

KommiekcoHoMeTpudeckoe THUTPOBAHHE MOXXHO MPOBOJAUTH JHOO C
MOHCEJIEKTUBHBIM 3JIEKTPOJOM, YYBCTBUTEIBHBIM K OMpPEACIIEMOMY HOHY, JIMOO C
CuuyBCTBUTEJIBHBIM JJIEKTPOJIOM, €ClK JOOABUTH B aHAIM3UPYEMBIN PacTBOpP MeEpe
TUTPOBAaHUEM HEOOIBIIOE KOIMIECTBO HOHOB Cu’’ B KAYECTBE MHIUKATOPA.

3aja4ya MOTEHIIMOMETPUUECKOTO TUTPOBAHUS CBOJIUTCS K OMPEICICHUIO TOUKHU
SKBUBAJICHTHOCTH, B KOTOPOU peareHThl HAaXOIATCS B 3KBUBAJIEHTHBIX APYT APYry
KOJM4ecTBaxX. Pe3ynpTaThl MOTEHIIMOMETPUYECKOTO THUTPOBAHUS MOTYT OBIThH
NpEACTaBICHbl PA3IUYHBIMU  criocobamu. OOBIUHYIO (MHTETPAbHYI0) KPHUBYIO
TUTPOBAHUS CTPOSIT B KOOpAUHATAX @ — V (MOTEHIMAT UHIUKATOPHOTO AJIEKTPOJa —
o6beM TuTpanTa) (puc.2.11).

Touka HSKBUBAJICHTHOCTH B H3TOM CJIy4ya€ COOTBETCTBYET CEPEIMHE CKauKa
noteHnuana. JuddepeHunanbHy0 KpUBYIO THUTPOBAHUS CTPOST B KOOPJMUHATAX
AQ*/AV-V (puc. 2.11). Touke 5KBUBAJEHTHOCTH B 3TOM CIy4ae COOTBETCTBYET
MaKCUMYM IOJYy4YeHHOU KPUBOM, @ OTCUET MO OCU a0CIHUCC, COOTBETCTBYIOIIUN ATOMY
MaKCUMyMy, JaeT OJKBUBAJICHTHBIM o0ObeM TUTpaHTa. OrnpeneneHue TOYKU
HKBUBAJICHTHOCTU MO JuddepeHnanbHOl KPUBOM, 3HAUUTEIBHO TOYHEE, YeM IO
WHTETPAIbHOM.

KpuBy1o THTpOBaHUS 110 BTOPOH MPOM3BOJHON CTPOAT B KoopauHarax AQ*/AV

- V. Tak kak mpousBoaHass (yHKIHH, UMEIOIIEH MaKCUMyM, B TOYKE MaKCUMyMa
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PpaBHA HYJIO, BTOpAad INPpOU3BOJHAA U3MCHCHUA IMOTCHIMAIA 110 U3MCHCHHIO ooneMa B

TOYKE SKBUBAJICHTHOCTH OyJieT paBHa HytO (puc.2.11).

EA de 4
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i >
W(T3) (T W(T3)  HT)
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WT3) (T P(T3) (T

Pucynok 2.11 — Kpusvie nomenyuomempuuecko2o mumposanus.: a)
uHmezpanvHas kpusas, 6) oughghepenyuanvhas Kpusasi,

8) Kpueas mumpoeanus no 6mopoi npouseoonou, 2) kpusas I paua.
Kpuryto nmo metony ['pana crpost B koopaunarax AV/Ae -V. Ilepen Touxoit

SDKBUBAJICHTHOCTM M Tociie Hee KpuBas ['paHa npsmonmHeiiHa. Touka
SKBUBAJIEHTHOCTH COOTBETCTBYET TOYKE IE€pecedyeHusi 3TuX mnpsaMbix (puc.2.11).

[ToTeHMOMETpUUECKUI METO/] aHaK3a 00JIaaeT PSAAOM NPEUMYIIECTB:

BBICOKAsl CKOPOCTh U MPOCTOTA OMPEACIICHUS; ~ BO3MOXKHOCTh aHAJIM3a
OKpAIIIEHHBIX U MYTHBIX PACTBOPOB, a TAKKE pac-
TBOPOB, pa3JlaratoliuX ONTUYECKNE UHIUKATOPDI;
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B BO3MOKHOCTb OIIPEIETIECHUs HECKOJIBKUX KOMIIOHEHTOB IIPU UX COBMECTHOM
IIPUCYTCTBHUH B PACTBOPE;

IMO3BOJIACT YaCTHUYHO MJIM ITOJIHOCTBIO aBTOMATU3UPOBATh MCTO KOHTPOJIA.

NurtepBan omnpenensieMblXx COACPKAHUN Pa3IUYHBIX HMOHOB B MPUPOAHBIX U
15 3.
MPOMBIIICHHBIX 00beKTax HaxoauTcs B mpenenax 10" + 10 monws/mm’; pH MoxkHO
u3mepsaTe B uHTepBasie 0 H- 14. IlorpemHoCTh omnpeneseHus Mpu MPSIMOM
MOTEHIIMOMETPUUECKOM ONIPEACIICHUN COCTaBJISIET 2-10%, pu
NOTEHIUOMETpHUYECcKOM TUTpoBanuu 0,5-1%.

Annaparypa AJjisi IOTEeHIHOMETPUYECKOr0 aHAJIN3A
HenocpencrBenHoe  u3MepeHHe  MOTEHLHMAajda  OTAEIBHOTO  3JEKTPOoja

HEBO3MOXHO. [loATOMYy TMpU TOTECHIIMOMETPUUYECKOM OMNPEACICHUU COCTABJISIOT
rajbBaHUYECKUN AIEMEHT U U3MEPSAIOT Pa3HOCTh MOTEHIMATIOB JIBYX JJIEKTPOJIOB —
2.4.C.

Jns w3mepenus O./[.C. yanie BCEro HCHOJIb3YIOT CEpUITHbIE OTEYECTBEHHbIC
noteHuuomMerpsl Tuna pH-121, pH-340, 1-120, 3B-74 u ap.

[IpyHIMO AEHCTBUS NMOTEHUMOMETPAa OCHOBAH HA MHOTOKPATHOM YCHJICHUHU
CUTHAJIOB, BO3HHMKAIONIMX B MOTEHUUOMETPUYECKOW SUEHKE BCIEACTBUE PA3HOCTH
NOTEHUUANIOB 3JIeKTpoaoB. I./[.C., mocrynawmmas OT 3JIEKTPOIOBH3MEPIETCS
MUJUIUBOJITMETPOM. BernencTBue Toro, 4To MOTEHIMAN AJIEKTPOJA CPABHEHHS MpU
U3MEPEHUSX HE U3MEHSeTCs, Ha MOTEHIIMOMETpe (aKkTUuuecku (UKCUpyercs
MOTEHIIUAJI MHIUKATOPHOTO JIEKTPO/IaA.

YHuBepcaJbHblil HOHOMep JB-74
YHuBepcaibHbIE HOHOMEP OB-74 B KOMIUIEKTE C HMOHCEIECKTUBHBIMU

AJIEKTPOAAMU NIPEAHAZHAYAETCS I ONPEAECICHUS AKTUBHOCTA KATUOHOB M AaHMOHOB
(BenmuuHbI pX) B BOJHBIX PACTBOPAX, a TAKXKE JIJIsl U3BMEPEHUST OKUCIUTEIBHO-

BOCCTAHOBHUTEIIBHBIX MTOTCHIINAIOB (BeIrunHbI (¥) B BOJAHBIX pacTBOpax).
OCHOBHBIE TEXHUYECKHE JaHHBIC: UAMa30H WU3MEpPEHUs mpeoOpazoBaTeis B

peXUME U3MEPEHNS AKTUBHOCTH OT -1 10 19 enunaunn pX; B pexxnMe n3MepeHust
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3./1.C. ot -100+ +1900 MB; usmepurensubiii dnektpoa - ICJI-43-07; snexkTpos
cpaBHeHus - OBJI-1M3.

Jlist u3MepeHus aKTUBHOCTM MOHOB B PAacTBOPAX HCIOJIb3YETCS YCTaHOBKA,
cocTosimiasi W3  MOTCHIIMOMETPUYECKOM  SIMEMKU €  HMOHCEJICKTUBHBIMU

U3MEPUTEIBHBIMU AJIEKTPOAaMU U TipeoOpazoBatens (puc. 2.12).
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Pucynox 2.12 — llpunyunuanvras cxema yCmaHo8Ku 0
HOMEHYUOMEMPUYECKUX USMEPEHULL:
1 — macnumnasn mewanxa, 2 — suetika 05l AHATUIUPYEMO20 pacmeopa, 3
— UHOUKAMOPHDBLU INeKMPOO, 4 — X10pcepeOpsHbliL 2IeKMPOO CPABHEHUSL,

5 — 6ropemxka; 6 — uzmepumenvHulii NpuboOp (YHUEpcanbhblil uoHomep IB-74).
Pabora monomepa ocHoBana Ha npeoOpazoBanuu 3./[.C. 31EKTPOTHON

CHUCTEMBI B IIOCTOSIHHBIN TOK, TPONOPLIMOHATIbHBIN U3MEPSEMOUN BEJIMUHHE.
[IpeobpazoBanue I./{.C. 3EKTPOHON CUCTEMBI B IOCTOSIHHBIN TOK OCYILECTBIISIETCS
BBICOKOOMHBIM ITpeo0pa3oBaTeseM.

Buemnuii Buj mpeoOpa3zoBatTeis U MOTEHIIMOMETPUYECKON STYEHKHU MOKa3aH Ha

puc.2.13.
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Hoxoprep yyxepcansnsm 1B-T4

L w

Pucynok 2.13 — Honomep ynugepcanvnoiii IB-74
1 -noxasviearowuti npubop,; 2 - KHONKU 8bloopa pooa pabomwl; 3 — mymoaep «cemoy;

4-ceemoouod; 5 - KHonku 6vlbopa ouanazona usmepenuil; 06,7,8 - pecynamopwi
Hacmpouku npudopa.
AJITOPUTM NPOBeIeHUS U3MEPEHU HA YHUBEPCAJIbHOM HOHOMepe JDB-74.
HN3mepenne pH pacTBOopoB
1.Bxmrounts nonomep OB-74 B ceth 3a 30-40 muHYyT 10 Hayana paboThI
TyMOJIEpOM «CeTh» 3. 3aKHUraeTcsi CBeTOAno 4.

2. HaxxaTp crenyronime KHOIIKY Ha IMaHEeIu HOHOMEpA:

* «AHUOHBI-KATUOHBI»

* PX

 JluanazoH rpyObIx u3MepeHuit «-1+ 19».

3. TmaresbHO MPOMBITH U3MEPUTEIBHBIN U BCIIOMOTATEIIbHBIN 3JIEKTPOIbI

JTUCTHWUTMPOBAHHOW BOJOW, OCYIINTHh WX (DHIBTPOBANBHONW OyMaroil um MoOrpy3uTh B
CTaKaH C aHAJM3UPYEMbIM pacTBOpoM, pH koToporo Tpedyercst H3MEpHUTh.

4. B crakaH ¢ aHanmu3upyeMbIM PacTBOPOM OIYCTHUTH CTEPKEHb-MELIAJIKY.
VY cTaHOBUTH CTaKaH Ha MAarHUTHYIO MEIIAJIKY U BKJIIOYUTH €€ TyMOJIepoM

«CETHY.
5. [To mokaszanusaM mpeoOpas3oBareiss B JAuana3oHe TpyObIX H3MEpEeHUH

(amkass mkana (-1+19) BeIOparh OoJjiee TOUHBIN AWana3oH W3MEpeHHi S5: «1+4y,
«4+9» unm «9+14».
6. [Tpu pabote B quamazone «-1+4» otcuer 3HaueHuit pH mpousBoauTCs MO

BTOPOM BEPXHEH IIKalie mpeoOpa3zoBaTes.
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7. [Ipu pabGore B aumanazoHax «4+9» wmm «9+14» otcuer 3HaueHuit pH
MIPOU3BOJIUTCS IO TIEPBOM BEPXHEH IIKaJIe TpeoOpazoBaTelis ¢ rpagyupoBKon «0+5»,
MOKa3aHUsI KOTOPOM HEOOXOAMMO CYMMHUPOBATh CO 3HAYEHHEM HIIKHErO Ipejelia
BBIOpaHHOTO Juarna3ona usMmepenuii (4; 9 uinu 14 pH).

8. [loka3aHuss MWJUIMBOJBTMETPA CHUMAKOTCS C  COOTBETCTBYIOIIEH
IIKAJIBIIOCHE TOJHOrO YycrnokoeHus crpenku (0,5+1 MuH.) M 3aHOcATCS B
71a060paTOPHBIH KypHAUL.

9. [Io okoHYaHWW TPOBENEHUS aHaIu3a MPOObI BHIKIIOYUTH MATHUTHYIO
Memanky. Ilepekitoyarens auana3oHoB wu3MepeHuss pH BepHYTh B HCXOAHOE
noyioxkeHne «-1+19», VYOparb crakaH c aHanuzupyemoil npoboi. TmaTenbHO
IIPOMBITh M3MEPUTENIbHBIA 3JEKTPOA M DJIEKTPOJ CPaBHEHUS JAUCTUILIMPOBAHHOM
BOJIOM, 3aTEM IMOTPY3UTh UX JIMOO B CTaKaH CO CJeAyIollel mpoooi, 1Mo B CTakaH ¢
JTACTUITMPOBAHHOM BOJIOM.

3agaua Ne 1 Onpenesnienune koaamuectsa menoun NaOH
NMOTEHIIHOMETPUYECKUM METOI0M
Onpenenenue komuuectBa wmenoun NaOH B ananusupyemom pacTBope

IIPOU3BOJUTCS METOJIOM MPSIMOM IMOTEHIMOMETPHHM, OCHOBAHHOM Ha MOCTPOEHUH
IrpagyrpOBOYHON XAPAKTEPUCTUKU IO CEPUM CTAaHAAPTHBIX PACTBOPOB C PA3JIUYHBIM
3HaYeHueM pH.

IIpubopol u peakmugwi:
HNonomep yHuBepcanbublii DB-74.
N3mepuTenpHbIN CTEKISIHHBIN 351ekTpox DCJ1-43-07.
XnopcepedpsHbIi A51ekTpo cpaBHeHUs DBJI-1M3.
MaruauTHas memarnka.
CTeKJISHHBIN CTaKaH eEMKOCTBIO 50 e’
Kon6s1 emkoctsio 100 cv’.
Kucnora opro6opras H;BO; TOCT 9656-75; 0,04 mons/nm’.
Kucnora oprodocpopnas H;PO, TOCT TV 6-09-4191 -76; 0,04 mons/am’.
Tuapoxcun vatpus NaOH, TOCT 4328-77, 0,2 Mons/nm’.
Becwl ananutnueckue truna BJIA-200M.
[Tunerka eMKocThIO 50 cM’.

Opranu3aunonHas ¢gopma 3aHITHS
1.IlpuroroBnenue cepun Oy(hepHbIX pACTBOPOB.
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2. CrannapTtHas cepus OydepHbIX pacTBOpOB co 3HaueHussMu pH B

nuana3oHe 2,0-+8,0 roToBUTCA Ha OCHOBE YHUBEpCAJIbHON OydepHoi cmecu 3-x

xuciaor: H;BO;, H;PO,, CH3COOH (0,04 Mons/aM’) ¢ HCXOJHBIM 3HAYEHHEM

pH=1,81.

B mecth k016 emkocThio 100 cM® ¢ mOMOIIBIO TUITETKH BBOaUTCS 110 50 cv®

ykazaHHoiu cMmecu Tpex kuciot: H;BO;, H;PO,, CH;COOH. B xaxayio xonly

CO CMECBIO KHUCIIOT A00aBIsItoT U3 Oropetku no 7,5; 12,5; 17,5; 22,5; 27,5; 35,0

cm® pacteopa menoun C(NaOH) = 0,2 mons/nv’. PacTBopsl B K0J10aX

THIATCJIIBHO IIEPCMCIINBAIOT.

3. N3smepenue pH crannaptHol cepun.

3.1. WUsmepenme pH cranmaptHOil cepum OyQepHBIX cMmeceit
IPOU3BOUTCS

AJITOpUTMY.

Ha YyHUBEpcallbHOM HoOHOMepe OB-74 cormacHo

3.2. Pe3ynbTarhl U3MEpPEHUN 3aHOCATCS B TabIUIy 2.4:
Tabnuya 2.4 — Pe3ynomamul uzmepenuil

V(NaOH), cM’

ITokazanus nonomerpa pH

[H'], Mmosb/am’

4. [TocTpoenue rpalyupoOBOYHON XapaKTEPUCTUKH.

4.1.

pH- V(NaOH), cm’.

['paxyrpoBoYHas XapaKTEpUCTHUKA CTPOUTCS B KOOPUHATAX

4.2. Ha ocu OopAHAT OTKJIAAbIBAXOTCA 3HAYCHHA pH MCcCTn

PacTBOPOB CTAHJIAPTHOM cepuu; Ha OcH abciuce — 00beM J0OaBIEHHOTO

pactBopa menoun C(NaOH) = 0,2 mons/mm’. TOUKM COETUHSIOTCS

kpuBoil. [loyyaercs rpagynpoBoYHasl XapakTEepUCTUKA BUAA:
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pH(x)
v i |
Vx{NaOH) O6sem V(NaOH), cm”
3. Onpenenenue kouundecTna menoud NaOH B pactBope — 3a1aue.

5.1. 3amauya c¢ HemsBecTHbIM KosmuecTBOM NaOH Beimaercs B
BHJIE PacTBOpa B KOJIOe€.

5.2. B xonby ¢ anmammsupyembiM pactBopom NaOH mnumerkoi
BBoauTCs 50 cM’ OydepHoit cMecu 3-Xx KHMCIOT. [1oaydeHHBI pacTBOp
THIATEIbHO NepemenunBatoT. 3mepenue pH ananuszupyemoro pactBopa
NaOH npousBoauTcsi B COOTBETCTBUU C aJITOPUTMOM.

5.3. H3mepenHoe 3HaueHue pH HaHOCHTCS Ha OChb OpJWHAT
IpagyUpOBOYHON XapaKTEPUCTUKU M MO OCH aldcuucc OmpeesieTcs
COOTBETCTBYIOIEE 3HadeHHe oObema menoud NaOH V(x), cM’ B
UCCJIEAYEMOM PACTBOPE.

3agaya Ne2 OnpenesieHre KOHIEHTPALUH XJI0POBOIOPOAHON KHCJIOThI
NMOTEHIIMOMETPHUYECKUM METOI0M
Ornpenenenue KOHIIEHTPAIMU XJIOPOBOJAOPOAHOM KHUCIOTHI OCHOBAaHO Ha
peakumu Hewrpanuzanuu HCl pacTBopom rugpokcuaa Kaus:

HCI + KOH = KCI + H-O
OnpeneneHne KOHIEHTPAIIMA XJIOPOBOJOPOJHOM KHUCIOTHI MPOU3BOJAUTCS

METOJOM IOTEHIHOMETPUYECKOTO TUTPOBaHMS aHanu3upyemoro pactsopa HCI
CTaHIAapTHBEIM  pacTBOopoM  ruapokcuaa  kamusa — C(KOH)=0,1  momns/mam’.
OxBuBasieHTHbI 00beM KOH omnpenensiercs mo ckayky TUTPOBaHUS Ha KpPUBOU
MOTEHIIUOMETPUUYECKOTO TUTPOBAHUSI.

IIpubopul u peakmugwl:
HNonomep ynusepcanbHbiii DB-74.

N3mepuTenpHbIi CTEKIISIHHBIN 351ekTpo DCJ1-43-07.
149



XnopcepedpsHbli 251ekTpo cpaBHeHuss OBJI-1M3.
MaruauTHas memarnka.
CTeKISAHHBIN cTakaH eMKOCThI0 100 e’
bropeTtka.
T'uppoxcun kanus KOH, TOCT4328-77; 0.1 Mons/mm’.
OpranuzanuonHasi Gpopma 3aHATHS
1.PacTBOp-3a/1auy ¢ HEM3BECTHON KOHLIEHTPALMEN XJIOPOBOJOPOIHON KUCIOTHI

TOJIyYaloT B CTaKaHe eMKOCThIo 100 cm’.

2.5.

2. B crakan c¢ awmammsupyembiMm pactBopom HCl morpyxkarot
W3MEPUTEIbHBIN 3JIEKTPOJ W BJEKTPOJ CPAaBHEHUS, CTEPKEHb-MEUIAIKY U
YCTAHABIIMBAIOT MOTCHIMOMETPUYECKYIO SYEHKY HAa MAarHUTHYIO MEIIAJKY.
Bxi1r04aroT MarHUTHYIO MEIIAJIKY.

3. 3anoyHsIOT OIOPETKY CTaHAAPTHBIM PACTBOPOM THIPOKCHIA KAJIHS
C(KOH)=0,1 mons/om’.

4. CrexsiHHbIN HAaKOHEYHHK OropeTKHr MOTPYKAIOT B
AHAJIM3UPYEMBIN PACTBOP.

3. N3mepsitor pH nonyuennoro pacrsopa-zagaun HCL.
6. [ToTeHUMOMETPUYECKOE TUTPOBAHUE AHAIU3UPYEMOIO pPacTBOpa

HCI npowmsBoautTcs omnpeneneHHbIMA nopuusmu pactBopa tutpanta KOH c
¢ukcupoanuem pH pactBopa HC1 mocne poOaBieHuss KaKI0M MOPLMH
TUTPAHTA.

[Topuuu Turpanta 0,1 moss/nm’ KOH cocraBisior:
- B untepsane 0,0 ~ 38,0 cv® KOH no 1,0

cM’ - B unTepBane 38,0 + 42,0 cm® KOH mo 0,1

cMm’

- B unTepsaie 42,0 + 50,0 cv® KOH 1o 1,0
oM’
7. TuTpoBaHue NMPOJIOIHKAIOT 10 JocTkeHus pH=12.

8. Pe3ynbTaThl IOTEHIIMOMETPUYECKOTO TUTPOBAHUS 3aHOCITCS B TAOIHUILY

Tabnuya 2.5 — Pe3yniomamul NOMeHyuoMempuiecko2o mumpo8aHusi
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O0BeM

pH AV= ApH= V 3amaun| C 3agaun
THTparTa pactBo- | V2-Vi, | pHe- pHi, | ApH/AV C(KOH)Q VSKBK;)H’ (HCI), (HCD),
V(KOH), 3 3 MOJIb/IM cM 3 ;
3 pa cM cM cM MOJIb/IM
cM

9. AHanu3 TaHHBIX NOTEHIHUOMETPUUECKOTO TUTPOBAHMUSL:
9.1. Ha ocHOBaHMU aHHBIX TaOJIUIIBI TOCTPOUTH UHTETPATLHYIO

KPUBYIO TUTPOBAHUSA B KOOpAUHAaTax pH-V(KOH) u
muddepeHnanbHy0 KpUBYIO TUTpoBaHUs B KoopauHatax ApHMV -
V(KOH).
9.2. Ilo wuHrerpasibHOM U  JOUdPEepeHIHATBHON  KPUBBIM
TUTPOBAHUS ONPEIEIIUTh SKBUBAJIEHTHBIN 00beM TuTpanTa V'**(KOH).
Paccuurars koHuentpaunro HO B pacTBOpe-3agaue Ha OCHOBAHMM 3aKOHA
HKBHUBAJICHTOB:

C(HCI) = C(KOH) - V**(KOH) / V(HCI), mosb/nam’/
9.3. Pe3ynbrarhl pacyeToB 3aHECTH B TAOJIHILY.
9.4. Ha uHTErpanbHOW KPUBOW TUTPOBAHUS yKa3aThb HA4alO U

KOHEI[ CKayKa TUTPOBAHUSI.

9.5. Ha OCHOBaHHUU TIOJTYYCHHBIX KPHUBBIX
MOTCHIIMOMETPUICCKOTO TUTPOBAHUS BBHIOPATh ONTUMAIBHBIM KUCIOTHO-
OCHOBHOW  WHIUKATOP  JUII  TUTPUMETPUUYCCKUX  HM3MEpEHUH,
MIPUBEJICHHBIX B TaOJIUIIE.

Tabauya 2.6 — Hnouxamopuol

WNunukatop pT WNupukarop pT
Kpe3om0BbIil kpacHbIi 1,00 BpomdenonoBsiii KpacHbBIN 5,90
Kpe3omnoBslil neprnypHbiii 2,00 BbpoMTUMOIOBBIN CUHUI 6,30
Ann3apuHOBBIH KeNThIN P 2,60 HelitpanbHblii KpacHbIN 7,60
B-nuHUTpOdEHONT 3,20 Tponeonun OO0 8,25
MeTuiioBbIi OpaHKEBBIM 4,00 ®denondranenH 9,00
Anun3apuHOBbIN KpacHbIl C 4,45 Tumondranenn 9,90
Bpomkpe30510BbIit cUHMIA 6,30 AnuzapuHoBbIH xenTbii JKOK 11,05
MeTuiioBblid KpacHBIN 5,20
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3agaya Ne3 IloreHuHOMeTpHYECKOE TATPOBAHME CMECH XJIOPOBOAOPOAHOM
U YKCYCHOM KHMCJIOT
B ocHoBe onpenenenuss cMecu XJI0pOBOJOPOJIHON M YKCYCHOM KHCIIOT IPH
COBMECTHOM IIPUCYTCTBUM JIEXKAT PpEAKIUH KHUCIOTHO-OCHOBHOTO  B3aWMO

JICUCTBUA:

HCl+ KOH = KCI +H-0 CH;COOH+KOH = CH;COOK + H>O
OnpeneneHue KOHIEHTPALUU XJOPOBOAOPOJHOM KHUCJIOT MPOU3BOIUTCS

METOJIOM TMOTEHIIMOMETPUYECKOIO0 TUTPOBAHMUSI CMECH KHUCIOT CTaHAApTHBIM
pactsopoM ruapokcuaa kamus C(KOH)=0,1 mons/mv’. KpuBas TUTPOBaHMS B 3TOM
clydae MMeeT 2 CKadka TUTPOBaHWS: MEPBBIM ckadyok pH OyneTr cOOTBETCTBOBATH
3aBepiiecHU0 peakiuu ¢ 6onee cuiabHOM HC1. Tlocme 3TOro ¢ ruapoKcHaoM Kaius
Oymer pearupoBath Oonee cnabas CH;COOH (K,=1,74-107), 3aBepiueHue
TUTPOBAHUS KOTOPOU (PUKCHUpYyeTCS HAa KPUBOM THUTPOBAHUA MO BTOPOMY cKauky pH.
OmnpeneneHue 5SKBUBAJICHTHBIX OOBEMOB pacTBOpa TUTpaHTa, IMOMISANIEr0 Ha
tutpoBanne HCI u CH3;COOH, yno6nee npoBoauTh no auddepeHnanbsHoi KpUBoi
MOTEHIIUOMETPUUYECKOTO TUTPOBAHUS, IOCTPOEHHOM B KoopauHatax ApH/AV -V,

IIpubopwl u peakmusol:
HNonomep ynusepcanbHbiii DB-74.
N3mepuTenpHbIN CTEKISIHHBIN 51ekTpox DCJ1-43-07.
Xnopcepebpsiablit a5ekTpo cpaBuenust IBJI-1M3.
MarauTHas mMemanka.
CTeKNIAHHBIN cTakaH eMKOCThIO 100 e,
broperxka.
I'mppoxcup kanus KOH, TOCT4328-77; 0,1 Mons/mm’.
OpranusanuoHnas ¢gopma 3aHATHS
1. PactBOp-3amauy € HEU3BECTHBIM COJEPKAHUEM XJIOPOBOAOPOJHOU U

YKCYCHOM KHCJIOT IIOJIY4aloT B CTaKaHe eMKOCThIo0 100 o’

2.B crakaH Cc pacTBOpOM-33/lau€il MOTPYKAOT U3MEPUTENbHBIN 3JEKTPOI U
AJIEKTPOJ] CPABHEHUSI, CTEPKEHb-MEIIANKY U YCTAHABIUBAIOT OTEHIIMOMETPUYECKYIO
AYEWKY HAa MAarHUTHYIO MEIIAJIKY. BKIIFOUatOT MATHUTHYIO MEUIAJKY.

3. 3anonHsAIOT OIOPETKY CTaHIAPTHBIM PAcCTBOPOM THUIPOKCUAA Kallus

C(KOH)=0,1 mons/am’.
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4. CrexJIIHHBIH HAaKOHEYHUK OIOPETKH TMOTPYKAIOT B aHAJIU3UPYEMbIi

pacTBop.

5.M3mepstot pH nonydyennoro pactsopa-3agauu cmecu HC1 + CH;COOH.
6. [ToTeHIMOMETPUUECKOE TUTPOBAHUE AHAIM3ZUPYEMOTO pacTBOpa

IPOU3BOJIUTCS OMpENEIEHHbIMU NopuusiMu pactBopa tuTpanta KOH no 0,2

3

cM”.

7. TutpoBaHue Npoa0HKAIOT A0 HocTHXXeHus pH=12.

8. Pe3ynbTarhl MOTEHIMOMETPUYECKOTO TUTPOBAHUS 3aHOCSTCS B
Ta0IUILy.

Tabnuya 2.7 — Pe3yibmanmul NOMEHYUOMEMPULECKO2O0 MUMPOBAHUS]

O0vem | V= pH ApH | ApH/ C(KOH), | VaxsikoH,| Vaxs2kon,| V(HCI+ C(HCl) | C(CH5COOH),
tuTpanra| Vo-| pactBop| = | AV mous/aM’|  cm’ cm’ | CH;COOH),| , Mons/ Mo/ M’
V(KOH)| V1. a pH,- oM’ oM’
, oM’ oM’ le,
oM’
9. AHanu3 TaHHBIX TOTEHIHOMETPUYECKOTO TUTPOBAHMUS:

9.1. Ha ocHOBaHUU IaHHBIX TaOJIUIIBI TOCTPOUTH UHTETPATLHYIO
KpuByr0  TUTpoBaHus B  koopaumHatax pH — V(KOH) wu
muddepeHIanbHy0 KPpUBYIO THUTpOBaHUsA B KoopauHaTax ApH/AY —
V(KOH).

9.2. Ilo muddepeHnmanbHOW KpUBOW TUTPOBAHMS OINPEHCIUTH
SKBHUBAJICHTHBIE 00BbeMBI TUTpaHTa V> om U V™ kom),IOMIEAIINE HA
tutpoBanre HCl u CH;COOH cootBerctBenHo. [Ipu 3TOM:

V>*®! komy -onpenensercs no 1-My ckauky Ha qudhepeHnranbHOM KpUBOK;
Vous2(KOH) = V2 ckauox(KOH) — V1 ckauox (KOH) OIPEHEISETCS IO Pa3HOCTH V (xom),

coorBeTcTBYyrOIIKX | 1 Il ckaukaM Ha KpUBOW TUTPOBAHUS

9.3. Paccuurars koHuentpauuro HCI B pacTBOpe-3agaue Ha
OCHOBAHUH 3aKOHA DKBUBAJIEHTOB:

C(HCI) = C(KOH) - V>*(KOH) / V¥ momns/am’,
C(CH,COOH) = C(KOH) - V*(KOH) / V"™ vomn/mv’.

9.4.Pe3ynbTaThl pacue€TOB 3aHECTH B TAOIUILY.
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9. 5.Ha wuHTerpambHOM KpUBOM TUTPOBAHUSA YyKa3aTb HA4yalO0 U KOHELl
CKa4yKa TUTPOBAHMUS.

9.6. Ha ocHOBaHMM MOJYyYEHHBIX KPUBBIX NOTEHIMOMETPUYECKOTO TUTPOBAHUS
BbIOpaTh ONTUMAJbHBIA KHCIOTHO-OCHOBHOM MHIMKATOP I TUTPUMETPUUYECKHX
U3MEPEHU, TPUBEAEHHBIX B TaOnuIe 2.8.

Tabauya 2.8 — Kuciomno-ocHosHble UHOUKAMOPbL

WNunukatop pT WNunukarop pT
Kpe3010BbIil kKpacHbIN 1,00 BpomdenonoBsiii KpacHbI 5,90
Kpe3omnoBslil nepmnypHbliii 2,00 BbpoMTrMOn0BBIN cUHUN 680
Anu3apuHOBBII xenThIN P 2,60 HelitpansHblil KpacHbIN 7,60
B-nuHuTpOdEHON 3,20 Tponeonun OO0 8,25
MeTuiioBbI OpaHKEBBIM 4,00 ®denondranenH 9,00
Anm3apuHOBBINA KpacHbIi C 4,45 Tumondranenn 9,90
BpoMkpe3010Bb1i CHHUI 6,30 AnuzapuHoBbIi xenTbii HOK 11,05
MeTunoBsli KpacHBIN 5,20

Bomnpocs st 00cykaeHust
1.Ha yem ocHOBaH MOTEHIIMOMETPUYECKUN METO/ ] aHAIN3a?

2. [IpuBecTn ypaBHeHHe HepHCTa M MOSICHUTH CMBICH BXOJSIIMX B HETO
BEJINYMH.

3. Kakoll anekTpon Ha3bpIBa€TCs MHAMKATOPHBIM, M KAaKOM — 3JIEKTPOAOM
cpaBHEHHUS?

4. B dem cymHOCTh moTteHImoMeTpudeckoro omnpeaenenus pH-pactsopa?

Ha3BaTh OCHOBHBIC WHAUKATOPHBIC 3JICKTPOAbLI.

3. KakoBa KOHCTpYKIUS CTEKISTHHOIO dJIeKTpoaa’?
6. BO3HUKHOBEHHE  JJIEKTPOAHOIO  IOTEHIMAJIa  HAa  CTEKISIHHOM

HU3MCPUTCIbHOM JJICKTPOIC.

7. 3anucaTth CXE€My TallbBAHMYECKOrO JJIEMEHTa Ipu wu3zMepenun pH
pacTBopa.
8. B KakoM  BUJ€  MOTyT  OBbITb  MpPEICTaBICHBI  KPHUBBIC

IMOTCHIUOMCTPHUYCCKOI'O TI/ITpOBaHI/Iﬂ?

9. B uem 3akiiro4aeTcsi CyuiHOCTh METOa NPsIMON MOTEHIMOMETPUN?
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10. B wuwem 3akiro4aercs CyIIHOCTh METOJA IOTEHIMOMETPUYECKOTO
TUTPOBAHUS

11. IIpuBectn MIPUHLIUNHAIBHY IO CXeMy YCTaHOBKH TUTSt
MOTEHIIHOMETPUYECKOTO TUTPOBAHUS.

12.IIpuBecTr mpuMepsl MOTEHIMOMETPUYECKOTO AHAIN3a C MCIOJIB30BAHUEM
peaKIui HEUTPpaIU3aluu, OCAKICHUS, OKACIECHUSI-BOCCTAHOBJICHNUS.

2.2.2 KOHAYKTOMEeTPHYECKUIl METO/ aHAIHN3a
OnHuM 13 BaKHEUIIMX CBOMCTB BOJHBIX PACTBOPOB AJIEKTPOIUTOB SIBISIETCS UX

CIIOCOOHOCTH MPOBOJIUTH dJIEKTpUUECKUi TOK. LlepeHoc anekTpuuecTBa B pacTBOpax
IEKTPOJIUTOB OCYILECTBIIIETCS HOHAMH. DJIEKTPOIIPOBOJHOCTh PACTBOPA 3aBUCHUT OT
IPUPOJIBI U KOHIIEHTPAIIMU MPUCYTCTBYIOLINX B PACTBOPE MOHOB, Oiaroaps uemy
AIIEKTPOIPOBOIHOCTh PACTBOPA MOKET OBITh UCIIOIB30BaHA ISl KOJIMYECTBEHHOTO
OIIPEJEJICHNS] XUMHUYECKOI0 COCTaBa PacTBOPA.

KoHIyKTOMETpHYECKHIT METOJ] aHAJIN3a OCHOBAH HA U3YYEHUHU 3aBUCUMOCTH
MEXIY IEKTPOIPOBOIHOCTHIO PACTBOPA U KOHILIEHTpALlME HOHOB B 3TOM PacTBOPE.

B KOHAYKTOMETPHUYECKOM aHAaIM3€ U3MEPSEMbIM aHAJTUTUYECKUM CUTHAIOM
SBJIAETCA JEKTPONPOBOAHOCTD WUJIU 3JIEKTPUYECKAs POBOJAUMOCTD PacTBOPA.

Pa3nuuaror ynenbHyro )X M 3KBUBAJIEHTHYIO A 3JEKTPUUYECKYIO MPOBOAUMOCTD
pacTBopa.

VY nenpHas aneKTpudecKkas MpoBOJMMOCTb PacTBOpPa — 3TO MPOBOJUMOCTD
lecM® pacTBOpa, 3aKIOYEHHOTO MEXKY IUIATUHOBLIMH 3JIEKTPOAAMH C TIOBEPXHOCTHIO

1 cM®, HaXOAAMIUMUCS Ha PACCTOSHUM | CM APyT OT Apyra. Y aenbHas dJIeKTpuUecKas
IIPOBOJAMMOCTh OIIPENESAETCS] B OCHOBHOM 4ucIOM U — MOABHKHOCTBKO HMOHOB B

pacTBOPEC, a TaK KC KOJIMUICCTBOM IICPECHOCUMBIX UMHU 3apsSAA0B:

¥ =A-C-F(Z,U, + Z.U),[Om" -em'] 2.21)
rae: x - yAelbHas 3JeKTPOIPOBOJHOCTL pactBopa, om"' cm'

A - cTenens qucconranuu daekTponuTa; C - KOHIEHTpaLus
SIIEKTPOJIUTA, MOJIB/IM";

F- aucno ®apanes;
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U.,, U, Z:, Z. - ckopoCcTb JBUXEHUS (M/C) W 3apsi] KaTHOHOB U aHUOHOB TPH
HaIpPsHKEHHOCTH JIEKTpUUecKoro mojst 1B/cwm.

DKBUBAJIICHTHAS DJJICKTPUYECKAs] TPOBOAUMOCTH ) — O3TO MPOBOJAUMOCTH
pacTBOpa, COAEPIKAIEro | SKBUBAIEHT PACTBOPEHHOIO BIEKTpoamTa, OM -CM?/IKB.
CBsi3b MEXKIy OKBUBAJICHTHOM U YACIBHOM JJIEKTPUYECKOW IPOBOJUMOCTBIO

BBIPAXKAETCs YPAaBHEHUEM:

A by 1000)/ C (2.22)

3aBHUCHUMOCTh yJICHLHOﬁ SHCKTpI/ILICCKOI‘/’I MNPOBOAMMOCTH OT KOHICHTpALUU

3JIEKTPOJIMTA TIOKa3aHa Ha puc 2.14.

z
1
2
C E

Pucynox 2.14 — 3asucumocmo Pucynox 2.15 — 3asucumocmso
VOenbHOU 2JIeKMPUYECcKoll 9KBUBAIEHMHOU 2JIEKMPUYECKOU
NPOBOOUMOCIU OM KOHYEHMPAYuu.  nposoouUMOCmu om pasdasienus
1 -0n5 cunbHBIX INEKMPOAUNOE, pacmeopa:

2-0713 cnabvix 21eKmpoaumos 1 -0n15 cunbHBIX 21EKMPOTUMO8;

2-07151 c1abblX INeKMpPOoIUmMos
B oOmactu wManblXx KOHILIEHTpAlMd MEXIY YICIbHOW JIIEKTPUUYECKON

IPOBOJMMOCTBIO U KOHIIEHTpaUel co0toiaeTcst MpsIMOJIMHEHAsI 3aBUCUMOCTD, YTO
OOBSICHSIETCSI YBEIMYEHUEM YHCIAa HOHOB-NIEPEHOCYMKOB 3apsiioB IPU  POCTE
KOHIIEHTpallMl pacTBopa. B o0inactu OONbIIMX KOHILIEHTpAMKA YBEJIWYUMBACTCS
MEXHOHHOE B3aUMOJCHCTBUE, YTO MPUBOAUT K YMEHBIICHUIO aAKTHBHBIX
(cBoOOAHBIX) WOHOB. Ilpm »3TOM yjAenbHas dJIEKTpUYECKas MPOBOJAUMOCTD
U3MEHSIETCS.

OKBUBAJIEHTHAsA 3JIEKTpUYECKash MPOBOAMMOCTh (puc.2.15) yBenumuuBaercs ¢

paz0aBiieHUEM pPACTBOPA, TaK KaK y CIA0BIX JEKTPOIUTOB (Kp.2) mpu pa30aBICeHUN
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YBEJIUYMBACTCS CTEIEHb JUCCOIMAIIMM, a Y CHJBHBIX JJEKTPoauTOB (Kp. 1)
YBEIUYMBACTCS  KOI(DPHUITMEHT  DICKTPHUYECKOW TPOBOAMMOCTH. B  CHIBHO
pa30aBICHHBIX pacTBOpax CTEMEHb TUCCOLMAIMU CJIA00ro  AJIEKTPOJIUTAa M
KOA((DHUIMEHT AJIEKTPUUECKOW TPOBOAMMOCTH CHIIBHOTO JJICKTPOJIUTA JOCTUTAIOT
CIMHUIIBI, YTO TMPUBOIAUT K YBEIWUYCHHUIO SKBUBAJECHTHOW 3JIEKTPOMPOBOTHOCTH JI0
MIPEeIeTLHOTO 3HAYCHUS A°.

DnexkTpudeckas MPOBOJUMOCTh OECKOHEUHO pa30aBIIGHHOTO pacTBopa B
OTCYTCTBUE TOPMO3SIINX 3(PPEKTOB Ompenemnsercs MOABMKHOCTHIO HOHOB (3aKOH
Konppaymia):

Ao = Ao+ + Ao- (2.22)
rae: A'i- HOABMKHOCTD (SKBUBAJIEHTHAS DIEKTPHYECKAsk IPOBOAMMOCTH) Ka-
THOHa; A~ TOABWKHOCTH (DKBHBAJICHTHAs DIIEKTPUYECKAs IPOBOJUMOCTD)

aHUOHA.
HanbGonee mpocThie 3KCIEPUMEHTATBHBIE 3aBUCUMOCTH  JJIEKTPUUYECKOU
MPOBOJAMUMOCTH OT KOHIIEHTPAIIMU BBIPAXKAIOTCS CIACAYIOIUMU YPAaBHEHUSIMU:

a) 1715 CIa0bIX AIEKTPOIUTOB
lgh=a-051gC (2.23)
0) JIIs1 CUJIBHBIX DJIEKTPOJIUTOB

A=a_pVC (2.24)
rae: a u b - KOdPQUUUEHTH, 3aBUCAIIME OT INPUPOALI DIEKTPOIUTA U

PacTBOPUTEIIS.

AHATUTHYECKA KOHXYKTOMETPUS
KongykTomMeTpuyeckuii METOJl aHajliM3a MOKET OBbITh pealM30BaH B JIBYX

BapUaHTax:

* METOJ NPSIMOW KOHJYKTOMETPHHU;
* METOJ KOHJIYKTOMETPUUYECKOIO TUTPOBAHUSI.
Meton npssMON KOHIYKTOMETPUM OCHOBAaH HA 3aBUCUMOCTH JJIEKTPUUYECKOU

MPOBOJAMMOCTH OT KOHLEHTpauuu 3Jaekrponuta (yp.2.23. u 2.24.), NOCKOJbKY B
OTIpEeNICTICHHBIX TMpefesiax 3aBUCUMOCTh A — C  HOCHUT JHMHEWHBIA Xapaktep. Ha
MPAKTUKE JIMHEHHAs] 3aBUCUMOCTb Pealiu3yeTcs TOJbKO B pa30aBiICHHBIX PacTBOpax

AJIEKTPOJINTOB B OTCYTCTBUE ITPUMECEN MOHHOT'O XapaKTepa.
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C noMoupio NpsMON KOHAYKTOMETPUM MOXKHO peIaTh psii MPAKTUYECKUX
3a/1a4 ¥ OCYIIECTBIISITH HENPEPHIBHBINA TEXHOJOTMYECKUN KOHTPOJIb TPOU3BOACTBA.
[lpuHuun npsMOM KOHIAYKTOMETPUU MCIOJIB30BaH B PpabOTe MNPOMBIIIICHHBIX
KOHJIYyKTOMETPOB (KOHIICHTPATOMEPOB) I OMNpPEACNICHUs] OOIIEero CoJiepKaHus
COJIEM B PEYHOM, MOPCKOM, CTOYHOW BOJAX; OLECHKH KayeCTBa >KUJKUX IMHUIIEBBIX
MPOAYKTOB U T.II.

OmHako MeToa PSIMOM KOHAYKTOMETPUHU HE SIBJISICTCS CIICU(PUIHBIM, TaK KaK
AIEKTPUYECKAsT MPOBOAUMOCTD SIBJSIETCA BEJIMYMHOM aJJUTUBHOW W 3aBUCUT OT
HAINYUS IPUMECEN B PacTBOPE.

bosbliee pacnpocTpaHeHWE B AHAJIUTUYECKOW NPAKTUKE ITOJIYyYWJI METOJ
KOHJAYKTOMETPUYECKOI0 TUTPOBAHMS, OCHOBAHHBIM HA UCIIOJb30BAHUU XUMUUYECKOU
peaKuuu, B pe3yJibTaTe KOTOPOM MPOUCXOIUT 3aMETHOE M3MEHEHUE DJIEKTPUYECKOU
MIPOBOJIUMOCTH PACTBOPA.

[Ipu poGaBjieHUMU OJHOTO DJIEKTPOJUTA K JAPYroMy H3-3a XUMHUUYECKOTO
B3aUMOJICMCTBUS U3MEHSETCSI HIOHHBIN COCTaB pacTBOPA, YTO MPUBOJAUT K U3MEHECHUIO
DIEKTPUYECKOW  NMPOBOAMMOCTH.  Pe3ynbTaThl  M3MEPEHUS  DIEKTPUYECKOU
MPOBOJIMMOCTH PaCcTBOpa MPU KOHIYKTOMETPUYECKOM TUTPOBAHUMU BBIPAXKAIOT B
BHUJIE KPHUBBIX KOHAYKTOMETPUYECKOTO THUTPOBAHHUS, IMOCTPOCHHBIX B KOOPJHMHATAX:
00beM THUTpaHTa V(X) -3JEKTpUUECKas MPOBOAUMOCTH pé}lLCTBOpa . 1lo uzmomy Ha
KPUBOM KOHAYKTOMETPUYECKOTO TUTPOBAHUSI ONPEAEISAIOT TOUKY SKBUBAJIEHTHOCTH.

[Tpu TUTpOBaHUHU CHIILHOW KHUCJIOTHI CHIILHBIM OCHOBaHHMEM HOH Bojopoaa H' ¢
OOJIBIIION TIOJBMIKHOCTBIO 3aMELIAaeTCs Ha KaTuoH Mertauia Me" ¢ MeHbliei
MOABM)KHOCTBIO,  MO3TOMY [0  TOYKM  JKBUBAJICHTHOCTH  DJIEKTPUYECKas
IIPOBOJMMOCTh pacTBopa yMeHbiaercs (puc. 2.16,a) Ilociae Touku SKBUBaJIEHTHOCTU
B pacTBOpE TMOSBUTCA  M30BITOK  CWJIBHOTO  OCHOBAaHHUSA,  COJIEPXKAIIEro
BBICOKONIOABIWXKHBIM MOH OH’, 4TO NPUBOAUT K YBEIUYECHHUIO DIIEKTPUUECKOU

IMPpOBOJAUMOCTH. HepecequI/Ie ABYX IPAMBIX COOTBETCTBYCT TOYKC OKBUBAJICHTHOCTH.
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3aqaCTy}0 KPUBLIC KOHAYKTOMCTPHUYCCKOTO THUTPOBAHHA H30THYTBI MU TOUYKY
OKBHUBAJICHTHOCTH B 3TOM CJIy4dac€ HaxOoAAT IIYTEM IICPCCCUCHUA HpﬂMOJ’IHHGﬁHBIX

Y4aCTKOB KPUBOH /10 U TIOCJI€ TOUKH 3KBUBAJIEHTHOCTH (puc 2.16 ,0).

Vxs Vﬂ Vv
a 9]

Pucynox 2.16 — Kpusvie konoykmomempuueckoco mumpo8anusi.

a - CUNbHOU KUCTIOMbL CUTbHBIM OCHOBAHUEM, 0 - Kuciomol
cpedueﬁ CUJIbl CUTIbBHbIM OCHOBAHUEM.

Henunelnslii XapakTep 3aBUCUMOCTH AJIEKTPUYECKOU IPOBOAUMOCTH pacTBOpa
IIPU TUTPOBAHUM HAOJIOAETCA, KOTJa PEaKlMsi MPOTEKAeT HE KOJUYECTBEHHO, WA B
IIPOLIECCE TUTPOBAHUS U3MEHSIOTCS CTENEHU JUCCOLUMALNN, WU CTENIEHU THAPOJIN3a
BEILIECTB, YUYACTBYIOIIUX B PEAKIIUH.

B KOHAYKTOMETPHYECKOM TUTPOBAHHM HCIOJB3YIOT PA3JIUYHBIE THIIBI
XUMHUYECKUX peakUui: HeUTpanu3aluu, OCaXACHHUS, KOMIUIECOOOpa30BaHUA B
BOJHBIX X HEBOJHBIX PAaCTBOpPaAx.

MeTton KOHIyKTOMETPUYECKOTO TUTPOBAHUSA 1a€T BO3MOXKHOCTh
aHAJIU3UPOBATH MYTHBIE ¥ OKPALLIEHHBIE PACTBOPHI, a TAKIKE PACTBOPBI, pa3jiararoniue
MHIMKATOpbl. KOHIyKTOMETpUYECKUI METO/ TTO3BOJISIET AaHAIU3UPOBATh HE TOJIBKO
CPaBHHUTEIBHO KOHIIEHTPUPOBAHHBIE, HO U pasbasiennbie (10 10* Moas/am’)
pactBOpbl. OTHOCUTENBHAS OTPEIIHOCTD omnpeeneHus cocrasisieT ot 0,1 1o 2%.
HenoctaTtkoMm sIBIIsSIETCSI OTCYTCTBUE M30MPATENBHOCTHU IIPU padoTe €

MHOTI'OKOMITIOHCHTHBIMHU CMCCAMHM.
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MeToa BBICOKOYACTOTHOIO TUTPOBAHUA
B ITOCJICAHUEC I'OAbI BCEC OoJbIIce pacinpoCTpaHCHUC ImoJry4acT

BBICOKOYACTOTHAsI (OECKOHTAKTHAs!) KOHAYKTOMETPHUS — METOJ| BBICOKOYACTOTHOIO
TATPOBAaHMS, B KOTOPOM AaHAJM3UPYEMbId PACTBOP MOJBEPracTcs JEUCTBUIO
5JIEKTPHYECKOrO MO BBICOKOM 4acToThl 10° + 10° I'. IIpu HOBBINIEHHH YACTOTHI
BHEIIHETO  JJIEKTPUYECKOTO IO DJJEKTPUYECKas MNPOBOJMMOCTb PACTBOPOB
AIIEKTPOJIUTOB yBenuuuBaeTcsa. [lone BBICOKOM 4YacTOTHl AeOpMUPYET MOJIEKYITY
(mpoucxoauT AepopMalMOHHAs MOJSIPU3ALNA) U 3aCTABISAET IMOJISPHYIO MOJIEKYIY
onpeeNeHHbIM 00pa3oM MepeMeliaThcsi (OpUeHTAMOHHAs nojspuszanus). B
pe3ysbTaTe MOJSIPU3ALUOHHBIX 3(()EKTOB BO3ZHUKAIOT KPATKOBPEMEHHBIE TOKH,
U3MEHSIONINE MIEKTPUYECKYIO IIPOBOJAUMOCTD PACTBOPA.

N3mepsiemass B OTUX YCHOBHUSIX IIOJHAsA DJIEKTPUYECKAsT MPOBOAUMOCTH
BBICOKOYACTOTHOM KOHAYKTOMETPUYECKON SYEHKH A, CKIIQJbIBACTCS W3 aKTUBHOMU
COCTaBISIIOLIEN  Aar UCTUHOW TIPOBOJMMOCTH pAacTBOpa M  PEAKTHUBHOMN
COCTABIISIOMIEH Apcar — MHHUMOW JJICKTPUUYECKOW MPOBOJUMOCTH, 3aBUCAIIECH OT
YaCTOTHI U TUIA TYECHKH:

A= e+ VL Apecr, (2.25)

MeToz BBICOKOYaCTOTHOTO TUTPOBAHHUS TAKKE, KAK U METOJ HU3KOYaCTOTHOM
KOHJYKTOMETPUHU, HEN30UpaTENICH, T03BOJISET IPOBOJUTE ONPEACICHUS], HUKHUN
npezen KoTopbix 107 Mons/aqM’ ¢ morpemHocTsio = 2%. [I0cKOIbEKY METO
OECKOHTAKTHBIH, IPU TUTPOBAHUHU UCKITIOUEHO XUMUYECKOE B3aUMOJICICTBHE
AIEKTPOAOB C KOMIIOHEHTAMH PACTBOPA, IO3TOMY OCHOBHOE JOCTOMHCTBO METOAA -
BO3MOKHOCTh aHAJIM3UPOBATH ArPECCUBHBIE PACTBOPBHI, ITACTHI, IMYJIbCUU.

Anmnaparypa il BBICOKOYaCTOTHOI0 KOHAYKTOMETPHYECKOTr0 TUTPOBAHUSA
Bricoko4acTOTHOE TUTPOBAHKE MTPOBOJISAT B AJEKTPOIUTHUECKUX STUCHKAX, B

KOTOPBIX HCCHCI[y@MbIﬁ QJICKTPOJIUT HC UMCCT IIPAMOI'O KOHTAKTa C 3JICKTPOdaMH U
CBsA3aH C I/I3MepI/ITCJ]BHOﬁ HCTIbIO MHAYKTHBHO HWJIX YC€PE3 CMKOCTD.
beckoHTakTHBIC quﬁKH, HCIIOJIB3YCEMBIC B BBICOKOYAaCTOTHOM TUTPOBAHUH,

OBIBAIOT 2-X TUIOB: eMKOCTHBIE C - sueiiku; UHIyKTUBHBIC L - sueiiku. B
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3aBUCHUMOCTH OT THUIIA SYCHUKHU PE€aKTHBHAasA COCTABJIAIOIIAA C—)JICKTpH‘ICCKOﬁ

IMPpOBOJUMOCTH

Apeasr. sBnsercs bynkuueit emxoctd C WM UHIYKTUBHOCTH L:

j‘paam. = wC j‘paam. = lme (2.26)
Ha HpaKTI/IKe €MKOCTHEIE TUEHKU HpI/IMeHHI-OT Ipu AaHAJIN3¢C pacTBOPOB C MaJIoHn

ANEKTPUUECKON MPOBOJAUMOCTBIO, HHTyKTUBHbBIE — C OOJIBIIOM.

Haubonee yacTo 1isi BBICOKOYACTOTHOIO TUTPOBAHMS MCHOJB3YIOT TUTPATOP
TB-6JI-1. BHeurHuit BUJ1 BBICOKO4acTOTHOroO TuTprMeTpa TB-0JI-1 n 6eckoHTakTHOM
C-Aueliku npeacrasiieH Ha puc.2.17.

TutpumeTp BBICOKOUYACTOTHBIM JabopaTopHbli TB-6JI-1 mpeanasHaueH s
ONPENEIICHNs] KOHLIEHTPALMU BOAHBIX M HEBOAHBIX PACTBOPOB LIEIOYEH, KUCIOT U

» - 3. .
comeri B mHTepBasie (0,1-0001 momws/mM”; pacTBOPOB, 3arpsi3HEHHBIX OCAIKAMU;

MHOI'OKOMIIOHCHTHBIX CMGCGﬁ; OKpalllCHHBIX PaCTBOPOB.

LR

TR-6A-1 |

Pucynox 2.17 — Bvicokouacmommuuwiti mumpamop TB-6JI-1 ¢
KOHOYKMOMempU4ecKol eMKOCMHOU I4eUKOU.

a) 6) - Konvyesvie d1eKMpPoObl eMKOCMHOU AuelKu, 1 -ene300 0151 CmakaHa ¢
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npoboii; 2 - namna, 3 - pyuka «2pyooy; 4 - pyuxa «mouHoy», 5 -mymonep «cemoy; 6 -
mymonep 6KNIOYEHU MEWANKU, 7 - pe2yisamop CKOPOCMU Meuwaiku, 8 - pyuka
YY8CMEUMEIbHOCU MUKPOAMNEPMempa.

OcHOBHBIE TEXHMUYECKHE JlaHHbIC: padodas yactoTa 3+40 MI'; usmepsemas
3JIEKTPOIPOBOIHOCTE KOHIYKTOMETPUUECKOM siueiiku 1-10* + 5-10° Om™ - cm';
IPEeTyCMOTPEHO U3MEHEHHE YyBCTBUTEIBHOCTHU PETHCTPUPYIOIIETO
MUKpOaMIepMmeTpa Ha 4-X YpOBHSX; JIaTUMK - EMKOCTHBIM, B BUJI€ JIBYX KOJIbIIEBBIX
AJIEKTPOJIOB B ONPABE U3 OPICTEKIIA.

Tutpumerp TB-6JI-1 coctouT M3 reHeparopa BBICOKOW YacCTOTHI, JIAMIIOBOTO
BOJIBTMETPA C TallbBAHOMETPOM, OJOKa TNHWTAaHWS, MEIIAJKd, JaTduka —
KOHJIYKTOMETPUUYECKON SYEWKH EMKOCTHOTO THIAa B BHUJE JIBYX KOJIBIIEBBIX
AJIEKTPOJIOB, CTaKaHa JJisi THUTPOBaHUA, OIOPETKH JJig T0Jla4yd CTaHJAPTHOTO

pacTBOpa, CHaOKEHHOW HarHEeTaTeIHLHOM rPyIIEH.

AJITOPUTM NPOBEJeHUSI AHAJIHU3A HA BBICOKOYACTOTHOM TUTpuMeTpe TB-6JI-1
1.BxirounTs npubop B ceTh 3a 1 yac 10 Hayana paboThI epeBooM TymOiepa

5 B IIOJIOKEHUE «BKJIHOUYCHOY. BaropaeTc;I Jlammna 2.

2.IToaroToBUTH MPUOOP K TUTPOBAHMUIO:
2.1. YcTaHOBUTH PYyUKOU «Tpy00O» 3 CTpENKy MUKpOaMIepMeTpa Ha CepeIuHy

TITKAJTBI.

2.2. 3anoaHUTh OIOPETKY pacTBOPOM THUTPAHTa C MOMOIILI0 HArHETATEIbHON
rpyld. Y CTaHOBUTh YPOBEHb pACTBOPA TUTPAHTA HA HYJIEBYIO OTMETKY.

2.3. Crakan emkocThio 100 cm® YCTaHOBUTH B TrHe3/10 AaTyuka 1. [unerkoit
IIEPEHECTH B CTAKaH OINPENEIICHHbBIA 00BbEM aHAIU3UPYEMOro pactBopa V(x), cM’ u
00aBUTH TUCTUILIMPOBAHHON BOJIbI, YTOOBI YPOBEHBb PACTBOpA B CTaKaHe ObLI ~ Ha 5
MM BBIIII€ BEPXHETO METHOTO 3JIEKTPO/a.

2.4. B crakaH OMNyCTUTh CTEPKEHb - MEMAaJIKy. BKIIOYUTH Melaaky
TymMOJiepoM 6 U Py4yKOH 7 OTpPEryiaupoBaTh CKOPOCTh NEPEMEIINBAHUS TaK, YTOOBI B
pacTBOpe 0Opa3oBaiach HeOObIIasi BOPOHKA.

3. [IpoBecTr TUTpOBaHKE aHATU3UPYEMOIO PACTBOPA:
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3.1. Pyukamu «rpy0o» 3 U «TO4YHO» 4 YCTAaHOBHUTH CTPEIKY
MHKpoamIiepmerpa Ha 10 nenenuii. 3anucars HadadbHbIA oTcueT [, MKA
B TaOIUILY.

3.2.  OrtkpsbiBasg KpaH OOpETKH, BBOAUTH pacTBOp TUTpanta (T) B
aHaIM3Upye-
MBI pacTBOp (X) ONPENCIICHHBIMH MOPUUAMHU, (GUKCHPYS OTCUET MO IIKaje

MHUKpOaMIIEpMETPA MOCIIe T00ABICHHS KaXI0W MOPIIUH TUTPAHTA.

3.3. TlosyuyeHHbIe JaHHBIE 3aHECTH B TAOIHILy 2.9.
Tabnuya 2.9 — Pe3ynbmamul uzmepenuil

[Tokazanus
3 C(T), VT, 3 3
V(T),cm MHKpOaMIIep- ; ; V(x),cm C(x),cm
MOJTb/IIM cM
MeTpa, MKA
4. [Toctpouts KpUBYHO KOHAYKTOMETPUYECKOTO TUTPOBAHUSA B
KOOpJIMHATaX:
TIOKAa3aHME MUKPOAMIIEPMETPA, MKA - 00bEM TUTPAHTa, CM’.
3. Onpenenurs SKBUBAIEHTHBIN 00beM tuTpanta V>*(T), cM’® mo
IIEPECECUCHUIO JBYX IIPSIMOJIMHENHBIX BETBEU Ha KpUBOH

KOHOAYKTOMCTPHUYCCKOI'O TUTPOBAHMUA.
6. Paccumntath KOHIOCHTPAIIUIO onpecaACIsICMOTO HOHa B
AHAJIM3UPYCEMOM PACTBOPEC IO 3aKOHY SKBHBAJICHTOB!

C(x) = C(T) - V**(T) / V(X), Momb/am’.
3anauya Ne4 OnpenelieHre KOHIEHTPAUMH CEPHOIl KMCJIOTHI METOJIOM

KOHIYKTOMETPHYECKOr0 THTPOBAHMS

Onpenenenune H>SO, 0CHOBaHO Ha peaklMKU KUCIOTHO-OCHOBHOIO
B3aumozerncteus H,SO4 co cranmapTHbIM pacTBOpoM ruapokcuaa Hatpust NaOH:
H2S04 + 2NaOH = NazSO4 +2H20

KpuBasg KOHIyKTOMETPHYECKOTO THUTPOBAHUSA CWJIBHOM KHUCJIOTHI IIEI0YbIO
OyIeT MMeTh BHJ, aHAJIOTMYHbIA KpuBoM Ha puc.2.10. Touka 3KBHBAJIEHTHOCTH
buKcHpyeTcss TO TEPEeCeYCHUI0 JBYX MPSMOJMHEHHBIX BETBEH Ha KPUBOH
KOHJIYKTOMETPHYECKOTO TUTPOBAHUS.

Ipubopwi u peakmusoi:
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Bricokouactotnbiii Tutpumerp TB-6JI-1 ¢ gaT4MKOM-KOHIYKTOMETPHUYECKON

AYENKON KOHJIEHCATOPHOTO THIIA.

CrakaH Jj1s THTPOBaHMs EMKOCTBIO 100 cM’.

[TuneTka EMKOCTBIO 5 CM.

Crangaptusiii pactsop ruapokcuaa Hatpus C(NaOH)=0,1 mons/mm’.
OpranuzauuoHHasi popma 3aHATHS

1.KoHayKTOMETpUUECKOE TUTpPOBaHUWE aHanuzupyemoro pactsopa H,SO,

BBIIIOJIHACTCA B  COOTBCTCTBHUHU C AJTOPUTMOM  TIPOBCACHHA  aHAJIM3a Ha

BBICOKOYAacTOTHOM TuTpuMerpe TB-6J1-1, npuBenennom B 2.2 .4.
2.ANMKBOTa aHaIu3upyeMoro pactsopa H2SO4 5 c¢Mm’ mepeHocuTcs B CTakaH
JUISl TATPOBAHUS W JIOBOAUTCS IO YPOBHS ~ Ha 5 MM BBILIE KOJBLEBOIO 3JIEKTPOIA

KOHJAYKTOMETPUYECKOU STYEHKHU.

3. Crangaprubii  pactsop turpanta C(NaOH)=0,1 wmons/om’
n00aBIIseTCS K
anamsupyemomy pacteopy H,SO4 moprmsmu 1o 0,5 cm’.
4. [Tocne nobGaBieHHs] KaXIOW TMOPIUU TUTPaHTAa (PUKCUPYIOTCS

ITOKa3aHus MUKpOaMIICpMETPa.

5.Pe3ynbrarhl KOHAYKTOMETPUUYECKOTO TUTPOBAHMS 3aHOCSTCS U TaOIUILy

2.10.
Tabauya 2.10 — Pe3ynomamst uzmeperuii
[Tokazanus \%
VNOH), | mepmerpa, | C NEOH: | oy | VSO0, | C (S0,
cM VKA MOJIb/IIM o CM MOJIB/IM

6.ITocTpouTh KpUBYIO KOHAYKTOMETPUYECKOT'O TUTPOBAHUS B KOOPJUHATAX:
MIOKa3aHusl MUKpOaMIIepMeTpa, MKA — 00beM turpanta V(NaOH), cm’.
7. Onpenenurs SKBHBANCHTHBIH 00beM tutpanta V(NaOH), oM’ 1o

MEPECCYCHUIO IBYX HpHMOHHHeﬁHBIX BETBEH Ha KPUBBIX KOHAYKTOMCTPHYCCKOTIO
THUTPOBAHMUA.

8. Paccuutats koHueHnrparuio H,SO, B a”Hanu3upyemMoM pacTBOpe IO

bopmyiie:
C(H,SO4) = C(NaOH) - V**(NaOH) / V*"™** mons/nm’ (2.27)
3amaya Ne5 OnpenesieHne KOHIEHTPANUM XJIOPHI-MHOHOB B BOAOIIPOBOIHOI

BOA€ METOAOM KOHAYKTOMETPHUYECCKOI0O TUTPOBAHHUSA
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OHpClIGHCHI/Ie COACPIKaHUA XJIOPUA-HOHOB OCHOBAHO Ha pCaKIMUH OCAKIACHUIA

XJIOPU/I-HOHOB CTaHAapPTHBIM pacTBopoM AgNOs:
NaCl-AgNO; AgCl +NaNO;
KpuBasi KOHIyKTOMETPUIECKOTO TUTPOBAHUS XJIOpUA-HOHOB pacTBopoM ANO;

OylneT MMeTh BMJI, aHAJIOTMYHbIA KpuBOMl Ha puc.2.10. Touka 3KBHBaJIEHTHOCTH
bukcupyeTcss 1O TMEpPeceYeHUI0 JABYX MPSMOJIMHEMHBIX BETBEH Ha KPUBOH
KOHIYKTOMETPUYECKOTO TUTPOBAHUS.

IIpubopwr u peakmusol:
Bricokowactotabril TutpuMmerp TB-0JI-1 ¢ maTynkom — KOHAYKTOMETPUYECKON

STYEUKON KOHJICHCATOPHOTO THIIA.

CrakaH JuIs THTpOBaHMs eMKOCThIO 100 e’

[Tunerka eMKOCcThIO 50 cM’.

CrangapTHblii pacTBOp azoTHOKHCIOro cepebpa C(AgNOs) = 0,1 Mmoms/am’.
OprannzanuonHasi Gpopma 3aHATHS

1.KOHIyKTOMETpUUCCKOE TUTpPOBaHUE aHanuzupyemoro pactBopa H,SO,

BBIIIOJIHSAETCA B COOTBETCTBMM C  QITOPUTMOM TNPOBEACHUS AaHAIM3a Ha
BBICOKOYAaCTOTHOM TuTpuMerpe TB-6J1-1.

2. AnMKBOTa BOZONPOBOAHOM Boabl 100 ¢M’ mepeHOCHTCs B CTaKaH Jis
TUTPOBAaHUS. YPOBEHb BOJABI JODKEH Ha 5 MM OBITh BBIIIE KOJIBLIEBOTO 3JEKTPOJA

KOHJIYKTOMETPUYECKOU STUEHKH.

3. Crangaprusiii pactsop turpanta C(AgNO;) = 0,1 mons/am’® nobassercs
K
aHATM3HPYEMON poOe Bkl opiusaMu 1o 0,2 cM’.

4. [Tocne noGaBieHus Kaxa0i MOPIUU TUTPaHTa (PUKCUPYIOTCS TOKa3aHUS
MUKpOaMIepMeTpa.

5. Pe3ynbpTaThl KOHIYKTOMETPUYECKOTO TUTPOBAHUS 3aHOCITCS M TAOIHILY:

Tabnuya 2.11 — Pe3ynomamst uzmeperuii

H V KB V HUKB

V(AgNOy), | OREE C (AgNO), 3 " C(cr),

; MHUKpOaMIiepMeTpa, B (AgNO:3), (Bomomp 3

cM MOJIb/IM 3 3 MOJIb/IM
MKA cM BOJIbI), CM
6. [TocTpouTh  KpUBYIHO  KOHAYKTOMETPUYECKOTO  THUTPOBAHUS B

KOOpJIMHATaX: MOKa3aHUs MHUKpoamiiepmeTpa, MKA — oobeMm TuTpanta V(AgNOs3),

oM.
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7. OnpenenuTs SKBUBAICHTHBIH 00beM TuTpanTa V>*(AgNO;), cM’ 10

[IEPECEUCHUIO JIBYX IMPSAMOJIMHEUHBIX BETBEW HA KPUBOW KOHAYKTOMETPUYECKOI'O

TUTPOBAHUSIL.
8. Paccuutarh KOHIIEHTpALMIO XJIOPUA-MOHOB B BOJOIMPOBOJHOW BOJE MO

dbopmyiie:
C(CI) = C(AgNO:3) - V*(AgNOs) / V™ monb/ oM’ (2.28)

Bomnipocs a1 00cy:KaeHust
1.B 4eM cyniHOCTh KOHTyKTOMETPHUECKOTO aHalnu3a?
2. Onpenenenue yAeNbHOM MW DKBUBAJIEHTHOW AJIEKTPUYECKOMN

IPOBOJUMOCTH PacTBOpA.
3. Kak Biuser Ha »3JIEKTPUYECKYIO MPOBOJUMOCTh: a) MpUPOJa

AJEKTpONNTa; ©) KOHLEHTpAlMs »dJeKTposnuTa (cj1adoro, CHIBHOTO); B)

Temneparypa’?
4. Uto Takoe NOJABUKHOCTH MOHA?
5. Ha yeM ocHOBaH MeTO/1 PAMON KOHAYKTOMETPUU?
6. Ha yeM ocHOBaH MeTO KOHAYKTOMETPUYECKOTO TUTPOBAHUS ?
7. B kakomM Bujme MoryT ObITb  NPEACTABICHBI  KPUBBIC

MOTEHIIMOMETPUUECKOTO TUTPOBAHUSI?

8.Kakoli BHUJ WMEIOT KpPUBBIE TUTPOBAHUSA: a) CUJIBHON KHUCIOTHI CUJIbHOU
IEJI0YBI0; 0) c1a00i KHCIIOTHI- CHUIBHOM IIIEI0YBIO.

9.Kakne peakiuum MOTyT OBITh HCIONB30BAHBI B KOHIYKTOMETPHUYECKOM
TUTPOBAHHUU?

10.Kaxk ONPENEIUTD TOYKY SKBUBAJICHTHOCTH 1o KPUBBIM
KOHJIYKTOMETPUUYECKOTO TUTPOBAHUS?

11 .KakoBbl npeuMymniecTBa KOHAYKTOMETPUYECKOIO THUTPOBAHUS IO
CPaBHEHHMIO C NHIYKTOPHBIM?

12. B 4em CymHOCTh BBICOKOYACTOTHOTO TUTPOBAHUS U KAKOBBI OCOOCHHOCTH

3TOTr0 METOJIa aHaJIn3a?

IMMPUJIOXKEHUSA
OcHOBHBIE 0003HAYCHUSA

DOU3NKO-XUMHUYECKasl BEINYNHA O06o3HaueHUE Enunnna HU3MCPCHUSA
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Konuenrpanus C MOJIb/IM’; MOJIB/M’
BeicoTa, paccrosinue h M
HanpsikeHHOCTD 37EKTpUYECKOT0 MOJIs E B /m
Cuna F H
IToBepxHOCTHAsA AKTUBHOCTh g Jx-M / Mob
Cwuna Toka I A
Vionnas cuma I MOJIB/IM>; MOITB/M>
HNHTEHCUBHOCTH CBETOBOTO MOTOKA I -
MonekyngpHas Macca M T / MOJIb: KT/ MOJIb
[Tokazarens npenoMIICHUS n -
JaBnenue p I1a
Pamnyc r M
DHTpOnUs S JIx/ moms K
[Inomanp S .
[Imomane 0AHOM MOJIEKYIIBI So M2
VY nenbHas HOBEPXHOCTh Sya M2
DHeprus B3aumozencTeust Hanpsokenue U Jx
U B
Ob6bvem \Y M3
CymmapHsblil 06beM 1op Vo M3
[TapruanbHbIi MOJIBHBIN 00bEM m M3
3apsi1 noHa 4 -
CaBur 1o BEIOpAaHHOMY HAITPABJICHUIO A M
Tonmuna aacopOLUMOHHOTO CI0s o M
DneKkTpuyecKkas MoCTOsTHHAs €0 O/ m
BszkocTh n ITa c;
OcmoTtryeckoe aBjieHHe T ITa
[L10THOCTH P r/m*; xr/ m®
Bpems T c
OcHoBHbBIE PU3HUYECKHE TOCTOSHHbIE
Ha3zsanue O06o3HaueHne Enunuia namepenus
YHuBepcanapHas ra30Basi HOCTOSIHHAS R Jx/m K
IMocTosiHHas ABOraapo Na 6.02205°10*momp"
IMocTosiHHas BoabuMana k 1.38054-10% 1x/K
DneKTpUYecKas HOCTOSHHAS €0 8.8542:10"*®/ m
[TocTostnnas ®apanes F 96500 K/ moib
Y ckopeHue Cuibl TSKECTU 9.8066 M /c

OcHoBHas JMTEpaTypa:

1. Mapunkuna, I'.A; Heopranuueckas u aHaJIUTUYECKass XUMUSI DIIEKTPOHHBIM
pecypc : mpaktukym / cocT. I.A. Mapunkuna. - Heopranudeckass U aHaqTuTHYECKas
xumust,2018-05-30. - HoBocubupck : HoBocnOupckuii rocyaapCcTBEHHBINH arpapHbIi
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